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Abstract 

A series of octahedral cis-iminetetracarbonyl molybdenum and tungsten complexes of the general formula [M(CO)4L2], 
where L 2 = R1R2C=N(CH2)CH(R3)N=CR'IR'2 have been prepared and characterized by IR, 1H and 13C NMR spectroscopies. 
These imine chelates complexes of molybdenum and tungsten have exocyclic double bonds. A consistent structural feature of 
these complexes appears to be the chelate bonding of the imine ligand with consequent rotation around the carbon-nitrogen 
bond. This phenomenon leads to isomeric compounds: 4 and 5; 8 and 9; 11 and 12. NMR data analysis established 
unambiguously the configuration of the following nine complexes: M ( C O ) 4 L  2 [ R !  = R' 2 = C H 3 ,  R' 1 = R 2 = C6H 5, R 3 = H, 
M = Mo (4), M = W (8)]; [R 1 = R' 1 = C 6 H  5, R 2 = R' 2 = C H  3, R 3 = H ,  M = Mo (5), M = W (9)]; [R I = R' 1 = R 2 = R '  2 = C 6 H  5, 

R 3 = H, M = Mo (6), M = W (10)]; [R 1 = R' 1 = R E = R '  2 = C H 3 ,  R 3 = H ,  M = Mo (7)]; [R l = R '  2 = C 6 H 5 ,  R '  1 = R2~. .  C H 3 ,  R 3 = 

CH3, M = Mo (11)]; [R~ = R'~ = C 6 H 5 ,  R 2 = R' 2 = C H 3 ,  R s = C H 3 ,  M = Mo (12)]. Long-range coupling constants J ( H - H )  have 
confirmed the configuration and chemical shifts assignments for complexes 11 and 12. The 13C chemical shifts of the carbonyl 
groups are particularly useful in the characterization of the molybdenum compounds. Single-crystal X-ray diffraction studies of 4 
confirm the formation of the nonsymmetric complex cis-[trans-2,7-diphenyl-3,6-diaza-2,6-octadiene]tetracarbonylmolybdenum. 
The complex crystallizes in the space group P21/n with the unit cell parameters a = 11.112(1) ,&; b = 19.345(1) ,&; c = 11.680(1) 
,&; /3 = 102.89(6)°; V= 2447.5(3) ~3; Z = 4, D x = 1.39 g cm 3. The structure was solved by direct methods and refined by 
full-matrix least-squares techniques to R and R W values of 0.052 and 0.064, respectively, for 4706 observed reflections. The data 
obtained show that the structure has been solvated with half a molecule of benzene. Evidence of monocoordination of imine 1 to 
Mo(CO)4(NBD) has been obtained by 13C NMR spectroscopy and some insight into the mechanism of complex formation is 
provided. 
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1. Introduct ion  

In ex tend ing  our  s tudies  r e l a t ed  to the  p rope r t i e s  
a n d  s t e r e o c h e m i s t r y  o f  t h e  i m i n e s  [ R 1 R 2 C =  

N( CH2)2N=CR2R1;  R 1 = CH3,  R 2 = C 6 H  5 (1); R 1 --- 
R 2 =  C g H  s (2)] [1], the  racemic  ( C H 3 X C 6 H s ) C =  
N(CH2)CH(CH3)N=C(C6H5XCH 3) (3) and  the i r  cor-  
r e s pond ing  bo rane  adducts ,  we b e c a m e  in t e r e s t ed  in 
the  in te rac t ion  of  these  molecu les  with var ious  hex- 
acarbonyl  meta l s  M ( C O )  6 ( M  = M o ,  W ) .  T h e r e  has 
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been  a cons ide rab l e  a m o u n t  of  in fo rmat ion  r ega rd ing  
the  o c t a h e d r a l  complexes  of  type M (CO )4L  2 in which 
L 2 is a n i t rogen  b i d e n t a t e  d o n o r  l igand  [2a]. In par t icu-  
lar,  extensive chemis t ry  has been  ca r r i ed  out  with 1,4- 
d i s u b s t i t u t e d - l , 4 - d i a z a - l , 3 - b u t a d i e n e s ,  R N = C R ' C R " =  
NR,  since they  a p p e a r  to have unusua l  e l ec t ron  donor  
and  accep to r  p r o p e r t i e s  [3]. O t h e r  a - i m i n e s  inc luding 
Schiff  bases  and  2 ,2 ' -b ipyr id ine  or  1 ,10-phenanthro l ine  
form t e t r aca rbony l  meta l  complexes  [2a]. However ,  as 
far  as we know, the  imines  with the  s t ruc ture  R 2 C = N -  
CRz-CR2N=CR 2 have not  been  r e p o r t e d  previously.  
The  react iv i ty  of  nonc on juga t e d  imines  towards  me ta l  
ca rbonyl  c o m p o u n d s  has h i the r to  rece ived  l imi ted  at-  
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M ( C O  )6 + R , I ~  N ~ . .  N ----~ R 12 C6n6k , 

R3-  | q~] 

Hc  ~ . ~  R,2 

R' 1 

R 3 = H  

M = M o  R 1 = R' 2 = C H 3 ,  R' 1 = R 2 = C 6 H  5 (4 )  

M = Mo R I = R' 1 = C6H5 ,  R 2 = R' 2 = C H  3 (5 )  

M = Mo R 1 = R' 1 = R 2 = R' 2 = C 6 H  5 (6 )  

M = Mo R l = R'  I = R E = R' 2 = C H  3 (7 )  

M = W  R I  = R'2 = C H 3 ,  R'I = RE = C6H5 (8 )  

M = W R 1 = Rtl = C 6 H 5 ,  R 2 = Rr2 : C H  3 (9 )  

M = W R 1 = Rrl = R 2 = Rt2 = C 6 H  5 (10)  

R 3 = CH3 
M = M o  R 1 = R '  2 = C 6 H S , R '  l = R  2 = C H  3 (11)  

M = M o  R I = R '  t = C 6 H S , R  2 = R '  2 = C H  3 (12)  

Scheme  1. P r e p a r a t i o n  and  s t ruc tu re  of  c o m p o u n d s  4 -12 .  

tention compared to the related conjugated systems. 
Herein, we describe the preparation and the unam- 
biguous establishment of the configuration of the imine 
molybdenum and tungsten complexes [M(CO) 4 
(RIRaC=N(CH2)CH(R3)N=CR'IR'2)] (4-12), in which 
the double bonds of the imine fragment are exocyclic. 

