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Reaction of the title bicyclic olefin with PdC12(PhCN)2 in CDC13 gives bis(p-chloro)bis[ 1,4,5-~-8-(a- 
chloroethyl)cyclooctenyl]dipalladium(II). Single-crystal X-ray diffraction was employed to determine the 
molecular structure of this chlorine-bridged dimer. Crystal data: CloHleC12Pd, monoclinic, a = 7.867 (2) 
A, b = 12.651 (2) A, c = 13.172 (2) A, 0 = 119.4 ( 1 ) O ,  space group PZ1/C, 2 = 4. The final R factor is 6.3% 
for 1143 diffractometer collected intensities having I I u (0. The important stereochemical features are 
(i) the anti orientation of Pd and a-chloroethyl, which indicates inversion at  cyclopropane carbon on 
electrophilic attack by palladium, and (ii) the sequence ordering on C9, which indicates inversion at  C9 
on nucleophilic attack by chlorine. The reaction of the dimer complex with aqueous cyanide ion proceeds 
quantitatively with retention a t  C1 to form the trans (at cyclopropane) epimer of the title bicyclic. The 
probable mechanism of the ring closure is discussed. 

Introduction 
In previous reports from this laboratory, we have dis- 

cussed chloropalladation reactions of bicyclo[6.1.0]non-4- 
ene, bicyclo [ 5.1 .O] 0ct-3-ene,~ N-carbethoxy-8-azabicyclo- 
[5.1.0]0ct-3-ene,~ and exo- and endo-9-methylbicyclo- 
[6.1.0]non-4-ene (la and lb), respectively! More recently, 

\ l a ,  X =  CH,, Y = H 
b, X =  H, Y = CH, 2 

Backvall and co-workers5 have described the chloro- 
palladation of the vinylcyclopropane (+)-car-2-ene (21, 
which was observed to form two palladium a-allylic 
products with a solvent-dependent product ratio. Thus, 
in (+)-2-carene the cyclopropane carbon that becomes 
allylic on chloropalladation undergoes predominant in- 
version of configuration in benzene. In reviewing elec- 
trophilic attack on cyclopropane rings, DePuy noted that 
much of the interest in such reactions derives from po- 
tential control of stereochemistry in the (up to three) new 
asymmetric centers developed on ring opening.6 We now 
report that  chloropalladation of cyclopropane in la  pro- 
ceeds solely with inversion of configuration a t  both newly 
formed asymmetric carbon centers. 

Experimental Section 
Instrumentation. lH NMR spectra were obtained at 90 MHz 

by using a Varian EM390 instrument; 13C NMR spectra were 
obtained at 22.39 MHz by using a Bruker WH-90 instrument. 
X-ray intensity data were collected at room temperature by using 

(1) Albelo, G.; Rettig, M. F. J.  Organomet. Chem. 1972, 42, 183. 
(2) Albelo, G.; Wiger, G.; Rettig, M. F. J .  Am. Chem. SOC. 1975, 97, 

(3) Wiger, G.; Rettig, M. F. J .  Am. Chem. SOC. 1976, 98, 4168. 
(4) Rettig, M. F.; Wilcox, D. E.; Fleischer, R. S. J. Organomet. Chem. 

1981, 214, 261. 
(5) Ahmad, M. U.; Backvall, J. E.; Nordberg, R. E.; Norin, T.; Strom- 

berg, S. J. Chem. SOC., Chem. Commun. 1982,321. The literature cita- 
tions provided in the Backvall communication summarize related recent 
work. Also see: Clemens, P. R.; Hughes, R. P.; Margerum, L. D. J. Am. 
Chem. SOC. 1981,103, 2428, for a recent report on the stereochemistry 
of methylenecyclopropane chloropalladation. 

4510. 

(6) DePuy, C. H. Top. Curr. Chem. 1973, 40, 73. 

Table I. Crystallographic Data and 
Data Collection Conditions for C,,H,,CI,Pd 

formula 
space group 
M,, Daltons 
0, a 
b ,  A 
c, A 
P ,  deg v, A3 

z 

dcalcd, g/cm3 
dobsd, !dcm3 
cryst size, mm X mm X mm 
radiation 

scan type 
scan width ( AW), deg 
max counting time, s 

collectn range 
no. of unique data 
no. of unique data I > l.Oo(I) 
no. of variables 
R 

esd 
largest parameter shift 
largest peak, e/A3 

RW 

C,,H,,C1zPd 
P2,lc (no. 14)  
313.55 
7.867 (2)  
12.651 ( 2 )  
13.172 (2) 
119.4 (i) ' 
1142.3 (6) 
four based on monomer 

