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Abstract

Over the past few decades, transition-metal-free chiral Brgnsted acid or Lewis acid-catalyzed asymmetric reactions between diazo
nucleophiles and imines have emerged as a pivotal strategy for constructing chiral aziridines or g-amino a-diazo derivatives, achieving
remarkable synthetic progress. This review summarizes the research advances in asymmetric aza-Darzens reactions and asymmetric
Mannich-type reactions of diazo nucleophiles with imines. It encompasses diverse catalytic systems, including chiral boroxinates, chiral
dicarboxylic acids, chiral phosphoric acids, chiral N-triflylphosphoramides, and chiral Lewis acids, with an emphasis on the effects of
substrate and catalyst on chemoselectivity. Remaining challenges and future perspectives are presented in this review.
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1. Introduction

Diazo compounds serve as useful and versatile synthons in organic synthesis due to their diverse reactivity, acting as nucleophiles,
carbene precursors, or radical precursors!! 3l Over the past decades, the transition-metal-free chiral Bronsted acid or Lewis
acid-catalyzed asymmetric reactions of diazo nucleophiles with imines have emerged as an important method for the synthesis of
chiral aziridines or B-amino o-diazo derivatives. In contrast to the metal carbene-involved mechanism!*l, these reactions generally
proceed via the initial nucleophilic addition of diazo acetate to the activated imine carbon, generating a chiral diazo zwitterionic
intermediate bearing two stereocenters. This key intermediate can then undergo a subsequent asymmetric aza-Darzens reaction or
Mannich-type process, to afford chiral aziridines (Figure 1, path A) or 3-amino a-diazo derivatives (path B), respectively. Concurrently,
the same zwitterionic intermediate may also participate in competitive 1,2-H or 1,2-carbon migration steps, variably leading to
achiral enamine byproducts (paths C and D). While existing reviews have summarized aspects of aziridine synthesis via the
condensation of imines with diazo compounds, there remains an urgent need for a comprehensive and updated overview focusing on
asymmetric diazo nucleophile-imine reactions!”®l. In this review, we summarize the advances in transition-metal-free chiral
Bronsted/Lewis acid-catalyzed asymmetric diazo nucleophile-imine reactions. We systematically summarize these two types of
reactions classified by catalyst type. This review aims to distinguish between the generation of chiral aziridines and chiral 3-amino
o-diazo derivatives, with a particular focus on the effects of substrate substituents and catalysts on chemoselectivity.

2. Asymmetric Aza-Darzens Reaction

Aziridines are privileged structural motifs in organic synthesis, attributed to their inherent ring strain and versatile reactivity
profilesl’]. In this context, the chiral Bronsted acid-catalyzed asymmetric aza-Darzens reaction of imines with diazo compounds
represents an efficient approach to access enantioenriched aziridines. Mechanistically, this reaction proceeds via initial nucleophilic
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attack of the diazo compound onto the catalyst-activated imine carbonyl, generating a chiral diazo zwitterionic intermediate.
Subsequent intramolecular Sy2 cyclization occurs, wherein the antiperiplanar nitrogen executes nucleophilic displacement at the
diazonium carbon with concomitant expulsion of N, to afford chiral aziridines (Figure 2).
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Figure 1. Chiral Brensted/Lewis acid-catalyzed asymmetric diazo nucleophile-imine reactions.
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Figure 2. Chiral Brgnsted/Lewis acid-catalyzed asymmetric aza-Darzens reaction of diazo nucleophile with imine.

2.1 Chiral boroxinate-catalyzed asymmetric aza-Darzens reaction

In a pioneering 1999 report, the Wulff group described a boroxinate (BOROX) Bronsted acid catalyst derived from
(S)-2,2'-diphenyl-[3,3'-biphenanthrene]-4,4'-diol (VAPOL) and a borane-tetrahydrofuran (THF) complex (for relevant structural studies
of BOROX catalysts, see Figure 3). This catalyst enabled, for the first time, the asymmetric reaction of N-diphenylmethyl aldimines 2.2

with ethyl a-diazoacetate 2.1 to afford chiral cis-aziridine compounds 2.3 (Figure 4)l!9), Achiral enamine byproducts 2.4 and 2.5 could
be detected in this reaction. Notably, VAPOL proved superior to the more common 2,2'-dihydroxy-1,1"-binaphthyl (BINOL) in inducing
chirality. Phenyl, 2-naphthyl, 2-furyl, and cyclohexyl groups are all compatible in this reaction system. In 2000, the team further
revealed that the BOROX Bronsted acid catalyst prepared from triphenyl borate exhibited enhanced catalytic performance compared

to other analogues!'!l.
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Figure 3. Mechanism of chiral BOROX-catalyzed asymmetric aza-Darzens reaction. BOROX: boroxinate.
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Figure 4. Chiral boroxinate-catalyzed asymmetric aza-Darzens reaction of a-diazoacetates with N-diphenylmethyl imines.

In 2007, the Wulff group reported an asymmetric aza-Darzens reaction of N-dianisylmethyl aldimines 2.6 with ethyl a-diazoacetate 2.1
(Figure 5)l'?. Compared to the diphenylmethyl protecting group, the dianisylmethyl (DAM) group could be more easily removed under
acidic conditions to afford the unprotected N-H-aziridines without competitive ring-opening.
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Figure 5. Chiral BOROX-catalyzed asymmetric aza-Darzens reaction of a-diazoacetates with N-DAM-imines. BOROX: boroxinate; DAM: dianisylmethyl.

