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" KINETIC, THEORETICAL AND STEREOCHEMICAL ' (

ASPECTS OF NITROGEN RADICAL REACTIONS

\

This work can be partitioned into three‘éections. , | '}

1) Polar Effects offpiéeridinium Radical Addition to Substituted
. _Styrenes. . ,4~a;~~wae— ———————————— e e
~ In the competitive photoaddition of N—hitrosOpiperidine to

a binary system of styrenes, an electron donating substituent ’ SN
»facilitates the piperidinium ‘radical addition A series of -

eight para- and ggtg—substituted styrenes were found to give a

better correlation With Hammett ¢ rather than with o+‘constants
‘and to give a p value of -1,3% which was among the larger P | .
values of various known radical addition reactions. The polar
effects observed were interpreted in terms of ground state
electrostatic attraction between the positive charge of the
aminium radical and the m electrons of the styrenes rather than
resonance stabilization at the transition state The quantum
yield of_the N—nitrosopiperidine photoaddition wasadependent on
the nitrosamine concentration but not on the styrene~concentration
thus suggesting the occurrence of radical chailn processes;

2) Calculations of the Z-I1 EIectronic States'of Amido Radicals

: INDO SCF MO C&lcnlations Wereﬁperf{)—rmed on selected ST ————

related radicals, An N-methyl substituent conferred I electronic



hydrogen substituent conferred Z electronic state character

Substitﬁents at the ‘carbonyl carbon had no effect upon the
radical electronic state. 1Imildo radicals were all shown to be
£, On the basis of limited experimental data from the

literature' and from the calculations done, "it  is postulated

addition to olefins whereas those radicals of H'character

abstract hydrogen preferentially.

3)-Transition State Geometry- in Intramolecular . Hydrogen .

Abstraction by Amido Radicals

Amido radicals generated from photolysis of N-bromamides
can undergo- either intra- or intermolecular hydrogen abstraction.
The six atoms participating in the transition-state of intra-
molecular hydrogen abstraction can assdme either a‘hexagonal or
a pentagonalfgeometrya' Calculations suggest that’coplanarity
of the six atomic centres favours the hydrogen transfer process.
The requirements of coplanarity of the intramolecular hydrogen
transfer were tested using carboxamidotradicals generated from
photolysis of N—bromo-trans-4-t—butyficis-2—ﬁethyl-N—t—buty14

cyclohexanecarboxamide and of the corresponding trans- trans

‘compound The conformation energy facilitates the attainment
of coplanarity in the cis isomer but inhibits in the trans.

From experiment it was’ found that the cis radical gave the

greater amount of intramolecular hydrogen.abstraction product.
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CHAPTER 1

INTRODUCTION
.y
The photochemistry of nitrosamines in inextricably associated

with the reactivity and reactions ofaaminium'radicals In the

7"presence of dilute acid N- nitrosamines rapidly undergo homolysis

v/

prior to subsequent photoreactions (1,2) and generate the aminium

radical and o. 7,/', o

e 4 hy N
- RoN—=N==0 + H ———3 R2NH + NO [1-1]"

Therflash excitation techique hes.been employed to establish'the
identity of the.species of~the primary'photoprocess (3) hepicted
in (1-13. L B |

Since the 1nitia1 description of nitrosamine photochemistry
(1,4), much effort his been expended to determlne the mechaniSm,'
the scope and 1im1tation, and the reactivity of aminium radicals
(3,5). M#isci and co-workefs‘(S) have generated aminium
radlcals by photolyzing N-chloramines in concentrated sulphuric
aC1d -acetic acid/medium. Reaction species likely involving

+2

aminium radicals can aiso be found in‘metal ion (Fe or-Ti.B)

e /ions~with;hydroxy1&mine4{8}74hydroxylamine:Oﬁsuipnonic acld—(9)
or tertiary amine o%ides (10).
The reactivity of the aminium radicals~ressemb1estthat~of



&

uncharged radicals in many ways. ‘The aminium radical may ﬁhder&

go addition to,olefins'(ﬁ) or addition to aromatic nuclei (5,11).

»Altefnately the aminium radical may abstract a hydrogen atom

from substituted toluenes (12) or from a’hydrogen-ddnatiﬁg
solvent (3). :fhey'may also undergo disproportionation (13), /
termination (147"and chain propagation (15)‘reactions;

In the presence of dilute acid, N-nltrosodialkylamines

-rapidly undergo photoaddition to olefins (1) Experimental

evidence suggests that the intermediate of this reaction 1is the,

positively charged aminium radical (16). This radical and the

'~cdncomitant1y generated nitric oxide add to the double bond of

olefins to form, after tautomerization, the éppropriate a-amino-

oxime.- SCF calculations on ground state nitrosémine/(17)

suggest thatithére is a 48% contribution of polar resonance form

,/A

la. The proton coordinates with the more electron rich nitroso-

+ -

RoN—N=0 g  RN=N=0
. 6f¥._ 5- gt 5+ 5-
RoNZH=0 — RzN-'N::O —H
. : o e——
L
RoN =N—OH
N

oxygen atom as in >. At low'céncentfatiOns‘df acid ( pH > 1)
association takes'place‘throughkhydfogen bonding while at higher

cénééhtréfioné’of acid ( > 2M HoS0,) the nitrosamine is proton-

Y i e S
v

_..j{ R

v i e B ¢ 2




,fraa;ﬁfatﬁdAaSalna4\418)f4f$heafullygprotenated—nitresamine—does—not'-rf—*ﬁIQ

undergo photoaddition (19). ' - o - -
Flash'photolysis studies of acidified N-hitrosopiperidine

(16) have resulted in the detection of a trans1ent having o Do

jdentical - absorptlon.characteristics to that generated from N— { |

chloropiperidine. Piperidinium radical has been established (206

A
as the 1ntermediate in the photolysis of N chloropiperidine. o .

The piperidinium radical obtained from nitrosamine flash

%

photolysis was unaffected by the presence of oxygen or by the
... band of irradiation,( n-. n or ﬂ > ﬂ excitation) - The - mﬂ~~*~'::f*'
piperidinium radical decays with first order rate constant of ‘
1.85 x 10* sec™ ! (3). Based upon the transient react/on r;tes
in acidified aqueous methanol and in cyclohexene, iperidinlum
undergoes photoaddition to cyclohexene about 500 times faster
than,itrabstracts a hydrogen atom from methanol (16). .
Since the aminium radical carries a positive charge (3,5,12),
Vthere is good_reaSon to’suspectnthat it is an Electrophilic
species. Neale and Gross (12) have studied the relative'react-
‘ ivities‘of the substituted tolunes toward hydrogen'abstraction
by piperidinium radical generated from N- chloropiperidine
photolysis in 2M H2804 in acetic acid They concluded that the *
presence of a positive charge on the piperidinium ‘radicag did

not lead to an ‘unusually enhanced polar effect at the transition

state—for hydrogen abstraction In general competitive hydrogen

~abstractions from m-and p-substituted toluenes‘have been widely
‘utilized successfully to obtain Hammett correlations (21)17

However, in contrast, there are onlY’a'fewlreported Studiesiin



Y

the 11terature of similar correlation of radical addition to m-

and p-substituted styrenes and stilbenes (22,23,24). All the
reported radicals studied in these hydrogen abstraction and
addition reactions gave negative reaction constants (—p values)
of varying magnitude. Generally the correiation has been found
to result in a better fit with o substituent constants than uith
o constants.'- o | ' |

-———In-this- sectlon;the‘additiO' of ‘photochemically generated

aminium radicals to variously m- and B;substituted styrenes will

be discussed The medium conditlons used were dilute acid and

‘methanol, The. competitive addition reactivities of the piper—

idinium radical will be compared with those obtained from the

radical generated underlstrongly acidic conditions- (5,12)-

(

. Under steady state irradiation, N-nitrosopiperidine (NNP)

photolysis in methanol and in the presence of dilute hydrochloric
ac1d ‘and styrene 1s believed to follow the mechanism shown

below (3,1%,25,26).

o - ' S 4 . , o o

CSHl ONNO 7+» H+ o hy v _;CsHj_oNH + NO [1"'21 :
N B ) , S . |

CsHioNH + CHa —t CsHipNHz + CHz0H - [1-3]
+. ‘ Cx .

CsHioNH +  ArCH=CH, %2 ___, CsHy oNHCHoCHAYT [1-4]

~

CsH; oNHCHCHAT  + CsHyoNNO ~ + H

+ ‘ R ,
CsHqoNHCHoCH(NO)JAr  +  CsHyoNH [1-5]



+
7777777777777 %%OMGHEW WWWT—G)
‘F\ : ) ’ .
| + . | | | + ‘
CSHI ON-HCHg('-/‘I'IAI' C —— C5H1 oN-HCHgﬁ.AI‘ . [ 1-.7) )

NO ' ' v ° NOH
- From fhash photolysis studies (16) it has beeri shown that

the observed decay rate ofvthe piperidinium;radical is propor;

the concentration of NNP In this experiment very high con-
centrations of aminium radicals and NO are produced As a result:
| under these conditions equation (1-5] is probably rather un-'
1mport22t. However,,under’the regular photolytic conditions it
is assumed that the propagation step of the above mechanistic
echeme (ka)‘ie rate determining and is,‘henCe, slower than the
addition step (ko). Equation [1-5]'may in fact represent a

sequenceVOf events; 'ft is conceivable;that the. adduct of -

equetion [1-8] formed analogously to amino radical addition to

: : S Ar O
CsHy oNHCHzCHAT +  CsHqoNNO . + , H —p HC—N—NHCsH;o [1-8]
: CHzNHCSH'i'o r

-

" 2-nitrosos2-methylpropane (27) is a short-lived intermediate.
The chain length of the’ photoaddition process will be given by /o
equation [1 9] - <f

chain length K [C H,y oNNOJ - ' - [1-9]
ﬁ |ﬁ0] .
4 o e ’ . '

The determined quantum yield of NNP dieéppearanceirepregented the



The reactivity of styrenes in terfis of their absclute’rate.
" constants toward the piperidinium radical is estimated! to be
16% to 10® M ! sec™!. Since the rate of combihation‘of organic
free radicals is of the order 10% to 10° M™! sec™! (28), the
differences of the free energies‘of actiretion of addition of

) [ 4 : .
the styrenes will be fairly small The competitive addition

- to- two—styrenes; one*substituted and‘the other not,. in equi-.

molar initialvconcentrations 1s utilized to‘gbtain the reactivity

ratio k /k‘ - The k- and kH are th?ﬂ??f?ived pseudo-first. order -
rate constants of the piperidinium radical addition to X- sub—

stituted and to styrene respectively.' This ratio is a measure

‘of the partition of the piperidiﬁiﬁm.radicai reaction toward the

styrenes and is proportional to the two different activation

free energies of the addition reaction,

!  From flash photolysis of NNP in the presence of trans-1,%- /.
pentadiene, it was shown that the aminium radical reacted
with the diene with the bimolecular rate constant of 6. 25 x
107 M™! sec !, (A J. Cessna, unpublished results.) ’
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" CHAPTER 2

— , RESULTS _

" 2-1 General

2-1-1 Preparations of Styrenes

All the styrenes except~5 3 and 5 7 used in this projeét
. rere synthesized by Awayeofedehydrat1enmo§ftheﬂlapﬁropriateW,Aeewdeemie;e;
carbinols which in/ turn were formegd fremteither Grigﬁard ) '
condensation of CHaMgBt‘with=the~appropriate'aldehyde or from '
'”N&BH;’feduction of the substituted acetophenone.i'Tﬁehdeﬂ§d:WW”ﬂw o
>ration step was,achieved using KHSO4 and ‘relatively high |
temperatures\(appreximétely 200° C) Eveu‘the presenee'of
hydroquinone in the flask was unable to inhibit completely

~ the polymerization of the formed styrenes which were isolated.

| CH=CH: 5-1 X =H  CH=CH» 5-6 X = CH3.

' 5-2 X =CHs _~~_  .5-7 X = OCHs
5-3 X = Cl 5-8 X = NHCOCHs
5~4% X = OCHa '5-9 X = Br

X 5-5 X = CN. |

'

in 30 to 50% yield. The E-methoxystyrene‘S—B'wae formed by
thermal decarboxylation of gfmethoxycinnamic acild. .The m-

acetamidostyrene 5 7 was synthesized by the reductive” acet—
ylation of m-nitrostyrene ,

R sl : R g

" 2-1 2 Photoadditlon of NNP to Styrenes RS

In methanolic soiution containing dilute hydrochloric

b
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| acid N- nitrosopiperidine (NNP) photolytically added to

styrene to give very high yields of syn- and anti-a-piper-
idinoacetophenohe‘oximes. In Table 2-1 are listed the styrenes
used and thg’yields&of the,expected oximes elong with some of. '
their physical properties.' The total percentage yield of syn— .
and anti-oximes in each photoaddition indicated that! these

styrenes react very efficiently with the piperidinium radical.,

drastically reduced reactivity of this\S&yrene was demonstrated

by the low yield of-the . corresponding oxime and by the isolation

Cof N—piperidinoformamide which is a'photoreduction product of
'piperidinidm radicel reactionfwith‘methanol (13). There was no
)ekperimEntal evide;ce to,suggest that the piperidinium radical
had added to any aromatic nuclei of.the st&renes or that therev‘

was any hydrogen abstraction from any of the sgbstituents.,‘

2-1-3 Kinetic Monitoring of Photoaddition of NNP to Styrene

. For the purpose of kinetic investigation, the 1initial

T

concentrations of hydrochloric acid NNP and styrenes were
fixed at O 04 M each in methanol unless specified otherwise
The substituted styrenesipossessed no gbsorption,greater than
200 nm and; hence, were stable nnder the adopted‘?hotolysis
conditions. The- eight chosen styrenes of both meta— and p___

'substitution h&d suitably different o constants. S hE
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2-2 Quantum Yield Determinations

————————The—quantum—yieids4cerNP*ﬁisappéaranéé*ta—a—and——tne
pseﬁdo first order rate constants of the styrene disappearance
kx) were determined under the identical conditions used in
kinetic studies except that only one styrene was present in
tne photolysis solution. As’shown in Table 2-2, ¢N* varied
between 6 and 1O and irregularly with respect to the nature

Akof the substitgent;* Since the,product analysis showed that

the yields of the oximes were{nearly quantitative, the ¢y
probably will represenf ‘the chain length of the addition

reaction provided ’ra.d’i’ce:l" rec’ombinat fon 1is minimal, In :'Wt‘he'ﬂ I

photoadditiondto the much 1ess reactive R-cyanostyrene, the
piperidinium radical also underwent reaction with methanol

Therefore, represented the sum of the quantum yields of

’N
both addition and reduction processes. ,Under identical
irradiation conditigns, the obs%rged ragte - constants (kx)
varied withoﬁt a discernible generai trend. The rate
constants were the products’of‘two variables, the bimolecular
rate'COnstant (k») and the steady-state concentration of the
piperidinium radical. To obtain relatiwe reactivities it was,
therefore, necessary to perform the Vcomnetitive addition
reaction erperiments.

~

~2-3 Effects of Altering Concentration of Reactants

In order to examine the effects of the reactant concf"

entrations on the1addit1qn‘mechanism, quantum yields, ¢N,,

and the pseudo-first order rate constant,'kH, under varying
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~ Table 2-2
The Photoaddition of NNP (0,QiM) to Styrenes (0.0hM)
P
XCeH4CH = CHp k. x 10* By

_p-OCHa

p-CHs

n - CH3
p-Cl1
E-, Br

p-CN

(sec™t) -

SR 4 - - S
0.72. ‘h 7.1
1'13 ’ 705
1,36 ‘8.0
- o ,,
0.69 10.1
1,0 7.y
™~ 5 :
~0.64 o 10.1

A



conditions were invegstigated. A four-fold variation of NNP

cdncentration was used as well as a three~fold variation of

styrene concentration. The good 1inearfre1ationship of the-
5 : . >

plot_of k and'ﬁﬁ against time verified that up to 100 minutes

H
reaction time, the reaction pattern was not affected by the
length of photolySis nor the concentration'of the reactants.

From Table 2-3 it can be seen the ﬂN remained constant

as long as the NNP concentration was kept constant but increased

when ' the NNP concentration was increased The chain length

T however is_inversely proportional to the unknown NO cencentration.~m B

It is believed'that the steady state concentration of the aminium

~radical was increased concomitantly with ﬁN., This in turn

~increased the magnitude of the observed rate constant for styrene

additicn since ky = kol CsHioNHTJ. In the presence of higher
concentratibn? of styrene, the,lowering‘of kH (Table 2-3) was

to be expected since the stéady'state'ccneentration oflfcsHioNHT]
was reduced. These'measurements ascertained that the analytical
‘procedures were satisfactorj and established the general'con—
ditions for the competitive reaction of the piperidinium

radical with the styrenes,.

o-4 Relatire Reactivities

Styrene was chosen as the standard: substrate in the

determination of relative reactivities.. The competitive

777 addition of the piperidinium radical was carried out in the,

presence of one of the para- or meta- substituted styrenes.
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A

/ﬁ | 7 Table 2-3

. - - |
Variation of Concentrations in the Photoaddition | A P

of NNP to Styrene

U GO . - 5

Concentration (M) 0k, x 10% - By

NNP ' , Styrene (sec™!) B . ]

0.04 0.0k 1.36 8.0 | |
0.08 0. 04 .84 9.1 | S
0.12 | ~ 0.04 2,22 1o.i_' | '
0,16 . 0.0 2.20  12.1
0.04 0.08  0.52 7.6
0.04 - o012 04 7.9

T S Gt ke AR ek Sodr e
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In each run the pseudo-first;orderirateiconstantsilofllthell;;iiiilllllull
addition to styrene»(kH) and that of substituted styreneNWere |
calculated .- The resultS’arevgiven in Table 2- 4, 1In the g'

methoxystyrene - styrene experiment the piperidinium radical

underwent addition exclusively with the»more electron-rich

olefin,vthe R—methokystyrene. Conversely, in ‘the Rhcyano-r

styrene - styrene experiment styrene was consumed exclusively.

These results unambiguously indicated that the aminium.radical

attack was electrophilic in nature and the relative reactivities .
An the,sé,,,é.oupl,e,s,,,uere,,too far apart to be ,,measured,,experimenta,l,-,,,,,,,,,,-,,,,, P
ly. The (reaCtivity of-E—methoxystyrene waS'subseQuently
determined relatilve to p-methylstyrene and normalized to
give the k_ / ky relationship'shown'in_Fi ‘ 2;1. The p-
cyanostyrene was not appreciably attacked %y piperidinium
radical even in comretitiOn with m-bromostyrene. Estimating
'that even 54 reaction of 2-cyanostyrene;had”occurred,”kCN"/'kH
is sti1l less than 0. 085., | -

“The plot of log k. / Ky against o constant values 18
shown in Figure 2-1. The reaction ¢onstant (p'value) was
computed using a least sduares method to give —1;34 withfr
(correlation'coefficient) of O. 978 When o+ values of' the
substituents were ‘used, the relative reactivity ofR-m;Zho:;]

styrene and, to a lesser extent, that of E—methyfstyrene

7rrdeviated from the linearity'established by the other points..
. o

Relatively wider scatter of points occurred when c was used,
even when B-methoxystyrene;was excluded The resulting p

value was found to be -1.04 with r = O. 957

T e s e v T



Taeble 2~47'

The Competipive Photoaddition of NNP'to Styrenésa

XCeH4CH =

CHz kg x 10 kx/kH

- p-CN

XCeH4CH = CHp k, x 10°
(0. 04M). (sec™1) ~ (sec™?)
p-CHs 10,39 1.82
. 7.82 1.93
-7 p-C1 6,89 ~8.95 0.77
,IL' , 4, 45 6.72 0.66
i 3.16 7.2 0. 44
, 3.21 5.70 0.57-
- p-OCHs k.95 - 3,09, 1,99
R-P%Hs 6.82 B8® 2005
m-CHq 4,10 3r21b 1.28
- 3,67 2,42 1.51
6.55 L, ok 1.32
‘m~OCHg 5.47 5.14, 1,06
o ' 5.31y h.86, 1,12
| k.09 3.67°  1.09
'm-NHCOCHs =~ - 2.3h. 3,98,  0.58
1.39 2.72 0.55
m-Br 2. 87y 8.09 0.356
2.57 7.22 0.356
- (0.085

a Concentration of NNP and hydrochloric acid were 0.04M.

b. Except for the calculation of ‘these rate constants, the

correlation coefficients (r) were better than 0.985.

