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(54) Titlee POLYHEDRAL METAL COMPLEX, TRANSITION METAL COMPLEX CONTAINING ULTRAFINE PARTI-
CLES THEREIN, AND PROCESS FOR PRODUCING SAME

G4 XHDEZH  SERREBERER, BRATHRECEBEREARS LUV ZORESA

(57) Abstract: Provided is a polyhedral transition metal complex having hollow shells, the hollow shells each comprising nl tran-
sition metal atoms (nl is an integer of 6-60) and 2(n1) bidentate organic ligands, the bidentate organic ligands having groups of a
polyhydroxy compound through linking groups, each hollow shell having been formed so that the groups of a polyhydroxy com-
pound are oriented inward in the hollow shell. Also provided are: a polyhedral transition metal complex containing ultrafine parti-
cles therein which is characterized by comprising the polyhedral transition metal complex and ultratine metal oxide particles held
in the hollow shells of the complex; and a process for producing the complex. With the polyhedral transition metal complex, tine
metal oxide particles having an even size with a diameter of several nanometers can be etficiently obtained. The polyhedral transi-
tion metal complex containing ultrafine particles therein comprises the complex and ultratine metal oxide particles enclosed in the
hollow shells thereof.
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BBEVIATINASLIOAR NI 24— (REABE, n—~FH2 5
OORILL=2: 1~1: 2 (KFEL) IT&LYBELT, BEMYZEEHRS
ELTHE IRE1. 18¢g., IRE92%) ,

[0107] CZOEDONMRT—REFLUTIZERT,
TH—NMR (500MHz, CDClg, 27°C, §ppm) 7. 50 (
d, J=8. OHz, 2H), 6. 87 (t, J=8. OHz, 1H), 5
23 (t, J=9. 4Hz, 1TH), 5. 11 (t, J=9. 8Hz, 1
H) , 5. 06 (t, J=9. 2Hz, 1H), 4. 75 (d, J=7. 4
Hz, TH), 4. 30—4. 23 (m, 2H), 4. 21—4. 16 (m
2H) , 4. 15—4. 09 (m, 1TH), 4. 09—4. 04 (m, 1
H), 3. 78—=38. 72 (m, 1H), 2. 08 (s, 3H), 2. 06
(s, 3H), 2. 08 (s, B3H), 2. 01 (s, 3H)

[0108] '8C—NMR (125MHz, CDClg, 27°C, §ppm) 170.
7 (C), 170. 3(C), 169. 5(C), 169. 4 (C), 15
3. 1(C), 132. 8 (CH), 126. 5 (CH), 118. 4 (C
), 100. 8 (C), 72. 9 (CH), 72. 0 (CH,), 71. 9 (
CH), 71. 3 (CH), 68. 5 (CH), 68. 4 (CH,), 62.
O (CH,), 20. 84 (C), 20. 75 (C), 20. 63 (C), 2
0. 61 (C)

[0109] TFSM#H:Calcd for C22H26Br2011:C, 42,
19;H, 4. 18.
Found:C, 41. 92;H, 4. 01
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[0110]

[0111]

[0112]

[0113]

(i i) 2—10[2, 6—EXR (4—EUTPILIFZI) 72z/F2] ITFI
2, 3, 4, 6—-ThrZ7—0—T7EFI—-—D—YIIAEZ/ YA FD
BHL
FILIUFEEKRT, bJ—t—TFILHKRXRT4> (0. 449mi, O.
1803YEIL; 10%n—AFHUER) . RUDPAYTOELT I (
1. Bml, 10. 72JEI) %2, 2— (2, 6—2YTAET/ F)
IFIL 2, 8, 4, 6—ThrZ—0—F7HFIL——D—4¥)LOESFHF
F (9839mg. 1. 60XYEIL) , 4—IFZIEYDUIEEEIR (66
5mg. 4. 0521 EJL) , Pd (PhCN) ,Cl, (84. 5mg. O
0903YEN) . RUIVLE1H (11. 4mg, O. O60ZIYE
L) D1, 4—=2FFH2 (5.0 Om 1) BRIZHEML, 4 5°CT 7 BREE
#L-,
RIGREEWMEEETFIL (30m 1) THRL., K (60m 1) T2[H,
B%IFLUCTIVUKER (40ml1) K (BOm1) T2E, kU
FIRIEK (50m 1) TIERESR LT, BHELTEKFES b D LTER
L. RETICRIEL-. GONBREZLVATINAS LI ORI Z T4
— (BEABE ; y00/RILL : AR/ —)L=30: 1 (KFEL) ) [TLYHE
HLT, BEHYZEZREKERELTHEL WE990mg., IRE98%) ,
CDLEODDODNMRT—RELUTITRT,
TH—NMR (500MHz, CDCl, 27°C, Sppm) 8. 66
(d, J=6. 2Hz, 4H), 7. 54 (d, J=8. OHz, 2H)
7. 42 (d, J=6. 2Hz, 4H), 7. 12 (t, J=7. 8Hz,
1H) , 5. 16 (t, J=9. BHz, 1H), 5. 04 (t, J=9.
4Hz, 1H), 4. 97 (t, J=8. OHz, 1H), 4. 65 (t,
J=8. OHz, 1H), 4. 62—4. 57 (m, 1H), 4. 47—4
43 (m, 1H), 4. 24—4. 18 (m, 2H) , 4. 09—4. O
2 (m, 2H), 8. 61—8. 57 (m, 1H), 2. 02 (s, 3H)
2. 01 (s, 3H), 1. 99 (s, 3H), 1. 92 (s, 3H)
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[0114] 13C—NMR (125MHz, CDCl, 27°C, §ppm) 170.
5 (C), 170. 2 (C), 169. 4 (C), 169. 3 (C), 16
1. 4 (C), 150. 0 (CH), 134. 8 (CH), 131. 1 (C
), 125. 4 (CH), 123. 8 (CH), 116. 4 (C), 101

2 (CH), 91. 5 (C), 89. 5 (C), 78. 1 (CH,), 72

7 (CH), 72. 0 (CH), 71. 2 (CH), 9. 2 (CH,) ,
68. 3 (CH), 61. 9 (CH,), 20. 66 (C), 20. 59 (C
), 20. 57 (C), 20. 55 (C)

