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The aminoalkylation of CH-acidic compounds such as enolizable ketones, so-called Mannich reaction, is
one of the most powerful C—C bond forming reactions in organic chemistry. Itis an invaluable method for the
preparation of -aminocarbonyl compounds (Mannich bases),' which are useful intermediates for the synthesis
of numerous natural products. The Mannich reaction is also widely used in the field of medicinal chemistry.?
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synthesis of optically pure pharmaceuticals is undoubtedly important io obtain betier products i
therapeutic value and safety. Although various methods for the asymmetric synthesis of Mannich bases have
been developed, enantioselective modes of the Mannich reaction itself, using achiral substrates are quite scarce
even as non-catalytic methods.” The development of catalytic asymmetric Mannich-type reactions is thus a
challenging theme in organic chemistry. In the past two years, four research groups have realized such catalytic
asymmetric Mannich-type reactions: Mannich bases have been obtained by the addition of metal enolates,* the
addition of ketene silyl acetals,’ and the addition of enol silyl cthers * 7 to imines, which are prepared by the

treatment of aldehydes with amines. In all of these Mannich-type reactions, however, pre-conversion of the
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addition, the aminomethylation, which is the classical Mannich reaction, appears to be difficult as such an imine
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is hardly prepared from formaldehyde. In order to achieve direct catalytic asymmetric Mannich reactions of
unmodified ketones, it would be necessary to discover an efficient catalysis, which overcomes the low reactivity
of unmodified ketones and also controls overreaction of product ketones. As a preliminary solution to these
problems, we present herein a detailed account of the development of the first direct catalytic asymmetric
Mannich reaction: an aminomethylation of unmodified ketones utilizing the cooperative catalysis of a AlLibis((R)-
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binaphthoxide) complex ((R)-ALB) and La(OTf),.nH,0. A preliminary report of this work has been

Figure 1 Q Q
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Bronsted basicity.” Among them, a LalLi,tris(binaphthoxide) complex (LLB) (Figure 1) allowed us to use
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unmodified ketones for a direct catalytic asymmetric aidol reaction with aldehydes, affording various aidols with
up to 94% ee.'® The LLB complex turned out to be quite stable in the presence of a small amount of H,O

organic solvents. Indeed, the monohydrated LLB efficiently catalyzed asymmetric nitroaldol reactions.'’  We
thus envisaged that the LLB catalysis would also be applicable to a direct asymmetric Mannich reaction such as
the reaction of propiophenone (1) with paraformaldehyde (2: (CH,0),) and pyrrolidine (3), in which H,O is
unavoidably generated as aside product. The racemic form of Mannich base 4 is known as a compound with

pharmacological activity (centrally acting muscle rclaxant).I2 Indeed, the Mannich reaction proceeded in the

FINmal GG of TTR (1t tnhlpnp\ althoush the y dof 4 was o l 5% and its enantiomeric excess (@ﬁ)

nracannca nf o
}Jl\dabll\.«\.« Ul R LIKUL JV UL Aakadd \dvy vWiniiaw A -

Table 1. The direct asymmeiric Mannich reaciion in the presence o
ﬂ N\ (R)-LLB (10 mol %) _ ﬁ .
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was only 6% (entry 1, Table 1). Under these conditions, a decomposition of LLB might occur due to the
existence of too much H,O being a contaminant of 2 and the reaction side product. Thus, the addition of
several types of molecular sieves (MS) as dehydrating agent was examined (entries 2-5). The presence of MS
3A among them, drastically improved the ee of 4 (64% ee),'’ albeit in only 16% yield. The reason for the low
yield is as follows: In genaral, formaldehyde (HCHO) and pyrrolidine (3) should be in equilibrium with a
hemiaminal §, an iminium salt 7, and an aminal 6 as shown in Scheme 1. The aminal 6 is likely to be

generated hy e dehvdration of 5 toluene and it seemed to be inactive under
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complete, further addition of paraformaldehyde (2) and 3 allowed further formation of 4, although the resultant
ec of 4 was lower. This is probably due to the existence of H,0, more than MS 3A (1.11 g for 0.74 mmol of
1) can trap in toluene (3.5 mL). Unfortunately, after further addition of MS 3A the stirring of the reaction
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mixture by a magnetic stirrer became problematic.

