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ABSTRACT

/?, ¢ -Dideuteriopropylbenzene was obtained in 84%
yield from deuteration of allylbenzene. WNitration of
this compound resulted in o-nitro (#s¢-dideuteriorropyl)-
benzene, Reduction of this compound gave gw(gaéwdideuterio~
propyljaniline. gn(ﬁ;ngideuteriopropyl)phenyl azide was
prepared by dizovization of the aniline compound, followed

by treatment with sodium azide.

Deconposition cof the agzide in isooctane solution
by photolysis at room temperature gzve no truce of deuterio-

2-~-methylindoline (intramolecular C-H insertion product).

thotolyeis of the azide at the reflux temperature of
the sclvent (QQQC) resulted in the formastion of deuterated-
2~methylindolin¢ as the major product (40%) vield. The
reaction 1s presumed to proceed through arn aryl nitrene
intermediate; Analysié of the nucleur magnetvic resonance
spectrum of This compcund indicates that the nitrene shows
no preference for insertion into the C-H bond versus the

C-D bond (i.e. no kinetic isotore effect) (kﬁ/kD = 1),

When the elevated temperature photolysis is carried
out in the presence of a triplet photosensitizer (xanthen-

O-cne ) the yield of 2-methylindoline is dramatically



Based on these results, arguments are presented
which suggest that intramolecular C-H insertion reactions
of an aryl nitrene proceeds via the intermediacy of a

singlet rather than a trirlet aryl nitrene.
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INCRGDUCEION

Aryl azides in general decompose thermally or
rhotochemically by the loss of molecular nitrogen to
form an intermediate containing a monovalant nitrogen

with a sextet of electrons.

A
N\ e -

These intermediates are known as nitrenes. They
can exist in either the cinglet state in which all the
electrons are spin paired, Ar-N, or in the triplet state

in which two electroens are unpaired, Ar-N:.

An important reaction of aryl nitrene is the inser-
tion into the C-H bond. If the deccmposition is carried
out in a hydrocarbon solvent, intermclecular C-H insertion

products are obtained:

H

i
A v ] Ao T T
AT NB W&I‘ J;\i R + 1\2

If the aromatic azide has an ortho-alkyl group pre-

sent, intramolecular C-E inserticn products can be found.




This work is concerned primarily with the intra-
molecular insertion of aryl nitrene into the C-H bond
: |
in the photolysis of an ortho-alkylphenyl azide.
There are two reagonable mechanisms for the intra-
molecular insertion of nitrene into the C-~-H bond. If‘

the nitrene is in the triplet state, an insertion reac-

tion would be expected to proceed via a free radical

mechanism:
LR-H 3 /R
Ar - OW‘.Ar fast Ar—R
Ns SN-H T A4
E

If the nitrene is in the singlet state, it could insert

into the C-H bond via a concerted reaction involving a

three~centered mechanism,

A{ Ao oL Ty AT — R
* transition H
state

The general goal of this investigation was the
determination of the electronic state of aryl nitrene
which is responsible for the intramolecular C-H inser-

tion product by the use of kinetic isotope effect. It



Se

was thought that 1f trirlet aryl nitrene was resronsi-
ble for the intramolecular insertion product, a rela-
tively large deuterium icotope effect would be observed
when iﬁsertion into a C-~H bond was compared with inser-
tion into a C-D bond. On the other hand, a small kinetic
isotope effect (or none at all) would be expected if

the aryl nitrene is in the singlet state when 1t inserts

intramolecularly into the C-H bond.



CEHECEY ARND BaCKGROUND

I. Nitrenes:

Species contalning a moncvalant nitrogen aton,
i.e., an electron deficient nitrogen atom having a
sextet of electrons in its outer shell, have been

formed as intermediates in a larce number of reactions.

Such intermediates have the general formula K-N, where
R may te a hydrogen, a halogen, an alkyl, an aryl, an
acyl, & culfonyl, etc., and are isoelectreonic with car-
benes. These species nmay theoretically either exist in
the triplet diradical state R-It with unpaired electrons
howvire The comps ordr Giwoodtdom oo 1 TR

S T P H et -
e s e e et N e b e [T N N A Ly Y [ G b‘*’"“t")*“ﬁ“' ::.L(,{L;'\;ﬁ’

i

R-N wherein the electrons are paired,

4 variety of nameg are recommended by various

21 26

. , . . 1,2
authors in tne literature: nitrenes ’ > azenes 5

b]
. o 10,21 4 -
imine radicals™”'"", azacarbene  and others. The term
"imidogen", or imidointermediates has been used in

past years for N-H by chemical abstacts. Currently,

the term "nitrene" is used to describe R-N.

The formaticn of a nitrene intermediate was first
postulated by Stieglitz and Erown in 1921 to account
for the mechanism of the Hofmann, Curtius, Lossen and

32

Eeckman rearrangements, The intermediacy of NH in the



Raschig hydrazine gynthesis from chloramine and

20

anmmonia was suggested by Kaschig in 1924, It was

prorosed that [NBCl]" was formec: initisally which

5

cculd either give NH or attack ammonia directly.
OH™ + NH, C1 — [Nﬁci}”
ENHCl}”’-wm%w NH + C17
NH + NH5 i NQHQ

H, + C17

4

or {N301}“ + NH, = I,

Decompesgition of hydrazoic acid, which is
analogous to the production of carbene from diazomethane,

wias used to gernerate nitrene in 1928,

H,0 R
oY . oy oY RWHLCH
HN, orpp Bp + (NH) —S—» 2

The generzticn of free NH by 2 high temterature
(EOOOOC) pyrolysis or flash photolysis of ammonia was
. &
shown spectroscopically.

