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PREPARATION OF 3,4-DIHYDROISOQUINOLINES FROM AN ACID AND AN AMINE

FIELD OF THE INVENTION
[0001] The present invention generally relates to processes for the synthesis of intermediates used to
prepare morphinans. More specifically, the invention is directed to the synthesis of dihydroisoquinolines and their

analogs.

BACKGROUND OF THE INVENTION

[0002] Dihydroisoquinolines are important synthetic intermediates to many morphinan compounds
including burprenorphine, codeine, etorphine, hydrocodone, hydromorphone, rhorphine, nalbuphine, nalmefene,
naloxone, naltrexone, oxycodone, and oxymorphone. Generally, these compounds are analgesics, which are
used extensively for pain relief in the field of medicine due to their action as opiate receptor agonists. However,
nalmefene, naloxone and naltrexone are opiate receptor antagonists; and are used for reversal of
narcotic/respiratory depression due to opiate receptor agonists.

[0003] Rice (U.S. Patent No. 4,521,601) discloses the reaction of 3-methoxy phenethylamine with 2-
hydroxy-3-methoxyphenylacetic acid at 200°C under argon. Generally, for a viable large scale production of the
resulting amide compound, 200°C is too high. For example, most large scale reaction vessels cannot routinely
reach or sustain temperatures above 140°C; thus, in order for large scale production of the morphinans, a spebial
reactor or reactor heating unit is needed.

[0004] The Bischler-Napieralski cyclization generally converts an appropriately substituted amide to a
3,4-dihydroisoquinoline. Typically, when a free phenol group is present in the acid, and thus, also present in the
amide, the cyclization requires more POCI3, longer reaction times, and higher reaction temperatures, because the
POCI; is known to react directly with the hydroxyl group of the phenol to produce phosphoryl halides. Reaction
side products of poly-phosphates and incomplete hydrolysis of the phosphate groups usually result in decreased
yields and difficult purification of the desired 3,4-dihydroisoquinoline products. Various protecting groups,
particularly ether protecting groups, have been used to reduce the above problems in this cyclization step.
However, use of these derivatives requires an additional synthetic step using harsh reagents and conditions to
produce the free phenol. Thus, a need still exists for a synthetic method that requires reduced amounts of
phosphorus oxychloride, lowered reaction times, reduced temperatures, simplified work-up and isolation, and does

not require additional harsh synthetic steps to remove a phenol protecting group.

SUMMARY OF THE INVENTION
[0005] Among the various aspects of the present invention is a process for the preparation of a 3,4-

dihydroisoquinoline corresponding to Formula 600 comprising treating an acid corresponding to Formula 300 with
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an amine corresponding to Formula 400. The 3,4-dihydroisoquinoline is produced without isolation or purification

of reaction intermediates. The chemical structures for Formulae 300, 400, and 600 are

O NH;
OH
Ry R12 R7
R, R4 R13 Re
R Rs
300 400

wherein R and Ry are independently hydrogen, hydrocarbyl, substituted hydrocarbyl, or -OR111; Rz Is hydrogen,
hydrocarbyl, substituted hydrocarbyl, halo, or -OR211; R3 is hydrogen, hydrocarbyl, substituted hydrocarbyl, or -
OR311; Rq is hydrogen, hydrocarbyl, substituted hydrocarbyl, halo, or -OR411; Rs and Rs are independently
hydrogen, hydrocarbyl, substituted hydrocarbyl, or -ORs11; Rs2 is hydrogen, hydrocarbyl, substituted hydrocarbyl,
halo, or -OR121; R13 is hydrogen, hydrocarbyl, substituted hydrocarbyl, halo, or -ORs11; R111 is hydrogen,
hydrocarbyl, or substituted hydrocarbyl; R211 is hydrogen, hydrocarbyl, -C(O)Rz12, -C(O)NHR213, or -SO2R214; Ra12,
R213, and Rai4 are independently hydrocarbyl or substituted hydrocarbyl; R3i1 is hydrogen, hydrocarbyl, -C(O)R312, -
C(O)NHR313, or -SO2R314; Ra12, R313, and R3y4 are independently hydrocarbyl or substituted hydrocarbyi; Ra11 is
hydrogen, hydrocarbyl, -C(O)Rus12, -C(O)NHRu413, or -SO2R414; Ra12, Ra13, and Rs14 are independently hydrocarbyl or
substituted hydrocarbyl; Rs11 is hydrogen, hydrocarbyl, or substituted hydrocarbyl; and Ri21 is hydrogen,
hydrocarbyl, or substituted hydrocarbyl.

[0006] Another aspect of the invention is a process for the preparation of an amide corresponding to
Formula 501 comprising treating an acid corresponding to Formula 301 with an amine corresponding to Formula

400. The chemical structures for Formulae 301, 400, and 501 are
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Rq3
O
Rs
N
H
R R12 Ry Rg
R, Ry
R3
502
- NH.
OH
R; Rq2 R7
R2 R4 R13 R6
R3 RS
301 400

wherein Ry, Rz, R3, Rs, Rs, Rg, Rz, Ri2, R13, Ri11, Ra11, Ra12, R213, Ra14, Ra11, Ra13, Rat1, Rat3, Rats, Rs11, and Riz1 are
defined above in connection with Formulae 300, 400, and 600; Ras12 is alkyl or aryl, provided, R412 is other than
methyl or phenyl; R312 is alkyl or aryl, provided, Rss2 is other than methyl or phenyl; R314 is alkyl or aryl, provided,
R314 is other than methyl; and wherein at least one of Rz, R3, or R4 is -OC(O)R212, -OC(O)NHR213, -OSO2R 214,
-OC(O)R312, -OC(O)NHR313, -OSO2R314, -OC(O)Ra12, -OC(O)NHR413, or -OSO2R414.

[0007] A further aspect of the invention is a process for the preparation of a 3,4-dihydroisoquinoline
corresponding to Formula 601 comprising treating an amide corresponding to Formula 501 with up to about 1

equivalent of POCls. The chemical structures corresponding to Formulae 501 and 601 are

Ri13
O
Rs

N

H
R Ri2 R, Rg
R, Rq

R3
501

wherein wherein Ri, Ry, R3, Rs, Rs, Rs, R7, Ri2, Ri3, R111, Ra11, Ra212, R213, R214, R311, R312, Ra13, Ra1, Rar2, Ra13, Rag,

Rs11, and Riz4 are defined above in connection with Formulae 300, 400, and 600; and wherein at least one of R,

R3, or Ra is -OC(O)R212, -OC(O)NHR213, -OSO2R214, -OC(O)R312, -OC(O)NHR343, -OSO2R314, -OC(O)R412, -
OC(O)NHRu13, or -OSO2R414.

[0008] Yet another aspect of the invention is a compound corresponding to Formula 502
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Ri3
O
Rs

N

H
R1 R12 R7 RG
R, R4

Rj3
502

wherein Ry, Ry, Rs3, Rs, Rs, Rs, R7, R12, R13, Ri11, Ra11, Ra12, R213, R214, Rat1, R313, Rat1, Rat3, Rata, Rsi1, and Rqz are
defined above in connection with Formulae 300, 400, and 600; Ra4i2 is alkyl or aryl, provided, Ra12 is other than
methyl or phenyl; R312 is alkyl or aryl, provided, R312 is other than methyl or phenyl; Ra14 is alkyl or aryl, provided,
R314 is other than methyl; and wherein at least one of Ry, R3, or Ry is -OC(O)R212, -OC(O)NHR213, -OSO2R214,
-OC(O)R312, -OC(O)NHR313, -OS02R314, -OC(O)R412, -OC(O)NHR413, or -OSO2R414.

