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AN ABSTRACT OF THE THESIS OF Jack P. Mourad for the Master

of Science in Chemistry presented February 23, 1979.

Title: The Synthesis and Photolysis of l-Phenylcyclohex-

~aneacetic Acid Azide.

APPROVED BY MEMBERS OF THE THESIS COMMITTEE:

Alfréd S. Levinson, Chairman

Norman C. Rose

| The aim of this research project was to study the
possible synthesis of the morphine analog 3-oxo0-5-phenyl-
morphan (2) via the photochemical cyclization of the acyl

azide (1) of l-phenylcyclohexaneacetic acid:

0
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O by 22 2
‘ HZ-C—N3 o

(1) (2)



Treatment of 1-phenylcyclohexaneacetic acid with
thionyl chloride afforded the corresponding acid chloride.
The latter was converted to the acyl azide (1) by an
aqueous solution of sodium azide in dioxane.

The photolysis of the azide was carried out success-
fully in hexane at 15-20° for one hour. High pressure
liquid chromatography and column chromatography on silica
gel were utilized to purify the crude photolysis mixture.
Infrared and nuclear magnetic resonance data were used
to determine the structures of the photolysis products.

It was found that l-phenylcyclohexylmethyl isocyanate
(3) was the major product isolated from the crude photo-
lysis mixture (ca. 40%). A white solid, tentatively
identified as the desired §-lactam 3-oxo-5-phenylmorphan

(2), was .also obtained in about 137 yield.

X
CH, -N=C=0
(3)

It was proposed that the isocyanate was produced
via the Curtius rearrangement of the azide whereas the
lactam (2) resulted from insertion of the intermediate

acyl nitrene into C-H bond of the cyclohexane ring.
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CHAPTER I
INTRODUCTION

Morphine (1) is the prototype drug for pain relief.
However, the problems of opiate addiction and the asso-
ciated social trauma have served to intensify the search
for a better analgesic which has no harmful side effects
and does not induce physical dependence. It has been
observed that simple synthetic morphine-like compounds,
such as certain morphinans and benzomorphans (e.g. 2, 3)

are as effective as or more effective than morphine

(1)

morphine

ﬁw ) "
d—fé e
(2)

(3) (4)

morphinan benzomorphan morphan



in relieving pain. These compounds contain only a portion
of the morphine structure, known as the morphan ring
system (4) or azabicyclo [3.3.1] nonane. Unfortunately,
many of these compounds also have the undesirable side
effects of morphine.

( The aim of this research project was the synthesis
of the morphine analog 3-oxo-5-phenylmorphan (6). It
was anticipated that (6) could be prepared by the photo-
chemical cyclization of the acyl azide (5) of l-phenyl-

cyclohexaneacetic acid, for which precursors were avail-

able. ﬁ
H-N—C

; N

hv 2
H_ -C-N ¢

(5) (6)

The photochemical decomposition of the acyl azide
should normally generate an electron-deficient monovalent
nitrogen species referred to as an acyl nitrene (7).

It was expected that the morphan ring system would be
formed via an intramolecular cyclization of the short-

lived acyl nitrene intermediate (7) by insertion into a

C-H bond, yielding the amidic product (6).



CHAPTER IT
REVIEW OF THE LITERATURE
ACYL AZIDE PHOTOLYSIS: scope, limitations and mechanism.

In the last 20 years, the chemistry of azides has
been the subject of intehsive investigations because of
their importance in preparative heterocyclic chemistry.
Specifically, the photolysis of acyl azides has played
an important role in natural products synthesis and
strucfure determination.

The first photolyéis of an acyl azide was performed
by ApSimon and Edwardsl in order to help establish the
structure and stereochemistry of the diterpene alkaloid
atisine (8). They prepared the acyl azide (9) of 18- |
carboxy-la, l2f-dimethyl-trans-anti-cis-perhydrophenanthrene
in which ring é should provideiéteric compression of the
angular methyl group, forcing it unusually close to the
axial carboxyl. The acyl azide (9) was subjected to
ultraviolet irradiation. Although the major product
was the corresponding isocyanate (10) in 70% yield,
the 6-lactam (1ll) was obtained in 25% yield énd a tréce
of a y-lactam (12) was isolated. The formation of the 6-
lactam (11) could well have been due to steric compression

of the anguiar methyl group (C-17) by ring C. ApSimon



(9)

(8)
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5
and Edwards also prepared the acyl azide (13) of O-methyl-
podocarpic acid, and tﬁis compound upon photolysis
afforded, besidés the predominant isocyanate, the §-lactam
(14) in 20% yield. This result indicated that the but-
tressing effect of ring C is not essential for é§-lactam
formation. A y-lactam believed by ApSimon and Edwards
to be (15) or (16) was also obtained in 5% yield. Later
workz_strongly suggested that the correct structure was (15).

Meyer and Levinson3 investigated the photolysis of
1,1-dimethyl-trans-decalin-10-carbonyl azide (17). 1In
addition to the corresponding isocyanate; the amide (20)
was isolated in 8% yield along with the $§-lactam (18) in
9% yield and what is possibly the y-lactam (19) in 14%
yield. Although ApSimon and Edwards obtained a high
ratio of §-lactam to y—lactam,.Meyer and Levinson isolated
the §- and y-lactams in a ratio of 1 to 1.5. Thus, it
would seem that the angular acyl azide group is positioned
closer to at least one of its y-methylene groups than to
the axial methyl group. This éonclusion is similar to
what Masamune4 reported in his synthesis of the 6-lactam
(21), a key intermediate for the synthesis of garryine (22).
Meyer and Levinson emphasized that the axial hydrogens at
3— and 8-positions afe hindered by theAaxial l-methyl
group. Therefore, the hydrogen at C-6 which suffers no
such hindrance is probably more exposed to atfack than
are the other two.

