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TETRANDRINE FAMILY PHARMACEUTICAL FORMULATIONS AND METHOD
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CROSS REFERENCE TO RELATED APPLICATIONS

(004} The present application clatms the benefit of US, Provisional Patent Application |

0,

$61/792,848, entitled TETRANDRINE FAMILY PHARMACEUTICAL FORMULATIONS

AND METHODY, filed on March 15, 2013, the entive conternts of which are incorporated by

PIELD AND BACE MY OF THERE INVERTION

B The present ivention relales o pharmaceutical formulations of

el
{

a family of
bisbenzyhisoquineline alkaloids. The specific family is reforred to herein as the “elrandrine
faratiy.”

{R003] The tetrandrine family bisbenzvlisoguinolinegs have two nitrogen locations and hencs

f".
%
o

cary exist m the free base form or a5 & mono or di-acid sslt Becaose of the enhane

the salt forms are used in formulating

solubtiity of the salt for

phaneaceutical compositions. The active mgredisnt thes solubilizes more guiskly and entes

the bloodsiream faster.

r'"

{004 However, the di-zcid chiorides of the icrandrine family members, most imporfantly

the dilyydrochloride {DRU), are s diflicult mnlecule to produce using stangdard pharmacentical

progesaing. As avesult, all known formaidators in the world wse an in sivy procedore as part of

the compounding wethode! This feads to variations in content uniformity and ablet-to-

tablet potency vartanc
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SURMARY OF THE INVE

00081 The present mvention uses pure dicscid salts of totrandrine family members,

.“..(

preferably  d-totrundvine,  and  most preferably  detctrandrine
pharmaceutical formulations.  In a preferred embodiment, the di-acid salte are formed by
spray drying,  As used herein, the torm “pure di-acid salt of & teirandrine family membe

means groater than 99% pure en an anhydrous bagis,

100081 The tetrandrine family members have been found effective in treating mulii-drag
resistance in & variety of discases and vonditions, including cancer and malarin, Sse ULS.
Patents  3,023020: 5,332,

47 5,528,310 6811454, 6124313 and 6962827, The

RS

b

formadation of these active tngredients into suitable pharmacentical delbvery systems is
very nnnariant,

OHeTY The tetrandrine family members have the following stroctural formulda:

rrrrersrees,

4,
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Where B; and Ry are the same or &ifferent shorichained carbon based lgand including

withoot hmitation, CHy, COpCH: or H and R te CHy or Gl and By is UHy or hydrogen;

J
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and where the chemical struchure preferably has the “87 isomeric configuration at the C.F
chiral carbon location,

{008} The preferrad members of the tetrandrine family nchude the following representative

examples, which are not Imlended to be exhaustive:
herpandezine, berbamine, pycnamine, phacanthine, obamegine, othyl fangolsnoline and
fangchinoling. In all of these examples, Ry and Ry constitute the methyl group, Variation

within the group ccowrs in that Ry and R may constifute either a methyl group or hydrogen.

and the isometric configuration of the compounds e -1 and -1 chiral carbon positions

is oither R {rectus) or S (simister). The rules for R and 8 counfiguration can be found in

Y%

dorrisen and Bovd, *Organic Chemistry,” ™ Edition, copyright 1983 by Allyn and Bacor, &t
pr. 138-141. In addition, hernanderine includes g methoxy group at the £-5 position,

HO08] The most preforred member of the claimed tetrandrine family is d-tetrandrine.
Methods for extracting andfor purifving d-tetrandring are disclosed in U8, Patents 6218541
and in Published Patent Application Mo, 2011/0105755,

