
.. 

~· 

Submitted to Acta Cryst. RECEIVED 
lAWREht(E 

I<A._'}Jt.TION lABORATORY 

t,ol:'RAf<Y /,NO 

COC UMEt'~TS SECTION 

INVESTIGATIONS OF 
ALKALINE-EARTH j3-DIKETONE COMPLEXES. 

LBL-1267 , 
Pre print ,::. ; 

II. THE CRYSTAL AND MOLECULAR STRUCTURE OF 
BIS(1, 3-DIPHENYL-1, 3-PROPANEDIONATO) 

CALCIUM HEMIETHANOLATE 

Frederick J. Hollander, David H. Templeton, 
and Allan Zalkin 

September 1972 

AEC Contract No. W -7405-eng-48 

For Reference 

Not to be taken from this room 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain cotTect information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



I • ·' I G 

Investigations of Alkaline-earth J3-diketone Complexes. 

II. The crystal and molecular structure of bis(l,3-diphenyl-1,3-

propanedionato)calcium hemiethanolate* 

By Frederick J. Hollander, David H. Templeton and Allan Zalkin 

Lawrence Berkeley Laboratory and Department of Chemistry, 

University of California, Berkeley, California 94720 U.S.A. 

Bis(l,3-diphenyl-1,3-propanedionato)calcium hemiethanolate, 

Ca[(C 6H5Co) 2CH) 2 (c 2H50H) 1; 2, crystallizes in Pl with.§..= 15.247(1) 

K, b ~ 13.555(1) X, £ = 14.097(1) l, a= 7~.64°(1), ~ = 95.97(1) 0
, 

y = 113.59(1) 0
, ~ = 4, at 23°C. The density calculated for two 

units of empirical formula ca2c62H50o9 in the unit cell is ~c = 

3 1.32 gm/cm . The structure was solved by direct methods and 

refined to a conventional R value of 0.040 for 4503 reflections 

collected hy counter methods. The complex forms a novel tetrameric 

polymer around a crystallographic center of symmetry. There are 

t\vo Ca atom environments, one six- and one seven-fold coordinated, 

wJth the ethanol providing the seventh member of the latter 

c:ucn·cl.i 1wtioll. TIJc for!n of the polymer i.s described in detail. 

-)(· 

Worl\. pcrforlllcd under the ausp.i.c:es of the U.S. Atomic 
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Introduction 
~ 

Alkaline-earth metal cations form complexes with 

the anion of 1,3-diphenyl-1,3-propanedione: 

(-) 

We succeeded in crystallizing the calcium complex only 

when ethanol was present. 

This paper reports the structure of bis(l,3-diphenyl-l, 

3-propanedionato)calcium hemiethanolate, Ca(DPP) 2 (c2H50H) 1; 2 · 

The complex exists as a novel tetrameric polymer around a 

crystallographic center of symmetry. The ethanol is bound 

to one of the two independent calcium atoms in the asymmetric 

unit. 
Exnerimenta1 Procedure 
~\.Jf'\.r\.J"'V"\.,fV\./'\..1'"\...~~ 

The complex was synthesized by mixing a solution of 

calcium a'cetate in aqueous ethanol with an ethanolic solution 

of 1,3-diphenyl-1,3-propanedione (HDPP) and adding 

concentrated. NH3/NH4C1, pH 10, buffer. A.lemon yellow 

precipitate appeared immediately upon addition of the buffer 

solution. The mixture was heated to reflux for one hour 

to ullovJ the rcac:t.ion to go to completion. The precipitate 

dissolved on heatinc;, but reappeared as the mixture was 
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cooled. It was filtered. and dried in·air and stored 

in a desiccator over·Drierite. Attempts to recrystallize 

the complex generally yielded a viscous orange oil • 

However, vwll-formed. clear yellow crystals were obtained 

uy slow evaporation of a warm chloroform solution. 'l'he 

oil dissolved in many organic solvents, but formed a 

cloudy solid on addition of ethanol. 

The crystals were mounted on glass fibers. Precession 

photographs indicated a triclinic unit cell, and preliminary 

cell dimensions were determined. Another crystal was mounted on 

a Picker/Nuclear four-circle diffractometer automated 

\-Ji th a DEC PDP 8I computer and disc. -Twelve high-angle 

reflections were carefully centered using monochromatized 

Cu K:a1 radiation ().. '-= 1.54051 J\) at 23°C. 'I'he cell 

dimensions were refined on the 28 measurements only, using 

program T'l'HCEL, a modified version of a progrrun supplied. 

to us by H. Hope. 'l'he program minimizes ~ w ( d -r. 
2 - d. .;:- 2) 2, 

- ...:...0 ...:....c 

where the vwights are assigned subjectively by the user. 

'I'he cell parcuneters obtained from this refinement were 

a= 15.247(1) ~' b = 13.555(1) l, £ ~ 14.097(3) l, 

ct -- 74.64(1) 0
, t3 ,_" 95.97(1) 0

, y = 113.59(1) 0
• Calculation 

of the dens:Lty of the compound for a cell volume of 
'2 

25'76~0 gave, for the formulaCa(DPP) 2, d :::0.314 Z. -c 
1\ttemptf; to mcar~urc the density failed because a solution 

coulfd not be found which neither dj_ssolved. the crystal[3 

nor caused them to decompose, but observations indicated 
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that the most reasonable value of Z was 4. This assumption 
·-

was confirmed. by the refj,nement of the structure, and the 

d.ensi ty based. on the actual composition is £c = 1.32 f!Jn./ cm3 . 

