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Ah&act--The asymmetric epoxrdatron of chalcone and other ekctron-poor olcfins in a triphax system (water- 
organic solvcn~-polyamhoaci) a!Tords oplicnuy active oxirancs. The tiwncc of Ihc mokcular sl~clurc of 

catalysts and of [heir secondary conlormation on the cnantiosclectivity of the reaction has also been examined. 

Asymmetric syntheses performed in the presence of 
synthetic or natural polypeptides are a subject of grow- 
ing interest,’ since these can be considered as simplified 
models of enzymatic reactions. 

On the other hand. the epoxide functional group is one 
of the most useful intermediates in organic synthesis. 

For this reason the synthesis of chiral oxiranes is still a 
chalknging target in the area of asymmetric induction. 
Having recently discovered a highly enantioselective 
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method for epoxidizing electron-poor olcfins’ in a 
triphasc system (polyaminoacidlaqueous phase/organic 
phase) it seems necessary to investigate the structural 
requirements of polyaminoacids used as catalysts. in 
order to enlarge the scope of this synthetic method. 

We have prepared and tested, in the epoxidation of 
chalcone 1. the series of poly-I.-a-aminoacids 3-13 
(Scheme I). Catalysts %7 have been obtained from the 
corresponding L-aminoacids according to Scheme 2. 
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Catalysts g and 9 have been prepared similarly from 
4-~-bentyl aspartate 15 and 5-L-bcnzyl glutamate 16 res- 
pectively. The L-a-aminoacids have been converted into 
the corresponding N-carboxyanhydride 14 (NCA) by 
reaction with bcnzylchloroformiate and thionyl chloride. 
The subsequent polymerization of 14 has been pcr- 
formed using n-butylamim as initiator. 

10 compounds S9 m represents the mole-ratio of NCA 
to initiator, cone~ponding to the number average degree 
of polymerization.’ Random copolymers 11 and 12a+br 
of L-leucine and L-valise with L-alaniac have been pre- 
pared according to literature,’ using n-butylamine as 
initiator. 

Compound 13 has been prepared from L-bcnzyl- 
alaninate 17 according to Scheme 3. Reaction of 17 with 
N-bcnzoyl-~&nine 18 in the presence of dicyclobcxyl- 
carbodiimide affords the bcnzyl ester 19 which by 
aminolysis with n-butylamine yields the compound 13. 

All the cpoxidations have been carried out at room 
temperature in a triphasc system with carbon tetra- 
chloride. water, catalytic amount of polypcptide and a 
large excess of oxidant (H20JNaOH) (unless otherwise 
stated). The results, reported in Table I. indicate that 
epoxidation of chalcone 1 generally occurs with good 
chemical conversions and high optical yields. When poly- 
L-Plan& 3b is employed. the reaction is practically 
stereospecific with an enantiomeric excess (e.e.1 of 96%. 

Similar good results are obtained with poly-L-kucine 
Sa,b and poly-L-isoleucine 6. whereas poly-I.-valine 4a.b 
not only reduces the chemical yields. but also greatly 
a!Tccts the asymmetric synthesis. The same trend is 
shown by random copolymers 11 and G-c: increasing 
the content of valine incorporated in the copolymer, 
chemical and optical yields progressively decrease (Table 
2). Both poly-t_-phenylalanine 7 and the dipcptide I.- 

R1 - CO - NH - CH - CCOH . CH3 - CH - C30CH2 C6H5 

I I 
DCCD. RICC+W - CH - CONH - CH - CH2CO0 C6HS 

I I 
CH3 

KHZ 
T 

CH3 

18 17 19 

I 

8°C NH7 

R1 . ‘GH5 
RICONH - CH - CONii - CH - CH2COMi 8”” 

I I 

CH3 C? 

13 

Scheme 3. 



Synlbetic enzymes-4 

Table I. Epoxidation of chalcow I performed in CCL at room temperature in the presence of catatysts &9 
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alanyl+-alanine 10 (soluble in the aqueous phase) give 
almost racemic epoxichalcone 2 The same occurs when 
catalyst 13 is used. 

