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Investigations of Alkaline-earth PB-diketone Complexes.
II. The crystal and molecular structure of blS(l 3~ dlphenyl 1,3-

propanedionato)calcium hemlethanolate

By Frederick J. Hollander, David H. Templeton and Allan'Zalkin
- Lawrence Berkeley Laboratory and’Departmént.of Chemistry, -

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

Bis(1,S-diphenyl-l,S—propanedionato)calcium hemiethanolate,

65 275

Cal (C.H co)ch] (C.H OH)l/Z, crystallizes in PI with a = 15.247(1)
R, v -~ 13.555(1) R, c = 14.097(1) R, a = 74.64°(1), B = 95.97(1)°

Yy = 113.59(1)°, Z = 4, at 23°C. The density calculated for two

units of empirical formula Ca2062H5009 in the unit cell is gc =

1.32 gm/cms; - The structure was solved by direct methods and

refined to a conventional 3 value of 0.040 for 4503 reflections
collected by counter methods. The complex forms a noVel}tetrémeric
polymer aréund a crystélldgraphic center of symmetry. Theré arev
two Ca atom enVironments, one Six- and one séven-foldvcoordinated,
with the ethanol providing the seventh member of’the latter

coordination. The form of the polymer is described in detail.

* ' ) )
Work performed- under the auspices of the U.S. Atomic

Encrey Commission.



Alkaline-earth metal cations form complexes with

the anion of 1,S-diphehyl—l,3-propanedione:

We succeeded in crystallizing‘the calcium COmplex oniy
when ethaﬁoi was present. |

This paper reports the structure of bis(1l,3-diphenyl-1,
3—propanedionato)calcium hemiethanolété,’Ca(DPP)Z(CZHSOH)l/Z.
The complex exists as a novel tetramefic polymer around a
érystallographic center of symmetry. The ethanol is bound
to one of thevtwo independent calcium atoms in fhe asymmetrié
unit. |

Thé complex was synthesized by mixing a'solutionvof
calcium acetale in aqueous ethanol with an ethanolic solution
of 1,3-diphenyl-1,3-propanedione (HDPP).and adding

concentrated NHS/NH4CI, 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 allow the rcaction to gé to completion.  The precipitate

dissolved on hesating, but reappeared as the mixture was
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cooled. ”It was filtered and dried in‘air énd stored

in é'desicCator over Drierite. Attempts to recrystallize
the complex generally yielded a viscous orange oil.
HoWever, well—forméd clear yellow crystals were obtained |
by slow éQaporation of a warm chlordform“solution. The
oil dissolved in'many orgaﬁic'solvents, but formed a
cloudy solid on addition of ethanol.

The crystals were mounted on glass fibers. PreCession
photographs indicated a triclinic unifICell, and preliminary
cell dimensions were determined. Anothér'crystal was mouhted-on
a Picker/Nuclear four-circle diffraétométer automated
with a DEC PDP 8I computer and disc. 'Twélve high-angle
reflections were carefully centered using monochromatized
Cu Kal radiation (A = 1.54051 A) at 23°C. The cell
dimensions were refined on Lhe 26 meauuremcntc only, using
provram TTHChL a modlfled vers10n of a program supplied .

2 2,2
)%,

to us by H. Hope. The program minimizes . Zw(d * gc

where the weights are as51gned subJectJvely by the user.

The cell parameters obtained from this refinement were

a = 15.247(1) A, b = 13.555(1) &, ¢ = 14.097(3) A,
L= 74.64(1)°, B = 95.97(1)°, ¥ = 113.59(1)°. Calculation
of the density of the compound for a cell volume of

2576 A5 gave, for the formula Ca(DPP),, d, = 0.314 Z.

Attempts to meusure the density failed because a solution

|

could not be found which neither dissolved the crystals

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

was confirmed by the refinement of the structure, and the

density'based,on the actdal composition’is gc = 1.32 gm/cm3. 
A crystal approximately 0.12 mm in radi;s was used

for data cplléction. Data were collected using

monochromatized (ZQm = 26.42°) Cu Ka radiation and a 0-26

scan technique. TH; peaks wére scanned -at a rate of 1°/min

- from 1.0° below the calculated Eglbpoéition'to 1.0° above

the calculated Ka, position. Backgrounds were counted

for 10 seconds at positions offset by 0.5° from each

end of the scan (all angles 260). Aluminuﬁ attenuators

‘ Qerevautdmatically inserted iﬁto the diffracted beam

whenever.the count rate exceeded 10000 cps and the peak

was rescanned and backgrounds remeasured with‘the

attenuaﬁors in place. The hemisphere of -data +h,tk,xf

was collécted fof 20 = 0°-100° (s1h0/i<:o.500). Three

'reflections,(4'd O), (0 3*0) aﬁd (00 3),'were measured after

every’lOQ data to monitor crystal_decay.' In the entire experiment

5824 reflections were measured, including remeasurements

in conhection with the decay correction. The standards

showed a gradual fall in relative intensity from 1.00

to 0.942 over the first 3975'reflections,'then a sharp

drop to a relative intensity of 0.820 beﬁween reflectiohs

3973 and 3974 caﬁsed by.a malfunction in the equipment.

