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Abstract. Michael reactions gB-keto esterda—1hwith me-  very low diastereoselectivities (made 20%). A bisf-keto

thyl vinyl ketone Ra) catalyzed by FeGl 6 H,O (5 mol%)  esterli and a bis-vinyl keton2b — both valuable monomers
proceed with up to 99% yield. Conversionf®keto esters for poly-Michael reactions — are synthesized from common
la—1e derived from chiral alcohols witBa result in only  starting materials in up to gram quantities.

The conjugate, base catalyzed addition Bfdicarbo-  port on our results in Fe(lll) catalyzed conversions of
nyl compound to an acceptor activated olefin is one ofhese chiralp-keto esters with methyl vinyl ketone
the most important C—C bond forming reactions in or{MVK, 2a).

ganic synthesis [1]. Being generally a high yielding and

very efficient process, in some cases a number of side- o FeCls - 6 Hy0

and subsequent reactions, such as ester solvolysis, &l COR* — Ve
dol-cyclizations, and retro-Claisen-type decompositions, & Q R’ COR*
result in a low chemoselectivity of the classic base cat- 1 N ve 3
alyzed Michael reaction. To overcome these drawbacks 2a

Bronstedt basic reaction conditions have to be avoidedscheme 1lron(lll) catalyzed Michael reactions ¢#keto
and a number of neutral metal compounds have beesstersl with MVK (2a).

reported as catalysts in the past years [2]. Iron(lll)chlo-

ride hexahydrate has been introduced by us being one

of the most efficient metal catalysts for a Michael reacResults and Discussion

tion of af3-keto estefl with vinyl ketone2 (Scheme 1)

[3]. FeCk - 6 H,O is a non-toxic, very cheap and insen- Michael Reactions

sitive material. Recently, we reported on the first poly-

Michael reaction of a bis-donor with a bis-acceptor catA number of3-keto esterd resulting from azeotropic
alyzed by FeGl- 6 H,O [4]. Herein, we wish to report transesterifications [8] of the corresponding methyl es-
on the synthesis of the respective starting matetials ters withrac-phenyl ethanoli(a, 1c, andif), (1R 3R,49)-
and2b as well as their conversion in model Michael (-)-menthol {b and1e) as well as ($2R)-(-)-ende
reactions. Moreover, since most of the Michael prodborneol (yieldingld) were converted with 1.2 eq MVK
ucts3 bear at least one stereogenic center, the control ¢fa) and 5 mol% FeGl- 6 H,O at ambient temperature
stereochemistry is an important issue [5]. Besides thin CH,Cl,. Products3a—3f were obtained after chro-
use of chiral catalysts for asymmetric Michael reactionsnatography in good to excellent yields (Scheme 2). With
[6] the application of chiral auxiliaries is a reasonablerespect to stereoselectivity diasterecisomers were always
strategy which has been investigated continuously [7]obtained in about 1 : 1 ratio (best value 60 : 4B&)r
One of our approaches to address this problem appli&Sonsequently, chiral alcohols do not seem to be suit-
the use of oxo esters being esterified with chiral alcoable auxiliaries to convert derivgeketo esters in Fe(lll)
hols such as phenylethanol, menthol, and borneol. Toatalyzed Michael reactions. Analogously, prodGcts
have a flexible access to these materials we have esta@ad3h were obtained from the corresponding six- and
lished a very simple protocol for transesterificationsseven-membered isobutyl estégandlh. Compounds
based on the azeotropic removal of methanol with cy3g and3h are required as racemic reference materials
clohexane from a reaction mixture [8]. Herein, we re-in our project on the asymmetric catalysis of Michael
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reactions [6e, 6f]. Bis-donofs (Scheme 3) antk (di-  Yield might be due to the sensitivity as well as to the
ethyl 2,5-cyclohexanedione 1,4-dicarboxylate) [9] werehigh volatility of starting materie2b.

converted with MVK Ra) under more diluted condi- _ _

tions as applied for the preparation of polymeric mateSynthesis of the bis-donor

rials [4]. Mono-adducBi was obtained by application
of 1 eq MVK (2a). The yield was moderate due to the
formation of the bis-adduct as a by-product. Formatio
of the mono-addua@k required 4 eq MVKZa) result-

To access a material being a suitable bis-Michael donor
we first considered double tin-mediated conversion of
rblutaric aldehyde4) with ethyl diazoacetate known as
ing in a moderate yield at ambient temperature Bis ! established method f#keto ester formation [10].
adduct3j was obtained at 23 °C applying 4 eq MVK However, under reaction conditions six-membered ring
formation by subsequent intramolecular condensation

(2a). Having quantitative conversion (by TLC) the Ic_)\_/v eemed to be a very favorable process, since compound
yield was presumably due to a number of unspecified 111 a5 the only isolable product out of this reaction.
condensation side processes of the very polar materi hus, we decided to rely on another protocol which was
ilrsr;dopq[rlrk dlg nvottfodrT ;ny ?'?'?ddl;g Zt ambient reported in the literature to successfully yield a dialkyl

perature. Elevated temperature and 4 eq MMX (- 537 _jioyononanedioate [12]. But conversion of doubly
were required in this case. Consequently, bis-d@kor deprotonated monoethyl malona® @ith glutaroyl

is less suitable for any polyaddition reaction. Bis-ac- - : :
. chloride (followed by protonation and decarboxylation)
ceptor2b (Scheme 4) was reacted with 5 eq of ethyl 2'again yielded the cyclic produbtas the only unique

oxocyclopentane carboxylaténg) to yield 67% of the material. Conse
o . : : . quently, we thought that seven-mem-
bis-adducBm at 23 °C. In this case the relatively low bered ring formation might be a less favorable subse-

o o quent process. And indeed, analogous conversién of
MMG 2 Q with adipoyl! chloride yielded compourid, however,
CO4R* in low yield.
3a, R* = CH(Ph)Me, 3c, R* = CH(Ph)Me,
85%, 60 : 40 86%,1:1 o
3b, R* = menthyl, 3d, R* = endo-borneyl,
99%,1: 1 83%,1: 1 Q Q Ny COskEt CO,Et
3e, R* = menthyl, HJI\/\/U\H _— £
o o 97%,1:1 SnCl, COzEt
)WL o] 0 4 53% 5
Me' Me
Me CO,R* " _"Me
@Qﬁé\u ~ 1. -PrMgBr
3f, R* = CH(Ph)Me, n KO L™ "COEt > o 5
62%, 55 : 45 3g,n=1,80% 6 :
3h, n =2, 90% Cl)]\/\/u\cl
o o 3. H,SO,~H,0, 19%
Me COaEt 1. i-PrMgBr
CO.Et o] > 0
3i, 76% c Cl
o o CO-Et 3.H,S0,-H,0  §
M Me
° CO,Et O O i
2
3j, 68% > Etozc\)]\/\/\n/\COZEt
Me (6]
O 1i, 13%
EtO,C, CO,Et
o o o o Scheme 3Synthesis of the bis-dondi.
EtO,C EtO,C
O . .
Mé Mé Synthesis of the bis-acceptor
3k, 43% 31, 72% . .
0 0 o o Synthesis of the bis-accepy started from dialcohol

