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Synthesis of pyrrolidines and pyrrolizidines with α-
pseudoquaternary centers by Cu-catalyzed condensation of α-
diazodicarbonyls and aryl γ-lactams 

Sébastien Goudedranche, Céline Besnard, Léo Egger and Jérôme Lacour* 

 

Abstract: Under copper-catalysis exclusively, N-aryl γ-lactams react 

intermolecularly with acceptor-acceptor diazo reagents, usually 

dicarbonyls, to yield functionalized pyrrolidines carrying α-

pseudoquaternary centers. Thanks to preferred [1,2]-migrations of 

acyl or phosphoryl groups, single regioisomers are obtained. 

Furthermore, in the presence of a Lewis acid, subsequent Friedel-

Crafts reactions occur yielding tricyclic pyrrolizidines in excellent 

yields (90-96%) and diastereoselectivity (up to and higher than 20:1). 

Tertiary amides and lactams are known to react with diazo 

ester reagents and form carbonyl ylide intermediates A in the 

presence of catalytic amounts of metal salts or complexes 

(Scheme 1, top).[1] As a rule, these [1,3]-dipoles undergo [3+2]-

cycloadditions with alkenes and alkynes yielding elaborate 

polycyclic frameworks when the reactions are performed 

intramolecularly.[2] Of interest for the current study, when silyl 

substituents are present on the diazo reagent, epoxide 

intermediates B are formed resulting, after silyl group migration, 

into amino silyl enol ethers.[3],[4] Herein, in a new development, the 

intermolecular reactivity of N-aryl γ-lactams 1 with -diazo 

dicarbonyls 2 is reported (Scheme 1, bottom).[5] Highly 

functionalized pyrrolidines 3 carrying α-pseudoquaternary centers 

are obtained (yields up to 83%).[6] In fact, in one step, the amide 

group is transformed into an amine with two adjacent acetyl and 

2-oxoethanoate chains. The transformation, which involves acyl 

(or phosphoryl) group migrations, proceeds with very high 

regioselectivity and uses copper salts as catalysts specifically (10 

mol%). In the presence of Lewis acids, intramolecular Friedel-

Crafts reactions can further occur (3→4) yielding tricyclic 

pyrrolizidines in excellent yields (90-96%) and selectivity 

(diastereomeric ratio, d.r. ≥ 18:1). In view of their valuable 

heterocyclic structures,[7] products 3 and 4 should be of interest in 

a variety of fields, eg, in peptide or medical chemistry; their 

preparation being difficult to imagine by another route.  

Recently, metal-catalyzed decompositions of acceptor-

acceptor -diazo dicarbonyl reagents have been studied in our 

group to afford, in the presence of Lewis bases, an extended 

range of reactivity.[8] For instance, under CpRu catalysis and 

using aldehydes, ketones, lactones and cyclic carbonates as 

substrates, dioxolene ketals, orthoesters and orthocarbonates 

were obtained.[9] In view of this reactivity involving carbonyl ylide 

intermediates, reactions of diazo dicarbonyl reagents with amides 

and lactams were attempted. For this study, N-aryl pyrrolidinones 

were selected as substrates. In a first experiment, 1-phenyl-2-

pyrrolidinone 1a was treated with methyl diazoacetoacetate 2A in 

dichloromethane (DCM) in the presence of [CpRu(CH3CN)3][BArF] 

complex and 1,10-phenanthroline (2.5 mol% each). While the 

reaction was mostly unproductive, a product was isolated in low 

yield (<10%). This compound 3aA presented interesting 

characteristics in 13C-NMR and IR spectroscopy and an additional 

mass of 114.10 Da (equivalent to one carbene moiety).[10] In fact, 

data indicated a disappearance of the amide and the inclusion of 

two ketones and one ester functional groups; the pyrrolidine 

structure of 3aA being determined with certainty by X-ray 

diffraction in the course of the study (see Figure 2). 

 

Scheme 1. Top: general reactivity of amides (lactams) with diazo carbonyl 

derivatives under metal catalysis. Bottom: Copper-mediated condensation of 

ester diazo derivatives with -aryl lactams and subsequent pyrrolizidine 

formation. 

Encouraged by this finding, conditions for the exclusive 

formation of 3aA were looked for. In diazo decomposition 

chemistry, reactivity is often controlled by the nature of the metal 

catalyst.[1] Experiments were thus performed with dirhodium and 

copper complexes.[11] The results are summarized in Table 1. 

