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Abstract: The Z-isomer ofa-bromo+y-(bromomethylene)butenol- *

ide was prepared fromrangelica lactone or levulinic acid in three Y] n

and four steps, respectively. Successive Stille-couplings with
unsaturated stannane, with the potential to use a different secc

unsaturated stannane, involved fheubstituent first and the-sub- v
stituent thereafter. Therehbysalkenyl-y-alkylidenebutenolides and 2NN
their arene analogs were obtairedelectively. y 0
o
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regioselectivity, stereoselectivity, Stille-coupling

The simplest naturally occurringalkylidenebutenolidé
is the antibioticy-methylenebutenolide or ‘protoanemo- /] S
nin’ (2;* Scheme 1). Higher naturally occurrineplkyl-
idenebutenolides include xerulinic acid3;( 1- Scheme1l
monosubstituted), an inhibitor of the biosynthesis of cho-
lesterol; freelingyne4® 1’,a-disubstituted), a wood oil

constituent; and rubrolide A5f 1’,B-disubstituted), an

inhibitor of protein phosphatases. In each of these col

pounds the £=C' bond is stereogenic a@dconfigured. Br Br C? .

Since, in the absence offasubstituent, the thermody- | ~ Br NN BN BT
namic bias for the&- vs. E-configuration at this bond is o o o

fairly small, laboratoy syntheses of suctralkylidene- o é) © ©
butenolidesl require kinetic control to ensure a stereo z6 ! z8
selective reactiop. rof. 7 l rof. 7 i this work
Having been involved in the development of the stere: l l i
selective syntheses gfalkylidenebutenolides for some R? Rl .
time>©% we recently added stepwise C,C-couplings wit -, 1§ Ly Y R?
dibrominated y-methylenebutenolideZ-6 or 7 to the Rlﬁ Rzm Rl/\o(i[
methodological arsenal (Scheme’2)nder Pd-catalysis o o o
the respective bromine atoms are replaced in a stric..,  %° Z-orE-10 z11

regiocontrolled manner (Scheme 2 indicates the ordegsheme?2
Thereby, two successive C,C-couplings prodyedkyl-
idenebutenolideZ-9 and Z- or E-10, respectively, as

single stereoisomers. Contemplating how to make dibromomethylenebut-
olideZ-8 stereoselectively, we took recourse to our ra-
ionalization of thez-selectivity of the recent synthesis of

The present communication extends this strategy: v?@
complement dibromomethylenebutenolidé-8 as a 0
substrate for tandem Stille-couplinyysvhich provides
a-alkenyl-y-alkylidenebutenolide&-11 in a very straight-
forward manner (Scheme 2).

the analogous monobromomethylenebutenoligid2®
(Scheme 3). The step establishing tAeC’ bond config-

_ apart, which causes thés-orientation of the &-Br and
SYNLETT 2005, No. 8, pp 1286-1290 C'—0 bonds in intermedia@13. The latter and triethyl-
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uration appears to be the deprotonation of carboxonium-
ion 15 (in the presence of polyphosphorous acid): while
this reaction is underway, the bromine substituents’at C
and @ strive to position themselves a maximum distance
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Br Y [\e Br Scheme 4 Reagents and conditionst) H,PO, (cat.), distillatio
° )0 Q o (60%; Refl°90%); b) E{N (0.5 equiv), benzend, 15 h (43%; Ret’
X 58%); c) By, (0.98 equiv), CCJ 0 °C, 1 h; quinoline (2.1 equiv), be
17 18 zene, 0 °C— r.t., 5 h [50% (when mixed with residual quinoliroz)
37% (pure); Ret! 90%]; d) Bg (1.52 equiv), CCJ reflux, 3 h; E{N
U U (1.52 equiv), 4 h (46%; Réf. 71%); e) By (2.2 equiv), CG,
0°C—sreflux, 2.5 h; E{N (1.0 equiv), 0 °G r.t. (25: 73%,24: 7%);
Br Bro + f) NBS (2.7 equiv, added in 12 h intervals), AIBN (0.22 equiv),£C
Br/\, N reflux, 39 h (34%; Ref? 63%); g) Hydroquinone (cat.), J&t (1.10
0J 3 2 n equiv), CH,Cl,, =78 °G=0 °C, 1 h (78%).
X o]
19 2
Scheme 3 ly pure; theZz-configuration was confirmed by the NOE’s

upon integration of 4-H3(= 7.49 ppm) while irradiating
1’-H (6 =6.19 ppm), and vice vers&aSurprisingly, we

this analysis, it seemed likely that the same order of evefigild not combine the dibromination of protoanemonin

would transform carboxonium-ialb via intermediate-

(2) and the tw@-eliminations of HBr in a one-pot proce-

14 into butenolidez-8. We conceived that carboxonium-dure leading directly t@-8; when such a procedure was
ion precursorl6é would be generated differently thancarried out the yield oZ-8 was low and it could not be

carboxonium-ionl7; we assumed that6 would form
through heterolysis of the tetrabromolactd8ewhich in

separated from the inevitable contamination by dibro-
mobutenolide?4.

