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ABSTRACT: The design and development of the first
asymmetric aza-silyl-Prins reaction is reported, giving rise to
valuable and diverse piperidines and pipecolic acid derivatives
in both high yields and as single enantiomers. The creation of
a novel chiral auxiliary-homoallylic amine for the aza-silyl-
Prins reaction is essential to its success.

hiral functionalized piperidine heterocycles are distrib-
uted widely in nature and as scaffolds for the
pharmaceutical industry, being the most common nitrogen-
containing heterocycle in marketed drugs." Methods for their
synthesis are wide ranging and have recently been reviewed.”
The aza-silyl-Prins (ASP) reaction is a highly efficient and
high yielding synthesis of tetrahydropyridines, starting from a
vinylsilane-containing homoallylic amine, aldehyde, and Lewis
acid (Scheme 1).7"" The reaction proceeds via an iminium

Scheme 1. Aza-silyl-Prins Reaction™*
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ion intermediate and silicon p-stabilized secondary carboca-
tion. After elimination, the resultant alkene serves as a
convenient handle for further functionalization. The method-
ology has been utilized in a number of total syntheses.'
Methods for the asymmetric synthesis of heterocycles via chiral
iminium ion cyclizations have been reviewed.'> However,
while the ASP reaction is highly diastereoselective for the 2,6-
trans isomer, the one significant drawback of the method to
date has been the lack of an asymmetric version. In 2016, List
reported a catalytic asymmetric Prins reaction to produce
pyrans using a novel class of highly confined imino-
imidodiphosPhate Bronsted acids, in high yields and up to
95.5:4.5 er. ”'* However, there remains no general asym-
metric variant of the aza-Prins reaction to yield enantiopure
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piperidines. Herein we report the first examples of an
asymmetric aza-Prins reaction, giving rapid access to six-
membered nitrogen heterocycles as a single enantiomer.

It is possible to envisage several approaches to the
development of an asymmetric ASP reaction, including the
use of chiral Lewis acid/ligand complexes or employing
auxiliaries in the starting material(s).

We first studied the use of chiral Lewis acid complexes
(Scheme 2). We have previously reported extensive Lewis acid
screening to promote the ASP reaction, finding that InCl; and
FeCl, were the most efficient and high yielding.”*'" Therefore,

Scheme 2. Attempted Asymmetric ASP Reactions Using
Chiral Lewis Acid Complexes

a) attempted aza-silyl-Prins reaction using chiral Lewis
acid complexes:
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b) attempted aza-silyl-Prins reaction using pre-formed
imine with chiral Lewis acid complexes:
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we investigated the use of chiral ligands around these Lewis
acids. Disappointingly, no combination gave any enantiomeric
excess, although yields of the racemic mixture were consistent
withlsthose obtained in the absence of the ligand (Scheme
2a)."

The underlying principle of using chiral Lewis acid
complexes relies on forming a chiral iminium ion intermediate.
These results suggest that the Lewis acid is only involved in
promoting iminjum jon formation and does not provide a
chiral intermediate during the cyclization process. In order to
furnish such a chiral complex, we investigated preforming an
imine and activating this by the addition of a Lewis acid. In this
way, the chiral complex would still be present during the
cyclization (Scheme 2b). Reaction optimization was first
conducted in the racemic series.”” Only three compounds,
InCl;, In(OTf),;, and Sc(OTf),, gave reasonable yields of
tetrahydropyridines, but required lengthy reaction times at
high temperature. For purification purposes, it was easier to
trap the tetrahydropyridine as its CBz-derivative. Four ligands
were next prepared and employed in the proposed chiral Lewis
acid-mediated imine-vinylsilane cyclization: (S)-(i-Pr)-
PYBOX, (S)-(i-Pr)-(Ph),-PYBOX,® (R)-BINOL, and (S)-
BINOL, all based on their ability to coordinate to In- and
Sc-based halides and triflates."®** Initially, the imine derived
from 2-naphthaldehyde was used, as the product CBz-
derivative was the easiest to follow by chiral hplc. None of
the indium complexes gave any product; all the scandium
triflate complexes gave product in low to modest yields, the
best combination being Sc(OTf),/(S)-(i-Pr)-PYBOX/acetoni-
trile/reflux/120 h, but only as a racemic mixture. The same
outcomes were observed using the imines derived from
benzaldehdye or cyclohexanecarboxaldehyde. In summary,
while chiral scandium-based Lewis acids are capable of
promoting vinylsilane-imine cyclizations, there is no observed
enantiomeric excess.

