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Akabori Memorial Award 2018
Amino Acid Chalcogen Analogs as Tools
in Peptide and Protein Research

Of the different distinctions
one earns in life, the Akabori
Memorial Award 2018 is a spe-
cial tribute to my research ac-
tivity and all my coworkers.
I am deeply moved by this
great honor bestowed on me by
the Japanese Peptide Society in
memory of the great scientist
Shiro Akabori. He can be con-
sidered as the scientific father and grandfather of many
present-day leading Japanese scientists in peptide and
protein chemistry both at academic and industrial level.
It was with his experimental work in protein chemistry,
but more decisively with his very successful activity
as president of the Osaka University by creating large
research facilities like the Institute of Protein Research
and the Peptide Institute that he moved the Japanese
peptide and protein research to the worldwide renowned
top level.

While the chalcogen elements oxygen, sulfur and se-
lenium are essential constituents of functional groups
of natural amino acids, no structural and biological
function has been so far discovered for the heavier
tellurium. In the methionine series only methionine
is a proteinogenic amino acid, while selenomethion-
ine and telluromethionine are natural amino acids that
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are incorporated into proteins because of the tolerance
of the methionyl-tRNA. In the serine/cysteine series
also selenocysteine is a proteinogenic amino acid that
is incorporated into proteins by a special translation
mechanism, while the tellurocysteine is most probably
inserted by the tolerance of the cysteinyl-tRNA syn-
thetase. For research purposes all four chalcogen ana-
logues of the two amino acids methionine and serine
have been extensively applied in peptide and protein re-
search to exploit their different physicochemical proper-
ties for modulating structural and functional properties
in synthetic peptides and rDNA expressed proteins (for
review see ref. 1).

Advances in synthetic methodologies and recombi-
nant technologies allowed to exploit the isomorphous
character of selenium- and tellurium-containing amino
acids for production of heavy metal mutants of proteins
and thus to solve the phase problem in X-ray crystal-
lography.>> Thereby the telluro-analogs were found to
provide directly heavy atoms protein derivatives for the
classical multiple isomorphous replacement method,
although the production is more difficult because of
easier oxidation. Conversely the seleno-mutants in
most cases are not suitable for this method and are
more properly used for the multiwavelength anomalous
diffraction method that requires, however, synchroton
radiation with precise beam wavelength control.> The
additional chalcogen analog methoxinine with the sul-
fur of methionine replaced by oxygen differs from me-
thionine particularly because of its strong hydrophilic-
ity, thus resembling methionine-oxide. Because of this
particular property we incorporated it into human prion
protein (hrPrP) to investigate whether Met oxidation,
a reaction suggested as responsible for the conforma-
tional transition of the a-helix into S-sheet, leads to
aggregation and neurotoxic amyloid formation. Indeed
the in vitro aggregation propensity of the Mox-hrPrP
analog was found to be significantly increased com-
pared to that of the native Met-protein or the more
hydrophobic Nle-ArPrP analog.*

In the second series of chalcogen amino acids the
related hydroxyl, thiol and selenol side chain groups
of serine (pK, 13), cysteine (pK, 8.25) and seleno-
cysteine (pK, 5.24) differ significantly in the nucle-
ophilicity leading to different structural and functional
properties. While the highly isomorphous character of
disulfides and diselenides is perfectly suited for atomic
mutants in X-ray crystallography, the selenium and sul-
fur chemistry diverges most prominently in the redox
properties. Since for selenocysteine a redox poten-
tial of E’, = —488 mV vs NHE was determined using
a dropping mercury electrode, we set out to determine
the redox potential in the bis-cysteinyl-glutaredoxin ac-
tive site fragment with one or two selenocysteines. The
values of =326 mV for the selenosulfide group and of
—381mV for diselenide were found to be very consis-
tent with other literature values reported (for review

see ref. 5). The strong differences of about 100 mV
between the redox potentials of disulfides and dise-
lenides and to lesser extents between disulfide and se-
lenosulfide groups makes diselenide and even mixed
selenosulfide formation highly favored over that of a
disulfide. This fact allowed us to elaborate a very
efficient new strategy for the correct oxidative fold-
ing of cysteine-rich peptides at least with two disulfide
bridges.'»> Surprisingly also non-native isomers were
formed quantitatively in the oxidative folding of the
fully reduced precursors confirming that the thermody-
namic benefit of the diselenide formation prevails over
the conformational folding energy at least in cases such
as apamin where the energy difference between native
and non-native folding is not so dominant. This strat-
egy has then been largely used with similar efficiency
for the synthesis of a large series of a-conotoxins.’

