
2020 [Re(C6H5N)C13(C34H28FeP2)].CH2C12 

Crystal data 

[Re(C6HsN)C13- 
(C34H28FeP2)].CH2C12 

Mr = 1022.94 
Monoclinic 
P21/n 
a = 11.093 (2) A 
b = 21.665 (4) A, 
c = 16.823 (5) ,~. 
fl = 104.404 (18) ° 
V 3916.1 (16) A 3 
Z = 4  
Dx = 1.735 Mg m -3 
Dm not measured 

Data collection 
Siemens P4 diffractometer 
03 scans  
Absorption correction: 

~/, scan (North et al., 
1968) 
Tmi, = 0.632, Tma~ = 0.731 

7673 measured reflections 
7284 independent reflections 
5538 reflections with 

F > 4~r(F) 

Mo Ka radiation 
A = 0.71073,4, 
Cell parameters from 38 

reflections 
0 = 1.99-25.5 ° 
# = 3.913 mm - l  
T = 294 (2) K 
Plate 
0.60 x 0.10 x 0.08 mm 
Green 

Rim = 0.033 
0m..,x = 25.50 ° 
h = 0 ---~ 13 
k =  - 2 6  ---, 0 
l = - 2 0  ~ 19 
3 standard reflections 

every 97 reflections 
intensity decay: none 

This paper  was suppor ted  by the 63 Research  Fund  
o f  Sung Kyun  K w a n  Univers i ty  (1997).  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: DAI088). Services for accessing these 
data are described at the back of the journal. 
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Refinement 

Refinement on F 2 
R(F) = 0.038 
wR(F 2) = 0.077 
S = 1.030 
7284 reflections 
461 parameters 
H atoms constrained 
w = 1/[cr2(Fo 2) + (0.0263P) 2 

+ 5.2393P] 
where P = (Fo 2 + 2F,2)/3 

(Z2k/O')max = 0.001 
Apmax = 0.789 e ,~-3 
Apmin = -0 .762  e ,~-3 
Extinction correction: 

SHELXTL (Bruker, 1997) 
Extinction coefficient: 

0.00025 (4) 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Table 1. Selected geometric parameters (,4, °) 
Re--NI 1.717 (5) Fe----4213 2.040 (6) 
Rc---CI3 2.3961 (15) Fe--C9 2.057 (6) 
Re--CI2 2.4193 (16) Fe--CI I 2.060 (6) 
Re--CII 2.4392 (15) Fe--C15 2.063 (6) 
Re--P2 2.4620 (15) Fe---CI0 2.068 (6) 
Re--PI 2.4674 (15) Fe--CI4 2.068 (6) 
Fe---C 12 2.020 (6) P1---C7 1.812 (5) 
Fe----C7 2.024 (5) P2---C12 1.801 (6) 
Fe----C8 2.028 (6) NI---CI 1.395 (7) 
Fe---C 16 2.028 (6) 

N I--Re--CI3 173.19 (16) CI2--Re--P2 165.07 (5) 
NI--Re--CI2 100.53 (16) CII--Re--P2 86.24 (5) 
CI3--Re--4212 85.90 (6) N 1--Rc--P1 91.58 (16) 
N 1--Re--CII 92.37 (16) CI3--Re--PI 86.69 (5) 
CI3--Re----CI 1 90.29 (5) CI2--Re--PI 85.40 (5) 
C12--Re---CII 85.90 (6) C11--Re--PI 170.98 (5) 
N 1--Re--P2 92.47 (16) P2--Rc--PI 101.69 (5) 
CI3--Re--P2 81.45 (5) CI--NI--Re 170.7 (4) 

Data collection: XSCANS (Siemens, 1995). Cell refinement: 
XSCANS. Data reduction: SHELXTL (Bruker, 1997). Pro- 
gram(s) used to solve structure: SHELXTL. Program(s) used 
to refine structure: SHELXTL. Molecular graphics: ORTEP-3 
(Farrugia, 1997). Software used to prepare material for publi- 
cation: SHELXTL. 
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Abstract 
The  title complexes ,  heptacarbonyl- ln4C,2n3C-#- 
( d i m e t h y l  b u t - 2 - y n e d i o a t o ) -  1 : 2ec2C 2 , 1 : 2 n 2 C  3-cobal t -  
m a n g a n e s e ( M n - - C o ) ,  [ M n C o ( C 6 H 6 0 4 ) ( C O ) 7 ] ,  (5) ,  and 
hep taca rbony l -  1/,;4 C,  2ec 3 C-/.z - ( m e t h y l  but -  2-  y n o a t o ) -  
1 :2n  2 C 2 ,1 :2n  2 C 3 - c o b a l t m a n g a n e s e ( M n - C o ) ,  [MnCo-  