Therefore, the second approach, employing a chiral auxiliary
was investigated. Racemic and optically active auxiliaries have
been employed in iminium ion-type cyclizations, with modest
success.””>° Our original studies on the ASP reaction
employed the N-benzyl secondary amine (1, Schemes 1 and
2a). A number of chiral amines are commercially available, and
four were specifically prepared (Scheme 3).

Scheme 3. Preparation of a Variety of Chiral Secondary
Amines

(i-Pr),NEt R
NOTS + HN-R* —— & (\/\H,
™S CH3CN, reflux ™S
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These were screened in a number of ASP reactions (Table
1). Modest yields and low %d.e. were observed with the a-
methyl and a-ethyl derivatives (Table 1 entries 1—4), with an
improvement observed when benzyl was changed to naphthyl
(entry 5). The best diastereoselectivity (60% d.c.) was
observed employing the amine with the additional chelating
oxygen (Table 1, entry 6).

Table 1. Selectivity in the Chiral Auxilliary-ASP Reaction

1
R H
R
5, ey O
= N~ TAr “uy
'Igs\/\H Me()zl\i, hreflux )N\ R’ )N\ R
' AR AR
entry R Ar R! % yield® % de.

1 Me Ph n-Pn 36 26
2 Me Ph Bn 53 12
3 Me Ph Ph 45 31
4 Et Ph Ph 23 18
S Me Naphth Ph 40 S0
6 CH,0OMe Ph CO,Et 62 60

“Isolated and purified yields.

The observation with the CH,OCHj; auxiliary presented the
opportunity of a new approach, designing a novel chiral
auxiliary based on the cross-nitrogen diastereoselectivity
observed in Scheme 1, and tethering this to the a-benzyl
chiral auxiliary (Scheme 4). Thus, compounds of the generic
structure 2 were targeted.

Scheme 4. Rational Design of Novel Chiral Auxiliary for
ASP Reaction
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The new cyclic chiral auxiliary was prepared in 3 steps
starting from either (R)- or (S)-phenylglycinol (3, Scheme
5).”” Both series of enantio-complementary starting materials
were prepared and utilized throughout the study. N-alkylation,
Boc-protection, and acid-catalyzed cyclization gave enantio-
pure phenyl-substituted morpholinone (4). Deprotonation

Scheme S. Preparation of a Variety Chiral Secondary
Amines (Performed on Both (S)-3 and (R)-3)
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Table 2. Aza-silyl-Prins Reaction

aldehyde
or
acetal
0._0O
/[ T epOX|de ): T ): /v[/
Ph H K Lewis acid o P )\‘) ,
DCM ‘OH
- ™S
(8a 9 (9a-d)
entry aldehyde” Lewis acid time (h) product % yield
1 butanal ZnCl, 12 8a 837
2 decanal ZnCl, 12 8b 81
3 propanal ZnCl, 12 8¢ 80
4 phenylacetaldehyde ZnCl, 12 8d 82
S ethyl glyoxalate ZnCl, 12 8e 85
6 cinnamaldehyde ZnCl, 12 8f 0°
7 CH;(CH,),CH(OEt), ZnCl, 12 8a 65
8 styrene oxide ZnCl, 24 8d 57
9 butanal InCl;-4H,0 12 9a 81
10 propanal InCl;4H,0 12 9b 80
11 CH,(CH,),CH(OEt), InCl;-4H,0 36 9c 43
12 styrene oxide InCl;-4H,0 36 9d 0

“Typical procedure: Aldehyde (or acetal or epoxide, 1 mmol); amine (1 equiv), Lewis acid (1 equiv) in dichloromethane (20 mL). bAll products
isolated as a single enantiomer (chiral shift NMR and chlral hplc) and in the case of 9a—d > 99% single diastereomer. “Isolated and purified yield;

all compounds gave satisfactory spectroscopic data.
. . o e "
enantiomeric series. “Rapid decomposition. /No reaction.

