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PREPACE

fhe first part of this work was undortaken in
order to investigate Lho posalbility of henzyne formation
via a cerbonium ion precursor. Ihe gecond part has been
devoted to a study of the restricted rotation about

nitrogenw-carbonyl bonds using nuclear magnetic resonance.,

I wenld 1ike to oXpross my sincere thanks o vy
resenrch directora, Dr. Robert i, FPraser ond bp, Frank

A. L. Anet, for thelr invaluable help and sugrestions

durling ithe course of thoae inveatiputlons,

Pinanclal help from the Haticnal Research Counrcil

of Canpda 1a gratefnlly acunowlacdpeod,
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™o deamination rosction of Z2-aminotriphenyl-
cartinol in 977 formlc acid had been studled in order
to investigate the possibilisy of benzyne formation
via & carbonlum ion precursor. irroduct analysis showed
that a swall but gigniflcent amoun!t of benzophenone was
formed, whilech indicated sowme fragmentation. hille this
evidence sirongly suggrests that the other fraguent wus

henzyne, no dlrect proof of thiz hug been obitglned.



IHTRODUCTION

The exlstence of benzyne has become well sstabllshed
in the last ten vears, A triple bond in g venzens-type
ring was first surgested by Roberts and co-workers (1,2,3)
to explain the amination reaction of halobenzenes. ihe
products of these reactions are independent of the nature
of tiie halogen substituent cr solvents used. Substituent
fZroups éo not change the rato of reactions, All these
facts eare in amccordance with the postnlated bengyne
intermedintae. “he mechanism was elucidoted by kinetic
studles (l},5) and deuterium exchange exporiments (2).

the mechanism proposed and subseguently sroved for
the aminetion of bhromobenzene (2) involves a eoncerted

elimination as follows:

« NH,
H k“f’ ' %
Br NH? D
__ slow Y fast
A | AN




Chlorobenzene, however, 1ls found to undorgo s two=-step

elimination rensction according to the acheme shown:

H H H
@a < @cn K. Cl
—% —,
D o 2k H
N LK'H a0

) X
" + _—
©P ©\D | fast ~ Products

These mechanlswus were ostoabllishied on the basles of
the observed kinetiec ilmotope effect, If the loas of a
hallde ion is relatlvely easy, the concerted mechanism
is followed; otherwlse proton removel precedes the rate
controlling step.

Following this discovery of benzyne, mamcrous

analogous reactlons were reporied, and these are summarlsed

in several reviews,(06-12). 4l1 these vosctions invelve e
carbanion precursor of henzvne, A different route may
have becn followed in the thermal decompoesition of

benzenedlazonium-2~carboxylate (13):

%
C-0" , = =~
R - N

ihe presence of Lenzyne was Indlented by the laolation of

biphenylene, as well as nddltion sroducts vhen the rescuion



was carrled out in the presence of furen and anthracone,

Yore recently other investigabtors (1lh-21) wmade use
of gimilar methods Tor benzyne generation, riedran and
Lopullo (23) reported that fragmentation of suitablyQrthos
disubstltuted benzenes under aprotic condltlons gave vaery
rFood yields of benzyne.

Spectreacopie evidence (&4, 25) had glso been obtanined
for the cxlatence of bhenzyne, In this ctudy Llhe benzyne
was senerated by flash photolysia of benzenedlazoniume
d-carboxylate, |

in the above two rezctions 1t is unllkely that the
flrst ctep of transitlon siate would invelve a nemablvely
charged entlty., The aim of the pressat worlk wus Lo
invers tirate whether benzyne could be Tormed by fropgmen-

tation of the appropriate carbonilum ion, i.e.

fh

C;Ph

YOH N + Ph-%-Ph )
® - O *+ H

It {8 well known that fragmentction of & substitited

1,3-d10l Into a ketone and an olefin proceeds through a

carbonium ion Intermediste (26).

C?Fi H ()Fi @)

+ I

R-C - CCR — R-C + CHEC-=R,
HOoH K H H



Aromatlo submtitutien ot the carbon atom where the
carboniunm lon 1s formed stabilizes thin ion, thus

contrelling the direction cof carbon-sarbon bond cleavage.

Cl)H OH OH
| |

®
Ph-C-CH-C-Ph —— | Ph-C-CH; C-Ph
! | | |

PR H Ph H
Pr l
\ O\\ *
C=CH, + -Ph
/ /
Ph H

It seoms »osgible thaet a similar resciion could take
plece In an avomatic system. Dlagonilun seliu decomposiiioas
oceurringe 1n acidie media are imown to Tollow a heterclyiic
mechaniam (27), producing an arowatie carboniw: ilon.

4 gultable way of penerating a carbonium ion which
conld yield benzyne end a skable ion upon fragmentation |

wag thought to e ths following:

Ph Ph Ph |
-Ph S-Ph C-Ph
H HNO. H OH _ N

— ——— Z. i
® :

NH,, N
i

C PH

OH . || + Ph-C~Ph + H*

OH
HO  Ph




mdouhtedly rinm closure would be a competitive
reaction, but seme fragmentation mirht take place.

«hile this work was 1in progrosz, Stilles and Sistl (28)
reported an identicael atudy with negative resulis. They

dilazotized a series of substltuted amino alcohiols of the

type It Rq
QL™
Ho Q,Q‘
Ry Ao R3 Ry,
8.y Cglig i i 5
b., h~CHBOCéﬂu i CH 30 i
Coy Q—GHBG 6!’3’& CHB H H
d., g,u-(cu3)gcén3 Cil4 Cliy i
©., 2,5-(CHq)p0gHy  Cily I Glig
fe, OHg3 it 1 H
Res Cpilg 5] it it
he, CHy H Gli30 K
1., Cij Cilg CH3 H
J.y Cily Gl CH30 Giig

end foumnd the reection produects to be mhenols, fluorencls
and rearranged ketones. Only in one instance did they
Isolate a produet (n-methoxyscetophenone) in abong 0,30

yield that Indleated bond cleavage:




Ne OCH,
— || + CHO- COCH,

HO  CH,

Ho explanation was offered as to why thls parviculaer
compournid should undergo Traguenicilon, in contrast to b

Stilés end Sistil decomposed these compounds in agueous
107 sulfuric seid. If a solvent of lower mecleophilicity
vere to be used, the liTetime of the carbonlum ion
Intermedinte wonld he nrolonped and thus the orobabilivy
of electren shifrtg hecessary for benzyne formation enhanced,
On Lhe basls of thiis reasoning our diarotizations wereo
carried cut in ncetic and Tormic scld madia, botl: solventie

of lovwer micloophiliecity. (29)




HITHODS AND RESULTS

2~Aminotriphenylcarbinol, the starting material for
the dlazotlzatlon renction was synthesized by raeacting
methyl anthranilate with phenyl magnesium bromide. In our
hands the reported method (35) gave 2-(li-methylawine)-
triphenylearbinol a2z the major product and only winor amounts
of the primary aminoccarbinel were obtained. It wan found,
however, that the addition of wamesiuxm bremids Lo the
resction mixturs greatly enhanced the vield of the desired
prodnet,

The decomposlition of ithe diazonium salts of Z-aminc-
triphenyloarbinel war studied in two solvents, Irestment
of the smine with zodlium nitrite in glaclal ncetic acid
restlied in dlarpotizatlon “ollowed by descmpozitlon which
wan accompanled by was evolution., The infrared specorinn
of the erde product was very complex, It containoed a
muall absorption peak at 106l em~l, sharacteristic of
aromatlie kotones (22,30). lowevaer, the strongest poals
observed at 1530 =l and 1250 cm‘l, also -appeared in the
spoctrum of Z-aminotriphsnylcarbinecl itreated with hot
glaclal gcetic acld,

