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ABSTRACT.- Oxidatrve Couphng of the dmnions of unsaturated carboxylic aads 1, and 4 with mdme, 
which provrdes a convement and facrle preparatron of 7.~ and &rcarboxyhc acids 2 and 5, apparently 
occurs through SET substitutron of mtermediate iodo-carboxylates. 

We have reported that some octa-2,6_dienedrotc and dodeca-2,4,8,10_tetraenedmc acrds 2a to 2e 

and 5 can be easily prepared by oxrdattve couphng of the lithium dtenediolates of unsaturated carboxyhc 

actds la to lc and 4 with silver or copper salts, and more convemently with rodme ‘** A wider range of 

substrtuents illustrates now the synthetic apphcabibty of thrs couphng reactton (Scheme I), and some 

expenments suggest that couphng occurs through an intermediate hthium todo-carboxylate, which IS 

subject to SFX subsututron by the hthmm dtenedtolate 
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The success of the synthetic method hmges on the high ~,yregioselectrvtty of the couplmg reactton, 

as well as on the different solubthty of the dimers m water. ‘Ilus feature allows easy separatton of the 

msoluble ~,~-couplmng drmers 2 and 5 from the water soluble a.~-isomeric dimers 3, which can be 

extracted from the water filtrates In no case have the a,a-couphng drmers been observed 

The hrgh yregioselecttvny is generally found even for those acids which afford poor reaction yields, 

and 1s m contrast with that shown by most ionic reactions (alkylation and aldol ad&&on) of the same 

dienedtolates, which occur at the u carbon atom under kmetrc conditions The effect of substrtuents on 

regioselecuvtty suggests that coupling 1s partly directed by steric effects Thus, y,+ouplmg ts favoured by 

cr-substmmon, and tight, trtmethylacryhc, and a-methylpentenorc acids lb, ld and lg afford better ytelds 

of the correspondmg dimenc acids Zb, 2d and 2g than crotomc, dtmethylacryhc, and pentenorc acrds la, lc 

and le, respectrvely On the contrary, methyl or ethyl substitution at the 7 carbon atom, as m pentenorc, 

and hexenoic acids le and lf, IS accompanyted by a strong decrease in yields, the starting acrds being partly 

recovered Upon subsmutton by a methyl at the R carbon, poor results are obtained, whereas bulkier 

groups favour ~,+ouphng, as m acids lh and li 

TABLE 

Oxldatlon of Lithium Polyenolates of Unsaturated Carboxyhc Acids with Iodinea 

Starting y,ydimer 
Acid _-__ 

la 2a 

lb 2b 

lc 2c 

Id 2d 

le 2e 

If 2f 

lg 2g 

lh 2h 

11 21 

5 5 

(%)a Configurations 

62 trans,trans 

82 traqtrans 

40 cts and transC 

77 ClS,ClS 

33d trans,trans 

lode trans,trans 

41 trans,trans 

80 ClS,ClS 

63 ClS,ClS 

60f all trans 

u,ydimerb 

26 

10 

16 

11 

25 

10 

34 

11 

Global 
Yield (%) 

90 

97 

64 

88 

33 

30 

66 

90 

97 

71 

a - Pure solid compound recovered by filtration, b - Recovered as an oil from water filtrates, along with an 

addttional small amount (2-5%) of y,rdrmer Yields estimated from ‘H NMR integration curves of 

mrxtures, c - Mixture of stereoisomers - d - The crude material was extracted with ethyl acetate, e - Much 

starting material was recovered along with dimer, f - Pure compound when washed wrth methanol 
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Unsaturated carboxyhc acrds 

Stereoselectwtties found now are in keeping wrth those observed for ionic reactrons of the 

dienediolates Thus, acids which have no B substituent, namely crotomc, and tight acids la and lb, as well 

as sorbic acrd 4 are well known for giving tram Tadducts on aldol addition to ketones, *5 and the same 

trans configurattons have been now obtained as well from pentenoic, hexenoic, and methylpentenorc actds 

le, lf, and lg In the presence of a l3 substrtuent the common trend for radditton to ketones is changed to 

cis selectwtty 3*6 It 1s thus not surpnsmg that exclusive cts selectivity 1s observed for oxtdatrve coupling of 

tnmethylacryhc, tert-butylbutenoic, and D-phenylcmmumc actds Id, lh and li, though senecroic actd lc 1s 

excepttonal m affordmg crs-trans mixtures Diastereolsomerlc muttures result from pentenorc, hexenolc 

and methylpentenotc acids le to lg, as ‘H NMR and % NMR spectra reveal 

Fox and Renaud 7 have studred the oxrdauve coupling of the equivalent dmmons of saturated and 

phenyl subsututed carboxyhc acids to substituted succrmc acids, and found equivalent results for 

electrochemmal and rodme oxrdauon, except for Isolation of todo-acids in some of the latter oxrdatrons 

