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a,a-Disubstituted amino acids

X X

HoN COOCH ' HoN COOH
2 H,N” ~COOH 2
o-aminoisobutyric acid isovaline  1-aminocyclopropane
(Aib) (lva) carboxylic acid (AcsC)
H O
OH N—(
s\ NHCOCH; 0 NH

1 COOH %,
OH E}H HaN COOH
Lactacystin o-methyldopa Phenytoin

Alamethicin F-30:
Ac-Aib-Pro-Aib-Ala-Aib-Ala-Gin-Aib-Val-Aib- GIy«Leu -Aib-Pro-
Val-Aib-Aib-Glu-Gin-Phl.

Antiamoebin I:
Ac-Phe-Aib-Aib-Aib-p-lva-Gly-Leu-Aib-Aib-Hyp-Gin-p-Iva-Hyp-
Aib-Pro-Phl.
(Hyp: hydroxyproline; Phl: L-phenylalaninol)




a,a-Disubstituted amino acids

Characteristics of a, a-di-substituted amino acids
(1) Chemical stability.

(2) Increase in lipid solubility.

(3) Restriction on side chain conformation.

(4) Restriction of the conformation of the peptide containing it.
(5) Stabilization of the peptide containing it in vivo.
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Fig. 6 3;0-Helical structure of Aib homopeptide; BrBz- (Aib)s—
O-t-Bu.
a) Perpendicularly to the helix axis; b) Along to the
~ helix axis




Application of a,a-Disubstituted amino acids 5

Table 4 Peptide antibacterial activity (MIC, uM) and percent

helicity.
' COOH COOH
. . H-N
Peptide (helicity) E.coli S. aureus <coon /\:><NH? C>(NH .
Aib Acgc
LysAibAibLysLysAibAibLysAibAibLysLys- 5.5 11

AibAib-NH, (42 % helicity)

LysLysAibAibLysAibAibLysLys-AibAib-NH, 55 >220
(35 % helicity)

The higher the helicity is, the higher

LysAcgCAcgcLysLysAcgCACgCLYysACgCACeC- 4.5 2.2 . . c el .

LysLysAceo-NH, (61 % helicity) the antibacterial activity is.

AibAibAipLysAibAibAipLysAibAib-NH; 7.7 123

(43 % helicity) M. L. McLaughlin et. al., J. Med. Chem., 39, 3603
NO2

2-(hydroxypropyl)-p-nitrophenyl phosphate

They use a helical structure to bring
H \O, o A‘\

E’“‘-'. o o’\r°~ z,,,,, WaW - functional groups closer together.
i S\n’H X X i X i
Ac-HN N N N
R R Y K owe
A\

Fig. 16 Helical peptide as a transphosphorylation catalyst. P, Scrimin et. al., J. Am. Chem. Soc., 121, 6948



Chiral a,a-disubstituted amino acids

X
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Chiral a,a-disubstituted a-amino acids
are contained in various physiologically
active natural products.

HoN COOH 3 HoN COOH
2 H,N” SCOOH| 2
o-aminoisobutyric acid isovaline  |1-aminocyclopropane
(Aib) (lva) carboxylic acid (Acsc)
@) OH
o« N NHCOCH
N/ o 3
COOH % o
Me Y
OH OH HoN COOH
Lactacystin o-methyldopa

The direction of the helical structure of
the peptide can be controlled by using
Chiral a,a-disubstituted a-amino acids.




Synthesis of achiral a,a-disubstituted amino acids '

i) Strecker methods

KC HoN_ CN
NHLC X H* or OH'
i HoN. COOH
R R' R R'
KON ™ K -
(NH4),CO4 H™ or OH
HN 0
R™ R

ii) Bucherer-Bergs methods




Strecker methods & Bucherer-Bergs methods H

Strecker methods

o _H,0 ﬁnz NH, H.O" NH;
M e A 2 Koy ydronsi? rs
R™"H R%H _en R™"CN hydrolysis R~ “COOH
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Synthesis of chiral a,a-disubstituted a-amino acids : Enzymatic procedures

Et
— WA NH2
MU ¥0,et
Et
NH, PLE 537
: ee > 99%
nBu CO,Et extraction
Et
rac-537 _ /k\‘COzH
nBu
NH,
538

The synthesis of racemic butylethylglycine (Beg) from butyl ethyl ketone by
Strecker synthesis and subsequent resolution using pig liver estearase.
The unreacted enantiomerically pure (S)-amino ester was recovered in
31% vyield.

Imawaka, N. et. al. Helv. Chim. Acta, 2000, 83, 2823.



