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Abstract. 3,4-Pentadiencl was protected with ethyl vinyl ether and raglosselactively
(70%) deprotonated at the terminal position by treatment with Bull in THF at low
temperature. Starting from the so obtained lithium compound, Marasin
{nona-6,8-diyne-3.4-dienol) (1a) and $-Me-Marasin (deca-6,8-diyne-3,4-diencl)
{1b) were prepared by two metal-mediated synthetic routes. Route A involves
transmotallation of the lithium compound with LiCuBrp, followed by reaction with
Meg381-CuC-CuC-1 or Me-CuC-CuC-l. Route B Involves transmetallation with ZnClo,
followed by a palladium-catalyzed coupling reaction with MegSi-CaC-CaC-Br or
Me-CnC-C=C-Br. Before removal of the protecting groups the yield of C-C coupled products,
MegSi-CuC-Cal-CHuCuCH-CHCH2OCH(Me)OE! and Me-CaC-CaC-CHuwC=CH-CHoCHy-
OC?'!(MG)OE! {6a and 6b) was 95 % via route A, Route B afforded [6a) and for (6b) in
75% and 50 % yield, respectively. After removal of the trimethylsilyl group with AgNO3
and the acetal group with trace of acid, (1a) and {1b) were obtained by route A In 20 % and
85 % overall yield, respectively, and by route B in 13 % and 30 % overall yield,
respectively. The antiblotic activity of both compounds was tested against Staphylococcus
aureus and the MIC (Minimal Inhibiting Concentration) for Marasin was 0.2 pg/ml.
9-Me-marasin was not active suggesting that the free acetylens function of the allenadiyne is
essentlal for the antibiotic activity.

Introduction. (-}-Marasin (nona-6,8-diyne-3,4-dienol) was isolated in 1959 by Bendz! from the culture fluid of
Marasmius ramealis as the active antibiotic component against Staphylococcus aureus . it was the first naturally
occurring allene to be isolated and an example of a class of compounds, produced by micro-organisms, containing the
allene-diyne system? (fig. 1). The allene molety of Marasin is chiral and both the (-)- and the {+)-enantiomers occur
in nature. The (+)}-enantiomer was isolated later from a different sourced and appeared to have similar antibiotic
activity.

ACe(C-CaC-CH=CuCH-(CHo}n-OH  n=1-4 Marasin (R=H, n=2} (18}
(R=Me, n=2) (1b)
(R=H, n=1} (1¢)
Figurel. Examples of allene-diyne antibiotics.

in spite of the apparent simplicity of these linear compounds, almost nothing is known about their antibiotic activity. This
fack of interast is most probably due to the instability and the inherent difficulties in the synthesis of the allene-diyne
system.

These difficulties are reflected in the synthetic studies of Marasin which are published up to now, that are all based on
regiospecific reduction of an ene-triyne alcohol®. This method suffers from overreduction leading to low yields (0-11%)
and problems In product separation. Moreover, the products were only qualitatively characterized {u.v. and i.r.
spectroscopy).
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A more straightforward method for the preparation of substituted allenes is a metal-mediated carbon-carbon coupling
reaction®. in this way the Cg-homologue of Marasin (fig. 1, n=1}) was prepared by Landor et ai. & using a
copper-catalyzed coupling reaction of an acetylene with a bromoallene and by Vermeer et al’, using a
palladium-catalyzed propargylic 1,3-substitution {scheme 1).

Me3Si-CaC-CaCH + BrCH=C«CH-CHo0SiMeg ey (1¢) (10%)
!O\ iit, iv
Me3Si-CaC-C=C-ZnCl + HC=C-CH-CHp e ) (1¢) (30%)

Scheme 1. Reagents: i, BugN, CuBr; i, OH/MeOH; lii, 5% Pd(PPhg)s; Iv, AgNO3, NaCN.

‘Umpolung’ of this method involves reaction of an allenyl-metal reagent, which can be easily obtained from a terminal
allene1, with an organic halide, R'X {eq. 1)8.