2. Results and discussion 

Imine tetracarbonyl complexes (4-6, 8-12) of Group 
6 may be prepared from imines 1, 2 or 3 and hexacar- 
bonyl metals M(CO) 6 (M = Mo, W) via thermal or 
photochemical activation (Scheme 1). 

Unsuccessful attempts to isolate the imine 
(CH3)2C=N(CH2)2N--C(CH3) 2 prompted us to synthe- 
size compound 7 directly from ethylenediamine, ace- 
tone and hexacarbonyl molybdenum as reported previ- 
ously for the analogous derivatives [4]. In each case, 
the reaction was monitored by IR spectroscopy. No 
identifiable M(CO)5L species were detected during the 
formation of the cis-M(CO)4L a complexes, which sug- 
gest that if a g-N bond occurs first, the conversion to a 
g,tr-N,N-bonded product is a fast reaction. However, 
evidence of monocoordination has been observed by 
~3C NMR spectroscopy when the reaction between 
Mo(CO)a(NBD) and the free imine 1 was carried out 
under mild conditions (vide infra). 

Even with excess imine ligands, there was no evi- 
dence of the M(CO)2L 4 species, which is in agreement 
with the g-donor capability expected for these species. 
The same behavior has been reported for [Mo(CO) 4 
bipyridine] even though the bipyridine is considered to 
act as a ~--acceptor ligand [5]. 

All the complexes are stable in the solid state when 

stored under nitrogen, and are soluble in chlorinated 
solvents such as CHeCI 2 and CHC13. In the infrared 
spectra, the tetracarbonyl metal complexes display four 
carbonyl stretching bands (see Experimental details) 
with medium, very strong, shoulder and strong intensi- 
ties from high to low frequencies. However, some of 
the spectra showed overlap of the two central features. 
These bands have been assigned (through the use of 
group theory) to a local C2v symmetry of the cis 
geometry of the imine ligand. A comparison of CO 
stretching frequencies between these imine complexes 
4-12 and related complexes, such as those with ~-- 
accepting a-imine ligands [5,6], or those in which the 
chelate N=N is a bidentate saturated nitrogen ligand 
[7], supports the g-ligand character of the nonconju- 
gated imines for complexes 4-12. However, similar CO 
frequencies were found for complexes 4-12 and 1,4-di- 
azabutadiene species [8] regardless of their g- and 
zr-ligand character, respectively. Apparently, some sol- 
vent effects are probably important [7,9] and a careful 
comparison in the solid state or in more hydrocarbon- 
like solvents of these species is necessary in order to 
establish the g,~r contribution via IR spectroscopy. 
The strong free imine C=N stretching band (v = 1630 
cm -~) was riot observed after formation of the com- 
plexes. The presence of other strong bands below 1600 
cm-~ prevented us from assigning them. 

A consistent structural feature of complexes 4-12 
appeared to be the chelate bonding of the imine lig- 
and. The existence of free imines 1 and 3 in the E 
conformation [1], in which the lone pair is c/s to C6H5, 
implies that upon coordination to the metal center, 
rotation around the carbon-nitrogen bond must have 
taken place to give the observed Z conformation pre- 
sent in complexes 4, 5, 8, 9, 11 and 12. As a result of 
imine 1 coordination to Mo(CO)6, three isomers would 
be expected, a nonsymmetric species such as in com- 
pounds 4 or 8, and two symmetric species in which 
both methyl or phenyl substituents are cis to the metal 
atom. In addition to the nonsymmetric 4 and 8, we 
obtained only isomers 5 or 9 in which the methyl 
groups are c~ to the metal. This fact reflects a com- 
plete stereoselectivity in the formation of the symmet- 
ric compounds and the relevance of unambiguously 
determining the structure and configuration of all com- 
pounds. The determination of the configuration by 
means of NMR techniques is also supported in the 
solid state by the X-ray diffraction study of complex 4. 

In order to determine whether the exclusive forma- 
tion of complexes 5 and 9 may be merely due to the 
relatively vigorous reaction conditions employed, i.e. 
refluxing benzene, we carried out an experiment using 
Mo(CO)4(NBD) as the starting material, since this 
reagent reacts under much milder conditions due to 
the labile ~74-norbornadiene ligand [2b]. Thus, the re- 
action of 1 equiv, of imine 1 with Mo(CO)a(NBD) was 
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carried out at 0°C in C 7 D  8 and fol lowed by 13C N M R  
spectroscopy. After 20 min and when the temperature 
was allowed to reach 10°C, the initial monocoordina-  
tion of  imine 1 was observed. New methyl signals 
appeared at 8 15.70 and 22.91 ppm, as well as CH 2 
signals at 6 56.10 and 66.61 ppm corresponding to the 
noncoordinated and coordinated imine chelate frag- 
ments, respectively. At room temperature, and even 
more clearly after 5 min at 40°C, the spectrum also 
showed the presence of  two signals at 6 179.14 and 
179.84 ppm assigned to the C=N groups, along with all 
the corresponding signals for complex 4. A new methyl 
signal would be expected at a ca. 30-33  ppm if a 
complex were formed with both methyl groups cis to 
each other and trans to the Mo(CO) 4 moiety. How- 
ever, we never observed new signals in this region, 
which suggests that this intermediate is not favored. 

