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Molecular weight: 249.99

Figure 1. Chemical structure and molecular weight of disodium etidronate.
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JIERBO NPTl D, Forml LI ERE~DIEB LEE X bz, Z® Form
| 226 OIEEE L, Form | & 75CO—EIREICIR-D &, XRPD /X & — /73 24 FEfE] T
HEBERA DO T — N F = NAR A BT 2 2 LB b b2 & 72 o 72 (Fig. 2b),
9CTIE, Form O E— 7 [ZWHEL L, L E—7 BB ohi=Z &5, Form | A
I E AL L 7B O FS da T (Form 1)~ & fEdb b AT L7 & B 2 bitiz, 90-160°C
DOHFIFATIX, Form Il O ¥ — Z BB TRAITHM LTz, S HICMET 5 & XRPD "%
— 1% 160-280°C O #EPH THID /XK — 2 ~EFRSNITENL L, S 52O I (Form
HDICHERE T D Z EMBH SN E o7, 2@ Form Il 2> 5 Form Ul ~D e 72 85 i 1%,
EEICB T A I AT —RE N E RN D WREERDH D, 2, KR TO
XRPD /X% — (X Form Il [IZFFH 72 8.5° D — 2 & Form Il IZF5A 72 9.0°D B — 7 ZE D
20 fENRH7p o TV, 2 20 XRPD R¥ —FHLLTEBY, TOEF/NENoT2
ZEBH, Form 1 & Form N OfEdatEE B L T 5 & HER S L7z (Fig. 2¢), 24
5@ Form I, Form HI X OVFEME O XRPD /X% — L, BRI B F5 vz HnwTd
< b 4 AMRTFELEGR BRI TEY, RBEORTFIZBVWTIIRETHD Z
EDH B0 & 72 o 72 (Fig. 2¢),



Form |
(a) _,_J[/,_ )\“ M O
J L " 70°C
\AL.JJL_A_MA_.—_N.MN‘LT

— _—~Form I 90°C
g ) 1207C
“J_j’ ;I . 160°C
E 1 _—~Form 11+11 180°C
=

Q I oA 200°C
o

220°C

_mj\_ hoA
|- Form 11l 240°C
I N
l b 280°C

4 10 20 30 40
20 (deg)
(b)
Room temperature
— 75°C Initial
0
[
< 75°C 1h
wn MMWMAW
]
c
3 75°C 2h
[}
Q
75°C 12h
NSO 75°C 24h
T T T
4 10 0 30 40

(c) JL ” Form | (initial)
oMt e

Form Il (initial)

A

Form |l (storage
e ( ge)

Amorphous form (initial)

Counts (Arb.)

Amorphous form (storage)

I 2‘0 3lo 40

26 (deg)

Figure 2. Dehydration of form | by heating. (a) XRPD patterns of form | at different
temperatures. (b) XRPD patterns of form | at 75°C. (c) XRPD patterns of crystals (form I, form
I, and form 111) and amorphous form before and after storage. Form | was stored at room
temperature at least 4 weeks. Form Il, form Ill and amorphous form were stored at room
temperature with silica gel at least 4 weeks.
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Figure 3. Thermal analyses of form I. (a) Overall view. (b) Enlarged view.
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Figure 4. Hydration of anhydrate crystals and amorphous form by water absorption. DVS
analysis of (a) form 11, (b) form 111, and (c) amorphous form.
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Figure 5. XRPD patterns of anhydrate crystals and amorphous form before and after DVS
measurements.
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FFALENZEAD IR VIKG F (O8I DWW TIX, T hU T ALF L 2 DORNFESRE
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Table 1 Crystallographic data of form 1.

Crystal data
Chemical formula
Space group

Cell parameters

Crystal size
Temperature
Diffraction data
Wavelength
No. of reflections
Measured
Unique
(sin6/A)max
Rint
Refinement
R, wR(F?) (all reflection)
Goodness-of-fit
Apmax, Apmin

C2HsO7P>+Nas- 4(H20)
P2i/c

a=10.5176(2) A
b=5.97018(13) A
c=18.1576(4) A

B =92.086(2)°

25 pm x 33 um % 400 pm
93K

Mo Ka

52705
3094
0.699
0.0549

0.0304, 0.0700
0.946
0.52 /A3, -0.44 ¢/A3
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70(9)
' o) 06

---- Hydrogen bond
---- Coordination bond

Figure 6. Single crystal structure of form 1. (a) Molecular structure of form I. H, C, O, and P
atoms are shown in white, gray, red, and orange, respectively. Na ions are shown as violet
spheres. (b) Hydrogen bonds and coordination bonds of form I. Atom identification numbers
are shown in parentheses, and those of symmetry-related atoms are marked with primes. (c)
Crystal packing of form I. Disordered water molecules with smaller occupancies are omitted
for clarity. The water molecules clustered in the channels are marked with blue dashed circles.
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fhEo2FHIZHWE =27 b Form |l & IERE TIHMELSWE —7 Lo Tne, & 61C,
Form Il Ti% 2163 eV (L IS/ S RTFOE— 27 BRBH HL, AT MAE 2 5D ALY
MVOERD ThDHZENRBINT, ZF RerB_F NI UAZT 25D VR
ZHLTEBYD, XANES A7 hLZ 25D U VRO AT MV EHE S E O
Thd, =F o BorHicElkand 2 >0V VRT-OGHEEIXFR —-Th b
W (Fig. 1), 2 2D U VJFF D XANES A7 ML DEWIL, U U REDOEEFEFE T TR
END G FRMHAEEROENIERT D EE2 b5, Forml OfEfEEN S, 2 20
VUBEDOHM T FRMAEMERNERL2Z L, FFIZFT NI U AL T L OBRANLKE AN
B Z ENRHBLNE 2> TV 5 (Fig. 6b, Table2), P(L)DV I TIX, 71 bk
SNTWVEBERF(01)T2 >, 7o b fEIN TR WEERE (02)T1 >, 7~V
TAAF U EDORMMEEEKR L TEY, Yo b AbS TV L BHEIF 1 & OB
ENEThHoT, B, 72 P AL SN TR WEEER T (03) 1K 1 & O HIKEREA
EIR L TWi=, —J7, PRD U U ERETIZ, 7 h b STV nWigs# i+ (05) T
3O, 7 b MEINTWARWESZR 7-(06)T 1>, 7 MU AL A LRSS E
LTEY, 7o b AbEN TV RWRRER T L ORNAE DA ThH o7z, £/, 71
FAEENTW D IEEF A (04)ITKDF L 2 ODKEHEEEKL TWi=, PRD Y »
Wik K& O FLALAE A O BHBEIE 2.299(1)-2.442(1) A TH > 7228, PQ)D U > i F D FLALAE A D
PEEE X 2RI E <, 2.353(1)-2.769(1) A TH o7, BBFIRF & U VIEA & 0HFHES
DL, 77 F AL SR TV ARWVEERER T O34 (1.505(1)-1.513(1) A)D 33, 7'r
b & TV DB FER DO %4 (1.580(1)-1.588(1) A) L v < /s> Tz, 7u b
MEENTWRWBRIE A LB SORMRIT, KVEVWEEHEGZMLTY VRT
DEFPEOBRRLZ AN X —ICREREBEL 525/ REENRHY 2 2OV VJRF
? XANES A7 R L dZEFE Form|l, Form I L OFELEMOZEROERN TH 5 L H#HE
W E iz,
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Form I, Form Il X ONFEFE O XANES 2227 A OH T, H1Z Form | & FEEE D
AR PVTEELTEREY . FERETOY UBETER SN TWSMHEAEERNR Form |
CHUPLTWAh Z e R I Tz, RIEORLEHO LB ESEEIX. Form | DK+
DRER RO T ¥ XV E 2@ CTHBET 2 2 &l ko TART 2 LHERIcN D, =
DOPLAKDBRRICHB VT, MWK TAREL CHELE~LEET 08, VgLl S b
VO LA A OMOMEERAFERLS 2BREHFIN T EZAIEERS 2 bz, £
7. Form | LIEFEED AR MAVDEN/NS ol Z b, UV UBEOBRIRF &
KT RO AKFERES I XANES A<7 MO —Z7RICE 2 28T/ WD &R
R ENT-, —JF . Forml & Formll & DAY FLd#EITEY K&, UV UBEOR
RIRTF LT N U AA AT RIOENFEGD, Form | EIERE & D7 & ik LT Form |
EFormll LDEDFHTNREL Lo TWDHHREMENE A bz, YLD P-K KU
XANES 2~7 b VEC X0 | U ERH % & Lol K O s &b T2 o [R] 7 S3H BN i AT
BBThhHZ EBRINT,
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Figure 7. Phosphorus K-edge XANES spectra of form I, form Il, and amorphous form. (a)
Overall view. Enlarged views: (b) around the highest peak-top at 2150-2153 eV and (c) around
the second-highest peaks at 2154-2174 eV.
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measurement) after measuring the form | (1st measurement) and form Il XANES spectra to
confirm the reproducibility. (a) Overall view and (b) (c) enlarged views.
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Table 2 Coordination bonds and hydrogen bonds formed at the phosphate moieties.