A gimilar control experlment showed that no resculon
oceurs heitwern Tormic neld and Zeaminotriphenylcarbinol;
trherefore, formle rather than acetic acid waa employed us
regetion mediim anhreguently,

The nentral products of diazotlizetlon in formle neid

vere seper:sied v elution ehromatorraphy. fable 1 svvmarizes
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the resulis of this experiment, The compounds isolated
were characterlzed on the basis of theilr infrared and
ultraviolet spectra, HHixed meltlng polnts were talen
with authentic samples,

A possible source of by-products is the reduction
of varirus intermediantes or end products by formic acid.
Toc oheclc this point, tho wajor product, Y-phenylflucrenol
was bolled in 97% formic acid, This yieldsd an amorphous
material, not identicel with any of the dvamination
products,

Cne of the products was identified as benzophenone.
This Indicates that fragmentation did in fact occur.
Attempta to ohtain a more divect proofl of bengyne formation
by 1solating ndditlon products from furan and thiophene
with the benzyne Intermediaie were prevented by the
Inatebllity of these compounds in formic wcid.

Dlazotization of Z-amino-l'l."~dimethoxy Lriphenyl-
carbinol in formlc aecid could not be attempted, since these

two compounds were found to react oven at low tewperatures,




EXPERIMENTAL

4 Leltz hot stoge mleroscope was used for determining
8ll the melting points., All meltins points reported are
uncorrected and the wvalues quoted from the liltzrpiure are
these gilven 1in the methods of prepsrsslon employeds, IThe
infrared spectra were recorded on a Perkin-ilmer Infracord
using C.1 mm, sodium chloride cells. Ultraviolet spectra

were taken on a Beckman DU recording speotrophotomweter,

KATERTALS

S —

2=Aminotriphenylearbinol

2~Aminotriphenylearbinol was synthesized by a
rnodifled method of Baeyer and Villiger (35),.

e Grignard reageni was prspared f'rom bromobenzene
(16.3 ml.; 0.15 mole) and wmagnesium (3,1 2e; 0.1% mole) in
snhydrous diethyl ether (27 wl). iagnosium Lromide
(0.5 Ray drlod at 120° for 2L hr.) was sdded to a solution
of methyl enthranilate (6.5 g.; 0.045 mole) in other (9.0 wl.)

a2

The suspenslon was alowly added to the coolud Grignurd

~

reagent, A red preclpltato vas formed at once, whlch turned
yellew after stirring for half an hour ab room temvoraturocs
The ropctlion mixture was cooled in an ice hath and was
hydrolyzed by adding a solution of smmonlum chloride (107},
he hydrolyzed mixture was exirscted with ether, ‘iie ethew
solutlon yilelded 6,88 gz, of 2-aminotriphenylcarbinel (57.

71e1d, mepe 117«119°), after recrystallizetion from beuzeno
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the carbinol melted at 120.3 - 121.1°%(1it. 120-121°),
Frevions attempts in whlch no magnesium bromide was

used gave erratic ylelds (0-20%) of 2-aminotriphenylearbinol.

™e large amounts of white orystalline material (603)

isolated from the tarry reactlon mixture had a melting

point of 172-174° after recrystallization from ethanol,

The compound was identified as 2= ({N~moethylomino)=-triphenyl-

earbinol on tiie basis of the linsberg test, NER specirum

and analysis (caled, for Coplly gON: Gx33.0, Hab,062, # o L.t

found: Cw82.8, eb,22, H=ll.29), Necethylotion of

2-aminotriphenylearbinol gnve a product (m.p, 170-173°)

having an ldeaticsl infrared apectrum. iilxed melting point

of the two showed no depression,

Q-Fhenylfluorene

Tirls compound was prepared by ihe method of Ullwmann

and vurstemberger (36), m.p. L5-2146° (1it. 154.5°).

-'hanylbenzophenone

The method of Bradsher (31) was followed in the

preparation of thls compound, me.p. 55=-87° (1it., ©€-879).

J-Phenylfluorenol

Tis fluorencl was prepared =g described by éliegl

(3l1), mep. 25-879 (11t. 85-07°).

2wimino-b'l "-dimethexytriphenylcarbinel

the amlnocarhinol wuans synthesized follouwlng the

method of Ipanakl (40). It was purified by dissolving in
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ether and precipltating as the amlne hydrochloride Ly
bubbling hydrogen chloride gas through the sclution. {he
aminehydrochloride was treated «~ith dilute sodium hydroxide
golution and extracted with ether. 3Shiny plutelets wore
obtalned from the ether nolutlon, m.o, 6&—660 {11t. 1039,
in spite of the analytical results (esled, for CEIHBIOBN:
C = 75.2, I'm 6.27; found: € s 71.7, 1 = £.97), both the
H¥R and infréred spectra indliceted that the compound

isclated had the correct structure.

PRELINMINARY TNVESTIGATICHS

z=Aminotriphenylearbinol and Aceblc Acid

At room temperature 2-aminotriphenyleartinol dissclved
very slowly 1n glacial acetic acid. After complectely
dissolving and standing Tor 5 mlnutes, the clear sclutlon
waz cooled and neutrallzed with a 10% solution of sodium
hydroxide., 7The other exitract of this solution vielded a
white solid unon evaporatlon, The infrared spactrum of
this material differed from that of 2-aminotriphenylcarbinol
by nhaving a broad shoulder at 1GLO em~l, hen the treatment
was vepeated nsging bolling acetlc acld, a pale crystalline
compound was obtalned (m.p. 135-137°), ‘The infrared
spectruwm changed completely: Dboth the hydroxy and amino

peaks disappeared and new, very intencze bands sppeaved at
1530 em=l and 1250 em~l, o structural invesiigation of

thils product was undertaken.
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2-Aminotriphenylcarbinol and Pormic Acid

An identlical tregtment of the aminocarbinol in formic
acld did not produce speciral changeas, &oiling fornlc
acld appoared to react with Z~aminotriphenylearbinol, hence
henting in Tormic acid prior to diazotization was avolded

in ihe sxveriments,

DIAZGTIZATIONS

Dliazotization of 2-Aminotriphenylcarvinel in scetic aAcid

2-iminotriphenylearbincl (0,46 p.; 0.,0016 wole) was
dissolved in glaclal acetic scid (l.5 ml.,) at 40®, The
reaction mixture was cooled In an ice bath and a solution
of asodium nitrite (0.46 g«) in water (4.5 ml.) was «dded.
ihe dlazonlvm salt thus formed was decomposed {(withont
lsolating it) on a steem bath., Ihe cooled solution was
then neutralized with zodium hydroxide solution (10:7) snd
extracted with ether. Ihe dark, syrupy vroduct (0.41 g.)
showed a complex infrared speoctrum, containing a wesl band
at 1664 em~l, ‘e iack of intenve absorption in this
region and the obvious complication of starting materlial
reacting with solvent iIndlcated further efforts to identify

md purlfy the product to be undesirable.

