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BENZOXAZOCINES AND THZIR USE AS MONOAMINE-RZUPTAKE TNHISITORS

This invention relates to novel benzoxazocine compounds which inhibit
monoaming reuptake and their therapeutic use.
Backaground of the Invention

Nefopam [(=)-3,4,5 6-tstrahydro-5-methyl-1-phenyl-1H-2,5-benzoxazocine
rydrochloride] is a centrally acting non-narcotic analgesic rot structurally related
tc other analgesics. Nefopam nas been shown to induce antinociception in
animal modals of pain and in humans (reviewed in Heel et al., 1980). However,
nefopam is not active in the mouse tail-flick test, or the hot plate test and the
Randall-Selitto pressure test in rats (Conway and Mitchell, 1977) suggesting that
its analgesic mechanism is not opiate-like or anti-inflammatory in nature.
Nefopam'’s antinociception is rot blocked by nalaxone further suggesting that its
ana'gesic action is not through opiate receptors. Although the precise
rechanism of antinociception is not known it is thought to involve inhibition of
synaptosomal uptake of dopamine, * norepinephrine and serotonin
(VonVoigtlander et al., %883, Rosiand and Hole, 1989C; Mather ef al., 2001).
Pravious in vitro and in vivo studies with nefopam enantiomers have shown that
(+)-nefopam has more potent analgesic and dopamine, norepinephrine and
serotonin uptake inhibitory properties than (-)-nefopam with the order of potency
given as (+)-nefopam > (+)-nefopam > (-)-nefopam (Fasmer et a/., 1987; Rosland
and Hole, 1990; Mather et al., 2001).

Summary of the Invention

According to this invention, novel compounds are of general formula (1)
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Ry
D

wherein

R;is H, Ci-Csalkyl, optionally substituted with F or Ca-Ce cycloalkyl or Ca-
Cs alkenyl;

either R, and Rs are the same or different and are H, a halogen, CN, CFj,
C4-Cealkyl or OR;, or Ry and R form a five or six membered ring which may be
carbocyclic, heterocyclic (containing 1-2 heteroatoms taken from O, N or S),
aromatic (such as in naphthalene for example), heteroaromatic (containing 1-2
hetercatoms taken from O, such as in benzofuran for examp'e, N as in quinaline,
isoquinoline and quinazoline for example); and

W, X, YorZareeach N, CH cr CR..

The case where W = X =Y = Z = CH is specifically excluded. When Wis
NorRy X=Y=Z=CH;whenXisNorR, W=Y=2Z=CH;whenYisNorR,,
W=X=Z=CH andwhenZisNorR, W=X=Y =CH.

R. is halogen, CF5 CN, OR;, SON(Rs); (where sach Re is the same or
different), CORs, CO;Rs, CON(Rs): (where Rs maybe the same cr different),
NR;CORs. NR-SO:Rs. NR:CO;Rs, NR{CON(Rs), (where each Rs is the same or
different), OC4-Cs alkyl optionally substituted with R4, C1-Cs alkyl optionally
substituted with Ry, Ca-Cs cycloalkyl aptionally substituted with Rs, C2-Cs alkeny!
optionally substituted with Ry , Co-Ce alkyny! optionally substituted with Rs, anc
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aryl optionally substituted with Ry. R4 may also be a five or six membered aromatic
heterocycle containing 1 - 4 heteroatoms selected from N (such as in pyrrole, pyridine,
diazoles, diazines, triazoles, triazines or tetrazoles for example) and O (such as in furan,
oxazoles, isoxazoles or oxadiazoles for example). Such rings can be linked either
through carbon or nitrogen.

Rs is C)-Cealkyl, C,-Cgalkenyl, C;-Cs alkynyl, C;-Cqcycloalkyl, aryl or
heteroaryl.

Rs is H, Cj-Cgalkyl, Cy-Cgalkenyl, C,-C¢ alkynyl, C;-Cecycloalkyl, aryl or
heteroaryl.

R5 is aryl or heteroaryl.

Salts, solvates and polymorphs of these compounds are also included.

Compounds of the invention are useful as therapeutic agents. Further, in
compounds of formula (1), those wherein R4 is a halogen atom such as Br are useful as

intermediates,

According to the invention there is also provided a compound of the general formula

(1)
R3

R2
[¢]
W
o
I A
z N
\
Ry
(1

wherein
R; is H, C,-Cs alkyl optionally substituted with F, C3-Cs cycloalkyl or C,-Cs
alkenyl;
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either R; and R; are the same or different and are H, halogen, CN, CF3, C;-Cy
alkyl or OR,, or R; and R; form a five or six-membered ring which may be carbocyclic,
heterocyclic (containing 1-2 heteroatoms selected from O, N and S), aromatic or
heteroaromatic (containing 1-2 heteroatoms selected from O and N) ;

one of W, X, Y and Z is N or CR, and the others are each CH;

R, is halogen, CF3, CN, ORy, SO;N(R¢)2, CORg, CO;Rs, CON(Rg)2, NRCORs,
NR;SOsRs, NRCO;Rs, NR|CON(Rg),, OC;-Cs alkyl optionally substituted with Ry, C,-
Cy alky! optionally substituted with R4, C3-Cg cycloalkyl optionally substituted with Ry,
C»-Ce alkenyl optionally substituted with R4, Co-Cs alkynyl optionally substituted with
R4, aryl optionally substituted with Ry, or a five or six-membered aromatic heterocycle
containing 1-4 heteroatoms selected from N and O, linked either through carbon or
nitrogen;

Rs is C-Cg alkyl, C;-Cs alkenyl, C;-Cq alkynyl, C3-Cg cycloalkyl, aryl or
heteroaryl,

each Rg (which may be the same or different) is H, C-Cs alkyl, C-Cs alkenyl,
Cy-C¢ alkynyl, C5-Cq cycloalkyl, aryl or heteroaryl; and

Ry is aryl or heteroaryl;

wherein aryl is an optionally substituted phenyl or naphthyl group;

carbocyclic is a saturated alicyclic moiety having 5 or 6 C atoms;

heterocyclic is a saturated heterocyclic moiety having 5 or 6 atoms including
one or more of N, O and S; and

heteroaromatic is aromatic of 5 or 6 atoms of which at least one is N, O or S;

provided that (1) R4 is present and is Br, CN, CORg, CO2Rs, CON(Rg):,
NR|CORs, NR;SO;Rs, NRCO;Rs, NRjCON(Rg)z, OC)-Cs alkyl substituted with Ry,
C;-Cq alkyl substituted with R4, C;3-Cq cycloalkyl optionally substituted with Ry, C3-Cs
alkenyl optionally substituted with Ra4, C3-Cs alkynyl optionally substituted with Ry,
aryl optionally substituted with Ry, or a five or six-membered aromatic heterocycle
containing 1-4 heteroatoms selected from N and O, linked either through carbon or
nitrogen;

and/or (2) Rz and R; are not both hydrogen;

or a pharmaceutically acceptable salt thereof.
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According to the invention there is also provided a pharmaceutical composition

for use in therapy, comprising a compound according to the invention, and a
pharmaceutically acceptable diluent or carrier.

According to the invention there is also provided use of a compound according
to the invention, for the manufacture of a human or veterinary medicament for the
treatment or prevention of a condition selected from depression, post-traumatic stress
disorders, attention-deficit disorders, obsessive compulsive disorders, pre-menstrual
syndrome, substance abuse, micturition disorders and sexual dysfunction.

According to the invention there is also provided use of a compound according
to the invention, for the manufacture of a human or veterinary medicament for the
treatment of acute, chronic or neuropathic pain. According to the invention there is
also provided use of a compound according to the invention, for the manufacture of a
human or veterinary medicament for the treatment or prevention of emesis.

Throughout this specification the word "comprise", or variations such as
"comprises” or "comprising”, will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the exclusion of
any other element, integer or step, or group of elements, integers or steps.

Any discussion of documents, acts, materials, devices, articles or the like which
has been included in the present specification is solely for the purpose of providing a
context for the present invention. It is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the

field relevant to the present invention as it existed before the priority date of each claim
of this application.

Description of Preferred Embodiments

It will be appreciated that the compounds according to the invention contain an
asymmetrically substituted carbon atom. The presence of this asymmetric centre in a
compound of formula (1) can give rise to stereoisomers, and in each case the invention
is to be understood to extend to all such stereoisomers, including enantiomers and
diastereomers, and mixtures including racemic and non-racemic mixtures thereof.

As used in this specification, alone or in combination, the term "C,-Cq alkyl"

refers to straight or branched chain alky! moiety having from one to six carbon atoms,
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including for example, methyl, ethyl, propyl, isopropyl, butyl, zert-butyl, pentyl, hexyl
and the like.
The term "C,-Cy alkenyl" refers to a straight or branched chain alkyl moiety
having two to six carbon atoms and having in addition one double bond, of either E or
5 Z stereochemistry where applicable. This term would include for example, vinyl, I-
propenyl, 1-and 2-butenyl, 2-methyl-2-propenyl etc.
The term "C,-Cs alkynyl" refers to a straight or branched chain alkyl moiety
having two to six carbon atoms and having in addition one triple bond.
This term would include for example, ethynyl, 1-propargyl, 1- and 2-butynyl
10 etc,
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The term “C5-C; cycloalkyl” refers to a saturated alicyclic moiety having
fram three to six carbon atoms and iinc!udes for example cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl and the like. .

The term “aryl” means an optienally substituted pheny! or naphthyl group.

The term "carbocyclic' refers to a saturated alicyclic moiety having five or
six carbon atoms and includes for example benzofused cyélopenty! and
cyclohexyl and the like.

The term "heterocyclic” refers to a saturated heterocyclic moiety having
from five or six atoms but containing one or more heteroatom from the group N,
O, S and includes for example benzcfused pyrrolidinyl, tetrahydrofuranyl,
piperidinyl, dioxalane and the like.

The term "heteroaromatic” refers to aromatic ring systems of five or six
atoms or which at least one atom is selected from the group, O, N, or S and
includes for example benzofused furanyl, thiophenyl, pyridyl, indolyl, pyridazinyl,
piperazinyl, pyrimidinyl and the like.

The term "halogen" means flucrine, chlorine, bromine or iodine.

Compounds of the general formula (1) may be prepared by any suitable
metnod known in the art and/or by the processes described below. 1t will be
appreciated that where a particular stereoisomer of formula (1) is required, the
synthetic processes described herein may be used with the appropriate
homochiral starting material and/or isomers maybe resolved from mixtures using
conventional separation techniques (e.g. HPLC).

The compounds according tc the invention may be prepared by the
following process. Inthe description and formulae below the groups Ry, Ry, R,
Rs Rs, Rs, W, X, Y and Z are as defined abeve, except where otherwise
indicated. It will be appreciated that functional groups, such as amino, hydroxyl
or carboxyl groups, present in the various compounds described below, and
which it is desired to retain, may need to be in protected form before any
reaction is initiated. In such instances, removal of the protecting group may be
the final step in a particular reaction. Suitable protecting groups for such

functionality will be apparent to those skilled in the art. For specific details see
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T

"Protective Groups in Organic Synthesis", Wiley Interscience, T W Greene, PGM
Wuts.

A process required for preparing compounds of general formula (1),
where W, X, Y or Z are N or C-Br comprises acid (fer instance p-
toluenesulphonic acid) cyclisation of the diol of general formula (2) which can in
turn be obtained by reduction of the ketone (3) with a suitable reducing agent.

R3 Ry
OH W. © QOH

P
Y\ //

z

N
\
I Ry
(2) (3)

Reduction of a keto amide of general formula (3) can be carried out with
reagents well known to those familiar in the art of synthetic organic chemistry. An
example of & highly reactive reducing agent is lithium aluminium hydride,
although reagents based cn borane (e.g. berane.tetrahydrofuran complex) or
modified sodium borohydride reduction (e.g. with a nickel or cobalt salt
enhancer) are equally effective.

Equally, reduction of the ketone in (3), for example with sodium
borohydride, followed by acid cyclisation, for example with p-toluenesulphonic
acid, then ultimate reduction of the amide group, for example with borane, also
leads ‘0 compounds of general formula (1).

Ketones of general formula (3) can be prepared by condenseation of a

carboxylic acid of general formula (4) or an active derivative thereof, with an

-10-
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amine of formula (5). Active derivatives of acids of formula (4) include for

example acid anhydrides or acid halides, such as acid chlorides.

Rs Ry
W, © OH
i
N
™~ OH HN
o) Ry
(4) ®)

The coupling reaction may be performed using standard conditions for
amidation reactions of this type. Thus, the reaction may be achieved in a
solvent, for example an inert organic solvent such as an ether, e.g. acyclicether
such as tetrahydrofuran, an amide e.g. a substituted amide such as
dimethylformamide, or a halogenated hydrocarban such as cichloromethane ata
low temperature e.g. -30°C to ambient temperature, such as -20°C to 0°C,
optiorally in the presence of as base, e.g. an organic base such as an amine,
e.g. triethylamine or a cyclic amine such as N-methylmerpheline. Where an acid
of formula (4) is used diractly, the reaction may additionally be performed in the
presence of a condensing agent, for example a diimide such as N,N-
dicyclohexylcarbodiimice, advantageously in the presence of a triazole such as
1-hydraxybenzotriazole. ~ Alternatively, the acid may be reacted with a
chloroformate, for example ethyl chloroformate, prior to reaction with the amine
of formula (5).

Acids of general formula (4) are prepared by Friedel-Crafts acylation of an
arene of general formula (6) with an anhydride of formula (7). This reaction is
carried out in an inert solvent (such as dichloromethane) in the presence of a
Lewis acid catalyst (such as aluminium trichloride).

11-
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0
W, R
X i
0
Nz Ry
o
(7) (6)

It is well recognised by those skilled in the art that such reactions may
provide mixtures of products and in turn that these mixtures can often be
separated by tradition flash column chromatography. For example, where Y = C-
Brand W =X =2 =CH and R; and R; are H, Friedel-Crafts acylation under
aluminium trichloride catalysis provides two isomeric bromides (4a) and (4b).
These can be readily separated by column chromatography and independently
progressed to compounds of general formula (1), wherein X or Y are C-Br, by the
route described above.

Br

/JD \50

Br COH CO,H
(4b)

(4a)
Compounds of general formula (1) where either W, X, Y or Zis CR4 and
R. is a halogen such as Br (1a) represent flexible intermediates that may be
used for the preparation of other compounds of general formula (1). For
instance, compounds of general formula (1) where either W, X, Y or Zis CR4and
R, is Br can be smoothly converted into the corresponding nitrile (1b; Ry = CN)

either by reaction with cuprous cyanide in a.dipolar aprotic sclvent such as N-

-12-
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methylpyrrolidinone  (NMP) or under palladium-catalysed conditions
(Scheme 1).

Scheme 1:

R
2 Rs

N T
Br// N NC‘// j
\

R:

(1a) (1)

The nitrile of general formula (1) where either W, X, Y or Zis CRsand R4
is CN (1b) can be readily converted, by hydrolysis, into the primary amide (1c, R4
= CONHy), esters and the corresponding carboxylic acid (1d, CO;R,) orinto the
corresponding tetrazole (1e) by treatment with a suitable azide donor such as
sodium azide or trimethylsily'azide (Scheme 2).

13-
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Scheme 2:
R
2 RS
o)
x
Re R, ‘ Rz Rs
/{ZNOC/ N
le \R1
o]
5 5
/ F /
N Rq Ozc N
1b ? ; \R1
N N /N R1
N
le

In addit'on, compeunds of general formula (1) where either W, X, YorZis
CRs and R: is a halogen such as Br (1a) can be lithiated with n-, sec-, or tert-
butyllithium in an inert organic solvent such as an ether, e.g. a cyclic ether such
as tetrahydrofuran at very low temperature, e.g. -78°C. Treatment with eitner a

carbon (e.g. carbon dioxide, N,N-d'methyl formamide or paraformaldehydse),

-14-
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sulphur (e.g. SO,Cl;, followed by amidation, such as with ammonia) or nitregsn
(diphenylphosphoryl azide, followed by reduction, such as with REDAL) provides
access, by subsequent derivatisation to derivatives where Ry is COzRy;
CON(Ry)2 (where each R. is the same or different); CH,OR; (1f), SON(R¢): (1g,
where each R; is the same or different); and NR;CORs; NR;SO:Rs (1h):
NR;CO2Rs; NR{CON(R;)2 (where each Ry is the same or different). Examples

are given in Scheme 3.

-15-
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Scheme 3:
R, Ry
0
X
Re Rs ‘ Re Rs
KA
MaOH,C N
/ . \R1
o 0
B — [
|
A — /
By N 2 2NO,S N
\ i ) \
la lg Ry
MeOESHN \j

1h

fn addition, compounds of general formula (1) where either W, X, Y or Zis
CR; and Ry is a haiogen such as Br (1a) can undergo pallacium-catalysed
coupling reactions with carbon-based coup'ing partners. Thus, compounds of
general formula (1) where either W, X, Y cr Zis CR; and R, is a halogen such as
Br can be coupled to alkenes of a general type CH,=CHR4 under Heck
conditions, alkynes of a general type CH=CHR4 under Sonogoshira conditions,

-16-
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or metalloheterocycles e.g. where the metal is tin, under Stille coupling
conditions. This gives access to compounds where either W, X, Y or Z can be
C.-Ce alkenyl substituted with R, (1i) C-Ce alkynyl substituted with R4 (1)) and
where R, is a five membered aromatic heterocycle containing 1-4 heteroatoms
taken from N (such as in ;ﬁyrrole, diazoles, triazoles or tetrazoles for example)
and O (such as in furan (1k), oxazoles or oxadiazoles for example). Such
coupling reactions ensure that chains and rings are linked either through carbon.
Examples are in Scheme 4.

