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SINOMENINE DERIVATIVES AND PROCESSES FOR THEIR SYNTHESIS

FIELD OF THE INVENTION
(6002] The present invention generally relates to processes and intermediate compounds useful

for the production of sinomenine derivatives.

BACKGROUND OF THE INVENTION
[0003] Sinomenine, an alkaloid isolated from the root of Sinomenium acutum, has been reported

to possess anti-inflammatory, analgesic, blood pressure lowering, and anti-arrhythmia activities. Both the isolated
molecule and the S. acutum plant have been used clinically in China for the treatment of rheumatoid arthritis.
Although sinomenine relieves the symptoms of heumatoid arthritis, it has some undesirablé side effects. itis
possible, therefore, that compounds with structures related to sinomenine would be more effective clinically, while

having fewer untoward effecls.

SUMMARY OF THE INVENTION
{0004} One aspect of the invention encompasses a compound comprising Formula {1):
RS
O R
HCCHa
R‘I 0
R¢ R
R‘l %
Y.
R12
N g
RS P RS |
6 |
R | (1)
RT
wherain;

R is selected from the group consisting of hydrocarbyl and substituted hydrocarbyl:
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R% and R® are independently selected from the group consisting of hydrogen, halogen, OH, NH,
CN, hydrocarbyl, and substituted hydrocarbyi;

R*is selected from the group consisting of hydrogen, halogen, NHz, CN, hydrocarbyl, substituted
hydrocarbyl, and OR®*; - |

R#is selected from the group consisting of hydrogen and a bond that forms part of an ether-
containing fing;

RY and R° are independently selected from the group consisting of hydrogen, OH, NHa, SH,
hydrocarbyl, and substituted hydrocarbyl, wherein RS and R together may form a group selected from the
group consisting of =0, =NOH, =8, =CHR?%, and -O(CH2)20~;

RS2 s selected from the group consisting of hydrogen, halogen, hi'drocarbyl, 'and substituted
hydrocarbyi;

R7is selected from the group consisting of hydrogen and OR™,

R™ais selected from the group consisting of hydrocarbyl and substituted hydrocarbyl; |

R8 is selected. from the group consisting of hydrogen, hydrocarbyl, and substituted hydrocafbyl;

R® and R'¢ are independently selected from the group consisting of hydrogen, OH, NH,, SH, |
hydrocarbyl, and substituted hydrocarbyl, wherein R? and R together may form a group selected from the
group consisting of =0 and =S;

RY and R'2 are independently selected from the group consisting of hydrogen, OH, halogen,
hydrocarbyl, and substifuted hydrocarbyi;

Y is selected from the group consisting of alkyl, substituted alkyl, carbonyl, and alkyl carbony!;
m is an integer from 0 to 8; and '

—-- {$ & single bond or a douple bond.
{0005] An additional aspect of the invention encompasses a pracess for preparing a compound

comptising Formula 3. The process comprises contacting a compound comprising Formula 2 with a compound
selected from the group consisting of vinyl chloroformate and 1-chioroethyl chioroformate, followed by hydrolysis of
the reaction mixture in the presence of a proton danor or 2 proton acceptor to form the compound comprising

Formula 3 according to the reaction scheme:
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2
R3 | R‘!
=
Rg
i~ R4 \ . . Ra
NH
R3 RS
RS R6
O O
\ \
3
2
wherein

Rt, R?, R3, and R¢ are independently selected from the group consisting of hydrogen, halogen, OH,
NHz, CN, hydrocarbyl, and substituted hydrocarbyl;

R% and R® are independently selected from the group consisting of hydrogen, OH, NHz, SH,
hydrocarbyl, and substituted hydrocarbyl, wherein R and R8 together may form a group selected from the
group consisting of =0, =NOH, =S, =CHR?%, and ~O{CH,),0~; and

R s selected from the group consisting of hydrogen, halogen, hydrocarbyl, and substituted
hydrocarbyl; and |

R% and R® are independently selected from the group consisting of hydrogen, OH, NH;, SH,
hydrocarbyi, and substituted hydrocarbyl, wherein R? and RS together may form a group selected from the
group consisting of =0 and =S.

[0006) A further aspect of the invention provides a process for preparing a compound comprising
Formula 4. The process comprises contacting a compound having Formula 3 with a compound selected from the
group consisting of R7YX and R’Y to form the compound comprising Formula 4 according to the reaction scheme:
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R2

Rf
NH

R3 R

| g B

R4 | R

_w._% ”

- Y.
N
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Rs & RG
R
O

0\ \
4

3
wherein

R1, R2, R3, and R¢ are independently selected from the group consisting of hydrogen, halogen, OH,
NHa, CN, hydrocarbyl, and substituted hydrocarby!;

RS and R® are independently selected from the group consisting of hydrogen, OH, NHz, SH,
hydrocarbyl, and substituted hydrocarbyl, wherein R® and RS together may form a group selected from the
group consisting of =0, =NOHR, =S, =CHR%?, and -0{CH,},0-; and _

RSs is selected from the group consisting of hydrogen, halogen, hydrocarbyl, and substituted
hydrocarbyl,

R? is selected from the group consisting of hydrocarbyl and substituted hydrocarbyl;

R8 and R? are independently selected from the group consisting of hydrogen, OH, NHp, SH,
hydrocarbyl, and substituted hydrocarbyl, wherein R® and R® together may form a group selected from the
group consisting of =0 and =S;

A is halogen; and

Y is selected from the group consisting of alkyl, substituted alkyl, t_::arbonyl, and alkyi carbonvi;
[0007] An additional aspect of the invention provides a process for preparing a compound

comprising Formula §. The process comprises contacting a compound having Formula 4a with X to form the

compound comprising Formula 5 according to the reaction scheme:
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R2 R2
3 1 |
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wherein

R, R, R3, and R* are independently selected from the group consisting of hydrogen, halogen, CH,
NH», CN, hydrocarbyl, and substituted hydrocarbyi;

R’ s selected from the group consisting of hydrocarbyl and substituted hydrocarbyl;

R8 and R® are independently selected from the group consisting of hydrogen, OH, NHj, SH;'
hydrocarbyl, and substituted hydrocarbyl, wherein R8 and RS fogether may form a group selected from the
group consisting of =0 and =S;

X is halogen; and

Y is selected from the group consisting of alkyl, substituted alkyl, carbonyl, and alkyl carboﬁyl;‘
[0008] A turther aspect of the invention provides a precess for preparing a compound comprising

Formula 8. The process comprises contacting a compound having Formula 5a with a proton acceptor to form the

compound comprising Formula & according fo the reaction scheme:
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Q

5a 6
wherein

R}, R?, and R3 are independently selected from the group consisting of hydrogen, halogen, ORh,
NH,, CN, hydrocarbyl, and substituted hydrocarbyl;

Réis 'selected from the group consisting of OH and NHy;

R7 is selected from the group consisting of hydrocarbyl and substituted hydrocarby;

R® and R® are independently selected from the group consisting of hydrogen, OH, NHy, SH,
hydrocarbyl, and substituted hydrocarbyl, wherein R® and R°® together may form a group selected from the
group consisting of =0 and =S; and

X is halogen;

Y is selected from the group consisting of alkyl, substituted alkyl, carbonyl, and alky! carbonyl; and

Z is selected from the group consisting of {-}O{-} and {-}NH{-}.

{0009} Another aspect of the invention encompasses a process for preparing a compound
comprising Formuia 7. The process comprises contacting a compound having Formula 6 with a scavenger and a

proton donor to form the compound comprising Formula 7 according fo the reaction scheme:
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RZ
R3 R‘l Rz
/
| e
X RS
Y o

\/</QN Y

wherein

RY, R¢, and R3 are independently selected from the group consisting of hydrogen, halogen, OH,
NHo, CN, hydrocarbyl, and substituted hydrocarbyt;

R? is selected from the group consisting of hydrocarbyl and substituted hydrocarbyi;

R8 and R? are independently selected from the group consisting of hydrogen, OH, NHz, SH,
hydrocarbyl, and substituted hydrocarbyl, wherein R8 and R? together may form a group selected from the
group consisting of =0 and =S; |

Y Is selected from the group consisting of alkyl, substituted alkyl, carbonyl, and alkyl carbonyl; and

Z is selected from the group consisting of {-}O{-} and {-}NH{-}.

