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at 6 4.6. i,e., in the region of  protons o f  the CH(OR) 2 
type. This indicates apparently the formation of  a stable 
hydrate or  hemiacetal  of aldehyde 6, which accounts for 
the incomplete  conversion of the aldehyde in the next 
step. 

The reaction of aldehyde 6 with LiC~CCH2CI gave 
propargyl chh)ride 7 and partial (10--20%) recover '  of  
the starting aldehyde; nevertheless, the yield of  7 based 
on the unrecovered aldehyde 6 w a s -90%  (Scheme 3). [t 
was difficult to check the select ivi ty  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 Lk3und that 
the addition to the aldehyde group of dioxolanylaldehyde 
6 proceeds with a substantial (7 : 1) syn-stereoselectiv- 
ity, unl ike ana logous  reactions of ox i r auv l a lde -  
hydes.l.13.14,17,18 

Condensation of chloride 7 with methyl hex-5-ynoate 
under mild chemoselective conditions p~ resulted in a 
highly unstable triacetylene precursor of trioxilins 8. 
Due to its instability and to the poisoning of hydrogena- 
tion catalysts by the impurities formed during storage, 
triyne g was subjected to hydrogenation over Lindlar 
catalyst for 24 h after the synthesis and immediately 
alter purification by filtration through silica gel. When 
hydrogenation strongly slowed down or terminated,  a 
portion of the catalyst was replaced by a fresh one and 
hydrogenation was continued until the starting and the 
intermediate di- arm tetmhydrogenaled products disap- 
peared (TLC and ~H NMR monitoring). 

Despite this thoroughness m conducting the hydroge- 
nation and six replacements of the catalyst, high pertor- 
mance flash chromatograph? ( H PFC) z0 of the resulting 

mixture of hydrogenation products (whose subsequent 
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 tetrahydro 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 to 
hexahydro derivative 9, which can be readily earned out 
because this process is much less complicated.  This 
almost doubled the total yield of the target triene 9. 

The configuration of triene 9 was established after 
the removal of  the acetonide protection, giving rise to 
triol 11. the methyl ester of trioxilin 133 . The resulting 
isomer was identical in chromatographic behavior (TLC) 
to a methylated sample of authentic (I05",IIS.  12,5)- 
TrXB) 15 when compared directly and exhibited a tH 
NM R spectrum virtually identical in positions and mul- 
tiplicities of signals of  characteristic protons (C(7)H:,  
H(10--12)) to the spectra of  the above-ment ioned  
sample js and its enant iomer synthesized by a different 
method gJI The absolute (105",1 IS, 12S)-configuration 
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of the sample of 11 synthesized follows from tile con-  
tiguration of the starting epoxy alcohol ! and is con- 
t?rmed by the (+-) signs of the optical rotation of 11 and 
the same enantiomer of the corresponding tree acid 
described in the literature, t5 as well as by the (-1 sign 
published for the opposite enantiomer, 8,tt and by tile 
fact that the absolute values of the optical rotations are 
close. Similar hydrolysis of dienyne acetonide 10 yielded 
the corresponding triot 12,. which has the same optical 
rotation sign as 11 and constitutes a dehydro analog of 
trioxilins. 

Thus, we identified two characteristic features of tile 
synthetic scheme used. First, the addition of tile 
acelylenide LiC-=CCH2CI to aldehyde 6 occurs syn-ste- 
reosetecti'~ely (the content of 10S-products 9 + 10 in 
the mixture reaches 81%5 and, second, the triple bonds 
in 5.8.14-triyne 8 are hydrogenated at substantially 
different rates, the t4,15-bond being tile least reactive. 
In order to clarH~' these points, which present interest 
from tlae practical viewpoint for the use in other synthe- 
ses, we studied the structures of two minor products 
isolated upon the hydrogenation of triyne 8, namely, 
dien}ne 13 and cnedivne 14 (yields I1 and 6%, respec- 
tive!y) (Scheme 41. 

The structures of all hydrogenated products were 
mainly determined using I H NMR spectroscopy. The 
numbers of double bonds were found from the integral 
intensity of the signals corresponding to the vinylic 
protons, while the positions of double and triple bonds 
were identified from the characteristics of signals due to 
the allylic/propargylic methylene groups. r i le  diagnostic 
signal for compounds with a triple 14.15-bond 10. 13, 
and 14 is the broad signal of the diastereotopic C(13)H 2 
group centered at 6 2.56--2.62, which ix the AB part of 
an ABXY 2 system (X = H(12), Y = C(16)H21 with the 
characteristic spin--spin coupling constant 5JH, ~;)-H(~(,) = 
2.3--2.4 Hz. This signal is also present in the spectrum 
of triyne 8 but not in tile spectrum of triene 9, in v, hich 
the broad multiplet for C(I3)1-1, is shifted upfield to 
8 2.40. The simultaneous presence of multiple 4.5- and 
8,9-bonds in molecules ix 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 
by the width of this muhiplet ,  which is narrow 

