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Abstmet-New poly-a-aminoecids modified at the C or N-terminal groups arc synthctiscd and employed 
in the asymmetric cpoxidation of chakone. Their influence on the stereoselectivity of the reaction is 
StUdid. 

Few organic asymmetric reactions are truly catalytic 
in nature, the most relevant example being enxymatic 
procemes and homogeneous asymmetric hydrogena- 
tion. The two crucial drawbacks in asymmetric syn- 
thesis are the cost of many chiral reagents, which 
therefore must be quantitatively recovered, and the 
formation of optically active by-products. Both of 
these problems can be solved by employing an insol- 
uble polymer as chiral catalyst. We have used this 
approach in the asymmetric epoxidation of trans- 
chalcone and other electron-poor olefins in the pres- 
ence of poly-u-aminoacids, they offer, as catalysts, 
two other advantages: (i) a known con6guration and 
conformation; (ii) the possibility of being prepared 
with predetermined stereochemical characteristics, 
which in turn can lead to a certain selectivity with 
respect to the substrate. Preliminary results’ indicated 
that poly-a-aminoacids exhibited enzyme-like ster- 
eosekctivity leading to optically active oxiranes with 

la; A-H; R-CH31 

lb; A-H: R-C%; 

lc; A-H: R- CH3: 

Id; A-H; R-CH3; 

let A-H; R-CH3; 

If3 A-H; R-CHJ: 

la; A-H; R-CH3j 

2a; A-H; R - tCH312CHCH2- 

enantiomeric excesses (e.e.) up to %%. In this paper 
we focus attention on the role played by structural 
modification of the polypeptides in order to obtain 
further insights into the origin of the asymmetric 
induction. 

The poly+aminoacids used have the general 
structure 1, 

A-(NH-CH-CC&-B 

l! 

1 

where m is the average degree of polymerisation and 
A and B are the N-terminal and C-terminal unit, 
mspectively. They am prepared by the corresponding 
Ncarboxyanhydrides (NCA) using difkrent initiators 
(I) of polymerisation, namely water for the home- 
polymers la-c, 2a and 34 and n-hexadecylamine, n- 
butanol, sodium methoxide, and @-CH20H (@- 
= cro&inked polystyrene), mspectively, for the cata- 
lysts Id-g, in acetonitrile or dioxane as solvents 
(Scheme 1). 

m- 6; B . OH 

m- 19; B-OH 

ma 50; B-OH 

m- 10; B - NHKH2115CH3 

m>SO; B - o(CH#H3 

m>SO; B-OCHJ 

B - 0CH2a 

m-10; B-OH 

&I; A - H; R - CH3CH2CHKH$-; m - 10: B-OH 

scheme I. 
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The polymer&ion proceeds through two different 
pathways: by normal amine initiation (path a), or via 
activated monomer (path b).’ In the former case the 
reaction is a multistep nucleophihc attack by the 
terminal amino group on tlte S-carbonyl of the NCA, 
followed by ring-opening and evolution of carbon 
dioxide with formation of the poly-a-aminoacid, 
whose average degree of polymerisation (m) is given 
by the molar ratio NCA:I. This pathway operates 
with primary amines in polar solvents 

Alternatively (path b), ahatmction of a proton from 
the monomer leads to the Nuuboxyanhydride anion, 
the “active monomer”, which gives rise to a rapid 
chain growth. This route is favoured with tettiary 
amines and other bases such as methoxide, and leads 
to a polyaminoacid with a degree of polymerisation 
higher titan that expected on the basis of the NCA:I 
ratio. 

The average degree of polymerisation of catalysts 
la-g, 2.a, 3r was evaluated by ‘H-NMR spectroscopy 
and by titration of the terminal amino and carboxylic 
group, respectively, according to the literature.’ 

In the case of poly-L-leucine 2b the N-terminal 
amino-group was modified via metbylation with 
formaldehyde and formic acid to give 4 (Scheme 2). 

Poly-L-proline 5 having a cis conformation was 
prepared according to the literature’ from the corre- 
sponding NCA, with n-butylamine as initiator, in 
acetonitrile as solvent (see Experimental). 

RESULTS AND DBClJsSION 
Catalysts l-5 were tested in the epoxidation of 

trans-chalcone 6a with H202 in NaOH at room 

temperature in toluene (Scheme 3). They always 
afford (-)-7a, having the (2R, 35) absolute contigu- 
ration.s 

The results are reported in Table 1, and in Table 
2 are collected the data already published’ for the 
same reaction performed with the poly-a-aminoacids 
lh, I, 2h, 3b (Scheme 4) having n-butylamine at a 
terminal C group. 

