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Abstract 

The substitution of two carbonyl groups in Co(CO)~(NO) by optically active unsymmetrical bidentate ligands LL" yields pairs of 
diastereomers Co(COXNOXLL* ), which differ only in the configuration at the Co atom. LL* can be a bisphosphane, trisphosphane, 
phosphaneimine or pyridmeimine. For the complexes 2 (LL* ~ (S,S)-norphos), 3 (LL ° ~ (R).l,2,4°triphos) and 4 (LL" =~ (R)-i,2,5- 
triphos) the diastereomer ratios of 45:55 (2a:2b), 83:17 (3a:3b) and 63:37 (4a:4b) respectively indicate an optical induction from the 
ligand 1o the metal configuration during the synthesis. By crystallization it is possible to separate the diastereomers of 1 (LL ° ~ (R)~ 
pmphos), 2 and 3. la and 3a are obtained as pure diastereomers, 2a as an enriched sample (2a:2b 73:27). The crystal structures and 
absolute configurations of (Sc, ,, Rc)-Ia and (Sc,,,Rc)-3a were determined by X-ray analysis, in 3a the cobalt center is configurationally 
stable at rooln temperature, whereas la epimerizes in benzene-d~ at 35 °C with a half-life of ~'1/, ~ 141 rain and 2a in CDCI :, at 24 °C 
with r~/, ~ l~)inin, © 1997 Elsevier Science S.A. 

Ko'wm~l,~: Cllirality; Cul~alt(carbunyl)tnitrosyl)complexes; Xoray sit,refute analysis 

I, intrqMuctlon 

1,1 the investigation of the stereochemical course of 
reactions optically active organometallic complexes have 
become nnore and more important since the first exam- 
ple was reported [2]. Most of these complexes are of the 
tyl~ (~iS-CsHs)MABC or (~°-arene)MABC, i.e. they 
have pseudo-octabedral geometry [3-6]. Purely tetrahe- 
dral chiral complexes are rare. Diastereomeric com- 
plexes of the type Fe(COXNO)(NNArXPPh2NRR' ) [7] 
have been .~:eparated. As in Co(CO)3(NO), two carbonyl 
groups are substitutionally labile, Co(CO)(NO)(LL" ) is 
a good candidate tbr tetrabedral complexes chiral at the 
metal atom. The isolation of the racemates of 
C o ( C O ) ( N  O ) ( P P h  .~)(A s P h  .~) a n d  
K[Co(COXNOXCN)(PPhR,)] [8,9] and of the mixture 
of diastereomers of Co(CO)(NO)(PPh~)(L') ( L ' =  
optically active carbene) [10-12] has been described. 

Corresponding author. 
For Part I !1 see Rel'. [i ]. 
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We report herein the synthesis of new complexes of the 
type Co(CO)(NO)(LL" ), in which the unsymmetrical 
ligand LL" is an optically active bisphosphane, trisphoo 
sphane, phosphaneimine or pyridineimine. The COmo 
plexes are formed as pairs of diastereomers which differ 
only in tire configuration at the cobalt center. For two of 
these complexes separation of the diastereomers has 
been possible by repeated crystallization, We were able 
to determine their absolute configurations by Xoray 
structure analysis. 

2. Results and discussion 

All the complexes were synthesized by reaction be- 
tween Co(CO)~(NO) and the free ligand at an appropri- 
ate temperature (Schemes 1 and 2). 

Usually a small excess of Co(CO)3(NO) was used, 
with the exception of the reactions with the trisphoso 
phanes, in these cases less than one equivalent of 
Co(CO)~(NO) was employed in order to avoid complex° 
ation of all three phosphorus atoms. All the reactions 
were monitored by IR spectroscopy. After completion 
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Scheme I, 

of tim rcacti~s the products were purified by chro° 
mato~phy,  in nmst c;+~s on silica. In Table I the 
analytical, IR and FD MS data for the complexes I -8  
m+ summarized+ 

Whilst tim complexes with tim his+ and trisphos+ 
~ane:~ ~ , ,  even in m}lution, relatively air-stable, the 
complexes with tim ligands containing a nitrogen donor 

very air-sensitive. For the pyridin¢imine complexes 
t ~  u~  of an argon atmosphere was neces~ry, as they 
ate extremely ~nsilive to oxygen. 

The IR spectra of all the complexes I - 8  exhibit only 
one car~ny! b~d,  This proves the substitution of two 
car~nyl groups in Co(CO)~(NO) and themfi~re indi- 
cates (togetlmr with the FD mass spectra) that all the 
ligands form chelate rings. The wave,umbers of both 
carbonyl and nitrosyl bands ate lower the weaker the 
~v-ac~.~ptor properlies of the ligands, i.e. the more nitro- 
gen donors ate present. The values of 1910 and 
1920 cm + i for the carbonyl group and 1660 cm - a for 
the nitrosyl group in the complexes 7 and 8 with NN" 
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ligands are in good agreement with the values found tbr 
other Co(COXNO)(NN) complexes [8]. Also the values 
for the complexes with PP" ligands (carbonyl frequen- 
cies in the range 1950-1960cm °°~, nitrosyl frequencies 
in the range 1690-1700 cm ~t ) are in accord with simi- 
lar complexes [8,13-15]. For the PN'  ligands, how, 
ever, no such comparison can be made as there are no 
similar complexes, though attempts for their synthesis 
have been reported [16]. The values we found for 5 and 

6 (1920 and 1690 cm ~ ~, ! 930 and 1680 cm- ~ respec- 
lively) are intermediate between those for the NN" and 
PP'  complexes, as expected. 

