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Figure 1 a,a-Disubstituted amino acid derivatives synthesized from L-a-amino acid derivatives via C-N axially chiral enolates
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Scheme 10  Synthesis of a,a-disubstituted amino acid derivatives by Bucherer-Bergs reaction of natural product extracts
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Th 575, WHED Ugi FUGICHWS NS HE—)
T3IVEWNRTT VEZTOREIIT R RN
728, NOERPSEIDIZCwWEFREINS
(Scheme 12). Z1LIZfEVy, 7y E=ZT 2L
Z DA 3 45 O EAE S T & % Passerini G
BEHAELTCLEY DY, 7UyEZT -Ugi K
TR & 2 Y6 h3% <, FERM KOG &
LTI 5T oz,

7 YEZT -Ugi UG OBATIIgE % AT 5
L, XET7TVE=ZT L, BRT VE=ZT LA, B
DWERBEFRT v A (WIS T
WAL, T EST -Ugi RS ARhEE
BZHEAT L7260 25 - 7208, SRS IVRY
W7 =y AOREIAHTH 72 2T,
N-ffiio- 7 I VBT VBT AR ETRM
VERVEET VEZ Y AORBEE AT TS &b
b, 7YEZT -Ugi IIBIZBIT DI VAR
W7 ey AOEEEZHL,EL, aa ZiE
7 3 WAFEAR OB RN ERIE LT 5 2
L7

4.2, 7VEZT -Ugi RIb&EniEHR

FERRI a,a- ZHEIBRT I VRO—DTH 5

R! R2

m H
(o]

Scheme 12 Ammonia-Ugi reaction vs. Passerini reaction
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N

1-73 /370Xy % 2 -1- BVEUEE (Ackc)
DFHEE 242 DFWE B, 7T EZT -Ug
PSS it L7z (Table1). 7 ¥ E= 7 A
ELTERT ey AR HCEEAE, T
NTCOBETEROZ PSRIISD T FHILE
N7z (entries 1-4). TDH L, WEDOT VE=
7 LM TdH D (NH,),S0, B L U NH,Cl & v 72
Wi I IEE F 7\ Passerini i JIIA 25a 2% 324
B & LTSS 72AY (entries 1 and 2), i),
kDT = A TH A NHHCO, & 5 \»
1% (NH,),CO, & v 72854 121& Ugi i 11£ 24a
DMEIEAYIZHE 57 (entries 3and 4). T DT
EhD, BEELT VRS ADFIENEET
HAHFMEARIE S L. 7Ty E=TKEHW
% &, 24a O HBENE L RME SN B L 728
(55%), K& L THYED 252 (18%) 7°4%
57z (entry5). 2T, W7 v E=T
R A ICHWEDOTIE L KBERT v E=T 4 L

b 7% BB R TR -V 72 IR aja- ZEAR 7 3 BRAIEAR O B

LT 7z& 2%, Passerini i HI1k 25a D El
R /NRICHTZ (6%), HT2 o Ugi fi hnfk
24a % IR (90%) T4 Z L AT & 72 (entry
6). HIEHEMEAMET L72AEE, 222- M) 7L
fuxr¥ /—)v (TFE) B THDH I Ehb
Mo 7z WYEE#E-O X ¥ 7 — )V Passerini
IBxSEEIHHI L7225, 28 7 — ok
HER S 2 RIS &0 OGS RIEEMEE 2D,
24a OYERIZHIEE (68%) (280 F o 72 (entry 7).
OT N a— VEE (= ) —)v, 2- FaIs ) —
U, tert- 7FILTIVT—)V) IZOWTIL, HERE
TYEREZTADPRETH 5 7270 LE 725
7z BERRT Y= AX 1L1,1,333- ANFH T
Fu4 v 7as/) —) (HFIP) |ZIZWETH -
7273, Passerini B AS0 7 0 #E4T L 72 (25%)
(entry 8). LLL XV, TFEHEET, BEfE7 » €
= A% D G RS LA RO T 7.
BEEE T~ E =7 AORRIZOWTIE, RO LD

Table 1 Screening of ammonia-Ugi reaction conditions

NHj3 source
AcOH source
Q CN—Bn Ac H - + Ac_ H N
o solvent N Bn o Bn
r,30h o
24a 25a
Ugi adduct Passerini adduct
Entry NH, source AcOH source Solvent Yield (o)
24a 25a
1 (NH,),S0, AcOH TFE/H,0 (1:1)" - 19
2 NH,Cl AcOH TFE/H,0 (1:1)* 1° 19
3 NH,HCO, AcOH TFE/H,0 (1: 1)* 17° 7
4 (NH,),CO, AcOH TFE/H,0 (1:1)" 19 8
5 NH; aq. AcOH TFE 55 18
6 AcONH, TFE 90 6
7 AcONH, MeOH 68 —
8 AcONH, HFIP 53 25
9 AcONH, TFE* 92 4