Scheme 1. Equilibrium between formaldehyde-pyrrolidine (3) and aminal 6
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We next focused on the use of isolable aminomethy] ethers such as 8,'* which would be an useful
equivalent for [R,N=CH,]" in the presence of Lewis acids, instead of formaldehyde and secondary amines as the
reactants.'  If the heterobimetallic complex, LLB has enough Lewis acidity for the activation of the aminomethyl

ether 8 the reaction of 1 with 8 ic likelv tn nrocead IInfortinatalv the reaction toluene) nsine LIR (10
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the reactivity, a YbLi,tris(binaphthoxide) compiex (YbLB), which has a more strong Lewis acidic center metal
compared to LLB, was examined. The reaction using (R)-YbLB (10 mol %), however, afforded ($)-9 in only
14% yield and only 15% ee. As the Lewis acidity of LLB and YbLB appeared to be insufficient for the
activation of 8, the effects of additional achiral Lewis acids were examined. The addition of 10 mol % of rare
earth metal triflates: La(OTf),-nH,O (Ln = La, Yb), among various Lewis acids, produced slight improvement of
the yield (18% and 23%, respectively), although the ee of 9 drastically decreased (9% ee and 0% ee,
respectively) (entries 2 and 3), as the reactions were probably catalyzed by the achiral Lewis acid without

particination of the chiral LLB moietv. An association of Ln(OTf),-nH,O with L1B appears to be difficult

participation hiral LLB moiety. An tion of Ln(OTf),-nH,0 with

because of the steric hindarance of LLB, which has three binaphthyl moieties.
In order to find an alternative, we then paid our aitention o the use of another type of heterobimetallic
asymmetric complex: an AlLibis(binaphthoxide) complex (ALB),'® which has only two binaphthyl moieties

(Figure 1). The ALB complex also functions as both a Lewis acid and Brensted base to be an efficient catalyst



complex (10 mol %) S
R o~ Lewis acid (10 mol %) <X NR-

1 8:R= C;Hs 9 R 2H5
10: R = -(CHy)s 4: Ry = -(CHy)s
eniry complex Lewis acid aminomethyl ether yield (%) ee (%)

I (R)-1LB - 8 12 25

2 (R)-LLB La(OTH;-nHO 8 18 9

3 (R)-LLB Yb(OTf)3-nHO 8 23 0

4 (R)-ALB - 8 6 16

5 {R)-ALB Se(OTH;nHLO 8 66 2

6 (R)-ALB Yb(OTf)3-nHO 8 55 10

7 (R)-ALB La(OTf)3-nHLO 8 53 30

8 (R)-ALB La(OTf)3-nHLO 10 11 2

9 - La(OTf)3-nHL0 8 35 -
10 (R)-ALB anhyd. La(OTf); 8 18 7

for several asymmetric syntheses,'’ although it was not efficient for the direct catalytic asymmetric aldol reaction
of unmodified ketones. The ALB complex may provide more space than the LLB complex, enabling an
association with Ln(OTf),'nH,0 in the asymmetric environment. Thus the reaction of 1 with 8 (1.0 equiv) was
examined in the presence of 10 mol % of (R)-ALB and MS 3A atrtin toluene.  Although ALB (10 mol %) itself
showed low activity (6% yield, 16% ee) similar to LLB (entry 4, Table 2), we were pleased to find that the

combination with Ln(OTH),-nH,O (10 mol %) was extremely effective in increasing the yield of 9:
Sc(OTf),-nH,0 (66% yield), Yb(OTf),-nH,O (55% yield), La(OT f), O (53% yield) (entries 5-7). Under
similar conditions, the reaction of 1 with 10 instead of 8, gave 11 in only 1‘ % yield (2% ee) (entry 8), probably