The selenocysteine approach proved to be of great
help also in the synthesis of toxins with three disul-
fides by reducing the number of potential isomers and
thus increasing sensibly the yield of the correct native
isomer.’> But more importantly it was shown that dise-
lenides can act as intramolecular catalysts in the oxida-
tive folding of conotoxins with more than two disulfide
bonds.® This is due to the fact that although diselenides
are more stable than disulfides, they react more rapidly
with thiols due to the higher polarizability of Se (3.8
A) than that of S (2.9 A). Thus diselenides can inter-
vene in the thiol-disulfide exchange reactions required
to reach the thermodynamically most favored frame-
work. Another interesting application was the use of
a non-native diselenide to catalyze the correct oxida-
tive folding of the bovine pancreatic trypsin inhibitor’if
sufficient conformational energy is available to neutral-
ize the thermodynamic benefit of the diselenide bond.
Indeed, by this strategy the correctly folded BPTI was
obtained in almost quantitative yields.

This unexpected success led the two laboratories of
H. Hojo and M. Iwaoka to the problem of insulin syn-
thesis based on the use of selenocysteines.® The two
laboratories combined their efforts in the synthesis of
A- and B-chain of bovine insulin containing the Sec
residue in position A7 and B7, respectively. Their
assembly proceeded very fast even at 0.184 mM con-
centration, pH 10 and 4 °C to produce bovine seleno-
insulin in 27% yield, while an assembly of the A- and B-
chain under very similar conditions generated only 3%
bovine insulin at significantly lower rates (4 days). The
highly beneficial effect of the catalysis by diselenide
and a significant reduction of the entropic penalty by
the highly favored interchain diselenide crosslink was
fully confirmed. The bovine seleno-insulin proved to
be fully active and to exhibit enhanced stability towards
enzymatic degradation.

Particularly this last synthetic example clearly con-
firmed the high efficiency of the selenocysteine strat-
egy in the oxidative folding of cysteine-rich peptides



and smaller proteins.
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NMU ZEERBIR 7 T =2 F R BT 2L, HA
D NMU 2B 2 H@MEE (73 Mk CR
it 7 5%3&, H-Phe'-Leu?-Phe3-Arg*-Pro’-Arg®-Asn’-
NH,, X 1) EHL, #iEEHHERE (SAR) W5t x
EHELE L,

ZOFER, K 11278F NMURILERN 7 2= 2 b
FCPN-267) 3 & I NMUR2 #4R )7 == 2 + [CPN-
116) DI T EBRF TR L 2 L2, 2
No%2B27DDSAR ZEBEX 50T 5L, BUNITR
TV O OBEBRFECHIRS (SN TEE L, Q)
C AU 7 3 Flhx iz 3 5% (Pro’-Arg®-Asn’-NH,)
EHZAROTBICHETHD, 2R kD b N K
B OREE D ZEERIEEND PV T —2HH> TV 3,
() Arg* ® 77 = 7 Hid NMURI JEHELIC D &
HTH 5, 3) (@-Me)Trp® IZHI Y3 2 G D HIFHD
B XX NMURL E#IREZED 5, @) Trp(1-Me)?
BHBEAICEID) 7T =X FEERRI T2 2 »
5, 4 F—JLE 1{d NH 5 NMUR1 & {5 2
OHHEERZT 32 T7 =X MEtkzm EXH
TW3, (5 Trp? @ & 5 IZAERA DRISHIFMEA B
H3E A NMUR] EMACICIZEETH 5, 6) Trp?
(@-Me)Trp® @ & 5 ICFHFE MO HISEME A NMURI
DIEHLICEETH 5, DN KiF =L 7EF L
& 1X NMURL 7 2 =2 MiEMEZA EX 8355, 1K
HERL LTRIELLME > E Y (Arg® © CK
It 2 U)K B0 E 2R T R D EKRNT
DAL EWEEFED 51314, 8) Trp® @ a-xX F1kic
X b IMiERZEESEIICEE S (JIEA > F—n
BROZEEED, turbero S4 R sy MigkD
BRIV IHRENA T VR e EZTWS)
o zhsO)~QaHRE, 7= %Ak
DIEERRNEBIEA TP LHEXETLN2dD
TH2e bz, NMU BEAIZE BT 2 ZBIVIE
WMERMET2BDTHD X7,

