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Synthesis and Structures of Tantalum and Niobium

Complexes with a Cyclotriphosphato Ligand

Sou Kamimura*, Katsuyoshi Oh-ishif,

Shin-ichi Fukuzawa', Youichi Ishiif

abstract

The cyclotriphosphate ion as a "BuaN salt reacts with [Cp*TaCly] (Cp* = 1°-C5Mes) in CH2Cl; at
room temperature to give the anionic cyclotriphosphato complex ("BuyN)[Cp*TaCl(OH)(P309)] (1)
in 24% yield. The analogous niobium complex (PPN)[Cp*NbCl(OH)(P309)] (2) is synthesized by the
reaction of PPN cyclotriphosphate (PPN = (PPh3)2N™) with [Cp*NbCls] under similar conditions
(42% yield). X-ray diffraction studies of 1-0.5Et20 and 2-:CH2Clz have shown that these complexes
adopt a distorted octahedral structure in the solid state, where the three axial oxygen atoms of the
cyclotriphosphato ligand occupy the fac positions, and the Cl, OH, and Cp* ligands are located at
the other coordination sites. The M~OH bond distances (M = Ta, 1.873(5) A; M = Nb, 1.963(3) A)
suggest that the Ta—OH bond has a considerable double-bond character, while the m-donation from
the OH ligand to the niobium center is weak. The complex anion in 1-0.5Et2O forms a hydrogen-
bonded dimeric structure. On the other hand, the complex anion in 2-CH2Cls is engaged in relatively
strong CH - - - O hydrogen bonds with CH2Cls molecules.
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00000 Klemperer 000 0000000000000 0000000O000OOOO000000000O0
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0000000000000D00000000C 40000000000000000000000000
000000000000000000000000000000000000000000000 Kim O
000000000000000000000000000000000000000000000oooon
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oooo 50
000000000000000000000000000000000000000000000000
0000000000000000000000000CH---000000000000000 [6l0000
0000000000000000000000000000000000400000000000000
0000000000 [{Cp*Ti(u-0)}3CL(P30¢)]~ (Cp* =7°-CsMes) 0000000000000 00
00 [7j0000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
000000000000000000000000000000000000 5000000000000
0000000000000 [Cp*MCly) (M=Ta,Nb)0ODODOOOOOOODO0O0O00OOODO0000OO
00000000000000000000000000000 [Cp*MCI(OH)(P30g)]" 00000000
000000000000000000000000000

2 00

2.1 00000

00000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000
0000000000000000002000000000000000 ("BuaN)3(P309)-(H20)2.5 [4b] O
D00 (PPN)3(P3O9)-H20 (PPN = (PPh3)eN1) [4d]000000000000000000 [Cp*TaCly]
O Strem Chemicals 00000 O[Cp*NbCl] [8]0 0000000000000 O000OODOOOOOO
0000000000000000000 FT/IR410000000000'HO0DO *PNMROOOO
0000 JNM-EX-270 (*H, 270 MHz; 3'P, 109 MHz) 0 0 0 O JNM-LA-400 (*H, 400 MHz; 3'P, 162
MHz) 0000000000 0000000000000000O Perkin-Elmer 2400 series IT CHN 0 O
00000000

2.2 ("Bu4N)[Cp*TaCl(OH) (P309)]'0.5Et20 (1'0.5Et20) agoo

[Cp*TaCly] (88.9 mg, 0.194 mmol) O ("BuaN)3(P309)-(H20)2.5 (216.6 mg, 0.215 mmol) 000 00
000 8mL) 000000000000 000000000000000000DO000000D00D0O0O0D
0000000000000000000000000 ("BugN)[Cp*TaCl(OH)(P30¢)]-0.5Et20 (1-0.5Et20)
oo0ooO0o0o0oo0o0oo0ob0oo0o0oOO0o00oOOO0o0bDO0O00OO00b0OO00OO0100
00000000 24%00000 (39.3 mg, 0.046 mmol)O IR (KBr, cm™1): 1379 (w), 1339 (s), 1306
(s), 1130 (s), 1051 (m), 1036 (m), 941 (s), 884 (w). *'P{*H} NMR (CD2Cls): § —20.8 (t, J = 19 Hz,
P309), —21.0 (¢, J = 19 Hz, P30yg), —22.3 (t, J = 19 Hz, P30y). 'H NMR (CD2Cl2): 4 8.98 (s, 1H,
OH), 3.09-3.14 (m, 8H, "BusN), 2.32 (s, 15H, C5(CHas)s), 1.56-1.65 (m, 8H, "BuyN), 1.38-1.44 (m,
8H, "BusaN), 0.99-1.03 (m, 12H, "Bu4N). Anal. Calcd for C26Hs2CINO1oP3Ta: C, 36.83; H, 6.18; N,
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1.65. Found: C, 36.46; H, 6.35; N, 1.40.