Sviv.® Starting materials remained. © At 60 °C, 3 h.
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Scheme 13 Effects of ammonium carboxylate on ammonia-Ugi reaction

\ZER L Thbb, IVKRXFTI—MIr
bR EEAL L 2\ TE F 72 W Passerini O
BEMZ, M7 YTy AFL I VOB E
AL, 24a 2 FHREWIZG R D EEEL 2
(Scheme 13). FUGKH A RV Z & ARIE L 7%
5, INEx 60°C L35I LI2kD,
24a OHBEPER 244 ) 2 &, DK %
1/10 (3 B 12 J8HME$ 5 2 & ST & 72 (entry 9).

43, FXR#AE oo ZBBRT I/ EBFEFOS
54

Table 1 entry 6 O 5% T, Fli4 D aa-
TERT I BEFHERO G AR L. ED
W £ OMAE T, Passerini BlA KM % 5%
DNIcEz, Bao Ugifihilg (§4bbIER
PRI a,a- TEHRT X BEFFEAR) % 80% DLk
DO HBEINHETI:5 2 & ST & 72 (Scheme 14).
ToMEHI AWz raxryy ) v ERLE LD
2, Yranidy o Brlovranrsy v
bARFIBGMICHEAE L, MIST 5 Ug ik
24c B £ 0 24d % BHIEE (96%) TH-2 72—,
a7y /1% Ugi FHIHME 24b % AEEE DL
% (54%) TH 2z, H2Y & O Passerini fif 1K
24b (32%) WREIEL7:. Yomaxr ¥y v
7236 S PERIIMR K (24e: 53%), HIFEW
BRI S 7z ARICE RV (-)- A 2 b
Y EAGIGE S B USHHET L, St
§52a4f% 76% THA, TOVTAT LI~ —

B LZ2:1 Thosz. AT ORTRMER
W2 AT D7 b I2onTIE, 24k DHE %
BT, HREIHIGT 27 3/ BRiFEA
24g-24n % 5. 2 72 (86%-97%). —F, FHEK
7N VR USEAME CIRER E 2 o7 (240 B
KU 24p). FRMEFEDOREVIKFEZFFDOB- 7 b
Fu 2, PREEOIEE (73%) T 24q %52 72
FHIRTF b THLZT MY BLV4 T2
2-7% 7 Y OYE S FUMIREZR HET LT
(2ar BL W 24s). —F, mmwIy Ay 7ol
VT b OWAIZITE A EDEEREN TS > 72
2%, HEY D 24t 2 UZ 16% Ti4h Z LA TE /2.
UEXD, R7ryEZ7 -Ugi G IE— M &
HREHAEICENRTHE Z EAVREN, JER
PRI ao- BT X BEEFEAO T VR Y b
GHEE LCHATRTH 5 2 DS 212
o7,

W2, WK VEEO BB REL 2
(Scheme 15). ZO#EFR, K7 E=7 -Ugi X
IBGAFIZBVTIE, pK, A% 2.16-5.03 D#iFHD
Flie DHVEVERIZOWT, BIFRIEE (42%-
92%) T7 v E=7 -Ugi {1k 26a-26g % 552
BT NGl 26d DIERD BRI
72 (42%) 7%, THidp- = FPOREFRT v
EZTLADPTFEILHETH 72720 TH 5D
kY 7V A e (TFA) b 2 < FIH W RE
Thh, 26g % HREOIE (53%) TH 27z
CIT, MR T v EZ Y A, HEERT v EZ
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1 2 Rl R?
R R then BnNC (1.5 eq.), 30 h A
N N
\[( Bn
O TFE (0.5 M), rt
(0]
24b-24t

) 24b:n =0, X = NH, 54%, 25b: n = 0, X = O, 32%
n
H  24c:n=2X=NH,96% ipp §
Ac\X N\B HN
N 24d:n=23,X=NH, 96% '

24e:n =4, X =NH,53% 24f,76% (dr~2:1)

Boc O 0
[ \/
N 0 s Rt
C. C. C. C.
N “Bn >N “Bn N “Bn ~N
H H H H
o} 0 o} 0

249, 96% 24h, 89% 24i, 92% 24j, 86%
I|300
N

A s H A N
C. C
Y “Bn ANy N<gn SN “Bn
H H H
(@] o) (0]

24k, 44% 241, 86% 24m, 86% (dr~1.5:1)

24n, 97%(dr > 20:1)
N A N ¥
c
Hll\l \Bn \H \Bn AC\N N\Bn
Ac O ¢} H (o]

240, 8% 24p, 40% 24q, 73%
Ph
H Pr. JPr H
Ac N\Bn Ac N\Bn Ac N\Bn
H H H
(@] (0]
24r, 79% 24s, 94% 24t, 16%

Scheme 14  Synthesis of a,a-disubstituted amino acid derivatives by ammonia-Ugi reaction
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RCO,H
l NH3 aq.

solvent, 4 °C

RCO, NH,4* (3 eq.), 10 min
then BnNC (1.5 eq.), 30 h

el

RIS

TFE (0.5 M), rt.