1664183 The di-acid salf of the tetrandrine family member ia made by dissolving a purified

i

member of the tetrandrine family, prefe tetrandrine, in exactly 2 molar equivalents of
dilute acid, preforably hydrochloric acid (5-20% molar) in 8 vessel.  The resulting clear
solution is fltered fo rernove any residoal solids mto a plass feeding vessel. The solution 1s
tested f0 assure that the potency of di-acid is within the specified Hmits, A spray drier is sot
with a wall temperature of 240-400 C. The atomizer Ix set jo fead the di-acid salt solution at a
vate of 1-2 Hiers/murmne. The spray dried di-actd salt is captured in a poly bag lined comtamer
tor vield 90-95%% of the assaved di-acid salt in the feed solution. The solid di-acd salt is tested

and released for formudation intn capsules, though other dosage forms can be wsed, The di-

L
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salt used i preferably prepaed from 99.9% pure fetandrine family member. using
exactly 2 equivalents of hydrochioric acid. The resulting solid di-acid salt contains only
vesidual water and substargially noe other tupurities. As used herein, the term “pure di-acid
salt of a teteandrine family member™ means greater than 99% pure on an anhydrous basis,

HEUER R The dosage level used in bumans will vary from case to case.  However, it is
anticipated that one would typically aduinister the tetrandrine favoily member drug at from
aheut 50 fo about 1000 mg per square meter por day, more prefbrably 280-74
preforably about 500, for from abous 4 to shent 14 days, during the course of treairoent with &
principle drug for treating the discase being reated.

{0012% The tetrandrine fanily mentbers have koown applications as primary or solo use

drugs. as for example in the treatment of malaria, and In reducing hyperiension.  However,

C.

they are also known for use in conjunction with other drugs. The tatio of the tetrs

family member to g principle or sscondary drug will also vary from patient to patient, and

from drug to drog, within a range of from sbont 5.04:1 to about 17001, A moret vpical range

would be from about 101 o 100:1, more preferably from 2

JO013} The preferred formulstions comprise 8 di-acid salt member of the d-tetvandrine family

combined with a suitable pharmaceutical carrier. The pharmaceutizal carrier van be a liguid

or a solid composition. A Hoquwid carrier will preferably comprise water, possibly with

additional ingredients such as 25% carboxymethylcellnlose. The s iid carrier or diluent used
sreferably pregelatinized starch, It may also be formulated with other ingredients. such as

¥

colloidal silicone dioxide, sodium lawry! sulfate and magnesium stearate.
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fontd Exemplary cansule formulations include the following:
3 prary cay

30 my d-Tetrandrine di-hydrochioride
384 myg Progelstinized Starch WF (Starch 1500}

o

4.4 mg Collnidal Stlicon MHoxide (Cab-0-Sil M3}

{4 mg Sodiom Lawyl Sulfate NY

1.0 my Magmesian Stearate NF;

100 mg d-Tetrandrine di-hydrochionide

(1.6 mg magnesium searate; and

200 me d-Tegrandrine di-hydrochlonide
252 mg Prepelatinized Stavch 1500 Kb
1.5 mg Silicon THoxade USP

.23 mg Sod

£

iom Laurvl Sulfate NF
1.23 myg Magnestum NMearate USP,
Although the d-tetrandrine nsed in these formulations is the di-hydrochloride, the 58, 100 and

200 myp weighis used the free base weights, 1

o

L\

s the actoal amount of gotive used was

s

slightly greater than the 50, 100 and 200 mgs indicated.

=

{0015) The 200 mg capsule formudation {s wost preferred. The most preferred dose of about
300 mefsquare meter/day is roughly 1000 sy per day for & 180 pound ¢ patient six feet tall

Such a patien can fulfill de dosage reguirements by taking five capsules during : the conrse of
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the day, for example three In te

over the day. & woman

(ol

four 200

o

> iy s

¥

%

U The various discases which have
conjunction wi
disclosed n UK

062,89

.- 3

CZ"\
j-».?