Diagotization of 2-aminotriphenylearbinel in Formic scid

The Z-aminotriphenylcarbinol (L.75 f., 0,017 mole)
was dissolved in formic acid (974, 45 ml.) at room

temper:ture, The light vellow scolutlon was cooled in an
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lce-galt bath. A solution of sodium nitrite (2.7 g.,
0.019 mole) in water (i ml.) was udded and the reaction
vessel was heated on a steam bath, After ten minutes
the evolution of gases ceased. 'Then the solution was
cooled and neutralized with sodlum hydroxide solution
(10%), followed by extraction wiih ether, After evapor-

ating the ether, a solid residuc (3.15 g.) remalned.

CHROMATOGRAPHY OF THE REACTION RIXTURE

The crude reaction mixture was dlssolved 1in a emall
amount of bengone and abaorbed on the top of a colum of
nctivated alumina (60 g.). The eluents used were ligroin
(b.p. [j0-60°) and benzene in various proportions, added in
50 ml. aliquots, The solveﬁts were evaporated in g
rotary evaporator connected to a water suctlon pump.

The orystalline compounds isoluted are listed in Table 1.

in order of thelr elution. 'They were ldentified as follows:

Y=Fhenylfluorene

tlxed melting point with an authentic sample of
9-phenylfluorene (m.p. 145%) did not show deprezsion.

The ultraviolet spectra of the two samplos were idontical.

HIvydrocarbon X

The compound melted over the range 198.08-20L.5°
af'ter several recrystallizations Trom benzene-petroleoum
ether, It wss found to be insoluble in ethanol, pelroleum

ether and dlethyl ether, The ultraviolet spectirum in
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cyclohexane indicated a complex aromatle fused ring
pyetem, pcasibly Q,G-diphenylf{luorene (31,39},
9,9'=spirobifluorene (li0), or some other large molecule
contalning n flucrene type skelston, Stracture
identification was not aztempted, since the yleld of

th:is product was very small,

Hengophenone

The infrared spectrum of this viscous, pale jellow
liguid was identical with that of an authentic sauple of
benzophenone. iilxed meltling volnt of the &,L-dinitro-
phenylhydrazone derivative prepared frowm this oll and
anthentic benzophenone-2,li=dinitrophenylaydrazone did not
show melting point demression (m.p. 232-237°). Thus 1t
was concluded that the fractlon was benzophenone with
traces of impurlties which prevented erysiallization of !

thet relatively low melting compound (mep. 49°).

J=rhenylbengzophenone

The infrared rpectrum and melting polnt of tnis
compound were identical with those of an authentic sample
of 2~-phenylbenzophenone, prepared by the method of 3

Bradsher (31).

O~ "hanyl flucrenol

e inTrared and ultroviolet snecira were ldentical
with those taken of an suthentlc sample of Q-phenylfluorenol,

¥ixed welting polint of the two gawples did not show
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depressien (85-8§7°),

The Rezction of O-Phenylflucrenocl and Formic acid

9eFhenylfluorenol (0.020); g.) was dissolved and
boiled in formic acid (5 ml.; 977). The solution, which
was pale orange 2zt flrst, turned colorless as a white
precipitate formed, The amorphous whise material was
regained after an atbtempied recrystalllzation from benszene-
ligroin mixture, The product could not be resolved by
repented elution chromatosraphy to plve a compound having
& sharp melting point (m.p. cvserved 170-178°). The
vltravioclet spectrum of the material taken In ayclohexane
solution was wimilar to, but not ldentical with that of

"Hydrocarbon X",

ARSI TR TN e




DISCUSSION

Our results do not dlffer greatly from those published
by Stiles (2%), except for the isoclation of very small
amounts of fragmentation and reduction products. As seen
from Table 1., dlazotization of Z-aminotriphenylcarbinol
In formlic acid gave five neutral products. The maln préduet
is 9-phenylfluorencl which arlses from ring closure, as

shown below:

®
- Q) -0
C
Ve N
HO Ph HO Ph HO Ph

The small amount of Yephenylfluorene 1is orobably a
reduction product due to the formic acld medium. It was
shown that the Q-phenylfluorene 1s not a reactioun product
of S-phenylfluorencl and formic acid., It i1s poassible that
some of the starting material was reduced to 2-aminotriphenyl-
mothane and diazotization of this amine ylelded G~-phenyl-
fluorene, This possibility was not tosted experimentally.

The mechaniam proposed by S3tiles may be followed in
the formatlion of G=phenylbenzophenone, T[he carbonium ion
formed by the lozs of nitrogen rearranges to give a cyelic
Intermediate (IV)., This intecrmediate then wonld give rise

to the ketone (V), A schematic representation of this

RS T YT I e
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route iz that given helow:

7
o
H+I

/C "

Y 0
V

I

Garboniuw lon (II) may cyecllze bto give elither (IV) direcdily,
or (III) which thon rearvanges into (IV), The carboniunm
lon (IV) then loses a proton giving the ketone (V). It may
geen unnecessgary bto postulate a stralned translitlon state
lovolving a four mewbered ring, However, the struccure of
the kelones Tormed in the study of 3tiles reguires a
1,3«s8hift, and it is reasonable to expect that the sawe
bonds would be hrolken and formed here too, rogardless of ihe
different solvent used,

A amell fraction of the rcaootion does procsed by the

anticinnted route:



-
H

Ihe benzyne fTormed has vory short lifetime, It is
attacked by the solvent oarboxylate lons or any other
nucleophile prezent, The ldentity of thso final »nroduct is
not known and its vield must be alwost nogligible, It is
not surprising therefore that 1t had not been isoluted from
the vesction mixture.

Permlc ncld appears to favour bensyne formatlon wmore
than aqueous sulfuric acld does. An obvlcus way to promote
fragmentation further is to stabllize the carbonium lon
fraguentntion-product by electron donating croups, Lhus,
2eamino-l i"=dire thoxy triphonylcarvinol would give risc to
carboniure lon VII whose stabllity ls expected to be grester

than thet of VI,

@ CHO_ _OCH,
L .
|

e

|

OH OH

Vi VI

CHO OCH,

L8 I,
” @ ” ®

OH OH

VII IX

These carbonium ions are actvally the provonated
ketones VIII and IX, The pKpy values are ~0,16 nnd -l.39

for VIIT and I¥ vespectively (37). Thus IX is considerably
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more stable than VIII,

Unfortunately, while the pemethoxy substituent
increases the stablility of the carbonium ion Intermediate,
1t also enhancea the resctivity of the starting material
towerds formlc acid.,

3tiles and co-workers (21) recently vroved that the
pyrolysis of substituted anthranilic ecid diazonium
carboxylates produce benzyne (X), The nature of the
intermediste had been unequivocally established by showing

that positions 1 and 2 are equivalent,

Ry Ry
R. (:Cng Q. H I
b. I I
R, N4 c, I
>'d d. H  NO,

———

The type of fTragmentation in this present investie-
gation and that reported by Stiles are vory closely releted.
The first step iz most likely loss of nitrogen in bhoth
casez, followed by decarboxylation or carbon-carbon bond
flssion, 1In either instance a carbonium ion is the

precursgor of bhenzyne.
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ABSTRACT

The NIR spectrs of certaln HNesubstltuted
acetanilldes and l-carboxy-ethylenimines were examined
over a range of temperatures. Iho btype ¢f hybridlzation
of the nitrogen atom in acetanilides cannot be entab-
lished on the basls of tholr HLR spectra amlone,
Temperature dependence of the HKH spectira of H-substlituted
carboxy~ethylenimines sirongly iandlcates 5p3 hybridizastion

of the nitrorsen atom in tnese moloocules,



INTRODUCTION

The Use of Nueleur Fapnetic Hesonance in Hate Studies

Huelear mognetic resonance aspectroscopy is a very
useful tool in studying rate crocessos, [he slope and
width of sbsorotisn lines are intimstoly relubted Lo blume
dependont gtrietural changes.