They clearly indicate that in all cases examined 
similar asymmetric inductions are obtained with the 
homopolymers having either an amidic or a carboxylic 
terminal group. Only with poly-r;isoleucine does the 
optical yield depend on the nature of the C-terminal 
group; trans-epoxychalcone 7a is obtained with 85% 
and 54% e.e., with catalysts 3b and 3a, respectively. 

Dimethylation of the NH2 group afforded polyam- 
inoacid 4 capable of giving high chemical yield and 
e.e. The substitution of n-butyl by the n-hexadecyl 
group has no effect on the stereoselectivity of the 
epoxidation reaction. Even when the polyaminoacid 
is anchored on a polymeric matrix lg the obtained 
oxirane 7a has a high optical purity, the e.e. being 
84%. These results, as a whole, lead to the conclusion 
that the nature of the terminal group of the home 
polypeptide does not affect the degree of asymmetric 
synthesis. 

The origin of asymmetric induction in this epoxi- 
dation reaction remains an unsolved problem; we 
had previously proposed’ a tentative explanation in 
terms of hydrogen bonding between the carbonyl 
function of the substrate and the peptide group of 
the catalyst. A new piece of evidence in favour of 
this hypothesis is the fact that the poly-L-proline cis 

H-(NH-FH-CO)-mNH-C4H9-n 

R 

l (cH~)~N-(:H-CO-N~ICO)-~_~NH-C~H~-~ 

R 

I 
2b 

R- (CH~)~CH-CH,-; m - 30 

Scheme 2. 

NaOH, H 0 
* 
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5 
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6a; Ar-Ph 7s; Ar . Ph 
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Scheme 3. 

lhr A-H; R-CHj; m- 10; B- NH(CH2+CH3 

iii A-H; RI CH3: m-30; B- NHKH213C~ 

2bz A-H; R-(CH3)2CH-CH2~ m-10; B- NHKH2+CH3 

3b; A-H; R- CH$H2CHKH.$ m-10: B- NH(CH2+C% 

Scheme 4. 



Catalyst 

la 

lb 

lc 

ld 

lc 

If 

I8 

21 

3a 

IS 

5 

TtIlW Yield 

(hr) w 

126 30 

26 76 

Is 92 

ls 95 

18 84 

48 26 

48 82 

29 80 

IU 8 

120 73 

191 0 

FaI:O, l .C. 

<CH,Cl$ (%I 

-23 12 

-171 80 

-205 96 

-191 89 

-201 9t 

-166 78 

-181 0d 

-208 97 

-116 56 

-197 92 

Tabk 2. Epoxidation of &&one 6a in tolucne at mom temperature in the paencc of 
=@-@1452b,3b 

Catalyst Time 

Qd 

Yield 

(%I 
blat 

<CH2C12) 

e.c. 

(%I 

lh 24 78 -180 01 

11 2& 57 ‘200 93 
2b” 28 60 -181 81 

3b” 72 76 -2cx 95 

a) Raactlon perforated in Ccl,. 

5, a poly+aminoacid lacking amidic hydrogens, is a 
quite inefficient catalyst both from the chemical and 
stereoselective point of view. 

The optical yield drops dramatically when the 
length of the polymer chain is less than 10 units, as 
in catalyst la. This behaviour is related to the fact 
that polyaminoacids with DP> 10 have a higher 
content of a-helix aoaformation,6 the secondary 
structure usually favouring asymmetric induction in 
the epoxidation reaction.’ 

The work-up of the reaction is simpler with the 
polymer-supported cataiyst lg and with poly-a-ami- 
noacids with DP > 50, since they are more easily 
fdtered OK Another favoumble feature of insoluble 
polymers as catalysts is that they can be reused 
several times,’ the drawback being a loss of stereo- 
selectivity; indeed, catalyst 1% recycled twice, gave 
the epoxychalcone 7a with 75% and 52% e.e., suc- 
c43sively. 

An important application of poly-ceaminoacids as 
chiral catalysts is in the preparation of optically active 
a,&e~xy-akohols.’ These compounds are useful in- 
termediates for the synthesis of rn~yrni~~n, eryth- 
romycin and bucotrienes C- 1 .9 They am be obtained 

according to the literature’o by reduction of the 
corresponding ketones with zinc borohydride. We 
haveshown*that,stactiag&3mtbep~bstituted 
epoxy-chalcone 7b (95% e.e.), the borohydride reduc- 
tion leads to the %ythr$ alcohol 8 having the same 
optical purity of the sta&ng material. 

H 

EXPERlMENTAL 
M.ps ate ue. The q&al rotations were deter- 

mined with a Perkin-Elmer P-141 and P-241 polarimctcrs. 
IR spectra wat mcortkd on a P&in-Elmct 157 and 377 
spcctrophotometer. ‘H-NMR spectra WCCE rccordal on a 
Varian9OanflaBnikcrWPSOinstmmcnt,usingTMSas 
internal standad. Enantiomeric excess was determined by 
‘H NMR with the USC of cm-opium Eu(hf& using a Brukcr 
WP 80 insbument. All products show~I &mental aady5cs 
in qrccmcnt with the proposed s@ucture. 
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iirarting materials, Compound 6a was a corn- 
product. Compound 6b was prepared accow to the 
Uerature.” 

