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Summary 

The preparation, IR and NMR spectra of 123 platinum hydrides of the general 
formula, trans-PtHX(PBz,), or trans-PtHL(PBz,),BPh, (X = a uninegative-anionic 
l&and, L = a neutral donor molecule, Bz = benzyl), are described. Neutral 
platinum hydrides have been synthesized by the reduction of trans-PtCl,- 
(PBzS)* with NaBHe, by the Michaelis-Arbuzov rearrangement, or by metathesis. 
Cationic hydridoplatinum(I1) complexes are obtained from the reaction of trans- 
PtHX(PBz& (X = Cl or N03) with a donor molecule (L) in the presence of 
NaBPh4, or by coordinating a donor molecule through use of PtH(PBz&BPh4 
- $CH2C12. The observed trends in v(Pt-Ii), r(H), ‘J(Pt-H) and ‘J(Pt-P) in a 
series of the hydridobenzylphosphieplatinum(II) complexes are discussed in 
terms of “trims- or cis-influences”, defined as the ability of a ligand to weaken 
the bond trans or cis to itself_ The data support the view that a donor atom 
trams to the hydridic ligand is important in determining the strength of the Pt-H 
bond in this series. Some remarks on the distinctive characteristics of some com- 
plexes, e.g., dissociation of coordinated cycloalkanone from platinum(I1) or ste- 
reochemical non-rigidity of the symdimethylurea ligand, are included. Tricyclo- 
hexylphosphine analogs also have been prepared for comparison. 

Introduction 

In recent years, many platinum hydrides containing tertiary phosphines as 
stabilizing ligands have been prepared [l--5], and’further studies to obt&n a 
measure of the frans-influence for a series of the complexes, tiens-PtHX(PRS)z 
or trans-PtHL(PR&Y (Rs = Ets;Ph&e, or Phs, Y = Cl04 or PFC), have led to a 
comprehensive understanding of various ligands [6]. However, correlations and 
differences between the trans-influence series obtained by IR and NMR techni- 
clues have been limited mainly to three hydridoplatinum(I1) systems stabilized 
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TABLE 1 

ANALYTICAL AND INFRARED DATA ON A SERIES OF HYDRIDOBENZYLPHOSPHINEPLATINUM(I1) 
COMPLEXE3 

No. Compound = M.P. Analysis fFo.und (calcd). U(PtH) Others 
<“C) wt. 55) km-i) e @Xiii) 

c H Halogen 
or N 

1 161-163 

2 180-182 

-3 202-204 

4 170-172 

5 

PtHC!(PBz3)2 

PtHBr(PBz+ 

PtHI<PBzS)l 

PtH(NCO)(PBq)l 

PtH(SCN)<PBzS)l 197--199 

6 186-188 

7 205-207 

8 127-129 

9 119-121 

10 205-207 

11 

12 

172-174 

147-14s 

13 137-13s 

14 

PtH(SeCN)(PBaS)Z 

PtH(SnC13)(PBz& 

PtH(Nl)(PBzl)l 

PtH(CN)(PBz3)2 

PtH(ClO&PBz3)1 

PtH<NO3)(PBzS)2 * 

PtH(N02)<PBz& 

PtH(SH)(PBzl)l 

PtH(SMe)(PBzS)l 

PtH<SBu-t)(PBz& - CHzCl2. 

PtH<SBr)(PBq)l 

P~H<SC~H~-~-~I~)(PBZ~)~ 

PtHCSC<O)Mel (PBz3)2 

129-131 

15 

16 

134-136 

116-112 

17 

18 

19 

102-104 

150-152 

20 

21 

22 

PtH(P-mercaptobellzotfiiazole)- 
(PBz3)l 174-176 

PtH(SO2CgH~-4_hle)<PBz3)2 167-163 

PtHI(aieO)2P(O)l<PBz3)2 133-135 

PtHC(Et0)2P(O)l(PBz3)z 144-146 

23 PtH[<MeO)P~(O)I(PBe3)2 154-157 

24 PtH2(PBz& 
25 PtH(PBz3)2BP4 - I,CHzCl 

oriCHzC12 

Not analyzed 
68.3 

100-103 (68.5) 
69.2 

60.7 
(60.6) 
61.6 
(61.3) 
57.6 
(57.8) 
59.1 
(58.7) 
60.9 
(61.3) 

60.0 5,o Cl 4.0 
(60.0) (5.2) (4.2) 
56.9 4.8 Br 9.1 
(57.0) (4.9) (9.0) 
54.0 4.8 113.6 
(54.1) (4.7) (13.6) 
61.1 5.6 1.9 
(61.0) (5.1) 0.7) 
59.8 5.0 1.6 
(59.9) (5.0) (1.6) 

56.8 
(56.8) 
48.7 
(49.0) 
59.5 
(59.6) 
62.6 
(62.2) 
55.9 
(55.8) 
58.2 
(58.2) 
59.1 
(59.3) 
60.2 
(60.2) 
60.2 
C60.6) 
57.7 
(57.7) 
63.3 
(63.4) 
63.6 
(63.4) 
60.2 
(60.1)' 

3.9 
(4.2) 

(Z, 
Cl 10.3 

(10.3) 
5.3 5.0 

(5.1) (5.0) 
5.2 1.4 

(5.2) (1.7) 
4.8 

(4-S) 
5.0 1.5 

(5.0) (1.6) 
5.1 1.4 

(5.1) (1.7) 
5.8 

(5.3) 
5.8 

(5.4) 
5.7 

(5.6) 
5.8 

(5.4) 
5.6 

(5.4) 
5.3 

(5.3) 

4.9 
(4.9) 
5.3 

15.3) 
5.5 

(5.4) 
5.6 

(5.6) 
5.2 

(5.4) 

6.2 Cl 2.5 
(5.5) (3.0) 
5.9 

(5.6) 

2210(2226 
br)f 
2221<2222 
br) f 
2192(2204 
br) f 
2273 pe(NCO) 2223; 

v,(NCO) 1319 
-5CN v(CN) 2102 
2203 
-NCS u1CN) 2070 
2272 
2199 v(CN) 2102 

2162 

2222 v,(N3) 2033 

2059 c<CN) 2130 

h tiClO) 1128. 
1056.937 
v(NO3) 1449. 
1284.1015 
v(NOt) 1351. 
1323.873 

2283 

2200 

2106 

2082 

2146.2098 
(2126 br) g 
2159 

2169 

2169 u(C0) 1600 

2189 

2163 

2087 

2061 

2106 

1734 
h 

v(P0) 1125 

Y<PO) 1134 

Y(P0) 1112 

(69.5) 

(continued). 
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TABLE 3 (continued) 

NO: compound= b?_p. Analysis (Found kdcd). y<ptm Others 
eo wt. 5) <cm-‘) e <cm-‘) 

C R Haloger 
or N 

26 

28 

32 

36 

37 

38 

39 

48 

52 

145-146 

145-147 

101-102 

142-144 

120-122 

13-r-139 

119-121 

128-130 

137-13s 

120-122 

122-124 

143-145 

144-146 

135-137 

135-137 

145-147 

136-138 

131-133 

133-136 

138-140 

153-155 

145-147 

140-142 

137-138 

147-14s 

14X-143 

125-127 

68-7 
(69.5) 
69.8 
(69-7) 
70.0 
(69.9) 
70.0 
(69.7) 
70.0 
<?O_O) 
70.0 
(70.0) 
69.7 
(70.2) 
69.9 
(70.2) 
70.8 
(70.2) 
71.0 
(70.7) 
70.1 
(70.2) 
72.0 
(71.4) 
71.7 
(71.2) 
70.8 
(71.4) 
70.8 
<71.1) 
7x4 
(71.2) 
71.1 
(71.2) 
71.2 
(719) 

