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Abstract

A general approach to the title compounds (Z)-9a-d via 8a-d from easily available starting materials is presented.
The olfactory properties of these macrolides are discussed. A new synthesis of the precursor 7e of (Z)-ambrettolide

(1) is also described. © 1999 Elsevier Science Ltd. Al rights reserved.
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There is a need for the development of new nature-like, biodegradable non-toxic odorants with
the aim to substitute problematic compounds [1] and to stimulate new creations in perfumery [2].
In previous work [3] we have shown that the olfactory properties especially the musk notes of
isomeric macrolides strongly depend on their constitution and on the absolute configuration of the

ctaranoenic centere In thig context we were interected in the relationchin hetween
Dhwi vue“‘uv WAWAiblWA L. AXRE LALLWD WAUJLILWAAL VY W VY WA W 1LALWIE WellWwihd L33 LilWwW A WIGALIAVJ/A11u311% W WL VY Wwwil

odour and structure of regioisomeric (Z)-alkenolides, because the naturally occurring expensive
macrolide (Z)-ambrettolide (1) possesses a very attractive musk note [4]. Here we describe a
general approach to regioisomeric (Z)-alkenolides [(Z)-9a-d] with a sixteen-membered ring via the
corresponding alkyne derivatives 8a-d. A comparison of these eight odorants is also presented.

0040-4020/99/% - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
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Scheme 1: (Z)-ambrettolide (1)

Our synthesis started from tetrahydropyranyl protected w-hydroxycarboxylic acids 2* which
were prepared from commercially available or known compounds via standard procedures (see
Experimental) as are Grignard reaction, alkylation of diethyl malonate or ozonolysis and subsequent
protection. For our project we needed a mild method for the introduction of a carbon carbon triple
bond without isomerisation problems. The procedure of Boivin, Elkaim, Ferro and Zard [5] who
synthesized alkynes from B-oxo esters via nitrosation of isoxazolone derivatives proved to suitable
in our case. The sequence described in scheme 2 and scheme 3 allows the possibility to introduce

the multiple bond in various positions of the target molecules 8 and (2)-9.
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The desired a-branched B-oxo esters S were obtained in three steps from 2 by published
procedures. At first the carboxylic groups of 2a-d were activated as mixed anhydrides 3 [6] which
were converted to the B-oxo esters 4a-d with the lithium enolate [7] of ethyl acetate. Treatment of
the deprotonated compounds 4a-d with w-bromo esters led to the «-alkylated B-oxo esiers Sa-e
[8]. Sa-e were transformed to the heterocyclic precursors 6 of the functionalized alkynes 7 with

“Chiral compounds are racemic or mixtures of diastereomers in the case of 3.
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hvdroxvlam ne h drochloride in the nresence of sodium acetate {9} Accordjng to the NMR ¢
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the isoxazolones 6 contain a small amount of the CH tautomer. The decomposition of the
heterocyclic ring was achieved following the protocol of Boivin, Zard and co-worker [5]. The
N-nitroso derivatives of 6 undergo a ring opening fragmentation reaction with elimination of
dinitrogen monoxide and carbon dioxide to yield directly after work up the deprotected w-hydroxy

alkyne carboxylic acids 7a-e. The cyclization of 7a-d to the sixteen-membered rings 8 were

achieved in 60-70 % yield with 4-(dimethylamino)pyridine (DMAP), 4-(dimethylamino)pyridine
L__1___ .11 ___1 A AD TTA rensvy

nyaroCmionac UJMAr' L)) a and 1cy01onexylcarooaumlae (ULA, ) in chioroform 110]. bmauy the
(Z)-selective hydrogenation of 8 to (Z)-9 with palladium on calcium carbonate in the presence of
quinoline occurred with high stereoselectivity. The amount of (E)-isomer was in the range between
0.9-2.4% (see Experimental) according to GC analysis. The target compounds were characterized

hv their lH and BCNMR spectra elemental nnal\r ses or hich I'eSOl"t
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Scheme 3: Synthesis of macrolides 8 and (2)-9
In order to demonstrate that our procedure is not limited to sixteen-membered rings we finally
prepared the hydroxy alkyne carboxylic acid 7e in a similar way Expenmenta}). Te is the

Y oy 1 1

intermediate of the (Z)-ambrettolide synthesis
of 2¢ to 7e represents a new approach to 1 [13].
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Table 1

Olfactory properties of musk macrolides

Compound Position of the  Olfactory properties of 8 and (2)-9°
multiple bond

8a 8 relative weak musk, somewhat camphoraceous, woody, fruity
8b 7 slightly musky, woody, fruity, earthy
8c 6 slightly musky, fruity, earthy
8d 5 slightly musky, fruity, fresh, earthy
(2)-9a 8 strong musk, somewhat fruity, woody, and fresh
(Z2)-9b 7 strong musk, clear woody, somewhat fresh, sweet
(2)-9¢ 6 strong musk, erogenous, slightly sweet, less fresh
(2)-9d 5 strong musk, somewhat fresh, slightly animalic-fatty
Discussion

Table 1 shows that all isomeric (Z)-macrolides (Z)-9 have strong musk notes with different
tanalitice -Oh unth ite wnndy nnte 1 aenacrially rancnicrnnne The characntaricting nf f7\=00 ars
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similar to the macrolides (Z)-9¢ and (Z)-9d which provide the natural animalic-fatty musk. The
alkynolides 8 only have the characteristic fruity-earthy note in common. Their musk notes are only
weak and less pleasant than those of the macrolides (Z)-9a-d. Therefore they are not interesting as
fragrances. In all cases the unsaturated macrolides (Z)-9 are superior to alkynolides 8 with regard

to their olfactory properties.

Conclusion

~n t:da hAands raginaalanticvalyy sntn i ffarant ~Agifinng A anranurlin
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procedure has also the advantage to give the interesting (Z)-isomers [14] with high stereoselectivity.
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“Evaluated by the perfumers of Haarmann & Reimer GmbH, D-37601 Holzminden.
™A german patent was applied for part of this work.
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Exnerimental
Experimental

IR spectra were recorded on a Perkin-Elmer Paragon 1600 FTIR spectrometer. Raman spectra
were scanned on a Bruker IFS 66/CS FT spectrometer (FRA 106) with 350 mW Nd/YAG laser
excitation. UV spectra were measured with a Zeiss DMR 10 spectrometer. 'H/*C NMR spectra
(reference: TMS int) were taken in CDCI, on Bruker AC 200 P, Bruker AM 300 or Bruker DRX

fd')fo markad with * had mav ha avrhanaad ET

500 spectrometers, respectively. The ala Mmarkea wiui or iay o€ €XCnanged. i
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(70 eV) and CI (/BuH) mass spectra were obtained on a Finnigan-MAT 8230 spectrometer.
Column chromatography was performed on Baker Silicagel 30-60 um and analytical TLC on
Macherey-Nagel SIL G/UV, plates. Ozonization was performed with Sander 301 (0.45 A, 30 I/h

0,). Sonications (degasified solutions) were carried out in a Bandelin Sonorex TK 52 bath. Gas

chr mﬂtn(rrnnhv (G(‘\ was performed on a Varian 3400 CX oas chromatoeranh eauinned with a
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capillary column, MN Permabond® SE 50, using nitrogen as carrier gas. Melting points were
determined on a Biichi apparatus and are uncorrected. Elemental analyses were performed by the
Mikroanalytisches Laboratorium Ilse Beetz, D-96301 Kronach. Reactions with organometallic
compounds and hydrides were performed under nitrogen.

Procedure: To a suspension of magnesium turnings (948 mg, 39.0 mmol) in dry THF (50 ml)
was added a single crystal of iodine. To this mixture was added approximately 10% of 1-bromo-6-
(tetrahydro-2 'H-pyran-2'-yl-oxy)hexane [15] (10.26 g, 38.68 mmol). After initiation of the reaction,

as sienified hv the disapnearance of the 1odine colour. the mixture was stirred and t
signifie 0 ¢ mixture was stured and
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I h at 40 °C, the solution was cooled to 70 °C and then dry ice (3 g) was added. The suspension
was stirred 1 h, then warmed to room temp. and poured into 2 N NaOH. The by-products were
separated by one extraction with ether. The ice-cooled aqueous layer was acidified with 2 N HCI
and then extracted four times with ether. The combined organic extracts were dried (Na,SO,), and
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evaporated under reduced pressure, providing 8.02 g (90%) of 2a as a colourless liquid, which was
used directly in the next reaction.

7~(Tetrahydro-2 "H-pyran-2 -yl-oxy)-1-heptanoic acid (2a). IR (film, cm™) ¥ 3650 - 2380 (OH),
1709 (C=0), 1120, 1077 and 1023 (C-O); '"H NMR (CDCl,, ppm) & 1.25 - 1.90 (m, 14 H), 2.36 (t,

J=15Hz, 2 H, CH,CO,H), 3.38 (td,J = 6.5 and 9.6 Hz, 1 H, CH,O0THP), 3.50 (m, 1 H, CH,0),
3.73 (td, J=6.8 and 9.6 Hz, | H, CH,OTHP), 3.87 (ddd, J=13.7,7.5 and 11.2 Hz, 1 H, CH,0)

7S Wy v U AL SN A ady L LAy NwdiNTAAAL ), A Y $ LV TN O UN L 1dy NdiINs),

4.58 (dd,J=2.7 and 4.5 Hz, 1 H, OCHO), (OH was not detectable) ¥C NMR (CDCI,, ppm) &
19.43, 24.53, 25.34, 25.80, 28.77, 29.38, 30.58 (7t (_,Hz) 33.87 (t C- -2), 62.09 (t, (,Hz()) 67.36
(t, C-7), 98.63 (d, CH), 179.32 (s, C-1); MS (CL %) m/z 231 (94.1) [M® + H], 213 (2.5)

[M® - H,0], 147 (49.1) [M® - C,H,0], 129 (6.7) [M® - C;H,0 - H,0, 85 (100.0) [C,H,0%].
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Procedure: 3,4-Dihydropyran (17.2 1
R.hvﬂrnvynnfannln acid [161(20.37

A AV LV,

ml
g, 127.1 mmol) in ether (300 ml)
acid monohydrate (242 mg, 1.27 mmol). After 16 h at room temp., the reaction mixture was washed
twice with saturated sodium hydrogencarbonate solution and once with water. Ether was removed
under reduced pressure and the remaining oil was dissolved in 5 N NaOH (30 ml).
3,4-Dihydropyran was separated by three extractions with ether. The ice-cooled aqueous layer was

acidified with 2 N HCI and then extracted three times with ether. The combined organic extracts

oviding 23.67
yellow oil, which was used directly in the next reaction. Further purification by silicagel column
chromatography (Et,0, R;0.56) provided 2b as a colourless oil.