17-
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Scheme 4.

Rs

Rz /R3 Rs Re
/: © o
‘ ~ N
AF F
Br N N
\ \
la R It Ry

In addition to the examples described above, additional compounds of
formula (1) may be prepared by interconversion of other compounds of formula

18-
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(1). Thus, for example, a compound of formula (11) wherein Ry is @ Ci.s alkyl
group may be prepared by hydrogenation (using palladium on carbon in suitable
solvent, such &s an alcohol - e.g. ethanol) of a compound of farmula (1i) wherein
Rsis a Gz alkenyl group (e.g. as in Schame 5).

Scheme &:

Ro

Rz Rs
° 0,
B — j
o -
’ \

N
Ry
R4 y

Any mixtures of final products or intermediates obtained can be separated
on the basis of the physico-chemical differences of the constituents, in known
manner, into the pure final products or intermediates, for example by
chromatography, distillation, fractional crystallization, or by formation of a salt if
appropriate or possible under the circumstances.

The compounds according to the invention exhibit in vitro inhibiting
activites with respect to monoamine (i.e. noradrenaline, serotonin and
dopamine) reuptake. The activity and selectivity of the compounds may be
determined by use of an appropriate monoamine reuptake assay.

This invention alsc relates to @ method of treatment for patients (including
man and/or mammalian animals raised in the dairy, meat or fur industries or as
pets) suffering from discrders or d'seases which can be attributed to monoamine

reuptake as previously described, and more specifically, a method of treatment

-19-
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involving the administration of the menoamine reuptake inhibitor of formula (1)
as the active constituents.

Accord'ngly, the compounds of formula (1) can be used among other
things in the treatment of pain and emesis but also may find utility in a range of
other therapeutic indications such as depression, post traumatic stress
disorders, attention deficit disorders, obsessive compulsive disorders, pre-
menstrual syndrome, substance abuse and sexual dysfunction:

a method of management (by which is meant treatment of prophylaxis) of
disease or conditions mediated by monoamine reuptake in mammals, in
particular in humans, which method comprises administering to the mammal an
effective, amount of a compeund of formuta (1) above, or a pharmaceutically
acceptable salt thereof;

and a compound of fcrmula (1) for use in human or veterinary medicine,
perticularly in the management (by which is meant treatment or prophylaxis) of
diseases or cenditions madiated by monoamine reuptake;

and the use of a compound of formula (1) in the preparation of an agent
for the management (by which is meant treatment or prophylaxis) of diseases or
conditions mediated by menoamine reuptake

The disease or conditions referred to above include pain, emesis
depression, post traumatic stress disorders, attention deficit disorders, obsessive
compulsive disorders, pre-menstrual syndrome, substance abuse and sexual
dysfunction.

Compunds of fermula (1) may be administered orally, topically, buccally,
ocdlarly, rectelly, vaginally, parenterally, intra-nasally, sublingually or by
inhalation spray, e.g. in dosage unit formulations containing non-toxic
pharmaceutically acceptable carriers, adjuvants and vehicles. The term
parenteral as used herein includes subcutaneous injections, intravenous,
intramuscular, intrasternal injection or infusion techniques. In addition to the
treatment of warm-blooded animals such as mice, rats, horses, cattle, sheep,
dogs, cats etc, the compounds of the invention are effective in the treatment of
humans,

-20-
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The pharmaceutical composition containing the active ingredient may be
in a form suitable for oral use, for example, as tabets, troches, lozenges,
aqueous or oily suspensions, dispersible powders or granules, emulsions, hard
or soft capsules, or syrups or elixirs. The composition may be in immediate or
controlled release form.

Compositions intended for oral use may be prepared according to any
method known to the art for the manufacture of pharmaceutical compositions and
such compositions may contain one or more agents selected from the group
consisting of sweetening agents, flavouring agents, colouring agents and
preserving agents in order to provide pharmaceutically elegant and palatable
preparations. Tablets contain the active ingredient in admixture with non-toxic
pharmaceutically acceptable excipients which are suitable for the manufacture of
tablets. These excipients may be for example, inert diluents, such as calcium
carbonate, sodium carbonate, lactose, calcium phosphate or sodium phosphate;
granulating and disintegrating agents, for example corn starch, or alginic acid;
binding agents, for example starch, gelatin or acacie, and lubricating agerts, for
example magnesium stearate, stearic acid or tale. The tablets may be uncoated
or they may be coated by known techniques to delay disintegration and
absorption in the gastointestinal tract and thereby provide a sustained action
cver a longer period. For example, a time delay material such &s glyceryl
monostearate or glyeryl distearate may be employed. They may also be coated
by the technigues described in the US Patents 4,256,108:4,466,452; and
4,265,874 *c form asmotic therapeutic tablets for control release.

Formulations for oral use may alsc be presented as hard gelatin capsules
where in the active ingredient is mixed with an inert solid diluent, for example
calcium carbonate, calcium phosphate or kaolin, or as soft ge'atin capsules
wherein the active ingredient is mixed with water or an oil medium, for example
peanu: oil, liquid paraffin or olive oil.

Agueous suspensions ccntain the active materials in admixture with
excipients suitable for the manufacture of aquecus suspensions. Such
excipients are suspending agents, for example sodium carboxymethylcellulose,

methylcellulose, hydroxypropylmethylcellulose, sodium alginate polyvinyl-
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pyrrolidone, gum tragacanth and gum acacia; dispersing or wetting agents may
be a naturally occuring phosphatide, for example lecithin, or condensation
products of an alkylene oxide with fatty acids, for example polyoxyethylene
stearate, ar condensation products of ethylene oxide with long chain aliphatic
alcohols, for example heptadecaethyleneoxycstano, or condensation products of
ethylene oxide with partial esters dervied from fatty acids and a hexitol such a
polyoxyethylene with partial esters derived from faity acids and hexitol
anhydrides, for example pclyoxyethylene sorbitan monooleate. The aqueous
suspensions may also contain one or more preservatives, for example ethy! or n-
propyl p-hydroxybenzoate, one or more colouring agents, one cr more flavouring
agents, and one or more sweetening agents, such as sucrose or saccharin.

Qily suspensions may be formulated by suspending the active ingredient
in a vegetable oil, for example arachis oil, olive oil, sesame oil or coconut oil, or
in a mineral oil such as liquid paraffin. The oily suspensions may contain a
thickening agent, for example beeswax, hard paraffin or cetyl alcohol.
Sweetening agents such as those set forth above, and flavouring agents may be
added to provide a palatable oral preparation. These compositions may be
preserved dy the addition of an anti-oxidant such as ascorbic acid.

Dispersible powders and granules suitable for preparation of an aqueous
suspension by the addition of water provide the active ingredient in admixture
with a dispersing or wetting agent. suspending agent and one or more
preservatives. Suitable dispersing or wetting agents and suspending agents are
exemplified, for example sweetening, flavouring and colouring agents, may also
be present.

The pharmaceutical compositions of the invention may also be inthe form
of oll-in-water emulsions. The oily phase may be a vegetable ail, for example
olive oil or arachis oil, or a mineral oil, for example liquid paraffin or mixtures of
these. Suitable emulsifying agents may be naturally-cccuring gums, for example
gum acacia or gum tragacanth, naturally-occuring phosphatides, for example
soya bean, lecithin, and esters or partial esters derived from fatty acids and
hexitol anhydrides, for example sorbitan monooleate and condensation products

of the said partial esters with ethylene oxide, for example polyoxysthylene
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sorbitan monooleate. The emulsions may also contain sweetening and
flavouring agents.

« 8yrups and elixirs may be formulated with swestening agents, for example
gycerol, propylene glycol, sorbitol or sucrose. Such formulations mvay also
contain & demulcent, a preservative and flavouring and colouring agents. The
pharmaceutical compositions may be in the form of a sterile injectable aqueous
or oleagenous suspension. This suspension may be formulated according to the
known art using those suitable dispersing or wetting agents and suspending
agents which have been mentioned above. The sterile injectable preparation
may also be in a sterile injectable sclution or suspension in a non-toxic
parenterally-acceptable diluent or sclvent, for example as a solution in 1,3-
butanediol. Among the acceptable vehicles and solvents that may be employed
are water, Rirger's solution and isotonic sodium chloride solution. In addition,
sterile, fixed oils are conventionally employed as a solvent or suspending
medium. For this purpose any bland fixed oil may be empleyed including
synthetic monoe- or diglycerides. In addition, fatty acids such as oleic acid find
use in the preparation of injectables,

The compounds of formula (1) may also be administered in the form of
suppositories for rectal administration of the drug. These compositions can be
prepared by mixing the drug with a su'table non-irritating excipient which is solid
at ordinary temperatures but liquid at the rectal temperature and will therefore
melt in the rectum to release the drug. Such materials are cocoa butter and
polyethylene glycols.

For topical use, creams, cintments, jellies, solutions or suspensions, etc
containing the compounds of Formula (1) are employed. For the purposes of
this application, topical application includes mouth washes and gargles.

Dosage levels of the order of from about 0.05 mg to about 140 mg per
kilogram of body weignt per day are useful in the treatment of the above-
indicated cond'tions (about 2.5 mg to about 7 gms per patien: per day). For
example, emesis may be effectively treated by the administration of from about
0.01 to 50 mg of the compound per kilogram of bocy weight per day (about 0.5
mg to about 3.5 gms per patient per day).
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The amount of active ingredient that may be combined with the carrier
materials to produce a single dcsage form will vary depending upen the host
treated and the particular mode of administration. For example, a formulation
intended for the oral administration of humans may vary from abot 5 to about 85
percent of the total composition. Cosage unit forms will generally contain
between from about 1 mg to about 500 mg of an active ingredient.

It will be understood, however, that the specific dose level for any
particular patient will depend upon a variety of factors including the activity of the
specific compound employed, the age, body weight, general health, sex, diet
time of administration, route of administration, rate of excretion, drug
combination and the severity of the particular disease undergoing therapy.

The following Examples iilustrate the invention.

Experimental
2-Benzoyl-4-bromobenzoic acid (2a) and 2-Benzoyl-5-bromobenzoic acid

(2b)
: )
Ry 4 AICl3 Benzene I
: ;0 _— 3r : +

Br °

Y OH

o]
1 2a 2b

A mixture of 4-bromophthalic anhydride (1) (8.6g, 37.9mmel) and
aluminium chloride (10g, 75mmol, 2 equiv.) were heated under refiux for six
hours under an atmosphere of nitrogen. The hot reaction mixture was poured
into a solution of water: conc. hydrochloric acid (8:1, 200mL) and the aquecus
layer extracted with dichloromethane (2 x 150mL). The organic exiract was dried
over magnesium sulphate, filtered and evaporated under reduced pressure to
furnish the crude product as an off white solid. The solid was dissolved in
ethanol (80mL) and water added until the solution remained turbid, The mixture
was allowed to stand at room temperature fer four hours: the precpitate formed
was filtered, washed with hexane (2 x 10mL) and dried under stction to furnish
compeund 2a. Yield 4.1g, 35%.
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*H nmr (250MHz, CDCls); 7.94 (1H, d, J 8.0, CHap), 7.71 (3H, m, CH),
7.58 (1H,t, J 7.5, CHa), 7.51 (1H, d, J 1.5 CHar), 7.44 (2H, t, J 7.5, CH.y), 7.0-6.4
(1H, bs, QH).

The mother liquors were concentrated under reduced pressure to haif the
volume and stirred at room temperature. The precipitate formed was filtered,
washed with hexane (2 x 1CmL) and dried under suction to provide 2b. Yield
4.8g, 42%

'H nmr (250MHz, CDCla); 8.70-8.30 (1H, bs, OH), 8.20 (1H, d, J 1.5,
CH.), 7.80 (2H, dd, J8.0, 1.5, CHar), 7.71 (2H, m, CH.r), 7.58 (1H, m, CHar), 7.44
(2H, m, CHar), 7.26 (1H, d, J 8.0 CHa).

N-(2-hydroxyethyl)-N-methyl- 2-benzoyl-4-bromohenzamide (3a)

2

‘/\‘\\ X
A A
Bi_ o  1DOMcal DMF(COC), gr . g
é;‘\T/OH ii. DCM, ,H\/\ ‘\%"\T"NQ‘\‘OH
o g OH o
2a 3a

A solution of 2M oxalyl chloride (3.69mL, 7.38mmol, 1.1 equiv.) in
dichloromethare was acded dropwise to a suspension of compound 2a in
dichloromethare (12mL) and catalytic N, N-dimethylfermamide (2 drops) at room
temperature under a nitrogen atmosphere. Gas evolution was rapid and as the
reaction proceeded the solid dissolved in the dichloromethane. After 2.5 hours
the solvent was removed under reduced pressure and the resulting solid co-
evaporated with dichloromethane (2 x 20mL) to remove traces of excess oxalyl

~ chloride. The crude acic chloride was dissolved in dichloromethane (15mL) and
added dropwise to a solution of N-methylaminoethanol (593uL, 7.38mmol, 1.1
equiv.) and triethylamine, (1.03mL, 7.38mmel, 1.1 equiv) in dichloromethare
(18mL) cooled to 0°C in an ice bath. The resulting solution was stirred at room
temperature for 3 hours, quenched with saturated aguecus sodium dicarbonate
(20mL) and separated. The aqueous layer was extracted with dichloromethane
(30mL) and the combinec organic fractions washed with brine (20mL), dried over

magnesium sulfate and filtered. The solvent was removed under reduced
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pressure and the crude product purified by column chromatography, eluting with
ethyl acetate : hexane (4:1), followed by ethyl acetate (100%) as product eluted.
Compound 3a was furnished as a semi solid. Yield 2.23g, 92%. The product
exists are a mixture of rotomers in a 3.2 ratio.

"H nmr (250MHz, CDCly); 7.85 (2H, m, CHar), 7.75-7.62 (3H, m, CHay),
7.34 (0.6H, J8.0, CH,), 7.33 (0.4H, J8.0, CH,), 3.83 (1.2H, t, J 4.5, CH,OH),
3.76 (0.8H.t, J4.5, CH,OH), 3.59 (2H, t, /4.5, NCH.), 3.08 (0.4H, s, NCH3) 2,99
(0.6H, s, NCHs), 2.45 (1H, bs, OH).
N-(2-hydroxyethyl)-N-methyl- 2-benzoyl-5-bromobenzamide (3b)

S
&
(\ o I-DCM, cat. DMF, (COC), o
LA o4 i.DCM, H L AN
Br /N\/\OH Br OH
o 0
2b ' 3b

A solution of oxalyl chloride (6.5mL, 74.3mmol, 1.1 equiv.) in
dichloromethane (150mL) was added dropwise to a suspension of compound 2a
(2C.8g, 67.5mmol, ratio of 3;1 of 2a:2b respsctively) in dichlcromethane (50mL)
and catalytic N,N-dmethylformamide (4 drops) at room temperature under a
nitrogen atmosphere. Gas evolution was rapid and as the reaction proceeded
the solid dissolved in the dichloromethane. After 2.5 hours the solvent was
removed under reduced pressure and the resulting solid co-evaperated with
dichloromethane (2 x 50mL) to remove traces of excess oxalyl chloride. The
crude acid chloride was dissolved in dicnloromethane (100mL) and added
dropwise to a solution of N-methylaminoethancl (BmL, 74.3mmol, 1.1 equiv.) and
triethylamine, (10.4mL, 74.3mmel, 1.1 equiv) in dichloromethane (150mL) ccoled
to 0°C in anice bath. The resulting solutior was stirred at room temperature for 3
hours, quenched with saturated brine (100mL) and separated. The aqueous
layer was extracted with dichloromethane (2 x 50mL) and the combined organic
fractions washed with brine (100mL), dried over magnesium sulfate and filtered.
The solvent was removed under reduced pressure and the crude product purified

by column chromatography, eluting with ethyl acetate : hexane (4:1) to elute
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compound 3b. Yield 6.2g, 25%. Eluting with ethyl acetate (100%) furnished
compound 3a as a semi solid. Yield 14.6g, 60%. The product exists are a mixture
of rofomers in a 3:2 ratio.

"H nmr (250MHz, CDCls); 7.78 (1.8H, m, CH,,), 7.60 (2.7H, m, CH,,), 7.49
(2.5H, CH.), 7.45 (0.4H, d, J 8.5, CH,), 7.37 (0.6H, d, /8.5, CH,,), 3.86 (1,2H,
m, CH-OH), 3.76 (0.84, m, CH,OH), 3.61 (2H, m, NCH,), 3.08 (0.4H, s, NCHy),
3.00 (0.6H, s, NCHa).
N-(2-hydroxyethyl)-N-methyi- 4-bromo-2-(1-hydroxy-1-phenyl)methyl

benzylamine (4a)

X .
~F i, THF, BH3.SMEQ P
_ O°C-RT
Br: 0 _— Br
N7 OH
N -
OH N ~on
o]
3a 4a

Amide 3a (13.8g, 38mmol) was dissolved in tetrahydrofuran (75mL) and
cooled to 0°C in an ice bath. A 2M solution of borane dimethylsulfide complex
(84mL, 188mmol, 4.4 equiv.) was added dropwise and the resuilting solution
stirred at room temperature for 17 hours, The reaction was carefully quenched
with 8M hydrochloric acid sclution (84mL) and the resulting solution heated
under refiux for 1 hour. Tetrahydrofuran was removed under reduced pressure
and remaining solution diluted with water (70mL) and extracted with diethyl ether
(2 x “00mL). The aqueous layer was basified with 3.756M sodium hydroxide
solution and extracted with ethyl acetate (2 x 200mL). The combinad ethyl
acetate exiracts were dried over magnesium sulfate, filtered and evaporated
under reduced pressure to furnish the desired product 4a as a colourless glass.
Yield 10.2g, 77%.

