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4- am no- I-hydroxybutylldene 1, 1 blsphosphonlc aC|d or al endronic acid,
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Synt hesi s and Aci d-Base and Conpl exi ng Properties of Am no-Substituted
al pha- hydr oxyl akyl i dene- di phospirgpLD GETHE INVENTIOMNI. Nauk USSR, Ser

Khi m 52 433 (1978) and | IPhce pr?sentﬁ%e%gctm rr(l, a@g (t:"or nscw4c’l1£c119117chl7p§'g'dess%§ 16 g1, 077,

manufacturing bisphosphonic acids, and in particular for manufacturing alendronic

acid.

BACKGROQUND OF THE INVENTION
10 Alendronate sodium, 4-amino-1-hydroxybutylidene- 1,1-

bisphosphonic acid monosodium, having the formula

0O
OH—&L—ONa
" ¢—0H
Cﬁf—ﬁ-—OEl

15 is an agent for combating bone resorption in bone diseases including osteoporosis and

Paget's disease.

" Various methods for preparing 4-amino-1-hydroxybutylidene-1,1-
bisphosphonic acid, or alendronic acid, are known in the art and have been disclosed
20 in M.]. Kabachnik et al., Synthesis and Acid-Base and Complexing Properties of
Amino-Substituted alpha-hydroxylakylidene-diphosphonic Acids, 1zu. Akad. Nauk
USSR, Ser. Khim, 2,433 (1978) and in U.S. Patent numbers 4,407,761, 4,621,077,
4,705,651, 5,039,819 and 5,159,108.

25 A well known process for preparing alendronic acid is as follows (see

also ¢.g. GB 2118042):
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00/ 49026 Ny@oie GABA 1. PO ;, H3PCB 2. H+, H20 PCT/ uso%g,g)gg'@s
‘OH-P--OH 1 N2 GOH O+P-OH 11 0 Alendronic Acid It & reported

that a solidification problemoccurs when this process is perforned on a
| arge scal e. The abbreviation GABA is defined hereinafter 5 as
4(gamma) - am nobutyric acid. U S. Patent No. 4,922,007 describes the
preparation of alendronate sodiumin trihydrate forn1 mhereOn

4-am nobutyric acid is reacted with phosphorous acid ang&g rous
trichloride in the presence of methanesul fonic acid foll 0 the
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GABA Alendronic Acid

It has been reported that a solidification problem occurs when this
process is performed on a large scale. The abbreviation GABA is defined hereinafter

5 as 4(gamma)-aminobutyric acid.

- U.S. Patent No. 4,922,007 describes the preparation of alendronate
sodium in trihydrate form, wherein 4-aminobutyric acid is reacted with phosphorous
acid and phosphorous trichloride in the presence of methanesulfonic acid followed by

10 the addition of sodium hydroxide. However, it has been reported that
methanesulfonic acid reacts with the phosphorus trichloride and under adiabatic
conditions the reaction becomes self-heating at 85°C, and an uncontrolled exotherm

occurs at >140°C.

15 WO 98/34940 describes a process for preparing alendronic acid, which
comprises reacting 4-aminobutyric acid with phosphorous acid and phosphorous
trichloride in the presence of polyalkylene(glycol). However, it was reported that
large quantities of polyalkyiene(glycol) as well as toluene participate in this reaction,

which renders it inefficient on a large scale.

20
Thus, there remains a need for a homogeneous, safe and efficient
process for preparing alendronic acid.
SUMMARY OF THE INVENTION
25 The present invention relates to a novel process for preparing of

alendronic acid, which comprises the steps of:




conditions the reaction becones self-heating at 85 C, and an uncontr gﬁh
exotherm occurs at > 140 C 15 20 25 WD 98/ 34940 descri bes a proce s 2003
preparlng wbedgoRni ¢ acid, which conprises reacting 4- @%ﬁ%ﬁrlc acid
‘wi t h phosphorous acid and phosphorous trichloride in tﬁghﬁ ce of