R.F.C. BrOWn5 photolyzed the cis- and trans-decalin



OCH




N\ o Ng

_———0

¢ (19)

7

(20)

(22)

*Synthetic compounds (17-20) are DL-mixtures.
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derivatives (23) and (17). The §-lactam (24) predominated
(18%) in the case of (23) and the 6-lactam (18) represented
only 4% of the products from (17). (23a) and (23b) are the
conformations of the cis-decalin acid azide arising
from the flexibility of the cis-decalin system; the
preferential formation of the §-lactam (24) in substantial
vield implies that the conformation (23b) must be favored
either for the azide or the'acyl nitfene species R-CO-N,
since reaction through conformation (23a) could only
lead to a y-lactam. (23b) has fewer steric interactions
than (23a). In (23b) the acyl nitrene must attack either
a methyl group or a ring hydrogen situated 1,3-diaxially
to it. There appears to be a preference for attack at
the more accessible methyl group, leading to and—lactam.
Further examples of the use of acyl azide photolysis
to synthesize lactams are summerized in Table I.
These data on the synthesis of lactams by ?cyl azide
photolysis allows the following conclusions to be drawn:
1) Both y- and G—lactamsxmay be formed along with
the corresponding amide.
2) The yields of the lactams are generally low and

are solvent dependent to some extent.



TABLE I

EXAMPLES OF ACYL AZIDE PHOTOLYSIS

Azide Lactam products Solvent . Reference
(25) (26) 26% n—Héxane 6
(27) (28) 9% n-Hexane 6
(29) (30) 28% cyclohexane 7
(31) (32) 15%; (33) 15% cyclohexane 8
(34) (35) 20% n-Hexane 9
(36) (37) poor yield n-Hexane 10
(38) (39) 12%; (40) 6% cyclohexane 14,
(38) (39) 21%; (40) 11% dichloromethane 14,
(48) (49) 4.3% dichloromethane 13
(41) (53) 23%; (54) 11% dichloromethane 14
(41) . (53) 12%; (54) 5% cyclohexane 14
(41) (53) 13%; (54) 8% cyclohexane 17



(23a)

CH

CH

(23b)
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The mechanism for this reaction has been studied
along with mechanism studies on the photolysis of azido-
formates and alkyl azides. A great deal of information
relating to these mechanisms is available.i

Loss of nitrogen from organic azides results in
most cases in uncharged, electron-deficient molecular frag-
ments containing a nitrogen atom with only six electrons
in its valence shell. These reaction intermediates,
termed nitrenes, were realistically proposed fifét for
the photochemical decomposition of hydrazoié acid in
1928 by Beckman and Dickinsonll. In the last 16 years
the chemistry in this field has been stimulated by the
development of carbene chemistry.

For nitrenes both a singlet state (S) with two
pairs of electrons and a low-lying px—orbital, and a triplet
state (T), with one electron pair and two electrons with .

parallel spins, are possible.

,R_N:~@ Ty | L\ @ Py
. OO e - OOTT (T)

Electron spin resonance (ESR) studies12 on a variety
of nitrenes generated by photolysis of the corresponding
azides at low temperatures (4 or 77K) in randomly oriented

glasses have indicated in all cases a triplet ground
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state.

The electronic structure of the parent nitrene NH
has been calcuiated by MO and valence-bond methods. Also,
various molecular orbital methods (LCAO-SCF, SCF-MO)
have been used to calculate the electronic s£ructure of
ground and excited states of nitrenes. The calculations
indicafe that the ground state is a triplet and the lowest
excited state is'a singlet (being about 1.76 eV above
the ground state). This conclusion applied to all of the
nitrenes studied with the exception of carbalkoxynitrenes
(ROCON:) for which a definitive statement could not be
made.

Evidence has accumulated that singlet nitrenes are
the main reécting entities in direct photolysis of acyl
azides. This conclusion can be drawn from the work of
Smolinsky and Feuerl3‘on azidoformate cyclization. - They
reported the first -examples of retention of optical activity
during the insertion of a nitrgne into a C-H bond at an
asymmetric carbon atom. Triplét—state nitrenes would
very likely react by abstracting hydrogén atoms, forming
separate radicals which eventually coupled. However, a
singlet—stafe nitrene might undergo direct insertion
into a C-H bond. It is the singlet state which is respons-
ible for the stereospecificity observed during bond forma-
tion. An alternative, but less likely, explanation for
the observed retention of optical activity involved a

biradical mechanism in which a triplet state nitrene



15
abstracts the hydrogen atom from the asymmetric carbon
followed by rapid radical recombination. Also, Yamada
and Terashima14 studiea the photochemical decomposition
of the optically active acyl azide (42) in an effort to

examine the spin state of the acyl nitrene (which could

intervene in lactam formation).

