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Dicyclohexyl- arid diphenylphosphanyl-substituted phos- 2, 3 and 9 formed P,P-chelate complexes with tetracarbonyl 
phaferrocenes 2 and 3 were synthesized by substitution of metal fragments in good yield. X-ray crystal structure deter- 
the amino group in 2-dimethylaminomethy1-3,4,-dimethyl- minations were carried out for the five-ring chelate complex 
phosphaferrocene 1 .  Homologization of 2-formyl-3,4-dimeth- 2 * Mo(CO), (= l o ) ,  and the six-ring chelate complex 9 . 
ylphosphaferrocene 4 by one CH, unit via Wittig olefination Mo(CO), (= 13). 
provided access to the phosphanylethyl derivative 9. Ligands 

There is continuing interest in the development of homo- 
geneous catalysis by transition metal complexes."] The pro- 
gress in asymmetric catalytic transformations brought 
about by chiral metal-ligand assemblies is particularly note- 
worlhy L21 Within that context, the development and im- 
provement of ligand systems plays an essential role. Thus, 
the tuning of the steric and electronic properties of the li- 
gand allows one to control the reactivity of the catalyst and 
the selectivity of a catalytic reaction proceeding in the coor- 
dination sphere of a metal-hgand fragment. We have re- 
cently presented a new type of planar chiral chelate ligand 
based on phosphaferrocene bearing aminoalkyl- and phos- 
phinite donor moieties in the a position of the phospholyl 
ring.[3] Since eP-chelate ligands are among the most im- 
portant ligands in coordination chemistry and catalysis and 
in order to establish a greater variety of donor substituents 
at our new ligands we sought an access to phosphinoalkyl- 
substituted phosphaferrocenes. We report here the syn- 
theses of such new CP-chclate ligands as well as their com- 
plexation behavior toward tetracarbonyl metal fragments. 

Results 
Ligand Syntheses 

The dicyclohexylphosphanyl-subhtituted ligand 2 is syn- 
thesizd \traightforwardly from thc aminomethyl phospha- 
ferrocene 1 by treatment with HPCy2L41 in refluxing acetic 
acid (Scheme 1). This substitution of an aminoalkyl by a 
phosphanyl group is a well known reaction in the chemistry 
of ferrocene derivatives and has been utilized by Togni et 
al. for the preparation of a variety of a-phosphanylalkyl 
ferrocene compounds. 

The phosphanyl compound 2 was isolated as an orange 
oil in analytically pure form in 75% yicld aftcr chromatog- 
raphy on alumina. The 31P NMR spectrum (CDC1,) of 2 
shows two doublets at 6 = -75.5 (PFc-P) and -0.7 (Cy2P), 
respectively. with a coupling constant of 'J(PP) = 29.7 Hz. 

Scheme 1 .  Preparation of ligands 2 and 3 

' \ 1. Me1 - *f 
2. HPPh, 

In contrast, when the amino compound 1 was treated with 
diphenylphosphane instead ol' dicyclohexylphosphane no 
conversion to the desired product could be observed even 
after prolonged reaction times. Obviously, the reduced nu- 
cleophilicity of diphenylphosphane is insufficient to force 
the reaction to proceed to a measureable extent under these 
reaction conditions. However, the diphenylphosphanyl-sub- 
stituted derivative 3 was successfully prepared ~ although 
in low yield - when the amino compound 1 was trans- 
formed to the respective methiodide prior to treatment with 
diphenylphosphane. While ligands 2 and 3 provide the pos- 
sibility to form five-membered chclate complexes with 
metal fragments, we considered it desirable to have also ac- 
cess to ligands with a backbone extended by one more C 
atom which allow the formation of six-membered chelate 
complexes. Thus, the synthesis of the CH2-prolonged alde- 
hyde 6 was devised in the following manner, which might 
afterwards serve as a starting material for the preparation 
of six-ring forming chelate ligands (Scheme 2). 

The aldehyde 4, which is readily available from 3,4-di- 
methylphosphaferrocene by Vilsmeyer formylation, r61 reacts 
with PhlPCIIOMe in a Wittig reaction to give the enol 
ether 5 as a mixture of EIZ isomers in 82% yield. Cleavage 
of the enol ether with formic acid in dichloromethane leads 
to the desired aldehyde 6, which is obtained in 98% yield 
as an orange-red oil. The alcohol 7, obtained by reduction 
of 6 with NaBH, in ether was subsequently transformed to  
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Scheme 2. Synthesis of ligand 9c.1 
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In] Reagents: i: Ph,P=CHOMe, Et,O, 82'%1. - ii: HC02H, CH2Cl,, 
95'%1. - iii: NaBH4, THF. 71%. - iv: MsCl, NEt,, CH2CI,, 70%. 
- v: LiPPh2, THF, 98[!4,. 

the mesylate 8 by treatment with CH3S02CI in 70% yield. 
Addition of LiPPh2 to the mesylate 8 results in the smooth 
formation of the diphenylphosphanyl compound 9, which 
was isolated in 98% yield as a red oil after chromatography 
on alumina. In the "P-NMR spectrum of 9 the 4J(PP) 
coupling between the two phosphorus nuclei is too small to 
be detected. Two slightly broadened singlet resonances are 
recorded at 6 = -81.3 (PFc-P) and - 16.0 (Ph,P), respec- 
tively. The new ligands 2, 3 and 9 are the first examples of 
phosphaferrocencs with phosphanylalkyl side chains. Ma- 
they has prepared 1,l '-diphosphaferrocenes which have 
phosphanyl substituents directly attached to the a position 
of the phospholyl rings. c71 These compounds coordinated 
to metal fragments via the phosphanyl P atoms while the 
phospholyl phosphorus atoms remained uncomplexed. The 
coordination behavior of Mathey's 2,2'-diphosphanyl-sub- 
stituted phosphaferrocenes thus resembled very closely that 
of the dppf ligand.L81 

Complexation Experiments 

In order to investigate the ability of the new compounds 
2, 3 and 9 to act as chelate ligands coinplexation experi- 
ments were carried out using (NBD)Mo(CO)~ as a source 
of Mo(CO)~ fragments (Scheme 3). When equimolar mix- 
tures of (NBD)Mo(CO)~ and the ligands 2, 3 or 9, respec- 
tively. were refluxed in THF for three hours the correspond- 
ing chelate complexes 2 . Mo(CO)~ (= lo), 3 . Mo(CO), 
(= 12) and 9 . Mo(CO)~ (= 13) were isolated in virtually 
quantitative yield as crude products. 