(C5 H602)(CO)7], (6), were  syn thes ized  f rom MnCo(CO)9 
and the co r re spond ing  alkyne.  The  Mn- - -Co  bond  length  
is 2.5527 ( 5 ) A  for (5) and 2.5468 (4)A, for (6). The  
a lkyne  C---C bond  is pe rpend icu la r  to the Mn- - -Co  
bond.  
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Ann Arbor, MI 48109-1055, USA. 
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C o m m e n t  

Dicobalt-hexacarbonyl-alkyne complexes, [Co2(CO)6- 
(#-alkyne)], are important intermediates in the Pauson- 
Khand reaction which produces ~,/3-unsaturated cyclo- 
pentenones by coupling an alkyne, an alkene and CO 
(Khand, Knox, Pauson & Watts, 1971; Khand, Knox, 
Pauson, Watts & Foremann, 1971). Over 70 structures of 
[Co2(CO)6(#-alkyne)] have been determined by X-ray 
crystallography (Went, 1997). Their structures contain a 
single Co--Co bond and the alkyne ligand is perpen- 
dicular to the Co--Co bond. Although the syntheses 
of complexes [MnCo(CO)7(#-RC2R')] [(1) R = R' = 
Et; (2) R = Et, R' = Me;  (3) R = Me,  R' = Ph; 
(4) R = R' = Ph] have been documented (Manning & 
Peterson, 1984), no X-ray data for these complexes have 
been reported. The structures of (1)-(4) are assumed 
to be similar to the structures of [Co2(CO)6(#-alkyne)] 
complexes based on I H, 13C and 170 NMR and IR 
spectral data. Isocyanide derivatives of [MnCo(CO)7(#- 
alkyne)] are believed to be intermediates in Pauson- 
Khand-type reactions yielding unsaturated cyclic imines 
(Beck et al., 1998). Therefore, it was important to obtain 
accurate structural information on Mn-Co-alkyne com- 
plexes. Since isocyanide derivatives of [MnCo(CO)7(#- 
alkyne)] are too unstable to be isolated, an X-ray in- 
vestigation of two [MnCo(CO)7(#-alkyne)] complexes, 
namely [MnCo(CO)7(MeO2CC2CO2Me)], (5), and [Mn- 
Co(CO)7(MeO2CC2Me)], (6), was undertaken. 

Me Me Me 
\ / / 

° ~  0 M e ~  0 

/ / - 4 , . \  % 
\co// 

c \ / \ c \ 
o / /  c c \',\ \\\ ,,,,', \\\ 

0 0 0 0 

(5) (6) 

The structures of (5) (Fig. 1) and (6) (Fig. 2) are 
similar to [Co2(CO)6(#-RC2R)] [(7) R = Ph; (8) R = 
CO2Me; (9) R = ten-butyl;  Gregson & Howard, 1983]. 
The bridging alkyne in (5) (88.0 °) and (6) (92.1 °) is 
perpendicular to the Mn--Co bond. This agrees well 
with the perpendicular bridging geometry reported for 
(7) (92°), (8) (89 °) and °(9) (90°). The Mn--Co bond 
distances of 2.5527(5)A in (5) and 2.5468 (4) k, in 
(6) indicate a single Mn--Co bond. This is longer 
than the Co---Co bond length in (7) [2.476 (2)A], (8) 
[2.477 (3) ,~] and (9) [2.460 (1) A], but consistent with 
the Mn---Co bond length in [MnCo(CO)6(Ph2C4Me2)] 
[2.5488 (8) ,~; Einstein et al., 1986]. 

The alkyne C---C bond distances in (5) and (61 [both 
1.328 (3)A] are close to those in (8) [1.33 (3)A] and 

C12 04 

O2 

Fig. 1. The structure of (5) showing 50% probability displacement 
ellipsoids and the atomic labeling scheme. For clarity, only one 
conformation of the disordered methyl group is shown. 

C9 ~CI0 C l n l ~ ~  

~ o 4  

0% 
C6 

O 5 ~  07 ~. '2  

oz 
Fig. 2. The structure of (6) showing 50% probability displacement 

ellipsoids and the atomic labeling scheme. For clarity, only one 
conformation of the disordered methyl group is shown. 

(9) [1.341 (3),4,]. In (7), however, possibly due to the 
bulky phenyl groups, the alkyne bond distance is slightly 
longer [1.36 (1)A]. The average C==C bond length is 
1.32 A, compared with the average C~==C bond length 
of 1.21 A (Orpen et al., 1989). Hence, the alkyne C---C 
bond displays double-bond character upon coordination. 
This is also reflected in the bond angles between the 
alkyne substituents and the former C------C bond, which 
are 135.7 (2) and 134.4 (2) ° for (5), and 138.1 (2) and 
133.3 (2) ° for (6). 