. 2000°C
N, =5 ms M+ Hy (or NH + 2H )

The fluoro, chloro, and bromo nitrenes have been
prepared by the photolysis of corresponding azide in
solid argon or nitrogen at 4,29 and their aprearance

observed spectoscepically.l7



X~N5_ I.50%, At X=I + Ng (X =7F, C1, Br )

Frolornged photelysis of mere ceomplex azides
containing a hydrogen at the S5-position in different
solvents led to the conclusion that " activated "
nitrenes are formed which can stabilize themselves

. 4
in three ways:

a) disomerization to imine
b) hydrogen abstraction to give amine
¢) 1,5~ hydrogen abstracticn followed by
cyclization to pyrclicines
Also, dinsertion into the C-H bends and adcitions to the

, i
double tonds were cbzerved.

HC — CE, 2%  HG — CH, —& HC — CH

Ei i 2 C6H12 2( f 2 | t 2
RoHaC //CHQ R§H2C //QHE R.H20 CH
NB’ AN HN
N L
¥
ch — ?Hg B,C = ?Ha “LQQ%” H2? e ?HE
R'.H(zj CH? R.CH- CH2 R.HC CHZ
/S c ( /
NH2 N N

t
H
It was suggested that ar important conformational

recuirement has to be met if cyclizzticn of the activated



nitrene is to proceed smoothly either by the preferred
conformation of the starting rmaterisl or by a conforma-
tion which is populated as a result of thermal eguilibrium,

that is, a " six-membered " transition state:

c-* '““1\‘1’*
d s

To study whether cyclizaticn involved a bond-ingerticn
mechanism or a hydrogen-abstraction pathway (c¢), photo-
lysis was carried out on ( + ) -—4-methylhexyl azide (I)

in cyclohexane., ( + ) ~4-lethylcyclohexylanmine(IT)

£ g N ~ « -~ .- - Lo e £ e e
N2/ )¢ i LaCeliio S LY A= o= WY Ly LU L LG ANE [ R

(16%) were said to have been obtained, presumably ex-

cluaing a bond insertion mechanism in which retention
4

i

of configuraticn was expected.

However, a nurbter of attempbs to repeat this work have
failea.



8,

The thermal decomposition of an aromatic azide,
phenyl azide, in benzene was first studied by Bertho
who ran the reaction at 1500-16000 for 7-8 hours under
pressure and found azobenzene as the main product to-
gether with a small amount of aniline (azobenzene +
amiline = 30%). Wwith p-xylene as the solvent, a much
larger amount of aniline was obtained (43%), due to
hydrogen abstraction frcm the side chain as ngl as
1,2 -di-p-tolylethane(I)(5%) and a small amount of
7

azobenzene,

(O), - CH3OH3 I Nﬁg +
caoge.,.cag «{O)-ex, (O ...,iq

The electron spin resonance spectra ofiaromatic
nitrene intermediates generated at 77°K in a fluoroluble
matrix by U.V. irradiation of the corresponding azide
were detected and ascsigned the triplet ground state for

the CgHg-Ni, o—~CF;CcH, —N:, CHiS0,-N:, and p-CHyCoH,SO,f:



No resonance was observed for C6HilN,C6HSCﬁxCHN,
CaﬁBOCQNQ and C6H5000N3 probatly because they react
further tece gquickly to permit a sufficient concentra-
tion to be detected. The signal for C6H5~N was

stable at 77°K for 18 hours after irradiation was dis-

continued, but disappeared on warming.

The evidence presented thus far indicates that

2

aromatic nitrene cs

i)

n exhibit the prorverties of either

¥

singlet or triplet. The ground state for nitrene is

expected to be the triplet.2 Also, 1f a singlet

nitrene is formed in the primary step, but finds no
aenitahle ovhetrate to roceh with, i+ richt docavy to the

o [ 3

trirlet state.

RN .
% Do o
Ayffjbfwfﬂf he ;:\ﬁﬁ%g
R+f5 vib. R““;%&Eefsgstem% RmNgb‘
. “ 7 crossing
(Vlb?atlonally (Singlet (Triplet
excited) ;E%\% excited) excited)
'@ ™ o€ s
R-§ 4T, e B-R £
(Singlet nitrene) (Triplet nitrene)
¢
v
Insertion ! Addition Abstraction

products products products
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IT. Insertion on Reaction of Nitrenes:

The intermediacy of a nitrene in the decomposi-
tion of o-azidobiaryls to give carbazole was suggmested

in 1957 by Smith and co-workers.o?

H

They found no significant difference in the rate of
decomposition of these azides when different substitu~
ents like hydroxyl or methoxyl groups were placed in
the (B) ring, indicating that decomposition was pro-

tably not z concerted reaction.

Thermal decompesition of 2, 4, 6 - Trimethyl 2-
azidobiphenyl at EBOOC in hexadecane by Smolinsky
gave three products, ldentical to rrimary amine (1)

carbazole (II) and phenanthridine (III)&BS




11.

CH

3 (II-) 5% (III) 50%

‘The results weré raticnalized by a mechanism involv-
ing the loss of nitrogen to give a nitrene, which

could abstract hydrogen to form primary amine, insert
in a C-C bond to form carbazocle and insert intra-
molecularly into a C-H bond to form a dihydrophenantri-

dine.

Smolinsky investigated other intramolecular
C-H insérticn reactions in the thermal decomposition
of ortho-alkylazidobenzene in solution.26 Decomposi~
tion of o-azidocumene in diphenylether formed %-methyl-

indoline anrd ¢o-aminoccumene.

an
15% H

-

Also, o-~azidophenylcyclohexane gave equal amounts of
cig-and trans-— hexahydrocarbazole as the only isolable

compounds.



2
cis & trans (86%)

CelllOvwe

To reduce the oprortunity of reaction of nitrene

with solvents, ortho-substituted phenylazides were

thermolyzed in the vapor phase.27 It was found that

only alkyl groups with gmhydrogens tended to form

indolines.,.

4%% yield

55% yield

—pm PO1YyMET

72% yield

AN

12.



150

Smolinsky found different results in the pyro-

lysis of o-butylphenylbutyl azide in the solution and
27,29

vapor phase.

