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Abstract 

The synthesis. structure and cyclic volmmmctry studies of neutral and cationic chromium carbyne complexes basing plmsphine ox 
alkvl isonitrile lirands are rewned. Treatment of his-X(CO),(oic),Cr--CFi’Pr, (oic: Cmetbviowidiw) (la: X = CI: IB: X = Br) 
tw, equivalents-of PMe, aid PMe,Ph. or one cquivakn; bt’ i.2.bis~diphen~lphasphino 
complexes ci.~-CI(CO),(PMe,),Cr~CN’R, (2n). ci.~-CaCO),(dppe~~CN’R, (2b) and 
respectively. In comparison, reaction of la with two eqrivdents of HOMe), 
CI(CO),[P(OMe),],Cr~CN’Rl (3). Complex 2c is converted with TlPF, and PM+Ph t 
[fn~-(PMezPh)l(CO)ZCrlCN’RIpPF,I (4). Similarly. the catiwic phenykarbyne complex Ifac-C’BuNC~,(CO),Cr~~~~~ (Gal is 
obtained from ris-B~CO)z(‘BuNC),Cr3CPh (Sn). TtPF, and ‘BuNC. Treatment of la with four equivakm of isopropyl iscdrik 
affords the catianic ami&arby& complex [ris-(‘RNC),(CO~r~CN’R~~l @aA which is convened with TLPF, ia !cir- 
(‘RNC).(CO)Cr~CN’R,UPF,) (9b). Comwmdve cvclic voltammerrv smdies of the amixrarbvne comokxes 2a. fc. 4, cfs- _~ ..~ 
~r(cO)'"~u~c),Cr-cNl~~ (sb), [~ur:(~~u~~);(c~),~r~~~~~~~p~,l WI). me,-BrclBuNo,(co~~~~,R~ (7). b- 
(‘BuNC)~(CO)C~-CN’R,IF~I (sb), I(‘B~Nc),c~-cN’P~,~[PF,] (lo) ;md the pk~~ykibjt~ complexes L and 6 1~e ~WWL% x 
crystal structures of the aminocarbyne complexes 2a zmd 2c are described. 

Keywmd.r: Chromium: Carhyne complexes; lrnnirrile complexes: Cyclic whammay; ~Mulnpk bonds 

1. Introduction 

Mononuclear aminoarbyne complexes were first 
prepared by Fischer et al. in 1974 [I]. Since then, 
extensive studies have been carried oat on the synthesis. 
structure and reactivity of these compounds [2,3]. of 
specific interest are those reactions of aminocatbyne 
complexes where the electronic difference between an 
aminocatbyne ligand and an alkyl- or atylcarbyne lig- 
and is manifested. Examples for this are: (a) the nucle- 
ophile-induced carbyne-carbatyl coupling reaction of 
Fischer-type carbyne complexes to give ketenyl com- 
p!axes [4.5], which is hindered by the presence of an 

’ Dedicated to Rofesw Dr. Waker Sieben on the occasion of his 
601h birthday w the 7th January 1997. 

amino group at the carbyne-carbon [6,71: (b) the synthe- 
sis and stabilisation of mononuclear bi&mittocarbytie) 
complexes [8L which are important in&m&&es in the 
electmphile-assisted catbyne-isonitrile coupling reac- 
tioo of Fischer-type carbyne complexes [4.9,101 and the 
reductive ismtitrile-isonitile coupling reaction of the 
MO” and W” complexes [M(CNR&,XI+ (R=alkyk 
X = halide) [I I]; (c) the oxidation of Fischer-type car- 
byne complexes. which affords carbony1-cootainitt.g 
S&rock-type carbyne complexes. when the carbyw- 
carbon atom bars an amino-substituent [12-141 In 
comparison, electmcbemical studies Ott carbytte com- 
plexes are rare [15]. Accordiogly, we have prqared 
several Fischer-type chromium catbyne complexes bear- 
ing phosphine or alkyl isotdtrile ligaods and describe 
herein the structure and the redax properties of these 
compounds studied by cyclic vokammetty. 

0022-328X/97/$17.00Copyrighl B IYW Elaevier Science S.A. All righls reserved. 
PII SUO22-328X(96)06749-6 



We have recently reported a highly efficient method 
for the synthesis of the chromium aminocarbyne com- 
plexes cis-X(CO),(pic)zCr~CN’~~ (la: X = Cl; lb: 
X=Br; pit: 4-methylpyridine) 1161 and have shown 
that these compounds are like other pyridine-substituted 
carbyne complexes [7,9,13,14,17,18] useful starting ma- 
terials for the preparation of various substitution prod- 
ucts owing to the presence of the coordinatively labile 
Cmethylpyridine ligands [16,19]. This property also 
proved to be useful for the synthesis of the compounds 
omlioed in scheme 1. 

Thus, when a solution of la in CH2CI, was treated 
with two equivalents of PMe, or one equivalent of 
1,2-bis@iphenylphosphinokthane (dppe) at ambient 
b?roperatuIe, a rapid ligand exchange reaction occurred 
to give the complexes 2a and 2b respectively (Scheme 
1). Evidence for the clean conversion of la to 2a and 
2b was given by the IR spectra of the reaction solutions, 
which showed that the two v(CO) absorptions of the 
starting material at 1958 and 1%5cm-’ had been re- 
placed at the end of the reaction by those of the 
products at 1970 and 1887cm-’ &I) and 1972 and 
1892cm-’ (2b). Similarly, treatment of the bromo com- 
plex lb with two equivalents of PMe,Ph afforded the 
complex 2c (Scheme 0. 