CO,Et EtO,C

3m, 67%

7 being readily available by conversion of glutaric al-
dehyde 4) with vinyl Grignard reagent [13]. The gen-
erally very reliable TPAP—-NMO method [14] applied

Scheme 2Products of Fe(lll) catalyzed Michael reactions {0 Substrat& yielded only the mono-oxidized product
of donorsla—1i and1k with MVK (2a) and donodmwith 8- Double oxidation was achieved with Mafa5] fur-
bis-accepto2b. Yields and ratios of diastereoisomers (for hishing compoun@b. The low yield originates from
3a-3f). the high volatility of produceb [16].
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L N\ MgBr oH OH rac-1-Phenylethyl 2-methyl-3-oxobutanoéié) [17]

4 2 HO \)\/\)\/ Preparation from methyl 2-methyl-3-oxobutanoate et
e 7. 86% 1-phenylethanol followed a published procedure [8]. —
R (SiQ,, PE/MTB 1: 1) = 0.54. 1H NMR (200 MHz, CDC)):
W ano two diastereoisomers, ratio 1 : 1, partly doubled signal set,
2 dppm = 1.34 (dJ = 7.2 Hz, 3H), 1.35 (d] = 7.2 Hz, 3H),
1.54 (d,J = 6.5 Hz, 3H), 1.55 (d] = 6.7 Hz, 3H), 2.07 (s,
Q oH Q a 3H), 2.21 (s, 3H), 3.50 (d,= 7.1 Hz, 2H), 5.92 (q] = 6.6
sAA~ A sAA~A- Hz, 2H), 7.28—7.36 (m, 10H). 3C{'H} NMR (50 MHz,
8, 65% 2b, 29% CDCly): two diastereoisomers, partly doubled signal set,

dppm = 12.52 (Ch), 12.56 (CH), 21.83 (CH), 21.89 (CH),
28.18 (CH), 28.37 (CH), 53.69 (CH), 53.79 (CH), 73.32
(CH), 125.99 (CH), 128.02 (CH), 128.48 (CH), 140.84 (C),
140.90 (C), 169.64 (C), 203.29 (C), 203.40 (C). — MS (EI,
70 eV),m/z(%): 220 (1) [M], 192 (6), 121 (58), 105 (100). —
. . IR (ATR): Vyad/cnmrl= 2984 (m), 2940 (m), 1739 (vs), 1714
A number of _Fe(I_II) catalyzed Michael reactlonsﬁal_c vs), 1453 (m), 1358 (m), 1242 (m), 1200 (s), 1154 (s), 1096
keto esters with vinyl ketones were reported. The yieldgy)'1 062 (s),1029 (m), 995 (m), 762 (m), 699 (),HGOs
range from moderate to excellent. In case of the con20.27): Mol. mass calcd. 220.1099, found 220.1105
version of esters derived from chiral alcohols very lowHRMS).
or no stereoinduction was obtained. The syntheses of a
bis-B-keto ester as well as a bis-vinyl ketone were perlsobutyl 2-oxocyclohexanecarboxyl4fe)
formed in moderate yields. However, up to gram quanPreparation from ethyl 2-oxocyclohexanecarboxylate and
tities can be obtained, since the starting materials argobutanol followed a published procedure [6e}HNMR
readily available. (200 MHz, CDC})): enol/keto-tautomer 9 : 1, enol-tautomer:
Sppm = 0.93 (dJ = 6.8 Hz, 6H), 1.52—1.72 (m, 4H), 1.88—
We are grateful to the Fonds der Chemischen Industrie and-06 (m, 1H), 2.16-2.30 (m, 4H), 3.91 {d+ 6.7 Hz, 2H),
the Deutsche Forschungsgemeinschaft for funding of thid2.21 (s, 1H). £3C{*H} NMR (50 MHz, CDCE), enol-tau-
work. Moreover, J. C. thanks Prof. S. Blechert for his supiomer:dppm =18.86 (Ch), 21.74 (CH), 22.18 (CH), 22.22
port, and H. O. is grateful to the Graduiertenkolleg “Syn-(CH,), 27.58 (CH), 28.87 (C}), 69.91 (CH), 97.54 (C),
thetische, mechanistische und reaktionstechnische Aspekie’1.78 (C), 172.51 (C). — MS (El, 70 eW){z(%): 198 (82)
von Metallkatalysatoren” for a fellowship. [M~], 170 (25) [M" - CO], 142 (62) [M — Me,C=CH], 125
(100) [M* —iBuU]. — IR (ATR): Vmaycnmt = 2939 (s), 2874
(m), 1744 (s), 1716 (s), 1654 (vs), 1615 (s), 1403 (s), 1359
Experimental (s), 1295 (s), 1259 (s), 1218 (vs), 1175 (s), 1081 (s), 985
(m), 831 (s). — GH,505 (198.26): Mol. mass calcd. 198.1256,

All manipulations involving Grignard reagents were carriedfound 198.1249 (HRMS).

out in flame dried glassware under an atmosphere of argo,

and with absolute THF, which was freshly distilled from po- I@obutyl 2-oxocycloheptanecarboxyldid)
tassium. Absolute MeCN was purchased as HPLC grade quaRreparation from methyl 2-oxocycloheptanecarboxylate and
ity and dried over molecular sieves (4 A). Absolute,CH  isobutanol followed a published procedure [6e}H-NMR

was purchased from Fluka. Column chromatography was ad200 MHz, CDC}) keto/enol-tautomer 8:2/ppm = 0.88 (d,
complished with Merck silica gel (type 60, 0.063—0.200 mm)J = 6.6 Hz, 3H), 0.92 (d} = 6.5 Hz, 3H), 1.35-2.18 (m, 9H),
usingtert-butyl methyl ether (MTB) and petroleum ethiep( ~ 2.32—2.45 (m, 1H), 2.53-2.63 (m, 1H), 3.51 (dd=
40-60 °C) (PE). Donorsa—1f were prepared as recently 10.0 Hz,J=4.0 Hz, 1H), 3.80—3.96 (m, 2H), 12.71 (s, 0.2
published [8]. Transesterifications with low boiling alcohols 1H; enol-OH). 43C{*H} NMR (50 MHz, CDC}), keto-tau-

to yield 1g and 1h were performed as previously reported tomer:dppm = 18.96 (Ck), 24.42 (CH), 27.59 (CH), 27.62
[6e]. CompoundLk was prepared according to a literature (CH), 27.87 (CH), 29.65 (CH), 43.00 (CH), 58.99 (CH),
protocol [9]. All other starting materials were commercially 71.06 (CH), 170.52 (C=0), 208.90 (C=0); enol-tautomer:
available. All reagents were used as purchased, except glg¢ppm = 19.04 (Ch), 24.30 (CH), 24.57 (CH), 27.29 (CH),

taric dialdehyde, which was extracted from a NaCl-saturate@?.70 (CH), 31.94 (C}), 35.27 (CH), 70.29 (CH), 101.64
50% aqueous solution and always freshly distilled prior to(C), 172.99 (C), 179.44 (C). — MS (EI, 70 e¥)/z(%): 212
use. Vinyl magnesium chloride was purchased from thg12) [M*], 184 (10) [M — CO], 156 (26) [M — Me,C=CH,],
Aldrich Chemical Co. 2H NMR: Bruker AM 400 (400 MHz) 138 (100) [M — H,0 — MgC=CHy]. - IR (ATR): Vmay/CnT!=

and AC 200 (200 MHz). 13C NMR: Bruker AC 200 2960 (m), 2932 (s), 1742 (vs), 1707 (vs), 1639 (m), 1612
(50 MHz). —13C resonances were assigned by DEPT experi{m), 1455 (m), 1312 (m), 1241 (s), 1215 (s), 1192 (s), 1156
ments. — MS: Varian MAT 711 and MAT 955Q (high resolu- (m), 1125 (m), 1003 (m). — Mol. mass calcd. 212.1412, found
tion). — IR: Nicolet Magna IR 750. — Elemental analyses:212.1410 (HRMS).