A crystal approximately 0.12 mm in radius was used 

for data collection. Data were collected using. 

monochromatized ( 29 = 26.42°) cu Ka radiation and a 9-2 9 m -

scan technique. The peaks were scanned·at a rate of 1°/min 

from 1.0° below the calculated Ka1 position to 1.0° above 

the calculated Ka2 ·position. Backgrounds were counted 

for 10 seconds at positions offset by 0.5° from each 

end of the scan (all angles 20). Aluminum attenuators 

were automatically inserted into the qiffracted beam 

whenever the count rate exceeded 10000 cps and the peak 

was rescatmed and backgrounds remeasured with the 

attenuntors in place. The hemisphere 6f data +h,~k,±t . - -

\-Jas collected for 2 () -- 0°-100° ( sin9/,\ < 0. 500) . 'fhree 

reflection~ (4 0 0), (0 3 0) and (0 0 3), were measured after 

every lOQ data to monitor crystal decay. In the entire experiment 

5824 reflections were measured, including remeasurements 

in conhectlon with the decay correction. The standards 

showed a gradual fall in relative intensity from 1.00 

to 0.942 over the first 3973 reflections, then a sharp 

drop to a relative intensity of 0.820 between reflections 

3973 and 3974 caused by a malfunction in the equipment. 

The exact location of the change was determined by taking 
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the data in that region again, after the data set was 

completed. The data were processed as previously 

described {Hollander, Templeton and Zalkin, 1973a) to give 

5294 unique reflections of which 4504 had F2>u(F2). 

No correction was made for absor~tion. With~= 23 cm- 1, 

a 33% deviation from spherical shape would result in a 15% 

·variation in transmission factors, and the crystal is 

believed to have been more nearly spherical than that. 

The atomic scattering factors of Doyle and Turner 

(1968) were used for ca++, 0 and C, along with the real. 

and imaginary dispersion terms of Cromer and Liberman 

( 19'70) . The spherical scattering factors of Ste\<Jart, 

Davidson and Simpson (1965) were used for the hydrogen 

atoms. 

Our least-squa.res program minimizes the function 

L~v (LiF) 2 /~wF 2 . Weights in the refinement were zero if F2 < 
- - '---0 

2 ~ 2 
u(F ) and w == 1/u (F) otherwise; u(F) was calculated as 

noted in a previous pap~r (Hollander, Templeton and 

Zalkin, 1973a) . The factor £, used to reduce the wei~1t 

of strong reflections, was 0.0 through most of the 

refinement but 0.05 in the last cycles. 

Pror;roms m>cd :Ln the structure anD1y£df.; have been 

listed in the above referenced paper. 
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The assumption of the centric space group Pl 

was made throughout, and is confirmed by the solution 

and successful refinement of the structure. Normalized 

structure factors, Eh, were generated :i,.n the usual 

manner. Phases were assigned to the 33:"> E values greater 

than 2.00 using R. E. Long's (1965) program. After some 

difficulty, an E-map was obtained which revealed two 

large peaks and a number of smaller peaks in configurations 

identifiable as portions of DPP molecules. The 41 atoms 

found on the E-map were then refined by full-matrix 

least-squares with isotropic thermal parameters. Two 

cycles of refinement brought R1 = l: jL1 Fl /l:lfol to 0.4:1, 

and the generated signs of the F's were_used to phase a 

Fourier map of Eo· This Fourier showed 69 peaKs and one 

shoulder in chemically reasonable positions f6r the expected 

formulation of Ca(DPP) 2 with two Ca atoms in the asymmetric 

unit. The seventy atoms were refined as before for three 

cycles, and for three cycles with the two Ca atoms and eight 

0 atoms allowed anisotropic thermal parruneters, to an 

H
1 

of 0. 21. A difference Fourier showed. three major peaks \-Ji th 

- o3 - o 3 - o3 
hc~.t c;h tf; nf r:~ .<:: /A , 3 ~ /A ~md 3 £ /A , nnd no oth.er peaks 

as hig1'1 as 1 ~-/A0
• 'rhe three peaks were linked toc;etlwr 

with the largest peak at a distance of 2.41 A from Ca( 1). 

The assumption made, which vJas subsequently confirmed by 

refinement, was that the peaks represented. an ethanol 

' , ] 
/i 
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coordinated to the Ca. The atoms of the ethanol were 

put into least-squares with isotropic thermal parameters, 

together with the calculated positions of the 44 hydrogens 

on the DPP ligands. Each hydrogen was given an ·isotropic : 

thermal parameter equal to the average thermal parameter of 

the ring it was bound to, and neither its position nor 

thermal parameter was allowed to change; The· ethanol atoms 

refined well, and R1 was reduced to 0.09. 
. . 

Anisotropic refinement of the non-hydrogen atoms 

and isotropic refinement of the hydrogens proceeded by 

block ... diagonal least-squares with three blocks to an R1 

of 0.048. Availability of a larger computer allowed 

further refinement in two blocks, the first containing the 

two 11 inner 11 DPP molecules and the second containing the 

two 11 outer" DPP molecules and the ethanol. The overall 

scale factor and the two Ca atoms were refined with each 

block. 

Certain H atoms behaved poorly and some of their 

parametcn~ wc~re f.i xed to allow conver~encc (see Table 3) . 