4Comparable yields (+£5%) and single enantiomer/diatereomers obtained in opposite

with LHMDS followed by various allylic or propargylic halides
gave the cis- or trans-vinyl- (5 and 6) or alkynyl- (7) silanes as
single enantiomers after TFA-promoted Boc deprotection.

melsﬂane (6, R = H) was used in a broad screening of
Lewis acids."> Only ZnCl, and InCl; gave cyclization products.
Zinc chloride was particularly efficient at promoting the ASP
reaction, giving bicyclic compounds in high yields and as single
diastereomers and enantiomers (Table 2 entries 1—5). The
reaction also proceeded well when employing acetals or
epoxides in place of the aldehyde, albeit in slightly lower yields
(Table 2 entries 7—8). Utilizing indium trichloride tetrahy-
drate also gave a single diastereomer and enantiomeric
product, but this was different from the product obtained
with zinc chloride. Rather than elimination of the silane, water
trapping of the intermediate carbocation was observed (Table
2 entries 8—9). Indium trichloride tetrahydrate did not
promote the reaction with epoxides (Table 2 entry 12) and
in lower yields with acetals (entry 11). The unusual structure
of (9a, Table 2 entry 9) was confirmed by X-ray
crystallography.”® In all examples, the use of the opposite
enantiomer of phenylglycinol the opposite enantiomeric
product, in identical yields.

To expand the scope of the asymmetric ASP reaction, we
have also investigated the use of allylsilanes in the reaction
(Scheme 6).*°

Although the Boc-protected compound (10) was stable, the
corresponding secondary amine was highly unstable; attemp-
ted deprotection using TFA gave both the deprotected and
desilylated compound in 73% yield. Therefore, a simultaneous
deprotection-cyclization protocol was attempted using TFA
(Scheme 6, conditions 1) and butanal. An unexpected tertiary
alcohol product (11) was obtained as the only characterizable
product in 56% yield. Again the instability of the allylsilane
under the reaction conditions is believed to be responsible,
with desilylation occurring prior to Prins cyclization, meaning
—OH trapping of the tertiary carbocation becomes a facile

Scheme 6. Use of Allylsilanes in the Asymmetric ASP
Reaction

_~_CHO
Conditions 1:
o._0 1. TFA, DCM, -40 °C to rt 0._0 0.0
Ji T 2. K,CO3, MeOH /[ f /[ f
Ph” N7 Ph” N Ph” N7
Boc |  1ms Condition 2: /\)\)\O H H )\
(10 1. TFA, DCM, -40 °C to rt 1) (12)
Conditions 1: 56% 0%
Conditions 2: 0% 73%

RCHO
TMSOTf, DCM
-40 °C

°Y° e
1 Whi& L

inseperable mixture of alkene isomers
R = (CH,),CH; 38%
R = (CHj)sCH3 31%

process. Neither Sc(OTf); nor BF;OEt, were capable of
performing the first Boc-deprotection step. TMSOTf was
found to be more efficient at promoting the simultaneous
deprotection/ASP reaction sequence. Although very slow at
—78 °C, warming to —40 °C proved more fruitful with the
asymmetric ASP reaction occurring to give an inseparable
mixture of three alkene isomers in modest yield, but as single
diastereisomers in each case, and consistent with the previous
observed results (Table 2).

Martin et al. have recently reported the alkyne-Prins and
alkyne-aza-Prins reactions.”** Therefore, we have extended
the methodology to the asymmetric alkyne-ASP reaction
(Table 3).