Me"- Me

‘R- C* CH —(CH ) —CO-N3 —> R- C CH —(CH ) CO N++

Y s

R— clz CH,~ (CH,) ,~CO-N+4 R-C/CH
/A \
H ro CH
(45) : ,' ‘\ I 2
Vs A .
/// '\‘\ /CH2
H . _N—CO
(46)
%e
_C*—<CH :
F2
o
H N CH,
\ /
E (43)
0

Optically active (R)-5-methyl-6-phenylhexanoyl azide (48)
was synthesized from S-(+)-2-methyl-3-phenylpropionic
acid (47) and photochemically decomposed in dichlorome-
thane. S-(-)-6-benzyl-6-methyl-2-piperidone (49) was

obtained (4.3%) with 98% retention of configuration.
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7

COOH , (CH,) ,C-N

) 273 3 CH

‘ . hCH._. .

. : SR P ‘52// \?
MeBiemC - + + > Meiw—C-=gH —— 2 P CH,

: ; Me?| | <

! . : H N CH,

CH,Ph cgzph ) \ﬁ/

o)
(47) (48) (49)

The intramolecular insertion into the optically~active C-H
bond has proceeded with almost 100% retention of configur-
ation, and lactam (49) was formed most likely from the
singlet-state acyl nitrene (44) through transition state.
(46, R=PhCH2) .

In a review paper W. Lwowski15 claimed that nitrene
products have been obtained only on photolysis, and not on
thermolysis, of alkane-~ and arenecarboxylic azides. No
nitrenes are formed during the thermal Curtius rearrangement:
the reaction proceeds in a single step with simultaneous
removal of the nitrogen and migration of the alkyl or

aryl group:

Further studies on the decomposition of acyl azides were
pioneered by Tisue and coworkersl6 in order to investi-
gate the mechanism of the photolytic Curtius rearrange-

ment. They photolyzed pivaloyl azide (50) in cyclohexane
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and isolated N-cyclohexylpivalamide (51) in 20% yield and

pivalamide (52) in 0.5%

(CH ) C Cco N O (CH3)3C -CO-N & +(CH 0 c CO NH

(50) (51) (52)

Photolysis of (50) in neopentane gave a 13% yield of
isobutylene. Thus, if the pivaloylnitrene was not inter-

cepted, it appeared to decompose into isobutylene and

isocyanic acid. The isocyanic acid, together with part

of the isobutylene, formed a polymeric .oil, whose IR
spectrum showed C-H absorption (at 2994 cm—l) as well

as N-H (broad, about 3290 cm—l) and carbonyl absorptions

(about 1686 cm—l). Including the o0il and t-butyl isocyanate,

the total yields were always greater than 90% based on

"the pivaloyl azide used.

The selectivitx of the insertion of pivaloylnitrene
into C-H bonds was 160:9:1 for the tertiary, secondary and
primary C-H bonds in 2-methylbutane. The yield of t-butyl
isocyanate was always 39-42%, which provided a clue to the
mechanism.of the rearrangement. If pivaloylnitrene were
the precursor of the isocyanate, the guantity of isocyanate
obtainea should decrease with increasing ability of the
sol&ent to intercept nitrenes. Investigation of the yields
obtained usihg different solvents such as neopentane,
cyclopentane and cyclohexene showed that the isocyanate

couid not have been formed directly from excited pivaloyl

2
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azide.

Linke and colleagues17 determined that pivaloyl-
nitrene, generated photolytically from pivaloyl azide, did
not rearrange to.t-butyl isocyanate at a detectable rate.
They argued that neither singlet nor triplet pivaloyl-
nitrene were intermediates in the thermal or in the
photo-induced Curtius rearrangement -of pivaloyl azide.
Thus,»the accumuiated data suggested that the photolytic
Curtius rearrangement was most likely a concerted process.

In order to provide information about factors deter-
mining the relative amounts of y- and 8-lactam when both
can be formed, hexanoyl azide was photolyzedls. Two
nearly equivalent methylenes were available for internal
attack of the nitrene and no unusual proximity effect was
present. Irradiatién of a dilute solution of the azide
in cyclohexane gave as expected 13% of s-lactam (53) and
8% of Y—lactah (54) . Attack on the solvent afforded 3% of
N-cyclohexylhexanamide (55), the rest of the product
being isocyanate. The work ofxBrown and Edwards showed
tﬁat if equivalent methylenes were available d§-lactam
was favored over y-lactam by a ratio of around 2:1. This
product ratio was interpreted as a éonsequence of tran-
sition state (56) for singlet insertion being favored over
(57). This ratio was called the ring-size factor. Thus
the singlet state of the acyl nitrene would favor the
formation of é-lactam via C-H insertion (transition state

58) whereas triplet state would give y-lactam by internal



&7

(55)

PN

(59)

NCOC_.H

11

19
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hydrogen abstraction (transition state 59). It was con-
cluded that the preferential §-lactam formation in the
" hexanoyl azide case was a consequence of the preferred
geometry for singlet nitrene ihsertion into the C-H bond
(transition state 58).

In the cases of rigid geometry related to podocarpic
acid (13), it was found that the ratio of §- to y-lactam
was roughly 4:1, mainly because of the proximity of the

axial azido-carbonyl and methyl groups.
0

I
H C-Ny H

(13)

Examination of the photochemical decomposition of
hexanoyl azide in the presence of acetophenone, an
efficient triplet sensitizerlg' 20, gave results in
striking contrast to those of the direct photolysis. When
a cyclohexane solution of hexanoyl azide and acetophenone
was irradiated, N2 was rapidly‘evolved. Hexanamide
crystallized in a 78% vield. No isocyanate was detectable,
but dicyclohexyl and cyclohexene were. GLC failed to
disclose the presence of § -lactam (53) or y-lactam (54).