The exact location of the change was determined by taking

LY
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the data in that region again, aftér the.data'set was
cbmpleted; The data were'processed‘as previouSly"
déscribed (Hollander, Templeton and Zalkih;:1973a) to give
2>cr(F2)

5294 unidue reflections of which 4504 had F
No correction was made for absorption. fWitﬁ.p.= 23 cm_l,
a 33% deviation from sphericalvshape wOuld'result in a 15%
'variétion-ih transmission factors;.and the crystal is
believed to have been more néarly spherical than that.

, The atomic écéttering factors of DOylevéhd Turner
(1968) were used for Ca++, 0 and C, along with the real.
and imaginéry‘dispersion tgfms of Cromer and Libérman
(1970). The sphefical scattering factors of Stewart,
Davidson and Siﬁpson (1965) were used for the hydrogen
atoms. |

Our 1¢ast-squares program'minimizes the function
zyjﬁg)z/iggoz. Weights in thé refinement were zero if £2<1
U(E?) ahd,yf; 1/02(3) otherﬁise; d(E) was calculated as’
noted in a previous papef»(Hollander, Temﬁleton and _
Zalkin, 1973a). The factor p, used to reduce the weight
of strong reflections, was 0.0 through most of the
refinement but 0.05 in the last cycles. | |

Proprams usced in the structure‘analysiS‘havc_bcen

listed in the above referenced paper.



The assumption of ﬁhe centric spéce group Ei _
was made throughout, and is confirmed by the solution
énd successful refinemént of the structure. Normalized

structure factors, E were generated ih the usﬁal

=h’
‘manner. Phases were—;ssigned to the 333’§_values_greater
than 2.00 using R. E. Long's (1965) proéram. After some
difficulty, an E-map was obtained which reQealed two

large peaks and a'numbervof 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 ﬁarémeters. Two

cycles of refinement brought R, = 2‘4F1/§j§0| to 0.41,

and the generated signs of the Eﬁs were‘used—éo phase a
Fourier‘map_of B This Fouriervshowed 69 peaks and one
shoulder in chemzéally reasonable stitioné‘fOr the ékpected
‘-formulation of Ca’(DPP)2 with two Ca atoms in the asymmetri¢
unit. The seventy atoms were refined as before,for_three
cycles, and for three cycles with the two Ca atoms and eight
O atoms allowed anisotropic thermal parameters; to an

B
heights of 6 Qf/ﬁs, 3 e /A S and 3 gf/ﬁs, and no other pcaks
as high as 1.9*/K5. The three peaks were linked together
with the'largestvpeak at a distance of 2.41 R from Ca(l). 

The assumption made, which was subsequently confirmed by

fefinement, was that the pecaks represehted an ethanol

of 0.21. A difference Fourier showed threce majof peaks with
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coerdinated to the Ca. Theeatoms of the ethanolrwere

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 averagebthermal 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 R, was reduced to 0.09.

Anisotropic refinement of the non-hydrogenxétoms

and isotropie refinement of the hydrogens proceeded by

 block-diagonal least-squares with three blocks to an Ry

of 0.048. Availability of a larger computer allowed N
further'refinement‘in two blocks,vthe first containiﬁg the
two "inner" DPP molecules and the second centaining thev
two "outef" DPP molecules and the ethanol. The overaii
scale factor and the twovCa.atomsbwere,refined with each
block: : |

Certain Il atoms behaved peorly.and some of their
parametors'whre rixed to allow convergencev(see'Table 3).
Two final cyclecs of each block broughﬁ‘the.shifts of eil
parameterS'Le_loss then 20% of their‘sﬁaﬁdard deviations
and most to iuss'than 10% of theif standard deviations;‘.
The final I, was 0.040 for 4505 reflections, and R, =

21 =2 7
2 - 2\1/2 ; - s g
(Zv(Ar) "/ Zwl ) was 0.043. The standard deviation



of an observation_of unit weight was 1.14.  The data
were examined fOr‘sécondary extinction effeété with
negativévresults. |

The observed structure factors, their standard‘
deviations and the final differences are given in
Table,l.. The final coordinates and thermal\paraméters
. of the atoms arevgivén in‘Tables 2 gnd.3. | |

The complex éonsists of clusters of Cbmposition
(CaZ(DPP)4(CZH5OH))2 around the symmetry at 0,1/2.1/2.
There isvonly one such cluster per unit cell, and its
neighbérs are related to it by unit cell translations.
‘There are no ¢ontdct‘distanées of less than 3.50 &
between non-hydrogen atoms in different-élusters.‘

| -The two independeﬁt:calcium atoms Ca(l)‘and ca(2)

are reSpectively'siX— and seven-fold doqrdinated by'the
oxygens:of the DPP ligandsband the ethanol (Fig. 1).
Fach calcium sharcs two,oxygené with cach of two neighboriﬁg
calcium-atoms of’ the othervkind-so that four of'fhem are
1inked around- the center of éymmetry. 'The bridging
oxygens, 0(1) and 0(2) of DPP(1), 0(3) and O(&)_ovaPP(Z),
form avslightly distorted parallelopiped, whose édge
lengths are listed in Table 4. Ca atomé'ﬁap each of
four néarly rectangular faces, and DPP?ligands project

into the area above the two non-rectangular faces (Fig. 2).
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The angles from the uncapped pléné (core plane'l) to