(0010} An additional aspect of the invention encompasses a process for prepa‘ration of
compound 7 according to the following reaction scheme:
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wherein:
R' is selected from the group consisting of hydrocarbyl and substituted hydrocarbyi;



CA 02709862 2015-05-13

R? and R® are independently selected from the group consisting of hydrogen, halogen, OH, NH,,
CN, hydrocarbyl, and substituted hydrocarbyl;

R* and RS are independently selected from the group consisting of hydrogen, OH, NH,, SH,
hydrocarbyl, and substituted hydrocarbyl, wherein R4 and RS together may form a group selected from the
group consisting of =0, =NOH, =S, =CHR%, and ~O(CHy)20-; |

R is selected from the group consisting of hydrogen, halogen, hydrocarbyl, and substituted
hydrocarby}; |

Ré is selected from the group consisting of hydrogen, hydrocarbyl, and substituted hydrocarby!;

R7 and R® are independently selected from the group consisting of hydrogen, OH, NHa, SH,
hydrocarbyl, and substituted hydrocarbyl, wherein R8 and R® together may form a group selected from the
group consisting of =0 and =S;

| X is halogen;

Y is selected from the group consisting of alkyl, substituted alkyl, carbonyl, and alky! carbonyl;
and

Z is selected from the group consisting of {-JO{} and {-JNH{-}.

0011] Other aspects and iterations of the invention are described in more detail below.

DETAILED DESCRIPTION OF THE INVENTION
(0012} The present invention provides processes and infermediate compounds for producing

sinomenine denvatives. These sinomenine derivatives may be more specific, more efficacious, and/or more potent
than sinomenine. Additionally, these sinomenine denvatives may have fewer side effects than sinomenine.

(i) Sinomenine Derivatives
10013] The sinomenine derivatives and intermediates that may be used {o make sinomenine

derivatives generally comprise formula (1}, (1a), (Ib), and (I¢}, as described below.

(a) compounds having Formula (l)
[0014] In one embodiment of the invention, the sinomenine derivative comprises formula (I):
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R3

O R?

HBC(CHz)m/ ~F

R? ()

wherein:
R'is selected from the group consisting of hydrocarbyl and substituted hydrocarbyl;

R?and R3 are independently selected from the group consisting of hydrogen, halogen, OH, NH,
CN, hydrocarbyl, and substituted hydrocarbyl;

R4 is selected from the group consisting of hydrogen, halogen, NHz, CN, hydrocarbyl, substituted
hydrocarbyl, and OR4;

Réa is selected from the group consisting of hydrogen and a bond that forms part of an ether-
containing ring;

R5 and RS are independently selected from the group consisting of hydrogen, OH, NHz, SH,
hydrocarbyl, and substituted hydrocarbyl, wherein R and RS together may form a group selected from the
group consisting of =0, =NOH, =S, =CHRS%, and ~O(CH3),0-;

R is selected from the group consisting of hydrogen, halogen, hydrocarbyl, and substituted
hydrocarbyl;

R’ is selected from the group consisting of hydrogen and OR’e;

R'2 is selected from the group consisting of hydrocarbyl and substituted hydrocarbyl;

RE is selected from the group consisting of hydrogen, hydrocarbyl, and substituted hydrocarby;

R? and R1? are independently selected from the group consisting of hydrogen, OH, NHz, SH,
hydracarbyl, and substituted hydrocarbyl, wherein R and R together may form a group selected from the
group consisting of =0 and =S§;

R and R!? are independently selected from the group consisting of hydrogen, OH, halogen,
hydrocarbyl, and substituted hydrocarbyl; |

Y is selected from the group consisting of alkyl, substituted alkyl, carbonyl, and alkyl carbonyi;

10
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m is an integer from 0 to 8; and
- ---=3 a single bond or a double bond.

[0015] In another embodiment, the compound comprises Formula {f), wherein:

R is selected from the group consisting of an alkyl group having from 1 to 8 carbon atoms, a viny!
group, an aryi group, cyclopropyl, cyclobuiyl, {}CH(CF3)z, {-}CH{CH3)CF3, {-}CH=CF; and {}CH.CF3;

R? is selected from the group consisting of hydrogen and halogen;

R3 is hydrogen:

R*is OR%; .

R4 is selected from the group consisting of hydrogen and a bond that forms part of an ether-
containing ring;

R> and R® are independently selected from the group consisting of hydrogen, OH, and NH,,
wherein R° and RE together may form =0;

R7 is as defined above;

R8, RS, R, R and R are each hydrogen;

Y is selected from the group consisting of {-}CHa{-} and {~}CO{-}; and

mis 0.

[0016] in a preferred alternative of this embodiment, R7 is OR" and R is selected from the
group consisting of alkyl and substituted alky! having from 1 to 8 carbon atoms. In an exemplary iteration of this
aternative, R’ is methyl.

10017] in a further embodiment, the compound comprises Formula (1), wherein:

Rl is cyclopropyl;

R? is halogen;

R3 is hydrogen;

R*is OR%; R4 is selected from the group consisting of hydrogen and a bond that forms part of an
ether-containing ring;

R® and R¥are independently selected from the group consisting of hydrogen, OH, and NH,
wherein R® and R° together may form =0;

R7 15 selected from the group consisting of hydrogen and OR72;

R™ is selected from the group consisting of alkyl and substituted alkyl having from 1 to 8 carbon
atoms; '

RE, R3, R0, RY1, and R2 are each hydrogen;

Y is selected from the group cunsisting of {-}CHa{-} and {-}CO{-}; and

m is 0.

11
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10018} For this embodiment, preferably, R? is bromide or chloride. In an exemplary altemative of
this embodiment, R7 is OR’ and R’2 is methyl.

(b} compounds having Formula {I3}
10019] In a further embodiment of the invention, the compound comprises Formula (la):

(la)

wherein;

R?is selected from the group consisting of hydrogen, halogen, OH, NHz, CN, hydrocarbyl, and
substituted hydrocarbyl;

R5 and Réare independently selected from the group consisting of hydrogen, OH, NH;, SH,
hydrocarbyl, and substituted hydrocarbyl, wherein R° and RE together may form a group selected from the
group consisting of =0, =NOH, =8, =CHR%3, and -O(CH3)-0-;

RS2 Is selected from the group consisting of hydrogen, halogen, hydrocarbyl, and substituted
hydrocarbyl;

R is selected from the group consisting of hydrogen and OR"s;

R72 is selected from the group consisting of hydrocarbyl and substituted hydrocarbyl;

R8 is selected from the group consisting of hydrogen, hydrocarbyl, and substituted hydrocarbyi;

R and R are independently selected from the group consisting of hydrogen, OH, NHg, SH,
hydrocarbyl, and substituted hydrocarbyl, wherein R®and R0 together may form a group selected from the
group consisting of =0 and =S;

Z is selected from the group consisting of {-JO{-}, {+}S{-}, and {-}NR{-}; and

—-- 1§ a 5ingle bond or a double bond.

12
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[0020] In an alternate embodiment, the compound comprises Formula (Ia), wherein:

R? s selected from the group consisting of halogen and hydrogen;

R> and RS are independently selected from the group consisting of hydrogen, OH, and NH; wherein
RS and RS together may form =0: '

R?is OR”2 and R72 is selected from the group consisting of alky! and substituted alkyi having from 1
to & carbon atoms;

RE, R3, and R'¢ are each hydrogen; and

Z 1S oxygen.
10021] In a preferred alternative of this embodiment, R? is halogen and R is methyl. Preferably,

the halogen is bromide or chioride.

(¢} compounds having Formula (ib)
10022] in still another embodiment, the compound comprises Formula (Ib):

O R?