5.9 1.2 
(5.8) (1.2) 
6-Q 1.4 
(5.9) .(1.2) 
6.1 1.3 
(6.0) (1.2) 

'1.0 
,x::, (1.2) 
6.3 1.1 
(6.1) (I.21 
6.3 1.2 
<6.1) U-2) 
6.2 1.1 
(6.2) (1.2) 
5.9 1.2 
(6.2) <l-2) 
6.3 1.3 
(6.2) (1.2) 
6.4 1.1 
(6.3) (1.2) 
6.2 1.4 
(6.0) (1.2) 
6.2 1.2 
(6.0) (1.1) 
5.9 1.0 
(5.9) (1.1) 
6.3 1.3 
(6.0) (1.1) 
5.9 1.1 
(5.8) (1.2) 
5.9 1.2 
(5.9) (1.1) 

(E, ct::, 
5.9 1.0 
(5.9) (1.1) 

65.5 5.9 1.0 
(68.5) (5.9) (1.1) 

69.9 5.9 1.2 
(70.1) (5.7) (1.2) 
71.4 6.9 1.4 
(71.6) (5.7) al> 
71.3 5.5 1.2 
(71.5) (5.6) (1.1) 
70.9 5.7 1.0 
(70.7) (5.6) <l-l> 
71.8 5.8 1.2 
(71.6) (5.7) (1.1) 
71.4 6.0 1.1 
(71.6) (5.7) (1.1) 
71.1 6.9 1.3 
(71.6) <5.7> (1.1) 
69.7 5.7 1.3 
<70.5> (5.7) U.2) 

2256 

2260 

2270 

vtNH)3339, 
3257 
V<NH)3327. 
3287 
v(_NHI 3285 

2258 

2267 

2281 

2265 

2263 

2241 

2269 

2258 

2248 

2269 

2270 

~fNH)3317. 
3267 
~<NHI3305. 
3261 
u<NH)3306. 
3263 
~(NH)3317. 
3266 
~(NH)3297. 
3254 
tiNH13312. 
3268 
u(NHI3297. 
3254 
v(NH) 3305. 
3257 
ZJ(_NH) 3306. 
3265 
y<NH)3307, 
3268 
tiNH)3268 

2295 

2237 

2287 

2282 

v<NH)3301, 
3239 
v(NH)3303, 
3255 
v(NH)3298, 
3248 
u(NHj3299. 
3255 

2276 

h 

V<NW3316. 
3270; 
Y(CO)1744 
vfNC)2274 

h 

h 

v<NC) 2273 

cXNC12252 

h 

h 

h 

Y<NC) 2241 

v(NC)i256 

V<NC)2264 

h &NC)2261 

h tiNti 
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l'ABLEl<contiued> 

No. Compounda M.P. Analy&(Found kakd), UfPtH) Others 
(OC) wt.%) <cm-'>@ (cm-') 

C H Halogen 
orN 

53 

54 

55. 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

7s. 

80 

PtH<NCCHCHMe)<PBx3)zBPh4 

PtHZNCC(Me)CH21<PBq)zBPh4 

PtH~NCC(Cl)CH~3(PBz3)~BPPhq 

PtH(NCS%Ie)(PBz;)zBPh4 

P~HCPY)CPBZ~)ZBP~ 

PtH(Z-nle-py)(PBz3)2BPh4 

PtH(i-Me-py)<PBz&BPhq 

PtH(4-Me-py)(PBz3)2BPhf 

PtH<B-Et-py)(PBz3)2BPh4 

PtH(4-Ph-py)(I'Bz$zBPhq 

PtH<3.5-lut)(PBz3)2BPh4 

PtH(2.6-lut)(PBz&BPhq 

PtH(Z,Mut)<PBrg)zBPh4 

PtH(2.4-IutXPBr3)zBPh4 

PtH(2.3-lut)(PBz3)2BP4 

PtH(~-collidine)<PBz3)2BPh4 

PtH(quinoline)<PBzg)2BPhq 

P~(isoquinoline)(PBz3)2BPh4 

PtH<i)(PBz$zBPh4 

PtH(henGzXPBz&BPh4 

Pt.H(l-Me-iz)(PBz3)+BPh4 

PtH<2-Me-iz)(PBz3)2BP4 

PtH[2.5(4)-Me2-izI(PBz3)2BPh4 

PtH(pz)<PBz3)ZBPii 

PtH[5(3kMe-pzlG'BzxBP4 

PtH<3,5_MeTpz)<PBz3)25Phq 

PtH<3,4,5-~fe3-~z)(PB3)zBP4 

PLH<3,5_Met_4_B~pz)tPBz3)zBPh4 

118-120 

141-143 

131-133 

X23-125 

158-160 

150-152 

X6-158 

122-124 

134--136 

147-149 

151-153 

135-137 

146-148 

149-151 

153-155 

148-150 

14!i--147 

157-159 

168-170 

140-141 

136-138 

167-X69 

168-170 

173-175 

179-181 

183-184 

l72--173 

X54--156 

70.8 
(70.6) 
70.8 
(70.6) 
67.8 
(68.4) 
68.3 
(68.2) 
70.8 
(70.9) 
712 
(71.1) 
71.7 
(71.1) 
70.9 
(71.1) 
70.9 
(71.2) 
71.9 
(72.3) 
70.6 
(71.2) 
71.4 
(71.2) 
71.4 
(71.2) 
712 
(71.2) 
71.1 
(71.2) 
70.9 
(71.1) 
72.1 
(71.9) 
72.7 
(71.9) 
69.4 
(69.6) 
70.5 
(70.6) 
69.9 
(69.7) 
69.7 
(69.7) 
69.7 
(69.9) 
69.2 
<69_6> 
69.7 
(69-7) 
69.6 
(69.9) 
69.9 
(70.1) 
65.9 
(65.6) 

5.8 1.2 
(5.8) (1.2) 
5.7 1.3 
(5.8) (1.2) 
5.4 1.3 
(5.4) (1.2) 
(55::) (1.2) 1.0 

5.7 1.2 
G.7) (1.2) 
5.8 1.1 
(5.8) (1.2) 
5.9 1.1 
(5.8) (1.2) 
5.9 0.9 
(5.8) (1.2) 
5.8 1.0 
(5.9) (1.1) 
6.0 1.0 
(5.7) (1.1) 
5.9 1.1 
(5.9) (1.1) 
6.0 1.1 
G.9) (1.1) 
6.0 1.2 
(5.9) Cl.11 
6.0 1.2 
(5.9) (1.1) 
6.2 1.3 
(5.9) (1.1) 
5.3 1.2 
(6.1) (1.1) 

(Z, ,:::, 
5.7 1.1 
(5.6) (1-l). 
5.7 2.2 
(5.7) (2.4) 
5.8 2.3 
(5.6) (2.3) 
5.9 2.2 
(5.8) (2.3) 
5.9 2.3 
(5.8) (2.3) 
5.3 2.5 
(5.9) (2.3) 
5.7 2.3 
15.7) (2.4) 
5.6 2.5 
(5.8) (2.3) 
6.0 2.6 
(5.9) (2.3) 
6.2 2.4 
(6.0) (2.3) 
5.5 1.9 
(5.4; (2.2) 

h V<NC)2236 

h v<NC) 2251 

h v(NC)2246 

h v(NC)2171 

2290 

2261 

2256 

2269 

2256 

2262 

2286 

2223 

2259 

2266 

2253 

2211 

2205 

2264 

2255 v(NH)3323 

2265 v(NHj3290 

2268 

2199 v<NH)3334 

2203 V<NH)3338 

2272 v(NH)3348 

2276 v<NH)3359 

2262 v<NH)3362 

2260 v(NHJ3392 

2282 v<NH)3379 

(continued) 
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TABLEl(contimxd) 
- 
NO. Ccmpounda M_p_ Analysis(Found (calcd). v<?tH) - ~,Otiers 

ec> wt.%) (c&l)e (cm-l) 

