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ABSTRACT
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A novel alicyclic chiral ~ C,-symmetric piperazine, ( S,S)-7, is designed and synthesized from  L-proline. Benzoylation of a series of cyclic and
acyclic meso-1,2-diols with a catalytic amount of ( S,5)-7 and CuCl , provided optically active monobenzoates with high enantioselectivity.

Designing of new chiral ligands to improve enantioselectivity methyl ester at high temperature followed by LiAIH
of organic reactions has become an important issue. Chiralreduction. Unfortunately, their experimental procedure was
tertially diamines {—5) have been used as efficient chiral not reproducible and the product was obtained in low yield
inductors, particularly<)-sparteine ) and bisoxazoline3) and contained inseparable unidentified impurity. In addition,
have been found to be effective in many asymmetric their reported3C NMR spectra indicates téAC-signals for
transformation3.Our project has focused on the development the structure of $5-6 even though it ha€,-symmetry,

Of.a ne\.N class OCZ-symmetrlc a|IC'yC|IC chiral dlamlnes'_ In (1) (@) Nozaki, H.; Aratani, T.; Toraya, Tetrahedron Lett1968 4097.
this article, we describe the design and the synthesis of a, Mukaiyama, T.; Asami, STop. Curr. Chem.1985 127, 133. (c)
novelC,-symmetric chiral alicyclic tertiary diamine, (S4.05)- Tomioka, K.; Nakajima, M.; Koga, KJ. Am. Chem. S0d.987 109, 6213.

- . N1 . d) Kerrick, S. T.; Beak, PJ. Am. Chem. S0d.991 113 9708. (e) Park,
5a,10a-dimethyldecahydrodipyrrolo[152t',2'-d]pyrazine g(.)S.; Boys, M.; Beak, PJ. Am. Chem. So4996 118 3757. (f) I—%o?ﬂgson,
((S,9-7, DMPP), and its application to asymmetric de- D. M.; Lee, Gh. P.Chem. Commun19%?) 101k5. (@) Bennlfm, Y. L;

i At i ; i Hanessian, SChem. Re. 1997, 97, 3161. Park, Y. S.; Beak, B. Org.
symmgtrlzatlon ofnesel,2-diols by enantioselective mono- Chem 1997 62, 1574, (i) Hoppe. D. M.. Hense, Rngew, Chemint. Eg.
acylation. 1997, 36, 2282 and references sited therein. (j) Lucet, D.; LeGall, T.;

Prior to the synthesis ofYS)-7, we reinvestigated the Mioskwski, C.Angew. Chemint. Ed.1998 37, 2580. (k) Li, X.; Schenkel,
. . o L. B.; Kozlowski, M. C.Org. Lett.200Q 2, 875. (I) Ganguly, B.; Freed, D.
synthesis of (58 10&5)-decahydrodipyrrolo[1,2:1',2-d]- A.; Kozlowski, M. C.J. Org. Chem2001, 66, 1103. (m) Xu, Z.; Kozlowski,

pyrazine (§9-6, DHPP), which was reported by Breitmeier M. C. J. Org. Chem2002 67, 3072. (nr)‘ Dearden, M. J.; Firkin, C( ?.;
_ ; ; ; 3 ; Hermet, J.-P. R.; O'Brien, PJ. Am. Chem. So2002 124, 1870. (o

and co-worker, by intramolecular ammoWSlS of prOIIne Kozlowski, M. C.; Li, X.; Carroll, P. J.; Xu, ZOrganometallic2002 21,

4513. (p) Phuan, P.-W.; lanni, J. C.; Kozlowski, M. £.Am. Chem. Soc.

*Nara Institute of Science and Technology. 2004 126, 15473.

T Present address: Doshisha Women'’s College of Liberal Arts. (2) Zadel, G.; Breitmaier, EChem. Ber1994 127, 1323.
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Figure 1. Chiral tertially diamines.

which should give five'®C-signals. It is implied that the
product obtained by Breitmeier's procedure may not be
chemically and/or optically pure. Therefore, we modified the
procedure of the multigram scale preparation 56 as
follows (Scheme 1)L-Proline methyl ester hydrochloride,

Scheme 1. Modified Synthesis of $9-6

1. SOCly, CHzOH, reflux
2. NaHCO3, CH20|2, rt

CO,H 0 :
54 % A
. H 8a
LiAlH,4, THF, reflux O/\N
85 % NJ\/>
H
(S,5)-6

obtained by thionyl chloride in methanol, was neutralized

room temperature for several days. The resulting diketo-
piperazine8a® was purified by silica gel column chroma-
tography and recrystallization. Reduction8afwith LiAIH 4

and bulb-to-bulb distillation gave pur§&§)-6, with only five

13C NMR signals as expected, in high yield.

