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A series of novel chiral triazolium salts has been synthesized
from readily available (1R,2R)-DPEN and found to be effi-
cient for the enantioselective intramolecular Stetter reaction.
With 10 mol% of the catalyst, the intramolecular Stetter
reaction was realized in excellent yields with up to 97% ee.

N-Heterocyclic carbenes (NHCs) as organocatalysts have received
considerable attention in the last two decades.’* Various kinds of
chiral NHCs have been developed to catalyze asymmetric reac-
tions, in which the bicyclic triazolium salts 1-3 are one of the highly
efficient classes (Scheme 1). Their bicyclic molecular scaffolds can
restrict unfavorable internal rotation around the N-C (substituent)
axis, which may enhance the chiral induction. Moreover, the
aryl groups on the nitrogen atom may affect both reactivity and
selectivity. Because of their structural advantages, these triazolium
salts have achieved great success in many asymmetric reactions.*>
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Scheme 1 Chiral bicyclic triazolium salts.

However, there exist only a limited number of backbone
scaffolds for chiral NHCs, and most of them suffer from high
cost of the enantiopure starting materials and tedious synthetic
procedures. The development of a novel NHC catalyst that can
be synthesized from a readily available chiral source and is fine-
tunable with steric and electronic properties is highly desirable.

(1R,2R)-DPEN ((1R,2R)-(+)-diphenyl ethylenediamine) has
been used widely as an excellent chiral source for chiral auxiliary
and organic synthesis.® Tomioka et al. reported the synthesis of
dihydroimidazolium salt 4 in 2006, and applied it as organocat-
alyst in the intramolecular asymmetric Stetter reaction with up
to 80% ee.” In 2007, Scheidt and co-workers devised bicyclic
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triazolium salts 5 derived from the (1S,2R)-(+)-2-amino-1,2-
diphenyl ethanol backbone and found they were highly efficient in
desymmetrization of 1,3-diketones (up to 96% ee)® and addition of
homoenolates to nitrones (up to 94% ee).® We therefore envisaged
that (1R,2R)-DPEN might be an efficient chiral scaffold for
triazolium salts, precursors for NHC catalysts. Compared with
the bicyclic triazolium salts 5 derived from (15,2 R)-(+)-2-amino-
1, 2-diphenyl ethanol backbone, bicyclic triazolium salts 6 based
on (1R,2R)-DPEN scaffold show the advantage of having fine-
tunable R group (Scheme 2).
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Scheme 2 Several related N-heterocyclic carbene precursors.

As part of our ongoing endeavors to develop new N-heterocyclic
carbene catalysts and their applications to novel organocatalytic
reactions,’ in this paper, we report our preliminary results
on the synthesis of novel chiral bicyclic triazolium salts from
(1R,2R)-DPEN and their application to the asymmetric catalytic
intramolecular Stetter reaction.

A series of triazolium salts were easily prepared from the
commercially available (1R,2R)-DPEN" (Scheme 3). With these
catalyst precursors in hand, we then examine their catalytic ability
in the intramolecular Stetter reaction.
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Scheme 3  Synthesis of triazolium salts from (1R,2R)-DPEN.
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Our studies began with testing different chiral NHCs in the
intramolecular Stetter reaction of 9a. As summarized in Table 1,
when triazolium salts 6a—6d (20 mol%) were used together with
KHDMS (20 mol%), generally appreciable enantioselectivities in
the cyclization were afforded (entries 1-4, Table 1). NHC derived
from triazolium salt 6¢ led to the Stetter reaction product 10a in
excellent yield and promising asymmetric induction (95% yield
and 85% ee, entry 3, Table 1). With 6c, the catalyst loading
could be decreased to 10 mol% without significantly affecting
the reactivity and only slight erosion of the ee value was observed
(entry 5, Table 1). Several conventional bases were found tolerable
(entries 1-5, Table 2) and Et;N was optimal in terms of both yield
and ee of the product (entry 6, Table 2). Various solvents such
as xylene, CH,Cl,, THF, Et,0, and toluene were tested in this
reaction (entries 1-5, Table 3). Finally, reaction in xylene led to an
optimal combination of 95% yield and 93% ee.