On the question whether the rodo-carboxylates were side products or reaction mtermedtates, these 

authors found that tertiary iodo-actds were not converted to the succrmc acids under reaction comhttons, 

but that sodmm rodoacetate afforded cross couphng products on reaction wrth some dmmons. These 

observattons led to conclude that radical couphng mechamsm and SN2 type substitution on mtermedrate 

lodo-carboxylates were operative for oxidations wnh iodine, although mtemal trappmg expenments fatled 

as decisive argument for the first mechamsm 

We first assumed that a slmrlar reaction scheme would give account of our results (Scheme II), 

although m no case any mdo-butenotc actd was observed among our products. In order to find out the 

possrbrhty of mtermedtacy by the iodoactd, 4-lodo-2-butenotc actd 6 was prepared from the correspondmg 

Scheme II 

1 
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bromoacid’ and added to a 

rmxture of the lithium 
Schema III 

dtenedtolate of crotomc acid 

and one equivalent of base, OLi 

(Scheme III) under the same 3LDE + la F 1 LDE 

conditions (slow addrtion at 
+&dOLi& 

-70% 

-7O’C and stimng for 1 or 2 h 

at room temperature) as for 

oxtdattve coupling by rodme. 

Under these condttions the 

OLi 

4OLi + IdOLi - 2a + 3a 

y,rdimer 2a was obtamed in a 52% yteld. The resultmg water solution contamed about 47% of the 

correspondmg u,@mer 34 and a very small addmonal amount of 2a, as was observed by the ‘H NMR 

spectrum. These relative amounts of tsomeric tiers are very sumlar to those obtamed in some runs for 

oxldattve couphng of crotomc actd dienediolate wtth a shght excess of todme. 

The intermediacy of the iodo-carboxylate seemed thus well estabhshed to us, although we could not 

observe any mdodenvative among couphng products, even when excess of iodine was used Thus, m a run 

in which tight acrd lb dtenediolate was oxidtxed with a large excess of iodine, the -r,+limer 2b was 

obtamed m lower yteld (53%) than usual, but no todoacld was observed. Most probably, the todo actd 

transforms mto a water soluble ammo actd by substitutton of todme by the amme present m the solutton. 

Thus, we have found that when 4-todobutenorc acid 6 and dtethylamme are dtssolved m THF, the 

iodoactd 1s mostly recovered on Immedrate work up (evaporatton of solvent, extraction of neutrals, and 

actdificatron), but not found when that solution 1s allowed to stand under our common reaction conduions 

(1 h at room temperature).g 

There was strll the questton whether the mechamsm of the substttutron step was an W&type 

reaction or a SET process. A cross coupling experiment between the same todo-carboxylate and the 

3 LDE + lb __) 1LDE + 
OLi p 

i+ 

// OLi + 1dOL, ] ___) ___x_* 

-WO" + 2b (39%) + 2a (6%) 

0 7 (551) 
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diamon of tiglic acrd lb was then carrted out (Scheme IV) Methyloctadienedioic aud 7 would be 

expected as the exclusive ~,+ouplmg drmer for a St&&type reaction, whereas rmxtures of y,+hmers 2% 2b, 
and 7 could result from radrcal mtermedrates, as m Scheme V. In fact, when solid matenal was Isolated, a 

Scheme V 

I- + Li+ + 
OLi - 7 + 2b + 2a 

mtxture of the three posstble 7,~ -couphng compounds was obtamed, as could be establtshed by HPLC and 

by a ‘H NMR spectrum of the estenfted nuxture 

From the present results we conclude that oxrdattve coupling of the Qamons of unsaturated 

carboxyhc actds 1s a very convement method for preparatton of octadtenediotc actds, espectally from 

substituted butenotc acids When a I3 substttuent IS present m the butenotc acid, double bond cts 

configurauons can be antrclpated; otherwise, trans tsomers result. The coupling reaction apparently ocurrs 

through Intermediacy of todo-carboxylates, whtch react wtth the dtenedtolates by a SET process 

Experimental Section. 