With the chiral diamine $9-6 in hand, synthesis of a
variety of subsutituted chiral diamines, which may have
enhanced potential as the chiral ligand for asymmetric
catalyst, was investigated here. Diastereoselective alkylation
of 8avia potassium enolate with Romo’s metfiaghve the
monoalkylated product8b—d in good yield. Then, an
introduction of the same alkyl group on another bridgehead
carbon center was attempted to obt&ipsymmetric cis-
dialkylated products. However, obtaining C-methylation of
monomethyl diketopiperazingb by conventional methods
with LDA or KHMDS as the hindered base and iodomethane
in THF was unsuccessful. It was assumed that the methyl
group on the bridgehead interfered with the approach of the
amide base, therefore we employed lithium diethylamide
(LDEA), a more accessible base than the hindered LDA, to
give the desired chiralis-dimethyl isomeQb in good yield
as sole diastereomer (Table 1). Unfortunately, synthesis of
cis-diallyl (9¢) andcis-dibenzyl @d) analogues was unsuc-
cessful to give undesired achiralansisomers predomi-
nantly, presumably due to severe steric hindrance between
the first alkyl group on the bridgehead center and the
electrophile.

Finally, reduction of8b with LiAIH, gave the chiral
diamine §9-7, which was purified as dipicrate and regener-
ated by neutralization in 67% yield fro8b (Scheme 2).

Acylation of alcohol is one of the most essential reactions
in organic synthesis and many asymmetric acylations have
been developed for preparation of small chiral compounds
well suited for further manipulation of the optically active
molecules. Enzymatic acylation of racemic alcohols by
kinetic optical resolution and desymmtetrization of prochiral

with sodium bicarbonate (powder) in dichloromethane and diols have been extensively studiethd almost established

the resulting precipitate was filtered and the filtrate was

as potential methods for the preparation of certain chiral

concentrated in vacuo. Then, the neat residue was stirred aglcohol variants. Recently, catalytic asymmetric acylation of

alcohols with achiral acylating agents has emerged in

Table 1. Diastereoselective Alkylation of Diketopiperazine

i. base, 3h r @
ref 4 i. RX,3h : N
\{(‘\/> 7‘)3 N T(‘:> + trans isomer
THF, -78 °C :
R
O
8a 8b-8d 9b-9d
entry diketopiperazine base RX yield (%)* cis:transb
1 8b (R = Me) KHMDS Mel NR.
2 8b LDA Mel N.R.
3 8b LDA + HMPA Mel N.R.
4 8b LDEA Mel 75 1:0
5 8c (R = allyD) LDEA AllylBr 65 1:8¢
6 8d (R =Bn) LDEA BnBr 78 0:1

aYield of dialkylated product (cis and/or trans) fro8b—d. P Ratio was obtained byH NMR of the crude mixtureS Inseparable mixture of epimers.
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Table 2. Asymmetric Benzoylation ofmesel,2-Diols Catalyzed by CuglChiral Diamines
CuCl,-Chiral diamine (3.0 mol %)

RIOH DIPEA (2.0 equiv), BzCl (2.4 equiv) RIOBZ RIOH
+
R”OH CH,Cly, 4 - 24 h, -78 °C R”NOH R NOBz
H Me H \‘>4’/o
N N "\ N O Yy
G20 GO D R,
A Me H Ph Ph
(S,5)-6 (S,S)-7 (-)-sparteine (R,R)-Phybox
major o, o a major 0 o, a major o, o a major 0 0 a
enantiomer % % e¢ enantiomer % %ee enantiomer % % ee enantiomer % % e¢
OBz ; OBz ; OH ; OBz
C[ 56 18 ! <I 7379 | C[ 61 66 | C[ 20 12
OH : OH ; OBz ; OH
OBz OBz OH OBz
(I 80 91 (I 100 93 | (I 80 94 ! (I 32 56
OH 5 OH ; OBz ; OH
OBz : OBz ' OH : OBz
Q 82 31 Q 82 70 Q 98 77 Q 98 39
OH ; OH OBz : OH
Me.__OBz Me.__OBz | Me._OH { Me._oOBz
58 3 77 92 I 55 94 | I 51 78
Me” “OH : Me” ~OH ! Me” ~OBz ! Me” ~OH
Ph._OBz Ph._OBz Ph._OH Ph.__OBz
I 6 70 ! I 73 8 | I 98 97 | I 86 59
: : OBz : Ph” ~OH

Ph™ "OH ' Ph™ "OH ' Ph

aOptical purity was determined by chiral HPLC.