In view of  these results, we propose that monocoor-  
dination occurs first and the monocoordinated corn- 

<-°.# 

% % 
~N S 

07 
( ~  X~M°(CO)4 (~2-NBD) 

I -NBD 

%0,1 
NE]D • norbornadiene 

Scheme 2. Molecular structure of complex 4. 

pound is then transformed into an intermediate species, 
in which both phenyl groups are cis to the Mo(CO) 4 
moiety, as described in Scheme 2. However,  the rota- 

Table 1 
13C NMR data for compounds 

C O a  I 

R / - - - ~ N N  ] / C ° e '  
3~ / d MO~. 

Coa2 - 

R'I 1:~, 2 

4-12 ~ (6, ppm; J, Hz) 

4 5 6 7 8 9 10 11 12 J ( C - H )  

R1 b 23.5 138.9 137.9 22.2 24.2 143.9 138.1 138.9 138.9 d 

R2 b 143.6 32.2 142.4 32.5 144.2 31.6 142.5 32.4 32.3 

R, I b 138.6 138.9 137.9 22.2 138.5 143.9 138.1 23.5 139.9 d 

R ,  2 b 34.6 32.2 142.4 32.5 33.3 31.6 142.5 144.7 32.8 

R 3 17.1 18.3 
CHR 3 57.7 58.5 60.2 55.3 57.8 d 60.2 62.2 58.8 60.1 

CH 2 55.6 58.5 60.2 55.3 57.4 J 60.2 62.2 63.4 63.4 
C=N 178.7 179.6 180.1 178.1 179.8 180.4 180.6 180.3 179.2 

C'=N 179.2 179.6 180.1 178.1 180.4 180.4 180.6 178.2 180.5 
COal 206.0 206.0 208.1 206.3 205.5 204.5 206.2 207.4 d 206.8 d 
C O a 2  206.0 206.0 208.1 206.3 205.5 204.5 206.2 206.7 d 206.0 d 

COet 217.0 222.0 219.7 222.5 c 211.2 211.6 223.2 222.3 d 

COe2 222.0 222.0 219.7 222.5 210.3 211.2 211.6 217.5 222.0 d 

R t or R' 1 
C - o 125.8 125.6 128.1 or 125.9 125.8 128.2 or 125.7 124.7 " 

128.2 128.4 125.7 
C - m 129.1 129.0 128.6 or 128.8 128.6 128.5 or 128.0 129.0 L. 

128.7 128.8 128.9 

C - p  129.3 129.2 130.0 129.4 129.4 130.1 129.1 128.7 ~ 
129.1 

R 2 o r  R '  2 

C - o  

C - m  

C - p  

126.2 128.1 or 126.3 128.2 or 125.8 
128.2 128.4 

128.3 128.6 or 129.1 128.5 or 129.0 
128.7 128.8 

129.4 130.0 129.5 130.1 129.2 

128.9 

128.9 

125.6 

137.7 

138.8 

" Spectra recorded in CDCI3, 270 MHz. Shifts in ppm relative to Me4Si. 
b • tpso carbon or methyl group. 
c Not observed, d Assignment may be reversed, e R,I. 
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tion for the labilized C=N bond seems to be much 
more rapid allowing the asymmetric compound 4 to be 
obtained immediately afterwards. It is also possible to 
propose monocoordination, followed by rotation of the 
C=N bond. However, as far as the steric requirements 
are concerned and considering the absence of new 
methyl signals in the ~3C spectrum, we think the former 
mechanism more likely in the formation of complex 4. 

The isolation of isomers 4 and 5 may be achieved 
selectively, as is described in the Experimental details. 
The reaction of Mo(CO) 6 in benzene with 2 equiv, of 1 
affords complex 5 (56% yield) as a major isomer, while 
using a 1 : 1 molar ratio gives isomer 4 preferentially in 
71% yield. 

In an attempt to understand the influence of excess 
imine in the reaction between Mo(CO) 6 and imine 1, 
we undertook experiments in an NMR tube using pure 
complex 4 in deuterated benzene and heating both in 
the presence of 1 equiv, of imine 1 and in its absence. 
There  was a 15% conversion from 4 to 5 after 3 h at 
70°C, when 1 equiv, had been added. Meanwhile, un- 
der the same reaction conditions no isomerization was 
observed after 11 h in the absence of imine 1. In 
contrast, when the nonsymmetric complex 4 was al- 
lowed to reflux during 4 h in toluene, the formation of 
complex 5 was observed by 1H NMR spectroscopy 
providing evidence of the kinetic and thermodynamic 
products, respectively. This suggests that the energy 
required for isomerization is higher that the tempera- 
ture of refluxing benzene (72.5°C/587 mmHg). When 
the ligand was present, a mixture of benzene-imine 
showed that the reflux temperature increased by 1.5°C. 
Apparently, the temperature is an important factor in 
the isomerization processes. We can not discriminate 
that the concentration of the imine could be important 
too. However, the lack of the formation of the 
Mo(CO)2L 4 species and the fact that the chelated 
derivative should be more stable than several monoco- 
ordinated imine ligands prevented us determining how 
the imine increases the rate of isomerization. Probably, 
the presence of an excess of this ligand modifies the 
reaction equilibrium. 

We were not able to separate the corresponding 
tungsten isomers 8 and 9 by crystallization or by col- 
umn chromatography on Florisil. The presence of a 
methyl group in the imine ligand 3 should give, after 
metal coordination, four possible isomers. However, 
only one diastereomer (the dl pair) has been obtained 
in each system, i.e. 11 and 12, respectively. These 
isomers can be easily separated by chromatography on 
Florisil with a mixture of diethyl e the r /pe t ro leum ether 
as eluant, leading initially to the collection of complex 
12. Since 12 is formed with the phenyl groups cis to the 
methylene bearing the methyl group, an analog to 11 
with the methyl and phenyl groups on the imine nitro- 
gens inverted (i.e. R 1 = R' 2 = CH 3 and R' 1 = R 2 = 

C6H 5) could also be expected to be formed. However, 
this compound was not observed. This might be due to 
the fact that the stronger electron density on the imine 
nitrogen atom closer to R 3 = CH 3 makes rotation of 
the C=N bond more difficult than that of the other 
imine nitrogen atom. Complex 11 would then be formed 
exclusively and with some extra energy would favor the 
rotation of the C H 3 - C H - C = N  bond affording the 
thermodynamic complex 12 which exhibits less steric 
hinderance. 