The following year, the Wulff group discovered that the tetra-tert-butyldianisylmethyl (BUDAM) protecting group could further
enhance the efficiency and enantioselectivity of the asymmetric aza-Darzens reaction of aldimines 2.11 with ethyl o-diazoacetate 2.1
under chiral BOROX Bronsted acid catalysis (Figure 6)[*3l. Compared with aryl aldimines, alkyl aldimines deliver slightly lower yields
and ee values.
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Figure 6. Chiral BOROX-catalyzed asymmetric aza-Darzens reaction of a-diazoacetates with N-BUDAM-imines. BOROX: boroxinate; BUDAM: tetra-tert-butyldianisylmethyl.
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In terms of innovation in reaction substrates, in 2007, Wulff and colleagues achieved the synthesis of cis-aziridine ketones from the
reaction of diphenylmethyl aldimines 2.2 with vinyl diazoketones 2.13, catalyzed by chiral BOROX generated in situ from chiral
(S)-VAPOL with triphenylborate (Figure 7)['Y. Notably, the syn, anti-aminodiol 2.14a-I and syn, syn-aminodiol 2.14a-1II can be obtained
from compound 2.14a by reduction with Zn(BH,), or L-Selectride, respectively, followed by hydrolysis.
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Figure 7. Chiral BOROX-catalyzed asymmetric aza-Darzens reaction of vinyl diazoketones with diphenylmethyl mines. BOROX: boroxinate.

In 2011, the Wulff group achieved a three-component asymmetric aza-Darzens reaction under this BOROX catalysis. Aldehydes 2.17
and amines 2.18 bearing a bis(dimethylanisyl)methyl group (MEDAM) generated imines in situ in the reaction system, which were then
immediately captured by the catalyst and reacted with ethyl a-diazoacetate 2.1 to produce chiral cis-aziridine compounds 2.19
(Figure 8)l'3), Notably, aryl, heteroaryl, and aliphatic aldehydes were compatible with this reaction, overcoming the previous
limitation where imines derived from aliphatic aldehydes were unstable and caused reaction failure.
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Figure 8. A three-component asymmetric aza-Darzens reaction under chiral BOROX catalysis. BOROX: boroxinate.

In 2012, the Wulff group demonstrated that the mesoborate (B1) and pyroborate (B2) generated from VAPOL and triphenyl borate act
as precatalysts. The actual catalytic species is the boroxinate (B3) formed upon reaction of these precatalysts with imines!'®l.
Furthermore, the mechanism of the chiral BOROX Brensted acid catalyzed aziridination reaction of imines and ethyl a-diazoacetate
2.1 was investigated using a combination of experimental kinetic isotope effects and theoretical calculations. Specifically, the process
initiates with reversible nucleophilic addition of ethyl a-diazoacetate 2.1 to the intermediate 2.20H" activated by the catalyst,
generating a chiral diazonium intermediate 2.21. The gauche-2.21 can undergo rotation around the C-C bond to give the anti-2.21. An
intramolecular irreversible Sy2-like ring-closure step then occurs, accompanied by nitrogen extrusion, ultimately yielding the
cis-aziridine product 2.22 (Figure 3)l'7l,

2.2 Chiral dicarboxylic acid-catalyzed asymmetric aza-Darzens reaction

In contrast to the well-developed asymmetric cis-aziridination of diazo compounds with imines, the trans-selective variant has


https://doi.org/10.70401/cc.2026.0026

Chiral Chem. 2026;2:202620 | https://doi.org/10.70401/cc.2026.0026 Page 50of 18

remained largely elusive. In 2008, the Maruoka group reported the trans-selective asymmetric aziridination of diazoacetamides 2.24
and N-Boc aldimines 2.23 catalyzed by axially chiral dicarboxylic acids (Figure 9)['8l. a-Diazoacetamide is critical for selective
trans-aziridination. Its weakly acidic amide a-H prevents the occurrence of asymmetric Mannich-type side reactions. Moreover, in
the anti-periplanar diazonium zwitterionic intermediate, hydrogen bonding between the amide N-H and the Boc group stabilizes the
transition state, favoring trans-aziridine formation.
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Figure 9. Chiral dicarboxylic acid-catalyzed asymmetric aza-Darzens reaction of a-diazoacetamides with N-Boc-imines.

2.3 Chiral phosphoric acid/N -triflylphosphoramide-catalyzed asymmetric aza-Darzens reaction

Chiral phosphoric acid could lower the lowest unoccupied molecular orbital (LUMO) energy of the C=N bond to activate an imine
group. In 2009, the Akiyama group reported a chiral phosphoric acid-catalyzed asymmetric aza-Darzens reaction of ethyl
diazoacetate 2.1 and N-p-methoxybenzyl (PMB) aldimines derived from aryl glyoxals 2.27, which furnished cis-aziridine carboxylates
2.29 (Figure 10)["9), Phenyl, 4-biphenyl, 1-naphthyl, and 2-thienyl groups are all compatible in this catalytic reaction system.

: R
OH v 21 o : OO
| . H
(R)-A2 (2.5 mol%) koo Et N 1 S o
Ar oH * Meo NH, 2 Ar : PoH

I MgSO, toluene COEt OO o
toluene, rt, 1 h -30°C, 23 h o :

: R

227 228 2.29
up to 100% yields (R)-A2, R = Si(4-t-Bu)CsHa)s
97% ee

PMP PMP PMP PMP
N N N N

Ph 4-biphenyl 1-naphthyl 2-thienyl

j(g\coza Ipheny \(u\COZEt naphihy \(u\COZEt leny ﬁ(u\coza
o ) o )
2.29a, 95%, 97% ee 2.29b, 96%, 94% ee 2.29¢, 100%, 96% ee 2.29d, 100%, 92% ee

Figure 10. Chiral phosphoric acid-catalyzed asymmetric three-component aziridination reaction of a-ethyl diazoacetate with aryl glyoxals and 4-methoxyaniline.