[0009] A further aspect of the invention is a compound corresponding to Formula 602

wherein Ry, Ry, R3, R4, Rs, Rs, Rz, Ri2, Ri11, Ra11, Ra12, Ra13, Ra14, R311, R313, Rat1, Ra13, Rass, Rs11, and Rz are

defined above in connection with Formulae 300, 400, and 600; R43 is hydrogen, hydrocarbyl, substituted

hydrocarbyl, halo, or -OR131; Ra12 is alkyl or aryl, provided, Ra12 is other than methyl or phenyl; Rs12 is alkyl or aryl,

provided, Rai2 is other than methyl or phenyl; Rai4 is alkyl or aryl, provided, Rais Is other than methyl; Rizq Is

hydrogen, hydrocarbyl, or substituted hydrocarbyl; and wherein at least one of Rz, R3, or Rs is -OC(O)Ra12, -

OC(O)NHR213, -OSO2R214, -OC(O)R312, -OC(O)NHRa313, -OSO2R314, -OC(O)R412, -OC(O)NHR413, or -OSO2R414.
[0010] Other objects and features will be in part apparent and in part pointed out hereinafter.

DETAILED DESCRIPTION OF THE INVENTION

[0011] The present invention is directed to an improved synthetic method for preparing 3,4-
dihydroisoquinolines from a phenyl acetic acid derivative and an amine substituted benzene derivative. Among
the various aspects of the present invention is the preparation of various 3,4-dihydroisoquinolines (Formulae 600,
601, and 602) from the reaction of particular phenyl acetic acid derivatives (Formulae 300 and 301) with
phenethylamine derivatives (Formula 400). The reaction product of a phenyl acetic acid derivative and a

phenethylamine derivative is an amide compound (Formulae 500, 501, and 502). In the synthetic method of the
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invention, the amide formed can be isolated or the crude product can be further reacted to form a 3,4-
dihydroisoquinoline. Various phenyl acetic acid derivatives (Formula 301), amides (Formulae 501 and 502), and
3,4-dihydroisoquinolines (Formulae 601 and 602) of the invention are substituted with protecting groups to form
ester, amide, or sulfonate ester moieties in order to facilitate the synthetic reactions and the isolation of

Intermediates.
[0012] Generally, the synthetic scheme for the processes of the invention as described above are

depicted in Reaction Scheme 1 below.

O

NH,
OH
R R12 R7
+
R, R4 R13 Rs
Rs

400 \
Rq3

O
Rs
N
H
POCl; Ry R12 A
-~
R, R,
Rj3

500

600

Reaction Scheme 1

Each of these compounds and synthetic steps are described in more detail below.

3,4-Dihydroisoquinolines
[0013] As described above for Reaction Scheme 1, an aspect of the present invention is a process to

prepare 3,4-dihydroisoquinolines corresponding to Formula 600
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5
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600

wherein

R1 and Ry are independently hydrogen, hydrocarbyl, substituted hydrocarbyl, or -OR114;

Rz 1s hydrogen, hydrocarbyl, substituted hydrocarbyl, halo, or ~OR211;

R3 is hydrogen, hydrocarbyl, substituted hydrocarbyl, or —-OR311;

R4 is hydrogen, hydrocarbyl, substituted hydrocarbyl, halo, or -ORas11;

Rs and Rg are independently hydrogen, hydrocarbyl, substituted hydrocarbyl, or -ORs4;

Ri2 is hydrogen, hydrocarbyl, substituted hydrocarbyl, halo, or -OR2s;

Ri3 is hydrogen, hydrocarbyl, substituted hydrocarbyl, halo, or -ORs1;

Ri11 is hydrogen, hydrocarbyl, or substituted hydrocarbyl;

R211 is hydrogen, hydrocarbyl, -C(O)Ra12, -C(O)NHR213, or -SO2R214;

R212, R213, and Ra14 are independently hydrocarbyl or substituted hydrocarby;

R311 is hydrogen, hydrocarbyl, -C(O)R312, -C(O)NHR313, or -SO2R314;

Ra12, R313, and Rai4 are independently hydrocarbyl or substituted hydrocarbyi,

Rs11 is hydrogen, hydrocarbyl, -C{O)Ra12, -C(O)NHR413, or -SO2R414;

Ra12, Ra13, and Rasi4 are independently hydrocarbyl or substituted hydrocarbyi;

Rs11 is hydrogen, hydrocarbyl, or substituted hydrocarbyl; and

Ri21 is hydrogen, hydrocarbyl, or substituted hydrocarbyl.

[0014] In various embodiments, the 3,4-dihydroisoquinoline structure corresponds to Formula 601
wherein R1, Rz, R3, R4, Rs, Rs, Rz, Ri2, Ri3, Ri11, Ra11, R212, R213, Ra14, Ra11, Rarz, R313, R34, Rat1, Ra12, Ra3, Ratg,
Rs11, and Ri4 are defined as above for Formula 600; and wherein at least one of Ry, R3, or R4 is -OC(O)R212, -
OC(O)NHR213, -OSO2R214, -OC(O)R312, -OC(O)NHR313, -OSO2R314, -OC(O)R412, -OC(O)NHR413, or -OSO2R414.

[0015] In some of the various embodiments, the 3,4-dihydroisoquinoline structure corresponds to
Formula 602 wherein R1, Rz, R3, R4, Rs, Rs, R7, Ri2, R13, R111, Ra11, R212, R213, R214, R311, R313, Ra11, Ra13, Ra14, Rs11,
and Ri2; are defined as above for Formula 600; Ra12 is alkyl or aryl, provided, Ra12 is other than methyl or phenyl;
Ri12 is alkyl or aryl, provided, Rai2 is other than methyl or phenyl; Ra14 is alkyl or aryl, provided, R34 Is other than
methyl; and wherein at least one of Rz, R3, or Rs is -OC(O)R212, -OC(O)NHR213, -OSO2R214, -OC(O)R12,
-OC(O)NHR313, -OSO2R314, -OC(O)R412, -OC(O)NHR413, or -OSO2R414.
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[0016] Although R; is hydrogen, hydrocarbyl, substituted hydrocarbyl, halo, or —OR211, in some of the
various embodiments, R; is hydrogen or —ORz11. In some of these embodiments, Rz11 is hydrogen, alkyl, aryl, -
C(O)Ra12, -C(O)NHR213, or -SO2R214. Preferably, Ra11 is hydrogen, alkyl, or -C(O)R212 wherein Ra212 is alkyl or aryl.
More preferably, R211 is -C(O)R212 wherein R212 is methyl, ethyl, propyl, butyl, pentyl, hexyl, or phenyl. In some of
the various embodiments, Ra11 is -C(O)R212 wherein Rz is ethyl, propyl, butyl, pentyl, or hexyl.

[0017] Similarly, although R3 is hydrogen, hydrocarbyl, substituted hydrocarbyl, or -OR311, in some
embodiments, Rz is hydrogen or -OR341. In some of these embodiments, R3s1 is hydrogen, alkyl, aryl, -C(O)R312, -
C(O)NHR313, or -SO2R314. Preferably, R311 is hydrogen, alkyl, or -C(O)R312 wherein Rai2 is alkyl or aryl. More
preferably, R311 is -C(O)R312 wherein Rs3i2 is methyl, ethyl, propyl, butyl, pentyl, hexyl, or phenyl. In some of the
various embodiments, R34 is -C(O)R312 wherein R312 is ethyl, propyl, butyl, pentyl, or hexyl.