( )4"L. 2 0.05 ppm for enediyne 14 and 0.03 ppm for trivne 
8) if the 8.9-bond is a triple bond and broad (WI/2 
0.21--0.36 ppm for compounds 9. 10. and 135 for 
compounds with double 8,9(Z)-bonds. in which the 
difference between the chemical shifts of the protons of 
this methylene group increases substantially since tile 
diastereotopic C(7)H 2 group is located close to the 
asymrnetric centers of the molecule. Additional evi- 
dence lot the presence of the triple 8,9-bond in enediyne 
14 is provided by the fact that tile position and the shape 
of tile H(10J 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 to the C(15...C(10) fragment with tile same m/z 197, 
corresponding to tile presence of two double bonds in 
this fragment. In addition, tile C(11)...C(20) fragment 
ions have m/z 211 in the case oftr iene 9 and m/z  209 for 
dienyne 10. 

Thus. tile molecules of dienynes ( t05)-10 and 13 are 
characterized by identical arrangements of the (ZI-double 
and triple bonds: hence, the 10R configuration was 
deduced for dienyne 13. It should be mentioned that the 
10R.triene corresponding to dienvne 13 cannot  be de- 
tected in a noticeable amount (->5%!: thus, the triple 
14, 15-bond in the 10R-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-stereoselect ivi ty of the add i t i on  of 
LiC---CCH,CI to aldehyde g 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 
triyne 8; in terms of reactivity, they can be arranged in 
the sequence (5,6) > (8,9) >> (14,15t. Whereas a pos- 
sible reason for tile different reactivities of the triple 
5,6- and 8,9-bonds is obvious (different local environ-  
men(s), this is not so with the 5,6- and 14,15-bonds. A 
possible reason for the large difference between these 
two, seemingly similar bonds is suggested by the sub- 
stantial high-field shift (A6 -0 .22)  of the signal of H(10) 
in dienyne 10 (8(H(10)) 4.70) observed upon hydroge- 
nation of the triple 14,15-bond, far removed from this 
proton (by five bonds), to give triene O (8(t4(10)1 4.48/. 
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The c o n f o r m a t i o n a l  analysis ( P M 3  m e t h o d )  of  the 
d ienyne 10 molecu le  shows that in the stable conforma-  
tion the H(10) p ro ton  is posi t ioned close to the triple 
t 4 , 15 -bond  t l he  db>r f rom this pro ton  to the center  
of this b o n d  is 2.7 A) due to the ors -ar rangement  of  the 
subsi i tuents  in the dioxolane ring. 14ence, the H{10) 
proton is wi th in  the cone  o f  an i so t ropy  o f  the triple 
bond. in which  the induced ma,_,netic field is directed 
along the external  field. This con t r ibu t ion  to the exter- 
nal magne t i c  field switches to an oppos i te  one  or disap- 
pears when  the t 4 , [ 5 - b o n d  is conver ted  into a double 
bond. This  a ccoun t s  fi}r the observed changes  in the 
chemical  shif t  o f  Hi I0L However,  the same close loca- 
tion o f  the Cf9) ,C(10)  fragment to the C(13).. ,C(15} 
fragment  o f  the molecule  provides steric shielding of  the 
loller and ham pe r s  hydrogenat ion  o f  the triple 14.15- 
bond, Conve r se ly ,  the triple 5 ,6 -bond  is unshie tded and 
retains the normal  reactivity. 

Similarly,  the C{13). . .C(15) f ragment  o f  the side 
chain in a ldehyde  6 is located close to the aldehyde 
group and  thus  ensures  enhanced  s tereoselect ivi ty  of  its 
reactions.  This  mutual  shielding of  r emote  fragments of  
the molecu le  can  also be observed in o t h e r  c o m p o u n d s  
with a c / s -subs t i tu ted  ace tonide  group: we nov,, examine 
the possibi l i ty o f  using the selectivity' thus induced for 

synthet ic  purposes .  
The syn thes i s  o f  enan l iomer ica l ly  pure methyl ester 

of tr ioxil in (10.~'.11S, 12s 3 is the first synthesis of 
~rioxilins f rom achiral  starting c o m p o u n d s .  "lhe chiralily 
of  the i n t e rmed ia t e  hepoxil in syn thon  1 was attained 
using a s y m m e t r i c  Sharpless epoxtdat ion.13 which allows 
any e n a n t i o m e r  to be synthesized equal ly  easily. The 
synthesis  inc ludes  9 or 10 steps {from syn thon  I) pro- 
ceeding in an overall yield o f  8- -10%:  it is charamerized 
by s t e r eose l ec tBe  in t roduct ion  of  the addi t ional  asym- 
metric c e n t e r  and u , e x p e c t e d l y  selective h y d r o g e n a t i o n  
of  the tr iple bonds  in the in te rmedia te  t r iyne 8, which 
allowed also the  synthesis  o f  the 14 .15-dehydroanalog of  
the same trioxil in.  

