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Appendix 41 HMQC spectrum of compound (+)-(2'S,4'S,11R)-120
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Introduction

TADDOLs (a,a,a)a
Seebach ef al. in 1987.
analogues systems were included TADDOLs with N-, P-, O- and S- heteroatom

“tetraaryl-1,3-dioxolane-4,5-dimethanols) were prepared by
In the previous study, preparation of TADDOLs and its

ligands appropriate for metals. In this work, we are interested in synthesizing
TADDOLs-anthracene adducts (115)-1 and (11/A)-1 included TADDOLs with N- and
O- heteroatom ligands for titanium metal, which will be used as catalysts in
asymmetric reactions.

Pn, Ph Pn ph
Ton Hox

PBUNCH; ?V"QH HO’?‘/L“ CHNnBU,
- = >

(11511

Methodology

The optically active adducts, (+)-(115)-2 and (-)-(11R)-2, could be prepared by
separation of the mixture of diasterecisomers (-)-(115)-4a and (-)-(11/)-4b which
were obtained according to the process as shown in Scheme 1.

Scheme 1
00o 1.3 ey NaOH

{00y CO00Me
@ v z h
~ o>
&

l)D?swlv DMAP, (-menthol, dmc CHCl:
2 equiv DCC. 0 C 1o RT over
4, COOMe ; MeOOC. w%lf Ao
e

(-H11S)4a H (-H11R}4D

excess MeOH, H;S04 (cat)

same conditions
..um 7days

1, COONe

Me0OC ~CooMe
>

(HNS)2 (-H1IR)2

In Scheme 1, the racemic mixture of (+)-2 was refluxed with sodium hydroxide (1.3
equiv) in the solution of MeOH:H,0O (2:1) for 2 h to give mono acid adduct (+)-3, after
crystallization from CH,Cl,/Hexane. The mono acid adduct (+)-3 was reacted with
DCC (1.2 equiv) and catalytic amount of DMAP followed by treating with (-)-
(1R.3R.48)-menthol in dry CH,Cl,. The crude product was purified by crystallization
from CH,Cl,/Hexane to afford (-)-(115)-4a. Compound (-)-(11/)-4b was crystallized
from CH,Cl,/MeOH. Thus, pure diastereisomers (-)-(115)-4a and (-)-(11/)-4b were
characterized using 'H NMR, 3C NMR, DEPT, 2D NMR and specific rotation, and
comparison of spectroscopic data with those reported by Kongsaeree et al.
Tetrahedron: Asymmetry 2001, 12, 1913-1922.

Hence the enantiomerically pure dimethyl itaconate-antracene adducts, (+)-(115)-
2 and (-)-(11R)-2, were obtained in high yield by transmethylation of (~)-(115)-4a and
(-)-(11R)-4b, respectively, by refluxing in excess anhydrous MeOH and catalytic
amount of conc. H,SO,.

In Scheme 2, syntheses of compounds (115)-1 and (11/)-1 were started from
dimethyl itaconate-antracene adducts (-)-(115)-2 and (-)-(11/)-2 which were
hydrolyzed to give mono acid adducts (115-3 and (11/)-3 respectively, after
crystallization from CH,Cl,/Hexane. Then the mono acids (115)-3 and (115)-3 were
converted to the corresponding acid chloride by oxalyl chloride (1.3 equiv) in dry
CH,ClI, for 1 h followed by 3.0 equiv of nBu,NH. The crude products were separated
by column chromatography (silica gel, EtOAc:Hexane = 1 : 9 as eluent) to afford
(119-5 and (115)-5, respectively. The next step, compound (115)-5 and (115)-5
were reacted with 1.2 equiv LDA at —78 °C to 0 °C for 2 h and then trapped with
benzophenone to provide (115)-6 and (11A)-6, respectively after purification by flash
column chromatography (silica gel, EtOAc:CH,Cl,;Hexane = 1: 1: 9 as eluent).
Finally, the TADDOLs-anthracene adducts (115)-1 and (11/)-1 obtained from
reduction with LAH of the compounds (115)-6 and (11R)-6, respectively.

esults and Discussions

Compounds (115)-3 and (11A)-3 were reacted with 7Bu,NH to give the adducts
(115)-5 and (11R)-5, respectively, in high yields. Then, both the adducts (115)-6 and

