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Condensation of acetylacetone with anilines gives N-aryl derivatives of 4-aminopent-3-en-2-one. Similar treat- 
ment of benzoylacetone with various primary amines yields N-substituted 3-amino-1 -phenylbut-2-en-l -ones. 
Both series of products with the cis-s-cis-enaminone structure behave as bidentate ligands for PdK* to yield stable 
yellow complexes, the structures of which have been determined as bis(4-anilinopent-3-en-2-onato) - and bis(3- 
amino-1 -phenylbut-2-en-l -onato)-complexes of palladium(ll), respectively. To establish the structure of the 
complex in the solid state, X-ray crystal structure analyses have been carried out on bis[4- (2-bromoani1ino)pent- 
3-en-2-onato]palladium(ll). The crystals of the complex solvated by benzene are triclinic and belong to space group 
P i ,  with cell dimensions a = 8.034(5), b = 11.613(5), c = 7.637(10) A, c( = 98.67(5), p = 88.44(5), y = 
100.22(1 O)", and Z = 1. The crystal structure has been solved using 2 951 reflections and refined to a final R value 
of 0.092. The Pd atom takes a square-planar co-ordination and the ligand molecules with the cis-s-cis-enaminone 
system form six-membered chelate rings with the metal. 

IN the enaminone (vinylogous amide) system the atoms demonstrated by ordinary ionic  reaction^.^ However, 
comprising the x system lie in the same plane allowing there has been no report of the reaction of the enaminone 
maximum resonance stability, and thus four geometric compounds involving organopalladium complexes except 
isomers, trans-s-tram, cis-s-trans, trans-s-cis, and cis-s- for our recent work on t lie intramolecular Heck arylat ion 
cis, are possible (see below). These isomers can be reaction and on other ring closing reactions carried 

out on cyclic enaminones with the trans-s-tram con- 
figuration. Following this, we were interested in 
attempting to apply the Heck reaction to acyclic 
enaminones with the cis-s-cis configuration. Thus the 
bromoenaminone @a), prepared by condensation of o- 
bromoaniline ( la)  with acetylacetone ( Z ) ,  was treated 
under the conditions of the Heck reaction : a mixture of 
(3a), palladium(I1) acetate, triphenylpliospliine, and 
NaLHCO,] in dimethylformamide (dmf) was heated at  
120-130 "C for 24 h. After work-up, column chromato- 

trans - s - cis cis - s -c is  

distinguished by U.V. spectroscopic data,l with difticulty 
of the distinction of the cis-s-cis form from the cis-s-trans 
form.2 In the course of studies on the reaction of 
enaminones with palladium compounds, we discovered 
that enaminone molecules derived from p-diketones and 
primary arnines with the cis-s-cis structure behaved as 
bidentate ligands for PdIl to give stable crystalline 
complexes. Although there have been many reports on 
complexes prepared by similar ligands with other 
 metal^,^ a search of the literature reveals no example of 
complex formation with palladium. Here we describe 
new preparations of some bis (4-anilinopen t-3-en-2-onat 0) - 
and bis (3-amino-1 -phenylbut-2-en-1 -onato) -palladium- 
(11) complexes, together with X-ray structural data on 
one of them. 

RESULTS AND DISCUSSION 

It is known that the enaminone system, >N-d&-k= 
0, possesses three possible reaction sites, 0, Ca, and N, 

graphy on silica gel and recrystallisation from benzene 
afforded a stable crystalline complex with a characteristic 
yellow colour in 48% yield, instead of the arylation 
product. The isolated complex was shown to be bis- 
[4- (2-bromoanilino) pen t -3-en-2-onat 01 palladium (11) (4a) 
by spectroscopic and elemental analyses. The assigned 
structure (4a) was confirmed by X-ray crystal structure 
determination (see below). 