The use of the optically pure ligands in the synthesis 
of the complexes 1-8 leads to pairs of diastereomers 
a /b .  which only differ in the configuration at the ceba!t 
atom. The ratio of the dk:stereomers can be delert~,lined 
by J H NMR spectroscopy, as there is at least one set of 
signals in which each pair of diastereomers can be 
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Tab~ I 
IR ~ t m c o p i c .  analytical and FD MS data tot the carbonyl nitrosyl cobalt complexes I -8  

CotCOXNOgLL" ) IR [cm- t] a Analyses 

LL" = v(CO) v(NO) C H N 

FD MS [e/m] ~ 4M + ) d Formula 

I Prophos !950 1690 63.70 463.52) 
2 ~ 1950 1700 66.18 466.40) 
3 12A-Tnph~ 1961 1693 67.60 467.68) 
4 1 ,2 ,5 -T r i ~  1950 1698 67.45 (68.02) 
5 PNI 1920 1690 65.71 (65.89) 
6 PN2 19~ 1680 60.13 (60.38) 
7 NN I ! 920 i 660 54.59 455.06) 
8 NN2 1910 1660 55.82 (56.32) 

4.97 44.95) 2.77 (2.65) 529.4 4529.40) C.,s H :6CoNOz P, 
4.84 44.88) 2.57 42.42) 578.8 (579A6) C.~: H :sCoNOz P, 
5.14 (5.13) !;90 (1.93~ 699,.1 ~ ( 7 2 7 . 6 1 )  C41H.aTCoNO_, px 
5.27 (5.30) !.91 (1.89) 713,2 ~ ( 7 4 1 , 6 4 )  CzsH~CoNO.,p~ 
4.65 (4.74) 5.41 45.49) 510.2 (5 I O . 4 2 )  C,sH:4CoN:O,P 
4.87 (4.86) 5.67 45.87) 478.2 ( 4 7 7 . 3 7 )  C:.=Ha~CoN:O~P 
4.17 (4.31) 12.52 412.84) 32~.9 ( 3 2 7 . 2 3 )  CtsHt4CoN~O - , 
4.85 44.73) I 1.88 (12..32) 341.2 ( 3 4 1 . 2 6 )  C=~Ht~CoN~O, 

KBr Fellers, strtm$ a t r ap t i ~ .  
t, Calcul~.cd values in parenth¢~. 
'~ Solvent toliien¢. 

Calculated M in ~enthc~s. 
M* was not &.'tooted, the value given is M * - CO. 

differentiated. After work-up the diastereomer ratio for 
complexes 1. 5. 6. 7. and $ is 50:50. Only for com- 
#¢xes  2, 3. and 4 doos the ratio differ from 50:50. 
indicating an optical induction from the ligand to tlv~ 

metal atom during the synthesis, These ratios are 2 a : 2 b  
45:55, 3a:3b 83:17, and 4a:4b 63:37. In order to sepa- 
rate the diastereomers we tested chromatographic meth- 
tgls as well as cry.~tallization. With I, 2,  and 3 the latter 

Table 2 
Summary of cry~tal data, data collection and ~.tlljctrure refinemem lbr la and 3a 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . .  

C~.,ml t~lmmeters 
Complex la .~ 
Formula C :, H :.CoNO: P: C~H .CoNO: P~ 
Mol, wl, 529,40 727,61 
COI~ aod ~hal~ dark red. pyramidM dark i~d. irr~lulat 

r [ ~  10.398(41 I~L?~[ I ) 

g 2 4 

~ )  54t~ I 512 

h~t raages 0= 14; = 19= 19; = 15= 15 O~ 14; 0=24; 0=27 

T~al no, of unNue ~¢flec.oas 745~ ( ~ 0 1  

No, of observed refl~tions ( I > ~,.%r(I)) ,~,~ 435~ 
Min.', m~x, t f~i~sioF~ fa¢i~a~ 0.83; 1.0o 0.~4; 1,00 

No, o~ r¢fl~tio~s ~ d  20 ran~ Id~g] Gw empirieM ~h~orplion ~oo~¢ti~ 7; I I ~0=45,0 6; 8°0=29,0 
No, of LS Imran~e~ ~)7 433 
~ i  ~|li/¢,s,d, ia Ilnal ¢y¢1¢ (kOlO 0,025 

O, t l ;  0,036) 0,~3; 0,031 

F ~ |  pa~irs m ¢ ~ l  bc~,cen 3 ~' and 4~)~; h; 1=10; k: I - IT ;  I" - 19=( = I). 
R- ~llF,, = ~II,/IF~I, 
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method was successful, la  and 3a were obtained as 
pure diastereomers, 2a in an enriched sample (ratio 
2a:2b 73:27), 