Complexes 2a-2c were purified by column chro- 
matography on silica and isolated in high yields as 
orange, slightly air-sensitive solids, which were soluble 
in CH,C12 and THF but insoluble in Et& they melted 
without decomposition at 144”C, 177°C and 149°C 

Compter 

-- 
cir-CKCO),(PMe,),Cr~CN’Pr2 (24 
cis-CNCO),(dppe)Cr3CN’R, (Zb) 
cir-BI(CO)~(PMe,Ph),Cr-CN’Pr2 (Zc) 
~~CO),tP(OMe),I,Cr-CN’~~ (3) 
~~~~-(PM~~P~~,~co~,~~~CN~P~,IPF~I(~) 
cirBl(CO),(‘BuNC)~Cr-cph Ga) [21] 
c~-B~CO)~(‘BUNC),C~~CN’R~ Gb) [ 191 

AC = NR) 
(cm- ‘) 
- 
_ 1970 “I. 1887 YS I.505 m CH,CI, 

1972 vs, 1892 YS 1508 m CH&I, 

1970 vs. I884 vs 1506 m CH,CI, 
_ 18% YS 1533 m CH,CI, 
_ IQ&l. lPOA.,r .___ “. . I , _  . =  1524 m 
2182s. 2171 s 

CH,CI, 
2025 vs. 1976 vs - cH,CI, 

2166s,2143s 1988 vs. 1922 vs 1536 m. CH,CI, 
1525 m 

2205 8.2189 s. 2037 vs. 1967 vs - CH&I, 
2178s 

2186s.217Om. 2KKJ vs. ,940 YS 1564m CH,CI, 
2149 m 

2136 sh. 2,W s, ,911 “S I5Wm El,0 
2074 m 

2177 I. 2154 u. ,910 “6 1549m 
2123 

CH,CI, 
vs, 2063 w 

2185 s. 2163 w, 1908s 1549m 
2136 

CH,CI, 
VS. 2122 s.sh 

2164 s, 2133 w. - 1520m 
2093 vs. 2042 vs 

CH,CI, 

respectively. Their themal stability was considerably 
higher than that of mer-B~C0)3(PPh,)Cr-CNEt2, the 
only other known phosphine-substituted neutral 
chromium aminocarbyne complex, which decomposes 
upon heating at 109°C [20]. The presence of two v(C0) 
absorptions of almost equal intensity in the IR spectra 
of 2a-2c (Table I), of a singlet resonance in the 
“P(‘HJ NMR spectra (Table 2) and of a triplet reso- 
nance for the carbyne-carbon nucleus in the ‘“C(‘H) 
NMR spectra (Table 2) shows uuequivocally the cis 
arrangement of the carbonyl ligands and the tram orien- 
tation of the halo and the carbyne ligand in these 
compounds. 

v(CO) 
(cm-‘) 

“(L b,r-N) 
(cm- ‘) 

Solvenr 
- 

- 
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Table 2 
Selected “C and “P NMR data of the complexes h-4. Q and 9x chemical shifts are given in parts pa million. muliipkities of tk signals ine 
in parentheses. and coupling constar% in hertz 

Compound 0-c CO CNR “P SOlVelIt; 
T PC) 

cb-CI(CO),(PMe,),CrsCN’R? (,%I) 256.0 (1) 231.” - 1.6 
‘I(CP) = 25.4 

CD&i,: -IO 

cir-CI(CO),(dppe)Cr~CN’~~ Ob) 257.1 (0 233.9 - b2. I 
:I(cP) = 22.2 

CD:CI,; f20 
cis-Br(CO),(PMe,Ph)~CrlCN’Pr? (2~) 258.2 W 229.P - 7.1 CDCI,: +2u 

‘J(CP) = 23.2 
~~u,~-CI(CO)~[KOM~),]~C~~CN’P~, (3) 261.2 (1) 220.3(t) - 181.6 C,D,: +20 

‘ACP) = 36.2 ‘J(CP) = 25.6 
I~c-(PMe,Ph),(CO),Cr~CN’Pr2jlPFhl(4) 272.3 tm) 230.8 (m) - - 2.4 (1) CDCl,: t2i3 

‘IWP) = 39.0. 
S-1 (d) 

‘APP) = 39.0 
[~l~-(‘~~~~),(~~),~r~~~~~~,I &I) 323.7 118.6 142.8 ‘: 152.5 - c3,cl,: -20 
[cir-(‘PrNC),tCOK1~CN’~~~l Wa) 271.0 224.5 157.5 *: 166.2 0: 170.0 _ CD&l,; +20 

’ Rewunce of the iwninile ligand. which is in tram pition wladw 10 dte carbyne ligard. b Resonance of ihe isunitrik ligand. which is in 
tram pa&ion relative to the carbonyl ligmd 

In addition, the aminocarbyne complexes 2a-2c are 
distinguished by an absorption in the solution IR spectra 
at ca. 1510cm-‘. which can be assigned to the 
AC ..rbyne-N) vibration. The fairly high frequency of 
this vibration reveals the strong P conjugation of the 
amino group with the metal-carbon triple bond in these 
compounds [2,3,16,19]. 

The stereochemistry of the compounds 2a and 2c 
was also confirmed by single crystal X-ray diffraction 
Studies. The structures of 2a and of one of the two 
molecules of 2c in the asymmetric unit are shown in 
Figs. 1 and 2 respectively. Selected bond lengths and 
angles of 2a and Zc are summarized in Tables 3 and 4 
respectively. The bond lengths and angles of the two 
molecules of 2c in the asymmetric unit are very similar. 

Therefore the discussion is based on the data 
for one of the two molecules of 2c. shown ia Fig. 2. 

Both complexes are distorted 0ctabedrA and show 
the expected 1221 uans orientation of the halo tigand to 
the carbyne ligand with the phosphioe iigands wzopy- 
ing two cis coordination sites. The plane of the 
aminocarbyne ligand defined by the atoms N, Ct IO) and 
c(13) @a) and N(l), C(4) and C(7) (2c) is eclipsed to 
one phosphine and one carbony ligaod (P(2) and c(8) 
in La and P(1) sod C(1) ink). These ligands are bent 
out of the equatorial plane towards the ha&o tigattd af 
shown for 2a by the angles CI-Cr(l)-K2) (82.1 I”) and 

m-fbe ~A~phic asymnwic unit showing the afan Iabctiag 
rheme. The lecwui molscuk contains Ihe atoms Cr2. Br2, P3, P4. 
N?. 03. CL,, and C26 to CSO. 



