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The most important feature of this reaction is then that 
the reductive elimination of the benzyl group in the Pd(IV) 

on the aromatic carbon atom of the dmba and not, as 
predicted, on the benzylic carbon atom of the dmat-Si. 
Very likely' the as an ammonium salt resulted 
from a subsequent reaction Of the formed cross- 
coupled product with an excess of benzyl bromide. 
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i - 1 
The complex P~C~[P(~-BU)(CM~~CH~)(CHCH~CH~)](P(~-B~)~CHCH~CH~) (2) has been obtained by the 

elution of trans-PtClz(P(t-Bu)zCHCHzCHz)z (1) on silica or Florisil supports and by the reaction of 1 with 
thallium(1) acetate. The complex ~ ~ ~ ~ ~ - P ~ H C ~ ( P ( ~ - B U ) ~ C H C H ~ C H ~ ) ~  (3) is a byproduct of the Florisil- 
assisted reaction. Complex 3 has also been synthesized by reduction of 1 with hydrazine hydrate. The 
dimer [P~C~(P(~-BU),CHCH,CH~)]~(~-CI), (4) forms from 1 in dioxane or toluene/acetic acid solvent. 
Complexes 1-3 have been characterized by means of elemental analysis and IR and NMR spectroscopy. 
The structures of 1-4 have been determined by X-ray methods. 

. - 
. 

Introduction 
Sterically assisted intramolecular activation that leads 

to metallacycles has been observed for numerous transi- 
tion-metal complexes.' A common reaction sequence is 
shown in Scheme I where E can be almost any donor group 
and the metallacyclic ring may contain as few as three or 
as many as six atoms. Systems where E(C&H) is a bulky 
tertiary phosphine ligand have been extensively investi- 
gated.lbe 

Although electronic factors become important with lig- 
ands of like steric bUlk,ld certain steric factors, such as large 
phosphorus cone angle, halide ion (I > Br > Cl), and ring 
size (5 > 4 > 6), optimize conditions.'b,df The phosphine 
P(t-Bu), forms four-membered metallacycles in its com- 
plexes with Pt(I1) much more easily than does P(t-Bu),Ph 
because of the larger contribution of t-Bu relative to Ph  
to the phosphorus cone ang1e.lf The less sterically con- 
gested complex PtClz(P(t-Bu)Phz)z undergoes very little 
ortho-metalation after prolonged periods a t  reflux in 2- 
methoxyethanol, but with the addition of LiBr to the re- 
action mixture the internally metalated complex PtBr(P- 
(t-Bu)C,H,Ph)(P(t-Bu)Ph,) is formed after 48 h at reflux. 
The complex trans-PtCl,(P(t-B~)~(o-Tol))~ (To1 = tolyl) 
undergoes internal metalation more readily than the cor- 

+ Northwestern University. 
*Institute for the Study of the Structure of Matter. 
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Scheme I 
M--E - 

,) -Id<:) + HX 

H-C / \  

(1 )  

/ /  
R R  

I \  
R R  

responding P(t-Bu),Ph complexes since the resulting 
metallacycle contains five atoms. Still, Pt(I1) complexes 
of the extremely bulky P(t-B& ligand are more reactive 
with respect to internal metalation than are those of P- 

In complexes exhibiting similar steric congestion, aro- 
matic substituents on phosphorus are metalated more 
easily than are aliphatic ones despite larger aryl C-H bond 
energies. The a-electron cloud of the aryl group is more 
readily attacked by an electrophilic metal atom.2 Cyclo- 
propane should be similarly more reactive, as electron 
density located in relatively high s-character orbitals away 

(t-Bu)z(o-Tol). 

(1) (a) Collman, J. P.; Hegedus, L. J. Principles and Applications of 
Organo-transition Metal Chemistry; University Science Books: Mill 
Valley, CA, 1980. (b) Shaw, B. L. J. Organomet. Chem. 1980,200,307 
and references therein. (c) Goel, R. G.; Montemayor, R. G. Inorg. Chem. 
1977,16,2183. (d) Cheney, A. J.; Mann, B. E Shaw, B. L.; Slade, R. M. 
J .  Chem. SOC. A 1971, 3833. (e) Werner, H.; Kraus, H. J. J.  Organomet. 
Chem. 1981,204,415. (0 Tolman, C. A. Chem. Rev. 1977, 77, 313. 

(2) A notable exception is [PdCHzCMezP(t-Bu)Ph]z(p-Cl)z prepared 
by reaction of PdCl,P(t-Bu),Ph with AgOAc. See ref le. 
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I 

Table I. Spectroscopic Data for Complexes trans -PtClZ(P( t-Bu)&HCH2CH2)2 (l) ,  
PtCl[P( t-Bu)(CMezCHz)(CHCH2CH2)](P( ~ - B U ) ~ C H C H & H ~  (2), and trans -PtHC1(P(t-Bu)zCHCHzCH2)z (3)a 
. . . 

NMR 
complex IR " 13c 31P 

1 332 ( v a )  1.53 (t, CCHB, J(P-H) = 6.4), 12.6 (s, J(Pt-P = 2563.3) 

2 
0.72-1.02 (m, CHCH,CH,) 

12.0, V(P-H) = 1.61, 1.38 (d, t-Bu 
(9 H), J(P-H) = 13.8), 1.36 (d, Me 
(3 H), J(P-H) = 13.6), 1.11 (d, Me 
(3 H), J(P-H) = 13.7), complex 
cyclopropyl region 

230 ( u a )  1.44 (d of d, t-Bu (18H), 3J(P-H) = -3.82 (d, J(C-P) = 28.9, J(C-Pt) = -14.08 (d,.J(P-P) ~402.3,  J(PGP) = 
81.0), complex cyclopropyl and 
methyl regions (4.10-6.22; 
27.8-31.2), 35.39 (d of d, 'J(C-P) 
= 17.4, 3J(C-P) = 5.8), 37.91 (d, 
J(C-P) = 18.521, 50.08 (d of d, 
'J(C-P) = 31.3, 3J(C-P) = 4.6) 

2212.6), 38.24 (J(P-P) = 402.3, 
J(Pt-P) = 2816.2) 

3 2250 (uH), 1.43 (t, CCH,, J(P-H) = 6.6), -19.58 
278 (~a) (t, J(P-H) = 10.1, J(Pt-H) = 

576.4) 

"Chemical shifts in ppm. Coupling constants in Hz. 

from the internuclear C-C bond axis is more accessible 
than electron density on acyclic or less strained alicyclic 
 substrate^.^ 

We now report, contrary to this expectation, isolation 
of PtCl[P(t-Bu)(CMe,CH ,) ( CHCHzCH 2 )  ] ( P  ( t - 
BU)~CHCH~CH,) (2), a platinaphosphacyclobutane formed 
by the preferential metallation of a tert-butyl group over 
a cyclopropyl group in trans-PtCl,(P( t-Bu)&HCH,CH,), 
(1). 

, . - - 
- 

Experimental Section 
General Remarks. All reactions were carried out under an 

atmosphere of prepurified dinitrogen with the use of standard 
Schlenk-line techniques. Chromatographic separations were 
performed in air. K2PtC14 was used as received from Johnson- 
Matthey, Inc. Solvents were purified by standard methods. 

Elemental analyses were performed by Micro-Tech Labora- 
tories, Skokie, IL. Infrared spectra were obtained with a Per- 
kin-Elmer 283 spectrometer from samples prepared as KBr pellets 
or as mulls in Nujol pressed between CsBr windows. 'H, lac, and 
31P NMR spectra were recorded on a JEOL FX9OQ or JNM-FX 
270 FT-NMR spectrometer or on a Varian FX400 FT-NMR 
spectrometer. positive chemical shifts are downfield from 85% 
H3P04. Table I summarizes the spectral data for each complex 
excluding complex 4. 

