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Replacement of the a-hydrogen atom of L-a-amino acids with an alkyl substituent results in «,ce-disubstituted amino
acids. The modification changes the properties of the amino acids. Incorporation of o,a-disubstituted amino acids into
oligopeptides restricts the conformational freedom of their peptides. The author developed a synthetic route for optical-
ly active a-ethylated «,o-disubstituted amino acids using chiral cyclic 1,2-diol, and disclosed that the preferred confor-
mation of peptides composed of chiral a-ethylated disubstituted amino acids is a fully planar conformation, whereas
that of chiral a-methylated disubstituted amino acids is a 3;¢-helical structure. Furthermore, the author designed and
synthesized two chiral cyclic o,a-disubstituted amino acids, i.e., (35,4S) -1-amino-3,4-di (methoxy) cyclopentanecarbox-
ylic acid {(S,S)-Acscd°M}, and (1R,6R)-8-aminobicyclo-[4.3.0] non-3-ene-8-carboxylic acid {(R,R)-Absg_c}. They
do not have a chiral center at the a-position, but do have chiral centers on the side-chain cyclopentane or the bicyclic
skeleton. The preferred secondary structure of the (S,S)-Acscd®M homopeptides was the left-handed (M) 3,¢-helical
structure (hexapeptide) and the left-handed (M) o-helical structure (octa- and decapeptides), while that of the (R,R)
-Ab;s¢—c hexapeptide was both the right-handed (P) and left-handed (M) 3;j-helices. These results indicate that the
side-chain chiral centers affect the secondary structure of their peptides, and the side-chain chiral environment is im-
portant for the control of the helical-screw direction of peptides.
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Fig. 1. Structure of a,a-Disubstituted Amino Acids
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Fig. 2. Hydrogen Bonding Scheme of Helical Peptide

Fig. 3. Structure of a-Helix and 3;,-Helix

ke,
5

a) a-helix as viewed perpendicularly to the helical axis, b) a-helix as viewed along the helical axis, ¢) 3;o-helix as viewed perpendicularly to the helical axis, d)

310-helix as viewed along the helical axis.
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Fig. 4. 30-Helix and Planar Structure of Homopeptides Composed of a,a-Disubstituted Amino Acids
a) 3j¢-helical structure of Aib homopeptide p-BrBz- (Aib) -OBu/, b) planar Cs-conformation of Deg homopeptide CF;CO- (Deg) s-OBu'.
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Fig. 5. Secondary Structures of Iva Homopeptides Reported by Toniolo, and Seebach
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Table 1. Secondary Structures of Homopeptides Composed
of Chiral a-Methylated o, a-Disubstituted Amino Acids!5S—20

Entry Peptide Secondary structure
1 p-BrBz- {(R) -Iva} s-OBu! (M) 3,p-helix
2 Boc-{(S)-Iva} -OMe (P) & (M) 34-helices
3 Cbz- {(S) -aMeVal} ;-OBu’ (P) 3,5-helix
4  p-BrBz-{(R)-aMeLeu} ,~OH (P) 3,p-helix
5 p-BrBz- {(R) -oMePhe} ,-OBu’  (P) 3;¢-helix

6 p-BrBz- {(R) -oMeHph} ;-OBu’ (M) 3;¢-helix

Iva: isovaline, aMeVal: a-methylvaline, aMeLeu: o-methylleucine,
aMePhe: a-methylphenylalanine, aMeHph: a-methylhomophenylalanine.

