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Most of the macro l id ic  antibiot ics that  have been studied conta in a g lycosidical ly  substituted hydroxy group in 
the g-pos i t ion  to the lae tone grouping [1], which is evident ly  determined by the mechanism of the biosynthesis of 
these substances, which goes in accordance with the ace ta te  and propionate rules. The synthesis of polyunsaturated 
I3-hydroxy lactones is therefore an important  stage in the synthesis of macrol id ic  antibiotics.  On the other hand, 
microbio logica l  tests on the unsaturated maerocyc l i c  lactones that we have synthesized [2-4] showed that their ac-  
t ivi ty  falls sharply with reduction of the solubil i ty in water. In view of this it seemed desirable to increase the polar-  
i ty of the macro l id ic  molecule  by the introduction of hydroxy groups. For this purpose we synthesized the unsaturated 

hydroxy lactones (VIII) and (IX) as follows: 
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8-Nonynoyl chloride (I) [2] was reduced with l i thium aluminum hydride to 8 - n o n y n - l - o l  (II), whose tosylate 
(Ill)  gave 9 - i o d o - l - n o n y n e  (IV) when boiled with sodium iodide in butanone. B y  treating the la t ter  with t r imethyl -  
amine  oxide [5] and hydrolyzing the product we obtained 8-nonynal  (V). The condensation of this a ldehyde with 8- 
butynyl bromoaceta te  (VI) led to 3-butynyl  3 -hydroxy- ]0 -undecynoa te  (VII), which on oxidat ive  condensation under 
high- dilution conditions by the procedure which we developed earl ier  [2, 8] gave 3- hydroxy- 10,12- penta deca diynol ide 
[3 ,15- dihydroxy- 10,12-pentadecadiynoic  acid g - lactone] (VIII). By the hydrogenation of the d iace ty len ic  hydroxy 
lac tone (VIII) over Lindlar 's catalyst  [6] we obtained 3-hydroxy-10 ,12-pentadecadienol ide  (IX), and the hydrogena- 
tion of (VIII) over pla t inum black led to 3-hydroxypentadeeanol ide  (X). The structure of the d iace ty len ic  hydroxy 
lactone (VIII), was confirmed by the presence of a tr iplet  in the ul traviolet  spectrum character is t ic  for 1 ,3-diynes (cf. 
[7]), and the structure of the d ienic  hydroxy lactone (IX) - by the presence of an intense max imum at 234 rap.  

E X P E R I M E N T A L  

8 - N o n y n - l - o l  (II). a solution of 15.2 g of 8-nonynoyl chloride (I) in 10 ml of ether was added over a period 
of 20 min at  5-10 ~ to a solution of 3.4 g of l i thium aluminum hydride in 200 ml of  ether, the mixture was stirred 
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further for 30 min without cooling, and 100 ml of 2 N sulfuric acid was added dropwise. The upper layer was sepa- 

rated, and the lower was extracted with three 50-ml  portions of ether. The combined extracts were washed with 
sodium carbonate solution and with water, and they were dried with magnesium sulfate. Solvent was driven off, and 
the residue was vacuum-dis t i l led .  We obtained 11.3 g (92%) of 8 - n o n y n - l - o l  (II); b.p. 68-69 ~ (0.5 mm);n~  1.4531; 
d4 z5 0.8791. Found; C 77.08; H 11.46%; MR 43.12. C9H160. Calculated:  C 77.09; H 11.50%; MR 43.22. The 3,5- 
dinitrobenzoate of 8 - n o n y n - l - o l  had m.p.  45-46 ~ (from alcohol). Found: N 8.53%. CleHIsO6N 2. Calculated:  N 8.38%. 

8 - N o n y n - l - o l  Tosylate (III). 11.3 g of 8 - n o n y n - l - o l  was added with stirring to a cooled mixture of 19 g of 
p-toluenesutfonyl chloride and 9.5 ml of pyridine in such a way that the temperature  did not rise above 25*. The 
mixture was stirred further with cooling for 15 min and then left at  room temperature  for 20 h; 10 ml of water was 
then added dropwise. 100 ml of ether was added to the mixture, and the ethereal  solution was washed with 5% sul- 
furic acid,  with water, and with sodium bicarbonate solution; it was dried with magnesium sulfate. Solvent was driven 
off, and the residue was dried at 100 ~ (0.3 mm). We obtained 22.3 g (94%) of 8 - n o n y n - l - o l  tosylate as a thick color- 

less oi l ,  which slowly crysta l l ized on standing. After two crystall izations from methanol  we obtained 8 - n o n y n - l - o l  
tosylate,  m.p. 26-27 ~. Found: C 65.37; H 7.63 S; i0.76%. CleHzzOsS. Calculated;  C 65,27; H 7.53; S 10.89. 