, I 1T IIT IV
vapor phase% 43 11 1 46
licuid phase% 37 10 29 25

In both cases, ylelds of indoline and tetrahydro-
guinoline (results of insertion reactions) are almost
the same. In the vapor phase, because of\absence of
any solvents, yield of o-butylaniline is very low.
ihtramolecular abstraction of hydrogen results in the
formation of the o~butenylaniline. In the licuid
thase, the hydrogen abstracticn is both inter- and

intramolecular.,

In an effort to identify the electronic state
of the nitrene intermediate in intramolecular inser-
tion reactions, Smolinsky and Feuer studied the de-

composition of optically active o-alkylphenyl azides.28



14,

Optically active l-azido-2-(2-methylbutyl)tenzene
gave opticelly active Z-ethyl, Z2-methylindoline upon
pyrolysis in the gas phase or in diphenyl ether as sol-

vent.

It was asssured that there was 100% retention in the

gas phase btecause the rotation of The product was

close to rotation of pure optically active 2-ethyl,
2-methylindeline. The sclution pyrolysis resulted in

a product with 65% retentiocn of configuration. These
studies provided the first exarples of retention of
optical activity in the insertions of the nitrene into

a C-H bond at an asynmmetric carbon atom. Based on this
result, they proposed that a singlet nitrene is responsi-~
ble for the intramolecular C-~H insertion reaction via a

three~centered trancition state.

A biradical mechanism invclving the intermediacy of

triplet nitrene in which radical reccmbination occur



faster than rotation abcut C~C bond was congidered

by them to te less likely.

Intermediacy of aryl nitrenes have Tteen postu~

Aeted in tie deoxygenation of arometic nitro-and

witrosscom: cunds by the trivalent derivatives of

2 . .
phosthorous. Deoxygenavicn of nitropropylbenzene
in refluxing (150°C) triethylphoephite by Sundberg

resulted ir triethyl N-arylphosphorimidate (I) as

sor product, Z2-methylincoline (I1), insertion pro-
duct, ( ©=7%), o-allylaniline (III), (6~6.5%) and
o-propylaniline (IV), (2-4%).2°

loe SHpvHobEy
F(0C, 5)§
150°¢ - LN=P(0C. hr}
(I)

o CﬁgCH:CHQ p 4_MCI CH. CF5

+ ] O ) | )

H‘ ' kﬁz , “hhg

(11> ° (I1D) (Iv)

In the following table the composition of the anine
mixtures formed by deoxygenation of o-nitropropyl-
benzene ig compared with the corposition of the amine

frection obtaired by vapor thase and solution{tri-

15.

>
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ethylphosphite) pyrolysis of o-azidopropylterzene:

Azide Fyvrolvysis
Compound Deoxygenation Soiution Vavor

43 38 51
C5Hs
O 39 304 49
NHE

‘{.q
m \N‘
Qa
1t
(B
o}
2
+
3
M)
2

triethyl phosphite (150°C) optically active 2-nitro-

l-(2~methylbutyl ))benzene and got 2- ethyl-2-methyl-

indoline in 2%% yield with 50% retention of con-

50

figuration.
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Since the same products in about the scame pro-
portions can be produced in two different reactions,
they concluded that toth, deoxygenation of aromatic
nitro compounds and pyrolysis of aromatic azides must

proceed thrcough a common nitrene intermediate.

Deoxygenation of o-nitropropylbenzene by photo-
lysis was carried out by Sundberg and co-workers at
EOOC and resulted in o-propylaniline (14%) and a lesser

. 4
anount of a rearrangement product.5

N02 NH

’A FOTY Nt ey e TN ‘//k\\..\v T peTT e

U N \4’4”"2'\"""2\«";*5 J;,;\\J\sz‘;;g‘ /‘ z‘m . Q i‘ \JL'&E\,‘LLZ\V'_“$5
i + e ;f
Y, 5,0,ht

2

No traces of the C-H insertion prcducﬁ (2-methylindeoline)
or the intramolecular hydrogen abstraction product (o-
allylaniline) were found under reaction conditions.

Since no significant anmounts of insertiocn products are
formed in the deoxygenation at low temperatures, they
suggested that the activation energies for C-H insertion
and other lrreversible transformations of o-propylphenyl
nitrene are such that the C-~H insertion reaction is com-

petitive at 15000 but not at 5OOC and below.



Hall, Hill and Fargher studied the therwral de-
composition of phenyl azide in aliphatic hydrccartons
ana obtained varying vields of aniline (I), alkyl-

aniline (II), azobenzene (III) and polymer.g’ll

NN =l el

(I11)

Table (I)

Incertion FPreferences of Frhenwl Nitrene

18,

Tvpe of C-H Fond

Solvent 30 2° 1° 39/2°
FPentane - 20 1 -
Isopentane' a7 21 '% 4.6
Butane - 1% 1 -
Isobutane 58 - 1 -
Propane - 25 1 -

FPirst they adopted Smolinsky and Feuers'! hypothesis

that the N-alkylaniline was formed by the intermolecu-



19.

lar incertion of the singlet nitrene into the hydro-
carton C~H bonds. To test this hypothesis they de-
coryosed substitued phenyl azides in mixvtures of cyclo-
hexane and neopentane at 160°C. 4s the solvent com-
rosition changed from pure cyclohexane to 25% cyclo-
hexane~ 75% neopentane, the yielde of the products
“changed charply but the ratio of the aniline to N-
alkylaniline remained cconstant at 4., From this result
together with the fact that insertion intoc secondary
C~H bonds of cyclohexane is much fastver that the pri-
‘mary C-H Ttonds of necpentane, they decided that their
hypothesis was incorrect for, i1f inservion procdauct

was lormed LYy Toe sing

S LeT nmalvrene, sdQlvion

el

e v
[e N SR WS SR S S ¥

O
lald

i
33

<

sclvent, neopentane, snouird cenvert scme of o

ot

re single
to trirlet and the amount of aniline shculd have in-

creased,ll They alsc found that when various meta-~ and

para-substituted phenyl azides were decompoced in n-
butane and iso~butane, the ratio of aniline: N-
alkylaniline was a constant dependent cnly on the sub-

stituent and not on the hydrocarbon used. (Table II)
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Table (II)

Yields of Compounds From Substituted

Fhenyl Azide Decomposition.ll

Substituted  Solvent Amine% N-Alkyl Aniline
Fhenyl amine% N-ilkyl=
Azide aniline
H Rutane A6 5.0 (SRS
Iscobutane 17 2.0 G4
Butane 16 1.4 10
p-methyl
Isobutane 21 2.1 9.9
Eutane 12 0.2 77
p-~-chloro
Isobutane 5.9 0.1 77
Butane 25 1.8 14
m-methyl
Isobutane 31 2e3 14

The constancy of aniline: N-alkylaniline ratio led to
the conclusiocn that toth of these products were being

formed from the same intermediate, the anilino radical.