00T OF course, 1t Is understood that the

myvention, and that variations

as set forth in the appended claims, nterpreted in accordance with the principles

morhing and two w the evening, orone at g
yweighing 125 pounsds at & height of five foot
ng capsules during the course of the day.

hegtt freated
h principle drugs for treating the ¢

Patenis 5,025,028, 3332747

1 be amploved without departing Hom the

PCT/US2014/021195

time spaced out

six inches would require

wing tetrandving family members

¥

seases, and the prnciple drugs used, are

S28.519 6,911,454, 6124315 and

ng are preferred embodiments of the

tos)

of patent faw,



WO 2014/149848

CLAIMS

s}

i, A pharmaceutical formudation comprising:  the pure di-ac

family member having the following formnla

),j‘
L
{4 i

ot i

i

PCT/US2014/021195

td salt of & tewandrine

where Ry and Ri are the same or different short chained varbon based ligand including

withowt Umitation, Oy, COpUH: or Hy and Ry is CHh

-

hydrogen; and 8 pharmaceutical earrigr.

2 The pharmaveutival formulation of clamm 1, wherein the tolea

Yy

'S” isomeric conliguration af the C-1" chural carbon location

,A
o,
vt
g
oo

jon)

el

tetrandring,

3

conprises: a solufion contatuing [ 28-30%

-3

The pharmacentical formulation of claim 2 comprising:

4, The pharmaceutical formudation of clam 3 wherein

/

adrine fanaly momber has

i

pure di-gcid salt of &

pharmaccutical  cartier
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5. The pharmaceatical formudetion of olaim 3 wherein the phavmacentival carrier

comprises: a pregelatinized starch carriey,

5. The pharmaceutical formelation of clam 5 also comprising: colloidal silicone dioxide,
sodium lauryl sulfate and magnesinm stearate.
7. The pharmacentical formulation of claim 6 comprising:

30 mg d-torrandrine di-acid sali,

4.4 myp Collnidal Silicon THoxide (Cab-O-5i MS3

.4 mg Sodium Lagey! Sulfate NF, and

5. The pharmaceutical formuolation of claim & comprising
200 mg d-tetrandrine di-acid sait
I5.2 myp Pregelatinived Starch 1500 I,

1.5 myg Sitheon Dioxude USE,

(.23 myp Sodivm Lauveyl Sullaie NF, and

y“m.

25 myg Magnestum Steargte UsP,
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3. The phammaceutical formulation of claim & comprising:

00 mg detetrandring di-acid salt,

NAUNesinm stearate.

o
)

45
pas

1 The pharmaceutical cowposition of ciaim 1 wherein the di-acid salt of the fetraudyine
family member iz made by dissolving a purified member of the tetvandrine family in 2 melar
squivalent solution of dilute seid, and fod through g spray drier set with s wall temperature of

240-400 C, and an atongdrer sot 0 feed the di-gad salt solution at g tate of 1-2 liters/minute

11, The pharmacestival composition of claim 10 wherein the dilute acid ysed 18 5-20% molar

hyvdrochioric acid.

12, The pharmaceutical formulation of olaim 10 whes

the 5™ isomeric contfiguration at the C-17 chiral carbon locafion

13, The pharmaceutical fornmdation of claim 12 whorsin the totrandrine fimily moember

comprises detetrandrine.

powry

A method of weating atiments comprising admindstering {6 the patient the pharmacentical

composition of slaim 1.

o
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15, The methed of claim 14, whereln the telrandving family member has the “R isormeric

confignration at the U-17 chiral carbon locatior

14, The method of clatm 15 wherein the tetrandrine family momber is the pure di-acid salt o

d-tetrandrine.

17, he methed of clam 16, wherein the wherein the pharmscentical cartier of the

pharmacentical composition comprises: a solution cortaining 20- 30% carboxymethyk

e

carrier comprises: a pregelatinized

,...‘

14, The method of claim 16, wherein the pharmaceutics

19, The method of claim 18 wherein the pharmaceutical formmistion used alse cnmprizses
stotdal silicone dioade, sodium lauryl sulfate and magnesium steargie.
20, A method of treating aibments of clatn 14, n wihich said pharmaceutical composition of

clatm | iy sdministered in conjunction with a principle drug used to freat such atiment

21, A method of treating atlments of clatm 20, whereln the tetrandrine fhmily member has

O

the "R isorerie configuration ab the C-17 chiral carbon location.