Self-regeneration of stereocentres

Cl 0O % 0
O HN_ N Cl TFAA FiCo _N Ni cl
) t-BuCHO EtsN b
H Cl o}
NH, 74% I 98% ol
6 7 8

single diastereomer

LiN(TMS), Bf@“'«.[ ?0

4-Br-BnBr, THF

30100 °C F3C\[ri'\©’0'
g 0
96%
Cl
9

Yee, N. K. et al. Tetrahedron Asymmetry 2003, 14, 3495.

The principle of ‘self-regeneration of stereocentres’

[in which the stereogenic centre of a chiral molecule generates a
temporary centre of chirality, which in turn is used to introduce
diastereoselectively a new ligand at the original stereogenic centre]
has been applied to the synthesis of various acyclic quaternary
amino acids.



Self-regeneration of stereocentres

. o 0.2  LiHMDS Ol COzH
i
via oxazolidinones ' — —I—-(H R, == H?HJ\E
A R
1 EEHE i ﬂjHﬂ EZHE
T i ] a8
Ry = Bz. RyX = Bnl de > 80%
Ay = Z, AyX = BrBr de = B0
o COH
1) LOvA
} + ( CHy —=w WTEHE'
2} CHyCHO " CHsS
ZH OH OSEM
SCH;
10 11
de > % Perciaccante, R. et.al. Org. Biomol. Chem. 2003, 1, 2853
. . . . G
via tetrahydropyrimidinones HWﬁ ‘EEGQH
. . . L'-EHg
(Asparagine, Asparagic acid) H‘L,.LT# cocH, (i
H
32 34
Baseyadditive ﬁ!:'h
CHyl ﬂﬂt"’ﬂn
o
T CH, PACI;(PPha)s J:TNH"
L] i 5 H3
44:|r:ﬂa-|;"L“r:4 COyCH, BugSnH, HyO"  HN 0L H,
R A = Alloc
33 a3
de » 85°%

A = Mo, Allec Konopelski, J. P. et. al. J. Org. Chem. 1999, 64, 7885



Memory of chirality

CO,Et COE CO,H
R 1) KHMDS R "R
Boc — H/]'JVH = Boc- H'JJ\ —_— ng'-ul'/J*|:3|.|:EI
MOM 2) CHyl MO
74 75 76
ee = 76-B79%

R = Bn, 1-Boc-4-imidazolylmethyl, 4-MOMOCgH,CH-,
3,4-(CH40),CzH5CHa, 1-MOM-3-indolylmethyl, ‘Pr, Bu

Memory of chirality is a phenomenon that occurs in processes where
an initial stereogenic centre is destroyed during the generation of the
corresponding reactive intermediate, but this intermediate is able to
‘remember’ the configuration of its precursor to transfer the chirality
to the final compound without using any external chiral source.

Fuji, K. et. al. Angew. Chem., Int. Ed. 2000, 39, 2155.



Memory of chirality

/ Steric hinderance
~ Base can approach H only when

H and Boc are anti parallel.
And alkylation reagent
approaches from opposite side.

E‘D_‘{ .CH.OMe

N
""I‘I—/_ CO=Bu

H
I
E F
Base & alkylation reagent \

Chelate effect

The yield is low without MOM.
MOM is bringing the base close
to H by chelating effect.

This promotes the base coming
from the opposite side of Boc.

When the Bn part is small, the rotation barrier of C-N in E is small, and epimerization occurs.

Fuji, K. et. al. Angew. Chem., Int. Ed. 2000, 39, 2155.



Alkylation under phase-transfer conditions

1) 376 RuX
CsOH.H,0  HuN .\.(CDE'! Bu
2) citric acid R 'R,
377
ee = 91-98%

4-CICgH,CH=N.__CO,'Bu

i

375

R; = CH; Bn, Bu
R, = BnBr, CH.=CHCH_.Br, Etl, 'BuO-CCH.Br, 1-Boc-3-indolylmethylBr

Co 00
Soshos

376 Maruoka, K. et. al. Angew. Chem., Int. Ed. 2005, 44, 1549.

= 3,4,5-F3CgH>

Suitable chiral catalysts to perform the synthesis of the asymmetric synthesis of a,a-
disubstituted a-amino acids under phase-transfer conditions have been described.



Alkylation under phase-transfer conditions IH

<Makosza Interfacial Mechanism>

RR| R'-X

Organic Phase Q' Xx- M Q*R-

1L reactive

Interface Q* X- 1L

MOH + RH /™ M'R- + H,0 /—™ MX + Q'R-

f

MOH

Aqueous Phase

’
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Ar
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N+
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Alkylation under phase-transfer conditions IH

4'C'CsH4CH=N \/COZ' Bu Q-I- x_
Eq OtBu RoX OtBu
2
1 4-CICH.CHaN AN+ 7» #-CICGHCH=N N -+
toluene layer E{ - 5,
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R,
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KOH H,O KX
R-H —

i
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Addition of nucleophiles to the C=N bond

The catalytic enantioselective Strecker reaction is an attractive methodology for the synthesis
of a,a-disubstituted a-amino acids.

