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Novel Chiral Building Blocks
Derived from Baker’s Yeast Reduction Pmducts:
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Abstract

A number of bicyclic macrolides with two stereogenic centres formally derived from w-cycloalkyl fatty acids
were synthesised by ring enlargement of cycloalkanones with novel chiral building blocks, easily available from
yeast reduction products of B-keto esters. A comparison with structurally related monocyclic macrolides
revealed surprising effects of siruciural variations on the oifactory properties. © 1999 Elsevier Science Lid. All rights
reserved.,
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Introduction

Chaulmoogra oil which is well known for its medicinal properties was used in India for
centuries for the treatment of tuberculosis and leprosy. Its main constituents are some rather
unusual fatty acids named chaulmoogric acid and hydnocarpic acid. Since new petrochemically
derived raw materials and natural intermediates had always great impact on the synthesis of
macrocyclic musks [1], Baba et al. converted these two o-cyclopentenyl fatty acids to the
macrocyclic bicyclic lactones 1a and 1b (Scheme 1) having musk-like odour [2]. The bicyclic
lactones were obtained as a mixture of their cis- and frans-fused regioisomers and no attempt

to separate this onmnle mixture was made. There is no natural source of these qu uite unusual

r'+

(<4

icyclic lactones known,
Investigating the structure—odour relationships of polycyclic steroid derivatives, Ruzicka and
Prelog prepared a series of bicyclic polymethylene cyclohexanones like rac-2 and reported a
slight but distinctive musk odour for the higher homologues with 16, 19 and 20 ring atoms [3].
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Scheme 1: Bicyclic macrolides 1 derived from w-cycloalkyl fatty acids and structural related bicyclic ketones like rac-2.
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macrolides [5,6] we have shown that the odour impression strongly depends on the number, the
position and the absolute configuration of methy! substituents present in the macrocyclic ring.
Recently, we presented our synthetic strategy [6¢] for the introduction of two stereogenic
centres into monocyclic macrolides by ring enlargement of cycloalkanones with chiral building
blocks derived from acyclic B-hydroxy esters via diastereoselective Frater alkylation [7].

In order to investigate the effect of different ring sizes on the olfactory properties of
bicyclic macrolides, cis-fused optically active macrolides 1 attracted our attention as synthetic

targets. The retrosvnthetic analvsis of cis-fused bhic Vl macrolides 1. bagsed on our well-
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established ring-enlargement sequence, revealed optically active cyclic f-hydroxy esters 3 and
commercially available cycloalkanones 4 as very attractive starting materials (Scheme 2). The
required chiral f-hydroxy esters 3 can easily be prepared by yeast reduction of the

corresponding B-keto esters on a preparative scale by well-known literature procedures [8]
1ln m 3in
FYENE 57 oH o 0 a |l
bl1 3 "(Hzc)\_ﬁju,. 0 L e—— 3 ‘J e /\/U\ bj2
clz2 1 ' ) R+ CHa)
d{i1 2 '\/\\/(uriz)m \L2)n N e 2)m 4im
el2 2 al1
fl2 3 1 3 4 bl2

c|3

Scheme 2: Retrosynthetic analysis of cis-fused bicyclic macrolides 1 based on our ring-enlargement approach.

Results and Discussion

For the preparation of chiral hydroxy esters 3, yeast reduction of ethyl 3-oxo-
e

cyclopentanecarboxylate and -cyclohexanecarboxylate, respectively, under non-fermenting
conditions according to the procedure of Seebach et al. [9] was chosen. Protection of hydroxy

ith DIBAH, and
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esters 3a,b with the tert-butyldimethylsilyl group (TBS), reduction
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iodination of the resulting hvdroxv function with trinhenvinhosphine, imidazole (ImH) and
1odmation of the resulting hydroxy munction with triphenylphosphine, mmidazole (Imkl ) and
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intermediates (Scheme 3). Unfortunately, iodides Sa,b turned out to be very weak alkylating
reagents in standard enolate alkylation reactions. Presumably this is due to steric congestion
caused by cis-arrangement of the iodomethyl side-chain and the bulky zerz-butyldimethylsiloxy
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amine-free conditions. Treating silyl enol ethers 6 [10] with methyllithium [11] using HMPA
as a cosolvent followed by addition of chiral iodides 5§ furnished alkylation products 7 in
moderate yields after all.
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Scheme 3: Synthesis of enantiopure bicyclic lactones 1.

Transformation of alkylation products 7 into bicyclic keto lactones 8 based upon our optimised
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transformed into tricyclic enol ethers by treatment with Amberlyst™ 15 in dichloromethane.
The bridging double bonds of the crude cyclisation products were cleaved by oxidation with in
situ generated ruthenium tetroxide and provided the corresponding keto lactones 8 in 52 to

91% yield over the two steps. The synthesis of b ¢ lactones 1 was completed by reduction
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of the tosylhydrazones of 8 by catecholborane [12], which proved to be a powerful method for
the reduction of monocyclic keto lactones [6¢] in the past. This reaction steps proceeded in
excellent yields ranging from 81 to 94% without isolation of the tosylhydrazone intermediates.
GC andlyses on a chlral permethylated B- cyclodextrm column established enantiomeric
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selectivities (86-99 %ee) for the yeast reduction of the cyclic B-keto esters leading to hydroxy
esters 3a,b [9,13].
Table 1.
Olfactory properties and optical purity of bicyclic macrolides 1.
Compound Olfactory properties Optical purity'
1a sweet and fruity with an undertone of peach, musty, slight 95 Y%ee
cedarwood-like musk note
1b distinct odour: aldehydic, fatty, smells like skin, woody 98 %ee
with a musky touch
le odourless 91 %ee
1d neutral, low intensity 98 %ee
e a touch of moist wood 91 %ee
1f musty, earthy, neutral, slightly musk and woody, with sweet 91 %ee
aspects
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The series o
properties and 1c was even odourless. In contrast, the odour of the lower homologue 1a, with a
cyclopentyl-ring instead, was described as sweet and fruity with an undertone of peach
accompanied by a slight cedarwood-like musk note. In general, the higher homologues of this
series showed a more pronounced odour, but nevertheless none of these cis-fused bicyclic
macrolides possessed a distinct musk odour. In general, macrolides with 14 to 17-membered
rings have a distinct musk odour. Since macrolides 1 lack this expected odour impression, it
seemed obvious that the interaction of the larger ring m01ety of 1 w1th the musk receptor is
In addition, the rather ri
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The indicated bond disconnections A and B (Scheme 4) transform the rather rigid bicyclic
macrolide 1a into more flexible monocyclic lactones. The retrosynthetic analysis of the

p.
-

res revealed chiral a-alkvlated B-hvdroxy esters 9 and cvclodecanone
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(4a). Amongst the variety of existing synthetic methods leading to chiral a-substituted hydroxy
esters, we chose the yeast mediated reduction of octyl 2-methyl acetoacetate according to the
protocol of Nakamura et al. [14]. Under the described fermenting conditions the building block
9a with (2R,3S5)-configuration was obtained and subsequently transformed into the desired

IR TR B L S S, P arala
cniral 10414€ 14a O11 4 Imultgraiil scdic.

* Evaluated by the perfumers of Haarmann & Reimer GmbH, D-37601 Holzminden.
¥ Determined by chirospecific GC analyses.
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Scheme 4: Retrosynthetic analyses of flexible monocyclic macrolides derived from 1a by bond disconnections A and B.

The well established yeast reductions of ethyl acetoacetate [15] and octyl 3-oxo-pentanoate
[16] gave appropriate chiral starting materials 10 and 11 for the diastereoselective synthesis of
a-substituted B-hydroxy esters 9b-d by Frater alkylation [7]. In the usual manner 9b-d were

easily converted to chiral building blocks 12b-d in 69 to 89 % yield (Scheme 5).
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Scheme 5: Stereoselective syntheses of (@,0-1)-dialkylated macrolides 14
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In contrast to the cyclic iodides 5, which were applied for the synthesis of bicyclic
macrolides 1, optically active iodides 12a-d showed better alkylation activities under standard
reaction conditions. According to our optimised ring-enlargement sequence [6d]
cyclodecanone (4a) yielded the corresponding crude alkylation products, direct acid catalysed
cyclisation and subsequent oxidative cleavage led to keto lactones 13a-d in excellent yields
without purification of intermediates. Finally, the target compounds 14a-d were obtained
almost quantitatively by reduction of precursors 13a-d in the usual manner with diastereomeric
e range of 91 - 98%de (determined by 500 MHz '"H NMR spectroscopy).
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Olfactory properties and diastereomeric excesses of macrolides 14.