It was suggested that the photosensitized decomposition
gave products characteristic of radical reactions, and
hence of the triplet state of -the excited azide or nitrene.

Thus, excited nitrenes could be the reactive intermediates.

The reactions were formulated as shown in the following
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scheme:

CH3(CH2)4CON by RCON:*————9 CH insertion products

3

BCOCH, * (n—> I* triplet)

RCON ¥ —>" RCONs + + O — RCONH,, + ©+O"O
+

(triplet)

The products from the triplet state could be obtained free
from the CH insertion products by specifically producing
the triplet azide by triplet transfer fr9m the photo-
sensitizer acefophenone, therebf bypassing the singlet
nitrene.

Felt, Linke and Lwowski21 studied the stabilization
of the singlet-state of acyl nitrenes by dichloromethane.
Solvent interaction speeding up or slowing down the inter-
system crossing competes with chemical reactions, and the
ratio of singlet derived products to triplet derived
products will change. It was found that apparently di-
chloromethane drastically affected both intra- and inter-
molecular reactions of acyl ni£renes. Photolysis of acyl
azides in CH2C12 indicated C-H insertion yields twice as
high as in cyclohexane. About twice as much §-lactam
as y-lactam was formedls.' It was concluded that CH2C12
stabilized the insertion-active state of the nitrenes
(the singlet) without removing its C-H insertign reacti-
vity.

In the case of carbalkoxynitrenes, dilution with an
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inert solvent should result in the initially formed singlet
nitrene undergoing an increased amount of intersystem
crossing to the ground state triplet. It was found22
that dilution of cyclohexane wi'th an equal volume of hexa-
fluorobenzene raised the thermal insertion yields to about
76%. This could be explained by the fact that the singlet
. nitrene might complex with fluorine in C6F6 to give a
nitrenoid-type species which is stable enough to decrease
the rate of intersystem crossing but active enough to insert
into C-H bond of a saturated hydrocarbon.

The effect of dichloromethane on reactions involving
nitrenes was pursued by Belloli and his colleagues23
There was ample experimental evidence to support the state-
ment that nitrenes, generated from a variety of precursors,
could be made to cross from an initially formed singlet
state to a lower energy triplet state by collisional
deactivation with inert solvent molecules. Coliisional
deactivation or destabilization of singlet states by inert
solvents could mean the actual\promotion of intersystem
crossing by electronic interactions as with heavy-atom
solvents, or simply that fhe solvent by being inert would
allow intramolecular intersystem crossing tolcompete
favorably with reactive collision, or both.

Lwowski demonstrated that dichloromethane acted to
stabilize the singlet-state character of a number of acyl

nitrenes without removing their C-H insertion reactivity21.

Based on LCAO-MO-SCF calculations, it was concluded that
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singlet-triplet separations in carbalkokynitrenes might

be much smaller than for acyl nitrenes and that this

might manifest itself in a reduced tendency of carbalkoxy-
nitrenes to undergo intersystem crossing. . C6F6 stabilizes
singlet carbalkoxynitrenes by the same type of interaction

by which CH Cl2 stabilizes singlet acyl nitrenes. Dichlo-

2
romethane has a singlet stabilizing effect on carbalkoxy-
nitrenes as well as on acyl nitrenes.
Some question has existed whether the effect of

C6F6 is that of singlet stabilizing by complex formation
as with CH2C12 or whether it is functioning as a radical
trap. For carbethoxynitrenes the absolute yield of C-H
insertion products was shOWn24 to increase dramatically
upon initial dilution of the azide-hydrocarbon reaction
mixture with C6F6-with an eventual leveling off at high

dilution. It was concluded that CH2C1 formed a stronger

2
complex with carbethoxynitrené than C6F6' since at high
dilution the percent product was substantially less with

CH Cl2 than with C_F The stereospecificity data was in

2 676"

accord with many observations that only the singlet carbeth-

oxynitrene inserted into inacfivated C-H bonds.

It can be concluded that in acyl azide photolysis:

1) Acyl nitrenes are the reactive intermediates |
(except in the formation of the major product,

the isocyanate, by a concerted rearrangement of

the azide).



2)

3)

4)

24
Singlet nitrenes are the main reacting entities,
undergoing direct insertion into C-H bonds,
usually producing a 8-lactam. Solvents like
CH2C12 and C6F6 increase the yield of insertion
products by stabilizing the singlet-state of the
acyl nitrene.
The singlet state of the aziae can undergo
intersystem crossing to a triplet state which
would yield a y-lactam by internal hydrogen
abstraction. ‘
The ring—size factor and the proximity effect
are important in determining the relative yields

of y- and §-lactam.



CHAPTER III

DISCUSSION

l-phenylcyclohexaneacetic acid (60) was chosen as

the starting material for the synthesis of 3-oxo-5-phenyl-

"morphan (6). The introduction of the required nitrogen

atom was carried out by conversion of the carboxylic acid
(60) to the corresponding acyl azide (1) as follows:
Treatment of the acid (60) with thionyl chloride25 afforded
the acid chloride (61) in 87% yield. The infrared spectrum?
of a thin film of (61) showed the appropriate carbonyl
s£retching (1810 cm_l) and bending frequencies (995 and
930 cm_l)26’ 27 an n.m.r. spectrum of a purified sample
of (61) taken in deuterochloroform (CDC13) showed a singlet
at 3.10 ppm assigned to the methylene protons adjacent to .
the carbonyl. The ten protons of the cyclohexane ring
had chemical shifts at 1.46, 1.8 and 2.12 ppm; whereas
the five phenyl protons were shown as a multiplet around
7.25 ppm.