[0115] XTHFEH#HMM:Calcd for C36H34N2011:C, 64. 4
7;H, 5. 11 ; N, 4. 18.
Found:C, 64. 28 ;H, 5. 12;N, 4. 18

[0116] (i i i) 2— [2, 6—EX (4—EUPILIF=I) 7z/F%L] IF
JL-—=D—=FILaES/HAF (1) DERK

2—[2, 6—EXR (4—EUYPILIFZI) 7z/FL] TFIL 2
3, 4, 6—Th+5—0—FHEFIL—-—D—FILIAES/HALFK (600
mg, 0. 8953IYEIL) , RUF MITLAMELR (242mg, 4

47ZYEL) AR/—IL (90m 1) BiE, EERET1 2EMHEBHLE
o RIGEEWMERBAKRT Mo LKERTHRLT, BETTEMBL .
RBEMEKTHRRELER, 2B LT, BHYZERERELTI 9 1meg i
T-o WZE 8 7 %,

[0117] CDEDDONMRT—F ETRAMBERELTIZIRT,

TH—NMR (500MHz, DMSO—ds 27°C, 6ppm) 8.
66 (d, J=5. 5Hz, 4H), 7. 69 (d, J=7. 8Hz, 2H
), 7. 59 (d, J=5. 6Hz, 4H), 7. 27 (t, J=8. OH
z, 1TH), 4. 99—4. 93 (m, 2H) , 4. 92—4. 88 (m,
1H) , 4. 583—4. 49 (m, 2H) , 4. 49—4. 43 (m, 1H
), 4. 28 (d, J=7. 6Hz, 1H), 4. 26—4. 20 (m, 1
H), 3. 99—3. 94 (m, 1H), 3. 69—3. 64 (m, 1H)
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3. 47—38. 42 (m, 1H), 3. 18—8. 183 (m, 1H),6 3
183—3. 06 (m, 2H), 3. 05—3. 01 (m, 1H)

[0118] 2 C—NMR (125MHz, CDCl, 27°C, §ppm) 157.
8 (C), 149. 9 (CH), 134. 0 (CH), 130. 8 (C)
125. 5 (CH), 120. 7 (CH), 109. 6 (C), 92. 7 (
C), 88. 1 (C)

[0119] TP : Calcd for C28H26N207:-H20:C, 64

61;H 5. 42:N, 5. 38.
Found:C, 64. 34;H, 5. 50;N, 5. 31
[0120] (2) M., L, . R2EAKEREERR (ZEARERKR (22) ) DEK
[0121] [1B13]

0 50°C . 1h 0
o}t o”}oH
HO HO
o o (Mgl
(2a)

[0122] k& (1) THEYVILIES/HAF (1) (105mg, 0. 203
EJ) F, Pd (NO3) , (10mM, 10m i) OVAFILRILKFL R
(DMSO) &&IZMAZ, 50°CT1EMERLI
ZERKRRER (2a) NEEMIT/LON-ZEE, "H-NMRBIEIZELY
EELI-,

RISEIZ, BFBIFILEDSIFILI—TILEMR S EIZKYBREKDN
KBz, BBEKZEAERL, PIFILI—TILTRELTEEHLET L
& YBEMET HZEEIRER (2a) 258, INES 5%, ZEKIKE
X (2a) OBERZR1ITERT,

[0123] Boh-ZEFEKENR (2a) ODNMRT—42, BESWMETYT.

TH—NMR (500MHz, DMSO—dgs 27°C, dppm) 9.
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[0124]

[0125]

[0126]

[0127]

[0128]

24 (br, 96H), 7. 85 (br, 96H), 7. 68 (br, 48
H) , 7. 27 (br, 24H) , 4. 97 (br, 72H) , 4. 46 (
br, 72H) , 4. 32 (br, 24H), 4. 15 (br, 24H)

3. 93 (br, 24H), 3. 66 (br, 24H), 3. 25 (br,
24H), 3. 15 (br, 48H), 3. 02 (br, 24H)
13C—NMR (125MHz, DMSO—ds, 27°C, Sppm) 16
2. 2 (C), 151. 0 (CH), 136. 0 (CH), 134. 2 (C
), 128. 5 (CH), 124. 5 (CH), 115. 1 (C), 102
9 (CH), 93. 8 (C), 89. 9 (C), 76. 7 (CH), 76
7 (CH) , 74. 2 (CH,), 73. 3 (CH), 70. 1 (CH) ,
67. 9 (CH,), 61. 1 (CH,)

CSI—MS (NOz;-salt, DMSO:CHCIl,: CH;CN=1:
50:15) :m z 2056. 3 [M—7 (NO;7) 1 7+, 1791
5 [M—8 (NO;")] 8+, 1585. 5 [M—9 (NO;) ] 9+,
1420. 9 [M—10 (NO;7)] 10+, 1286. 1 [M—11 (N
O;)] 11+, 1173. 7 [M—12 (NO;) 1 124+, 1078.
7 [M—13 (NOz) 1 138+

T, BEFTHLITILIES/HA4 K (1) (L) &, ZEREKRER (
2a) (F) D'H—NMRAXRXRZ )L (500MHz, 300K, DMSO
—dg) ZEICERY,

(EEHI2) SUhF/HTFRBEEDER

EHEF 1 TRON-ZEKIRERX (22) ODDMSOBERKR (10m 1) #
20A/RILL (90m 1) THERLEE, TEIAMEFLIZY (TMOS
) T, ZEBRER (2a) IIHLT, 96HEMR, 1 OBRMEERTHE
L THREREEITo 1=,

TH=NMRZRWTRIEZEHLIZEZA, BI2I2RFT&LSIZ, TMOS
PIMKDESINAR ) —IVIZHET ST T IANEN-0 LRFIC, 2EAK
READ LT FILHBEFICTO— FMET S ARSI, SEKRKREERD
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[0129]

[0130]

[0131]

[0132]

[0133]

