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REACTIVITY WITH MkLONATE NUCLEOPHILES 
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SUMMARY : The title compounds react with malonate anions by attack at both the substituted 
and unsubstituted terminii, to afford the trans-cis substituted diene products. 

(Q'-Cyclohexadienylj- and (Q5-cycloheptadienyl)iron(+ll cations are important synthet- 

ic precursors due to their regio- and stereoselective reaction with carbon and heteroatom 

nucleophiles. 1,2 Although open (q5-pentadienyl)iron(+l) cations have been known for more 

than 20 years, 3 the reactivity of these cations with carbon nucleophiles has not been as 

throughly examined. 4 Reaction of (pentadienyl)iron cations with Grignard reagents 

generally gives reductive coupling products. By comparison, reaction with organocadmium 

reagents affords the addition products with poor regioselectivity. 5 The exception is di- 

phenylcadmium which reacts with la exclusively by attack at the unsubstituted terminus to - 

give the trans,cis product 2. More recently, the reaction of la with ally1 trimethylsilane - 

has been reported to proceed via attack at the more substituted terminus. 6 

Fe(O)3 + Fe(COp Fe(COb 

Ph 

Ph2Cd McJSi0PU 

H3C 
Ref.6 Ref.7 

2 

Only two isolated reactions of (pentadienyl) (tricarbonyl)iron(+l) cations with 

malonate anions have been reported. I,8 These recent accounts of the reactivity of (115- 

pentadienyl)iron cations with carbon nucleophiles as well as the recent interest in I'- 

and q3-pentadienyl metal complexes ' prompts us to report our inital results on the 

reactivity of cations 1 with stabilized carbon nucleophiles. 

The preparation of cations la-d have been reported elsewhere. 
10,ll The cation le was 

prepared from methyl 5-phenylpentadienoate by i) coordination to iron tricarbonyl, ii) 

reduction with DIBAL and iii) protonation with HPF6. 
12 Reaction of the alkyl substituted 

cations la-c with stabilized carbon nucleophiles proceeded by attack at both the Cl and C5 

tars&nil3 as shown in Scheme 1. 
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(CO)3Fe 

PP6- + 7(“0)3 

R 

E = COzCH3 
1 3 4 total yield 

a, R = methyl 1 : 1.8 53% 
b, - ethyl 1:l 35% 
o. = n-propyl 1:l 32% 

The products 2 and 4 are separable by careful column chromatography and their structural 

assignments are based on their 'H and I3 C NNR spectral data.14 Notably, the RC_HE2 methine 

proton appears as a doublet of doublets and a simple doublet for & and & respectively. 

Complex B is obtained as the coordinated cis,trans-diene as evidenced by a small Jcis 

coupling (-7 Hz) for H3-H4 and a larger Jtrans coupling (-10 Hz) for Hl-HZ. Likewise 

complex a is assigned the cis geometry based on coupling data. The relative stereochem- 

istry of da at Cl - 

stabilized carbon 

is assumed to be that as shown in Scheme 1 based on exo-attack of 

nucleophiles on (cyclohexadienyl)iron(+l) cations. 1 

Scheme 2. 

+ F&O)3 PP; 

5 

LiCH(C02Me)2 LiCH(C02Me)2 

5 
THF R T?iF 

E (42%) ld,R=CWe (50%) 

36 le.R=pheoyl 4e 

In comparison, the reaction of (pentadienyl)iron(+l) cations a and & with malonate 

anion afforded a single product in each case (Scheme 2). The structural assignment for 

product Jd is based on 'H and 13C NMR spectral data. In particular, the 'H NMR doublet 

at 6 2.80 ppm (J = 11 Hz) was assigned to the proton on Cl; the large coupling constant 

being characteristic of a trans geometry (vide supra). In addition, the 13C NMR resonances 

of jd may be compared with those of Ja, with concomitant downfield shifts due to the Cl 

carbomethoxy substituent. The structural assignment for de is based on comparison of its - 

13C(1H) NMR spectral data with that for *. In particular, the peak at 6 41 corresponds to 

the unsubstituted coordinated diene terminus and the peaks at 6 92.4 and 85.1 correspond to 

the C3 and C4 carbons of a cis diene complex. It is interesting to note that the two dia- 

stereotopic carbomethoxy groups of &2 appear as two clearly distinct singlets in its 60 MHz 

1 H NMR spectrum. The relatively large difference in chemical shift (AsO. PPm) may be 

attributed to the anisotropic effects of the neighboring phenyl substituent. 