(each dimer sits on a 
crystallographic center 
of symmetry) 

1.832 
1.830a 
0.305 X 0.102 X 0.102 
graphite monochromated 

MO Kcr ( h  = 0.7107 A )  
W -2e 
0.75 + 0.35 tan e 
2 < 28 4 40", 120 s 
40 < 2s G 50", 240 s 
2 G 2e G 50" 
2005 
1143 
116 
0.063 
0.057c 
1.51d 
0.31d 
1.535e 

By flotation in mixed halo solvents. R = z iiFo I - 
lFcll/~lF,,i. Rw = [xw( IFo]- ~ F , I ) ~ / z ; ~ ~ F ~ ~ ~ ] ~ ' ~  and 
w = 4F2/LZo(I) ,  where L is the reciprocal Lorentz- 
polarization correction and o ( I )  = [P -t- ( t /20)2B -t- 
(0.0451)2]1'2. Here P is the number of counts during the 
scan, t is the scan counting time in seconds, and B is the 
sum of the background counts. From final refinement, 
as a fraction of standard deviation. e From final differ- 
ence Fourier. 

an Enraf-Nonius CAD-4 automated diffractometer. 
Preparation of Compounds. The complex bis(p-ch1oro)- 

bis[ 1,4,5-~-8-(a-chloroethyl)cyclooctenyl]dipalladium(II) (3) was 
prepared by chloropalladation of la as described earlier.4 The 
related complex bis(~-chloro)bis[l,4,5-~-cyclooctenyl]di- 
palladium(I1) (4) was prepared as described in the l i t e r a t~ re .~  

(7) Stille, J. K.; James, D. E. J. Organomet. Chem. 1976,108,401-408. 
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Table 11. Positional and Thermal Parameters and Their Estimated Standard Deviations for C,,H,,Cl,Pd~ 

atom X Y z B(L1) B( 2,2) B(3,3) B(1,2) B(L3) ~ ( 2 ~ 3 )  
Pd(1) 0.4830 (1) 0.09620 (6) 0.39878 (6) 0.0333 (1) 0.00415 (4) 0.00996 (5) -0.0017 (2) 0.0169 (1) 0.0018 (1) 

Cl(2) 0.1503 (4) 0.4908 (2) 0.3606 (3) 0.0429 (9) 0.0072 (2)  0.0160 (3) 0.0061 (7) 0.0204 (7) -0.0038 (4) 
Cl(1) 0.2791 (4) 0.0446 (2) 0.4783 (2) 0.0410 (7)  0.0065 (2) 0.0152 (2) 0.0030 (5) 0.0285 (5) 0.0059 (3)  

atom X Y z B, Az atom X Y z B, Az 

C(1) 0.276 (1) 0.1942 (8) 0.2843 (7) 4.9 (2) H(3A) 0.457 (10) 0.125 (7)  0.114 (6) 5.0 
C(2) 0.275 (1) 0.1838 (9)  0.1695 (7)  5.0 (2) H(3B) 0.536 (10) 0.261 (7) 0.170 (6) 5.0 
C(3) 0.471 (1) 0.1815 (9) 0.1821 (8) 5.0 (2) H(4) 0.670 (9) 0.092 (7) 0.292 (6) 5.2 
C(4) 0.626 (1) 0.1422 (8) 0.2999 (8) 5.2 (2) H(6) 0.822 (10) 0.176 (7) 0.463 (6) 4.5 
C(5) 0.706 (1) 0.1971 (8) 0.4007 (7) 4.5 (2) H(6A) 0.681 (8) 0.313 (7)  0.492 (5) 4.9 
C(6) 0.675 (1) 0.3100(9) 0.4251 (7) 4.9 (2)  H(6B) 0.781 (10) 0.352 (7) 0.412 (6) 4.9 
C(7) 0.486 (1) 0.3633 (9) 0.3458 (8) 4.8 (2) H(7A) 0.490 (10) 0.419 (7)  0.397 (6)  4.8 
C(8) 0.306 (1) 0.3045 (7) 0.3388 (6) 3.7 (2)  H(7B) 0.474 (11) 0.368 (6) 0.283 (6) 4.8 
C(9) 0.122(1) 0.3758(8) 0.2736(7) 4.9(2) H(8) 0.309 (7) 0.298 (6) 0.419 (5) 3.7 
C(10) -0.063 (2) 0.3232(11) 0.2497(10) 7.2(3) H(9) 0.135 (10) 0.400 (7) 0.197 (6) 4.9 
H( l )  0.161 (9) 0.172 (7) 0.285 (6) 4.9 H(1OA) -0.079 (10) 0.293 (8) 0.199 (6)  7.2 
H(2A) 0.201 (10) 0.239 (7) 0.107 (6)  5.0 H(1OB) -0.033 (11) 0.301 (8) 0.334 (7) 7.2 
H(2B) 0.218(10) 0.111 (6) 0.136 (6)  5.0 H(1OC) -0.152 (12) 0.369 (8) 0.220 (7) 7.2 