RET DT/ HFRERLI-CENTESIN, B2, (a) KTE
MOSZHRMLTMD I 0nEAK., (b) [F4KHEEBER. (c) 24
FrEliEE®, (d) (9 6 HFEEBED ' H-—NMRIARY FLETH S,

£, AMTETMOSHEZEZ. ZEIMRER (2a) ITHLT, 7
282, 144482, 19 2HEFRMLIEEEICE, "H-NMRIZEWLTH
FROZFHIERTE . COEE, BBITRT LT, FMITEHTMOSD
ENEXTHEE, FEREKRKBEROSITFILHALY TJO—FIZRA ST,

EHIT, B4ITRT &SI, RFEAEMEKE (AFM) BERIZEWT, %
ERRBEADKESITHYTHIERS. 5 nmD—HEHFNEINSh,
DAMFEZEEREEROABER TER LI L EZHER LI,

MNT, EBLEY YA/ HFREEBERICOVT, I—ILRRTL—A
T UALEERWCEENNEIT o7z (CS1—-MS) , R5ITRT L3I,
72HEDTMOSEHRMLI-EEAETIE, 96, 000D adDYYHEAR
LE-2EEKRBAENERINT, RIGIZTRTELIIT, 96H=ENTMOS%H
AIMLGHEICE7, 000Da®dI AN, A7ITRTLEIIC, 192
EARMLIEEEICET 1, 200D aDP ) ANSEAKEBERIZREBINT
W=, Thbb. SEEARKRBAOABTS YD/ HFHNER LI ELHE
BEINT, T, FAMITETMOSDEZEADSEITKY ., EFTHVY
T/ MFDRFEZHIEAIETHSEZRE LT,

T, LY A IEEEZANTE=ZS4H (LD I —MS) %1T-
ETA, VIVHAFT/HMFORFEFTNBO TRV EAALNE G ST
o CNBEDF/ HFDEAHMEIRMTSTMOSOEICHAIDLLT, 1.
007Mm51. 00 8MEHTH 1=,

(EWEH3~6)

EHEH 1 THON-ZEKIRERX (22a) (14, 6umo ) ODMS
O (18. 9m) BE#E,. K (75uL) &/00KRILL (166m 1)
THRLI-%&E, TMOSZ, ZEBMREARICHLT, 6 5HE (EEHI3)
. 85HE (EiEfl4) . 130HE (EEHI5) . 1704 (ENEfl6
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[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

) Mz, 4ARMEERTHE L TRAERIEZET 1=,

"TH—NMRZRWTRIEZEBIMLIzE Z A, EEH 2 & @RI, EEAK
BADLITFTILABEEFIZTA— FET 5 EMNHERSh, ZEFREROR
BTV hF/ RENER LIS ENTE SN,

TMOSHIRTIMAKDESN-E, "H-NMR, DOSY—NMR, L
DI—MS, CSI—MSTH#HL., AFM (RFMEABEMER) THELT
REREMMNSLT/NRL—F2—(2TH/OORILLZRELE, BEWYIC
EBBIFILESIFILI-—TILEMR, REREEMEB-. 5N
MEAR ) —ILTHRIETHIET, YUHT/HFREAEERES, CDOH
DD2°S i —MAS—NMRAIE., X#EHAESHT (XRF) &iT>o71=,

LLFIZ, DOSY—NMR, CSI1—MS, LDI—MS, 29SS i —MA
S—NMR, RUXRFAOMDHERETRT, £f=. LDI —MSARY +JL
MZR8IZTY., 8D ald=EiEHl 3, blEEMBA4. cFEEFS. diE
EiEfl 6 TRoN=>)HF/ HFRABEARDLD I —MSARY MLET
Hb,

(EfeBl3 (TMOSZ6 5HEFER) THLOoN-V Y hT/ MFREERE
)

Diffusion coefficient D=1. 5x10-19m?2
s~1 (DMSO—ds: CDCl,=1:9, 300K) by 'H nuc|l
e i.

CSI1—MS (NO;"salt, DMSO:CHCIl,: CH;CN: CH,
OH=1:50:20:4, M=2a+21)A (5100Da)) : [M—
8 (NO,;7)]8+2430, [M—9 (NO;) ] 2150, [M—10
(NO,;-) 11°+1930, [M—11 (NO,;,~) 1 '"+1750, [M—1
2 (NO3™) ] 1'2*16065.

LDI—-MS :M,=5200, M,=5270 (M, M,=1. 013)
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[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

)

5,

d

298 i —MAS—NMR (59.
Q1 : Q2 Q;3: Q=12

34 PCT/JP2010/054008

7MH=z, MAS rate=3kHz=z

28:39:21 (—82. 4, —91.

—100. 4, —109. 2ppm) .

XRFHHT : ZEEKREE (2a) 1EIZHTES i FFDEH: 66 (P

S i=1:5. 5) .

(Eiefl4 (TMOSZE8S5LU=FERH) THoN-V)HhF/ HFREHEK

)

Diffusion coefficient D=1. 5X10-19m2

s~ 1 (DMSO—dg: CDCIlgzg=1:9, 300K) by "H nucl

e

OH=1

CSI—MS (NO; salt,

DMSO: CHC 1l 3;: CH3gCN: CHg,

- 50:20:6, M=2a+s il ica (6400Da))

[M—8 (NO; ) ]18t2590, [M—9 (NO3z )] °t2290, [M

—10 (NO;3™) ] '°*2060,

[M—11 (NOg™) ] ""*1870, [

M—12 (NO;7) ] '2+1715.

)

d

LDI—MS M, =6590,

296 i —MAS—NMR (59.
:Q1:Q2:Q3:Q4=8:2

M,=6650 (M,/M,=1. 009)

7MH=z, MAS rate=3kHz=z

9:41:22 (—81. 7, —91. 5

—101. 0, —109. 9ppm) .
XRFOH : LEAFIREER (2a) 1@IZNTHS i EFDE: 83 (P

S i=1:6. 9) .

