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to the  appropriate initial pressure with a I : I  CO-H? mixture. The 
reaction was heated externally in an oil bath at 70 "C and then stopped 
aftcr 24 h .  The vcssnl was vented and opened to the air. NMR exper- 
imcnt4 wcrc performed directly on the  reaction solution. 
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( 1,4- Diazabutadiene) nickel (0) Complex 
( 2,6-iPr,C,H3N=CHCH=NC6H3-2,6-iPrz)Ni(CO)z 

Klaus R .  Porachkc,* Wcrncr Bonrath, and Richard Mlnott 

Rereired M a y  22, 1990 

Rccently. the synthesis and the electronic absorption and 
resonance Raman spectra, as  well as  the M O  diagram' and the 
low-temperature photochemistry,2 of the (1,4-diazabutadiene)- 
nickel(0) carbonyl complex (2,6-iPr,Ph-dad)Ni(C0)2 (1) [2,6- 
iPr2Ph-dad = I ,4-bis(2,6-diisopropylphenyl)- 1 ,Cdiazabutadiene] 
have been reported in this journal. The  authors stated that the 
compound uilb obtained by reaction of N i ( ~ o d ) ~  (cod = 1,5- 
cyclooctadicnc) with an equimolar amount of 2,6-iPr2Ph-dad [to 
yield intermediate (2.6-iPr,Ph-dad)Ni(~od)~] and prolonged ex- 
posure to CO with rind purification by column chromatography. 
Only small amounts of 1 were obtained by this route, and synthesis 
attempts were often not succe~s fu l .~  On the basis of the resonance 
Raman spectra, a "pseudoplanar" coordination geometry of the 
nickel center has been suggested for 1.' These have 
prompted us to communicate our findings on the synthesis, re- 
activity, and characterization of 1. 

Our  interest in complex 1 arose from the fact that the highly 
reactive (2.6-iPr2Ph-dad)Ni-alkene complexes (2,6-iPr2Ph- 
dad)Ni(C2H4)2 and (2,6-iPr2Ph-dad)Ni(q2,q2-1 ,5 -he~adiene)~  react 
rapidly a t  low temperature (-70 "C)  with 4 equiv of CO ( 1  bar) 
to yield Ni(C0)4, displaced 2,6-iPr2Ph-dad. and alkene. We found 
that even Ni(2.6-iPrzPh-dad)2 reacts with CO (20 O C ,  I bar, 2 
days) under displacement of both 2.6-iPr2Ph-dad ligands to yield 
Ni(C0)4 .6  It did not appear possible to stop the reactions a t  the 
stage of the presumably transient complex 1. However it could 
be shown that 1 is easily obtained by the reuerse reaction. By 
the method of Bock and tom Dieck,' Ni(CO), ( 1  1 mmol) and 
2,6-iPr2Ph-dad ( I O  mmol) react in pentane (60 mL) under gentle 
reflux slowly (7  h )  with evolution of CO to afford an intense violet 
reaction solution (rcflux condcnser cooled to -30 "C to trap 
Ni(CO),), from which upon cooling to 0 O C  violet crystals of 1 
separate in 70%, yield.8 An excess of 2.6-iPr2Ph-dad should be 

Servaas, P. C.: Stufkens. D. J.; Oskam, A. Inorg. Chem. 1989.28, 1774. 
Servaas. P. C.: S t u n "  D. J.: Oskam. A. Inorg. Chem. 1989,28. 1780. 
tom Dieck. H.: Svoboda. M. ;  Greiser. T. 2. Naturforsch.. B: Anorg. 
Chem. Org. Chem. 1981. 36, 823. Svoboda. M. Dissertation, 
U n i v c r s i t ~ t  Frankfurt/Main, 1978. 
Stufkcns, D. J .  Private communication. 
Bonrath. W.: Porschke. K .  R.; Michaelis, S. Angew. Chem. 1990. 102. 
295; Angew. Chem.. Int. Ed. Engl. 1990. 29, 298. 
Bonrath. W.: Porschke, K .  R.: Mynott, R.; Kriiger. C. Z .  Naturforsrh.. 
B: Anorg. Chem.. Org. Chem. 1990, 45. 
Bock, H.; tom Dieck. H .  Angew. Chem. 1966, 78,549: Angew. Chem.. 
I n t .  Ed. EngI. 1966. 5.  520. 
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Figure I .  75.5-MHz '3CIiHJ NMR spectrum of (2,6-iPr2Ph-dad)Ni- 
(CO), ( I )  in THF-d8 at -30 "C. 