P(1) phosphate moiety P(2) phosphate moiety
Bond type Atoms™! Distance™ (A) Atom™! Distance™ (A)

Coordination P-O(1)H Na(1) 2.414(1) P=0(5) Na(1) 2.442(1)
bond P-O(1)H Na(2) 2.769(1) P=0(5) Na(2) 2.386(1)
P=0(2) Na(l’) 2.353(1) P=0(5) Na(2’) 2.340(1)
P=0(6) Na(1’) 2.299(1)

Hydrogen bond P-O(1)H P=0(2") 2.599(1) P-O(4)H H20(10) 2.579(4), 2.606(4)

P=0(2) P-O(1’)H 2.599(1) P-O(4)H H2O(117)  2.934(6), 2.954(6)
P=0(3) H20(8) 2.752(1) P=0(6) H.0(8") 2.795(1)

P=0(3) H20(9") 2.910(7), 2.747(9) P=0(6) H20(10") 2.714(5), 2.706(6)

P=0(3) H.O(11’)  2.760(4), 2.739(6)

*1 Numbers of crystallographically symmetry-related atoms are marked with primes.

*2 Distances between O and Na atoms of coordination bonds and between O atoms of O-H---O hydrogen bonds with their
standard errors of the last digits in parentheses. In the cases of disordered water molecules, two distances are shown,
with the conformers of occupancies 0.502 and 0.498.
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HAE /N

XRPD {#7E & BV E O #5760 WA AE G O Form 1HZNEIZ K0 Bk Z fEu 72
P HIEE L, ERDMBUZ LV IEREED S AR Td S Form 11 ~OiE St
R T, BAEHIIZ Form N ICEERE -2 2 & 3 & 0y & 72 5 72 (Fig. 9), DVS HIEIZH
T. 2R TIX 60 - 80%RH T Form II, Form I, FEFEENWIE L < Form | Z Rk L 7=
2. MEZ 0%RH ICTIFTH Form L IZZETH o722 L6, Form | 235@ 5 OEREE
TCTHREERTHY, =F Fa @)+ ) v A0EBRAORE KT 5 RERE
LLTHELTWD EEX BN, Form | LIAAZJRHEERE & L CEIRT 256, HEK
CHRAORETWMEEENLETH DL, LEOMAIEX, =F FerB ) M) vAD
E A ORGEIC L > THFICHETH D,

P-K I3 XANES 227 R VHBIE OFEF . Form I, Form Il e OVFE &l B O f#] T 7
DAY MR B I, P-K WL XANES A7 hVEIC LD U VBRI 2 G T
OFERE DR ENTHBI DA TH H Z EBPD THEIES N7z, XANES A7 |
AEE, JRIEDORE K OIS EOFMICAE N R FIETH Y . WA O KEFMIZ S A M
EWIrES N D,
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Figure 9. Schematic for phase transition of disodium etidronate.
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FE2E FFrUVBZT MY U LAEREODELE
BLE S

FBLEOMEMRLOLEBY, = F Fe B MY U AXUKMP RS TH D Form
| S F OBRBE T CROZERMBIETHY . =F Re B =) U v A0 KA
BEICHE L REBEOVDESEEZLND,

—F. BRFTE, =F ke @B+ ) v AOKSEICET 2 MERENRES
T 5 (24,25), KIEFER )T, KOME : 5.0%L F(F—v7 1 v v —ik), AARIE
J& 5 TTUE, WA - 5.0%0L T (210°C, 2 RFE) D SE B AR E S TWD, Form | @
K BEOFGHRMIL 22.4%TH O . Form | [ L3RG THIE STV 25K EO VB K
eI BhWled, REZER THLIICHEDLLT, =F ke B+ M) v ADORIE
JEREE L T@EIRTE 20K E 2> T WD, LEed> T, Form | UAADJRILZRE TH
. FEME KL L (Form 1, Form NN Z#INTH2XENH D08, 24 b DR
BB L =DM RO LB WRIZEY Form I ~L B35 2 b, WiEMEIC
B4 2B&8H508, KBEFTEILETHDHD, KIBEICEETIZFRIEPREL
LCERTHZENTE D, EAHMELO Form 11 & Form LI 2oV Tk, RS
150CEZ B A 2 ®mIE TOMMNKLETH Y | B MOEIERNIR Y 2 7 NI 5 & H#HEH
SINLHOT, FIFERELELTTHEIRWEZ X b, ML DRV EIZS
WTh, TFFr B MY U AEKICIFETOT WA, AEEEICITIETICET
W Z b HEEKROFREBEBE L HERET 2 2 & T Form 1 X° Form 11 % 5 $
THZEEIRETHLZENEESIND, EZ T AMETIH, = F Fe @+~
v ADFREEREE L CIHEBEICER Lz,

B RIR AR R — b OKRFWHG bh OB AR T SR EES N~ H D508 (2-5) . =F Fnm
VBT RV UAEGEDIEEARARE— N OELE DR, WIRNE & DKy &
OHEAMEEIC OV TITIE LA ERE SN TEL T, 012, EREOREFERY
BEMEEICRIETHBICOWTIEIAE TR I TR, ARIFZETIE, IS
. B RLRE R VBRI R INE D 3 oofEHFEEHWT, =F K v ) U
T A DHEE PR L7 (Fig. 10), %5 1 HOMIED L B0 . Form | & 80°C AT THlEL
W5 2 L CHMBEICHEB T 5700, MEAEEE LTERHAL, EREH EMma L
oo BURSHLIRIE & BERBORIMEIL, EMEEZRR T 27200 - REMTH D720
(26-29), ARMFEIZBFWVWTHEHMH L, T NFHFEEF, IFREA ELmA LT, 21D

O
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SFEEDOIELE OWMEE . XRPD ik, BpHrik, DVS L, THNMR L, 7w A7 |
JUE KON XANES A7 R LiEZ AW TR L 7=,
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Heat drying

Heat Amorphous
form H

Freeze drying
1. Dissolve in water
Form | 2 Freeze dry Amorphous

(Hydrate crystal)  m—) form F

Anti-solvent precipitation

Amorphous
form A

1. Dissolve in water
2. Add the solution into ethanol
as anti-solvent

Figure 10. Manufacturing method of each amorphous form of disodium etidronate.
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H2fi EBRMEIRXUOERBRGIE
2.1, SEBRME

HMEOTF P BT P T LAFEKT 7=~ b AT L, hoalEiTd~
THhitk 2 L7z,

2.2. Form | Jx OVIESHE oo 7 5

WKFIRE A O Form 1iE, AF L= F R B -7 M) U AZERERE LH33-
12M(FH 7 H A = ZA)Z 40°C90%RH T7 HREIMEE T2 Lick v R L7-,

AR B O JESE H 1%, Form |5 250 mg % 80°C T 24 FF[., JUEFLIE T oo 1HiE E
NTIET 2 Z ik VR Lz,

WS RYE DO IERE F X, Form 1) 250 mg 27K 20 mL IC=RiIE TR L. Z DIAK %
SI0CDO RIAT A AT b ARHT 5 SriE, SURBGHE S B 7%, AR FDU -
1200(H X EAL B ) & WV b T v FIRE-45CTAMM T 2 2 Lic L v L7,

BIRERINEOIESEE AL, Form 15 250mg 2K 1mL ICHBE CTREBIZEM L, =
DIRWR % IR TH (750 rpm, 10-20 o) L7e 3 6, iR LT % / —/L 250 mL
iz, Arifi L72slklb 2 AmEie U, =R T 24 BT T 5 2 & TR,

