This article was downloaded by: [New York University]

On: 13 May 2015, At: 10:09

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

Oxidation of Aliphatic a,[3-
Unsaturated Aldimines to
Amides Specifically by Oxone
with AICl;

Zhou Lu ®, Lijun Peng ? , Wentao Wu ® & Longmin
Wu 2
% State Key Laboratory of Applied Organic

Chemistry , Lanzhou University , Lanzhou, China
Published online: 11 Jul 2008.

To cite this article: Zhou Lu , Lijun Peng , Wentao Wu & Longmin Wu (2008) Oxidation
of Aliphatic a,p-Unsaturated Aldimines to Amides Specifically by Oxone with AICl3

, Synthetic Communications: An International Journal for Rapid Communication of
Synthetic Organic Chemistry, 38:14, 2357-2366, DOI: 10.1080/00397910802138892

To link to this article: http://dx.doi.org/10.1080/00397910802138892

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and



http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397910802138892
http://dx.doi.org/10.1080/00397910802138892

Downloaded by [New Y ork University] at 10:09 13 May 2015

are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with
primary sources of information. Taylor and Francis shall not be liable for any
losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions



http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [New Y ork University] at 10:09 13 May 2015

Taylor & Francis

Copyright © Taylor & Francis Group, LLC Taylor &Francis Group

ISSN: 0039-7911 print/1532-2432 online
DOI: 10.1080/00397910802138892

Synthetic Communications™, 38: 2357-2366, 2008 e

Oxidation of Aliphatic a,p-Unsaturated
Aldimines to Amides Specifically by Oxone
with AICl;

Zhou Lu, Lijun Peng, Wentao Wu, and Longmin Wu
State Key Laboratory of Applied Organic Chemistry, Lanzhou University,
Lanzhou, China

Abstract: o,B-Unsaturated aldimines were specifically oxidized to amides with
Oxone in the presence of AlICI; as a Lewis acid in CH,Cl,. No migration of aryl
group occurred in the rearrangement reaction.

Keywords: Aldimine; amide; Oxidation; Oxone; rearrangement

o,B-Unsaturated amides are an important kind of building block in
organic synthesis.!! They have been used particularly for preparing
natural products.””? Their amide groups are available for further functio-
nalizations and can activate the double bonds for additions and other
reactions. In addition, o,B-unsaturated amides exhibit both biological[3]
and insecticide activities.™! Therefore, the preparation of o,p-unsaturated
amides has attracted more attention from chemists and has been achieved
via various approaches.*> % On reviewing the previous methods, we
found that the remaining common problems were either unavailable
starting materials or multi step preparations.

Oxone (2KHSO;e KHSO, ¢ K,S0O,) is a powerful, environmentally
friendly oxidant.!"" It has been widely used in organic preparation. It
oxidized alcohols to aldehydes and ketones!'?! and broke double bonds
to give acids.!'*! Acetoxylation and etherification of arenes and alkanes
were achieved with Oxone in the presence of Pd(OAc), used as a
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Scheme 1. Oxidation of o, B-unsaturated aldimines.

catalyst.' An alkyne and an amine were converted to an amide by
Oxone.!" It has been singularly noteworthy that Oxone was particularly
favorable for the epoxidation of olefins!''®!% and for the formation of an
oxaziridine intermediate.!'”’ Our interest in the latter promoted us to
carry out this investigation in hope of that an epoxidation might occur
on a C—N double bond adjacent to a C=C double bond with Oxone
and in turn a complex of the oxygen of an oxazirindine with AICl; might
form. The resulting complex is expected to undergo a hydride migration
to the electron-deficient nitrogen atom as in the Beckmann rearrange-
ment and then a ring opening to give an amide with no migration of aryl
group and no change in the o,pB-double C=C bonds.