(XkfHI5 (TMOS%130&5&E[FEM) THoOoNVUHT/ HFAREEHE
>

Diffusion coefficient D=1. 5X10-19m2

s~ 1 (DMSO—dg: CDCIlgzg=1:9, 300K) by "H nucl

e

CSI—MS (NO; salt,

DMSO: CHC 1l 3;: CH3gCN: CHg,
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OH=1:50:20:4, M=2a+silica (9000Da) )
[M—9 (NO,;7) ] °+2585, [M—10 (NO,;7) ] 1°*2320,
[M=—11 (NOg) ] '""*2100, [M—12 (NO;7) ] 241920
[M—13 (NO,—) ] 13+1770.

[0147] LDI—MS :M,=9320, M,=9390 (M,/M,=1. 008)

298 i —MAS—NMR (59. 7MHz, MAS rate=3kHz=z
) :Q::Q,:Q3;:Q,=6:27:42:24 (—82. 4, —91. 2
—100. 7, —109. 9ppm) .

[0148] XRF2H : Z2EAIKRER (2a) 1EIIHT SIS i [RFDEH: 124 (

Pd:Si=1:10. 3) .

[0149] (EMHI6 (TMOSH17042FEH) THLOMW-VY T/ RFRNEE

%*)
Diffusion coefficient D=1. 4x10-"19m2
s~ ' (DMSO—dgs:CDClz=1:9, 300K) by "MW nucl

e i.

[0150] CSI—MS (NOz; salt, DMSO: CHC Il 3;: CH;CN: CHg

OH=1:60:20:15, M=2a+silica (11200Da)

) : [M—8 (NO;7)]18+3250, [M—9 (NO;) ] °+t2830,
[M—10 (NOgz) ] '°*2540, [M—11 (NO,;7) ] '"+2280
[M—12 (NO,7) ] '2+2110.

[0151]] LDI—-MS:M,=11020, M,=11100 (M,/M,=1. 00

7) .
298 i —MAS—NMR (59. 7MHz, MAS rate=3kHz
) :Q,:Q;:Q,=/18:43:39 (—91. 0, —100. 5, —10

9. 9ppm) .

[0152] XRFHOH : ZEEAKRER (2a) 1@EIZHTES i [BFDOH: 166 (

Pd:Si=1:13. 8) .
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[0153]

[0154]

[0155]

[0156]

[0157]

[0158]

LED#ERMN L, TMOSOFMEZEAZSCEITEY, ERTHVUND
F/RFDORFEES5200~11100D aDEFHTHIETESLZ DD
Motze WFhDFRIZEWTE, 228E (M,/M,) [F1. 013LUTF
ThHhot-,

(EHEFI 7)) BIEFE2oF/ HFRBBEDOERK

EHEF 1 TRON-ZEKIRERX (22a) ODDMSOBEK (70uL) #
200KRILL (0. 63m ) THERLEE, Ti (Oi Pr) ,Z8#EKITH
LT724=EXIF96LHEMA, 4CTIHHELTHAERIGEI T2z, 'H
—NMRZHWTRILGZFEBHLI-&EZA, BEITRT & IIZ. MA-HIERIK
FETMAKIEEINT-OLERFIC, ZEAREBERD S T FILANBEFICTA—
FET 62 ENERSIh, ZERKRREAORNIBTRILTE2 O+ / HEFHLER
LE=C &g hot,

(EHEHI8) My, L,  MEEAKEREERNAE (ZEAKENR (2b) ] O
BHL
(1) 2—[2, 6—ER (4—EYUYDLIZZLNIFZIIN) 7/ FY]
IFI B—D—=UNLaES/HAFK (2) DERK
[1k14]

8 (26 eq)
o] Pd{PhCN},Cl; (5 mol%)
Cul {4 mol%}

S R T
2SO ae 509"5(:‘1}011 h

QAC

(i) 2—[2, 6—EX (4—EYYILTzZIIFZII) T/ F]
IF)L 2, 83, 4, 6—F+,rS—0—F+tEFI—-—D—-4HJa¥F>5/4%
141 FOERK

FILIVUERKT. PU—t—TFILRAT4> (0. 240m |, O.

O09603IYJEIL; 10%n—AA"FTHURRK) . RUDAYTOEILTIY
(0. 80ml, 5. 6=YEJ) #, EEfl1 (1) ® (i) THLMI
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[0159]

[0160]

[0161]

[0162]

2— (2, 6—=Y70F7z/%¥) ITFIL 2, 3, 4, 6—Th+3-0
—7EFIN—-—D—YILAEZ/ YA F (483mg. 0. 7743 J%E
W) . 4— (4—EJYDL) Jz=Z)ULTF7EFLY (360mg, 2. 01X
JEJ) ., Pd (PhCN) ,Cl, (17. 8mg., 0. 04643JEJL
) . BRUIYLE18E (5. 9mg. 0. 0313 UEL) D1, 4—CF
FH2 (7. Om ) BFBRIZHEML, 50°CT1 1EHER LI
RIGREEWMEEERTFTIL (30m 1) THRL, »BL, AK&%EK (40
ml) T2[E, 5%ITFLUCFTIUKER (30m1) . K (40ml)
T2[E, SSICEAMEIEK (50m 1) TIBRESR LIz, BHE%ZEKGE
FTRUDLTHEL, BETICERLE, Boh=BREEUATLAT LA
HAT Y5 T70— (BEBE ; v0A/KRILL : AR/ —)L=30: 1 ({k
L) ) [T UBHL T, BEMYZEEREELTHZ (IRE607mg.,
0. 7383 YJEN, IRE95%) . MRIX, 70. 8—72. 0CTH»
T=o
ZDHLDOND'"H—NMRT—4, '3C—NMRT—4, I RT—42, TEH
. BE59H (MALDI—-TOFMS) OFEREFLUTIZRT,
TH—NMR (500MHz, CDCl, 27°C, Sppm) 8. 71 (
d, J=6. 2Hz, 4H), 7. 73—7. 66 (m, 8H), 7. 56
(d, J=4. 8Hz, 4H), 7. 52 (d, J=7. 8Hz, 2H)
7. 10 (t, J=7. 8Hz, 1H), 5. 12 (t, J=9. 5Hz,
1H) , 5. 01 (t, J=9. 4Hz, 1H), 4. 98 (t, J=9.
5Hz, 1H), 4. 66 (d, J=8. OHz, 1H), 4. 67—4.
62 (m, 1TH), 4. 49—4. 44 (m, 1H), 4. 25—4. 21
(m, 1TH), 4. 18—4. 13 (m, 1TH), 4. 14—4. 08 (m
1H) , 4. 06—4. 02 (m, 1TH), 1. 99 (s, 3H), 1.
96 (s, 3H), 1. 95 (s, 3H), 1. 93 (s, 3H)
13C—NMR (125MHz, CDC Il 27°C, §ppm) 170.
6 (C), 170. 2 (C), 169. 4 (C), 169. 3 (C), 16



