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Abstract  Methyl (S)-a-diazo-2,2-dimethyl-B-oxo-1,3-dioxolane-2-butanoate (4), upon treatment with
dirhodium(Il) tetraacetate in refluxing dichloromethane, gave methyl (15,55)-2,2-dimethyl-7-0x0-3,8-
dioxabicyclo[3.2.1]octane-1-carboxylate (5) via oxonium ylide formation/1,2-shift. On the other hand, a similar
treatment of methyl (§)-5,6-bis[ters-butyldimethylsilyl(TBDMS)oxy]-2-diazo-3-oxchexanoate (9a) afforded the
C-H insertion product 10 which was directly reduced with lithium aluminum hydride to give stereoselectively
(1R,2R.35,5R)-2,3-bis(TBDMSoxy)-5-hydroxycyclopentanemethanol (13) in 52% yield from 9a. © 1999 Elsevier

Science Ltd. All rights reserved.
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A dirhodium(ii)-catalyzed C-H insertion reaction of o-diazocarbonyl compounds is widely used as one of
the most effective and versatile methods for the construction of functionalized five-membered carbocycles and
heterocycles.!:2 However, it is sometimes difficult to control the chemoselectivity because of the high reactivity
of the rhodium carbenoid intermediates, which can react with unactivated C-H bonds, C-C multiple bonds,
heteroatoms, efc. In previous papers,Z we reported that 5-[rert-butyldimethylsilyl(TBDMS)oxy]-2-diazo-3-
oxoalkanoates (1), upon treatment with 1 mol% of dirhodium(ll) tetraacetate [Rh2(OAc)4] in dichloromethane
(CH2Clp) under reflux, gave 1,2-trans-2,3-cis-2-alkyl-3-(TBDMSoxy)-5-oxocyclopentanecarboxylates (2) with

high chemo- and stereoselectivity (Scheme I).
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of this chem eoselec -H insertion reaciion, we now investigaied the reaction

Uiis Cneno- d.uu SlClCU\ClCLLi-\'e
of 5,6-dioxygenated 2-diazo-3-oxohexanoates 4 and 9a with the dirhodium(il) cataiyst in order to deveiop a new
route to 2,3-dioxygenated 5-oxocyclopentanecarboxylates, which would be useful intermediates for the synthesis
of aminocyclopentitols? and carbocyclic nucleosides.* Herein, we report the contrasting behavior of these
diazoketones> and a synthetic approach to a highly functionalized cyclopentane.

Results and Discussion
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dimethyi-1,3-dioxolan-4-acetaldehyde (3), prepared from (S)-malic acid,® with methyl diazoacetate and tin(TT)
chioride (SnClI),2¢:7 followed by diazotransfer reaction of the resulting P-ketoester8 with p-toluenesulfonyl azide
(TsN3) and triethylamine (Et3N).

Compound 4 thus obtained was treated with 1 mol% of Rh2(OAc)4 in
CH?2Cl2 under reflux for 5 min, and the reaction mixture was then passed through

a short pad of silica gel to give methyl (15,55)-2,2-dimethyl-7-0x0-3,8- ““Ié o € )%__ ,
N Iy T

dioxabicyclo[3.2.1]octane-1-carboxylate (5) in 54% yield without any C-H 0 e A ! i
insertion products.?-10 The structure of 5 was deduced from the spectroscopic RSy W S Sy N
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the presence of the -CH-CH- CHz moiety, and the 13C NMR spectrum revealed Y

the presence of four quaternary carbons at & 77.4 (2-C), 86.4 (1-C), 164.6 (an
ester carbonyl), and 205.3 (a keto carbonyl). Final confirmation of the structure of
S was given by its X-ray analysis (Fig. 1).
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The formation of S can be rationalized in terms of the oxonium ylide intermediate 6 formed by the attack of
the rhodium carbenoid on the ether oxygen atom, which undergoes a [1,2]-shift.!.11

Because the reaction of 4 with Rh2(OAc)4 did not give any C-H insertion products, we next examined the
dirhodium(Il)-catalyzed reaction of bis(TBDMSoxy) derivatives 9a and 9b. The starting a-diazoketones 9a and
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Reduction of 8 with diisobutylaluminum hydride (DIBAIL-H) foliowed by treatment of the resuiting
bis(TBDMSoxy)aldehyde with methyl diazoacetate and SnCly gave methyl (S5)-5,6-bis(TBDMSoxy)-3-
oxohexanoate in 94% yield from 8. Diazotransfer reaction of the B-ketoester with TsN3 and Et3N provided o-
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diazo-P-ketoester 9a in 90% yield. Hydrolysis of 8, followed by treatment of the resulting carboxylic acid with
oxalyl chloride and then diazomethane, afforded diazoketone 9b.