due to the deactivation of La(OTf),'nH,0 by a relatively tight coordination by the nitrogen atom of the pyrroiidine
ring. The addition of La(OTf),-nH,0 was also beneficial, with respect to the asymmetric induction, resulting in
the formation of (S)-9 with 30% ee compared to 16% ee using only ALB. It is notable that the combination
enhanced the enantioselectivity as well as the yield of 9 (53% yield), because the reaction using only
La(OT),-nH,0 (10 mol %) afforded 9 in only 35% yield (entry 9). It is sure that the role of the aluminum
complex (ALB) itself is important in terms of the asymmetric induction, based on the following results. The
combination of La(QT.-nH,O with (R)-binaphthol or its dilithium salt, instead of (R)-ALB, afforded (5)-9 in
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compiex and La(OTf),'nH,O associate with each other to caialyze the dir
cooperatively.

The use of anhydrous La(OTf), instead of La(OTf),'nH,0 was also examined, but the reaction gave less
satisfactory results (18% yield, 7% ee) (entry 10, Table 2), presumably due to the polymeric structure and the
low solubility of anhydrous La(OTf),. However, itis known that the ALB complex is very sensitive to small
amounts of H,O, and so it is interesting that the ALB complex could be used together with La(OTf),'nH,0
without the decomposition of ALB.  This is probably due to the strong coordination of H,O to La(OTf), and the



absence of free H,O. The addition of MS 3A, however, was still required for the Mannich reaction of 1 with 8,
in which H,O is not generated as a reaction side product. Interestingly, the reaction of 1 with 8 (toluene, r1), in
the presence of La(OTf),'nH,0 and in the absence of MS 3A, gave 9 in only 3% yield (cf. entry 9). 1t is
remarkable that MS 3A has an important role in achieving the catalytic cycle of the direct Mannich reaction,
although the role is not clear. Indeed, several catalytic asymmetric reactions have been carried out successfully

in the presence of molecular sieves, which did not seem to act just as a dehydraling agent.'™* 18
To reveal the structuire of the active snecies. we analvzed the mixture of ALB and La(OTH.-nH.O bv | acer
T'o reveal the struct sp s Y { )y'nH,0O by Laser
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F(+) MS spectrum showed a peak at m/z = 1195 corres
m/z = 1040 corresponding to [ALB-La(OTf),]*. Thus we
each other to result in the formation of a relatively tight complcx and therefore create the COOperatlve catalysis,
although the structure of the associated complex is not clear at the present time.  This is in agreement with the
results shown in Table 2.  Furthermore, the ” AI-NMR spectrum of ALB in toluene indicated the existence of at
least three species (8: 53, 36, and 14 ppm). The spectrum changed into a single peak (6: 62 ppm) in the
presence of La(OTf),:nH,0O and MS 3A. On the other hand, the *’ AI-NMR spectrum of ALB itself in THF
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indicated the existence of only one species (5 75 ppm). 16 Although the "C-NMR spectrum of ALB in THF
1
indicated only ten peaks corresponding ymmetncal naphthy! moieties, >°C-NMR of ALB in toluene did not
______ J son vacizilo m ~t 4 l-..-‘ SUEEes ofiner nt tha ctmintiiral ctate nf AT R e Aliognmarin 1
indicaie GGIOCIH.DIC pC-dKS These results THEII Uggesiung that the structural state of ALB 15 Cugomeric in

toluene and then it changes into a monomeric structure by association with La(GT1),-nH, 0.

