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ABSTRACT: The axially chiral compounds/atropisomers with functional group such as phosphine (BINAP) 
and phenol (BINOL) have found extraordinary applications in asymmetric catalysis, chiral auxiliary, chiral 
resolving agents and in supramolecular chemistry. In a similar manner axial chiral compound with amine as 
the functional group also have equal potential in chiral applications. However, the chemistry of axially chiral 
amines is still under development and needs more attention in terms of its synthesis and applications. This 
review report describes the diverse synthetic strategy for accessing axially chiral compounds amines. 
Furthermore, describe the application of axially chiral amines for different chiral organic transformations.  
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2.Introduction: 
Chirality is an intriguing feature of nature and many natural, biologically active compounds are chiral. 
Indeed, the unique three-dimensional structure of chiral compounds frequently accounts for specific 
interactions with active sites of enzymes, allowing highly selective therapeutic actions1. Such three-
dimensionality may arise from the presence not only of chiral stereocenters but also of atropisomerism, 
corresponding to restricted rotation about an axis2. Indeed, an analysis of 1900 small-molecule drugs in the 
USD FDA Drug Bank (FDA: Food and Drug Administration) reveals that approximately 15% of FDA-
approved scaffolds contain one or more atropisomeric axis and an additional 10% of molecules are 
‘proatropisomeric’. Even more markedly, the prevalence of atropisomeric compounds has been expanding 
drastically since 2011and over the last years almost one in three FDA approved small molecules contains an 
atropisomeric element and an additional 16% are proatropisomeric.  In addition, axially chiral biaryls could 
be used as privileged ligands in asymmetric catalysis highlighted by the well-known BINAP (phosphine), 
BINOL (phenol) and its derived phosphoric acids3. However, the other axially chiral biaryl with amine as the 
functional group is not much developed despite having equal potential. The most common example of axially 
chiral amines is 1, 1′-Binaphthyl-2, 2′-diamine (BINAM). The axially chiral amines have found there 
application in asymmetric catalysis, chiral auxialliary, chiral resolving agents, supramolecular chemistry and 
in drug discovery as well.  

 
 

Axial chirality is ubiquitous in nature, and there has been significant progress in incorporating this 
important subclass of chirality into asymmetric synthesis4-7. Since 1980, BINAP (2,2′-
bis(diphenylphosphino)-1,1′-binaphthyl), bearing an axially chiral 1,1′-binaphthyl scaffold, has been 
developed as a versatile ligand for asymmetric transition-metal catalysis8.Subsequently, 1,1′-binaphthyl 
moieties derived from 1,1′-binaphthol (BINOL) have been developed as versatile and highly efficient chiral 
ligands/catalysts9-11. The enantioselectivities of many reactions catalysed by such compounds are substrate-
dependent or inadequate12, and so the discovery of the chiral skeleton derived from 1,1′,4,4′-tetraaryl 2,3-
butanediol (TADDOL)13-15 and 1,1′-spirobiindane-7,7'-diol (SPINOL),16-17. Further promoted development in 
the fields of asymmetric catalysis.  

BINOL and SPINOL derivatives are now commonly screened simultaneously to find 
ligands/catalysts suitable for specific asymmetric reaction12,19-21. Although useful modifications of these 
skeletons have been reported21-22, even more powerful ligands/catalysts are in demand for asymmetric 
catalysis. Motivated by the great success of BINOL, SPINOL and TADDOL derivatives and our ongoing 
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research on axially chiral alkenes22, we designed and attempted to synthesize a versatile disubstituted 1,1′-
(ethene-1,1-diyl)binaphthol (EBINOL) scaffold. Because it has a distinctivespatial configuration, this axially 
chiral skeleton could supplement BINOL and SPINOL skeletons for asymmetric catalysis.More recently, the 
combination of PIP amine with axially chiral ligands was found to promote asymmetric functionalization of 
unbiased methylene C(sp3)–H bonds, a challenging research topic in the area of C–H activation that remains 
to be addressed23.  

In this review, we aim to discuss the short overview of synthesis and applications of axially chiral 
amines that may serve as reference guide research community. The application of axially chiral amines are 
broadly categorized on the basis of common reactions like enantioselective hydrogenation, allylic 
substitution, Asymmetric Mannich reaction, kinetic resolution, conjugate addition, transamination reaction 
and coupling reaction.  Each broad class discussion is combined with synthesis of axially chiral amines and 
its particular chiral organic transformation application.   
 