Cl-CdlLC(8) (84.85’) (Table 3) and for Zc by the 
angles Bd I )-Cd I 1-H 1) (82.27”) and Bd I )-Ct( I )- 
C?(l) (84.1”) Gable 4). By contrast. the other phosphine 
aad carbonyl ligand is slightly bent out of the equatorial 
plane towards the aminocarbyne ligand as shown for 2a 
by the angles Cl-Cdl&P(I) (91.28”) and Cl-Cdl)- 
C(7) (92.87”) (Table 3) and for 2c by the angles Blil)- 
Cdl)-p(Z) @0.50°) and Btil )-Cdl)-C(2) (90.9”) (Ta- 

bte 4). Tbe Cr-C,,,>,, -N linkages in both complexes 

are almost linear (2a: 175.2”: 2~: 173.8”). The Cr- 

C&V,, bond lengths of 174.00) pm (2a) and 
173.i(4) pm (2~3 are similar to those reported for other 
Fischer-type aminocarbyne complexes. which contain a 
r-donor ligand in toots-position to the carbyne ligand, 

such as rrons-CI(CO),Cr-CN’Prz (Cr-C,,,,,, = 

171.7(5)pm) [231 and Cp(C@)lCr=CN’Pr, (Cr-6,,,,,,, 
= 1i2,8(8)pm) [24]. In comparison. the Cr-halog& 
bonds of 2a and 2c (za: Cr-Cl = 246.67(lO)pm; 2~: 
Cr-Br=261.511.10)pm) are longer than those of the 
related tetracarbonyl c0mp1exes f)‘O,,S- 

Cl(CO)Jr-CN’Pr? (Cr-Cl = 241.2(l)pm) WI and 
trons-Bt(CO),Cr=CNEt~ (Cr-Br = 256.40)pm) [25]. 
which shows, that ?r-donation of the halogen ligand to 
the metal center is reduced when the electron density at 
the metal center is enhanced. This also offers an expla- 
nation for the observed increase in reactivity of the 
complexes 2a and 2c towards halide abstraction reagents 

such as TIPF, (see Eq. (2)). The C,,,,,,,-N bonds of 
(2a) (131.2(3)pm) and of (2~) (131.215)pm) are inter- 
mediate in length between that expected for a Ckp)- 
Nkp’) single and double bond: this is in full agreement 
with the IR spectra. and indicates a high degree of 
?&onding between the carbyne-carbon atom and the 
amino-nitrogen atom in these compounds [3]. Further 
evidence for this r-bonding is given by the planarity of 
the aminocarbyne ligand. No isomerization of the cis- 
dicarbonyl complexes 2a and 2c to the tranr-dicarbonyl 
complexes is observed in solution. whereas the analo- 
gous tungsten aminocarhyne complex cis- 
I(CO),(Pbk&W=CNEt, isomerizes slowly, when 
heated in the solid state or stirred in Et,0 at ambient 
temperature, to rr~ns-t(C0),(PMe,)~W=CNEt~ [18]. 1” 
comparison. the analogous phenylcarbyne complexes of 

Table 3 
Selected bond lengthr (pm) and bond angler (degl w,ith canmated 
rtandard deviation\ for 2a 

CIII)-C(7) l8J.W) Cl-Cr(l)-RI) Y1.28(3) 
Cd I l-ml 188.8c?) Cl-lx I )-P(2) X?., l(4) 
Cd I )-C(9) 174.ow Cl-cr( I )-C(7) 92.X7(7) 
CltI)-P(I) 238.87(9) Cl-Cd I )-C(8) X4.85(7) 
Cd 1)-P(?) 241.24(10) Cl-Cd I l-C(9) 175.38(7) 
Cd I )-Cl 246.67( 10) Cd I )-C(Y)-N 175.X) 
C(P)-N 131.X3) C(Y)-N-C(IU) Il8.6W 
C(IcII-N 14Y.2(3) C(9)-N-C(l3) 122.1(2) 
C(l3kN 14933, C(IO)-N-C(l3i I18.7(2) 

Tubk 4 
Selected bond lengths (pm) and band angles (dsp) with estimated 
smndard deviations for the two molecules of 2c tn rhr crystallo- 
eraphic awmmetnc unit 

Bmd br,crh.i 
Crll)-C(I) 1X6.9(6) Cd?)-C(266) 187.M6) 
cr( I )-C(Z) 18X5(5) Cd?)-C(27) 183X5) 
CltI~LC(3) 173.3(4) Cd2)-C(28) I74 3(4) 
CltI)-P(I) 242.9(2) CdZ)-P(3) 243.0(2) 

cr( I )-PC?) 240.68(,4) ce-P(4) 240.7(2) 
Crtl)-Br(l) 261.54flO) Cd?)-Br(?) 261.65(10) 
IX-N(I) 131.2w CC%-N(2) 130.7(S) 
CM-N(I) 150.3(6) CW-N(2) 148.6(S) 
W-N(I) 148 7(S) C(3?)-N(2) 148.9(6) 
Ilond logrkr 
Br( I )-Cdl )-P(I) 8?.27(4) Blc!-crc?-H3) 82.48(4) 
Bat,)-Cdl)-P(2) 90.5ci.l) B&?-CrQ-H4) 90.46(4) 
Br( I )-Cd I )-C( 1) 84.1(2) Be-CrwC(26) 8X7(2) 
Br(l)-crtl)-C(2) 9D.Y(2) BdZkCdZLC(27) 90.7(2) 
B,(I)-WI)-C(3) 174.58(13~ B~2lClu-C(28) 174.67( 13) 
C,t I )-C(3)-N(I J 17x3(3) Cr(2)-C(28)-N(2) 173.3(3) 
CW-N(I)-C(4) 12?.%4) C(28)-N(Z)-C(29) ,19.3(4) 
C(3)-N( I )-C(7) I iY.3W C(ZX)-NW-C(32) I22A4) 
CM-N(I)-C(7) I17.8Gi) WY)-N(Z)-C(32) I l8.1(4) 

molybdenum and tungsten (is-X(CO)I(PR,),M-CPh 
(X = Cl, Br; R = Me, Ph) have previously been shown 
to undergo a photoinduced isomerization to the tram 
isomers, whereas the related chromium phenylcarbyne 
complex tic-B~CO),(PMe,)zCr-CPh loses carbon 
monoxide upon irradiation with visible light 1261. 

Treatment of la with slightly more than two equiva- 
lents of HOMe), in CHICI, at ambient temperature 
resulted in the formation of rrans- 

CI(C0)2[P(OMe),l?Cr-CN’Pr, (3) (Eq. (I)). 

FH, 

,a 3 
(1) 

Complex 3 was purified by column chromatography 
on silica at 0°C and isolated as a yellow microcrys- 
talline solid which was soluble in CH2CIz. THF. ben- 
zene and Et,O, hut scarcely soluble in pentane; it 
melted without decomposition at 15R”C. The IR spec- 
trum of 3 exhibits one strong v(CO) absorption at 
1896ctK (Table I), the 3’ P spectrum one singlet 
resonance at S 181.6, and the ‘“C NMR spectrum one 
triplet resonance for the equivalent CO ligands at 
S 220.3ppm (‘./(CP) = 25.6 Hz) and one triplet reso- 
nance for the carbyne-carbon nucleus at 6 261.2 
(‘J(CP) = 36.2Hz) (Table 2); all these data indicate a 
tram disposition of both the carbonyl and the phosphite 
ligands in 3. IR monitoring of the reaction of la with 



P(OMe), revealed the intermediate formation of another 
complex with a u(CO) absorption at 1993cK’ which 
was well separated from the u(CO) absorption of 3. 