Synthesis of catalysts 
N-Bmzvroxyrorbonvr-L-~~-oronine (bAJanine NCbzo) was 

preparal according to the lit.” The compound (60% yield) 
had m.p. 82 (lit.” m.p. 84’). 

N-Car~q+&nine unhtiride (L&mine NCA) was 
prepared according to the lit.” in 75% yield, m.p. 89” 
(lit.” m.p. 92”). 

Pol~mtknine la. Acetonitrile (20 ml) containing 7.2 
mmoks water was added to a solution of Ncarboxy-L- 
alanine. anhydride (2.5 g, 21.7 mmd) in anhydrous w 
nitrile (50 ml). The reaction was stined for 4 days at room 
temp.TbesoIventwasthenn?movedunderrcduc&pasun, 
the solid residue was stirred overnight in Et20 ( 100 ml). 
filtmd and dried in vacua The degree of polymerisation 
(m) ~89 determined by Nh4R and titration of terminal acid 
and basic gmups (see below). 

Compound la (70% yield) had m = 6, [&’ = -76.7’ 
(c, 0.3 in CF&tX)H); IR (KBr) 3299, 2937, 2870, 1635, 
1542, 1469, 1367. 

PolyL-afanine lb was prcpmd following the procedure 
as for compound la, using 1.45 mmol of water. 

Compound lb (78% yield) had m = 19, [& = -144.8 
(c, 0.5 in CFKOOH): IR (KBr) 3508. 3291. 1658. 1543. 

Poly-L-ala&e lc rmS p&p&d .&ilarly: but using 0.43 
mmole of water. 

Compound 18 (75% yield) had m > SO; [a]$ = -154O 
(c, I in CFKOOH); IR (KBr) 3300, 3060, 1660, 1630, 
1540,1305. 

Polj+alanine Id. n-H mine (0.52 g, 2.17 mmol) 
in anhydrous acetoninile (20 ml) was added to N-carboxy- 
L&mine anhydride (2.5 g, 21.7 mmol) in 50 ml of the 
same solvent. The reaction was stined for 4 days at room 
temp. The solvent was then removed under Ieduced presure, 
the solid residue was stirred overnight in Et20 (100 ml), 
filtered off, and dried in vacua. 

Compound ld (92% yield) had [& = -106’ (c, I in 
CF&OOH); IR (KBr) 3290,3060, 1660, 1630, 1540, 1305. 

Pof~t..alanine le. ndutanol (0.16 g, 2.17 mmol) in 
anhydrous dioxane (20 ml) was added to a solution of N- 
carboxy-L-alanine anhydride (2.5 g, 21.7 mmol) in 50 ml of 
the same solvent. The reaction was stirred for I5 days at 
room temp. The solvent was then removed under reduced 
pnwure, the solid residue was stirred overnight in diethyl 
ethcr(100ml),filtaedoff~driadinv~.Thecompound 
lc (90% yield) had [c&’ = -134’ (c, 1 in CFsCOOH); IR 
(KBr) 3300.3060, 1660, 1630, 1540, 1305. 

PolyL-alanine If. Sodium methoxide (0.1 I g 2.17 mmol) 
in anhydrous dioxane (50 ml) WBS added to a solution of 
N+.arboxy-L-alanine anhydride (2.5 g, 2 I .7 mmol) in 50 ml 
of the same solvent. The reaction WaJ stirred for 7 days at 
room temp. AI&r the same work-up 85 for Id and le the 
product (89% yield) had [a]$’ = -123’ (c, 1 in CF,COOH); 
IR (KBr) 3300, 3060, 1660, 1630, 1540, 1305. 

Poly-t.-alanine lg. A solution of hydroxymethylated 
crosslinked polystyrene (0.39 g, 2.17 mmol of hydroxyl 
group) in anhydrous dioxane (50 ml) was added to N- 
carboxy+alanine anhydride (2.5 g, 21.7 mmol) in 50 ml of 
the same solvent. The reaction was stirmd at room temner- 
ature for 15 dam and treated as for Id and le. Compound 
lg (91% yield) had IR IKBrb 3290.3060. 1660. 1630. 1540. 
1305. It &s ihsoluble in Ck,codH. ’ ’ 

N-Benzyloxyrarbonyf-r;leucine (L-leucine NCbzo) was 
prepa& folkwing the pmozdure described for N-benzyloxy- 
carbonyl-L-alanine. The product (76.5% yield) is an oil.” 