2.1. NMR spectral studies 

13C NMR studies 
Unequivocal assignment of the structure of these 

isomers has been carried out by 13C NMR spectroscopy 
(Table 1) of complexes 4 -7  in which the CO region was 
extremely useful. The axial carbonyl carbon atoms are 
observed between 6 206-208 ppm, and the equatorial 
carbonyl carbon atoms are found at higher frequencies 
(6 217-222 ppm). Complex 6, with four phenyl groups 
substituted in the imine, exhibits the equatorial CO at 
6 219.7 ppm, while in complex 7, with four methyl 
groups, this occurs at 6 222.5 ppm. The chemical shift 
of the equatorial carbonyl groups thus indicates if a 
methyl or a phenyl group is near. This appears to be a 
systematic behavior in the molybdenum compounds, 
since the equatorial CO groups near the methyl sub- 
stituents always appear at 6 222 ppm, while those near 
the phenyl groups appear at 6 217 ppm. The corre- 
sponding equatorial COs for the nonsymmetric isomer 
4 are found at ~ 217 and 222 ppm, while the symmetric 
isomer 5 shows a signal at 6 222 ppm. From the 
carbonyl data of 6 and 7, it is possible to assign the CO 
groups and the imine configuration for 4 and 5. Thus, 
it was interesting to find that the chemical shift of the 
equatorial carbonyl group is a very useful tool for the 
determination of the configuration of the imine lig- 
ands, owing to the fact that the electronic effects have 
been transmitted through the metal atom and through 
space. 

On the other hand, the previous assignment can also 
be supported from the corresponding chemical shifts of 
the methyl and the ipso-carbon atoms. The data for 6 
and 7 allowed us to assign 4 and 5, respectively. The 
carbon atoms trans to the metal center appear at 
higher field than the corresponding groups in the cis 
positions. A comparison between these chemical shifts 
and those reported for imine-boranes [1] shows that 
analogous groups trans to BH 3 have similar values to 
their molybdenum counterparts, reflecting the Lewis 
acid character of boron and the metal atom; in con- 
trast, the c/s groups in the metallic complexes show an 
important deshielding effect due to the diamagnetic 
current of the equatorial CO groups. 

Another  systematic correlation of NMR data sup- 
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port ing the configurat ion assignment of  the complexes 
comes from the methylene  carbon atoms in compounds  
4 - 7  which are sensitive to the spatial ne ighbor ing 
group.  The  methylene  carbon atoms closer to a methyl  
group are observed at 8 55 ppm, while those close to a 
phenyl group appear  at 8 58 -60  ppm. 

In complexes 11 and 12, the complete  nonequiva-  
lence of  all carbon atoms is evident. Their  axial car- 
b o w l  groups can be easily assigned by compar ison with 
compounds  4 and 5, respectively. Also, the chemical 
shifts of  the axial CO groups  permit  us to determine 
their cis or trans relat ionship with the methyl group. 
The  configurat ion of  the imines in the nonsymmetr ic  
c o m p o u n d  11 is also clearly unders tood.  Dreiding mod-  
els and molecular  mechanics  calculations [10] show 
that  the equatorial  position for the methyl  substi tuent 
is not  favored because of  a strong interact ion with the 
imine substi tuent group.  An  envelope conformat ion  is 
proposed,  with the methyl  group in the axial position, 
which defines two different  imine groups and two faces 
of  the ring; this is also suppor ted  by the different  13C 

chemical  shifts of  the axial carbonyl groups. Such an 

envelope conformat ion  was observed in the X-ray 
diffraction study of  4. 
11-1 N M R  studies 

The IH N M R  spectra (Table 2) of  complexes 4,5 
and 8,9 show clearly their isomeric relationship. The 
presence  of  a symmetry plane for 5 and 9 is reflected 
by the simple pat tern  of  singlets for the methylene and 
methyl groups, while for 4 and 8 the absence of  this 
plane is evident f rom the characterist ic complex cou- 
pling pat tern  for methylene  groups, along with two 
signals for the nonequivalent  methyl groups. Fur ther  
evidence to support  the proposed  structure of  4 and 5 
was obta ined from a N O E S Y  experiment  in complex 4, 
which showed spatial correlat ion between the methy- 
lene signal at high field (8 3.5 ppm) and the corre- 
sponding signal of  the phenyl groups. 

The  similarity of  the N M R  spectra of  8 - 1 0  to those 
of  4 - 6  led us to believe that  all these complexes have 
the same imine ligand conformat ion.  The  evidence for 
only two isolated species 11 and 12, analogous to 4 and 
5, is clear f rom the chemical  shifts of  the four corre- 
sponding methyl signals at 6 2.32, 2.79 and 2.74, 2.84 

Table 2 
1H NMR data for compounds 4 - 1 2  ~ 

4 5 6 7 8 9 10 11 12 

R l 2.30 7.3-7.6 7.1-7,6 2.10 2.33 7.1-7.3 7.1-7.7 7.4 
(m) (m) (m) (s) (s) (m) (m) (m) 

7.16 
(d, 8.1) 
(d, 1.7) 

R' 1 7.2-7.5 7.3-7.6 7.1-7,6 2.10 7.1-7.5 7.1-7.3 7.1-7.7 2.32 
(m) (m) (m) (s) (m) (m) (m) (s) 

R 2 7.2-7.5 2.80 7.1-7.6 2.50 7.1-7.5 2.78 7.1-7.7 2.70 
(m) (s) (m) (s, br) (m) (s) (m) (d, 1.7) 

R' 2 2.78 2.80 7.1-7.6 2.50 2.61 2.78 7.1-7.7 7.4 
(s) (s) (m) (s, br) (s) (s) (m) (m) 

7.28 
(d, 8.1) 
(d, 1.8) 