3. Synthesis of axially chiral amines and its application in asymmetric catalysis  
3.1 Enantioselective hydrogenation reaction  
Enantioselective hydrogenation is a chemical reaction that adds two atoms of hydrogen preferentially to one 
of two faces of an unsaturated substrate molecule, such as an alkene/imine/ketone. The selectivity derives 
from the manner that the substrate binds to the chiral catalysts.    
Hua-Jie Zhu et al.24 created a novel asymmetric-axle-supported chiral N-O amide by hydrolyzing 1 to its 
corresponding diacid 2, which when acid amine coupled with chiral amino alcohols yielded 3 (a-b) in a 95% 
yield, followed by oxidation to N-oxide derivatives 4 (a-b) in a yield of 95%. (scheme 1). After column 
chromatography, one main epimer product was produced with a single step yield of 48 percent. For the 
hydrosilylation of N-aryl ketimines 5 (a-n) with HSiCl3, the 4a was discovered to be a highly efficient Lewis 
basic organocatalyst. There was a high conversion yield and enantioselectivity of up to 96% (Table 1). N-
oxide pyridine molecules were used for the first time in this model procedure. For the first time, N-oxide 
pyridine molecules were employed in this model process. The impact of various catalyst moieties on 
hydrosilylation was examined. The loss of free OH (e.g., ligand 4b) resulted in a reduction in ee percent from 
93 to 30%. The ee percent dropped to 7% after the -O on N was deleted, as shown in 3a. 

 
Scheme 1. Synthesis of catalyst, 4(a-b) 

 
Table 1. Asymmetric hydrosilylation of various ketimines catalyzed by 4a. 

Entry  R1R2R3  Yield %  Ee%  OR  

1(a)  Ph, ph, Me  95  93  -13.5  
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2(b)  Ph, 4-Me-Ph, Me  95  93  +5.7  

3(c)  Ph, 4-Et-Ph, Me  95  89  -1.74  

4(d)  Ph-4-Br-Ph, Me  98  75  +26.6  

5(e)  Ph, ph, Et  95  94  +40  

6(f)  4-NO2-ph, ph, Me  95  78  +16.5  

7(g)  4-Br--ph, ph, Me  98  76  +11.7  

8(h)  4MeO-ph, ph, Me  94  67  -13.9  

9(i)  Ph, PMP, Me  97  96  -2.0  

10(j)  Ph, 4-EtO-ph, Me  95  94  -18.2  

11(k)  4-F-ph, ph, Me  98  95  -17.1  

12(l)  4-Cl-ph, ph, Me  97  94  -12.1  

13(m)  4-Br-ph, ph, Me  96  93  -17.1  

14(n)  4-F3C-ph, ph, Me  95  84  -40.0  

Huajie Zhu and group25 produced chiral axial-biscarbolinebased alcohol 7A catalysedenantioselective 1,2-
transfer hydrogenations of ketimines 8 (a-n) utilising HSiCl3 as part of their work on axial chiral compounds 
and its application for hydrogenation reactions (Table 2) The substrate scope investigation demonstrated 
up to 99% enantioselectivity.  
The enantioselectivity values are as low as 91 percent, with more than 90% of conversions. (Table 2).  

 

 
Table 2. The enantioselectivities in 1, 2-transfer hydrogenations of fourteen ketimines, 8 (a-n) catalyzed by 
(as)-7A 

Entry  R1, R2, R3  Yield%  Ee%  

1  4-NO2-C6h4, Ph, Me (8e)  90  92(R)  

2  4-Me-C6h4, Ph, Me (8f)  90  94(R)  

3  Ph,4-Me-C6h4, Ph, Me (8g)  92  98(S)  

4  Ph,4-EtOC6h4, Ph, Me (8h)  94  98(S)  

5  Ph-4Me-C6h4, Ph, Me (8i)  90  93(R)  

6  Ph-4-Et-C6h4, Ph, Me (8j)  90  95(S)  

7  Ph-4-Br-C6h4, Ph, Me (8k)  92  96(R)  

8  4-Br-C6h4, Ph, Me (8l)  93  92(S)  
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9  Ph, Ph, Me (8m)  90  95(S)  

10  Ph, Ph, Et (8n)  90  93(S)  

11 4-Br-C6h4, Ph, Me (8a)  91  97(S)  

12 4-F-C6h4, Ph, Me (8b)  90  95(S)  

13 4-Cl-C6h4, Ph, Me (8c)  89  96(S)  

14 4-Br-C6h4, Ph, Me (8d)  92  96(S)  

 
3.2 Allylic Substitution reaction  
It is the substitution reactions involving substrates that contain a leaving group in an allylic position.  
IOscarPamies and Montserrat Dieguez of group26 created the phosphitephosphoroamidite ligands 12 (a-d) 
and 13 (a-d) by reacting widely accessible D-xylose with axially chiral derivatives 11 (a-b)/ 11 (a-d) (c-d). 

 
Scheme 2. Synthesis of phospite and phosphoroamidite ligands 12(a-d) and 13(a-d) 
 

The eight phosphite-phosphoroamidite ligands 12 (a-d) and 13 (a-d) were initially tested in the Pd-
catalyzed allylic substitution of rac- 1, 3-diphenyl-3-acetoxy-1-ene 14 with dimethyl malonate (Table 3). In 
general, ligands 12 (a-d) with an S configuration on C-3 produced better activities and enantioselectivities 
than ligands 12 (a-d) with an S configuration on C-3a-d) a-d) a-d) a-d) a- (entries 1-4 vs 5-8). The ligand 
12d, which has an S configuration at carbon C-3 of the furanoside backbone and two enantiopurebinaphthyl 
moieties with S configuration and bulky trimethylsilyl groups in the ortho positions, has the best 
enantioselectivity (ee's up to 98%) 