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

and 3 respectively) are 89.1° and 89.4°. The angle -between
‘the two capped planes is 69. 1°. o | o

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

0(7) and 0(8) of DPP(4) and 0(9) of the ethanol) and the

calcium atoms lie on the outward sides of the core planés.

ca(l) is 1.03 & above ‘core plane 2, and the two oxygens

of ﬁPP(S) are 3.09 A and.2.55 A away from that plane.

ca(2) is 1.39 A froﬁ core plané 3. The other three oxygehs

coordinated to Ca(2) are at distances of. 2.90 K 2.80 A

and 2.82 A from core plane 3 for 0(7) 0(8) and 0(9) respectlvely,
" forming an almost parallel plane. The distances between

core planeé 1;‘2:and'3 énd thé respective planes related
by the center of symmetry are 2.90 ﬁ for core plane 1,
2.604R for coré:plane-Z'and 2.87’ﬂ for cbre.plane 3.

‘The Ca~0 diétances average.2.367 A with a stahdard
deviationuof 0.0ZB‘A calculated from the scatter of the
measurements. The average compares well ‘to the sum of
the crystal rad11 (Paullng, 1960) 2.39 K The range of
the Ca-0- distances 1s from 2.256(2) A to 2 508(2) A Thc_
Ca(l)-O d;mtances are in general horter than the Ca(2)
distances. The distances from Ca to the unbridged oxygens
are gchérq]iy )hO](Gr Lhan those to the- br:dﬁ]ng oxygen°

but the Ca(1)-0(6) distance of 2.395 K is an exception.
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Thése variances from the averages are in_keeping With
the coordinétions'of the_atomé involved;'ﬁith longer bond - ‘ o
distances to atoms withfhigher cbordinatioh. - I -}
The distances ofjfhe Ca atoms toﬂthe_planes of the - |
diketone portions of the inner DPP 1igands are on the
same'brder as thé.distandes from the Ca.aﬁoms to the coré,'
planes. For the non-bridging DPPvligands'the Ca atoms
are much closer to the planes of the diketones. For
DPP(S),»the:distance from the plane'td'ca(l) is only 0.19 &, |
while in the more crowded enVirdnmeﬁt around Ca(2)_the  o :
distance from Ca(2) to the diketone plahe of DPP(4) is
0.24 &. The planes of the diketone residues of DPP(1) -~ o
and D?P(Z) are spread away from one anothef,_making angles
with core plane 1 of 95.3° and 107.9° respectively, and V
an angle of 23.2° with reépect to each other. DPP(1),
which experienceé-CTOWding from'DPP(4),vis forced close

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

bend moré, away from DPP(1) into the emptier.area around
the ethanol. The DPP(3) diketone ring is~almost |
perpendiéular (89.2°) to core plane 2, reflecting.its-v
almost symmetrical éurroundings with respecct to core
plane 1 and the symméﬁry-related“corc pldne'l'. However,
the disﬁancés of 0(5) and 0(6) to core plane 2 show that
there is strong interaction between DPP(S)-and DPP(4)

forcing 0(5) away from core plane 2 and 0(6) towards it, “
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The 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°.W1th core plane 3
and 53.9° with the dlketone plane of . DPP(4)

| ~ The DPP(Q) molecules themselves can be analyzed in
terms of three plaﬁes 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 plaﬁes of
DPP(2) and DPP(3) are within six standard deviations of
planarity, but the diketone portions of DPP(1) and
DPP(4) are strongly twisted and are only planar to 15
standardldeviations. The phenyl groups are rotated with
respect to the ‘diketone planes by angles ranging from}
5.6° to 36.6°(Table 5)¢ This rotation is due to packing
forces between the clusters and between ligands withln |
the clusters. The anéles of rotaﬁibh do not cause'any
signiflcant variatibn in the phenylediketone bond length
of the stressed interior angle adjacent to the diketonev
in. the phenyl groups. | |

Interatomic distances in the DPP ligands and the:
cthanol arc shown in Table 6. The average'phenyl C~C