TiX, MEORIEE(LEN Y Ta—FickhBoh
T EN R 2 WE T HE 2 72358, e EYIZ NMURI
£ NMUR2 Oif; % IEERIIC (NF7 2 K<) IE
HIETEZ VLAY FE2EEALTVEDH0? (HDHWV
BEATIDRERDZDON?) LW EMPHTS
5, RAKOREMMTHIEX A TWE R DM
BT, KA 27 4 LIZRHCERSEVD D B
LNERAD, &4 “—Phe'-Leu’-Phed-Arg*—" &
BRI — R, REMILETELEH—ROD,
—ZLTAZLEDET,

3. Y1 FARAFUVHERTFFORIE

TGF-B A—R—=T 7 IV —-LCRT B T RX
F X, BIEHEEAICHIEL TV 3 /ATER T
HY, HIYA a7 4 —REDOHEMBEEEINT
ZREIEZ -y P LTHhRTEIDFHZIATWS
BFTTB, ThETIZ, ¥i~vA FRXF U HUER

AAME T a 4 ZBEKR Y D& v 7 BHAER O
E0bY, BKREABRIED LN TVWEHDHHD F
FOT U lizss, HERN/NS7 (BRI L
ERATRER Y 4 X D) ERARTF FHHER LT
WEXNHNEH Y FRATLRE, FITEELI,
ERICBIT 2~ A4 F 22 F O AREEE#BICERL,
HERTF FOEHREHAAE L,

A FRAZF N, BHORIA ST KX 4 V&
YRIZBEYMHEERL, REEESHERE LTt
< FU v 2R BRI TVWE ST, ZOEEERIC
BWT, O RFX AL & 7ED N RKgfEES~
AFARF D I BZEEESTOMIIEE DiATAHE
HEHZLTHDS, 2004 F I3 AMEREZ ST b T
RAFRARFTO R XL CHEKRD T4 FRE» S
BISGITRXYINBINRFFYS-F 5V AT 2 T—
PRGER 7B LTHEREZRET 2 2R
HENTWELEY, L2230, 20%, L hEWR
TFRIFITRXMZED, HEVIEFERRTF R
LB AFREXF VHEOREEID D FHATL
720 2015 4EiC, HFEWFEY LT, JIIRERIKZEOR
MEFHLE, REBEEs ity 2~ 2%
FrIUa R HED 29 BEN SR B ERARTF
F (p29, X 2) MR~ A+ 2 &ZF 2 HEENE
BT EWE LY, FAEC, RWHEEME LT
BREREDTAFZAXF VHERTFF1 (Fr KX
4> 2143 f1) ORIZICHEHLE L (K2) 2L,
ZORTF R 1 &R, BARAERTF P AR
TR SAR W% SEHE L 72858, in vitro T 10 512
ERHEREDSEELZTF R 2 (K2) oflEIzmR
L L7222,

A SAR #FFE 2@ L CIE SN HREVWHIR L
T, 276D Tyr 23, F o EICRRZIERETDH

XIREIHEIAARIF U BHERTFFEEK

19 47
p29 CAWRQNTRYSRIEAIKIQILSKLRLETAP

V BNEHHEORE

21 27 32 38 43 ICso (M)
peptide1  WRQNTRYSRIEAIKIQILSKLRL-amide 3.53
peptide2  XRQNTRYSRIEWIKIQIISKLRL-amide 0.32