8-(Tetrahydro-2 "H-pyran-2’-yl-oxy)-1-octanoic acid (2b). IR (film, cm™) ¥ 3650 - 2380 (OH),
1709 (C=0), 1120, 1077 and 1023 (C-O); 'H NMR (CDCl,, ppm) & 1.20 - 1.90 (m, 16 H), 2.35 (t,
J=175Hz, 2 H, CH,CO,H), 3.38 (td, /= 6.6 and 9.6 Hz, 1 H, CH,OTHP), 3.51 (m, 1 H, CH,0),
3.73 (id, /= 6.8 and 9.6 Hz, 1 H, CH,O0THP), 3.87 (ddd, /=4.1, 7.2 and 11.3 Hz, 1 H, CH,0),
4.58 (dd, J = 2.7 and 4.5 Hz, 1 H, OCHO), (OH was not detectable); *C NMR (CDCl,, ppm) &
19.61, 24.63, 25.47, 26.04, 29.00, 29.08, 29.64, 30.73 (8 t, CH,), 34.04 (t, C-2), 62.29 (t, CH,0),

67.60 (t, C-8), 98.81 (d, CH), 179.67 (s, C-1); MS (CI %) m/z 245 (7.1) [M® + H], 161 (65.5)
M® - C.H,0], 143 (5.8) [M® - C,H,0 - H,0], 85 (100.0) [C;H,0°]

Ava S A RGNS Jo \~-0) jAva SRR RGNS T RAaRI g, O A VVLY L5449 g
ortes T a anhitinn nf methyl Q_hovdenvemanananta IT71 711 14 o 8Q 17 mmall in athae 7180
flULCquC 10 a SO1oil O1 iy 1y1 7=1 yulUA_y wnanvale |1/ j\11.19 g, J7.1 /7 1H1HUL) Ul CUICL \(JV

1
ml) was added p-toluenesulfonic acid monohydrate (1
3,4-dihydropyran (5.95 ml, 65.2 mmol). After stirring this homogeneous reaction mixture for 6 h at
room temp., sodium hydrogencarbonate was added and the suspension was filtered with ether

through silicagel. The filtrate was concentrated under reduced pressure and the residue (16.01 g)
nlved in FtOYH (S0 mIY Taoa thi dded NaOH (15 17 ¢ 370 R mmol) watar
11k A AVANA AN Y
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1) and the reaction mixture was stirred at ambient temp. for 20 h. Then the ice-cooled solution
was acidified with 2 N HCI and then extracted five times with dichloromethane. The combined
organic extracts were dried (Na,SO,), and the solvent was removed in vacuo, providing 12.45 g
(81%) of 2¢ as an yellow oil, which was used directly in the next reaction. Further purification by
silicagel column chromatography (Et,0, R, 0.58) provided 2¢ as colourless oil.

PRI BN :" RLLEN N20N FNTTY
9-(Tetrahydro-2 'H-pyran-2"-yl-oxy)-1-nonanoic acid (2¢). IR (film, cm™) ¥ 3650 - 2380 (OH),

9
S
E

1710 (C=0), 1120, 1078 and 1023 (C-O); 'H NMR (CDCl,, ppm)  1.17 - 1.98 (m, 18 H), 2.35 (t,
J=7.4Hz,2 H, CH,CO,H), 3.38 (td, J = 6.6 and 9.6 Hz, 1 H, CH,OTHP), 3.50 (n, 1 H, CH,0),
3.73 (td,./ = 6.8 and 9.6 Hz, 1 H, CH,OTHP), 3.88 (m, 1 H, CH,0), 4.58 (dd, J = 2.7 and 4.2 Hz,
1 H, OCHO), (OH was not detectable); *C NMR (CDCL, ppm) & 19.57, 24.61, 25.42, 26.11,
28.95,29.12, 29.20, 2, 63, 30.69 (9 t, CH,), 34.00 (t, w) 62.24 (t, CH,0), 67.60 (t, C-9), 98.76
(d, CH), 179.72 (s, C-1); MS (CI, %) m/z 259 (1.2) [M® + H], 175 (47.1) [M® - C,H,0], 157 (4.1)

[M® - C,H,0 - H,0], 85 (100.0) [C;H,0°].



10-(Tetrahvdro-2 'H-nvran-2'-vl-oxv)-1-decanoic acid (2d) Scale 48 2 mmol of 10-hvdravv.-
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p-toluenesulfonic acid monohydrate. After 14 h at room temp., the reaction mixture was poured into
saturated sodium hydrogencarbonate solution, the organic layer was separated, and the aqueous
layer was extracted five times with dichloromethane. Usual work, acidification followed by five
extractions with dichloromethane, yield 82% (10.73 g), R, 0.61; IR (film, cm™) ¥ 3650 - 2380

(OH). 1700 I{"—-ﬂ\ 112 1 AR (CTY1 om) § 1
rdIN gy

1078 and 10 \: ( 0 15_10
\\Ill} I i B § U’ POV S SR JVELV NN BV, )’ AL LNLIVAAN \ ’ yy } v 1.1J g lll’ v 11},
LY N 1=H471‘__ AT MTIT AN TIN D V0 70 T L0 L AN L TT. 1 TYT /MAITAVTTIN 2 20 7. 1Y
23 (t,y=74nz2n,CHn,C0O,0), 338 (ta,/=06.6and 9.6 Hz, 1 H, CH,0THP), 3.50 (m, 1 H,
CH,0), 3.73 (td, J = 6.8 and 9.6 Hz, 1 H, CH,OTHP), 3.88 (m, 1 H, CH,0), 4.59 (m, 1 H,

OCHO), (OH was not detectable); *C NMR (CDCI,, ppm) & 19.50, 24.64, 25.41, 26.14, 28.99,

29.13, 29.30, 29.34, 29.63, 30.65 (10 t, CH,), 34.02 (t, C-2), 62.13 (t, CH,0), 67.61 (t, C-10),
98.68 (d, CH), 179.53 (s, C-1); MS (CI, %) m/z 273 (12.5) [M? + H], 189 (68.1) [M® - C,H,O]

ALY R R 24L.J 2070, e i A B

171 (3.5) [M? - C,H,O - H,0], 85 (100.0) [C,H,0%].
Synthesis of Mixed Carboxylic Anhydrides 3a-d

General procedure: A solution of 2a (4.20 g, 18.2 mmol) and of triethylamine (2.55 ml, 18.3

mmnl\ in ether (’70 ml\ is r\]nnpd in a round-bottom flask fitted with a stirrer and a droppmg funnel

[OARAV VY

protected by a drying tube. The solution was cooled to 0 °C, and ethyl chlorocarbonate (1.79 ml,
18.7 mmol) was added in one portion. The stirring was continued further 0.5 h while triethylamine
hydrochloride precipitated. Water was added, the organic layer was separated, once washed with
water, dried (Na,SO,) and evaporated under reduced pressure below 30 °C to yield 3a (5.14 g,

93%) as colourless oil
Oarhinoilin anhoudmda 2a TR (Bl amc-lY 2 1079 4nd 1740 71O—=MON 1927 1191 1N0NT7Q annd 1N2A
Cdl DU yllh adllilyUui Iuv Ja u\\uuu, will j v 1044 dilll 170UV \L/—U}, Lo/, 1141, 1V/0 dllul 1VO9
(C-0); 'H NMR (CDCl,, ppm) 6 1.35-1.41 (m, 4 H), 1.36 (t,/=7.15Hz, 3 H, CH,), 1.51 - 1.62

(m, 6 H), 1.65 - 1.74 (m, 3H), 1.79 - 1.87 (m, 1 H), 2.46 (t,J = 7.5 Hz, 2 H, CH,CO,CO,E), 3.38
(td,J = 6.5 and 9.6 Hz, 1 H, CH,OTHP), 3.50 (m, 1 H, CH,0), 3.73 (td, /= 6.8 and 9.6 Hz, 1 H,
CH,OTHP), 3.86 (ddd, J = 3.6, 7.6 and 11.2 Hz, 1 H, CH,0), 432 (q, J = 7.15 Hz, 2 H,
OCH,CH,), 4.57 (dd, J=2.7 and 4.5 Hz, 1 H, OCHO); *C NMR (CDCl,, ppm) & 13.94 (g, CH,),

1O AN NA 17 NE L1 NE O NO [C NN Ef\ AN MO 77 4 1

19.70, 24.17, 25.51, 25.87, 28.65, 29.50, 30.78 (7 t, CH,), 34.14 (t, C-2), 62.35 (t, CH,0), 65.57
(t, CH,CH,), 67.39 (t, C-7), 98.87 (d, CH), 149.14 (s, CO,Et), 167.98 (s, C-1); MS (CL, %)
m/z 303 (1.7) [M® + H], 259 (1.7) [M® - CQ,], 213 (21.7) [M® -CO, - C,H,0], 175 (56.6)
[M? - CO, - C;H,0], 129 (100) [M® - CO, - C;H,0 - C,H,0], 85 (86.5) [C;H,0°].

Carhoxvlic anhvdride 3b. Scale 95.65 mmol of 2bh. ether (? 50 ml), yield 95% (72 71 0\ ( ilm,

WA UVAY IV GRAL YA IV W R, VY S 2LV 2RIV VA SRy ViAVE (& Vo sidlg ANvAINE S

cm) § 1822 and 1760 (C=0), 1237, 1121, 1079 and 1034 (C-O); ‘HN]\/[R(CDC13, pm) 51.34
-1.39 (m, 6 H), 1.36 (t, /= 7.15 Hz, 3 H, CH,), 1.49 - 1.61 (m, 6 H), 1.65 - 1.74 (m, 3 H), 1.78 -
1.88 (m, 1 H), 2.46 (t, J = 7.5 Hz, 2 H, CH,CO,CO,Et), 3.38 (id, J = 6.6 and 9.6 Hz, 1 H,

CH,OTHP), 3.50 (m, 1 H, CH,0), 3.73 (td, J = 6.8 and 9.6 Hz, 1 H, CH,OTHP), 3.87 (ddd, J =
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(s COzEt) 168.02
[M“’ CO, - c,mO] 189 (21.7) [M® - C
(90.8) [CsH«;OQ]

~

,62.35(t,
s, C-1 ): MS (CI, %) iz 317 (1 8)[ 227 (48 8)
JH,0], 143 (100) [M® - CO, - C,H,O0 - C,H,0], 85

O 7
O

hudrnohlarids ic enhiihla in Aichlarama a viald Q404 (14 AA o TR (Hlm ~romsY T 1299 and 17460
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3(th 69and96Hz 1 H,
CHOTHP)387(m.1HCHO)432(qJ 715HZ2H CHCH)457(de 2.7 and 4.5
H7 H n(“H(ﬂ BC NMR (CDCL, nnm\ﬁ 13.95 (n CH.) 107') 7410 25 51, 26 16 ’)276
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29.10,29.21,29.71, 30.79 (9 t, CH,), 34 .21 (t, C-2), 62.37 (t, CH,0), 65.58 (t, CH CH3) 67.61 (1,
C-9), 98.87 (d, CH), 149.16 (s, CO,Et), 168.05 (s, C-1); MS (CI, %) m/z 331 (5.4) [M® + H], 241
(5.2) [M® - CO, - C,H,0], 203 (22.2) [M® - CO, - C,H,0], 157 (10.2) [M® - CO, - C;H,O -

C;H,0], 85 (100.0) [C,H,0°].