. . .. o o . L . « V
distance 1s 1.374 A, in reasonable agreement with literature
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values, anq the b—C distance inlthe:diketoné avérﬁges to
1;396 K, again ih good agreement. The average C;d
distanée'between the phenyl groups”and the diketone
residue of 1.502 A agrees well with other values for
§R?'§E? single boﬁds, and the C-0 avefage distance of
1.273 & is in reasonable agreemént'for a C-0 bond drder-of'
1.5 (Pauling, 1960). The standard deviations of these
averages as calculated from the scattér of:thé.various
independent distances are all on the'order'of 0.003 R.
There is a statistically but probably not chemiéally

significant difference in the C-0 bond lengths between

those inVolving'bridging oxygens and those involving non-bridging

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

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

for the latter at 1.264(3) 2. The phenyl C-C bonds also
show a statistically'significant variation.- Thevbonds to
the para carbon average to a low 1.363(2) A compared4to‘the

averages. of the ortho-meta, bondsv(l.382(2)ﬁ) and the bonds

to the carhon ddjaéentvto the diketone.(1.379(3) R). The -
average.of all C-H bonds in fhe DPP mdleéulcs is 0.94‘K
with a spread of ®£0.09 A, in agreement with values fori‘
many X-ray studies. ” | |

| The'bond angles in the liggnds'arevhormal for'.
complexed DPP molecules (Zalkin, Templeton and Karraker,
1969; Hollander, Templeton andlzalkin; 1973a, 1973b). Thel

diketone ring is spread, with 0-C-C and C-C;C bond angles

I}l
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~125°, to give the ligand a bigger "bite," and the

interior angle in the phenyl ring at the juncture to
the diketone i1s reduced from 120° to ~118°.

The C-0 and C-C bond distances in the ethanol

vappear 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, standard.deviations
and final differences (x 10.0). Reflections marked with

an * were given zero weight in least-squares.

gl
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Table 2. Final parameters for non-hydrogen atoms.b.In
this and the following tables the standard deviétion of
the least significant digit(s) is given in parentheses.

The form of the temperature factor (B in units of A°) is

T = exp(-0.25(B nZax?

12" hka*b¥ + .o ).

+ 2B12

(To be reproduced photographically.)
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$2357(5)
1605(3)
«1632(2)
«08411(2)
.0136(2)

-.0623(2)
~e1268(2)
~el1228(3)
~.1845(4)
~+2510(31)
-.2572(2)
~.19621(3)

«7142(2)
7190411
.6125(3}
5619(3)
4679(3)
%230(2)
4720(3)
#5683(2)
b2eil2)
.58273(3)
«6303(2)
H57106L2)
$4925(3)
L61TEY)
RYLLITY]
SAGHEDY
RLLTYEY]

~e1823(1)
~ 0146 (1)
~ 3111 (31}
~.3883(3)
- 42738(2)
- 43934(2}

L31511(3)

-2726(2)
—el8e5(2)
—1169(2)
~.0125121}

0440502
«0375(31}
12804
2lYesL4a)
206503}
Jd20502)

«B123¢21}
0204
HBE3G{5)

v
62742841
«54331(51

$2998(1)
W4498(1)
.089T(3}
~.0168(3)
-+1058(3)
-,0878(3)
+0195(3)
21097¢2)
«227412)
+256402)
+3614(3)
L375742)
+2987(3)
L3152(4)
44085041
.4858(4)
+6707(3)

52830 2)
2366801}
+573004)
«5991(4)
528961
«4327(5)
«4064(3)
475703}
«C495(2)
«3427(3)
+3029(2})
.181912)
«1104(3})
~.0002(3)
~.0612(3)
.0272(3)
«137003)

+2380(21}
«3240(2)
+0883(3)
.0089(3)
-+0577(3)
~.0444(3)
«0340(3)
.1013¢(2)
.186202)
«2040(3)
«275803)
+2877¢(3)
$20270410
«2)7205)
«320605)
«H0HICE)
392310 31

518002}
$654302)
L7178( )
J7475(3)
7786031
LTTT6L3)
LT510(3)
.7209(2)
LH913(3)
JT4AT(3)
S73240N)
ETERIETS
L9011
LAT4T(4)
«9502(4)
+JHT28L410
« 799004

«3902¢2)
L2R2205)
L4050 )

4
«44488(4)
«30244(4) -

L6614(1)
.5458(1)
.7620(3)
£ 81468(3)
.7934(3)
«7186(3)
«666113)
2 6872(2)
.6352(2)
.5863(2)
.5407(2)
.4859(2)
+4391(2)
«288513)
.3857(3)
+4325(3)
+4822(3)

«32237(10)
«4218(1)
«2109(3)
«1498(4)
20963(4)
»10046(3)
.161813)
«2191¢2)
.2882(2)
«3121(2}
«3788(2)
«4006121)
«3492(4)
« 27074}
«%%23(3)
«4929(2)
«4TIE(3Y

«6385(1)

Te4360(1)

«7993(3)
.8805(2})
«872014)
«7825(4)
«7022(3)
«7089(2)
«6220021
.5298(3)
$4428021
«380e6(2)
«3302(3)
e 246h014)
$1810(8)
L200%4)
f2RGI(T)

«1%978{5)
«0726(4)
L0755 (3)
«1620(71)
~1701¢2)
«0968(31)
SOFZNL2)
«0720%(2)