WO 2010/104113 38 PCT/JP2010/054008

1. 0 (C), 150. 5 (CH), 147. 3 (C), 13838. 2 (C)
138. 8 (CH), 1832. 3 (CH), 127. 2 (CH), 124
0 (C), 128. 6 (CH), 121. 5 (CH), 117. 2 (C)
101. 3 (CH), 93. 6 (C), 86. 9 (C), 783. 0 (CH,
), 72. 8 (CH), 71. 8 (CH), 71. 83 (CH), 69. 5 (
CH,), 68. 4 (CH), 61. 9 (CH,), 20. 63 (CH3) , 2
0. 60 (CH3), 20. 58 (CHg) , 20. 49 (CHg) .
[0163] IR (KBr, cm-1) 2944, 2884, 1753, 1596, 151
6, 1489, 1433, 1366, 1223, 1036, 907, 812
681, 597.
[0164] THZPHT: Calcd for CugH,,N,0,,-0. 5H,0:C, 69
30;H, 5. 21 ;N, 3. 37.
Found:C, 69. 26 ;H, 5. 21 ; N, 3. 309.
[0165] MALDI—TOFMS (matrix:CCA) :Calcd for
CisH4isN,O;;y ( [M+H] +) 8283. 3, Found:823. 5

[0166] (i i) 2—[2, 6—ERXR (4—EUYPITZIIFIIL) 7/ 5%
] ITFI B—D—HLaAESI/HAFK (2) DER

[0167] (i) T/ELMz2— [2, 6—EXR (4—EVYIILTzZILIFZI)
Jx/FV] IFIL 2, 3, 4, 6—-ThFZ-O0—TFEFIL—-—D—¥
IWAES/HA4 K (532mg, 0. 6473IYEL) , RUF RUDILA
FE2 K (174mg. 3. 223 YFEL) ODAR/—)L (60m |) BH&K
., ERT 2HBEBH L, RIGEEMERBKEREST )Y LKBRTH
MLT. BRETTEMBLIz, BEMEZKTHE L&, BZRLT, BEMYZE
HBEAEKELT420meg (0. 6423 YEL) B, IREQ9%, FiA
X, 184. 2—185. 3CTHoI=.

[0168] CDELEDD'H—NMRT—%, '8C—NMRT—%, IRT—%, THH
. ROBEMF (MALDI—TOFMS) OHERFLTIZERT,
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[0169]

[0170]

[0171]

[0172]

[0173]

[0174]
[0175]

TH—NMR (500MHz, DMSO—dgs, 27°C, §ppm) 8. 6
7 (d, J=6. 4H=z, 4H), 7. 91 (d, J=8. 5H=z, 4H)
7. 79—7. 75 (m, 8H) , 7. 64 (d, J=8. 2H=z, 2H

), 7. 25 (t, J=7. 8H=z, 1TH), 5. 00—4. 94 (m, 2

H), 4. 92—4. 88 (m, 1H), 4. 55—4. 51 (m, 2H)
4. 49—4. 44 (m, 1H), 4. 831 (d, J=7. 6H=z, 1H

), 4. 29—4. 24 (m, 1H), 4. 44—3. 98 (m, 1H)

3. 71—3. 65 (m, 1H), 8. 49—8. 44 (m, 1H), 3.

21—3. 17 (m, 1H), 3. 16—3. 10 (m, 2H), 3. 09

—3. 05 (m, 1H) .

13C—NMR (125MHz, CDCl, 27°C, Sppm) 60. 6 (

C), 150. 3 (CH), 145. 9 (C), 137. 3 (C), 133
7 (CH), 1832. 1 (CH), 127. 1 (CH), 124. 3 (C

H), 122. 9 (C), 121. 0 (CH), 116. 8 (C), 103
1 (CH), 93. 5 (C), 86. 5 (C), 76. 9 (CH), 76
8 (CH), 78. 4 (CH), 73. 1 (CH,), 69. 9 (CH) ,

67. 8 (CH,), 60. 9 (CH,) .

IR (KBr, cm~1) 2914, 2210, 1600, 1533, 151

8, 1489, 1417, 1357, 1223, 1163, 1072, 10

32, 1000, 914, 854, 812, 789, 750, 721, 68

2, 628, 5686.

TEMMT  Calcd for C,oHN,0,-2H,0:C, 69. 5

5;H, 5. 55; N, 4. 06.

Found:C, 69. 42 ;H, 5. 73 ; N, 3. 86.

MALDI—TOFMS (matrix:CCA) Calcd for Cy,

oHssN,O; ( [M+H] +) 655. 2, Found:655. 4.