For a generalised procedure for the complexation of N- 
arylenaminones with the cis-s-cis structure, 2 mol 
equivalents of (3b) were treated with palladium(I1) 
acetate in 1,Z-dichloroethane at  50-60 "C for 7 h. The 
crude product was purified by column chromatography 
and recrystallisation yielded the palladium complex 
(4b) as yellow needles in 67% yield. In a similar way the 
complexation of (k), available from p-anisidine (lc) and 
acetylacetone (Z),  afforded (4c) in 72% yield. 

In another method of preparation of the enaminone- 
palladium complexes, the primary amines, aniline (1 b), 
benzylamine ( 5 ) ,  and 2- (3,4-dimethoxyphenyl) et hyl- 
amine (6), were condensed with benzoylacetone (7) to 

toward electrophifes and this has extensively been give the corresponding cis-s-cis-enaminones (Sa) , (Sb) , 
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and (8c) ,  respectively. When these enaminones were 
reacted with palladium(I1) acetate in the molar ratio of 
2 : 1 in refluxed chloroform for 12-20 h, the correspond- 
ing complexes (9a)-(9c) were obtained in 71-80% 
yields. 

O A  Me 

(3a) R'=Br, R 2 = H  
(3b) R' = R 2 =  H 
( 3 ~ )  R' =H, R ~ = O M ~  

"\ R20_N/Pd\0 
R' UMe 

Me 

(4a) R' = Br, R2= H 

( 4 c )  R '  =H, R 2 =  OMe 
( 4 b )  R' = R 2 = H  

In conclusion, the complex formation of cis-s-cis- 
enaminones due to their ambidentate character can 
clearly be recognised both by isolation of stable crystal- 
line products and their characteristic yellow colouration, 
and, as well as complexation with other metals such as 
CuII, NilI, and Coil, may serve as a reliable method for 
distinction of cis-s-cis-enaminones from other isomers.* 

CrystaZ Structure of [Yd(N(C,H,Br-o)C(Me)CHC(Me)- 
o},]*C,H,.-'rhe molecular structure of the complex (4a) 

* A referec has suggested that in the case of the cis-s-tvans 
structure the stable Pd complex could also be formed through 
its isomerisation to the cis-s-cis structure during complexation. 
In practice, however, it seems not to be necessary to take account 
of this, because usually acyclic enaminones are not able to  exist 
i n  the cis-s-trans form owing to its rapid isomerisation and, thus, 
the cis-s-tvans configuration has been found only in fixed hetero- 
cyclic systems such as 2,3-dihydro-4-pyridones (see, for example, 
refs. 1 and 2 )  where isomerisation to other configurations is 
prevented. 

is shown in the Figure and bond distances and angles are 
given in Table 2. The Pd atom takes a square-planar 
co-ordination and the ligand molecules form six-mem- 
bered chelate rings. The rings are planar within 
k0.036 A (Table 3) and the substituent benzene ring 
makes an angle of 88.7" with the chelate ring to avoid the 

( l b )  n = O ,  R = H  
( 5 ) n = l , R = H  
( 6 1 n=  2,R = OMe I 

H O Y P h  

Pd 

Me Ph 

(9a) n =  0, R =H 
(9b) n = l ,  R =H 
(9c) n = 2, R = OMe 

repulsions from C(5) and 0'. The bond lengths along the 
backbone of the ligand molecule indicated that the bonds 
C(2)=0 and C(3)=C(4) are considerably elongated (by 
about 0.08 A),  while C(2)-C(3) and C(4)-N are shortened 
(by about 0.15 A). This may well be accounted for by a 
conjugation of the double bonds along the backbone 
atoms. The widening of the bond angles O-C(2)-C(3), 
C(2)-C(3)-C(4), and C(3)-C(4)-N by about 5" over those 
expected for the usual conjugated system may be the 
consequence of the formation of a six-membered chelate 
ring around the Pd atom. 