C H Halogen 
orN 

71.3 
i719) 
70.3 
(70.2) 
70.2 
(70.1) 

5.6 2.4 
8V Pt.H~3(5)_E'h-5(3%fe-pz3 

(PBz$zBP4 182-184 
(5.7) (2.2) 

82 P;R(1.3.4.5-hieq-pz)(PBz3)2BPh~ 165-167 5.8 2.4 
(6.1) (2.2) 

83 PtH(1.3.5-Meypzl(PBr~)~BPhq 141-142 5.9 2.0 
(6.0) C2.3) 

54 PtH;l-Ph-3.4.Sde,-pr) 
<PBz3)2BPb 169-171 5.8 2.5 

(5.9) (2.1) 
85 P~U(~~I-P~><PBZJ,~BP~ 134-136 6.1 2.3 

(5.8) (2.3) 
86 PtY(PBz$3BP4 195-196 6.0 

(5.9) 
87 PtH(pPb3)(PBz~)~BPhq= 191-193 5.6 

(5.7) 
88 Pt~(PPh~)(PBr~~~ClO~ 226-228 

,",3, 
a9 PtZi(PPh#PBz3)2(tcsyyl) 211-213 5.3 

(5.3) 
90 Pta(PPh2~Ie)(PBr3)2Bphq x31--182 

,t::, 
91 PtY(PPhMel_)(PBt3)2BP4 18.5-188 6.0 

(5.8) 
92 P~[P<OMe)3l(PBt3)2BPh4 158-160 6.0 

(5.8) 
93 ptaCP(OPb)31<PBz3)2BPh4 150-152 5.7 

(5.5) 
94 ptH[Pph(O~~e)t?(PBz3)2BPh~ 167-169 5.5 

(5.8) 
95 PtK(AsPh3)(PBz3)2BPh4 170-172 5.5 

(5.5) 
96 PfX(SbPb3)(PBz3)2BPb4 166-168 5.2 

(5.3) 
97 PtH<CO)(PBz3)2BPhq 146-148 5.6 

(5.5) 
98 P+H(py-N-oxide)(PBzJ)IBP4 134-136 5.8 1.1 

(5.6) (1.2) 
99 PtH<4Me+y-iV_oxide)(PBz3)2BPh4 130-132 5.8 1.0 

<5_7) <l-l) 
100 PtHCOC<NH2)21(PBr,),BPhq 108-110 5.9 2.2 

<5_7) (2.4) 

2279 V(NH)3354 

2210 

2213 

71.3 
(71.5) 
70_2 
(70.2) 
73.6 
(73.2) 
72.6 
(72.8) 
61.8 
(61.8) 
65.0 
(65.01 
70.9 
(71.7) 
70.4 
(70.4) 
65.9 
(66.4) 
60.0 
(70.3) 
68.8 
(68_7? 
70.6 
(70.5) 
68.1 
(68.3) 
69.8 
i69.9) 
70-2 
(70.0) 
69.5 
(70.1) 
67.8 
(68.0) 

2270 

2268 

2145 

2140.2123 

2156.2131 v(C10)1085 

2135(2X47. 
2136)d 
2130 

2127 

2117 

2165 

2153 

2154 

2141 

2207 

h . 

Y(CO)2074 

h. 

h V<NH)$479. 
3433.3340: 

101 ~~OCCNH~;NHMel(PBr3)~BPh~ 127-128 68.1 6.0 2.3 
t689) (5.8) (2.3) 

102 PtH[OC(NH~~e)tl<PBz3)2BPh4 128-130 6.0 2.4 
(5.9) (2.3) 

103 P~[OCH(NH2)l(PBr3)2BPh4 110-112 5.8 1.2 
(6.7) (1.2) 

68.2 
C68.4) 
69.3 
(68.8) 

v<CO)l631 
h tiNH13439. 

3373.333s: 
v(CO)1611 

h V(NH) 3393: 
v<CO)l613 

h. v(NH)3410. 
3320.3295; 

104 PtH[OCH(~~e)](PBz3)2BPhq 98-100 5.7 1.1 
(5.8) (1.2). 

105 PtH[OCH(h'hle~l(PBz3)2BPh4 78-81 6.8 1.2 
(5.9) (1.2) 

69.0 
(69.0) 
69.1 
(69.2) 

h 
LrWOJ1659 .. 
y(NH)3354: 
v(CO>1632 

h flC0) 1649 

(continued)- 
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TABLEI(contiued) 

NO. Canpou&d = _ M.P. - 
co 0. 

&xalysis (Found (calcd). v<PtH) Others 
wt.% <cm-* ) e (cm-l ) 

C Ix Hdogeo 
orN 

106 

107 

108 

109 

110 

111 

112 

113 

114 

116 

116 

117 

113 

119 

120 

121 

122 

123 

P~H[OC_M~NH~)I<PBZ~~ZBP~~ SO-83 

PtH[OCMe(NEIMe)l<pBzf)ZBPhq 118-120 . . 

~COCMe(N~~e2~1iP~zs)l~Phq 125-127 

PtH(2pynolidone)(PBz3)2BPhq 126-128 

PtH(N-Me-2-pyrrolidone) 
(PBzABPh4 96-SB 

PtH(e_capro~ctam)(PBz3)2BPh4 129-131 

PtH(cycIohexmone)(PBz&BPhq 103-107 

PtH(cydopentanone)(PBzg)zBPhq - 
CHZClZ 99-104 

PtH(SMei)(PBz&BPh4 150-162 

PtH(tetr&ydroWophene) 
<PBq)zBPhg 155-157 

PtH[S(Me)PhI<PBz3)2BPh4 147-148 

P~(CSC(NH2)2l(PBzj)tBPhs 170-172 

PtH[SC(NH2)NH%Iel 
(PBz&BPh4 186-187 

PtH[SC(N~~e)2l<PBz3)2BPh4 179-181 

PtH[SC(N~ie)N~fe2]<PBt3)2BPh; 166-167 

PtH[SC<NMe2)2](PBz3)tBPhq 167-168 

PtH[SCMe(NHZ)l(PBz32BPh4 181-183 

PtEI[SC(OEt)N_Hh~el<PBz3)2BPh4 166168 

68.8 5.8 1.1 
<69.0) <5.8> 0.2) 

69.2 
(69.2) 
69.5 
(69.4) 
69.4 
(69.5) 

69.4 
(69.7) 
69.9 
(69.9) 
67.1 
(67.1) 

6.0 0.9 
(6.9) (1.2) 
5.9 1.2 
(6.0) (1.1) 
(55::) (1.2) 1.3 

,z::, ,X, 
6.1 1.2 
(5.9) (1.i) 

,",::, 

66.7 
(66.9) 
68.5 
(68.9) 

,G, 
5.9 
6.9) 

69.3 5.9 
(69.4) (5.9) 
70.3 5.8 
(70.2) (5.7) 
67.4 5.8 1.9 
(67.1) (5.6) (2.3) 

67.3 5.6 2.4 
(67.3) (5.7) (2.7) 

67.2 6.0 2.5 
(67.5) (5.8) (2.3) 

68.0 6.1 2.2 
c68.2) (6.0) (2.3) 

68.0 

(67.9) 
67.5 
(68.1) 
67.7 
(67.6) 

6.3 2.2 

(6.0) (2.3) 
6.0 1.2 
(5.7) (1.2) 

