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The intermolecular Pauson-Khand reactions of ethyl trans-2- ration of the alkyne is moderately regioselective but less di- 
phenylethynylcyclopropanecarboxylate (It)  and [amino- astereoselective. Pairs of diastereomers are isolated after col- 
(Ir~ns-2-phenylethynylcyclopropyl)methylidene]pentacarbo- umn chromatography, which can subsequently be separated 
nylchromium (9) with norbornene lead to ester and metal by recrystallization. The minor diastereomer 3 and the major 
carbene functionalized exo-tricyclodecenones 3 - 6 and diastereomer 15 are characterized by X-ray structure andy-  
13- 16, respectively, in moderate to high yields. The incorpo- sis. 

As Fischer-type carbene complexes have become valuable 
reagents for stereoselective carbon-carbon bond forma- 
tionL2], we were interested in the modification of carbene 
ligands and aimed at the incorporation of more complex 
functionalities into the carbene ligand. Recently, we re- 
ported the synthesis of diastereomerically pure (Zethynyl- 
cyclopropy1)methoxycarbene complexes of chromium and 

and on the modification of the carbon-carbon 
triple bonds in such complexes via chromium-mediated 
benzannulation reactions[']. The strong donor properties of 
the cyclopropyl groupL41 render cyclopropyl carbene com- 
plexes more thermostable; thus, we extended our studies to 
reactions that require more drastic conditions such as the 
cobalt-mediated Pauson-Khand reactionL5I. This type of 
formal [2 + 2 + 11 cycloaddition allows a one-pot synthesis 
of cyclopentenones, which are of considerable biological 
interest16]. Aminocarbene complexes have been found lo un- 
dergo inlrumolecular Pauson-Khand reactions under sur- 
prisingly mild conditions[7]. We now report on intermolecu- 
lar Pauson-Khand reactions using ester and metal carbene 
functionalized alkynes which exhibit similar electronic 
characteristics. 

lo] Part LXXI: Ref."]. 

12 + 2 + 11 Cycloaddition with Ethyl 
Cyclopropanecarboxylate 1 and Norbornene 

In order to explore the regio- and diastereoselectivity of 
the Pauson-Khand reaction using cyclopropyl-substituted 
alkynes, ethyl cyclopropanecarboxylates l c ,  t were reacted 
with a slight excess of dicobaltoctacarbonyl at room tem- 
perature. Chromatography on silica gel afforded the diaster- 
eomerically pure cobalt complexes 2c/2t as dark-red oils 
(Scheme 1)  in high yields. 

Scheme 1. Preparation of cobalt complexes 2 
OEt OEt 

lc,t 2c (95%) 
2t (91 %) 

Due to the lability of pentacarbonyl carbene complexes 
towards oxidantd8] the following [2 + 2 + 11 cycloadditions 
were performed under nonoxidative conditions (without 
promoting reagents such as trimethylamine N-oxide etc.). 
Warming of the cobalt complex 2t with five equivalents of 
norbornene in toluene at 90°C for 66 h afforded a mixture 
of four cycloaddition products with identical molecular 
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masses. Chromatographic workup on silica gel furnished a 
74% overall yield of two pairs of tricyclodecenones 314 and 
5/6 in a ratio of 3/4:5/6 = 1:3.1 (Scheme 2). The diastereo- 
mers 3 and 4 could be separated by fractional crystalli- 
zation from hexane. 

Scheme 2. [2 + 2 + 11 Cycloaddition of complex 2t with norbor- 
ncne 

Ph 90 “C ,66 h 

2t 

Ph n 

-0Et OEt 
Ph 0 

3 1.3 : 1 , (18 %) 4 

Norbornene undergoes Pauson-Khand reactions exclu- 
sively under formation of exn-fused tricyclodecen~nes[~]; 
thus, the formation of four isomers indicates the incorpo- 
ration of the carbon-carbon triple bond to form both pos- 
sible regioisomers as expected for unsymmetrical alkynes. 
Generally the larger alkyne substituent is incorporated pre- 
dominantly adjacent to the cyclopentenone carbonyl 
group[’0]. In our case, the compounds with identical Rf val- 
ues [ R ,  (314) = 0.30; Rf  (96) = 0.251 show vcry similar 
NMR spectra but by means of I3C-NMR spectroscopy two 
pairs of diastereomers can be clearly distinguished due to 
their different substitution pattern at the new carbon-car- 
bon double bond within the cyclopenteiione ring. Thus, the 
products with identical Rf values can be regarded as re- 
gioisomers with respect to the incorporation of the alkyne. 
Since spectroscopic means did no1 allow an unambiguous 
assignment of the relative configurations in the cycload- 
dition products 3-6, the structure of one of the minor dia- 
stereomers (3) was established by X-ray structure analysis 
(Figure 1). 

The molecular structure of 3 confirms the formation of 
an exo-fused tricyclodecenone and the incorporation of al- 
kyne 2t with its cyclopropyl group, as the smaller substitu- 
ent (Rs), being placed adjacent to the carbonyl group of 
the cyclopentenone ring and the phenyl substituent being 
incorporated next to the ring junction, as expected for the 
larger substituent (RL) in the minor regioisomer. 

As a consequence of the tmns configuration in the three- 
membered ring, the ester group does not affect the steric 
demand of the cyclopropyl system during the cyclization. 
Following the experimental protocol for the prcparation of 
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Figure 1. Molecular structure of 3: selected bond lengths [pm] and 
angles [“I’ C(1)-0(1) 120 0(’3), C(1)-0(2) 132 5(3),  C(2)-C(3) 
149.6(4), C(Z)-C(4) 150 7(4), C(3)-C(4) 148 9(4). C(5) -C(14) 
134.6(4), C(6)-0(3) 122.3(3). C(7)-C(8) 154.7(4); 
C(6)-C(7)-C(ll) 113.9(3). C(14)-C(8)-C(9) 113.5(2), 

C(14)-C(5)-C(6) 109 4(1) 

tricyclodecenones 3-6, the cis diastereomer 2c gave only 
a 13% overall yield of the corresponding Pauson-Khand 
products after 144 h. The cycloaddition products were 
identified by means of GC-MS analysis, but - due to the 
unsatisfactory yields - were not fully characterized. Obvi- 
ously, the cis configuration in the three-membered ring en- 
hances the steric demand of the cyclopropyl system and 
thus hampers the coordination of norbornene to the co- 
balt template. 

[2 + 2 + 11 Cycloaddition with Hexacarbonyl-p-q- 
f[amino(trans-2-phenylethynylcyclopropyl)meth~~idene] 
pentacarbonylchromiurn(O)fdicobalt(Co-Co) (1 1) and 
Norbornene 

We were interested in the modification of carbene ligands 
and extended our studies to the chromium carbene complex 
11 as an alkyiie component for the Pauson-Khand reaction 
with norbornene. In view of the conditions required for the 
synthesis of compounds 3-6 (90°C), the more thermo- 
stable amino carbene complexes were used instead of rneth- 
oxy carbene complexes as the “isolobal analogues” of ester 
2t. Considering the low yield in the reaction of 2c with nor- 
bornene, we focussed on the tmns-cyclopropyl complexes. 