O

Carboxylic anhydride 3d. Scale 37.52 mmol of 2d, dichloromethane (150 ml), triethylamine
hudrachlaride i anlihla in dichlaramathana viald 0494 (12 15 o) TR (Flm cm™Y § 1299 and 1741
NYGIOCiLOIIUL 15 SUIUMLIC 11 UlCinUiUlNvuialiG, yiCila 7470 (1£.1J gj, 1\ (11l Clll ) V1044 alil 17901
MY 1AA1T 1 non 11 a1 Vo e atall NS Tz 1 A0/ 1A TTN 1 A7
(C=0), 1241, 1 080 and 1 C-0 NMR (CDCl,, ppm) & 1.25-1.38 (m, 10 H), 1.36

3 ;

62 (m, 6 H), 1.64 - 1.74 (m, 3 H), 1.78 - 1.89 (m, 1 H), 2.45 (t,
J=75Hz, 2 H, CH2C02C02Et), 3.38 (td, J = 6.7 and 9.6 Hz, 1 H, CH,OTHP), 3.50 (m, 1 H,
CH,0), 3.73 (td, J = 6.9 and 9.6 Hz, 1 H, CH,0THP), 3.87 (ddd, /=3.6, 7.5 and 11.1 Hz, 1 H,
CH,0), 432 (q, J = 7.15 Hz, 2 H, OCH,CH,), 4.57 (dd, J = 2.7 and 4.5 Hz, 1 H, OCHO); *C

\nm ff‘hf‘l Y 1Q 74 Y7434 DK KT ML DMK D007 27012 M0 24 70 AN
MR (LU, Ppillj 8 13.98 (q, C1l,), 19.74, 24 .24, 25.57, 2625, 28.82, 29.13, /_7.3%, 247.4Y,

29.77,30.83 (lU t, (,Hz), 3421 (t L-l), 62.32 (t (,HZU), 65.57 (t (,H2LH3) 67.64 (t C-1 ), 98.8
(d, CH), 149.19 (s, CO,Et), 168.05 (s, C-1); MS (CI, %) m/z 301 (1.7) [M? - CO,], 255 (18.8)
M® - CO, - C,H,0], 217 (88.3) [M? - CO, - C;H,0], 171 (66.1) [M? - CO, - C;H,0 - C,H,0], 85
(100.0) [C;H,07].

Synthesis of -Oxo Esters 4a-d

General procedure: To a cooled and stirred solution (0 °C) of diisopropylamine (4.78 ml, 34.0
mmol) in dry THF (60 ml) was added n-butyllithium (21.2 ml of a 1.6 M solution in »-hexane, 33.9

mmol). After 50 min the solution was cooled to -70 °C and treated dropwise with ethyl acetate (1

0o

ARLINEVIE Jo AWA o/ W/ ARRALE LAlAW AIN/ILELANSAR AL e Qaile VALV VPV

ol 1O . ez [V SR a P B

S B | RS B ) Ao 2o
oI, 1ol IIHUU, &ccpmg U.lc u:mp UC[UW ‘UJ \.1 1 uc bUlULlUll was Stiifed aqaitional Su mif , HICHL o4

(4.97 g, 16.4 mmol) in dry THF (10 ml) was added by means of a syringe, keeping the temp. below
-65 °C. After 1.5 h of stirring at -70 °C the reaction solution was quenched with water and allowed
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to reach room temp.. Then it was neutralized (development of gas) with 2 N HCI. The organic layer
was separated and the aqueous solution was extracted twice with ether. The combined organic
extracts were washed once with 1 N HCI, water, satd. aqueous NaHCO,, water, dried (Na,SO,),
filtered, and evaporated to give 4a (4.79 g, 97%) as colourless oil. Further purification is possible

hv cihr'napl onhimn nhrnmntr\ rranl-nr (Pt N/n_nantana 11 R N A
5 WAJRUARLRAL uUlllutUBl J \LJIZVI ré Pvllkm‘\d’ 1. l, l\f V. -'L}

Tl ~ D Saa Vg on | 1A

Ethyl 3-ox0-9-(tetrahydro-2 'H-pyran-2'-yl-oxy)nonanate (4a). IR (film, cm) ¥ 1745 (ester
C=0), 1716 (C=0), 1643 and 1630 (C=C), 1236, 1077 and 1034 (C-O); UV (EtOH, nm) A, (Ige)
246 (3.05); 'H NMR (CDCl,, ppm) & 1.23 - 1.87 (m, 14 H), 1.28 (t, J = 7.14 Hz, 2.625 H, CH,),
1.29 (t, /= 7.1 Hz, 0.375 H, CH, enol tautomer), 2.20 (dd, /= 7.3 and 7.8 Hz, 0.25 H, CH,CO

enol tautomer), 2.54 (t,J=7.4 Hz, 1.75 H, CH,COCH,CO, ,Ef),3.38 (td,/J=6.5and 9.6 Hz, 1 H,

CH,OTHP), 3.43 (s, 1.75 H, CH,CO,Et), 3.50 (m, 1 H, CH,0), 3.73 (td,J=6.8 and 9.6 Hz, 1 H,
CH,OTHP), 3.86 (ddd, J = 3.9, 7.2 and 11.1 Hz, 1 H, CH)0), 4.19 (q, J/ = 7.1 Hz, 0.25 H,
OCH,CH, enol tautomer), 4.20 (q, /= 7.14 Hz, 1.75 H, CH,CH,), 4.57 (dd, /= 2.7 and 4.5 Hz, 1
H, OCHO), 4.97 (s, 0.125 H, CHCO,Et enol tautomer), 12.11 (s, 0.125 H, OH enol tautomer); >C
NMR (CDCl,, ppm) & 14.11 (q, CH,), 19.71 (t, CH,), 23.38 (C- 5) 25.49, 26.04, 28.84, 29.55,

3077 (5t CH.) A’)QAH C-4y49 31 (t. C- \61 32t CH.CH) 6237 (t CH.O) 67 46 (t C-9)
i \-I I,, s ly jjjjj } LR 8 \‘ Nf et o R s \I, \JLLZVLLB} NS ol s l \I,, \/L‘lz\/}, A e AV \l.’ A I}’

NO OL 71 7 YIIN 147 NL (£~ 1IN INNY Ot s G N IR 1A’\ i~ YT\ A OL 2 M A

$8.86 (d, CH), 167.26 (s, C-1), 202.91 (s, C-3), enol tautomer 6 14.28 (q, CH;), 34.96 (1, C-4),

59.91 (t, CH,CH,), 89.02 (d, C-2), 172.77 (s, C-1), 178.87 (s, C-3); MS (CI, %) m/z 301 (0.9)
[M® + H], 283 (0.8) [M® - H,0], 255 (0.6) [M® - C,H,0], 217 (10.5) [M® - C,H,0], 199 (100)
M® - CH,0 - H,0], 171 (0.7) [M? - C,H,0 - C,H,0], 153 (0.7) [M® - C;H,0 - C,H,0 - H,0}, 85
(42.7) [CH,07].

2 Aava10.17¢
o

Fih £ ru
.Lzllly.l J OX0O-1v- L8 L JRJ

> WYy
45 (ester C=0), 1716 (C=0),
Amax(12€) 246 (3.14); 'TH NMR

(CDCl,, ppm) & 123-143 (m, 6 H), 1.28(t,J = 714 Hz, 258 H, CH,), 129 (t,J = 7.1 Hz, 0.42

H, CH, enol tautomer), 1.48 - 1.89 (m, 10 H), 2.19 (dd, /= 7.3 and 7.8 Hz, 0.28 H, CH,CO enol
tautomer), 2.53 (t, J = 7.4 Hz, 1.72 H, CH,COCH,CO,Et), 3.37 (td, J = 6.6 and 9.6 Hz, | H

Liindod \Ly U B i § ¥ 474 iy Nd 2NN SRR RGNSl V.V Qi i1 Ak,

CH,OTHP), 3.43 (s, 1.72 H, CH,CO,Et), 3.50 (m, 1 H, CH,0), 3.73 (td, J=68and 9.6 Hz, 1 H,
CH,OTHP), 3.87 (ddd, J = 4.1, 7.2 and 11.3 Hz, 1 H, CH,0), 4.19 (q, J = 7.1 Hz, 0.28 H,
OCH,CH, enol tautomer), 4.20 (q,/=7.14 Hz, 1.72 H, CH,CH;), 457 (dd, /=2.7 and 4.5 Hz, 1
H, OCHQ), 4.97 (s, 0.14 H, CHCO,Et enol tautomer), 12.10 (s, 0.14 H, OH enol tautomer); °C
MR (CDCL;, ppm) 8 14.12 (q, CH;), 19.72 (t, CH,), 23.39 (t, C-5), 25.51,26.07, 28.95, 29.20,

‘ = = \7K =3 3
2068 3079 (6 t. CH) A2 01 7+
aZ . VO, IV V1L

[¢]

T /A~

THF (350 mli), yxeid 9% (2

s 1
QW+t
L) e A 4

3/ <
AN A N 612D+ CHOHN 237 (CHO) 67 5211t

7 \V l, 11.2}, “tJ o \/—'} TS, \I.’ L}’ Vi.JJ \l, \/LLZUL13}’ A Fape N \L, A —g LLz\J}, VIi.J0 \l,

7 1NN o FIII YT T 1™ AL 7 o TR Y n // ) A NO 7 V20l 8 SRS -l o Vo WY /%
C- 1U) 98.87 (d, CH), 167.28 (s, C-1), ( C-3), enol tautomer 6 14.28 (q, CH,), 35.02 (&,

(1.2) [M + H], 231 (100.0) [M C5H80], 213 (22.9) [M® - C,H,O - HzO], 85 (40.0) [C,H,0%].
Ethyl 3-oxo-11-(tetrahydro-2 "H-pyran-2°-yl-oxy)undecanoate (4¢). Scale 43.70 mmol of 3¢, dry
THF (150 ml), yield 91% (13.04 g), R; 0.54; IR (film, cm™) ¥ 1745 (ester C=0), 1717 (C=0),
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1643 and 1630 (C=C), 1234, 1077 and 1032 (C-O), UV (EtOH, nm) A, (Ige) 246 (3.14), '"H NMR
(CDCL,ppm) 6 1.24-136 (m, 8H), 1.28 (t,J=7.15Hz, 249 H, CH;), 1.29 (t,/J=7.1 Hz, 0.51

ASadenafingiaX + 3N of chamay' J it it BV 4 = =T &5 T ST TS =
H, CH, enol tautomer), 1.50 - 1.62 (m, 8 H), 1.69 - 1.74 (m, 1 H), 1.78 - 1.87 (m, 1 H), 2.18 (dd,
J =75 and 7.8 Hz, 0.34 H, CH,CO enol tautomer), 2.53 (t, / = 7.4 Hz, 1.66 H,

CH,COCH,CO,Et), 3.38 (td, /= 6.7 and 9.6 Hz, 1 H, CH,OTHP), 3.43 (s, 1.66 H, CH,CO,Et),
3.50 (m, 1 H, CH,0), 3.73 (td, /= 6.9 and 9.6 Hz, 1 H, CH,OTHP), 3.87 (ddd, J = 3.5, 7.6 and
11.1Hz, 1 H, CH0),4.19 (q,J = 7.1 Hz, 0.34 H, OCH,CH, enol tautomer), 4.20 (q,./ = 7.15 Hz,
1.66 H, CH,CH,), 4.57 (dd, J = 2.7 and 4.5 Hz, 1 H, OCHO), 4.97 (s, 0.17 H, CHCO no

, CH,CH,), 4.57 (dd, . CHCO,Et eno
1
1§

;._‘

fnidaaay 19 11 /0 N 1T O anol toibamar)y BORNMR (DO wem) S 14 11 (a6 )
tautomer), 12.11 (s, 0.17 H, OH enol tautomer); “C NMR (CDCl,, ppm) & 14.11 (g, (1 )

i-..-l

9.7
(t, CH,), 23.41 (, C-5), 25.50 (t, CH,), 26.18 (t, C-9), 28.95, 29.27, 29.30 (3 t, CH,), 29.71 (C-10),
30.78 (t, CHy), 43.02 (t, C-4) 49.31 (t, C-2), 61.32 (t, CH,CH,), 62.36 (t, CH,0), 67.62 (t, C-11),
98.85 (d, CH), 167.29 (s, C-1), 203.01 (s, C-3), enol tautomer & 14.28 (q, CH;), 35.03 (t, C-4),
59.90 (t, CH,CH,), 88.97 (d, C-2); MS (CI, %) m/z 329 (2.0) [M® + H], 245 (100.0) [M® - C,H,0],

