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Abstract

A sequence to oxo lactones 1 via Barbier-type Gilman-Van-Ess reaction, sonochemical Lemieux oxidation,
one-step ether cleavage iodination and phase transfer catalyzed cyclization is presented. Conversion of the oxo
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lactones 1 into methyl(en)ated macrolides 11 - 13 resulted in highly potent musk fragrances.
© 1998 Elsevier Science Ltd. All rights reserved.
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Introduction

Due to low
musk fragrances for perfumery. However, the use of nitromusks was subsequently reduced in
recent years because of their health damaging properties. As for polycyclic musks problems
became evident, too [1]. The accumulation of polycyclic musks in the aquatic food chain due
to their persistence and hydrophobicity finally led to their detection in human adipose tissues
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biodegradable non-toxic odorants with the aim to substitute problematic compounds and to
stimulate new creations in perfumery [3.,4]. In recent work [5,6] we have shown that the musk
notes of macrolides depend strongly on the number of methyl groups, on their position in the
ring and on the absolute configurations of stereogenic centres. In this context, we are interested
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Scheme 1: Retrosynthetic analysis of the oxo lactone synthesis from 2 and 4.
known examples of this class of musk fragrances are 15-pentadecanolide and related

compounds [7,8]. Apart from the olfactory properties of new fragrances the choice of starting
compounds from the pool of renewable resources and from cheap industrial chemicals is

important for ecological and economical reasons
Here we report on our approach to the target molecules 11 - 13 from unsaturated fatty

acids 2 and 1,o-diols 4 via oxo lactones 1. Variation of the numbers of methylene groups in 2

methVIene and methVI substituents in various positiens of the macmcychc ring. T,.ls principle
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is demonstrated here by the synthesis of methyl{en)ated tri-, tetra- and pentadecanolides 11 -

13 [9]

Results

The synthesis of oxo lactones 1 started with a Gilman-Van-Ess coupling [10] of lithium
salts 5 and the chloroalkyl methyl ethers 3 (Scheme 2), that were prepared in two steps from

the corresponding diols 4 [11]. In a one-pot reaction under Barbier reaction conditions metal-
halogen exchange of 3 with lithium (in pieces from bars) and subsequent reaction with the

lithium salts 5 led to the enones 6 [12]. Facile work-up, with purification by vacuum
distillation, led to yields between 85% and 88% in a 150 mmol scale. Thereaﬁer, the double
bonds in 6 had to be cleaved oxidatively to t i

3]. Lemieux cleavage often suffers from poor solubility of organic compounds in
edia or KMnQ, and NalO; in organic solvents. Compromises were reported that use
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iators {15]. We applied
a new sonochemical procedure of the Lemieux oxidation that allowed us to work in 6-times
higher concentrations than usual and to make more efficient use of NalQ,. KMnO, was only
needed in catalytic amounts. Separation of 7a-¢ from the by-product nonanoic acid or direct

I
crystallization of 7d/e furnished t

L s o) :
he carboxylic acids 7 in 61% - 83% yield. Without th

ultrasound cleavage under these reaction conditions yielded only 7% of 7. Olah’s [16] mixture
of trimethylsilyl chloride and sodium iodide, used for the in situ generation of trimethylsilyl
iodide, cleaves alkyl ethers rapidly and under mild conditions leading to high yields of the
correspondmg alcohols. However, direct transformation of these ethers into the corresponding

i longed time.
Appiication of this method on the synthesis of 8 enabied us to perform a one step deprotection

and activation of 7 to give the w-iodo acids in 68% - 88% yield.
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Scheme 2: Route to oxo lactones 1



1 hydroxy acids, many efficient activation
protocols were established [17]. In addition, cychzatlon of w-halogen acids by bases like
K,CO; in 2-butanone [18] or DMSO [19] under conditions such as high dilution is another
useful possibility for the synthesis of macrolides. High dilution can be avoided by the phase
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This cyclization method required first the synthesis of the potassium salts of acids 8 by
titration with KOH in MeOH against phenolphthaleine. The potassium salts were dried and
suspended in toluene (or toluene/dioxane) with catalytic amounts of tetrabutylammmonium
bromide” and finall lly heated under reflux to give the oxo lactones 1 in 62% - 85% ylem The
reaction can be performed in concentrations up to 100 mmol/l without high dilution conditions.

Stoll’s statement [21] that an additional carbonyl group eliminates the musk odour of

macrocycles is fulfilled in our cases with exception of oxo lactone 1¢ which possesses a clearly
musk note with animalic and erogenous accents Gf weak intensity.
H\
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Scheme 3: Synthesis of musks 11, 12 and 13

" The use of tetrabutylammonium bromide instead of the iodide was preferred due to the lower melting point of the bromide.
* The synthesis of 8a and 1a was already reported in ref. [18].
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fragrances. First we converted 1 into the exo-methylene macrolides 11 by Wittig reaction with
methyltriphenylphosphonium bromide and KOfBu in toluene (Scheme 3). Sonication was
applied accordmg to ref [22] and furnished 11 in 83% - 99% yield [23] The efficiency of

decreased by 20%. Hydrogenation of alkenes 11 with platinum on a carbon catalyst furnished
the methyl lactones 12 in 87% - 99% yield. We were pleased to notice different olfactory
properties for 11 and their saturated counterparts 12. This indicates a highly structure-sensitive
receptor macrolide interaction, which one would not expect b_y modificati
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ring distant from the osmophore group.

Table 1.

adic

Olfactory properties of musk macrolides

Compound Olfactory properties of 11 - 13 Musk intensit;

11a musk but less intensive than 12a; clearly woody, sweet and animalic, with +
nitro musk aspects

11b strong musk with carbide-like by-note (less intensive than in 12b), fresh +++
and very strong woody with sweet accents

11c clearly and strong musk, sweeter than ambrettolide with animalic tonality -+

11d clearly musk, fresh, woody, resemblance to ambrettolide, erogenous, +++
animalic and sweet character

11e neutral musk note, not fresh more animalic, erogenous and sweet with et
stearinic undertone

12a clearly musk with cedarwood-like and musty undertone, not fresh ++

12b strong and aggressive musk note with carbide-like by-note, very fresh but +++
not woody as 11b

12¢ typical musk, animalic and erogenous, not fresh like pentadecanolide more 4+
towards cedarwood

12d clean and crystal-clear musk note, strong and sweet, woody-fresh, smells +4+
like skin

i2e pure but subtle musk, not animalic nor sweet more fresh accents ++

13a strong and clear musk with animalic character, stronger than the musk note +++
appears a woody-powdery-cedarwood-like note

13b like 11¢ less cedarwood-like but fresher +++

13¢ like 11e but with woody and warm accents, sandelwood-like tonality +++

13d like 11e but fresher, woody-metallic and camphoraceous aspects +++

* Evaluated by the perfumers of Haarmann & Reimer GmbH, D-37601 Holzminden.
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of endocyclic isomers. Treatment of 11 with Amberlys 15 in dichloromethane quantitatively
furnished the isomeric mixtures 13 that exude musk top notes clearly different from their
precursors despite their structural similarity. All compounds described above possess musk top

notes described in table

Table 1 shows in agreement with our previous work [5,6] that slight structural changes as are

(=4

the transformations of semicyclic methylene groups into methyl groups (11 — 12 or 11 — 13)
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interaction of musk macrolides with a musk receptor appears to be very sensitive to
conformational changes. The influence of the variation of substituent positions and/or ring size
on the olfactory properties do not seem to follow characteristic patterns, nevertheless in the
range between 14 to 16 ring atoms musk top notes can be expected In addition, a trend of
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cannot deny the fact that olfactory properties and odour intensities of macrocyclic musks are
still only predictable in respect to their common musk top note. However, the special character
of a new musk will still be a secret until the detailed evaluation by the perfumer. Further work

on this 'mm(' is in progress [’741

Conclusion

In summary, we presented a new versatile synthesis of unsaturated and substituted musk
macrolides from unsaturated fatty acids and 1,w-diols [25]. In this context, we worked out a
new sonochemical variation of the Lemieux oxidation and applied the cyclization method of
Regen [20] on w-iodo carboxylic acids. Our procedure also nicely completes other recent
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IR spectra were recorded on a Perkin-Elmer Paragon 1600 FTIR spectrometer. 'H/"C

NMR spectra (reference: TMS int) were taken on Bruker AC 200 P, Bruker AM 300 or Bruker
DRX 500 spectrometers
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be exchanged. EI (70 eV) and CI (BuH) mass spectra were obtained on a Finnigan-MAT 8230
spectrometer. Gas chromatography (GC) was performed on a Varian 3400 gas chromatograph
equipped with a capillary column, MN Permabond® SE 30, (25 m), using nitrogen as carrier
gas; the detector and injector temperatures were 250 °C. Sonications were carried out in a

Bandelin Sonorex Super RK 255 H cleaning bath (Lrequency 35 kHz, acoustic power 400 W,
JRUR PR S T LS S I TR 1, DA a
capacity 3 dm’) thermostated by tap water, and a Bandelin Sonoplus HD 60, Sonotrode UW 60

horn, respectively. Column chromatography was performed on Baker Silicagel 30-60 pum and
analytical TLC on Macherey-Nagel SIL G/UV,s4 plates. Melting points were determined using
a Biichi 510 melting apparatus and are uncorrected. Elemental analyses were per

Mikroanalytisches Laboratorium Ilse Beetz, D-96301 Kronach.

Synthesis of Oxo Lactones la-c

General procedure: Lithium oleate was prepared by neutralization of oleic acid with
T :MIY S P P P DY & I [ SRR SRR AR IS ) A P S R 1
Li10Un in foluene undaer refiux and azeotropic removal of water. 1ne soivent was evaporated and

the resulting residue washed with ether. The remainig solvent traces were removed in vacuo.
Lithium oleate (43.2 g, 150 mmol; 5a) and pieces of lithium of 1 cm in diameter (3.00 g, 432
mmol) were added to THF/cyclohexane (7:1, 500 mL) under argon atmosphere, The
a) [11a]
was added in 4 portions within 4 h. The remaining lithium was removed and the reaction
mixture was poured into water (200 ml) and extracted with Et,O (3 x 200 mL). The combined
organic extracts were washed with water (2 x 200 mL) and brine (1 x 100 mL). The organic
solvents were dried (NaZSO4) and then removed under reduced pressure. The residue was

108 CY 4m 3vra L (AA
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)..
cr

21H-\1<1_1A7{m6 2-.3..7-H;). 1.95-2.05
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J=7.7Hz, 2H, 4-H,), 2.43 (t, J = 6.9 Hz, 2H, 6-H,'), 3.32 (s, 3H, OCH3), 3.
5 A of an ABX7Y?7 system (dtt, /= 10.7 Hz, 5.7 Hz, 1.4 Hz, 1H, 1
B 2Y ystem (dtt, J = 10.7 Hz, 5.7 Hz, 1.4 Hz, 1H, 14-H"); “C NMR

11z, ey 2435 32 = 75

m A
1li, 7T

—_

11,



v+ .17 J18Y 2002 /720N08 /7201572098 /7904577061 /290 K0 (7 + O ) . Q _0_11
Wb Ve, =1J), &472VD 1 L7.0J ] LZ.0J ] LZbd | L7901 L7,U1 f &7.07 {/ L1IUL 7, UL, U0 - LU-11,
C-16 - C-19), 31.70 (t, C-20), 42.32 / 42.69 (t, C-4, -7), 58.42 (q, OCH3), 72.37 (t, C-1), 129.64

2/42.69 (t,
/ 129.85 (d, C-13, -14), 210.97 (s, C-5); MS (CI, %): m/z 354 (25) [M" + 2H], 353 (100) [M" +
H], 325 (41), 299 (77); Anal caled for Cy3HuO; (352.6), C 78.35, H 12.58; found C 78.38, H
12.49.