INOOHEREIT, WECHEATLETERETYIBFIVAY OER TR L,

2.3, X BB AREHIE

LR OWEIE, CuKo X #., Bt 40 mA, BT 45kV D 5T, Empyrean (PANalytical)
ZHWTERLZ,

XRPD M/ 1X=RIE T, [ 4-40°12 9)., AT v 7H A X0.017°, AF ¥ AE— K
0.033°/F) THIE L 7=,

R XRPD HIE X, 40 - 280°CE£ T 10°CEIC, [T f 4-40°12 9), AT v T H A4 X
0.026°, A ¥ ¥ » A E— F 0.067°/F CTHIE L 7=,

2.4, BHIE
DSC & } O Modulated DSC #l7i£1%, B v AR — %237 v RTELZ LTS
INNCEENE K 5 mg B L, DSC2500 (TA Instruments) & W C3EE L 7=,
DSC HIE 1, ZEHRifi & 50 mL/5y, A-R#EEE 10°C/ 4y, IR EEHiPH 25-350°C THIE L 7=,
Modulated DSC #Il & 1%, 5K & 50 mL/4y. F-IEEEE 2°C/y . IR EEHLPH 25-300°C,
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25 R I 0.5°C, Z55H JE 11 60 B THlIE L 7=,

TGHIE KR OERTCGHIEIX . BAKRD 7T FF /3 ik 2% 5 mg £ L . TGA5500
(TA Instruments) & F T3 L 7=,

TG JIE 1T, #EHE & 25 mL/4y, F-1E3#E 10°C/4y ¢, i E & PE 25-350°C THIE L 7=,

TR TG HIE 1, IR EEHIPH 25°C-80°C £ T H-IR & £ 10°C/4y THIEL L, 80°C T 24 F[H]
RFF L7ot% ., IREEHEPA 80°C-350°C £ CHIREE 10°C/or TIEA L 7=, R W RHITW T4
H 25 mL/sy Th o7,

2.5, BIRYK G R B A I E

DVS # &1L, IGAsorp (Hiden Analytical)% v 7=, # 10mg Okt Z AT L ZAD~
A7mvAyvaa—y bIlRE, 25COEREL T, 5%RH £ 7213 10%RH O £ 21k
5 T 0%RH 75 90%RH D& CHlE L7,

2.6. HNMR &

'HNMR HI7E X, 5mm O A F—%Z4EH L. AV400M NMR (Bruker)iZ £ v =i T%&
fii L7=. FESRE A5 mg & DO £ 0.75 mL ICIAfEL . NMR F=2— 728 L7z, H
NMR AX7 RLZ, =X ) —VDAF VT a k&7 Iy 7 b 12ppm Il E L,
FERE A% 16 B CTHUS L 7=,

27. Tx AT MVAIE

Z < AT FVRIEIT =R T, FT-Raman MultiRAM(Bruker) % W C%EfE L7=, &
T AEIZHABK S mg A FRE L, JE L — Y — K 1064 nm, H|EFFH 70-3500 cmt,
SYPERE 4 cmt. BESIRI%K 128 [ THIE L 7,

2.8. XANES 2~X7 h/LHIE
bbby rnu bha ot 2 —(FEmBREWT )0 BLENL B — A7 1 T XANES
AR MVERIE LT, EME 2, BEMEWm _EHI—RN 7 — 713, XANES F
Yo —iZty b Lz, WERE 25CO~NY 7 AFFHAK T, KSOs D S-K WIS D &
— 27 by N 24817eVIC D LI XM RN F—EKIE LT, XANES A7 b
T 2E FINEET— FTHE L., ATHENA Y7 F o7 =7 (21)% AW T XANES A~ |
DT — H AR Z LTV XANES 237 R VIZE T 2 WU DO R TG DN 1
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2% Lo ITHIRRIL LT,
BIE MR
3.1 X MR ET I E K OV &
3.1.1. JEMEORENMN

WFTHOIERHE D XRPD /NF — 1250 Th, EMERAEDO T —F— &R L
722 &b (Fig. 11a, b), 3 DD HFIETIHAEEZHRUTEL LW n LR o7, F
. TNODOHEEEITZT I AT NVAY OFHWNICEIRT 6 AU ERFL THIEMSE
EHEFFLCWEZ D, RIBE TFTORMAFETIEWVWTLOESE L ke T, ZET
L EDRHLMNE R oT,
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Figure 11. (a) XRPD patterns of amorphous forms before and after storage. Amorphous forms
were stored at room temperature with silica gel at least 6 months. (b) Enlarged view of XRPD
patterns of amorphous forms. Variable temperature XRPD patterns of (c) amorphous form H,
(d) amorphous form F, and (e¢) amorphous form A.
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3.1.2. JEME DK E

BPEORER, WTNOHEMBE D, 300CHTICE W THER D &4 5 WRALE—7
o L(Fig. 12a—c), =F R F NI DLDHMICED2bDEBE bz, o
BELTICB T 52HEMEH FL ADEERITTAEN 3.9%, 10.0%, 11.2% ToH - /-
(Table3), JEME H, FOBEEBDIZ, Zh o0 EBEORBEIITKOHREZHEML TV
L52Emb, BAKICEDbD LISz, —F, EME A ORI kET 7 ) —
NEMHL TR, BEFEADITK, =& =V IEOmM G ORBEZ XL 56 0 & HEH
SN, H-NMRICEV ER&LEHFEEAFOT X ) — L &EIT 1.3% (Ww, =F R
it " F P DAL FICRH LTS ) —L0.07T 5 FHE)THY  BEERLDDIZEAL
FARZICEDbDEBZ BN,

HFHE HOKDEIZIIW(=F Fr g _F ) UL 155FICx LTKO0.6 75 FHH
W), EREF, ADKDEIZZENEN 10.0%, 9.9%(=F R -+ ~J v A1+
XL TR LE o FAHYS) CTh o7z, FEME H DK EIZHLEF.ADK L3 THY .
FHmE HOANER T THESND KDOHFREERETH D 5.0%LL F &7z LTz,
KIC— HIRME L CRREL SN DM F. A SI3E W, JESE H I Form | 2 #9252
ECHBERNS IMEL o TWVD, B 1 EOHEERO LBV, Form | OFEHEFIC
BOWT, KD FIEF ¥ X UEEEZERLTWD, MAGERSELERIC, 20F v 3b
BHEEEZ N LR TR ICHBET 22N T& b, JEWMEF, A &L T,
FHEEHOKGEMES oo mliBERH L EE X BN,

FERE HOBKFERZFHEMARL720, Forml PO EREH ZRRT LB LM LT
ZMT(B0C)T Form | OER TCHMEEITo72 L 2 A, 24 K] T 21.1%(=F K &
TR A LI LTK 38 Y. D% D 80°C-300CDINELT 1.5%(~
FREUEEZTF R U AL FITR L TK0.34r 1-H )0 B &g/ & % L 7= (Fig. 12d),
%HE DK 0.3 47 FAHY) L, FEEORBGETHE L ZZIHERE HDOK0.6 45 MY &
FRETHY ., ODTPRECHRKITMUEGFOY L TLEDODEWVWICEIDZbDLEEZEI DN
5. FEEOMBAIEIIB T D2IEMEH O 7 LEI1T250mg Th 7223, iR TG H
ETOHEMEHOY T VEITHNSmg THY, FIRTGHED FN/NAr— L Th o
TR LT ol RN b 5D, £, THOHORERIT. DEDKS 7 80C
TR OMBAZ BN T, FREHICEET 2L 2R LT, & 1 EOIHRE
DEBY, Form Il D 45DKSFDHIHD 1 2F 2 >ORMFEEZNMLTT U 74
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A A NCHREICEALTRBY ., ZOKSFVRIFERE HIZFERE L TWERIKTH 5 lHE
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Figure 12. DSC and TG data of (a) amorphous form H, (b) amorphous form F, and (c)
amorphous form A. (d) Isothermal TG curves of form I. (¢) Enlarged view of DSC curves of
amorphous forms. Modulated DSC curves of (f) amorphous form H, (g) amorphous form F, and
(h) amorphous form A.
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Table 3  Weight change of each sample by TG and DVS.
Observed weight change Theoretical weight change”!

Sample TG DVS DVS
Amorphous form H -3.9% +26.3% +23.8%
Amorphous form F -10.0% +18.2% +15.9%
Amorphous form A -11.2% +18.8% +14.4%"

*1 The theoretical weight change of the transition from amorphous disodium etidronate to tetrahydrate
crystal, taking into account the amounts of water molecules originally contained in amorphous forms.

