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Enantioselective intercalation mechanisms of layered phosphates
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Octacalcium phosphate (OCP) has a layered structure, and can incorporate
carboxylate ions in the interlayers. In this study, we investigated the effect of guest molecular
symmetry on intercalation into OCP crystal.

It was found that the selective intercalation depending on the chirality of the molecule was
occurred in methylsuccinic acid, which is a kind of succinic acid derivative having an asymmetric
carbon. In addition, it was found that four types of terephthalic acid derivatives with high
symmetry (namely 2,5-pyridinedicarboxylic acid, 4-(carboxymethyl)benzoic acid, 1,4-phenylene
diacetic acid and 1,2,4,5-benzenetetracarboxylic acid) can be incorporated into OCP.



¥ X C—19,. F—19—1, 2—19 (58

1. #FIERIA S D =

ARG E X Rty — MR ER ST EREEEZ AT OMETH L, EBEERILEOK
RS, B AR o L EE SR A R e | Z ORI A NE L Rk OB & Fo{bE
iz 7 AR LTRYADEETH D, BIRILEVBBRICTY A N E2RV ARSI A v & —
HL—a v IS, BIMEAWIET = A L F A RO WE N D D,

U R\ T3 v 7 2 (OCP, Cag(HPO4)2(POy)s SH2O) X7 =4 U R HNEDEIR Y VR TH 5,
OCP 1Tt E T D HPOL & P W IVIR VA A CEBT S Z Lok, flix DY VR ER
A F A HE =TI — FTED, WHEREFIIWUERNPO S INVR U BBEA L HX—TL—FL
72 OCP D&KL & EEMATICET 2 20ICHE Y LA TWD (Bl 21X T. Yokoi et al., Dalton
Transactions, (2012)) , WFEAREH 1L,
ZNETOMIRIZBWT AT /LT
7 (MeSuc) OHEGEMEA (R K&
S IK) OA v H—TL— 3 %)
2. S IKDBA OCP A o % — Q) KB o b
I L— R ENDLFARBIGE R L S-O-AFILANTEE
72 (X 1. T Yokoi et al., Chemical
Communications (2017)) . Z O RIZ.,
OCPNF A FDXFT VT 4 — %385k
LAV HF =L —a O E
ROTNDZEEERL TS, B X 1. (a) OCP Fifb DIERE CEAE FBMEITE) . (b)
e FEIL TOCP DX T VT 4 —i& OCP D Jg ks OHXIK, (c) S-()-A T /va s g
R A v H—h L—a D3 TR OKFnE) (SEATE DM, R-(+)-A F /L3
g S i3m0 2] W) JBRITEATE 7200,

AT IE TRV 2T 1 B 2 FF o
770

(a) (b) (c)
mALE O i

OH

o]

Ke— HO\MOH

O CHy

R-(+)-A FILaNY B

2. WHEOHB

kDTS U F BRI A X —H L —3 a VT ARICB WL, X & X RITH
YT B 2MBEOEH S TEZRANVDIONEBRTHD, 9. DX NITHYT 2680 F2HNTE
WbEM DM % BREMT 5, ZDH%, WXNFLAIXROGFOFRdEFHL =) F
BRI A B — T L— 3 V24T 9,

ZHZX LT, OCP 1A X RG22 TH, BRBEARRIERE L TEHL )
FARINA oA X — DL —2 g VEENERTZE MR THD TRALE, 22—
A VB =T —a VOXEIK T &M TE L, 5T A0 B AR B 72 & O Lk
BERFHICA TE 27D ER IO TRE WS D,

LUy s, WFEEBHMFICB T, OCP O v FARIRGA v Z—H L —3 3 T
AFNANTBORCEB NV TBEINIFRIEG THL Z ERHLNE RS-, 2T, 01D
X7 VT 44— ORFECBRZ AT, 5T ORFREDS OCP ~DA 2 —T1 b —a bz
HEBEFRLZEIT LT,

PLEDZ &G, AFEDHE TOCP OA v Z—T1 L—3 3 2B D59 FORFED &
w7,

3. WDk

AWFFE T, B2 OCP ~DF A MDA v H—HL— g VEREIT- -, RWT, X &E
1 (XRD), 77—V =25/ 061k (FT-IR) . AR IEIE /3 ik (AR NMR) . 23T Es
L OHGREIE R COFEZHAE DY, OCP O E L BRI TO X 2 MMy T OREE 2T~
BT, RITAER G L, EREHEOW G077 a—FIZLY OCP DA Z—H L —
Ta BT D0 O PRED O &2 s LT,

