Synthesis of series 2 trioxilins from trioxilin B; by selective hydrogenation
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Trioxilins (as methyl esters) (10S,11S,125)-TrXB, and its (8E)-isomer were obtained by selective hydrogenation of the 5,6-double
bond in (10S,115,125)-TrXB; 11,12-acetonide followed by deprotection.

Hepoxilins and their immediate metabolites, trioxilins (Trij HO
series 3 (i.e., with three double bonds at the 5,6-, 8,9- or 9,10-, \S .
and 14,15-positions), are metabolites formed from arachidoni Me. ,O~"10~E&2">=">"coome

acid via a 12-lipoxygenase pathwayDuring the last years, e
hepoxilins attracted significant attention of biochemists mainly
because of their regulatory role in an insulin secretion and henc 1 5,6; 8,9 and 14,15 are triple bonds
in connection with diabetes. However, these studies were lir > 5’63 8’9 and 14’15 are double bonds
ited to series 3 hepoxilins, although series 4 hepoxilins, derive T ’
from (all-2)-5,8,11,14,17-eicosapentaenoic acid were identifiec
as endogenous metabolites. Ho, PdiCaCQ
Other eicosanoids, prostaglandins (PG), are biosynthesise HO
not only from the two above polyunsaturated fatty acids (PG: COOMe
of series 2 and 3), but to the same extent from bis-hpmo- Me O S—=r
linolenic acid (PGs of series 1)Therefore, the occurrence of Me>< 1)
the corresponding series 2 hepoxilins and trioxilins in organism ok Me
seems to be very probable. To identify these potential endc 3 8,9:Z 31%
genous 12-lipoxygenase eicosanoids, an independent chemic 4 8,9:F; 11%
synthesis is desirable. HO
The total syntheses of prostaglandins of different series wer \\/\/M

. . . . R N COOMe
accomplished by different, frequently independent, synthetic pra Me
cedures. However, the conversion of BGnto PG was de- Me>< 1) N~ ACOH. 55 °C
scribedt This conversion is based on the selective hydrogenatio o™ Me 99%
of the 5,6%)-double bond in protected B@erivatives, which is . .
possible because of a diminished reaétivity of the 13,14-doubl 5 561is double bond; 19% YOH, 55°C

", E\/\/\ 20
¢} 14 15 Me

: . ; e 6 5,6 is single bond; 4.5%
bond resulting from theE)-configuration and steric hindrances 'S single bon ’ 97%
from protective groups. Such a situation is not characteristic c

series 3 hepoxilins/trioxilins, in which 58¢ and 14,1%)- ——_ _— COOMe
double bonds together with their surroundings are very similai HO

and the third 8,#)-double bond is present. Nevertheless, we

have found a new means to differentiate these three doub HOwm

bonds thus making possible a direct conversion of series
trioxilins into series 2. o )
In the recent total synthesis of @01S129-TrXB, we 7 5,6 1is single, 8,9 is double bonds; TexB
observe#l a striking selectivity in catalytic hydrogenation of 8 5,6 is double, 8,9 is single bonds
5,8,14-triacetylenic precursor 11,12-acetonileinto corre-
sponding triene (Scheme 1). The ease of hydrogenation of
triple bonds in this triacetylene decreased in the order 5,6 fated in 31% vyield, and 8,9-dihydro derivati%e(19%). Two
> 8,9 >> 14,15. The selectivity was explained by a hairpin conminor products were unexpected=}&,6-dihydro derivativet
formation of the molecule due to the presence afssub-  (11%) and tetrahydro derivatiBe(4.5%)8$
stituted acetonide ring (as evident from the semi-empirical PM3 The positions of double bonds in hydrogenation prodes
calculations). The €l0-fragment of moleculd. in this confor-  were determined from single- and two-dimensional (H-H COSY)
mation screens the 14,15-triple bond to reduce its reactivity. WEH NMR dataf because the mass spectra provided information
surmised that the same selectivity could be held in some extenh the number rather than the position of double bonds because
in triene2 as well, thus opening the way to corresponding eicoof the complexity of skeletal fragmentatithThe NMR spectra
sanoids of series 2. This assumption has happened to be thiall compounds do not contain a multiplet of th@Cgroup
case. separating 5,6- and 8,9-double bonds, which is characteristic of
The catalytic hydrogenation of trierf®eover Pd/CaC¢f in starting triene2; therefore, one (or both) of these double bonds
the presence of pyridine produced a product mixture, which wasas hydrogenated. The presence of the 8,9-double bo8d in
separated by high-performance flash chromatogagtiyFC).
The main products were desired 5,6-dihydro derivaiviso-

