ORGANIC
LETTERS

Unexpected Ring-Opening Reactions of ol ge
Aziridines with Aldehydes Catalyzed by 15211524
Nucleophilic Carbenes under Aerobic

Conditions

Yan-Kai Liu, T Rui Li, * Lei Yue, Bang-Jing Li, * Ying-Chun Chen,* - Yong Wu, T and
Li-Sheng Ding *

Key Laboratory of Drug-Targeting of Education Ministry and Department of Medicinal
Chemistry, West China School of Pharmacy, Sichuan University,

Chengdu 610041, China, and Chengdu Institute of Biology, Chinese Academy of
Sciences, Chengdu 610041, China

ycchenhuaxi@yahoo.com.cn

Received December 10, 2005

ABSTRACT

The chemoselective ring opening of  N-tosyl aziridines with aldehydes catalyzed by an  N-heterocyclic carbene was investigated under aerobic
conditions. Unexpected carboxylates of 1,2-amino alcohols from the corresponding aldehydes, rather than the acyl anion ring-opened p-amino
ketones, were exclusively obtained. A plausible mechanism for this unprecedented carbene-mediated reaction was also proposed.

The discovery of novel catalytic methods for chemoselective other electrophilic functionalities have not been thoroughly
transformation is important to the development of synthetic explored as possible substrafels addition, much of the
organic chemistry. In addition to the well-established reac- fundamental chemistry of the electron-rich enaminol inter-
tions involving enolates, the umpolung of the classic mediate, formed by the addition of carbene to an aldehyde
functional group opens up an avenue to various new group? remains to be studied. To address this deficiency,
reactions. Following the concept of polarity of reversal, here we would like to present the first report on the highly
considerable efforts have been directed to the chemistry of
acyl anions, readily prepared in situ from electrophilic _ (3) For selective examples, see: (a) Enders, D.; Kallfassirgew.
L . . . Chem., Int. EdA2002,41, 1743. (b) Hachisu, Y.; Bode, J. W.; Suzuki, K.
aldehydes through covalent activating with catalytic cyanide j am ‘chem. So2003,125, 8432. () Linghu, X.; Johnson, J./Angew.
or nucleophilic carben®A variety of electrophiles, aldehydes thenX, IntC.hEdZOOS3,g%bé5i%§.7 (ci)Sléigghu, X.; Bausch, C. C.; Johnson, J.
H H H H H H .JoAM. em. S0 s , .
(ber_]zom condensatlo.ﬁ)ildlmlne denvatlveé’and_ polarized (4) For selective examples, see: (a) Murry, J. A.; Frantz, D. E.; Soheili,
olefins (Stetter reactioh)as well as asymmetric pattefns A Tillyer, R.; Grabowski, E. J. J.; Reider, P.J.Am. Chem. So@001,

i i i - 123, 9696. (b) Mattson, A. E.; Scheidt, K. Qrg. Lett.2004,6, 4363. (c)
have been studied extensively in the past decades; mdeedMennem SN Gipson, J. D Kim. Y. R.. Miller, S. 3. Am. Ghem. Soc.

2005,127, 1654.

T Sichuan University. (5) (a) Stetter, HAngew. Chem., Int. Ed. Endl976,15, 639. (b) Kerr,
* Chengdu Institute of Biology. M. S.; Read de Alaniz, J.; Rovis, 7. Am. Chem. So2002124, 10298.
(1) Seebach, DAngew. Chem., Int. Ed. Engl979,18, 239. (c) Kerr, M. S.; Rovis, T.Synlett2003, 1934. (d) Pesch, J.; Harms, K;
(2) For recent reviews on umpolung reactions involving cyanide or Bach, T.Eur. J. Org. Chem2004, 2025. (e) Mattson, A. E.; Bharadwaj,
nucleophilic carbene, see: (a) Johnson, Aigew. Chem., Int. E@004, A. R.; Scheidt, K. AJ. Am. Chem. So004,126, 2314. (f) Kerr, M. S.;
43, 1326. (b) Nair, V.; Bindu, S.; Sreekumar, Xngew. Chem., Int. Ed. Rovis, T.J. Am. Chem. So@004,126, 8876. (g) Mennen, S. M.; Blank,
2004,43, 5130. (c) Enders, D.; Balensiefer, Acc. Chem. Re2004,37, J. T.; Tran-Dubé, M. B.; Imbriglio, J. E.; Miller, S. £hem. Commun.
534. (d) César, V.; Bellemin-Laponnaz, S.; Gade, L.Gthem. Soc. Re 2005, 195.
2004,33, 619. (e) Christmann, MAngew. Chem., Int. E2005,44, 2632. (6) For comprehensive reviews, see refs 2c and 2e.
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chemoselective ring-opening reactions of aziridines with ||| N R