~e 0405 (3)

«1114(3)
«1032(4)
L 0348¢(4)
« 0420110 2)

« 245612}
2150004
LOuG204)

811

2,2503)

2.62(3)

3.1(1)
3.0¢1)
3.942)
4.2(2)
4.2(2)
5.3(2)
4.T(2)
2.411)
3.0t2)
3.4(2)
3.0(2)
3.3(2)
4.2(21
5.5(2)
4 T¢3)
3.102)
3.3(2)

2.711)
3.1(1)
3.802)
4.603)
5.1(3)
10.164)
7.3(3)
3.402)
3.2(2)
3.4(2)
3.1(2)
3,0(2)
7.103)
8.4(3)
5.1(2)
5.6(2)
5.3(2)

2.7¢(1)
2.1(1)
3.9(2)
5.5(3)
5.0(3}
3.8(2)
3.3(2)
3.0(2)
2.7(2)
2.142)
2.912}
2.4(2)
3.6(2)
3.8(2)
5.9(3)
5.713}
3.4(2)

3.4101)

" 4.0(1)

4.0(21
4.402)
3.2(2)
4,912
44021
2.9(2)
2.8(2)
3.4(2)
A.14¢2)
3.4(2)
4.3(2)
6.1(3)
S.41(3)
4.1(2)
5.213)

4.501%
8.2(3)
13,7(51)

822
2.55(2)
2.80(3)

2.49(9}
2.5749)
2.912)
4.0(2)
3.1t2)
2.712)
3.302)
2.8(2)
2.9(2)
2.5(2)
3.302)
3.1¢1)
3.7(20
S.7(2}
T30
6.5021
T 4eT(2)

3.02(9)
2.7619)
8.3(2)
12.4(4)
1l.4841}
6.8(3)
4.3(2)
3.9(2)
3.2(2)
2.8(2)
2.741)
3.0(1)
3.9(2)
3.5(2)
2.8(2)
4.0¢2)
3.4(2)

4atll)
3.9(1)
4.5(2)
5.612)
4.9(2)
4.7(2)
4.5(2)
3.0(1)
3,201}
4.4(2)
3.5(2)
4,102)
4e9(2)
8.0(3)
10.3(4)
T.8(3)
Sebl 2}

4.001)
4.7011}
Se.3(2)-
6.0(2)

5.2(2}

£€.002)
£.242)
3.101)
3.4020
4,012}
2.742)
2.9
4.7(2)
5.002)
S.813)
6913}
Se6{2)

4.701)
12.214)
12.304)

833

2.90(3)
3.09(3)

3.8(1})

33049

“.602)
5.1(2)
6.0¢2)
7.102)
4.9(2)
3.602)
3.141)
4,0(2)
2.9(1)
3.001)
4a5(2)
5.8(2)
6.8(3)

9.1(3) -

5.7¢2)

3,434
3.18(9)
61021}
S.213)
6.7(3)
5.9(3)
4.8(21}
3.1(2)
2.8(1)
442}
2.91(1)
3.4(1)
9.5(3)
10.7(4)
6.402)
6.1(21
€.1t2)

3.9(1)
3,9(1)
4,202}
s.4l2)
6.8{31}
7.5(3)
S5e6(21)
4.6(2)
443021
L.402)
3.8(2)
4.1(2)
£.9121
€903}
5.0(3)
4.5021)
4.2421

ERTAP S
3.8(1)
4,912}
T.6(3)

11,3043

7.6(3)
T 4.8(2)
4,0(2)
2.6(2)
3.8¢2)
3.2¢(2)
3.5(2)
4.7(2)
€.302)
T.103})
T.103).
“.302)

4a5(1)
«03)
Fe903)

812
«T8(2})
1.2312)

1.22(8)
1.30(8)
9010
<921
L412)
1.412)
1.142)
«9(1)
1.1(1)
1.5(1)
1.4(1)
1.8(1)
1.5(21
2.9(2)
3.002)
«9(2)
1.442)

1.200(1)
1.26(R)
-.202)
~1.003)
3.2(3)
4.8(31
2.3(2)
1.8(1)
1.7¢1)
1.1€11
1.4(1)
l.401)
«512)
«4l2)
I ARE]
-e2021}
-.002)

«4919)
«49(9)
1.5021
2.3(2)
1.7(2)
«502)
802}
«9¢1t
«8(1)
i)
1.201)
1.0011}
l.102)
1502}
4.643)
3.3(2)
1507

1.8604)
2.601)
24021
2.6(2)
2.602)
3,302}
2.7¢2)
1.201)
1.2(1)
1.902)
1.204)
1.204)
1.4t
1.102)
—. 1ty
1.3(2)
25021

ledtl)
s Za i)

T.3041

20,

. 813

<1702}
—.08(2)

".0318)
«29(7)
e511)

1612}
6{2)
512
821

-.1(1)

—.203)
$51(1)

-.2(1)

EXS YY)
7(2)

1.702)

2.0(2)

1.2(2)
«302)