While Rh2(Oct)4 and Rh2(esp)2 complexes were ineffective 

(entries 2 and 3), promising results were obtained with Cu(acac)2 

and Cu(hfacac)2 (27% and 32% of 3aA respectively, entries 4 and 

5).[12] Using an excess of lactam 1a over diazo 2A, a similar 

reactivity but a cleaner crude reaction mixture was obtained (30% 

of 3aA, entry 6).[13] Cu(acac)2 and other copper sources were then 

tested at 100 °C in 1,2-dichloroethane (DCE) for longer reaction 
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times (entries 7-10). Copper iodide led to the best result (62%), 

which was further improved by decreasing the concentration (0.13 

vs. 0.53 M, entry 11). An isolated yield of 74% was obtained for 

3aA under these conditions, which were selected for the 

continuing studies.[14],[15] 
 

Table 1. Optimization study[a] 

 

Entry Catalysts mol% 1:2 

ratio 

Solv. T 

[°C] 

Time 

[h] 

Yields 

[%] 

1[b] [CpRu] 2.5 0.5 DCM 60 3 <10 

2 Rh2(Oct)4 1.0 0.5 DCM 60 3 0 

3 Rh2(esp)2 1.0 0.5 DCM 60 3 0 

4 Cu(acac)2 10 0.5 DCM 60 3 27 

5 Cu(hfacac)2 10 0.5 DCM 60 3 32 

6 Cu(acac)2 10 3.0 DCM 60 3 30 

7 Cu(acac)2 10 3.0 DCM 100 3 44 

8 CuTc 10 3.0 DCE 100 24 42 

9 CuBr 10 3.0 DCE 100 24 49 

10 CuI 10 3.0 DCE 100 24 62 

11[c] CuI 10 3.0 DCE 100 24 77(74) 

[a] Reactions performed in sealed vials at 0.53 M concentration of limiting 

reagents. Yields determined by 1H NMR spectroscopy with 

phenyltrimethylsilane as internal standard. [b] 2.5 mol% of 

[CpRu(CH3CN)3][BArF] and 1,10-phenanthroline were used. [c] 0.13 M 

concentration of 2A as limiting reagent. Isolated yield in parenthesis. 

 

The reaction was then performed with a variety of γ-

lactams.[16] The results are presented in Figure 1. Using p-

substituted substrates, reactions occurred with both electron-

donating (EDG) and electron-withdrawing groups (EWG) on the 

aryl moiety to give 3bA-3gA. Product 3bA (p-OMe, 78%) was 

found to be moderately soluble in heptane and a slow diffusion 

into a DCM solution afforded X-ray quality crystals. As shown by 

the structural analysis (Figure 2, left), 3bA is characterized by a 

pyrrolidine core and a functionalized -pseudoquaternary center 

carrying acetyl and 2-oxoethanoate side chains; this structure 

fitting all spectroscopic data recorded. For the isolation of m-

substituted products 3hA-3jA and bis-substituted 3kA-3lA, it was 

necessary to use EWG at meta positions.[17] Ring substituted 

pyrrolidinones were also engaged. Spiro 3mA was readily 

obtained (63%). For the other products containing additional 

stereogenic center(s), diastereomers were expected. While 3nA 

and 3oA were generated with a rather low diastereoselectivity (d.r. 

3:1 and 5:1 respectively), 1H-NMR analysis (400 MHz) of crude 

mixtures of 3pA and bicyclic 3qA indicated the presence of single 

stereoisomers (d.r. > 20:1). For 3oA and 3qA, the relative 

configuration of the major (single) diastereomer was established 

by X-ray diffraction analysis.[18] With 3pA, the reaction was 

performed with racemic and enantiopure substrates; the product 

being formed not only as a single diastereomer but also as a 

single enantiomer in the latter case (enantiospecificity, es > 99%). 

Finally, substrates with - and -naphthyl groups on the N-atom 

were utilized. Pyrrolizidines 4rA and 4sA were directly obtained; 

the structures of which being confirmed by X-ray diffraction 

analyses (eg, 4rA: Figure 2, right). The origin of these products 

will be later explained.  

 

Figure 1. Pyrrolidines 3bA-3qA and pyrrolizidines 4rA-4aA.[a] For the formation 

of 3fA, 20 mol% of CuI were necessary. 

 

Figure 2. ORTEP views of pyrrolidine 3bA and pyrrolizidine 4rA. Oxygen atoms 

of the carbonyl and hydroxyl groups are indicated. H-atoms are omitted for 

clarity.  

Then, a variety of diazo reagents was reacted with N-phenyl 

2-pyrrolidinone 1a. The results are summarized in Figure 3. First, 

using methyl diazobutyroacetate (R = nPr instead of Me), product 

3aB was obtained in a rather low yield (24 %). Care was then 

taken to react preferentially acetyl diazo reagents to yield 

3bA 4rA
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products 3aC-3aK in moderate to good yields (30-82%). The 

transformation is general with the acetyl group always connected 

to the pseudoquaternary center in these products 3. The ester 

side chains R’ can be linear or cyclic, functionalized or not. In the 

case of 3aG and 3aI, the lower yields (30-31%) can be ascribed 

to steric hindrance (R’ = 1-adamantyl) on one hand and to 

competing intramolecular cyclopropanation reactivity (R’ = allyl) 

on the other. Using -diazo -ketoamide and -phosphorylester 

reagents, pyrrolidines 3aL and 3aM were obtained in 25% and 

60% respectively. The formation of the products can be 

rationalized by a preferred migration of the acetyl and phosphoryl 

groups respectively (see the mechanistic discussion, vide infra). 