Compound Olfactory properties’ de’
14a leather-like, naphthalene-like, cedarwood-like with a slight musk 91 %de
undertone
14b strong woody note with a relatively pronounced musk note 91 %de
14¢ a slight touch of musk 98 %de
i4d distinct musk note, sweet and fruity-lactonic, flowery, jasmine-iike 96 %de

revealed interesting results. The odour of 14a is slightly musk, cedarwood-like and resembles
that of bicyclic macrolide 1a. This finding probably reflects the close structural relationship
Wthh is expressed by the cis-arrangement of methyl substltuents in 14a. Interestingly,

interesting overall odour impression with a relatively pronounced musk note accompanied by
very strong woody aspects. These results emphasise the highly diastereoselective interaction of
these macrocyclic lactones 14a,b with the musk receptor. In addition the interaction shows also

3“

a very high degree of enantioselective discrimination, since the odour of the enantiom
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Cadalbert [17] reported such striking olfactory differences for 12-methyl-9-oxa-14-
tetradecanolides, where the (R)-enantiomer was responsible for the powerful musk odour,

+1_. T g |
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while its enantiomer was odourless. These are, to the best of our knowledge, the most
significant and distinctive examples for macrocyclic musks known so far. Without change of
the absolute configuration of the stereogenic centres of 14b, the ethyl substitution of the -1
methyl group (14b—>14c¢) weakens the musk scent substantially. In contrast, the replacement of
the o-methyl group by an ethyl group (14b—>14d) changes the odour quality dramatically. 14d
completely lacks the strong woody note of 14b. Instead a distinct musk note and some sweet
and fruity-lactonic, flowery, jasmine-like aspects are markedly present — odour qualities which
are normally supposed to originate from a pentyl side chain [18]. Minor structural changes like
altering the chain length of alkyl substituents or the absolute configuration of stereogenic

_______ LIIC dill iellixstl alh h11

specific but not entirely understood structure-activity relationship in the binding to olfactory
receptor sites.

* Evaluated by the perfumers of Haarmann & Reimer GmbH, D-37601 Holzminden.
* Determined by 500 MHz '"H NMR.
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In summary, we demonstrated the powerful potential of our ring-enlargement sequence [6]
for the diastereoselective syntheses of mono- and bicyclic macrolides with two defined
stereogenic centres in high optical purity. A broad spectrum of cyclic and acyclic chiral
building blocks for this transformation, easily obtainable by yeast reductions and Frater
alkylations, gave rise to a plethora of macrocyclic lactones with attractive olfactory properties.
These results will clearly stimulate further investigations, since the scope of this approach is by

far not exhausted yet [19].

Experimenial

IR spectra were recorded on a Perkin-Elmer Paragon 1600 FTIR spectrometer. 'H and
BC NMR spectra (reference: TMS int) were taken in CDCl; on Bruker AM 300 or Bruker

MDYV £NN asvmA Giticters A men o ¥
DRX 500 spectrometers, ctively. EI (70 eV) and CI (iBuH) mass spec

a Finnigan-MAT 8230 spectrometer. Gas chromatography (GC) was performed on a

lout

Satochrom gas chromatograph equipped with a 50 m PM B-cyclodextrin column (J&W),

carrier gas H, (1.5 bar). Column chromatography was performed on Baker silicagel 30-60 um
and analytical TLC on }v‘-“che“y-l‘v" gel SIL G/UV,s, plates. Melting points were determined

on a Biichi 510 melting point apparatus and are uncorrected. Optical rotations were measured
on a Perkin Elmer 241 spectropolarimeter in CHCl; using 1 dm cells. Elemental analyses were
Derformed by the Mlkroanalvtlsches Laboratorium Ilse Beetz, D-96301 Kronach. Yeast

normal laboratorv
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equipment. Yeast purchased from Deutsches Hefewerk Hamburg performed very well in this

transformations.
Yeast reductions

Preparation of chiral p-hydroxy esters
Ethyl (1R,2S)-(+)-2-hydroxycyclopentanecarboxylate (3a) [9]. Scale 460 mmol, yield 40%
1 hR; 39, (n-pentane:Et,0, 1:1); rfﬂzs +14.7, rmzs +17.6 (¢ 4.0, CHCI;) [ref. [9] [g,]lgT

(2 5}, LUNf O 7, \Il PyHIMAQIIV. NS, .l faW W Ty AN 1§y jrwa.

+14.9 (¢ 1.7, CHCI3)].
Ethyl (IR,ZS)-(+)-Z-hydrwgycyclohexanecarboxylate (3b) [9]. Scale 424 mmol, yield 78%

7191-7208 7197
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Octyl (2R, 3S)—(+)-2—methy1;-3—hydroxybutanoate (9a) [14]. Scale 78.8 mmol, yield 56%
(10.2 g), hR¢ 11, (n-pentane:Et;0, 5:1); [a]¥ +3.3, [a]®, +3.9 (c 4.0, CHCL;) [ref. [14] [a]*

chv B3y RAEN] 1 14 \F& preax v;..« ~ e X Fy Tty [Ava.

+3.3 (c 3.0, CHCl3)].
Ethyl (3S)-(+)-3-hydroxybutanoate (10) [15]. Scale 115 mmol, yield 80% (12.2 g), hR; 16,
(n-nenmne Et,O. 5:1): I'rﬂ20 +40.8. r”]zo +48.3 (c 4.0, CHCL) [ref. 1 ] OL RT +40.9 (o 1.0,

SRALERIN A AR2NT5 Va2 ) Va5 va‘v‘)/ LrvRs oY 2

CHCly)].
Octyl (35)-(+)-3-hydroxypentanoate (11) [16]. Scale 65.7 mmol, yield 65% (9.84 g), hR; 23,
(n-pentane:Et,0, 5:1); [n']lz +22.5, [rﬂzz_ +26.6 (c 4.0, CHCI,) [ref. [16] [rﬂRT +21.7 (¢ 5.9,

CHCL)].

Preparation of Chiral Building Blocks S and 12
General Procedure: See ref. [6a,b]
(1S5,2R)-(+)-(tert-Butyldimethyl)-(2-iodomethylcyclopentyloxy)silane (5a). Scale 134
of ethyl (1R,2S5)-(+)-2-hydroxycyclopentanecarboxylate (3a) [9], yield 84% (38.5 g), hRf 2 (n-
pentane); IR (film, cm'l) v 834 (s, v, Si-O-C), 775 (s, v O-Si-CH3); 'H NMR (CDCl;, ppm)
§0.11/0.07 (2s, 6H, SiMe,), 0.89 (s, 9H, CMe;), 1.44 (mc, 1H, 3-H,), 1.68 (mc, 1H, 4-H,)
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.72 (m¢, 2H, 5-H;), 1.83 (m¢, 1H, 3-H,), 1.87 (m, 1H, 4-H,), 2.15 (mc, 1H, 2-H), 3.16 (dd,
6.6 and 9.3 Hz, 1H, 1’-Hp, part of an AB-system), 3.29 (dd, /= 8.4 and 9.3 Hz, 1H, 1’-H,,
part of an AB-system), 4.19 (ddd, J= 2.0, 3.9 and 3.9 Hz, 1H, 1-H); °C NMR (CDCl;, ppm)
-4.33 /-4.61 (2q, SiMe;), 7.36 (1, C-1"), 18.02 (s, CMe3), 22.32 (t, C-4), 25.86 (g, CMe3),

o= ¢
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29.64 (t, C-3), 34.98 (t, C-5), 49.91 (d, C-2), 74.83 (d, C-1); MS (CL %) m/z 341 (33) [M® +
H], 283 (59) [M® - C4Hy], 213 (45) [M® - 1], 209 (13) [M® - C¢H,508i], 133 (61) [C4H,,0Si%;
[{‘112] +71 ’2 frﬂZ‘ +RA’7{:~= 36 CHCL)

o eNSy N ANRF S

(IS,2R)-(+)-(tert-Butyldzmethyl)-(2-zodomethyl-cyclohexyloxy)silane (5b). Scale 119 mmol,
of ethyl (IR 2S)-2 hydroxycyclohexanecarboxylate (3b) 9], yield 85% (35.8 g), hR; 64 (n-
8 0.11/ 0.08 (25, 6H, SLMe2), 0.90 (s, 9H, CM€3), 1.23 (ddddd, J= 12.4, 12.4, 12.3, 4.0 and
3.9 Hz, 1H, 4-Hy), 1.33 (m¢, 1H, 5-Hy), 1.35 (dddd, J=13.4, 13.4, 2.2 and 4.0 Hz, 1H, 6-H,),