The mathematical basls for deteormining rates from

~)

NER scectlra was developsd by Gutowsky, anderson and

-

others, (1-l)

The simplest type of rate procéss is une exchange of
individual nueclel hetween two positions or sites. I the
oxchange cate is slow, the spectrmun consists of two
sepnrote sisnals; If 1C 1s rapid, only one slenel appesrs
in tiie nveraped oosition. The above siatement can be
expressed In a methematical form,

in order to aohserve sharp lices in tiwe absence of
exchanme, a large value of T, 1s required, Je shall aswume
equal populations, Pa and bpy and lifetimas Ty Vs al sites
4 and B

- L . T, -
P-R =% Tp: Ta= 2T

ine resonance line centersd on the mean Treguency is
deseribed by the line shape function g(v), whieh is given
as: (5)

i T (V- V‘5>L
g(V) K [0, +3h) D) 4_4.11*7-12(1)4‘1))2(7)1,—1))1 (1)
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where K is a normanlizing fuctor and the r"requency?} is
measured in cyclegs per gecond, The resonance frequencj of
the line arilsing from nuclel at site A is designated as

Vps and ¥y 18 aosocleted wlth nuclel at slve B, The function
z(¥) devends only on the product T |-l . At very

laree values of T

g(») - _ K (4 -vs) (2)
-V AT (V,-V)E (Vg-PI*

while as T=0

KT (24-%)* (3)
[£(34-V5) -v]*

R

g(»)

but at w».Ye**
Fy

K : (4)
2T (V) -V3)

q(~)

N

hue in the Tirst case the spectrunm consists of two

lines, at vV, and uy, but at snall T the mipnal glves a

Yat+¥
R

variouvs valnes of 2MT(%%-vy) 1s given in Fig, 1. (5)

shorp maximm ot « & graphlcal repreaontation for
in expression for peaek separstion is easily found
from equation (1) by differentlating withh respect tc ¥V and
determining the maximum end miniwmum, Thus:
L
separation of pegks = [(vh-yg)z_ v ] * (5)

2Tm*T?

At very large U the separation of peaks is ( v-Y ), therefore

the above expression may be rewrltten as:




AW

: Pl ~
(separation ~® peaks at laveeT ) ={geparation of peaks f

27T l ~
. -

(6)

A SN

2T T(Va- %)= 10 2T (- Va)= 4 2T T (Va-Va)= 2

AN

2T T(Va-vg)= V2 2T T(Va-1) = | 2T T(Va-M)=0.5

FI1G. 1

Chance of o{v)] “or incressines exchanre rate Yebyoannm
tvio veosibicns wi“h e:vnl poralations.  Taken Trom
Reference (5%, o, 23,

44

—

N
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This equation may be utilized for the determinatlon of T

a8 long as

2T (V4 - %) (7)
The two peaks coalesce at ’r=24N£§ 5o ° ine temperature
g

at which this tonkes place is defined as the coaleacence
temperature., Thus, the mensurement of Va,Vy and the
coalescence temperature is sufflcient for determining T ,
unless the aignal width 1s relatively larse la comparison
with ( %4 -% ). In thle case, the relaxation time T, must
be taken into account. The simwle eguatlon defining the
intensity of absorption (V) is:

T (W, -wy)” (8)
[F (Watwp) W] 4Ty -W)* (Wg-W) *

V-2 ¢ HM;

where:
z magnetoryric ratio
s ogcillatineg magnetic Tleld

= oquilibriom value of bhe macrosconle moment, U

E Z I =

w angular freguency of fleld Hy

Wy, Wy = Larmor frequency of the corresponding nuclel

when T, must be included, this eguation no longer
applies, for T becomes
(T (T |
(L) (9)

ERAY

The equation deseribing the intensity of absorption (V) in

this case is eguation (10), derived by Gutowsky und dolm. (1)

S 2 5 P P S
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¥ HM(I+T/T)P+QR
PR

V= (10)

where:
P T{(:I'L;.)L— [z (“’4+Qa)—w]l+i-(w‘-wi)”} +::.;
T[E (0r +08)= = £ (Py-Ty)(a = ©3)]

[E‘f(‘"‘\ *"*)B)-UI (1 "‘%) +1L(Pn "%X“’A“%»)

i

and all the other symbols have thelr usual meuaning.

The expreasions above vere developed for raie pruaceases
involving a chanre in population of twc sltes, If the
process is temperature dependent, then the typical flrst
order rate socuation 1a used.

-Ea/rT

k = ke (11)

o

The rate constoent k 18 invorsely proportional teo the lifetlime

of nucleil at any one slte,

K=2% (12)
Thus,
[ K E
o =|0 — (13)
9 ST T(h-1y) S w5 23 RT
snd a plot of ! Vs 33"'1 glves a straight line iaving

2T T (2-Ve)
slope Ug.
3pin multiplets way be collapsed by o siﬁilar mechoniom.
The coalescenceo tLemperature does not hove the same srecloe
meanine in this cane, but 1t does sive an indlentlion of tho

rste,



Moment Analysls

The theory of moment analyals was developed by Anderson
and YeConnell (7). Tholy wmethod offers means of analysing
very complex or poorly resolved Nilk specira. hls approach
can he ntllized in the absence of satursilon, fleld
linhomomeneities or nonline v cweep, The unolvels remives
thet the spectrum he dlvided Invo basle sroups of multiplets,
8, b, ... elc, 'The moment method celculites the multliplet
mementa of these basilc groupd. I{he multiiplet moment (Xa)
of a group g 1s deflned as:

y 22(1%M)T L“"
(M,) =
2L

mn mn

(1)

whare U.. are the transiilon freguencies in proup g and Lmn
the correspondine lilno intensitles, If all rroups have tie
geme width, the Intensily mey be taken sg ine llne belrnht;
oltrerwise Lhe ares under tihe chsorptlon line is neasursd,

nasic errouns of multiplets, 8, b, Cv.s 0to., arise if
the nuelel within the wolecule can Me divided Inteo croups
A, B, C,.. @tc., 8o that fhe wmultiplel g corressonds to
magnetic lLransitions in group A only. luclel within a
multinlet have chemical shifts of the same crder wr ihe
coupling constunts involved. |

Tor a moleenle containing only one basic group A, all

nueled hcve the same spin and wmapnetopyric ratio, fhus the




moment snuations are:
M=N"S.av=0 (15)
M2.= N-lzi (A'Ui)l (10)

M,= N, (au)’ (17)

M,= N[Z; (avi)*s 1/-..1(r+|)i24<av;-wj)’~ J;] (16)
where
av; = U, ~<v) (13)

Ta observable menn rescnance fresusncy of the
multlnlet a is (V) and thus oY, is tho chemical shift,
There equatlons shos that the first three momenis ave not
Influenced by exchance couplling (il.e. Indirect spln-spin
coupling),

Tor a sinple basle muliiplet containing two chenileal
aroups with ¥y nuclel in group 1 and Uy muclel in group 2,
(rroup 1 being disnlaced from Lhe moan by AV, and group 2

by av, ) the first moment enuation ls cbviously:

N, av,+ N,av,=0 (£2)

e second mompent 1z then exvrosaed ag:

{AV)?) = N, Na_ (av,+ Av;)2 (21)

3
(N +N,)
Ihug, by wessurine the second moment, the magnlinde of uhe

chemionl shift 1s esnlly determined. Similarly, the lourth



moment equation becomes:

A% g 3NNy Cad {<<m’>‘> _ NN, } (22)
FTTT 2T DONAN)  LSavr NININAN)

Thils equation pives ithe mean-aguarce coupling constant
and 13 Independent of the coupling congtunt ~etvween nuclel

in the same group.