The calculation formula: (100%+TG%) x (M,+M,x4)/M, - 100%,
where M, and M, are molecular weights of disodium etidronate (249.99) and water (18.02), respectively

*2 The amount of ethanol (1.3%) is ignored.
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3.1.3. EHEEDOH T RAEBE., BlAK K O ML

DSC #H|E. Modulated DSC #HIE. HFJ& XRPD HIEIZ LY. 3 SO EMEITH T Az

B WK K O S AR FE

Table 4  Summary of the differences among amorphous forms.

WD D Z LB T o 72 (Table 4),

Sample Amorphous form H Amorphous form F Amorphous form A
Molecular mobility
estimated by the preparation High Medium
method
Water content by TG 10.0% 9.9%"!
Glass transition point (7y) Not observed 66°C 78°C
by modulated DSC
Water desorption peak
temperature 120°C 70-90°C
by DSC
Water desorption peak
temperature 110°C 60-90°C

by modulated DSC

Crystallization temperatures

by DSC

Crystallization temperatures
by variable temperature XRPD

Form II and Form III:

Form II: 170°C*?
Form III: 180°C*2

Form II: 140°C
Form III: 180°C

Form II and Form III:

130-240°C

Form II: 120°C
Form III: 160°C

Form II and Form III:
140-240°C
Form II: 180°C™?
Form III: 190°C*?

Form II: 140°C
Form III: 180-220°C

*1 The amount of ethanol (1.3%) is subtracted.
*2 The temperature at the apex of the exothermic peak.
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3.1.3.1. #7 AEEH & Ok

DSC MIiEDFER ., JHEME H X 900CH T/ S elE e — 7 | FEdE F X 70CHHi
& 120CHHEIZ 2 DOWBE — 2 | FEEE A T0OCHITIT/N S R — 27 RO 5
N7 (Fig. 11€), —h 6 OB L — 7 O JEK % F-< 2 7= 2. FEHE 2>\ T Modulated
DSC DI & % Eiti L 7= (Fig. 12f-h), Modulated DSC %2\ & 254k 0 Al i 19 72 pl 4y & A~ 7]
W72y BT A Z E R AIEETH D . L E 4L reversing heat flow & non-reversing
heat flow & L C/r&v b, FEELE D H 7 REE# 13 reversing heat flow (2 W TX— R F
A LDORETGH~D 7 ~E LTI IS, FEEE H @ reversing heat flow Tl
NR—=RAF A7 MIRD LR - 7= (Fig. 12f), FEEE H OH T A8 (T)ix., #%
T DX ICRERILIEEQTOCC)M T Th D EHN SN D, — )7 FESE F.A @ reversing
heat flow TiX., Z#LZ4 66°C, 78 CICBNTH T AEBIZLLHRX—RATF A v 7 PR
P b7z (Fig. 12g, h),

FEdmE H. F @ non-reversing heat flow Tix, Z4L 241 80°CAHHir, 110°CHFITIc L v
— 7 NF® B LTz 23 (Fig. 12f, g). reversing heat flow TIEH T AEBEDORX—R T 4 ¥
T RERER NS ETCGHEICBNTHINDLDOREMI THEEBDEZ R LD
LB (Fig. 12a, b), TN HLOWRB L — 7 ZMAKICE Db EHEH STz, HFWEF D
non-reversing heat flow (2351} 5 66°C TOWE ' — 7 |% | reversing heat flow (35 TH
7 AEWB RN 66CICBO LN Lnh, HMEDOH T AWBIZHENEI Sh D BE
ThHHTZ U X NVE—REMIZED LD LEE X BT (Fig. 129), FE&E A @ non-reversing
heat flow TiE. 60—90°C D TV < DA DB E — 7 7R 7 - T 7= (Fig. 12h),
Reversing heat flow TiX 78 C CTH 7 R 1R D 6 1L (Fig. 12h). TG HIEIZB W TH A
T 2B R D 18 Ca F e INVIREHIH CH &R 058 O b7z Z & 22 b non-reversing
heat flow (235172 b DR — 7 (T 2V E—fEL K - =% /) — L OREED
W72 Sk LTS ATREMENR B 2 bivic, FEALE F @ non-reversing heat flow T 5
NTPAKE — 271X 110CTH Y (Fig. 129). FEEE H,. A XD b EL< 2 OKOHBATH
% 100C LYV b o7, HME F TG RE THERSSERIC=F Fr =) k
U D LZKIHEBESETHRET LD, KRETICEBELIL=F Fa g = M) UL
DR RBIZAKRMENTWDIRETHDLT-D, KEF K@+ ) U LASTO
FHCZBOKER AL DMAEFEARERSND EHISN D, ZOMAEEMIZEY,
HEmEFOBKRENES ol BRI,
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3.1.3.2. fEdbib

FiE XRPD HIEIZB N T, WTFNDOIEFHE S 100°C X ik 120C £ THAEERFA D /1
— NG — U DHERF S VT2 A3 (Fig. 11c-e), HEARMRE G D Form 11 2R 72 8.5° D E— 7 73
FEME F Tl 120C, JEMAE H, A T 140C TR O LN, SHITMET D L, WTh
DIFFEBEIZONT S Form | OB — V7 BENRAICHEIM L7 Z &6, Form 11 Off &
bR 2 ICEAT LT B2 b, 70, BAKYAESE O Form I IZFA 7 9.0°0 B —
7%, JESE H TiX 180°C, JEME F TIX 160C TR O O, S SIS 5 &, IR
B H, FTlE. Form Il ® & — 7 FEITRFEITHEA L, #IZ Form 11 & — 7 58 3N
L7z, Z#id. Form Il 725 Form I ~D i fb s & IEdE 225 Form I ~ Dbk
rabvoltEZONT, EHRE AICBONTH, 85 @ Form Il kD E— 27 7% 180°C
PLETO9.0° ~&fhxicE8—s RNy 7 ML THY, EHEH, F ERMEIC, Formll 225
Form Il ~O#E MR & JERME 2D Form I ~OfE b N EET L & & 2 b iz, B
H A ®©Form Il & Form Il O — 27 [ZBHBRIZHBES N2 o720, ZHiEe—72 DOlR
N7 —RThol-lzbtEZLNT,

DSC B WNT, WTFNOIHERHRE L 130 - 240°C D LW THRESFH O R— 2R F
A v EFENED LT (Fig. 128), X—A T A4 O EH T, B 0T, B
REOWD, ITZEOM G THDLHAREMENBZ X 6T, £o, IEHE H TIiX 170C &
180°C. FEME A TIE 180°C & 190CICHB W T, ¥ —FRBEEALE — 7 BB D LT,
W1 EOHERE R TIX, Form 11 225 Form Il ~D#EBIL 70— RARE L — 27 Th -
72720, FEWME H, A THRODOLNTZ2OD Y v — 7R — 21T Form Il 7»5 Form
N OB TIER2NEEZLND, HIE XRPD H/EICBWTH ., 180°CHIT T Form Il =
Form Il DAERNRD 5N TS Z &b (Fig. 11c—e), BZ DO R — 7 1 ZIEHE D D
Form 11 ° Form LIl ~O#Edfbic L2 b0 EHER STz, FbOEITIXRESHTHD
2 WE EFIC Ko TUETIHFMEO —HITRIRLZER TH D5 Form I~ & fifhfk L.
SHRDLIME EFAIZBWTEY OFEMENEIRZER O Form I ~ & fEfmb 3 5729,
FEME NS FormIl & Form Il ~DfE bR WInb@BoO oz SN D, ERE
F @ DSC Ml TiZ 130-240CO#PHT 1 DD T m— RREA L — 7 (¥ —27 b v 7
180°C) N #B W b7 (Fig. 12e), F-iE XRPD HIEIZHB W T H ., [A U T Form 1l 22 5
Form Il ~DOfE i & FHESRE S Form H ~DOFE L2338 O 5 TWwW b 2 & 76 (Fig.
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11d), 2O OFERER LMo — 7 I3FEREH A LR TT e —FThoED
WCHEHRYVG->TEY, —2obv—7 L L THRIEBSNTEATRBENRE X b,
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3.1.33. BN R D ERK