RS  (Ib)

wherein:
R? is selected from the group consisting of hydrogen, halogen, OH, NH,, CN, hydrocarbyl, and

substituted hydrocarbyl;

R4 is selected from the group consisting of hydrogen, halogen, NHz, CN, hydrocarbyl, substituted
hydrocarbyl, and OR%. |

R% is selected from the group consisting of hydrogen and a bond that forms part of an ether-

containing ring;

13
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RS and RS are independently selected from the group consisting of hydrogen, OH, NH», SH,
~ hydrocarbyl, and substituted hydrocarbyl, wherein RS and R® together may form a group selected from the

group consisting of =0, =NOH, =8, =CHRS%2, and ~O(CH3)20-;

Rsa s selected from the group consisting of hydrogen, halogen, hydrocarbyl, and substituted
hydrocarbyl: |

R? is selected from the group consisting of hydrogen and OR’;

R7a is selected from the group consisting of hydrocarbyl and substituted hydrocarbyl; and

--—-is a single bond or a double bond.
in another embodiment, the compound comprises Formula {Ib), wherein:

R? is selected from the group consisting of hydrogen and halogen;

R# js ORsa;

Réa is selected from the group consisting of hydrogen and a bond that forms part of an ether-
containing nng; ‘

RS and Ré are independently selected from the group consisting of hydregen, OH, and NH wherein
RS and RS together may form =0; and

R? is OR% and R’z is selected from the group consisting of alkyl and substituted alkyl having from 1

to 8 carbon atoms.
[0023] in an exemplary alternative of this embodiment, R2 is halogen and R72 is methyl.

Preferably, the halogen is bromide or chioride.

(d) compounds having Formula (Ic)
10024} In yet another embodiment, the compound comprises Formula (Ic):

O R?

ON AN

14
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wherein;

R? is selected from the group consisting of hydrogen, halogen, OH, NHz, CN, hydrocarbyl, and
substituted hydrocarbyl;

R4 Is selected from the group consisting of hydrogen, halogen, NHz, CN, hydrocarbyl, substituted
hydrocarbyl, and OR?%;

R s selected from the group consisting of hydro'gen and a bond that forms part of an ether-
containing ring;

R® and R® are independently selected from the group consisting of hydrogen, OH, NMa, SH,
hydrocarbyl, and substituted hydrocarbyl, wherein RS and RS together may form a group selected from the
group consisting of =0, =NOH, =S, =CHR53, and ~O(CH,)z0-; and

R5 is selected from the group consisting of hydrogen, halogen, hydrocarbyl, and substituted
hydrocarbyl. |
in another aiternate embodiment, the compound comprises Formula (Ic), wherein:

R is selected from the group consisting of hydrogen and halogen;

R is OR%%;

R4 is selected from the group consisting of hydrogen and a bond that forms part of an ether-
containing ring; and |

R5 and RS are independently selected from the group consisting of hydrogen, OH, and NH;,
wherein R* and R together may form =0O.

[0025] In an exemplary iteration of this embodiment, R2 is halogen. Preferably, the halogen is

bromide or chloride.
(e) exemplary compounds

10026] Non-limiting examples of exemplary compounds having formula (1), (ia), (ib}, or {Ic) are

presented in Table A.

15
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~ ) ~__TABLEA
Compound No. - B Structure
3-1 | O
| / /
l ;
HO
HO |
O
\
9-1 O
] /
!
HO
NH» |
O
\\

16
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TABLEA _
ON A s
A
N/W
HO
N
’//,,C) X )
Y
-,
.
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TABLE A
12-1 O X
O
. |
N - |
O
| 13-1 O X
i / ‘
O
J
N
/ |
HO J
[@d27] . The compounds described above may have a () or (+) stereochemistry configuration, with

respect o the rotation of polarized light. More specifically, each chiral center may have an R or an S configuration.
[0028] For ease of discussion, the ring atoms of the core morphinan structure referenced herein
are numbered as follows:

18
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[0029] Carbons 13, 14, and 9 are chiral centers. Accordingly, the cénﬁg uration of a compound of
the invention having structure (1), (Ib), or (Ic) may be RRS, RSS, SRR, or SSR, with respect to C13, C14, and C9.
Likewise, the configuration of compounds 8-1 and 9-1 may be RRS, RSS, SRR, or SSR, with respect to C13, C14,
and C9. In exemplary embodiments, the configuration of compounds 8-1 and 9-1 may be (-)RSS.

10030] in sinomenine derivatives in which an ether-containing ring links carbons 4 and 5, there
are four chiral carbons, i.e., carbons 5, 13, 14, and 9. Thus, the configuration of compounds of the invention having
formula (la) may be RRRS, RRSS, SRRS, SRS ¢ RSRR, RSSR, SSRR, or SSSR, with respect fo C5, C13, C14, and
C9. Likewise, the configuration of compounds 10-1, 11-1, 12-1, and 13-1 may be RRRS, RRSS, SRRS, SRSS,
RSRR, RSSR, SSRR, or SSSR, with respect to C5, C13, C14, and C9. In exemplary embodiments, the configuration
of compounds 10-1, 11-1, 12-1, and 13-1 may be (+)SRSS.

[0031] The Invention also encompasses salts of any of the above-described compounds having

Formula (i), (la), (Ib), and {lc). Exemplary salts include without limitation hydrochloride, hydrobromide, phosphate,
sulfate, methansulfonate, acetate, formate, tartaric acid, maleic, malic, citrate, isocitrate, succinate, lactate,
gluconate, glucuronate, pyruvate, oxalate, fumarate, propionate, aspartate, glutamate, benzoate, methyl fluoride,
methyl chioride, methyl bromide, methyl iodide, and the like.

() Processes for Preparing Sinomenine Derivatives

10032] Another aspect of the invention provides processes for preparing the sinomenine
derivatives having Formula (1), (1a), (Ib), and (Ic) or intermediates that may be used in the production of sinomenine
derivatives. While it is envisioned that the synthetic routes described herein may be utilized to produce

(+/-)-sinomenine derivatives, in an exemplary aspect of the invention, the process encompasses the productioh of
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(+)-sinomenine derivatives. For purposes of illustration, Reaction Scheme 1 depicts production of compound 7 in

accordance with one aspect of the invention.
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wherein:

R' Is selected from the group consisting of hydrocarbyl and substituted hydrocarbyl;

R? and R3 are independently selected from the group consisting of hydrogen, halogen, OH, NH,,
CN, hydrocarbyl, and substituted hydrocarbyl: '

R*and RS are independently selected from the group consisting of hydrogen, OH, NHa, CN,
hydrocarbyl, and substituted hydrocarbyl; wherein R4 and RS together may form a group selected from the
group consisting of =0, =NOH, =S, =CHR52, and ~O{CH2),0-;

R is selected from the group consisting of hydrogen, halogen, hydrocarbyl, and substituted
hydrocarbyl;

RS is selected from the group consisting of hydrogen, hydrocarbyl, and substituted hydrocarby!:

R? and Re are independently selected from the group consisting of hydrogen, OH, NH,, SH,
hydrocarbyl, and substituted hydrocarbyl, wherein R? and R® together may form a group selected from the
group consisting of =0 and =S;

X is halogen;

Y is selected from the group consisting of alkyl, substituted alkyl, carbonyl, and alkyl carbonyl; and

Z is selected from the group consisting of oxygen, nitrogen and sulfur.

[0033] in an altemative of this embodiment, the constituents of the reaction comprise:

R 1s selected from the group consisting of an alkyl group having from 1 to 8 carbon atoms, a vinyi
group, an aryl group, cyclopropyl, cyclobutyl, {-}CH(CF3)z, {-}CH(CH3)CF5, {}CH=CF;, and {-JCH:CF3,

R? and R? are independently selected from the group consisting of hydrogen, halogen, OH, NH,
CN, acyi, alkyl, alkenyl, aryl, alkoxyl, and alkylamino;

R* and R® are independently selected from the group consisting of hydrogen, OH, and alkoxyl,
wherein R* and RS together may form a group selected from the group consisting of =0, =NOH, and ~
O(CH2)20-;

R® is selected from the group consisting of hydrogen and alkyl;

R” and RS9 are independently selected from the group consisting of hydrogen, OH and NH», wherein
R7 and R® together may form =0; '

X is selected from the group consisting of bromide and chloride;

Y 1s selected from the group consisting of {-}JCHx{-} and {~}CO{-}; and

Z 1S oxygen.