(Table 1), 15720
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Diastereoselective Synthesis of Chiral o,a-Disubstituted Amino Acids Using (S,S) -Cyclohexane-1,2-diol
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Fig. 7. Crystal Structure of Homopeptide CF;CO-{(S) -Beg} ,-OEt (Planar Conformation), and Heteropeptide CF;CO- (Aib) ,- {(S) -

Beg} - (Aib) ,-OEt, (3,,-Helix)

a) top view, b) side view, ¢) 3jo-helix as viewed perpendicularly to the helical axis, d) as viewed along the helical axis.
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Fig. 8. Structures of Heteropeptide CF;CO-[ {(S)-aEtVal}-{(S) -aEtLeu} - {(S) -aEtNva} -Deg- { (S) -Beg} ] -OEt

3,0-helix in the crystal state, a) as viewed perpendicularly to the helical axis, b) as viewed along the helical axis, ¢) fully planar conformation in solution by

modeling.
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Fig. 9. Synthesis of Chiral Cyclic Amino Acid (S,S)-AcscioM
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VEWRY I B TCIINAREED DI T F RERK
MREECIZ D 2 EMEBND, TFIIVRERIRDEHR
T BTERTF RERNES TH D 0D WE
MHO, ZOFIFINRKRCEBRY 2 JBEOH Yy T
RIS EGICHETT S 2 ENTFRINE. 5
B/KMEOHE KR : PEMHRY I JBIFLEOT I BT
g U ThsiEtEnm <, TOEHFXRTF RISKERK
WIRTFIC< <725, Lnl, SEEHEILERRDE
By 2 g, BREE LT T —TIVEREEEET
2 =D BUKIE OB RN TFRI N,
FINBEBRERT I /B (S,S)-AcsciOM (D
B, FIINT=INEICKD L-(+)- AR D A
FIEHREFERIE L TTo k. Thbs, HESY
DHFIHELC THETEICTYI— KK 5) 2468k
L, IhzHnw T B AFINEEZR T IVFIL
kLTS ERZ#BEL6ELE. FO%, £/IX
TIORGOS, 7 =)V D7 Y Rz
W7z Curtius 85067 NI K D, 3 C R E N KAVRHE
INETPERY I B (S,S)-Acsc®M E 55
5% DINETHERLS G LEZ. CROIZXTIVZ
T IV UMK RIZ KD, /2 N KD Chbz {#i#H
1T PAd-CEZHWLEHEMEBETICIOBERSBREREL
T, ZhENDO7 I/ 8,9 X7 F REMKIC
FIAL .

REXRTF K Cbz-{(S,S)-AcscioM} ,-OMe (n=2,

4,6,8,10) DAL, WHIEIZEID NRKZRIREL
eXRTFRECKZREL 2P RXTF K Cbz-
{(S,8) -AcscdoM},-OH % F1 v 7Y > 7 Al 1- (3-
dimethylaminopropyl) -3-ethylcarbodiimide hydro-
chloride (EDC) =MW THit LiT>o7%. Akl
FOIRTFREFHAXRTF RIZ, HIED S5 BR 1
DI—FTIVERERDZOICTFRL XD ITKEME
(>5mg/ml) TH-o7z (Fig. 10).

8. FIIBBRRCEBRT I/ BLYERZRTF
kD2 kHEE

BIRCEWTY X /M (S,S)-AcsciOM JRER T F
R @ CDCL ¥&iH T D 2 K fEi 2 IR Z X7 k
JWIZE Do/, IRAXRYZ MNLVTIE, 7Y —7&

-H AT H D < WA 3420—3440 cm ! IT A5
N, £ TRNKEEEGLEXTF R N-H OHRN
WL A% 3320—3370 cm ' IZ A H Nz, RTF RE
HEE<S<T2ELZORIIUIEHEE 3370cm ! n 5
K% 3320cm ! filNOBE N A SN, N5
DIR AXRT MUE, NU v A EER57 +5
WWISBRIRD BT 2 VNS DREXRTF ROHD
WHEBILTHBD, 7T+ —#iEZE 5 Deg H %W
1E (S)-BegMHBRADFEXRTFROBD EIT AL
Ao b5DTH-> /.