We started with an (E)-o, B-unsaturated aldimine 1 (Scheme 1),
which was easily prepared by the reaction of an (E)-o, B-unsaturated
aldehyde with an amine at toluene reflux temperature and by removing
water through a water segregator.'®! Treatment of 1 with Oxone in the
presence of AICl; as a Lewis acid in CH,Cl, at room temperature
afforded, after hydrolysis, a single rearranged amide 2 (Scheme 1 and
Table 1). Products were characterized by IR, MS, 'H and '*C NMR. It
is particularly worthy pointing out that simple imines without o,f-
unsaturated bonds such as 1r (Table 1) were unfavorable for the reaction.
It appears that conjugated double bonds may play a key role in the
reaction. In An’s work,!"” simple imines were alternatively oxidized to
two amides by m-CPBA and BF; e OFEt,. Their reaction selectivity closely
depended on the electron density on the nitrogen atom as well as the
difference in the migratory aptitude of groups to an electron-deficient
nitrogen atom when the reaction proceeded via an oxaziridine inter-
mediate. Our experiments showed that the two o,p-unsaturated amides
employed in An’s work!!”®! were not obtained under the present con-
ditions (Scheme 2), whereas all substrates employed in the present work
were not converted to amides using m-CPBA and BF;e OEt,. Further-
more, no migration of the aryl group occurred in the present cases.
As such, these two approaches may occur via different mechanisms.
The existence of o,B-unsaturated bonds largely disfavored the group
migration in an oxaziridine intermediate.
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Table 1. Oxidation of o,B-unsaturated aldimines with Oxone and AICl; in
CH,Cl,

Substrate R! R? Yield of 2(%)* Aldehyde (%)¢
1a Ph CH,Ph 78 12
1b Ph CH(CH;)Ph 75 15
1c Ph C(CH;); 70 17
1d Ph CH(CH,)s 81 10
le (p)-MeO-Ph CH,Ph 84 8
1f (p)-MeO-Ph CH(CH;)Ph 82 10
1g (p)-MeO-Ph C(CH3); 78 13
1h (p)-MeO-Ph CH(CH,)s 87 5
1i (p)-Cl-Ph CH,Ph 68 20
1j (p)-CI-Ph CH(CH;)Ph 65 20
1k (p)-CI-Ph C(CH;); 60 20
11 (p)-Cl-Ph CH(CH,)s 72 17
1m (p)-NO,-Ph C(CH;)3 50 21
1n (p)-NO,-Ph CH(CH»)s" 55 23
1o Ph CHz(CH2)16CH3 66 20
1p Ph Ph 0 95
1q Ph CH(COOEt)CH,Ph 0 0
Ir e P 0 92
“Yields refer to isolated products.
b Cyclohexyl.

From Table 1, it can be observed that both substituents of R! and R?
exert significant effects on the reaction. In general, an electron-donating
substituent at the para-position of a benzene ring in R' is favorable for
the reaction, whereas an electron-withdrawing group leads to a lower yield
of product. R? with a large block or an electron-withdrawing character did
not favor the reaction. These observations are rationalized by a proposed

m-CPBA, BF;-OEt, *

[¢]
2 X_\ 2
\ CHzph /\)J\ CH,Ph
R SV ~_ ot NH”

1a 2a
Oxone, AICl3
m-CPBA, BF3+OEt; - o}
2 /_\ 1
. _Ph Ph
Ph' /\/\N/ W H N/\/
2
Oxone, AICl3 Ph
1p 2p

Scheme 2. Oxidation of o, B-unsaturated aldimines under different conditions.
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Scheme 3. Mechanism for the oxidation of o, B-unsaturated aldimines with
Oxone and AICl;.

mechanism for this reaction depicted in Scheme 3. An aldimine is firstly
oxidized by Oxone to an oxazirindine 3, whose oxygen is active toward
AlCl; and forms its own 1:1 complex 4 as it is produced. So, for every mol-
ecule of amine formed in the reaction, one molecule of AlCl; is used up in
complex formation. A stoichiometric amount of AlCl; is required in this
reaction. Complex 4 undergoes an intramolecular hydride migration to
the elecron-deficient nitrogen atom and a ring opening to give 5. At the
end of the reaction, addition of water destroys the complex and generates
the free amide 2. Obviously, a bulky or an electron-withdrawing group
(R?) upon the nitrogen atom will slow the formation of oxazirindine by
Oxone and inhibit the oxygen of oxazirindine approaching to AlCl; owing
to a steric or an electronic effect. An electron-withdrawing group linked to
the nitrogen atom will lead to a decrease in the electron density on the oxy-
gen atom of oxazirindine. Otherwise, the migration of the aryl group linked
at B-C of the a,B-double bond will be thermodynamically unfavorable.

The effect of Lewis acids on the reaction was examined using 1a as a
substrate (Table 2). AICl; was found to be the most favorable Lewis acid,
whereas ZrCly, Mg(ClO4), and BF; e OEt, did not exert any affect on the
reaction.