Experimental 

Melting points were determined on a Kofler hot stage 
(Boetiusl. Optical rotation was measured on a DIP 360 polar- 
imeter Oapan) in a I-din ceil. IH NblR spectra were recorded 
in CDCI 3 on a Bruker AC-200 spectrometer(200.13 MHz), 
t ;C NMR specim w{-re run on a gruker AM-300 ifsmJmiknt 
{75 47 MHz} Mass spectra were measured on a Kratos MS- 
890 mass spectrometer with direct introduction into the ion 
source at 150~C Analytical TLC v, as perR}rmed on Silufot 
t.;V2~ a plates (Czechoslovakia) in EtOAc ~system A) and 8 : 2 
(system B) and 7 : 3 (system C} hexane--EtOAc systems. The 
substances were visualized by spraying with a 5% solulion of 
phosphomolybdic acid in ethanol followed by healing Pre- 
parative separation was carried oul by high performance flash 
ch romatography (H PFC) z0 cm :l 2 x_7.4 cm column (2000 theo- 
retical plates) widl Kieselgel It silica gel {5--40 pro. Fluka) 
nsmg gnldient elution with 5 : 95 --, 20 : 80 EtOAc--hexane 
m~xlures. Primaw pnrification of reaction mixtures was per- 

formed by filtrath}n through Kieseigel 60 F}54 silica gel (63-- 
200 b~n~. Merckl in the specified solvents. 

All the reactions v, ere carried out under dr.',' argon. 
The exlracts were dried ~ith calcined MgSOa. The solvenls 
were purified by disulbltk)a from appropriate drying agent.:, 
{sodmm fbr benzene and dirnethoxypropane; sodium ben- 
zophenone ketyl for ether and THF:  and Ca l l .  for pyridine 
and C H_,CI_~}. 

The following reagents were used: TB,v, CI. { •  
10-sulflmic acid (CS,&.), 2.2-dimethoxypropane. PDC, Lindlar 
cat:llysi {5% Pd-Pb/CaCO:J ,  a hexane solution of Bu"Li  
(F}ukaL and a I M mlufion of Bu~:~NF in THF (,~ddrich). 
Methyl hex-S-ynoate(bp 80--tg5':C (15 I'-orrBwassynthsized 
by methylation of the corresponding acid. prepared as pub- 
li.-,hed previously, zl with an ethereal solution of CH~N~ 

(2R,3S)-Undec-5-yne- l ,2,3- t r io l  (2). A. An emulsion of 
crude 12S.3S)-2.3-epnx~undec-5-yn- I -el ( 1 ) ( 1.59 g, hi.7 mmoi~ 
{ m p  32,5--33.1 :C, {ulD e5 -I1.1 ~ (c l.g3, CttCI:,'t, ee 8g% 
C~ccording m the tt4 N.XlR data for the acetate with the 
addition of Eu(htf)3)13j in a solution of NaOti (5.18 g, 
130 retool) m 320 ml_ e t a  3 5 : 1  H~O--Bu'OH mixture was 
vigorously stirred lbr 7 h at {}5 :~C. T-he resulting dark yellow 
emulsion was partially evaporated m vac ,o  (to remove Bu~Ol-I). 
the product was extracted with EtOAc (5x50 ml_), and the 
extracz was washed with v, aler (3• mL) to pH 7, dried, and 
concentrated to dryness. A solution of the remaining semicrys- 
talline light brown material was filtered through 80 g of silica 
gel. Concentration of the filtrate gave 0.8t5 g (47%) of triol 2. 
rap. 59--6t :C. Ic, lo 25 0:' (c 1.77, CHCI1). Two recrystalliza- 
hens from a hexane--ether mixture aflbrded a sample with 
unchanging characteristics and ee 100% as snow-white needles, 
rap. 61--61.5 "C, [t,]0 ~'5 --2.6 ~ (c 2.13. CHC]3), R[ 0.45 
(system A: for starting epoxy alcohol 1, R~ 0.50) ]H NMR, 8: 
091 {dist.t, 3 H. C([IIH> ,1= 7.0 Hz}: I I7--1.57 {m, 6 H. 
C(8--10)HeL 1.61, 2.10. 242 {all br.s, I H each. 3 OH); 2.17 
{tt. 2 H. C(7)H~, d = 2.4 and 7.2 Hz): 2.52 ~dt. 2 H, C(4)H 2, 
J =  2.4 and 55 Hz); 3.70--3.80 (m. 4 H. C(1)H 2 + H(2). 
I I(3)). 

B, The same treatment e t a  sample of epo~:y alcohol ! with 
ee > 9g% (m.p. 34 ~ IcdD e5 -11.8" (c 1,1~, CHCI3)) gave 
triol 2 with the above-cited unchanging constants (aLp. 6 1 -  
61.5 ~Ct {i.e.. with ee 100'LY:) after concentrauon of the filtrate, 
tritt.racion of [he residue under a hexane--edler mixture, and 
separaaon of the crystals. The yield was 57%. 