Figure 2. LDI-TOF(+) MS spectrum of ALB-La(OTf);-nH20
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the ee of 9 has been monitored during the reaction. It was found that the ee of 9 gradually increased to 30% ee
(36 h) from 6% ee (1 h), as shown in Table 3. The reason is probably the decreasing concentration of the
aminomethy! ether 8 which would cause a dissociation of La(OTf),'nH,O from ALB by means of the strong
coordination of 8 itself. Therefore, a slow addition of 8 seemed to be advisable to keep the concentration of 8
low during the reaction. However, this method caused a drastic decrease of the reaction rate. Thus, now the
reaction of 1 with 8 was optimized in presence of 30 mol % of (R)- ALB and La(OTf),-nH, 0, and carried out in



Table 3. Progress of the ee of 9 during the Mannich reaction of 1 with B catalyzed by ALB and La(OTf)3-nH,0

reaction time (h) 1 12 24 36
yield of 9 (%) 2 22 42 53
ce of 9 (%) 6 20 25 30

toluene at 50 C, as ALB appeared to decompose at higher temperature (70 C).  Under these conditions, the
reaction using 1 equiv of 8 to 1, without slow addition, resulted in the formation of (§)-9 with relatively high ee
value (66%), albeit in only 12% yield (36 h) (entry 1, Table 3). The use of increased amount (5 equiv) of 8

imnravead the vield of O tn 789% hut ramarkably decreaced the ee to 1R% (36 h) (entrv 2) Om the nther hand  tha
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afforded 9 in 65% yield with 35% ec (entry 3).  After several attempts, the combination of pre-addition (1 equiv
of 8) with slow addition (2 equiv of 8) over 18 h was found to give the best result, providing 9 in 65% yield
with 40% ee (entry 4). The slow addition over a longer period (36 h) was not effective, giving 9 in 41% ee

with lower yield (56%) (entry 5).

Table 4. Optimization of the direct catalytic asymmetric Mannich reaction of 1 with 8

e s AT O T _sNTO _TT M 0O
{(K)-ALB - La(U11)3-nrptJ
(30 mol %)
I X + CH30” “N(CyHs) | = N(C2Hs),
: toluene, S0 "C, MS 3A ~ 1
NS N
i 8 S
equivalent of 8
entry pre-addition slow addition  a period of slow addition (h) yield (%) ee (%)
1 1 0 — 122 66
2 5 0 — 782 18
3 0 5 48 65 35
4 1 2 18 65 40
z 1 ~ 36 LL e}
2 1 L e <O “41

a) Reaction time was 36 h.

Figure 3



Next, other aryl keiones were also subjected io the reaction with 8 under the above-meniioned optimimum
conditions (18 h for siow addition of 8). As shown in Figure 3, severai kinds of B -amino aryl ketones 11-
13" and (S)-14 were obtained with 31-44% ee in good yields (61-76%), without over-Mannich reaction of
11-14 with 8. These compounds were prepared by simple extraction after the reaction without further
purification by column chromatography.*®

In conclusion, we have succeeded in developing a direct catalytic asymunetric Mannich reaction of
unmodified ketones by using an aminomethyl ether. This has been achieved by the cooperative catalysis of a

heterobimetallic asvmmetric complex, AllLibis phthoxide) (ALB) and La(OTf),-nH,O in the presence of
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that the present results will pave the way for further progress. Further improvement in the enantiomeric excess
of the Mannich bases, and further applications using dialkyl ketones and/or carboxylic acid esters, are under

study.
Experimental

Genaral Notes:
Infrared (IR) spectra were recorded on a JASCO FT/IR-410 fourier transform infrared spectrometer.

NMR spectra were measured in a JEOL INM-LA 500 spectrometer, operating at 500 MHz for '"H-NMR, at
or C-NMR, and 139.29 MHz for ALNMR. Chemical shifts are reported on the § scale
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AI(NO,), as an external standard (0.00 ppm for *'Al-NMR). Mass spectra (MS) were measured on a J
GCMATE mass spectrometer for EI-MS, and on a Shimadzu KOMPACT MALDI IV mass spectrometer for
Laser Desorption/Ionization Time-of-Flight Mass (LDI-TOF MS). Optical rotation was measured on a JASCO
P-1010 polarimeter. Thin layer chromatography (TLC) analysis was performed on commercial glass plates
bearing 0.25 mm layer of Merck silica gel 60 F,;, (Merck Art. No. 5715). Column chromatography was
carried out with silica gel, Merck Type 60 (230-400 mesh ASTM). HPLC analysis was performed on a
JASCO HPLC system consisting of the following: pump, 880-PU; detector, 875-UV, measured at 254 nm.