Table 2. Effect of Lewis acids on the yield of 1a in CH,Cl,

Entry Lewis acid Yield of 2a(%)
1 AlCl; 78

2 FeCl; 55

3 ZnCly 30

4 ZrCly 0“

5 Mg(ClO,), 0’

6 BF; e OEt, 0

“2-Benzyl-3-styryl-1,2-oxaziridine was isolated in 66% yield.
b2-Benzyl-3-styryl-1,2-oxaziridine was isolated in 74% yield.
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In summary, an approach for preparing o,B-unsaturated amines
developed in the present work provides an efficient method for the
conversion of aldimines to amides by oxone and AICl;. No migration
of aryl group occurred in the rearrangement reaction.

EXPERIMENTAL

A representative procedure: To a solution containing 0.77 mmol of 1a in
15 mL of anhydrous CH,Cl,, 1.54 mmol of oxone, 2.69 mmol of NaHCOs3,
and 0.92mmol of anhydrous AlICIl; were added. The mixture was stirred
for 8-12h at ambient temperature, then quenched with water (20 mL),
and extracted with CH,Cl, (3 x 15mL). The organic layer was dried over
anhydrous MgSQy,, filtered, concentrated under vacuum, and purified by
flash-column chromatography on silica gel (petroleum ether—acetic ether,
5:1). Products were characterized by IR, 'H and '*C NMR, and MS spec-
troscopy [IR: Nicolet Nexus 670 FT-IR; NMR: 'H: 300/400 MHz, °C:
75/100 MHz, Varian Mercury 300/400 (TMS); MS: HP-5988, EI (70 eV)].

Characterization Data for Products

Compound 2aP*: mp 106-108 °C. IR (KBr): vmax cm™' 3263, 1652,
1615. "H NMR (300 MHz, CDCls): 6 7.67 (d, J = 15.3 Hz, 1H, CH=CH),
7.47 (m, 2H, arom), 7.32 (m, 8H, arom), 6.44 (d, J=15.3Hz, 1H,
CH=CH), 6.21 (s, 1H, NH), 4.54 (d, J = 4.8 Hz, 2H, CH,). ’C NMR
(75MHz, CDCly): § 165.8 (1C), 141.3 (1C), 138.2 (1C), 134.7 (1C),
129.6 (2C), 128.7 (2C), 128.6 (1C), 127.9 (2C), 127.8 (1C), 127.5 (2C),
120.4 (1C), 43.8 (1C). MS (EI) m/z (%): 237 (M, 42), 160 (5), 131
(93), 106 (57), 103 (76), 91 (45), 77 (100).

Compound 2bP%: 'H NMR (400MHz, CDCl;) & 7.61 (d,
J=15.6Hz, 1H, CH=CH), 7.43 (m, 2H, arom), 7.19 (m, 8H, arom),
6.44 (d, J = 15.6Hz, 1H, CH=CH), 6.29 (s, IH, NH), 5.25 (q, / = 7.2 Hz,
1H, CH), 1.55 (d, J = 7.2Hz, 3H, CH3). >°C NMR(100 MHz, CDCl5)
5 165.0 (1C), 143.1 (1C), 141.1 (1C), 134.7 (1C), 129.5 (2C), 128.7
(2C), 128.6 (1C), 127.7 (2C), 127.2 (1C), 126.2 (2C), 120.6 (1C), 48.8
(1C), 21.6 (1C). MS (EI) m/z (%): 251 (M, 5), 146 (6), 131 (100),
120 (1), 105 (41), 103 (54), 77 (75).

Compound 2¢%°): '"H NMR (300MHz, CDCl;)) & 7.56 (d,
J=153Hz, 1H, CH=CH), 7.47 (m, 2H, arom), 7.30 (m, 3H, arom),
6.38 (d, J=15.3Hz, 1H, CH=CH), 5.79 (s, 1H, NH), 1.42 (s, 9H,
CHj;). 3C NMR (75 MHz, CDCls) & 165.2 (1C), 140.0 (1C), 134.8 (1C),
129.3 (2C), 128.6 (1C), 127.5 (2C), 122.0 (1C), 51.4 (1C), 28.7 (3C). MS
(EI) m/z (%): 203 (M ", 14), 188 (8), 146 (39), 131 (100), 103 (48), 77 (43).
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Compound 2d®°¥Y: 'H NMR (400MHz, CDCl;) 6 7.60 (d,
J=15.6Hz, 1H, CH=CH), 7.45 (m, 2H, arom), 7.33 (m, 3H, arom),
6.43 (d, J=15.6Hz, 1H, CH=CH), 5.94 (s, 1H, NH), 3.90 (m, 1H,
CH), 1.97 (m, 2H, CH,), 1.70 (m, 2H, CH>), 1.24 (m, 2H, CH,), 1.15
(m, 4H, CH,). >*C NMR (100 MHz, CDCls) é 164.9 (1C), 140.4 (1C),
134.8 (1C), 129.4 (2C), 128.6 (1C), 127.6 (2C), 121.2 (1C), 48.3 (1C),
33.1 (2C), 25.4 (1C), 24.8 (2C). MS (EI) m/z (%): 229 (M ", 18), 146
(42), 131 (100), 103 (47), 98 (24), 83 (15), 77 (37).

