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Abstract: We have succeeded in synthesizing optically active (3aR,4R, SS,7aS)-3a,5-dihydroxy-Ta- 

methyl-4-nitro-3a,4,5,6, 7, 7a-hexahydro-l-indanone (3b) with 65% ee in one-pot from aldehyde I and 

nitromethane using a tandem inter-intramolecular catalytic asymmetric nitroaldol reaction promoted by 

LnLi3tris((R)-binaphthoxide) (LnLB; Ln = lanthanoid) and after crystallization 3b with 79% ee was 

isolated in 41% yield. In addition, after recrystallization, the optical purity of 3b was increased to 

96% ee. © 1997 Elsevier  Science Ltd. 

Recently, tandem reactions have been of interest in organic synthesis due to their efficient structural 
construction. 2a-h Tandem catalytic asymmetric syntheses are especially useful because optically active 
compounds with several chiral centers can be constructed from simple achiral compounds in one-pot using a 
small amount of an asymmetric catalyst. The development of such methods has been recognized as one of the 
most challenging themes in organic synthesis. 2i-m In previous publications, 3 we have demonstrated several 
catalytic asymmetric nitroaldol reactions promoted by the LnLi3tris(binaphthoxide) complex (LnLB) (Ln: 
lanthanoid). Nevertheless, neither intramolecular catalytic asymmetric nitroaldoi reactions nor tandem catalytic 
asymmetric inter-intramolecular catalytic asymmetric nitroaldol reactions have been achieved. We expected that 
a tandem inter-intramolecular catalytic asymmetric nitroaldol reaction could be achieved using 14 and 
nitromethane in the presence of a catalytic amount of LnLB (Scheme 1). That is, first 1 would react with 
nitromethane in the manner of an intermolecular catalytic asymmetric nitroaldoi reaction to give optically active 
2, and then 2 would react with an internal ketone in the manner of an intramolecular catalytic asymmetric 
nitroaldol reaction to give optically active 3a,5-dihydroxy-7a-methyl-4-nitro-3a,4,5,6,7,7a-hexahydro-1- 
indanone (3). Herein, we wish to report the first tandem inter-intramolecular catalytic asymmetric nitroaidoi 
reaction promoted by LnLB. 
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We first carried out a tandem inter-intramolecular catalytic asymmetric nitroaldol reaction using 1, 
nitromethane (10 mol equiv) in the presence of LaLiatris((R)-binaphthoxide) complex (LLB) (10 mol %) in 
THF at -20 °C, resulting in the formation of 2a, 2b and one diastereoisomer of 3. 5 After the complete 
disappearance of 1, as detected by TLC (115 h), the reaction mixture was warmed to room temperature and 
stirred for an additional 24 h at the same temperature, which gave rise to complete conversion of 3a into another 
diastereoisomer 3b. The structure of the new compound 3b was determined by X-ray structural analysis as 
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shown in Table 1.6 The optical purity of 3b was found to be 39% ee. Although the purification of 3b by silica 

gel column chromatography was quite difficult, direct crystallization of the crude mixture from CH2C12 gave a 
white powder of 3b with 41% ee in 59% yield. 7 

Table 1. Tandem Inter-intramolecular Catalytic Asymmetric Nitroaldol Reaction 

CH3NO2 I O ~  (10 mol equiv) O 
(R)-LnLB [( ] 

THF =, S)-2a~---2b ~ H 
-20 or -40 °C L u2N- "=' O 3all 

room 
temperature 

o o2~ o~ 

entry catalyst (mol %) temp (°C) ee of crude yield of 3b (%) ee of 3b (%) 
(time (h)) 3b (lst crop) (Ist crop) 

1 LLB (10) -20(l15) tort(24) 39 59 41 
2 LLB (10) -20 (115) to 50 (25) -5 56 7 
3 PrLB (10) -20 (119) to rt (24) 48 47 60 
4 SmLB (10) -20 (119) to rt (24) 28 43 51 
5 GdLB (10) -20 ( I 19) to rt (24) 36 47 41 
6 DyLB (10) -20 (119) to rt (24) 34 34 43 
7 YbLB (10) -20 (119) to rt (24) 7 37 12 
8 PrLB (10) -40 (115) to rt (24) 58 42 71 
9 PrLB (5) -40 (145) to rt (71) 53 45 66 
10 a PrLB (5) -40 (112) to rt (24) 65 41 79 

a: 30 mol equiv of nitromethane were used. 