turn would result from the addition of excess bromine tPhe original route fronz-angelica lactone2(l) via p-an-

protoanemoning).

gelica lactone 22'") and monobromobutenolid23'? to

Scheme 4 shows how Scheme 3 translated into practi@romobutenolide25' was less efficient in our hands
starting fromu-angelica lactone2(). This compound can (7% overall yield) than the new synthesis 2i@27-37%
be purchased or prepared by the lactonization of levulinyerall yield). Moreover, the brominati@—25 was un-

acid £0).1° Adding bromine ta21 and eliminating HBr Suitable for preparing even one-gram-amounts of com-

according to the literatuterendered protoanemoni@)( Pound25 at a time'?

in 37-50% yield. Heating this compound at reflux tempeBcheme 5 depicts two-stage Stille-couplfngstween di-
ature in CCJin the presence of 2.2 equiv of bromine gavBromobutenolid€-8 as a bis(electrophile) and aryl tribu-
the intermediaté8, which upon addition of 1 equivalentty|stannane28'® and alkenyl tributylstannan&9?° as

of triethylamine £ elimination of HBr) yielded the de- representative nucleophiles. When these stannanes were

sired tribromobutenolidg5* (73%) and the undesired di- allowed to couple in the indicated order, using Pd(dba)
bromobutenolide24'* (7%) after separation by flash- AsPh, as the cataly$t monocoupled produc®6 was
chromatography on silica gel. Treatment of tribro- obtained first and bis-coupled prod®t thereafter. The
mobutenolide25 with another equivalent of triethylamineyield of each step was 71%. Inverting the order of

induced once more the elimination of HBr. The dibrocouplings, butenolid&-8 furnished bis-coupled product
mobutenolideZ-8" resulted in 78% yield and isomerical-31 via the intermediate monocoupled proddet the
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Scheme5 Reagents and conditiona) 28 (1.11 equiv), Pd(dba)5 i ) 35
mol%), AsPh (0.15 equiv), Cul (9 mol%), THF, 50 °C, 4 h (71%);
29 (1.1 equiv), Pd(dba)(5 mol%), AsPh (0.19 equiv), Cul (@8 T4
equiv), THF, 40 °C, 2 h (71%); @8 (1.17 equiv), Pd(dbaf4 molog, MOS8
AsPh (0.11 equiv), Cul (4 mol%), THF, 40-50 °C, 3 h (65%)24) o)
(1.16 equiv), Pd(dba)4 mol%), AsPh (0.13 equiv), Cul (7 mol% . _O
THF, 40 °C, 4 h (65%). 36 (946 ZE)
|
yield being 65% per step. The regioselectivity of both st o4
guences emerged from thd NMR coupling pattern of WOH
theB-proton on the styrene moiety. When the styryl grou © o
binds to C of the butenolide core as in compoBig the 37 (92:8 Z:E)

B-proton SI’_]OWS one vicinal coupling .as opposeg to tV\‘aochemeG Reagents and conditiona) 35 (1.20 equiv), Pd(dbg}5
such couplings when the styryl group is attachedtasC ,5106) AsPh (0.14 equiv), Cul (9 mol%), THF, 40-50 °C,
in compound<6 and27. TheZ-geometry is attributable (549%); b)34 (1.10 equiv), Pd(dba)4 mol%), AsPh (0.13 equiy,
to the G'=C® bonds of all coupled products of Scheme Bul (8 mol%), THF, r.t., 4 h (94%); &5 (1.16 equiv), Pd(dba)6

on the basis of the NOE’s visible between their respectiv®!%), AsPh (0.12 equiv), THF, 5060 °C, 1.5 h (63%);3#)(1.13

1-H and 4-H resonances. equiv), Pd(dba) (5 mol%), AsPh (0.15 equiv), THF, 40-50 °C, i
(86%).