R 3 3.80 3.40 3.78 3.60 3.93 3.99 3.82 1.116 
(t, 6.0) (s) (s) (s) (t, 5.7) (s) (s) (d, 6.7) 

H c 3.80 3.40 3.78 3.60 3.93 3.99 3.82 4.11/I 
(t, 6.0) (s) (s) (s) (t, 5.7) (s) (s) (d, 4.1) 

(d, 1.5) 
(q, 6.7) 

Ha, H b 3.50 3.40 3.78 3.60 3.57 3.99 3.82 3.77 
(t. 6.0) (s) (s) (s) (t, 5.7) (s) (s) (d, 12.5) 

(d, 4.1) 
(q, 1.7) 
3.65 
(d, 12.5) 
(d, 1.5) 

7.37 
(m) 

7./)6 
(d, 6.2) 
(d, 1.6) 
7.09 
(d, 6.1) 
(d, 1.8) 
2.84 
(d, 1.6) 
2.74 
(s) 

0.86 
(d, 6.6) 
3.74 
(d, 3.4) 
(d, 1.8) 
(q, 6.6) 
3.43 
(d, 12.5) 
(d, 3.4) 
(q, 1.6) 
3.37 
(d, 12.5) 
(d, 1.8) 

a Spectra recorded in CDCI 3 270 MHz; shifts in ppm relative to Me4Si. 
Multiplicities and coupling constants (Hz) in parentheses. For numbering, see Scheme 1. 
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ppm,  respect ively;  and  f rom the  mul t ip l ic i ty  pa t t e rn ,  a 
s inglet  for  the  methyl  g roups  at high f ie ld and a dou-  
b le t  wi th  a 5 JHH(CH3-C=NCHb) - - -1 .6  Hz  for  bo th  
signals  at  low field.  This  s J -coup l ing  cons tan t  ind ica tes  
the  p l a n a r  imine  system [11] as well  as the  p r e f e r r e d  
con f o r ma t ion  of  the  f i ve -membered  ring. In addi t ion ,  it 
c o r r o b o r a t e s  the  conf igura t ion  and the  N M R  assign- 
men t  of  the  complexes .  A d i h e d r a l  angle  b e t w e e n  H b 
and  the  imine  ca rbon  of  6 ° was d e t e r m i n e d  [10]. This  
coupl ing  has b e e n  cons ide r ed  as a p r o b e  for  the  C=N 
doub le  b o n d  conf igura t ion ,  and  its va lue  d e p e n d s  on 
the  zigzag p l a n a r  a r r a n g e m e n t  o f  the  b o n d s  involved in 
the  coupl ing  [12]. In  alkyl amines ,  it has  b e e n  found  
tha t  the  E i somer  has  a 5j va lue  smal le r  t han  0.8 Hz,  
whe r ea s  the  Z i somer  shows va lues  b e t w e e n  1.2-1.5  
Hz  [11]. T h e  va lue  of  1.6 Hz  for  11 and  12 is in 
a g r e e m e n t  wi th  a Z conf igura t ion .  A s imilar  p a t t e r n  is 
obse rved  for  complex  7. However ,  the  doub le t  is not  
wel l - resolved ,  be ing  a b r o a d  s inglet  with half  height ,  
which also suppor t s  the  ass ignment  of  the  C H  3 groups  

cis or  trans to the  meta l .  
In  complexes  11 and  12, the  pos i t ion  of  the  methyl  

subs t i tuen t  on  a me thy l ene  ca rbon  was found  to be  
axial, as e s t ab l i shed  f rom the  coupl ing  constants :  
2 J ( H a - H  b) -- 12.5 Hz; 3 j ( H b - H  c) = 1.8 Hz; 3 j ( H b - H  c) 
- - 3 . 4  Hz. T h e  m e t h y l e n e  p r o t o n  signals  H a and H b 
a p p e a r  as an A B  system while  H b and  H c (Scheme  1) 
have a complex  p a t t e r n  f rom which all the  coupl ing  
cons tan t s  may  be  o b t a i n e d  (Tab le  2). 

2.2. Solid-state structure o f  4 

T h e  m o l e c u l a r  s t ruc ture  of  4 was d e t e r m i n e d  by an 
X- ray  d i f f rac t ion  study. A n  ORTEP drawing  is shown in 
Fig. 1. Bond  lengths  and angles  a re  l i s ted  in Tab le  3 
and  the  a tomic  coo rd ina t e s  and  the i r  t e m p e r a t u r e  fac- 
tors  in Tab le  4. T h e  complex  has  a d i s to r t ed  o c t a h e d r a l  
a r r a n g e m e n t  of  the  C O  l igands  a r o u n d  the  me ta l  a tom. 
A n  enve lope  con fo rma t ion  for  the  f i ve -membered  r ing 

C9 ~ClO 

C4 C3 C1 

011 014 C27 

CIC C12 

Fig. 1. Molecular structure of complex 4. 

Table 3 
Bond distances (~,) and angles (°) for compound 4 a 

Atom I Atom 2 Distance Atom I Atom 2 Distance 

MO N1 2.294(3) C3 C4 1.493(7) 
MO N2 2.278(4) C3 C10 1.514(7) 
MO CI 1 1.927(6) C4 C5 1.391(8) 
MO C12 1.928(4) C4 C9 1.406(7) 
MO C13 2.026(5) C5 C6 1.42(1) 
MO C14 2.015(6) C6 C7 1.40(1) 
Ol l  Cl l  1.171(7) C7 C8 1.37(1) 
O12 C12 1.175(6) C8 C9 1.40(1) 
O13 C13 1.149(7) C21 C22 1.508(7) 
O14 C14 1.144(8) C21 C23 1.492(7) 
N1 C1 1.491(7) C23 C24 1.398(8) 
N1 C3 1.279(6) C23 C28 1.398(8) 
N2 C2 1.486(6) C24 C25 1.410(9) 
N2 C21 1.278(6) C25 C26 1.41(1) 
C1A C1B 1.39(2) C26 C27 1.38(1) 
C1A C1C 1.40(2) C27 C28 1.41(_1 
C1 C2 1.540(7) 