Crystals could be obtained from ethedhexane. Refluxing 
a mixture of Cr(C0)6 and ligand 2 in xylene gave the chro- 
mium complex 2Cr(C0)4 (= 11) in 80% yield. The NMR 
spectra show several characteristic features upon com- 
plexation of the metal fragments (Tables 1 and 2). 

The "P resonances are considerably shifted to lower field 
in the complexes for both the phospholyl and phosphanyl 
P nuclei. The 'J(PP) coupling constants in the free ligands 
2 and 3 are reduced upon complexation.[91 As usual in thc 
coordination chemistry of phosphaferrocenes"'] the 2J(HP) 
coupling constant of 36 Hz for the a proton in the phos- 
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Scheme 3. Synthesis of chelate complexes 

R R  

2 , R = C y  
2 , R = C y  
3, R = Ph 

M = Mo, L, = NBD 
M = Cr, L =  CO 
M = Mo, L, = NED 

10, M = Mo, R = Cy 
11, M = Cr, R = Cy 
12, M = Mo, R = Ph 

Ph Ph 

co 
I .co 9 + (NBD)Mo(CO), - & co 

13 

Table 1. 31P-NMR data (CDCl,. J in Hz) for the ligands 2, 3, 9 
and the complexes 10- 13 

6 31P (PFc) 6 ?'P (R2P) J(PP) J(HP) (a-H) 

2 -75.5 -0.7 29.7 36.0 
3 -76.4 - 12.6 28.0 36.0 
9 -81.3 -16.0 - [a1 36.0 
10 -0.8 81.0 - [dl 33.0 
11 37.3 102.3 14.8 32.0 
12 -1.4 64.5 5.0 33.6 
13 -30.9 16.7 32.2 33.9 

La] Not observed. 

Table 2. "Cf'H}-NMR (CDC13, J in Hz) and IR data for the com- 
plexes 10-13 

10 208.7 209.2 216.0 216.4 2017, 1906, 

11 228.4 228.9 220.9 221.1 2008, 1896, 

12 206.2 209.2 216.3 216.7 2025, 1908, 

(12.0/7.1) (12.0/7.1) 26.019.0 34.9/8.0 1889["1 

8.8/2.0 12.6 21.4/10.4 20.9/9.4 18841"l 

11.0/6.0 12.0/8.0 25.0/8.5 27.016.5 1887Lbl 
13 208.2 208.8 213.6 215.0 2022, 1905, 

11.5/8.X 11.Y8.3 33.4/9.8 22.Y10.4 1888Ibl 

"1 Et20. - THE 

pholyl ring of the free ligands decreases to 32-34 Hz in the 
complexes. In the 13C-NMR spectra of the complexes four 
resonances are observed for the carbonyl C atoms which 
can be assigned to the equatorial (trans to P) and axial 
(trans to CO) CO groups on the basis of chemical shifts and 
,J(PC) coupling constants. As is common for tetracarbonyl 
molybdenum complexes with two cis-coordinated phos- 
phanes" '1 the equatorial carbonyls appear at lower field 
and show a large coupling with the trans phosphorus 
[2J(PC,,,,,,) = 21-35 Hz] whereas the axial CO groups 
show significantly smaller coupling with the two cis-ori- 
ented P atoms of 2J(PC,,s) = 6-13 Hz. 
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Structures of Complexes 10 and 13 

Crystals suitable for X-ray diffraction analysis were ob- 
tained from ethedhexane (10) and CHCI3/hexaiie (13), 
respectively. The structures (Figures 1 and 2) confirm the 
chelating coordination mode for ligands 2 and 9 with dis- 
torted octahedrally coordinated molybdenum centres. Some 
prominent geometrical parameters for the two structures 
are compiled in Table 3. 

Figure 1. Molecular structure of 10 

C4 1 

Figure 2. Molecular structure of 13 

c9 

In both compounds the two phosphorus atoms PI and 
P2 behavc quite different in their donorlacceptor properties 
resulting in different Mo-P distances. 

While the Mo-P2 distances of 2.565(1) A (10) and 
2.529(1) A (13) are typical for aryl and alkyl ghos- 
phancs[11b1'11c1112] the Mo-PI distances of 2.492(1) A (10) 
and 2.446(1) A (13) are shorter and fall in the range ob- 
served for MO(CO)~ complexes with more n-acidic phos- 
phorus l igand~.[ '~] The differences in the Mo-C distances 
are much less pronounced. The axial Mo-C bonds tend to 
be a bit longer than those to the equatorial carbonyl C 
atoms. However, the trans position to the two different 
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Table 3. Selected bond lengths [A] and angles ["I of complexes 10 
and 13 

10 13 

Mo-Pl 
M o - P ~  
Mo-C2I 
Mo-C22 
Mo-C23 
Mo-C24 
P1 -Mo- P2 
M o - P I - C ~  

C24 - MO -P2 -C40 
C24-Mo-PI -C5 

2.492( 1) 
2.565(1) 
2.027(5) 
1.975(5) 
1.983(5) 
2.043( 5) 