"H nmr (250MHz, CDCly); 7.38-7.27 (7H, m, CHa,), 7.08 (1H, d, J 8.0,
CHa), 6.83 (1H, s, CHOH), 3.70-3.65 (2H, m, OCH.), 3.41 (1H, d, J 12.5,
ArCH.H:N), 8.29 (1H, d, J 12.5, ArCH.H.N), 2.68-2.55 (2H, m, NCH>), 2.21 (3H,
s, NCHs).

27-




WO 2004/056788 PCT/GB2003/005708
23

N-(2-hydroxyethyl)-N-methyl- 5-bromo-2-(1-hydroxy-1-phenyl)methyl
benzylamine (4b)

A
’ P> i, THF, BH3.SMe,
O°C-RT

B —

\ - O/ 77Xy 0H
oo s AN gy
3b 4b

Amide 3b (7.4g, 20.4mmo!) was dissolved in tetrahydrofuran (40mL) and
cooled to 0°C in an ice bath. A 2M solution of borane dimethylsulfide complex
(45mL, 90mmol, 4.4 equiv.) was added drcpwise and the resulting solution
stirred at room temperature for 17 hours. The reaction was carefully quenched
with 8M hydrochloric acid solution (45mL) and the resulting solution heated
under reflux for 1 hour. Tetrahydrofuran was removed under reduced pressure
and the remaining solution was diluted with water (45mL) and extracted with
diethy! ether (3 x 50mL). The aqueocus layer was basified with 3.75M sodium
hydroxide solution and extracted with ethyl acetate (2 x 100mL). The combined
ethyl acetate extracts were dried over magnesium sulfate, filtered and
evaporated under reduced pressure to furnish the desired product 4b as a
colourless glass. Yield 6.5g, 91%.

"H nmr (250MHz, CDCLy); 7.41-7.27 (7H, m, CH.), 7.06 (1H, d, J 8.0,
CH.), 5.86 (1H, s, CHOH), 3.72-3.66 (2H, m, OCHa), 3.44 (1H, d, J 12,5,
ArCHaH:N), 3.32 (1H, d, J 12.6, ArCH,HyN), 2.59 (2H, m, NCH,), 2.23 (3H, s,
NCHs).
9-Bromo-5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-0xazocine (5a)

[ ®

P
v L p-TSA. 105°C o
Br RN N
\J/\/\OH/ - \::C )
\/\/N\/\OH N
AN

4a 5a
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Diol 4a (14.6g, 41.6mmol) was dissolvad in toluene (115mL) and para-
toluenesulfonic acid monohydrate (11.9g, 82.4mmol, 1.5equiv.) added. The
toluens was removed under reduced pressure and the resulting cil heated at
105°C for 4 hours. On cooling the oil was suspended in water (100mL) and
basified with 3.75M sodium hydroxide solution. The agueous layer was extracted
with ethyl acetate (2 x 200mL). dried over magresium sulfate, fillered and
evaporated under reduced pressure to furnish the product 5a as pale brown oil.
Yield 8.25g, 67%.

"H nmr (250MHz, CDCl): 7.38-7.25 (5H. m, CHa), 7.11 (2H, t, 8.0, CHay),
572 (1H, s, CHO), 4.82 (1H, d, J 13.0, ArCH.Hs), 4.18 (1H, dt, J 3.0, 8.0,
OCH.Hs), 3.82 (1H, ddd, J 3.0, 6.0, 13.0, OCH.H,), 3.62 (1H, d, J 13.0,
ArCH:Hp), 2.81(1H, m NCH.H,), 2.61 (1H, ddd, J 3.0, 8.0, 13.0, NCH,Hs), 2.43
(3H, s, CHa).
8-Bromo-5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-0xazocine (5b)

-
A i. p-TSA, 105°C ~ o
—_— . P
,‘/ R CH j'/ \‘\v \J
P \
Br/\\y\JN\/\OH Br \//\_N\
4b 5b

Diol 4b (6.5g, 18.6mmol) was dissolved in toluene (50mL) and para-
toluenesulfonic acid monchydrate (5.3g, 27.8mmol, 1.5equiv.) added. The
toluene was removed under reduced pressure and the resulting oil heated at
105°C for 4 hours. On cooling the oil was dissolved in 3.75M sodium hydroxide
solution and extracted with ethyl acetate (2 x 80mL), dried over magnesium
sulfate, filtered and evaporated under reduced pressure to furnish the crude
product. The crude product was purified by dry flash chromatography eluting with
ethyl acetate (100%, followed by ethyl acetate:methanol (5%)). Fractions
containing product were combined and evaporated under reduced pressure to
furnish 5k as pale brown oil. Yield 3.6g, 58%.

'H nmr (250MHz, CDCly); 7.37-7.22 (7H, m, CH.,), 6.86 (1H, d, J 8.0,
CH.), £.74 (1H, s, CHO), 4.78 (1H, d, J13.0, ArCH.H.), 4.16 (1H. dt, J 3.0, 8.0,
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QCH.H;), 3.85 (1H, ddd, J 2.0, 6.0, 13.0, OCH:Hy), 3.61 (1H, d. J 13.0,

ArCH.Hy), 2.8%(1H, ddd, J 2.0, 8.0, 13.0, NCH.H,), 2.63 (1H, ddd, J 3.0, 6.0,

13.0, NCH.Hs), 2.46 (3H, s, CHa).

9-Cyano-5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-oxazocine (6a)
i.DMF,

@ PA(PPhy)., B
Zn(CN)3, ~
ar\/\%o\‘ SR L ke A Oj
WN: N
5a 6a
Bromo analcgue 5a (0.2g, 0.6mmol), Zn(CN), (53mg, 0.6mmol), and
Pd(PPha)s (34mg, C.03mmol), were dissolved in degassed anhydrous DMF (3mL)
under a N, atmospheare. The mixture was refluxed under Nz for 24 hours. The
mixture was allowed to cool to room temperature, filtered through celite and
washed through with DCM (50ml). The filtrate was then quenched with water
- (10ml) and solvent extracted. The organic extract was dried over MgSQy, filtered
and solvent removed under reduced pressure. The crude product was purified by
dry flash chromatography eluting with DCM: MeOH (€8:2). Fractions containing
the product were combined and evaporated under reduced pressure to produce
6a as pale brown oil. Yield 108mg, 63%.
*H nmr (250MHz, CDCls); 7.51 (1H, dd, J2.0, 8.0, CHay), 7.35-7.23 (TH, m,
CHa), 5.79 (1H, s, CHO), 4.90 (1H, d, J 13.0, ArCH.H,), 4.25-4.16 (1H, m,
QCH,H:), 3.86 (1H, ddd, J 3.0, 6.0, 13.0, OCH.H.), 3.71 (1H, d, J 13.0,
ArCH.Hs), 2.78(1H, ddd, J 3.0, 8.0, 13.0, NCH.Hz), 2.68 (1H, ddd, J 3.0, 5.0,
13.0, NCH.Hs), 2.45 (3H, s, CHa).
8-Cyano-5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-0xazocine (8b)

i.DMF,
f N Pd(PPhs)s,
NF Zn(CN)z,
o Reflux o
J ) )
Br = N/ NC N
N N
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5b 6b

Bromo analogue 5b (0.2g, 0.6mmol), Zn(CN),; (53mg, 0.6mmol), and
Pd(PPh3)4 (34mg, 0.03mmol), were dissolved in degassed anhydrous DMF (3mL)
under a N, atmosphere. The mixture was refluxed under N, for 24 hours. There
is no change in Rf value for compound 6b from the starting material 8b.
Compietion of the reaction can oniy be determined by 'H nmr. The mixture was
allowed to cool to room temperature, filtered through celite and washed through
with DCM (50ml). The filtrate was quenched with water (10ml) and solvent
extracted. The organic extract was dried over MgSQ,, filtered and solvent
removed under reduced pressure. The crude product was purified by dry flash
chromatography eluting with DCM: MeQOH (88:2). Fractions containing the
product were combined and evaporated under reduced pressure to produce 6b
as pale brown ail. Yield 110mg, 66%.

"H nmr (250MHz, CDCla); 7.46 (2H, td, J 2.0, 8.0, CH.,), 7.31 (5H, m,
CHar), 7.10(1H, d, J8.0, CH.), 5.78 (1H, 5, CHO), 4.97 (1H, d, J 13.0, ArCH.Hs),
425 (1H, ddd, J 3.0, 8.0, 13.0, OCH,H:)}, 3.82 (1H, ddd, J 3.0, 5.0, 13.0,
ArCH.H.), 3.62 (1H. d, J 13.0, NCH.H,), 2.74(1H, ddd, J2.0, 8.0, 13.0, NCH.H).
2.44 (3H, s, CHa).
5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-oxazocine-9-

carboxamide (7a)

I
1) BuCH \_o
NC = 1 \ HoN ‘ / 7
2 Vi N /
N\ N\
6a 7a

Finely ground potassium hydroxide (130mg, 2.32mmol} in tertiary butanol
(4ml) was added to nitrile 8a (169g, 0.61mmol). The solution was heated under
reflux for 1.5 hours with stirring. On cooling, the reaction was diluted with brine
{12.5ml) and extracted with chlorofarm (3 x 10ml). The combined organic layers
were washed with brine (2 x 5ml), dried over potassium carbonate and

concentrated under reduced pressure to yield a yellow solid. Flash column
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chromatography (15%-25% methanol in ethyl acetate) furnished amide 7aas a-
cream coloured solid. Yield 195mg, quantitative yield. - v
IR (vma/cm) 1658; :
"H nmr (250MHz, CD;0D); 7.75 (1H, dd, J 7.9, 1.8, CH,,), 7.60 (1H, d, J
1.5, CHa), 7.36 (1H, d, 8.0, CH.), 7.28 (5H, brs, CHa), 5.86 (1H, s, CHO), 5.02
(1H, d, J12.5, ArCH.CH,), 4.22 (1H, m, OCH.Hy), 3.88 (1H, dg, J 12.7,4.7, 2.5,
OCH.Hg), 3.72 (1H, d, J12.5, ArCH.CH), 2.76 (1H, m, NCH.Hs), 2.56 (1H, dg, J
14.2, 3.1, NCH,H,), 2.43 (3H, s, NCHs).
5-methyl-1-phenyl-1,3 4,6-tetrahydro-5H-benz[f]-2,5-0xazocine-8-

carboxamide {7b)

PR ‘ &S
s | KoH L
\ BuCH
e =0
/A\‘\“J \1 =z ‘ j
a HaN._
NC = \__N/ 2 \"“N
“ o N
6b 7b

Finely ground potassium hydroxide (87mg, 1.55mmol) in tertiary butanol
(4ml) was added to nitrile 8b (135mg, 0.49mmol). The solution was heated under
reflux for 1.5 hours with stirring. On cooling, the reaction was diluted with brine
(12.5ml) and extracted with chloroform (3 x 10ml). The combined organic layers
were washed with brine (2 x 5ml), dried over potassium carbonate and
concentrated under reduced pressure to yield a yellow solid. Flash column
chromatography (15%-25% methanol in ethyl acetate) furnished amide 7Tb as a
cream coloured solid. Yield 140mg, 97%. ‘

'H nmr (250MHz, CD;0D); 7.74-7.63 (2H, m, CHa), 7.26-7.09 (6H, m,
CH..), 5.80 {1H, s, CHO), 4.96 (1H, d, J 10.1, ArCH.CHs), 4.25 (1H, d, J 10.0,
ArCH,CHs), 3.89-3.65 (2H, m, OCH,Hy), 2.83 (1H, m, NCHH,), 2.66 (1H, m,
NCH.Hs), 2.53 (3H, s, NCHa).
N-(1,1,1-trimethylmethoxycarbonyl)-5-methyl-1-phenyl-1,3,4,6-tetrahydro-

5H-benz[f]-2,5-0xazocine-9-methylamine (8a)
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S
ki
0
BocHN/\q
N

6a 8a
Sodium borohydride (250mg, 6.61mmol) was cautiously added to a

_

SN

solution of nickel chloride (122mg, 0.94mmol), BocO (412mg, 1.89mmol) and
nitrile 6a (260mg, 0.84mmol) in anhydrous methanol (10mi) at 0°C. Once the
vigorous initial reacticn had subsided, the mixture was left to stir overnight under
a nitrogen atmosphere at room temperature. The mathanol was removed under
reduced pressure and the resulting precipitate dissolved in ethyl acetate.
Saturated aqueous sodium bicarbonate was ‘added, the mixture sonicated and
the resulting precipitate filtered. The organic layer was separated from the
aqueous which was extracted with ethyl acetate (2 x 10mL). The combined
organic layers were dried over scdium sulfate and concentrated under reduced
pressure to yield a brown oil. Flash column chromatography (5%-10% methanol
in dichlorometharie) furnished protected amine 8a as an orange/brown oil. Yield
141mg, 39%.

H nmr (250MHz, CDClg); 7.28-7.15 (7H, m, CH.,), 6.88 (H, s, CHar), 5.74
(1H, s, CHO), 4.79 (1H, d, J 13, ArCH.CHy), 4.19-4.17 (3H, m, CHz, QOCH.Hy),
3.83(1H, d, J2,6, 13, ArCH,CHs), 3.65 (1H, d, J13.0, NCH.Hs) 2.78 (1H, ddd, J
2 8, 15, OCH.Hy), 2.61 (1H, ddd, J 2, 6, 15, NCH,Hs), 2.43 (3H, s, CHs), 1.45
(9H, s, Boc, 'Bu).
N-(1,1,1-trimethylmethoxycarbonyl)-5-methy|-1-phenyl-1,3,4,6-tetrahydro-
5H-benz]f]-2,5-0xazocine-8-methylamine (8b)
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Sodium borohydride (470mg, 12.8mmal) was cautiously added to a
solution of nickel chloride (460mg, 3.6mmol), Boc,O (780mg, 3.6mmol) and
nitrile 6a (500mg, 1.8mmol) in anhydrous methanol (20mi) at 0°C. Once the
vigorous initial reaction had subsided, the mixture was left to stir overnight under
a nitrogen atmosphere at room temperature. The methano! was removed under
reduced pressure and the resulting precipitate dissolved in ethyl acetate.
Saturated aqueous sodium bicarbonate was added, the mixture sonicated and
the resulting precipitate filtered. The organic layer was separated from the
aqueous which was extracted with ethyl acetate (2 x 10mL). The combined
organic layers were dried over sodium sulfate and concentrated under reduced
pressure to yield a brown ail. Flash column chromatography (5%-10% mathanol
in dichloromethane) furnished protected amine 8b as an crange/brown oil. Yield
260mg, 48%.

"H nmr (250MHz, CDCly); 7.30-7.16 (7H, m, CHy), 6.90 (H. s, CHa), ,5‘74
(1H, s, CHO), 4.83 (1H, d, J 12.8, ArCH.CHy), 4.77 (H, brs, NH), 4.23 (3H, m,
CH, OCH.He), 3.87(1H, ddd, J 2, 5, 13, ArCH.CH.), 3.68 (1H, d, J 13.0,
NCHaHs) 2.81 (1H, m, OCH.Hs), 2.64 (1H, ddd, J 3, 5, 14 NCH.Hy), 2.47 (3H, s,
CHa), 1.42 (SH, s, Boc, ‘Bu).
5-methyl-1,9-diphenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-0xazocine (9a)

© HOo OH i. DME, Pd(PPh:i)-‘u
~g~

NayCOa, H,0, 80°C

=
\_ |
B 0. o+ O —— J
r‘/ \ I\ A W
‘ : /

Y a Z

N

5a 9a ‘

To a solution of 5a (280mg, 0.84mmol) in dimethoxyethane (8mL) was
added tetrakis(triphenylphosphine) palladium (105mg, 10mol%) and the solution
stirred at room temperature for 10 minutes under and atmosphere of nitrogen. A
solution of sodium carbonate (536mg, 5.0mmol, 6 equiv.) in water (2mL) was
added and the biphasic system stirred for 10 minutes. Phenylboronic acid
(103mg, 1.1mmol, 1.3 equiv.) was added and the mixture heated at 80°C for 1.5

hours. The reaction was diluted with dichloromethane (20mL), washed with water
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(20mL) and the o‘rganic layer dried over MgSOQy. Filtration and evaporation under
reduced pressure furnished a brown oil. Diethyl ether (25mL) was added and a
precipitate formed. After filtration the filtrate was evaporated under reduced
pressure and the resulting oil purified by column chromatography, eluting with
diethy! ether : methanol (4:1). Fractions containing product were combined,
evaporated under reduced pressure to furnish the desired prodUct as a pale
yellow ¢il. Yield 172mg, 61%.