aldehydes promoted by a nucleophilic carbene catalyst under e 1. Optimization of Reaction Conditions for the Ring

aerobic conditions. _ ~ Opening of Aziridine2a with p-Chlorobenzaldehydgat
The aziridines are widely recognized as valuable building

blocks for functional group transformations. The nucleophilic
ring opening of aziridines has been extensively investigated,
whereas most of these methods are limited to the use of
metal-based catalysts such as Lewis acids. On the other hand,
abundant nucleophiles, alkyl or aryl anions, enolates, olefins,
and various heteroatoms have been applied in this chemistry:
It would be intriguing to consider that the highly active

t yield® of 4a

N-tosyl aziridines would be selectively attacked by aldehydes ontry catalystl base solvent  (C) @
mediated by a suitable organic carbene catdlystin 1 la DBU  THF 25 15
competition with the self-benzoin condensation. g i: ggg ggﬁne Zg 3
Encouraged by this idea, we first investigated the reaction 1a DBU  tbutanol 25
of N-tosyl bicyclic aziridine2a and p-chlorobenzaldehyde 5 1a DBU  toluene 50 40
3ain THF in the presence of catalytic thiazolium sah 6¢ 1a K»CO;  toluene 50 40
(Figure 1) and DBUwithout exclusion of air. After stirring 7 1b K5CO;  toluene 50 45
8¢ 1c KyCO3  toluene 50 50
9d 1c KyCO3  toluene 50 65
104 1d KyCO3  toluene 50 90
114 le KyCO3  toluene 50 90

\/ ( N ;N\ a2a/3a/l/base= 1:1.2:0.2:0.18, at 0.2 mmol scale in 1 mL of solvent.
cl- vCI’ blsolated yield.c Adding 5 mol % of TBAB.% Adding 5 mol % of 18-
N-gn crown-6.
1c

1a: R = CH,CH,0H

1b: R = CH3
remained (Table 1, entry 1). Only a very trace amount of
N /N N /2| benzoin product was detected in the reactidotably, the
presence of oxygen was crucial for this type of transformation

because benzoin condensation was the dominant reaction
at Ar atmospherelnspired by this interesting finding, we
Figure 1. Structures oN-heterocyclic carbene precursors. screened various reaction conditions and catalytic systems
to improve the efficiency of the novel transformation. The
yield was improved to 35% when the reaction was conducted
at room temperature for 24 h, unexpecfedhlorobenzoate  in toluene (entry 2), but complicated mixtures were obtained
of 1,2-amino alcohok#ta," rather than thg-amino keton& using DCM ortert-butyl alcohol as the solvent (entries 3
Compound5 which was desired to be generated from the and 4) Similar results were gi\/en at 8Q emp|0ying the
ring opening of aziridine by the normal acyl anion, was K,CO, and TBAB (tetrabutylammonium bromide) systems:
isolated in 15% yield, and a large amount of starting materials however, a generally cleaner reaction was observed compared
— — —  with what was gained employing DBU as the base (entries
(a)(QO';?]'orr,ecEe.”;fp,\‘l’)'/"c’gt'%”.sv\ollf; ”,\‘,‘Ig,frgf’r,‘\',:'.;c %EE”X: ;Tkr'ae'gfriecit’eg'.f"]‘i‘f"t'on: 5 and 6). The results were also not satisfactory ugings
Am. Chem. So®002,124, 914. (b) Grasa, G. A; Kissling, R. M.; Nolan,  the carbene precursor (entry 7). Subsequently, we were

S. P.Org. Lett.2002,4, 3583. (c) Nyce, G. W.; Lamboy, J. A.; Connor, E. ; i
F Waymouth. R M. Hedrick. J. LOrg. Lett 2002.4. 3587, (d) Kano, pleased to find that the yields could be elevated when bulky

T.; Sasaki, K.; Maruoka, KOrg. Lett. 2005, 7, 1347. Amidation: (e) imidazolinium saltlc was applied (entry 8), and a better

{\/AO\éé}schagg, l\g Sckhmldt,\l\//I.QOrt%. k‘etéZOOE 7& %ﬁég?é-é\/l%g;:((f)) ,l\\lla_lr, result was received using 18-crown-6 as the phase-transfer
., Bindu, S.; Sreekumar, V.; Rath, N. Prg. Lett. 9, - (9) Nair, . . .