Scheme 111 ¢
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o, L co.me 2. TBDMSQ. COMe ———— N
Mg e S Gl ~ N2 >
7 8 TBDMSO OTBDMS
| o
OTBDMS fa /U\ _H
] x
TBDMSO\/k/COQH > > No
TBDMSO OTBDMS
9b

4 a) TBDMSCI, imidazole, DMF, t, 16 h (quant.); b) DIBAL-H, CHoCls, -78 °C, 10 min (97%); ¢)
NoCHCOoMe, SnCly, CHoClp, 0 °C, 10 min (97%); d) TsNa, EtsN, CH3CN, 1t, 15 h (90%); e)
LiOH, MeOH-H-0, rt, 45 °C, 15 h (49%); f) (COCl),, benzene, n, 38 h; g) CHuxN,, Et0, 0 °C,
30 min (66% in 2 steps)

mixture was then passed through a short pad of silica gel, labile methyl (S) 3-TBDMSoxy-5-oxo0-1-

cyciopentenecarboxylate (11) was obtained in 68-83% yieid.®!2 The structure of 11 was deiermined by the
spectroscopic data and chemical correlations. The IR spectrum showed absorptions at 1760 and 1630 eml (a
cyclopentenone) and at 1730 em-l (an ester), and the I NMR spectrum revealed a doublet at 8 8.05 (J = 2.3
Hz) due to the olefinic proton. The reaction of 11 with lithium dimethylcuprate gave an 8:1 mixture of methyl
(18,28,35)-3-TBDMSoxy-2-methyl-5-oxocyclopentanecarboxylate (12) and its (1R,2R,3S)-isomer in 71%

combined yield. The spectroscopic data of 12 were identical with those of a racemic authentic sample.2b
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It seems likely that cyclopentenone 11 could be formed via B-elimination of the initially formed C-H
insertion product 1@ during passing through the silica gel pad. Indeed, the IH NMR spectrum of the crude
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reaction products of 9a before treatment with silica gel revealed new signals at 6 3.47 (d, / = 9.0 Hz), 4.32 (q, J
= 3.5 Hz), and 4.55 (dd, J = 9.0, 3.5 Hz) due to the H-1, H-3, and H-2 protons of 10, respectively, in addition
to the signals of 11 in a ratio of 4:1. Interestingly, compound 10 was produced as a single diastereoisomer.
After 9a was completely consumed in the reaction with Rhp(OAc)4, the reaction mixture was added to a
suspension of lithium aluminum hydride (LAH) in diethyl ether at 0 °C, and the entire mixture was stirred at room
temperature for 30 min to give (1R,2R,35,5R)-2,3-bis(TBDMSoxy)-5-hydroxycyclopentanemethanol (13) in
52% yield from 9a as a sole diastereoisomer. Other reducing agents such as sodium borohydride and DIBAL-H

)y ble for this reduction; complex mixtur ained. The stereochemistry firme
H 1 3 1 h ffanrt (NN 4 + £ L 1 A 1L
by chemical correlations and differential nuclear Overhauser effect (NOE) experiments of bicyclic compound 15

(Scheme TV). Thus, 13 was allowed to react with acetic anhydride in pyridine to give diacetate 14 in quantitative
yield. Desilylation of 14 by tetrabutylammonium fluoride (TBAF), foliowed by treatment of the resuiting diol
with 2,2-dimethoxypropane in the presence of pyridinium p-toluenesulfonate (PPTS) in DMF afforded acetonide
15 in 55% yield from 14. This result showed the cis relationship between two TBDMSO groups at the C-2 and
C-3 positions in 13. The positive NOEs were observed between H-3a and H-6a (5.7 and 6.9% enhancement,
respectively), H-3a and H-4 (2.7 and 3.1% ecnhancement, respectively), and H-4 and H-5 (both 4.0%
enhancements) protons of 15,
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48 and 39% yields, respectively. The IR spectra of both diastereoisomers showed an absorption due to the
cyclopentanone group (1750 cml). The stereochemistry of both compounds was determined by a comparison of
the specific rotations. Thus, the [a]p value of the major isomer was zero, so that it should be a meso compound,

i.e., cis-isomer 16. The minor isomer had [o]p26 -48.6, indicating it to be trans-isomer 17.

j:?\(H 1 mol% Rhp(OAC)s j\ + /R\

>_\‘N2 CHCly, reflux H ' }_/

TBDMSO  OTBDMS TBOMSS  OTBDMS TBDMSS ~ OTBDMS
9b 16 (48%) 39%

Vo) 17 (39%)

The bulky TBDMS group restricts the oxonium ylide formation and makes the C-H insertion reaction at the
C-6 position favorable. One possible explanation for the stereoselectivity in this C-H insertion reaction is based
on the cyclic transition states IA and IB (Fig. 2).!3 In both the transition states, the TBDMSoxy group at the C-5
position could occupy a pseudoaxial position predominantly2b:14 and the bulky dirhodium complex a
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pseudoequatorial position; these conformati rther stabilized by a favorable electronic interaction
M