Compound 2e?*: 'TH NMR (300 MHz, CDCl;) 6 7.61 (d, J = 15.3 Hz,
1H, CH=CH), 7.41 (m, 2H, arom), 7.31 (m, 5H, arom), 6.84 (m, 2H, arom),
6.30 (d, J = 15.3Hz, 1H, CH=CH), 6.15 (s, IH, NH), 4.53 (s, 2H, CH,),
3.81 (s, 3H, CH3). '*C NMR(75MHz, CDCl;) é 166.1 (1C), 160.8 (1C),
140.8 (1C), 138.3 (1C), 129.3 (1C), 128.6 (2C), 128.4 (2C), 127.8 (2C),
127.4 (1C), 118.0 (1C), 114.2 (2C), 55.3 (1C), 43.7 (1C). MS-EI m/z (%)
267 (M, 36), 161 (100), 134 (52), 106 (31), 91 (87), 77 (39).

Compound 2f?°": "TH NMR (300 MHz, CDCl3) d 7.59 (d, J = 15.3 Hz,
1H, CH=CH), 7.28 (m, 7H, arom), 6.83 (t, /= 7.2Hz, 2H, arom), 6.39
(d,J = 15.3Hz, 1H, CH=CH), 6.72 (s, 1H, NH), 5.26 (q, J = 7.2Hz, 1H,
CH), 3.79 (s, 3H, CHj), 1.55 (d, J=7.2Hz, 3H, CH;). *C NMR
(75MHz, CDCl3) 6 165.4 (1C), 160.5 (1C), 143.2 (1C), 140.4 (1C), 129.2
(1C), 128.4 (2C), 127.4 (2C), 127.1 (2C), 126.1 (1C), 118.4 (1C), 114.0 (2C),
55.1 (1C), 48.7 (1C), 21.7 (1C). MS (EI) m/z (%): 281 (M ™", 72), 264 (3),
188 (5), 176 (10), 160 (100), 161 (21), 121 (12), 120 (32), 105 (46), 77 (64).

Compound 2g?°: "H NMR (300 MHz, CDCl5) 6 7.51 (d, J = 15.9 Hz,
1H, CH=CH), 7.40 (dd, 2H, J = 1.5Hz, J = 9Hz, arom), 6.85 (dd, 2H,
J=15Hz, J=9Hz, arom), 6.22 (d, J = 159 Hz, 1H, CH=CH), 5.56 (s,
1H, NH), 3.80 (s, 3H, CH3), 1.41 (s, 9H, CH3). >*C NMR (75 MHz, CDCl5)
6 165.5 (1C), 159.7 (1C), 141.1 (1C), 128.3 (1C), 127.6 (2C), 119.5 (1C),
114.1 (2C), 55.2 (1C), 51.3 (1C), 28.8 (3C). MS (EI) m/z (%): 233 (M,
27), 176 (46), 161 (100), 133 (11), 77 (12).

Compound 2h®: mp 158-160 °C. IR (KBr): vpmax cm ™' 3275, 3068,
1652, 917. '"H NMR (300 MHz, CDCl;): 6 7.55 (d, J = 15.3Hz, 1H,
CH=CH), 7.42 (d, J =9Hz, 2H, arom), 6.85 (d, J = 9 Hz, 2H, arom),
6.27 (d, J=153Hz, 1H, CH=CH), 5.72 (s, 1H, NH), 3.89 (m, 1H,
CH), 3.80 (s, 3H, CH;), 1.97 (m, 2H, CH,), 1.63 (m, 3H, CH>), 1.36
(m, 2H, CH,), 1.15 (m, 3H, CH,). *C NMR (75MHz, CDCl,): &
165.2 (1C), 160.6 (1C), 140.2 (1C), 129.1 (1C), 127.5 (2C), 118.7 (1C),
114.1 (2C), 55.2 (1C), 48.2 (1C), 33.2 (2C), 25.4 (1C), 24.8 (2C). MS
(ED) m/z (%): 259 (M*, 2), 176 (12), 161 (100), 133 (23), 98 (17), 83
(15), 77 (34).

