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Mechanism and Related Reactions
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1L Mhe Passerini 3-Compenent Reaction

* Discovered in 1921 by Mario Passerini at the University of Florence
* Student of Ugo Schiff
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I TheUgi 4-Compenent Reaction

e Discovered in 1959 by Ivar Karl Ugi at the Ludwig Maximilian University of Munich
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I TheUgi 3-Compenent Reaction
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Syinthietic utility:

O R
@) O 1 H
+ + NC + NH, )k N
Ry R« — R
R1)J\H RZAOH s 4 R E Rs
4
) NG N NHR3
+
)J\ Ry~ ¥ Ry~ 2 O R,
Ry H T
Ry~

0 sy
CO{ Y
e Y H
H {L
@]
Epelsiban Lacosamide

Almorexant

Ivosidenib

Shaabani, S. and Domling, A., Angew. Chem., Int. Ed., 2018, vol. 57, p. 16266 6



General Scope
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Other Variants
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I " Asymimetric Ugitand Passerini Reactions
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1L | Early Attemipts: Rasserini Reaction
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Aliternative Nucleopniles

Removing the carboxylic acid eliminates several issues...

More control over carbonyl activation
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I " Asymimetric Ugitand Passerini Reactions
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I " Asymimetric Ugitand Passerini Reactions

0 5 mol% LB*, iProNEt
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91% vyield 89% vyield
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H OH H OH
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H OH H OH
or EtO,C__N m
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Denmark, S.; Fan, Y. J. Am. Chem. Soc. 2003, 125, 7825-7827.
Denmark, S.; Fan, Y. J. Org. Chem. 2005, 70, 9667-9676.
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I " Asymimetric Ugitand Passerini Reactions
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I " Asymimetric Ugitand Passerini Reactions
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Wang, S.-X.; Wang, M.-X.; Wang, D.-X.; Zhu, J. Angew. Chem., Int. Ed. 2007, 47, 388. 16



I " Asymimetric Ugitand Passerini Reactions
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I " Asymimetric Ugitand Passerini Reactions
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Zeng, X.; Ye, K.; Lu, M.; Chua, P. J.; Tan, B.; Zhong, G. Org. Lett. 2010, 12, 2414 18



I " Asymimetric Ugitand Passerini Reactions

(R)-BOROX catalyst
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Zhao, W.; Huang, L.; Guan, Y.; Wulff, W. D. Angew. Chem., Int. Ed. 2014, 53, 3436 19



I " Asymimetric Ugitand Passerini Reactions
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I " Asymimetric Ugitand Passerini Reactions
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I " Asymimetric Ugitand Passerini Reactions
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Zhang Y, Ao YF, Huang ZT, Wang DX, Wang MX, Zhu J. Angew Chem Int Ed, 2016, 55: 5282-5285 22



I " Asymimetric Ugitand Passerini Reactions

Tan & Houk, 2018 DCM, 84,15
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————— =3l N_
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Zhang J, Yu P, Li SY, Sun H, Xiang SH, Wang JJ, Houk KN, Tan B. Science, 2018, 361: eaas8707 23



I " Asymimetric Ugitand Passerini Reactions

Ph/\)OJ\N/(;’:} )O]\N/ig/n
& &

of
g?of; gfld 82% yield
91% ee
OyMe NO,
o H 0] H
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Zhang J, Yu P, Li SY, Sun H, Xiang SH, Wang JJ, Houk KN, Tan B. Science, 2018, 361: eaas8707
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I " Asymimetric Ugitand Passerini Reactions

Cyclohe S
o] O CPAZ)@W%/N

NC NH O Ry
+ + + 2 - -
R1)J\H R )J\OH Ry Ry 20°C 36h RZ)I\N N\R3
R
4

e O , 0 .

NHBn Z 4 :
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Cl .
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0, 1 0 .
NO,

: - e
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: R N =
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s Y
cl Cl
OoN

_ 95% vyield ;
77% yield 93% ee 93% yield 76% yield
94% ee
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O , O

N/\KNHBH N/\g/NHBn

cl 1.65¢g
84% yield 95% vyield
87% ee 92% ee

Zhang J, Yu P, Li SY, Sun H, Xiang SH, Wang JJ, Houk KN, Tan B. Science, 2018, 361: eaas8707 25



I " Asymimetric Ugitand Passerini Reactions

\- B o Cveloh SANS O Ph
g yclohe z
e + *  BnNC CPAz (O™ ‘M N/\g/NHBn
Ph~ ™ H 1 OH 20C3h ABu
e
Teq cl d 13eq 96% yield
92% ee
(0] O Cyclohe S O Ph
P *  BaNC *  nBuNH, ySlohexanemafydy = e
Ph~ ™H OH 5 - N
20°C 36h SBU
1eq cl Teq 1.3 eq 2eq -
0% yield
Active catalyst is protonated CPA2
* t H ¥ Me ¥
Me H H H o)
/o_<o H>( & H>< i+ H/ _ﬁo
MeO. #/ 3 N, _ o e o) H H
>R PNP +_Me MeO. s/ 'S pNP C _PNP PNP
e R T . MeO - - -NZ_H Me_/<o--H ----- N _H i T N ‘c,N)LH
I Y Y %
me” H Me Me Me” H
TS-1 TS-1a TS-1b TS-1c
Acid-heterodimer-catalyzed (Me0O),PO,H-catalyzed AcOH-catalyzed AcOH-dimer-catalyzed
AG* = 15.7 kcal/mol AG* = 18.9 kcal/mol AG* = 27.7 kcal/mol AG* = 27.1 kcal/mol
lowest barrier