—

between the ether oxygen atom at the C-5 position and the ester carbonyi group.2® 1In the transition state IB,
severe steric repulsion between the C-6 pseudoaxial TBDMSoxy group and the dirhodium complex becomes
evident, although both TBDMSoxy groups occupy more preferred pseudoaxial positions. We assumed,
therefore, that the C-H insertion would proceed via the sterically favored transition state IA to form
cyclopentanone 10. The reduction of 10 with LAH would proceed stereoselectively as a result of the attack of

the hydride ion on the less-hindered Si-face of the ketonic carbonyl group to give diol 13. On the other hand,

treatment of 10 with silica gel would result in the B-elimination!5 of a silanol due to the high acidity of the proton
at the C_1 nocitinn to vield cvelanentenone 11
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In summary, this study revealed that the chemoselectivity of the dirhodium(II)-catalyzed reaction of 5,6-
dioxygenated 2-diazo-3-oxohexanoates 4 and 9a can be controlled by selecting the protecting groups of the diol:
the acetonide derivative 4 gave 3,8-dioxabicyclo[3.2.1]Joctane S via oxonium ylide formation/1,2-shift, whereas
the bis-TBDMSoxy derivative 9a gave the C-H insertion product 10, which was reduced with LAH to afford

cyclopentanemethanol 13 as a single sterecisomer. The latter stereoselective C-H insertion-reduction process
£,
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spectrometer using CDC13 as a solvent and tetramethylsﬂane asa ternal standard The 13C NMR spectra were
recorded on a Varian XL.-300 (75 MHz) spectrometer using CDC13 as a solvent and are reported in ppm using the
solvent resonance as an internal standard (77.0 for CDCI3). Al 13¢c NMR spectra were determined with
complete proton decoupling. Specific rotations were recorded on a JASCO DIP-360 polarimeter. High-
resolution mass spectra (HRMS) were obtained with a JEOL JMS-SX 102A QQ instrument. Column
chromatography was carried out on Silica gel 60 PF254 (Nacalai Tesque, Inc.) under pressure. The known
aldehyde 3 and ester 7 were prepared according to the reported procedures.®

dioxolane-4-butanoate (4). According to the
procedure of Hoimqulst and Roskamp,7 a solution of 3 (1.26 g, 8.73 mmol) was added to a suspension of
N 4 Peve

et l Aokt (LT oo O LN iy and QA (1AL a N Q7T trmal) in (CHHAMA () ml ) at ranm
Nyl aiazoacetate (701 Hig, 7.0V 1IUIV1) diild olvlg (1VU Ulg, V.07 Moy i1 Lin2vi? (4u My dai 100m
tammnaratnra nndar a nitragen atmaoanhere  The mivture wace ctirred for 10 min and concentrated  The residue was
CHIPLiatule Qiiull 4 HHUUERULL AUHUDPIHIVEW. 1 IR THHITALULIL WAS OUEIIVU 1UVL 1V R Gl VUV LRI G A dav AvWSiauy VYGRS
chromatooranhed on silica cel (hexane/EtOAc. 10:1) to give methvl ($)-2.2-dimethvl-B-ox0-1 3-digx_ola_,e-4-
CIHONIAIOAZIapnCd O SLICd gCL (NCAGRCG/INVIAL, V1) (0 give Y1 Q)4 yi-p

a colorless oil, whose spectroscopic data were identical with the reported values.® A
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solution of thus obtained ketoester (850 mg, 3.93 mmol), TsN3 (1.16 g, 5.90 mmol), and Et3N (794 mg, 7.86
mmol) in MeCN (40 mL) was stirred at room temperature for 15 h and then diluted with Et2O (50 mL). The
mixture was washed with HpO (20 mL) and brine, dried (MgSO4), and concentrated. The residue was
cnromatograpned on silica gel (hexane/EtOAc, 15:1) to give 4 (937 mg, 98%) as a pale yellow oil: [ocjpéo +17.2
660 cm™'; :H NMR (300 MHz) 6 1.36, 1.42 (both 3H, s, CMe),

ot
>

~ 1.02, CHCI3); IR (CClg) v 2140, 1 o i
2700 220 (1LY annlh A ~F AD. T ._ £& 171 LY ar ITAN 2 £72 7117 13 ' 4 Q1 £ & TV ~cn ~£ & TT~\ N
£.70, 5.506 (11 €4C0, A 01 ADY, v = V.0, 1/.1 1Z, ¥-117 ), 5.05 (in, 4aq, v = 6.3, 0.5 0Oz, One o1 3-rnj2), J. 35
(3H, s, OMe), 4.19 (1H, dd, J = 8.3, 6.1 Hz, one of 5-H2), 4.57 (1H, quintet, J = 6.3 Hz, 4-H). HRMS
(FAB) Calcd for C1gH15N205 [((M+H)*t]: 243.0981. Found: 243.0978