Hestricted Rotaticn in 4imides

rartial double bond character of the C-N bond of
aliphatic amides was first postulated by Fauling.(8) Ie
predicted that resonance structure Il should give an
important contrihuticn to the ground stale of those amildes.
O R J R
/ / / /
R—C—N «— R—C= N:\
N\ N J
' R R
I I

T

X-ray studles of amildes showed that the HCOHR' groups
are plancr, he observed C~K bond disteace (2), 1.32 ﬁ,
cerresvonds to o bongd ocrder of 1., klcrowave spectra
confirmmed the coniraction of "normal" C-i bond lencth (10).
This bond shortening is due partly to contraction of the
atomlc radll which are deternined by thelr staute of hybrid-
ization, =nd partly to =ome double bond characier of the
C=} hond,

Philiips (11), and Gutowsky snd Holm (L) were the fir:ot
invaestigators ugsing NIR zpectroscopy (o deronsirsite resiric- §

ted rotation in amides, Due Lo the nonequivalence of the

two Hemothyl eroups of dincthylformemide and dilmethylacelnmide
they ohaserved two Nemethyl lines in ithe apecira. The splliite
ing was found to he nroportlonal to the applied fileld
strength, and thus is a chemlcal ghifi rather thén a silurle
spin-spin splitting (5). O©On ruising the temporatire, the

two lines coalesce. assuming that Tp 1s ladependent of the E
rate of reorientatlon and cnange in btemperature, the rols-

tiongl energy barriur can be coelenlated for ihese mnides by
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measuring thelr NMR spectra over a range of temperutures.
3imilar studies of N-aryl amides (l,12) on the other
hand, showed no such effect.

Anet and Muchowsky (13) were the first investicators
to obsarve restricted rotaticn about a carbon-nitrosen bond
in a evelic amlde, They studled the NiER spectrum of
N-acetyl-2,3-dimethyl indoline (EEE), and found s sierll,
low field arométic hydrogen peak beslde the main arometic
region. The proton at positlion 2 gave a brosd band at much

lower fleld than expected.

H
/l ACH,
X d-CH,
\[\{ -
C
@ CH,
I

TUpon heatine to 79°, the low field band dilsanpesred and the
H(2) spectrum was resolved into a sharp maltiplet. This
effoct wonld he expected 1f there were restricted rotation
about the carbon-nitrocen bond. The double bond is stabilized
through conjugation with the bhenzene ring, so that the car-
bonyl group becomes coplaner with the phenyl ring. The
molecule can exist in two conformations, depending on the
orientation of the carbonyl group. Due Lo the magnetic
aniasotropy of the carbonyl sroup, the neichbouring aromatic
hydregen and :1{2) are shifbtod to lower field. Hydrogen
hondine wetween the carbonvyl sroun ond J{2) or the ortho-

hydrogen of the phenyl ring would also lower the freguency
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of these prolon resonance sipnals. {(14,1%)

Thus 1t seemed deslirable to examine some other related
systems to Investlirate the possibility of establishing a
correlalion betwesn the rotuticnal enerpgy barrier and
electronic or steric factors, Various idesubstituted aryl-

arldes «nd ethylenimines vwore selected for thils SLRGAY .



NATHRIALS
SAAE R Loaked

Nehenvlacetanilide

This comwound was prepaved from commerclally pvellable
i1phenylamine, followine the method of Haufmen (16).

Jolovlers crystals were obtalned, m.p. 100-103° (1it,102-104°),

z;‘(- 1_' pronvlac 55 tﬂn il ide

li-l-ropylaniline vwas prepared by the meti:od of Lmerson
and Heuman (17). fhe aniline was scebylaied as dercribud by
Hickinbottom (18)., Colorleas crystals were obtulned, mepe.

35° (11it, 389),

N-t-Butylacétanilide

o satisfactory mothod was found In the literature for
the prenaration of Nletsbutylaniline, thorefore the folleowine
synthetic rovte wze Jdevised:

t-Butylamine (1% ml.; 0.143 mole) and 15 ml. anhydrous
ether was pleced in a 350 ml. threcenecsed flask, ejulpped
with a stirring magnet, droppinec funnel, condenser with
deyine tube, and a gerum cap. n=-Subyl lithiwe (0 nl. of a
15.2% solution in nexano; N.0L7 mole), commerclally obinined
from Toobte o., wasn clowly Inlocted throuph £he gerum cap

-

with a syrince., then bromobenzenie {(L.2 wl.) in ether wus

¥

added throurh the dropiing funnel., The sclutlon wac gllirred
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under reflux for about five hours., «ater was thorr added
slowly, with cooling, Lo extract the inorganlic muterial.
The organic solution was dried over anbydrous godlum sulfate
and the hexane distilled off. The roeslidue vas dlstilled
under vacuum and the bt-butylaniline collected at 860/1 Iiile
The vield was 2,81 g. (L75).

The amine was reactad with acetlc anhydride to obtain
N-tubntylacetanilide (19). itecrystallization from ligroin

gave colorless crystals, m.D. 5h%(141.559),

Dthylenimine lerivatives

The preparations dezcribed by Bestien (20) wero

employed in ihe svnthesis of the Tollouwlng compounds:

Heacetyle thylenimine, b.o. 26972 mm, (11, 42°/20 wm.)

H-carbome thoxyethylenimine, b.n. 63%/22 mm. (1it. ¢0%/21 nua)

N¥-(dimethylamldocarboxy)-ethylenimine, b.p. 2&0/0.1 1611118
(11t. 79°711 mm,)

Certain small scale pressratvions were also carrisd out,
withont isolating the intermediate producis, as described

helow.

HeCarbone thoxyethylenlimine

2=-Chloroethylamine hydrochloride (1 g.) was digsolved
in water (3.5 ml.) and addesd to a soluticn of sodlum hydrox-

ide (1 g.) in weter (3.5 ml.) in a test tubs. Ihe reaction
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mixture was kept at 80° for threec minutes, then quickly
cooled. FKethyl chloroformate (1.05 ml.; 1.5 tilmes the
theoretical amount) was added and the mixture was shaken
for g fow minutes. The urethane formed wns extracted with
mathylene diehloride, and thé extract was tranasferreod to
an ¥R tnbe, The solvent was ovanorated and the sample
redissolved in ﬁhe approprlate solvent chosen for low
temperature studies,

rolonged heating at any szare of the prepuration led

to lsomeriaantion,

N-(Dimethylamidecarboxy)-cthyleninine

mis compound was prevared in o siwmilar manner, using
H,~-dimethylcarbamyl chloride instead of methyl chloroformate,
The H,N-dimethylcarbamyl chloride was synthetized by the

mothod of Hantzsch (21), b.u. 25°/0.5 mn. (11t. 165°/760 nm.)