76.15(3) 
114.3(1) 

90.7(2) 
3.0(2) 

62.6(3) 

154.0(3) 

2.446(1) 
2.529( 1) 
2.022(3) 
2.005(3) 
1.972(3) 
2.025(3) 

81.59(2) 
129.5(1) 
138.6( 1) 
91.5(1) 
6.9(2) 

64.2(2) 

phosphorus donors docs not significantly affect the two 
equatorial Mo-C distances which are almost equal within 
experimental error. The chelate rings show an envelope con- 
formation in 10 and a half-chair conformation for the six- 
membered ring in complex 13. More serious deviations 
from an idealized geometry are evident for the five-ring che- 
late complex 10 with a P-Mo-P bite angle of 76.15(3)" as 
compared to 81.59(2)' in 13. We believe that the longer 
Mo-P distances in 10 than in 13 (vide supra) are the conse- 
quence of the smaller bite angle of ligand 2. Furthermore, 
the Mo-PI vector does not radially point away from P1 
but is tilted toward the chelate ring. Thus, since the angle 
C2-PI-C5 is close to 90" a value of 135" is expected for 
the angle 'p (Mo-PI-C2) in an idealized situation 
whereas 114.3(1)" is found for 10. The corresponding valuc 
of 'p = 129.5(1)" for 13 demonstrates a much more relaxed 
gcometry for thc six-membered chelate ring. In both struc- 
tures the substituents on P2 each adopl one axial and one 
equatorial position with the axial residue (C40) oriented 
truns to the CpFe moiety resulting in an almost eclipsed 
conformation with respect to onc carbonyl ligand (C24) 
[torsion angle C40-P2-Mo-C24: 3.0(2j0 (10) and 6.9(2)" 
(1311. 

Conclusion 

We have demonstrated that phosphanyl-substituted phos- 
phaferrocenes are available in good yield by synthetic routes 
that allow to vary both the nature of the phosphanyl group 
and the chain length of the phosphanylalkyl side chain. Thc 
new ligands cleanly formed RP-chelate complexes with 
tetracarbonyl metal fragments. The structure of the five- 
membered chelate complex 10 turned out to be considerably 
more strained than the six-ring chelate in 13. We are cur- 
rently focussing our attention to complexes with metals 
which might be useful in catalytic applications. 

Support of' this work by the Deutsrlie ForJrlzuitgsgei~ieinsrh~~t 
(SFE 380) is gratefully acknowledged. 

Experimental Section 
All manipulations were carried out under dry N2 in Schlenk 

glassware. Solvents were dried and purified by standard methods 
and w r e  stored under N2. - NMR: Varian Unity 500 (499.843 
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MHz. 'H, int. TMS: 125.639 MHz, ''Ci'H), APT, int. TMS; 
202.265 MHz, 31P{'H), ext. 85% H'PO,). - MS: Finnigan MAT 
95. - Elemental analysis (C, H. N): Carlo-Erba elemental analyzer, 
Modell 1106. - IR: Perkin-Elmer 1720 X FTIR. - 2-Formyl-3.4- 
dimethylphosphaferrocene (4),161 2-dimethylaminomelhyl-3.4-di- 
methylphosphaferrocene (1)13] and its methiodider'l wcre prepared 
as described in the literature. 

[ i 3,4-Dirnctli,vl~~hos~~hufburocun-2-yli met~~yl]dicyclohe~ylphos- 
p h a m  (2): [(3,4-Dimethylphosphaferrocen-2-yl)methyl]d~nethyl- 
amine (1, 1.44 g, 4.98 mmol) was dissolved in 15 ml of glacial acetic 
acid. Dicyclohexylphosphane (1.0 ml, 6.0 mmol) was addcd and 
the solution was refluxed for 12 h. After the addition of 15 ml of 
CH2C12 20 in1 of dil. NaOH was added and the phases were sepa- 
rated. The organic layer was washed twice with water and brine 
and dried with Na2SO4. Filtration and evaporation of the solvent 
in vacuo gave an orange oil. Chromatography on alumina gave 2 
as an orange oil, which crystallizes after several weeks (1.65 g, 3.72 
mmol, 75%). - 'H NMR (CDCI?): F = 0.90-2.26 (m, 22 H, Cy- 
H), 2.19 (s, 3 H, CH,), 2.20 (s, 3 H, CH,), 2.30 (m, 2 H, CFI,PCy2). 
3.66 (d. 2J = 36.0 Hz, 1 H, a-H), 4.08 (s; 5 H; Cp). - "C NMK 
(C,DCl,): 6 = 13.5 (d, J =  4.3 Hz. CH,), 16.1 (CH,), 23.0 (dd, J =  
1 8 . 9 H z . J ~  18.9H~.CH2PCy2).25.4(d,J=6.1H~,CH2),26.1 
(d, J = 3.6 Hz, CH2), 26.3 (d. J < 1.0 Hz, CH?). 26.4 (CH,), 26.5 
(CHJ, 26.7 (CHl), 28.1 (d, J = 8.7 Hz, CHl)? 28.6 (d, J 2 10.4 
Hz, CHJ, 29.3 (d. J = 3.0 Hz, CHl), 29.4 (d, J = 7.4 Hz. CH?): 
32.1 (d, J z 14.1 Hz, C,,,,-Cy), 32.7 (d, J = 14.7 Hz, Cip,,-Cy), 
71.3 (Cp), 74.2 (d, J = 59.2 Hz, a-CH), 92.4 (d. J =  4.9 Hz. CCH,). 
94.5 (d, J = 6.7 Hz; CCH,), 96.3 (dd, J = 17.1 Hz. J z 56.2 Hz. 
CCHzPCy2). - ,'P NMR (CDCI,): 6 = -75.5 (d, ,J = 29.7 Hz, 
cycl. P), -0.7 (d, 3J = 29.7 Hz, PCyJ. - MS (70 cV); ndZ (Yo): 
442.2 (30) [M+], 245 (100) [(M - PCyp)'], 199 (10) [(HPCyl)+]. - 
C24H3656FeP2: calcd. C 65.10, H 8.20; found C 64.50, €I 8.38. 