successiofi.Matsumura and co-workers reported excellent selectivity. Interestingly, Cugt(—)-sparteine complex showed
asymmetric acylation catalyzed by the complex of Gu@d high enantioselectivity giving the antipodes of mono-
chiral bisoxazoline. Here, we applied chiral piperazia&)¢7
(DMPP) as the ligand to the above-noted asymmetric (3) (a) Li, J. P.; Biel, J. HJ. Heterocycl. Chenil968 5, 703. (b) Vicar,
acvlation J.; Smolikova, J.; Blaha, KCollect. Czech. Chem. Commui9.72 37, 4060.
y o . . (c) Rothe, M.; Mazanek, Angew. Chemlint. Ed.1972 11, 293. (d) Vicar,
Benzoylation ofmesel,2-diols with 3 mol % of CuGH J.; Budesinsky, M.; Blaha, KCollect. Czech. Chem. Commuif73 38,

i i i _ _ —)- i 1940. (e) Ueda, T.; Saito, M.; Kato, T.; Izumiya, Bull. Chem. Soc. Jpn.
chiral diamines, such a§@)-6, (SS-7, (—)-sparteine, and 1983 56, 568. (f) Basiuk, V. A.; Gromovoy, T. Yu.; Chunko, A. A.;

bisoxazoline, for comparison, provided optically active spioshonok, V. A.; Kukhar, V. PSynthesist992 449. (g) Ishihara, K.:
monobenzoates in moderate to excellent enantioseIectivityOhar)abS.;”Yamam}gt% H]k %rg-A Cleengelg% % 413% 2002 4 2645

: . H H : oullennec, K. G.; Kelly, A. |.; ROmMo, rg. Lett. y .
(Table 2). Desymmetrization of all theesediols investi- (5) Reviews: (a) Whitesides, G. M.; Wong, C.-Angew. Chem.nt.
gated was achieved in high enantioselectivity with G#Cl ~ Ed.1985 24, 617. (b) Chen, C.-S.; Sih, C.Angew. ChemInt. Ed.1989

_ - - ; 28, 695. (c) Klibanov, A. M.Acc. Chem. Res199Q 23, 114. (d)
(S’S) 7 complex, while use of Cugtbisoxazoline and Drueckhammer, D. G.; Hennen, W. J.; Pederson, R. L.; Barbas, C. F., llI;

CuChk—(S9)-6 exhibited relatively low optical yield. It was Gautheron, C. M.; Krach, T.; Wong, C.-I8ynthesid991, 499. (e) Wong,
demonstrated that an introduction of two methyl groups on C.-H.; Whitesides, G. M.Enzymes in Synthetic Organic Chemistry

. . Pergamon: New York, 1994.
bridgehead centers 080)-6 greatly enhanced the enantio- (6) For nonenzymatic asymmetric acylation ohesediols: (a)

Mukaiyama, T.; Tomioka, I|.; Shimizu, MChem. Lett.1984 49. (b)
Mukaiyama, T.; Yanabe, Y.; Shimizu, MChem. Lett.1984 404. (c)
Ichikawa, J.; Asami, M.; Mukaiyama, Them. Lett1984 949. (d) Ishihara,

Scheme 2. Reduction of Dimethyldiketopiperazine K.; Kubota, M.; Yamamoto, HSynlett1994 611. (e) Vedejs, E.; Daugulis,
O.; Diver, S. T.J. Org. Chem1996 61, 430. (f) Oriyama, T.; Imai, K.;
Me Me Hosoya, T.; Sano, TTetrahedoron Lett1998 39, 397. (g) Oriyama, T.;
C?)kN 1. LiAlH4, THF : N Imai, K.; Sano, T.; Hosaya, T.etrahedron Lett1998 39, 3529. (h) Sano,
C@D T.; Imai, K.; Ohoishi, K.; Oriyama, TChem. Lett1999 265. (i) Trost, B.
NT(Q 2. picric acid, CH;0H N B M.; Mino, T. J. Am. Chem. So@003 125, 2410. (j) Matsumura, Y.; Maki,
o Me recrystallization Me T.; Murakami, S.; Onomura, Ql. Am. Chem. SoQ003 125 2052. (k)

3. 5% aq NaOH 67 % Kawabata, T.; Stragies, R.; Fukaya, T.; Nagaoka, Y.; Schedel, H.; Fuiji, K.
9b (S, 8y7 Tetrahedron Lett2003 44, 1545. (I) Marzet, C.; Roseblade, S.; Kohler,

V.; Pfaltz, A. Org. Lett.2006 8, 1879.
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benzoates obtained by use of the CuES)-7 complex. Acknowledgment. This work was supported by Grant-
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7.

In conclusion, the synthesis of the novel class of alicyclic
chiral piperazine ligand39)-7 has been developed. It was
also demonstrated tha§§)-7 is an effective ligand for
copper-catalyzed asymmetric acylation mmesel,2-diols.
Mechanistic studies of asymmetric acylation and further
application of other asymmetric transformations wig}-7
are currently under investigation. 0L0626387

Supporting Information Available: Synthetic procedure,
spectral and analytical data fag9)-6, (S9-7, and asym-
metric acylation oimnesel,2-diols. This material is available
free of charge via the Internet at http://pubs.acs.org.

6142 Org. Lett, Vol. 8, No. 26, 2006