avoided when the reaction is carried out, since it cocrystallizes 
with 1. 

1 

As can already be expected from the above, 1 itself reacts 
rapidly and quantitatively a t  20 "C with 2 equiv of CO to yield 
Ni(CO)4.9 The  reaction resembles a titration, since a t  the end 
of the reaction the color suddenly changes from violet to or- 
ange-yellow. Obviously, even a small amount of 1 produces an  
intensively colored solution. Equation 1 represents an equilibrium 
Ni(CO)4 + 2,6-iPr2Ph-dad + 

(2,6-iPr2Ph-dad)Ni(C0)* + 2 C O  ( 1 )  

that lies at  1 bar of CO pressure far to the left side. This explains 
the difficulties the authors of refs 1 and 2 experienced with the 
reaction procedure applied by them. 

Complex l i 0  is stable a t  room temperature (mp  150 "C)  and 
only moderately sensitive to air. In  the M S  spectrum (70 eV, 85 
"C)  the largest observable masses correspond to M+ - CO (462, 
15%) and M+ - 2CO (434, 100%; for 58Ni). The  IR, UV/vis, 
and ' H  N M R  (CD2C12, -60 "C) data reported' for 1 have been 
confirmed, but well-resolved ' H  N M R  spectra may also be ob- 
tained a t  27 O C  (THF-d8). The  75.5-MHz ')C N M R  spectrum 
(THF-d8, -30 "C) of 1 (Figure 1)  contains eight sharp signals 
for the 2,6-iPr2Ph-dad ligand." There is no significant change 
in the spectra on reducing the temperature to - 1  I O  "C, so that 
it is improbable that the spectrum is a time average of different 
conformations in rapid equilibrium. The spectra are in accordance 
with a C, symmetry of the complex, the plane of the phenyl rings 
being perpendicular to the Ni ,N,N coordination plane. Within 
each iPr substituent the two methyl groups a re  inequivalent be- 

1 

(8) According to the IR data file of this institute, compound l has been 
obtained previously by K.  Radine but was not examined closer (1984). 

(9) Displacement of a 1,4-diazabutadiene ligand from nickel by CO has 
recently also been described: Sinnema, J. C. M.; Fendesak, G. H. 9.: 
tom Dieck, H. J .  Orgonomet. Chem. 1990, 390, 237. 

( I O )  Anal. Calcd for C,,H,,N,NiO, (M, = 491.3): C, 68.45; H, 7.39; N, 
5 . 7 0  Ni, 11.95; 0, 6.51. Found: C, 68.51: H,'7.23; N, 5.66; Ni, 11.91. 
IR: ( K B r )  several absorptions in  the C = O  &etching region probably 
due to packing effects; (n-hexane) v(C0) 2022 (Al) ,  1970 cm-' (B l ) .  
UV/vis (benzene): A,,, = 333 ( t  = 3740), 543 nm (6320 L mol-' cm-I). 

(5, 6 H, yhenyl), 3.00 (septet, 4 H, CHMe,), 1.30, 1.15 (both d,  12 H,  

( 2  C. Ph p-C), 124.1 (4 C. Ph m-C), 28.3 (4 C. CHMe,). 25.7, 23.8 
(both 4 C, CH,). 

( I  I )  Essentially the same spectrum is observed at  50.3 MHz and 27 OC for 
both THF-d8 and benzene-d,. 