FEBEOMET (7 2B, BKK O RAL) OFEWIE, Koy &L s FEBEDE
WABAE T TV D ATREMEN & 5 (Table 4), FEAHE H 1 Form | O ds & NEL L Tk &
LI EICE VAT IHETHLIN, FHLEOHIEO LBV, Form | OfEMATIZE
WTL RS FIEF ¥ A EZ R L TV, BLAKDBRIZE W T, K55 T2 H
DF ¥ F)NEilo THBET 2 Z N TEX D72, Form | TERK X 40TV 5 B A<
KERELEWVWOTZHAEEHZRESET I ERSIERENHRLEAREELXHD, 20D
DAL > T, HdE H O FEDMEIZIELE A, F SR L TR ot &
Ezbnl, HEME FIXEMEEZEBEECBWT, = F Fe v =+ b U A FIIKE
WHPICEMR L CTREBICAKM I TW DR CTHAE S, BEGZERIZ X > TR+ 57
AN THBEIND, ZOBRIIBNWT, =ZF e ryBF M) ULASTFIEI#-EETH
5 Form | @ X 5 R ER Sy FRMEERITR S LW o, HEHE F O FEE M
THBEEH LV b@EL< Rolo e B b, HFME ATBEBEBHRINEICB WV T, KB
WP L TR TWd2=F Fe @S N v a3 8ERETCHL =2 7
=V EMZTZBICBIAK, BE L, T2, ZoREELIIHOBRICE VT, EHE A
DZF R rB_F NI UL FIRXLEERS TERMEEREZERT 228, HaThd
Form | L2 LagE T2V EHRI SN D, DLE2S ., FEdE A O5 FEEMEIL,
FMmEHEERDEEmOR, FREF LD EES RoTc B2 b,

BT TIEBME LK BT, Ty 2R TS, FREOMBMEREZKTSEL L
MHT BN TWDH(30), EMEF D TiL66CTHY, FHEME A D T8C LV IKN -T2,
HEE F OKSEITIHELE A LFEEDOH 10%TH - 7= (Table 4), ZIIIIERLE F D4y
THEBERE N LICRRNT D EEZOND, EBREH O TyEBEINT . b
BEEGY 1T0C)F T & @V ATREERH D . ZOE W Told, JERE H O FiEdhiE Lok
GEPENZEICERT 2L E2 005, HEMEF ORKBILIREL. 3 >OIE[EO T
T bENS TN, TS FEBIELEKDEPEGVWI EICERT LI EEZX BN D,
FERE A OKSECHES N TESMEIIEME H XV b@Er-s I bbb T,
JEE A OREBEIRE X, EREH LV bbb ThIcEm»oz, ZORKE LTE, N
Bl XKk y ) =Ny ToOlBOENI LI OEZx NS, ELEA O
TGHIEICBWT, KELIFZH /) — /L OBiBEIC X 58 &I 25CTHE D, 150C
P Z T, W LIREM T E THE W TV (Fig. 12¢), — 5. HEE H ofiKic k58
BEADOIZE A LT 150CLL FT5% T L TWie(Fig. 12a), miL FTHIEMLE A Fi2sk
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By HKEFITZ ) — VT EKDFESTH D Form 1l ~DO#k fafbk 2 P39 % " gEME
NdhsbH, Lo LB, EHEHE HOPAKIZ Forml D F ¥ xVEEREE DO - DI
B LR THEOCHIT L RSN S,
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3.2, BhREYIK G WS HE

0-90%RH T® 1st A 7 LIZE VT, WTFNOIEFEEITHONTHEEIT 50%RH LA
TTEHE—ETHYD, 0%RH DIEKIBETH > THRSFIIMBEL RN ERHLNE R
- 72 (Fig. 13a—¢), W DOIEME b 50% RH LU B2 W TR L. 90%RH T I i
B H, F, ADEEHNIZZNZH 26.3%, 18.2%, 188% Th -7, Zh b DI ERHEIC
TENLEHEENDKPEEZEETDHE, TOOEEHMNZ., WAKFYH S TH 2 Form
| ~DERFIZFE O B &I O HFRIE & VW E T o - 72 (Table 3), DVS #lliE# @ XRPD /3
=%, Forml O/ F — Lo TEY, 3 50HEEH TN H 50%RH LI ETHK
BIZE > T Form L IZEB 325 2 &N 52 & 72 o 7= (Fig. 13d), AR LBV | FEREE
FLAFZZF Ry ) A LI L TKIS GFHYOKRGEEZRLTE
D, HEEEHIFK0E D TFHEDKSETHDLIZO, HFEEF., ADKSEITIFSE H
T KFIRES TH D Forml O E > TWnd, Lol FESE H 225 Form |l ~?
R IX 2 BB RY e 2 Tld 72 < — BB CHlEEAT L. RIS KFREBIZER O 5o
7o, B O &R0 IESE HIX FormI Ao MEUZ X AR X523, Form | TR S
TV DEANLRE &P KFER A & W o LHAEEMNH 2B E MR STV 5 iR fEs
HY . RET DHEEAEHD Form | OFEEAGICHE R s+ OFEELZMR L, PN
7R KRR BE & £ 97U Form | ~H588 U7z L HEHI S vz, W is K 2 4 b o 2 8%
WTROEHEICB T H, 50%RH UL ECTEEHINAR D S 7%, 0-90%RH o i
THEEIZT-ETHY., FELHELD Form | ~OIBIZ AWK TH D Z ENHL ML A
Sl e D 2 b OHERE & RAFT D BIE ALz T 5 72 O 1T EE & 50%RH
KRG ICHBEICHET 2 LERDH L B2 ONT,
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Figure 13. DVS analyses of (a) amorphous form H, (b) amorphous form F, and (c) amorphous
form A. (d) XRPD patterns of amorphous forms before and after DVS measurements.
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33 T~ LAY FVHIE

3ODHMED T~ AT TR E L TITEM LAY FL L7572 (Fig.
14a), L L, R—RA T4 R/ A RXOEELLZ TFIZ WEHHEINS, ¥ — 7 Tl
FEOEW 650 em fHifOE—ZICEFH L EZ A, ERMERTEY—2 by TOMEIC
DITIINRFERNPRD b (Fig. 14b), HEME F. ADE— 2713, FEME H I~ TR
WEMIZy 7 RO LN, HEAE F. A ZERE HICHEXTKYENREL, kA
MEKEDH TR INDKBMEDOEL L D s, ZhboEe—2 v 7

T, KEREDORBICL > TELLEREOMEDENICER T 5/ REMELE 2 5
N7z (31), sy MBS —E T, FH— 0o FHHEEHCHER S DR EIT8RRD |
e E Ly F B S —E TiE AWz, flx 05 FRMEAEEMNNELT TWD & HEH
ENDd, F7V AT ML, Fx OMEAERIC LD ZER S Lo 723 b
SNTARZ PR SN0, &R E L TITEU LAY PLiirh | B—
737 hE LCHBEMOGFMRMEEROENEZFMT 2 EBNRETH-T2EH
bz,
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Figure 14. Raman spectra of amorphous forms. (a) Overall view. (b) Enlarged view around 650
cm-1.
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3.4. XANES A7 h/VHIE

3 DDIEMED P-K WILEi; XANES A7 FLiL, 7~ A7 MVOGE & [FEER
I, 2 ELTEHEHM LAY ML Tho72(Fig. 15), H 1 H=DOWFEDO L FBH | =F
Fa g7 F) LD XANES A7 huid, U rBEOmBILF &K+ L& DM
HERRY vBEOMEIR LT NI DAL A LOMAEERICE W ELT D EEX
bivd, 30DIMBEITKGEIZERN D DA, XANES A7 FLIKIZIER —Th -
Tl ene. HEEEDOKSFHUERSREFTHL Y ACBEET D U i TIER<
TRV TAALAF L EEITHAEERAL TV D AIEENRS Z b,
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Figure 15. Phosphorus K-edge XANES spectra of amorphous forms.
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HAE /N

AWFZETIE, =F Fr BT PV U LAOHEMEEE 3 DORGEETHE L., R
HOWBBIIEE N FIF T RIE GO B 2 9180 TR L7z, HIE XRPD HI7E & BVl E
DFER. Too WA, M LREREOYMMHEORTIHSEH, A, FIRIOEZRZRBD LN
. THEOENE, EREOKSEL G FEBPEOEND S AT TV D A REMEN
%, MPEDEFRIZEE S HHER R B OERIT, 7~ A7 FVRIES XANES
AT NVIED X 9 723 R FIECTIEHEREZAL NI T 2B TE o T,
DVS Il 7E D fER ., FHEMEE T Wb 50% RH LU ETIHSEE S Form | (2R A 3 i 12 s
BT eNERIN, TNODOHFBEEZRFT HBE., ML 2 RET 5720 E
EEEICHIE T AN ER D L LB X B,