(X = 2-naphthyloxyacetyl group)

RAFREFUTARA L QT2 /FRERFI

21 27 43
Mouse, Rat WRQNTRYSRIEAIKIQILSKLRL
Rabbit WRQNSKYSRIEAIKIQILSKLRL

Human, Gorilla, Chimpanzee,

Rhesus monkey, Orangutan, Dog, | WRQNTKSSRIEATKIQILSKLRL

Horse, Fox, Quail, Chicken, Turkey
WRQNTKSSRLEAIKIQILSKLRL

Porcine, Pronghorn
Bovine, Cattle, Buffalo WRENTKSSRLEAIKIQILSKLRL

Sheep, Impala, WRQNNKSSRLEATKIQILSKLRL
Goat WRQNNKSSRLEATIKIQVLSKLRL
Alpine ibex WRQSNKSSRLEAIKIQILSKLRL

M2 AL~ A A RRF VHERTF FFEE
1BLUP20MELRTFF1IHYET 27 I B
FEA| DR (FRERA~ 7 ARSI L #2755 7 2 /1R
229



ZeRBFehET (K2) P, EBIZ, RFF KR 1
WS B b SRRSO~ T FTIE, FEEIEN
DL EBLF I D bhroTEh?, b

MEFIERZE L TV AR D, 23 BEOY 1 XTOM
ERTF FREREIREE>TWEhol2hd LA ER
boo U REHNEZHWIBENCIFEI L Z 223, K
MsEDRERTL—I2ANV—ThHHE LT,

ERATREG L IBobEEE2E BT 22, TE3
ROEEDRTIF FTHEZIeHEE LWEIAEDLD,
BED/PNEULEER T F REIMOME 2 EDTED,
FOVRRCRETE 2 B0 E T,

XT, RFEICBWTSH, b ok LEEEMSE
MATEET, RIF K21, R7FF 1D N XK
Trp BEZ 2-F 7 F 0 A x> 7 FAEIZ, 32D
Ala % Trp %312, 38 7D Leu % lle I L /2R
TFERTHY, KD 20FBEITOEETT, N K
IEXTEBE, 3201 38D 2OD7 I /EEER
WERART I VEBEANDBEBRTHD, F4 Trp, lle L&
B —FENTVWTHEBLLARETIEDD 48
Ao FHZ 32 f1lE, Trp IR 53 Val ® Glu &X' %
BALFEARTORNLRIHERENSFEEIN, L
A AlaBZETEZRIFF1IDPHRDBPVWEEERL X
TR, BLLESL, NEEEESHEKICBT S 0 R
XA R LTOMRESR THRIICHE L
55, AladsE (o7 3/ BTIRTEE) Zod
HLNERA, K2 2RETE, 2B T Alalk
HEPMRFEEIRTWE 0, Z0EEEHE > TAEL
BhED,

4. 5bHHIC

P, EEMEDTERERERRTF PR
L7-RBI3EtEM @ SAR e 23 L, SIHE ORKIC
FENZISEHK (SAR OFER» SF/-ICETATE
72RO BATIMAE L, BOFEEZ, Zh
LORBRICH D XD, LEFAEH S R T 22T 2%
TR ER T2 2 e BERBRRTF FEH W
R TFRIEEOM I TH Y, BIERMIEICED S 7
BT I THEMENCEHBRT & B3RO~ TRV
MEEZTVET, KR TAIE L 72 NMU ZEK
BRI 7 2 =R b~ A FARF VHEXRTF R,
LB ART D RI2E A R TR LT “F¥ 4 T
RV HGETH D, BN RRTF FFEER
% U7z SAR M2 EFEICIR DB > TIELH T
EFENTL 2RERREDHEEIFTVEEZISZD
TREVWTL X2 (HEhEioZelialLES
FLR), BED, MRE “THA 2 TERY 20
SHENNCEIrNOOMEEZED TVET, —AFID
MEEBEE BRI ELELERETTY, HARTS
FRESOFBICEMTES XS5 HAKELTWL
FifE T3, 5ke bHIEE, HEELrHBET LS
BEVEHL ETET,
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TR 30 FEAFRTFRESEMEZRELT