 
Table 3.Pd-Catalyzed Allylic Alkylation of Substrate S1 using Ligands 3 and 4a 

Entry  ligand  % conv (min)  % ee 

1  12a  88  62  

2  12b  100  59  

3  12c  71  6  

4  12d  96  98  

5  13a  64  55  

6  13b  83  52  

7  13c  12  80  
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8  13d  15  12  
Takashi Mino and colleagues27 created P/N-type ligands with axial chirality 18 (a-c) and 20 for the C(aryl)–
N(amine) link. In the presence of K2CO3, N-alkylation of 16 (a-c) with cinnamyl bromide yields 
aminophosphine oxide 17 (a-c), which was transformed into the required racemic aminophosphine. ()-18 
(a-c) with good yields of trichlorosilane–triethylamine (Scheme 3). Furthermore, racemic aminophosphines 
()-18b and ()-18c were resolved using chiral HPLC to separate the two enantiomers of each racemic 
product, yielding enantiopure substances. The production of enantiopureN-alkylation of 16c with 1-iodo-3-
phenylpropane, reduction, and chiral HPLC resolution of racemic 20 followed a similar synthesis method 
(scheme 4). The authors investigated palladium-catalyzed asymmetric allylic alkylation of indoles with 1,3-
diaryl-2-propenyl acetate using N-1-adamantyl-N-cinnamylaniline derivative 18c with C(aryl)–N(amine) 
bond axial chirality as a ligand in MeCN, and found that the desired products 22 were obtained in good 
yields withmoderate to high enantio (Table 4). 

 
Scheme 3. Preparation of racemic aminophosphines (±) 18(a-c) and enantiopure18(b-c) 
 

 
Scheme 4. Preparation of racemic aminophosphines(±) 20 and enantiopure20 

 

 
Table 4. Palladium-catalyzed asymmetric allylic alkylation of indoles21 using (aR)-(-)-18c 

Entry  R  X  Ar Yield (%)  ee 

1  H  OAc Ph 69 (23a) 96  

2  6-Me  OAc Ph 72 (23b) 94  

3  6-OMe  OAc Ph 62 (23c) 83  

4  6-OBn  OAc Ph 70 (23d) 57  

5  4-Br  OAc Ph 62 (23e) 95  

6  4-Me  OAc Ph 68 (23f) 95  

7  2-Ph  OAc Ph 69 (23g) 96  

8  N-Me  OAc Ph 63 (23h) 91  

9  H  OAc Ph N. R.  -  
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10  H  OPiv Ph 67 (23i) 95  

11  6-NO2  OAc Ph 61 (23j) 98  

12  6-F  OAc Ph 60(23k) 86  

13  6-Cl  OAc Ph 74(23l) 95  

14  6-Br  OAc Ph N. R.  -  

15  7-Br  OPiv Ph 82 (23a) 97  

16  5-Br  OAc p-ClPh 82 (23m) 97  

 
         In continuation of work on synthesis of P/N-type of chiral ligands Takashi Mino and coworkers30have 
synthesized series of N, N-disubstitutedallylic amine type aminophosphines24-26 (chart 1) which are 
derivatives of 18(a-c) by following same synthetic strategy.  
 

 
Chart 1. P-N type of axially chiral ligands 24-26 

By chiral HPLC analysis, aminophosphines 24–26 have C(aryl)– N(amine) bond axial chirality. The 
enantiomerically pure forms of both enantiomeric isomers of 26b were effectively produced. The authors 
showed that 18a, 18b, and 26b can be employed as effective chiral ligands for palladium-catalyzed 
asymmetric allylic alkylation of 1,3-diphenyl-2-propenyl acetate 27 with malonates with high 
enantioselectivities (up to 90% ee) (Table 5). 

 
 
Table 5.Palladium-catalyzed asymmetric allylic alkylation with malonate using chiral ligands 
 

Entry Chiral Ligand R Solvent Base Yield (%) ee 
1 (–)-26b Me PhMe LiOAc 86 (12a) 62 
2 (aR)-(–)-18b Me PhMe LiOAc 94 (12a) 79 
3 (aR)-(–)-18b Me PhMe LiOAc 95 (12a) 48 
4 (aR)-(–)-18b Me THF LiOAc 91 (12a) 33 
5 (aR)-(–)-18b Me Et2O LiOAc 98 (12a) 38 
6 (aR)-(–)-18b Me DCM LiOAc 86 (12a) 58 
7 (aR)-(–)-18b Me Hexane LiOAc 76 (12a) 58 
8 (aR)-(–)-18b Me PhCF3 LiOAc 87 (12a) 53 
9 (aR)-(–)-18b Me PhMe KOAc 95 (12a) 73 

10 (aR)-(–)-18b Me PhMe NaOAc 86 (12a) 83 
11 (aR)-(–)-18b Me PhMe NaOAc 99 (12a) 90 
12 (aR)-(–)-18b Me PhMe NaOAc 91 (12a) 86 
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13 (aR)-(–)-18b Me PhMe NaOAc 94 (12b) 90 
14 (aR)-(–)-18b Me PhMe NaOAc 86 (12c) 87 

Masami Sakamoto and colleagues also created a series of N-2-adamantyl-N-transcinnamylaniline type 
aminophosphines 31 and a few additional N-trans-cinnamyl-Ncyclohexylaniline type aminophosphines 30. 
Although aminophosphine 30 failed to show axial chirality, aminophosphines 31, identified as 1-adamantyl 
type chiral ligands 18 (a-c) by chiral HPLC analysis, show axial chirality in a C(aryl)– N(amine) link (chart 2). 
By chiral HPLC resolution, the enantiomeric isomers of 31b, 31c, and 31d were produced in an 
enantiomerically pure form. 