( 2 R,3S)- I -tert-Butyldimethylsilylo xyundec- 5-yne- 2,3-diol 
(3), A solution of triol 2 {550 mg, 2.75 mmol). TBSCI (539 mg, 
3.6 retool), and ImH (485 mg. 7.1 retool} in 6 mL of 
anhydrous Py was kept for 2 h at t5 :C unlit the stoning 
comp, ound was completely consumed (TLC monitoringL The 
mixture was diluted with 5 mL of  water, the product was 
extracted with EtOAc, and the extract was washed with water. 
dried, and concentrmed. A solution of the oily residue in a 
4 I EtOAc--hexane mixture was filtered through 10 g of silica 
gel to give 85(} mg  (q8%). of e the r  2, as a colorless oil. 
tepID 25 4-7.8 ~ (C 1.92. CHCI3). R r 0,24 (system B; for stoning 
triol 2, Rf-0}. The pr{Kluct was used in tile next step without 
farther purification or cMracterization. 

(2R,3S)- I -lerl-Butyldimethylsilyloxy-2,3-(isopropylidenedi- 
oxy)undec-5-yne (4). A solution of ether 3 6%0 rag, 2.0 retool) 
and CSA {.30 rag, 0.13 retool) in 10 mL of Me2C(OMe) 2 was 
kept for 4 h at 0 ~ unlH the starting compound was com- 
pletely consumed ('rLC monitoring). The mixture was diluted 
with 10 mL of ether and the solution was filtered through 5 g 
of AI,O> which was additionally washed with ether. Concen- 
tration of the filtrate gave 853 mg (91%) of acetonide 4 
(colorless oil, {~tD 2"~ 0 ~ (c 2.1 f, CHCI3). R r 06t  (system B)). 
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Tile product was used in the new step without further purifica- 
tion or characterization.  

(2R,3S)-2 ,3- ( l sopropyl idenedioxy)nndec-5-yn- l -o l  (5). A 
mixture of  a solution of  acetonide 4 (845 rag. 2.38 retool1 in 
10 mk of  anhydrous T H F  and a I M :;olulion of  Bua4NF in 
THF (0.9 mL, 9.9 mmol)  was kept for I h at 20 ~C until tile 
starting compound  was completely con.~zumed (TLC monitor- 
ing). Ft~e 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  5 mL. The 
solution was filtered through 5 g of  silica gel+ which was 
+zdditionalty washed with ErOAc. The filtrate was concentrated 
and the oil,,' residue was distilled to give 572 mg (99~"b1 of  
alcohol 5 as a colorless oil. b.p. 150--165 '~C (0.05 Torrl, 
I~dD ~.s --31.1 ~ (c 2.69, CHCI3). R! 0.09 {system g). IH NMR, 
d: 0.89 (dist.t, 3 H, C(I I)H 3, J =  6.0 Hz); 1.16--I.53 (m. 6 H, 
C ( 8 - 1 0 ) H , ) :  1.37, 1.47 (both s, each 3 H. CMe2): 2.13 (it. 
2 H. C(7)H, ,  J =  2.5 and 6.9 Hzl: 2 ,34-2 .01  (2 ddt, 2 H. 
C(4)H 2, AB part o f  ABXY 2 system. 3~<,XB = 0.033, 2,/~,B= 
1~.8 Hz, 3Jax = 8.2 Hz, ?dBx = 5.5 Hz, 5,]~,. = 5./By = 2.5 Hz); 
3 . 77 -389  (both dd,  2 H, C~'I)t-I 2, AB part o f  ABX system, 
AdAB = 0.055, 2./,,8 = 11.5 Hz, 3J,\ x = 6.4 HZ, 3dax = 4.4 Hz)" 
4.21--4.38 (m, 2 H, H(2, 3)). 

(2S,3,~-2,3-(Isopropylidenedioxy)undec-5-yn-i-al (6). 
Acetic acid 179 ,uk) and a ~olution of  alcohol 5 (518 mg, 
2.16 mmolI in 5 mL of  CH2CI 2 were added successively at 
20 '~C to a suspension o f  finely ground PDC (812 rag, 
2.16 retool) and 3 A molecular  sieves ( t . I  gl in 15 mL of  
anhydrous CH~_CI 2. The reaction mixture was stirred for 
30 rain at 20 ~ finely powdered activated carbon (200 rag) 
was added, and the mixture was stirred for an additional 
15 rain and filtered through 10 g of silica gel. which was washed 
successively with CI42C12 and a 7 : 3 Ctt2CI: , --EtOAc mixture 
After concentra t ion o f  tile fihrate, the oily residue was distilled 
to give 300 mg (58%) of aldehyde 6 as a colorless oil, b.p. 
125--130 ~C (I Torr),  [CZlD 25 +13.1 ~ (c 1.83, CHCIs).  Rf 0.55 
(system B, two developments:  for starting alcohol 5, Rf 0.33L 
IFt NMR, d: 0.80 (dist.t, 3 H, C( I I )H 3, d =  6.0 Hz); 1,20-- 
t.54 (m, 6 H, C(8- -10)H: ) :  t.38, 1.58 (both s, each 3 H, 
CMe_,): 2.13 (tt. 2 t t ,  C(7)H 2, . /= 2.2 and 6,7 Hz): 2.50 (dr. 
2 H, C(4)H 2. Y= 5.6 and 2.2 Hz): 4.43 (dd, I H, H(2), d = 
2.1 and 7,4 Hz); 4.52 (dd. I H, H(3). J =  2.1 and 7.4 Hz;: 
9.78 (d, t H, C H O . . / =  2.1 Hz). 

