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A one-pot DABCO-catalysed Michael addition of glycine
imine-derived esters to trans-2-aroyl-3-arylacrylonitriles
followed by a deprotection/cyclization/tautomerization
sequence afforded tetrasubstituted N-unprotected trans-2-
pyrrolines in up to 96% yield.

Among the nitrogen containing heterocycles, pyrrolines
(dihydropyrroles) are important structural moieties present in several
biologically active compounds and pharmaceuticals.! Illustrative
examples are spirotryprostatin B 1, isolated from fermentation of
Aspergillus fumigatus BM939,2 showing growth inhibition toward
leukemia K562 and HL-60 cells, antramicin 2, isolated from
actinomycetes with significant sequence-selective DNA-alkylation
activity® and synthetic tetrasubstitued 2-pyrrolidine 3-(+) showing
antiproliferative activity towards HelLa and MCF7/AZ cell lines
(Figure 1).*
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Fig. 1 Examples of naturally occurring and biologically active 2-pyrrolines.

reactions,” metal-catalysed reactions,® Michael addition/cyclization
sequence® mainly giving access to di- and trisubstituted N-protected
2-pyrrolines.

The development of novel one-pot processes to obtain 2-pyrrolines
is highly desirable and attractive in terms of sustainability and
advantageous in terms of time, costs saving issues and minimal
manual operations. Being interested in the stereoselective synthesis
of a variety of heterocyclic compounds™® and inspired by reports on
stereoselective Michael addition reactions of glycine-derived imine
esters to o,B-unsaturated ketones,'! we focused our efforts on the
development of a convenient route to obtain challenging
tetrasubstituted N-unprotected 2-pyrrolines of type 6 (Scheme 1).
Herein we illustrate the feasibility of a sequential one-pot DABCO-
catalyzed Michael addition/deprotection/cyclization/tautomerization
approach starting from readily accessible glycine imine esters 4 and
trans-2-aroyl-3-arylacrylonitriles 5. trans-2-Pyrrolines 6 have been
isolated in good yield and high diastereoselectivity (Scheme 1).
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Scheme 1 One-pot sequential approach to trans-2-pyrrolines 6.

Pyrrolines have also been used as key-intermediates in total
synthesis of natural products and to access other classes of important
heterocycles such as pyrrolidines and pyrroles.® A variety of studies
focused on approaches to obtain 3-pyrrolines,® whereas
comparatively less attention has been devoted to the synthesis of 2-
pyrrolines. The most successful routes are centered on cycloaddition

This journal is © The Royal Society of Chemistry 2012

Herein, we also show that 2-pyrrolines 6 can be transformed by
oxidation or reduction into the corresponding fully substituted
pyrroles or pyrrolidines, respectively.

Alkene 5a and t-butyl ester glycinate benzophenone Schiff base 4a
were selected as model substrates to study the process, using
different amines as the catalyst (Table 1). First, the Michael addition
reaction was carried out for 20 h using 20 mol % loading of a base in
toluene as solvent (entries 1-6). Then the solvent was removed under
vacuum and the crude mixture was dissolved in THF at 0°C
followed by HCI 1N addition and stirring up to room temperature for
1 h. Secondary bases led to the formation of the expected product 6a
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in moderate yield and complete control of the diastereoselectivity for
the trans-isomer (entries 1 and 2).

Table 1. Optimization of the reaction conditions?

GPh2 Ph — CN 1) base (20 mol%) Ph CN
N solvent, rt, 20 h m
COR g i z)on(::I t1oNr't,T1HhF ROL” N 3
4aR = t-Bu 5a 6aR=1t-Bu
4bR = Et 6b R = Et
Entry 4 Base Solvent Yield 6 trans/cis
(%)° (%)°
1 4a pyrrolidine toluene 64 >20/<1
2 4a  2-piperidinemethanol  toluene 55 >20/<1
3 4a triethylamine toluene 29 >20/<1
4 4a DABCO toluene 90(83) >20/<1
5 4a DBU toluene 54 >20/<1
6 4a t-BuOK toluene 25 >20/1
7° 4a DABCO CHCl; 46 >20/1
8° 4a DABCO THF 88(80) >20/1
9° 4a DABCO CH,CN 88 >20/1
10° 4a DABCO CH;OH 35 >20/1
11° 4b DABCO THF (74) >20/1

# All reactions were carried out using 5a (0.1 mmol), 4 (0.1 mmol), base (20
mol %), solvent (200 uL) for 20 h; then additional 200 pL of THF and 400
uL of HCI (IN) were added at 0 °C. ® Determined by *H-NMR analysis of the
crude reaction mixture with an internal standard. Value in parenthesis
corresponds to isolated yield. ® Reaction time for the first step was 16 h.