Atoml Atom2 Atom3 Angle Atom1 Atom2 Atom3 Angle 

N1 MO N2 75.7(1) N1 C1 C2 108.8(4) 
N1 MO Cll  102.3(2) N2 C2 C1 106.8(4) 
N1 MO C12 174.5(2) N1 C3 C4 119.8(4) 
N1 MO C13 91.4(2) N1 C3 C10 125.3(5) 
N1 MO C14 92.0(2) C4 C3 C10 114.8(4) 
N2 MO C11 175.4(2) C3 C4 C5 119.5(5) 
N2 MO C12 98.8(2) C3 C4 C9 120.2(5) 
N2 MO C13 97.2(2) C5 C4 C9 120.2(5) 
N2 MO C14 90.5(2) C4 C5 C6 119.3(6) 
Cl l  MO C12 83.2(2) C5 C6 C7 120.0(6) 
C11 MO C13 87.0(2) C6 C7 C8 120.3(7) 
Cl l  MO C14 85.4(2) C7 C8 C9 120.6(6) 
C12 MO C13 89.0(2) C4 C9 C8 119.7(5) 
C12 MO C14 88.3(2) MO Cll  Ol l  175.0(4) 
C13 MO C14 172.1(2) MO C12 O12 178.2(5) 
MO N1 C1 111.6(3) MO C13 O13 173.4(5) 
MO N1 C3 131.2(3) MO C14 O14 173.6(6) 
C1 N1 C3 116.7(4) N2 C21 C22 120.6(5) 
MO N2 C2 108.2(3) N2 C21 C23 124.1(4) 
MO N2 C21 132.4(3) C22 C21 C23 115.2(4) 
C2 N2 C21 118.8(4) C21 C23 C24 120.5(5) 
C1B C1A C1C 125.0(1) C21 C23 C28 118.5(5) 
C24 C23 C28 120.8(5) C25 C26 C27 120.3(7) 
C23 C24 C25 118.6(6) C26 C27 C28 119.6(6) 
C24 C25 C26 120.6(6) C23 C28 C27 120.0(6) 

a Numbers in parentheses are estimated standard deviations in least 
significant digits. 

is found  with C-2 out  of  the  r ing p lane .  The  cis-imine 

che la t e  l igand has the  shor tes t  bond  angle  N 1 - M o - N 2  
[75.7(1)°]. Ster ic  compress ion  of  the  l igand is re f lec ted  
by the  wide  angles  obse rved  for M o - N 1 - C 3  [131.2(3) °] 
and  M o - N 2 - C 2 1  [132.4(3) °] as well as for  the  corre-  
spond ing  to N 2 - M o - C 1 2  angle  [98.8(2) °] and,  even 
more  obvious,  for N 1 - M o - C l l  [102.3(2)°]. The  last 
angle  is p robab ly  due  to the  p re sence  of  a phenyl  
g roup  on  the same side of  the  carbonyl  g roup  C 1 1 - O 1 1 .  
A c c o r d i n g  to the  tors ion angles  N 2 - C 2 1 - C 2 3 - C 2 8  
(61 °) and  N 1 - C 3 - C 4 - C 5  (69°), the  phenyl  groups  are  
out  of  the  p lane  because  of  the i r  s ter ic  h indrance .  
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Table 4 
Atomic coordinates and temperature factors for compound 4 a 

Atom x y z Beq 

MO 0.66180(3) 0.16986(2) 0.53700(3) 3.285(6) 
Oll 0.5444(4) 0.2230(3) 0.7371(4) 6.7(1) 
O12 0.9003(4) 0.2038(2) 0.7236(4) 6.2(1) 
O13 0.6545(5) 0.3272(2) 0.4598(5) 7.9(1) 
O14 0.6549(6) 0.0264(3) 0.6638(5) 9.5(2) 
NI 0 .4959(3)  0.1418(2) 0.3888(3) 3.54(8) 
N2 0.7478(3)  0.1230(2) 0.3951(3) 3.71(8) 
C1A 0.5[15(1) 0.06117(7) 0.944(1) 15.8(5) 
C1 1/.5358(5) 0.114913) 0.2835(4) 4.5(1) 
CIB 0.617(11 0.0255(8) 0.972111 16.1(5) 
C1C 0.395(1) 0.0376(6) 0.9698(9) 14.914) 
C2 0.6571141 0.0744(3) 0.3245(5) 4.511) 
C3 0.3803(4)  I).152412) 0.3776(4) 3.63(9) 
C4 I).332714) 0.1767(31 0.4805(4) 3.86(9) 
C5 /I.3264151 0.130513) 0.5704(5) 5.311) 
C6 0.2734(6)  I).1525(4) 0.6640(6) 6.5(2) 
C7 I).2274(61 0.2198(4) 0.6650(6) 6.8(2) 
C8 11.2343161 0.2649(4) 11.5760161 6.1(21 
C9 0.2857(5)  0.2440(3) 0.4823(5) 4.9(11 
C10 0.2822(5) 0.1409(31 0.2665(5) 5.011) 
Cll 0.5834(4) 0.21123(3) 0.6583(5) 4.311) 
C12 0.8112141 0.1905(3) 0.6517(4) 4.111) 
C13 0.6576(5) 0.2691(3) 11.4809(5) 4.5(1) 
CI4 0.6603(5) 0.0764(3) 0.6129151 5.1(1) 
C21 0.8570(4) 11.1253(31 0.3769(4) 3.9(1) 
C22 0.9474(5) 0.1795(31 0.4359(5) 5.0(1) 
C23 /).91165(41 0.0749(3) 0.3025(4) 4.011) 
C24 I).9528(51 0.0976(3) 0.207l(5) 5.1(1) 
C25 1.0116616) 0.0488(4) 0.1442(5) 6.3(2) 
C26 1.0160161 -0.0210(4) 0.1783(6) 6.5(2) 
C27 0.9683(6) -0.0431141 0.2718(61 6.5(2) 
C28 0.914015) 0.0053(3) 0.3354(6) 5.4(1) 

