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Absbwct The homomdic radical, derived from 3-iodopropionic acid ( 1) by reaction with in situ gaemted hibutyllin 
hydride, undergoes clean carbon-& forming reaction with dactrophilic defim (2) yielding functionalizcd acids (3). 

Introduction 

The Michael reaction, also called conjugate addition, represents one of the mcst important methods for 

creating carbon-carbon bonds giving functionalized organic compoundsi: in a typical process an enolate I is 

added to an electrophilic olefin II to give the corresponding product resulting from the final hydrolysis of the 

carbanion III. However, a reaction of this type can not be carried out using the homologous g-enolate 

intermediate IV2 because this species cyclises spontaneously, even at low temperatures, to yield irreversibly the 

corresponding cyclopropanolate v3. This problem could be overcome by using a homcenolic radical 4 of the type 

VP, since the y-elimination to afford the radical VII should be an unfavourable process% In this paper we report 

our preliminary results exploring this last possibility. 
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Results and Discussion 

The reaction of commercially available 3-iodopropionic acid (1) with a mixture of tributyltin chloride 

(1:OS molar ratio) and sodium borohydride (1:4 molar ratio) in the presence of a catalytic amount (l:O. 18 molar 

ratio) of a,a’-azobisisobutyronitrile (AIBN) followed by addition of an electrophilic olefin (2) yielded the 

corresponding products 3 (Scheme 1). As olefins 2 (see Table 1) not only a,8+,msaturated carbonyl compounds 

[methyl vinyl ketone or cyclohex-Zenone (entries 11 and 12, respectively); methyl acrylate, methacrylate or 

crotonoate (entries 1, 2 and 10, respectively); iV,iV-dimethylacrylamide (entry 5)] or nitriles [acrylonitrile or 

methacrylonitrile (entries 3 and 4. respectively)] can be employed, but also l,l-dichloroethylene or 3-chioro-2- 

chloromethylpropene (entries 6 and 7, respectively), and styrene or l,l-diphenylethylene (entries 8 and 9, 

respectively). 
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Scheme 1. Reagents and conditions: i, n-Bu$%Cl, NaBI&, AIBN, EtOH, 2O’C, 4h; ii, NaF, I+O. 

Since the reaction does not work in the absence of AIBN the mechanism involved in the process should 

be of the free radical type. The in situ generated tributyltin hydride 9 -by reaction of tributyltin chloride and 

sodium borohydride- reacts with the sodium salt 1’ of the acid 110 -initially formed by reaction of the acid with 

sodium borohydride- to give the corresponding radical 4, which is added to the olefin 2 yielding a second radical 

5; this last species takes a hydrogen from the tributyltin hydride to afford the corresponding salt of the reaction 

product 3’, which after final hydrolysis gives the acid 3 (Scheme 2). As it can be seen in Scheme 3, one of the 

reaction products is tributyltin iodide, which in the presence of sodium borohydride is also a source ot the radical 

n-Bu$W, through the corresponding hydride, so the reaction is catalytic with respect to the tin compound. 

However, we found that the best results are obtained working with a 1:OS molar ratio of l:n-BuaSnCI (see 

general procedure). 

From the results described here we conclude that this methodology represents a practical alternative to 

the use of homoenolate anions in Michael-type reactions. Other advantage of the procedure is that it is not 

necessary to use a stoichiometric amount of tributyltin hydride? a catalytic amount of tributyltin chloride is 

sufficient. 

Experimental 

General.- Mp’s are uncorrected and were measured on a Reichert thermovar apparatus. IR spectra were 
determined with a Pye Unicam Sp3-200 spectrometer. iH and 13C NMR spectra were recorded in a Bruker AC- 
300 using CDCla as solvent and SiMe4 as internal standard; chemical shifts are given in 8 (ppm) and the coupling 
constants (J) are measured in Hz. MS (EI) were recorded with a Hewlett Packard EM/CC? HP-5988A 
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Scheme 2. 

spectrometer. The purity of volatile distilled products and the chromatographic analysis (GLC) were determined 
with a flame ionization detector and a 12m HP-l capillary column (0.2 m diam., 0.33 pm film thickness), using 
nitrogen (2 mllmin) as the carrier gas, Ttnjeetor = 27O”C, T,t,, = 60°C (3 min) and 6&27VC (15Wmin). Thin 
layer chromatography (TLC:, was carried out on Scheleicher & Schnell F15OO/LS 254 plates coated with a 0.2 
mm layer of silica gel, using a mixture of hexane/ethyl acetate as eluant; Rf values (see Table 1) are given under 
these conditions. Microanalyses were performed by the Microanalyses Service of the University of Alicante. All 
reagents were commercially availabe (Aldrich) and were of the best grade. Ethanol was carefully dried with 
sodium followed by refluxing (2h) and distilled under argon. 