[ (3,4-Dimetlz?;lphospit~ferroceir-2-yl)meth~~l/diphenylphosphune 
(3): [(3,4-Dimetliylphosphaferrocen-2-yl)niethyl]tnmethylammo- 
nium iodide (1.45 g, 3.36 nimol) was dissolved in 20 ml of aceto- 
nitrile. After the addition of K2C03 (0.93 g, 6.7 mmol) and HPPh2 
(0.75 g ,  4.0 mmol) the solution was relluxed for 4 days. After cool- 
ing to room temp. the solvent was evaporated in vacuo. Thc residue 
was dissolved in CHzCIz and the solution was acidified with dil. 
HCI. The phases were separated and the organic phase was washed 
twice with watcr and dried with Na2S0,. Filtration and evapora- 
tion of the solvent in vacuo gave an orange residue. Chroinatogra- 
phy on alumina gave 3 as an orange oil (253 mg, 0.57 mmol, 17'0). 

2.87 (m, 2 H, CH2PPli,), 3.56 (d: *J = 36.0 Hz, 1 H, a-H), 3.98 (s, 
5 H, Cp), 7.19-7.45 (m, 10 H, Ph-H). - ',C NMR (CDCI?): 6 = 

12.9 (d, J = 2.3 Hz, CH3), 16.1 (CH,). 30.3 (dd, 2J = 14.1 Hz, 
' J  = 18.9 Hz, CH,), 71.2 (Cp); 75.0 (d, ' J  = 58.6 Hz, a-CH). 92.4 
(s, CCH3), 93.2 (dd, 2J = 22.6 Hz, ' J  = 60.3 Hz, U-CCHJ, 94.3 
(d, ,J=6.7Hz,CCH3),  127.2(CH), 127.3(CH),127.9(CH),131.4 
(d, J = 17.7 Hz, CH), 132.6 (d. J = 19.6 Hz, CH), 136.7 (d, J = 

- ' H  NMR (CDCI'): 6 = 1.96 (s, 3 H? CH,), 2.07 (s: 3 H, CH,), 

15.3 Hz, CLps0). 138.0 (d, J = 15.9 Hz, C,pso). - "P NMR (CDCIJ): 
6 = -76.4 (d, ' J  = 28 Hz, cycl. Pi, -12.6 (d, ' .I  = 28 Hz, PPhJ. 
- MS (70 eV); nzlz (?A): 430.1 (10) [M+]. - C24H2456FeP2; calcd. 
430.07026; found 430.07032 (MS). 

(EIZ) -1 -Metho.xy-2- (3,4-dirnethylphosphaferrocen-2-y1) ethrnv 
(5): [Ph3PCH20CH3]CI (3.43 g, 10.1 mmol) was suspended in 100 
ml of dry diethyl ether. At 0 T  PhLi (0.89 M, 11. 3 ml, 10.1 mmol) 
was slowly added. The deep red solution was stirred for 10 min at 
0°C. A solution of (3.4-dimethylphosphaferrocen-2-y1)carbal- 
dehyde (4. 2.38 g, 9.1 mmol) in 30 ml of ether was slowly added. 
After 12 h of stirring at room temp. the pale brown solution was 
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hydrolyzed with 10 ml of water and acidified with dil. HCI. The 
phases were separated and the organic phase was washed twice with 
water and brine and dried with Na2S04. Filtration and evaporation 
of the solvent in vacuo gave an orange oil. After addition of 50 ml 
of hexane insoluble Ph3P0 was separated by filtration. Evaporation 
of the solvent in vacuo and chromatography on alumina gave the 
E/Z isomers (ratio E/Z = 40160) of I-methoxy-2-(3.4-dimethylph- 
osphaferrocen-2-y1)ethene (5) as an orange oil (2.15 g, 7.47 mmol, 

i Z j - ~ - ~ ~ e t h o x ~ - 2 - ~ 3 , 4 - ~ i m e l h ~ ~ ~ h o . c p h ~ ~ e r r ~ ~ c e n - 2 - ~ ~ ~ ) e t h e n r :  'H 

82%)). 

NMR (CDCI'): 6 = 2.20 (s, 3 H, CH,). 2.20 (s. 3 H, CH'), 3.71 ( s ,  
3 H, OCH,), 3.82 (d, ' J  = 36.0 Hz, 1 H, a-m, 4.07 (s. 5 H. Cp), 

(d, ' J  = 6.41 Hz, 1 H, CHCHOCH'). - 'T NMR (CDClI): F = 
13.9 (CCH3), 16.9 (CC713). 59.7 (OCH,), 72.3 (Cp), 77.5 (d, a-C, 

5.03 (dd, ' J  = 6.41 Hz, ' J  = 13.74 Hz. 1 H, CHCHOCH,). 6.05 

' J  = 58.1 Hz), 88.7 (d, ' J  = 63.1 Hz. a-c), 91.6 (d; *.I = 6.0 Hz, 
CCH,), 94.7 (d, *.I = 6.0 Hz, CCH,), 104.5 (d, ' J  = 13.2 Hz, CH= 
CHOCH'), 146.1 (CH-C'HOCH1). - ,'P NMR (CDC13): F = 
-74.1. - MS (70 eV); ink (%)): 288 (20) [M+]. - C14H1756FcOP; 
calcd. 288.03664: found 288.0366 (MS). 