¢ This ratio was estimated assuming 5% chyanostyrene had

reacted after 100 minutes, =

d The standard styrene used in the particular experiments.'
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' Substitution constant scale R

"éiéﬁiéié:iWWéﬁé-relative fegééiQifiestof substituted styrenes o

T

ffffff — toward the piperidinium radical addition as =
function of substituent constant ¢ (¢) and g+ (a).
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T 2-5 Complex Formation Betweenp-MethoxYStYrene and NNP

Tltravioletrspectroscopyrwas used to check for ‘the -
presence of any charge transfer complex formation occurring
in the ground state in a mixture of'Rfmethoxystyrene_and NNP,
with and,without the presence of dilute acid. Using special
double-compartment corex cuvettes, no new absorption band was ¢

detected.

2 6 Some Preliminary Ground State INDO Calculations

Assuming that the chemical properties of N—nitrosodimethyl—
were performed on the aminium radical generated from NND. In'
Table 2-5 are shown some representative calculation results.'
The results are prelidinary in that no attempt was made to
find the energy minimum with respéct to'changes of all the :
geometrical variables The results indicated that the planar
form- of the aminium radical with the bond angle between the
methyl groups of 120° was the mbst stable. This prediction
has beenrreinforced’inna_recentlylappearingrcommunication (29){
The calculated nitrogen hyperfine coupling constant (16.44)
compared reasonably well with the observed value of 19.28 (29).

In €§ple 2-6 are listed some INDO closed shell calculations

of properties of NND and protonated NND. Structure B has’ depicted

fully protonated alkyl nitrogen while in structure C the o

nitroso oxygen is,shown to be fully protonated. Structure'c 7

is shown by calculation to be more stable by about 16 kcal/mol.

E-%

SRR T SN SNV
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Table 2-5

INDO Open Shell Calculations of Selected Geometries

of Dimethylaminium Radical

-~

'
o = angle of'departure from planarity
B = CNC bond angle
~ Calculated Energy . Calculated Nitrdgén ¢
Structure 7 (atomic}units)‘ . Hyperfine Coupling
' ' o ' - Constant
o =71° = .-29.886 . - - 38.57
B = 109? - - :
(tetrahedral) .
o= 55° 29.907 - 22.30
B = 109° | | | | :
e | BRSO
a = _0° - -29.911 N7 16.77
B = 1090 . . )
(planar) ™ , | | ,
a= 0°  -29.918 ' S 16y
= 120° o S
planar) O B




e Table 2-6
INDO Closé‘d Shell Calculatlons oI‘ Various
Forms of N Nitroso-N,N-~ Dimethylamine ‘

Structure - '~ Calculated Energy ~ Calculated

(all planar) | (atomic units) Electron Densities

s CHa -57.631 Ny, = 5.0804 | o

- A SNy T ’"’-’Né"é’lL 8397
1 0O =6 2670
- N2 ,

o

CHz\ - 03 : o

A\ -58.134 N, = 4.8415 |
B . N- = 4.8224 ~ -
No_ 0O = 6.0426 o
X0 K
- -+ 3. .
- Kl‘h/ o T -58.160 Ny =4.8837 : : ST
N2 3 O = 6.1064
. \OH
LY
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2 7 Competition Between Diazenium Salt and NND as Substrates

In order to ascertain whether a fully’oxygen protonated
nitrosamine such as structure C of Table 2-6 18 involved in the
photoaddition mechanism, a model ether, ‘-ethoxy-l 1-penta-“
methylene diazenium tetrafluoroborate, 6 was prepared,' In the

competitive reaction represented-by E2—1J, the diazenium salt

B vhevls n\ o _ ‘
S . . hv

+  (CHa) 2NNO + CeHsCH=CHz — ;

. H+ :

o [e-11 |

\ , ‘ , V v -
did not undergo photoaddition. The only oxime isolated was

. from NND addition to styrene; The diazenium sslt was unhable to

1nit1ate or to participate in the chain propagation step of the
photoaddition -

3
, 3 ,
2-8 Some Preoperties of Other Aminium Radicals

2-8-1 Photoaddition of'N—Nitroso-N-HethYlbenzylamine to Styfene
The N-nitroso-N-methylbenzylamine, 7, under the typical
ghotoaddition conditions, resulted only in partial photoaddition‘

to an equimolar concentration of’styrene.' Approximateiy 454 of

kY
,fmthemt otal pmduct i&ol&tedsmeanﬁequal mixture of the _ Cor= o

i : s : o
responding syn- and anti-oximes (8-1 and 8-2) as estimated.

g e 2
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H2 = N
N—NO . CHz
H3 : - - I;I—CHa
| ~ CHs
e -

from the singletvnmr?absorpfions at T 6'2 and T 6 4 of the

7_—CCH2N— protons of the oximes.f About 35 % of the total product .
resulted from photo -induced decomposition of 7 and gave benz— ’
aldehyde and benzylamine The remainder of the product cor-
responded most probably to.a- benzylic hydrogen elimination and"

- subsequent oxime formation

L p-8-2° Competition Between Intra--and Intermolecular;Addifion :
. The N—nitroso—N-methyl-B—cycloﬁPxene;l—methylamine 9 under-
’ went intramolecular photoaddition upon photolysis in the presence
of an equimolar concentration of styrene, From.vapour phase
ehromatography there was no indication thatjany styrenerwas'

consumed in the reaotion.
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| CHAPTER 3

DISCUSSION.

3-1 General | L ,

Basic factors which determine the reactivity of free
radicals toward reactive substrates include such,conponents as-

the polar, resonance and steric effects, the dissociation

of the atomic centre associated with the unpaired electron.

Not all of these parameters are mutually independent. By - the
Judicious choice of experimentalrconditions and reactants,iall 7
but the polar and resonance factors have been standardized by
the use of substituted styrenes as substrates in the photo-
addition experiments. The polar and resonance effects caused
by substituents can be measured using éb\\ﬂammett correlation
equation =
o ‘The Hammett equation was originally foru?lated from data ~
VObtained from,heterolytic reactions. The. relationship gives

the ratio of rate or equllibrium constants for the reactions

of substituted benzene derivatives in terms of pa ra- and meta-
substituent o constants (30). The proportionality constant is

.10810 k /kH e o [3-1]

ps ‘Ph&pel&r%f—feet—ef%he substituent%s%ransmitteéfthreugaw—} fffffffff —

the sigma bond system (inductive effect) and through the pi

_ bond system (resonance effect) (31). In reactions where an
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electron deficient intermediate is formed, substituents which are

ih direct coﬁjugation through the benzene ring with the reactive
contre will display enhanced o values., Brown and Okamoto é;z)
have termed this enhaﬁced substituent constant as‘g+. In some
cases the substituent may berable.to interact via resonance
directly with the reactive centre. "If this extended conjugation

affects only one side of a thermodynamic equilibrium or one of

substituent constant, a2, has been proposed (33, Eh)
The Hammett p value is an indicator of the transition state

strecture. When formation of the transition state 1nvolvesr \\\
donation of electron density to the reaction site, the reaction

igs accelerated by e!ectroh donors and p is negative (35). The

size of p is a measure of the extent of charge developmest‘at‘

the reaction ci?tre adjacent to the ring when the reaction D
coordinate passes from the ground to the transition state

3-2 Polar Effects : o ~ - ..

Tt is expected that the presence of the positive charge in
, the aminiumjradical renders electrophilic character to this
transient intermediate. At which stage of the reaction co-
iordinate this‘effect”will be greatest is uncertain. It is also
 suspected that reactions of this radical may havel quite different
“eiectronic*requirements;frcmfthbse;bf;neutraI*eiectrephiIi“*”f‘W%*W*ff’
e__feemffum;aeiea;sﬁsueheasmlsijuiee%esa}aj;eieruand—:sslg;——znfageex-———f——eueeef
» haustive compilation of free radical substitution reactions (31),

,it,was1found,thatﬂp <'Q for all,such reactions. A qualitative



was observed. The absolute value of p increased (31) in the

series *CHs < caﬁs < HOOCCHp® < *CCls, 'Br in the same direction

as the electronegativity of these radicals.

In Tabfle 3-1 are listed some relevant p values. For com-

- parison thdse of the piperidinium radical.hydrogen abstraction

y
=
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=]
ct+
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H
o
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Lt
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n
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b
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H
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Qa
|..l.
O
L
|._J
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E
H
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1
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A
¥
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&
|
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polymerization of styrene (39,40) are also listed, Although

polar efﬁgcts on radical addition~reaétions, “the followingr
observations can beimentionéd Firstly, among the 1imited
number of studies available, the p value of the piperidinium
radiqgl addition 1s the largest in the absolute sense and

exhibits greater dependency on electron affinity than neutral

””'pauCity'Of’data”deesmﬂﬂt”31i0w“a*systemat1@*dig@ﬁggigﬁ”6f”fﬁg”W”"”“mj

radical additions. The p value of piperidinium radicalsaddition

is not éxceptionallyvlgrge when compargd with that of the pro-
tonation of styrgneé where coﬁsideréble electr@bdsiﬁivé char-
acter aﬁ the benzylic pésition is developed in the transition
state (38). Secondly, while almost all of the neutrél radical
additions correlate better wifh &f cbnstants, the piﬁefidinium
radical addition is a rare exceptioniin tbat‘the felative react-
ivities exhibit better correlation with o constants.

' The Iack of correlation with the o' constants (32) Vigm,ggl

rﬁ,ggg;%igularily SEEESEE*wnen the extreme electron-donating and

°iectronywithdrawing E—methoxystyrene and 2—cyanostyrene
respectively are considered. The a° (34) value of E—methoxy

L e R Y I AT R TR T A S AT TR TR

i

§
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Table 3-1

" The p-values of Some -Radical Addition Reactions

' Reacfions,¢“ , - Temp. Solveﬁt p ﬁef.
 1) *CCls + ArCHoCH=CHp  70° -0.29 ¢
2) *CCls + Ar(CHp)oCH=CH, = T70° -0.20 36 -
R *3’%‘""EC“}:;“’“é"*ésﬁseH:eHﬁT‘“‘*“’“; ffffff ~105% - €Brels-=0.7 23 -
%) *CCls + ArC(CHs)=CHz 105°  CBrCl, -0.7% 23
5) 'HOOC(IHas" + ATCH=CHFh 105° HSCH2COOH -0.4 23
© 6) CHs02CCH2S® + ArC(CHs)=CHp 105° HSCHpCOCHs -0.52%¢23
7) RO2" + ArCH=CH» 60°"  CeHe -0.3 24
8) *CCls + ArCH=CH, 80° . CeHs  -0.kp 22
9) CsHjoNH! + ArCH=CHe | 20°  CHgOH -1.34% this
10) CsHqoHN. + ArCHs | 20° 2MH.S0,,AcOH-1.21° 12
11) B + Arce-cH, | . 25°  H:0  -3.42 38
12) -CHoCHPh ¥ ArcH-CH,  60° | 0.51 39
13) -CHaéHm + ArCH=CH» 60° 7 0.60 4o
14) (CHa)gN' + ArCH; ’ 136° ArCHa -1;08 37
s These figﬁres were calculﬁted,frqm thevdatargivenyin:ief. 23,
b This valuerig calculated from the data givén 1q!ref; 12,
¢ Por these two p-values better correlations w ré obtained
wlth 0 constants. For the other p-values, ¢ constants
were used to give better correlation.
A - drm*i{{é’fz;éfe.’é%i;nﬂ;; run in 3.83M aqueous HC1O, solution. ;
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is -O 12 and does not improve the correlation either. Thirdly, 3

the,present Op relationship is correlated byra single line-for'

both para- and meta-substituted styrenes without»showing en-

hanced reactivities for the para substituents as was observed

in trichloromethyl radical additions to styrenes (22). However,

in the event that Efmethoxystyrene is reacting at or near the »

diffusion controlled rate of addition, the results are more -

rée~~~~w4»cdiff1cultktowinterpret“"“It‘iS‘thE’EFﬁwthoxy substituent which
is the best criterion for distinguishing between correlation

with ¢ or o,

of diffusion, the unique features described above appear to

arise from the reaction mode\tather than from the attacking

.cationic species. A recalculation? of Neale's results (12)

k gave the relative reactivities correlating better with o values,‘

on the piperidinium radical abstraction reaction from toluenes

(E-methoxytoluene was not used as & substrate) and with p~ -1 21

which is not significantly different from the corresponding

~ bromine atom and trichloromethyl radical abstraction reactions

(31).

If theigfmethoxystyrene reactivity is slower than the rate

*

2 Neale and Gross (12) have plotted log [ArCH-C11/[{PhCH-C1]
against ¢ constant by assuming a pseudo-zero order reaction.
However, a first order’kinetic plot must be employed,

e

el
_ %8 [arcHsl;
~ ['PhCHa 11



———hccepting the validity of the ¢ correlstion, the results
suggest that in the piperidinium radical addition to styrenes,
the benzylic carbonium ion character is not ‘developed to any
-significant extent at the transition state, The following
transition state structﬁte'for the nrocess-can, therefore, be"

‘ruled out.

+

—
+ 8 T .Y

ArCH=CHpz ++ -HNCsHj o «—as ArCH=CHp+* *HNCsHyo - [3-2]

<~~~ —The results unsmbiguously show that electron-donating sub- .

stituentsvon'styrene facilitate reaction with.niperidinium
radicals; The observed'p value probebly reflects the ground
state electronicvintefaction between the cationiC'fadical.and
the_n electron cloud of tne-olefinic noiety‘of therstyrenes.
Efforts, however, tovdetect»the presence of a charée transfer
comblek betweenrgémethoxystyrene and NNP by uv spectroscopy
were not Successful »1

Solvent has a large effect on the magnitude of p but has,
generally, little influence on g values (41) In different

solvent systems the behaviour of the piperidinium,radical,may

be modified considerably; ConSequently the p value,of.Neale'(le)i

‘which was taken in Strongly acid'conditions (QM'HESO4 in'acetic
acid) connot safely be coigered with the value obtained in this

work. Unfortunately, under strongly acidic conditions NNP is

completely protonated and is not photolabile (19). This pre-
vents extending the present photoaddition study to a higher
acidity region. Ihotodecomposition of N-chloramine at a lower



: éeidity region_suffeés from various side'reactionsJ(le) and ig
not'readily adaptable for kinetic study. Recently Malatesta
and Ingold (14) kdve demonstrated the increased stability of- |
aminium radicals along with'ihcreaseé,in'solvent acidity at the

_H. renge of 3 to 11. Although the factors controlling the
moderatlon of the reactivity are unknown, the aminium radicals‘

are no doubt less reactive and hence more selective at higher

ac1d1ty.

3-3 Quantum Yields UL S ——
VTherquantumIY1eld medsurerdents indicate that the NNP photos N

' addifion to styrene followé a short chain frocees with'ehain
lengths of at least 6 to 10.. The reasonable conetancy of ﬂN"{\V/
with chahging styrene concentration.indicates that every»pipA

7ier1dinium‘radieal reacts with styrene The'ﬁNfiseproportionai s
to- the rate of ‘the prop&gation step as experimentally demonstrated
by its proportional increase with the increase in NNP con-
centration. For this step to be efficient,~the;freefenergy of
activation must be‘verj small, but larger than that required

in the addition step.

3 L Qnalitative Ranking of Nitrosamine Reactivity

It was observed that when the structure of the nitrosamine

- was chosen (9) in such a . m&nner where 1ntram01ecular addition is

— facile, the intramoclecular addition proceeded to the exclusion
of photosddition to a reactive substrate such as styrene. In a

wcempetitivefsituation, the benzyliC‘nitrosamine'z_underwent bi-

B 1 B A kat e s e Tt 1 aA e e b e amt
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molecular photoaddition to styrene in approximately the same

(Y

proportion as it underwent unimolecular elimination, presumablv>
through an iminium intermediate Benzylic nitrosamine 7 also
underwent intramolecular oxime formation .in competition with |

the otherrphotoprocesses, but less efficiently. fi;fipfg' o —

" ©3-5 The Photophysical Process of Nitrosamine Photolysis

‘”Mr"“ﬁftru1y*interestingefeaturesefwnitrosamineuphotochemistryll;lll;;lu

is the actual mechanism involved in the generation of the

- aminium radical prior t8 its addition to a suitable subsﬁrate

| INDO 'SCF MO closed shell calculations suggest that the oxygen o

of NND is the electron rich atom in the molecule This has . been
confirmed experimentally by the x-ray diffraction observation-
that copper bonds to nitrosamine via the oxygen atom (42).f The
uv spectra of'acidified nitrosamine solutions.change as a |
function of the hydrogen ion concentration (18) The cal—
culations performed also indicate that the most stable pro-

tonated form of NND. is planar and the proton is bonded to the:

oxygen atom.

INDO open shell calculations also demonstrate that the

aminium radical is more stable in the planar form with CNC bond

',mlll_ghelppotonlis 1ndispensable_to‘the,photoaddition The

~angle of 120° The reported INDO energy minimized structure of -
the dimethylaminium radical had CNC bond angle of 126° (29)

actual stepwise involvement of the proton, however, frﬂi its“ﬂ

associated status in the pre photolysis complex to its full
proton status in the aminium.radicalris,not known, One fact is

T T T T T g b AP v S e Ao




MRS L

HALEL

SRR EERET DEAL Sy

W BTN LT AR T T

N N A A i RU N e T i Sl

P

AR R AR BT R P




-

ALY

EXPERIMENTAL

4-1 General Techniques

Unless otherwise specified the following experimental

conditions prevailed Nuclear magnetic resonance (nmr) e

spectra were recorded with a Varian A 56/60 spectrometer in

The photochemical kinetic ex

CDC1s 'solution using TMS as the internal standard. The coup-

* 1ling patterns of nmr signals were presented a d(doublet), t

plet). Da0 exch signified that the protonfwasvexchangeable

with added D20. A Perkin-Elmer RMU;6E mass spectrometer'Was

used to record mass spectra. Infrared (ir) spectra were re-

corded on a Perkin-Elmer 457 spectrophotometer as a nujol mull,

KBr pellet, l.iquitd/'film or CHCls solutioh. An Unicam Sp-800Q .

UV-Visible spectrophotometer was used to follow the course of

the photoaddition reactions. A Cary 14 Spectrophotometer was
utilized to monitor- the kinetic5disappearance'of’NénitrOSOQ“

piperidine. ' The vapour phase chromatography (vpc) was per-

formed on:a»Varian 1200 flamerionization chromatograph using

a 204 SE - BOVAIOK x 1/8'! stainless steel. column The re-
corder was equipped withaﬁ?E:LChart Integrator (model 244)
pe

ments were executed on a

merry- go-round appa;atus. The Ieast squares statistical an-

- (triplet), s (singlet),-q-(quartet), b (broad) and m (multi~ — .

alysis was performéd on a programmable Monroe Calculator- l6fb

Thin layer chromatography (tlc) was performed on alumina

‘or silica gel plates (0.2 fo 0.3 mm in{thickn,ess). The ad-
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sorbant was impregnated with a uv. indicator which permitted the'

examination .of the plates bQQE;kEIgHE or iodine vapour devel— |
opment . Chromatography was also accomplished using columns ]
packed with Brockman neutral alumina, activity 1, 80-200 mesh
" or Mallinckrodt silicic acid (100 mesh). . Melting poix‘:ts'Were'
determined on aAFisher-Johns'hot stage or a Gallenkamp heating
| hlock apparatus, - The melting or boiling points were reported
- _uncorrected:—Flemental analyses WeFe perrormed o & Perkin-
Elmer'240uMicroanalyzer'by Mr. M. K. Yang; hiosciences Depart-

ment, Simon Fraser University.