Me

Scheme 1

8 Triene2 (23 mg) in a benzene solution (2.2 ml) containing pyridine
(0.2% v/v) was hydrogenated over a prereduced 5% Pd/Cea@lyst

(5 mg, Aldrich) at 20 °C and 1 atm until all starting material was con-
T Trivial names and abbreviations: arachidonic acid isZ@8;8,11,14-  verted (5 h, TLC). The mixture was filtered and evaporated to dryness,
eicosatetraenoic acid; bis-hongdinolenic acid is (allz)-8,11,14-eicosa- and the residual oil was separated by HPFC on a Kieselgel 60 (Fluka)
trienoic acid; eicosanoids of series 1, 2, 3 or 4 are eicosanoids with 1, @lumn (24x2 cm, over 2000 theoretical plates; gradient elution with
3 or 4 double bonds in a molecule, respectively; hepoxilins (of type&€tOAc—hexane, 5:95 20:80). In the order of elution, the following
A4/B;) are stereoisomers of 8/10-hydroxy-11,12-epoxyeicoBp%RE)/ compounds were isolated: 1 mg (4.5%)60fR; 0.67, silica gel plates
8(2),14(2)-trienoic acids; PG is prostaglandin; TrXBre stereoisomers (Merck), quadruple development by EtOAc—hexane, 20:80, for starting
of 10,11,12-trihydroxyeicosa-B),8(2),14()-trienoic acid (each com- triene2 R; 0.43], 2.5 mg (11%) of &+ 6 mixture, 4.4 mg (19%) & {R
pound can occur as a free acid or its methyl ester). 0.63, p]&! —11° € 0.29, CHC)}, 2.5 mg (11%) of4 (R 0.52) and

* Hydrogenation over the Lindlar catalyst proceeded very slowly. 7.1 mg (31%) oB {R; 0.48, fx]3! —2.5° € 0.47, CHC))}.
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and4 is evident from the chemical shifts and multiplicities of The acetic acid hydrolysis of acetonid@sand 5 cleanly
CI0HOH signals, as well as their COSY correlations with theproduced trioxilins (18,11S5129)-TrXB, 7+ and 8,9-dihydro-
signal of a vinylic proton in each case.4nthis signal (=@H) (10S11S129)-TrXB, 888 (as methyl esters). Although the total

is shifted to low field and splitted with the coupling constantyield of series 2 trioxilin7 is not high, this straightforward
3Jg_¢=15.5 Hz so this double bond h&y-configuration. Com- method of partial synthesis is much simpler and gives higher
pounds5 and 6 do not possess 8,9-double bonds, as evidenyields than any independent total synthesis. The similar protocol,
from a significant 46 —0.8 ppm) shift of non-allylic ®HOH e.g, hydroxyl group protection to shield the neighbouring double
signals to high field. The intactness of 14,15-double bonds in alonds — patrtial catalytic hydrogenation — deprotection, seems to
hydrogenation produc&-6 follows from the similarity of &H, be applicable to the synthesis of other less unsaturated 12-lipo-
signals (multiplet centered at near 2.4 ppm) in their spectra. Somggenase eicosanoids from the corresponding series 3 congeners
other features of the NMR spectra also support the conclusiorsdready obtained by total synthesis.

that dihydro compound3 and4 are formed by hydrogenation

of the 5,6-double bond d&; dihydro compound is the result This work was supported by the Russian Foundation for Basic
of 8,9-double bond hydrogenation, and both hydrogenations sResearch (grant no. 98-03-32996) and by the Noncommercial

multaneously lead to tetrahydro compoud
It follows from the yields of hydrogenation produ@s 4