(2) My L, BZEAKEREEER (ZEEKERK (2b) ] ODERK
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[1£15]

P S o ey
= =5 e A
¢ O ¢ U
7 S i = PABR), s S I %
N = [»] ,Nﬁpd,ﬁ = [s) ’N'Pd
Bt 1
o §on o fon
HO HO\>
OH OH
OH OH

{2 b}

[0176] & (1) THEIIILIES/HAF (2) (5. 5mg, 0. 100
SYEIL) ., Pd (BF,) , (CHGgCN) 4, (10mM, 5. 1Tml) ®
DMS OF&ICMA, 50°CT 1 HREHL,

ZEAIRER (2b) NEEMITHELON-CEE, "H-NMRRUCS I
—MSHBIFEIZKYFERE LT,

RISEIZ, BFBIFILEDSIFILI—TILEMR S EIZKYBREKDN
KBz, BBEKZEAERL, PIFILI—TILTRELTEEHLET L
Tk Y BMERES-, INE8 5%, MRZAEL-ECA, 250CT
PEELT=,

[0177] HBonf-ZEEKER (2b) ONMRT—42, HEENH., I1RT—4,
RURHRATHERETRT,

TH—NMR (500MHz, DMSO—ds, 27°C, Sppm) 9. 8
1 (br, 96H), 8. 18 (br, 96H), 7. 96 (br, 96H
), 7. 76 (br, 96H), 7. 61 (br, 48H), 7. 24 (b
r, 24H) ., 4. 95 (br, 48H), 488 (br, 24H), 4.
51 (br, 48H), 4. 46 (br, 24H), 4. 30 (d, J=7

6Hz, 24H), 4. 25 (br, 24H), 4. 00 (br, 24H

), 3. 66 (br, 24H), 3. 46 (br, 24H), 3. 18 (b
r., 24H), 3. 12 (br, 48H), 3. 05 (br, 24H)

[0178] "*C—NMR (125MHz, DMSO—ds, 27°%C, dppm) 160

7 (C), 151. 0 (CH), 149. 4 (C), 134. 3 (C)
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[0179]

[0180]

[0181]

[0182]

[0183]

1833. 9 (CH), 132. 2 (CH), 127. 5 (CH), 124,

6 (CH), 124. 0 (CH), 116. 6 (C), 103. 1 (CH)
93. 2 (C), 87. 5 (C), 76. 9 (CH), 76. 7 (CH)
73. 4 (CH), 73. 83 (CH,), 69. 9 (CH), 67. 8 (C

H,) , 60. 9 (CH,) (FFROD—DODOIITFIIE, thDITFILEE

TY, FoFY LFBEESINGN ST, )

Diffusion coefficient D=2. 6X10"1"T"m2g-

1 (DMSO—dgs, 300K) ., 7. 9x10-'""m2s-1 (DMSO—d,
:CDCl13;=1:83, B300K) by ™MW nuclei.

CSI—MS (BF,salt, DMSO: CH;CN=1:15) :ca l

cd for (M—7 (BF, ) ]8t2638. 0, found 263

8. 5;calcd for [M—8 (BF,)]182297. 4, fo

und 2297. 8; calcd for (M—9 (BF,7) ] °t20

32. 5, found 2032. 7;calcd for [M—10 (

BF, )] °*1820. 6, found 1820. 9;:;calcd fo
r [M—11 (BF,)]1%*1647. 2, found 1647. 5;

calcd for [M—12 (BF,)]'2+1502. 7, found
1503. 0;Calcd for (M—13 (BF, ) ] '3*+1380
4, found 1380. 7;calcd for (M—14 (BF,

=) ] 14+1275. 6, Found 1276. 0.

IR (KBr, cm-1) 2879, 2208, 1612, 1491, 143

1, 1292, 1223, 1074, 1035, 821, 791, 698,

56 7.

THEMMT: Calcd for CoeoHs16N4s0168B2sFesPd o2

4DMSO:-40H,0:C, 56. 45;:H, 4. 77 ; N, 3. 06.

Found:C, 56. 63 ;H, 5. 12; N, 3. 35.

(EEHIo) SUAF/HTFRAEERDERK
£ 8 THON-ZEKIRERX (2b) (4. 17umo ) ODMS
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[0184]

[0185]

[0186]

[0187]

[0188]

[0189]

OBFK (11. 9m 1) &, K (67uL) ., yaAKILL (35. 7Tml
) RUFHEEE (2. Oumo |) THERIRLE-ZR., TMOS %, ZEEKIKERK

(2b) IZHLTS500%E (31 1L, 2. 093IYEL) Mz, TE
T4AMBE L TRERGET >,

"TH=NMRZRWTRGZEMLI-EZ A, ZEKIKREED S T FILHEE
EICTO—FETH PR Sh, SEARBEORIBTI Y S/ HF
MERLI-CENTEEINT-,

TMO SN RTIKAFEENT=E, "H-NMR, DOSY—NMR, L
DI—-MSTH#H LTz,

REGREMMNSLT/NRL—F2—(CTH/OORILLEZRELE, BEETF
WESIFII-TIEMR, AEBRLBMER-. BohTBME A4S
J—ILTHEL, YUNFT/HFRABERERZ, COLOD2°S i —MA
S—NMRBIEZ{To71=,

LLFIZ, DOSY—NMR, LDI—MS, 29S i —-MAS—NMRT—
2%TRY., £, "H-NMRARY FLRZE10IZ, LDI—MSARY
FMLRZER 1 1IZERFRTRT,

B1 0/, aldfEERGEER. blEEERERME3 02#. cld4 M
%, diZ1B#&. RU. eld4BEDY DT/ HFRBEAED ' H—NMR
AR FILVETH D,

M10&Y, YUHT/HMFRAELEAAD TMO SHAMKTREEINEER
BHOETT BIZOoN, SEEREED ' H-—NMRIITFILIETO— KT B
ZENDHLND,

Diffusion coefficient D=8 1x10-1"m2s-
1 (DMSO—ds:CDCl,=1:3, 300K) by 'H nucle

i
LDI—-MS:M,=31570, M,=31690 (M,/M,=1. 004
)

298 | —MAS—NMR (59. 7MHz, MAS rate=3kHz)
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[0190]

[0191]

[0192]

' Q,:Q;:Q,=7:50:43 (—91. 2, —100. 4, —109.
2ppm) .

=il 2~ 6. EEfHlODHRMN S, AVSZEFREBAEOKRETZITLY
CEBTAVIAFT/HMFORES (HFR) FHETELI LMo
o WFNDBEIZEWNTH, E0FE (M, M,) [F1. 013UTTH-
T=5

(EBREFEMER (TEM) 8E)

122, YUBF/HFREEBEDOT EMBAERZTRT,
B120Dalk, EfEFI6eDL N/ MFRBEAD T EMEER. bk
EfFI6 DT HhT / HFREAEAEDEDS (TRILXF—HEXBROLE)
ARY FIVEL, clEEEF O THONV) AT/ HFREEERD T EMER
ZETHD.