(Z',) ,:::, 

h s<NH)3435. 

h 

h 

3327: 
v(C0) 1632 ' 
V<NH)3361; 
V(CO)1606 
v<CO)1594 

h u(NH) 3335; 
v(C0) 1641 

h v(CQ) 1630 

h 

h 

V<NH)3279: 
v(CO)1607 
Y<CO)1717 
<free).1637 

v(CO)1747 
(free).1672 

2219 

2231 

2211 

2205 v(NH)3467, 
3407.3319, 
3205 

2205 

2194 

2216 

2197 

2203 

2199 

V(NH)3394 
@r). 3312 
329O(sh). 
3255&h) 
v(NH) 3362: 
v(CN)+ 
+ G<NCS) 
1575 
v<NH)3371. 
33OO;v<CNi 
t6(N_CS) 
i%57 
y(cEij+ 
S <NCS)- 
1547 
v<NH)3342. 
3291 
V<NR) 3349; 
v(CN) + 
6 (N&G) 
1557 

o Me. methyl: Et. ethyl: Pr. propyi: Bu. butyl: CY. cyclohexyl: Ph. phenyl: Ekbenzyl: Iut.Iutidine: ix, imidazole: 
pz. pylazde: py. pyridine. 5 Conductivity73.80hnilan~ewiv~~~ mnitrometfiaaeat 20.1"C.Conductivity 44.2 
Ohm’ cm? epukr-* in nitrometiane at 2O.l'C. dA crudeproduct beforerecrystalka~on.eNUjolMu&experi- 
mental error2 ~cIK~.~I~CH~~~.~III CH$12. hNotobserved. 
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TABLE 3 

ANALYTICAL AND INFRARED DATA ON SOME HYDRIDOCYCLOHBXYLPHOSPHINEPLATINUbf(II) 
COMIZLEXES 

NO_ Compound M.P. &I&Y&S (Found (c&d), v(PtH) Others 
coo wt.%) <cm-‘) CJ <cm-‘) 

C Ii N 

124 PtHCI(PCy 3)~ 228-230 54.3 8.5 2179 
(54.6) (8.5) 

125 PtH(NOj)(PCyj)2 186-186 52.5 8.3 1-i 2248 v(N03j 1228 
(52.8) (8.3) (l-7) 

126 PtH(NCS)(PCyj)t 242-244 54.4 8.4 1.8 2202 u<CN) 2099 
(54.5) (8.3) (1.7) 

127 PtH(SH)(PCy3)2 196-198 54.0 8.9 2079 
(54.7) (6.7) 

12s PtH(CN)(PCy,), 23@-232 56.6 8.6 1.8 2037 u(CN) 2123 
(56.8) (8.6) (1.8) 

129 PtH[OC(NHMe)~l(PCy3)ZBPh~ 150-162 64.6 8.3 2.4 Not *NH) 3398. 
(65.0) (8.2) (2.4) observed v(CO) 1613 

0 Nujol m&l, experimental error 5 4 cm-’ 

hydridobenzylphosphineplatinum(I1) complexes are listed in Tables 1 and 2. 
Data for some hydridocyclohexylphosphineplatinum(II) complexes also are 
shown in Tables 3 and 4. 

1.1. Synthetic routes to a series of hydridobenzylphosphineplatinum(lI) com- 
plexes (Nos. I-123) 

Eecause of the wide variety of hydridoplatinum(II) complexes, it was neces- 
sary to use several different preparative methods: (i) The reduction of trans- 
PtCi2(PR3)2 with NaBH4 [lo]. This successful preparation using the trans-isomer 
of PtCl,(PR3)2 has recently been reported for the trans-PtCl,(P-i-Pr,),-hydrazine 
system [ll]. (ii) The Michaelis-Arbuzov rearrangement. Many transition metal 
complexes of the uninegative phosphorus donor ligands of the type R2(0)P- 

TAELE 4 

NlMR DATA ON SOME HYDRIDOCYCLOHEXYLPHOSPHINEPLATINWM(II) COhIPLEXES 

No. Compound Hydride proton Others: r@pm) and J(Hz) 

T(H) ‘J<Pt-I% ‘J(P-H) 
(PPW = (I+.> d (Hz) e 

124 tmns-PtHC1<PCyj)2 = 28.76 1277 13.0 
125 trcn+PtH(N03)(PCy3)Z = 35.01 1388 13.5 
126 tmn+PtH(NCS)(PCyj)2 = 28.57 1087 12.5 
12i trans-PtH(SH)(PCy& = 22.08 997 13.5 SH 11.24; 2J(HS-Pt) 43.0; 

3J(HS-P) 9.5; 3J(HSPt-H) 2 
128 ~~~s-P~H(CN)<PCS_J)~” 18.80 777 13.5 
129 frana-PtH[OC(ZWIMe)21 

(PCy3)2BPh4 b 34.41 Not 12.5 NCH3 7.570x. singlet) 
observed 
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have so farbeen prepared by this rearrangement [i2,13]. However, few exam- 
ples have been reported for hydridoplatinum(I1) complexes; Roundhill and co- 
workers [&4] have prepared some hydridophosphinatoplatinum(II) complexes 
by solvolysis of zerovalent platinum compounds. (iii) The metathesis in platinum 
hydride synthesis. Since the first report by Chatt and Shaw [15], the metathesis 
has been used often for the preparation of platinum hydrides [16]. (iv) The reac- 
tion of trans-PtHX(PR& (X = Cl or N&) with a donor molecule (L) in the pres- 
sence of NaBPh+ This type of reaction is a conventional method used for the 
preparation of the cationic hydridoplatinum(I1) complexes such as tnzns-PtH(L)- 
(PEt&C104 Cl.?] or trans-PtH(L)(PPhzMe)2PFs [lS]. (v) The direct synthesis of 
cationic platinum hydrides from dihydridoplatinum(I1) [lo]. (vi) The insertion 
reaction of SnCIz into the Pt-Cl bond in trans-PtHCl(PR,),. This type of inser- 
tion within a platinum hydride has been used for the preparation of truns-PtH- 
(SnClAPEt& WI. 

The application of methods i-v to the preparation of hydridobenzylphos- 
phineplatinum(II) complexes will be discussed in turn (as well as that of the in- 
sertion reaction (vi), see Experimental). 

1.1.1. The reduction of trans-?W12(FBz3)Z with NaBH,. Several neutral hydrido- 
platinum(II) complexes (Nos. l-3,9,10,24 in Tables 1 and Z), one of which 
(No. 10) is new, have been prepared by the method already reported [lo] (eq. 1). 
The species produced from the reaction of transdichlorobis(tribenzylphosphine)- 

pans-PtClz(PBz& csF [trans-PtHz(PBz&] 3 

[PtH,X(PBz&] se trans-PtHX(PBz,), (1) 

(X = Cl, Br, I, N03, or C104) 

platinum(II) with sodium tetrahydroborate has the spectroscopic properties 
charac_teristic of trans-dihydridoplatinum(II); the NMR spectrum of the hydridic 
proton shows the values listed in Table 2 (No. 24), and a strong absorption ap- 
pears near 1730 cm-’ in the IR spectrum. These spectroscopic data conform 
closely to the empirical rule derived by Shaw and Uttley 1191, namely that stable 
platinum(I1) dibydrides show the IR band and NMR resonance due to the hydrid- 
ic proton within the following values; v(Pt-H) 1710-1750 cm-‘, 7(H) 12-13.15 
ppm; ‘&P-H) 16-18 Hz; ‘J(Pt-H) 780-602 Hz. Therefore, even though its 
analytical characterization was not possible, the species produced from trans- 
P~C&(PBZ~)~ and NaBHa seems to be transdihydridobis(tribenzylphosphine)pla- 
tinum(I1) (trarzs-PtHz(PBz&). Treatment of this species with aqueous inorganic 
acid caus& evolution of hydrogen with the formation of monohydridoplatinum- 
(II) (trans-PtHX(PBz&). This fact provides evidence that a trihydridoplatinum- 
(IV) (PtHsX(PBz&) may also be produced as an unstable intermediate. 