a The form of the anisotropic thermal parameter is exp[-(B( l , l )*hz  t B( 2,2)*k2 t B(3,3)*12 t B( 1,2)*hk t B( 1,3)*hl t 
B( 2,3)*kl)]. Estimated standard deviations in the least significant digits are shown in parentheses. 

Figure 1. Stereopair drawing of 3. The view is normal to the square plane, over the bridge centroid (hydrogens omitted for clarity). 

Spectral properties of 4 were identical with those published.’ 
Reaction of Complexes 3 and 4 with CN-/D20. In a typical 

experiment, 0.4 mL of a CDCl, solution 0.05 M in 4 is shaken for 
20 s with 0.5 mL of D2O which is 1 M in KCN. After layer 
separation, the organometallic product ([ (CN),Pd(a-cyclo- 
~ctenyl)](*+~)) is found (by NMR) to be in the D2O layer: ‘H NMR 
(DzO, referenced to (CH~),S~CH~CHZCH~SO~N~) 6 5.85-5.3 (2 H, 
m, olefin), 2.5-1.1 (11 H, remaining hydrogens); 13C NMR (D20, 
broad-band lH decoupled, internal reference dioxane, peaks re- 
ported here referenced to Me4&) 6 132.5, 131.5,40.4,37.9, 30.5, 
29.9, 28.9, 25.7. 

The reaction of complex 3 with CN-/D20 was reported earlier.4 
In this case the organic product (see Results and Discussion) 
remains in the CDCl, layer. 

Crystal Growth. Complex 3. Gas diffusion of pentane into 
a nearly saturated solution of 3 in CHC13 led, after 24 h, to rather 
thick pale yellow needles. One of these needles was selected for 
the X-ray investigation. 

X-ray Data and Structure Determination. A summary of 
crystal data is presented in Table I. Room-temperature X-ray 
photographic data from precession and cone axis photographs 
showed the crystal to be monoclinic with systematic extinctions 
(hOl,l= 2n; OkO, k = 2n) consistent with the space group P 2 , l c  
(No. 14). Data reduction and structure solution/refinement were 
accomplished by using the Enraf-Nonius structure solution 
programs (version 18.2). The cell constants were based on 
least-squares refinement of 25 carefully centered high-angle re- 
flections. The atom positional and thermal parameters are listed 
in Table 11. A full list of bond distances and bond angles is 
presented in Tables I11 and IV, respectively. Tables of observed 
and calculated structure factors as well as additional molecular 
geometry results are available as supplementary material. 

Table 111. Bond Distances (A) for C,,H,,Cl,Pd 
0.91 (8) 

C( 2)-C( 3) 1.474 (13) C( 2)-H( 2A) 0.97 (7) 

C(4)-C(5) 1.349 (12) C(3)-H(3A) 1.08 (7) 
C( 5)-C( 6) 1.514 (1 2) C( 3)-H( 3B) 1.14 (8) 
C(6)-C(7) 1.498 (13) C(4)-H(4) 0.79 (8) 
C( 7)-C( 8) 1.53 2 (1 2) C( 5)-H( 5) 0.92 (8) 
C(8)-C(1) 1.523 (11) C(6)-H(6A) 0.87 (8) 
C( 8)-C( 9) 1.542 (11) C( 6)-H(6B) 0.96 (8) 
C(9)-C(lO) 1.497 (16) C(7)-H(7A) 0.99 (8) 
C( 9)-C1( 2) 1.807 (9) C( 7)-H( 7B) 0.83 (8) 
Pd( 1)-C1( 1) 2.396 (3) C( 8)-H( 8) 1.06 (6) 
Pd( 1)-C( 1) 2.01 5 (9) C( 9)-H( 9) 1.13 (7) 
Pd(1)-C(4) 2.178 (10) C(lO)-H(lOA) 0.82 (10) 
Pd(l)-C(5) 2.144 (9) C(lO)-H(lOB) 1.04 (10) 

C(lO)-H(lOC) 0.84 (10) 

C(l)-C(2) 1.521 (12) C(l)-H(l) 

C( 3)-C(4) 1.508 (13) C( 2)-H( 2B) 1.00 (7)  

Results and Discussion 
Complex 3 is found to be a centrosymmetric dimer, 

resulting from chloropalladation of exo-9-methylbicyclo- 
[6.1.0]non-4-ene with overall external cleavage of the  cy- 
clopropane rings. An ORTEP drawing of the  structure is 
shown in the Figure 1. The centrosymmetric nature of 
the dimer is exact, since the  molecule is positioned on a 
crystallographic center of symmetry. 