In general the combined organic extracts were dried with
anhydrous magnesium sulphate and'filtered. Organic solvents
were removed by evaporation under reduced pressure using a

‘ rotary evaporator.

n-e Materials

Commercially obtained styrene was distilled under reduced
pressure immediately beforeruse.rrThe p;;and gjsubstitutedx
styrenes wére*smhesized* and distilled immediately before

| use. Purity as evaluated by vpe analysis.ﬁ The N—nitroso-"
piperidine was obtained commercially and used without further
purification. ‘Bromobenzene was distilled prior to use as an

internal standard for the quantitative analysis of ‘the styrenes'~~

~in the- photo&ddition reactions: m’"*fﬁi*;/ff%’*’**‘ T

&

4.3 'Prgparation”of Substituted Styrenes

7 Théwsubstituted”styrenes;uSed«in,thiﬁ;study.were,prepared

e

L 77



by KHSO4 mediated dehydration of £ﬁk appropriately substituted

S| P S Synthesis of *rﬁethylstyrene (5 éj

phenylmethylcarbinols. Due to aNhére satisfactory yield p-
methoxystyrene was prepared by the decarboxylation of p—methoxy—
cinnamic acid. The substituted phenylcarbinols were prepared
either by NaBH4 reduction of the appropriate acetophenone or by

CHaMgBr condensation with the required benzaldehyde.

The Grignard reagent prepared from 21 0 g CH3Br was. treated

,HithwEHiQMSﬁE:LQlualdgbyde,,aniwprk:upierthis_reaction_mixture,”iii;c ,,,,,,

there was ohtained”an,oil, p—methylphenylcarbinol'(19}4 g, 71.5%):
b. p. 74-75°/1.8fmm Hg, reported (43) b. p. 108°/14 mm; ir (filn)
334O,V1085;'1065 em '; nmr v 2.98 (2H,e), 5.4,(13, q'(J=6.5‘cpS)),
7.05 (1H, b, D;o exch), 7.75 (3h s) 8’75'(2H d (J=6 5'cps)) |
Five grams of the carbinol was dehydrated according to- the
procedure of Brooks (44Y, using 75 mg KHSO4, 75 mg hydroquinone
and a temperaturerof 200-210° at 100—120 mm Hg pressure Fol-
lowing WQrk~up the‘residual oil (2 2 &, 52 %) of 5 -2 was distil—'
led: b. p.-56—58°/ 12 mm Hg, reported (45) b, p. 81°/ 41 mm Hg,
ir (film) 3090 3050, 3020, 3005, 1625 cm™!; nmr 7 2, 9 (4H,
AeBé pattern), 3.15-4,0 (3H, ABC pattern),.7.75 (3H, s) .

4_3-.2 Synthesis of p—Chlorostyrene (5 3) K e |

The Grignard reagent prepared from 21 O g CHsBr was treated

. methylcarbinol (26;7 g, 86'%) was distilled: b. P1:93f94°/~4 mm

'Hg, reported (44) b. p. 87-89°/ 2 mm; ir (film) 3350, 1085, 1015

with 28.0 g p—chlorobenzaldehyde. On work-up p—chlorophenyl-

RPN s e .
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. cem ' nmr 7‘2 8 (4H, s).;5;4 (iH,-q (J= 6;€j0pS)); 6:5 (1H, h;'
Dee exch), 8 72 (3H, d (J=6.5 cps)) ) |

Five grams of the carbinol was dehydrated (hh)yih the
- presence of 50 mg KHSO,4 and 50 ng hydroquinone. Afterhwork4up
~an oil'was'distiiied to ‘give 5—3,(1 6 g, 36‘%):fb7 p. 49°/372
mm Hg, reported (uu) b. p. 53~ S54°/> mm; ir (fllm) 3090, 3070

3040, 3010, 1630 cm 1, nmr v 2.8 (4H s), 3 4 (1H ABC pattern),:

¥.7 (2H, ABC pattern).

o 4 3 3. SlntheSis of E—Methoxystyrene (5-4) R S

The E-methoxycinnamic acid, synthesized in 85 % yield by the
‘Perkin condensation4of B-methoxybenzalddwdeand‘malonic acid (46),
wasqdeearboxylated according to a method euggested by Kitchen and
‘Pollard (47). Five‘grams’of the cinnamic acid’was heated to-
gether with Qoxglquineline end 0.5 g'coﬁper_powder’uhtil de— o
carbokylafiohlwas'effected. After work—uﬁrthehfesulfihé”eii”w;e‘
distilled to gdve/i:E (1.6‘g, 451 $): b, p. 92-93°/13 mm Hg, re-

. ported (48):b;'p. 90-91°/13 mm; ir (film)'aogo;'3060;’30he}'3005;'
1625 cm “le ymy v 3.0 (4H, AxB> pattern) f3:1554.1 (BH; AEC pat-
tern), 6.3 (3H, s). | | I

ho3oh synthesis of E—Cyanostyrene (5 5)

The EfcyanoacetophengnehwasfprepaLEdmine71m$my1eld4£remep—/4m~e~—~>?~

bromoacetophenone as_reported by Friedman and,Shechter (49)

Following reduction of }0.6 g Efcyanoacetophenone by 1.5 ngaBHg

and subsequent work-up, Eecyanophenylmethylea;hipel (8.4 g,783%)»
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was collected: b. p. 131- 133°/2 mm Hg, re Orted _Lgplllgﬁl,llllll.,

 140°/5 mm; ir (£ilm) 3420, 2230, 1085, 1010 cm 1?4nmr T 2.48

(¥H, AsB» pattern), 5.1 (1H, q. (J_6 5 cps)), 6.55 (1H, b, D20
‘exch), 8.65 (3H, d (J=6.5 cps)). o o

| Dehjdretion of 5.3 g of the,carbihol was carried out usihg
a suggested modification (50). Following‘customary:workrup,'a
yellowiSh liquid‘Wasfdistilled to'give 5-5 (450 mg,'10 %)r’b p.

“95-96°/20 mm Hg, reported (505’b p. 1o2- 104°/29 mm, ir (film)

3090, 3070, 3040, 3010, 2230, 1630 em '; nmr v 2.5 (4H, ALB»s

: pattern) 3 05 4 75 (BH, ABC pattern) ’lwi U

L

b-3-5 Synthesie of m-Methylstyrene'(5—6)

m—Toluic acid (25 g) q&s reduced with 7.5 8 LiAlH, and upon
subsequent work- up gave m-methylbenzyl alcohol (20 g, 90 £):
b. p. 162-163°/20 mnm Hg, reported (51) b.’p. 217,; ir (£ilm)
3300, 1015 cm™!; nmr 7 2.9’(¢H;’m), 5.45d(éH, s), 7.5 (1H, b,
D20 exch), 7.7 (3H, s). o | -
The m-methylbenzyl ‘alcohol was oxidized with active mangahese
dioxide prepared according to a method of Pratt (52) Following
\;érk~up there was isolated an oily residue of m~tolualdehydeA
(20 g, 100 %) ir (film) 2810, 2715, 1695 cm '; nmr T 0.1 ﬁlH,»s);
2.5 (b, m), 7.6 (3H, s). - | - |
The Grignard reagent prepared from 17 5 g CHaBr wa.s treated

(43) b. p. 104-105°/12 mm; ir (film) 330, 1065,-1025_cm 1; nmr4\w

7t 2.9 (4, m), 5.25 (1H, q  (J3=6.5-4ps)), 7.45 (1H, b, D0 exch),



768 ()u, s), 8. 55 (2H, d-(J=6.5 cns))

|
!

Five grams of the carbinol was dehydrated according to (44)'

4*.:,__

: using 1, O g KHSO4 and O 4 g hydroquinone Following‘wo -up; en
oil (1 8 g, 29 %) of 5-6 was’ collected b p 53-55°/109mm Hg, 7
reported (53) b. p. 61— 62°/18 mm,'ir (film) 3090, 3050,!3030 . o

|
r

1630 ‘cm™!; nmr T 2.85 (4H, m), 3.34% (1H, ABC tern), ? 6. (2H,
ABC pattern), 7.68 (3H, s). o Jl\qp : |

4-3-6 sSynthesis of ngethoxystyrene (5—7)'

-~ -m-Methoxyacetophenone +15,0-g) was 'reduced*'with" 1.7 g NaBHs.

After work- up there was obtained m-methoxyphenylmethylcarbinol
(13.5 g, 90 %): b. p. ' 79-80°£0.3 1m Hg, reported (48) b. p. 132-
135°/12 mm; ir (£ilm) 3400, 1045, 1015 em™'; nmr 7 3.0 (4H, m),
5.25 (1H, q (J=6.5 cps)), 6.25 (3H, s), 7.4 (1H, b, D20 exch),
8.55 (3H, d (J=6.5 cps)). | | |

The. carbinol was dehydrated (44) with the assistance of 1.0 g
'KHSO4 and O 4 g hydroquinone. = Following work-up there was Ob"‘f
' tained‘i:z (1.2 g, 23 %);,b;rp.'?9-80°/15 mm Hg, reported (48)
b. p. 7?-78°/12 mm; ir (fiim) 3090, 3056,'3005, 16OO‘cm-’;vnmrrT
3.1 (4H, m), 4.387(1H,7dd (J;10.5 cps)), 4.76 (iH,‘dd,(J=1Q.5.V
eps)), 6.22 (3H, s). o o |

437 -Synthesis of m-Acetamldostyrene (5-8)

' Co ercial mfnitfoacetophenone (16 5M§) was redu?édf;y 1, 9 g

NaBH,. Following work—up there was obtained gfnitrop enylmethyl—
carbinol (15.2 g, 92 $): m. p. 59-60°, reported (54) m P. 60-

“61°; ir (£iim) 3350, 1525, 1350, 1065, 1015 cm™!; mnmr. g 1



(44, m), 5.0 (1H q (J—6 5 cps)) 7.15 (1H b, D0 exch), 8. 5

(38, 4 (J—6 5 cps)).

The carbinol was dehydrated by heatlng a mixture- of 7 5 g
alcohol,,?.o g KHS0, and 0.5 g hydroquinone to 220° at 20 mm Hg.
Followingjcustomary work—up of the distillate, there was obtained
a\yello;”oil, m—nitrostyrene'(B.j g, 49 $): b, p., 111-112°/12 mm

Hg, reported (55) b. p. 106-107°/8 mm; ir (film) 3080, 3070,

pattern), 4, 35 (2H, ABC pattern).

The m-acetamidostyrene was prepared directly from mmnitro-

Vstyrene using a modification of a procedure of Landesberg (56)
'A'mixture of 1,0 g m-nitrostyrene, 29 ml glacial acetic acid, 29

_ml acetic anhydride and 2.0 g sodium acetate was reductively.

acetylated by'the drop-wise addition of 3. 4 g 7Zn powder, After

fstlrrlng the resulting solution for 2 h at 20° and filtering the

solid, the filtrate was concentrated ”The,oily residue was -

washed with 34 ml dilute NH4OH solution, After filtration and

waShing’With'HeQ<;9'44 g of a semi-solid was subjected to column

chromatography using 10 g neutral alumina as edsorbant and petQ
roleun ether'30:60'as the eluting solvent. The desired compound
was finally eluted with a mixture of 25 % ether:75 % petroleuﬁ
ether to’give 0.27 g solid. Recrystallization of the compound

from benze%e :petroleum ether BO 160 gave white crystals of 5-5 8 -

A 0.2 g2} mope ?%—*75 ey reportedf*tfij’r)*m: p. TE=75°%; ir (CHCls)

2090, 1680 ("m,Lr, ~ r 1 BgdelHTb; f,gé 11, Iﬁ), 3.35 (1H,

ABC pattern), 4.5 (2H, ABC pattern), 7.9 (3H, s).
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m-Bromoacetophenone (15.0 g) was reduced by 1,25 g NaBH4s
After work-up there Was isolated mfbromophenylmethylcarbinol
(12,1 g, 80 $): b. p. 79-81°/0.5-0,6 mm Hg, reported.(58)vb{7p;
f 136-1&o°/20_mm; ir (film) 3560, 3340, 1065; 1010~cm'1;‘nmr'7-2.?f
(41, m), 5.15 (18, q (3=6.5 cps)), 7.25 (1H, b, Dz0 exch), 8.5

(3H, d__(J=6.5 QPS))- o

PERS

Dehydration of 6,0 g carbinol by 1.0 g KHSO4 and 0.4 g

hydroquinone was accomplished by a known procedure (44), After

"**'"Work:up”thE”rESUItiﬁgW611“WE§"diéfilléaffﬁwgivé“B-QV(Q.QUE, 55%7?W77747

b. p. 79-81°/20 mm Hg, reported (58) b. P. 90-94°/20 mm; ir (film)

b v o2 : S
3090, 3060, 3010, 1625 cm '; rmr 7 2,5 (4H, m), 3.3 (1H, ABC
pattern), 4.6 (zﬁ,'ABo pattern).’

4-4 “General Conditions for Preparative Photoaddition o ’

" The photoadditions of N;nitrosopiperidine to substituted
styrenes were carried out in a manner similar to that reported
(o4, 59). | } _ - a "77””;77:tf' N

To 0J01 moles of each substituted styrene in 250 ml CHsOH

was added 0.01 moles NNP'and 0,84 ml conc. HCl. The solution
was poured into the photo-cell andrpurged:with nitrogen gas
throﬁgﬁout~the'photoiysis " The source‘of~irrad1ation was a

5

’ medium pressyre 200 watt Hanovia lamp 654A36, A nonex filter

f‘was use? to cut off irradiation below 340 nm. The entire photo~

cell waé‘immersed in an, ice-bath Cold water was circulated
through the cooling Jacket encircling the lamp. The progress
rrof the photolysis was followed by withdrawing a 1 O-ml aliquot )



of the mixture, diluting to 10,0 ml with CHsOH and observing-

the decrease of the 350 nm ebsorption of NNP. The photoadditione'
were generally complete after 1 to 1’5 h irradiation .
After completion of the photoreaction, the CH30H was re-
moved oh the rotary evaporator until about 40 ml volume was
left. This solution was.diluted with 40 ml HQO and the resulting
turbid mixture was extracted with ether (2 x %0 ml). The ether S~

‘obtained are given in Table 2-1.

fsubstituted styrene, a solution of 1072 moles styrene, 10"?

- moles shbstituted styrene, 10™3 moles NNP, O , 085 ml conc. HCl
_and sufficient CH30H to make 25,0 ml was prepared. Aliquots

" of 3,0 ml were pipetted into the photolysis tubes fitted with &

eitracts were combined, dried (MgSO4) and concentrated pr%or to

analysis. The aqueous solution was made basic (pH ~ 10) by the

 dropwise addition of saturated Na,COs solution.  The precipitated  —

amino-oximes were isolated by filtration and dried over P-0s in
a vacuum dessicator., The filtrate was'extraCtedf;ithﬁgHgdlg

(2 x 430 m1)., In the latter extract thevphotodecomposition |
products of NNP and small quantities of amino-oximes appeared.

The physicaliproperties,@nd,yields,of the amino»oXimesmL

7 -

R General Procedure of Kinetic Study of NNP Photoaddition

to Substituted Styrenes

For all kinetic studies of the photoaddition of’NNP to'a

-for 99 to 120 seconds.f Each tube after being purged’with

- -nitrogen was sealed.

gas purging device, Nitrogen was bubbled through each solution

4o o e
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Five tubes containing the solutions were placed into the

slots of the merry-go- round apparatus which was immersed in a
bath thermostated at 20°C. The source of irradiation was av'
medium pressure 450 watt Hanovia lamp 679A36 A nonex filter ;

rwas 1nserted into the centraily located cold finger of the; I

apparatus; ,For each -run, the lamp was warmed up for 20 minutes

‘ prior to irradiation of the'samples. 'The siithvtube was'prOQ

when the last tube was,withdrag,,generally 50 to 52 % of the
1ast vas WA v oY - AT

 be readily'calculated The data obtained Was_ found to obey

'““““first‘order‘disappearance‘of‘the‘styrene4fk—}4andvofrthereubtttttrrrrr*

tected from light with Al foil and served as the control. At

each 20 minute intérval, orie tube was removed from the merry-

go-round and stored in the dark. At the 100 minute interval

NNP had reacted, ’ S .

To each tube of the experiment, 0.5 ml of a bromobenzene

sofhtion 0.534 g-in-lo 0 ml CHaOH) was added. - For uv analysis

"T‘;O ml of each solution was diluted to 5 0 ml with CHsQH. -The

quentity of NNP consumed in the photolysis was calculated -from -
the decrease of the 350 nm- absorption band. 7

The remainder of the. irradiated solution,was used directly
for vpc analysis. For each styrene a callbration curve plotting_

the ratios of bromobenzene-to the”styrene.int gration reading

was constructed prior to the anai'“is ' The aregs of eachhpeak

. were obtained from the integrator attached to th recorder. T

The amount of unreacted styrene in the’ photolysate could " then

stituted styrene (k). The first order rate constant and the

correlation coefficient were obtained from.a- least squares. . .. .
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analysis of the data.

For each_substituted styrene, the measurement of k, / kH
wasprepeated two or more times to give the average ratios 1isted

in’Table 2-4, Competitive photoaddition between p—methoxy—

’styrene and‘pgmethylstyrene was carried out because the: former

b

reacted exclusively in the competition with styrene The ratio

of the rate constants obtained this way was ‘normalized by mult—

Qipiy;ng ggﬂﬁftz k.. by;%gﬂmﬂfillkziﬁﬁ jr>obreuiiarfx&rizikﬁiiuiiiiiu

In the competitive photoadditions of pfcyanostyrene in the

presence of either styrene or m-bromostyrene, no addition to p-

’CYaHOSfYTene had occurred Assuming that even 5 % Efcyanostyrené””"*ﬁm'”

had reacted during photolysis, kp—CN'/ kH'was estimated to
be 0,085. .The plot of the measured log kx-/QkH against o

values is shown in Figure 2-1.

4-6 Quantum Yield Determinations

'A'potassidm ferrioxalate actinometry solution (3.0 ml) as

described by Hatchard and Parker (60) was placed into the photo-

cell and irradiated for 5 minutes‘under the'samé’édnéitiéhS'as'

discussed for the photoaddition Ehis operation was repeated

several times at 15 minute intervals. The actinometry solutions:,

o were processed as described (60) and the photon count was deterQV

mined to be 1. ul (#0.03) x 10%'3 quanta/sec and was reproduciblevv

~ To compensate for the unutilized photons due to ‘the decrease

- in the nitrosamine 350 rim absorbance as the photolysis proceeded

a calibration curve ‘was constructedvto provide the sppropriate

vcorrection-factors. This was done by measuringAthe light fil- p

£
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tered through.solutions-containing‘o ok, 0.032, 0.02%, 0. 02 and

0.016 moles/liter of NNP and styrene and striking 3 0 ml solutionS»¢

of potassium ferrioxalate. The correction factor was defined as

the ratio of ‘the photon count,striking the actinometry’ solutidn

for the unfiltered light'and,that for:the reaction,solutioh\\\“"

‘Filtered light. o

For determination of. the quantum yields a O 04 M solution

in each of NNP, thé,sf?rene and HCI In CHSOH was irradiated In
the merry-go-round apparatus as described At each_2Q minute

interval, one tube was withdrawn for analysis. The 3.0 ml

solution of the actinometer was irradiated for 5 minutes onlj;;'

The quantities of'NﬁP&and styrene consumed were determinedfby

analysis. The calculated quantum yields of NNP disappearance

™,

(ﬁ) and the pseudo—first order rate consta s of the styrene,

i
i

reaction are given in Table 2-2.
Keeping the concentration of styrene at O 04 M, the con-
centrations_of NNP and HCl were varied successively by four-

~ o |
fold. The quantum yield'(ﬁN) and the pseudo—first orderrrate 7

 constant (k ) were determined and listed in Table 2-3. At a

higher'concentration of NNP the photolysate was suitably diluted
for uv spectrophotometry. Any dilution errors will, of course,
-affect the accuracy of ¢N=va1ues.,rIn all. the k plots, reason- .

able- straight lines could be drawn with the points up to 100

miﬁﬁ?esiirrﬁﬁiﬁtiﬁn,Alc_, R

and HC1 were fixed at 0. o4 M and the concentration of styrene
was. varied from O. Ok to 0. 12 M. Similar determinations of the .
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quantum yields and the pseudo-flrst'order rate constants were-

carried out" Again most of the experimentallpointS'obtained
~up to 100 minutes irradiation gave ‘reasonable linear plots '
except for the ky determlnation with 0O, 12 M styrene In this
case, relatively small decreases.of styrene with respect to'the
high concentration of styrene decreased the vpc'accuracy. The

data is Summarized in Table 2-3.