Upon addition of liquid ammonia to methoxy carbene 
complexes of chromium and tungsten 7 and 8 at -78 “C in 
THF, yellow amino carbene complexes 9 and 10 were 
formed, which underwent complexation with dicobaltocta- 
carbonyl at room temperature to give complexes 11 and 12 
in high yields as black solids after chromatographic workup 
(Scheme 3). 

Following the experimental protocol for the preparation 
of tricyclodecenones 3-6, complex 11 was treated with nor- 
bornene for 24 h to give compounds 13-16 (Scheme 4). 
Chromatographic workup on silica get afforded a 32% over- 
all yield of two pairs of cyclopentenone derived amino car- 
bene complexes 13114 and 15/16 in a ratio of 13/14:15/16 = 

1:2.6, which is similar to that observed for the [2 + 2 + I ]  
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Scheme 3. Preparation of amino carbene complexes of chromium 

and tungsten 9-12 
N H 2  

D -Ph 
( C 0 1 j M I  

,co,jM< ~ Ph ~ NH3 
THF , -78 OC 

7,s 9 (89%) 
10 (94%) 

NH, 

Figure 2. Molecular structure of 15; selected bond lengths [pm] and 
angles ["I: Cr(1)-C(I) 207.4(5), C(1)-N(1) 130.4(6), C(2)-C(3) 

135.4(6), C(7)-0(7) 120.8(6): Cr(l)-C(l)-C(2) 121.2(3), 
Cr(l)-C(l)-N(l) 124.8(3), C(S)-C(S)-C(lO) 113 5(4), 

148.8(7), C(2)-C(4) 153.7(6), C(3)-C(4) 150.5(6), C(5)-C(6) 

C(7)-C(S)-C(12) 112.0(5) 

11 (86 Yo) 
12 (84%) 

cycloaddition of norbornene with cyclopropylcarboxylate 
2t. In addition, 15% of unreacted starting material 11 was 
recovered. 

Scheme 4. [2 + 2 + I] Cycloaddition of amino carbene complex 
11 with norbornene 

c1 la 

13 1.2 : 1 *, (9 %) 14 

The complexes within a pair of diastereomers exhibit the 
same regiochemistry with respect to thc incorporation of 
the alkyne into the cyclopentenone skeleton. The diastereo- 
mers 15 and 16 could be separated by fractional crystalli- 
zation from hexane/dichloromethane at room temperature. 
To ascertain whether the formation of diastereomers 13-16 
was comparable with our results obtained from the reaction 
of norbornene with cyclopropylcarboxylate 2t, the structure 
of the main product of the major pair of diastereomers (15) 
was established by X-ray crystal structure analysis (Figure 
2). In comparison with the minor carboxylate diastercomer 
3, the molecular structure of the major mclal carbene dia- 
stereomer 15 shows the opposite regiochemistry. Thus, the 
trun.r-disubstituted cyclopropane skeleton which bridges the 
carbene acceptor moiety and the cxo-fused tricyclode- 
cenone system, again behaves as the small substituent com- 
pared with the phenyl group. These examples demonstrate 
that the intermolecular Pauson-Khand reaction generally 
tolerates multiple-functionalized alkynes bearing bulky or- 
ganometallic substituents. 
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Experimental Section 
All operations, cxcept for the isolation of compounds 3-6, were 

performed under argon. Solvents were dried by distillation from 
sodium-potashiurn alloy and sodium hydride: petroleum ether (PE) 
40-60°C. Silica gel (Merck; 0.063-0.200 mm) was degassed at 
high vacuum and stored under argon. - ' H  and I3C N M R :  Bruker 
AMX-500, AM-400, AM-250. Chemical shifts refer to those of re- 
sidual solvent signal based on hTMS = 0.00. - FT-IR: hicolet 
Magna 550. - MS: Krdtos MS 50 and Hewlett Packard 5972. - 
Melting points: Buchi SMP 20, uncorrected. - Elemental analysis: 
Heraeus CHN-0-Rapid. Compounds Ic, It, 7, and 8 were pre- 
pared as previously described[']]. 

General Procedure for the Preparation of [Amino(tMns-2-phen~l- 
ethynylcyclopropyl) metli}Jlidencjj)entacarbonyl Complexes 9. 10: To 
a solution of 5 inmol of pentacarbonylmethoxymethylidene coin- 
plcx (7 or 8) in 50 ml THF, a solution of 10 ml of liquid ammonia 
in 10 ml THF was added at -78°C. Aftcr stirring at this teinpera- 
ture for 10 min. thc mixture was allowed to warm to room tcmp. 
and the solvent was removed. Chromatography (-5"C, silica gel, 
petroleum etherIdichloromethane. 1 : 1) of the yellow residue gave 
yellow solids. 

[Amino ( t r a n s - Z - p h e n ~ l e t l i y n y I c ~ ~ c l o p r o p ~ ~ l )  methyl idenel -  
perztacurhonyl~hromiutnjOl (9): Yield 1.61 g (890/0), Rf = 0.33 (PEI 
CH2C12, 1:l) .  - IR (hexane): C [v(C=O)] = 2059 cm-' (m, A,), 

CDC13): 6 = 1.56 (ddd, 'JC,,, = 9.00 Hz, 3Jllczns = 6.45 Hz, ' J  = 5.28 
Hz, IH,  3-H), 1.62 (ddd. 'Jcrs = 8.41 Hz, iJtrans = 6.26 Hz, 2 J =  

3J,,,,,, = 4.69 Hz, 1 H, 2-H), 3.01 (ddd, 'JcrX = 8.41 Hz, 3Jr,.ans = 
6.45 Hz, iJc,.u,rJ = 4.69 Hz, IH. 1-H), 7.27-7.31 (m, 3H. Ph), 
7.35-7.42 (m, 2H, Ph), 8.01 (s, IH ,  NHH), 8.37 (s, IH, NHH). 