3ODI ERHEDHI L, KSEIZERE H PR GELS, FERHE HOARFT THE S
NDKRDEDSERK(B.0%LL F)&207- LT b8, o HEESEsE < RAFF o
LY 27 b bIRVWEBZ N MERE X, FERE H D EE A OREICK#ETH
HEBZONT, TNOHOMEOMAIET, = F Fe @B N U LA0EERAOR
WIZE > THBICEHETH D,
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% 3FE XANES A7 MHEIEIZ LB ERAFRRAFR R — FNEEDORHEAENT
BLE S

FramdD &0, ERRAOME I IZREOYIEDFMA R K Th Y, AT
JFIR DTG T 15 & U CIEHHBEE TIECTH D X BRI 515 & (XANES) A~ 7 kLl
EEIZEH L72(8),

TF R BT M) ULIERARARE— FROFIEO—D>TH LN, EARA
RA—PMIRIUREBREFICHEAELE 2 20V UBEEZFEDL, U VRIS P-K I
XANES 227 MVIlEHEZBERA T2 2N TES, VBRETOD URFIT, T
DEEEST D20 FEIFA T DR EEEMAEEN T2 Z &30 R, U UBREOR
FEIE, KEBESCEMESE GO REGE R T 22LNTE, Zh b0
HAERIE, UV VR OB FIREBICEEL 5 2| P-K I XANES 2 X7 kLD IRZE
ERAECHAREERS D, LL, FIEDO X BEIUR - OF A/ER & XANES A~
FVDIBIR E DERIZOWTIIHA LN E o TR, £Z TARME T, 6 BEHOE
AR AR F— b O KFI G & (Fig. 16)% W T, P-K WU XANES A7 hLv ) o
BBREOHTFEMAEEABIOREREICL > TEDOL ) REELZIT L 0EHRT,
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(Sodium ibandronate monohydrate)

Figure 16. Chemical structure of bisphosphonates. (a) Alendronate, (b) clodronate, (c)
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I
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HaNCH,CHz ——C ——OH

HO——P——0Na

|
o
SH,0

Pamidronate

(Disodium pamidronate pentahydrate)

o]
HO—IU—DNa

HsC——C——O0H

HO——P——0Na

0]
4H,0
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(Disodium etidronate tetrahydrate)

(f)

(o}

/ \ HO——P——0CH

N HO—P——0Na

I
o}

CH;——C——0H

2 1/2H,0

Risedronate
(Sodium risedronate hemipentahydrate)

etidronate, (d) ibandronate, (e) pamidronate, and (f) risedronate.
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F2Hi EBRMBBIOERGE
2.1, EBRMOE

HEEDOZF =T PV ANIELT 77—~ bAFLL, T o g
TRV TA=KFY, s R B N AR, AN RerglbhUy
LEEARY), NI P BT N LK E Y E R gl Y v A 25 K
Wix, R TENLBALE,

2.2, JKFnfh dh o ¥ Kk o 7

TF R BT P U LAOMKIR AL, AFLcF Fe B _F FJ U A
Z E YR TE IR E LH33-12M(F# / %A = > Z)IZ 40°C90%RH T 7 HMRE+ 5 = LIz k
IR LT,

AN R T P U LAO—KINR SITERAICZ DM L7z, BBALLAAN
Y Rua g Y U ABKYK 100 mg & 2 mL OKIZEIR TRSICIEM L, BAIRM L
LCx=¥ /=& 8mLIx THEE L, BT BFHFELL, LA Fe @
TR U U A= KRS S A AW EIL L, SR EE N T — B L7,

DO E AR AR R — F O KRS ST A AT L7,

2.3, XHEB R BT HIE

LT ORIEIL, CuKa X ##., it 40 mA, B+ 45kV O 544 T, Empyrean (PANalytical)
Z R W T LT,

XRPD Ml E 1L =R T, [ 4-40°12 9)., AT v 7H A X 0.017°, AF ¥ AE— K
0.033°/F Tl & L 7=,

2.4, HLRE&h XORRARE S AT

TLryRayir N A=K, 7a Raesrfg G MU o AR RO
Re @) N Y U ATRFPIZ DN T, WM I8 L7z B 5 2 RS EI L
TR 7,

7Ly Ru i YA S KK 20 mg ZKIA X 2 —/L(3/1) 1 mL IZ 80°C T
LT, ZORKEZFE L, BIRT 2 AMFEE LI E 2 A, WKL IT B O B i
DRH BT,

s Ro g bY o ANKR®SE 20 mg &K/ A X/ —/L(1/1) 1 mL I 80°C TIA
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LT, ZOWKAZEE L, BIRT 2 AfFEHE LI E 2 A, WSRO B G2
RO LT,

NI R BT MY 7 ATKIK 20mg 27K 0.3mL (2 80°C TIAfE L=, BIA
BEE LCAKIAZ 7= (11)03mL 2z 7z, ZORKAZHEE L, EE T2 AMHEL
& ZA, WIRPITHIR OB M PRD BT,

INHDERARARF— hOREREEITEEICHRE STV 5203(32-34), @7 fERED
X MREHTT — & % AT, Bk O ERE S BB E2ITV, BERBEZGE L, B
s X ARIE TN E 1%, Rigaku XtaLAB P200 (VU 4 7)& HWW T, Mo Ko X ##. I & &
93 K THllE L7-, HE&RE X SHELXT (18), SHELXL (19). ShelXle (20)% H\\ 7=, i
i A& 7 — # 1X. Cambridge Structural Database (28 &k L 72, B AR AKRF— FDOFEMR
Wi&ET — 4% % Table 5 1277, £7o, =F Fr @ _7F MU U7 AKX (CCDC &=
2097632), 1 /N> K v b U v A —KF#(CCDC &5 729728) k VY & K v v fig)
N U DA 2.5 KFIH(CCDC %% 205288) Dl i i 7 — & % A, XANES 2<Z kv
& DOBARYEZ G~ 72,
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Table 5 Crystallographic data of each single crystal for bisphosphonate hydrates.

Sample Alendronate Clodronate Etidronate Ibandronate Pamidronate  Risedronate
CCDC ID 2314300 2314301 2097632 792728 2314302 205288
Reference This study This study This study 4 This study 35
Chemical formula C4H,NO,P,- CH,C1,04P;" C,HsO7P,- CoH,,NO;P;- C3;HoNO;P,-  C;H;(NO;P,*
Na-3(H,0) Na,4(H,0) Na,*4(H,0) Na-H,O Na,-5(H,0) Na-2.5(H,0)
Space group P2/n P1 P2,/c P1 P1 C2/c
Cell parameters (A, °)
7.26445(9) 5.88392(15) 10.5176(2) 5.9730(10) 5.93440(10)  21.664(7)
8.95664(11) 9.1425(3) 5.97018(13)  9.1930(10) 10.8658(4) 8.930(3)
c 19.4137(2) 11.2028(3) 18.1576(4) 14.830(2) 11.2371(4) 15.123(5)
a 90 89.347(2) 90 98.221(2) 113.845(4) 90
p 100.3271(12) 87.389(2) 92.086(2) 98.974(2) 93.032(2) 114.692(5)
y 90 88.567(2) 90 93.743(2) 92.129(2) 15.123(5)
Cell volume (A%) 1242.69 601.795 1139.4 792.877 660.453 2658.18
Temperature (K) 93 93 93 93 93 93
Diffraction data
Wavelength Mo Ka Mo Ka Mo Ka
No. of reflections
Measured 41251 51273 76132
Unique 4039 4389 4667
(Sin6/A) max 0.742 0.769 0.759
Rin 0.0188 0.0832 0.0222
Refinement
R [F? > 40(F?)] 0.0217 0.0333 0.0194
WR(F?) 0.1178 0.1069 0.1052
Goodness-of-fit 1.130 0.812 1.0091
Apmaxs Apmin (€/A%) 0.50, -0.48 0.88,-0.59 0.52,-0.40
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2.5. XANES 227 kL&

bnbirruw bu otk —(FEMRMBET)D BL6NL B— AT 1 T XANES
AR MVERIE Lic, 3Bt A, SEMEmE ZEI—A 7 —7IC#liE, XANES F v
YR—=Zky LT, BERE 25CONY U AR T., KeSOs D S-K Wi D & —
7 by 75 24817eV TR D KOOI X MRV F—Z MK IE L7z, XANES A7 FLiE
EEAIRKE— FTHEL, ATHENA Y 7 b7 =7 (21)%Z W T XANES A7 kL
DF — Z WL 21Ty, XANES A7 R LIC BT 2 WIS O FT# TWOGEDZEN 1127
5 KO ITHE L LT,
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HIE MRROBLE
3.1, X By AR BT HIE