It is important to mention that chemical and optical 
yields are closely related in all cases. In the reactions 
examined. the predominant optical antipode of epoxi- 
chalcone 2 is kvorotatory and according to Wynberg’ it 
must have absolute configuration (2R. 3s). As expected, 
if poly+alanine is employed as catalyst. instead of 
poly-t_-alaninc 3a, the degree of asymmetric induction is 
similar. but the sign of optical rotation is reversed. 
Poly-D.L-alanine does not afford appreciable amounts of 
epoxichalcone 2 even after long reaction time (chemical 
yields less than l@%). 

These results arc explained by the fact that the poly- 
aminoacids are partially degraded by hydrolysis in the 
basic reaction media. Catalysts with higher molecular 
weight’ (XI in front of 3a) or more sterically hindered (Sb 
in front of 3b) afford better results when they are rccy- 
ckd, being more resistant to the hydrolysis. 

The high degree of asymmetric induction allows a 
tentative interpretation of its occurrence. We think that 
the H-bonding between the CO function of chalcone I 
and the peptide group of catalysts %9, 11, 12a+ is 
responsibk for the asymmetric synthesis of the cpoxide 
2. Similar interactions between carboxylic acids and the 
peptide group of poly-t.-alanine have been proved by 
Stephens et al.’ 

The catalysts being insoluble in the reaction medium, An indirect support of this hypothesis is given by the 
are easily recovered from the epoxidation and recyckd isolation of a racemic epoxichalcone 2. when the reaction 
(Table 3): a decrease in chemical and optical yields is is performed in methanol with poly-L-alanine 3b as cata- 
observed with poly-t-alanine 3a whereas less substantial lyst In this solvent, the interactions between the CO 
changes in the ee. of 2 arc seen with poly+alaninc 3b. 
with poly-L-leucinc Sb and with the copolymer of L- 

compound and the poly-a-aminoacid are broken. Since it 

kucine with t.-alanine 11. 
is very likely that the actual oxidizing species is the 
hydroperoxidc anion. this is. in turn. H-bonded to the 
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Tabk 3. Epoxibtion of chakcoae 1 performed in CCL at room temperature in the presence of recycled catalysts 

rWyr:r: cU,rnlyrf ::-.r Y:C:’ 
. 

I4 :I, *.*. 

1C.T‘ :x : CICZ:‘li ($1 

amido group of the catalyst. In spite of these con- 
siderations it is still very difficult to account for the 
influence of the secondary structure of the poly-a- 
aminoacid on the degree of asymmetric induction. 

The conformations of poly-a-aminoacids 3-9, 11, 12a- 
c, in the solid state, have been extensively investigated.’ 
Poly-L-alanine 3a&, poly-L-kucine Sa,h, and the 
copolymer of L-leucinc with L-alanine assume the a- 
helical structure,” while poly-I.-valine &h, poly-L- 
isokucine 6 and poly-L-phenylalanine 7 are in the fl- 
StnlcturC. 

PolyQL-bcntylaspartate 8 and poly-S-L-bcnzyl- 
ghrtamate 9 assume left handed and right handed a- 
helical structures respectively.’ In the copolymers of 
L-valine with L-ahmine the content of the a-helix local 
conformation and that of the /l-form structure can be 
estimated by means of IR spectra. the far IR region being 
very sensitive to the conformational changes of poly- 
aminoacids backbone.’ 

Our preliminary results’ indicated that the enan- 
tiosekctivity reaches its maximum with catalysts having 
a high content of a-helical conformation. This is the case 
with poly-L&nine 3a$, with poly-L-leucinc Sa,b and 
with the copolymer of L-leucine with I.-alanine II. The 
values of enantiomeric excess of epoxichalcone 2 
obtained with the different copolymers of L-valine with 
L-alanine I* are also in this line: an increase in fi 

content at the expense of the helical structure cor- 
responds to a proportional decrease of the optical yield. 