MTEONTME_CHO-HO! 199 (1 ) rM“’vr‘un_r*nm 5 (MR N IC. H NO%
et bt T \I ‘-} lAVA e .LJ.B\J A L \.IJ 1A r s \1 J lL'L \./SLA N \-/ \J_‘, A= v 4 \Lau. } l\./s.l.;gu J.
_______ Py A XN Qo1 A e A1 L3 1 __
Ethyl 3-ox0-12(tetrahydro-2 'H-pyran-2"-yl-oxy)dodecanoate (4d). Scale 34.20 mmol of 3d, dry
THF (100 ml), yield 96% (11.24 g), R, 0.48; IR (film, cm™) ¥ 1746 (ester C=0), 1717 (C=0),

1644 and 1630 (C=C), 1234, 1078 and 1033 (C-O); UV (EtOH, nm) A__ (Ige) 246 (3.14); 'H NMR
(CDCI me)(S 1.26 - 1.39 (m, 10 H), 128(t J=7.14Hz 2.19 H, CH) 1.29 (t,J=7.1 Hz, 0.81
H CH. enol mnfnmer\ 1.49-187 (m, 10 H), 2.18 (dd. J=75and 7.8 Hz. 0.54 H. CH.CO enol

A2y Wi iy VAR MRlsllvRiaNE \222g 2V 227y &0 a S SNy v Fe Q28 7.0 224, V.U 25, digho ] Vil

tautomer), 2.53 (t, / = 7.4 Hz, 1.46 H, CH,COCH,CO,Et), 3.38 (td, / = 6.7 and 9.6 Hz, 1 H,
CH,OTHP), 3.43 (s, 1.46 H, CH,CO,Et), 3.50 (m, 1 H, CH,0), 3.73 (td,/=6.9 and 9.6 Hz, 1 H,
CH,0OTHP), 3.87 (ddd, J = 3.8, 7.2 and 11.0 Hz, 1 H, CH,0), 4.19 (q, J = 7.1 Hz, 0.54 H,
OCH,CH, enol tautomer), 4.20 (q, J = 7.14 Hz, 1.46 H, CH,CH,), 4.57 (dd, /= 2.7 and 4.5 Hz, 1

, OCHO), 4.97 (s, 0.27 H, CHCO,Et enol tautomer), 12.11 (s, 0.27 H, OH enol tautomer); BC
AR

NN\ (MY nnm\ﬁ 14 12 (n N 1972t (CHNY 2244 (+ C85) 25 81 2622 20 00 20 21
ANAVIIN \\/U\/l3’ Pl.l l} LV I S P ¥ \\l, \11.‘.3}, LS ol dw \Ir, MLLZI, P e 2n \\«’ N J}’ L«J.Jl, LU.LL—, Py .UU, e S .J].’
AN YD AN A1 SN A AN "D SO 4 SIT N AN NEZ 71 £ AN A DN [ Y N L1 YA fa 0T MAIT N LN VL rL
LT.O0, LT .41, LT, /4, 0VU./F (0 1, LI1), 42U (L, L-4) 4702 (L, L-£),01.09 (1, CLI,LI,), O£2.30 (L,
CH,0), 67.66 (t, C-12), 98.86 (d, CH), 167.29 (s, C-1), 203.02 (s, C-3), enol tautomer & 14.29 (q,

CH,), 35.05 (t, C-4), 59.91 (t, CH,CH,), 88.97 (d, C-2), 172.80 (s, C-1), 179.01 (s, C-3); MS (ClI,
%) m/z 259 (100.0) [M® - C,H,0], 241 (12.1) [M® - C,H,0 - H,0], 213 (11.6) [M? - C,H,O -
C,H,0], 195 (2.7) [M® - C,H;0 - C,HO - 11,0}, 85 (91.1) [C;H,0°].

Synthesis of a-Alkylated 3-Oxo Esters 5a-e

General procedure, method A: To a solution of sodium ethoxide (481 mg, 20.9 mmol of sodium
in 60 ml of anhydrous ethanol) cooled to 0 °C, B-oxo ester 4a (6.67 g, 22.2 mmol) was added

20.2 mmol) was

dronwise. followed by Nal (30 me). Then methyl 7-bromohenta aate’ (4 57 o

UJUPVVIO\.;, LVIIVYY WAL V)Y 1VQd \VV Llig) . Al Eiivuily AL .uvl.nu_uuuu.« AR % LARLLANS X f

BLin ~amsarmried no annarad fram Ya hu actarifiratinn and aiithcamiant ranctinnm th trinhanulnhncenhina and
11y ullipouna ad Cpaitl UMl 2a Uy COLCHILLALIVIL daliu SUUSTLHURTIIL 1TattiVil witil tHIpnCinyIpiuusSpHne aiid
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added in one portion and the mixture was refluxed under stirring for 24 h. The ethanol was removed
under reduced pressure, the residue was acidified (pH~6) with a few drops of 2 N HCI and then
extracted twice with ether. The combined organic layers were dried (Na,SO,) and evaporated under
reduced pressure to yield 5a as a pale yellow oil. It was used directly in the next reaction.
Purification by silicagel column chromatography (Et,O/n-pentane, 1:1, R, 0.33) provided 5a as
colourless oil.

Methyl 8-ethoxycarbonyl-9-oxo-15-(tetrahydro-2 'H-pyran-2'-yl-oxy)pentadecanoate (5a). IR
(film, cm™) ¥ 1740 (ester C=0), 1715 (C=0), 1638 (C=C), 1077 and 1034 (C-O); UV (EtOH,
nm) A, (Ige) 251 (2.65); 'H NMR (CDCl,, ppm) & 1.20 - 1.90 (m, 24 H), 1.26 (t,J = 7.1 Hz, 3 H,
CH,),2.30(t,J=7.5Hz, 2 H, CH,CO,Me), 2.46 (td,J="7.2 and 17.4 Hz, 1 H, CH,COCH), 2.55
(td, /=74 and 17.4 Hz, 1 H, CH,COCH), 3.37 (td, /= 6.6 and 9.6 Hz, 1 H, CH,OTHP), 3.40 (t,
J=74Hz, 1 H, COCHCO,Et), 3.50 (m, 1 H, CH,0), 3.67 (s, 3 H, OCH,), 3.72 (td, J = 6.8 and
9.6 Hz, 1 H, CH,OTHP), 3.86 (ddd,/J=4.0,7.1and 11.1 Hz, 1 H, CH,0),4.18 (q,/=7.1 Hz, 2
H, OCH,CH,), 4.57 (dd, J=2.7 and 4.5 Hz, 1 H, OCHO), 12.83 (s, 0.04 H, OH enol tautomer);
BC NMR (CDCl,, ppm) & 14.14 (q, CH,), 19.71, 23.41, 24.79, 25.49, 26.07, 27.27, 28.09, 28.80,
28.90, 29.00, 29.57, 30.77 (12 t, CH,), 33.98, (t, C-2), 41.79 (t, C-10), 51.47 (q, OCH;), 59.12 (d,
C-8), 61.24 (t, CH,CH,), 62.37 (t, CH,0), 67.49 (t, C-15), 98.86 (d, CH), 169.92 (s, CO,Et),
174.18 (s, C-1), 205.42 (s, C-9); MS (CL, %) m/z 443 (0.9) [M® + H], 397 (3.2) [M® - C,H,0], 359
(100.0) [M® - CH,0], 341 (33.0) [M® - C,H,;0 - H,0], 313 (1.5) [M® - C,l{,0 - C,H,0}, 295 (2.2)
[M® - CH,0 - C,H,O - H,0], 85 (15.1) [CH,0°].

Ethyl 7-ethoxycarbonyl-8-oxo-15-(tetrahydro-2 "H-pyran-2 -yl-oxy)pentadecanoate (5b). Method
A, scale 30.1 mmol of 4b, dry EtOH (80 ml), 30.5 mmol of sodium, 30.2 mmol of ethyl
6-bromohexanoate, 50 mg of Nal, R;0.44; IR (film, cm™) ¥ 1737 (ester C=0), 1715 (C=0), 1078
and 1034 (C-O); UV (EtOH, nm) A, (Ige) 256 (2.52); '"H NMR (CDCl,, ppm) 6 = 1.22 - 1.38 (i,
10H),1.25(t,J=7.1Hz, 3 H, CH,), 1.26 (t,/=7.1 Hz, 3 H, CH,), 1.50 - 1.65 (m, 10 H), 1.68 -
1.74 (m, 1 H), 1.77 - 1.89 (m, 3 H), 2.28 (t, /= 7.5 Hz, 2 H, CH,CO,Et), 2.45 (td,J=7.3 and 17 4
Hz, 1 H, CH,COCH), 2.54 (td,/ = 7.4 and 17.4 Hz, 1 H, CH,COCH), 3.37 (td, J = 6.6 and 9.6 Hz,
1 H, CH,OTHP), 3.40 (t, /= 7.4 Hz, 1 H, COCHCO,Et), 3.50 (m, 1 H, CH,0),3.72 (td,J=6.9
and 9.6 Hz, 1 H, CH,OTHP), 3.87 (ddd,/=3.6,7.6and 11.2 Hz, 1 H, CH,0), 4.12 (q, /= 7.1 Hz,
2H, OCH,CH,),4.18(q,.J= 7.1 Hz, 2 H, OCH,CH,), 4.57 (dd, /= 2.7 and 4.5 Hz, 1 H, OCHOQ),
12.83 (s, 0.03 H, OH enol tautomer); “C NMR (CDCl,, ppm) & 14.13, 14.25 (2 q, CH,), 19.71,
23.41,24.64,25.49,26.07,27.12,27.96, 28.84, 29.00, 29.24, 29.68, 30.78 (12 t, CH,), 34.17, (t,
C-2),41.86 (t, C-9), 59.07 (d, C-7), 60.23, 61.26 (2 t, CH,CH,), 62.37 (t, CH,0), 67.59 (t, C-15),
98.87 (d, CH), 169.88 (s, CO,Et), 173.65 (s, C-1), 205.41 (s, C-8); MS (CI, %) m/z 457 (3.0)
[M® + H], 411 (15.6) [M? - C,H,0], 373 (100.0) [M? - C;H,0], 327 (8.1) [M® - C;H;0 - C,H,0],
85 (67.9) [C.H,0%].
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General procedure, method B: B-Oxo ester 4¢ (6.88 g, 20.9 mmol) in dry DME (20 ix l) was
adAdad clr\tul v tn a ctirrad enienencinn nf eadiirm hudrids (AN0/L As intn Q74 o D1 Q wennI) s
aGGLG 5:0WiY 10 a SUITeh SUSpCOIision O1 SCAium nyariae (O Onl, 6/4 Mg, £1.7 Il 1]

al

71 A B 1 1

dry DME (10 mi), and the mixture was stired for 0.5 h at room temp.. Then methyi
5-bromovalerate (2.86 ml, 20.0 mmol) in dry DME (5 ml) was added in one portion and the mixture
was stirred and refluxed for 26 h. After the mixture had cooled, water and then a few drops 2 N
HCI were added to it (pH~6). The organic layer was separated and the aqueous layer was extracted

q

nnea w nfh athoar The ramhinad Aroanie avtrant
/i lWw VY AR Wwiliwil . £ Aftw WUL1AUVLLINVAE VUL smuv .