In the same year, the Zhong group reported a chiral phosphoric acid-catalyzed asymmetric aza-Darzens reaction of diazoacetamides
2.24 and N-Boc aldimines 2.23 (Figure 11)[2°, Both the reaction yields and chemoselectivities were improved significantly compared
with those obtained using the axially chiral dicarboxylic acid [(R)-A1] shown in Figure 9. A wide range of aryl-substituted substrates
afford satisfactory results in this catalytic reaction.
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Figure 11. Chiral phosphoric acid-catalyzed asymmetric aza-Darzens reaction of a-diazoacetamides with N-Boc-imines.
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Regarding the expansion of new types of diazo substrates for such asymmetric aza-Darzens reactions, the Cahard group in 2012
achieved the diastereo- and enantioselective synthesis of CF;-substituted aziridines 2.31 catalyzed by chiral phosphoric acids
(Figure 12)P4. Trifluoromethyl diazomethane 2.30 was generated in situ from the reaction of trifluoroethylamine hydrochloride with
sodium nitrite, thereby avoiding the deactivation of the chiral phosphoric acid catalyst, as the chiral phosphoric acid catalyst (S)-A4
can react with excess trifluoromethyl diazomethane to form an ester compound. Treatment of cis-2.31f with phenylmethanethiol as
the nucleophile afforded the syn-3-CF; isocysteine derivative 2.31f-1 in good yield. The 4-methoxyphenyl (PMP) protecting group can
also be removed using CAN as the oxidant.
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Figure 12. Chiral phosphoric acid-catalyzed asymmetric multicomponent aza-Darzens reaction of in situ generated CF;CHN, with aryl glyoxal-derived N-PMB imines.

Despite significant advances in chiral Brgnsted acid-catalyzed asymmetric aza-Darzens reactions between imines and diazo
nucleophiles for aziridine synthesis, these transformations have been largely restricted to acyclic imine substrates, leaving cyclic
imines virtually unexplored. In 2026, the Xuan group reported a chiral phosphoric acid-catalyzed asymmetric aza-Darzens reaction of
quinoxalin-2(1H)-ones 2.32 with a-diazoacetates 2.33 (Figure 13)[>2l. A proposed mechanism for this catalytic asymmetric aza-Darzens
reaction was shown in Figure 13a. First, protonation of quinoxalin-2(1H)-one 2.32a with chiral phosphoric acid (R)-A5 affords the
activated iminium INT I with a H-bonding interaction between the amidic hydrogen and an oxygen atom of the chiral counterion.
Then, an enantio- and diastereo determining nucleophilic addition of diazo acetate 2.33a to the iminium carbon occurs, generating
the chiral anti-diazonium intermediate INT II. Finally, an intramolecular Sy2 cyclization between the antiperiplanar amine and
diazonium group, affords cis-aziridine carboxylate 2.34a with N, release. The stereochemical outcome can be rationalized by the
approach of the diazo nucleophile 2.33a through its Si face (2.33a ) toward the Re face of the activated iminium intermediate INT 1.
This trajectory minimizes steric clashes between the bulky anthracen-9-yl substituent of the CPA catalyst [(R)-A5] and the tert-butyl
ester moiety of 2.33a g; (Figure 13b).

Compared with chiral phosphoric acids, chiral N-triflylphosphoramides are more acidic. In 2017, the Bew group reported a chiral
N-triflylphosphoramide-catalyzed three-component asymmetric aza-Darzens reaction of (hetero)aryl aldehydes 2.35 with 2-(tert-
butoxy)aniline 2.36 and tert-butyl 2-diazoacetate 2.33a (Figure 14)[?’l. This work extends the substrate scope from "activated" aryl
glyoxals to various heteroaryl aldehyde starting materials. The catalytic cycle begins with N-protonation of an imine substrate with
chiral N-triflylphosphoramide (S)-A6, generating the iminium INT IV. The stereochemical outcome is governed by the approach of
2.33a through its Re face to the Si face of INT-IV, a pathway that alleviates steric congestion between the ortho-tert-butylphenyl ether
moiety and the tert-butyl ester of the diazo nucleophile (Path A). Intramolecular Sy2 cyclization of the antiperiplanar amine and
diazonium group then furnishes cis-aziridines 2.37a.

2.4 Combined strong Brensted acid-catalyzed asymmetric aza-Darzens reaction

Typical chiral Bronsted acids comprise a proton and a chiral conjugate base. As the proton is structurally invariant, the catalyst
acidity, reactivity, and chirality are governed solely by the conjugate base. In 2013, the Maruoka group developed a new chiral
Bronsted acid catalyst composed of two independent organic molecules, a chiral diol as a ligand and 2-boronobenzoic acid as an
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achiral Bronsted acid?!l. This in situ assembled catalyst proved efficient in an asymmetric aza-Darzens reaction of N-Boc and
N-benzyl aldimines with N-phenyldiazoacetamide, affording trans-aziridines 2.39 (Figure 15).
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Figure 13. Chiral phosphoric acid-catalyzed asymmetric aza-Darzens reaction of quinoxalin-2(1H)-ones with a-diazoacetates.
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Figure 14. chiral N-triflylphosphoramide-catalyzed three component asymmetric aza-Darzens reaction of (hetero)aryl aldehydes with 2-(tert-butoxy)aniline and tert-butyl

2-diazoacetate.
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OH HO.C . O’B‘o/ OH
chiral diol 2-borono- boronate ester assisted
benzoic acid chiral carboxylic acid

R? o A7 or A8 (10 mol%) R o 3 Ph, OH R3 B(OH),
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R2 = Boc or Bn 98% ee

Figure 15. In-situ-assembled boronate ester assisted chiral carboxylic acid-catalyzed asymmetric aza-Darzens reaction.