The optimized conditions from the ASP reaction were
initially applied to the alkyne-ASP reaction employing butanal
and gave the chloro-alkene TMS-substituted product in an
excellent 80% and as a single enantiomer (Table 3 entry 1). It
was also possible to prepare the corresponding bromo-
substituted (Table 3 entry 7) product using indium tribromide
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Table 3. Alkyne Aza-silyl-Prins Reaction

aldehyde/acetal/epoxide

TMS
entry aldehyde Lewis acid solvent
1 butanal InCl,
2 decanal InCly
3 Ph(CH,),CHO InCl,
4 PhCH,CHO InCl,
s CH,(CH,),CH(OEt), InCl,
6 styrene oxide InCl,
7 butanal InBry
8 Ph(CH,),CHO InBr,
9 PhCH,CHO InBr,
10 CH,(CH,),CH(OEt), InBr,
11 styrene oxide InBr,

InX3, cHzxz, r.t.

/[OTO
Ph” N
4

R X
T™MS
(13)
time (h) product X =Y % yield”
12 13a Cl 807
12 13b Cl 78
12 13c Cl 81
12 13d Cl 83
24 13a Cl 78
24 13d Cl 57
12 13e Br 85
12 13f Br 86
12 13g Br 83
24 13e Br 80
24 13g Br 62

“Typical procedure: aldehyde (or acetal or epoxide, 1 mmol); amine (1 equiv), Lewis acid (1 equiv) in dichloromethane (20 mL). bAll products
isolated as a single enantiomer (chiral shift NMR). “Isolated and purified yield; all compounds gave satisfactory spectroscopic data. 9Comparable
yields (+5%) and single enantiomer/diastereomers obtained in opposite enantiomeric series.

and dibromomethane as the solvent (to avoid mixed halogen
products).”” The scope of the cyclization was further
demonstrated by employing additional aldehydes (entries 2—
4, 8, and 9) and also acetals (entries S and 10) and epoxides
(entries 6 and 11), although again the overall yields with
acetals and epoxides were slightly lower. The reaction
surprisingly did not work with benzaldehyde with either
Lewis acid, but did proceed well with aromatic functions on a
distal position relative to the carbonyl group. The structure
and stereochemistry were again confirmed by X-ray crystallog-
raphy (entry 7).*¢

Elaboration and/or deprotection of the product heterocycles
from both ASP and alkyne-ASP reactions would provide a
facile route to enantiopure pipecolic acids. Pipecolic acid is a
nonproteinogenic amino acid, derived from lysine metabolism
and found as a secondary metabolite in numerous plants and
fungi. Existing methods for the synthesis of pipecolic acid and
its derivatives have been reviewed,"” and it is surprising that
there have only been limited approaches to pipecolic acid
derivatives via Prins reaction-type approaches.**™>’

Catalytic hydrogen using Pearlman’s catalyst (Scheme 7a)
simultaneously removed the chiral auxiliary and reduced the
alkene to give enantiopure 6-substituted pipecolic acid
derivatives (14) in excellent yields. The alkene moiety,
however, had been designed into the products to be more

Scheme 7. Alkene Functionalistion and Deprotection

3 0_0
J: T Ha, PA(OH), Q
[ N O
J ) Eornsen JUUONTR
R OH
14a R = CH,CH,CH; 90%
14b R = (CH,)sCH; 88%
b)

0.0 OH
/[ T 0s0,, NMO /[ T Hy, PA(OH), A ~OH
PR N PRTONT T ———— (\/L

[ON S
J\) THF-H,O )\)u EtOH %lx N~ YCO,Et
EtO,C , 12 hr EtO,CY Y~ "OH rt, 36 hr OH H
95% OH 78%

(15)