1976 (w> Bl), 1946 (VS, E), 1925 (s, A,). - 'H  NMR (400 MHz, 

5.28 Hz, IH, 3-H), 2.02 (ddd, 3Jcis= 9.00 Hz, 3JIm,t, = 6.26 Hz, 
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- I3C NMR (100 MHz, CDC13): 6 = 14.2 (C-2), 19.5 (C-3), 43.0 
(C-I), 79.2 (C=C-Ph)), 88.7 (CEC-Ph): 122.7 ( ~ ~ s o - C ) ,  128.2 @- 
C). 128.3 (m-Cj. 131.7 (0-C), 217.2 (cis-C=O), 222.9 (trans-C=O), 
287.8 (Cr=C). - MS (70 eV), m/z (%): 361 (20) [M'], 305 (2) [M+ 
- 2 CO], 277 (14) [M+ - 3 CO], 249 (60) [M+ - 4 CO], 221 (100) 
[M+ - 5 CO], 169 (19) [M+ - Cr(CO),], 80 (20), 52 (45) [Cr']. - 

HR-MS: calcd. 361.0042; found 361.0037. - C,,HIICrNOS 
(361.27): calcd. C 56.52, H 3.07, N 3.88; found C 56.35, H 3.13, 
N 4.00. 

(Amino i trans-2-plien?~let~iyn~~lc~~cloprop~~I) methylidene lpenta- 
cvrrhoiz~~ltungsten(0) (10): Yield 2.32 g (94'%), Rf = 0.38 (PEI 
CH2C1,, 1 : l ) .  - IR (hexanej: 3 [v(C=O)] = 2066 cni-' (m, .Al), 
1969 (w, €30, 1944 (VS, E). 1921 (s, Al). - 'H NMR (400 MHz, 
CDC13): 6 = 1.62 (ddd, 3Jc1x = 9.00 Hz, 'Jrmns = 6.06 Hz, ' J  = 5.08 
Hz. 1 H, 3-H). 1.67 (ddd, '.IcIs = 8.41 Hz, 'Jrmns = 6.45 Hz, ' J  = 
5.08 Hz, IH,  3-H), 2.16 (ddd, 'JCiJ = 9.00 Hz, 3Jlri,ns = 6.45 Hz, 
3Jjlan.s = 4.50 Hz, 1 H, 2-H), 2.55 (ddd. ,Jcrs = 8.41 Hz, 'JrmnJ = 
6.06 Hz. 3Jtrun,7 = 4.50 Hz, I H ,  1-H), 7.28-7.33 (m, 3H, Ph), 
7.35-7.41 (m. 2H, Ph). 8.25 (s, I H ,  NHH). 8.53 (s, 1H. NHH). 

((2-1). 79.2 (C=C-Ph), 88.7 (C=C-Phj, 122.7 (ipso-C), 128.2 (p- 
C), 128.3 (m-Cj, 131.6 (0-C). 197.9 (s, d, 'JCw = 127.6 Hz, cis- 

' J C W  = 94.3 Hz, W=C). - MS (70 eV), mli (rel. Is4W (YO): 493 

- I3C NMR (100 MHz, CDC13): 6 = 15.1 (C-2). 20.7 (C-3), 45.1 

C=O), 202.5 (s, d, 'Jew = 129.0 Hz, ~YU~S-C=O) ,  264.9 (s ,  d, 

(10) [M+], 465 (2) [M+ - CO]: 437 (20) [M+ - 2 CO], 409 (8) [M+ 
- 3 CO], 381 (55) [M+ - 4 CO]. 353 (98) [M+ - 5 CO], 351 
(loo), 325 (32), 128 (12). - HR-MS (ls2W): calcd. 491.0120; found 
491.0133. - C17HllNOSW (493.12): calcd. C 41.41, H 2.25, N 2.84; 
found C 41 38, H 2.42, N 2.91, 

General Pi-occdure ,for the Preparation of' He~uearbon)~ldiicohalt 
Cowlpiexes Zc, 2t, 11 ,  12: At O'C 2.22 g (6.5 mmol) of dicobaltocta- 
carboriyl was added to a solution of 5 mmol alkyne ( lc .  It. 9 or 
10) in 100 ml dichloromethane. The mixture was allowed to warm 
to room temp. and stirred for 2 h. The solvent was removed in 
vacuo and chromatography [0 "C, silica gel. petroleum etherldichlo- 
romethane, 3: 1 (esters); 1 : I (carbene complexes)] yielded dark-red 
to black oils or solids. 

Hexacurhonyl-,u-q- jethyl-cis-2-phenyleth?,n?ilcycloprop~~ne- 
carbo~~ylirtejcJicobalt (Co-Coj (2c): Yield 2.38 g (950/,), Rr = 0.19 
(PE/CH2C12, 3:1), dark-red oil. - IR (hexane): P [v(C=O)] = 2093 
c1n-I (ni), 2054 (vs), 2035 (m), 2023 (s), 2009 (w). - '€1 NMR (500 

2H, e-C3H4), 2.25 (mc, 1 H, c-C3H4). 2.75 (mc, lH,  c-C3H4), 3.95 

7.46-7.51 (m, 2H, Ph). - 13C NMR (125 MHz, CDCI3): 6 = 14.0 

MHZ, CDCI?): 6 = 1.15 (t, 3JHH = 7.1 5 HZ, 3 H, CH,), 1.68 (mc, 

(q, 3 J H H  = 7.15 HZ, 2H: O-CHz), 7.25-7.36 (m; 3H, Ph), 

(q, ' JCH = 127.2 Hz, CH3), 18.5 (t. 'Jcr3 = 165.0 Hz, (2-31, 24.9 
(d: 'JCH = 167.0 Hz, c - C ~ H ~ ) ,  25.0 (d. 'JCH = 165.5 Hz. c-C?H.+j, 
60.8 (tq. 'JCH = 147.8 Hz, 'JCH = 4.3 Hz, CH,), 92.9 (s, C=C- 
Ph), 94.6 (s. C-GPh), 127.4 (dt, lJCH = 161.2 Hz, 'JCH = 7.4 Hz, 
0-C). 128.6 (dd, ' J ; H  = 154.5 HZ. jJCH = 6.7 Hz, p-C), 129.2 (d, 
' JCH = 161.3 Hz, nl-C). 138.5 (t, ' JCH = 7.9 Hz, ip.~-C), 170.2 (s, 
C=O). 199.4 (s, br, Co-C=Oj. - MS (70 eV), mlr (YO): 472 (1) 
[M+ - CO], 444 (9) [M+ - 2 CO], 416 (6) [M+ - 3 CO], 388 ( X )  
[M+ - 4 CO], 360 (43) [M+ - 5 CO], 332 (9) [M+ - 6 CO], 214 
(56) [M+ - CO,(CO),], 169 (15) [M+ - C02(CO)6 - OC,H,], 141 
(100) [M+ - CO?(CO)~ - COOC2Hj], 115 (39) [CgHT], 77 (7) 
[C6H;1. - C20H14C0208 (500.19): calcd. C 48.03, H 2.82; found C 
48.00, H 2.95. 