H Bu O
thN\[('\NJ'L
0] H H ﬁ-‘\_

1 HO
(0.1 - 2 mol%)
N"R? By OCOBU  HN" R
J_, + HCN .

R™ R RIDCN
R'= aryl or alkyl, R%=H or Me .
R® = aryl, alkyl, heteroatom 85-99% yield
> 50 examples 70-99% ee

Jacobsen, E. N. J. Am. Chem. Soc. 2002, 124, 10012



Addition of nucleophiles to the C=N bond

The catalytic enantioselective Strecker reaction is an attractive
methodology for the synthesis of a,a-disubstituted a-amino acids.

Gd(O'Pr)5 (0.7-1 mol %)

0 1 (0.2-2 mol %)
1 L)
_PPh, TMSCN .[’2.5—‘_5 mol%) H flilf'
NI HCN (1.5 equiv) NC. ,N—PPhz
H1 HE GH;}CHEGN, —40 °C F{I HE
Ph up to 99% ee
Ph-p o
I
0 .
o
H

Bod
1 HO F

N. Kato, M. Suzuki, M. Kanai, and M. Shibasaki, Tetrahedron Lett., 45, 3153.




Addition of nucleophiles to the C=N bond

Ph
Proposed catalytic cycle Gd(O'Pr)z + 1 Phﬂp“ﬂi’j
|
H 9 e O:@:F
NC’.- N_Pphg D 0 D D,Dj 1 HO F
R RS D,..Gd Gd'-o 2 TMSCN
i
Gﬁ .-"““x L/D 5 o)
0. D‘) YA
G.d@ Gd (‘DD,DGD-)
L.,D) B'D D\__) [‘;.e Gd Gd*
B D CN NCD
= "Ph
NGA\ Ph HCN
F'"E o FQF /kz TMSCN
.P”‘\__z
Lack of reactivity using only Ph ;{}(j 0.0 4 (0; 6. ¢ 'D 07
HCN is important from the ( Rl “,3',:1‘_’_‘;) (?Cbulj DL
mechanistic point of view, (_ g/CN  :70)) - 5 3 O
that is, the pre-catalyst 6 H 0 gph
cannot be directly converted , L£;E‘ph N’ €
to the active catalyst 3. : RS HL"'L‘ RS

N. Kato, M. Suzuki, M. Kanai, and M. Shibasaki, Tetrahedron Lett., 45, 3153.



Quaternary a-aryl amino acids 20

a-aryl amino acids and their derivatives are valuable precursors to bioactive molecules.

H. NH HaC, NH H_ NH
0 \[L HO 2 3 VM2 2
" “NH, COOH COOH COOH
F o HOOC HOOC HOOC
N 4C3HPG (+)-(S)-«M4CPG 4CPG
o}
fidarestat H NH
HyC_ NH, C N2 ) NH,
[j/ ~COOH 00 COOH
N<
(HO),(O)P HN ] (HO),(O)P
N
MPPG MTPG CPPG
OH OH
He {NH, H. NH,
H -
HO,C CH HO,C CH Cl
HO,C NHp 2 3 ? ’ HO,C NH,
3,5-DHPG LY367385 6 CHPG

FIG. 7. Structures of phenylglycine analogues.



Enantioselective introduction of an aryl substituent at the a-carbon

nature

International journal of science

Letter Published: 03 October 2018

Asymmetric a-arylation of amino acids

Daniel J. Leonard, John W. Ward & Jonathan Clayden

Nature 562,105-109 (2018) Download Citation
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Enantioselective introduction of an aryl substituent at the a-carbon

Readily available Enantiopure quaternary
amino acids a-arylated amino acids
“* &:
HN™  "COH > HNT_TCOH
E
Stereoselective _
heterocycle Hydrolysis
formation
‘”‘,"_, metN (R Ar
Enolate Stereoselective )\ ;
0 formation rearrangernent 0 O
H-.

)—x

An amino acid (A) is converted diastereoselectively into an imidazolidinone (B)
carrying a pendent urea function. Treatment with base forms an enolate (C) in
which the aromatic substituent (Ar) of the urea migrates to the rear face of the
imidazolidone, directed by the bulky tert-butyl group, as indicated by the red dotted
arrows. Hydrolysis of the product (D) provides the quaternary a-aryl amino acid (E).