The results obtained from short length oligoaminoacids 
such as 13. which cannot adopt a-helical conformation 
should favour this hypothesis as well as the poor results 
obtained using poly-D.L-alanine which is in conformation 
fl”’ in contrast with optically active L and D polymers. 
Poly-L-valine 4a,h, the most stable conformation of 
which. in these degrees of polymerization, is the fl- 
pleated sheet,’ is an inefficient catalyst. both from the 
chemical and from the chiral point of view. 

This explanation, based on the o-helix content of the 
poly-a-aminoacids, does not account for the cxpcrimen- 
tal results with poly-L-isoleucine 6 which behaves like 
poly-L-kucine Sa,b and poly-L-alaninc 3a,h, and gives 
high e.e. even if it has a b-structure. Moreover the 
optical purity of the epoxichalcone is low with poly4t- 
bcnzylaspartate 8 and poly-S-L-bcnzylglutamate 9. which 
have definitely an a-structure. It may well be that the 
actual amount of asymmetric induction in the epoxida- 
tion is influenced by the local orderirrr of the polypcptide 
matrix. as already found by Solladie in the asymmetric 
synthesis performed in the presence of cholesteric liquid 
crystals. 

On the other hand. the correlation observed in this 
epoxidation between chemical and optical yield. suggests 
that the triphasic system plays an important role. In fact, 
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N-bmzrloxvcorbonvl-t.-lcucinr IL-leu~ine NCbzol was ore- 
pared follow& the .procdurc d&ii for N-be-nz~loxy-car- 
bonvl-L-alanine. The oroduct (76.59E vkldl is an oil”: H NMR 
(CDCI,): d 0.9 (d. 6H): 1.6 (m. 3H). 4.3(m, lH). 5.1 (s. 2H). 7.2 (I. 
5H). 10.2 (s. IH). 

~4I~~uthyl-l.3-oxozdidinc-2,~dionc [I.-Iturine NCA] was 
prepared as described.” The anhydride obtained (5% yield) had 
m.p. 71” (ht.” 65-70”); ‘H NMR (CDCh): d I.0 (2d. 6H). I.75 (m. 
3H). 4.3 (m. IH). 7.05 (s. IH). 

Poly-t.-leuckr 5n.b were syntkzsizcd followiq the procedure 
described for 3a,b, us& the appropriate NCAlinitiator ratio. 
Compound k (849f yield) had [a]ns+- -98.3 (c. 0.2126 in 
CF,CGOH); ‘H NMR (CF,CGOH): b I.0 (I. 63H). I.65 (s. 344). 
3.45 (m. 2H). 4.6 (m. IOH). Compound sb: yield 85%; fa]nm- 
- 99.08 (c. 0.3048 in CFCOOH) H NMR (CFICGOH): b 1.0 (I. 

183H). 1.70 (s. 94H). 3.45 (m. 2H). 4.6 (m. 3OH). 
N-Bmzyloxycorbonyl-t.-irdtucine was prepared followin the 

procedure described for Nbcnzyloxycarbonyl-L&nine. The 
product (7&) yield is an otl ’ ?O; ‘H NMR (CDCI,): b I.0 (m. 6H). 
1.4 (m. 2H). 2.0 (m. IH). 4.3 (d. IH). 5.15 (s. 2H). 5.3 (d, IH). 7.3 
(s. 5H). 

~~2-Bufyl)_1.3-oxozilidine-?.S-dione It-isdeucine NCA]. The 
white crystalline solid (6096 yield) had m.p. 6668”; (li~.‘~. 7&7?): 
‘H NMR (CM&) b 1.0 (m. 6H). 1.40 (m. 2H). 2.0 (m. IH). 4.30 
(d. IH). 7.25 (s. br IH). 