Analytik Jena Vario EL. — Optical rotations: Perkin Elmer Ci;H,0O;  Caled.: C67.89 H 9.50
polarimeter 341. (212.29) Found: C 67.61 H 9.61.

Scheme 4Synthesis of the bis-accept@i

Conclusion
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Diethyl 3,8-dioxodecanedioatéi) was stirred at room temp. over night. The mixture was direct-
ly chromatographed on SJGPE/MTB) to give the Michael

A Grignard solution prepared from activated Mg turnlngsreaction product.

(1.00 g, 420 mmol) and isopropylbromide (3.7 ml, 4.9 g,
39 mmol) in THF (50 ml) at 70 °C (1 h) was diluted with
THF (160 ml), and potassium monoethyl maloné}€g.8 g,

39 mmol) was added at ambient temperature. The resultinga)

suspension was heated to 70 °C for 2 h, adipoyl dichloridé-ollowing the general procedure tfee-1-phenylethyl ester
(2.9 ml, 3.7 g, 20 mmol) was added and the mixture stirred.a (136 mg, 0.460 mmol), MVK (40 mg, 0.55 mmol) and
over night at room temperature. After addition of diluted FeC} -6 H,O (6.0 mg, 0.023 mmol) in CJ&l, (0.2 ml) yield-
H,SO, (60 ml H,0, 6.0 mol conc. 50,) the aqueous layer ed the producda (143 mg, 0.392 mmol, 85%) after chroma-
was extracted three times with MTB. The combined organidography (PE/MTB 5 : 1R = 0.07) as a colourless oil. —
layers were washed with NaHGQ00 ml saturated aqueous 'H NMR (200 MHz, CDCJ): two diastereoisomers, ratio
solution) and brine (100 ml) and dried over MgS@fter 58 : 42, partly doubled signal se¥ppm = 1.34 (dJ =
filtration and evaporation of the solvent, chromatography or6.6 Hz, 0.42 x 3H), 1.44 (d,= 6.6 Hz, 0.58 x 3H), 1.96—
SiO, (PE/MTB 1 : 1,R; = 0.17) yielded the bis-dondri 2.22 (m, 2H), 2.01 (s, 0.42 x 3H), 2.07 (s, 0.58 x 3H), 2.25—
(0.76 g , 2.7 mmol, 13%) as a colourless oitH-NMR 2.62 (m, 3H), 2.65-2.85 (m, 2H), 2.88—2.98 (m, 1H), 5.84
(400 MHz, CDC}): dppm = 1.27 (tJ = 7 Hz, 6H), 1.57— (g,J = 6.6 Hz, 1H), 6.94—-6.98 (m, 1H), 7.09-7.18 (m, 3H),
1.62 (m, 4H), 2.53-2.59 (m, 4H), 3.42 (s, 4H), 4.19)(g,  7.20—7.33 (m, 3H), 7.44 (1= 7.5 Hz,J = 1.8 Hz, 1H), 8.02

7 Hz, 4 H). -13C{'H} NMR (50 MHz ,CDCL): &ppm =  (dt,J = 7.8 Hz,J = 1.6 Hz, 1H). 23C{1H} NMR (50 MHz,
14.04 (CH), 22.56 (CH), 42.55 (CH), 49.22 (CH), 61.33  CDCl,): two diastereoisomers, partly doubled signal set;
(CH,), 167.13 (C=0), 202.37 (C=0). - MS (El, 70 em¥z = dppm =21.77 (CH), 21.86 (CH), 25.62 (CH), 27.59 (CH),

(%): 287 (8) [M + H], 269 (62) [M — OH], 241 (34) [M—  29.67 (CH), 29.67 (CH), 31.61 (CH), 31.81 (CH), 38.85
EtO], 223 (100), 195 (38), 153 (60), 125 (25), 111 (34). — IR(CH,), 56.24 (C), 73.28 (CH), 125.50 (CH), 125.77 (CH),
(ATR): Vma/cnm® = 2983 (m), 2940 (m), 1742 (vs), 1715 126.61 (CH), 127.55 (CH), 127.59 (CH), 127.62 (CH), 127.82
(vs), 1411 (m), 1368 (m), 1316 (s), 1242 (s), 1181 (m), 1095CH), 128.15 (CH), 128.31 (CH), 128.53 (CH), 128.62 (CH),
(m), 1028 (s). — Mol mass. calcd. 287.1495KG.0;); found  132.09 (C), 132.16 (C), 133.23 (CH), 133.28 (CH), 140.77

rac-1-Phenylethyl 2-(3-oxobutyl)-1-tetralone-2-carboxylate

287.1495 (M + H, HRMS). (C), 140.84 (C), 142.46 (C), 142.53 (C), 170.77 (C), 170.86
CiH,,0s Calcd.: C58.73 H7.74 (C), 195.23 (C), 195.38 (C), 207.46 (C), 207.50 (C). — MS
(286.32) Found: C58.61 H 7.82. (El, 70 eV);m/z(%): 365 (1) [M + H], 261 (100), 243 (19),

: : 199 (14), 191 (19), 105 (24). — IR (ATR);ya/cnmt = 2932

3,7-Dioxo-1,8-nonadiengeb) o (M), 1717 (vs), 1687 (vs), 1601 (s), 1453 (s), 1372 (m), 1354
A solution of bis-allylic alcohol7 (vide infra) (2.00 g, (m), 1284 (m), 1235 (s), 1222 (s), 1193 (s), 1171 (s), 1093
12.8 mmol) in abs. C}€l, (20 ml) was added dropwise at (m), 1060 (s), 1028 (m), 993 (m), 928 (m), 761 (m), 741 (s),

ambient temperature to a suspension of Mii@.0 g,  ggg (s). — Mol. mass calcd. 365.1753,4€,:0,), found
115 mmol) in abs. CKCl, (300 ml). The conversion was mon- 3651755 (M + H, HRMS).

itored by TLC, and 1 g-portions of MpQvere added every CyH,,0, Calcd.:C75.80 H 6.64

30 min (about ten times) until no starting material was de8364'44) Found: C 75.60 H 6.70.

tectable any more. The resulting suspension was filtere

through a glass frit (Ck€l,), the filtrate was evaporated and (1R,3R,4S)-(—)-Menthyl 2-(3-oxobutyl)-1-tetralone-2-car-
the residue chromatographed on si@entane/EO 1 : 1,  boxylate(3b)

R: = 0.28) to yield the bis-accept®b (566 mg, 3.72 mmol, : Y
29%) as a colourless volatile liquidH NMR (400 MHz, Z;)tltleor\ivg)natlrlleng]eneral procedure th&(3R 45)-(-)-menthy|