Compound 2i®°: 'H NMR (300MHz, CDCly) 6 7.60 (d,
J=159Hz, 1H, CH=CH), 7.39 (m, 4H, arom), 7.18 (m, 5H, arom),
6.39 (d, J = 15.9Hz, 1H, CH=CH), 6.14 (s, |H, NH), 4.54 (d, J = 4.8 Hz,
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Hz, 2H, CH,). >°C NMR (75MHz, CDCls) § 165.5 (1C), 140.0 (1C),
138.0 (1C), 135.5 (1C), 133.1 (1C), 129.0 (2C), 128.9 (2C), 128.7 (2C),
127.8 (2C), 127.6 (1C), 120.9 (1C), 43.8 (1C). MS (EI) m/z (%): 271
(M, 33), 273 (M +2, 12), 165 (10), 167 (3), 137 (33), 139 (12), 111
(14), 113 (5), 106 (100), 91 (81), 77 (36).

Compound 2i{°": '"H NMR (300MHz, CDCly) 6 7.56 (d,
J=153Hz, 1H, CH=CH), 7.33 (m, 9H, arom), 6.40 (d, J = 15.3Hz,
1H, CH=CH), 6.21 (s, 1H, NH), 5.25 (q, J = 7.2Hz, 1H, CH), 1.54 (d,
J =7.2Hz, 3H, CHs). *C NMR (75MHz, CDCl;) é 164.6 (1C), 142.9
(1C), 139.8 (1C), 135.4 (1C), 133.2 (1C), 128.9 (2C), 128.8 (2C), 128.5
(20), 127.4 (2C), 126.2 (1C), 121.2 (1C), 48.9 (1C), 21.6 (1C). MS (EI)
m/z (%): 285 (M, 27), 287 (M +2, 9), 180 (5), 182 (2), 165 (85), 167
(27), 120 (100), 105 (53), 77 (43).

Compound 2kP°™. '"H NMR (300MHz, CDCly) & 7.49 (d,
J = 159Hz, 1H, CH=CH), 7.38 (dd, 2H, J = 4.8 Hz, J = 8.7 Hz, arom),
7.27 (dd, 2H, J = 4.8Hz, J = 8.7Hz, arom), 6.32 (d, J = 15.9Hz, 1H,
CH=CH), 5.66 (s, 1H, NH), 1.41 (s, 9H, CH3). ’C NMR (75 MHz,
CDCly) 6 164.8 (1C), 138.7 (1C), 135.1 (1C), 133.4 (1C), 129.3 (2C),
128.8 (2C), 122.5 (1C), 51.5 (1C), 29.6 (3C). MS (EI) m/z (%): 237
(M, 19), 239 (M +2, 6), 222 (9), 224 (3), 180 (10), 182 (3), 165 (11),
167 (3), 137 (24), 139 (9), 57 (42).

Compound 21”%: mp 198-200°C. IR (KBr) vma, cm ™' 3280, 3077,
1657, 972. 'H NMR (300 MHz, CDCl5) 6 7.54 (d, J=15.3Hz, IH,
CH=CH), 7.31 (m, 4H, arom), 6.37 (d, J=153Hz, 1H, CH=CH),
6.78 (s, 1H, NH), 3.89 (m, 1H, CH), 1.10-1.87 (m, 10H, CH,). °C
NMR (75MHz, CDCl;) § 164.6 (1C), 139.2 (1C), 135.2 (1C), 133.3
(1C), 128.9 (2C), 128.8 (2C), 122.6 (1C), 48.3 (1C), 33.1 (2C), 25.4
(1C), 24.8 (2C). MS (EI) m/z (%): 263 (M, 3), 265 (M +2, 1), 180
(10), 182 (4), 165 (77), 167 (27), 137 (28), 139 (11), 125 (9), 111 (23),
113 (6), 98 (28), 83 (36).

Compound 2m?*°*: 'TH NMR (400 MHz, CDCl;) 6 8.27 (d, 2H,
J=9Hz, arom), 7.63 (d, J=15.6Hz, 1H, CH=CH), 7.59 (d, 2H,
J=9Hz, arom), 6.46 (d, J = 15.6 Hz, 1H, CH=CH), 5.62 (s, 1H, NH),
1.42 (s, 9H, CH;). '3C NMR (100 MHz, CDCl;) é 164.1 (1C), 147.4
(1C), 144.0 (1C), 141.3 (1C), 128.2 (2C), 124.2 (C), 122.1 (1C), 48.3
(1C), 28.7 (3C). MS (EI) m/z (%): 248 (M, 3), 233 (2), 203 (2), 176
(8), 97 (4), 69 (7), 57 (32).