Melting points were determmed wtth a Kofler hot plate apparatus, and are uncorrected I r spectral 

data were obtained for liquid film or potasmm brormde drscs, wtth a Perkm-Elmer 281 

spectrophotometer 200 MI-Ix n.m r spectra were recorded for CDC13 solutrons, wrth a Bruker AC-209 

spectrometer A Komk chromatograph wtth a SS-W column and hexane/ethyl acetate (9 1) run under 

rsokratic condmons was used for HPLC analysis Kreselgel60 was used for column chromatography 

Elemental analyses were deternuned by Servtcto de Semmucroan&hsts de1 Centro de Investtgaci6n y 

Desarrollo de Barcelona. 

Tetrahydrofuran (THF) was dtsttlled from sodturn dtphenylketyl unmedtatelly before use 

Dlethylamine was dried over CaH2 and dlsttlled before use Generation and reacttons of the dlenedrolates 

were camed out m argon, under standard condmons for exclusron of moisture. 

The generation of the dththntm drenedtolate of the acids wrth 2 equw. of hthmm diethylamide, as 

well as addltron condmons and general work-up procedures have been described 24 Ltthmm drethylamide 
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has been usually prepared from hthmm naphtalemde, except for oxidation of sorbic acid dmmon, when 

work up becomes simpler by use of butyl lithium The reaction temperatures -7O’C were achieved wth a 

solid C02-Me2CO bath 

Estenficatlons were performed by treatment of aads wth dlazomethane or by reflux m MeOH with 

H2so4 as catalyst 

(Z,Z)-2,3,6,7,-tetramethylocta-2,6-dienediolc acid (2d). Reaction for 1 h at 20°C and workmg up 

gave a white sohd (781 mg, 77%), mp 264-266’C (dec) (MeOH), IR 3460-2300, 1660, 1610 cm-1 Anal 

Cald for C12H1804 C, 63 70, H, 8 02 Found C, 63 73, H, 8 04 

(Methyl ester) 1H NMR 3 71 (s, 3 H), 2.21 (s, 2 H), 2 00 and 1.99 (s), 1.88 and 187 (s), 13C NMR 

170 05,145 49,123 19,5129,33 72,2104,15 21 

Conflguratlon was establrshed by a dlfferentlal NOE experiment 

(R,R + R,S)(E,E)-4,5-dimethylocta-2,6-dienedioic acid (2e). Reaction for 1 h at 20°C and workmg up 

gave an 011 By extracclon wth ethyl acetate, a yellow syrup was obtamed (296 mg, 33%) White pnsms 

(from hexane-ether), mp 144’C (dec) IR 2500~2300,1685,1640 cm-’ Anal Cald for C1oH1404’ C, 60 59, 

H, 7.12 Found C, 60 38; H, 7 29 

(Methyl ester) ‘H NMR 6 83 (m, 1 H), 5 8 (d, J = 15 6 Hz, 1 H), 3 72 (s, 3 H), 2 36 (dc, J = 6 6 y 5 4 

Hz, 1 H), 103 (d, J=6 5 Hz), 101 (d, J=6.3 Hz), DC NMR 166 67,15146,15112,12103,5130,4120, 

40.86, 16 90, 16 04 

(R,R + R,S)(E,E)+-dlethylocta-2,6-dienedioic acid (20. 

Reaction for 1 h at 20°C and work up gave an 011 By extraction with ethyl acetate, a yellow syrup was 

obtamed (340 mg, 33%), flash chromatography purification gave a white waxy material 

(Methyl ester) IR 2960,293O y 2870,1720,1655 cm -l, ‘H NMR 6 71 (dd, J = 15 5 y 9 8 Hz), 6,66 (dd, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

OC NMR 166 64,166 57,170 76,149 35,122 82,122 64,5146,25 21,24 82,1190,1173 

(R,R+ R,S)(E,E)-2,4,5,7-tetramethylocta-2,6-diendioic acid (2g). Reaction for 1 h at 20°C and 

workmg up gave a white sohd (420 mg, 41%), mp 263-265’C (MeOH), IR 3500-2200, 1685, 1640 cm-’ 