  
Chart 2. P-N ligands 30 and 31 

The authors also investigated the palladium-catalyzed asymmetric allylic substitution of 1,3-diphenyl-
2propenyl acetate 27 with indoles 21 in high enantioselectivities (up to 96 percent ee) employing 
aminophosphines 31b as effective chiral ligands (Table 6). 

 
Table 6. Palladium-catalyzed asymmetric allylic substitution of indoles using (aR)-(+) 31b 

Entry  R  Yield (%)  ee 

1  H  69 (32a) 93  

2  6-Me  66 (32b) 95  

3  6-MeO  77 (32c) 77  

4  6-BnO  70 (32d) 85  

5  6-NO2  68 (32e) 96  

6  6-F  58 (32f) 95  

7  6-Cl  77 (32g) 89  

8  6-Br  78 (32h) 96  

9  5-Br  72 (32i) 96  

10  4-Br  70 (32j) 71  

11  4-Me  69 (32k) 90  

12  7-Br  45 (32l) 59  

13  2-Ph  60 (32m) 92  

 

3.3 Asymmetric Mannich reaction  
The Mannich reaction is a multicomponent process in which an acidic proton is put next to a carbonyl 
functional group and is aminoalkylated. A suitable carbonyl compound, such as formaldehyde, is combined 
with a main or secondary amine or ammonia. The end result is a Mannich base, which is an aminocarbonyl 
molecule.Because aldimines and methylene carbonyls are formed via the reaction of amines with aldehydes, 
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these reactions are also referred to as Mannich reactions. It is made up of the reactions of primary or 
secondary amines, ammonia, formaldehyde, and suitable CHacidic chemicals (nucleophiles) such as 
carbonyl compounds with CHacidic, nitriles, acetylenes, aliphatic nitro compounds, alkylpyridines, or 
imines.One of the most powerful enantioselective and diastereoselective C–C-bond formation processes is 
the asymmetric Mannich reaction. Organocatalyzed versions of asymmetric Mannich processes have been 
developed and employed in an increasing number of applications in recent years. 
KeijiMaruokaet al.29 have discovered a highly stereoselective direct asymmetric Mannich reaction catalysed 
by (S)-33 between acetaldehyde 34 and N-Boc-protected imines 35. (Table 7). In general, the direct 
asymmetric Mannich reactions went well, with good yields and great enantioselectivity in all of the 
examples studied. 
The direct asymmetric Mannich reaction between different aldehydes 37 and N-Boc-protected imines 38 
was also carried out by the authors. In all of the examples studied under the optimal conditions, the 
matching anti-Mannich adducts were produced with good anti selectivity and excellent enantioselectivity, as 
shown in Table 8.The catalyst loading could be lowered to 1 mol percent without losing stereoselectivity 
when a solution of the N-Boc-protected imine was introduced more slowly to the reaction mixture by 
syringe pump (Table 8, entries 3 and 4). In addition, NBoc-protected heteroaromatic imines and an N-Boc-
protected aliphatic imine (Table 8, entries 8–10) were discovered to be appropriate to the current reaction 
system. 

  
Chart 3. The structure of axially chiral amino sulfonamide, (S)-33  

 
Table 7. Direct Mannich reactions between acetaldehyde 34 and various N Boc-protected imines 35 

catalyzed by (S)-33. 
Entry  R  Yield (%)  ee (%)  

1  Ph 87 99  

2  2-naph  82  99  

3  4-MeOC6H4 92  99  

4  4-ClC6H4 73 99  

5  2-furyl  70  98  

6  Cyclohexyl 70  99  

 
Table 8. Anti-Selective Mannich reactions between various aldehydes and N-Boc-protected imines catalyzed 
by (S)-36. 

Entry  R1  R2  
Cat.  