[0034] in a further iteration of this alternative, R1 is cyclopropyl; R? is hydrogen; R3is {
}O(CH2)mCHa; R* and RS together form =0; RS, R7, and R® are each hydrogen; and m is from 0 to 8. In an exemplary

iteration, X is bromide and mis G.
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{a) Step A: conversion of compound 2 to compound 3

(0035] In Step A of the process, the substrate, compound 2, is contacted with either vinyl
chloroformate or 1-chioroethyl chioroformate, followed by hydrolysis of the reaction mixture in the presence of gither
a dilute solution of a proton donor or a proton acceptor to form compound 3.

[0036] The reaction may be conducted in the presence of a solvent. The solvent may be an
aprotic solvent. Non-limiting examples of aprotic solvents include ether solvents, acetone, acetonitrile, benzene,
diethoxymethane, N,N-dimethylformamide (DMF), dimethyl sulfoxide (DMSQ), N,N-dimethylpropionamide, 1,3-
dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (DMPU), 1,3-dimethyl-2-imidazotidinone (DMI), 1,2-dimethoxyethane
{DME), dimethylacetamide (DMAC), N-methylpyrrolidinone (NMP), ethyl acetate, ethyl formate, ethyl methy! ketone,
formamide, isobutylmethylketone, hexamethylphosphoramide, methyl acetate, N-methylacetamide, N-
methylformamide, methylene chioride, nitrobenzene, nitromethane, propionitrile, sulfolane, tetramethylurea,
tetrahydrofuran (THE), toluene, trichloromethane. in a preferred embodiment, the aprotic solvent may be
dimethylformamide, dimethyl sulfoxide, dioxane, formamide, or N-methylacetamide.

{0037] The weight ratic of aprotic solvent to compound 2 may range from about 1:1 to about
20:1. In one embodiment, the weight ratio of solvent to compound 2 may range from about 1:1 fo about 3:1. In
another embodiment, the weight ratio of solvent to compound 2 may range from about 6:1 to about 12:1. In stil
another embodiment, the weight ratio of solvent to compound 2 may range from about 12:1 to about 20:1. In a
preferred embodiment, the weight ratio of solvent to compound 2 may range from about 3:1 o about 6:1.

[0038] The reaction mixture is typically then treated with a dilute solution of proton donor or
proton acceptor to form compound 3. In general, the proton donor has a pKa less than about 6. Suitable proton
donors include, but are not limited fo, HOAc, HCO:H, H2C O3, MeSOsH, poly HaPOs, HaPO4, HaSOq4, HCY, HBr, HI,
CF3S03H, and p-methylfoluenesulfonic acid. The proton acceptor typically has a pKa between about 7 and abbut 13.
Suitable proton acceptors having this characteristic include borate salts (such as, for example, NaBQO3}, di- and tri-
basic phosphate salts (such as, for example, Na;HPO4 and NazPQ;s, and the like), bicarbonate salts (such as, for
example, NaHCQOs, KHCC;, LiCO;3, and the like), carbonate salts {such as, for example, NazCO3, K2CO3, Li2CO3, and
the like), organic bases {such as, for example, pyridine, triethylamine, diisopropylethylamine, N-methylmorphaline,
N,N-dimethylaminopyridine), and mixtures of any of the above. In a preferred embodiment, the proton acceptor may
be NaHCQO3;, KHCQ;, LiCO3, NaxCOs, KoCOs, Li,CCs, or a mixture thereof. In an exemplary embodiment, the proton

acceptor may be NaHCOQ;.
[0039] The amount of the reactants contacted with compound 2 can and will vary. Typically, the

weight ratio of compound 2 {o vinyl chloroformate or 1-chloroethyl chloroformate to proton donor or proton acceptor
may range from about 1:2:1 to about 1:20:20. In one embodiment, the weight ratio of compound 2 to vinyl
chloroformate or 1-chloroethyl chioroformate fo proton donor or proton acceptor may range from about 1:2:1 to about
1:4:4. In another embodiment, the weight ratio of compound 2 to vinyl chloroformate or 1-chioroethyl chloroformate
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to proton donor or proton acceptor may range from about 1:4:4 to about 1:10:10. In still another embodiment, the
weight ratio of compound 2 {o vinyl chloroformate or 1-chloroethyl chloroformate to proton donor or proton acceptor
may range from about 1:10:10 to about 1:20:20. in a preferred embodiment, the weight ratio of compound 2 to vinyl
chloroformate or 1-chloroethyl chloroformate to proton donor or proton acceptor may range from about 1:3:3 to about
1:12:12 |

(0040} The reaction may be conducted at a temperature that ranges from about 50°C to about
120°C. In one embodiment, the temperature of the reaction may range from about 100°C to about 120°C. In an
alternate embodiment, {he temperature of the reaction may range from about 80°C {o about 100°C. Ina preferred
embodiment, the temperature of the reaction may range from about 50°C {o about 80°C. The reaction is preferably
performed under ambient pressure, and preferably in an inert atmosphere {e.g., nitrogen or argon).

[0041] Typically, the reaction is allowed to proceed for a sufficient period of time until the reaction
is complete, as determined by chromatography (e.g., HPLC). In this context, a "completed reaction® generally means
that the reaction mixture contains a significantly diminished amount of compound 1 and a significantly increased
amount of compound 2 compared to the amounts of each present at the beginning of the reaction.

10042] The yield of compound 3 may vary. Typically, the yield of compound 3 may range from
about 40% to about 70%. In one embodiment, the yield of compound 3 may range from about 46% to about 50%. In
another embodiment, the yield of compound 3 may range from about 50% to about 60%. In stilf another
embodiment, the yield of compound 3 may range from about 60% to about 70%.

(b) Step B: conversion of compound 3 to compound 4

{0043] In Step B of the prdcess, compound 3 is alkylated with R'YX or undergoes reductive
amination with R'Y to form compound 4. R', Y, and X are as defined above. Preferably, Y is -CHy- or -CHO. The
process compnses contacting compound 3 with either R7YX or R7Y to form compound 4.

[0044) The reaction may be conducted in the presence of a solvenf. The solvent may be an
aprotic solvent. Sultable aprotic solvents are as described in Step A of the process. In general, the weight ratio of
solvent to compound 3 may range from about 1:1 to about 20:1. In one embodiment, the weight ratio of solvent to
compound 3 may range from about 1:1 to about 4:1. in an alternate embodiment, the weight ratio of solvent to
compound 3 may range from about 4:1 to about 20:1.

[0045) The amount of RYYX or R'Y contacted with compound 3 may vary. In general, the weight
ratio of compound 3 fo R'YX or RYY may range from about 1:1 to about 1:3. In one embodiment, the weight ratio of
compound 3 to R'YX or R1Y may range from about 1:1 to about 1:2. In another embodiment, the weight ratio of
compound 3 to RYYX or RTY may range from about 1:2 to about 1:3. In a preferred embodiment, the weight ratio of

compound 3 to R'YX or R'YY may range from about 1:1.1 to about 1:1.5.
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(0046] The temperature of the reaction may range from about 20°C to about 1({0"0. In one
embodiment, the temperature of the reaction may range from about 20°C o about 40°C. In another embodiment,
the temperature of the reaction may range from about 40°C to about 70°C. In still another embodiment, the
temperature of the reaction may range from about 70°C to about 100°C. The reaction is preferably performed under
amblent pressure, and preferably in an inert atmosphere (e.g., nitrogen or argon).

[0047] The reaction is typically allowed to proceed ior a sufficient period of fime until the reaction
is complete, as determined by a technique, such as chromatography, well known in the art. In general, the yield of
compound 4 may range from about 60% to about 80%. in one embodiment, the yield of compound 4 may range from
about 60% fo about 70%. {n another embodiment, the vield of compound 4 may range from about 70% fo about
80%.

(c} Step C: conversion of compound 4 to compound 5

10048] In Step C of the process, compound 4 is contacted with X3 to form compound 5. Xz is as '
defined above.