(4S,5 R,6S)- 1 - Chloro-5,6-isopropylidenedioxytetradeea- 
2,8-diyn-4-ol (7). A 1,6 M solution of  BunLi (7.8 mL, 
12.5 mmol)  in hexane was added with stirring over a period of  
5 mm to a solution of  HC=-CCH2CI (952 rag, 12.9 mmol) in 
4 mL of  anhydrous e ther  cooled to -78  ~ The solution was 
kept tk)r I5 rain at - 7 8  "C, then a solution of  aldehyde 6 
1374 mg, 1.56 mmol'~ m 5 mL of e ther  was added. After 
15 rain, the mixture was poured into 25 mL of  a saturated 
solution o f  N H4CI. The organic layer was separated and washed 
with 5 mL of  a solution of  NH4CI, the aqueous layers were 
extracted with EtOAc. and the combined extracts were dried 
and concentrated.  The residue dissolved in hexane was purified 
by chromatography on 15 g of  silica gel using I : 10 --* 2 : 8 
EtOAc--hexane  mixtures for elution. Concentra t ion of  initial 
fractions afl'orded 06 mg of  starting aldehyde 6 ( r ecove~  8%); 
concentrat ion of  later fractions gave a total o f  410 mg 191% 
based on the unreacted aldehyde 61 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 analyt ical  measurements  was a colorless oil, 
I , , Iu  2s +21.9 ~ (c 1.90, CHC13), Rr (system B, two develop- 
ments) ,  IH N M R ,  6 : 0 . 9 1  (dist.I. 3 H, C(14)H 3, J =  
6.9 Hz); 1.27--1.40 (m. 6 H, C(11--131H21; 1.28, 1.53 (both 

s, each 3 H, CMe2); 2.10--2.22 ~m, 2 H, C(10)H2),  2.55 (d. 
I H. OH, J =  6.4 Hzl: 2.64 (dt, 1 H, C(7}HAH B, . /=  7.5 and 
2.3 Hz); 2.68 (dt, I t t ,  C(7)H~,Hrs. J =  7.5 and 2.5 Hz); 4. t9 
id, 2 H, C(I )H: ,  J =  2.0 Hz); 4.23 (dd. I H, H(5). Y = 5,4 and 
6.4 Hz); 4.39 tq. I H. tt{dL d = 6.4 Hz); 4.70 (ddt,  I H. H(41, 
J =  5.4, 64 ,  and 2.0 Hz). 

Methyl ( 108, l 1 R, 123")- 10-hydroxy- 11,12-(isopropyiidene- 
dioxy)eieosa-5,8,14-trivnoate (8). A mixture of  methyl hex-5- 
ynoate (692 rag. 5.49 retool), chloride 7 (570 mg, 183 retool) 
(containing 10--20% aldehyde), and dry,, finely ground Cu[ 
(349 rag, 1.83 mmol), Nal (550 mg, 3.66 retool), and K,CO 3 
(505 mg, 3.66 retool)in I2 mL of  anhydrous D M F  was stirred 
for 20 h at 20 ~ The suspension was poured into a mixture of  
a saturated aqueous solution of  NH4CI (20 mL) and benzene 
(20 mLt, the aqueous layer was additionally extracted with 
benzene, and the extracts were dried and concentrated.  A 
benzene solution of  the oify residue was filtered through 20 g of  
silica gel, which was additionally washed with 211 : 80 --+ 30 : 70 
EtOAc--hexane mixtures, Concentrat ion of  the filtrate gave 
430 mg (59,%) of triyne g, which was immediately used in the 
next step (the product is oxidized in air to giYe more polar 
products, which hamper hydrogenation). Light yellow oil. [~]D 25 
+12.9" (c l . l l ,  CHCII~), Rf 0.26 (system B). IH NMR.  6:0.91 
(dist./, 3 H, C(20)H 3. J =  7.0 Hz); 1.26--t.40 (m, 6 H, C117-- 
19)H_,): 1.40. 1.53 (both s, each 3 i-|. CMe2):  1.84 (quint. 
C(31112, Y = 7.2 Hz); 2.08--2.30 (m, 4 H, C(4)H 2 e C110)H-_); 
2.46 It, 2 H, C(2)H2, d= 7.2 Hz); 2.44 - 2 . 7 9  (both ddt. 2 H, 
C(13)H 2, AB part of  ABXY2 system, AdAB = 0.137. 2d,xa= 
t6.5 Hz, 3./Ax = 3Jpl x = 6.9 Hz, Sday = 5JB, ~- = 2.3 Hz); 3.22 
(m, 2 H, C(71H2): 3.70 (s. 3 H, OMe);  4.23 (dd. I H. H(I I I ,  
. /=  5.4 and 6.5 Hz); 4.38 (q, t H, H(121, J =  6,5 Hz); 4.61 
(br.s, I H, H(10)). 