22, A method of reating stbuents of claim 21, wherein the wirandrine family monber 1 the

I
K

pure di~acid salt of deictrandrine.

1



WO 2014/149848 PCT/US2014/021195

23 A method of freating ailvoents of claim 22, wherein the pharmaceutical camier of the
pharmaceutical consposition comprises a selution contatning 20-30% carboxymethyicelinlose.
24, A methoed of weating atlments of claim 22, wherein the pharmacentical carrier comprises:

a pregelatinized starch carrier.

25 A method of treating athnents of claim 24 wherein the pharmacentieal formulation used

aise comprises: colloidal silivone dinkide. sodium laury! sulfate and magnesium stesrate.

28, A method of forming the di-gad salt obf g totmandiine family member having the

¥ P

folowimg formula;

TReo LSNP 00070000005

f&wwﬁ#lﬂéﬂwn—ww-‘vﬂi

3 #

irtsicsrsssss,

where Ry and Ry are the same or ditferent shon chaingd carbon based Hepand wnclnding withowt

lmitation, CHz, COMHy or By and Ry 18 CHy or OaHss and Rs i CHy or hydrogen, said method

coanygeising:  dissolving a purified mazmber of the tetrandrive fanuly Ina 2 molar eguivalent

il
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difute acid solntion, foeding said solntion throogh a spray deier set with & wall femperature of

o

240-400 €, and an atomizer set 1o foed the di-acid salt solutfion atf a vate of 1-2 Hers/minute.

e
“d
]
=
€7
oy
s
(47
o
e ad
4
.
e
-~
]
~
&
o
o
Bk

m 26 wherein the dilate acid ased s 5-20% moler hydroehionie acid

28. The method off claim 27 wherein the tetrandrine family member has the 87 isomeric

configuration at the C-17 chiral carbon location,
29,

The method of claim 28 wherein the letrandrine family member comprises d-tefrandring,

30.  The pure di-acid salt of a tetrandrine family member having the following formula:

]

L WE——

x’.t’!x’.’.(’.’.%“
,ef

e e

where B

ased figand including withont

fmdtation, CHs, COxCH2 o H and Rz 1s OHa or Cobs and B i Oz or hydrogen,

~ £
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Lad
oy
o]
ok
‘f“,z

The pure di-acid sslt of claim 30, whersin the

—

tsomeric configuration at the C-1° chival carbon location.

trandrine fuardly member having the following formala:

‘
3
s
[
g
bt
(2"
-,
Sand
(v
&
[
o9
o
om
3o
vy
~
ey
,)1

where Ry and Ry’ are the same or differemt short chained carbon based Hgand inch

andrine family

32, 'The pure di-acid salt of claim 31 wherein the tetrandrine family member is

Mitvorsosccsssoosssicosssd rive

PCT/US2014/021195

member has the

o

s

d-tefrandring,

ading without

hmitation, UHs, CO:CH; or ;) and Bo i3 UHs o Gy amd R 35 U or hvdrogen, which is

made by the process of olaim 26,

34, The di-acid salt of clatm 33, wherein the tetrandrine family member has the #8387

configuration at the (-1 chiral carbon location.

i3
L8]

¥

The di-acid salt of clim 34 wherein the tetrandrine family membe

r is detetrandrine

isompatic
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<Continued from Box lI: Observations where unity of invention is lacking>

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group +: claims 1-25 are drawn to a pharmaceutical formulation comprising: the pure di-acid salt of a tetrandrine family member having
the formula shown in claim 1, and a method of treatment thereof.

Group |I: claims 26-35 are drawn to method of forming the di-acid salt of a tetrandrine family member having the formula shown in claim
26; and the di-acid salt product thereof.