H e x  u c LI r h 0 n y 1 - p  - q - ( e t!zyl- t r a n s -  2 - p  h e n y l e  t h y  n y I cy el o - 
propanecirrho.~ylatc)dieohult ( Co-Co) (2t): Yield 2.28 g (91 (YO), 
Rt.= 0.33 (PE/CH2C12, 3:l) .  dark-red oil. - IR (hexane): P 
[v(C=O)J = 2091 cm-l (m), 2056 (vs). 2029 (s), 2014 (w). - 'H 

NMR (500 MHz, CDC13j: 6 = 1.27 (t, 'JIrlI = 7.08 Hz. 3H, CH?), 
1.28 (ddd. 3J,.j, = 8.54 Hz, 3Jtrur2,7 = 6.10 Hz, 'JHH = 4.40 Hz, 1 H, 
3-H), 1.83 (ddd, 3J,js = 8.79 Hz, 3Jl,.c,n,, = 5.37 Hz, 2 J H H  = 4.40 Hz, 
I H, 3-Hj, 1.98 (ddd, 'JL.,,, = 8.54 Hz, lJ,rc,,,s = 5.37 Hz, 'Jlrrm> = 

3.91 Hz, I H. c - C ~ H ~ ) ,  2.87 (ddci, 'JC,,, = 8.79 Hz, 3,Jlmns = 6.10 Hz, 
'.Jrrrrrrr = 3.91 Hz, 1 H, c-C,H4). 4.18 (9, 3JHH = 7.08 Hz, 2H,  0- 
CH,), 7.26-7.39 (m, 3H, Ph), 7.44-7.51 (m, 2H, Ph). - I3C 

20.5 (t, l.J,., = 165.8 Hz. C-3). 25.5 (d, 'Jcrl = 169.2 Hz, c-C3H4), 
NMR (125 MHz, CDCI?): 6 14.2 (q, ' J C H  = 126.2 Hz, CH'), 

26.7 (d, IJCH = 170.6 Hz. C - C ~ H ~ ) ,  60.9 (t, ' J C H  = 147.0 Hz, CHZ), 
91.3 (s, GC-Ph) ,  99.1 (s, C-C-Ph), 127.9 (dt, ' J C H  = 161.6 Hz, 
3 J ~ ~  = 8.1 Hz. 0-C), 128.9 (dd, 'JCH = 160.9 HZ. 3 J ~ ~  = 8.3 Hz, 
p-C),  129.1 (dt, ' J ~ H  = 160.5 Hz, 3JcH = 6.9 HZ, in-C), 137.7 (t? 
3 J c H  = 7.6 Hz, ipso-c), 172.4 (s. C=O), 199.1 (s, br, Co-C=O). - 

CO], 416 (8) [MI - 3 CO]. 388 (12) [M+ - 4 CO], 360 (47) [M+ 
- 5 CO], 332 (10) [Mi - 6 CO], 214 (56) [M+ - CO,(CO)~], 169 
(18) [M+ - CO2(CO)6 - OC'Hj], 141 (100) [Mi - C02(C0)6 - 
COOC,Hs], 115 (40) [CgH?], 77 (6) [GjHf]. - C I ~ H ~ ~ C O ~ O ~  

MS (70 eV), mlz (Yn): 472 (0.3) [MI - CO], 444 (13) [M+ - 2 

(500.19): calcd. C 48.03: H 2.82; found C 47.96, H 3.04. 

H e x  a c a r b on y I -p - q - { ( a  rn in  o [ t r LI n s - 2 - p  h e n y 1 e t n y  I - 
cj~clopropy1)rnethylidene ~pentacarhonylclzromiunz (0) )di(:ohaI\ 
[Co-Co) (11): Yield 2.78 g (86%1), Rr = 0.47 (PEICH2Cl2, 1:l) .  
black solid. - IR (hexane): 6 [v(C=O)] = 2093 cm-' (m), 2058 
(vs), 2033 (br, sj, 1969 (w? El), 1946 (vs, E). 1921 (s, A'). - 'H 
NMR (400 MHz, CDCI,): 6 = 1.68 (dt, 3J,i,y = 8.90 Hz. J = 5.58 
Hz, 1 H, 3-H), 1.96 (dt, 'JCir = 8.75 Hz, J = 5.84 Hz, I H, 3-H). 
2.9 1 (ddd, 3J,a = 8.90 Hz, 3J~Fu,uns = 5.48 Hz, 3Jj,.N12s = 4.50 Hz, I H, 
2-H), 3.06 (ddd, 3Jc,., = 8.75 Hz. 3J1rc,ns = 6.26 Hz, 'Jjmna = 4.50 
Hz, IH, 1-H). 7.31-7.39 (m, 3H. Ph), 7.44-7.52 (m, 2H, Ph). 
8.05 (s, I H, NHH), 8.38 (s, 111, NHm. - 13C NMR (100 MHz, 
CDC13): 6 = 25.2 (C-2), 29.3 (C-3), 46.3 (C-I), 91.6 (CSC-Ph), 97.7 
(C-C-Ph), 12X.2 @-C), 129.0 (0-C), 129.1 (m-C), 137.5 (~~so-C),  
199.0 (br, Co-C=O), 217.3 (cis-C=O), 222.4 (truns-C=O). 289.0 
(Cr=C). - MS (70 eV), m/z (oh): 646.7 (4) [M+], 338.8 (9) [M+ - 
11 CO], 219.9 (43j, 169.1 (76), 79.9 (93j, 52 (100) [Cr-1. - 
C2,H11CrCoZNOII (647.2): calcd. C 42.68, H 1.71, N 2.16; found 
C 42.60. H 1.77> N 2.29. 

H e x a c a r h o n y l - p - q -  { [ a m i n o  ( t r a n s - 2 - p h e n y l e t h y n g l -  
c y c l o p r o p y l ) n ~ e t i ~ y l i d ~ n e ] p ~ n t a c a r ~ o ~ i y l t ~ ~ n g s t ~ i i  ( 0 )  Idicobalt 
(Co-Co) (12): Yield 3.27 g (84%). R,- = 0.51 (PE/CH2C121 l : l ) ,  
black solid. - IR (hexanej: P [v(C=O)] = 2093 cm-' (m), 2066 (m, 
A,), 2058 (s). 2033 (br, s), 2026 (s). 1969 (w, Bl) ,  1944 (vs, E), 1917 
(s, Al), - 'H NMR (400 MHz, CDCI,): 6 = 1.66 (ddd, 3J,j,v = 8.61 
Hz, 3J,,Nn, = 6.26 Hz, ?.JHH = 5.28 Hz. 1 H, 3-H), 2.09 (ddd, 'JOs = 

'Jci5 = 8.61 Hz, iJrrun.s = 5.48 Hz, 7Jjrall,r = 4.11 Hz, 1 H. 2-H), 3.13 

H), 7.28-7.38 (m, 3H. Ph), 7.42-7.52 (in, 2H, Ph), 8.23 (s, 1 H, 

8.83 HL, 3JI,on,, = 5.48 Hz, 2 J H H  = 5.28 Hz, I H ,  3-Hj, 2.39 (ddd, 

(ddd, '.JCjv = 8.83 Hz, 3JcranJ = 6.26 Hz, 3Jlyc,nm. = 4.1 I Hz. 1 H, 1- 

NHH), 8.49 (s, l H ,  NHH). - "C NMR (100 MHz, CDCI,): 6 = 

25.9 (C-2). 30.8 (C-3), 4X.4 (C-l), 91.5 (CZC-Ph). 97.7 (CEC-Ph), 
128.2 (p-C), 129.0 (0-C). 129.1 (m-C), 137.4 (ipso-C), 198.1 (s, d, 
'JCW 127.6 Hz, cis-C=O], 199.0 (br. Co-C=O), 202.1 (s. d, 

- MS (70 cv), ni/z (rel. '"W YO): 779 (<1j [M+], 469 (11) [M+ - 

(779.1): calcd. C 35.46, H 1.42, N 1.80; found C 35.73, H 1.59, 
N 1.93. 