Scheme 2
(H11S12 (HIR)2
v NSOH, MEOH : H.0

3 equiv J same conditions
Fathe et

K3 A1R13
1)1.3 squiv (COCIY, dry CHyChy
21 he same conditions
2)3.0 equi HiEL, dry CHiCly
0°CIoRT N |

‘OC/F» COOMe

<= =
(115):5 (11R)5
1) 1.2 squiv LDA, THF, Ny, -78°C
100°C2h
2) 1.2 oquiv CaHsCACsHs, THF, Ny,
78°C 10 RT overnight
3)30% HCI

same conditions

ph nonoe effect p
P %

(115)6 (1187 (11R)6 (11R)}7

Major product Trace Major product Trace
| Reduction Reduction
I} i
(1541 (1R

The structure of compounds (115)-6 and (11/)-6 were identified using their 'H
NMR and *C NMR. In the 'H NMR spectrum of these compounds, the proton H,, H,
and H, appeared at 51.62, 3.5 and 5.2 ppm, respectively. By observation from NOE
experiments of compound (115)-6 and (11R)-6, the stereochemistries of these

were finally i in Scheme 3. iation of the proton H, gave a
NOE effect on the proton H, but no NOE effect on the proton H,; thus the orientation
of the proton H, is on the upper face and syn- with the proton H, but anti- with the
proton H,.

Scheme 3

favorable transition
state (A)

- + +

Major product, (115)-6

(11sy5—=| "

on, PO

Reagent and condition:

(1) 1.2 equiv LDA, THF, Ny, -78°C100°C 2 h
(i) 1.2 equiv CgHsCOCsHs, THF, Nz, 78 °C 10 RT overnight  Unfavorable transition
(i) 30% HCI state (B)

Trace, (11517

The stereochemistry of the aldol reaction can be explained
by the chair-like transition states (A and B) in Scheme 3. The transition states A
would lead to the major product (115)-6. In contrast, the transition states B would
lead to the formation of the trace (115)-7. The latter is less favorable due to the large
steric repulsion between the phenyl group and the anthracene ring. The
stereochemistry of (11/)-6 and (11/A)-7 were explained in the similar reasons.

Conclus

The adducts (115-6 and (11/)-6 can be synthesized through tandem
aldol-lactonization, as the key step, using both enantiomerically active forms (115)-3
and (11A)-3 as starting The TADDOL: adducts (115)-1 and
(11R)-1 will be prepared by reduction and used as chiral catalyst for asymmetric
reaction in the future.
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' Introduction

TADDOLs (a,a,a’a tetraaryl-1,3 e-4,5 0ls) were prep: by
Seebach et &l in 1987. In the previous study, preparation of TADDOLs and its
analogues systems were included TADDOLs with N-, P-, O- and S- heteroatom
ligands appropriate for metals. In this work, we are interested in synthesizing N,O
TADDOLs-anthracene adducts (115)-1 and (115)-2 included TADDOLs with N- and
Q- heteroatom ligands for titanium metal, which will be used as catalysts in
asymmetric reactions.

()“ L 0H
=l

(115)2

(11514

Methodology ‘

The optically active adducts, (+)-(115)-3 and (-)-(11/)-3, could be prepared by
separation of the mixture of diastereoisomers (-)-(115)-5a and (-)-(11/)-5b which
were obtained according to the process as shown in Scheme 1.

Scheme 1
1, COOMe

. 13 cquiv NaOH,
meooe OO i o | HOBET
= e i TS

(14,
1)0.2 equiv DMAP, (| menihul, dry CH.Cly
2)1.2 equiv DO, 0 °C 1o BT over night

e,

MeOBC.,, . MED N o

=z
{-H115p58 (-H11RL50

sama sonsiions

l assons MoOH, H80, (cat )
o om0
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(FH1S)3 (HRS

In Scheme 1, the racemic mixture of (£)-3 was refluxed with sodium hydroxide (1.3
equiv) in the solution of MeOH:H,0 (2:1) for 2 h to give monoacid-anthracene adduct
(£)-4, after crystallization from CH,Cl,/Hexane. The monoacid-anthracene adduct (%)~
4 was reacted with DCC (1.2 equiv) and catalytic amount of DMAP followed by
treating with (-)-(1/,3/.45)-menthol in dry CH,Cl,. The crude product was purified
by crystallization from CH,Cl,/Hexane to afford (—)-(115)-5a. Compound (-)-(11/)-5b
was crystallized from MeOH. Thus, pure diastereisomers (-)-(115)-5a and (-)-(11/)-
5b were characterized using 'H NMR, *C NMR, DEPT, 2D NMR and specific rotation,
and comparison of spectroscopic data with those reported by Kongsaeree ef al
Tetrahedron: Asymmetiy 2001, 12, 1913-1922.