T dried (Na SO ) and

Py \JJI\—U \1Y¥agosy ), alivd

then evaporated in vacuo. The residue was purified by silicagel column chromatography
(Et,O/n-pentane, 1:1, R, 0.44) to yield 5¢ (5.89 g, 67%) as colourless oil.
Methyl 6-ethoxycarbonyl-7-0xo0-15-(tetrahydro-2 H-pyran-2°-yl-oxy)pentadecanoate (5¢). IR

(film, cm™) ¥ 1739 (ester C=0), 1713 (C=0), 1078 and 1032 (C-0); UV (EtOH, nm) A__ (Ige)

AN

602 50y 'HNMR (CDCL nomY 8 125-135(m 10H) 1246t JT= 71Hz 3 CHN\ S0 -
LUV \&.JV Jy LA LNUVAIN \NdiNuiy, PR Y 3 LAY L.Jo \did, 1V A1), 1 LU Ly v cd LAdy o by Noddy ), AV

1T ™A s 11 LT 1T N 10N 7. . YT\ ™ 10 7. 1 1Y ~ fa r ~ gy YT
lL./4a(m, 11 ), 1./ -1.79 M, 5 1), £.16 (\m, Ao, CnOl[dU[Om@r),LJl (LJ=/09N0Z, 211,
CH2C02Me), 245(d,J="7.3and 17.4 Hz, 1 H, CH,COCH), 2.54 (td,/= 7.4 and 17.4 Hz, 1 H,

Hy 1H, (*nm 418( J=71Hz 2 H n(*nc

sl Riduy & BAg NTNihd

(74
1.. ......... N 13ﬂ\n

H eno A
1 CNOIL tautoIIcr ), W INUVIIN

I
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Ethyl 5-ethoxycarbonyl-6-0xo-15-(tetrahydro-2° H-pyran- “-yl-oxy)pentadecanoate (5d). Method
B, scale 21.5 mmol of 4d, dry DME ( 1 1/22 ml), 22.6 mmol of sodium hydride, 20.7 mmol of ethyl
1736 ( ester C=0), 1715 (C=0), 1638 (C=C), 1078 and

{f‘=n\ 1TV mtﬁT—T nm) 1 (1"8)24
J=

V} Yy \L.JL\ILL lull! "'ﬂi&x\
.25 (tJ=7.1Hz,3H, CHy), 127,
Hz, 2 H, CH,CO,Et), 2.46 (td, J = 7.2 and 17.4 Hz, |
Hz, 1 H, CH,COCH), 3.38 (td, J = 6.6 and 9.6 Hz, 1 H, CH,0THP),

COCHCO,E), 3.50 (m, 1 H, CH,0), 3.73 (td, J = 6.
Hz, 1 H,CH,0),4.12(q,J =
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Ethyl 7-ethoxycarbonyl-8-0x0-16-(tetrahydro-2 H-pyran-2'-yl-oxy)hexadecanoate (5e). Metho
A. scale 5.02 mmol of 4¢ drv EtOH (1A mD. 5.18 mmol of E[\I"l‘l“‘\’\ 4 .93 mmol

iy WWIAW Ve AIINAUE WL ey AINNSA K L1k1 f, S AV ARV UL T R

6-bromohexanoate, R, 0.44; IR (film, cm 1) 1737 (ester C=0), 1715 (C=0), 1078 and
(C-0), UV (EtOH, nm) A, (Ige) 260 (2.68), 'H NMR (CDCl,, ppm) & 1.23 - 1.38 (m, 12 H), 1.25
(t,J=7.1Hz, 3 H, CH,), 1.26 (t,J=7.1 Hz, 3H, CH,), 1.49 - 1.65 (m, 10 H), 1.69 - 1.76 (m, 1
H),1.78 - 1.89 (m, 3 H), 2.28 (t,/=7.5 Hz, 2 H, CH,CO,Et), 2.45 (td,/=7.3and 174 Hz, 1 H,

CH,COCH), 2.54 (td, J= 7.4 and 17.4 Hz, 1 H, CH,COCH), 3.38 (td, /= 6.7 and 9.6 Hz, | H,

B Aadidi e 4 e Td - Al = aag - 2 e - hey S VOA sky A A
CHOTHDY 2 AN (A T £ Q0 and 7 Q1> 1 NN TENY 280 s 1T CITON 2972 (¢4 T
\ALANTLILL }y J. Y \uu,./ V.7 ailliu /1.0 114, 1 11, \/U\/II\JU2LA,}, J.IV \.I. > 111, \.,/112\}}, S.1D klu, g

AN rT1Y 1 TY T T AT TN -‘\n—;l1!1 y__n o omor 111 A 1 TT P ~ r ~ o
6.9 and 9.6 Hz, 1 H, CH,0THP), 3.87 (ddd,/=3.6,7.6 and 11.2 Hz, 1 H, CH,0),4.12 (¢q,J=7.1

Hz, 2 H, OCH,CH,), 4.19 (dg, /= 0.9 and 7.1 Hz, 2 H, CHCO,CH,CH,), 4.57 (dd, J = 2.7 and 4.6
Hz, 1 H, OCHO), 12.84 (s, 0.05 H, OH enol tautomer); *C NMR (CDCI,, ppm) & 14.13, 14.25
(2q, CH,), 19.72, 23.45, 24.64, 25.51, 26.19, 27.12, 27.96, 28.84, 29.01, 29.29, 29.33, 29.72,
30.79 (13 t, CH,), 34.17, (t, C-2), 41.87 (t, C-9), 59.07 (d, C-7), 60.22 (t, CH,CH,), 61.25 (t,

CH,CH,), 62.37 (t, CH,0), 67.64 (t, C-16), 98.87 (d, CH), 165.88 ( C" Et), 173 64 (s, C-1),
205.41 (s, C-8); MS (CI, %) m/z 425 (1.9) [M® - C,H,0], 387 (100.0) [M® - C;H,0], 341 (2.1)
[M? - C,H,O - C,H,0], 295 [M® - C,H;0 - 2C,H,0], 85 (7.7) [C;H,0°].

nds oa-e

Synthesis of Heterocyclic Compoun

General procedure: A mixture of ester Sa (10.43 g), hydroxylamine hydrochloride (2.78 g, 40.0
mmol), sodium acetate (33 mg, 0.40 mmol), and ethanol (100 ml) was heated at reflux for 2.5 h.
Volatile compounds were evaporated, water was added and the emulsion was extracted four times
with ether. Evaporation of the dried (Na,SO,) combined extracts was followed by filtration with

ether throueh silicagel The filtrate was concentrated under reduced pressure to oive 1soxazol-5-one
Wwillwl WL WL 1 ﬂ‘-uyu WE., A RAW AIAUEGELW VYV WW WWILAWWILLL WALWLE ul.luv 1wl VV\‘ AW LH W WY & AV NARLNIL o AW

T

P

ti urification by silicagel column

oi.

’1

oa as pdlC yCllOW Dll WIHLH was UbCU Ull' Cblly Hl HIG next reac
chromatography (Et,0/MeOH, 9:1, R; 0.44) provided 6a as colourless oil. The protecting group
was cleaved under these reaction conditions.

Ethyl 7-[3°~(6""-hydroxyhexyl)-5 ox0-2",5 -dihydroisoxazol-4 -yl Jheptanoate (6a). IR (film, cm™)
§ 3405 (OH, NH), 1798 (C=0), 1732 (ester C=0), 1614 (C=C), 1194 and 1033 (C-0); UV

VIV \\SLL, LNLA), U (W Wt AN AT AVI o

(EtOH, nm) A, (Ige) 210 (3.46) and 259 (3.51); ‘HNMR(CDCIB, ppm) & 1.11 - 1.23 (m, 2 H,
6-H), 1.25 (t,J=7.14 Hz, 3 H, CH,), 1.29 - 1.35 (m, 4 H, 4-H and 5-H), 1.38 - 1.50 (m, 4 H, 12-H
and 13-H), 1.55 - 1.62 (m, 4 H, 3-H and 14-H), 1.72 - 1.78 (m, 2 H, 11-H), 1.78 (ddd, J = 5.3, 11.6

and 13.3 Hz, 1 H, 7-H), 1.84 (br. s, 2 H, OH and NH), 1.89 (ddd, /=53, 11.7and 13.3 Hz, 1 H,

7-H), 2.28 (t, J = 7.4 Hz, 2 H, CH,CO,Et), 2.38 (ddd, /= 7.1, 8.0 and 16.6 Hz, 1 H, 10-H), 2.47
F(AAA T _ £ & Q@) andTAALT 110 1N TN 2 2) 7AA :(1.‘\(4 AV H> «oNTH (CH_tantnmar)
\aGa, v = 0.0, 0.2 dil0 10.0 114, 1 11, 1V=I1), 5. 04 \UlU,J = J.1 dlil U.£ 112, >~ V.1 11, wii=idutViiicd ),
3.65 (t,J = 6.4 Hz, 2 H, CH,0H), 4.12 (q,J = 7.14 Hz, 2 H, CH,CH,); *C NMR (CDCl,, ppm) &

14.20 (q, CH,), 22.02 (t, C-6), 24.16 (t, C-11), 24.58 (t, C-3), 25.13 (t, C-13), 25.95 (t, C-10),
28.57 (C-4), 28.60 (C-12), 28.88 (C-5), 32.01 (C-14), 34.12 (t, C-2), 35.82 (t, C-7), 60.39 (t,
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CH,CH,), 62.72 (t, C-15), 77.71 (s, C-8), 170.19 (s, C-9), 173.93 (s, C-1), 177.94 (s, CO,NH); MS
(CL %) m/z 342 (2.5) [M® + H], 300 (6.2) IM® - 421, 298 (1.7) [M® - CO,), 231 (62. 9) [M® - 111},

185 (4.2) [M® - 111 -C,H,0], 128 (100.0) [C,H,,NO®], 110 (13. 3) [CH, NO™ - H,0].