' Jc f i~  = 126.2 HE, trans-C=O), 289.0 (s: d, 'Jcu/ = 90.2 Hz, C=W). 

11 COl, 351 (27), 268 (35), 169.1 (100). - C23HIjCo2NOIiW 

General Procedure j'br the Pauson-Khuizrl Reuc'tion of Cobalt 
Funetionalized Alkynes with Norhomene: A solution of 5 mmol co- 
balt complex (2c, 2t or 1 1 )  and 2.35 g (25 mmolj norbornene in 
I 50 ml toluene was warmed to 90°C (for reaction times see Table 
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1). After cooling to room temp. the solution was filtered through 
silica gel and the solvent was removed in vacuo. The brown-violet 
residue was then submitted to column chromatography (silica gel). 
After the excess norbornene and cobalt carbonyls had been re- 
moved with petroleum ether, clution with dichloromethane yielded 
a band containing all four tricyclodcccnone isoincrs. A second 
chromatographic separation (esters: silica gel, petroleum ether/di- 
ethyl ether, 2: 1; carbenc complexes: -5  "C, silica gel, petroleum 
etherkthyl acetate, 3: I)  was used to separate the four isomers into 
pairs of diastereomers. The given Rfvalues refer to the second chro- 
matography. Compounds 3 and 4 were separated by fractional crys- 
tallization from hexane, and compounds 15 and 16 were separated 
by fractional crystallization from hexaneldichloromethane. 

Table 1 
Cobalt Reaction time Products 

2t 66 h 3-6 
ZC 144 h poor yield 
11 24 h 13-16 

complex 

( I  RS,2RS,2'SR,6'RS)-Bthyl trans-2- (5-Oxci-3-phenpl-tri 
fS.2. I.~~,6]clr~-3-ene-4-~~l)c~~clopropaiiecarbo.~y.lafe (3):  Meld 0.17 g 
(IO%), Rf = 0.30 (PE/Et20), colourless crystals, m.p. 120- 121 "C 
(hexane). - IR (film): C = 1722 em-' (C=O), 1688 (C=O). - 'H 
NMR (500 MHz, CDCI?): 6 = 0.90 (d, ' J H H  = 10.46 Hz, 1 H, 10'- 

3H, CH3), 1.29 (m, 2H, CH2), 1.40 (ddd, 'Jcl, = 9.60 Hz, 3J,,.c,ms = 
5.10 Hz, 2JHH = 3.70 Hz. l H ,  3-H), 1.54 (ddd, -3J,.i., = 8.40 Hz, 
1Jtra,,,7 = 6.80 Hz, *JHH = 3.70 Hz, 1 H,  3-H), 1.57 (m. 2H, CH2), 
1.95 (s, br, IH,  CH); 2.19 (ddd, 3J.ir = 9.60 Hz, 3J,,.,,s = 6.80 Hz, 

H), 2.41 (s, br, 1 H, CH), 2.47 (ddd, 3J,i,7 = 8.40 Hz, 3J,r06z,5 = 5.10 
Hz, 3.1tra,rr = 4.50 Hz, 1 H, 2-H), 2.95 (d, br, 3&H = 5.30 Hz, 1 H, 
6'-H), 4.03 (q; 3 J H H  = 7.14 Hz, 2H, 0-CHp), 7.36-7.47 (in. 5H, 

H), 1.02 (d, 'JHH = 10.46 HZ, 1 H, IO'-H), 1.18 (t, 3 J ~ ~  = 7.14 HZ, 

35,rc,ns = 4.50 Hz, 1 H, I-H), 2.25 (d, br, 3 . r ~ ~  = 5.30 HZ, 1 H. 2'- 

Ph). - I3C NMR (125 MHz, CDC1,): 6 = 14.21 (qt, 'JC,, zx 126.7 
Hz, 'JCH = 2.7 Hz, CHj), 14.79 (t. I J C . H  = 165.4 Hz, C-3); 19.07 
(d, ' J C H  = 165.6 Hz, C-l), 19.18 (d. ' J C H  = 171.8 Hz, C-2). 28.71 
(t, ' J ~ H  = 129.7 Hz, CH2). 28.88 (t, 'J<~:H = 131.7 Hz, CH2), 31.35 
(t. 'Jc;H = 133.4 Hz, C-lo'), 38.04 (d, ' JCH = 141.8 Hz, C-1'). 
39.16 (d. 'JCH = 142.3 Hz. C-7'). 50.60 (d. 'JCH = 140.1 Hz, C- 
2'), 54.09 (d. ' J ~ H  = 138.6 Hz, C-67, 60.51 (t, 'Jc11 = 147.2 Hz, 
0-CH,), 127.94 (dt, 'Jcrl = 159.7 Hz. 'J<.H = 6.7 Hz. p-C), 128.66 
(d, 'J<;H = 1 61 .0 Hz, 0-C), 129.41 (dt, ' J C H  = 161.7 Hz, 'JCH = 

6.9 Hz, m-C), 135.22 (1, 'JCH = 6.9 Hz. ipso-C), 139.17 (s, a-C=C), 
171.70 (s, p-C=C), 174.06 (s, COOEt), 209.35 ( s ,  C=O). - MS (70 
eV), m/z ('36): 336.3 (27) [M'], 290.2 (15) [M'  - C2H60], 262.3 

67.1 (32) [C4H30+]. - HR-MS: calcd. 336.1725; found 336.1732. 
- CZZHZ4O3 (336.4): calcd. C 78.54, H 7.19; found C 78.49, H 6.87. 

( I  RS,2RS,Z'RS.6'SRi-Bthyl truns-2-(S-O.ro--l;ahen~~l-tricyc.l~~- 
(5.2. l . l12~6]~ec-3-ene-4-~~l~c~~clopropunecarhox~~atr (4): Yield 0.13 g 
(8%), Rf = 0.30 (PE/Et20), colourless solid. - TR (film): C = 1722 
cm-' (C=O). 1688 (C=O). - 'H NMR (500 MHz, CDCI,): 6 = 

1 H, IO'-H), 1.26 (t, 3JII11 = 7.15 Hz, 3H, CH3). 1.29 (m, 2H. CH2), 
1.40 (ddd, 'JCis = 9.60 Hz. 3Jfrrm3 = 5.10 Hz, 'JHH = 3.80 Hz, 1 H. 