26a-269g

AQ’( A% JL% d%

26a, 86% 26b, 73%

26¢, 92%

26d, 42%

o) ’ PPZO ’ o) y
m\)L N N N
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H | H H
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26e, 81%

26f, 91%

269, 53%

Scheme 15  Synthesis of N-acyl Ac,c derivatives by ammonia-Ugi reaction

TA, BEXOF®RT By AFHRHEI AT
BN, FNLSOANEKEUEET DT AT,
ANKUBEOTX Ny, 7 MZMN)N, T2
1 THF BIC 4°CICCT Y EZTREH L
TLIEOKHEHETLIEIZLD, HEELTH
My N TE UEXY, S8R N-T
BT 3/ BREFEAR DG %
NI HIENTET.

VI aa-

44, ¥RABoo- —BBRTI/EBEEIR
TFRDTVEY FER

WIS, N-fRi#Ea-7I VBT v E=7 2%
W, JERRIT 3 R Acc R EH T A
VARTFEREOT Ry PEBKRERE L
(Scheme 16). N-ff# a- 7 I /T V€=
A, N-fRiEa- 7 I 7BEOT7 M EET
M= FUIVETIC, 4°CIZTT Y E=TKE
WEL, M2 T L, AT

WX DME Lz 73 EORH#EE (PG)
I2DOWTIE, Boc, Bz, Chz BSFIHEHETH D,
B % ¥ X 7 F F PG-Gly-Ac,e-NH-Bn

(26h-26j) % EILE (72%-97%) Tz, —J7,
Ac-Phe-Ac,c-NHBn (26k) O& W TlE, FHED
Ac-Phe-ONH, 78 TFE |28 TdH - 72 72 D RIL
R (23%) o7z h, AcRE#ERETH-TD a
MRFENT I L o 2 HITFHEIRE S
& Td 5. Fmoc-Gly-ONH, & F 72 TFE |2 #iA
ThHNHNABHETHo 7. KM% N-Boc-L-a- 7
3 /MWk (Val, Phe, Pro, Met) £\ ¢4 b /59
% T RT TR 261-260 & I (78%-97%) T
527, XV NVZ—TF), tert- TFIVLTAT
W, BRNVINT I FOLTEMBORGERLS 724K
EfRICHEE L, VT TF N 26p-26r % i IUE
(73%-87%) TH Z72. ARIBEMETIZBWT

N-RET I VO afijRFILT 3 WL&w
L ERMARL BUNRER 60°CIZT 5 L,
HEENE & a L RFEONRLFEERFE L

F, 4B 26m 2155 2 L AT & 2.
F72, 2008 E L7 qa- SEIET I EREE
MHR BT RTF R 26s bEIE (87%) TH
BT&7z Dko kL, 7rEZT -Ugi )X
6% W, FERKRM qo- ZHEHRT I B
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NH3 aq.
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then BnNC (1.5 eq.), 48 h H
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Scheme 16  Synthesis of dipeptides containing a,a-disubstituted amino acid residue (Acsc) by ammonia-Ugi reaction
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Synthesis of unnatural a,a-disubstituted amino acid
derivatives using readily available carbon resources with
functional groups

Keisuke Tomohara

Laboratory of Pharmaceutical Manufacturing Chemistry, Division of Medicinal Chemical Sciences,

Kyoto Pharmaceutical University

Unnatural a,a-disubstituted amino acids have received a continuous attention as building blocks
during drug discovery campaign. Therefore, the development of their efficient synthetic methods is
urgently needed. This review describes our recent research results on the development of synthetic
methods of a,a-disubstituted amino acid derivatives from readily available carbon resources with
functional groups: 1) asymmetric synthesis of a-aryl amino acid derivatives from L-a-amino acids via
memory of chirality, 2) synthesis of natural product-derived a,a-disubstituted amino acid derivatives
by chemical engineering of natural product extracts, and 3) one-pot synthesis of a,a-disubstituted

amino acid derivatives by ammonia-Ugi reaction.

Keywords: unnatural a,a-disubstituted amino acid, memory of chirality, Ugi reaction,

ammonia-Ugi reaction, natural product extract
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