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Highly enantioselective carbon—carbon bond formation by Cu-catalyzed
asymmetric [2,3]-sigmatropic rearrangement: application to the syntheses
of seven-membered oxacycles and six-membered carbocycles
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A concise route for the syntheses of enantioenriched functionalized
scaffolds of medium-sized oxacycles and carbocycles employing
the chiral auxiliary-mediated Cu-catalyzed ylide formation/[2,3]-
sigmatropic rearrangement as a key step was developed.

In recent years there has been a resurgence of interest in
therapeutic targets based on the structures of bioactive natural
products. Oxacycles and carbocycles possessing pharmaco-
phoric active sites are common structural features of various
biologically active natural products.> Owing to their biological
activity coupled with complexity, they have become attractive
targets for synthesis. The design and synthesis of enantiomeri-
cally pure medium-sized oxacycles and carbocycles have
attracted a great deal of attention due to the concept of small
molecular entities for drug discovery and development.® The
strategies that were developed for preparing such molecules
were found to be inadequate.* Recently, Doyle er al. have
developed an impressive catalytic bis-oxazoline Cu-catalyzed
asymmetric [2,3]-sigmatropic rearrangement of diazoacetate
derived from allyl-substituted 1,2-benzenedimethanol. Despite
their best efforts, the resulting product showed only 65% ee,
thereby restricting the further applicability of this reaction.’ The
erosion in enantioselectivity appears to be due to the flexible
conformations of the 11-membered oxonium ylide transition
state, leading to the product in only moderate enantioselec-
tivity. We reason that steric and electronic factors, which may
stabilize oxonium ylide conformation and its subsequent [2,3]-
sigmatropic rearrangement, could lead to highly enantioselec-
tive carbon—carbon bond formation. Herein, we disclose our
preliminary results relating to this object and its relevance for
the synthesis of medium-sized carbocycles and oxacycles.
Initially, we examined the (R)-phenylethylene glycol tethered
with diazoacetate and methoxy cis-butene 1 (Scheme 1) as a
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Scheme 1

test substrate. The precursor 1 was prepared in five steps from
(R)-mandelic acid. The Cu-catalyzed® (5 mol%) reaction of 1
in DCM at reflux temperature led to a diastereomeric mixture
of 2 and 3 in a 6 : 4 ratio (syn : anti) but the diastereomeric
excess was found to be moderate (2, 93% de and 3, 79% de).
Along with 2 and 3, 15% of 4 was also isolated. To identify
another class of auxiliary that would allow highly enantiose-
lective carbon—carbon bond formation, we examined a C,-
symmetric diol tethered with diazoacetate and methoxy cis-
butene 5a as starting material.

The Cu-catalyzed (5 mol%)i reaction of 5a using identical
conditions resulted in 6a and 7a in 68% yield§ with a similar
diastereomeric ratio (dr = 6 : 4 syn : anti) but with a
substantial increase in diastereomeric excess (6a, 99.8% de
and 7a, 99.8% de) (Scheme 2). The diastereomers 6a and 7a
were separated by silica gel column chromatography and their
stereochemical assignment was established by the vicinal
coupling constant to the proton on the methoxy-substituted
carbon (Juu;: 5.7 Hz > Jgauene 3.2 Hz) as well as NOE studies.
In 6a, the presence of strong NOEs (H.—Hg4, Hqe—Hy, Hy—Hj)
and a weak NOE of H.—Hy, indicates that these are in the same
plane (Fig. 1).

Additionally, a medium range NOE between Hy and OMe
confirms that H, and Hy, are in cis conformation. Whereas, in
7a, the presence of an NOE (H,—Hy) and (Hy,—H;) indicates
that these protons are nearer, and the absence of an NOE
(H—OMe) shows that they are in opposite planes, and hence,
H, and Hy, are in trans conformation.
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Fig. 1

NOE study of 6a and 7a.

The de values of 6a and 7a were determined by chiral HPLC
analysis in comparison with a racemic mixture. The major syn
isomer 6a and minor anti isomer 7a showed >99.8% de.

The stereochemical outcome of products 6a and 7a could be
rationalised on the basis of the oxonium ylide transition state
of the corresponding 6a* and 7a*, wherein the C,-symmetric
1,2-diphenylethane serves as a template for the formation of
highly enantioselective C-C bond formation (Scheme 3).
Significantly, in contrast to the previous reports,” no trace
of intramolecular cyclopropanation product was observed in
this transformation.

Further, we prepared the substrates Sb-d and subjected them
to the same protocol. In the case of 5b, only a trace of the
terminal cyclopropanated product was isolated. Substrate 5c¢
resulted in product 6¢ (10%) via the expected ylide formation/
[2,3]-sigmatropic rearrangement along with a major unidentified
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Scheme 3 Oxonium ylide transition states of 6a and 7a.

product (40%). Under otherwise identical conditions, with the
substrate 5d, neither the [2,3]-sigmatropic rearrangement pro-
ducts 6d and 7d nor the cyclopropanated product was formed.