'J'wo final cycles of each l>locl<: brought the shifts of al:l 

parameters to J.cs:.:; than 20% of their standard deviations 

and most to Jc~;f,~ than 10% of their standard dcviaU.ons. 

'r'he finc1] El l'JDf> 0.04:0 for 4503 reflections_, and H2 c=. 

(l:w(.1F) 2/l;vJF 2) 112 was 0.043. The standard dev:i.ation 
- - -o 
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of an observation of unit weight was 1.14. · The data 

were examined for secondary extinction effects with 

negative results. 

The observed structure factors, their standard 

deviations and the final differences are given in 

Table 1. The final coordinates and thermal.parameters 

. of. the atoms are given in Tables 2 and 3. 

Results and Discussion 
~~~ 

The complex consists of clusters of composition 

(ca2 (DPP) 4 (c 2H50H)) 2 around the symmetry at 0,1/2,1/2. 

There is only one such cluster per un~t cell, and its 

neighbors are related to it by unit cell translations. 

There are no contact distances of less than 3.50 Jt 

betvJeen non-hydrogen atoms in different· clusters. 

·The tvw independent· calcium atoms Ca(l) and Ca{ 2) 

are respectively six- and seven-fold coordinated by the 

oxygens of' tl1c DPP ligands and the ethanol (Fie;. 1) . 

Each calciwn shares two oxygens with each of hw neighborJng 

calcium atoms of the other kind.so that four of them arc 

1inked al'OUJld the center of symmetry. 'rl-Je brj_clglng 

oxygens_, 0(1) and 0(2) of DPP(l)_, 0(3) and 0(-1) of' DPP(2), 

form a sl:Lc;btly dJstorted. parallelepiped, whose edge 

lene;ths are l:Lsted in Table 4. Ca atoms cap each of 

four nearly rectangular faces, and DPP ligands project 

into the area above the two non-rectangular faces (Fi.c;. 2). 

4 

.. 
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The angles from the uncapped plane (core plane 1) to 

the two planes capped by Ca(l) and Ca(2) (core planes 2 

and 3 respectively) are 89.1° and 89.4°. The angle between 

the two capped planes is 69.1°. 

The non-bridging oxygens (0(5) and 0(6) of DPP(3), 

0(7) and o(e) of DPP(4) and 0(9) of the ethanol) and the 

calcium atoms lie on the outward sides of the core planes. 
0 

Ca(l) is 1.03 A above core plane 2, and the two oxygens 
I 

of DPP(3) are 3.09 A and 2.55 A away from that plane. 

Ca(2) is 1.39 A from core plane 3. The other three oxygens 

coordinated to Ca(2) are at distances of 2.90 A, 2.80 }\ 

and 2.82 J\ from core plane 3 for 0(7); 0(8) and 0(9) respectively, 

forming an almost parallel plane. The distances between 

core planes 1,· 2 and 3 and the respective planes related 

by the center of symmetry are 2.90 ~for core plane 1, 

2. GO A for core plane 2 and 2. 87 A for core plane 3. 

The Ca-0 distances average 2.367 l\ with a standard 

deviation of 0.026 A calculated from the scatter of the 

measureme:ntu. The average compares well to the sum of 

the cry;, tal racl:Li (Pauling, 1960), 2. 39 A. The ranc;e of 

the Ca-0 distances is from 2.256(2) A to 2.508(2) A. The 

Ca(l)-0 distances are in general shorter than the Ca(2)-0 

distances. 'l'he distv.nces from Ca to the unbridgcd oxygens 

arc e;cncrally shorter than those to the br:Ldc;ing oxygens, 

but the Ca(l)-O(G) distance of 2.395 l\ is an exception. 
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These variances froni the averages are in keeping with 

the coordinations of the atoms involved, with longer bond 

distances to atoms with higher coordination. 

The distances of theCa atoms to. the planes of the 

diketone portions of the inner DPP ligands are on the 

same ·order as the distances from the Ca atoms to the core 