1.1.2. The Michaeli~Arbuzov rearrangement in platinum hydride synthesis. 
New hydridoplatinum(I1) complexes of phosphonite or phosphinite (Nos. 2l- 
23) have been synthesized by the Michaelis-Arbuzov rearrangement (eq. 2), or 
by addition of sodium hydroxide in the presence of hydridochloroplatinum(II) 
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and &ethyl phosphate (eq. 2’). Since cationic hydridoplatlnum(II) complexes 

CHICI, 
trans-P~HCI(PBZ~)~ f PR(OMe)2 - 

trans-PtH[R(MeO)P(O) ] (PBz& + MeCl (2) 

trons-PtHCl(PBz& f P(OEt),(OH) + NaOH benzene’e*an? 

tran~-PtH[(EtO)~P(0)](PBz,)~ + NaCl + H20 (2’) 
(No. 92 or 94) containing a neutral donor molecule PR(OMe)2 can be isolated 
from the initial stage of reaction 2, it is evident that the reaction proceeds via 
the c&ionic hydride. So far as we know, this is the first clear example of the use 
of the Michaelk-Arbuzov rearrangement for platinum hydride synthesis_ We 
have also attempted the Arbuzov rearrangement of P(OMe), with trans.PtHCl- 
(P&j2 (R = Cy (cyclohexyl) or Ph), but only the starting hydride was recovered. 
Perhqs the steric bulk of PCys or PPh3 [?,S] prevents the arrangement in this 
case. 

1. S.3. The metathesis in platinum hydride synthesis. Several neutral hydrido- 
benzylphosphineplatinum(H) complexes (Nos. 2-U, 8-20) have been prepared 
by metathesis_ The four platinum hydrides (Nos. 2,3,9,10) which have been 
prepared by the reaction 1 as described previously, are also obtained from this 

trans-PtHCl(PBz& + MX benzenelethano_l pans-PtHX(PBz& + MC1 (3) 

(a) M = Na, X = Br, I, NCO, N3, N02, S(O)&&&-Me, SR(R = H, Me, t-Bu, 
CH,Ph, &H&-Me, C(O)Me, 2-benzothiazolyl) 
(b) M = K, X = SCN, SeCN, CN 
(c) M = Ag, X = N03, C104 

method in high yields. While oxidative addition of HSR (R = H or aryl) to plati- 
num(0) complexes has so far been adopted for the preparation of hydridosul- 
fidoplatinum(II) [20,21], the metathesis provides a convenient route to new 
hydridosulfidoplatinum(f1) complexes (Nos. 13-19, reaction 3a, X = SR). 

2.1.4. The reaction of trans-RHX(PBZ,)~ (X = Cl orN03) with a donor mole- 
cule (L) in the presence of NaBPh+ Most of the cationic platinum hydrides 
(Nos. 26-44,47-71,73-99,101--123) containing PBz3 have been prepared by 
replacing a chloride or nitrate group in neutral hy&idoplatinum(II) complexes 
with a donor molecule L (eq. 4). 

trans-PtHX(PBzJ)2 + L + NaBPh2 benzene’e*ano: 

trans-PtH(L)(PBz3),BPhii + NaX f4) 

(a) X = NOs, L = CO, NH3, NHI,R, NHRI, NCR, diazole derivatives, pyrldine 
derivatives, pyridine-N-oxide, urea derivatives, amides, cycloalkanones, N-methyl- 
thiourethane. 
(b) X = Cl, L=PR3, P(OR)3, P(OMe),Ph, AsPh,, SbPh3, SR2, thiourea derivatives, 
SCMe(NHz). 

In the absence of the donor molecule L, this reaction of hydridonitratoplati- 
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nated, because a coordinated olefin usually shows a remarkable shielding of 
olefinic protons f23]. Therefore, in these complexes the “bifunctional” olefins 
coordinate to platinum solely through the nitrogen in a simple donor fashion. 
Similar types of platinum complexes, trans-PtH(allylamine)(PPh3)2C104 [24] or 
trans-PtClz(allylpyrazole)2 [25], have recently been reported. 

Infrared studies on the bis(urea) complex PtC12(NH2C(0)NH2)2 indicate that 
each urea coordinates through a single nitrogen in uridentate fashion 1261. On 
the other hand, the hydride complex trans-PtH(urea)(PBz3)2BPh4 (No. loo), 
shows a decrease in the C = 0 stretching frequency but no appreciable changes 
in N-H stretching frequencies, compared with free urea; This pattern is the op- 
posite to that shown by PtCl,(urea)*, and indicates that coordination has occurred 
through oxygen. A particularly high value of r(H) also suggests the existence of 
a Pt-0 bond, since it parallels the case of trans-PtH(acetone)(PPhZMe),PF6, for 
which Clark and Kurosawa observed a high value of T(H) and a large coupling 
constant ‘J(Pt-H) [16j. Moreover, for other urea derivatives and amide com- 
plexes (Nos. lOl-ill), the decrease in Y(C = 0), the highvalue of r(H), and the 
large coupling constant ‘J(Pt-H) confirm that these donors coordinate solely - __ -. 
through oxygen. In the perchlorate compound (No. lo), coordination through 
a perchlorate oxygen is evidenced by the appearance of three chlorine-oxygen 
stretching bands (~(Cl-0)) characteristic of a unidentate perchlorate having CxV 
symmetry, as well-as by the high values of r(H), and the large lJ(Pt-Hj coupling 
constant. 

A paru-toluenesulfinate anion (X = S(0)&H4-4-Me) in platinum hydride (No. 
20) acts as a unidentate ligand bonding through sulfur, as can be seen from the 
similarity of hydridic ‘H NMR data to those of apparently S-bonded platinum 
hydrides (Nos. 13-l&114-116). 

In the case of thiourea, thioacetamide, and N-methylthiourethane complexes 
(Nos. 117-123), coordination through sulfur is confirmed by the ‘H NMR data. 

1.2.2. Evidence for the stereochemistry of the potentially cationic platinum 
hydride (No_ 25). The platinum hydride PtH(PBz&BPh4 shows a triplet NMR 
signal from the hydridic proton, accompanied by *“Pt satellites. This triplet, to- 
gether with a lgsPt-P coupling constant derived from 31P NMR indicates 
[15,16,27] that the two phosphine ligands are mutually trans. From the values 
of r(H) and *J(Pt-H), which are similar to those for apparently C-bonded com- 
plexes, trans-PtH(CN)(PBz& (No. 9) and trans-PtH(CO)(PBz3)2BPh4 (No. 97), 
it is deduced further that the position trans to H- is probably surrounded by car- 
bon donors (cf_ section 2.3, 2.4). 