«02(7)
«12(8)
1.8¢2)
T2e412)
2.582)
3.302)
2.8021)
o1}
~e2(1)
T
-e5(1)
-e342)
L0021
3.3(3)
-e342)
1.742)
2.0(2)

«24(9)

+12t8)

+81(2)
1.2¢2)

T 269420

1.5t2}
B2}
le2(l)
«T(YL)
-ei (2}
-e3t1)
—ell} -
re3(2)
“heb (2}
~2+0(2}
~1e0t2)
~e8(2)

eat ) -

«5909)
-e302)
1.0(23
-e612}

~le3102)
~.8(21

« 20210
el

e (2)

4LL)

$2010)
100421}
T.7¢2)
2,021
1.9(2)
r.1(2)

-l.0(Y)
“1.7(2)
~1.403)

823
—.68(2)
-84 (2}

- 95(7}
-k (1)
-1.0(3)
~abt2)
-.0(2)
-i.702)
-1.1142)
-1.101}
~.8(1)
EEARY
~. Tl
~-201)
-l.0(1)
~1.4102)
~l.242)
-2.502)

C-ll.8t2)

~1s06(4)
—e 91 t4A)
-3.9(2}
-6.2(3)
-1.8()
~a502)
“el(2)
—.801)
~-1.0{1)
-1.3(1)
=eT(1)
~eS(1)
-2.302)
-2.002)
“e4(2)
-1.5(2}
-1.,8(2)

-.63(39)
~.R0(9)
~.0(21
E121
1.002)
«1021}
~.0(2)
-4ty
-1.0(1)
C=e9t1)
~1.341)
~l.641)

c~2e202)

4,103

—ral A

~ie4(?)
-1.702)

~e0n ()
W 09)
-e8t2)
-1.202)
-2.102)

~1.302)

~.9021
~a4ti)
~e9t1)
YR
~e5(1)
~1.3()
.42}

<1429

T-1.1t2)

~1.202)
—a4l?)

1,700
-3.51020
-4« .003)
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Table 3. Final parameters for hyd.rog,e_n atoms. - Para‘.m,eter‘s
without standard deviations were not refined. The form of -

the temperature factor is T = exp(-B sinza/'_xz) .

(To be reproduced photo_graphi.cally.) '



Hto1)
H{02)
H{03)
H(04}

- H{0S)

H{ 6}
HOT}
H(08)
H(09)
H(10}
H{11)

H(12)
H{13)
H(14)

HI1S)

H(l6)
H(17)
H{18)
H(19)
H{20)

H(21})

H{22)

H(23)
H{24)

HEZ%)

H{26)
H(2T)
H(28)
H(29)
H{30}
H{31)
H(32)
H{33)

H{34)
H{35)
H{36)

HL37) -

H{38)
H(39}
H(40}
H(41}
H{42?
H{431
H{44)

H(45)
H(4&6)
HI4TY
H(48)
H(49}
H{%0)

t1 ot

t

i

«134(2)
«222(2}
<2112}
.108(2}
£028(21)

.093(2) |

«159(2)
«293(2)
«428(3)
«432(3)
»303(2)

0242(3)
«365(4)
«362(3)
«22643)
«104(3)
«020¢(2)
«078(3)
+185(3)
«29212)
«296(3)
«2061(3)

6T}
«5961(2)
%2903}
«36313)
440020
.518(2)
«47302)
«386(3)
«440(3)
«569(3)
«6531(2)

#28812)
41603Y
LTE(3)
«51903)
29102}
12702}
«02302)
«102t3)
26903
206203}
«136(2)

«779(5)
WTETU3)
7497
8860
+930(4)
841049

D be

+150(3}
~.0238(2)
-.182(3)
-e145(3)
«02413)
«199(2)
«233(3)
25503}
«425(3})
#+546(3)
«524¢3)

«620(3)
«667(5)
+560(4)
. 3883}
«336(4)
«290(3}
+«135(4)
—«043(4)
«116(3)
+003(3)
«179(¢)

«137(3)
L+000(3)
~e116(3}
-.094(3)
«037(3)
«167L2)
" «130(¢3)
«15143})
«339(3)
677131}
«654(2)

«T703(2)
«737¢31)
«TIE(3)
«796(3)
JT511021
.79812)
«9151(3)
1.039(3)
1.004(3)
«B62(3)
«T74382)

«375(6)
+312¢(41
4344
«3438
«469(%)
«394(4)

LI I}

J77702)
«868(2}
«827(2)
«702(2)
«612(2)

«589(2)

«439(2)
3562}
«367(3)
«434(2)
«516(2)

«253(3)
«150(4)
«056(3)
«057(3)
«162(3)
+283(2}
«297(3)
«335(3)
«455(2)

«55413)

«506(3}

£ 80 2)
« 93903}
2925(3)
«7T4l3)}
«663(3)
« 52002}
«371(2)
+23812)
«126(3)
«156(3)
«301(2)

.299¢21
.207(3)

2157(3)