[0049] The reaction may be conducted in the presence of a solvent. The solvent may be an
organic soivent. Suitable organic solvents include, but are not limited o, alkane and substituted alkane soivents
(including cycloalkanes), aromatic hydrocarbons, esters, ethers, ketones, combinations thereof, and the like. Specific
organic solvents that may be employed, include, for example, acetonitrile, benzene, butyl acetate, t-butyl
methylether, t-butyl methylketone, chlorobenzene, chioroform, chioromethane, cyclohexane, dichloromethane,
dichloroethane, diethyl ether, ethyl acetate, fluorobenzene, heptane, hexanes, iscbutylmethylketone, isopropyl
acetate, methylethylketone, methyltetrahydrofuran, pentyl acetate, n-propyl acetate, tetarhydrofuran, toluene,
combinations thereof, and the like. In a preferred embodiment, the organic solvent may be benzene, chioroform,
diethyl ether, ethyl acetate, heptane, hexane, or toluene.

10050] in general, the weight ratio of organic solvent to compound 4 may range from about 5:1 to
about 50:1. In one embodiment, the weight ratio of organic solvent to compound 4 may range from about 5:1 to

about 20:1. In another embodiment, the weight ratio of organic solvent to compound 4 may range from about 20:1 to

about 50:1.
[0051] Generally speaking, about 2 molar equivalents of X; are contacted with compound 4. In

one embodiment, the weight ratio of compound 4 to X, may range from about 1:2 to about 1:2.5. in a preferred

embaodiment, the weight ratio of compound 4 to Xz may be about 1:2.1,
10052] Optionally, in one embodiment, a base may be added to the reaction of Step C.

- Generally, the base is a liquid at the temperature at which the reaction is conducted. For example, triethylamine is
one such suitable base. Itis generally believed, without being bound by theory, that the addition of a base to Step C
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may neutralize the acid formed (e.q., hydrogen bromide when X is bromide) so that the acid is prevented from
reacting with reactants or products. In a further optional embodiment, a halogen scavenger may be added. For
example, when the halogen is bromineg, a bromine scavenger such as 2,3-dimethyl-1,3-butadiene may be added.

10053] The temperature of the reaction may range from about -30°C to about 0°C, and more
preferably from about -20°C to about -5°C. In one embodiment, the temperature of the reaction may range from
about -20°C to about -10°C. In another embodiment, the temperature of the reaction may range from about -10°C to
about -5°C. The reaction is preferably performed under ambient pressure, and preferably in an inert atmosphere
(e.g., nitrogen or argon). .

[0054] The reaction is typically allowed to proceed for a sufficient period of time until the reaction
is complete, as determined using standard techniques. The yield of compound 5 may vary, depending upon the .
reaction conditions. In general, the yield of compound 5 may range from about 20% to about 70%. In one
embodiment, the yield of compound 5 may range from about 20% to about 40%. in an alternate embodiment, the
yield of compound 5 may range from about 40% to about 60%. In another alternate embodiment, the yield of

compound 5 may range from about 60% to about 70%.

(d) Step D: conversion of compound 5 to compound 6

[0055) Step D of the process involves a ring closure reaction. The process comprises contacting
compound & with a proton acceptor to form compound ©.

10056} The reaction may be conducted in the presence of a solvent. The solvent may be an
aprotic solvent, a profic solveni, or a mixture thereof. Suitable aprotic solvents are as described in Step A of the
process. Non-limiting examples of suitable protic solvents include methanol, ethanol, isopropanol, n-propanol,
isobutanol, butanol, n-butanol, formic acid, acetic acid, and water. In one embodiment, the solvent may be an
aprofic solvent or a combination thereof. In another embodiment, the solvent may be a protic solvent or a
combination thereof. In still another embodiment, the solvent may be a solvent system in that it comprises a
combination of aprotic solvent(s) and protic solvent(s).

| [0057] Typically, the weight ratio of solvent or solvent system to compound 5 may range from
about 5:1 to about 50:1. In one embodiment, the weight ratio of solvent or solvent system t¢ compound 5 may range
from about 5:1 to about 20:1. In another embodiment, the weight ratio of solvent or solvent system to compound 5
may range from about 20:1 fo about 50:1.

[0058] In general, the proton acceptor used in this step has a pKa greater than about 12. Non-
limiting examples of suitable proton acceptors having this characteristic include hydroxides of alkali metals and
alkaline earth metals (such as, for example, NaOH and Ca({OH), and the like}, as well as group 1 salts of carbanions,

amides, and hydrides (such as, for example, butyl lithium, sodium amide (NaNH,), sodium hydride (NaH), and the
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like). In a preferred embodiment, the proton acceptor may be NaOH, KOH, LiOH, Ca(OH)z or NaH. in an exemplary

embodiment, the proton accepior may be NaOH.

[0058] The amount of proton acceptor added to the reaction is generally enough to keep the pH
of the reaction mixture about 13 or higher. Typically, the weight ratio of compound 5 to proton acceptor may range
from about 1:1.5 to about 1:20. In one embodiment, the weight ratio of compound 5 to p%oton acceptor may range
from about 1:1.5 to about 1:5. In another embodiment, the weight ratio of compound 5 to proton acceptor may range

from about 1.5 to about 1,20.
10060} The temperafure of the reaction may range from about -30°C to about 0°C, and more

preferably from about -20°C 1o about -5°C. In one embodiment, the temperature of the reaction may range from
about -20°C to about -10°C. n another embodimeny, the temperature of the reaction may range from about -10°C to
about -5°C. The reaction is preferably performed under ambient pressure, and preferably in'an inert atmosphere
(e.g., nifrogen or argon). |

[0061] The reaction is typically allowed to proceed for a sufficient period of time until the reaction
is complete, as determined using techniques known to those of skilf in the art. The yield of compound 6 made from
compound 5 may vary, depending upon the reaction conditions. In general, the yield of compound 6 may range from
about 70% to about 95%. In one embodiment, the yield of compound 6 may range from about 70% to about 80%. In
another embodiment, the yield of compound 6 may range from about 80% to about 30%. In yet another embodiment,

the yield of compound 6 may range from about 90% to about 95%.

(e} Step E: conversion of compound 6 fo compound 7

10062] In Step E of the process, compound 6 is contacted with a scavenger and a proton dbnor
to form compound 7.

[0063] The reaction may be conducted in the presence of a solvent. The solvent may be an
aprotic solvent, as detailed above in Step A of the process. Typically, the weight ratio of solvent or solvent system to
compound 6 may range from about 5:1 o about 50:1. In one embodiment, the weight ratio of solvent or solvent
system to compound 6 may range from about 5:1 to about 20:1. in another embodiment, the weight ratio of solvent

or solvent system to compound 6 may range from about 20:1 to about 50:1. |
[0064]} Typically, the scavenger is an alcohol scavenger. The alcohot may have from about one

to about eight carbon atoms. In an exemplary embodiment, the alcohol scavenger is a methanol scavenger. Non-
limiting examples of suitable alcoho! scavengers include P05, POCH;, POBr, PCls, SOCIz, SOBrR, MeSO:L,
(MeS0O2)20, SOs, (CF3S0,)20, and (CF3C0),0. In a preferred embodiment, the alcohol scavenger may be POCh.
[0065] The proton donor generally has a pKa less than about 0. Suitable proton donors having
this characteristic include, but are not limited to, MeSOsH, poly HaPOs, H3PO4, HaSO;s, HCI, HBr, HCIO4, 1I, HNO;,
CF3SOsH, p-methyltoluenesutfonic acid, HCIO;, HBrOs, HIO;, and HIOs. In a preferred embodiment, the proton
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donor may be MeSO3H, poly HsPOs, HiPQs, H2S04, HCI, HBr, CF3SO3H, and p-methyitoluenesulfonic acid. In a
preferred embodiment, the proton donor may be MeSO3H,

[0060] in general, the weight ratio of compound 6 to scavenger to proton donor is from about
1:0.5:2 to about 1:2:20. In one embodiment, the weight ratio of compound 6 to scavenger to proton donor is from
about 1:0.5:2 to about 1:1:5. In an alternate embodiment, the weight ratio of compound 6 to scavenger to proton
donor is from about 1:1:5 {o about 1:2:20,