X-ray data were collected on an Enraf-Nonius CAD4 diffrac- 
tometer, and all calculations were performed on a Harris 1000 
computer by methods and programs standard in this lab~ratory.~ 
Lattice constants were obtained from least-squares analysis of 
25 automatically centered reflections. Data reduction and re- 
finement details are summarized in Table 11. 

Positional parameters for methyl hydrogen atoms were obtained 
from difference electron density maps, and these parameters were 
then idealized. Methylene and methyne hydrogen atom positions 
were idealized. In these calculations a C-H bond length of 0.95 
8, was assumed and a given H atom was assigned an isotropic 
thermal parameter 1 A2 greater than the equivalent isotropic 
thermal parameter of the C atom to which it is attached. Pa- 
rameters for the H atoms were held fixed during subsequent 
refinements. Analysis of FZ as a function of FZ, A-' sin 8, and 
Miller indices for structures of 1-4 showed no unusval trends. 

Final atomic coordinates are given in Table 111. Table IV6 
presents the anisotropic thermal parameters, Table V5 the hy- 
drogen atom positions, and Table VI5 listings of 10IFol vs. 10(FcI. 

Prepara t ion  of Di-ter t  -butylcyclopropylphosphine. A 
solution of cyclopropyllithium (prepared from 8.00 g of cyclopropyl 
bromide and 1.00 g of Li metal in 50 mL of ether) was added over 
10 min to 10 g (55.4 mmol) of di-tert-butylchlorophosphine6 in 

(3) Bishop, K. C., I11 Chem. Reu. 1976, 76,461 and references therein. 
(4) Waters, J. M. ibers, J. A. Znorg. Chem. 1977, 16, 3273. 
(5 )  Supplementary material. 

64.96 (J(Pt-P) 3028.0) 

25 mL of ether. The reaction mixture was stirred at  room tem- 
perature for 12 h. Phosphine and ether were removed from the 
reaction flask under vacuum (1 mm). The phosphine was re- 
distilled a t  reduced pressure: bp 50 "C (15 mm). 

Owing to the pyrophoric nature of the phosphine, its hydrogen 
bromide adduct (prepared by bubbling HBr gas through an ether 

solution of P(t-Bu)2CHCH2CH2) is more readily analyzed. Anal. 
Calcd for CllHZ3P"Br: C, 49.95; H, 9.05; P, 11.59; Br, 29.90. 
Found: C, 48.35; H, 8.83; P, 10.00; Br, 30.15. I R  3080 cm-l. 'H 
NMR: 6 1.14 (d, J = 10.5 Hz), 0.49 (m), 0.40 (m). 31P NMR 6 
31.5. 

Syn thes i s  of trans -Dichlorobis(di-  tert -butylcyclo- 
propylphosphine)platimun(II), t r a n s  -PtC12(P( t - 
B U ) ~ C H C H ~ C H ~ ) ~  (1). K2PtC14 (0.28 g, 0.67 mmol) and di- 
tert-butylcyclopropylphosphine (0.25 g, 1.34 mmol) were stirred 
in a mixture of 30 mL of acetone or ethanol and 10 mL of distilled 
water for 24 h. The yellow product (0.41 g, 95%) was recrystallized 
from hexane. Anal. Calcd for C22H46C12P2Pt: C, 41.38; H, 7.26; 
C1, 11.10; P, 9.70. Found C, 41.58; H, 7.23; C1, 11.56; P, 9.87. 

Synthesis of the Derivative Compounds. Compound 1 was 
eluted with toluene on a column of 100-200 mesh Florisil. 
Typically two bands were eluted that upon removal of solvent 
yielded yellow and white powders, respectively. Recrystallization 
of the yellow powder from dioxane or acetic acid/toluene afforded 

- 

. 

1 with some crystals of [P~C~(P(~-BU)~CHCH,CH,)I~(~-C~)~ (4). 
Complex 4 was identified by X-ray diffraction methods. 
(Quantities obtained were insufficient for characterization by 
NMR and IR spectroscopic techniques.) Recrystallization of the 

white powder from toluene yielded PtCl[P(t-Bu)(CMe2CH2)- 

(CHCH2CHz)](P(t-Bu)2CHCH2CH2) (2) and trans-PtHCl(P(t- 

B U ) ~ C H C H ~ C H ~ )  (3). No hydride product 3 was isolated if Florisil 
was heated to 200 "C for 1 h prior to its use as the support. The 
complexes 1,2, and 3 were identified by their characteristic NMR 
and IR spectra (Table I) and by single crystal x-ray diffraction 
methods. 

Alternative Synthesis of PtCl[P(t-Bu)(CMe2CH2)- 

(CHCH2CH2)](P( ~ - B U ) ~ C H C H ~ C H ~ )  (2). When 1 was eluted 
with toluene on a silica gel (on glass) TLC plate, mean pore 
diameter 60 A, 2 was isolated in approximately 60% yield. 
Complex 2 also formed when 1 was combined with 1 equiv of 
thallium(1) acetate in anhydrous ethanol and heated at reflux for 
2 h. Anal. Calcd for C22H46C1P2Pt: C, 43.89; H, 7.53; P, 10.29; 
C1, 5.89. Obsd C, 43.14; H, 7.23; P, 10.05; C1, 6.55. 

Alternative Synthesis of t rans-PtHCl(P( t -  
B u ) ~ C H C H ~ C H ~ ) ~  (3). The hydride was synthesized in nearly 
quantitative yield by reduction by hydrazine hydrate of the di- 
chloro complex 1 in absolute ethanol. Anal. Calcd for 

, . 
I . . 

, . . . 

. 
CnH&lP2Pt: C, 43.74; H, 7.84, P, 10.25; C1, 5.88. Obsd: C, 43.24; 

(6) Di-tert-butylchlorophosphine was used as obtained from Alfa 
Chemicals without further purification. 
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_. 
Synthesis of PtClz~P(t-Bu)zCHCH,C~~2 

H, 7.89; P, 10.12; C1,5.78. When 1 was refluxed for 8 h in acetic 
acid or in a mixture of 10% acetic acid in dimethylformamide, 
both the metallated tert-butyl complex 2 and the hydride 3 
formed. These products were identified by their characteristic 
31P chemical shifts. 

Results 
trans -PtCl,(P(t - B u ) ~ C H C H ~ C H ~ ) ~  (1). K2PtC1, re- 

acts with di-tert-butylcyclopropylphosphine, in aqueous 
ethanol or acetone to afford 1 as the sole product. The 
trans configuration, which is expected owing to the extreme 
bulk of the coordinated phosphine ligands, is confirmed 
by NMR spectra of the crude product.lb A single reso- 
nance (J(Pt-P) = 2563 Hz) is observed in the 31P NMR 
spectrum. The second-order proton spectrum shows a 
virtual triplet for the tert-butyl protons. The resonances 
from the cyclopropyl groups apparently overlap; only one 
broad multiplet appears in the cyclopropyl region of the 
proton spectrum. 