71 A7) 1 Aotla A $54 s A msa 1799)

{14£4)-1 -Met roxy-i 14-tricosen-6-one (0. Scale li
mmol of lithium and 130 mmol of 5-chloro-1-methoxypentane (3b) [11a], yield 88% (32 3 g),
bp 165 - 183 °C/0.005 mbar; IR (film, cm™) ¥ 1715 (s, C=0), 1121 (s, C-0); 'H NMR
(CDCl;, ppm) 6 0.88 (t,J= 7.1 Hz, 3H, 23-H;), 1.22 - 1.37 (m, 22H, 3-, 9-H, - 12-H,, 17-H, -

22-H,), 1.51 - 1.62 (m, 6H, 2-, 4- S-Hz), 1.91 - 2.10 (m, 4H, 13-, 16-H,), 2.38 (t, J= 7.5 Hz,
2H, 5- uz),uw(t J="7.4 Hz, 2H, /nz),jjj(s 3H, OCHs;), 3.36 (t, J = 6.6 Hz, 2H, 1-H,),
5.33 part A of an ABX,Y; system (dtt, /= 11.1 Hz, 5.7 Hz, 2.2 Hz, 1H, 14-H ), 5.36 part B of
an ABX,Y, system (dtt, J = 11.1 Hz, 5.7 Hz, 2.2 Hz, 1H, 15-H"); *C NMR (CDCl;, ppm) &

14.85 (g, C-23), 22.45 (t, C-22), 23.33 / 23.56 ( -8), 26.90 / 26.94 (1, C-13, -16), 25.56 /

IIIII (gq, C-23), 22.45 (t, C-22),23.33 / 23.56 (1, , C-13, -16), 25.56 |

28.86 /28.98/29.01/29.08/29.10/2921/ "9 "0 /29.45/29.52 (1, C-2, C-3, C-9 - C- '“,

C-17 - C-20), 31.68 (t, C-21), 42.33 / 42.50 (t, C-5, -7), 58.20 (q, OCH;), 72.26 (t, C-1), 129.

/129.94 (d, C-14, -15), 210.63 (s, C-6); MS (CI %) m/z 368 (38) [M' + 2H], 367 (100) [M*

H], 339 (12); Anal calcd for C,4Hys0O; (366.6), C 78.63, H 12.64; found C 78.69, H 12.63.
(15Z)-1-Methoxy-15-tetracosen-7-one (6c). Scale 150 mmol of lithium oleate (5a), 450

mmol of lithium and 200 mmol of 6-chloro-1-methoxyhexane (3¢) [11b], yield 85% (48.5 g),
bp 180 - 200 °C/0.02 mbar; IR (KBr, cm™) v 1714 (s, C=0), 1120 (s, C-O); "H NMR (CDCl;,
ppm) & 0.88 (t, J = 6.9 Hz, 3H, 24-H;), 1.22 - 1.40 (m, 24H, 3-, 4-, 10-H, - 13-H,, 18-H; -
23-H,), 1.51 - 1.62 (m, 6H, 2-, 5- 9H2) 1.91 - 2.10 (m, 4H, 14-, 17-H,), 2.38 (t, J= 7.7 Hz,
2H, o6- Hg),éjy([ J=7.3 Hz, 2H, 6[12),333 (s, 3H, OCHj;), 3.36 (1, J = 6.5 Hz, 2H, i-H,),
5.33 part A of an ABX,Y, system (dtt, J=10.9 Hz, 5.5 Hz, 2.0 Hz, 1H, 15-H ), 5.35 part B of
an ABX,Y, system (dtt, J = 10.9 Hz, 5.5 Hz, 2.0 Hz, 1H, 16-H‘*)- BC NMR (CDCl, ppm) 5
14 ﬂR
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C-4, C-10 - C-13, C-1 . 84 (t, C-6, -8), 58.47 (q, OCH3),
72.81 (t, C-1), 129. 75/ 129.98 (d C-15,-16), 2 10 -7y, MS (CI, %) m/z 382 (27) [M" +

2H], 381 (100) [M" + H], 353 (23); Anal calcd for C, H43 » (380.7), C 78.87, H 12.72; found
C 78.87, H 12.68.
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Sonochemical Lemieux Oxidations
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a solution of KMnOj, (1.86 g, 12 mmol) in water (100 mL) was added dropwise over a period
of 7 h. The reaction mixture was sonicated for a further 3 h. The solution was carefully
acidified with H,SO, (10%) and the precipitate of MnO, was filtered off. The filtrate was

extracted with Et;0O (5 x 100 mL). The combined nroqnm extracts were washed with water (2x
100 mL) and brine (1 x 100 mL) and dried (Na;SO,). The solvent was removed under reduced
pressure and the crude product was separated from nonanoic acid by fractional crystallization
(ethanol/water) at -18 °C. Further purification by recrystallization (Et,0O/n-pentane) gave 7a

(9.3 g, 61%) as colourless crystals, mp 47 - 49 °C.
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C=0, 0C=0), 1233/ 1135 (s, C-0); 'H NMR (CDCl;, ppm) & 1.11 -~ 1 44( H, 4-H, - 6-H,),
1.40 - 1.70 (m, 8H, 3-, 7-, 11-, 12-H,), 2.33 (t, J = 7.4 Hz, 2H, 2-H,), 2.40 (t, J=17.5 Hz, 2H,
8-H,"), 2.43 (t, J = 6.9 Hz, 2H, 10-H,"), 3.33 (s, 3H, OCH3), 3.39 (t, J = 6.1 Hz, 2H, 13-H,),

11.2 (br. s, exchangeable, 1H, COOH); >C NMR (CDCl;, ppm) 8 20.43 (t, C-11), 23.64 (1,

rhw \ ko \.ax\.uxunl ca vy LRy NoNsNSRLJ AN \NESN13y pIprARES . A% WLl M VT

C- 7), 24.54 (t, C-3), 28.76 / 28.91 (2 t for 4C, C-4 - C-6, C-12), 33.90 (t, C-2), 42.32 / 42.59 (t,

8, -10), 58.33 (g, OCH}), 72.37 (t, C-13), 179.16 (s, C-1), 211.23 (s, C-9); MS (CI, %) m/z
259 (91) [M' + H], 241 (25), 227 (100); Anal calcd for C4HasOs (258.4), C 65.09, H 10.14;
found C 65.09, H 10.06.

I/f_ﬂ/,nfl-'nmn_()_nvn_ ,_{nfvn/"nn/vmn-;n ~riAd (7h) Q
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and 17 mmol of KMnO; in water (100mL), yield 83% (19.0 g), mp 57.5 - 58.5
em™) ¥ 3100 (br., O-H), 1702 (br. s, C=0, OC=0), 1236 / 1119 (s, C-0); 'H NMR (CDCl;,

ppm) & 1.20 - 1.42 (m, 8H, 4-H, - 6-Hy, 12-H,), 1.48 - 1.75 (m, 8H, 3-, 7-, 11-, 13-H,), 2.34 (t,
J=17.5Hz, 2H, 2-H,), 2.39 (t, J= 7.2 Hz, 2H, 8-H,"), 2.41 (t, J=7.1 Hz, 2H, 10-H,"), 3.33 (s

7 aut X ll,)’ Hll, st ALL}, s 0 A \‘—) o - et .l].Lt, St A 9 A ‘.LZ }, \>d - K Lm, b‘&, PV ALL }, - et T \L)’
AYT FNITN 210 7 T £ A TT., ATT 14 IT AN _ 1 11'1' AAATT. 13~ Aman
aH, ULHj3), 5.06 (L, J = 0.4 INZ, 21, 14-I)), < (Dr. s, excnang l ,Louuri), U NMR

11.
(CDCly, ppm) & 23.45 / 23.57 (t, C-7, -11), 24.47 (t, C-3), 25. 59/2870/2884/2914(
5C, C-4 - C-6, C-12, -13), 33.84 (t, C-2), 42.57 / 42.57 (t, C-8, -10), 58.26 (g, OCH3), 72.42 (t
C-14), 179.05 (9. H 211.37 (q C-9), MS (CI, %) m/z 273 (]00\ I'M + }-ﬂ 255 (76\ 241

(21); Anal calcd for Cy5sHa504(272.4), C 66.14, H 10.36; found C 66.16, H 10.34.
15-Methoxy-9-oxo-1-pentadecanoic acid (7c). Scale 53.0 mmol of 6¢, 318 mmol of
NalO; and 5.22 mmol of KMnQ, in water (50mL), yield 66% (10.1 g) after fractional

crystallization (ethanol/water) at room temp and recrystallization (Et,O/n-pentane), mp 62 - 63
o TR (KRt e '\ ¥ 2900 (br. O-H), 1738 / 1703 (s, C=0, OC=0), 1235 / 1121 (s, C-0); Iy

g AAN \J.\_Lll., will V &V bn l \Jy }, 4K
b g

NMR (CDCls, ppm) 6 1.20 - 1.47 (m, 10H, 4-H, - 6-H,, 12-, 14-H,), 1.48 - 1.75 (m, 8H, 3-, 7-,

11-, 13-Hy), 2.34 (t, J= 7.3 Hz, 2H, 2-H,), 2.38 (t, / = 7.3 Hz, 2H, 8-H,’ ), 239 (t, J=7.3 Hz,
2H, 10- Hz*) 3.33 (s, 3H, OCHs), 3.37 (t, J= 6.6 Hz, 2H, 15-H), 9.30 (br. s, exchangeable, 1H,
COOH); C NMR (CDCL;, ppm) 8 23.72 / 23.76 (t, C-7, -11), 24.59 (t, C-3), 25.87 (t, C-13)

AL WA 1 VAIN \(WdsNad, ppiad Ve 7 Fape s TS g,

28.81/28.94/28.97/29.03/29.33 (t, C-4 - C-6, C-12, C-14), 33.90 (t, C-2), 42.40 / 42.65 (,



6 ( 73 (i, C 211.32 (s, C-9); MS (EI, %) m/z
286 2) M ], 86 (39), 83 (100); Anal calcd for C16H3OO4 (286.4), C 67.10, H 10.56; found C
67.16, H 10.61.