. - = - g, 1.26 mmol), MVK (132 mg, 1.89 mmol)
CDCly): dppm = 1.95 (pented = 7.0 Hz, 2H), 2.66 0= 4 'Fec). 6 H,0 (17 mg, 0.063 mmol) in Ci&1, (0.5 mi)
7.0Hz, 4H),5.83 (dd]=1.1HzJ = 10'3_’ Hz, 2H), 6'_23 (dd, yielded the produ@b (500 mg, 1.25 mmol, 99%) after chro-
J=1.2 HzJ=17.0 Hz, 2H), 6.34 (dd,= 10.3 HzJ=17.1 matography (PE/MTB 5 : B; = 0.14) as a colourless oil. —
Hz, 2H). —13C{1H} NMR (50 MHz, CDC}L): &ppm = 17.90 [a]@® = —34 (c = 4.0 g/l, CHG). —1H NMR (200 MHz,
(CH,), 38.31 (CH), 128.26 (CH), 136.41 (CH), 200.23 CDCly): two diastereoisomers, ratio 1 : 1, partly doubled sig-
(C=0). — MS (El, 70 eV)m/z (%): 152 (1) [M], 125 (1) nal set;dppm = 0.38 (dJ = 6.9 Hz, 3H), 0.49 (dl = 6.9 Hz,
[M* — GHal, 124 (3) [M* ~ GH,J, 109 (3), 97 (16) M~ 31" 57" 98 (m, 6H), 0.69 @@= 7.0 Hz, 3H), 0.78 (dl =
COCH=CHY, 96 (10), 83 (11), 82 (6), 70 (), 55 (100). ~ IR ¢ '}, 314y '0.80 () = 7.0 Hz, 3H), 0.83 (dl = 6.5 Hz, 3H),
(ATR): Vmafcnr=2941 (m), 1721 (s), 1699 (vs), 1678 (VS), 1 16_5 50 (m, 20H), 2.08 (s, 3H), 2.10 (s, 3H), 2.40—2.53
1615 (s), 1446 (m), 1402 (vs), 1373 (m), 1314 (m), 1283, 4H) 2.65—’2.79 (’m 2H) 2,.91—,2.98 (m, 2H), 4.551t,
(M), 1253 (m), 1202 (s), 1181 (s), 1100 (s), 1066 (M), 1033()'g 145 3= 4.3 Hz, 1H), 4.60 (df] = 10.9 Hz,J = 4.3 Hz,
(M), 987 (vs), 966 (vs), 928 (m), 885 (M).gHz0, (152.19):  \y'7 11_7 59 (m, 4H), 7.38 (dt= 7.5 Hz,) = 1.8 Hz, 1H)
— Mol. mass calcd. 152.0837, found 152.0851 (HRMS). 7_4(’) (dtJ=75 sz 17 Hz, 1H,), 7.92 (ddi= 7.8 H,z,J Z

= = 131

Iron(lll) Catalyzed Michael Reaction (General Proce- &lagz(s(l)wl_;ggédéf) ;b%rﬂzjls.ldg I(—Icz|5)1I—1I)571C({Cg)}
dure) 20.52 (CH), 20.62 (CH), 21.74 (CH), 21.79 (CH), 22.36
A mixture of oxo estefl (1.0 eq), MVK @a) (1.2 eq) and (CH,), 22.78 (CH), 25.06 (CH), 25.71 (C}), 25.84 (CH),
FeCl, - 6 H,0 (0.05 eq) in CKCl, (0.1 ml/mmol oxo ester) 27.52 (CH), 27.97 (CH), 29.73 (CH), 31.10 (CH), 31.19
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(CH), 31.69 (CH), 31.82 (CH), 33.86 (CH), 38.97 (CH), (CH,), 29.87 (CH), 34.37 (CH), 34.49 (CH), 36.64 (CH),
39.08 (CH), 40.13 (CH), 40.17 (CH), 46.32 (CH), 46.48 36.75 (CH), 37.96 (CH), 38.02 (CH), 38.84 (CH), 44.71
(CH), 56.31 (C), 56.31 (C), 75.52 (CH), 126.52 (CH), 126.59(CH), 44.74 (CH), 47.76 (C), 48.77 (C), 48.92 (C), 58.85 (C),
(CH), 127.51 (CH), 127.58 (CH), 128.46 (CH), 128.51 (CH), 58.96 (C), 80.94 (CH), 81.14 (CH), 171.57 (C), 171.62 (C),
132.16 (C), 132.40 (C), 133.17 (CH), 133.21 (CH), 142.41207.73 (C), 214.60 (C), 214.71 (C). — MS (El, 70 eV);
(C), 142.45 (C), 171.04 (C), 171.36 (C), 195.41 (C), 207.52m/z(%): 334 (4) [M], 198 (10), 181 (8), 170 (13), 137 (100),
(C), 207.56 (C). — MS (El, 70 eVim/z (%): 389 (2) [M], 121 (10), 111 (11), 95 (22), 93 (14), 81 (30). — IR (ATR):
328 (7), 260 (44), 242 (8), 190 (100), 172 (17), 157 (13). — IRVma/cnTt = 2955 (s), 2882 (m), 1748 (s), 1718 (vs), 1454
(ATR): Vma)dcm1=2955 (vs), 2929 (s), 2870 (m), 1720 (vs), (m), 1406 (m), 1367 (m), 1261 (m), 1232 (s), 1162 (s), 1115
1690 (s), 1601 (m), 1454 (m), 1370 (m), 1355 (m), 1285(s), 1045 (m), 1022 (s), 994 (m), 980 (m). — Mol. mass calcd.
(m), 1241 (s), 1222 (s), 1196 (s), 1179 (s), 1094 (m), 103834.2144, found 334.2147 (HRMS).

(m), 982 (m), 963 (m), 914 (m), 741 (s). — Mol. mass calcdC,H;,O,  Calcd.: C71.82 H 9.04

398.2457, found 398.2457 (HRMS). (334.46) Found: C 71.69 H 9.24.

CyH3, 0, Calcd.: C75.34 H 8.60 Y v (2l i

(398.54) Found: C 75.38 H 8.59. (1R,3R,4S)-(-)-Menthyl 2-oxo0-1-(3-oxobutyl)cyclopentane
carboxylate(3e)

rac-1-Phenylethyl 2-oxo-1-(3-oxobutyl)cyclopentane- £qjiowing the general procedureRBR,49)-(-)-menthyl
carboxylate(3c) esterle (402 mg, 1.51 mmol), MVK (116 mg, 1.66 mmol)
Following the general procedurac-1-phenylethyl estetc and FeC] - 6 H,O (16 mg, 0.075 mmol) in C)&l, (0.4 ml)
(784 mg, 3.38 mmol), MVK (260 mg, 3.71 mmol) and FeCl yielded the produ@e (496 mg, 1.47 mmol, 97%) after chro-