Under these optimized conditions (that is, 6¢, Et;N, 0.1 M of
substrate in xylene at room temperature), various salicylaldehyde-
derived substrates were tested and the results are summarized
in Table 4. Substrates 9b—d bearing electron-donating groups (5-
Me, 5-MeO, 4-MeO, entries 2-4, Table 4) on the salicylaldehyde-
structure were well tolerated and led to their corresponding
chromanone derivatives in good to excellent yields (87-98%) and
generally high ees (88-97%). It should be noted that the reaction
did not occur when substrate 9e was used under the standard

Table 1 Screening of different catalysts

o)

CHO 0 .
@[ _ 6 0mol%) ©\)§ “COOEt

0" > F"cookt KHMDS (20 mol%) o
9a xylene 10a

entry” catalyst time (h) yield (%)* ee (%)°

1 6a 36 60 51

2 6b 36 43 68

3 6c 0.6 95 85

4 6d 36 17 10

54 6c 0.6 95 82

“ Reaction conditions: 0.1 M solution, addition of 9a to the prior generated
catalyst. ® Isolated yields. ¢ Determined by chiral HPLC (Daicel Chirapak
AD-H). 10 mol% triazolium salt and 10 mol% KHMDS were used.

Table 2 Screening of bases

(0]
CHO o .
©: 6c (10 mol%) “NGOOEt
0" cooEt  base (10 mol%) o
9a xylene 10a
entry” base time (h) yield (%)* ee (%o)°
1 KHMDS 0.6 95 82
2 NaHMDS 1.3 97 85
3 LiHMDS 48 56 90
4 DBU 4 90 87
5 DIEA 85 90 93
6 Et;N 16 95 93

“ Reaction conditions: 0.1 M solution, addition of 9a to the prior generated
catalyst. ® Isolated yields. ¢ Determined by chiral HPLC (Daicel Chirapak
AD-H).

Table 3 Screening of solvents

(0]
CHO N
@[ _ e (10mol%) @(ﬁ “COOEt
O/\/\COOEI EtzN (10 mol%) o
9a xylene 10a
entry” solvent time (h) yield (%)” ee (%)
1 xylene 16 95 93
2 CH,Cl, 65 82 74
3 Et,O 52 79 80
4 toluene 22 95 88
5 THF 42 93 87

“Reaction conditions: 0.1 M solution, addition of 9a to the prior generated
catalyst. ® Isolated yields. ¢ Determined by chiral HPLC (Daicel Chirapak
AD-H).

Table 4 Substrate scope for enantioselective intramolecular Stetter
reactions

~~CHO 6¢ (10 mol%)
KON
R ELN (10mol%) o S " SCOOEt
Z X/e\)n\/\COOEt xylene N~ X n
9 10

entry* 9 time (h) yield (%)* ee (%)°
1 9aX=0,n=1,R=H 16 95 93

2 9 X=0,n=1,R =5-CH; 21 98 95

3 9¢X=0,n=1,R=5-0CH; 31 95 388

4 9dX=0,n=1,R=4-OCH; 26 87 97

54 9¢ X=0,n=1,R =4-NEt, 67 56 95

6 9fX=0,n=1,R=3-CH; 8 98 80

7 9¢ X=0,n=1,R=3-OCH; 34 98 81

8 9h X=0,n=1,R=5-Cl 9 98 78

9 9iX=0,n=1,R=5-Br 12 93 78

10 9iX=S,n=1,R=H 48 70 89

11 9k X =0,n=1,R =5-NO, 15 90 0

12 91X=0,n=0,R=H 66 59 0

“Reaction conditions: 0.1 M solution, addition of 9 to the prior generated
catalyst. ® Isolated yields. ¢ Determined by chiral HPLC. * KHMDS was
used instead of Et;N.