Clayden rearrangement

@:RHA RLi, THF
Me

R
- @:/u —1"" @:/ Heteroatom-promoted lateral lithiation

is the site-selective replacement of a

Rua

CH,NRj, CONR,, NHCOR, NHCO,R, : ..
OCONR,, SO,NR,, CO,H, others the purpose of further functionalization.

benzylic hydrogen atom for lithium for

NN
Me Ph
1a

1. 5-BuLi, THF, ‘
~78 °C. 30 min

E/Mi/ h The origin of Clayden rearrangement
13% ”'E’?” i
2 Ph

89% . . . .
By replacing the final methylation with an
1. s-Buli,

THF, 78 °C. agueous quench, the rearranged product

30 min MeHN 3a was obtained in a satisfying 89% yield.
2. NH4ClI F'h

Clayden, J. et. al., J. Am. Chem. Soc. 129, 7488 (2007).



Substrate scope of clayden rearrangement E

A: 1. t-BUONO
1. s-BulLi (6 equiv.),
x 2.5, THF, CH.Cly, 24 h;
O @ ~78°C, 2. LiOH, H,0,
30 min. THF, A, 48 h
— = MeH N L, —— HM% R2
Me R‘ 2.H 4 N =z
B: DIE!AL tol, A
Table 1. Aryl Transfers in Lithiated N-Benzyl Ureas
3, yield % vield of 4, %
entry 1 R R? (remaining 1, %) (method)
| la Ph 2.6-diMe Ja, 89
2 1b Ph 4-Me 3b, 85
3 le p-Tol H Je, 85
4 1d Me H 3d, 78 (8) 84 (B)
5 le Me 2-Me 3e, 76 (15) 72 (A)
il If Me 2-OMe 3f, 75 (21) 78 (A)
7 ig Me 2.6-di-Me 3g, 82 (14) 84 (A)
8 lh  Me 4-Cl 3h, 69 (4)7
9 li Me 4-OMe 3i, 76 (4)°

This method could be applied to electron rich Ar.



Asymmetric clayden rearrangement E

HE

1. 5-Bulix 2.5,

- THF,_DMPU x 6,
-78°C.6h
X "
e 2. HED ('
r..I r;l other E* '
Me Me
5

DMPU was added to increase Stereochemically retentive rearrangement.
the reactivity of the resulting
organolithium.




Evidence that clayden rearrangement is occurring via intramolecular manner E

HE
1. 5-Bulix 2.5,
- THF, DMPU x 6,
N o -78°C.6h
I L il
r..I r;l other E* ' —R!
Me Me -

0
Me/u\Me

sec-Buli Me‘N N-Me H,0
Li")\©\ .\_€ —— &
] (O-e

9
| [R' = 2,3-benzo]

O 100 (R? = OMe) 45%
10p (R? = Cl) 56%

X-ray crystal structure of 10p



Application of clayden rearrangement to asymmetric a-arylation of amino acids

base | MOM
i a1l ] i i M*B
— o —= | O=
HN" coH — = N NT CCOoEt
MOM  MOM
| MO
/2R
O R \— H* :
.. A —=!
M* N™ N7 Sco,Et MOM—N
MOM  MOM
B c -

- Stereochemically invertive rearrangement.
* This method is applied to urea derivatives derived
from L-phenylalanine, L-valine and L-methionine.

Kawabata, T. et. al. J. Am. Chem. Soc. 135, 13294 (2013).



Application of clayden rearrangement to asymmetric a-arylation of amino acids

NO,
o< " Mom Nz 7]
7 oo \N—O’Noz
o=~ LIHMDS MOM_ 0
Ao M ol o 7 MY o |
L / N oLi OJ\N o, OE! MOM’N\n/N‘MOM
S MOM — 24 0
n 23 - D € - inversion
/ -
| | MOM JOL MOM
er “N"N°
N’ l ?o/\ LIHMDS y“\”' o Oﬁ/" F OEt
N Ou - N o —>P' (o]
MOM”
O— 73
B e
MOM’
NO, il NO,
- entD ent-E retention

It is deprotonated when the proton faces in a sterically empty direction.
Then, the anion reacts with the aromatic ring immediately and the stereochemistry reverses.

— .

MOM,
LIHMDS ‘@_ Mel MeO Ph
O _(20equiv) | o f
/ periodic N“N
M

OOzEt DMF THF = 2:1 COzt
_78°C quenching MOM  MOM
time MoM’ 28

= enolate A from 9 -

t;» (racemization at —78 °C) = 2.6 h (experimentally measured)

AG* (racemization at —78 °C) =15.2 kcal/mol (calculated from t,,)
ty2 (racemization at -60 °C) = 5 min (roughly estimated from AG* at -78 °C)

When the Bn part is small, the rotation barrier is small, and epimerization occurs.



