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A New Entry to Azomethine Ylides from Allylic Amines and Glyoxals:
Shifting the Reliance on Amino Ester Precursors
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ABSTRACT: The first examples of azomethine ylides derived from allylic H & H o
amine and glyoxal precursors are reported. The condensation of primary Rjg\(NHZ . Oﬁ)ka' — R\%}( N\W)J\R'
H R HH H

allylic an.d a-ar'yl amines with glyoxylfites or a-aryl glyoxals.a‘ﬁ‘ords conjugated a”F;/”c jmi:es ayoxall(Fr = ey mind
azomethine ylides that undergo facile [3 + 2] cycloaddition, providing S- (R=H, alkyl ary)  al, heteroary) formation |
alkenyl pyrrolidine cycloadducts that cannot be accessed through the classical i = R N
use of amino esters as ylide precursors. M, R N%n' B, Y 2
BN H H X N R
azomethine ylide 1 ;( e mpTe s
lognaten up to 94% yield
he early reports by Grigg' and Hamelin®> on the route circumventing these difficulties would therefore be
generation of ester-stabilized azomethine ylides by desirable.
thermal 1,2-prototropy of a-iminoesters was a notable advance Our research program is centered on new methodologies for
in heterocyclic chemistry, as access to a variety of pyrrolidines the formation of structurally advanced azomethine ylide
became available through 1,3-dipolar cycloaddition. Later, systems. We previously described a method for the synthesis
Grigg’s important discovery of metalated azomethine ylides® of azomethine ylides through the 2-aza-Cope rearrangement of
derived from aryl aldehydes and @-amino esters enabled imines derived from homoallylic amines and glyoxylate esters,
cycloadditions to occur at lower temperatures with enhanced which after [3 + 2] dipolar cycloaddition afforded multi-
regio- and stereocontrol.* Steady progress has been made in the substituted 2-allylpyrrolidine products.'” Drawing on this work,
area since, including catalytic metal/base systems,® stereo- we now report a method for ylide formation that circumvents
induction by chiral auxiliaries,” and many asymmetric processes the reliance on a@-amino esters as ylide precursors, thereby
via chiral Lewis acid complexes’ or organocatalysis.” providing access to new azomethine ylide systems unattainable
Despite these advances, a commonly overlooked drawback is by classical methods (Scheme 2). It should be synthetically
the almost exclusive reliance on @-amino esters as azomethine feasible to condense an allylic amine (10) onto a a-dicarbonyl
ylide precursors. Instances remain in which the condensation of compound such as a glyoxylate ester (11). The enhanced
a primary amino ester and an aliphatic aldehyde will not electrophilicity of the aldehyde function would promote rapid
produce the desired azomethine ylide. The condensation of imine formation (13), thereby satisfying the first criterion for
amino ester 2 (Scheme 1) with an aliphatic, @,f-unsaturated azomethine ylide formation. Although glyoxylimine 13 is
aldehyde such as acrolein (1) could, in principle, yield a useful, isolable,'® a deprotonation event must occur at its allylic
vinyl azomethine ylide (4) for the preparation of synthetically carbon to generate the desired, ester-stabilized azomethine
versatile S-alkenyl proline scaffolds (6). Such scaffolds have ylide. Unfortunately, the pK, of the allylic protons, though not
been used for the synthesis of Pro-Pro dipeptide mimics,” novel unreasonably high, are beyond the reach of most organic bases.
pyrrolidine-derived influenza neuraminidase inhibitors,'® ana- However, if a catalytic, coordinating metal is present to
logues of the immunomodulatory macrolide ascomycin,'' and establish a chelate between the ester and imine moieties, the
peptidomimetics for the endocrine hormone thyroliberin.'? acidity of the allylic protons may be reduced to an extent that
However, direct 1,2-addition of the amine onto acrolein is would permit deprotonation. A mild amine base would
complicated by competing 1,4-conjugate addition (cf. 7 and 8). therefore allow the formation of an azomethine ylide (4)
Indeed, the synthesis of aldimines from primary amines and identical to that seemingly unattainable from acrolein. Dipolar
acrolein are generally not successful,"> primarily attributable to cycloaddition with a dipolarophile (5) would afford pyrrolidine
1,4-additions and oligerimerization upon exposure to protic or scaffolds (6) bearing an alkenyl moiety for further structural
Lewis acids.'* Further, any acrolein present in the reaction advancement.
mixture could also compete as a dipolarophile (cf. 9)."> Though Control experiments attempting to obtain ylide 4 through
desirable in some cases, it does not permit the general diversity classical methods (i.e., Scheme 1) confirmed that the reaction

achievable by varying the dipolarophile. For these reasons, of glycine methyl ester (2) with acrolein (1), silver acetate,

examples of azomethine ylides derived from amino esters and
aliphatic, @,f-unsaturated aldehydes are not widespread,m Received: July 30, 2014
attributable to the difficulty of their preparation. A synthetic Published: September 23, 2014
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Scheme 1. Competing Processes with the Use of @-Amino Esters and a,ﬂ-Unsaturated Aldehydes toward Azomethine Ylides
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Scheme 2. A Conceptually Different Strategy for Azomethine
Ylide Formation
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Table 1. Optimization of Reaction Conditions for
Cycloadduct Formation®