There are three ways in which trisphosphane ligands 
may coordinate to the cobalt atom. With 1,2,4-triphos a 
five-, six- or seven-membered ring and with 1.2,5-tri- 
phos a five-, seven- or eight-membered ring is possible. 
However, the complexation is highly selective: 31i) NMR 
spectroscopy shows that in the former case the five- 
membered ring compound is the only product. There are 
only two broad resonances for the coordinated C I-P 
and C2-P  (66.8 and 87.0 ppm) and two singlets for the 
uncoordinated C4-P phosphorus atoms ( - 1 8 . 0 0 p p m  
tbr 3a and -17 .58  ppm for 3b). in the latter case the 
five-membered ring compound is the main product: the 
broad resonances at 68.6 and 87.2ppm belong to the 
coordinated phosphorus atoms C I-P and C2-P, the 
singlets at -15 .63  and -15 .57ppm to the uncoordi- 
nated C5-P atoms (diastereomers 4b and 4a). The small 
doublets at - 19.59 and - 2 0 . 3 4  ppm in the spectrum of 
4 may be attributed to ring isomers. 

Whilst in 3a, in solution, the cobalt center is configu- 

Table 3 
Atomic ctamlinates o f  la 

Atom A" / tl y / b : / c 

Co 0,2056( I ) O.(XXXI 0.1347( I ) 
Pl 0.1154111 0.0669(I) -0 .0683( I )  
P2 0.3108111 0,1467(I) 0.2045(!) 
Ol 0,008 I(3) ,° 0,091 I(2) 0.2482C)) 
02 0.45115(3) ,°~ 11,1151121 0.11(M(31 
NI 0.1X) 1913) ~, 11,050912) 0.2035(3) 
( ' I  O, I ¢)86(3 ) 0,0,146(3) -0 ,074  I(3) 
C2 ~-, 0,315(X,I) 0.0627(3) ~ 0,1226(41 
CJ --1),371XX4) 1). 12771;I) ,, 0,2292(5) 
C4 = 0,2813(4) 0.172613) ~0,2870(4) 
C5 = 1). 1350(3) 0,15511131 = O, 2418(4) 
C6 ~ 11.0774(3) 11.0905(2) = 11.1336(3) 
C7 0.0,I03(3) -= 0.036113) =0.318713) 
C8 11,0812(4) = 0.0841X 3) -- 0.4225(3) 
C9 0.2230(4) = 0.0896(3) - 0.4214(4) 
C 10 0.329614) - 0.(H77(3) - 0.3145141 
CI I 0.2951(3) - 0.(X)19(3) -0.2108(31 
CI2 0.152413) 0.(X)61(3) ~0.2113131 
C 13 0.2160(3) 0.162013) 0.4299(3) 
C 14 0.205 I(41 0.205413) 0.5468(4) 
C 15 0,2818(4) 0.29 I(X3) 0.5972(4) 
CI6  0.371)5(5) 0.3308(3) 0.5323(4) 
C 17 O, 3814(4) 0.2876( 3 ) 0.4159(4 ) 
C 18 0.31)26( 3 ) 0.21129(2 ) 0.3621 ( 3 ) 
CI9 0,5600{3) 0,211013) 0,1412(3) 
C20 0.7064(4) 0.211913) O. 1615(4) 
C21 0.7962(4) 0.156714) 0.2636(5) 
C22 O. 74111:1t4 ) 0.1017( 3 ) 0. 3455(4) 
C23 0.5945(4) 0.1013(3) 0,3264(4) 
C24 0,5017(3) 0.1563(2) 0.224(113) 
C25 0, 2208(3) 0.242(112) 0.0748(3) 
C26 0.1972(3) 0.1938(2) -0.0632(3) 
C27 0,0783(3) 0.2752( 3 ) 0.0955(3) 
C28 0.3537(4) - 0.0696(3) 0. I 187(3) 

Table 4 
Atomic cotwdinates o f  3a 

Atom x / a y / b  :/(, 
Co 
Pl 
P2 
P3 
Oi 
02  
Nl 
C! 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
ClO 
CII  
CI2 
CI3 
C 4  
C 5  
C 6  
C 7  
C 8  
C 9  
C20 
C21 
C22 
C23 
C24 
('25 
C26 
C27 
C28 
C29 
C31) 
C31 
C32 
C33 
C34 
C35 
C36 
C37 
C38 
C39 
C40 
C41 