1.44 (dddd, J=12.0, 12.1, 12.3 and 3.6 Hz, 1H, 3-H,), 1.54 (m(, 1H, 3-H,), 1.59 (m¢, 1H, 5-
H,), 1.63 (m¢, 1H, 4-H,), 1.66 (m¢, 1H, 2-H), 1.74 (m¢, 1H, 6-H,), 3.05 (dd, /=5.9 and
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AB-system), 4.19 (ddd, J=2.2, 2.2 and 4.4 Hz, 1H, 1-H), C NMR (CDCl;, ppm) 6 -4.27/ -
4.60 (2q, SiMe,), 12.01 (t, C-1"), 18.16 (s, CMe3), 19.90 (t, C-5), 25.45 (t, C-4), 25.89 (q,

CMe;), 27.36 (t, C-3), 33.55 (t, C-6), 45.84 (d, C-2), 68.85 (d, C-1); MS (CI, %) m/z 355 (13)
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[M® + H], 297 (34) [M® - C,Hs], 282 (32) [M® - C4H, - CH3], 227 (47) [M® - 1], 223 (10) [M®
- CH, 0811 frﬂ22 +60 Q f(ﬂl’- +72.3 (n 4.0, CHCl, \

(2S,3R)-(+)-(tert-Butyldtmethyl)-(4—10do—3-methylbut—2—wgy)silane (12a). Scale 39.1 mmol
of octyl (2R,35)-(+)-2-methyl-3-hydroxybutanoate (9a) [14], yield 89% (12.8 g), hR¢ 47 (n-
pentane); IR (film, cm 1\ vV 836 (s, v, Si-O-C), 775 (s, v O-Si-CH3); 'H NMR (CDCl;, ppm)

5 0.06/ 0.08 (2s, 6H, SiMe,), 0.89 (s, 9H, CMes), 0.99 (d,J= 7.1 Hz, 3H, 3-Me), 1.09 (d,
J=6.3 Hz, 3H, 1-H;), 1.68 m, (1H, 3-H), 3.04 (dd, J=6.9 and 9.5 Hz, 1H, 4-Hjg, part of an
AB-system), 3.30 (dd, J= 6.3 and 9.5 Hz, 1H, 4-H,, part of an AB-system), 3.90 (qd, /= 12.5
and 3.6 Hz, 1H, 2-H); MS (CI, %) m/z 329 (100) [M® + H], 271 (53) [M® - C4H,], 201 (41)

-~ VY T

M® -1 [a}Z +21.5, [a]Z, +25.5 (c 3.8, CHCly);
(28,38)-(+)-(tert-Butyldimethyl)-(4-iodo-3-methylbut-2-oxy)silane (12b). Scale 29.4 mmol of
ethyl (285,35)-3-hydroxy-2-methyl-butyrate (9b) [6¢c,15], yield 89% (8.60 g), hRy 35 (n-

pentane); [a]? +33.5, [a]Z +39.6 (c 3.5, CHCls); for spectroscopic data of the enantiomer,

see ref. [6¢].
(2S,3S)-(+)-(tert-Butyldimethyl)-(3-iodomethyl-pent-2-oxy)-silane (12c). Scale 44.7 mmol of

P Yo e Wai

ethyl (28,35)-3-hydroxy-2-ethyl-butyrate (9¢) {6¢,15], yield 69% (7.10 g), hR¢ 48 (n-pentane);
IR (film, cm™") ¥ 835 (s, v Si-O-C), 775 (s, v O-Si-CH;); "H NMR (CDCL;, ppm) & 0.08 / 0.11

(2s, 6H, SiMe,), 0.89 (s, 9H, CMe), 0.90 (t,J=7.2 Hz, 3H, 5-H3), 1.07 - 1.12 (m, 1H, 4-Hy),
1.14 (d, J=6.2 Hz, 3H, 1-H;), 1.17-1.27 (m, 1H, 4-H,), 1.50 (ddtd, J=5.0, 7.5, 7.5 and
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13.8 Hz, 1H, 3-H), 3.28 (dd, /=4.7 and 9.8 Hz, 1H, 1’-Hp, part of an AB-system),
J=4.9 and 9.8 Hz, 1H, 1’-H,, part of an AB-system), 3.72 (qd, J=6.2 and 6.2 Hz, 1H, 2-H);
C NMR (CDCls, ppm) & -4.00 /-4.55 (2q, SiMe,), 11.54 (g, C-5), 12.07 (t, C-1’), 17.98 (s,

/11
Laa,

CMes), 20.73 (g, C-1), 23.04 (t, C-4), 25.92 (g, CMes), 48.73 (d, C-3), 69.89 (d, C-2); MS (CI
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%) m/z 343 (100) [M” + HJ, 285 (73) [M~ - C4Hyj, 215 (539) (M~ - 1}, 133 (49) [CeH 700175
[a]® +24.9, [a]2. +29.5 (c 4.0, CHCLy)

CAL
JIU

Y J5 LNy Je P e | y A
LAITIELNTYi) (l"lUuU'é'lﬂﬁtll)’l peri-

Ao

e
ethyi-pentanoate (9d) [6¢,16], yield 82% (9.66 g), hR; 54

°°5

(n-pentane); IR (film, cm 1) 35 (s, v Si-O-C), 774 (s, v O-Si-CH;); '"H NMR (CDCls, ppm)
0.09/ 0.07 (2s, 6H, SiMe,), 0.89 (s, 9H, CMes), 0.88 (t,J=7.4 Hz, 3H, 5-Hj), 0.86 (d,
J=6.7 Hz, 3H, 2-Me), 1.43 - 1.52 (m, 2H, 4-H,), 1.67 (ddqd, J=6.6, 6.7, 6.8 and 4.5 Hz, 1H,

2-H), 3.20 (dd, J=9.6 and 6.9 Hz, 1H, 1-Hp, part of an AB-system), 3.31 (dd, J=9.6 and
4.5 Hz, 1H, 1-H,, part of an AB-system), 3.54 (ddd, J=6.1, 5.0 and 5.0 Hz, 1H, 3-H); Be
NMR (CDCl;, ppm) & -4.26 /-4.46 (2q, SiMe,), 8.62 (q, C-5), 14.52 (t, C-1), 16.96 (q, 2-Me),

18.11 (s, CMe3), 25.62 (t, C-4), 25.91 (q, CMes), 39.22 (d, C-2), 75.70 (d, C-3); MS (CL, %)



m/7 343 (1000 IM® + 11 285 OV IM® - CLELLT 215 (1Y M@ 11 211 5 TM® _ 1. .O<iT-
AAM £2 &/ F oS \IVV, I_LVA L‘J, Hl\l-/ \HL} LJ.VJ. \-’4‘4‘. J’ dor A o \Lh} lL'L LJ’ e 1 R \JJ L"l \/blll)VUlJ’
[a]f)i +23.5, [01]26 +27.8 (¢3.7, CHCl,).

Alkylations of Trimethylsiloxy-cycloalkenes 6 with Chiral Building Blocks 5
General procedure: To a soln of silyl enol ether 6¢ [10] (4.05 g, 15.9 mmol) in anhydrous
1L) at room temp was slowly added under argon methyllithium (9.94 mL ofa 1.6 M

S DL 2J SRRl RAAAVL2 222,001

manll Ao gtirrimoe Ffre 2N aein tha wa P d1ren xx7an namlad #~ NOM
J. 7 uuu\u). AT SUITMIE 101 OV (11, uIC reaction uu)uulc wdsS CO0ICA 10 v L.

Subsequently, the halide 5b (5.64 g, 15.9 mmol) and dry HMPA (15 mL) were introduced. The
alkylation was allowed to proceed for 16 h, while warming to room temp. At the end of this
time, the reaction mixture was poured into Et,0O/H,0 (1:1, 250 mL), the organic layer was

&
3
3
>
P ,
w
D

separated and the aqueous was extracted with Et,O (3x 100 mL). The combined extracts were

washed with H,O (200 mL), dried with Na,SO, and concentrated under reduced pressure.

Purification by silica-gel column chromatography, hR; 44 (n-pentane:Et,0O, 40:1), furnished 7f

(1.88 g, 29%) as colourless oil.
(2RS,1°S,2°S)-2-[(2 -tert-Butyldimethylsiloxy)

velopentvimethyl]lcvelodecan-1-one 7a).