Compound 2nP%!: mp 208-210°C. IR (KBr): vmax cm ! 3280, 3077,
1657, 1513, 1341, 972, 848. "H NMR (300 MHz, CDCl5): 6 8.21 (d, 2H,
J =84Hz, arom), 7.64 (d, J=159Hz, 1H, CH=CH), 7.62 (d, 2H,
J =84Hz, arom), 649 (d, J=159Hz, 1H, CH=CH), 5.62 (s, IH,
NH), 3.91 (m, 1H, CH), 1.98 (m, 2H, CH>), 1.69 (m, 3H, CH,), 1.40
(m, 2H, CH,), 1.20 (m, 3H, CH,). *C NMR(75MHz, CDCl): § 163.7
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(1C), 147.9 (1C), 141.2 (10), 137.9 (10), 128.2 (2C), 125.3 (2C), 122.1
(1C), 48.5 (1C), 33.1 (2C), 25.4 (1C), 24.7 (2C). MS (EI) m/z (%): 274
M™, 4), 193 (11), 176 (9), 130 (10), 102 (70), 98 (28), 83 (3).
Compound 20: mp 104-106°C. IR (KBr): v/pax cm ! 291, 3086, 1654,
970. "H NMR (300 MHz, CDCl5): é 7.61 (d, J = 15.3Hz, 1H, CH=CH),
747 (t, J=3.6Hz, 2H, arom), 7.33 (t, / = 3.6 Hz, 3H, arom), 6.39 (d,
J=153Hz, 1H, CH=CH), 5.73 (s, 1H, NH), 3.37 (q, J = 6.3 Hz, 2H,
CH,), 1.56 (m, 2H, CH,), 1.29 (m, 30H, CH,), 0.87 (t, J/ = 6.3 Hz, 3H,
CH;). *C NMR (75MHz, CDCly): é 165.8 (1C), 140.7 (1C), 134.8
(1C), 129.5 (20), 128.7 (1C), 127.7 (2C), 120.7 (1C), 39.7 (1C), 31.8
(1C), 30.9 (110), 29.6 (1C), 29.3 (1C), 26.9 (1C), 22.6 (1C), 14.2 (1C).
MS (EI) m/z (%): 399 (M ™", 2), 268 (1), 146 (15), 131 (100), 103 (29),
77 (17). HRMS m/z: caled. for Co7HysNO: 399.3494; found: 399.3490.

ACKNOWLEDGMENT

Project 20572040 was supported by the National Natural Science Foun-
dation of China.

REFERENCES

1. (a) Caramella, P.; Reami, D.; Falzoni, M.; Quadrelli, P. Cycloaddition of
nitrile oxides to cyclic and acyclic o,B-unsaturated amides: Frontier orbital
interactions and an unexpected steric drift determine regiochemistry.
Tetrahedron 1999, 55, 7027-7042; (b) Takasu, K.; Nishida, N.; Thara, M. A
direct entry to substituted piperidinones from o,B-unsaturated amides by
means of aza double Michael reaction. Tetrahedron Lett. 2003, 44, 7429—
7432; (c) Koltunov, Y. K.; Walspurger, S.; Sommer, J. Friedel-Crafts
alkylation of benzene with o,B-unsaturated amides. Tetrahedron Lett. 2004,
45, 3547-3549.

2. Takai, K.; Tezuka, M.; Utimoto, K. Stereoselective synthesis of trisubstituted
o,B-unsaturated esters and amides via reactions of tantalum—alkyne com-
plexes derived from acetylenic esters and amides with carbonyl compounds.
J. Org. Chem. 1991, 56, 5980-5982.

3. (a) Cho, H.; Beale, J. M.; Graff, C.; Mocek, U.; Nakagawa, A.; Omura, S.;
Floss, H. G. Studies on the biosynthesis of the antibiotic reductiomycin in
streptomyces xanthochromogenus. J. Am. Chem. Soc. 1993, 115, 12296-
12304; (b) Musso, D. L.; Cochran, F. R.; Kelley J. L.; McLean, E. W.; Selph,
J. L.; Rigdon, G. C; Orr, G. F.; Davis, R. G.; Cooper, B. R.; Styles, V. L.;
Thompson, J. B.; Hall, W. R. Indanylidenes, 1: Design and synthesis of (E)-2-
(4,6-difluoro-1-indanylidene) acetamide, a potent, centrally acting muscle
relaxant with anti-inflammatory and analgesic activity. J. Med. Chem.
2003, 46, 399-408.



