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Structures and Properties of Ruthenium, Rhodium, and
Iridium Complexes with a Trimetaphosphimato Ligand

Sou Kamimura*, Takuya lida', Keiichiro Kanao', Chigusa Nogawa,
Yoshiaki Tanabe’, Katsuyoshi Oh-ishif, Shin-ichi Fukuzawa,

and Youichi Ishiif

abstract

Treatment of (PPN)3[P3(NH)306] (PPN = (PPh3)aNT) with [(5-CeHg)RuCl(u-Cl)]z in CH2Cly
at room temperature gives the anionic ruthenium-trimetaphosphimato complex (PPN)[(5-CgHg)-
Ru{P3(NH)306}] (1) in 83% yield. By similar reactions the Cp*Rh (Cp* = 1°-Cs;Me;) complex
(PPN)[Cp*Rh{P3(NH)30¢}] (3) and the Cp*Ir complex (PPN)[Cp*Ir{P35(NH)30¢}| (4) are synthe-
sized from [Cp*MCl(p-Cl)]2 (M = Rh, Ir) in high yields. X-ray diffraction studies of 1-0.5CH2Cly,
3-CH,Cl; and 4-CH3Cl; have shown that these complexes adopt a three-legged piano-stool structure
in the solid state, where the three axial oxygen atoms of the trimetaphosphimato ligand occupy the
fac positions. The structure of 1-0.5CH3Cly has been compared in detail with that of the corre-
sponding cyclotriphosphato complex (PPN)[(n%-CgHg)Ru(P309)] (2). The electrochemical behavior
of these complexes is also described.
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Fig. 1 Structures of cyclotriphosphate (a), cyclotetraphosphate (b), and trimetaphosphimate (c) ions.
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Fig. 2 A surface model of Ru-exchanged hydroxyapatite.
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0000000000000000000 (PPN)3[P3(NH)306]-5H20 (PPN = (PPh3),Nt) 00000
D000 (1000000000 Nag[P3(NH)306) 00 (PPN)ClODODOOOO0O00ODOO0OO/[(ns-
CgHg)RuCl(p-Cl)|2[12] 000 [Cp*MCl(p-Cl)]s (M =Rh, Ir) (13| 0000000000000 O000ODO
00000000000 (PPN)[Cp*Rh(P30)]0 (PPN)[Cp*Ir(P30g) 000000 [4b) 0000000
(N"Buy)3(P309)-2.5H,0 00000 (PPN)3(P309)-Ho0 [4(d)] 000000000000 000O00
0000000 FT/IR-410000000000HO00 3 PNMROODOODOOO0O JNM-ECA 50000
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00000000000000000 BASCV-50W000000 N*"BuyBF, (0.1M)000 DMF OO
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2.2 (PPN)[(n%-C¢Hg)RU{P3(NH)504}]-0.5CH,Cl, (1-0.5CH,Cl,) O O O

(PPN);3[P3(NH)306]-5H20 (329 mg, 0.170 mmol) O [(n®-CeHg)RuCl(u-Cl)]y (42mg, 0.084 mmol)
00000000 3mL)0000000000000000000000000000000000000
Oo0o0ooo (PPN)ClODOOO0OOO00OO00DOONDOOONOONONDOO0N0N0O00N0NONONNooonoad
0000000000000000000000000000000000000000000000000
0000 0(PPN)[(n5-CeHg)Ru{P3(NH)304}]-0.5CH2Cl, (1-0.5CH2Cly) 00 000000000000
00000000000 000 1-0.5CHCl, 00000000 133mg (0.133mmol, 00 79%)0 IR (KBr,
em~1): 1239 (s)0 1114 (s)0 1056 (s)0 998 (w)0 935 (s)0 31 P{'H} NMR (CDCl3): § 20.9 (s, PPN)O
10.5 (s, P3(NH)306)0 "H NMR (CDCls): § 7.44 —7.67 (m, 30H, PPN)05.60 (s, 6H, CgHg)03.33 (s,
3H, NH)O