All reactions were carried out in dry solvents under an argon atmosphere, unless otherwise mentioned.

Tetrahydrofuran (THF) was distilled from sodium benzophenone ketyl Toluene was distilled from sodium.
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h prior to use. A solution of (R)-ALB'® or (R)-LLB™ in THF was prepared according to the report
procedure. The aminomethyl cther 8 was prepared from paraformaldehyde ((CH,0),), (C,H;),NH and
CH,OH in the presence of K,CO;, according to the reported procedure. ' La(OTf),-nH,0 (n = about 8 to 9)
was purchased from Aldrich Co.,Ltd. The following abbreviations are used: d = doublet, dd = doublet-of-

doublets, dq = doublet-of-quartets, m = multiplet, q = quartet, s = singlet, t = triplet.
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of (R)-ALB in THF (2.96 mL, 0.222 mmol). THF was removed by evaporation under reduced pressure. To
the residue were added toluene (3.5 mL), 8 (107 uL, 0.74 mmol) and propiophenone (1) (98 pL, 0 4 mmol) at



rt, and the mixture was heated at 50 C and then B (214 puL, 1.48 mmeol)was further added over 18 h at 50 C.
After a removal of MS 3A by filtration, the filtrate was extracted with SN HCi (3 x 3 mL). The combined
extracts were washed with Et,0 (2 x 20 mL), alkalized with 5% NH,OH (40 mL) and then extracted with Et,O
(3 x30 mL). The combined organic layers were washed with sat. aq. NaCl (20 mL), dried over Na,SO,, and
then evaporated at rt in vacuo to afford (5)-9'° (105 mg, 65% yield) as slightly yellow oil without further
purification;*® [at],*® + 9.76 (c 1.11, CHCL,) (40% ee); 'H-NMR: 0.90 (t, /= 7.0, 6H, (NCH,CH,),), 1.17 (d,

J=6.7, 3H, CHCH,), 2.37 (g, J=1.0, 4H, (NCH,CH,),), 2.39 (dd, J = 6.4, 12.8, 1H) and 2.94 (dd, /= 5.2,

3727

12.8, 1H) (COCHCH ), 3.52-3.59 (m, 1H, COCH); 7.08-7.21 (m, 3 AN 7.93-8.00 (m. 2H Arn- Bc_
12.8, 1) (LU H,), 3.204-2.07 I, 1, AR N 20, al), 1.J2-C.VV 1L, 23, A, 'S
NRMD. 172 16197 200 A7Q €740 17282 172 & 1279 & 1221 M7MN2 2. IR (nant) nm'l- MI0L0 14£0A4 1Y£D
INIVIRRD 14.3, 1U.4, 37.7, 471.0, J/.7, 140.3, 1£40.3, 1J4.3, 130.1, 4US. 0, 1R (HiI€al) Cill . 2707, 1004, 1204,

1222, 970; LR-MS m/z: 219 (M"), 204, 105, 86, 77, HR-MS m/z: caled for C, ,H, NO, 219.1623; found,
219.1627. The ee of 9 was determined by chiral stationary phase HPLC analysis: DAICEL CHIRALCEL OJ;
hexane-2-propanol-Et, NH (100 : 1 : 0.1, v/v); flow rate: 0.5 mL/min; retention times, 10.5 min for (R)-9 and

14.0 min for (§)-9.