Buli mX RX
R-CH=Cw=CH» P R-CH=C=CH-Li ey oy R-CH=C=CH-R" (1}

Because functionally protected 3,4-pentadienol (eq. 1, R=CHpCHoOCH{Me)OE1) can be easily deprotonated, with Bul,
mainly at the terminal position, we used the reaction deplicted in eq. 1 for the synthesis of racemic Marasin and its 9-Me
homologue. The advantage of this msthod, In which the fragile allene-diyne unit is made by a mild metal-mediated C-C
coupling reaction, is the reduced possibility of Isomerisation, reduction or polymerisation of the unsaturated system.

For a check of the so obtained natural antibiotics the antibiotic activity of both Marasin and 9-Me-Marasin was tested
against Staphylococous aureus.

RESULTS AND DISCUSSION.

The alcohol function of 3.4-pentadienol was protected with ethyl vinyl ether, giving acetal (2), which was treated with
BulLi in THF at -50 to -60 °C (see scheme 2). Ethyl vinyl ether was chosen as protecting group because it is easy
available, stable in the presence of strong base and can be acid-calalyzed removed by methanol. The latter is important
because Marasin is known to be rapidly isomerised by base2. The starting compound (2), when freshly prepared, had a
constant boiling point and the 1H-NMR-spectrun'x showed a triplet and a quartet for the OCHp-groups. However, after
storage for months or in the presence of a trace of acid, exchange of the acetal function occurs, forming a mixture of
{Et0)2CHMa, CHa=C=CH-CHoCHpOCH(Me)OEL and (CHowC=CH-CHaCH20)2CHMe. This exchange causas a complicated
pattern for the OCHgp-groups in the TH-NMR spectra and three GC-peaks.

The regioselectivity of the lithiation was checked by deuteriolysis of the mixture obtained after the addition of Buli to (2)
in THF at about - 50 to -60 °C. GCMS analysis of the deuteriolysis product of (2) with Buli showed that an extra isomer
was formed with about the same mass spectrum as the main product and that peaks due fo the Cg-fragment of both isomers
were increased by one mass number compared with (2). The proton at the 3-position of the 3,4-pentadieny! fragment of
(2) appeared in the 1H-n.m.r. spectrum as a virtual quintet due to coupling with a comparable coupling constant with
both the terminal (5-) protons and the protons at the 2-position. After lithiation and deuteriolysis of (2) a quartel was
observed for the proton at the 3-position, indicating that one hydrogen is replaced by a deuterium. However 30 % of its
intensity was lost, which means that aiso a part of the hydrogen of the 3-position is lost. The regioselectivity of the
lithiation, based on Integration of the signa! of the proton at the 3-position, was not dependent on the batch of (2). Even
excess of Bull has no influence on the regiospecificity of the reaction.
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i 0.7 LICH=C=CH-CHoCHoOCH(Me)OEt

CHy=C=CH-CHaCHZ0CH(Me)OEt N (3a)
2 0.3 CHp=C=CLI-CHaCHpOCH(Me)OEt
(3b)

5 0.7DCH=C=CH-CHoCHpOCH(Me)OEt + 0.3 CHpD-C=C-CHaCHoOCH(Me)OEt
(4a) (4b)
Scheme 2. Reagents: i, BULVTHF (-60 °C); ii, D20.

The 13C-spectrum of the deuteriolysis product of (2) with BuLi showed a triplet at & 74.94 ppm, due to 13C-D
coupling, replacing a singlet at the same chemical shift for the 13C-spectrum of (2). This signal was attributed to the
terminal carbon. The only other signal with a 13C-D coupling, except the solvent (CDCl3) was found at 53.40 ppm. This
low shift value can almost only be attributed to a CDH2C=C- group. The formation of a small amount of (4b) is in
agreement with a small multiplet observed at § 1.76 ppm in the 1H-n.m.r. spectrum. The formation of this compound can
be thought arising from (3b), if D2O attacks the terminal position with simultanous 1,3-shift of a double bond, giving
(4b). This feature also explaines the decrease in intensity of the proton in the 3-position in the TH-n.m.r. spectrum of
(4a).