AT S TS T TR TTTTERT Ty T TR i i \Vo=ss
Crnla 10 1 carsrnl AFEa ,n.‘.-l 18 Q smatnan] AFLkn wriald ’)’2(}/ i1 l.D AT (s snment o Te Y AN 1N
Slaic 1.1 111101 U1 J& alll 1.7 1111101 U1 ua, yivil 2370 \1 5}, I &/ \Fi-peinanc. i\, 4u.1)

(2RS,1°S,2°S)-2-[ (2 -tert-Butyldimethylsiloxy)cyclopentylmethyl]cyclododecan-1-one ~ (7b).
Scale 29.7 mmol, yield 25% (2.93g), hR; 42 (n-pentane:Et,0, 40:1).
(2RS,1°S,2°S)-2-[(2 -tert-Butyldimethylsiloxy)cyclohexylmethyl ] cyclodecan-1-one (7c).

Qeala 102 mmal af&h and 15 0 mmnl nfha viaeld 2694 (1 §4a) hR. S0 (» -nentane:

LJ\dul\-t L ek LIRRAIULE UL JJRF Q1IN L Vo7 IMLIEUL UL U, l\dlu \T /U \l. J'T&I .l.I.l\t U \’ lJ\lll

(2RS,1°S,2°S)-2-[(2 -tert-Butyldimethylsiloxy)cyclopentylmethyl | cycloundecan-1-one  (7d).
Scale 29.7 mmol, yield 25% (2.82g), hR; 48 (n-pentane:Et,0O, 40:1).

(2RS,1°S,2°S)-2-[(2 -tert-Butyldimethylsiloxy)cyclohexylmethyl | cycloundecan-1-one ~ (7e).
Scale 29.7 mmol, yield 26% (3.05g), hR; 44 (n—pentane'thO 40:1).

/YDC 1°'C 93°C D Py N LIy IR | POV ,.m. ame L. 5 P, 25 7 TD
(<O, 4 D, 4 A)/’A'[(A’ "l(’!"l'DMl)/lUll’”b’l"J/l.\ll(].Ly/byLl L2 me, yljb_}/ eCar- I'Uflﬁ (7)/. 1IN

(film, cm™) ¥ 1705 (s, v C=0), 836/1022 (s, v 31-0-(:), 774 (s, VO-SI-CH3); 'H NMR

(CDCls, ppm) & 0.03 / 0.04 (2s, 6H, SiMey), 0.89 (s, 9H, CMe), 1.08 - 1.88 (m, 29H, 3’-Hy-6'-
H,. 3-H,-11-H,, 1’-H and ..(‘H..\ 236-2.63 (m, 3H, 2-H and 12-H,). 3.75-3.83 (m IT—I 2.

Aa7y JTARFT A RTARY), e \Aiky SRRy A&TRAT gy 14 4

‘ﬂﬂ 1n1n11n1r\/ b

H); >C NMR (CDCls, ppm) & -4.94 / -4.82 / -4.23 / -4.19 (q, 2C, SiMe,), 18.18 / 18.19 (s, 1C,
CMe;), 25.89 /25.92 (q, 3C, CMe;), 20.37/20.58 /21.81/21.94 /22.23 /22.27/22.86/22.99

m

/23.25/23.37/23.57/23.71/24.06 / 24.08 / 25.23 / 25.51 / 25.93 / 25.98 / 26.33 / 26.37 /
26.51/27.12/30.13 / 30.42 / 33.63 / 33.68 (t, 13C, C-3 - C-11, -CH,, C-3’ - C-6’), 36.68 /
36.23 (1, 1C, C-12), 39.92 / 40.04 (d, 1C, C-1"),49.84 / 49.73 (d, 1C, C-2), 70.62 / 69.31 (d,
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1C, C-27), 216.26 / 215.06 (s, 1C, C-1); MS (EI, %) m/z 409 (89) IM® + H1, 393 (4) IM® -
3 72 1\~ 5 Vil \ H 7 AN VAR Sl ALy T V) LAY
CHs), 351 (26) [M® - C4Hy], 277 (100) [M® - C¢H,58i0]

Cyclization of 7 and Subsequent Oxidative Cleavage to Bicyclic Oxo Lactones 8
General procedure: See ref. [6d]

(1S 148 -f+ 3. 2-Ocabicvelall?2 307 L., frrr, 3 Qhnl

115,14 ~4=UXAUICVCIO) 1 2.3, U riepiaaecari-
{ v 24 1 g RLs o4

yield 86% (836 mg), hR; 31 (n-pentane:Et,0, 5:1), mp 145-146 °C; IR (film, cm™) ¥V 1716 (s,
v C=0, lactone), 1698 (s, v C=0, ketone), 1264 (s, v C-CO-O, lactone); 'H NMR (CDCls,
ppm) 6 1.17 - 1.81 (m, 10H, 6-H,-9-H, and 16-H,), 1.45 (m¢, 1H, 15-Hy), 1.50 (m¢, 1H, 10-

Hy), 1.60 (m¢, 2H, 5-H,), 1.75 (m¢, 1H, 15-H,), 1.75 (m¢, 1H, 17-H), 1.78 (m¢, 1H, 10-H,),
2.03 (mg, 1H, 17-H,), 2.19 (ddd, J = 15.0, 8.5 and 3.9 Hz, 1H, 11-H,), 2.20 (ddd, J= 14.1, 9.0
and 3.8 Hz, 1H, 4-H,), 2.35 (¢, 1H, 14-H), 2.41 (ddd, J=14.1, 8.5 and 3.6 Hz, 1H, 4-H,),

2.50 (dd, J=19.0 and 3.7 Hz, 1H, 13-Hy), 2.58 (ddd, J= 15.0, 9.3 and 3.7 Hz, 1H, 11-H,), 2.83

12 . dirsmes 79:) vala 2
i<s-ione (oa;. oSCdaic O.

(dd, J=19.0 and 10.3 Hz, 1H, 13-H,), 5.19 (ddd, J=5.0, 5.0 and 1.9 Hz, 1H, 1-H); °C NMR
e nYal! - N AT &N AN O IAA ~NO lhf o Yo B e Y- LY % B B V4 ﬂ{\ ~O Iy,
(VDU PPN ) O £1.03/ £D.84 1 £4.L0 1 £D.34 1 LO.0Y [ £3.F1 1 £0.0VU /[ LY. /7 (I L-D L/ lU L-

. /
15, C-16), 32.87 (t, C-4), 34.88 (t, C-17), 38.28 (d, C-14), 41.41 / 41.50 (, C-11 und C-13),
77.06 (d, C-1), 173.14 (s, C-3), 210.47 (s, C-12); MS (EI, %) m/z 266 (26) [M®], 248 (13) [M®

- H,0O 238 (7) IM® - €Ot 223 (5 TM® - C.H1 220 4y IM® - ILO - CO,1 185 (66)
L.I.z\.l et I T \I} LLVL \JUJ, sttt T \J} l.l.'.l \/5‘.1]] ot e \J \-l'] l_.LVL V \/VZJ }
[C1oH1705%], 167 (32) [C1oH}150,%], 98 (100) [CeH,00%); [a ZD 51.0, [a]Z, +59.5 (¢ 1.2,
CHCI3); Anal caled for C;sHy50; (266.4\ C72.14, H9.84; found C 72.18, H9.72,
71C 1LCY 3 ~L2: .. -7-"11 n7 P 14 J:mn o Y QAnla A EN wamaen~1 L .2 11
(1S,168)-(+)-2-Oxabi YCiof i .O]nonadecan-3, 14-dione (8b). Scale 4.50 mmol of 7b, yieia
52% (690 mg), hR¢ 31 (n-pentane:Et,0, 5:1), mp 63-65 °C; IR (film, ) v 1719 (s, v C=0,

lactone), 1704 (s, v C=0, ketone), 1268 (s, v C-CO-0O, lactone); IH NMR (CDCls, ppm) 6
1.25 - 1.90 (m, 20H, 5-H,-12-H; and 17-H-18-H,), 1.70 (m¢, 1H, 19-H,), 1.90 (me, 1H, 1

SN \Lily VA Ry & AEY 2 all.u AR ANFTR AT Jy \2i(Cy 11, Lln},
s

TT ) ~ ~ N 11T 17 1Y aE 1TY 17 IT

H,), 2.30 (m¢, 2H, 4-H,), 2.30 (mc, 1H, 13-H,), 2.35 (m¢, 1H, 16-H), 2.40 (mc,
2.48 (dd, J= 18.0 and 6.4 Hz, 1H, 15-Hp, part of an AB-system), 2.70 (dd, J = 180and75Hz
1H, 15-H,, part of an AB-system), 5.21 (ddd, J=5.1, 5.2 and 1.8 Hz, 1H, 1-H); °C NMR
(CDCl;, ppm) 6 21.88 / 23.05 /2449 /2554 /25.72/26.49/26.69/26.69/27.50/29.71 (t,
C-5-C-12,C-17, C-18), 32.43 (t, C-19), 34.13 (t, C-4), 38.72 (d, C-16), 41.95 (t, C-15), 42.08
(t, C-13), 77.51 (d, C-1), 173.28 (s, C-3), 210.55 (s, C-14); MS (EI, %) m/z 294 (48) M%), 276