8-Nonynal (V). A mixture of 2529 g of 8 - n o n y n - l - o l  tosylate (HI), 40 g of sodium iodide,  and 500 ml of dry 
butanone was boiled for 17 h. The precipi ta ted sodium tosylate (15.2 g; 97%) was f i l tered off, and solvent was driven 
off. 250 ml of petroleum ether was added to the residue, and the solution was washed with 5% sodium thiosulfate solu- 
tion and with water, and it was dried with magnesium sulfate. Solvent was driven off, and we obtained 21.2 g of  9- 

i odo- l -nonyne ,  which was used in the next synthesis without purification. 

Anhydrous t r imethytamine oxide prepared from 27 g of the dihydrate by the azeotropic dis t i l la t ion of water 
with m-xy lene  was dissolved in 70 ml of chloroform and 30 ml of d imethylformamide.  The solution was warmed to 
70 ~ and in the course of 30 min a solution of the 9 - i odo - l -nonyne  (IV) in 20 ml of d imethyl formamide  was added 
dropwise. The mixture was stirred further for 30 min at 70 ~ and cooled; 150 m l o f  petroleum ether and 100 ml of 
5%o HC1 were added. The upper layer was separated,  washed with water and sodium bicarbonate solution, and dried 
with magnesium sulfate. Solvent was driven off, and the residue was vacuum-dis t i l led .  We isolated 5.73 g (49~ 
based on 8 - n o n y n - l - o l  tosylate) of 8-nonynal  (V); b.p. 101-102" (20 mm); n}~ 1.4499; d~ ~ 0.8951; found MR 41.48; 
ca lcula ted MR 41.61. Its 2 ,4-dini t rophenylhydrazone had m.p. 82-83 ~ (from alcohol).  Found: C 56.54; H 5.58%. 

ClsH1804N4. Calculated.  C 56.59; H 5.70%. 

3-Butynyl Bromoacetate (VI). 24.5 g of bromoacetyl  bromide was added with cooling to a solution of 8.4 g of 
3 - b u t y n - l - o l  [8] and 9.5 ml of pyridine in 200 ml of ether at such a rate that the temperature did not rise above 20 ~ 
The mixture was stirred further for 1 h, washed with 5% hydrochloric acid,  water,  and sodium bicarbonate solution, 
and dried with magnesium sulfate. Solvent was driven off, and vacuum dist i l lat ion of the residue gave  18.5 g (81%) 
of 3-butynyl  bromoaceta te  (VI); b.p. 111" (28 mm); n~ 1.4863; d~ 0 1.4795. Found. C 37.82; H 3.74; 8r 42.10%; 

MR 37.09. C6HIO2Br. Calculated:  C 37.72; H 3.70; Br 41.83%; MR 37.26. 

3-Butynyl 3-Hydroxy-10-undecynoate  (VII). 3.25 g of zinc in 10 ml of benzene was heated to 80 ~, and a solu- 
tion of 5.65 g of 8-nonynal  (V) and 9.5 g of 3-butynyl  bromoacetate  (VI) in 20 ml of benzene was added in the course 

of 20 min;the mixture boiled gently. The mixture was then boiled further for 2 h and cooled.  120 ml of iced 5~ 
hydrochloric acid and 50 ml of ether were added, and the mixture was stirred until all  the solid present had dissolved. 
The upper layer was separated,  and the lower was extracted with two 50-ml portions of ether; the combinect extracts 
were washed with water, with sodium bicarbonate solution, and again with water; they were dried with magnesium 
sulfate. The residue remaining after the removal  of solvent was mixed with 20 g of alumina of ac t iv i ty  IV and trans- 
ferred to the upper part of a column (38 �9 280 mm) of alumina (act ivi ty  IV). Elution was with 1500 ml of petroleum 
ether (b,p, 40-60 ~ and then 800 ml of a 1 : 1 mixture of petroleum ether and diethyl  ether. This gave 4.6 g (45%) 

of 3-butynyl  3-hydroxy-10-undecynoate  (VII) as a thick colorless oil; b.p. 130" (0.3 mm); n~ 1.4718; d] ~ 0.9926. 
Found: C 71.84; H 8.85%; MR 70.59. C15Hz203. Calculated:  C 71.97; H 8.86%; MR 70.52. The substance did not 

form a 3 ,5-dini t robenzoate  or naphthylurethan. 