Downloaded by [New Y ork University] at 10:09 13 May 2015

Oxidation of a,f-Unsaturated Aldimines 2365

10.

11.

12.

13.

14.

15.

(a) Baldwin, J. E.; Dupont, W. A. Conjugate addition of organolithium
reagents to acrylanilide anions. Tetrahedron Lett. 1980, 21, 1881-1882;
(b) Mpango, G. B.; Mahalanabis, K. K.; Mahdavi-Damghani, Z.; Snieckus,
V. Tandem conjugate addition-alkylation of unsaturated amides synthetic
methodology. Tetrahedron Lett. 1980, 21, 4823-4826; (c) Pozas, R.; Carballo,
J.; Castrob, C.; Rubio, J. Synthesis and in vitro antitrypanosomal activity of
novel Nifurtimox analogues. Bioorganic & Medicinal Chemistry Lett. 2005,
15, 1417-1421.

Maki, T.; Ishihara, K.; Yamamoto, H. N-Alkyl-4-boronpyridinium salts as
thermally stable and reusable amide condensation catalysts. Org. Lett.
2005, 7, 5043-5046.

Shindo, M.; Oya, S.; Murakami, R.; Sato, Y.; Shishido, K. Highly (E)-
selective synthesis of o,B-unsaturated amides from N-2-methoxyphenyl
aldimines via lithium ynolates. Tetrahedron Lett. 2000, 41, 5947-5950.
Concelld, J. M.; Bardales E. Synthesis of aromatic (E)- or (Z)-a, B-
unsaturated amides with total or very high selectivity from o,B-epoxyamides
and samarium diiodide. J. Org. Chem. 2003, 68, 9492-9495.

Kojima, S.; Inai, H.; Hidaka, T.; Fukuzaki, T.; Ohkata, K. (Z)-Selective
synthesis of o,B-unsaturated amides with triphenylsilylacetamides. J. Org.
Chem. 2002, 67, 4093-4099.

. Gandon, V.; Bertus, P.; Szymoniak, J. New transformations from a 3-silyloxy

2-aza-1, 3-diene: consecutive Zr-mediated retro-brook rearrangement and
reactions with electrophiles. Tetrahedron 2000, 56(26), 4467-4472.

Fortin, S.; Dupont, F.; Deslongchamps, P. A new bis(2,2,2-trifluoroethyl)
phosphonate for the synthesis of (Z)-unsaturated N-methoxy-N-methyla-
mides. J. Org. Chem. 2002, 67, 5437-5439.

(a) Yang, D.; Wong, M. K.; Yip, Y. C. Epoxidation of olefins using methyl
(trifluoromethyl)dioxirane generated in situ. J. Org. Chem. 1995, 60, 3887—
3889; (b) Yang, D.; Yip, Y. C.; Tang, M. W.; Wong, M. K.; Cheung, K.
K. Novel cyclic ketones for catalytic oxidation reactions. J. Org. Chem.
1998, 63, 9888-9894; (c) Ho, C. Y.; Chen, Y. C.; Wong, M. K.; Yang, D.
Fluorinated chiral secondary amines as catalysts for epoxidation of olefins
with Oxone. J. Org. Chem. 2005, 70, 898-906.

Thottumkara, A. P.; Bowsher, M. S.; Vinod, T. K. In situ genetation of
o-lodoxybenzoic acid (IBX) and the catalytic use of it in oxidation reac-
tions in the presence of Oxone as a co-oxidant. Org. Lett. 2005, 7, 2933~
2936.

Travis, B. R.; Narayan, R. S.; Borhan, B. Osmium tetroxide—promoted
catalytic oxidative cleavage of olefins: an organometallic ozonolysis. J. Am.
Chem. Soc. 2002, 124(15), 3824-3825.

Desai, L. V.; Malik, H. A.; Sanford M. S. Oxone as an inexpensive, safe, and
environmentally benign oxidant for C-H bond oxygenation. Org. Lett. 2006,
8, 1141-1144.

Chan, W. K.; Ho, C. M.; Wong, M. K.; Che, C. M. Oxidative amide syn-
thesis and N-terminal o-amino group ligation of peptides in aqueous
medium. J. Am. Chem. Soc. 2006, 128, 14796-14797.



Downloaded by [New Y ork University] at 10:09 13 May 2015

2366 Z.Lu et al.

16.

17.

18.

19.

20.