Hence the enantiomerically pure dimethyl itaconate-anthracene adducts, (+)-
(118)-3 and (-)-(11A)-3, were obtained in high yield by transmethylation of (-)-(115)-
5a and (-)-(11A)-5b, respectively, by refluxing in excess anhydrous MeOH and
catalytic amount of conc. H;SO,.

In Scheme 2, syntheses of compounds (115)-1 and (115)-2 were started from
dimethyl itaconate-antracene adducts (+)-(115)-3 which was hydrolyzed to give
monoacid-anthracene adducts (115)-4, after crystallization from CH,Cl,/Hexane.
Then the adducts (115)-4 was d to the ponding acid chloridk
anthracene adducts by oxalyl chloride (1.5 equiv) in dry CH,CI, for 1 h followed by 2.0
equiv of (pyrrolidine or piperidine) and 1.3 equiv of Et;N. The crude products were
separated by flash column chromatography (silica gel, EtOAc:Hexane = 4 : 6 as
eluent) to afford adducts (115)-6 or (115-7. Finally, the A, O heteroatoms
TADDOLs-anthracene adducts (115)-1 and (115)-2 obtained from reduction with
LiAIH, of the adducts (115)-6 and (115)-7, respectively.

Results and Discussions

Hydrolysis of addduct (+)-(115)-3 with NaOH in Methanol/H,Q to give the adducts
(115)-4 in high yields. Then, the adduct (115)-4 was reacted with (pyrrolidine or
piperidine) to give adducts (115)-6 and (115)-7 in 93.33% and 89.68% yield of
isolated compound, respectively.

Keywords: TADDOLs-anthracene adduct, asymmetric reaction, chiral
ligand, chiral catalyst
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From the study of the reduction reaction of The amide-anthracene adduct (115)-6
and (115)-7 by using LiAIH, as the reducing agent gave the results which are
summarized in Table 1. The adduct (115)-6 was reduced by 5.0 equiv of LiAlH, in the
conditions (-78 °C to room temperature, 2 days) to give the highest percentage yield
(64%) and the adduct (115)-7 was reduced by 5.0 equiv of LIAIH, in the conditions
(Reflux, overnight) to give the highest percentage yield (83%). The reduction of adduct
(115)-6 was increased the equiv of LiAIH, in the same conditions (entry1) led to
decrease in percentage yield but the reduction of adduct (115)-7 was increased the
equiv of LIAIH, in the same i (entry2) led to i in percentage yield.

Rz"j;j/cmm
=7

(115p6ar 7

Table 1
RN IP—.

e T

(115K 0r2

nequiv LIAIH,

‘conditions®
THE

Equiv of LIAIH, canditon Yield® (%)

R
v
C\ 50

Reflux, overnight

-78°C to RT, 2 days
-78°C to RT, 2 days
-78°C to RT, 2 days
C{ Reflux, overnight
-78°C to RT, 2 days

-78°C to RT, 2 days

-78°C to RT, 2 days

#Isolated yield.

| Conclusion

The adducts (115)-6 and (115)-7 can be synthesized through hydrolysis and
amide formation as the key step, using the enantiomerically active forms (+)-(115)-3
as starting materials. The M O heteroatoms TADDOLs-anthracene adducts (11.5)-1
and (115)-2 will be prepared by reduction with LiAIH,. In the future, we expect that
these adducts will be used as chiral catalyst for asymmetric diethylzinc 1,2 addition to
benzaldehyde.
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Abstract: The developments of chiral ligands for chiral
catalysts are important in asymmetric syntheses. As an
alternative chiral ligands, the compound (115)-5, N,O
heteroatoms TADDOLs-anthracene adducts, can be
successfully synthesized from the enantiomerically pure
dimethyl itaconate-anthracene adducts (+)-(11S5)-4, which
was prepared form Diels-Alder reaction between
anthracene with dimethyl itaconate, and then resolved
into the enantiomerically pure form using (-)-(1R,3R45)-
menthol as a chiral auxiliary, in moderate yields. These
TADDOLs-anthracene adducts were synthesized via
hydrolysis, amide formation and reduction with LiAlH,
respectively, as the key steps. These adducts will be
evaluated as chiral ligand or chiral catalyst for
asymmetric reactions such as 1,2 addition reaction of
diethylzinc with benzaldehyde in the future.

