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The molecular structure of the complex 2,2’-b~~y~dy~dibenzy~denea~eto~~ 
palladium has been determined crysfallographicaliy. The crystal structure is. 
composed of two weakly associated Pd(bipy)(DBA) molecules and a benzene 
solvate. Mefz4.s in both complex molecules are three coordinate with ea&h Pd 
bound to one bipyridy: and one dibenzylideneacetone olefm. PaIladitim- 
carbon distances in both molecules indicate a Pd-olefin bond ijf intermediate 
strength. Structural differences between the two molecules suggest slight i 
bonding dissimilarities. 
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systems, sxmhr to two of the examples above [ 5,6,7]. Unlike many complexes 
of nucleophrlrc Group VIII metals, Pdt(DBA)s IS easily prepared and does not 
requue inert atmosphenc conditrons for preparatron or storage Structural in- 
vestrgatrons appear to indicate that metal encapsulatron by the bulky DBA 
hgands contributes to their stabihty and low reactivrty m sohd 

Tne Pd-DBA complexes have proven to be useful precursors to other Pd(0) 
complexes with phosphme, rsocyarude and nrtrogen donor lrgands [ 5,891 Re- 
active patterns of Pd(0) complexes indicate a relative low nucleophrhcrty for 
the metal Addrtion of the hgands 2,2’-brpyndyl, 9,10-phenanthrolme or pyn- 
clme to Pd2(DBA)3 yrelds Pd(N-N)(DBA) with actlvrty of the metal greatly 
enhanced. In the presence of molecular oxygen Pd(N-N)(O,) forms which 
reverts to a drhydroxo species in protic solvents [8] The bipyndyl complex 
Pd(brpy)(DBA) also reacts wrth orgamc azrdes formmg an amrdo complex under 
related condltrons [lo] 

In the interest of comparmg Pd-DBA coordmation in Pd(bipy)(DBA) to other 
Pd-DBA complexes and to Pt-olefin bonding m the Pt(PPhX)z(olefin) systems 
we have determined the molecular structure of the complex We now report the 
results of this mvestrgation 

Expenmental sectron 

The complex Pd(brpy)(DBA) was prepared by addition of a slight excess of 
2,2’-brpyndme to a benzene solutron of Pd2(DBA)3 CHICll under nrtrogen [ 51 
Slow evaporation of the solvent gave orange-red crystals. Chemrcal analyses in- 
drcated the presence of a hemrbenzene solvate. Precession and Werssenberg 
photographs mlcated monocluuc symmetry with extmctions OkO, k = !Z?n + 1 
and hOl, h + I = 2n + 1 consistent with space group p2, /n. A crystal of the com- 
plex was mounted, coated with an amorphous resm to retard decomposrtron m 
an and aligned on a Picker four-crrcle automated diffractometer The angular 
settmgs of 18 strong, mdependent reflectrons with 26 values greater than 20” 
were centered usmg MO-K, radratron (X = 0.7107 A) and used to grve refined 
lattrce constants of u = 13 926 (3), b = 13.935 (3), c = 25 565 (5) and /3 = 
94 36 (5)” An expenmental density of 144 (1) g cmm3 IS in agreement wrth a 
calculated value of 1.435 g cmo3 for four bunolecular runt-s of composrtron 
fPd(NtCloH~)(C,,H140)]* - C,He per unit cell The mosarc spread of the crystal 
w= determmed usmg the narrow-source open-counter o-scan technique and was 
found to be acceptable at 0.08”. An mdependent set of mtensrty data was collect 
ed by the 8-28 scan wque usmg Zr filtered MO-K, radration and allowances 
for the I&r - Kp2 separaf&n at lugher 28 values The data set was collected wrth- 
rn the angular range 4 < 26 < 45” Attenuators were msertecl automatically d 
the count rate of the ticted beam exceeded 9060 counts/set during scan. 
Durmg data collection the intern&es of four standard reflectrons m clrfferent 
regions of recrprocal space were morntored after every 100 reflections measured. 
None of these reflections showed more than statistical devia&ions m mtensity 
durmg the trme reqmred to collect data, Data were processed in the usual way 
wTth vahxs of I and a(lJ corrected for Lorenfz and poia&at~on effects. No signif- 
icant variations in transmission coefficients were found for&e data set Qz .= 
7.63 cm-‘) so no correction for absorption was applied. The intensitres of 7052 
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reflections were measured of which 3379 were observed to be greater than 20 
and used mtherefinement 