Reactions of 1. When 1 is refluxed for 50 h in 2- 
methoxyethanol, no metalation of the phosphine ligands 
occurs. Rather, the hydride trans-PtHCl(P(t- 
Bu)~CHCH~CH,)~  (3) is formed in approximately 65% 
yield. Complexes of the type t r~ns-PtHCl(PR~)~,  such as 
3, are generally prepared by reduction of the parent di- 
chloro compound by hydrazine h ~ d r a t e . ~  Boiling 2- 
methoxyethanol,ld ethyl and isopropyl alcohols (in con- 
junction with hydroxide ion),' and hot formic acid (with 
some H 2 0  p r e ~ e n t ) ~  may also act as reducing agents. In- 
deed, compound 3 may be synthesized by reduction of 1 
with hydrazine hydrate in refluxing ethanol. Spectra for 
complex 3 are typical of t r a n ~ - P t H C l ( P R ~ ) ~  complexes 
(Table I). As for 1, a pseudotriplet pattern in the proton 
NMR spectrum arises from the t-Bu protons on the 
phosphine ligands. There is the distinctive upfield triplet 
resonance (-19.58 ppm) in the proton spectrum from the 
hydride ligand. In the 31P spectrum, the single resonance 
from the equivalent phosphine ligands appears at 64.96 
ppm. These features are characteristic of the trans con- 
f i g ~ r a t i o n . ~ ~  

When 1 is eluted with toluene on a Florisil column or 
heated at  reflux for two hours in acetic acid, a mixture of 

- 

- 
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the metalated complex P%1[P(t-Bu)(CMTCH2)- 
(CHCH~CH,](P(~-BU)~CHCH~CH,) (2) and 3 is obtained. 
A small amount of the dimer [PtCl(P(t-  

I - 
B U ) ~ C H C H ~ C H ~ ] ~ ( P - C ~ ) ~  (4) is also obtained when 1 is 
recrystallized from dioxane or acetic acid/ toluene. When 
1 is eluted with toluene on silica gel, only the metalated 
complex 2 is obtained. Similarly, when equimolar quan- 
tities of 1 and TlOAc are heated at  reflux in anhydrous 
ethanol, compound 2 is obtained in almost quantitative 
yield with only minute quantities of 3 being visible in the 
31P NMR spectrum. When 1 is eluted on silica gel pre- 
treated with triethylamine, only pure 1 is recovered. 

The NMR spectra (Table I) of the metalated complex 
2 clearly show that a t-Bu methyl group rather than a 
cyclopropyl group on phosphorus has been activated to 
form the four-membered metallacycle.8 The large upfield 
shift of the resonance of the chelating phosphine in the 
12-line 31P spectrum relative to that of the nonchelating 
phosphine is typical of phosphorus in a four-member ring!b 
The proton spectrum shows four resonances that corre- 
spond to methyl protons with relative integrations 63:l:l. 

(7) (a) Chatt, J.; Shaw, B. L. J. Chem. SOC. 1962,5075. (b) Chatt, J.; 

(8) Garrou, P. E. Chem. Reo. 1981,81, 229. 
Chin], P. J. Chem. SOC. A 1970,1538. 

Figure 1. Structure and numbering scheme for trans-PtC12(P- 
(~-Bu)~CHCH&H~)~ (1). H atoms have been omitted for the sake 
of clarity. 

- 

, 
Figure 2. 
(CMe2CH2)(CHCH2CH2)](P(t-Bu)zCHCH2CH2) (2). 

Numbering scheme for atoms of PtCl[P(t-Bu)- - - . 

Figure 3. Molecular structure and numbering scheme for 
~~U~-P~HC~(P(~-BU)~CHCH~CH~)~ (3) showing the disorder in 
the chloro ligand. Here and in subsequent figures thermal el- 
lipsoids at the 50% probability level are given. 

- 

Figure 4. Molecular structure and numbering scheme for . 
[P~C~(P(~-BU)~CHCH&H~)]~(~-C~)~ (4). 

The 3:l:l pattern of doublets results from substituents on 
the chelating phosphorus ligand. The large doublet is from 
the tert-butyl (P-C(CH3),) protons while the two smaller 
doublets are from the dimethyl (P-C(CH3)2CH2Pt) pro- 
tons. The latter methyl groups are nonequivalent because 
they reside on a ring that contains a chiral center (on 
phosphor~s) . l~*~ The remaining resonance is from the 

I i 

(9) Lambert, J. B.; Shurvell, H. F.; Verbit, L.; Cooks, R. G.; Stout, G. 
H. Organic Structure Analysis; Macmillan: New York, 1976; p 56. 
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Table 111. Atomic Coordinates for Structures 1-4 
atom X Y z atom X N z 

112 
0.515094 (74) 
0.627697 (67) 
0.69482 (31) 
0.68719 (33) 
0.69886 (33) 
0.63365 (28) 

0.486610 (31) 
0.33331 (27) 
0.39960 (26) 
0.60455 (26) 
0.4596 (12) 
0.4844 (15) 
0.3828 (14) 
0.5612 (11) 
0.3944 (11) 
0.3505 (11) 
0.5029 (13) 
0.3207 (13) 
0.26467 (95) 

0.362670 (19) 
0.41704 (14) 
0.28317 (15) 
0.33736 (61) 
0.26008 (44) 
0.47580 (47) 
0.55229 (53) 
0.42421 (71) 

0.331497 (31) 
0.52082 (22) 
0.21945 (23) 
0.15910 (21) 
0.28586 (90) 
0.45247 (97) 
0.3276 (12) 
0.1932 (11) 

. 
trans-PtClz(P(t-Bu)zCHCH2CHz)2 (1) 

0 C(5) 0.60136 (36) 0.59858 (32) 
0.618107 (74) -0.10982 (20) C(6) 0.71387 (33) 0.51676 (39) 
0.500113 (69) 0,08445 (16) c(7) 0.58604 (34) 0.46533 (31) 
0.56895 (29) 0.00716 (63) (28) 0.68043 (29) 0.41124 (30) 
0.65164 (34) -0.02752 (64) c(9) 0.76602 (30) 0.42208 (33) 
0.59855 (31) -0.16665 (76) C(l0) 0.66757 (31) 0.34490 (20) 

112 

0.52005 (29) 0.30958 (64) C(l1) 0.65144 (31) 0.39094 (32) . I 
PtCl[P~t-Bu~~CMe2CH2~~CHCHzC~2](P(t-Bu)zCHCH2CHz) (2) 

0.147916 (30) 0.134152 (17) c(10) 0.1783 (12) 0.2181 (13) 
0.07043 (28) 0.16599 (15) C(l1) 0.2287 (15) 0.2927 (14) 
0.24318 (24) 0.07855 (13) c(12) 0.5969 (12) -0.05007 (94) 
0.07254 (23) 0.18096 (13) c(13) 0.5202 (15) -0.0572 (10) 
0.36173 (93) 0.07337 (59) C(14) 0.5568 (12) -0.10883 (96) 
0.3965 (10) 0.12378 (68) C(15) 0.7071 (13) -0.0850 (11) 
0.4323 (12) 0.05174 (67) C(16) 0.6340 (11) 0.12945 (92) 
0.36486 (96) 0.04569 (58) c(17) 0.5430 (11) 0.1658 (11) 
0.1865 (10) 0.01784 (50) c ( l8)  0.6161 (12) 0.22999 (98) 
0.2463 (12) -0.02313 (51) c(19) 0.70968 (91) 0.10433 (95) 
0.1519 (11) 0.00332 (49) c(20) 0.7237 (11) 0.03270 (95) 
0.1034 (11) 0.02459 (61) c(21) 0.81607 (96) 0.1347 (11) 
0.2782 (10) 0.09009 (51) C(22) 0.6383 (10) 0.18410 (86) 
I 

trans-PtHC1(P(t-Bu)zCHCHzCHz)z ( 3 ) O  
-0.045887 (30) 114 C(6) 0.4987 (12) 0.3130 (10) 
0.14488 (21) 1/4 C(7) 0.17569 (77) -0.1876 (11) 

