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ABSTRACT

Three topics are reviewed: the use of photosensitive
protecting groups, the photochemistry of zzides and the reactions
of nitrenes formed by the decomposition of azides.

The photolysis of a suitable aryl azide is proposed as the
basis for a photosensitive protecting group for carboxylic acids
and alcohols. This is based on the finding that the methyl ether
and benzoate ester or ortho-azido—~B-phenethyl alcohol produced indole
and, in the latter case; benzoic acid on photolysis. The photolysis
of this and related systems was investigated.

A better yield of benzoic acid (65-70%) was obtained by
irradiating 5-azido-4-benzoyloxymethyl-l-methoxynaphthalene. This
result led to the attempt to prepare 4-azido-5~benzoyloxyphenanthrene,
which was expected to give benzoic acid quantitatively on photolysis.

]

Attempts to prepare this v;§ a 4—-carbonylnitrene-5-hydroxymethyl=-
phenanthrene intermediate failed. A novel Schmidt reaction for a
lactone and a new reaction of H-tosyloxyimides with sodium borohydride
are described in this section.

The_nitrite ester of 4-~hydroxy-4-methyl-l, 2, 3, 4, 5, 6, 7, 8-
octahydrephenanthrene was photolysed to give 4~hydroxy—-4-methyl-5-
oximino-l, 2, 3, 4, 5, 6, 7, 8-octahydrophenanthrene. The Semmler
aromatisation of this and related compounds was investigated and

applied to the eventual formation of &-amino~5~methylphenanthrene.

This amine could not be converted to an azide and its diazonium der-



ivative underwent a Mascarelli reaction under very mild
conditions.

Some nitration reactions were investigated with a view to
using them in synthesis. The stability of an aryl azide to free
radicals was discovered when ortho-azidotoluene was converted to

ortho~azidobenzyl bromide with N-bromosuccinimide.
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REVIEW




Photosensitive Protecting Groups

Organic chemists duving synthetic work have always been
bedevilled by the need to protect semsitive groups during a synthesis.
A large variety of protecting groups is available, but these are
all subsequently removed by chemical means% which may sometimes be
troublesome. Thus in recent years attention has been turned to the
design of a protecting group which is stable to a wide range of
chemical reagents but which can be removed efficiently by irradiation.

Two such photosensitive protecting groups (1)2, (2)3 are

available for carboxylictacids,
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Amino acids have been protected as the benzylurethane (3)4.
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The other type of photo~solvolysis originally studied by
Zimmerman has also been used as the basis of a photosensitive pro-

tecting group for amino acids (4)7’8 aud phosphatesg.

OGWHCHRCOOH | by OH
0 N + RCHCOOH
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(4)
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This is based on the photolysis of meta-nitrophenyltrityl

ether (5)591'O
O'—CPh

- |
Z E ‘ i o HOCPh3
| “< E \N/ 65
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\
(5) \’\,

The beauty of these two protecting groups is that the sub-

stituents stabilise them to solvolysis under thermal conditions,
but enhance solvolysis on irradiation. These reagents are
potentially useful as general photosensitive protecting groups for
acids and alcohols.

In the photochemical literature there are some photo-solvolyses
11,12

and photo—~elimination reactions which could doubtless be

exploited as protecting groups, for examp1e13

\
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We have chosen to investigate the possibility of using an
azide photolysis as the basis for a photosensitive protecting
group for alcohols and acids and a review of the photochemistry
of azides follows. Azides and nitrenes have been reviewed pre-

.. 14-22 . .
viously, but in the light of recent work an attempt has been

made here to be more definitive about the mechanisms invelved and

the nature of the intermediates in their reactioms.

Photolysis of Azides

When azides are irradiated or pyrolysed they lose nitrogen
generating nitrenes which react further. The intermediacy of
nitrenes can explain the products isolated from the photolysis of
azides, but this is not the only possible mechanism. Other
plausible mechanisms whereby the azide reacts with a substrate
and the adduct loses nitrogen have been more or less rigorously
excluded in several cases. These will ke dealt with in some detail
later.

The formation of nitreme intermediates has been detected by
various physical techniques, for example the appearance of a nitrene
ultra-violet absorption spectrum, when several azides were

irradiated at 77°K 23,24

. For one of these azides, 2~azidobiphenyl
(6), the quantum yield for the generation of 2-nitrenobiphenyl at

77°K was the same as for the formation of carbazole at 25°C, which
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was the photo-product isoiated. Hence a nitrene is indeed the

intermediate in the reaction and is not confined to photolysis in

a solid matrix at 77°K 23.
N3 | ki3 L’ N

(6)
Another technique used to study the intermediate was ESR.

Photolysis of alkylzs, ary126w29

26,27 30
, sulphonyl™ *"", cyanogen™ and

20 . . . . 0 I
carboalkoxy™ azides in a rigid matrix at 77 K gave spectra showing
triplet nitrenes, confirming calculations that the triplet state is
the nitrene ground statesl. This does not, however, imply that
photolysis of azides in solution at room temperature generates triplet
nitrenes, indeed this would be a forbidden process.

Chemical evidence for the formation of nitrenes is the trapping

of photolytically generated sulphonyl nitrenes32 and carboxy-~

nitrenes32933 and thermally produced aryl nitrenes34 (7, By, (9.
SO2N3
% (CHy),8 LN, X — 80,-W=5(CE, ).,
CH (1)
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h
- < ~N=5=0 ~
thNB + (CH3),80 Y Phﬁ : (8)
0 CH,
0
ArN3 + CO é‘_\ ATTCO (9)

The kinetics of the thermal decomposition of many azides has
been studied. In agreement with the nitrene mechanism the rate of
loss of azide and evolution of nitrogen has first order kinetics
and is virtually independent of the nature of the solvent. The

. . . 3541 .
activation energy is 32-48 Kcal/mole . In the photolytic
reactions the rate depends on the Jight intensity and no useful
investigation of the kinetics can be done. The rate is independent
of concentration showing that only a single azide molecule is
. . . 42
involved in the primary process .

. 15, 15 __
When labelled cyanogen azide =N=N""-C=N was decomposed at

-+

4000, cyanonitrene 15N=C=N15 and nitrogen H 15 was produced. Loss

2
of half thc labelled nitrogen and the equal distribution of the
label it.etween the two nitrogen atoms in the symmetrical cyanonitrene
was demonstrated when the nitrene was ailowed to react and the
43~46 P . .

products analysed . This 1s excellent evidence for a nitrene and
it has beer argued by analogy that any other azide with the same
reactions as cyanogen azide also reacts via a nitrene intermediate.

There are several other possible precursors for nitrenes eg.

. . . . ., 46-49

nitro or nitroso compounds with triethyl phosphite or ferrous

0xsalate50, N (p-nitrobenzenesulphonyloxy)-urethanes with ba5951,

photolysis of nitrile oxidessz, photolysis of Nmphenylvspiro-oxazirane;
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Becsause of the similarity of the products formed from all these
reactions, it has been suggested that they react via a common
intermediate. Such analogies must be considered with reservation
and evidence for participation of nitrenes is required in all cases.
This discussion will be restricted to the generation of nitrenes

by photolysis and pyrolysis of azides.

Elimination of Nitrogen from Azides 42

This has been considered only in the case of aryl azides. The
excited states of aryl azides are essentially those of the parent
hydrocarbon. In addition there is a longer wavelength, lower
intensity np* level arising from the promotion of a non~bonding
electron from a nitrogen atom,’ This is the lowest singlet state
of the molecule. Light is absorbad by the aromatic system as a
whole and the requisite energy for dissociation is localised in the
N-N bond.

Three possibilities have been considered for the resulting
elimination of nitrogen. It could be eliminated by the uncoupling
of the spins of the electrons forming the ¢ bond between the first
and second nitrogen atoms of the azide group. This would require an
optically accessible triplet excited state of the azide (To*), and
hence, because of the requirement for spin conservation, triplet

nitrene and triplet nitrogen to be generated. WNo triplet nitrogen
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was found54 and the chemistry of the nitrenes produced show that
they are in the singlet state. Thus this mechanism can be
rejected.

Another possibility is that the molecule is promoted to some
spontaneously dissociative state. In other words, a reduction in
the o'bond order between the first and second nitrbgen atoms occurs
on excitation. However, Hzckel molecular orbital calculations show
a decrease in Tibond order but not o bond order onwn* and -1y
excitation. The disscciation energy is of the order of 17-20 Kcal/
mole, so that this cannot be considered a spontanecusly dissociative
state.

The third mechanism postulated was that after electronic
excitation, vibrational energy in excess of the bonding energy is
supplied to a critical vibrational mode. The only transition re-
leasing encugh energy for bond fission iswm® — G.S. (Fig. I).
Thus absorption in the main T:nd populates a T excited singlet
state followed by rapid internal conversion to the lowest excited

wi* singlet state. Further internal conversion to a vibrationally
excited ground state releases enough energy to effect bond rupture.

When a monochromator was used te irradiate l-azidonaphthalene,
a quantum yield of unity was obtained when the wavelength used was
such as to excite the molecule to the Q“Ef11j1* level, but some-
what less when thewm* level was populated directly. This implies

that internal conversion and dissociation are very fast processes
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Fi6. 1.—Potential energy diagram of RN-—N; bond in l-az'idonaphtha}qqg; )
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and compete with vibrational deactivation to the lowest vibrat-
ional level of the particular excited electronic state. Thus a
molecule cascading from a higher excited state produces a hntter
ground state molecule than an¥Ti* excited molecule, and the losé
of nitrogen is more efficient.

The efficiency of the photolytic dissociation of the azide
alsb depends on the ease with which the vibraticnal energy in the
aromatic nucleus is transferred to the azide side chain. This is
probably the reason for the difference in quantum yield between
l-naphthyl azide cor l—anthryl azide (1.00 z 0.02) and phenyl azide
(0.53 b 0.10). Naphthalene and anthracene are polarised in the
direction of the short axis sc¢ that there is a better phase
relationship between the vibrational modes of the aromatic nucleus
and that of the bond to be broken than in phenyl azide.

The thermal decomposition of azides simply involves vibrational

excitation of the ground state.

Spin Multipliicity

*
Rﬂ3s T = triplet state
R $ = ginglet state
- - 3T Wr 1
g Agfﬂr”’/,f” RmB = ground state azide
%

= RN L RN, = excited azide

PRODUCTS i
hy RN = nitrene
I
PRODUCTS |
] !
\L { Fig. II

N
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Figure II is a simple representation of the possible processes
which can occur on photolysis of an azide. Spin conservation‘
dictates that the ground state z2zide be excited to the singleéstate
RNB:' This can lose nitrogen giving singlet nitrene RNS which can
react with suitable substrates or convert to the ground state trip-
let nitrene RNT which undergces other reactioms. Altermatively, if
the excited singlerazide has a sufficiently long half-life, it may
%
3T which then

and nitrogen.

undergo inter~system crossing to the triplet azide RN
dissociates and gives triplet nitrene RNT
The rate of collapse cf a singlet nitrene to a triplet groﬁnd
state nitrene is temperature dependent and has an activaticn energy.
Since inter-system crossing is a forbidden process, the activation
energy may be necessary to excite the singletnitrene molecule to
a higher vibrational level where the potential ecnergy surfaces of
the singlet and triplet nitrenes intefgct, so that collapse to the
triplet state is possible. If, altermatively, inter—system crossing
is induced by collisionwith solvent molecules, the activation energy
may be necessary to enable the nitrene to apprcach very close to a
solvent mcleculess.
A singlet nitrene is best considered as spz hybridisedzo' One
orbital is used for the covalent bond, twe others contazin an electron
pair and the remainiﬁg p orbital is empty. There is mo net spin and

. . .. . 56 .
it typically behaves as an electron deficient species™ . A triplet
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nitrene is sp hybridised, one orbital is used for the covalent
bond and the other for an electron pair. The other two electrons
have like spins and occﬁpy separate p orbitals. It reacts as a
diradical.

This simple picture will in general explain the products
obtained in azide photochemistry, and is supported by some sens-
itiser and quencher studies which will be dealt with later57. For
instance, it was found that all the tfiplet carbethoxy nitrene
(NCOzEt) came from the singlet nitrene when this was generated by
a~elimination from N(p~nitrobenzenesulphonyloxy)~urethane and basess.
On the other hand, when ethyl azido-formate was photolysed, only
two thirds of the triplet nitrene originated in this way and one
third came directly from the azidesg. This 30% might well have
come from the triplet excited azide.

However, the situation is not so clear and the nature of R in
RN3 may determine the course of the reaction, so that it may not be
legitimate to generalise results of experiments on one class of
azide to all azides. Experiments with triplet sensitisers show
that the triplet energy for alkyl azides is 75-80 Kcal/mole, phenyl
azide 1is 75 Kcal/mole and ethyl azidoformate is 79 Kcallmoleéo.
Thus quenching by piperylene with a triplet energy of 49 Kcal/mole
should occur at a diffusion controlled rate. In fact, triphenyl

methylazide and isobutylazide lost nitrogen at the same rate whether

or not piperylene was present, and there was no isomeriation frem
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R . 1 . . . .
cls to trans plperylene6 . This shows that no triplet azide is

formed or that loss of nitrogen is faster than collision with
solvent molecules. The latter is unlikely since the lifetime of
the excited aryl azide is wore than 10—6 sec.43 (ie. a decay rate
of less than 106 per second) while diffusion controlled rates are
generally about 109 1. molemlsecul.

Furthermore, the gquantum yield for nitrogen evolution from
élkylazides is 0.7 - 0.2 and if nitrogen is lost from an excited
triplet azide, the quantum yield for inter—system crossing RN3:

— RN3; would have to be at least 0.7 - 0.9. The energy of the
lowest excited singlet state is about 100 Kcal/mole629 so that the
energy difference between the first excited singletand triplet
states is 20 - 25 Kecal/mole. Comparision with other systems with

an energy difference in this range suggests that 0.7 ~ 0.9 is too
high for the inter-system croésing60. Hence nitrogen must be
eliminated from the lowest excited singlet azide and not the triplet.

60
Sensitised Photolysis

When a photolysis is sensitised by a triplet sensitiser whese
triplet energy exceads that of the lowasst excited triplet state of
the substrate, the maximum rate of photolysis will be diffusion

wl). If the triplet energy of the

contreclied (k ~ 109 1.mole“1sec
sensitiser is less than that of the substrate the rate will be

much slower because the deficiency has to be made up as thermal
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activation energy.

For a number of alkyl azides investigated, only with the
highest energy sensitisers did nearly every molecule of azide
sensitised icse nitrogen ie. sufficient energy was transferred at
almost every collision. However, the low energy sensitisers were
more effective than expected.

The operation of these has been explained by postulating
“Phantom triplets'' am energy transfer to a non-spectroscopic trip-

let state63. While the azide group in RW, is linear in the ground

3
state, extended ankel molecular orbital calculations have shown
that in the first excited state, there are two energy minima,
for 6 = 140° and 2200, where © is the angle Nﬁ&. The transoid
form (6 = 1400) is the more stable of the two and is more stable
than the linear onme (& = 180°) by 4.8 ¥cal/mole. If the low energy
sensitisers give rise to this bent phantom triplet azide, this
would explain why they are more efficient than anticipated assum-
ing Franck Condon transitions. Furthermore, scmz ground state mole-
cules will be in bent vibrationally excited states and another
process may occur whersby these are excited to a bent triplet state,
requiring even less energy. It could.be that the bent config-
urations are non-~dissociative states and an activation energy is
required to give a suitable form for loss of nitrogen. On the

other hand, high energy sensitisers may produce a triplet on the

dissociative portion of the potential energy surface, so that only
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when the highest triplet energy sensitiser (phenyl cyclopropyl
ketone E. 74.4 Kcal/mole) was used was every sensitised molacule
dissociated.

Thus conclusiouns drawn from sensitiser experiments wmust be
considered with reservations, %ecause the triplets produced in

a sensitised photolysis are not necessarily identical to those

produced in a direct photolysis.

Reactions of Nitrenes Derived from Azides

Having discussed the operation of the primary processes which
occur when an azide is irradiated, we are now in a position to
consider the fate of the nitreme thus generated. The nitrene nitrecgen,
with six electrons, takes every opportunity of reacting with its
enviromment to “defrustrate®™ itself and attain an octet structure.

If the enviromment is inert, it merely fraguwents. Thus on flash
photolysis of ethyl azidoformate in carbon dioxide, isccyanate

radicals were formed, but in the presence of cyclohexene, addition

occurred and no isocyanate radicals were detected53’64’65.
NSCOZEt-———y————é N, 4 NCO + OEt

The discussion is limited to the chemistry of nitrenes derived
from azides. Bearing in mind that photolytically generated nitrenes
are derived from electronically excited azides, while tlermally

generated nitrenes are derived from vibrationally excited azides,
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these two types will be dealt with together.

The objective will be to summarise the different possible
reactions and the evidence that nitrenes are in fact the inter-
mediates and to consider the evidence for the spin states of the

nitrenes concerned.

Azo-—compound formation

ICoION

(10)

66
2 N.COOEt 0 NN 10}, CH=NCO, Bt

H2W
@ 1\2
R
3

Direct irradiation of a suitably substituted aryl azide

can give an azo-compound (10) usually in low or variable yie1d35’6]n69.

When the photolysis is sensitised, for example of 2-azidcbiphenyl
with acetophenone, the yield of azo-compound markedly increases,
whereas in the presence of piperylene.g triplet quencher - hardly
any azo-compound is obtained but carbazole is obtained in excellent
yield57. This result indicates that this product (10) is formed by

a reaction involving a triplet species, either by attack of a nitrene
on a long lived triplet azide or by the combination of two triplet
nitrenes originating from triplet azide molecules. Flash photolysis
expériments showed that both processes can occur. At high nitrene

concentrations direct dimerisation of triplet nitrenes produces the
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azo~compound, while at low nitrene concentrations it is formed

by reaction of a triplet nitrene and an azide7ou

Reaction with Olefins

A nitrene can add across an olefinic double bond to form an
aziridine (11)55’58964’71—78. This is a comparatively facile re-
action and addition to the double bond in cyclohexene proceeds thirty

six times as fast as insertion into the non-allylic C-H bonds in

the molecule37.

--H 55,71
N.COCH, + ‘ Y 5 | Nco.cr
3°925"3 ™ / 2%H3
o
(11)

The stercochemistry of this reaction has been treated in the

19,50 greln

same way as has the addition of a carbene to an olefin
has postulated79 that singlet carbenes add across a C»C in a single
step and hence sterwspecifically. Triplet carbenes first react with
the olefin to form one C~C bond giving a diradical which has to
undergo a spin inversion before ring closure is possible. This
process allows time for rotation about the former C=C and an equil~
ibrium is set up between the twe conformers. Hence triplet carbenes
give a mixture of isomeric cycloprepanes.

Applying the same considerations tc nitrenes, it was found that

photclysis of methyl azidoformate in either cis or trans but-2-ene

71
gave the corresponding aziyidine about 90% sterecospecifically -
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This stereospecificity shows that it is singlet nitrgﬁes which add
to olefins. However, this does not imply that tripiét nitrenes
cannot add to olefins. Indeed, the fact that the addition was not
1007 stereospecific shows that some of the singlet nitrene had
collapsed to the triplet state before reacting and this led to

some non-stereospecific addition, The photolytic reaction betwegn
ethyl azidoformate and an olefin is never cowpletely stereospecific.
Even at very high olefin concentrations where collision between the
singlet nitrene and a molecule of olefin is faster than inter~system
crossing to a triplet nitrene, the reaction is not 1007 sterospecific.
This observation and some supporting kinetics show that not all the
triplet nitrene is derived from singlet nitrene molecules, but

about 30% is formed directly from the excited azidesg.

At low olefin concentrations, inter-system crossing by the
singlet nitrene can occur before intermolecular reactions. Thus in
very dilute solutions although singlet nitrenes are formed at first,
it is mainly triplet nitrenes which react with the olefin. In
accordance with Skell's hypothesis, it was found that the reaction
was not very stereospecific in dilute solutionsss’58’59’72.
Extrapolation of these results to infinite dilution showed that
in the presence of exclusively triplet nitrenes the reaction is not
entirely stereorandom. This has been ‘nterpreted as showing that
the rate of interfsystem crossing is comparable to the rate of

rotation about the C-C. Also, the nitrene reacts more rapidly with
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the trans olefin than with the cis isomer, because of the con-
siderable increase in strain involved in the formation of a cis-
aziridiness.
Thus we have the two extremes of singlet nitrenes adding

stercospecifically to olefins and triplet nitrenes adding without
ruiention. Support for the validity of this analogy with carbenes
comes from the generation of the postulated intermediates by
photolysis of a triazoleso. Direct photolysis of the triazole (12)
gives the singlet molecule (13) which undergoes ring closure to
an aziridine with reasonable retention of configuration, When
benzophenone, a triplet sensitiser, was present, the intermediate
isvformed in the triplet state (14) and has to undergo spin
inversion before rapidly coupling to give the aziridine. During
the time necessary for this, rotation occurs and a mixture of cis

and trans isomers results.

i’ ’ i ;Ma?-”"‘f>

v '
// \ﬁyj} Ph’/N 7 trans 66% cis 22%

trans (I2) (13)

Ph

42% 54%

by
HhCOPh
Ph H h MEH
¢ — ,
H
T 7 R Me



So far we have assumed that an authentic nitrene édds to
the olefin and that the olefin plays mo part in the dissociation
of the azide. This is generally true, but there are cases where
other mechanisms occur. For instance, the reduction in the
activation energy and a negative activation entropy for loss of
nitrogen from p-methoxy phenylazide (15) in refluxing indene com-
pared with other solvents, indicate a concerted reaction in

which nitrogen is lost and the ring is formed simultaneously3 .

OV Oy
\ m—@—@‘vﬂs

O
(15) r»/J

OCH3

The alternative mechanism, formation of a triazoline eg (16)
which loses nitrogen, has a precedent in the thermal reaction of

azides with olefins, below the decomposition temperature of the

azide81_84.
COP®
~l Qn
- NB?;’HT \.«; 40" NCORH)
0 N
(16)
85,86
N7
N Iy
(Y L)Ly _#X D
N
o DL liI'

Br
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It has, however, been rigorously excluded for the photolysis
of ethyl azidoformate in cyclohexene where no triazole was found
when the photclysis was stopped before completion. A plot of the
rate of evoluticn of nitrogen against the intensity of the azide
peak in the infra-red spectrum was a straight line up to 757 reaction,
showing that a triazoline intermediate is not involved., Finally,
the rate of loss of nitrogen was the same in cyclohexane and
cyclohexene showing that the decomposition of the azide is in-
dependent of the solvent 64’73.

In an addition reaction the C=C can be a benzene double bond.

When ethyl azidoformate is irradiated in benzene, the initially

formed aziridine (17) isomerises to the W-carbethoxyazepine (18)
88-92

. CO, B ¥ = ' —
PHE + W,00; — __NCOOEF
om A\ X
17) : - 90
() @) o’

When it was irradiated in a mixture of benzene and cyclo-

hexene both (18) and the azividine from cyclohexene were formed.

As the dilution was increased thereby increasing the concentration

of triplet nitrene the ratio of azepine tc aziridine became very small.
The yield of azepine was almust Co while that ¢of the aziridine was

a reasonable 167 when the concentration was as low as 0.1%Z. These
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experiments show that unlike 1,2 addition to olefins only singlet
. 93
nitrenes add tc benzene ™ ~.
Good evidence for a discrete nitrene intermediate is provided

by the isotope distribution in the products when labelled cyanogen

azide was heated in p-xylene and the azepine degrade%;é.
133

Me

*
VE,
22,50 original ¥7

5150 original T2
Other experiments with xylenes and durenes show that cnly

ring expansion occurs on reaction with nitrenes and no insertion

into the methyl groups takes place. Thus this reaction is more facile

than C-H insertion89’93’94.

There is only one example of an eryl nitrene reacting in this

mannergs° Indeed this is the only reported addition of an aryl

nitrene acress a C=C.
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Ring expansion is not the only possible fate of the aziridine
intermediate (17). Reactions such as the formation of 1-
anthrylurethane (12} from ethyl azidoformate and anthracene,
which appear to be iusertion of a nitrene intoc a C-~H bond proceed
mainly by addition of a singlet nitreune to the aromatic C=C with
most double bond character. While the 9-anthrylurethane (20) and
some of (19) are formed by a two step radical addition of a triplet
nitrene, it is only at high dilution that the 9:1 isomer ratio is

typical for radical substitution reactionsgé. CO. Tt

A

PuC1

i

NEDQéEﬁ NHD@@E% + H ONCOEEﬁ

|

(19) .Ancther examuln of an aylrldlne intermediate in what appears
tc be an insertion reaction into an aryl C~H bond is the formation
of sulphonamide> (27} from sulphonyl azides eg. (21) in benzene

97"101. An attempt to trap this intermediate (23) with tetra-

cyanoethylenelog did not give the anticipated adduct (22), but

an adduct (26) of the ring expanded compound (24) and the yield
of sulphoramide (27) was only 6%. In neat benzene, 547 (27) was
obtained and no azepine (24). This means that there is an

equilibrium between the aziridine (23), azepine (24) and (25).94
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Under the reaction comditioms, heatimg at 120°C, (24) is too
mstable relative to (2%) to B isclated, although it is formed

more readily and camw therefore Te trepped Ty tetracyarnoeihylene.

Ne I '
~— 7 4 cmgsmbmé + PR A4

.. ¥
w7 N e T ’ NS0, O,
(23)
NG 1
ich “'29H§ @
NG T
. . / NS@ZCE?}K —
(22)
Fes80: CH
. 2O
(2%) (24)
V

NES@)? CE]3 NC:

NG
(em) (26)
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Reaction with Dienes

Photolysis of ethylazidoformate in hutadiene gave only the

1,2 adduct (28) and no 1,4 adduct71.

The conversion of 2,5~dimethylthiophene to N-carbethoxy-2,5-di-
methylpyrrole (29) was considered to proceed via a 1l,4-cyclo-addition.
The alternative, a 1,2-cyclo~addition of the nitrene to 2,5-~dimethyl~

thiophene followed by isomerisation, was not rigorously disproved

,,léiﬁngx\\%v N3C02Et 5Jél,€> rd
S s

|
7
N A

The only unambiguous case of a 1l,4~addition reaction is the

C@z Bt

(29)

reaction of thermally generated cyanonitreme and cyclo-octatetraene
It is suggested that this is a two step reaction of triplet cyano-
nitrene, but it is apparent from the photolysis of ethyl azidoformate
ig isoprene at high dilution, that triplet nitrenes add exclusively

"y
1,2 to dieneslbé' - — TON

1, ONF . e




Reactions of Vinyl Azides

A special case of the reaction of a nitrene with a C=C is the
photolysis or pyrolysis of vir -l azides. These react intra-

20,105-114 109,110
eg. .

molecularly giving a 2H-azirine (30)

/
hgg; :::TN
- > /

(30y

This is a very facile reaction, so much so that onvapour phase

N
N3

pyrolysis of o-methyl-a-azidostyrene only the azirine and no C-H

insertion product was obtainedlaé. This result could also be

interpreted as evidence against a discrete nitrene intermediate in

the formation of azirines.

Terminal vinyl nitrenes are anomalous, preferring to give

products other than azirines eg. (31)20=108’

P
Ph\\\v—-*-f’//ﬁ; ~;§2§5= ] O £§> 887,
Ph N 1ty g [::::::I::iﬁ
i} Hr

(31)
The reason for this behaviour is not known. The preference for
indole formation cannot solely be due to steric factors since
a~azidostilbene (32) gave the corresponding azirine (33)20’1085‘115

quantitatively.
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" \M
(33)

In the case of B~a21dostyrene (34), indole and phenyl-

lOO%
Pﬁ

acetonitrile are formed on hsating in n-hexadecane (b.p,287OC),
but phenylazirine (35) is formed on photolysisl14 or heating in
petroleum ether (bp 100-105°C). Ph

Ph

, NS
S 43%
i Ng Ozgg . 287pc ¥
(34) (( 35)
287°¢ N\ PRCH,CN  43%
7 2

When (35) was heated in n-hexadecane, indole and phenylacetonitrile
were produced in exactly the same proportions and yield as when (34)
was treated in the same way. Ividently the azirine is the inter-
mediate in the formation of indole and the azide is not behaving

anomalously113.

An interesting example is the photolysis or pyrolysis of phenyl

azide. Phenyl nitrene is clearly a virvl nitrene, and the azirine

53,68,°1,

(36) has been trapped by base and JH-azepine (37) isolated

116,117 PRI,
dgem
b PRI = —>
b, _;§L_> Phi

(36 =
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A suggestion that the absence of hydrogen abstraction products
might be due to a synchronous loss of nitrogen and ring formation
was refuted by showing that meta substituents had no effect on the
activation energy for loss of nitrogen. A substituent meta to the

azide group is ortho or para to the site of cyclisation and were there

a concerted process the presence of an electron withdrawing or
donating substituent would be reflected in the relative easg of loss
of nitrogenlls. Photolysis of phenyl azide has once been reported to
yield benzotriazole35 and it is conceivable that this rather than

phenylnitrene might be an intermediate in the formation of the azirine.

There has been no investigation of this point.

Insertion Reactions

A nitrene can insert into a suitably situated C-H bond. Some
illustrative examples are shown overleaf.

To date there has been no report of z photochemical equivalent
of the thermal conversioﬁ of (38) to (40), where an aryl nitrene
(39) inserts into an alkyl side chain, whereas examples are known
for carboalkoxynitren;f49henyl nitrene has little tendency tc undergo
intermolecular C-H insertion reactions. It has been tentatively
suggested that this difference in behaviour may be due to delocalisation
of electron deficiency in singlet phenyl nitrene which is not possible

in cyanonitrene and carbethoxynitrene because these two have electron-

withdrawing substituents. Extended Huckel calculations show an
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appreciable negative charge on the nitrogen atom of singlet phenyl

. . : e . 6
nitrene making it less electrophilic than the other nltrenes5 .

Other examples

120-125

36,57,127-135

oy
5% (00~

67,137,138

5
2086
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39,40,64,73,74,101,
139-144
i 139
N,COBE ”““*“"59 :>—~4NHCO Tt S5
41) 42)
101,119,135,145

CH,SON,  + ) IR0 — 725 7

The pyrolytic insertion reaction (38) -—= (40) is
stereospecific, proceeding with total retention of configuration.
Thus it is inferred that insertion is a single step reaction of a
singlet nitrenme and also that the geometry of the intermediate (39)
favours insertion into a C-H bond where C is five atoms away from
N. A triplet nitrene would involve a dirvadical intermediate in a two
step reaction and this would only be stereospecific if spin inversion
and radical coupling were faster than isomerisation at the carbon
atom136.

However, insertion reactions are not always completely stereo-
specific. Indeed (40) is only formed with complete retention
when the azide (38) is pyrolysed im the vapour phase; in boiling

diphenyl ether the reaction is only 60% stereospecific20’101’136.



On the other hand the insertion reaction of 2-methylbutyl azido-
formate (43) proceeds with 907 retention of configuration in
boiling diphenylether and only 21% in the vapour phase20’143’144.

On photolysis in carbon tetrachloride (44) was obtained 100%

stereospecifica11y144°
d//’\\\J;,/"\\\ hy | :;ifin_.; .
J\ | 300 7 0N
0 ~N3 H
(43} 8 (+) (44) R(+)

To explain these results it is necessary to refine the concept
of the single step reaction via intermediate (39). It is better to
consider this as a two step process in which the singlet nitrene
abstracts a hydrogen atom producing a diradical intermediate (45)
in which the spins are paired. Bond formation tc give the cyclic
product (44} then occurs very rapidly so that, unlike a triplet
diradical in which time is required for spin inversion to obtain

(45), no rotation is possible and the reaction proceeds with

retention of configuration.

ey (44)

(45)
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In the vapour phase, a vibrationally excited nitrene is obtained
where the vibrations prevent rapid ring closure. This allows time
for inversion to occur and hence a reduction in stereospecificity.
In solution, however, solvent molecules make the vibrationally
excited nitrenes rapidly cascade tc the lowest vibrational level of
the excited state where coupling of the diradical is rapid and
hence stereospecific. The reduction in stercospecificity cannot be
explained by assuming that some singlet nitrene molecules collapse
to the triplet state and these, like triplet cyanonitrene44245
insert in a stereo-random manner, since it has been shown that
the same species of carbethoxynitrene inserts into cyclohexane
as adds to benzene; ie. only singlet and not triplet carbethoxy-
nitrenes undergo insertion reaction393= There is no evidence for
a similar limitation on arylnitrenes and singlet arylnitrenes are
more easily converted to the triplet state than are singlet carbe-
thoxynitrenesél. Thus the reduction in stereospecificity observed
when (38} is pyrolysed in solution may be due to the fact that
both singlet and triplet nitrenes insert.

