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1) Mechanistic study of organocatalytic chemoselective monoacylation of 1,5-
pentanediol

Various molecular transformations concerning site-selective acylation of polyol
compounds have been developed by using 4-pyrrolidinopyridine catalysts bearing substrate-
recognition sites consisting of amino acid side chains. Among them, | focused on the
organocatalytic chemoselective monoacylation of linear diols (Angew. Chem. Int. Ed. 2011,
50, 4888.) for elucidation of the molecular recognition process promoted by the catalyst
because the reaction mode is relatively simple, in which an unreacting hydroxy group is
expected to interact with the catalyst at the transition state of the acylation.

To elucidate the origin of the high selectivity for monoacylation, | investigated the
monoacylation of 1,5-pentanediol (4) in the presence of C,-symmetric catalysts 1-3. The
amide carbonyl group of the catalysts was suggested to play a main role for the selective
monoacylation of 4. The effect of the NH group was found to be significant only when the
catalyst has C,-symmetric structure by comparison with the experimental result employing
the corresponding C;-symmetric catalysts.

Catalyst 1 has also been reported to promote substrate-specific acylation of 4 in the
presence of other linear diols with different chain lengths. To elucidate the molecular
recognition process, competitive acylations between 4 and 1,2-ethylenediol were carried out
in the presence of catalysts 1-3. Among catalysts 1-3, only catalyst 1 was found to
effectively accelerate the acylation of 4 in the presence of 1,2-ethylenediol. Theoretical study
to elucidate the
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2) DMAP-catalyzed efficient synthesis of rotaxanes

Since supramolecules such as rotaxanes and catenanes possess attractive architectures,
syntheses of these supramolecules have been one of the foci of current organic synthesis.
Acylative end-cappings of the hydroxy group of pseudorotaxanes by DMAP catalysis have
been known to produce rotaxanes, however, in low yields in the most cases. Toward the
development of efficient method for DMAP- Flgure 2

catalyzed sysnthesis of rotaxanes, | first ;, j Q jm Q

investigated the fundamental nature of the f‘j JK Y — ﬁ )
DMAP-catalyzed acylation, and found that 0070302'% oo gl “
only small amount of the acylpyridinium ion 0.1% 100%

was formed when acid anhydride was used as
an acyl donor, whereas quantitative formation of the acylpyridinium ion was observed with




the corresponding acid chloride (Figure 2). It has been suggested that the acylpyridinium
carboxylate has much higher reactivity than the corresponding acylpyridinium chloride
because the carboxylate ion act as an effective general base on acylation of alcohols. It had
been also suggested that in situ exchange of the chloride counter ion to the carboxylate was
effective in overall performance of the catalytic acylation process. With this view in mind, I
focused on the development of the efficient method for DMAP-catalyzed synthesis of
rotaxanes. A pseudorotaxane, which is expected to be formed by mixing the axis component
and the ring component, was treated with acyl chloride as an acyl donor, 'BuCO,H as a
carboxylate ion source, and AgPFg in the presence of DMAP. Desired rotaxane was
successfully obtained in 94% vyield (Figure 3). This method is expected to be further
explored toward asymmetric rotaxane synthesis with chiral DMAP analogues are employed.
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3) Discrimination of mobile supramolecular chirality: Kinetic resolution of
topologically chiral racemic rotaxanes by organocatalysis

Among the field of asymmetric synthesis approaching the mature science, asymmetric
discrimination and catalytic sysnthesis of chiral supramolecules still stand as unsolved
problems. Supramolecules such as rotaxanes and catenanes are known to possess topological
chirality when each of the axis and/or ring components has dissymmetry. The pioneering and
sole example of asymmetric synthesis of topologically chiral rotaxanes has been reported by
Takata and co-workers, however, the enantioselectivity was up to only 4.4% ee (Chem. Lett.
2007, 36, 162). The extreme difficulty in asymmetric synthesis of rotaxanes may be resulting
from conformational diversity and movability of topologically chiral rotaxanes.