EXPERIMENTAL 

Infrared spectra were recorded on a Hitachi 215 grating 
spectrophotometer for solutions in chloroform unless other- 
wise stated. Hydrogen-1 n.m.r. spectra in CDC1, were 
obtained on a JEOL JNM-PS-100 spectrometer with SiMe, 
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as internal reference. Mass spectra were taken with a 
Hitachi RMU-7L double-focusing spectrometer a t  70 eV. 
Melting points were determined with a Yanaginioto micro 
apparatus and are uncorrected. 
4-(2-Bromoanilino)pent-3-en-2-one (3a) .-A mixture of 

o-bromoaniline (la) (3.0 g, 0.018 mol) and acetylscetone (2) 

Br 
n 

Crystal structure of [Pd(N(C,H,Br-o)C(Me)CHC(Me)O),lC,H, 
showing the atom numbering scheme 

(3.0 g, 0.018 mol) was heated on an oil bath a t  110 "C for 3 h. 
After cooling, the reaction mixture was dissolved in chloro- 
form and this solution was washed with 5% HC1 and dried 
(Mg[SO,]). The solvent was removed by evaporation and 
the residue was chromatographed on a silica-gel column with 
benzene to give the crystalline product (3a) (1.6 g, 35y0), 
m.p. 72-74 "C (Found: C, 52.35; H,  4.85; N, 5.5. Cll- 
H,,BrNO requires C, 52.0; H, 4.7; N, 5.5%) ; v , , ~ ~ .  (neat) a t  
3 450s (NH), 3 350s (NH), 3 175m (NH), 1 610 (sh), 1 605vs 
( G O ) ,  and 1585m cm-l (C=C); IH n.m.r., T 8.13 ( s ,  3 H,  
NCMe), 7.90 ( s ,  3 H, COMe), 4.78 (s, 1 H, vinylic), 3.00-- 
2.75 (m, 3 H, aromatic), 2.50-2.33 (m, 1 H,  aromatic), and 
-2.38 (s br, 1 HI NH);  m/e 255 [AT+ (CllHl,7gBrNO) + 2, 
17x1, 253 (Mf, 16), 240 (24), 238 (31), 174 (M+ - Br, loo), 
159 (54), and 131 (30). 

4-Anilinopent-3-en-2-one (3b) .-A mixture of aniline ( Ib) 
(3.0 g, 0.032 mol) and acetylacetone (2) (3.2 g, 0.032 mol) 
in benzene (50 cm3) was heated under reflux using a Dean- 
Stark trap for azeotropic removal of water for 3 h. The 
benzene solution was washed with 5% HCl and dried 
(Mg[SO,]). The crude product obtained by evaporation of 
the solvent was chromatographed on a silica-gel column with 
benzene to give a pale yellow oil (2.1 g, 38%); v,,,,. (neat) a t  
3425m (NH), 3 325m (NH), 3 200m (NH), 1610s (sh), 
1 600vs (GO) ,  and 1 560s cm-I (C=C). 

4- (4-Methoxyanilino)pent-3-en-2-one (3c) .-A mixture of 
p-anisidine (lc) (2.1 g, 0.017 mol) and acetylacetone (2) (1.7 
g, 0.017 mol) in benzene (40 cm3) was treated in the same 
manner as that  described above for (3b). After work-up, 
chromatography on a silica-gel column with benzene afforded 
a pale yellow oil (1.6 g, 46%); v,, (neat) at 3 400m, vbr 
(NH), 3 225-3 loom, vbr (NH), 1 610s (sh), 1 600vs ( G O ) ,  
and  1 560s cm-l (C=C). 