' H  N M R  (200 MHz, THF-ds, 27 "C): 6 8.21 (s, 2 H,  CH=N), 7.27 

CH,). ' C NMR (75.5 MHz, THF.d,, -30 "C): 6 196.7 (2  C, CO), 
155.6 ( 2  C, CH=N), 150.1 ( 2  C, Phip), 139.3 (4 C, Ph 0-C), 126.7 
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cause of the hindered rotation of the phenyl groups about the C-N 
axes.  Therefore. if a n  improbable s t r ic t ly  square-planar coor- 
dinat ion is not considered, the I3C N M R  spectrum is consistent 
with a C2, tetrahedral s t ruc ture  of complex 1 in solution but not  
with a s ta t ic  “pseudoplanar” structure (Q, for which 13 carbon 
signals would be expected for  t h e  2,6- iPr2Ph-dad ligand. 

Chart I 
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Bis( terpyridine)osmium( 11) Complexes under Mi ld Conditions 
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Introduction 
The synthesis  of ( terpy) ,  complexes of osmium(l1)  ( te rpy  = 

2,2’:6’,2’’-terpyridine) containing two differently substituted ligands 
a t  their 4’-psition can be carried out in two successive steps,’ using 
classical reactions. 

OsC13 + t e rpy-X - Os(terpy-X)C13 ( I )  

Os( te rpy-X)( te rpy-Y)2+ (2) 

X ,  Y = subs t i tuents  on t h e  4’-position of t h e  te rpy  ligands 

Due t o  t h e  ex t reme stability of thc  Os(I1l)-CI bond,  the  con- 
di t ions of react ion 2 have t o  be particularly vigorous2-3 whereas  
reaction I leads t o  monoterpy complexes under mild  condition^.^ 
In general ,  t h e  preparat ion of O S N ~ ~ +  complexes ( N 6  represents 
six nroniat ic  iminc funct ions)  requires  long react ion t imes and 
high temperatures.5 This method is unadapted t o  ligands bearing 
little robust  chemical groups,  as those used for building diades 
(d iade  = donor-acceptor linked sys tem)  and tr iades  aimed to 
photoinduced charge separation’-6 (Char t  I). In the  present paper, 
w e  report  a new and very mild method allowing preparat ion of 
asymmetr ical  bis( 2,2’:6’.2”-terpyridine)osmium( I I )  complexes in 
a s tcpwisc procedurc. 
Experimental Section 

A11 products wcrc of rcagcnt gradc and were used as received. Ace- 
tonitrile (SDS) and tctrahydrofuran (SDS) were used without purifica- 
tion. Thc ligands Mc-phtcrpy, Br-phtcrpy, and MeO-phterpy (phterpy 
= 4’-phcnyl-2.2’:6’,2”-tcrpyridinc) wcrc prepared by modification of 
litcraturc procedures7 and purificd by thc method of Constable et aL8 
Thc ligands PTZ-phtcrpy (PTZ = phenothiazine-CH2-) and PO2+- 
phtcrpq (PO2+ = N-methyl-N’-methylene-4.4’-bipyridiniumq paraquat) 
were synthesized as described prcviously.’ The ligand Diaa-phterpy 
(Diaa = di-p-anisylamino) was obtained in the same way as Me-phterpy7 
by condensation of 2 cvuiv of 2-acctylpyridine with 1 equiv ofp-(bis(ll- 
mcthoxyphenjl)arnino)bcnzaldchydc. 