(E)-l-Metlioxy-2-(3,4-dii~iethy~ihospha~errocen-Z-~~l)et~ieiie: 'H 

3 H, OCH,), 3.72 (d, * J  = 36.6 Hz, 1 H, a-H): 4.10 (s. 5 H. Cp), 
5.43 (dd, 3J = 9.16 Hz, 3J = 12.51 Hz. C H  = CHOCH?), 6.04 (d. 

(CCH,), 16.9 (CCH,), 56.7 (Om,).  72.3 (Cp), 74.9 (d. ' J  = 58.7 
Hz, cc-C), 91.3 (d. ' J  = 6.0 Hz, CCH3). 92.9 (d, ' J  = 57.0 Hz. a- 

NMR (CDCI:): 6 2.18 (s, 3 H, CH,), 2.21 (s, 3 H, CH,), 3.58 (s, 

3./ = 6.4 Hz, CH=CHOCH,). - 13C NMR (CDC13): S = 13.9 

C) ,  95.7 (d, ' J  = 7.1 Hz. CCHS). 102.9 (d, '5 = 14.3 €12, CH= 
CHOCH;), 147.2 (d, ' J  = 7.1 Hz, CH=CHOCH'). - 31P NMR 
(CDCI?): 6 = -87.8. - MS (70 eV); nzli (%): 288 (20) [M+]. - 
C,4HL756F~OP: calcd. 288.03664; found 288.0366 (MS). 

(3,4-Ditneth~~lphos~~hufe~errocen-Z-J.ljacetaldehyde (6): (ElZ)-5 
(2.17 g, 7.53 mmol) was dissolved in 20 ml of CH2CI2. Alter ad- 
dition of 5 ml of concd. formic acid the solution was refluxed for 
12 h. The solution was made alkaline with dil. NaOH, the organic 
phase was separated and waslicd twice with water and brine. Fil- 
tration and evaporation of the solvent in vacuo gave 6 as an analyti- 
cally pure orange oil (1.96 g, 7.15 mmol, 950/0). - 'H NMR 
(CDC1,): 6 = 2.12 (s, 3 H. CH?), 2.22 (s. 3 H, CH,),3.12-3.27 (m, 
2 H, CH,), 3.82 (d, ' J  = 36.6 Hz, 1 H, a-H), 4.15 (s, 5 H, Cp), 
9.58 (dd, ' J  = 2.44 Hz, 3J = 2.14 Hz, CHO). - I3C NMK (CDC13): 
6 = 13.6 (CCH,), 16.8 (CCH,), 44.8 (d, ' J  = 17.5 Hz, CEZ), 72.1 
(Cp), 76.6 (d, ' J  = 58.7 Hz, a), 87.7 (d, ' J  = 59.3 Hz. CCH>), 
93.7 (d, ' J  < 1.0 Hz. CCH3), 96.0 (d. ' J  < 1.0 Hz, CCH,), 199.3 
(d, I J  = 4.4 Hz. CHO). - 31P NMR (CDCI,): 6 = -77.4. - MS 
(70 eV); rnlz (%): 274 (25) [M+], 244.9 (20) [(M - CH?O)+]; 153 
(20) [(M - CpFe)+]. - C13H15shFeOP; calcd. 274.02099: found 
274.021 13 (MS). 

2-[3,4-~iinetii~lpJiosphaferro~en-2-yl)ethnnol (7): To a suspen- 
sion of NaBH4 (70 mg, 1.82 mmol) in 20 ml of THF a solution of 
6 (2.00 g, 7.30 mmol) in 15 in1 of THF was added. ACter 12 h of 
stirring the solvent was cvaporated in vacuo and the residue was 
dissolved in 40 ml of dry ether. The solution was acidified carefully 
with 20 nil of diluted IICl. The phases were separated and the 
organic phase was washed twice with H 2 0  and dried with Na2S04. 
Filtration and evaporation ot'the solvent in vacuo gave an orange 
oil. Chromatography on alumina gave 7 as an orange oil (1.42 g, 
4.9 mmol. 70.5%). - 'H NMR (CDCl3): F = 2.06 (s, 3 I I ,  CH3), 
2.11 (s, 3 H, CH,), 2.22-2.44 (m3 2 H1 CH,CH,OH), 3.58 (br. s; 1 
H, OH), 3.62 (d, *J = 36.0 Hz, 1 H, cc-K). 4.02 (s, 5 H, Cp), 
3.99-4.07 (m, 2 H, CH2CH20H). - 13C NMR (CDCI3): 6 = 12.8 
(CCX,), 16.1 (CCH,): 32.8 (d, *J = 17.7 Hz, CH2CH2), 62.9 (d, 
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3J = 6.1 Hz, CH*CHZ), 72.1 (Cp), 74.6 (d, ' J  = 58.0 Hz, CH), 92.5 

' J  = 6.7 Hz, CCH,). - ,'P NMR (CDCI,): F = -79.3. MS (70 
(d, ' J  = 4.9 Hz, CCH3), 94.0 (d, ' J  = 58.6 Hz, CCH,), 94.9 (d; 

eV); mlz  ('XI): 276 (20) [Mt]; 244.9 (20) [(M - CH,O)+]; 229.9 
(10) [(M - C2HjOH) ' I ;  121 (10) [(CpFe)']. - C13H17shFeP; calcd. 
276.03679; found 276.03681 (MS). 