Dirhodium(II)-Catalyzed Reaction of 4. General Procedure. A solution of 4 (155 mg, 0.64
mmol) in CH2CI2 (6 mL) was added to a boiling solution of Rhp(OAc)4 (3 mg, 0.006 mmol) in CH2Clp (32
mL), and the mixture was refluxed for 5 min. After evaporation of the solvent, the crude material was
chromatographed on silica gel (hexane/EtOAc, 8:1) to give methyl (15,55)-2,2-dimethyl-7-0x0-3,8-
dioxabicyclo[3.2.1]octane-1-carboxylate (5) (74 mg, 54%) as colorless needles: mp 93-94 °C (hexane-EtOAc);
[]p25 -37.0 (¢ 1.01, CHCI3); IR (CClg) v 1770, 1745 cm~i; IH NMR (300 MHz) & 1.42, 1.43 (both 3H, s,
CMe), 2.48 (1H, dd, J = 17.7, 1.0 Hz, one of 6-H3), 2.77 (1H, dd, J = 17.7, 7.7 Hz, one of 6-H3), 3.47 (1H,

dd, J = 12.0, 1.0 Hz, one of 4-Hp), 3.78 (3H, s, OMe), 4.25 (IH, dd, J = 12.0, 2.0 Hz, one of 4-H?), 4.76
(1H, adt, /= 7.7, 2.0, 1.0 Hz, 5-H): 13C NMR (75 MHz) & 18.8 (CH3), 23.6 (CH3), 39.0 (6-C), 52.8

—

(OCH3), 64.3 (4-C), 73.9 (5-C), 77.4 (2-C), 86.4 (1-C), 164.6 (COO), 2053 (C-7). Anal. Caled for
C10H1405: C, 56.07; H, 6.59. Found: C, 55.73; H, 6.45.

X-ray Crystallographic Analysis of 5.16 A single crystal of 5 was obtained by recrystallization
from hexane-EtOAc. Crystal data of 5: C1gH 405, M = 214.22, orthorhombic (space group P21212}), a =
9.137(2) A, b = 15.3035(9) A, c = 7.7459(9) A, V = 1083.2(2) A3, Z = 4, Dcglc = 1.314 g/em3, p(CuKo) =
9.00 cm -l. The R (Ryw) value of 5§ was 0.049 (0.082). The data were collected on a Rigaku AFC7R
diffractometer at 23+1 °C using graphite monochromated CuKo. (A = 1.54178 A) radiation. The structure was
solved by direct methods (SAPI91).!7 The non-hydrogen atoms were refined anisotropically. Hydrogen atoms
were included but not refined. Neutral atom-scattering factors were taken from Cromer and Weber.18 All
caiculations were performed using the teXsan!? crystallographic software package of Molecular Structure
Corporation.

Methyl (5)-3,4-Bis(tert-butyldimethylsilyloxy)butanoate (8). A mixture of 7 (1.00 g, 7.52
mmol), rerr-butyldimethylsilyl chloride (3.40 g, 22.6 mmol), and imidazole (2.56 g, 37.6 mmol) in DMF (30
mL) was stirred at room temperature for 16 h, poured into H20 (30 mL), and extracted with Etp0O. The extract
was washed with brine, dried (MgSO4), and concentrated. The residue was chromatographed on silica gel
(hexane/EtOAc, 50:1) to give 8 (2.81 g, quant.) as an oil: IR (CClg) v 1720 em-l; IH NMR (60 MHz) § 0.02
(3H, s, SiMe), 0.06 (9H, s, 3 x SiMe), 0.85, 0.89 (both 9H, s, tert-Bu), 2.35-2.65 (2H, m, 2-H2), 3.32-3.79
(ZH, m, 4-Hp2), 3.65 (3H, s, OMe), 3.92-4.32 (1H, m, 3-H). HRMS (FAB) Calcd for C17H3904Si2
[(M+H)*]: 363.2387. Found: 363.2382.

Methyl (5)-5,6-Bis(tert-butyldimethylsilyloxy)-3-oxohexanoate. A solution of DIBAL-H in
hexane (0.95 mol/L, 6.38 mL, 6.06 mmol) was added to a solution of 8 (2.00 g, 5.51 mmol) in CH2Cl2 (50
O Qr . ale o RN . PR £a 1N —

mL) at -78 °C under a mlrogen lelprﬂCI'C After the mixture was stirred at il

he same temperature for 10 min,
MeOH (2 mL) and sat. aq N H4Cl (1 mL) were added to it. The entire mixture was allowed to warm to room