(mol%)  
Yield (%)  Anti/sin  ee (%)  

1  Me  Ph 5  92  7.7:1  99  
2  iPr Ph 5  97  8.8:1  99  
3  Bu  Ph 5  93  16:1  99  
4  Bu  Ph 1  88  15:1  99  
5  Bu  Ph 5  80  15:1  99  
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6  Bu  4-MeOC6H4 5  91  8.2:1  99  
7  Bu  4-ClC6H4 5  78  11:1  99  
8  Bu  2-furyl  5  88  7.5:1  99  
9  Bu  3-pyridyl  5  92  16:1  99  

10  Me  cyclohexyl 10  66  >20:1  99  
 

The axially chiral phosphine oxazoline ligands 46a-46g were prepared by Min Shi et al30. The ligands were 
synthesised using the synthetic method depicted in Scheme 5. In the silver (I) catalysed asymmetric 
Mannich reaction of N-Bocaldimines 47 with trimethylsiloxyfuran, 48, the axially chiral phosphine oxazoline 
ligand 46g was found to be a reasonably effective chiral ligand. The substrate scope research was used to 
optimise the reaction condition. (Table 9).   
The N-Boc-protected imines 47(b-i) with an aromatic ring (R group = aromatic ring) were found to react 
smoothly with 48 to give the corresponding asymmetric vinylogousMannich-type products 49(b-i) in good 
to high yields (79 percent -97 percent ) and good diastereoselectivities (4:1e7:1 dr) as well as moderate to 
good enantiomeric excesses ( (Table 9, entries 2-9). Similar results were obtained when R was a heteroaryl 
group, such as a 2-furyl group, yielding the desired adduct 49j in 79 percent yield, 80 percent ee, and 7:1 dr 
(Table 9, entry 10). The processes for the alkyl N-Boc-protected imine 47k went well as well, yielding the 
corresponding N-Boc-protected g-butenolides 49k in 75 percent yield and with a 6:1 dr value (Table 9, entry 
11). 

 
Scheme 5. Reaction procedure for the preparation of ligands 46a-46g 

 
Table 9. Scope and limitations of AVM reaction of N-Bocaldimines, 47 and siloxyfuran, 48 

Entry  R  Yield (%)  Anti:sin Anti,ee(%) 

49  49  49  
1  p-MeOC6H4, 47a 49a, 97   6:1  86  

2  m-MeOC6H4, 47b 49b, 95  7:1  78  

3  p-MeC6H4, 47c 49c, 90  4:1  83  

4  m-MeC6H4, 47d 49d, 92  6:1  71  
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5  3,4,5-(MeO)3C6H2, 47e 49e, 94  5:1  76  

6  Ph, 47f  49f, 82  6:1  77  

7  p-FC6H4, 47g 49g, 93  6:1  63  

8  p-BrC6H4, 47h 49h, 88  6:1  67  

9  m-BrC6H4, 47i 49i, 79  7:1  73  

10  2-Furyl, 47j 49j, 79  7:1  80  

11  Cydohexyl, 47k 49k, 88  6:1  75  

 
KeijiMaruoka and colleagues31 have discovered a highly diastereoselective and enantioselective direct 
Mannich reaction of ketamine 51 with aldehydes 52 catalysed by the axially chiral aminosulfonamide (S)-50 
(Table 10). Under ideal reaction conditions, the diastereo- and enantioselective direct Mannich reaction of 1 
with various different donor aldehydes was investigated (Table 3). All of the reactions with sterically less 
congested aldehydes yielded syn- or anti-g-lactones with nearly complete diastereo- and enantioselectivity. 
The reactions with bulky aldehydes like 3-methylbutanal, on the other hand, produced only a trace amount 
of the desired products. 

 
Chart 3. The structure of axially chiral amino sulfonamide, (S)-50  

 
 

Table 10. Mannich reactions between ketimine 1 and various aldehydes catalyzed by L-proline or (S)-50. 
Entry  R  Conditions  Yield (%)  Syn/Anti  ee (%)  

1  Et  A  62  >20:1  99  

2  Bu  A  72  >20:1  99  

3  Hex  A  62  >20:1  99  

4  Bn A  72  >20:1  99  

5  CH2Cy  A  71  >20:1  99  

6  Et  B  60  1:>20  99  

7  Bu  B  60  1:>20  99  

8  hex  B  79  1:>20  99  

9  Bn B  59  1:>20  99  

10  CH2Cy  B  60  1:>20  99  

Conditions A:The aldehyde 51 (0.5 mmol) was combined with the aldehyde 52 (0.1 mmol) in MeCN (50 
mL) for 5 hours at 0°C in the presence of l-proline (0.02 mmol) and benzoic acid (0.01 mmol). 
Conditions B: The aldehyde 51 (0.3 mmol) was combined with 52 (0.1 mmol) in DMAc (50 mL) for 5 hours 
at 45°C in the presence of (S)-50 (0.005 mmol). 
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Bisphosphorylimides 57 (a-f) were synthesised by the LiangyuZheng and Suoqin Zhang group35, starting 
with (R)-BINOL 53. The protection of BINOL with a MOM group was carried out in saturated NaOHaq with 
high yield, as illustrated in Scheme 6. (92 percent ). 
T. Robert Wu and Lixin Shen36 have created a new compound. Phosphoryl chlorides 55 and Compounds 55 

were transformed to phosphorylazides, which were then hydrogenated catalytically to produce 
phosphorylamides 56. The final bisphosphorylimides 57 (a–f) were produced by condensation of 4 and 5 in 

DMF with good yields (71–84 percent). The scope of three-component asymmetric Mannich reactions 
utilisingbisphosphorylimide catalyst was investigated under optimal conditions, 57d (Table 11).In entries 

1–9, syn-selective Mannich adducts were produced exclusively in high yields and with great 
enantioselectivity from benzaldehyde and its derivatives having electron withdrawing groups at the ortho-, 

meta-, and para-positions. In three-component Mannich reactions, benzaldehydes containing electron 
donating groups give relatively low stereoselectivity to their corresponding products. Benzaldehydes 60 (j-
m) with electron donating groups were transformed into the corresponding synb- amino carbonyl ketones 
with high diastereoselectivity and enantioselectivity using bisphosphorylimide 57d (Table 11, entries 10-1 

 
Scheme 6. Synthesis of BINOL-derived bisphosphosphorylamide57 (a-f). 

