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A thermal [2 + 2] cycloaddition reaction of allene-ynes has been used to transform chiral non-racemic allenyl oxindoles into chiral

non-racemic spirooxindoles containing an alkylidene cyclobutene moiety. The enantiomeric excesses were determined by chiral

lanthanide shift NMR analysis and the transfer of chiral information from the allene to the spirooxindole was found to be greater

than 95%.

Introduction

The [2 + 2] cycloaddition reaction of allenes and alkynes
provides rapid entry into synthetically challenging alkylidene
cyclobutene ring systems. We, along with others, have demon-
strated the intramolecular variant of this reaction under thermal
conditions [1,2]. This thermally forbidden process is believed to
proceed via a biradical intermediate mechanism, a conclusion
supported by both computational and experimental studies [3].
Recently, the scope of this method has been expanded to the
synthesis of spirooxindole-containing skeletons 2 in a two-step
one-pot process from propargyl acetates 1 [4] (Scheme 1).
Inspired by this rapid entry into the molecularly complex

substructure 2, and the structural similarity to welwitindolinone

A isonitrile (3), we became interested in the synthesis of chiral
non-racemic spirooxindoles for application to natural product
synthesis [5-7]. Herein, we disclose preliminary results demon-
strating a complete transfer of chiral information from a chiral
non-racemic allene-yne to form an enantiomerically enriched

spirooxindole in a [2 + 2] cycloaddition reaction.

Findings

This study commenced with the preparation of the enantiopure
propargyl acetate 7 [8]. Treatment of racemic propargyl alcohol
4 with the (R)-acid chloride 5, DMAP, and pyridine resulted in
propargyl ester 6 as a separable 4:1 mixture of diastereomers.
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welwitindolinone A
isonitrile (3)

Scheme 1: Conversion of propargyl acetate 1 to spirooxindole 2 containing the core framework of welwitindolinone A isonitrile (3).
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Scheme 2: Preparation of enantiopure propargyl acetate 7 (R = Ac).

Saponification of the major diastercomer of 6, followed by
acylation provided the propargyl acetate 7 in quantitative yield
(Scheme 2).

The enantiomeric purity of propargyl acetate 7 was determined
based on treatment of the compound with the chiral shift
reagent (+)-Eu(hfc)s. Figure 1 shows the 'H NMR of the
racemic as well as the enantiomerically enriched propargyl
acetate upon treatment with the chiral shift reagent. Treating
racemic acetate 7 with the chiral shift reagent enabled resolu-
tion of the resulting diastereomeric complexes, which was evi-
denced by the resonances for the aromatic proton labeled H, in
the spectrum shown below. The spectrum of racemic acetate 7
contains two doublets at § 7.54 and 7.52, while the spectrum of
enantiomerically enriched 7 shows only a single doublet at 6
7.54. Based on this result, the enantiomeric excess of enan-

tiomerically enriched acetate 7 is greater than 95%.

7 (R = Ac)

Next, the focus turned to the conversion of enantiomerically
enriched propargyl acetate 7 to an enantiomerically enriched
allene 8. It has been previously shown that delivery of an alkyl
group from an organocuprate in an SN2’ fashion occurs with
retention of chiral information in the resulting allene [9]; thus
we began by screening cuprate conditions to form the desired
allenyloxindole 8 (Table 1). In order to generate the allene, we
examined various leaving groups (OMs, OMe, OAc), solvents
(THF, Et,0), and cuprates (lower and higher order
cyanocuprates). The reaction incorporating a mesylate as a
leaving group was problematic due to substrate instability
issues, even at low temperatures (Table 1, entry 1) and the
substrates containing -OMe and —OAc leaving groups were
unreactive toward the lower order cuprates (Table 1, entries
2-5). The optimal conditions were found using the propargylic
acetate and the higher order cuprate, #~-Bu,Cu(CN)Li, at =78 °C
which gave compound 8 (R’ = tert-butyl) in 49% yield (Table 1,
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Figure 1: Chiral NMR shift analysis of propargyl acetate 7.

Table 1: Screening conditions for the formation of allenyloxindole 8.

RO =
(¢}
N
MOM
7
Entry R Solvent

1 Ms THF
2 Me Et,0
3 Ac Et,0
4 Ac THF
5 Ac Et,0
6 Ac THF

X
Ph

Temp

-45°C
0to35°C
0°C
-78°Cto
-78 °C
-78°C
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entry 6). As a prelude to this proposed synthetic route, our
attempts to thermally rearrange the chiral non-racemic
propargyl acetate to form an enantiomerically enriched allenyl
acetate followed by tandem [2 + 2] cycloaddition to provide
directly a structure resembling compound 2, gave the racemic
spirooxindole product. This finding will be discussed in detail
in a full account of this work.