2.3 (PPN)[(n%-CsHg)Ru(P30y)]-0.5CH,Cl, (2-0.5CH,Cl2) O O O

(PPN)S(PsOQ)HzO (224 g, 1.20 mmol) O [(nG—CGHG)RuCl(u—Cl)}Q (302 mg, 0.603 mmol) oooo
0000 (10mL)00000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000
0000000000 (PPN)[(75-CeHg)Ru(P30g)]-3CH,Cl, (2-3CH,CL) 0000000 000000O0X
00000000000000000000000000000000000000000000(PPN)[(n%-
CgHg)Ru(P309)]-0.5CH,Cl; (2:0.5CH2Cl,) 0000000000000 00O00O 898 mg (0.900 mmol, O
0 75%)0 IR (KBr, cm~1): 1292 (s)01186 (w)01160 (w)O1116 (s)0983 (m)0950 (s)0 3'P{*H} NMR
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(CDCl3): 6 21.0 (s, PPN)O —7.3 (s, P309)0 'H NMR (CDCl3): § 7.42 — 7.62 (m, 30H, PPN), 5.66
(s, 6H, CsHg)O Anal. Caled for Cyo 5H37CINOgPsRu: C, 51.19; H, 3.74; N, 1.400 Found: C, 51.54;
H, 3.98; N, 1.340

2.4 (PPN)[Cp*Rh{P3(NH)30¢}]-CH2Cl, (3-CH:Cly) 0 O O

(PPN)3[P3(NH)304]-5H,0 (249 mg, 0.128 mmol) O [Cp*RhCl(u-Cl)]y (40 mg, 0.064 mmol) O O O
00000 3mL)0000000D0000000O0000D0000000O0OO00o0O0o0o00 (PPN)CLO
000000000000 000000000000000000000000000000000000
000000 (PPN)[Cp*Rh{P3(NH)306}]-CH2Cl; (3-CH.Cl,) 000000000000 O0O0ODOOO
84mg (0.077mmol, 00 60%)0 IR (KBr, cm~1): 1260 (s)0 1245 (s)0 1184 (w)0 1162 (w)0 1114 (s)0
1075 (w)0 1056 (s)0 1025 (w)0 998 (w)Dd 935 (s)0 3'P{'H} NMR (CDCl3): § 20.9 (s, PPN)O 8.6 (s,
P3(NH)306)0 'H NMR (CDCl3): 6 7.43 — 7.70 (m, 30H, PPN)0 3.25 (s, 3H, NH)O 1.57 (s, 15H,
Cp*)O

2.5 (PPN)[Cp*Ir{P3(NH)30¢}]-CH:Cl; (4-CH:Cl;) 0 0O

(PPN);3[P5(NH)3504]-5H20 (235mg, 0.121 mmol) O [Cp*IrCl(u-Cl)]z (40 mg, 0.050 mmol) OO OO
0000 3mL)000000000000000000000000000000000000000000
D000000000000000000000000(PPN)[Cp*Ir{P3(NH)306}]-CH2Cly (4-CHyCly)
000000000000000000 74mg (0.062mmol, 00 62%)0 IR (KBr, cm™1): 1252 (s)01183
(w)O 1115 (s)0 1097 (s)0 1056 (s)0 997 (w)0 924 (s)0 893 (s)03'P{'H} NMR (CDCls): & 20.9 (s,
PPN)014.3 (s, P3(NH)304)0 '"H NMR (CDCl3): 6 7.44 — 7.68 (m, 30H, PPN)0 3.46 (s, 3H, NH)OJ
1.50 (s, 15H, Cp*)O

2.6 XOOOODOOO
1.0.5CH,Cl,02-3CH,C1,03-CH,Cl, 0000 4-CH,Cl, 0 XOOOODOODOODOODOOO0DO0DO0OO0O
000000000000000 AFCTCCD XOOOOODOOODOOODO0O0X0O000 MoKaO (A=
0.71069A) 00000000 D0DO0000O0O0DOO000O —150°CO002000 55°00000000
000000000000000000000000-0000000000000000000000000
Table 1000 2000000000000

000 CrystalStructure 00000000000 (14 0000000000000000 Patterson O
(DIRDIF PATTY)[15] 000000000 (DIRDIF99)[16) 0000000000000 O00ODOO0
1.0.5CH2Cl, 00O 2-3CH,Cl, 00000000000000000000000000000000
000000000000 50%0000000001-0.5CH,CL,00000000000000000000
0000000000000 0000D00D000000000000000000000000000000
0000000000000 0000D00D000000000000000000000000000000
0000000000000 0000D00D000000000000000000000000000000
0000000000000 000000D00D00000
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Table 1 Crystallographic data for 1-0.5CH2Cly and 2-3CH3Cly