2.3 (PPN)[Cp*NbCl(OH)(P30y)]|-1.5THF (2-1.5THF)O0 00O

[Cp*NbCly] (54.4 mg, 0.147 mmol) O (PPN)3(P309)-H20 (273.0 mg, 0.146 mmol) 00 00 00O
00 4ml) 000000000000000000000000000000000000000
0000000000000 000000000000000000000000000000000
(PPN)[Cp*NbC1(OH)(P30)]-1.5THF (2-1.5THF) 0000000000 420 000 (65.3 mg, 0.056
mmol)0 IR (KBr, em™1!): 1371 (w), 1333 (s), 1306 (s), 1256 (m), 1117 (s), 936 (m). *'P{*H} NMR
(CDCl3): 6 21.0 (s, PPN), —20.1 (t, J = 18 Hz, P309), 21.2 (t, J = 18 Hz, P309), -21.6 (t, J
= 18 Hz, P309). 'H NMR (CDCl3): § 11.6 (s, 1H, OH), 7.43-7.68 (m, 30H, PPN), 2.18 (s, 15H,
C5(CH3)5). Anal. Calcd for C52H5801NNb011.5P5: C, 53.65; H7 5.02; N, 1.20. Found: C, 53.63; H7
5.04; N, 1.39. 000XOOOODODOO0OOO0O 2:CHCl, 0000000000 —0000000000
000000000000

24 XOOOODOO

1.0.5Et,0 000 2-CH.Cl, 0000000000000000000000000000000000
00000000000 AFCTRO000O00O000000X 0000 MoKa O (A=0.71069 A) 00O
00000000020 00 36.8-39.45° (1-0.5Et20)0 37.42-39.94° (2.CHCly) 000000 25000
000000000000000000000000000000000 2000 55.0°00000w-200
0000000000 16.0°/min (1-0.5Et20)0 32.0° /min (2-CH2Cl,) 0000000000000 00
0000000000—00000000000000000001000000000 11.74% 00000
000000000000000000000000000000Table. 1000000000000

000 teXsan 00000000000 [9)0000000000000000 Patterson O (DIRDIF

Table 1 Crystallographic data for 1-0.5Et20 and 2-CH2Cls.

1-0.5Et20 2-CH>Cl>
Formula 028H57CINO10,5P3T&L C47H48013NNb010P5
M 885.08 1141.03
Crystal system monoclinic monoclinic
Space group P21 /n (no. 14) P2y /c (no. 14)
a/A 14.677(4) 10.205(3)
b/A 12.886(5) 30.501(3)
c/A 21.666(3) 16.681(3)
8/° 107.22(1) 98.85(2)
V /A3 3913(1) 5130(1)
T/°C 21 21
A 4 4
pw(MoKa) /em™? 30.44 6.02
Deatea/gem > 1.502 1.477
No. unique data 8984 11771
Rint 0.027 0.025
No. data used [I > 30(I)] 4807 6201
No. variables 374 604
R; R,* 0.040; 0.042 0.045; 0.046

© R=2||F| — |Fe|l/SIFo|; Ruw = [Sw(|Fo| — |Fe])?/SwF)' .
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PATTY) [10) 000000000 (DIRDIF-94) [11] 00000000000000000001-0.5Et20
0000 »00000000000000000000000000000000000000000000
0000000000000050%00000000000000000000000000000000
0000000000000000000000000000000000000000000000000
000000000000000050% 000000000000000000000HOO0O0O00000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
000000000000000000000000000002-.CH:Cl, 000000000000000
00000000000000000000000000000000OHOO00O0 1-0.5Et,0 0000
0000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000