Upon comparison with the IR spectrum of cis- 
I(CO),[P(OMe),]~W-CNEtI (Y~CO) in CH,CI,: 1992 
and 1918cm~‘) 1271. the absorption at 1993&” may 
be assigned to the symmetric A, CO stretching vibra- 
tion of ri.s-CI(CO),[P(OMe),]ICr~CN~Pr?. the anti- 
symmetric B, CO stretching vibration giving rise to an 
absorption that is probably obscured by the u(CO) 
absorption of the trtms isomer 3. We therefore suggest a 
two-step reaction of la with P(OMe), to give 3. In the 
first step the r_picoline ligattds of la are replaced by the 
phosphite to give ~is-CI(CO),[P(OMe),]2Cr~CN’Pr,. 
which subsequently isomerizes to the trans complex 3. 
Formtttion of tt twwdicarbonyl complex has also pre- 
viously been observed in the reaction of the phenylcar- 
byne complex rrrrns-CI(CO),CrrCPh with triph- 
enylphosphite to afford ,rlA II s- 
CI(CO)~[tiOPh),]2Cr=CPh and has been explained by 
a combination of stetic and electronic factors [2l]. In 
the present case we ttszutne that the steric constraint 
resulting from the facial disposition of the bulky 
aminocarbyne and the two trimethylphosphite ligands 
outweighs the electronic advantage of three donor lig- 
ands beins coordinated tmns to three wacceptor ligands 
and, therefore. the initial foormation of the cis complex is 
followed by an isomerizntion to the trans-complex 3. In 
comparison. the rextion of the analogous tungsten 
ttminocarbyne complex ris-I(CO)~py,W~CNEt, with 
HOMe), has previously been shown to give a t&ture 
of the isolable cis and trttns isotwrs of 
I(C0)2[P(OMe),]2W-CNEt~; these equilibrate in solu- 

tion at ambient temperature. with the tpdns isomer being 
the thermodynamically more stable complex [27]. 

Attempts to prepare more ‘electron-rich’ aminocar- 
byne complexes. by replacing one or both E 
ligands in Zc by PMe2Ph. have so far proven ttnsttccess- 
ful. Thus. the complex Zc was recovered. when a solu- 
tiott of 2c in tohtene was heated at 90°C for IOh in the 
presence of excess PMe:Ph. 

However. introduction of a third pbosphiae ligaad 
can be achieved. if the halo ligattd is abstracted from 
the metal center in the presence of pbospbiae. Thus, 
treatment of 2e with slightly more than one equivalent 
of TIPF,, and PMe,Ph in CH,CI, at -20°C affords the 
cationic am inocarbyn complex [ fac- 
(PhMe2PKKO)ZCr-CN’Pr, 
lated as a yellow-orange solid 
in CH,C12 and THF and melts at lW°C (Eq. (21). 

Similarly. reaction of the related phenylcarbyne com- 
plex cis-Br(CO),(‘BuNC),Cr~CPh 6a) with slightly 
more than one equivalent of TlPF6 and ‘BttNC in 
CH,CI, at - 10°C resulted in the formatiext of the 
cationic phenylcarbyne corn plex 
[(‘BuNc),(co),cI-cP~IPF,] w (Q_ (3)). ibis WAS 
isolated in 91% yield as a red-brown solid which was 
soluble in CHICI, and THF; this decomposed slowly ia 

Tahk 3 
Vohmmelric data liar the complew la. 2~. S-1. Sb anal IO ” 
Complex Ep, (V) $, IVI ‘,I’. (E,,,-E,)(mV) E, ?lV) 



solution at ambient temperature and in the solid state at 
81 “C. Complex 68 is thus considerably less stable than 
the analogous aminoearbyne complex 
[(‘BoNC),fCOl.Cr~CN’Pr,l[PFh] (6b). which decom- 
poses in the soid state at 138 “C [ 191. 

r I 1’ 

s.3 60 
(3) 

The presence of hvo v(CO) absorptions of almost 
equal intensity in the IR spectra of 4 and 6a (Table 1) 
and of one resonance for the carbonyl-carbon nuclei in 
the “C{‘H) NMR spectra (Table 2) show unequivocally 
the facial arrangement of the three phosphine and rerr- 
butyl isonitrile ligands in 4 and 6a respectively. The 
u(C0) absotptions of the phenylcarbyne complex 6a 
appear at higher wavenumbers than those of the analo- 
gous aminocarbyne complex, indicating the stronger r 
acceptor ability of the phenylcarbyne ligand. This is 
also reflected in the redox properties of these com- 
pounds, the phenylcarbyne complex 6a being less easily 
oxidized than 6b (Table 5). 

Reaction of la with four equivalents of isopropyl 
isooitrile in reflaxing CH2CII affords the cationic 
aminocarbyne complex [(‘PrNC)XCO)Cr-CNIPr,lCl 
(9s~). which was isolated as a red solid in 85% &Id 
Eq. (4)). Complex 9a is soluble in CH,C12. scarcely 
soluble in THF and insoluble in Et,O; it decomposes 
upon heating in the solid state at 108°C. It can be easily 
converted with TIPF, to the PFb salt 9b. 

r ” 1’ 

The IR spectrum of 9a shows four u(C=N’Pr) ab- 
sorptions, as expected on the basis of group theory for 
an M(CNR), fragment of local Czv symmetry [281, and 
ooe v(CO) absorption at 1908cm-‘. In the “C NMR 
spectrum of 9s. one low-field resonance is observed for 
the carbyne-carbon and the carbonyl-carbon nucleus at 
271.0ppm and 224.5 ppm respectively, and three reso- 
nances of relative intensity 1:l:Z are observed for the 
metal-bound isonitrile carbons at 157.5. 166.2 and 
170.0 ppm. 

Cyclic voltammetry studies of some of the chromium 
carbyne complexes prepared were conducted in CH,Clz 
at 25 “C in order to determine the influence of the l&and 
sphere on the electrochemical properties of this class of 
compounds. All the complexes studied were electro- 
chemically active and the data are summarized in Table 
5. 