Pdy-L-irdeucine 6.” A soln of n-butykminc (0.03148. 
0.429 mmol) in 20 ml anbyd acetonitie was added under N? to a 
soln of t-isokucine NCA (2.7 8. 17.2 mmol) in 40 ml of rhe same 
solvent. The reaction was stirred for 7 days at room temp. Anhyd 
diethyl e&r was then added and the ppt ftlttrtd off, washed with 
ether and dried u&r vacuum for 5 hr at 40”. Compound 6 (I .3 0) 
had [o]o’O- - 127.35 (c. 0.2764 in CFiCGOH); ‘H NMR 
(CF$XOH) b I.0 (d. br 69H). I.40 (m. br 26H). 2.0 (m. br. I IH). 
3.5 (m. 2H). 4.5 (d. I IH). 

Pdy-t-phmylalonine 7 and t-olonyl-t.-olonine I@ were corn- 
me&l products. 

B-Bmzj-L-a~paflote was obtained in m yield as der- 
cribed.” m.p. 218” (lit.“, 218-220?. 

f3-&nzyl N-corb~~nroxy-I.-arporlolc was prepared accordiq 
as described.” (6osc yield). It had m.p. 105-1~ (litz*. 107-1083. 
‘H NMR (CDCI,) b 2.95 (m. 2H); 4.6 (m. IH); 5.1 (I. JH); 5.8 (d. 
IH); 7.2 (s. IOH); 10.2 (I. IH). 

8.Ben:yl N-carboxy-L-orporiore onhydtide (8.Beazyl-I.- 
OJ~OPTPI~ NCA) was prepared accordinp to the lit.” (m yield). 
The compound had m.p. I21 (lit.“. 121”). ‘H NMR (CDCh) b 2.9 
(2d. 2H). 4.5 (m. IH). 5.15 (s. 2H). 7.3 (s. SH). 

Pdy 4-L-Benzyl osparrote 8. A soln of n-butylaminc (0.0438, 
0.6mmol) in 5 ml of solvent (THF: 1.2-dichlorocthanc 1:)) was 
added under stirrim at room temp. to a soln of B-bcnzyCL- 
aspartale NCA (I.5 8, 6 mmol) in 25 ml of the same solvent. The 
polymerisation occurred in an homgncur phase within 5 days. 
Then 400 ml of anhyd n-hcxane were r&fed. the ppt was filtered 
ol and dried utukr vacuum at ro” for 5 hr. Compound 8 (78.596 
yield) had [aliz - - 23.5Y (c. 0.255 in CFiCCKJH): ‘H NMR 
(CF,COGH) 6 3.1 (m. br. 24H). 5-5.2 (m + I. 30H). 7.3 (s. MH). 

Pdy 5-L-benryl glutomafe 9 was prepared as described.’ 
Random copdper-t.-Irucine-t-&nine 1L” A soln of n- 

butylamine (0. Ill! 8. 2.54 mmol in IO ml anhyd acetoniti was 
added to a sdn of N-carboxy-L-aknin anhydride (1.168. 
12.7 mmol) and Ncarboxy-t.-kucine anhydride (2 8. 12.7 mmd) 
in 90 ml of the same solvent. The reaction was stirred for 7 days 
at room temp. Then anhyd dkthyl ether was added and the pt 
dried in vacuum at W for 5 hr. Compound 11 (2.1 a) had Ial~ - 

. - 103.41 (c. 0.5106 in CFICOOH) 
Rondom copolymers t-donine-t-rolire I&” were prepared 

followin chc procedure described for 11 using anhyd dioxane as 
sokent. The fdbwing molar concentrations were used: for 
compounds I&+ the molar ratio L-Ala NCAIL-Val NCA were 
I:I. 3:7 and I:9 respectively. Compouad It had [o]om= 
- 109.19 (c. 0272 in CFCOGH). compound Izb had loloX= 
- 109% (c. 0.2473 in CF$XOH). compound 12c had Iolu”- 
- 104.95 (c. 0.2565 in CFtCOOH). 