Among the tertiary bases tested (entries 3-5) DABCO afforded 2-
pyrroline 6a in good yield and high diastereoselectivity (entry 4). t-
BuOK proved to be a poor base for the process (entry 6). A solvent
screening for the first Michael addition step using DABCO as the
most effective base, showed THF to be as good as toluene (entry 8).
Being the most effective medium for all the steps, THF was chosen
as the reaction solvent to simplify the entire process. The reaction
performed with ethyl ester glycinate benzophenone Schiff base 4b
gave the trans-2-pyrroline 6b in slightly inferior yield (compare
entry 8 with entry 11).

Table 2. One-pot diastereoselective annulation to trans-2-pyrrolines 67

# All reactions were carried out using 5 (0.1 mmol), 4a (0.1 mmol), DABCO
(20 mol %), solvent (200 uL) for the indicated time; then additional 200 pL
of THF and 400 puL of HCI (1N) were added at 0 °C. b Isolateds yieldoafter
chromatography. ¢ Determined by *H-NMR analysi3O!: 10.1039/C4GC02191F

Under the optimized conditions we studied the substrate scope of the
process by reacting a variety of alkenes 5 with compound 4a in the
presence of 20 mol% of DABCO in THF at room temperature (Table
2).

B-Phenyl substituted alkenes with either electron-rich or electron-
poor groups at different positions were smoothly converted into the
corresponding trans-2-pyrrolines in good yields (entries 1-8).
Substitution is well-tolerated either at the aroyl portion and at the -
phenyl ring (entries 9-10).

Replacing the phenyl ketone with an aliphatic ketone as in alkene 4l
did not cause any detriment to the reaction sequence (entry 11),
whereas alkyl substitution at the B-position of the alkene was found
to be detrimental for the reactivity (entry 12).

The feasibility of a one-pot telescoped synthesis of trans-2-
pyrrolines, starting directly from commercially available
benzaldehydes 7, aroylacetonitriles 8 and DABCO, via Knoevenagel
condensation/Michael
addition/deprotection/cyclization/tautomerization sequence has been
also demonstrated (Table 3).

Table 3. One-pot sequential synthesis of trans-2-pyrrolines 6 from
commercially available aldehydes and aroylacetonitriles®

CPh, R2  CN  1)DABCO (20 mol%) R} CN
N — THF, rt Z’_\X
R' 2)HCIIN, THF  Buo,C" >N~ R
CO,t-Bu 0 0°C tort, 45 min H
4a 5 6
Entry R! R? time (h) Yield 6 (%)° dr (%)°
1 Ph Ph 21 96 6a >20/1
2 Ph 4-t-BuCgH, 23 68 6¢c >20/1
3 Ph 3-MeCsH, 28 78 6d >20/1
4 Ph 2-MeCgH, 40 77 6e >20/1
5 Ph 4-BrCgH, 23 75 6f >20/1
6 Ph 3-BrCeH, 24 68 69 >20/1
7 Ph 4-NO,CsH, 18 80 6h >20/1
8 Ph 2-naphthyl 24 50 6i >20/1
9 3-CICsH, Ph 21 58 6j >20/1
10  4-MeOCgH, 4-BrCgH,4 28 75 6k >20/1
11 Ph(CH,), Ph 23 87 6l >20/1
12 Ph cyclohexyl 24 - 6m -
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CN
1) DABCO (20 mol%)
k toluene, MS, 80 °C, \
7 g | 2)dar tBuO,C'
N 3)HCl 1N, THF
0° to30°C,
Entry R' R? tut (h)  Yield6 (%)°  dr

(%)°
1 Ph Ph (4.5)(23) 77 6a >20/1
2 Ph 4-t-BuCgH,  (7)(24) 70 6C  >20/1
3 Ph 3-MeCgH, 6)(22) 60 6d >20/1
4 Ph 4-BrCeH, M)(22) 82 6f  >20/1
5 Ph 3-BrCeH, (7)(19) 73 6g >20/1
6 Ph 4-NO,C¢H4 4)(21) 62 6h  >20/1
7 Ph 2-naphthyl (6)(25) 55 6i >20/1
8 3-CIC¢H, Ph (4)(24) 70 6j >20/1
9 4-MeOCgH,  4-BrCgH. (5)(26) 66 6k  >20/1