(16)

useful than for simple reduction. Catalytic dihydroxylation
using OsO,/NMO gave the corresponding diol (15), again as
a single enantiomer, in 95% yield and >99:1 dr, with the diol
on the opposite face to the substituent derived from the
aldehyde (Scheme 7b). Without purification, this could be
subjected to global hydrogenation to remove the chiral
auxiliary and gave the 4,5-dihydroxy-6-substituted pipecolic
acid (16) derivative as a single enantiomer in 78% yield (75%
for the two steps), offering a route to novel aza-sugars.
Reaction of the hydroxyl-TMS products from Table 2 with
aqueous hydroiodic acid cleaved the TMS group (17) and gave
4-hydroxypipecolic acid derivatives after removal of the
auxiliary (18, Scheme 8). Two alternative desilylation reagents,

Scheme 8. Preparation of 4-Hydroxypipecolic Acid
Derivatives

0_0 0._0 :
i f HI, H,0 i f Ha, Pd(OH),
PR ONT T T PR N o
/\/u EtoH ﬁ\‘\v N

M Pron o

' relux 7 rt, 36 hr H
R OH 4 days OH 88% OH
T™MS 38% (17) (18)

R = CH,CH3
H,, Pd(OH),
EtOH

1, 36 hr
83%

HF and TBAF, both gave decomposition. TMS-substituted
pipecolic acid derivatives (19) could also be obtained from the
same starting materials via catalytic hydrogenation.
Hydrogenation of the halogenated products from Table 3
simultaneously removed the alkene and halogen as well as the
chiral auxiliary, furnishing novel S-TMS substituted pipecolic
acids (20). The same starting materials could also be reduced
to the 6-substituted pipecolic acids by a combination of the
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hydroiodic acid methodology (21) followed by catalytic
hydrogenation (22, Scheme 9).

Scheme 9. Preparation of a Variety Chiral Secondary

Amines
00 ™S
i Hy, Pd(OH), (I/\
Ph” N7 ———— Oy
P EtOH, 36 hr TN
R X R = (CH,),CH3 OH
™S 20

from X = Cl 90%

Hl in H,O from X = Br 93%
DCM
reflux, 4 days
R = (CH,),Ph
0._0O
w EtOH, 36 h \]\N N o
., tOH, r
Ph Z g oH

22
from X =Cl 91%
from X =Br 95%

21a X =Cl 46%
21b X = Br 44%

In conclusion, we have reported the first examples of an
asymmetric aza-silyl-Prins reaction, giving rise to piperidines
and pipecolic acid derivatives, in high yields and as a single
enantiomer. Applications of the methodology are currently
being investigated and will be reported in due course.

Il ASSOCIATED CONTENT

© Supporting Information

The Supporting Information is available free of charge on the
ACS Publications website at DOI: 10.1021/acs.or-
glett.8b03283.

Preparation, screening results, characterization data,
NMR spectra (PDF)

Accession Codes

CCDC 1867513—1867514 contain the supplementary crys-
tallographic data for this paper. These data can be obtained
free of charge via www.ccdc.cam.ac.uk/data_request/cif, or by
emailing data request@ccdc.cam.ac.uk, or by contacting The
Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: +44 1223 336033.

B AUTHOR INFORMATION
Corresponding Author

*E-mail: A.Dobbs@gre.ac.uk

ORCID

Simon J. Coles: 0000-0001-8414-9272
Adrian P. Dobbs: 0000-0002-7241-7118
Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

The authors wish to think the European Union (Marie Curie
Individual Fellowship to R.R.M.), EPSRC (studentship to
SJJ.G.) and GlaxoSmithKline (CASE award to RJ.P.) for
funding. The EPSRC National Mass Spectrometry Service is
gratefully acknowledged for running mass spectra. The EPSRC
National Crystallography Service®' is gratefully acknowledged
for obtaining and determining all xray structures.

B REFERENCES

(1) Vitaku, E.; Smith, D. T.; Njardarson, J. T. J. Med. Chem. 2014,
57, 10257.

(2) Nebe, M. M.; Opatz, T. In Advances in Heterocyclic Chemistry;
Scriven, E. F. V., Ramsden, C. A, Eds.; Academic Press: Cambridge,
MA, 2017; Vol. 122, p 191.