(30) IM® - H,0], 248 (21) [M® - H,0 - CO], 213 (100) [C;;H,,05%); [a]? +22.1, [a]3, +25.9

(¢ 2.8, CHCl;); Anal calcd for C13H300; (294.4), C 73.43, H 10.27; found C 73.49, H 10.25.
(18, 148)-(+)-2-Oxabicyclo[12.4.0]octadecan-3, 1 2-dione (8¢c). Scale 4.03 mmol of 7¢, yield

91% (1.03 g), hR¢ 41 (n-pentane:Et,O, 5:1), mp 106 °C; IR (film, cm’l) v 1718 (s, v C=0,

lactone), 1701 (s, v C=0, ketone), 1257 (s, v C-CO-O, lactone), '"H NMR (CDCls, ppm)
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I5(m, 1
\

1.
~ s
/

Y

T\

14 - 1
, 1. , 1
220(mc, 1H, 4- Hb),221 (mc, 1H, 13 H;,) 245(ddd J= 141 8.5 and 3.6 Hz, 1H, 4-H,), 2.49
(ddd, J=14.8, 8.3 and 4.7 Hz, 1H, 11-H,), 2.74 (dd, J=19.6 and 9.3 Hz, 1H, 13-H,), 4.97
(ddd, J= 5.6, 2.8 and 2.8 Hz, 1H, 1-H); >C NMR (CDCl;, ppm) & 21.10 / 23.93 / 24.19 / 24.26
/25.57/25.86/2591/2591/27.82/(t, C-5-C-10, C-15- C-17), 28.96 (t, C-18), 34.42 (d,
C-14), 34.68 (t, C-4), 42.25 (t, C-11), 42.79 (t, C-13), 72.32 (d, C-1), 173.13 (s, C-3), 210.80
(s, C-12); MS (EI, %) m/z 280 (29) [M?], 262 (9) [M® - H,0], 252 (29) [M® - COJ, 185 (45)

[C1oH17057], 98 (100) [CeH100%); [0]2 +23.2, [a]2, +26.6 (c 1.7, CHCls); Anal calcd for

C7Hp305 (280.4), C 72.82, H 10.06; found C 72.75, H 10.01.

(18,158)-(+)-2-Oxabicyclof13.3.0]octadecan-3, 1 3-dione (8d). Scale 7.41 mmol of 7d, yield
88% (1.83 g), hR; 28 (n-pentane:Et,0, 5:1), mp 70-72 °C; IR (film, cm™) ¥V 1719 (s, v C=0,
lactone), 1703 (s, v C=0, ketone), 1256 (s, v C-CO-0O, lactone); 'H NMR (CDCl;3, ppm)
0 1.20 - 1.44 (m, 10H, 6-H,-10-H,), 1.40 (m¢, 1H, 16-Hy), 1.49 - 1.79 (m, 6H, 5-H; and 11-H,
and 17-Hy), 1.68 (mc, 1H, 18-Hy), 1.81 (mc, 1H, 16-H,), 1.97 (m¢, 1H, 18-H,), 2.27 (m¢, 2H, 4-
, 1H, 15-H), 2.42 (ddd, /=147, 8.6 and 46 Hz, 1H, 1

223C =23 A~ TaR)y ey s C.0 Q2% o oA 9 XXX

l\.)

e A O™ IT.. 11T 1A 1Y

\ C
14 o./ iz, 11, 14-I1,),

, 14-H,), 2.74 (dd, J= 18.6
(ddd, J = 4.9, 48and 1.7 Hz, 111, 1 H),”CNMR(CDCh,ppm)SZ 52/23.94/24.35/25.64
/25.99 / 26.54 / 26.61 / 26. o5 (t, C-5 - C-11, C-17), 29.62 (t, C-16), 32.56 (t, C-18), 34.00 (t,
C-4), 38.68 (d, C-15), 41.63 (t, C-12), 42.83 (t, C-14), 77.30 (d, C-1), 173.42 (s, C-3), 210.94
(s, C-13); MS (EL %) m/z 280 (36) [M?], 262 (29) [M® - H,0], 252 (9) [M® - CO], 199 (75)
[C11H150,%], 98 (100) [CeH;0%); [a]2 +42.8, [a]2, +49.8 (c 2.1, CHCly); Anal caled for

C17H505 (280.4), C 72.82, H 10.06; found C 72.80, H 10.01.

L 17IE2§WU3 (40U,
(18,158)-(+)-2-Oxabicyclof13.4.0]nonadecan-3, 1 3-dione (8e). Scale 7.72 mmol of 7e, yield
91% (2.07 g), hR; 41 (n-pentane:Et,0, 5:1), mp 48-49 °C; IR (film, cm™) ¥ 1725 (s, v C=0,
lactone), 1698 (s, v C=0, ketone), 1221 (s, v C-CO-O, lactone); 'H NMR (CDCls, ppm)
§1.24 - 1.54 (m, 16H, 6-H,-10-H, and 16-H, - 18-H,), 1.50 (mc, 1H, 19-Hy), 1.58 - 1.79 (m,
4H, 5-H; and 11-H,), 1.85 (m¢, 1H, 19-H,), 2.24 (mc, 1H, 15-H), 2.32 (mc, 1H, 14-Hy), 2.32
(mc, 1H, 4-Hy,), 2.33 (mc, 2H, 12-H,), 2.39 (ddd, J=15.3, 9.4 and 3.6 Hz, 1H, 4-H,), 2.63 (dd,
J=18.4 and 6.8 Hz, 1H, 14-H,), 5.03 (ddd, J=5.3, 2.5 and 2.8 Hz, 1H, 1-H); "C NMR

ba
()

Q
o.

(OTYL, Y SINQQ /DA 27 /2427 /D4 KYV /DK TTIDEDIT/IIEKA T DARS /I DITAN DT AS /[t

/i3, PPML) U LNVLFT7 [ &0 7 1 &0 1 1 L0 T LI i T F LULT | LUIT ] LUOT [ L h IOV LTI T\

C-5-C-11,C-16 - C-18),29.37 (t, C-19), 34.18 (t, C-4), 34.66 (d, C-15), 41.92 (t, C-12), 44.95
&

(t, C-14), 72.24 (d, C-1), 173.18 (s, C-3), 211.02 (s, C-1 ) S (EL %) m/z 294 (34) [M®], 276

(10 MO _ H.01 266 (36) IM® - CO1 248 (6) TM® - H.0O - CO1 197 (75) [CiiH; -0.21- [ 12

\1&} LlVl L UJ’ e\ T \JU} Ll'l \JVJ, et T Y \\l} LLVA LR YASY \JVJ x I l_\/ll /\Jj J, L JD
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+21.0, [a]?2

545

+24.5 (¢ 2.4, CHCl3); Anal caled for CygH3005 (294.4), C 73.43, H 10.27; found C
('I'S, S)-(+)-2-Oxabicyclo[14.4. Ujetcosadecan—.)’ 14-dione (8]) Scale 4.61 mmol of 71,

AN 135

id

713(5 v C=0, ketnne\ 1250 (s, v('-(‘O-() lactnne\ 'H NMR ((‘DF]: ppr )8].25-135
s )
P

r and 1711 10T 1 &1 10 9N -
n, -[12— L"[‘lz ana 1/-rip - 17-113j, 1.J1 \xllc, iri, :.U—le}, 1.82 (HLC, }H 20-

2.39 (m, 4H, 4-H, and 13-H,), 2.25 (mc, 1H, 16-H), 2.32 (dd, J=17.6 and 7.3 Hz, 1H 15 ),
2.50 (dd, J=17.6 and 6.4 Hz, 11, 15-H,), 4.99 (ddd, J=5.0, 2.5 and 2.6 Hz, 111, l-H), e
NMR (CDCls, ppm) & 20.98 / 23.09 / 23.08 / 24.41 / 24.71 / 25.42 / 25.48 / 26.67 / 26.67/
27.51/27.60 (t, C-5 - C-12, C-17 - C-19), 29.65 (t, C-20), 34.45 (t, C-4), 34.89 (d, C-16),

A/ Fa o |

44.16 / 42.63 (t, C-13 and C-15), 72.25 (d, C-1), 173.34 (s, C-3), 210.73 (s, C-14); MS (EI, %)
m/z 308 (19) [M®], 290 (6) [M® - H,0], 280 (23) [M® - CO], 213 (34) [C1;H;10;%]; [a]Z +6.7,
[a]Z, +7.8 (¢ 1.7, CHCLy); Anal calcd for C1sHy0; (308.4), C 73.98, H 10.46; found C 73.94,
H10.42.