REXTF D CDCL HEHKRH T D 'HNMR AN
7 MV EJPIEL . NFHXTF RO Rotating
Frame Nuclear Overhauser and Exchange Spec-
troscopy (ROESY) 'HNMR ZAX7%Z7 )L TiZ, NRK
DO N-H7n5 CARDN-H F T L = HHE e
INZZENEANY YT AEED RN RIR I N
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A}
T
@)
m

N
Cbzi{HN N
0]
.’, m
MeO OMe

m=24,6

ZT

MeQ  OMe
H
N_ _CO,Me

N i
H
°

OMe MeO ‘OMe

Fig. 10. Homopeptides Cbz- {(S,S)-Acsci®M} ,-OMe (n=6, 8, 10)

e, Fl, KEWREGOZBEKRELRDEET D NI
TEMPO & % | DMSO O#HINER TIE, NKM»
52DO@N-H 70K RMAOZEZEZ
J, TOZERIDONENS 2DD N-HIZHFH
KEREHICHEES L T, BRPTOANY v 7 2
WG DR E R L 7z,

REXTF RO CD ZAX” V7% TFE &I
THIELZEZA, NFYRTFR, U 5XTF
R, FAXRTF REOTNTT222nm & 208 nm T
EOWANEHBESNZ. 2O &, Ih5DKRE
RTF RIZEEE M) ONY v T A Z2EIRF T
R L TWEZEERBLTWS, £z, 2 D0
KDIHE [R=0y/003] M5, NFHXTF RiZ
31 NU w7 ZEBRL, FUIXRTFR, FHX
TFRIZ - NU I ZZEBKRL TNWD I ENRE
TNz SHRAIIRTFR, FHAXRTF RIZK
BHETHO, KPIZTCD AR MLZHIELEE
ZAMAKDBENERLIZZEMS, TNEDOKRE
RTFRIETFEHF XD HKFTED - NU w7 X
NS Z &N ho Tz,

X RIERRTIC L BDANFIXRTFREAF T H R
TF R OFEEIRRET O 2 RIEGEMITICERII L7z, A
FHARTF RE X SR T, &SR
SULEST A, B, COMFEIEL, IXRTOD4TFIEE
BEE M) D3p- Ny I AER>TWE., 5T
A, B, CI3HBEHE DR EN Rz > THD, &4
X4 DD FINAKRBEENFEELE. £k, £h
TNOHFRICIE 2 DO FRIKFERENEFEEL,
73713 head-to-tail BI T+ A-+-B---C--D N\ v 7 X
D ZERRL Tz,

FHIRTFRTIEIDOEEE (M) DAY
W ZAWEE L, EBRENZ EICH I I RTF R
DAY w7 Z1E, NFHXTF R THLNTZ 31 N\

Fig. 11. Illustrative Structure of Hexapeptide Cbz-{(S,S)-
AcscdOM} .OMe in the Crystal State (Molecule A4)
a) 3-helix as viewed perpendicularly to the helical axis, b) as viewed
along the 3jp-helical axis.

w7 ATIRBLEEED -\ v T ATHo .
o= N w7 AL 5 DD TKFEREG (<it+4)
WHEIEL, 7 FHETIEAKD T2 UIKBER-EITEK
D head-to-tail 24 TH{Z Rk L TW /= (Figs. 11, 12).

TG R AW BB T, ANFHXT
FREFIVIRTFREDBITEBED a-\NU v
AMBEEREE LS /2. ANFHXRTF RTHLN
TlEBEED 3- N v 7 230 —H)VEE (+3.22
kcal/mol) & U THFTEL /=,

Pk, o7 3/ B OIS EDOARFHLDAITT
ZDXRTFRONY w7 ZADOKEEZHIETES Z
ExEIRLUT £, ZORBRVEBRY 2 /K (S,S)-
AcscOM MM E e B RERTF ROEEE (M) N\
w7 ABKPTHERERDDTHHZ. EHIT, 7K
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Fig. 12. Illustrative Structure of Octapeptide Cbz-{(S,S)-
AcscdOM} .-OMe in the Crystal State

a) o-helix as viewed perpendicularly to the a-helical axis, b) as viewed
along the o-helical axis.