There are other examples of this difference between arylnitrenes
and carboalkoxynitrenes. Pyrolysis of azidoformate in cyclohexane
gave increased insertion and reduced hydrogen abstraction (see page 4T/ )
in the presence of meta-dinitrobenzene, a radical trap. This can
be explained by assuming that insertion is a reaction of singlet
nitrenes and abstraction is a reaction of triplet nitrenes. It could

be that the imine radical ROCONH' first produced catalyses singlet
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to triplet inter-system crossing, but in the presence of a radical
trap, this is captured and more singlet nitrene product is obtained
40,142 e . .
. The converse was found on sensitising the photolysis of
ethyl azidoformate in dioxan. The yield of the abstraction product
was increased at the expense of the insertion reaction, showing
. . . . . . 139
that singlet carbethoxynitrenes insert in direct photolysis .
liowever, by showing that the abstraction:insertion ratio was con-
stant in various solvents for a wide range of concentrations it
was deduced that both aniline (the hydrogen abstraction product)
and the insertion products obtained on pyrclysis of phenyl azide
in a hydrocarbon came from triplet phenyl nitrene. Were the
_insertion product to come from a singlet nitrene, very little would
be found at low concentrations and there would be much more aniline
than in concentrated solutions. When the hydrocarbon was 2-phenyl-
. . . 146

butane it was partially racemised .

Carbonyl nitrenes behave like carbethoxynitrenes only inserting
in the singlet state; on sensitisation of the photolysis of

. . . 147

hexanoyl azide only abstraction products were obtained .

The evidence for nitrene intermediates in insertion reactions
is based mainly on analogies. All potential nitrene precursors undergo
insertion reactions and this has often been used as a diagnostic
test for a nitrene intermediate. Quantitative comparison of the

relative reactivities of nitrenes derived from pyrolysis and photolysis

of ethyl azidcformate and o elimination by base in N~(p-nitrobenz~-



~41-

enesulphonyloxy) urethane with tertiary, secondary and primary
C-H bonds in 2-methylbutane (46) shows good agreement (?0320:30

1:10:32). This is consistent with a common nitrene intermediate

87,101
i NMOEt

HC ~NHCO E t

for all three

NCOZEt + 02 5

(46) CH3 CHZWHCOZEt

+ CHBCHZ—CHCHZNHCOZEt

CH3

A clear proof of the existence of a nitrene intermediate is
the finding of the correct isotope distribution in the products
when labelled cyanogen azide §=N=$—CEN was heated in cyclohexane
giving the symmetrical cyanonitrene §=C=§ which inserted in the
available C-H bonds. The insertion intc the tertiary C-E bonds in

both cis and trans 1,2-dimethyleyclohexine was stereospecific

(398%7). Thus it can be argued by analogy that all stereospecific
insertion reactions of decomposed azides proceed via a singlet
nitrene intermediate43’45.

The retention of configuration was partly lost when dichloro-
methane was used as solvent, and completely lost in dibromomethane.
The presence of a heavy atom enhanced the efficiency of inter-system

crossing and triplet nitrenes inserted in a two step process. The

more stable triplet nitrene has a greater affinity for tertiary C-H
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bonds and the yield of insertion product increased from 51% in neat
hydrocarbon to 697 in dibromomethane44’45.

The relative rates of insertion into primary, secondary and
tertiary C-E bonds have been investigated to learn something about
the size and nature of the charge distribution in the transition
state. The relative reactivities are 1°:2°:3° 1:10:32 for both
photolytically and pyrolytically generated carbethoxynitrenes40’101’148.
This trend is compatible both with a positive charge and a radical
character of the carbon atom involved. In three strained hydro-
carbons investigated, adamantane, bicyclo (2.2.2.) octane and
norbornane, the 30/20 reactivity ratio decreased with increasing
ring strain. While there was little difference between the re-
activities of the secondary positions, the relative bridgehead
reactivities were adamantane 1, bicyclo (2.2.2.) octane 0.3 and
norbornane 0.07. These data could indicate either a carbonium ion
or a radical reaction, but exclude neither. Comparison of the
relative reactivities for these compounds with their relative
carbonium ion reactivities gives a correlation coefficient of 0.884;
comparison likewise with a radical process gives a coefficient of
0.978. However, all that may legitimately be deduced from this
work is that the singlet nitrene insertion reaction is subject to
similar structural effects as a free radical reaction148.

Hence the relative reactivity ratios are of limited use as the

environment of the C-H bond is important in considering the likelihood
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of insertion and the nature of the photoproducts. Thus, for
example, carbethoxy nitrene inserts exclusively into the methylene
group between the two oxygen atoms in (41) rather than into the
tertiary C-H bond available in the molecu1e139,

The preference for insertion intc a secondary C-H bond rather
than a primary one may be rev:ried if the geometry of the molecule
demands it. For example, the photolysis of the O-methyl podoéarpié
acid derivative (47) gave a 25% yield of §-lactam (48) by insertion
into a primary C-H bond and only 57 of y-lactem (49) - by insertion

into a secondary C-E bondllg. Because of the rigidity of the molecule,

the y-hydrogens are not as accessible to the nitrene as are the §

120,147
ones.

- $E QCH:
OCH% 0C€l 3

5%

o (49)

(48) 25

This example shows that contrary to the earlier generalisation

that insertion reactions give mainly five membered heterocycles,

the site of attack depends on the geometry of the intermediate. Some
other examples are given below. It is not even valid to generalise
from (47) or (50) that carbonyl nitrenes gived-lactams because when

the geometry permits as in (51), insertion into a secondary positicn
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N, Co.C

30050, g " >

o . C. .t
L 56 R= C15'31

The nature of the nitrene is also important in determining its
reactivity towards primary, secondary and tertiary C-H bonds. Phenyl
nitrenes are more selective than carboalkoxynitrenes, and sulphonyl

. . 101
nitrenes are less selective

A reaction which is often superficially considered to be a nitrene
insertion reaction is the formation of carbazole from 2-azido-biphenyl
(6). Triplet sensitiser and quencher investigations suggest that

this is a reaction of singlet nitrene57. Although triplet 2-nitrencbiph-



enyl generated at 77°K (observed spectroscopically) gave carbazole
quantitatively on warming to room temperatureza, this result does
not necessarily contradict the previous one. Indeed, it tells
nothing about the course of the reaction at room temperature,
merely that the triplet nitrene can cyclise to give the same product

as the singlet nitrene.

@O0
(6) N
Osor=

This reactlon ma2y be a standard ome step CH 1nsért10n (path a).

Alternatively it may be amother example of aziridine formation (ﬁath b)
or perhaps an aromatic nucleophilic substitution reaction (path c¢).

It is not clear whether this inserticn process is more or less
facile than authentic insertion into an alkyl C-H bond. Although
4~methylcarbazole (55) was the sole product when 2-azido-2'-methyl-

9
biphenyl (54) was decomposeda”126

, steric factors are probably
responsible for the lack of a reaction of the nitrene with the
methyl group. Similarly tﬁe formation of 4-azidocarbazole and not
the azo-compound benzo (c)ciﬁn&line on photolysis of 2,2'~diazido-
biphenyl is doubtless due to the azide groups being on opposite sides

of the moleculésB.
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N‘ (55)
54) ::AF§§. <(::::>-~m\h—m~:> H

Where no such limitation exists, as in 2-azido~2',4',6'-tri-
methylbiphenyl (56), the pyrolysis in hexadecahe gave only 5% carbazole
(57) compared to 50% of the inmsertion product (60)127’128. Clearly

this may be a special case because it involves a methyl shift instead

of a hydrogen shift.

(60)

The oxidation in sitg'of the dihydrophenanthrene (59) is

50%

interesting. Perhaps this process provides the hydrogen for the

formation of amine (58). Other examples have been repcrted where

the hydrogen abstracted is o to nitrogen eg. (61)150’151.

N . i\ Nw

3 PhNO2 /
170 °c.

(61)
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Reaction with Alcchols

There are two types of reaction of nitrenes with alcohols,

140,152,153

insertion inte the OH bond and insertion intc the CH hond

next to the oxygen atom. The latter, cbviously inapplicable to

tertiary alcohols, results in the oxidation of primary and secondary

slcoholsL40s 141,154,155

3

iy . 15
MeOH + PhSO,N, —¥5 PhSO,NHOCH, 15%

41

hy 1
i ] e 7
OH + N 00,CH, —>+40 N-CO,CH, 55%
H

k) 8 OH
' 3 v M . 4
>>—-OH + N,C0,C,Hq —_u%3><%cozczﬁs {:y——ﬁx H,NCO,C,H, 1007

. + )
B * (CHy),0=0

140,141

CHD

e

657 67

\\“NH'
0

The OH insertion reaction could be viewed as a nucleophilic reaction

-
like, for example, the reaction with pyridines1309134’154’136.

) Lo AT 4 - ) 39
: R H S X
+ N3COZCZH5 >{ | P, N N COZCZE,,5 67%

o

Hydrogen Abstraction

Hitrenes frequently abstract hydrogen from the sclvent, aryl

9 . . .
azides giving anilines35'36"4'95'130’1359 azidoformates giving urethanes
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59’64’1429 carbonylazides giving amidesla7 and sulphonyl azides giving

, 22,99 . . .
sulphonamides™ "*"". When the azide is decompcsed in cyclohexene in

41,64 is found and in cyclohexane,

s s 40,147 . . .
cyclohexene and bicyclohexanz are found ° ; showing the origin of

these reactions bicyclohexene(62)

the abstracted hydrogern atoms.

hy
SA R ele
N,COEt - NH,CO,Et + (/[:NcozEt + insertion

; 4
3 272 (62) products
@ he, 3% 1~ 7% 50% 12%
)
—> 747 63% 1.1% 7%
PhCCH
I
0

There is evidence that this abstraction reaction is a reaction of
triplet nitrenes. In the sensitised photolysis of ethylazidoformate
in cyclohexene the abstraction product is the major one and the yield
of bicyclohexene is very much higher than in the direct phot&lysigg’
64’139’147; in another example, radical tvaps eg. meta-dinitrobenzene
reduced the yield of urethane and increased the yield of insertiom

0,1 . ,
product4 ’ 42. Free radical sources, and thiols, by contrast,

enhanced the producticn of znilines from aryl azide5157. These results
can be readily interpreted to show that triplet and uot singlet nitrenes
abstract hydrogen.

The relative tendency tc undergo this reaction on direct photolysis

or pyrolysis : aryl azides > formyl azides > sulphonyl azides, reflects

the relative stabilities of their respective singlet nitrenes : awmyl
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nitrene < formyl nitrene < sulphonyl nitrene41.

1,2-Migrations

Photolysis of alkyl azides gives imines, where a hydrogen on

the carbon atom bearing nitrogen migrates to the nitrenelss“lez.

NN, —}i—’—é NN, N

5% 70%

Another example is the photolysis of vinyl azides where a minor

product is usually derived from a keteniminezo’106’112’114’108’163.

114
. hy i :
PhCE=CHN, — PhCH=?H —— PhCH=C=NH —> PhCH,CN  ~10%
N

Phenyl migration is often observed, and in di-and triarylmethyl

azides it is the major reaction pathwayél’lss’léa—lés.
ny 114
Ph-C=CH, ———> Pher—C = CH2 PhN=C=CH2
2 s T
Py =y \
.mu_*__;> N Ph
10%
TI’I\) )
- o
Ph3CN3 *-f>- thC HPh 837
(63)

In substituted compounds Ar' Ar'' Ar''? CNB, the migrating aptitudes

of the aryl groups are unaffected by the nature of the substituents.
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In the corresponding thermal Feaction, however, electron repelling
substituents in the para position increased the migrating aétitude
relative to an unsubstitued phenyl group and electron withdrcwiﬁg
substituents reducedit. This indicates that while in the thermal
reaction phenyl migration participates in the eliminaticn of nitrogen

1 . . . . . . .
69, in the photochemical reaction, a2 discrete nitreune intermediate

is formed and migration occurs subsequently20’61’167. The small
entropy of activaticn in the thermal reaction is consistent with an
anchimetriéally assisted processl69.

The evidence for the electronic nature of the nitrenme in the
photochemical rearrangement is confused. The reacticn is sensitised
by triplet sensitisers giving the same products and the same migrating
aptitudes as in a direct irradiation167, This suggests that the
singlet excited azide undergoes inter-system crossing to the triplet
excited azide which in turn loses nitrogen resulting in a triplet
nitrene which rearrasnges. However, pipuesylene, which should be an
efficient triplet quencher in this reaction, had no effect, indicating
that no triplet excited azide is formed in the direct photolysis. A
more detailed investigation of the semsitised photolyses showed that
none of the sensitisers used had a high rnough triplet energy for this
to be a true triplet sensitised reaction., As was discussed earlier,
"Phantom triplets" were invoked t¢ explain the nature of this reaction.

There is nc reason to suppose that a non~spectrcescopic triplet azide

must give 2 triplet nitrene, or that the sensitised photolysis reproduces
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conditions extant in a direct photolysis. In an attempt to trap the
triplet nitrene with n-butyl tin hydride ard sec. butyl thiocl, only a few
per cent of trityl amine was obtained. Thus the rearrangement of the
singlet nitrene was calculated tc be about twenty times faster than
inter-system crossing and trapping the triplet thus producedel. There
is ESR evidence that triplet nitrenes do not rearrange and it was deduced
from cther experiments with diazidodiphenyl methane that probably only
singletnitrenes are involved in this rearrangement96’l70.

The quantum yield fcr the photolysis of trityl azide is initially
0.8 (for other simple azides it is 0.7-0.9), but dreps to about 0.01.
This is due to a sccondary process, dissociation of the molecule to give
an azide radical and a triphenylmethyl radical which acts as a strongly
absorbing filter. These fragments recombine subsequently and scrambling

of the le label in terminally labelled trityl azide showed that this

168
process occurs to an extent of 15-207 .
The Curtius rearrangement of carbonylazides could be visualised as

a 1l,2-migration.
# Z°
R ~—( —% R C 7, *—*—-4} R——N=C =0
~g ~50)
3 3

Since in thermal reactions only the isocyanate and no unrearranged

. . . . 19 . .
nitrene products (insertion products etc.) are obtained, ~ migration cof
R must occur simultaneously with the loss of nitrogen, so that there is

no discrete nitrene intermediate.
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However, photolysis of pivaloyl azide (R = tBu) in a variety of
solvents always gave 39 - 427 t-~butyl isoc;anate as well as unrcarranged
nitrene products. This was true whether the solvent provided opportunities
for addition or insertion in primary, secondary or tertiary C-H bonds
(the reactivity ratio is 1:9:160 10520:30), and must imply that the
isocyanate is not derived from pivaloyl nitrene. Thus the photo~-
Curtius reaction, like the thermal reaction, is not a 1,2-shift onto

a nitrene, but a concerted process75917l.

Reaction with ortho-X=Y

An aryl nitrene generated thermally or photolytically reacts readily

with an ortho substituent if this is o unsaturated.

(¥«

e

N —>
%

Some examples of this reaction giving useful heterocyclic products

are given below.

Pu: Ph
N -
3oy /_N\O 83.172-174
’ : e/
WO, Vg
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175,179,180
~~ B=CHLC (E,~CL =
ARy c £H,C1
~— o ~P
T ¥
3 Ph 96
l 173
.16 o
—_ oF
129 / c1

g
v A o

Studies of the kinetics of some of the thermal reactions show that

this is not a genuine nitrene reaction but that ring formaticn is



-5l

169,174

simultaneous with loss of nitrogen Thus whereas the enthalpy of

activation for loss of nitrogen from aryl czides without anchimetric
assistance is 32.5 -~ 40.6 Kcal/mole, for o-nitrophenylazide, o-agido-
azobenzene, and o-acetylphenylazide it is 22.4 - 27.2 Kecal fmole. The

negative entropy of activation also supports this mechanism (64)38’172.

A
v olow =3 ¥
="\ W

— . 2
D ‘ </

X T

(64)

A good indication of the anchimetric assistance is found in the
thermolysis of o,0'~diazido-azobenzene (65) which loses nitrogen in
two distinct stages. The first molecule of nitrogen is lost with the
help of the ortho-N=N at 58°C giving (66), and this only eliminates

nitrogen on heating to 170°%¢ giving (68) via an authentic nitrene (67)

176,181
m,
N=I 58 G w
hy) sunl gl E:,/
i 3 dey (66)
(63) .
o

Ay 170" ¢

S Pt
Wy, sl idht —> Sﬁ@
10 days > /
i = \N/

(68)

(6m)
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1,3~dipolar Cyclo-additions

There are a few instances where carbonylnitrenes react formally

in a dipolar form (69) with triple bonislal’lsz—lss.

CH,q
4,1\1 PhCECH -
CHCN l—) cacm —> Ch—Cw-——g?-v) >—--\

0
(69) \j”y
- P

This reaction is nct an addition of the azide to the acetylene

@®

giving a triazecle which then loses nitrogen, as when the triazole was
prepared it was found to be stable to light. 1,2-cycloaddition of
the nitrene to the triple bond is improbable, hecause this would give
a 1-H azirine which is anti-aromaticl

The other type of 1,3-dipolar cyclo-addition reported involvesg
addition of a nitrene tc a nitrile giving (70)141’183-185. This is

either an authentic cycloaddition (path 2) or a nucleophilic reaction

giving a nitrilimine (71) which then cyclises (path b).

Et
}i~
x }
N,CO,Et —> NCO Et <> 1\?/\
+ B’

g (&) W, oo
y € .
R-C=N~-N-C~0Et N =
i (a)
@ ol
= e S

\ﬁ? 3’ ’ _u_J 55~757
OEt (71) N ="~ g

(70)
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High Temperature Reactions

When aryl azides are pyrolysed at 500-700°C complex mixtures are

obtained which include cyanocyclopentadiene8187"189.

700°C /\;;,;q
PhN - ™ + PhNH. + PhN=NPh + PhCN + Ph.NH

3 ”\SL;iZ? 2 2

507 47 1% 37 37
» 18T
+
N
H
27%

This is comsidered to be a reaction of hot singlet nitrene

¥ Ne- } CIY
—— —_— —
-0

Under these conditicns pyridines are also formed. This must
involve N-insertion, C-extrusion and loss oi carbon. Since the same
products are obtained from phenyl azide and triazole (72) at 500°C
and 0.04 mm it is reasconable to cconsider an equilibrium between phenyl

nitrene and 2-pyridyl carbene (73)190.
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T PR-N=N-Ph + PRNVE,,

Reactions Producing Nitriles

Some compounds produce nitriles from the nitrene intermediate.
This is the case for vinyl azides (see page 33 ), and some other

cases are shown below.

O
| i,
G‘ ‘ H U Q/COCN
i N_ COCN
o ' O
,’/ O f T
= on N CW
e
PO, o~
X -
LOO% -
CH3 OFL

Y AN NG

0 = New

+ CH.QC o
3 NGNS O
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Introduction

In the present design of a photosensitive protecting group for
| alcohols and carboxylic acids, the photolysis envisaged was that of
an o—azido-B-phenethyl ether or ester (1). Insertion of the nitrene
into the C-H bond adjacent tc the oxygen atom should occur readily,
giving a carbinolamine derivative (2) which would eliminate the acid

or alcohol ROH and leave indole (3).

//_CH%CH%OR
@ =

() 3
/>..C§m
’ ~I7
@) ﬁj

As an improvement on this model we envisaged the need to

impose some rigidity on the system and bring the important C-H bond
closer to the ni*rene. Thus we planned to prepare and photolyse the

peri-napht™7l azide (4).

+ ROHE
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The photoproduct benz(cd)indole (5) is not completely aromatic,
so its formation provides no great driving force for the elimination
of ROH. Thus the 4,5-disubstituted phenéﬁthrene(6) would probably
be an even better system. The reactive éentres are even closer
together than in the peri-naphthyl azide and the final product

l-azapyrene (7) is fully aromatic.

The discussion that follows describes work leading to the
synthesis of these compounds and the photolysis of them and related

systems.
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Synthesis of o~azido-B~phenethyl methyl ether (12)
The methyl ether of the first model system considered (12)
was synthesised to test whether the propozed photolysis would in

fact work giving indole (3) as predicted.

CHLCH,OR L, CH], 003
—> | O

NEX

(8) R=m (10) % = ¥O,
(9) = = CH (11) 2 = ME,
((12)" X = N}),)

B-phenethylalcohol (8) was methylated with dimethyl sulphate
and base.1 Nitration of the methyl ether (9) gave a mixture of ortho
and para nitro isomers which were separated by column chromatography.
The oily ortho isomer (10) was eluted first and the crystalline para
isomer in later fractionsz’B. The purity of (10) was established by
thin layer chromatography (TLC) and gas~liquid chromatography.
Confirmation of the structure was obtained from the splitting pattern
of the aromatic protons in the nuclear magnetic resonance spectrum
(MMR), which was identical to that of o-nitrotoluene.

Nitration of (9) with a mixture of conc. nitric acid and conc.
sulphuric acid is reported to give 31.6% ortho, 9.4% meta and 59.07%
para substitution. Using acetic anhydride and fuming nitric acid

(acetyl nitrate), the isomer ratics were 63.3% ortho, 3.7%Z meta, 34.07

Eara,4 and this was the nitrating agent used in the present work. The
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nitrating species is considered to be Nz 5 which adds to the
ethereal oxygen in the side chain and is thus held in a suitable

position (13) for selective nucleophilic nitration ortho to the

side chain.

ke, 0+ N0

o o

b 0

|2 ; ~——~{>- ’,Ey NQ@
| \1 @mmz l > o

(13)

Reduction of (10) to amine (11) was accomplished with stannous

chloride in hydrochloric acid in 627 yield. This was converted to

the azide (12) in 77Z yield by the standard procedure of diazotisation
in acid solution with sodium nitrite and subsequent addition of

sodium azide5’6. The azide (12) had a characteristic absorption

at 2140 cmw in the infre-red spectrum (IR). The reaction of a

diazonium compound with an azide anion has been shown to proceed

via a pentazole intermediate (14)7

e 6 o o A o o
R—N==N + N=N=N K“l?I»—-——N\ N R—N—N=X + W,
>
T NV/<;5§

(14)
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nitrating species is considered to be NZOS which adds to the
ethereal oxygen in the side chain and is thus held in a2 suitable
position (13) for selective nucleophilic nitration ortho to the

side chain.

Ko—-Q—1NO: Ac m_moz

Ac, O + N0

s & e~ 2 20

AGO—T1 oV (i)R\ rlw Yoo 7 5
0o Ae Qg

(13) ’

Reductlon cf (10) to amine (11) was accomplished with stannous
chloride in hydrochloric acid in 2% yield. This was converted to
the azide (12) in 77% yield by the standard procedure of diazotisation
in acid solution with sodium nitrite and subsequent addition of
sodium azides’é. The azide (12) had a characteristic absorption
at 2140 c&lin the infra-red spectrum (IR). The reaction of a

diazonium compound with an azide anion has been shown to proceed

via a pentazole intermediate (14)7

& 6 o o AN $ o A
R—N=—=N + N—=—N Kr-NL—-N\\\ BN NN + N

2
N;_,;N’<;js

(14)
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Photolysis of o-azido-B-phenethyl methyl ether

A benzene solution of azide (12) was irradiated in a pyrex
flask with a medium pressure mercury vapour lamp. The course of
the photolysis was followed by observing the reduction in intensity
of the azide peak at 2150 cmwl in the IR spectrum. After eighteen
hours the photolysis was worked up and indole was isolated in 437

yield. It had the same R_, IR spectrum and picrate as an authentic

f,
sample. Of the other photoproducts only o-aminophenethyl methyl
ether (11) was identified.

This result showed that in principle the reaction under

consideration was feasible as the basis for a photosensitive

protecting group.
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Synthesis of o-azido—~B-phenethyl benzoate

Ortho~azido~B-phenethyl benzoate (18) was prepared and
irradiated to test the potential of this system as a protecting
group for acids and to examine some of the side products in

greater detail.

CIE CH_OI CH%CH%@COPE

e 22
—>

~
(18) £

]

@) X = E (15) X = X0

(16) x

2

vE, (7)) 2= Wy
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The azido benzoate (18) wés prepared in much the same way
as was the corresponding methyl ether (12). Nitration of @*
phenethyl alcohol (8) with acetic anhydride and fuming nitric acid
at 0° C and hydrolysis of the crude nitro acetate with methonolic
HC1l gave a mixture of ortho and para nitro isomers in 957 yieldg.
A crude separation by pouring the mixture onto ice gave a solid
from which pure para-nitro-g-phenethyl alcohol could be obtained
on recrystallisation from carbon tetrachloride and an o0il from
which pure ortho-nitro-B-phenethyl alcohol (15) was isolated by
column chromatography.

Reduction with stannous chloride in concentrated hydrochloric
acid at room temperature gave the amine (16) as a yellow oil in

77% yield. Reduction with ammonia and hydrogen sulphide gave only
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a 517 yield of (16). Qgﬁggfaminéenphenethyl alcohol was
identified by the characteristic amine absorptions at 3450,

3400 and 1630 cmp1 in the IR. Diazotisation and treatment with
sodium azides’6 converted this to o-azido-B~phenethyl alcohol (17)
in 807 yield which had a hydroxyl peak at 3400 cm-1 and an azide
peak at 2150 cmfl in the IR. The benzoate (18) was prepared by
reaction with benzoyl cﬁloride in pyridine in 867 yield. 1In the
IR spectrum it had a carbonyl peak at 1720 cm_l and an azide peak

at 2150 cm L.

Photolysis of ortho-azido-B-phenethylbenzoate

The usual irradiation procedure employed was to irradiate a
solution of about 200 mg. of the azide in about 30 ml. dry solvent.
The products isolated from photolyses carried out under various
conditions are summarised in Table I.

In all experiments, the major product was a brown polar benzoate
of unknown structure. Polymeric products often arise on photolysing

aryl azides by a process such as
ArN3—> Ar N —> Ar - NH - AR Ny —> ..

The anticipated insertion reaction occurred only to a small

extent; the yield of benzoic acid isclated was only 5 ~ 12%.
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TABLE I  Photolysis of ortho=-azido-f~phenethyl benzoate
SOLVENT REACTOR LAMP TIME PRODUCTS
THF Silica |Low ‘30 mins. Benzoic acid 127 (19) 167
Pressure
Benzene Silica |Low 3 hrs. Benzoic acid 57 (19) 357
Pressure |40 mins.
Benzene Flow* Germicidal |2 passes [Benzoic acid 67 (19) 197
15w. . approx.
’ 11 mins.
Benzene Pyrex Medium 94 hours Benzoic acid 72 (19) 13%
Pressure Indole 8%
(20) 1172 (21) 5i7
Ether Pyrex Medium 12 hours Benzoic acid 97 (19) 27
Pressure [No further {(20) 572 (21) trace
loss. of  ‘indole 2%
azide after|
9 hrs.
Piperylene Pyrex Medium 9 hours Benzoic acid 8% (23)* 8%
Pressure (19) 0%
Piperylene 357 {Silica |Low 3} hours Benzoic acid 117 (19) 167
Benzene 657 Pressure
Piperylene 407 Pyrex Medium 12 novrs  Benzoic acid 217 (19) <17
THF 607 Pressure ;ndole, (23) 47
i
see text
?Cﬁmﬂh
T . CH.CH, OCOFH
cmcu 000m | O B0 OH5—CE
R ——t QCOPH:
. chcmzm@Bm Ny .
O i 7 N,
(19) (20) (21)
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The other product, indole, was also obtained in low yield

but none was found when a silica photolysis flask was used. Either
a different process occurs to generate benzolc acid when light below
300 mpy is used oxr perhaps indole is sensitive tc this irradiation.
The yield of indole was often lower than that of benzoic acid,
probably because indole polymerises in the presence of acidlo,

Among the other products isolated were the azo compound (19)
which was formed in fair yield in all direct photolyses, ortho-
amino~B8-phenethylbenzoate (20) which had IR peaks at 3490, 3410,
1715 cmnl and two protons at 6.2 in the NMR which were exchanged
by DZO’ and 2-(crtho-anilino)-1,l~dibenzoylethane (21). The structure
of (21) is based on the following spectral datd. It analysed for
022H19N04. The infra-red spectrum with peaks at 3490, 3400, 1740,
1710, 1630 cmul indicated that it was a primary amine with two
carbonyl groups. TFrom the NMR spectrum it was clear that the
molecule contained one methyleﬁa group which absorbed at 6.85 -7

as a doublet (J = 5.5 cps) coupled tc a methine proton at about



3.0-r. The presence of two benzoate groups was evident from the
aromatic portion of the NMR where there were four low field protons
at 2.30r (the protons crtho to the carboxy groups) and ten other
aromatic protons at 2.5 ~ 3.5-. The amine signal at 6.5
disappeared when the solution was shaken with D20.

These products can be accounted for as follows:

‘ B {§) CHI CH,. GCOP
CHQCH%QCCPE. /{/pEzuH%QU P H%
o
Y ;; () €> )
~ . \\\ﬁu
NS Eo o

(18): | //////
/<

gg%@COP FLV
//CH%GEbOCOPm
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The photolysis was also carried out in the presence of a
large excess of piperylene (22), a triplet quencher. In this
way it was hoped that any triplet azide tnat might be formed
would cascade to the ground state and be available for re-excitation
to a singlet excited state. We would thus eliminate side products
arising from triplet azide and reduce the yield of products
arising from triplet nitrene, as these would no longer be formed
by loss of nitrogen from triplet excited azide molecules, but
only from singlet nitreme molecules by inter-system crossing.

It was found that indeed the formation of the azo compound (19)
was suppressed under these conditions and the yield of benzoic acid
was significantly increased. A reasonable inference from these
results is that azo compound (19) is formed from a triplet species
and insertion is a reaction of singlet nitrene. Thus for our
purposes the photolysis should be carried out under conditions
favouring the formation of a singlet nitrene.

A new product was isolated from these quenching experiments
and was assigned the structure (23). It was a fairly polar oil and
the infra-red spectrum showed the presence of a gecondary amine
(3420, 1605 cm—l) and two carbonyl groups (1720, 1710 cm-l). Mass
measurement of the molecular ion in the mass spectrum gave the
molecular formula as CZ7H27N04. The NMR spectrum would fit structures
(23) and (24) but not the other structure comnsidered (25). The

ethyl side chain methylene groups appeared as triplets J = 8 cps.
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at 5.72-r and 7.18r respectively. The other methylene group was

a multiplet at 6.55-r. The methyl gignal at 8.27 r was complex

| /CH%CE;ZOCOPKL | |
O . 2N
~" , (22)

CH,CH,0C0Bh Efbcmg@f’@% %c%@cmm
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EZCH,ZQCQMQ ‘ GH,CH,0C0Pk:
O\ 13
\wc;&—-cm—- CH=GHOH, ’\TCH—-—CH-— CB{CE} (':HCECH::CE‘Z
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COPL
QC@PIh ocem :

(23) (24) (25)
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and the possibility of the presence of cis and trans isomers is
not excluded. There were four aromatic protomns at 1.9 - 2.3-r
and ten at 2.5 - 3.6 indicating the presence of two benzoate
groups. A broad signal at 5.2-r was the amine proton and the
remaining three protons gave a complex patterﬁ at 4.0 -~ 4.57T.
Thus it was futile to attempt tp decouple the methyl signal in
order to distinguish between (23} and (24).

In the mass spectrum there was a fragmentation of 175 mass
units from the parent ion (M/e 254, metastable peak at M/e 150).
This corresponds to the loss of C4H6000Ph and would be more likely
from (23) than (24) (shown as a dotted line). This fragmentation
rules out structures arising from addition of the nitrene to the
methyl substituted double bond of (22) eg. (25) as well as
structures derived from attack of the benzoate anion at non-allylic
or non-vinylic positions.