Prepurufion ofCompounds 3. Generul procedure.- A solution of tributyltin chloride (0.16 g. 0.5 mmol) 
in dry ethanol (2 ml) was added dropwise over a period of 10 min to a mixture of 3-iodopropionic acid ( 1, 0.20 
g, 1.0 mmol), sodium borohydride (0.15 g, 4.0 mmol), AIBN (0.03 g, 0.18 mmol). the corresponding ole!in 
(2, 10.0 mmol) and dry ethanol (8 ml) at O’C. The reaction mixture was allowed to warm to room temperature 
and stirring was continued for 4 h at this temperature. A saturated aqueous sodium fluoride solution (5 ml) was 
then added. The precipitated tributyltin fluoride was removed by filtration and the tiltrate was evaporated (15 
tot@. The resulting residue was successively extracted with dichloromethane and sodium carbonate and 3 N 
hydrochloric acid. The organic layer was dried over sodium sulfate and evaporated (15 torr). The resulting 
residue was purified by flash chromatography (hexane/ethyl acetate) and/or recrystallized (see Table 1) to yield 
pure products 3. Yields, mp’s and R~vahtes are given in Table 1. Spectral and analytical data follow. In the case 
of known compounds, their data are in agreement with those in the literature. 

S-Methoxycarbonylpentamic acid (3a) 11: v,, (film) 3500-2700 (OH), 1700 cm-t (C=O); 8~ 1.67- 
1.73 [4H, m, CHz(CH2)2CH2], 2.33-2.40 (4H, m, CH2C@CH3 and CH $Z!OzH), 3.67 (3H, s, CH3), 10.36 

(lH, s, OH); 8o 23.9, 24.1 [CH2(CH2)2CH2], 33.5 (CH2C02H and CH2C02CH3), 51.5 (CH3), 
l73.8(CO2CH3), 179.4 (CO2H); m/z 142 (M +-H20,9%). 129 (46), 114 (100). 111 (39), 101 (55), 100 (48). 
87 (22), 83 (36). 82 (16), 74 (83), 59 (97) 55 (98), 45 (32). 43 (49). 42 (21). 41 (32). 

S-Methoxycarbonylhexatwic acid (3b)Q vmax (film) 3640-3050 (OH), 1700 cm -1 (C=O); 8H 1.17 (3H, 
d, .I= 7.1. CHCHs), 1.66-1.72 (4H. m, CH$H$O2H and CH$X). 2.36 (2H. t, J= 7.1, CH$O$-B. 2.42- 

2.50 (lH, m, CH), 3.68 (3H, s, GCH3), 9.50 (lH, s, OH); 8~ 16.9(CHaCH), 22.3 (C’H~CH~CGZH), 32.9, 
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Table 1. Reaction of 3-iodopropionic acid (1) with olefins 2 under radical conditions. Isolation of products 3. 

Product 3 

Starting 

Enby olefin No. Rt RZ Z Yield (%p RIbor mp (“C)c 

1 2a 3a H H CQMe 76 0.47 (l/l) 

2 2b 3b Me 

3 2c 3c H 

4 2d 3d Me 

5 2e 3e H 

6 2f 3f Cl 

7 2g 3g CH$J 

8 2h 3h Ph 

9 21 31 H 

10 21 3J H 

11 2k 3k H 

12 2ld 31 H 

H CQ&fe 72 

H CN 80 

H CN 93 

H CONMq 65 

H Cl 58 

H CHgl 58 

H Ph 50 

H Ph 43 

Me C@Me 56 

H COMe 54 

-(CH2)2CO- 63 

0.49 (l/l) 

0.35 (l/l) 

0.44 (111) 

0.43 (l/l) 

0.48 (2/l) 

0.31 (2/l)) 

85-86 

56-57 

0.48 (l/l) 

0.49 (112) 

0.22 (2/l) 

a Isolated not optimized yield based on the starting acid 1; all compounds w&S% pure (GLC and/or 3OOMHz 
IH NMR. b HexaneJethyl acetate; the corresponding ratios are given in parenthesis. c From hexanekhloroform. 
d 21 refers to cyclopent-2-enone. 