1.2.3. Linkage isomerism of tautomerism in platinum hydrides (X = SCN, 
L = a diazole molecule)_ Among ambidentate ligands, the thiocyanate ion is well 
known for exhibiting linkage isomerism in hydrido-tertiary-phosphineplatinum- 
(II) ]16,28,29] with the -NCS to SCN ratio always greater than unity. It is be- 
lieved that steric crowding of tertiary phosphines may favor the linear - NCS rather 
i--an the bent-SCN, and indeed, for the platinum hydride trans-PtH(NCS)(PCy& 
(No_ 126) containing a bulky phosphine, the NMR spectrum shows the presence 
of o_nly the N-bonded isomer. However, for hydridobenzylphosphineplatinum- 
(II) (No. 5), the NMR intensities of both the hydridic protons and the phosphine- 
methylene protons show the -NCS and SCN forms to be present in almost equal 
concentrations. No other instance of the presence of a large proportion of the 
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SCN isomer in hydridometal systems [30] has been reported as yet. 
In some diazole hydride complexes (Nos. 75,77,81) containing 3(5)-methyl- 

5(3)-phenyl pyrazole, 3(5)-methylpyrazole, or 2,5(4)-dimethylpyrazole, two 
separate tautomers were observed in the ‘H NMR spectrum. The ratios of the 
two forms were determined horn the signal intensities of hydridic or methyl ‘H 
NMR as: 3-methyl-5-phenylpyrazole/5-methyl-3-phenylpyrazole = l/3, 3-methyl- 
pyrazole/5-methylpyrazole = l/6, and 2,5dimethylimidazole >> 2,4-dimethyl 
imidazole. These observations provide the first evidence for separate tautomers 
in platinum hydrides. 

1.2.4. Dissociation of ligands from platinum hydrides. In the IR spectrum of 
frans-PtH(cyclohexanone)(PBz&BPh4 (No. 112) (in nujol mull), there is a strong 
v(C = 0) band at 1637 cm-’ arising from coordinated cyclohexanone, together 
with the weak signal from free cyclohexanone (v(C=O) 1717 cm-‘). The latter 
band becomes stronger in a dichloromethane solution through dissociation of 
the cyclohexanone-platinum bond. In dichloromethane solution between -60 
and 30°C the NMR spectrum shows a very weak triplet due to the hydridic pro- 
ton, while the spectrum intensities in the low field region (T = l-10) indicate 
the molar ratio of cyclohexanone to tribenzylphosphines to be l/2. Moreover, 
repeated recrystallization from dichloromethane/diethyl ether produced the po- 
tentially cationic platinum hydride (No. 25). The results point to the following 
equilibrium in dichloromethane: 

trans-PtH(cyclohexanone)(PBz3)2BPh, + 
PtH(PBz&BPh4 + cyclohexanone 

Similar results are obtained for the cyclopentanone complex (No. 113). 
Several workers reported that rapid dissociation of the coordinated phosphine 

PPh3 in some platinum hydrides, occurs in CDC13 at room temperature [20,21]. 
In frans-PtH(SR)(PBz& (Nos. 13-19), this type of dissociation has not been 
found. The hydridic ‘H NMR spectra of these complexes show a phosphorus- 
coupling pattern at room temperature, and the phosphine-methylene ‘H NMR 
spectra also exhibits a triplet split due to virtual coupling 1221. These observa- 
tions indicate that two phosphines (PBz,) in these hydrides do not undergo a 
rapid dissociation similar to that shown by the triphenylphosphine complexes 
cited above. The absence of dissociation seems to be due to a stronger donor 
property of PBz3 than that of PPh3. Indeed, no rapid dissociation of strong do- 
nor PCy, was observable from the ‘H-NMR spectrum of trans-PtH(SH)(PCy,), 
(No. 127) at room temperature. This is fully consistent with our interpretation. 

l-2.5. Stereochemicai non-rigidity of sym-dimethylurea or sym-dimethyl- 
thiourea in platinum hydrides. Evidence for stereochemical non-rigidity of sym- 
dimethylurea and sym-dimethylthiourea linked to hydridoplatinum(I1) (Nos. 
192,119) has been observed in the ‘H NAIR spectra as shown in Fig. 2. The 
methyl signal of sym-dimethylurea in the platinum hydride consists solely of a 
broad singlet at room temperature, and this splits into a pair of doublets at 
-6O”C, accompanied by the narrowing of the line width in the hydridic signal. 
The methyl groups in the symdimethylthiourea complex also show a tempera- 
ture-dependent ‘H NMR spectrum: The peak separation between the two methyl 
signals, which are not in this case split by an NH proton, is observed even at room 
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Fig_ 2. The temperature dependence of the ‘H NMR spectrum of tmns-PtIi[ZC(NH~le)21 (PBz3)2BPha (Z 
= 0 or S), and a proposed model of the reorientation processes. In the upper row. the two dots near the 
2 atom represent a lone pair. 

temperature. This separation is slightly increased in cooling to -GO%, and each 
methyl signal is now split by a NH proton, but the line shape of the hydridic pro- 
ton signal is not temperature-dependent. 

For both complexes, the ‘H NMR spectra due to the benzyl groups do not 
show any distinctive change from 40 to 3O”C_ 

From these results, we can build up a reasonable hypothesis concerning the 
stereochemical non-rigidity of these ligands in platinum hydrides. The reorienta- 
tion process is schematically proposed in Fig. Za-c, in which two Pt-P bonds 
are almost vertical to the given figures and omitted for clarity_ At -6O”C, the 
rate of any reorientation is slow enough for a pair of doublets due to methyl 
groups to be observed, and the ‘H NMR spectra for the two complexes can be 
equivalent to a sterically constrained stationary conformation (Fig. 2~). The 
two types of methyl groups in this conformation are tentatively assigned as 
shown by .numbers (1 and 2) in Fig. 2. On the other hand, at room temperature, 
it appears that both ligands execute a rapid reorientation on the pivot of the Z- 
atom (Z = 0 or S) in such a manner as the swing of the pendulum (Fig. 2a + Fig. 
2b), together with limited rotation of methyl‘groups around the C-N axes (Fig. 
2b =+ Fig. 2~). For urea (Z = 0), the rate of such processes is fast enough to 
show a very broad singlet of methyl protons and broad signals of the hydridic 
proton, while the rate of thiourea (Z = S) is restricted to such an extent that 
two broad methyl signals are observed in the presence of NH-Me coupling 
(3J(NH-Me)). 

The broad ‘H NMR spectrum of both methyl protons and the hydridic pro- 
ton in the complex frans-PtH[OC(NH?Ae),](PCy,)J3Ph, (No. 129) at room tem- 
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perature indicates that the molecular motion similar to that described above 
may also occur in the hydridocyclohexylphosphineplatinum(I1) system. 

As to other hydride complexes containing amides or unsymmetrical ureas 
(Nos. 103-111, lOl), neither the methyl signal nor the hydridic line shape 
shows any distinctive change with temperature. It can, therefore, be presumed 
that a symmetrical arrangement of methyl groups such as in sym-dimethylurea 
is favorable for the pendulum-like motion described above. 

2. The mutual influence of ligands through platinum(II) 
2.1. The trans-influence of a hydridic ligand 
The high trans-influence of a hydridic ligand can be understood qualitatively 

for some complexes from the value of 1g5Pt--1 coupling constant (I representing a 
certain set of protons in a donor molecule L). For example, the value of 3J(Me- 
Pt) on trans-PtH(SMez)(PBz3),BPh4 (No. 114) (SMe* trans to H-, 25 Hz) is much 
less than that on trans-PtCl,(SMe& (SMe2 trans to SMe,, 42 Hz) and that on 
cis-PtC12(SMe& (SMet trans to Cl-, 50 Hz). These differences in the values of 
3J(Me-Pt) indicate the high trans-influence of the coordinated hydride [6 J and, 
consequently, the considerable weakening of platinum-sulfur bond in this par- 
ticular hydride. 

For the complex frans-PtH(3,5-lutidine)(PBz,),BPh, (No. 63), the 2,6-ring 
protons in the coordinated lutidine are split by lg5Pt with a coupling constant of 
23.5 Hz (lutidine trans to H-), while the coupling for trans-PtCl,(3,5-lutidine)z 
(lutidine trans to N) has a value of 35 Hz. These data indicate, at least qualita- 
tively, the high pans-influence of the hydride ligand in comparison with that of 
the nitrogen donor. 

