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Synthetic study of hepoxilins

9.* Stereoselective total synthesis of trioxilin (105,118,12.5)-B;
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Dol precunord. reioseleclive partial huarogenation

The pamany endozenous metabolites of aractudonic
wid vie the 12-hpoweenase pathway are hepovilin
(Hu AL and B (Schemie Ty, whose biological activi
and role are Hready a2l known and continue o be
under movestization s The data asadable o trionins
11X, the closest endozemce metabolites of hepovhins.
formed upon hvdrohiie cleavage ot the epoxde rings in
these compounds. are actually Tomited 1o ancomplete
Anowledge of there structures 24 However, some troviins
molated from natural sourees™ and Cyg analees of
touliny® are known o exhibit important bioloical
tunctions. This situation has tnizgered anterest in the
tolal synthesis of both € analogs” and trnovibos them-
whes®= 12 4g the anly practicable source of these com-
pounds for subseguent brologrical studies

Ay a rule. the svatheses of taionthins reported in the
hicrature make wse of natural chiral precursors, for
cvample. carhohvdrues # 1 Goaranc acd M or guinic
Jctd M whercas the syntheses of enantiomerncally pure
heponilins employ in addinon enantiodirected Sharpless
eponvdation. 113 which makes the synthetie schemes more
Newhle M Formally. these syntheses are also ones of
trionihns bocause methods of chermuical transtformation
of hepouhiny By o riovhms have recently been
dereloped 7615 Howerer. for biological studies of
toonthins, 4t s oxpedient to Nind a more direct mcthod
for therr preparative ssnthests The subject of Uns study
has been to develop such a syntheuce route

Chital (25 38 -cpovy alcohol 1. used previoushy as a
hepoxthin synthon awas sefected as the starting com-
pound ' This eposy alcohol was prepared by enantio-

*TFor part S. see Rel |

directed Sharpless cpovidation with an cnantiomerntg
excess tee) of 8S7 0 which was improved up to 1007 by
tow-temperature recrstallization Alkahine hvdrolvss of
the epovade ning e epoxy ojcohol T oattorded triol 2
Ths hvdrobsis s regiospecitic and anvobies Walden
mversion ot G2y The reacoen mechanism anclodes
reversible Pavine coarrangement of  b-hydrosy-2 3.
epoxtde T with configuration mversion at C2), viclding
the correspondime 3-lndreovy - 2-cpovde. and selecuve
cpovde ang opeaing e thas priman and secendany
cpovde upon the attack by g hvdrovde amon on the
stencally unhindered Coly conter 1 We were pleased 1o
nd that tnol 2 with ee 1007 was obtamed trom cpoxy
Jlcohal §with ce S8'% atter puntmum punbicaton. The
cnantomerne purnty of tnol 2 was contirmed by per-
formme a simndar hydrolvsis of a sample ol cpony alco-
hot 1 with co 100% . which resulted wn the tormation of
triol 2 with the same charactznsues tand anoa HO5F
hizher yield)y (Scheme )

A dilferenuating protection was mtroduced mto tnol
2 v o standard reaction sequence 2 Parnal sibvlation
proceeds selectively at the primany hvdrovyl group and
gives v to monoether 30 Acetonation of the «-glveol
group and removal of the alvt protection on treatment
with fluonde 1on afford hydroyy acetomde 5 an a high
vield

The carbon chan was clongated according o a
scheme developed prewmmly” tor the synthesis ot he-
poxtlins Onidation ot alcohol 5 gave rise to aldehvde 6
The mtceral antensity of the signol of the aldehyde
proton o doublet at 6 9 7S an the '"H NMR spectra of
vitnous samples ol aldehyde 6 was often Jess than | H.
stmultaneoushy, a doublet of deficient intensity appeared
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Reagents and coaditions: a. NaQH, Bu'OH—H-0 (1 : 5). 60—65 °C,
¢CSA is t-camphor- t0-sulfonic acid), 0 °C. 4 hi <. Bu" NF. THF, 20°C, |

CH,Cly, 20 °C, 30 min.

at 8 4.6, i.e., in the region of protons of the CH(OR),
tvpe. This indicates apparently the formation of a stable
hydrate or hemiacetal of aldehvde 6, which accounts for
the incomplete conversion of the aldehyde in the next
step.

Qi /

I

g E: 4 (R = TBS)

99% 5(R=H)
7 h: b. TBSCl—ImH—Py, 15°C, 2 h: ¢. Me,;C(OMe),—CSA
h: e. PDC. AcOH. MS 3 A (MS are molecular sieves).