Inspired by prior studies of arylboronic acid in combination with chiral diols or chiral aminoalcohols, in 2020, the Ma/Zhang group
further achieved the synthesis of chiral CF,-functionalized aziridines 2.40 in the three-component asymmetric aza-Darzens reaction
of aryl glyoxals 2.27 and 4-methoxyaniline 2.28 with difluorodiazoethyl phenyl sulfone 2.40, using a combined strong Brensted acid
system comprising a chiral disulfonimide (S)-A9 and 2-carboxyphenylboronic acid A7 (Figure 16)?°l. A series of derivatization
experiments were conducted to demonstrate the synthetic utility of this method. For example, selective oxidative cleavage of the
PMP protecting group in 2.41a using ceric ammonium nitrate proceeded smoothly, affording the unprotected aziridine 2.41a-1in 81%
yield. Reduction of the ketone functionality with either sodium borohydride or lithium aluminum hydride furnished the
hydroxy-bearing CF,-aziridine 2.41a-1I in excellent yield. Moreover, acid-mediated ring-opening of 2.41a occurred efficiently to
generate the CF,-containing a-chloro-f-amino ketone 2.41a-1III.

o NH, PMP |
A7 (5 mol%) (S)-A9 (8 mol%) '

OH N ‘

O A R
OH Na,S0;, toluene N2 540 \“‘ ‘CF,8O,Ph E:[
1, 30 mi ’ !
OMe min H CF,S0,Ph (¢] : COOH
2.27 2.28 i, 1224 h 2.41 3 A7
up to 70% yield
73% ee
>50:1dr
| PMP PMP
N (NH,),Ce(NO3)s N NaBH, N
A Ph L\ [ Ph \Q
3 CF,80,Ph i CF,SO,Ph ) CF,S0,Ph
o OH
2.41a-1, 81%, > 99% ee 2.41a, > 99% ee 2.41a-ll, 95%, > 99% ee
‘HCI (6 M)
Cl
Ph CF,SO,Ph
O HN
“PMP

2.41a-lll, 89%, > 99% ee

Figure 16. Asymmetric synthesis of CF,-functionalized aziridines by combined strong Brgnsted acid catalysis.

3. Asymmetric Mannich-Type Reaction

The diverse reactivity of diazo groups renders their incorporation into molecular core skeletons highly advantageous for subsequent
functionalization and structural elaboration!?°-2%l, Chiral Brensted/Lewis acid-catalyzed asymmetric Mannich-type reactions provide
an efficient strategy for introducing diazo groups into organic molecules. Mechanistically, nucleophilic addition of diazo compounds
to the catalyst-activated imine carbon generates a chiral diazo zwitterionic intermediate. Subsequent intramolecular deprotonation
of this intermediate by the basic moiety of the catalyst delivers chiral B-amino a-diazo compounds (Figure 17).
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Figure 17. Chiral Brgnsted/Lewis acid-catalyzed asymmetric Mannich-type reaction of diazo nucleophile with imine.

3.1 Chiral Bransted acid-catalyzed asymmetric Mannich-type reaction

In 2005, the Terada group reported the first chiral phosphoric acid-catalyzed asymmetric Mannich-type reaction of ethyl diazoacetate
2.33 and N-acyl aldimines 3.1, affording chiral 3-amino-a-diazo esters 3.2 (Figure 18)13°L The key process was proposed to involve the
intracomplex deprotonation of the chiral diazo zwitterionic intermediate by the phosphoryl oxygen through C-H bond cleavage.

Ar2 ' R
Ar?
NAO + /’L\E (R)-A3 (2 mol %) HN (@) ! o o
AL H> "COR r, toluene ROZCW('\AH l P oH
T . R GO
Ar’ :
31 233 | poc e 3.2 < g_Amhrle
® oNL up to 95% yield R)A3
,,N“H4< o 97% ee R
N’ 7
)

Figure 18. Chiral phosphoric acid-catalyzed asymmetric Mannich-type reaction of a-diazo esters with N-acyl imines.

In contrast to the well-established a-diazo carbonyl chemistry, a-diazomethylphosphonates generally exhibit lower reactivity, which
can be attributed to both electronic effects and the greater steric bulk of the phosphonate group. In 2012, the Peng group first applied
chiral phosphoric acids to the asymmetric Mannich-type reaction of dialkyl diazomethylphosphonates 3.4 with N-carbamoyl
aldimines 3.3 (Figure 19)B!l. The reaction afforded 3-N-Boc amino-a-diazophosphonates 3.5 with good yields, diastereoselectivities,
and enantioselectivities at a catalyst loading as low as 0.1 mol%. A reasonable transition state model was established to illustrate the
catalytic pathway. Phenyl, 2-naphthyl and 2-thienyl are all compatible in this catalytic reaction. The chiral phosphoric acid (R)-A4
serves as a bifunctional Brgnsted acid-base catalyst: its acidic proton activates the imine nitrogen via hydrogen bonding, and the
nucleophilic carbon of diazomethylphosphonate attacks the imine from the Si-face. The phosphoryl oxygen then acts as a Brgnsted
basic site to mediate intramolecular deprotonation.