To examine the chiral transfer from the propargylic acetate 7 to
the allenyloxindole 8, a chiral '"H NMR shift analysis was
performed using (+)-Eu(hfc);. The NMR spectra of the racemic
compound 8 as well as the enantiomerically enriched com-
pound 8 are shown in Figure 2. In the case of the racemic com-
pound, the resonances for the zerz-butyl groups of the diastereo-
meric complexes are split into two distinct signals in the pres-
ence of the shift reagent; one singlet at 6 1.23 ppm and a second
singlet at & 1.20 ppm. The enantiomerically enriched com-
pound 8 shows one singlet, corresponding to the resonance for
the tert-butyl group at & 1.22 ppm; thus the enantiomeric excess
of allenyloxindole 8 is greater than 95%.

With the enantiomerically enriched allene-yne 8 in hand, we
were poised to test the transfer of chiral information under
thermal [2 + 2] reaction conditions. Irradiation of 8 in
o-dichlorobenzene with microwaves for 5 min at 225 °C
provided the desired spirooxindole 9 in 44% yield (Scheme 3).
Despite the somewhat low yield, the reaction is clean as judged
by TLC with the exception of some baseline material.

R’
organocuprate 7/\/\
CE@:O Ph
N

MOM
8
Cuprate R’ Yield
MeCu(CN)Li Me 0%2
MeCu(CN)Li Me 0%
MeCu(CN)Li Me 0%®
rt MeCu(CN)Li Me 0%°
t-BuCu(CN)Li t-Bu 0%
t-BupsCu(CN)Li,  t-Bu 49%4

aComplete decomposition of the mesylate (generated in situ) was observed prior to cuprate addition. PComplete recovery of starting material.
CStarting material was recovered in addition to the deacylation product. 9The product of a second addition of the tert-butyl group to the central carbon

of the allene was also isolated in 21% vyield.
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Figure 2: Chiral NMR shift analysis of allenyloxindole 8.

Spirooxindole 9 was purified by column chromatography and
the transfer of chiral information was determined using chiral
IH NMR shift analysis.
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Scheme 3: Microwave irradiation of allenyloxindole 8.

Spirooxindole 9 was treated with 0.75 equiv of (+)-Eu(hfc)z in
CDClI3. The resulting diastereomeric complexes were resolved
based upon the resonances at § 3.98 and & 3.87 ppm, which are
peaks that correspond to the methyl in the MOM group on the
oxindole nitrogen. For the enantiomerically enriched com-
pound 9, only a single resonance is observed at 4 4.05 ppm in
the presence of the chiral shift reagent. Based on this analysis,
the product was formed with greater than 95% enantiomeric

excess (Figure 3).

Figure 3: Chiral NMR shift analysis of spirooxindole 9.

Our working hypothesis for the mechanism for transfer of chiral
information from the allene to the spirooxindole-containing
cyclobutene is that the reaction still proceeds through the ther-
mally generated biradical intermediate, but the ters-butyl group
hinders rotation around the carbon—carbon bond as shown in
Figure 4, thus slowing racemization of the resulting radical
containing carbon. This hypothesis is supported by a report by
Pasto, where transfer of chiral information was incomplete in a
thermal, intermolecular [2 + 2] cycloaddition reaction between
2,3-pentadiene and methyl propiolate [10].

/' . \
— Ph
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N / restricted
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8 10

Figure 4: Thermally generated biradical intermediate 10.

In summary, there are only a few general methods to prepare
carbocyclic spirooxindoles non-racemically [11-14]; we have
demonstrated the first thermal, intramolecular [2 + 2] cycload-
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dition reaction of an allene-yne that generates a chiral non-
racemic spirooxindole from a chiral non-racemic allene.
Furthermore, this reaction could also be applicable in the
enantioselective synthesis of natural products that contain a
spirooxindole core, such as welwitindolinone A isonitrile. We
are currently working to expand the scope of this chirality
transfer to other allenyl systems possessing less bulky and/or

traceless groups.

Supporting Information

Supporting Information File 1

General methods, experimental and spectral data for all
new compounds.
[http://www.beilstein-journals.org/bjoc/content/
supplementary/1860-5397-7-70-S1.pdf]

Acknowledgements
Generous support from the National Science Foundation is
gratefully acknowledged (NSF 0910597).