[

4-7 Spectroscopic Attempt to Detect Complex Formation

) Double compartment silica cells were used in an attempt .

“to detect any complexrthat may be formeq between Efmethoxy—
styrene and NNP both with and without an equivalent of HCL.
Initially 8 x-10"5 moles/liter EfmethOXystyrene in CH3OH weS~'
. added to one compartment and NNP of similar concentration to
"the otherfrrThevspeetrum wasscanned'frem 3400 to 22b0 A°, The
solutions in‘the two compertments-werermixed~and,thewscanwwas,
repeated.: Ne;difference~in the‘resulting spectra was detected,
An analogous experiment was performed using 8 x 1072 moles/ '1
Iiter each of NNP and E—methoxystyrene; The spectrum was |

scanned from 7000 to 4000 A°. Again no new absorptions appeared.

4-8 INDO Molecular Orbital Calculations

~The INDO SCF MO method was'baeed on the‘fofmuletion of '

, “Pople {61). The Iﬁﬁb c‘lculations were performed using &
‘”‘4‘4*"1ﬁxnnhnﬁk1nTmnwmmmr%f%ﬁ*rurﬂﬂn!4iBM‘3?ﬁ4i55Vcomputergvgstandard—*——eff
bond lengths and bond angles (63, 64) were employed for the

rrgeometriealfparameters,~exceptrthose~altered ‘to achleve the. .

»
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desired‘molecular geometry.

‘4~9  Other Nitrosamines Investigatedv

4-9-1 Preparation of N-Nitroso-N~Methy1benzylaminev(7)fw

- To a 200 ml round bottom flask was added'22 6 g»(o 22 moles)

benzylaminérend 23 ml (0;27 moles) conc. HC1 in 25 ml H»0. The

~flask was cooled to 5°. To the'magnetically stirred solutionv--

was added (2h) through a dropping funnel a solution of 1740 g.
(O 25 moles) NaNO: in 50 ml HzO. The mixture was permitted to

stir overnight and was_ then extracted with CH2012 (2 X 50 ml)

The organic extract WAS dried (MgS04) and concentrated The f o
residue was distilled (b. p. 136°/11 mm Hg, reported (65) b. p.
158°/26 mm) to give 7 (23.8 g,»Th'%): ir (film) 3090, 3070,
3030, 1600, 1495, 1445 ch"‘; nmr 1 2.75 (5H, m), 5.3 (2H, s),

7.2 (34, s). -

4-g-2 Photoaddition of 7 to Styrene o

A solution of 1.0 g (0.0l moles) styrene, 1:51 g (0.01
moles) 7, 0.84 ml conc. HCl in 230 ml CHaOH was subjected to

'irradiation by ‘the 200 watt Hanovia lamp through the nonex
 filter. The photolysis was complete in 1 h as noted byrthe

‘ disappeErance of the 350 nm absorption peak. The reaction

~ solution wWas- concentratedito 25 ml and diluted with 25 ml HgO

The resulting turbid solution was extracted with ether (2 x 50 )

ml); After drying (MgSO,) and concentrating, 0.80 g residue
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resulted from this acid extrect The _aqueous phase was made

basic (pH ~ 10) by the dropwise addition of saturated Na2c03
'solution. The precipitate was filtered and dried over P205 in a

'vacuum dessicator to give 0.82 g solid. The filtraterwas

-extracted (2 x 50 ml) with CH?CIE, The combined CH2012 extracts
were dried (MgSO.) andnthenvconcehtrated to give 0.23 g residue.
4 4 The acid extract (0.80 g) gave: ir (CHCls) 3380, 3090, -
e ese?sw}e}sre%&r 1700 em™t;-nmr-7 - 0.1 (8),-1.8-2.8 (m);- mon_iiiw;
20 % SE- 30‘column,gave three peaks hgving the same retention

 time as styrene, benzaldehyde and henzylamine

13200, 3070, 3000, 1630 em™'; nmr T 21.0 (lH, b, DaO exch) 2,6i"f
(10H, m), 6.2 {~1H, s), 6.4-(~1H,'s),17.78 (3H, s), 7.95 (2H, 8);
ms m/e (%) 25k (, 21), 237 (M-17, 27). vgr; ' |
, The CH2012 extract (0. 23 g) gave’product:‘ir (CHCls) 3420
3200, 3070, 1630 1155, 1120 1080 cm ‘, nmr T 2 1 (b D20
exch); 2.6,(m)‘ 7. 78 (s); ms m/e (%2 150 (M 95) 134 (13) 1357”
(M-17, 17). This material was suspected to be the oximes of N-

,}

; B methylbenzamide.'

-

& ~-g-3 Competitive Intra-rand Intermolecular Photoaddition ~

The Nenitroso N—methyl 3 cyclohexene— -methylamine3 9
(0.152 g, 0,001 moles), styreme (0.105 g, 0.001 moles) and 0,085

. ml conc. HCI were dissolved in sufficient CHsOH to meke 25,0 ml .

~ ® fhis compound was kindly furnished by R. A. Perry. .
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solution. Aliguots of 3f0 ml were added to 5 reabtionh?esSels,

and purged with nitrogen for about 120 seconds. ’One tube pre- =
pared in the same manner served as a control - The tubes uere
.placed in the merry-gofround apparatus«and were irradiated |
,throughia nonex filter with the 450 watt Hanoviabmedium pressuref '
lamp. One flask.Was removed.at every 20 minute'interualr To

each flask was added 0.5 ml bromobenzene solution (0. 534 g in

10.0 ml1 CHaOH). ~ The contents were analyzed by vpc for the amount .
of unreacted styrene. Styrene was. not consumed during the photo—_

reaction but 9 had reacted as shown by the decrease in the uv

absorption, . L 'Yq, ‘

LY

4-10 Competitive Photoaddition Between NNP and Diazenium

Salt (é) to Styrene

*
~

. The 2 ethoxy 1,1- pentamethylene diazenium tetrafluoro—”
. _borate 6 was prepared gccording to the published procedure (66).
The diazenium salt (1.19 g, 0.005 moles), NND (O§37'g, 0.005 |
- moles), styrene (1.05 s,ro.01o-moies),;canci;501?(or42 ml):and'y
Sufficient CHs OH to make ?50 ml solution were irradiated with_,A
" the 200 watt Hanovia lamp through a nonex filter. From uv
spectroscopy the disappearance of NND was essentially complete
after 1 h irradiation - The work-up procedure was as described

for the other- photoadditions. A crude oxime was isolated N,N-

'dimethylaminoacetophenone oxime {0, 65 g) (CHCls) 3300 3170
77777 AgmfoSUf4I650441305441260vgg-144447 T —5 6 (I 5 DgO eth), 2.5
~ (5H, m), 6.25 (2H, s), 7.6 (6H,s). From nmr spectroscopy there'

was'noieyidence'for?the*presencerof the~piperidinylyoxime;

& ~n fauo 'w o - T e 1o e o et e D O AT e A N A S g L TN VNSO = T S S AR RN
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INTRODUCTION

.54 'General'

Transient amido radicals possess the capability of accom-

|
modating the unpaired electron in one of two different molecular
B orbitals.‘

The ground state ‘of the radical may assume either e

1

I (structure 10) or a ¥ (structure lé) electronic configuration

In both examples an sp? hybridization at nitrogen is assumed

o 9 - m. e T ‘“”Wwf“”’x":"””i”’”
N 72 x N /2 - |
| ~——  C=N_ |
4 , | , | \
o 10 w07 e |
¥ 2 N
>C“F‘ — \/C’—"—N* : |
N \\R'& T ,N\R' o
11 "‘ 11& -

. |
the nitrogen a.nd o/\cgen atoms (10 ~'—»‘1/0a) by {vay' of the p
orbitals In the T

localized in the nitrogen sp? hybrid orbital and the lone

pair is involved in the resonance delocalization (11 ﬁ—-11a)

Which electronic configuration of the amido radical will pre-

vail is governed, at least in part, by the energy differences
‘”of the two states.

There is a balance between the energy~'

In the 1. radical the unpaired'electron can resonate -between

radical the unpaired electron remains

needed to promote an electron in a hybridiorbital to a p orbital

and the energy difference resulting from resonance delocal=
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ization of the electron pair of 11 over a single electron in a

/‘*rrr'rp*orbitailofri6’457i*‘Therresuits of N,0= aiacyinydroxamine
photolysis (68) and of very simple molecular orbital con-
siderations (69) have been interpreted in favour of a T con-
tiguration for the amido radical. Moresrecently'Danen and
Gillert (%¥0) have obtained electron spin resonance (esr)f'
vevidence.which‘is consi:ientwithAa il radicalrconfiguration.

7A7E1ectron'spin’resonance spectroscopy parameters have

been used to differentiate between ¥ and n radicals. Never-

theless, controversy has flared in the litergture. Some . in:

“vestigators WOUId assigrr a certain configura,‘ﬁj_on ﬁ;o a putEfive i e

radical (71) only to be repudiated shortiy'rlaterbyja second
Lgroup‘of workers (for example (72))4who would suggest an al-
ternative structure'or configuration-to fit the data. ‘Part. of .
the difficulty lies in the method of radical generation In
high energy bombardment with x-Tays 673 75 ) and with y rayS'V
7(72 76, T7) the fragmentation pattern. of ‘the precursor N
moiecule is not always known with,certaintx‘(TE)? T ,{f
: o o e o

5-2 General Objectives

In this investigation the chemical reactions of. the
various amido radicals, when known, will be discussed to see
if there 1is° any discernible trend which~will differentiate

between the reactivity of ¢ and H radicals. ‘However, such a -

task isAfraught with difficultiesf ,The.avaiiahie dataris”<

limited and subject to'divergent_interpretation both as to
- radicai-structure and to mechanism of radical reactivity. ‘An

o~

T o N :




,encouraging fact however, is that predictions of the INDa\SQE////

50 =

" in order to give rise to hyperfine splitting (82)  Pure atomic

0 theory support esr data insassigning I configuration to N~ - ¢

M
tabutyl acetamido,(7o), -hydroxyformamido (78), -methoxy-N—

methylamino (79) and ¢ configuration tb6 iminoyl (80) and

benzoyl (81) radicals. In this study the INDO method will be
employed to investigate the effects of conformation and of

substitution on the $-I character of a series of related amido .

-;radicals. o i o -

5 -3 Experimental Investigations of Amido Radicals

Although some degree of uncertainty still remains, thelf}f
T-1 nature of radicals can,best'be characterized from esr data.
The £ radical has the unpaired electron localiZEd in an sp?
hybrid orbital.‘ Because of the s orbital Component, tWIE ,
hybrid orbita ,non-vanishing amplitude of"electron density.
at the nucleus. ~Electron density at the nucleus is essential
p and 4 orbitals and molecular w orbitals will result in no
esr spectrum being observ' ‘(82). The'hyperfine'coupling 7
constant_of a radical, tne fore, is directly dependentkupon
the amount of s character of the orbital. The T radicals

also have a lower proportionality constant, & values than

-that aof the unbound electron (81) The I radicals on ‘the .

~other hand will have lower hyperfine coupling constants and aié,ﬁmﬁ;ﬁi,m

7,,
/

larger g ‘value than that of the unbound electron.

>

RS
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5-3=-1 Amido Radicals

Danen and Gillert (70) have reported the first unequi—
vocaLidentichation of a simple amido radical which had esr
parameters in - agreement with a m radical ground state. They /
observed a nitrogen hyperfine coupling constant,.aN, of‘lSQO‘G,, o
and a g‘value of 2.0053~(7o)} Earlier, French workers (83, 84)

had erroneously reported the eSr'observance of the 11 ground' ' i

Awlll,irlstaterofamnmethylacetamidewradieal*mawwofuéf9*G*~“WhatMtheyr ZT
had observed in fact was the acyl nitroxide radical (70) | "

Smith and Wood (71) have claimed the generation of OCHNH

" from formamide using a flow technique of °OH produced from :
titanous chloride and Ho0». Based on esr data,,uN,= 21,65'G |
and g = 2;0616; they (71) concluded that‘the'radical had the:
il electronic configuration.’ Other workers (85) observed the ‘
same esr parameters when the precursor was OCHNDp and_concluded ' =
that the radical structure was CONfo. Symons (72) bombarded
formamide with ysrays and concluded from the esr data that‘
the resultantupgeduct, éONngehad T configurationr

» CyrAand Lin (15)7have~reportedrthat the radical,
HQNCOCHéCOﬁH, resulting f/omnx*ray irradiation of malonamide
had an unusually large iy hyperfine coupling constant and was
z in natu?§L~ There wasg support for this assignment (73) andl
disagreement from Symons (86) who reviewed the published data .
iand sugggsted,the,radical_tofbehﬂ1f Lin—and—ee-werkersv{?6}—~—~mj~ffef*”;*~
subsequently modified their structural ‘assignment to the - e

imino radlcal, H2NCOCHz CH=N ", which is~structurally related /i
torthe iminoxy radical, R2C=N-0", which is known to have the 2?,'

N
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5-3-2 _Structurally Relayéd Radicals

/

Controversy also exists as to the structures of the related
hydrazide radicals. In x-ray irradiated cyanoacetohydrazide,
Lin (88,‘89) aséigned the‘structure, NCCHZCONHNH to the re-
sultant radical. From consideratioh,of;the direction of the
,kh;tyggggugﬂdgBr°§99¢£§2§0£§L¢it;myiLxmmludmijgmﬁ;thewunpairéd AAAAAAAAAAAAA -
electron was in a delocalized 1 molecularuorbiéal {88). This
assignment has been challenged by Muszkaf k7?) who cafried
“out y-irradiation of a single crystal of cyanoacetohydrazide
and suggested the structure of the radical to be NCCHaCONNH .

One of the reasons for this ccnclusion was the similarity of

the ag of 2.0 to 5.0 G with those observed in free radicals o,
of the type RNBHCHCOOHZ Radical NCCH.CONNHz-was stated to be
n(77). A

The urea radicals héVe beéﬁ fhé éuﬁjéctiof similar Céh-
fusion. Studies of the X-ray irradia%ionvof-single crystals
of hydroxyuréa (HéNCONHOH) and'Nemethylurea (90) led'to fhe
Incorrect assignment of strﬁctures . NCONH: afid HgNCONHCHg
. respectively. Lau and Lin (74) x~-frradiated cyanoacetylurea
.and thainéd two radicals. One was a Il radical, NCCHCONHCONH@,
the other a % radlcal, NCCchONHCONH The radical obtained ]
”hfrom.hydroxyurfy has been reinvestigated (91) andﬂfound,to,be R

the nitroxide, HaNCONHO®, which was of m configuration. B

Recéhtly the radical obtained from Y-Tay bombardment of urea

at T7°K has been statedigg be of I character (72). -

R
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-~

. ‘Irradiation with y-rays at 77°K of N-chlorosuécipimide

gave radicals: which were interpreted (92) as having an unpaired

electron predominantly .in a N-halogeh o* orbital. JThe radicals

- were stated to be the radical anions of the imide. It may be

postulated that cutside the confines of the matrix the imide

radicals would be ¥ in nature.

Thermal decomposition of N-nitrosohydroxylamine derivativeév

ctﬁygrg§“Jnt§xmﬁdia$354rtherncalkoxyam1douradica;q (78).  7This

r;dicei had qN of 10.5 G and was stated to possess II electronic
configuration (78). Photolysis of ethyl N—ethoxy t—butyl

”jcarbamate resulted’in the formation of N-alkoxy—N-carboethoxy-

" amino radical (67) which had an " of 10.8 G and the specles

~ care. It is immerative to estghlish,thatcthecradicalshare

was characterized as a [ radical.
In Table 5-1 are summarized some of the radical structures

and configurations reported in the’ literature.

5-4 Chemical Reactivity of Amido Radicals

Free radicals generally'undergo four main types of

%

reactions - hydrogen abstraction, addition to unsaturated

linkages, dimerization and disproportionation. The former

two processes axe most characteristic of amido and related

radicals. 1In these types of reactions conclusions concerning

the possible 1nvolvement of radicals must be drawn with great b

indeed Involved and that the observed products are not the

result of ionic processes. Touchard and Lessard (93) have

shown that N-bromoacetamide (NBA) under photolytic conditions

e e e

e
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Table 5-1

Radical Structures and Configurations Assigned from ESR Data

Assigned
Source Structure 'Configuration Referencé
OHCNH, OHCNH I T S
CONH> z g2
OHCND2 . OCND» n \;\_85
H2NCOCH2CONH> H2NCOCH2CONH £ 72,75
| . HaNCOCHoCH=N" 3R (< N
NCCH»CONHNH» NCCH,CONHNH" i " 88,89 o
NCCH»CONNH» I 77 A
HoNCONHOH HaNCONH i 90
‘ H-NCONHO* I 91
HoNCONH, HaNCONH I 72
. CHaNHCONH» _ * CH2NHCONH > I 90
" R'CON(NO)OR R' CONOR I 78
L , ' |
CHs CONC1(CHa3) CH3CONCHs 1 70
{CH5CONCHa ) oN» CHaCONCHs n 83 |
: , \

T 9y TR IAT T
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undergoes addlition to cyclohexene In 25§’yiéi6“5§*§7r§aiéﬁl'

“aqueous acetone solution in an ionic manner.

flUxing CCls NBA decomposed to give N,N-dibromoacetamide as

the'intermediate which underwent‘ionic addition to give 2.
bromo-N-bromoacetamidates. Recently (95) 1t has been shown'f

that NBA added smoothly to 2, 3-unsaturated nitro sugars in

I VI B -

' 5-4-1 Amido Radicals

The amldo radical can react as a N-radical (10, 11, 1lla)

“-oras a’_rf’(f—?g&ftﬁ.’i" {*10&')’; — The reactivities ;Wii'l"Joe”' cont'roliéd* e S

by the spin density”at eech'neteroaton and by other faQEOrS"
which influence radical reactions. Amido radicals deri;ed
from'N-halocarbokamides (96) typically undergo intramolecular
rearrangement reactions . In such structuree'as N-halo-N= ‘
methylacetamide where intramolecular hydrogen transfer is- not
possible, the radical intermediate generally will abstract an .

allylic hydrogen intermolecularly (97) but addition is limited

‘to special cases such as intramolecular addition or addition -

to norbornene. When photolyzed, -chloro-NQmethylacetamide
only abstracted a hydrogen atom from cyclohexene solvent (93)
butrdid add to norbornene which latks labile hydrogens. On
the other hand,N-bromo—N-metEylacetamidewhen nnotolyzedr

~even at -70° gave no addition*product with any reactive

olefins (97). There are two exdhples in the literature (

99) where N-methylamido radicals have undergone intramolecular

" addition to a double bond. In both cases the structures were

B T DT T T T T YA S A et i
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verrfa:vourﬁblrfo—imucular additions.

The N-haloacetamides under photolytic conditions do add
to olefins‘(93). The yleld of the 1,2 adduct 183 remarkedly

increased when the temperature is lowered and when a-halogens

on the carbonyl methyl are present (97). The N-chloro-tri-

fluoroacetamide gave only cis-1,2 adduct in 97% yield (§7).

_The addition reactivity'was'suppressedkhy the Dresence'of an.