"H nmr (250MHz, CDCly); 7.52-7.47 (3H, m, CHay), 7.43-7.25 (10H, m,
CH.r), 5.87 (1H, s, CHO), 4.88 (1H, d, J 12.5, ArCH.CHs), 4.24 (1H, m,
OCH.CHs), 3.92 (1H, m, OCH,CH, ), 8.72 (1H, d, J 12.5, ArCH,CHs), 2.89 (1H,
m, NCH.CHs), 2.68 (1H, m, NCH,CHp), 2.51 (3H, s, NCHa).
5-methyl-1,8-diphenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-0xazocine (9b)

X
HO OH i. DME, Pd(PPhg)a, O
N22C03, H20 80°C o
l ] S
Br N
® \
5b ' Sb

To a three neck flask containing 5b (200mg, 0.72mmol) in toluene (4ml)
under a nitrogen atmosphere at room temperature was added
tetrakis(triphenylphosphine) palladium (105mg, 0.08mmol). After stirring for
10mins, Caesium carbonate (1.4g, 4.32mmol) was added followed by
phenylboronic acid (98mg, 0.93mmol}. The reaction was refluxed at 110°C for 3
hours. When cooled, the reaction was filtered through celite which was
subsequently washed with ethyl acetate. The organic |layer was then separated
from the agqueous and dried over MgSQ. The crude compound was
concentration under reduced pressure and purified using column
chromatography eluted with EtOAc to produce the pure compound as an off
white solid . Yield 55mg, 23%.

'H nmr (250MHz, CDCly); 7.50 (2H, d, J 7.2, CHy), 7.45-7.29 (10H, m,
CH.), 7.07 (1H, d, J 7.8, CH.), 5.84 (1H, s, CHO), 4.90 (1H, d, J 12.8,
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ArCH.CHs), 4.23 (1H, td, /10.5, 2.5, OCH.CHy), 3.1 (1H, ddd, /12.5,5.7, 2.1,
OCH.CH.), 3.79 (1H, d, J 12.7, ArCH,CHs), 2.90 (1H, ddd, J 14.2, 8.4, 2.1,
NCH.CHs), 2.68 (1H, ddd, J 14.1, 5.6, 2.5, NCH.CHy), 2.52 (3H,s, NCHa).
8-(3,5-dimethylisoxazol-4-yl)-5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-
benz[f]-2,5-oxazocine (10a)

/

A O&— PES
T T O—B(OH) L
o o’ N

\ N —0

Br ,)VO NN N \

SN Pd(PPha)4 (10 mol%) SN

N DME N

S5a 10a

To a three neck flask containing 5a (300mg, 0.91mmol) in DME (4m!)
under a nitrogen atmosphere at room temperature was added
tetrakis(triphenylphosphine) palladium (105mg, 0.09mmol). After stirring for 10
mins, Na,CQj; (576mg, 5.44mmol) dissolved in water (2ml) was added followed

by 3,5-dimethyl-4-isoxazolylboronic acid (166mg, 1.18mmol). The reaction was

refluxed at 85°C for 2 hours. When cooled, the reaction was filtered through

celite which was subsequently washed with ethyl acetate. The organic layer was

tren separated from the aqueous and dried over MgSQ,. Concentration under
reduced pressure and column chromatography (10% MeOH in DCM) gave a.
brown oil. Yield 304mg, 97%.

'H nmr (250MHz, CDCly); 7.28 (6H, m, CH,,), 7.13 (m, dd, J 7.6, 1.5,
CH.), 6.85 (1H, d, J 1.1, CHa), 5.84 (1H, s, CHO), 4.76 (1H, d. J 12.8,
ArCH.CH), 4.19 (1H, m, OCH.CHy), 3.20 (1H, m, OCH,CHy ), 3.73.(1H, d, J
12.8, ArCH,CHy), 2.89 (1H, ddd, d, J14.1, 7.9, 1.8, NCH.CHy), 2.68 (1H, ddd, J

14.1, 6.1, 2.2, NCH,CHc), 2.50 (3H, s, NCHs), 2.26 (3H, s, CHa), 2.12 (3H, s,
CHa). )
8-(3,5-dimethylisoxazol-4-yl)-5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-
benz[f]-2,5-oxazocine (10b})
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AN O\ i/\
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B SNy Pd(PPha)4 (10 moi%) O/\/\/ NN
N DME W N
, N
5b 10b

To a three neck flask containing 5b (382mg, 1.15mmol) in DME (5ml)
under a nitrogen atmosphere at room temperature was added
tetrakis(triphenylphosphine) palladium (133mg, 0.12mmol). After stirring for 10
mins, Na,CO; (734mg, 6.92mmal) dissolved in water (2mf) was added followed
by 3,5-dimethyl-4-isoxazolylboronic acid (212mg, 1.5mmol). The reaction was
refluxed at 85°C for 2 hours. When cooled, the reaction was filtered through
celite which was subsequently washed with efhyl acetate. The organiclayer was
then separated from ihe aqueous and dried over MgSO4. Concentration under
reduced pressure and column chromatography (10% MeOH in DCM) gave a
brown oil. Yield 268mg, 67%. o

"H nmr (250MHz, CDCls); 7.30 (5H, m, CHa), 7.08 (3H, m, CHar), 5.82 (1H,
s, CHO), 4.88 (1H, d. J 12.8, ArCH.CH), 4.21 (1H, m, OCH.CHs), 3.88 (1H, ddd,
J 12.6,5.7,2.2, OCH.CHb ), 3.72 (1H, d, J 18.0, ArCH.CH), 2.86 (1H, ddd, d, J
14.2,8.3,2.2, NCH.CHs), 2.67 (1H, ddd, J 14.2, 5.7, 2.6, NCH,CHy), 2.47 (3H, s,
NCHs), 2.41 (3H, s, CHs), 2.27 (3H, s, CHa).
2-(5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-oxazocine-9-
ethenyl)carboxamide (11a)

Br }

N\

Sa 11a
To a sample vial containing a solution of 5a (245mg, 0.74mmol), in DMF
(3ml) was added acrylamide (105mg, 1.47mmol), followed by Pd(OAc), (17mg,
0.074mmoi), P(o-tolyl)s (64mg, 0.21mmol), NaOAc (73mg, 0.88mmol), LiCl
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(63mg, 1.47mmol), K.COs3 (122mg, 0.88mmol), and water (300pL) sequentially. -
The reaction vial was sealed and placed in z personal chemistry Microwave,
Emrys optimiser at 140°C for 4 min. On cooling, the compound was purified by
column chromatography, gradient elution of DCM; MeOH (5%, 10%, 15% and
finally 20%). The compound was isolated as a colourless solid, (138mg, 58%
yield).

*H nmr (250MHz, CDCla); 7.50 (H, d, J 16.8, CH,CONH), 7.46-7.21 (7H,

M CHy), 7.12 (H, d, J 1.6, CHa), 534 (H, d, J 168, CH.CONH) 5.78 (3, brs,

NH»,CHO), 4.83 (1H, d, J 13.8, ArCH,CHy), 4.20 (1H, ddd, J 13.5, 9.2, 2.9
OCH.CHp), 3.85 (1H, ddd, J 13.5, 5.9, 2.3, OCH.CH, ), 3.72 (1H, d, J 13.8,
ArCH,CHs), 2.82 (1H, ddd, d, J15.1, 8.9, 2.3, NCH.CH,), 2.64 (1H,v ddd, J15.4,
6.2, 2.9 NCH,CHy), 2.46 (3H, s, NCHs).
2-(5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-oxazocine-8-
ethenyl)carboxamide (11b)

. 5.
BF/QNE HQNW/\/QQ

0
5b 11b

To a sample vial containing a solution of &b (247mg, 074mmol), in DMF

(3ml) was acded acrylamide (108mg, 1.47mmol), followed by Pd(OAc). (17mg,
0.07mmol), P(o-tolyl)s (84mg, 0.21mmol), NaOAc (73mg, 0.88mmol), LiCl
(63mg, 1.47mmol), K;COs (122mg, 0.88mmol), and water (300uL) sequentially.
The reaction vial was sealed and placed in a personal chemistry Microwave,
Emrys optimiser at 140°C for 4 min. On cooling, the compound was. purified by
column chromatography, gradient elution of DCM; MeOH (5%‘, 10%, 15% and
finally 20% to elute the product). The compound was isclated as a colourless
solid, (51mg. 21% yield).

'H nmr (250MHz, CDCly); 7.62 (H, d, J 15.8, CH.CONH), 7.39-7.26 (7H,
m, CHa), 7.03 (H, d, J 8.1 CH,,), .48 (H, d, J 15.7, CH.CONH) 5.78 (H, s,
CHO),4.90(1H, d, J12.7 ArCH.CHy), 4.25 (1H, 1d, J10.8, 2.7, OCH.CH,), 3.87
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(1H, dad, J 12.8, 3.5, 2.5 OCH.CH, ), 3.71 (1H, d, J 12.7, ArCH,CHs), 2.85
(1H, ddd, d, J 14.1, 86, 2.2, NCH.CH,), 2.64 (1H, ddd, J 14.1, 5.1, 2.5,
NCH.CHs), 2.50 (3H, s, NCHa).
2-(5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-oxazocine-9-
ethyl)carboxamide (12a)

‘I ~
o =
Pan®
"HzN'M\qW
Y
N\
1Ma 12a

To a round bottom flask containing a solution of 2'-acrylamide-nefopam
{130mg, 0.4mmol) in methanol (2ml) was added 20mg of 10% Pd on charcoal
under N2. On completion of addition, a balloon of H; was added and the reaction
purged with Hz. The reaction mixture was then left at RT for 24 hours. Once the
reaction was completed, the mixture was filtered through a plug of Celite and
solvent evaporated. The crude reaction mixture was purified by column
chromatography eluted with 10% MeOH:DCM (2 drops of TEA per 200ml). The
compound was isolated as a yellow oil; (80mg, 62%).

"H nmr (250MHz, MeQD); 7.30-7.04 (7H, m, CHa.,), 6.91 (1H, s, CHz), 5.75
(H,s, CHO), 4.87 (1H, d, J 13.8 ArCH.CH,), 4.16 (1H, td, /9, 3, OCH.CH,), 3.83
(1H, ddd, J 128, 4.7, 2.4, OCH.CHy ), 3.62 (1H, d, J 12.5, ArCH.CHs), 2.83
(3H, m, d, NCH.CHs. CHz), 2.68-2.38 (6H, m, NCH.CHs,NCH3,CHy).
2-(5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-0xazocine-8-
ethyl)carboxamide (12b)

®
P

Mo

, j P o

HzNY\/@\_N HoN M j

e h N

11b 12b
To a round bottom flask containing a solution of 3'-acrylamide-nefopam

(96mg, 0.3mmol) in methanol (3ml) was added 15mg of 10% Pd on charcoal
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under N2. On completion of addition, a balloon of H; was added and the reaction
purged with H,. The reaction mixture was then left at RT for 24 hours. Once the
reaction was completed, the mixture was filtered through a plug of Celite and
solvent evaporated. The crude reaction mixture was purified by column
chromatography eluted with 10% MeOH:DCM (2 drops of TEA per 200ml). The
compound was isolated as a yellow oil, (96mg, 100%). '
"H nmr (250MHz, MeQD); 7.34-7.23 (5H, m, CHa,), 7.07-7.02 (2H, m,
-CHx).6.92(1H, d, J8, CH.), 5.77 (H, s, CHQ), .59 (2H, brs, NH,), 4.71(1H,d,
J12.8, ArCH.CH,), 4.16 (1H, ddd, J12.5, 8.3, 2.8 OCH,CH,), 3.85 (1H, ddd, J
12.5,5.8, 2.1, OCH.CHs ), 3.65 (1H, d, J 12.5, ArCH,CH,), 2.93 (2H, t, J 7.3,
CHg), 2.83 (1H, ddd, 14, 7.9, 2.2, NCH.CH,), 2.60 (H, ddd, J 14, 5.8, 2.45,
NCH.CH,), 2.57-2.48 (5H, m, CHz,NCH3,CH>). '
§-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-henz[f]-2,5-oxazocine-9-
methylamine (13a)

BocHN 2 —— O
g RN
WN X

AN N\
8a 13a

A dry round bottom flask was charged with 8a (70mg, 0.18mmol), and TFA
(1ml). Thereaction was stirred at RT under N, for 1hour. Once the reaction was
completed, the solution was diluted with water (10m!) and the mixture extracted
three times with ether (10ml). The agueous portion was base washed with 1M
NaOH until PH 14, the aqueous phase was then exiracted three times with DCM
(20ml). The organic phase was then dried over MgSQ, and solvent removed
under reduced pressure. The compound was obtained as a yellow oil (25mg,
60% yield).

'H nmr (250MHz, CDCL); 7.31-7.18 (7H, m, CHa), 6.92 (H, s, CH.y), 5.76
(H,s, CHO), 4.82 (1H, d, J 13, ArCH,CH), 4.19 (1H, td, J 8, 3, OCH.CH), 3.89-
3.85 (4H, m, OCH.CH,, ArCH.CHs, CH,), 2.82 (1H, ddd, d, J 14, 8, 2 NCH.CH),
2.60 (1H, ddd, J 14, 5, 2, NCH,CHy), 2.46 (3H, s, NCHz), 1.25 (2H, brs, NH,).
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5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-oxazocine-8-
methylamine (13b)

(J ®

o
A — il
BocHN y, ‘ HN )
N N
h N
8b 13b

A dry round bottom flask was charged with 8b (80mg, 0.16mmol), and
TFA (1ml). The reaction was stirred at RT under N, for thour. Once the
reaction was completed, the solution was diluted with water (10ml) and the
mixture extracted three times with ether (10ml). The agueous portion was base
washed with 1M NaOH until PH 14; the aqueous phase was then extracted three
times with DCM (20ml). The crganic phasé was then dried over MgSO, and
solvent removed under reduced pressure. The compound was obtained as
yellow oil. (28mg, 80% yield).

"H nmr (250MHz, CDCls); 7.31-7.10 (8H, m, CHar), 8.97 (1H, d, J7.6 CHa),
5.79(H, s, CHO), 4.81 (1H, d, J 12.5, ArCH.CHy), 4.17 (1H, ddd, /12.8,8.3,2.8,
OCH.CH,), 4.0 (2H, brs, NH;), 3.89-3.83 (3H, m, OCH,CH,, CH;), 3.67 1H. d. J
12.5, ArCH,CHy), 2.85 (1H, ddd, d, J 14, 8, 2 NCH.CH,), 2.65 (1H, ddd, J 14,
5.7, 2.4, NCH,CHy), 2.49 (3H, s, NCH).
2-(4-Methoxy)benzoyl-4-bromobenzoic acid and 2-(4-methoxy)benzoyl-5-
bromobenzoic acid (14)

OMe
OMe
Q i =
AlCI5, pZ
o] o O (o)
Br 5 = P OH
o]
1 14

To a flask containing 4-bromophthalic anhydride (1) (25.65g, 0.11mol)
was added finely crushed aluminium chloride (30.13g, 0.23mol). The solid

mixture was further crushed and stirred using a spatula. To this mixture was
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added anisole (85.53g, 86ml, 0.79mal) which initiated the production of HCI gas.
Once gas evolution ceased the reaction was heated at 80°C for 1.5 hours. The
hot reaction mixture was poured into a solution of water : conc. hydrochloride
acid (9:1, 600mL) and the aqueous layer extracted with ether (2 x 150mL). The
organic layer was washed with water and then brine before being dried over
magnesium sulphate, filtered and evaporated Lmder reduced pressure te furnish
the crude product. Overnight recrystallisation from a mixture of ether (200m!) and
hexane (400ml) yielded 14, after filtration, a white solid as a mixture of regio
isomers. Yield 22.77g, 60%. v
"H nmr (250MHz, CDCls); 8.28 (2H, brs, 2xCO,H), 8.19 (1H,-d, J 1.8,

CH.), 7.92 (1H, d, /8.4, CHar), 7.78 (1H,d, J 1.8, CHar), 7.74 (1H, d, J 1.8, CH.),
7.68(2H,d, J2.0, CH.), 7.65 (2H, d, J 1.8, CH.), 7.48 (1H, d, J 1.8, CH.y), 7.22
(1H, d, J8.1 CH.), 8.91(2H, d, J2.5, CH.r), 6.88 (2H, d, J2.5, CH.,), 3.86 (BH, s,
2xCHa).
N-(2-hydroxyethyl)-N-methyl- 2-(4-methoxy)benzoyl-4-bromobenzamide

. (15a) and N-{2-hydroxyethyl)-N-methyl- 2-(4-methoxy)benzoyl-5-
bromobenzamide (15b)

OMe - CMe OMe
O C
P
. o I DO, cat. DMF, (COC); g . . o
r— .
I oHll BEHL - 4 O NC~on N~
o <"~"0H
14 15a 15b

A solution of 2M oxalyl chloride (6.52mL, 74.73mmol, 1.1 equiv.) in
dichloromethane was added dropwise to a suspension of the mixture of isomers
14 (22.77g, 67.94mmol) in dichloromethane (115mL) and catalytic N N-
dimethyiformamide (5 drops) at room temperature under a nitrogen atmosphere.
Gas evolution was rapid and as the reaction proceeded the solid cissolved in the
dichloromethane. After 2.5 hours the solvent was removed under reduced

pressure and the resulting solid co-evaporated with dichloromethane (2 x
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ﬁ 00mL) ta remove traces of excess oxalyl chloride. The crude acid chloride was
dissolved in dichloromethane (115mL) and added dropwise to a solution of N-
methylaminoethanol (6.0mL, 74.73mmol, 1.1 equiv.) and triethylamine,
(10.42mL., 74.73mmol, 1.1 equiv) in dichloromethane (115mL) cooled to 0°C in
an ice bath. The resulting solution was stirred at room temperature for 3 hours,
quenched with saturated agueous sodium dicarbonate (100mL) and separated.
The aqueous layer was extracted with dichloromethane (100mL) and the
combined organic fractions washed with brine (50mL), dried over magnesium
sulfate and filtered. The solvent was removed under reduced pressure and the
crude product purified by celumn chromatography, eluting with ethyl acetate :
hexane (4:1), followed by ethyl acetate (100%) as product eluted. Compound‘
15a was furnished as a yellow semi solid. Yield 5.00g, 19%. The product exists
are a mixture of rotomers in a 3:2 ratio.