conditions. When KHMDS was used instead of Et;N under the
standard conditions, substrate 9¢ underwent the intramolecular
Stetter reaction affording the desired product in 56% yield with
95% ee (entry 5, Table 4). When substrates 9f-g containing
substituents adjacent to the linker were used, the reactions ran
smoothly with high yield but moderate to good enantioselectivities
(entries 6-7, Table 4). The reaction of substrates 9h—i bearing weak
electron-drawing groups (5-Cl or 5-Br, entries 8-9, Table 4) led to
their desired products in excellent yields but with relatively low ees
(78%). The sulfur-tethered substrate 9j gave a moderate yield (70%)
with excellent ee (89%) (entry 10, Table 4). When substrate 9k
bearing 5-NO, group was used, the desired product was obtained
in 90% yield but with no enantioselectivity (entry 11, Table 4).
Substrate 91 which led to a five-membered ring was also examined
and the desired product 101 was obtained also in racemic (entry
12, Table 4). In both cases, they were also known to be challenging
substrates in the literature probably due to the ready racemization
of the products.®* Notably, in some cases, running the reaction for
a prolonged time will cause a certain degree of racemization of the
product.
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In conclusion, we have developed a series of novel bicyclic
triazolium salts from readily available (1R,2R)-DPEN. The NHC
catalyst derived from the chiral triazolium salt 6¢c and Et;N
is found to be efficient for the enantioselective intramolecu-
lar Stetter reaction. In general, excellent yields with up to
97% ee could be obtained for the intramolecular Stetter re-
action. Further application of these (1R,2R)-DPEN derived
triazolium salts in other asymmetric reactions are currently under
way.

Acknowledgements

We thank the National Natural Science Foundation of China
(20732006, 20821002, 20972177, 21025209) and National Basic
Research Program of China (973 Program 2009CB825300) for
generous financial support.

References

1 For reviews on NHC as organocatalysts: (¢) D. Enders and T.
Balensiefer, Acc. Chem. Res., 2004, 37, 534; (b) J. S. Johnson, Angew.
Chem., Int. Ed., 2004, 43, 1326; (c¢) M. Christmann, Angew. Chem., Int.
Ed., 2005, 44, 2632; (d) K. Zeitler, Angew. Chem., Int. Ed., 2005, 44,
7506; (¢) N. Marion, S. D@ez-Gonzalez and S. P. Nolan, Angew. Chem.,
Int. Ed., 2007, 46, 2988; (f) D. Enders, O. Niemeier and A. Henseler,
Chem. Rev., 2007, 107, 5606; (g) V. Nair, S. Vellalath and B. P. Babu,
Chem. Soc. Rev., 2008, 37, 2691; (h) W. D. Jones, J. Am. Chem. Soc.,
2009, 131, 15075; (i) J. Read de Alaniz and T. Rovis, Synlett, 2009, 1189;
(/) E. M. Phillips, A. Chan and K. A. Scheidt, Aldrichimica Acta, 2009,
42, 55.

2 For recent examples of NHC as organocatalysts: (a¢) K. B. Ling and
A. D. Smith, Chem. Commun., 2011, 373; (b) L. Gu and Y. Zhang, J.
Am. Chem. Soc., 2010, 132, 914; (¢) V. Nair, V. Varghese, R. R. Paul, A.
Jose, C. R. Sinu and R. S. Menon, Org. Lett., 2010, 12, 2653; (d) B.-C.
Hong, N. S. Dange, C.-S. Hsu and J.-H. Liao, Org. Lett., 2010, 12,
4812; (e) H. Lv, X.-Y. Chen, L.-H. Sun and S. Ye, J. Org. Chem., 2010,
75, 6973; (f) P-L. Shao, X.-Y. Chen and S. Ye, Angew. Chem., Int.
Ed., 2010, 49, 8412; (g) H. U. Vora and T. Rovis, J. Am. Chem. Soc.,
2010, 132, 2860; (/1) J. Kacobamrung, J. Mahatthananchai, P. Zheng
and J. W. Bode, J Am. Chem. Soc., 2010, 132, 8810; (i) B. Cardinal-
David, D. E. A. Raup and K. A. Scheidt, J. Am. Chem. Soc., 2010, 132,
5345; (j) S. D. Sarkar and A. Studer, Angew. Chem., Int. Ed., 2010, 49,
9266; (k) A. T. Biju and F. Glorius, Angew. Chem., Int. Ed., 2010, 49,
9761.

3 Selected examples of benzoin reactions: (a) D. Enders and U. Kallfass,
Angew. Chem., Int. Ed., 2002, 41, 1743; (b) D. Enders, O. Niemeier and
T. Balensiefer, Angew. Chem., Int. Ed., 2006, 45, 1463; (c) H. Takikawa,
H. Hachisu, J. W. Bode and K. Suzuki, Angew. Chem., Int. Ed., 2006,
45, 3492,

