Tetrahedron, Vol. 53, No. 12, pp. 4419-4426, 1997
Pergamon © 1997 Elsevier Science Ltd

All rights reserved. Printed in Great Britain

040-4020/97 $17.00 + 0.00
PIL: S0040-4020(97)00112-9 o $17.00+

Ferrocene Promoted Addition of Methyl
2,2-Dichloro-Carboxylates to 1-Alkenes

Luca Forti,* Franco Ghelfi and Ugo M. Pagnoni

Dipartimento di Chimica, Universitd di Modena, Via Campi 183, [<41100. Modena (Italy)
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INTRODUCTION

The reaction of alkenes with halogenated compounds, mainly polyhaloalkanes, involving the homolytic
cleavage of a carbon-halogen bond, is a well investigated procedure ("Kharasch addition™) to synthesize C-C
bonds.! These reactions are generally initiated by organic peroxides.? alkylmetal hydrides!¢:3 or transition metal
salts or complexes. P4 Fe(1l) salts and complexes are efficient catalysts.d but they generally have stability and
also toxicity problems, owing to the frequently used alkylphosphines or carbonyl ligands.

In a continuation of our studies on the Halogen Atom Transfer Radical Addition (HATRA).% we found
that ferrocene. a cheap and stable iron(II) complex.” cfficiently promotes the addition of methyl 2.2-
dichlorocarboxylates to 1-alkenes (Scheme 1).
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Scheme 1

RESULTS AND DISCUSSION

Ferrocene is a strong one electron reducing agent, forming a charge transter complex with various
polyhalomethanes;8 though being used in the presence of CCly to initiate the radical polymerization of various
acrylic monomers,? it has never been reported. as far as we know, as a catalyst in the Kharasch addition of
halogenated compounds to olefins.
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The reaction conditions have been optimized by reacting methyl 2,2-dichloropropanoate with 1-octene in
the presence of ferrocene (10 mol/mol%) at different temperature and with different solvents. The better results
have been obtained in dimethylformamide (DMF) at 10X C (table 1. entry 2); at 80° C the reaction completely
fails (table 1, entry 3), whereas other solvents such as n-hexane, 1,2-dimethoxyethane, isopropyl aicohol, 1,2-
dichloroethane, formamide, acetonitrile or di-n-propyl ether give poor conversions. Working with a number of
alkenes and esters in DMF at 100°C, the results reported in the Table | are obtained.

Table 1. The addition of I 1o Il initiated by (CsHs)2Fe.

entry R’ R" Conversion 1:1 Adduct I
{molmol %)2  Yicld (mol/mol%)P

1 H- CH3(CH2)4CH2- 15 10
2 CH3z- CH3(CH»2)4CH2- 98 72
3d CHjz- CH3(CH2)4CH>- 10 traces
4 CHs- CH3(CHa)¢CHa- 98 70
5 CHa- CH>=CHj-(CHp)4- 99 59h
6 CHs- CH3;0O0C(CH2)7CH>- 98 63
7 CH3s- CgHs-CHa- 96 60
8 CHs- 3-cyclohexenyl- 95 53h
9 CHs- CeHs- 99 601
10 CHx- CH300C- 97 0
11 CeHs- CH3(CH)4CHa- 95 0
12 CeHs-CHp- CH3(CHp)4CHa- 96 66
13 n-C4Hg- CH3(CH2)4CH>- 98 70
14 i-C3H7- CH3(CH3)4CH>- 95 69

aConversion monitored by GC. Plsolated yield based on 1. The products are 1:1 mixtures of
diastereoisomers. dReaction temperature: T = 80°C. hOligomers and/or telomers (>10 mol/mol%)
are detected. 120 mol/mol% of 1:2 ester:alkene adduct is also isolated. JOnly trace amounts of the

1:1 adduct are detected.

The reaction is very clean; isolated yields, which are usually good, are decreased by the side reaction of
a-alkoxy-carbonyl radical addition to the cyclopentadienyl ring producing ferrocenyl radicals, which should
decompose into inorganic iron salts and Cyclopentadienyl-derivatives.!0

Dimerization by-products are not detected on using ferrocene; only little amounts of polymers or
telomers (< 3 mol/mol%) and of the dehalogenated starting ester (< 5 mol/mol%) are tound, especially from the
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more complex substrates. With the easy polimerizable methyl acrylate (table [, entry 10). an extensive
polimerization is observed but from styrene (table 1, entry 9) the 1:1 adduct is formed in satisfactory yield.