/C ¢HoNER
RH

Y o
CeHghy, — C6E51\e —% OgHgN» =%~ C HoH

RO HgNE

With the stepwise process indicated, a large hydrogen

isotope effect should be observable. To verify this,



21,

phenyl azide was decomposed in Z2-methylpropane and in
2-methyl 2-deuteriopropane. The ratio of insertion
into primary versus tertiary C-H tond was found to be
1:88 for 2-methylpropane and 1:21 for Z2-methyl-2-
deuteriopropane. This result shows an isotope effect
kH/k};) of 4.1 which indicates a removal of a hydrogen
“pricr to the product forming step. The value is too
large to ﬁe accounted for by a concerted insertion of
singlet prhenylnitrene into the C-~H bond. Also, phenyl

azide was deccmposed in optically active 2-phenyl-

butane.
?6H5 C6H5
CH,CH - CH.CH, » o
U6h5m5 e A s U6u5m§-y*mungum5
: H CH5

Comparison of the Z2-anilino-Z-phenylbutane formed
with the optically pure material showed that the inser-
tion had proceeded with a maximum of 40% net retention
of configuration, i.e., 30% of the radicals had inverted.
If the mechanism involved a direct insertion ef a sing-
let nitrene into the C-H bond, the conformation about
an asymmetric carbon would be expected to remain un-
effected. Rased on the aforementioned evidence there-
fore, Hall and co-workers concluded that intermolecular

C-H insertion proceeds via a triplet aromatic nitrene.
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Contrasted with this finding, is Smolinsky and Feuers'
conclusgion that intramolecular C-H incertion occurs

through a singlet aromatic nitrere (vide infra).

IITI. Kinetic Isotore Effeot:15’l6

The vibrational and rotational energy levels of
a-system depend upon the atomic masses. Atoms in a
melecule are in metion ana the melecule is under normal
vibrations even when it ie in lcwest energy state, This
vibrational energy, which always exists is called the
zerc point energy. Eecause the atoms within a molecule
are vibrating, replacing one atom by ite' isotorpe
changeg the vibrational ensrav levele of the molecule.

o

ot
6}
i

el

Since they affect the energy of the sys &, Changes

in the vibrational energy affect the rates of reaction.

As the mass of the isotore increases, the vibrational
frecuency and consecuently, the vibrational energy of the
system decreases., Therefore, D-C, D-0O, D-N bonds, etc.,
have lower. zero point energies that the corresponding

H-C, H-O, H~N bonds, etc., in the came vibrational level.
As a result, completve cissociation of a deuterium bcnd
recuires more energy than that for a corresponding hydrogen

tond in the same environment.

Isotore effect provides a very valuatle tool
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for determination of mechanisms of reacticns. ZFer
exanrle, in the btromination of acetone:

_ CH,COCH.Br + HET

CH,CUCH, + Er, g CHZCOCH

The fact that the rate is indepencent of bromine con-
centration led to tne postulate that the rate dever-~

rining step was tautomerization of acetone.

7 \ _slov, ~v _oocn
CHBCCCH5 = Yo n5 %an
CH

2
The rate deterrining tautomerizaticn step involves
cleavage of a C-H bond. Thus, there chculd be a sub-

. '
A
o v

i
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In fact, tke deuterium isctope effect was fourd to be

about 7. (i.e. the kH/kD: 7).

If a resction is a severzl step process, the
magnitude of the observed kinetic isotore effect will
naturally depend uron the imxrortsance of the ster in-
volving bond treakage to hydrogen or deuterium. when
this bond breakage 1s not the rate determiring step,
smaller values for the kinetic isotope effect, or no

kinetic 1sotope effect will be obeserved.

Deterium isctope effects range from 1 (no

isotore effect at all) to 9. Tritium isotope effect
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is numerically larger., Icotope effects have also been
observed with other elements but, they are much smalier,

about 1.02 - 1.10.

The effecte associatec with reacvicns in which
hydrogen or deuteriur tcnds are trokern, are callied
lprimary isotope effects. '1The repiacement of hydrogen
by deuterium alsc affects the rate of reactions where
thece bonds are not being broken. These smaller effects

are called secondary isotcre efiects,

Icsotope effects have also Tbeen uced in the de-~
termination of the electroric state of aryl nitrene in
its insertion into the C-H tond of hydrocarbon solvent

(vide infra). 2,11

12,19

encsitization: The [ransfer of Excitztion Energy

7
n

Iv.

The absorption of light ty meclecules or atonms,
which normally exist in a state of minimum electronic
energy or ground state, raises them to a less steble
state of higher electronic energy or excited state.
Excited species can lose their excess energy by
emission of radiation and/or the loss to surroundings
through collision. The excitation energy can also te

utilized to excite another species electrenically in-
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volving décay of the first excitea~cpecies to the
ground state. This phenomena is called energy trans-—
fer or sensitization. Ior such a tTransfer to occur,
the excitation energy of the acceptor should not exceed

that of the donor molecule.