[0018] As noted above, R4 is hydrogen, hydrocarbyl, substituted hydrocarbyl, halo, or -OR411. In some
embodiments, R4 is hydrogen or —ORs11. In some of these embodiments, Rai1 is hydrogen, alkyl, aryl, -C(O)Ra13, -
C(O)NHRs13, or -SO2R414. Preferably, Ra11 is hydrogen, alkyl, or -C{O)R412 wherein Ras2 is alkyl or aryl. In some of
the various embodiments, Rai1 is -C(O)Ra12 wherein Rs12 is methyl, ethyl, propyl, butyl, pentyl, hexyl, or phenyl.
More preferably, Ras11 1s -C(O)R412 wherein Ras2 is ethyl, propyl, butyl, pentyl, or hexyl.

[0019] Further, Rg is hydrogen, hydrocarbyl, substituted hydrocarbyl, or -ORs11. In some embodiments,
Rs is hydrogen or —ORs11. In some of these embodiments, Rs11 is hydrogen, alkyl, or aryl. Preferably, Rs11 Is
hydrogen, methyl, ethyl, propyl, butyl, pentyl, hexyl, or phenyl; more preferably, methyl.

[0020] As noted above, Rz is hydrogen, hydrocarbyl, substituted hydrocarbyl, halo, or -OR121. In some
embodiments, R121s hydrogen, alkyl, alkenyl, aryl, aralkyl, or halo. Preferably, Ri2is hydrogen, alkyl, allyl, benzyl,
or halo.

[0021] In many of the various embodiments, Ry, Rs, Ry, and Ry3 are hydrogen.

[0022] In combination, among the preferred embodiments are 3,4-dihydroisoquinolines corresponding
to Formulae 600, 601, and 602 wherein Rz is hydrogen or -OR211 wherein Raz11 is hydrogen, alkyl, or -C(O)R212
wherein Rz12 is alkyl or aryl. In some embodiments, Rz is ethyl, propyl, butyl, pentyl, or hexyl. In these
embodiments, Rz is hydrogen or -OR311. In various preferred embodiments, R34 is hydrogen, alkyl, aryl, or -
C(O)Ra12, preferably, Ra11 is hydrogen, alkyl, or -C{(O)R312 wherein R312 is alkyl or aryl. In some of these
embodiments, Raiz is ethyl, propyl, butyl, pentyl, or hexyl. Further, R4 is hydrogen or —ORs11. In various
embodiments, Rai1 is hydrogen, alkyl, aryl, or -C(O)Ra12, preferably, Rs11 is hydrogen, alkyl, or -C(O)Ra12 wherein
Ra12 is alkyl or aryl. In some embodiments, Ra12 is methyl, ethyl, propyl, butyl, pentyl, hexyl, or phenyl.
Alternatively, Ras2 is ethyl, propyl, butyl, pentyl, or hexyl. Further yet, Rg is hydrogen or -ORs11. In some of these
embodiments, Rs1y is hydrogen, methyl, ethyl, propyl, butyl, pentyl, hexyl, or phenyl; preferably, methyl.
Additionally, Ri2is hydrogen, alkyl, allyl, benzyl, or halo. In many of these embodiments, Ry, Rs, R7, and Ry3 are

hydrogen.

Amides

[0023] As described in Reaction Scheme 1, an amide corresponding to Formula 500 has the structure
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Ri3
O
Rs

N

H
R; Ri2 R, Rg
R, R,

R3
500

wherein Ry, Ry, R3, R4, Rs, Rg, R7, R12, and Ry3 are defined as above in connection with Formula 600.

[0024] In some of the various embodiments of the invention, the amide corresponds to the structure of
Formula 501 wherein Ry, Ry, R3, Rs, Rs, Rg, R7, Rz, and Ry3 are defined as above in connection with Formula 600:
and wherein at least one of Ry, R3, or Rs is -OC(O)R212, -OC(O)NHR213, -OS02R214, -OC(O)R312, -OC(O)NHR313, -
OSO,R314, -OC(O)R412, -OC(O)NHR413, or -OSO;zR41a.

[0025] In somé of the various embodiments, the amide structure corresponds to Formula 502 wherein
Ri1, Rz, R3, Re, Rs, Rg, Ry, Rz, Ri3, Ri11, R211, Rarz, R213, Ra14, Ra1, R313, Rats, Ra13, Rats, Rs11, and Rz are defined
as above for Formula 600; Ra12 Is alkyl or aryl, provided, Rass2 is other than methyl or phenyl; R312 is alkyl or aryl,
provided, Ri12 is other than methyl or phenyl; R314 is alkyl or aryl, provided, R314 is other than methyl; and wherein
at least one of Ry, R3, or R4 Is -OC{O)R212, -OC(O)NHR213, -OS02R214, -OC(O)R312, -OC(O)NHR313, -OSO2R314,
-OC(O)R412, -OC(O)NHR413, or -OSO2R414.

[0026] Preferred substituent groups and preferred combinations of substituent groups for Ry, Rz, R3, Ry,
Rs, Rs, R7, R12, and Ry3 are detailed above in connection with Formulae 600, 601, and 602.

[0027] In many of the various embodiments, a compound of Formula 500 having a free phenol group
can be acylated or sulfonated to form a compound having a protected phenol group. For example, considering
compounds of Formulae 510 to 512 below, Compound 510 can be acylated or sulfonated to form Compounds 511
and 512. The acylation of Compound 510 can occur using various acylating agents in the presence of an amine
base. For example, acyl chlorides, anhydrides, pivaloyl chloride, or pivalic anhydride can be used to acylate
Compound 510 to form Compound 511. For Compound 511, Raa is alkyl or aryl. |n various preferred
embodiments for Compound 511, Rza is alkyl or aryl, provided it is other than methyl and phenyl. Further, for the
sulfonation of a compound of Formula 510, a variety of sulfonating agents can be used. For example,
methanesulfonyl chloride can be used in the presence of an amine base to produce Compound 512. The solvent
for the acylation or sulfonylation reactions can be selected from the group consisting of tetrahydrofuran, ethyl

acetate, propyl acetate, toluene, xylene, acetonitrile and combinations thereof.
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O
HO OCH, RZa)LO OCH,4 Oy .0 OCH;
OCH;, OCH; HiC" Xy OCH;
Compound 510 Compound 511 Compound 512

Carboxylic Acids
[0028] As described above in Reaction Scheme 1, carboxylic acids corresponding to Formula 300 have

the structure

O
OH
R1 Rq2
R2 R4
R3
300

wherein Ry, Rz, R3, Rs, and Ry; are defined as above in connection with Formula 600.

[0029] In some of the various embodiments of the invention, the carboxylic acid corresponds to the
structure of Formula 301 wherein Ry, Rz, R3, Rs, and Ry are defined as above in connection with Formula 600;
and wherein at least one of Ry, R3, or R4 is -OC(O)R212, -OC(O)NHR213, -OS02R214, -OC(O)R312, -OC(O)NHR313, -
OSO;R314, -OC(O)Ra12, -OC(O)NHR413, or -OSO2R414.

[0030] Preferred substituent groups and preferred combinations of substituent groups for R1, Rz, R3, Rs,
and Ri2 are detailed above in connection with Formulae 600, 601, and 602.

[0031] Compounds of Formula 300 and 301 are commercially available, and various esters,
carbamates, and sulfonate esters of Formula 301 can be prepared by reacting the free phenol compound with the
appropriate esterifying agent or amidation agent. For example, the following phenols (compounds of Formulae
310, 311, 312, and 313) correspond to the structures found below wherein Rz is alkyl, allyl, or benzyl, and Riz is
halo. These phenols can be converted to the acetate form by reaction with acetyl chloride or acetic anhydride with
or without the addition of a base. If a base is used, typical bases are selected from sodium acetate, potassium
carbonate, sodium carbonate, sodium bicarbonate, potassium bicarbonate, triethylamine, diisopropylethylamine,
dimethylaniline, N-methylmorpholine, pyridine, substituted pyridines (e.g., 4-dimethylamino pyridine) and

combinations thereof.
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[0032] In connection with Reaction Scheme 1, amines corresponding to Formula 400 are used in
various processes of the present invention
NH,

400

wherein Rs, Rs, Rz, and Ry3 are defined as above in connection with Formula 600.