I have achieved the first example of highly enantioselective synthesis of topologically
chiral rotaxanes by acylative kinetic resolution of the racemate. In the presence of 3, an
acylative kinetic resolution of a racemic rotaxane 5 afforded a topologically chiral rotaxane 5
with perfect enantiopurity (>99% ee) in excellent selectivity (s>16) (Figure 4). This kinetic
resolution likely proceeded via the mechanism in which two molecules of catalysts 3 are
involed. The concept of dynamic molecular recognition enabled asymmetric synthesis of
mobile supramolecules formed by non-covalent interaction.
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(1) 15-X X IF—IVDERT ) T 2 AL OFRE

BIRS A — L DFE 2 T I, DT UNMEDORIAED T, BICESHT A —L Tl
WNEEIZ 72 D, B ZIELE-_ B2 PF—LDE ) TV IARITEESRE T U7 S UERDE
ETHZERBEINTWD (£ T vkl 7 > 4E=9/1 : P. Clapés, et al.,
Tetrahedron. Lett. 2004, 45, 5031) ., —J/ ., ¥YME=ETIL 44—ty / v
(PPY) % HAFHT 200 FRBFRIT > AL 2 v BEFREIC B8R 4 —
IVDETFRIE ) 72 b2 HE LT\ 5% (Angew. Chem. Int. Ed. 2011, 50, 4888), A<#
Tl B2l 52 2o P F— N DE ) TIIMUICER L, EB LGB OMED
T OREMEMRBINCE D MA TS, AbAEE O B RET 21T o TofE F. 8o 1 o F—1
NHZE & Al AR 15 D Co- 3t BRI S AR SIS DAL F IR BLOREZ R D Z L b o T2,
BIt, 29504 R—=/ANHENRLS-X X o Pd— LD 2 DKL L KERAETE
L., &7 UL DOEBEBIREA FERICLZENT HZ ERbhoTe,

(2) DMAPEA V= 2h=R a2 5 Bk

0 XY RN T F Ui EO IR, ORI EE ) HIERIT A R IET
LI TW5, RETIEDMAPHELZ vy, e & X3 o OBp s Kl ALE T 5 KR
HEOT IV NMUIZ LD Ry vy v ETOR XXV U 25 ERa Lz, AREEI
S, FIDMAPHRELIC X 5 7 U BRSO FEAR R EE TS Z L L Lz, DMAP
T UIACHIN S ERT AT A Y D= AL I OERREREZIBERZENMRIZ L -
TROTEZ A, BEAYET DUALFIE L THWESEIZIEZT VA E ) V=g AA
FAAXTLKADELDPER LZVDICXT L, BB ) RE2T ubHle LTHWESS
RS T 2T VA Y Vo A A UNEEIICEKRT D ENDhotz, —F, Hi
HICIVAERTAT A Y =T LD T B —T =F ThHAHIINVRFLT— |k
1L, KEBEDOT I NABIZ W T— R e U T & AR T > A OIS 2 s
THZENMBNTWD, 2 CTEHEIIDMAPHMEEIC X 2 8hRen # 4 ARk % B
IR, TykFlE LT e ) K, AARF YT — MEE LTBUCOH % H
VY, AgPFs & DMAPDTFAE T, Hilipk sy & Bl r DIRBIC L > TAEL e XX 07
DIMMBIZE D=y Re v v TEALEITo T, ZORER, LAHOT XY 294%IE
THiz, KIEORBLELE LT, FT7/VDMAPERZREZHAWSZ T, XXV DR
BAERIIGHTE 20 LML T 5D,

3) FIEMEE T T VT 4 — Ol AMELH W vARae I X T VT 0 —%
o7 Ikn & 59 0 O E Ry E|

REEBALFIIRA LB 0B Ch 503, RIFRGFEO OS> L LT, BO 71D
REREENFTOND, oA XFVo0h T F U7 EOBS1T, FERFRR sl o0k
MO RDGEIC N R HINXT VT 4 —%FF>, PR hILXT VT 4 —%
FFOM T ORFERRIEE LT, B —ofRNEHLIcLsTHRESNL TS
DN, T DNEHE 1T T H4.4% eell B F > Tuv5 (Chem. Lett. 2007, 36, 162), Z il




T RRe P ONNXT T 4 —%FFou X X% ORFRENATEIE L 22 R
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T hARaTHINXT VT 4 —2F o7 8IKn X 07 2RI L DR ERN S
FZ XLV, @mBEROee 2 X0 ORFEGE L W FUERKT TERR Lz, BIH, A5
PPYRUFIEDAFTE T, n &2 X H D7 v UIZ X DRI EI 21TV, >99% eed H
Z X & 30%IE (s>16) TIE7-,
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