General procedure: To a mixture of 7a (9.26 g, 36.0 mmol) and Nal (32.0 g, 213 mmol)
in CH;CN (250 mL) under argon atmosphere pyridine (4.40 mL, 54.0 mmol) was added. The
suspension was heated to 60 °C for 10 min and cooled to room temp. Trimethylsilyl chloride
(16.0 mL, 126 mmol) was introduced and the reaction mixture was stirred at 100 °C for 3 d.
After cooling to room temp the suspension was quenched with Et,O (500 mL) and the
precipitate of Nal was filtered oftf. The solvents were removed under reduced pressure to leave
a solid residue, which was dissolved in 2 N HCI (100 mL) and Et,O (100 mL). The aqueous

layer was extracted with Et,0 (2 x 100 mL). After washing with a solution of NaHSO; (10%)

W

!

=]

1
pressure. The residue was purified by recrystallization (EtOAc/n-pentane) to provide 8a (8.6 g,
68%) as a colourless solid, mp 77.5 - 78.5 °C.

13-Iodo-9-ox0- I-tridecanoic acid (8a); IR (KBr, cm™) ¥ 3430 (br., O-H), 1704 (br. s,

C_—_ﬂ Oc_ﬂ) HINMR (CDCL nmY& 12901 42(m &1 AL 611 144 -1 00 (+ QLT 72

O HNMR (CDCl;, ppm) 8 1.20 - 1.43 (m, 6H, 4-H; - 6-H,), 1.44 - 1.90 (m, 8H, 3-
, 7-, 11-, 12-Hy), 2.35 (t, J = 7.7 Hz, 2H, 2-H,), 2.40 (t, J= 7.7 Hz, 2H, 8-H,"), 2.44 (t, J = 6.9
Hz, 2H, IO-H;), 3.19 (t, J = 6.9 Hz, 2H, 13-H,), 11.0 (br. s, exchangeable, 1H, COOH);
“C NMR (CDCl;, ppm) & 6.09 (t, C-13), 23.62 / 24.52 (t, C-7, -117), 24.48 (1, C-3"), 28.73 /
28.88 (2 t for 3C, C-4 - C-6), 32.76 (t, C-12), 33.93 (t, C-2), 41.28 / 42.65 (t, C-8, -10), 179.93
(s, C-1), 210.61 (s, C-9); MS (EL %) m/z 354 (1) [M"], 336 (3), 227 (100), 209 (45); Anal
calced for C3Hp3105 (354.2), C 44.08, H 6.54; found C 44.17, H 6.55.

14-lodo-9-oxo- 1-tetradecanoic acid (8b). Scale 35.0 mmol of 7b, 210 mmol of Nal, 52.0
a

mmol of pyridine and 122 mmol of trimethylsilyl chloride, yield after recrystallization
-1 —~

(EtOAc/c_yclsuexane) 79% (10 2g), mp 69 - 70 °C; IR (KBr, cm™) v 3100 (br., O-H), 1703

(br. s, C=0, U"—U), R (CDCIs, ppm) 6 1.15 - 1.43 (m, 8H, 4-H, - 6-H,, 12-H,), 1.43 -

m) d 1 1
1.65 (m, 6H, 3-, 7-, 11-H2) 1.77 (dtt, J= 6.9 Hz, 6.9 Hz, 1.0 Hz, 2H, 13-H,), 2.28 (td, J = 7.6
H,

Hz, 0.8 Hz, 2H, 2-H,), 2.33 (t, /= 7.4 Hz, 2 8H{),2.36(t,] 7.0 Hz, 2H, 10-H,"), 3.12 (ud,
J=6.9Hz, 1.0Hz 2H, 14-H,), 11.4 (br. s, exchan 1H, COOH); C NMR (CDCl;

o [+ nnm)
F aady 1.V LAl Lii, TTRAD gy A A Dy waviIlLLE iV, 11 \ VL NIVIIN \V i3, Py

0 6.63 (t, C-14),22.54 /23.63 (t,C-7,-11), 24.48 (1, C-3), 28.74 / 28.90 / 29.96 (3 t for 4C, C-4
- C-6,C-12), 33.17 (¢, C-13), 33.94 (t, C-2), 42.31 / 42.69 (t, C-8, -10), 179.94 (s, C-1), 211.05
(s, C-9); MS (EL, %) m/z 368 (1) [M'], 241 (41), 223 (57), 171 (36), 186 (37), 69 (100); Anal
caled for C4H>5105 (368.3), C 45.66, H 6.84; found C 45.70, H 6.78.
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15-Iodo-9-oxo-1-pentadecanoic acid (8¢). Scale 31.9 mmol of 7¢, 190 mmol of Nal,
48.0 mmol of pyridine and 112 mmol of trimethylsilyl chloride, yleld after recrystallization
(Et,O/n-pentane) 76% (9.23 g), mp 68 - 71 °C; IR (KBr, cm’ " ¥ 2900 (br. O-H), 1703 (s,
C=0, OC=0); '"H NMR (CDCl;, ppm) & 1.22 - 1.46 (m, 10H, 4-H, - 6-H,, 12-; 13-H,), 1.47 -
1.70 (m, 6H, 3-, 7-, 11-Hy), 1.82 (tt, J= 7.5 Hz, 6.7Hz, 2H, 14-H,), 2.35 (t, /= 7.7 Hz, 2H, 2-

5

H,), 2.39 (t, J= 7.1 Hz, 2H, 8-H,"), 2.40 (t, J = 7.2 Hz, 2H, 10-H,), 3.18 (t, J = 6.9 Hz, 2H, 15-
H,), 8.80 (br. s, exchangeable, 1H, COOH); “C NMR (CDCls;, ppm) & 7.14 (t, C-15), 23.49 /
23.70 (t, C-7, -11), 24.56 (t, C-3), 28.04 / 28.81 / 28.97 / 30.20 (4 t fiir 5C, C-4 - C-6, C-12, -
13), 33.19 (t, C-14), 34.01 (t, C-2), 42.53 / 42.74 (t, C-8, -10), 179.97 (s, C-1), 211.49 (s, C-9);
MS (EI, %) m/z 382 (1) [M'], 255 (25), 237 (36), 186 (52), 171 (30), 83 (100); Anal calcd for
C,sH,710; (382.3), C 47.13, H 7.12; found C 47.20, H 7.20.

General procedure: A solution of 8a (8.967 g, 25.32 mmol) in MeOH (100 mL) was
titrated against phenolphthaleine in MeOH (0.02 mL, 10%) with a solution of KOH in MeOH
(49.83 mL, 0.508 N). The solvent was evaporated in vacuo and the residue was dried at 100

°C/1 mbar for 2 h. Part of the resulting dry potassium 13-i0do-9-o0x0-1-tridecanoate (2 ’)ﬂ

Gl 1UL & 1l. 1L Q1L WL ULlw IwOuiliix & My pPULGOSIWILL A JTIVMUT I TUAUVT L oate e

5.61 mmol) was added to dioxane/toluene (1:2, 30 mL) under nitrogen atmosphere and
tetrabutylammonium bromide (10.0 mg, 0.03 mmol) was introduced. The suspension was
heated to 100 °C for 24 h. After cooling to room temp the reaction mixture was filtered with
CH,Cl; (1 L) through 5111cagel (30 g, 0.06-0.2 mm). The filtrate was concentrated under
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26 mg, 6 /6) as a colourless solid, mp 3
9-Oxo-13-tridecanolide (Ia)' R (KBr, cm™') ¥ 1724 (s, OC= O) 1702

m)

H

2.41 (dd, J —7.3nz,73n22n . , 2H, 10-
J=5.4 Hz, 5.4 Hz, 2H, 13-H,); '3CNMR(CDC1 ppm) & 21.51 (t, C-11), 22.32 (t, C-7),
(t, C-3), 25.45 / 26.32/ 26.44 / 27.50 (t, C-4 - C-6, C-12), 33.78 (t, C-2), 39.93 (t, C-10),

(1, C-8) 63.16 (t, C-13), 173.39 (s, C-1), 212.13 (s, C-9); MS (EI, %) m/z 226 (13) M'],

\t,\/U] Vole LU\ by = I Fed 7 \ Py L Jy bmdbmn i AVARS Aayg L4y~

(100); Anal calcd for C3H»,04 (226.3), C 68.99, H 9.80; found C 68.91, H 9.79.
9-Oxo-14-tetradecanolide (Ib). Scale 16.7 mmol of potassium 14-iodo-9-oxo0-1-
tetradecanoate and 0.25 mmol tetrabutylammonium bromide in dioxane/toluene (1:1, 100 mL),
yield 62 % (2.48 g), mp 32 - 33 °C; IR (KBr, cm™) ¥ 1731 (s, OC=0), 1707 (s C=0), 1256 /
6 I.GK

£ (o Y. TN (O aamtan
1162 {(m, C-0); H NMR (CDCl;, ppm)

1.40 1 60 l 7/1
(m, 8H, 3-, 7-, 11-, 13-H,), 2.32 - 2.34 (m in it dd, J= 6.3

\-/



6.6 Hz, 6.6 Hz, 2H, 8-H,"), 2.42 (dd, J= 6.4 Hz, 6.4 Hz, 2H, 10-H,"), 4.11 - 4.13 (m therein dd,
J = 5.4 Hz, 5.4 Hz, 2H, 14-11,); *C NMR (CDCls, ppm)6 .56 /24.07 (t, C-7, -11), 24.37 (4,
C-3), 25.83 /26.83 / 27.39 / 27.69 (t, C-4 - C-6, C-12), 28.26 (t, C-13), 34.03 (t, C-2), 41.30 (t,
C-107), 42.13 (1, C-8"), 64.82 (t, C-14), 173.62 (s, C-l) 2.04 (s, C-9); MS (EI, %) m/z
240 (28) [M], 183 (12), 112 (100); Anal caled for C4H03 (240 3), C 69.97, H 10.06; found

9-Oxo-15-pentadecanolide (Ic). Scale 20.0 mmol of potassium 15-iodo-9-oxo-1-
pentadecanoate and 0.10 mmol tetrabutylammonium bromide in dioxane/toluene (1:1, 150
ml.), yield 68 % (3.44 g), mp 31 - 33 °C; scale 0.5 mmol of potassium 15-i0do-9-0xo0-1-

MmN Y 1770 (¢ OC=0) 1706 (g (‘:ﬂ\ 1218

e“itadeca“ioate }'icxu o1 /0 (0.103 g); IR (KBI', cm J V LTLT (0, LT, 17UV (0, T, 1210
162 (m, C-0); 'H NMR (C DCl;, ppm) 6 1.26 - 1.44 (m, 10H, 4-H, - 6-H,, 12-, 13-H,), 1.56 -

13
15-“2); C NMR (CDC}3, ppm) 23.16 / 23.61 (t, C-7, =11), 24.71 (t, C- 3), 26. 03 (t, ,113)’
~ -~ e a Ny B e TR e ) A Vo B o N o Fanl ™ re ~ O\ l‘\n F'/ P Fa! 1 AN N A AN S F ! A o *\
27.14/27.50/27.68/27.96 (t, C-4 - C-6, C-12), 28.76 (1, C-14), 34.23 {1, C-2), 41.34 (t, C-8 ),

41.54 (t, C-10") 64.23 (t, C-15), 173.70 (s, C-1), 212 09 (s, C-9); MS (EI, %) m/z 254 (20)
[M'], 236 (13), 197 (35), 83 (100); Anal calcd for CysHy60;(254.4), C 70.83, H 10.30; found C
70.74, H 10.35.