Iriplet energy transfer can be reyresented as follows:

D ——& D*(Singlet) —e= D* (Triplet)

D* (Triplet) + A =——-w= D + A* (Triplet)

In the above equations, D is the doncr mclecule, A is

the acceptor and the asterisk designates an excited

P B C s

: T T T S A e
[, N e W R PR N R LR A1 KW ALl W LT L D LT

those that abesorb at longer wave lengths than the accep-
tor and are photochemically unreactive. In this study,
xanthen~-Q~-one with a triplet energy of 74 K cal/mcle,

was used ag a btriplet photosensitizer.
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The following diagram shows the trirlet energy trans-

fer in sensitization:

~{ no

S , k S
— — Y5,

Donor Acceptor

In the above diagram, Sg, Sl’ and Tl represent the singlet
ground state, the excited singlet state and the triplet

state respectively.
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‘In all the experiments, prcducts were identified
by the compariscon of their vpce retention times an
intrared specta with the retention times and spectra

of known compounds.

The infrared specira were obtained using rerkine
Elmer infrared spectrorhotometers, lcdels No. 457 and

No. 137.

The nuclear magnetic rescnance spectra were obe-
tained on a Vsrian Associstes A-B60 spectrometer and
are recorded in tauvu values from an internal Silied

standard,

The photolysis were carried out in a Kayonet
Srinivasan-~-Griffin Fhotochemical Reactor, kodel No.

1%263%.

Vpce analysis were obtaired using an I & M, ilodel
810, dual column chromatograph, ecuived with a flame
ionization detector. The colupn used was a $5.5.,
7' x 1/8", packed with 5% carbowax 20 I on 80-100
mesh chromosorb W(H.P,). The flow rate of helium
carrier gas was approximately 25c.c./min. The approxi-

mate temperature settings were: 1injection port 1800,
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detector 22009 oven 110°C. Injection of 1-10 1 were

used for analytical determination.

Preparative vpc was carried out on an Aerograph
Auvutoprep lodel A-700 equipped with a thermoconductivity
detector. The preparative columns used were a S.S.
lQ' x 1/4" packed with 20% carbowax - %% potassium
hydroxide on 20 mesh fluoro-pack (for isclation and
collection of deuterio~-Z2-methylindoline) and a S.S.

6' x 1/4" packed with 20% carbowax - 5% potassium
hydroxide on 60-~80 mesh chrom P (for isolation and
collection of propyl- and allylanilines). The flow
rate of helinm carrier ras in‘hnth cacee were B0ne /min,
The approximate temperature settings were: dinjection
port 225°, detector 240°, oven 155°, and collector
230°¢C.,

The isooctane used as solvent for prhotolysis was
Frillips 99 + mole%. The bis(2-methoxyethyl) ether of
ethylene glycol (1-6-1) which was used as the internal
standard in the analytical vpc was purchased from
Fastman Kodak and was purifiéd by fractional distilla-

tion over sodium.,
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A sample of calculations (experiment No.VIII)

which were used to otvtain product yields is chown

below:
Standard Soliutiocn oxperirental Solution
azide unreacted azide (=.)
T o = 1-6=1 (g,
.peak ares reak azrea of azide
Teax peak arez of internal
standard
unreacted azide
- 0:3829
29
545
unreacted azide = 0.014%8g.
140 o s
0.0159 x 100 = &4 .6% unrescted azide
0.%208

I. Deuteration of Allylbenzene

50g. (0.424 mole) Allyltenzene (Aldrich) was dis-
solved in 150 ml metharol ard the mixture poured into
a 500 ml centrifuge bottle containing O.lg. of 10%
palladium on charcoal (latheson) as catalyst. The
bottle was then placed on a %910 shaker type hydro-
genetion apparatus, Parr Instrument Company, and

deuteration commenced. During the deuteration time
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(ca. 1% hour), the shaker was stopred several tires
for a pericd of 2 few minutes tc perxit the solution

to cool down to room temrerature.

The same procedure was repeated for 62.5z(0.530
mole) and 61.5g (0.521 mole) guantities of allylbenzene.
118 p.s.i. of deuterium was uced for 174 g allylbenzene

“which was almost theoretical (i.e. 1.475 moles of

deuterium).

After remcval of the catalyst by filtration,
the solution was distilledvffom a wabter bath using a
12 inch vigreoux column., when all of the nmethsnol had
come off, sn 0il bath was used to distill the .7 ~dideuterio~
rropylbenzene. A cclorless licuild was obtzined at 155OC
(150g., 85% yield)*. 7The purity of material was chown

to be greater than 99% by vpe.
&) o

The infrared spectrum (neat) of the materisl was
virtually identical with thaet exhibited by n-propyl-
benzene except for the C-D bond stretching at 4¢5p

(2200 en™ )0,

* b.p. of n-propylbenzene is 15900.
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I1. of 4sE-Dideuteriopronylbenzene "

0]

A nitrating solution was prepare

joF
o
<l
.
=
%Ja
4
b
=)
53

78& 1wl of fuming niutric acid (Pisher), 71

o
£
},.-
O
sl

48]
bt
Ay
@]
d
&S]
B

acetic acid (Baker), and €2 ml of acetic anhydride
(Figher). ZRefore mixing, every component was cooled

in an ice bath.

The cold solution was added drecpwise, during
ca.4 hours, o a etirred sclution of 150g. B:gmdideuteriam
rropyvltenzene in 556 ml acetic anhydride in a 2 liter
2-neck flask. The temperature was kept at mEOC to 0°C

with the use of an ice-salt bath.

when tThe addition was complete, the coluticn was

poured onte ca. 2 liter

i

of dce and permitted vo stir up

.
b

te room temperature. A

HA

’7

e gaturating with salt
orgenic layver was geparsted. fThe waler layver was extrach-
ed sucessively with three 200 ml portions of ether. The

combined ether extracts were acded to the first

golution was neutralized with 10% KCOH sclu-—

ticn, washed well with distillied water and dried over

oo,
},\L gkn,z Uz( &

After sepsration of magnesium sulfate by filtra-
tien, ether was removed by means of a rotatory evaporater

under reduced pressure.
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using a Todd column (S0 c¢m length by
diameter), “he distillation was cond
prescure and fractions were Taken as