® All reactions were carried out stirring 7 (0.25 mmol), 8 (0.25 mmol),
DABCO (20 mol %), solvent (500 pL) and MS (20 mg) at 80 °C for the
indicated time (t;). The reaction mixture was cooled down at rt and 4a (0.25
mmol) was added, stirring maintained for the required time (t;). Toluene was
removed, the crude diluted with THF (1 mL) and then HCI (1N) (1 mL) was
added at 0 °C leaving the mixture to warm up to 30 °C. ° Isolated yield after
chromatography. ¢ Determined by *H-NMR analysis.

The DABCO-catalysed Knoevenagel condensation was carried out
in toluene at 80 °C in the presence of molecular sieves. When the
conversion to alkenes 5 was almost complete, the mixture was
cooled down to room temperature and compound 4a was added. At
the end of the reaction, toluene was removed under vacuum, the
crude mixture diluted with THF before adding the HCI solution.
Pleasingly, trans-6 products were isolated in comparable yields than
those reported in Table 2, although the process could not be applied
to obtain product 61.*> Notably, the one-pot process illustrated in
Table 3, is highly convenient as it embodies five steps and only three

This journal is © The Royal Society of Chemistry 2012
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operations: solvent evaporation, extraction and one column
purification.
The synthetic utility of compounds 6 is exemplified by oxidation and
reduction to tetrasubstituted pyrroles and proline esters (Scheme
2).13

Ph CN

Ph CN
g Ly §

Ph toluene/AcOEt 2:1 tBUOC™ °N Ph
; N :
FBUOC 70°C, 23h H
6a 78% 9

Ph CN Ph, CN
NaBHsCN Z_A\ + Z—X

ACOHICH,Cl, 111 1By, N~ “Ph tBuo,c™ N~ ~Ph
0°C,2h H H

10 74%, 10/11 70:30

Scheme 2 Derivatization of trans-2-pyrrolines to pyrroles and pyrrolidines.

The oxidation of compound 6a with 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ), performed in toluene/AcOEt mixture at 70
°C, afforded pyrrole 9 in 78% yield. The reduction of 2-pyrroline 6a
was carried out using NaBH3;CN in AcOH/CH,CI, medium at 0 °C.%*
A mixture of proline esters 10 and 11 was isolated in 74% yield with
70:30 dr ratio.® We have theoretically studied the reaction
mechanism and in agreement with indole reduction,**'® the
protonation of the 4-position of compound 6a is the most plausible
event. The observed dr ratio can be traced back to the different free
energies of the two iminium ions | and Il. According to DFT
computations, iminium ion |1, giving rise to compound 10, is
predicted to be more stable by 1.5 kcal/mol than Il, leading to
compound 11 (Fig. 2).

The selective reduction of iminium ions I and 11, to diastereoisomers
10 and 11 respectively, might be explained via coordination of
NaBH;CN by the ester group followed by hydride attack onto the
Re-face."

Ph CN Ph CN

t-BuO c\"Z})\Ph t-BuO C“'Z}ﬁPh
H H
1 1}
G=00 G= 15

Fig. 2 Protonated adducts of 6a and their predicted relative Gibbs free energies
(G, kcal/mol).

Conclusions

In summary, we developed a simple one-pot approach to novel
N-unprotected-tetrasubstituted trans-2-pyrrolines from trans-2-
aroyl-3-arylacrylonitriles and glycine imine esters exploiting a
Michael addition/deprotection/cyclization/tautomerization
sequence. The functionalised trans-2-pyrrolines have been
obtained in good yield and complete control of the
diastereoselectivity. Notably, a one-pot sequence to trans-2-
pyrrolines can be conveniently applied starting directly from
commercially available aldehydes and a-cyanoketones. trans-2-
Pyrrolines proved to be of synthetic utility to access pyrroles
and proline ester derivatives. Further studies aimed to enlarge
the scope of the reaction and develop an asymmetric version are
currently underway.

This journal is © The Royal Society of Chemistry 2012
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An effective one-pot sequential Michael addition/deprotection/cyclization/tautomerization
approach to N-unprotected fully substituted trans-2-pyrrolines has been developed.

R CN
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2) HCI up to 96% yield, dr > 20:1
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