The first invention of Group I+ is restricted to a pharmaceutical formulation comprising: the pure di-acid salt of a tetrandrine family
member having the formula shown in claim 1, where R1 and R1' are the same short chained carbon based ligand of CH3; R2 is CH3;
and R3 is CH3; and a pharmaceutical carrier, wherein the pharmaceutical carrier comprises: a solution containing 0.20-0.30%
carboxymethyl- cellulose; and a method of treatment thereof. It is believed that claims 1-4, 10-17, and 20-23 read on this first named
invention and thus these claims will be searched without fee to the extent that they read on the above embodiment.

Applicant is invited to elect additional formula(e) for each additional compound to be searched in a specific combination by paying an
additional fee for each set of election. An exemplary election would be a pharmaceutical formulation comprising: the pure di-acid salt of
a tetrandrine family member having the formula shown in claim 1, where R1 is CO2CH3 and R1'is CH3; R2 is CH3; and R3 is CH3; and
a pharmaceutical carrier, wherein the pharmaceutical carrier comprises: a solution containing 0.20-0.30% carboxymethyl- cellulose; and
a method of treatment thereof. Additional formula(e) will be searched upon the payment of additional fees. Applicants must specify the
claims that read on any additiona! elected inventions. Applicants must further indicate, if applicable, the claims which read on the first
named invention if different than what was indicated above for this group. Failure to clearly identify how any paid additional invention
fees are to be applied to the “+" group(s) will result in only the first claimed invention to be searched/examined.

The inventions listed in Groups 1+ and 1l do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT
Rule 13.2 they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group I+, pharmaceutical formulations comprising the pure di-acid salt of a tetrandrine family member,
are not present in Group Il; and the special technical features of Group I, methods of forming the di-acid salt of a tetrandrine family
member, are not present in Group 1+,

The Groups |+ formulae do not share a significant structural element, requiring the selection of altemnatives for the compound variables
R1, R1', R2, and R3.

The Groups I+ and |} share the technical features of a pharmaceutical formulation comprising: the pure di-acid salt of a tetrandrine family
member having the formula shown in claim 1, and a method of treating ailments comprising administering to the patient the
pharmaceutical composition thereof. However, these shared technical features do not represent a contribution over the prior art.

Specifically, US 5,627,195 A to Hu teaches a pharmaceutical formulation comprising: a di-acid salt of a tetrandrine family member
having the formula shown in claim 1, where R1 and R1' are CH3; R2 is CH3; and R3 is CH3; and a pharmaceutical carrier; and a

method of treating ailments comprising administering to the patient the pharmaceutical composition thereof (Col. 1 Lns. 20-27, method of
treating a subject with ocular inflammation associated with keratitis or conjunctivitis. The method includes administering (e.g., topically,
orally. subconjunctivally, or intramuscularly) to the subject a composition which contains an amount of tetrandrine or a tetrandrine
agonist and a pharmaceutically acceptable carrier...; Col. 5 Lns. 50-64, Example 1, ...After conversion to the hydrochloride form.
tetrandrine was

soluble in water...).

Additionally, "The Alkaloids of Hang-Fang-Chi" to Chen et al. teach the pure di-acid salt of a tetrandrine family member having the
formula shown in claim 1, where R1 and R1' are CH3; R2 is CH3; and R3 is CH3 (Pgs. 683-684, ...Tetrandrine hydrochloride,
C38H4206N2- 2HCI, can be best prepared by suspending the pure base in a small amount of water and adding, drop by drop, 5 per
cent hydrochloric acid until the solution is just acid to litmus. The whole is evaporated to dryness and redissolved in absolute alcohol or a
mixture of butyl and ethyl alcohol. The hydrochloride crystallizes in coloress prisms...).

The inventions listed in Groups I+ and |l therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical feature.

<End Box lil: Observations where unity of invention is lacking>

Form PCT/ISA/210 (extra sheet) (July 2009)
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