The reaction of aldehyde 6 with LiC=CCH,CI gave
propargyl chloride 7 and partial (10—-20%) recovery of
the starting aldehyde; nevertheless, the vield of 7 based
on the unrecovered aldehyde 6 was ~90% (Scheme 3). It
was difficult to check the sclectivity of formation and
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the configuration of the new asymmetric center at this
step. This was done later (see below): it was found that
the addition to the aldehyde group of dioxolanylaldehyde
6 proceeds with a substantial (7 : 1) syn-stereoselectiv-
ity, unlike analogous reactions of oxiranylalde-
hvdes, 1-13.14,17,18

Condensation of chloride 7 with methy! hex-3-ynoate
under mild chemoselective conditions!? resulted in a
highly unstable triacetvlene precursor of trioxilins 8.
Due to its instability and to the poisoning of hydrogena-
tion catalysts by the impuritics formed during storage,
trivne 8 was subjecied to hydrogenation over Lindlar
catalyst for 24 h after the synthesis and immediately
after purification by filtration through silica gel. When
hyvdrogenation strongly slowed down or terminated, a
portion of the catalyst was replaced by a fresh one and
hvdrogenation was continued unail the starting and the
itermediate di- and tetrahydrogenated products disap-
peared (TLC and '"H NMR monitoring).

Despite this thoroughness in conducting the hvdroge-
nation and six replacements of the catalyst, high perfor-
mance flash chromatography (HPFC) 29 of the resulting

mixture of hvdrogenation products {whose subscquent
hydrogenation proceeded very slowly) afforded only 37%
of the desired hexahydro derivative, triene. as the single
10S-epimer 9, together with a nearly equal amount
(34.5%) of the corresponding tetrahvdro derivative,
dienvne 10. The configurational similarity of products 9
and 10 was established by additional hydrogenation (un-
der the same conditions) of tetrahydro derivative 10 1o
hexahvdro derivative 9. which can be readily carried out
because this process is much less complicated. This
almost doubled the total yield of the target triene 9.

The configuration of tricne 9 was established after
the removal of the acetonide protection, giving risc o
triol 11. the methyl ester of trioxilin B;. The resuiting
isomer was identical in chromatographic behavior (TLC)
to a methviated sample of authentic (105,115,125
TrXB,!5 when compared directly and exhibited a 'H
NMR spectrum virtually tdentical in positions and mul-
tiplicities of signals of characteristic protons (C(7)H..
H(10—~12)) to the spectra of the above-mentioned
sample!3 and its enantiomer synthesized by a different
method 311 The absolute (105,115,128 -configuration
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Reagents and conditions: «. HC=CCH,Cl—-BuLi. E1,0, ~78 °C, I3 min; h. HC=C(CH;);COO0OMe—Cul--Nal—K,CO;, DMF,
20 °C, 20 h: ¢. Hy--Pd/Pb/CaCO;. CeHy. 3—8 "C, 6 hi & AcOH—-H0 (4. ), 55°C, 7 h. .
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of the sample of 11 synthesized follows from the con-
figuration of the starting cpoxy alcohol 1 and is con-
firmed by the () signs of the optical rotation of 11 and
the same enantiomer of the corresponding free acid
described in the literature.13 as well as by the (—) sign
published for the opposite enantiomer,5!t and by the
fact that the absolute values of the optical rotations are
close. Similar hvdrolysis of dienvne acetonide 10 yielded
the corresponding triol 12, which has the same optical

rotation sign as 11 and constitutes a dehydro analog of

trioxilins.

Thus, we identified two characteristic features of the
svonthetic scheme used. First, the addition of the
acetylenide LiC=CCH,Cl to aldehvde 6 occurs syn-ste-
reoselectively (the content of 10S8-products 9 + 10 in
the mixture reaches 81%) and, second. the triple bonds
in 5.8.14-trivne 8 are hydrogenated at substantially
different rates, the 4.15-bond being the least reactive.
In order to clarify these points. which present interest
from the practical viewpoint for the use in other synthe-
ses, we studied the structures of two minor products
isolated upon the hydrogenation of trivne 8. namely,
dienyne 13 and cnedivne 14 (vields 11 and 6%. respec-
tively) (Scheme 4},

The structures of all hvdrogenated products were
mainly determined using 'H NMR spectroscopy. The
numbers of double bonds were found from the integral
intensity of the signals corresponding to the vinvlic
protons, while the positions of double and triple bonds
were identified from the characteristics of signals due to
the allylic/propargyvlic methylene groups. The diagnostic
signal for compounds with a triple 14.15-bond 10. 13,
and 14 is the broad signal of the diastereotopic C(13)H-

group centered at 8 2.36—2.62, which is the AB part of

an ABXY, system (X = H(12). Y = C(16)H;) with the
characteristic spin—spin coupling constant 3Jy 13— He1e) =
2.3—2.4 Hz. This signal is also present in the spectrum
of trivne 8 but not in the spectrum of triene 9, in which
the broad multiplet for C{i3)H, is shifted upficld to
& 2.40. The simultaneous presence of multiple 4.5~ and
8.9-bonds in molecules is proved by the position of the
signal of the “separating” C(7}H, group at 8 2.90—2.98,
while the nature of these multiple bonds is determined
bv the width of this multiplet. which is narrow

