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A synthetic method was developed for synthesizing o,o--disubstituted glycines bearing a large hydrophobic ring
(more than 15-membered ring) based on ring-closing metathesis. Ring-closing metathesis reactions of the dialkenylated
malonate precursors turned out to proceed efficiently, particularly when long methylene chains adequately tether both
terminal olefin groups. Surprisingly, the amino groups of the o,o-disubstituted glycines bearing a large hydrophobic
ring are inert to conventional protective reactions (e.g., N-Boc-protection: Boc2O/DMAP/CHzClz; N-Z-protection: Z-Cl
(benzyloxycarbonyl chloride)/DMAP/CHz2Cl2). The Curtius rearrangement of the carboxylic acid functionality of
the malonate derivatives, obtained after the ring-closing metathesis, to an amine functionality can be catalyzed by
diphenylphosphoryl azide (DPPA), but unexpectedly, only the intermediate isocyanates can be isolated, even in the
presence of alcohols such as benzyl alcohol. Thus, the corresponding isocyanates were isolated in high yields when
this Curtius rearrangement was carried out in an aprotic solvent (benzene). The resultant isocyanate was treated
with 9-fluorenylmethanol in a high boiling point solvent such as toluene under reflux to give the N-Fmoc-protected
aminomalonate derivatives in high yield. These hydrophobic amino acids can be incorporated into a peptide by Fmoc-
solid phase peptide synthesis using the acid fluoride activation method. In a 17-amino-acid peptide sequence known to
take a monomeric o-helix structure, the replacement of two alanines with two new hydrophobic amino acids bearing a
cyclic 18-membered ring enhanced the stability of the helical structure. Assembly to hexamers was also suggested by
the results of sedimentation equilibrium studies in the presence of 100 mM NaClL
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W & L. Grubbs filtl: % fiv>7- Ring Closing Metathesis
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Reagents a,b and c are shown in Scheme 2

Scheme 1
\ N /7
H_ H a m b ml )n c ml )n
R{0,C CO,'Bu R10,C CO,'Bu R;0,C CO,Bu R;0,C CO,'Bu
4c 5¢c: m=9 689% 6c:m=n=9 84% 7c  84%
R1=Bn 5h: m=6 67 % 6m: m=6,n=9 gg <, m 92 %
6h:m=n=6 64 % 7h 729
d e g, h
—m( )n—m( )n—m( )n—>m( )n
HOzc COZtBU 0O=C=N COZIBU RQHN COZtBU RQHN COX
X=OH X=F
ring size =21 8A 83% 9A 83% 10A 96 % 11A  12A 9%6%
ring size=18 8B 82 % 9B 82% 10B 98 % 11B 12B 98 %
ring size=15 8C 88 % 9C 88% 10C 93% 11C 12C 93%
Ro=Fmoc

a: CH,=CH(CHy),Br, NaH, DMSO, rt b: CH,=CH(CH,),,Br, NaH, DMSO, rt
c: (PCy3)2CloRu=CHPh, CH,Cls, reflux d: Ho, Pd/C,AcOEt e: DPPA, Et3N, benzene, reflux

f: 9-fluorenylmethanol, toluene, reflux g: TFA, CH,Cly, rt

h: DAST, CHoCly,t

Scheme 2

135 A W% L7z (Scheme 2 ),
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WZHEFETFAE T, alkenyl bromide ZffM& €A LTy
V6 R, RICORIARY AT L7720, —RIZTT IV
FE b 5T R L, B TV S IVIRS BT
LITNT =LY A x v, IR EIRET6 & 1%
72
2. 1. 2 BBRA2€>ZARE (ROM)

O E—A D Grubbs filtfi 2 T, k4 RiEHIE,
TUVELVFHEDDT LY BDHEEAY LY AEZATo 72
(Scheme 2) 2, ZO#E%E, BEILE TV FIVEHOR XIS
L) ISORENRELR D Z Ebrole FRHZ, =M
BRI FFOMLEW R —H ORFEHSFHNGE (n=2) O
PERIIAK D25 7288, DA TI I W IEE TERABA
7SNz FIBIZ X o TG T TRILAHESIT L7245
f<v=bBohi. BILLAZ7DOF L 74 VO E/ZILE
BCNMR OFEGEN» S ZAFED o728 2T A, ERPERINIC
BoENTWBEIZ EDbhroTz,