Expansion of substrate scope of asymmetric a-arylation of amino acids

Pseudoephedrine auxiliary

O Me OH EDC+HCI, HOBt
ph. oH , (menn L

N N + iProNEt, CH,Cls, RT
| s -
Me Me O Me
1 2 . 0 -
0 N Me i base, THF Ph\'ﬁj\ i
Ph\NJ]\N N\)\Ph : = Me Ee\)()\
§ x
Me Me O Mo -7Te g—:RT Me Y "Ph
3 (85:15 d.r) (Table1) L 4 e0 Me .
Ph Me
olPh Meme o° :

rearrangement N cyclization Me~y )yo
> |© r;‘ /lk':‘ }\( \)\ ph| ——— +32
Me Me O Me
5 (S)-6

* This method can be applied to urea derivatives derived
from amino acids which have small side chain.

- However, The doubly N-methylated hydantoin product 6
proved extremely resistant to hydrolysis to the corresponding
guaternary N-methylated amino acid.

Clayden, J. et. al., Angew.Chem.Int. Ed. 54, 8961 (2015) .



Expansion of substrate scope of asymmetric a-arylation of amino acids H

1. base, Me;SiCl
THF, -785+20°C
o Me OH (Table2) Me OX
L:@‘ N\/Lph m N NN N\/kph
Me H O Me 0Z Me
7a (R = Me) 8A (X @.Y-@;Z=@)
7b (R = CH,CH,SMe) 8B (X = SiMe;; Y =©; 2=0)
8C (X = SiMe;; Y = SiMe;; Z=9)
8D (X = SiMe;; Y = SiMe;; Z= SiMe,)
2. HCI (1m) f@]
rearrange or :(2093, MeOH o Huyg 0O o5
cyclize proto-
desilylate )_ N

(R)-9a (R = Me)
(R)-9b (R = CH,CH,SMe)

So they modified the substrates 3 with the aim of rearranging
their N-unsubstituted analogues 7.

Singly N-methylated hydantoin product 9 is easily hydrolyzed to
the corresponding quaternary N-methylated amino acid.



Expansion of substrate scope of asymmetric a-arylation of amino acids EI

1. base, Me;SiCl
THF, =78—5+20°C
0 Me OH (Table 2)
—
BN e
Me H O Me TMSCI
7a (R = Me) 8A(X=0,Y=0,Z2=0) «—— Oeq.
7b (R = CH,CH,SMe) 8B (X = SiMe;; Y =0 ;Z=0) +«— 1leaq.

8C (X = SiMes; Y = SiMey; Z=9) «— 2eq.
8D (X = SiMes; Y = SiMes; Z= SiMe;) «— 3ea.

2. HCI (1m)
rearrange or K,CO3, MeOH

>

- H ~ N ; O - 2
cyclize proto- N
desilylate O)— T

(R)-9a (R = Me)
(R)-9b (R = CH,CH,SMe)

Entry SM  Base equiv of |equiv of| (R)-9, e.r. of 9
(equiv) LiCl Me,SiCl | Yield® [95] (R:S)

1 7a LDA (4) 7 0 9a, 54 50:50

2 7a  LiTMP (4) 7 0 9a, 43 55:45

3 7a  LDA (4) 7 1 9a, 60 75:25

4 7a  LDA (4) 7 20 9a, 65"  92:8

5 7a  LDA (4) 7 3ord | 0O K




Expansion of substrate scope of asymmetric a-arylation of amino acids

SiMe3

| Z enolate

Me 8C

K The most stable conformation/

Rearrangement of the more hindered leucine was less clean
(and all attempted rearrangements of valine- or phenylglycine-
derived ureas failed), suggesting that leucine lies at the limit of
the methodlis tolerance to steric hindrance.

Some substrates (generally
those with acidic protons
in the B position) failed to
rearrange cleanly.




Enantioselective introduction of an aryl substituent at the a-carbon

Readily available Enantiopure quaternary
amino acids a-arylated amino acids

-
-
-

2

HN™ , GO > HNT T COH
Stereoselective _
heterocycle Hydrolysis
formation

Jﬂl|r-| MeHM Ar
Enolate Stereoselective ')\ :
0 formation rearrangernent 0 O
—'h..

)—x

An amino acid (A) is converted diastereoselectively into an imidazolidinone (B)
carrying a pendent urea function. Treatment with base forms an enolate (C) in
which the aromatic substituent (Ar) of the urea migrates to the rear face of the
imidazolidone, directed by the bulky tert-butyl group, as indicated by the red dotted
arrows. Hydrolysis of the product (D) provides the quaternary a-aryl amino acid (E).



Self-regeneration of stereocentres

» >
> .
Cl % ’
2 s
. A

O HN_ N Cl TFAA FsC _N_ N cl
) t-BuCHO EtsN b
H Cl o}
NH, 74% I 98% ol
6 7 8

single diastereomer
LiN(TMS), Bf@“'«.[ ?0

4-Br-BnBr, THF

30100 °C F3C\[ri'\©’0'
g 0
96%
Cl
9

The principle of ‘self-regeneration of stereocentres’

[in which the stereogenic centre of a chiral molecule generates a
temporary centre of chirality, which in turn is used to introduce
diastereoselectively a new ligand at the original stereogenic centre]
has been applied to the synthesis of various acyclic quaternary
amino acids.