The acid chloride (61) was converted to the acyl

azide (5) by treatment with an aqueous solution of sodium

azide in'dioxanezs. The infrared spectrum of the isolated

- azide (5) exhibited an intense band at 2130 cm * due to

26, 27

the asymmetric stretching vibration of the —N3 group



26

¢ ¢ o
i
_.______9 _ _
CH,,~COOH | CHy-C-Cl
(60) (61)
o
I
(5)
hv
Y
0
i
H-N—voC,
; N,
CH,-N=C=0 + "

(62) (6)
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A much less intense (—N3) symmetric band occurred at 1320
eml. The carbonyl absorption at 1714 cm ' confirmed

the structure of the azide (5). The yvield of (5) was not
determined and its n.m.r. spectrum was not taken due to
its thermal instability. Attempts to prepare the azide
by using ether as a solvent16 instead of dioxane resulted
in much slower rates of formation of the product; the
reaction was monitored by observing the disappearance of
acid chloride carbonyl absorption at 1810 cm_l and the
relative intensity of the azide (C=0) absorption-at 1714
cm—l. Another trial to prepére the azide by reacting the
acid chloride with sodium azide in DMSO failed -due to
emulsifications.

The photolysis of l-phenylcyclohexaneacetic acid
azide (5) was carried out in n-hexane. The infrared spec-
trum of the crude photolysate showed an intense band at
2260 cm~1, indicating the rearrangement of the azide to
the corresponding isocyanate,‘and two less intense bands
in the carbonyl region at 1714 and 1680 cm_l. (The reaction
was also run in dichloromethane, but the carbonyl absorp-
tion at 1680 cm © was almost‘ébsent in the IR of the crude
mixture indicating that no appreciable amidic product was .
formed.) Thin layer chromatography of the crude mixture
was performed using several developing solvent systems

(e.g., acetone/chloroform, benzene/ether, behzene/methanol/

acetic acid) but the best results were obtained with
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dichloromethane/ethyl acetate (l:1l). Three spots were

detected under UV light with R_. values 0.36, 0.49 and 0.77.

f
High pressure liquid chromatography and column chroma-
tography were the two main techniques used to isolate the
products of the photolysis. The two methods provided a
white solid (m.p., 167.5-168°C) whose IR in chloroform
showed a single band at 3450 cm_l, corresponding to the NH
stretching frequency of a secondary amide26’ 27, 29.
Furthermore, the carbonyl band at 1665 em™ L verified the
identity of an amide. An IR of a mineral oil mull of this
solid showed al;o the NH stretching at 3350 cm-l and the
carbonyl band at 1645 cm—l, suggesting an amide group.
But the absence of an amide II band (NH deformation) in
tﬁe 1570-1515 cm“1 region made a lactam seem more likely.
Thus the §-lactam (6), as anticipated, appears to have been
formed from the cyclization of the acyl nitrene intermediate

(7) through the triangular transition state (64) by inser-

-H or C,—-H:

tion into C5 .

(7) (64) (6)



Y

29
Examination of the n.m.r. spectrum of a sample of (6) in
CDCl3 revealed a distribution of protons in accord with
the above structure (6). The cyclohexyl protons gave com-
plex peaks at 1.48-1.6 ppm (6H) and at 1.97-2.14 ppm (2H).
The nonequivalent nature of the two methylene protdns

adjacent to the carbonyl group (3.14 and 3.18 ppm) should

. not be surprising in view of the rigidity and lack of

symmetry of (6). The difference in chemical shift between
those two protons could be partly due to the anisotropic
effect exerted by the nearby phenyl group and by the car-
bonyl déuble bondzg' 30. The methine proton adjacent to
the nitrogen atom exhibited a bfoad absorption centered

at 3.86 ppm. The phenyl protons had a chemical shift
around 7.28 ppm. The only resonance that was obscure was
that of the proton on the nitrogen (-NH-): the integrator
accounted for the presence of six protons under the phenyl
peak. Thus it would be suspected éhat the bfoad peak for
the NH-proton could be lying under that region occupied

by the phenyl protons. (Broaa\lines are frequently ob-
servéd30for NH-protons because 14N has a nuclear spin and
acts like an electric quadrupole. The proton attached to
the nitrogen has the opportunity of seeing the 14N nucleus
in an average of the several possible magnetic quantum
states which are available to it. Therefore the broadening
of the NH resonance is due to gquadrupole relaxétion.)

Based on the IR and n.m.r. spectra, it was strongly sug-

gested that the lactam (6) was produced from the photolysis.
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Higher yields of (6) were expected from the Photo-
lysis of the azide (5) in dichloromethane. Unfortunately
this was not the case. The yields were much higher when
the reaction was run in hexane (13-14%). :It could be:
possible that the singlet deStabilization'by the external
heavy atom effect of dichloromethane was counterbalanced
by singlet stabilization due to an interaction between
the acyl nitrene and the lone pair electrons of dichloro-
methane. A similar situation has been observed recently
by Takeuchi and éoworkerSBl who studiéd the stabilization
of singlet ethoxycarbonylnitrene.