[2-(3,4-Dimethylphosphujcrrocen-2-1;1)ethyl] Meihylsuljonute 
(8): To a solution of 7 (1.42 g, 5.14 mmol) in 30 ml of CH2Cl2 at 
0°C NEt3 (0.5 g. 5.14 mmol) and CHIS02Cl (0.58 g, 5.14 mmol) 
wa9 added dropwise. After 3 h of stirring the solution was acidified 
with dil. HC1. The phases were separated and the organic phase 
was washcd twice with H 2 0  and dried with Na2S04. Filtration and 
evaporation of the solvent in vacuo gave an orange residue. Chro- 
matography on alumina gave 8 as an orange oil (1.27 g, 3.58 mmol: 
70%)). - 'H NMR (CDC13): 6 = 2.09 (s; 3 H, CH,), 2.15 (s, 3 H, 
CH,), 2.40-2.65 (m, 2 H, CH2CH20),2.88 (s. 3 H, S 0 2 C H 3 ) ,  3.65 
(d, ,J = 36.5 Hz. 1 H. a-H), 4.05 (s, 5 H, Cp), 3.97-4.08 (m, 2 H, 
CH,CH,O). - 13C NMR (CDC13): 8 = 13.6 (CCH,), 16.8 (CCH,), 
30.6 (d, ' J  = 18.6 Hz, CH,CH20), 37.3 (OSO,CH,), 70.3 (d, 3J = 
6.0 Hz, CII,CH,O), 72.0 (Cp). 75.8 (d, ' J  = 58.1 Hz, CH), 92.4 

' J  = 6.5 Hz. CCH3). - ,'P NMR (CDC13): 6 = -79.1. - MS (70 
(d, '.J = 59.2 Hz, CCH2), 93.5 (d, '5 = 3.0 Hz. CCH3), 95.9 (d, 

eV); m k  (%I): 353.9 (10) [M+]; 262.1 (15) [(PfcCH,OH)+]; 149 (30) 
[(CpFeC,H,)+]. - C,,H1956Fe03PS; calcd. 354.02238; found 
354.02242 (MS). 

[2- !3,4-Dimet/iylpkosphuferrocen-2-yl) et~z1;.:ljdiplzenylplzosphane 
(9): 8 (252 mg, 0.71 mmol) was dissolved in 10 ml o f  dry T H E  
After cooling to -78°C a solution of  LiPPh, (273 mg, 1.42 mmol) 
in 10 ml of THF was added. The deep red solution was allowed to 
warm to room temp. to 0°C. After 6 h of stirring 10 ml of water 
was added. The phases were separated and the organic phase was 
washed twice with H 2 0  and dried with NaZSO4. Filtration and 
evaporation of the solvent in vacuo gave an orange oil. Chromatog- 
raphy on alumina gave 9 as an orange oil (310 mg, 0.70 mniol, 

CH,), 2.03-2.20 (m, 4 H, CH2CH2PPh2), 3.57 (d, zJ = 36.0 Hz, I 
H, a-H), 3.92 (s; 5 H, Cp), 7.16-7.45 (m, 10 H, Ph-H). - 13C 
NMR (CDC1,): 6 = 12.6 (CH,), 16.0 (CH,), 26.5 (dd, 2J = 18.9 
Hz, ' J  = 18.7 Hz, CH,), 30.3 (dd, ' J  = 41.0 Hz, ' J  = 7.7 Hz, 

Hz, CCH3), 94.7 (d, J = 6.3 Hz, CCH,), 99.8 (dd, ' J  = 15.5 Hz, 
' J  = 60.3 Hz, a-CCH,), 127.2 (d, J = 4.0 Hz, CH), 127.3 (d, J = 

6.6 Hz, CH), 127.7 (CH), 128.2 (CH); 128.5 (d. J = 4.2 Hz. CH), 

98%). - 'H NMR (CDC13): 8 = 1.93 (s, 3 H, CH,), 2.07 (s ,  3 H, 

CH2), 70.9 (Cp), 74.3 (d, ' J  = 58.0 Hz, a-CH), 91.7 (d, J = 4.9 

131.8 (d, J = 24.2 Hz, Cipso), 132.6 (d, J = 15.2 Hz, CH), 134.2 
(CH), 135.6 (d, J = 5.7 Hz, CH), 138.0 (d, J = 15.9 Hz, Cipl0). - 
31P NMR (CDCI,): 6 1 -81.3 (cycl. Pj, -16.0 (PPh,). - MS (70 
eV); m k  ("0): 443.9 (100) [M '1. - C2sH26P2'6Fe; calcd. 444.09034; 
found 444.09032 (MS). 

Generul Procedure f o r  ihe Synthesis of Tetrurur-bon~~bnolJib~lenurll 
Cowplexes: Tetracarbonyl(norbornadienejmo1ybdenum (147 mg, 
0.49 mmol) was suspended in 10 ml of THF. A solution of the 
respective ligaiid (0.49 mmol} in 10 nil of THF was added. The 
solution was refluxed for 3 h and the solvent was evaporated in 
vacuo. The yellow residue obtained in quantitative yield was essen- 
tially pure according to 'H-NMR analysis. Recrystallizatioii of the 
crude product from EtzO/hexane afforded orange needles. 

Tetracarbonyl{~~3,4-dimeth~~lphosphi~ferrocer2-Z-yljmetlz~~l~- 
diryclohe~y~hosphune~molybden~4in (10): Tctracarbonyl(norborna- 
diene)molybdenum (147 mg, 0.49 mmol) and 2 (216 mg, 0.49 
mmol) wcre trcated in the above manner to yield orange needles of 
10, suitable for X-ray diffraction analysis (250 mg. 78%). - 'H 
NMR (CDC13): 6 = 0.9-2.26 (ni, 22 H, Cy-H), 2.20 (8 ,  3 H, CH,), 

2.26 (s, 3 H, CHI),  2.10-2.20 (m. 2 H, CH2PCy,), 3.57 (d, 2J = 
33.0 Hz, 1 H, a-H), 4.19 (s, 5 H, Cp). - 13C NMR (CDCI2): 6 = 