H-Garbome thoxy-2, ?-dideuteroe thylenimine

The same swall scale preparation was carried out as
thal described above, using Z=-chiloro-2,2Z-dideuteros thylamine

hydrochloride us the startine materlal for bShe ethylenimline,

Z=Chloro-2,2-dideuteroe thylamine Hydrochloride

»

A modified form of the method of Weisshbach and Syrinaon
(22) wee utllized, An ethevenl solution of lithium »luminium
deuteride (1.06 g.; 0,025 mole) was nluced In a 100 ul. Lhree

necked flask, egulipped wilih a magnetic stirrer, a reflux



15

condonger with o dryings tube, and a sinnll conleel flask

1,

connected to the third neck by typon tublng., Glyciae ethyl
ester hydrochloride (2,135 g.3 0,020 mole) waa added from

the smell flaék to the reaction vesrgel at a rate tufiflclent
to maintelin the ether reflnx, aAfter all of the hydrochloride
wag added, the resctlon mixture was stirred for an additional
half hour, ‘hen the execers lithiue aluwminu: deuterlde was
decompoased with a small amount of 55 sodlunm hydroxide solu- §
tion and the vrenction wixture transferred into s continuous §
extractor. ‘he rerction mixture wnn extrasted “or 48 hours
with ether, containing { wl. of 20° hydrochloric acld.

The ether was evavorated cnd the residusl amine hydroochloeoride
waz erystallized from hot abszolute eihanol by the addltlion of

dry ethor. 7The yvield wsz 320 mg. (622).

A1l compounds synihetized were identiflied on the bazils §
off thelr IR svectra as ell ns by compuaring thelr physiceal

[}

constants with those wacorded in the litorature.
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Measurement

All HNMR spectra were paken on a Varlan V-i.302 high
resolutlieon spectrometer at 00 ic/sec. Care was taken Lo
gsel the radio frequency power well below saturation level
and to select a pure agbsorpticn mode in order Lo obtain
the correct intensities for momont anglyais.

Solutions for low temperature measuremont were
prepared in the HKER tubes. Ihe tube contalning the semple
and a grall amount of tetramethyl silane wus lmmersed into
an ccetone-Dry Ice cooling bath., ‘Me suitable gaseous
solvent wno condensed directly into this mixture. No effort
wes made Lo determine the concentrucvion of ineso solutions,

For low temperatnre reasurcwents the sarples were
cooled by helling off liquid niiroren and varelng whe cold
gas into ihe spinner jocket, Iine bemper:n ture wae controlled
by repulatine the yote of Breatling of thoe Idonid nitrogen.
he temperaturs was wossvred by g Copper-constantan thermo=
couple, with the reference junciion at 09, ‘These readings
“hre converted inte degrees cenitipgrade on the basis of the
standard callbrotion table Tor tils thermocouple, =8 plven
by Hoeser and Wensel, National Sureau of O tandards, (23)
Divect calibr:tion showed thrt all voltare readines had to
bhe corrected by -0.5mv, within the temperature ranre stidied.

Por moment analysis, moasuresents were made by nlacing
& millineter erid on the anectrum and cocording liacensibles

as "heighta" relative to an arbitrary buse line. i(uese

s

values were Ted Into an INE £50 computer wi:ich wan
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pProgrammed to calculate Mo, HB and Eu. Calculations were
made on spectra talten in differocnt selvents, at increasing

and decreasing magnetlc fields and with various sweep ratos.

oment Analyals Caloculatlons

The moment analysis for spectra A - H were carried

out on the bssis of the following assipmeont:
Fb\ /HA'

c—C
HY \N NH,

|

C. CH,
N/

o7 N

CH,

Equation (18) was vsed, with NyaNoe 2, Thus

e s | 2Me-ME) P

where the valunesg of M? rnd Eh wore obtalned “rom the

computer resulls,
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RESULT

H-i-Propylacetanilide

The spectrux of N-i-propylacetanilide 1n carbon-
tetrachloride consists of 2 methyl doublet (8,90, 6.897T),
a sinrle wethyl 1line (8.6 T) and & complex aromatlc peak
(2.74. Ty, Mo spectral changes were observed upon increasing

the temperature to 68°., (Fig. 2.)

N-t-Putylacetanllide

Het-hutylacetanillide gives a straightforvard HER
gpectrum, There ls a low fleld aromatic band {(2.727T), a
methyl veak at B8.457T, and ¢ sharp abscorotion line at
8.67 T corvesponding to the t-butyl group. A carbon-tetra=-
chloride solutlon of the compound was cooled wo -20°, and
the spectrum was taken with and wilthout added bhenzene,

In no case was there any change in shape or relative

intensity of the methyl peaks. (Fig. 3.)

N-FPhenylacetanilide

™o veaks are present in ithe HIR spectrun of
i-phenvlacetanilide. The low fleld broad band at 2.837T
1s due to ten protons of the phenyl rings, while the methyl
group rives rise to a sharp line at 8,09 T, (?ig. lpe)

Low temperature measurements on a carbondisuliide
solutlon of i1he compound showed a gradual peak broadening
in the aromatle region. At -020 the spectrum shows two

diastinet but complex peaks. Tho “coaloscenco temper: ture’
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is about -80. (Piﬂ'o 50)

ETIVLEYIMINE DRRIVATIVES

H-Agetylethylenimine

The spectrum of W-acetylethylenimine in vinyl
chloride consists of two closely spaced lines at 7.92 T
end 7.657T for the methyl and methylene peaks respect-
ively. (Fie, €.) These assirmments are based on relative
Intensitles of the two peaks, Broadening of both lines
wvas observed nelow =119°, The ring protons gave a much
broader band than the methyl protons, but no splitiing
occurred, Thae additlon of toluene te tiec vinyl eliloride

solutlon did not cavse any chanre in ithe spoctrum,

-Carbome thioxyethylenimine

The spectrum of M-carbomethoxyethylenimine taken in
vinyl chloride solntion contains s methylene llne at 7.79 T
and a sharp methoxy neak at 6.36T. (®iz, 7.) Upon
cooling, the former broadens and finally splits into a
closely spaced, strongly overlapping broad doublet at sbout
-86°, Addition of toluene reduces the chemical snhift
bstween these two lines, and only broadening wes detecled
wilthin the temperature range measured (down to -~117°9).

The soectrum of He-carbomethoxy-2,2-dideuteroetiiyl-
enlmine was identical with that of the undevterated one,
excxpt for Lhe wethylene peak intensity, whlenh in this

case corresponded to two protons only.




Y {Dimethylcarboxamido)=-ethyleninine

The spectrim of thls urea was examlned in a variety
of solvente, Tn freon (CHClFZ) no spectral changes could
be detected down to -150°, The zpectrum in vinyl chloride
was tre same as in other solvents: an l-methyl doublet
centered around 7.10 T and a broad methylene singlet at
7,66 T were found., (Fig. B.) Uhe methylene nesk had split
into & doublet at -05° (the separation of maxima belng
2,06 eps,; Wig, 9b). The coalescence temperature can
be talken as about =77°,

Addition of toluene greatly enhanced the splitting,
he cosleseence tompersiure renalned essentlally uhe ssne
(about -75°), hut the peak separation increased Lo 9.3 cps.
at -88°, 7The peak nattern was found to be roughly a quariet.
("ig. 90.) Similar solvent effectis were observed using
styrene, ethylbenzene and Turan, (Fig. 9d.)