planes~ For the non-bridging DPP ligands the Ca atoms 

are much closer to the planes of the diketones. For 

DPP(3), the distance from the plane to Ca(l) is only 0~19 Jt, 

while in the more crowded environment around Ca(2) the 

distance from Ca(2) to the diketone plane of DPP(4) is 

0.24 Jt. The planes of the diketone residues of DPP(l) 

and DPP(2) are spread away from one another, making angles 

with core plane 1 of 95.3° and 107.9° respectively, and 

an angle of 23.2° with respect to each other. DPP(l), 

which experiences crowding from DPP(4), is forced close 

to perpendicularity with core plane 1, while DPP(2) can 

bend mor~, avmy from DPP(l) into the emptier area arow1.d 

the ethanol. The DPP(3) diketone ring is almost 

perpendicular (89.2°) to core plane 2, reflecting its 

a1rnof]t synnnctJ·1ca1 surroundings with respect to core 

plane l and the symmetry-related. core plane 1' . However, 

the distonccn of 0(5) and 0(6) to core pJ.a.ne 2 shm'l that 

there is strong interaction bctl'Jeen DPP(3) and DPP( 4) 

forcinG 0(5) away from core plane 2 and 0(6) towards it. 

I - \ .. 
i 
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'l'he diketone plane of DPP( 4 )' comes ·in at a strong angle 

to core plane 3 (46.6°) in order to leave room for the 

ethanol, which makes an angle of 79.5° with core plane 3 

and 53.9°·with the diketone plane of DPP(4). 

The DPP(n) molecules themselves can be analyzed in 

terms of three planes each, phenyl 1 and phenyl 2 (1-6 and 

10-15;. Fig. 3) and the diketone plane (7-9 and O's 1 and 2; 

Fig. 3). All the phenyl groups of the DPP ligands are 

planar to within five standard deviations of the 

coordinates of the atoms and most of them are within three 

standard deviations of planarity. The diketone planes of 

DPP(2) and DPP(3) are within six standard deviations of 

planarity, but the diketone portions of DPP(l) and: 

DPP(4) are strongly twisted and are only planar to 15 

standard deviations. The phenyl groups are rotated with 

respect to the diketone planes by angles ranging from 

5. 6 o to 36 .6° ( 'l'able 5) . This rotation is due to packing 

forces b~tween the clusters and between ligands within 

the clusters. The angles of rotation do not cause any 

[>J[91:Lficnnt variation in the phenyl-d:Lketone bond length 

or the stressed :Lnterior angle adjacent to the dil\.etone 

in the phenyl groups. 

Interatomic distances in the DPP l:Lgandf.; and the 

ctl1ru10l arc ~;bown in Table 6. The average phenyl C-C 

" distance is 1. :-s·r lj A, in reasonable agreement with literature 

'" 
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values, and the C-C distance in.the diketone averages to 

1.396 A, again in good agreement. The average C-G 

distance between the phenyl groups and the diketone 

residue of 1.502 A agrees well with other values for 

~2-~2 single bonds, and the C-0 average distance of 

1.273 A is in reasonable agreement for a C-0 bond order of 

1.5 (Pauling, 1960). The standard deviations of these 

averages as calculated from the scatter of the various 

independent distances are all on the order of 0.003 A. 
There is a statistically but probably not chemically 

sir-,nificant difference in the C-0 bond lengths between 

those involving bridging oxygens and those involving non-bridging 

oxygens. The average C-0 distance for the former is 

slightly longer at 1.281(2) A than the average C-0 distance 

for the latter at 1.264(3) A. The phenyl C-C bonds also 

show a statistically significant variation. The bonds to 

the para carbon average to a low 1.363(2) 1\ compared to the 