[0067] The temperature of the reaction may range from about 0°C to about 100°C, and more
preferably from about 20°C to about 45°C. In one embodiment, the temperature of the reaction may range from
about 20°C to about 35°C. In another embodiment, the temperature of the reaction may range from about 35°C to
about 45°C. The reaction is preferably performed under ambient pressure, and preferably in an inert atmosphere
(e.g., nitrogen or-argon). |

(0068] The reaction is typically allowed to proceed for a sufficient period of ime until the reaction
is complete, as determined using standard techniques. The vield of compound 7 generally will range from about 20%
to about 60%. In one embodiment, the yield of compound 7 may range from about 20% to about 40%. In another
embodiment, the yield of compound 7 may range from about 40% to about 50%. In yet another embodiment, the
yield of compound 7 may range from about 50% to about 60%. '

{f} preparation of exemplary compounds

[0069] Compound 7 and certain intermediate compounds, such as compounds 4 and 6, depicted
in Reaction Scheme 1 may be utilized to prepare one or more sinomenine derivative compounds having formula ([),
(Ia), (Ib), or (Ic). By way of non-limiting example, compounds 4, 6, and 7 may be reduced to form compounds 8-1,
10-1, and 13-1, respectively. A variety of reducing approaches may be employed including, for example, chemical
reduction, catalytic reduction, and the like. Representative reducing agents for use in chemical reduction include
hydrides (e.g., hydrogen iodide, hydrogen sulfide, lithium aluminum hydride, sodium borohydride, sodium
cyanoborohydride, and the like), or combinations of a metal {e.g., tin, zinc, or iron) or a metal compound (e.g.,

chromium chloride, chromium acetate, and the like) with an organic or inorganic acid (e.g.. formic acid, acetic acid,

propionic acid, trifluoroacetic acid, p-toluenesulfonic acid, hydrochloric acid, and the like), samarium iodide, and
others. In an exemplary embodiment, the reducing agent may be sodium borohydride (NaBHs). Representative
reducing agents for use in catalytic reduction methods with hydrogen include commonly used catalysts such as, for
example, platinum catalysts {e.g., platinum black, colloidal platinum, platinum oxide, platinum plate, platinum sponge,
platinum wire, and the like), palladium catalysts (g.g., palladium black, paliadium on barium carbonate, palladium on
barium sulfate, colloidal pafladium, palladium on carbon, palladium hydroxide on carbon, palladium oxide, palladium
sponge, and the like), nickel catalysts {e.g., nickel oxide, Raney nickel, reduced nickel, and the like), cobalt catalysts
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™ ™ | : .
(e.g. Raney  cobalt, reduced cobalt, and the like), iron catalysis (e.g., Raney  iron, reduced iron, Ullmann iron, and

the like), and others. For the preparation of compounds 8-1 and 10-1, a combination of chemical and catalytic
reduction may be required.

10070} Furthermore, compounds 4-1 and 6-1 (see Reactlion Scheme 2. in the Examples) may
undergo reductive amination fo form compounds 8-1 and 11-1, respectively. Suitable reagents and conditions are
generally known in the arl. As an example, reductive amination may be conducted in the presence of hydrogen gas
with a palladium, platinum, or nicke! catalysts, as defined above. Altemnatively, the reductive amination may comprise
hydrogen and a Noyoti catalyst, formic acid, and a tertiary amine.

10071) Additionally, compound 7-1 {see Reaction Scheme 2 in the Examples) may undergo
hydrogenation to form compound 12-1. The hydrogenation may be catalytic, that is in the presence of hydrogen and
a metal catalyst, as detailed above. Suitable metal catalysts include platinum, palladium, rhodium, ruthenium, and

the like. One of skill in the art will be familiar with reaction conditions and other variables.

DEFINITIONS

[0072) The term "acyl,” as used herein alone or as part of another group; denotes the moiety
formed by removal of the hydroxy group from the group COOH of an organic carboxylic acid, e.g., RC(O)-, wherein R
is R1, Ri0-, RiR2N-, or RS-, R1is hydrocarbyl, heterosubstituted hydrocarbyl, or heterocyclo, and R is hydrogen,
hydrocarbyl, or substituted hydrocarbyl, "

[0073] The ferm "acyloxy,” as used herein alone or as part of ancther 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.”

[0074] The term "alcohol scavenger” as used herein is a reagent that can react with an alcohol
and rejease an acid at the same time.

[0075] The term "alkyl” as used herein describes groups which are preferably lower alkyt
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.

[0076) The term "alkaryl" or "alkylaryl* as used herein describes groups which are preferably aryl
groups having a lower alkyl substituent, such as toluyl, ethylphenyl, or methylnapthyl.
[0077] The term "alkeny!" as used herein describes groups which are preferably lower afkeny!

containing from two to eight carbon atoms in the principal chain and up to 20 carbon atoms. The may be straight or
branched chain or cyclic and include ethenyl, propenyl, isopropenyl, butenyl, isobutenyl, hexenyl, and the like.
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[0078] 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.

[0079] The term "aralkyl® as used herein describes groups which are preferably lower alkyl
containing from one to eight carbon atoms having an aryl substituent, such as benzyl, phenylethyl, or 2-

naptheylmethyl.

[0080] The term "aromatic" as used herein alone or as part of ancther group denotes oplionally
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.

10081] The term "aryl® as used herein alone or as part of another group denotes optionally
substituted homocyclic aromatic groups, preferably monocyclic or bicyclic groups containing from 6 1o 12 carbons in
the ring portion, such as phenyl, biphenyl, naphthyl, substituted phenyl, substituted biphenyl or substituted naphthyl.
Phenyl and substituted phenyi are the more preferred aryl.

10082] The terms "halogen” or "halo" as used herein alone or as part of another group refer to
chlorine, bromine, fluorine, and iodine.

[0083) The term "heteroatom” shall mean atoms other than carbon and hydrogen.

[0084] 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 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 fo 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 hydroéarbyl,
hydroxy, protected hydroxy, acyl, acyloxy, alkoxy, alkenoxy, alkynoxy, aryloxy, halogen, amido, amino, cyano, ketals,
acetals, esters, and ethers. ‘

[0085] The term "heteroaryl" as used herein alone or as part of another group denotes optionally
substituted aromatic groups having at least one heteroatom in at least one ring, and preferably 5 or 6 atoms In each
ring. The heteroaryl group preferably has 1 or 2 oxygen atoms and/or 1 to 4 nitrogen afoms 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, pyndyl,
pyrimidyl, pyrazinyl, pyridazinyl, indolyl, iscindolyl, indolizinyl, benzimidazolyl, indazoly!, benzotriazoly,
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.
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{0086} 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,
atkynyl, and aryl moieties. These moieties also include alkyl, alkenyl, alkynyl, and aryl moieties substituted with other
aliphatic or cyclic hydrocarbon groups, such as alkaryl, altkenary! and alkynaryl. Unless otherwise indicated, these
moieties preferably comprise 1 to 20 carbon atoms.

[0087} 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 heteroatom such as nitrogen, oxygen, silicon, phosphorous, boron, sulfur, or a halogen atom.
These subsfituents include halogen, heterocyclo, alkoxy, alkenoxy, aryloxy, hydroxy, protected hydroxy, acy,
acyloxy, nitro, amino, amido, nifro, cyano, ketals, acelals, esters, and ethers.

[0088] The term "hydroxy protecting group” as used herein denotes a group capable of protecting
a free hydroxy group ("protected hydroxy™), which, subsequent to the reaction for which protection is employed, may
be removed without disturbing the remainder of the molecule.

{0089] When introducing elements of the present invention or the preferred embodiments
thereof, the articles *a", “én“, "the* and “said" are intended 1o 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.

[0090] As various changes could be made in the above compounds, products and methods
without departing from the scope of the invention, it is intended that all matter contained 'in the above description and

in the examples given below, shall be interpreted as illustrative and not in a limiting sense.

EXAMPLES
[0091) The following examples illustrate various iterations of the invention.