(3) Dobbs, A. P.; Guesne, S. J. J.; Hursthouse, M. B.; Coles, S. J.
Synlett 2003, 1740.

(4) Dobbs, A. P; Guesne, S. J. J.; Martinovic, S.; Coles, S. J.;
Hursthouse, M. B. J. Org. Chem. 2003, 68, 7880.

(5) Blumenkopf, T. A; Overman, L. E. Chem. Rev. 1986, 86, 857.

(6) Overman, L. E.; Malone, T. C.; Meier, G. P. J. Am. Chem. Soc.
1983, 105, 6993.

(7) Overman, L. E.; Burk, R. M. Tetrahedron Lett. 1984, 25, 5739.

(8) Flann, C.; Malone, T. C.; Overman, L. E. J. Am. Chem. Soc. 1987,
109, 6097.

(9) Daub, G. W.; Heerding, D. A.; Overman, L. E. Tetrahedron 1988,
44, 3919.

(10) Castro, P.; Overman, L. E; Zhang, X. M.; Mariano, P. S.
Tetrahedron Lett. 1993, 34, 5243.

(11) Dobbs, A. P.; Guesne, S. J. Synlett 2005, 2101.

(12) Royer, J.; Bonin, M.; Micouin, L. Chem. Rev. 2004, 104, 2311.

(13) Liu, L. P.; Kaib, P. S.J,; Tap, A; List, B. J. Am. Chem. Soc. 2016,
138, 10822.

(14) Tsui, G. C.; Liu, L. P.; List, B. Angew. Chem., Int. Ed. 2015, 54,
7703.

(15) Full details of optimization studies, together with the reagents
and conditions screened are available in the Supporting Information.

(16) Chitsaz, S.; Neumuller, B. Organometallics 2001, 20, 2338.

(17) Desimoni, G.; Faita, G.; Livieri, A.; Mella, M.; Ponta, L.;
Boiocchi, M. Eur. J. Org. Chem. 2012, 2012, 2916.

(18) Desimoni, G.; Faita, G.; Toscanini, M.; Boiocchi, M. Chem. -
Eur. J. 2008, 14, 3630.

(19) Du, P.; Zhou, H. F.; Sui, Y. B,; Liu, Q. X;; Zou, K. Tetrahedron
2016, 72, 1573.

(20) Fu, F.; Teo, Y. C.; Loh, T. P. Tetrahedron Lett. 2006, 47, 4267.

(21) Fukuzawa, S.; Matsuzawa, H.; Metoki, K. Synlett 2001, 2001,
709.

(22) Ghosh, R;; Maiti, S. J. Mol. Catal. A: Chem. 2007, 264, 1.

(23) Gutierrez, E. G.; Wong, C. J.; Sahin, A. H,; Franz, A. K. Org.
Lett. 2011, 13, 5754.

(24) Konczyk, A. A.; Szawkalo, J.; Maurin, J. K.; Czarnocki, Z. Helv.
Chim. Acta 2013, 96, 1348.

(25) Ly, J.; Hong, M. L; Ji, S. J.; Loh, T. P. Chem. Commun. 2008,
1010.

(26) Ly, J;; Ji, S. J; Teo, Y. C.; Loh, T. P. Org. Lett. 2005, 7, 159.

(27) Takita, R.; Yakura, K.; Ohshima, T.; Shibasaki, M. J. Am. Chem.
Soc. 2005, 127, 13760.

(28) Teo, Y. C.; Goh, E. L.; Loh, T. P. Tetrahedron Lett. 2005, 46,
6209.

(29) Zhao, B.; Loh, T. P. Org. Lett. 2013, 15, 2914.

(30) Zhao, J. F; Tan, B. H.; Loh, T. P. Chem. Sci. 2011, 2, 349.

(31) Zhao, J. F; Tan, B. H; Zhu, M. K; Tjan, T. B. W.; Loh, T. P.
Adv. Synth. Catal. 2010, 352, 208S.

(32) Zhao, J. F.; Tsui, H. Y.; Wu, P. J.; Lu, J.; Loh, T. P. J. Am. Chem.
Soc. 2008, 130, 16492.