The average Co---Calky,e bond length in (5) and 
(6) (both 1.955 A) is almost the same as in (7)-(9) 



2022  [ M n C o ( C 6 H 6 0 4 ) ( C O ) 7 ]  A N D  [ M o C o ( C 5 H 6 0 2 ) ( C O ) 7 ]  

(1.959,4,) .  T h e  a v e r a g e  Mn~C~lky ,~  b o n d  d i s t ance  in (5) 
and  (6) (bo th  2 .066  A)  is s l igh t ly  l o n g e r  than  the  C o - -  
Calkyne bond ,  i n d i c a t i n g  a w e a k e r  m e t a l - a l k y n e  b o n d  for  

m a n g a n e s e .  

Experimental 

A threefold excess of  the appropriate alkyne [MeO2CC2- 
CO2Me for (5) or MeO2CC2Me for (6)] was added to a 
hexane solution of  MnCo(CO)9 under argon. The mixture was 
exposed to UV irradiation at room temperature for 40 min. 
The reaction mixture was filtered and the filtrate cooled to 
203 K to effect precipitation. Recrystallization from pentane 
at 203 K produced red solids in about 30% yield. Crystals of  
(5) and (6) suitable for X-ray analysis were obtained from 
pentane at 248 K. Data for (5): m.p. 340 K; IR (hexane): 2103 
(m), 2080 (w), 2065 (vs), 2034 (vs), 2010 (m), 1988 (s), 1956 
(vw), 1732 (m, uc----------o) c m - l ;  IH NMR (C6D0): 6 3.39 p.p.m. 
Data for (6): m.p. 311 K; IR (hexane): 2194 (m), 2052 (vs), 
2025 (vs), 2015 (sh), 1994 (s), 1976 (s), 1954 (w,), 1727 (m, 
uc------o) c m - I ;  1H NMR ( C 6 D 6 ) :  ~ 3.32, 2.17 p.p.m. 

Tab le  1. Selected geometric 
C o 1 ~ 2  1.807 (3) 
Co 1--C3 1.812 (3) 
C o l - - C  I 1.820 (3) 
Col---C 10 1.951 (2) 
C o l - - C I  1 1.958 (2) 
C o l - - M n l  2.5527 (5) 
Mn I - - C 4  1.818 (3) 
Mn I---C5 1.836 (3) 
M n I ~ C 6  1.857 (3) 
Mn I - -C7  1.857 (3) 
M n l ~ l l  2.052 (2) 

CI0- - -CoI - -Mn I 52.28 (7) 
CI 1- - -Col- -Mnl  52.12 (7) 
CI I - - M n l - - C I 0  37.71 (9) 
C ~ - M n l - - C o l  155.64 (10) 
C5--Mn I ---Co I 97.86 (9) 
CI I - -Mnl - - -Co l  48.86 (7) 
C I 0 - - M n  1---Col 48.63 (7) 
C 9 - - O 8 ~ C 8  116.2 (3) 
C12- -O10~C13  115.7 (2) 
O 9 ~ C 9 - - O 8  123.5 (3) 
O 9 - - C 9 ~ C  10 125.3 (31 
O8---C9----C 10 111.3 (2) 
C 11 ~ C  10----C9 135.7 (21 
CI l ~ l O - - C o l  70.44 (15) 

parameters (A, °) for  (5) 
M n l ~ 1 0  2.056 (2) 
O8--C9 1.309 (3) 
O 8 ~ C 8  1.454 (4) 
O9--C9 1.193 (3) 
OI0---CI 2 1.325 (3) 
O10----C 13 1.452 (3) 
O11---C12 1.196 (3) 
C9- -C  10 1.476 (3) 
C I ~ I I  1.328 (3) 
C l l - - C 1 2  1.484 (3) 

C9----C 10--Co I 138.9 (2) 
C11----C10---Mn I 70.99 (14) 
C 9 - - C I ~ - M n  I 133.6 (2) 
Co 1 ~ C  10--Mn I 79.09 (9) 
CI(~--C11---CI 2 134.4 (2) 
C I ~ 1 l------Col 69.84 (15) 
C 1 2 ~ C I  1---Col 135.0 (2) 
C I ~ l l - - M n l  71.30 (15) 
C12------CI I - - M n l  138.7 (2) 
C o l i C 1  l - - M n l  79.02 (8) 
OI 1 ~ C 1 2 ~ O 1 0  125.2 (2) 
O 11 ~ C  12------C 11 122.9 (2) 
OIO~C12---C11 111.9 (2) 