6 H,O (46 mg, 0.17 mmol) in C)LI, (0.5 ml) yielded the matography (PE/MTB 2 : R; = 0.23) as a colourless oil. —
product3c (882 mg, 2.92 mmol, 86%) after chromatography[a]$3 = —40 (c = 4.0 g/l, CHG). —*H NMR (200 MHz,
(PE/MTB 1 : 1,R, = 0.26) as a colourless oil.'H NMR CDCl,): dppm = 0.72 (dJ = 6.9 Hz, 3H), 0.81-1.06 (m,
(200 MHz, CDC}): two diastereoisomers, ratio 1 : 1, partly 3H), 0.87 (d,J=6.9 Hz, 3H), 0.89 (dl = 6.4 Hz, 3H), 1.29—
doubled signal setyppm = 1.50 (dJ = 6.4 Hz, 3H), 1.51 (d, 1.51 (m, 2H), 1.61-1.71 (m, 2H), 1.73-2.18 (m, 7H), 2.12
J=6.8 Hz, 3H), 1.75-2.15 (m, 8H), 2.03 (s, 3H), 2.08 (s,(s, 3H), 2.26—2.52 (m, 4H), 2.61-2.80 (m, 1H), 4.67Xdt,
3H), 2.21-2.57 (m, 10H), 2.68 (ddbs= 17.8 Hz,J = 9.6 Hz, 10.9 Hz,J = 4.4 Hz, 1H). 13C{1H} NMR (50 MHz, CDCl):

J = 5.8 Hz, 2H), 5.86 (qJ = 6.6 Hz, 2H), 7.25-7.39 (m, two diastereoisomers, partly doubled signal&@pfm = 15.68
10H). —13C{'H} NMR (50 MHz, CDCL): two diastereoiso- (CHy), 15.70 (CH), 19.42 (CH), 19.46 (CH), 20.62 (CH),
mers, partly doubled signal sétppm = 19.50 (CH, 21.98  20.69 (CH), 21.80 (CH), 22.81 (CH), 22.89 (CH), 25.78
(CHy), 22.08 (CH), 26.85 (CH), 27.11 (CH), 29.81 (CH), (CHy), 25.91 (CH), 26.78 (CH), 26.87 (CH), 29.73 (CH),
29.85 (CH), 34.28 (CH), 37.94 (CH), 38.37 (CH), 38.69  31.20 (CH), 33.97 (C}}, 34.44 (CH), 37.69 (CH), 37.88
(CH,), 58.91 (C), 58.99 (C), 73.44 (CH), 73.46 (CH), 125.80(CH,), 38.69 (CH), 40.21 (CH), 40.43 (CH), 46.64 (CH),
(CH), 125.86 (CH), 127.95 (CH), 128.00 (CH), 128.50 (CH),46.72 (CH), 58.75 (C), 59.04 (C), 75.24 (CH), 75.29 (CH),
128.53 (CH), 141.04 (C), 141.10 (C), 170.47 (C), 170.56 (C)170.70 (C), 170.90 (C), 207.58 (C), 214.51 (C), 214.58 (C). —
207.66 (C), 207.73 (C), 214.39 (C), 214.65 (C). — MS (EI,MS (El, 70 eV);m/z(%): 336 (1) [M], 198 (24), 170 (100),
70 eV);m/z(%): 303 (23) [M + H], 199 (50) , 170 (20), 105 97 (16), 83 (38). — IR (ATR)VmaycnT! = 2956 (vs), 2929
(100) [PhCHME]. — IR (ATR): Uma/cnm! = 2977 (m), 1748  (vs), 2871 (s), 1748 (vs), 1717 (vs), 1454 (s), 1407 (m),
(s), 1717 (vs), 1452 (m), 1372 (m), 1258 (m), 1230 (m),1387 (m), 1370 (s), 1317 (m), 1285 (m), 1258 (s), 1230
1208 (m), 1165 (s), 1116 (m), 1062 (s), 1029 (m), 700 (m)(vs), 1166 (vs), 1148 (vs), 1117 (s), 1097 (m), 1010 (m),
— Mol. mass calcd. 303.1596 (§1,,0,), found 303.1591 982 (m), 963 (m), 917 (m). — Mol. mass calcd. 336.2300,

(M + H*, HRMS). found 336.2297 (HRMS).

C;gH,0, Calcd.:C71.50 H7.33 CyH30, Calcd.:C71.39 H9.59

(302.37) Found: C 71.19 H 7.40. (336.47) Found: C 71.22 H9.51.
(1S,2R)-(-)-endo-Borneyl 2-oxo-1-(3-oxobutyl)cyclopentanerac-1-Phenylethyl 2-acetyl-2-methyl-5-oxohexandafe
carboxylate(3d) Following the general procedure keto estén135 mg,

Following the general procedure§2R)-(-)-endeborneyl  0.613 mmol), MVK (47 mg, 0.67 mmol) and Fg€b H,O
esterld (300 mg, 1.13 mmol), MVK (116 mg, 1.65 mmol) (8.3 mg, 0.031 mmol) in C}€l, (0.5 ml) were converted to
and FeCJ - 6 H,0 (15 mg, 0.055 mmol) in Cj&l, (1 ml) yield the produc8f after chromatography on SJQPE/MTB
yielded the produ@d (315 mg, 0.942 mmol, 83%) after chro- 1 : 1,R; = 0.27) as a colourless oil (110 mg, 0.379 mmol,
matography (PE/MTB 1 : B = 0.33) as a colourless oil. - 62%). —tH NMR (400 MHz, CDCJ): two diastereoisomers,
[a]8% = -30 (c = 2.8 g/l, CHG). —*H NMR (200 MHz,  ratio 45 : 55:9/ppm = 1.28 (s, 3H), 1.29 (s, 3H), 1.51 Jd;
CDCly): two diastereoisomers, ratio 1 : 1, partly doubled sig-6.6 Hz, 6H), 1.90—2.24 (m, 4H), 1.97 (s, 3H), 2.03 (s, 3H),
nal set;&/ppm = 0.80 (s, 3H), 0.81 (s, 3H), 0.85 (s, 6H), 0.882.05 (s, 3H), 2.06 (s, 3H), 2.26 (ddd; 17.7 HzJ = 10.1 Hz,

(s, 6H), 1.12—1.36 (m, 5H), 1.59-2.18 (m, 17H), 2.12 (s,J = 5.4 Hz, 2H), 2.38 (ddd] = 17.5 Hz,J = 10.4 Hz,J =
6H), 2.24—2.54 (m, 10H), 2.64—2.84 (m, 2H), 4.80—4.96 (m5.4 Hz, 2H), 5.89 (q] = 6.6 Hz, 1H), 5.90 (dl= 6.6 Hz, 1H),
2H). —13C{!H} NMR (50 MHz, CDC},): two diastereoiso- 7.21-7.33 (m, 10H). £3C{*H} NMR (50 MHz, CDCL): two
mers, partly doubled signal séfppm = 13.39 (CH), 13.49  diastereoisomers, partly doubled signal $gipm = 18.95
(CHy), 18.75 (CH), 19.55 (CH), 19.56 (CH), 19.61 (CH), (CHy), 19.07 (CH), 21.60 (CH), 21.75 (CH), 26.02 (CH),
26.97 (CH), 27.06 (CH), 27.09 (CH), 27.88 (CH), 27.99  26.06 (CH), 28.14 (CH), 28.18 (CH), 29.66 (CH), 29.76
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(CH,), 38.20 (CH), 38.35 (CH), 58.57 (C), 73.42 (CH), 76%). —*H NMR (400 MHz, CDC)): dppm = 1.26 (tJ =
125.97 (CH), 126.10 (CH), 128.05 (CH), 128.11 (CH), 128.457.1 Hz, 3H), 1.27 (tJ = 7.1 Hz, 3H), 1.52—1.62 (m, 4H),
(CH), 140.60 (C), 140.64 (C), 171.59 (C), 171.62 (C), 204.98.03-2.10 (m, 2H), 2.12 (s, 3H), 2.44-2.64 (m, 4H), 2.48 (t,
(C), 205.06 (C), 207.07 (C), 207.14 (C). — MS (El, 70 eV);J=7.1 Hz, 2H), 3.42 (s, 2H), 3.50Jt= 7.1 Hz, 1H), 4.17 (q,
m/z(%): 290 (1) [M], 142 (78), 126 (91), 105 (100), 98 (96). J = 7.2 Hz, 2H), 4.19 (q] = 7.2 Hz, 2H). 23C{1H} NMR