A EB—TL—ar

MR E OREH (T. Yokoi et al., Dalton Transactions (2015)) 123250 T OCP ~D ¥ H /LR >
A X —hb—arri®Hhiz, TLRITINVEVEEE LT RH)-AFany g
(MeSuc) . S-(-)-MeSuc, D-7 A/X7 X g (Asp). L-Asp, D-(+)-U > It (Mal) 3 X L-(-)-
Mal % iz, BEEME L LT, 2DV HIVR R LR U EHEHE 2 R OIS &2 FF 72720
a7 (Sue) bHAWE, o, JIFMEPSELL TWD AR W& LT, 7T V7 XV
BIOZhoFEKR 2520 P P HNR U, 4(WVRF T AFIWVNZERR, 14-7 =1
VIREEE, 12,45-X0B T NI HNVR VBB IO 2,2-E Y VUS55 VR VER) W
7o FEBRITHW- AV R U ROREE 2 X 2 12771,

BiRMyie A v H—hL—Ta o FiEE LT, Eio Y VR U EKER (1~1000 mol- m?,
100cm?) (Z/REEI V> 7 A (8mmol) & U g (Smmol) ZUSH L., #EE L7205 60°C T 6 K




MRS ST INVR a2 —H L —hL7ZOCP ZEm LTz, 1,245-XEBT hIh
JVIR BRI OV TUR, 2 OPREED U7% A VIR CER D KEEH T T 4mmol DV U EAKFE N T
L KF (CaHPO4-2H,0) % 60°C T 1 BFHIG S TA »H =W b—ra v z2f{Tolz,

(a) (b) (c) (d)
OH OH OH OH
O/JVYO OJ\KYO ofj\(\(/o O/)\KYO
OH OH NH, OH OH OH

(e) () (9) (h) (i) ()
OH OH OH Oy -OH OH o
N, ° P =S DO
o o = 7N y
OH OH HO" 0 N 0 OH

X 2. ABFIETRHWZ I AR VB, (a7 BE (b)AF T, ()7 AT X UHE, (d)Y
VAR, (@7 VT XN, (D25-E Y DUV ANVRUEE, (@) 4-(IVARF L AT INRZEEWE, (h)
1,4-7 = =L "HIRE L 0(G)1,24,5-X BT BT HVR R

AT

O 72BN A L C XRD, FTIR, [E{&NMR, #5072 EOFIEIC LD ¥ ¥ 77 2V E—
a v E{THo T,

HVKRUEENA B2 —H L — b S D & OCP DBREREAKE /b, 2T, XRDIZLD
AEFO100)HEHEZ T2, S HICETFEAE Y 7 b (Firefly) 2HOCTEHFE LS T4 X
E(100)HE RIFR DO BIHEN S, OCP DB A v % —Hh L— b ST VIR g O SR % HE
E LT,

4. WFERSE
FINRIHNKARUBBOA L A =T L —2 3

B 2(a)-(d)D T VAR EEOHEANE R, 3T DX T VT 4 —03 OCP ~DE N5 2 5 8%
HARTAER, TV T 4 =Ko THADRHERGDPNDLDIIAT NV ANTBEORLTHL I L
Dahole, ZOZ NG, B TOXT VT 4 —IZF A NDEADKFDOOEDE L TEENL
HRBENDD LS XD,

Flo. VHNRCBEEA OCP O(100)HEFIE (di) DILEKIEN S, digo & ¥ TIIVR L BED 53T
P A XOMITIL, L FORBIBMERAKR Y > L2 R L (1% 3),

d100=0.9355L+17.669 (A) ... (1) 2

Suberic acid - ,
DG L EVANRUBON T A R 2 ol
BHADINRNTG A =T, VHINVK B 75 d100=0-93551‘-+17-669’/"
(HOOC-R-COOH) @ /LR & 2 F D -
RIEFHOBEETH S, EFRROFT L7 - 24 v
CHNVKRUBEIR O ANV T Fany = e
FRIZ DT, EAAEE & S A OE 5 23 o
LCLEEHAEL, OH)RXIRATHZ L
Tdig DEREMEZETZ, b E . diggD 22
EREZ LM L= D, any Glutaric acid
fig & 7 AT X R E A 2 Bl ¢ 21| 7
WADIZXT L, AFvansipt) oo Succinic acid
el E A & > TND 2 E RS0 20
2o F72. ANAT FansBTERICE
TS LR S O 5 TN EE L LA)
TWDEM, HDEWNT NS O X 3. LR EEREA OCP O(100)E RKkE & &
EER S TWDAREMEN S D = L DVRIE \CEA SN IVR L BED Sy A X L O BEf%.
T,

INET, EBREIZBT S IVARBO
HEIEROITHD L EZONTEX N, 22 TRELEHEFNT 7o —FI2 k- T, B
WCBTFAF A FNOEAHETEDL LI 81T, B FL-ULTHEL2TF A LT=d
VAR RS OCP SRFBIM BB ICEERT 2 L HifF s 5,