An unusual fragmentation in this spectrum is the loss of
C.H. after loss of benzoic acid from the molecular ion (or perhaps

33

loss of CBH4OCOC6

is observed in allylic esters, but the allylic benzoate (25) has

H5 from the molecular ion). This fragmentation

already been excluded. It can be more easily accounted for by

structure (23) than (24) and thus this is the preferred structure.
Ozonolysis of the compound followed by work up with zinc

dust in acetic acid and subsequent addition of 2,4~dinitrophenyl-

hydrazine did not unequivocably give acetaldehyde-2,4~dinitrophenyl-

hydrazone.
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The mechanism of this reaction is not immediately obviocus.
Benzoic acid probably exists as an intimate ion pair in the solvents
used (neat piperylene and a piperylene-tetrahydrofuran mixture)
so that attack by the benzoate anion occurs before a delocalised
allylic carbonium ion has formed. Ir such a situation the product
must arise from the aziridine intermediate and not the pyrrole.

Thus the nitrene adds 1,2 to the diene and is probably in the
singlet state since a triplet nitrene would have to undergo a
slow spin inversicn after the formation of the first C-N bond
allowing time for alignment of the atoms to give the less strained
five membered ring by a 1l,4-cycloaddition rather than the three
membered aziridinell,(bﬁt see page 32). |

Clearly this is a tennuous picture of the mechanism based on
several speculative assumptions. It would be interesting to show
that it is a triplet nitrene which reacts with piperylene. In
contrast to a triplet excited azide where quenching by piperylene
gives a ground state azide, triplet nitrene has nc analogous process
since this is the ground state of the nitrene. The quenching operation
may, therefore, involve reaction of the triplet nitrene with the
quencher. The absence of triplet nitrene products (amines and
the azo compound) in the quenching experiment may indicate that this
is the case (right half of Fig. III). 1If, on the other hand, a singlet
nitrene is responsible for the adduct formation, this merely shows
that it reacts faster than undergoing inter-system crossing to the

triplet state (left half of Fig. III).
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Photolysis of Some Related Molecules

It was decided to investigate the photolysis of some azides
related to the ortho-phenethyl azides where the nitrene might also
insert into a C-H bond next to an oxygén atem.

The first compound considered was ortho~azidoanisole (25),
which was irradiated in dimethyl sulphoxide and benzene. The major
products were ortho~anisidine (26) and ortho-azo-anisole (27).
There was no evidence in the NMR spectrum of the basic products of
the anticipated insertion reaction products (28). The broad spread
of the aromatic protons in the NMR of (27) indicated that the trans

isomer was formed.

QCH T
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Ortho—-azidobenzyl alcohol and ortho-azidobenzyl benzoate

Ortho-azidotoluene (30) was prepared from ortho-toluidine
(29) in the usual ways’6 and was then reacted with N-~bromosuccinimide
and benzoyl peroxide in refluxing carbon tetrachloride. Moisture
was not excluded and ortho-azidobenzyl alecohol (31), was formed in
51%Z yield. The presence of an azide group was evident from the
strong peak at 2150 cm“l and the hydroxyl group from a peak at
3300 cmhl. The methylene group appeared as a singlet at 5.48 =

in the NMR.

Ot

(29) %
(30) X =

C s

__-CHO

T,

Photolysis of this azide in dry hexane gave ortho-amino-

benzaldehyde (32) as the sole product as well as a tar which
presumably consisted of condensation and polymeric products of

this unstable compound. It was identified by the amine peaks in
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the IR at 3380 cmnl and at 4.4 in the MR, the carbonyl
absorption at 1665 cm.—1 and the low field formyl proton at 0.2-r.
It was characterised as the phenylhydrazone derivative which had
the same physical properties as is reportedlz.

The same product was formed on vapour phase pyrolsis of ortho-
azidobenzyl alcohollz. Some possible mechanisms are indicated
above.

This result suggests that irradiation of ortho-azidobenzyl
benzoate (33) in the presence of a nucleophile such as water might

be a good way of eliminating benzoic acid in high yield.

CH000PY: ROCOPHh ' CHOCOPH:

oy {;};>}I
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NBS bromination of (30) in dry benzene gave o-azidobenzyl
bromide in 60-75% yield which had a methylene singlet at 5.63 1 in
the NMR. Heating this with sodium benzoate in N,N~dimethylacetamide
furnished the benzoate (33) in 837 yield (33) had an azide absorption
at 2150 cm.-1 and a2 carbonyl absorption at 1715 c:mn1 in the IR. 1In

the NMR there were two methylene protons at 4.69 -, two aromatic
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protons at 1.87 - 2.07 v and seven aromatic protons at 2.5 - 2.9 .
This benzoate was formed as a minor product (7Z) in the radical
bromination reaction. An attempt to prepare it by reacting ortho-
azidotoluene with benzoyl peroxide failed.

The solvent used for the NBS bromination was dry benzene.
Benzene was chosen in preference to the customary carbon tetra-
chloride because at the time the first reaction of azides with
free radicals had just been reported13. FPhenyl azide reacted with
a trichloromethyl radical generated from carbon tetrachloride by

a process initiated by the thermal decomposition of benzoyl

Cw—»N=CC1
PhN, + (PhCO,), + CCl, —> 2

The benzoate (33) was photolysed under several conditiomns

peroxide,

as summarised in Table II. Irradiation with a low pressure lamp
in a Silica flask was complete in about 45 minutes, but when a
medium pressure mercury lamp and a pyr.s flask were used about
half the original azide was recovered after a much longer period.
In one case (experiment 8), following the progress of the photolysis
by observing the reduction in intensity of the azide peak in the IR
showed that after eighteen hours no more azide decomposed. In
the extended photolyses a film was deposited on the walls of the
flask obscuring the incident irradiation.

In general low yieldsof benzoic acid were obtained and the

major product (about 60 - 70Z) was a brown polar material which IR
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TABLE II  Photolysis of ~ CH,0C0Ph
-N3
SOLVENT éREACTOR LAMP % TIME PRODUCTS
1 Hexane, Flow® |Cermicidal {1 pass |Benzoie acid 14%
water 20 mins
2 Hexane, |Silica |Low 175 mins|Benzoic acid 127 Azo compound(34) 6%
water Pressure
3 THF, Silica |Low 45 mins |Benzoie acid 2% Azo compound(34) 77
water Pressure
4 Acetone!Silica [Low 240 mins Benzoic acid 0% Azo compound(34)167
Pressure
5 Methan= Silica [Low 45 mins |Benzoic acid 327 Azo compound(34) 8%
ol § Pressure

6 Methan- Flow® Germicidal [l pass |Benzoic acid 17% Azo compound(34) 9%
ol ' 6 mins

7 THF, Pyrex [Medium 25} Benzoic acid 18% Azo compound(34) 07
water Pressure jhours Recovered azide 45% Amine (35) 317
8 AcetoneiPyrex {iedium 374 Rec~vered azide 43%
: ‘Pressure |hours Azo compound(34) 227 Benzoic acid 0%

'

a see text
b no further loss of azide after 18 hours

CH%@COPM
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/
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showed to retain the benzoate group. No benzoic acid was obtained
in experiment 4 where no water was present, and although benzoic
acid was found in experiments 5 and 6 where methanol was the
nucleophile, there was no evidence for the formation the anticipated
methyl benzoate.

OIF

')

CH‘_—\%O\ ~COPH, CHO
-

—— ——?———'}* + PHOD,CEL
. \“NH%

An orange azo compound (34) was obtained from most photolyses.
The increased yield of this in experiment 8 suggests that acetone
is acting as a triplet sensitiser and that it is a triplet product
in the direct photolyses.

These results are disappointing in that so much intractable
material was formed at the expense of the desired reaction. Ortho-
aminobenzaldehyde (32) was never isolated from among the products.

Either it decomposed during the work up, or it was never formed

and benzoic acid was produced by a photolytic hydrolysis reaction.
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Flowing Film Photolysis Apparatus

Conventional photolysis equipment consists of a flask with a
pyrex or silica well which contains an ultra-violet lamp or
alternatively the reactor has an external light source as in the
Rayonet Photochemical Reactor.

There are several drawbacks to these reactors. Over-photolysis
or photolytic decomposition of the photoproducts may occur and often
gives rise to polymeric coatings on the glass walls of the vessel,
cutting off the radiation from the solution, Furthermore, the
incident light is completely absorbed within a few millimetres of
the solution from the flask walls, and hence efficient stirring is
necessary. Thirdly, the mercury vapour lamps emit heat and a
cooling system may be required.

Two similar falling film reactors have recently been reportedM’15
in which these problems have been overcome. A simple glass reactor
based on these designs has been constructed and used in some of
the azide photolyses (Fig. IV).

The apparatus is basically a long glass cylinder "turned over"
at the top so as to form a reservoir into which the solution is fed.
It leaves this reservoir through a narrow gap and the flow rate
is adjusted so that a thin film flows down the walls of the tube and
is exposed to the ultra-violet light. The irradiated solution collects
in another reservoir at the bottom from where it flows out through an

exit tube and can be recycled if necessary. Nitrogen can conveniently
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éz///solution in

' narrow gap

Philips TUV.
Germicidal Tube

thin film of solution

Fig. IV

\ solution out
photolysis. The light

Nitrogen —-—--—-——l]\'“’ E TN

be swept through the reaélor during a
source used is a Philips 15 w. Germicidal lamp for irradiatiomn at
2537 Ao, or one of the other Philips fluorescent tubes for other
wavelengths.

The solution is thus irradiated directly without the inter-
vention of expensive silica. If any soiid products or films are
formed, they are deposited on the glass surface and do not interfere
with the transmission of the light‘to the solutiocn. Over—photolysis
can be avoided because the solution is not exposed to the irradiation
for too long and is effectively being rapidly stirred. This
apparatus could conveniently be used for large volumes of solution
and if one pass is not enough, the solution can be recycled.

It is evident from the data given above for the photolysis of

(18) and (33) that using this apparatus, azides are photolysed
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much more quickly and efficiently than with the conventional
equipment.

Based on another design in the same papersM’15

» a rotating
film reactor has been constructed and used for the photolysis of a

naphthyl azide (see pagelO4) (Fig. V).

Nitrogen‘F<;\¥\

LAY

thin film of sclution

igh pressure mercury
, lamp

//,//"solution Fig.V

cooling bath

Nitrogen—>

Rotated by .
mo tor \QL.Z—'://—’] ]

It consists of a one litre round-bottom flask with a glass

thimble sealed into the bottom to contain a mercury vapour lamp.

The flask is kept horizontal and rotated by means of a motor
attached to the neck. A pcol of solution collects at the bottom, and
as the flask rotates, a thin film of solution forms on the walls and
is irradiated. Since the lamp generates heat, the rotating flask is
partly immersed in a cooling bath of cardice and acetone or methanol.
This apparatus is also more efficient than the conventional reactor.
Since the solution does not come into contact with the thimble
housing the lamp, any films formed during a photdysis form on the
glass surface remote from the solution and do not interrupt the

light path.
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Attempted synthesis of l-azido-8
benzoyloxymethylnaphthalene

It was thought that by bringing the azide close in space to
the methylene group into which nitrene insertion was to occur and
by imposing some rigidity onto the molecule, the yield of the
desired reaction product would be increased over what had been
obtained thus far, The first model system chesen to test this
hypothesis was the peri-naphthylazide (4), because it is well known

that peri-substituents in naphthalene have a strong tendency to

. 16
cyclise™ .

- —> [0 |0
@) Il( B:-—-J:mm v __/

H,OR N,
——>H2 > + ROE | 5/~ \Q/RQ)

I
Our first approach to the synthesis of l-azido-8-benzoyloxy-

methylnaphthalene (4) involved the preparition of 1,8-naphthalide
(42) by ozonolysis of acenaphthalene (36) and treatment of this with
hydrazoic acid. Schmidt reactions are not known for 1actonesl7,
indeed phthalide has been reported to be inert to Schmidt conditions.
Nevertheless, as no mechanistic objection to the desired reaction
could be found it was decided to attempt it. The product l-amino-
8-hydroxymethylnaphthalene (43) could then be converted to (4) in

two simple steps.
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The ozonolysis of acenaphthalene in methanol has been

18’19. 3~hydroxy-7-nethoxy-4,5,6-(1,8-

reported in the literature
naphtho)~1,2~dioxacycloheptane (37) was precipitated during the
ozonolysis in 18% yield. A new work up procedure, treatment with
dimethyl sulphide, was employed to convert this to (38) in 887
yield. It was apparent from the methyl singlet at 6.33 % in the
MMR that we had obtained (38) and not 1,8-naphthalene-dialdehyde
dihydrate which was obtained by the hydrolytic workup reported.
However, on recrystallisation from hct water (38) demethylated
giving the dihydrate. On stirring in aqueous sodium hydroxide (38)
was converted to 1,8~naphthalide (42) in 727 yield by an intra-
molecular Cannizzaro reaction. In the NMR there was a methylene
singlet at 5.01 4 and the carbonyl absorption in the IR came at
1710 cm .

The filtrate obtained on filtering.the ozonolysis solution
containad the aldehydo acids (39) and (40) and naphthalene~1,8-
anhydride (41). An intermolecular Cannizzaro reaction with potassium
hydroxide and formalin reduced the aldehydo acids to 1,8-naphthalide
(42) in 487 yield.

This synthetic approach was abandoned when it was found that
naphthalide did not react with sodium azide in conc. sulphuric acid
under various conditions.

The second approach to the synthesis of (4) was the reduction of
naphthostyril (47) or l-amino-8-naphthalene carboxylic acid (48).

Literature procedures for preparing naphthostyril by a Hoffman reaction
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with naphthalimide (44) could not be repeatedzo-zs, S0 a new
synthesis was devised.

Naphthalic anhydride (41) was converted to the hydroxamic
acid (45) by hydroxylamine hydrochloride in base24 in 657 yield.
Reaction of (45) with para-toluenesulphonyl chloride in pyridine
gave the tosylate (46) quantitatively; (46) had bands at 1340 and
1190 cm—1 in the IR. Naphthostyril (47) was obtained in 607 yield
when the tosylate was left standing in methanolic potassium
hydroxidezs. The lactam ring was opened by base giving (48).

Reduction of naphthostyril, the amino acid (48) and the
tosylate (46) with lithium aluminium hydride all gave complex mixtures.
The major component of these mixtures turned blue on equgure to
air. A blue compound obtained when naphthostyril was reduced with
lithium aluminium hydride in ethylmorpholine was thought to be (50)
an oxidation product of benz(cd)indoline (49) which is formed

initia11y26.
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(50)

Evidently, l-amino-8-hydroxymethylnaphthalene (43) that we had
hoped to prepare is unstable and readily dehydrates to give the
benz(cd)indoline (49).

Another reducing agent, sodium in butanol, is reported to

partially reduce the aromatic system of naphthostyri127’28.

NH% CH%@Hi
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Synthesis of 5-azido-4-benzoyloxymethyl-1-
methoxynaphthalene

l-methoxy—-4-hydroxymethyl-5-aminonaghthalene (57) is & stable
compound reported in the 1iterature29 and it was prepared in much
the same way as the literature procedure describes. 1l-—amino-5-
hydroxynaphthalene (51) was acetylated and methylated to produce
(53) . Methylation of naphthol (52) with methyl iodide and potassium
carbonate in refluxing dry acetone gave yields of 70 - 807 compared
to 517 when the literature method was repeated using dimethyl
sulphate and sodium hydroxide. Chloroformylation introduced a CH201
group in excellent yield at the desired position, but hydrolysis of
the crude chloro-compound (54) with potassium bicarbonate in acetone
did not work well. TLC showed several products from which some (55),

F o
a pink compound MP 203-206 C, could sometimes be isolated.

%5;4)) X =CL
55) X = O
IL-H:R'E ((56’))\ X = Oho
(51) B=R ki N
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The synthesis was, therefore, modified slightly, the crude
chloro compound being converted to the diacetate (56) with sodium
acetate in glacial acetic acid and a little acetic anhydride. The
NMR (56) showed thrce methyl singlets at 7.94, 7.80, 6,27 and a
methylene singlet at 4.62~. Base hydrolysis removed the acetate
groups almost quantitatively giving the amino alcohol (57) which
had IR peaks at 3320, 3200, 3080 cmw1 and three protons which were
exchanged by DZO in the NMR.

When the amine was diazotised with sodium nitrite in conc.
sulphuric acid or a mixture of sulphuric acid and acetic acid and
then sodium azide was added, an azide was produced, but the IR
showed that the hydroxyl group had been destroyed. By consulting the
relevant literature it was learnt that mineral acid is not required
for diazotisation of amines. The reactivé species is NEEEO+ and 1is
formed from sodium nitrite in any acidiec medium. Carboxylic-acid530
and even acetic anhydride31 have been used for diazotisation reactioms,
and once it had been established that (57) was stable to glacial
acetic acid, it was decided to use this as the reaction medium.

The azido alcohol (58) was thus produced in excellent yield
and had bands at 3300 and 2150 cm-1 in the IR. Benzoylation with
benzoyl chloride in pyridine furnished a 72% yield of (59) which had
an azide stretch at 2170 cm_1 and a carbonyl stretch at 1703 cm'-1

in the IR. The ethyl ether of 5-azido-4-hydroxymethyl-l-methoxy-

naphthalene (60) was prepared in 90% yield by stirring the alcohol
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in ethanol and a drop of conc. hydrochloric acid. In the MMR the
ethyl group was evident as a triplet at 8.70 *rand a quartet at
6.35 v J = 8 ecps. This reaction showed that the benzylic carbonium
ion was stable. Azide (60) was also prepared by making the amino
ether (61) and coaverting that to an azide.

Thus both a peri-naphthyl azido ester and an ether were

available for photolysis,
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Photolysis of the benzoate and ethyl ether of
5-azido-4-hydroxymethyl-—1l-methoxynaphthalene

The azido ether (60) was irradiated in ether in a pyrex vessel

with a medium pressure mercury vapour lamp. TLC showed one major
product, but on attempting to isolate it by preparative scale TLC, a
complex mixture was obtained due to aerial oxidation. Presumably
4-methoxybenz(cd)indole (63) is formed, but is too unstable to be
isolated. Benz(cd)indoles are known to be easily oxidised by air

32,33 Thus as soon as the

and only one or two examples are known
photolysis was completed excess lithium aluminium hydride was added
and the crude benz(cd)indoline thus formed was acetylated with acetic

anhydride giving (64) in 397 yield overall. N-acetyl-4-methoxybenz(cd)-

indoline (64) had a carbonyl peak at 1655 cm_l in the IR and in the NMR
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there were two methyl singlets at 7.72 *y and 6.05 ~rand a methylene
singlet at 4.95" It was identical to a sample prepared by treatment
of 5-acetamido~4-chloromethyl-l-methoxynaphthalene (54) with sodium
hydroxide in aqueous acetone.

Ethanol eliminated in the photolysis was characterised as the
3,5~dinitrobenzoate ester MP 87-90° C which was identical to an
authentic sample.

This proved that the desired reaction had occurred but gave no
information about the yield.

When fhe benzoate (59) was photolysed in ether, again there was
only one major product. In the IR of the crude photolysate there
were peaks at 3420 and 1695 cm"l which may indicate that the product
is (62 R = COPh), but it could not be isolated for further character-
isation. Base extraction of the irradiated solution gave benzoic
acid in 65-707 yield, which was identical to an authentic sample.
When the residue was hydrolysed with sodium ethoxide in refluxing
ethanol a further 257 benzoic acid was obtained. Thus all the benzoate
was accounted for.

Using the rotating film apparatus described on page 93 , the
photolysis was much faster than in a conventional flask. The photolysis
was faster in ether than in benzene and was very slow in a mixture of
ether and piperylene. The yield of benzoic acid in the presence of

the triplet quencher was no higher than without; indeed because of
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the formation of polymeric material it was somewhat lower at 517%.
This result indicates that in the direct photolysis both the
singlet and triplet nitrenes form the carbinolamine benzoate
(62 R = COPh). No amine or azo compound was found which would be

the expected alternative triplet nitrene products.
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Nitration of S5-~acetamido-4-~acetoxymethyl-
1-methoxynaphthalene

It was decided to try to preparc a nitrated derivative of the
naphthalene azide (58) which would have enhanced ultra-violet
absorption. Furthermore, great difficulty had been experienced in
trying to convert (58) to an ether such as R = cholesteryl which
was attributed to the labilising effect of the para methoxy group.
As a meta nitro group could offset this effect it was hoﬁed to
nitrate at position 2. The only undesirable position for nitration
is 6, because the nitrene at position 5 could then react with an
ortho nitro group in a competing reaction to the desired insertion.
The diacetate 5~acetamido-4~acetoxymethyl-l-methoxynaphthalene
(56) was chosen for the nitration experiments because it was con-
sidered to be the least sensitive of the azide precursors. A
variety of nitrating conditions was attempted giving several
different.products which are summarised in Table III. WNo attempt was
made to optimise the yields.:

Nitration with 2 N nitric acid for twenty—-two hours or briefly
in 2 N nitric acid gnd glacial acetic acid produced a dinitro amino
acetate (70). It anslysed for C, H. . N.O_ and had peaks in the IR,

147137377
showing a primary amine at 3420, 3310 cmﬁl, an acetate at 1730 cm”1
and a nitro group at 1550, 1370 and 850 cm-l. In the NMR there was
an acetate singlet at 7f83 7, a methoxyl singlet at 6.084+, a methylene
singlet at 4.46°%, an AE quartet at 2.78 vand 2.274 (2H J = 8 cps)

and a one proton singlet at 1.727%.
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TABLE IIL

Conditions for the
nitration ofQCH:

3
(70) (55) (72) ¢ By € 74)

i
|
{
{
H
i
é
3

(56

¥~

Conc.HNO, + cc:m\':.HzSO49
0° C. 30 mins. NO PRODUCTS ISOLATED

Cone .HNO,, 0° C. 18 hours NO PRODULTS ISOLATED
2N HNO, RT, 22 hours IV 707 1
2N HNO,/HOAc, RT, 30 mins v 80%
Conc‘HNOB/ACZO, 4 days | ¥

HOAz /Ac ,0/2N HNO
(2 equivs) 30 mins 4

"HOAC, 3.6 equivs. 2N HNC
; added portionwise over
1} hours v 497

HOAc/conc. HNO ,, 18 hours / _
HOAc/2N HNO,, 20 hours v 157

Ac,072N HNO ' 7 5% v/ 187 :
HOAc/Ac 0/cone .HNO,, 30 mins e v/
HNO 5/HOAC ' NO REACTION |
Cu(NO )Z'H 0/Ac 01 hr. RT / 20%  (major):
Cu(NOz)Z H,07Ac o RT 18 hrs! v 27 /o1n oy Y 14%

| HOAc/Ac, 0/conc HNO (3 drop)

|"/NaN0, “0° C. 1 holr |/ omj/  10%

HOAc 71‘xc,,572N INO /NaNO

0° C. 4“hodrs P Y12y

HE CH.QOAc IIAO JH OH.
(M0} R = & (T3] B = Ao {559
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There are seven possible structures for this dinitro amine in
which one aromatic hydrogen is not coupled and the two others are
ortho to one another.

The NMR spectrum was analysed carefully comparing it with the
spectra of other compounds in this series and calculating the shifts
of the aromatic protons due to the nitro substituents. Data for nitro
shifts due to free and some hiﬁdered nitro groups in nitronaphthalenes
has been published34 and these figures were used as far as possible.
Insufficient information was available for precise calculations and
estimates had to be made where necessary. For instance, the proton
shifts quoted due to hindered nitro groups were calculated from
spectra of nitromethylnaphthalenes. These figures were used in
the present case for a nitro group hindered by an adjacent methoxyl,
acetoxymethyl or amino group. No information is available about
shifts due to a nitro group hindered by a peri substituent because
the spectrum of l-nitro-8-methylnaphthalene was not analysed in
detail. Anisotropy of the nitro group woild presumably have to be
taken into consideration. Finally, the solvent used for the NMMR
spectra from which these shifts were calculated was N,N~dimethyl
acetamide while our spectra were run in deuterochloroform.

Nevertheless, bearing these limitations in mind, the chemical
shifts of the three aromatic protons in the spectrum of each of the

seven possible isomers was calculated and compared with the spectrum
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obtained for the nitro compound isolated. In this way, the number

of possibilities was reduced to two (70) and (75).

(15)

In the spectra of all the unnitrated compounds prepared, the

methoxyl group singlet appears at 6.06 X0.02+y. In the spectrum of
the dinitro amine, it appears at 6.05". It is reported that the
methyl shift relative to l-methylnaphthalene in l-methyl-2-nitro-
naphthalene and l-methyl-3-nitronaphthalene is -0.16 % and -0.14 ~
respectively. However, in l-methyl-8-nitronaphthalene the shift
is + 0.15% owing to the anisotropy of the nitro group which is
twisted so that its plane is perpendicular to the plane of the
ring because of the steric compression in the peri positions. This
suggests that the downfield shift of the methoxyl signal due to
one nitro group in our compound is offset by the upfield shift due
to a nitro group at position 8.

Attempts to distinguish between (70) and (75) chemically by
reduction with zinc dust in acetic acid and treatment of the
resulting triamine with benzil35 and by diazotisation and treatment

with sodium azide in order to photolyse the azide, gave no useful
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information. It was therefore decided to repeat the synthesis
with a deuterium label at position 2. If this is lost in the
nitro derivative then it may be inferred that (75) is the correct
structure; if it is retaimed (70) is the correct structure.
5-acetamido-l-naphthol (52) was deuterated by heating with
D,0 and triethylamine in refluxing N,N-dimethylformamide. In the
NMR of the product, (76), H3 appeared as a singlet at 2.80 % and
there was a small doublet, half of an AB quartet, at 3.18 ~r due
to some mono-deuterated material. The parent ion in the mass
spectrum at M/e 203 confirmed that the major product was the di-
deuterated compound. The ratio of peak heights at M/e 201 : 202 :

203 : 204 was 1:8:23:3.6.

OR

NHAe D

(52) (16) R = &
(77) B = CEy

NHAo CLE?@AO:

(78)
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Since methylation as carried out previously with methyl iodide
and potassium carbonate would probably result in loss of the label
at position 2, the naphthol (76) was converted to (77) with
diazomethane in 927 yieid. The integration of the NMR spectrum
showed four aromatic protons with a singlet at 2.574 and a trace
of doublet due to mono-deuterated (77). The most intense molecular
ion peak in the mass spectrum was at M/e 217 corresponding to (77).
The ratio of peak heights at M/e 215: 216 : 217 : 218 was 1:10:37:
5.9

Chloroformylation followed by acetylation as before gave the
diacetate (78), but the NMR showed considerably more hydrogen at
position 2 than in (77). The ratio of the peak heights for the
undeuterated and mono-deuterated molecuiar ions was 1:}%;53 Nitration
of (78) with 2 N nitric acid in glacial acetic acid gave the
dinitroamine (79) with the same melting point 198-9° C as (70) .

In the aromatic portion of the NMR there were singlets at 1.76%
(integrated for one proton) and 2.31 “p and a quartet at 2.29 and 2.68 *
J = 8 cps. Clearly this arises from a mixture of deuterated (59)

and undeuterated (70) nitro amines. If the 2,8-dinitro isomer (75)

had been fcrmed, a singlet and a simple AB quartet identical to that
obtained in the non-decuterated series would be seen. In the mass
spectrum the major parent ion was at M/e 336 and the ratio of peak
heights for M/e 335 : 336 was 1:1.59. Thus it was proved that the
correct structure for the dinitrovderivative was that of the 6,8-

dinitro isomer (70). This is of no use for our purposes.
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Relevant to this reaction is the observation that nitration
ouile . . . .
of acetamidde occurs preferrentially in the ortho position. This

. . . s . . 4
phenomenon is attributed to initial O nitration .

&
HNJ/C\\<é;> Hﬁ’/@ﬁx\@ Nﬁmc

___ﬂqllm____%@g

When (70) was chromatographed on Grade 3 Alumina it

deacetylated giving (71) which had no carbonyl absorption in the

infra-red and had absorptions due to the amine and hydroxyl groups
~1

at 3500, 3360, 3280 cm

()
NQ@,
2 !cmz@m
Nitration of (56) in glacial acetic acid and two equivalents
of 2 N nitric acid merely hydrolysed it to l-methoxy-4-hydroxymethyl
~5-acetamidonaphthalene (55). This compound had previously been
obtained in poor yield by mild alkaline hydrolysis of the corresponding

chloro compound (54). It had an acetate methyl singlet at 7.82 *n
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a methoxyl singlet at 6.05 *7 and a methylene doublet at 5.15 F

(J = 5 cps) which appeared as a singlet after shaking the solution
with D20. The WH and OH groups appeared at 3.8 vand 0.87 in the
NMR and at 3380 and 3420 cm“1 in the IR.

Nitration for an extended period with conc. or dilute nitric
acid in glacial acetic acid gave a mono-nitro derivative which had
an unexpected peak at 2150 cm~1 in the IR. Other peaks in the IR
showed thaf it had a nitro group (1555, 855 cmul) and an acetate
{1735 cmnl), but no NH or OH, The MMR spectrum had absorptions due
to the acetate at 7.91 -, the methoxyl at 6.16 4, the methylene at
4.75%, a one proton singlet at 3.34- and a two proton quartet
(J = 8 cps) at 3.25~ and 2.437. The upfield shift of 0.1y relative
to the methoxyl signal in the starting material suggests the presence
of a peri nitro substituent. This compound analysed for C14H11N306
and on the basis of these data it was assigned structure (72) or the
corresponding diazoketone (80). Two possible mechanisms for its

formation are suggested.

Because (72) was formed under conditions which differred only
from those used to prepare the dinitroamine (70) in that a much longer
reaction timec elapsed, it was thought that (70) might be an inter-
mediate. However, when treated under these conditioms (70) gave no
(72) but was merely hydrolysed to the dinitro amino alcohol (71).

Nitration with cupric nitrate in acetic anhydride for one hour

produced a mixture from which the major product was isolated as usual.
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IR showed this to contain acetate, amide and nitro groups, but the
NMR showed that this was a mixture of mono- and di-nitro compounds
(73) and (74). There were two methoxyl and two methylene peaks in
approximately equal pr&portions. The fact that one of the two
methoxyl peaks is at 5.97-, approximately 0.1 % lower than in
the unnitrated compound, indicates that in the mono-nitro compound
(74) the nitro group is not at position 8 but perhaps at position
2 or 6. The mixture could not be separated chromatographically,
but a sample recrystallised several times from benzene had an analysis
close to that of (74).

Only the dinitro compound (73) and (72) and none of the
mononitroc compound (74) were obtained when this reagent was used
for sixteen hours. The substitution pattern in (73) was deduced
from the aromatic protons in the NMR spectrum which appeared at
1.99 7 (a one proton singlet) and 2.22, 2.857% (an AB quartet J = 8
cps, two protons).

The mechanism of the copper nitrate nitration is thought to be
nitrosation followed by cupric ion oxidation of the nitroso group
to a nitro group. Since the nitrosyl cation is a weaker electrophile
than is the nitronium cation, it was hoped that the reaction might
stop at the mono-nitro stage. However, when the nitrosyl cation was
generated from sodium nitrite in acid (70) and (73) or (74) was
obtained.

No useful nitro compound was obtained from these experiments

and the quest for one was abandoned,
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Approaches to the Synthesis of a Suitable
Phenanthyl Azide

It was proposed to improve on the results of the naphthyl
azide photolysis by preparing a 2-azido-2'-alkoxymethyl biphenyl
(82) which would, in principle, eliminate ROH with the formation of
a pyridine ring (83) on photolysis. A major uncertainty considered

before embarking on the synthesis was the possibility of carbazole

formation (84).

N (83)

RQBéCu___jx//\\\///
O

(84)

It was, therefore, deemed Prident to block the 6,6' positions
with a bridging heteroatom or & C=C to prevent this happening. Thus
it was decided to synthesise the phenanthryl azide(85) which on

photolysis would give ROH and the fully aromatic l-azapyrene (86)37.
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(85) L (86

The 4 and 5 positions in phonanfhrene are about 1.45 X apart, much
closer than are the corresponding peri positions in naphthalene which
are about 2.4 X apartss. Hence the nitrene formed from (85) should
insert into the methylene group much more readily than was found
hitherto. The formation of a fully aromatic molecule (86) provides
another driving force for the reaction which was not present in the
naphthalene case. Thus it was hoped that ROH would be eliminated
quantitatively on photolysis of (85) so that this reaction could be
used as the basis of a photosensitive protecting group for carboxylic
acids and alcohols.