-0.21629 (22) 114 C(8) 0.13600 (54) -0.08788 (97) 
0.25920 (97) 114 C(9) 0.29657 (58) -0.30990 (74) 
0.24876 (72) 0.19818 (56) C(l0) 0.28757 (64) -0.22654 (98) 
0.18259 (65) 0.14125 (62) c(11) 0.38032 (92) -0.3666 (18) 
0.1112 (12) 0.13409 (71) c(12) 0.2312 (11) -0.4073 (10) 
0.1482 (16) 0.05965 (69) Cl(1) 0.48676 (20) -0.14845 (31) 

[PtCl(P(t-Bu)zCHCHzCHz)]z(p-C1)2 (4) 
0.418771 (14) 0.455903 (20) c(5) -0.01638 (87) 0.44569 (41) 
0.48250 (10) 0.62608 (13) C(6) -0.1307 (11) 0.41693 (47) 
0.33691 (10) 0.57235 (14) c(7) 0.0535 (10) 0.53912 (45) 
0.364689 (96) 0.29399 (13) c(8) -0.1270 (11) 0.44992 (54) 
0.33248 (42) 0.19184 (60) c(9) 0.03943 (87) 0.26393 (39) 
0.28967 (49) 0.26335 (72) c(10) -0.0514 (10) 0.23060 (46) 
0.41018 (51) 0.12570 (70) c(11) 0.1064 (12) 0.18476 (45) 
0.26331 (50) 0.10577 (64) 

a The position of the disordered hydride ligand was not determined. 

?i . 
Figure 5. Stereoview of PtClz(P(t-Bu)2CHCH,CH2)2 (1). 

methyl protons on the nonchelating phosphine ligand. In 
the 13C spectrum, resonances corresponding to the three 
different quaternary carbon centers appear. A DEPTlO 
pulse-sequence experiment revealed that the upfield res- 
onance that exhibits platinum sidebands results from a 
methylene carbon center. 

X-ray Crystal Structures of 1-4. Subtle steric and 
electronic effects appear to dictate the range of products 
obtained from 1. To gain insight into these effects, we 
turned to a crystallographic study of the complexes. The 
molecular structures and labeling schemes for complexes 

(10) (a) Bendall, M. R.; Doddrell, D. M.; Peg, D. T. J. Am. Chem. SOC. 
1981,103,4603. (b) Doddrell, D. M.; Pegg, D. T.; Bendall, M. R. J. Mugn. 
Reson. 1982, 48, 323. 

0.33515 (68) 
0.37602 (75) 
0.40816 (71) 
0.02588 (61) 
0.01170 (64) 
0.14082 (76) 

-0.14672 (68) 

0.10955 (72) 
0.14107 (70) 
0.19859 (53) 
0.24002 (60) 
0.15580 (58) 
0.21424 (75) 
0.23682 (48) 
0.26733 (55) 
0.24204 (56) 
0.13830 (56) 
0.09796 (52) 
0.15797 (53) 
0.11657 (50) 

0.1352 (13) 

0.1990 (16) 
0.14289 (61) 
0.06025 (65) 
0.1393 (10) 
0.13260 (93) 
0.20196 (28) 

114 

0.23436 (61) 
0.11710 (68) 
0.22547 (80) 
0.31620 (85) 
0.29361 (56) 
0.37582 (61) 
0.36650 (68) 

1, 2, 3, and 4 are illustrated in Figures 1, 2, 3, and 4, re- 
spectively. Stereoviews for complexes 1 and 2 are shown 
in Figures 5 and 6, respectively. 
~~~~S-P~C~~(P(~-BU)~(CHCH~CH,)), (1). The crystal 

structure of 1 consists of discrete molecules (Figure 5 ) ,  each 
with crystallographically imposed symmetry I (Figure 1). 
The shortest intermolecular non-hydrogen separation 
(3.552 (6)A) is between atoms C1 and C(6). 

Bond distances and angles are in Table VII. Owing to 
the imposed crystallographic symmetry the PtP2C12 unit 
is planar. The two CI-Pt-P angles are 90.16 (4) and 89.84 
(4)'. Each C1 atom leans slightly toward atom C(2) of the 
cyclopropane ring (Cl-C(2) = 3.188 (6) A) and relatively 
away from the terminal methyl groups of the tert-butyl 
carbon atoms (shortest C1-Me distances Cl-C(10) = 3.322 

. 
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Table VII. Selected Bond Distances (A) and Angles (deg) 

Pt-Cl 
Pt-P 
P-C(l) 
P-C(4) 

Cl-Pt-P 
Pt-P-C(l) 
Pt-P-C(4) 
Pt-P-C(8) 
c (1)-P-c (4) 
C (1)-P-C (8) 
C(4)-P-C(8) 

Cl-Pt-P(l) 
C1-Pt-P (2) 
Cl-Pt-C(22) 
P( 1)-Pt-P(2) 
P( l)-Pt-C (22) 
P(2)-Pt-C(22) 
Pt-P(l)-C(l) 
Pt-P(1)-C(5) 
Pt-P(l)-C(S) 
C(l)-P(l)-C(5) 
C(l)-P(l)-C(9) 
c (5)-P (1)-c (9) 
Pt-P(2)-C(12) 
Pt-P(2)-C(16) 

Pt-C1 
Pt-P(l) 
Pt-P(2) 
P(l)-C(l) 

c1-Pt-P (1) 
Cl-Pt-P(2) 
P(l)-Pt-P(2) 
Pt-P(l)-C(l) 
Pt-P(1)-C(3) 
C(l)-P(l)-C(3) 
C(3)-P(l)-C(3’) 112.3 (6) 

2.301 (1) 
2.373 (1) 
1.823 (5) 
1.889 (6) 

90.16 (4) 
121.6 (2) 
109.9 (2) 
113.4 (2) 
100.3 (2) 
98.4 (2) 

112.2 (2) 

2.410 (4) 
2.342 (4) 
2.258 (4) 
2.048 (13) 
1.893 (14) 
1.867 (14) 
1.810 (12) 

97.91 (12) 
95.50 (13) 

163.9 (4) 
166.58 (11) 
97.6 (4) 
69.0 (4) 

113.7 (5) 
109.9 (5) 
119.7 (5) 
110.5 (7) 
97.7 (7) 

104.4 (7) 
125.7 (5) 
113.8 (5) 

2.427 (3) 
2.301 (2) 
2.298 (2) 
1.820 (11) 

96.4 (1) 
94.9 (1) 

’ 168.3 (1) 
111.6 (3) 
113.7 (2) 
102.1 (3) 

. 
trans-PtC12(P(t-Bu)2CHCH2CH2)2 (1) 

Bond Distances 
C(2)-C(3) 1.498 (8) P-C(8) 1.899 (5) C(8)-C(9) 1.537 (7) 
C(4)-a5) 1.524 (7) C(l)-C(2) 1.503 (8) C (8)-C (10) 1.529 (7) 
C(4)-c(6) 1.528 (7) C(l)-C(3) 1.526 (7) C(8)-C( 11) 1.553 (7) 
C(4)-C(7) 1.523 (7) 

Bond Angles 
P-C(4)-C(7) 111.8 (4) P-C(1)-C(3) 126.1 (4) C(9)-C(8)-C(ll) 106.7 (4) 
C(5)-C(4)-C(6) 109.7 (5) C(2)-C(l)-C(3) 59.3 (3) C(lO)-C(8)-C(ll) 109.7 (4) 
C(5)-C(4)-C(7) 107.6 (4) C(l)-C(2)-C(3) 61.1 (4) C(9)-C(8)-C(lO) 106.9 (4) 
C(6)-C(4)-C(7) 107.7 (5) C(l)-C(3)-C(2) 59.6 (4) 
P-C(8)-C(9) 113.8 (4) P-C(4)-C(5) 106.6 (4) 
P-C(B)-C(lO) 114.2 (4) P-C(4)-C(6) 113.3 (4) 
P-C(8)-C(11) 105.2 (4) . - 
P~C~[P(~-BU)(CM~~CH~)(CHCH~CH~)](P(~-B~)~CHCH~CH~) (2) 

Bond Distances 
C(5)-C(7) 1.516 (18) P(2)-C(12) 1.855 (14) C(12)-C(15) 1.546 (20) 
C(5)-C(8) 1.540 (19) P(2)-C(16) 1.787 (13) C(16)-C(17) 1.521 (19) 
C(9)-C(lO) 1.500 (21) P(2)-C(19) 1.835 (14) C(16)-C(18) 1.490 (19) 
C(9)-C(ll) 1.491 (22) C(l)-C(2) 1.511 (21) C(17)-C(18) 1.488 (19) 
C(l0)-C(l1) 1.531 (27) C(l)-C(3) 1.535 (20) C(19)-C(20) 1.535 (19) 
C(12)-C(13) 1.502 (21) C(l)-C(4) 1.496 (20) C(19)-C(21) 1.517 (17) 
C(12)-C(14) 1.543 (20) C(5)-C(6) 1.530 (19) C(19)-C(22) 1.589 (18) 

Bond Angles 
P( 1)-C (5)-C (6) 114.9 (10) Pt-P (2)-C( 19) 89.4 (4) 
P(l)-C(5)-C(7) 110.6 (9) C(12)-P(2)-C(16) 103.5 (6) 
P(l)-C(5)-C(8) 105.1 (10) C(12)-P(2)-C(19) 116.7 (7) 
C(6)-C(5)-C(7) 108.9 (12) C(16)-P(2)-C(19) 106.5 (6) 
C(6)-C(5)-C(8) 108.5 (12) 
C(7)-C(5)-C(8) 108.5 (13) P(l)-C(l)-C(2) 108.7 (10) 
P(l)-C(g)-C(ll) 119.5 (11) P(l)-C(l)-C(3) 112.8 (11) 
P(l)-C(S)-C(lO) 125.8 (11) P(l)-C(l)-C(4) 114.3 (10) 
C(lO)-c(9)-C(ll) 61.6 (11) C(2)-C(l)-C(3) 105.3 (14) 
C(9)-C(lO)-C(ll) 59.0 (11) C(2)-C(l)-C(4) 106.3 (14) 
C(9)-C(ll)-C(lO) 59.5 (12) C(3)-C(l)-C(4) 109.0 (13) 

P(2)-C(12)-C(13) 107.4 (10) 
P(2)-C(12)-C(15) 110.1 (10) P(2)-C(12)-C(14) 110.6 (10) 
C(13)-C(12)-C(14) 109.3 (13) . 

trans-PtHC1(P(t-Bu)zCHCH2CH2)2 (3) 
Bond Distances 

C(B)-C(O’)” 1.489 (16) P(l)-C(3) 1.882 (8) 
C(3)-C(4) 1.484 (11) P(2)-C(7) 1.785 (13) 
C(3)-C(5) 1.494 (14) P(2)-C(9) 1.871 (9) 
C(3)-c(6) 1.501 (12) C(l)-C(2) 1.471 (11) 

Bond Angles 
P(l)-C(3)-C(4) 111.6 (7) Pt-P(2)-C(7) 114.1 (4) 
P(l)-C(3)-C(5) 107.6 (6) Pt-P(2)-C(9) 113.1 (3) 
P(l)-C(3)-C(6) 113.0 (7) C(7)-P(2)-C(9) 102.4 (4) 
C(4)-C(3)-C(5) 106.5 (8) C(9)-P(2)-C(Qt) 110.7 (5) 
C(4)-C(3)-C(6) 107.6 (10) P(l)-C(l)-C(2) 124.0 (7) 
C(5)-C(3)-C(6) 110.1 (12) C(2)-C(l)-C(2’) 60.8 (8) 
P(2)-C(7)-C(8) 124.4 (8) C(l)-C(2)-C(2’) 59.6 (4) 

C(13)-C(12)-C(15) 
C( 14)-c(12)-c(15) 
P(2)-C(16)-C(17) 
P(2)-C(16)-C(18) 
C(l7)-C(l6)-C(l8) 
C (16)-C (17)-C (18) 
C(16)-C(18)-C(17) 
P(2)-C(19)-C(20) 
P(2)-C(19)-C(21) 
P(2)-C(19)-C(22) 
C(20)-C(19)-C(21) 
C(20)-C(19)-C(22) 
C(21)-C(19)-C(22) 
Pt-C(22)-C(19) 

110.4 (13) 
109.0 (13) 
118.7 (10) 
120.5 (10) 
59.2 (10) 
59.4 (10) 
61.4 (10) 

112.1 (10) 
119.2 (11) 
90.8 (8) 

110.8 (11) 
106.9 (12) 
115.2 (11) 
104.8 (8) 

C(7)-c(8) 1.480 (17) 
C (8)-C (8’) 1.47 (5) 
C(9)-C(lO) 1.514 (12) 
C(9)-C(ll) 1.508 (14) 
C(9)-C(12) 1.529 (14) 

C(8)-C(7)-C(8’) 59.4 (17) 
P(2)-C(9)-C(lO) 107.0 (6) 
P(2)-C(9)-C(ll) 111.5 (6) 
P(2)-C(9)-C(12) 113.1 (9) 
C (10)-C (9)-C (1 1) 108.5 (11) 
C(lO)-C(9)-C(12) 106.9 (7) 
C(ll)-C(9)-C(l2) 109.6 (11) 

Pt-Cl(1) 2.435 (3) 
Pt-Cl(l’)b 2.324 (3) 
Pt-Cl(2) 2.278 (3) 
Pt-P 2.255 (3) 

[P~C~(P(~-BU)~CHCH~CH~)~~(~-C~)~ (4) 
Bond Distances 

1.531 (11) C(l)-C(3) 1.529 (10) P-C(l) 1.903 (7) C(5)-C(8) 
C(l)-C(4) 1.537 (9) P-C(5) 1.870 (7) C(9)-C(lO) 1.502 (9) 
C(5)-C(6) 1.551 (10) P-C(9) 1.814 (7) C(9)-C(11) 1.513 (9) 
C(5)-C(7) 1.546 (9) C(l)-C(2) 1.537 (10) C(lO)-C(11) 1.489 (12) 

Bond Angles 
Cl(l)-Pt-Cl(l)’ 81.05 (11) C(2)-C(l)-C(3) 110.3 (6) Pt-P-C(9) 
Cl(l)-Pt-C1(2) 86.30 (12) C(2)-C(l)-C(4) 106.8 (6) C(l)-P-C(5) 
C1( 1)-Pt-P 177.49 (5) C(3)-C(l)-C(4) 107.2 (6) C(l)-P-C(S) 

Cl(2)-Pt-P 96.11 (2) P-C(5)-C(7) 112.4 (5) P-C(1)-C(2) 
Pt-P-c (1) 111.8 (2) P-C(5)-C(8) 106.7 (5) P-C(l)-C(S) 
P t-P-c (5) 108.9 (2) C(6)-C(5)-C(7) 109.1 (6) P-C(1)-C(4) 

Cl(l)’-Pt-P 96.52 (1) P-C(5)-C(6) 111.9 (5) C(5)-P-C(9) 

Primed atoms are related to corresponding unprimed atoms by a mirror plane at z = 
unprimed atoms by a center of symmetry. 

120.6 (2) C(S)-C(5)-C(8) 109.0 (7) 
113.5 (3) C(7)-C(5)-C(8) 107.6 (6) 
99.7 (3) P-C(9)-C(lO) 130.3 (5) 

102.1 (3) P-C(S)-C(ll) 124.8 (5) 
106.0 (5) C(lO)-C(9)-C(ll) 59.2 (5) 
113.5 (5) C(9)-C(lO)-C(ll) 60.8 (5) 
112.8 (5) C(9)-C(ll)-C(lO) 60.0 (5) 
’/& bPrimed atoms are related to corresponding 
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. I - 
Figure 6. Stereoview of P~C~[P(~-BU)(CM~~CH~)(CHCH~CH,)](P(~-B~)~CHCH,CH~) (2). 

(6) A and Cl-C(7) = 3.384 (7) &.I1 This may reflect the 
larger contribution of the tert-butyl groups to the phos- 
phorus cone angle.If>l2 The dihedral angle between cy- 
clopropane and the PtC12P2 unit is 98.2 (3)'. This ar- 
rangement minimizes destabilizing close contacts between 
the C1 atoms and the methyl hydrogen atoms of the 
tert-butyl groups. Several carbon atoms of the tert-butyl 
groups are closer to the Pt center than are atoms C(2) or 
C(3) of the cyclopropyl group. Hydrogen atom C(5)H(2) 
is closest to the Pt center (3.13 vs 3.76 A for the next 
closest). 

Bond distances in the cyclopropyl ring are normal: 
C(l)-C(2) = 1.503 (3), C(l)-C(3) = 1.526 (71, and C(2)-C(3) 
= 1.498 (8) A. Some typical distances are 1.488 (7b1.527 
(6) A in C~S-P~(CHCH~CH~)&PM~,P~),'~ and 1.510 (5) A 
in cyc10propane.l~ 

The Pt-P distance of 2.373 (1) A is longer than the 2.302 
(1) A distance reported for the weighted average of 22 
Pt(I1)-P bond lengths in complexes with mutually 
tran~-(PR,Ph,,)'~ tertiary phosphines but is the same as 
that of 2.371 (2) A in PtI2(PCy3),.I6 As in the diiodo 
complex, the relatively long Pt-P bond length in 1 can be 
attributed to steric congestion in the m01ecule.l~ The 
Pt-C1 distance, 2.301 (1) A, is typical for truns-PtC12(PR& 
complexes (for example, PtC12(PCy,),, 2.317 (2) A,18 and 
PtC12(PEt3)2, 2.294 (9) A).15 

The P-C(t-Bu) bond distances in 1 (1.889 (6) and 1.899 
(5) A) are the same as those observed for the non- 
metalated phosphorus ligand in 2. At  1.823 (5) A, the 
P-C(cyclopropy1) distance is significantly shorter. 

PtCl[P(t-Bu)(CMe2CH ) ( CHCH2CH ) 3 ( P ( t - 
Bu),CHCH,CH,) (2). The structure of 2 is shown in 
Figure 2 with a stereoview in Figure 6. The geometry is 
approximately square-planar about the Pt center. The 
average deviation from the least-squares plane (PtC1CP2) 
is 0.030 A. The platinaphosphacyclobutane ring is puck- 
ered; atom C(19) is below (0.276 A) while atom C(22) is 
above (0.220 A) the best plane defined by the four ring 
atoms. The dihedral angle between these two planes is 
10.6'. 

Geometric constraints on the four-atom ring prevent 
idealized 90' bond angles between ligands on the Pt atom. 
Thus, the P(2)-Pt-C(22) bond angle is only 69.0 (4)'. The 
Pt-P(2) bond is much shorter than the Pt-P(l) bond 
(2.258 (4) vs. 2.342 (4) A). These two distortions appear 

. 

I I - - 

(11) Van der Waals' radii for C1,1.80 A, and the methyl group, 2.0 A; 
Pauling, L. The Nature of the Chemical Bond, 3rd ed.; Cornell University 
Press: Ithaca, NY, 1960. 

(12) Tolman, C. A. J. Am.  Chem. Soc. 1970, 92, 2956. 
(13) Jones, N. L.; Ibers, J. A. Organometallics 1982, I, 326. 
(14) Bastiansen, 0.; Fritsch, F. N.; Hedberg, K. Acta Crystallogr. 1964, 

(15) Messmer, G. G.; Amma, E. L. Inorg. Chem. 1966,5, 1775. 
(16) Alcock, N. W.; Leviston, P. G. J.  Chem. Soc., Dalton Trans. 1974, 

17, 538. 

154x4. ___. 

(17) Manojlovi&Muir, L.; Muir, K. W.; Solomun, T. J.  Organomet. 

(18) Del Pra, A.; Zanotti, G. Inorg. Chim. Acta 1980, 39, 137. 
Chem. 1977, 142, 265. 

7 

to be general for platinaphosphacyclobutanes. In [Pt- 
(P(~-BU)~CM~~CH~],(P-NNCM~CHCM~)~~ Pt-P bond 
lengths are 2.224 (7) and 2.207 (6) A and the P-Pt-CH2 
bond angles are 69.8 (6) and 69.9 (7)'. In Pt(+Cp)(P- 
( ~ - B U ) ~ C M ~ ~ C H J ( P P ~ ~ ) ~ ~  the analogous bond lengths 
and bond angles are 2.284 A (vs. 2.313 A for Pt-PPh,) and 
68.1'. As noted above 2.302 (1) A is probably a typical 
Pt-P bond length in complexes of this type. 

The trans influence of atom C(22) on the C1 atom in 2 
is not affected by the distortions of the four-atom ring: the 
Pt-Cl distance of 2.410 (4) A in 2 is the same as that of 
2.401 (2) 8, in PtCl(P(t-Bu),CHCCMeCH2)(P(t- 
B U ) , C H , C H C H ~ C H ~ ) . ~ ~ ~  

trans -P~HCI(P(~-BU)~CHCH,CH~), (3). Each mole- 
cule (Figure 3) is situated on a mirror plane that contains 
the Pt, P(1), P(2), C(l), and C(7) atoms. The disordered 
C1 atom is 0.67 A from this mirror plane. The shortest 
intermolecuIar distance, 3.652 (13) A, is between atoms C1 
and C(7). 

The geometry about the Pt atom is approximately 
square-planar. The P( 1)-Pt-Cl and P(2)-Pt-C1 bond 
angles are 96.36 (10)O and 96.86 (lO)O, respectively. The 
phosphine ligands fold toward the presumed positions of 
the disordered hydride ligand. The P( 1)-Pt-P(2) bond 
angle of 166.6 (1)' is equal to 166.50 (5)', the weighted 
average of the P-Pt-P bond angles for ten trans-PtHX- 
(PR3)2 complexes containing bulky phosphine ligands.22 
The average weighted Pt-P bond distances for these 
complexes is 2.277 (1) A compared with 2.301 (2) and 2.298 
(2) A for the Pt-P bond distances in 3.22 In the present 
complex the cyclopropyl groups on the phosphorus atoms 
enclose the hydride coordination site; the dihedral angle 
between the cyclopropyl groups is 64.95'. A similar ge- 
ometry is adopted by cyclohexyl substituents on the 
phosphorus atoms in truns-PtHX(PCyJ2 complexes.22d As 
in 1, the t-Bu groups in 3 are staggered about the Pt-Cl 
axis. Despite the more acute P(l)-Pt-P(2) bond angle, 
t-Bu methyl groups in 3 remain close to the C1 atom. Thus 
the shortest C-Cl distance (C(ll).-Cl = 3.12 (2) A) in 3 
is comparable to its counterpart (C(20)-.-C1 = 3.188 (6) A) 
in 1. The average of the C(ll)--Cl and C(ll)'-Cl distances, 

I I 1 

r 

I I - - 

(19) Goel, A. B.; Goel, S.; Vanderveer, D. Inorg. Chim. Acta 1984,82, 

(20) Goel, A. B.; Goel, S.; Vanderveer, D.; Clark, H. C. Inorg. Chim. 
L9. 

Acta 1981, 53, L117. 
(21) (a) Youngs, W. J.; Ibers, J. A. Organometallics 1983,2,979. (b) 

Younes. W. J.: Mahood. J.: Simms. B. L.: SweDston. P. N.: Ibers. J. A; 
Shang, M.; Huang, J.; Lu, J.  Organometallics -1983, 2, 917: 

(22) (a) Leidl, E.; Nagel, U.; Beck, W. Chem. Ber. 1983, 116, 1370. (b) 
Robertson, G. B.; Tucker, P. A. J. Am. Chem. SOC. 1982,104, 317. (c) 
Del Pra, A.; Forselliii, E.; Bombieri, G.; Michelin, R. A.; Ros, R. J. Chem. 
Soc., Dalton Trans. 1979, 1862. (d) Ebsworth, E. A. V.; Marganian, V. 
M.; Reed, F. J. S.; Gould, R. 0. J. Chem. SOC., Dalton Trans. 1978,1167. 
(e )  Immirzi, A.; Musco, A. Inorg. Chim. Acta 1977,22, L35. (0 Albinati, 
A.; Musco, A.; Carturan, G.; Strukul, G. Znorg. Chim. Acta 1976,18,219. 
(g) Immini, A.; Bombieri, G.; Toniolo, L. J.  Organornet. Chem. 1976,118, 
355. (h) Eisenberg, R.; Ibers, J. A. Inorg. Chem. 1965, 4, 773. 
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Synthesis of PtClZ[P(t-Bu),CHCH,CH~, 

3.38 (2) A, in 3 is longer. This distance corresponds to the 
second closest C1 atom to methyl carbon atom distance in 
1,3.384 (7) A. The Pt-P-C bond angles in 3 are much less 
distorted than those in 1. The largest Pt-P-C bond angles 
for 1 and 3 are 121.6 (2)' and 113.7 (2)', respectively. 

Bond distances and angles in the cyclopropyl rings are 
normal. As in 1, the P-C(t-Bu) bond distances are sig- 
nificantly longer than are the P-C(cyclopropy1) bond 
distances. 
[P~C~(P(~-BU)~CHCH~CH~)]~(~-C~), (4). In this 

structure (Figure 4) the binuclear molecules have crys- 
tallographically imposed symmetry I and are separated 
by normal van der Waals' contacts. The closest non-hy- 
drogen intermolecular distances are C(l).-.C(8) (3.608 (9) 
A) and C1(2)4!(9) (3.551 (7) A). The intramolecular Pt-Pt 
distance is 3.618 (1) A, which is identical with that ob- 
served for the closely related dimer [Pt(P(t- 
Bu)~CM~~CH~)],(~-CI)~.~~ 

The bridging C1 atoms are asymmetrically bound to the 
Pt atoms (Pt-Cl(1) = 2.324 (3) and 2.435 (3) A). This 
asymmetry results from the different trans influences ex- 
erted by the Cl(2) and P atoms. The same difference in 
Pt-(p-CI) bond lengths is found in [PtCI(PPr,)]2(p-C1)2.24 
The Pt-=bond distance in 4 of 2.255 (3) A is perhaps 
longer than that of 2.230 (9) A in the PPr, dimer, pre- 
sumably because of the greater bulk of P(t- 
Bu),CHCH2CH2 relative to PPr,. However, the distance 
between Pt and the terminal C1 atom (trans to p-C1) is the 
same for both compounds: 2.278 (3) A for 4 and 2.279 (9) 
A for the PPr, complex.24 The P-C distances are normal; 
as in complexes 1,2, and 3, the P-C(cyclopropy1) bond is 
shorter than either P-C(t-Bu) bond. 

The geometry about Pt is square planar; the average 
deviation from the best least-squares plane is 0.017 A for 
PtC1,P. The P atom is approximately tetrahedral with 
atoms C(1) and C(5) above and below this plane and atoms 
Pt and C(9) in it. The cyclopropane ring makes a dihedral 
angle of 82.2' with the PtC1,P plane. This arrangement 
minimizes steric interaction between atom Cl(2) and atoms 
C(l0) and C(11); the closest cyclopropyl C.41 distance is 
3.376 (9) A compared with 3.188 (6) A in 1. Hydrogen 
atoms H(2)C(3) and H(3)C(3) lie approximately in the 
PtPCI, plane while atom H(l)C(3) is 1.61 A out of the 
plane. This arrangement decreases steric interaction be- 
tween Cl(1) and the H atoms on atom C(3) (H(l)C(3)-. 
Cl(1) = 3.79 A). A similar balancing of steric forces is seen 
in [PtC1(PPr3)]z(p-C1),.24 The remaining bond lengths and 
angles have typical values. 

Discussion 
The intramolecular conversion of 1 on silica or Florisil 

to 2 appears to depend on the Bronsted acid nature of the 
supports:2Sg26 supports pretreated with triethylamine do 
not catalyze the reaction. Product 3 is formed through an 
apparent reduction process. Florisil is a mixed oxide whose 
main constituents are silica and magnesia in a ratio of 

- 

I 

- 

(23) Goel, A. B.; Goel, S.; Vanderveer, D. Inorg. Chim. Acta 1981,54, 
L267. 

(24) Black, M.; Mais, R. H. B.; Owston, P. G. Acta Crystallogr., Sect 
B: Struct. Crystallogr. Cryst. Chem. 1969, B25, 1760. 

(25) (a) Benesi, H. A.; Winquist, B. H. C. Adu. Catal. 1978,27,97. (b) 
Zecchina, A.; Coluccia, S.; Morterra, C. Appl. Spectrosc. Reu. 1985,21, 
259 and references cited therein. 

(26) (a) Snyder, L. R. J. Chromatogr. 1963,12,488. (b) Lercher, J. A.; 
Noller, H. J. Catal. 1982, 77, 152 and references cited therein. (c) 
Walling, C. J. Am. Chem. Soc. 1950, 72, 1164. (d) Fieser, L. F.; Fieser, 
M. Reagents for Organic Chemistry; Wiley: New York, 1967; Vol. 1, p 
393. 
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Scheme I1 

2987 1125 

(2) 

Q 7' f 
TP 

5:1.26a,cvd MgO surfaces induce reductive and 
this type of reaction may explain the formation of product 
3. The complexity of surface chemistry coupled with lim- 
ited experimental data do not allow us to reach further 
conclusions. 

Complexes similar to 1 undergo metalation reactions on 
alumina. As opposed to Florisil, alumina shows both Lewis 
acid and Lewis base proper tie^.^^ The complex PdClCp- 
(P(O-0-Tol),) in CH2Clz/pentane solution reacts with A1203 
(on passage through a chromatographic column) to form 
the ortho-metalated complex PdCp(P(0-o-Tol),(OCC- 
(CH3)(CH)3C).28 However, no metalation of PdClCp(P- 
(t-Bu),Ph) occurs on A1203, although the related complex 
PdCl,P(t-Bu),Ph), undergoes facile metalation of a t-Bu 
group when combined with AgOAc in chloroform.le This 
reaction proceeds through an acetate intermediate.le 

Similarly, the reaction of 1 in acetic acid to form 2 may 
proceed via an acetate intermediate in view of the nearly 
quantitative reaction of 1 with TlOAc in boiling ethanol 
to give 2. Formation of the hydride competes with for- 
mation of 2 in refluxing acetic acid. However, the hydride 
is not an intermediate in the reaction: when the hydride 
3 is heated at  reflux in acetic acid for up to 48 h, it is 
recovered unchanged. 

The complexes P ~ H X ( P ( ~ - B U ) , ) ~  eliminate H2 to form 
P~X(P(~-BU)~CM~~CH,)(P(~-BU)~).~~ Steric factors and 
choice of solvent influence the intramolecular metalation 
of P(t-Bu), in these complexes. Metalation occurs easily 
in the order X = I > Br > C1 in benzene solution and is 