KRBT L7 B AR XKL — b OKFMPFEEREIZOWN T, XRPD DR 717 7
ANVIIHRERAEENSCE B LT a7 7 AL & —E L TEY (Fig. 17), EAFRAF R —
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Figure 17. XRPD patterns of bisphosphonates. Exp. represents experimental data. Calc.

represents calculated patterns generated from the crystal structures.
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Table 6-1 Coordination bonds and hydrogen bonds formed at the phosphate moieties -
Alendronate
Alendronate P(1) phosphate moiety P(2) phosphate moiety
Bond type Atoms™! Distance™ (A) Atom”™! Distance™ (A)
Coordination bond  P=0(2) Na(l) 2.3279(7) P-O(4)H Na(1) 2.5273(7)
P=0(3) Na(l) 2.3505(6) P=0(6) Na(l) 2.5687(7)
Hydrogen bond P-O(1)H H,0(W2’) 2.9243(8) P-O(4)H P=0(2") 2.5069(8)
P-O(1)H P=0(6) 2.6038(8) P=0(5) N'(1’) H; 2.8454(8)
P=0(2) P-O(4)H 2.5069(8) P=0(5) H,O(W1") 2.6730(8)
P=0(3) N'(1’) H; 2.8639(9) P=0(5) H,O(W3’) 2.7245(8)
P=0(3) H,O(W1’) 2.7525(7) P=0(6) P-O(1’)H 2.6038(8)

*1 Numbers of crystallographic symmetry-related atoms are marked with primes.
*2 Distances between O and Na atoms of coordination bonds, between O atoms of O-H---O hydrogen bonds and between
N and O atoms of N-H---O hydrogen bonds with their standard errors of the last digits in parentheses.

Table 6-2 Coordination bonds and hydrogen bonds formed at the phosphate moieties -
Clodronate
Clodronate P(1) phosphate moiety P(2) phosphate moiety
Bond type Atoms”! Distance™? (A) Atom™! Distance”? (A)
Coordination bond P=0(3) Na(l) 2.344(1) P=0(5) Na(l) 2.319(1)
P=0(2) Na(l’) 2.405(1) P=0(5) Na(2) 2.368(1)
P=0(6) Na(l’) 2.395(1)
P=0(6) Na(2’) 2.517(1)
P=0(6) Na(2") 2.400(1)
Hydrogen bond P-O(1)H H,O(W4) 2.607(1) P-O(4)H H,O(W2”) 2.700 (2)
P-O(1)H H,O(W4’) 2.870(1)
P=0(2) H,O(W1’) 2.881(1)
P=0(2) H,O(W3’) 2.858(1)
P=0(3) H,O(W3") 2.867(1)
P=0(3) H,O(W4’) 2.692(2)

*1 Numbers of crystallographic symmetry-related atoms are marked with primes.
*2 Distances between O and Na atoms of coordination bonds and between O atoms of O-H---O hydrogen bonds with their
standard errors of the last digits in parentheses.

Table 6-3 Coordination bonds and hydrogen bonds formed at the phosphate moieties -
Etidronate
Etidronate P(1) phosphate moiety P(2) phosphate moiety
Bond type Atoms™! Distance’? (A) Atom™! Distance’? (A)
Coordination bond P-O(1)H Na(1) 2.414(1) P=0(5) Na(l) 2.442(1)
P-O(1)H Na(2) 2.769(1) P=0(5) Na(2) 2.386(1)
P=0(2) Na(l’) 2.353(1) P=0(5) Na(2’) 2.340(1)
P=0(6) Na(l’) 2.299(1)
Hydrogen bond P-O(DH P=0(2") 2.599(1) P-O(4)H H,0(10)  2.579(4), 2.606(4)
P=0(2) P-O(1’)H 2.599(1) P-O(4)H H,O(11°)  2.934(6), 2.954(6)
P=0(3) H,0(8") 2.752(1) P=0(6) H,O(8") 2.795(1)
P=0(3) H,O0(9") 2.910(7), 2.747(9) P=0(6) H,0(10°)  2.714(5), 2.706(6)
P=0(3) H,O(11’)  2.760(4), 2.739(6)

*1 Numbers of crystallographic symmetry-related atoms are marked with primes.
*2 Distances between O and Na atoms of coordination bonds and between O atoms of O-H---O hydrogen bonds with their
standard errors of the last digits in parentheses. In the cases of disordered water molecules, two distances are shown,
with the conformers of occupancies 0.502 and 0.498.
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Table 6-4 Coordination bonds and hydrogen bonds formed at the phosphate moieties -

Ibandronate
Ibandronate P(1) phosphate moiety P(2) phosphate moiety
Bond type Atoms™! Distance™ (A) Atom”™! Distance™ (A)
Coordination bond P-O(1)H Na(1’) 2.352(4) P=0(5) Na(l) 2.305(3)
P=0(2) Na(l) 2.347(4) P=0(6) Na(1’) 2.457(4)
P=0(2) Na(l’) 2.410(4)
Hydrogen bond P-O(1)H P=0(6") 2.555(5) P-O(4)H H,O(W1”) 2.690(6)
P=0(3) N*(1’) H; 2.689(5) P=0(5) H,O(W1) 2.654 (7)
P=0(3) P-O(1")H 2.676(5) P=0(6) P-O(1’)H 2.555(5)

*1 Numbers of crystallographic symmetry-related atoms are marked with primes.

*2 Distances between O and Na atoms of coordination bonds, between O atoms of O-H---O hydrogen bonds and between
N and O atoms of N-H---O hydrogen bonds with their standard errors of the last digits in parentheses.

The numbering of oxygen atoms was adjusted to that of etidronate.

Table 6-5 Coordination bonds and hydrogen bonds formed at the phosphate moieties -

Pamidronate
Pamidronate P(1) phosphate moiety P(2) phosphate moiety
Bond type Atoms”! Distance™? (A) Atom”! Distance? (A)

Coordination bond P=0(1) Na(l) 2.2803(5) P-O(4)H Na(2’) 2.4408(6)
P=0(2) Na(l") 2.3722(6) P=0(5) Na(l) 2.3759(6)
P=0(5) Na(2) 2.2663(6)
P=0(6) Na(1’) 2.3757(6)
Hydrogen bond P=0(1) N*(1’) Hs 2.7984(7) P-O(4)H H,O(W4”) 2.7835(7)
P=0(1) H,0(W2) 2.6911(8) P=0(6) H,O(W4") 2.7097(8)
P=0(2) H,O(W1") 2.7897(9) P=0(6) H,O(W4"") 2.8252(6)

P=0(2) H,0(W2) 2.8787(7)

P=0(3) N*(1’) H; 2.7422(8)

P=0(3) C-O(7")H 2.6948(7)

P=0(3) H,O(W3") 2.8186(8)

*1 Numbers of crystallographic symmetry-related atoms are marked with primes.
*2 Distances between O and Na atoms of coordination bonds, between O atoms of O-H:--O hydrogen bonds and between
N and O atoms of N-H---O hydrogen bonds with their standard errors of the last digits in parentheses.

Table 6-6 Coordination bonds and hydrogen bonds formed at the phosphate moieties -
Risedronate

Risedronate P(1) phosphate moiety P(2) phosphate moiety
Bond type Atoms”! Distance™? (A) Atom"! Distance? (A)
Coordination bond P=0(3) Na(l) 2.4374(8), P=0(5) Na(l) 2.300(1), 2.289(1)
2.764(1)
Hydrogen bond P-O(1)H P=0(5") 2.5001(8) P-O(4)H P=0(3") 2.654(1)
P-O(1)H H,0(9’) 2.967(1), 2.922(2) P=0(5) P-O(3’)H 2.5001(8)
P=0(2) N*(1’) H; 2.644(1) P=0(6) C-O(7")H 2.749(1)
P=0(2) H,0(10) 2.691(2), 2.910(2) P=0(6) H,O(8") 2.767(1), 2.757(2)
P=0(3) P-O(4’)H 2.654(1)

*1 Numbers of crystallographic symmetry-related atoms are marked with primes.

*2 Distances between O and Na atoms of coordination bonds, between O atoms of O-H---O hydrogen bonds and between
N and O atoms of N-H---O hydrogen bonds with their standard errors of the last digits in parentheses. In the cases of
disordered sodium molecule or water molecules, two distances are shown, with the conformers of occupancies 0.5295
and 0.4705.