Ged S y T O { »
Ko, of fraction EB.F. C Amount(gz,

9}

g o

I 50«55 10.25

2

IL 2

1.%5

ITT 123 44,80

v 124126 17.50

v 126130 6.60

The identity of wvarious fractions

by vpe and intrared ctroscopv.
.,E &

i
e L

e yield of o-nitre (4.4

benzene (based on the fractions

The infrared (neat) sho

ml\
/

(15%0cm ml)

and 7.4 ]

tic of the CmEOPbOnd

12 mm

Chas

internal

at 12
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racterizat
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material

a mixture of
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wnich are characte
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o-nitro
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1. 2%
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IIL. Reducyion of o-WNitro (#:¥-Dideuteriopropyl)-

€2 g, (C.%

0

nole) o-Nitro(A.:g-dideuteriopropyl)-
benzene + 110 g. tin (losey reazent, latheson) were
rlaced in a one liter flask and 220 ml concentrated
hydrochloric acid (Baker) was added slowly, cocling
when necesgary by means of an ice bath. The flack was
then heated on a bolling water bath for 3 hours. At
the end of this time, after cooling to room temyperature,

the reacticn mixture was transierred to & 2 liter threew

400 ml water was carefully

SN S
{1 B SRV

stean distilled, The distilliate was with salt

Y S o~ L A ey 115
and then extracsed with ether, Ihe et

solucion was

extracted twice witn 150 ml portions of

™o

N hydrochloric

acid,

Trhe scid extracts were combined, washed with ether

tralized with godium hyvdroxide (10%).

result-

1NE suspensieon was extracied

into ether. Uhe ether ey-

tract was washed thoroughly with water and dried over

U )

aAfter the removal of the drying agent by Ifiltration,

-

wog distilled off uruer reduced pressure
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a rotatory evaporator. Further distillation under re-

duced pressure (15mm) gave 1%.8 g.

yield) of a

. . T Yoy o ' . o
clear licuid at 107-1C97C. Gasg chromatos

it to be greater than 99% pure. The

(’\

infrared spectrun
. . 5 . , N

(neat) showed Lwo peaks ab 3500 cm and %400 cm

characteristic ¢f the N-~H stretching vibrations for

) . &
primary amines.

IV. Preparation of o=(8:d-Diceuteriopro cpvl)the

19 g. (0.14 role) o-(£:4 ~Dideuteriopropyl)aniline

e
e
i3]
QJ
[N
6}

sgolved in 56 ml water and 32 ml concentrated

hydrochleric acid (RBaker). sdditional water was added

Keaction was carried out in a 2
gsome ice in it to keep The temperature at O
solution of 10.5 g. (0.15 mole) sodium nitrite (Fisher)

L

ater was dropped into the beaker

i
h
=

stirring
-0 et - e .
- 57C. Stirring wae cenvinued for one more hour &t

s

this temperature. Then a solution of 9 g. (0.14 mole)

of scdium azide in %% ml water was addcd slow-
ly, while occasionully adding ice to maintain the tempera-
L. - ey O o O A L 1 G . . e g

ture at 07"~ 57°C. After the addition was complete, the

reacuvion mixture was permitte

£

Qr

To stir up to room tempera-

ture.
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The rezction miwxture was then extracted with
petroleum ether ( % x 150 ml ), wached with 10% sodium
carbonate several times, wacned with wadter until neutral

-

=) : Y o o : T R 3 ey &
and dried over magresium sulfate. LThe dryl

filtered off and the scliution was concent

rotatery evsporator to a volume of about 25 ml.

Chropatopraphy of this solution on alumina (120 g.,

200 meen, activity 1,

the eluent affcorded a yellow c¢il which was shown To be

S0% pure bty vpe., This o0il was molecularly distilled

. . - - O . - ~r .-
at 0.0% wmm and 607°C to give 9.75 g. of azide (42% yield).

NS
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. o A -1 . 1 .
peaks, one at 4.8C %,(ao@o cm” T ) and the other at 8§

- L " , .
(1500cn™ ) which are characteristic of the thg straetche

ing vibrations of azide,

V. Thotolysis of o-(%:f -Dicdeuteriorrorhyl)thenyl

; o e o 3

i r"'} <':.t e Nt o ey ey T

4‘& P de. foe nOoem Lem |9 i ie .
oty ot 8

Qw(@xﬁ ~Dideuterioproryl)rhenyl azide 0.0523% g
(0.0003%32 mole) and 0.07%2 g. 1-6-1 as an internal
tandard were diluted to 100 ml with isococtane. The
solution was transferred to a cuartz reacticn vessel
and alternately evacuazted (using & water aspirator)

wa X

and fluched (with E.D. grade nitrogen, Katheson) several
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fats

azide reacted to give th

is material (possibly an azo-

isrd + 0.0687 g. (0.C00%5 mole)
wenthen-GO~one was diluted to 100 ml with isococtane.
The solution was transferred to a cuartz reaction

vescel and alternately evacueted (by means of a water

S o v

it P 4 i en e e ) to . T gy oo
The photolyeis woe carried cult unter a bhlanket

of nitrogen uvsing 5500 4 UV,

stirring the
T ag e ey ] veTe talrer ot avery 20 Cet e amd
oluticn, samrles were U axen at every 20 minutes anda

analyzed by vpc. The photolysis

hours. 4t the end of

o~ o~ T3 L i NN £ T P o e e for X ey N A
mainad. Sy whe comparligson ol the retention tines of

products on vpe and the retentiocn times of known

H

compounds, it was debtermined that The products were

e

o-nitro(4:¥ ~dideuteriopropyl)benzene (29.0%) and

(f) euteriopropyl)sniline (2.0%).
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with iscoctane and sclution was traneferred to a cguartz

reaction vessel.
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The photolysis was
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MPR The sane condle

ticns and

were

obtained: Deuterio-2~methylindoline, 4.0%; o-nitro-

(4:¢ ~dideutericpropyl Ybenzene, %.4%

 ~didevtericm



propyl)aniline, %6.0%; o-sllylaniline, €.7%; 8.2% and

-0/ r ; LIS I g ~ e «
11.%% 1for the fifth and sixth roake.
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azide 0.3109 g. (0.001808 mcle) and 0.492% g. 1-6-1
v

ted to %300 ml with iscoctane and
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e o B e - o e T - e e g 1Y e
to 8 guartz reasction vescel. The
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under nitrogen

cf this periocd, only

lindoline and Gdling,

Presumed to be o-allylaniline.

photolysis was repeated on two more batches
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fication of three tasic precucts. Deuterio=
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Z-methylindoline wag obtalned. ‘he infrared grectrum
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two products ( o-propyleniline and g-allylaniline)

2re also characterized by

s 3 rr ey Prre, e
eir infrared spectra.