Pyrene (87) is a potentially convenient starting material.
Ozonolysis followed by some suitable redox work up would give a compound
at the oxidation level of (88). Treatment of this acid with a suitable
reagent would give the acyl nitrene (89) which would rearrange and

eventually give the amine (92) by means of a Schmidt, Lossen, Curtius

etc. reaction. This is readily converted to the desired azide (85).
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(91) (92)
Ozonolysis of pyrene gave the cyclised 5-formylphenanthrene-é4-
carboxylic acid (93). There are many different procedures described

in the literature for this reaction,39-44’ 50

but a better yield (567%)
than any so far reported was obtained by ozonising pyrene in carbon

tetrachloride in the presence of a few drops of pyridine45
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(87)
Reduction of the lactol (93) to the lactone (94) has

(94)

previously been carried out in two stages in 407 yie1d44. It was,

however, cleanly reduced in 89% yield by a Cannizzaro reaction with

excess formalin.
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Schmidt Reaction

Lactone (94) is clearly at the required oxidation level (88) for
the proposed synthesis, and despite earlier misgivings about Schmidt
reactions with lactones, it was dissolved in conc. sulphuric acid
and sodium azide was added. Nothing happened at room temperature,
but on warming to 80° ¢ nitrogen evolution was observed. A yellow
product was isolated in 367% yield. Samples recrystallised from various
solvents did not give consistent analyses, but a sublimed sample
analysed correctly for 016H11N02' This formula was confirmed by the
molecular ion in the mass spectrum appearing at M/e 249. 1In the IR
there were significant peaks at 3390, 1690, 1634 cm*l. The NMR showed
a methylene triplet at 4.747 (J = 2 cps), a broad absorption at about
5.8 7 which disappeared on shaking the solution with DZO’ and eight
aromatic protons at 1.6 - 3.037y. These data suggest partial structures

as shown below and would indeed fit for the desired urethane (91).

CH,,— \ X
\ \ \ \ \ti»‘:‘o
C=Q — T .
—=NE }f
— "/ ___@/C [ Cl/ G g N\ OH:
i I H
o Q

It ought to be possible to hydrolyse (91) with base tc give the
amino alcohol (92 R=H). Hydrolysis in refluxing aqueous methanolic

potassium hydroxide or in cold 4 N aqueous sodium hydroxide and THF



-121-

gave a complex mixture which contained some unreacted Schmidt

1

e coapound was inert.

s

product. Under uilder conditicus
Hydrolysis in warm acid gave a product in moderate yield which
contained no nitregen. It analysed for 016H1003 and had a corres-
ponding molecular icu at M/e 250. The IR showed the presence of a
carbonyl which absorbed at 1680 cmﬁl, but no OH or NH. In the NMR
the methylene peak appeared at 4.7477. This compound was the cyclic
carbonate (25) and could not arise from urethane (91). Two possible
structures for the Schmidt product are (98) and (97). The imino-
carbonate (96) is preferred because the chemical shift of the methy~
lene group in the Schmidt product is virtually the same as in the

carbonate (95) and lactone (94), indicating that the methylene is

probably adjacent to an oxygen atom.

U

—NH
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This reaction can be rationalised as follows:

C—0




~123-

Alternatively, this may be one of the first examples of reaction

at electron deficient oxygen {c.f. ref. 46).

9'
HI——“-’ !

I
P
— >
\ : I g \
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Other Reactions of the Lactone of
4~-hydroxymethyl—~5~phenanthrene carboxylic
acid

It was proposed to convert the lactone (94) to amide (98) by
reaction with ammonia, in a similar reaction to that reported for

phthalide.47

The amide could then be rearranged to urethane (91)
via the carbonylnitrene intermediate (89) generated by Beckwith

Q
reaction with lead tetrd@etate48.

—Y89) —>(91)

(94)

The lactone was recovered unchanged when it was treated with
0.880 ammonia, gaseous ammonia, liquid ammonia, sodamide, hydroxyl-
amine, hydrazine and methylamine under a variety of conditions and
in several different solvents.

The lactone did, however, react with anhydrous hydrazine and
sodium hydride in refluxing tetrahydrofuran and a high melting red
solid was obtained in good yield. NMR showed that the methylene group
was no longer present as there were only aromatic protoms. The IR
showed a carbonyl absorption at 1670 cm-l and a mass measurement of
the molecular ion showed the molecular formula to be 016H802 which
was consistent with the analysis. Important fragmentations were

loss of 28 and 56 mass units. These spectral properties fit the
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structure of the known phenanthrene-4,5~quinone (99)49”50 and a

possible mechanism for this reaztion is shown below.
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The Beckmann Rearrangement Approach

It was considered likely that oxime (100) would give the
amide (101) under Beckmann rearrangement conditions. The amide is

very closely related to our synthetic objective.

To obtain this oxime, lactone (94) was treated with methyl
magnesium iodide and either product (102) or (103) oximinated with

hydroxylamine hydrochloride in refluxing pyridine.

0+ o
e e
N |
| ;!lgg “Eo(103)

The“Grignard product (102) de jdrated\very;readily o (103)
and in several runs the relative yields of the two products varied.
(102) was easily identified by the hydroxyl absorption in the IR at
3440 cm—l and the methyl singlet at 8.54 7" and the methylene quartet
at 4.87 7 (J = 13 cps) iﬁ the NMR. The anhydro compound (103) had
neither avmethyl peak in the NMR nor a hydroxyl in the IR. The two

methylene groups appeared at 4.78 and 5.16 *r in the NMR.
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The oxime could not be crystallised and was readily hydrolysed
to (102) e.g. on chromatography on Silica Gel plates. The reaction
with tceyl chloride in pyridine did not give (101), but a mixture
of (102) and (103). These proparties would appear to indicate that

the oxime is not in the open form (100) but in the cyclic form (104).

(uo4):
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Reactions of 4~formylphenanthr@ne-5-carboxylic acid lactol

Having failed to open the lactone ring in (94) it was decided
to open the lactol ring in (93) with diazomethane to obtain the
aldehydc methyl ester (105)43’49. Selective reduction of the
formyl group should give the methyl ester (106 R = H) which after

masking the alcohol could undergo a Schmidt reaction to form the

desired amine (92).

(93) R = H
(107) B = CHy
Methylation”of (93) to give (105) proceeded in excellent yield

(92%) but when an unwashed solution of diazomethane (i.e. a slightly

alkaline solution) was used an equally excellent yield of the pseudo-

methyl ester (107) 43 was obtained (c.f. ref. 51). It had a methine
singlet at 3.72 ¥ and only one carbonyl absorption which appeared at
1700 cu ! in the IR.

Reduction of (105) with sodium borohydride or with ziné
borohydride (which has the advantage of being neutral in solution)

or by catalytic hydrogenation in ethyl acetate gave lactone (94) as

the sole product. Even am attempt at a reductive acetylation by
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hydrogenating (105) over platinum in a mixture of acetic anhydride
and glacial acetic acid, gave only the lactone (94) instead of
stabilising (106 R = E) by acetylating it to (106 R = Ac). Re-
duction with zinc dust in hydrochloric acid, hydrochloric acid and
acetic anhydride and glacial acetic acid gave tars which the NMR
showed to have no methyl group.

Wolff Kishner reduction of the formyl group in lactol (93)
should give 4-methylphenanthrene-5-carboxylic acid. This could
be converted to 4-methyl-5-aminophenanthrene via a carbonylnitrene
intermediate and a subsequent radical bromination reaction would
functionalise the methyl group eventually leading to (92). This
approach to the synthesis would permit operation on the substituent
at position 5 without interference from the substituent at position 4.

In the event, treatment of (93) with sodium hydrazide in diethylene
glycol at 180° C gave two products. The minor one was immediately
recognised as phenanthrene-4,5~quinone (99). The major product,
isclated in 48% yield, had no carbonyl abrcorpticn in the IR, but had
a hydroxyl peak at 3320 cmul. In the NMR there were eight aromatic
protons at 1.37 - 2.27 and 2 singlet at 2.67-. This identified the
product as the known l-pyrenol (108)50; thus ruling out this approach

to the synthesis.
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Reactions of Phenanthrene-4,5-Anhydride

Reaction of Phenanthrene~4,5-(N-tosylexy)~imide with Sodium

Borohydride

Because of our failures with compounds at the correct oxidation
level, it was decided to attempt a novel approach to the synthesis.
It was predicted that by reacting phenanthrene-4,5~(N-tofyloxy)-
imide (109) with sodium borohydride, the carbonyl at position 4
would be reduced simultaneously with the formation of a carbonyl-
nitrene at position 5. 1In this reaction sodium borohydride is
serving both as a nucleophile and a reducing agent. Rearrangement
of (110) and subsequent cyclisation of (90) would furnish the
urethane (91) which is a suitable precursor for the required azide.

In effect this reaction produces the anticipated Schmidt reaction

intermediates which we failed to obtain previously.
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The key compound (109) was prepared by a number of straight-
forward reactions from phenanthrene-4,5-anhydride (1l4). It was
not found possible to prepare phenanthrene-4,5-dicarboxylic acid
(113) by o-onolysis of pyreme as reported in the 1iterature38’A1;
under these conditions the aldehydo acid lactol (93) was invariably
obtained. Conditions were, however; found for preparing it by a
Jones oxidation of (93) without oxidising the 9,10 double bond or
getting phenanthrene-4,5~-quinone (99)52° It was most conveniently
prepared by converting (93) to the oximino acid (111) (the same
product was obtained when the pseudo-methyl ester (107) was reacted
with hydroxylamine), treating the latter with thiomyl chloride and
hydrolysing the resulting (112). Phenanthrene~4,5-anhydride (114)
was obtained by subliming the dicarboxylic acid (113)52.

Oximination of the anhydride (114) gave the carboxylic acid
hydroxaﬁic acid (115), but not the cyclic N*hydroxyimide (117) as
was anticipated by analogy with the oximination of phthalic

24,53,54

anhydride . The compound analysed correctly for C16H1104N

and had a very similar IR to that of the corresponding phthalic

carboxylic acid hydroxamic acid (118)54

1665, 1625, 1600 cm L.

absorbing at 3270, 2700,

C—NHOH!
~“'C©bH[

(u18)
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(93)

(111 (112)

C:rr_@3 sacatone:

50%

CO, B A\
260-290°

4
c0, 86%

. 1.PHCHL,
\  2.NaHCoO.
NQAc 3 >

91%
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Whereas (118) is reported to cyclise fte N~hydroxyphthallm1de
on heatingsa, (115) sublimed unchanged on heating By gg at 210°C.
It was cyclised by heating in acetic anhydride just below reflux
temperature giving (116) in 70% yield. The acetate methyl group
appeared at 7.53 =7 in the NMR and there were three carbonyl
absorptions at 1795, 1690, 1665 cﬁl in the IR. N-acetoxyimide (116)
was deacetylated with benzylamine and phenanthrene-4,5-(N-hydroxy)-
imide (117) was obtained in excellent yield. 1Its structure was
confirmed by infra-red absorptions at 3300, 1670 and 1625 cmnl.
Finally the sodium salt of (117) was converted to the desired
tosylate (109) by reaction with para-toluene sulphonyl chloride (TosCl)
in pyridine. 1In the NMR spectrum of (109) there were twelve aromatic
protons at 1.5 ~ 2.8 v and a methyl singlet at 7.577.

ﬁefore reacting (109) with sodium borohydride, the reaction
was tried with the acetate (116). The product, obtained in about
507 yield, was a hydroxamic acid (119) which gave a positive ferric

chloride test.
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The IR showed a carbonyl absorption at 1625 cm“1 and a broad
hydroxyl at 3100 - 27090 cmwl. In the NMR th2re was a methylene
singlet at 5.15 7 and a broad absorption at 6.5 ¥ which disappeared
on shaking the solution with D20° Shortly after this surprising
result was obtained, a reaction appeared in the literature in which
a similar compound was reacted with sodium borohydride and there too
only one carbonyl group was reducedss.

When the tosylate (109) was treated with sodium borohydride in
ethanol or t-butanol primarily one product was formed at first, but
this gave way to a fluorescent compound on prolonged reaction.

No spot on TLC corresponded to the Schmidt product (96). In the MR
of the crude initial product there was a methylene singlet at 5.21 ~
and in the IR an absorption at 3420 cm"1 indicated an N-H group and
at 1680 cmw1 a carbonyl gréup. This compound was never obtained
pure because on chromatography or mild hydrolysis with sodium
bicarbonate in aqueous acetone it was converted to the fluorescent
product. The initial product is probably the cyclic urethane (91),
but on hydrolysis it does not give the amino alcohol (92 R=H) but
l-azapyrene (86). This fluorcscent compound melted at the reported
temperature37 and analysed for 015H9N° It had ei ht aromatic protons
at 1.3 - 2+ and a low field one at 0.457% in the NMR. There was no
carbonyl, hydroxyl or amino peaks in the IR. The best yield of 1-

azapyrene was 727, obtained when the reaction was carried out in t-

butanol and hydrolyvsed under mild conditions.
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(o1) (86)
Clearly ring contraction by decarboxylation of (91) and sub~

sequent oxidation of },2-dihydroazapyrene is a very facile process.

The spectral date for the initial product precludes the alternative

mechanism via intermediate (120) which does not require an oxidative

step.

(110)
To clarify the mechanism, N~tosyloxyphthalimide (121) was

prepared and reacted with sodium borohydride in ethanol.
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The product was the urethane (122). In the NMR it had a
methylene singlet at 4.71 ¥, four aromatic protons at 2.6 - 3.3y
and a broad exchangeable one proton peak at 0.677F . It analysed
for 08H7N02 and had a carbonyl peak at 1725 cm—l and an N-B stretch
at 3250 ent in the IR. This result supports the postulated inter-
mediacy of (91) in the phenanthrene series.

The naphthalene analogue of these tosylates was available,
but when this (46) was treated with sodium borohydride in ethanol
the major products were naphthostyril (57%) and naphthalimide (207).
This was doubtless due to the presence of base in the solution.

On repeating this reaction in t-butanol, decomposition of the
tosylate was much slower but no naphthostyril was formed. TLC
showed a large number of products including one which turned blue,
suggesting the formation of the unstable benz(cd)indoline (49). One
of the products obtained in both reactions was a solid which had
IR peaks at 3200 - 3100 (broad) and 1680 cmml and MMR peaks at
4,967, a two proton doublet with J = 4.5 cps, 3.42 7y, a broad ex-
changeable peak integrating for one proton, a six proton multiplet
at 1.25 - 2.6, and at -0.9 v a broad peak integrating for about
two protons. No more data is available, but this would satisfy

structure (123).
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The Beckwith Reaction Appreach

The sodium borohydride work showed that generating intermediate
(90 R = H) leads to an intra-molecular reaction between the isocyanate
and carbinol groups. The resulting urethane (91) was of no use as
far as our synthetic objective was concerned. It was, therefore,
decided tc prevent cyclisation by a reaction involving intermediate
(90 R = Ac). A suitable precursor that we proposed to prepare was
the amido acetate (124). A Beckwith reaction with lead-tetra acetate
in ethanol48 should convert this to (90 R = Ac) which would rearrange

tc give (125) which is very closely related to the compound desired.

O | CEZQEAGE @HZQAG O | GEIE(HL’:‘..G
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(r24) (90) R = ke (125)

Phenanthrene-4,5~anhydride (114) was converted to the amide

NCO,Bt:
i

acid (126) with ammonia in 51% yie1d52 and this was esterified with
diazomethane in 917 yield. The amido ester (127) was reduced with
lithium borohydride in diglyme in 727 yield, but a peak at 2400 cmu1
in the IR implied that the product was a borohydride complex. After
mild hydrolysis (128) was obtained and the crude material was

acetylated with acetic anhydride in pyridine.
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(x30)

Three products were isolated by preparative scaleIlQ. About
10% starting material (128) was recovered and identified by IR
peals at 3320 and 1630 cmﬂ1 and a methylene doublet at 5.6277r in
the MMR which appeared as a singlet after shaking the solution with
DZO' One of the two acetates found was (129) (257 yield) which had
two carbonyl groups indicated by absorptions at 1690 and 1660 cmm1
in the IR and a methylene singlet at 7.44 7T and 2 methyleswe singlet
at 4.90 7 in the ¥MR. The other acetate was (130) (21% yield) which
had a carbonyl absorpticn at 1650 cmul. In the NMR there were two
methylene singlets at 5.41°7 and 5.24 ¥ and 2 methyl singlet at
7.70%.

These products show that lithium borohydride is not as selective
a reducing agent as was thought56 and that once again our synthetic

plans were frustrated by interaction between substituents at

positions 4 and 5.
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The Bucherer Reaction Approach

It was hoped that a Bucherer_reéction would convert 4-
hydroxymethyl~5-hydroxypﬁen§nthréne (131) to amine (92).

" The diol (131) seeﬁed to bé'readily prepared from phenanthrene-
4,5-dicarboxylic acid (113) aé'biphenylwz,z'~dicérboxy1ic acid is
reported to be cyclised toA3,4;pénz;coumarin-by reaction with lead
tetraacetate in pyridine and aceténitrile.ss‘ Under similar conditions
(113) was converted té the lactone (132) {n 367 yield. Reduction of
the lactone with lithium aluminium hydride gave a polar foam and a
non-polar crystalline compound. The foam (537) was identified as
diol 2131) with two hydroxyl absorptions in the IR at 3500 and 3250
cm_l. The other product (177) was the dehydration product of (131),
the cyclic ether (133) which had a methylene singlet at 4.49 7

i

and no exchangeable protons in the NMR. /
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ammonia and sulphur dioxide59 there was a negligible amount of
acid extractable product and a mixture of (131) and (133) was

recovered.
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Orientated Nitration Experiments

At this point experiments on compounds derived from pyrene
were abandoned and work was initiated on a new approach to the
synthesis, Starting with naphthalene it was proposed to construct
the third ring in such a way that there would eventually be a
substituent at the 4 position of the phenanthrene molecule which
could be manipuléted so as to become an alkoxymethyl group. It
would alsc be suitable to assist in the introduction of a nitrogen
function at position 5 by means of some preferrential orientation
effect in a nitration reaction.

The first attempt at such a synthesis was taken essentially
from published work. Naphthalene was converted to 4-keto-1,2,3,4-
tetrahydrophenanthrene (134) in three classical steps. Another

route to x~2~naphthy1butyric acid starting with tetralin was some-

times employedzl, 0

0
| | 60
18%
' |

(134)

Co,
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(135) 8%  (136)

O |0
1.pa/c 300"
2. KOH
T
ﬂ.GlemméEéam

8T _
2. CE,N, 9Tk

(15%).

Nitration with fuming nitric acid in acetic anhydride63

precipitated the nitroketone (136) from solution. It was easily
identified as the 4~keto-5-nitro isomer by the absence of the low
field aromatic proton which appeared at 9.55% in the NMR of (134).
The position of nitration is doubtless due to an initial interaction
between the carbonyl group and the nitrating species, which holds
the nitronium ion in the correct position for aromatic nucleophilic
substitution at position 5. A minor product (8%) was isomer (135).
It had a low field proton at 0.45 7% and a pair of doublets J = 8 cps

at 1.557 and 2,52 7 corresponding to H9 and HlO respectively.
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The next logical step in the synthesis is the introduction of
a methyl group at position 4 by a Grignard reaction. Aromatisation
of the anticipated product (137) would give 4-methyl-5-nitrophenan-~
threne which would require reduction of the nitro group to an amine
and conversion of that to an azide, followed by funtionalisation of
the methyl group with N-bromosuccinimide. Unfortunately only tars
and multi-component mixtures were obtained from (136) under
various conditions with methyl magnesium iodide and methyl lithium.
A model reaction on the other isomer (135) showed that this failure
was not due to the proximity of the ketone and the nitro group, but
occurred because nitro groups are sensitive to Grignard reagentsﬁ4.

An attempt to introduce carbon at position 4 by making the
cyanohydrin of (136) failed. Because of the nearness of the other
substituent, the keto group in (136) does not give the common
carbonyl derivative563°

The next logical approach is to introduce a carbon function
at position 4 before the selective introduction of a nitro group
at position 5. However, it has been shown that the least favourable
site for nitration in phenanthrene is at position 4. For instance
6.82 at C

at 25° C the isomer distribution was 26% at C 21,87 at

65
3° 4° 9 -

a difficult one. Nevertheless, it was decided to try to exploit the

1° 22

C,, 5.6%Z at C,, 36.1% at C Thus our objective is intrinsically

same orientating effect as was utilised in the phenethyl series to

overcome these problems.
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It was predicted that on nitration of 4-methoxymethylphenan-
threne (141) initial O-nitration would enhance the yield of the 5~
nitro isomer. Likewise it was thought that 4-formylphenanthrene
(140) would exhibit the same orientating effect as was found for

4-keto=-1,2,3,4~tetrahydrophenanthrene (134) giving the 4-formyl-~5-

nitro isomer.
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The syanthesis of 4-bromomethylphenanthrene (138) from (134)
is described in the 1iterature66. The bromo compound (138) was
converted to the required methyl ether (14l1) in 76% yield by reflux-
ing with methanolic sodium methoxide. The NMR showed a methyl singlet
at 6.48 7 and a methylene singlet at 4.977. The bromo compound (138)
was also hydrolysed to 4~hydroxymethylphenanthrene (139)66, which was
oxidised quantitatively to 4-formylphenanthrene (140) with manganese
dioxide. The carbonyl group in (140) absorbed at 1680 cmml in the
IR and the formyl proton came at -0,60+v in the NMR.
4-methoxymethylphenanthrene (141) was nitrated with a 50%
excess of silver nitrate and acetyl chloride in acetonitrile at 0° ¢.
TLC showed two yellow spots. When these were isolated it was found
that the less polar one consisted of at least four isomers as there
were four methylene peaks and three methyl peaks in the NMR, and
the more polar one consisted of two isomers. Both mixtures were
separated carefully by multiple elution on I mm. Silica Gel plates.
The less polar mixture was separated into two wmixtures of two isomers,
none of which looked like the required one (143). From the other

mixture, 3-nitro-5-methoxymethylphenanthrene (142) was isolated pure.

O, 0CH,
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In the NMR (142) had a2 low field doublet at 0.18 % J = 2.2 cps
(H4) which was covpled to a quartet at 1.68% J = 8.5, 2.2 cps (Hz).
All the other aromatic protons appeared at 2.0 - 2.57. The methyl
singlet was at €.32 -7 and the methylene singlet at 5.10 %.

The other component of this mixture was probably the 4-nitro~5-
methoxymethyl isomer (143), but it could not be isolated free from
(142)., It was assigned the structure (143) because in the NMR of
the mixture the HS peak at 1.25 7 in 4-methoxymethylphenanthrene
(141) was missing, and the only low field protons were those due to

H,. and H4 in (142) and a quartet at 1.85% due to H, in (143). The

2 3
wethyl and methylene signals at 6.93 7 and 5.38 7 respectively were
shifted significantly from their positions in the spectrum of the
unnitrated compound (141) where they came at 6.48 <y and 4.97
respectively and from their positions in the other nitro isomers
where they came at 6.50 - 6.61 v and 4.92 - 5.12% respectively.
This is conmsist@nt with the nitro group lying in close proximity to
the methoxymethyl group. However, the selectivity of nitration was
not good enough and the difficulty of separating the isomers
precluded this from being a viable synthetic route.

It was considered that nitration of 4~hydroxymethylphenanthrene

(139) under the same conditions might O-nitrate giving nitrate (l44)

which would then be converted to (145). The reaction was rapid and

the product isolated in 88% yield was indeed (144). It was identical
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to the nitrate obtained on reacting the bromo compound (138) with
silver nitrate in acetonitrile. The low field proton in the MNMR
came at 1.75% and the other aromatic protons were at 2.0 - 2.6 7.

Characteristic peaks in the IR were observed at 1625, 1295, 870 cm T,

(139) /(144) (145)
(144) Could not be converted te (145) with boron trifluoride
etherate. Nor did nitration with a large excess of nitrating agent
foria longer reaction time furnish (145). Two major products were
isolated and both had bands in the IR characteristic of a mnitrate
at 1650, 1290, 870 cmul and an aryl nitro compound at 1545 and 1350
cm-l. The NMR of the minor product had a low field éroton at 0.54 ¥
which appeared as a doublet coupled to a cguartet at 1.6~ . It was,

therefore, designated as the 3-nitro isomer (146). The other product

was probably (147), either the 9 or 10 mnitro isomer.
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Nitration of the third compound in this series, 4~formyl-
phenanthrene (140) also gave a mixture of isomers. Separation by
multiple elution on 1 mm. Silica Gel plates gave three pure isomers,
none of which looked like the desired one. Only one, the 3-nitro-
5-formylphenanthrene (148) was readily identified from its NMR
spectrum, The formyl proton in the NMR came at -0.64 7, H4 was
a doublet at 0.95+ and H, a quartet at 1.60 The other prctons
appeared as a complex pattern at 1.8 - 2.37.

. Thus these orientated nitration experiments failed to provide
a satisfactory route to the 4,5-disubstituted phenanthrene we

. require. Precisely why we failed to get significant quantities
of the predicted preferrential isomer is not too clear. Perhaps

the invariable formation of the 3-nitrc isomer indicates that

the oxygen atom in the substituent at position 5 holds the nitronium

ion over position 3 rather than position 4. Thus the orientating

effect 1s operating in such a way as to afford the 3-nitro isomer.
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Synthesis of 4-~amino-5-methylphenanthrene

Because the orientated nitration experiments failed to aéhieve
the required selectivity, other methods of selectively introducing
a nitrogen function onto a phenanthrene skeleton were considered.
The Barton nitrite photolysis67 is cne such reacticn and a suitable
precursor for this reaction (149) is readily prepared from the known’
4~keto-1,2,3,4,5,6,7,8~octahydrophenanthrene (156). Nitrite (150)
is correctly set up for the selective transfer of a nitrosyl radical
to position 5. In the product (151) the ring containing the newly
formed oxime group is at the required oxidation level and presumably,
like 4-oximino-1,2,3,4~tetrahydrophenanthrene, it could be converted
to the corresponding aryl amine by méans of a Semmler reaction68’69”70.
The product in the present case would be the amino-dihydrophenan-
threne (152). As has been discovered earlier, an aryl azide is
inert to radical bromination conditicns, so that the amino group
can be couverted to an azide before functionalising the methyl
group.

Tetralin was the starting material for this synthesis. It was
converted to y-(2-tetralyl)-butyric acid (155) by a Friedel Crafts

. . . . . 61,71
reaction with succinic anhydride followed by Clemmensen reducticn -7 .
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(254) (85)
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It was not pogsible to repeat any of the reported selective
cyclisations of (155) to 4-keto-1,2,3,4,5,6,7,8~octahydrophenan-
threne (156)72. Very little of this was obtained,‘the major product
being the linear isomer l-keto-1,2,3,4,5,6,7,8~octahydroanthracene

(157).

(25%) ““"9

1000

(156 (257)

These two compounds were éeparated chromatographically and
were easily differentiated. Octahydrophenanthrone (158) melted
at 40 - 40.5° C and had an AB quartet at 2.95v J = 8 cps in the
NMR while cctahydroanthrone (157) melted at 47 - 47.5° C and had
the two aromatic protons as singlets at 2,30™r and 3.107. Table
IV shows the yields of the two isomers obtained under various
conditions.

The published work implied that (157) might be converted to
(156) by heating it in conc. sulphuric acid72, but when this was
tried octahydroanthrone (157) was recovered unchanged. A reasonable
yield of the required cctahydrophenanthrone (156) was produced by
converting the acid (155) to the acid chloride with phosphorus

pentachloride and distilling a mixture of ketones (156) and (157)
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Table IV
COH
Cyclisation of
(155)
Reagent and Conditions . Yield Literature Yield
(157) (156) (157) (156)
PCI, AlCL, 120°C 91% trace 27 587
Cone.H,S0,, 100°C, 4 hours’ 2 68% - 27 207
Cone .H,80,, 20°C, 2 hours’? 437 1.8%  50% 5%
soct,, snc1,, 0%’7 37 22 | 457 227
Polyphosphoric acid, 70°C’> 237 5% . 477 28%
PCl,, distillaticn at 250°C,2mm’" i 287 257 | 1 s 1
| ;
i

at 250°C and 2 mm pressure. In this reaction phosphorus oxychkloride
is generated in making the acid chloride and then acts as a Friedel
Crafts catalyst for the cyclisation when the mixture is warmed. When
the procedure was repeated substituting thionyl chloride feor phos-
phorus pentachloride, the acid chloride was obtained on distillation.
When the mixture of ketones was chromatographed @ a Grade 3 Alumina
column, cctahydrophenanthrene (155) was eluted first in 257 yield.

A Grignard reaction with methyl magnesium iodide followed by
a careful work up with ammonium chloride converts (156) to the

carbinol (149) in excellent yield. If the work up solution is
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allowed to get warm dehydration takes place and some (15§5 is
produced. This had no hydroxyl at 3320 cm—l in the IR and the
methyl signal at 8.43 -7 in the NMR of (149) shifted to 7.83 7

and appeared as a doublet (J = 1 cps). The vinyl proton signal was

a triplet (J = 5 cps) at 4.027¥.

o,

\ (158)

Nitrosation gf(c;rbinol (149) with nitrosyl chloride in
pyridine at -30% gave the nitrite (150) quantitatively. It was
identified by IR peaks at 1625 and 780 mel. Without purification
a benzene solution of (150) was irradiated in a pyrex flask using
a medium pressure mercury vapour lamp. £ drop of pyridine was
always added to neutralise any acid that might be formed. The
products; separated on a2 Grade 5 Alumina column, were carbincl (149)
obtained in 44% yield, 4~hydroxy-4-methyl-5-oximino-1,2,3,4,5,6,7,8~
octahydrophenanthrene (151) obtained in 357 yield, and the

corresponding ketone (158) obtained in 5.5% yield.



O .
4 (149)

(149) (150) (151) % = NOE
(158) X =0

The relative yields of carbinol (149) and oxime (151) varied with
different batches of benzene used as the solvent. In all experiments
Analar benzene was dried over sodium and distilled from sodium so the
hydrogen abstracted from the reaction medium probably does not come
from moisture but from toluene, xylenes etc. present as impurities.
With the best batch of benzene used, the photolysis was so clean that
the oxime (151) was crystallised pure in 697 yield from the crude
photoproduct. The worst batch of benzene, in which more than half
distilled above 81° ¢, gave only about 207 of oxime (151) and 40-50%
of carbinol (149). When the photolysis was carried out in Arcton 113
(CF201CCIZF) the oxime was obtained in 467 yield and the carbinol in
167 yield.

The oxime was identified by its IR spectrum which had hydroxyl
absorptions at 3375 and 3160 cm“1 and a weak C=N peak at 1645 cmnl°
The position of the oximino group on the phenanthrene skeleton was
confirmed by the formation of l-azapyrenme (86) when (151) was

oxidised with 10% Pd/C at 300 - 320° c.
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The Semmler Aromatisation Reaction

The oxime of an oB-unsaturated éyclohexenone can be converted
to an aniline by passing HCl through a warm solution of the oxime

in acetic anhydride and glacial acetic acid, although the yield

69,70,74-83

is often not high. An obvious competitive reaction is

the Beckmann rearrangement which would give a seven membered ring

lactam. For instance, whereas 4-oximino-1,2,3,4-tetrahydrophen~ -

o .
68’6”70, 4~-oximimo-

1,2,3,4,5,6,7,8~octahydrophenanthrene (160) undergoes rearrangement7o.

anthrene (159) undergoes a Semmler aromatisation,
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(160)

A feasible mechanism for the Semmler aromatisation is:

Ei\?_//ﬂh&@
N

P
~
Ho

If for steric, or some other, reasoms the acetyl group is
protonated in preference to the nitrogen atom in the first step, and
hence acetic acid lost, then a Beckmann rearrangement ensues in place

of the Semmler aromatisation.
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Using the oxime of octahydroanthrone (161) as a model compound
in an exploratory reaction, aromatisation under Semmler conditions

gave the naphthyl amide (162) in 53% yield.

WOH!

el

(161)

The oximino tosylate (163) on the other hand, did not aromatise

on treatment with dry HCl but underwent 2z Beckmann rearrangement.

(163)

Oximino tosylates invariably prefer to undergo a Beckmann
. .. 74,80
rearrangement rather than a Semmler aromatisation doubtless
because protonation of the tosylate group is preferred to protonation

at the nitrogen atom.
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When dry HC1 was bubbled through a warm solution of the
oxime photoproduct (151) in acetic acid and acetic anhydride
neither the anticipated dihydrophenanthrylamine (152) nor a ring
expanded lactam (170) was found. Five products were isolated by
preparative scale TLC, but they only accounted for about half of
the starting oxime. In the aqueous extract there may have been

some amino acid (171), the hydrolysed Beckmann product.