2-(Diethylamino)methyl-1-phenyl-1-butanone (11):
The compound 11 was obtained as slightly yellow oil (8 was added over 36 h); [a],™® + 2.81 (¢ 3.18,
CHCL,) (34% ee); 'H-NMR: 0.85 (t, J = 7.5, 3H, CHCH,CH;), 0.87 (t, J =17.3, 6H, (NCH,CH),), 1.51-

3/ 1
1.60 (m, 1H) and 1.82-1.90 (m, 1H) (CHCH,CH.), 2.32 (dg, ] = 7.3, 13.1, 2H) and 2.37 (dg, J = 7.3, 13.1
=2 Vs SRRy 73 2 37 Riengy - Fary ATeay a3y e a7 Sy v Ty R i,
MMININGCH CEIYY QDA?LAAd T =72 172 1\ and ) Q7fdAd T.27 122 11 (O HOII N 2 K1 .12 &4
LX) UNGAd I T )y ), &7 G0, v = 7.5, 1£.0, 111 @il £.57 (G, 7 T 0.7 146.0, 101) \CVAIUIT,0N ), 3.31-3.00
(m, 1H, CH), 7.12-7.19 (m, 3H, Ar), 8.01-8.04 (m, 2H, Ar); *C-NMR: 12.1, 12.2, 24.5, 47.0, 47.8, 56.8,
~AO 2 P N —~

128.4, 128.6, 132.4, 139.2, 203.6; IR (neat) cm™: 2967, 1680, 1264, 1217; LR-MS m/z: 234 (M" + 1), 233
(M%), 204, 105, 86; HR-MS m/z: calcd for C,;H,,NO + H, 234.1858; found, 234.1855. The ee of 11 was
determined by chiral stationary phase HPLC analysis: DAICEL CHIRALCEL OJ; hexane—2-propanol-Et,NH
(100: 1: 0.1, v/iv); flow rate: 0.5 mL/min; retention times, 9.0 min for a minor enantiomer and 10.0 min for a

major enantiomer.

3-(Diethylamino)-1-(4-methoxyphenyl)-2-methyl-1-propanone (12):

The comnound 12 was obtained as slichtlv vellow oil (8 was added over 18 h): [a1. 2 4+ 554 (- 4.19

The compound 12 was obtained as slightly vellow oil (8 was added over 18 h); [a] 5.54 (c 4.19,
CHOIN (210 aa) LT NRID. N RR (¢ T~ 72 AL (INOCH £SITVY 1 1A(Ad T —K7T7 A CUNLITY D) YL (a T —
\_oll\_,l]} \JL L1 W’, AETINIVEEN. V. OO0 4, J — 7., Ull, \“\‘llz\"‘lj)ll, 1.1V Ny J = VU, [, Ji1, \./ll\./'l}” e T \\l, J -
~ 1 ATTY ra Sralks?ialt SRy ~ Y 7 A3 ¥ - 1N O 1YTN 3™ N1 a1 ) 4 ~ 1 O IR S ANFaraValSfals i $1 I AN /L
/.3, 4n, (NCH,UH,),), 2.37(aa, y=0.7/, 1Z.6, in)ana 2.91 {aq, s = /.0, 12.6, 1) (LU0l a,N), 5.2Y {8,
3H, OCH,), 3.49-3.56 (m, 1H, COCH); 6.67-6.70 (m, 2H, Ar), 7.9 —797(m 2H, Ar); >*C-NMR: 12.3, 16.5,

39.6, 47.8, 54.9, 58.0, 113.9, 130.8, 131.0, 163.4, 201.7; IR (neat) cm™': 2968, 1672, 1461, 1258, 1227,
971; LR-MS m/z: 249 (M"), 135, 107, 86; HR-MS m/z: caled for C,;H,;NO,, 249.1729; found, 249.1726.
The ee of 12 was determined by chiral stationary phase HPLC analysis: DAICEL CHIRALCEL OJ; hexane—2-
propanol-Et,NH (100 : ! : 0.1, v/v); flow rate: 0.5 mL/min; retention times, 17.5 min for a minor enantiomer

and 28.0 min for a major enantiomer.

A Nisthvlaminal.2.methvli.i.(2.nanhthvh.l.nronanans (13}

ST AS AT AL Y EGRAARA AU j oA T aaa T A y s A S\ TR GgraatR y A T AT SR gt Rt = (ad).