“4
o




A'[‘E) @

1

o

T

-+

Ther

I3
&

low

be
e

P
A

.

or

10

1
SeN

ropyl)phenyl o

+

terio

Q‘D

DO

3
|

C1

P

B
<

Il

i

T3
PSR-

C

w CHAC

qﬁg

o,

RS
A e

Y]
~5\4
P

M

AL

Lok

T

=
K
&)
&
o
O
N
o

H
P
&
.\mt
-
¥
Y
Y

~
N

et

\%‘

(v



47

4, 8-Dideuteriopropylbenzene (II) was prepared
in 84% yield by deuteration of allylbenzene (I). The
product purity was greater than 99% as determined by
gas chromatography. The infrared spectrum of the pro-
duct was identical with that exhitited by n-propyl-
benzene except for a peak at 4.5 (22OOcm"1) for C-D
gstretching vibration,6 No peak for C=C stretching was

observed.

Nitration of #,4-dideuteriopropylbenzene (II)
in écetic anhydride using a mixture of fuming nitric
acid, glacial acetic acid and acetic anhydride_ggve
a mixture of ortho-, meta-, and para-~ isomers, Fractional
distillation under reduced pressure (15 m m.) using a
Tcdd'column gave o-nitro(f,y-dideuterioproryl )benzene
(III) in 3%8% yield. The purity of the product was
shown to be greater than 99% by vpc. The infrared
spectrum of the material showed two sharp peaks at
6.7 p(1500em™1) and 7.4 g (1350cm™%) indicating the

presence of C-w\TO2 bond,6

o-(#,8-Dideuteriopropyl)aniline (IV) was pre-
pared in 38% yield by reduction of o-nitro-(#s;¢-dideuterio-
propyl)benzene (III) using hydrochloric acid and tin as
a reducing agent. Steam distillation followed by dis-

tillation under reduced pressure (15 mm. ) was used for



the isolation and purification of ithe prcduct, Gag chroma-—

D)

togravhy showed the proouct to be 9S% pure, e infrared

spectrum showed two peais

’
i
N
LS
L]
Sy
H

Dideuterioproyl )phenyl

p -
s8]
N
Buad
oy
w
P
<
ot
Ny
=3
o0
n
3
¥
W
H

“F & e - .
o yield by reactions of o~(4:§~dideuteriopro-

Dariline (IV) and sodium nitrite in hydrochloric acid

of the diazonium chloride (V) as intermediate.)

Ffollowed by addition of scdium azide. Column chromsto-

akh T

graphy (alumine and pentane used as

respectively) and then wmolecular distillation (pressurs
0.0% m m.) were used for purificati or rag

Yy 3 o vy e By Wl vy A R [~ S ST T
chromatography showed the nreduct to

octane ag the golvent in & cuarts reaschtion vegoel under o

3
T R P & o e - P P e s TToAF s v
blanket of nitrogen using %3500 A U.V. andc crocuct

were ldentified by the comparison of their vpc retention

ot
1
(6]
0
o
o3
e
ot
5
[o]
%._.3 -
i3
Pty
4
o)
H
D
o

spectra with the retention times and
the known compounds. The results of photolysi

are given in the followineg takle (IT1I):

&



seriovronyl )y

- 2 Ape ot A i
Sxveriment Temp.  Azide C-AT1yl
noles/ ~S-ona wriline
Fn
¢

|

1 2640 0,00

2 26-L0  0.00220 - - 1

e s o e 0 e 2 A 7 o o B 2 2 v v U 7 3 s e <o a4 T a0 T D 0 A s o B3 B SR M 083 $98 o P T A e S o9 WA R 0 e £ 7 ) D 30 A S e T B T 50 ) S D OB o R T o ) S0 0 W e o T 7 4 D e D )
1
% "7 H MY AN T ~ o~
: SO0 ST LTS e}
A 2 {/”‘-ro Wen UL VISV DA - oS - 49.2

V1
-

1, y vy 2T p 3 s
2 2710 0,C0316 O 1.2 - 20.5

o s e B gy o o A Y N e WD S e S L 4 R S e G e e SR S D R T TS W e S Gn %S 9GN3 KPR ST B DOD M 4 70y D AT W T Mg e €U G W A %% T R ) AR TR D M AT WD D KD W A B D O R D WGP T Y O ) M o A rw NS T WP S A G5 O o e e

UTT ~ D020 Nereclok] e T o™
T prep, 20-39 0,00203 o e - 11.3
e s et e v s st < ot 32 e s 7 e s 8. 0 8 e e . 3 . 3 13 <t e e

%

19.4 -

19.2 -

o s s e T TR T R D SR WD T D R T o e awy e s ek e o 0 TS5 e R e S T AR AT ferd A A s WD T WY WS S O D e o e o AL 3 TR TS W oy (PO S s B TR B TR R PG S AN T A WD W G Ty TR TS N N o S S rt S A W M O MO W8 ST ST R T D

. 7z
. 1Z2.0 16.7 =

1 refiux -
X
o o) i ~ - -’
TTYED, 2 - p) 13,5 16,7 -

O




50.

oy

v

e

e

N

tl

e
i

L%

-y

iT

)

vl
« ¥

N
G NG

LR

4
e dan U2 a4

-1

el
s

‘oline,

S
na

hvl

A b

<.

L
o

4

4

- e b

i
N e

G

Y

tane

SCOC

-
e

of

ne

%

3
-
7

d

.