S (QC%
e Or

| | (165) B = & (167)
(151) (166) R = COCH,

(x52)
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(151) (170) (x7L)

Only two of the products were naphthalene derivatives; these
were (165) and (166) obtained in 197 and 27 yield respectively.
Amine (165) had a single peak at 3400 cmfl, which established it
as a secondary amine, and no carbonyl absorption in the IR. It
analysed for CI5H15N and had a corresponding molecular ion at M/e
209 in the mass spectrum. In the NMR there were four aromatic
protons at 2.5 - 3.0 7 and another, Hé, which appeared as a quartet
at 3.59 7 (J = 7,2 ¢ps). The amine proton at 5.807 was exchanged
on shaking the solution with DZO and there were six methylene
protons at 7 ~ 7.3 yand 7.7 ~ 8.2% and a methyl singlet at 8.50 7.

The other aromatised product (166) was the acetate of (165)
and was prepared in excellent yield when (165) was heated in refluxing
acetic anhydride. The carbonyl group absorbed at 1660 cm—1 in the
IR and the two methyl singlets in the NMR came at 7.59 7~ and 8.327
In subsequent work it was found preferable to work with amide (166)
rather than (165) and the conditions of the Semmler reaction were
adjusted so that it produced (166) in 20 - 257 yield. The
formation of the cyclic amine rather than the anticipated dihydro-

phenanthrylamine (152) can be rationalised as shown below.
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(165)

Amine (165) is an oil which can be distilled, but darkens on
standing. The fact that it is a stable benz(cd)indoline lends
support to the suggested explanation for the ecasc of oxidation of
other benz(cd)indolines mentioned earlier, where there is an unsub-
stituted methylene group next to nitrogen which can be oxidised.

The only crystalline product isolated was (168) which was
obtained in 37 yield. It analysed for 01751802 ahd had a corresponding
molecular ion at M/e 254 in the mass spectrum. It fragmented to
lose 15 mass units (CH3) and 43 mass units (CHBCO). In the IR
there was a carbonyl peak at 1675 cm._1 but no hydroxyl peak. In the
NMR there were two methyl peaks at 7.64 7 and 7.937. The two
aromatic protons appeared as a quartet (J = 9 cps) at 2.917” and
there were ten methylene protons. A possible mechanism for the

formation of (168) is suggested below.
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160) eoos,
The anhydro ketone (167) was obtained in 107 yield. The
keto group absorbed at 1680 cm - in the IR. In the MR the methyl
group appeared ab 8.10 ¥ and the vinylic proton was a triplet at

3.83 7. (167) was formed either by hydrolysis of the oxime to

(158) followed by acid catalysed dehydration or by a process such

as:
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The anhydro ketone was later oximinated to (173), and under
Semmler conditions this oxime also gave amine (165), thereby

lending a little support to our proposed Semmler mechanism.

(xm) (265)

The final product isolated was assigned the structure (169).
On this occasion a 107 yield was obtained, although in other runs
more was often produced. It is a polar compound which turned green
on Silica Gel plates and was very difficult to crystallise. The
compound analysed for C17H17N02 and had a molecular ion at M/e 269.
In the IR the carbonyl stretch came at 1730 cmwl° In the WMR the
two methyl groups appeared as singlets at 7.80 and 8.58 % and
the vinylic proton was a quartet at 3.887°. The spectra were not

identical to those of the isomeric anhydro oximino acetate (172)

which was prepared independently.



Cyclisation giving a benz(cd)indoline instead of the

formation of an amino-~dihydrophenanthrene (152) could clearly be
avoided if the ring containing the methyl substituent in the oxime
(151) is dehydrated and aromatised before carrying out the Semmler

reaction.

(u4) (176}

The oxime (151) -was acetylated to give (174) which had a carbonyl
absorption at 1765 cm.‘1 in the IR. Attempted dehydration of (174) by
treatment with acid~hydrochloric, tosyl and formic acids were tried -
under anhydrous conditions was unsuccessful giving a multi-component
mixture. Aqueous sulphuric acid merely hydrolysed (174) to the
anhydro ketone (167). The dehydration was accomplished by reaction

with phosphorus oxychloride in pyridine, but the yield of (175) was
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only about 20%. In the IR spectrum the carbonyl peak at 1765 cmwl
remained but there was no hydroxyl peak at 3400 mel. In the NMR
spectrum the methyl singlet which appeared at 8.5477 in the spectrum
of (174) was shifted downfield to 8.1C7’ and appeared as a doublet

J = 1 cps coupled to the vinylic multiplet at 4.177 . Oxidation of
(175) with dichlorodicycanobenzoquinone (DDQ) in refluxing benzene
gave (176) in 457 yield. In the NMR the aromatic protons appeared as
a complex multiplet at 2.1 ~ 2,9 7 and the methyl signal was shifted
downfield from its position in the spectrum of (175) to 7.477. 1In
the spectra of all three compounds in this series the acetyl methyl
signal came at 7.8°7.

When this naphthyl oximino acetate (176) was subjected to Semmler
reaction conditions a clean reaction ensd?ed and a crystalline product
was produced in 80% yield. It was not the anticipated Semmler product
(153), but lactam (177), a Beckmann rearrangement product. The same
compound was the scle product when (176) was heated in polyphosphoric

acid at 130° c.
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In the NMR spectrum there was only one methyl signal which
came at 7.08~ and there were both methylene and aromatic protons
in the ratio of 6:5. In the IR spectrum there was an N-H stretch
at 3200 cm_l and a carbonyl stretch at 1660 cmml. The similarity
of the IR to that of the related amide in the anthracene series (164)
indicated that (177) is the correct structure rather than (178). The
molecular ion at M/e 225 and a fragmentation where 55 mass units
are lost giving an ion at M/e 170 (M+ - C3H30) lends support to
this structure. It is quite important to establish the structure
because there has been one report of a reaction where treatment of
an oxime with polyphosphoric acid gave the anticipated Beckmann
product, but under Semmler reaction conditions the other isomer was
obtained in addition to an ar i amine83. It was thought that acid
catalysed syn-anti isomerisation of the oxime group occurred under
Semmler conditions and the anti isomer aromatised faster than the
competing Beckmann reaction. The syn isomer, on the other hand,
underwent ring expansion giving the isomeric lactam to that produced
using Beckmann procedures when an anti oxime rearranges. The
stereochemistry of our system (176) probably restricts isomerisation
of the oxime, so that with the geometry as illustrated, both the
Beckmann and the Semmler reactions would be expected to give (177)
and not (173).

4 modification of the Semmler aromatisation which has been used

to aromatise a steroidal ring A was attempted. The naphthyl oximino
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acetate (176) was heated in vefluxing acetyl bromide with a drop
of ethanol. TLC showed five products of which only two were
identified as amides by their IR specta. One was the regular
Beckmann product (177), and the other, the major product which was

isolated in 257 yield, was the acetylated lactam (179).

(x7m)
|

(276)

(179) was also obtained when lactam (177) was acetylated with
acetic anhydride under reflux. In the IR the carbonyl absorption
was at 1700 c:m«1 and the molecular ion 12 the mass spectrum was at
M/e 267.

Attention was turned again to the Semmler product benz(cd)indoline
(165). It was thought that the heterocyclic ring could be opened

by hydrogenolysis in an acidic medium.
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CEHL

(1.80)

On hydrogenol¥sis in glacial acetic acid solution over a 5% Pd/C
catalyst well over one mole equivalent of hydrogen was taken up.
Thus it was no surprise to find that the product, obtained in 507
yield, was not (180) but had ar NMR spectrum in which there were
only two aromatic protons absorbing as a singlet at 3.10 7°. Clearly
some nuclear hydrogenation had occurred and the product was assigned
structure (179). The presence of an amino group was evident from
the TR spectrum which had peaks at 3350, 3250, 1615 cm © and the
WMR spectrum which had a two proton peak at 6.27 7 which exchanged

on shaking with D,0. (179) was purified as the hydrochloride salt.
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Finally another method was used to open the heterocyclic
ring in (165). The acetylated benz(cd)indoline (166) was oxidised
to (181) with DDQ in refluxing benzene. The reaction wés slow and
could not be catalysed by benzoic acid or para-tolueme sulphonic
acidaa. It could not be followed by TLC because (165) and (181)
have the same ng but maxima in the ultra-violet spectrum of (166)
at 237 and 307 mp diminished as the reaction proceeded and peaks
at 263, 276 and 335 mu appeared.

(181) was isomerised to the phenanthrene amide (182) by heating
it briefly with t~butanol with potassium . t-butoxide. The white
crystalline amide had peaks in the IR spectrum at 3400, 1680, 1540
mel confirming that it was a secondary amide. There were no methylene
peaks in the NMR spectrum and the two methyl groups absorbed at

7.82 and 7.427 . There were eight arometic protons at 2.3-2.6 7

and a broad N-~H signal at 1.5 7.,

/

CHy <:::;GH5
\\\\jMAG {::: ‘ A '
oL T A e T
| O 9,

(166) (z81)
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(182): (153)

Hydrolysis of the amide (182) to 4-~amino-5-methylphenanthrene
(153) was carried out in excellent yield in refluxing methanolic HCL.
The amine was identified by characteristic peaks at 3450, 3370 and
1615 cw | in the IR.

The usual procedure for converting an amine to an azide was
carried out with (153). When (153) was diazotised in glacial acetic
acid the reaction could not be performed at 0° C because the acetic
acid froze. After addition of scdium azide in[normal manner the
crude reaction product was isclated but surprisingly had a very weak
azide peak at 2150 cmm1 in the IR although on TLC it appeared to be
quite pure. The reaction was repeated in a mixture of acetic acid
and sulphuric acid which could be kept at 0° C. The major product
was the non-polar crystalline hydrocarbon (184) and was obtained in

507 yield.
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(( 153 )} ' (( 183 ) ( 184 )\

Phenanthrene-4,5~methane (184) had eight aromatic protons in
the NMR spectrum at 2.1 - 2.4 7 and a methylene singlet at 5.717.
It had the same melting point as reported in the literature™ . It

was foermed by a Mascarelli reaction which has been reported to

occur when 2-amino-2'~methylbiphenyl is diazotised and then heated

. - 85 4 - . o i 3 -
in acid ~. Steric compression in (183) makes elimination of nitrogen
much easier than in (185) and hence in our case the Mascarelli

reaction occufed at C° C.

= L)
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Another method was attempted for the conversion of amine (153)
to 4—azidc-5«methylphenanthrgne(154). Tosyl azide reacts with the
anion of an aryl amine to give an aryl azide and para-toluene

sulphonamide by a diazo transfer reaction86

ArNH2 + CHBMgCI —3 Ar - NK MeCl
) ® —
N—N - N - Tos
‘_76@) <)
?r
N ©

NG
H\f‘ll‘ —> Ar-N=@:mN-/%HwTos

I .
@ W \L‘j\ g

ArN3 + TosNH2

Tos

In an exploratory reaction, this conversion was tried out with
2~-amincbiphenyl to find cut the effect of a large substitutent in
the vicinity of the amino group. Whereas the reaction of simple
para substituted anilines with a Grignard reagent is reported to be
complete in five minutes, after three and a half hours TLC still
showed unreacted 2-aminobiphenyl. Reaction of the anion with tosyl
azide was very rapid and clean and 2-azidobiphenyl {186) was isolated

in 637 yield.
O / O + TGS‘N}

e
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When the same reaction was attempted with 4—amino-5-methyl-
phenanthrene (153), attack by the Grignard reagent appeared to be
even slower. Excess methyl magnesium ilocide was added but even
after twenty hours TLC showed some amine. When tosyl azide was
added no new products appeared on TLC indicating that no amine
anion had been formed, and indeed the amine was recovered unchanged.
Clearly the amino group in (153) is inaccessible to the Grignard
reagent, a possibility that seemed likely when we observed how
slow the reaction of 2-amincbiphenyl with methyl magnesium iodide

was, compared to the unhindered anilines reported in the literature.
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Unless otherwise stated, the following information applies to
all the experiments described.

Melting points (M.P.) were measured on a Kofler block and are
uncorrected. Infra-red spectra (I.R.) were measured on a Unicanm
SP 200 or a Perkin-Elmer 257 Spectrometer. Nujol mulls were used
for solids, otherwise the spectra were measured ag. smears on sodium
chloride plates or in chloroform or carbon tetrachloride solution in
sodium chloride cells of 0.5 mm thickness. Ultra-violet spectra
(U.V.) were measured as solutions in absolute ethanol on a Unicam
SP 300 B Spectrometer using 1 cm. cells, Nuclear Magnetic Resonance
Spectra (NMR) were measured on a Varian A 60 Spectrometer by Mrs.
I. Boston or on a Varian HA 100 100 Mc/s Spectrometer by Mr.
Peter Jenkins. The spectra were meagsured in deuterochloroform or
carbon tetrachloride solution. The symbols s, d, t, qu, m, br,
exch., refer to MR signals appearing as a singlet, doublet,
triplet, quartet, multiplet, a broad band and a signal which
disappears on shaking the solution with D0 respectively. Mass
spectra were measured on an AEl MS9 Spectrometer by Mr. P.R.Boshoff
or Mr. John Bilton or on a Perkin-Elmer 270 low-resolution spectro-
meter by Mrs. Lee. Micro~analyses were performed by Mr. K.I.Jones.

For thin-layer chromatcgraphy (TLC) 20 x 5 cm. Med .. GF 254
Silica Gel plates were used and for preparative TLC 60 x 20 x 0.1 cm.

plates were used. The plates were generally run in benzene/acetone
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or benzene/petroleum ether (b.p. 40 - 60°C) and were inspected
under ultra-violet light and developed in iodine vapour or sprayed
with concentrated sulphuric acid and heated.

Ether, dichloromethane etc. extracts were dried over sodium
sulphats or magnesium sulphate before removing the solvent under
vacuun on a water pump. Final traces of solvent were removed on
a high vacuum oil pump. Petrol refers to petroleum ether b.p.

40 - 60°C when used for chromatography and petroleum ether b.p.
60 ~ 80°C when used for crystallisation. Dry benzene and ether
refers to sodium dried solvents.

In photolytic experiments the following ultra-violet light
sources were used: Philips High Pressure Mercury Vapour Lamp
HPK 125 watt, 57203 B/00, Philips Medium Pressure iercury Vapour
Lamp MBW/V 125 watt, with the ultra-violet screening bulb removed.
Hanovia U-shaped Low Pressure cold cathode Mercury Lamp 15 watt
type 766/63 or AT/E 121.

Methyl-B~phenethyl ether (9)

R-phenethyl alcohol was methylated with dimethyl sulphate.1

Yield 60%, bp,;g py oo 90-93°C; IR 1120 cm *.

Ortho-nitrophenethyl methyl ether (10)

Methyl phenethyl ether (9) was nitrated with acetic anhydride
and fuming nitric acid,394 The isomers were separated by chromatog-
raphy on Grade 3 Alumina eluting with benzene/petrol 1:1. The

required ortho isomer was eluted first as an oil, followed by the
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para isomer M.P., 60 - 62°¢ (petrol).

IR 1530, 1350, 1120 cm *

NMR (CC1,) 6.63% 3Hs; 6.85% 2HE
J=7cps; 6407 2H t J =7 cps' 342,43 - 2.85 7 3H m; 2.12 7 1lHm.

Ortho-amino—R-phenethyl methyl ether (11)

Para-nitrophenethyl methyl ether was reduced with stannms
chloride by a literature procedure3 and the IR (3450, 3350 cm—l)
showed that all the nitro-compound had been converted to an amine.
The same method was used to reduce (10) to (11) in 837 yield., IR
3450, 3350, 1625 cm_l. The amine was purified as the hydrochloride
prepared by adding the crude amine to ethereal HC1l. M.P. 112-114%

(ethanol). TR 2550, 1110 s

NMR (0014) 6.68 3Hs; 6.87 2Ht
J =7 cps; 6.357v 2Bt J =7 cps; 2.5 - 2.75 ¥ 3Hbr.; 2.05 7 1lEm.
Analysis: C 27,367 H 7.427 W 7.27%7 Cl 19.31%

142001 requires C 57.467%7 H 7.45Z N 7.45% C1 19.0%

Or tho-azido-B~phenethyl methyl ether (12)

Cgh

Ortho~amino-f-phenethyl methyl ether hydrochloride (11) was
diazotised and treated with sodium azide according to Method B of
Smith and Brown5 using the Smolinsky modification6 of the work up.
The azide was extracted into ether instead of petrol and was prepared
in 77%2 yield. IR 2140, 1120 cm *. MR (€C1,) 6.73 7 3Hs; 7.24 7
2t J =7 cps; 6.55 7y 2Ht J = 7 cps; 2.92 Y 4Hm,

Photolysis of ortho—azido-B-phenethyl methyl ether (12)

The azide (203 mg) in redistilled dry benzene (25 ml) was

irradiated in a pyrex flask with a medium pressure lamp; dry nitrogen
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vas buﬁbled through the solution via a sintered glass disc at the
bottom of the flask. The solution soon darkened and after eighteen
hours IR showed that all the azide (gmax 2150 cmml) had reacted.
The solvent was distilled off and the crude product separated by
TLC eluting with benzene. Indole (33.2 mg) was isolated, but as
indole is a volatile compound a correction factor was determined
by dissolving a known weight of indole in a similar volume of
benzene and isolating it in the same way. A corrected yield of
41.5 mg (437%) was thereby obtained. Indole was identical in Rf and
IR to an authentic sample and gave an identical picrate m.p. 146 -
148-5°C (ethamol) to that obtained from an authentic sample. Another
product isolated by TLC had an identical Rf and IR to those of ortho-~
amino«%uphenethyl methyl ether (11).

Ortho-nitro-R—phenethyl alcohol (15)

B—-phenethyl alcohol was nitrated as described in the literature8
in 957 yield. A crude separation of the isomers was achieved by
pouring the oily mixture onto ice and filtering the solid para
isomer (purified by crystallisation from CCl4) from a mixture of
ortho and para isomers. Chromatography on Grade 3 Alumina eluting
with benzene/acetone 57 gave pure (15). NMR (CCl4) 7.1 % 1H br;

6.97 7 2Ht J = 6 cps; 6.257» 2Ht J = 6 cps; 2.69% 3Hm; 2.237 lHm.

Or tho-amino-g-phenethyl alcohol (16)

The nitro alechol (15) (3.76 g) was stirred at room temperature
for fifteen hours with stannous chloride (23 g) in conc. HC1l (50 mi).

4N sodium hydroxide was carefully added till all the white tin complex
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had dissolved and the amino alcohol (36) was extracted with ether
(5%) . After washing with water (2x) and dryiny over sodium
sulphate the solvent was removed in vacuo giving 2.37 g 777 of
the yellow oily amine.

When the nitro compound (15) (0.67 g) was reduced in 0.880 ammonia
(3 ml) and water (3 ml) saturated with HZS for 18 hours at room
temperature and then heated on a steam bath for 30 minutes, 281 mg
51% of the amine was obtained after filtering off sulphur and ether
extraction as described above.

IR 3450, 3400, 3300, 1630 cm -

Ortho-azido-B-phenethyl alcohol (17)

The amine (16) was converted to (17) in sulphuric acid by the

standard procedures’e. Yield 837Z. IR 3400, 2150 cmwl.

Analysis: C 58.89Z H 5.56% N 25.75%
CgligN 40 requires C 58.80% H 5.62% N 25.67%
Ortho-azido~B~phenethyl benzoate (18)

The azido alcohol (17) (2.25 g) was benzoylated with freshly
distilled benzoyl chloride {10 g) in dry pyridine (50 ml., dried
over KOH). The solution was stirred at room temperature for 6
hours in the dark. It was then poured ontc a mixture of ice, 6N
sulphuric acid and ether. The ether layer was separated and
washed with sulphuric acid, water, sodium hydroxide and water and
then dried over sodium sulphate. Ether was removed in vacuo and

the product purified by chromatography on a Grade 3 Alumina column



~180~

eluting with benzene/petrol 2:1. The yield of the oily benzoate
vas 3.18 g 86% IR 2150, 1720, 1390 cm ~. NMR (CC1,) 6.997 2Ht

EtOH

J=7 cps; 5.547 2t J=7 cps; 2.5-3.0 7 7Hm; 2.10 > 2Hm. UV )\ o

207 mu (€ 20,900), 231 mp (€ 15,600), 250 my infl. (€ 10,600),
278 mu infl., (€ 2,990), 287 mu infl. (€ 1,960), above 300 mu
tailing € 130.

Analysis (sample distilled at 0.05 mm 90°C) C 67.272 H 5.01%
N 15.52%

H, .N,0, requires C 67.41%Z H 4.90Z N 15.72Z

€155135302
Photolysis of ortho-azido—-B-phenethyl benzoate (19)

The solven;s and lamps used for this photolysis are listed in
Table I (page 77 ). The usual procedure used was to irradiate a
solution of about 200 mg. of the azide in about 30 ml. of dry solvent.
The solution was stirred and dry nitrogen was bubbled through it.
The progress of the photolysis was followed by taking out samples at
intervals and examining the TLC and the azide peak in the IR.

When IR showed that the photolysis was complete, the solution
was extracted with saturated aqueous sodium bicarbonate (twice).

The basic solution was washed with ether, acidified with dilute
sulphuric acid and extracted twice with ether. The ether solution
was washed with water, dried over sodium sulphate and evaporated to
dryness to give benzoic acid. Benzoic acid isplated in this way had
the same M.p. 122°C and IR 2680, 2570, 1690 cm * as an authentic

specimen.
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The remainder of the photo~product was separated on Silica Gel
plates eluting with benzene/petrocl 10%Z. Four bands were isolated.i
The most polar was a brown material and was rejected, IR 3400, 1720
cm*l, MR 1.9 - 2,97, 5.4"% , 7% br. The next band was separated
into the two amino-benzoates (20) and (21) by TLC eluting with
benzene/acetone 10%4. The next band was the orange azo compound (19)
and the least pclar was separated inte indole and unchanged azide
by TLC eluting with benzene/acetone 10%.

Ortho~azo-f-phenethyl benzoate (19). 1Iip 126-7°C (orange needles from
EtOH

uv max

275 mush (£ 7,280), 283 mpy sh. (€ 8,470), 332 mn (€ 25,000).

ether). IR 1710 cmﬂl. 207 mu (€ 35,800), 231 mp (€& 47,200),
Analysis C 75.207% H 5.43% N 5.85%

C3OH26N204 requires C 75.29%7 H 5.487 N 5.85%

Or tho-amino~B-phenethyl benzoate (20). Ir 3490, 3410, 1715 cm ©

NMR 7.08 v 2Ht J=7 ecps; 6.2 7 2Hbr; 5.57 7 2Ht J=7 cps; 2.5-3.5 %7

7Hm; 2,177 2Hm.

Analysis C 72.15%2 H 6.97%2 N 5.24%
015H15N02 requires C 74,677 H 6.277 ¥ 5.80%
2-(0r tho~aminophenyl)-1,1~-dibenzoylethane (21) M.P. 168-9°C (benzene/

petrol) IR 3490, 3400, 1740, 1710, 1630 cm L.

NMR (100 Mc/8)

(CCla) 6.85 > 2Hd J=5; cps coupled to a proton at approximately 3.0 7%
6.5 2H exch; 3.5, 2.5~3.2 7 11 Hm; 2.03 7 48 qu.

Analysis C 73.02Z H 5.15%2 N 3.74%

022H19N04 requires C 73,127 H 5.30% N 3.887
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When the photolysis was carried out in cis? trans-piperylene
another polar product (23) was isclated by preparative TLC. IR

3420, 1720, 1710, 1605, 1590, 1280, 1120 cm 1

. MR (CClé) 8.27°y
3Hm; 7.18 7 2Ht J=8 cps; 5.74 F 2Ht J=8 cps; 6.55 2Hm; 4-4.5%
3Hm; 5.277 lHbr; 2.5-~3.6 77 10 Hm; 1.9~2.37” 4Hm. Mass Spectrum:
Molecular ion M/e 429.1932 c.f. C27BZ7NO4 429.193996; other peaks

EtOH
at M/e 307, 268, 255, 254, 186, 146. UV_)\max 209, 230, 251 infl.
274, 282, 295 mu.

The compound (23) (7 mg) dissolved in glacial acetic acid (5 ml)
was Ozonised at room temperature for two minutes. Zinc dust was added
and the reaction left for two hours. It was filtered and a solution
of 2,4-dinitrophenylhydrazine in conc, HZSO4 and ethanol was added
to the filtrate. No precipitate formed, so the solution was basified
with saturated sodium bicarbonate solution and extracted with ether.

A yellow compound was isolated by preparative TLC (Silica Gel, benzene/

petrol 107) which had the same R, and IR (33,00, 1620, 1530, 1340 cm ')

f
as an authentic sample of acetaldehyde~2,4~dinitrophenylhydrazone MF
146°¢C (ethyl zcetate). It did not have the correct melting point,
melting at 105-120°C.

Ortho-azidcanisole (25)

Ortho-anisidine was converted to the azide (25) by procedure A

of Smith and Browns’6 and was obtained as a yellow liquid in 867 yield.

1

IR 2140, 1305, 1250, 1100 cm ~. MIMR (cc1,) 6.19 7 3Hs, 3.13 7 4Hm.

Photolysis of ortho-azidoanisole (25)

The azide (1.49 g) was photolysed in dry benzene (200 ml) in a
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water cooled quartz cell with a high pressure mercury lamp.
Hitrogen was bubbled through the solution. The photolysis was
almost complete after 30 minutes., In another experiment, the solvent
used was dimethylsulphoxide (250 ml) and irradiation was stopped after
one hour. Using this solvent had the advantage that no inscluble film
was formed on the quartz finger cutting out the light.
Basic photo-products were extracted with 3N HCl, which solution

was washed with chloroform, neutralised with sodium bicarbonate
and extracted twice with chloroform. The product was impure o-anis~
idine (10Z). IR 3450, 3380, 1615, 1225 cm °. NMR 6.157 SHs-reduced
to 3Hs after DZO shake~ 3.3 " 4Hs. The neutral compounds were
chromatographed on Grade 3 Alumina., The first compound eluted (180 mg
30%) was o-azoanisole (27) MP 153-5°C {petrol). NMR 6.00 ¥ 3Hs
2.3-3.27 8Hm.
Analysis C 69.237 H 5.637 N 11.447

N, 0, requires C 69.417 H 5.82% N 11.56%

€148145:%
Ortho-azidotoluene (30)

Ortho-azidotoluene (30) was prepared by standard procedures™’

from ortho-t#luidine in 657 yield. IR 2150, 1600, 1500 cmml.

Ortho-azidobenzyl alcohol (31)

Ortho-azidotoluene (1.3 g), N~bromosuccinimide (1.8 g, purified by
recrystallisation from hot water) and benzoyl peroxide (0.3 g,
purified by recrystallisation from chloroform/methanol) were heated

together in refluxing carbon tetrachloride (10 ml) in the absence of
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light. ©No new products appeared on TLC after two hours and another
0.3 g benzoyl peroxide was added and the reaction left for three
days. During this periocd about 10 ml of water had leaked intc the
solution and after separating this aquecus layer, TLC showed the
presence of unreacted starting material (330 mg) and a more polar
product (574 mg 51%) The two were separated by column chromatcgraphy

2 52-3°C), sublimed at 0.3 mm at sbout 90°C.

=1 EtOH
IR 3300, 2150, 1050, 1020 cm . WM __~ 209 mu (€18,200),

M.P. 50-52°C (Litl

252 mp (€ 10,200), 277 my sh.(€ 2,730), 286 mu sh.(€ 1,920).
NMR (0014) 7.24 Y 1Msy 5.48 ¥ 2Hs; 2.5-3.2 7V 4Hm.

Ortho—-azidobenzyl bromide

Ortho-azidotoluene (30) (3.9 g), N-bromosuccinimide (5.5 g)
and benzoyl peroxide (3.4 g) were heated in the dark under nitrogen
in refluxing dry benzene (30 ml.) TLC (Silica Gel, benzene/petrol
10%) showed the reacticn was complete after 4} hours. The reaction
mixture was poured into water and ether and the ether layer
separated and dried over sodium sulphate. The two products were
separated on a Grade 3 Alumina column eluting with benzene /petrol
1%1. The first product eluted (47 g, 76%7) was ortho-azidobenzyl

bromide M.P., 71-2°C (petrol). IR 2150 cmulu NMR (6014) 5.63 %7
EtOH

2Hs; 2.6-3.177 4Hm. uv ) max

207 mu (€ 15,800), 226 mp infl.
(€ 12,600), 255 my (€ 10,100).

Analysis C 39.777 H 3.087 N 19.71% Br 37.967%
C7H6N33r requires C 39.677Z H 2.857 N 19.82% Br 37.697%

The other product was ortho~azidobenzylbenzoate (33). Yield 7%.
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Ortho-azidobenzyl benzoate (33)

Ortho—-azidobenzyl bromide (8656 mg) and sodium benzoate (1.46 g)
were heated together in N,N-dimethylacetamide solution (20 ul) on a
steam bath under nitrogem for 2} hours. This was then poured into
water and ether and the aqueous layer separated and extracted with
ether. The combined ether fractions were washed with water (3x), dried,
concentrated and purified on a Grade 3 Alumina column eluting with
benzene/petrol 1:1. 57 mg of the bromide was recovered unchanged and
the benzoate (806 mg 83%) was the next compound to be eluted. MP

o -1 )\ EtOH

- o X .

63-4C (petrol). TR 2150, 1715, 1280 em ~. UV max 205 éya
(€ 19,400y, 230 %p (t 13,250), 251 ny;infl. (€ 8,900), 281 uvu(€~2000).
NMR 4,69 > 2Hs; 2.5-2.97% 7Hm; 1.87-2.07772Hm.
Analysis C 66.29Z H 4.497 N 16.457
014H11N302 requries C 66.407 i 4.38% N 16.59%
When this reaction was carried out in dimethyl formamide it was slower

and the yield was lower (76%).

Photolysis of ortho-azidobenzyl alcohol (31)

Freshly sublimed azide (338 mg) in dry benzene (200 ml) was
irradiated under nitrogen in a Silica reactor with a low pressure
mercury lamp. The photolysis was followed by IR and TLC. The azide
peak at 2150 cmwl diminished as a peak at 1680 cm_l developed. The
photolysis became very slow as a film formed on the reactor walls and

after 44 hours, the solution was concentrated and separated on Silica
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Gel plates eluting with benzene/acetone 107. The yield of re-
covered azide was 77.3 mg 237 and of ortho-aminobenzaldehyde (32)
was 49.6 mg 247. IR 3380, 1665 cm L. MR 4.4 72H exch.; 2.57"

0.2 77 1H. The phenylhydrazine derivative of (32) melted at
1

m

222-3°C (ethanol), lit.'? 223-4%.

Photolysis of ortho-azidobenzylbenzoate (33)

A solution of 100 - 150 mg of the azide in about 100 ml. of

solvent when a silica vessel was used or 25 ml. sclvent when a
pyrex vessel was used, was irradiated under various conditions as
summarised in Table II (page#9). The photolyses were carried out
under nitrogen and the sclutions were stirred. No external cooling
was used so that irradiations with 2 medium pressure lamp were carried
out under reflux. The progress of the photolyses was followed by
IR and TLC. Benzoic acid was extracted as decscribed on page 180
and the other products were isolated chromatographically.

1

Ortho-aminobenzylbenzoate (35) IR 3500, 3400, 1720, 1630 cm .

NMMR (CC1 5.47 7 2H exch; &4.717 2Hs; 1.9-3.5- 9Hm.

W)
Ortho~azoberE.ylbenzoate (34) M.P. 113-4°¢ (petrol) IR 1710, 1280
em L, ka ZZH 205 mu (€ 25,400), 230 mp (€ 32,000), 273 mu sh.
(¢ 5,500), 282 mu sh.(€ 6,500), 324 mu (€ 14,250).

NMR 4.00 7 4Hs; 1.8-2.8 "Y' 18 Hnm.