1 H, 3-H), 1.57 (ml 2H, CH2), 1.95 (s, br, IH, CH). 2.19 (ddd, 
= 9.60 Hz, 3Jfrccn,i = 6.80 Hz, 3Jfmns = 4.50 Hz, 1 H, I-H), 2.25 

(d. br, 'JHH = 5.30 Hz, 1 H, 2'-H), 2.41 (s, br, 1 H, CH), 2.47 (ddd, 
'JCLs = 8.40 Hz: 3J,,,,,ns = 5.10 Hz, 'JfranT = 4.50 Hz, 1 H, 2-H), 2.95 
( d , b r , 3 J ~ ~ = 5 . 3 0 H ~ , 1 H , 6 ' - H ) , 4 . 1 4 ( 3 J ~ ~ H = 7 . 1 5 H z , 2 H , 0 -  
CHz), 7.36-7.47 (m, 5H, Ph). - I3C NMR (125 MHz. CDCI,): 

(loo), 195.2 (20), 165.1 (30). 115.0 (25) [CgH;]. 91.0 (20) [CTH;], 

0.90 (d, 2 J ~ ~  = 10.46 Hz, l H ,  10'-H), 1.02 (d, 'JIIII = 10.46 Hz, 

3-H); 1.73 (ddd, 'Jc,,, = 8.40 Hz, 3Jr,n,, = 6.80 Hz, 'JHH = 3.80 Hz, 

6 = 13.61 (1, ' J C H  = 165.4 Hz, C-3), 14.28 (qt, 'J<-,H = 128.4 Hz, 
' ,J<.H = 2.7 Hz, CH?), 19.03 (d, 'JCH 7 163.0 Hz, C-l), 20.89 (d. 
' J C H  zz 169.1 Hz, C-2). 28.67 8t, 'Jcri = 129.7 Hz. CHZ), 28.87 (1. 
' JCI I  = 132.2 Hz, CH?), 31.36 (t, ' J , - E j  = 133.4 Hz. C-lo'), 38.00 
(d, 'JcII = 141.8 Hz, C-1'). 39.16 (d, 'JCH = 142.3 Hx, C-7'). 50.55 
(d, IJCH = 140.1 Hz, C-2'), 54.05 (d, 'JCH = 138.6 HZ, C-h'), 60.54 
(t, ' J C ~ I  = 147.2 Hz, O-CH2), 127.94 (dl. ' J C H  = 159.7 HZ, = 

6.7 Hz, p-C), 128.56 (d: 'JCH = 161.0 Hz, 0-C). 129.36 (dt, ' JCH = 
161.7 Hz, 'JCH = 6.9 Hz, WI-C), 135.17 (1, ' JCH = 6.9 Hz, QS0-C). 

139.18 (s, a-C=C), 171.64 (s. p-C=C), 174.00 (s, COOEt), 209.28 
(s, C=O). - MS (70 eV). in/= (%): 336.3 (27) [M+]. 290.2 (15) [M' 
- C>H60], 262.3 (loo), 195.2 (20), 165.1 (30), 115.0 (25) [CgH:], 
91.0 (20) [C,Ht], 67.1 (32) [CJ130+]. - HR-MS: calcd. 336.1725; 
found 336.1732. - C32H2403 (336.4): calcd. C 78.54, H 7.19; lound 
C 78.49, H 6.87. 

Ethyl 1runs-2- (5- Oxo-4-plzenyl-tvic~~c.l~)[5.2. I .  O2."]~te2ec-3-ene-3-yl) - 
cj~cfopropanecuuho~~iute (516): Yield 0.94 g (56'i/o), Rc = 0.25 (PEI 
EtpO, 2:1), colourless solid. - IR (film): 0 = 1726 cm-' (C=O), 
1695 (C=O). - 'H NMR (250 MHz, CDC13): F = 1.02 (d, 'JHH = 
10.46 Hz, 2H, 2 X 10'-H), 1.16 (d, 'JIllr = 10.46 Hz. 2H, 2 X 10'- 
H), 1.25 (1, 'JHH = 7.20 HZ, 3H, CH?), 1.26 (t, ,JHH = 7.20 HZ, 

3H, CH,), 1.30 (m, 4H, 2 X CHJ, 1.43 (ddd. 'JclS = 8.55 Hz. 
3JLrun,v = 6.85 Hz, JHH = 4.65 Hz, 1 H, c-C,H4), 1.5-1.78 (m, 7H. 
2 X CHI, 3 X c-C3H4), 2.00 (ddd, 3Jtis = 8.50 Hz, 'Jrron, = 5.50 
Hz, JIIIl = 4.40 Hz, l H ,  c-C,H4), 2.16 (ddd, = 8.50 Hz. 
'J,,,,, = 5.30 Hz, JHH = 4.70 Hz, 1 H, c-C1H4), 2.28 (s, br, 2H, 2 
X 2'-H), 2.30-2.48 (m, 6H, 4 X CH, 2 X c-C3H4), 2.50 (5 ,  br, 2 

7.20 Hz, 2H, O-CH2), 7.25-7.41 (m, 10H. 2 X Ph). - "C NMR 
(125 MHz, CDCI,, mujrir diustereoiner): 6 = 14.12 (CH,), 15.75 

X 6'-H). 4.14 (9. 3 J + 3 ~  = 7.20 Hz, 2H, O-CHZ), 4.15 (9. 'JHH = 

(C-3), 22.88 (C-l), 23.41 (C-2), 28.06 (CH2), 29.16 (CH,), 31.20 (C- 
10'). 38.39 (C-H), 39.00 (C-H), 48.17 (C-2'), 53.94 (C-6'), 60.81 
(O-CH*), 127.72 (p-C), 128.03 (0-C), 128.93 (m-C), 131.09 (@SO- 

C) ,  144.77 (a-C=C), 171.08 (P-C=C), 172.09 (COOEt), 207.78 
(C=O). - 13C NMR (125 MHz, CDCI?, minor diu,stereonv~): 6 = 
14.10 (CH,), 15.83 (C-3), 22.67 (C-I), 23.30 (C-2), 28.04 (CH,), 
29.23 (CHZ), 31.23 (C-10'). 38.46 (C-H). 38.95 (C-H), 48.34 (C-  
2'), 54.03 ('2-6'). 60.86 (0-CH,), 127.74 (u-C): 128.05 (0-C), 128.99 
(m-C), 131.11 (@so-C), 144.62 (a-C=C), 171.16 (p-C=C), 172.11 
(COOEt). 207.81 (C=O). - MS (70 eV), ndz ((YO): 336.3 (30) [M+], 
290.2 (15) [ M '  - C*HhO], 262.3 (loo), 195.2 (17), 165.1 (23), 115.0 
(18) [CYH:]. 91.0 (15) [C7H;]. 67.1 (20) [C4H30+]. - HR-MS: 
calcd. 336.1725: found 336.1723. - C22H240i (336.4): calcd. C 
78.54, H 7.19; found C 78.54, H 6.85. 