The voltammograms of the neutral carhyne com- 
plexes Za, 2~. 5a and 5b display one irreversible anodic 
peak at Ep = -0.11 (Za), 0.03 (tc), 0.03 (5b) and 
0.46 V (5a) at a scan rate u of 100 mV s ’ : this presum- 
ably originates from the formation and subsequent de- 
composition of a monocationic l7e- Cr’ carbyne com- 
plex (the carbyne moiety is considered here as a mono- 
cationic two-electron ligand with a doubly occupied 
orbital of ~-symmetry and a pair of empty, orthogonal 
acceptor orbitals of w-symmetry). The phosphine com- 
plexes 2a and 2e display an additional anodic signal at 
Ep = 0.88V and 0.95 V respectively. In all cases, no 
cathodic peaks were observed in the potential range 
-0.5 to 1.3 V vs. ferrocene. The anodic peak potential 
of the phenylcarbyne complex 5a is 430mV more posi- 
tive than that of the aminocarbyne complex 5b. which 
can be explained by the stronger wacceptor ability of 
the phenylcarbyne ligand than the aminocarbyne ligand. 

The voltammetric behavior of the catioaic carbyne 
complexes 4 and 6b is similar regarding the oxidation to 
a dicationic 17e- Cr’ carbyne complex. The voltammo- 
gram of 4 shown in Fig. 3 displays two irreversible 
oxidation steps at Ep = 0.53 and l.lOV vs. ferrocene at 
v = 250 mV s- ’ The first step probably corresponds to 
the formation of a dicationic l7e- Cr’ rarbyne com- 
plex. No cathodic processes were observed in the range 
-0.5 to 1.3V and at scan rates up to 1000mVs-‘. 

In comparison, the electrochemical behavior of 
[(‘BuNC),(CO)ZC-CPh~PF,] (6a) is different from that 
of the analogous atninocarbyne complex 6b. There is 
only one peak on the anodic wave at 0.85V with a 
corresponding cathodic peak at 0.73 V (IJ = 

.m-r-m 
0.25 0.50 0.75 I.W 1.25 1.50 
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Compounds la, lb. 5. 5b, 6b. 7 and 10 were 
prepared as previously described [16,19,21]. Complex 
Sb was obtained from [(‘BoNC),(CO~r~CN’Pri]Br 
@a) [I91 and TIPF, in CH,CI,. at room temperature. 
Isopropyl isonitrile and rrrr-butyl isonitrile were pre- 
pared following published procedures [3 I]. 

3.2. Prq1rrrzt;o~r.r 

A solution of 4lOmp (0.93 mmol) of la in 25ml of 
CH,C, was treated with 0.19m: (1.87mmol) of PMei 
and-s&red at ambient trmpemture. Completion of the 
renction after I h was confirmed by IR spectroscopy. 
The solvent was removed in wcuo. then :he residue was 
dissolved in a minimum amount of CHZCI? and puri- 
fied by column chromatography on silica at 0°C. An 
orange fraction was eluted with CH,C12-Et,0 (I:]) 
and concentrated in vncuo to a few milliliters. Cold 
pentane was added to precipitate complex 2a as an 
orange microcrystalline solid. “4.p.: 144°C. Yield: 
3SOmg (92%). Anal. Found: C. 44.26: H. 7.91: Cl. 
8.91: N. 3.46. C,,H,ZCICrNO,P, (407.81). Calc.: C. 
44.18; H. 7.91: Cl. 8.69: N, 3.43%. ‘H NMR (CD&. 
- 10°C): 6 1.22 (d. l2H. 2 X CHM-.), 1.35 tm. l8H. 
PMe,). 3.34 th. 2H. ZXCHMe,). “C{‘H] NMR 
(C&Cl,. - 10°C): S 18.1 (virtual thplet. Il.2H.z. 2 x 
PMe,). 22.4 (CHMr,). 50.5 (CHMe>). 731.0 (CO), 
256.0 (I. ‘J(CP) = 25.4 Hz. Cr=C). ” P{‘H] NMR 
(CDZC12): S I.62 (PMe,<). 

Following the procedure described above for 2a. 
complex 2b was obtained az nn orange microcrystalline 
solid after treatment of 330mg (0.75 mmol) of la with 
280mg (0.76mmol) of dppe. M.p.: 177°C. Yield: 
42Om_p (929). Anal. Found: C. 64.90: H. 6. IO: Cl. 
5.21: N. 2.15 C;,H&ICrNO,P, (654.09). Calc.: C. 
64.27: H. 5.86: Cl. 5.42: N, 2.I.k: ‘H NMR (CDICI,): 
60.82 (d. IZH. 2 XCHMr,), 2.60 (h, 2H. 2 x 
CHMe,). 2.60 and 2.80 (m. 4H, PCH&/f,F! 7.35- 
7.72 (m. 2OH. C,ff,). “C{‘Hl NMR (CD,CI,): 6 22.2 
(CHI%~). 24.8 (virtual triplet. lR.6Hz. PCLH,P), 53.1 
(CHMe,). 128.3. 129.0. 129.7. 129.8, 131.8. 133.4. 
135.2, 139.6 t&H,). 233.9 (CO). 257.1 (t. ‘J(CP)= 
22.2Hz. Cr-0. “P{‘H] NMR (CD&I,): 862.1. 

32.3. ri+Bt~COJ~ffMe, fhJ,Cr-CN’fr, (2cJ 
Following the proced~.r drbL.ibrd above for 2a. 

complex Zc was obtained as an orange microcrystalline 
solid after treatment of 600 mg (I .23 mmol) of lb with 
0.36ml (252mmol) of PMe,Ph. M.p.: 149°C. Yield: 
33Omg (53%). Anal. Found: C, 51.47; H, 6.47; N. 
2.42%. C,,H,,BrCrNO,P, (576.40). Calc.: C. 52.09; 
H. 6.2% ti. 2.43%. ‘H NtiR (CDCI,): S 1.05 (d. l2H. 
2 X CHMe?). 1.53 (virtual triplet. 6H. 3.4Hz. 2 X 

PMr,Me,Ph), 1.70 (virtual triplet. 6H. 3.4Hz. 2 x 
PMe,Me,Ph). 2.91 (h. 2H. 2 X CHMe,). 7.28-7.40 
(tn. IOH. 2 XC,!&). “C(‘H) NMR KDCI,): S 15.6 
(virtual triplet, Il.6Hz. PMe,Mr,Ph). 18.6 (virtual 
triplet. I l.hH7, PMr,Mr,,Ph). 22.2 (CH&&). 49.9 
(NCHMe,). 128.1. 128.4. 129.7. 142.2 (C,H,). 229.9 
(CO). 258.2 (t. ‘.I(CP) = 23.2Hz. Cr=C). “P(‘H) 
(CDCI,): fi7.11. 

