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Easy Access to 5-(E)-Alkynylidene Tetrahydro-2 Furanones
by a Palladium Catalyzed Process
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Abstract.: Biologically active ynenol lactones 1 are stereospecifically obtained when y-
acetylenic carboxylates are reacted with 1-bromo 1-alkynes in the presence of a
palladium(0)-phosphine complex. The reaction is effective only with the potassium
carboxylate and the nature of the phosphine is essential for the cyclisation process.

Ynenol lactones of general formul 1 display interesting biological properties mainly as suicide inhibitors
of serine proteases. They were prepared previously from pentynoic acids by a two step-process, an iodo-
lactonisation followed by a palladium-catalyzed coupling of the intermediate iodovinyllactone with a copper
acetylide 1. Unfortunately, a low yield is often obtained during the second step.
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Recently, we have shown that ynenylcyclopentanes 2 were easily and stereospecifically prepared from

alkynes 3 and acetylenic bromides or iodides in the presence of both a palladium(() complex and copper iodide in
catalytic quantities 2.
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Tt was therefore possible to envisage the direct access to 1 from pentynoic acids or their carboxylates by
applying the same experimental conditions. In this context some recent reports have described the palladium-
catalyzed cyclisation of (-acetylenic acids which gives rise in a single step to lactones 4 where R is an aryl and

vinyl 3 or an allyl group 4-5.
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In the first atternpt, we treated the potassium carboxylate of 5-pentynoic acid with 1-bromo 1-hexyne in
the presence of palladium tetrakistriphenylphosphine (0.03 mol.eq.) and cuprous iodide (0.06 mol.eq.) under the
conditions previously described for the transformation 3—=2 2. This reaction was completely unsuccessfull as
were others performed when the components of the reaction mixture were modified. Among these modifications
were the addition of potassium bromide which slightly increases the solubility of the carboxylate, the use of the
lithium or sodium salts of pentynoic acid, the replacement of triphenylphosphine by diphenylphosphinoethane as
ligand of palladium, the absence of the cuprous salt etc...

Fortunately, Tsuda er al. made an intensive study of the effect of the metal ligands and, have also
examined, though not as thoroughly, the effect of the solvent in the cyclisation of 5-pentynoates promoted by a
n-allylpalladium complex 4. This reaction is mechanistically related to the expected transformation of the same
pentynoates to the ynenol lactones 1 under the influence of a G-ethynylpalladium complex. Effectively, the same
dramatic influence of the ligand was noticeable since it was possible to obtain the lactone 1a in variable yields by
using other palladium-phosphine complexes 6. Some results are listed table 1 and were obtained by reacting 1
molar equivalent of potassium 5-pentynoate with 1-bromo 1-hexyne in the presence of 0.5 mol.eq. of potassium

bromide.
R 0 0
|||\/ 1) (BuOK 4
CO,H 2)nBu—=—FHr nBu
PA(0)[PRs], la
R in PR3 Solvent temperature reaction yield 2

time (h) (%)

o-tolyl THF 25° 48 30

" CH3CN " 40 37

" THF/CH3CN 1/1 " 48 41

" " 55° 72 14

p-Cl phenyl " 25° 71 26
p-F phenyl " " 48 0
2-furyl " N 18 27

4 The reactions were followed by G.C. and stopped after disappearance of the pentynoic acid, the reaction product being formed of 1a
and the starting acetylenic bromide. The yields are based on the quantity of 1a purified by flash-chromatography.

Table 1

1t is noteworthy that only the potassium carboxylate (resulting from the reaction of either tBuOK or KH with the
acid) is effective in this cyclisation to ynenol lactone 1a, the lithiurn salt (formed with n-BuL.i) or the sodium salt
(formed with HNa) giving less that 5% of la. Furthér, the presence of KBr consistently increases the yield by
about 15-20%, while the use od 1-iodo 1-hexyne is less effective, the formation of 1a being accompanied by that
of the iodolactone 5. For example, in the presence of tri-o-tolyl phosphine as ligand, the reaction product (room
temperature -66h) is composed of 1a (17%) and § (42%) in addition to unreacted starting acid and polymers.
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Finally, we found that the yield of 1a is increased even further if DMSO is used as the solvent and if an
excess of the unsaturated acid (1.5 mol.eq.) is engaged since this compound has a marked tendency to
polymerize under the reaction conditions. Two phosphines have been found capable of promoting an efficient
transformation : tri o-tolyl phosphine and primarily tri (2-furyl) phosphine which was previously described as
being able to decrease the electronic density on palladium and consequently to increase the electrophilicity of the
palladium complex 7. The results of reactions involving three different y-acetylenic acids and diverse 1-bromo 1-
alkynes are listed in the table table 2. They provide evidence for the efficiency of the reaction for forming stereo
specifically 8 the enynol lactone 1 in one step 9.