Analysis: C 74.65%7 ® 5.09Z N 6.08%

028H22N204 requires € 74.65%Z H 4.927 M 6.22%
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Ozonolysis of Acenaphthalenels’19

Acenaphthalene (10 g) in methanol (200 ml) was ozonised at -30%
for 40 hours till the yellow colour of the solution had almost dis-
appeared. The precipitated hemiperacetal (37) (1.1 g) was left standing
in excess dimethyl sulphide for 24 hours. The product (38) was filtered
(88L5 mg 887). M.P. 106-7°C was the same as reported for one form of
the dialdehyde hydrate. NMR 6.33 7 3Hs; 6.13 v 1lHs; 3.7-4.157 2H qu;
2.1-2.87y 6Hm.

On recrystallisation several times from hot water TLC (Silica Gel
Benzene/Methanol 207) showed that (38) was converted to the dihydrate.
M.P. 133-5°C. IR 3330, 3200 cm . NMR 3.727 1Hd J=6 cps, collapses
503 3.447 1HA J=6 ~»s, collapses to singlet
0; 3.5-4.0°¥% 2H br.exch; 2.1-2.6 7 6Hm. Analysis

to singlet on shaking with D

on shaking with D2

after one crystallisation: C 71.33%, H 5.45%, after three crystall-

isations: C 70.71%. H 4.79%Z. C requires C 71.29Z, H 4.957,

1271093

C requires C 72,227 # 5.55%.

13%12%3 |

The dialdehyde (38) (550 mg) was left at room temperature with
107 aqueous sodium hydroxide (20 ml) for four days. It was filtered
and acidified with conc., HC1l (6 ml); the solution was heated and
methanol added to dissolve the precipitated product. Naphthalide (42)
crystallised out on covling the solution (376 mg 72%) M.P. 153-4%
IR 1710 cm b, MMR 5.01 7 2Hs; 2.3-3.5% 6Hm.

The pale yellow filtrate obtained after the ozonolysis was

converted to naphthalide by a published methodlg. The product (4.55 g

48%) was contaminated by naphthalic anhydride (41) IR 1770, 1720 cm—l
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and was purified on an Alumina column eluting with benzene/acetone
107 to give material which melted at 156-7°C.

Naphthostyril (47)

Several literature preparationszonz3 were repeated without

success. Thé sodium hypochlorite solution used contained 10Z active
chlorine and was much more concentrated than that used in the
reported Hoffman procedures. The amido acid salt (44A) was pre-
cipitated on addition of sodium hypochlorite to naphthalimide and
failed to react further. IR 3400, 1635, 1550 cm‘l. This salt was
not the N-chloroamido acid salt, as reported23, because when the
procedure for converting this to naphthostyril was attempted23,
naphthalimide was obtained.

N-hydroxynaphthalimide (45)

This was prepared in 677 yield from naphthalic anhydride (20 g)24.

M.P. 276-7°C (ethanol) IR 3150, 1700, 1660 cm .

N-to Syloxynaphthalimide (46)

The hydroxamic acid (45) (5 g) in dry pyridine (50 ml) was
stirred overnight at room temperature with tosyl chloride (%.5 g,
recrystallised from petrol). The yellow tosylate (46) was filtered
(7.7 g) and recrystallised from benzene (5.4 g). A further quantity
(2.8 g) was obtained by adding water to the pyridine mother liquor,
filtering and recrystallising from benzene. Yield 89Z. M.P. 228~
9%, IR 1715, 1705, 1330, 1180, 1230, 1020 cm I,

Analysis: C 62,307 H 3.697 B 3.677 S 8.46%

NSO, requires C 62.13Z H 3.57%Z N 3.81% S 8.71%

C,qH; NS0,
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Naphthostyril (47)

The tosylate (5.4 g) (46) and potas:ium hydroxide (5.7 g)
were dissolved in methanol (300 ml). The solution turned orange
and on standing overnight a white precipitate formed. The solvent
was removed in vacuo and the residue digested with chloroform. In-
soluble inorganic matter was filtered off and the yellow naphthostyril
(47) (1.4 g) 607 isolated from the three other products by column
chromatography on Grade 3 Alumina. M.P. 180.5-182°C (benzene)
Ir 3180, 1695, 1640 cm ©.

1-amino-8-naphthalene carboxylic acid (48)

This was prepared quantitatively from maphthostyril by the

method of Bamberger and Philip87.

Reduction of the tosylate (46)

The tosylate (46) (400 mg) was reduced with lithium aluminium
hydride (400 mg) in refluxing dry ether (100 ml) under nitrogen for
two hours. Wet ether was added and the ether layer separated. The
aqueous layer was extractodwith ether (2x). The combined ether
extracts were dried and evaporated to dryness giving am oil (120 mg)
which was separated into several components on TLC.

Reduction of the amino acid (48)

The amino acid (200 mg) (48) and lithium aluminium hydride
(300 mg) were stirred in dry ether (150 ml) under nitrogen at room
temperature overnight. Water was added carefully and the gink ether

solution filtered and separated. On evaporation a dark greenish blue
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solid was obtained. This solid residue was acid soluble and on
extraction with ether gave a blue solution.

S5—-acetamido-l-naphthol (52)

S5-amino-l-naphthol was acetylated with acetic anhydrideas.

Yield 79%. M.P. 176°C (chloroform). IR 3290, 1630, 1530 cm 1.

5-acetamido-1l-methoxynaphthalene (53)

When the literature procedure was usedss, a yield of 517 was
obtained.

5-acetamido~l-naphthol (52) (41 g), methyl iodide (90 g) and
potassium carbonate (30 g) were hLeated in dry acetone (600 ml) under
reflux for 5} hours. The reaction mixture was well stirred and after
allowing it to cool to room temperature, it was poured into water
( 3 1.) and the white product was filtered and vacuum dried. The
compound was TLC pure and obtained in 827 yield (35.8 g). M.P.
188-9°C. IR 3250, 1650, 1540, 1040 cm .

1l-methoxy-5-acetamido-4--chloromethylnaphthalene (54)

Chloroformylation of (53) was carried out following the published

procedure??. Yield 777. M.P. 155-165°C. IR 3250, 1640, 1530 cm o.

1-methoxy-5-acetamido-4-hydroxymethylnaphthalene (55)

The literature procedure for hydrolysis of (54)29 gave a mixture
of several products from which (55) was isolated by TLC.

5-acetamido~4~acetoxyme thyl-1l-methoxynaphthalene (56)

Freshly prepared (54) obtained from the chloroformylation of

35.8 g (53), was dissolved in hot glacial acetic acid (2200 ml) and



sodium acetate (38 g) and acetic anhydride (5 ml) was added portion-
wise. The solution was kept at 60°C under nitrogen for one hour.
The precipitated sodium chloride was filtered and acetic anhydride
(75 g) was added to the filtrate which was left standing overnight.
After addition of water and extraction into chloroform, the solvent
was removed in vacuo and the crude diacetate (56) crystallised

from alcohol. Yield 27 g (56%). M.P. 149-150°C.

IR 3250, 1730, 1645 cm -, NMR 7.94 7 3Hs; 7.807 3Hs: 6.277 3Hs;
4,62 7 2Hs; 1.557 1H; 3.337 sz; 2.45-2.707qu H3 and H7,

decoupling shows H, at 2.63%; 2.20'rH8 d; 1.78+ H6 d.

3
5-amino-4~hydroxymethy'-Im thoxynaphthalene (57)

The diacetate (56)(27 g) and sodium (7 g) were dissolved in
dry ethanol (1250 ml) and heated under reflux for five hours under
nitrogen. The hydrolysis was followed by TLC and when it was com=-
pleted the solvent was evaporated off. The soli& residue was part-
itioned between ether and 6N HCl. The acid layer was separated and
basified with solid sodium bicarbonate. The precipitated amine (57)
was filtered, washed and dried and crystallised from alcohol. Yield
16.8 g 78%. M.P. 121.5-)22.5°C. IR 3320, 3200, 3080, 1600 cm .
MMR 6.07 7 2Hs; 5.05 7 2Hs; 2.1-3.57 5Hm; broad NH2 and OH peaks
were exchanged on shaking with D20.

5-amino~4-ethoxymethyl-1-methoxynaphthalene (61)

This was prepared from (57) by the literature methodzg.

1

M.P.
76~7°C. IR 3410, 3320 cm . KMR 8.777 3Ht J=7 cps; 6.427 2H qu
J=7 cps_ 6.08~ 3Hs; 5.127 2Hs; 4.68% 2H br. s; 3.397'.H2 d J=7.5

cps; 3.20 v qu 2.88 7 qu J= 8, 2 cps H6 and H7; 2.72 v @ J=7.5 cps
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2.2277 qu J=8.5, 1.5 7 Hg.

H3;
5-azido~4~hydroxymethyl—1l-methoxynaphthalene (58)

The method B of Smith and Brown596

gave a product with an N3
peak in the IR, but no OH. When this was modified by using glacial
acetic acid as the solvent (58) was obtained in 887 yield. M.P.

o -1 EtoH
142.5~144C (ethanol). IR 2130, 3300 cm UV)\ 207 my

B max

(€ 32,400), 232 my (€ 46,200), 317 my (€& 10,500). MMR 7-7.4"7 1H br;
6.05 v 3Hs; 4.97-r 2Hs; 1.8-3.377 5Hm.
Analysis: C 62.64% H 4.99% N 18.09%
012H11N302 requires C 62.90%Z H 4,817 N 18.347

5-azido-4-ethoxymethyl-1-methoxynaphthalene (60)

(58) was converted to the ethyl cther (60) in the same manner
as was the corresponding amine (57) but was kept at 20% overnight
instead of refluxing. Yield 89%7. M.P. 56-7°C (ethamol). IR 2120

-1 EtoH

cm . UV>‘max 210 mp  sh; 232 mp (€ 33,000), 317 mp (€ 8,000)
NMR 8.71 °r 3Ht J=7 cps; 6.33 7r 2liqu J=7 cps; 6.06"y 3Hs; 4.9277
2Hs; 1.9-3.377 5Hm.
Analysis C 65.432 H 5.87Z N 16.197%
014H15N302 requires C 65.37%7 H 5.847 N 16.34%

(60) was also prepared from the amino ether (6l) by the standard

6 . . . .
procedures’ in glacial acetic acid.

5-azido-4-benzoyloxyme thyl-1l-methoxynaphthalene (60)

The azido alcn™ol (58) (2 g) and redistilled benzoyl chloride
(10 g) were stirred in dry pyridine (100 ml) under nitrogen in the

absence of light for ome hour. The solution was poured into ice
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water, 6N HCl and ether and the ether layer was separated. It was
washed with 6N HCl, water, 4N NaOH and water and dried. It was
evaporated to dryness and benzoic anhydride removed by washing the
0il with petrol. The resulting solid benzoate (60) was crystallised

from petrol. Yield 2.1 g 727. M.P. 111-112%. 1R 2150, 1703 cm-l.

EtoH
O\ . 232 mpu (€ 63,340), 319 mu (€12,800). NMMR 6.047 3Hs;

4,07 ~y 2Hs; 1.7-3.4 " 10 Hm.
Analysis: C 68.57Z H 4.507 N 12.53%
C,  H, N, requires C 68.467 H 4,547 N 12.617%

1971573 3
Photolysis of 5-~azido~4-hydroxymethyl-l-methoxynaphthalene (58)

(58) (10 mg) in dry benzene (20 ml) was irradiated in a pyrex
cell under nitrogen with a medium pressure lamp. TLC and IR showed
that the photolysis was complete after 24 minutes, and there was
only one photo-product on TLC., In dry ether (25 ml) the photolysis
took 5 minutes. On attempting to isolate the product by preparative
TLC on Silica Gel (Benzene/acetone 107), it decowpesed to several
coloured products.

The photeclysis was repeated with 62.5 mg (58) in dry ether
(25 ml), When all the azide had disappeared after 35 minutes,
lithium aluminium hydride (100 mg) was added and the solution was
heated under reflux for 1} hours under nitrogen. Wet ether and
water were then added and the ether layer separated and dried under

nitrogen. The dry »ther solution was filtered from the sodium
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sulphate under nitrogen into acetic anhydride (5 ml) and the ether
was then removed in vacuo. It was left standing overnight and then
acetic anhydride was removed by azeotroping it with toluene, in vacuo.
The crude product, N-acetyl-4-methoxybenz(cd)indoline (64) was
purified by TLC and was obtained in 357 yield (20 mg). It was
identical to an authentic specimen prepared according to the

29 -1 + EtoH
literature method“”. M.P. 146°C (ethanol). IR 1655 cm . UV)M

max
231 m/}.(ﬁ 45,400), 317 m/y«(é" 13,700), 336 I a (€ 13,000). MWMR
7.72~ 3Hs; 6.0577 3Hs; 4.95°7 2Hs; 2-3.3-y 5Hm,

Photolysis of 5-azido~4—ethoxymethyl-li-methoxynaphthalene (60)

(60) was photolysed (80 mg) in dry ether (25 ml) for 25 minutes
exactly as described for (58). The yield of (64) was 27.5 mg 397.

In another run the solvent was distilled off and pyridine and
a benzene solution of 3,5~dinitrobenzoyl chloride added to the
distillate. 3,5-dinitrobenzoyl chloride was prepared by heating 3,5-
dinotrobenzcic acid (2 g) with PClg; (2 4 g) in refluxing carbon
tetrachloride for two hours. On Cooling and filtering the crude acid
chloride was obtained and it was recrystallised from petrol; M.P.
71%.

The benzoylation reaction proceeded for 15 minutes under reflux
The solution was washed with 2 N, HCl, 2N NaOH and water and dried.
The organic layer was evaporated to dryness giving ethyl-3,5~
dinitrcbenzoate (4 mg) M.P. 87*90°C, which was identical to an

authentic sanple.
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Photolysis of 5-azido-4-benzoyloxymethyl-l-methoxynaphthalene (59)

(59) (120 mg) was irradiated in the same manner as was described
above for 25 minutes. The solution was extracted with 4 N NaOH and
water and the alkaline solution subsequently acidified with conc.

HCl. This solution was extracted with chloroform and on careful
evaporation benzoic acid (27 mg 65%) was obtained. It was purified
by sublimation and was identical to an authentic specimen.

The photolysis of the azide (59) (666 mg) in dry ether (300 ml)
using a high pressure lamp took 40 minutes (interrupted every 10
minutes for examination of the progress of the reaction). Extraction
(4x with NaOH) as before gave benzoic acid (153 mg 644%). The neutral
products were refluxed with sodium in ethanol for two hours. The
solvent was then removed in vacuo and the residue partitioned
between water and dichloromethane. The aqueous fraction was acidified
and benzoic acid (60 mg 241%) extracted into dichloromethane.

Photolysis of the benzoate (52) (333 mg) in dry ether (50 ml)
using the new rotary photolysis apparatus and a high pressure lamp
took ten minutes. The yield of benzoic acid was 65 mg 58%.

There was nc dark reactien.

Nitration of 5-acetamido-4-acetoxymethyl-l-methoxynaphthalene (56)

The nitration reactions described below were generally worked up
by pouring the acidic solution into a mixture of saturated sodium
bicarboante and ether or dichloromethane, separating the organic

layer, washing with water, drying and stripping the solvent. The
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products were separated by preparative TLC on Silica Gel plates
eluting with benzene/acetone 103%.
A Nitration of the diacetate (56) (100 mg) with a mixture of

conc. HNO, and conc. H SO4 at 0% gave a yellow product with

3 2

no carbonyl absorption in the IR, which did not run on TLC.

Evs

Nitration of (56) (100 mg) with conc. nitric acid (2 ml) at
0°C for 18 hours gave a yellow product which did not run on

TLC.

o

Nitration of (56) (100 mg) with 2 N nitric acid (5 ml) for

22 hours at room temperature gave a yellow crystalline compound
(760) (70 mg) which was filtered and washed with water. It was
separated by TLC from a small amount of (72) also produced.
When (70) was purified by chromatography on Grade III Alumina

it was converted to the dinitroc amino alcohol (71).

(L=

Nitration of the diacetate (56) (1 g) in glacial acetic acid
(35 ml) and 2 N nitric acid (20 ml) at room temperature for two

hours gave the dinitro amino acetate (70) (799 mg 807).

| =2

Nitration of the diacetate (100 mg) with acetic anhydride (2 ml)
and conc. nitric acid (1 ml) for 4 days at room temperature
gave a mixture of several products including the dinitro amino
acetate (70).

The diacetate (56) (143 mg) was dissolved in glacial acetic acid

|

(5 ml) acetic anhydride (1 ml) and 2 N nitric acid (0.5 ml 2

equivalents) at room temperature for 30 minutes. Many products
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were obtained of which only the unnitrated amidoalcohol (55) was
identified.

The diacetate (100 mg) in glacial acetic acid (5 ml) was nitrated
by the addition of 2 N nitric acid in 0.05 ml portions every five
minutes over a period of 1} hours. After about ten minutes the
amido alcohol (55) was seen on TLC and about ten minutes after that
a yellow product was seen on TLC. Of the many products eventually
found the unnitrated amido alcohol (55) was the major ome (37 g
497%) .

The diacetate (100 mg) in glacial acetic acid (7 ml) was nitrated
with conc., nitric acid (1 ml) for 18 hours at room temperature. The
major product was the diazoketone (72).

The diacetate (100 mg) in glacial acetic acid (10 ml) was stirred
with 2 N nitric acid for 20 hours at room temperature. Some un-
changed starting material was isolated (11.2 mg) as well as the
diazo ketone (72) (16.3 mg 15%).

To a solution of the diacetate (100 mg) in acetic anhydride (2 ml)
2 N nitric acid (1 ml) was added. Initially nothing happened,

but on stirring the layers mixed and a vigorous reaction ensued

as the anhydride was hydrolysed and became hot. The dinitro amino
acetate (70) (7 mg 5%), the diazoketone (72) (20 mg 18%) and some
mono—-nitro diacetate (74) were isolated.

The dinitro amino acetate (70) (8 mg) was stirred in glacial

acetic acid (4 ml) and 2 N nitric acid (1 ml) overnight at room
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temperature. o diazoketone (72) was formed and only dinitro

amino alcohol (71) was isclated.
EZxtended nitration of (56) (100 mg) with acetic anhydride (2 ml)

and conc. nitric acid (1 m1) for four days at room temperature

gave a multi-component mixture from which the dinitro amino acetate

(70) was isolated.

When the diacetate was nitrated with conec. ﬁitric acid in glacial
acetic acid and acetic anhydride one of the products was the
dinitrodiacetate (74).

2N nitric acid (5 ml) and water (25 ml) merely hydrolysed the
diacetate (108 mg) in three days ﬁo 5-amino-4-hydroxymethyl-~1-
methoxynaphthalene,

The diacetate (143 mg) in glacial acetic acid (5 ml) was tfeated
with potassium nitrate (150 mg). No reaction was observed as

the salt was insoluble. A few drops of‘water were added, but
after 30 minutes only starting material was seen on TLC. One
drop of 6N HZSO4 was added, but afters 30 minutes no reaction was
observed.

The diacetate (150 mg) was added to cupric nitrate monohydrate
(210 mg) in acetic anhydride (10 ml) and the mixture stirred for
one hour. The product (98.6 mg) was separated on an Alumina plate
eluting with benzene/acetone 207 or chloroform/carbon tetrachloride
1:1. A mixture of momo and dinitro amido acetates was obtained

(20Z). (73,74).
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The diacetate (509 mg) was treated with copper nitrate (763 ng)

Tol

in acetic anhydride (40 wl) at room temperature overnight.
Chromatography on Silica Gel gave dinitro amino acetate (70)
(9 ng, 27) diazo ketone (72) (40 mg 77), dinitro acetamido
acetate (73) (% mg 147).

The diacetate (101 mg) in a mixture of acetic anhydride (1 ml)

s

and glacial acetic acid (3 ml) was treated with sodium nitrité
(30 mg) and conc. nitric acid (3 drops). This mixture was stirred
at 0°C for two hours. The product contained starting material
and mono- or di- nitro acetamido acetate (73) or (74) (13 mg 10%).

The diacetate (108 mg) was stirred at 0°C for 4 hours in glacial

1192}

acetic acid (3 ml) acetic anhydride (2 ml), 2N nitric acid (3 ml)
and sodium nitrite (30 mg). The major product was the dinitro
aninoc acetate (70) (15 mg 127).

5-amino-4-acetoxymethyl-6,7—-dinitro~1-~methoxynaphthalene (70)

M.P. 207-8°C (ethyl acetate) IR 3420, 3310, 1730, 1550, 1370, 850 cm .

Etol »
W o\, 212m (€17,300), 273 m (€ 15,200, 334 mu (€ 5,150),

435 mp (€ 8,050). NMR (CDCl, + DMSD dé) 7.83 »3Hs; 6.0877 3Hs;

3
4,45 7 2Hs; 2.787 1HA J=8 cps; 2.27 7 1 Hd J=8 cps; 1.7277 1Hs H7°

Analysis: C 50.31Z H 3.837 N 12.38%Z Calculated for

014H13N307: C 50,157 H 3.917 N 12.53%

5-amino-4-hydroxymethyl-6,8~dinitro-1-methoxynaphthalene (71)
1

M.P. 221-2°C (benzene) IR 3500, 336G, 3280, 1550, 845 cm
Analysis C 49.037 H 3.93Z7 N 14.04Z

C12H11N306 requires C 49,157 H 3.787 N 14.33Z
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5-acetamido-4-hydroxymethyl-1-methoxynaphthalene (55)

M.P. 203-6°C (ethanol). IR 3380, 3240, 1660 cm >. MR (DMSO ay)

7.82 <Y'3Hs; 6.05 3Hs; 5.15°y 2Hd J=5 cps becomes a singlet
after shaking with DZO; 3.87 14 br. exch; 3.3~ 2.557 AB qu. J=8
cps H2 and H3; 2.8 24m HG and H7; 1.97‘7’}18 qu. J=8,2 cps 0.8
1H br. exch.
S-acetoxymethy1-4-diazo~3-keto-8—m¢thoxy—l—nitronaphthalene (72)

~1
M.P. 155-6°C (benzene). IR 2150, 1735, 1625, 1555, 855 cm .

Etoll
uv }wax 208 mu (€ 28,900) 240 mp (€ 35,500), 267 mu sh.,

377 mu (€ 6,460), 408 mu (€ 5,960), 428 mu sh. NMR 7.817 3Hs,

6.16 7 3Hs; 4.75 7" 2Hs; 3.34‘7‘2125; 3.25% 2.43%° AB qu. J=8 cps

Hﬁ and H7,
Analysis C 53.27% H 3.52%7 N 13.31%
014H11N306 requires C 53.027 H 3.47% W 13.27%

5-acetamido~4-acetoxymethyl=-6,&-dinitro-l-methoxynaphthalene (73)

M.P. 187-8°C (benzene/petrol). IR 3230, 1740, 1670, 1540, 1240,

1

850 ecm . NMR 7.94 7 3Hs; 7.82+ 3iis, 6.05- 3Hs, 4.36 7y 2Hs, 2.85%

and 2.22 'Y AB qu J=8 cps H , =0.08 7 1 Hbr.

and H,; 1.99 -y ius 37,

2 3
Analysis: C 51.21% H 3.99%Z W 10.%96%

» . -~ b 7 B
CIBHISNBOS requires C 50.93%7 H 4.01Z N 11.14Z

5-acetamido-4-acetoxymethyl—-2 or 6-nitro-l-methoxynaphthalene (74)

IR 3220, 1730, 1660, 1550, 1370, 845 cm *. NMR (by subtraction of
the spectrum of (73) from that of a mixture) 7.93~ 3Hs; 7.80 "y 3Hs;
5.97°y 3Hs; 4.46 7Y 2Hs, 1.6-3.177 4Hm; 0.8 v llibr.

Analysis: C 56.137 H 4.577 N 8.09%

C16H;65206 requires C 57.83%7 H 4.85% N 8.43%
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5-acetamido~2,4~dideutero~1-hydroxynaphthalene (76)

5-acetamido~l-naphthol (62) (1. 85 g) was heated under reflux
for five hours in a nitrogen atmosphere with triethylamine (1.10 g),
deuterium oxide (3 g) and dimethyl formamide (12 ml)., The solution
was cooled and acidified with 6 N hydrochloric acid. Water was
added and the solfyion extracted with ether five times. The ether
solutions were dried and evaporated (100 7). The product was
crystallised from chloroform.

1

M.P. 176-7°C. IR 3280, 1620, 1540 cm ~. MMR (DMSO dg) 2.80 % Hgs;

2.75y 2.45v qu H 19 2y HS d J=8 cps; 7.847r 3Hs; 0.76 1 Hbr

6tl7?
exch; 0.50 v 1 H exch. Mass spectrum M" M/e 203.

S5-acetamido~2, 4~dideutero-1-methoxynaphthalene (77)

The naphthol (76) (1.2 g) dissolved in methanol was treated with
excess diazomethane in ethersg. After six hours at room temperature
the solvents were stripped giving the ether (77) (1.18 g 927) which
was crystallised from ethanol.

M.P. 186-7°C. NMR (DMSO d 7.82 ¥ 3Hs: 6.05“y 3Hs; 2.57 ¥ H

3%
1,92"'7’H8 d J=8 cps; G.17% 1H br.

6

2.43 77 2.2477 AB qu J=6 cps H., H

Mass spectrum M M/e 217.

5~acetamido-4—acetoxymethyl-2-deutero—1-methoxynaphthalene (78)

This was prepared in 307 yield as before.

M.P. 150-151°C. IR 3250, 1730, 1650 cm ~. NMR 7.99 7 3Hs, 7.84 7 3Hs;

6.06 "y 3tis, 4.57™7 2Hs; 2.6277 H 2.6 72.3%F Hé H7 m; 1.85 > H, d

3%; 8

J=8 cps; 3.36 d J=8 cps, H, in some undeuterated; 1.5 1H br.

2
Mass spectrum M Mfe 288, other peaks 287 (65% of M+), 229 (base peak).
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J-amino—-4-acetoxymethyl-2-deutero—-6,8-dinitro~l-methoxynaphthalene (79)

The diacetate (78) (285 mg) was stirred in glacial acetic acid
(10 m1) and 2N nitric acid (6 ml) at room temperature for one hour.
The product (167 mg) was filtered, washed with water, dried and re-
crys;allised from ethyl acetate. M.P., 198-9°C.
NMR (CDCl3 + DMSQ - dé) 7.87 7y 3Hs: 6.10 + 3Hs; 4.,5077 24s; 2.68,

s; 1.76r H,s. Mass spectrum

2.297 AB qu J=8 cps H 7

2H3; 2.29r 1

M* M/e 336, 335 (637 of M),

3

Ozonolysis of Pyrene

When pyrene was ozonised according to the method of Vollmann39’

40,43,44,50 using a sodium hypochlorite workup, 477 pyrene (87) was
recovered and ® 4~formyl-5-phenanthrene carboxylic acid )9%3) was ob-
tained in 407 yield after recrystallisation from acetone.

When the ozonolysis was carried out in the presence of 1% pyridine‘
55% pyrene was recovered and (93) was obtained on crystallisation of
the crude ozonolysis product in 56% yield.

M.P. 265-6°C. IR 3200, 1680 cm L.

NMR (DMSO“dG) 3.367Y 1Hs; 1.7~
2.4 ~y 8Hm; 3 =~ 1H br exch.

Lactone of 4-~hydroxymethylphenanthrene-~5-carboxylic acid (94)

The lactol (93) (2.3 g) and KOH (50 g) were dissolved in methanol
(50 ml) and water (50 ml) and 407 aqueous formalin (10 ml) was added.
The solution was heated under reflux for three hours when TLC showed
that there was no starting material left. Methanol was evaporated off

in vacuo and the aqueous solution acidified with 6N HCl. The
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precipitated lactone was extracted with dichloromethane (twice),

washed with water, dried over sodium sulphate and evaporated to

dryness. The product (94) was recrystallised from ethanol giving 1.91 g
(897) .

M.P. 177-8°C. IR 1700 cm ‘. NMR 4.68 Y 2Hs; 1.6-2.8~ SHm.

Analysis C 81.917 H 4.327

C16H1002 requires C 82.04Z HB 4.30%

uv Aig’f 217 mu (€ 31,800), 254 mu (€ 31,020), 259 mu (€ 30,700),
262 my (€ 30,700), 276 mu (€ 28,400), 297 inf. my (€ 9,050), 328 mu
infl.(€ 725), 346 my (€ 1,050), 363 mu (€ 1,070).

Schmidt Reaction

No reaction was observed when the lactone was dissolved in conc.
sulphuric acid and sodium azide was added at room temperature. The
lactone was recovered unchanged.

The lactone (94) (714 mg) in comec. sulphuric acid (10 ml) was
heated on a steam bath at 80°C while sodium azide (4.5 g) was added in
portions over two hours. The sclution was allowed to cool and then
basified with sodium bicarbonate and extracted with dichloromethane
(5x). It was washed with water and dried over sodium sulphate and
concentrated. The product (96) was isolated by preparative TLC (Silica
Gel, benzene/acetone 207) and purified by crystallisation from benzene/
petrol or carbon tetrachloride. Yield 374 mg, 49%. An andytical
sample was sublimed at 150-165°C at 1'0“4 um .

(96) sublimed at ~85°C, melted at 215-220°C,

Analysis: C 76.85%Z H 4.57%2 N 5.57%

CI6H11N02 requires C 77.10Z H 4.45Z N 5.62%
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IR 3390, 1690, 1634 cm L. Mass spectrum M/e 249, 221, 220, 218,
205, 204. MNMR 5.8+y1H br exch; 4.7477 2H t J=3 cps; 1.6-3.03 7
EtoH
8Hm. UV A max 215 3ﬁ.(£'28,800), 236 ?&‘(€~23,500)9 256 ?u (€ 20,000),
283 m}A(é 12,800), 338 mp (8 3,760).

Acid hydrolysis of Schmidt Product (96)

The Schmidt product (80 mg) was heated on a steam bath at 80°
in conc, hydfééhloric acid (5 ml) for 1} hours. Bubbles were formed
as a product was precipitated. The solution was cooled and the
product filtered and washed with water (39.2 g). Most of the solid
was soluble in chloroform and was purified om Silica Gel plates
eluting with benzene/acetone 10%. Yield 17.2 mg 227 of carbonate (95).
The same product was obtained on refluxing (96) inm tetrahydrofuran
and 6 N hydrochloric acid overnight and on hydrolysis in 6 N sulphuric
acid on a steam bath for one hour and crystallising the product out
at 0°C.
M.P. 231-233°C (venzeme). IR 1680, 1630 cm '. NMR (CDC14+DMSO-d,)
4,74 ~f 2Hs; 1,26~2.88 ¥ 8H4m. Mass spectrum M/e 250, 234, 222, 221, 205,
194, 193, 177, 176.
Analysis C 76.792 H 4.32%7 N 0%
C16H1003 requires C 76.79%7 H 4.03%

Reaction of (94) with ammonia

The lactome (94) was recovered unchanged after treatment with
ammonia under the following conditions.
a) The lactone (99 mg), 0.880 ammonia (5 ml), ethamoli (10 ml)

and benzene (3 ml) were stirred at room temperature for 20 hours.
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b) The lactone (106 mg) 0.880 ammonia (10 ml) and ethanol (10 ml)
were stirred and heated under reflux for 22 hours.

c) The lactone (100 mg) was dissolved in warm ethanol (25 ml)

and gaseous ammonia was bubbled through for 16 hours.

d) The lactone (112 mg) was stirred in ethanol (50 ml) and liquid
ammonia (10 ml) for 22 hours.

e) The lactone (100 mg) and sodamide (100 mg) were dissolved in
benzene (25 ml) and heated under reflux for 4 hours.

£) Thé lactone (70 mg) and sodamide (large excess) were dissolved
in aqueous dioxan and heated under reflux for 3 hours.

Reaction of (94) with hydrxoxylamine hydrochloride

The lactone was recovered unchanged when treated with hydroxy-
lamine hydrochloride under the following conditions.
a) .The lactone (100 mg) was dissalvedkin hot 4 N sodium hydroxide
(5 ml), water (5 ml) and ethanol, and hydroxylamine hydrochloride (120
nmg) in water was added. The solution Qas heated on a éteam_bath fqgg
one hopr, cooled and‘acidified Qith 6 N HCI; The white solid product
was filtered and washed and found to be thellactone (c4).
b) Procedure a) was repeated in methanalic solution.
¢) The lactone (201 mg), hydroxylamine hydrochloride (348.3ag)
~ and sodium acetate (410.2 mg) were dissolved in dimethyl formamide
and stirred at room temperature Qvernight.
d). The lactone (101.4 mg) and hydroxylamine hydrochloride (170'mg)
were heated in refluxing pyridine (10 ml) for one hour. The solution
-was poured into dilute hydrochloric acid, cooled and the product (88 mg)

filtered,
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Reaction of lactone (94) with hydrazine

Anhydrous hydrazine was prepared by heating 647 hydrazine
hydrate (10 g) with sodium hydroxide (10 g) for three hoursg at
113 T 2%. The temperature was raised and anhydrous hydrazine
distilled.