EXRTF ROEEZEZAFHI—NEF I I -
RT2E, 3 NU YT AMNS a- NU w7 AND
RBENESZ. IN50MRIE, bbAA1YVOA
PIEALFZ VIR a fLOARFHRLNFEEL T
DEENRKEND, E EOARAEFRLHZDOXRTF
RD2REENEEEZ 52 5T & 2EBRMITREL
ZHDTH5.

9. FTZIBMBRAERT I /BEOFRET - &K
EFEDRTF kR

RIETICTC, BRIRCE#RY 2/ BOME EOAFH
DX, TOREXRTF RONY w7 X DEE T % i
HTEbsZ&ammli. LML, I EOARFHL
X EDREEDHEZ 2 RIEENGEA TV SNIAH
THY, AHERELE2REEDOBREZRNDDIC
1%, BHEOFIIVEERIRDERY I/ BOE A
HEEZONZ., ZTITEHFRZL T/ EHDHNIZ
RTF ROIREN 5 KO BHNITRETH D F T )1
B AEBRY I /8 (1R,6R) -8-aminobicyclo
[4.3.0] non-3-ene-8-carboxylic acid { (R,R) -Abs¢_
¢t ZE&REtL/. ZOMRATVEMY X /. (R,R)-
Absscld I NFL MEERFITHDT, L7+
D EEMETCH HNWISTIKTT S Z EiTk D &
DY I HHZHWNEIRTF BANDOEHD e & T4
.

PERA BT 2/ (R,R)-Abss_c DERKIL,
Bernardi 5 @ 5iEIC X D ERE L 72062215 (S,S) -
ranFt 4T -1,2- DHILR O (10)
5115724 §sbb, 10 DH)VR > EEZET, 3
w#ERL, PIA—KEK A1) ELE0L, TFILA
V7 )7t F—hZE2IMITTEZRTILFILL, D
N K% Boc ICTH#EL TY 2 / # Boc-[(R,R) -
Abse—c]-OEt (12) =&kl ZO7 I /JHEON
RKOF#ERE, CROIZATIVIZ, FHENERMIC
RN HIEET H D R T F RERICHIHTEETH -
=, iz, 7 BBOIrOAFt ML, il
BILEINIZED 7 0ANFY VICEMBEEETH D
(13), EBITFL T 1 2EmaFY 2o fRRINT X
DRKT 2 I EITKDBHEDOEMMN AT DH > /-
Tiabb, FV 2R, BILRINIX D KEREE
HI2RKRPEMRY 2 /B 14 ~, BERINICX
DPHIIVRCBEEETHRIRCERY 2 /% (15)
ANEWATHETH D, £/ZBITNT 2 JERIRITED
TERESBROMRAVERY I B (16) ~&
g b EMNTE/ (Fig. 13).

AERTF K Boc-{(R,R)-Abs ¢_c},-OEt (n=3,
6,9 DAL, WHEIZED NKZRFEEL =X
TFRECKEZNMREL 2 MY XTI F K Boc-
{(R,R) -Abs_c}3-OH & 71 v 7'V > 7 &l O-ben-
zotriazol-1-yI-N, N, N ’, N ’-tetramethyluronium hex-
afluorophosphate (HBTU) ZHAWTHia L Tiro
Z. B LEANFHXTF K Boc-{ (R,R)-Abs 4
ct6-OEt ® 6 DDA L 7 1 %, BEMETCICTED 1
FRICTHEMA DO NFHXXTF K Boc- { (R,R) -
Abs e} -OEt ICAHARIEETH o /= (Fig. 14).