A solution of 500 mg (I. I3 mmol) of la in 20 ml of 
CH,CI,. was treated with 0.30ml (2.51 mmol) of 
P(OMe), and stirred for I II at ambient temperature. 
Completion of the reaction was confirmed by IR spec- 
troscopy. The solvent was then removed in vacua and 
the residue dissolved in a minimum ilmount of CH,Cl, 
and chromatographed on silica at 0°C. Elution with 
ether-pentanr (2:l) gave B yellow eluate, which wa\ 
evaporated to dryness to afford the complex as a yellow 
microcrystalline Tolid. M.p.: 158°C. Yield: SlOm_r 
(89%). Annl. Found: C. 36.08: H. 655: Cl. 7.12: N. 
2.79. C,,H,,CICrNO,P, (503.81). Calc.: C. 35.76: H, 
6.40: Cl. 7.04: N. 2.7X%. ‘H NMR tC,,D,,: S 1.08 (d, 
l2H. 2xCHMe,), 3.28 (h. 2H. ?XCHMr,). 3.75 
(virtual triplet. l8H. 5.3Hz. 2 X P(OMc),). “C(‘H) 
NMR CC,D,,): fi 21.7 (CHMr,). 51.3 (virtual triplet, 
6.4Hz. P(OMe),). 52.1 (CHMe:). 220.3 (t. ‘J(CP)= 
25.6Hz. CO). 261.2 (t, ‘J(CP)= 36.2Hz. 0s~‘). 
“P(‘H) NMR (C,D,): S 181.6. 

3.2.5. IfdfMr, PlrJ,fCO?,Cr=CN’f,1,~ IlfF, / (41 
156mg (0.27mmol) of 2c were dissolved in 30ml of 

cold (-20°C) CHzCI, and treated with 0.05ml 
(0.35mmol) of PMe,Ph and IOOmg (0.29mmol) of 
TIPF,%. The mixture was then stirred at - 20°C for 2.5 h. 
Completion of the renction was confirmed by IR spec- 
trobcopy. The suspension WBS treated with IOml of 
Et,O. the white precipitate of TlBr was allowed to settle 
and the supernatant omnge-red solution was filtered. 
The filtrate was concentrated in vilcuo to a few milliliters 
at -20°C and a cold (-78°C) EtzO-pentane mixtcrr 
(I :2) WBS added to precipitate complex 4. Yellow-orange 
powder. M.p.: 134°C. Yield: 125mg (.59?Z). Annl. 
Found: C. 49.48: H. 4.95: N. 1.80. C,,H,,CrF,N02P, 
(779.62). Calc.: C, 50.84: H. 6.08: N, 1.80%. ’ tf NMR 
(CDCI,): 61.33 (d. l2H. ZXCHMr,). 1.37 (d. 6H. 
‘J(HP) = 6.6 Hz. I X PMe,Ph). I .60 (v&d triplet, 6H. 
3.3 Hz. 2 X PMe,Mc,,Phb, I .64 (virtuai triplet, 3.3 Hz. 
2 X PMe,,Mr,Phl 3.9.5 (h. 2H. 2 XCHMr?), 7.0X- 
7.39 (m. I5H. 3XC,H,). “C(‘H) NMR (CDCI,): 
fi 16.6 (d. I X PMe,Ph. ‘_kP, = 22.5 Hz). 19.9 (virtual 
triplet. 12.2Hz. 2 X PMr,Me,Ph). 20.1 (virtual triplet. 
13.2 Hz. 2 x P(Me,Mr,,Ph). 22.4 (CHMP~), 53.1 
(CHMe,). 128%140.0 (C,,H,), 230.8 (m. CO), 272.3 
(m. Cr=C). “P(‘H) NMR (CD&la): S - 14.75 (h. 
‘J(PF) = 71 I Hz. P$F,) -2.4 (t. I X PMqPh. ‘./(PP) 
= 39.0Hz). 8.1 (d. -J(PP) = 39.OHz. 2 X PMc,Ph). 



3.2.6. Ifoc-I’B~rNCJ,(CO?,CrrCPhllPF,l (6aJ 
A solution of 230 mg (0.52 mmol) of cis- 

BfiCO),(‘BuNC)zCr=CPh (5a) in 15 ml of cold 
(- IO’C) CH$I, was treated with 0.07 ml (0.62 mmol) 
of ‘BuNC and 195 mg (0.56mmol) of TIPF, and the 
mixture was stirred at - 10°C. Completion of the reac- 
tion after 3h was confirmed by IR spectroscopy. The 
suspension was treated with Sml of Et,O. the white 
precipitate of TlBr was allowed to setrle and the super- 
natant red solution was filtered. The filtrate was concen- 
trated in vacoo to a few milliliters and a cold ( -78°C) 
Et,O-pentane (1:2) mixture was added to precipitate 
complex 6a as B red-brown solid. M.p.: RI “C (dec.). 
Yield: 280mg (91%). C,,H,,CrF,N,O,P (591.49). ‘H 
NMR (CD&I,, -20%): S I.54 (s. 27H. 3 x 
CNCMe,). 7.32-7.51 (m, 5H. C,ff,). “C{‘HI NMR 
(CD2CI,, -20°C): 829.6 (IXCMe,), 30.0 (2X 
CMe,), 58.5 (2x CMe,). 59.0 (I X CMeJ. 128.4. 

Table 6 
Summary of crysAogmphic d;rra for rhe complexes k and 2c 

Za 2c 

Empirical f”mI”bl C,,H,&ICrNO,P> C,,H,,BrCrNO,P: 
Molecular ueighr 107.81 576.40 
CrySld COIW 
Cryad size (mm’) 
Temperaan: (K) 
Crystal syystem 

space group 

a (A, 

b (A, 

c(A) 
a (de@ 
p (deg) 
y ,dcz) 

” ,A’, 

kxm 
Radiaion (Mu Ku ) 

(A, 

26) min.. max.,deg) 
hkl nnp 

Total data 
Unique data 

for2a(1>&71) 

f”r2c(l>?<,f) 
Mm./max. densiry 

0.3 x0.4x0.0 

lYci2, 
monoclinic 

P2, /,I (no. 14) 

9.55X4) 

13.601,4) 

16.654,6) 

1.255 
0.791 

red-omngr 
0.76X0.38X0.19 
293,2) 
lriclinic 

PT (no. 21 

10.08.u2) 

16.340(3) 

17.351,3) 
89.8Yw 
89.X7(2) 
X9.911(2) 

185Y.O,IO) 
4 
I .339 
I.918 
,192 

0.71073 

4. 50 4.49 
-II. II/O. -ILlI/-18. 