0,3 ! 21 ( ! ) 0,0182( ! ) 0,2269( I ) 
0.3969{ ! ) 0,0040( ! ) O. ! Z'i8( 1 ) 
0.225811 ) - 0,27091 ! ) 0.0458( ! ) 
0.317311) -0 .1060( i )  0.2389(1) 
0.4380(4)  0,110912) 0,323 !(2)  
0,053213) 0 ,0525(2)  O. 181012) 
0.3859(4)  0,07 ! 3(2) 0.2838(2)  
0.6244(4)  0,08 ! 5(2) O. 1512(3) 
0.741015) O, 1 i 37(3) O. 1348(3) 
0.7802(5) O. 116313) 0.0677(3) 
0.7038(5)  0 ,0860(3)  0.018 !(3) 
0.5857(5) 0,054 i (3) 0.0341(21 
I).544814) 0,0513(3) O. I017(2) 
0.253115) O, 100413) 0.0456(3)  
O. 1600( 5 ) O, 1208c ~;) - O.O(R~:(3) 
0.(}992(5) 0 ,0648(4)  -0 .0371131  
O. 130115) - 0 .0089(3)  ~ 0.0276(2) 
0.2236(4) - 0.0298(3) 0.019312) 
0.2860(4) 0.025013) 0.0567(2) 
0.0200(5) - 0.3577(4) 0.0862(3) 

- 0.(M3617) -0.417314) 0.I 19113) 
0.0226(7) - 0.4646(4) O. 1599(3) 
0.1508(6) - 0.4556(3) O. 1691113) 
0.218115) -0.399113) 0.135113) 
0.152415) -0.349113) 0.0922(3) 
0.2351141 - 0.2731(3) ~ 0.09,13(2) 
0.267(5) 0.3020(3) - O. 1573131 
I).3256161 -0.371813) 0.162913) 
0.350516) - ().412~3) -0.1063131 
0,321)016) - 0.3854(3) ~ 0,043013) 
0,262114) ~0,314613) ~ 0,036412) 
0,5625(4) ,~ O, 11144(31 0,2960(2) 
0,662215) ~ O. 133213) 11,335tlt2) 
11,6487141 ~ 0,201M13) 0,369313) 
0,535515) o~ 0,2408131 11,365113) 
0,4363(5) ~ 0,2138(3) 0,325513) 
(),4492(41 -~ (). 144913) 0.291(X2) 
0,1473(4) 0,1447131 0,34117(2) 
0,1)~ 3515) = 0,1875(31 0,3728(3) 

= 0,1)I 1915) ~- 0,2422(3) 11,3366(3) 
11,0149(41 ~ 11,253913) 0.2694(31 
0.1098(41 =0,2117(31 0,2382(2) 
0.179414) =0.1576121 0.2731121 
I),4413141 ~ 0,1D64(21 0,1151112) 
0.3457(4) -0.1487(21 0,1534(21 
0.393(114) = 11,2317(2) 0,1535(21 
0.3896(4) -0.2676(3) 0.082112) 
0.1548(4) 0.0380(3) O. 21X)6(2 ) 

rationally stable at room temperature, la and ~a do 
epimerize with respect to the cobalt configuration. We 
measured the rate of the epimerization by ~H NMR 
spectroscopy. The equilibrium ratio of the diastereomers 
is identical to the ratio found alter the preparation of the 
complexes ( la: lb  50:50, 2a:2b 45:55). Both a 0.03 M 
solution of pure la and a 0.01 M solution of 2a:2b in a 
73:27 mixture obeyed a first-order rate law ( la in 
benzene-d¢, at 35 °C: /,' = 8.22 × 10 =s s= ~. ri /:  = 
141 min; 2a in CDCI~ at 24°C:  /," = 7.32 x i0 =~ s - ) .  
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r)/~ ~ 160rain). The addition of equimolar amounts of 
(R)4 +)-pmphos, d~ or trisisoptopylphosphane did 
not change the rate of epimerization and no products of 
exchange reactions were detected. Using higher concen- 
trations of ~he complexes al~ had no effect on the 
reaction rate. Measurements of the rate constants at 
different temporatu~s allowed us to estimate the activa- 
tion enthalpy ~ H * and entropy ~S* of ~he reaction. 
For both complexes we found A H" ~ 90 kJ me!- ~ and 
~,S* ~ + 20 k = ) mol =), These results indicate that the 
epimeri~a¢ion is an intramolecular process, However. it 
is not possible to distinguish ~tween a rea~angement 
involving an i n t e t ~ t a t e  square planar species and a 
di.~so¢iative mechanism with opening of the chelate 
•g, Fureher experiments a~ underway to elucidate this 
I~)iflt, 

In the complexes "/ and 8 with NN" ligaads the 
col~lt configuration is more labile than in the corn° 

plexes with PP* ligands. This was proven by coales- 
cence experiments in DMSO-d~, For 7 a coalescence 
temperature T c of 406 K and for 8 of 413 K was found. 
The rate constants kr~ and AG ~ values were calcu- 
lated for 7: krc = 38.0 s- ~, AG * = 87.5 kJ mol- ~, and 
for 8: kr~ = 51'3s -~, AG ~ = 88.1 kJmol "~. Extrapola- 
tion to room temperature shows that the complexes 7 
and $ epimerize approximately 100 times faster than the 
complexes 1 and 2. This explains why we could not 
separate the diastereomers 7a,Tb and 8a,Sb. 

3. X-ray structure analysis of la and 3a 

Single crystals l'or X-ray structure analysis were ob- 
tained of the pure diastereome~ ia  and 3a. Details of 
both structure determinations have been deposited with 
the numbers CSD-406185 (la) and CSD-40186 (3a) at 
the Fachinformationszentmm Karlsmhe. 