V-3 4-his(tert-butvldimethvls

VAN AQUIC/ L AVML, OV L) W L), sOrmDAL y 1A

was ueed dlrectlv in the next step. Accordme to a procedure similar to that described fo the nrepamtlon of mcthyl
($)-2,2-dimethyl-B-oxo-1,3-dioxolane-4-butanoate, the thus obtained aldehyde (4.40 g, 13.2 mmol) was treated
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A%

with methyl diazoacetate (1.46 g, 14.6 mmol) and SnCl2 (250 mg, 1.32 mmol) to give the titled compound (5.17
g, 97%) as a 3.5:1 oily mixture of keto and enol forms: IR (CCl4) v 1760, 1725, 1660, 1615 cm'i; IH NMR
(300 MHz) for the keto form § 0.035 (3H, s, SiMe), 0.043 (6H, s, 2 x SiMe), 0.07 (3H, s, SiMe), 0.85, 0.88
(both 9H, s, tert-Bu), 2.63 (1H, d of ABq, J = 7.2, 15.6 Hz, one of 4-H3), 2.79 (1H, d of ABq, J = 4.7, 15.7

- farw 13 * N

Hz, one of 4-H2), 3.38 (iH, dd, J = 10.0, 7.0 Hz, one of 6-H2), 3.49 (2H, s, 2-H2), 3.57 (iH, dd, J = 10.0,

AN TT_ o~ a ~L £ TT. lols] rée 3 B =~ et V. Fay A 1L F1EX oy r " 1 A N YT _ TN TTNDRARAO (AT Y _31_ 3 £
4.5 Hz, one of 6-H7), 3.72 (3H, s, OMe), 4.16 (1H, t, /= 7.1, 4.9 Hz, 5-H) KIVIS (I ) Laica 1or
C1alT4eNeCin IIMMIINGT. ANK 2402 Ennind. AN 2&8N1
CHYng udoiy juvirii) ' j. avo.ca470. rOUlld. 4uJ.Loul

Methyl (S)-5,6-Bis(fert-butyldimethylsilyloxy)-2-diazo-3-oxchexanoate (9a). According to
a procedure similar to that described for the preparation of 4, treatment of methyl (S5)-5,6-bis(tert-butyldimethyl-

silyloxy)-3-oxohexanoate (445 mg, 1.10 mmol) with TsN3 (325 mg, 1.65 mmol) and Et3N (278 mg, 2.75
mmol) gave 9a (427 mg, 90%) as a pale yellow oil: [a]p?4 -35.0 (¢ 0.95, CHCI3); IR (CClg) v 2130, 1720,
1655 cml; 1H NMR (300 MHz) & 0.03, 0.045, 0.050, 0.07 (all 3H, s, SiMe), 0.84, 0.88 (both 9H, s, tert-
Bu), 3.04 (1H, d of ABq, J =5.0, 15.6 Hz, one of 4-H2), 3.11 (1H, d of ABq, J = 7.3, 15.5 Hz, one of 4-H2),
3.45 (1H, dd, J = 10.0, 6.8 Hz, one of 6-H?), 3.59 (1H, dd, J =9.9, 5.3 Hz, one of 6-H32), 3.83 (3H, s,
OMe), 4.25 (1H, tt, J = 7.0, 5.2 Hz, 5-H). HRMS (FAB) Calcd for C19H39N205Si7 [(M+H)*|: 431.2397.
Found: 431.2402.

FOY A & W2 . doad ra— = —~ L3 .20 =r=z) 1 —~ 7 Y A © 71NN P
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N NQ sl 0 AT INITITAMN (1D s N DL menal) in Kﬂaﬁu {1 T Y and AN N A onT Y vrac of warl at A A fAr I
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h. ith 10% HCI, and extracted with EtOAc. The extract was

WAas ine, dried (MgSO4), and concentrated to give crude (5)-3,4-bis(rert-butyldimethylsilyloxy)-
butanoic acid (44 mg, 49%). Pyridine (23 mg, 0.29 mmol) and oxalyl chloride (109 mg, 0.86 mmol) were added
to a solution of the carboxylic acid (100 mg, 0.29 mmol) in benzene (3 mL) at 0 °C. The mixture was stirred at
room temperature for 38 h, and the precipitate was filtered off. The filtrate was concentrated to afford crude acid
chloride (89 mg). The acid chloride in Et20 (2 mL) was treated with a solution of a large excess of diazomethane
in Et20 at 0 °C. After the mixture was stirred for 30 min, excess diazomethane was decomposed by the addition
of acetic acid. The resulting mixture was diluted with EtpO and washed with sat. aq. NaHCO3 and H20, dried
(MgS04), and concentrated. The residue was chromatographed on silica gel (hexane/EtOAc, 10:1) to give 9b
[70 mg, 66% from (5)-3,4-bis(tert-butyldimethylsilyloxy)butanoic acid] as a yellow oil: [o]p?! -53.9 (¢ 0.49,

