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The title compound rac-9 and its bis(acetone) complex rac-10 
were prepared, and the latter investigated by X-ray structure 
analysis. rac-10 proves that the coordination of the weak do- 
nor acetone, an easily substitutable ligand in PTHs and re- 
lated compounds, is an essential point for dissolving these 
coordination polymers, and thus allowing catalysis reactions 

in such solvents. Furthermore rac-10 shows only a small devi- 
ation from the square-planar coordination expected for Pd". 
This indicates that the strong deviation from planarity obser- 
ved in complexes with more sterically demanding, bidentate 
ligands is caused by steric interactions with the substituents 
on the PTH, rather than by electronic effects. 

In connection with our efforts to synthecize chiral cata- 
lysts for enyne nietathesis and related reactions, we recently 
reported on the synthesis and resolution of 5-pailadatricy- 
clo[4.1 .0.02%4]heptanes (PTHs)['l. Unlike Binger's PTH 
complexes, which needed additional stabilizing ligands[2]. 
our organopalladium compounds wcre also stable in the 
absence of such ligands; even chromatography on silica gel 
was possible without decomposition. We assign this en- 
hanced stability to the four alkoxycarbonyl substituents, 
and point out that a similar type of stabilization is known 
from the Maitlis study of 'TCPC['l. We also assumed that 
the solvent-free PTH exists as a coordination polymer, with 
the carbonyl groups of neighbouring PTHs occupying the 
two free coordination sites at the palladium centre, as pos- 
tulated by Maitlis for TCPC131. In coordinating solvents (S) 
like ethyl acetate, acetone, and acetonitrile, the polymeric 
structure is broken up and the PTH.2 S and TCPC.2 S 
both dissolve. Now we wish to demonstrate the existence 
of such PTH.2 S complexes of weak donor ligands such 
as acetone. 

PTH TCPC 

t l  + 2 s  
11 + z s  

E = CO,R 

Synthesis of the Organopalladium Compound 

We started with acctylenedicarboxylic acid (1) and used 
Charlton'~[~I sequence, via dibromide 2, dibromodiacyl di- 
chloride 3 and dibromo diphenyl ester 4, for the preparation 
of the diphenyl acetylencdicarboxylate 5. 

1 2 

POCI, I 
I 

Ph02C+C02Ph 

5 

From 5 we generated the cyclopropene 8 by addition of 2- 
diazopropane (6) and subsequent photolysis of the resulting 
pyrazole 7, in analogy to the protocol of Franck-Neu- 
mannr5]. In the final step of the sequence, the PTH rac-9 
was formed from Pd2dba3. CHC13 (dba dibenzylidenea- 
cetone) and 8. 

X-ray Structure Determination and Discussion 

From a solution of roc-9 in acetone, suitable crystals of 
roc-10 for an X-ray structure determination could be ob- 
tained. The ORTEP plot is shown in Figure 1, and selected 
crystallographic data is listed in Table 1 L6I. 
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iuc-9 

dcclone 

Figurc I .  ORTEP plot of rac-10 

Tablc 1. Selccted bond lengths [A], bond angles ["I, and dihedral 
angles ["I for me-10 

Pd-05 
Pd-Cl 
05-C20 
el -c2 
C1 -C3 
Cl-C6 
c 2  C2' 
C2 - C3 
C2-CI 3 
c3 - c 4  
C3 C5 
C6 0 1  
c20 c21 
c20 c22 
05-Pd-05' 

2.159(21 
2.0 1 9( 2) 
1.206(3) 
1.539( 3) 
1 .508(3) 
1.480(4) 
1.505(3) 
1.557(2) 
1.482(3) 
1.5 1 4 4 )  
1.5 15(3) 
1.366i3) 
1.444(6) 
1.488(4) 

87.63(8) 

0 5  - Pd-- C1 
0 5  - Pd- C 1 ' 
C 1 -Pd - C1' 
Pd-Cl-CZ 
Pd-CI-C3 
Pd-CIkC6 
C2-CI-C3 
CI -C2-C3 
Cl-C3-C2 
Cl-C2-C2' 
Pd -05FC20 
0s  - c20 - c21 
05-c2o-c22 
C1 -Pd - 0 5  - C20 
C1' -Pd-05-C20 

175.05(9) 
94.1 3( 8) 
84.49(8) 

114.5(1) 
123.U(2) 
1 1 1.2( 1) 
61.5(1) 
58.3(1) 
60.2(1) 

1 13.0(2) 
126.5(2) 
120.4(3) 
1 22.1 (3) 
154.8(9) 
-8 1.1( 3) 

roc-10 shows the expected C, symmetry, and the confor- 
mation of the molecule is stabilized by four weak, electro- 
static, intramolecular 0 H contacts: 01 ... H4a, 01'...H4a 
(each 2.38 A) and 04...HSa, 04'.,.HSa' (each 2.25 A). The 
angle between the plane of the ester groups and thc planes 
of the phenyl groups bound to them is 78.9" (ester group at 
C1) and 76.2" (ester group at C2), respectively. In the crys- 
tal packing an intermolecular distance of 2.18 A is observed 
between 0 2  and H16 of a neighbouring molecule, which is 
only about 0.1 A longer than the van der Waals distance 
betwccn 0 and H. There are no  other short intermolecular 
distances, the additional solvent acetone molecules serving 
mainly as space-fillers. 