«007¢3}
«Olet2}
L050(2)
08802
«159(3)
$1a203)
«023(3)
«0706(2)

«2R1(5)
«13603)
«1232
113
«089(%)
«015¢4)

3.8(7)
4.4(8)
5.8(9)
5.4(9)
5.3(9)
3.0(7)
3.9(7)
5.9(9}
7.4(11)
$.5(10)
4.9(8)

7.0(10)
12,3(18)
9.0(13}
6.5(11)
9.2(13})
4e4(8)
9.4(14)
9.3(14)
4.0(7}
T.61(11)
8.8(13)

5,102}

© 5.0(9)

5.6(9)
b.41(111
5.3(101
3.1
3,9(8}
6.1(9)
5.9(10)
T.8(13}
3.2(7)

S 1.9¢7)

7.5012)
6.3(11)
T.a(11)
3.8(81
2.6(7)
4.9(3)
T.4111)
7.5t12)

T 7.6013)

©3e148)

15.6(281}
10.6114})
12.000
14.000
15.000
12.8(16)

A A

v

[

i
i
1
i
|
i
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Table.4.“Distances in the cdordination cluster (R).

(See Fig. 1.)

Atoms

Atoms Distance Distancg
’ (1) 0(1) 2.353(2) o(2) = of ~ 2.995(3)°
(1) o(é)_ 2.333(2) 0(3) o(4 2.804(3)2 0
(1) 0(3) 2.358(2) o(1) -~ - of 3.410%
(1) 0(4) 2.353(2) 0(1) of 5.111
(1) o(5)  2.256(2) o(2)  o(4)  3.335(3)%
(1) 0(6) 2.395(2) o(2) ~ o(6)  3.010
1 (2) 0(1) | 2.416(2) o(2) 0(7) 2.999
ca(2) 0(2) 2.411(2) 0(3) 0(5) 3.526
Cca(2) 0(3) = 2.436(2) 0(3) | 0(8) 3;265
ca(2) o(4) " 2.508(2) 0(4) o(s) 2.943
ca(2) ~  o(7) 2.308(2) 0(4) 0(9)  2.851
Cal?) 0(8) 2.266(2) o(5) o(6) ?.éo;(s)a'
Gal2). 0(9) 2.108(2) o(6)  o(g) 3;941(4)
o(1) o(z2) . 21?72(3)a’b | o(?) - 0(8) 2 803(3)%
0(1) o(3)  2.807(3)° o(7) = 0(9) 5.054(3)
o(1) 0(4) 5.057(3)° 0(8) 0(9) 3.491(4)
g 0(2) 0(3) 3 102(5)b | :
‘ (a) "Bite" of the ligand.

(h) Bdges of central parallelofiped;

(c)'Absénmu'ur a mtundéfd'deviatiou indicateﬁ_that atomé ‘.
werce refinéd in twovdifferent blocks of'leatt—sduarcs.
Standard deviations are probably the samc as others, + .003 A.

(d) Diagonal across the face of core planebl.
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Table 5. Rotation of phenyl ring planes with respect

to diketone planes and each other (deg)

DPP Phenyl 1 to Phenyl 2 to  TPhenyl 1 to
diketone. diketone. Phenyl 2.
1 21.1 g 31.0 33.8
2 ©13.4 7.8 16.1
3 5.6 34.0 28.6
4

36.6 12.9 7.6
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Table 6. Intra-molecular distances (&)

pPP(1) - DPP(2)

Atoms Distance. “Atoms - Distance
c(x)  c(2)  1.3r9(5)  c(6) c(a7) = 1.385(6)
c(2) c(3) 1.376(5) c(17) - c(18) 1.350(7)
c(3) ()  1.367(5)  c(18)  c(29)  1.367(7)
c(t) c(5) 1.391(5) c(19)  c(20) 1.378(6)
c(s)  c(6) - 1.388(k) c(20) - c(z1)  1.379(5)
c(6)  c(r) 1.38L(4)  c(21)  c(16) I.364(5)
c(6) c(7) 1.h96(k) c(21) = c¢(z22) 1.500(4)
c(7) o) 1.285(3)  c(22) 0(3)  1.280(3)
c(7) c(8) 1.387(4)  c(e2)  c(23)  1.300(k)
c(8) c(9) 1.397(%) - c(23)  c(zh)  1.h03(h)
c(9) -~ ofz)  1.283(3)  c(aa)  o(k) - L.2r7(3)
c(9) ¢(10) 1496k ) c(eh)  c(25) . 1.502(h)
c(10)  c(a1)  1.377(k)  c(25)  c(26)  1.379(5)
c(11)  c(12) 1.368(5)  c(26)  c(27)  1.38:(C)
c(12)  c(13)  1.365(6) c(z27) - c(28) 1.3:9(6)
c(13)  c(h)  1.368(6)  ©(z8) C(29) - L.3B(s)
c(1s)  c(13)  1.387(s)  c(29)  ©(30)  L.3r3(5)
c(as5)  c(10) - 1.386(%)  c(30) c(25) . 1.368(5) -
c(1)  H(1) 0.92(3) c(16)  H(12)  0.97(h)
c(z)  m(z)  0.95(3) c(a7)  H(3) 0.92(5)
c(3) - u(3)  0.97(3) c(18)  m(w)  0.90(5)
c(h) nh)  0.92(3) (o) u(w)  0.93(4)