Falt Tl SR & s WP el el AN e R I FANEE -4 ‘_“&1 1oy "RIRAD /2NN AATT & N NE /OTT Lo o Q:RA N N NT IY :
AW 5 (W0 1 {Lli4) VvV L1110, 102U CIH *5 11 INIVIK (.‘)UU VIriz) O U.Uo (7r1, DI S, J { D1vi€), U.U/ (o6, §, DHVIC},
NQT7 NQOD (hath OIT ¢ 402+ RuY D V7.0 A48 (1 i Aama nf 3. HHAY 250 (1 A4 7 =120 A1 Hz Ane nf 2.
U.6/7, U.67 (0011 JI1, 8, 1€Fi-DU), c.o /-4 (11, M, O0€ O1 5-11}), 2.07 (111, GG, v = 15.7, 7.1 11z, OLC U1 5
H". 342 (1H. dd. J=10.1. 6.6 Hz, one of 53-H2), 358 (1H, dd, 7= 10.0, 5.1 z. one of 5-H»). 4.10-4.21
L)s T \ 111y \Udy U L1WVely VeV Bk VIIV ULl JTRLLJy ed U (111, GG, v AV, Lex 2L, ULC VUL JTLR /), TeaVTR.L 2
(1H, m, 4-H), 5.30 (1H, br s, 1-H). HRMS (FAB) Calcd for C17H37N203Si2 [(M+H)*]: 373.2343. Found:
373.2346

Dirhodium(IT)-Catalyzed Reaction of 9a. Following the general procedure, 9a (500 mg, 1.16
mmol) was treated with Rhp(OAc)4 (5 mg, 0.012 mmol), and the crude material was chromatographed on silica
gel (hexane/EtOAc, 7:1) to give labile methyl (S)-3-(fert-butyldimethylsilyloxy)-3-oxo-1- cyclopenrenecarboxylate
(11) (212-259 mg, 68-83%) as a colorless oil: IR (CClg) v 1760, 1730, 1630 cm” I. 1IH NMR (300 MHz) &
0.14, 0.15 (both 3H, s, SiMe), 0.91 (9H, s, tert-Bu), 2.44 (1H, dd, J = 18.3, 2.6 Hz, one of 4-H2), 2.89 (1H,
dd, J = 18.3, 6.2 Hz, one of 4-H?), 3.85 (3H, s, OMe), 4.98 (1H, dt, J = 6.2, 2.4 Hz, 3-H), 8.05 (iH, d, / =
2.3 Hz, 2-H). HRMS (FAB) Calcd for C13H2304Si [(M+H)*]: 271.1365. Found: 271.1374.

MMathol (1C 2C 2C\ 2 _(stposrt . Rutvldimathylailvlavvi.?omathvl. S_avnocvelanantanecarhoxvl.
WVATHIIYL A9 @J 40 JmI~UCT i DULYIGIHITLHM Y IS JIUAY JT & T LI JITO T UAUL F VAV P VAR VAR AL LG 7 VA 5

te (12) and Itc (1R 2R 3S).Icamer, A solution of methvllithium in Et2O (1.14 M, 274 mlL, 3. 12 mmol)
\ A& GRIIU A0S \AAN gLl g i) JTRSURRIN R SRRl O iacuilyaaasiniain LA ) L s )}
was added to a solution of copper(l) iodide (297 , 1.56 mmol) in Et20 (6 mL) at -78 °C under a nitrogen

atmosphere, and the mixture was stirred at the same temperalure for 2 h. A solution of 11 (210 mg, 0.78 mmol)
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in Et20 (3 mL) was added to this mixture, and the whole was stirred for a further 15 min; aq. NH4Cl was then
added. The organic layer was separated, and the aqueous layer was extracted with EtpO; the combined extracts
were washed with brine, dried (MgSO4), and concentrated. The residue was chromatographed on silica gel

i o a W -

(hexane/EtOAc, 20:1) to give a mixture of 12 and its (1R,2R,35)-isomer (iotal 158 mg, 71%) as a coloriess oil.

£ 1Y 1. 1D

The ratio of 12 and its Un,?.R,_%S)—IS i y an mlcgrdlcu intensi ‘y of the peak nCIg'
e o

T o
1 mcitioe mansitmes at A 2 12 £AY and
1 P!

FAN  magenantiag

his
nf tha cionalc dria tn tha mathin -~ - M N o QN ales
UL UuIe msuaja Uue w U.lb IEFCAULIEH LULULL dl UR - })\Jblllull Q}J all 15 dL U J.10 (U) dilu L.04 \u;, lc:;pC\.uVCA_y
The mixture was rechromatographed on silica gel (hexane/EtOAc, 50:1) to give pure 12 as colorless needles: mp
< 30 °C (hexane), whose spectroscopic data were identical with those of a racemic authentic sample,2b [a]p20

+29.7 (¢ 1.80, CHCIR).