References

1. Brummond, K. M.; Chen, D. Org. Lett. 2005, 7, 3473-3475.
doi:10.1021/0l051115g

2. Alcaide, B.; Almendros, P.; Aragoncillo, C. Chem. Soc. Rev. 2010, 39,
783-816. doi:10.1039/b913749a
For other examples of [2 + 2] cycloadditions involving allenes and the
references within.

3. Siebert, M. R.; Osbourn, J. M.; Brummond, K. M.; Tantillo, D. J.
J. Am. Chem. Soc. 2010, 132, 11952-11966. doi:10.1021/ja102848z

4. Brummond, K. M.; Osbourn, J. M. Beilstein J. Org. Chem. 2010, 6,
No. 33. doi:10.3762/bjoc.6.33

5. Stratmann, K.; Moore, R. E.; Bonjouklian, R.; Deeter, J. B.;
Patterson, G. M. L.; Shaffer, S.; Smith, C. D.; Smitka, T. A.
J. Am. Chem. Soc. 1994, 116, 9935-9942. doi:10.1021/ja00101a015

6. Baran, P. S.; Richter, J. M. J. Am. Chem. Soc. 2005, 127,
15394-15396. doi:10.1021/ja056171r

7. Reisman, S. E.; Ready, J. M.; Hasuoka, A.; Smith, C. J.; Wood, J. L.
J. Am. Chem. Soc. 2006, 128, 1448—1449. doi:10.1021/ja057640s

8. For the preparation of racemic 4 and 7 see the supporting information
in reference [4].

9. Krause, N.; Hoffmann-Rdéder, A. Tetrahedron 2004, 60, 11671-11694.
doi:10.1016/j.tet.2004.09.094
For a review of allene synthesis using organometallic reagents as well
as generation of chiral allenes using organocuprates.

10. Pasto, D. J.; Sugi, K. D.; Alonso, D. E. J. Org. Chem. 1992, 57,

1146-1150. doi:10.1021/jo00030a021

.Ashimori, A.; Overman, L. E. J. Org. Chem. 1992, 57, 4571-4572.

doi:10.1021/jo00043a005

12.Jiang, K.; Jia, Z.-J.; Yin, X.; Wu, L.; Chen, Y.-C. Org. Lett. 2010, 12,
2766-2769. doi:10.1021/01100857s

13.Lu, C.; Xiao, Q.; Floreancig, P. E. Org. Lett. 2010, 12, 5112-5115.
doi:10.1021/01102246d

14.Tan, B.; Candeias, N. R.; Barbas, C. F., lll. J. Am. Chem. Soc. 2011,
133, 4672-4675. doi:10.1021/ja110147w

1

-

Beilstein J. Org. Chem. 2011, 7, 601-605.

License and Terms

This is an Open Access article under the terms of the
Creative Commons Attribution License
(http://creativecommons.org/licenses/by/2.0), which

permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.

The license is subject to the Beilstein Journal of Organic
Chemistry terms and conditions:
(http://www.beilstein-journals.org/bjoc)

The definitive version of this article is the electronic one
which can be found at:
doi:10.3762/bjoc.7.70

605


http://www.beilstein-journals.org/bjoc/content/supplementary/1860-5397-7-70-S1.pdf
http://www.beilstein-journals.org/bjoc/content/supplementary/1860-5397-7-70-S1.pdf
http://dx.doi.org/10.1021%2Fol051115g
http://dx.doi.org/10.1039%2Fb913749a
http://dx.doi.org/10.1021%2Fja102848z
http://dx.doi.org/10.3762%2Fbjoc.6.33
http://dx.doi.org/10.1021%2Fja00101a015
http://dx.doi.org/10.1021%2Fja056171r
http://dx.doi.org/10.1021%2Fja057640s
http://dx.doi.org/10.1016%2Fj.tet.2004.09.094
http://dx.doi.org/10.1021%2Fjo00030a021
http://dx.doi.org/10.1021%2Fjo00043a005
http://dx.doi.org/10.1021%2Fol100857s
http://dx.doi.org/10.1021%2Fol102246d
http://dx.doi.org/10.1021%2Fja110147w
http://creativecommons.org/licenses/by/2.0
http://www.beilstein-journals.org/bjoc
http://dx.doi.org/10.3762%2Fbjoc.7.70

	Abstract
	Introduction
	Findings
	Supporting Information
	Acknowledgements
	References