Synthesis of Oxo Lactones 1d/e

General procedure: Lithium undec-10-enoate was prepared as Lithium oleate (see 1a).

Lithium undec-10-enoate (19.0 g, 100 mmol; 5b) and pieces of lithium of | cm in diameter (2.1
g, 0.30 mmol) were added to THF (330mL) under argon atmosphere. The suspension was

stirred at room temp. 4-Chloro-1-methoxybutane (19.4 g, 158 mmol; 3a) [11a] was added in 2
portions within 4 h. The remaining lithium was removed and the reaction mixture was poured
extracted with Et;O (3 x 200 mL). The combined organic extra

1d e d with E ined orga
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(Na,;SO,) and the solvents removed under reduced pressure. The residue was purifie
distillation (0.05 mbar, 105 °C) to give 6d (22.0g, 87%) as a colourless oil.

1-Methoxy- 14-pentadecen-5-one (6d); IR (film, cm'l) v 1714 (s, C=0), 1121 (s, C-O);
'HNMR (CDCls, ppm) & 1.47 - 1.72 (m, 16H, 2-, 3-H,, 7-H, - 12-H,), 1.98 - 2.09 (m, 2H,
13-H,), 2.39 (t, /= 7.7 Hz, 2H, ouz),zcu(t J—7SHz Z2H, 4112),554(3 3H, OCH,), 3.37
(t, J=6.1 Hz, 2H, 1-H,), 4.93 (ddt, J=10.3 Hz, 2.2 Hz and 1.2 Hz, 1H, 15-H,), 4.99 (ddt,

J=17.2Hz, 2.2 Hz and 1.4 Hz, 1H, 15-H,,,,), 5.81 (ddt, J=17.1 Hz, 10.3 Hz and 6.8 Hz, 1H,

13
14-H); "3C NMR (CDCl;, ppm) & 20.43 / 23.72 / 28.76 / 28.92 / 29.01 / 29.10 / 29.16 / 29.22
(t, C-2, -3, C-7 - C-12), 33.64 (i, C-13), 42.27 (,C-4), 42.62 (t, C-6), 58.36 (q, OCH;), 72.32 (1,
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C-1), 114.00 (t, C-15), 138.95 (d, C-14), 210.86 (s, C-5); MS (CI, %) m/z 255 (100) [M'+ H],

237 (1), 223 (63); Anal calcd for C 4H300; (254.4), C 75.54, H 11.89; found C 75.42, H 11.86.
1-Methoxy- 15-hexadecen-6-one (6e). Scale 80 mmol of lithium undec-10-enoate (Sb),

241 mmol of lit}

B

m and 123 mmol of 5- rh]nm-_-methnxvnemane (%b\ [11a]

[e 2R LY ) rQllv VW

n N1 ~1 rn 7L

1J
g), bp 136 °C/0.05 - 0.01 mbar; IR (film, cm’’ (
C-0); '"H NMR (CDCl;, ppm) & 1.23 - 1.67 (m, 18H, 2- 3-, 4-H,, 7-H, -
2H, 14-Hy), 2.38 (t, J= 7.3 Hz, 2H, 7-H,"), 2.40 (t, J= 7.2 Hz, 2H, 5-H;"), 3.32
336 (t J=6.5Hz, 2H, ..Hq\ 4903 (ddt J=10.2 Hz, 2.2 Hz und 1.2 Hz, 1H, 16-H,;

OO RS I V479 A W --._? L& 1AL LI 1.4 R4, 223 LN

(ddt, J=17.1 Hz, 2.3 Hz and 1.4 Hz, 1H, 16-H,as), 5.81 (ddt, J=17.0 Hz, 10.3 Hz and

1H, 15-H); C NMR (CDCls, ppm) & 23.37 / 23.58 / 25.57 / 28.64 / 28.81 / 28.98 /

29.11/29.20 (t, C-2 - C-4, C-8 - C-13), 33.52 (t, C-14), 42.36 (1, C-5), 42.51 (t, C-7), 58.

OCH,), 72.29 (t, C-1), 113.88 (t, C-16), 138.76 (d C-15), 210.68 (s, C-6); MS (CI, %)
0) [M™+ ], 237 (12); Ana :

1.98.
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Sonochemical Lemieux Oxidations

F 11

General proceaiire. Ol \1 43,
410 mL) K,CO5 (19.6 g, 142 mmol) a aIO4 (55.6 g, 260 mmol) were added. The
suspension was sonicated with a horn and v1gorously stirred with a stirring bar. After pre-
sonication of 1 h a solution of KMnQO,4 (1.35 g, 8.5 mmol) in water (80 mL) was added
dropwise over a period of 14 h. The reaction mixture was sonicated for a further 3 h. The

,_3
gc:
U
<

T a anliitin
1L d >UIULIV

ek

solution was carefully acidified with H;SO,4 (10%) and the precipitate of the MnO, was filtered
off. The filtrate was extracted with Et;0 (5 x 80 mL). The combined organic extracts were
washed with water (2 x 100 mL) and brine (1 x 100 mL). The organics were dried (Na,SOy)

and the solvent was removed under reduced pressure. The residue was purified by

O Proviac /4 (o./7-

£

14—Meth0xy-10 oxo-tetradecanoic acid (7d).; IR (KBr, cm™) ¥ 2650 - 3300 (br., O-H),

1697 (br. s, C=0, OC=0), 1134 (s, C-O); '"H NMR (CDCls, ppm)’ 6 1.17 - 1.34 (m, 8H, 4-H, -
7-H,), 1.43 - 1.67 (m, 8H, 3-, &, 12-, 13-H,), 2.29 (t, J=7.5 Hz, 2H, 2-H,), 2.34 (t, /= 7.5 Hz

L), 1.43 - 1.67 (m, 8H, 3-, 8-, 12- 1), 2.29 (1, Hz, 2H, 2-H,), 2.34 (t, /= 7.5 Hz,
2H, 9-H,™), 2.37 (t, J=7.5Hz, 2H, 11-H, ), 3.27 (s, 3H, OCH3), 3.33 (t, J=6.2 Hz, 2H,
14-H,), ("Acid proton was not detectable.); *C NMR (CDCl;, ppm) & 23.58 / 20.33 / 23.62 /
24.49 / 28.81 / 28.86 / 28.95 / 28.98 (t, C-3 - C-8, C-12, -13), 33.85 (t, C-2), 42.21 (t, C-9),
42.54 (t, C-11), 58.24 (q, OCH3), 72.28 (t, C- 14) 179.11 (s, c-1) 211.22 (s c-m); MS (CI,

£ 14 LT

Y LN NCL LN A1 AN
4j, L 0014, 0

%) m/z 273 (63) [M'+ H], 255 (36), 241 (10
10.36; found C 66.01, H 10.30.
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15-Methoxy-10-oxo-1-pentadecanocic acid (7e). Scale 37.0 mmol of 6e, 224 mmol of
NalO4 and 5.51 mmol of KMnOj, in water (55 mL), yield 82% (8.73 g), mp 60.5 - 61.0 °C; IR
(KBr, cm™) ¥ 2600 - 3350 (br. O-H), 1696 (s, C=0, OC=0), 1135 (s, C-0); '"H NMR (CDCl;,

ppm) § 1.24 - 1.39 (m, 10H, 4-H, - 7-H,, 13-H,), 1.50 - 1.65 (m, 8H, 3-, 8-, 12- la_nﬂ),234(f
J=7& s NI D 1Q (+ JT—"T A LI *\ - ALY 11 1T 333 (s
J 1.or ,4.11,4.112) AJO\L,J [ N B VN Lﬂ,V-ng},L‘fU\L,J“/*ﬂL,AH,ll'ﬂg),.).) (S,

3H, OCHs), 3.38 (t, J= 6.7 Hz, 2H, 15-Hy), 10.8 (br., s, exchangeable, 1H, COOH); *C NMR
(CDCls, ppm) & 23.60 / 23.79 / 24.65 / 25.75 / 28.97 / 29.05 / 29.14 / 29.17 / 29.33 (t, C-3 -
C-8, C-12 - C-14), 34.03 (1, C-2), 42.65 (1, C-9), 42.79 (t, C-11), 58.48 (g, OCH;), 72.58 (1,

C-15), 179.53 (s, C-1), 211.65 (s, C-10); MS (CI, %) m/z 286 (9) [M"], 200 (39), 185 (23), 144

nor AN ra W

(92), 129 (40); Anal calcd for C;4H3004 (286.4), C 67.10, H 10.56; found C 67.16, H 10.48.