Partnership programme ‘ASGL — Development of New Bio-

logically Active Compounds for Medical Purposes’.

and5 that the hydrogenation reactivities of 5,6- and 8,9-double
bonds in triene2 are in a ratio of 2.2 :1. The 14,15-double References

bond is not hydrogenated at all under the conditions used.

based on the reactivity of triyngé The formation of (B)-
product4 may be understood as the possibilityHf 4 (E) iso-
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depends (for Pd/C) on the origin of the catalyst.

f 1H NMR spectra were measured in CRQn a Bruker DRX500
spectrometer at 500.13 MHz f8r4 and Bruker AC-200 at 200.13 MHz
for 5, 6 (6/ppm).

For3: 0.89 (t, 3H, G™H,), 1.26-1.43 (m, 12H,4€517-1H,), 1.38 and
1.52 (2s, 2x3H, &CMe,), 1.58-1.66 (m, 2H, &1,), 1.99-2.07 (m, 2H,
Cl6H,), 2.10 (dqgd, 1H, @HaHb), 2.21 (dg, 1H, THaHD), 2.27-2.42 (m,
2H, CI3H,), 2.31 (t, 2H, @H,), 3.68 (s, 3H, COOMe), 4.00 (t, 1H,
ClH), 4.14 (ddd, 1H, @H), 4.45 (ddd, 1H, ©H), 5.38-5.45 (m, 2H,
C914), 5.48-5.56 (m, 1H, ©H), 5.63 (dt, 1H, €H); 3J, ; 7.5 Hz,
3Jg_7a 7.5 Hz,305 4, 7.5 Hz,23,, 5, 15.0 Hz,33,, ¢ 7.5 Hz,4J;, 42.0 Hz,
33y, g7.5Hz,3Jg 411.0 Hz3Jg 1,9.2 Hz,3),5 1, 5.9 HZ,30;4 3.5 Hz,
331, 1,5.9 Hz,30;, 13,5.2 HZ,30;, 15,8.9 Hz,3J;g 06.4 Hz.

For4: 0.89 (t, 3H, G™H,), 1.26-1.42 (m, 12H,4€517-1H,), 1.38 and
1.51 (2s, 2x3H, §&CMe,), 1.62 (quintet, 2H, &,), 2.01-2.09 (m, 4H,
C71H,), 2.29-2.44 (m, 2H, BH,), 2.31 (t, 2H, CH,), 3.68 (s, 3H,
COOMe), 3.99 (t, 1H, 8H), 4.11-4.16 (m, 2H, ©1H), 5.42 (ddt, 1H,
Cl4H), 5.47 (ddt, 1H, €H), 5.52 (dtt, 1H, @H), 5.81 (dt, 1H, EH);
33, ,7.6 Hz,3J, , 7.6 Hz,3), 36.5 Hz,43, 1.5 Hz,3Jg 415.5 Hz,3Jy 4,
7.5Hz, 3,54, 6.2 Hz, 3}, 1, 6.2 Hz, 3,5 1, 6.8 Hz, 4,5 1o 1.5 Hz,
33,4 1510.7 Hz,A) 4 161.5 HZ,30, 167.3 Hz,3),9 5,6.5 Hz.

For5: 0.89 (t, 3H, G%,), 1.23-1.65 (m, 10H, &:.17-1H,), 1.38 and
1.51 (2s, 2x3H, ¢CMe,), 1.70 (quintet, 2H, &i1,), 1.96-2.15 (m, 2H,
Ca7.18,), 2.28-2.56 (m, 2H, €H,), 2.32 (t, 2H, @H,), 3.58-3.72 (m,
1H, CI%H), 3.68 (s, 3H, COOMe), 3.95 (dd, 1H118), 4.18 (dt, 1H,
Cl2H), 5.28-5.60 (M, 4H, ®14.1H); 3J, ;7.3 Hz,3), , 7.3 Hz,30; ;;
4.5Hz,33;;_1,6.2 Hz,33;,_13,6.2 HZ,3);5_15,8.9 HZ,33;4 ,,6.5 Hz.