1

e

T €T

rese ¥

11

berg

I's}
A

A

2

Y oen e ot
nser

ir

<
“

v -
o nd ok

eglec

<

o
e

Mk

o
Y




is I.-11 and co-workers' conclueglon that the intermolecu-

Y s oy e o ey e PR . Do e
lar C~H incerticon reacilons procesd via Uritv

y o e
nievrere.,

To recolve this

to obtain evidence wrhich would rermit us to know 1if a

singlet or a o

aryl nitrere 1s resyonsible for the

intramoleculiar C~H insertion preduct in tne photolysis

of o-propylrhenyl azide. ‘e ¥-dideutericpronyl )-

phenyl azide was prepared (vide supra) ana phovolyzed.
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lost in. transition state (II), Hence reaction (I)

should have a larger kH/kD than (II).

Preparative photolysis of g~(0:iwdideuteriepropyl)~
phenyl azide at reflux temperature resulted in the forma-
tion of three products: 2-methylindoline (I) (insertiony
product), o-dideuteriopropylaniline (II) (intermolecular
abstraction product) and o-allylaniline (III) (intra-
molecular abstraction product) (Experiment No. X |

. Table 3) ®

~CH,CHDCH,D ‘ -
| : : —=—t | D - and/ory . .
Ny reflux |{ ~ A H2D Q N H2D
H H
(1)
CH pCHDCHLD CH CD=CHD
NHA

(11) (III)

The intrared spectrum (in CClq)lof (I) was
identical with that exhibited by Z2-methylindoline
except for the C-D stretching vibration. Nuclear magnetic
resonance spectra of (I) was almost identical with
the spectra of unlabeled 2-methylindoline. Integration

of the methyne proton area (6.15f) showed a decrease
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5% o-nitro(f:d-cide and 2%

~(£,8-dideuteriony 2ce of 2

methylindeline (intramolecular insertion preduct of

nitrene into C-F bond) was obtained.

FLOTOLYSLS av tne

resulted in a 40% yield of Z-metvhylindoline, together
N RL ~ - s s
a 15%% ol 2 16% of o
allylaniline. The nuclear resenance gpectrum

of & concerted res

ntered

mechanisr and not through the intermediacy of the trip-

let state gince the latter would be expected to give
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in the presence of a ensitvizer (xanthen-

G-one ) resulted in only 5% nevhylindoline, together

with 40% of o-propylaniline, &% of o-allylaniline,

-

reture of isooctane

3% of o-nitropropylbenzene and two other products. This

o

§f

~ K

result sugges that Lriplet npitrene is nolt respongible

for the formation of the insertion products because if
were not, more Z-methylindoline would have been fermed

the presence of the triplet sensitizer.

it



from

1)

2)

AN
S~

Wz concerned LTie

ar C-HE ine-

themeselves which might benefit

further studies, namely:

To study the formation c¢f o-nitropropylbenzene

resulving from the reoom temperabure }botolvﬁ”o

ySLE

of o~propylphenylazide in the presence and

L]

X

absence of the triplet vhctoge

tds

LLeT .

pO )

o
:g._.-’ -
o
e

i A
ravure

P RN G S S - o . . P P | P ° - - o 3
cuantitatively converted in tne room i

C et "
LCLEEe .




-~
j—ry

m

I
y:
e

O
M’

10)

£
~

N A Neurmo i
Teo anc Newnan., I

WIR 5

ot

<AL

Hev.,

64, 145 (1964)

Auvdrieth, L.r., Colton, Z., an

76, 1428

Moe., d.

Admer. Chen. Soc.

and Morgs

-]

an, L.k., dJr., J. Chen.

Soc., 622 (1962)

ReGe.y J. Amer. Chen.

1

nfrared Spectra of Complex

-
O

CeDey and Jenkins, wel., de.
Sy
(1857)

Ve D0 ey e vy i Wil o
nen, 2.0,, Organic York, kcGraw-

Cempany,

Hill Fook



fod
AT

T Y ) R . e A e
Literlesg, A., Intrcoucticn

Y

ey o
WEPLCHENNS

ritical

298 \/O uvx:r

o dds o

Chexistry, New York,
cE, T. 215-216

's., 35, 372 (1961)

1“&'; ® .}3: e 5 J @ C h@m 3 }'1::)'”8 LK)

Keckers, D.C., kKechanistic Crganic }%oLOVL-f

New York: HReinrold Fublieni

p. 46-50

sor “OI”lLWCE*

Smolinsky, G., ¢. hAmer. Chem. Soc., 83, 2489 (1901)

gmolincky, G., J. Crg. Chewm., 26, 4108 (1%61)

T e - PIUURE A : v 5 oy S
LA e G. ¢ ANG reuel el J. Aimer. Chem. Soc. s

(1864)




no
\D
~

W
O
S

31)

32)

2

34)

-

cmolinsky, G., and Feuer, RB.I.
3097 (1964 )

I -
Ll i
IO LIS

3882 (1906)

Swolinsky, G., wasserman, L., and Yager,
Chem. Soc., 84, %220 (1%€2)

Amer,

Stieglitz,
42, 1270 (1<22)

I8
;]

D

P
SUna

NP ] T
2 ?»O:g .ff{e\}og (S

>

. - - ™ Yy e ™ T
Sundberg, R.Jd., Das, B.F., anc

J. Amer. Chen., Loc., 9

s o T e m e o
g e g ANG deyer A e I ° 5

J., and Browrn, R.L.. J. imer.
% % %

J. Crg. Chem., 29

g



	Determination of the electronic state of aryl nitrenes in an intramolecular C-H insertion reaction
	Recommended Citation

	Copyright Warning & Restrictions
	Personal Information Statement
	Title Page
	Abstract (1 of 2)
	Abstract (2 of 2)

	Approval Page
	Acknowledgement
	Table of Contents (1 of 2)
	Table of Contents (2 of 2)
	Introduction
	Theory and Background
	Experimental
	Results & Discussion
	Conclusion
	Recommendation
	References

	List of Tables