"H nmr (250MHz, CDCl); 7.81 (2H, d,‘ J 7.5, CHa), 7.71-7.53 (2H, m,
CH.), 7.31 (1H, m, CHar), 6.95 (2H, d, J 7.6, CH.), 3.88 (3H, s, OCHs), 3.80 (2H,
t, J 5.1, CHOH), 3.72 (1H ' m Oﬂ), 357 (2H, t, J 4.9, NCHy), 3.06 (1.2H, s,
NCHs) 2.96 (1.8H, s, NCHa).

Compound 15b was furnished as a red semi solid. Yield 5.00g, 19%. The
products exist as a mixture of rotomers in a 3.2 ratio.

"H nmr (250MHz, CDCls); 7.77 (2H, dd, J 9.0, 2.4, CHay), 7.59-7.53 (2H, m,
CHar), 7.42-7.31 (1H, m, CHa), 6.81 (2H, dd, J 9.0, 2.4, CH.), 3.85 (3H, s,
OCHa), 3.79 (2H, t, J5.1, CH.0H), 3.69 (1H, brs OH), 3.56 (2H, t, J 5.1, NCH2),
3.03 (1.2H, s, NCHs) 2.95 (1.8H, s, NCHs).
N-(2-hydroxyethyl)-N-methyl-4-bromo-2-[1-hydroxy-1-(4-methoxyphenyl)]
methylbenzylamine (16a)

Ome OMe
O i, THF, BH3.SMe, O
. OPC-RT
]
O A
e o
~"oH N~ oh
o)
15a 16a
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Amide 15a (1.56g, 3.99mmol) was dissolved in tetrahydrofuran (10mL)
and cooled to 0°C in an ice bath. A 2M solution of -borane dimethylsulfide
complex (8.78mL, 17.55mmol, 4.4 equiv.) was added dropwise and the resulting
solution stirred at room temperature for 17 hours. The reaction was carefully
guenched with 2M hydrochloric acid solution (5mL) and the resulting solution
stirred at room temperature for 2 hours. Tetrahydrofuran was removed under
reduced pressure and remaining solution diluted with water (10mL) and
extractad with diethyl sther (2 x 50mL). The aqueous layer was basified with
3.75M sodium hydroxide solution and extracted with ethyl acetate (2 x 50mL).
The combined ethy! acetate extracts were dried over magnesium sulfate, filtered
and evaporated under reduced pressure to furnish the desired product 16aas a -
white foam. Yield 754mg, 50%.

"H nmr (250MHz, CDCls); 7.38-7.24 (4H, m, CHay), 7.07-6.98 (1H, m,
CHar), 6.89-6.79 (2H, m, CHay), 5.77 (1H, s, CHOH), 3.80 (3H, s, OCHs), 3.67
(2H, m, OCHy), 3.41 (1H, d, J, 12.4, ArCH.H:N), 3.28 (1H, d, J, 12.7, ArCHH:N),
2.57-2.50 (2H, m, NCH), 2.17 (3H, s, NCHa). ‘
N-(2-hydroxyethyl)-N-methyl-5-bromo-2-[1-hydroxy-1-(4-methoxyphenyl}]
methylbenzylamine (16b)

oM
® OMe
O i. THF, BHy.SMep O
O°C-RT
o DS ——————
O N~ O N
-
Br OH Br N\/\OH
§)
15b 16b

Amide 15b (1.54g, 3.93mmol) was dissolved in tetrahydrofuran (10mL)
and cooled to 0°C in an ice bath. A 2M solution of borane dimethylsulfide
complex (8.60mL, 17.28mmaol, 4.4 equiv.) was added dropwise and the resulting
solution stirred at room temperature for 17 hours. The reaction was carefully
quenched with 2M hydrachloric acid solution (5mL) and the resulting solution '
stirred at room temperature for 2 hours. Tetrahydrofuran was removed under
reduced pressure and remaining solution diluted with water (10mL) and
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extracted with diethyl ether (2 x 50mL). The aguecus layer was basified with
3.75M sodium hydroxide solution and extracted with ethyl acetate (2 x 50mL).
The combined sthy! acetate extracts were dried over magnesium suffate, filtered
and evaporated under reduced pressure to furnish the desired product 18b asa
white foam. Yield 606mg, 40%. )

"H nmr (250MHz, CDCly); 7.45-7.33 (2H, m, CHar), 7.24 (2H, d, J 8.4,
CHar), 7.03-8.95 (1H, m, CH.,), 6.8 (2H, d, J 8.7, CHx), 5.79 (1H, s, CHOH),
3.79(3H, s, OCHs), 3.65 (2H, m, OCHy), 3.41 (1H, d, J, 12.5, ArCH.H:N), 3.28
(1H, d, J, 12.5, ArCH:H:N), 2.56-2.50 (2H, m, NCH,), 2.18 (3H, s, NCHa).
9-Bromo-5-methyl-1-(4-methoxy)phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-

oxazocine (17a)

OMe OMe
i i. p-TSA, 105°C
Br —FFF > Bn O
o )
N/
\/\OH : N\
16a ‘ 17a

Diol 16a (754mg, 1.99mmol) was dissolved in toluene (10mL.) and para-
toluenesulfonic acid monohydrate (568mg, 2.98mmol, 1.5equiv.) added. The
toluene was removed under reduced pressure and the resulting oil heated at
105°C for 2 hours. On cooling the oil was suspended in water (10mL) and
basified with 3.75M sodium hydroxide solution. The aqueous layer was extracted
with ethyl acetate (2 x 25mL), dried over magnesium sulfate, filtered and
evaporated under reduced pressure to furnish the crude product which was
purified by chromatography eluting with 10% methanol in ethyl acetate. Fractions
containing product were combined and evaporated under reduced pressure o
furnish 17a. Yield 340mg, 47%.

"H nmr (250MHz, CDCls); 7.34 (1H, dd, J 8.1, 1.8, CHz), 7.16 (2H, d, J
8.7, CHar), 7.12-7.06 (2H, m, CH.,), 6.85 (2H, d, J 8.6, CHar), 5.66 (1H, s, CHOH),
4,83 (1H, d, J 12.8, ArCH.Hy), 4.15 (1H, m, OCH.Hs), 3.83 (1H, OCH.H;), 3.78
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(3H, 5, OCHa), 3.80 (1H, d, J 12.8, ArCHHe), 2.77 (1H, m NCH.Hs), 2:59 (1H,
ddd, J 2.6, 5.5,14.2, NCH,Hy), 2.43 (3H, s, CHa).
8-Bromo-5-methyl-1-(4-methoxy)phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-

oxazocine (17b)

OMe OMe
O i, p-TSA, 108°C l
- o
Cr )
N/
Br ~"oH Br N
16b 17b

Diol 16b (200mg, 0.53mmol) was dissolved in toluene (5mL) and para-
toluenesulfonic acid monohydrate (150mg, O.79mmol, 1.5equiv.) added. The
toluene was removed under reduced pressure and the resuiting oil heated at
105°C for 2 hours. On cooling the oil was suspended in water (10mL) and
basified with 3.75M sodium hydroxide solution. The agueous layer was extracted
with ethyl acetate (2 x 25mL), dried over magnesium sulfate, filtered and
evaporated under reduced pressure to furnish the crude product which was
purified by chromatography eluting with 10% methanol in ethyl acetate. Fractions
containing product were combined and evaporated under reduced pressure to
furnish 17b as a clear oil. Yield 127mg, 67%.

"H nmr (260MHz, CDCls); 7.36 (1H. d, J 1.5, CHay), 7.29 (1H, dd, J 8.4,
1.8, CHay), 7.15 (2H, d, J 8.7, CH.), 885 (1H, m, CHx), 6.83 (2H, d, J8.6, CHar),
5.68 (1H, s, CHOH), 4.81 (1H,d, J12.8, ArCH.Hs), 4.13 (1H, m, OCHaHy), 3.83
(1H, OCH.H,), 3.76 (3H, s, OCHs), 3.58 (1H, d, J 12.8, ArCH.He), 2.77 (1H, m
NCH.Hy), 2.61 (1H, ddd, J2.5, 5.7, 14.1, NCH.Hs), 2.45 (3H, s, CHa).
2-(3-Methoxy)benzoyl-4-bromobenzoic acid and 2-(3-methoxy)benzoyl-5-

bromobenzoic acid (18)
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OMe
Y, OMe
7
/O /@ NFH
~ /o AlCl;, MgBr
—_— S o}
Br Br-
0 & OH
e}
1 18

Magnesium (2.45g, 0.1mol) was suspended in anhydrous ether (250ml)
under a nitrogen atmosphere at room temperature. 3-Bromoanisole (18.75g,
0.1mol) and iodine (cat.) were added to form an initial red solution which became
colourless after a few minutes. The reaction was allowed to stir overnight and a
pale yellow precipitate formed. The precipitate was added, viaa dropping funnel,
to a stirred solution of 4-bromophthalic anhydride (1) (25g, 0.1mol) in toluene
(+50m!) and ether (30ml) under a nitrogen atmosphere. The subsequent reflux
was maintained for 24 hours, cooled and guenched with saturated aqueous
NH,Cl. Thw aqueous layer was extracted with diethyl ether (3 x 200ml), dried
over MgSQ,, filtered and concentrated under reduced pressure to give the
desired mixture of regicisomers (30.1g, 82% yield).

*H nmr (250MHz, CD;0D); 8.19 (H, s, CHar), 7.92 (H, d, CHar), 7.74 (2H,
dd, J23.5, 8.7, Cﬂa,), 7.51 (H. s, CH,;), 7.36-7.09 (SH, m, CHa,), 6.95-6.85 (H, m,
CHar), 8.52-6.40 (H, m, CHa), 2.35 (8H, s, OCHs),
N-(2-hydroxyethyl)-N-methyl- 2-(3-methoxy)benzoyl-4-bromobenzamide
(19a) and N-(2-hydroxyethyl)-N-methyl- 2-(3-methoxy)benzoyl-5-
bromobenzamide (19b)

OMe

l OMe ©/0M9
A o i. DGM, cat. DMF, (COCl); g, o + o
Br—r n
> oH ii. DCM, ) O N /©:(N/
PN ~"oH Br ~X

o o] o)
18 19a 19b

A solution of 2M oxaly! chleride (8.65mL, 0.1mot) in dichloromethane was

added dropwise to a suspension of the mixture of isomers 18 (30.0g, 0.09mol) in
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dichloromethane (200ml) and catalytic N,N-dimethylformamide (1 drop) at room -
temperature under a nitrogen atmosphere. Gas evolution was rapid and as the
reaction proceeded the solid dissolved in the dichloromethahe. After 2.5 hours
the solvent was removed under reduced pressure and the resulting solid co-
evaporated with dichloromethane to remove traces of excess oxalyl chloride. The
crude acid chloride was dissolved in dichloromethane (200mL) and added
dropwise to a solution of N-methylaminoethanel (6mL, 0.1mol.) and triethya‘mine
(14mL) in dichloromethane (200mL) cooled to 0°C in an ice bath. The resulting
solution was stirred at room temperature overnight, quenched with saturated
aqueous ammonium chloride and separated. The organic layer was washed with
water (2 x 400mL), dried over magnesium sulfate and filtered. The solvent was
removed under reduced pressure and the crude product purified by
chromatography, eluting with hexane : ethyl acstate, (1:1) to yield 19a (8.88g,
25% yield) and 19b (6.13g, 18% yield) as viscous oils.

19a:

'H nmr (250MHz, CDCls); 7.61-7.56 (3H, m, CHar), 7.49-7.44 (H, m, CHa),
7.39-7.26 (8H, m, CHar), 7.17-7.13 (2H, m, CH.,), 3.86-3.83 (9H, m, OCHa, CHy),
3.61 (4H, t, J5.3, CHy), 3.09 (3H, s, NCHs), 2.99 (3H, s, NCHa), 1.41 (2H, brs,
OH).
N-(2-hydroxyethyl)-N-methyl-4-bromo-2-[1-hydroxy-1-(3-methoxyphenyl)]
methylbenzylamine (20a)

OMe
OMe
i. THF, BHs.SMes O

5 Q°C-RT
r o) _—
O N</\ i O ot
-
I OH N ~NoH
o]
19a 20a

Amide 19a.(700mg, 1.78mmol) was dissolved in tetrahydrofuran (3mL)
and cooled to 0°C in an ice bath. A 2M solution of borane dimethylsulfide
complex (3.6mL, 7.12mmol, 4.4 equiv.) was added dropwise and the resulting
solution stirred at room temperature for 17 hours. The reaction was carefully

quenched with 1M hydrochloric acid solution and the resulting solution stirred
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overnight. Tetrahydrofuran was removed under reduced pressure and the
remaining soluticn washed with diethy! ether until all by-products had been
removed. The aqueous layer was basified with NaOH (2M) and extracted using
ethyl acetate (30ml). After washing with NaOH (2x50ml) and water (50ml), the
ethyl acetate was dried over MgSQ,, filtered and concentrated under reduced
pressure to furnish the desired product 20a as a viscous oil. Yield 400mg, 59%.

'H nmr (250MHz, CDCly); 7.37-7.31 (2H, m, CH.), 7.21 (1H, t, J 8.5,
CHar), 7.05-6.98 (2H, m, CH.), 6.85-6.77 (2H, m, CHa), 5.75 (1H, s, CHOH),
3.77 (3H, s, OCHa), 3.65-3.61 (2H, m, OCH.), 3.29 (2H, dd, J, 25.3,13.5,
ArCH,HpN), 2.50 (2H, dd, J 10.8, 5.4, NCHa), 2.02 (3H, s, NCHs).
N-(2-hydroxyethyl)-N-methyl-5-bromo-2-[1-hydroxy-1-(4-methoxyphenyl)]
methylbenzylamine (20b)

OMe
OMe
O i, THF, BH3.SMe; O

0°C-RT
Q
(e Oy
-~
» Br I CH B N\/\OH
19b 20b

Amide 19b (550mg, 1.40mmol) was dissolved in tetrahydrofuran (3mL)
and cooled to 0°C in an ice bath. A 2M solution of borane dimethylsulfide
complex (2.8mL, 5.60mmol, 4.4 equiv.) was added dropwise and the resulting
solution stirred at room temperature for 17 hours. The reaction was carefully
quenched with 1M hydrochleric acid solution and the resulting solution stirred
overnight. Tetrahydrefuran was removed under reduced pressure and the
remaining solution washed with diethyl ether until all by-products had been
removed. The agqueous layer was basified with NaOH (2M) and extracted using
ethyl acetate (30ml). After washing with NaOH (2x50ml) and water (50ml), the
ethy! acetate was dried over MgS0O., filtered and concentrated under reduced
pressure to furnish the desired product 20b as a viscous oil. Yield 300mg, 56%.

'H nmr (250MHz, CDCly); 7.40-7.35 (3H, m, CHa), 7.26-7.20 (2H, m,
CHa), 7.07 (1H, d, J 8.6, CH.), 5.80 (1H, 5, CHOH), 3.79 (3H, s, OCH;) 3.71-
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3.66 (2H, m, OCH,), 3.36 (2H, dd, J, 19.6, 12.5; ArCH;N), 2.62-2.49 (2H, m,
NCHa), 2.04 (3H, s, NCHa).
9-Bromo-5-methyl-1-(3-methoxy)phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-

oxazocine (21a)

O OMe O OMe

. p-TSA, 105°C -

. T 0
O N~ '
OH NG
20a 21a

Diol 20a (400mg, 1.05mmol) was dissolved in toluene (2mL) and para-
toluenesulfonic acid monohydrate (300mg, 1.58mmol, 1.5equiv.) added. The
toluene was removed under reduced pressure and the resulting oil heated at
105°C for 4 hours. On cooling the oil was suspended in water (100mL) and
basified with 3.75M sodium hydroxide solution. The agueous layer was extracted
with ethyl acetate, dried over magnesium sulfate, filtered and evaporated under
reduced pressure to furnish the crude product. Purification by column
chorography (10% methanol in ethyl acetate) furnished 21a as yellow solid. Yield
71mg, 19%.