16/O.I9 IS/O.19 
3987 2032 I 

3238 8619, R,inr) .- 
0.06u) 

0.697/ 0.458 

577 

?hll,l) 
CI 
PII) 
C(I) 
C(Z) 
CO) 
P(2) 
C(4) 
C(S) 
C(6) 
C(7) 

C(8) 
o(2) 
C(Y) 
N 
CIIO) 
Cllll 
a121 
C113) 
C,I-ll 
Cll5, 

- ln65,ll 1881(l) 
-X03,2) 1342,21 

-2%X3) 104912) 
- 113%3) 29x%2) 

- 6580 3565(Z) 
- 126Lx2) 43w, I ) 

1497,2) 2R69Q) 
223.X) VIJ(I) 

-99X) ?IIJ(i) 
- 1895~21 2OIMI) 
-31’12) ISO?,?) 
-443X3) 2250(23 
-356X3) 712,?) 
- 16990) ?501,?) 

-17X3) 204.w 
IYYt?) 36lM2) 

IhXMI) 
2X1.541) 
z.?XX2~ 
3R.W21 
272x1 
137UI) 
IJIs(2) 
6840 
721(l) 

249% I ) 
24X I) 
UIMI) 
3YQ%!) 
3323 I, 
x378( I ) 
366OiI) 
3536(2) 
J268(2) 
467’N I ) 
5175(l) 
4.59X2) 

iNI) 

32(l) 
?.ifI) 
IMII 
39(l) 
WI) 
?UI) 
39(l) 
4111, 
37(l) 
26(l) 

XXI) 
WI) 
JI,I) 
22(l) 
ZMI) 
30(l) 
Aa(t) 
3%l) 
3Hl) 
47(l) 
5X1) 

130.4, 131.8, 145.2 (C,H,), 142.8 (I XCNCMe,). 
152.5 (2 x CNCMeJ. 218.6 (CO). 323.7 (0-C). 

32.7. [cis-f’PmrCJ,fCOJCrlCN’Pr,lCI f9aJ 
A solution of 800 mg (I .8l mmol) of la in 40 ml of 

CH,CI, wzu first rreated at -40°C with O&ml 
(7.25 mmol) of ‘PrNC, then warmed to rwm tempera- 
ture and refluxed. Evolution of gas was observed and 
the initially omnge solutioo turned red. Completion of 
the reaction after 8 h was confirmed by IR spectroscopy. 
The resulting red solution was concentrated in vacoo to 
a few milliliters and treated with cold (- 78°C) Et!O. 
The supematant, slightly yellow solution WIS decanted 
off and the oily residue WBS dried in wctm at ambient 
temperature. It ws then frozen in liquid nitrogen, pul- 
verized and then dried in vacua at -40°C. This f%?ce- 
dure ws repeated twice to afford complex 9a ils a red 
solid. M.p.: IO8’C (dec.). Yield: 780mg (859;. An& 
Found: C, 56.73: H, 8.65; Cl. 7.59: N. 13.28. 
C,H,$ICrNjO Wt4.08). C&c.: C. 57.19: H. 8.40; Cl. 
7.03; N. 13.89. ‘H NMR (CD@,): S 1.36 (d. 18H. 
N(CHM& ad I xCNCHICle& 1.39 (d IZH. 2X 
CNCHMez). 1.42 (d. 6H. CNCHMP,). 3.19 (h. IH. 
NKHMe,),), 3.91 (h, IH. CNCHMe,). 4.03 (h. 3H. 
3 x CNCHkfe2). “C(‘H} NMR (CD$I,): 8 22.8 
(N(CH me,),). 23.1 (CNCH Me,). 23.6 (2 x 
CNCHMP~), 23.9 (CNCH Me,). 18.1 (I X CNCHMe,). 
48.9 (2 x CNCHMe,), 55.5 (NfCHlMeMe2)2). 157.5 (1 X 
CNCHMe,, tmns to czubyne). 166.2 (I X CNCHMe?. 



Cdl) 
Br(l) 
C(l) 
o(I) 
Cc?) 
o(2) 
C(3) 
N(l) 
c(4) 
CiS) 
c(6) 
c(7) 
c(8) 
Cc’*) 
RI) 
CiIO) 
C(l1) 
312) 
Cil3) 
CiIC) 
C(15) 
Cil61 
ci17) 
R2) 
c(l8) 
c(l9) 
Coo) 
c(21) 
c(22) 
CY23) 
Cc?4) 
cm) 
Cd2) 
BdZ) 
C(26) 
M3) 
cm 
a(4) 
C(28) 
N(2) 
cx29) 
cm 
C(31) 
C(32) 
C(33) 
C&t) 
P(3) 
C(35) 
C(36) 
C(37) 
C(38) 
cc391 
CMO) 
C(41) 
C(42) 
P(4) 
c(43) 
CW) 
C(45) 
CM) 
C(47) 

G67( I ) 
:16sn I ! 