averages. of the ortho-meta bonds (1.382(2) 1\) and the bonds 

to thE~ c:=trl)Qn adjacent to the diketone (1.379(3) A). The 

average of all C-H bonds in the DPP moJ.eculus io 0.91 A 

with a spread of ~0.09 1\, in agreement with values for 

many X-ray studies. 

rrhe bond angles in the ligands are normal for 

eomplexed DPP molecules (Zalkin, Templeton and Karraker, 

1969; Hollander, Templeton and Zalkin, 1973a, 1973b) . 'I'he 

dil\.etone rinc; .is spread, with 0-C-C and C-C-C bond angles 



13. 

-vl25°, to glve the ligand a bigger "bite," and the 

interior angle in the phenyl ring at the juncture to 

the diketone is reduced from 120° to -vll8°. 

The C-O and C-C bond distances in the ethanol 

appear greatly shortened, probably due to the very large 

amounts of anisotropic thermal motion (Fig. 2, Table 2). 
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Table 1. Observed structure factors, ~tandard. deviations 

and final differences (x 10.0). Reflections marked with 

an* were given zero weight in least-squares. 

(Three pages, ~o be reproduced photographically.) 
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Table 2. Final parameters for non-hydrogen atoms. In 

this and the followine; tables the standard deviation of 

the least significant digit(s) is given in parentheses. 

( Of Ao 2) The form of the temperature factor B in units is 

T = exp(-0.25(B11h 2a* 2 + 2B12hka*b* + ... )). 

(To be reproduced photographically.) 
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ATOM X y l 811 822 833 ~ll 813 823 

CAl 1 I .1 ~~!:'45( 4 J .62742141 ,4448~1 41 2.25131 2.55131 2,90131 ,7HI21 •1 71 2 I -,48121 

(A( 2 I -,06897141 ,54331151 .30244141 2.62131 2. 8013 I 3 .. 091 31 1 .. 23121 -.08121 -.6 .. 121 
! 

1. 2218 I 0( l I -.0458111 ,;,998( 1 I .6414111 3.1111 2.49(91 3.8111 ,OdC81 -.95171 i' 
Olll .123~11 I ,449811 I .~451.1( 1 I 3.01ll 2.57191 3,30191 1.30(81 .29171 -,44171 

Cit I -.1311>121 .0697131 .7620131 3.9121 2.9121 4.6121 .·91 1 I o!>ll I -1.0ill 

Cl2 I -.18:>~131 - .Ot6iH 31 .8148(31 4,2121 4.oc:n 5.112 I ,9(21 1o6 (2 I -.4121 

c 131 - ,174~ 13 I - •• 058131 .7934131 4.2121 3.1121 6.0121 .·4( 21 .6121 -.0121 

((41 -.1157131 -,0878131 o7ld6131 5.3121 2.7121 7.1 iZI 1.4121 .5(2 I -i.7121 

Cl51 -,0620131 .0195( 31 o66tl(3) lt.7121 3.3121 lt,9(21 lolCZI .8(21 -1.1121 

Cl~l -,0703121 ,] 097121 .6anlll 2.4111 2o81ll 3,6121 ,9( 11 - o11l I -1.1 ( 11 

CC71 -,0137121 .2271t(21 • 63~2 ( 21 3.0121 2.9121 3.1 ( 11 1.1111 .-.211 I -.8111 

C l A I .0704(2 I ,25441?1 .58~3121 3.4121 2.5121 4.0121 1. 5111 .Sill -. 7( 11 

((91 ,l3i8121 ,3614131 • 5401121 3.0121 3.3121 2,91 I I 1.4111 -.21 I I -.7111 

CllOI .2l71lll ,.1757121 .4a~qcz' 3,3121 3.1111 3.0( 1 I 1.811 I -.1111 -.~llJ 

C I! II .• 2181 (3 I ,2987131 .4391 Ill 4,2(21 3.7(21 4,5(21 1.5121 .7(21 -1.0111 

CC121 .2966 (3 I .3152(41 .~8d5(31 5,5121 5o7C21 5,8(21 2.9121 1.712 I -1.4121 

c 1131 .3778131 ,4095( 41 .3·857111 4.7131 7.7(31 6.8(3) 3.0121 2 ·•>12 I -1. ~~ Zl 

cuq ,3601 ( 31 ,4658(41 .4?2~(31 3.1121 6.5(31 9,1!31 ,9( 21 1 .z I Z I -2.5121 

c 1151 ,30001 31 ,4707131 o482Zl31 3.3121 4o7121 5,7(21 1.4121 ,JC21 -1.81ll 

nc 11 ,001·2 I I I· • 52H 3( 7.1 .nJ~c 11 2. 7111 3.0~('11 3,431 •ll 1.201~1 .02( 71 -).041~1 

0(4 I -,0801 Ill ,3648111 .42ldl11 3,111 I 2.761~1 3.18(91 1, Z(d Rl .121 dl -. 91 ( ~· 
C II !>I ,241201 .~7301~1 .2109131 3,8(21 8o3(~1 6.112 I -.2121 1.diZI -3.9(21 

C II 71 ,316601 ,59911~1 .1498(4'tJ 4,6131 12olt(~J 9.2131 -1.0131 2.4121 -L.2131 

Cll bl ,3145 ("I .52891ol .0963141 5.1131 11.~1 41 6. 7131 3.2131 2.5 I 2 I -1.8 I~ I 