The cominein 1172 yrac nhtained ac calarlace nil (8 wac addad cver 1 hY: Tyl 22 _ n 55 (~ 5 0N CHCL

1ne Compouna 15 was Ovtaiilca as COI0NEess Oil (0 Was aaded Over 1o ny; By — V.03 (€ 3.5V, LriLl)
l“of N, II" RTR O N O s '___’TI\ LY 2 7al s ials Y ™~ oY ra 'm’-lf\ ~YY Fal 8 Fal & SN s B Se W 5> P '_'7[\
{(44% ee); 'H-NMR: 0.86 (1, J = 7.0, 6H, (NCH,CH,),), 2.53 (d, J = 7.0, 3H, CHCH ), 2.33 (dq, /= 7.0,



12 1 ALIN 22 A 2T (A T=T 0N 121 QU (NOIT OLT NN D 207Ad To- &1 121 10N\ 2319 Q5
13.1, 401) aill £.0/7 (U, 4 = 7.U, 12. 1, B3 (UNUCAT, T, ), ), £-27 G0, 7 =00, 1001, 111 alld £.50 (dd, J=7 7’
13.1, iH) (COCHCH,N), 3.66-3.73 (m, iH, COCH), 7.21-7.25 (m, ZH, Ar), 7.51-7.65 (m, 3H, Ar), 8, 13-

8,18 (m, 1H, Ar), 8.46 (s, 1H, Ar); "C-NMR: 12.2, 16.4, 40.0, 47.8, 58.1, 124.8, 126.7, 128.0, 128.2,
128.6, 129.7, 129.9, 133.1, 135.4, 135.8, 203.3; IR (neat) cm': 2968, 1675, 1275, 1235, 980: LR-MS milz:
269 (M), 155, 127, 86; HR-MS m/z: caled for C, H,,NO, 269.1780; found, 269.1786. The ec of 13 was
determined by chiral stationary phase HPLC analysis: DAICEL CHIRALCEL OJ; hexane—2-propanol-
diethylamine (1000 : 1 : 1, v/v); flow rate: 1.0 mL/min; retention times, 13.5 min a major enantiomer and 15.5

min a minor enantiomer.

(S)-3-(Diethylamino)-1-(6-methoxy-2-naphthyl)-2-methyl-1-propanone [(S)-14]:
The compound (§)-14 was obtained as slightly yellow oil (8 was added over 18 h); {at],'®* —2.14 (¢ 2.37,

CHCl,) (44% ee); 'H-NMR: 0.89 (t, /= 7.0, 6H, (NCH,CH,),), 1.25(d, /= 6.7, 3H, CHCH,), 2.36 (dq, J =
7.0, 12.8, 2H) and 2.39 (dq, J=1.0, 12.8, 2H) ((NCH,CH,),), 2.43 (dd, J=6.4, 12.8, 1H) and 3.00 (dd, J
= 7.6, 12.8, 1H) (COCHCH,N), 3.35 (s, 3H, OCH,), 3.69-3.76 (m, 1H, COCH), 6.83 (d, J = 2.5, 1H,
Ar(5)}-H), 7.10 (dd, J= 2.5, 8.8, 1H, Ar(7)-H), 7.52 (d, J= 8.8, 1H, Ar(8)-H), 7.54 (d, J= 8.5, 1H, Ar(4)-
H), 8.25 (dd, J = 1.8, 8.5, Ar(3)-H), 8.43 (d, J = 1.8, Ar(1)-H), "C-NMR: 12.2, 16.5, 39.9, 47. 8 54.9,