Ethyl 6-[3'-(7""-hydroxyheptyl)-5 ‘oxo0-2",5 -dihydroisoxazol-4 -yl ]hexanoate (6b). Scale 13.25 g
of Sb, EtOH (50 ml), 58.0 mmol of hydroxylamine hydrochloride, 0.59 mmol of sodium acetate, R,
0.46; IR (film, cm™) ¥ 3403 (OH, NH), 1798 (C=0), 1732 (ester C=0), 1619 (C=C), 1188 and
1035 (C-0); UV (EtOH, nm) A, (Ige) 205 (3.57) and 259 (3.29); '"H NMR (CDCl,, ppm) & 1.15

= 22257 PmaxCov VA nidi b St £ hafadh ek IS of wit + -
170f(m TATT and D) T O andANEN 198 (+ r._.'IIAT_T..QU O 1707413 T — €9 11 £ anAd
L. A7\, 1V 11 alll £ XL, VIl alld INIT ), 1.0\, J T 19 114, O I, iy ), V.77 \UUU,J = J.2, 11.0dlld
1 4 TTY 4« YY . & AY 1T MNAn 7111 T ~ oA T 5 3 1~ - Ty P Y ~ o~ s r ~ w T ~ v
i3.4 Hz, 1 H, 6-H), 1.90 (ddd,./ =54, 11.7 and 13.4 Hz, 1 H, 6-H), 2.28 (t, /=7.5 Hz, 2 H,

CH,CO.EY), 2.37 (ddd, J = 7.1, 8.2 and 16.7 Hz, 1 H, 9-H), 246(ddd J=6.8,84and 16.7 Hz, 1
H, 9-H), 3.32 (dd, J = 5.2 and 6.2 Hz, < 0.1 H, CH-tautomer), 3.65 (1, J = 6.5 Hz, 2 H, CH,0H),
412 (q,J = 7.14 Hz, 2 H, CH,CH,); *C NMR (CDCl,, ppm) & 14.24 (g, CH;), 21.95, 24.19,
24.37,25.40,26.14, 28.58, 28.69, 28.89, 32.44, 33.95, 35.90 (11 t, CH,), 60.42 (t, CH,CH,), 62.90

N 1IN Ny L 1719 £0 /5 1™~ Oon 7 ATTTY AQ I T

(t, C-15), 77.66 (s, C-7), 170.02 (s, C-8), 173.59 (s, C-1), 177.80 (s, CO,NH);, MS (CI, %) m/z 342
(64.7) [M® + H], 300 (61.8) [M? - 42], 298 (15.9) [M® - CO,], 217 (72.9) [M” - 125], 171 (5.6)
[M®-125- CZH(,O] 142 (100.0) [C;H,(NO®], 124 (15.8) [C,H,(NO® - H,0].

Ethyl 5-[3'«(8""-hydroxyoctyl)-5'0x0-2",5’ dlhvdrmsoxazol 4’-yljpentanoate (6¢). Scale 114

o~ 9]
7 (e
1193 and 1027 (C- o UV (EtOH, nm) Amax(lge) 20 (3.50) and 264 (3.06); 'H NMR (CDCl,
ppm) & 1.23 - 1.49 (m, 10 H), 1.25 (t, /=7.14 Hz, 3 H, CH,), 1.50 - 1.78 (m, 6 H and 1 OH), 1.81
(ddd, J=6.3, 10.9 and 13.5 Hz, 1 H, 5-H), 1.91 (ddd, J = 6.1, 10.9 and 13.5 Hz, 1 H, 5-H), 2.30

(t,/J=74Hz 2 H, CH,CO,Et), 2.38 (ddd,J=7.0,8.4 and 16.7 Hz, 1 H, 8-H), 2.46 (ddd, /= 6.4,
QA and 1K 7 > 10 Q;T—T\ WV /(AA J =K Vand AT H7r «cNTH n”=foltfn1hnr\ T AS (+ ] — A K
oV aiiud 1vV,/ 114, 1 11, O LL}, I edod \uu, (74 oA Al VLD LML, UL 11, odd Lautuuu.,xj, S \L, s v,J
rY ATY MTT YN A 1 1 WTIN A 1A 7 r 14T ~ YT AT N, 13y as e e | N\
Hz, 2 H, CH,OH), 3.67 (br. s, 1 NH), 4.12 (q,/=7.14 Hz, 2 H, CH,CH,), “C NMR (CDCl,, ppm)

6 14.19 (q, CH,), 21.66, 24.29, 24 46, 25.42,26.14, 28.87, 28.89, 28.94, 32.46 (9 t, CHZ) 33.65
(t, C-2), 35.71 (t, C-5), 60.55 (t, CH,CH,), 62.95 (t, C-15), 77.50 (s, C-6), 170.06 (s, C-7), 173.25
(s, C-1), 177.66 (s, CO,NH); MS (CL %) m/z 342 (28.0) [M® + H], 300 (37.8) [M® - 42], 298
(19.2) [M® - CO,], 203 (90.2) [M? - 139], 157 (87.9) [M® - 139 - C,H,0], 156 (52.9) [C,H,,NO],
138 (100.0) lCQHm}VU - H,0].

Ethyl 4-[3’~(9""-hydroxynonyl)-5"0x0-2’,5 -dihydroisoxazol-4 -yl ]butanoate (6d). Scale 6.07 g of
5d, EtOH (60 ml), 35.6 mmol of hydroxylamine hydrochloride, 0.18 mmol of sodium acetate, R,
0.43; IR (film, cm™) # 389 (OH, NH), 1798 (C=0), 1732 (ester C=0), 1624 (C—C) 1204 and
033 (C-0); UV (EtOH, 1 mad12€) 209 (3.49) and 260 (2.96); '"H NMR (CDCL,;, ppm) & 1.25 -

b 4 7 =¥ AR =TT AT e A RafiansiadeX EAY of udons
NI\ 124 [+ L]' 2 MY 182 122 fm

7 114, D 11, Clig), 1,99 = 1.00 (1],

\J

AA YT OH and NEDY 1 .ON
ald £ 11, Wil aul ING1 ), 1.7V

m., ;
1l

&N 7
DU i, 1V ), 1.20({,

T as
(m, 1 H, 4-H), 2.32 - 2.49 (m, 4 H, CH,CO,Et and CH,CNH), 3.34 (dd, J = 5.4 and 6.0 Hz, ~0.17
H, CH-tautomer), 3.65 (t, J = 6.6 Hz, 2 H, CH,OH), 4.14 (g, J = 7.15 Hz, 2 H, CH,CH,); *C NMR
(CDCL,, ppm) & 14.11 (q, CH,), 17.47 (t, C-3), 24.26, 25.55, 26.06, 29.12, 29.14, 29.17, 29.18
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(71, CH,), 32.43 (t, C-14), 33.28 (t, C-2), 34.81 (t, C-4), 60.73 (t, CH,CH,), 62.87 (t, C-15), 77.24
(s, C-5), 170.66 (s, C-6), 172.96 (s, C-1), 177.88 (s, CO,NH); MS (CI, %) m/z 342 (14.7)

NS gANAL gy AVALD

[M® + H], 300 (44.4) [M® - 42], 298 (29.8) [M® - COQ,], 189 (60.9) [M® - 153], 170 (66.7)
[CHxNO®T, 152 (100.0) [C,,H,,NO® - H;0], 143 (41.7) [M® - 153 - C,H,0].

Ethy! 6-[3'«8""-hydroxyoctyl)-5'0x0-2",5 -dihydroisoxazol-4 -yl Jhexanoate (6e). Scale 2.12 g of
Se, EtOH (22 ml), 10.0 mmol of hydroxylamine hydrochloride, 0.05 mmol of sodium acetate, R,

0.46; IR (film, cm™) ¥ 3379 (OH, NH), 1798 (C=0), 1732 (ester C=0), 1615 (C=C), 1187 and
1034 (C-O); UV (EtOH, nm) A, (lge) shoulder

AVTT

—
E'
—~
o«
% N
o
—
Q
-
o

P no .
iim) A, (1ge) shoulder at 208 (2.90) an

H),125(,J=7.14Hz 3 H, CH;),1.50 - 1. 5 m, 6 Hand 2 H, OH and NH), 180(ddd J=3523,
11.6and 13.4 Hz, 1 H, 6-H), 1.90 (ddd,/=5.4,11.6 and 13.4 Hz, 1 H, 6-H), 2.28 (t,/ = 7.4 Hz,
2 H, CH,CO,Et), 2.37 (ddd, /=7.0, 8.3 and 16.7 Hz, 1 H, 9-H), 2.46 (ddd, J = 6.6, 8.5 and 16.7
Hz, 1 H, 9-H), 3.32 (dd, /= 5.1 and 6.1 Hz, ~ 0.21 H, CH-tautomer), 3.65 (t, /= 6.5 Hz, 2 H,
CH,0H), 4.12 (q, J = 7.14 Hz, 2 H, CH,CH,); "C NMR (CDCl,, ppm) & 14.22 (q, CH,), 21.97,
2433, 24 43, 25.53, 26.09, 28.74, 25.00, 25.03, 25.04, 32.45, 34.00, 35.55 (i2 1, CH,), 60.46 (1,
CH,CH,), 62.80 (t, C-16), 77.61 (s, C-7), 170.67 (s, C-8), 173.81 (s, C-1), 178.23 (s, CO,NH); MS
(CL, %) m/z 356 (100.0) [M® + H], 314 (33.2) [M® - 42], 312 (19.3) [M® - CO,], 217 (75.3) [M” -
1391, 171 (25.0) [M?® - 139 - C,H,0], 156 (31.5) [C,H,;NO®}, 138 (29.1) [C,H ,NO® - H,0].

CL.
N

General procedure: To a suspension of ferrous(II)-sulfate (30.62 g, 110.1 mmol) in acetic acid
(265 ml) was added half of a solution of sodium nitrite (13.95 g, 202.2 mmol) in water (142 ml)

itrogen afmnqnhere After thrmo for 10 min the remmmj_g solution was added

n s =) LAllgilh

~nf 14 icnvarnlana £a 1007 5\ Al
UL UIC DUAALUIULIL Ua \ 7.49 F) L il awcuv acia L

under n

Teamam 4+l o onhiy

buuuu.aucuilaly Wwilil 4 bUlull
solutions must be thoroughly degassed before. The apparatus, a three-necked flask, was ﬂushed for
an additional hour with nitrogen to eliminate gaseous nitric oxides. Water was added to solve
ferrous(Il)-sulfate and the mixture was extracted twice with ether. The combined ether extracts
were washed four times with water and saturated sodium hydrogencal bonate solution.

Cannantratinn nravidad an A1l (85 Q1 o) which w
WULIVAVLILL GLIVEL PIU Villwil il wii .

'.:
4
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.a/'
SN

- (D
J
>
B

==

mi) and MeOH (5 mi). This solution was stirred at ambient temp. for 16 h clud hen twice extracted
with ether to separate by-products. Then the aqueous layer was acidified with 5 N HCl, extracted
three times with ether, dried (Na,SO,) and evaporated. Purification by filtration with ether through
silicagel and recrystallization (Et,0) gave 7a (1.92 g, 37% from methyl 7-bromoheptanoate) as

colourless solid, mp 55.5 to 57 °C.