Synthesis of lodo Carboxylic Acids 8d/e

ool mynns Aazzens T o mmivtiiera F A (Q \ .. g 21 Q s ~1) .-.“J T~T /D A~ 100 1\
UCHrﬁI“L IJI vccUdurc. 10 a lillALULIC UL /U \ 5’ 2 1.0 111111 } daliu 1\|d \ “|' g 107 IIHIIUI}
in CH;CN (250 mL) under argon atmosphere pyr1dme (3.90 mL, 47.9 mmol) was added. The

suspension was heated to 80 °C for 10 min and cooled back to room temp. Trimethylsilyl
chloride (14.2 mL, 112 mmol) was introduced and the reaction mixture was heated at 100 °C
for 14 h After cooling to room temp the suspension was quenched with I:‘th (500 mL) and the
a solid residue, which was dissolved in 2 N HCI (100 mL) and Et,O (100 mL). The aqueous
layer was extracted with Et,;O (2 x 100 mL). After washing with a solution of NaHSOs (10%)
and brine the combined organic extracts were dried (Na,SO,4) and concentrated under reduced

ﬂﬂﬂﬂﬂﬂﬂﬂ T]’\ ”D(‘;I“In 1TXrN 0 MI1Pe
pressure. 1ne résiaue was pur
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85%) as colouriess solid, mp 73 - 74 °C.
14-Iodo-10-oxo-1-tetradecanoic acid (8d).; IR (KBr, ecm™) v 2500 - 3250 (br. O- H),
1701 (s, C=0, OC=0); 'H NMR (CDCls, ppm) & 1.50 - 1.36 (m, 8H, 4-H, - 7-H,), 1.49 - 1.82

{(m RH '2_ 52_ 12. ]':ll—l\ 228 (t. J= 75HZ 2H ’)I—-I\ 233¢t. J =75Hz. 2H o1 7127
’ \H

ik, UL iy s LTA R AL A G 2} ot LAy Ll dy TTRL) Jy LIS

(t, J=7.1 Hz, 2H, 11-H, ), 3.11 (t, J=6.6 Hz, 2H, 14-H;), 11.0 (br., s, exchangeable, 1H,
COOH); 3¢ NMR (CDCl;, ppm) & 6.10 (t, C-14),23.71 /24.55/28.88 / 28.94 /29.05/ 29.07 /

29.09 /32.81 (t, C-3 - 8§, C-12, -13), 33.99 (t, C-2), 41.28 (t, C-11), 42.71 (t, C-9), 179.99 (s,
C-1), 210.69 (s, C-10); MS (CI, %) m/z 369 (4) [M'+ H], 351 (100), 241 (41), 211 (29); Anal

1
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15-Iodo-10-oxo- 1-pentadecanoic acid (8e). Scale 23.1 mmol of 7e, 139 mmol of Nal,
34.7 mmol of pyridine and 81 mmol of trimethylsilyl chloride, yield 88% (7.75 g), mp 78.5 -
79.5 °C; IR (KBr, cm) v 2500 - 3250 (br., O-H), 1700 (br. s, C=0, OC=0); 'H NMR

£1TY Q

A 19 LY N\
, 6H, 3-, 8-, i4-r1y},

H, - 7-H,. 13-H-). 1.52
, &4-rip - /-rip, 13-riz), 1.04 - 1.

T £ amn
n 6 (n
1.83 (tt, J= 7.2 Hz, 7.2 Hz, 2H, 14-H,), 2.34 (t, /= 7.6 Hz, 2H, 2-H2) 2.3 (t J=7.4Hz, 2H,
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9-H,"), 2.42 (t, J=7.2 Hz, 2H, 11-H,""), 3.19 (t, J =7.0 Hz, 2H, 15-H,), ('Acid proton was
not detectable.); >C NMR (CDCls, ppm) & 6.78 (t, C-15), 22.61/23.77 / 24.61 / 28.95 / 29.03 /

/
29.13/29.15/30.03 / 33.25 (t, C-3 - C-8, C-12 - C-14), 34.04 (, C-2), 42.39 (1,C-11), 42.82 (t,

2),
); MS (CI, %) m/z 383 (31) [M'+
4

C-9), 180.06 (s, C-1), 211.25 (s, C-10); ) H], 365 (100), 255 (21),
239 (13); Anal caled for CsH,;105 (382.3), C47.13, H7.12; found C47.12, H7.11.
Cyclization to 1d/e

General procedure: A solution of 8d (3.00 g, 8.1 mmol) in MeOH (100 mL) was titrated
with a solution of KOH in MeOH (16.04 mL, 0.508 N) against pheﬂolphthaieme in MeOH

>

(0.02 mL, 10%). The solvent was evaporated in vacuo and the residue dried under reduced
pressure (1 mbar) for 15 h. The resulting potassium 14-iodo-10-oxo-1-tetradecanoic acid (3.23
g, 80 mmol) was added to toluene (60 mL) under nitrogen atmosphere and

rabutylammonium bromide (?9.4 mg, 0.12 mmol) was introduced. The sus

iel 1
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heated to 100 °C and stirred at this temperature for 3 d. After 2 d further tetrabutylammonium
bromide was added (12.8 mg, 0.04 mmol). The reaction mixture was cooled to room temp and
filtered with CH,Cl, (400 mL) through silicagel (12 g, 0.06 - 0.2 mm). The filtrate was
concentrated under reduced pressure and the residue purified by silicagel column

chromatography (Et,;O/n-pentane, 1:2) to provide 1d (1.54 g, 81%) as colourless solid, mp 40.5
- Vol O/'\
-41.5°C.

3- 8—, 12— 13-H2), 2.36 (dd, J= 6.J Hz, 6.3 Hz, 2H, 2=H2), 2.4. dd, J= é 7Hz, 6.7 Hz, 2H,
\ “ — — * I - rr 14 T 134~ a4y
9-H,), 2.44 (t, J=7.6 Hz, 2H, 11-H; ), 4.15 (dd, J=5.4 Hz, 5.4 Hz, 2H, 14-H,); "C NMR

. H
(CDCls, ppm) 8 21.56 (t, C-12), 23.51 (t, C-8), 24.68 (t, C-3), 26.77 / 26.79 / 26.81 / 27.16 (t,
C-4 - C-7), 27.76 (1, C-13), 34.20 (1, C-2), 41.49 (1, C-9), 42.28 (t, C-11), 63.49 (t, C-14),
173.78 (q C- 1\ 212.37 (q C-10): MS (PT ‘%\ m/z 240 (7\ fM] 98 (100): Anal caled for

........... L Je VI (A 2} -AA“A i AVi

C14H2405(240.3), C 69.96, H 10.07; found C 69.92, H 10.05.

10-Oxo-15-pentadecanolide (1e). Scale 9.8 mmol of potassium 15-i0odo-10-0x0-1-
pentadecanoic acid and 0.15 mmol of tetrabutylammonium bromide, yield 85% (2.12 g), mp
40.5 - 41.5 °C; IR (KBr, cm™) ¥ 1732 (s, OC=0), 1710 (s, C=0), 1256 (s, C-0); '"H NMR

(L, ppimy

14-Hy), 231 (dd
(dd, J= 62H
(CDCl;, ppm)

(

27 61
Lidl

(o]
—
o
p——

m, 10H, 4-
, J= 6.6 Hz, 6.6 Hz, 2H,
6.2 Hz, 2H, ll-H) 4,
23

27(t C-8), 2376(

1 7110 12_11.Y 1 8Q 1 &0

_ 7. (v RIT 2. Q19
2 /=113, 15-r13), 1.36 - 1.0y (U1}, © 14—,

™

r ~r

T

2-H,), 2.41 (dd, J= 6.4 Hz, 6.4 Hz, 2H 2

10 (dd, J=5.5Hz, 5.5Hz, 2H, ISH) BC NMR
C- , 27.

6
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64.25 (t, C-15), 174.03 (s, C-1), 211.93 (s, C-10); MS (EI, %) m/z 254 (26) [M'], 114 (25), 112
(100), 70 (22); Anal calcd for C;sHys05 (254.4) C 70.83, H 10.30; found C 70.87, H 10.36.

Synthesis of Musk Macrolides 11

General procedure: To methyltriphenylphosphonium bromide (1.89 g, 5.30 mmol) and
KO#Bu (593 mg, 5.30 mmol) toluene (50 mL) was added and the suspension was heated up
under sonication to 50 °C for 15 min. The solution was cooled to room temp and slowly

injected via a syringe to a solution of 1a in toluene. The addition of the ylld s stopped
ined anymore and water (100mL) w added, The

I i = AN

when the reaction mixture was not des

NN T\ FAT]
vy 1

roantinn mivtiira wag avirantad with Tt 1 Atrrad e tha PR AN I S
ICavtiull IIALULL vwad CAuavicl willl L) 1 1up} vV wou Uy L 1 0L UIC aqucous
layer with Et,0 (3 x 50 mL). The combined organic extracts were washed with water (2 x) and

brine (1 x). The organic extracts were dried (Na,SOy) and the solvent removed under reduced

pressure. Triphenylphosphine oxide was separated from the crude product by fractional
crystallization (Et,O/n-pentane) at -18 °C. Further purification by silicagel

r‘n‘nrn'n

............... (Et,O e) at -18 Further purification ilicagel column
chromatography (EtzO/n-pentane, 1:30) provided 11a (328 mg, 83%) as a colourless liquid.

9-Methylene- 1 3-tridecanolide (11a). IR (film, cm™) v 3068 (w, C-H exo-methylene),

1734 (s, OC=0), 1643 (m, C=CH,), 1245 / 1137 (s, C-0), 887 (s, C-H exo-methylene);

'H NMR (CDCl;, ppm) & 1.30 - 1.35/ 1.37 - 1.43 (m, 8H, 4-H, - 7-H,), 1.52 - 1.58 (m, 2H, 11-
H), 1.60 - 1.70 (m, 4H, 3-, 12-Hy), 1.99 - 2.02 (m therein dd, / = 7.7 Hz, 7.7 Hz, 2H, 8-H, ),
2.08 - 2.11 (m therein dd, J = 7.7 Hz, 7.7 Hz, 2H, 10-H,"), 2.37 - 2.40 (m therein dd, J = 6.2
Hz, 6.2 Hz, 2H, 2-H,), 4.15 - 4.18 (m therein dd, J = 5.2 Hz, 5.2 Hz, 2H, 13-H,), 4.706 - 4.721
(m, 2H, 9=CH,); C NMR (CDCl;, ppm) & 23.47 (t, C-11), 24.62 (t, C-3), 24.37 (t, C-7), 25.53
/25.69/26.15/27.59 (t, C-4 - C-6, -12), 34.20 (t, C-2), 33.09 / 34.72 (t, C-8, -10), 64.04 (1, C-
13), 110.35 (t, 9=CH,), 149.20 (s, C-9 56 ) D I, %) m/z 225 (100) [M" + H],

0 (s, C-9), 173.56 (s, C-1); MS (C
207 (54) [M" - H,0]; Anal caled for C,4sH,,0, (224.3) C 76.9

10.81.
9-Methylene- 14-tetradecanolide (11b). Scale 5.00 mmol of methyltriphenylphos-
phomum bromide, 5.00 mmol of KOsBu and 2.50 mmol of 1b, yield 90% (539 mg); IR (film,

cm’ ) v 3070 (w, C—H exo-methylene), 1733 (s, OC=0), 1641 (m, C=CH,), 1245 / 1178 (s,
C-0), 887 (s, C—H exo-methylene); 'H NMR (CDCls, ppm) 6 1.32 - 1.52 (m, 12H, 4-H, - 7-H,,
11-, 12-H,), 1.60 - 1.70 (m, 4H, 3-, 13-H,), 2.00 (ddd, J = 7.0 Hz, 7.0 Hz, 1.3 Hz, 2H, 8-H,"),