pol yal kyl ene(gl ycol). However, it was reported that |arge quantities of

pol yal kyl ene(gl ycol) as well as toluene participate in this reaction,

which renders it |n fficient on a here remai ns a need
for a honogeneous, %¥afe S “%?F?W@ﬂ{gﬁb?%%@glrgﬁﬁpﬁ @pari ng al endronic
acid. SUWARYF THE | NVENTI ON The present invention relates to a novel
process for preparing of alendronic acid, which conprises the steps of. 2
14 AUG 2003 WD 00/ 49026 PCT/ US00/ 035 iIng a conmpound of the
formula | with HBPGB Rl | 5 whereiR" R i fm do group; and R is selected
fromthe group which consists of chloro, browo, iodo, fluoro, hydroxy,
amno, -OR or -OC(OR2, wherein R2 is C -C1Z al kyl, Cl1-C1, cycloal kyl, or
Cl-Cl2 aryl; b) reacting the product of stiep (a) with a deprotecting
agent; and 10

5 wherein R is an imido group; and
R! is selected from the group which consists of chloro, bromo, iodo, fluoro, hydroxy,
amino, -OR? or -OC(OQ)R?, wherein R?is C,-C; alkyl, C,-C,; cycloalkyl, or C\-C,,
aryl;
_ b) reacting the product of step (a) with a deprotecting agent; and
10

c) recovering alendronic acid.

R is preferably selected from the group which consists of N-
phthalimido and N-maleimido.
15
R' is preferably selected from the group which consists of chloro,

bromo and hydroxy.

Optionally, the reaction of step (a) may be assisted with one or more of
20 the compounds selected from the group which consists of H,PO,, PCl,, PCl, and
POC1,.

The deprotecting agent of step (b) may be a non-oxidizing acid,
preferably selected from the group which consists of HC! and HBr; or selected from

25 the group that consists of HBr together with acetic acid, H,PO, and H,PO,.

The present invention also relates to the product made from this

process.



c) recovering alendronic acid. Ris preferably selected fromthe group

which consists of N phthalimido and NNmaleimdo. 15 R is preferably14 AUb 2003
sel ected fwdolabige 9r oup whi ch consists of chloro, bronF%ﬁ@sﬂMroxy.
Optionally, the reaction of step (a) may be assisted w .nore of

20 the conpounds selected fromthe group which consists of H3PO4, Pd 3,

PO 5 and POC 3. The deprotecting agent of step (b) nmay be a non-oxidizing

acid, preferably s o Or and HBr; or
sel ected from 25 th%ﬁcﬁ S a@@uﬁmcet ic acid,
H3PG3 and H3PO4. The pr edeptithdlinNdnGABA aad BigphtieliaidesGARA thieridgerapcknotvn made

TAI

fromthis process. 4 2003. 0/ 49026 PCTJUS00]03586 LED
DESCRI PTI ON OF &%Eﬁgﬁg?é&%g%ﬁﬁﬁ%ﬁ/ﬁ\é%% REPRIHE P?W'Hgl’ Cén -
N- pht hal i m do- GhBintid-GABAE:s alse kiwajBeed ISPRA. Gher,, 183003915 dfcotpotatede 8- 10,
I ncorporated herein by reference). N- mal ei m do-GABA is al so known [ See J.
Med. em, 18 29%Ab \‘l/‘@f?)‘)c,e'i ncorporated 5 herein by reference]. 10
According to the present invention in step (a) the conpound of forrmula |
is reacted with H3P0O3 | wherein; i _

According to the present invention in step (a) the compound of formula

I is reacted with H,PO,

10

Rl
R/\/\[(

O

wherein:

R is an imido group; and

15 R' is selected from the group which consists of chloro, bromo, iodo, fluoro,
hydroxy, amino, -OR? or -OC(O)R?, wherein R? is C,-C,; alkyl, C,-C,, cycloalkyl, or
C]'Ctz al"yl;

In some cases, typically when R' is halogen, it is sufficient to react the
20 compound of formula I with H,PQ, without the need to use an assisting agent. In
other cases it is necessary to use one or more activating agents selected from the
group which consists of PC1,, PC1, and POCI,.

As it will be seen in the examples, according to some embodiments of
25 the present invention, the reaction of step (a) may be performed by using H,PO; as a
solvent. According to other embodiments, when a solidification problem occurs, a

further solvent such as H;PO, may be used in order to solve this problem.

In step (b), the product of step (a) is reacted with a deprotecting agent.