c 1191 .23~71~1 .4327151 .1006(31 10.114 I 6~8(31 5.9131 .... 8131 3.31? I :...~1<:1 

Cl201 ,160~ I 31 .4061t(31 .1blRC31 7.3131 4,3C2i .... 8121 2.3121 2.8(21 -.1C2J 
(1211 ,1632121 ,lt757131 .21911?1 3,4121 3.9( 21 3.1121 1. 8111 .1 I~ I -.8( 11 

Cl221 ,081tl 121 .'-495C2) .2882121 3.2121 3.2121 2.8111 1.71 ll -.2(11 -1.0111 

Cl231 ,OB61?1 ,31t27131 • 3121 ( 21 3~4121 2.8121 4.4121 1.1111 .7(11 -1.3111 

CC21tl -.062312 I .3029(2) ,37ascn 3.1121 2. 7( 11 2,9111 1.4111 - .~ (l I -.7111 

((751 -.1268121' .1 .. 8~ 9( 21 .4006(2) 3.0121 3o0(11 3,4111 1. 4 I 1 I -.ll! I -,9(1) 

Cl?ol -,1Z2RDI .1104( 31 • 31t9l ( 4 I 7.1131 ~.9121 9,5(31 .5121 4,0(2 I -2.3121 

(1271 -.184~(41 -.0002131 .?707141 8.4131 3.5121 10. 7(1t I .~121 3.301 -3 .0(2) 

((281 - ,?510131 -,0412131 .44?3131 5.1121 2.8121 6,4(21 • 7( ~) -. 5 ( 2) -.4121 

(1?91 - .2 57? I> I ,0272131 .49?9131 5.6121 4.0121 6,1121 -.2121 1. 712 I -1.5121 

CDOI -,1962131 ,13701 31' ,471:131 5.3121 3,4(21 6,1121 -.01<1 2.ulll -1.9121 

0(~, .7!42121 ,2380121 .6385(11 2. 7111 4,4( I I 3,9 Ill ,49(91 .24191 -.6.;(91 

nc~ 1 .7190111 .3340121 ,436011 I 2.1 ( 1 I 3,9( 11 3,9111 ,4919 I .12181 -.Rul~l 

c ( 311 .612;(31 ,0883131 • 7993 ( 31 3,9(21 4.5(21 4,2121 1. ~~ 21 .s ( 21 -.0121 

c 1321 .5610(3) • 0099( 31 .8~0~131 5.5131 5,6'( 21 4,4(21 2. 312 I loll <I .t(21 

cc 331 ,4679(31 -,0577131 .8720141 5.0131 4.9(21 6,8131 1. 7 ( 21 2.9( 2) 1.0121 
( ( 3'ol .41:;oc~, -.0444131 .78'!~",(4) 3.8121 4. 7( 21 7.~(31 .5121 1.5 ( 2, o1 ( 21 
( 1351 .472013 I ,0340131 .70?2(31 3. 3121 4.5(21 5,6(21 • 8( 2 I •. ac 21 -.0121 
(1361 .51> 83 ( 21 .t013121 ,70R9(21 3.0121 3,0( II 4,6121 ,91 II 1o 2 ( 11 -.41\1 
c 1371 ,,2t i I 2 I .1862121 ..... ?20( 21 2.7121 3.2111 4. 3 (21 • ~~ 11 ,111 I -1.0111 
Cll81 .59~~(3) .204013 I .5298()1 2.1121 4,4(21 4,4(21 • iC I I -.!'"I -,9(! I 

( 1391 .6303(21 .n;ec 31 , 44?H ( 2 I 2.9121 3.5(2) ~.~121 1.2111 -. l I 1 I -I. 31 l I 
(1401 .~7HI7.1 ,2B'l1C }I • 3~).(.(21 2.4121 4.!121 4.llz'l J.utll -.I Ill -1.60 I 
(f')l .492~131 .?0271 41 .3JO)CJI 3,6(?1 4.4CZI ~.9(21 1 oll 21 ,. • ~ C 2: I -i:. ~ c!, 
( 14?1 .4417 n I • 2) 11 I ~d .?441.(41 3,8121 6.oc~J 6,9(3 I 1.scn -1 .~ (?I -'~. l C 3 I 
(.(431 .4<·~· 141 • 3£0hl 51 .1HiLII41 5,9131 10.3141 5,0(31 4,.6( .31 -2. 1t' 2 J - ·~ .1 (~I 
( (441 .'>'d.·!:(' 3 J •'•OU9( ~I .?oo:.o 1 5.7nl 7.8DI 4.; ( 21 3.31?1 -1.0111 -J. .4 {:a I 

t It• ~~ • ~;('194 ( ).1 , ~9?31 H .7~:t~1? ( •:q 3.4171 ~.61 ll 4.llll J. ,, i'l -. !\ (? J -1.71.'1 

U( II -,1R21(11 ,.!~lnot:n .;:4~d( lt 3,4111 4.0( I I J .f ( 11 1. tjl, ('I) • ~4 I HI -.Orl( :;1 

(J(RI ... 0141• I II .f-.!.43(1.1 .l~·J fH 2l 4.0(11 4.1( ll 3, B I 11 2.6(! I ,,9(91 • 0~ ( ~ ~ 

f C.bl -.311.1131 .1178()1 .€4H)(~I 4.0121 5.3121· 4,9121 2.41<'1 -. 3 ( 2 I -·. d C 2 I 
((.; 71 -.388~131 ,74751.~1 .7'·~tl41 4,4(21 6.0171 7.~13 I 2, 61 2 I 1.0 I 2 I -1.2 (?I 

CI48J -.477dDI ,7786131 .1~78(51 3.2121 5.2121 11,3(41 2. 6(' I -.6131 -2.1121 
C I 4 q I -,3934131 • 7776(.;) .0726141 4,9121 t.oc ;n 7 .t ( 31 3. 3( ]J -1.~121 -1.31;>) 

( 1'•01 -.31<.1131 .7!·10( ~· .07!-:· I 3 J 4.4121 ~.2C?J 4,8121 2.1121 -.a fll -.9121 

!. I '·I I - .2726(?1 ,7209(21 .}6 :.o (;:, 2,9(21 3,1 I 11 4 ,0(21 1. 2(11 •! 1:1. I -.4 C i I 

c 1~?1 -.l'H'·I21 .h</131 31 .1701 U I 2.8(71 3.4(21 3.6121 1. lf I I - ,4( II -.9111 
( ( ~31 - .1169( 21 ,74A7131 .o96aCJJ 3. 1t121 4,()(?1 3.~(}1 ),'1(21 .4 l 2 I • )( l) 

( ( ~4 J - .0~?~1?1 ,7]~4('1 • 09::·1( ~I ~.1121 3, 7 f 2 I 3.7 Ill 1. ' ( " • 1d l I -. q ( ll 
t ( ~. 5, .04'J5 ( 2, • "1? i ( 31 • O"o·q ~I 3,4(71 ?-. 9( 21 3. 5 f 2 I I .lf \I , 2 I 1 I -1 .• 3 ( t I 