15‘71 1481, 1267, 1235, 984; I R-MS m/z: 299 (M), 1R85, 157, R6; HR-MS m/z: caled for C, _H. NO
1 1, 1981, 2.0/, 242/, 7 F AL ) [+ 200N J 184S nyz. calcd (or jgiigsiNis,,
200 1284, frund 200 1222 The ahenlita ~ranfionratinn of 1S 14 wae datarminad hu Mnachar’e sathaA421
L7727, 1000, 1VUU,y, &/7.10U0L 40U QUSUIWL VULILIZUIALIULL UL (U 71T wad Ubiilniivud vy viuduur 5 Ui

after the reduction + Theee of 14 was determined by chiral stationary phase HPLC analysis:

-t e T wwy

DAICEL CHIRALCEL OJ; hexane-2-propanoi-Et,NH (1000 : 1 : i, v/v); flow rate: i.0 mL/min; retention
times, 50 min for (5)-14 and 56 min for (R)-14.
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The three component asymmetric Mannich reaction using the (R)-LLB complex
2-Methyl-1-phenyl-3-(N-pyrrolidinyl)-1-propanone (4):
The mixture of 0.075 M solution of (R)-LLB in THF (0.99 mL, 0.074 mmol) and MS 3A (1.11 g) was
evaporated to remove THF under reduced pressure. To the residue were successively added toluene (3.5 mL),

propiophenone (1) (98 ul, 0.74 mmol) pyrrolidine (2) (74 nI 0.88 mmol) and paraformaldehvde (3) (33mg
Propiopx l‘" noL), pymmoldine (&) U/ 2. 0Ol) and paratormaldenyde (3) (3omg,
N QQemennl) at t and tha mivhira wae gtirrad at vt far 16 h Aftnr remoy al af MQ A hy filtratinn  tha filtrate
U. 00miT 1)} ai Iy, aiil v MUXWre was sturea at 1t ior 56 n. mova: 01 VS SA D LU AUULl, Ulv 1uuaiw

ead o F3 N II l 71 2 T ) L L WO ackhad il T My 2N 20 mL). alkalized
was exiracted wiih SN Ci{oXomL). inée combined exiracts were washied with £LU {4 X LU ITLj, 1ZEQ

with 5% NH,OH (40 mlL) and then extracted with Et;O (3 x 30 mL). The combined organic layers were
washed with sat. ag. NaCl (20 mL), dried over Na,SO,, and then evaporated at rt in vacuo to afford 4 (25.7 mg,
16% vyield) as slightly yellow oil without further purification’®; [a],’® + 9.41 (c 0.80, CHCL,) (64% ee); 'H-
NMR: 1.18 (d, J= 6.7, 3H, CH,), 1.46-1.49 (m, 4H, N(CH,CH,),), 2.31-2.35 (m, 4H, N(CH,CH,),), 2.50
(dd, J=6.8, 11.9, 1H) and 2.93 (dd, J=17.0, 11.9, 1H) (COCHCH,), 3.49-3.56 (m, 1H, COCH); 7.06-7.18
(m, 3H, Ar), 7.94-7.96 (m, 2H, Ar); 'C-NMR: 16.4, 23.9, 40.6, 54.6, 59.9, 128.5, 128.7, 132.6, 137.6,
202.6; IR (neat) cm™: 2966, 1682, 1219, 975, 707; LR-MS m/z: 217 (M"), 202, 105, 84, 77; HR-MS m/z:

rminad hy ~hiral ctatinnarv nhas
1 v T Ui 11835

malad Fmaw £ LT N D17 1AKT FramAd D17 1AALK Tha na nf 4 wac Aatae 1 ~hir < e
LCdllU 106 g, 10600, L1 7. 170 7, TUWIG, 21 7. 130 LT T UL & wad Ulweidiiiieg y viiua > J 1low
Trey MY MTITDAT AT Y L Y 1 T3 NTEY S1AN 1 no1 ihiiNe Elaser eata- NS
HPLC 4’:\]’131}’815 DAICEL CHIRALCEL UJ; nexanc—4-propanoi—cLiNm (i1uv 1 U. 1, V/V), [IOW lalk., v.J

ml_/min; retention times, 15.0 min for a minor enantiomer and 20.5 min for a major enantiomer.
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