L Ic

ZDE, HRRTF F¥ER
BHELWOIRZIDIERTH
{ZrilkbhFELEZ, BED
ZFRAMGEEERIIC D, HEH,
e, BEZEORAETTIC,
A& AE D TO & bl
LEFET, AEETIE, ZE
ﬁ%ﬁ%érﬁﬁﬁ%«7%

D =RIThE — TS HEAE BT
nt%ﬂ LA ANDIGH] 1oV T, OB Z
BRPLHBANIBCHEHEET,

TILYNA I—BEARTF F OE I EEEDAZEA

M, ESBHRE2ETFL VT2 2 EYERIL
IR ZH 5, R%ﬁk%kihﬁimhﬂ Adm
EBREFEDE (AIL—T5%4) B LE LR, ¥
o 4 A 6?:%&1?&1&%%%%%? T, TAY
NAR=IRERTF R TH 2 NEHEDT7IvAL R
RTF R (AB42) OWFEEITV, FFRETHELS
PESLUE L,

ABA2 1%, BHEET % Z vk b ilEE 2 RS
Zeh b, ABA2 DEEBMEOMIAL & I E U E
DL EHBRD RS EENTVE T, LrLAars,
AR I RBEE» OISR TH 2720, A NMR
R0 X HhG EAERAT 72 ¥ O a0 R RE ST AR E AT 1
ERWS ZeDTEER A I, RS
fF AT V258 P AT BE 22 [ElR NMR % FIWWT, AB42 BEtEfk
DERICEE RN LE Lz, ZOME, 73 B
HED 25, 26 FE Y 22, 3 /HIcENL P X —
g2 E T2 2 BEOEREANFET I %
oI LELE (K 1A), ZhZNOEEEE 7
Fuz (K1B) 2&m L, MRGMinEM: % L /-
FER, 22, 23 B/EHTEX—UHEEERE T AELED, F
MRBNCKELFGT e LE LR, FF
WETIE, 22, 23 BEICZ— U HEEE T 5 H A
F“%%Et"éﬂ’]&_nuu%?éﬁ{ﬁﬁﬂ’ﬁa%éhz T NA
~ — iR DIRREMREIA 72 & IS BRI WA O IG I 7253
EDHOLNTWET,

HEEmE%, R7F FOEEMEEEITE 2
El{k NMR OHF#ZHED W EZ, THETHE
ZHAE L T O HE R KA A SR - 7
BRI E (PTEETyEE) ot g (%
MHRAXFAIZEE PD) 72 b L7, NMR 2%
- BEEERWTHZEL/ZD, NMR 71— 7 %80l
(fBF) L7=b, THETLIZEL2EMERTH 2
72OREEHLE LD, ZORBBPRIENEH
52212 FET, b IAFEE NMR LR,
F—RENTEDOTRICK D, A2 BEFHEAED ST
RIREIE AT, ABA2 ¥ BRI o 4 T RIMHE 1/
DRI L E L7z, Z DR, A2 BHERDAT
HEEE L (K 1A) &, [E{K NMR AT D7=5H 0
RIE RN AR TR % TR D 2 DRI D F LTz,

Apratoxin EDO=ZRTBERIRE AT IRAD
AR

HEEE e LT 2 FHORBRZEA LR, 2011
5 ACHAL KA REGEFAASER - ROSHIE LA
8 (LHBETRE) OBBUCERLE L, A
AR L BERILEOMARETTH, FADH
BL2E DR - BB E 2 - 2720, Tl D
DI o & T LI, AME RS RIGHFE DRI EE
FIEFICBE TR D, AOMFucb REhpgEr s
ZFE L. FE, LHIEEDHIEL TV AR
F FOHIT, aptratoxin FHOHFLIHEDL D £ L7z,

Apratoxin A (X 2A) 1, ST 2 N7 TV T H
5HE, WMERESNLBIRT S RIFFTHD,
& 7 RO U TR il s E 2 R L £ 9,
THMEECEBOMIE T L — I & ) RERDE