[0033] Preferred substituent groups and preferred combinations of substituent groups for Rs, Rs, Ry,
and Ry3 are detailed above in connection with Formulae 600, 601, and 602.

[0034] Compounds of Formula 400 are available commercially. For example, various

methoxyphenethylamines and dimethoxyphenethylamines are available from Aldrich.

Reaction of a Carboxylic Acid and an Amine to produce a 3,4-dihydroisoquinoline

[0035] For the process of the present invention, the structures of the products (e.g., 3,4-
dihydroisoquinolines) and reactants (e.g., carboxylic acids and amines) are described above. This process of
treating an amine with a carboxylic acid can occur in one vessel without isolation of intermediates. In certain
embodiments, the coupling reaction of the carboxylic acid and amine is performed under anhydrous conditions.
These anhydrous conditions can be obtained, for example, by removal of water by distillation or by addition of a
water scavenging agent. Removal of water by distillation can occur at discrete time points during the reaction or it
can be continuous. For example, use of a Dean-Stark trap provides for continuous removal of water. Also, water
can be removed from the reaction mixture by contact with a water scavenger. The water scavenger may be added

separately from the other components of the reaction mixture or, alternatively, it may be pre-mixed with one of the
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components and the mixture is then combined with the remaining components. In general, the water scavenger is
preferably a composition that absorbs the water. Exemplary substances that absorb water include anhydrous
inorganic salts that form hydrates (e.g., magnesium sulfate), molecular sieves and the like.

[0036] In some of the various embodiments, the solvent comprises an aprotic solvent. For example,
particularly preferred solvents are xylene, toluene, acetonitrile, ethyl acetate, propyl acetate, tetrahydrofuran, and
combinations thereof. Depending on the starting materials and solvent, the temperature and time of the coupling
reaction can vary. For example, when a carboxylic acid containing an unprotected phenol moiety is coupled with
an amine in refluxing xylene (135°C to 145°C) with continuous removal of water by Dean-Stark trap, the coupling
reaction takes approximately 14 hours. In contrast, when a carboxylic acid containing a protected phenol moiety is
coupled with an amine in acetonitrile, the reaction is complete upon reaction for 1 hour at 50°C and an additional 1
hour at reflux (approximately 78°C). In some of the various embodiments, the temperature of the reaction is from
about 25°C to about 100°C; preferably, from about 40°C to about 90°C; more preferably, from about 50°C to about
80°C.

[0037] Once the coupling reaction of the carboxylic acid and the amine is complete, the amide
produced can be isolated (as described in more detail below) or the crude product can undergo a Bischler-
Napieralski cyclization by treatment with POCI; to produce the desired 3,4-dihydroisoquinoline. Preferably, during
the treatment with POCl3, anhydrous conditions are used. In certain embodiments of the present invention, up to
about 1 equivalent of POClI; is used to cyclize the amide to form the desired 3,4-dihydroisoquinoline. In some
embodiments, when about 0.5 equivalent POCI3 is used to cyclize the amide in refluxing toluene, the reaction time
s approximately 48 hours. In various embodiments, the carboxylic acid containing a protected phenol moiety is
combined with the POCI; and heated before it is contacted with a mixture containing the amine and an amine
base. This reaction mixture is then heated to 50°C for 1 hour and then to reflux in acetonitrile (approximately
78°C) for another hour.

[0038] In many of the various embodiments, a carboxylic acid with a protected phenol moiety is used in
the coupling reaction. The phenol moiety can be protected with a variety of labile protecting groups to form groups
such as esters, carbamates, and sulfonate esters. For example, the carboxylic acid reactants used in these
embodiments correspond to Formula 301 as described above. Use of these carboxylic acids having protected
phenol moieties provides advantages over use of corresponding carboxylic acids that are not protected with such
labile protecting groups. For example, the coupling reaction of the carboxylic acid and amine occurs at a lower
temperature and takes less time. Specifically, the reaction of 2-acetoxy-3-methoxyphenyl acetic acid with 2-
methoxyphenethylamine and POCI; to form the corresponding 3,4-dihydroisoquinoline takes 2 hours at 50-78°C as
compared to 14 hours at 140°C for the same reactants with the substitution of 2-hydroxy-3-methoxyphenyl acetic
acid for 2-acetoxy-3-methoxyphenyl acetic acid.

[0039] Also, the reaction work-up and isolation of products are improved when such phenol protected
carboxylic acids are used as starting materials. The 3,4-dihydroisoquinolines obtaind from the process using the

protected phenol group are obtained in higher yield. Upon reaction work up, addition of aqueous base removes
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the phenol protecting group and forms the salt. This salt precipitates (or crystallizes) at room temperature, thus
producing high quality crystals. A pH adjustment to approximately pH 5 or 6 converts the salt to the phenol.

Coupling Reaction of a Carboxylic Acid and an Amine to form an Amide

[0040] [n various embodiments, the amide intermediate (Formula 500, 501, and 502) is isolated before
reaction with POCl3 to form the desired 3,4-dihydroisoquinoline. Preferably, the amide intermediate isolated
corresponds to Formula 501 or 502. Amides corresponding fo Formula 501 and 502 have a phenol moiety
pratected with a labile profecting group as described above. The reaction conditions and solvents used for the
coupling reaction are described above. Generally, the amide can be isolated by washing with an aqueous acid
solution {e.g., HC!) and an aqueous salf solution {(e.g., NaCl} followed by removal of the reaction solvent.

Bischler-Napieralski Cyclization of an Amide to a 3,4-dihydroisoquinoline
[0041] When the amide corresponding to Formulae 500, 501, or 502 is isolafed, this isolated amide can
undergo a Bischler-Napieralski cyclization fo form a 3,4-dihydroisoquinoline by treatment of the amide with POCls,

| [0042] Generally, the reaction conditions for this cyclization and isolation and purification procedures for
the 3,4-dihydroisogquinoline product include an azeotropic distillation of the amide, POCI; addition and reaction,
distillation to remove toluene and excess POCls, and reaction work-up. In various embodiments, preferably, about
1,10 to about 5.0 equivalents of POCls are used. When fewer equivalents of POCls are used a higher temperature
(e.g., about 90°C} is needed. When more equivalents of POCI; are used a lower temperature (e.g., about 60°C} is
needed. Preferably, the reaction time is from about 2 to ahout 9 hours. The reaction progress is monitored by in
process liquid chromatography. This reaction is described in more detail in £xamples 3 and 4.

Uses of intermediates
[0043] The above-described synthesis stages are important in the preparation of morphinans and
analogs thereof. General reaction schemes for the preparation of morphinans are disclosed in U.S. Patent No.