1. Introduction

TADDOLs (a,a.d,o-tetraaryl-1,3-dioxolane-4,5-
dimethanols) are the chiral diols which were firstly
prepared by Seebach et al. in 1987. They contain two
adjacent diaryhydroxymethyl groups in a ftrans
relationship on a 1,3-dioxolane ring, as shown in
Figure 1. They were generally prepared from acetals or
ketals of tartrate esters by reaction of the latter with
aromatic  Grignard reagents [1]. In addition,
TADDOLs analogues can be synthesized by
derivatization or replacement of one or both
TADDOLs OH- groups. The OH of the TADDOLs
may be functionalized with alkyl, aryl or silyl ethers,
phosphonite, sulfites or phosphoric acid esters. These
heteroatoms may be replaced by other heteroatom,
such as N, P, OOH, S, F, Cl, Br and ezc [2].

Ar, Ar Ar, Ar

R ><0 OH R>< On OH
R o _OH R™ % _OH
A Ar Ar Ar

(RR)-TADDOLS (1) (S,S)»-TADDOLS (2)

R=R'=Me, Ar = Ph
Figure 1. Structure of TADDOLs.

The chiral diols can be used as chiral reagent,
chiral organocatalysts and catalytically asymmetric
reaction for nucleophilic addition to C=O bonds,
nucleophilic conjugate addition to electron-deficient
C=C bonds, nucleophilic substitution reaction,
cycloaddition reaction, oxidation reaction and
reduction reaction [3]. Moreover, the chiral diols were
used as chiral ligands for some metal ions such as

Ti(IV) which were effective catalysts in Diels-Alder
reaction [4-5], Aldol reaction [6] and pinacol coupling
reaction [7]. Furthermore, Qian and coworkers have
reported the use of amino-TADDOL derivatives
(Figure 2) as catalysts of the enantioselective addition
of diethylzinc to aromatic aldehydes to give moderate
to good yields and enantioselcetivities were obtained
(up to 88% ee) [8].

A A a Ri=Ro=H
Me O OH b; Ry =H, R;=Me
> ¢ R;=R,=Me
Me™ "o  NRiRz  dRi=H,Ry=Bn
A ar e Ry=H, R =Et

amino-TADDOLs (3)
Figure 2. Structure of amino—TADDOLs.

In this research, we are interested to synthesize the
new chiral ligands, N,0 heteroatom TADDOLs-like
anthracene adducts (115)-5 which prepared from
dimethyl itaconate—anthracene adducts (+)-(115)-4 as
shown in Scheme 1.

MeOOG—11-COOMe RN 11—0H
il iiii
L= T S

{1154 (11S)6
Rz=a; C{ and b; { {

Scheme 1. Syntheses of N O heteroatom
TADDOLs-like anthracene adducts. Methods: (i)
hydrolysis; (i) amide formation; (iil) reduction with
LiAlH,.

2. Materials and Methods

2.1 General methods

All reaction were carried out under nitrogen
atmosphere. Unless otherwise noted, meterials were
obtained from commercial suppliers and used without
further purification. Melting points were determined
by using a Gallenkamp Electrothermal apparatus and
were uncorrected. Optical rotations were measured in
CHCI; on an Atago AP-300 polarimeter. The 'H and
3C NMR spectra were recorded on Bruker DRX 400
MHz spectrometers and chemical shifts were given in
ppm downfield from tetramethylsilane (TMS). All
NMR spectra were measured in CDCl; and chemical
shift were reported as J-values in parts per million
(ppm) relative to residue CHCI; as internal reference
('H: &7.26, *C: §77) and coupling constants (J
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wvalues) were reported in hertz (Hz). Peak multiplicities
are indicated as follows: s (singlet),  (doublet). 4t
(doublet of triplets), ddd (doublet of doublet of
doublets) and  m (muluplet). Flash  column
chromatography was performed employing Merck
silica gel 60 and Merck silica gel 60H. Preparative thin
layer chromatography (PLC) plates were carried out
using Merck silica gel 60 PFasy. Analytical thin layer
chromatography was performed with Merck silica gel
60 Fis aluminum plates. Solvents were dried over
CaH; and distilled before used. Tetrahydrofuran (THF)
was freshly distilled from sodium and benzophenone
ketyl under nitrogen. Pyrrolidine, piperidine and
tricthylamine were died over CaH; and freshly
distilled before used. Enantiomeric excesses were
determined by "H NMR spectroscopy using the chiral
lanthanide shift reagent, tris[3-(haptafluoro
propylhydroxymethylene)d-camphorato] praseody -
mium( 111}, Prihfc)s.