GP.

O )
o o
P

\-Pe E(O‘B ) (R)-A4 (0.1 mol %) NH Iil)(O'B ) ; S H---0p
W, — u, | | GP_ ~
/i * ﬁ 2 4 AMS, toluene Ar/\ﬂ/ 2 OO 0 N+ o]
Ar” TH N, -40°C N2 ; R ! ('BUO),(O)P-_
33 34 35 | (R-A4, R = 2,4,6-(Pr);-CoHy |
PG =Boc, Cbz up to 97% yield : HO TG
> 99% ee i N,
proposed transition state model
Boc. < ~
NH 9 Boc NH 9 Boc NH 9 Cbz\NH 9 CbZ\NH o
__P(OBU __P(0'BU __P(OBu __P(OB S P
Ph/\[T ( )2 Z'Np/w]/ ( )2 2-Thienyl/\n/ ( )2 Ph/ﬁ]/ ( u)z 4'FCGH4/\H/ P(O'Bu),
N, N2 N, N> N,

3.5a, 91%, > 99% ee

3.5b, 82%, 99% ee

3.5¢, 94%, > 99% ee

3.5d, 87%, 92% ee

3.5e, 86%, 98% ee

Figure 19. Chiral phosphoric acid-catalyzed asymmetric Mannich-type reaction of dialkyl diazomethylphosphonates with N-carbamoyl imines.
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In 2019, the Singh group reported a chiral phosphoric acid-catalyzed tandem Mannich-lactamization reaction (Figure 20)121. A
reasonable transition-state model was proposed based on experimental results to explain the stereochemical outcome. Chiral
phosphoric acid acts as a bifunctional catalyst with both Brensted acid and Breonsted base sites. In this process, acidic protons
activate the in situ generated imines and ester groups via hydrogen bonding. Nucleophilic a-diazo esters 2.33 then attack the Si face
of the imines. The a-diazo esters are subsequently deprotonated by the phosphoryloxy group, which serves as the Bronsted base site.
The desired products are finally obtained through intramolecular lactamization.

A COMe A |
X7 P 3
3 GCHO (R)-A10 (5 mol %) o0
' + - N
+ N, DCE, 4 A MS, 0 °C o OH |
Ar-NH, 933 as | A |
3.7 . ‘ ) 3
up to 96% yield Ar=246-(Pr)s-CeH, !

99% ee (R)-A10

Figure 20. Chiral phosphoric acid-catalyzed Tandem Mannich-lactamization reactions.

In 2019, Ma et al. developed a facile, and chemodivergent, and stereoselective reaction of N-Boc aldimines with PhSO,CF,CHN,
(Figure 21)P3., The reaction proceeded via a Mannich-type pathway when employing (S)-A4 as the catalyst, whereas the use of (+)-BPA
selectively afforded E-configured enamine products 3.11. Mechanistic studies showed that TEMPO (3 equiv) could form a
hydrogen-bonded ion pair (O™+*H—N*) with chiral phosphoric acid to suppress the rearrangement, and diazo-Mannich adducts were
identified as key intermediates en route to enamines.

Mannich-type reaction one-pot olefination
Boc.\ 1 FoE (S)-A4 (10 mol %) E F (+)-BPA (20 mol %) F F
Na,SO, NBoc Na,SO, N
R SOPh ~—————— 4+ [ "SOPh BocHN SO,Ph
N TEMPO (3equiv) R N, CH,Cl,, 45 °C Ar
2 CH,Cly, 0 °C R=Ar
3.10 R = Ar, aryl 2.23 3.9 3.1
up to 98% yield up to 98% yield
99% ee
Boc. ., BCNHE ¢ " &
RF BocHN” X" "S0,Ph  BocHN” Xy “s0,Ph
N
N 2
2 é
3.10a, 98%, 94% ee 3.10b, 98%, 97% ee 3.11a, 76% 3.11b, 61%
FF Lo~ :
BOC\H £ . (+)-BPA (20 mol %) 3 3
Na,S0, BocHN XX SO,Ph ; 0 0 ;
SOPh 3 R |
N, CH,Cl,, 45°C, 12 h ; O‘ O OH ;
3.10a 3.11a, 96%, > 20:1 E/Z | (+)-BPA

Figure 21. Chiral phosphoric acid-catalyzed chemodivergent and stereoselective reaction of N-Boc aldimines with PhSO,CF,CHN..

In 2020, the Peng group reported a chiral phosphoric acid-catalyzed asymmetric acyl-Mannich reaction of (diazomethyl)phosphonate
3.14 or ethyl a-diazoacetate 2.1 with isoquinolines (Figure 22)P*/l. This highly atom-economical reaction begins with the isoquinoline
reacting with diethyl dicarbonate 3.13 to generate intermediate 3.16. Protonation of the 1-ethoxy group in 3.16 by chiral phosphoric
acid, followed by loss of EtOH, furnishes a 2-ethoxycarbonylisoquinolinium ion. This cation forms an ion pair with the chiral
phosphate anion, which directs the enantioselective nucleophilic addition of 3.14 to the Si-face of the iminium. Finally, the
phosphoryl oxygen acts as a Bronsted base to abstract the a-hydrogen from the o-(diazomethyl)phosphonate, affording product 3.15.