{#,, 0.05 ppm for enediyne 14 and 4.03 ppm for trivne
8) i the 8.9-bond is a triple bond and broad (W),
0.21—0.36 ppm for compounds 9. 10. and 13) for
compounds with double 8,9(Z)-bonds. in which the
difference between the chemical shifts of the protons of
this methvlene group increases substantially since the
diastereotoptc C{7)H, group is located close to the
asymmetric centers of the molecule. Additional evi-
dence for the presence ot the triple 8,9-bond in enediyne
14 is provided by the fact that the position and the shape
of the H(10) signal are the same as those for triyne 8.
The structures of compounds 9 and 10 derived from the
TH NMR spectra are confirmed by mass spectral data.
The spectra of both compounds exhibit intense peaks
due 1o the C(1)...C(10) fragment with the same m/Z7 197,
corresponding to the presence of two double bonds in
this fragment. In addition. the C(11)...C(20) fragment
ions have m/z 211 in the case of triene 9 and m/z 209 for
dienyne 190.

Thus. the molecules of dienvnes (105)-10 and 13 are
characterized by identical arrangements of the (Z)-double
and triple bonds; hence, the 10R configuration was
deduced for dienyne 13. 1t should be mentioned that the
1) R-triene corresponding to dienvne 13 cannot be de-
tected in a noticeable amount (23%). thus. the triple
14.13-bond in the 1QR-epimer, present as an impurity in
triyne 8. is even less reactive in the Lindlar hydrogena-
tion. The isolation of epimer 13 makes it possible to
estimate syn-stercosclectivity of the addition of
LiC=CCH,Cl to aldehyde 6 as about 7 : 1.

The structure of the second minor hydrogenation
product, enediyne 14, points to a substantial difference
between the rates of hydrogenation of the triple bonds in
trivne 8; in terms of reactivity, they can be arranged in
the sequence (3,6) > (8.9) >> (14,15). Whereas a pos-
sible reason for the different reactivitics of the triple
3,6~ and $.9-bonds is obvious (different tocal environ-
ments), this is not so with the 5.6- and 14,15-bonds. A
possible reason for the large difference between these
two, scemingly similar bonds is suggested by the sub-
stantial high-field shift (A8 —0.22) of the signal of H(10)
in dienyne 10 (8(H(10)) 4.70) observed upon hydroge-
nation of the triple 14.13-bond, far removed from this
proton (by five bonds), to give triene 9 (S(H(10)) 4.48).

Scheme 4
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The conformational analvsis {(PM3 method) of the
dienvne 10 molecule shows that in the stable conforma-
tion the H(10) proton is positioned close to the triple
11.15-bond (the distapce from this proton to the center
of this bond is 2.7 A} due to the cis-arrangement of the
substituents in the dioxolane ning. Hence, the H(10)
praton is within the cone of anisotropy of the triple
bond. in which the induced magnetic ficld Is directed
along the external tield. This contribution to the exter-
nal magnetic field switches to an opposite one or disap-
pears when the T4.15-bond s converted into a double
bond. This accounts for the observed changes in the
chemical shift of H{10). However. the same close loca-
ton of the Ci{9.C(10) fragment to the C(13). C(13)
fragment of the molecule provides steric shielding of the
latter and hampers hvdrogenation of the triple J4.13-
hond. Conversety. the triple 5.6-bond is unshiclded and
retains the normal reacuvity.

Similarly, the C(13)..C(13) fragment of the side
chain in aldehyde 6 is located close to the aldehyde
group and thus cnsures enhanced stereoselectivity of its
reactions. This mutual shielding of remote fragments of
the molecule can also be observed in other compounds
with a cis-substituted acetonide group: we now examine
the possibility of using the selectivity thus induced for
synthetic purposes.

The synthesis of cnantiomerically pure methyl ester
of trioxilin (10.5.115.125)-B; is the first synthesis of
trioxiling from achiral starting compounds. The chirality
of the intermediate hepoxilin synthon 1 was attained
using asymmetric Sharpless epoxidation. '3 which allows
any enantiomer to be synthesized equally easily. The
synthesis includes 9 or 10 steps {from synthon 1) pro-
ceeding in an overall yield of 8—=10%: it is characterized
by stereoselective introduction of the additional asym-
metric center and unexpectedly selective hvdrogensation
of the triple bonds in the intermediate trivne 8, which
allowed also the syathesis of the 14.15-dehydroanalog of
the same trioxilin.

Experimental

Melting points were determined on a Kofler hot stage
{Boetius). Optical rotation was measured on a DIP 363 polar-
imeter (Japan) in a t-dm cell. "H NMR spectra were recorded
in CDCly on a Bruker AC-200 spectrometer (200.13 MHz2),
13C NMR spectra were run on o Bruker AM-300 instrumént
(7397 MHzy Mass spectra were measured on a Kratos MS-
890 mass spectrometer with direct introduction into the ion
source at 130 °C. Apalvtical TLC was performed on Silufot
LiV.sy plates (Czechoslovakia) in EtOAc (system A) and 8 : 2
system B) and 7 ;3 (system C) hexane--E1OAc systems. The
substances were visualized by spraying with a 3% solution of
phosphomolybdic acid in ethanol followed by heating. Pre-
parative separation was carried out by high performance flash
chromatography (HPFC)ZO on 1 2xJ3 ¢cm column (2000 theo-
retical plates) with Kieselzel H silica gel (5—40 pm. Fluka)
using gradient elution with 3 © 95 — 20 : 80 EtOAc—hexane
mixtures. Primary purification of reuction mixtures was per-

formed by filtration through Kieselgel 60 Fro4 silica gel (63—
200 pm. Merck) in the specified solvents.