Reaction of 4-(2-Bromoanilino)pent-3-en-2-one (3a) under 
Heck Reaction Conditions: Formation of Bis[4- (2-bromo- 
anilino)pent-3-en-2-onato]palladium(11) (4a) .-A mixture of 
the bromoenaminone (3a) (1.4 g) and Pd[O,CMe], (50 mg), 
triphenylphosphine (115 mg), and Na[HCO,] (924 mg) in 
dmf (50 cm3) was heated at 120-130 "C with stirring for 
24 h. The reaction mixture was filtered through Celite and 
evaporated i n  uacuo to dryness. The residue was extracted 
with benzene and the benzene solution was washed with 
water and dried (Mg[SO,]). After removal of the solvent by 
evaporation the residue was chromatographed on a silica-gel 
column with benzene. The first elution afforded the com- 
plex (4a) as yellow needles [65 mg, 48% (based on Pd)], m.p. 
225-227.5 "C (from benzene) (Found: C, 43.2; H, 3.6; 
N, 4.7. C,,H,,Br,N,O,Pd requires C, 43.15; H,  3.60; N, 
4.55%); v,,~. a t  1565s cm-l; lH n.m.r., T 8.61 ( s ,  6 H,  
NCMe), 8.37 (s, 6 H, COMe), 5.14 (s ,  2 H, vinylic), and 3.07- 
2.44 (m, 8 H ,  aromatic); m/e 618 (7y0), 617 (7) ,  616 (28), 
615 (13), 614 (51),  613 (29), 612 [Mf (as C,,H,,79Br,N,0,- 
10sPd), 511, 611 (34), 610 (30), 609 (15), 358 (29), 279 (31), 
106 (24), 173 (48), and 130 (100). 

Further elution yielded the unchanged starting material 
(3a) (460 mg). 
Bis(4-anilinopent-3-en-2-onato)palladzum( 11) (4b) .--A mix- 

ture of the enaminone (3b) (180 mg, 1.027 mmol) and Pd- 
[O,CMe], ( 1  15 mg, 0.512 mmol) in 1,2-dichloroethane (15 
cm3) was stirred a t  50-60 "C for 7 h. The reaction mixture 
was washed with water and the solvent was removed by 
evaporation in 'uucuo. The residue was purified by chrom- 
atography on silica gel with benzene and recrystallisation 
from benzene-hexane to give the complex (4b) as yellow 
needles which could be sublimed (155 mg, 67y0), m.p. 243- 
246 "C (Found: C, 58.2; H,  5 . 3 ;  N, 6.15. C,,H,,N,O,Pd 
requires C, 58.1; H, 5.3; N, 6.15%); vlllau. a t  1 565s an-'; 
lH n.m.r., T 8.34 ( s ,  G H ,  NCMe), 8.63 (s ,  6 H ,  COMe), 5.20 
(s ,  2 H,  vinylic), and 3.13-2.69 (m, 10 H ,  aromatic). 

Bas [4- (4-met hoxy anilino) pent- 3-en- 2-onato]finlZndium ( I I )  

(4c).-A mixture of the enaminone (3c) (170 mg, 0.828 
mmol) and Pd[O,CMe], (93 mg, 0.414 mniol) was treated 
in the same manner as that  described above for (4b). 
Purification by chromatography (silica gel, benzene) and 
recrystallisation from benzene-hexane gave (4c) as yellow 
needles which could be sublimed (154 mg, 72y0), m.p. 254- 
256 "C (Found: C, 55.9; H, 5.5; N, 5.25. C,,H,,N,O,Pd 
requires C, 56.0; H, 5.5; N, 5.45%); vmax. a t  1590m and 
1 560s cm-l; lH n.m.r., T 8.56 (s ,  6 H, NCMe), 8.34 (COMe), 
6.22 (s, 6 H ,  OMe), 5.20 (s, 2 H, vinylic), and 3.22 and 3.16 
(AB, quartet, each 4 H,  J 10 Hz, aromatic o-H and m-H to 
OMe, respectively). 

3-Anilino- l-phenylbut-2-en- l-one (8a) .-A mixture of 
aniline (Ib) (580 mg, 6.2 mmol) and benzoylacetone (7) 
(1.00 g, 6.2 mmol) in benzene was treated in a manner 
similar to that described for the preparation of (3b). The 
crude product obtained by evaporation of the solvent was 
recrystallised from benzene-hexane to give (8a) as pale 
yellow scales (1.10 g, 75y0), m.p. 110.5-111.5 "C (Found: C, 
80.7; H, 6.35; N, 5.8. C,,H,,NO requires C, 81.0; H,  
6.35; N, 5.9%); vmax. at 3 600-3 150m, vbr (NH), 1 600 
(sh), 1590s, and 1 570s cm-l; lH n.m.r., T 7.86 (s, 3 H,  Me) 
and 4.14 (s, 1 H ,  vinylic). 