{Amino f trans-2- (S-c~xo-3-pher7~l-trie~clo fS.2. I, 02,6/dec-3-ene-4- 
y l )  -cyclopropyl]inethylidene Ipmtcit.orbo}~~lc~~r~t~iiuni (0) (13/14): 
Yield 0.22 g (9%), Rf  = 0.24 (PE/ethyl acetate. 3: l), yellow solid. 
- IR (hexane): 0 [v(C=O)] = 2056 cm-' (m. A,), 1940 (vs, E), 
1926 (s, A'). - 'H N M R  (500 MHz, CDC1;): 6 = 0.92 (m, 2H, 2 
X 10'-H), 1.05 (m, 2H, 2 X 10'-H); 1.31 (d, br, J H H  = 9.30 Hz, 
4H, 2 X CH2), 1.39 (m, l H ,  3-H); 1.55 (m, lH ,  3-H), 1.60 (d, br, 
JHH = 9.30 Hz, 4H, 2 X CH2), 1.70 (m, 1 H, 3-H). 1.83 (m, l H ,  
3-H), 1.94 (m, 1 H, 2-H), 1.97 (s, br. I H, CH); 2.03 (s, br, 1 H, CH), 
2.11 (m, l H ,  2-H), 2.29 (s. br. 2H, 2 X CH), 2.44 (s, br. 211, 2 X 

CH), 2.87 (m, l H ,  I-HI, 2.95 (d. br. 'J! iH= 5.10 Hz, IH,  CH). 
3.02 (d, br, ,JHH = 5.10 Hz, l H ,  CH), 3.26 (mc, 1 H, 1-H), 
7.37-7.48 (m, 10H, Ph); 8.28 (s, br, 2H, NHH), 8.53 (s, br, l H ,  
NHH). 8.88 (s, br, 1 H, NHH). - 13C NMR (125 MHz, C:DC13, 
rnajur diustereorner): 6 = 16.01 (C-3), 22.11 (C-2), 28.78 (CH,), 
28.86 (CH,), 31.28 (C-10'). 38.06 (C-l'), 39.06 (C-7'), 41.72 (C-I), 
50.71 (C-2'), 54.10 (C-6'), 128.11 (0-C), 128.68 (PI-C). 129.86 (p-C), 
134.42 (@so-C), 138.98 (a-C=C), 172.00 (p-C-C), 210.52 (C=O). 
217.52 (cis-C=O), 222.85 (trans-C=O), 289.74 (Cr=C). - I3C 
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NMK (125 MHz, CDCl?, minor diastereomer): 6 = 17.19 (C-3). 
22.27 (C-2). 28.59 (CH,), 28.92 (CH,), 31.34 (C-lo'), 38.05 (C-l'), 
39.15 (C-7'), 40.35 (C-I), 50.04 (C-2'), 54.14 (C-6'), 127.72 (0-C), 
128.72 (~z-C),  129.57 (p-C), 135.09 (@So-C), 138.74 (U.-C=C), 
172.61 (p-C=C), 209.78 (C=O), 217.40 (cis-C=O), 222.66 (trans- 
C=O), 289.06 (Cr=C). - MS (70 eV). m/z (%): 483.1 (0.15) [M+], 

- 5 CO], 291.3 (100) [M' - Cr(CO),], 225.2 (45), 93.1 (52) 
[C,H$], 52.0 (45) [Cr']. - HR-MS: calcd. 343.1029: found 
343.1042 for [M+ - 5 CO]; calcd. 291.1623; found 291.1614 for 
[M+ - Cr(CO),]. 

( I  RS ,2RS,2 'RS, ( i fSR)-  (Anzino[frans-2- (5-o.xo-4-phen?;l- 
t ricj,clo [ 5.2.1.0'. 6 / d e  c-3 -en e-3 -y I )  ( loprop)l]methL'lideneS- 
pentnctrrbonylcliromium(O] (15): Yield 0.34 g (14%), Rf = 0.16 (PEI 
ethyl acetate), yellow crystals, m.p. 105 "C (hexane/dichlorometh- 
ane). - IR (hexane): C [v(C=O)] = 2056 cm-' (in. Ak), 1940 (vs, 

399.1 (0.15) [M+ - 3 CO], 371 (0.27) [M+ - 4 CO], 343.1 (6) [M+ 

E), 1926 (s, A,). - 'H NMR (400 MHz, CDC13): 6 = 1.04 (d, 
*JHH = 10.56 Hz, 1 H, 10'-H), 1.16 (d, 'JHH = 10.56 Hz, 1 H; 10'- 
I*), 1.35 (mc, 2H. CHZ). 1.57-1.67 (mc, 2H, CH,). 1.70 (I&, 1 H, 
3-H), 1.81 (I&, I H .  3-H): 2.29 (m, br. l H ,  CH), 2.36 (d, 'JHH = 

5.10 Hz, 1 H, CH), 2.47 (d, 3JtrE~ = 5.10 Hz, 1 H, CH), 2.48 (m. 
superimposed, 1 H, 2-H), 2.51 (mc. br, 1 H. CH), 2.97 (ddd, 3J,,,.q = 

(m; 2H.  Ph), 7.28-7.41 (m, 3H,  Ph). 7.85 (s, br, l H ,  NHH), 8.25 
(s, br, I H ,  NHH). - I3C NMR (125 MHz. CDC13): 6 = 19.24 (t, 

8.40 Hz, 3Jt,,ic = 5.90 Hz, 'JtFanS = 4.90 Hz, 1 H, I-H), 7.18-7.23 

'JCH = 164.3 Hz, C-3). 27.78 (d, 'JCH = 163.2 Hz, C-2), 28.09 (t, 
'JCH = 131.5 Hz. CH2), 29.28 (t, 'JC:H = 135.3 Hz, CH2), 31.39 (t, 
' J<:H = 133.4 Hz, C-10'). 38.63 (d. 'JCH = 142.1 HZ, C-I'), 39.08 
(d, IJCH = 144.9 Hz, C-7'), 41.71 (d, ' JCH = 167.5 Hz, C-1),48.13 
(d, 'Jc~r = 137.7 Hz, C-2'), 54.23 (d, 'JCH = 138.7 Hz, C-6') ,  
128.25 (d. ' JCH = 161.6 Hz. p-C),  128.53 (d, 'JC1-r = 162.2 Hz? O- 