Compound (5) Compound (6) 
Crystal data Crystal data 

[MnCo(C6H604)(CO)7] Mo K a  radiation [MoCo(CsH602)(CO)7] 
Mr = 452.05 A = 0.71073,4, Mr = 408.04 
Monoclinic Cell parameters from 5693 Triclinic 
C2/c reflections Pi- 
n = 10.364 (1) ,4, 0 - 2 .56-28.32 ° a = 8.0260 (1) ,~ 
b = 12.657 (1) ,~ # = 1.749 mm -~ b = 8.1299 (1) ,~, 
c = 26.590 (2) ,4, T = 273 (2) K c -- 12.6612 (1)/~, 
/3 = 98.58 (1) ° Rod a = 87.343 (1) ° 
V = 3449.0 (5) ]k 3 0.30 x 0.20 x 0.20 m m  /3 = 71.850 (3) ° 
Z = 8 Dark red 3' = 79.125 ( 1 )o 
Dx = 1.741 Mg m -3 V = 770.879 (15) ,~3 

D,, not measured Z = 2 
Dr = 1.758 Mg m -3 
O,, not measured 

Data collection 
SMART CCD diffractometer 
03 s c a n s  

Absorption correction: 
multi-scan (SADABS; 
Sheldrick, 1996) 
Tmin = 0.738, Tmax = 0.928 

11 668 measured reflections 
4273 independent  reflections 

Refinement 

Refinement on F 2 
R[F 2 > 2or(F2)] = 0.038 
wR(F 2) = 0.088 
S = 1.094 
4273 reflections 
235 parameters 
H atoms constrained 
w = 1/[o'2(Fo 2) + (0.0388P) 2 

+ 0.4726P] 
where P = (Fo ~ + 2F~)/3 

3137 reflections with 
I > 2or(/) 

Rim = 0.035 
0max = 28.32 ° 
h = - 1 3 - - *  12 
k = - 1 6 - - - *  13 
l = - 3 5  ~ 35 
Intensity decay: none 

( A / o ' ) m a x  = - 0 . 0 0 1  

Apmax = 0.32 e ,~-3 
/~Pmin = - 0 . 3 9  e ~ - 3  
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Data collection 
SMART CCD diffractometer 
,~ scans 
Absorption correction: 

multi-scan (SADABS; 
Sheldrick, 1996) 
Tm,n = 0.551, Tmax = 0.594 

8678 measured reflections 
3754 independent reflections 

Refinement 

Refinement on F 2 
R[F 2 > 2~r(F2)] = 0.029 
wR(F 2) = 0.073 
S = 1.052 
3754 reflections 
208 parameters 
H atoms constrained 
w = l / [ c r 2 ( F 3 )  + ( 0 . 0 3 8 8 P )  2] 

where P = (F, 2 + 2F,?)/3 

Mo Ka radiation 
A = 0.71073 ,~ 
Cell parameters from 5750 

reflections 
0 = 2.55-28.28 ° 
/z = 1.937 m m -  
T = 223 (2) K 
Block 
0.35 × 0.35 × 0.30 mrn 
Red 

3048 reflections with 
I > 2or(/) 

Rint = 0.026 
0max = 2 8 . 2 8  ° 

h = - 10 ~ 10 
k = - 1 0  ~ 10 
l =  -16 - - - ,  16 
Intensity decay: none 

(A/~r)max -- 0.001 
Apmax = 0.57 e ,~-3 
Apmin = - 0 . 3 0  e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Co'stallography (Vol. C) 
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Table 2. Selected geometric parameters (,4, ° ) f o r  (6) 

Co1~C5 1.808 (2) Mnl---C4 1.861 (2) 
Col----C6 1.813 (2) Mnl--CI0 2.050 (2) 
Co1~7  1.822 (2) MnI----C9 2.107 (2) 
Col--C9 1.941 (2) O8--CI1 1.196 (2) 
Col---ClO 1.970 (2) O9---CI I 1.331 (3) 
CoI--Mnl 2.5468 (4) O9--C12 1.456 (3) 
Mnl--CI 1.814 (2) C8--C9 1.494 (3) 
M n l ~ 3  1.838 (2) C9--C10 1.328 (3) 
Mnl--C2 1.844 (2) CIO---Cll 1.474 (3) 
C9---Col--C10 39.68 (8) C8--C9--Mnl 135.5 (2) 
C9---CoI--Mnl 53.98 (6) Col--C9--Mnl 77.84 (7) 
Cl0--CoI--Mnl 52.10 (5) C9--C10---CI1 133.3 (2) 
C10---Mnl--C9 37.22 (7) C9----CI0---~ol 68.99 (12) 
C10---Mnl~ol 49.32 (5) C11----CI(.L--Col 136.20 (14) 
C9--MnI--Col 48.17 (5) C9---CI0-~Mnl 73.73 (12) 
Cll--O9--CI2 115.9 (2) Cll--C10---Mnl 137.82 (14) 
CI0---C9-~28 138.1 (2) Col--CIO~Mnl 78.59 (7) 
CIO----C9--Col 71.34 (11) O8~11--O9 124.5 (2) 
C8---C9~ol 136.5 (2) O8----Cll---C10 123.7 (2) 
CIO----C9--Mnl 69.05 (111 O9---CI I----CI0 111.8 (2) 