B11bTHE, SiEFEPIRFOAMANEESINS: (GH. CuldT
EMYUTILT Yy FHEDLDTH D, ) -
NEEINEY AT/ AFOEHERIEL. OnmTH-oT-,
EXLOFI ARREY
FEADBHHMTANEEBEEHARICANAIN SRR EYHI T, B
—RRESIDLEEIET/ A— FMLBROBHHFTHY ., HEFICI—T 4
DUE, AEERG EHRLGRARICAVWS I ENTES,
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FERIE]

[FERIE2]

[FE3RIE3]

[FERIE4]

F5RIES]

REOR D&

hZEDHEET HEEARBEBEERHATH > T, HIRPEDOFHH
n1fE (n1lE 6~60NEHKERT, ) OEBLERTFL. 2
(n1) EO_EREHEMFENGTBREINTEY ., HIEE ZEEKE
MFMN, EREENLTRIE ROXFSLAPOEEZETEZHLDTH
Y, Mo, FIEERY £ FOFEEMOENRZEDZATICERT S
K3 ITHB SN TV EEKKRER B,

hZEDHEET HEEARBEBEERHATH > T, HIRPEDOFHH
n2f@ (n2(&, 6, 12, 24, 30F[F60THb, ) DE®
EREFE, 2 (n2) EOZERHEMFEMDTEINTEY,
A —EERELTN., EFEENL TR E FOFILENDES
FTH5LOTHY. ho. BIREARY E FOFIIEEMDOENPZDR
AEICEMT LI ICHHREIAhTO S ZERAREREREEERK,

EBRERELEYM (M ) &, EREEZNLTRIEFOXIILEY
DEZFT HEAREMTF (L) &b, BRI ED RFIILE
MOENPZEDFZARBICEERT 5L D [CHESHEBMICHEEINATLES
R ML oy (MEEBEBRERFERL, n1l&, 6~60D
BHyTHY. MEL, LATIF, ThZThE—TH->TH, HEL-
TWTEHERL, ) TRINDILEMTHSHHERE 1 ICHEHEDOSEAIK
BESEHNK,

EBRERELEYM (M ) &, EREEZNLTRIEFOXIILEY
DEZFT HEAREMTF (L) &b, BIEEARY E FOFIILE
MOENPZEDFZARBICEERT 5L D [CHESHEBMICHEEINATLES
R ML () (MEEBBERBRERFZERL, n21&, 6. 12,
24, 30FfzIF60THY. MEL. LALE, TNhETIRA—TH
>TH, HEL>TWLWTERL, ) TRINDIFREBE2ICEHDZE
HRBBEEHIK,

BISmARY E FAX AN I ILI—RTHEIERE1~4DNT
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[FE3RIE6]

[FERIET]

NNIERED ZSEKRRKERERBEIK,
SEARERTEREREZENTIBEREERTFN,. Ti, Fe, C
o. Ni, Cu, Zn, Ru, Rh, Pd, Cd, Os., I r RUP
t DL BENOEEINSG—BTHACLEZHHMET HERIET1~5
DUVIT NSO ZEEREREEER,
BIRE —EEAREAEFA, KX (1)
[{E1]

1 #

T M

[P, R', RZFFNFNMIL T, NAFTUVEF, EFRIATL
THRVLWTZILFILE, BBRSNTOLTERVWZILIXZIILE, 7/
BEFrE-rOEERT,

ml, m2IEFZFREFNMILT, O~4DEHERT . m1, m2
N2PEDEE, R'AL., RZATEEFNENRRE—THH>TH,

B> TWTHRLY,
Ak, TR (a—1) ~ (a—4)
[1e2]
Q ik LH\ i i
(@-1) (a-2) (a-3) (a4)

(Rel&, RWITRY EFOFIEEMIHEE LI-EREEZRT,
R4[E, NAOTURF, EREINTOTELERVTILFILE, EfaSE

NTOWTHRWLWZILOFVILE, D7/ EFEF- FOEERT,
Mm3IEZ0~3DEBHERL., mA4IFO~2DBHERT. m3A2
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UE, mapantsE, BHEDRAIEIE—TH->TH, HEE-T
WTHRLY,

QlE, =Nr 1= (r 11& KREF., ZILFILE, 7)—ILEE
LLE7VILEERT. ) . —O—, —C (=0) —, —S—, &Iz
F—SO0,—%&%KY., ] TREINSGEZTRL,

Gld, ITF=LVEFLEp—TzLVEERL, t[Z0~60
BYZERT ., tHN2ULEDEE, BHOGRITIERI—TH>THHEE
HoTWLWTH KLY, }
TIRENDILEYMTH S, BHRE1~6DVThMNITREADZEAEK
B ERHIK,

[E53K IE8] HIEE —EEEMEA T, X (I —1)
[1k3]

(R
W\\\ G
NG

(XA, G, t. R'. RZ, R . m1, m2B&UmIIFHIFEEER
CEKZERT, DITEREZRL, EFRJEFOXLEMDOEE
KT, ) TREINDILENMTHAS, FRE1~6DVTHMNIEHD
ZEAKFIREREEER.,

[EERIEI] B ZEAERBEAFN, X (I—1a) . KX (I—1b)
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[FE3RIE10]

[FERIE11]

[FERIE12]

[FERIE13]

[FERIE14]

[1E4]

(Xeh, D, ELRIEEERMLEERERT, )
TRENDILEVMTHIERESICHHDSHEINR BB EEHIK,

BRE1~9ICEHOZERRERECEEARDORZEDZALIZ, &£
BEEMOBHHMFNANBINTNS I L2 HMET D, BHMHTFRA
AEBEEHEA,

HIEEEBRILMN., 74K, TR, DINIAZUL, TILEZOL
FRERVROBIEMTHS L EEMET D, ERIE 1 OIS
DB FRAEBBSEHRRK,

HIALEBERILYMO (EEFHHRFE) ~ (BFEHRFE) DEH 1
~1. OS5 THACLEZRBETAHERET OFLEF 1 1IIRBDE
WHFREBREREER,

FERIE10~1200FNMNICRBOBHMMFRADEREEREAD
HEAETH->T, MREZERKEREERARDOBEARIC, IEE
DEBTILIXL FERMTHIEEET 5L HHMET HBMM
FROBEREREAROEESE,