2.2 Chemistry

Swithesis  af  (115)-11carbomethoxy-1 1-carbox
wimethyl-9, I0-difhvdro-9, 1 l-ethanoanthracene: A
solution of MaOH (1.3 equiv, 1.5930 g, 39.83 mmaol)
in HxO (250 mL) was added to a solution of (+)-
dimethyl itaconate—anthracene adduct (+)-(115)-3 [9]
(10,3051 g, 30.64 mmol) in MeOH (500 mL) and
heated to reflux for 2 h. The mixture was adjusted to
pH 2-3 by 30% HCI. After that the resulting solution
was extracted with CH,Cl (3 times) and the combined
organic portions were dried (Mg30y), filtered and
concentrated in  wacuo. The crude product was
crystallized from CH,Clyhexane to pgive the
enantiomerically pure monoacid—anthracene adduct
(115)-6 as major product.

(1181 {-carbomethoxy-1 I-carbox  vimethyl-9, ]
dihyvdro-9, 1 (-ethanoanthracene [(115)-6] (Monoacid
—anthracene adduct): white solid; mp 148.2-149.8 =C
(CHLClyhexane);, [a]3™ = +74.5; & (400 MHz,
CDCly) 1.47, 2,78, 4.30 (3H, ABX system, J = 13.1,
3.0, 24 Hz, CHy, ArCH), 196 (1H. 4. J = 16.5 Hz,
CHCO), 294 (1H. & J =165 Hz, CHCO), 3.44 (3H,
5, COOMe), 433 (1H, s, ArCH), 6.99-7.33 (EH. m,
ArH): & (100.6 MHz, CDCly) 36.8, 44.1, 44.2, 50.1,
522, 529, 1234, 1236, 1243, 125.7(6), 125.7(9).
1258, 126.6, 1268, 139.5, 140.0, 1428, 143.6, 17T4.7,
176.3.

General procedure for the synthesis of (118)-11-
carbomethoxy-1l-(pyrralidiny! or piperidinllacend-
9, 1 -dihvdro-9, Il-ethanoanthracene: Oxalyl chlonde
(1.5 equiv, 0.65 mL, 7.76 mmol) was added slowly
under mnitrogen gas to a  solution of mono
acid—anthracene adduct (115)-6 (16473 g, 511
mmaole) in dry of CHpCl; (15 mL) at room te mperature
amd stirred for 1 h. Then. the excess oxalyl chlonde
and CH;Cl were evaporated to dryness by rotary
evaporator to give the ackd chlonde—anthracene adduct
(115)-7. CHyCl: (15 mL)} was added to this acid
chloride adducts (115)-7 under nitrogen gas at room
temperature. The solution mixture was cooled down by

172

ice, then the 2%-amine (pyrrolidine or pipenidine) (2.0
equiv, 10 mmol) and EaN (1.3 equiv, 0.93 mL, 6.64
mmol) were added. The reaction mixture was stirred at
room temperature  for ovemight.  After that, the
resulting solution was washed with HzO (3 times) and
the combined organic portions were dried (MgS50y),
filtered and concentrated in vacwo. Purification of
residue by flash column  chromatography
(EtDAc/hexane = 4:6 as  eluent) gave the
amide—anthracene adducts ( 11.5)-8.