3-Benzylamino-l-phenylbut-2-en-l-one (8b) .-A mixture 
of benzylamine ( 5 )  (660 mg, 6.2 mmol) and benzoylacetone 
(7) (1.00 g, 6.2 mmol) in benzene was worked up in a similar 
manner to that described for (3b). The crude product 
obtained by evaporation of the solvent was recrystallised 
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from benzene-hexane to give (8b) as colourless needles 
(1.35 g, 87:/,), m.p. 58-60 "C (Found: C, 80.95; H, 6 . 5 5 ;  
N, 5.6. C,,H,,NO requires C, 81.25; H, 6 .8 ;  N, 5.55%); 
v1 ,,:, s, a t  3 630-3 150m, vbr ( N H ) ,  1 605 (sli), 1 590s, and 

TABLE 1 

1;ractional atomic co-ordinates ( x  lo5 for Br ;  x lo4 for 
0, N, and C)  for (4a) ,  with estimated standard devi- 
ations in parentheses 

I\ t 0 111 x Y z 
I'd 0 0 0 
Ur 6 803(16) 33 574(13) - 7  028(20) 
0 1630(9) l O ( 7 )  1889(9) 
N - 974( 10) 1 352(7) 1 4131 10) 

3 051(16) 410(13) 4 640(17) 
1 685(12) 612(9) 3 434(13) 

c (3) 725(15) 1461(10) 3 996(15) 
-507(13) 1839(9) 3 054(13) 

- 2  171(10) 1 866(8) 516( 12) 

C(1) 
C(2)  

C(4) 

C(W 
C(  7) 

((9) 

C(11) 
CB(1) 

- 1 305(19) 2 878(13) 3 935(18) 

-- 1 655(13) 2 740(9) -469(13) 
-2 815(15) 3 223(11) -1  399(14) 

(:( 10) -5 077(14) 1 877(12) -2G8(15) 

c, 6) 

C(8) 
-4 527(15) 2 795(12) --1 2G6(17) 

- 3 882( 13) 1 432( 10) 660( 14) 
4 013(20) 4 165(13) 3 770(18) 

CB(2) 5 658(22) 4 694(14) 3 297(20) 
Cn(3) 6 584(21) 5 495(16) 4 579(24) 

1 580 cni-'; '1-1 n.ni.r., 7 7.92 (s, 3 H, Me), 5.44 (d, 2 H,  J 5 
Hz,  CH,Pli), 4.29  (s, 1 H, vinylic), and - 1.90 (s br, 1 H, 

3- [2- (3 ,4- l~i i~iet l io ,ypl~enyZ)et l~ylaI~~ino]-  1-pheiayZbut-2-en- 1- 
u ~ z c  (8c) .--A mixture of 2-(3,4-dimethoxyphenyl)ethylan~ine 
(6) (1.12 g,  6 . 2  mmol) and benzoylacetone (7) (1.00 g, 6 .2  
mmol) in benzene was treated in a manner similar to that 
descrihetl for ( 3 ~ ) .  The crystals obtained by evaporation of 
the solvent \vas recrystallised from benzene-hexane to give 
(8c) as colourless fine needles (1.89 g, 940/6), m.p. 81.5-83 
"C ( F o u n d :  C ,  73.85; H ,  7.0;  N, 4.3. C,,H,,NO, requires 
C, 73.85; H, 7 . 1 ;  N, 4 .336) ;  v,,~:,~, a t  3 630-3 120m, vbr 
( W H ) ,  1 605 (sli), 1 505x5 ( G O ) ,  and 1 580s cm-l (C=C). 
lH N.m.r.,  7 8.13  ( s ,  3 H, CRle), 7.15 (t,  2 H, J 7, CH,Ph), 
6.47 (quartet, 2 H, J 7 Hz, SCH,), 6.18 (5, br, 6 H, ORfe), 
antl 4.41 (s, 1 H, vinylic). 