Table 2 gives details of the data collection, structure 
refinement and crystal data of the complexes la  and 3a. 
In Tables 3 and 4 the positional parameters are summa- 
rized, employing the atom-labeling scheme used in Figs. 
I and 2, and in Tables 5 and 6 selected bond distances 
and angles are listed. 

As expected the coordination geometry of both com- 
plexes is a distorted tetrahedron about the cobalt center. 
Unlike for other complexes of this type, we were able to 
distinguish ~he CO and NO groups [10,11]. Therel'olv¢ 
we could determine the absolute configuration of both 
complexes by ~finemel~l of the !east-squares variable )~ 
[17] (lbr la ~/~ I.~2) and for 3a q ~ 0.89(3)). la and 
also 3a are assigned S¢,,,,Rc.cgnfiguration, The Co~ 
N(NO) dis|antes in la (11041 A) and 3a (I,053A) as 
well as the Co-C(CO) distances (1.706 ~ ar ;I 1.757 
res~tively)  lie in the auroral range found Ibr other 

T 
x 

, #  .<, 

'K 

?:? 

H~droge~ a~s l~ve been omitted h~ cl~nly, Them~l ellipsoids 
e~lo~ ,~.O~: pr~b~lit~ levds, 

Table 
$elect~:~l l~md lenglhs [~,l and angle~ [deg] of la vdth eslimalCd 

Co-Pl 22 I~( I )  Pl oCl... 
Co-P2 2,20~ I ) PI -C26 
Co-NI I,MI(.~) P2-CI8 
Co-C2~ 1 ,7~4)  P2-C24 
N I -O I  1,184(~} P2-C25 
C2~-O2 I,, 140~ J) C25=C2~ 
Pl -Cf~ I,~20~]1 C2~-(,27 

Pl - fo -P~  ~)L3101 Co-Pl -¢2(~ 
PI-Co=NI I I'L3~I) Co-P~oCI~ 
Pl -Co-C~8 I (L,A( I ) Co-I)2 =C24 
P2-Co-N I 121,7({ I ) Co-P2-C25 
P2=Co=C2~ I(X}),2(I ) Ct=PI =C I 
N I -Co-C28 120,9(2 ) C6-.PI -C26 
Co-NI =OI 176,8(3) CI2-P!  -C20 
Co-C28-02 179,0(31 C I 8-P2-C24 
Co-PI -C6 !19,1(I) CI8-P2-C25 
Co-PI -CI  2 i 18.~ I ) C24-P2-C25 

1,823111 
1,8S2131 
1.823(31 
1.817131 
1,85.~17,1 

I 072 (  I ) 
120,5( I l 
I I Z ( X I )  
I06,8( I ) 
IOZ4(  i ) 
104,0( ! ) 
I03.2(2)  
I01.6( I ) 
103,5{ I ) 
I05,8( I ) 
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Table 6 
Selected bond lengths [~,l and angles [degl of 3a with estimated 
standaid deviations in palenthese:. 

Co-PI  2.197{2) P2-CI8  1.826(5) 
Co-P3 2.210{2) P2-C24 1.835(5) 
Co-N I 1.65314~ P2-C40 ! .855(4) 
Co-C41 !.757(5) P3-C30 1.850{5) 
N I - O  I I. i 77(6) P3-C36 i .832(5) 
C41-02  i. 158(6) P3-C38 i .87 i (4) 
P I -C6  1.819(5) C37-C38 i.557(6) 
P I - C I 2  !.826(4) C38-C39 1.548(6) 
PI ~C37 1.845(4) C39-C40 i .546(6) 

P l -Co-P3  88.5(I) Co-P3-C36 ! 21.0(I ) 
P I - C o - N I  119.6(!) Co-P3-C38 107.9(i) 
PI-Co-C41 97.6(I) C 6 - P I - C I 2  !04.4(2) 
P3-Co-NI  118.7(I) C6-PI -C37  101.4(2) 
P3-Co-C41 104.6(2) C i2 -P I -C37  11.)5.6(2) 
N I -Co-C41 121.5(2) C 18-P2-C24 102.2(2) 
Co-N I -O I  178.0(4) C 18-P2-C40 ! 02.5(2) 
Co -C41-02  ! 77.2(4) C24-P2-C40 99.4(2) 
Co -P I -C6  121.8(2) C30-P3-C36 I01,2t.2) 
C o - P I - C I 2  113.5(I) C30-P3-C38 103.5(2) 
Co-P!  -C37 108.4( I ) C36-P3-C38 104.tX 2) 
Co-P3-C30 116.5(2) 
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measured with a Perkin-Ehner 241 polarimeter, Micro- 
analyses were carried out by the microanalyticM labora- 
tory of the University of Regensburg. 

Literature methoda ~:'ere used to prepare the eight 
ligands as indicated in the individual procedures. 
Co(CO)3(NO) was prepared by the method of Hieber et 
al. [21 ], it was stored under nitrogen at - 2 5  °C and not 
purified further prior to use. 