The allenyllithium compound (3a) (scheme 2), although contaminated with (3b), is a suitable precursor for preparing
the copper and zinc compounds (5 and 6), necessary for carbon-carbon coupling reactions (see scheme 3). Treatment of
the copper compound (5) with iodo(trimethylisilyi)butadiyne or 1-iodopenta-1,3-diyne gave the functionally protected
precursors (7a) and (7b), respectively, in very good yields (95%). The TH-NMR spectra of (7a) and (7b) showed a
triplet at 4.95 ppm, corresponding to about 20 % contamination with isomers, which contain the MeC=C-C=C- resp.
Me3SiC=C-C=C- group in the 3-position. The formation of these isomers is in agreement with the contamination of
(3a) with (3b) (scheme 2).

i i
[EtOCH(Me)O-CHaCHoCH=C=CH-Cu] «——— (3a + 3b) — [EtOCH(Me)O-CHaCH>CH=C=CH-ZnCl)

O] (6)

route A iii v Route B

R-C=C-C=C-CH=C=CH-CHoCHoOCH{Me)OEt

(7a): R = MegSi {85% from (5); 75% from (6})}
(7Tb): R=Me  {95% from (5); 50% from (6)}

v, vi
R-C=C-C=C-CH=C=CH-CH2CHoOCH{Me)OEt

(1a): R=H {20% from (5); 13% from (6)}
(1b): R = Me {65% from (5); 30% from (6)}

Scheme 3.Reagents: i, LiCuBry; ii, ZnCly; iii, R-CaC-CaC-I; iv, R-CaC-CuC-Br/Pd"cat.; v, MeOHH*; vi, (7a) : Ag*/CN-.

A palladium-catalyzed reaction of zinc compound (6) with bromo(trimethylsilyl)butadiyne or
1-bromo-1,3-pentadiyne also resulted in the formation of (7a) and (7b) although the yields were lower (75% and
50%, resp.) than in the copper-mediated reaction. The complex PdClg(PN)9 (see fig. 2) was used as catalyst aithough
Pd(PPh3)4 worked almost as well. The palladium catalyzed reactions were complicated by homo-coupling and by
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formation of black polymers. Because a considerable amount (30 %) of 2,4,6,8-decatetrayne was found in the reaction of
(6) with MeCsC-C=aC-Br, the lower yields must be ascribed mainly to homo-coupling. A similar
bis(trimethylsilyl)octatetrayne was however not found. It is probably so instable that it completely decomposes, as
indicated by the black reaction mixture. The formation of black reaction mixtures and loss of yiekd was more apparent
when iodo{trimethyisilyljbutadiyne and Pd{PPhg)4 were used. in an attempt to prepare optical enriched Marasin the
coupling reaction of (6) with bromo(trimethyisilyl)butadiyne was carried out with PdClg[(R,S)-PPFA]‘O {see fig. 2)
as catatyst. About the same yleld of Marasin was obtained as in the reaction catalyzed by PdCla(PN), but disappointingly
the enantiomeric excess, determined by comparing the rotations of synthetic with natural Marasin1, was very low (0.5

%).
Me
PN = Oi\mez (R)-(S)-PPFA = 3 e,

Figure 2. PN = o-diphenylphosphine-N,N-dimethylbenzylamine; (R,S)-PPFA = (R)-1-N,N-dimethylamino-1-
[(S)-2-diphenylphosphinoferrocenyi]ethane.

Compounds (7a} and (7b) were purified by column chromatography and obtained as yellow oils. The yields given above
were based on the chromatographed products.

Removal of the trimethylsilyl group from (7a) was performed with silver nitrate!3 in methanol. A yellow-white
insoluble silver compound was formed, which was decomposed with NaCN. During this reaction sequence the acetal group
was also removed and Marasin was obtained without need of a second deprotection step. Although the greater part
decomposed, due 1o the instability of the compound, this method proved to be very valuable because Marasin is very
rapidly isomerized by base12 and indeed other methods for removing a trimethylsilyl group from an acetylene, like base
in MeOH or fluoride In DMF, failed. Marasin was obtained as an yellow-brown oil. It Is very unstable when pure and
explodes on heating. it should be stored as a dilute (<1 %} solution in ethanol at low temperature {-30 ©C). 9-Me
Marasin is markedly more thermally stable and can be stored undiluted for weeks at -30 9C without significant
decomposition.