 

Binaphthyl-based secondary amines have been synthesised by Qing Gu and Shu-Li You et al.34, 66-68. 
Scheme 7 depicts the synthesis of the same. Following the protection of the amino group by the 
benzyloxycarbonyl (Z) group, coupling reactions with the crucial intermediate (S)-62 allowed various 
substituents to be added at the 3-position of the binaphthyl moiety, (S)-63 (Scheme 7). The benzyl ester (S)-
63 was obtained in 87 percent of the time by benzyloxycarbonylation of (S)-63 with CO in benzyl alcohol. 
The amino acid (S)-66 was then produced by hydrogenation of (S)-63. The palladium-catalyzed amination of 
(S)-63 with benzophenone imine, hydrolysis, and subsequent treatment with Tf2O, on the other hand, 
yielded trifluoromethanesulfonamide (S)-64 in 88 percent of the cases. The amino 
trifluoromethanesulfonamide (S)-67 was obtained via hydrogenation of (S)-64. 
Finally, a new type of amine organocatalyst, amino alcohol (S)-68, was effectively produced. The 
boronicpinacol ester (S)-65 was obtained in 90% yield by palladium catalysedborylation of (S)-63 with 
bis(pinacolato)diboron (B2(pin)2). Deprotection of the Z group after the insertion of a hydroxyl group at the 
3-position of (S)-65 by oxidation with mCPBA yielded (S)-68. With excellent enantioselectivity, the resulting 
(S)-68 was shown to successfully catalyse the anti-selective Mannich reaction between 3-phenylpropanal, 
69, and a -imino ester, 70, to generate the matching anti-Mannich adduct 71. (Scheme 8) 
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Table 11. Bisphosphorylimide57d catalyzed syn-selective three-component Mannich reactions 
Entry  R  Product  Yield%  Dr(syn/anti)  ee%  
1  4-NO2C6H4 61a  >99  >99/1  99  
2  C6H5 61b >99  >99/1  98  
3  2-FC6H4 61c 87  >99/1  99  
4  3-FC6H4 61d 90  >99/1  99  
5  4-FC6H4 61e 98  >99/1  96  
6  4-ClC6H4 61f 92  >99/1  97  
7  4-BrC6H4 61g  92  >99/1  97  
8  4-CNC6H4 61h  >99  >99/1  99  
9  4-CF3C6H4 61i  90  >99/1  98  
10  3-MeC6H4 61j  96  >99/1  99  

 

 
Scheme 7. Synthesis of series of binaphthyl-based secondary amine catalyst. 

Reagents and conditions for scheme 7:(a) CO, Pd(OAc)2, dppp, EtNiPr2, DMSO/BnOH (87%); (b) H2, 
Pd/C, MeOH, 40 °C (80%); (c) I benzophenone imine, Pd2(dba)3, BINAP, NaOtBu, toluene, reflux; (ii) Tf2O, 
N,N-dimethylaniline (45 percent for two steps). 

  
Scheme 8. Anti-selective Mannich reaction catalysed by (S)-68 

 
3.4 Kinetic resolution  
Differentiating two enantiomers in a racemic mixture is what kinetic resolution is all about. In kinetic 
resolution, two enantiomers react at different rates in a chemical reaction with a chiral catalyst or reagent, 
with one of the enantiomers forming the majority of the product. It's a crucial part of the process of creating 
optically active chemicals, such as medicines. Because chiral molecules are synthesised from racemic 
chemicals in greater than 50% yields, the importance of dynamic kinetic resolution in asymmetric synthesis 
has been recognised. 
Shinji Yamada et al.35 stated that the acyl-transfer reaction with chiral twisted amides as acylating reagents 
was used to resolve the dynamic kinetics of hemiaminals. Under neutral circumstances, hemiaminals 74(a-
e) were acylated with amides 72(a-c) and 73 in toluene at 80°C for 2–10 days. (Figure 9) HPLC analysis 
using a chiral stationary phase was used to determine the enantiomer ratio. Various hemiaminals, 74(a-e), 
were acylation transferred, and the resulting parameters are given in table 12. In the acyl transfer 
procedure, amide 73 was shown to be more efficient with good enantiomeric excess. 
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Acylation of hemiaminal74e with 73 under similar reaction condition gives 75 with 68% ee of R isomer 
with composition 84:16 (75R: 75S). 

 
Scheme 9. Dynamic kinetic resolution of hemiacetals using chiral twisted amides. 