In 2018, the Singh group reported a chiral phosphoric acid-catalyzed asymmetric Mannich-type reaction of a-diazoacetate with in
situ generated N-acyl ketimines, derived from 3-hydroxyisoindolinonesl**l. Inspired by this work, the Zhao group further expanded
the substrate scope from 3-hydroxyisoindolinones to 2-aryl-3H-indol-3-ones in 2025 (Figure 23)I*°l. The reaction is initiated by the
interaction of ethyl diazoacetate 2.1 and 2-aryl-3H-indol-3-one 3.17a with chiral phosphoric acid via hydrogen bonding to generate
intermediate INT VI In INT VI, the hydroxyl group of the chiral phosphoric acid protonates the imine unit of 3.17a through hydrogen
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bonding, forming a chiral indolin-3-one iminium ion. Simultaneously, the a-hydrogen of diazoacetate 2.1 interacts with the
phosphoryl oxygen of the chiral phosphoric acid, enhancing its nucleophilicity. Subsequently, nucleophilic attack of the activated 2.1
onto the Si-face of the indolin-3-one iminium ion occurs via transition state TS-2, affording intermediate INT VII. Finally,
intramolecular deprotonation of INT VII yields the final product 3.18a.

1

R ‘\ XX 3
l\\ N, 0 . WEWG (R)-A11 or A12 (10 mol %) P NCO,Et |
AN (EtOC),0 A toluene, 5 A MS |
N7 “EWG 3
3.12 3.13 2.1, EWG = CO,Et 3.15 |
3.14, EWG = PO(OMe), up to 98% yield (R)-A11: R = 3 5-(Me),-4-(3,4,5-F5C¢Hy)-CoHa
99% €€ (R)-A12: R = 2-Me-4-BuCeH;
NN \
o :
(EtOC),0 K =
X 3.3 A NCO,Et
_N NCO,Et (R)-A11 or A12
3.12 3.16 OEt EtOH Ny~ "PO(OMe),

?
(MeO),P___H
314,

o o
—\ R? S)-A4 (5 mol%
R SN R HKORS (SrA4(GmoRe) -
Z >N \ 7/ N, toluene, 40 °C
317 233

Figure 23. Chiral phosphoric acid-catalyzed asymmetric Mannich-type reaction of a-diazoacetate with 2-aryl-3H-indol-3-ones.
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3.2 Chiral dicarboxylic acid-catalyzed asymmetric Mannich-type reaction

By combining two carboxylic acids and an axially chiral binaphthyl moiety, the Maruoka group designed a new type of axially chiral
binaphthalenedicarboxylic acid catalyst in 2007, which was designed to address the issues of poor reactivity of carboxylic acid and
difficulty in building an effective chiral recognition site around them. It was successfully applied to the asymmetric Mannich-type
reaction of arylaldehyde N-Boc imines 2.23 with tert-butyl 2-diazoacetate 2.33a or dimethyl diazomethylphosphonate 3.14
(Figure 24)B371, The use of 4A molecular sieves could inhibit the hydrolysis of imines and improve the yield. In 2011, they expanded the
substrate scope to include tolyl (diazomethyl)sulfone 3.190%1. A transition state model was proposed in which N-Boc aldimines
coordinated to axially chiral dicarboxylic acid to form a reactive complex, while the steric bulk of 3,3'-aryl groups and the binaphthyl
unit control the orientation of N-Boc aldimine by sterically preventing the formation of conformational isomers arising from the
rotation of the N-H-+O hydrogen bond. Nucleophilic tert-butyl 2-diazoacetate 2.33a approached from the side of the inward oxygen,
which acted as a Lewis base by forming a hydrogen bond with the a-hydrogen of the diazoacetate.

1 R
i . NHBoc ! OO
Il\lBoc EWG (R)-A13 (5 mol %) /'\[( COH
Ar

P EWG |
Ar N, CH,Cl,, 4 AMS, 0°C | ! OO COH
2 |
223  2.33a, EWG = CO,t-Bu 3.20 3 R
3.14, EWG = PO(OMe up to 89% yield ! !
319 EWG = soim Y2 P 067 g . ! (R-A13, R = 2,6-Me,-4-tBu-CqHy!
NHBoc NHBoc NHBoc
CO,t-B PO(OM PO(OM
Ph 28U Ph (OMe), 2—furyl/'\H/ (OMe),
N> N2 N2
3.20a, 80%, 95% ee 3.20b, 68%, 96% ee 3.20c, 89%, 92% ee

plausible transition-state model

Figure 24. Chiral dicarboxylic acid-catalyzed asymmetric Mannich-type reaction of aromatic aldehyde N-Boc imines with diazo compounds.

While cyclic azomethine imines were widely utilized in asymmetric additions, acyclic azomethine imines remained underdeveloped.
In 2011, the Maruoka group employed acyclic azomethine imines as novel prochiral electrophiles, which were generated in situ from
the reaction of aldehydes 3.21 with N'-benzylbenzoylhydrazide 3.22 (Figure 25)1*. Using an axially chiral dicarboxylic acid catalyst
(R)-A14, a variety of chiral a-diazo-3-hydrazino esters and phosphonates 3.25 were obtained in the reaction of 2,4-dimethylpentan-3-
yl 2-diazoacetate 3.23 or dimethyl diazomethylphosphonate 3.14 with aldehydes and N'-benzylbenzoylhydrazide. Alkyl, aryl, and
alkynyl aldehydes were suitable for this three-component asymmetric Mannich-type reaction. Furthermore, trans-o-amino-f3-
hydrazinoester 3.25a-I could be obtained via a reductive treatment with samarium iodide in good yield and with moderate
diastereoselectivity, without erosion of the enantiomeric excess.