All the reactions were carried out under dry argon.
The exiracts were dried with calcined M2S0O,;. The solvents
were puritied by disttilazion from appropriate drying agents
(sodium for benzene and dimethoxypropane; sodium ben-
zophenane ketyl for ether and THE: and CalH. for pyridine
:md (:H_\(‘!z)

The following reagents were used: TBSCL (t)-camphor-
10-sulfonic acid (CSA). 2.2-dimethoxvpropune. PDC. Lindiar
catalyst (3% Pd—Pb/CaC0O3), a hexane solution of Bu"Li
(Flukaj. and o | M solution of Bu”,NF in THF (Aldnch).
Methyl hex-3-vnoate (b.p. 830—83 =C (15 Torr)) was synthsized
by methylation of the corresponding acid. prepared as pub-
lished previously. 2! with an ethereal solution of CH,Na.

(2R.35)-Undec-3-yne-1.2.3-triol (2). 4. An emulsion of
crude (28.385)-2.3-epovyundec-3-vn-1-0f (1) (1.39 g, 8.7 mmol
(m.p. 32.5=33.1 C. {u]p>® ~11.1”7 (c 1.83. CHCI). ee 88%
(according to the 'H NAR data for the acetare with the
addition of Eu(htNy)!?) in a solution of NaOH (318 g,
130 mmol) in 320 mL ot a 3.5:1 H.O—Bu*OH mixture was
vigorously stirred tor 7 b at 65 *C. The resulting dark yellow
emulsion was partiatly evaporated in vacuo (to remove Bu'OH).
the product was extracted with EtOAc (3«30 ml). and the
extract was washed with water (3x30 mL) to pH 7, dried, and
concentrated to drvness. A solution of the remamning semicrys-
tatfine light brown materiat was filtered through 80 ¢ of sihica
gel. Concentration of the liltrate gave 0.813 ¢ (47%) of triol 2.
m.p. 59—61 *C. [aJp® 07 (¢ .77, CHCly). Two recrystalliza-
tions from a hexane—ether mixture afforded a sample with
unchanging characteristics and ee 100% as snow-white needles,
mp. 61—=61.5 *C. [u]y™ ~-2.6° (¢ 2.13. CHCly), Ry 0.43
{system A: for starting epoxy alcohol 1. Ry 0.50). 'H NMR. &
091 (dist.t. 3 H. CtiyH,, /= 7.0 Hzy: 117157 (m, 6 H.
C(R—1H: Lol 210, 242 (all brs, | H each, 3 OH); 2.17
(t. 2 ML C(7yHS J= 24 and 7.2 Hz): 2.32 wdt. 2 H, C(HH-.
J= 24 and 55 Hz): 3.76-3.36 (m. 4 H. C(DH> + H(2).
H(5)).

B. The same treatment of a sample of epoxy alcohol T with
ce > 98% (m.p. 34 °C. la)p™® —11.8° (¢ 114, CHCIy) gave
triol 2 with the above-cited unchanging constaats {(m.p. 61 —
61.5 2C) (ie., with ee 100<Z) after concentraton of the filtrate,
trituration of the residue under a hexane—ether mixture, and
separation of the crystals. The vield was 57%.

(2R.35)-1-tert-Butyldimethylsilyloxyundec-5-yne-2,3-diol
(3). A solution of triol 2 (350 mg. 2.75 mmeol), TBSCI (539 mgz.
3.6 mmol). and ImH (433 mg. 7.1 mmol} in 6 mL of
anhydrous Py was kept for 2 h at 15 “C unii the stanting
compound was completely consumed (TLC monitoring). The
mixtuce was diluted with 3 mbL of water, the product was
extracted with EtQAc, and the extract was washed with water,
dried, and concentrated. A solution of the oily residue in 2
4: 1 EtOAc—hexane mixture was filtered through 10 g of silica
gel 10 zive 830 mg (98%) of ether 3 as a colorless oil.
Jalp?® +7.87 (¢ 1.92. CHCl). Ry 0.24 (svstem B: for sraning
triol 2. R -0y, The product was used in the mext step without
further purification or charucterization.

(2R,35)-1-1ert- Butyldimethylsilyloxy-2,3-(isopropylidenedi-
oxy)undec-5-yne (4). A soiution of ether 3 (830 mg. 2.6 mmol)
and CSA (30 mg, 0.13 mmol) in 10 mL of M¢,C(OMe); was
kept for 4 h at 0 °C untif the starting compound was com-
pletely consumed (TLC monitoring). The mixiure was diluted
with 19 mL of cther and the solution was filtered through S g
of At,Q4, which was additionally washed with ether. Concen-
tration of the filtrate gave 833 mg (91%) of acetonide 4
{colorless oil. {alp®™ 0° (¢ 2.11, CHCIy). Ry 0.61 (system B



354 Russ. Chem. Bull.. Vol 49. No. 3. Muarch. 2000

Lapitskava et al.