4,368,326 to Rice. The morphinans and analogs
thereof (i.e., the morphinans contain an X group of N-(R17) or N*-(Ri7aRin)) of interest in the practice of the present
invention are opiate receptor agonists or antagonists and generally are compounds corresponding to Formula (24)
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(24)
wherein -Ag-A7-Ag-A1s- corresponds to Formulae (S), (T), (U), (V), (W), (X), (Y), or (Z)
i\s ir ie iu ie i? i\a im
RC: 8—0%4 C— C:C}l{%‘
R / I I I R/ | |
o1 R7 Ret  Ryq o1 R71 Re:

(S) (T)
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BN Yo Xy ow
CH—C C—C CH—C C—-—'C%

RY, | | | / | | |
i R "8t Ry Re1 R71 Re1  Rya
(U) (V)
7 8 A4
rror rPovor
}?\)CH-—-(I-:I c———c%ﬂ c—C c-——-—c%n
R61/ l ‘—_ ﬁi R62/| l I I
R74 Ras Res Ry Rga1  Ryg
(W) (X)
14 7 8 Aq4
O ORI

(Y) (£)
[0044] Ris and Ry, are independently hydrogen, substituted and unsubstituted acyl, alkenyl, alkoxy,

alkoxyaryl, alkyl, alkylamino, alkylthio, alkynyl, amino, aryl, arylalkoxy, carboalkoxy, carbonyl, carboxyalkenyl,
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carboxyalkyl, carboxyl, cyano, cyanoalkyl, cycloalkyl, cycloalkylalkyl, cycloalkylether, halo, haloalkoxy, haloalkyl,
heteroaryl, heterocyclic, hydroxyalkyl, hydroxy, protected hydroxy, or nitro;

[0045] R4 is hydrogen, acyloxy, hydroxy, or protected hydroxy;

[0046] Ry is hydrogen, alkyl, alkoxy, alkylenecycloalkyl, allyl, alkenyl, acyl, formyl, formyl ester,
formamide, or benzyl;

[0047] Ri7. and Rz, are independently hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, aryl, or benzyi;

[0048] Rig and Rig are independently hydrogen, substituted and unsubstituted acyl, alkenyl, alkoxy,
alkoxyaryl, alkyl, alkylamino, arylthio, alkylthio, alkynyl, amino, aryl, arylalkoxy, carboalkoxy, carboxyalkenyl,
carboxyalkyl, carboxyl, cyano, cyanoalkyl, cycloalkyl, cycloalkylalkyl, halo, haloalkoxy, haloalkyl, heteroaryl,
heterocyclic, hydroxyalkyl, hyd'roxy, or nitro, or Rig and Ryg together form keto;,

[0049] Rz is alkoxy, acyloxy, hydroxy, or protected hydroxy;

[0050] Re1 is alkoxy, acyloxy, hydroxy, or protected hydroxy;

[0051] Rs2 and Rs3 are independently hydrogen, alkyl, alkenyl, alkynyl, allyl, alkoxy, alkylthio, acyloxy, or
aryl, together form keto, or together with the carbon atom to which they are attached form a ketal, dithioketal, or
monoketal;

[0052] R71 and Rs; are independently hydrogen, hydrocarbyl, substituted hydrocarbyl, or halo; and

[0053] X is oxygen, sulfur, -S(O)-, -S(O3)-, -C(Rig)(R1g)-, -N(R17)-, or -N*(R17aR17)-.

[0054] In a particular embodiment, the products and intermediates produced according to the present

invention are useful in the preparation of a morphinan compound corresponding to Formula (24) wherein X is -
N(R17)- and Ry is defined as above.

[0055] For purposes of clarity, the carbon atoms of Formulae (S), (T), (U), (V), (W), (X), (Y), and (£)
corresponding to As, Az, As, and A4 of Formula (24), respectively, have been identified (by indicating with an arrow
which carbon atom corresponds to each). Further, squiggly lines have been included in Formulae (S), (T), (U), (V),
(W), (X), (Y), and (Z) to indicate the points of attachment to the polycyclic ring of Formula (24).

[0056] Exemplary morphinans that may be produced according to a variety of methods include, for
instance, nordihydrocodeinone (i.e., Formula (24) wherein Ry, Rz, and Ry, are hydrogen, R33 is methoxy, X is -
N(R17)-, and -As-A7-As-A1s- corresponds to Formula (Y) wherein Ri4 is hydrogen, Rs2 and Rg3 together form keto,
and Ry and Rgy are hydrogen) (which corresponds to Formula (241) below); dihydrocodeinone (i.e., Formula (24)
wherein Ry1 and Ry are hydrogen, R17 is methyl, R33 is methoxy, X is -N(R17)-, and -As-A7-Ag-A14- corresponds to
Formula (Y) wherein Ry4 is hydrogen, Re2 and Rg3 together form keto, and Ry1 and Rs; are hydrogen) (which
corresponds to Formula (242) below); noroxymorphone (i.e., Formula (24) wherein Ry1, R4z, and Ry, are hydrogen,
Ri3 is hydroxy, X is -N(R17)-, and -Ag-A7-Ag-A14- corresponds to Formula (Y) wherein Rq4 is hydroxy, Rs2 and Re3
together form keto, and R71 and Rss are hydrogen) (which corresponds to Formula (243) below); and salts,

intermediates, and analogs thereof.
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Definitions

[0057] The term “acyl,” as used herein alone or as part of another group, denotes the moiety formed by
removal of the hydroxyl group from the group COOH of an organic carboxylic acid, e.g., RC(O)-, wherein R is Ry,
R1O-, R1R2N-, or R1S-, R1 is hydrocarbyl, heterosubstituted hydrocarbyl, or heterocyclo, and R» is hydrogen,
hydrocarbyl or substituted hydrocarbyil.

[0058] [0043] The term "acyloxy," as used herein alone or as part of another group, denotes an acyl
group as described above bonded through an oxygen linkage ( O ), e.g., RC(O)O- wherein R is as defined in
connection with the term “acyl.”

[0059] The term “alkyl” as used herein describes groups which are preferably lower alkyl containing
from one to eight carbon atoms in the principal chain and up to 20 carbon atoms. They may be straight or
branched chain or cyclic and include methyl, ethyl, propyl, isopropyl, butyl, hexyl and the like.

[0060] The term “alkenyl” as used herein describes groups which are preferably lower alkenyl
containing from two to eight carbon atoms in the principal chain and up to 20 carbon atoms. They may be straight
or branched chain or cyclic and include ethenyl, propenyl, isopropenyl, butenyl, isobutenyl, hexenyl, and the like.

[0061] The term “alkynyl” as used herein describes groups which are preferably lower alkynyl
containing from two to eight carbon atoms in the principal chain and up to 20 carbon atoms. They may be straight
or branched chain and include ethynyl, propynyl, butynyl, isobutynyl, hexynyl, and the like.

[0062] The term “aromatic” as used herein alone or as part of another group denotes optionally
substituted homo- or heterocyclic aromatic groups. These aromatic groups are preferably monocyclic, bicyclic, or
tricyclic groups containing from 6 to 14 atoms in the ring portion. The term “aromatic” encompasses the “aryl” and
“heteroaryl” groups defined below.

[0063] The term "aryl" as used herein alone or as part of another group denote optionally substituted
homocyclic aromatic groups, preferably monocyclic or bicyclic groups containing from 6 to 12 carbons in the ring
portion, such as phenyl, biphenyl, naphthyl, substituted phenyl, substituted biphenyl or substituted naphthyl.
Phenyl and substituted phenyl are the more preferred aryl.

[0064] The terms "halogen® or "halo” as used herein alone or as part of another group refer to chlorine,
bromine, fluorine, and iodine.

[0065] The term “heteroatom” shall mean atoms other than carbon and hydrogen.

[0066] The terms "heterocyclo” or "heterocyclic” as used herein alone or as part of another group

denote optionally substituted, fully saturated or unsaturated, monocyclic or bicyclic, aromatic or non-aromatic
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groups having at least one heteroatom in at least one ring, and preferably 5 or 6 atoms in each ring. The
heterocyclo group preferably has 1 or 2 oxygen atoms and/or 1 to 4 nitrogen atoms in the ring, and is bonded to
the remainder of the molecule through a carbon or heteroatom. Exemplary heterocyclo groups include
heteroaromatics as described below. Exemplary substituents include one or more of the following groups:
hydrocarbyl, substituted hydrocarbyl, hydroxy, protected hydroxy, acyl, acyloxy, alkoxy, alkenoxy, alkynoxy,
aryloxy, halogen, amido, amino, cyano, ketals, acetals, esters and ethers.