&Illoyl-L-ofon~-L-olaninc. benryl ester 19. 3.62 8 L-bcnzyl 
alaninatc (20.2mmol) was dissolved in IOml CH+&. The mix- 

ture was cookd on and 5.008 of dkyclohcxyl 
(24.3 mmol). IO ml CH#&. and 4.188 (21.7 q moI) of N-bcnzoyl- 
t-alanine were added. The mixture was stirred at room temp 
duriq I2 hr. Then I.1 aJ AcOH was added and the solid liltered 
off. The remainia soln was washed with NH, SN (Mml). HIO 
(2 x 20 ml). dried and evaporated, yieldin an oil which was 
sdidifkd crushing with EtOAc. The solid was crystallized from 
EtOAc-hcxanc $4%); m.p. 137-8”; [ah: - -20’ (c. 1.15, 
CICH,): ‘H NMR IdDMSO) I.4 (d. 6H). 4.55 (m. 2H). 5.2 (I. _ __~~__ ~~ 
2H). 7.M.2 (m. lOH),~8.5 (be;zH). (Found: C. 67.66; H. 6.63; N. 
8.29. Cak for C?DH&CJ,: C.67.78; H.6.26; N.7.909f). 

N-Bufyl-bmzopl-L-olonyl-L--oloninomide 11 1.68 (5.01 mmol) 
of 19 was dissolved in IO ml of butylaminc. stirriq ma8ncticahy. 
In a few mitt the fotmahn of a white solid was observed. RK 
ration was probr@ at room tcmp for 12hr. The sdii was 
filtered off and crystahizcd from MeOH (65%); m.p. 2554”: 
IalY?o- - 24.k (c. 0.476 MeOH); IR (KBr) 3270,3030.1630.1530 
and 690; ‘H NMR (d&MSG) 0.61.6 (m. I3H): 3.1 (br. 2H); 4.4 
(m. 2H): 7.3-8.3 (m. 5H): 8.7 (br. 3H). (Found C. 64.26; H. 7.89. 
N. 13.07. Calc for C,,H:NiOi: C. 63.93 H. 7.89. N. 13.159t). 

Epoxidafion of chdcone in Ott presence of cofdyr~r sl2 
General procedure.’ The catalyst (400mg) was added IO a 

soln of 1 (2.4 mnsol) in CCL (6.00 8). Then. 4.4 ml of a soln of 
NaOH in HzOO, (0.08~ ml-‘) was added and the mixture was 
stirred at ro& temp ior the appropriate time (Tabk I). The 
reaction was monitored by TLC&l when necessary. 2.2 ml of 
the dkdiw soln was added after 24 hr. The catalyst was fillered 
off and washrd with CHrClz (5001). The oq$k phase was 
washed with water (3 x 25 ml), dried over M$jO, and the solvent 
evaporated. The residue was purified by column chromatography 
on !3Q using pctrdeum ethcr-dkthyl ether 9: I as tlutnt. Rcac- 
tion times. optical rotations. chemical ykkls and cc. are depicted 
in Tables l-3. 

Epoxidofion of rubstrotes other rhon chdcone. Substrate 22 
(7EOm8; 4.8mmol), tol~~nc (6.000) and catalyst (4OOmg) and 
4.4 ml of the soln of NaOH in 3OYe H& were stirred at room 
tcmp for the appropriate time (Tabk 4). The mixture was worked 
up as described and the crude product was elutcd on SiO: (108) 
usin CHEI: as ehmt. Optical rotations, chemical yields and 
C.C. are depicted in Tabk 4. 

Compound 29 (413 m8, 2.5 mrnol). tolocm (60). catalyst 
@On@ and 4ml of a soln of K?CO, in 3tY36 HrDr (0.15 8ml ‘) 
was stirred for 24 hr. The mixture was worked up to 8ive a solid 
free from starting material. m.p. 9c%‘. Optical rotations. chcm- 
ical yields and e.c. are depicted in Table 4. 
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