N—methyl substituent. Primary amides in the presence of

jodine, an oxidizing agent and irradiation result in the

spontaneous formation Of?-fminotetra,hydrmran @od, wost

probably via an amido radical intermediate. 3

The imido'radicals undergo reactions similar to those

5-4-2 Imido Radicals ™

of the emido'radicals. The N-acyl—N—chlorocarboxamides under

photolytic conditions undergo intramolecular hydrogen trans-

fer (101). Bromination of the allylic position on an olefin

" 1,2 adducts with dihydropyran (103) and with 3-butenenitrile

using N- bromosuccinimide (NBS) has been establishtgrto follow'i

a free radical mechanism 01%3 Generally, the bromination
reaction proceeds very efficiently to form the bromo-alkene

and sugcinimide. The latter is formed from preferential
P T

hydroééﬂ abStractioqu ‘NBS has been‘found, however,.to give

(L04), though in low yleld. NBS with dipgydropyran in refluxing

~and. dibenzoyl peroxide in refluxing 0014 gave a 2% yield of o

CCl, gave a 7% yield of ‘adduot (163) a.ndivith 3-butenenitrile

adduct (lo¥). NBS has also been shown to give 1 2 adducts
, , r——
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with double bonds in about 20 % yield of several unsaturated

,has not been established unequivocally thqt the - succinimido

nitriles’ and acetylenes‘(105) 'In these exampes., however; it

1]

radical is indeed involved
§
{
R
5-5 The INDO MO Method :

The INDO MO, method (61) takes into account the interaction'

‘be very similar for a correct match. o -

between two orbitals on the same atom as opposed to the complete

~

neglect of differential overlap (CNDO) (106) To make calculations -

.on large molecules more manageable, interatomic 1nteractions are

given empirical values, For equation (5-1] INDO computes the value
o . - [5-1]

of each molecular orbital, elgenvaluetand eigenvector; cui, which
is related to the coﬂtribution—that eachwatomicﬁorbitalﬁ(es,,apw,

2py, 2p ) makes towang the composition of the molecular orbital

For radicals unrestricted wavefunctions are. utilized . In essence )

this means that two completely independent sets of molecular
orbitals Y;, Yg..;. andive,‘Yg.... are used (63) An eigenvalue
is celculeteddfor each moleculertorbital'heving spin a and spin g.
One eigenvalue of spin a end one of epin B8 will naturally make'un "
onevmolecular prbital; The elgenvalues of'snln a andAepin g must

- tl’le - , 5] R . / » V ' - ) t;(a I _"‘

riuclear distances is given by o2

TE=€ %% 622, %l Yin 7 e se2]
| s Azezdjgs 5 1 : o



where € is the electronic energy and the»second term of [5-2] is»

the electrostatic internuclear repulsion energy‘(63)  Both the
total and the electronic energies are calculated while the dif-
ference of these" terms will give the nuclear repulsion energy.

In a 11 radical the mole cular orbital containing the unpaired
electron will have cgﬁ{ributions from the P, eigenvectors of all

atomic centres;'but no;contributions,from the other eigenvectors.

for L radicals the molecular orbital localizingrthe unpaired

*

electron will have no p, contribution but only contributions from

atomic s, D, and p orbitals which constitute the sp@ hybrid

orbital.

The INDO programme, where applied, has been very successful

_in predicting 2 or II character of radicals.. Results from INDO

calculations (83) and from esr data (70) of N~Substituted‘acet;
amido have gexeed that the radical is Il. Calculations on form-

amido radical ‘have shown it to be. E (107’ and this is consistent -

with esr data (72) The N-methoxy -N-methylamino radical has been
studied by both .esr and INDO with complete accord as to the -
character of the radical (79). Iminoyl free’ radical R- C—N—R'
had loJ\gvalue (2.0016) and small B-hydrogen hyperfine inter-

action: (80) which are characteristic of T radicals;fllNDO‘cal-'

culations supported this assignment.(80). . In the following

chapter the T and 11 electronic configurations of various - con-u,'s

/
v

“formations and structures of amido and related radicals will be .
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6-1  General . e TR - o -

In all the following calculations on nitrogen centred h

radicals, the INDO SCE,MO programme was used. The open shell

option with the unrestricted method of Walculating the eigen-

values of both alpha (q) and beta (g) »spins was utilized. The

only input nece;sary for_the,programme was the cartesian co~ |
m——w—Whordinates—and~the ‘atomic number of each atom of the redical. -

The geometry of the radlical chosen was based on the appropriatev |

ground state precursor molecule. No wtte

~1t‘was made to
minimize the total energy of the radioa o

variation of all bond lengths, bond ang : _dral angles,

Ofﬁprime interest in this inyestig&tion were the spin“gdensities
in theWVariousuorbiteIe.' From’preliminarY”calculationé’itf,es“
observed that electron distributions were not influenced or

',affected by minor geometrical alterations-

Throughout the following sections the inf;pence of changes
in conformation on calculated radical,spin‘densities, total a
energies and eigenvalues of the higheet-occupied molecularrr

orbitals (HOMO)} will be considered. The general proce :re

* followed was to investigate the trans, cis and orthogonel : ',> 7

conformations of amido and related radicals. For'the ortho-

gonal conformer, the NCOC plane was rotated by 90° as shown in

13. Structures lg; 13 and 14 represent the trans, orthogonal
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and cis conformers respectiVely. The»effect on the c&lculated“f

-,

T I S R T TR S e O S O e TR e

P AT
L

| A PRI

R E ] R ER

properties‘of allyl radical by such procedures was first cone |
sidered, Subsequently this method will be applied to ‘the nitrogen .
centred radicals of interest All energies are given in atomic |
units (1 a, u. = 627, ] kcif/mole) Where indicated relative
energies, in kcal/mole, are given in parentheses in the tables.
The convention followed was to afixia negative}sign to a relative.rb
' energy which was more stable-than the standard taken. .
'The,bond'lengths,'hond angles and dihedeal angles used as.
| input parameters were generally'exbressed'to three Significantf
figures;r'Fron‘the rules governing #He proper retention of sig- B
“Snificant figures-(108), the calculated'energies must be expressed o

- also in‘three significant figures. The results under this crit-

erion are then at best significant to + 0. 05 atomic units or

31 4 kecal/mole. In spite of this, however, generally at least
four ignificant figures were retained in the following tables.

-

Because f the eemi-empirical nature of INDO, the accuracy of the

ot

%1




computed results are susﬁect' Ihe‘precision of the results for

a

the various manipulations will be high due to the rather stringent_

tconvergence criterion (1078 atomic units) of the programme.

g

6-2 Allyl Radical

' § The allyl radical was taken to be planar with the . P orbitals

perpendicular to this plane of’carbon and hydrogen bonds.’AThe

RKY

AR 8 .
H\ ' ,CH
. ‘30 el ®
15 e

: ‘result{d in the p orbital containing the unpaired electron heing

methylene'carrying—the unnaired electron and‘coneisting‘Ofithe

‘plane containing the HCH”atoms, was,rotated‘through tarious

angles'up to 90° for'the calculation. Thé latter conformation »

orthogonal to the remaining p orbitals of the radical; 16, -~

The Calcul&ted‘results for 'such an'OPeration are givenrin o ‘

Table 6 1 and are shown graphically in Figure 6- 1 Progressive

rotation of the methylene group increased tﬁg total energy of

‘the conformation, as would be intuitively expected, due to the

removal of the P orbital from conjugative resonance stabilization

with the p 3Ebitals of the double bond. Such rotation, how-~-

‘.ever, decréased the nuclear repulsion contributing to the total

energy (the solid line of Fﬁgure 6-1).. D t,

Tn Table 6- 2 are Iisted the calculated spin densities of

each orbital of the three carbon atoms ‘ Carbon 3 accammodated

the original unpaired electron in a p.orbital As can hgaeeen

from Table 62 the spin density 1in the p orbital decreased with

o ow
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& Table 6-1

e :
) calculated FEnergles of‘AilxlvRadical ConfOrﬁers
EJH2=C23H§H2’ | | | o
\ ‘Radical 'Electronic Energya Total Energya Nuclear
\anformer' . -  Repulsion®
o\° - -59.079 (0 ) -24.,050 (0 ) 35,028 ( 0 )
N 45° -~ -59.0k2 (23.0) -24.043  (4.3) 34.999 (-18.3)
T *‘60‘5"?.:’_» -59.026 " (33.3) -2k.040 (6.3) 34.985 (-27.0)
90° £ _-59.010 (42.9)  -24.038 (7.5) 3k.972 (-35.5)

Er Energies are in atomic units uith_relative,energies (kcaLLm,ﬁ_wﬁww
“mol) given in parentheses.

hS
™,

™
A
%,

. Table 6-2

' spin Densities ofrAllyl'Radical conformers

orbital o o COnforﬁer
i s 10.02 0.02  0.02 0.0
. P 0.01 0.02 0.02 ¢ 0.01
px 0.01 - 0.01 0.01 0.0
pJ 0.36 0.21 -. 0.1 0.02 -
Ca s ~0.02 -0.02 - -0.02 -0.02
' P, -0.01 -0.02 -0.02  -0.02
P - -0.02 - -0.03 -0.03 © -0.03 - _
p;’ -0.21 £8.13 -0.08 -0.02
... . Ca & - Q0,05 0,05 0.05 - 0.05
P 0,03 0.3 0,55 0.73 :
pX 0.03 0.13 0.18 0,24 :
B3 0.83 - 0.47 0.25 £0.03 ~t




63
C_oyo3 |} Totel Emergy—-—-—-— ) ozs03
- 1 Nuclear Repulsion— ‘ 1 :
= <k
— . O —~—~
o 0 - A a P
ol Law |
2 g 5 g
c B3
"9 Moo N
s E o B *
o *6 '~8 : - 8 -8
S e " ®
3 S &
g
-24.04 - ,35.00
J
| VR o o AR
-24.05 /. | o IR 3h.97
5 Lo ‘ )
30 60 . 90

. Degrees Methylene Rotation
Figure 6-1  Total Energy and Nuclear Repulsion Energy as &

e __Punction of Degrees Methylene Rotation . . ' =




T 8 S 6l

the degree of methylene rotation. In the orthogonal conformer,

the P, sp}n density on carbon 3 had virtually disappeared as
“would be expected when the orbital is perpendicular to the
remaining p orbitals of the radical,

»

Experimentally in the allyl radical the spin densities at

carbons 1 and 3 were found to be O. 594 and at carbgn 2, —O 189

-(109) - In “the present calculation the terminal spin densities

-were unequal

Lol

The allyl radical‘has 17 valence electrons which are shown

+

{
in Table ¢ 6 -3 to be ‘distributed over 9 orbitals of a spin and 8

orbitals of B spin. The HOMO is shownoat the top of the series

of eigenvalues or molecular'orbital“energies. The m elgen-
values had 'nly pz_eigenvectors‘or orbital coefficients, the
square of which indicated the contribution of the particular

atomic orbital to the molecular orbital. Those eigenvalues :

"labelled o had zero contriﬁution~from'p eigenvectors.”iinlcc,

Table 6-3 for the O ‘rotation conformer of allyl radical,
eigenvalue 6 of a spin (ab) and eigenvalue 7 of B spin (BT)

were both T, The three circles below. each eigenvaluerrepresent,f

the phases of the p, eigenvectors of each of the 3 carbon atoms

of allyl radical A
Hence, eigenvalue ab and eigenvalue B7 have@the same -
symmetry and must be components of the same molecular orbital

Eigenvalue a9 . was. of 1t character and had no matcnlng‘s‘eigen‘“““*‘f**msr"'

~value of the same symmetry*‘*ﬁhe4odd4electron—was—f; en—local
1zed inan orbital of the 0° rotation (normal) allyl radical./

- This was, of course, in harmony with the spin,density“data,of
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Table 6-3

Eigenvalues of Two Allyl Radical Conformers

0° Conformer , 90° Conformer

Spin ’ a Spin , s in . «
g - 9 : |

refesian, i o R W e ) )
R R e i o M i ettt e e
! d i G BB ER adiy »
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Table 6-2, In the 90° conformer, both a gnd B eigenvalues in

orbital 5 and 8 had 7 character. The phases of the carbon |
veigenvectors are shown below each orbital -in Table 6;3; ingen-
values a5 and a8 are of complementary‘symmetry to,eigenvalues
B85 and BS;» Complementary symmetry is:taken here tojmean the -
natching of plus with;minus symmetry’phase;elements. ‘The

unpaired electron was in ac orbital Again this was in '

— |

”Vmethylene rotation gave eigenvalues who

agreement with the data of Table 6-2 which showed no spin

density in the p, orbital., Conformersof and 60 degree

- ¥
S -

jienvectors could

not be matched with respect to symmetry eie nts,
.The results for the allyl radical corroqprated quantit- r\
&
’atively what would be anticipated in qu&litative térms if the

.Q

stated operations were performed on the radical.u lhus the INDO
3
programme is capable of yielding information with f%gard to

~orbital occupancy and electron unpaired spin distribution, The

study can then be extended with reasonable confid ’ﬁe to a -
similar analysis of amido and related radicals,
N

6-3 Amido Radicals - ™ = o -

E

6-3-1 N-Methylacetamido Radical

| Due to the very interesting properties of N-methylacetamido'

radical, several conformations were considered Beginning with

was*rotated“through*66“‘?ﬁ“80‘49O“i?ﬁ~andri86—degrees—analogous—Vfh—f—

1y to the process represented by structure 13 The 180° conformer,

of eourse, cor;dhpbgged to—cis— -methylacetamido radical. The

‘U



{ )4'/

~—-———vatlues of the calculated total energies .and nuclear repulsions‘ig

ia;egtabuiated—in—wab}e—6-44R‘The—tot&i)energytof4Figure16‘2‘fd&shéd*““’*
l1ine) showed a minimum at 80° rotation, In Figure 6 2 the solid

line represented the nuclear repulsioﬁ is showh to mirror_the

{ i 3
curve of the total energy. The minimum occurred-at TONG
The nuclear- nuclear repulsion was greatest at the cis conformer

as would be intuitively expected, _
~ In Table 6-5 are tabulated the spin densities of the unpaired

electron at each orbital centred on the nitrogen and okygen atoms,
Tt can be seen that in the trans conformer of N—metpylacet&mido‘,'»
_ radical the spin—density is—loe&lized—in the-p, - orbitaiS*of""W’mm””*””*"’*%
nitrogen and oxygen. This was ﬂ%dicative'of a I radical. However, ‘
as the aﬁgle of rotation increased, the spin densities in thefpz7 |
~orbitals rapldly,decreased and the unpaired electron density was
transferred to the nitrogen p, and p, orbitels. The radical

becams Z

- In Table 6-6 are shown the distributions of the 29 valence

electrons of N-methylatetamido radical into 15 orbitals of a spin

t

7 BT I 6 bt T B e L R et 67 e s

~and 14 prbitals'of'a spin, Each eigenvalue of n symmetry is so

labelled., Adjacent to éach m eigenvalue are five interconnected
circles ;eprésenting the prorbitals of the five atomSWOT'thef
skelton.' Each circle bears the phase of the}eohtributing n
eigenvector, 7, I : R o

It can be seen that in the trans radical conformer, “5 and 56

v

‘x
had the same symmetry. Eigenvalues a9 and B9 had complementary '

syrmetry. Eigenvalues all and B12 had. the same symmetry. Eigen- o

value G14 was of 7 character but had no corresponding eigenvalue
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of B cpin. An examination of the o character eigenvalues al3, -

al5, B13 and Blﬂ showed thet eigenvalues al5 and Bl#{had eigen-
vectors of the/eeme sign and magnitdde.. Eigenvalues al3 and ﬁlj'
were of similar magnitude but. of complementary phase:‘ Hence, the
unpaired electron in the trggg N-methylacetamido radical occupied
a T MO but this orbital was the second highest occupied Spinw

4

density data from Table 6- 5 also suggested that this radical was

of I configuration. AU L . -
In the cis N—methylacetamido radical«given in Table. 6 6 the
29 electrons were again distrfbuté!’into a and B spin eigenvalues.

From the symmetry “phase properties of the n ‘molecular orbitals, o
it can be seen that 55 and B85 had identical symmetry while a9 and |
g9, a11 and B1l1, and a15 and Bi#,hed complementary phased eigen-
vectors which were taken to represent the‘eeme molecular‘orbitals.
The eigenvectorsdof o elgenvalues a13 end'513 were simiIEr. The
unpaired.electron in the cls conformer must reside in o orbital

a a14 which was the second highest occupied The calculated spin
densities from Table 6-5 were also in agreement with ‘the cis
co?former being of b type., For the orthogonal conformer such
analysisvcould not be done because all the eigenvectors had

-

numericalfyaiue’andrno symmetry.,

6- -3-2 Other Aml&‘\ﬁadicals |
_ The pertinent information for the other amidolredicalaiieiiiii;i ,,,,,,

summarized 4n Table 6-7 . The cieoid and transoid conformers of

formamido and acétamido redicals and 2-pyrollidinonorhed the A
unpaired spin density concentrated in either the p or p orbitalsr -
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of the oxygen atom, The orthogonal conformers of formamido and

acetamido radicals had the unpaired,epin'density'concentreted on

Y-
electronic configuration

* the nitrogen Py or p ‘orbitals, 'All these radiCale'wére’of r

In the cisoild and transoid conformers of formamido and acet-
( amldo radieals, the 'HOMO was of ™ character. The HOMO of B spin

was of 1 character with eigenvectors corresponding to those of the

o HOMO-of @8 pin.ww%eﬂnp&ire&*eieetronw&s* “WWM@

'HOMO of ¢ character. In 2-pyrollidinono radical the HOMO of a

spin localized the unpaired electron and was of ¢ character.

From Table 617 it can be seen that all the conformers of N-

methylfluoroformamido andaxjmethylfonmamido radicals localized
the unpaired spin density on'thernitrogen D, orbital., The cis ;w
and trans conformers of N-methoxyacetamido radical had the un-
paired electron density in the p orbital. system of the oxygen

and nitrogen atoms.t The data convincingly demonstrated that theseri

radicals were of Il configuration. .

Only. in tr&ns N—methoxyacetamido radical was the unpaired
electron in the o spin HOMO .of n character.A In all the other
“radical conformers of N-methylfluoroformamido, N-methylformamido
and N—methoxyacetamido, the second HOMO of a spin wag of ﬂ -

\,'character and 1oqalizeq the unpaireo electron, -

~

-

] From,the data" of Table 6-8 it can be seen that the “zg and

S 46,4, ImidovRadicals o ?'»' . ;7 ~;

and anti confbrmers or N-formylronmamido and N-formylacetamido -
 radicals and that of succinimido have the unpaired spin density

-~
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centred predominantly on either nitrogen p, or py orbitals. The
radicals were unmistaksdly of I electronic configuration.
' The.calculated energies demonstrated that both anti con-

formers experienced the greater nuclear-nuclear repulsion. This

can be seen from the structural formula of an anti'Conformer,flz,

-

"", - ;" "A-—-“(: ,’_“

which experienced an oxygen-hydrogen interaction.

Succinimido was a well-behaved I radical with the unpaired
electron occupying the HOMO of o character. 1In both N-form&l-‘*
formamido and N-formylacetamido radicals, the second HOMO of a

spin was of o character and localized the unpaired electron.,

6-5 Carbomethoxyaﬁfﬂo Radicals

VIL

The spin densities of the trans and c¢is conformers of carbo-

methoxyamino and of all the three conformers of N~methy1-N—carbo-.

methoxyamino radicals were restricted to the D, orbitals as shown
in Table 6«9, The radicals were of 1 electronic configuration,

Only the orthogonal conformer of the carbomethox&amino radical -

was Ty = -

second M HOMO of o spin,
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OL-0 .Urea. Radicals

- * .
Thaycis and trans conformers of N-methylurea and of urea

exhibited spin density in the P, orbitals of both nitrogen and
oxygen atoms as shown in Table 6-10 Both or}hogonal conformers
localized the spin density in the nitrogen p orbital In the .
urea radicals the orthogonal conformers were T while the remainingl

conformers were of T electronic configuration.

v}
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7l¥CHAPTER 7

L] N JE U,

© DISCUSSION - - ..

3

e

7-1 General

o

‘' One of'the‘post,productive'applioationé'of 8 theoretical .

computation'ié therstudy of a system whose properties‘cannot be

z

measured or. observed readily if at all. Such a ratlionale was

" adopted in employing ‘the INDO method to the examination of

Three conformations of each radical were generally considered

'";CHib\group were orthogonal than when,the molecuﬁE was com~
~/,—r——f—/f—fﬁﬁ'e}yfmﬁwsmm’mmble 1n.