[0067] The term "heteroaryl" as used herein alone or as part of another group denote optionally
substituted aromatic groups having at least one heteroatom in at least one ring, and preferably 5 or 6 atoms in
ealch ring. The heteroaryl group preferably has 1 or 2 oxygen atoms and/or 1 to 4 nitrogen atoms in the ring, and
is bonded to the remainder of the molecule through a carbon. Exemplary heteroaryls include furyl, benzofuryl,
oxazolyl, isoxazolyl, oxadiazolyl, benzoxazolyl, benzoxadiazolyl, pyrrolyl, pyrazolyl, imidazolyl, triazolyl, tetrazolyl,
pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, indolyl, isoindolyl, indolizinyl, benzimidazolyl, indazolyl, benzotriazolyl,
tetrazolopyridazinyl, carbazolyl, purinyl, quinolinyl, isoquinolinyl, imidazopyridyl and the like. Exemplary
substituents include one or more of the following groups: hydrocarbyl, substituted hydrocarbyl, hydroxy, protected
hydroxy, acyl, acyloxy, alkoxy, alkenoxy, alkynoxy, aryloxy, halogen, amido, amino, cyano, ketals, acetals, esters
and ethers.

[0068] The terms "hydrocarbon" and “hydrocarbyl” as used herein describe organic compounds or
radicals consisting exclusively of the elements carbon and hydrogen. These moieties include alkyl, alkenyl,
alkynyl, and aryl moieties. These moieties also include alkyl, alkenyl, alkynyl, and aryl moieties substituted with
other aliphatic or cyclic hydrocarbon groups, such as alkaryl, alkenaryl and alkynaryl. Unless otherwise indicated,
these moieties preferably comprise 1 to 20 carbon atoms.

[0069] The “substituted hydrocarbyl” moieties described herein are hydrocarbyl moieties which are
substituted with at least one atom other than carbon, including moieties in which a carbon chain atom is
substituted with a hetero atom such as nitrogen, oxygen, silicon, phosphorous, boron, sulfur, or a halogen atom.
These substituents include halogen, heterocyclo, alkoxy, alkenoxy, aryloxy, hydroxy, protected hydroxy, acyl,
acyloxy, nitro, amino, amido, nitro, cyano, ketals, acetals, esters and ethers.

[0070] Having described the invention in detail, it will be apparent that modifications and variations are

possible without departing from the scope of the invention defined in the appended claims.

EXAMPLES

[0071] The following non-limiting examples are provided to further illustrate the present invention.

Example 1: Preparation of Compound 511 from Compound 510

16



CA 02670834 2009-06-09

WO 2008/073390 PCT/US2007/025263
3 0
N CH;COCI
H NEt, N
THF
room temp O
HO OCH, T A .
OCHs oe 3
. H3
Chemical Formula: C1gH,{NO, Chemical Formula: CooH,2NOx
Exact Mass: 315.1 Exact Mass: 357 2
Molecular Weight: 315.4 Molecular Weight: 357.4
Compound 510 Compound 511

[0072] Into the reaction flask was placed Compound 510 (254.6 g, 0.81 moles, 1.0 eq) and anhydrous
tetrahydrofuran (THF, inhibitor free, 1.0L). After cooling the mixture to 0°C, triethylamine (89.86 g, 0.89 moles,
1.10 eq) was added dropwise. Then, acetyl chloride (66.54 g, 0.85 moles, 1.05 eq) was added dropwise while
maintaining the temperature below 10°C. The reaction mixture was warmed to room temperature and stirred until
the reaction was shown to be complete by HPLC monitoring. Generally, reaction time ranged from 1.0 to 4.0
hours. The reaction mixture was filtered and the filtrate was evaporated to a thick oil of the crude acetate. This
thick oil was dissolved in ethyl acetate (500 mL) and washed with 1.0M HCI (3 x 100 mL) and saturated NaCl (1 x
100 mL). After drying over anhydrous MgSQs, filtering, and evaporating the ethyl acetate, the crude Compound
511 was isolated as a thick oil. Yield = 89%. In various experiments, the reaction yield for this reaction ranged
from 85% to 98%.

[0073] Generally, 1.1 to 1.25 equivalents of NEt; (triethylamine) and 1.05 to 1.20 equivalents of acetyl
chloride are preferably used. Because of the aqueous work-up and wash with 1.0M HCI, excess acetyl chloride
and triethyl amine were removed during the work-up.

[0074] In various experiments, acetic anhydride or pivaloyl chloride was substituted for acety! chloride.

Example 2. Preparation of Compound 512 from Compound 510

O O
N CH5;SO,CI N
H NEt, H
THF
room temp
HO OCH3 —_— —_— 0\\ 0O OCH3
OCH; Hac"s\\o OCHj,4
Chemical Formula: C4gH31NO4 Chemical Formula: C1gH23NOgS
Exact Mass: 315.1 Exact Mass: 393.1
Molecular Weight: 315.4 Molecular Weight: 393.5
Compound 510 Compound 512
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[0075] Into the reaction flask was placed Compound 510 (40.60 g, 0.13 moles, 1.0 eq) and anhydrous
tetrahydrofuran (THF, inhibitor free, 300 mL). After cooling the mixture to 0°C, triethylamine (16.28 g, 0.16 moles,
1.25 eq) was added dropwise. Then, methanesulfonyl chloride (17.69 g, 0.15 moles, 1.15 eq) was added
dropwise while maintaining the temperature below 10°C. The reaction mixture was warmed to room temperature
and stirred until the reaction was shown to be complete by HPLC; approximately 4 hours, but for convenience, 14
hours. The reaction mixture was filtered and the filtrate was evaporated to a thick oil of crude Compound 512.
This thick oil was dissolved in ethyl acetate (100 mL) then washed with 1.0M HCI (3 x 100 mL) and saturated NaCl
(1 x 100 mL). After drying over anhydrous MgSQj, filtering, and evaporating the ethyl acetate, the crude
Compound 512 was isolated as a thick oil. Yield = 95%.

[0076] Generally, preferably, 1.1 to 1.25 equivalents of NEt; (triethylamine) and 1.05 to 1.20
equivalents of methanesulfonyl chloride are used. Because of the aqueous work-up and wash with 1.0M HC],
excess methane sulfonyl chloride and triethyl amine were removed during the work-up.

Example 3. Preparation of Compound 610 from Compound 511

I /\/O\
H,CO
” OChH; POCI,, toluene ‘
0 O ~N

A o

®
H.CO

Chemical Formula: C,gH>3NOs Chemical Formula: C,gH,1NOy4
Exact Mass: 357.2 Exact Mass: 339.1
Molecular Weight: 357.4 Molecular Weight: 339.4

Compound 511
NaOH, Hzo l
H3CO

H,CO
H*, H,0 ‘ ~N
HO NaO ‘
H,CO H,CO

Chemical Formula: C4gH1gNO3 Chemical Formula: C1gH1gNNaO3
Exact Mass: 297 .1 Exact Mass: 319.1
Molecular Weight: 297.3 Molecular Weight: 319.3
Compound 611 Compound 610

[0077] The crude Compound 511 (256.0 g, 0.72 moles, 1.0 eq) was dissolved in toluene (500 mL). A
short path distillation apparatus was affixed to the reaction flask. Under reduced pressure, approximately 250 mL

of reaction solvent was removed. After removing the vacuum and cooling the reaction flask to room temperature
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under inert atmosphere, phosphorus oxychloride (120.8 g, 0.79 moles, 1.1 eq) was added dropwise. The reaction
was warmed to 70°C and stirred for 2 hours. HPLC analysis showed complete reaction. The reaction was cooled
to room temperature, the addition funnel was removed, and the short path distillation apparatus was affixed.
Under reduced pressure, the reaction mixture was distilled to a thick oil. The reaction mixture was cooled to 0°C.
To the reaction flask, 300 mL distilled water and 300 mL methanol were slowly added. After stirring the reaction
mixture for 1 hour with fast stirring, 50% NaOH/ H2O solution (approximately 125 mL) was added until the pH was
maintained at 14. This mixture was stirred for 12 hours at room temperature. An off-white precipitate formed.
This solid was filtered and washed with 250 mL distilled water and 250 mL heptane. After drying at elevated
temperature, 225.2 g (98% yield) of Compound 610 was obtained.