ER7ILaAXVEN, KX (R5) M (OR?) , (XH, M'[E
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[FERIE15]

[FERIE16]

FARRF, FRUBRF, PIAZOLEREF, FILESZOLERF, &
FIERORRFERL, RIERFH 1 ~6DT7ILFILEEZRL, R
SIERFRHI~6DTILIFXVETERIATOTELOREFEHT ~
BOTILFILEZRL, ald0, 1F=E2%KL., blf2, 3Ff
£4%&L., at+tbEM DODEFMERT. ) TREINDIELEWTH
HFERIE 1 SICHHBOBHMMNFANAEBREEHRADEEAE,
ER7ILaXVRE, ZEFRREREESEAK 1 EILICHLT, 72
~500EILFMIT A LERHMET HERET 3FM(T1 428
HOBBATHNAEREREAORES X,
EBR7ZNLIXVREDOFIMEZERLSIESLSILICEY, RESNSE
BELYEBMHNFOLTELHET S LERHHMETH, BRE13
~150VWTINIEHDOBHMFANOLEBRSEHRADOEEAE,
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[E1]

12 PA(NO,),

24
DMSO-d,
50°C,1h
1 NMR (500 MHz, DMS0O-dl, 300 K)
HO DMSO
a b
Ligand
C "
¢ ;
§
Complex
T T i -
2] 8 7 8

[E2]

() - L jiu_ "™ mi“’d

£zl _/P\WW __J REK.JL_ o

sJ
(d ‘/\_,/ W
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[E13]

Si(OMe),: 72 — 196 eq.

DMSO:CHCI, = 1:9
r.t, 10 days

T BB (BO0 Mbz, 300 K DMECO. DG » 18]

without Si{OMe},
J

after reaction - M‘d '
72 eq. j\MLA /\AJ
AN
96 eq. /NJ\JM
144 eq. Mf u/;-_”/J
192 eq.“ jqu
I N g ]
384 eq. (precipitate} J Jw Uk
" =

[E4]

4.5 nm

20 40 60 80 100 120 140 [r;l.ﬂ]
[E5]

IMizlag—{NOy)rp+6024] 12+
16758

[Mialag-(NO3 )}y +5084)1
1830

1M ypLpe—tNOy )it 6050]'™
2025

M3oLpa=(NO;)g+ES85*
2250

[Mizhoe-(NO3)p+ 5992/

2540
J

1 T T T T T T
1400 1600 1860 2000 2200 2400 2600 iz

(2) +5i (OMe) ., 72 eq.
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[E16]

M akpa—(NOsg )i+ 70441125 [Mszhzg—{NOy ) +6985] 1
1780 1920

[My2L24-{NO3)5q#+70001*
2120

[MezLog—NO;)g+89751%
2380

,

[Moalsa—{NO3 g+ 70321
2BTR

1600 1800 2000 2200 2400 2600 2800 mie

(2) +51i (OMe) , 96eq.
[E7]

[Mizla=(NOgha+ 11238]72*
2110

[Mshsa={NO3} #1231
2270

[Mizbaam(NOshg+1 1184170
2540

[M5Lp4—{NOg)g+ 11382
2850

4

3250

2000 2200 2400 2600 2800 3000 3200 m/z

(2) +51i (OMe) . 192 eq.

[M1olae~{NOg)g+ 11670

PCT/JP2010/054008
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[E18]

a M = 5200 b Mn = 6590

2500 4000 5500 7000 8500 10000 3500 5200 6500 8600 16300 120£

¢ Mn = 9320 d Mn = 11020

5000 7200 8400 11600 13800 1 SSBZO 50GO 8800 11600

[E19]

14400 17200 20000
iz
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[E10]

Si(OMe),
500 equiv

30 min—4 days &

H,O DMSO

-

=

L
I N A

Mn = 31570

WWM Uk g

T T T T
25000 30000 35000 40000 miz
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1) With respect to claims 1-16, the statements “the bidentate organic
ligands have groups of a polvhydroxy compound through linking groups”
and “having been formed so that the groups of a polyhydroxy compound
are oriented inward in the hollow shell” clarify neither the basic
framework of the polyhedral transition metal complex of the invention,
whichhashollowshellsconstitutedoftransitionmetal atomsandbidentate
organic ligands, nor the linking structure nor the structure of the
polyvhydroxy compound. Itisunclearastowhat chemical structureenables
a transition metal complex to become “a polyhedral state having hollow
shells” and come into the state in which “groups of a polyhydroxy compound
are oriented inward in the hollow shells”. A basic chemical structure
for imparting said properties has not been specified. As a result, the
invention is unclear.

2) With respect to the polyhedral transition metal complex having
hollow shells of claims 1-16, the chemical structure of the metal complex
of the invention has not been sufficiently specified in the claims, as
stated in 1). This means that when the functional statements, which
themselves areunclear, are excluded, the claims involve transitionmetal
complexes having a wvast number of chemical structures. In the
description, however, chemical structures of formula (I) are described
as the only examples of the bidentate organic ligands. The specific
production examples given in the description are limited to ones for
compounds in which the bidentate organic ligands are (I-la) or (I-1b)
and R3 is glucopyranosyloxyethoxy, and the production examples for the
metal complex and for the metal complex containing ultrafine particles
therein are limited to ones using those compounds.

Even when the statements given in those production examples and general
formula (I) are taken into account, the invention is not considered to
be supported by the description, except the invention in which the
bidentate organic ligands satisfy formula (I) and R3 is a structure
including gluccose bonded through a specific linking group.

Therefore, this international search report was made based on the
results of a searchmademainly for the metal complexes which are supported
byanddisclosed in the description, that is, ones obtained from bidentate
organic ligands within the specific range.
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