(33) Teng, T. F; Lin, J. H.; Yang, T. K. Heterocycles 1990, 31, 1201.

(34) Skiles, J. W.; Giannousis, P. P.; Fales, K. R. Bioorg. Med. Chem.
Lett. 1996, 6, 963.

(35) Golubev, A. S; Schedel, H.; Radics, G.; Sieler, J.; Burger, K.
Tetrahedron Lett. 2001, 42, 7941.

(36) Jiang, R.; Song, X. Y.; Bali, P.; Smith, A.; Bayona, C. R;; Lin, L;
Cameron, M. D.; McDonald, P. H.; Kenny, P. J.; Kamenecka, T. M.
Bioorg. Med. Chem. Lett. 2012, 22, 3890.

(37) Agami, C,; Couty, F.; Poursoulis, M.; Vaissermann, J.
Tetrahedron 1992, 48, 431.

(38) Deposited with the Cambridge Crystallographic Data Centre:
CCDC 1867514.

(39) Diez-Poza, C.; Barbero, A. Eur. J. Org. Chem. 2017, 2017, 4651.

DOI: 10.1021/acs.orglett.80b03283
Org. Lett. XXXX, XXX, XXX—XXX


http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.8b03283
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.8b03283
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.8b03283/suppl_file/ol8b03283_si_001.pdf
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:1867513&id=doi:10.1021/acs.orglett.8b03283
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:1867514&id=doi:10.1021/acs.orglett.8b03283
http://www.ccdc.cam.ac.uk/data_request/cif
mailto:data_request@ccdc.cam.ac.uk
mailto:A.Dobbs@gre.ac.uk
http://orcid.org/0000-0001-8414-9272
http://orcid.org/0000-0002-7241-7118
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.8b03283/suppl_file/ol8b03283_si_001.pdf
http://dx.doi.org/10.1021/acs.orglett.8b03283

Organic Letters

(40) Carballo, R. M.; Ramirez, M. A,; Rodriguez, M. L.; Martin, V.
S.; Padron, J. I. Org. Lett. 2006, 8, 3837.

(41) Carballo, R. M.; Valdomir, G.; Purino, M.; Martin, V. S.;
Padron, J. L. Eur. J. Org. Chem. 2010, 2010, 2304.

(42) Miranda, P. O.; Carballo, R. M.; Martin, V. S.; Padron, J. I. Org.
Lett. 2009, 11, 357.

(43) Miranda, P. O.; Carballo, R. M.; Ramirez, M. A.,; Martin, V. S.;
Padron, J. L. Arkivoc 2007, 2007, 331.

(44) Miranda, P. O.; Ramirez, M. A,; Martin, V. S.; Padron, J. L
Chem. - Eur. ]. 2008, 14, 6260.

(45) Venkateswarlu, A.; Kanakaraju, M.; Kunwar, A. C.; Reddy, Y. V.
R;; Reddy, B. V. S. Eur. J. Org. Chem. 2015, 2015, 5389.

(46) Deposited with the Cambridge Crystallographic Data Centre:
CCDC 1867513.

(47) Kadouri-Puchot, C.; Comesse, S. Amino Acids 2005, 29, 101.

(48) Agami, C; Bisaro, F.; Comesse, S.; Guesne, S.; Kadouri-Puchot,
C.; Morgentin, R. Eur. J. Org. Chem. 2001, 2001, 238S.

(49) Agami, C.; Comesse, S.; Kadouri-Puchot, C. J. Org. Chem.
2000, 65, 443S.

(50) Dobbs, A. P.; Parker, R. J.; Skidmore, J. Tetrahedron Lett. 2008,
49, 827.

(51) Coles, S. J.; Gale, P. A. Chem. Sci. 2012, 3, 683.

DOI: 10.1021/acs.orglett.80b03283
Org. Lett. XXXX, XXX, XXX—XXX


http://dx.doi.org/10.1021/acs.orglett.8b03283