[0078] In various experiments, the reaction yield ranged from 90% to 98%. Due to the distillation after
reaction, excess POCI; (BP: 106°C) was removed by distillation. During the work-up, NaOH was added to raise
the pH to about 14, thus resulting in Compound 610. Upon reducing the pH to 5 the phenol Compound 611 is

formed.

Example 4: Preparation of Compound 610 from Compound 512

i /\/©\ oo
OCH, POCI,, toluene ‘ 2

N
H
75C H
0 ®
OCH, SO2CH; H,CO
Chemical Formula: C1gH53NOgS Chemical Formula: C4gH>1NOsS
Exact Mass: 393.1 Exact Mass: 375.1
Molecular Weight: 393.5 Molecular Weight: 375.4

Compound 512
' AH, H,O
H,CO
e
NaO
H,CO ‘
Chemical Formula: C4gHsNNaO,

Exact Mass: 319.1
Molecular Weight: 319.3

Compound 610
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[0079] The crude Compound 512 (48.3 g, 0.12 moles, 1.0 eq) was dissolved in toluene (400 mL). A
short path distillation apparatus was affixed to the reaction flask. Under reduced pressure, approximately 150 mL
of reaction solvent was removed. After removing the vacuum and cooling the reaction mixture to room
temperature under inert atmosphere, phosphorus oxychloride (28.23 g, 0.18 moles, 1.5 eq) was added dropwise.
The reaction mixture was warmed to 50°C and stirred for 2 hours, followed by warming to 75°C and stirring for 4
hours. HPLC analysis showed complete reaction. The reaction mixture was cooled to 50°C, the addition funnel
was removed, and the short path distillation apparatus was affixed. Under reduced pressure, the reaction mixture
was distilled to a thick oil and cooled to 0°C. To the reaction flask, 100 mL distilled water and 100 mL methanol
was slowly added. After stirring the reaction for 1 hour with fast stirring, 50% NaOH/ HQO solution (approximately
25 mL) was added until the pH was maintained at 14. This mixture was stirred for 18 hours at room temperature.
An off-white precipitate formed. This solid was filtered and washed with 50 mL distilled water and 50 mL heptane.

After drying at elevated temperature, 32.2 g (82% yield) of Compound 610 was obtained.

Example 5: Preparation of Compound 510 from reaction of Compound 315 and Compound 410

O
CO,H
; H,N v
+ ——

OCHj OCH;

Compound 315 Compound 410 Compound 510
[0080] Compound 315 and xylene (3.5 mL/g of Compound 315) were added to a reactor equipped with

a mechanical stirrer and a Dean-Stark apparatus. Then, a solution of Compound 410 (0.85 g/g of Compound 315)
in xylene (1.5 mL/g of Compound 315) was added. The reaction suspension was heated at reflux for 14 hours
with collection of water (~0.1 mL/g of Compound 315). Further distillation removed 80% of the xylene (4.0 mL/g of
Compound 315). The remaining thick liquid was cooled to 70°C and ethyl acetate (4.0 mL/g of Compound 315)
followed by heptane (2.0 mL/g of Compound 315) was added at 70°C with good stirring. The resulting solution
was cooled to 15°C for 2.5 hours with stirring to give crystals. The solid was separated by filtration, washed with
ethyl acetate/heptane (1:1, 0.75 mL/g of Compound 315), washed with hexane (1.0 mL/g of Compound 315) and
dried under flowing air for 1 hour. Further drying under vacuum (20 inches) at 45°C for 20 hours gave the product

(Compound 510) as off-white crystals. The yield ranged from 90% to 95%.
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Example 6: Preparation of Compounds 611 and 612 from Cormpound 510

0
N | H,CO H,CO
& O 2N 0 ZN'H
>  HO . HO HoPO,.
HO OCH, ‘ ‘
OCHsg HaCO

H,CO

Compound 510 Compound 611 Compound 612

[0081] Compound 510, POCl3 {0.89 mLig of Compound 510) and acetonitrile (4.0 ml/g of Compound
510) were added to a reactor equipped with 2 mechanical sfirrer and a condenser. The reaction suspension was
stirred and heated to §0°C for 2 hours and then further heated to reflux for 1 hour followed by cooling to 25°C. The
resuifing solution was slowly added to water (4.0 mL/g of Compound 510) with stirring. The temperature of this
exothermic mixture was maintained below 70°C during the addition and then the mixture was heated to 70°C for
60 minutes after the addition was complete, The solution was treated with sodium Hydroxlde (50%, about 1.50 to
2.5 g /g of Compound 510) until the pH was between 4.2 and 4.8. Solvent (4.2 mLig of Compound 510) was
removed by distillation and water (3.2 mL/g of Compound 510) was added. The reaction mixttire was heated to
reflux for 6 hours and cooled to 75°C with good stirring. Acetonitrile (1.0 mLig of Compound 510) was added and
the pH was adjusted to about 4.4 to 4.6. The reaction mixture was heated to reflux for 30 minutes and cooled to
10°C with good stirring to form crystals. The solid was separated by filiration, washed with water (3 x 0.5 mLig of
Compound 510), and dried under vacuum {20 inches) at 60°C for 20 hours to give the product as a yellow crystals

(a mixture of 611 and 612).

Example 7: Preparation of Compound 611 from Compound 612

[0082] Water (2.33 ml/g of Compound 612), methanol (1.33 mL/g of Compound 612) and concentrated
hydrochloric acid (37%, 0.33 mL/g of Compound 612) were added to a flask equipped with a mechanical stirrer.
Compound 612 was added with stirring to form a soluion. The pH of the solution was adjusted to between 0.0 to
0.8 with concenirated hydrochloric acid or concentrated ammonium hydroxide. Activated carbon (0.10 g/g of

i
Compound 612) was added and the mixture was heated at 45°C for 30 minutes and filtered through a bed of celite
(0.10 g /g of Compound 613). The solid residue was washed with a hot solution of 0.5N hydrochlaric acid in

water/methanol {prepared by mixing 1N HCIH-0 with methanol in a volumetric ratio of 1:1, pH = 0.00 to 0.80)
three times (3 x 0.60 mL/g of Compound 612). The combined filirate and washes were added, dropwise, t0 a well

stirred solution of 28% ammonium hydroxide (2.00 mL/g of Compound 613) in water (2.00 mL/g of Compound
613) at 10°C to form a suspension (pH about 10). The pH was adjusted to about 8.0 to 10.0 with concentrated
hydrochloric acid or concetrated ammonlum hydroxide. The reaction mixture was stirred for another 2 hours at
100C and filtered. The solid was washed with water (3 x 0.67 mL/g of Compound 613), dried under vacuum (20
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inches) at 60°C for 20 hours to give the product as an off-white solid. The yield ranged from 85% to 90% based on
Compound 510.