Zhang J, Yu P, Li SY, Sun H, Xiang SH, Wang JJ, Houk KN, Tan B. Science, 2018, 361: eaas8707 26



I " Asymimetric Ugitand Passerini Reactions

AG Me
0~
(kcal/mol) o8 B Me ¥
MeO.”  PNP & Me o~ t
MeQ~ \O---H-'l -2N (_)"H’- Y 5 H"Q
3 MeO-,™  pNP T\ +_Me MeO. v >_ O Me
me” H MeO™ N, ., J =N Meo Ry Me' N
0---H—N__C ]
TS1 157 Y H-N

e

Zhang J, Yu P, Li SY, Sun H, Xiang SH, Wang JJ, Houk KN, Tan B. Science, 2018, 361: eaas8707

0 Me
N
o [
(MeO),POH PNP  Me
1 B PNP SRy N 9
Meo. ©HG MeO™ o-h----N Mo o7 YC
* °R J—Me H---Ox_Me
MeO™ o . »H Me ;Y
0-H----0 " o
AcOH : , Me T MeO. s O.__NMe
2 it 3 nitrilium intermediate MeO™ o i I ?
heterodimer heterotrimer "N Me (MeO)POH  me__0
8" PNP i \K\HL H
imidate PNP” N
14° 15 Mo
-16.9
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I " Asymimetric Ugitand Passerini Reactions

TS-5-(R)
AAGF = 1.2 kcal/mol

TS-6-(S)

Me-N=C AAGY = 0.0 kcal/mol AAGY = 1.9 kcal/mol

Zhang J, Yu P, Li SY, Sun H, Xiang SH, Wang JJ, Houk KN, Tan B. Science, 2018, 361: eaas8707 28



I " Asymimetric Ugitand Passerini Reactions

Tan, 2020
R
0 (5 mol%) ™ H
Lt rNG g N CPA1 »  Ra A~ Nog
R “H 2 3 DCM, -30°C 36h H/\g/ 2
2eq 1eq 1eq

O,N O-N )\
1O (1 @L
‘_ N
N
T RAS O
87% yield 98% yield 86% yleld OMe

93% ee 85% ee 96% ee
Ph

O.N _osn
ooy N @L "
"N
Y L
90% yield oo y'e'd 7% yeld

93% ee 81% ee 93% ee

OBn
EWG O\
/\g O Aromatic aldehydes or aliphatic

91% yield amines failed to yield product

97% ee

Zhang, J., Wang, Y.-Y., Sun, H., Li, S.-Y., Xiang, S.-H. & Tan, B. Sci. China Chem., 2020, 63, 47-54 29



I " Asymimetric Ugitand Passerini Reactions

(10 mol%) 0O R

o] O A-(s.S)1 = H
+ + NC + NH, »S) o - N
R1)J\H Rz)J\OH Ry” Re” Toluene, 4AMS Rz)J\N/\g/ Ry
-40°C 24h R,
1.5¢eq 5eq 3eq 1eq
Yu, 2022
A-(S S)-1 \ 1TV v /U,
o i . R R
Acetic acid (4 eq) -1
+ NC + NH, + NaN - Ry, A~ N
R1)J\H Ry” R ° Toluene, 4A MS H/\« N
1.5eq 3eq 1eq 3eq -30°C 36h N-N
A-(s,s)-1 -
B B | 4
O Bu u o
H, 7~o g o
tBU"ik p P tBU;ﬁ\\ Na+
—&)—N Na* y
7 dl -_tBu 2x _
O\E(H < O C03+
Bu tBu
B8 tB
— — G

Sun, BB, Liu, K., Gao, Q. et al., Nat Commun., 2022, 13, 7065. 30



I " Asymimetric Ugitand Passerini Reactions

) (10 mol%) o0 Ry
© + © + _NC + R _NH, N(s,s)-1 o )]\ : H
R1)J\H Rz)J\OH Rs 4 Toluene, 4AMS =~ Ry N/\g/ )
-40°C 24h R,
1.5eq 5eq 3eq 1eq
'}L 92% yield % 87% vield
97:3 er b yie >L 839% H
yield
O 1.23g 95.5:4.5 er 93:7 er 69% vyield
@ @ \( : <:O 96:4 er
h
h h
>L 54% yield ; /
58% yield %
96 4 er 94 6:3.4 er 54% yleld 95% yleId
81:19 er 96:4 er
@ f {> o
F3

h :§T h h
51% vyield 77% yield CO,Et
,\F h; >L o S~
93.5:6.5 er H 59% Y'e|d H 47% yield
78.5:5 er

s aSsT St v e

Sun, BB,, Liu, K., Gao, Q. et al., Nat Commun., 2022, 13, 7065. 31
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I " Asymimetric Ugitand Passerini Reactions

Both Ugi and Ugi-azide reactions are ~1t order in imine, carboxylic acid, and catalyst

[ ]
e Ugi-azide is 0 order in azide
0 Ms,s)1 7 Ry | Acid:
P + NC  + _NH, Acid R, i N MeSO,H (1 eq): 65% yield, 52.5:47.5 er
N Ry Ry Toluene 4AMS ”AE Rs  MeNH,CI (5 eq): 26% yield, 71:29% yield
-30°C 36h
RONC Ph I o
)\\ fc,/
R2 0/4/_\ -
)\0 \ gko Rt
=N N7
R1 ® Ho,“H 7 R2 H,—O/ o RZ (0]
\‘ N7 / o) N _R®
[Coq 101 M N_\—"H—b Y \Hk”
R! ~ RS R4 R
L TS R _O Ugi-4CR products
@ favored \ﬂ/ 103
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