The product was used in the next step without further purifica-
tion or characterization.
(2R,35)-2.3-(Isopropylidenedioxy)undec-5-yn-1-al (5). A
mixture of a solution of acetonide 4 (845 mg. 2.38 mmol) in
10 mL of anhyvdrous THF and a I M solution of Bu®;NF in
THF (9.9 mL. 9.9 mmol) was kept for I h at 20 >C until the
starting compound was completely consumed (TLC monitor-
ing). The mixture was diluted with 20 mL of water, the
product was extracted with EtOAc, and the extract was washed
with water, dried. and concentrated to a volume of 3 mL. The
solution was filtered through 5 ¢ of silica gel, which was
additionally washed with EtOAc. The filtrate was concentrated
and the oily residue was distilled to give 372 mg (99%) of
alcohol 5 as a colorless oil. b.p. 150—163 °C (0.05 Tom),
[alp™ ~31.1° (¢ 2.69, CHCly). R 0.09 tsystem B). 'H NMR.
& 0.89 (dist.t, 3 H. Ctli)Ha, S = 6.0 Hz), 1.16—1.53 (m. 6 H,
C(8—10)H,): 137, 1.47 (both s, each 3 H., CMey): 2.13 (1,
2 H, GMH, J= 25 and 6.9 Hzp 2.34=2.61 (2 ddr, 2 H.
C(4)H,. AB part of ABNY, system. Map= 0.033, /=
16.8 Hz, o = 8.2 Hz, gy = 5.3 Hz %y = Yyy = 2.5 Hay;
3.77-3.89 (both dd. 2 H. C(hHH,, AB part of ABX system,
Adap = 0.053, g = 1.5 Hz, 3yx = 6.4 Hz, 3Jpx = 4.4 Hz):
421438 (m, 2 H, H(2, 3)).
(25,35)-2,3-(Isopropvlidenedioxy)undec-5-yn-1-al (6).
Acetic acid (79 ul) and a solution of alcohol 5 (318 mg,
216 mmoly in 5 mL of CH,Cl, were added successively at
20 °C to a suspension of finely ground PDC (812 mg.
2.16 mmol) and 3 A molecular sieves (1.1 ¢) in 15 mL of
anhydrous CH,Cly. The reaction mixture was stirred for
30 min at 20 °C. finely powdered activated carbon (200 mg)
was added, and the midure was stirred for an additional
{3 min and filtered through 10 g of silica gel. which was washed
successively with CH,Cly and a 7: 3 CH,Cl;—EtOAc mixture
After concentration of the filtrate. the oily residue was distilled
1o give 300 mg (589%) of aldehyde 6 as a colorless oil. b.p.
125130 >C (I Torr), {alp> +13.1° (¢ 1.83. CHCl4), R 0.55
(svstem B, two developments; for starting alcohol 5. Ry 0.33).
'H NMR. : 0.86 (dist.t, 3 H, C(11)H;, /= 6.0 Hz); 1.20—
1.54 (m. 6 H, C(S—10)H:): 1.3, 1.58 (both s, each 3 H,
CMes)y: 203 (at. 2 H, C(7)H,. /= 2.2 and 6.7 Hz): 2.50 (dt.
H, C(4)H>. /= 5.6 and 2.2 Hz): 4.43 (dd. | H. H(2), /=
I and 7.4 Hz); 452 (dd. | H, H{3). /= 2.1 and 7.4 Hz):
78 (d. 1 H, CHO. J= 2.1 Hz).
(45,5R,65)-1-Chloro-5,6-isopropylidenedioxytetradeca-
2,8-diyn-4-0l (7). A 1.6 M solution of Bu"Li (7.8 mL,
12.5 mmol) in hexane was added with stirring over a period of
3 min to a solution of HC=CCH,-CI (952 mg. {2.9 mmol) in
4 mL of anhydrous ether cooled to =78 °C. The solution was
kept for 135 min at =73 *C. then a solution of aldehvde 6
(374 mg. 1.56 mmol) in 53 mlL of ether was added. After
15 min, the mixture was poured into 25 mbL of a saturated
solution of NH,CI. The organic laver was separated and washed
with 3 mL of a selution of NH,Cl the agueous layers were
extracted with EtOAc, and the combined extracts were dried
and concentrated. The residue dissolved in hexane was purified
by chromatography on 13 g of silica gel using 1 : 10 —» 2: 8
EtOAc—hexane mixtures for elution. Concentration of initial
{fractions aftorded 66 mg of starting aldehyde 6 (recovery 8%);
concentration of later fractions gave a total of 410 mg (1%
based on the unreacted aldehyde 6) of chloride 7 with an
admixture of aldehyde 6 (~10%). which was used in the next
step without further purification. The fraction of pure chloride
7 used for analvtical measurements was a colorless oil,
fiedp?? +21.9° (¢ 1.96, CHCl5). R¢0.37 (system B, two develop-
ments). 'H NMR, & 0.91 (istt, 3 H, Cl{id)H;, /=
6.9 Hz); 1.27—1.40 (m. 6 H. C{I1—13)H): 1.28, 1.33 (both