The major product isolated from the crude photolysis
mixture was the isocyanate (62) in about 40% yield. The
infrared spectrum showed a very intense absorption due to
the asymmetric (-N=C=0) stretching vibration25 at 2260 cm_l.
The n.m.r. sbectrum confirmed the structure (62): the cfclo—
hexyl protons resonated in the 1.48-2.14 ppm region; the
singlet at 3.25 ppm was ascribed to the two protons adja-
cent to the -N=C=0 group and £he five phenyl protons had
a peak centered around 7.28 ppm. The isocyanate (62) was
most 1ike1y formed, as discussed previously, by the

rearrangement of the azide:

N b
\ cu. }ciR® ? CH,~N=C=0
2 ®
N\

(5) (62)
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It should be noted that (62) was isolated by column chroma-
tography on silica gel and not by HPLC, since it would have
reacted with the mobile phase, methanol/water, to produce

the corresponding carbamate (63):

¢ CH,OH ¢
CH,-N=C=0 ™m0 > CH2LNH—?¥O

(62) T (63)

Finally, another product was'detected in the IR of the
crude photolysis mixture. It showed a carbonyl absorption
at 1714 cem Y. Mo attémpts were exerted to isolate this
oily product in a pure form in order to determine its

structure.



CHAPTER IV

EXPERIMENTAL
GENERAL

~ Infrared spectra were recorded on a Perkin-Elmer
467 grating spectrophotometer. N.m.r. spectra were
obtained from dilute solutions using a Varian EM 390-90
Mhz spectrometer. Tetramethylsilane was used as an inter-
nal standard with deuterochloroform solutions. Gas chroma-
tograms were run on a Hewlett-Packard 5750 Research
Chromatograph equipped with a flame ionization detector
using nitrogen as the carrier gas. A 5% SE-30 column (on
Anakrém ABS 100/110 mesh, 6' x 1/8") was used. The
composition of mixtures was determined by measuring the
ratios of the individual peak areas. High pressure liquid
chromatography ﬁas performed ﬁith a Waters Associates
Model 440 using an ultraviolet detector (254 nm). The
preparative reverse-phase coluﬁn Partisil M 9 10/50 ODS
and the analytical ﬁ C~18 column were used. Melfing
points were taken on a microscope hot stage or by the
capillary method with a Buchi Melting Point Apparatus
depending on the gquantity of material available. The

melting points are not corrected.
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1-Phenvlcyvclohexaneacetyl chloride

The method of Bachmann and Fornefeld25 was used.
l-Phenylcyclohexaneacetic acid* (6.51 g; 0.0298 mole)
was refluxed gently with freshly distilled thionyl chloride
(25 ml) for two hours. The excess thionyl chloride was
then removed in vacuo, yielding a yéllow oil which was
fufther purified by vacuum distillatidn (Table II). The
colorless** acid chloride éhowed infrared absorptions
at 1810, 995 and 930 cm—l; n.m.r. (cyclohexyl) 1.46, 1.8
and 2.126; (-CH,-CO-Cl) 3.108, singlet; and (phenyl) 7.258

2
The yield was 87% (6.15 g).

TABLE IT

PRODUCT DATA FOR THREE PREPARATIONS OF
1-PHENYLCYCLOHEXANEACETYL

CHLORIDE
Weight Weight of : .

of - Acid o Pressure ‘
Acid Chloride B.P. (TC) (mm Hqg) Yield
3.07 g 2.61 g 98-99° 0.1 mm 78%
6.52 g 5.07 g 136:137° 1.5 mm 72%
6.51-g 6.15 g 97-98.5° 0.15 mm 87%

\

*I am grateful to Dr. A.S. Levinson for supplying
the acid utilized in this research.

**Even though the acid chloride distilled either as
a colorless or pale yellow oil, the pale yellow color was
discharged on standing.
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l1-Phenvlcyclohexaneacetic acid azide

A typical experiment is described by J.B. Nabors
and coworkerszg. This reaction was carried out 14 times
with comparable results.

l-Phenylcyclohexaneacetyl chloride (1.03 g; 0.00437
mole) was dissolved in dioxane (20 ml) to which a chilled
agqueous solution‘of'sodium azide (1.88 g NaN3 in 8 ml HZO)
was added all at‘once.' The solution was fhen extracted
three times with 25 ml-portions of cold hexane, and the
hexane extracts were dried over calcium chloride (5 g:
mesh 8) at -10°C for two hours. An aliquot taken for IR
(after evaporation of hexane on the salt plates) established
the presence of the acyl azide functional group (v-N .:

3
-1 ~1 -1 -
2130 cm ~; v-CH:2930 cm ~; v-C=0:1714 cm 7).

The reaction solvent, freshly distilled n-hexane
(AR; 250 ml), introduced into the l-liter cell of the
apparatus* (Figure 1) was warmed over a hot plate (éet on
low) for 10 minutes; then a gentle stream of nitrogen
was bubbled through the solvent for one hour to displace
any oxygen present. A 450-watt mercury lamp (Hanovia
Type 679A36) was inserted inside the 250 ml quartz finger.
The solvent was brought to a temperature of 12°% by use of
cold water in the jacket and an ice-water bath.