2.2. Platinum-hydride stretching frequencies (v(Pt-H)) 
Infrared spectra of a series of hydridobenzylphosphineplatinum(I1) complexes 

have been investigated to see how the platinum-hydride frequencies change as 
the ligands X or L are changed, but a number of difficulties attend to measure- 
ment. 

For the present compounds, it is difficult to determine precisely the wave 
number of v(Pt-H) in somtion, since the spectrum broadens in CHC13 or CHzCl? 
which are the only suitable solvents for the complexes. 

The KBr method also is inappropriate for the characterization of a series of 
hydridoplatinum(I1) complexes. For example, platinum hydrides such as urea 
complexes (Nos. lOO-102,129) and amide complexes (Nos. 103-111) react 
slowly with KBr in the solid state: 

trans-PtH(OCRR’)(PBz3)2BPh4 + KBr + trans-PtHBr(PBz3)z + KBPh, + OCRR’ 

In consequence, the spectrum is complicated by both v(C=O) from the free 
ketone and v(Pt-H) from trans-PtHBr(PBz,),. 

Other difficulties arose even when we measured the IR spectra in nujol mulls. 
(i) For complexes conta@ng oxygen donors, except No. 11 with X = N03, no 
platinum-hydride stretching band was observed, and for nitrile complexes (Nos. 
45-56),.only a weak CN stretching band was observed in the range 2000-2300 
cm-‘. (ii) A complex band d ue to v(Pt-H) appeared for some compounds, 
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Fig. 3- Plot of v<Pt-H) for a series of hydTidobenzylphosshinepbtlnum(II) complexes_ Each upright tine 
corzesponds to the measured value of each compound listed in Table 2. 

X = SBu-t (No. 15) and & = PPh, (Nos. M-89). Such a case has been reported 
for solid trans-PtHCl(PPh,),, for which it was explained that the complexity in 
p(Pt--H) results from solid state effects f31]. 

Thus, while at the present stage we cannot discuss in detail the inductive or 
mesomeric effects [32] in each compound, a general trend in the y(Pt-H) region 
depending upon the hind of ligand donor atom is observed as shown in Fig. 3. 
It will be seen that the trarzs-influence of the donor atoms is, with decreasing 
order of the frequency region of z@t-H), N < S < P. 

2.3. Chemical shift of the hydridic proton r(H) 
For the present complexes, the hydridic chemical shifts were also classified 

according to the donor atoms through which ligands X or L coordinate to plati- 
num. Each of the donor atoms N, S, 0, or P has a characteristic region as plotted 
in Fig. 4. 

I I I I I 1 J 
m__ _- __ . 

I. i c 1 
em_ __ 1 __ _ 

I, lb I 2b I 3b ’ 

Fk 4. Plot of r(H) for a series of hudridobe~yiphasphiaep~~~~~) complexes Esch upright Iine rep 
resen?s the observed vzlue of r(H) for each compound listed in Tabie 2. 
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Fig. 5. Graphs of *H NMR dsta (from Table 2) for the hydridic protons in hydridobenzylpbosphineplati- 
num(IIf vs. those (from Table 4 and rcfs. 11.19. 33) in hwiridocYclohexylphosphinepIatinumUI). Plot 
<a) is wifh respect to *J(pt-ET). and plot (b) to T(H). 

Data for carbon donors (e.g., Nos. 9,25,97) are as yet too limited for us to__ 
make other than an estimate as to the specific region for the chemical shifts. 
For NMR parameters (r(H) and ‘J(Pt-H)), there are good linear correlations be- 
tween our hydridobenzylphosphineplatinum(II) system and other hydridoalkyl- 
phosphineplatinum(II) systems, for example, as shown in Fig. 5 in the case of 
alkylphosphine = PCy,. From these correlations, we deduced the specific region. 
for carbon donors by references to isonitrile, olefin, and carbene complexes [33], 
as shown by the dotted lines in Fig. 4. 

Changes in hydride shifts do not really indicate variations in the Pt-H bond 
itself but rather those at the platinum atom [6]_ Consequently, variations in r(H) 
values are not a good indication of the trans-influence. To make matters worse, 
anisotropic effects of aromatic rings in tribenzylphosphine may influence T(H). 
In fact, such an effect was found in the ‘H NMR spectrum of the donor mole- 
cule (L) in the cationic hydridobenzylphosphine platinum(I1) complexes; the 
whole spectrum of L showed an abnormal shift towards higher field upon coor- 
dination, whereas substituent groups such as methyl usually show a slight de- 
shielding of their protons in other.metal complexes. Thus, we cannot formulate 
a truns-influence series of donors (X or L) directly from the hydridic shift data. 

2.4. Piatinum-hydride coupling constant (‘J(Pt-h-)) 
As shown in Fig. 6 the regions of platinum-hydride coupling constants for the 

three donors, nitrogen, phosphorus,.and oxygen, are separated clearly from each 
other, but that there is an overlap of the ranges for nitrogen and sulfur donors. 
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Fig. 7. Piot of IJ<pt-P), and a graph of lJ(Pt-P) on bans-PtHX<PBzg)Z (from Table 2) VS. lJ<Pt-P) OD 
trans-PtMeX(PEtg)~ (from ref. 35). 

However, it is not clear wh& types of molecular orbitals would determine the 
above order of an NMR cis-influence series, because changes in any variables in 
the Fermi contact term which dominates the coupling lJ(Pt-P) can be equally 
important [6]. 

3. Conchsion 
The foregoing lines of evidence all point to the likelihood that the strength 

of the Pt-H bond in a series of square-planar platinum hydrides is governed es- 
sentially by the nature of the donor atom in the trans position. 

For a large number of hydridobenzylphosphineplatinum(II) complexes, the 
&ons-influence series of donor atoms has thus been established empirically as 
0 < N < S < P from the data of v(Pt-H) and ‘J(Pt-H). In our system, the cis- 
influences of ligands X or L are small relative to the trans-influences, as has al- 
ready been pointed out by Allen and Sze for several bis(triethylphosphie)pla- 
tinum(II) systems 1361. 

Experimental 

Infrared spectra (400-4000 cm-‘) were recorded on a Hitachi EPI-G2 spec- 
trophotometer. A 0.05 mm cell with NaCl windows was used for solutions. IH 
NMR spectra were recorded on a JEOL-PS 100 or a Hitachi R-24 instrument at 
I.00 MHz or 60 MHz, respectively, and 31P NMR spectra were recorded with a 
Hitachi R-20B instrument operating at 24.3 MHz with proton. noise decoupling. 
Conductivity measurements were made in nitromethane using a Radiometer Inc., 
CDM-2D instrument. All reagents were supplied by Wake Pure Chemicals Indus- 
tries, Ltd., Tokyo Kasei Kogyo Co., Ltd., or Nippon Engelhart, Ltd. 
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Some preparative information was briefly mentioned in-a previous paper [lo). 
Here, we describe particularly the methods developed for the preparation of 
hydridobenzylphosphineplatinum(II) complexes. 

Preparation of trans-PtCI,(PBz3,1z 
The entire preparation was done under nitrogen. A dispersion of PtC12(SMe& 

(11.5 g) in benzene (200 ml) containing PBz3 (20.0 g) was refluxed until it be- 
came homogeneous (ca. 30 min.). It was evaporated under vacuum to half volume, 
and methanol (100 ml) added. The pale yellow product (21.1 g) crystallized on 
standing. ‘H NMR in CH2C12: V- 6.62 ppm (triplet of triplets, 12 H, CH2, 3J(CH2- 
Pt) 20.5 Hz; 3J(CH,-P) + ‘J(CH2-P) 4.0 Hz), T 2.7 ppm (sextet, 30 H, Ph). 3iP 
NMR in CH&X;!: ‘J(Pt-P) 2462 Hz; 6 -5.8. Anal. Found: C, 57.7; H, 5.1; Cl, 
8.5. C32H42PZC12Pt &cd.: C, 57.7; H, 4.8; Cl, 8.1%. 