10, FZ7ABRNEACERT7 I /BLVYAEDR
TFRD 2 RiEE

REXTF K Boc- { (R,R) -Absg-c},-OEt ®
CDCL AW T TH IR A7 MILTIK, 7Y —7%
N-H 122D < g5 W IR IV AY 3420—3440 cm— ! 12, 47
TFWAFERES LZXTF K N-H OWIZINAY 3320
—3370cm~ N ICEMIEI N BEOWIUE, FUX
TFRTIE3370ecm ICEHBPI SN, RTFR
MEMET S SR 3320em MIICBBIL, &
SICZEDHMEENE AL, NS5O IR AXRY
RVE, NU v I X2 REEZIST F I8 E
W7 JBNSDHREXRTFROBDIZEALLZS
DTH-o.
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_ 1) NaH,
Q 1) LiAIH, CNCH,CO,Et Hu- H
_— / >
S AN 2
~ 2) Iz, PPhy Z 2)HCI
HO,C CO,H / Boc-HN E
2 2 (83%) | " 3)Boc,0 ocC CO,Et
10 1 (59%) BOC-(R,R)-Ab515=C-OEt
(12)
/
H, 1) O3
l Pd-C 2) BnNH,, NaBH;CN 1) Og
(>99%) I|3n (53%) R R 2) NaBH,
N (63%)
\ Hue H
Hu» H S
Boc-HN CO,Et 10
Boc-HN CO,Et 3
z Boc-HN CO,Et 14R=CH,0OH - 2) Oxone
13 16 15R=CO,H =— (40%)
Fig. 13. Synthesis of Chiral Bicyclic Amino Acid (R,R)-Abse—c, and Its Modification

Boc

Iz

Boc-{(R,R)-Abs 6-Cls-OFEt

- |

H2
Pd(OH),-C

(70%)

Boc-{(R,R)-Absg ¢C}s-OFt

Fig. 14.
9), and Its Modification

OEt

Homopeptides Boc- {(R,R)-Abs¢_c},-OEt (n=6,

REXTF RO CDClL IFRH O '"HNMR A X7
MV, ANFUYXRTFR, JFXRTFREBITETE
Z ¥ 71)V TEMPO & % W& DMSO i®RINIC LD, N
KNS 2DON-H 70O K AR INAI D2 Z i <
ZJ7z. 202 &iF, NRNS52DON-H 7O b
SIEBRILS W, DEDHTFNKEREEICESL
TWRNWZ EEFEKRL, 3o \NU v T AHERKZ
RBLTWS, £/, NFHXTF KD ROESY
'HNMR ZX%Z7 RV TIE, NERKDON-HMNS CRD
N-H £ Co#Efk L - HEANERH SN, /FXTF
RTIX, NAKON-HA) "5 N-H(G) £TTHS
A BHBE NN SN ENEANY v T AD
FERAVRIZ S N7z,

REXRTF RO TFEH D CD A X7 LTI,
WM AKE RS RMo/z. Tk, TFEH T
—FED2REE RIS WD, HEIVITEEE (P)
EEEBEE M) OANU YT ADEENFEEL L
HEZEZHN, IR, HNMR ZX”7 M 6EZS
EMBHDEEFHDONY v 7 ANEFEL Tz EH#HEH
SNz iz, AFUXRTFROFVL T 1 ES %
BflGEICT 5 &, BT Ha1E CD AXY ML
ITONTIRDINBL L0, ZOZ T2 REED
EICBICHENE L L2 E2RBL TW5,

ANFHXRTF RO X ARG EEERIT T, &
FRNTISI L= 4 DD F A, B, C, DN 23T D
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I8 )=t eEEbITHFIELRE. T AEDIZ
HEE (P) O3p-NUw I ATHD, »FBEC
WEEE M) D31 Ny I ATHo]. 5T
A&D, T BECENETNEIRTF REHDOH
BEIXFTE L TWER, fHOS 7 OAFt 58
HNEXRTF RO CERKENKDOEEIZHENA SN
. 2DDEEBELEBEDANY v I X 2 KM
13, NUw I AOEZHELTIZSF>FAAY Y
DIRBARICH B, 7 JBEKIZ (R) ODAFH
LDIMBHBEDTPT AT VA AY v 7 RERICKR
%, fERP TSI, S TFRKEREEICKD -
AWP)--BM)--AP)--BM)---&--C(M)---D(P)
“C(M)D(P)~D2ADHEEHKL T
(Fig. 15).