*The apparatus was installed in the hood provided
with sliding glass windows covered with aluminum foil.
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The cold azide solution was decanted into the reaction
cell. Then 70 ml of cold hexane was added to rinse the

walls of the apparatus and N, was bubbled vigorously through

2

the solution for 15 minutes. The dilute gcyl azide solu-
tion was irradiated for one hour. The temperature of the
cell rose to 18° during the first 15 minutes of the reac-
tion. and remained constant thereafter. The progress of
the reacfion was followed by taking IR spectra of aliquots.
The disappearance of the azide absorptions (vmaX:2l30
and 1714 cmnl) and the formation of the isocyanate (vmax
1680 cm_l) iﬁdicated the completion of the: reaction. A

light brown solid (ca. 20 mg) depositéd on the walls of

the quartz finger. The solution was filtered and concen-

‘trated by removal of hexane on a rotating evaporator with

a warm water.bath and an aspirator vacuum. The resulting
caramel ‘brown oil (0.62 g) from 1.03 g of acid chloride
showed two sharp IR absorptions in the carbonyl region
(v S®P:1714 and 1680 cm 1).
max , ‘ ,
When dichloromethane was used as the major photolysis
solvent, the crude reaction products showed a broad carbonyl
absorption with a maximum at v:1710 cm"l (Table IITI).*
*The acyl azide solution of the above photolyses
was usually irradiated with the 450 W Hanovia lamp except

in the first and 14th photolysis where the 100 W lamp
was used. '
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TABLE III

GENERAL PHOTOLYSIS CONDITIONS,
IR CARBONYL ABSORPTIONS AND
METHODS OF SEPARATION OF
THE CRUDE MIXTURE

Temper—
ature
Solvent Time (hr). .(°C)
o
CH2C12 6 12
o
CH2Cl2 11 10-11
o
CH2C12/ 9 11
(1:1) o
CH2C12 9-3/4 8-8.5
o
CH2Cl2 6-1/2 9-10
o
CH2C12 9-1/2 11
o
CH2C12 6-1/2 11
CH,CL,/ 8 12.5°
Hexane (4:1)
CH.Cl./ 8-1/2 13°
Hexane (4:1) :
CH,C1,/ 4-1/2 12°
Hexane (3:1)
CH,C1,/ 2 +11°
Hexane (3:1)
CH,CL.,,/ 1-1/2 11°
Hexane (3:1)
CH,CL,/ 1-1/4 |12-18°
Hexane(9:1)
o
CH2Cl2 4 13-15
" n—-Hexane 1 13-18°
" n—Hexane 1 13-18°
" n-Hexane 1 17—229
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Separa-
. IR (C=0) . tion*
1725 cm—'l . -
1708 cm * -
1708 cm”l -
1705&1725cm™ Y ¢
1700&1725cm Y| c
1700&1725cm“l D
1725&1685cm Y| D
1710-1680 c
1710-1680 o
1725-1670 E
1725-1670 A
1725-1670 A
1725-1670 -
1710-1680 -
1714 & 1680 |A,B
1714 & 1680 |A,B
1714 & 1680. |A,B,D
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TABLE III (cont'd)

XVIII | n-Hexane 1 14-19° | 1714 & 1680 | A,B
XIX n-Hexane 1 15-20° | 1714 & 1680 | A,B,D
XX n-Hexane 2 8-12°| 1714 & 1680 | B

*The following methods were employed to. separate the
crude mixture: A: High pressure liquid chromatography (HPLC)
B: -Column chromatography on silica gel Woelm (0.05-0.20 mm)
C: Column chromatography on alumina {(Woelm neutral)

D: Crystallization of product on standing in CH2Cl
E: Medium pressure liquid chromatography.

Gas liquid chromatographic analysis of the crude brown
oil (5% SE-30 at 160° and a flow rate of 30 ml N2/minute)
showed three major components with retention times of
three, 6.5 and 16 minutes in a ratio of 1:30:5.

Thin layef chromatography of the oily mixture on
silica gel (IB-F), using CH2C12/EtOAc (1:1) as the developing
solvent s?stem gave three spots under UV light with Rf
values** of 0.36, 0.49 and 0.77, respectively.

Four different techniques were tried to resolve the
photolysis mixture. High pressure liquid chromatography
(reverse-phase preparative Partisil M9; mobile phase: 80%

CH3OH/H20; pressure: 3000 psi; flow rate: 3 ml/min.)

resolved a portion of the oily mixture (0.147 g) into four

*#0nly two spots were obtained for the crude products
resulting from the photolysis in CH Cl (R 0.49 and 0.73).
l1-Phenylcyclohexylacetamide had an ﬁ of 0. 32 -under the
same conditions.
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main components with retention times * of 10, 11, 13.5
and 14.5 ﬁinutes. The four components were collected as
six fractions; then each fraction was extracted twice with
15 ml portions of dichloromethane. Only two fractions,
the £hird (yeliow‘oil, 0.0991 g; IR: Voax 3450, 3350,
1720 cm_l) and the sixth (white crys£als contaminated with
0il, 0.0270 g; IR: v l3 3450, 1668 cm '), yielded a
significant amount of material after evaporation of CH2C12.
The oil contaminant of fraction six was removed from the
white crystals (ca. 0.012 g; 10% of the crude mixture) by
washing with a few drops of CC14. Recrystallization of the
white solid from cyclohexane yielded a white solid (0.0056 g:
m.p., 167-168° on a microscope stage) whose HPLC showed a
major peak at 14.5 minutes under the above conditions.
T.l.c. of the solid on silica gel (IB-F) gave one spot
(Rf, 0.57) with CH2C12/EtOAc (1:1) as the developing solvent.
G.l.c. of the o0il of fraction three (5% SE-30; 1600) also
showed a major peak at 17 minutes.