Methyl ( 10A, I IR, 12S)- 10-hydroxy- I I, 12-(isopropylidene- 
dioxy)eicosa-5 (Z),8(Z), 14(Z)-trienoate (9),  methyl 
(IOS, IIR,12A)- (101 and methyl (10R, liR,12,~-I0-hydroxy- 
! 1, i 2- (isopropylidenedioxy)eicosa-5(2),8(Z)-dien- 14-ynoate 
(131, and methyl (10~,,llR,12S)-10-hydroxy-ll,12-(isopro- 
pylidenedioxy)eicos-5(Z)-en-8,14-diynoate (141. d .  Freshly 
purified triyne 8 (420 mg, 1,04 mmol) was hydrogenated at 5-- 
8 ~ and at I atm in a solution of  I g o f  quinoline in 14 mL of  
benzene over 700 mg of Lindlar catalyst pre-saturated with 
hydrogen. The course of the process was moni tored  by TLC. 
When the absorption of hydrogen substantially slowed down, 
tile catalyst was replaced by an equal a m o u n t  of  fresh 
catalyst and hydrogenation 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 o f  hydrogenation 
6 h). the catalyst was filtered off. Quinol ine was removed by 
passing the filtrate through a column with 50 g o f  AI203; the 
quinoline was eluted with a 5 : 9 5  E tOAc- -hexane  mixture 
(150 mL) and the products were eluted by a I : I EtOAc--  
hexane mixture 1200 mL) to give 390 mg (91%) o f  an orange 
oil. a portion of which ( t l 0  rag) was separated by HPFC. 
Concentrat ion of  the corresponding fractions yielded 40.5 mg 
(37%) o( triene 9. Rf 0.42. 3g mg 134.5%) of  dienyne I0. 
Rf 0.45, 12 mg (I 1%) of dienyne 13, Rf 0.46, and 6.5 mg (6%) 
of  enediyne 14, Rf 0.39 (always system A, five developments.: 
for the starting triyne, Rf 0.34"} 

Triene 9 colorless oil. [O.]D24 --9.6 ~ (c 1.33, CHCts).  
~H NMR, 6:0.86 (dist.t, 3 H, C(20)H 3, J =  6.6 Hz): 1.22-- 
1.34 (m, 6 H, C(17--191H2); 1.40, 1.53 (both s, each 3 H, 
CMe2): 1.72 (quint, 2 H. C(3)H 2, J =  7.3 Hz); 1.96--2.19 (m. 
4 H, C(41H2 + C(16)H!): 2.34--2.45 (m,  2 H, C(131H21; 2.35 
ft. 2 H, C(2)1-[2, . /= 7.3 Hz); 2.81, - 2 . 9 8  (both dt. 2 H. 
C(7)H 2. AB part of  ABXY system, AdAB 0.060, _" AB 
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t5.8 Hz, +d.\x - ~J.~ = 3dux = 5JBy = 7.5 Hz); 3.68 Is, 3 H, 
Oble):  4.02 (t, I H, H(I IL d =  b I Hz): 4 13 (ddd, I H, H!12). 
�9 1= 5.3. 6.1, and 8,4 I-tz~: 4.48 (ddd, I 1-1, H(10). J =  26 ,  6.1. 
and 8.7 Hz); 5 .32.-5 .51 (m. 5 H, H(5), I-1(6). H(9), H(14i. 
HIISl):  5.57 (dt. I H, H(~,), d = 10.7 and 7.5 Hz). t3C NMR,  
,;: 14.1 (Me);  22.6, 24.7. 25.4 13 CH~): 26.4. 26.6 (CM~2): 
276,  279.  29.3. 2? 8. 31.6. 334  t6 CHs}: 51.6 IOMe~: 65.7, 
77.2. 80,7 (3 CI - | - -O) :  t08.3 (C,'vle2): 125.1, t27.,.x. 128.4, 
1298. 132.6, 133.0 13 C=C) :  174.1 (C=O) .  MS (El, 3{) eV), 
m/c (I.el (%;): 408 [MI ' -  (O51), 393 {M - Mel + (7.4), 375 
[M - Me - H : O I "  (0.43), 333 [M - Me - AcOHI + i2.8), 315 
IM - Me - A c O H  - H20] § (I .4) ,  239 [C I - t2  - Me=,CO] ~ 
{7.91, 221 [C )-~2 - M%C O -- t t : O l -  (9.6), 211 l C ' f - - ~ ' ) t  * 

(32/. 197 [ C I - m ] "  (23), 189 [C I- t - '  - Me-,CO - MeOH - 
H,O t '  (15), 179 [C I - t ~  -- H,O " ~.25), 93 (100). 