] R
Bn.,,-NHBz ; OO
- 0, il
EWG (R)-A14 (5 mol%) co

H '
N. .Bz EWG !
RCHO + g -N-y + [ R)ﬁ( : CO,H
H N, PhCF3, 4 AMS, 0°C N, : OO 2
3.21 322  3.23, EWG = CO,CH(Pr), 3.25 ; R
3.14, EWG = PO(OMe), up to 89% yield | (R)-A14, R = PhyMeSi
R = alkyl, aryl, alkynyl 97% ee o (RFA14, 2
Bn., .NHB Bn., .NHB:
n N z Bn\N,NHBz Bn\N,NHBz n N 4
CO,CH(Pr), CO,CH(Pr), CO,CH(Pr), PO(OMe),
=
N, N, Ph N, N
3.25a, 84%, 97% ee 3.25b, 84%, 89% ee 3.25¢c, 75%, 87% ee 3.25d, 64%, 90% ee
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N n N Z

; i
CO,CH(PI), Sml,, 'PrOH Boc,0, NaOH (1 N) CO,CH(Pr),
N 0°C,05h t, 14 h -
2 NHBoc

0,
3.25a, 97% ee 3.25a-1, 80%, 4.4:1 dr, 96% ee

Figure 25. Chiral dicarboxylic acid-catalyzed asymmetric three-component Mannich-type reaction of aldehydes and N’-benzylbenzoylhydrazide with diazo compounds.
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3.3 Chiral Lewis acid-catalyzed asymmetric Mannich-type reaction

The lower reactivity of a-diazomethylphosphonates has largely confined asymmetric Mannich-type reactions to aldimines. Their
reactions with less reactive ketimines remain highly challenging. In 2016, the Peng group reported a chiral silver
phosphate-catalyzed asymmetric Mannich-type reaction of isatin-derived ketimines 3.26 with a-diazomethylphosphonates 3.27
(Figure 26)“°l. A broad range of isatin ketimines bearing electron-withdrawing or electron-donating groups gave good to excellent
yields and enantioselectivities. Rearrangement products 3.29 were observed in the reaction.

PG le) | R
R ) Q (RI-A15 (10 mol%) “POR"), | OO
X P(OR! Ag,COg3 (5 mol%) | 0 0
O\/gzo v PORY: C S NHPG | "
Z N N PhMe/PhEt, 4 A MS, -30°C 1 / OH
S be T
PG = Boc (-CO,'Bu), Eoc (-CO,Et) R | 3 R
3.26 3.27 3.28 3.29 . ,
up t0 95% yield 3.30%yields R = 2.6-(Prjp4-(4-Bu-CeHy)-CeHy
99% ee (R)-A15

Figure 26. Chiral silver phosphate-catalyzed asymmetric Mannich-type reaction of isatin-derived ketimines with a-diazomethylphosphonates.

In 2018, the Wang/He group reported a Lewis acidic gold(I)-catalyzed asymmetric Mannich-type reaction of a-diazoacetates 2.33 with
N-sulfonyl cyclic ketimines 3.30 (Figure 27)*!l. This reaction was catalyzed by a chiral phosphine ligand [(S)-BINAP] with an achiral
PPh;AuCl complex. A plausible mechanism is depicted in Figure 27. The (S)-BINAP ligand (L1)coordinates to PPh;AuCl in the presence
of AgOTf to generate a chiral cationic Au(l) complex. This complex then promotes the enolization of ethyl a-diazoacetate 2.1, while
N-sulfonyl cyclic ketimine 3.30 coordinates to Au(l) from the sterically favored face. Subsequent nucleophilic attack of the enolate
intermediate at the Si-face of 3.30a, directed by the chiral L1-Au(l) environment, delivers the product (S)-3.31a.

%0 o 0
- 3 PPh;AuCI/AgOTf/L1 XS :
RIS o S\N + H\[(CO2R 3(;mo| ?A,) R NH ! PPh,
| — 3 '
Z~ N DCE, it, 24 h 20,8 Il CoR PPhy
s R20,C :
Salles
3.30 2.33 3.31 E L1
up to 95% yield
85% ee
+L*+
30 AUPPhsCI + L* + AgOTf H\@( COEt
NH ® l e) N® g4
L*Au « PPh; OTf Vi
EtO,C /—CO,Et +
3.31a N2 AgCl OH
_.C” TOEt
NG
N*
Q0
§ o
_N-AuL* OTf + PPh,
EtO,C ® ©
2 ‘\ j\"' L*Au « PPhy OTf
® _C7 T OEt
/,N
N ©
Q.0
g
3.30a CO,Et

Figure 27. Chiral Au(1)/(S)-BINAP asymmetric Mannich-type reaction of N-sulfonyl cyclic ketimines with a-diazoacetates. BINAP: 2,2"-diphenylphosphino-1,1"-binaphthyl.