33.7 (CH2CH and CH2CO2H), 39.1 (CH), 51.6 (OCH3). 176.9 (C@CH3), 179.6 (CO$+); m/z 156 (M+-H20, 
2%), 143 (17), 128 (19), 115 (32), 114 (28), 97 (22), 88 (100). 73 (22), 59 (33), 57 (19), 55 (33). 

J-Cyatwpentanoic acid (3c)13: vmax (film) 3500-2700 (OH), 2240 (CN), 1700 cm -1 (C=O); 8H 1.70- 

1.80 [4H, m, CH2(CZ&CH& 2.37-2.45 (4H, m, CHzCOzH and CZ&CN), 10.06 (lH, s, OH); 6~ 16.8 
(CHzCN), 23.4, 24.5 [CH2(CH&CH2], 32.9 (cH2C@H). 119.2 (CN), 178.8 (C02H); mlt 109 (M+-H20, 
28%), 87 (14), 82 (18), 81 (62), 69 (14), 68 (83), 55 (66), 54 (lOO), 45 (62). 43 (42), 42 (35), 41 (93). 

S-Cyatwhexanoic acid (3d)l4: Y,, (film) 3640-2815 (OH), 2240 (CN). 1700 am1 (c=o); 6~ 1.34 

(3H, d, J= 7.0, CH3), 1.58-1.94 (4H, m. C&CH$&H and CH2CH). 2.42 (2H, t, J = 7.0, Cf&C~H). 

2.65 (lH, sextet, J = 7.0, CH), 9.60 (lH, s, OH); 8~ 17.7 (CH3), 21.9 (CH2CH2C02H). 25.2 (CH), 33.0, 
33.1 (CHzCH and CH$@H), 122.4 (CN), 178.9 (C&H); m/z 123 (M+-H20, 25%), 114 (30), % (30). 95 
(38), 87 (33), 73 (18), 68 (61), 55 (lOO), 54 (55), 43 (38), 42 (24), 41 (55). 

6-Dimethylamino-6-oxohexanoic acid (3e)F vmax (film) 3620-2800 (OH), 1710 (HOC=O). 1610 cm-1 

(N-C=O); 6~ 1.67-1.68 [4H, m, CH2(CH&CH,], 2.33-2.40 (4H, m, C&CO2H and C.&CON), 2.95 (3H, s, 

NCZ-Z3CH3), 3.02 (3H, s, NCH3CH3), 9.65 (lH, s, OH); 6c 24.3, 24.4 [CH2(CH2)2CH2], 32.8, 33.7 
(CH$D&H and CHzCON), 35.5,37.3 (2xCH3), 173.3 (CON), 178.1 (CO2H); mJz 173 (M+. 6%), 114 (14), 
87 (100). 72 (66), 55 (33), 45 (56), 44 (34), 42 (16). 

5,5-Dichloropentanoic acid (3f’) : vmx (film) 3610-2470 (OH), 1700 cm-t (C=O); 8H 1.86-l.% (2H, 
m, CZ-&CH&02H), 2.23-2.30 (2H, m, C&CH), 2.44 (2H, t, J= 7.2, CH$O2H), 5.78 (lH, t, J= 5.9, CH). 
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9.56 (lH, s, OH); & 20.9 (CI-I$H$QH), 42.4 (C’H$@H and CI+CH). 72.7 (Cl-I), 179.3 (C02H); m/z 
137 (M+-Cl35, lS%), 99 ( 100). 88 (9), 87 (16). 75 (10). 73 (21). 62 (1 l), 55 (8), 53 (lo), 45 (15). 43 (11). 

6-Chloro-5-chloromethylhexanoic acid (3g) : vm (film) 3620-3120 (OH), 1720 cm-r (C=O); S, 1.45 
1.73 [4H, m. (CH&CHj, 2.02-2.10 (1H. m. CH), 2.34 (2H. t, J = 7.3, C&C02H), 3553.77 (4H, m. 

2xCH2Cb 10.05 (lH, s, OH); & 22.0 (CH2CH2CO#), 29.0 (CH2CH), 33.8 ( CH&02H). 45.1 (2xCH2Cl), 
51.6 (CH), 173.5 (COzH);mlz 181 (M+-Hfl, 2.2%), 101 (6), 87 (7), 75 (7) 73 (loo), 59 (17) 55 (lo). 