Dienyne 10. colorless oil, lull)  2~ +24.7 ~ (c 1.75. CHCI3). 
tH N M R ,  i~,: 0.89 (<list.t, 3 H, C(20H-13, d =  7.1 Hz): 1.23-- 
1.50 (m, 6 H, C(17---19)H_,,}: 1.3q, 1.54 {both s. each 3 t1, 
CMe, I :  1.70 (quiEt), 2 H, C~3"~1-1-. d = 7.3 Hz): 2.{)4--2 20 (m. 
4 H. C(4)H 2 -~- ( l  le, lH2/: 2.34 it, 2 H, C(2)H 2, d = 7 3): 
2.45--2.67 (2 ddt.  2 H, C(13)H- ,  AB pan  of  ABXY, system, 
,x8.~8 = 0.044. 2J~l ~ = I5.8 t tz .  ;d.~x = ~Yex = 6.5 Hz. 5J a, ~ = 
s / B y =  2.3 Hz); 2 7 8 - 3 . 0 5  Ira. 2 H, C(7)H2);  3.75 ~s, 3 14, 
OMen: 4.08 (dd. I I-I, t t l l l ) .  J =  4.8 and 6.5 Hz): 4.30 (q, 
1 H, H(I2) ,  d = 6.5 Hz): 4,70 (dr. I H, HII0) .  Y-~ 7.3 and 
5.1 Ha): 5 .39--5 .64  (in, 4 H, H(5, 6 . 8 . 9 ) ) .  13C NM R ,  6:14.04 
(Me): 18.88, 20.62. 222% 24.86, 25.11 15 (, 'Hs); 26.39, 26.69 
(OeCtMes)" 27.44. 28.74, 3t .21, 33.52 (4 CH,}:  51.53 (OMe),  
65.44, 76.08, ,'i0.47 (3 CH- -O1:  77.31. 82.5~, (C~C~; 108,49 
(O?CC_Mes)- 127.95, 129_07, 129.77, 132.19 (2 C=C) :  173.96 
(C=O~. MS (El ,  30 eX,), m/z  {Le~ (%)7:41)6 [ M I -  10.38). 391 
IM - b le l"  ~8.7), 373 IM - Me - H_,OI + ~2.5). 331 [M - 
Me - A c O H ] "  (5.0).  313 [M - Me - AcOH -- HsOI* (3.8). 
239 [C 1-12 - Me2CO ]" (16), 22t [ C  1 - 1 2  - M e , C O  - HeOI" 
(12), 209 I C ~ - 2 u l "  (49), 197 [Cl - -uq  ~ (25), 189 [C t - t2  - 
Me,CO - M e O H  "- H:OI"  (23), 179 [C I-=~ -- H20]"  (61i, 
8I (lOf)}. 

Dienyne 13. colorless oil. t | t  N M R ,  8: 0,9() (dis t t ,  3 H. 
C(20)H 3, d:= 6.0 Hz): 1.20--1.57 (m,  6 H, C 17 -Iql-|2): 1.35. 
1.45 (both s, each  3 H, CMe2): 173 (quint .  2 H, C(3)H, ,  J - -  
7.4 Hz): 1.93--2.20 (m. 4 H. C(411"l 2 + C(16)H2): 2.31 (t. 
2 H. C(2)t t~,  J =  7.4 H z )  2,50--2.62 (m. 2 H, C(I3)H2):  
273- -3 .15  ~m. 2 1-1, C(7)142): 3.66 (s, 3 14, OMe):  405  (t, 
I H, H(I I), J =  6.9 Hz): 4 .10--4 .34 (m.  t H, H(t2)) :  4.56 (< 
1 H, H(10), d = 6.9 Hz): 5 .31--5 .70 (m, 4 I-I, 1-tt5). H{6), 
I-HS~. H{9U. 

Enediyne 14. colorless off. ~H N M R ,  6 : 0 . 9 2  (dist.t, 3 H, 
Ct20)H 3, d ~  6.5 Hz);  1.25- -150  (m,  6 H, CI7-19H2): 1.40, 
1.52 (both s. each  3 H, C M e , ) ,  1.74 (quint ,  2 It, C(3)H 1, . /=  
7,4 Hz): 2.02--2.21 {m. 4 H, C(4) t t  2 + C(I6)H2):  2.31 ~t, 
2 H, C(2)H: ,  d =  7.4 Hz): 2 .48--2 .77 (2 ddt. 2 H, C(13}H 2, 
AB pan  of  ABXY: system,  .XdAB = 0.136, ZJAB= 10.5 H,'., 
;Y.ax = ~dux = 6.4 Hz, 5d\v = 5 d B y  - '  2.4 Hz): 2 .95 - -304  (m. 
2 H, 421-7-)H2): 3.68 is. 3 H. OMe) ;  4.18 t t ,  t H, H i l l ) ;  Y= 
6.4 Hz~: 4.32 (q, I t4. H{12). d =  6,4 Hz): 4,60 (br.s. I H, 
H(10)}: 5 .39--5 .56 (m,  2 H, H(5), H(6)).  