 
The twisted amides' moderate reactivity resulting from the amide bond twisting toward the 

hydroxy groups, and (2) the axial chirality in the amide linkage caused by the neighbouring chiral centre, 
would be responsible for the resolution's success. As a result, the moderate reactivity met the requirement 
of dynamic kinetic resolution, namely that the rate of acylation must be much slower than the rate of 
interconversion between the (R)- and (S)-isomers, and the induced axial chirality allowed discrimination of 
the two enantiomeric hydroxyl groups. In addition, in the reaction of 74e with the strong base 4-DMAP, the 
reversal trend of ee of 75R and 75S, i.e.16:84, was accomplished, with its strong coordination with the 
hydroxyl group confirmed by NMR tests, resulting in the creation of the S isomer primarily. 

Table 12. Dynamic kinetic resolution of hemiaminals using chiral twisted amides  
Entry  Aminal Amide  Time(days)  Yield %  e.r(R:S)  

1  5  4(1.4)  2  65  50:50  
2  6  4(1.2)  3  62  81:19  

3  7  4(1.8)  7  70  81:19  

4  8  4(1.5)  7  74  83:17  

5  9  4(2.0)  7  76  84:16  

6  9  3(1.8)  3  94  82:18  
7  9  2(1.6)  9  91  75:25  
8  9  1(1.3)  10  19  68:32  

 

3.5 Conjugate Addition  
A type of organic reaction is nucleophilic conjugate addition. The most common nucleophilic additions, also 
known as 1,2-nucleophilic additions, involve additions to carbonyl compounds. In recent years, the use of 
chiral secondary amines as asymmetric catalysts in a variety of carbon–carbon bond formation processes 
has exploded. Gui Lu et al.36 discovered a new synthesis method for binaphthyl-based secondary amines, 79 
(a-c). The selective direct esterification of the binaphthyl structure at the 3- or 3,3'-position, as well as 
methylation via the negishi cross-coupling reaction, are significant aspects of this method. 

 
Scheme 10: Synthesis of biphenyl-based secondary amine catalysts. 
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A number of 3-monosubstituted and 3,3′-disubstituted chiral secondary amines with a binaphthyl backbone 
were synthesised and screened in the Michael reaction of aldehydes 81 to different nitroalkenes 80 using 
the new technique (scheme 10). Under the optimised conditions, the 3-monosubstituted secondary amine 
79c showed to be the best catalyst, with high yields (up to 95%), good to outstanding enantioselectivities 
(up to 99%), and diastereoselectivities (syn/anti up to 99:1) (scheme 11). 

 
Scheme 11: catalytic asymmetric Michael reaction of aldehyde and nitroalkanes. 

 
In the presence of a binaphthyl-modified chiralamine, (S)-83, Taichi Kano et al.37 investigated the scope of 
conjugate addition of aldehydes 84 to beta-tosylenones 85. In a conjugate addition procedure, several 
aldehydes and beta-tosylenones were tested. 

 
Table 13: conjugated addition of aldehyde 84 to 85 

Entry  R1  R2  Yield (%)  Syn/anti  ee%  
1  Me  Me  36  >20:1  94  

2  Et  Me  68  >20:1  93  

3  Bu  Me  74  >20:1  93  

4  CH2Cy  Me  81  >20:1  92  

5  CH2CH2OBn  Me  77  >20:1  87  

6  allyl Me  82  >20:1  91  

7  Bn Me  92  >20:1  91  

8  iPr Me  87  >20:1  92  

9  Bn Et  80  >20:1  92  
10  Bn Ph 0  -  -  

The reactions of various aldehydes with 1a (R2=Me) in the presence of (S)-83 (10 mol%) generated the 
corresponding conjugate adducts 86 in moderate to good yields with high stereoselectivity (Table 13). The 
removal of the tosyl group from the conjugate adduct 86 (R1=Me, R2=Me) was seen in the propanal reaction 
(Table 13, entry 1), which explains the poor yield of 86. 
Because the reaction of 3-phenylpropanal with 1b (R2=Et) is slower than the reaction with 1a (R2=Me), 20 
mol% (S)-83 was employed to get 86 (R1=Bn, R2=Et) in good yield (Table 13, entry 9). Only syn isomers 
were produced in all situations when conjugate addition happened only at the b location of 85. 
3.6 Transamination reaction 
Transamination is a chemical reaction in which an amino group is transferred from an amino acid to a keto 
acid, resulting in the formation of new amino acids. The deamination of most amino acids occurs through 
this mechanism. Transamination is carried out in biochemistry by enzymes known as transaminases or 
aminotransferases. In biological systems, the most essential step for accessing optically active -amino acids 
is enzymatic transamination of -ketoacids.The process is catalyzed by pyridoxal/ pyridoxamine phosphates 
and proceeds via a two-half-transamination pathway.  
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The synthesis of bromopyridine 86 and naphthalenylboronic acid 87 yielded biaryldialdehyde 88 in a 29 
percent yield for Baoguo Zhao et al.38 who created a family of axially chiral pyridoxamines 92a-f. The 
diastereoisomers (R, S)-89 and (S, S)-89 were produced by treating 88 with 1 equiv of (S)-tert-
butylsulfinamide and then reducing it with NaBH4. 