S,S-Diphenylpentarwic ucid(3h) : v,, (KBr) 3600-2KIO (OH), 1690 cm -1 (C=O); 6t.t 1.54-1.64 (2H, 
m, C&CH$@H), 2.04-2.12 (2H, m. C&U-I). 2.35 (2H, t, J= 7.4, C&CO$-I), 3.89 (1H. t, J= 7.8, CH), 

7.12-7.32 (lOH, m, 2xArH), 10.41 (lH, s. OH); 6~ 23.1 (CH2CH2C02H), 33.9, 34.9 (CH2C02H and 
CHzCH), 51.1 (CH), 126.2, 127.7, 128.4. 144.6 (2xArC), 179.9 (C&H); m/z 181 w+-(CH2)2C&H. 13%]. 
180 (100). 179 (54). 178 (52), 165 (80), 89 (25) 77 (18). 76 (18). 51 (14). Anal. Calcd. for Cr7Hr& : C, 
80.28; H, 7.13. Found : C, 80.42; H, 7.09. 

S-Phenylpentanoic acid (3i)W vmax (KBr) 3650-2810 (OH), 1690 cm-1 (C=O); 8~ 1.65-1.70 [4H, m, 
CH2(CZ-Z2)2CH2], 2.35-2.39 (2H, m, CH2C02H). 2.60-2.63 (2H, m, CHzPh), 7.15-7.29 (5H, m, ArH), 

10.45 (1H. s, OH); ?Q 24.5 ,30.7 [CHZ(CH~)~CH~], 33.9 (CH2C02H). 35.5 (CH2Ph), 125.8, 128.3, 128.4, 
142.0 (ArC), 179.8 (C&H);mIz 178 (M+, 15%), 160 (12) 104 (24), 92 (21). 91(100). 65 (15). 

4-Methyl-S-methoxycarbonylpentanoic acid (3j)r7: v,,,, (film) 3600-3150 (OH), 1700 cm-l (C=O)$H 
O.% (3H. d, J= 6.6, CHCHs), 1.52-1.75 (2H, m, CH&H$Z@H), 2.00-2.04 (lH, m, CH). 2.17 (lH, dd, 
J= 14.9,7.8, CHHCO#H3), 2.32 (lH, dd, J= 14.9, 7.8, CHEZCQCH3), 2.34-2.41 (2H, m, U&C@H), 

3.67 (3H, s, 0CH3), 9.57 (lH, s. OH); s, 19.3 (CH3CH), 29.8 (CH), 31.3. 31.5 (CH2CH2C02H). 41.2 
(CI$COZCHa), 51.5 (OCH3), 173.2 (COzCHs), 179.5 (C02I-I); nt/z 143 (M+-CH30, 38%), 128 (52), 125 
(37) 115 (62). 114 (43) 101 (41), 83 (44). 74 (lOO), 73 (72). 59 (63), 55 (84), 43 (36). 

6-Oxoheptmwic acid (3k)W v,, (film) 3600-2800 (OH), 1700 cm -1 (C=O); 6~ 1.62-1.68 [4H, m, 

CH2(CEZ&CH21, 2.14 (3H, s, CHs), 2.21-2.46 (4H, m, CZ&CO2H and C&COCHs), 9.48 (lH, s. OH); 8c 
23.0, 24.1 [CH2(CH2)2CH2], 29.8 (CH3). 33.8 (CH2C02H), 43.2 (C’H&OCH3), 179.4 (C&H), 208.7 
(COCH3); m/z 126 (M+-H@, 1 IS), 98 (lo), 84 (11). 58 (37). 55 (34), 45 (1 l), 43 (100). 

3,(3-0xocyclopentanyl)propanoic acid (31)1? vmax (film) 3460-2700 (OH). 1700 cm-1 (C=O); 88 1.7% 
1.88 (4H, m. CHzCHzC02H and C&CH#O), 2.16-2.46 (7H, m, C&C02H. CH, CH2COCH2), 9.42 (1 H, 

s, OH); SC 29.2, 30.3, 32.3 (CI&CI-I$@H and CH2CH2CO), 36.5 (CH), 38.4, 44.7 (CH 2COCH2), 179.4 
(Co2I-I) 209.1 (CO); m/z 156 (M+, 6%), 97 (1 l), 96 (61) 83 (100). 82 (12) 69 (1 1), 60 (11). 56 (13), 55 
(55), 54 (ll), 41 (22). 
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