(1151 1-Carbomethoxy-1 {-pyrrolidinviacetyi-

9, Ih-difvdro-9 1 -ethanoanthracene [115)-8aj:
white solid; mp 162.3-163.5 *C (CH:Clyhexane);
[e]d™ = +127.2; & (400 MHz, CDCl;) 1.44, 288,
4.30 (3H. ABYX system, J = 132, 3,12, 2.4 Hz, CH,,
ArCH), 1L68=1.89 (4H, m., CH), 1.90 (1H. 4 J= 163
Hz, CHCO), 292 (1H, 4. J= 16.3 Hz, CHCO), 2.99
(1H, g, J= 102, 6.7 Hz. CH;NCH). 3.18 (1H. g, J=
102, 65 Hz, CHNCH) 341-326 (2H. m.
CHNCH;), 339 (3H, s. COOMe), 432 (IH. =
ArCH), 7.00-733 (BH, m, ArH); &c (1006 MHz,
CDCL) 243, 259, 374, 443, 45.4(0), 45.4(1), 46.3,
50.2, 520, 534, 1233, 1235, 1242, 1254, 1255,
1256, 126.3, 1264, 1403, 1404, 143.0, 144.0, 168.7,
176.0.

(118} 11 -Carbomethoxy-1 I -piperidinviacetvi- 9, 10-
dibyvdro-9, 1 0-ethanoanthracene  [{115)-8b]:  white
solid; mp 188.8-190.5 °C {CH,Cly/hexane); [a]f* =
+149.7; &; (400 MHz, CDCly) 1.41, 2.87, 429 (3H.
ABX system, J = 133, 3.0, 25 Hz, CH,, ArCH),
1.32-1.70 (6H, m, CH). 1.94 (1H. 4. J = 16.2 Hz,
CHCO), 298 (1H. 4./ =162 Hz, CHCO), 3.01-3.07,
3.08-3.21 (2H, m, HCMNCH3), 3.23-3.36, 338 (3H. =,
COOMe). 3.45-3.58 (2H, m. H,CNCH,), 429 (1H. s,
ArCH), 6.96-736 (8H. m. Arf); & (100.6 MHz,
CDCL) 244, 255, 26.2, 37.5, 42,6, 44.1, 444, 46.4,
504, 51.9, 53.5, 123.4, 1235, 124.2, 125.4, 125.6(0),
125601 1263, 1364, 1404, 1405, 1430, 144.0,
168.5, 176.0.

General procedure for the reduction of (118)-11-
carbomethoxy- 11 -{pyrrolidinvd or piperidinvilacetyi-
9, {0-difvdro-9, ] ethanoanthracene by wsing LiAlH,:
The amide—anthracene adducts (115)-8 (0.28 mmol)
was added to a cooled solution (=78 *C) of LiAIHy (5
equiv, L.44 mmol) m THF (10 mL). The reaction
mixture was stirred at room temperature for 2 days (or
refluxed for overnight) and then quenched by dropwise
addition of acetone (1 mL). After that, the resulting
soluion was extraction with CH;Clk (3 times) and
combined organic portions  were dred (MgS50y),
filtered and concentrated in vacue. Punfication of the
crude  product by preparative  thin  layer
chromatography (PLC) (MeOH:EtOAc:hexane = 1:4:5
as eluent) gave the N, @ heteroatoms TADDOLs—like
anthracene adducts (1 15)-5 as a major products.

(118 )= 1 -hvdroxymethyl-11-((2-pvrralidinyilethyl)
=9, Idihydro-9, I0-ethanoanthracene [ 15h-5af:
white solid: mp 162.8-164.6 °C (EtOAc/hexane):
[«]p™ = +111.1; & (400 MHz CDCl) 1.09-1.40
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(4H, m. CHL), 1.68-1.86 (4H, m. CH3), 2.25 (1H. ddd.
J 128, 64, 29 Hz NCH), 2.48-2.66 (4H, m,
CH,NCH;), 2.71 (1H. &, J=11.7, CHOH), 2.84 (1H,
ded, J= 128,102 , 2.6 Hz, NCH), 3.11 (IH. 4. .J =
11.7 Hz, CHOH), 4.19 (1H, m, ArCH), 4.38 (1H, s
ArCH), 5.88 (1H, s, OF), 6.93-7.45 (8H. m, ArH); é¢
(1006 MHz, CDCL) 23.3. 38.4, 39.5, 44.6, 449, 48.6,
51.2, 53.5, 689, 1229, 1233, 1249, 1253, 1255,
125600, 125.604). 125.7, 142.1, 1423, 143.1, 143.7.
(1 18)-1 I-hvavoxyimethvi-1 1 -((2-piperidiny{)ethvl}
-9, 10-difvdro-9 1 0-ethanoanthracene [(11S)-5h]:
white solid;: mp 188.1-190.0 =C (EtOAc/hexane);
[e]F* = +71.1; &y (400 MHz, CDClL) 1.09-1.34 (6H,
m, CH3), 1.53-1.72 (4H, m, CH;), 2.09-2.22 (1H, m,