=R P )

s. each 3 H, CMey); 210222 (m, 2 H. C(10)H,): 2.55 «d.
I H. OH, /= 6.4 Hz): 2.64 (dt, | H, C(7YH Hg, /= 7.5 and
2.8 Hz); 2,68 (dt, I H. C(7)H Hgp. /= 7.5 and 2.5 Hz), 419
(d. 2 H, C(OHH,. /=20 H2); 3.23 (dd. | H, H(5). /=54 and
6.4 Hz); 4.39(q. 1 H. Hi6), /= 6.4 H2); 470 (ddt. | H. H{4).
J= 54364, and 2.0 Hz).

Methyl (10S,11R,12.5)-10-hydroxy-11,12-(isopropylidene-
dioxy)eicosa-3,8,14-triynoate (8). A mixture of methyl hex-3-
ynoate (692 mg. 5.49 mmol), chloride 7 (570 mg, §.83 mmol)
(containing 10—20% aldehyde), and dry, finely ground Cul
(349 mg, 1.83 mmol), Nal (530 mg, 3.66 mmoi). and K,CO;
(505 mg, 3.66 mmol) in 12 mL of anhydrous DMF was stirred
for 20 h at 20 °C. The suspension was poured into a mixture of
a saturated aqueous solution of NH,Cl (20 mL) and benzene
(20 mL), the agueous layer was additionally extracted with
benzene, and the extracts were dried and concentrated. A
benzene solution of the oily residue was filtered through 20 g of
sifica gel, which was additionally washed with 20 : 80 — 30 : 70
E1OAc—hexane mixtures. Concentration of the filtrate gave
430 myg (59%) of trivne 8, which was immediately used in the
next step (the product is oxidized in air to give more polar
products, which hamper hvdrogenation). Light vellow oil. [u]Dzj
+12.9° (¢ 1.11. CHCLy). R; 0.26 (system B). '"H NMR. &: 0.9]
(dist.t. 3 H. C(20)Hs. /= 7.0 Hz); 1.26—1.40 (m, 6 H, C(17—
19 H,): 1.40. 1.33 (both s, each 3 H. CMe,): 1.84 (quint.
C(3),. /= 7.2 Hz); 2.08~2.30 (m, 4 H, C(HH,; + Cl1o)HL);
2,46 (t, 2 H, C(2)H.. J= 7.2 Hz); 2.43 =2.79 (both ddt, 2 H,
C(13)H>, AB part of ABXYs svstem, adap= 0.137. Yp=
16.5 Hz, }‘/AX = BJB)(: 6.9 HZ, j./AY = SJBY:‘ 23 HZ): 3.22
(m. 2 H, C(7)H>): 3.70 (s. 3 H, OMe); 423 (dd. I H. H{i ),

= 54 and 6.3 Hz); 438 (q, I H, H(12), /= 6.5 Hz); 4.6
(brs. T H, HUIO0).

Methyt (10S,11R,125)- 10-hydroxy- 1 1,12-(isopropylidene-
dioxy)eicosa-5(2),8(2),14(2Z)-trienoate %), methyt
(105,11 R.125)- (10) and methy! (10R,11R,12.5)-10-hydroxy-
11,12-(isopropylidenedioxy)eicosa-5(Z2),8( Z)-dien- 14-ynoate
(13), and methyl (10Z,11R,125)-10-hydroxy-11,12-(isopro-
pylidenedioxy)eicos-3(Z2)-en-8,14-diynoate (14). A. Freshly
purified triyne 8 (320 mg, 1.04 mmol) was hydrogenated at 5—
8 °C and at | atm in a solution of | g of quinoline in 14 mL of
benzene over 700 mg of Lindlar catalyst pre-saturated with
hvdrogen. The course of the process was monitored by TLC.
When the absorption of hydrogen substantially slowed down.
the catalyst was replaced by an equal amount of fresh
catalyst and hvdrogenation was continued. When the starting
compound and nonaccumulating intermediate compounds had
disappeared and a mostly binary mixture had formed (six
replacements of the catalyst: total duration of hydrogenation
6 h). the catalyst was filtered off. Quinoline was removed by
passing the filtrate through a column with 50 g of ALO;; the
quinoline was eluted with a 3:95 EtOAc—hexane mixture
(130 mL) and the products were eluted by a | : 1 EtOAc—
hexane mixture {200 mL) to give 390 mg (91%) of an orange
oil. a portion of which (110 mg) was separated by HPFC.
Concentration of the corresponding fractions vielded 40.5 mg
(37%) of triene 9. Ry 0.42. 38 mg (34.5%) of dienyne 10,
R 0.45. 12 mg (11%) of dienyne 13, Ry 0.46. and 6.5 mg (6%}
of enediyne 14, Ry 0.39 (always systenmy A, five developments;
for the starting trivne, Ry 0.34).