Interestingly, diazomalonates reacted also well under the reaction 

conditions. With symmetrical reagents, pyrrolidines 3aN-3aP 

were obtained (52-75%); smaller methyl substituents being 

favorable over tert-butyl groups for the yield. In the case of 

unsymmetrical reagents, mixtures of regioisomers were observed 

in the crude (1H-NMR, 400 MHz). The regioselectivity was 

maximum with the tert-butyl methyl diazomalonate reagent 

(product 3aS, r.r. 5.2:1). The major isomer corresponds to the 

migration of the more hindered fragment (R’ = tBu).  

 

Figure 3. Pyrrolidines 3aC-3aS. 

A mechanistic rationale coherent with the results is proposed 

in Scheme 2. First, a copper-catalyzed decomposition of diazo 

reagents 2 generates metal carbene intermediates C. Then, 

nucleophilic attacks of lactams 1 form metal carbonyl ylides D. 

Promoted by the proximity and by the electrophilic activation, an 

intramolecular addition occurs and yields epoxides E; this type of 

strained moieties is often evoked in carbonyl ylide chemistry.[1] In 

fine, a [1,2]-migration happens to form the pyrrolidine skeleton 

and the appendant side-chains.[19] This step (E → 3) can be either 

concerted or stepwise.[20] It also involves, when an option is 

possible, the preferred migration of the one of the two groups 

linked originally to the diazo moiety. Clearly, in view of the results, 

acyl (or phosphoryl) groups migrate better than esters (or 

amides).[20-21] When two esters are involved, the [1,2]-migration 

still occurs. With unsymmetrical malonate derivatives, the 

regioselectivity is then rather low (r.r. 1:1 to 5.2:1).[22] 

 

Scheme 2. Mechanistic rationale. 

Additionally, the formation of spiro intermediates of type F 

cannot be ruled out (Scheme 4).[23] Step (D  F) would be an 

equilibrium and compounds F would be considered as a 

“reservoir” if the following step (D → E) would be relatively slow. 

Also, a validation for the formation of epoxide intermediates E can 

be found in the reactivity of N-methyl -lactam 5 (eq. 1). Under the 

reaction conditions, this substrate leads to amino acetate enol 

ether 6 in 74% yield. The formation of 6 is best rationalized by a 

[1,2]-migration of the acyl group of E’ to the oxygen atom rather 

than the -carbon. The resemblance of this pathway to that 

occurring in the presence of silyl substituents is striking.[3] It is 

favored by the electron-rich nature of the methyl-substituted 

nitrogen that helps cleave the epoxide in the direction of the 

enolate formation. 

 
 

Finally, a generalization of the reactivity observed for 4rA 

and 4sA (Figure 1) was looked for. These products clearly result, 

after pyrrolidine formation, from subsequent Friedel–Crafts 

reactions onto the naphthyl moieties. Compounds 3eA, 3oA, 3aC 

and 3aN were thus treated with ZnBr2 (4.0 equiv) in CH2Cl2. In the 

presence of the Lewis acid, ring closures occurred to yield the 

corresponding pyrrolizidines (90-96%, Table 2). The 

diastereoselectivity is excellent, even for 4oA. In this case, the 5:1 

ratio reflects the original diastereomeric purity of pyrrolidine 3oA 

and not a lack of selectivity in the ring closure. The relative 

configuration of the major diastereomers of 4oA and 4aN, 

determined by structural analysis, matches that observed for 4rA 

and 4sA.  
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In conclusion, a new reactivity is reported for metal carbene 

reactions of N-aryl γ-lactams 1 owing to the combination of 

acceptor-acceptor diazo reagents and copper catalysis. Novel 

pyrrolidine motifs of type 3 are obtained as (usually) single 

regioisomers. A preferred [1,2]-migration of acyl or phosphoryl 

groups is observed for the formation of the functionalized α-

pseudoquaternary centers. Further applications of this approach 

are developed as pyrrolidines 3 and pyrrolizidines 4 are common 

motifs in medicinal chemistry and potentially biologically relevant 

natural products respectively.[7] 

 

Table 2. Pyrrolizidine synthesis.[a] 

 

[a] Reaction conditions: pyrrolidine 3 (0.1 mmol) and ZnBr2 (0.4 mmol), were 

stirred in CH2Cl2 (1 mL) at 25 °C for 15 h. Isolated yields of compounds 4 as 

average of at least two reactions. [b] The 5:1 ratio reflects the original 

diastereomeric purity of pyrrolidine 3oA and not the selectivity of the reaction. 

Experimental Section 

Synthetic procedures and spectral characterization of new compounds 1-

4 are reported in the electronic supporting information. CCDC 1497636-

1497641, products 3bA, 3qA, 4aN, 4oA, 4rA and 4sA, contain the 

supplementary crystallographic data for this paper. These data can be 

obtained free of charge from The Cambridge Crystallographic Data Centre 

via www.ccdc.cam.ac.uk/data_request/cif. 
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