Self-regeneration of stereocentres & Clayden rearrangement 35

Self-regeneration of stereocentres

LiN(TMS), Br )[ (O . .
Stereoselective introduction

f : Cl 4-Br-BnBr, THF
NN gl FsC_N__N Cl
\g/ J;O -30t00°C i 3 NS \@/ of alkyl group to a-position
& 96% O of amino acid.
8

-+

Clayden rearrangement
D

MEH,N,,,LN_ME
. E‘M Intramolecular reaction using urea
S — .\
| ME R2 \('/ @ allows transposition of aryl.
X, \ Y

~ N MeHN
)\ -, Enolate Stereoselective )\ o
formation rearrangement
0% N O o - 0
YN )—N
t-Bu N t-Bu h




Synthesis imidazolidinone intermediate

ArNHMe (1.2 eqguiv.),

KHMDS (3 equiv.),
THF, -78 °C-RT
& ArNHMe
NHMe )j\ (1.1 equiv.
HQN/krr S-selective route cl )\f eq )
0 1. t-BuCHO (1.1 equiv.), Eth 1.5 equw) |
L-AlaNHMe (R = Me)  CF3COzH (2.0 equiv.), t-Bd Me K (1.1 equiv.), Me
L-PheNHMe (R = Bn) CHzClp, reflux, 18 h trans-1 CHyCl t-Bu Me
. reflux, 45 h trans-3

L-LeuNHMe (R = i-Bu)
1-Ala 90%, 80:20 d.r.

1-Phe 68%, 70:30 d.r.
1-Leu 82%, 70:30 d.r.

2. Cl,COCO,CCl
t-BuCHO {045 EqUiV.),

R-selective | MgSO,, 2,6-lutidine (10 .2 equiv.), .
route CHoCl,, CHeCl2,-78°C-RT,18h o
18 h. RT ArNHMe JL
’ )I\ o (1.1equiv) N N 0
. cl N |
>—N EtaN (1.5 equiv.) Me ) N,
NHM aN (1. : )
r-Bu”'““\*N/H-r ¢ t-Bu Me KI(0-1.1 equiv.), t.Ei,': Me
5 0O O cis-1 CHyCly, cls
J_I\ reflux, 18-45 h
ril cl Toluene,
Me reflux (Method C)

(Method B) l

KHMDS

(1.5 equiv.),
THF, 0 °C-RT
—_—

(Method A) promn

KHMDS

(1.5 equiv.), >
THF, 0 °C-RT )j\ ‘ 0
— MeHN N

(Method A)




Synthesis imidazolidinone intermediate cis-3

R
//
R \ 77—
AN
. tN/'Yo toluene, refiL t-Bu Me @\ (o]
NHMe \ HN -« Jl\
HzN"\[( ) VAN \ N
t-Bu Me I
o) (o) Me
L-AlaNHMe (R = Me) "N -

L-PheNHMe (R = Bn) N
L-LeuNHMe (R = j-Bu) B \Me

t-BuCHO

R-selective | MgSQ,, i
route CHoCly, j\ |
18 h, RT
N N/kfo
v Me )—N\
NHMe t-Bd Me
t-Bu"A"*N/H-( =
2 O j)\ cis
P[' cl Toluene, R
Me reflux (Method C)
® 0
R HyN major
-
®
HN o acidic condition t-Bu Me
Q) >




Synthesis imidazolidinone intermediate cis-3

R

O 1. t-BuCHO (1.1 equiv.),
CF4;CO2H (2.0 equiv.),

L-AlaNHMe (R = Me)
CHzClg, reflux, 18 'l

L-PheNHMe (R = Bn)
L-LeuNHMe (R = j-Bu)
2. Cl3C0OCO,CCl,

t-BucHo (0-45 equiv.),
2 6-lutidine (1.2 equiv.),

R-selective | MgSQ,,
route CH,Cl,, CH2Cl, -78 °C-RT, 18 h
18 h, RT

Cl

R
N EtaN (1.5 equiv.)

NHM \ _
t.Bu/“\bN)ﬁ-r © t-BU Me KI(0-1.1 equiv.), t_Ei;' Me
5 O O cis-1 CHCly, cs
J_]\ reflux, 18-45 h

T cl Toluene,
Me reflux (Method C)

NHMe )L
HQN/kﬂ/ S-selective route Cl )\f

t-Bu Me

)LN)\fo

ArNHMe
(‘I 1 equiv.)

EtsN (1.5 equiv.)
KI (1.1 equiv.),
CH2Cl3

trans-1
reflux, 45 h

1-Ala 90%, 80:20 d.r.
1-Phe 68%, 70:30 d.r.
1-Leu 82%, 70:30 d.r.

