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Data collection 
Syntex P21 upgraded to 

Nicolet R3 diffractometer 
w scans 
Absorption correction: 

scan (SHELXTL-PIus; 
Sheldrick, 1991) 
Train = 0.431, Tmax = 

0.675 
1335 measured reflections 
1178 independent reflections 

1045 observed reflections 
[F > 3Or(F)] 

Rim = 0.031 
0max = 25 ° 
h = 0 ---~ 16 
k = 0---~ 8 
l = - 1 7  ~ 14 
2 s tandard  ref lect ions 

mon i to red  every  96 
ref lect ions 

in tensi ty  decay:  none  

Refinement 

Ref inemen t  on F 
R = 0.0376 
wR = 0.0565 
S = 0.75 
1045 ref lect ions 

93 parameters  
H-a tom parameters  not  

ref ined 
w = 1/[Or2(F) + 0 .0047F  2] 

(A/Or)max = 0.003 
Apmax = 0.64 e A, -3 
Apmin = --0.54 e A, -3  
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (fie) 

Ueq = (1/3)EiEjUijaTaTai.a). 

x y z Ueq 
Cu(l) 1/2 0.1219 (1) 3/4 0.044 (1) 
Cu(2) 1/2 0 1/2 0.040 ( 1 ) 
CI(1) 0.5013 (1) 0.2272 (1) 0.6280 (1) 0.060 (1) 
C1(2) 0.6562 (1) 0.0008 (2) 0.8322 (1) 0.059 (1) 
N(1) 0.6183 (3) 0.1139 (4) 0.5083 (3) 0.049 (2) 
C(2) 0.6052 (4) 0.2861 (6) 0.4865 (4) 0.062 (3) 
C(3) 0.5107 (5) 0.3236 (6) 0.3883 (4) 0.065 (3) 
C(4) 0.4099 (4) 0.2968 (6) 0.3793 (4) 0.064 (3) 
N(5) 0.3895 (3) 0.1250 (4) 0.3831 (3) 0.049 (2) 
C(6) 0.2912 (4) 0.0965 (7) 0.3736 (4) 0.063 (3) 
C(7) 0.7115 (4) 0.0750 (8) 0.6046 (4) 0.066 (3) 

Table 2. Selected geometric parameters (,4, o) 
(2) Cu(I)---CI(2) 2.259 
(5) Cu(2)--N(5) 2.025 
(6) N(I)---C(7) 1.477 
(7) C(3)---C(4) 1.515 
(6) N(5)---C(6) 1.475 
(9) Cu(2). • .CI(1) 2.855 

(1) CI(1 )----Cu( I)--CI(1 ~i ) 133.6 
(1) CI(2)----Cu(I )---CI(I ii ) 100.6 
(2) N(5)----Cu(2)----N(1 i) 85.7 
(4) Cu(2)---N( 1 )---C(7) 106.0 
(4) N(1 )---C(2)---C(3) 113.0 
(6) C(3)---C(4)--N(5) 112.2 
(2) Cu(2)---N(5)----C(6) 107.0 
(5) N(5)----C(6)---C(7') 107.6 
(4) 

Cu(I)----CI(I) 2.234 
Cu(2)---N( 1 ) 2.016 
N( 1 )---C(2) 1.469 
C(2)--C(3) 1.500 
C(4)--N(5) 1.479 
C(6)---C(T) 1.484 

CI( 1 )---Cu( 1 )---C1(2) 99.7 
CI(2)---Cu(1)--C1(2") 126.8 
N(I)---Cu(2)--N(5) 94.3 
Cu(2)--N( 1 )---C(2) 116.8 
C(2)--N( 1 )--C(7) 113.6 
C(2)---C(3)----C(4) ! 14.0 
Cu(2)---N(5)----C(4) 1 ! 7.0 
C(4)---N(5)----C(6) 112.9 
N ( 1 )----C(7)----C(6' ) 109.5 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: CR 1200). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Abstract 
~i) The title compound, [A12(C12HI002P)2(CH3)4], con- 
(3) tains discrete centrosymmetric molecules each having a 
(5) slightly puckered eight-membered (AI--O--P---O--)2 
(11) 
<8) ring. Displacements from the plane of the four O atoms 
(2) are 0.28 (1) and 0.15 (1)A, for the P and A1 atoms, re- 
(l) spectively; The A1--O bond distances are 1.781 (3) and 
<l) 1.794 (3)A,  while the P - - O  distances are 1.512(3) and (2) 
(4) 1.505 (2) ,~,. 
(4) 
(5) 
(3) 
(5) 

Symmetry codes: (i) 1 - x, - y ,  1 - z; (ii) 1 - x, y, ~ - z. 