Continuing to explore the Stille cross-coupling chemistry

of dibromobutenolideZz-8 but accessing--alkenyl+y-al- . . L . . 9

kylidenebutenolides with more resemblance to naturdi®tics I_I|ss<f)cllnoI|§je (frtl)lessocImum platellg ah’?d

products we used alkenyl tributylstannaBd® and3s2¢  tetrenolin (fromMicropolyspora venezuelensiS This

as coupling partners (Scheme 6). Mono-coupling with th%mthgsis of lissoclinolide is the shortest reported to date,
primary alkenyl stannan&4 provided thea-bromos- COMPiSIng just four steps from angelica lactoBE) (or
alkylidenebutenolid@3 in 94% yield (96:4:E-mixture). V€ steps from levulinic acid20). In addition it is the
Mono-coupling 0fZ-8 with the more hindered secondary®NlY 0né accomplished without using protecting groups.
alkenyl stannang5 was slower and less efficient, furnish-8Y comparison, Neglsh|§ syntheS|s of |ISSO?|InC,)|Ide
ing thea-bromo+-alkylidenebutenolid@6? in 63% yield reduired nine steps,Rossi's eight step¥,and Gorth's
(94:6 Z:E-mixture). Stille-couplings of mono-coupled &rlier synthesis from otaboratory six step¥.

product33 with stannane5 and mono-coupled product

36 with stannan&4 led to the isomeric bis-coupled prod- Br PN
ucts 3225 (54%, 94:6Z:E-mixture) and372° (86%, 92:8 N, Bf/\o(i[ , BusST N oH

Z:E-mixture), respectively. The regioselectivity of the a S o
couplings in Scheme 6 and the configuration of th N z8 )
emerging €=C° bonds were ascertained as exemplifie:

for the analogous couplings in Scheme 5. ﬁ)

Finally, catalysis by Pd(dbagnd AsPh (in the absence
of Cul) allowed a double Stille-reaction of dibro- NN CoH

mobutenolideZ-8 with alkenylstannan&4 (Scheme 7). o o

After heating in THF solution at 50-60 °C for 90 minute: 38 (96:4 ZE)

followed by Cf}rorznatogijliaphic W?krkl-gp, WE iSOIatIedd a 96:gchemeY Reagents and conditiona) 34 (2.20 equiv), Pd(dbg}5
Z:E-mixture of thea-alkenyl«y-alkylidenebutenolide38 . : ’

in 66% yield?” 38 is the co¥n‘¥noﬁ’ystructure of the anti- M7 ASPR (016 equiv), THF, 50-60°C, 1.5 h (66%).

HO
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Liebeskind, L. S., Ed.; JAI Press: Greenwich, Connecticut,
1996, 1. (c) Mitchell, T. N.Synthesid992, 803. (d) Farina,
V.; Krishnamurthy, V.; Scott, W. Org. React1997, 50, 1.
(e) Mitchell, T. N. InMetal-Catalyzed Cross-Coupling
Reactions2nd Ed.; de Meijere, A.; Diederich, F., Eds.;
Wiley-VCH: Weinheim,2004, 125.

(a) Brickner, R.; Siegel, K.; Sorg, A. Strategies and
Tactics in Organic Synthesigol. 5; Harmata, M., Ed.;
Elsevier: Amsterdanf004, 437. (b) Sorg, A.; Briickner, R.
Angew. Chem. Int. EQ004, 43, 4523;Angew. Chen004,
116 4623. (c) Sorg, A.; Siegel, K.; Brickner, Ghem.—
Eur. J.2005, 11, 1610.

Helberger, J. H.; Ulubay, S.; Civelekoglu,Lliebigs Ann.
1949, 215.

Grundmann, C.; Kober, B. Am. Chem. So&955, 77,
2332.

Synthetic sequen@—23—25: Ochoa de Echaguen, C.;
Ortufio, R. M.Tetrahedronl994, 50, 12457.

Compound4 resulted from an initial 1:1-addition, rather
than 2:1-addition of bromine to protoanemorgh (

Still, W. C.; Kahn, M.; Mitra, AJ. Org. Chem1978, 43,
2923.

In conclusion, we have presented a powerful new strateg(}iS) All new compounds excep8 gave satisfactoriH and'3C

for the stereoselective synthesisZb€onfiguredao-alke-
nyl-y-alkylidenebutenolides. The transformatioi-

NMR spectra and provided either correct combustion
analyses or HRMS.

8—36—37 (Scheme 6) models specifically how sequen-(16) (Z)-3-Bromo-5-(bromomethylene)-2(5H)-furanone(Z-8):

tial Stille couplings betweer-8 and more complex alke-
nylstannanes thaB4/35 should develop into novel and

concise approaches to totally synthetic specimens of peri-

dinin (39%) and pyrrhoxanthin40®%), key carotenoids for
marine photosynthesis (Scheme 8).
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Jy 4 = 5.3 Hz,AJy , = 0.9 Hz, 3H), 6.76 (ddt], y = 15.5

Hz,J, , =11.4 Hz}J, , = 1.9 Hz, 2-H), 6.96 (incompletely
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