— IR (ATR): Vmadcnm! = 2983 (m), 1710 (vs), 1454 (m), (50 MHz, CDC}): dppm = 14.05 (CH), 21.68 (CH), 22.65
1356 (s), 1287 (m), 1253 (s), 1228 (s), 1209 (s), 1176 (sXCH,), 29.89 (CH), 40.45 (CH), 41.63 (CH), 42.59 (CH),
1117 (m), 1103 (m), 1060 (s), 1029 (m), 1007 (m), 994 (m)49.24 (CH), 57.34 (CH), 61.34 (C}), 61.43 (CH), 167.13
763 (m), 700 (s). — £H,,0, (290.36): Mol. mass calcd. (C=0), 169.44 (C=0), 202.35 (C=0), 204.61 (C=0), 207.52
290.1518, found 290.1524 (HRMS). (C=0). — MS (El, 70 eV)m/z(%): 357 (2) [M + H], 311
(34), 293 (41), 265 (18), 247 (14), 223 (16), 199 (28), 153
Isobutyl 2-0x0-1-(3-oxobutyl)cyclohexanecarboxy(8@) (100), 125 (46), 111 (96). — IR (ATR}a/cNT 1= 1739 (vs),
Following the general procedure keto estgr(140 mg, 1712 (vs), 1410 (m), 1368 (s), 1314 (m), 1239 (s), 1159 (s),
0.706 mmol), MVK (99 mg, 1.4 mmol) and FgCI6 H,O 1096 (m), 1025 (s). — Mol. mass calcd. 357.1913H&0,),

(9.5 mg, 0.035 mmol) in C}€l, (0.2 ml) were converted to  found 357.1918 (M + H HRMS).

yield the producBgafter chromatography on SJQPE/MTB CigH,0;  Calcd.: C 60.66 H 7.92

1:1,R;=0.4) as a colourless oil (151 mg, 0.563 mmol, 80%).356.42) Found: C 59.87 H 7.95.

—'H NMR (200 MHz, CDC}): dppm = 0.86 (dJ = 6.7 Hz, i . . o

6H), 1.20—2.11 (m, 8H), 2.05 (s, 3H), 2.19—2.48 (m, 4H),Diethyl 3,8-dioxo-2,9-bis-(3-oxobutyl)-decandio&s)

2.52 (dddJ=15.9 HzJ=10.3 HzJ=5.4 Hz, 1H), 3.83 (d, Following the general procedure bis-dorfdr(110 mg,
J=6.5Hz, 2H). 13C{*H} NMR (50 MHz, CDCL): dppm = 0.384 mmol), MVK (102 mg, 1.50 mmol) and FgC6 H,O
18.91 (CH), 22.41 (CH), 27.34 (CH), 27.50 (CH), 28.30 (5.2 mg, 0.019 mmol) in C}&l, (1 ml) were converted to
(CH,), 29.74 (CH), 36.46 (CH), 38.68 (CH), 40.84 (CH), yield the producBj after chromatography on SjG@QMTB,
59.91 (C), 71.31 (C}), 171.89 (C=0), 207.48 (C=0), 207.64 R = 0.30) as a colourless oil (111 mg, 0.261 mmol, 68%). —
(C=0). — MS (El, 70 eV)m/z(%): 268 (10) [M], 240 (14) 'H NMR (400 MHz, CDC})): d/ppm = 1.26 (tJ = 7.1 Hz,
[M*—CO], 198 (52) [M — MeCOCH=CH], 151 (100) [Mm 6H), 1.52—-1.58 (m, 4H), 2.04—2.10 (m, 4H), 2.13 (s, 6H),
— Me — CQiBu — H]. — IR (ATR):Vmadcnm! = 2959 (m), 2.45-2.64 (m, 4H), 2.48 (8 = 7.0 Hz, 4H), 3.49 (t) =
2942 (m), 2873 (m), 1711 (vs), 1369 (m), 1243 (m), 12137.1 Hz, 2H), 4.18 (qJ = 7.2 Hz, 4H). -3C{H} NMR

(m), 1188 (s), 1168 (s), 1135 (m), 1079 (m), 995 (m). — Mol.(50 MHz, CDC}): dppm = 14.05 (CH), 21.68 (CH), 21.69

mass calcd. 268.1675, found 268.1677 (HRMS). (CH,), 29.89 (CH), 40.45 (CH), 41.66 (CH), 57.35 (CH),
CisH,0, Caled.: C67.14 H9.01 61.42 (CH), 169.44 (C=0), 204.58 (C=0), 207.50 (C=0). —
(268.35) Found: C 66.73 H 8.92. MS (El, 70 eV);m/z (%): 427 (2) [M + H], 409 (13), 381

Isobut){l 2-ox0-1-(3-oxobutyl)cycloheptanecarboxy(@ie) géig E?S ((2%)3\?;}52%1 3;117 7(9}76 %5)221378190(0\/)5)22544&21‘2677
Following the general procedure keto estér(102 mg, 1409 (m), 1367 (m), 1233 (m), 1201 (m), 1156 (s), 1096
0.480 mmol), MVK (50 mg, 0.71 mmol) and FeC€b H,O  (m), 1065 (m), 1022 (m). — Mol. mass calcd. 427.2332
(6.5 mg, 0.024 mmol) in C}€l, (0.2 ml) were converted to  (C,,H,.0), found 427.2332 (M + H HRMS).

yield the producsh after chromatography on SJ(PE/MTB ¢, H, O, Calcd.: C 61.95 H 8.04

1:1,R =0.40) as a colourless oil (122 mg, 0.432 mmol, 426 .51) Found: C 61.51 H 8.05.