Adipic acid

3 4 5 6 7 8 9 10



FLIZENBB IOV NOFEEEROA L Z—T L — 3

X 2(e)-(G)D H VAR R DE N & ik A
TR, T U7 ZVERITE AN TE 2 h
STESDOD, D B IVR S EEIZHONT
ITEAT D Z N TE 72, X 4 12/0E
723D XRD 234 — 2 AR, AT
X HNARUBBIZOWNWTIE M 4 1TR”T
X YIRS T D B VIR R A
BB L TIVR EED OCP ~DE AN
AT, 1272, 1245-~"0B T T
FIVR PRIZONW T, EEESIET
LML IVR BED IV T DN
L TLEV, OCP BRI AR L7 <
eote, -, FERIC, 7 V7 X VBRI
50 mmol/L &£ W IHIKEESRMTH-T
BT LI H RIS T ABNAER LT
W, 2O LD, BNKRUBEI N D
LNERAERRT D & RINERP O v
RUBRRENME T T 5728, OCP ~D
TR UBEOBEANEE2NEEZDS

o)

® Pure-OCP
0 14TV ZEF#EHOCP
* 200 mmol/L
S8
:‘; . 150 mmaliL
2N 100 mmol/L
=
= \y\L 50 mmol/L
N 25 mmoliL
Nt 10 mmolL
L]
\_L CONTROL
‘ I | ‘ | ‘
2 10 20 30 40

26 (Cu Ka) /degree

X 4. fix OPEFED 1,4-7 = =L > _FERRRIK S
TEHR LIZREO XRD X% — .

N5, LIzRoT, T VT HAFED L DTNV T BEOEFRE R /NS WI LR RIZOW TR

OCP ~DEANKEETH D Z LNy hoiz,

AL THEATE D Z ENHALNICR ST 25-B U DU PR g, 4-(TIVRF T A F L)
REEFWE, 14-7 =Ly TFHBRB LW 1,24,5-X T T N5 AR RIS FOHEN &
<VBEBIZBOWTLERBIIEGEEZTER TEDL Z ENEADERN L 2> TV AR D D, 5
BIZTZN DD IIVAR U REE A LT- OCP Offdffid 2 EB H 2 WILE RN R FiEIC L -
THT 2D D Z LIk > T, A My OME L B ~DOEANDRROBEMENGEE 5 &

FEhd,



6 3 0 2

Yokoi Taishi Goto Tomoyo Hara Mitsuo Sekino Tohru Seki Takahiro Kamitakahara Masanobu 4

Ohtsuki Chikara Kitaoka Satoshi Takahashi Seiji Kawashita Masakazu

Incorporation of tetracarboxylate ions into octacalcium phosphate for the development of next- 2021

generation biofriendly materials

Communications Chemistry 4
DOl

10.1038/s42004-020-00443-5

Taishi Yokoi, Masakazu Kawashita 14

Understanding the Steric Structures of Dicarboxylate lons Incorporated in Octacalcium Phosphate 2021

Crystals

Materials 2703
DOl

10.3390/mal14112703

Yokoi Taishi Ujiyama Tatsuki Nakamura Jin Kawashita Masakazu Ohtsuki Chikara 1

Behaviour of calcium phosphate ester salts in a simulated body fluid modified with alkaline 2020

phosphatase: a new concept of ceramic biomaterials

Materials Advances 3215 3220
DOl

10.1039/DOMAOO600A

YOKOI Taishi 127

The development of novel calcium phosphate?polymer composite biomaterials with macro- to nano- 2019

level controlled hierarchical structures

Journal of the Ceramic Society of Japan 715 721

DOl
10.2109/jcersj2.19095




Yokoi Taishi Goto Tomoyo Kato Takeharu Takahashi Seiji Nakamura Jin Sekino Tohru Ohtsuki 93
Chikara Kawashita Masakazu

Hydroxyapatite Formation from Octacalcium Phosphate and Its Related Compounds: A Discussion of 2020
the Transformation Mechanism

Bulletin of the Chemical Society of Japan 701 707

DOl
10.1246/bcsj - 20200031

Taishi Yokoi, Tomoyo Goto, Satoshi Kitaoka

Formation of hydroxyapatite crystals from octacalcium phosphate with incorporated succinate ion 2019
under hydrothermal conditions

Chemistry Letters

DOl

8 3 2

Taishi Yokoi, Tomoyo Goto, Jin Nakamura, Chikara Ohtsuki, Takeharu Kato, Seiji Takahashi

Hydroxyapatite mesocrystal formation by hydrothermal treatment of octacalcium phosphate with incorporated dicarboxylate ions

The 13th Pacific Rim Conference of Ceramic Societies

2019

25

2019




2019

2019

2020

2020

28

2019

27

2018




Taishi Yokoi

Unique Dicarboxylate lon Incorporation in Octacalcium Phosphate

30th Symposium and Annual Meeting of the International Society for Ceramics in Medicine

2018

2019

2019