The structure was solved using conventlonal Patterson and Founer techmques 
[ll] In all calculations phenyl nngs associated \mth the dlbenzyhdeneacetone 
hgands and the solvate were treated as rlsd groups (d(C-C) = 1 392 A) Durmg 
all cycles of refinement the function mmlmlzed was Z W( I Fol - iFc I)* and 
weights taken as 4 Fo’/o*(Fo*) Standard devlatlons, o(F’), were calculated as 
described previously [12] Scattenng factors used were taken from conventional 
sources [ 131 Fmal refinement of the structure mcludmg fixed contrlbutlons for 
all hydrogen atoms converged \mth R = 0 059 and R, = 0.063 (R = ZIIFOI - IFctl/ 
CiFol and R, = (Zw(lFol - I Fcl)‘/ZwFo’)’ “)_ The final posltlonal and thermal 
parameters of the structure are @ven in Table 1 Denved posItIonal and lso- 
tropic thermal parameters of the group atoms are given m Table 2 A table of 
the final Fo and I Fcl values X 10 for the 3379 reflectIons used m the refinement 
1s available * 

TABLE2 

Atom x > .? B <A) 

RlC!(l) 

RlC(2) 
RlC(3) 

RlC(4) 

RlCX5) 

RlC(6) 

R2CXl) 

R2Ct2) 
R2C(3) 

R2C(4) 

R2cm 
R2C<6) 

R3Ctl) 
R3Ct2) 
R3CX2) 
R3CX4) 

R3cx51 

R3Q6) 

R4C(l) 
R4C<2) 

R4CX3) 
R4cx4) 
R4Cm 
R4C<6) 

BtCcl) 

Bzcm 
BZcx3) 

BrC<Q) 

B2Cxw 

BrCW 

04?26(7) 
0 5411(i) 

04974~8~ 
06593(i) 

0 5908(7) 

06345(8) 

01717(25) 

01399(17) 
01340(10) 

00319(25) 
00641(17) 
00696(11) 

-01322(7) 
-0679<6) 
--o 2082<6) 
-01556<8) 
--02199(6) 

-00796<6) 

-02349(7) 

*3647<7) 
-O2575(7) 
-03896(B) 
-03098(7) 
-04171C?> 

-00276t24) 

00044c20, 
-01144C?7) 
-0137X18) 

--01692~20) 

-0 05oix21> 

01059(22) 
01393(10) 

00916<14) 

01442(22) 

01108(11) 

0158504) 

00120(24) 

-00017(14) 
-00433(14) 

-01269(24) 
-01123(14) 
+0796(14) 

03212(6) 

03451(6) 
02589t6) 
0 2445(7) 
02206(i) 

03068(7) 

04414<9) 
0381Ot7) 
04829(8) 
04039<9) 
04642(7) 
03623i8) 

03215(l9) 

O-2268(22) 
03443(14) 

01779~18~ 
02726<20) 

0155109) 

0 3794(4) 
03470(3) 

04326(4) 
04209(4) 

04534(3) 

03677(4) 

0 1109(4) 

nO586(3) 

r1498(3) 

0084Ot4) 
01364(3) 
00451(3) 

0 5518(3) 

05941(4) 
0 5589<3) 
06506<3) 
06083(4> 

06435(3) 

02699(3) 
02685(4) 
02239<4) 
0 1750<3) 
01764<3) 
0221X(5) 

00875(11) 

00880(13) 
OloSlal) . 

01297(10) 
01292<14) 

o-to91a2) 

4 5(-j) 
4 S(3) 

5 4(3) 
59(4) 

64(4) 
53<4) 

46(3) 
51<4) 

42(3) 

69(4) 
4 5<3) 
5-7<4) 

33(3) 

41<3) 
4 5(3) 
5 5(4) 
56<4> 

57<4) 

4 8(3) 
61(4) 
51<3) 
61<4) 
56<4) 
?6<5) 

93(S) 

96(8) 
a4c71 

72<7> 

79(7) 

8-1c71 
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Description of the structure 

The structure consrsts of two weakly mteractmg Pd( blpy)(DBA) molecules 
and a well separated benzene solvate. A stereovlew showing both complex mole 
cules 1s presented m Frg 1 Views of the mner coordmation geometries of the 
two molecules are presented m Fig. 2 and 3. Bond distances and angles for both 
molecules are contamed m Table 3 