3-Hydroxy-10,12-pentadecadiynol ide  (VIII). A solution of 4.2 g of 3-butynyl  3-hydroxy-10-undecynoate  (VII) 
in 50 ml of ether was added through a h igh-di lu t ion head [9] over a period of 3 h with st irring to a boil ing solution 
(57-58 ~ of 10 g of anhydrous copper aceta te  in  2 liters of a 3 : 2 mixture of pyridine and ether. The react ion mix-  
ture was cooled and fi l tered through 500 g of alumina of act ivi ty  II, which was then washed with 1 l i ter  of ether. The 
f i l t rate  was vacuum-evapora ted  down to 60-70 ml ,  diluted with 300 ml of ether, and poured into 1 l i ter  of iced 
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t N HC1. The ether layer was separated,  and the aqueous layer  was extracted with four 150-ml  portions of ether. 
The combined extracts were washed with water and dried with magnesium sulfate. Solvent was driven off; theresidue 

was dissolved in ether, and the solution was mixed with 20 g of a lumina (ac t iv i ty  IV); ether was vacuum-dis t i l l ed  off, 
and the residue was placed in the upper part of a column (35 �9 400 ram) of alumina of ac t iv i ty  IV. The column was 
developed with 500 ml of petroleum ether  (b.p. 40-60~ and then gradient elution was carried out with the system 
petroleum e ther -d ie thyl  ether (1.5 liters + 1.5 liters) with col lect ion of the e luate  in 100-ml fractions. The composi-  
tions of the fractions were checked with the aid of th in- layer  chromatography on alumina of ac t iv i ty  II in the system 
benzene--d ioxane  (9 : 1). To detect  the spots on the plates we used a 1% solution of potassium permanganate  in 2 N 
H2SO 4. Fractions 18-21 contained 2.36 g (56%) of 3-hydroxy-10,  12-pentadecadiynol ide ,  which was obtained as 
colorless crystals, which, after four crystal l izations from a 4 : 1 mixture of hexane and ether, mel ted  at  66-6T. Infra- 
red spectrum (in mineral  oil): Uma x 1734 (s), 2266 (w), 3410 (m) cm "i .  Ultraviolet  spectrum: )-max 2 2 6 , 2 4 0 , 2 5 4  

mp ( s  365 ,334 ,  235). Found: C 72.45; H 8.01%. ClsHz003. Calculated:  C 72.55; H 8.12%. 

3-Hydroxy-10 ,12-pentadecad ienol ide  (IX). 0.237 g of 3-hydroxy-10 ,12-pentadecadiynol ide  (VIII) was hydro- 
genated in 10 ml of ethyl ace ta te  over 20 mg of Lindlar 's cata lys t  [6] poisoned with 10 mg of quinoline.  In thecourse 
of 90 rain 48.8 ml of hydrogen at 745 mm and 19" was absorbed (105% of the theoret ical  amount),  and the ra te  of ab- 
sorption had then fal len to one-e ighth  of  its original  value.  The catalyst  was f i l tered off and washed with ether,  and 

the f i l t rate  was washed with three 10-ml  portions of lifo hydrochloric acid and water; it was dried with magnesium 
sulfate. Solvent was driven off, and we obtained 0.230 g of a thick colorless oil ,  which slowly crystal l ized on stand- 
ing; m.p. 58-59 ~ (from a 4 : 1 mixture of  hexane and ether). Infrared spectrum (without solvent): Uma x 719 (m),  
1732 (s), 3405 (m) cm "1. Ultraviolet  spectrum: Xmax 234 mp (e 18,400). Found: C 71.49; H 9.62%0. C~HvtO s. 
Calculated:  C 71,39; H 9.59%. 

3-Hydroxypentadecanol ide  (X). In the hydrogenation of 0.23 g of 3 -hydroxy-10 .12-pentadecadiynol ide  (VIII) 
in ethanol over a pla t inum catalyst ,89 ml  of hydrogen (19 ~ 750 ram) was absorbed. The catatyst  was f i l tered off and 
washed with alcohol.  Solvent was driven off, and vacuum dist i l lat ion of the residue gave 3-hydroxypentadecanol ide  
(X) as a colorless oi l ,  which crysta l l ized on standing; m.p. 86-87.5 ~ (from a 4 : 1 mixture of hexane and ether). Infra- 
red spectrum(in minera l  off): Uma x 1738 (s), 3460(s) cm - i .  Found: C 70,20; H 11.16%o; mot.  wt. 266 (Rast method).  
C15HzsO 3, Calculated:  C 70.27; H 11,01%; mol.  wt. 256.4. 

S U M M A R Y  

A s ix teen-membered  d iace ty len ic  B-hydroxy lac tone was synthesized by the oxidat ive  in t ramoleeular  conden- 
sation of acetylenes ,  and by its reduction the corresponding dienic  and saturated B-hydroxy lactones were prepared. 
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