Chemoselective Reductions of Oxo Lactones 8 to Bicyclic Lactones 1

General procedure: See ref. [6d]

(1S, 14R)-(+)-2-Oxabicyclo[12.3.0]heptadecan-3-one (1a). Scale 2.06 mmol of 8a, yield
81% (421 mg), hR¢ 31 (n-pentane:Et,0, 40:1), mp 38 °C; IR (film, cm™) V 1731 (s, v C=0,
lactone), 1250 (m, v C-CO-O, lactone), 1148 (m, v C-O) ; '"H NMR (CDCl;, ppm) & 1.13 -
1.80 (m, 16H, 6-H,-13-H,), 1.24 (mc, 1H, 15-Hy), 1.45 (mc, 1H, 16-H,), 1.53 (m¢, 1H, 15-H,),
1.60 (m¢, 1H, 5-Hy), 1.67 (m¢, 1H, 5-H,), 1.74 (m¢, 1H, 17-Hy), 1.77 (m¢, 1H, 16-H,),1.79 (mc,
1H, 14-H), 1.91 (m¢, 1H, 17-H,), 2.23 (ddd, J=14.2, 9.1 and 3.6 Hz, 1H, 4-H,), 2.45 (ddd,

=7 Rabhahe

J=14.2, 8.7 and 3.4 Hz, 1H, 4-H,), 5. 12 (ddd, J= §1 4.7 and 1.2 Hz, 1H, 1-H); °C NMR
(CDCls, ppm) 8 21.66 / 23.52 / 24.86 / 25.51 / 25.66 / 25.81/ 25.84 / 27.54 (t, C-6 - C-13),
24.48 (t, C-15), 28.18 (1, C-5), 30.47 (t, C-16), 32.83 (t, C-17), 34.83 (t, C-4), 45.02 (d, C-14),
76.68 (d, C-1), 173.69 (s, C-3); MS (EI, %) m/z 252 (17) [M®], 234 (7) [M® - H,0], 224 (3)
M® - COJ, 96 H,,%], 82 (100) [CsHyo"T; [ +84.9 6 HC

9, [a]Z, +100.6 (c 3.8, CHCl3); GC

[
in (>97.5), >95.0%ee; Anal calcd for CicHp30, (252.4), C
0

(100°C, 2°C/min to 180°C: 36.9 m
76.14, H 11.18; found C 76.27, H 11.20.
(18, 16R)-(+)-2-Oxabicyclof14.3.0]nonadecan-3-one (1b). Scale 1.70 mmol of 8b, yield
81% (388 mg), hR; 28 (n-pentane:Et;0, 40:1); IR (film, cm’ Y ¥ 1732 (s, v C=0, lactone),
1203 (m, v C-CO-0, lactone), 1172 (m, v C-O) ; 'H NMR (CDCl;, ppm) & 1.15-1.95 (m,

29 5-I1,-15-H,. 17-H,-19-H, and 6”) 27(:‘1&1‘] J=15.1, 6.7 and 5.8 Hz, 1H, 4-Hg, part

&7Il, J-I12-1J=I12, 1 /=X12=17=I13] ang LuaG, v 1B, pait

f AB system), 2.34 (ddd, J=15.1, and 5.6 Hz, 1H, 4-H,4, part of an AB-system), 5.19

7191-7208 7203
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ddd, J=5.1

~ o~

26.06 / 26.
18), 32.69 (t, C-19), t, C-4), 45.03 (d, C-16), 77.
m/z 280 (43) [M®], 262 (17) [M® - H,0], 252 (4) [M® - COY; [a]® +

ot fal RN alaNai i e non ______ QMO ., A £ e INO0 1N 00 N 0/ e a1
LHbl}), UL (JUU L, 2 b/mlﬂ 10 10U C.o4/7.0 N1 («wr7.1), ~70.U 700C, Alldl G

(280.4), C 77.09, H 11.50; found C 77.15, H 11.46.
(1S, 14R)-(+)-2-Oxabicyclo[12.4.0]octadecan-3-one (Ic). Scale 2.04 mmol of 8¢, yield 87%
(473 mg), hR; 28 (n-pentane:Et,0, 40:1); IR (film, cm™) ¥V 1730 (s, v C=0, lactone), 1215

vf SO IRl 1. 1ah (223113 WALL iauLiulle

(m, v C-CO-O, lactone), 1176 (m, v C-O) ; '"H NMR (CDCls, ppm) & 0.98 - 1.74 (m, 22H, 6-
Hy-13-H,, 15-H; - 17-H,), 1.40 (¢, 1H, 18-Hy), 1.53 (g, 1H, 14-H), 1.58 (¢, 1H, 5-Hy),
1.67 (m¢, 1H, 5-H,), 1.97 (mc, 1H, 18-H,), 2.24 (ddd, J= 14.1, 9.2 and 3.5 Hz, 1H, 4-H,), 2.48
(ddd, J=14.1, 8.7 and 3.4 Hz, 1H, 4-H,), 4. 98 (ddd, J=5.2, 2.6 and 2.6 Hz, 1H, 1-H); °C

q
s D
21
31
C-

NAAD 7Y oz ) 411(/’)’2')0/’)')/1:/’)/!1(/’7/!(’1/’)ECI/'1 £Q/27%4NnNQ /2797 7Q /
AINLIVIIN \\11.)\113, ppux) O LL.IOV T L0097 ] &d.*TJ PP R A A AV haend el L W7 &LUNVO T Ll &0
28.47 /2945 (t, C-6 - C-13, C-15 - C-17), 24.56 (t, C-5), 29.44 (t, C-18), 34.70 (t, C-4), 40.04
(d, C-14), 71.50 (d, C-1), 173.52 (s, C-3); MS (EI, %) m/z 266 (25) [M®], 248 (4) [M® - H,0],
M2 (Y M@ _ .11 96 (100) TCLHL-®81- T 123 462 7 rn123 +74.1 (¢ 3.9, CHCL): GC (100°C
Ll \FJ) [LvL 3117y SV LUV |~ 112 J» l\hJD NThuo § g | 46 TTL (v Jedy LI )y U L TVY v

\
J
2°C/min to 180°C: 41.4 min (>9 ) 91.0%ee; Anal calcd for C;;H3,0, (266.4), C 76.64, H

11.35; found C 76.69, H 11.42.
(1S 75R)- /—!—) 7-f)vnhlmmlnf

(1S, 15R) 2-Oxabicyclo[13.3.0]octadecan-3-one (1d). Scale 2.14 mmol of 8d, yield 90%
e oM 201N, T S0 I A A o e N 4 =y lacinne) 17219
(3 12 mg), nl(f 22 (n-pen[ane Ei,U, Su: 1) IK(IlIMm, cm ) V 1/32 ( L=, 1acione), ii14

n S, V

(m, v C-CO-0, lactone), 1170 (m, v C-O) ; 'H NMR (CDCl;, ppm) & 1.
H,-14-H;), 1.30 (m¢, 1H, 16-Hy), 1.42 (mc, 1H, 17-Hy), 1.48 (mc, 1H, 16-
)

) H)l 4 (mg, 1H, 5-
Hy), 1.69 (mc, 1H, 18-Hy), 1.78 (m¢, 1H, 15-H), 1.79 (m¢, 1H, 17-H,), 1.80 (m¢, 1H, 5-H,),
1.90 (m¢, 1H, 18-H,), 2.27 - 2.36 (m, 2H, 4-H,), 5. 23 (ddd, /= 5.1, 5.1 and 1.7 Hz, 1H, 1-H);
3C NMR (CDCl;, ppm) 8 21.91 / 25.34 / 25.94 / 26.40 / 26.51 / 26.63 / 26.76 / 27.40 / 27.45
(t, C-6 - C-14), 24.56 (t, C-5), 29.97 (1, C-16), 30.13 (t, C-17), 32.75 (t, C-18), 34.09 (t, C-4),
45.16 (d, C-15), 77.05 (d, C-1), 173.91 (s, C-3); MS (EIL, %) m/z 266 (20) [M®], 248 (8) [M® -
201, 238 (3) [M® - COJ; [a]2 +50.4, [a]2, +59.5 (c 4.1, CHCL); GC (100°C, 2°C/min to
180°C: 41.7 min (>98.8), >98.0%ee; Anal calcd for C,7H30, (266.4), C 76.64, H 11.35; found
C 76.59,H 11

