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pyrroline synthesis

Formal [3+2] cycloaddition of Ugi adducts towards pyrrolines.

Abdelbari Ben Abdessaldff'Raoudha Abderrahim ® Asma Agrebi& Aurélie Dos
Santod¥Laurent El Kaim,® Andrew Komesk§!

((Dedication----optional))

Pyrrolines and pyrroles heterocycles have foundde wange of this properties in minds, we envisioned that Ugilladds may be
applications in both medicinal chemistry and mafesciences. engaged in Michael type reaction and tried to figaut conditions

Their importance may be related to the numeroustheges allowing to cyclize the intermediate Michael adduét
available starting from the early named reactfodsnong these

methods, the [3+2] cycloadditions of azomethindggi have shown  Komatsu 1-4-silatropy

particular usefulness in the fast assembly of taerocyclic coré. )

The transient 1,3-dipolar species, easily obtain#tdough o JiMes Me3s'0\ 5y pmap o0 COMe
deprotonation of intermediate iminiums or decarbatign, readily R~ N7 Ph T | RTNTTPR L TR g /N\ Ph

add to olefines and alkynes. More recently impdrefforts have Me e Me

been made to report enantioselective versions oseth Padwa yide cascade oH
cycloadditions’ Compared to reactive pathways involving iminium 0 9 Q COMe Q
intermediates, the use of amides to generate itle i¥ much less Mo _Rn_ Cy)\ o Cy)\ (.

documented. Indeed, amides are poorly reactiveuandlly require NYO N\fo* ; YO T Ny COMe
an activation step with strong electrophiles toagbtactivated Me Me Me Me
imidates such as munchone derivativesone to undergo [3+2] 1ricwork:

cycloaddition. Besides the generation of the latter,elegant 1,4 o_ 4 RSYO R® CN
silyl transfer (Scheme 1, A)a rhodium triggered generation of RINH, MeoH 1N~ CONHR, WCN RN
azomethine ylides from diazoamides (Scheme 1,aB)well as a | Ds ¢+ RCOMH — — CONHR;
1,3-dipole formation through Vilsmeeir-Haack cyaeliorf are 7 RANG (\5_ base, A G

worth to be mentioned. Herein we wish to presentiramsual [3+2]
type cycloaddition under microwave conditions withoprior  Scheme 1. Pyrroles and pyrrolines formation from amides
activation of the amide moiety (Scheme 1, C).

Acrylonitrile 1a and methyl acrylatelb were selected as
The field of multicomponent reactions is stronghsaciated with ~Potentially highly reactive Michael acceptors todgtgi adducga
the Ugi reactiori. The use of the latter to generate libraries oPrepared in 78% isolated yield from 4-methoxybedeayde,
heterocycles and to achieve the synthesis of higtdynplex methoxyethylamine, chlorobenzylisocyanide and acatid. Due to
derivatives within a limited number of steps hdmstated a rapid the volatility of 1a and1b, the latter were heating under microwave
growth of the field. Besides these properties, Ipcstplored in With 2a .in variou§ solvents .together different amounts of
medicinal chemistry, the Ugi reaction remains amlarastimated triethylamine  or dgzc{n)pcrcf)p')lllzmlne. (DIPEA()j'd ’22 attfplts at
tool to tackle new reactivity studies. Whenever ageni possessing temperature up to 1 ailed to give any addubeein toluene,

) - . . - _methanol, acetonitrile or DMF. However, raising teeperature to
relatively acidica-proton are searched for, using the Ugi reactlori o -

. . . . . . 40°C in MeOH allowed us to observe traces of a nempound
avoids tedious preparation of starting materiald an easy tuning

3a after 30 minutes heati h 2).
of the acidity through proper choice of startingdedlydes? With aafter 30 minutes heatir@cheme 2)

Cl Cl
(0] NC, Q

Jz) % NH ZCN (x equiv) i NH
. Me N _ = Me N
[a] UMR 7652 (Ecole Polytechnique/ENSTA/CNRS), base (y equiv) OMe
Laboratoire Chimie et Procédés, ENSTA-ParisTech, 828 Bd cz)':'e solvent,, A 1a
des maréchaux, 91120 Palaiseau, France. Tel: OMe OMe