Non terminal alkenes, such as cyclohexene for example, are quite unreactive; 4-vinylcyclohexene, indeed,
chemospecifically reacts at the monoalkylated olefinic bond (table I, entry 8). Methyl 2.2-dichloro-2-
phenylethanoate (table 1, entry 7) gives no addition reaction, likely owing to the stability of the intermediate
benzylic radical, dimeric by-product being mostly observed.® Poor conversion is observed from methyl
dichloroacetate (table 1, entry 1).

2-Br-2-Cl-esters give rise to radicals more quickly than the corresponding 2.2-dichloro esters, likely
owing (o the very easy cleavage of the C-Br bond.!1 Thus, methy! 2-Br-2-Cl-cxanoate add easily to l-octene,
also at a lower temperature (80°C), but the reaction mixture is complicated by an extensive halogen scrambling in
the products.

This HATRA transformation is not promoted by light (table 2, entry 2) and is only moderately inhibited
by air (table 2, entry 3), p-dinitrobenzene (table 2, entry 4) or hydroquinone (table 2, entry 5), seemingly ruling a
tree radical chain process out. The oligo- and poly-merization of methy] acrylate (table 1, entry 10) may be
instead rationalized by a ferrocene initiating free radical reaction.”

Table 2. The addition of methyl 2,2-dichloropropanoate to 1-octene initiated by (CsHs)oFe.

entry R’ R" Conversion 1:} Adduct [T
(moV/mol %) Yield (mol/mol%)P
1 CHj- CH3(CH2)4CHa- 98 72
2¢ CH3s- CH3(CH2)4CHa»- 96 70
3 CHs- CH3(CH2)4CH>- 98 57
4t CHs- CH3(CH2)4CH>- 86 48
58 CHj3- CH3(CH32)4CH>- 98 50)

aConversion monitored by GC. Plsolated yield based on 1. All the products are 1:1 mixtures of
diastereoisomers. CReaction carried out in the dark. ©Reaction carried oul in air atmosphere.
fReaction in the presence of 10 mol/mol% of p-dinitrobenzene. &Reaction performed in the

presence of 10 mol/mol% of hydroquinone.

Other metallocene complexes, i.e. decamethylterrocene, ruthenocene, chromocene and nickelocene, have
been tested; only ferrocene however, efficiently promotes the HATRA reactions, the other ones showing poor
(table 3, entries 2 and 3) or no activity (table 3, entries 4. 5 and 6).
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Table 3. The addition of methyl 2,2-dichloropropanoate to 1-octene initiated by different metallocene.

Catalyst Conversion (mol/mol %) 1:1 Adduct I
Yield (mol/mol%)b
1 Ferrocene 98 72
2 Decamethylferrocene 80 35
3 Chromocene 45 29
4 Ruthenocene - -
5 Nickelocene - -
6 Cobaltocene - -

aMonitored by GC. Plsolated yield based on 1. All products are 1:1 mixtures of diastercoisomers.

The here reported results are rationalized by a catalytic pathway in which ferrocene works as a halogen

atom carrier in a redox process,!b 58 12 in a similar pathway to that proposed for Fe(Il)-chloride promoted

Kharasch addition!3 (Scheme 2): ferrocene is oxidized by the haloderivative to the ferricinium salt
(C5H5)2Fe+Cl',3b which then transfers the chlorine atom to the radical adduct.

Re R- » R-R

>

(C5H5)2Pe ((-:5}'{5)21:'(3+ Cr

R\/\R'

one-to-one adduct

Scheme 2
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EXPERIMENTAL

Alkenes and ferrocene were standard grade commercial products and used without further purification. DMF
was dried over three batches of 3A sieves (5% wi/v. 12h) and used without degassing. Methyl 2,2-
dichloropropanoate was synthesized starting from the corresponding sodium salt by nucleophilic substitution
with CH3l; the other methyl 2,2-dichloro-carboxylates were prepared according to our previous procedure!4.
Mass spectra were obtained on a combined HP 5890 GC - HP 5989A MS Engine. lH-NMR and IR spectra
were recorded on a Bruker DPX 200 and a Philips PU9700 spectrometers respectively. Carbon and hydrogen
were analyzed with a Carlo Erba model 1106 elemental analyzer.

General procedure for the alkyl-halo addition promoted by ferrocene.

Typically, a mixture of ferrocene (0.2 mmol), 1-octenc (5 mmol) and methyl 2.2-dichlorocarboxylate (2 mmol) in
DMF (2 ml) are stirred at 100°C for 24 h under argon. The mixture is then poured in 5% aqueous HCL (10 ml)
and extracted with CH2Clp (3 x 5 ml). The organic phases are dried over NapSQOy and evaporated. The products
(indistillable oils) are isolated and purified by silica-gel chromatography using 1:9 diethyl ether/petroleum ether
(40-60°C) as eluant.