2. 1. 3 Z-Acnc-F18 DERK (BRZIRDBERHAR)
21,1815 BE% b o727 I / BFHEIAD N-Z (benzyloxy
carbonyl) -B&7 v LW DO AH R % t-butylbenzyl malonate
(4c) #HWTOHW%4T>7 (Scheme 2). Pd/C #H
WTT7DF L7422 HMEICT 5 LRI Y VIV ATV
EANVRUVBELTE/TATN8 %R, 1B6N728I1Tx L
DPPA (diphenylphosphoryl azide) %M \>7z Curtius {7
POBZEMGES Lze TN I—IAFAE FTHVKR V% DPPA &
OB SEZ EBEIEIAV T A - P RHLTT VI —Lh
OB LT—5IC7 L8 ik k% 5.2 5 (Table 1) 3, o ®
TEREDTVF VP REL LD ET VA —VIETTY
AV T A= IDHEEESN D Z LAV L7z (Table 1), #2
TE/IATFN8ZEIETO M (R¥ ) i DPPA
EMBABRMTRIDSELE, AV T A —bIODPINERL
BHZ eI, AV TA—PQERY I LTIV I—N
i neat TMZETAIELTZ-RETIVBI AT V27
(Table 1)o OIS AF—21 N-Fmoc H#EARD AR
WM L7z —75, WHETHEATIVEZHEALATF LY RN
i fiEE > DMAP (N,N-dimethylaminopyridine) F7 F
N-benzyloxycarbonyl chloride (Z -Cl) T N-Z{t% DMAP
AR FHAE AT L VB Boc:O TULEEL, N-Boc bz ik
ATHRISET, LOEGHEOH R L 720



Table 1

R P DPPA EtN R R
_—— +
HO:C CO:Et PhCH:OH H f\‘l CO:Et O0=C=N CO:Et
z
R R: time
a n-propyl  n-propyl 47 hr 68 % trace
b udecyl undecyl 20 hr 0% 82 %
¢ octyl undecyl 20 hr 0 % 82 %
d 2-membered ring 26 hr 0 % 47 %
e 1-membered ring 15 hr 0% 68 %

2. 1. 4 Fmoc-Ac20c-F DE&E

Fmoc M AR EEZH IR TF F2MWMET S 12
W, N-Fmoc #i#D7 I V2 &K L7 (Scheme 2),
21,1815 B# % b - 72 benzylt-butyl malonate (4¢c) %
Pd/CZHWTEMBEITLTE/ AT VK8 L L, 1%
5N72812x L. DPPA % w7z Curtius $&47 Rt % 1T
W, AV YT AR—=bF9E L, 9% ML U, WIRED
9-fluorenylmethanol & &R 3 % Z & T N-Fmoc 7 3
J B t-butyl TA7 V10 & L, 10 % TFA TRLET 5 Z
EWZX D AIVKRUER11 & L72o11 % DAST (diethylamino)
sulfur trifluoride) ZMHWTHE7 vt & L B 12 2%
Bonhiz, ZZTROoNEB7 vtmIhIaru<x b7
77 4 — THHERTETH 5,

2.2 KRELBRAKMEREZRFD a,a-—BBRIT VY

CHBEROEBIZEDS a AN v ABENDHR
2. 2. 1 BRKMT I/ BOFHE

WHE T F FIIKBEET T K OKRERFEIEL
L. R7F FIZBHIEEE XIS v TFE (tetrafluoro
ethananol) % & OBUKMABRA GO AL THFHIKHE
HEEEBEL oY) v 7 A% &0 H SRS 2 B
THLIEPHMONT WS, ZD7D oY v 7 ARG
SR THNTEE LZOBKEY 2 12K ELEN S,
—7Jj. Baldwin 5% Ac- (N) Ala-Glu-Ala-Ala-Ala-Lys-
Glu-Ala-Ala-Ala-Lys-Glu-Ala-Ala-Ala-Lys-Ala (CO) NH:
(peptide I) DEEH|% b OXRTF FAKBEPTTEET S
CEBLCHMTaNY v 2 AZELIEEZRELTVD
Vo ZONRTF FROFA> THBET I /RO Glu(-)
EIERMET I Vo Lys (+) OiAE (salt bridge) 25
Loy 7 AR RZENTHEEZEZOLNT WS, KRBT
REFZZORTF FOBKET I /BRTHS Alazk 1D
F7203 2 0 BBOKMET I VB2 (12B) @ L-b D
E L, CD AXRZ MUz TR E RBUKMEHE Z £
D o,o- BT D VFFRRD oY) v 7 ARG DR
REBELo REVBUKYZROT7T I VBREEATSLZ
ETHMBICL 2B 2N a~Y v 7 AU EAT S
mEetk L, BUKEZHOICEGRESLCHTETaNY

v 7 AMEDPWART 2RSS EZ O, 2 oY v s
AN L2V E LT, BEEICKELENDTALN
LUHEVEDSH ), BRMET I BROFME LS L CEY T
HHLLEEZNOLTH b,

B, RTF FAEBEIE N-Fmoc L7 Vvt 5 14 FzH
\» Rink amide resin & i\ 7z [EHEG KT X > TIT 5 72,
Ac-AESAAAKEAAIOAKEAAAKA-NH2 peptide I (native)
Ac-AE (2,C18) AAKEAA (2C18) KEAAAKA-NH2 peptide II
Ac-AEAAAKEAA (2,C18) KEAAAKA-NH2
Ac-AE (2,C18) AAKEAAAKEAAAKA-NH2

