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Abstract: Llndlar catalyst proved to be superior to the montmorlllonlte-Pdll 
catalyst m the stereoselectlve partial hydrogenation of a tert-butyl substlCuted, 
coqugated enynoate system inasmuch as a better yield of the product with the 
double bond was obtamed and less overhydrogenatlon occurred 

Introduction 

During our work on 1,2 3,4-dlepoxldes 1e2 we had to prepare methyl (2E,4Z)-2-ethyl- 

6,6-dlmethylhepta-2,4-dlenoate (1) Eventually, the most dlfflcult step was the 

stereoselective hydrogenation of the triple bond m methyl (2E)-2-ethyl-6,6- 

dlmethylhept-2-en-4-ynoate (2) to a (Z)-double bond 
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Recently, Choudary et al. proposed a montmorrllomte based catalyst for the 

hydrogenation of triple bonds to (Z)-double bonds, which was claimed to be 

superior to the classrcal Lmdlar catalyst 3 The authors did, however, only mclude 

few examples where the triple bond was already conlugated to an addrtronal double 

bond; m our case, the conlugated system was even more extended and contained an 

ester carbonyl group We therefore compared the two hydrogenation catalysts m a 

variety of solvents and under various conditions 

Syntheses and hydrogenations 

4,4_Dimethylpentynal (3), prepared according to Hauptmann and Mader 4 from tert- 

butylacetylene 5 and ethyl formate, was condensed with methyl 2-bromobutanoate 

(4) in a Reformatsky reaction to give a mixture of the two diastereorsomerrc methyl 

2-ethyl-3-hydroxy-6,6-drmethylhept-Cynoates (5a/5b) Dehydration of thus mixture 

lead to methyl (2E)-2-ethyl-6,6-dimethylhept-2-en-4-ynoate (2), whrch was then 

hydrogenated selectively with either Lmdlar or with montmorlllomte catalyst to 

the desired methyl (2E, 4Z)-2-ethyl-6,6-dimethylhepta-2,4-dienoate (3) 

During the hydrogenation experiments it became evident that the dlene 1 formed 

in the reaction underwent hydrogenation with a similar rate as the startmg 

material, the enyne 2 The hydrogen uptake curve 1s smooth and does not show a 

bend This phenomenon has already been observed with other conlugated enyne 

systems 6-8 In addition, the trrple bond m 2 carries a tert-butyl group The 

adsorption at the catalyst seems to be sterically more hindered with 2 than with 1 

This would explain why overhydrogenation was no problem when Nadlg et al 9 

and Crombie et al 10 reduced srmrlar enynoates without ferf-butyl substituents with 

Lmdlar catalyst. In all our experiments a substantial amount of the 

overhydrogenation product 7 was obtamed The product ratio was strongly 

dependent on the catalyst and solvent used 
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Montmorillonite-fixed catalyst 

The montmorlllomte-flxed catalyst was prepared accordmg to the procedure of 

Choudary et al 3 However, the addltlon of blpyridme to the chloromont- 

morlllontte needed a higher temperature and a longer time than stated m the 

reference given The catalyst was tested with ethyl I-phenyl-propynoate the yield 

published by Choudary et al was obtained 
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Methyl (2E)-2-ethyl-6,6-dimethylhept-2-en-4-ynoate (2) was hydrogenated in a large 

number of different solvents and under a variety of condrtions (see Table 1). 

Overhydrogenation of the triple bond to the single bond leadmg to the formatron of 

methyl (2E)-2-ethyl-6,6-dimethylhept-2-enoate (7) could not be avoided m any of 

these experiments Cyclohexane and acetic acid proved to be unsuitable hardly any 

product was formed. The best solvents were tetrahydrofuran and hexane, as well as 

mixtures of either tetrahydrofuran or ethyl acetate with hexane The catalyst clearly 

IS more active m tetrahydrofuran than in ethanol, a fact that was already pointed 

out by Choudary et al 3. 