H 1IN 1.* » 122 235(minitdd. J= 6.3 Hz. 6.3 Hz
>

09 (ddd, J = K.A Hz, 6.4 Hz, 1.2 Hz 1U-I1p J, £.50 - £.00 (U i 1 GG, v = V.0 11Z, 0.5 11Z,

== o)
\Qaq, v = 9.9 1174, 0.4 1124, 1.£ 112, £

U7
I ~ TT N\ -~ poy ~

D4HZ 5.4 Hz, 2H, 14-H;), 4.706 - 4.716 (m, 1H,

/

t. C-8-10). 64.02 (t. C- IA\ 10998 (1. 9=CH,). 148 83 (5. C-9). 173.78 (5. C - NQ (T

,\,*l), LA Jg UTT. UL Ly W Jy 1V .70 \(by J 17 Js ATU.0T Oy WT7)y 17 J.70 \D, \./=1}, Vi \w1,



0/\ vin/o A0 £1ONY TAAY L ITT A91 7AINN T N1 Al il d £ Y (N0 AN
70) I/Z £L37 {(1UU) [IVI T M}, 241 {(JVU) [IVI - [IpUJ|; AQldl CaICa 10T U sIpells (£36.4) U
11.00; found C 75.47, H 10.94.

9-Methylene-15-pentadecanolide (11c). Scale 11.9 mmol of methyltriphenylphos-

phonium bromide, 11.9 mmol of KOsBu and 5.94 mmol of 1¢, yield 83% (1.24 g); IR (KBr,
Cpﬂ'l) v 3070 (\’v C-H pvn-mpfhv]pnp\ 1735 (:: QOC= ﬂ\ 1642 (m C=CH,). 1247 / 1180 (s

4L WAVTLIIIWLILY 1wl PV o ) L)y t&T7 4 11UV \D

C-0), 887 (s, C-H exo-methylene); 'H NMR (CDCl;, ppm) & 1.27 - 1.37 (m, 8H, 5-, 6-, 12-,
13-H,), 1.39 - 1.44 (m, 4H, 7-, 11-H,), 1.48 (tt, 2H, J = 7.1 Hz, 7.1 Hz, 4-H,), 1.62 (tt, J = 6.6
Hz, 6.6 Hz, 2H, 14-Hy), 1.60 - 1.67 (m, 2H, 3-H,), 2.03 (dd, J = 7.5 Hz, 7.5 Hz, 2H, 8-H,"),
2.04 (dd, J = 7.5 Hz, 7.5 Hz, 2H, 10-H,"), 2.3 - 2.35 (m therein dd, J = 6.5 Hz, 6.5 Hz, 2H,

A 1L 7311 L 1T, &£ £ IY, LY 1&£ lzle] TYT O—MYT ), NTAATY /7MTNM R W g
2-H,), 4.15 (dd, J= 5.5 Hz, 5.6 Hz, 2H, 15-H,), 4.72 (s, 2H, 9= an), ’C NMR (CDCLs, ppm) 0

25.31 (1, C-3), 25.68 / 26.06 / 26.45 / 2731/ 27.36 / 27.77/ 27.82 (t, C-4 - C-7, C-11 - C-13),
28.52 (1, C-14), 34.27 (t, C-2), 34.77 (t, C-8"), 35.09 (t, C-10") 63.97 (t, C-15), 109.82 (¢,
9=CH,), 149.23 (s, C-9), 173.93 (s, C-1); MS (CL %) m/z 253 (100) [M" + H], 235 (12) [M" -

Anal caled for C..H,..O), (2572 A\f"7A1A H1l. 19 found C76.1 1’7 H11.26.

H,0]; Anal calcd for C;¢H230,(252.4 ound C HI11.
10-Methylene-14-tetradecanolide (11d). Scale 4.80 mmol of methyltriphenylphos-
phonium bromide, 4.80 mmol of KOsBu and 2.10 mmol of 1d, yield 99% (0.49 g); IR (KBr,
em™) ¥ 3066 (s, C-H exo-methylene), 1734 (s, OC=0), 1642 (m, C=CH,), 1238 / 1171 (s,
C-0), 887 (s, C-H exo-methylene); 'H NMR (CDCl;, ppm) & 1.26 - 1.46 (m, 10H, 4-H, -

NnTY

8-H,), 1.51 - 1.59 (m, 2H, 12-H,), 1.63 - 1.72 (m, 4H, 3-, 13-H,), 2.05 (2t, /= 6.8 Hz or 8.0 Hz,
4H, 9-, 11-H,), 2.35 (dd, J=6.2 Hz, 6.2 Hz, 2H, 2-H,), 4.16 (dd, J=5.3 Hz, 5.3 Hz, 2H,
14-1L,), 4.70 - 4.73 (m, 2H, 10=CH,); ?C NMR (CDCl;, ppm) 6 24.87 (t, C-12), 25.42 (t, C-8),

1T

25.67 (1, C-3),2647/2660/%R7/2 49 (t, C-4 - C-7), 28.41 (1, C-13) 34nz(f €-2),35.14
/e QN DL 1'!/&{“‘1 1\ £ £77 [+ 1A 110 &2 7+ 1TN=TT N\ 1AQ0 A Fo 1NN 1774 l'\[/ 1\.
(t, L-57), 50.17 (i, 1), 63.67 (t, C-14), 110.53 (t, 10=CH,), 149.34 (s, C-10), 174.06 (s, C-1);
MS (EL, %) m/z 238 (29) [M], '(‘00), Anal caled for CysHaO, (238.4 )c 75.58, H 10. 99,

found C 75.47, H 10.88.

10-Methylene-15-pentadecanolide (11e). Scale 6.00 mmol of methyltriphenylphos-
nium bromide, 6.00 mmo! of KO/Bu and 2.55 mmol of Te, yield 93% (597 mg); IR (film

nhn
]_JllUl 1Ulll UlUJUlLIIuv, V.UV l.llll..l 1 en’/o/ RIRLLINJL WL R Wy 'yl 1]15}, FEAN \Llllll,

cm) v 3074 (s, C-H exo-methylene), 1735 (s, OC=0), 1643 (m, C=CH,), 1239 / 1174 (s,
C-0), 887 (s, C—H exo-methylene); 'H NMR (CDCl;, ppm) & 1.30 - 1.53 (m, 14H, 4-H, - 8-H,,

13-H2) 1.61 - 1.69 (m, 4H, 3-, 14-H,), 2.01 (t, J= 7.0 Hz, 2H, 9-H,"), 2.06 (t, J= 6.4 Hz,
, 11-H), = 2-H,), 4.12 (dd, J= 5.6 Hz, 5.6 Hz, 2H, 15-H,),
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4.73/4.74 (2t,J=1.1 Hz or 1.0 Hz, 2H, 10=Ch) C NMR (CDCl;, ppm) 0 25.08 (t C- 12)
25.68 (t, C-8), 25.85 (t, C-3), 26.58 / 26.70 / 27.09 / 27.48 / 27.70 (t, C-4 - C-7, C- 54 (,
C-14), 34.25 (t, C-2), 34.48 (t, C-9), 35.76 (t, C-11), 64.00 (t, C-15), 109.43 (t, CH,),
148.87 (q C- Iﬂ), 174.16 (s, C-1); MS (P,lj ‘?/g)m/z 252 (27) \fMﬂ 96(90\ 95 (lﬂ 0); Anal calcd
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General procedure: Platinum on carbon (10%) (179 mg) was suspended under argon in
ethyl acetate and the suspension hydrogenated for 0.5 h. 11a (206 mg, 0.92 mmol) was added

and the hydrogenation continued for a a further 24 h. The catalyst was filtered off by filtration
through Na-SO, and washed with Et,Q. The solvents were removed under reduced vressure
LilLovy él INd20O\/4 ailu vvaau L VVll-ll L. 11 DULVCLILD WUOIC 1CLIIVUVOU ullucl 1CUULC u plLDbULC

and the crude product was purified by silicagel column chromatography (Et,O/n-pentane, 1:30)
to obtain 12a (201 mg, 97%) as a colourless liquid.

(£)-9-Methyl-13-tridecanolide (12a). IR (film, cm™) ¥ 1735 (s, OC=0), 1247 / 1144 (s,
C-0); '"HNMR (CDCls, ppm) & 0.88 (d, J = 6.9 Hz, 3H, 9-CH,), 1.18 - 1.45 (m, 15H, 4-H, - 8-
H,, 10-, 11-H,, 9-H), 1.55 - 1.65 (m, 2H, 3-H,), 1.66 - 1.74 (m, 2H, 12-H,), 2.34 part A of an
ABXX'-system (ddd, /= 14.5 Hz, 4.7 Hz, 1.0 Hz, 1H, 2-H,), 2.40 part B of an ABXX -system

(ddd, J = 14.5 Hz, 5.0 Hz, 0.7 Hz, 1H, 2-Hg), 4.06 (ddd, J = 11.0 Hz, 8.8 Hz, 3.0 Hz, 1H,
13-H,), 4.24 (ddd, J=11.0 Hz, 6.4 Hz, 3.4 Hz, |H, 13-H,); "C NMR (CDC! 20.99 (

107 Lla},ﬂ'é_l' uuu (¥4 11.v Lll.a’ v ) 3 F s a1 q,
9-Me), 20.90 / 21.23 (t, C-7, -11), 24.51 (t, C-3), 25.78 / 25.91 / 26.39 (t, C-4 - C-6), 28.19 (t,
C-12), 30.73 (d, C-9), 31.68 / 32.65 (t, C-8, -10), 34.55 (t, C-2), 63.16 (t, C-13), 173.69 (s, C-
1); MS (CI, %) m/z 227 (100) [M" + H], 209 (5) [M" - H,0]; Anal calcd for Cy4Hz60,(226.4) C

74.29, H 11.58; found C 74.36, H 11.62.