B. Hydrogena t ion  of  dienyne 10 (20 rag) under  the condi-  
tions described above fwithout rep lacement  o f  the catalyst: 2 h) 
ga'~e 17.5 mg 187%'~ of  triene 9 identical to the sample de-- 
scribed nix)re. 

Methyl (lOS, IIS, 12S)-10,11,12-trihydroxyeicosa- 
5(Z),8(Z)-dien-14-ynoate (12). A solution of  dienyne acetonide 
10 (25.5 mg~ in I mL  of  Sq% aqueous  AcOH was kept (dr 7 h 
at 55 "C until the start ing c o m p o u n d  disappeared (TLC moni-  
toring). The sotut ion was concen t ra ted  in vacuo to drs,'ne~ 

(20 ~ I Torr): the traces of  A c O H  were removed by co-  
evaporation with benzene, This gave 22.9 mg {99%) of  triol 12 
as a colorless oil. bx l l f  3 *-21.7 ~ (c 1 12. CHCI~I, R~ 0.16 
(system B: startiug acetonide 10 R t. 0.61). 1H NMR.  6:;).89 (t, 
3 H, C(20)1"13, J =  6.5 Hz); 1.23--1.57 (m. 6 14, CiV-mH2) :  
160 {quint, 2 H, C(3)H> , / -  7.5 Hz): 1.99--2.24 (m, 4 i t ,  
C(4~H 2 + C(16)H2i; 2.35 It, 2 H, C(2)H 2, J =  75  Hz); 2 .49--  
2.60 (m, 2 H, C113)H2): 2.84 (dr, I H, C(T)H_AH a. d =  
15.7 and 5.7 Hz): 2,97 Idt, I H. C(7)H,a,H B, d = 15.7 and 
5.9 Hz): 3.51--3.60 {m, I H. H(I I}) :  3.69 (s. 3 H. OMe) :  
3.79--3.92 {m, I H, H(}2)); 4 .65--4 .80 (m. I H, H(10)): 
5.34--5,73 {m. 4 H, H(5), H(6), H(8),  H(9)). 

Methyl ( 10S, 11 S, 12S)- 10.1 I, 12-trihydroxyeieosa- 
5(Z),8(Z),14(Z)-trienoate (trioxilin (10S, i IS.12S)-B3) (I 1) 
was prepared t m m  2(~ mg of triene acetonide 9 by the me thod  
described just above, yield 21 mg (91%). Prepara6ve TLC 
afforded triol II as a colorless oil, [c(][) 24 *9.5 <' (c 0.76, 
C14CI3}. =14.8 '~ (c 0.79, a c e t o n e )  (lit, da ta  R.r the  
(lOR, I lR, 12R}-enantic~mer: [{~ID 20 -16 .1  ~ {c 3.2. CHCI?)II :  
[(~]t) 2-' - 16 .4  : (c 3,5, acetone)8}, R r 0.12 {system B: start ing 
acetouide 9 R~-I}.6:~L III NMR.  6 : 0 . 8 9  (t, 3 H, C(20}H,-,, . / =  
6.7 Hz).: 1.111--1.45 (m. 6 [-t, CI7-~9t t2) :  1.69 (quint,  2 H, 
C(3 )H> d =  7.2 Hz); t .96--2.20 (m,  4 H, C(4)H 2 + C(161H2): 
2 .25- -243  (m, 2 H, C(13)H2): 2.33 (t, 2 H, C(2)H2. a =  
7.2 Hz}; 2.80 (dr, I H, C{7)H.xH B , d =  15.8 and 5.1 Hzl: 2.96 
{dt. I H, C(7)HA_H 8, d =  15.8 and 4.7 Hz); 3.48 It, I H, H(I I). 
o r= 4 3  Hz); 3.68 Is, 3 H, OMe);  3.74 (dt, I H. Hi 12 ) , . /=  8.0 
and 5.1 Hz): 4.70 (dd, 1 H, Hi10) ,  J =  4.3 and  
7.1 Hz); 5.31--5.50 (m, 3 H. H(5),  Hi6) ,  H(14)): 5.52--5.69 
Im, 3 H, H(8), [-1(9). H(15)). 

T h i s  work  was f i nanc i a l l y  s u p p o r t e d  by the  R u s s i a n  

F o u n d a t i o n  for Basic R e s e a r c h  ( P r o j e c t  Nos .  9 6 - 0 3 -  
34439 and  9 8 - 0 3 - 3 2 9 9 6 )  a n d  by  t he  N o n c o m m e r c i a l  
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