The DBA &and 1s remarkably d:verse m its coordination properties It may 
bond as a dlclefm to one [143 or two [ 5,73 metal centers, as a single olefin [S] 
or as an oxygen donor 1151 It exists 111 three conformational forms all of which 
have been observed m various DBA complexes. Gross structural features of both 
Pd(bipy)(DBA) molecules are srmrlar The metals are three coordinate with DBJ 
ligands bondmg through one olefm m the “W” conformational form Palladmm- 
carbon distances m the two Pd(blpy)(DBA) molecules are substantially shorter 
than values found m Pd2(DBA)J CHzClz, Pd2(DBA& CHCI, or Pd(DBA)S all o 
whrch fall m the 2 25 A range Distances found m molecule 1 (co$nmg Pd(1)) 
average to 2.074 (9) while similar distances m the second molecule average to 
2 100 (9) A. 

In drawing comparisons to Pt-olefm bondmg m the Pt(PPh,),-(olefin) sys- 
tems it should be pointed out that whrle the metallic radu of Pd and Pt are 
comparable (Pt is about 0.01 A larger) contraction of the mtrogen-palladmm- 
mtrogen angle to 76 4 (4)” m the Pd(bipy)(DBA) molecules compared wrth 
P-Pt-P angles of 100-105” m the Pt(PPh,l)l(olefii) systems may alter bondmg 
properties at the olefin coordmatxon site. However, maJor differences between 
the two types of complexes would most hkely relate to the strong donor nature 
of the bipyndyl hgand with enhanced Pd-oIefin bonding Platmum-carbon 
distances m the Pt(PPh,),(olefm) senes range from 2.11(3) A for ethylene [16] 
to 2 00 (1) A for C,F, [I’?]. The present values, therefore, reflect a Pd-olefin 
interaction of only mtermediate strength with the enhanced nucleophlliclty 
expected wrth the nitrogen donors moderated by the low affmity for ir-acceptor 
hgands of zerovalent pahadmm. 

Subtle but consistent structural disparities between the two Pd(brpy)(DBA) 
molecules suggest drfferences in Pd-DBA coordmatron wrthm the molecular 
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pau. Palladlm-carbon distances are shorter m molecule 1 than molecule 2 
In both molecules Pd-N lengths are approximately 0.05 A longer on the side 
contammg the uncoordmated portlon of the pentadlenone moiety. This may 
be due to an mteractlon mth the blpyndyl rmg proton at the 6 posltlon as 
further mdlcated by bond angles about both Pd atoms. However, related Pd-N 
lengths vvlthm the two molecules are 0 02 to 0 03 a shorter m molecule 1 While 
this difference IS of margmal statlskcal slgniflcance stronger donor bonding m 
ths molecule is consistent vtlth the stronger Pd-olefin bond 

Other features of the structure have beanng on ths observation. TheoretIcal 
treatments on tngonal olefin complexes of d*O metals m&cate that n bondmg 
1s most effective v&h the olefin contamed m the molecular plane 1181 The dl- 
hedral angles between PdN, and Pd-olefm planes are 4 4 (5)” m molecule 1 and 
16 7 (5)” in molecule 2 (Table 4) An addltlonal feature associated with strong 
metal-olefin coordmatlon IS distortion of substltuents out of the olefm plane, 
away from the metal. Dlbenzyhdeneacetone hgands of the Pd2(DBA)J and Pd- 
(DBAJ3 molecuies have been found to be pIanar, mcludrng phenyl substltuents 
In the present structure the DBA asqociated mth Pd(2) also exhlblts no sub- 
stark& devlatlon from planarity However the phenyl nng associated mth the 
coordinated olefin m molecule 1 IS 31’ from the plane of the pentadlenone 
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T4BLE3 

PRINCIPXL INTR4hlOLECULAR BOVD DISTAVCBS AND ANGLES IN [Pd(Bws)(DB-I)12 C&,5 
----~ -__- 

Atom Dlst.ances(X) ACOrnS 4ngler(deft) 
__----- 

2177(S) 
2129(S) 
2071(9) 

2077(9) 

1350) 
138(l) 

141(l) 
140(l) 

143(l) 

1340) 
151(l) 
139(l) 
136(l) 
143(l) 

14X1) 
139(l) 
1380) 
142(l) 
146(l) 
122(l) 

152(l) 

133(l) 
151(Z) 
152(2> 

2147<8) 
2203(S) 
2106(9) 

2G95(9) 
140(l) 
138(l) 
136(l) 