Methyl 2-butyl-2,4-dichloro-decanoate

TH-NMR @ (CDCl3): 0.85-0.98 (6H, m, 2 x -CH3); 1.16-1.54 (12H. m, -CCIl-CH,-(CH2)>-CH3: -CHCI-CH>-
{CH2)4-CH3); 1.67-1.90 (2H, m. -CCI-CHy-(CH2)2-CH3); 1.97-2.29 (2H, m. -CHCI-CHj-(CH2)4-CHjy); 2.45-
2.70 (2H, m, -CCI-CH2-CHCY); 3.80 (3H, s, -OCH3): 4.05-4.32 (IH. m, -CH»-CHCI-CH>-).

MS (EI 70 eV) m/z: 275 (3%) [M*-Cl]; 254 (28%) [M*+-C4Hgl; 239 (17%) [M*-CI-HCI]; 207 (4%) [M*-Cl-
HCI-CH30HY; 179 (19%) [M*-CI-HCI-CH30H-COJ; 164 (92%) [M*-C4gH5Cl]; 121 (68%) [M+-
CagH15C1-C3H71; 41 (100%).

IR (neat) cm-l: 1735 Vg

Anal. Caled. for C15HagClaOp: C. 57.88%: H, 9.07%. Found: C, 58.1%; H. 9.1%..

Methyl 2,4-dichloro-2-isopropyl-decanoate

TH-NMR 9 (CDCl3): 0.90 (3H, t, -CHp-CH3): 0.95-1.08 (6H. -CH(CH3)2): 1.14-1.81 (10H. m, 5 x -CHa-);
2.18-2.63 (3H, m, -CH3-CCI-CH(CH3)3); 3.79 (3H, s, -OCH3): 4.09-4.29 (1H, m, -CH2-CHCI-CH>-).

MS (EI, 70 eV) m/z: 225 (9%) [M*-CI-HCI|; 193 (3%) |M*-CI-HCI-CH3OH]: 165 (14%) {M*+-CI-HCIl-
CH30H-COJ; 150 (63%) [M*-CgH5Cl); 121 (90%); 41 (100%).

IR (neat) cm-!: 1740 Voo

Anal. Caled. for C14H6Cl2On: C, 56.57%: H, 8.82%. Found: C, 56.7%; H, 9.0%..

Methyl 2,4-dichloro-2-methyl-decanoate

TH-NMR 9 (CDCl3): 0.88 (3H. 1. -CH3-CH3); 1.19-1.60 (8H. m. 4 x -CH3-); 1.72 (2H, m, -CHCI-CH3-CHj-);
1.83 (3H. s. CC1-CH3); 2.29-2.73 (2H. m, -CCI-CH-CHCI-): 3.78 (3H, s, -OCH3): 4.00-4.18 (1H, m, -CHp-
CHCI-CH3>-).
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MS (EI, 70 eV) m/z: 197 (7%) [M*+-CI-HCI]; 165 (17%) [M*-CI-HCI-CH30H}; 137 (10%) [M*-CI-HCI-
CH30H-CO]; 122 (100%) [M*-CgH5Cl).

IR (neat) cm-l: 1740 ve—o

Anal. Calcd. for C12H22ClhOy: C, 53.54%; H, 8.24%. Found: C, 53.7%; H, 8.1%.

Methyl 2,4-dichloro-decanoate

1H-NMR 9 (CDCl3): 0.91 (3H. t, -CH2-CH3); 1.23-1.63 (8H, m. 4 x -CHz-); 1.67-1.87 (2H, m, -CHCI-CH>-
CHa-); 2.16-2.59 (2H, m, -CCJ-CH-CHCI-); 3.83 (3H. s, -OCH3); 3.90-4.25 (1H, m, -CH,-CHCI-CH2-);
4.53-4.71 (1H, m, -CHCI-COOCH3).

MS (EL 70 eV) m/z: 219 (2%) [M*-Cl}: 183 (18%) [M*-CI-HCl]: 151 (5%) [M*-CI-HCI-CH30H]; 123
(16%) [M*+-CI-HCI-CH30H-COQY}; 108 (100%) [M*-CgH|5Cl}.

IR (neat) cm!: 1745 Ve=0

Anal. Calcd. for C11H20Cl07: C, 51.77%; H. 7.90%. Found: C. 51.7%: H. 8.0%.