MENTWETD, MEPIEFICEMETDH -6
WA ZERE L 722 DT, I AT 4 7 ADRAIMHGEF
NTWE L7, M —IEMEAEBIRRSE & RS S h
TWE LD, ZOMBOEAMIEZ UL, @R
KT L7z ZORKED—D2% LT, apratoxin A D
BIRBMDO TR TH 5720, (LAMHEOELUTED
EEROZRITHEEDZNL L TVB IR EZONE
L7zo Z Z TR, 7AW NMR EHEFEEHAS
DHET, apratoxin A O =RITHEE Z FEEICfRIT L %
L7o ROE & J Ay 7)Y TEIrLZRETNE LN
AL R e I AER ez RS LT,
FHEREIC &L 2 WERPERR 21TV E L7ze NMR
G RRNC, FHRHIIFERICE L T
72DT, ZOH - MBEPE»rEINE L, BifTD
R, BEEo=roET s (K2B) R
A1, Dtena S0 0D & K D 3K K FE D = RITHEE D
MERHCEHEETH 2 Z LRI NE L, RAIRILE,
N E TR T H - 72 apratoxin FHOMEIETE
PERHRI O —ER 2 BHPUCHIE L £ L 725,

Apratoxin A ® moCys FHIEALETH 57D
BREESEWZ T TR, IFRENRBFERED
—HEedbRoTWVWE L, £IZT, moCys FiiDHr
NEAI D EE (X12B) ZEHf L, D ORETESHIC
BRATRER I X T4 7 2 16 FBEEZ#GFILE L (K
20), Zh s TREMEKICEYERL, MiasEE
PEHMES 5 & b, =RITHEE R NMR THEEHT L
F L7z, ZOMER, 2TDI AT 4 7 A Tyr(Me)-
MeAla [ C cis-amide ¥ trans-amide @ 2 - f i
EERLTWS ZE, 206 OFEIGHEERE
MR THEZ e EHLMTLE Lz, REITNE
Z 212, moCys ZRL % 4-¥'RY P U KR VEEIZ,
Tyr(Me) OHIEZ Y 7 = = VICBH LI AT 1 2
A (K2D) 43, apratoxin A % _L-[a] 2 fifdzsE 2R L

F UL AR, BRIRRTF FO=RorkEE Ik
S IXTF 4 7 AAHMOEINBI e LT, KRELRE
2HTVWET,

PF1171 D =R igE-EME - REEHEE D
REGROARMT

2013 FE 2 Avp e 1 AR, EEA—X b -
7 7 ) 7 RE¥D Ganesan FeE O BICH YT
ZHEETHEE L, FAEZZOHE, RIRRTF FOD
2EED SERBNEETE T, —HEOMKEEZST
RoTAHAEVWEEZTWE L7z, Ganesan Joi 2348
RL72WL DD ROF 26, DITITIAR 2
PF1171 #HZRDITENF LTz,

PF1171 8 (K 3A) 1, TEEIEE T ZRIRR
TFRTHY, 42 L TROKRES THEZS]
2RI LET, fAlZ, PRII7T1 EHICEENSERaY
Vg, 7V N T SIVERR ¥ DRk 7 2 BRERIEDS,
= RICHGEIEA, EWIENE, B X RORINEIZY
DESCHEboTWBORICHEKEZREL, SMLEY
DEAEBICEFLE L, BEFIEEERI KD
575, THFICE o Tl o TS EHT F Lz,
HiEEHWRTF FEOHE  E TR X
b, PF1171A, C, F, G OLEEHEZD TEM L %
U727, &R L7 PFL17IF O X #55G SRS T 217
L\ 421§0) DTPKERE D ZRITHEE DHERF Ik =