Ris an imdo group; and 15 R is selected fromthe group which consiztsmﬁ 7003
chforo, brono, iodo, fluoro, hydroxy, amno, -OR or -0OC(O R22, wher i[h

R - is Cl- Qfoofibdsy! » C1-Cl2 cycloalkyl, or Cl1-C12 aryI‘P | n_sone cases,
‘typical |y when is halogen, it is sufficient to react "EHES®¥%onpound of
formula | with H3PG3 without the need to use an assisting agent. In other
cases it is necessary to use one or nore activating agents selected from

the group which_consists of PC |3, PCI3 and POCK,, As it will be seen in

the exanpl es, ad®HFUMRAYNE BFUHRETAMBEAGPIhPIENdEqnc 381 { he present i nventi on,

the reaction of step (a) may be performed by using H3P03 as a sol vent.
According to other enbodients, when a solidification E{ggchempccurs a

further solvent such as HI®E@EIcESPT 18 PIFEEY INVENiGR MY be Ber astaHP‘é‘RﬂI'bbl em

I'n step (b), thedegduct of step (a) is reacted with a deprotecting agent.
4 14 Ali6 2003 WO 00149026 The conpound resulting fromthis step is
al endréni ¢ acid. PCT/ US00/ 03586 The process of the present invention may be

performed as a "one pot" process. 5 E%Lsme foll ow ng exanpl es are
given for the purpose of illustrating the present invention and shall not

be construed as being | i mhedeliopting exampireare gypriopthe gpippseof istrating teny ent i on.

10 EXAMPLE 1 present invention and shall not be construed as being limitations on the scope or spirit
of the invention.

10
EXAMPLE 1

A 100mi nitrogen flushed flask fitted with a mechanical stirrer, reflux
condenser and a thermometer, was charged with N-phthalimido-GABA chloride (4-
phthalimidobutanoyl chloride, 8 g, 0.0318 mol, | eq) and phosphorous acid (5.2 g,

15 0.0635 mol, 2 eq.). The mixture was heated to 130°C and kept at this temperature for
4 hours. 6N HCI (40 mi) were added dropwise and the reaction mixture was refluxed
for 18 hours. After cooling to 5°C the phthalic acid was removed by filtration and the
reaction mixture was distilled to dryness, ethanol (95%, 100 ml) was added, and
alendronic acid was precipitated. The reaction mixture was refluxed for 1 hour and

20 cooled to 25°C. Alendronic acid was collected by filtration, washed with 25 ml of

95% ethano! and dried in a vacuum oven to give 1.53 g (19.4%).

EXAMPLE 2
A 100m] nitrogen flushed flask fitted with a mechanical surrer, a
25 reflux condenser, a dropping funnel and a thermometer, was charged with N-
phthalimido-GABA (4-phthalimidobutanoic acid, 8 g, 0.0343 mol, 1 eq) and
phosphorous acid (14.06 Cr, 0.1715 mol, 5 eq.). The mixture was heated to 76°C and
phosphorous trichloride (6 ml, 0.0688 mol, 2 eq.) were added dropwise during 15
minutes. The reaction mixture was heated to 80°C and Kept at this temperature for 3
30 hours. 48% aqueous solution of HBr (40 ml) were added dropwise and the reaction
mixture was refluxed for 18 hours. Afier cooling to 5°C the phthalic acid was

removed by filtration and the reaction mixture was distilled to dryness. Ethanol



A 100m nitrogen flushed flask fitted with a mechanical stirrer, refl gy AUG 2003
condenser and a thernoneter, was charged with N-pht haI I m do- GABA chl oride

(4-4 pht hato se@delgut anoyl chloride, 8 g, 0.0318 nol, ?gﬁug@%osphorous
‘acid (5.2 g, 15 0.0635 nol, 2 eq.). The mixture was hea C and kept

at this tenperature for 4 hours. 6N HCl (40 ml) were added dropw se and
the reaction mxture was refluxed for 18 hours. After cooling to 5 C the

pht hal i ¢ acid 0 vdbyfllt n_and .t he tue S
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EXAMPLE 2 A 100gk38%). rogen flushed flask fitted with a mechanical stirrer,

a 25 reflux condenser, a dropping funnel and a thernoneter, was charged

W th N5pht hal i m do- GABA (4- pht hal i m dobutanoic acid, 8 g, 0.0343 nol, 1 eq)

and phosphorougxampLEBR4. 06 Cr, 0.1715 nol, 5 eq.). The m xture was heat ed
to 76C and phosphorous trgg:hl ori de 0688 nol wer e added