"H nmr (250MHz, CDCly); 7.39-7.05 (5H, m, CH.,), 6.84-6.79 (3H, m,
CHa), 566 (1H, s, CH), 4.78 (1H, d, J 13.8, ArCH.H,), 4.22-4.13 (1H, m,
OCH.H,), 3.84-3.83 (1H, m, OCH.H:), 3.77 (3H, s, OCHs), 3.64 (1H, d, J13.7,
ArCH.Hs), 2.82-2.74 (1H, m NCH,Hy), 2.64-2.57 (1H, m, CH.H.), 2.42 (3H, s,
CHa).
8-Bromo-5-methyl-1-(3-methoxy)phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-

oxazocine (21b)

[ oMe O OMe

i. p-TSA, 105°C
—_— . O,
O OH O
N/
Br ~"NoH Br N\
20b 21b
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Diol 20b (300mg, 0.79mmol) was dissclved in toluene (2mL) and para-
toluenesulfonic acid meonohydrate (228mg, 1.2mmol, 1.5equiv.) added, The
toluene was removed under reduced pressure and the resulting oil heated at
105°C for 4 hours. On cooling the oil was dissolved in 3,75M sodium hydroxide
solution and extracted with ethy| acetate, dried over magnesium sulfate, filtered
and evaporated under reduced pressure to furnish 21b as a brown oil. Yield
75mg, 26%. No further purification was performed.

'H nmr (250MHz, CDCls); 7.37-719 (3H, m, CH,,), 6.89-6.78 (4H, m, CHa,),
5.70((1H,s,CH), 4.75 (1H, d, J1-4, ArCHzH,), 4.20-4.10 (1H, m, OCHHs), 3.86-
3.77 (4H, m, ArCH,H.), OCH3), 3.60 (1H, d, J 14, ArCH,Hs), 2.80(1H, ddd, /2.1,
8.5, 15.3, NCH;Hs), 2.62 (1H, ddd, /2.7, 6.4, 15.3, NCHaHs), 2.44 (3H, s, CHa).
9-Cyano-5-methyl-1-(3-methoxy)phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-
oxazocine (22a) ‘

i.DMF,

o o)
IS p(PPhy),, SN
A Zn(CN)y, A
\_g Reflux o
Br‘\,//\‘/ ] NC._~~/ T
I
‘\\\/\LN, \\/J\
AN
21a 22a

Bromo-nefopam analogue 21a (503mg, 1.39mmol), Zn(CN), (245mg,
2.'09mmol), and Pd(PPhs)s (241mg, 0.21mmol), were dissolved in degassed
anhydrous DMF (10mL) under a N, atmosphere. The mixture was refluxed under
N2 for 24 hours. The mixture was allowed to cool to room temperature, filtered
through celite and washed through with DCM (50ml). The filtrate was then
guenched with water (10ml) and solvent extracted. The organic extract was dried
over MgSQ,, filtered and solvent removed under reduced pressure. The crude
product was purified by dry flash chromatography eluting with 5%-15% MeQH in
DCM. Fractions containing the product were combined and evaporated under
reduced pressure to produce 22a as pale brown cil. Yield 143mg, 33%.

"H nmr (250MHz, CDCly); 7.51 (1H, dd, J 1.4, 7.8, CHa), 7.32-7.23 (4H, m,
CHar), 8.84-6.81 (3H, m, CH.y), 5.76 (1H, s, CHO), 4.85 (1H, d, J 12.8, ArCH.H,),
4.18-4.15 (1H, m, OCH.H,), 3.86-3.81 (1H, m, OCH.Hy), 3.79 (3H, s, OCHj), 3.71
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(1H, d, J 12.8, ArCH.Hy), 2.78 (1H, ddd, J 2.3, 8.2, 14.3, NCH.H,), 2.63 (1H, ddd,
J2.8, 6.6 14.3, NCHHy), 2.44 (3H, s, NCHa).
8-Cyana-5-methyl-1-(3-methoxy)phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-

oxazocine (22b)

o .DMF, 0
T Pd@PRg, ek

= Zn(CN)o, =

R

//\>‘—O eflux . >—O ‘
L) IS
Br Ny NNy
AN ~

21b 22b

Bromo-nefopam analogue 21b (223mg, 0.62mmol), Zn(CN), (108mg,
0.93mmol), and Pd(PPhs)s (107mg, 0.09mmol), were dissolved in degassed
anhydrous DMF (5mL) under a N; atmasphere. The mixture was refluxed under
N for 24 hours. The mixture was allowed to cool to room temperature, filtered
through celite and washed through with DCM (50ml). The filtrate was then
quenched with water (10ml) and solvent exiracted. The organic extract was dried
over MgSQ,, filtered and solvent removed under reduced pressure. The crude
product was purified by dry flash chromatography eluting with 5%-15% MeOH in
DCM. Fractions containing the product were combined and evaperated under
reduced pressure to produce 22b as pale brown selid. Yield 94mg, 50%.

'H nmr (250MHz, CDCls); 7.50 (1H, s, CHa), 7.46 (1H, dd, J 1.7, 8.1,
CH.), 7.26-7.21 (1H, m, CHa), 7.12 (1H, d, J 7.9, CH.:), 6.83-6.80 (3H, m, CH..),
5.74 (1H, s, CHO), 4.94 (1H, d, J 13.0, ArCH.Hs), 4.28-4.18 (1H, m, OCH.Hs),
3.87-3.79 (1H, m, OCH.Hs), 3.77 (3H, s, OCH3), 3.65 (1H, d, J 13.0, ArCHaﬂb),
2.75 (1H, ddd, J 2.3, 8.3, 14.3, NCH.H:), 2.63 (1H, ddd, J 3.0, 5.4, 14.3,
NCH.Hy), 2.45 (3H, s, NCHa).
9-Methoxy-5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-oxazocine
(23a)
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P
| P i.NaOMe in MeOH (5M),

Ethyl acetate, CuBr, 75°C

Br /‘ Oj _o o
g )
N N
N N

5a 23a

" Ethyl acetate (0.1ml) was added to a stirred 5SM NaOMe methanol solution
(1ml) under an N, atmosphere at rcom temperature. Bromo-nefopam analogue
5a (210mg, 0.58mmol) in MeOH (1ml) was then added foliowed by CuBr (17mg,
0.12mmol). The mixture was stirred at 75°C overnight, cooled to rcom
temperature and quenched using water (5ml). The organic layer was separated
and the aqueous was washed with ethyl acetate (2x10ml). The combined
organics were dried over MgSQ,, filtered and concentrated under reduced
pressure. The crude product was purified by dry flash chromatography eluting
with 10% MeOH in DCM. Fractions containing the product were combined and
evaporated under reduced pressure to produce 23a as an orange oil. Yield
131mg, 73%.

"H nmr (250MHz, CDCly); 7.31-7.24 (SH, m, CH.,), 7.18 (1H, d, J 8.4,
CHar), 8.77 (1H, dd, J2.7, 8.3, CHar), 6.53 (1H, d, J2.6, CH.), 5.72 (1H, 5, CHO),
4,74 (1H, d, J12.8, ArCH.Hs), 4.23-4.15 (1H, m, OCH,H,), 3.86 (1H, ddd, J 2.3,
5.6, 12.8, OCH.H,), 3.71 (3H, s, OCHs), 3.68 (1H, d, J 12.8, ArCH,Hs), 2.84 (1H,
ddd, J 2.3, 8.5, 14.2, NCH,H,), 2.62 (1H, ddd, J 2.7, 5.6, 14.3, NCH.H,), 2.45
(3H, s, NCHa).
8-Methoxy-5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-o0xazocine

(23b)
i.NaOMe in MeOH (5M), O

Ethyl acetate, CuBr, 75°C o
Br Nj ~o O N/
~ N
5b 23b
Ethyl acetate (0.1ml) was added to a stirred 5M NaOMe methanol sofution

(1ml) under an N, atmosphere at room temperature. Bromo-nefopam analogue
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5b (215mg, 0.60mmol) in MeCH (1ml) was then added followed by CuBr (17mg,
0.12mmol). The mixture was stired at 75°C overnight, cooled to room
temperature and quenched using water (5ml). The organic layer was separated
and the aqueous was washed with ethyl acetate (2x10ml). The combined
organics were dried over MgSQO,, filtered and concentrated under reduced
pressure. The crude product was purified by dry flash chromatography eluting
with 10% MeOH in DCM. Fractions containing the product were combined and
evaporated uncer reduced pressure to produce 23b as an orange oil. Yield.
161mg, 88%.

'H nmr (250MHz, CDCly); 7.35-7.20 (5H, m, CH), 6.88 (1H,d, J 8.3,
CHy), 6.76 (1H, s, CHa), 6.72 (1H, m, CH,), 5.80 (1H, s, CHO), 4.64 (1H, d, J
12.8, ArCHaH:), 4.11 (1H, ddd, J 2.5, 8.0, 12.7, OCH.Hs), 3.87 (1H, ddd, J 2.2,
6.0,12.7, OCH.H,), 3.80 (3H, s, OCHs), 3.70 (1H, d, J 12.8, ArCH.Hs), 2.87 (1H,
ddd, J 2.0, 8.0, 14.2, NCHaHs), 2.66 (1H, ddd, J 2.4, 8.1, 14.2. NCH.Hy), 2.48
(3H, s, NCHa).
9-Methoxy-5-methyl-1-(3-methoxy)phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-

oxazocine (24a)

R O /j/o\
- i.NaOMe in MeOH (5M), il
K‘; i in MeOH (5M) \‘\/

< Ethyl acetate, CuBr, 75°C
Br —0 fe) »—0
\/\‘ N P \‘/\./ j
ol ‘
AN NN
N N
21a 24a

Ethyl acetate (0.1ml) was added to a stirred 5M NaOMe methanol solution
(1ml) under an N, atmosphere at room temperature. Bromo-nefopam anzlogue
21a(173mg, 0.48mmol) in MeOH (1ml) was then added followed by CuBr (14mg,
0.10mmol). The mixture was stirred at 75°C overnight, cooled to room
temperature and quenched using water (5Sml). The organic layer was separated
and the aqueous was washed with ethyl acetate (2x10ml). The combined
organics were dried over MgSOQ,, filtered and concentrated under reduced
pressure. The crude product was purified by dry flash chromatography eluting
with 10% MeCOH in DCM. Fractions containing the product were combined and
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evaporated under reduced pressure to produce 24a as an orange oil. Yield
34mg, 22%.

*"H nmr (250MHz, CDCls); 7.20 (1H, d, J 8.2, CH.), 7.15 {1H, s, CH.),
6.87-6.84 (3H, m, CH.r), .77 (1H, dd, /2.6, 8.3, CHar), 6.54 (1H, d, J 2.6, CHar),
5.68 (1H, s, CHO), 4.75 (1‘H, d, J 12.8, ArCH,Hs), 4.24-4.15 (1H, m, OCHaHs),
3.85(1H, ddd, /2.4, 5.3,12.7, OCH.Hy), 3.76 (3H, 5, OCHa), 3.71 (1H, d, J12.8,
ArCH,H,), 3.70 (3H. s, OCHy), 2.85 (1H, ddd, J 2.1, 8.7, 14.1, NCH.H»), 2.64
(1H, ddd, J 2.7, 5.3, 14.3, NCH,Hy), 2.47 (3H, s, NCHa).
8-Methoxy-6-methyl-1-(3-methoxy)phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-
oxazocine (24b) '

/\JO\‘ /\T’O\

o i.NaOMe in MeOH (5M), \\///
< Ethyl acetate, CuBr, 75°C

-0, ,—0Q
oW )
Br X \‘-N! \o/“\\\//\\_N'
N N
21b 24b

Ethyl acetate (0.1m!) was added to a stirred 5M NaOMe methanol solution
(1mtl) under an N, atmosphere at room temperature, Bromo-nefopam analogue
21b (168mg, 0.47mmol) in MeOH (1ml) was then acded followed by CuBr (13mg,
0.09mmol). The mixture was stirred at 75°C overnight, cocled to room
temperature and quenched using water (5ml). The organic layer was separated
and the aqueous was washed with ethyl acetate (2x10ml). The combined
organics were dried over MgSQ,, filtered and concentrated under reduced
pressure. The crude product was purified by dry flash chromatography eluting
with 10% MeOH in DCM. Fractions containing the product were combined and
evaporated under reduced pressure to produce 24b as an orange cil. Yield
77mg, 50%.

"H nmr (250MHz, CDCly); 7.22 (1H, t, J8.2, CHa.y), 6.92-6.71 (6H, m, CHar),
5.78 (1H, s, CHO), 4.60 (1H, d, /12.7, ArCH,H,), 4.09 (1H, ddd, J2.4,7.9,12.7,
OCHaHy), 3.90-3.82 (1H, m, OCH.Hs), 3.80 (3H, s, OCHa), 3.77 (3H, s, OCH,),
3.70(1H, d, J12.8, ArCH.Hs), 2.85 (1H, ddd, J1.9, 7.9, 1£.2, NCH.H,), 2.65 (1H,
ddd, J2.5, 6.1, 14.2, NCH.Hy), 2.47 (3H, s, NCH3).
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Cyclopropylboronic Acid (25)

() (MeO)sB (1.3eq.)

D—wger — e D>—som;

25
To a stirred solution of trimethylborate (1.69g, 1.81ml, 16.25mmol}in THF -

(7ml) at -78°C under a N, atmosphere was added, by drop wise addition;
cyclopropylmagnesium bromide (0.5M in THF, 25mil, 12.5m‘fnol). A white
precipitate formed, After 1hr the reaction was warmed to room temperature and
stirred overnight. The reaction was quenched with HCl ag. (20m!, 2.0N) and the
mixture stirred for 1 hour. After extracting with DCM (15ml) and back extratting
with H20 (2x15ml), the aqueous fractions were combined and extracted using
TBME (4x40ml). The combined organic extracts were dried over MgSQ, and
concentrated under reduced pressure to give a white solid. Recrystallisation from
DCM and hexane (twice) furnished a white solid 25, 297mg, 27% yield.

'H nmr (250MHz, CDCls); 0.56-0.50 (2H, m, CH,), 0.42-0.40 (2H, m, CHy),

-0.08--0.20 {1H, m, CH).

9-Cyclopropy!-5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-

oxazocine (26a)

N
| [>—B(OH) (1.3¢q.) Q
KsPO, (3.5eq.)
B~ ‘ 0] P(Cy)s (0.1eq) A\QO\
. Pd(OAc), (0.05eq.) ;
X N Toluene N/

N Water N
5a 26a
To a stirred solution of bromo-nefopam analogue 5a (211mg, 0.64mmal),

cyclopropyl boronic acid (71mg, 0.83mmol), potassium phosphate (472mg,
2.22mmol) and tricyclohexylphosphine (18mg, 0.08mmol) in toluene (5ml) and
water (250 pl) under a N, atmosphere was added paliadium acetate (7mg,
0.03mmol). The mixture was heated to 100°C for 3hrs and then cooled to room
temperature. Water (10ml) was added and the mixture extracted with ethyl
acetate (2x15ml). The combined organic extracts were washed with brine (10ml),

dried over MgS0, and concentrated under reduced pressure to give a yellow oil.
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The crude product was purified by dry flash chromatography eluting with 15%
MeOH in DCM. Fractions containing the product were combined and evaporated
under reduced pressure to produce 26a as a yellow oil. Yield 145mg, 78%.

"H nmr (250MHz, CDCla); 7.32-7.24 (SH, m, CH.,), 7.11 (1H, d, J 7.8,
CH.), ©.87 (1H, dd, /1.8, 7.8, CHar), 6.73 (1H, d, J 1.5, CH.y), 5.74 (1H, s, CHO),
4.75 (1H, d, J 128, ArCH.Hs), 4.17 (1H, ddd, /2.8, 8.3, 12.4, OCHHs), 3.85 (1H,
ddd, J 2.3, 6.0, 12.5, OCH.Hy), 3.63 (1H, d, J 12.8, ArCH.Hs), 2.81 (1H, ddd, J
2.2,8.2, 141, NCH:Hy), 2.61 (1H, ddd, J 2.7, 5.9, 14.2, NCH.H,), 2.44 (3H, s,
NCHa), 1.77 (1H, m, CH), 0.81-0.86 (2H, m, CHy), 0.64-0.57 (2H, m, CH).
8-Cyclopropyl-§-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-

oxazocine (26b)

\/j [>—8(CH)2 (1.3eq) @
KaPOy4 (3.5eq.)

o0 PEys0-1ea) o~ 0
/@ ) PdioAY; (0.05q) g W
Br N Toluene N
~ Water N
5b 26b

To a stirred solution of bromo-nefopam analogue 5b (178mg, 0.54mmol),
cyclopropy! boronic acid (60mg, 0.70mmol), potassium phosphate (398mg,
1.88mmol) and tricyclohexylphosphine (15mg, 0.05mmol) in toluene (4mi) and
water (200 pf) under a N; atmosphere was added palladium acetate (6mg,
0.03mmol). The mixture was heated to 100°C for 3hrs and then cooled to room
temperature. Water (10ml) was added and the mixture extracted with ethyl
acetate (2x15ml). The combined organic extracts were washed with brine (10ml),
dried over MgSQ. and concentrated under reduced pressure to give a yellow oil.
The crude product was purified by dry flash chromatography eluting with 15%
MeOH in DCM. Fractions containing the product were combined and evaporated
under reduced pressure to produce 26b as a yellow oil. Yield 132mg, 84%.