In 2020, the Dixon group reported a silver(I)-catalyzed asymmetric Mannich-type reaction of o-diazoacetates with N-Boc aldimines
(Figure 28)*?l. (R)-DM-SEGPHOS (L2) exhibited remarkable stereocontrol over other chiral ligands. This protocol afforded the chiral
B-amino-a-diazo esters 3.32 with high enantioselectivity for imines bearing different substituents on the aromatic ring.
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0
o L2 (10mol %)  Boc, < O
NBoGc R AgOTf (5 mol %) NH O o) PAI,
| + o NEts (10 mol %) R
Ar | - = Ar O ' (o) PAr,
N2 CHCl3, -40 °C N, Y O
2.23 2.33 3.32 0
up to 88% yield L2, Ar = 3,5-(Me),CgH3
98% ee

Figure 28. Chiral Ag(I)/(R)-DM-SEGPHOS asymmetric Mannich-type reaction of N-Boc aldimines with a-diazoacetates.

In 2021, the Wang group reported a chiral silver imidodiphosphate-catalyzed asymmetric tandem reaction of o-alkynylbenzaldehydes
3.33, aromatic amines 3.7, and ethyl a-diazoacetate 2.1 or a-diazomethylphosphonates 3.14 (Figure 29)[*3l. Various chiral
1,2-dihydroisoquinoline analogues 3.34 have a C1 tertiary stereocenter and substituents at the C3 position were achieved in up to 97%
yields and 98% ee. Both electron-withdrawing and electron-donating groups at the para- or meta-positions of the terminal benzene
ring were well tolerated.

NH R2 R Ar Ar
1 > |

R =N Ewg (R-A16(10mol %) [V S)7S RS ! OO QHQ OO

T s RN Ag,CO; (5 mol %) AN AL O-p_N-PO

e T, ST ~

| N 5 A MS, DME, 20 °C | °© °©
CHO R3 EWG™ TN, } OO OO

3.33 37 2.1, EWG = COEt 3.34 ‘ Al Ar

3.14, EWG = PO(OMe), up to 97% yield (R)-A16: Ar = 2-Pr-4-Bu-CgHs
98% ee

Figure 29. Chiral silver imidodiphosphate-catalyzed asymmetric tandem reaction of o-alkynylbenzaldehydes, aromatic amines and diazo compounds.

4. Conclusion and Perspective

In this review, recent developments in transition-metal-free chiral Bronsted/Lewis acid-catalyzed asymmetric diazo
nucleophile-imine reactions have been summarized, including asymmetric aza-Darzens reactions and Mannich-type reactions. These
approaches have demonstrated exceptional utility in the synthesis of chiral aziridines and $-amino a-diazo compounds. The effects of
substrate substituents and catalysts on the chemoselectivity of these asymmetric diazo nucleophile-imine reactions are summarized
in Table 1.

Table 1. Summary of chiral Brensted/Lewis acid-catalyzed asymmetric diazo nucleophile-aldimine reactions.

L . cis- trans-
imine diazo L L B catalyst Refs.
aziridine aziridine

PG COR o R v VANOL/VAPOLB(OPh)4 [10-15]

N
)l ﬁ or MRZ
R N, |
PG = CHPh,, DAM,
BUDAM, MEDAM

ll\lBoc o v chiral dicarboxylic acid [18]
Ar?
Ar N f chiral phosphoricacid ~ [20]
N
combination chiral diol [24]

with2-boronobenzoic acid

g(OtBu)Z v chiral phosphoric acid [31]
i
N2
WCFZSOZPh v chiral phosphoric acid [33]
N2
rCOZ'Bu o (302T0| v chiral dicarboxylic acid [37,38]
|

N2 NZ
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COzR v Ag(I)(R)-DM-SEGPHOS [42]

"

o] v chiral phosphoric acid [31]
NCbz

\B o) v combination chiral diol [24]
n
J HJ\N,ArZ with2-boronobenzoic acid
R | H
N2
(CF3 v chiral phosphoric acid [21]
[
/©/OM9 N2
N Ni . . .
chiral phosphoric acid [19]
ArYI CO,Et PRosp
I i
N
CF.SO.Ph v combinationchiral [25]
f 2me disulfonimide with2-
N boronobenzoic acid
R? rCOZR v Chiral phosphoric acid [22]
N0 |
R'I : f N2
NN
t v chiral N- [23]
CO,'Bu ) )
)N\ '\ll( 2 triflylphosphoramide
t
Ar O'Bu 2
AR I(COZR v Chiral phosphoric acid [30]
N
Yo 2
Ar'”TH
COR J A o
Ar ﬁ 2 Chiral phosphoric acid [32]
N N
Cr |
CO,Me
N,Ar v chiral silver [43]
[ o
I imidodiphosphate
SN N, N,
Ar

Despite the remarkable progress achieved to date, several critical challenges remain to be addressed. First, the enantioselectivity of
products derived from aliphatic imine substrates still needs further improvement. Second, high catalyst loadings (5-10 mol %) are
typically needed, and thus catalytic efficiency must be enhanced. Third, chiral Lewis acid catalytic systems remain underdeveloped,
with most relying on noble metals such as Au and Ag. Earth-abundant, cost-effective first-row transition metals, including Fe, Ni, Sc,
and Cu, offer promising alternatives worthy of systematic exploration in asymmetric diazo nucleophile-imine reactions. Fourth,
much attention is currently concentrated on the construction of central chirality, so the design and synthesis of planar, axial, helical,
or inherently chiral compounds is in great demand. It is worth mentioning that the enamines generated via 1,2-migration are
ubiquitous byproducts across various catalytic systems. Optimizing the catalytic system or rationally designing substrates to achieve
controlled synthesis of enamines, particularly chiral enamines, might represent an important direction in this field. It is our hope that
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this review will stimulate further investigations to address these outstanding synthetic challenges and foster continued growth in the

development of catalytic asymmetric diazo nucleophile-imine reactions.
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