/\/ NH, Ho ©
AgOAc (10 mol %

JJ\H/OEt " [:é gbase(rt 24h 0" Ot

©\/ Y N o

Ph
15 18 (R = vinyl)
19 (R = phenyl)
entry amine  base  14/1S5: 16:17  solvent  product yield (%)

1 14 Et;N 1:1:1 PhMe 18 N
2 1§ Et;N 1:1:1 PhMe 19 60
3 14 DBU 1:1:1 PhMe 18 10
4 15 DBU 1:1:1 PhMe 19 23
S 15 Et;N 1:1:1 THF 19 36
6 15  EtN 1:1:1 CH,Cl, 19 2
7 15 Et;N 1:1:1 MeCN 19 47
8 14 Et;N 2:2:1 MeCN 18 84
9 15 Et;N 2:2:1 MeCN 19 86

“Conditions for entries 1—7: amine 14 or 15 (1.0 equiv), 16 (1.0
equiv), 17 (1.0 equiv), Et;N or DBU (1.0 equiv), AgOAc (0.1 equiv),
solvent, rt, 24 h. Conditions for entries 8—9: amine 14 or 15 (2.0
equiv), 16 (2.0 equiv), 19 (1.0 equiv), Et;N (2.0 equiv), AgOAc (0.1
equiv), MeCN, rt, 24 h.

Scheme 3. Origins of Stereoselectivity

OEt
o] H 9
Ag-—--0 Ag-N ] AN Rt
—_N R T
A/ sHLOEt s Ry B
H) ( H R' H (o) N (0]
allylic 1,3-strain endo approach 1P8h

minimized

triethylamine, and phenyl maleimide led to no detectable
cycloadduct (6) and only a complex mixture. Therefore, the
teasibility of reaching ylide 4 through the logic outlined in
Scheme 2 was investigated. For our initial optimization studies,
allylamine (14), ethyl glyoxylate (16), and phenyl maleimide
(17) were selected as substrates. Control experiments revealed
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Table 2. Substrate Survey of the Allylic Amine Component”

H'\H\/ . H)KWOB 17, AgOAC, EtsN
MeCN, rt, 24 h

entry amine product yield (%)
w0
N
NHCI ~ %t
1 SN 70
21
07Ny~ 0
Ph
26
H (o}
N
OEt
2 = NH;CI 66
22 0P S0
Ph
27
h ©
' d OFEt
NHCI
3 = N 64
23
0= Ny 0
Ph
28
Ph NHCI ~ OFt
4 NN 81
2
07N\~ =0
Ph
29
Ph NH ~ oFt
5 NN 80
25
0=\~ S0
Ph
29

“Reaction conditions: amine 21—25 (2 equiv), 16 (2 equiv), Et;N (2
equiv for 21—24), MeCN, 30 min; then 17 (1 equiv), AgOAc (0.1
equiv), Et;N (2 equiv), rt, 24 h.

that clean glyoxylimine formation between 14 and 16 was
achieved within 10 min. Encouragingly, stirring a 1:1:1 mixture
of 14, 16, and 17 in PhCH; with Et;N (2 equiv) and catalytic
AgOAc (10 mol %) effected azomethine ylide formation and
cycloaddition within 24 h at rt, delivering S-vinyl pyrrolidine 18
(Table 1, entry 1) in 50% vyield as one diastereomer.
Benzylamine (15, Table 1, entry 2) was also investigated on
the basis that the benzylic proton of its glyoxylimine would be
sufficiently acidic through catalysis.'” Prior to our work,
azomethine ylides were generated via the imines of secondary
benzylic amines and glyoxylates under only thermal, proto-
tropic conditions.*
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Table 3. Surveying the Dicarbonyl Substrate: Phenyl
Glyoxal®

R 0 R
R'ﬁ/K/NHz +H 17, AgOAc, EtsN
14,15, MeCN, 1t, 24 h

R" 21-23,25 o
30
entry amine product yield (%)
e
N
NH ~
1 A 86
14
07N~ ~0
Ph
31
e
Ph N
2 (ijH2 65
15 07N 0
Ph
32
w ©
N
=
NHCI
07N\~ 0
Ph
33
h o
N
4 )\/NHGC' 74
22 fo) N fo)
Ph
34
uw O
N
NHClI -
5 Z ° 82
23
07N~ >0
Ph
35
. o
Ph NH i
6 NN 67
25
07N\~ S0

Ph
36

“Reaction conditions: amine 14, 15, 21-23, 25 (2 equiv), 30 (2
equiv), Et;N (2 equiv for 21—23), MeCN, 30 min; 17 (1 equiv),
AgOAc (0.1 equiv), Et;N (2 equiv), rt, 24 h.