The properties of Marasin (1a) its instability in pure form and its relative stability in dilute solution, are in agreement
with the description in the fiterature’.3.4. Although (1a) and (1b), prepared by route A were contaminated with
isomers, arising from lithium compound {(3b}, route B afforded (1a) and (1b) contaminated only with about 20 % of
starting compound (2).

The antibiotic activity of both allenediynes (1a and 1b) was tested against Staphlyococcus aureus. Marasin (1a)
inhibited the cell growth and the minimal inhibiting concentration was 0.2 pg/mL. The antiblotic action was clearly of a
bacteriostatic nature and even up to a concentration of 1.4 ug/mL the number of living cells did not decrease. §
Me-Marasin (1b), howsver, was not active at all up to concentrations of 9 ug/mL, suggesting that the terminal acetylene
hydrogen is essential for the antibiotic activity.

EXPERIMENTAL

YH.n.m.r. spectra were recorded on Varian EM 360 and EM 390, and Bruker AW 80 spectrometers. 13C-n.m.r. spectra
wers recorded on a Bruker AC 200 spectrometer. L.r. spectra were recorded on a Perkin-Elmar 457 spectrometer and
u.v. spectra on a Perkin-Elmer 552 spectrometer. THF was distilled from LiAIH4 or sodium/enzophenone. Butyllithium
was used as the commercially available solution in hexane (1.5-1.6 M). CuBr was prepared by reduction of an aquous
Cu(ll)-solution with SO in the presence of bromide. Commercially anhydrous ZnClpy (98+%) was dried at 200 °C/ 0.1
mmHg, dissolved in THF and used as 1 M solution.

Ali preparations wers conducted in an atmosphere of dry nitrogen, although work-up and product isolation were
performed in air.

Preparation of acetaldehyde 3,4-peniadieny! ethyi acetal, (2). Penta-3,4-dienol (8.1 g; 0.1 mol), prepared following
the procedure given in ref. 14, was added slowly to 20 ml of ethyl vinyl ether containing 50 mg of p- toluenesulfonic
acid. During the addition the mixture was stirred and cooled in ice. After tha addition the stirring was continued for one
hour and the mixiure was then washed with 20 mi of water containing 1 g of NazCQ3. The organic layer was separated and
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subsequently dried over MgSO4. After evaporation of the solvent the residue was distilled at reduced pressure. B.p. 75-80
0C/15 mmHg. Yleld (10.3 g, 80%).

8H{CClg) 1.05 {3 H, 1, CH3CH0-), 1.15 (3 H, d, CH3CH3-), 221 (2 H, gof {, -CHpCH=)}, 338 {2 H, q,
-OCHpCH3g), 3.38 (2 H, t, -OCHaCH2-), 4.50-4.70 (3 H, m, -CH=C=CHy and -OCHMeQ-}, 5.00 (1 H, quintet,
CHp=CwCH-CH3).

Lithiation and deuteration of acetaldehyde 3,4-pentadienyl ethyl acetal, (2). 0.010 Mol of the protected allenic alcohol
was dissoived in 20 mi of THF and cooled 1o -60°C. 0.010 Mol of Buli in hexane was added dropwise, keeping the
temperature below -55°C. A yellow solution was formed. A solution of 1 mL of D20 in § ml of THF was then added to the
yellow solution upon which the solution decolourized. After shaking the latter mixture with saturated NH4Cl solution, the
organic layer was separated and the water layer was extracted three times with diethyl ether. The organic fractions were
combined, dried over MgSQOy4 and evaporated at reduced pressure, leaving 1.3 g (85 %) of an oil. 20 ml of methano! and
§0 mg of p- toluenesulfonic acid were added and the mixture was stirred for one hour. Subsequently the mixture was
poored in 50 ml of water containing NaHCOg and extracted three times with 10 mi portions of diethyl ether. The fractions
were dried over MgSOy4 and evaporated at reduced pressure, leaving 0.65 ¢ (80%) of an oll. 84{CCl4) 1.66 (0.5 H, m,
CH2DC=C-), 2.20 (2 H, q of d, -CHpC=), 3.62 (2 H, t, -OCHoCH3), 4.64 (1.0 H, m, -CH=C=CHD), 5.20 (0.7 H, q,
-CHaC H=C=CHD). 3c(CDCi3) 3.4 (t, CHaDCaw), 31.0 (5, CHp-CH=), 61.7 (8, CHoOH), 74.1 (t, CHD=C=), 86.1 (s,
=CH-CHg-}, 209.1 (=C=).