d.J= 118 He, CHOH), 3.08 (1H, d J = 11.8 Hz,
CHOH), 4.19 (1H, m, ArCH), 434 (1H, 5, ArCH),
6.94-7.43 (8H, m. ArH); & (100.6 MHz, CDCL) 24.1,
254, 207, 36.1. 39.5. 44.6, 45.1, 49.1, 542, 54.4,
68,4, 122,87, 1233, 125.0, 1254, 125.6(0). 125.6(1),
125.6(5), 125.7, 1422, 142.4, 143.1, 143.7.

3. Results and Discussion

The enantiomerically pure monoacid-anthracene
adducts (115)-6 was prepared from the hydrolysis of
the enantiomerically pure dimethyl
itaconate—anthracene adduct (+)<(115)-3 [10] using
MNaOH (1.3 equiv) in MeOH:H:O (2:1) gave a white
solid in 95% vield and =99% ee, as shown in Scheme
2

MaoC T -CO0Me | me0nG — - p-C00Me MO0 o
Prro = L TEEy [T
(213 (+F{11 5k FH1ARY

|i
Hmc-‘“[}-m‘ﬂ
P
(11546

Scheme 2. Symthesis of (1 18)-monoacid-anthracene
adducts (6). Reagenis and conditions: (1) a. 1.3 equiv
NaOH, MeOH:H;0 (2:1), reflux, 2h, b. 30% HCL

The monoacid adducts (115)-6 was converted to
acid chloride by oxalyl chloride (1.5 equiv) in dry of
CHCL for | h followed by treatment with the 2°-
amine (pyrrolidine or piperidine) (2.0 equiv) and Et;N
(1.3 equiv) to provide the (115)-amide §a (93%) and
(115)-amide 8b (90%) (Scheme 3).

Reduction reaction of the amide adducts (115)-8
using LiAlH, as the reducing agent gave the results
which are summarized in Table 1. The amide adduct
(115)-8a was reduced by 5.0 equiv of LiAIH, at =78
“C to room temperature, for 2 days to give the highest
percentage vield. The amide adduct (115)-8b was
reduced by 5.0 equiv of LiAlH; under reflux,
overnight to give the highest percentage wyield.
Increasing the amount of the reducing reagent led to
decrease the percentage yield for the reduction of the
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amide adduct (1 1.5)-8a (entry 1). On the other hand the
reduction of amide adduct (115)-8b (entry 2) led t©
increase in percentage yield.

] —
| coc 1.-C00HMe , ROC 1 GO0
(11508 ——~ i .
el VT v ]
15T (1158

" P
Ry=a; [-)-'.1 adbx {5
" -

Scheme 3. Synthesis of amide adducts (115)-8.
Reagents and conditions: (1) 1.5 equiv (COCI)2, dry of
CH:Cly, Mo RT, 1h: (@) 2.0 equiv pyrrolidine or
piperidine, 1.3 equiv ELN, dry of CHzCly, N2 0 *C to
RT. overnight.

Table 1. Reduction of (1 1 8)-amide—anthracene adducts
(8) with LiAIH,

Rpoc OO0 enam, BN on
dz:;TzEQ?fg;- 'omgfaiom' o> My -
{115)8 {115}5
Enitry Ry Equiv of LiAlH, Conditans ikl {36}
1 = 50 e fu, avemight 58
[--./:‘- 50 -TAC 1aRT, 2 days B
10.0 7E9C taRT, 2 days 53
15.0 -TASC AT, 2days £2
2 I 50 Fefu, avemight a3
(T
R -V i -78°%C 1 RT, 2 days 54
10.0 -78°C taRT, 2days 7
15.0 -78°C W RT, 2days 78
@ scdated yidd,

4. Conclusions

An altemative chiral ligand, N, heteroatoms
TADDOLs—anthracene adducts (115)5a and (1 15)-5h
were successfully synthesized form enantiomerically
pure dimethyl itaconate—anthracene adducts (+)-(1 15)-
3 via hydrolysis, amide formation and reduction with
LiAlH,, respectively. In the future, these adducts will
be evaluated as chiral ligands for asymmetric 1.2
addition of diethylzinc to benzaldehyde.
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