90%). —*H NMR (200 MHz, CDCJ}): d/ppm = 0.87 (dJ = ) , i

6.8 Hz, 6H), 1.44—2.20 (m, 11H), 2.06 (s, 3H), 2 26—2.64Diethyl 1-(3-oxobutyl)-2,5-cyclohexanedione 1,4-dicarboxy-
(M, 4H), 3.84 (d) = 6.5 Hz, 2H). 23C{1H} NMR (50 MHz,  late(3k)

CDCl,): dppm= 18.96 (CH), 24.82 (CH), 25.46 (CH), Following the general procedure diethyl 2,5-cyclohexanedi-
27.53 (CH), 29.22 (C§), 29.80 (CH), 29.81 (CH), 34.02  one 1,4-dicarboxylatelk) (150 mg, 0.585 mmol), MVK
(CH,), 39.08 (CH), 42.13 (CH), 61.72 (C), 71.21 (C}}, (162 mg, 2.31 mmol) and FeCk H,O (7.9 mg, 0.029 mmol)
172.42 (C=0), 207.65 (C=0), 209.45 (C=0). — MS (El, in CH,CI, (5 ml) were converted to yield the prod8ktafter

70 eV); m/z (%): 282 (6) [M], 212 (26) [M" — chromatography on SIQPE/MTB 1 : 1R; = 0.31) as a color-
MeCOCH=CH), 208 (27), 165 (57), 150 (73), 95 (65), 57 less oil (82.0 mg, 0.251 mmol, 43%)HNMR (400 MHz,
(100) Bu*]. — IR (ATR): Vmadcnm! = 2958 (m), 2934 (s), CDCl,), the compound exists completely in the enol-form:
2874 (m), 1716 (vs), 1456 (m), 1369 (m), 1356 (m), 1226d/ppm = 1.24 (tJ = 7 Hz, 3H), 1.30 (t) = 7 Hz, 3H), 1.98
(s), 1165 (s), 992 (m), 942 (m). — Mol. mass calcd. 282.1831(ddd,J = 5.7 Hz,J = 9.9 Hz,J = 15.4 Hz, 1H), 2.14 (s, 3H),

found 282.1837 (HRMS). 2.17 (ddd,) = 5.6 Hz,J = 9.9 Hz,J = 14.5 Hz, 1H), 2.44 (ddd,
CiH0, Calcd.: C 68.06 H9.28 J=5.5HzJ=9.9 HzJ=15.4 Hz, 1H), 2.50 (d,= 17.5 Hz,
(282.38)  Found: C67.71 H 9.15. 1H), 2.59 (ddd) = 5.5 Hz,J= 9.7 Hz,J = 15.3 Hz, 1H), 3.06

Diethyl 3,8-dioxo-2-(3-oxobutyl)-decandioa(@) s s 0B 20 7 iy b 450 G 7 L 2t
Following the general procedure bis-dorfar(134 mg, 4.22 (q,d = 7 Hz, 2H), 12_1é (s, ’1|-|)_ lBé{lH} I\,IMR7
0.468 mmol), MVK (34 mg, 0.48 mmol) and FeC6 H,O (50 MHz, CDCL): dppm = 13.91 (CH), 14.10 (CH), 26.44
(6.3 mg, 0.023 mmol) in C}€l, (1 ml) were converted to  (CH,), 29.88 (CH), 35.98 (CH), 37.16 (CH), 38.46 (CH),
yield the produc8i after chromatography on SJGPE/MTB 57 55 (C), 60.91 (Ch), 61.96 (CH), 94.24 (C), 168.39 (C),
1:1,R =0.23) as a colourless oil (126 mg, 0.354 mmol,170.25 (C), 170.86 (C), 203.19 (C), 206.93 (C). — MS (El,
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70 eV);m/z(%): 326 (13) [M], 280 (12) [M — EtOH], 256
(64), 210 (100), 182 (14). — IR (ATR)madcmrL= 1719 (vs),

0.628 mmol) and ethyl diazoacetate (2.17 g, 19.0 mmol) in

abs. CHCI, (5 ml). After stirring for 3 h at ambient tempe-

1663 (s), 1625 (m), 1417 (m), 1368 (m), 1319 (m), 1281rature the mixture was filtered through $iMTB), the sol-

(s), 1232 (s), 1192 (s), 1168 (s), 1095 (m), 1080 (m). -vent was evaporated and the residue chromatographed-pn SiO

CigH2,07 (326.35): Mol. mass calcd. 326.1366, found (PE/MTB 1: 1R =0.22) to yield the condensation prodbict

326.1361 (HRMS).

Diethyl 1,4-bis-(3-oxobutyl)-2,5-cyclohexanedione-1,4-di-

carboxylate(3l)

(752 mg, 2.96 mmol, 53%) as a colourless oftH-NMR
(400 MHz, CDC)): dppm = 1.26 (tJ = 7.0 Hz, 3H), 1.31 (t,
J = 7.0 Hz, 3H), 2.04 (pentel,= 6.8 Hz, 2H), 2.46 (t) =
6.8 Hz, 2H), 2.52 (t) = 7.0 Hz, 2H), 3.30 (s, 2H;), 4.16 (q,

Following the general procedure diethyl 2,5-cyclohexanedijy = 7.0 Hz, 2H), 4.28 (g] = 7.0 Hz, 2H). 23C{'H} NMR

one 1,4-dicarboxylatelk) (200 mg, 0.780 mmol), MVK
(221 mg, 3.15 mmol) and FeCl6 H,O (10.5 mg, 0.0388

(50 MHz, CDCL): &ppm = 14.06 (2 CHJ, 21.66 (CH), 30.55
(CH,), 37.05 (CH), 40.84 (CH), 61.37 (2 CH), 134.67 (C),

mmol) in CHCI, (1 ml) were converted for 2 d at 45 °C to 155,02 (C), 165.87 (C=0), 168.53 (C=0), 194.88 (C=0). —

yield the produc8Bl after chromatography on SJGMTB,

MS (El, 70 eV);m/z (%): 254 (12) [M], 208 (84) [M" —

R = 0.20) as reddish crystals (221 mg, 0.558 mmol, 72%)EtOH], 180 (51) [M — EtOH — COJ, 162 (100) [M- 2 EtOH],

m.p.114-120 °C. <H NMR (400 MHz, CDCJ): d/ppm =

152 (33). — IR (ATR)VmadcnT=2983 (m), 1732 (vs), 1675

1.26 (t,J = 7.0 Hz, 6H), 2.00-2.10 (m, 2H), 2.14 (s, 6H), (vs), 1633 (m), 1425 (m), 1390 (m), 1371 (s), 1350 (m),

2.18-2.30 (m, 2H), 2.38-2.54 (m, 4H), 2.64)g,15.8 Hz,
2H), 3.21 (dJ = 15.8 Hz, 2H), 4.17 (q] = 7.0 Hz, 4H). —
13C{H} NMR (50 MHz, CDCL): dppm = 13.74 (CH), 28.37
(CH,), 29.76 (CH), 38.03 (CH), 44.86 (CH), 59.34 (C),

1327 (s), 1304 (s), 1255 (vs), 1183 (vs), 1130 (s), 1096 (m),

1063 (s), 1044 (vs), 1028 (s). 1:8,505 (254.28): Mol. mass
calcd. 254.1154, found 254.1155 (HRMS).