2 .eq.
dropwi se during 15 m nut®&om™ TOBthi‘{SPWW Q?iﬁ‘@‘%‘ge%@&?@ﬂz% 430C and
kept at this tergirkabndessef, ardra;p&@ i@ 5d a 4RI BRGNS c&i@t’géﬂ\bﬁlﬂNOf HBr (40
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and the reacti Ophdiipb{ﬂrblisencms 3G &:0éd rhﬁdl 5 éh)dﬁd/ﬁl‘ﬂ'ﬁﬁphoﬁihbﬂd’lﬁid @634, AUG 2003 VO
00/ 49026 PCTI US@?SSS é ES 100 rrg S/a ga 33%%0 LendrogH % z?
precipitated. T ffl "Ef?“é‘ Wog Seqtest P erded edto
25 C. Al endroni el 200837 was, 266g]) weed Rdedttophisd duhag | Diinua s Tigtettibhmaoure!  of
95% et hanol andwgsr; L'ggeditg 8(?"0\/5111% lé']gp ato 1esrt]ent1p%ra re ?or%hours ﬂ sgluno{? (70 ml) of 6N
HCI was added dropwise and the and the reaction mixture was refluxed for 24 hours.
15 After cooling to 5°C the phthalic acid was removed by filtration and the reaction
mixture was distilled to dryness. Ethanol (95%, 125 ml) was added, and alendronic
acid was precipitated. The reaction mixture was refluxed for 1 hour and cooled to
25°C. Alendronic acid was collected by filtration, washed with 25 ml of 95% ethanol
and dried in a vacuum oven to give 6.11 g (57%).
20
EXAMPLE 4
A 100ml nitrogen flushed flask fitted with a mechanical stirrer, a
reflux condenser, a dropping funnel and a thermometer, was charged with N-
maleimido-GABA (4-maleimidobutanoic acid, 5 g, 0.0273 mol, 1 eq) and
25 phosphorous acid (11.2 g, 0.136 mol, 5 eq.). The mixture was heated to 76°C and
phosphorous trichloride (4.8 mi, 0.0546 mol, 2 eq.) were added dropwise during 15
minutes. The reaction mixture was heated to 80°C and kept at this temperature for 16
hours. A mixture of 15 ml 48% aqueous solution of HBr and 15ml glacial acetic acid
was added dropwise and the reaction mixture was refluxed for 18 hours. Afier
30 cooling to 5°C the maleic acid was removed by filtration and the reaction mixture
was distilled to dryness. Ethano! (95%, 100 ml) was added, and alendronic acid was

precipitated. The reaction mixture was refluxed for | hour and cooled to 25°C.



5 EXAMPLE 3 A 250m nitrogen flushed flask fitted with a nmechani cal 4 AUG 2003
stirrer, a reflux condenser, a dropping funnel and a thernoneter, ;
charged W Wy dsgehit hal i mi do- GABA (4- pht hal i m dobut anoi cp, ﬂonc)i:jsg)o g, 0.0429
‘mol, | eq), 10 phosphorous acid (5.3 g, 0.064 nmol, 1.5 @ﬁ}b

ort ho- phosphoric acid (16.8 g, 0.01714 nol, 4 eq). The m xture was heated

to 76C and phosphorous trichloride (7.5 nl, 0.0857 nol, 2 eq.) were added

dropwi se during cklon m xtu t C and
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15 After cooling to 5 Cthe phthalic acid was renoved by filtration and the
reaction mxture was distilled to dryness. Ethanol (95% 125 m) was
added, and al endr oni ¢ a@jlwloms:ermizeprie@hﬂﬁ]breﬂrredrhﬂbdﬂmtsiaﬁtheriimmjmle was
refluxdfor ur and cooled .to 25 C. Al endroni ci.d.was . c ed by
filtration, 8 b Soé'ge‘;ﬁe"ﬂ'i" "9“5&%?%?8 10 thase s qﬂﬁ déﬂmler?ﬁéogggﬁﬁ]tﬁq oven to
give 6.11 g (57%entﬁﬂ pEMWvﬂlaﬂoﬂsQﬂﬂinoﬂifE{ftmgeﬂ thd desdribeld Embskmént tlapd Wit h