(A=Ala, E=Glutamic acid, K=Lysine)

KB H O CD WE 2 5K E RBUKMEHIRZ 2 o,0-
TEW ) Y rEE R E Do IS0 T I = v ofb )
WHEHR L7727 3 FEE Baldwin O EFE L L a- N 7
v A%WDH WS h o7z (Figure 2 (A))o. Thbb,
2% “OBEWIL L7z peptide ITD a~) ¥ 57 4 —I3EE
(peptide I) & Y #4ik ST\ 7z, peptidell TIEK & % B
KPR EFED a,a- ZBET ) ¥ VEFERBANY v 7 A
BHICIB->CEL L L) IMNEZEECL TS, —H1DE
¥l 72 peptidelll & L < i Peptide IV Tl a1 ¥ 74
—I3EE (peptide D X DML T 5, SHICIREL
AL DAY v 7 AREE DR EEH 5 2 % ZOFEHEIEL
7z peptide ITiZANY) v 7 AR DL LD TLHEDEIRN S 1
7z (Figure 2 (B))o

F 72, peptide ILIEIEMEER 10mM->100mM) (XD
CD M5 oY ¥ T 4 — OB S 7z (57— & B

peptide II
peptide IV

2.3 RZLBEKHEERIATEF O 2aANU v I AN
T7FFOECEESEE

peptidell ® 40000 [l (—4rf%7-0) 2B 5 5El
LHEERRZIT 728255, 100mM OIERETT 5~
— 2T D Dol FHICE/ R—oF b Iv—
MOBERNZEEHETHD, BRIZFA =R M) v —
BHEAELZ V. XTF FHITKERBAKEI7ICE TS
Bl N v 7 ANV FVIRAKRERGOMGEZONS,
NRTF FHEELRATFE—X U 2 BT T v F8F
LV 2 IS EHEIIL T W b,
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AWFFENC BV TRIFZEE IHBBOKET 3 781, 2, 3
LD, w0 Y BFEERAE YTV =V b (6).
IR L 74 v A5y ARIGEHWTERIEZ TV (7).
ZHUHE< Curtius B S 24 CT7 3/ A EAR 11 %
A, L) EKEZEm L. N-Fmoc bt Sh7-7 3 /#
1M %22 LRI Lze RERRBUKIEZFEOT I /%
CBWTEREDT I V2 2T HZLNTET, SV
AU EEOLEIIIARBEIIAETHLI LR E
2O 5 &, Strecker AEEHVWTT I V2 R#EL
721, 2, 34T H5DIIFHICHETHL EEZLHNL,
AREWIER Strecker G E R Y, EiEHEDT I ) BE
4 5D <L BROBERIC B W TR SR
THHWEEONS, 72, WOV TV = VLI
LT NVFNVOEERLEZILZILIZID, e KE 2D
BELOT I VBFERE/RLZENTED, EHIT. &
FWHMETEX 24V I T A= FOQELEEL TV I— )V
EEZHLIEICXY, TIVOMERLBIRTXL L,
Kex M EEHT D, St ZOBEREEZHCTHA K
& SOBRRIE T2 RO BB T I VA2 AR T 5T
ETH Do

REWIED key step THAMIRAL 714 v AT LI AR
o xRk A I 6 W THA LR R, dike: 70 %
VHOREIIZE ) UBORRPRL L Ebhr ol =
N OVERIE R OISR, — ORI YA D
INEAMEA 5 7255, E DAL CIR LB RN CBRALA 7
BN IS & o TEHFE TR HEIT L7254 <
—HBONTze ZOMENL, RIS EBRILDO ) S5 S
2 X BRI 2 o, ML ERIEO XL -2 a VICk B
PEEOEAL: &k 4 RBERPES LT LEZ LD,

TED

RHFRIZE Y, BREEZ LV BLE) RESORTF
N2, 2 3% EORBIRBUKMET I VA BATELZ

Dy G INSOT IV MEBALLERTF FOME%
FEINCARET Ly ABFZECoR L2 BUkYE 2 712 & 2 K
TONY v 7 ANRTF FOHCEGHBILO — ko
ITH) T ERSBOBELBETH S, EKICHRVEHTL
WHERE & EIUCHERE T 2 AR & o 72X T ORI
ZHRLWEEZ TWD,

ENTEAENIN YN YR e YN (0 AL
ANty RSB, AR iR, RBORSER AP
FWETERE W FRHIME, ARBRREAR. TEERF T
¥ & —INHERERE L & OILFNIETH %o
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