V.. Sreekumar, V.. Bindu, S.: Suresh, @rg. Lett.2005.7, 2297. (n) Ma. catalyst (entry 9). Furthermore, high isolated yields were

C.; Yang, Y.Org. Lett. 2005, 7, 1343.a-Functionalized aldehydes: (i)  achieved catalyzed by bulky imidazolium saltd or 1le

Chow, K. Y.-K.; Bode, J. W.J. Am. Chem. So2004, 126, 8126. (j) ; ;
Reynolds, N. T.. Read de Alaniz, J.: Rovis, J.Am. Chem. S0@004, (entries 10 and 11). On the other hand, it should be noted

126, 9518. (k) Sohn, S. S.; Rosen, E. L.; Bode, J.WAm. Chem. Soc.  that the benzoin product was also the major one when the

2004 126, 14370. (I) Burstein,_C.; Glorius, Angew. Chem., Int. EQ004 free carben® previous|y prepared fromd was app“ed in

43, 6205. (m) Chan, A.; Scheidt, K. Rrg. Lett. 2005,7, 905. (n) He, M.; . dth oth isolated in | han 10% vield
Bode, J. W.Org. Lett. 2005,7, 3131. (0) Sohn, S. S.; Bode, J. \Wrg. air, and the expectetawas isolated in less than 10% yield.
Lett. 2005, 7, 3873. Tandem reaction: (p) Ye, W.; Cai, G.; Zhuang, Z.; With these results in hand, we next examined the reaction

Jia, X.; Zhai, H.Org. Lett.2005,7, 3769.

(8) For an excellent review on ring opening of aziridines, see: Hu, X.
E. Tetrahedron2004,60, 2701.

(9) For recent reviews on organocatalysis, see: (a) Dalko, P. I.; Moisan,  (11) For a review on ring opening of aziridines with carboxylic acid to

scopes of aldehydes under the established optimal conditions.

L. Angew. Chem., Int. E®004,43, 5138. (b)Acc. Chem. Ref004,37 give a carboxylate of 1,2-amino alcohols, see ref 8.

(8), special issue (Eds.: Houk, K. N., List, B.). (c) Seayad, J.; List, B. (12) For reviews orng-amino ketones, see: (a) Liu, M.; Sibi, M. P.

Org. Biomol. Chem2005,3, 719. Tetrahedron2002,58, 7991. (b) Juaristi, E.; Lopez-Ruiz, Burr. Med.
(10) For a recent example of organocatalytic ring opening of aziridines, Chem.1999,6, 983.

see: Minakata, S.; Okada, Y.; Oderaotoshi, Y.; Komatsu,Qvg. Lett. (13) Arduengo, A. J.; Krafczyk, R.; Schmutzler, Retrahedron1999,

2005,7, 3509. 55, 14523.
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Table 2. Reaction Scopes of Aldehyd&sin the Ring Opening Scheme 1. Regioselective Ring Opening of Unsymmetric
of Aziridine 2a# Aziridines 2b—¢e*
Ie) O
@N—Ts + RCHo —lEomal%) O:O_QR ): NTTs C'OCHO l o)b\ @
K,CO3, 18-crown-6 85% /E Cl
50 °C, air, 24 h NHTs Ph Ph™ “NHTs
2a 3 4 2b 3a regioselectivity 4.7:1 4m
o}
yield® :
entry R product (%) ):N_TS + CIOCHO /E OJK@\ 2)
0,
1 p-Cl-Ph 4a 90 Bn 0% B S NTs cl
2 Ph 4b 70 2e 3a 4n
3 0-C1-Ph 4c 83 o MeOCS’ )
4 p-F—Ph 4d 70 +ql CHO i ob ®)
5 p-CHsO0—Ph 4e 40 MeO)k[:N_TS < > 759 t
b Cl
6 m-CHz—Ph af 95 NHTs
7 1-naphthyl 4g 50 2d 3a 40
8 2-furanyl 4h 90 O
9 n-propyl 4i 90 i OJ\©\
10 CH; 4§ 75 ,,,,,FN—TS + CIOCHO )
11 i-propyl 4k 65 L oop 65% ""'l:NHTs cl
u
12 cyclohexyl 41 90 2 3a COOBu 4p
13¢ CH3;CH=CH 4i 75
223/3a/1d/K,COs = 1:1.2:0.2:0.18, at 0.2 mmol scale & 1 mL of 2 Conditions: (i)2/3a/1e/kCO; = 1:1.2:0.2:0.18. The reaction
toluene in the presence of 5 mol % of 18-crowrREsolated yield< The was conducted at 0.2 mmol scale in 1 mL of toluene in the presence
saturated butyratdi was obtained. of 5 mol % of 18-crown-6 at 50C for 24 h.