Dirhodium(II)-Catalyzed Reaction/LAH Reduction of 9a. A solution of 9a (300 mg, 0.70
mmol) in CH2ClI2 (2 mL) was added to a boiling solution of Rh2(OAc)4 (3 mg, 0.01 mmol) in CH2Cl2 (7 mL),
and the mixture was refluxed for 5 min. After the mixture was cooled to room temperature, it was added to a
suspension of LAH (106 mg, 2.79 mmol) in Et20 (9 mL) at 0 °C. The reaction mixture was stirred at room
temperature for 30 min, quenched with 5% HCI (1 mL), and extracted with EtOAc. The extract was washed with
brine, dried (MgSO4), and concentrated. The crude material was chromatographed on silica gel (hexane/EtOAc,

R e ) o T3

3:1) to give (1R,2R,35,5R)-2,3- msuert—Dutymlmetnyisnyloxy )-5-hydroxycyclopentanemethanol (13) (137 mg,
52%) as coloriess needles: mp 86-88 °C (hexane); [U.'.]D"' +8.3 (¢ 1.18, CHCl3); IR (CCl4) v 3700-3160 cm‘l;
1H NMR (300 MHz) & 0.068, 0.073 (both 3H, s, SiMe), 0.10 (6H, s, 2 x SiMe), 0.908, 0.910 (both 9H, s,
tert-Bu), 1.73 (1H, dtd, J = 144, 2.2, 1.1 Hz, one of 4-H2), 1.76-1.89 (1H, br, OH), 1.93 (1H, ddd, J = 14 .4,
7.1, 3.9 Hz, one of 4-H -2.22 (1H, m, 1-H), 2.49-2.77 (1H, br, OH), 3.63 (1H, dd, J = 10.5, 6.4 Hz,
onc of CH20), 3.70 (1H, dd, J = .5 Hz, 2-H), 3.90 (1H, dd, J = 10.4, 45HL.0m.0fCH?O) 3.94-4.02
(1H, br, 5-H), 4.02 (1 ,J=3.2

iz 3-H). Anal. Calcd for CjgH40048Si2: C, 57.40; H, 10.70. Found: C,
56.98; H, 10.54.

L))I
u;CT
I-—l\

(1R,2R,3S,5R)-5-Acetoxy-2,3-bis(tert-butyldimethylsilyloxy)cyclopentanemethyl  Acet-
ate (14). A mixture of 13 (15 mg, 0.04 mmol), pyridine (0.5 mL), and acetic anhydride (0.5 mL) was stirred
at room temperature overnight. After the mixture was concentrated in vacuo, the residue was chromatographed

or~

on silica gel (hexane/EtOAc, 10:1) to give 14 (18 mg, quant ) as colorless needies: mp 57.5-58.5 °C (hexane);
o A
i3

5122 .NQ /. NQA MIT AN, TR £ 0 14 ~—-1. 11x \OMAD 7200 MY & N ND 2LT QiIRALY N NS (61T
XD~ 1.0 LC V.04, LINILIZ ), N (LUig) V 1740 CIII 5, *I1 INIVIIN DUV IVITZ4) O VUL (o151, >, JlviC), V.UJ (vin,
e D v QiMaYy NNE (AT ¢ CiRkAaYy NON N A1 (hath Ol ¢ torr Ry 1771 (1 At T =147 21 He nna nf A_
S, < X 31Vl ), U.UU (I1d, 5, J51vil ), u.Fu, u.71 (00Ul Fii, §, (€ri-ouj, 1.71 i1y, UL, v = 150/, S oz, Ui UL &5
H?7), 2.02, 2.05 (both 3H, s, COMe), 2.11 (1H, ddd, J = 14.7, 8.3, 4.3 Hz, one of 4-H?), 2.46-2.55 (1H, m,
1-H), 3.70 (1H, dd, J = 8.5, 3.6 Hz, 2-H), 3.95 (1H, q, / = 3.7 Hz, 3-H), 4.10 (1H, d of ABq, /=43, 11.4

118, B, Q. W OEAEs £TIR]s e

Hz, one of CH20), 4.22 (1H, d of ABq, J = 3.8, 11.3 Hz, one of CH20), 4.88 (1H, ddd, J = 8.5, 5.7, 3.0 Hz,
5-H). Anal. Calcd for C2pH4406Si2: C, 57.35; H, 9.63. Found: C, 57.08; H, 9.67.