15-Hydroxy-pentadec-8-ynoic acid (7a). IR (KBr, cm™) ¥ 3650 - 2380 (OH), 3406 (OH), 3336
(OH), 1699 (C=0), 1059 (C-0); Raman (cm™) ¥ 2290 and 2226 (C=C); 'H NMR (CDCl,, ppm)
61.32-1.52(m, 12 H), 1.59 (tdd, J=6.7, 6.8 and 8.0 Hz, 2 H, CH,CH,OH), 1.65 (tt,/=7.5 and
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7.5 Hz, 2 H, CH,CH,CO,H), 2.14 - 2,17 (m, 4 H, CH,C=C), 2.35 (t, /= 7.5 Hz, 2 H, C-_ICQZH),
366 (t 1-671-1»: YHCHOH 4A-6(hr ¢ 7 H r‘r\u.mflmm BCNMR (C ) ]
A SN L ARy Ncdd\JiL, T VUL, Oy & L1y UL I VL) s INIVEIN \\_/J.J 13, p}Jlu} v

18.64, 1866(2t,CHzC 0),24.65 (t, C-3),25.25 (t, C-13), 28.34, 28. 55 28.55,28.79,28.98 (5 t,
CH,), 32.54 (t, C-14), 33.87 (t, C-2), 62.96 (t, C-15), 80.19 (s, C-8)", 80.29 (s, C-9)", 178.85 (s,
C-1); MS (CI, %) m/z 255 (47.2) [M” + H], 237 (100.0) [M® - H,0], 219 (22.9) [M® - 2H,0]; Anal
caled for C,;H O, (254.4), C 70. 83 H 10.30; found C 70. H 10. 30
15-Hydroxy-pentadec-7-ynoic a et

n{'f‘nrrnner"'\_ cnlfats in

DAL
Vi AwiiVUUO\L I_Dul au.; AR dww

]

0 mi), yield from 4b 31% (2.38 g), mp 54.5 to
55.5 °C; IR (KBr, cm™) ¥ 3630 - 2380 (OH), 3421 (OH), 3354 (OH), 1689 (C O), 1065 (C-0);
Raman (cm™) § 2291 and 2225 (C=C), 1090 (C-0); 'H NMR (CDCl,, ppm) & 1.32 - 1.53 (m, 12
H), 1.58 (tdd, J = 6.5, 6.5 and 8.1 Hz, 2 H, CH,CH,0H), 1.66 (it, J = 7.4 and 7.4 Hz, 2 H,
CH,CH,CO,H), 2.15 (tt, / = 2.4 and 6.9 Hz, 2 H, CH,C=C), 2.17 (tt, 2.4 and 6.6 Hz, 2 H,

f+ T " Y YL AIT NI 2 £77 72 wac'TT_"\TT Sy
CH,C=(),2.36(t,J=7.3 Hz, 2 H, CH,CO,H), 3.67 (t,/=6.5 Hz, 2 H, CH,OH, 6.47 (br. s, 2 H,

CO,H and OH); *C NMR (CDCl,, ppm) & 18.59, 18.69 (2 t, CH,C=C), 24.31 (t, C-3), 25.65 (t,
C-13), 28.24, 28.67, 28.73, 28.91, 28.97 (5, CH,), 3 47 (t, C-14), 34.01 (t, C-2), 62.89 (t, C-15),
79.91 (s, C-7)", 80.47 (s, C-8)°, 178.94 (s, C-1); MS (CL, %) m/z 255 (57.4) [M? + H], 237 (100.0)

M?-H,0l, 219 (31.0) [M® - 2H,01; Anal caled for C;;H,,O, (254.4), C 70.83, H 10.30; found C

SNy &2 S\~ 2V Endat Al | "“6"’.’ Aok A A A AN

70.83, H 10.34.

15-Hydroxy-pentadec-6-ynoic acid (7¢). Scale 4.2 g of 6¢ in acetic acid (45 mi), 68 mmnol of
ferrous(I)-sulfate in acetic acid (150 ml), 128 mmol of sodium nitrite in water (90 ml); then 22
mmol of NaOH in water (20 ml) and MeOH (5 ml), yield from 5¢ 51% (1.48 g), mp 48.5 to 50 °C,
IR (KBr, cm™) ¥ 3630 - 2380 (OH), 3288 (OH), 3142 (OH), 1690 (C=0), 1060 (C-O); Raman

\ 44
J B i 4

3
N’
O 7
[u—y

o

D, 1
-1. 1 Iz, 2 1,
CH,C=C), 2.19 (tt, 24and69Hz IH, CH,C=C),2.37 (t,J=7.6 Hz, 2 H, CHCOH) 3.67 (t,
J=6.4 Hz, 2 H, CH,OH), not detectable (2 H, CO,H and OH); *C NMR (CDCL,, ppm) 5 18.44,
18.67 (2t, CH,C=C), 23.90 (t, C-3), 25.61 (t, C-13), 28.35, 28.67, 28.98, 29.10, 29.29 (5 t, CH,),

32.49 (t, C-14), 33.65 (t, C-2), 62.83 (t, C-15), 79.44 (s, C-6)", 80.80 (s, C-7)", 178.85 (s, C-1);

NAC /T O/ 2a /e DEE (D NN I"A,f@_J_ = 227 (10N m ma® LT '8} ”"10 A0 LY TP 91T N1 Anal anlad
IO\ L, 70) TV L L0J \VL V) LIV P A, 40/ \QAVV,U ) [IVE =11\J[, £417 \OV.UJ |iIvi = 4ll\J], MNlldl vaivlu

\

AP Vol e Ye

for C,;H,O, (254.4), C 70.83, H 10.30; found C 70.82, H 10.22.

15-Hydroxy-pentadec-5-ynoic acid (7d). Scale 4.9 g of 6d in acetic acid (46 ml), 70 mmol of
ferrous(I)-sulfate in acetic acid (155 ml), 132 mmol of sodium nitrite in water (96 ml); then 23
mmol of NaOH in water (21 ml) and MeOH (5 ml), yield from ethyl 4-bromobutyrate 32% (1.69 g),
mp 57.5 to 60 °C; IR (KBr, cm™) ¥ 3580 - 2380 (OH), 3264 (OH), 1689 (C=0), 1058 (C-O);
Raman (cm™) ¥ 2282 and 2224 (C=C), 1062 (C-0); 'H NMR (CDCl,, ppm) & 1.24 - 1.40 (m, 10
H), 1.47 (tdd, /= 6.8, 7.1 and 8.1 Hz, 2 H), 1.57 (tdd, /= 6.7, 6.7 and 7.9 Hz, 2 H, CH,CH,0H),

1.81 (tt,J="7.2 and 7.2 Hz, 2 H, CH,CH,CO,H), 2.14 (tt, / = 2.4 and 6.9 Hz, 2 H, CH,C=C), 2.25



J. Lehmann, W. Tochtermann / Tetrahedron 55 (1999) 2639-2658 2655

(tt, 2.4 and 6.8 Hz, 2 H, CH,C=C), 2.50 (t,J = 7.5 Hz, 2 H, CH,CO,H), 3.65 (t,J = 6.6 Hz, 2 H,
CH,OH, not detectable (2 H, CO,H and OH), “C NMR (CDCl, ppm) & 18.16, 1867 (2 t

S22y 22V0 RNV 22, WY Kake ALy NAVAAN \MrasNrig, A AT, AUV

CH,C=C), 24.03 (t, C-3), 25.66 (t, C-13), 28.76, 28.94, 29.02, 29.29, 29.44 (5 t, CH,), 3244(t
C-14),32.84 (1, C-2), 62.84 (t, C-15), 78.72 (s, C-5)", 81.42 (s, C-6)", 178.68 (s, C-1); MS (CL, %)
m/z 255 (74.9) [M® + H], 237 (100.0) [M® - H,0], 219 (18.6) [M® - 2H,0]; Anal calcd for
C,sHx0; (254.4), C 70.83, H 10.30; found C 70.88, H 10.32.

16-Hydroxy-hexadec-7-ynoic acid (7e). Scale 1.1 g of 6e in acetic acid (1

_.('D

€r {
mg), mp 58 to 60 °C, the mp and the '"H NMR spectrum are in agreement 1th ref. 12.

nam[)l-nl nNrNn/L,o2gd1rvo T r=1 f“]f\ll’70f1.f\ﬂ A ¥ TA] “LII"‘FI\"’Y\QI“ no Aﬂ&‘f\""]’\ﬂ(‘ ‘l‘l‘l "bp 1“ ™ I"';‘F:rl f TN l’\ y
JICIsC T il IJI VLGt 1 kW UJ wilLQlivil vyvao PU]LUIIIIMU ao ULvwowlivuwu 111 1uvl, 1 U, IJUJ. LIV QLIVLL Uy
silicagel column chromatography (300 mi n-pentane, then Et,O/n-pentane, 1:9) provided 8a as

colourless oil, GC (t,,, 16.52), temperature-program 150(5)-10-250(15).
8-Pentadecyn-15-olide (8a). Scale 3.50 mmol of 7a in dry and ethanol-free CHCI, (40 ml), 10.4

mmol of DMAP, 6.86 mmol of 4-(dimethylamino)pyridine hydrochloride, 7.12 mmol of DCC, dry
and ethanol-free CHCL (100 mD. vield 609%; (403 mn\ R 033 IR (Alm em l\ 3 17334 (C=0)

1M VURGEEVRTI W ML ENARY LV LIy JiVEWM VUV /U (T A A P e A R e T v LT\~

1235 (C-0); Raman (cm™) ¥ 2285 and 2232 (C=C), 1732 (C=0); '"H NMR (CDCl,, ppm) & 1.26 -
1.53 (m, 12 H), 1.67 - 1.77 (m, 4 H), 2.16 - 2.23 (m, 4 H, CH,C=C), 2.37 (m, 2 H, CH,CO), 4.13
(m, 2 H, CH,0); *C NMR ( CDCl,, ppm) 6 17.88 (t, C-7)", 18.05 (t, C-10)", 24.94, 25 .85, 26.97,
27.27,27.70, 28.33, 28.36, 28.60 (8 t, CH,), 33.69 (t, C-2), 63.79 (t, C-15), 80.30 (s, C-8)"", 80.43

(s, C-9)", 173.98 (s, C- 1); MS (EI, %) m/z 236 (12.4) [M®1 218 (2.0) [M - H,0], 79 (100.0);

= =2 79 A Ml Ll A YR A T4V

~.

'.l-(-'nurl 75 N 11

M (MDA 28 (T TA I 2 N
V,4J, 1Uld luu IJ.NVO, I 1V,
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11
11,
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o
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7-Pentadecyn-15-olide (8b). Scale 3.46 mmol of 7b in dry and ethanol-free CHCI; (40 ml), 10.4
mmol of DMAP, 6.86 mmol of 4-(dimethylamino)pyridine hydrochloride, 7.19 mmol of DCC, dry
and ethanol-free CHCI,; (100 ml), yield 60% (488 mg), R;0.30, GC (t., 16.56); IR (fikn, cm™) ¥
1732 (C=0), 1251 (C-O); Raman (cm“) v 2287 and 2231 (C=C), 1733 (C=0); '"H NMR (CDCl,,

ppm) &6 1.25-1.34 (m, 2 H), 1.38 - 1.53 (m, 10 H), 1.64 - 1.73 (m, 4 H), 2.17 - 2.22 (m, 4 H,
CHC=(),236(m, 2 H, CH,LCO), 4 1"( 2 H, CH,0);, "C NMR (CDCl,, ppm) 6 17.75 (t, C-6)",

18.81 (t, C-9)", 25.19, 25.56, 26.12, 27.12, 27.36,27.77, 28.26, 28.83 (8 t, CH,), 34.87 (1, C-2),
62.99 (t, C-15), 80.13 (s, C-7)"", 80.66 (s, C-8)"", 173.96 (s, C-1); MS (EI, %) m/z 236 (9.3) [M?],
218 (2.0) [M® - H,01, 94 (100.0); Anal calcd for C ;H,,0, (236.35), C 76.23, H 10.23; found C
75 Rﬂ H 10.09.

