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Abstract

Asymmetric automultiplication of chira compounds by asymmetric autocatalysis is realized for the first time where
achiral product acts asachiral catalyst for its own production. We disclosed chira 3-pyridyl alkanal, 3-quinolyl akanol,
and 5-pyrimidyl alkanols operate as asymmetric autocatalysts in the enantioselective additions of i-Pr,Zn to pyridine-3-
carbaldehyde, quinoline-3-carbaldehyde and, pyrimidine-5-carbaldehyde, respectively. Especially, practicaly perfect
asymmetric autocatalysis (>99%, >99.5% ee) is attained usng 2-alkynyl-5-pyrimidyl akanol as an asymmetric
autocatalyst in the enantioselective addition of diisopropylzinc to corresponding pyrimidine-5-carbal dehyde. In addition,
asymmetric autocatalysis with amplification of ee is realized. Asymmetric autocatalyst with very low ee enhances its ee
significantly up to >99.5% ee during the asymmetric autocatalysis without the assi stance of any other chiral auxiliaries.

Moreover, various chiral compounds with very low ee act as chiral initiators in the reaction of pyrimidine-5-
carbaldehyde and diisopropylzinc to give 5-pyrimidyl alkanol with high ee in combination of asymmetric autocatalysis.
Amino acids and [6]helicene with very low ee which are produced by asymmtric photolysis and photosynthesis using
circularly polarized light (CPL) serve as chird initiators of asymmetric autocatalysis, and 5-pyrimidyl alkanol with high
ee is obtained. Inorganic chiral crystals such as quartz and sodium chlorate also work as chiral initiators. These results
correlate for the first time the proposed origins of chirality of organic compounds such as CPL and quartz with the
chirality of organic compounds with very high ee.
Key words. chirdity, asymmetric autocatalysis, amplification, enantioselective addition, 5-pyrimidyl akanols, chiral

initiator, circularly polarized light, amino acids, quartz, sodium chlorate
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Figure 1. Principle of asymmetric catalysis and asymmetric

autocatalysis.
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Figure 3. Highly enantioselective asymmetric autocatalysis of
3-quinoly and 5-pyrimidyl dkanols.
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Table 1. Practically perfect asymmetric autocatalysis of 2-alkynyl-5-pyrimidyl alkanol.

asymmetric autocatalyst

‘A/K o

N/j/CHO \ (S)-6¢c (>99.5% ee) N ~ “’on
‘ = + FPryZn - N/

(S)-6¢ (>99%, >99.5% ee)

asymmetric autocatalyst product amplification
Entry ee (%) yield (%) ee (%) factor
1 >99.5 >99 >99.5
2 >99.5 >99 >99.5
3 >99.5 >99 >99.5
4 >99.5 >99 >99.5
5 >99.5 >99 >99.5
6 >99.5 >99 >99.5
7 >99.5 >99 >99.5
8 >99.5 >99 >99.5
9 >99.5 >99 >99.5
10 >99.5 >99 >99.5 ca. 6x107

Molar ratio. Aldehyde 5c¢ : diisopropylzinc : asymmetric autocatalyst 6¢ =1.0: 1.7 : 0.2.
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Figure 4. Consecutive asymmetric autocatalysis of pyrimidyl alkanol (S)-6a with amplification of ee.
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Figure 5. Change of the amount of S- and R-isomers of 6a in consecutive asymmetric autocatalysis.
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Figure 6. Change of the amount of S and R-isomers of 6¢ in consecutive asymmetric autocatalysis.
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Figure 7. Schemati ¢ representation of asymmetric autocatalysisinitiated by various chiral initiators with low ee.

Table 2. Asymmetric autocatalysis of pyrimidy akanol in the presence of various chiral initiators with low ee.

chiral initiator pyrimidyl alkanol 6b
entry a) ee (%) config. ee (%) config.
1 OH ca. 0.1 S 68 R
2 ca. 0.1 R 70 S
Ph CO,Me
3 7 ca. 0.05 K 54 b) R
4 ca. 0.05 R 38 ¢) N
COLH
5 ca. 0.1 N 76 R
6 o “Me ca. 0.1 R 73 N
8
7 )TZ ca. 0.1 N 79 R
8 Ph Me ca. 0.1 R 85 S
9
OH
9 \)\ ca. 0.1 S 73 S
10 ca. 0.1 R 76 R
10

a) Molar ratio of chiral initiator : aldehyde 5b: diisopropylzinc is 0.01-0.02 : 1.0 : 2.4.
Aldehyde 5b and diisopropylzinc were added in three portions.

b) An average value of three experiments under the same reaction conditions (56, 53, 53% ee).

¢) An average value of three experiments under the same reaction conditions (40, 37, 38% ee).
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Figure 8. Asymmetric autocatalysis of pyrimidyl alkanol 5b in the presence of L-leucine with low enantiomeric excess: the first
correlation between the chirality of circularly polarized light (CPL) and an organic compound with high enantiomeric excess.

193


江藤　浩子

江藤　浩子
193

江藤　浩子

江藤　浩子
Viva Origino 30 (2002) 186-198


Viva Origino 30 (2002) 186-198

A2 OFEBERBEBRIRERNPRD TINEWICEH b 59,

Bohd 5-EY T PATIH J —/L(R)-6b DEHEIK
WRFEETFH L@ IcE LM ELE, Zhae s
BICARF A OAEAOS I L 0 B &5 2 L3
TEHTHY ., LN o TRERIL, WENRAK
(Chirality) T& % MR & @ WS G KRR O F 7
IALEW A DD TR T 722 & 1c2 b . RO
HEAFRE LT, EbbTHWVEREBEIRO X
T NARAC BN ER T DAL R 2 FEBL L2 2
Lz s,

E 51T, MRS K DA RIS K 0 RS i T
(2% e)RIM DO ARFEMLTEDL I LNMbNT
WB[50, 511, [6]~V B (~FH AU B )E AR
BRI & 9 5 FUSIZ OV T b Mt 21T > 72, [6]~
Ut 12 13, _UBUB 6 fHAHEER L bEAMR
DX FNRRKFETHY | BB~DOBENLEESI N H
HAT R T R R0 E T IMb A E R

0.13% ee
{P)=(+)-[6]Helicena 12

BRELTHWDRERRD S SRR E-N5,
(P)-(D-[61~V > 12 (>95% ee)Z R ARG & L
THW, BUIPU5-IALT e R 5¢ £V Y
TuENERENSS T E I A, 95% ee D(S)-5-
Y I UNT IV ) —)b 6e DBUE 95% THER LT-
(49) [52], —F. WOHKIEE T D (M)-(-)-12
(>95% ee){F1E F TlX. (R)-6¢ 2% 93% ee THFHNT,
Z T, EAFEAR [S0]THEMRT D LY IRV ST
BIRBREIZETH 5 DT D 0.13% ee D(P)-(+)-12 % [
Wil ZA, ZoOHAEBIMRHEBEER(S)-EY
DIVT T ) =) 6e 3LV EWBHEAEEIE (56%
ee) TR LTz, —J7. 0.54% ee D(M)-(-)-12 Z
% L (R)-6¢ (62% ee)3fFbiLiz, Lk, MREIC X
VIO DARE LD RN REBRIRERIREEZ b &12,
B GRBRIEO LAY ES D Z L3k
(521,

N ;v‘j/CHD _ M "'.-.-CIH
N N
5¢ (S)-Be
e
(M)-(-)-[B]Helicens 12 M OH
M
(F)-Bc

Figure 9. Asymmetric autocatalysis of pyrimidyl alkanol 6¢ using [6]helicene as a chiral initiator.
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