1-:0.5CH:zClz 2:3CH:Cle
Formula Ca25H10CIN1OsPsRu CisH42ClsNOsPsRu
M 994.20 1209.49
Crystal system triclinic orthorhombic
Space group P Pna2,
alA 11.271(2) 18.710(3)
bIA 12.225(4) 28.770(5)
clA 16.175(4) 9.249(2)
a 67.836(9)
e 88.68(1)
H° 88.43(2)
VIAs 2063.0(9) 4978.7(1)
7eC -150 -150
Z 2 4
#MoKa)/em™! 6.94 8.52
Dhaca/gem ™ 1.600 1.613
No. unique data 9232 6345
Fine 0.044 0.050
No. data used 6735 [I> 35([1)] 6031 (All reflections)
No. variables 580 662
R, R (1:0.5CH2Cl2)

or K1, w2 (2-:3CH:2Cly)

0.044; 0.055

0.027; 0.088

aR[I>3c(D] =S| | BI-| B E| F; By [I>30(D] = [Ewl| K- | B AZwkAe,
b RII>26(D] =2 | B|-| E| 2] K3

wR2 (All reflections) = [Ewd| B | 2- | B | DL wl F2)2] 12,

Table 2 Crystallographic data for 3-CH2Cly and 4-CHoClo

3-CH:Clz 4-CH:Clz
Formula Ca7Hs0ClaN4OsPsRh CarH50ClzN4OsP51r
M 1095.62 1184.93
Crystal system monoclinic monoclinic
Space group P2ila P2i/a
alA 13.834(4) 13.833(4)
bIA 22.610(6) 22.682(7)
/A 15.529(5) 15.534(5)
a° 98.63(3) 98.72(2)
VA3 4802.3(2) 4817.1(2)
VIN® -150 -150
Z 4 4
HMoKa)em™? 6.85 31.09
Dharca/gem ™ 1.515 1.634
No. unique data 10955 10941
B 0.019 0.030
No. data used [7>35(/)] 8440 7576
No. variables 636 636
R R 0.026; 0.030 0.023; 0.027

aR=Z| | B|-| B VZ| Bl Bv= [Ewl| B|-| FDYE w212,
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(a)

Fig. 3 ORTEP drawings for the anionic parts of 1 (a) and 2 (b).

(b)

Table 3 Selected bond distances (A) and angles (°) for 1.0.5CH3Clz and 2-3CH2Cly

Bond Distances Bond Angles

1:0.5CH2Cl:  2-3CH:Cl: 1-0.5CH=Cl2 2:3CH:2Cl2
Ru-0(1) 2.115(3) 2.112(3) O(1)-Ru-0(2)  86.1(1) 85.9(1)
Ru-0(2) 2.089(3) 2.127(4) O(1)-Ru-0(3)  88.1(1) 85.4(1)
Ru-0(3) 2.121(3) 2.108(4) 0(2)-Ru-0(3)  87.5(1) 85.6(1)
Ru-C(1) 2.156(5) 2.147(5) Ru-O(1)-P(1)  126.7(2) 127.6(2)
Ru-C(2) 2.155(5) 2.165(5) Ru-0(2)-P(2)  127.9(2) 126.8(2)
Ru-C(3) 2.142(5) 2.158(5) Ru-0(3)-P(3)  126.6(2) 127.6(2)
Ru-C(4) 2.137(7 2.148(5) N(1)-P(1)-N(3) 106.3(2)
Ru-C(5) 2.138(6) 2.154(6) N(1)-P(@2)-N(2) 106.02)
Ru-C(6) 2.152(5) 2.138(5) N(2)-P(3)-N(3) 105.5(2)
P(1)-N(1) 1.673(3) P(1)-N(1)-P(2) 119.6(3)
P(1)-N(3) 1.674(4) P(2)-N(2)-P(3) 121.0(2)
P(2)-N(1) 1.672(4) P(1)-N(3)-P(3)  120.6(2)
P(2)-N(2) 1.671(3) 0(4)-P(1)-0(6) 100.4(2)
P(3)-N(2) 1.674(4) 0(4)-P(2)-0(5) 100.9(2)
P(3)-N(3) 1.669(4) 0(5)-P(3)-0(6) 100.2(2)
P(1)-0(4) 1.616(4) P(1)-0(4)-P(2) 122.9(2)
P(1)-0(6) 1.612(4) P(2)-0(5)-P(3) 122.5(2)
P(2)-0(4) 1.616(4) P(1)-0(68)-P(3) 122.4(2)
P(2)-0(5) 1.608(4)
P(3)-0(5) 1.613(4)
P(3)-0(6) 1.624(4)
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0000000000 00000 Klemperer 000000000000 4(f)j0000000000O0OOO
00100000000007%-0000000000000000000 300000000000000
00000000000 00000000000000000000000000000000000000
0000 300000000000000000000000000000Ru-C 0O 2.137(7)-2.156(5) A0
Ru-O 0 2.089(3)-2.121(3) A0 02 (Ru-C: 2.138(5)-2.165(5) A0 Ru-O: 2.108(4)-2.127(4) A) oo O
00000000 O-Ru-O0D0 10 86.1(1)-88.1(1)°02 0 85.4(1)-85.9(1)° 0010000000000
0000000001000000000000000 P-NOOOOO 1.669(4)-1.674(4)A0ooo200
0000000000000 P30O3000 P-O0D000 1.608(4)-1.624(4)A0000000000 0.06A
000000000P3sN;ODO P3sO3000000000 10 O0-Re-00000000000000000
000000000010 PsN3OOO N-P-NOODOOD 105.9°00 2000 O-P-O0 00000 100.5°0
0000000000 1000 P-N-POOODOO 1204°00 2000 P-O-PO0O0O0OO 122.6°0000
000000000000000 1000000000000000000000000000000000
0000000000000000000000000 Nag[Mg(u-O)(p-OH)g{P3(NH)306}4] (M = Zr,
Hf) [10(b)]0000D0D0O0DOO0DO