Anisotropically refined atoms are given in the form of the isotropic 
equivalent displacement parameter defined as :  Beq = 4/3[aZBH + 
bZB~2 + czB~ 3 + ab(cos y)B1, 2 + ac(cos/3)Bl. 3 + bc(cos a)B2.3]. 

the two nitrogen donor atoms have shorter M - C  dis- 
tances ( - - 0 . 9 - 1  A) than the other two carbonyls. The 
M o - C  bond length for the carbonyls trans to the 
bidentate imine ligand are very similar [(1.927(6) ~, and 
1.928(4) A,] and slightly shorter than those in the corre- 
soponding saturated nitrogen bidentate ligand [1.932(5) 
A and 1.953(4) .A]. Complex 4 crystallized in the pres- 
ence of benzene and a half a molecule of benzene is 
present in the unit cell. However, several microanaly- 
ses of complex 4 showed that only a quarter  of the 
benzene molecule is present. 

3. Experimental details 

3.1. General 

All reactions described in this paper  were carried 
out under an atmosphere of dinitrogen using Schlenk- 
line techniques. Solvents were dried, distilled and 
deairated before use. Melting points were taken in 
sealed capillaries and are uncorrected. 

The imine compounds 1-3 [1] and the complex 
Mo(CO)4(NBD) [15] were prepared by published meth- 
ods. Mo(CO) 6 and W(CO)6 were purchased from Strem 
Chemicals. Elemental  microanalyses (C,H and N) were 
performed by Oneida Research Services, Whitesboro, 
NY, USA. IR spectra were recorded on a Unicam 
SP3-200 and Nicolet MX-1-FT spectrophotometers.  13C 
and tH N M R  spectra in CDCI~ were recorded on 
J E O L  FX-90 and GSX-270 MHz spectrometers.  The 
spectra were calibrated against TMS. 

3.2. X-ray analysis o f  compound  4 

The structure of compound 4 closely resembles that 
for 2,6[ 1-(2,2-dimethylpropanimino)ethyl]pyridinetetra- 
carbonyl molybenum [13] in which some delocalization 
of charge in the chelate ring was proposed. However, 
the C=N double-bond lengths [1.279(6) A and 1.278(61 

o 

A] in complex 4 are shorter than the corresponding 
one in the 2,6-diiminopyridine complex [1.295(12) A] 
which suggests that no delocalization of charge is pre- 
sent in the chelate ring of 4. This comparison must 
take into account the high observed standard devia- 
tions reported for the pyridine derivative [13]. 

Other  reported examples, such as the corresponding 
saturated nitrogen chelate complex [Mo{(PhCH 2) 
HNCH2CH2NMe2}(CO) 4] [7] showed longer M o - N  
distances [2.31713) A and 2.342(3) ,~] than 4 [2.278(4) ,~ 
and 2.294(3) A] which indicates a stronger M o - N  in- 
teraction in the latter complex. The C=N double-bond 
length [1.279(6) ,4,] in the coordinate ligand is very 
similar to that of a typical noncoordinated C=N bond 
length [1.279 ~,] [14]. 

As expected, the two carbonyls which are trans to 

Compound 4 was obtained from the reaction of 
Mo(CO) 6 with the corresponding imine in benzene. 
Single crystals of 4 were grown by crystallization from 
diethyl ether : hexane (1.5 : 1 ). 

, ~ ~C6H6, M = 511.41; Crystal data: C.2Hz0N~O4Mo. 1 
monoclinic, a = 11.112(11, b = 19.345(1), c =  11,680(11 
A, /3 = 102.8916)°; V =  2447.5 ~3 (by least-squares re- 
f inement on diffractometer angles for 24 automatically- 
centered reflections, Mo Ka) ,  space group P 2 1 / n ,  
Z - - 4 ,  D x=  1.39 g cm 3, /z(Mo K a ) = 5 . 5  cm i, T =  
293 K, F(000)=  1138. 

X-Ray data collection, structure resolution and re- 
f inement were undertaken using an Enraf-Nonius 
CAD4 diffractometer equipped with graphite mono- 
chromated Mo K a  radiation and an ~o-20 scan tech- 
nique. A total of 7632 unique reflections were mea- 
sured (2 < 20 < 60 °) and 4706 were considered as ob- 
served [F,, > 3.0cr(Fo)]. Monitoring of check reflections 
showed no signs of decay. Absorption correction was 
achieved using DIVANS. 

The structure was solved by direct methods and 
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subsequent difference Fourier synthesis. A Killian- 
Lawrence weighting scheme was used [16]. Final R and 
R w values were 0.052 and 0.064, respectively. Highest 
and lowest peaks in final difference map were at 0.70 
and -0.18 e ,~-3. All calculations were carried out 
using MOLEN [17] in a VAX 4000 computer. 

3.3. Preparation of  complexes 

C/s[(CO)4 Mo{CH 3(C6 H 5)C=N(CH z)2-N=C(CH 3)- 
C6H5}] (4) and (5): Addition of 0.5 g of 1 (1.89 mmol) 
to a suspension containing an equimolar quantity of 
Mo(CO) 6 (0.5 g 1.89 mmol) in benzene (40 cm 3) fol- 
lowed by heating for 8 h under reflux afforded a yellow 
colored solution. The reaction mixture was cooled to 
10°C giving a yellow greenish precipitate which was 
filtered and recrystallized from CH2C12/hexane (3:1) 
affording isomer 5. Reduction of the volume of the 
mother liquor to 10 cm 3 and addition of 10 cm 3 of 
hexane afforded after cooling to -10°C a yellow pre- 
cipitate of isomer 4. Several independent recrystalliza- 
tions of 4 and 5 in CH2C12/hexane (2 : 1) gave 258 mg 
(29%) and 87 mg (9.7%), respectively. A similar proce- 
dure to the above, starting from Mo(CO) 6 (0.5 g, 1.89 
mmol) and 1 (1 g, 3.78 mmol) under reflux for 6 h 
afforded 78 mg (8.7%) of 4 and 505 mg (56.4%) of 5. 
The same method with equimolar quantities (0.5 g, 
1.89 mmol) of Mo(CO) 6 and 1 under reflux for only 6 h 
afforded isomer 4 in 71% yield (640 mg). Complex 4: 
IR u(CO) (CHCI 3) (cm-t): 2010; 1890; 1870; 1820. 
M.p. 95°C (dec.). Anal. Calc. for MoCe35Hzl.sNaO4: C, 
57.38; H, 4.41; N, 5.69% Found: C, 57.1; H, 4.44; N, 
5.48%. Complex 5: u(CO) (CHC13) (cm-1): 2010; 1890; 
1870; 1820. M.p. 92°C (dec.). Anal. Calc. for 
MoC22H20N204: C, 55.94; H, 4.27; N, 5.93%. Found: 
C, 55.78; H, 4.18; N, 5.97%. 