Qﬂ
(1S,15R)-(+)-2-Oxabicyclo[13.4.0]nonadecan-3-one (1e). Scale 2.04 mmol of 8e, yield 94%
(540 mg), hR; 36 (n-pentane:Et;0, 40:1); IR (film, cm’ Y ¥ 1731 (s, v C=0, lactone), 1208
(m. v C-CO-0, lactone), 1169 (m v C- ()\ IH NMR ((‘D(‘] pom) & 1.06-1.50 (m 22H,

\Aaiy VTR y AQWIVAIVjy 1 2SS 3, ppiil) o LLVU s 10U Al 22l

6-H,-14-H,, 16-H, and 17-H,), 1.27 (m¢, 1H, 18-Hy), 1.40 (mc, 1H, 19-Hy), 1.45 (m, 1H, 15-

H), 1.56 (m¢, 1H, 5-H), 1.66 (m¢, 1H, 18-H,), 1.78 (mc, 1H, 5-H.), 1.89 (m¢, 1H, 19-H,), 2.33



B. Bollbuck, W. Tochtermann / Tetrahedron 55 (1999) 7191-7208 7205

4,C-16, C-17), 24.44 (t, C-5),
1 -1), 173.65 (s, C-3);
2 (5) M® - H,0] [a]2 +44.6, [a]2,

+52.6 (¢ 3.9, CHCl,); GC (100°C, 2°C/min to 180°C: 47.2 min (>95.4), >91.0%ee; Anal calcd
for Cy3H3,0, (280.4), C 77.09, H 11.50; found C 77.05, H 11.42.
(1S,16R)-(+)-2-Oxabicyclof14.4.0]eicosadecan-3-one (1f). Scale 2.59 mmol of 8f, yield

-1 M
96% (730 mg,, hR; 39 (n-peﬁt:me Et,O, 40: }} IR \uhu, Cim ) v1731 \o v =0, lactone ),

1168 (m, v C-0); "H NMR (CDCls, ppm) 8 1.14 - 1.61 (m, 25H, 6-H,-15-H,, 18-H,, 19-H, and
17-Hy), 1.45 (mc, 1H, 20-Hy), 1.50 (m¢, 1H, 20-H,), 1.56 (mg, 1H, 5-Hy), 1.68 (mc, 1H, 17-,),
1.75 (mg, 1H, 5-H,), 1.90 (mc, 1H, 16-H), 2.30 (ddd, J=14.7, 7.1 and 5.4 Hz, 1H, 4-Hj, part

of an AB-system), 2.37 (ddd, J=14.7, 8.8 and 5.3 Hz, 1H, 4-H,, part of an AB-system), 5.00

(ddd J=174, 2.4 and 2.5 Hz, 1H, 1- H),”L NMR(LUL13,ppm)OZI 25/24.80/24.89/25.51
/25.51 /25.71 / 26.05 / 26.11/ 26.67 / 26.83 / 27.67 / 27.71 / 28.01 / 29.86 (t, C-5 - C-15,
C-17 -C-19), 31.67 (t, C-20), 34.42 (t, C-4), 40.19 (d, C-16), 72.35 (d, C-1), 173.58 (s, C-3) ;

i @ oy
MS (EL, %) m/z 294 (32) [M®], 276 (7) [M® - H;0], 248 (3) [M® - CO - H,0}; [0]2 +18.8,

[a]2 +22.3 (¢ 1.6, CHCl,); GC (100°C, 2°C/min to 180°C: 55.3 min (>95.7), >91.0%ee; Anal

+546

caled for Cy9H340, (294.5), C 77.50, H 11.64; found C 77.45, H 11.62.

Synthesis of Substituted Monocyclic Lactones 14

S N P L., L.,
Amymuum U] Ly canune qu oy Crir

Oxidative Cleavage to Oxo Lactones 13
General procedure: See ref. [6b,d]
(128, 13S)-(+)-12-Methyl-10-oxo- 13-tetradecanolide (13a). Scale 12. 1 mmol of 12a, yield

56% (

lactone), 1710 (s, v C=0, ketone), 1148 (m, v C-0) ; 'H NMR (CDCl;, ppm) 6 0.98 (d, /=7.0

Hz, 3H, 12-Me), 1.16 (d, J= 6.5 Hz, 3H, 14-H;), 1.25-1.40 (m, 8H, 4-H,-7-H;), 1.55-1.75 (m,

4H, 3-H, and 8- H,), 2.09 (dd, /=173 and 8.2 Hz, 1H, 11-Hy), 2.20-2.50 (m, 5H, 9-H,, 2-H,

e Lo TP LD : £Q &0 O, TD [ filian Y]
gL )y I 30 \rt-pt:uw.uc DLz\J, 1], lup JO-37 "L IR \uuu, cm } A% 1728 S, Vv C 0,

[un—

2-H), 287(dd J=17.3 and 5.0 Hz, 1H, 11-H,),4.96 (dq, /= 13.1 and 3.2 Hz, 1H, 13-H);

-

and
MS (El, %) m/z 254 (15) [M®], 239 (7) [M® - CH;), 226 (12) [M® - COJ; Anal calcd for
CisH,605 (254.4), C 70.83, H 10.30; found C 70.96, H 10.29.

(12R, 138)-(+)-12-Methyl-10-oxo-13-tetradecanolide (13b). Scale 12.1 mmol of 12b, yield
59% (1.83 g), hR; 36 (m-pentane:E,0, 5:1), mp 44-45 °C; for spectroscopic data of the

corresponding enantiomer, see ref. [6c].
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(12R,138)-(+)-12-Ethyl-10-oxo-13-tetradecanolide (13c). Scale 21.4 mmol of 12¢, yield

(00 (202 o\ hP. 16 (monentana Bt .0} 51 mn 202N 0(‘ TR (flm nm‘l} Y 1712 (¢ v (=0

vos/v \J « T 5} lu\t T \n‘yvllu’«uxv AT Ty S 1} llly e T INT EEAN \Llllll’ il v riro \D, V N U,y

lactone), 1698 (s, v C=0, ketone), 1220 (s, v C-CO-0, lactone); '"H NMR (CDCls, ppm) 6 0.87
(t,J=7.5 Hz, 3H, 2’-H;), 1.24 (d, J= 6.2 Hz, 3H, 14-H;,), 1.28 - 1.41 (m, 8H, 4-H,-7-Hy), 1.37
(mc, 1H, 1’-Hy), 1.46 (dqd, J=4.8, 7.6 and 14.6 Hz, 1H, 1’-H,), 1.61 - 1.73 (m, 4H, 3-H, and

8-H,), 2.13 (tddd, J=6.7, 1.9, 4.9 and 13.4 Hz, 1H, 12-H), 2.29 - 2.41 (m, 4H, 2-H, and 9-H,),

ITT 11 IT\N "N £A 1.1 Yoo AN e ] 17T OTY. 11IY 11 ITN A OA e Q £ 1T,
LJO klIlC, 11_1, 11-1p), £.04 (U4, v — 9.7 allu 17/. ¥ 1z, iri, 11-Ily)} 4.04 \qU,J"OL dlll 0.0 I'lZ,

1H, 13-H); "C NMR (CDCls, ppm) 8 10.31 (q, C-2"), 18.93 (q, C-14), 23.20/23.56 (t, C-1",
C-8), 24.17 (t, C-3), 26.14 / 25.57 / 25.57 / 25.38 (t, C-4 - C-7), 34.32 (t, C-2), 39.43 (d, C-12),
41.93 (t, C-11), 42.38 (t, C-9), 73.06 (d, C-13), 173.45 (s, C-1), 211.05 (s, C-10); Mq (EL, %)

1 €2 M AP A1 920 iy A® . A1 19 (56) 00 7£8\
§, 233 (/) M - Uz, 235 (1U) (v - Conisg, 120 (50) [_k,grlmu _|, F0 {(05)

o)

o

" SD
> i
EN

1711 S,VC=O k tone), 1251 (s, vC CO-O lactone\ 'H NMR (CDCI 3, ppm) 6088 (t
FT— "7 A 11> I U\ Nat 4 f——K’7II-—, 2L 197N a) 1 99 144 (v QUT A_TT _7_TT, 1 8§72
J 4 1L, ori, =f13), V.73 (U, v = U./7 112, 511, 14=1¥IC), 1.4 - 15959 \ill, O11, 9-11) /'112}, 1.5