Methyl H-atom positions for both (5) and (6) were calculated 
(C- -H = 0.96 and 0.97 A, respectively) after the location of at 
least one H atom from the electron-density map. Three of the 
four methyl groups have disordered H-atom positions and their 
occupancies were fixed at 0.5. All H atoms were treated with 
a riding model and the Ui~o value was defined as 1.5Ueq(C). 

For both compounds, data collection: SMART (Siemens, 
1995); cell refinement: SMART; data reduction: SAINT 
(Siemens, 1995); program(s) used to solve structures: 
SHELXTL (Siemens, 1995); program(s) used to refine struc- 
tures: SHELXTL; molecular graphics: SHELXTL; software 
used to prepare material for publication: SHELXTL. 

Data was co l lec ted  th rough  the Ohio  Crys ta l lographic  
Consor t ium,  funded  by the Ohio  Board  o f  Regents  1995 
Inves tmen t  Fund  (CAP-075) ,  located at the Univers i ty  of  
Toledo,  Ins t rumenta t ion  Cen te r  in A&S,  Toledo,  Ohio.  
J A K B  s incere ly  thanks  Dr Ewa  Skrzypczak - Jankun  
(Univers i ty  o f  Toledo)  for assis tance in using the C C D  
d i f f rac tomete r  system.  KB grateful ly  a c k n o w l e d g e s  a 
M i l l e n i u m  Pe t rochemica l s  graduate  fe l lowship .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: FR1210). Services for accessing these 
data are described at the back of the journal. 
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Abstract 

The  title c o m p o u n d ,  [Ni(CITHI6N2Oz)(C6HTN)2- 
{ZnCl2}] ,  is a he te ronuc lea r  d imer ic  complex .  The  Ni 
a tom has an i r regular  oc tahedra l  e n v i r o n m e n t  invo lv ing  
two O a toms and two  N a toms f rom the bis(sal icyl-  
i d e n e ) - l , 3 - p r o p a n e d i a m i n a t e  l igand in the equator ia l  
plane,  and two N a toms f rom the two 4 -me thy l -  
pyr id ine  groups  in the apical  posi t ions.  The  N i - - O - -  
Zn, O - - Z n - - O ,  Z n - - O - - N i  and O - - N i - - O  angles  in 
the b r idged  plane  are 99.58 (9), 80.59 (8), 100.57 (9) 
and 79.26 ~8) °, respect ively.  The  N i . - . Z n  dis tance is 
3 .0896 (9) A. 

Comment 
Dinuc lea r  h o m o -  or he te rometa l  c o m p l e x e s  wi th  dou-  
ble o x y g e n  br idges  have  subnormal  magne t i c  m o m e n t s  
due to supe r -exchange  interact ions  b e t w e e n  the b r idged  
metal  ions. The  magne t i c  interact ions  d e p e n d  on the im- 
med ia te  e n v i r o n m e n t  o f  the br idge,  as wel l  as on the lig- 
and a r r angemen t  about  the metal  ions. Structural  detai ls  
o f  doub ly  o x y g e n - b r i d g e d  h o m o n u c l e a r  d imer ic  cop-  
per(II)  c o m p l e x e s  have  been  repor ted  prev ious ly  (Kato  
et al., 1964; Barclay & Hoskins ,  1965; Butcher  & Sinn,  
1976; Kato & Muto,  1988). Dinuc lea r  and t r inuclear  
h o m o -  or he te rometa l  c o m p l e x e s  based on Schi f f  base 

t Systematic name: dichloro-2~2Cl-bis(4-methylpyridine-le~N)-iz- 
{2,2'-[ 1,3-propanediylbis(nitrilomethylidyne)]diphenolato}- 1 t ~ 4 0 , N ,  - 

N',O~:2~ 20,O I-nickel(II)zinc(II). 
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