- VI> 

*(I) 
136(l) 
151(l) 
136(l) 
141(l) 
IdOCI) 
138<1) 
141(l) 

13X1) 
145<11 
146(l) 
123(l) 
148411 
137(l) 

3.51<2~ 

150(2> 

N(l)_Pd(1 l--N(2) 
N(l)-Pd(lFC(21) 
W(l)-Pd(lH(22) 

X(PkPd(lFU21) 

h(%FPd(l+U22) 
Pd(l)_N(Ib-Ul) 
Pd(l)-X(lrC(5) 
Pd(l>--Y(!?&C<6) 

Pd(l)_\(25_C(lO) 

h(l)--Cclt-U2) 

h(lFUlFU6) 
"r(2b--cxCJ--c'7> 

h(2FC(6)--CO) 
Ct21)_-Pd(lH422) 

Pd~l+C~21I-U22) 

Pd(lF-CX22k-U21) 
U21)--c(22J-U23~ 
U22k-U23)-U24) 
c~22j-c(23)--0(1> 

U24k-C~23)--0(1) 
C(23FtX24YC(25> 

763(J) 
1169(4) 
1566(4) 

1664(4> 

126 5(5) 

116 S(8) 
1207(9) 
1169(B) 
1253(g) 

1230) 
115(l) 
124(l) 

1150) 
400<4) 
70 2(i) 

69 7<7) 
12oa> 
116(l) 
123(l) 
120(l) 
115(l) 

76414) 
116 8t-1) 
1556(4) 
1650(4) 

1275(4) 
117 7(S) 
1239(g) 
1142(8f 

1230(9> 
124(l) 
113(l) 
121(l) 
117(l) 

40 5<4) 
693<6) 
702<7) 

117(l) 

lll<l> 
126(l) 
122(l) 
119(l) 

portlon of the hgand These features are all consistent with stronger blpyndy1 
and D%*4 coerdSl&Bx3 to Pd(lt) 42x353 to Pd@)_ 

The two independent Bd(blpy)(D%AJ mokcuIes are oriented m the crystal 
&ruc&fz sr.xA gAag atoms of fhe bipyridyyI iigaud of one are supf&.mpased on 
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T4BLE 4 

DIHllDR4L AhGLES AhD LEAST-SQUARES PLANES IN [Pd<bapy)(DBA)I2 CgHg 

manr 1 Plane 2 Awe <“) 
- 

V(l) C(2) C<4) 

N(3) C(12) C(14) 

C(22) C(23) C(24) 

Pd(l) v(l) N(2) 

Pd(2) N(3) U(4) 

C(22) C(23) C(24) 

Cc221 C(23) Cc241 

Cc271 C(28) C(29) 

C<Z7) C(28) C(29) 

Last SQuan?S Plnnes a 

N(2) C(7) C(9) 2 4s) 

N(4) C(17; C(19) 10 4(6) 

C(27) Cc281 C(29) 10 4<6) 

Pd(1) C(21) Cc221 4 4(5) 

Pd(2) C(26) C(27) 16 7<5) 

Group R(1) 31 

Group R(2) 5 

Group R(3) 4 

Group R(4) 7 

Compound AtOm Distance (4) 
___- ______ 

Dd.enzyhdeneacetone I Pd(l) 192 

-951x+992y+552-=Oi7 O(l) 0 00(l) 

C(21) 0 01(l) 

C(22) -0 04(l) 

Cc231 0 02(l) 

C(24) 0 04(l) 

Cc251 -0 O-l(l) 

Pd(2) 195 

O(2) -fJ 02(l) 

C(26) 0 16(l) 

C<27) 4 11(l) 

C(28) -0 06(I) 

C(29) -0 07(l) 

t-x30) 0 15(l) 

a Leastsquares phns calculated accordmg to [201 Equatums gwen m monochmc coordmates 

D~benz,hdeneacetone II 

-906x+931y+104&=-982 

the bipyndyl hgand of the adjacent molecule Shortest mteratomlc separations 
between ligands range from 3.40 to 3.62 A Hnth mterplanar separations of 3 51 
and 3 55 A between isolated pau-s of pyndme rmgs. Tlus particular feature E 
normally associated with dononcceptor behavror between electromcally 
d~sumlar species. If such an mtermolecular mteractlon IS responsible for the 
pairmg of Pd(blpy)(DBA) molecules It 1s extremely weak but consistent mth 
the structural drfferences between molecules 
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