In order to increase the diastereoselectivity, we have evalu-
ated 5a with a spectrum of catalysts such as Rh,(pfb), (pfb =
perfluorobutyrate), Rh,(OAc),, and Rh,(octanoate). To our
surprise only trace of syn product 6a (5-8%) along with 8a
(~30%) were isolated with each of the Rh precursors.

To ascertain chemoselectivity, we have synthesized an allyl-
tethered diazo C,-symmetric substrate 9. The Cu-catalyzed
(5 mol%) diazodecomposition of 9 in DCM at reflux tempera-
ture resulted exclusively in the cyclopropanation product 10 in
50% yield with >99.9% de along with 11 (15%) (Scheme 4).
The relative stereochemistry (S,R) of 10 was confirmed by
X-ray crystallography (Fig. 2).

Finally, the products derived from the [2,3]-sigmatropic
rearrangement were conveniently elaborated to the synthesis
of medium-sized oxacycles and carbocycles. To this end, 6a
was converted to a diol by LAH reduction in THF, and
subsequent protection of the primary alcohol as the TBDMS
ether was followed by removal of the chiral auxiliary in liq.
NHj; at —78 °C which led to 12 (81% from 6a).

The resulting primary alcohol 12 was protected as the
benzyl ether, and subsequent p-toluenesulfonic acid (PTSA)-
assisted cleavage of the TBDMS group furnished 13. Allyla-
tion of primary alcohol 13 with allyl bromide using NaH in
THF afforded 14 (86%). A one-pot RCM/dihydroxylation
sequence followed by acetonide protection of 14 resulted in 15
and 16 (6 : 4) as separable diastereomers in 60% yield.”
Similarly, the diastereomers 17 and 18 were achieved from
7a using an identical sequence of steps as above in an overall
37.6% yield (Scheme 5).%

With a notion to prepare functionalized carbocycles, 13 was
subjected to oxidation to give 19 in 90% yield. A catalytic
allylation® of 19 led to 20 as a separable diastereomeric
mixture (8 : 2) in 61% isolated yield. The major diastereomer
20 was separated through column chromatography and was
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subjected to ring-closing metathesis (RCM) reaction employ-
ing a Grubb’s second generation catalyst, furnishing 21, which
has an option for further elaboration by means of various
addition reactions. The diastereomer 22 was generated from
7a following an identical sequence of steps as above in an
overall 42.8% yield (Scheme 6).

In conclusion, we have accomplished a concise enantio-
selective route for the syntheses of functionalized scaffolds of
medium-sized oxacycles and carbocycles employing a chiral
auxiliary-mediated Cu-catalyzed ylide formation/[2,3]-sigma-
tropic as a key step. Additionally, the complementary sense of
enantioenriched molecules of oxacycles has been synthesized
using an antipode of Cy-symmetric (S,S)-diol, thus generating
a library of target molecules.'” Further work is under progress
for the synthesis of carbocyclic analogues based on oseltamivir
phosphate, an important anti-influenza drug, as motif.'!
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removed under reduced pressure. The crude residue was subjected to
column chromatography (silica gel, 100-200 mesh) eluting with
hexane-EtOAc (97 : 3) to give 7a (anti) (250 mg, 27%) and 6a (syn)

(380 mg, 41%) including recovered 8a (122 mg, 15%). 6a: solid, mp
120 °C, [0]% —74.0 (¢ 0.01, CHCly); '"H NMR (500 MHz, CDCl5):
0 7.29-7.17 (m, 6H), 710(d J = 6.5 Hz, 2H), 6.98 (d, J = 6.5 Hz,
2H), 6.13 (ddd, J; = 17.0, J, = 11.0, J3 = 8.7 Hz, 1H), 5.94
(d, J = 9.0 Hz, 1H), 5.29-5.26 (m, 2H), 4.37 (d, J = 9.7 Hz, 1H),
4.22 (dd, J; = 6.5,J, = 11.6 Hz, 1H), 4.16 (d, J = 5.8 Hz, 1H), 3.93
(d, J = 10.3 Hz, 1H), 3.51 (s, 3H), 3.30-3.21 (m, 1H); '*C NMR
(100 MHz, CDCls): 6 174.1, 137.0, 135.1, 133.7, 128.6, 128.2, 128.0,
127.5, 127.3, 118.4, 96.1, 86.9, 80.0, 74.0, 58.4, 50.3. IR (KBr): 3473,
3084, 2938, 2890, 1745, 1454, 1209, 1116, 986, 698 cm ™~ '; MS (ESIMS):
m/z 338.9 (M + H™), 321, 242, 197; HRMS (ESIMS): Calculated for
C,1H»,04Na, 361.1415, Found 361.1415.