4.1. General procedure for synthesis of the complexes 
1-8 

At O°C the required amount of Co(CO)3(NO) was 
dissolved in toluene or THF respectively. After addition 
of the ligand the solution was slowly warmed up to the 
appropriate temperature and kept at this temperature 
until the reaction was complete. During this time the 
color of the solution turned from orange to dark red or 
brown, Then the solution was concentrated and filtered 
or chromatographed to remove decomposition products. 
From the resulting solution the solvent was evaporated 
and the residue was recrystallized if necessary. 

Co(CO)(NO) complexes [10,15,18]. The same holds tbr 
the N-O and C-O distances (I.184,~ and 1.146A in 
la, I. 177 ~, and I. 158 ,g, in 3a). The NO and CO groups 
are tbund to be nearly linear (angles range from 176.8 ° 
to 179.0 °) in accord with known complexes. Also all the 
Co-P distances in la and 3a have normal values 
(2 204 ,~ and 2.209 A in la, 2.197 A and 2.21()A in 3a). 
As in both complexes the ligand l'orms a t'ive-membered 
ring with the Co center, the angles P-Co-P  are much 
smaller (88,30 in la, 88.50 in 3a) than in Co(CO)(NO) 
complexes with four unidentate ligands [10,15,18], but 
illey tire within the norlllal range fl~r this kind of 
metallacycle [19]. la deviates remarkably fi'om expecta,, 
tion: the methyl group of the prophos ligand is not in an 
equatorial but in an axial position of the five°lnembered 
ring [20], In 3a, however, the CH zCH,PPh, group is in 
the expected equatorial position. 

4. Experimental 

All the complexes were prepared under an atmo- 
sphere of dried nitrogen (complexes I -6)  or argon 
(complexes 7 and 8). Solvents were dried and distilled 
prior to use, according to standard procedures, lnfi'ared 
spectra were recorded on a Perkin-Elmer Paragon 1000 
PC FT-IR and a Beckman IR 4240 spectrometer. ~H 
and 'a~P NMR spectra were obtained on a Bruker AC 
250 and a Bruker ARX 400 spectrometer [250.13 or 
400.13MHz (IH) and I61.98MHz (~lp)]. Chemical 
shifts are in ppm downfield from TMS or 85% H~PO4 
respectively. FD mass spectra were determined on a 
Finnigan MAT 95 instrument. Optical rotations were 

4.2. Co(CO)(NO)(prophos) la.lb 

A mixture of Co(CO)3(NO) (0.70g, 4.0mmol) and 
(R)-( + )-1,2-bis(diphenylphosphanyl)propane (prophos) 
[22] ( 1.48 g, 3.6 mmol) was refluxed in 20 ml of toluene 
for 16 h. The crude product was purified by chromatog- 
raphy on Sephadex LH-20 with CH:CI~. After evapo- 
rating the solvent a red powder was obtained. Yield 
1.16g (62%); molar ratio la : lb  50:50. ~H NMR (C~D.): 

0.70 (dd. '~J(CH~-CH)~7.1Hz. 'aJ(CH,~P) -~ 
12.0Hz, 3H, CH~ (Ib)), 0.93 (dd. ~J(CHI~CH)~ 
7+1Hz, ~,!(CH+;+P) ~ 12.0Hz, 3H. CH; (laD, 2.14 ++ 
2.61 (m, 5H, CH~=CH (la) and CH~ (Ib)), 2.78-3.01 
(m, IH, CH (lb)), 7.24=7.85 (m, 40H, phenyloH). ~lp 
NMR (toluene°d,): /~ 65.6 (br, IP (lb)), 69.9 (br, IP 
(laD, 86.7 (br, 2P (la) and (lb)). 

4.2.1. Separation gf the diasteremners 
At - 18 °C pentane was condensed into a solution of 

3.0g of la : lb  50:50 in 20ml of toluene. After several 
days red crystals formed. With these crystals the proce- 
dure was repeated five times. Finally the pure diastereo 
omer la was obtained as crystals suitable for X-ray 
analysis. Yield 350rag (12%), m.p. 197-198°C. [a]~; ~ 

- 3 8  (c I, toluene). 

4.3. Co( CO)(NO)(noq~hos) 2a,2b 

After refluxing a mixture of Co(CO)~(NO) (0.80g. 
4 .6  m r e e l )  a n d  ( S , S ) - ( + ) - 5 , 6 ° b i s o  
(diphenylphosphanyl)bicyclo[2.2.1 ]hept-2-ene (norphos) 
[23,24] (2.0g, 4.3 retool)in 20ml of toluene Ibr 16h the 
solution was filtered over a small amount of silica. The 
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so|v~t was removed to provide 2a,2b as a reddish 
brown solid. Yield 1.97g (78%). molar ratio 2a:2b 
45:55. tH NMR (CDCI~): 8 0.74-3.09 (m. 6H. aliph. 
H). 5.13 (dd. ~J=~5.5Hz. 3J--, 2.6Hz, 0.55H, =CH 
(2b))o 5.20 (dd. 3J -" 5.5 Hz, 3j = 2.6 Hz, 0.45H, =CH 
(2a)). 6 . ~ - 6 . ~  (m, IH, =CH). 7.15-7.81 (m, 20H, 
phenyI-H). ~P NMR (toluene-ds): B 47.4 (br. IP (2b)), 
48.7 (ix, IP (211)). 53.7 (br. 2P (211) and (2b)). 