The palladium-carbon bonding is the expected 1,4,5-q3 
‘‘u,d‘ type interaction. The crucial stereochemical features 
are (i) the anti orientation of Pd(l)-C(l) and C(8)-C(S), 
which indicates inversion at C(1) on electrophilic attack 
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Pd( 1)-C( 1)-C( 8) 
Pd( 1)-C( 1)-C( 2) 
Pd( 1)-C( 1)-H( 1) 
C( 8)-C( 1)-C( 2) 
C( 8)-C( 1)-H( 1) 
C( 2)-C( 1)-H( 1) 

C( 1)-C( 2)-H( 2A) 
C( 1)-C( 2)-H( 2B) 
C( 3)-C( 2)-H( 2A) 
C( 3)-C( 2)-H( 2B) 
H( 2A)-C( 2)-H( 2B) 
C( 2)-C( 3)-C( 4) 
C( 2)-C( 3)-H( 3A) 
C( 2)-C( 3)-H( 3B) 
C( 4)-C( 3)-H( 3A) 
C( 4)-C( 3)-H( 3B) 
H( 3A)-C( 3)-H( 3B) 
Pd( 1)-C( 4)-C( 3) 
Pd( 1)-C( 4)-C( 5) 
Pd( 1)-C( 4)-H(4) 

C( 1)-C( 2)-C( 3) 

C( 3)-C( 4)-C( 5) 

110.3 (6) 
106.7 (7)  
102.5 (50) 
117.8 (8) 
108.0 (50) 
110.6 (48) 
113.9 (8) 
117.6 (46) 
108.1 (45) 
106.0 (47) 
101.7 (45) 
108.3 (57) 
112.7 (8) 
103.5 (40) 
116.7 (38) 
109.8 (39) 
106.2 (38) 
107.7 (52) 
108.2 (7) 

70.5 (6)  
102.1 (62) 
127.3 (9) 

Table IV. Bond Angles (Dee) for C,,H,,Cl,Pd 
C( 3)-C(4)-H( 4) 109.5 (62) C(l)-C(8)-H(8) 
C( 5)-C( 4)-H( 4)  122.4 (64) C( 7)-C( 8)-C( 9)  
Pd( 1)-C( 5)-C( 6)  110.7 (6) C( 7)-C( 8)-H( 8) 

Pd( 1)-C( 5)-H( 5) 105.4 (47) C1(2)-C(9)-C(8) 

C( 6)-C( 5)-H( 5) Cl( 2)-C( 9)-H( 9) 
C( 4)-C( 5)-H( 5) 119.6 (49) C( 8)-C( 9)-C( 10) 
C( 7)-C( 6)-C( 5) 119.5 (9)  C( 8)-C( 9)-H( 9)  
C( 7)-C( 6)-H( 6A) 101.6 (53) C(lO)-C(9)-H(9) 
C( 7)-C(6)-H(6B) 106.7 (45) C(S)-C(lO)-H(lOA) 
C( 5)-C( 6)-H( 6A) 110.4 (53) C(9)-C( 10)-H( 10B) 
C( 5)-C( 6)-H( 6B) 101.5 (46) C(S)-C(lO)-H(lOC) 
H(6A)-C(6)-H(6B) 118.1 (68) H(lOA)-C(lO)-H(lOB) 
C( 8)-C( 7)-C( 6)  114.0 (8) H( 10A)-C( 10)-H( 1OC) 
C( 8)-C( 7)-H( 7A) 103.8 (44) H(lOB)-C(lO)-H( 1OC) 
C( 8)-C( 7)-H( 7B) 114.0 (55) Cl(1)-Pd(1)-C(1) 
C( 6)-C( 7)-H( 7A) 100.2 (44) Cl(l)-Pd(l)-C(5) 
C( 6)-C( 7)-H( 7B) 106.2 (55) C1( 1)-Pd( 1)-C(4) 
H( 7A)-C( 7)-H( 7B) 118.1 (68) C( 1)-Pd(1)-C( 5) 
C( 1)-C( 8)-C( 7) 113.2 (8) C( 1)-Pd( 1)-C( 4)  
C( 1)-C( 8)-C( 9)  112.0 (7)  C( 5)-Pd( 1)-C(4) 