.varlous ground state conformations of amido and related radicals.

and fromrthe'computed total energies, relative stabilitiés

were obtgihed, " In most of the radicéls investigated, the
orthogonal conformer had the lowest energy. There is no
experimental evidence, however, either tovgdhfirm or to dis-
claim the'intermeaigoy of a free radical with orthogonal. con-
formation in chemical transformations. -

"There are other reports of a theoretical nature which
suggest that orthogonal conformers are more stable than planar
species (110, 111) of molecules and reactive intermediates.
Cramef and Drago (110) hove used oxtended Huckel calculatiops
to_coﬁpute some‘of the molecular properties‘of benzaldoximes.A
They found thatjthe anti-benzaldoxime was 17.4~kca1/molrmore
stable ‘when the plane of the phenyl ring gRd the- piane of the

the plahar form. In some preliminary ab inigiglcalculations,

-

i - , A
Rauks (111) has found that the carbene species (HCCH) and the
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‘neutral iscelectronic system (HCBHp) preferred the perpendicular

conrorﬁation'by 6}‘end 120 keal/mol reepectiVely. " The nitrenium
“specles (HCN) was more stable when planer (111) | ,

- In an investigation of l-eziridylcerbinyl radical 18,
Danen and West (ILE» heve interpreted from esr evidence the

radical to have the conformation shown in 19. INDD calculations
R - . - "-—\. j

(112) exhibited an energy*miﬁimum—for’thie'conformation. The
/analogous cyclopropyl carbinyl reaicel was found to prerer |
_ conformation 20(112). Ko doubt 19 is stabilized from re-

sonance interection ot the unpaired radical electron end the ~ ~

nitrogen lone peir. In the CH&OH radical (113) the most, }7‘;
stable contormetion obteined by INDO was the one uhere the
hydroxylic proton was perpendicular to'the carbon 2p exis.

In the allyl redicel conformations investigated, the
orthogonal conformer was the leest atable. ‘In the amido
radicals by contrast, the ortﬁogonal conformer wa.s generally

- . the uost etuble. The lp orbitel orientetion in both or-
thogonal confor!era had been diaturbed, Thia may mean. thet in
~amido rodicele there is lnch less resonance stebilizetionithen

there is in ellyl radicale. The orthogonel conformers generally

were alsc found to heve the least nuclear-nuclear repulsion

between the nitrogen eubstituent und the cerbonyl oxygen or the

2
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”,,,ll,l,lcarhonleubstituent—l—lt~is—very—like1y‘that‘thi“decTEEEE’Iﬁ*tH/4‘4444*
nuclear repulsion contribution to the total energy in amido
radicals may be in large measure responsible for the greater
stapility'of the orthogonal amidolradical.

- ,’ ) B
'7-1-1' Orbital Occupany

The general trend in the acyclic radicals was forl»hngQMQ_l e

A ES

Hiof o spin to have opposing moro symmetry from that- shown in the
calculated spin densities, In other words, for the characterization '
,ofwthe,electronicaeon£iguration'of~the”radical;”the*symmétnyfoff””"”Wﬂ*
the c spin HOMO was opposite to the orbital which localizeo the -
unpaired spin density. This may»bekan idiosyncrasy of the prog-
ramme} Koenig (114) in alfootnote has suggested that the INDO
ordering»of energiesris not.necessarily the correct one. In a
subsequent,paper Koenig (lie)fusing an altered INDO.programme»
has ehown‘that«invformamidobut not in meethylfonpamido fadical :
the electronic state is dependent upon‘the geometrical parameters ,
chosen, Of the cyc}dc'radicals investigated;za}l had the same }

. ,symmetfy £orf both the HOMO and the radical. ‘ ‘

- T7=-1-2 Other Calculated Parameters

The calculated nitrogen hyperfine couplings constants, aN, , )

of the various conformations of the amido ‘radicals are shown in e

’ 7Table 7 1 7 They are reasonable for the 1 radicals but fluctuate

T fxuwﬁiﬁeiigf;oh -5‘€8‘Eé’géass for the £ radicals. The a¥ values of

} o

the Il radicals are in the,range of 10 to 14 gauss which is near

the value of 15 gauss reported for amido i radicale (70).
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Table T7-1
Summary of Calculated Electronic States of Radicals )
Calculated Constants !
) . Config- Nitrogen Hyper- Dipole -
_ Radical Conformer urationafine cOuplingb Moment
CHaNCOCHs3 trans  m(2) = 11.98 0.67
N-Methylacetamido  orthogonal E 14.82 3.28
T cls T (2) 45,95 3.90
. & = T
HCONH transoid % (2) - 491 2.14 B
__ Formamido __orthogonal T 1421 - 2,90
, cisoid T (2) - 1.79 3.53
_ reported (107) cisoid ' '
reported (115) cisoid . n. T
FCONCH3 trans n(2) J12.84 2,02
N-Methylfluoro- | orthogonal @ . 14,46 I 2.99
,  formamido — ~ - cis n(2)' . 12.01 2.62-
. HEONCHa " trans 1 (2) 12.19 0.41
N-Methylformamido orthogonal 1 ~ . 14.66 2.95
f o ‘cis ‘m(2) 2,02 3.25
reported {115) trans n -
reported (116) ' trans n -
* HNCOCHa transoid T (2) . =-.4.60 2, 36
Acetamido ‘orthogonal -g 14.30 332
cisold £ (2) - 2.99 4.04
caaoncocns trans m(1) 10.34 S 2.23
a . NP, | a
N-Methoxyacetamlido orthogonal™ 1 . 29.87" ' 2.887
‘ cis n(2) 1 9.58 ©1.36 |
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Table 7-1

(cont

inued)

-

* Calculated Constants

Config- Nitrogen Hyper- Dipole

Conformer - ura.tion fine cgup_ling Moment

of the unpaired electron;

(1)

in HOMO,:

The number in parenthesis ‘refers to the orbital occupancy

{  Radical
2-Pyrollidinono v (1) =-3.% - 3.98
HCONCHO , syn 5 (2) 41.73 3,14
N-Formylformamido apti T (2) - 1;84\ 1.77
HCONCOCHs syn £ (2) 39.07 3.78
N-Formylacetamido anti T (2) 38.82 2.05
© suceinimido - - cp (1) 3701 ya6
reported (69) T
HNCOOCHa transoid . (2) 13.10 1.19
N-Carbomethoxyamino orthogonal ¢ 15.40 2.63
| cisoid n (2) 12.41 . 2.79
CHaNCOOCHa trans 1 (2) 112.72 10.95
N-Methyl-N-Carbo- orthogonal I 4,47 2.60
methoxyamino cis m(2)  12.03 2.85
 HNCONH ‘transoid 1 (2) 13.02 1.33
Urea orthogonal ¢ -15.39 4 .38
cisoid m(2) 12.52 .62
CHaNCONHz trans m(2) 12.82 1.39
N-Methylurea orthogonal % 14,75 4,34
' | cis n (2) 12.26 4.66
e —

e

(2) in second HOMO

20 CJ"

In units of gauss,
In Debye units. '
The programme did not converge to the 10™° atomic unit limit.
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Rad:lcals such as succinhido, cu-u-mthylucemido, N-forw-

formamido and N-formylacetamido showed large (~ 40 ga.uss) a¥

- values as required for I electrmic configurations (87).
, Table 7-1 also 1lists the calculated dipole moments for each
radical conformation, No general trend is evident from these

© values,

WWWAM7;2Astmcmrcazfg\n-at1w'm'~wvw%mﬂm ‘

7-2-1 Qualitutive mturea of Amido Rn.dica.l Structure and

&rerul scrutiny of the structural formulae and ca.lculated
electronic configurations of the amido radj.cals shown in 'Ifaple
7-1 permits ,sevonl'tenutive inferences to be made, The basic
structural unit common to all rudiéalq is I

Y - CON - X

when X=H, tbe calcuuted electronic state of the m:ldo radica.l
was T regardless -of the Y substituent, Formamido (Y = H) and
a.cetuido (Y = cn,) were of T confisuratim. 'me-x substituent |
in amido r-dicua yredutinad the electronic conﬂsurat:lon when
X = CHs, the Y substituent may be H (u--ewltommao). F (N
—rmt&wlflumrwo)r unm-!-etwucetmdoLonm
 (N-methylacetamido). All radicals were of 0l electronic con-

tiguration. An electron-withdrawing substituent at x such as c_no 4
or cocn, (Y = H), resulted in t.he ra.dicals be:lng of T conrig-
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«

uration, for example N-formylformamido and foormylacetamido

,i_ru-carbometho§yamino)1#bothswereaneradicalsAﬁromftheuINDo —cal-

‘radicals. Koenig (114) has observed that the electronic ground
state properties of formyloxy did not change upon replacing the
hydrogen by methyl or . isopropyl groups.

In the case of the,related amido radicals, the generalities
| applicable to the amido radicals diad not hold rigorously. When
Y - OCHs and X = H (N-carbomethoxyamino) and X = CHs (N-methyl-

culation, Likewise when Y = NHp, the nature of the X sub-
_stituent, H = NHs (urea) or X = CHa (N-methylurea), did not

~ alter fﬁé”aaiaﬁiatéa”ﬁ”eiééfrshia”cahfigarafisﬁwafﬂiﬁé’faaieai”W””ﬁ’W'"

Eveleth (107) had postulated that "loading a particular parent
radical with heteroatoms having non-bonded electrons should
tend to favour T structure".‘ T;e calculations performed on the
‘related amido radicals did not support this statement |
The Nwmethylacetamido radical conformation is apparently |
Aimportant for the determination of its electronic configuration.
The data of Table 6-5 show a rapid decrease of Np spin density
between the 0° and 70° conformers. The data suggest that near .
>70° rotation there is a cross-over of the{potential rlanes from ‘
I to £ configuration. In the urea and Nemethylurea radiCals

there is a cross-over of configuration from II in the cis and trans

conformers to Z in the. orthogonal conformer. It may be that

”th%’conformer of altered configuration represents the excited
state of the radical (115). The T cissN-methylacetamido radical

is structurally mimicked in the 2-pyrollidinono radical which is

also T from calculation. ‘Moreover, all the cyclic radicals
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. investigated by calculation were of I electronic configuration. '

T=-2=2 Reactivities of- Z-h Radicals .

The differences in chemical reactivity of T and I electronic
ground state radicals is still academic, From the reported
chemical reactions undergone by amido radicals, no apparent -

immutable_rule exists for distinguishing between £ and I

~reactivity, As was mentioned previously there has been con- ~
“ giderable controversy generated in even agreeing upon the élect-
ronic configuration of some radicals. However, a trend is sug-

gested from the data available (93, 96,97,103 105, 117-119)
Touchard and Lessard (93,97) have found that N-haloacetamideé'

phoYechemically add to olefins, The yield of the 1,2-adduct
- increased proportionally with the electronegativity -of the a-

aTan

halogen substituents. The following trend,was noted CFa, CCl, >

_ CHC1l, > CHaF > CHaCl1 > CHzBr > CHs NBS has also been reported

? to undergo addition to unsaturated bonds (103-105,118,119),

‘ Some of the NBS. additions are unmistakably radical in natire (103,

; ,119) being accelerated by the introduction of radical initiators,

| ‘Prom the INDO caleulations, all imido and those amido'radicals'
without the nitrogen substituent were found to haVe T config-

uratian;' It may be proposed that the Z configuration of the
amido radical iz a requirenent for addition to unsaturated 1ink-

’*’f"“'asan s e 'i~ R

‘ suostituenta) was found to have I configuration,‘:The N-sub-

stituted radicals react predominantly by hydrogen abstraction



(96,97 117). 4
did not undergo photoaddition to'cyclohexcne or to l-dodecene

It was noted-

(a more‘reactivevolefin toward the addition of radicals (120))"
but ﬁ-chloro-N-methyiacetamide didpgivq a low yleld of 1,2-

‘adduct (~ 17 %) with the latter olefin, Two N-methyl haloamides
(98,99) also underwent 1ntramolecu1ar photoaddition to an olefin

‘However, the - intramolecular addition process is governed by

;;7AJSfereochemica1 factors which may be of greater importance than
the Z-N configuration of the radical., Both cis and orthogonal
conformers of N-methylacetamido radical ‘were shown by calculation/fﬂﬁwwr

to be of z electronic configuration.
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CHAPTER‘B o
INTRODUCTION : i

- 8-1 Transition States for Hydrogen Abstraction

-

The transition state provides a visualizetion of how an e

/-»,

assembly of stoms_in reactant molecules reaches an-activated
~~——eeeewmcomplex~endeproceedsAtOeproductwcciteiswintimately*&ssociated“with**”*”
the .reaction mechanism which presupposes a definite knowledge of

the role of nuclear arrangements and electronié“configuration at

“‘the site of molecular transformation. In kinetic theory the tran—
sition state complex 1s defined as the highest potential energy
point in the equilibrium between reectante and,products. The'
structure and geometr& of the—transition state is deduced from

the structure of the reactents and products (121). : o~
\-’-'-IX‘

In radical reactfons proceeding,through hydrogen abstraction,
dthe source of the hydrogen atom may be inter-. or intramolecular.
Intermolecular traﬂsfer involves-a bimolecular reaction. between
the radical and the hydrogen—donating solvent _ The intramolecular .

. sequence can in general be represented as in equation [8-1],

Here Y - X represents two Heteroatoms which undergo homolytic-

cleavage and, subsequently, 1igand exchange, The key step of the




e 4~intramoiecuiar‘pfeéé§§‘13 fﬁe abstraction of the hydrogen from 7
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«

- £7C : . e transition state for
this hydrogen shift poeee many unanswered questions and 1s the
subject of thisiinvestigation.

8-2 Examples of 1,5-Intramolecdlar Hydrogen Transfer

Chemical reactions proceeding'through 1ntramoiecularrhydrogen

abstraction can result in novel transformations, ngtgnwilaél;;wkewﬂ

hgs reported that nitrite esters of steroidal alcohols can be
photocpemically decomposed and can functionalize an unactivated
centre to _an oxime,--The photolysis of an acidified”ﬂthIoramiﬁé’
solutioh, the Hofmann-Loffler reaction,’ generateS'an)aminium
radical which can after_undergoing 1,5 hydroéen transfer be
cyclized to pyrollidine (123,124). Intramolecular hydrogen
abstraction and'ligaﬁd exchange are also seen in the photolysis
of long chain tertiary hypochlorites (125¥%, of N#nitrosamides

(126 127) and of N-haloamides (117 128,129).

8-3 Geometry of Transition States

In all the examples quoted, the intramolecular hydrogen atom

~y

abstraction and,.therefore, the ligahd'exchange,,occurred,at the
fifth atom :rom the radical centre. It is expected that the‘tran-
sition states ror these trunsformations should also be similar.

All authors agree thnt the transition states have cyclic struc-

S SN, S e

;;dﬁiﬁiaﬁgggvto whether the six nuclei form a pentagonal

vergenefi‘

(five-membered) shaped structure 21 with three nuclei approximate-

el i MR e LSRR R Rt R

R
]
e A s w2

b e e R S
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21 . 22

1y collinear as proposed by Walling and Padwa (125) or a true six-

membered cyclic transition state 22 as suggested by Akhtar (130).

The pentagonal geometry 21 for the intramoleeolar hydrogen

" transfer transition state has been postulated for several acyclic

lusion for the Hofmann-Loeffler transformation as did Walling (125)
for tﬁe-hypochlorite photolysis{ Recently there has beén a re-
port asserting that approximate quantum mechanical calcu;%tions‘
indicate that a sigma C - H bond should be more readi&y attacked
by a radicaliapproaching aiopg the collinear axls to the bond
broken‘durins hydrogen;trensfer (1}1) In the three atom hydrogen
sigma bond aystem, the activation energy is leaat when H ap--
proaches H - H along the axis of the bond (132). ”

Rigid, geometrically constrained systems as exemplified by
the steroid nucleue that undergo intramolecular hydrogen trans-
fer are postulated (i/p,l}} 134) to have a true six-membered n
transition state structure as 22 Akhtar (130) pictured the tran—
sition state in the photolysis of a 6ﬂ-steroida1 nitrite as being

" “comprised of three possible conformations, the boat 23, ‘the -chair -

‘radical reactions, Corey and Hertler (123) reached this come-

,,,,,, 47mg—gu—gnﬁltheuqussi*chuir‘gg“%The“qﬁis1-cha1r form was argued to be

L

Ty



“the three participating C, H and 0 atoms 1s about 145° in 25

_the most fovoured because it permitted ‘maximum overlap of the

orbitals in the transition state (130). The five atoms desig-
nated 1 to 5 are f£irmly held in. place with the abstractable
hydrogen residing in the various conformations between atoms 1 ‘

and 5, Models reveal that the maximum nd angle obtainable by

(130). In spite of collinearity not being attainable, the
reactions proceed efficiently, ,
Heusler and Kalvoda (134) haveﬁgritically reviewed ‘the
structural requirements of the Barton reaction in the steroidal
series and made some perceptive observations.i They concluded
that intramolecular hydrogen abstraction oceurs readily when the
carbon-oxygen internuclear distance between positions 1 and 5 is

between 2,5 and 2.7 A° even when a good hydrogen donor such as

.cyclohexene was used as solvent When this’ interatomic distance

exceeded 2.8 A°, intermolecular and/or other pathways‘dominated

the reaction.

—e — -

8-4 objective e

‘The obJective of this investigation ‘was to attempt to dif-

ferentiate beween the requirement of a pentagonal- or hexagonal—
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shaped tIena1tign;state,gegmatzyeinetheeintramoleeularehydrogeneef‘*ﬂ

abstraction by an amido radical, For the five-membered tran--

sition state there is the necessity of attaining,coilinearity,of _

the three involved atoms and/or coplanarity of all six atoms,

Fd} the'six-membered transition state on the other hand the

pr importance is the attainment of a strain-free chair or
. —
> quagi-chair conformation such as 24 or 25.

The general strategy followed was to fuse a system able to

undergo intramﬁlecular hydrogen transfer onto a semi-rigid

be used in an_attempt to deduce the transition state structure

from product analysis of the reaction mixture.

. cyclohexane ring ‘System. The conformational driving forces can =

»

The models suit-

able for this purpose are the amido radicals 26-4% and 27-4 which

can be readily generated by the photolysis of N-bromo-trans-4-t-

NGO HO

261 m=o8 ™ et m-ow .
26-2° R = NHC(CHs)s 27-2 R = NHC(CHs)s
26-3 R = NBrC(CHs)s 27-3 R = NBrC(CHs)s
T4 26-3 R = NC(CHs)s 27-4 R = RC(CHs)a
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r—ﬁmAﬂJhethemcarboxamidowradicalﬂsystemmchosen,uthecN:t;hPty1-

butyl- trans 2-methy1 N-t—butylcyc1ohexanecarboxam1de 26-3 and of

N-bromo-trans—R-E-butyl-cis-2-methy1-N-t¢buty1cyclohexanecar-:

-ooxamide 27-3 respectively. The buiky 4-t-butyl substituent‘(IBS)

prevents inversion of the ring, - Attempts to synthesize the rigid
trans- decalin analogues of 26 1 and 27-1 1 were unsuccessful only

the dimgyatorial analogue of 26-1 coudld be isolated.

carboxamido group is locked in the equatorial position by the
anchoring 4-t-butyl substituent. The two amido radicals 26-4

" and 27-4 differ only in the orientation of the 2-methyl sub-

stituent, 1In the presence of a hydrogen donor, each amido radical

will abstract a hydrogen either 1ntramolecu1ar1y'from the 2-methy1

hydrogen transfer through a six—membered transition state pre-.
vails for both isomeric compounds, it is expected that, the intra-
molecular ligand exchange products will not differ significantly
in quantity since strain-free chair forms of transition states‘
can be obtgined for both, If the intramolecular hydrogen trans-

fer 1s controlled by the five4membered transit;op*state, the

- substituent or intermolecularly from the solvent. If the internal

capability of the carboxamido apd methyl sub},stituent‘s to approach

'coplanarity'will be the cohtrolling factor; This c%pability is
- regulated by -the relative energy barriers of the cyclohexane
W”ring,toward ring,flattening,or toward rinscpuckeringL 7774;,i&7';;Wmm

- 8-5 Theggyclohexane Ring System

igecbond ansles of cyclohexane were first considered by
Sachse (136) to be strain-free tetrahedral angles of 109°28'
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~*Hassei~f137)‘*using‘éiectron airrraction‘fechniques, determined

,4ihe4bond/angles—in—unsubstitu$eﬂ—eyc&ﬁhexane—to—be,‘ ‘.'5°,
Wohl (138) has concluded from this flattened cyclohexane ring

that ‘the equatorial-equatorial (e,e) bond angles diverge to give

a torsional angle of about 65° while the axial-equatorial (a,e)
{ -

bonds converge to give a torsional angle of about 55°. The net

result, barring mutual compression of the Substituéhts (139), is

that cis-1,2 substituents (a,e or e,a) are closer together than

are the trans-1,2 substituents (e,e).

