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N-Carboxyanhydrides of a-amino acids (NCAs) are a highly important class of cyclic monomers,

which undergo the living ring-opening polymerization to give the corresponding polypeptides with defined

molecular weights. The conventional synthesis of NCA has relied on utilization of phosgene, its dimer or

trimer, which are highly reactive but lethally toxic to limit their use only in laboratory scales. This work

deals with our successful development of a new phosgene-free route for synthesizing NCAs with using

diphenyl carbonate (DPC) as an inexpensive and less toxic carbonyl source. The route consists of 1) deri-

vation of or-amino acids into the corresponding imidazolium salts, which have amino group free from proto-

nation and are highly soluble in organic solvents, 2) their reactions with DPC to afford the corresponding

urethanes, and 3) selective cyclization of the urethanes into the corresponding NCAs. The final step was

achieved by addition of acetic acid, which effectively activated the urethanes and prevented the polymeriza-

tion of the formed NCAs.

1 [FUHIC
a-T3I/W-N-ANVEF L WA NCANZR)RT FF
T HETHEFEICHARE/ Y—TH), SHRIX
TFREMBELORHER T 2 L TRERILEWEL
THRESNTWAY . NCAIZBD TRE T TL, 73V
ERIERIETHIC Y 7T =4 Y HBREAICL-STH TR
fii o7z RIRT F % 525 (AF—241). FHEATHET
VNIRRT FROKIEASNDIEDD, L EIET
IV RMIBHD L AR T I/ 82§ R )~ —% Bk Al
ELTHWAIETHAD R ERYY— 7 77 MEE A1k
Tay 7L EE RO E GRS RETHL . 151D
RVRT FRIERBE S EEL THRIN L7215 Tk
{, RIRTFFEHED -~y A% -2 — M &Iz N

A5 R H CMER e 2 S EE OB R I BLIC D R v
B ORI TVE (AF—L01) 7", R, EE
Wik, oEEtE, BUnETERE OB AL

~an NHy ~ NH | e )H/'\LW/Q\H
//\ \ H R o
o R
NCA
co, 0

NCA 2 H

I —— N%H/ >\H
H' R
polypeptide

Scheme 1

JSR TECHNICAL REVIEW No.117/2010



o, BME, AR, SUREETER R, S5
E R EERRHEL VS 7 KA R E L TOMITE D S £ > T

I

N

B, NCAOEGHRBLOZOMBREAZFML 724
BHZERIZEIE, RIZITEBRELNIUZEEESTVSTS,
ZOHRRKOIEHIIHAAT V&2 WIZNCAOE KB H S
(AF—22)". ZOHFEIRFEORNWSETIEH L7,
RAT VDD THEDRAT A THDHZE, SHIITI/
FREDFUBMZ Lo THALK RV FEA T HIED LM% A
=V TONCALEDOWIF Lo TnD. ZOXHILH R
75, NCAOTLEAr —IVTOAEFERTREIZL, FhUC
Lo TRYRT FFOREREMEM B L L TN A B 2 A1 HE
T5ZEEHEIZ NCADKRAT v 7) =BV —hDH
W EBERL TR Ay —reE 7z, BUCHEBLIIRAT
REBRISHIEL CY T IV NI =R =M EFIHL 72
NCAGBEZ I L TBY, ok Eid bk #Lt-
TFNTNA=NIEFDENET BV TH o7
MW(AF—23)Y, V4TI INIH—KRF—NIFAT )
SET BRI RAS V7 )—L T EEEE 2%
W, —%, 4R, V7= A—FKF—MDPCO)IZKY
A—RF—=bDEET T BN THEAT AD SRS
AELTHF SN, SHICDPCHAKRGRAY Y&
WAEEWRETH DY, Z2T, EHELITORM TR E
PEDEWDPCEFR AT AR USHEL THWAH LR
AT ) —EREORFEY HigL 72,

o o” ¢l o)
NCA
Scheme 2
1.0eq
o o o : o R- Yield /%
P, tB o)ko)ko)kons Y O 4
Hsltl/ﬁfo — . HN_ O PhCH,- 25
o) THF, 60°C, 4 h A (CHz)2CHCH2- 33
-2 CO,, - 2 -BUOH ° BnO,C(CHz)>- 84
Scheme 3

2 EXA7U=ILH—RF—RZERATVRER
ILEIEUTHULWENCADSER
V722V =R F—MDPC) & HI\72NCA A B #: B
BIZEFTHIH), FHOHIIDPCEEDIZN DD
CAT)= VA=K =t HWTRIBEBI RV, Thb
DORETFPEENCAE ORI DO MBI OV THE L 72