"H nmr (250MHz, CDCls); 7.31-7.23 (5H, m, CHa,), 6.94 (1H, s, CHay), 6.86
(2H, d, J 1.0, CHay), 6.78 (1H, 5, CHO), 4.70 (1H, d, J 12.5, ArGH,H,), 4.15 (1H,
ddd, J 2.6, 8.2, 12.6, OCH.Hy), 3.86 (1H, ddd, J 2.1, 6.0, 12.7, OCH.H,), 3.66
(1H,d, J12.7, ArCHHy), 2.85 (1H, ddd, J 2.1, 8.2, 14.2, NCH.Hs), 2.63 (1H, ddd,
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J286,6.0,14.2, NCH.Hy), 2.48 (3H, s, NCHs), 1.85 (1H, m, CH), 0.96-0.90 (2H,
m, CHz), 0.72-0.66 (2H, m, CH5).
N-(Acetyl)-5-methyl-1-phenyl-1,3,4,6-tetrahyd ro-5H-benz[f]-2,5-oxazocine-8-
methylamine (27a)

| A
& o
NaBHy (7eq.)
NC © NiCl (2eq.) )J\N N O\
Acz0 (2eq.) H »\/k J
N MeOH N
N N
6a 27a

NaBH, (129mg, 3.41mmo!) was cautiously added ta a solution of NiCl,
(126mg, 0.97mmol), acetic anhydride (0.1ml, 0.87mmol) and bromo-nefopam
analogue 6a (134mg, 0.49mmol) in MeOH (8ml) at room temperature undera N,
atmosphere. Once the vigorous reaction had subsided the mixture was left to stir
at room temperature overnight. Methanol was removed under reduced pressure
and the precipitate partially dissolved in EtOAc and NaHGCOs (ag.). After filtration
the green solid was repeatedly washed with EtOAc and NaHCO; (aq.). The
organic filtrate was separated from the aqueous which was subsequently
extracted with more EtOAc (3x10ml). The combined organic fractions were dried
over MgSO,, filtered and concentrated under reduced pressure. The crude
product was purified by dry flash chromatography eluting with 20% MeOH in
DCM. Fractions containing the product were combined and evaporated under
reduced pressure to produce 27a as an orange oil. Yield 36mg, 23%.

'H nmr (250MHz, CDCla); 7.33-7.10 (7H, m, CHar). 6.87 (1H, s, CHar), 5.91
(1H, krs, NH), .73 (1H, s, CHO), 4.80 (1H, ¢, J 12.7, ArCH,H,), 4.29 (1H, d, J
2.9, NHCH,CHs), 4.27 (1H, d, J 2.9, NHCH,CHs), 4.17 (1H, m, OCH.Hs), 3.82
(1H, ddd, J2.1, 5.6, 12.6, OCH,Hs), 3.65 (1H, d, J 12.7, ArCH,Hs), 2.78 (1H, ddd,
J2.1,84, 14,1, NCH.Hy), 2.59 (1H, ddd, J2.5, 5.8, 14.1, NCH,H,), 2.43 (3H, s,
NCHs), 1.83 (3H, s, CHsCO).
N-{(Acetyl)-5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-0xazocine-8-
methylamine (27b)
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>7O NaBHq (7eq.) o
l __ NiCh(eq) H O j
A&O (2eq.) N
MeOH N N
. o A
) 27b-

NaBH, (148mg, 3.92mmol) was cautiously added to a solution of NiCl>
(145mg, 1.12mmol), acetic anhydride (0.11ml, 1.12mmol) and bromo-nefopam
analogue 6b (154mg. 0.56mmol) in MeOH (8ml) at room temperature under a N,
atmosphere. Once the vigorous reaction had subsided the mixture was left to stir
at room temperature overnight. Methanol was removed under reduced pressure
and the precipitate partially dissolved in EtOAc and NaHCOQ; (aq.). After filtration
the green sclid was répeatedly washed with EtOAc and NaHCO; (aq.). The
organic filirate was separated from the adueous which was subsequently
extracted with more EtOAc (3x10ml). The combined orgénicfractions were dried
over MgSQ., filtered and concentrated under reduced pressure. The crude
product was purified by dry flash chromatography eluting with 10-15% MeOH in
DCM. Fractions containing the product were combined and evaporated under
reduced pressure to produce 27b as an orange oil. Yield 83mg, 46%.

'H nmr (250MHz, CDCly); 7.30-7.23 (5H, m, CHay), 7.14 (1H, s, CHay), 7.11
(1H, d, J 8.1, CHa), 6.97 (1H, d, J7.8, CH.), 5.83 (1H, brs, NH), 5.77 (1H, s,
CHO), 475 (1H, d, J12.5, ArCH.H:), 4.39 (2H, d, J 5.7, NHCH,), 4.21-4.16 (1H,
m, OCH.Hp), 3.83 (1H, ddd, J 2.1, 6.2, 12,8, OCH.H:), 3.64 (1H, d, J 12.7,
ArCH.Hp), 2.84 (1H, ddd, J 2.1, 7.9, 14.2, NCH.Hy), 2.62 (1H, ddd, J 2.6, 6.1,
14.2, NCHzHs), 2.49 (3H, s, NCHa), 2.00 (3H, s, CH:CO).
N-(Methylsulphonyl)-5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-

oxazocine-9-methylamine (28h)

¢

NaBHy4 (7eq.)

\
O,
AN Nch@en) | P VAR
9 CHaS0,CI (350 SN
NG N MeOH 8 N
N o N
6b 28b
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NaBH. (193mg, 5.11mmol) was cautiously added to a solution of NiCl;
(188mg, 1.45mmol), methanesulfony! chloride (0.17ml, 2.18mmol) and bromo-
nefopam analague 6b (200mg, 0.73mmol) in MeOH (8ml) at room temperaturs
under a N; atmosphere. Once the vigorous reaction had subsided the mixture
was left to stir at room temperature overnight. Methanel was removed under
reduced pressure and the precipitate partially dissolved in EtOAc and NaHCO;
(aq.). After filtration the green solid was‘ repeatedly washed with EtOAc and
NaHCOs (aq.). The organic filtrate was separated from the aqueous which was
subsequently extracted with more EtOAc (3x10mi). The combined organic
fractions were dried over MgSQ,, filtered and cencentrated under reduced
pressure. The crude product was purified by dry flash chromatography eluting
with 15-20% MeOH in DCM. Fractions containing the product were combined
and evaporated under reduced pressure to produce 28b as a white sclid. Yield
54mg, 21%.

'H nmr (25CMHz, CDCla): 7.95 (1H, s, CHz), 7.77 (1H, dd, J 1.5, 8.1,
CHar), 7.39(1H, d, J8.2, CH.y), 7.33-7.24 (5H, m, CH,y), 8.00 (1H, s, CHO), 5.99
(1H, d, J12.7, ArCH,Hs). 4.64 (1H, m, OCH.H.), 4.48 (1H, d, J 12.8, ArCH.H,),
415 (1H, m, OCH,Hy), 3.47 (3H, s, CH380,), 3.44 (1H, m, NCH.Hy), 3.31 (1H, m,
NCH.Hs), 3.08 (2H, s, NHCH.), 2.70 (3H, s, NCHs).
9-Cyclopropyl-5-methyl-1-(3-methoxy)phenyl-1,3,4,6-tetrahydro-5H-benz[f]-

2,5-oxazocine (29a)

PE N e O
H\/_ L >—B(OH)2 (1.3eq) L;/
. KsPO, (3.5eq.) N\
Bf\f\‘,’ O\ P(Cy)s (0.1eq.) 1\{/« O
WU Pdoac), 0.05eq) g
NN Toluene NN
h Water N
21a 29a

To a stirred solution of bromo-nefopam analogue 21a (104mg, 0.28mmol),
cyclopropyl beronic acid (32mg, 0.37mmol), potassium phosphate (214mg,
1.0mmol) and tricyclohexylphosphine (8mg, 0.03mmoal) in toluene (5mi) and
water (250 pl) under @ N, atmosphere was added palladium acetate (3mg,
0.01mmol). The mixture was heated to 100°C for 3hrs and then cooled to room
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temperature. Water (10ml) was added and the mixture extracted with ethy!
acetate (2x15ml). The combined drganic extracts were washed with brine (10ml),
dried over Mg80, and concentrated under reduced pressure to give a yellow oil,
The crude product was purified by dry flash chromatography eluting with 5%
MeOH in DCM. Fractions containing the product were combined and evaporated
under reduced pressure to produce 29a as an orange oil, Yield 65mg, 70%.

'H nmr (250MHz, CDCly): 7.23 (TH, t, J 81, CH.), 7.10 (1H, d, J 7.8,
CHar), 8.88-8.75 (5H, m, CHay), 5.70 (1H, 5, CHO), 4.75 (1H, d, J 12.7, ArCH.Hs),
4.21-412 (1H, m, OCH,Hs), 3.84 (1H, ddd, J 2.3, 5.7, 12.6, OCH,Hy), 3.77 (3H,
s, OCHs), 3.65 (1H, d, J 12.7, ArCH,H,), 2.82 (1H, ddd, J 2.2, 8.3, 14.1,
NCH.Hb), 2.62 (1H, ddd, J2.7,5.7, 14.2, NCH.Hs), 2.45 (3H, s, NCHa), 1.77 (1H,
m, CH), 0.91-0.87 (2H, m, CH,), 0.62-0.57 (2H, m, CHa).
8-Cyclopropyl-5-methyl-1-(3-methoxy)phenyl-1 ,3,4,6-tetrahydro-5H-benz[f]-
2,5-oxazocine (29h)

P O D B(OH) (\\/O\
.‘\/ 2 (1.3eq.) k\,//
\\~O K3PO4 (3.5eq.) \ o
‘/;\H'/ \‘W P(Cy)3 (0.1eq.) /\\‘ ’ N
\ ' Pd(OAC), (0.05eq.) /\)
B NN Toluene V4 SN
h Water N
21b 29b

To a stirred solution of bromo-nefopam analogue 21b (115mg, 0. 32mmol),
cyclopropy! boronic acid (36mg, 0.42mmol), potassium phosphate (241mg,
1.13mol) and tricyclohexylphosphine (Smg, 0.03mmol) in toluene (4ml) and water
(250 l) under & N, atmosphere was added palladium acetate (4mg, 0.02mmal).
The mixture wes hezted to 100°C for 3hrs and then cooled to room temperature,
Water (10ml) was added and the mixture extracted with ethyl acetate (2x15ml).
The combined organic extracts were washed with brine (10ml), dried over
MgS0, and concentrated undsr reduced pressure to give a yellow oil. The crude
product was purified by dry flash chromatography eluting with 5% MeOH in DCM.
Fractions containing the product were combined and evaporated under reduced
pressure to produce 29b as an crange oil. Yield 77mg, 75%.

"Hnmr (250MHz, CDCly); 7.22 (1H, t, J8.1, CHar), 6.94-6.76 (6H, m, CH.,),
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5.74(1H, s, CHO), 4.68 (1H, d, J12.7, ArCH.Hs), 4.14 (1H, ddd, /2.6,8.4, 12,6,
OCH.Hy), 3.85(1H, ddd, J2.1, 5.8, 12.7, OCH.Hs), 3.77 (3H, 5, OCHa), 3.68 (1H,
d, J12.7, ArCH.Hy), 2.85 (1H, ddd, J2.0, 8.3, 14.2, NCH,H,), 2.64 (1H, ddd, J
2.5,5.8, 14.3, NCHaH), 2.48 (3H, s, NCHs), 1.86 (1H, m, CH), 0.93 (2H, m, CH),
0.68 (2H, m, CH,).
9-Cyclopropyl-5-methyl-1-(4-methoxy)phenyl-1,3,4,6-tetrahydro-5H-benz[f]-
2,5-oxazocine (30a)

~o

O D_B(OH)Z (1.3eq)

~o
TKaPOs @Beq) '
Br © P(Cy)s (0.1eq) SN
Pd(QAG): (0.05eq.)
N Toluene N/

N Water N
17a 30a :
To a stirred solution of bromo-nefopam analogue 17a (110mg, 0.31mmol),

cyclopropyl boronic acid (3d4mg, 0.40mmol), potassium phosphate (226mg,
1.07mmol} and tricyclohexylphosphine (9mg, 0.03mmel) in toluene (4ml) and
water (200 pl) under a N, atmosphere was added palladium acetate (4mg,
0.02mmol). The mixture was heated to 100°C for 3hrs and then cooled to room
temperature. Water (10ml) was added and the mixture extracted with ethyl
acetate (2x15ml). The combined organic extracts were washed with brine (10ml),
dried over MgS0, and concentrated under reduced pressure to give a yellow oil.
The crude product was purified by dry flash chromatography eluting with 5%
MeQOH in DCM. Fractions containing the product were combined and evaporated
under reduced pressure to produce 30a as an orange oil. Yield 70mg, 71%.

'H nmr (250MHz, CDCly); 7.18 (2H, d, J 8.5, CHe), 712 (1H, d, J 7.8,
CH.r), 8.88(1H, d, J 1.4, CH.), 6.84 (2H, d, J8.7, CHa,), 6.73 (1H. d, J 1.2, CHay),
5.68 (1H, s, CHO), 4.80 (1H, d, J 12.7, ArCH.H,), 4.18 (1H, m, OCH.H,), 3.83
(1H, m, OCH,Hs), 3.77 (3H, s, OCHs), 3.64 (1H, d, J 12.7, ArCH.H,), 2.81 (1H,
ddd, J 2.2, 8.5, 14.0, NCH.Hs), 2.60 (1H, ddd, J 2.8, 5.5, 14.0, NCH.Hy), 2.46
(3H, s, NCHs), 1.77 (H, m, CH), 0.87 (2H, m, CH,), 0.60 (2H, m, CHy).
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8-Cyclopropyl-5-methyl-1-(4-methoxy)phenyl-1,3,4,6-tetrahydro-5H-benz[f]-

2,5-oxazocine (30b)

\O \O
i X
B(OH
| _ D_ (CH)2 (1.3eq.) | P
o KaPO, (3.504.) o
7 j P(Cy)a (0.1eq.) Z ‘ N
Pd(OAc); (0.05eq.) |
Br N Toluene X N/
N Water N
17b 30b

To a stirred solution of bromo-nefopam analogue 17b (117mg, 0.32mmol),
cyclopropyl boronic acid (36mg, 0.42mmol), potassium phosphate (241mg,
1.13mmol) and tricyclohexylphosphine (Smg, 0.03mmol) in toluene (4ml) and
water (200 pl) under a N, atmosphere was added palladium acetate (4mg,
0.02mmol). The mixture was heated to 100°C for 3hrs and then cooled to room
temperature. Water (10ml) was added and the mixture extracted with ethyl
acetate (2x15ml). The combined organic extracts were washed with brine (10ml),
dried over MgS0Q, and concentrated under reduced pressure to give a yeliow oil.
The crude product was purified by dry flash chromatography eluting with 5%
MeOH in DCM. Fractions containing the product were combined and evaporated
under reduced pressure to produce 30b as an orange oil. Yield 62mg, 60%.

'H nmr (250MHz, CDCl3); 7.17 (2H, d, J 8.5, CH,), .95 (1H, s, CHy), 6.84
(4H, m, CH.), 5.71 (1H, s, CHO), 4.77 (1H. d, J 12.5, ArCH.Hs), 4.17 (1H, m,
OCH.Hs), 3.84 (1H, ddd, J2.3, 5.5, 12.6, OCH.Hy), 3.76 (3H, s, OCHs), 3.66 (1H,
d, J12.5, ArCH.Hs), 2.84 (1H, ddd, J 2.1, 8.5, 14.0, NCH.H:), 2.61 (1H, ddd, J
2.7,5.5,14.1, NCH:Hp), 2.49 (3H, 5, NCHz), 1.85 (1H, m, CH), 0.93 (2H, m, CH.),
0.67 (2H, m, CHa).
9-Methoxy-5-methyl-1-{4-methoxy)phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-

oxazocine (31a)
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~ ~

o . 0

)\ T

L .NaOMe in MeOH (5M), |
Ethyl acetate, CuBr, 75°C

Br O 0, —_— 0
N
17a 31a
Ethyl acetate (0.1ml) was added to a stirred 5M NaOMe methanol solution

NS

AN

(1ml) under an N; atmosphere at room temperature. Bromo-nefopam analogue
17a (104mg, 0.29mmol) in MeOH (1ml) was then added followed by CuBr (8mg,‘
0.06mmol). The mixture was stirred at 75°C overnight, ccoled  to -room
temperature and quenched using water (5ml). The organic layer was separated
and the agueous was washed with ethyl acetate (2x10ml). The combined
organics were dried cver MgSQ,, filtered and concentrated under reduced
pressure. The crude product was purified by dry flash chromatography elutinvg
with 10% MeCH in DCM. Fractions containing the product were combined and
evaporated under reduced pressure to produce 31a as an orange oil. Yield
67mg, 71%.

"H nmr (250MHz, CDCls); 7.18 (2H, d, J8.5, CHar), 7.19(1H, s, CHa,), 6.83
(2H, d, /8.6, CH.), 8.77 (1H, dd, J2.5, 8.5, CH,,), 6.52 (1H, d, J2.3, CH.y), 5.72
(1H, s, CHO), 4.80 (1H, d, J 12.8, ArCH.Hs), 4.20 (1H, m, OCH.H,), 3.84 (1H,
ddd, J2.4,5.1,12.8, OCH.H,), 3.77 (3H, s, OCHs), 3.71 (3H, s, OCHs), 3.68 (1H,
d, J12.8, ArCH.Hs), 2.85 (1H, m, NCH.Hs), 2.61 (1H, m, NCH.Hs), 2.47 (3H, s,
NCHa).
8-Methoxy-5-methyl-1-(4-methoxy)phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-
oxazocine (31b)

\o \o

i.NaOMe in MeOH (5M),
Ethyl acetate, CuBr, 75°C
y S
1b

Br ( N] \O/QN?
3
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Ethyl acetate (0.1ml) was added to a stirred SM NaOMe methano! solution
(1ml) under an N, atmosphere at room temperature. Bromo-nefopam analogue
17b (115mg, 0.32mmol) in MeOH (1ml) was then added followed by CuBr (Smg,
0.08mmol). The mixture was stirred at 75°C overnight, cooled to room
temperature and quenched using water (5ml). The organic layer was separated
and the aqueous was washed with ethyl zcetate (2x10ml). The combined
organics were dried over MgSQ,, filtered and concentrated under reduced
pressure. The crude product was purified by dry flash chromatography eluting
with 10% MeOH in DCM. Fractions containing the product were combined and
gvaporated under reduced pressure to produce 31b as an crange oil. Yield
39mg, 37%.