N-Car&xy+leucine anhydride (L-leucine NCA) was pre 
patwi as desribed.‘3 The anhydride obtained (58% yield) 
had m.p. 7 I0 (lit.16 65-70”). 

PO&L-kucine 2a. Acetonitrile (20 ml) containing 1.8 
mmol of water was added to a solution of N-cartoxy-L- 
leucine anhydride (2.8 g, 18 mmol) in 50 ml of anhydrous 

acetonitie. The reaction was carried out as described for 
poly-L-alanine la. Compound 2a (80% yield) had m = 10, 
k# = -103.4” (c. 0.32 in CFAXlOHk IR IKBrj 3302. 
2936, 2869, 1654;1~93, 1468, 1367. ‘. ’ ’ 

N-Bmzylo~~~nyl-L--isdeucine (L-isokucine NCbzo) 
was pawed following the prccedure described for N- 
henxyloxycarbonyl-L&nine. The product (76% yield) is 
an oil.” 

N-carfmy.r.-isoleucine anhydride (L-isokucine NCA) was 
prepared according to the lit.” The product (60% y-iekl) had 
m.p. 66-68” (lit.” 70-72’). 

Poly-L-isoleucine %. Acetonitie (20 ml) containing 1.8 
mmol of water was added to Nexy-L-isoleucine anhy- 
dride (2.8 g. 18 mmol) in 50 ml anhydrous acetonitrile. The 
reaction was canicd out as described for poly-L-alanine la. 
Compound 31(85% yield) had m = 10, [a]$ = -94.6” (c, 
0.28 in CF&DOH); IR (KBr) 3270, 3082, 2964, 17 12, 
1630, 1543, 1462, 1384. 

Pof~r,letccine 4. Poly-L-leucine 2b (lg, 0.29 mmol) form- 
aldehyde (8.5 ml) and formic acid (I5 ml) were stimzd at 
60” for 5 h, then the crude product was acidified with 4N 
HCI and evaporated. The residue was stirred 5 min with 
32% NHJ, filtered and washed with ether. The compound 
obtained (40% yield) had [& = -108.5“ (c, 0.4 in 
CF,COOH). The ninhydrin test for primary amino groups 
was nc8ative. 

N-Benzyloxycorbonyl-t.-proline @-proline NCbzo), prc- 
pared according to lit.’ (60% yield), had m.p. 76’ (lit.’ 
m.p. 77O). 

L-proline NCA, prepared according to lit..’ had m.p. 48’ 
(lit! m.a. 45”). 

Po&m&e 5. A solution of n-butylamine (0.124 mmol) 
in 45 ml of anhydrous acetonitrik was added to a solution 
of L-praline NCA (0.7 & 4.96 mmol) in I5 ml of the same 
solvent. The reaction was stirred for 5 days at room temp. 
The solvent was then eliminated in vacua, and the solid 
residue was washed with Et20 and dried in VW for 5 h 
at 40”. 

Compound 5 (60% yield) had m = 35; IR’ (KBr) 3400, 
2975,2900, 1650, 1450, 1355,960. 

Titration of acid and basic groups 
The titrations were performed as earlier described.’ For 

acid terminal groups the polyaminoacid (0.020 g) was sus- 
pended in benzene (5 ml) and dimethylformamide (1 ml) 
was added- Using thymol blue as indicator, the solution was 
titrated to a deep blue end-point with 0.1 N sodium meth- 
oxide. For basic groups the polyaminoacid (0.040 g) sus 
pended in glacii acetic acid (20 ml) was titrated to a blue 
end-point with 0.1 N perchloric acid in acetic acid, using 
crystal violet as indicator. 

Epoxiaktion of chalcone in the presence of catalysts Ia-Ig, 
243&&S 

General procedure’ The catalyst 1-5 (400 mg). 0.1-0.9 
mmol was added to a soIution of chakone 6a (2.4 mmol) 
in toluene (6 g) and the mixture was stirred at room temp 
for 30 minutes. Then 4.4 ml of a solution of NaOH in H202 
(0.08 g ml-‘) was added and the mixture was stined at room 
temp for the appropriate time (Table I). The reaction was 
monitored by TLC and silica using petroleum etherdiethyl 
ether 9:l as eluant and with starch iodide paper, adding 
alkaline H24 sdution (2.2 ml) when the oxidant was 
exhausted. The catalyst was l&red off and washed with 
CH&& (50 ml). The-organic phase was washed with water 
(3 X 25 ml), drkd over M&O,. and the solvent was evam 
orated. The residue was pu&iedby column chromatography 
on Si& using petroleum etherdicthyl ether 9:l as eluant. 
Optical rotations, chemical yields and e.e. are listed in Ta- 
ble 1. 
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