Pearson has indicated that site selectivity for nucleophilic attack on (cyclohexa- 

dienyl)(tricarbonyl)iron(+l) cations (ie. Cl, C5 VS. C2, C4) is due to overall frontier 

orbital control, while the regioselectivity for attack at the Cl terminus versus CS may be 
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subject to additional charge and steric effects. 15 While the site of nucleophilic attack 

(ie. Cl vs C5) for the 1-alkyl substituted cations (la_c) is disappointingly nonregiosel- 

ective, nucleophilic attack on the carbomethoxy and phenyl substituted cations (u and &) 

proceeds with high regioselectivity.16 These results strongly suggest that the site of 

attack by malonate anion on substituted (pentadienyl)iron(+l) cations is largely the result 

of charge control; ie. attack at the pentadienyl terminus which is better able to stabilize 

the "6+" charge. The lack of regioselectivity for malonate attack at the l-alkyl penta- 

dienyl cations may be rationalized on the basis of off setting weak steric and electronic 

influences. 

We are currently exploring applications of the reactivity of (pentadienyl)iron(+l) 

cations, in particular Id, to the synthesis of the biologically interesting leukotrienes 17 

(cf. &HETE and 5,6-LTA4, 2 and 2). 

HO H 
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ACKNOWLEDGMENTS: The authors wish to thank the Marquette University Graduate School 
Committee-on-Research for financial support and Dr. Suzanne Wherli (University of 
Wisconsin-Milwaukee) for her assistance in obtaining high field 'H NMR spectra. 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 

11) 

12) 

13) 

REFERENCES AND NOTES 

A.J. Pearson, "Comprehensive Organometallic Chemistry**, Pergamon Press: New York, NY, 
1983, Vol. 0, Chpt. 58; A.J. Pearson, C.W. Ong, J. Am. Chem. Sot. (1981) 103, 6686. 

A.J. Pearson, S.L. Kole, T. Ray, J. Am. Chem. Sot. (1984) 106, 6060; J.C. Watkins, M. 
Rosenblum, Tetrahedron Lett. (1984) 2097. 

J.E. Mahler, Ii. Gibson, R. Pettit, J. Am. Chem. Sot. (1963) 85, 3959. 

Reactivity of (pentadienyl)iron(+l) cations with heteroatom nucleophiles has been 
reported: R.S. Bayoud, E.R. Biehl, P.C. Reeves, J. Organometal. Chem. (19791 174, 
297; R.S. Bayoud, E.R. Biehl, P.C. Reeves, J. Qrganometal. Chem. (1978) 150, 75; G. 
Maglio, R. Palumbo, J. Organometal. Chem. (1974) 2, 367. 

A.J. Birch, A.J. Pearson, J. Chem. Sot., Perkin Trans. I (1976) 954. 

M. Uemura, T. Minami., Y. Yamashita, Tetrahedron Lett. (1987) 641. 

A.J. Pearson, T. Ray, Tetrahedron (1985) 5765. 

M.F. Semmelhack, J. Park, J. Am. Chem. Sot. (1987) 109, 935. 

B.M. Trost, C.J. Urch, M.-l-l. Hung, Tetrahedron Lett. (1986) 4949; G.-U. Lee, S.-U. 
Peng, T.-W. Lee, R.-S. Liu, Organometallics (1986) 5, 2378. 

W.A. Donaldson, M. Ramaswamy, Syn. React. Inorq. Met.-Org. Chem. (1987) 17, 49. 

J. Morey, D. Gree, P. Mosset, L. Toupet, R. Gree, Tetrahedron Lett. (1987) 2959. 

The tetrafluoroborate salt of I_e has previously been prepared by a different route. 4 

Recently, nucleophilic attack at the internal position (C2) of the (pentadienyl)- 
tris(trimethylphosphine)iron(+l) cation has been reported to afford a x-allyl-C-alkyl 
complex: J.R. Bleeke, M.K. Hays, Organometallics (1987) 6, 1367. 