"H nmr (250MHz, CDCls); 7.18 (2H, d, J 8.6, CHar), 6.91 (1H, s, CH.,), 6.84
(2H, d, J 8.5, CHay), 6.76 (1H, s, CHa), 6.73 (1H, d, J 2.6, CHa), 5.73 (1H, s,
CHO), 4.71 (1H, d, J 12.7, ArCH.Hs), 4.13 (1H, m, OCH.Hs), 3.86 (1H, m,
OCH.Hs), 3.80 (3H, s, OCHy), 3.77 (3H, s, OCHs), 3.68 (1H, d, J 12.7, ArCHHy),
2.86 (1H, m, NCH.H:), 2.64 (1H, ddd, J 2.5, 6.7, 14.1 NCH.H:), 2.48 (3H, s,
NCHa).
9-Cyano-5-methyl-1-(4-methoxy)phenyi-1,3,4,6-tetrahydro-5H-benz[f]-2,5-
oxazocine (32a)

N

0 ~o
i.DMF,
[ = Pd(PPhy),,
= Zn(CN),,
Reflux
CINGP” ‘ Oj — NC 0\
S /
N\ N\
17a 32a

Bromo-nefcpam analogue 17a (133mg, 0.37mmol), Zn(CN), (65mg,
0.55mmol), and Pd(PPhs)s; (63mg, 0.06mmol), were dissolved in degassed
anhydrous DMF (4mL) under a N, atmosphere. The mixture was refluxed under
N for 24 hours. The mixture was allowed to cool to room temperature, filtered
through celite and washed through with DCM (50ml). The filtrate was then

quenchad with water (10ml) and solvent extracted. The crganic extract was dried
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over MgSOQy, filtered and solvent removed under reduced pressure, The crude
product was purified by dry flash chromatography eluting with 5%-15% MeOH in
DCM. Fractions containing the product were combined and evaporated under
reduced pressure to produce 32a as pale brown oil. Yield 32mg, 26%.

'H nmr (250MHz, CDCls); 7.50 (1H, d, J 7.6, CHa), 7.31 (2H, d, J 9.0,
CHar), 7.15 (2H, d, J8.2, CH.), 6.856 (2H, d, /8.2, CHay), 5.73 (1H, s, CHO), 4.91
(1H, d, J 12.8, ArCH.Hs), 4.20 (1H, m, OCHaHs), 3.82 (4H, brm, OCH.Hb, OCH:,),
3.68 (1H, d, J12.8, ArCH.Hy), 2.76 (1H, m, NCHaHs), 2.59 (1H, m, NCH.Hy), 2.44
(3H, s, NCHa). '
Biological Assays: ‘

The assay was carried out according to tne method described in,
PEROVIC, S. and MULLER, W.E.G. (1995}, Pharmacological profile of
hypericum extract: effect on serotonin uptake by postsynaptic receptors,
Arzneim-Forsch. Drug Res., 45; 1145,

Assay for Inhibition of Noradrenaline Reuptake Activity:

The synaptosomes (100 pg) are incubated for 20 min at 37°C with 0.1 uCi
[*H]norepinephrine in the absence {control) or presence of the test compound or
the reference compound in a buffer containing 118 mM NaCl, 5 mM KCI, 2.5 mM
MgSQ,, 1.2 mM NaH,PQ., 25 mM NaHCO,, 11 mM glucose, 10 yM EGTA and
50 uM ascorbic acid (pH 7.4). Basal control activity is determined by incubating
the same mixture for 20 min at 0°C in the presence of 10 p‘M protriptyline to
block the uptake. Following incubation, the samples are filtered rapidly under
vacuum through glass fiber filters (GF/B, Packard) and rinsed twice with ice-cold
incubation buffer using a 96-sample cell harvester (Unffilter, Packard) to
eliminate free [*H]rorepinephrine. The filters are dried and the retained
radioactivity is measured in a scintillation counter (Topcount, Packard) using a
scintillation cocktail (Microscint 0, Packard).

The results are expressed as a percent inhibition of the control uptake of
[*H]nerepinephrine. The standard inhibitory reference compound is protriptyline,
which is tested in each experiment at several concentrations to obtain an
inhibition curve from which its 1Csg value is calculated.
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Assay for Inhibition of Serotonin Reuptake Activity:

The synaptosomes (100 ug) are incubated for 15 min at 37°C with 0.1 uCi
[*H]serotonin in the absence (control) or presence of the test compound or the
reference compound in a buffer containing 118 mM NaCl, 5 mM KCI, 2.5 mM
MgSQ., 1.2 mM NaH,PQ,, 25 mM NaHCOs, 11 mM glucose, 10 uM EGTA and
50 UM ascorbic acid (pH 7.4). Basal contro! activity is determined by incubating
the same mixture for 15 min at 4°C in the presence of 10 UM imipramine to block
the uptake. Following incubation, the samples are filtered rapidly under vacuum
through glass fiber filters (GF/B, Packard) and rinsed twice with ice-cold
incubation buffer using a 96-sample cell harvester (Unifilter, Packard) to
eliminate free [*H]serotonin. The filters are dried and the retained radioactivity is
measured in a scintillation counter (Topcount, Packard) using a scintillation
cocktail (Microscint 0, Packard).

The results are expressed as a percent inhibition of the control uptake of
[*H]serctonin. The standard inhibitory reference compound is imipramine, which
is tested in each experiment at several concentraticns to obtain an inhibition
curve from which its ICso value is caleulated.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A compound of the general formula (1):
R; R,
0
W
X ~ A
Y\ =
z
\
R4
M
wherein

R, is H, C;-C4 alkyl optionally substituted with F, C3-Cg cycloalkyl or C;-C¢
alkenyl;

either R, and Rj are the same or different and are H, halogen, CN, CF;, C;-Cs
alkyl or ORy, or R; and R; form a five or six-membered ring which may be carbocyclic,
heterocyclic (containing 1-2 heteroatoms selected from O, N and S), aromatic or
heteroaromatic (containing 1-2 heteroatoms selected from O and N);

one of W, X, Y and Z is N or CR, and the others are each CH;

Ry is halogen, CF3, CN, OR;, SO;N(R¢):, CORg, CO2Rs, CON(Rg);, NR,CORs,
NRSO;Rs, NR|CO;Rs, NR{CON(R¢)z, OC,-Cy alkyl optionally substituted with R4, C)-
Cys alkyl optionally substituted with R4, C3-C¢ cycloalkyl optionally substituted with Ry,
C»-Cs alkenyl optionally substituted with R4, C;-Cs alkynyl optionally substituted with
Ry, aryl optionally substituted with Ry, or a five or six-membered aromatic heterocycle
containing 1-4 heteroatoms selected from N and O, linked either through carbon or

nitrogen;
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Rs is Cy-Cy alky!l, Cy-Cq alkenyl, Cy-Cs alkynyl, C3-C¢ cycloalkyl, aryl or
heteroaryl;

each Rg (which may be the same or different) is H, C,-Cq alkyl, C;-C¢ alkenyl,
C,-Cq alkynyl, C3-Cq cycloalkyl, aryl or heteroaryl; and

R7is aryl or heteroaryl;

wherein aryl is an optionally substituted phenyl or naphthy! group;

carbocyclic is a saturated alicyclic moiety having 5 or 6 C atoms;

heterocyclic is a saturated heterocyclic moiety having 5 or 6 atoms including
one or more of N, O and S; and

heteroaromatic is aromatic of S or 6 atoms of which at least one is N, O or S;

provided that (1) R4 is present and is Br, CN, CORs, COsRs, CON(R¢):,
NR|COR;s, NRjSO;Rs, NR|CO3R;5, NRICON(Rg)z, OC)-Cy alkyl substituted with Ra,
C-Cs alkyl substituted with Ry, C3-Cq cycloalky! optionally substituted with Ry, Cp-Cg
alkenyl optionally substituted with Ry, C-Cs alkynyl optionally substituted with Ry,
aryl optionally substituted with Rs, or a five or six-membered aromatic heterocycle
containing 1-4 heteroatoms selected from N and O, linked either through carbon or
nitrogen;

and/or (2) R; and R are not both hydrogen;

or a pharmaceutically acceptable salt thereof.

2. A compound of claim 1, wherein Ry is present and is CN, OR7, SO;N(R¢),,
CORg, COzR4, CON(Rg)2, NR|CORs, NR;SOzR5, NRiCON(Re)2, OC;-Cs alky!
substituted with R4, C|-Cq alkyl substituted with Ry, C;3-C¢ cycloalkyl optionally
substituted with R4, C;-Cq alkenyl optionally substituted with Ry, C;-Cq alkynyl
optionally substituted with Ry, aryl optionally substituted with Ry, or a five or six-
membered aromatic heterocycle containing 1-4 heteroatoms selected from N and O,

linked either through carbon or nitrogen.

3. A compound of claim 2, wherein Ry is CN, CON(Rg),, optionally substituted

cycloalkyl or aryl, or a five or six-membered aromatic heterocycle.

4, A compound of any one of claims 1 to 3, wherein R; is halogen, CN, CF;3, C,-Cq
alkyl or OR;.
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S. A compound of any one of claims 1 to 3, wherein R, and R; form a ring.
6. A compound of claim 4, wherein R, or R3 is OR|.
7. A compound of claim 1, selected from

9-methoxy-5-methyl-1-(3-methoxy)phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-
oxazocine (24a)
8-methoxy-5-methyl-1-(3-methoxy)phenyl-1,3,4,6-tetrahydro-SH-benz(f]-2,5-
oxazocine (24b)
9-methoxy-5-methyl-1-(4-methoxy)phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-
oxazocine (31a) and
8-methoxy-5-methyl-1-(4-methoxy)phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-

oxazocine (31b).

8. A compound of claim 1, selected from
9-cyano-5-methyl-1-(3-methoxy)phenyl-1,3,4,6-tetrahydro-SH-benz[f]-2,5-
oxazocine (22a)
8-cyano-5-methyl-1-(3-methoxy)phenyl-1,3,4,6-tetrahydro-SH-benz[f]-2,5-
oxazocine (22b)
9-cyclopropyl-5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-0xazocine
(26a)
8-cyclopropyl-5-methyl-1-phenyl-1,3,4,6-tetrahydro-5SH-benz[f]-2,5-0xazocine
(26b)
N-(acetyl)-S-methyl-1-phenyl-1,3.4,6-tetrahydro-SH-benz{f]-2,5-oxazocine-9-
methylamine (27a)
N-(acetyl)-5-methyl-1-phenyl-1,3,4,6-tetrahydro-SH-benz[f]-2,5-o0xazocine-8-
methylamine (27b)
9-cyclopropyl-5-methyl-1-(3-methoxy)phenyl-1,3,4,6-tetrahydro-SH-benz[f]-
2,5-o0xazocine (29a)
8-cyclopropyl-5-methyl-1-(3-methoxy)phenyl-1,3,4,6-tetrahydro-SH-benz[f]-
2,5-0xazocine (29b)
9-cyclopropyl-5-methyl-1-(4-methoxy)phenyl-1,3,4,6-tetrahydro-5H-benz[f]-

2,5-oxazocine (30a)
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8-cyclopropyl-5-methyl-1-(4-methoxy)phenyl-1,3,4,6-tetrahydro-SH-benz[f]-

2,5-oxazocine (30b) and

9-cyano-5-methyl-1-(4-methoxy)phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-

oxazocine (32a).

(7a)

(7b)

A compound of claim 1, selected from
9-cyano-5-methyl-1-phenyl-1,3,4,6-tetrahydro-SH-benz[f]-2,5-0xazocine (6a)
8-cyano-5-methyl-1-phenyl-1,3,4,6-tetrahydro-5SH-benz[f]-2,5-0xazocine (6b)
5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-0xazocine-9-carboxamide

S-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-0xazocine-8-carboxamide

N-(1,1,1-trimethylmethoxycarbonyl)-5-methyl- 1-phenyl-1,3,4,6-tetrahydro-5H-

benz[f}-2,5-oxazocine-9-methylamine (8a)

N-(1,1,1-trimethylmethoxycarbonyl)-5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-

benz(f]-2,5-oxazocine-8-methylamine (8b)

5-methyl-1,9-diphenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-oxazocine (9a)
S-methyl-1,8-diphenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-oxazocine (9b)
9-(3,5-dimethylisoxazol-4-yl)-5-methyl-1-phenyl-1,3.4,6-tetrahydro-SH-

benz[f]-2,5-oxazocine (10a)

8-(3,5-dimethylisoxazol-4-yl)-5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-

benz[f]-2,5-oxazocine (10b)

2-(5-methyl-1-phenyl-1,3 4,6-tetrahydro-5H-benz|[f]-2,5-0xazocine-9-

ethenyl)carboxamide (11a)

2-(5-methyl-1-phenyl-1,3.4,6-tetrahydro-5H-benz[f]-2,5-0xazocine-8-

ethenyl)carboxamide (11b)

2-(5-methyl-1-phenyl-1,3.4,6-tetrahydro-SH-benz|f]-2,5-oxazocine-9-

ethyl)carboxamide (12a)

2-(5-methyl-1-phenyl-1,3 4,6-tetrahydro-5H-benz[f]-2,5-0xazocine-8-

ethyl)carboxamide (12b)

(13a)

5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz(f]-2,5-0xazocine-9-methylamine
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5-methyl-1-phenyl-1,3,4,6-tetrahydro-SH-benz[f]-2,5-0xazocine-8-methylamine
(13b)

N-(acetyl)-5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-oxazocine-9-
methylamine (27a) and

N-(acetyl)-5-methyl-1-phenyl-1,3,4,6-tetrahydro-SH-benz[]-2,5-0xazocine-8-
methylamine (27b).

10. A compound of claim 1, selected from
9-bromo-5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-oxazocine (5a)
8-bromo-5-methyl-1-phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-0xazocine (Sb)
9-bromo-5-methyl-1-(4-methoxy)phenyl-1,3,4,6-tetrahydro-5SH-benz{f]-2,5-

oxazocine (17a)
8-bromo-S5-methyl-1-(4-methoxy)phenyl-1,3,4,6-tetrahydro-5H-benz([f]-2,5-

oxazocine (17b)
9-bromo-5-methyl-1-(3-methoxy)phenyl-1,3,4,6-tetrahydro-5H-benz[f]-2,5-

oxazocine (21a) and
8-bromo-5-methyl-1-(3-methoxy)phenyl-1,3,4,6-tetrahydro-SH-benz[f]-2,5-

oxazocine (21b).

11, A pharmaceutical composition for use in therapy, comprising a compound of

any one of claims | to 10, and a pharmaceutically acceptable diluent or carrier.

12.  Use of a compound of any one of claims 1 to 10, for the manufacture of a
human or veterinary medicament for the treatment or prevention of a condition selected
from depression, post-traumatic stress disorders, attention-deficit disorders, obsessive
compulsive disorders, pre-menstrual syndrome, substance abuse, micturition disorders

and sexual dysfunction.
13, Use of a compound of any one of claims | to 10, for the manufacture of a

human or veterinary medicament for the treatment of acute, chronic or neuropathic

pain.
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14. Use according to claim 13, wherein the pain is associated with cancer, surgery,
arthritis, dental surgery, painful neuropathies, trauma, musculo-skeletal injury or

disease or a visceral disease, or migraine headache.

15.  Use according to claim 13 or claim 14, wherein the subject is also treated with

an opiate.

16.  Use according to claim 13 or claim 14, wherein the subject is also treated with
an analgesia inducer selected from acetaminophen, a non-steroidal anti-inflammatory
drug, a narcotic analgesic, a local anesthetic, an NMDA antagonist, a neuroleptic agent,

an anti-convulsant, an anti-spasmodic, an anti-depressant or a muscle relaxant.

17.  Use of a compound of any one of claims 1 to 10, for the manufacture of a

human or veterinary medicament for the treatment or prevention of emesis.

18.  Use according to claim 17, wherein the emesis is acute, delayed, post-operative,

last-phase, or anticipatory emesis.

19.  Use according to claim 17, wherein the emesis is induced by chemotherapy,
radiation, toxins, pregnancy, vestibular disorder, motion, post-operative sickness,
surgery, gastrointestinal obstruction, reduced gastrointestinal motility, visceral pain,

migraine or opioid analgesics.

20. A compound of the general formula (1):
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Y\ /
V4
N
\
Ry
(1)

according to claim 1, substantially as herein exemplified.

21. A pharmaceutical composition according to claim 11, substantially as herein
exemplified.

22.  Use of a compound according to any one of claims 1 to 10, substantially as

herein exemplified.

-74-




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS

