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a r e observed (F igu re 1). T h e spec t rum agrees well wi th those 
reported in the l i terature for P N B radical anion.1 5 T h e strongest 
s ignals a r e observed for 1. 4. and 5 (which have significant 
q u a n t u m yields of pho todcca rboxy la t i on ) ; the s a m e signals a r c 
also observable for 2. 3 , and 6. Photolysis of phenylaceta te anion 
( * = 0 . 0 1 ) 1 1 6 with P N B gave only very weak E S R signals . 
Photolysis of P N B alone or 1-6 in the absence of P N B does not 
give any E S R signal . It seems c lear t ha t 1-6 are sources of 
electrons on photolysis . W c have ruled out a s imple electron 
photoejection mechanism from the photoexcited carboxylatc anions 
since carboxyla te anions such as sodium benzoa te—which do not 
photodecarboxylatc—fai led to give any E S R signal on photolysis 
with P N B . Tha t the photogencra ted ca rban ions a r e the sources 
of e lec t rons is therefore impl ica ted . 

In s u m m a r y , the results suggest that a simple "electron-count" 
rule applies for predict ing the relative react ion efficiencies when 
dea l ing with photochemica l react ions capab le of gene ra t ing 
charged conjugated cyclic a r rays as intermediates. In the excited 
singlet s t a te , a 4n-electron count is favored over the usual 4« + 
2 sys tem c o m m o n l y observed in t h e ground state.1 7-1 8 
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In the last two decades , d inuc lea r m e t a l - m e t a l bonded plat i-
n u m ( l ) complexes have been the subject of numerous spect ro­
scopic, s t ructural , and electrochemical studies.1 Almost all these 
d i p l a t i n u m ( l ) compounds contain p l a t i n u m - c a r b o n bonds or 
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Figure 1. The structure of [CI ,Pt ' - (DMSO) 20i)-O).Pt" . (DMSO) 4 ] , I, 
as found in 2: average Pt'-CI 2.470 (5), Pt ' -S 2.169 (5). P t ' -O 2.06 (1), 
P t " - 0 2.03 (1). P t " -S 2.221 (5) A. 
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ligands such as phosphines and hydrides and are prepared under 
anae rob ic condi t ions in nonaqueous solvents. 

Wc report here the preparat ion and structural character izat ion 
of an unusual mixed-valence p la t inum( l . l l ) te tranuclear complex 
which conta ins a m e t a l - m e t a l bonded d i p l a t i n u m ( l ) unit . A i r 
s t a b l e c o m p o u n d s , c o n t a i n i n g the t e t r a n u c l e a r c o m p l e x 
[ C l 2 P t 1

2 ( D M S O ) 2 ( ^ r O ) 2 P t l l
2 ( D M S O ) 4 | , I, a r e easily prepared 

in solutions containing water and in the open.2 A delailed X-ray 
analysis of three different solvates, I P l 4 C l 2 O 2 ( D M S O ) 6 I - X ( X = 
2 H 2 O , 1; X = H 2 O - D M F , 2; X = C H 2 C l 2 , 3 ) , showed tha t the 
s t ruc ture and dimensions of 1 in 1-3 are almost ident ical . ' T h e 
t e t ranuc lea r complex, depicted in Figure I, consists of a d imer ic 
P t ' 2 C I 2 ( D M S O ) 2 unit fused into a d imer ic P t 2

1 1 O 2 ( D M S O ) 4 unit 
by the formation of two /i3-oxo bridges. Each oxygen atom bridges 
one Pt(I) and two Pt( I I ) atoms and the P t 4 O 2 unit can be described 
as a distorted cubane- type framework in which two oxygen a toms 
are missing. T h e O - P t ' - P t ' - O system deviates significantly from 
planarity with torsional angles of about 28° ; the overall symmelry 
of I is therefore C 2 . T h e geomet ry about each p la t inum a tom is 
nearly squa re p lanar . T h e two P l ( I ) a toms in 1. 2. and 3 arc 
bonded with P t - P t d is tances of 2 .579 ( I ) , 2.605 ( I ) , and 2.569 
(3) A , respectively. These distances fall within the range of other 
P t ( I ) - P t ( I ) separa t ions in o ther complexes which correspond to 

(2) Crystals of 1 were obtained by slow evaporation (2 weeks) of a solution 
containing K-PtCI1 (25 mg). NaOCH, (30 mg) in McOII (30 ml.). DMSO 
(6 mL). and DMF (1 mL) in an open beaker. Compound 2 was obtained by 
using the same rcaclants but with 6 ml. of DMF. Crystals of 3 were obtained 
by rccrystallization of 2 from CH2Cl2. All solvents were used undricd. The 
bright orange crystals were collected and washed with small amounts of 
acetone and dried under vacuum. 

(3) Compound I: (Pt40,CI,(DMSO)„)-2H.O; space group Pl1Ic a = 
9.960(1) A. ft= 17.315(2) A. .- = 20.588 (2) A. 0 = 100.73(3)-, V = 3488 
(1) A \ diM = 2.644 g cm"1, Z = 4, R = 0.059, R, = 0.068. Compound 2: 
[ P I 1 O - C I - ( D M S O ) J - D M F - H - O : space group Pl , a = 11.591 (1) A, A = 
14.509 (2), c = 10.697 (1) A, « = 90.35 (3), 0 = 95.78 (3), -v = 93.77 (2)°, 
V = 1786 (1) A', rf(calcd) = 2.684 g cm"', Z = 2. R = 0.046, K„ = 0.053. 
Compound 3: IPt1O-CI-(DMSOk]-CII-CI.; space group /"I. a = 11.109 (I), 
A= 16.184 (2). c= 10.121 (1) A. a = 94.43 (3), B = 97.72 (3), 7 = 72.04 
(3)°. V= 17 14(1) A', ,/(calcd) = 2.784gcm ', Z = 2. R = 0.058. R, = 
0.071. 
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a single bond.1 The cCPt'-Pt1) Raman frequency found in 2, 149 
cm"1, is in good agreement with other complexes containing a Pt'2 
system.4 The oxygen atoms in the coordination sphere of the Pt(I) 
atoms deviate by about 0.5 A from the planes defined by the 
central metal atom and the four surrounding atoms, i.e., Pt2OClS. 

The interplanar angle about the Pt-Pt bonds is 52.0°, 45.1°, 
and 54.9° in 1, 2, and 3, respectively. These values are similar 
to those found in other diplatinum(I) systems and close to the 
optimal value of 45 " . 1 ^ The dimensions of the Pt"202(DMSO)4 
fragment in I are very similar to those reported for [Pt"2-
(OH)2(DMSO)4]2+, H.5 The main difference is in the dihedral 
angle between the two PtO2 planes which is about 35° in I com­
pared with the planar Pt2O2 system in the di-M-hydroxo compound. 
The formation of I from K2PtCl4 is obviously a multistage process. 
The first stage is the formation of CW-PtCl2(DMSO)2.

6 Colorless 
crystals of this compound are precipitated and are redissolved when 
DMF is added to the reaction mixture. When K2PtCl4 was re­
placed by CW-PtCl2(DMSO)2 as a starting material, the same 
product, I, was obtained. Scheme I is proposed for the formation 
of I from CW-PtCl2(DMSO)2. The formation of II from cis-
PtCl2(DMSO)2 in the presence of water was previously reported,5 

and the postulated Pt2
1 species, III, may be formed by the reduction 

of Pt" by the CH30"/CH3OH mixture as found in other sys­
tems.u,f The attraction of the dinegative intermediate II to the 
dipositive intermediate NI may promote their fusion into the 
product I. 
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The bis(crown ether) is one of the macrocyclic polyethers which 
has been designed to improve the cation-binding properties.1 

Extraction behaviors and homogeneous stability constants have 
provided conclusive demonstrations for the cooperation of the two 
crown units in many bis(crown ether)s in the complexation with 
the cations being larger than their hole size.2 To data, however, 
there is no unequivocal evidence on how the two crown rings 
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Figure 1. Perspective (top) and skeletal (bottom) drawings of 
BOA15C5-2KSCN-H20, along with the coordination bond distances (A). 

cooperate in the complexation, although many X-ray analytical 
results on mono(crown ether) complexes have been reported3 and 
Gokel et al. gave the evidence for the side-arm participation in 
the crystalline lariat ether complexes.4 X-ray analyses of the 
bis(monoaza-15-crown-5)potassium thiocyanate complex presented 
here show that the bis(crown ether) can bind two K+ cations and 
that the oxygen atom in the bridging chain interacts directly with 
both ring-bound cations. 

The structure of the KSCN complex of l,5-bis(Ar-monoaza-
15-crown-5)-3-oxapentane (BOAl 5C5) is shown in Figure 1 along 
with a skeletal drawing of the donor atoms and metal ions in which 
their relative arrangements were depicted.5 The whole molecule 

(3) (a) Bright, D.; Truter, M. R. J. Chem. Soc. B 1970, 1544-1550. (b) 
Mallinson, P. R.; Truter, M. R. J. Chem. Soc, Perkin Trans. 2 1972, 
1818-1823. (c) Seiler, P.; Dobler, M.; Dunitz, J. D. Acta Crystalhgr., Sect. 
B: Struct. Crystalhgr. Cryst. Chem. 1974, B30, 21AA-IlAi. (d) Bradshaw, 
J. S.; Nakatsuji, Y.; Huszthy, P.; Wilson, B. E.; Dalley, N. K.; Izatt, R. M. 
J. Heterocyclic Chem. 1986, 23, 353-360. 

(4) (a) Fronczek, F. R.; Gatto, V. J.; Schultz, R. A.; Jungk, S. J.; Colucci, 
W. J.; Gandour, R. D.; Gokel, G. W. J. Am. Chem. Soc. 1983, 105, 
6717-6718. (b) Fronczek, F. R.; Gatto, V. J.; Minganti, C; Schultz, R. A.; 
Gandour, R. D.; Gokel, G. W. /. Am. Chem. Soc. 1984, 106, 7244-7245. (c) 
Gandour, R. D.; Fronczek, F. R.; Gatto, V. J.; Minganti, C; Schultz, R. A.; 
White, B. D.; Arnold, K. A.; Mazzocchi, D.; Miller, S. R.; Gokel, G. W. J. 
Am. Chem. Soc. 1986, 108, 4078-4088. (d) White, B. D.; Arnold, K. A.; 
Gokel, G. W. Tetrahedron Lett. 1987, 28, 1749-1752. (e) Arnold, K. A.; 
Echegoyen, L.; Fronczek, F. R.; Gandour, R. D.; Gatto, V. J.; White, B. D.; 
Gokel, G. W. / . Am. Chem. Soc. 1987, 109, 3716-3721. 

(5) C24H48N2O9^KSCN-H2O, a white crystalline solid, mp 132-133 0C; 
IR (Nujol) 3490, 3390, 2060, 2040, 1120, 1080, 940, 850 cm"1; Crystal data: 
triclinicfl, a = 12.071 (5) A, b = 16.619 (4) A, c = 9.817 (2) A, a = 106.67 
(5)°, /3 = 99.80 (9)°, 7 = 72.03 (9)°, V= 1787 A3, Z = 2, dc = 1.341 gem"3, 
R = 0.074 for 6690 data. Anal. Calcd for C26H50N4O10K2S2: C, 43.31; H, 
6.99; N, 7.77. Found: C, 43.35; H, 6.93; N, 7.93. No effort has been made 
to locate the hydrogen atoms. 
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