FEERZLTWR I EREBLELE (K3B),
it,NMR%WD’*%E%L%ﬁK6Ukﬁf

EofEftic & b, PF1171F OEAG A (CDCl;,
CD3OH DMSO 72 ¥") @ 372 AR FE A S S &
FPILTWB Z e 2R LE LT,

PF1171 BHOTEMWFBI RO 2 =RIThE 2 B & 5
2§ 370, BROFNSTORMEEESIRD @ -7
PF1171F %= 7Tz 23 FEO B = RNICKET - &

SR AR

SR B50I#ET = FRRETER

L’C FiHES—UHBEICEE

1 (A) ABA2 BEMICIFIET 2 2 BEOIIIRECRE, (B) BMWALEREE Y > v 2

A
( ) MeoTyr(Me)

(B) Tyr(ve)

© [

(D)
F/RAMERS Ch

MeAla r——
HN Ni moCysE HN%r i
V4
moCys o O N TI/BIZ
yr %:(_<_Melle B oze‘R"
S/ - N O N N-R!

Dtena /l\

ERTABEDHFFIC
EELOT, BELGL

Apratoxin A
I1C50 2.8 NM (HCT-116)

Apratoxin M16
I1C50 1.1 nM (HCT-116)

2 (A) apratoxin A DILF S, (B) NMR f#TIC & DRI N =ROTHEE, (C) apratoxin A S X7 4 7 2D
i, D) AT WEEEI X T4 7R
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(A) MeLeu o 51

Y H/\? .
Pipecolinic S~ HN i
acid (Pip) N_.O _
H HN (0] Pip

N ~ ?f . 5
Anthranilic TI/\RZ ..,
acid (Ant) o >

PF1171A (R = Me, R? = sec-Bu, R® = iso-Pr)

PF1171C (R" = Me, R? = jso-Pr, R® = jso-Pr) Ant ! D-allo-lle
PF1171F (R' = Me, R? = sec-Bu, R® = Bn) ) .
PF1171G (R' = Et, R? = sec-Bu, R® = jso-Pr) ~ **"°""' DFRKERA

(C) o
o e
0 g NN
g ¢ , EOE5TO
= 18 o EEHNEL
miE 40 o30S
B0 .
8RR 20 * o °
e *
-
.
0 e —o——o0—0—
0 5 10 15

ATLIESE:BM Pe (x 1076 cm/s)

X3 (A)PF1171 FHoO{L2EMEE, (B) PF1171F O X f#sMEE, (O = XtEIcE B Lh 4 aREEE-AT
JEEE AR ORI O HBBER O EE, @ @ SRS L RO =J0thE 2 TEE L T\ 2 Mk, & @ ki

AR B ZRTTHE R TERR L T 3 Sk

AL, NMR Tt L7z =RochhdE, Mikikss X
BOKGTOH A afREENE, ATEEEEREBRD
EREMEBCHELE L, ZOME, K3B D=X
TCREIE 2 HEFF L CO0 2 R MATESE 2R T 2 WS i
AR OGNE L, 512, MERHERL TV
BRI ATESBE S, ROKGTHIEVIA
aFREEEERLE L (K30), ZOEKE LT,
DTFPKEREE DRI & D BKER L2 2 2B
12, DFH ARy RT Mo TWB I e ¥
ZHNFE LIRS, AUFEREZ, BIRRTF FO=X
TR E A VITE AR N BN RE D BAR 2 RRIVICER U 72
bDTHD, EWIHHEERIRRTF F 0GR HE
WKHHRZ52 230 THErHALTED £7,

EHDHIC

2016 4F 1 Hiz, =ERFRKEGEYEIRZHIAR
DWEBREFEGL, ML LTHELTWL 22k
DE L, 5%, RARBERRTF FO=RTHE
WEB LA ER LA 2 Hil), 7Tl
NEIREIC /b 2 S ZH S iz L, FEAIRREEA
LA LW EEZTVET, Fig, BBIRRTF
DZRorIERIEE O 2 BEZY LT, HAM%E
EFEDTOET, FONLHRERTF NEXTH
RTEBH LS5, ~BREELTSDET,

BB D F LD, RROMIEEHARIETXZ
TIEWAT, 4, HFERFEENOHEZ R E
BTHEET, A2 OWFRIX, HERFARFHREY
ekl - EmERILEDITHTITo b DTH D, ik
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TEL 011-706-2698, FAX 011-706-4683
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