2 S

1-1 r<r At

| 5 VRTIEE g ~AlAn nla 2 AL i~ A8 TA A
Ul ul /L 1 IUJ)’

mo18 Aa 719N Qo
U".l'CllldUCb 1= 10=-UlUC \0\,}. oCaIC 5.40 Min

€
mmol of DMAP, 7.08 mmol of 4-(dimethylamino)pyridine hydrochloride, 6.91 mmol of DC , dry
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and ethanol-free CHCl, (100 ml), yield 70% (526 mg)*, purification by silicagel column
l‘hrnmnfno'ranh\ (300 ml n-nentane then Ft O/n-nentane 1-10 RO GC (+ 16 1} TR (Hlm
uuuuuuuu WVHAGEILY \ MUY LR T pVIRWMILW, Wl L.Jl.z\.llll P\dxlu.uv, 1.1V, A\f U‘hl-j, Nd \Lﬂ?( LU.Ul}, 1AN \Luzu,
PR L E L W s a N o A Ee L Ve Wl a PR S L 1o ¥ o V-G B Vo, Wo e ) N 1M 1ITT NIA A
il ) vV 1/09(L—U), 1227 (L-U), 11di1 I11') Vv LL00 dAllQ £LLOU (L, ), 172

Raman ( =
(CDCl,;, ppm) & 1.35-1.54 (m, 12 H), 1.62 (m, 2 H, CH,CH,0), 1.84 (tt, / = 8.
CH,CH,CO), 2.21 (m, 2 H, CH,C=C(), 2.22 (m, 2 H, CH,C=C), 2.33 (m, 2 H, CH,CO), 4.14 (m,
2 H, CH,0), “C NMR (CDCl,, ppm) & 18.51 (t, C-5), 18.65 (t, C-8), 24.43 (t, C-13), 25.08 (t,
C-3), 26.64 (t, C-11), 27.26 (t, C-12)", 27.44 (t, C-10)", 27 91 (t C-9),27.95 (t, C-14), 28.29 (t,

f"A\ ’2(1((# N (4 1‘7/ f‘1<\ 70 R
T )y o Uy =4 .

10N (a A ‘“I‘} AN o 1Y NAQ /BT 0/
1.UVU (8, 1), 1713.0U S, U1, IVID \L1,

~—+

m/z 236
236.1776
(16.76).

5-Pentadecyn-15-olide (8d). Scale 2.00 mmol of 7d in dry and ethanol-free CHCl, (30 ml), 6.02
mmol nanAp 4 10 mmol of A_(rllmr-\fhv]qminn\nvnrhn hvdrochloride. 4.02 mmol of D P, drv

UL UK BSLVRL M POVASIVYISIVIGAVSY \MLAAW AL Y AN Sl Y A R WLL\/ Ay Wi UVLILIUR I, T.V A §59 4 i \IL U\./L/

1%
(6]
f\G N, TYTIR ~-~ N

; 0) HRMS: caled for C,sH,,0, (236.35
0); HRMS: calcd for '*C,,"*CH,,0,, 237.18098, found 237.1817

o
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e
S
—
N
Jo—
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N
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4
7 o\ P

) [
found 236.1774 (100.0

<
1

(
3,

and ethanol-free CHCI, (60 ml), yield 60% (284 mg), silicagel column chromatography like 8¢, R,
0.22), GC (t,, 16.42); IR (film, cm™) ¥ 1735 (C=0), 1211 (C-O); Raman (cm) ¥ 2281 and 2229
(C=C), 1734 (C=0); '"H NMR (CDCl,, ppm) & 1.30 - 1.51 (m, 12 H), 1.67 (in, 2 H, CH,CH,0),

1.79 (tdd, J = 7.1, 7. 1 and 5.6 Hz, 2 H, CH,CH,CO), 2.19 (m, 2 H, CH,C=C), 2.27 (m, 2 H,

CH,C=Q), 2.55(t,J=17.2Hz, 2 H, CH,CO), 4.15 (m, 2 H, CH,0); *C NMR (CDC],, ppm) &
~ 72 M v 3 V4 VAl \ 2 y ™ VgV o] \ > I'r 7/
17 &N [+ AN 1Q 97 /+ f‘_‘?\‘ 2 AN DS TELE DA ELQ Y7 NQ DIT7H290 N7 71T D2 NQ N0 15 /Q+ /LIN
17.9V \l, \z""‘f} s 10.47 (L, v l} s LIV, £J.71V, LUV VO, LT .VO, &L/ . LV, L/.11, LO, VO, £O.1/ \0 L, k4112},
32.22 (t, C-2), 64.56 (i, C-15), 79.34 (s, C-53)", 81.49 (s, C-6)", 173.35 (s, C-1); MS (EI, %) m/z

236 (20.1) [M®], 218 (1.0) [M® - H,0], 79 (100.0); HRMS: calcd for C,;H,,0, (236.35),
236.17763, found 236.1774 (100.00); HRMS: calcd for *C,,"*CH,,0,, 237.18098, found 237.1808
(15.87).
(Z)-Selective Hydrogenation of 8a-d

General procedure: A suspension of 8a (121 mg, 513 pmol) in ethyl acetate (22 ml) was

hy drogenated at room temp., by using of 5% Pd-CaCO, (147 mg, 69.1 umol) and freshly distilled

quinoline (0.15ml, 1.3 mgl)_ After 1 h the mixture was filtered with ether thr h silicagel. The

uinol 3 um el

o2

{7 n;
\&~)=7
0-250(15);

W .
rma nirifiad her cilinaaal I!!\l\xmﬂ ~1 1an
UUC was PULICU DY sSHIVAETl LolulilL i

(108 mg, 88%) as colourless oil, GC (t 16. 01) temperature program 150(
(E)-isomer, (t., 15.76), Z:E ratio 98.7:1.3, de 97.4%, R, 0.38.
(Z)-8-Pentadecen-15-olide [(Z)-9a]. IR (film, cm™) ¥ 3002 cm™ (C=C-H), 1735 (C=0), 1253

wn
\./
p_l

(C-0), 732 ((Z)-CH=CH-), '"H NMR (CDCl,, ppm) & 1.29 - 1.48 (m, 12 H), 1.60 - 1.68 (n, 4 H),
1.99 - 2.08 (m, 4 H), 2.34 (m, 2 H, CH,CO), 4.16 (m, 2 H, CH,0), 5.37 (m, 2 H, therein 5.34, td,
J=63and 10.8Hz, 1 H, CH and 5.40, td, /= 6.5 and 10.8 Hz, 1 H, CH); "C NMR (CDCl,, ppm)
8 24.99,25.58,25.75,26.03,27.35,27.41, 27.74, 28.68, 28.70, 28.86 (10 t, CH,), 34.54 (1, C-2),

#70 mg of starting material 7¢ were isolated from the syringe and tubing.
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64.29 (t, C-15), 129.96 (d, C-8)", 130.06 (d, C-9)’, 174.05 (s, C-1); MS (EL, %) m/z 238 (31.2)
M®], 220 (6.0) [M® - H,0}, 82 (100.0 ..n.Jc aled for C, H,,0, (238.37), C 75.58, H 10.99: found
C 75.52, H 10.89.

(£)-7-Pentadecen-15-olide [(Z)-9b]. Scale 723 pmol of 8b, 97 pmol of 5% Pd-CaCO,, 1.8 umol
of quinoline, ethyl acetate (30 ml), yield 95% (164 mg), GC (t,, 15.99); (E)-isomer, (t,, 15.71), Z:E
ratio 99.1:0.9, de 98.2%, R;0.40; IR (film, cm™) ¥ 3000 ¢cm™ (C=C-H), 1735 (C*—“O) 1201 (C-0),
719 ((2)-CH=CH-); '"H NMR (CDCl,, ppm) § 1.24 - 1.42 (m 67 (m, 4 H), 1.98 -

=33 ERILE AN -
rain § 22 ¢4 T K Q
CiCiil .55, 14, = U.0

'1
i‘
- \

23
[} o on Pl & 2% k¥

, td, J = 6.8 and 10.9 Hz, 1 H, CH); “C NMR (CDCl,, ppm) &
25.11, 25 32, 26.14, 27.18, 27 29, 27.44, 28.06, 28.25, 28.33, 29.15 (10 t, CH,), 34.29 (t, C-2),
63.95 (t, C-15), 129.83 (d, C-7)", 130.08 (d, C-8)", 173.87 (s, C-1); MS (EL %) m/z 238 (19.0)
[M®], 220 (6.0) [M” - H,0], 71 (100.0); HRMS: calcd for C,;H,,0, (238.37), 238.19328, found
238.1930 (100.00); HRMS: calcd for °C,,*CH,0,, 239.19664, found 239.1966 (16.05).

\L}'U'fﬁllladCbCll"lJ"Ulluc l\L}"?Lj delc "l-.)l }LlllUl Ul OL Ul .) ’,ullUl Ul J /0 ru-\,d\,u3, 1 l
pmol of quinoline, ethyl acetate (20 ml), yield 99% (107 mg), GC (., 16.07); (E)-isomer, (tor
15.90), Z:E ratio 97.6:2.4, de 95.2%, R;0.34; IR (film, cm™) ¥ 2999 cm™” (C=C-H), 1732 (C=0),
1231 (C-0), 718 ((Z)-CH=CH);, '"H NMR (CDCl,, ppm) & 1.24 - 1.42 (m, 12 H), 1.62 - 1.68 (m, 4
H), 2.02 -2.09 (m, 4 H), 2.32 (t,J=7.5Hz, 2 H, CH,CO),4.13 (m, 2 H, CH,0), 5.35 (m, 2 H,

therein 5.33, td, /= 6.1 and 10.1 Hz, 1 H, CH and 5.37, td, J = 6.2 and 10.1 Hz, 1 H, CH); ®C

ATY F£97TN 11 S~ N1 o Yo e 1o ]

NMR (CDCl,, ppm) 6 23.91 (t, C-13), 25.73 (t, C-3), 26.93 (t, C-8), 27.00 (t, CH,), 27.22 (1, C-5),
27.50 (t, CH,), 27.91 (t, C-14), 28.02, 28.49 (2 t, CH,), 29.32 (t, C-4), 35.42 (t, C-2), 62.98 (t,
C-15), 129.59 (d, C-6), 130.21 (d, C-7), 173.71 (s, C-1); MS (EL, %) m/z 238 (46.0) [M?], 220

(6.9) [M® - H,0], 81 (96.1), 67 (100.0); Anal caled for C,;H,,0, (238.37), C 75.58, H 10.99; found
C 75.61, H 10.96.

am b aa 2 ~F L0/ NI MM A

(2)-5-Pentadecen-15-olide [(Z)-9d]. Scale 0.38 mmol of 8d, 51.2 pmol of 5% Pd-CaCO;, 0.93
pmol of quinoline, ethyl acetate (20 ml), yield 88% (80 mg), GC (t,, 15.94); (E)-isomer, (t., 15.79),
Z:E ratio 98.6:1.4, de 97.2%, R, 0.41; IR (film, cm™) ¥ 3002 cm™ (C=C-H), 1735 (C=0), 1238
(C-0), 716 ((Z)-CH=CH), 'H NMR (CDCl,, ppm) & 1.25-1.47 (m, 12 H), 1.60 - 1.76 (m, 4 H),

2.01 - 2.14 (m, 4 H), 2.35 (m, 2 H, CH,C0), 4.16 (m, 2 H, CH,0), 5.36 (m, 2 H, CH);, "C NMR

fOTY ] Y R DK 27 D8 8N DA NQ DA AQ V4 £Q VK TR DA 9’7 27 A D7 ’IO 27 Q7 (1N + MTN
\\41/\/13, Pplll} U LJ.J7, &IV, LU VO, LV.T0, LU VO, LV, /V, 4V, Lt Ly Ll L1.01 \lU i, \.,112},
34.14 (t, C-2), 64.37 (t, C-15), 128.81 (d, C-5)", 131.09 (d, C-6)", 173.88 (s, C-1); MS (EL, %) m/z

238 (73.0) [M®], 220 (12.8) [M@ H,0], 96 (100.0); HRMS: caled for C,;H,,0, (238.37),
238.19328, found 238.1932 (100.00); HRMS: caled for 2C,,3CH,0,, 239.19664, found 239.1964
(17.54).
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