The resolutlon vermitted moment analysis in these
cases. Three solvent sgystems wers chosen for such measurc-
ment, and the resulis are swmerlzed in Table I,

T™e chemical suiifts are very different in sach case,
but fairly consiastent coupling constants are obtalned,
rogardless of the selvent used, lthe large deviatlon in the
value of (1}%-+1;g)%' caloulated Tor spectrum G is probably

due to erroneous intensity measurerents.
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FIG.9 - RING PROTON RESONANCE OF

N-(DIMETHYLCARBOXAMI DO)-E THYLENIMINE

a. in freon at -100°

b. in vinyl chloride at -90° '
c. in vinyl chloride with added toluene at -92

d. in furan at -97°
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DISCUSsION

N-Substituted Acetanilides

The object of this study was to oxamine tho elfect
of varlous R substituents on the NMR spectra of compounds
In the series of Ph-ﬁ(ﬁ)«GO-CHB. Barlier workers (l;,10)
have shown that the nitrogen atom in aliphatic amides is

close to sp2

hybridized. In contrast, 1t is known that %

the nitropen atom of aniline 1s nearly sp3 hybridized (31), ?
iherefore, in molecules coantalning the basic unis

?h~ﬁ(ﬂ)-GO-CH3, gtructure IV should give a much more

lmportant contribntion te the ground state rosonance hybrid

than VI. 4s & result of a significant contribution of

structure TV to the ressnance hybrid, the moleeule should

exlst in two conformations, VII and VIII,

®
Ph O .Ph O
\ / \.. V4 ® Y
R CH, R CH, R CH,
Y V V]
Ph O Ph CH
N\ Y% \ e
N ——-C\ N ——c\
R// CH3 R// \O
VII Vill

H¥R ie o potentlally suitable tool for detectilug the
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position of equilibrium between the two cenformers and
determining the rate constunt for the laterconverszion of
conformers. The necessopry requircuents, for such neasuree
ment to te made, are:

l. The less stable conformation must have a suffleiently
large population to allow detectien by iR, Gencrally, a
miniwum of 1 to 10% is required,

2, The NVR spectra of the conformations must diffepr
enough to permlt observation, and the ociramze of one conforme
atlion to the other must result in the interchanece of at
least tvo non-suverimposable lioes of the cpecira. If the
specirum observed ls shown to be a superponivion of spectra
of two conformations, & maximum value Tor the rate constant

can he estimated (6) from equation (23):

L
. |Z
X -4 (23)
: bad
™ 2 3
where & is the frequency separuiion of peak maxima,
and the chemical shift,

Yhen the obscrved spectrum iz an averaped one, the
value of 2 mav be unknown, If 27 ig Zero, no concluslon
can be drawn about the presence or absence of encrey borriers,

If 2 is judged to be large on the basis of other conglder~

e

1tlong, a wilninum value of the rate constank may be postu=
lated but its value ig very uncertain,
3. Te rate conntant for the conversion of one conforne.

ation to the other must be of the order of 1/2TY gee-l {8ce
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P.5) within the temperature range at wnich‘high resolution
N¥R spectra can be taken (-150° to 250°), ﬁeasﬁrementa
at various temperaturcs aré necozsary to evaluate the
activation energy and rate constant.,

Irovious work showed that no change takos place in
the HUR specirum of Nemethylecetanilide uson samperature
variation (l.), Hewever, wore complex gystens whore the
nitrogen 1is inéorporated into r fured ring system, such as
Heacetyl derivatives of cis-and trang-2,3-dimethylindolines
{13) and the alkaloid strychneapermine (32), do zhow
restricted rotation sbout the H-G0 bond,

In order to investiscate the effect of the size of the
R mroup, studles wore mode when 3 was isopropyl, t-butyl and
phenyl, Only in the last case was rescricted rotatlon shovn
in the H¥R spesctira, 7The broad phenyl reconagnce peak
observed at room temperature separated Into two complex
peaks of equal Intensity below 8°, ‘here were no low field
proton resonances analogous to those found in the spoctrum
of HNencetyle2, Jedimethylindoline (13), but thilz is to be
expected, as hore the phenyl groups cannoi bocone coplanar
v1th the amide group.

The 1M gpectra of H-isopropyl and f-t-butylace tge
nilide did not change within the temperature range -20° to
00°. By analogy «ith li-phenylacetenilide there should be
restricted rotation in these compounds, it is unlikely

that the H¥R spoectra of the two poassible conformers IX and



X would be identical.

P @) Ph CH
Q 7 \ s 3
N——C N———-C
/ \ / \
R CH R ‘ @)
IX 3 X

Tt seems more likely that these compounds exist easentinlly
in one conformation, 1ntarcouveriing to another conformaticn
te an extent of less then 5%, The rolative stability of

IX and X wauld probably denend primarily upcn the size of

R, For methyl, IX 1s the more likely, for all the cthers,

X 1s the move probable conformation. The induced field of
the carbonyl sroup of IX way ceuse some low field shlfts

of the ortho proton resonsnce of the phenyl group, but no

g

snehr effect 1s expectod for X.
<3
In summary, the MNR resulbs obtained sugpest sp<
hybridlzation of the nitirogen in compounds of the type

Fhvﬂ(ﬁ)-CO~CH3.
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Ethylenimine Derivatives

Our knowledge of the geometr; of ethylenimine isg
based on results obtalned from mlorowave speciroscopy
(Lo, b1, 42), Turner and coworkers formd the carbon-carbon
distance to be 1,Lh80 £ (42)., This is wmuch shorter than the

normal €43 -Cg? bond length, 1,5260.002 & (18) and

closely corresponds to the C,.,a«0_ .2 bond distance. 'the

sp
carbon-nitrogen bond lenith in ethylenimine is 1,188 &, i

8p

slightly longoer than the Gsps-ﬁ distance in aliphatic amines
(e.. methylamine has a carbon-nitrogen bond length of

17y 0,005 & (2L),) 1Iherefore, the ethylenimine ring
approximates to an ecullaternl iriangle. <fhe noture cf
bonding compatible with C-C-C iInteratomic angles of 60° had
beet Investigated by Coulson (35). lle put forward a concent
of "bent" bonds to account for the observed bond lengths and
bond strenesth in cyclopropane. e found that maximum over-
lap of honding orhitsla cnn be achieved 1ff the orbitals
participating in the ring form an angle of 104° st the

carbon atom, 'he bhonding vould be intermediate in type
between an "end-wlse" sigma bonding overlsp and a "side-wice"

pl overlap. The simllar geometry of ethylenimine asucrests

"bent" bonds in this heterocyclic ring also, The hybrid-
lzation of the nitrogen would be analogous to tﬁat of the
carbon atoms, For a favourable orbital overlap the p

chinractor of the carbon-carbon and carbon-nlirogen bend

Torming orbitals must incresse, In confirmatiocn of this,
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the 1-C-H bond angle has been found to be 116.7° (42),
which indicates that the orbltals not involved iﬁ the ring
skeleton have considerable émount of 8 character (22).

"he above consideratlons predict that the nitrogen in
ethylenimine should be different from the tetrahedrelly
hybridized nitrorcen of ammonia and aliphatic amines (31).
The type of hybridizatlon of the nlircgen is reflected by
1ts rate of infersion. Recently, the rate of inverslon
for the H,H-dibenzylmethylamlne in aqueous solutlion had
been determined to be 2%*1 x 10° sec™t (36)., This is very
fast: as expected for an sp3 hybridized nitrogen.

The inversion rates of several H-substltuted ethyl-
enimines were measured by Bottinl and Roberts (20). Typleal
rate constants for Iinversion at the coalescence temporaiure
for XI are li-ted in Table 2. The observed temperature
dependence of the spectra shows that electronic offects are
very important. The transition state to laversion is :
presumably planar and would be stabillzed by double bond
character of ihe nltrogen-carbonyl carbon bond. The hybrid-
ization of this bond is a functlon of both tﬁe.inductive and i
the resonance effect of the substituents. The inductive
substltuent constant, GJ, had besn mweasured by Taft for
seversl substituents (16). Certain of these are glven in
Table 3. The peasitive vaiues indlcate inductlive electron
withdrawal and the negative values show electron release.