Example 8: Preparation of Compound 611 from Compound 315 and Compound 410

[0083] A mixture of Compound 315 (24.4 g) and Compound 410 (20.2 g) was refluxed in p-xylene (75
mL) with the continuous removal of water using a Dean-Stark apparatus in an 165°C oil bath for 16 hours. Most of
the solvent was removed by distillation. The last trace of the solvent was distilled under reduced pressure (about
40 to 80 mmHg) in an oil bath maintained at 165°C. The mixture was then quickly cooled to 75°C to give a thick
liquid. Acetonitrile (200 mL) was added at that temperature to form a brownish solution followed by cooling to less
than 50°C. Phosphorus oxychloride (40 mL) was added dropwise. The mixture was stirred at less than 50°C for 2
hours and then was heated to reflux for 1 hour. The mixture was cooled to less than 50°C and added to water
(200 mL). The solution was treated with sodium hydroxide (50%) until the pH was 4.5 and then heated to reflux for
8 hours until hydrolyzed. Solvent was removed by distillation until the vapor temperature reached 95°C.
Acetonitrile (20 mL) was added and the solution was cooled to 5 to 10°C with vigorous stirring to form a solid. The
crude product was obtained as off white crystals after filtration in yields of 50-75%.

[0084] When introducing elements of the present invention or the preferred embodiments(s) thereof, the
articles "a", "an", "the" and "said" are intended to mean that there are one or more of the elements. The terms
"comprising”, "including” and "having" are intended to be inclusive and mean that there may be additional
elements other than the listed elements.

[0085] [n view of the above, it will be seen that the several objects of the invention are achieved and
other advantageous results attained.

[0086] As various changes could be made in the above methods and compositions without departing
from the scope of the invention, it is intended that all matter contained in the above description shall be interpreted

as illustrative and not in a limiting sense.

22



CA 02670834 2014-12-12

The embodiments of the present invention for which an exclusive property or privilege is claimed are

defined as follows:

process comprising treating an acid corresponding to Formula 300 with an amine corresponding to Formula 400
to form an amide intermediate under anhydrous conditions and at a temperature of about 25°C to about 100°C;

and, without isolation or purification of the amide intermediate, contacting the amide intermediate with POCls, in a

A process for the preparation of a 3,4-dihydroisoquinoline corresponding to Formula 600, the

reaction mixture, to form the 3,4-dihydroisoquinoline:

wherein:

-OR11;

-ORs11:

O NH,
OH
R, Rio R-
Ro R4 Ri3 Re
R3 F:‘.5
300 400

R1and Ry are independently hydrogen, hydrocarbyl, substituted hydrocarbyl, or

Rz is hydrogen, hydrocarbyl, substituted hydrocarbyl, halo, or -OR1;

R3 s hydrogen, hydrocarbyl, substituted hydrocarbyl, or -OR3¢1;

R4 1s hydrogen, hydrocarbyl, substituted hydrocarbyl, halo, or -ORs11;

Rs and R are independently hydrogen, hydrocarbyl, substituted hydrocarbyl, or

R12is hydrogen, hydrocarbyl, substituted hydrocarbyl, halo, or -OR121;

R13 s hydrogen, hydrocarbyl, substituted hydrocarbyl, halo, or -ORs:1;

Ri11Is hydrogen, hydrocarbyl, or substituted hydrocarbyl;

R211 18 hydrogen, hydrocarbyl, -C(O)R212, -C(O)NHR 213, or -SO2R214;

Ra12, R213, and Rxi4 are independently hydrocarbyl or substituted hydrocarbyt,
Ra1 IS hydrogen, hydrocarbyl, -C(O)Ra12, -C{OINHR313, or -SO2R314;

R312, Ra13, and Rau4 are independently hydrocarbyl or substituted hydrocarbyl,
Ra11 1S hydrogen, hydrocarbyl, -C(O)Ra12, -C(O)NHR 443, or -SO:Rs14;

Ra12, Ra13, and Ra1s are independently hydrocarby! or substituted hydrocarbyi,
Rs11 is hydrogen, hydrocarbyl, or substituted hydrocarbyl; and
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Ri21is hydrogen, hydrocarbyl, or substituted hydrocarbyl.

2. The process of claim 1, wherein:
R, is -OR1:
Ra11 1S hydrogen, alkyl, -C(O)Ra12, -C{O)NHR 13, or -SO2Rx14; and
R212, Rzt3, and Ry14 are independently alkyl or aryl.

3. The process of claim 1 or claim 2, wherein:
R31s -OR311;
Ra11 is hydrogen, alkyl, -C{O)R312, -C{O)NHR313, or -SO2R314; and
Rit2, R313, and R34 are independently alkyl or aryl.

4 The process of any one of claims 1 to 3, wherein:
R4 is -OR411;
Ra1118 hydrogen, alkyl, -C{O)Ra12, -C(O)NHR413, or -SOzR414; and
Ra12, Ra13, and Rai4 are independently alkyl or aryt.

5. The process of any one of claims 1 to 4, wherein Ri2 is alkyl, allyl, benzyl, or halo.

0. The process of any one of claims 1 to 5, wherein Rz12, Ra13, Ra14, R312, R313, R314, Rat2, Ra,

and R414 are methyl.

7. The process of cléim 1, wherein Rz is methoxy, Ra is hydroxyl, -C(Q)CHa,
-C(O)Ph, or -SO,CHj3, Rs is methoxy, and Ry, Ry, Rs, Ry, Ri2, and Ry3 are hydrogen.

8. The process of claim 1, wherein:
R2 1S -OR11:
Ra11 s hydrogen, alkyl, -C(O)Rx12, -C{O)NHR213, o1 -SO2R 214,
R212, R213, and R4 are independently alkyt or aryl;
R3 1S -OR311;
Ri11 is hydrogen, alkyl, -C(O)R312, -C(O)NHR313, or -SO2R314;
Rs12, Ra13, and Raqs are independently alkyl or aryl;
R4 18 -OR411;
Ras1 I hydrogen, alkyl, -C{O)Ra12, -C{O)NHR 13, or -SO2R414, and

Ra12, Rar3, and Re14 are independently alkyl or aryl.
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9. The process of claim 8, wherein Ry is alkyl, altyl, benzyl, or halo.

10. The process of claim 8 or claim 9, wherein Ra1z, Ra13, Ra14, Rat2, R313, R31a, Ra12, Ra13, and R
are methyl.

11. The process of claim 8, wherein Ry is alkyl, allyl, benzyl, or halo; and Ra12, R213, Ra14, R31z,

Ra13, R314, Ratz, Rat3, and Raig are methyl.

12. The process of any one of claims 1 to 11, wherein the amount of POCI3 used is up to 1

equivalent of POCI3 per equivalent of amide intermediate.

13. The process of claim 12, wherein the amide intermediate corresponds to Formula 500:
Ri3
O
RS

N

H
Ry Ri2 R, Ry
R, R,

Ra
500

wherein Ry, Ry, R3, R¢, Rs, Rs, R7, R12, and Ry3 are as defined in claim 1.

14. The process of any one of claims 1 to 13, wherein the temperature of the reaction mixture is
from about 40°C to about 90°C.

15. The process of any one of claims 1 to 14, wherein the yield 3,4-dihydroisoquinoline

corresponding to Formula 600 is at least 50%.

10. The process of any one of claims 1 to 14, wherein the yield 3,4-dihydroisoquinoline

corresponding to Formula 600 is at least 60%.

17. The process of any one of claims 1 to 14, wherein the yield 3,4-dihydroisoquinoline

corresponding to Formula 600 is at least 70%.

18. The process of any one of claims 1 to 17, wherein anhydrous conditions are obtained by
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removal of water from the reaction mixture by distillation.

19. The process of any one of claims 1 to 17, wherein anhydrous conditions are obtained by

addition of a water scavenging agent to the reaction mixture.

20. The process of any one of claims 1 to 19, conducted in the presence of an aprotic solvent.
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