To the lactone (92 mg) in dry tetrahydrofuran (dried over pot-
assium carbonate and distilled from LAH), anhydrous hydrazine (0.5 g)
was added. The solution was heated under reflux under nitrogen,
but TLC showed no new products. Sodium hydride (0.75 g) was then
added and the refluxing continued under nitrogen for a further six
hours. Methanol was added to the dark red solution to decompose
any excess sodium hydride. Water was added and the solution con-
centrated in vacuo. The pioduct was extracted into dichloromethane
and after washing aﬁd drying the solvent was stripped. The crude
product showed mainly one spot on TLC and was crystallised as a red
(solid from petrol and recrystallised from ethanol. It was identified
as phenanthrene~4,5-quinone (99).

M.P, 274-6°C. IR 1670, 1620 cm -. NMR 1.6 - 2.53F m.

Analysis C 81.71% H 3.657 N 0%

C ¢H1g0, Tequites C 82.75% H 3.47% Mass spectrum M’ M/e 232.052426
C, H. 0, requires 232.,05325869. M/e 204,176.

1671872

Reaction of lactone (94) with a Grignard Reagent

To the lactone (117 mg) in dry ether (200 wml), methyl magnesium
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iodide (1 equivalent) in dry ether was added and the reaction stirred
under nitrogen at room temperature for cme hour. No reaction was
observed. After adding another equivalent of Grignard and waiting
another hour, a large excess (approx. 50 equivalents) of Grignard was
added and allowed ﬁo react for five hours. The solution was poured
into water, dried over sodium sulphate and concentrated to small
volume. It was separated on Silica Gel plates eluting with benzene/
acetone 107. Although, when following the reaction by TLC only one
product was observed, on workup some of the ketol (102) dehydrated.
Some lactone (32.5 g 27%) was recovered and the ketol (102) was
obtained in 60% yield (75 mg). It dehydrated on recrystallisation from
alcohol.

In another run using 500 mg of lactone (94), there was a 167
(80 mg) recovery, and 157 (80 mg) of ketol (102) and 607 (300 mg)
of the anbydro-ketol (103).
Ketol (102) IR 3440 cmml. ™R (CDCl3+DMSO—d6) 8.54 °F 3Hs; 4.87~r
2H qu J=13 cps; 3.60 lHs erch; 1.6-2.5 7 8Hm.
Anhydroketol (103) M.P. 136-8°C (ethanol). IR 1630 cmwl. NMR

Etol
(pyridine-ds) 5.16 rd, 4.78 d 4H; 2-2.6 7 8Hm, UVJ % 213 qyu

(& 27,700), 252 mA (€ 36,200), 303 s inf. (€ 12,300).
Analysis C 85.857 H 5.27

C17H120 requires C 87.9Z H 5.27
Attempted Beckmann Rearrangement

Both (102) and (103) were oximinated with hydroxylamine hydrochloride
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in pyridine or aqueous ethanol and sodium acetate as described above.
TLC showed several products with a polar product as the major com~
ponent. It could not be crystallised and was hydrolysed on preparative
TLC to the Grigmard product (102). IR 3580, 1610, 1000 cm-l.

The crude product obtained from 103 mg (102) was treated with
tosylchloride (222 mg) in pyridine for 18 hours at room temperature.
In another run, (102) (175 mg) was oximinated (0.5 g) in refluxing
pyridine (15 ml) and after 1} hours the solution was cooled and tosyl
chloride (1 g) was added. It was left at room temperature overnight
and then refluxed for five hours. All experiments gave the Grignard

product (102) on workup.

4-formylphenanthrene~5-carboxylic acid methyl ester (105)

4-formylphenanthrene~5~carboxylic acid was treated with diazo-

43,49

methane to give (105) in 92% yield. M.P. 112-3°C (methanol)

IR 1714, 1680 cm L.

4-formylphenanthrene-5-carboxylic acid pseudo methyl ester (107)

When the lactol (1.44 g) (93) suspernded in acetone (25 ml) was
treated with excess ethereal diazomethane which had not been washed
free of base, the reaction was complete in 20 minutes. The solvents
were evaporated and the product crystallised from methanol giving

1

(107) (1.4 g 92Z). M.P. 179-180°C. IR 1700 cm ~. NMR (DMS0~d )

6.45 “r3Hs; 3,72 ~ lHs; 1.7-2.67 8Hm.



-209~

Reduction of 4-formylphenanthrene-5-carboxylic acid methyl ester
(105) with sodium borchydride

A methanolic solution (40 ml) of the aldehydo ester (105) (265 mg)
and sodium borohydride (41 mg) was stirred at room temperature for
four hours. It was acidified to pH 5 with dilute HCl, methanol was
stripped in vacuc and the resulting aqueous solution was extracted
with dichloromethane. After washing and drying, the solvent was
removed in vacuo and the product (202 mg 81%Z) was found to have
the same M.P,, IR. Rf and NMR as lactone (94).

When this reduction was repeated in the presence of a pH 7 buffer
(200 mg each of KBZPO4 and Nazﬁfoa), the reaction was over in twenty

seconds. The product was lactone (94) (797 yield).

Reduction of (105) with zinc borohydride

Sodium borohydride (761 mg) was stirred with an ethereal solution
(500 ml) of zinc chloride (1.42 g) for four days. The ether was
distilled off and the residue extracted with dry ether. This
solution was added to an ethereal solution of (105) (109 mg) and
stirred at room temperature for 30 minutes. The‘solvent was removed
in vacuo and the residue extracted with ckloroform. The sole product
was lactone (94).

Catalytic reduction of (105)

A solution of (105) (53 mg) in ethyl acetate (10 ml) was hydro-
genated over a‘ Pt catalyst (21 mg PtOz) at | atmosphere pressure and

room temperature. One equivalent of hydrogen (4.3 ml) was taken up
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but on stripping the solvent only lactone (94) was found.

Reduction of (105) with zinc and acid

The aldehydo-ester (105) (50.6 mg) was dissolved in a minimum
of glacial acetic acid or methanol and 6 N HCl and zinc dust was
added. It was stirred for one hour and the inorganic salts filtered
off. The filtrate was extracted with chloroform, washed with water,
sodium bicarbonate and water. It was dried over sodium sulphate and
evaporated to dryness. Two products were visible on TLC, one with
the same Rf as lactone (94); but it appeared that the other decom—
posed on the plate. The NMR had fewer than three methyl protons
and IR 3580, 3280, 1712, 1678 cm .

Reductive Acetylation of (105)

Conc. HC1l at 0°C was added to acetic anhydride at 0°C. The mixture
was then added to (105) (26.4 mg) and zinc dust at 0%. It was
slowly warmed up to room temperature and after 30 mins. it was ex~
tracted with dichloromethane. After washing and drying, TLC showed
the same product as was obtained in the zinc dust/acetic acid reduction.

Catalytic reductive acetylation of (105)

The aldehydo ester (105) (49.4 mg) in acetic acid (7 ml) and
acetic anhydride (3 ml) was hydrogenated over Pt (20 mg PtOz) at
atmospheric pressure and room temperature for 22 hours. Somewhat
less than one equivalent of hydrogen was taken up (3.28 ml) but on

workup TLC showed only starting material and lactone (94).
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Catalytic hydrogenation of the pseudo methyl ester (107)

(107) (58.6 mg) in eothyl acetate (10 ml) took up no hydrogen
on attempted hydrogenation over Pt (22 mg Pt 02).

Attempted Wolff-Kishner Reduction of 4-formylphenanthrene-5-carboxylic
acid (93)

Sodium (1 g) was dissclved in diethylene glycol (redistilled,
30 ml) and the solution was heated to 180°C. Anhydrous hydrazine
(from 10 g hydrazine hydrate) was distilled into this and after
cooling the mixture to room temperature, the lactol (93) (0.5 g) was
added. Heating at 180°C was continued overnight and then some
hydrazine was distilled out.so that refluxing could be continued at
210°C. After 7 hours the solution was poured inte water and extracted
twice with ether. After washing with water (4x) and drying over sodium
sulphate, the solution was reduced to small bulk and the two products
1-pyrenol (108) (233 mg 48%7) and the minor product phenanthrene-4,5-
quinone (99) were separated by preparative TLC eluting with benzene.
l-pyrenol had M.P. 190-192°C (petrolbp 80-100°C) and had an intense
green fluorescence in conc. sulphuric acid. IR 3350, 1635, 1605, 1595,
1270 cn ', NMR 1.37-2.24 8Hm, 2.67- lHs.

Oxime of 4—-formylphenanthrene~5-carboxylic acid (111)

(93 (4 g) was oximinated in 917 yield (3.85 g) according to
the literature proceduresz. The pseudo methyl ester (107), when
oximinated in the same way also gave (111). IR 3430, 3250, 2600, 1685,
1675 cm_l. MR (DMSO»dG) 1.75-2.537Y 8hm; 1.52° 1lds; -1.10 ¥ 1lHbr;

~-2.3 7F 18 very broad.
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4-cyanophenanthrene-5-carboxylic acid chloride {(112)

The dehydration of (111) was carried out according to the
literature procedures2 in 967% yield. A sample was recrystallised
from dioxan. IR 2250, 1735 mel.

Phenanthrene-4,5-dicarboxylic acid (113)

Hydrclysis of (112) was carried out according to the reported

procedure52 in 917 yield. IR 2650, 1690 cm_l

. NMR (DMSO—d6) 1.8~
2.6 Y m.
When pyrene was ozonised following the procedures reported in

38’41, only 4-formylphenanthrene-5-carboxylic acid (93)

the literature
was obtained.
The aldehydo acid (93) (0.5 g) in acetone (600 ml) was oxidised
with chromic acid (2.678 g chromium trioxide in conc. sulphuric acid
(2.3 ml) made up to 100 ml with distilled water), at room temperature
for one weck. It was then diluted with water and the product
extracted with ether. The yield of phenanthrene-4,5-dicarboxylic

acid was 0.25 g 50%.

Phenanthrene~4 ,5-anhydride (114)

Sublimation of (113) at 260-290°C at atmospheric pressure gave

32 y.p. 257-8°C (dioxan). IR 1750, 1720 cm _.

(114) in 867 yield
Analysis C 77.607 ¥ 3.387

C16H803 requires C 77.47 B 3.257%
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Phenanthrene-4-carboxyhydroxamic acid-5-carboxylic acid (115)

Phenanthrene~-4,5-anhydride (114) (201 mg) was dissolved in hot
4N sodium hydroxide and excess hydroxylamine hydrochloride was
added. After heating on a steam bath for 30 minutes, the solution
was cooled and acidified with 6 N HCl and the product filterad. It
was found to be phenanthrene-4,5-dicarboxylic acid (113).

The anhydride (232 mg) was added to hydroxylamine hydrochloride
(140 mg) and sodium carbonate (214 mg) in water (5 ml) and fhe
solution heated on a steam bath for one hour. The solution was
cooled and filtered and the filtrate acidified with 6 N HCl. The
product was filtered and found to be phenanthrene-4,5-dicarboxylic
acid (113).

The anhydride (114) (2.8 g) was treated with hydroxylamine
hydrochloride (4.2 g) in refluxing dry pyridine (70 ml) for one hour.
The solution was poured into ice and 6N HCl and after 30 minutes
the product (115) was filtered (2.60 g, 82%).

M.P. 202-3°C (ethancl or ethyl acetate). IR. 3270, 2700, 1665, 1625

-1
cm .

Analysis €C 71.94Z H 3.857 N 5.13%

C16HHN04 requires C 68.33Z H 3.94%7 ¥ 4,98%

N-acetoxyphenanthrene—4,5~imide (116)

The cerboxylic acid hydroxamic acid (115) sublimed unchanged
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when heated at 210°C at 10”4 mm pressure for one hour.

The compound (115) (2.6 g) in acetic anhydride was heated
just below reflux temperature for one hour. Toluene was added
and the acetic anhydride azeotroped off. The product (116) was
recrystallised from ethanol (2.18 g, 78%). M.P. 179-181°%.

IR 1795,1690,1665 cm *. NMR 7.53 7 3Hs; 1.5-2.5 ~ SHm.
Analysis C 70.98% H 3.64Z N 4.507 Required for
C., H, . NO C 70.82%7 H 3.63%7 N 4.59%

18711774
N~hydroxyphenanthrene-4,5-imide (117)

The acetate (116) (1.08 g) and benzylamine (0.45 g) in dry
chloroform was left at room temperature for three days. (In other
experiments it was found satisfactory to work up the reaction after
17 hours). The solution was shaken with aqueous sodium bicarbonate
and the yellow sodium salt of (117) was precipiated. It was filtered
and washed with chloroform and water and dried (0.92 g, 917). On
acidification of a small portion a white solid (117) was obtained
which gave a violet colouration with ferric chloride. M.P. 196-7°C
(ethanol). IR 3300, 1670, 1625 cu .

Analysis C 72.75Z H 3.56Z N 5.05%
C, HNO, requires C 73.00Z H 3.452 N 5.327%

16973
N-tosyloxyphenanthrene~4,5-imide (109)

The sodium salt of (117) (886 mg) was suspended in pyridine

and recrystallised tcsyl chloride (730 mg) was added. A clear
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solution was soon formed and after one hour this was poured onto
ice and the resulting white solid filtered (1.04 g 76%). The tosylate
{(109) was recrystallised from ethanol M.P. 200-201°C. IR 1730, 1690

cmml. NMR 7,577y 3Hs; 1.5-2.87r 12 Hm.

Analysis: C 65.987 H 3.53%7 N 3.23Z S 7.67%
C,.H,NSC. requires C 66,197 H 3.627Z W 3.36%2 § 7.39%

237157775

Reaction of N-acetoxyphenanthrene=-4,5~imide with sodium borohydride

The acetoxy imide (116) (103 mg) was reduced with excess sodium
borohydride in ethanol and N,N-dimethylformamide at room temperature
for 20 hours. It was diluted with water and the ethanol boiled off
in vacuo. The solution was extracted with chloroform (3x) and DMF
washed out with water (6x). On evaporating to dryness 54.6 mg of a
polar product was obtained which on crystallisation from ethanol gave
pink crystals of (119) (24 mg) which melted at 222-4%. (119) gave
a dark colouration with ferric chloride,

NMR (CDC1 +DMSO~d6) 6.5y 1 Hbr.exch., 5.157Y 2Hs; 1.7-2.47 8Hnm.

3
Analysis: ¢ 76.85%Z H 4.55%2 N 5.37%
G, gH N0, requires C 77.107 H 4.45% N 5.62%
IR 3100-2700, 1635, 1275 cm ©.

Reaction of N-tosyloxyphenanthrene—4. 5imide with sodium borohydride

The tosylate (109) (151 mg) and sodium borohydride (29 mg) were
reacted in ethanol (200 ml). On stirring,some (109) crystallised out

but after ten minutes the solution was clear. After 1} hours the



solution was eyaporated to dryness and the solid thus obtained was

partitioned between water and ether. The ether layer contained two
products, the major one of which (37 mg 477) was l-azopyrene (86).

M.P. 158-160°C {sublimed at 1‘0“4 mm. recrystallised from toluene).

IR 1690 wi, 1630, 1600, 1585, 1260, 1170, 1110, 1090 cm L.

NMR 0.45y lHs; 1.3-2.8-y 8Hm.

Analysis: € 38.87 H 4.637 N 6.61%

ClSHQN requires C 88,647 U 4.467 N 6.897%

The tosylate (109) (102 mg) in t-butanol (90 ml) was reduced
with sodium borohydride (100 mg) at room temperature for ome hour.
The solvent was removed in vacuo keeping the temperature below 40°%.
The solid residue was partitioned between water and ether. The
ether was stripped in vacuo at room temperature. The crude product
contained the same two products as found previously and the spectra
indicated that it was a mizxture of l-azapyrene (86) and (91). NMR

(coCl +DMSO~d6) 0.6%s8; 1.5-2.8+m; 5.217vs; IR 3420, 1680, 1630,

3
-1
1565, 1290 cm ~,
The crude mixture was hydrolysed by stirring it with sodium
bicarbonate in aqueous acetone under nitrogen for three hours at

room temperature. l-azapyrene (86) (727) was extracted with ether.

N-hydroxyphthalimide

M-hydroxyphthalimide was prepared from phthalic anhydride53

IR 3200, 1850, 1785, 1740, 1710 e’ L,
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N-tosyloxyphthalimide

N~hydroxyphthalimide (3.5 g) was dissolved in pyridine (30 ml)
and tosyl chloride (4.2 g) was added. The initial yellow colour
was discharged after one hour and after 1} hours the solution was
poured into water and the precipitated tosylate (121) filtered,
washed and crystallised from ethanol ir 877 yield (5.9 g).

M.P. 1614-1623°C. IR 1860, 1795, 1745 cm Y. NMR 7.50 7 3Hs,
2-2.7 Y 8Hn.

Analysis: C 56.797 H 3.457 N 4.41% S 10.09%
015H11NOSS requires € 56.76%Z H 3.53%7 N 4.387 S 10.41%
Reaction of N-tosyloxyphthalimide (121) with sodium borohydride

The tosylate (121) (501 mg) in dry pyridine (20 ml) was reduced
with sodium borohydride (976 mg). As the reaction became hot on
mixing the reagents, it was cooled to 20°C and stirred at that
terperature for 14 hours. The solution was then poured into water
and extracted twice with ether. A liquid product (202 mg) was
obtained on removing the solvent in vacuo. This was distilled at
85-95°C 0.2 mm and found to be pyridine borane; identical teo that
formed by reacting pyridinium hydrochioride with sodium borohydride.
IR 3100, 2420-2350; 1620, 1490, 1465, 1175, 1095 cmnl. MR 1.47F
2Hd J=5 cps; 2.12 7 1H qu; 2.53 ¥ 2Ht; 4.5-9 ¥ 3H very broad.

X EtoH

v 206, 250, 257, 263, 270 my.

max

The reduction was performed on the same scale in ethanol (150 ml).
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After one hour TLC showed no starting material and two products.
Ethanol was boiled off in vacuo and the product partitioned between
water and chloroform. The organic layer was concentrated and
separated on Alumina plates eluting with benzene/acetone i0%Z. The
less polar product was (122) (78.5 mg 34%); the product at the origin
was an oil (52 mg) and as it had no aromatic protons in the NMR
it was discarded. M.P. 119-120°% (petrol)gzc IR 3250, 3180, 3120,
1725 e L. NMR 0.67 Y 1H exch; 4.71 ¥ 2Hs; 2.6-3.3-7 4Hm.
Analysis: C 64.31Z H 4.61%Z N 9.27%
CSH7NO2 requires C 64.427 H 4.73% N 9.37%

The same yield was obtained when the solvent used was t-butanol
or diglyme.

Reaction of N-tosyloxynaphthalimide (46) with sodium borohydride

The tosylate (1 g) was added over 30 minutes to sodium borchydride
(1 g) in ethanol (400 ml), After stirring at room temperature for
another 30 mins, it was clear from TLC that the reaction was over.
The solution was evaporated to dryness and water and ether added to
the solid residue. The ether layer was separated and dried and
evaporated to dryness. A rather insoluble compound was filtered and
crystallised from benzene. It was found to be naphthalimide (100 mg
20%Z). IR 3150, 3050, 1690, 1680, 1585 cm L. NMR (Pyridine~d5)
1.30 v 2H; 1.84v 1H; 2.38 » 2H; 2.80 v 1lH; 5.16~¥ 1H exch.
Analysis: C 72.247 H 3.457 8§ 7.237

C12H7NO2 requires C 73.097 H 3.587 N 7.10%
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The remainder of the crude product was chromatographed on Grade
3 Alumina eluting with benzene/acetone 2-57. Naphthostyril (263 g
57%) was the only product eluted; the other product remained on the
column. M.P. 179-180°C (benzene). IR 3230, 1725, 1665, 1650 cm_l.

The tosylate (0.5 g) and sodium borohydride (0.5 g) were reacted
in t-butanol (300 ml). After five hours TLC showed that the reaction
was not completed and it was left for 24 hours and worked up as
before. The crude product (200 mg) was separated on Silica Gel plates
eluting with benzene/acetone 10%. TLC showed a multicomponent mixture
from which naphthalimide (26 mg) was isolated and another product (123)
which had also been formed in ethanolic solution (35.3mg) and was
crystallised from benzene. IR 3200-3100 br, 1680 cmnl.

NMR 4.96 ~y" 2Hd J=4.5 cps; 3.42 ¥ 1Hd exch. J=4.5 cps; 1.25-2.6 ¥
6Hm; -0.9 Y br. exch.

Phenanthrene-4—carboxylic acid~5~carboxyamide (126)

Phenanthrene-4,5-anhydride (114) was converted to (128) according
to the published proceduresz. IR 3520, 3320, 3180, 2600 br, 1690,
1650, 1270 cm .

Phenanthrene-4~(carboxylic acid methyl ester)-5-carboxyamide (127)

The amido acid (126) (454 mg) was methylated with excess diazo-~
methane in ether at room temperature overnight., The white product

was filtered and crystallised from ethyl acetate. Yield 442 mg 91%.

1

M.P. 234-5°C. IR 3420, 3250, 1715, 1650, 1530, 1270 cm ~. NMR

(CDbC1 +DMS0~d6) 6.16 7 3Hs; 3.2-2.77 2H exch; 2-2.57 8Hm.

3
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Analysis: C 73.11%7Z H 4.69Z N 5.01%

CI7H13NO3 requires C 73.117 H 4.737 N 4.887%

Reduction of (127) with lithium borohydride

Sodium borohydride (933mg) and lithium bromide (2.145 g) in
diglyme (40 ml) was stirred at room temperature for 30 minutes. The
amido ester (127) (327 mg) was added and after 16 hours the reaction
mixture was poured onto ice and 2N HCl and left for 2 hours. The white
amido alcohol (128) (206 mg 72%) was filtered, washed and dried in
vacuo.

Acetylation of (128)

The crude amido alcohol(128) (206 mg) was reacted with acetic
anhydride (5 ml) in dry pyridine (5 ml) at room temperature for 3 days.
The reaction mixture was poured into water and left standing for one
hour. The product was extracted with ether (3 x), pyridine was washed
out with water (2x) and after drying and evaporation the products
were separated by preparative TLC on Silica Gel plates eluting with

benzene/acetone 10%. Unchanged amido aicohol (21.5 g 10%) was isolated.

1

M.P. 248-250°C (ethyl acetate). IR 3320, 1630 cm ~. NMR (CDCl.+

3

DMSO-dG) 5.62 "7 2Hd J=7 cps colapsed to singlet after D, O shake;

2
1.5~2.5 °f 8Hm. Another product was amide (130) (47.5 mg 217). M.P.

112-114°C (petrol). IR 1650 em .

NMR 7.70 -7 3Hs; 5.41-y 2Lis; 5.24°7
EtoR

2Hs; 2-2.777 8Hm. uv/\ nax 207 mu (€ 24,700), 258 mu (€ 48,900),

280 mp (€ 10,400), 290 mu (€ 8,940), 303 mu (€ 9,540).

Analysis C 82.65Z H 5.657 N 5.24%

C18H15NO requires C 82.737 H 5.79%2 N 5.36%



-221~-
The third product was imide (129) (56 mg, 25%). M.F. 150-152°¢C
(petrol). IR 1690, 1660 em L, UV/X z::ﬁ 221 mu (€ 31,500), 253 mu
(€ 24,800), 273 mu (€ 25,200), NMR 7.447y 3Hs; 4.90 ¥ 2Hs; 1.5~
2.4 °f 8Hm,
Analysis C 77.75%2 H 4.71% N 4.847%
C18H13N02 requires C 78.53Z H 4.76Z N 5.09%

Phenanthrene—~4,5~lactone (132)

Lead tetraacetate (683 mg), washed with petrol and dried over

"KOH in vacuo. was heated in refluxing acetonitrile (20 ml) with

phenanthrene~4,5-dicarboxylic acid (113) (267 mg) and pyridine (1 ml)

for 45 minutes. The mixture was cooled and diluted with benzenc

(70 ml1). It was filtered and the residue washed with benzene (5C ml).

The combined benzene solutions were washed with 2N HCl and water
and dried over sodium sulphate. The solvent was removed in vacuo
and the crude product was dissolved in hot 4N HaOH and charcoaled.
The lactone (132) (81 mg 37%) was obtained on acidification and
filtration. M.P. 135-6°C (petrol). IR, 1735, 1238 cm L.
Analysis: C 81.63%Z # 3.76%

CISHBOZ requires C 81.81%7 B 3.667
4-hydroxymethyl-5-hydroxyphenanthrene (131)

The lactone (132) (226 mg) was reduced with lithium aluminium
hydride (1 g) in refluxing dry ether. After 2 hours, wet ether
was added followed by dilute hydrochloric acid. The ether layer

was separated, washed, dried and concentrated. The two products
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were separated on Silica Gel plates eluting with benzene/acetone

107. The major product (122 mg, 53%) was a polar foam and was
identified as diol (131). IR 3500, 3250, 1240 cm -. NMR 5.05 7 4Hs,
after shaking with 029 2H; 2.2~2,8-y 8Hm. The other product (36 mg,
17%) was the crystalline ether (133). M.P. 80-82°C (petrol).

IR 1240 cm L. MR 4.4977 2Hs; 2.2-3.17 SHm.

A sample was sublimed for analysis at 75-85°C 0.07 mm. M.P.

91-93°C.
Analysis C 85.83Z H 4.80%
C15H100 requires C 87.352 E 4.897%

Attempted Bucherer Reaction

The diol (131) (100 mg) was heated in a Carius tube with 0.88C
ammonia (5 ml) which had been saturated with 80, and 0.880 ammonia
(2 m1). After 5 hours the temperature of the furnace reached 150%
and it was kept at 150°C for amother 8 hours. The tube was cooled
water was added and the solution was extracted with chloroform. TLC
showed diol (131) and ether (133). A negligible quantity of material
was extractable into acid.

2-B-naphtho ylpropionic acid

The acid was prepared from naphthalene and succinic anhydride

according to the literature method60 in 187 yield. M.P. 172-4°¢.

1

IR 2700-2600 br, 1705, 1678 cm ~. NMR (CDC1 DMSO_dé) 7.22 7 2Kt

39
J=6.5 cps; 6.59 7y 2Ht J=6.5 cps; 1.9-2.6% 6Hm; 1.527 Hls; 0<r 1 Hbr,

exch.
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2-g~naphthylbutyric acid

2-8-naphthoylpropionic acid was reduced by Martins's Clemmensen

reduction procedure61 in 947 yield. M.P. 95-6°C. IR 2700-2600 br,

1690 cmul.

4~keto-1,2,3,4~tetrahydrophenanthrene (134)

The Friedel-Crafts cyclisation was carried out in dichloromethane
instead of benzene62 and was worked up 90 seconds after the addition

of stannic chloric. Yield 85%. The product was distilled and

crystallised from alcohol. M.P. 65-67°C. IR 1657 cm—l. NMR90 7.837

Hzm; 7,26ﬁ’H3 t J=6 cps; 6.94?H1 t J=6 cps; 2.777 HIO d J=8 cps;

2.7 R 2.1277 H, 4 J=8 cps; O.SS‘Y'HSm.

6,7,8 ™ 9
4=keto-5-nitro~1,2,3,4~tetrahydrophenanthrene (136)

On nitration of (134) in fuming nitric acid and acetic anhydride63
(136) precipitated from solution in 457 yield. M.P. 162°¢C (ethanol).
IR 1665, 1530, 1350, 840 cm —. uv/\ 2::;1 207 mu (€ 18,760), 234
my (€ 30,400), 298 mu (€ 6,420). NMR 7.80~ 2Hm; 7.26 vy 2Ht J=6 cps:
6.96 ¥ 28t J=6 cps; 2.58 “r 2Ht J=8 cps; 2.09 Y 3Hm. The acid solution
was poured into water and extracted with ether. This ether extract
was washed with éodium hydroxide and water and chromatographed on
Grade 3 Alumina. Another 6%Z of (136) was obtained and 87 of 4-keto-8-
nitro~1,2,3,4-tetrahydrophenanthrene (135). M.P. 117-119°C {(ether).
IR 1665, 1530, 1360, 820 cm *. NMR 7.81°7 Hm; 7.23 ¥ Hy t J=6 cps;

6.88 YH, t J=6 cps; 2.527 HIO d J=8 cps; 2.4377 HG t J=8 cps;

1
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1.927 H, qu J=8,1 cps; 1.557v H
Etoé 9 _ 5
oA 208 mu (€24,600), 237 ms (€ 26,100), 317 mi (€ 6,860).

d J=8 cps; 0.45% H. 4 J=8 cps.

Analysis: C 69.447 H 4.50% N 5.75%
C, H,.NO, requires C 69.70% 4 4.607 N 5.81%

14711773

2-g-tetrakylpropionic acid

The acid was prepared by the literature method71 in 757 yield.

IR 3300 br, 2750, 2650, 1710, 1690 cm ».

y=-2-tetral ylbutyric acid (155)

The keto acid was reduced in 877 yield by the literature methodel,

IR 2700, 2600, 1690 em L. M.P. 47-9°C. B.P. 185-200°C 4.5-5 mm.

y-2-tetralylbutyric acid methyl ester

y-2-tetralylbutyric acid was methylated with excess diazomethane in

ether for 2 hours at 0°C in 97% yield. IR 1735,1220 cm l.

y=-2-naphthylbutyric acid

The methyl ester of y-2-~tetralylbutyric acid was aromatised at 300"
C with 107 Pd/C7l, and hydrolysed with ethanolic KOH. M.P. 97-99°¢C
(toluene). Yield 70%Z. IR 1688 cmnl.

4~hydroxy-4-methyl-1,2,3,4~tetrahydrophenanthrene

The Grignard reaction with 4~keto~1,2,3,4-tetrahydrophenanthrene

60,62,66

(134) was quantitative. It was worked up with ammonium

1

chloride at 0°C. IR 3350 em ~. MMR 8.13 ¥ 3Hs; 8.10 7 4Hm; 7.10v

2Hm; 2.3~3.0°Y SHwm; 1.32°7 1lHm.
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4-methylphenanthrene

The carbinol was aromatised with 10% Pa/C at 300°C as reported in
the 1iterature66 in 73%Z yield. M.F. 47-48°¢ (ethancl). MR 6.73 %
3Hs; 2.1~2.57 8Hm; 1.0~y lHm.

4=bromomethylphenanthrens (138)

The NBS btromipation of 4-methylphenanthrene was carried cut as
.66
reportec .

4~hydroxymethylphenanthrene (139)

The crude bromo-compound was hydrolysed according to the reported
procedure66. Overall yield 68%. M.E. 145%%14700 (benzene/petrol).
IR 3320, 1025 em .

4~formylphenanthrene (140)

4-hydroxymethylphenanthrene (1.04 g) was oxidised with active
manganese Jdioxide (15 g) in Analar chloroform (60 ml) at room
temperature for 24 hours. The reagent was filtered off throuch
Kieselguhr and on evaporating the chloroform (140) was cbtained pure

27101 1680 e, mR

quantitatively. M.P. 84°¢C (ether). IR

~0.60 ¥y 1H; 1.9-2.52 7 9Hm.