62.27 (CH), 169.33 (C=0), 201.26 (C=0), 206.56 (C=O). - 3 7-Dihydroxy-1.8-nonadien@)

MS (EI, 70 eV);m/z(%): 397 (86) [M + H], 379 (80), 361

(20), 350 (24), 333 (18), 322 (100), 309 (66), 276 (94), 233A solution of freshly distilled dialdehyd4 (3.60 g,
(25). — IR (ATR):Vmay/cnT = 1749 (s), 1711 (vs), 1369 (m), 36.7 mmol) in abs. THF (20 ml) was dropwise added to vi-
1297 (m), 1262 (m), 1208 (s), 1195 (s), 1167 (s), 1136 (m)Nylmagnesium bromide (108 mmol, 108 ml of a 1 mol/l solu-

1100 (s), 1063 (m), 1026 (s). — Mol. mass calcd. 397.186%0n in THF) at 0 °C. After stirring the reaction mixture for
(CogH2s0g), found 397.1865 (M + H HRMS). 1 h at ambient temperature, it was poured into 200 ml of a

C,HxOg  Calcd.: C60.59 H 7.12 saturated aqueous NEI solution. The aqueous layer was
(396.44) Found: C 60.19 H 7.03. extracted three times with MTB, the combined organic layers
. . were dried (MgS() and after filtration the solvent was evap-
1,9-Bis(1-ethoxycarbonyl-2-oxocyclopentyl)-3,7-nonadioneprated. Kugelrohr distillation of the residue at 150 °C (oven
(3m) temp.) in high vacuum yielded the dialcohbl(4.80 g,
Following the general procedure ethyl 2-oxocyclopentane30.7 mmol, 86%) as a colourless oiltH-NMR (400 MHz,

carboxylate Im) (118 mg, 0.756 mmol), bis-accept®b
(23.0 mg, 0.151 mmol) and FgCb H,O (2 mg, 0.007 mmol)
in CH,CI, (1 ml) were converted to yield the proddch
after chromatography on SJQPE/MTB 1: 1R =0.05) as a

CDCly): dppm = 1.40-1.62 (m, 8H), 4.12 (4= 5.1 Hz,
2H), 5.11 (ddJ = 1.2 Hz,J = 10.2 Hz, 2H), 5.23 (d =
1.4 Hz,J=17.3 Hz, 2H), 5.87 (ddd,= 6.3 Hz,J = 10.5 Hz,
J =17.1 Hz, 2H). 43C{H} NMR (50 MHz, CDCL), mix-

colourless oil (47.0 mg, 0.101 mmol, 67%)1H NMR
(400 MHz, CDC}): d/ppm=1.24 (tJ = 7.1 Hz, 6H), 1.80 (p,
J = 6.9 Hz, 2H), 1.91 (ddd] = 5.5 Hz,J = 9.8 Hz,J =
14.8 Hz, 2H), 1.95-2.05 (m, 4H), 2.10 (dd&; 5.9 HzJ =
9.6 Hz,J = 14.4 Hz, 2H), 2.24—2.48 (m, 10H), 2.41)&
7.1 Hz, 4H), 2.64 (ddd] = 5.8 Hz,J = 9.5 Hz,J = 15.4 Hz,
2H), 4.16 (q,J = 7.2 Hz, 4H). 23C{H} NMR (50 MHz,
CDCly): dppm = 14.08 (CH), 17.59 (CH), 19.57 (CH),
26.95 (CH), 34.32 (CH), 37.93 (CH), 37.98 (CH), 41.53
(CH,), 59.02 (C), 61.43 (C}), 171.39 (C=0), 209.37 (C=0),
214.89 (C=0). — MS (EI, 70 eVin/z(%): 464 (2) [M], 447
(24), 402 (20), 263 (98), 245 (62), 211 (42), 165 (56), 1567-Hydroxy-3-ox0-1,8-nonadier{g)
(40), 137 (98), 125 (66), 111 (53), 97 (64), 55 (100). — IR
(ATR): vmadcnm! = 2967 (m), 2940 (m), 2904 (m), 1747
(vs), 1715 (vs), 1448 (m), 1406 (m), 1367 (m), 1318 (m),
1259 (s), 1231 (s), 1161 (s), 1115 (m), 1096 (m), 1030 (m).
Cy5H3604 (464.56): Mol. mass calcd. 464.2410, found
464.2410 (HRMS).

ture of two diastereoisomerélppm = 20.94 (CH), 21.01
(CH,), 36.48 (CH), 36.58 (CH), 72.56 (CH), 72.70 (CH),
114.33 (CH), 114.38 (CH), 141.04 (CH), 141.08 (CH). —
MS (El, 70 eV);m/z(%): 156 (1) [M], 123 (9), 81 (15), 67
(30), 57 (82), 54 (100). — IR (ATRYmacm1=3343 (br., s),
2938 (m), 2863 (m), 1644 (m), 1424 (s), 1320 (s), 1279
(m), 1123 (m), 1070 (s), 990 (vs), 920 (vs), 675 (s). — Mol.
mass calcd. 156.1150, found 156.1159 (HRMS).

CyH160, Calcd.: C69.19 H 10.32

(156.23) Found: C 68.76 H 10.58.

A solution of the dialcohot (400 mg, 2.56 mmol) in abs.
CH,CI,, (5 ml) was added dropwise at 0 °C to a suspension of
NMO (690 mg, 5.89 mmol), ground molecular sieves
T1.28 g, 4 A) and TPAP (45.0 mg, 1.28 mmol) in abs,Clk
(8 ml) and abs. MeCN (1 ml). After stirring 1 h at ambient
temperature the mixture was filtered through S{MTB),
the solvent was evaporated and the product chromatographed
E:S}QI ;t'é?é;'oxycarbo”y'methy')'1'CyC'Ohexe”e'3'°”e'2'car'on SiO, (PE/MTB 1 : 1R = 0.16) to give the keto alcoh®l
(257 mg, 1.67 mmol, 65%) as a colourless oftH-NMR
Freshly distilled dialdehydé (317 mg, 3.15 mmol) was ad- (400 MHz, CDC}): dppm = 1.51-1.62 (m, 2H), 1.60 (s, br.,
ded at 0 °C to a solution of anhydrous Sn@19 mg, 1H), 1.63-1.82 (m, 2H), 2.64 &= 7.2 Hz, 2H), 4.11 (g1 =
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6.1 Hz, 1H), 5.11 (tdJ = 1.2 Hz,J = 10.5 Hz, 1H), 5.24 (td,
J=14HzJ=17.3 Hz, 1H), 5.83 (dd] = 1.2 Hz,J =
10.3 Hz, 1H), 5.87 (ddd,= 6.1 Hz,J=10.4 HzJ = 16.9 Hz,
1H), 6.22 (ddJ = 1.2 Hz,J = 17.8 Hz, 1H), 6.36 (dd] =
10.5 HzJ=17.7 Hz, 1H). 13C{1H} NMR (50 MHz, CDCL):
dppm = 19.54 (Ch), 36.27 (CH), 39.22 (CH), 72.67 (CH),
114.72 (CH), 128.11 (CH), 136.42 (CH), 140.86 (CH),
200.75 (C=0). — MS (El, 70 eV)n/z (%): 136 (2) [M —
H,Q], 98 (20), 97 (32), 84 (17), 83 (32), 70 (83), 57 (38), 55 [7]
(100). — IR (ATR):Vmafcnm! = 3425 (br., s), 2980 (m), 2936
(s),2871(m), 1677 (vs), 1615 (s), 1403 (vs), 1372 (s), 1278
(s), 1242 (s), 1214 (s), 1188 (s), 1101 (s), 1067 (s), 1041 (s)[8l
990 (vs), 966 (vs), 923 (vs), 845 (m), 751 (m). HGO, [1[01
(154.21).

[6]
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