I's There is a paucity of information with respect to the quan-
tltative potential energy variation-variation during ring flat-—
tening and ring puckering, As shown in Figure 8-1 (140) there
is believed to be a,much‘steéper rise in the energy when e,e
bonds éﬁpfoagh kpuckéring) than when.e,é bonds spréa& (flat-
tening), Despite the'épparéntflack of quantitative numerical
data (141), there does exist some proof to substantiate'the

. above proposal, 5 .

In studies on 1,2-cyclohexanediols (142), while cis-1,2-
cyclohexanediol formed an isopropylidine derivative, the cor-
responding trans-diol (le,2e) did not form the cyclic ketal.

This was reported to be due to greater puckering resistance of
the cyclic ripg in the trans isomer and would result when the
‘interatomic distance between oxygen atoms is decreased. Similar-
- 1y the cis diol was found to form a stronger intramolecular

 hydrogen bond'than d1d the trans diol (143).. Attraction of tne' ””"”
hydroxyl group 1n the,cis diol,in forming aqhydrogen_bond will
tend to produce a twist motion around the C -~ C bond and decrease
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e e — - E - [ 7,,,, S ,,;.,,,, e
¢ bonds approaching " ’ .
c.a bonds spreading ‘

Figure 8-1 The qualitative potential energy curve of ,cycllo-‘
hexane as a function of the dihedral angle '(140)

-
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tne dihedral angle, This will cause the ring to become more

planar in the cis compound and more puckered in the trans com-

pound (143) ‘ ' o - e

.

In the pyrolysis of acetates and xanthates the six atoms

involved in cis elimination are considered to approac:fi?ch

other coplanarly in the transition state (144) in ordef¥ to

achieve the most f&voured electron interacttons. In pyrolysis - ‘
—A~~vmﬁ~*thekeiskhydrogenesubstituent*is~eiiminated*in‘preference~to*thettt“****
J trans hydrogen (145), "The reason for this 13 again the greater
eagse in forcing an equatorial and an axial bond into a plane in

 the transition state ‘than in foreing two equatorial “bonds (1uﬁ)
oy ,

e

I
4
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CHAPTER 9
RESULTS / -

9-1 Interatomic Distances for Intramolecular Hydrogen

Abstraction

By analogy with the interatomic distance criterion for

carbon-nitrogen interatomic distances for amido radicals 26 4

and 27-4 were calculated (146). The results are given in Table

'9-1 which also has the appropriate interatomic ‘distances result-

ing from changes of the dihedralﬂangle. The carbon-nitrogen .
distance of the cis radical (2:30 A®) 27-4 was within the 2.5 to
2.7 range of intramolecular hydrogen abstraction of alkoxide
radicals (134), The corresponding'inferatomic distance of the

trans radical'26—4'progressed:from the borderline‘(2.75 A®) to .

greater,internucleer'distances during the ring flattening pro-

cess,

9-2 Physical Proerties ofN#Haloemide{:>i

g-2-1 &Preparation of N—Bromamides

Ihe N-bromamides were smoothly prepared by the bromination

~of 26-2 and 27-2 with up to a ten-fold mola.rjxcess oLtJmt;tL
hypobromite, The completeness of the reaction was ascertained

h

by the disappearance of the amide hydrogen absorption at 1500
em™?, Reaction by-products auch ast4butan01, methyl bromide,

/x

¥
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Table 9-1

Calculated Carbon-Nitrqggp Interatomic Distances of

Model Radicals

Model ' C...N Ihteratomic ’
Radical Dihedral Ahgle | o Distance (A°) |
o trans T — g 71?1!38 ‘ﬁat*féﬁing ) o . T
65.35 (ndrmal) - 2.7457
67735 2.7756
7 - /B9 2.8063
J///7;.35 - 28519 o~
7335 2.8701
75.35 % 2.9031
(ring puckering) ‘) ;
C63.35 2.6
61,35 N 2,6887
59.35 . 2.6618
57.35 2.6361
o 55.35 | 2.6115"
cls 54.65 (normal) . 2.6032
| 52,65 ,' 12,5803 |
. ' 48.65 _2.5386
0.0 : 1.8852 -
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acetone (ascribed to weak absorption seen at 1710 cm™!) énd t-
V'butylhypobfomite were’femoved duringbvacuum evaporation éince
they were consiﬁerably more volétile than the N-bromamides. Con-
~centration of the reaction mixture (0°, in the dark) generally
resulted in 90-100 # ylelds of yellow residual solid. Sub-
Sequent ir analysis of theisolid demonstr;ted the absence of abQ '

sorption at 1500 cm™! due to parent amide,

1 : o ' :

9-2-2 Spectroscopic Properties of N-Haloamides

\3' - Wﬂ,,ﬂInﬁTébleh9:2m§rﬁﬁli§tedwth@,ch@;@9t911§t19Wcarbgnyl_ﬁWW,WHW,,MJW,
stretchings of N-methylacetamide, N-Efbutylacetamide«and their
respectivéhN-halo derivatives, In both parent amides, the
bulkiness of the nitrogen substituent apparently had no éfféct
updn‘the carbonyl absérption. In both Sériesrthe ihtroduction
éf an N-bromo and’an'N-chlofo substituent progressively increased
the Wavenumber of the carbonyl absorbtidn.

" Also in Table 9-2 are listed the characteristic Raman
4 frequenc;es of the Amide IV band of the secondary Qmides and
the possible’cOrresponding,bands'of'the N-halo comﬁounds;
The Amide IV (447)_arose principally from the 0=C-N bending
 and was observed near 630 cm~ !, In N;N-&isubstitufed amides,
the 0=C-N in plane deformatioﬁ occurred in the 620 to 59‘0"crﬁ"r1
region (147). In the N-haloamides it would appear’thét the
ﬁlﬁfémbwéidhﬁ ﬁé&fdﬁéféﬁféfféffé&iﬁéﬁffﬁéwééEiﬁwﬁéﬁaiﬁémﬁbﬁéfﬁf"ffwwmflf
*’*’%’f’f‘tharfdfdﬁthefﬁ-ﬁmﬁsﬂtient. ] 7, — s N
Table 9-3 has t#bulated the nmr chemical shifts observed

for—Namethylacetémide, N-Efbutylacetamide'énd their respective
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Table 9-2 s
Infrared and Raman Absorptions of N-Halamides
Carbonyl §Vibrétion Frequency
o Compound -  Absorption . Amide IV .
= (em=1) , (em-1) A
CHa CONHCH3 1664 - 633
T 'CH':;CONBI'CHQ”:" T 1683 o ey 604 o
' : A . ’ . ) a
CH3sCONC1CHa 1691 637 (55), 654 (100)
| CHsCONHC(CHa)s 1665 . 631
"CH3CONBrC(CHs) s 1675 ' : 625
CHsCONC1C(CHs)s = 1687 - - 622

8 ~ The numbers in parentheses are; relative percentage intensities
of the two absorptions appearing near the 630 cm-! Amide IV .

band of amides.
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A T “Table 9-3 S
- . Nuclear Magnetié Resonance Chemicall Shifts in N-Halamides
Chemical Shift Chemical Shift ,
A cps ‘C-Methyl Compound N-Alkyl , A cps
' (cps) | _(cps)
o 115 CHs CONHCHa 162 | |
ro 132 _ CHeCONBrCHs 192 - 34
’ 12 130 . ' CHsCONC1CHs 202 | 40
. 114 CHsCONHC(CHs)s 80 |
--32 - - - -146- - . ~CHsCONBrC(CHs)s 87 7 .~
16 130 CHaCONC1C(CHa)s 87" 7
.
- Table g.4
Ultraviolet Absorption Properties of N-Halamides
.. Compound : COpcentratibn ‘ e xma_x
(moles/1itre)? '  nm
- CHsCONHCHs | » , 4 <240,
CHsCONBrCHs A 2,06 x 10-3 hos 260
CH3CONCICHs - 8.65 x 10-® = '~ 165 250°
CHsCONHC(CHs)s , <240
CHaCONBrC(CHs)s = . -1.4% x 10-° . 765 275 A
CHsCONC1(CHs)s ~  7.75x10-° 200 258 .. .
a ‘nn oL ] _ ‘ — e
— CHaCls
b - shoulder
2
J
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N- halo'derivatives.; The N-bromo substituent causedia greater

downfield shift of the acetyl. methyl absorption than did the

EEAC A LA R GRS U I A MO
|

N-chloro group., This shift was more pronounced in the N-t-
butylacetamide series. -

In Table 9- 4 are summarized’spme uv properties of the

e EWTARTR T e TR P =R

~ amides of interest and their halogenated derivatives. ‘In CH2C1>
- . , solvent the parent amides had their l below 240 nm, The

E N-brom&miges shifted the A __ to longer wavelength and exnibiteduor~wfe

larger extinction coefficients than did the N-chloramides. The

- chloramide absorption curves were broad at the base and extended

to about 330 nm, The bromamides also exhibited broad absorption R
curves’ which tailed to about 360 nm,

9-3 Photolysis'of N-Bromamides

9-3-1 Photolysis of Rigid N-Bromamides - N-Bromotoluamides
The photolysis of,N-bromo—NQmethyl- or N-bromo—N~t:butyle~'
. ~ toluamide (28-2 or 29-2) with a 200 watt Hanovia medium pressure

lamp through a pyrex filter in benzene solvent at 20°C proceeded
smoothly and almost quantitatively to the HBr salt of the imino-
~ lactone 30, The initially.formed C-Br amide was apparently . '




30-2 = C(pHa)s, 31-2 R = C(CHa)a

unstable and immediately cyclized during work-up. Iminolactone

hydrobronide 30 2. had a strong ir absorption at 1675 cm !

whereas 20-1 had a strong absorption at 1700 cm !, Both

compounds had a2 proton broad methylene singlet at about v 4.

‘ BchwfxegWiminglactonesmhadmstrong;irﬁabsorption~at—1706wcmfl~* -
(Ar-C=N stretching) and a 2 proton methylene singlet at rt 4.7.
The lattéf compared favourably with the methylene signal of
phthalide at v 4,7 (148) as opposed to that of N-methylphthal;
imidine at r 5, 7 (149). Both iminolactones gave parent peaks,
m/e 189 for 30-2 2 and m/e 147 for 30 1.

Free iminolactone 31-2 was stable to LiAlH, reduction but
was hydrolyzed to phthalide when refluxed with 20 % HpS0,. TFree
1m1nolactqnei2£:l on attempted column chromatography on neutral
alumina resulted in almost total hydrolysis of the C=N bond to

yield phthalide,

9-3-2 Photolysis of Semi-Rigid N-Bromamides

N-t Butylcyclohexanecarboxamide (26 3)




PhOtQlI§lgngieaéeieunder,theesame—eenditions*as*desribed""""*A

esulted in % facile fo;mation in high yield of trans 4. t- 7 {
. butyl trans 2-bromomethy1 # t butylcyclohexanecarboxamide 32 5

’mand 1505 cm 14and g 2 proton absorption at 6 5. The photo-

product was stable to refluxing benzene and exhibited the -
charaoteristicvbromine-containing parent peak at nye 331 and
333 in 1 1 're.,tio.

£

9-3- o.p Photolysis of trans N—Bromp-4 t- Butyl cis 2 Methyl-

N-t- Butylcyclohexanecarboxamide (27-3) ’/g

Photolysis\of cis-bromamide 27-3’gave as photoproduct a

.compound: with 1ir absorption at 2750-2670 and 1675 cm".l In
contrast to tpe CHgBr signal at 1 6.5 in the photoproduct from
26~ 3, none was observed After neutralization with NaCOa
solution, the 'ir absorption chan;ed to 1700 em ! and ther2750?'
S 2670 cm™! region was eliminated. Nuclear ma‘\Etiogfeeonenoef 7777777 -V/)/f%k4

" “spectra were,,!?ot ‘too informative for structural elucidation

’1W8¥KEEf‘*1ﬁf* fﬁ*‘asaé‘*‘a signals were brogd and clustered

Rl




By ammgy with the Ph°t°PMMf"_

- e e A s

that the iminolactone hydrobromide 22 was formed spontaneously.

C(CHs)s

Mass spectral data of 2& showed the_pérent peak at m/e 251 and

B .

%-4 Competitive Intra- and Intermolecular Hydrogen

structure. 77 ! | | - {//'\\

e |

Abstraction Pracesses

4 - ’ :
The isomeric bromamides 26—3 and 27-3 which were free of

detectable amounts of parent amide, were photolyzed in the manner
deﬁgribed in Chapter 11, The completion of the photoreaction'was
verirded by the negative starch ACOH-KT tegt. The generated

amido radical intermediates were consumed by the two major hyd- f*
’ ’ s .

- rogen abstraction processes. If the T!’igfl abstracted a hyd-
rogen atomfinterﬁolecularly, the parent am;de\would‘beAregenerated.'

‘. If, on the other hand, the amido radical abstracted arh&drogen

atom intramolecularly from the adJacent 2-methy1 substituent,

e -

‘E*Brom“*fh 1c arboxamide or its cyclized analogue. The trans-

o ” L

the elemental analysis was consistent with the free iminolacgone
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bromamide 26 3 gave 32 as the intramolecularly derived photo-~ -

product while 27-3 gave the corresponding iminolactone hydro-
bromide 33.

Care was taken ¥ insure that identical conditions were

“g‘uSed for the photolysis of 26-3 and 27-3. The photolysates were
quantitatively analyzed for parent amide by gas chromatography
{15 % bEGS’column at 180°) with added internal standard‘ Direct

successful due to their unsymmetrical and broad- based elution

characteristics. The photolysate from tranhrbromamide 26 3 was

analyzed directly while ‘the solution from cis—bromamide 27-2 was
first extracted with aqueous Nazcoa solution to liberate the free
. iminolactone 34 The estimated accuracy of analysfilwas 2 %,
It can be seen in Table 9-5 that in benzene which 1acked an easily
abstractable ?ydrogen,ﬁtbe quantity of parent amide regenerated
‘was very small However, - in cyclohexane which is a. good hydrogen
donor, large quantities of parent amide were formed.
In Boivent mixtures of benzene and cyclohexane,,an inter- o |

mediate situation arose.' Here there was coﬁpetition between i
the intra-,and intermolecular hydrogen abstraction procegses.‘

< This competition was the phenomenon based on which the test for /,v
.the requirements,of the attendant transition states_wi11>bé/iadev
The N-t-butylamido radicalﬂlﬂf) such as'26 4 and 2744 has been
shoun to undgzgamdmgenmtraeﬁen exclus}vely’arirff?ﬁ ’*'**"’1" B

Here. B is intramolecularl rea Jfrk/ﬁr 7777777 -

-~
-

g gt o o 3 i
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' ' L Table 9-5 :

Solvent Coﬁpgsition and ,Hydrogen Abstraction Prodicts

"Solvent Composition PercentagevRecovered Intramolecular

% {(v/v) Cyclohexane - Amide - "~ Product?®
. _inBenzene  _ trans - —-eis - —treang——cig T
~ -
100,0 % ) 96.5 = 91,5
. : €
o7 b 37.2®  u5.8° - 62.8% sy
12,0 % 32.2 6.7 ~ ,67.8 83,3
N 8.3% 3202 12,5 = 67.8 . 87.5
0.0-% < 5¢ o¢ . >90°% >90%
% teken as (100% - % intefmolecular produétf,'excépt.in the
last row - - o | T ;
The origin of this unexpected result is not known, §
¢ estimated from preparative experiments é
i
' )
N |
é
S E————————
***** ) :
o X |
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¥2 Ky -

S +—AH ——> A" —> B —— P, - [9-1]

(P2)  SH |
intermolecular intramolecular

are the first order and second order rate constants'for.intraef'

molecularaand intermolecular hydrogen'transfer respectively,

P, and P, are the respective products, It has been found that in

deuterated solvent the rearranged radical B® did not incorporate‘

deuterium (149), - —

_For each isomeric radical [9-2] end [9-3) will hold

*

rate of intramolecular transfer _ k,;[A"] _ ky ,.; [Py]

rate of intermolecular transfer — ko[A*J[SH] "ko[SH] — [P?, |
- P . - [942]
: . ‘71“, c_islw - {Pz] cis _ ’ - '7 - [9_3]

7’ ko trans - [PI]
{P,] trans

*

assuming k2[SH] for cis = ko[SH] for trans. Under identical

. photodecomposition conditions, the rate of the intermolecular
hydrogegf/r;;sfer process of both cis- and. trans-amido radicals

26-4 and 27-4 can be considered to be equal in comparison.to

,ﬂjpglgxpgylggg§§lmgggpr., The relative rate of 1ntramolecular i

’hydrogen transfer of fhe two isomeric amido -radica.ls,r Ky cls/

k; trans, was calculated to be 2.4 for the 12,0 % cyclohexane
solution and 3 3 for the 8 3 %chclohexane solution. ' —
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DISCUSSION

There'151?0'compelling reason to believe that the inter-
atomic;&istancé requirements for intramolecular hydrogen ab-
straction are significantly different between the amido C...N
and the alkoxy C...0 atoms, From Table 9-1 it can be seen that

both cis radical 27-% and trans- radical 26-4 have interatomic

distances within the critical range (2.5 to.2.7 A°) (13%4) of
,alkoxy radical intramolecular hydogen abstraction. The data from
Table 9-5 indicates that with the amido radicals there is-sub--—-
stantial quantity of intermolecular hydrogen abstraction in CYélOf
hexane solvent mixture as opposed to predominantly intramolecular
abstraétion by alkoxy steroidal radicals in cyclohexane (134),
Since the intermolecular distance is not critical for amido
radical reactivity, other factors must exert influence over the
course of the reaction. It 1s-assumed that the reactivity of
these radicals occurs In the ground state. From geometrical
considerations, the amido radical:gndergoing'1ntramoleéulaf
hydrogeﬁrabstraction,must be of £ electronic configuratfon. The
hybrid orbital bearing the unpairéﬁ electron isrsuitably Qriented
toward the abstractable hydrogen. If the amido radical were of
I electronic configqiation, the p orbital bearing the“unbaired
electron would be perpendicular to the amido plane (NCO) and to

(150) or the accelerated rate achieved by steering the reacting
molecules in preferred orientation 1is of commanding importance.




Energies of activation for intermoleculs ' ‘ :

straction from cyclohexane by tripiet state acetophenone (3.3

kcal/mole) (151) are almost identical to thoSe‘fOr'intramolecular
'abstractidn by'triplet state valerophenone (3.5 kcal/mole) 152) »
Assuming that the energies of activation for amido radical intra-

and intermolecular hydrogen abstraction are also similar, 1t 1is

conformational factors which are responsible for the differences

/Wmcnotonic increase in the amount of intramolecularly derived = b

product as the percentage of cyclohexane in the solvent mixture

decreased. This was not decisively shown by the data , especially

'by the trans amido radical 26-4, The reasons for this are not

known. . It may be that changes too smali to'te,detected,by the

analytical technique employed were- prevalent ’PerhaﬁS"aléc'the’
b t- butylcyclohexyl system is not the best model to demonstrate

" the expected conformationally induced phenomena,

The conformational control of photochemicai Y « hydrogen |
abstraction by alkyl phenyl ketones has.beenrdocumentedr The
cis-k-t-butylc&clohexyi“pnenyi ketonegabetracted'hydrogen ex- ,
clusively while the trans- i t-butylcyclohexyl phenyl ketone only |
underwent photoreduction ( 153) * In the photochemistry of the

i,Jmnﬂiligher4¢ield~e£’the'intramoiecﬁlar*ﬁ?draéen transfer
product because of the absence of methyl hydrogen interactions in

‘the traneition state,which,wasiexperienced—by{ﬁhe~203-epimer (127).
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In radical 27—47the axlal 2-methyl substituent enoounters two
1,3 hydrogen-methyl interactions which are absent Ergng—amido
radical, As a result, there is a driving force in cis-amido
radical 27-4 to relieve this interaction by undergoing a partial
ring flattening and, thereby, approaching a coplanar -1like

’transition state. The trans-amido ‘radical 26-4 lacks this

ndrivingiforceiofAsterieistr&inirelief _Even is such steric-'

strain did exist in 26 4, 1t ‘could not undergo ring inversion

' 3
motion without large energy expenditure‘, The results of Table

form a greater amount of intramolecularly derived photoproduct.