Analysis: C 87.20% H 5.06%
. . L .

clShloo requires € 87.35Z H 4.807%

4-me thoxymethylphenanthrene (141)

The crude bromo compound (138) was refluxed with s.odium in

methanol overnight. The methanol wes distilled off in vacuc and the
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sclid remaining was partitioned between water and chloroform. The
chloroform soluticn was washed with 6 BC1 (2x) aad water (2x) and
dried over sodium sulphate. It was evaporated to dryness and
chfomatographed on Grade 3 Alumina. The methyl ether (141) was
obtained in 767 yield as an 0il. IR 109C cmwl. MR 6.48 - 3Hs;
4,97 7 2Bs; 2.1-2.5% 88m, 1.25~y1lHm,

" Nitration of 4-methoxymethylphenanthrene (141)

4~methoxymethylphenanthrene (141) (204 mg) and silver nitrate
{257 mg) were dissolved in dry acetonitrile (7 ml). The acetcnitrile
was dried over Linde 44 molecular sieve and then over calcium hydride
and then Jistilled. The solution was cooled to 0°C and acetyl
chioride (131 nmg) in dry acetonitrile (2 wml) was added over 15 minutes.
It was stirred for 7 hours till TLC showed no trace of starting
material. It was poured into water and extracted twice with ether.
This was separated by multiple eluticn on Silice Gel plates cluting
with benzene/petrol 1:i. 3-nitro-5-iethoxymethylphenanthrene (142)
melted at 135-136°C (petrel).
Analysis: C 71.83% H 5.007 W 5.247%
616H13N03 requires C 7L.90Z H 4.907 W 5.14%
NMR 6.32 v 3Hs; 5.10 v 2hs, 2.0-2,.5°F 6Hm; 1.687y 1H qu J=8.5, 2.2

cps; 0.187% 1HA J=2.2 cps.
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Witraticn of 4~hydroxymethylphenanthrene (139)

4~hydroxymethylphenanthrene (139) (50 mg) and silver nitrate
(70 ng) were dissclved in acetonitrile (3 ml) at 0°C and acetyl
chloride (36 mg) in acetenitrile (1 l) was added. . frapid reaction
ensued and after cne hour silver chloride was filtered off, the
filtrate diluted with ether and washed with water, sodium bicarlcnate
and water and dried and evapcrated to dryness. The product (54 mg,
88%) was the nitrate (144). M.P. 98-100°C (petrol). IR 1625, 1295, 870

-1 EtoH |
cm . NMR 3.94 Y 2ds, 2-2.6 Y 1.75r 9im. UV‘X % 213 mfA(é 29,220)
252 mg (€ 50,190), 277 mjs infi. (€ 9,720), 286 m/uinfl.(é 7,790), 258 -
(€ 7,400),; 336 mja (€ 490), 352 wmp (€ 506) .
Analysis: | ¢ 71.17%2 # 4.68Z N 5,357
C15H11N03 requires C 71.14Z H 4.3842 N 5.53%

The carbinol (139) (51.7 mg) and silver nitrate {251 mp) were
dissolved in acetonitrile (10 ml) and acetyl chloride (124 mg) in
acetonitrile (2 ml) was added at 0°C over 15 minutes. 15 minutes
later TLC showed complete conversion to the nitrate (144). 1} hours
later a more prlar spot was observed on TLC and the reaction was
left for 15 hours at 0°C and then 24 hours at room temperature. It
was worked up as in the previcus experiment. 3-nitro-5-hydroxymethyl-

phenanthrenc nitrate ester (146) was one product isolated. IR 1640,

1545, 1520, 1350, 1290 cmml. MMR 3.88 v 2He; 1.9-2.3 7 &Hm, 1.6 7y
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1 5 qu; 0.54 77 1Kd.
Analysiss C 59,7972 Y 3.377 N 9.207
C15H10N204 requires ¢ 60.417 i 3.387 H $.39%

Witrate ester of 4-~hydroxymethylphenanthrene (l44)

4-methylphenanthrene (300 mg) was converted to 4~bromomethyl-
phenanthrene (138) in the usual way and the crude product was reacted
with silver nitrate (592 mg) in acetonitrile (15 ml) at room temperature
for 3 days. The silver bromide was filtered off and the filtrate
concentrated and separated by preparative TLC. The nitrate (144) was
obtained in 344 yield (132 mg).

When the nitrate (144) was reacted with boron trifluoride
etherate in refluxing dry ether, = m@ss was ohtained.

Nitraticn of 4~formylphenanthrene (140)

4-formylphenanthrence (140) (105 mg) was dissolved in dry
acetonitrile (1C¢ ml) an? silver nitrate (129 ug) and acetyl chloride
(63 mg) were adaded. After 24 hours at 0°C TLC showed that very
little reacticn had occurred. More silver nitrate (252 mg) and
acetyl chloride (146 mg) were added and after six hours the reacticn
was worked up as before. Multiple elution gave six yellow tands.
They all had nitrate tands in the IR at 1520, 1350 cmm1 and‘a carbonyl
at 1680 cmwl. One band had HMR ~G.51y =0.5¥ (mixture of two
aldehydes): 1.34 % &, 1.4577 t 21; 1.7-2.377 w. Aﬁether band had

~0.62 Y ; 1.95-2.6~ m. Another band which was probably 3-nitro~5-



formyiphenanthrene M.P. 1406-145°C had ~0.047: 0.957 4; 1.607 qu;

1.8-2.3% m.

Analysis C 71.69%7 4 3.447 N 5.527
1N 1 2 17 LYy
015L9L03 rgqulres C 71.72 H 3.61%7 N 5.57Z%

Friedel-Crafts Cyclisation of X~2~tetralylbutyric acid (155}

The following literature procedures were followed:

A) The acid (155) was converted to the acid chloride with PCl5

and cyclised with A101372. 1-keto~1,2,3,4,5,6,7,8-0cta~hydro-
anthracene (157) was formed in 917 yield.

B) The acid (155) was heated with conc.sulphuric acid for four hours./

o

Anthrone (157) was formed in 687 yield.
<) The acid (155) was stirred with conc. sulphuric acid for twc hours
72 . . .
at room temperaturce . Anthrone (157) was formed in 437 yicld
and rhenanthrone {156) in 207 yield.

D) The acid (155) was converted to the acid chloride with thionyl
chloride and a drop of pyridine in ether and the acid chleride
cyclised with stamnic chloride in methylene dichloride72. Yield
of authrone 937, phernanthrone 27.

E) The acid was heated with pelyphosphoric acid73 giving the anthrone
(22%) and phenanthrone (5%4).

(F) The acid was converted to the acid chloride with PCl59 it was
warmed and PCCl3 distilled off. A mixture of ketones was

. c, 74
distilled at 15 wm pressure and about 200°C. It was separated
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by column chromatography on Grade 3 Alumina eluting with Lenzene/
petrol 1:1. 4-keto-1,2,3,4,5,6,7,8-octahylrophenanthrene (156) was
eluted first (25%) followed by anthrone {157) (284).

When the acid chloride was prepared using thionyl chloride and
pyridine, the acid chloride distilled without cyclising.

4-keto-1,2,3,4,5,6,7,8-octahydrophenanthrene (156) M.P. 40-40.5°C
IR 1672 em™ L. MR 6.7-8.4 Y 14 Hm; 2,357 2H ABqu J=5 cps. l-keto-l,
2,3,4,5,6,7,8~0octahydroanthracene (157) M.P. 47~47.5°C. Semicarbezone
M.P. 250-252°C. TR 1680 cu’ . MR 7-3.47 l4im: 3.10° 1Hs, 2.28°Y
1Hs.

4-hydroxy=-4-methyl-1,2,3,4,5,6,7,8~octabiylrcphenanthrene (149)

The phenanthrone (156) (15 g) in dry ether (250 ml) was added
slowly to a Grignard reagent prepared from magnesium (15 ¢) end methyl
jodide (120 g) in dry ether (200ml). The reaction was carried out
under nitrogen at 0°C for six heurs. The sclution was then poured onte
ice and ammonium chloride. The aquecus layer was separated and
extracted with ether (3x). After washing with water and drying over
magnesium sulphate, the ether was removed im vacuo and the alcohel
(149) crystallised from ethyl acetate (13 g, 807).

M.P. 118-120°C. IR 3320, 1174, 1115 cn -, MR 8.43 3Hs; 8.35 vt
J=4 cps, 8.19~y t J=4 cng, 6.5~7.57y m 14k; 6vbr 1H exch; 3.19+ 2is.

g

UVA ;:ZH 209 mu (£ 19,650), 231 mu infl. (& 9,790), 270 myu sh (€ 617

mu), 273 wu (€ 644), 277 mu sh (€ 554), 283 mu sh (€ 503).
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Analysis: C 83.187 H 5.287
815“200 requires { 83.29% H 9.32%

A small amount (5%) of 4-methyl-1,2,5,6,7,8-hcxahydrophenanthrene

(15%) was isclated by chromategraphy of the mother liquors. HM.P. 65-

G,

©C (cthanol). MR 7.9-8.4 % m, 7-7.67m 124; 7.93° 384 J=1 cvs,
Etol

4.02 Y 1RE J=5 cps; 3.11 7 28s. UV | pox 223 mp (€21,700), 264

m A (€ 7,860), 300 ﬁyﬁinfl.(€‘830‘c

Analysis € 21.047 41 9.27%
3 - 73 Y, v e cr i O 4
CISH18 requires £ 90.852 E 9.15%

4-methyl—-4~nitrito-1,2,3,4.5.6,7,8~octahydrovhenanthrene (150)

The carbincl (1492) (1.14 g) was dissolvel in dry pyridine (40 ml)
o . . .
at =30°C and nitrosyl chileride was bulbled through the sclution for
1-2 minutes. It was pouraed onto ice and extracted with ether (3x).

The cther extract was washed with water (6x) awn! dried over sodium

©

sulphate before the sclvent was removes i, vacuo without external

heating. TLC showed a single non-polar spet which after a brief

exposure to iodine vapour and spraying with sulphuric acid coloured
1

up blue on warming. IR 1625, 780 cm .

4~hydroxy=-4-methyl-5-oximino=1,2,3,4,5,6,7,8~cctahydrovhenanthrene {151)

The oily nitrite (150) was dissolved in 4ry benzene (30 wml) and
a drop of pyridine was added. The stirred solution was irradiated in

a pyrex vessle under nitrogen with a medium pressure lamp., After two



=232~

hours TLC showed that the photolysis was essentially completed and

the solution was ccacentrated and separated on Grade 5 Alumina

eluting first with benzene/petrol 207. Scome nitrite (80.3 mg) was
recovered in the early fracticns. Carbincl (14%) (470 mg 447) was
obtained next, followed by 4why&roxyw&mmethyle“kethl,29394,5,597,8u-
cctahydrophenanthrene (158) (63 mg 53%4) IR 3400, L6638 cmwl. UV‘X z::ﬂ
218 ap (£ 12,500), 262 mu (€ 7,840), 311 wu (€2,370). MR 3.627Y
3Hs; 7.9-8.57%, 7.0~7.47y 12 Hw; 3.40 "y 1H exch; 2.927% 2HI (qu?)

J=5 cps.

Analysis C 73.38% H 3.17%
C wb"}- 3 i Qs a :o i . ‘o
v15.1802 requir C 78.232 U 7.88%

Some unidentified mincr products were then eluted and after a
yellow band had been cluted, the eluont was chanped to benzene/cther
2:1 and the crystalline oxime (151) was obtained (420 mg, 35%).

M.P. 229-233°¢C (ethyl acetate). IR 3375, 3150, 1#45 wk, 1276, 1185,

~

. nent
1105, 1085, 1052, 1000, 960 cm ©. JV)\ oy 216 T (€21,700), 254 wmw

(€ 5,040), 291 mu sh(€ 2,180). NMR $.48 v 3is, 7.7-8.3, £.6-7.5 7
12Hm; 2.99 =~ Zils.
;:nalysis: C 73.274 H 7.604 d 5.60%

c NG, requires C 73.447 B 7.81% N 5.71%

1571972
Photolysis of the nitrite prepared from 515 mg of carbinel (149)

in Areton 113 gave only 167 (84 mg) <f carbinol (142) and 457 (270 ng)

oxime (151).



Photolysis of the nitrite prepared from 2.5 g carbinol (14C) in
dry btenzene (30 ml) under nitrogen an’ cccled to room temperature Ly
a water bath tock 4 heurs. The oxime (1.5%9 g 65%) was obtained pure
by one recrystallisation of the crude photovroduct from ethyl acetate
(70 nl).

The same pheotolysis carried out without a cooling bath took
1 hour 12 mins, and the yield was 6%%,

Use of a high pressure mercury lamp halved the irradiation time
but had no effect on the yield.

From one photclysis a small amcunt of isoueric 4~hydroxy-4-methyl
le-oximino-1,2,3,4.5,6.7.8 octah;u:o“hgnuvtarenc was isolzged by prep

8

arative TLO. M.P. 184-570 (ethyl zcetate). IS 3453, 3300, 1653 em .

.

M 5,627 35d J=2 cps, 5.1-8.7, 7.1-7.37 12ur:, 3,827 lis: 4.0371is;

hnalysis: L 73.582 w4 7.754 wonLnan
Clshlgﬂaz reguires $ 73,444 8 7.817 w5717
Oxidation of the oxime (151)
The oxime (21 mg) was heated with 10% P&/C (7.5 mg) at 300 5%
for 15 minutes under nitrogen. After cooling, the product was dissolved

o

in dichloromethane and the catlyst filtersd off. Basie troducts were
extracted intc dilute sulphuric acid. The acid sclutien was bhagified

with sodium bicarborate and extracted with ether. The major nproduct

igclted by preparative TLC was 1-aza-pyrenc {5€}.



l-oximino-1,2,3,4,5,¢,7,8-cctahydroanthracene (161)

Octahydroanthrone (157) (4.% z) in ethanol (25 wl) was reacted
with hydroxylamine hydrochloride (3.5 g) and sodium acetate (& p)
in alcohiol (350 ml) and water (50 ml) under reflux for one hour,
It was cooled and diluted with water and the oxime (161) filtered
and crystallised from ethanol (4.3 g 934). U.FP. 1467C. I 3200, 1445
e . R 3.0-8.47F &m. 7.1 7.4% Obn, 3.187 lEs: .43 1fs,
approx 1T 1E exch.

B-acetamido~1,2,3,4- tatrahydroanthrdcene (1&2)

The oxime (141) (10f.2 mg) was dissolved in glacial acetic acid
{5 »l) znd acetic aphvdride (2 ml) aﬁd the solution saturated with
.01 gas. It was left at 45% for 24 hours, pourad into water, make
alkaline with sodium bicarbonate and extracted with ether., Frep
arative TLC pave amide (162} (51.2 mg 539 ns the major product.

R On Py Y : i - ~
if.f. 122-37C (ethyl zcetate ). Ir 3240, 1653, 1550 em 7. A 8.3~

7.77 7t 7.3-7.07 &bz, 2.9-2.3 7y Ghn.

Analysis: 000,328 v 7,208 9 5,785
1£“l7d3 reguires ¢ 32,324 W 7,164 1 5.85%

l-oxiuinotosylate-1,2,3,4,5 0.7 3-octahydroanthracena (133)

The oxime (181} (502 nyp) was reacted with tosvi chleride (547 ug)
in dry pyridine (13 ml) for 5! hours at ~22 to ~307C. It was poured

ontc ice and axtracted with ather (3x=). The ether sclution was washed
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with water (6x), dried over sodium sulphate and concentrated. The
product was purified by column chromatography on Grade 3 Alumina

(80 g) eluting with benzene/petrol 10% and was obtained in 657 wyield
(559 mg). M.P. 151.3°C (ethyl acetate). Ii 1630, 1380, 1193, 1172
en’l. MR 8.4-8.17 6im, 7.60 Y 3us. 7.5-7.1,7 %um. 3.21 % lis.

2,737y 2hd 3=% cps: 2.47 7y lus, 2,10 ¥2Ed J=2 cp

LO]

°

Analysis: C £8,22% H 6,325 ¥ 3.65%2 3 8.5¢%
821ﬁ23ﬁﬁﬁ3 requires $OB8.285 W 5.28¢0 W 3.79% & 3.66%

Reaction of (143) with acid

The tosylate (163) (137 mg) was dissolved in chloroform (& ml)
and dry EC1 passed through the solution for five minutes. Very little
change occurred during 2 hours at room temgeraturs, so the reaction
was continued at reflux température for 24 hours, resaturating the
solution with dry X1 every two hours. IThe sclution was then allowead
to cool and was washed with sodiun hicariouate and water and geparated
vy nreparative TLC on Silica Gel plates eluting with benzene/acetone
12%. Four products were iscolated: unreacted tosylate (163) (15 mg
12%); octahydroanthrone (157) (14 mg Z07%), the lactais of 3-amino-2-y-
tetralylbutyric acil (164) (15 mg 17.5%). 4.7, 191% (ather). IR 3180,

1665, 1570 e’ L,

Anelysis: € 77.93%Z ¥ 7.37% K 6.34%
5145550 requires € 78.10% H 7.%6% N 6.51%. and an unidentified

amide (7.5 mg 84). M.P. 192-4°C (etier). I 3180, 1565, 1570 cm .



]
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Sermler Aromatisation of Oxime (151)

The oxime (151) (495 mg) dissclved irn glacial acetic acid (20 wml)
and acetic anhydride (5 ml) was heated on 2 steam beth for 1} hours

while dry .C1 gas was bubbled through. The solutiorn was poured onto

pa)

o

ice and made allhaline with scdium bicarbonate. It was extracted with
ether (4x) and washed with water (2x) before being separated on Silica
Gel plates eluting first with benzene/petrol 10% and then tenzene/
acetone 13%. The least nolar compound was 4.5 amino-4-methyl-1,2,3.4,-
tetrahiydrophenarnthrene (165), an oil which dartened on standing but
stilled under high vaccuum (85.1 =g, 19%). L1 3400, 1615, 1605, 1315
«1

em —. Mass spectrum M/e 20%, 194, 181. MMR 8.5C7F 3is; 7.7-8.2°7

Gim: 7.2 28m; 5.80 Y1 4 exch, 3.527 L 1 qu J=7, 2 cps; 2.5-3.00Y

4l
tnalysis: C 85.271 B G.37x 1 LL.3TE
1r'1p: reqguires o 86,087 u 7.22% ¥ G677

-

The next product gave a fluorescent band on TLC and was identifi

as 4-methyl-5-keto-1,2,5.56,7,8 hexahydrophenanthrene (1€7) (43.2 mg

1543). I 1680 em ©. M4 8,107y 3Hs, 7.7 8.1 7.0-7.5710 Em; 3.837
1a,tr; 3.0 2H AB qa J 8 cps. Distilled for analysis at 6D .
10 “mm. giving a solid HM.P. 42--64°0 anaiysis C 834.60% E 7.48%

Glsﬁlga requires < 04.877 ¥ 7.60%. The next product was the amide

(166), (6.5 mg 27). The physical data are given below. The next



product was 6-acetyl-4-

(168) (13 mg 34). .P.
Hass spectrum /2 254,

7.2-3.07 7.1 7.677 10

Arnalysis: C
T, .0, reguires C
“17%1872 T :

The final product

3~hexahydrophenanthrene

Iz 1675, 1550, 1250 em L,

nethyl-4,5-0xy-1,2,3,4,7,

115.5-129.5°C (ether).

232, 211, MR 7.93 7y 3Lt J=7 cps; 7.64 Yy 3Hs;

Em, 2.51% 24 qu J=5 cps.

80.3x% H 7.2%%

30 .28%

[

7.13%

isolated was a very pclar band which turned

green but could be crystallised with difficulty from ether or petrol

(52.5 mg 107), N-acetoxy-4,5.anino~4-methyl~1,2,3,4,7, 8~hexahydro~
phenanthrene (169). M.P. 92-100°C. IR 1730, 1540 wh. 123%, 1075,
1355, cmml. WMR 3,56y 3is; 7.80 % 3is; 7.0-8.1 7 1dEm; 3.887r liiqu;

3.0377 2is. Mass swectrum ¥M/e 269,225,

Lnalysis.

v o iy N iy e

617J1§MJ2 reguires
The oxime (151}

(45 12l) and acetic
through the heated

giving amine (165) (34

4-tetrahydropheranthrene (186) (834 mg 224). This

the compound obtained .b

night. I2 16563 e

72

scliition for 2

-~

¢ 75.67%4 # 7.15%2 M 5.09%

S 75,514 H 7.11% ¥ 5.20%
g) was dissclved in werm glacial acetic acid

anhydride (8 ml) and dry HCl bubbled slowly

]

hwours. It was worked up as before

mg 2%) and d-acetyl- 4,5~amino 4-methyl-l,2,3,

wag identical to

y refluxing amine (1¢5) in ecetic anhydride over

Wmr 3.327% 3us. 7.59% 3us: 6.2-8.277 OHm;

Ztos
2,2-3.277 Sim. UV)\wax 237,337 mu.



4-hydroxy -4-methyl-5 oximipoacetate-1,2,3,4,5,¢,7.3 -octahydrophen-
anthrene (174}

The oxime (151) (1 g) was dissolved in dry pyridine {30 ml) and
acetic anhydride (13 ml) and the solution stirrad at room temperature
for 15 hours. The sclution was poured intc water, extracted with
ether and the ethereal solution was washed with water (6x). It
was dried over sodium sulphate and zvaporated to dryaness and the

acetate (174) (1.08 g) was recrystallised from ether. H.Y. 194.-7%

WMR 8.54 ¥ 3Es; 7.79 Y 3is, 7-3.&6 18mm; 3.31 ¥ 1d hr exch, 2.93y
1

2ud J=3 ecps (qu?). IR 2400, 1765, 1615, 1200 cm .
4nalysis C 70.245 R 7.257 ¥ 4.30%
617H21NO3 requires C 71.06% o 7.37%7 NN 4.2TL

4-methyl-5--oximinoacctate~1,2,5,6,7,8 hexahydrophenanthrene (175)

4

The oximino acetate {174) (1.1 z) was dissclved in dry pyridine
(43 ml) and phosphorus oxwvehloride (10 ml) was added. The solution
was stirred under nitrogen at room temperature for 5} hours when TLC
showed no more (174). It was poured inte ice-water and extracted
with ether (3x). The ether sclution was washed with wvater (6x) and
dried over sodium sulphate. 602 mg was obtainad from which 137.5 ug
(18%) (175) was isolated by preparative TLC on Silica Gel nlates
eluting first with benzensz and then with benzenc/acatone 2-. 1L 1760,
1605, 1200 cm L. R 3.10 ¥ 3ud J=1 cps. 7.87 °F 3is; 7-7.5 Y 10Hm;

&, 13 7F 1ty 3.13 ¥ 2L 4 (qu?) J= 4 cns
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S-methyl-4d~oximincacetate-1.2.3 . 4-tetrahydrophenanthrene (176)

The anhydro compound (175} (122 mg) and 707 (200 mg) were heated

in refluxing dry benzenz {8 ml) under nitrogen and in the dark for 5}

iwours. <Chromatography on Silica Gel plates eluting with benzene/acetone

5% gave pure {176) (&5 mg, 457). M.P. 137 143°C (ethyl acetate).

b7

E Lton
1760, 1610, 1620, 1200 cnm l., UV) max 206 my (é‘]_Si}_i}O)a 217 my sh
(& 12,600), 227 mu (€ 21,600), 243 mu (€ 18,500), 312 mu (€ 4,600),
336 mp sh(€ 2,700), m%a 7.73 7Y 3is, 7.47% 3ks 7.6-8.276.2-7.3 4

Cim; 2.12-2.857 S5Hm,

smalysis: C 74.610 1 6.26% 1 5.072

C, i, MG, requires C 76,382 H 6.41s 0B 5.247
18717772

Semmler deaction with (178)

The oximino acetate (17£) (25 mg)in acetic anhydride (1 =l) and
zlacial acetic acid (3 wl) was heated on 2 steam bLath for 3 minutes

with dry u8Cl bub bling through the solution, It was poured into

ether and made basic with sodium bicarbonate and the ether layer

[<3]

eparated, washed and dried over sodium sulphate., The ether was
removed in vacuo and the product (177) crystallised from ether in 807

yield (20 mg). M.P. 1§8~9oﬁ. IR 3200, 1662, 157D cmwl. WML 7085
ETtoh

Chm; 7.08F3Hs, 2.2-2.5 ¥5dm. UV ma% 235 mu sh{(& 14,500), 233 myu

(€35,600), 287 mu sh(€ 4,000), 298 mu (& 4,560), 327 wu (€ 913).

H{ags spec. Mfe 225, 170, 155, 154, 141.

Analysis: € 72,785  H 6.53% W 6.22%
O reguires SO7%.97: B 6,718 W E.22%

C15%5



beckmann Aeaction witn {(176)

The oximino acetate (176) (12.7 mg) was stirraed in polyphosphoric
acid (2 ml) at 130°C for 10 minutes. It was voured into water and
extracted with chloroform. The organic layer was separated, washed
with sodium bicarbomate and water, and evaporated to dryness. TIhe
product was identical to lactam (177) in its MNP, Zf; I, UV, A minor
product was an acetyl derivative of (177). IR 3200, 1673, 1572 cmwln

, ~O . 5 =
i.P. 2507C. Mass sgpectrum 267, 252, 212.

Heaction of (17€) with acetyl Lromide

The oxinmino acetate (176) (2% mg) wzs refluxed in acetyl bromide

(2 nﬂ,and a drop of ethanol for 2; hours. The solution was noured into
r < !

(4]

water, extracted with ether, waghed, dried and chromatozraphed. A

(]

mall amount of lactam (177) was isclated. The major product (2.4 ng)

FaY

173) was identical to the compound obtained whern loctam (177) was

acetylated in refluxing acetic anhydrida. M. P, 26-3% {petrol).

. ey ~L .
IR 1750, 1220 em 7. Hase spectrum 267,

Kl

243, 225. 180, 179fbase peak).

\

4-methyl-5-oximino-1,2,5 §,7,8-hexahydroplienanthrene (173)

v

The anbydro Letone (157) (42 mg) was oximinated with excess

hydroxylamine hydrochloride in refluxing dry pyridine for three hours.
It was pourcd into weter and ether. washed with water (2x), dilute
sulvhuric acid, water (4x) and dricd. The product {(173) (16 mg) wsas

. I o, - - . 1
crystallised from athyl acetate. M.P. 205-7C. I# 3253, 1830 wk. em .



Analysis: C 7%9.4% ¥ 7.51% ¥ &£.13%
15 l,uO requires € 78,267 & 7.54% ¥ €.16%
Semmler Reaction with (173)

The oxime {(173) (1% mg) in glacial acetic acid (3 ml) and
acetic anhydride (1 ml) was heated on a steam bath for 30 minutes with
dry &Cl bubbling through the solution. This reaction was weorked up in

the uvsual way and the major product isclated by TLC was benz(cd)indoline

hydrogenolysis of 4 methyl-4,5-amino--1,2.3,4,~tetranydrophenanthrene (165}

The amine (165) (&0 mg) was hydrogenated in glacial acetic acid
(1o ml) over 5% Pd/C (60 mg) at room temperature and atmospheric pressure.

Y

1.7 mole equivalents (10.4 wl) of hiydrogen was taoken up. The catalyst
was filtered off and the scolution dilutéd with water and made hasic
with sodium bicarbonate. It was extracted with ether (2x) and the
cther extract was washed with water, dried amnd evaporated. The polar
product (35.3 mg) was vurified by preparative TLT on Silica Gel

eluting vith Leuzene/acetone 5; and was identified as 4-methyl-S5-amino-
1,2,3,4.5,6,7,8~octahydrophenanthrene (17%), IX 3353, 325, 1513 cmmlu
MR B8.487F3Hs: 785w $.27 77 27 exch, 5.€5¥1lum, 3.10%725s. It

was converted to the crystalline aminae hydrochloride ii.F, 213-215°¢

(acetone) with ethereal iC1l.



4,5 acetamido~4 methyl-3,4~dihydrophenanthrene (181)

4,5-acetamido-4-methyl-,2,3,4~tetrahydrophenanthrene (166) (720
mg) and DD¢ (2.17 g) in dry benzene (200 nl) was refluxed under
nitrogen in the absence of light for 235 hours. The solution was
cooled and diluted with ether (approx 1 1.) and the solution was
washed with aqueous sadium dithiounite {3x), dilute sodium hydroxide
(3x), water (5x). It was dried over zodium sulphate and evaporated
to dryness giving 401 mg (56%) (181)c The reaction could not be
followed by TLC because both product and starting material have
the same R even on silver nitrate impregnated plates. In the UV
the product (181) has peaks at 263, 271, 33°F mh and the ?V of the
reaction product isolated showed that the oxidation was incomplete.
Heither benzoic acid nor tosyl acid catalysed the reaction. A longer
reaction time gave a lower yield, presumahly due to decomposition.
I 1660, 1575, 1085 cr b, MR §.3) SH 5. 7.527y Cugs, 7.978,m;
3-3.5 7 olefinic protons: 2.3-2.8"7 aromatic protens.

4-methyl-5-acetamido-vhenanthrene (182)

The crude dihydrophenanthrene (181) (400 mg) in t-butanol (50 ml)
was stirred with potassium t butoxide (1.5 g) uader nitrecgen at
room temperature for 24 hours. 1In refluxing t butanol the reaction
was completed withiin half an hour. The sclvent was evaporated in
vacuo and.ether and water added. 7The ether layer was washed, dried

and concentrated and the product (132) (118 mg, 30%7) isolated by



243

preparative YLC on Silica Gel eluting with benzene/asetono 107,

M.P. 18%-1%1°C (carbon tetrachloride orﬁlsoerﬂyLA 3285, 1660,
1540 c'nl NG 7.827 3ie: 7.427 3Hs, 2.3-2,6°¥Ehm. 1.591d br. UV
)\ ;::h 220 mp (€ 30,000), 263 mu (€ 32,200), 2084 mp (€ 18,000),
303 mp sh(€ 9,300), 313 mp sh(€ &,200) Mass spectrum /e 249, 204.

Lnalysis: ¢ 82.10% 4 €.02% U 5,54%
317ﬁlsﬂs requires C 81.,22%2 & 6.06% W 5.62%

A less polar product was isolated (19 mg) which had I 342); 1620,
1600 cm“1 and may be 4,5-amino~4-methyl-3,4~dihydrophenanthrene.

4-methyl-5-amino-phenanthrene (153)

The amide (182) (118 mg) wae refluxed in dry wethanolic &C1 for
20 hours. ifethanol was evaporated in vacuo and ether ani aqueous
sodium bicarbonate were added. The ether solution was separated and
washed with water aud dried. The ether was stripped giving the solid
amine (153) (77 mg, 72%) which was crvstallised frow petrol. IR 2453,
3375, 1615 cm b, 4.P. 107-9%C. An analytical sample was sublimed

Op o b e s g oam o .
at 207C D1 mm., C 37.3¢% E 6.47 U £.3% Gy 5iy g requires c
2¢.92% H 6.32% ® £.7¢%Z.

Attempted conversion of (153} to 4-methyl-5~azidoplonanthrene (154;

To the amine (75 mg) in glacial acetic acid (4 =l1) and conc.
sulphuric acid (1 ml), sodium nitrite (34 mg) was added and the
0. - .

solution stirred at 20°C for 15 nminutes. Vrez was zdded and after

ten minutes excess sodium azide was also added. Aftsr twe hours at



~
o

2Y2 ether and water were added, the cther layer was coparated and
washed with sodium bicarbonate(3x) and water (3x). It was dried
and concentrated and separated om Siliez Gel plates elutiny 'rith
benzene/petrol 1.1. uo azids wasg cresent in the uixture. Tuie

major product {34 wvg, 507} wes phenanthrene-4, 5-methane (134)

* - (‘-, o
which wae recrystallised from sthamol #.P. 115 11772, Mk 5,717

Z-azidolLiphenyl (3338

Tosyl azicde vas prepared in 55% vield by the recorteu
2-aminchiphenvl (1.715 g) was added to one cauivalent of mnthyl
kY

magnesium iodide (prevared from 245 mg ig and 1.53 g HMeI) in dry

houras. WL

N

. o, .
cther (57 @m1) and stirred at £ uader nitrogern for
showad that not 2ll the amine had reacted yet. Tosyl azide (1,802 g)
vas added and the precinitate that l:ad formed rapiily dissolved.

ah

‘fter thirty minutes. the ether solutior was washed with vater, x
sulphuric acid and water, dricd and concentrated. The umixture w2s

geoarated on a Grade 3 Aluminc column {200 g) eluting with Lenzenc/

vetrcl 1:2. Tosyl azide vas reccvered (0.613 g) and Z-azidobiphenyl

ot

wag isclared {(0.56 g 417). Ik 2155
(]

5]

Attempted diszo-transfer to 4-wethyl 5 amivophementhirens {1333

Uiz awine (11 mz) and one equivalent ol met'yl magnasium iodids
vare stirred in dry ether (10 i) at roov. temperature under nitregen.
Lfter 3 ‘ours TLU showved uo change znd o large excess of Grignard

~

rezgent wos added. after 75 heours TLC still shiowed that there was
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unreacted amine (153). Tosyl azide was added but after one hour
TLC (Silica Gel plates eluted with benzene/petrol 1:1) showed only

tosyl azide and amine (153) and no new products.
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