Preparation of the halogencbutadiynes. Cautlon: Heating the 1-halogen substituted diynes can cause violent explosions.
A safety shield should be used during distillation.

Trimethylsilyl-butadiyne14 and pentadiyne3 were prepared following literature procedures. The butadiyne (0.1 mol)
in 100 mL of diethyl sther was treated with 65 mi of 1.6 M Buli In hexane, keeping the temperature below - 40 ©C. Pure
Bro (0.1 mol), or a solution of 12(0.1 mol} in diethyl ether, was added dropwise, still keeping the temperature below -
40 OC. Work-up was performed by shaking the reaction mixture with a solution of NH4Cl and NazS203 in water.
Evaporation of the solvents gave the crude compounds. The bromodiynes were purified by distillation. A water bath was
used with a maximum temperature of 80 °C. 1-lodo-1,3- pentadiyne was purified by bulb to bulb sublimation and
1-iodo-4-trimethylsilyl-1,3- butadiyne was recrystallized from diethyl ether/pentane.

1-bromo-1,3-pentadiyne. Mp. 0.5 OC, b.p. 46 OC/18 mmHg, m/z 1421144 (M*), 54 (CClg) 1.95 (s).
1-bromo-4-trimethylsilyl-1,3-butadiyne. M.p. 0.5 ©C; bp. 420C/2 mmHg, m/z 200/202 (M*), ,4(CClg) 0.22 (s).
1-iodo-1,3-pentadiyne. M.p. 36 OC, m/z 180 (M*), 8y (CClyg)1.95(s).

1-iodo-4-trimethylsilyl-1,3-butadiyne. M.p. 70 OC, m/z 248 (M*), 8y 0.22 (s).

Copper-promoted coupling-reaction. To a solution of 0.010 mol acetaldehyde lithio-3,4-pentadienylethylacetal (3a +
3b}, prepared as described above, was added 0.010 moi of LiCuBrp, prepared by dissolving 1.56 g of CuBr and 0.010
mole of LiBr in 5 mL of THF, keeping the temperature below -50° C. Then Me3Si-C=C-CuC-1 (0.010 mol) or
Me-C=C-C=C-1 (0.010 mol) was added and the temperature was allowed 10 rise slowly to 0 ©C. After stirring for one
hour at 0° C the mixture was poured In saturated aquous NH4C! and shaken. Small amounts of NaCN were added to dissolve
insoluble copper salts. The organic layer was separated and evaporated to dryness. The residue was chromatographed over
a column (20 cm; 2 cm 9) charged with forisit and eluted with pentane. Yield 95%.

Palladium-catalyzed coupling-reaction. To the solution of acetaldehyde lithio-3,4-pentadienyl ethyl acetal (3a + 3b),
prepared as described above, was added 0.012 mol of ZnClp as a 1 M solution In THF, keeping the temperature below
-55°C. Finally, 0.010 mol of Me3Si-CaC-C=C-Br or Me-CaC-C=C-Br and §0 mg of PdCia(PN) or 0.5 g ot Pd(PPh3)4
were added. After warming to room temperature the mixture was stirred for six hours. Then the mixture was shaken with
100 m! of satured aquous NH4CI. The organic layer was separated and the solvent removed in vacuo . The products were
purified by column chromatography as described for the copper-promoted reaction and obtained as light yellow oils (2.0
g, and 1.1 g, resp.). From the reaction with MeCuC-CaC-Br was also isolated 0.5 g of a solid, which was identified as
deca-2,4,6,8-tetrayne. M/z 126 (M*), 8y (CCig}1.95 (s).