Employing DBU as the base (entries 4 and S) led to a
noticeable decrease in yield through its unfavorable addition
reaction with phenyl maleimide. The use of THF or CH,Cl, as
solvents led to slightly decreased yields (entries S and 6), while
MeCN (entry 7) promoted substrate solubility and a
comparable yield to PhCH;. In each case, the high levels of
stereocontrol were rationalized through two factors: (1) a
conformationally rigid, metal-coordinated W-shaped ylide in
which allylic 1,3-strain is minimized and (2) the endo approach
of the dipolarophile (Scheme 3).

Efforts to account for the mass balance in entries 1-7
revealed that a large portion (up to 43%) of the product was
being consumed in a subsequent process: conjugate addition of
the pyrrolidine nitrogen onto a second equivalent of phenyl
maleimide. To circumvent this problem, it was postulated that
increasing the ratio of glyoxylimine to dipolarophile from 1:1 to
2:1 would facilitate consumption of the dipolarophile through
cycloaddition before subsequent conjugate addition could
occur. Gratifyingly, employing this tactic greatly increased the
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Table 4. Surveying the Dicarbonyl Substrate: Indole
Glyoxal®

17, AgOAc
Et3N n, 24 h
14 15,

R"21.23,25 37

entry amine
1b AN
14
y O
Ph N
2b ©\/ NH, l N 75
15 e

Ph

39
3¢ \/\21/ NH,Cl 92
4 93
S¢ 94
6¢ Ph A~ NH: 62

25

N
Ph
43

“Reaction conditions: amine 14, 15, 21-23, 25 (2 equiv), 37 (2
equiv), Et;N (2 equiv for 21— 23) 30 min; 17 (1 equiv), AgOAc (0.1
equiv), Et;N (2 equiv), rt, 24 h. In THF. “In MeCN.

yield of the desired cycloadduct for both allyl and benzylamine,
providing 18 and 19 in yields of 84% (entry 8) and 86% (entry
9), respectively.

We next investigated the scope of the amine component. In
principle, amines bearing substituted 7 functions other than
allyl or benzyl might also serve as azomethine ylide precursors.
With the specific goal of studying the chemical reactivity of
substituted # and aryl functions within this component,
branched allylic systems such as crotyl (21, Table 2), isobutenyl
(22), prenyl (23), and cinnamylamine (24, 25) were subjected
to our optimized conditions with ethyl glyoxylate as the
electrophile. Such 7 systems were expected to facilitate
azomethine ylide formation upon metal coordination in similar
fashion to 14. For convenience, amines 21—24 were used as
their hydrochloride salts*" and liberated in situ prior to
condensation with 16. Each underwent facile azomethine ylide
formation and cycloaddition to provide cycloadducts 26—29 in
good to excellent yields as one diastereomer (Table 2), whose
configuration was determined by 1D-NOE studies as described
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in our previous work.'”*> Whether the free base or the HCI-
salted amine was used appeared to have no impact on the
overall yield (compare entries 4 and 5).

Recognizing the value of accessing pyrrolidines not easily
prepared through classical protocols, we viewed our findings as
an underdeveloped method for ylide formation and set out to
investigate the scope of the electrophile. Based on our success
with ethyl glyoxylate, we hypothesized that additional a-
dicarbonyl systems such as arylglyoxaldehydes and heteroaryl-
glyoxaldehydes, each bearing functional groups available for
both imine condensation and metal coordination, should meet
the criteria for azomethine ylide formation and react
accordingly. Phenyl glyoxal (30, Table 3) was first selected,
and gratifyingly, its ability to furnish azomethine ylides upon
condensation with amines 14, 15, 21-23, and 25 was
successfully demonstrated. Good to excellent yields were
obtained for allylic, substituted allylic, a-aryl, and conjugated
a-aryl systems, each delivering the corresponding cycloadducts
(31—36) as one observable diastereomer.

Indole glyoxal (37, Table 4) was next investigated as our
specific interest in this electrophile centers on its anticipated
utility in alkaloid total synthesis.”* In either MeCN or THF,
good to excellent yields were again achieved for all entries.

In summary, we present the first examples of azomethine
ylides from allylic amine and glyoxylate or glyoxal precursors,
thereby expanding the methods through which these important
ylide intermediates may be prepared. It is also important to
empbhasize that because the corresponding cycloadducts are not
readily obtained through the classical method of generating
azomethine ylides from a-amino ester precursors, the scope of
pyrrolidine scaffolds obtainable through dipolar cycloaddition is
also expanded.*® Efforts toward catalytic, asymmetric variants
and applications in alkaloid total synthesis are currently
underway.
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