4.3.1. Separation of the diastereomers 
The ~ procedure as described above for la was 

followed. Red brown crystals were obtained containing 
2a:2b in a molar ratio of 73:27. m.p. 182-184~'C. 
[a]~ ~ ~ - 4 7  (c 1. toluene). 

4.4. Co(CO)(NOX 1.2.4-triphos) 3a.3b 

A mixture of Co(CO)~(NO) (I.I g, 6.4mmol) and 
(R)-( + )-l.2.4-tris(diphenylphosphanyl)butane (l.2.4- 
triphos) [25] (4.0g, 6.Smmol) in 4Oral of THF was 
refluxed for 3h, After removal of the solvem, the 
residue was chromatographed on silica. Elution with 
THF:petroleum ether 40=60 (1:!) g~ve an orange band. 
Evatx~ratin8 the solvent a f f o r d  3a,3b as an orange 
powder. Yield 4.4 8 (95%). molar ratio 3a:3b 83:17. ~H 
NMR (CDCla): 8 0.74=0.89 ira. 0.17H. C3H: (3b)), 
1.08=1.20 (m. 0.83F|. C3H: (3a)), 1.3,1~1.49 (m. 0.17H. 
C3H~ (3b)), 1.62=1.73 (m, 0.83H. C3H~ (3a)). 1.79= 
1.91 (m, IH. C4H:). 1.98=2.13 (m, 1.83H. C4H~ and 
CIH: (3a)), 2.2":=2.37 (m, 0.17H, CIH~ (3b)). 2.47= 
2.59 (m, IH, C2H), 2.69=2.8~ (m, IH, CIH~), 7.I0= 
7,47 (m, 28H. phenyloH), 7.76=7.84 (m. 2H. phenyloH). 
"P NMR (CDCI~): ~ = 18.~ (s. 0.83P (3a)), = 17.58 
(s, 0.17P (3b)), ~ .8  (br, IP), 87.0 (br, IP). 

4,4.i. Separation of the diastereomers 
To a CH~CI~ solution pentane was slowly addS, 

then the solution was ~ l e d  to - 1 8  °C. Red crystals. 
suitable for X-ray analysis, of pure 3a were obtained, 
m.p. 198=201 °C. [a]~; ~ - - 125 (c 1.17, CH:CI:). 

4..~. Co¢ CO)f NO)t 1.2.5.triphos) 4a,4b 

26H, phenyl-H), 7.65-7.98 (m, 4H, phenyi-H). ~P 
NMR (C6D6): 8 -15.63 is, 0.37P (4b)), -15.57 (s, 
0.63P (4a)), 68,6 (br, IP), 87.2 (br, IP). 

4.6. Co( CO)(NO)(PN1) 5a.5b 

A solution of Co(CO)3(NO) (0.95 g, 5.5 mmol) and 
(R)-(  + )-(diphenyi)-2-[N- l'-phenylethylaldimino]phen- 
ylphosphane (PNI) [26] (2.0g, 5.1 retool) in 60ml of 
toluene was sdrred for 12 h at 80°(2. After removal of 
the solvent the black residue was chromatographed on 
silica. Eiution with toluene:petroleum ether 40-60 ( I: I) 
gave a brown band which provided Sa,Sb after evapo- 
rating the solvent. Recrystallization from ethanol yielded 
black crystals with a molar ratio of 5a:Sb 50:50, Yield 
1.9g (73%). ~H NMR (CDCI~): 6 1.87 (d, ~J(CH~- 
CH) = 6.7 Hz, 3H, CH ~), 1.93 (d, ~J(CH ~-CH) = 
6.7Hz, 3H, CH~), 5.16 (q, aJ(CH~-CH) = 6.7 Hz, IH, 
CH). 5.26 (q, ~J(CHa-CH)=6.THz, IH, CH), 7.14- 
7.54 (m, 38H, phenyI-H) 8.36 (d, 4J(CH-P)--- !.6 Hz, 
IH. =CH), 8.43 (d. 4J(CH-P)= 1.6Hz, IH, =CH). 
~P NMR (CDCi~): 8 53.3 (ix). 