 
Scheme 12.Synthesis of Chiral Pyridoxamines92(a−f). 

 
On oxidation with MnO2, reductive amination, and deprotection with acid, the enantiopure molecule (R,S)-
89 or (S,S)-89 forms the required chiral pyridoxamines 92af as HCl salts (scheme 12). In asymmetric 
transamination of -keto acids 93, the pyridoxamines showed great catalytic activity and outstanding 
enantioselectivity, yielding different -amino acids in 67.99 percent yields with 8394 percent ee's. The 
optimum catalyst for transamination process was found to be the N-Methylamine analogue of 92, i.e. 92a. 
allowing for a high yield of 96 percent and outstanding enantioselectivities of 89 percent under ideal 
conditions (scheme 13). The lateral amine arm, like the Lys residue in biological transamination, is likely 
involved in cooperative catalysis and plays a crucial role.   

 
Scheme 13.Pyridoxamine 92a catalyzed Asymmetric transmination of keto acid. 

 
3.7 Coupling reaction  
In organic chemistry, a coupling reaction is a broad name for a range of reactions in which two fragments 
are bonded together using a metal catalyst. Coupling reactions frequently have an effect on the 
transmission's activity and enantioselectivity. Used in the manufacturing of medications This method is also 
used to make conjugated polymers. 
Aponick and coworkers39 recently described the ingenious synthesis of StackPhos, (S,S,Rs)-103, a novel 
axially chiral P,N-ligand with a five-membered imidazole molecule. The ligand synthesis started as 
predicted, with the cyclization of 2-methoxy-1-napthaldehyde 97 with (1S, 2S)-()-1,2-
diphenylethylenediamine (DPEDA), 98, mediated by NBS, yielding the matching 2-substituted imidazoline, 
99, in 80% yield (Scheme 14). 



[VOLUME 6  I  ISSUE 1  I  JAN. – MARCH 2019]                                                         e ISSN 2348 –1269, Print ISSN 2349-5138 

http://ijrar.com/                                                                                                                                           Cosmos Impact Factor 4.236 

Research Paper                                              IJRAR- International Journal of Research and Analytical Reviews   407𝗒 

 
Scheme 14. Synthesis of Ligands, (S,S,Ra)-103 

The benzylatedimidazoline 100 was then obtained by treating the imidazoline 99 with pentafluorobenzyl 
bromide in a 78 percent yield. The crude naphthol product was demethylated with BBr3 in heptane and 
then reacted with Tf2O in the presence of 4dimethylaminopyridine (DMAP) to obtain the corresponding 
triflate 101. (63 percent yield over two steps). Finally, nickel-catalyzed cross-coupling of triflate 101 and 
Ph2PH resulted in the smooth synthesis of ligand 102 in 49% of cases (Scheme 14). By fractional 
crystallisation with Et2O in >99.5 percent deuterium, the atropdiastereomeric mixture was resolved to 
major atropdiastereomer (S,S,Ra)-103 (scheme 14).  (S,S,Ra)-103 is a new chiral ligand. The A3 coupling has 
been tested in asymmetric catalysis (aldehyde, amine and alkyne). The reaction scope with aldehydes and 
alkynes was determined using improved reaction conditions (Table 14). The reaction appears to be generic 
for a variety of aliphatic aldehydes 104 (b-i), resulting in excellent enantioselectivities (up to 97.5 percent, 
S-isomer) and generates propargylic amine 107 (b-i) (up to 98 percent). Aliphatic aldehydes having a -
substituent, such as 104b and 104c, produced the products 107b and 107c with outstanding ees (97.5 and 
92.9 percent, respectively) and good to exceptional yields (90 and 70 percent). Linearchain aliphatic 
aldehydes, such as 104d-104g, provided outstanding ees (97.1, 95.3, 94.3, and 93.6 percent) and good to 
exceptional yields for product 107d-107g (98, 84, 86 and 66 percent ). Unlike the similar P, N-ligands, there 
was no substantial -substituent effect for the enantioselectivity of ligand (S,S,Ra)-103. Under these reaction 
conditions, the reaction using benzaldehyde 104h was found to be sluggish, yielding product 107h in just 
23% yield and 65.1 percent ee. Furthermore, substituting phenyl acetylene 10b as the alkyne and reacting 
with aldehyde 8a yielded the predicted product 107i in 80.5 percent ee and 95 percent yield.  

Table 14. Substrate Scope for A3 Coupling 
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3.Conclusion: 
The review report clearly revealed the importance of axially chiral amines as the efficient catalyst and a 
strong ligand in combination with suitable metal. The utility of axially chiral amines in asymmetric catalysis 
of enantioselective hydrogenation reaction, allylic substitution reaction, Asymmetric Mannich reaction, 
kinetic resolution, conjugate addition reaction, transamination reaction and coupling reaction have been 
briefly presented.   This short review opens opportunity for researchers to develop modified axially chiral 
amines and induce desired features needed for the development of suitable catalysts/ ligands for the wide 
range of chiral organic transformation.  
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