R
o ArNHMe

(1.1 equiv.)
——

‘\hlne

ArNHMe (1.2 equiv.),

KHMDS (3 equiv.),
THF, —78 °C-RT

\

t-Bu Me

trans-3

(Method B) l

KHMDS

(1.5 equiv.),
THF, 0 °C-RT
—_—

(Method A) p1onn

KHMDS

(1.5 equiv.), >
THF, 0 °C-RT JJ\ N o
— > MeHN N

(Method A)



Scope of the imidazolidinone arylation:

amino acids and migrating groups

a R-selective route = b S-selective route
J.L HS KHMDS (1.5 equiv.), j\ A _':': H i g 1. KHMDS (1.2 equiv.), j’l\hr _:g
Ar THF, 0°C-AT, 4 h - H THF, -78=C-0°C, 2h
~N N)YO T e MeHNT TN 0 : cl N)\fo CANHMe ——— T T L MeHN” TN 0
e N N : LY 2. KHMDS (1.2 equiv.), N
tBd Me B Me : e Me THF, 0°C-RT, 18 h tBi  Me
cis-3 4 E trans-1 4
Me, Ar Phy : Ar :_Me Ar><—F‘h
N0 N0 : "N eo N0
ed | — E | Sp— | S
]
Ar: Ph (R) 4-Ala-a, 95%, »9%:1er. Ar  Ph (A) 4-Phe-a, 98%, >99:1er. § Ar  FPh (5) 4-Ala-a, 80%, =89:1 er. Ar. Ph (5) 4-Phe-a, 80%, =99:1 e.r.
4-CH  (R) 4-Ala-b, 96%, 96:4 e.r. 4-CHN  (R) 4-Phe-b, 85%, =99:1 er. 2 4-CN (S) 4-Ala-b, 79%, 97:3 ar. 4-CHN  (S) 4-Phe-b, 77%, »99:1 e.r.
]
4-Cl (R) 4-Ala-c, 94%, =091 er. 4-Cl (A) 4-Phe-¢, 88%, >99:1 er. 4-Cl (5) 4-Ala-c, 94%, 90:10 er. 4-Cl (5) 4-Phe-g,83%, 97:3 er.
4-F (R) 4-Ala-d, 95%, 93:7 er. 4-F  (A) 4-Phe-d, 84%, »03:1 er. E 4-F (5) 4-Ala-d, 8496, 92:8 er. 3-Br  (S) 4-Phe-e, 74%"
4-Me  (B) 4-Ala-i, 4% 4-Me  (B) 4-Phe-i, 0%, =09:1 er. B 4Py (S) 4-Ala-m, 54%F 35-Cl (S) 4-Phe-f,84%"
4-0Me  (R) 4-Ala-j, 90%2 3-OMe (R) 4-Phe-k, 88%, >99:1 er. & 3-Py (S) 4-Ala-n, 91% 4-Me  (5) 4-Phe-i,83%, >99:1 er.
3-OMe (M) 4-Ala-k, 91962 2-OMe (R) 4-Phe-l, 84%, 98:2 er. = 2-Py (S) 4-Ala-o, 949, 96:4 er. 3-OMe (S) 4-Phe-k,94%, >99:1 e.r.
2-Py (R) 4-Ala-o, 97%, 98:2 er. E 2-0OMe (S) 4-Phe-1,56%,97:3 er.
H
]
X0 :‘F‘h : ,o.,x—@— OBn Ar 4<
TNTco : =N co N>\CO
LS Lo H [ Sp——] | p—
Ar 4-CN  (R) 4-Leu-b, 87%, >99:1 er. A= H (A} 4-Tyr-a,85%, =80:1er. P Ac Ph (S) 4-TyrOBn-a, 95%,>99:1 er.  Ar 4-CN  (5) 4-Leu-b,84%, >99:1 er.
4-Cl (B 4-Leu-c, B7%, 991 .. B (R) 4-TyrOBn-a, 88%, >99:1 er. & 3F4-Br (S) 4-TyrOBn-g, 9206 4-Cl (S) &-Leu-c,87%, =89:1 er.
4-F (R) 4-Leu-d, 83%, >99:1 er. E 2-naphthyl (S) 4-TyrOBn-h, 62%* 4-F (S) 4-Leu-d, 76%, =99:1 er.
4-Me  (R) 4-Leu-i, 81%, 98:2 er. E 2-0OMe  (5) 4-TyrOBn-l, 60%* 4-Me  (S) 4-Leu-i, 64%, 98:2 e.r.
Buccmumesssssssssssssssssssmsmsmsme e .—————
MeS, :
\y Ph, Ar : A, ,Ph
N o N o E N go
l\.___! Ph wo_d - Lo_J
Ar: 4-CN (B) 4-Met-b, 86%, =99:1 er. Ar: 4-CN (5) 4-Phg-b, 78%, 81:19 &r’® E Ar:  4-CN  (R) 4-Phg-b,56%, 95:5 e.rd
4-Cl (R) 4-Met-c, B6%, >39:1 er. TUNTCo 2-cl (5) 4-Phg-c, 99%, 87:13 &r® & 4-Cl (R) 4-Phg-c, 76%, 94:6 e.r?
4-Me  (B) 4-Met-i, 73%, >99:1 e.r. b--d 4-F (S) 4-Phg-d, 82%3° H 4-0Me (R) 4-Phg-j, 67%, 95:5 e.r®
]
Z-py  (B) 4-Met-o, 90%, »99:1 er. (B} 4-Val-a, 98%, 91:9 d.r.2b 4-OMe  (S) 4-Phg-j, 92%, B5:15 er® § CeDs (A} 4-Phg-p, Bo%
:
¢ CN cl Br Me OMe D
D
Br Cl cl F OMe [:»lj @ @ D
OG N
:. i ; ; : : t . . i t : MeO” : 7 N N N o
a b [ d e f a h i i k I m n o p