Crys ta l lograph ic  compu ta t ions  were  pe r fo rmed  us ing the 
SHELXTL-Plus prog ram package  (Sheldr ick,  1991 ). 

The authors thank the Boeing Company and NSF, 
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Comment 
We have recently become interested in compounds con- 
taining A1---O--P linkages as soluble model compounds 
for aluminophosphate molecular sieves. Only a small 
amount of work has been carried out in this area and 
few compounds have been characterized fully. Coates 
& Mukherjee (1964) studied the reactions of trimethyl- 
aluminium with phosphinic acids to give compounds of 
the type [Me2AI(O2PR2)]2 (R = Me, Ph) and later, re- 
actions of Al2Me6 with HO(O)PX2 (X - F, C1 or H) 
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584 [A12(C12HloO2P)2(CH3)4] 

were reported (Schaible, Haubold & Weidlein, 1974; 
Schaible & Weidlein, 1974). The first crystal structure of  
this type, namely that of dichloroaluminium diphenyl- 
phosphinate, [C12AI(O2PPh2)]2, was reported by San- 
gokoya,  Pennington, Robinson & Hrncir (1990). 

The crystal structure of  the title compound,  (1), is 
found to contain discrete centrosymmetric molecules. 
The molecule contains a slightly puckered ( A 1 - - O - - P - -  
O - - ) z  e ight-membered ring, with displacements from 
the plane of  the four O atoms of  0.28 (1) and 0.15 (1) .~ 
for the P and A1 atoms, respectively. 

M_e Me 

' ~ . .p , ,o  o, ....~_j 

Me Me 

(I) 

solid-state MAS 31p N M R  spectrum of (1), recorded 
at a spinning rate of 4.9 kHz, gave a chemical shift 
of  20.9 p.p.m., which is comparable with the solution 
value (25.1 p.p.m, in d8-toluene) if solvent effects are 
considered. Both chemical shifts were measured relative 
to 85% H3PO4. 

Experimental 

Working under argon, the title compound was prepared 
by slowly adding AI2Me6 (5.2mmol) dissolved in toluene 
to a cold (210 K) suspension of diphenylphosphinic acid 
(10.4mmol) in toluene. The solution was allowed to warm 
slowly to room temperature and after stirring for 8 h, a clear 
solution had formed. Removal of the volatile materials gave 
the required product in high yield. Air-sensitive colourless 
crystals were obtained from toluene and mounted in glass 
capillaries for X-ray examination. 

The geometry at the A1 and P atoms is approximately 
tetrahedral (Fig. 1). The two A 1 - - O  bond distances 
are similar, with values of  1.781 (3) and 1.794 (3)~,,  
as are the two P---O bond distances of  1.512(3) and 
1.505 (2) A. The P- -O-- -A1 angles are not linear and the 
two differ from each other b~, 13 °. The A I - - C  distances 
of  1.931 (4) and 1.945 ( 4 ) A  are within the expected 
range (Power, Bott, Clark, Atwood & Baron, 1990). 

C14 C16 

C13 C11 All i 

C24 ~ v 
C23 

Fig. 1. Tlae molecular  structure o f  [Me2AI(O2PPh2)]2 showing the 
labelling scheme, with displacement ellipsoids drawn at the 30% 
probability level and H atoms excluded for clarity. [Symmetry code: 

• 1 1 
(1) i - - X ,  i - - y ,  1 - -Z . ]  

The title compound is isomorphous with [C12Al(O2- 
PPh2)]2, in which a similarly small deviation from 
planarity was observed. Corresponding bond distances 
and angles for (1) are found to be very similar to those 
of  [C12AI(O2PPh2)]2 (Sangokoya et al., 1990). 