EXAMPLE 1-Preparation of Sinomenine Derivatives
[0092] A synthetic route for preparing derivatives of sinomenine is presented below in Reaction

Scheme 2.
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[0083] Sinomenine may be converted to compound 2-1 by catalylic hydrogenation. That is,
sinomenine may be contacted with Hy, Pd/C, at a high temperature. Compound 2-1 may be contacted with either
viny! chloroformate or 1-chloroethy! chloroformate in the presence of an aprotic solvent, and then hydrolyzed in a
dilute solution of a weak acid or weak base, such as NaHCOs, to form compound 3-1. Compound 3-1 may be
alkylated with cyclopropylCH,X (wherein X is a halogen) or may undergo reductive amination with cyclopropylCHO to
form compound 4-1. Compound 4-1 may be reacted with two equivalences of X to form compound 5-1. A strong
base (i.e., having a pKa >13), such as NaOH, may be added to the previous reactive mixture to form compound 6-1.
Compound 6-1 may be reacted with an alcohol scavenger, such as POCls3, and a strong acid (i.e., having a pKa <0)

to form compound 7-1.

EXAMPLE 2-Bromination with TEA addition
(0094} The addition of a base, such as friethylamine, that is liquid at low temperatures, to the

bromination reaction at low temperatures, prior to the aqueous sodium hydroxide guench, neutralizes the HBr
produced in the reaction. This prevents this acid from reacting with the product as the reaction solution is warmed to

temperatures at which it can be mixed with aqueous sodium hydroxide. In one example, TEA may be added to the

following bromination Reaction 3:

Raaction Scheme 3:

I/\ / or

/ \ / \ )
0 ST

\/ NN

\
O//
~
[0095] 3.0 g of Dihydrosinomenine were dissolved in 150 mL dichloromethane in a 500 mL 3-

neck flask. 0.12 mbL meslic acid were added. The solution was cooled to -30 °C. A solution of 1.02 mbL Bro in 10 mL

dichloromethane was slowly added. For the first half of the bromine addition, the bromine color disappeared rapidly.
The solution was allowed to warm to -20 °C and the reaction was monitored by HPLC. When the peak for the mono-

bromo intermediate had finished decreasing, 3.79 mL of Triethylamine were added. The solution turned bright purple.
The solution was then allowed to warm fo 0 °C. 54.3 mL of 1N Ag. NaOH were added, The reaction mixture was

transferred to a separation funnel. The two phases were separated and the aqueous phase was extracted with
dichloromethane twice more. The organic layers were combined, dried with magnesium sulfate, and stripped to a
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yellow solid (3.55 g) containing 14 area % Cmp. 2 and 44 area % Cmp. 3. The structures for Cmp. 2 and Cmp. 3 are
supported by mass spectrometry and NMR data.

EXAMPLE 3- Bromination with TEA addition and 2,3-dimethyl-1,3-butadiene addition

[0096] The addition of a bromine scavenger, such as 2,3-dimethyl-1,3-butadiene, o the reaction
llustrated in Reaction Scheme 3 before the aqueous sodium hydroxide quench removes excess bromine. This .
prevents the excess bromine from oxidizing the phenoxide compounds, formed when the aqueous sodium hydroxide
is added, thus preventing the formation of highly colored impurities. '

{0097] 3.0 g of Dihydrosinomenine were dissolved in 150 mL dichloromethane in a 500 mL 3-
neck flask. 0.12 mbL meslic acid were added. The solution was cooled to -30 °C. A solution of 1.02 mL. Brzin 10 mL
dichloromethane was slowly added. For the first half of the bromine addition, the bromine color disappeared rapidly.
The solution was allowed to warm to -20 °C and the reaction was monitored by HPLC. When the peak for the mono-
bromo intermediate had finished decreasing, 2.78 mL of Triethylamine were added. The solution turned bright purple.
Then 0.31 mL of 2,3-dimethyl-1,3-butadiene wer added. The color of the solution lightened to brownish dark green.
The solution was then allowed to warm to 0 °C. 54.3 mL of 1N Agq. NaOH were added. The reaction mixture was

transferred to a separation funnel. The two phases were separated and the aqueous phase was extracted with

dichloromethane twice more. The organic layers were combined, dried with magnesium sulfate, and stripped fo a

yellow solid (3.39 g).

EXAMPLE 4-Enrichment of Cmp. 2 by extraction of Cmp. 3

{0098] Cmp. 2 and Cmp. 3 may be separated by extraction of a solution in an organic solvent,
such as toluene or a mixture of {oluene and hexanes, with a basic aqueous solution. For example, 1.00 g of the
product from the “Bromination with TEA addition and 2,3-dimethyi-1,3-butadiene addition” example was dissolved in
150 ml toluene. This solution was then extracted with a solution of 50 mL concentrated ammonium hydroxide and 50
mL water. The toluene layer was then exiracted with a solution of 25 mL concentrated ammonium hydroxide and 75
ml waler. The toluene layer was then extracted with a solution of 15 mbL concentrated ammonium hydroxide and 85
mk water, The three aqueous extraction layers were combined, HPLC analysis showed the preferential extraction of
Cmp. 3 into the aqueous layers. The toluene layer was again extracted three times as above. HPLC analysis showed
only negligible amounts of Cmp. 3 in the aqueous layers.20 mL of foluene were stripped under vacuum from the
toluene layer. 50 mL of hexanes were added. This organic solution was extracted as above. HPLGC analysis showed
the preferential extraction of Cmp. 3 info the aqueous layers. The organic layer was dried with magnesium sulfate
and stripped to 0.35 g of a brown oil containing 23 area % Cmp. 2 and 15 area % Cmp. 3. The aqueous layers from
the first and third series of exiractions were combined. Excess amounts of ammonia were stripped off under vacuum,
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The aqueous solufion was then extracted three times with dichloromethane. The dichloromethane layers were

combined, dried with magnesium sulfate, and stripped to 0.23 g of gummy solids containing mostly Cmp. 3.

EXAMPLE 5-Preparation of 1-Bromo-Dihydrosinomenine

[0089] - Dihydrosinomenine may be mono-brominated to 1-bromo-dihydrosinomenine {Cmp. 4)
according to Reaction Scheme 4: |

Reaction Scheme 4:

O O Br
\/\\\ \ [ \\
1| .
HO/ \/\, Bry, DCM 0 N
. AT — o g ¢'°‘\\\-:=
\/l\gN }\l
| \ \
O%/ £ O/
0 0
N Ny
{0100] 3.0 g of Dihydrosinomenine were dissclved in 150 mL dichloromethane in a 500 mL 3-

neck flask. 0.12 mL mesiic acid were added. The solution was cooled to -30 °C. A solution of 0.44 mL Brain 10 mL
dichloromethane was slowly added. The bromine color disappeared rapidly. The solution was allowed to warm to -20
°C and the reaction was stirred for 15 minutes. The solution was then allowed to warm 10 0 °C. 10.4 mL of 1N Aq.
NaOH were added. The reaction mixiure was transferred to a separation funnel. The two phases were separated and
the aqueous phase was exiracted with dichloromethane twice more. The organic layers were combined, dried with

magnesium sulfate, and stripped to a yellow solid (3.29 g) containing 90 area % Cmp. 4. The structure for Cmp. 4 is
supporied by mass spectrometry and NMR data.

EXAMPLE 6-Preparation of 1-Bromo-7-Methoxylcodone

(0101} The compound may be prepared according to Reaction Scheme 5:
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Reaction Schema 5

OMe

ONe

10102} The solution of dihydrosinominene {1.0g, 3.02 mmol, 1.0 eqv) in 30 mL acetonitrile was
cooled to ~-20°C for 10 min. To the cooled solution was added methanesulfonic acid (1.1 mL, 17 mmol, 5.6 eqv).
The reaction mixture turned clear solution. After stirring the reaction at -20°C for five minutes, a solution of bromine
(0.6 mL, 12.7 mmol, 4.2 eqv) in 6 mL acetonitrile was added dropwise. The reaction turned light brown solution.
When the bath temperature was gradually raised to 0°C, the hath was switched to ice bath and kept the reaction
stiming in ice bath for one hr; then the reaction was quenched by adding 1.2 g powder KOH; the reaction was
gradually warmed fo room temperature overnight The reaction mixture was filtered, the solid was washed with
acetonitrile (3 x 20 mL); the filtrate and washings were combined and evaporated; the residue was dissolved in a
mixture of 30 mL 1.0 N NaOH and 150 ml of 1:9 DCM/EtOAg, the organic phase was washed with 1.0 N NaCH (5 x
40 mL), followed by washing with sodium metasulfate solution once, dried over anhydrous magnesium sulfate. After
removing the volatiles, it gave an off white solid, 0.55 g, purity=84%, yield=45%. LC-MS; M+1=4086.10.