(I,._ f: l .03 1·;, ( ~ J • 'l(!j] ( 11 --. 0'· .,,, (.~I 4.3121 4. 7( ?I ~. 7 ( 21 1. 4.t "' i. .ot:> t -olfli 

( ( ~. 7 I .11? \ ( 41 ,'1747141 -.1114 ( 31 b,l 131 5.0( ?I ~ .. 'H2) 1. 1'? J 1.1 ( 2 I .. :d 21 r· 
( l' HI .1~( 614 J .qoOZC41 -.1032141 5,4131 5.8131 7.! 131 -.llll ~ .• o tl.J -1.1 ( 21 
( ( ~,q) .20£·~ I:< I ,H728C41 -.(>34~141 4.1121 6.9131 7.1131. 1. 312 I lo'l f? I -l.?L~I 

r c •.o1 .1 :.o~: t :. 1 • 79!)0( '·' • Q_,.~/,J._ (?.I 5.2131 S.4( Z I •• 31?1 l.otn 1.1 ({I -. 1.(? I 

{l('-J) .~123121 ,39021?.1 .24'6(?1 4.'.; Ill 4. 7 ( 11 4 .~ ( 11 .1o 4 I II -l.UCll -1.71 I 
L tell .7Pi'.oU•) • ~f'l2JI ~I . ) ~().', ( '•, 8.2131 12.2 ( 41 5 .~I:< I . ;: • ?. ( :~ I -I. 7 I ?I -.) •. s I ~: 
<. P·? I ,H6~4(~>) ·'" oo::;'Jt ~ I .U~J'UI t.J 13,7151 12. 3 ( 4 I ~-. 9 ( ?>) 1. "4 I -1.41 -'I - ... 0( 
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Table 3. Final parameters for hydrogen atoms. Parameters 

without standard deviations were not refined. The form of 

the temperature factor is T = exp( -B sin2e/x 2 ) . 

(To be reproduced photographically.) 

i . 
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Table. 4. Distances in the coordination cluster (1\) . 

(See Fig. 1.). 

Atoms Distance Atoms Distance 
---~/"' 

Ca(l) 0(1) 2.353(2) 0(2) 0(4) 2.995(3)b 

Ca(1) 0(2) 2.333 (.2) 0(3) 0(4) 2.804(3)a,b · 

Ca(1) 0(3) 2.358(2) 0(1) 0(5) 3.410c 

Ca(l) 0(4) 2.353(2) 0( 1) 0(8) 3.111 

Ca(1) 0(5) 2.256(2) 0(2) 0(4) 3.333(3)d 

Ca(l) 0(6) 2.395(2) 0(2) 0(6) 3.010 

Ca(2) 0(1) 2.416(2) 0( 2) 0( 7) 2.999 

Ca(2) 0(2) 2.411(2) 0(3) 0(5) 3.526 

Ca(2) 0(3) 2.436(2) 0(3) 0(8) 3.205 

Ca(2) 0(4) 2.508(2) 0(4) 0(6) 2.943 

Ca(2) 0('7) 2.308(2) 0(4) 0(9) 2.851 

r<' ( ? ) l._,d \ . o(e) 2.2CG(2) 0( 5) . O(G) 2.801(3) 8 

C8(?.). 0(9) 2.108(2) 0(6) 0(9) 2.941(4) 

0 ( 1) 0(2) 2·.772(3)a, b 0(7) 0(8) 2.803(3)<1 

0(1) 0(3) 2.807(3)b 0(7) 0(9) 3.054(3) 

0(1) 0(4) 3.037(3)b 0(8) 0(9) 3.491(4) 

0(2) 0(3) 3.102(3)b 

( 

(a) 11 B1to 11 of the 1.igand. 

(l1) Ec1£jC~' of centred parallelopiJ)ed. 

(e) Ab:;cn<:(~ u r· u ~:t:-mdard deviat.i.on incl:i catc;t; that atonw 

\!>Jere rcJ':inccJ .Ln two different b1uclu3 of lcru:;t-:::~quC:tr~c;[;. 

Standard deviations are probably the same as otl1.cn;, + .003 'A. 

(d) Diagonal across the face of core plane 1. 
1.•' 
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Table 5. Rotation of phenyl ring planes with respect 

to d.iketone planes and each other (d.eg) 

DPP 

1 

2 

3 
4 

Phenyl 1 to· 
diketone. 

21.1 

13.4 

5.6 

36.6 

Phenyl 2 to Phenyl 1 to 
diketone. Phenyl 2. 

31.0 33.8 

7.8 16.1 

34.0 28.6 

12.9 47.6 

... ~ .. .~· 
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Table 6. Intra-molecular distances (.?\) 

DPP(1) DPP(2) . ~ 
Atoms Distance. Atoms · Distance 

,_~- C(1) C(2) 1.3-(9(5) C(16) C(l7) 1.385(6) 

C(2) C(3) 1.376(5) C(l7) C(l8) 1. 350(7) 

C(3) c(4) 1. 367(5) C(18) C(19) 1. 367(7) 

c(4) C(5) 1. 391(5) C(l9). C(20) 1.378(6) 

C(5) c(6) 1.388(1t) C(20) C(21) 1.379(5) 

c(6) C(1) l.38l(h) C(21) C(l6) !.364(5) 

c(6) C(7) 1.496(4) C(21) C(22) 1. 500(!~) 

C(7) 0(1) 1.285(3) C(22) 0(3) 1. 280(3) 

C(7) c(8) 1.387(~) C(22) C(23) 1.391(~.) 

c(8) C(9) 1.397(h) C(23) C(2lt) 1.1!03 (11) 

C(9) 0(2) 1.283(3) c (2~) 0(11-) 1.2'/7 (3) 

C(9) C(10) 1.496(4) c ( 21J-) C(25) 1. 502 (11) 

C(10) C(11) 1.377(4) C(25) C(2G) 1.379(5) 

C(ll) C(12) 1. 368(5) C(26) C(27) 1. 38h (G) 

C(12) C(l3) 1. 365 (6) C(27) C(28) 1.3119(6) 

C(l3) c (Jl!) 1. 368(6) C(28) C(29) . 1. 3~8(5) 

C(l4) C(l5) 1.387(5) C(29) C(30) 1. 3'(3(5) 

C(l5Y C(10) 1. 386(4) C(30) C(25) 1. 3G8(5) 