Removal of the protecting groups of (7a) and (7b).- The yield of (7a) or (7b), obtained from the copper-promoted or
the palladium-catalyzed coupling reaction, was dissolved in 30 mi methanol. The trimethylsilyl group of (7a) was
removed by adding 2 g of AGNOg3 in 2 ml water to the methanolic solution. Stirring was continued for one hour at 0°C ,
during which a white suspension formed. Diethyl ether (20 m}) was added in advance in order o dissolve immediately the
very unstable Marasin {1a) which was liberated by adding a solution of 3 g NaCN in 50 mL of aqueous NH4Cl. During this
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operation the acetal function of (7a) was removed simultanously. The acetal functional group was removed by stirring the
solution in methanol for one hour at 0°C with 50 mg of p-toluenesulfonic acid. The compounds were recovered by
extracting three times with diethyl ether and the solvents were removed under reduced pressure (0.1 mmHg) keeping the
temperature at 0°C. The residues were immediately taken up in a small amount of ether/pentane and dried over MgSOy4.
Chromatography over a column (20 cm, 25 mm @) charged with AlaOg (deactivated with 5% HpO) with ether/pentane
(1:1), followed by pure diethyl ether gave Marasin or 9-Me-Marasin as yellow oils after evaporation of the solvents in
vacue (0.1 torr) at a bath temperature of 5 °C. The products (1a and 1b} of the copper-mediated route, showed
triplets in the TH-NMR spectrum at 4.95 ppm, corresponding with contamination with about 20 % of hepta- and
octa-3-vinylidene-4,6-diyno!, respectively. The only contaminant, when the palladium-catalyzed route was used was
about 20% of the starting alcohol 3,4-pentadienol and a trace (<5%) of its isomer penta-3-ynol, based on the TH-NMR
spectra .

A synthesis of Marasin via route A, carried out with PdCIol(R,5)-PPFA] as catalyst yielded (1a) In 13% yield with
fap] = -4 © (c= 0.1 ,0thancl), corrasponding with an e.e. of 0.5 %.

Pure Marasin must be hand led very rapidly at low temperature (<0 ©C) and should be redissoived as quickly as possible
because polymerisation proceeds within a few minutes at room {emperature. Distillation was not possible since the
compounds (1a and 1b) explode violently even upon slight heating.

Nona-6,8-diyne-3,4-dienol. Uv. Amgyx (EtOH) 277 nm (log ¢ = 4.06), 260 nm (4.13), 246 nm (4.01), 234 nm
{3.89), and198 nm (4.38), ir. vimgy (CClg) 3630 (O-H), 3315 (=C-H), 2215 (C=C), 1850 (C=C=C), 1045 em-1
(C-0), 8{CClq) 2.27 {1 H, 5, H-Cm), 228 {2 H, q of d, -CHp-CH=)}, 2.7 {1 H, br. s, -OH), 3.65 (2 H, t, -CH20},
5.25-5.75 (2 H, m, - CHaC=CH-).

Deca-6,8-diyn-3,4-dienol. Uv Amayx (EtOH) 277 nm ( log & = 3.80). 262 nm (3.88), 247 nm (3.74), 234 nm
(3.60), and 198 nm (3.94), ir. vmgy (CClg) 3350 (O-H), 2225 (C=C), 1850 (C=CwC), 1045 em! (C-0),
314{CCl4) 1.87 (s, 3H, CH3Cm), 2.27 {q or d, 2H, 2H, -CHp-CH=), 3.65 {1, 2H, -CH20 ), 4.2 {br. 5, 1H, -OH ),
5.25-5.75 (m, 2H, - CH=C=CH-).

Minimal inhibiting concentration (MIC) determination.- Marasin (1a) or 9-Me-marasin (1b} were added in
appropriate concentrations to liquified peptone-agar (peptone, 1%; yeast extract, 0.5%; NapHPQg4' 2 H20O, 1%; Difco
agar 1.5%) and plates were poured. Log-phase cells of Staphylococcus aureus were plated by streaking 0.1 mL of & diluted
culture (103 10 10 4 celis per mL). The plates were cultivated at 37 ©C and after 24 hours scored for bacterlal growth.
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