0033181872020; E-mail: laurent.elkaim@ensta.fr 3a

. DIPEA (y = 1), MeOH, 140°C (MW), 30 min : traces
, DIPEA (y = 0.5), MeOH, 140°C (MW), 30 min: ~ 45%

. DIPEA (y = 0.5), MeOH, 120°C (MW), 30 min: -

, DIPEA (y = 0.5), MeOH, 140°C (MW), 30 min:  57%

, NEt3 (y = 0.5), MeOH, 140°C (MW), 30 min: 56%

. DIPEA (y = 0.5), CF3COH, 140°C (MW), 30 min: 67%

, DIPEA (y = 1), CF3CO5H, 140°C (MW), 30 min:  46%

[b] Laboratory of Physics of Lamellaires Materials and Hybrids
Nanomaterials, University of Carthage, Faculty of Sciences
of Bizerte, Zarzouna 7021, Bizerte, Tunisia.
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Scheme 2. Pyrroles and pyrrolines formation from amides

Supporting information for this article is available on the To our Surprise the structure 84 revealed that a [3+2] type
m under http:/fwww.angewandte.org or from the process was under the way with final eliminatioatter to form
' pyrrolines. The yield could be raised reasoning tathe high
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temperature required for the coupling, importardsi@f Michael
acceptor was occurring through oligomerisation a@vaysis. With

3 equiv of 1a, treating2a with 0.5 equiv of DIPEA in MeOH
afforded3a in 45% isolated yield, whereas 6 equiv led to tebe
57% vyield. Under these conditions non protic solsesuch as
acetonitrile, toluene or DMF didn't give any adduitided lithium

salts in methanol (LiCl, LiOTf) did not improve thesaction,

however using a more acidic solvent such as triflathanol gave
the best yield in the absence of Lewis acid. Higimapunt of base
was detrimental and triethylamine remained slightlys efficient.
The following reactions were thus performed inludfethanol with

0.5 equiv of DIPEA and 6 equiv of Michael accepad the results
gathered in Table 1

Table 1.Scope of the pyrroline synthesis

3
3 E R E
RNH;  gine R © ||/ Bequv /=
R'CHO +  ——= RZNYCONHR“ R™
MeOH DIPEA, 0.5 equiv .
R3COH R! 140°C MW, 30min  R' CONHR
2 1a: E=CN 3
1b: E=CO,Et
1 2 2 3
Bory R R R R 1 (vield %) (Yield %)
=
1 4(MeO)GH, n-Pr Me C,ﬁ la 2b(74) 3b(60)
2 4(MeO)GH: n-Pr Me Cy la 2c(73) 3c(17)
3 4(MeO)GH. allyl Me Cy 1la 2d(84) 3d(26)
4 4(MeO)GH, allyl Me tBu  la 2e(66)
o
5 4(NO)CeHs n-Pr Me C,ﬁ la  2f(70)  3f(51)
-
6 4(MeO)GHs n-Pr Et C,ﬁ la 29(86) 3g(49)
-
7 4(MeO)GH, allyl Et C,ﬁ la 2h(89) 3h(55)
o
8  4CIGH,  nPr Et C,ﬁ la  21(61) 3 (64)
o
9 4(MeO)GH, allyl 4-ClCeHs C,ﬁ la 2/ (88) 3 (54)
-
10 4(MeO)GH: nPr 4-MeGH, C,ﬁ la 2k (65) 3k (42)
-
Meog
11 4(MeO)GH, allyl Me la 2(70) 3(57)
£
o
12 4CIGH, é} Me C,ﬁ la 2m(74) 3m(59)
OMe
OMe
&
o
13 4-CIGH, é;L H C,g la 2n(84) 3n(54)
OMe
OMe
P v
14 ©/v @Me Me C,ﬁ la 20(66) 30(57)
Me
o
15 4-(MeO)GH, allyl Me C,ﬁ b 2p(80) 3p(22)
T ¢
16 4-(MeO)GH. Oﬁ Me C,ﬁ 1 2a(78) 3q(25)
e