-7
7

(

: 11b and 162 mg of platinum
on carbon, purification by sxlxca—gel column chromatography (Et,O/n-pentane, 1:50), yield
87% (176 mg); IR (film, cm™) ¥ 1735 (s, OC=0), 1246 / 1160 (s, C-0); 'H NMR (CDCl;,

ppm) & 0.85 (d, /= 6.7 Hz, 3H, 9-CH;), 0.92 - 1.00/ 1.20 - 1.52 (m, 17H, 4-H; - 8-H,, 10-H; -

12-H,, 9-H), 1.55 - 1.74 (m, 4H, 3-, 13-H,), 2.33 part A of an ABXX -system (ddd, J = 14.8
Hz, 8.5 Hz, 4.1 Hz, 1H, 2-H,), 2.37 part B of an ABXX -system (ddd, /= 14.8 Hz, 8.2 Hz, 4.2
Hz, 1H, 2-Hp), 4.09 (ddd, J = 11.1 Hz, 8.0 Hz, 3.0 Hz, 1H, 14-H,), 4.18 (ddd, J=11.1 Hz, 7.2

Hz, 3.2 Hz, 1H, 14-1L); “C NMR (CDCl;, ppm) & 21.03 (g, 9-Me), 23.95 (1, C-3), 24.94 /

2590 /2580 /26.63/27.06 /2767 (t. C-4 - C-7. C-11. -12). 28.38 (t. C-13). 2099 (4. C-0)
LILY T LI.OV LUVUT VU [ &i.07 4y T Ty NTLdy TILfy LUT0 Uy TRy LT TT (M, T ),
32.31/3542(t,C 1 4.17 7 (t, C-14), 174.14 (s, C-1); MS (CI, %) m/z 241

(100) [M" + H], 223 (7) [M" - H,0]; Anal
C 7498, H11.71.

(£)-9-Methyl-15-p em...,.ecanolfde (11¢). Scale 0.86 mmol of 12¢ and 168 mg of platinum
ol 1 1. ) DT ~=1 Vg oYY o Y N e e e 1.£NN AN IR B o Vel 1 V4
on Caroon purlncatlon y CdgCl column L[lI'UIIldLUgI'd.pU (ELVU/A-poIidne, 1.0V), yieid 7o7o

(208 mg); IR (film, cm™) ¥ 1737 (s, OC=0), 1249 / 1160 (s, C-O); '"H NMR (CDCls, ppm) &
0.84 (d, J = 6.6 Hz, 3H, 9-CH3), 1.03 - 1.41 (m, 17H, 5-, 6-, 7-, 8-, 10-, 11-, 12-, 13-H,, 9-H),
142 - 1.55 (m. 2H. 4- Hq\ 155 -1.74 (m 4H, 3-, 14- H«\ 2.31 part A of an ABXX" -system

s j ARy L2 2, A2ty A ds i 2 Sl222

(ddd, J = 13.3 Hz, 7.3 Hz, 5.6 Hz, 1H, 2-H,), 2.31 part B of an ABXX -system (ddd, /= 13.3

= s st 3

Hz, 7.7 Hz, 5.8 Hz, 1H, 2-Hg), 4.04 (ddd, /= 11.0 Hz, 7.0 Hz, 4.4 Hz, 1H, 15-H,), 4.23 (ddd, J
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= 11.0 Hz, 6.7 Hz, 4.4 Hz, 1H, 15-H,); *C NMR (CDCl;, ppm) & 20.62 (g, 9-Me), 24.52 (t,
C-3),25.01/25.19/25.54/27.32/27.52/27.58/27.90 (t, C-4 - C-7, C-11 - C-13), 28.51 (4,
C-14), 29.72 (d, C-9) 33.23/ 34.63 (t, C-8, -10), 34.53 (1, C-2), 63.99 (t, C-15), 174.04 (s,
C-l) MS (CT, %) m/z 255 (100) [M" + H], 254 (1) [M']; Anal calcd for C ¢H300, (254.4) C

42 213 4 2.0/

(i)-] O-Methyl-14—tetradecanoltde (11d). Scale 1.30 mmol of 12d and 0.25 g of platinum
on carbon, purification by silicagel column chromatography (Et,O/n-pentane, 1:30), yield 96%
(0.29 g); IR (film, cm™) ¥ 1735 (s, OC=0), 1241 / 1162, (s, C—O); 'H NMR (CDCl;, ppm) &
0.88 (d, /= 6.8 Hz, 3H, 10-CH;), 1.18 - 1.44 (m, 16H, 4-H, - 9-H,, 11-, 12-H,), 1.52 - 1.72 (m,
5H, 3-, 13-H,, 10-H), 2.28 - 2.43 (m, 2H, 2-H,), 4.05 (ddd, J=11.0 Hz, 7.6 Hz and 3.4 Hz, 1H,
14-H,), 4.18 (ddd, J= 11.0 Hz, 6.9 Hz and 3.4 Hz, 1H, 14-H,); ’C NMR (CDCl;, ppm) & 21.50
(q, 10-CH3), 22.37 /22.83 / 24.97 / 26.51 / 26.71 /27.09 / 27.81 / 28.73 / 31.34 (1, C-3 - C-9,

C-11, -12), 33.78 (t, C-13), 34.00 (d, C-10), 34.07 (1,C-2), 63.81 (t, C-14), 174.25 (s, C-1); MS
m/z 240 (9) [M'], 83 (100); Anal caled for C,sHy30, (240.4) C 74.95, H 11.74; found

on carbon, purrﬁcatlon by silicagel column chromatography (Et,O/n-pentane, 1:30), yield 99%
(032 o) IR (flm cm ‘\ v 1736 (s, OC=0), 1238 / 1163 (s, C-0); LT NMR (O
I V}, Lad©O [ 11NV \ )

\U P 5), PS AN \Llllll will \4 LIJV \ \J_U”, L1 INiVilw \\/U\/l}, PPIII} \R}

0.85 (d, J= 6.7 Hz, 3H, 10-CH;), 1.05 - 1.13 / 1.23 - 1.38 (m, 16H, 4-H, - 9-Hy, 11-, 12-H,),
1.39- 1. 55( 2H, 13-H,), 1.58 - 1.72 (m, 5H, 3-, 14-H,, 10-H), 2.34 (t, J= 6.6 Hz, 2H, 2-H,),

4.06 (ddd, J=11.2 Hz, 6.9 Hz and 4.5 Hz, 1H, 15-H,), 4.20 (ddd, J=10.9 Hz, 6.3 Hz and
4.6 Hz, 1H, 15-H,); "*C NMR (CDCL;, ppm) 8 20.75 (q, 10-Me), 24.22 / 25.08 / 25.11 / 25.87 /
26.52/27.17/27.20/ 27.74/ 28.54 / 20.49 (1, C-3 - C-9, C-11 - C-13), 33.54 (t, C-14), 34.39
(d, C-10), 35.13 (t, C-2), 63.98 (t, C-15), 174.11 (s, C-1); MS (EL, %) m/z 254 (22) [M'], 97
(100); Anal caled for C1gHs00; (254.4) C 75.54, H 11.89; found C 75.46, H 11.98.

General procedure: Amberlyst® 15 (0.20 g) was added to a solution of 11 b (60.0 mg,

0.25 mmol) in dichloromethane (20 mL), and the mixture was stirred at room temp for 5 d. The

resin was ﬁltered off and the solvent was removed under reduced pressure The mixture of

taining 4 is

17 : 23) which can be separated by gas chromatography (tret = 13.06, 13.4,
Temperature-program: 140(1)-1-150(10)-2-180(1).

(8E/Z)-9-Methyl- 14-tetradec-8-enolide/(9E/Z)-9-Methyl- 1 4-tetradec-9-enolide (13a).

6

s msmdid st~ —

s{50:10:

ers
13.66, 13.85).

AOA

ltrxnm (CDCL. oom) § 1.09 - 1.45 (m H. CH,). 1.54 - 1.70 (m. 4H. 3-. 13-H,). 1.5 1 ¢7
Ny I\\LJJL13 ppm) o 1.UY - 1.45 (M, OH, Crizj, 1.4 - 1.7V \ur 411, 5-, 13-ripj, 1.0 1.7
/1.66/1.67(d,J = 1.4 Hz, 3H, 9-Me, 8( E/Z) and 9-(E/Z)), 1.93 - 2.05 (m, 4H, CH,-C=), 2.29
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/500/DLU/DZZ(tq,J='/PSﬂZ1.4HZI , =CH); "C NMR (C .

5.49 (q, 9-Me), 24.64 / 24.97 / 24.08 (t, C-3), 23.29 - 31.51 (28t, CH,), 2852/2855/2862/
28.66 (t,C-13) 33.64 / 34.45 / 34.52 / 34.56 (t, C-2), 38.76 / 39.01 / 39.04 (t, allyl-CH,), 63.74
63.99 / 64.07 / 64.66 (t, C-14), 124.65 / 125.40 / 126.20 / 126.39 (d, C-8 oder C-10, =CH),
34.08/134.83/134.98/136.16 (s, C-9), 173.94/174.07 / 174.08 (s, C-1); C15H60,(238.4).

(8E/Z)-9-Methyi- 1 5-pentadec-8-enolide/(9E/Z)-9-Methyl- 1 5-pentadec-9-enolide (13b).

Scale Amberlyst® 15 (0.20 g) and 0.40 mmol of 11¢ in CH,Cl, (10 mL), 3 d, yield 100%; two
components were obtained by gas chromatography (150(1)-2-190(2)-5-240(15)): 12% (13.49) :

QRas (1 3 85): T \OMR (OO, n
66/0 (1D Js L1 INLYLN (oi/vul3, P

/
1

nm\ S 100 . 182 (m 17911 f‘LI Y 184 190
piiiy O 1.v> 1.05 (I, 1411, 13), 1.9 1.0V
P 5 ¥

4-H,), 1.55 /7 1.66 (s, 3H, 9-Me, 8-(£/Z) und 9-(E/Z)), 1.83 - 2.19 (m, 4H, CH,-C=), 2.25 -
2.41 (m, 2H, 2-H,), 4.02 - 4.23 (m, 2H, 15-H,), 5.04 - 5.23 (m, 1H, =CH); *C NMR (CDCls,
ppm) 6 15.08 /15.42/23.08 (q, 9-Me), 24.40 / 24.68 (t, C-3), 23.24 - 30.75 (30t, CH,), 33.05 /

3537 /3821 (f allvl CH5Y. 3471 (t. C-2). 64.05 /6422 /64133 (t. C- l(\ 125.06 / 12530/

ull]l \./llz} T L \\- N~ 4-., VTV S \L A § Lo IT [

125.59 / 125.89 (d, C-8 or C-10, =CH), 134.23 / 135.23 / 135.60 (s, C-9), 173.68 / 173.80 /
173.94/174.02 (s, C-1); C;6Hp30,(252.4).