1 R. M. Wilson and S. J. Danishefsky, Acc. Chem. Res., 2006, 39,
539; M. Murata and T. Yasumoto, Nat. Prod. Rep., 2000, 17, 293;
A. Ameri, Prog. Neurobiol., 1998, 56, 211; F. J. Schmitz, S. P.
Gunasekera, G. Yalamanchili, M. B. Hossain and D. J. Van der
Helm, J. Am. Chem. Soc., 1984, 106, 7251; N. Fusetani, T.
Sugawara and S. Matsunaga, J. Org. Chem., 1991, 56, 4971.

2 S. E. Denmark, C. S. Regens and T. Kobayashi, J. Am. Chem.
Soc., 2007, 129, 2774; A. A. E. El-Zayat, N. R. Ferrighi, T. G.
McKenzie, R. S. Byrn, J. M. Cassady, C.-J. Chang and J. L.
McLaughlin, Tetrahedron Lett., 1985, 26, 955; K. C. Nicolaou, K.
P. Cole, M. O. Frederick, R. J. Aversa and R. M. Deton, Angew.
Chem., Int. Ed., 2007, 45, 8875; R. Sakai, H. Kamiya, M. Murata
and K. Shimamoto, J. Am. Chem. Soc., 1997, 119, 4112; R. Sakai,
T. Koike, M. Sasaki, K. Shimamoto, C. Oiwa, A. Yano, K.
Suzuki, K. Tachibana and H. Kamiya, Org. Lett., 2001, 3, 1479.

3 M. Inoue, Chem. Rev., 2005, 105, 4379; 1. Nakamura and Y.
Yamamoto, Chem. Rev., 2004, 104, 2127; K. Fujiwara, A. Goto,
D. Sato, H. Kawai and T. Suzuki, Tetrahedron Lett., 2005, 46,
3465; T. Saitoh, T. Suzuki, N. Onodera, H. Sekiguchi, H.
Hagiwara and T. Hoshi, Tetrahedron Lett., 2003, 44, 2709; M. T.
Crimmins and K. A. Emmitte, Org. Lert., 1999, 1, 2029; J. W.
Burton, J. S. Clark, S. Derrer, T. C. Stork, J. G. Bendall and A. B.
Holmes, J. Am. Chem. Soc., 1997, 119, 7483; G. Kumaraswamy,
M. Padmaja, B. Markondaiah, N. Jena, B. Sridhar and M. Udaya
Kiran, J. Org. Chem., 2006, 71, 337; G. Kumaraswamy, K.
Ankamma and A. Pitchaiah, J. Org. Chem., 2007, 72, 9822.

4 S. V. Pansare and V. A. Adsool, Org. Lett., 2006, 8, 5897; B.

Schmidt and A. Biernat, Org. Lett., 2008, 10, 105; M. C. Elliott,

J. Chem. Soc., Perkin Trans. 1, 2002, 2301K. Fujiwara, in Marine

Natural Products (Topics in Heterocyclic Chemistry), ed. H.

Kiyota, Springer-Verlag, Berlin, 2006, vol. 5, p. 97.

(a) M. P. Doyle and D. C. Forbes, Chem. Rev., 1998, 98, 911; (b) M.

P. Doyle and C. S. Peterson, Tetrahedron Lett., 1997, 38, 5265; (¢)

M. P. Doyle, C. S. Peterson, M. N. Protopopova, A. B. Marnett, D.

L. Parker, Jr, D. G. Ene and V. Lynch, J. Am. Chem. Soc., 1997,

119, 8826; (d) M. P. Doyle, C. S. Peterson and D. L. Parker, Jr,

Angew. Chem., Int. Ed. Engl., 1996, 35, 1324; (¢) M. P. Doyle, V.

Bagheri and N. K. Harn, Tetrahedron Lett., 1988, 38, 5119.

6 For this transformation, among the surveyed catalysts

Cu(CH3CN)4PF¢ turned out to be the best. The electropositive

Cu attached to a large counter anion appears to be essential to

initiate the reaction. We have also evaluated other Cu sources such

as Cu(OTf),, CuCl,, Cu(OAc),, Cu(pivalate),, Cu(acac),, CuSOy,
and Cul, but none gave the observed product.

A. A. Scholte, M. H. An and M. L. Snapper, Org. Lett., 20006, 8,

4759; A complete set NOE studies for 15 and 16 was attempted.

For details see ESIf.

We also attempted the synthesis of functionalized seven-membered

lactones. Unfortunately, compounds A’ and A” did not undergo

the RCM reaction.

BnO’ Ban}
MeO'

9 A. Yanagisawa, H. Nakashima, A. Ishiba and H. Yamamoto,
J. Am. Chem. Soc., 1996, 118, 4723.

10 The preferential conformations of 15, 16, 17, 18, 21, 22 [com-
pounds generated using the (R,R)-diol], 6a”, 7a”, 15" and 17"
[compounds generated using the (S,S)-diol], have been charac-
terised by NMR data (see ESIY).

11 M. Shibasaki and M. Kanai, Eur. J. Org. Chem., 2008, 1839.

W

~

(o]

5326 | Chem. Commun., 2008, 5324-5326

This journal is © The Royal Society of Chemistry 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