The Ugi reaction was very efficient without muchmise and
the following cyclizations with acrylonitrile gaveyrrolines in
moderate to good yields for a variety of Ugi addumtepared from
aromatic aldehydes. On the latter, both electrahdvawing and
electron-donating groups afforded final products comparable
yields. The cyclization was observed with simildficeency when
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performed on an Ugi adduct of cinnamaldehyde (Tablentry 14).
The synthetic sequence was not limited to acetid &Eable 1,
entries 1-5, 11, 12, 14-16), as propionic (Tableedtries 6-8),
benzoic (Table 1, entries 9, 10) an formic acidl(€ 1, entry 13)
lead to amides that cyclize equally well under ¢hesnditions. The
main limitations concern the nature of the isocgtariand Michael
acceptors involved. Benzylic isocyanides were thestnadficient
whereas cyclohexyl isocyanide led to pyrrolinefoin yields (Table
1, entries 2, 3) antdbutyl Ugi adduct<e did not react at all under
the same conditions (Table 1, entry 4). Acrylolétrivas the only
electron-deficient alkene we could couple with oreble yields
under these conditions. Methyl acrylate in largeess afforded
pyrrolines3p and3q in modest yields (Table 1, entry 15, 16) &ad
failed to react with N-phenylmaleimide or dietyladene
dicarboxylate under the same conditions (limititng tamount of
these Michael acceptors to 2 equiv).

Among the numerous transformations of Ugi adduddslalsed
in the literature the number of nucleophilic adwis onto the amide
moiety is rather limited. Most examples are asgedido amine
additions towards benzimidazole or quinazolinedgives'?To the
best of our knowledge the only amido to enamino ugro
transformation involving Ugi adducts was observadai pyrrole
synthesis using cyclohexenyl isocyanide as a cdibleisocyanide
in the Ugi reaction'® The activation of the amide moiety is brought
by the formation of an intermediate Munchnone whirtdergoes
further cycloadditions with dimethylacetylene dioaxylate.
Besides the paucity of related transformations, diidization raises
interesting mechanistic questions as the amidetifurality is not
expected to be activated for a [3+2] cycloadditionder these
conditions. A further related cyclization towardyriples was
observed under addition of phosphonoamid® diethylacetylene
dicarboxylate (Scheme 3j.The reaction performed under basic
conditions is strongly activated with added Lewisida. The
intermediacy of a cyclic pentacoordinate phosphbased dipol®
was postulated. The latter may react with the akiygnform pyrrole
6 after cleavage of the phosphorous group.

[ RO O™
R{0-P j)\
prtolyl” N7 > pmp
RO,
RO-F™ 0 1) LHMDS Ph EI0,C COEt
-78°C
polyl” SN Spmp — 2% o u DEAD M
2) Lewis Acid p-tolyl N PMP
Ph " A
RiQ_O Ph
4 R{0-P—0
~ 6
p-tolyl”™ “N7, “PMP|

-

Scheme 3. Pyrrole formation from phosphonoamide 4.

Though the formation of a pentacoordianate phospiwodipole
is well suited to explain the former reaction, tla@alogous
tetrahedral adduct from amides is unlikely to be tteactive
intermediate in our reaction. However at the higimperature
allowed by microwave conditions together with thee wf a rather
acidic solvent and a base, the existence of adilguin betweer?
and a dipolar structure could explain the following cycloaddition
leading to3 (Scheme 4, A). Alternatively munchnone type 1,3-
dipoles8a and8b could give bicyclic intermediate3a or 9b after
cycloaddition with acrylonitrile (Scheme 4, B). Ik formation of
dipole 8b could fit with the strong dependence of the rearcto the
nature of the starting isocyanide. A further ploidisy would be the
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stepwise Michael addition followed by a knoevenaggpe 2H), 3.10-3.07 (m, 2H), 3.05-3.00 (m, 1H), 2.983ld, OMe), 2.82-
condensation (Scheme 4, C). To test this latter #ngsis, the 2.75 (m, 1H), 2.05 (s, 3H*C NMR (CDCI3, 100.6 MHz):5 (ppm)
cyanoamidel0 was prepared by a standard alkylation/acylatioi73.4, 161.8, 159.5, 136.7, 133.3, 131.4, 129.8,9.228.8, 119.4,
procedure from 4-chlorobutyronitrile (Scheme 4). &ithtreated 114.1, 77.4, 76.1, 70.1, 58.5, 55.3, 44.9, 44.32,4B4.1. |.R. (thin
under our cyclization conditions, no pyrroline fation was film): 3301, 3051, 2930, 2836, 2182, 1656, 1606,0,5.407, 1251,
observed and0 was recovered unchanged. Aware that a Thorpd182, 1089, 728, 699 ¢ HRMS: Calcd. For §H,6CIN5Os:

Ingold effect could favor the cyclisation of ourildglducts, we tried
to observe any potential Michael adduct perforntimg reaction at

much lower temperature. Wh@a was heated at 60°C with 6 equiv

of acrylonitrile and 0.5 equiv of DIPEA, a slow a@msion was

observed forming directl$a in 36 % isolated yield after three days.

Though the two-step mechanism cannot be completdgd out,
these last two experiments are more in favor afrecerted process.

Path A
R*HN___O 4
0 base RHNOC 0';' NeN )
1 J\ R’ “ R3
RTSNTTR®  CF3CH,0H N™ R -H,0
R, Ry 7
R2
Path B RN R .
T2, 2a
o R!™- Nf/l\R3 _ N
- Hy | 4
R“HNfo o = R g, R'N 9a
3
2
R! '}lJ\Rs S o R4 R R’l‘ R3
SRS G S S &
2 RITONT SR N, N
| o] R
R
8b 9b
Path C .
RIHN. 0 R! CONHR*
N R! 2
2 Z CN N2 Base N-R® -HO 4
base )\R3 R?
NC 0 NC  OH
.Bn
PN fN DIPEA
—— ———— > no reaction
cl N —— NG o)\ CHs  CF,COH,
10 140°C, MW

Scheme 4. Possible mechanisms for pyrroline formation.

In conclusion, we have disclosed a new pyrrolinattsysis
through addition of Ugi adducts to acrylonitrilehdl reaction
features a surprising activation of an amido residurobably
brought by the use of a protic solvent under mieesvconditions.
The latter conditions avoid the use of added edptiilic reagents to
remove water from the system et generate the weatiB-dipole.

Experimental Section

Typical procedure given f@a: In a microwave vial, Ugi adduea
(150 mg, 0.37 mmol) was dissolved in trifluoroethlafl.5 mL).

To this solution, N,N-diisopropylethylamine (32 pl, 0.5 equiv) and

acrylonitrile (146 pl, 6.0 equiv) were subsequerdglyded. The
resulting mixture was subjected to microwave iraéidn (140°C, 30
min, CEM Discover microwave, 150 W). After completiof the

reaction, extraction with Cj€l, (3x10 mL) and purification by ;

flash column chromatography (80:20 diethyl ethettgeum ether)

afforded 3a as an oil (110 mg, 67% yield). Rf: 0.6 (55:45 ethyl[8]

acetate/ petroleum etheH NMR (CDChk, 400 MHz): & (ppm)
8.16 (t,J= 5.6 Hz, 1H, NH), 7.32-7.29 (m, 2H), 7.24-7.20 @),
6.86-6.82 (m, 2H), 4.52-4.41 (m, 2H), 3.77 (s, 8Me), 3.37 (s,

439.1663, Found: 439.1653.
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Agrebie, A. Dos Santos, L. El Kaim,* A, R3CO,H MeOH R f DIPOEA, 0.5 eqUiV. R! CONHR*

Komesky. Page — R 140°C MW, 30 min

Page - E=CN, CO,Et

Formal [3+2] cycloaddition of Ugi

adducts towards pyrrolines. ) ) ) ) )
Ugi adducts derived from aromatic aldehydes may be converted to pyrrolines via

addition of Michael acceptors under microwave irradiation. The reaction may
proceed via an unusual fomation of azomethine ylide followed by a [3+2]
cycloaddition with the Michael acceptor.