accelerated by trace amounts of acid or alcohol. For X = 
H or CN metalation does not Thus 3 differs 
markedly from P~HX(P(~-BU),)~ (X = C1, Br, I). Perhaps 
3 fails to undergo metalation because it is a relatively 
uncongested molecule. 

The complexes P~X(P(~-BU)~CM~~CHJ(P(~-BU) , )  (X = 
I, Br, C1) lose coordinated P(t-Bu), to afford the halo- 
bridged dinuclear complexes [P~(P(~-BU)~CM~~CH~)]~(~- 
X)2.B Formation of such dimers is dependent on solvent% 
and halide As for metalation of P ~ H X ( P ( ~ - B U ) , ) ~  

I 

1 

, i 

, I 

, i 

(27) (a) Cordischi, D.; Indovina, V.; Cimino, A. J. Chem. Soc., Faraday 
Trans. 1 1974, 2189. (b) Kiienski. J.: Malinowski. S. J. Chem. SOC.. 
Faraday Tra& 1 1978; 250. -(c) Klabunde, K. J.; Kaba, R. A.; Morris; 
R. A. Adu. Chem. Ser. 1979, No. 173, 140. 

(28) Tune, D. J.; Werner, H. Helu. Chim. Acta 1976,58, 2240. 
(29) (a) Clark, H. C.; Goel, A. B.; Goel, R. G.; Goel, S. Inorg. Chem. 

1980,19,3220. (b) Goel, R. G.; Ogini, W. 0.; Srivastava, R. C. Organo- 
metallics 1982, 1, 819. 
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complexes, the rate of dimer formation increases in going 
from X = C1 to I, presumably for steric reasons.29b The 
dimers form more quickly in ethanol than in noncoordi- 
nating solvents, such as dichloromethane or benzene.29b A 
similar loss of P(~-Bu)~(CHCH,CH,) from 1 in toluene/ 
acetic acid or dioxane must lead to formation of 4. Oxi- 
dation of free phosphine to phosphine oxide hinders the 
reverse reaction.29a 

Under various conditions complex 1 forms the less ste- 
rically congested complexes 2,3,  and 4. However, complex 
1 fails to form an internally metalated a-cyclopropyl com- 
plex even though such a complex would be less sterically 
congested than 1 (Scheme 11). 

We have previously reported the intramolecular acti- 
vation of the cyclopropyl ring of the phosphine ligand by 
the Pt center in ~~~~~-P~C~,(P(~-BU)~CH~CHCH~CH~)~ to 
form a o-allyl complex.21a In this complex the cyclopropyl 
group is accessible to the Pt atom. In the structures of the 
present complexes 1-4, the cyclopropyl rings are well re- 
moved from the Pt center. Thus, geometric constraints 
may prevent precoordination of the cyclopropane group 
to the Pt atom that would encourage cleavage of the strong 
cyclopropyl C-H bond. If no electronic interactions occur 

- 

- 

between Pt and cyclopropane in 1 in solution, then a t-Bu 
C-H bond (91.0 kcal/mol) should be more reactive than 
a cyclopropyl C-H bond (-101 kcal/mol),30 in agreement 
with the reaction chemistry found here. Whether activa- 
tion of this type is thermodynamically or kinetically con- 
trolled is not known.lb 
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Photorearrangements of CuCl Complexes of 
1,5,9-Cyclododecatrienes: Wavelength Dependence 
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Irradiation of the CuCl complexes of the cis-tram isomers of 1,5,9-cyclododecatriene (CDT) in the presence 
of an excess of these ligands at wavelength >290 nm caused sequential interconversions of all the possible 
isomers: ttt-CDT ~t ctt-CDT == cct-CDT e ccc-CDT. Irradiation of similar solutions at wavelength >240 
nm induced irreversible rearrangement of CDT to 9-vinyl-cis,cis-l,5-cyclodecadiene (VCDD) in addition 
to the reversible cis-trans photoisomerizations. The rearrangement was most likely caused by photoexcitation 
of CuC1.ccc-CDT with the light energy corresponding to 240-290 nm, and its mechanisms are proposed. 

Introduction 
Chemical reactions caused by sensitized, and less fre- 

quently direct, excitations of nonconjugated cyclic polyenes 
have attracted extensive investigations and are known to 
involve cis-trans isomerization, cycloaddition, and other 
assorted rearrangements.' Nonconjugated polyenes are 
known to form .Ir-complexes with copper(1) ~ a l t s ; ~ J  the 
structure and bonding of some of these Cu(1) complexes 
are well-defined., Owing to the tendency of coordination, 
photocatalyzed cycloadditions and rearrangements of such 
polyenes in the presence of Cu(1) salts have been exten- 
sively inve~tigated;~,~ an excellent review on these subjects 

(1) (a) Turro, N .  J. Modern Molecular Photochemistry; The Benja- 
min: Menlo Park, CA, 1978; Chapter 10-13; general references are cited 
here. (b) Inoue, Y.; Takamuku, S.; Sakurai, H. J.  Chem. SOC., Perkin 
Trans. 2 1977, 1635. 

(2) Salomon, R. G.; Kochi, J. K., J. Am. Chem. SOC. 1973, 95, 1889. 
(3) Haight, H. L.; Doyle, J. R.; Baenziger, N. C.; Richard, G. F. Inorg. 

Chem. 1963,2, 1301. 
(4) Salomon, R. G. Tetrahedron 1983, 39, 485. 
(5) (a) Kutal, C.; Grutsch, P. A. Adu. Chem. Ser. 1979, No. 173, 3250. 

(b) Salomon, R. G. Adu. Chem. Ser. 1978, No. 168, 174. 
(6) Srinivasan, R. J.  Am. Chem. SOC. 1964, 86, 3318. 

has been p~b1ished.l~ Recently we have provided evidence 
of the isomerization and cycloaddition of 1,5-cyclo- 
octadienes (1,5-COD) complexed with copper(1) salts and, 
further, a wavelength dependence of these photoreactions 
in the Cu(1) complexes.s This work led us to examine 
similar CuCl complexes of readily available trans,trans,- 
trans-1,5,9-cyclododecatriene (ttt-CDT) and &,trans,- 
trans-1,5,9-cyclododecatriene (ctt-CDT); their photorear- 
rangements are described here. 

Sensitized photorearrangements of CDTs have been 
investigated occasionally in the pa~t .~- ' l  The major 
pathway is the cis-trans isomerization of the olefinic bonds 
to give a mixture of all possible isomers, e.g., photolysis 
of ctt-CDT to ttt-CDT, cct-CDT, and ccc-CDT, although 
the disagreement on the presence of the last isomer has 

(7) Whiteside, G. M.; Goe, G. L.; Cope, A. C. J.  Am. Chem. SOC. 1969, 

(8) Chow, Y. L.; Buono-Core, G. E.; Y. Q. Organometallics 1984,3,702. 
(9) Nozaki. H.: Nisikawa. Y.: Kawanisi. M.: Novori. R. Tetrahedron 

91, 2608. 

1967,23, 2173. 
(10) Crandall, J. K.; Mayer, C. F. J .  Am. Chem. SOC. 1967, 89, 4374. 
(11) Attridge, C.  J.; Maddock, S. J. J.  Chem. SOC. C 1971, 2999. 
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