000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000 0000 P-NOODOOOOODOODOOODOOOODO00D00000000000
00000000000 0000000000
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Fig. 4 ORTEP drawings for the anionic parts of 3 (a) and 4 (b).
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Table 4 Selected bond distances (A) and angles (°) for 3-CH2Clz and 4-CH2Cl2

Bond Distances Bond Angles
3-CH:Cl2 4-CH2Cl2 3-CH:Cl2 4-CH2Cl2

Rh/Ir-0(1) 2.139(2) 2.139(3) 0(1)-Rh/Ir-0(2) 89.76(7) 85.13(9)
Rh/Ir-0(2) 2.139(2) 2.137(2) 0(1)-Rh/Ir-0(3) 88.39(7) 87.79(9)
Rh/Ir-0(3) 2.136(2) 2.139(2) 0(2)-Rh/Tr-0(3) 87.02(6) 86.95(9)
Rh/Ir—C(1) 2.120(2) 2.112(3) Rh/Ir-O(1)-P(1) 124.89(9) 127.3(2)
Rh/Ir-C(2) 2.124(2) 2.130(4) Rh/Ir-O(2)-P(2) 125.22(9) 127.3(1)
Rh/Ir-C(3) 2.107(2) 2.127(4) Rh/Ir-0(3)-P(3) 125.39(9) 126.9(1)
Rh/Ir-C(4) 2.110(2) 2.127(3) N(1)-P(1)-N(3) 105.5(1) 105.8(2)
Rh/Ir-C(5) 2.139(2) 2.109(4) N(1)-P(2)-N(2) 105.5(1) 104.9(1)
P(1)-N(1) 1.675(2) 1.693(3) N(2)-P(3)-N(3) 105.0(1) 105.8(2)
P(1)-N(3) 1.689(2) 1.674(3) P(1)-N(1)-P(2) 121.1(1) 119.2(2)
P(2)-N(1) 1.675(2) 1.688(3) P(2)-N(2)-P(3) 119.8(1) 120.6(2)
P(2)-N(2) 1.693(2) 1.685(3) P(1)-N(3)-P(3) 120.8(1) 120.3(2)
P(3)-N(2) 1.690(2) 1.684(3)

P(3)-N(3) 1.688(2) 1.675(3)

00000 Cp*00000000000000030000000000000000000000000
0100000000000000000000000000000000000000000000000
00000000 1000000000000000000P-NOODOOOODO 30 1.675(2)-1.693(2) A0
00400 1.674(3)-1.693(3) AD0D0DD00D0000000O0DO000O000O0000O0000000000
000000 [Rh{P3(NH)306}(NH3)s] [17)0000000000000000000000000000
000000000000000000000000000000000000000000
304000000000000000000000 (PPN)[Cp*Rh(P30¢)]0 (PPN)[Cp*Ir(P309)] OO
0000000000000000000000000000000000000000000000000
Jod0000oooooooooooo 30 —1.46vVood (PPN)[Cp*Rh(P3Og)] 0 —1.32VO0D0O0OD0
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
00000000000 0000000000000Do000o0o00nonoonoooonog
00000000000 0000000000000000000000000000000000000
00000000000 00000000000000000000000000000000000000
00000000000 00000000000000000000000000000000000000
0ooo0o000o0oooooooog
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000000000000000000002003-5000000 I00000000000000000O0O
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