Pd( 1)-C( 5)-C( 4)  73.2 (6) C(9)-C(8)-H( 8) 

C(6)-C( 5)-C(4) 129.3 (9)  C1( 2)-C( 9)-C( 10) 
108.2 ( 50) 

by palladium(I1) and (ii) the sequence ordering of atoms 
on C(9), which indicates inversion a t  C(9) on nucleophilic 
attack by Cl(2). 

As was previously r e p ~ r t e d , ~  complex 3 reacts with 
cyanide ion to liberate the trans-9-methyl epimer 5 in 

n 

5 

quantitative ield Thus the observed carbon inversion 

step, in which palladium attacks with inversion at  carbon. 
In a related investigation, we have determined the 

structure of complex 4 by X-ray crystallography.8 Ex- 

in the la= Y 3% . -  5 process clearly occurs in the first 

Q 
4 

cepting the equatorial a-chloroethyl group in 3, the cy- 
clooctenyl conformations, dimensions, and bonding to  
palladium are essentially identical in 3 and 4. Reaction 
of a CDC13 solution of complex 4 with CN-/D20 leads to 
removal of all hydrocarbon residue from the CDC13 and 
appearance of an organopalladium species in the D20 layer 
that has 'H and 13C NMR spectra (Experimental Section) 
consistent with [(CN),Pd(~-cyclooctenyl)]~~~+~). This u- 
cyclooctenyl is stable for days in the aqueous medium-an 
initially surprising result in view of the four @-hydrogens 
available for elimination. However, the strongly bound 
cyanides no doubt effectively inhibit the expected @-hy- 
dride decomposition by blocking coordination sites. 

Clearly, complexes 3 and 4 differ in that 3 has a chlorine 
leaving group. On the basis of the cyanide reaction with 
4, we believe that complex 3 reacts with cyanide to form 
a Q- [ (chloroethyl)cyclooctenyl]; however in this case the 

(8) Woolcock, J.; Rettig, M. F.; Wing, R. M., in preparation. 

107.6 (37) 

113.0 (37) 
100.3 (37) 
108.6 (6) 
106.4 (7) 
105.9 (37) 

110.2 ( 7 )  

114.8 (8) ' 
103.1 (37) 
117.5 (39) 

99.2 (74j 
104.8 (52) 
99.5 (70) 

124.1 (95) 
103.7 (86) 
120.6 (86) 

91.4 (3) 
150.27 (25) 
170.9 (3) 

81.6 (4) 
36.4 (3) 

90.0 (4)  

very polar Pd - C Q electron pair readily displaces chlorine 
from a-chloroethyl to form a new carbon-carbon bond with 
retention at  C( l ) ,  resulting in hydrocarbon 5. 

In our initial report4 of the chloropalladation of the 
9-methylbicyclo[6.1.O]non-4-ene systems, we discussed the 
possibility that  the reactions take place via a corner-pal- 
ladated cyclopropane intermediate which, on attack of C(9) 
by chloride, would lead to the C(1) inverted product which 
we now verify. The formation of the corner-palladated 
intermediates is no doubt facilitated by the expected 
relatively stable twist-tub conformations of the bicyclo- 
[6.1.O]non-4-ene~.~ Our system undergoes chloro- 
palladation with inversion a t  C(1) in both CDC1, and 
benzene, in contrast to the (+)-car-2-ene system noted 
above.5 In the chloropalladation of (+)-car-2-ene in 
benzene an oxidative addition path was suggested for the 
predominant retention path.5 We note, however, that  a 
corner-palladated intermediate analogous to that suggested 
by us earlier would equally well accommodate the obser- 
vation of the two chloropalladation products of (+)-car- 
2-ene.lo Finally, based on the results published earlier,4 
we conclude that the endo l b  also inverts a t  carbon on 
attack by palladium. 
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(9) For discussion of conformational changes on diene coordination, 
see: Rettig, M. F.; Wing, R. M.; Wiger, G. R. J. Am. Chem. SOC. 1981, 
103, 2980. 

(10) A corner-palladated (+)-car-2-ene would nicely account for the 
trans relative stereochemistry of palladium and chlorine in the K-allyl 
product formed with carbon retentiom6 