a nmechanical stjrrer fl ux £ enser, a dropping funn and

t her momet er, wa&® 'BP%E"’Q‘@H \/ﬂe *H'“Wz st‘f'H‘B‘dGﬁE’ﬁ\"Fﬁ‘g Hﬁ'f"é‘f% 2‘05 rflmﬁlg‘i ¢ acid,
5 g, 0.0273 nol js idteaiR thande %e@hﬁb&hﬂ&éﬂﬁl;aﬁlmb exfeht iRqjred By Ii@Gppaded 5 eq. ) .
The m xture was heat eg to 766@ mgfﬁ Pﬁosphorous trichloride (4.8 m, 0.0546
mol, 2 eq.) wer &2EdRdeABRitRNe ™R Of Y- 15 nminutes. The reaction mxture
was heated to 80C and kept at this tenperature for 16 hours. A m xture of
15 m 48% aqueous solution of HBr and 15nl gl acial acetic acid was added
dropwi se and the reaction mxture was refluxed for 18 hours. After 30
cooling to 5 Cthe maleic acid was renoved by filtration and the reaction
m xture was distilled to dryness. Ethanol (95% 100 nl) was added, and

al endronic acid was precipitated. The reaction m xture was refluxed for 1
hour and cooled to 25C




6 14 AUG 2003 WO 00! 49026 PCTI USQOI 03586 Al endronic acid was col | ect edufayvz003
filtration, washed with 25 nml of 95% ethanol and dried in a vacuum oven to

give 1.43 woosksdes Al t hough certain presently preferredpepbagbsagnts of the
invention 5 have been described herein, it will be apparent to those
skilled in the art to which the invention pertains that variations and
nodi fi cati ons of the described enbodi nrent nay be nade w t hout departing
fromthe spirit and scope of the invention. Accordingly, it is intended
that the invention be limted only to the extent required by the appended
clains and the WECLAMt e rules of law. 7 14 AUG 2003 WO 00! 49026 WE CLAI M
PCTI USO0/ 03586 1. A process for the preparation of alendronic acid, which
conprises the steps of a) reacting a conpound of the fornula 1 with H3PQ3 |
wherein Ris an imdo group; Apwces firshegqutpantierofialepdionieccigr wiiph whi ch

consists of chlgrao. . hr i.ado, fluoro, hydroxy, amno, -OR2 or -0OC(O R2,
wherein R2 is C&"%I'igéﬁ‘ﬂ% p,so 1-Cl2 cycloalkyl, or Cl1-Cl2 aryl; b) reacting
the product of step (a) with a deprotecting agent; and c) recovering

al endronic acid. 2. A process..aceor difehuh&othSfola MRRE BiPO,R 15 sel ected

fromthe
Rl
R/W

O
I

wherein R is an imido group; and
R' 1s selected from the group which consists of chloro, bromo, iodo,
fluoro, hydroxy, amino, -OR? or -OC(O)R?, wherein R’ is C,-C,, alkyl, C,-C,,

cycloalkyl, or C,-C,; aryl;

b) reacting the product of step (a) with a deprotecting agent; and

¢) recovering alendronic acid.

2. A process according to claim 1 wherein R is selected from the

group which consists of N-phthalimido and N-maleimido.

3. A process according to claim 1 wherein R' is selected from the

group which consists of chloro, bromo and hydroxy.

4, A process according to claim 1 wherein siep (a) further

comprises the use of one or more of the compounds selected from the group which

8



group whi ch consists of N-phthalimnmdo and N-naleimdo. 3. A process 14 AUG 2008
actording to claim1 wherein R is selected fromthe group which consists

of chl oro, woreasmeand hydroxy. 4. A process according t GhibdisissWher ei n
step (a) further conprises the use of one or nore of the conpounds
selected fromthe group which 8 14 4U61003 WO 00/ 49026 consists of H3PX4,
PC 13, PC 15 and POC 13. PCT/ USOQO' 03586 5. A process according to claim|

wherein step ( QU HL$OS pcySipRg. QAR Nore deprotecting agents sel ected
fromthe groupb&v{\)ﬂl&c co’nsi”stcg”lg HC', "HBY, acetic acid, H3PCB, and H3P04.