3H, 15-
(dqd, J=14.7, 7.4 and 7.5 Hz, 1H, 14-Hy), 1.73 (dqd, J=14.7, 7.4 and 3.7 Hz, 1H, 14-H,),
1.59 - 1.74 (m, 4H, 3-H, and 8-H,), 2.18 (dd, J=9.4 and 16.8 Hz, 1H, 11-Hy), 2.25 (mc, 1H,
12-H), 2.29 - 2.46 (m, 4H, 2-H, and 9-H,), 2.68 (m¢, 1H, 11-H,), 4.71 (ddd, J= 8.8, 7.5 and
3.7 Hz, 1H, 13-H); °C NMR (CDCl;, ppm) & 8.92 (q, C-15), 16.98 (q, 12-Me), 23.41 / 24.64 /

A NO

24.95 ([ C- l‘l‘ L,-Janﬂk, b),LOJI/AJ 50/25.54/25. Dyu C-4 - L-/),Jl 39 ((l C- 14), 4.UY

(t, C-2), 42.48 (t, C-11), 45.15 (t, C-9), 78.38 (d, C-13), 173.89 (s, C-1), 211.41 (s, C-10); MS
(EL, %) m/z 268 (33) [M®], 250 (7) [M® - H,0], 239 (30) [M® - C,Hs], 183 (62) [M® - C6H13]

120 FANY TN T 12l 1™ Tos
157 (4V) [Vl - bsrll‘;UJ, [U.JD TO./, W],

(268.4), C 71.60, H 10.51; found C 71.69, H 10.59.

st
«
L]
i
<
=
(]
=
(<)
E3
w
@
-| .
CQ

General procedure: See ref. [6d]
(128, 13S)-(+)-12-Methyl-13-tetradecanolide (14a). Scale 2.75 mmol of 13a, yield 94% (620
mg), hR; 28 (n-pentane:Et,0, 50:1); IR (film, cm) vV 1733 (s, v C=0), 1220 (m, v C-CO-0) ;

Iy NMR (CDCL som) 8§ 096 (4. J=6.9 Hz. 3H. 12-Me). 1.14 (d. J=6.6 Hz. 3H. 14-H)
I'T INIVIIN (Lol pPpil) O V.70 (M V.7 114y J11y, 14L7TIVIV), AT My VU V.W Llz4, Jily 1777113,

0.95-1.80 (m, 19H, 3-H,-11-H;, 12-H), 2.22-2.45 (m, 2H, 2-H,), 4. 95 (dq, J=6.5 and 3.1 Hz,
1H, 13-H); minor diastereomer & 4.64 (dq, /= 9.9 and 6.2 Hz, 1H, 13-H, 4.5%, 91%de);
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MS (EI, %) m/z 240 (11) [M?], 222 (7) [M® - H,0], 296 (74) [M® - CO,]; “};[a]2 +7.1,

[a]Z, +8.4 (c 4.0, CHCL); Anal caled for CysHas0, (240.4), C 74.95, H 11.74; found C 75.07,
H 11.85.

(12R 13C)_ /4—

‘lb‘\ .IJU/ )

1d 84%
mg), hR¢ 22 (n-pentane:Et,O, 50:1); 'H NMR (CDCl;, ppm) minor dlastereome 5 4.95 (dq,
J=3.1 and 6.5Hz, 1H, 13-H, 4.5%, 91%de); spectroscopic data are identical wi
enantiomer, see ref. [6c]; [aP‘ +47.0, Icﬂz‘ +55.3 (¢ 3.8, CHCI;); Anal caled for C;

...................... =35

(240.4), C 74.95, H 11.74; found C 75.09, H 11.72.

(12R,138)-(+)-12-Ethyl-13-tetradecanolide (14c). Scale 1.86 mmol of 13c¢, yield 91% (431
mg), hR; 47 (n-pentane:Et,0, 20:1); IR (film, cm™) ¥ 1730 (s, v C=0, lactone), 1248 (s,
v C CO-0, lactone); 'H NMR (CDCl;, ppm) 6 0.87 (t, J=7.5Hz, 3H, 2’-H;), 1.22 (d,
J=6.2 Hz, 3H, 14-H3), 1.23 - 1.53 (m, 16H, 4-H,-11-H;), 1.31 (m¢, 1H, 1’-Hy), 1.42 (m¢, 1H,

1’-H,), 1.49 (ddddd, J=4.0, 4.0, 3.7, 6.2 and 13.9 Hz, 1H, 12-H), 1.57 (mc, 1H, 3-Hy), 1.72

(ddddd, J=3.6, 5.2, 7.9, 9.5 and 14.4 Hz, 1H, 3-H,), 2.29 (ddd, J=3.7, 8.1 and 14.4 Hz, 1H,
2-Hy), 2.40 (ddd, /= 3.5, 9.6 and 14.4 Hz, 1H, 2-H,), 4.75 (qd, J= 52““,1051{“ 1H, 13-H);

ALLD} h‘l’U\uu ol g iANd L T T Ay bv A 23Ty I & \WVy v g

12-Moethvl-13- tetradecanolide fl!h) Scale 2.75 mmol of

ivicsrsys (2481222547 # o v 7 AXLLX

p=
oy
w
=
et
o
&
X
5
N
~
N
(%
(V8]

¢

i
»\4 T \Y\ I7a

minor diastereomer & 5.12 (dq, J= 3.1 and 6.6 Hz, 1H, 13-H, 1.0%, 98%d de); "C NMR (C
ppm) & 10.29 (g, C-2°), 18.98 (q, C-14), 21.28 / 21.45 (t, C-1°, C-10), 23.79 (t, C-3), 26.67 /

DCls,

(']

26.04 / 25.77 / 25.53 (2C) / 24.50 / 24.45 (t, C-4 - C-9, C-11), 34.46 (t, C-2), 43.31 (d, C-12),
73.17 (d, C-13), 173.68 (s, C-1); MS (EI, %) m/z 254 (11) [M®], 225 (7) [M® - C,Hs], 210
(100) [M® - COy], 167 (17) [M® - CsH,0); [a]? +36.0, [a]2, +42.5 (¢ 2.2, CHCls); Anal
caled for C;Hs0, (254.4), C 75.54, H 11.88; found C 75.50, H 11.80.

o
-

(12R, 135)-(+)-12-Methyl-13-pentadecanolide (14d). Scale 1.49 mmol of 13d, yield 81%
(308 mg), hR; 44 (n-pentane:Et,0, 20:1); IR (film, cm’ ) v 1731 (s, v C=0, lactone), 1246 (s,
v C-CO-0, lactone); 'H NMR (CDCls, ppm) §0.87 (d, J=6.8 Hz, 3H, 12-Me), 0.87 (t,
J=7.4Hz, 3H, 15-H3), 1.20 - 1.53 (m, 17H, 4-H,-11-H; and 3-H,), 1.49 (mc, 1H, 14-Hy), 1.63
(mc, 1H, 12-H), 1.73 (m¢, 1H, 3-H,), 1.75 (mc, 1H, 14-H,), 2.34 (ddd, /= 3.5, 7.8 and 14.6 Hz,
1H, 2-Hy), 2.43 (ddd, J=3.3, 10.1 and 14.6 Hz, -H,), 4.66 (ddd, J= 3.5, 7.4 and 9.8 Hz,

1H, 2
1H, 13-H); minor diastereomer & 4.74 (ddd, J= 3.1, 4.4 and 9.4 Hz, 1H, 13-H, 2.0%, 96%de);

13
C NMR (CDCls, ppm) § 8.78 (g, C-15), 15.54 (q, 12-Me), 22.47 (t, C-14), 23.74 / 23.81 (t, C-

3 and C-11),24.76 / 25.07 / 25.28 / 25.80 / 25.93 / 26.36 / 30.25 (t, C-4 - C-10), 33.94 (1, C-2),
35.10 (d, C-12), 78.83 (d, C-13), 173.98 (s, C-1); MS (EL, %) m/z 254 (23) [M®], 225 (17) [M®
- C,H1 196 (100) IM® - CHyol, 167 (13) [M® - CsH,,0]; [al} +25.9, [a]g,, +30.7 (¢ 1.9,

uzALD_I LAV AV Ve “1U]9 -7 L 53211

CHCl5); Anal calcd for C¢H300, (254.4), C 75.54, H 11.88; found C 75.59, H 11.84.
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