Triene 9 colorless oil, [alp®* =9.6° (¢ .33, CHCl;).
'H NMR, & 0.86 (dist.t, 3 H, C(20)H;, J= 6.6 Hz): 1.22—
1.34 (m, 6 H, C(I7—19H3): 1.40. 1.53 (both s, each 3 H.
CMe;y): .72 (quint, 2 H. C(3)H,, J= 7.3 Hz); 1.96—2.19 (m,
4 H. C(4)H, + C(16)Hy): 2.34—2.45 (m, 2 H, C(13)Hy): 2.35
(t. 2 H, C(HH,, /= 7.3 Hz); 2.81. —2.98 (both dt. I H.
C(7)H,. AB pant of ABXY system, a8.g= 0.060, 2J,p=
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7.5 Hz), 3.68 {s, 3 H,
c4.13 (ddd, ) H, H{12).

138 Hz, Yax = Yay = Ygx = Mgy =
OMe)»; 4.02¢. 1 H.H(IH.J=06.1 H2)

J=53 61 and 8.4 Hz): 445 (ddd. } H. H(10). J= 2.6, 6.1.
and 3.7 Hzy: 332350 (m. 5 H. H(S), H(6). H(93, H(14).
Hils): S.57 (de. b H. H(8). J= 10.7 and 7.5 Hz). 13C NMR,
& bT (Me); 226, 24.7. 254 «3 CH,): 26.4. 26.6 (CMey):
37.6. 27,9, 29.3. 298, 316, 33.4 (6 CHy): 51,6 (OMel; 65.7.
7720 80.7 (3 CH—O) 1083 gw,) 1251, 1275, 1284,
§29.8. 132.6. 133.0 (3 C=C): 174.1 (C=0). MS (El. 30 eV),
miz e (%)): 408 [M]™ (0.51). 393 (M — Me|™ (7.4)

[M = Mc = H-O17 (0.43). 333 [M — Me — AcOH|* (2.8). 313
{M — Mce = AcOH — H,0]" (1.4). 239 |C'~-12 ~ Me-CO}™
(7.9). 221 {C'=12 = Me,CO -- H,0]™ (9.6), 211 [C'T=97
{32), 197 {CY19" (23). 189 [C!—1 = MenCO — MeOH ~
HHO1 (15), 179 (CH 10 — H,007 (23), 93 (100),

Dienyne 10. colorless oil, Ju]y™t +24.7° (¢ 1.75. CHCIy).
'H NMR, & 0.89 (dist.t. 3 H, C20)H5, J= 7.1 Hz)ye 1.23—~
130 (m. 6 H, CI7—19H: 139, 1.54 (both 5. each 3 H.
CMes): 1.70 (quint, 2 H, CiOH- /= 7.3 Hz): 2.04--220 (m.
4 H. CHH, + CuioyH: 234 (10 2 H COH, 7= 73):
245267 (2 ddt. 2 H, C(13)H-, AB part of ABXY, system,
A«S,\B= 0.044 :j~\R= {33 HZ, 3./‘\)\’ = ;‘IB\' = 6.3 Hz. SJAY =
Sy = 2.3 Hz): 278305 (m. 2 H. C(T)H,): 375 (5. 3 H,
OMe): 4.08 (dd. |} H. H(tl), J= 4.8 and 6.5 Hz): 4.30 (q,
P H, H(E2), J= 6.5 Hz): 470 (dt, 1 H, H(10). J= 7.3 and
5.8 Hz): 3.39—35.64 (m. 4 HOH(3, 6, S 9))A 13C NMR, 5 14.04

(Me): 18.88, 20.62. 22.29, 24.86, 25.11 (3 CH;); 26.39, 26.69
(0-CMe~): 27 440 2874, 31.21, 33.52 (4 CH>) 3153 (OMe):
63.44, 76.08, 80.47 (3 CH-0): 77351, 82,33 (C=Cy; 10849
(O>CMe>): 127950 12907, 12977, 132,19 C=0): 173.96

(2

(C=01. MS (EL. 30 eV), m/z (Lo (%)) 406 [M]7 (0.38). 361
IM — Me]™ (873 373 {M — Me ~ H,0]" (2.5), 331 [M —~
’\Ie —- AcOH]* (3.0). 313 [M — Me — AcOH ~ Hy0)]" (3.8).

239 {CHR = Me,COJT (16). 221 [C1-12 — Me CO - H,01°
IW) 209 ‘QII—N)‘ (49), 197 [CI"O]' (23), lgq lQl_l‘ —
Me,CO — MeOH ~ H>O[" (23}, 179 [C1=H = H,0[" (61
81 (100).

Dienyne 13. colorless oil. 'H NMR,
COQMH;, J= 6.0 Ho)y 1.20—1.57 (m. 6 H, CV7-1H,)0 1.3
}.45 (both s, each 3 H. CMey): 173 (quint. 2 H. C(3)H,. J
74 Hz): 1.93=2.20 (m. 4 H. CHH, = CiieHs): 231 (.
2 H C2H., /= 74 Hz) 250-2.62 (m. 2 H. CiHHL):

30090 (disty, 2 H,
I.