For6: 0.89 (t, 3H, @), 1.23-1.64 (m, 20H, €%17-1H,), 1.38 and
151 (2s, 2x3H, GCMe,), 2.06 (dt, 2H, €H,), 2.20-2.56 (m, 2H,
C13H,), 2.31 (t, 2H, @H,), 3.58-3.72 (m, 1H, ©H), 3.68 (s, 3H,
COOMe), 3.96 (dd, 1H, €H), 4.18 (dt, 1H, H,), 5.34-5.62 (m, 2H,
Cl41H); 33, , 7.4 Hz, 3, 4, 4.6 Hz, 33, 1, 5.9 Hz, 3, 15, 5.9 Hz,
33,5 12p8.5 HZ,30;5 166.4 Hz,3),4 1,6.4 HZ,3J;4 ,,6.5 Hz.

TTHigh ion MS [Kratos MS 890 instrument, direct inlet at 150 °C, El, was heated at 55 °C for 5 h and then evaporated in a vacuum to dryness

30 eV, m/z (%)].

For3: 410 (2.2) [M}, 395 (19) [M — Met, 392 (2.1) [M - HOJ*, 377
(1.5) [M —Me - HQOJ*, 352 (4.1) [M — MgCO}t, 335 (8.8) [M —MgCO —
— OH}+, 321 (8.4) [M — MgCO — MeCQ}, 303 (20) [M —MgCO — H,0 —
— MeO}.

For4: 410 (0.7) [MF, 395 (11) [M — Met, 392 (0.8) [M — HOJ*, 377
(0.6) [M —Me — HOJ*, 352 (2.7) [M — MgCOYt, 335 (9.2) [M —MgCO —
— OHJ*, 321 (7.8) [M — MgCO — MeOt, 303 (15) [M — MgCO - H,0 —
— MeO}.

For 5: 410 (3.1) [M}, 395 (45) [M — Met, 352 (12) [M — MgCOT,
335 (15) [M —MegCO — OHY, 321 (14) [M — MgCO — MeOt, 303 (8.9)
[M — Me,CO — H,0 — MeO}.

For6: 412 (1.2) [M}, 397 (19) [M — Met, 354 (1.3) [M — MgCOT,
337 (2.5) [M — MgCO — OH}, 323 (7.7) [M — MgCO — MeO¥}.
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A solution of acetonid& (5.6 mg) in 80% aqueous AcOH (500

producing triol7 (5.0 mg, 99%) as a clear oi% 0.18 (EtOAc-hexane,
30:70, triple development)a]3® +4.9° ¢ 0.38, CHC)). 1H NMR
(200.13 MHz, CDC)) 6: 0.90 (t, 3H, GH,, J6.7 Hz), 1.15-1.45 (m,
12H, C-6.17-1H,), 1.64 (quintet, 2H, &,, J 7.2 Hz), 1.95-2.15 (m,
3H, Ct6H, and CHaHPb), 2.31 (t overlapping m, 2H,28,, J 7.4 Hz),
2.22-2.47 (m, 3H, G4aHb and G3H,), 3.48 (br. s, 1H, EH), 3.69 (s,
3H, COOMe), 3.76 (br.t, 1H,%H, J 6.5 Hz), 4.67 (br. s, 1H, I¢H),
5.33-5.70 (m, 4H, €.14.1H),

88Triol 8 was obtained from acetoni8analogously to triof. For8: yield
97%, R; 0.26 (EtOAc—hexane, 30:70, triple development]3] -13°
(c 0.25, CHCJ). IH NMR (200.13 MHz, CDC)) é: 0.90 (t, 3H, @H,,
J 6.1 Hz), 1.20-1.65 (m, 10H,8€17-1H,), 1.68 (quintet, 2H, &,
J7.1Hz), 1.95-2.38 (m, 10H2@7.13.14,), 3.35-4.05 (m, 3H, C-1H),
3.69 (s over-lapping m, 3H, COOMe), 5.25-5.65 (m, 4+ @1H).
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