RZ R2
1a R;=Ry=H ; R3=nBu
l 4 a0 20 1b R;=R,=H ; R3=Ph
{BuOK R—=# y/, 7 1c Ry=R;=H ; Ry=(CHy}Cl
CO,H - 1d R;=H; R;=CHj ; R3=nBu
02 DMSO PAO)PR sk R? R! le R;=CHj ; Rz=H ; Ry=nBu
Rl
Rl R2 R3 Rin time lactone Yield2
phosphine (%)
H H nBu "~ o-tolyl 15h 1a 68
2-furyl 5h 84
H H Ph o-tolyl 22h 1b 35
2-furyl 16 h 55
H H (CH2)3Cl1 o-tolyl 17h 1c 60
2-furyl 5h 73
H CH3 nBu 2-furyl 5h30 1d 58
CHj3 H nBu o-tolyl 22h 1e 42
2-furyl 6h 90

2 gee note table 1, but here the reactions were stopped after disappearance of the acetylenic bromide.
Table 2

As far as the mechanism is concerned, we can propose again that this cyclisation occurs by nucleophilic
attack of the carboxylate onto the triple bond activated by the ¢-ethynylpalladium complex. This cyclisation is
followed by reductive elimination giving 1 and regenerating the palladium(0) complex.

RrR3

RZ
fl R?
d ¥ o (0]
Bripd 73 —_— Rl—:-Pd)"\-LT ° -PAO) 1
—i-
(0] RrR!
Rl
The success of this cyclisation compared to the ineffectiveness of the transformation 3=—=2 in the

absence of catalytic quantities of cuprous iodide reflects the importance of the use of tri(2-furyl)phosphine 10 as a
palladium ligand. With this catalyst, the transformation 3—=2 (Z=Z'=COyMe, R=nBu, potassium enolate) is
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observed in 24h (yield : 45%) under the best experimental conditions used here 9. This provides confirmation for
the increased electrophilicity of the G-ethynyl palladium species in the presence of this phosphine 7.
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In every case, only one isomer of 1 was detected ; its configuration is proposed by reference to all the
other related cyclisations 2-5.

Typical experiment : The anion is formed by adding 1.5 eq. of pentynoic acid, 0.75 eq. of KBr and 1.55
eq. of tBuOK in 4 ml of DMSO at R.T. Then, the addition of the Pd(0) solution prepared according to
ref.6 is made via a canula and is followed by that of 1 eq. of the acetylenic bromide in 3 ml of DMSO. The
mixture is stirred until the acetylenic bromide is consumed (GC) Classical work-up followed by
chromatography on silica-gel gives la-e.

All these compounds 1a-e are characterized by spectroscopic methods (!H and 13C NMR, IR, MS). As
an example, the spectral data of 1c and le are given.

Compound 1¢ : IR (neat) : 3040, 2960, 2220, 1810, 1660, 1110 and 910 cm-l. TH NMR (200MHz,
CDCl3) : 81.98 {(q, 2H, J=6.5) ; 2.54 (txd, 2H, J=6.5 ; 2.3} ; 2.71 (m, 2H) ; 3.0 (m, 2H) ; 3.66 (t, 2H,
J=6.5) ; 5.32 (q, 1H, J=2.3). 13C NMR (CDCl3) : § 17.01, 24.5, 27.17, 30.39, 43.61, 75.05, 86.94,
92.85, 160.42, 174,15. Mass spectrum m/z (%) : 198 (M+, 71} ; 170(42) ; 135(38) ; 107(67) ; 77(87) ;
51(100) ; 39(66) ; 27(63).

Compound 1le : IR (neat) : 2960, 2920, 2860, 2205, 1800, 1670 and 1120 cm-L. IH NMR (200MHz,
CDCl3): 5 0.92 (t, 3H, J=7) ; 1.34 (d, 3H, J=8) ; 1.4-1.55 (m, 4H) ; 2.32 (txd, 2H, J=6.8 ; 2) ; 2.59
(dxdxd, 1H, J=16.7 ; 7.8 ; 2.5) ; 2.86 (dxdxq, 1H, J=9.7 ; 7.8 ; 8); 3.27 (dxdxd, 1H, J=16.7 ; 9.7 ;
1.7); 5.3 (dxtxq, 1H, J=2.5;2.0; 1.7). 13C NMR (CDCl3) : § 13.61 ; 16.15 ; 19.25 ; 21.98 ; 30.96 ;
32.82; 3415 ; 74.06 ; 87.25 ; 94.98 ; 158.62 ; 177.25. Mass spectrum my/z (%) : 192 (M*-, 70) :
149(33) ; 135(13) ; 121(32) ; 107(44) ; 79(100) ; 51(89) ; 39(58) ; 23(33).

This phosphine, which is not commercially available, can be prepared according to : Allen, D.W. ; Hutley,
B.G. ; Mellor, M.T.J. ; I.Chem.Soc. Perkin II, 1972, 63,
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