cis-[(CO) 4 Mo{(C 6 H 5)2 C=N(CH 2 ) 2 N=C(C 6 H 5 )2 }(6): 
Addition of 0.5 g of 2 (1.29 mmol) to a suspension of 
an equimolar quantity of Mo(CO) 6 (0.34 g, 1.29 retool) 
in benzene (40 cm 3) was followed by heating for 5 h 
under reflux. The solution was cooled to room temper- 
ature, filtered, the volume reduced and hexane added. 
The red precipitate obtained was filtered, washed with 
hexane and dried in vacuo. Several recrystallizations 
from CHzClz/hexane (2: 1) afforded fine red needles 
in 89% yield (634 rag), m.p. 100°C (dec.). IR u(CO) 
(CHC13) (cm-1): 2008; 1895; 1879; 1836. Anal. Calc. 
for MoC32Hz4N204: C, 64.43; H, 4.05; N, 4.69%. 
Found: C, 63.64; H, 3.80; N, 4.57%. 

cis-[(CO)4Mo-{(CH3)2C-N(CHz)zN=C(CH3)2}] (7): 
Mo(CO) 6 (0.5 g, 1.89 mmol) was allowed to react with 
NH2CH2CH2NH 2 (0.114 g, 0.127 ml, 1.89 mmol) and 
CH3COCH 3 (0.219 g, 0.28 ml, 3.78 mmol) under reflux 
of benzene (40 cm 3) for 5 h. The reaction mixture was 
filtered to remove a precipitate. Evaporation of the 
benzene and extractions with hexane afforded, after 

cooling at 0°C, 75 mg of a pale yellow solid in a yield of 
11.4%, m.p. 80°C (dec.). IR u(CO) (CHCI 3) (cm-a): 
2013; 1899; 1870; 1819. 

cis[(CO)4W { CH 3(C 6 H 5)C=N(CH 2)2 N=C(CH 3 )- 
C6H5}] (8) and (9): A mixture of W(CO) 6 (0.5 g, 1.42 
mmol) and 1 (0.38 g, 1.42 mmol) in benzene (100 cm 3) 
was irradiated at room temperature with a Hanovia 
mercury arc lamp for 30 h. The resulting brown-orange 
solution was evaporated and W(CO) 6 was recovered by 
sublimation under reduced pressure. The remaining 
solid was crystallized from CH2Cle/hexane (1:3) giv- 
ing a bright yellow solid (65%) corresponding to the 
mixture of isomers 8 and 9 in a 3:2 ratio. IR u(CO) 
(CHC13) (cm-1): 2010; 1887; 1870; 1826. 

[(CO)4W{(C6Hs)zC=N(CHz)2N=C(C6Hs)2}] (10): A 
similar procedure as above using W(CO) 6 (1 g, 2.84 
mmol) and 2 (1.10 g, 2.84 mmol) and irradiating for 24 
h afforded a red-brown solution. Removal of the sol- 
vent under vacuum gave an oil which was taken up in a 
minimum amount of CH2C12. The residue was passed 
through a Florisil column (21.5 × 2.5 cm) and eluted 
with a mixture of petroleum ether and diethyl ether. 
The volume of the eluant was reduced and crystals 
were filtered to give a 9.2% yield. IR u(CO) (CHC13) 
(cm -~) 2000; 1885; 1862; 1845. 

[(CO) 4 Mo{(CH 3)(C 6 H 5 )C=NCH 2 CH(CH 3)N= 
C(CH3XC6Hs)}] (I1) and (12): Addition of 0.5 g of 3 
(1.8 mmol) to a suspension of an equimolar amount of 
Mo(CO) 6 in benzene (40 cm 3) followed by heating for 
4 h under reflux led to a yellow colored solution which 
was filtered and evaporated to dryness under reduced 
pressure. The residue was chromatographed through a 
Florisil column and eluted with a mixture of petroleum 
ether/diethyl ether. The first eluant fraction in a ratio 
of 12:2 afforded complex 12, while the second (12:6) 
gave complex 11. The eluant was evaporated to dryness 
and, in each case, the complex was obtained by extract- 
ing the residue with CH2C12 and precipitating with 
hexane. Yields: 100 mg, 10.1% (11) and 125 mg, 12.6% 
(12). Complex 11: IR v(CO) (CHC13) (cm-1): 2010; 
1875; 1855; 1810; m.p. 99-103°C. Complex 12: IR 
v(CO) (CHC13) (cm-1): 2010; 1880; 1855; 1820; m.p. 
175-177°C (dec.). Anal. Calc. for MoC23H22N204: C, 
56.10; H, 4.74; N, 5.66%. Found: C, 56.79; H, 4.56; N, 
5.76%. 
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Note added in proof 

R e c e n t l y ,  the  crystal  s t r u c t u r e  o f  c o m p o u n d  12 has  

b e e n  d e t e r m i n e d  and  shown  to  h a v e  the  p r o p o s e d  

s t ruc tu re .  D a t a  will be  p u b l i s h e d  e l s e w h e r e .  