5 F 1185 E (AMBER%) 12 X % o JEf#HT TS,
HEZ (P) D31 N v I ANREEREERD,
EEEZ (M) @3- \NUw A%, O—77)VEE
(+1.60 kcal/mol) &7x-o7-. fEFEmHPTHALNZA
BEERBED 3 - Ny AZTRENL, FHEAE
FIZXOEONZEHEE LS KL TV,

DLk, EFEFIAFHLEZROMAEICE T 5 WER
XPEBEWMY 2 /% (R,R)-Abss_c DR - A FH
& FDBERITRIN L. ZOMBRRIERTY I/
BNSREFERTF R, FIIAFHXTFRT

Fig. 15. Illustrative Structure of Hexapeptide Boc- {(R,R)-
Absg-c}¢-OEt as Viewed Perpendicularly to the a-Helical
Axis

Four crystallographically independent molecules.

i, fISE R 2EBOAREFFLERT HICHERED
59T ATLAR—DOBRICHZHEEE (P) &
E&HEE M) O31-\NU v I ANGFEETHI L%
HoMmELE, Thbb, RTIFROANY AL 2K
HiEDBEHOHETIE, MHIE EOARFHLORSEE
MEETHZ I LeEBRNTYO TORLE D
1. # =&
NRTFRO2RWEEE LT, EENERITEN
T I —HEER, R FIINRT I BN
BERTFROBEDHIZHALNDEEZEZ LN TNV
n, FI)NRa- TFIEDERY I JBELDRS
RTFRFEBELTT ISz 5 I 2R
U7z, 72, offiRFNAFHL TR M RICD
HAAFHRLERET DS BRRCERTY 2 B
(8,8) -AcscioM & WA V&MY 2 /B (R,R)
-Absg_c ZFRE - BRRL, ENSDOXTF ROANY
FIV 2 KiEEDBEES EAFTPLOBGRERNT.
ZORE, 7B EOARFRLNRTF RE
DB ENEE L 52 TN T EE2ERITR LT
ZDOXIBRER2RIEEZRIERT 2 VBT 2
JENSTRBXRTF ROFHEL T, Hammer 5
WOBEBRT I JEBOANY H)L 2 KIS O R E FIH
LR T F ROKRGHTHKRIIL, ¥ £/7 5
T2 RIEEORKFHMAERFHALEZY S04 RRTF R
DEEHEEXRTF ROBFFHIENL TS, 9 X
512, Toniolo SIZVEMTY I /DAY )L 2K
MEORMZANMA L, TRF IR, © BILK IS
HIWDAERIBNDERZREL TVWDE. 945
%, EFEBHON 2 KGR R ZREICLT,
BRUIEFIINRERY X B2 W ERETEX
TF RO T ORI ERBB LN EBEZ TS,
B2, AR O —EIE H AR M IR SR A7
Ble, WOICRHERAIRB [3E% R 5E
il OB K DITONZDDTH D IEHEL £
. F, AR NMNKFZR AL TR
HEROCIHREZHEO FTIbN /b0 TH D,
KEEBEE & U THRBIICIFEE B 217> T< Nz K
JE AR, HKENE L, SEBEAEL, EHE
—f&t, N HEtL, FESEEL, SFHET
&t, HE EL, WMHEEELICEMBL
T IBIT, WRICERBIH N E S o /3H
TF9% 8 D 58 i 1 B 1 (] N7 2 35 o 2 B 6 AR A )
W EHGEIR (RECERKRE) 1R < HHlFLH
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