The numbering of oxygen atoms was adjusted to that of etidronate.
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Table 7 Electric charges and distances for phosphate moieties

Distance™ (A) Alendronate Clodronate Etidronate Ibandronate Pamidronate Risedronate
P(1) Electric -1 -1 -1 -1 -2 -1
phosphate charges
moiety P(1)- 1.583(1) 1.584(1) 1.588(1) 1.566(4) 1.527(1) 1.566(1)
O(1)H *?
P(1)-0(2) 1.517(1) 1.499(1) 1.513(1) 1.487(3) 1.521(1) 1.510(1)
P(1)-0(3)  1.513(1) 1.504(1) 1.505(1) 1.517(3) 1.542(1) 1.510(1)
P(2) Electric -1 -1 -1 -1 -1 -1
phosphate charges
moiety P(2)- 1.578(1) 1.579(1) 1.580(1) 1.584(3) 1.612(1) 1.581(1)
O(4)H
P(2)-0(5) 1.511(1) 1.489(1) 1.507(1) 1.494(3) 1.495(1) 1.509(1)
P(2)-0(6)  1.504(1) 1.502(1) 1.510(1) 1.497(3) 1.515(1) 1.498(1)
The difference between 0.004 0.005 0.008 0.030 0.021 0.000
P(1)-O(2) and P(1)-0(3)
The difference between 0.007 0.013 0.003 0.003 0.020 0.011
P(2)-O(5) and P(2)-0(6)
The maximum difference 0.069 0.085 0.083 0.079 0.016 0.056
between P(1)-O(1)H and;
P(1)-O(2) or P(1)-0(3)
The maximum difference 0.075 0.090 0.073 0.090 0.117 0.083

between P(2)-O(4)H and;
P(2)-0O(5) or P(2)-0(6)

*1 Distances between P and O atoms of phosphate moieties with their standard errors of the last digits in parentheses.
*2 The pamidronate is P(1)-O(1)
The numbering of oxygen atoms was adjusted to that of etidronate.
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Figure 18. Coordination bonds and hydrogen bonds formed at the phosphonate moieties of
bisphosphonates. (a) Alendronate, (b) clodronate, (c) etidronate, (d) ibandronate, (e)
pamidronate, and (f) risedronate. H, C, N, O, P, and CI atoms are shown in white, gray, dull
blue, red, orange, and light green, respectively. Na ions are shown as purple spheres.
Hydrogen bonds between O atoms are indicated by blue dashed lines and those between O
and N atoms are indicated by sky blue dashed lines. Coordination bonds are indicated by
purple dashed lines. The numbering of oxygen atoms was adjusted to that of etidronate.

61



3.3. XANES A7 h/VlE

B AR AR R — b D P-K WG XANES A7 R LIZBW T, 2150-2152 eV f13iE T
Rk e — 2, 2153-2185 eV O#iH THEE D /NS 2 v — 27 338 b7 (Fig. 19a), A2
J MVOFBKRIFZEEARAFR—FTENRENERTHY | FEARARR— 3K
Z XANES A7 MVIZEESWTHIBITE D Z LR REanT,

s Raxr—hrDAXT MLIFMOE AR AR F— F EHRTHEFIZE L > T
72, 7B Rax—ho2152eV O KE—7 L 2169eV OB — 7 ORI L = 3L F
—EIEIEARAF R —FOFRTHRHE L, 2155eV TOE—27IZONTH R HKEITE
AR AR F— hOFTHRYE N> 7= (Fig. 19b, ¢), F7-. 2158 eV & 2162 eV D/ &7
t—rnsn Funx—bOA@EbNTT, UEDOX SR n Fux— FOBEERE
X, ALFEEICH KT LAEERH D, EARARX—ROP T, ZJu R X— kD
H2ODHBFTF2ALTWDHR, WMERFITEKEMEENS <, EFRTIZR 2 ®
W, 7mr Rax— NOBBER I VR FICEERSG L TR0, BT 5 RFEH
FITRAEL TR, WHRERFEFOEFRIDRIZE>TY VRFOEFBEENETT D
ERHEREND, ZoXoic, WMERTAY VR TOEFREBICEEEZRKIFT L
T, HERFORVVLOERARAR K — LB L T m Rrxr— kDA FLa
AEICHR S TOWEARENRBEZOND, £, VUVRTFOBEBFHBENBALT DL
U URF DR EORBENBRS 20, EFRRFARZICESBIEST b LS
5. TR, EFOHETRLF—(XBENTRXLE)NKRELRD, =7 |
T DZRXNAF—DE R A —NC 7 NTHRENRHY, Z7ue Fex— MOk
RE—=I7 D=7 by 7O VF—HEREmS Roe /RN E x b,

/v Rax— hUADE AR AR — b 5EOLFEMHEEIL, V@A L IIHEAED
3OoN U EEEN =T TDOETH D 7= O (Fig. 16). XANES A7 kLoD 7 13/ 4%
ETERS, UV UrBEOHAEFERLEMREBOERICER T 2:E20015, Zb
S5O EARARE— I, TableS1LIZ T B VEx RMHAEFERNZAL TR, U
VIRTOBEBTEEIZIOVWTHERBAELTVWDL EEZLND, LA L, XANES A
J MIZBWT, Zu Rex— O X5 ICHERE—27 7 MNE@EO LT, Thb
O AAEA I XANES A7 bV D= F )V X —(HIZx L TH 2 2 FEBIT/NE 0 & HEH
Ihiz

EARABRRF—=FDAXT hAOHFRRE—7 O —7 by 77X, BILEHE o
TW7z(Fig. 19b), 42, 7L Frxr—h, =F FrxXx—F UJUERBX—bFOE—

62



by FIEMEVEETR LT, ZHRBHDE AR ARE— MISEETICR A 5 MEER %
BT %2500 VigEkzezd i TEBY, HBEARARRL—FDAXRTZ b 250D
VERIED AR MR I N IR, gL oA REENE 2 B

oo —J. 7B REBRX—F DAY MURIZE—EEEZ R LT, 72 ReX—FD 2
DOV VBEOHAERIZR o TR, BEREEEOGWERR 227 7 R
BEA— DB, 200U VBEOWNE LR AF—HIZENE LTI, MRE
LTC—IEEDARY ML LTHIEINTAREIENE Z b,

XANES A7 bV OWSKEIL, X ML HETEEBBOMEIEKFEL., 0D
ERITETIEOIRITIKTET S, TableS1 O LBYH | BRAFRAFRF— ML 7
MEERRS D720, ZhbOMAEERICE > TY VREFOFEFIIEO IR
L. WHELE LB b,

NRIFER—FDORERE—271F, EZARZAKRF— FOPTHRBELS . FHERST
VW72 (Fig. 19b), ik kB0 NI Fr X — MI2 L-1 0B MO Y VBBEZ AL TH
TN, MO EARARRE— ME-1OERMD Y U BEEOIH TH - 7=(Table 7), RELDE
FARRBIZ L > T, XANES A7 bMADBEAT HZ ERHMHLN TS (36), 78I FrXx
—rFDO22o0) VRFHOEFREOEFTMDOEARARE— M LHEATRELR
HZEMB, 20D VRFDANRT MADELKREL KD EHBEND, A7 b
WDENKELRDZETAXY MAVOEBRY P, X Fax— hokAKE—7
DEIVIRLS, FHE RS- AREREZ X B D,

63



6.0 -

s Highest dn| —Alendronate
.2 5.0 { peak \ \ —Clodronate
o | | —Etidronate
Q 401 Ibandronate
_g Pamidronate
T 3.0 - —Risedronate
(]
N
T 20
= \
O 10 -
Z J

0.0 +rrrtr e

2130 2140 2150 2160 2170 2180 2190 220
Energy (eV)

(b) 60 . —Alendronate
Enlarged view —Clodronate
& 50 1Highest peak “bandronate
a Pamidronate
o 401 —Risedronate
o
a
G 3.0 4
yeo]
(]
N 20 - —
® \ﬂ
E 1.0 -
(o]
=
0.0 g ¥ - + - + . + v |
2146 2148 2150 2152 2154 2156
Energy (eV)
(c)
301 Enlarged view —Alendronate
5 Small peaks —Etidronate
= Ibandronate
Q 25 4 Pamidronate
8 —Risedronate
a
©
- 20 -
(]
N
©
c 15
(o]
=
1.0

2153 215 216 216 216 217
Energy (eV)

Figure 19. Phosphorus K-edge XANES spectra of bisphosphonates. (a) Overall view. (b)
Enlarged view around highest peak. (¢) Enlarged view around small peaks.
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