14.4 (d, J = 3.3 Hz, CH,), 15.9 (d, J = 3.8 Hz, CH,), 20.7 (dd, 
J = 19.5 Hz. J = 22.7 Hz, CH~PCY,). 24.9 (d, J = 1 .O Hz, C H J ,  
25.3 (d, J = 1.0 Hz, C H 2 ) .  25.7 (d, J = 11.5 Hz, CHZ), 25.8 (d, 
J = 9.9 Hz, CH,), 26.3 (CH,). 26.4 (d, J = 7.9 Hz; CH,), 26.5 (d, 
J = 6.1 Hz, C'Hz), 27.6 (d, J = 4.1 Hz, CH'), 28.4 (C'H,). 28.5 (d, 
J = 1.7 Hz, CH?), 36.5 (d. J = 13.9 Hz, C-,,,,-Cy), 36.9 (dd. J = 

15.3 Hz, J = 3.3 Hz, Cip,,-Cy), 66.0 (dd: J 18.4 Hz, J = 5.6 Hz, 
a-CH), 72.7 (Cp), 89.2 (dd, J = 5.1 Hz, J = 11.0 Hz, CCH?), 91.2 
(CCH,), 93.7 (dd, J = 2.8 Hz, J == 27.3 Hz, C'CH~PCY~), 208.7 
(dd, J = 7.1 Hz. J = 12.0 Hz, CO). 209.2 (dd, J = 7.1 Hz. J = 

12.0 Hz, CO), 216.0 (dd, J = 26.0 Hz, J = 9.0 Hz, CO), 216.4 (dd, 

(s, cycl. P), 81.0 (s, PCyJ. - MS (70 eV); nzlz (I%): 652 (10) [M+]; 

Mo(COlq)+]. - IR (Et20): v(C0) = 2017 m, 1906 vs, 1889 cm-' 
m. - C28H3hFeMo04P2; calcd. C 51.71. H 5.58; found C 51.78, 
H 5.69. 

Tetracarbonyl{[ (3,4-dirnethylphosphnferroce~i-2-yli rnet l zy l ] -  
~~ihen~?);lplio.~phane~mol?b~enu~n (12): Treatment of (norborna- 
diene)tetracarbonylmolybdenum (123 mg, 0.41 mmol) and 3 (176 
mg. 0.41 mmol) according to the general procedure gave 12 as or- 
ange needles (99 ing: 38%). - ' H  NMR (CDC13): 6 = 2.25 (s. 3 
H, CH,), 2.37 (s. 3 H, CH,). 2.52 (m. 1 H, CH2PPh2), 3.00 (m, 1 

7.12-7.83 (m. 10 H, Ph-H). - I3C NMR (CDCI3j: 6 = 15.4 id, 
J = 2.8 Hz. CH,), 16.8 (d, J = 3.3 Hz, CH3). 30.0 (dd, 2J = 16.6 
Hz; ' J  = 25.2 Hz, CHJ, 67.3 (dd: J = 6.1 Hz. J = 16.5 Hz, a- 
m), 73.8 (5 C, Cp), 90.2 (dd, ' J  = 3.0 Hz, = 12.6 Hz, CCH,), 

Hz, CH), 128.7 (d, J 9.9 Hz, CH), 129.1 (CH). 129.9 (d. J = 

11.5 Hz, CH), 130.6 {CH), 130.9 (CH), 131.7 (CH), 133.2 (d. J = 

13.2 Hz, CH), 135.9 (dd, J = 31.8 Hz, J = 6 Hz, C,pso), 139.8 (d, 

209.2 (dd, J = 8.0 Hz, J = 12.0 Hz, CO), 216.3 (dd. J = 8.5 Hz, 

J = 34.9 Hz, J = 8.0 Hz, CO). - "P NMR (CDC13): 6 -0.8 

624 (20) [(M - CO)+J; 596 (20) [(M - 2 CO)']; 442 (20) [(M - 

H, CHZPPh,), 3.67 (d, ' J =  33.6 Hz, I H. a-H), 4.11 (s, 5 H, Cp), 

92.7 (s, CCH,), 93.6 (d, ' J  = 28.5 Hz, CX-CCH~), 128.5 (d, J = 8.7 

J = 31.8 Hz, CipaLJr 206.2 (dd, J = 11.0 Hz. J = 6.0 Hz, CO); 

.I = 25.0 Hz, CO), 216.7 (dd. J = 6.5 Hz, J = 27.0 Hz, CO). - 
"P NMR (CDCI,): 6 = -1.4 (d, 3J 5.0 Hz, CYCI. P) ,  + 64.5 (d, 

(80) ((M - CO)+]: 582 (60) [(M - 2 CO)']; 526 (100) [(M - 4 
3J = 5.0 Hz; PPh2). ~~ MS (70 eV); mlz  (%): 638 (45) [M+]; 610 

CO)']. - IR (THF): v(C0) = 2025 m, 1908 vs. 1887 cm-l m. - 
C28H241;eMo04P,; calcd. C 52.60, H 3.80; found C 52.10, H 3.60. 

Telrucurhonpl{[2- (3.4-dimeth~lphosphuferrocen-2-yI~ ethyl]- 
dil,hen)~lpho.~phanejmoll;bdcnum (13): (Norb0rnadiene)tetracarbon- 
ylmolybdenum (128 mg: 0.43 mmol) and 9 (190 mg, 0.43 mmol) 
were treated according to the general procedure to afford orange 
needles of 13, suitable for X-ray diffraction analysis (95 mg, 34%). 