Collin. J .  P.: Guillerei, S.; Sauvage. J.  P. J .  Chem. SOC., Chem. Com- 
ntun. 1989. 776. 
Morgan. G : Burstall. F. H. J .  Chem. SOC. 1937, 1649. 
Kober. E. M.: Sullivan, B. P :  Dressick. W. J.;  Caspar. J .  V ; Meyer, 
T. J.  J .  Am. Chem. SOC. 1980, 102, 7383. 
Buckingham. D. A,: Dwyer. F. P.; Sargeson. A. M. Aust. J .  Chem. 
1961, 14. 250. 
Klassen, D. M.: Hudson, C. W.; Shaddix, E. L. Inorg. Chem. 1975. 14, 
2711 - 
Danielson. E.: Eliott. C. M.: Merkert. J .  W.; Meyer. T. J.  J .  Am. Chem. 
SOC. 1987. 109. 2519. 
Case. F. H.; Butte. W. A .  J .  Chem. SOC. 1961. 4415. Spahni. W.: 
Calzafcrri, G. H e k .  Chim. Acta 1984. 67, 450. 
Constable, E. C.; Ward. M. D.: Corr. S. Inorg. Chim. Acta 1988, 141. 
201, 

Me-phtepy : R = CH, 

Bvphterpy : R I Br 

MeO-phterpy : R = OCH, 

Daa-phterpy : R - 

Table I 

dCH3 
Q N 

OCH, 

yield, % 
complex a b 

Os( Me-phterp~) ,~’  31 

Os( Me-phterpy)( Br-phterpy)2+ 35 32 
Os( Me-phterpy)( PQ2t-phterpy)4t 48 
Os( Me-phterpy)( PTZ-phterpy)2t 17 8.5 
Os( Me-phterpy)(Diaa-phterpy)2+ 35 17 

Reducing agent: Pt(0)/H2. *Reducing agent: hydrazine. 

Os( Me-phterpy)( MeO-phterpy)zt 66 49 

The latter compound was synthesized by formylation of bis@-meth- 
0xyphenyl)phenyl amine9 according to Walter et al.’O ‘H N M R  spectra 
were acquired on a Bruker WP2OOSY instrument. Chemical shifts are 
reported vs. MepSi as an internal standard. Visible and UV spectra were 
obtained on a Kontron spectrophotometer. Cyclic voltammetry was 
carried out on a Bruker E1310 potentiostat connected to a X Y  lfelec 
IF3802 recorder. FAB spectra were obtained by using a VG instruments 
ZAB-HF mass spectrometer. Elemental analyses of C,  H ,  and N were 
performed by the Service de I’lnstitut de Chimie de Strasbourg. 

Synthesis of the Complexes. Preparation of Os(Me-phterpy)(O),- 
(OH)(NO,).H,O. To an aqueous solution of Me-phterpy (88 mg in 120 
mL)  at pH = 3 ( H N 0 3 )  was added, in 5 h, 1 equiv of K,Os(O),(OH), 
in solid form. The pH of the solution was maintained at  3 f 0.2 by 
HNO, during the addition. The solution was stirred overnight. After 
filtration on Millipore, the filtrate was reduced to 60 mL, and I O  mL of 
an aqueous saturated solution of KNO, was added. The pale green 
precipitate was filtered, washed with I O  m L  of cold water, and dried 
under vacuum. Yield: 9 2 1 .  

‘ H  N M R  (CD30D):  6 9.62 (dd, 2 H),  9.01 (s, 2 H), 8.86 (d, 2 H), 
8.67 (t,  2 H),  8.27 ( t ,  2 H), 8.80 (d, 2 H), 8.26 (d, 2 H), 2.41 (s, 3 H). 

FAB MS (nitrobenzyl alcohol matrix): m / z  = 564 [Os(Me-phter- 
PY)(O)Z(OH)+I. 

Anal. Calcd for Os(Me-phterpy)(0)2(0H)(N03)H20: C, 40.00; H, 
3.35: N.  8.48. Found: C,  40.08; H ,  3.79: N. 8.62. 

(9) Wieland, H. Ber. Dzsch Chem. Ges. 1910, 43, 705. 
( I O )  Baker, T. N.;  Doherty, W. P.: Kelley, W. S.; Newmeyer, W.; Rogers, 

J .  E.; Spalding, R. E.; Walter, R. 1. J .  Org. Chem. 1965, 30, 3714. 

0020-1 669/90/ 1329-5009$02.50/0 @ 1990 A m e r i c a n  Chemica l  Society 