The trans-form of the product was confirmed by t.he triplet methylene pro- 
tons due to virtual coupling, and by the value of ‘J(Pt-P). 

Preparation of trans-PtHCl(PBz,), (No. 1) 
An ethanol solution (100 ml) of NaBH.: (0.2 g) was added dropwise under ar- 

gon to a solution of trans-PtC12(PBz& (2.1 g) in tetrahydrofuran (200 ml). Gas 
was evolved almost instantly and the color of the solution gradually changed 
from yellow to pale yellow. After the reaction .was essentially complete (ca. 2 
hours), the solution evaporated to dryness and the residue extracted with ben- 
zene (100 ml). This solution was treated with hydrochloric. acid (lo-* M). After 
evolution of gas ceased, the benzene layer was separated and reduced to one- 
‘Wrd of the volume. On addition of hexane (50 ml), white crystals separated. 
These were recrystallized from dichloromethane/diethyl ether to give 1.8 g of 
pure product. 

Other hydride complexes (Nos. 2,3,10,X1) were prepared by the same method 
using hydrobromic, hydroiodic, nitric, or per&lo& acids as required. 

Preparation of trans-PtH[(MeO),P(O)j(PBz& (No. 21) 
Adichloromethane solution containing both trans-PtHC1(PBz3)2 (No. 1,0.94 

g) end P(OMe), (l-7 g) was stkred for 50 hours. White needles (0.65 g) formed 
on addition of hexane. Complex No. 23 was prepared similarly from trans- 
PtHCl(PBz3)2 and PPh(OMe)z. 

Preparation of PtH(SnCi3)(PBz3)2 (*No. 7) 
An ethanol solution (20 ml) of S&l2 (0.15 g) was added dropwise to a ben- 

zene solution (80 ml) containing trans-PtHCl(PBz3)t (0.8 g). The white precipi- 
tate was recrystallized from chloroform to give 0.8 g of the product. 

Preparation of neutral hydridoplatinum(H) (Nos. 2+, 8-20) by metatheses 
A typical method will be described: 
?+‘ith NaSMe. AI-I aqueous, 20% solution (0.5 ml) of NaSMe was-added drop- 

wise to the mixed solvent of benzene (50 ml)/ethanol(30 ml) containing trans- 
P~HC~(PBZ~)~ (1.2 g). The solvent was removed under vaCu&n and the residue 
was extracted with 60 ml of benzene_ The ext%act wasco~cer-trated to. half its 
volume and 100 ml of hexane added. The white cry&&line solid Fvhich formed 
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on standing was recr$stallized from dichloromethane/diethyl ether to give 1.0 g 
of trans-PtI-I(SMe)(PBz,)2. 

Prep&ion of PtH(PBz,),BPh4 - nCH& (n = 4 or 4) (No. 25) 
An ethanol solution (20 ml) containing NaBPh4 (0.62 g) was added to ben- 

zene (20 ml) in which the complex, trans-PtH(N03)(PBz3), (No. 11,l.l g), was 
dispersed. After stirring for 30 minutes, the precipitate was filtered and recrys 
talked from dichloromethane/diethyl ether. The product was dried at 50°C for 
24 hours (0.001 mmHg) to give 0.72 g of PtH(PBz,),BPh4 - $CH,C12. 

Preparation of trans-PtH(urea)(PBz&BPh4 (No. 100) 
The complex, PtH(PBz,),BPh4 - 4CH2C11 (No. 25,4.7 g), was dissolved in di- 

chloromethane (50 ml) and a 50 v/v water/ethanol solution containing urea.(0.4 
g) was added with stirring. After the solvent was evaporated to dryness under 
vacuum, the residue was extracted with dichloromethane (50 ml). On addition 
of 100 ml of the hexane to the dichloromethane solution, 4.5 g of a white solid 
CryStallizd. 

The three cationic hydridoplatinum(II) complexes (Nos. 45,46,72) were pre- 
pared similarly from PtH(PBz3)2BPh, - $CH,Cl, and L (L = NCMe, NCCH*Ph, or 
benzimidazole). 

Preparation of tra.ns-PtH(PPh,)(PBz,)z(tosyl) (No. 89) 
A benzene solution containing dihydridoplatinum(I1) species (ca. 0.002 M), 

prepared by the same manner as for trans-PtHC1(PBz3)2 (No. 1), was treated both 
with an aqueous solution containing p-toluenesulfonic acid monohydrate (0.46 
g) and with a benzene solution (15 ml) containing PPh3 (0.7 g). The benzene 
layer was separated and evaporated to half the volume. The solid precipitating 
upon addition of hexane (100 ml) was washed successively with cold water, 
ethanol, and diethyl ether. Recrystallization from dichloromethaneldiethyl 
ether gave 2.3 g of product. 

Similarly a cationic hydridoplatjnum(II) complex, trans-PtH(PPh,)(PBz,)2(=104 
(No. 88), was obtained by the use of perchloric acid in place of p-toluenesulfon- 
ic acid. 

Preparation of cationic hydridoplatinum(II) (Nos. 26;44,47-71, 73-99, 101- 
123) by the reaction of trans-PtHX(PBz,), (X = Cl or NOJ with a donor mole- 
cule 

With sym-dimethylurea. The ligand, 0C(NHMe)2 (0.11 g) was added to a 
mixed solvent of benzene (20 ml)/ethanol(20 ml) in which hydridonitratoplati- 
num(II) (No. 11,l.l g) and NaBPh4 (0.44 g) were dissolved. After about 10 
minutes, a white crystalline solid formed and recrystallized from dichlorometh- 
ane/diethyl ether. The product, trans-PtH[OC(NHMe),](PBz3),BPh4 (No. 102, 
1.2 g), was dried under vacuum (0.001 mmHg) at ‘70°C for 17 hours. 

With methylisothiocyanate and ethanol. Methyl isothiocyanatc (0.58 g) was 
dissolved in a mixed solvent of benzene (20 ml)/ethanol (10 ml) containing 
trarzs-PtH(NO,)(PBz& (No. 11,0.62 g) and NaBPhB (0.26 g). After stirring for 
24 hours, the precipitate was filtered &nd recrystallized from dichloromethane/ 
diethyl ether to give 0.54 g of frarzs-PtH[SC(OEt)NHMef (PBza)zBPhQ (No. 123). 
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Pieparaiion of ti-am-PtHCl(PCy3), (No. X4}. a 

Several methods for preparation of hydridochlorobis(tritiyclohexyl~hos- 
phine)platinum(II) have already been reported [11,19,33]. We outline a new 
method. The complex, ~~Q~s-P~HCI(PBZ~)~ (9.6 g) and PCy, (6.5 g) were dissolved 
into benzene (80 ml) and the solution dried under vacuum;After-washing with 
diethyl ether (ZOO ti), the residue was recrystallized from dichloromethane/ 
diethyl ether to give 6.3 g of the product. The entire procedure was performed 
in a dry, nitrogen atmosphere. 

Some other hydridocyc~ohexylphosphineplatinum(fI) complexes (Nos. 125- 
129) have been prepared by similar me”thods as described above in the prepara- 
tion of a series of hydridobenzyIphosphin~pIatinum(I1) complexes. 
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