There are two geometrical features of major interest. (1) 
The palladium ccntre is in an almost syuarc-planar cnviro- 
ment (the angle between the C-Pd-C and 0-Pd-0  
planes is 6.9 "): the coordination geometry expected for Pd". 
This indicatcs that the strong tilt obscrvcd in complexes 
with sterically demanding bidendate ligands (up to 30"1'1) 
originates from the steric interactions rather than from elcc- 
tronic effects. (2) The Pd-0  bond length is 2.16 A, which is 
identical to the value reported for the only mono(acetone) 
complex of an organometallic compound for which an X- 
my structure is published[7]. In the literature there is de- 
scribed one other X-ray structure analysis of an organomet- 
allic compound, and fivc of inorganic complexes whcrc a 
wcak interaction of (also only one) acetone molecule with 
Pd has been observed[Y]. While in two of these cases the 
acetone molecule still shows a loose contact with Pd (an 
identical P d - 0  distance of 3.06 ~, ) [8b] [Xe] .  in the remaining 
four the acetone molecule is distant from Pd (values of 

Ovcrall there is only one X-ray structure analysis of an 
oi-ganometallic compound of palladium with one acetone 
molecule as a true ligand described in the literaturer7I; and 
organometallic compounds with lwo or morc acelonc mol- 
ecules coordinated to palladium are unknown. Inorganic 
complexes of Pd with two or  more acetone ligands arc 

but no crystallographic data is available on these 
systems. This demonstrates the uniqueness of vuc-10. 

Conclusion 

With rue-10, the bis(ace1one) complex of ~ h c  ncw PTH mr- 
9, the coordination of the weak donor ligand acetone was 
proven. This is of relevance for reactions catalyzed by 9 
because the acetone ligand is not only capable of breaking 
the polymeric structure of 9 (so that the catalyst is brought 
inlo solution) but also labile enough to be replaced by an 
organic substrate. 

This work was supported by the Dwtsdw Fo~schungsgeriiein- 
schuft and the Fondx cler Chc:r?zi.when I d i . ~ i & .  Furthermore we are 
gratcful to the Uegussu AG for the donation of palladium salts. 

Experimental Section 
General: All operations were carried out under N2 and in dry 

solvents: transfers were effected by means of Schlenk-tube tcch- 
niques. 2-Diazopropane dibromofLimaroyl dichloride (W), 
and Pd2dba3. CHCI,["] were prepared according to literature pro- 

3.61 -4.00 A)[~al[x~l[8dl[8fl. 
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cedures. - IR: Perkin-Elmer 1600. - NMR: Bruker AM 250 (250 
and 62.9 MHz for 'H and "C, respcctively). CDCI, as solvent 
F H  = 7.25; 6(: = 77.0. The degree of substitution of the C atoms 
was dcterinined by a combination of DEPT-135 and DEPT-YO. - 
MS: VG-Iiistrunients-Micro-Mass Tris 2000, El 70 eV, quadlupole 
analyscr and Finnigan CH7A (80 eV). - HRMS: Finnigan MAT 
71 I (EI. 80 eV, 8 kV ion acceleration, resolution above R = 20000, 
peak match). - M.p. (uncoi-rectcd): Kofler hot-stage. - Column 
chromatography: Merck Kieselgcl60 using liexane/etliyyl acetate (HI 
EA) or hexane/acetone (HIA) as clucnt. 

Dipherz,i,l Dihronzofimzarute (4): The procedure for the prepe- 
ration of 4 was analagous to that iii ref.? 5.00 g (16.1 mmol) of 
3,2.30 g (29.1 mmol) of pyridine, and 2.74 g (29. I tnmol) of phenol 
in 100 ml of CC14. The crude product was washed with E.A, thus 
5.54 g (81'%1) of 4 were obtained as a colourless solid. - M.p. 
107°C. - Rt (HIEA, 5:l) = 0.45. - IR (neat, NaCI): 3 = 1736 
cm-I, 1587. 14x2, 1240; 1216. 1180. 962, 807. - IH NMR (CDCI:, 
250 MHz): 6 = 7.21-7.49 (m, 10 H). - I3C NMR (CDC13, 62.9 
MHz): 6 = 113.26 (s, 2 C), 120.89 (d, 4 C), 126.74 (d, 2 C),  129.63 
(d, 4 C) ,  149.88 (s. 2 C). 100.43 (s, 2 C). - MS (70 eV); nzIz ("h): 
426 (0.1) [M' ] .  347 (1) [M+ - Br], 80 (Ih), 77 (100). - 
C161~10Bi-ZOI (426.1): calcd. C 45.11, H 2.37; found <: 44.84, H 
2.38. 