Lindlar catalyst 

Commercrally available Lindlar catalyst (Fluka) proved to be too active the 

reduction of the triple bond proceeded right to the smgle bond. Therefore, qumohne 

was added m various amounts to poison the catalyst Again, solvent and condmons 

of hydrogenation were optimized (see Table 2) 

Conclusions 

From a comparison of the data comprled m Tables 1 and 2 it IS evident, that 

hydrogenations with the montmorrllomte catalyst took substantrally longer and 

yielded more of the overhydrogenatron product 7 than those with poisoned Lmdlar 

catalyst For our enyne system conlugated to an ester carbonyl group as m 2 the 

Lmdlar catalyst proved to be clearly superior to the montmorrllomte catalyst The 

stereospecificity was excellent with both catalysts; only traces of the (2E,4E)-isomer of 

1 were observed in some of the experiments 
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Table 1. Results of the hydrogenations of 2 with montmorlllonite catalyst The 

product ratios were determined with IH-NMR spectroscopy. 

Solvent 

Product ratlo [%I 

Amount of Time of Starting Product 1 Product of 

catalyst [g] hydrogena- material 2 overhydro- 

hon [mm] recovered genatlon 7 

MeOH 006 95 71 a 

EtOH 0 12 227 42 

Et20 0 12 101 28 

iPr20 006 91 76 a 

Pentane 006 227 31 

Hexane 006 92 36 

Heptane 006 58 41 

Cyclohexane 006 98 1OOa 

HOAc 006 81 96a 

EtOAc 006 91 81 a 

Dloxane 0 12 147 62 

DMF 006 93 73 a 

THF 0 05 90 14 

THF hexane 10 1 0 12 175 48a 

THF hexane 3 1 0 12 370 37 

THF hexane 1 1 0 12 283 55 

THF hexane 13 0 12 370 52 

THF hexane 15 0 12 137 30 

THF hexane 1 10 0 12 65 26 

EtOAc hexane 3 1 0 12 225 34 

EtOAc hexane 1 1 004 112 40 

22 

34 

36 

24 

37 

42 

24 

4 

19 

18 

22 

57 

37 

35 

30 

36 

43 

56 

34 

46 

7 

24 

36 

32 

22 

35 

20 

5 

29 

15 

28 

15 

12 

27 

18 

32 

14 

EtOAc hexane 13 0 12 109 43 36 21 

a Hydrogen uptake m these experiment was less than the calculated amount 
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EXPERIMENTAL 

General remarks - Samples for elemental analyses and spectra were dried - their vapor pressure 

permithng - for at least 1 h at room temperature under high vacuum Elemental analyses were carned 

out m the mlcroanalytlcal laboratory of our mshtute (E Thornmen) NMR spectra were measured on a 

Vanan VXR-400 (400 MHz for lH and 101 MHz for 13C) m our institute (K Ulnch, M Boutelher) 

Mass spectra were run on a Hltachl-Perkm-Elmer RMU 7 (Dr J I’ Stadelmann, Instltut fur 

Physlkahsche Chemle der Umverslat Basel) or on a VG 70-250 m our mstltute (Dr H Nadlg) CC-MS 

analyses were carned out with a Hewlett-Packard GC 5790A equipped with the mass selective 

detector 5970A 

Synthesis of Methyl (2RS,3RS)- and (2RS,3SR)-2-ethyl-3-hydroxy-6,6-dfmethylhept-4-ynoates 

(5a/5b, the relative configurations were not assigned) - Zinc (6 00 g, 91 8 mmol) was activated for 5 

mm with 1N HCl, then washed successively with water, acetone and benzene and finally suspended m 

30 ml of dry benzene together with methyl 2-bromobutanoate (4, 14 48 g, 80 0 mmol) Then 4,4- 

dlmethylpent-2-ynal (3, 8 62 g, 78 3 mmol) 4 was added m drops The reaction started after the 

addition of ca l/3 of the reagent and when the mixture was heated to 80°C When the addition was 

complete, the mixture was kept under reflux for 2 h and then allowed to cool to room temperature After 

addition of 50 ml of 2N H2SO4 the phases were separated and the organic layer was washed 

successively twice with 100 ml of 10% NaHC03 solution and twice with 100 ml of water Drying over 

Na2SO4 and evaporation of the solvent gave 16 14 g (97 2%) of crude product, which contained 5a and 