(9a). 
--i\ mixture of the enaminone (8a) (272 mg, 1.14ti mmol) and 
l'd[O,C&Ie], (1  28 nig, 0.570 niniol) in chloroform (25 cni3) 
was refluxed with stirring for 20 h. The reaction mixture 
was evaporated to dryness and the residue was recrystallised 
from benzene to give (!la) as yellow scales (257 mg, 780/6), 
1i1.p. - - 2 8 0  T (Found: C, 66 .3 ;  H ,  4.85; S', 4.7.  C,,H,,- 
N,O,l'tl requires C, 66 .4 ;  H ,  4 .85;  N, 4.85';;); a t  
1 580m antl 1 560111 cni-l. 

132s (:~-Den,-?l[ciiziizo- 1 -pJienylbut-2-eiz- 1 -oiznto)pnllatliz-t~iz( 1 1 )  

(9b).-:\ mixture of the enaminone (8b) (500 nig, 1.989 
Inniol) ant1 Ptl[O,CMe], (223 nig, 0.093 mmol) in chloro- 
forin (70  cm3) was refluxed for 15  h. Usual worlc-up, as 
clescribed abo\-e for (oa), and recrystallisation from benzene 
afforded (!%) as yellow fine cvystals (428 mg, 71%), n1.p. 
259-261 "c' (1;ound: C, 67 .2 ;  H, 5 .3 ;  N, 4.65. C34H32N2- 
0 ,R l  requircs C,  G7.25; H, 5.3; N, 4.604) ; vmZtx. a t  1 590m 
antl 1 570w cni-l. 

Ris{ 3-[2-( :~,4-~i~~nethoxy~henyZ)et?ayZa~~no]-  l-pltenyZbut-2- 
en- l -ona to)~aZladium(rI )  (9c) .-A mixture of the enaminone 
(8c )  (500 mg, 1.537 mmol) and Pd[O,CMe], (172 mg, 0.776 
mmol) in chloroform (70 om3) was refluxed for 1 2  h. During 
the reaction yellow crystals were separated. Usual work- 
up and recrystallisation from chloroform afforded (9c) as 

NH). 

])is( :3-nnilino- 1 -PhenyZbut-2-en- 1 -u?zato)~aZladiul.,t( 11) 

yellow fine needles (463 mg, 80%), map.  243-245.5 "C 
(Found: C, 63.5; H, 6 . 0 ;  N ,  3.85. C,,H,,N,O,PdrequiresC, 
63.6; H ,  5.85; N, 3.7%) ; vnlax, a t  1 590m and 1 570w cm-l. 

TABLE 2 

Bond distances (A) and angles (") for complex (4a) 

(a) Distances 
l'd-0 1.972( 7) 
Pd-N 2.030 (8) 
Pd-0' 1.972( 7) 
Pd-N' 2.030 ( 8) 

0-C ( 2 )  1.276 ( 12) 
N-C( 4) 1.330( 12) 
N-C (6) 1.454( 13) 
C(1)-C(2) 1.522(18) 
C( ?)-C( 3) 1.369( 16) 
C (J-C(4) 1.407 (1 7) 

(b )  Angles 

Br-C( 7) 1 .goo( 10) 

0-Pd-N 92.1(3) 
0-Pcl-N' 87.9 (3) 
N-Pd-0' 8 7.9( 3) 
N-Pd-N' 180.0 

Pd-O- c ( 2 )  1 26.5 ( 7) 
Pd-N-C( 4) 124.2(7) 
I'd-N-C ( 6) 117.3(6) 
C ( 4)-N-C ( 6) 118.4(8) 
O-C(2)-C( 1) 114.9(9) 