6. A process according to claim1l1, wherein steps (a) and (b) take place in

a single vessel. 7. A prgcess ale? Al i hsRosdrels (a) is
performed at the tenpergitureAg@g%gegévﬁe&g#gg%ghﬁ %ﬁeéélgﬁt _gbgout_érwoc. 8. A
process accor diusipgtooe i monadeprotacting iagintsseleged fm ths gprap frhichegnsisg ofH(d,

t enperature of 8 about 140C. 9. A process according to
claiml in whi cﬁﬁéﬁ%ﬁgfﬁeqﬁgobg?%’?gﬁd at the tenperature of between about

25C and about 130C. 10. A process according to claim9 in which step (b) is
performed at the temper gt ur e, gl Relugal, aPaui 1 UAGeAMLehoula dBlke | 1. A
i orned’at the 't

process according to claim®6 ch I's pe hperature of
bet ween about 23&eamalsingloutssedl80C. 12. A process according to claim 11l which
is perforned at the tenperature of between about 80C and about 140C. 13. A
process according to claim1l wherein the nolar ratio

7. A process according to claim 1 in which step (a} is performed

at the temperature of between about 25°C and about 180°C.

8. A process according to claim 7 in which step (a) is performed

at the temperature of between about 80° and about 140°C.

9. A process according to claim 1 in which step (b) is performed

at the temperature of between about 25°C and about 130°C.

10. A process according to claim 9 in which step (b) is performed

at the temperature of between about 100°C and about 130°C.

11. A process according to claim 6 which is performed at the

temperature of between about 25°C and about 180°C.

12. A process according to claim 11 which is performed at the

temperature of between about 80°C and about 140°C.

13. A process according to claim | wherein the molar ratio

between the compound of formula I and H;PO, is between 1:1 and 1:6.

14. A process according to claim 13 wherein the molar ratio

between the compound of formula 1 and H,PO, is between 1:2 and 1:5.



bet ween the conpound of fornula I and H3PG3 is between 1:1 and 1:6. Lﬁlﬁ (}(m
process according to claim 13 wherein the nolar ratio between the cohpoun

of forml awomne2tBPC3 is between 1:2 and 1:5. 9 11+ AUG Qg 00/ 49026
PCT! US0O0/ 03596 15. A process according to claim4 wherein the nol.ar ratio

bet ween the conpound of fornmula | and PC], is between 1:1 and 1:6. 16. A
process according to claim15 wherein the nolar ratio between the conpound

of formula | and PC 3 is bet)gﬁj%}ﬁ gm%'qgt%(:émﬂmeé&ﬂk?ﬁgorw cording to

claim4 wherein the nolar rati t ween e conmpoun | and
H3PO4 i s bet weehetvedn thercbnipognd diEfonmlaﬂramE@ls,lam‘medlInlgarﬁd :6cl ai m 17 wherein
the nolar ratio between the conmpound of fornmula | and H ,PO4 is between
1:2 and 1:4. 19. A process according to claim4 wherein the nolar ratio
bet ween t he conpound of fl6r MuA@rdceaameboRlgho chinh €3 whetin ielm@ardatib: 6. 20. A

process accordi Ia m 19 ere ratio et ween the conpound
of formula | gg\y’?f" %CCIH?OB%C‘[% %q?“‘gﬁ%ﬂ%@m?ﬂ 2 "ﬂl?gcess according to
claim4 vvherel n the nolar ratio between the conpound of fornula | and PCC
13 is between 1:1 and 1:§ 22, A proces according to claim 21l wherein the
molar ratio between the &onpd&HS sﬁf‘“l”fiﬁ'lﬁ]f’ﬁ]a’lm% g“ﬁ"@(‘ﬂ‘?“?‘%”ﬁt& ween 1:2 and
1:3. 10 between the compound of formula I and H;PO, is between 1:1 and 1:6.

18. A process according to claim 17 wherein the molar ratio

between the compound of formula I and H,PO, is between 1:2 and 1:4.

16. A process according to claim 4 wherein the molar ratio

between the compound of formula I and PC1, is between 1:1 and 1:6.

20. A process according to claim 19 wherein the molar ratio

between the compound of formula 1 and PC1, is between 1:2 and 1:3.

21. A process according to claim 4 wherein the molar ratio

between the compound of formula | and POC],; is between 1:1 and :6.

22. A process according to claim 21 wherein the molar ratio

between the compound of formula 1 and POC1,; is between 1:2 and 1:3.

10