The values of OF for -GON(Cli3)p and -COpCHy hod not been
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measured, but 1t is roasonable to expect that the order fop

RCO follows that of R, 1.0, that the 99 values increase in

the order —COCHB, ~CQN(CH3)2, —COQCH

X

CH.,

3‘

Coalescence temporature and inversion rate

j of N-gubatituted ethylenimines.

] Subgtituent Solvent Coalascencs k(sec?l) Hefoeronce
group R in temporature
IX. o
B 108 GO 28
Cli,Fh 105 60 26
¥h <60 L2 28
-‘;}ON(CHB)2 vinyl chloride 77 %
toluene

COOCHB " -86 o
GC)CH3 " «119 it

+This work.
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PABLE 3

Induetive Substituent Constants (16)

Substituent oI Subatituent g+
Mo -0,05 N(CH3)2 0.10
sk -0,085 0CH, (.25
CH,Fh | 0.0l Gl 50 0.20
Fh 0.10

The 1Inductive effect of COR groups creates a 8lirht
positive charge on the nltroren, resultine in o stroncer
bonding of electrons, i.e. Inecrensed 2 character of the lone
orbitsl. An unsymmetrical overlap would result betwecen 1its
lobes and the carbonyl eleciron cloud (XI1), lending partial

double bond character to that bhond,

R O \
Ha' E.R’

Xl

Therafore, the more electron withdrawine the subg titvent
erovp on the nltrorcen, the more 1t stabillzes the transition
gtate Tor inverrion. The limiting cune is that of complete
sp2 hybridization, shere tho planar state 1s no lonrer a

transltion atate hut the ground staote of the moloocule. This
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1a well demensirated in aliphetic amides. e energy
arrlera to rotation and inversion in formamide had boeen
megaured to be 18- 3 koal.mole™L (17) and about 1 kecal.
mole™L (33) reapectively. Thus, formaxide is a rigld,
naurly onlanar moleculo at room toenperasinro. The weak
Interaction notween the nitrogen lone pair snd the carbonyl
boqd In ethylenimline 12 not sufflcient to inhibit rota-
tlon about the onrbon-nltrogen hond, but may be expocted
to increase the energy barrier to inversion,

30 far we have considered inductive effects alone,
which acconnt for the genercl trend of decreasing coa-
lescence bemperabure in Table 3, but not Tor the order
wilthin the GOR serles. ilere, rosonance must also be taken
into ancount, OCross conjugatldn decreanes the doubhls bond
charactar of the nltrogen-carbonyl bond in the urethane
(XIIT) and urea {XIV), but thls ty.e of rescasnce coutri-

bution 1= not imporbant for the i-gcetyl derivatlve,

N7 W

é NE CHio

CH—O NﬁC N ©
O

cHY
Xl XIV

The significance of those strouctures i1s demonsirated by the
woll defined douhlet citzerved for the le-methyl resonance

in XIV gt room temperature, The splitiing of the N-methyl

line at reoow tempersturo lz analogous to that oboerved in
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aliphatic amides., This iz intervrcted as ﬁaimg due to double
bond chaructor of that niirogen~-carbonyl bond. 6onsequently,
the carbhonylering nitrogen.bond beceonos alimost sp3 hybride
ized, and splittive of the cthylenle ring sroton resonance
line at lov tempesrasture zmuat be caused by a decreasod rato
of inversion at the ring nlirogen, iilg ie o unique

example of the two types of barvricy to Loternal motion belng
demonstrated in the sowe molocule,

The masnltude of coupling constants of othylenic
protong in H-(éimethylcavbOXamidm)~@thylenimine and the
appearince of ihe speetrum at low temperature closely correse-
pond to ths iheoretleanl spoctrum AATBRY . galeulated by

~iberg and Yist Tor couvling conslianis d.mmdy J.0 1
- . AD s ARt ’

g
3

JAA"A’ Ipri=ll epse (30), e spoctrum found cannot be
matehed by any thecretleal spectra caleculsted for wuch largor
JAB or J

show a time averzped single ring proton rosonanco at roow

ATYe T-ls 1s expoected for the system XV woailch vould

temper: ture, At vory low Lemper: tures, when the Lifotime of
the conformers bocomes detechable DY HER, an AA'LDY type
absorptlon patiory is ohgerved, for the carbouyl group
Interacts more stronrly with protons in one =ide of the ring

{171, Fa) than with ihe othor protons (HB, Ty ) e

R HB' Ph H,q

\ _
ﬁ‘ 'F Har Hy Hz

L
>
I—=

XV XV
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There 1s also pood agreement with the coupling constants
for 2ephenylethylenimine (XVI), caleulated by Drois (19).
e found J,.=3.1, JBX=6.O'and JAB—'O.é CpS .

Additlonal evidence for the nature of internal motion
of N-mnbstituted ethylenimines was obtalned by Anet (),
who repeated the measurements of Iraylor (33) in various
solvent rvetems., Anet found the coalescence tempersture
of 'me thanesullonyl-ethylenimine to vary belwoon =352 to
-li0%, dependlng on the solvent nsed. At low temperatures
the ring protons form a typleal ApBy specirum, found in
the ethylenimine systems., The Ligher inversion barricr in
thisz casce is expected, The electron nopativity of the
sulfonyl rroup incresses the‘g charactor of the nlirogen
orvltul participsting in e sulphure-nlirogen simza bond,
Thua, the non-bonding orbital of the nitrogen acquires
more 8 character, mising the barrler to laversion.

A gimllar wmeasviecment done ou ll-nitroso-ethylenimine
in vinyl chloride showed no spectral chango down to =1600
(), wheveas the MR snectra of some aliphatic nitrosa-
mines in aromatic solvents (39) indicate n signifleant |
amonnt of donhle bond character of the alire en-nitrogen
bond at roowm temperiture, A jossible explanution is that
the ethylenimine rine structure fixes the U=-i-C bond angle, 3
Tiids dimlnishes the ateric inhibition of robvation around
the -l bond, in compariscn with the "open"” alivhatic
compounds,

Zarlier workers assumed thet in obthylenluine the
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nitrogen has a pure tetrahedrgl configuration, with the lone
electron pair constituting the fourth bond. For alkyl
substituents this ls probably vaelld, but in more complex
moleenles intormediate states of hybridizatlong way be
iavolved., The present resulis suppest Lhat olsciron-
withdrawline CRO substiituenis glve some 8 character toc the

2p orbital of the nitrosgen and anhorten the 1=CRO bond.
Howévur, orhlisl overlap in othylenimines 1ls less fuvourablo
than in aliphatic amides and hence rotation abont the

nitrocen~carbonyl bond 1z ot hindered,
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CLAINS TO ORICIHAL RE3KARCH

liew method of preparsation of Hetb-butylaniline,
todificzation of the method of preparution of
2y 2=dldevtercethyleninine,
Synthesis of il-curbomethoxy-2,Z-dideutoroeshyleninine,
Obaervaotion of spectral changes upon lowering the
temper:ture for the following compounds:
Nephenylucetanllide
H~carbomethoxyethylenlimine
He=(dime thylamidocarboxy )=ethylenimine
lioment analysls of" the ethylenlc hydrogen pealk of
He(dimethylamidocrrboxy)~ethylenimine Tor obtalning

approximate coupling conssunts, ?
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15.
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20,
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