(3aR,4R,5R,6a85)-5-(Acetoxy)tetrahydro-2,2-dimethyl-4H-cyclopenta-1,3-dioxole-4-
methyl Acetate (15) A solution of TBAF in THF (1.0 M, 1.54 mL, 1.54 mmol) was added to a solution of
14 (284 mg, 0.62 mmol) in THF (5 mL) at room temperature, and the mixture was stirred for 1 h. After the
mixture was diluted with H20 and extracted with EtOAc, the extract was washed with brine, dried (MgSQO4), and
concentrated. The residue was chromatographed on silica gel (EtOAc) to give (iR,2R,3§8,5R)-5-acetoxy-2,3-

dihydroxy- cyc1opemanemetny1 acetate (91 mg, 63%), which was used directly in the next step. 2,2-
| SPR T R, -~ rnIY sxrmen adAdLd 4 n cmlirbiam ~F thiae Altainad 1Al 1ON o
lJlIIlCLllU)&_ypl()pd.llC \4 IHL) auu l'I‘ 1 D \.) lllg, U Ul'}' uuuul) wCIiC auucu tO a SC1ultioH O1 unus O0tainea i L7V 1ug,

0.39 mmol) in DMF (2 mL) at room temperature, and the mixture was stirred for 40 h. The reaction mixture was
H7O (10 mL) and extracted with Et20. The extract was washed with sat. aq. NaHCO3 and brine

7ith
uted with H20O sat, aq. brine,
dried (MgSQ4), a _nd concentrated. The residue was chromatographed on silica gel (hexane/EtOAc, 3:1) to give
15 (93 mg, 88%) as a colorless oil; [a]p23 -9.6 (¢ 1.12, CHCI3); IR (CClg) v 1750 cm-l; 1H NMR (300 MHz)

(93 mg, 88
3 1.31, 1.52 (both 3H, s, 2-Me), 2.04-2.14 (1H, m, one of 6-H2), 2.06, 2.07 (both 3H, s, COMe), 2.24 (1H,
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dt, J = 15.3, 6.2 Hz, one of 6-H2), 2.51-2.59 (1H, m, 4-H), 4.07 (2H, br d, J = 6.0 Hz, CH20), 4.46 (1H,
dd, J = 6.1, 2.6 Hz, 3a-H), 4.71 (1H, td, J = 6.1, 2.0 Hz, 6a-H), 4.97 (1H, dt, J = 6.1, 3.2 Hz, 5-H). HRMS
(FAB) Calcd for C13H210g6 [(M+H)*+]: 273.1338. Found: 273.1332.

mn 10Y7 mmnh trag trantad k DhA{MAAVL (& vy NVNTT s ~ 1V ned b mame A oo et oo b e L
i 1.U/ iUl j wad diaCl wiur i ‘4\ AL jgq \J g, Uulil llLlllUl), aiid uc Clude atciidl wdas CInoratOgrdpiica
on slhca gel (hexane/EtOAc, 50:1). The first eluent gave (35,45)-3,4-bis(tert-butyldimethylsilyloxy)cyclopentan-

one (17) (143 mg, 39%) as colorless nl tes: mp 65-66 °C (hl xane); [a]p?0 -48.6 (¢ 0.93, CHCI3); IR (CCla) v

a8 coloriess PAsEeS. AP VUTVY Qadv gy (g TROO (L VL T2 SR ANCRF Jy AAN N

1755 cm~1; |H NMR (300 MHz) & 0.07, 0.09 (both 6H, s, 2 x SiMe), 087 (18H, s, 2 X tert-Bu), 2.07 (2H, br
dd, J = 16.5, 1.5 Hz, one of 2-H? and one of 5-H3), 2.57 (2H, br dd, J = 16.5, 4.5 Hz, one of 2-H2 and one of
5-Hp2), 4.21 (2H, dt, J = 4.5, 1.5 Hz, 3-H and 4-H). Anal. Calcd for C17H3603Si2: C, 59.25; H, 10.53.
Found: C, 58.97; H, 10.45.

The second eluent gave meso-3,4-bis(tert-butyldimethylsilyloxy)cyclopentanone (16) (178 mg, 48%) as
colorless needles: mp 40-41 °C (hexane); [a]p?S 0 (¢ 1.00, CHCI3); IR (CClg) v 1755 ecm~l; 1H NMR (300
MHz) 8 0.08, 0.09 (both 6H, s, 2 x SiMe), 0.89 (18H, s, 2 x tert-Bu), 2.27 (2H, br dd, J = 18.5, 5.0 Hz, one
of 2-H? and one of 5-H2), 2.39 (2H, dd, J = 18.4, 5.0 Hz, oneof2 -H?2 and one of 5-H2), 4.29 (2H, td, J =

1 N Yo ~ o~ e o~ o~

5.0, 1.7 Hz, 3-H and 4-H). Anal. Caicd for C17H3603Si2: C, 59.25; H, 10.53. Found: C, 58.90; H, 10.45.
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When the reaction was carried out at room temperature, yields of 5 and 11 decreased.
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{(1%) and the C-H inseriion produci 2§ in 60% combined yieid, see: Tesier, R. W.; Wesi, F. G.
L.

Tetrahedron Lett. 1998, 39, 4631
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TBDMSoxy-2-diazo-3-oxohexanoates with Rh2(OAc)4 under the same conditions, followed by purification
by silica gel column chromatography gave the corresponding cyclopentenones in lower yields (37-40%).
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