With the first rather interesting result in hand, the use of other many heterobimetallic asymmetric catalysts 

such as LnLB, LnSB, LnPB, ALB and GaLB was examined under a variety of reaction conditions, showing 

that, as expected) LnLB was the most useful asymmetric catalyst for the present purpose. 8 Table 1 shows only 

the modest to good results using LnLB in THF. An increase in reaction temperature to 50 °C caused a decline 
in ee of 3b (entry 2).9 Selection of lanthanoid metals was found to be effective for the improvement of ee of 

3b (entries 3-7). 3d When using PrLi3tris((R)-binaphthoxide) (PrLB) as a catalyst, the optical purity of the 

crude 3b was improved to 48% ee. The initial temperature also appeared to affect the ee. That is, when the 
initial temperature was -40 °C, the optical purity of 3b was increased to 58% ee (entry 8). Moreover, it was 
possible to reduce the amount of (R)-PrLB; when 5 mol % of PrLB was used, 3b with 53% ee was formed 

(entry 9). An increase in the amount of nitromethane was surprisingly found to improve the ee of 3b)  ° That 

is, 3b with 65% ee was produced by the reaction of 1 and 30 mol equiv of nitromethane catalyzed by 5 mol % 
of (R)-PrLB (-40 °C for 112 h and then at room temperature for 24 h) and, after crystallization, 3b with 79% ee 

was isolated in 41% yield (entry 10)) 1 The optical purity of 3b (69% ee) was increased to 96% ee 12 (57% 

recovery) after recrystallization from AcOEt-hexane (3/1) in the presence of a small amount of CH3OH. 
The proposed mechanism by which 3b was produced is shown in Scheme 2. PrLB is a multifunctional 

heterobimetallic asymmetric catalyst displaying both Lewis acidity and Br~nsted basicity; the Pr atom works as 

a Lewis acid and the Li-naphthoxide portion functions as a Brt~nsted base)  3 Thus, 1 is activated by the Pr 

atom and nitromethane is deprotonated by the Li-naphthoxide portion, resulting in the formation of I. 3hA3b 
Then 1 and nitromethane react intermolecularly to give II. In addition, a lithium nitronate, again formed from 
II, reacts kinetically with an internal ketone (-40 or -20 °C) to give III, followed by the generation of 3a and a 
regeneration of PrLB. At room temperature, however, an equilibrium appears to exist between III, II and IV, 
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and the reaction appears to proceed towards the generation of the thermodymamically more stable 3b. 14 
In fact, the reaction of 3b with 42% ee and 30 tool equiv of nitromethane in the presence of 10 mol % of 

PrLB at room temperature for 7 days generated a trace amount of 2a and 2b and recovered 3b with 42% ee, 
confirming that 3a is a kinetic product, and an equilibrium exists between I I I - I I - IV at room temperature.15 
The reaction of  a mixture of 2a  and 2b, isolated after the reaction of 1 and nitromethane in the presence of 
PrLB at -40 °C, with nitromethane in the presence of PrLB at -40 °C for 59 h and at room temperature for 28 h 
gave 3b  with 65% ee. Whereas, the reaction of a mixture of 2a and 2b  obtained under similar conditions, in 
the presence of NaO-t-Bu instead of PrLB, generated 3b  with 66% ee. These results suggest that the optical 
purity of 3b  depends only on the enantioselection of the intermolecular nitroaldol reaction and that, in an 
intramolecular reaction, there is no kinetic resolution of 2, with the cyclization to 3b  from 2 being controlled 
by the absolute configuration of the hydroxy group of 2a.16 

q"o"h* I+CH NO  q. 
* = Lo-R,6--~-..T-~ 

Li'PrLB~--v, -40 °C LI-/__O ~,'Li-.~)l ";'H "'0 --., ~-(x/if'O 2b211 ++ PrLBPrLB or 

Lix ~ Li * _ 
. . . .  

. C. o u . 9. , 
JO - ">"* Li/o'~7"O-'+Q ~ ' ~  

i , ,  . H L i -  . 

Scheme 2 

In conclusion, we have succeeded in developing a tandem inter-intramolecular catalytic asymmetric 
nitroaldol reaction promoted by PrLB. Optically active 3b with many functionalities has been synthesized in 
only 2 steps from 2-methyl- l ,3-cyclopentanedione.  This optically active compound would be a key 
intermediate for the synthesis of natural products and/or bioactive compounds such as digitoxigenin, 17a vitamin 
D317b and wortmannin.  ~7c In addition, the amine-diol, produced by the reduction of 3b, would be a lead 

compound of optically active chiral ligands for the catalytic asymmetric syntheses. Moreover, we have 
succeeded  in d e m o n s t r a t i n g  that  a h e t e r o b i m e t a l l i c  m u l t i f u n c t i o n a l  a s y m m e t r i c  ca ta lys t ,  
LnLi3tris(binaphthoxide) is useful not only for catalytic asymmetric nitroaldol reactions but also for tandem 
inter-intramolecular catalytic asymmetric nitroaldol reactions. Further studies are under investigation. 
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