4.7. Co(CO)(NO)fPN2) 6a.6b 

The mixwre of Co(CO)niNe)(I.0g, 5,8retool) and 
( R ) o (  = ) - (d iphenyl )o2- [N-  I ' - h y d r o x y b u t - 2 ' -  
ylaldimino]phenylphosphane (PN2) [27] ( I .88,  
5.Ommol) in 5Oral of toluene was stirred for !6h at 
8 )C.  The solvent was eVal~rated and the residue was 
chromatographed on silica. Elution with ethyl 
acetate:Rtadeum ether 4()=~ (2:1) gave a b~wn band, 
After relaoval of the solvenl and recrystalh~atlon li'om 
ethanol black crystals were obtained. The mohu' ratio of 
6a:6b was 50:50, Yield 1,58 g (69%), a H NMR (CDCI ~): 
8 0.49 (t. '~J(CI/~CH a ) ~ 7.4Hz. 3H. CH~), 0.81 (t, 
~J(CH~-CH_,) ~= 7.4Hz. 3H. CHa). 1.43--2.25 (m. 6H. 
C=CH.~ and OH), 3,28=3.69 (m, 4H, O=CH~), 4,21~ 
4,31 ira, IH, CH), 4,42-4A8 (m, IH, CH), 7,03=7,59 
(m, 28H, phenyI-H), 8,29 (s, 211, =CH), ~P NMR 
(CDCI~): ~ 53.0 (br). 

A ~lution of Co(CO)~(NO) (0,16g, 0,93 retool) and 
(R)4 + )° 1,2,5°tris(diphenylphosphanyl)pentane( 1,2,5- 
triphos) [25] (0,70 8, 1.12mmol) in 125mi of THF was 
refluxed for 22h, Chromatography on silica with 
THF:p~tr~leum ether ~ = ~  (3:5) afforded an orange 
band, After removal of the solvent 411,4b was obtained 
as an orange solid, Yield 0.68 8 (99%), molar ratio 
4a'4b 63"37, re,p, 115°C, [o~]~ ;~-68  c 0,93, 
CH~CI:), ~H NMR (C~D~): 8 0,63-0,75 (m, 0,37H, 
C4H~ (4b)), 1.01~I.12 (m. 0.63H, C4H~ (4a)). 1.14- 
1.26 (m. IH, C3H,). 1.29=1.71 (m, 4H, C3H:, C4H: 
and CSH:), 1.93-2.41 (m. 2.63H, CIH. and C2H 
(411)). 2.56=2.72 (m, 0.37H, C2H (4b)). 6.87-7.56 (m. 

4.8. CotCOJtNO)tNNI ~ ?a.Tb 

Under an atmosphere of argon a solution of 
Co(CO)~(NO) ( 1,6 g. 9,3 retool) and (S)-( = )-ct-methyl- 
N42-pyfidinylmethylene)henzenemethaneamine iNN I) 
[28,29] (I,gg, 8,6 retool)in 50ml of toluene was stirred 
for 4h at 50~C, Then the solution was filtered and 
concentrated, After addition of petroleum ether 40-60 
the solution was cooled to -18°C to afford black 
crystals of 7a,Tb, molar ratio 50:50. Yield I.gg (73%). 
aH NMR (DMSO-d~,): • 1,76 (d, 'J(CH3-CH)= 
6,6Hz, 3H, CH~), 1,83 (d, ~JiCH.~-CH)= o.6Hz, 3H. 
CH~), 5,17 (m, 2H, CH), 7,08-7.75 (m, 18H, phenyi-H 
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and py-H), 8.84 (d, "~J(CH-CH)= 3,0Hz, IH, =CH), 
8.90 (d, 4j(CH-CH)= 3.0Hz, IH, =CH). 

4.9. Co(CO)(NO)(NN2) 8a, Sb 

Co(CO)3(NO) (I.6g, 9.3mmol) and (S)- ( - ) -a-  
methyl-N-[l-(2-pyridinyl~thylidene]benzenemethaneamine 
(NN2) [29] (2.0 g, 8.9 retool) were treated the same way 
as described for 7a,7b. The complex 8a,Sb was ob- 
tained as black crystals. Yield 2.3g (75%). ~H NMR 
(DMSO-d6): 6 1.87 (d, 3J(CH3-CH)=6.5Hz, 3H, 
CHa), 1.92 (d, 3J(CH3-CH)= 6.5 Hz, 3H, CH3), 2.53 
(s, 6H I, =C-CHa), 5.47 (q, 3J(CH.a-CH)=6.5Hz, 
IH, CH), 5.55 (ci, ~J(CHa-CH)=6.5Hz, IH, CH), 
7.19-8.20 (m, 16H, phenyI-H and py-H3, H4, H5), 9.36 
(m, 2H, py-H6). 

4.10. X-ray structure analysis of la 

X-ray diffraction data were collected at 20 °C with a 
Syntex-Nicolet R3 diffractometer using Mo Ka radia- 
tion (A ---0.71073 .A) with a graphite crystal monochro- 
mator. The structure was solved using Patterson-Fou- 
rier methods with SH~LXLS Release 4.2/800 programs 
[30] on a Micro VAX !! computer. The hydrogen atoms 
were calculated by the option HFIX of the SHELXLS 
program package. 

4. I I. Xoray structure analysis of 3a 

X-ray diffraction data were collected at -70°C with 
a Sielaens Sloe AED !1 diffract,meter using M, Kot 
radia|km (A ~ 0.71073 ,~) with a graphite crystal mono- 
chromator. The struclure was solved using direct metho 
ods with SH~LXTL PLtJS Release 4.2/800 programs [30] 
on a Micro VAX II computer. The hydrogen atoms 
were calculated by the option HFIX of the SHI~t, XTL PLUS 
program package. 
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