- 4234(6) 

3X5) 
_090(4) 
7518W 
307X4) 
5203(4) 
S797(4) 
5OYW) 
475 l(6) 
389316) 
7174w 
81 lo(5) 
7196(b) 
5561(l) 
5975w 
4694W 
7145(4) 
7216W 
841X6) 
955w 
9497(5) 
8315(S) 
5188(l) 
4283(5) 
5236(73 
6x96(43 
7917w 
923%6) 
9502(6) 
8517(7) 
72lYlS) 
733( I ) 

2346(l) 
2078(S) 
2900(4) 
l487W 
1919w 
-211!4) 
- 797k4) 
-2171(5) 
-3lc!m) 
-2197(6) 

97(5) 
251(6) 

la98(6) 
--562(I) 
308(S) 

-978c5) 
-2146(4) 
-22185) 
- 3423(6) 
-455ti53 
-4498(5) 
-3304(S) 
-187(l) 
7uM.5) 
- 236(7) 
- lSW(4) 
-29lM5) 

-32(l) 
- 167%3) 

-891(l) 

6442(4) 

-215ho) 
-467(3) 
-2.57(3) 

- 1494(3) 
- 1957(2) 
- 2629i3) 
-3328(31 
-23lci4) 
- 1757(3) 
- 2464t4) 
- 1498(4) 

362(l) 
8 I 7(3) 

1226c3) 
361(3) 
522(3) 
487(3) 
2790(33 
Il3(3) 
163(3) 

- 15311) 
- 1413(5) 
-26441(3) 
- 1338(3) 
- l61M3) 
- 1446x4) 
-9m4) 
- 7299(4) 
-W(3) 
5890(l) 
5032( I ) 
6676(3) 
7154(3) 
5467(3) 
5259(3) 
64YYc3) 
6958(2) 
675H.1) 
7464(4) 
6491(4) 
76313) 
832’w3) 
7314(4) 
46370) 
377X3) 
4186t3) 
4635(3) 
4478(3) 
45I l(4) 
472M3) 
488M33 
4841(3) 
6531 I ) 
6417(S) 
7641(3) 
6338X3) 
6618(3) 

24160) 
32780) 
246K3) 
2453(2) 
153Yl3) 
958(2) 

1801(Z) 
l288(2) 
86X3) 

1402(3) 
442(3) 

1045(3) 
Il95(3) 
204t3) 

2453(I) 
3385(2) 
2007(3) 
I944(2) 
I l57(2) 
768X3) 

Il53(3) 
192%3) 
2318(3) 
3545(I) 
4442(3) 
346ci4) 
3830(2) 
3378(3) 
3563(4) 
420X4) 
4668(3) 

7416iG 
8277( I ) 
7462(3) 

855ti4) 

7457(2) 
6541(3) 
5958W 
68lm2) 
628512) 
6043(2) 
6197(3) 
5207(3) 
5874(3) 
6408(3) 
5444(3) 
7453( I ) 
7005(3) 
8387(2) 
694X2) 
6159(3) 
5774(3) 
6154t3) 
69,930(3) 
7324(3) 
8545( I ) 
944313) 
8462(4) 
8831(2) 
8375(3) 

65(l) 
SKI) 
91(l) 
49(l) 

75(2) 

94(l) 
31(l) 
38(l) 
59(2) 
RI(Z) 
97(2) 
48(l) 
So(2) 
8X(?) 
35(l) 
ST(l) 
59i2) 
34(l) 
51(i) 
62(2) 
612) 
61(Z) 
49(l) 
48(l) 
I IM3) 
I I X3) 
370) 
58(2) 
75(23 
78(2) 
72(2) 
48(I) 
33(l) 
65(l) 
S?(l) 
89(l) 
5x11 
92(l) 
30(l) 
41(l) 
46(i) 
77(2) 
82(2) 
60(2) 
78(2) 
96(2) 
36(l) 
60(2) 
54(l) 
34(l) 
51(l) 
h&2) 
62(2) 
62(2) 
48(l) 
49(l) 
123(3) 
I I l(3) 
38(l) 
X(2) 

Table 8 (continued) 
Atom I Y z 4, = 
C(48) -4S1 l(6) 6Gm4) 920X4) 77(2) 
C(49) - 3522(6) 5725(4) 9t”5565(3) 70(2) 
C(50) -2218(5) 5897(33 9489(3) 51(l) 

trans to CO), 170.0 (2 X CNCHMe2), 224.5 (CO), 
271 .O (Cr= C). 

3.2.8. I&s-f ‘PrNC),(COICr = CN’Pr? IIPF, I f9b! 
A solution of 505mg (l.OOmmol) of 9a in 30ml of 

CH,Cl, was treated with 350mg (l.OOmmol) of solid 
TIPF, and stirred for I h at room temperature. The 
suspension was treated with 5ml of F&O, the white 
precipitate of TIC1 was allowed to settle and the super- 
natant red solution was filtered. The filtrate was worked 
up as described above for the isolation of 9a to give 
complex 9b as red solid. Yield: 580mg (94%). The 
product was characterized by IR and ‘H NMR spec- 
troscopy. 

A summary of the crystal data, data collection and 
refinement for Za and 2c is given in Table 6. 

Data collection for 2a was performed on a STOE 
STAD14 four circle diffractometer equipped with a low 
temperature device and for 2c on a Stoe IPDS image 
plate. Lattice parameters derived for 2a from the setting 
angles of 24 reflections in the range of 28” I 20 I 30” 
and for 2b from 2000 reflections after data collection. 
Data were collected in the w-20 scan mode. The 
crystal of Zc was oscillated in 2.3” steps to yield 96 
exposures, each of which was irradiated for 3 min. After 
every 2 h. three standard reflections were monitored for 
2a and the crystal reoriented for deviations between 0.1 
and 0.15”. Intensity data for 2a were corrected for 
Lorentz and polarization effects. Absorption correction 
was carried out using the empirical method WABS (min: 
0.88, max: 1.10) [32]. Intensity data for 2c were inte- 
grated and converted into a SHELX hkl-file with the Stoe 
IPDS software [33]. The input tiles for the SHELX pro- 
grams were prepared with the program UTILITY 1341. 
Structure solution was performed with Patterson meth- 
ods (SHUXS-86) 1351 and subsequent difference-Fourier 
synthesis (SHELXL-93) [36]. Refinement on F’ was 
carried oat by full-matrix least squares techniques 
(SHELXL-93). Non-hydrogen atoms were refined with 
anisotropic thermal parameters. Hydrogen atoms wer: 
included using a riding model with dC-H) = 0.96A 
and O,,, = 0.08 2. Neutral atom scattering factors were 
taken from Cramer and Mann [37]. Illustrations were 
performed with ZORTEP [381. Final positional and equiv- 



illent isotropic thermal parameters are given in Table I 
for 2a and in Table 8 for 2c. 

The crystal of compound 2e is pseudo otthorhombic. 
However, the intensity statistics show no higher symme- 
try then a center of inversion. Each unit cell of 2e 
contains two independent molecules. 

Further details of the crystal stmchtre investigation 

are available on request from the Fachinformationszen- 
tmm Karlsmhe, D-76344 Eggenstein-Leopoldshafen 
(Germany) on quoting the depository numbers CSD- 
405583 for 2a and CSD-405584 for 2~. the names of 
the authors and the journal citation. 

We thank the Volkswagen-Stiftung, the Deutsche 
Forschungsgemeinschaft, the Fends der Chemischen In- 
dustrie and the Humboldt-Universidt zu Berlin for fi- 
nancial support and Dr. U. Hartmann and Ms. U. Kur- 
save for the elemental analyses. 
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