EXAMPLE 7-Synthesis of 1-Bromo-7-Methoxylcodone 2

[0103] With reference to Reaction Scheme 5, the solution of dihydrosinominene (5.0g, 15 mmo!,
1.0 eqv) in 150 mL acetonitrile was cooled to ~-20°C for 10 min. To the cooled solution was added methanesulfonic
acid (5.5 mL, 84.8 mmoal, 5.7 eqv). The reaction mixture furned clear solution. After stirring the reaction af -20°C for
five minutes, a solution of bromine (2.5 mL, 48.6 mmol, 3.2 eqv) in 30 mL acetonitrile was added dropwise. The
reaction tuned light brown solution. When the bath temperature was gradually raised to 0°C, the bath was swifched
to ice bath and kept the reaction stirring in ice bath for one hr; then the reaction was quenched by adding 6 g powder
KOH; the reaction became solidified as a white chunk solid; to the reaction was added 200 mL acetonitrile. The
resulting mixture was filtered and the solid was washed with acetronitrile (3 x 30 mL); the filtrate and washings were
combined and evaporated fo an oil. The oil residue was dissolved in 120 mL of ethyl acetate; the resuiting solution
was washed with TN NaOH solution (6 x 80 mL) and dried over anhydrous magnesium sulfate. After removing the

volatiles, it gave 2.3 g white solid, yield =38% with purity=85%.
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EXAMPLE 8-Synthesis of 1-Bromo-7-Methoxylhydrocodone 3

[0104] With reference to Reaction Scheme 5, dissolving 200 mg 1-bromo-7-methoxycodane in

10 mL of KH2POW/K:HPO, buffer with pH=7. The resulting solution was hydrogenised under 60 psi Hydrogen in the
presence of Wilkinson Catalyst at 35°C overnight. After cooling to room temperature, the volatiles were removed. it

gave a brown mixture containing the desired product, LC-MS: M+1=408.14,
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The embodiments of the present invention for which an exclusive property or privilege is

claimed are defined as follows:

1. A compound of Formula (I):
RB
e O\ N
H3C(CHa)r =
R‘lO
9
R4 X "
12 R \\\‘\\\ =
R . - Y.
3 e \R1
RS = RS
R6
I ()
wherein:

R! is selected from the group consisting of alkyl, alkynyl, aryl, substituted alkyl,
substituted alkenyl, substituted alkynyl, and aryl substituted with aliphatic or cyclic
hydrocarbon groups; '

R? and R’ are independently selected from the group consisting of hydrogen, halogen,
OH, NHa, CN, alkyl, alkenyl, alkynyl, aryl, alkaryl, alkenaryl, alkynaryl, substituted alkyl,
substituted alkenyl, and substituted alkynyl;

R? is selected from the group consisting of hydrogen, halogen, NHz, CN, alkyl,
alkenyl, alkynyl, aryl, alkaryl, alkenaryl, alkynaryl, substituted alkyl, substituted alkenyl,
substituted alkynyl, and OR*;

R*is selected from the group consisting of hydrogen and a bond that forms part of an
ether-containing ring;

R” and R® are independently selected from the group consisting of hydrogen, OH,
NHa, SH, alkyl, alkenyl, alkynyl, aryl, alkaryl, alkenaryl, alkynaryl, substituted alkyl,
substituted alkenyl, and substituted alkynyl, or R> and R® together may form a group selected
from the group consisting of =0 =NOH, =3, =CHR?, and -O(CH),0-;
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R is selected from the group consisting of hydrogen, halogen, alkyl, alkenyl,

alkynyl, aryl, alkaryl, alkenaryl, alkynaryl, substituted alkyl, substituted alkenyl, and
substituted alkynyl;

R’ is selected from the group consisting of hydrogen and OR%;
R*is selected from the group consisting of alkyl, alkenyl, alkynyl, aryl, alkaryl,
alkenaryl, alkynaryl, substituted alkyl, substituted alkenyl, and substituted alkynyl;

R® is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl,
alkaryl, alkenaryl, alkynaryl, substituted alkyl, substituted alkenyl, and substituted alkyhyl;

R? and R'? are independently selected from the group consisting of hydrogen,

OH, NHz, SH, alkyl, alkenyl, alkynyl, aryl, alkaryl, alkenaryl, alkynaryl, substituted alkyl,
substituted alkenyl, and substituted alkynyl, or R’ and R!® together may form a group selected
from the group consisting of =0 and =S;

R'" and R are independently selected from the group consisting of hydrogen, OH,
halogen, alkyl, alkenyl, alkynyl, aryl, alkaryl, alkenaryl, alkynaryl, substituted alkyl,
substituted alkenyl, and substituted alkynyl, wherein R!! and R'? may form part of an ether-
containing ring with R**:

Y 1s selected from the group consisting of alkyl, substituted alkyl, carbonyl, and alkyl
carbonyl;

m 1S an integer from 0 to 8; and

----~ 18 a single bond or a double bond.

2. The compound of claim 1, wherein:

R' is selected from the group consisting of an alkyl group having from 1 to 8 carbon

atoms, a vinyl group, an aryl group, cyclopropyl, cyclobutyl, {-}CH(CF3)2, {-}CH(CH3)CFj,
{-}CH=CF,, and {-}CH,CF3;

R” is selected from the group consisting of hydrogen and halogen;
R*is OR*;

R* is selected from the group consisting of hydrogen and a bond that forms part of an

ether- containing ring;

R” and R® are independently selected from the group consisting of hydrogen, OH, and
NHo>, or R” and R°® together may form =O:;

R* and R5-R!? are each hydro gen;

Y 1s {-}CH2{-}; and

m 18 O.
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3. The compound of claim 1 or claim 2, wherein the compound has the Formula (la):

wherein:

R is selected from \the group consisting of hydrogen and halogen;

R” and R® are independently selected from the group consisting of hydrogen, OH, and
NHz, or R> and R® together may form =O;

R’ is selected from the group consisting of hydrogen and OR?;

R is selected from the group consisting of alkyl, alkenyl, alkynyl, aryl, alkaryl,
alkenaryl, alkynaryl, substituted alkyl, substituted alkenyl, and substituted alkynyl; and

----- 1§ a single bond or a double bond.

4. The compound of claim 1 or claim 2, wherein the compound has the Formula (Ib):

O R4

(ib)
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wherein:

R? is selected from the group consisting of hydrogen and halogen;
R*is OR*:;
R* is selected from the group consisting of hydrogen and a bond that forms part of an

ether- containing ring;

R’ and R® are independently selected from the group consisting of hydrogen, OH,
and NH,, or R® and R® together may form =O;

R’ is selected from the group consisting of hydrogen and OR";

R’?is selected from the group consisting of alkyl, alkenyl, alkynyl, aryl, alkaryl,
alkenaryl, alkynaryl, substituted alkyl, substituted alkenyl, and substituted alkynyl; and

----- 1S a single bond or a double bond.

5. The compound of claim 1 or claim 2, wherein the compound has the Formula (Ic):
O R*
A \ \
AT - =
. N
R* =
Ré
wherein:

R? is selected from the group consisting of hydrogen and halogen;
R*is OR*;

R* is selected from the group consisting of hydrogen and a bond that forms part of an
ether-containing ring;

R° and R® are independently selected from the group consisting of hydrogen, OH, and
NH>, or R> and R® together may form =0O.

0. The compound of any one of claims 1 to 5, wherein the compound is selected from

the group consisting of compound numbers 8-1, 9-1, 10-1, 11-1, 12-1, and 13-1:
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8~1
O .
HO \‘ | .
o“&:‘ | #_:%
NH-
O

3-1
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TN 11-1
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wherein X is halogen.
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