(AF¥—24). ZOFER, Xvy7Vviu7z=VviER2, 3
DM 2 VIR E DB TR M EREE G 50—
RF—=MIT7IVBEMIFICIN L TNCAR 5- 2 7278,
DPCIE7 I/ &R L o7z (AF—24) ", FifEH
R L 72— AR =D H TIZDPCO s Phid i b v
ZENFREINTDS, BIZIETFIVTIVREIZDPCE X
IBLTCYILE v R 5252800, TIVBOTI/HEDPC
DORISIZE BTV S DA EER DD LT E 2124
V., ZTTEZLNLDE, TI/BOLT OIS T
H5. WL, 7TIMEBEFIIHEAF L ORETHAEL
THY, HEEBIN§ 2 RO TRy, SHI2E
OT I FHEINNVEVBRIZED T B MA =2 a il doTRE
2L THBY, INHADPCERIBLAVEHELTEZ
bh5b. FIT, TI/®EMBPTabALEIN T EWnWT)—7%
RWZVEVIIEDPCE IS T 5D T2, V)il
IO WTEDOEBZHRL 7.

ArO___OAr

R
R (o]
To( HNJ}(OH ban
= HN (0]

_ArOH 02\0 o -ArOH 7(
(Ar- = F5Cqg-, Ar o}
R 2,4-(0zN),CeH3) NCA
o
Hs’(‘)ﬁ( -
(0]
PhOYOPh
(0]
No reaction
Scheme 4

3 PE/EFEEREY TV H—RF—bD

RIGICK BV TV EBIFDER

BB DINCT I/ BEZDIDIEY Tz =V —KRF—t
(DPC) &I UG5, ZIUIRPEAA Y DREIZBVTT
IEPTANALENTWBLOTHIETF R L. #2
THEHELRTI/BOL-TF VAT NVIZERL, 0
DPCED KIS EBET T ALz, TI/Ht-7 F VT X
TIZIV RV IR ARSI TN D720l T I/ HR1E 7
V=7 IRETHY, TREDPCEDRIBZEAT o757 F
WIEARN) T VAU ST LT 22 THIOYL S
VBRI D E RNV — MR L2 (AF—25). 20
RAEMELEL, BIBEIToTABLET I/ HIIDPCERNH XL
BOGL, t-7FNIEOBRFICOWTORERATHIZENT
&, RRTUI)=TIOLYVFHEREFHIL D TEI. &
B, BROINZOYL Y FHEARIBRALSICEST
NCA%5-2%. $hbbh, NCAOKHRFIERELLSZS
ZEHNTE, ZOEKOSLRLFHFALE HIFL Thiad%

JSR TECHNICAL REVIEW No.117/2010



Helr 7z,

PhO__OPh R

R bl o
y NJ}(OK __ o HN)}( 7<
2! )
I 60°C, 24h 0)\9 )
Ph

R quantitative

CF3CO,H H
3L02! HN O

; :< o)\(‘) °
Ph quantitative
Scheme 5

LEROT I Et-T F IV T ATV B IT AR - b
WHED AT YT ET B, 22T, IOz s
L, KIGEEELTTI/Bot =2 iz fIl$+528%
B2, AX—261RT IS, TI/BEKELT
FoYARIKEBALAR AR AL ST A2 E TS
THF =LA M EICHE T AL TEREEZ, Th
LB 7O ALIN TR W T I ENERKL, 22D
NOEOF =y MIRIIA GBI EIC R PR,
i, KREFOIZT I/ REKERALAIZ V)T 22 RETHTE
TTI/BAIZVITAEETHEL, Ihbnhroaii
A, Yruuryy, TNV GREICETHLE M
LTwaY, 22T, ZOHEITELRD T HEIHESTL-
TrIVT I RAIZ V)T A laNEFEL, ht
DPCED R aEMET L7z (F£1). £31aXDPCO K% 2-
75 )RR T o7z (entryl). WO~ 57 1—
WCESTRIBE BB 72625, DPCIZ304 BAMICTH L
7o Fio, BHGRRBAEWSHONTZDO0, HELRHS
TNV E L 2aDE R TERR TETz, DEITHEBEEL
TFhoeku752 (THF) 2 w2413 1ans & E
fRL7ZW7e0, UBAELITL D o7z (entry2). —,
BIE L TT b= NV E /2L 2A BUBIEE LM S
N, LbRISSAHELT 3 52 E I T2ans i
N7z (entry3). 22T, MO7IEE, ZZTRTI=1
b, Bf ¢, AFF=21d, BOLPITVIIVBRlek
AIFV VT LIEANEFHEL, FNHEDPCO I RMATz
LZh, WTNOBEITHHER ISR A HEATL TR L