C). 129.08 (d, ' J c t I  = 158.3 Hz, m-C), 131.26 (s. ipso-C), 144.95 (s, 
a-C=C), 171.77 (s, p-C=C), 208.77 (s. C=O). 217.31 (,s, cis-C=O), 
222.50 (s, trans-C=O), 2Xh.04 (s, Cr=C). - MS (70 eV), m/z (YO): 
483.1 (0.15) [M+], 399.1 (0.15) [M+ - 3 CO], 371 (0.27) [M+ - 4 
CO], 343.1 (6) [M+ - 5 CO], 291.3 (100) [M'  - Cr(CO),], 225.2 
(49,  93.1 (52) [C,H,+], 52.0 (45) [Cr']. - HR-MS: calcd. 371.0978; 
found 371.0978 for [M+ - 4 CO]: calcd. 343.1029; found 343.1022 
for [Mt - 5 CO]. - C25HZICrOhN . 1/2 CH2C12 (525.9): calcd. C 
58.28, H 4.22, N 2.67; found C 58.27, H 4.56, N 2.28. 

(1SR,2SR,ZrRS,6'SR)- {Amino[ trnns-2-(5-oso-4-phenyl-tri- 
cyclo(j.2.1. 02~5/dec-3-ene-3-~~l/  cq'cloprop,l:l]metl~,vlir~~ne )-pen- 
t a c a r b o r i y ~ c l i r o m i ~ ~ j  (16): Yield 0.22 g (9%), Rf = 0.16 (PE/ethyl 
acetate), yellow solid. - IR (hexane): i. [v(C=O)] = 2056 em-' (m, 
Ai). 1940 (VS, E), 1926 (s, A , ) .  - ' H  NMR (500 MHz, CDCI,): 
S = 1.05 (d, 'JHH = 10.48 Hz, 1 H. 10'-H), 1.13 (d, 2Jr*11 = 10.48 
Hz. 1 H, 10'-H), 1.33 (mc, 2H, CHJ. 1.53 (mc, 1 H, 3-H), 1.59 (me, 
2H, CHI). 1.62 (mc, 1 H. 3-H), 2.26 (s. br, 1 H, CH), 2.34 (mc. 1 H, 
2-H), 2.37 (s, br. l H ,  CH), 2.41 (a br, I H ,  CH), 2.44 (s, br, 1H: 
CH), 3.22 (mc, I H ,  I-H), 7.16- 7.20 (m. 2H, Ph), 7.26-7.34 (m, 
3H,  Ph). 8.1 1 (8 ,  br, I H ,  NHH), 8.18 (s, br, I H. NHH). - I3C 
NMR (125 MHz, CDC13): 6 = 18.79 (t, ' J C H  = 164.3 Hz, C-3), 
28.23 (t, ' J c H  = 131.5 Hz, CHI), 28.26 (d, ' J < : H  = 163.2 Hz, C-2). 
29.34 (t. 'JCH = 135.3 Hz, CHJ, 31.34 (t; ' JCH = 133.4 Hz, C- 
lo'), 38.63 (d, ' J rH = 142.1 Hz, C-l')? 39.08 (d, IJCH = 144.9 Hz, 
C-7'), 41.24 (d, 'JCH - 167.5 Hz, C-I). 48.71 (d, '.T<.H = 137.7 Hz, 
C-2'), 54.43 (d, 'JCH = 138.7 Hz, C-6'), 128.25 (d, ' J C H  = 161.6 
Hz, P-C), 128.51 (d, ' JCH = 162.2 Hz, 0-C), 129.20 (d, ' J c H  = 

158.3 Hz, m-C), 131.31 (s, ipso-C), 144.81 (s, a-C=C), 171.89 (s, 
p-C=C), 208.88 (s, C=O), 217.41 (s, cis-C=O), 222.63 (s, trans- 
C=O), 286.34 (s, Cr-C). - MS (70 eV), miz ( I%) :  483.1 (0.15) 

(6) [M'  - 5 CO], 291.3 (100) [M+ - Cr(CO)s]. 225.2 (45), 93.1 
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[M+]. 399.1 (0.15) [M+ - 3 CO], 371 (0.27) [M+ - 4 CO]. 343.1 
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(52) [C7H$], 52.0 (45) [Cr']. - HR-MS: calcd. 371.0978; found 
371.0978 for [M+ - 4 CO]; calcd. 343.1029; found 343.1022 for 

X-ruy Crjr.tallogr-opphic Studies of 3 and 15[li1: The structures 
were solved by direct methods. Nonhydrogen atoms were refined 
anisotropically. Hydrogen atoms were localized by difference elec- 
tron density determination and refined using a riding model. In 3 
an extinction correction was applied. In 15 the solvent was dis- 
ordered. Details of data collection and refinement are given in 
Table 2. Programs used: SHELXTL-Plus, G. M. Sheldrick, Siemens 
Analytical X-ray Instruments, Inc., Madison, Wi., USA (1989); 
SHELXL-93. C. M. Sheldrick. University of Gottingen, Ger- 
inany (1993). 

[M+ - 5 CO]. 

Table 2. Crystallographic data and summary of data collection and 
refinement 

Compound 3 15 

formula C22H2403 

M 336.4 525.9 
colour 
crystal dimensions [mm] 
crystal system monoclinic triclinic 
space group P21/c (No. 14) P1 (No. 2) 
a b m l  I383.9(1) I161.8(3) 
b [pml 992.2(1) 1358.3(3) 
c b m l  1321.1(1) 1820.2(4) 

P ["I 95.97( 1 ) 102.34(2) 
Y ["I 90 93.40(2) 

1.804( 1)  2.729(1) 
Z 4 4 

I .24 1.28 

0.64 0.55 
F(000j 720 1084 
full-matrix least-squares 

parameterirestraints 22810 631110 
measured reflections 2807 10619 
unique reflections used 
in refinement 2668 9632 
wR2 0.142 0.247 
R1 [for I >  2a(O] 0.048 0.075 
largest difference peak 
and hole [e nm-3 lo3] 0.20/-0.17 0.82/-0.45 
diffractometer Enraf-Nonius Nicolet R3m 

radiation Cu K a  Mo Ka 
monochromator graphite graphite 

[pml 154.178 71.073 
T [Kl 293(2) 293(2) 

C25H21CrN06 - !4 
CH2Cl2 

yellow 
0.65 x 0.55 x 0.40 

colourless 
0.45 x 0.40 x 0.20 

a ["I 90 102.00(2) 

v [ m 3 1  

P b - - ' I  

refinement on y2 F2 

Pcdlcd. k cm-31 

CAD4 

2@max. PI I20 50 
- 1 3 S h S 1 3  - 1 5 1 h 5 1 5  

-11 5,450 - 1 6 S k s 1 5  
- 1 4 < l <  0 -1 5 1 5 2 1  
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