As summarized in Table 2, various structured aryl aldehydeslate group (eq 3). In contrast, for aziridinze with a
bearing electron-donoting or -withdrawing substituents (Table quaternary carbon, the ring-opened product wasotimee-

2, entries 17), a heteroaryl aldehyde (entry 8), linear or thylated serine derivativép, also in complete regioselectivity
branched aliphatic aldehydes (entries1®), and ana,(- (eq 4).

unsaturated aldehyde (entry 13) could be successfully utilized Haying presented the unexpected reactions of aldehydes
as the donors in the reactions with aziride All reactions mediated by carbene catalysts, we conducted more experi-
cleanly produced the corresponding carboxylates of 2-ami- ments to gain further insight with regard to the possible
nocyclohexanol. The result was not satisfying fsmeth- reaction mechanism, especially for the ones that might be
oxybenzaldehyde because of the easy oxidation of aldehydeplved in the ring opening of aziridines. Although it has
functionality (entry_ 5)..It should be noted that a 40% aqueous paan documented that aldehydes could be converted to
solution was applied in the case of acetaldehyde, and goodg4oxyiic acids or esters in the presence of stoichiometric
yield was s_t|II received (entry 10). On the other hand, the amounts of oxidizing agents such as flairor under
corresponding saturated carboxyldiewas obtained when electrochemical oxidative conditiolfscatalyzed by a thia-

crotonaldehyde was applied (entry £3)° zolium carbene, air oxidation of acyl anion entries has not
With an acceptable result for the ring openingméso-  peen described and the efficient oxidation of aldehydes was
N-tosyl aziridine2ain hand, the methodology was extended ot ghserved under our catalytic systems in the absence of
to @ variety of unsymmetric aziridines using more bullef’ - a7irigines. Moreover, no carboxylate ester could be detected
as the catalyst precursor to investigate the regioselectivity, ooy adding methanol, which verified that no active acylimi-
which was generally obtained as mixtures of regioisomers yo-qjium intermediate was formed during the reactiori 16
in the Lewis acid.(_:a.talyzed ring—opening rgactiéns.the In addition, very low reactivity was observed when
case of phenyl aziridin2b, good regioselectivity (4.7:1) was 1,0 rohenzoic acid was directly applied in the reaction with

Obta'E.e d Whehrp—fhlorobengatljde'hyﬁa\évas aSp pkllled, mlthe 1 2aunder the same conditions. Therefore, it demonstrates that
attacking att € less crowded ring carbon .( cheme 2, €q )'carboxylic acids might not be recognized as the intermediates
For benzyl aziridine2c, a complete regioselective ring involved in the ring opening of aziridines

opening was observed (eq 2). Interestingly, the regioselec- '

tivity was completely changed to the more crowded carbon — :
(15) (a) Shinkai, S.; Yamashita, T.; Kusano, Y.; Manabe,JOOrg.

when functionalized aziridine2d was apphed, pmbably Chem.1980, 45, 4947. (b) Inoue, H.; Tamura, 3. Chem. Soc., Chem.
because of the electron-withdrawing effects of the carboxy- Commun1985 141. (c) Jimenez, L.; Diederich, Fetrahedron Lett1989
30, 2759.