Diphenyl 5.5- Dimcthyl-5 H-11~vrozol-3, 4-tlic~urhit.~yltrte (7): Com- 
pound 7 was prepared from a solution of 1.05 g (3.94 mniol) of 5 
in 50 nil of CH2C1, and 7.00 nil (570 mM, 3.99 mrnol) o f a  solution 
of 6 in ether at -10°C in a procedure analagous to that described 
in Column chromatography or the crude product (HIEA, 3: I )  
provided 875 mg (66'1.;)) of 7 as a yellow solid. - M.p. 68°C. - Rr 
(HIEA, 3:l)  = 0.2. - IR (neat, NaC1): 3 = 2989 cin-': 1747. 1633. 

H), 7.14G7.20 (in, 2 H). 7.22-7.34 (m. 4 H), 7.37-7.48 (m, 4 H). 

121.10 (d. 2 C). 121.24 (d, 2 C), 126.55 (d), 326.67 (d), 129.60 (d. 
2 C). 129.63 (d, 2 C), 144.64 (s), 149.52 (s). 149.86 (s), 153.64 (s), 

(100). - CI9Hi6N2O1 (336.4): calcd. C 67.85, H 4.80, N 8.33; found 
C 67.93: H 5.00, N 8.05. 

1589, 1484, 1187. - 'H NMR (CDCl,, 250 MIL): F = 1.74 ( s ,  6 

- I3C NMK (CDCIj, 62.9 MHz): 6 = 20.1 I (9. 2 C), 98.04 (s), 

158.71 ( s ) ,  160.93 (s). - MS (70 eV); i?~/: (%I): 336 (10) [M+], 84 

Diphcnyl 3.3-Dit~iethy1c~clop~.opene-l,2-dicarbo.~~lut~~ (8): Ir- 
radiation of 500 ing (1.49 mmol) of 7 in 100 nil of oxygen-free ether 
(normal glass apparatus) and purification o f  the crude product by 
column chromatography (HIEA, 10:l) provided 73.7 mg (1 6%) of 
8 as a colourless solid. - M.p. 92°C. - Rr (HIEA, 3:l) = 0.6. - 
IR (neat, NaCI): 3 = 2922 ciii-'. 2854. 1723. 1591. 1201, 1184, 

(m, 6 H ) ,  7.38-7.47 (m, 4 H). - 136 NMR (CDCI,, 62.9 MHz): 
6=25 .49(q ,2C) ,32 .74 (~) ,121 .21  (d.4C),126.25(d,2C),129.44 
(d, 4 C), 133.56 (s ,  2 C), 150.02 (s, 2 C) ,  158.21 (s, 2 C).  - MS (70 

- Cl91ll6O4: calcd. 308.10487: found 308.10486 (MS). 

Trtruphenyl rac-3,3,7,7- Tctmnet/id trnns-S-pnlladutric)~clo- 
(4.1. 0.0'~4]jhrlitane-1,2,4.6-trtri~curbo.~~~l~~e (me-9): 70.0 mg (227 
pmol. 1.25 eq.) of 8 and 47.0 ing (45.4 pmol) of Pd2dba, . CHCI, 
in 30 ml of acetone were treated according to ref.[I] Column chro- 
matography of the crude product (HIA, 1 : 1 ) gave 46.6 mg (7 I 'X) of 
rac-9 as an orange solid. - Rf (HIA. 1:l)  = 0.2. - IR (KBr): V = 

2953 cm-', 2930, 2870, 1728. 1675. 1624. 1493. 1188, 1160. - 'H 

1030. - 'H NMR (CDCI,, 250 MHz): 6 = 1.56 (s, 6 H), 7.19-7.31 

cV); WZ/Z ('Xi): 308 (0.3) [M+], 279 (2). 233 (2), 215 (54), 187 (100). 

NMR ([D,]acelone, 250 MHz) 6 = 1 57 (7. 6 H) 2 35 (s. 6 H), 
7 03-7 42 (m, 20 H) - "C Yh4R ([D,]acetone, 62 9 hlHz). 6 = 
20 21 (q, 2 C). 27 52 (q. 2 C), 37 61 (s. 2 C), 39 58 (s, 2 C), 48 33 
(s, 2 C), 122 5 (d, 4 (.), 123 05 (d, 4 C), 125 52 (d, 2 C), 125 82 (d, 
2 C), 129 66 (d, 4 C), 130 08 (d. 4 C). 152 77 (s, 2 C),  152 88 ($. 2 
C). 171 51 (s. 2 C), 171 60 (s. 2 C) - MS (70 eV), nziz (Yo) 723 
(12) [M+], 647 (100) 
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