(9E/Z)-10-Methyl-14-tetradec-9-enolide/(10E/Z)- 10-Methyl- [ 4-tetradec- 10-enolide (13c).
Scale Amberlyst 15 (0.20 g) and 0.46 mmol of 11d in CH,Cl, (5 mL), 3 d, yield 99%; three

712000 /I 10{\{(\\ 1 2MN 1n ’7’7{'\/’2[\\\

components were obtained by gas chromatography (130(0)-4-190(0)-1-220-10-270(30)):
1.55% (21.29) : 92.59% (21.47) : 5.86% (21.73); 11¢ consists of 4 isomers: 5:11:54:30
("HNMR); 'H NMR (CDCls, ppm) & 1.25 - 1.53 / 1.57 - 1.60 (m, 10H, CHy), 1.62 - 1.71 (m,
3H, 10-CH;), 1.77 - 1.82 (m, 4H, 3-, 13-H,), 1.92 - 2.07 (m, 2H, 8-H,, 10-(E/Z), 12-H,,
9-(E/Z)), 2.10-2.15 (m, 2H, 9-H,, 10-(E/Z), 11-H,, 9(E/Z)), 2.29/ 2.32/ 2.36/ 2.36 (4dd,
J = 6.37 Hz, 6.65 Hz, 6.14 Hz or 6.23 Hz, 2H, 2-H,), 4.10 / 4.13 (2t, J = 6.46 Hz or 6.72 Hz,

2H, 14-H,), 4.12/ 4.15 (2dd, J = 5.19 Hz or 5.45 Hz, 2H, 14-H,), 5.04/5.10/5.16/ 5.23 (4qt
J—153Hzand683Hz 1.56 Hz and 7.66 Hz, 1.31 Hz and 7.46 Hz or 1.31 Hz and 5.23 Hz,

1H, 9-H, 9-(E/Z), 11-H, 10-(E/Z)); BC NMR (CDClL-.. npm) & 23.58 /24,18 (q, 10-Me), 24.18 -

1hhy FTHAy TE\LAS Ly LATAAy A UTNLS Lsj g, N LNAIVIAN \risa _, Py v Lo, & s =

29.10 (t, C-3 - C-8, C-12. C-13), 31.00 / 31.80 / 37.99 / 38.06 (t, C-9, 10-(E/Z) bzw. C-11,
9-(E/7)), 34.03 / 34.33 /34.57 / 34.78 (t, C-2), 63.60 / 63.67 / 64.68 (t, C-14), 123.80/ 124.36 /
125.54/ 126.08 (d, C-9, 9-(E/Z) bzw. C-11, 10-(E/Z)), 13437/ 135.03 / 135.30/ 136.98 (s,

C-10), 173.98/ 174.04 / 174.21 (s, C-1), C;sH360, (238.37).
O /7Y 1N A, 15 7t A~ O _pianli ,L,//Tnl:‘/ )_7/) AMMoths] 18 _snpstadon_ 10 _nmAlids 712d)
(7L/L/ IU'IVICl’lyl 1.)'[/5, Gaec->-er Uiie/ {1 VL L 1 U~LIVIC! lyl 1J 1./5’1! UL~ 1u-eriviiid [lJu/.
Scale Amberlyst® 15 (0.20 g) and 0.39 mmol of 11e in CH,Cl, (5 mL), 4 d, yield 100%; two

components were obtained by gas chromatography (130(0)-4-190(0)-1-220-10-270(30)):
21.00% (25.10) : 79.00% (25.35); "H NMR (CDCls, ppm) & 1.08 - 1.17 / 1.23 - 1.46 (m, 12H,

ATT. T QLI O(E/7y 19O_H. JO(FE/7Y 12.1) 185 21 A6 (m 2 10CHLY 1Q6 -9 11
"1"112 - /"112, o~ 112 7 \LJ/[J} | P ll2 11 \L.z/l} 1. Lll} 1.0 1.9 \lll Jll 11U~ \/Lljl 1.7V e b L

(m, 8H, 3-, 14-H,, 8-, 9-H,, 10-(E/Z), 11-, 12-H,, 9-(E/Z)), 2.30 / 2.31 / 2.34 / 2.35 (4dd,



T Dododold o8 ol JToteckoden. S4 /1000Q) €968 £907 £nNQ&
L. ROGEJELa €i Qi / 1 EITANEQroit 5% (17¥0) 32033200 JL0J
I=70H T1Hr A7 Ar A7 DT 21N ANT/ ANQ /T A 12/ A1& 7AAA JF— & 7 LY
J 7.v J.L, fo1 114, V.J 114 Ul V.2 114, 411, &7112), .U/ /7 2.U0/ 510/ =210 (44U, J — 0.7/ s
NYTY ~YT 1~ TT N ~ -~ 1 .
3 Hz and /.4 Hz,

5.4 Hz, 6.8 Hz or 6.0 Hz, 2H, 15-H,), 5.08/ 5.10/ 5.15/ 5.17 ( qt, J=1.

1.3 Hzand 74 Hz, 1.2 Hz and 7.6 Hz or 1.1 8 , 1

*C NMR (CDCl;, ppm) & 15.15/ 15.88 (q, 10-Me), 2
1

31.03/31.37/38.96/39.48 (t. C-9. JO-(E/7) or C-11

~ O \My TSy AT\ Ly N

C 2), 64.08/ 64.19/ 64.25/ 64.78 (t, C-15), 125.20/ 125.32/ 125. 68/ 125. 96 (d C 9, 9- (E/Z)

bzw. C-11, 10-(E/Z)), 134.46/ 134.67/ 134.74/ 135.29 (s, C-10), 173.97/ 174.10 (s, C-1);
C16H250, (252.40).

Acknowledgements

We wish to thank Dr. H. Surburg and the perfumers of Haarmann & Reimer GmbH, D-
37601 Holzminden for olfactory evaluation and Dr. A. Mues of AlliedSignal ELAC Nautik
GmbH, D-24118 Kiel for technical support (Ultrasonics). - L.R. is most grateful to the
Studienstiftung des Deutschen Volkes for a grant. In addition, this work was supported by the
Deutsche Forschungsgemeinschaft (Grant To 28/17-1) and the Fonds der Chemischen
Industrie.

References

m Ohloff G. Scent and Fragrances, Berlin: Springer Verlag, 1994.

[2] a) Eschke HD, Dibowski HJ, Traud J. Dtsch. Lebensm.-Rundsch. 1995;91:375-379.
b) Brunn H, Rimkus G, Ernédhrungs-Umschau 1996;43:442-449.
¢) Brunn H, Rimkus G, Erndhrungs-Umschau 1997;44:4-9.

(3] Roche. Annual Report 1996: Fragrances; http://www.roche.ch/roche/finance/arep96/dfrag2.htm.
{4} Kraft P, Cadaibert R. Synieit 1597:600-602

[5] Review: Kraft P, Tochtermann W. Synlett 1996:1029-1035.

[6} a) Kraft P, Tochtermann W. Liebigs Ann. 1994:1161-1164.

b) Kraft P, Tochtermann W. Liebigs Ann. 1995:1409-1414.

¢) Kraft P, Tochtermann W. Tetrahedron 1995;51:10875-10882.

d) Bollbuck B, Kraft P, Tochtermann W. Tetrahedron 1996;52:4581-4592,
7] Soc. Anon. M. Naef & Cie. Fr. 657,97 1;July 23.1928: Chem. Abstr. 1929;23:P 4483.
a) Teisseire PJ. Chemistry of rragrant Substances. New York: VCH Publishers, Inc., 1994,

——
[>=]
=

.......... £ Qe —
SIIH ¢

,__
O
o=

a) Rodefeld L. Organische Chemie mit Ultraschall - Neue makrocyclische Riechstoffe aus Olsdure und 1,0-Diolen (doctoral
thesis) University of Kiel, 1997.

b) Heinemann I. Synthese neuer makrocyclischer Moschusriechstoffe aus 10-Undecensiure und 1,w-Diolen. (diploma thesis)
University of Kiel, 1997.



£2Q£ PR - P D 3 BRI B . ¥ ] - Ny oA £ Q)
J£ou L. RKoaeJeid el al. / 1 etranedron 34 (1Y¥0) 2£00—340

/rn rd

Gilman H, Van Ess PR. J. Am. Chem. Soc. 1933;55:1258-1261.
a) Palomaa MH, Jansson R. Ber. Dtsch. Chem. Ges. 1931;64:1606-1610.
b) Beilsteins Handbuch der Organischen Chemie. Berlin:. Springer-Verlag, 1928;4. Ed, Vol. 1, E 1:201.
[12] Performing this reaction with lithium of different suppliers we sometimes found benefiting effects from ultrasound, as
described in:
a) Aureil MJ, Danhui Y, Einhorn J, Einhorn C, Luche Ji.. Synlett 1995;5:459-460.
b) Rodefeld L, Tochtermann W. In: Luche JL. Sonochemical Organic Synthesis (to be published).
[13] Lemieux RU, von Rudloff E. Can. J. Chem. 1955;33:1701-1707.
(14] Aristoff PA, Johnson PD, Harrison AW. J. Am. Chem. Soc. 1985;107:7967-7974.
[15] Tochtermann W, Habeck T, Wolff C, Peters EM, Peters K, von Schnering HG. Chem Ber 1993;126:2691-2696.
[16] Olah GA, Narang SC, Gupta BGB, Malhotra R. J. Org. Chem. 1979;44:1247-1251.

[17] a) Nicolaou KC. Tetrahedron 1977;33:683-710.

b) Meng Q, Hesse M. Top. Curr. Chem. 1991;161:107-176.
101 Al [T L. Na- 1047.00.170 1727
[10] nuu:uu:uu:l n DllUdbll . UIeEMm. bBer. 174/ ZOoU.LLT-1D /.
19} Galli C, Mandolini L. Organic Synthesis. New York: John Wiley & Sons, 1978;58:98-100
[20] Kimura Y, Regen SL. J. Org. Chem. 1983;48:1533-1534.
2n Stoll M. Drug Cosmet. Ind. 1936;38:334-337.
[22] Schwarz S, Ring S, Weber G, Teichmiiller G, Palme HJ, Pfeiffer C, Undeutsch B, Erhart B, Grawe D. Tetrahedron 1994;50:
10709-10720.
23] For a different approach to related systems from cyclododecanone see:
a) Milenkov B, Guggisberg A, Hesse M. Helv. Chim. Acta 1987.;70:760-765.
W Kactnva ¥ Hacea M LTaly Chine Acta 100870 4AN0_AAL
U} DUSLlUYa iy, 110000 1Vl ILCIV. \Jllllll. avla 1770, 1 0.59%UTeU,
[24] Lehmann J, Tochtermann W, in preparation.
[25] A German patent was applied for part of this work.
[26] Fiirstner A, Langemann K. Synthesis 1997:792-803.
(27} Nagahara K, Ryu I, Yamazaki H, Kambe N, Komatsu M, Sonoda N, Baba A. Tetrahedron 1997; 53: 14615-14626.