'”915"shoﬁ;;th6ﬁgﬁ'Iﬁéoﬁélﬁs1V€1§;Wfﬁﬁf"éisiﬁmidbmrﬁdiﬁal"dﬁés”*”mwmw””"ww
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CHAPTER 11

EXPERIMENTAL

® H

11-1 General Techniques

.The general technieques employed were the same as described in

Chapter L except for the following special features, Infrared

spectra were recorded on the Beckman IR12 spectrophotometer

 Raman spectra were run on the Cary 81 instrument which was equipped

with a helium-neon laser. Column chromatography was carriedlout

~ using Brockmann alumina (neutral, ~activity 1, ' 80-200 mesh).

11-2  Preparation of Reagents | -

11-2-1 Preparation of N-t-Butylacetamide

The N-gfbutylacetemide was prepared from 1.5 ml tfbutyl?.f'f

amine (154). The resultiné solid'was'suhlimed (20°/0.5 mm Hg):
‘m. p. 100-101° (sealed tube), reported (51) m. p. 101-102°. A

single peak appeared on vpc analysis,

11- 2 2 Preparation of t- Butylhypobromite

The t- butylhypobromite was prepared (15&3 from 150 ml NaOCI

10,3 g NaBr and 9.4 ml t-butanol. The product had maximum absorp-

‘tion at 283 nm, - Taking ¢ = 120 (156), the concentration*of the

solution of t- butylhypobromite was 1,18 M (26 % yield)

11-2-3 Preparation of t-Butylhypochlorite
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The t-butylhpochlorite was prepared (¥57) from 200 ml 5 %

NaOCl solution and 15 ml t-butanol. After work-up there resulted
a yellow oil £- butylhypochlorite 55 6 g, 47 %): 1r 690 cm™? (m).’

11-2-4 Ppreparation of N-t- Butyltoluamide (29;1) |

From 1.3 g o- toluic acid and 7 ml t- butylamine (154) was

formed crude N-t- butyltoluamide (1. 48AgJ 81 %), RecryStallizatioﬁ‘

fromvethanoleHgo, gave white solid 29- (0.32 g): m, p.‘74-755;
ir 3420, 1675, 1485 cm !; nmr v 2.8 (4H,s), 4.3 (1H, b), 7.55
“(3Hs s}, 8'."55""(91{;”8’) ’.” . ’

- 11-2-5 Preparation of trans-M-E—Butyl-trans-2-Methyl-th-

Butylcyclohexanecarboxamide (26-2)

’::;> ~ To 0.2 g 26 1 (158)’ in a 25 ml flask equipped with a dry-
ing tube and reflux condenser was: added 0.7 ml. SOCl.,, The conf;
tents were heated for 1 hon a water bath prior to the removal '
of excess . SOClg on the water aspirator.» TO the reeidue was. 7
added 1 ml anhydrous benzene followed by dropwise addition of
0.7 ml t-butylamine inyl ml anhydrous benzene. After heating»to
reflux for 1°'h, 5 ml H,O was added and the mixture was extraeted

"with CHCls (3 x 15 ml). The organic extracts were‘combined,
dried (MgSO,.) and concentrated to giVe crude emide ( 0. 24 g, 94%)

RecrystaIlization from cyclonexane ‘gave white crysﬁ‘Is of

 EEE— 26-2 —{%ﬁﬁ:ﬂ%%&#eﬁﬁ%m 1

11-2-6 Preparation of trans-4-t-Butyl-cis-2-Methyl-N-t-




e

"~ The acld 27-1 (158)! (0.3 g) ahd‘l.z ml SOCl, were treated
in the manner previously“described. To the resulting acid
chloride was added 1.2 ml t-butylamiﬁe in 1.5 ml anhydroﬁs
benzene to form after work- up crude amide ( 0.235 g, 884)..

This material was recrystallized from cyclohexane to form

white crystals of 27-2 ( 0,21 g): m. p..134~135 ; ir 34ko (m),

11-3 General Procedures for N-Halogenation

To a 25 ml round-bottom flask equipped with a reflux
condenser protected by a caCls drying tube was added 0.2 g
amide, 0.6 g t-butylhypochlorite, 10 mg NaCOs and 5 ml CCls. ..

. The flask, protected by Al foll, was subjected to reflux for 2.5

h on the water bath Upon cooling, the solution was filtered
in the dark, The solution in an Al protected flask was then
conce%trated ~ The absence of ir absorption at 690 cm™* in-
dicated that excess i-butylhypochlorite h&d been removed,-

11-3-2 Preparation of N-Bromamides
~ Into a 25 ml erlenmeyer'flask enclbsed'by Al foll and

N
J
11-3-1 Preparation of N-Chloramides ’ R*,}

165Q£m—1, e e o o e WLAAU% ----- e

! This compound was kindly supplied by M,'Tichy.

Ee—



for ir analysis. The absence of absorption at 1500 cm™ was

taken as the end-point of the reaction. In the event that a

E-buﬁylhypobromite solution. The mixture was stirred in an'

ice-bath for 2 h after which time an aliquot was withdrawn

weak absorption remained, the réaction time was prolonged.

Uponmgpmpléi;on of the reaction, theisolutiénvwas con- -
centrated on the rotary evaporator in an ice-water bath. W

During all operations the ¢lask was protected from light.

vaenerally~aboutw1fhmev&poration*wasfneeded~to~attain*&wcon-??~fm”#Wf~*4~

gstant~weight of yellbw-solid residue.

,11;4 ‘Spectroscopic Investigations of Subsfituted N-Halécet-
amides : _ ' ; - 4
Th%vN-methylacefamide and ﬁfg-butylacetamide were‘used as
reference coﬁppﬁhds.' Thé'NQChlorof and Nébromoé derivatives
were ﬁade aécording to the procedufes déséribed. The ir, nmr,

¥

Raman and uv spectra were obtained of éli’fhe‘compounds;

11-4-1 Infrared Determinations
All spectra taken were approximately 104 w/v and were "’

taken using NaCl liquid ir cells. The spectra wére’obtéined

by slowly scanning the carbonyl region (1600-1700 cm™®) -on the

Beckman IR12 gpectrophotometer, The results are shown in Table

9-2, ' ’ ' , ,
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11-4-2  Nuclear Magnetic'Resonance Investigations

samples were concentirated to remQVe tracccﬁchgglEL;mgdgplcc7ﬂ -

All spectra were run in CCl, solution'with'TMS serving as
the internal standard. The chemical shifts‘(ih cps units)
were taken from the parcnflamides. The results obfainedlafe
shown in Table 9-3. | | | |

11-4-3 Raman Investigations S ‘ .

‘The Raman spectra were run on the Cary 81 Reman spectro-

meter equipped with a helium—neon laser, All N-haloamide

- were kept cold and were protected frcm light until use.. The

}

solids and the parent amides were placed directly into the

special probe of the spectrometer. The oily N-bromo-N-methylh R

;acetamide was added into a capillary tube prior to analysis.

The results are given in Table 9-3 for the absorption of the
Amide IV band

11-4—4 Ultraviolet Spectral Studies

All samples were determined in CHoCl, solvent. After
formation of the'appropriatc;N-haloamide and concentratlon‘of
the solvent, an appropfiate volume of CCl, was added to the
residwe for ir analysis, Lack of apsorpticndat ~5400 and 1500

- : . . : ! . .
cm ! confirmed the absence of t-butanol and unreacted amide.

" “The CC1s solutlons were then concentrated to a constant weight.

Mmolthecﬁlask—wasﬁthen~&édeé—%e—e—miAfﬁhgafggand—furthax—suitaxﬂgff ffffff S

diluted for uv analysis, The results obtained.are given in

Table 9-%, o

~
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11-5 Photolysis of Substituted Toluamides

““and subjected to photolysis.

' 11-5-1 FPhotolysis of N-Bromo-N-Methyltoluamide (28-2)

The haloamide 28-2 2 was formed from O. 23 g N-methyltoluamide‘
28-1 1 and 6 ml t -butylhypobromite in the manner previously |

described Following concentration of the, solution,'a yellow
residue (0.37 g) was left which was dissolved in 120 ml benzene

The photolysis ce11 was kept in a water bath at 20°C. The

irradiation ~source was a 200 watt Hanovia medium pressure lamp'

”65MA36 through a pyrex glass filter. The photolysis was permitted.-
to continue for'l,h. The progress of the reaction was monitored’
with the starcthcOH-KI test solution which uas‘negative‘after .
: 0.5 h irradiation. -The benzenetwas concentrated to give a re-
sidue of 0. 31 g. |

| This residue was recrystallized 3 times from CHCls acetone

(1 3) to give a white solid of 30-1: m. p. 205- 2Q§°, ir 3460 (m),

2700 (m), 1700 cm,l; nmr (DZQ),T‘2.1 (4H, m), 4 0. (2H, s), 6.6

(3H, s). |
' Anal, Caled for CgH;éHOBr:' c, 47.39; H,,u.ue; N,
7‘ o '1 6.14, : R -

; B Found: C, 47.#7;'H, #.SI,ANs’S;QS;f

The remainder of the photolysis residue (0.21 g) was

~-dissolved in 20 ml saturated squeous NazCOs. The solution was .

SCR A Y SARERSY-SRINE HH RSV RRE JE

Aextraeteéawith—eﬂgeiﬁL{é—x%Ee—mii———The—organie—extract34were ——

combined, dried (Mgs0s) and concentrated to give solid 31-1

,(0.113_g) ir 1700 cm™!; ymmr 1 2.5 (4H, m), 4.7 (2H, 8), 6.82

-

Lo s S P s e e et dl ot g ciaa e B e e e T T I YT
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(3H, s); ms m/e 148 (M 16), 147 (100), 146 (84), 118 (77)

,Attempted column chromatography of 31-1 on 10 g neutral
alumina (petroleum ether 30:60 as eluant) gave a solid, phthal—
ide: m. p. 69719, reported (159) m. p. 72-73°; ir 1775 cm™!;

H

nmr t 2.5 (4H, m), 4.7 (2H, s).

.11-5-2 Photolysis'of'N-Bromo—NfE-Butyitoluamide (29—2)' :

B ’The‘ﬁ?omamiae 29-2 was synthesized from 29-1 (Oféé g) and

6 ml t-butylhypobromite in the manner previously desribed,  From

the reaction a yellow solid (0.33 g) was obtained. This material

wa.s dissolved in 120 ml anhydrous benzené and photolyzed.

‘ The photolysis éoﬁditions were as ?reﬁiously descrilbed,
After 1 h irradiation, the solut;on‘wag;concentratéd to‘give a
résidué (0.25 g) whichbwas recryétaliized (6.13 g only) from
acetoné:CHCia (3:1)>to yield'white crysfals»of gg;gi m. p. 110~
1;1°; ir 1675 cm™'; nm;r‘z.e(uﬂ,im), 4,1 (2H, s), 8.25 (9H, s).

.The residﬁz.(d.12 g) was dissolved in lormi saturated ngcos

solution, stirred for 0.5 h'and extracted with CHxClz (3 x 10 ml).

{

" The combined Organic'extracts were dried'(MgSO4) and concentrated

to give solid 31-2 (0,07 g): ir 1700, 1650 cm“; nmr 7 2.2 (4H,
m), 4.75 (2H, s), 8.6 (9H, s); ms m/e 189 (M", 12); 174 (100),
134 (71). R

Attemptes to reduce 31-2 (0. o4 g, 1.6 x 107 * moles) with a4

--large excess of‘tiﬁiﬁ;“f0‘15 €, % x 1072 moles) in anhydrous

,mm,,mqf,4«4e$herk£orm24Ahfwere—unsueeess£ui—anu gav* baCk“uﬁl“'Bl-Z.

y
Into a 25 ml round-bottom flask was added 51-2 (0.05 g) and 5

‘ml 20,%,32804, The flask was. fitted with a reflux condenser and -

E
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the contengs were kept at reflux for 3 h, Upon cooling, tho
“ecIﬁticﬁ‘wa“e‘tracted“ith‘CHCi"fBﬁX‘I5‘m1?“*Th€*crganic‘ex*
tracts- were combined, dried (MgSO4) and concentratéépto give a

vellow solid, phthalide (0.03 g): m. p,. 71-72°, reported (159)
m. p. 72-73°; ir 1775 cm '; nmr 1 2.5 (4H, m), 4.7 (2H, s).

P et

-

The ir and nmr'spectra‘were euperimposable with authentic sample, o

_11-6  Photolysis of Isomeric Cyclohexanecarboxamides

11-6-1 Photoiysis of trans-Bromamide 26-3

To a 25 ml Al foil protected erlenmeyer flask was added 5 ml
’ Egbutylhypobromite solution and,26-2 (0.15 g). The contents were -

it e dedia s i et hedieal

magnetically stirred for 2-h at 0°C.. .After 2 h reaction time, an
“aligquot was tested by ir epectroscopy for the absence of an amide 5
. nydrogen absorption at 1500 cm™!, The solid resulting from the

concentration of theisciuticn was dissolved in 120 ml anhydrous

benzene and added'tobthe»phcto-celi kept‘at 20°C. A 200 watt

medium pressure Hanovia lamp placed into a pyrex glass filter

was used as the irradiation source. The photolysis was carried
- out for 45 minutes. However, starch AcOH-KI testing showed that’

the reaction wasressentially complete 1n'0'5 h. The. benzene

solution was concentrated to give a solid residue {0, 22 g)

31;30 3300, 1665, 1505 cm™'; nmb 7 4.3 (1H, b), 6.5 (2H, bs), | | »

7.8 %o 9. 2,,93911,7 m)f Yapour phasechr\&satography _showed that n

the product of this reaction had one major peak in greater than -

90 % quantity and 4 smaller peaks of which one was‘the amide
262 : - , : :

-

T -
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A A pbrtiqn,(O,iSO g) of jhia,pﬁgtoﬁroduct’was subjected
to preparetivevtic on silica gel plates with 2¢ CHa0H in CHCla -

Cowen

‘as the eluting solvent  The appropriate»poition of the pldtes

was scraped off and the silica gel was extracted with 15 ml

CHs0H for_l,h. After concentration of the CH20H solution, thet. .
resulting solid was dissolved in 2’ml»CﬁClé. This solution was
filtered through a sbbrt coludn COntaining\Q,g'neutral'alumina,,"

———-—and-further eiuted with 100 ml CHCla. Uoﬁéenﬁf&fibn»of~the
CHC1s solvent left a solid (0.130 g) which was dlssolved in 1

‘ml acetone:pet. ether 30: :60 (1: Q) and refrigerated Overnight

" were formed white crystals c of 327 m. p 145-135 ; ir 3430 (m),
1665,. 1505 (m) em™; ms w/e 333 t, 27), 331 (o, 27), 8
(18), 316 (18), 276 (64), 274 (59), 252 (100). 7

. .Anal. Calcd fof C;eHaoNOﬁ;; ¢, 57.84%; H, 9;105
R N, h.22. >
"‘K°v, * Found: c, 57.78; H, 9.04; N, 4.25.
About 30 mg of 32 was refluxed in 20 ml benzene for 2 h.

No change was observed in the ir spectrum of the residue.

11-6-2 Photolysis of cis-Bromamide 27~ 3

The N—bromamide was formed from 27 3 (0.147 g) and 5 ml
Efbutylhypobromite in therusual manner. Upon removal- of the
solvent, yellow solid (0.232 g) resulted. This material was

T dissdivea in 120 ml anhydrous benzene and photolyzed in the -
~w~——d——usa&i~manner“for*%ﬁ*min"‘ﬁpﬁnféﬁﬁé‘ntration of the photolysate, - -
there resulted a solid (0.233 g): ir 3350 (m), 1675, 1510 (w) “
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,,_44;44;4omll;faacomplex;nmraapectznm_shoninganoaahaorptionaatvmaﬁliaaa;;;;aaaa;v
Gas chromatography of a basified aliquot of the material showed
one major peak (~ 90%) and three minor peaks none of which cor-
responded to the retention time of amide-QZ:g. .
The photoproducts (0.160 g) were dissolved inl25'm1 sat -
urated NazCOs solution. TO'this'was added 10 mi CHClg and the

mixture was stirred for 30 min. Separation of the layers,

extraction of the aqueous phase with CHCla (2 x 10 ml1) and
drying (MgSO4) of the combin organio extracts gave upon
,,concentration,amsolid,(O OZﬁﬁgl,"ﬂThe resulting,material,wasa,marafwﬂﬁwﬁ
subJected to preparative tlc on silica gel adsorbant with 2% ‘
CH30H in CHCla as eluting solvent mixture. The appropriate
‘large band was scraped off and stirfé‘é with 20 ml CH30H for 1 h
and then filtered. After concentration of the CHzOH solution,
the residue was dissolved in 2 ml CHCl, and filtered through a
small column containing 2 g neutral alumgﬁa;"CHCis (100vq1)' RN
was used~to'f1ushvthe column. After oonCentration of thé CHCla -
solution, 0.06 g solld,was left. This material was twice re-~
crystallized from CHCls:acetone (3:1) solvent pixture to yield
‘a solid, 34: m. p. 92-93°; ir 1700 cm™'; ms m/e 251 (M', 10), .
237 (54), 236 (100). ‘
Anal. Caled for CyeHzgNO: C, 76 4y H, 11 63,
N, 5.57. - - o
 Found: C, 76, 71 H, 11 65, N, 5. 39 .

11-7 Quantitative Aspects of Isomeric N-Bromocyclohexane-

] carbokamide Photolysis"
: £

{ , ;f

Pl
i
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11-7-1 General Procedure ‘ —_

- weight of-residue while taking precautions to avold eXposile.

For the preparation of the N-brgmamides, 50.0 mg amide-
and 4 m1 t-butylhypobromite were used. The reaction eonditions »

were as previously described. After 2 h réaction time, a quantityf

of solution just sufficient to take an ir spectrum was with- |
drawn. Once the absencefof absorption at 1500 cm™! had been

confirmed, the solution was concentrated at 0° to a constant

to light. The solid was then dissolved~in 120 ml of the solvent
or the solvent mixture in which the photolysis was to be done.

‘The photolysis conditions were identieal to those previously

described. After photolysis the solutions were subJected to
vpe quantitative analysis. o

—

11-7-2 Quantitative Analysis

11-7-2-1 Photolysis of trans-Bromamide 26-3

In a»t&pical experiment in the photolysis of 26-3, 0.2 ml
internal standard N-t-butyltoluamide (9.7 mg/5.0 ml CHCls) was
added to a 5. O ml volumetric flask Sufficient photolysate
was added to make 5.0 ml solution which was then concentrated
on the rotary evaporator (15° water bath: temperature) until
all the solvent was removed, Then 0.25 ml CHCls was added and

“the resulting solution was analyzed by vpc using a 15§ DEGS-

column and antoven‘temperature‘or‘IﬂO‘TffTﬁé‘ratioVor'tne area'
of 26-2to internal standard was calculated and with the -

/‘“ ' -
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assistance of a‘previously prepared calibration curve, the

| quantity of 26-2 in the solution was determined. -

‘ 11-7-2-2 Photolysis of cis-Bromamide 27-3

In a typical experiment the solution from the photolysis
of 27-3 was treated with NazC03 solution. After drying of the

| organic photolysis mixture, 5.0 ml were withdrawn and con~-

centrated on the rotary evaporator (water bath at,l5r) To the

residue was added O. 25 mt 2—phenylpropanone internal standard
- solution '(concentration 0,268 mg/ml). The solution was analyzed N
by vpc using a 154 DEGS column and an oven . temperature of»180°,
The ratio of the area of 27-2 to internal standard was calculated
and with the assistance of a previously>prepared calibration

curve, the quantity of 27-2 in the solution was determined.
. B - » ’_\/_/

11-7-3 Solvents Used in The Photolyses
Photolysis experiments were performed using as solvents-
cyclohexane, the mixture of 30 ml cyclohexane and 90 ml benzene, fﬁt
:the mixture of 14.4 ml cyclohexane and 105. 6 ml benzene; and
the mixture of 10 ml,cyclohexane,and 110 ml benzéne. ,The results
‘obtained from the quantitative<analyses were expressed ar the *gr,
'percentage'recovered anides'26 2'and EI:le fhe information

vgleaned is summarized in Table 9- -5
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