2.25 (m, 1 H, CH2CH2PPh2), 2.40 (In, 1 H; CH2CH2PPh2), 2.62 
(m, 2 H, CH2CH2PPhZ), 3.47 (d, *.I = 33.9 Hz, 1 H,  a-H), 4.20 (s. 
5 H,  Cp). 7.26--7.54 (ni, 10 H, Ph-H). - I3C NMR (CDCI,): 6 = 

- 'H NMR (CDCI'): 8 = 1.98 (s, 3 H, CH'), 2.12 (s, 3 H, CH,), 

12.8 (d. J = 2.7 Hz, C H 3 ) ,  16.4 (d, J = 4.4 Hz. CH,). 24.5 ((1, ' J  = 
14.3 Hz, CH,), 30.3 (dd, ' J  = 13.2 Hz, ' J  = 3.3 Hx, CHJ, 67.9 
(dd. ' J  = 7.7 Hz, ' J  = 5.5 Hz, a-CIT), 73.0 (Cp), 87.8 (dd, = 

(CCH,). 128.3 (d, J = 8.8 Hr, CH), 128.5 (d, J = 4.9 Hz? C'H). 
128.6 (d, J = 3.3 Hz, CH), 129.2 (CH), 130.0 (C'H), 130.9 (d, J = 

11.5 Hz, CH), 131.5 (d, J = 6.6 Hz, .J = 6.6 Hz, C'H), 132.5 (d, 
J = 12.7 Hz, CX), 135.2 (d: .I = 29.3 Hz, C,,,,), 138.6 (dd, J = 

3.8 Hz, J = 15.9 Hz, C,pso). 208.2 (dd, J = 11.5 Hz, J = 8.8 Hz, 
CO), 208.9 (dd, .I = 8.3 Hz, J = 11.5 Hz, CO), 213.6 (dd, J = 9.8 
Hz. J = 33.4 Hz, CO), 215.0 (dd, J = 10.4 Hz, J = 22.5 Hz, CO). 
- "P NMR (202 MHz, CDCI,): 6 = -30.9 (d, J = 32.2 Hz, CYCI. 

6.5 Hz, ' J  = 3.8 Hz, CX-CCH~), 91.6 (d, 3J = 3.8 Hz, CCH?), 92.5 
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P), 16.7 (d, J = 32.2 Hz, PPhB). - MS (70 eV); w i h  (%I): 654 (45) 
[M+]; 596 (100) [(M - Hz - 2 C0)  '1: 540 (40) [(M - H2 - 4 
CO)+]. - TR (THF): v(C0) = 2022 m, 1905 s, 1888 cm-' m. - 
C29HZbFeMo04P2; calcd. C 53.35, H 4.02; found C 53.07, H 3.97. 

Tetracarhonyi (f [ 3 , 4 - d i m e t l ? y 1 / 7 h o , ~ p l ~ ~ ~ ~ r r o r e ~ 7 - 2 - y l / ~ ~ , ~ h ~ ~ / / -  
~ i c ~ c ~ o ~ l e s ~ , l p ~ r o s ~ ~ a n e ~ c ~ r o m i z r m  Hexacarbonylchromium 

of (216 mg, 0.49 mmol) in ml of xylene was added, The solu- 
tion was stirred for telllperature was 
raised for every 30 minutes, hexacarbonylchro- 
miurn was shaken back into the flask. The solution was then re- 
fluxed overnight. The solvent was evaporated in vacuo and the resi- 
dne was dissoluted in CHC13, 'The solution was filtrated over a 
short column of alumina. Evaporation of a part of the solvent and 
addition of 5 ml of hexane afforded 11 as yellow needles (237 mg, 
80Yn). - 'H NMR (CDCI?): 6 = 0.89-2.17 (m, 22 H, Cy-H); 
2.17-2.21 (m. 2 H, CH2pCYz); 2.21 (S, 3 H, cff3); 2.26 ( S ,  3 H, 
CH,); 3.53 (d, ' J  = 32.0 Hz. 1 H, a-H); 4.21 (s: 5 H. Cp). - I3C 
NMR (CDC1,): 6 = 15.2 (d, J = 2.7 Hz, CH3); 16.8 (d, J = 3.8 

(CH2); 26.2 ( f l 1 2 ) ;  26.8 (d, J = 10.9 HZ, =,); 27.0 (d, J = 11.5 
Hz, CH,): 27.0 (CH,); 27.5 (CH2); 27.5 (d, J = 9.9 Hz, CH2); 28.0 

C. Ganter, L. Brassat, B. Ganter 

X-ray Structiirul Analysis of' 10 and 13: ENRAF-Nonius CAD4. 
01-20 scan, Mo-K, radiation (0.71073 A). graphitc monochromator. 
data collection at 298 K. Structure solution with Patterson meth- 
o d ~ . " ~ ]  All non-hydrogen atoms were refinedl"] with anisotropic 
thermal parameters. Hydrogen atoms were located from a differ- 
ence Fourier syntliesis and refined isotropically. For 13 an empirical 

mission: 0.899, 1.000). The cryslal data and refinement parameters 
are listed in Table 4. Crystallographic data (excluding structure fac- 
tors) for the structures reported in this paper have been deposited 
with the Cambridge Crystallographic Data Centre as supplernen- 
tary publication no. CCDC-100473. Copies of the data can be ob- 
tained free of charge on application to The Director, CCDC, 12 
Union Road, Cambridge CB2 IEZ (Fax: int. +44 (0)1223/336-033: 

(108 mg, 0.49 mmol) was suspended in 20 ml ofxylene. A solution absorption correction (v-scans) was applied (nlin, max trans- 

hour at 500C. 

deposit@chemcrys.cam.ac.uk). 
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Table 4. Crystal data and structure refinement parameters 
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0.30 X 0.25 X 0.10 0.20 X 0.08 X 0.08 

a [.%I 
b [bl 
P [  I 
c rg1 

,7 
2.0 < 0 < 30.0 

5291, I > 1 .O o(I) 

1.8 < e < 35.0 

6520, I > 2.0 o(l) 
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