5b as the two major components m a ratio of 3 2 Part of thrs product was purified by dlstlllatlon bp 

87-89”C/O 32 mbar 

For the determination of the spectroscopic data the punfled product (0 5 g) was separated mto the two 

dlastereolsomers 5a and 5b on a silica gel column (100 g, petrol ether wrth mcreaslng amounts of 

CH2Cl2 and acetone) 

Data of 5a Bp 87-89”C/O 32 mbar - IR (Film) 3460 (OH), 2970, 2240, 1735 (C=O), 1460, 1435, 1365, 

1265,1205,1175,1055,1030,1000,845,800,750 - lH-NMR (400 MHz, CDCl3) 4 51 (d, J=5 5 Hz, 1H, H- 

C(3)), 3 73 (s, 3H, OCH3), 2 78 - 2 82 (s, br , J=7 5 Hz, lH, OH), 2 54 (dxt, J=S 4 and 5 3 Hz, 1H, H-C(2)), 

160 - 182 (m, 2H, H-C(l’)), 120 (s, 9H, tBu), 097 0, J=75 Hz, 3H, H-(X’)) - 13C-NMR (101 MHz, 

CDCl3) 174 1 (s, C(1)), 94 7 (s, C(5)), 77 1 (s, C(4)), 63 1 (d, C(4)), 53 9 (d, C(2)), 51 6 (q, OCH3), 30 8 (q, 

(cH3)3C(6)), 27 2 (s, C(6)), 21 0 (t, C(l’)), 12 0 (q, C(2’)) - MS (CL NH3) 230 CM+ + 18, NH4), 212 
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(M+), 195 (M+ - 17, OH), 183 (Mf - 29, C2H5), 167 (M+ - 45, - 0CH3 - CH3, + H), 153 (M+ - 59, 

COOCH3), 135 (M+ - 77, COOCH3, H20), ill (M + - 101, C5Hg02) - Cl2H20O3 (212 29), talc C 67 89, 

H 9 50%, found C 67 59, H 9 75% 

Data of 5b Mp 59-61°C - IR (KBr) 3470 (OH), 2970, 2240, 1735 (C=o), 1460, l435,l365, 1270, 1225, 

l2~,ll75,1~5,lo40,97o, 910,800,660 - IH-NMR (400 MHz, CDC13) 4 47 (d, J=7 3 Hz, lH, H-C(3)), 

3 73 (s, ~H,KH~), 2 82 - 2 78 (s, br , lH, OH), 2 56 (dxt, J=4 5 and 7 0 Hz, lH, H-C(2)), 160 - 182 (m, 

2H, H-C(l’)), 121 (s, 9H, tBu), 0 94 (t, J=7 48 Hz, 3H, H-C@‘)) - 13C-NMR (lOl MHz, Cxb) 174 9 (s, 

C(l)), 94 8 (s, c(5)), 77 6 (s, C(4)), 63 1 (d, C(4)), 54 2 (d, C(2)), 516 (q, OCH3), 30 8 (q, (CH3)3C(6)), 

27 7 (S, C(6)), 21 0 (t, C(l’)), 12 0 (q, C(Y)) - MS 0, NH3) 230 (M+ + 18, NH4), 213 (M+ + 1, H), 212 

(M+), 195 (M+ - 17, OH), 167 (M+ - 45, - OCH3, - CH3, + H), 153 (M+ - 59, CoOCH3), 135 (M+ - 77, 

COOCH3, H20), 111 (M+ - 101, C5Hg02), 95 (C7H11)s 81 (C6H9)r 55 (C4H7) 

Syntheses of methyl (2E)-2-ethyI-6,6-drmethylhept-2-en-4-ynoufe (2) and methyl (2Zk2-ethyl-6,6- 

dmethylhept-2-en-4-ynoate (6) - A mixture of 5a and 5b (4 8 g, 23 mmol) was suspended together with 

P2O5 on an mert earner (Slcapent Merck Nr 543,8 5 g, 45 mmol) m 50 ml of toluene and refluxed for 1 h 