(a) Bortolini, O.; Fantin, G.; Fogagnolob, M.; Mari, L. Control of the enan-
tioselectivity by keto bile acid derivatives in the epoxidation of alkenes with
oxone. Tetrahedron: Asymmetry 2004, 15, 3831-3833; (b) Hashimoto, N.;
Kanda, A. Org. Proc. Res. Dev. 2002, 6, 405-406.

Mohajer, D.; Iranpoor, N.; Rezaeifard, A. Simple and highly efficient
synthesis of oxaziridines by tetrabutylammonium oxone. Tetrahedron Lett.
2004, 45, 631-634.

Aube, J.; Wang, Y. G.; Hammond, M.; Tanol, M.; Takusagawa, F.; Velde,
D. V. Synthetic aspects of an asymmetric nitrogen-insertion process: Prep-
aration of chiral, non-racemic caprolactams and valerolactams: Total syn-
thesis of (-)-alloyohimbane. J. Am. Chem. Soc. 1990, 112, 4879-4891.

(a) An, G.; Rhee, H. Oxidation of N-benzylaldimines to N-benzylamides by
m-CPBA and BF3 e OEt,. Synlett 2003, 876-878; (b) An, G.; Kim, M.; Kim,
J. Y.; Rhee, H. Oxidation of aldimines to amides by m-CPBA and
BF3 e OEt,. Tetrahedron Lett. 2003, 44, 2183-2186.

(a) Kazuyoshi, T.; Kanoko, T.; Hiroaki, T.; Rie, S.; Masumi, T.; Haruo, O.
Novel reactions of S, S'-bis(l1-phenyl-1H-tetrazol-5-yl) dithiocarbonate.
Chem. Pham. Bull. 1989, 37, 2334-2338; (b) Bell, A. S.; Fishwick, W. G.;
Reed, J. E. Highly efficient diastereoselective exo Diels—Alder reactions of
homochiral 2-(N-acylamino)-1-thia-1,3-dienes: A powerful entry into opti-
cally pure theopyrans. Tetrahedron Lett. 1996, 37, 123-126; (c) Tetala, K.
R.; Whitby, R. J.; Hurtshouse, M. B. Palladium-catalyzed three-component
synthesis of o,B-unsaturated amidines and imidates. Tetrahedron Lett. 2004,
45, 6991-6994; (d) Ramiro, S.; Gary, V.; Lisa, D. The direct conversion of
carboxylic acids to carboxamides via reaction with unsolvated bis(diorganoa-
mino) magnesium reagents. Synth. Commun. 1989, 19, 2909-2913; (e) Ritsuo,
1.; Masahiko, S. A catalytic asymmetric synthesis of chiral glycidic acid
derivatives through chiral dioxirane-mediated catalytic asymmetric epoxida-
tion of cinnamic acid derivatives. J. Org. Chem. 2004, 69, 4216-4226;
(f) Eugenio, H. F.; Mario, F. Z.; Oscar, G. B.; Omar, M. M.; Mario, O. Prac-
tical and efficient synthesis of (E)-o,B-unsaturated amides bearing (S)-o
-methylbenzylamine from 2-phosphonamides via Horner-Wadsworth-
Emmons reaction. Synlett. 2006, 440-444; (g) Mark, L.; John, M.; Harpreet,
G. Rhodium-catalyzed Heck-type coupling of boronic acids with activated
alkenes in an aqueous emulsion. Synthesis 2004, 12, 2006-2014; (h) Delaney,
A. D.; Currie, D. J.; Holmes, H. L. Partition coefficients of some N-alkyl and
N,N-dialkyl derivatives of some cinnamamides and benzalcyanoacetamides
in the system cyclohexane-water. Can. J. Chem. 1969, 47, 3273-3277; (i) Li,
Y.; Liang, F.; Bi, X.; Liu, Q. Intramolecular Thia-anti-Michael addition of
a sulfur anion to enones: A regiospecific approach to multisubstituted thio-
phene derivatives. J. Org. Chem. 2006, 71, 8006-8010; (j) Bhatia, M. S.; Kaur,
A.; Kaur, B.; Cherian, X. M. Synthesis and juvenial hormone activity of
N-(substituted)-yl-3-(sub-1’-phenyl)acrylamides and N-(substituted)-yl-2-
alkyl-3-(sub-1’-phenyl)acrylamides. J. Ind. Chem. Soc. 1989, 66, 205-206;
(k) Hong, Y. T.; Lee, J. T.; Ryu, C. M.; Kim, J. Palladium catalyzed synthesis
of aryl conjugated enamides. Taehan Hwahakhoe Chi. 1985, 29, 287-94.