Methyl 4-(4-cyclohexenyl)-2,4-dichloro-2-methyl-butanoate

IH-NMR @ (CDCl3): 1.40-1.63 (1H, m, -CH,-CH-CHj-); 1.88 (3H, s, CH3CCl-); 1.66-1.98 (2H. m. -CH»-
CH-CHy-CH-CH=CH-); 1.98-2.22 (4H, m, -CH»-CH=CH-CH3-); 2.37-2.75 (2H. m. -CC1-CH2-CHCI-); 3.81
(3H, s, -OCH3); 4.04-4.20 (1H, m, -CH-CHCI-CH-): 5.70 (2H, s, -CH=CH-).

MS (EI, 70 eV) m/z: 229 (7%) [M*-Cl]; 193 (6%) {M*-CI-HCl]): 161 (12%) [M*-CI-HCI-CH30OH]; 133
(34%) [M*+-CI-HC1-CH30H-COJ; 122 (83%) [M+-CgH9Cl]; 79 (100%).

IR (neat) cm-1: 1740 Ve

Anal. Calcd. for C1pH18CI1207: C, 52.36%; H, 10.25%. Found: C. 52.6%; H, 10.1%.

Methyl 2,4-dichloro-2-methyl-5-phenyl-pentanoate

IH-NMR 9 (CDCl3): 1.82 (3H, s, CH3CCl-); 2.37-2.75 (2H, m, -CCI-CH-CHCl-): 3.02-3.16 (2H, m, -CHCl-
CH-CgHs); 3.77 (3H, s, -OCH3); 4.22-4.43 (1H, m, -CH-CHCI-CHj-); 7.19-7.39 (5H, m, -CgHs).

MS (EL 70 eV) m/z: 202 (78%) [M+-CI-HCI); 171 (11%) [M*+-C1-HCI-CH30H]; 143 (64%) [M*-CI1-HCI-
CH30H-COJ; 122 (9%) [M*-CgHoCl]; 91 (100%) [C7H7].

IR (neat) cm-1: 1740 V=0

Anal. Caled. for C13H26Clh09: C, 54.74%: H, 9.19%. Found: C, 54.9%; H, 9.4%.

Methyl 2,4-dichloro-2-methyl-9-decenoate

IH-NMR 9 (CDCl3): 1.33-1.83 (8H, m, 3 x -CHz-); 1.70 (2H. m, -CHCI-CH2-CH-): 1.86 (3H, s, CCI-CH3);
2.31-2.76 (2H, m, -CCI-CH2-CHCl-); 3.80 (3H, s. -OCH3); 4.11 (I1H. m. -CH-CHCI-CH2-); 5.00 (2H, m,
-CH=CHjy); 6.00 (1H, m, -CH=CH3y).

MS (El, 70 eV) m/z: 231 (21%) [M*-Cl]); 195 (21%) [M*-CI-HCl]; 163 (25%) (M*-CI-HCI-CH30H]; 135
(37%) [M+-CI-HCI-CH30H-COJ; 122 (100%) [M*-CgH13Cl]: 41 (98%) [C3Hs].

IR (neat) cm-!: 1740 Voo
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C12H14C1207: C, 53.94%; H, 7.54%. Found: C, 54.1%: H, 7.7%.

Methyl 2,4-dichloro-2-methyl-1,13-tridecandioate

TH-NMR 0 (CDCl3): 1.86 (3H, s, CH3CCl-); 1.15-1.83 (14H, m, 7 x -CH2-); 2.24-2.78 (4H, m, -CH2-CHCI-
CHbo-); 3.68 (3H, s, -CH2-COOCH3); 3.80 (3H, s. -CCI-COOCH3); 4.00-4.22 (1H, m, -CH2-CHCI-CHy-).

MS (EIL 70 eV) m/z: 283 (4%) [M*-CI-HCl]; 122 (83%) [M*-C12H21C1O3}; 98 (100%).

IR (neat) cm-!: 1740 Voo

Anal. Caled. for C16H28C1204: C, 54.09%; H. 7.94%. Found: C. 54.2%: H. 8.1%.

Methyl 2,4-dichloro-2-methyl-4-phenylbutanoate

IH-NMR 9 (CDCl3): 1.81 and 1.88 (3H, s, CH3CCl-); 2.67-3.14 (2H, m. -CCI-CH>-CHCl-); 3.50 and 3.76
(3H, s. -OCH3); 5.14-5.27 (1H, m, -CH2-CHCI-CgHs); 7.19-7.51 (5H, m, -CgHs).

MS (EL 70 ¢V) m/z: 189 (2%) [M*-CI-HCI]; 129 (18%) [M*-CI-HCI-CH30H-COJ: 122 (100%) [M*-
CgH7Cl); 77 (5%) [CeH5s).

IR (neat) cm-1: 1740 ve—o

Anal. Caled. for C12H14ClhO7: C, 55.19%; H, 5.40%. Found: C, 55.3%: H, 5.4%.
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