(16) (a) Tam, S.-w.; Jimenez, L.; Diederich,J=Am. Chem. S0d992,

(14) Slightly better regioselectivity was obtained in the ring-opening 114, 1503. For the oxidation of aldehydes to thioesters in the presence of
reaction of aziridin&b and3ain comparison with what was received with  a thiazolium salt and azobenzene, see: (b) Kageyama, Y.; Murath, S.
1d (4.1:1). Org. Chem.2005,70, 3140.
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Scheme 2. Plausible Catalytic Cycle for Carbene-Catalyzed

Ring Opening of Aziridine by Aldehyde under Aerobic

Conditions
Mes B IIVIes Mes
N+ ClI N N+ R Ts—N
KoCO3 RCHO
55 ko N, _mowo N %
N N N O 2a
4
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1d | 1]
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R N R N
O:< NHTs [ >:< | H NTs
o, N OH o,
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4
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Mes N R
N, R [ >:< NHTs
\}_\
2 [> K NHTs| ™ Mes f“)o,,
/N (_OO, N* R Mes @, ’
Mes - N
[ >_v< NHTs v
N 9o,
Mes O "
Vi ‘\
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compound4. Nevertheless, the real reaction mechanism still
remains to be investigate#l.

In conclusion, we have disclosed a new reaction of
aldehydes in the chemoselective ring openingNsfosyl
aziridines promoted by an organi-heterocyclic carbene
under aerobic conditions. Unexpected carboxylates of 1,2-
amino alcohols, rather than the normal acyl anion ring-
openeds-amino ketone products, were exclusively obtained
under mild conditions. Moreover, excellent regioselectivity
was observed in the ring opening of various unsymmetric
aziridines. A plausible mechanism for this unprecedented
reaction was given. We anticipated that this work would
arouse more interest in the chemistry Nfheterocyclic
carbenes. Further development of this reaction including
asymmetric catalyst$ and studies regarding the reaction
mechanism and scopes are being pursued and will be reported
in due course.
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Supporting Information Available: Experimental pro-

On the basis of these findings, a plausible mechanism for cedures, structural proofs, NMR and HRMS spectra of the
this novel transformation is proposed. As illustrated in Productsda—p. This material is available free of charge via
Scheme 2, the initial event is the addition of in situ generated the Internet at http:/pubs.acs.org.
carbend (or zwitterions) to the aldehyde to form an electron- o) 0529905

rich intermediatél . Next, probably because of steric reasons,
the harder oxygen aniéfrather than the normal acyl anion
attacks the aziridine, to give ring-opened intermedldte
After the proton transfer, the electron-rich enaminol ether
IV might react with electrophilic dioxygen to afford the

hydroperoxide anioiv.® Then, another enaminol ethBf

might act as the reducing agent and react with intermediate
V to generate two molecula¥I, which subsequently
eliminates the carbene catalysto furnish the carboxylate

(19) For recent examples of amino acid catalyzed incorporation of singlet
molecular oxygen, see: (a) Coérdova, A.; Sundén, H.; Engqvist, M.; Ibrahem,
I.; Casas, JJ. Am. Chem. So@004,126, 8914. (b) Sundén, H.; Engqvist,

M.; Casas, J.; Ibrahem, I.; Cérdova, Angew. Chem., Int. E®2004,43,
6532. For the reaction of the spin-paired urate and molecular oxygen, see:
(c) Sarma, A. D.; Tipton, P. AJ. Am. Chem. So2000,122, 11252.

(20) This catalytic cycle might not account for the ring opening of
aziridines bya,-unsaturated aldehydes. The intramolecular redax,8f
unsaturated aldehydes promoted by carbene to give the saturated carboxylic
acid, and subsequently ring opening of the aziridines, should not be ruled
out. See ref 7ko.

(21) For limited examples of metal-catalyzed enantioselective desym-

(17) The phenomena have also been observed recently in the MCR metrization ofmeso-aziridines, see: (a) Mita, T.; Fujimori, |.; Wada, R,;

reactions by Nair et al.; see ref 7f.

Wen, J.; Kanai, M.; Shibasaki, Ml. Am. Chem. So®005,127, 11252

(18) For a similar compound related to cyanide showing high nucleophilic and references therein. (b) Muller, P.; Nury,®tg. Lett.1999,1, 439. (c)

activity, see: Stork, GJ. Am. Chem. S0d.974,96, 5272.
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