The reaction mixture was then filtered, washed with water and dried over Na2SO4 Evaporation of 

the solvent m WZCUIJ gave 4 82 g of crude product, which consisted of two components m a ratlo of 8 1 

accordmg to GC This product was purlfled by hrgh vacuum dlstlllatlon (bp 90-92 “C/O 92 mbar) 

followed by column chromatography (100 g of slhca gel, petrol ether/CH2Cl2) to give 630 mg of 2 and 

8Omgof6 

Data of 2 Bp 90-92 OC/O 92 mbar - IR (Film) 2970, 2870,22OO,l715 (C=O), 1605 (C=C), l435pl365, 

l3lO,l24O,ll35,1045,995,g20,805,765 - IH-NMR (400 MHz, CDC13) 6 59 (s, lH, H-C(3)), 3 75 (s, 3H, 

OCH3), 2 4g (q, J=7 5 Hz, 2H, H-C(l’)), 1 28 (s, 9H, tBu), 1 06 0, J=7 2 Hz, 3 H, H-C(2’)) - 13C-NMR 

(101 MHz, CDC13) 167 5 (s, C(l)), 143 4 (s, C(2)), 120 1 (d, C(3)), 111 4 (s, C(5)), 75 8 (St C(4)), 518 (q, 

OCH3), 30 7 (q, (~~3)3~(6)), 28 5 (s, C(6)), 22 6 (t, C(l’)), 13 0 (q, C(2’)) - MS @I) 194 (M+), 179 (M+ - 

15, CH3), 163 (M+ - 3l,OCH3), 151 (M+ - 43, C3H7)1 135 (M + - 59, COOCH3), 123 (M+ - 71, - C4H9, - 

CH3, +H), 91 (M+ - 103, CqHg, CH3, OCH3), 77 (M + - 117), 59 (COOCH3), 57 (C4Hg) - Cl2Hl802 

(194 27), talc C 74 19, H 9 34%, found C 74 22, H 9 57% 

Data of 6 Bp 90-92 OC/O 92 mbar - IR (Film) 2975, 2880,2210, 1715 (C=O), 1615 (C=C), 1435, 1365, 

1315,1270,1220,1140,1050,990,930,875,795 - lH-NMR (400 MHz, CDCb) 5 91 (t, I=14 Hz, lH, H- 

C(3)), 3 7g ts, 3H, OCH3), 2 38 (q, J=7 7 Hz, 2H, H-W’)), l 27 (s, 9H, tBu), l 06 (t, J=74 Hz, 3H, H- 

C(T)) _ l3C-NMR (101 MHz, CDcl3) 167 3 (s, C(l)), 142 8 (s, C(2)), 116 4 (d, C(3)), 107 3 (s, C(5)), 76 7 
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(s, C(4)), 51 3 cq, OCH3), 30 7 (q, (CH3)3C(6)), 28 8 (s, C(6)), 26 8 (tr CU')), 13 1 (‘I, c(2')) - MS (E1) 194 

(M+), 179 (M+ _ 15, CH3), 163 (M+ - 31,OCH3), 151 (M+ - 43, C3H7), 135 (M+ - 59, CO°CH3), 123 (M+ - 

71, - C4H9, - CH3, +H), 91 (C6H30), 77 (M + - 117), 59 (COOCH3) I 57 (C4H9) - C12H1802 (194 27)) 

c& C 74 19, H 9 34%, found C 74 22, H 9 57% 

Syntheses of methyl (2E,4Z)-2-ethyM&dzmethylheptn-2,4-dzenoute (1) and methyl (2EJ-2-ethyf- 

6,6-drmethylhept-2-enonte (7) - Hydrogenation wrth montmorzllonlte catalyst the catalyst was 

prehydrogenated for cu 20 mm m 2 ml of the respective solvent Then methyl (2E)-2-ethyl-6,6- 

dlmethylhept-2-en-4-ynaote (2, 0 20 g, 1 03 mmol) m 4 ml of solvent was added, and hydrogenation 

was carried out at room temperature and atmosphenc pressure until the calculated amount of hydrogen 

was taken up The mixture was filtered through a hardened filter paper, then the solution was 

concentrated by evaporation and examined for its composltlon with lH NMR spectroscopy 