C(l) .H(l) 0.92(3) C(l6) H(l2) o.gy(h) 

C(2) H(2) 0.95(3) C(l7) H(l3) 0.92(5) 

C(3) H(3) 0.97(3) C(l8) H(ll!) 0.90()) 

... c (11 ) H(il) 0.92(3) c (J.9) H(l)) 0.93(!:) 

C()) H(:J) 0.95(3) C(20) H(lG) 1. oo(h) 

(l 
c(S) H(6) 0.93(3) C(23) H(l7) . o. 95 (3) 

C(ll) }] ('() 1.00(3) C(26) H(l8) 0. 9) (11) 

C(l2) ll ((1) 1. 01(11-) c (2'i') H(J.9) o.8G(!1) 

C(l3) }l ( ~)) 0.91(4) C(28) ll(20) o. 9)1 (3) 

C (J)I) H(lO) o. 88(3) C(29) H(::;l) 1..00(11) 

C(l)) JI(ll) 0.5)1+(3) c(jo) H(22) o. 90(11) 



26. 

'l'able 6. (continued) 

. DPP(3) DPP(h) 

Atoms Distance Atoms Distance -· !'4 

C(31) C(32) 1.389(5) C(46) c(47) 1. 384(5) 1 

C(32) C(33) 1.367(6) c(47) c (1~8) 1.373(5) 
-t 

C(33) . C(34) 1.364 (6) C(48) C(49) L365{Ci) 

C(34) C(35) 1.378(5) c(49) C(50) 1.373(5) 

C(35) C(36) 1.393(5) C(50) C(51). 1. 37 3(1~) 

C(36) C(31) 1.381(5) C(51) c(46) 1.373(5) 

C(36) C(37) 1.506(4) C(51) C(52) 1. 507(4) 

C{37) 0(5) ·1.272(3) C(52) 0(7) 1. 263(3) 

C(37) C(38) 1.399(4) C(52) C(53) 1.393(4) 

C(38) C(39) 1.399(4) C(53) C(54) 1. 395(4) . 

C(39) 0(6) 1.262(3) C(54) 0(8) 1.261(3) 

C(39) c(4o) 1. 502(4) C(54) C(55) 1.5o6(h) 

c(4o) c (l{l) 1. 381(4) C(55) C(56) 1. 3'72(5) 

C(41) C (!1 2) 1. 386(6) C(56) C(57) 1.383(5) 

c (l~z) C(43) 1. 3511 (G) C(57) ctJ8) l. 3)3((,) 

c(h3) c (lj.l~) . 1.371J. (6) C(58) C()9) L 3G5(6) 

c(4lj) c (1:5) 1.388(5) C(59) c(6o) 1. 380(5) 

c(I15) c (40) 1. 382(5) c(6o) C(55) 1.383(:>) 

c (31) . H(23) 0.98(3) c(46) H(34) o. 79(3) 

C(32) H(2h) 0.93(3) C(47) H(35) 0.911(4) 

C(33) H(25) 0.97(4) C(48) H(36) 0. 81~ (1~) 

c (311) H(26) 0.92(4) c (1+9) H(3'() o. 98(1+) 

C(35) H(27) 0.92(3) C(50) H(38) 0. 911 (3) 
i 

C(38) H(28) 0.93(3) C(53) 11(39) 0.85(3) 

c(l~1) H(29) 0.9Jr(3) C(56) H(l~O) 1. 01(3) ')' 

c(l1?.) ll(JO) o. 99(1~) C(57) JI(ll l) 1. 01 u~) 

c(l13) H(31) o.88(h) C(58) H( 1~2) o. 92 u~ > 
C(llll) H(32) 0.92(1+) C(59) H(h3) 0. 92 (1~) 

c (ll)) H(33) 0.96(3) C(60) H (J1J1.) o. E3'[ (3) 



27. 

'l'able 6. (continued) 

Ethanol . ~ 
Atoms Distance 

' .•. /-
0.(9) c(61) 1.390(5) 
c(6J.) C(62) l.h64(7) 

0(9) H(ll-5) 0.68(6) 
c(61) H(46) 1.12(5) 
C(61) H(47).a 1.00 
c(62) H(l1-8)a 1.00 
c(62) H(49) 1.04(6) 
C(62) H(50) 1.09(6) 

a Hydrogen atom restrained to a fixed position 

in the least-squares refinements. 

\ 

t 

Ill 



28. 

Figure Captions 

Fig. 1. Stereoscopic view of the coordination around. 

the Ca atoms. The center of symmetry at 

0,1/2,1/2 is in the cent~r of the cluster. 

Thermal ellipsoids have b~en scaled to 

include 50% probability. 

Fig. 2. Stereoscopic view of the complex cluster. 

Phenyl carbons not attached directly to the 

d.iketone and. hydrogen atoms have been omitted. 

for clarity. View direction and. scaling of the 

thermal ellipsoids are the same as in Fig. 1. 

Fig. 3. Generalized. numbering system for DPP ligands. 

Carbons are large single circles, oxygens are 

large double circles and. hydrogens are small 

single circles. Numbering shown is for 

DPP( 1), J'or succcsrdvc DPP molecule;, add 2 to 

the oxygen numbers, 15 to the carbon nwnbcrs and 

11 to the hydrogen numbers. 

- -· 



( 1 
j \) 

1 ,, 

t .... ; 

u 
";l ~~ 

~,.,: 

i,.j 0 (J 
.;/ . () : 

j 

j 
j c2.tj 
j 
j 

4 ,, j 
j 

~). j 
j 
j 
j 
j 

i j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 

Xlq, ·i~Jw•;.U . 

j . 
"( 

• j 
j 
j 

( 

j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 



XBL 7Z4-b(d 

. 
> 



3( 

I : 

( 

i, I 



( . . 

... 

r-----------------LEGALNOTICE------------------~ 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights . 
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