R P R
1 . R,X" OH I o RrRX
.
HaN/YO HZNW "
o) H,0-MeOH o)
1
1) PhO._OPh
Tof DPC R 1a, 2a: R = CgHsCH,
, OH 1b,2b:R=CHj
__MeCN.rt, <30min__ HNJﬁW/ 1¢, 2¢: R = (CH3),CHCH,
2)  1MHClaq 0”0 0 1d, 2d: R = CH3S(CH,),

bh 2  1e,2e:R=HO,C(CH,),

Scheme 6

Table 1 Synthesis of Urethane-Derivatives 2 by
the Reaction of Imidazolium Salts 1 with
Diphenylcarbonate (DPC) *

Entry 1 R- Solvent ~ Time/min  Yield/% °®

1 la C:HsCH.- 2-butanone 120 trace °

2 la THF “ 120 No reaction
3 la CH:.CN 10 88

4 1b CH:- CH.CN 20 81

5 1c (CH.).CHCH-- CH:.CN 30 82

6 1d  CH:;S(CH.).- CH:CN 20 80

7 le HO.C(CH.)- CH,CN 30 79

Conditions: [1], = [DPCJ, = 0.1 M.’ Isolated by column chroma-
tography. ¢ A complicated mixture containing a trace amount of 2
a was obtained. “1a was insoluble in THF.

I 5L iFEAR2b-2e)3 I TSN 72 (entries 4-
7).
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FERBL7ZRE S 2 R TELz. ZORE, wIhol;
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TUL YV FHEARE LI ENITET (entriesl-5). #2T
AFF = pbbfEADOF = 2R R EL TENSEDPC
DRIEEATSI2EZH, WTFNDYEITbTL Y FRR

Table 2 Synthesis of Urethane Derivatives 2 by
the Reaction of Onium Salts 1a with
Diphenylcarbonate (DPC) *

Entry 1 RnX" Time/min  Yield/% *
Me < 7N~ Et
1 1a CNTON 10 88
2 1a, (n-Bu) N* 20 78
3 1a; (n-Bu),P* 15 73
4 la, (n-Bu) Ph,P* 20 85
" Ph
5 las CSJ 30 80
Me < "X — Et
6 1di N B N 20 80
7 1d, BuN* 20 82
8 1ds Bu.P* 30 78
9 1ds BuPh:P* 50 83
. Ph
10 1ds CSJ 40 73

Conditions: [1a], = [1d], = [DPCJ, = 0.1 M. ’ Isolated by column
chromatography.
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Figure 1 Time-dependences of yield of NCA 3a in
the cyclization reaction of urethane 2a in
2-butanone ([2a] , = 0.1M, at 80°C).

Table 3 Synthesis of NCA 3a by the cyclization re-
action of urethane 2a in the presence of

carboxylic acid *

Entry Solvent RCO2H (amount) Time/h  Yield/%b
1 2-butanone _ 30 17
2 2-butanone  Ph,CHCO.H (1. Oeq) 20 93
3 2-butanone  CH:CO.H (3. 0eq) 25 95
4 MeCN _ 40 9
5 MeCN Ph.CHCO.H (1. Oeq) 30 95
6 MeCN CH;CO.H (3. Oeq) 29 94(78°)

* Conditions: [2], = 0.1 M.’ Determined by 'H-NMR. < Isolated
via removal of activated charcoal.
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Figure 2 Time-dependences of yield of NCA 3a in

the cyclization reaction of urethane 2a in
acetonitrile ([2a],=0. 1M, at 80°C).
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Figure 3 Time-dependences of yields of NCAs 3a,
3d, and 3g in the cyclization reactions of
urethanes 2a, 2d, and 2g. [2], = 0.1 M, at
80°C, in the presence of 3.0 eq of CH;CO.H.

Table 4 Synthesis of NCA 3 by the the cyclization
reaction of urethane 2 in the presence of
acetic acid (30 eq) °

Entry 2 R- Time/h Yield/%hb
1 2a C:H,CH.- 29 99
2 2d CH:S(CH.) > 18 98
3 29 t-BuO.C (CHy) »- 20 97

 Conditions: Solvent=MeCN; [2], = 0.1 M.’ Determined by 'H
-NMR.
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Figure 4 (a) Derivation of urethane 2a into the
corresponding methyl ester 4a; (b) HPLC
chromatogram of L-phenylalanine-derived
methyl ester 4a and that of DL-
phenylalanine-derived methyl ester (col-
umn: Daicel Chiralpak OD-H, eluent: hex-

ane/2-propanol=5/2(v/v)).
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