Hydrogenatzon with Ltndlar catalyst The catalyst was suspended together with qumolme and 

methyl (2E)-2-ethyl-6,6-dImethylhept-2-en-4-ynaote (2) m the respcctlve solvent Hydrogenation 

was carried out at room temperature (one experiment at -50 “C) and atmospheric pressure until the 

calculated amount of hydrogen was taken up The catalyst was filtered off on a Buchner funnel, and the 

fdtrate was washed several times with 0 1N HCl and 10% NaHC03 solution, then dried over 

Na2S04 and evaporated The product composltlon was determmed with lH NMR spectroscopy 

For the determmatlon of the spectal data a sample of the product mixture was chromatographed twice 

on silica gel with petrol ether/CH2C12 An almost pure sample of 1 was obtained 

Data of 1 IR (Film) 2940,2860,1700 (C=O), 1620 (C=C), 1450,1425,1355,1270,1225,1190, 1125,1085, 

1035,985,905,790,750 - 1~-NMR (400 MHZ, CDc13) 7 71 (dxd, J = 12 1 and 0 9 Hz, 1 H, H-C(3)), 6 12 

(dxd, J = 12 3 and 12 4 Hz, 1 H, H-C(4)), 5 78 (dxd, J = 12 0 and 1 2 Hz, 1 H, H-C(5)), 3 77 (s, 3 H, OCH3)) 

2 40 (q, J = 7 4 Hz, 2 H, H-C(l’)), 1 21 (s, 9 H, tBu), 1 03 (t, J = 7 5 Hz, 3 H, H-(C2’)) - 13C-NMR (101 

MHz, CDC13) 168 7 (s, C(l)), 149 3 (d, C(5)), 133 4 (d, C(3)), 133 1 (s, C(2)), 121 5 (d, C(4)), 51 7 (qn 

OCH3), 34 4 (s, C(6)), 314 (q, (~~3)3C(6)), 19 4 (t, Ul’)), 13 9 (q, C(2’)) - MS GC-MS, El) 196 (M+), 

181 (M+ - 15, CH3), 165 (M+ - 3l,OCH3), 153 (M+ - 43, CH3, C2H5, +H), 139 (M+ - 57, C4H9), 137 (M+ - 

59, CmH3), 126 (M+ - 70, C5H10), 111 (M+ - 85, C6H13), 95 (M+ - 101, C5H10,OCH3), 79 (C6H7), 59 

(COOCH3), 57 (C4H9) 

For the determmatlon of the spectroscopic data a pure sample of 7 was prepared by hydrogenation of 2 

with unpolsened Lmdlar catalyst 



1578 M NIKLES~~UZ 

Data of 7 IR (Film) 2960,2910,2880,1715 (C=O), 1645 (C=C), 1465,1435,1365,1295,1245, 1195,1165, 

1120,1~0,1045,1030,910,795 and 770 - IH-NMR (400 MHZ, CDC13) 6 73 (t, J = 7 6 Hz, 1 H, H-C(3)), 

3 73 (s, 3 H, OCH~), 2 32 (q, J = 7 5 Hz, 2 H, H-C(l’)), 2 17 - 2 10 (m, 2 H, H-C(4)), 133 - 128 (m, 2 H, H- 

C(5)), 1 01 (t, J = 7 5 Hz, 3 H, H-(C(2’)), 0 92 (s, 9 H, tBu) - 13C-NMR (101 MHz, CDC13) 168 3 (St 

C(l)), 142 9 (d, C(3)); 133 2 (S, C(2)), 51 4 (q, 0CH3), 43 0 (t, C(5)), 30 4 (% C(6)), 29 1 (9, (CH3)3C(6)), 

23 8 (t, C(4)), 19 3 (t, C(l’)), 13 9 (q, C(2’)) - MS (GC-MS, EI) 198 (M+), 183 (M+ - 15, CH3L 167 (M+ - 

31, OCH3), 141 (M+ - 57, C4H9), 127 (M+ - 71, C5H11), 123 (M+ - 75, COOCH3, CH4), 113 (M+ - 85, 

C6Hl3), 84 (C6Hl2), 71 (CgHll), 59 (COOCH3), 57 (C4H9) 
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