273315 (m. 2 H, CTHL) 366 (50 3 H. OMe): 4.05 (1,
FH HOIDL, /= 6.9 Ho 4.10—434 (m, | H. HOI2)) 456 (L
I H, HU0). J= 6.9 Hoo 331--570 (m, 4 H, H(5). H(6),

H(S). H(9)).

Enediyne 14. colorless oil. '"H NMR. & 0.92 (dist1,
C20H;, J= 6.3 Hz): 1.23--1.30 (m. 6 H, (_'7“"H 5):
1.52 (both s, cach 3 H, CMe>): 1.74 (quint, 2 H. COWH,, J=
74 Hz), 202—2.24 (m. 4 H, C(4)H, + C(lb)Hz) 230 .
I HCUHL = 7.4 Hzyr 2.48--2.77 (2 ddt. 2 HO CUIMH,,
AB part of ABXY. system, M g = 0.136, L/,g= 165 Hz,
Uax = Wgx = 6.4 Hz, S/ ¢ = gy = 2.4 Hz); 2.95-3.04 (m,
2H COMHL3.68 (50 3 H OMeyy 448 (.4 H, Hill), /=
6.4 Hzy: 432 (g, t H. H(E2D). /= 6.4 H2): 460 (brs. | H,
H(101): 3.39—-35.56 (m, 2 H. H(3). H{6)).

B. Hydrogenation of dienyne 10 (20 mg) under the condi-
tions described above (without replacement of the catalyst: 2 hy
cave 17.5 myg (87%) of tricne 9 identical to the sample de-
scribed above.

Methyl (105,115,125)-10,11,12-trihydroxyeicosa-~
5(2),8(2)-dien-14-ynoate (12). A solution of dienyne acetonide
10 (25.5 mg) in | mL of 80% aqueous AcOH was kept for 7 h
at 35 °C until the starting compound disappeared (TLC moni-
toring). The sotution was concentrated in vacuo to dryness

3 H.
.40,

(20 =C. 1 Torr): the traces of AcOH were removed by co-
evaporation with benzene. This gave 22.9 mg (99%) of triol 12
as a colorless oil. {u]p™ +21.7° (¢ 1.12, CHCl), Ry 016
(svstem B: starting acetonide 10 K 0.61). "H NMR, & 9.89 (1,
3 H. C2OHL. /= 6.5 Hzyy 1.23—1.57 (m. 6 H, CV—1H,);
169 (quint, 2 H. C(HH- /= 7.5 Hz): 1.99-2.24 (m, 4 H,
CthH, + C(16)H; 235 (1, 2 HL C(2)H,, /= 7.5 Hz), 2.49—
260 (m. 2 H, COI3Hy 284 (dr, | H. C(DHH\Hg. J=
157 and 3.7 Hz): 2.97 tdi, |+ H. C(7)H.Hg. J= 157 and
5.9 Hz); 3.51=3.60 (m. I H. H{LD): 3.69 (s, 3 H. OMe);
3.79--3.92 (m. 1 H. H{12)); 4.65—480 (m. | H, H({0)):
3.34—5.73 tm. 4 H, H(S), H(6), H(8), H(M).

Methyl (105,115,125)-10,11,12-trihydroxyeicosa-
5(2).8(2) 14( D) -trienocate (trioxilin (10S5,115.125)-B3) (11)
was prepared from 26 mg of triene acetonide 9 by the method
described just above. yield 21 mg (91%). Preparative TLC
afforded triol 11 as a colorless oil, {a]p™® +9.5° (¢ 0.76.
CHCI3). #1482 (¢ 0.79. acetone) (lit. data for the
(I0RLILR 2 Ry-enantiomer: fujp?® —16.1° (¢ 3.2, CHCInL
lefp? —16.47 (¢ 3.5, acetone)®). Ry 0.12 (system B: starting
acetonide 9 Ry 0.63). 'H NMR, & 0.89 (1, 3 H. CQ201H;, /=
6.7 Hzy L19—1.43 (n, 6 H, C'7=1H,); 1.69 {quint, 2 H,
CihH. /=72 Hz» 1.96—2.20 (m, 4 H, C(HH, + Ci1oH»):
2.25-243 (m. 2 H, C(i3}H,): 233 (1, 2 H, C(2)H3. J=

2 Hz); 2.80 (d[ I H, C(NHHA \Hg. /= 158 and 3.1 Hzy, 2.96

= 158 and 4.7 Hz); 3.48 (1, 1 H.Hoi .

I H, OMe); 3.74 (de. | H. Hil2). /= 8.0

and S0 Hzy, 470 (dd, v H, H{19), J= 43 and

7.1 Hz) 3.31=5.30 (m, 3 H. H{5). H), H(14)): 352—-3.69
3 H. H(%). H(9). H(l )).
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