3 JOooo

("BusN)3(P309) 00000 [Cp*TaCly] 000000 MOD00000000 ("BusN)[Cp*TaCl(OH)-
(P300)] (1) 000000000 D 24% 00000 (PPN)3(P30o) 00000 [Cp*NbCly] 0000000
000000O00000000PPN)[Cp*NbCI(OH)(P30y)] (2) 0000000000 42000000
000 (Scheme)DOODOOOODO *P{'H} NMROODOOOODOOOOOOODOOOOOOOOOOO
00000000 (M= Ta: 6 20.8 (J =19 Hz), 21.0 (J = 19 Hz), 22.3 (J = 19 Hz); M = Nb:
§ -20.1 (J= 18 Hz), 21.2 (J = 18 Hz), 21.6 (J = 18 Hz)) 00 0000000000000 0000
0000000000000000000000000000000000000000 '*HNMROOD
OD0Cp* 0000000 OHOOODOOOOOOO000000 (M = Ta: §-2.32 (15H)08.98 (1H); M =
Nb: § -2.18 (15H), 11.6 (1H)) 00 0000000000000 O0000O0O00O00D0O00OO0OOO0
0 [Cp*MCI(OH)(P30g)]” (M = Ta (1), Nb (2)) 0000000000000 000000000000
0000000000000000000000000000 50000000000 1000 20000
00000000000000000000000 Cp*0ClIDOH 000000000000 0000000
0000000000000 [4)0

Cp*MCl
py0gt —ld o — 0

Scheme

00000D0D0001-05Et, 0000 2-CH:Cle 0 XOOODOOOOOO000O0O0O0OODDDOODOOO

0000 ORTEP 000DO0D0OO0DDOOO Fig. 10Table20000000000 1020000000
000000000000 000000000000000000 fecO0000D0000DO0OO00DODOOO0O
0000000000000 00000 Cp*OClIOOHOO0DDO0DD00D0000D00onooon Cp*
000000000000000000 O(2)-Ta-0O(3) = 78.5(2)°00(2)-Nb-0O(3) = 78.2(1)° 00 090°
000000000000 000000000000000000000000
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Figure 1 Ortep drawings of the anionic parts of 1-05Et20 (a) and 2-CH2Cls (b).

00000000 10000000000000000000000000000000000 Ta-0(2) =
2.130(4) ADTa-0(3) = 2.092(5) ADTa-O(4) =2.118(4) ADDDOODOOOOODOOOOOOOOOOO
000000000000 00000000000000000000000000Ta-OP 00000000
00000000000000 [{Cp*Tal’BuPO(OH)s]}2(u-"BuPOs)2(1-0)2] [12] O 1.938(5)-2.110(5)
ADDoDoDoDoDoDoDOo0DO0O0O0O000 [{Cp*TaCls(u-PhaPO2)}o] [13] O 1.978(2)-2.329(2) A DDDoOO
000000 10 TaOP 0000000000000000000Ta-OCO000000000000
00000000000000000 1.90A000000000 (14000 10000Ta-OP 0000
000000000000000000 nO0000000000000000000000OOHOOD
000000000000 1.873(55) AD0D0O000D0O000000000 Ta+-OHOOOOODODOOODO
0000 n0000000000000000000000000000 Ta-OHOOOOOOOOODO
[Cp*>TaCl(OH)](OTf) (Ta-O = 1.853(8) A; OTf = 0SO.CF3) [15] 00000000

00000 2000000000000000000000000000000000000000C0
0000000000000000000000 Nb-OP 000000000000 (Nb-O(2) = 2.145(3)
AONDb-O(3) = 2.109(3) ADNb-O(4) = 2.112(3) A)boOoOD Nb-OPOOOOOOOOOO0OOOOO0

O ("BusaN)2[{Nb(OMe)3(PhPO3)}2(u-0)] [16] O Nb-OP 00O 2.054(2)-2.101(2) ADDDOOOD
OD00O0OONb-OHOODOODO 1.9633) ADDODOOOODODOOOO Nb-OPOOOOOOOOODO
000010 T2»-OHOOOODD 009A 000000000000 0O00OODOO0OD 1.34A000
00000000000 [Cp*2NbF(OH)|BF4 [17) 00 Nb-OH DD ODOD 1.847(8) ADDDODOOD
[Cp*>TaCl(OH)|(OTf) 0000000000 ONONONONON200 10000 OHOOOODOOOOO0O0O
70000000000Nb-ODDOOOOOOODNONONONONONDNDNDNDNDNONDNDNDNON0NONON0ONONONnnn
0000000000000O0O0O0O0