C(l)-C(d)-C(3) 119.7(10) 
C(Z)-C(S)-C(4) 128.6(11) 

N-C(4)-C(5) 118.6(10) 

hT'-Pd-O' 92.1(3) 

O-C(2)-C(3) 125.1(10) 

N-C (4)-C( 3) 122. R (  9) 

1.524(18) 
1.3 53 ( 14) 
1.3 85( 13) 
1.424( 17) 
1.3 84 ( 16) 
1.404 ( 1 9) 
1.419(18) 
1.4 1 7 ( 22) 
1.364( 23) 
1.378( 22) 

C(3)-C(4)-C(5) 118.5(10) 
1 2 1.8 (8) N-C( 6)-C( 7) 

N-C(6)-C( 11) 118.7(8) 
C(7)-C(6)-C(ll) 119.6(9) 
C( 6)-C( 7)-C(8) 122.2 (9) 
Br-C(7)-C(6) 120.8( 7) 
Br-C( 7)-C(8) 117.018) 
C( 7)-C( 8)-C( 9) 1 1 8.8( 1 1) 
C(S)-C(9)-C(lO) 119.6(12) 

C(6)-C(ll)-C(lO) 120.0(10) 
C(9)-C( 10)-C( 11) 119.9( 11) 

CB (2)-Cn ( l)-CB (:$') 1 1 8.9 ( 15) 
CB(l)-Cn(2)-CB(3) 117.1(15) 
CB(~)-CB(~)-CB(I ' )  123.9( l G )  

Cvystnl Stvuctuve Lletevwzination of (4a) .-Crystal da ta .  
C,,H,,Br,S,O,Pd.C,H,, M = 690.77, Triclinic, space 
group Pi, a = 8.034(5),  b = 11.613(5), c = 7.637(10) A, 

F(OO0) = 342, D, = 1.655 g ~ n 1 - ~ ,  Z = 1, Mo-K, radiation 
I ,  = 0.710 

Structure analysis.  The crystals of [Pd{ N(C,H,Br-o)C- 
(Me) CI-IC(Me)O},].C,H, were grown from a benzene solution 
as fine yellow needles. The specimen for X-ray diffraction 
study was sealed in a glass capillary to prevent the loss of 

0: == 98.67(5),  p = 88.44(5),  y = 100.22(10)", U L= 693.2 A3, 

A, p(nfc+K,) = 35.5 cm-1. 

TABLE 3 
ljeviations ( I % )  of atoms from the least-squares plane 

tlirough the two chelate rings 
:It0111 Deviation Atoin Deviation 

0 0.069(7) C(2)' 0.021(8) 
0.03 9 ( 8) 

- 0.0 14( 8) 
C(?) - 0.02 1 (8) 
C ( 4  - 0.039(8) 

0.0 14( 8) 
O.036( 7) 

I'd 0.000 0' - 0.069(7) 

-0.036(7) 

solvent of crystallization. The lattice constants and inten- 
sity data were measured on a Philips four-circle X-ray dif- 
fractonieter using Mo-K, radiation monochromated by a 
graphite plate. The intensities of 2 951 independent re- 
flections were measured within the 28 angle of 40" by the 
8--28 scan method with a scan speed of 6" min-l in 8. The 
size of the crystal was about 0.5 x 0.1 x 0.03 mm and no 
absorption correction was applied since the maximum pR 
value was 0.89. The crystal structure was solved by the 
heavy-atom method and refined by the least-squares 
method with block-diagonal approximations. The final R 
value was 0.092 including anisotropic thermal parameters. 
No hydrogen-atom contributions were taken into account. 

http://dx.doi.org/10.1039/DT9810002212
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Tables of observed and calculated structure factors ant1 
anisotropic thermal parameters are in Supplementary 
Publication No. SUP 23143 (14 pp.).* 
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* For details see Notices to LAuthors No. 7,  J .  Circiki. Suc. ,  
Dalton Trans., 1980, Index issue. 
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