4 Selected examples of Stetter reactions: (@) M. S. Kerr, J. Read de Alaniz
and T. Rovis, J. Am. Chem. Soc., 2002, 124, 10298; (b) M. S. Kerr and
T. Rovis, J. Am. Chem. Soc., 2004, 126, 8876; (c) J. Read de Alaniz and
T. Rovis, J. Am. Chem. Soc., 2005, 127, 6284; (d) Q. Liu and T. Rovis,
J. Am. Chem. Soc., 2006, 128, 2552; (e) S. C. Cullen and T. Rovis, Org.
Lett., 2008, 10, 3141; (f) Q. Liu, S. Perreault and T. Rovis, J. Am.
Chem. Soc., 2008, 130, 14066; (g) D. A. DiRocco, K. M. Oberg, D.
M. Dalton and T. Rovis, J. Am. Chem. Soc., 2009, 131, 10872; (h) C.
M. Filloux, S. P. Lathrop and T. Rovis, Proc. Natl. Acad. Sci. U. S.
A., 2010, 107, 20666; (i) T. Jousseaume, N. E. Wurz and F. Glorius,
Angew. Chem., Int. Ed., 2011, 50, 1410; For recent elegant examples of
NHC catalyzed Stetter-type reactions of non-active olefins and alkynes,
see: () K. Hirano, A. T. Biju, 1. Piel and F. Glorius, J. Am. Chem. Soc.,
2009, 131, 14190; (k) A. T. Biju, N. E. Wurz and F. Glorius, J. Am.
Chem. Soc., 2010, 132, 5970.

5 Selected examples of Diels—Alder reactions: (¢) M. He, J. R. Struble
and J. W. Bode, J. Am. Chem. Soc., 2006, 128, 8418; (b) M. He, J. Uc
Gerson and J. W. Bode, J Am. Chem. Soc., 2006, 128, 15088; (¢) J.
Kaeobamrung, M. C. Kozlowski and J. W. Bode, Proc. Natl. Acad. Sci.
U S. 4., 2010, 107, 20661.

6 Selected examples: (a) P. Mangeney, A. Alexakis and J. F. Normant,
Tetrahedron Lett., 1988, 29, 2677; (b) D. Cuvinot, P. Mangeney and
A. Alexakis, J. Org. Chem., 1989, 54, 2420; (¢) E. J. Corey, C. M. Yu
and S. S. Kim, J. Am. Chem. Soc., 1989, 111, 5495; (d) E. J. Corey, R.
Imwinkelried, S. Pikul and Y.-B. Xiang, J. Am. Chem. Soc., 1989, 111,
5493; (e) E. J. Corey, D. Lee and S. Sarshar, Tetrahedron: Asymmetry,
1995, 6, 3; () H. Doucet, T. Ohkuma, K. Murata, T. Yokozawa, E.
Kozawa, A. F. England, T. Ikariya and R. Noyori, Angew. Chem., Int.
Ed., 1998, 37, 1703.

7 Y. Matsumoto and K. Tomioka, Tetrahedron Lett., 2006, 47, 5843.

8 M. Wadamoto, E. M. Phillips, T. E. Reynolds and K. A. Scheidt, J
Am. Chem. Soc., 2007, 129, 10098.

9 E. M. Phillips, T. E. Reynolds and K. A. Scheidt, J. Am. Chem. Soc.,
2008, 130, 2416.

10 (@) G.-Q. Li, L.-X. Dai and S.-L. You, Chem. Commun., 2007, 852;

(b) G.-Q. Li, Y. Li, L.-X. Dai and S. L. You, Org. Lett., 2007, 9, 3519;
(¢) G.-Q. Li, Y. Li, L.-X. Dai and S.-L. You, Adv. Synth. Catal., 2008,
350, 1258; (d) Y. Li, Z.-A. Zhao, H. He and S.-L. You, Adv. Synth.
Catal., 2008, 350, 1885; (¢) G.-Q. Li, L.-X. Dai and S.-L. You, Org.
Lett., 2009, 11, 1623; (f) Y. Li, F.-Q. Shi, Q.-L. He and S.-L. You, Org.
Lett., 2009, 11, 3182; (g) Y. Li, X.-Q. Wang, C. Zheng and S.-L. You,
Chem. Commun., 2009, 5823; (h) K.-J. Wu, G.-Q. Li, Y. Li, L.-X. Dai
and S.-L. You, Chem. Commun., 2011, 47, 493.

11 K. S. Liu and Y. S. Ding, Chirality, 2004, 16, 475.

2074 | Org. Biomol. Chem., 2011, 9, 2072-2074

This journal is © The Royal Society of Chemistry 2011