0000 1020000 ClO0O0000000000000 2397 (2) AD2.397 (1) AoooooonO
0000000 Ta-ClOOO Nb-ClOOOO0O0O0 {Cp*TaCls(u-PhoaPO2)}] 000D Ta-Cl OO O
2.3141(8)-2.4001(7) AOCp*3Nbs(112-0)3(u3-0)(u2-C1)Cl3] 18] 000 Nb-ClO DO 2.386(5)-2.424(6)
ADDDOOoDODODOOOODOOOOOOOOO000

00000000000000000000000000000000P-000000 10 1.50A02
0151 AD000000000000 P-O00D00000 (1.61A)00000000000000000O0
0000 P-O00 145A000000000000000000000000000000000000
0000000000000000000000000000000000000000 [4-6[000000
0M-O-POOOOOOOO 102000 134-135° 000000000000000000000000
000000 460000 (114-127°) 0000000000000 00000000000000000
0000000000000000000000000000000000000 O-M-0O00000000
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Table 2 Selected bond distances (A) and angles (°) of 1-0.5Et20 and 2-CH2Cls.

Bond Distances Bond Angles
1-0.5Et20  2:CH2Cl2 1-0.5Et20  2-CH2Cl2
M-C1 2.397(2) 2.397(1) CI-M-0(1) 97.0(2) 95.5(1)
M-0O(1) 1.873(5) 1.963(3) CI-M-0(2) 78.5(1) 78.40(9)
M-0(2) 2.130(4) 2.145(3) CI-M-0(3) 154.3(1) 154.11(9)
M-0(3) 2.092(5) 2.109(3) CI-M-0(4) 84.9(1) 85.29(9)
M-0O(4) 2.118(4) 2.112(3) O(1)-M-0(2) 80.0(2) 77.4(1)
M-C(1) 2.477(8) 2.435(5) O(1)-M-0(3) 90.1(2) 90.2(1)
M-C(2) 2.453(7) 2.463(5) O(1)-M-0O(4) 157.8(2) 157.1(1)
M-C(3) 2.477(8) 2.515(5) 0(2)-M-0(3) 178.5(2) 78.2(1)
M-C(4) 2.543(8) 2.506(5) 0(2)-M-0(4) 178.7(2) 80.3(1)
M-C(5) 2.507(8) 2.468(5) 0(3)-M-0(4) 179.5(2) 79.9(1)
P(1)-0(2) 1.500(5) 1.510(3) M-0O(2)-P(1) 135.0(3) 134.6(2)
P(1)-0(5) 1.459(5) 1.447(4) M-0O(3)-P(2) 135.6(3) 134.6(2)
P(1)-0(6) 1.607(5) 1.621(4) M-0O(4)-P(3) 135.3(3) 134.2(2)
P(1)-0(10) 1.613(5) 1.617(3)
P(2)-0(3) 1.507(5) 1.511(3)
P(2)-0(6) 1.607(5) 1.605(4)
P(2)-0O(7) 1.449(5) 1.453(4)
P(2)-0(8) 1.607(5) 1.611(3)
P(3)-0O(4) 1.505(5) 1.512(3)
P(3)-0(8) 1.616(5) 1.613(3)
P(3)-0(9) 1.449(5) 1.449(4)
P(3)-O(10) 1.609(5) 1.602(4)

000000000000000000000000

000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
00000000000000000000000000100000000 (Fig.2(a))00000000
000000000000000000000000000OHOONOOOOO00000O000000000
0000000000000000000000000000000000000000000000000
000000000000000000000000000000000 O(1)--0(G)*0000 2.713(7)
ADO(1)-H(1)--O(G)*0D00 161.7° 0000000

000000000000 200000 (Fig. 2(b))0OHOODOOO0OOOO00O0OO0OOOOODOOO
00000000000000000000000 (C(47)0000000000000000000000
00000000000000000000000000 (C(47)--0(9) = 3.105(8) AOC(47)-H(47)---0(9)
= 165.7°0C(47)--O(7) = 3.193(8) AOC(47)-H(47)--0O(9) = 153.2°)0000000000000000
0000 C-H--0O0000000000000000000000000000000000000000
0000000000000000 [190000C---000000 3~4 A0C-H---000000 150~180°
0D00000000000000000000000000000 [2000000000000000000
000000000000000C-H---O00000000000000000000000000000
0000000000000000000000000 C-H---00000000000000000000
00000000000000 (60000 C-H---00000000000000000000000000
00000000000
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Figure 2 Intermolecular hydrogen bonds in the crystal packing views of 1-0.5Et20 (a) and 2-CH2Clz (b).
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