Molecular  weight (cryoscopy) measurements  in ben- 
zene confirmed that the dimeric species persists in so- 
lution (this work; Coates & Mukherjee, 1964). The 

Crystal data 

[AI2(CI2HI002P)2(CH3)4] Cu Ko radiation 
Mr = 548.48 A = 1.54178 ,~, 
Monoclinic Cell parameters from 25 
C2/c reflections 
a = 11.371 (1) ,4, 0 = 39.0-45.9 ° 
b = 15.433 (1)/~, ~ = 2.0 mm -~ 
c = 17.954 (1) A, T = 300 K 
fl = 104.738 (6) ° Block 
V = 3047.1 (4) ~3 0.65 x 0.50 × 0.40 mm 
Z = 4 Colourless 
Dx = 1.195 Mg m -3 
Om not measured 

Data collection 
Rigaku AFC-7S diffractom- 

eter 
w/20 scans 
Absorption correction: 

~b scan (North, Phillips 
& Mathews, 1968) 
Train = 0.92, Tmax = 1.00 

2568 measured reflections 
2151 independent reflections 
1902 observed reflections 

[F > 4or(F)] 

Refinement 

Refinement on F 
R = 0.062 
wR = 0.089 
S = 2.25 
1893 reflections 
170 parameters 
H-atom parameters not 

refined 
w = 1/[cr2(F) + 0.001F 2] 
(z~/O')max = 0 . 0 8  

Rim = 0 . 0 4 8  

0max = 6 0  ° 
h = 0 ---+ 12 
k = 0 ---~ 17 
1 = - 2 0  ~ 19 
3 standard reflections 

monitored every 150 
reflections 

intensity decay: 13.2% 

Apmax = 0.40 e ~-3  
Apmin = -0 .54 e ,~-3 
Extinction correction: none 
Atomic scattering fac- 

tors from SHELX76 
(Sheldrick, 1976) for 
C, H, O and P atoms, 
and International Tables 
for X-ray Crystallogra- 
phy (1974, Vol. IV, Table 
2.3.1) for AI 
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T a b l e  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (1~ 2 ) 

Ueq = (1/3)Ei~jUija~afai.aj. 

x y z Ueq 
PI 0.17587 (8) 0.34179 (6) 0.40911 (5) 0.0485 
All 0.42955 (9) 0.33478 (6) 0.54316 (6) 0.0633 
Ol 0.2853 (2) 0.3511 (2) 0.4771 (2) 0.0754 
02 0.0922 (2) 0.2685 (2) 0.4164 (1) 0.0627 
CI 0.5546 (5) 0.3257 (4) 0.4883 (3) 0.096 (3) 
C2 0.4474 (5) 0.4243 (3) 0.6215 (3) 0.095 (3) 
C ll 0.2249 (3) 0.3257 (3) 0.3234 (2) 0.066 (2) 
C12 0.2986 (4) 0.3866 (4) 0.3017 (3) 0.100 (3) 
C13 0.3381 (6) 0.3734 (7) 0.2362 (5) 0.138 (5) 
C14 0.3039 (6) 0.3037 (8) 0.1925 (4) 0.153 (6) 
C15 0.2306 (6) 0.2385 (5) 0.2119 (3) 0.126 (4) 
C16 0.1891 (4) 0.2517 (3) 0.2777 (3) 0.088 (3) 
C21 0.0951 (4) 0.4410 (2) 0.3998 (2) 0.072 (2) 
C22 0.1412 (6) 0.5123 (4) 0.4453 (4) 0.137 (4) 
C23 0.0830 (7) 0.5900 (4) 0.4342 (6) 0.179 (6) 
C24 -0.0270 (7) 0.5976 (4) 0.3841 (5) 0.149 (5) 
C25 -0.0773 (6) 0.5278 (5) 0.3408 (4) 0.143 (4) 
C26 -0.0171 (5) 0.4503 (3) 0.3498 (4) 0.111 (3) 

(6) 
(6) 
(16) 
(13) 