Purification of the crude photolysis mixture was

also performed on a silica gel column using CH2C1 EtOAC

ot

or mixture of both as eluting solvents; (7 g of silica gel

Woelm was used to purify 0.38 g of crude o0il; 20 ml fractions

were collected). The first two fractions eluted with CH2C12

contained a colorless . oil (IR: vmax:2260 cm_l). N.m.r. of

a sample of this oil (ca.40% was identical to the spectrum
*HPLC~of l-phenylcyclohexylacetamide showed a single

peak with a retention time of 12 minutes under the same
conditions. ‘
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of the isocyanate produced* by the rearrangement of the
corresponding acyl azide. (10 H, cyclohexyl, 1.48-2.14 §;

2 H, -CH,-N=C=0, 3.256 and 5 H, phenyl, 7.288.) Another
major fraction elﬁted with CH2Cl2/EtOAc (1:1) comprised a
white so0lid contaminated with a yellow oil. This fraction
(0.059 g) was further purified on another silica gel column
(2.5 g; solvent CH2C12/EtOAc, 4:1). The resulting crystals

(0.044 g) were washed with CCl, and then recrystallized

4
from ethanol (m.p., 169—1710, on the microscope stage).
The yield** of the white solid was approximately 13% (com-

pared to 14% estimated from the gas chromatogram). A mineral

0il mull of these crystals showed IR absorptions charac-

Nujol

teristic of a secondary amide (lactam?): Voax 3350,
1645, 1580 cm ; IiHCl3 3450, 1665 cm Y. N.m.r.: 8H, cyclo-

hexyl, 1.48-1.606§; 2H, —CH2—CO, 3.14-3.186; 1H, -CH-N-,

3.866; 5H, phenyl, 7.286¢.
Another method used to separate the mixture was the
precipitation of yellow crystals out of the crude photoly-

sis 0il on standing in CH2C12 for two weeks. The crystals

were purified on a silica gel column (2.5 g of silica gel;

. *The 1socyanate was prepared directly by thermal
decomp051tlon of the acyl azide at room temperature or,
more efficiently, by refluxing the azide in hexane for
two hours. :

**When the acyl azide was irradiated in CH2C1
(Table III), the yield of the suspected lactam, purified on
an alumina (grade III) column using hexane/benzene (9:1)
as the eluting solvent, was much lower (2%).
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0.0562 g of material: ten 20-ml fractions were obtained).
White crystals were isolated after evaporation of the

solvent (5% EtOAc/CHZClz) from the third and fourth frac-
tions. HPLC of those fractions, ﬁsing the analytical reverse-
phase column uC-18 (mobile phase, CH;0H; pressure, 1500

psi; flow rate, 1 ml/min) gave one peak component with a
retention time of 4.5 minutes. A sample of the white

crystals melted sharply in a capillary tube at 167.5-168°C.

Nujol

Also, this solid exhibited the same IR absorptions (vmax

3350, 1645 cm_l) and n.m.r. chemical shifts as the suspected
lactam isolated by the previous techniques.

| One attempt to scale-up the reaction by doubling
the concentration of acyl azide in the photolysis cell
(photolysis XX, Table III) gave only a 4% yield of materiél

corresponding to the amidic material described above.



CHAPTER V

CONCLUSIONS

1-Phenylcyclohexaneacetic acid azide has been synthe-
sized from l-phenylcyclohexaneacetic acid. The reaction
sequence involved conversion of the carboxylic acid to the
acid chloride and then to the acyl azide.

The irradiation of l-phenylcyclohexaneacetic acid
azide in hexane afforded 1—phenylcycl§hexylmethyl isocya-

. nate (ca. 40%), a material tentatively identified as the
§-lactam, 3-oxo-5-phenylmorphan (ca. 13%) and an oil which
was not identified. The isocyanate was produced by the
rearrangement of the azide whereas the lactam resulted from.
insertion of the intermediate acyl nitrene into C—ﬂ‘bond

of the cyclohexane ring.

The use of infrared and nuclear magnetic resonanée
data to determine the structures of the photolysis reaction
products is discussed.

Even though the yield of the lactam was low, the
photolysis of acyl azides. and acyl nitrene cyclization could'
become, by improving the yields, a useful method for the

synthesis of heterocyclic organic compounds.



CHAPTER VI

SUGGESTIONS FOR FURTHER WORK

Clearly more work is required to fully elucidate the
structure of the lactam (6). A pure sample for elemental
analysis and a mass spectrum are needed*. Also a C-13
n.m.r. spectrum would be useful to confirm the structure.

Detection of the resonance in the n.m.r. spectrum
associated with the NH-proton could be accomplished by
shaking a sample of (6) with deuterium oxide and repeating
the spectrum. The active hydrogen would be replaced by
deuterium and the integrator should indicate the disap-
pearance of the NH reéonance.

Another important factor to consider is maximizing the
yvield of the lactam by varying the photolysis conditions
(solvent, concentration, tempe:gture). Also different
solvents or solvent compositions could be used in the
separation of the products by chromatographic methods.

*One preliminary attempt to obtain a mass spectruﬁ.

via the courtesy of Professors D. Borofsky and D. Daves of
the Oregon Graduate Center gave anomalous results.
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