Clayden’s Quaternary amino acid synthesis 40

ArNHMe (1.2 equiv.), (Method B)
KHMDS (3 equiv.),

THF, -78 °C-RT
1. NaH, Mel, DMF,
R R 0°C-RT, 18 h
NHM i ArNHMe o R Eé’gﬁi\,_), ° 2. HCI (6 M, aq /EtOH @
HQN*H/ e cl N*fo (1 A equV.) JJ\ THF, 0 °C-RT (101), 160 OC, MW‘ 3h L
. \_ : N7 N o )LN O " Method D) ‘
o) 1. t-BuCHO (1.1 equiv.), SN EtaN(1.5equiv) | \_ (Method A) prapN \ HN" > COH
L-AlaNHMe (R = Mg)  CF3CO-H (2.0 equiv),  t-Bu Me KI (1.1 equiv), Me N o N
L-PheNHMe (R = Bn)  CHoCly, reflux, 18 h trans-1 CH,Clp t-Bu ‘Me t-Bu Me (S)-5
L-LeuNHMe (R =i-Bu) reflux, 45 h trans-3 4
2. ClsCOCO,CCly 1-Ala 90%, 80:20 d.r.

t-BucHo (0-45 equiv.), 1-Phe 68%, 70:30 d.r.
R-selective | Mgso,, 2:6-utidine (1.2 equiv.), 1-Leu82%, 70:30 d.r. @
’ R
route CH,Cl,, CHeCl2,78°C-RT,18h R 0] - KHMDS 1. NaH, Mel, DMF,
18h RT ArNHMe Jj\ (1.5 equiv), R 0°C-RT, 18 h
’ J\ 1.1 equi o 8 2. HCI (6 M, aq.)/EtOH
cl N o (1.1equiv) N N THF, 0 °C-RT 0 . R
R —_— I'\I/I N —b—MHN N (10:1), 160 °C, MW, 3 h )\
YN - e >— (Method A) -
t BUANJ\WNHMQ v FtaN(1.5equiv, tBd  Me N (Method D) ~ HaN™  "COH

t-Bu Me Kl (0-1.1 equiv.),

. cis-3 -
P j\ cis-1 CHyClp, ont-4 (R)-5
reflux, 18-45 h
I'}l Cl Toluene,
Me reflux (Method C)

It avoids the use of valuable transition metals.

- It enables arylation with electron-rich, electron-poor and heterocyclic substituents.

- Either enantiomer of the product can be formed from a single amino acid precursor.
The method is practical and scalable, and provides the opportunity to produce
a-arylated quaternary amino acids in multi-gram quantities.



Summary

H_ NH; HsCy NH, H_ NH,

HODXCOOH COOH DXCOOH
HOOC HOOC HOOC

4C3HPG (+)4S)-«M4CPG 4CPG

4

H,N~" >COOH

X

Ho,N~" ~COOH

>‘. ."1,

HoN COOH
a-aminoisobutyric acid isovaline  1-aminocyclopropane

(Aib) (lva) carboxylic acid (Acsc) HiC. NH, HaC_ NH, NH,
COOH \(©)<C°°H COOH
N\
H O (HO),(O)P H-N (HO),(O)P
e OH N— ’ NN
O8N, J~g~NHCOCH, o NH MPPG MTPG CPPG
2 OH
e cCO

Que

Y OH
I HO N HO.
Lactacystin o-methyldopa H COxH COxH ’
HO,C CH HO,C CH Cl
HO,C NHp 2 : 2 ? HO,C NH;
3,5-DHPG LY367385 6 CHPG
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