T a b l e  2. Selected geometric parameters  (ft, o) 
AII---O1 1.781 (3) PI----OI 1.512 (3) 
AI1---O2 i 1.794 (3) P1----O2 1.505 (2) 
All---C1 1.931 (4) P1----C11 1.782 (4) 
All---C2 1.945 (4) P1---C21 1.771 (4) 

OI--A11---O2 i 101.3 (2) C21--PI---O1 107.1 (2) 
CI--AI1----OI 110.1 (2) C21--P1---O2 109.5 (2) 
C2--AII---OI 106.8 (2) C21--P1----C11 107.9 (2) 
C I--All--<)2 s 109.7 (2) AII----OI--P1 162.4 (2) 
C2--A11---O2 i 109.8 (2) Alli----O2--P1 149.1 (2) 
C 1--AI 1----C2 117.8(2) C12----C11--PI 119.6(4) 
O1--P1---O2 114.2(1) CI 6----C 1 I--P1 120.7(3) 
CI I--PI--OI 109.7 (2) C22---C21--P1 121.3 (4) 
C 11--P1---O2 108.3 (2) C26----C21--P1 121.8 (3) 

Symmetry code: (i) ½ - x, ½ - y, 1 - z. 
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(Ethanol)(2,3,7,8,12,13,17,18-octaethyl- 
porphinato)manganese(III) Perchlorate 

The large Uij terms observed for some phenyl  C a toms 
may  indicate disorder. H a toms were placed in calculated 
posi t ions with a c o m m o n  refined d i sp lacement  parameter.  
Nine reflections were omit ted  as likely to be suffering f rom 
extinct ion.  

Data collection: MSC/AFC Diffractometer Control Software 
(Molecular  Structure Corporat ion,  1988). Cell refinement:  
MSC/AFC Diffractometer Control Software. Data reduction:  
TEXSAN (Molecular  Structure Corporat ion,  1992). Program(s)  
used to solve structure: SHELXS86 (Sheldrick,  1990). Pro- 
gram(s)  used to refine structure: SHELX76 (Sheldrick,  1976). 
Molecular  graphics:  ORTEPII (Johnson,  1976). 

T h e  a u t h o r s  w o u l d  l ike  to  t h a n k  the  E P S R C  fo r  

s u p p o r t  ( D J B )  a n d  fo r  f u n d s  to  p u r c h a s e  the  X - r a y  

d i f f r a c t o m e t e r .  

BEISONG CHENG AND W .  ROBERT SCHEIDT 

Department of Chemistry and Biochemistry, University of 
Notre Dame, Notre Dame, IN 46556, USA 

(Received 18 May 1995; accepted 31 July 1995) 

Abstract 
T h e  c rys t a l  s t r u c t u r e  o f  [ M n ( C 3 6 H 4 4 N 4 ) ( C 2 H 6 0 ) ] C l O 4  
has  b e e n  d e t e r m i n e d .  T h e  a v e r a g e  M n - - N p  b o n d  d i s -  
t a n c e  is 1 .997  ( 5 ) A  a n d  the  ax ia l  M n - - O  b o n d  l e n g t h  

is 2 . 145  ( 2 ) A .  T h e  m a n g a n e s e ( I l l )  ion  ha s  a d i s p l a c e -  

m e n t  o f  0 .17  ,~, f r o m  the  m e a n  p l a n e  o f  the  2 4 - a t o m  
p o r p h i n a t o  co re .  

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: BM1033). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 

Comment 
T h e  t i t le  c o m p o u n d ,  [ M n ( O E P ) ( E t O H ) ] C 1 0 4  ( E t O H  is 
e t h a n o l  a n d  O E P  is the  d i a n i o n  o f  2 , 3 , 7 , 8 , 1 2 , 1 3 , 1 7 , 1 8 -  
o c t a e t h y l p o r p h y r i n ) ,  (I),  w a s  o b t a i n e d  in o u r  a t t e m p t e d  

p r e p a r a t i o n  o f  [ M n ( O E P ) ] 2 0  f r o m  CHC13 a n d  h e x a n e s .  
T h e  s o u r c e  o f  t he  e t h a n o l  l i g a n d  is b e l i e v e d  to  be  t he  

s t ab i l i z e r  in CHC13.  
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