Anal Cald for C12H1804 C, 63 70, H, 8.02 Found C, 63 76, H, 8 10 
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(Methyl ester) ‘H NMR 6 55 (d, J =8.8 Hz, 1 H), 3 71 and 3 70 (s, 3 H), 2.46 (m, 1 H), 182 (d, 

J=15Hz),18l(d,J=l3Hz),O98(d,J=63Hz),O92(d,J=61Hz),UCNMR 168.47,145.60,12727, 

5167,38 65,17 82,12 62 

(E,E)3,6-di-t-butylocta-2,6-henedioic acid (2h) Reacnon for 1 h at 20°C and workmg up gave a 

whrte sohd (1.012 g, 80%), mp 274-275’C (MeOH), IR 3500-2240, 1690, 1605, 1400, 1365 cm-‘. Anai 

CaId for C16H2604’ C, 68 06, H, 9 28 Found C, 68.17, H, 9 44 

(Methyl ester) ‘H NMR 5 78 (s, 1 H), 3 67 (s, 3 H), 2 76 (s, 2 H), 1 17 (s, 9 H), 13C NMR 169 85, 

167 57,113 97,50 94,38 62,29 31. 

Configuratron was established by a differential NOE ezpertment 

(E,E)3,6-diphenylocta-2,6-dienedioic acid (2i). Reaction for 2 5 h at 0°C and workmg up gave a 

whue sohd (909 mg, 63%), mp 114-115’C (MeOH) Anal Cald for C2oH1sO4 C, 75 41; H, 6 33 Found 

C,75 24, H, 6 07 

(Methyl ester) IR 1715, 1625,750,690 cm-‘, ’ H NMR 7 34 (s, 5 H), 5 97 (s, 1 H),3 66 (s, 3 H), 3 22 

(s,2H), +NMR 16662,159.10,14081,12894,12845,12698,11785,51 13,29 65 

Configuration was established by a drfferentlal NOE ezperrment. 

Q-4-Iodobut-2-enoic acid (6). 

A mature of sodmm iodide (3.5 g, 23 mmol) and 4-bromobut-2-enolc acid (3 74 g, 22.6 mmol) m dry 

acetone (10 ml) was stirred under Ar at room temperature for 4 h The precipitate was filtered off and 

washed v&h CC14 The filtrate was concentrated to half its volume and filtered agam. Evaporation of 

solvent gave a red solid that was dried under vacuum and crystalhzed from CC14 to give white plates (16 g, 

34%), mp 98-102’C IR 3600-2400,1695,1645 cm-‘, ’ HNMR 105(s,lH),714(dt,J=154and83Hz 

lH),5.92(d,J=154,1H),393(d,J=83Hz,2H) 

Reaction of lithium 4-lodobut-2-enoate with dienedlolate of but3-enoic acid. 

A solution of but-Zenox aad (6 mmol) m THF (10 ml) was slowly added to a strrred solution of 

hthmm drethylanude (20 mmol) m THF (10 ml) at -7O’C The resultmg solutton was stirred for 30 mn at 

0°C and cooled agam at -7O’C A solutron of 4-todobut-2-enolc acrd (13 g, 6,1 mmol) in II-IF (30 ml) wac 

slowly added, and the mixture stirred at room temperature for 2 h Water (60 ml) was added, and the THI 
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evaporated under vacuum. Extractron of neutrals with ether and acnhficatton gave 2a (527 mg, 52%) The 

filtrate was extracted wtth ethyl acetate to gave 3a as a yellow otl(480 mg, 47%) 

Reaction of lithium 4-iodobut-2-enoate with dienediolate of Q-2 methylbut-2-enoic acid. 

A solution of (E)-2-methylbut-Z-enolc acrd (600 mg, 6 mmol) in THF (10 ml) was slowly added to a 

strrred solution of lithium diethylarmde (20 mmol) in THF (10 ml) at -70°C. The resulting solution was 

stirred for 30 mm at O°C and cooled agam at -7O’C A solutton of 4-iodobut-2-enoic acid (1.24 g, 6 mmol) 

m THF (20 ml) was slowly added, and the mutture stured at room temperature for 2 h. Water (60 ml) was 

added, and the THF evaporated under vacuum. Extraction of neutrals ~rlth ether and actdificatton gave a 

white solid (407 mg) that showed to be (HPLC and ‘H NMR) 7 (55%), 2b (34%) and 2a (6%) 
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