e(5) H(5) 0.95(3)  c(20)  m(16) - 1.00(h)
c(8)  m(6) 0.93(3)  c(23) . H(17) - 0.95(3)
¢(11)  n(r) 1.00(3)  c(zg)  m(18)  0.95(k)
c{1z) G .or(h) 0 cer) H(19) 0.86 (1)
c(iz) - u(9)  0.91(%) c(z8)  1(20)  0.94(3)
c(ah)  m(0)  0.88(3)  c(29)  m(z1)  1.00(4)
c(uy) - om(i1) - 0.94(3) c(30) H(22) 0.90(N)
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7 Table 6. (continued)
- .DPR(3) | - DPR(K)

Atoms Distance Atoms . Distance
c(31)  c(32)  1.389(5) c(s6)  c(b7) 1.384(5)
c(32) c(33)  1.367(6)  c(ur) c(k8)  1.373(5)
c(33) " C(34) 1.364(6) c(s8)  c(49)  1.365(6)
c(3¥)  c(35) 1.378(5) c(49)  c(50) 1.373(5)
c(35)  ©(36)  1.393(5)  ©(50)  c(51)  1.373(4)
c(36)  c(31) 1.381(5) c(51) c(46) 1.373(5)
c(36)  c(3r)  1.506(%)  c(s1)  c(52)  1.507(k)
c(37)  o(5) 1.272(3) c(sz)  o(r) 1.263(3)
c(37)  c(38) 1.399(%)  c(52)  c(53)  1.393(4)
c(38) ©(39)  1.399(k)  c(53) c(5h)  1.395(4)
c(39)  o(6) 1.262(3) c(sk)  0o(8) 1.261(3)
c(39) c(40)  1.502(k)  c(sk)  C(55)  1.506(4)
c(k0)  c(y1)  1.381(%) c(55)  €(56)  1.372(5)
ck1)  c(uz) 1.386(6) c(56)  c©(57)  1.383(5)
c(h2)  c(u3) 1.350(6)  c(57)  €(u8) 1.353(60)
c(d3)  c(uk) . 1.374(6) c(s8)  c(59)  1.305(6)
c(uh)  c(s) S 1.388(5)  c(59) c(60) 1 :
c(us)  co) - 1.382(5)  ©(60)  c(55) - 1.383(5)
c(31) . u(23) 0.98(3) c(46)  H(34) 0.79(3)
c(3z) m(zh)  0.93(3)  c(r)  m(35)  0.9i(4)
c(33) m(25)  0.97(k)  c(:8)  H(36)  0.8:(k)
c(3k)  H(25) 0.92(%) c(9)  H(37) 0.98(})
c(35)  H(27) 0.92(3) C(50)  H(38) 0.94(3)
c(38)  mu(z8)  0.93(3) c(s3)  H(39)  0.85(3)
c(1) H(29) 0.9%(3) c(56) H(40) C1.01(3)
c(hz) 1(30) 0.99(h) c(57) H(41) 1.01(k)
c(3)  H(31) 0.88(!) ¢(58)  H(k2) 0.92(4)
cdh)  H(32)  0.92(k) c(59)  m(*3)  0.92(k)
c(hs)  H(33)  0.96(3) c(60)  H(Wk)  0.8/(3)
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Table 6. (continued)
Etha‘n'olv_

Atomé' Distanpe '
0(9)  c(61)  1.390(5)
c(61)  c(62) 1464 (7)
0(9) H(k5) 0.68(6)
c(61) H(l+6)_ 1.12(5)
c(61)  H(AETY®  1.00
c(62) H(18)?® 1.00
c(62) H(49) 1.04(6)
c(62)  H(50)  1.09(6)
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Hydrogen atom restralned to a flxed p051t¢on

in Lhe least- square° reflnements



Fig. 1.

Fig. 2.

Fig. 3.

28.

Figure Captions

Stereoscopic view of the coordination around

- the Ca atoms. The center of symmetry at

0,1/2,1/2 is in the center of the cluster.
Thermal ellipsoids have been scaled to
include 50% probability.

Stereoscopic view of the compléx cluster.
Phenyl carbons not attachedvdirectly to the
diketbne and hydrogen atoms have been omitted

for clarity. View direction and scaling of the

- thermal ellipsoids are the same as in Fig. 1.

Generalized numbering system'for DPP ligands.
Carbons are large single circles, oxygens are
large double circies and hydrogéns-are small
single circles. Numberihg shown is for

nPr(1), for successive DPP molecules add 2 to -

the oxygen numbers, 15 to the carbon numbers and

11 to the hydrogen numbers.
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LEGAL NOTICE

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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