1346 

14) Selected spectral data: 

3a: IR (CH2C12, cm 
X4, H2), 

-l) 20518, 19778, 1736s; 250 MHz 'li NMR (CDC13) 6 5.22 (dd, J - 5.2, 
5.04 (dd, J = 5.2, 7.6, H3), 3.7 (8, 6H, CCH3), 3.27 (dd, J = 6.2, 8.5, 

CH(C02Me)2), 2.36 (dq, J- 9.4, 6.2, Hl), 2.29 (ddd, J - 4.7, 7.6, 10.4, H4), 2.15 
(ddd, J - 4.7, 6.2, 1415, Efi2CHE2), 1.62 (ddd, J- 8.5, 10.4, 14.2, CIf2CHEa;:l;.,';.;d, 
J - 6.2, CH ); 15 MHz C( H) NMR (CDCl ) 6 210.8 (M-C-O), 168.7 (CC2Me), 
(C2, C3), 53.0 (Cl), 54.3, 54.0 (C4, cHZ,L 52.3 (OCH3), 29.2 (C5), 20.3 (CH3). 

la: IR (CH2C1 , 
s,O, 7.0, 6 

cm-') 20508, 19778, 1734s; 250 MHz 1H NMR (CDC13) 6 5.42 (ddd, J - 
11. , H4), 5.08 (dd, J - 5.0, 7.0, H3), 3.7 (8, 6H, OCH3), 3.12 (d, 7.5, 

CH(C02Me) 
1 
), 2.37 (dd, J = 7.0, 11.0, H2), 1.94 (dd, J- 2.0, 7.0, ff5exo), 1.80 (ddq, 

1.0, 6.5, HI), 1.41 (dd, J = 2.0, 11.0, HSendo), 1.11 (d, J = 6.5, CH ); 15 
H) NMR (CDC13) 6 210.3, 168.2 (M-C=O, CC2Me), 92.2, 85.2 (C3, C4), 64.3, 61.0 

(C2, CHE21, 52.3 (OCH3), 41.8 (CS), 34.4 (CI), 20.2 (CH3). 

a: 60 MHZ 'H NMR (CC14) 6 5.4-4.9 (m, 2H, H2, H3), 3.70 (8, 6H, 

CH(C02Me)2), 2.5-1.0 (m, 6H), 1.15 (t, J - 7, 3H, CH CH ); 15 MHz 

(CDC13) 6 210.6, 168.6 (M-0=0, C02Me), 93.6, 81.7 CC& ?3), 66.9 (Cl), 54.3, 54.0 (C4, 

CHB2)r 52.3 (OCH3), 29.0 (C5), 28.5, 16.3 (CH2CH3). 

2: 60 MHz lH NMR (Ccl41 6 5.4-4.8, (m, 2H, H2, 
5, 8, lH, CH(C02Me) ), 2.6-0.8 (m, 11H); 15 MHz 

C-0, C02Me), 94.1, Q 2.0 (C2, C3), 64.8 (Cl), 54.6, 54.1 (C4, CHE2:, 52.6 (OCH3), 37.7 

(CH2Bt), 29.2 (CS), 25.3, 13.9 (CH2CH3). 

g: 60 MHz 'H NMR (CDC13) 6 4.50 (m, lH, H31, 4.25 (dd, J- 6, 11, H2), 3.65, 3.57, 
2.80 (d, J = 11, HI), 2.35 (m, 2H, H4, HS), 1.7 (m, lH, HS'); 

6 203.3 (M-C-O), 179.5, 167.4, 166.9 (CC2Me), 97.9 (C2), 
62.5, 60.2 (Cl, C4), 54. (CHE2)r 52.5, 51.4 (0(X3's), 38.5 (C51. 

9: 60 MHz 'H NMR (Ccl41 6 7.3-7.0 (m,.SH, C6H5), 5.6-5.0 (m, 2H, H2, H31, 3.70 (8, 
3H, 0CH3), 3.5 (m, 1H,l$H(f02t4e)2), 3.35 (s, 3H, 0CH3), 2.75 (m, 2H, Hl, HZ), 2.1-1.5 
(m, 2H, HS's); 15 MHr C( H) NMR (CDC13) 6 209.6 (M-C-O), 168.0, 167.2 (CC2Me), 
141.3, 128.5, 127.7 (C5H6), 92.4, 85.1 (~73, C4), 62.2, 60.2 (C2, CHE2), 52.6 (OCH3), 

44.1 (Cl), 41.2 (CS). 
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le parallels the regioselectivity for the reaction of these cations with water. 
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However, the reaction of le with water gives the trans diene product. It should also 

be noted that the reactionof (1,2-dimethyl-5-phenylpentadienyl) Itrlcarbonyl)iron(+l) 
cation with malonate 
substituted terminus. B 

nion also proceeds via exclusive attack at the phenyl 
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