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Abstract: Michael addition of methyl vinyl ketone 2 to 2-nitrocycloalkanones 1 catalyzed by the 

Cinchona alkaloid cinchonine 3 affords adducts in high chemical yields in up to 60% enantiomeric 

excess. The configuration of the products depends on the ring size. Absolute con@ration of (-)-Znitro- 

2-(3-oxobutyl)cyclooctanone and (+)-2-nitro-2-(3-oxobutyl)cyclododecanone derivatives were 

determined by X-ray diffraction. 

One of the most attractive types of asymmetric synthesis is that in which chin1 products are generated 

under the influence of chii catalysts. The use of Cinchono alkaloids for these purposes has been studied for 

many ye&. 

We have studied Michael addition reactions of a&unsaturated ketones to 2-nitrocycloalkanones2 

catalyzed by chiral bases3. We obtained the best optical yields in CC4 in agreement with the findings of 

Hiemstra & Wynber$. Here we report the addition of methyl vinyl ketone 2 to 2-nitrocycloalkanones 1 

catalyzed by cinchonine 3 (Cincho~ alkaloid) (Scheme 1). 
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The reactions were carried out as follows: 1.1 mm01 of methyl vinyl ketone 2 was added to a stirred 

solution of 1.0 mmol2-nitmcycloalkanone 1 and 1.0 mm01 cinchonine 3 in 15 ml of CCh under argon at -2O’C 

and stirred at this temperature until no starting material was detected by TLC or GC. The mixture was then 

filtered either through a short silicic acid (Serva, Malfinckrddr, 100 mesh) or silica gel (Merck. Kieselgel60 

PF254) column, dried and evaporated. The resulting raw material was purified by flash chromatography or by 

crystallization. The enaptiomeric excess of the products 4a-4g were established by IH NMR in CDC13 using 

Eu(hfc)j as the chiral shift reagent. The results are shown in Table 1. 

Table 1: Michuel Addition of Methyl Vinyl Ketone 2 to 2-Nitrocycloalkanones 1 Catalyzed 

by Ciichonine 3 in CC&t = -20°C 

4a 60 84 - 44.2 54.6 

4b 30 95 + 6.6 45.5 

4c 45 92 -28.1 60.0 

4d 48 95 + 23.8 25.0 

4e 22 91 + 21.5 28.6 

4f 90 87 + 22.3 25.0 

4g 64 97 + 7.2 28.0 

a) isolated yields: b) 
Eu(hfd3. base-Ii 

in cHQ4 @=0.6-l A): c) demmined by lH NhiR aIUily&S in CDCl3 in the pr..wnce of 

The oil 4c was dissolved in a mixed solvent of diethyl ether and hexane. and the solution was kept at 

-20°C over night. In this case the racemic 4c crystallized out, and the mother liquor yielded enantiomerically 

enriched (-)-4~5, e.e. = 94.4%. The enantiomerically enriched (+)-4f6, e-e. > 95%. obtained from the mother 

liquor fraction, was sephated similarly in methanol at t4T. 

It is interesting!to note that 4a and 4c show negative optical rotation in U-K13 while the others show 

positive rotation. As shown in Figure 1, the CD spectra of (-)-4c and (+)-4f are opposite. This could mean 

that (-)-4c and (+)-4F possess opposite configurations. To clarify this, (-)-4c was derivatized with 1,3- 

propanedithiol. The absolute configuration of the resulting (-)-2-[2’-(2”-methy1-1”,3”-dithian-2”-yl)ethyl]-2- 

nitrocyclooctanone 533 was determined by X-ray diffraction, and is found to be S. (+)-4f was derivatized with 

(2R,3R)-(+)-1,4-bis(4-chlorobenzyloxy)-2,3-bu*tnediol. The relative configuration of (+)-2-( 2’- (4”,5”-bis[(4- 

chlorobenzyloxy)methyl]-2”-methyl-l”,3”-dioxolan-2”-yl)ethyl)-2-ni~yclododecanone 63.8 was determined 

by X-ray diffraction using the already known configuration at C-4” & C-5”, the absolute configuration at C-2 of 

6 was therefore assigned as R. The only compound in this series, which shows an abnormal solvent effect in 

CHCl3 is 4b; though &absolute configuration is the same as 4a and 4c. 

In these Michad additions the enantioselectivity and absolute configuration of the products depend on the 

ring size. The optical yields of six- to eight-membered rings are up to 60% e.e. and they are lower (about 25% 
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e.e.) in the case of larger rings. The absolute configuration of six- to eight-membered rings is 5, and dnt- 

membered and larger rings possess the R con&ura~n. The reaction mecbaafsm will be discu.wd in Ref. 3. 

Fig. 1. C!D sp~ctm of [-)-UC and (+)-4f taken in CHCl3 
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(Sj-de: colorless oil; [a]: = -42.3 (c=1.39, CHc13): CD (1.27 ’ 10d M. CHCI3): 207 (o.&?), 246 (+2.75), 272 (O.&I). 

311 (-1.17). 353 (0.00). fR (CHC13): 2920, 2860, 1725, 1550, 1538, 1470. 1450, 1435. 1170, 1080. ‘N NMR (400 

MHz, CD@): 2.74-2.46 (m. 5 H); 2.40-2.15 (m, 5 Hj, therein by 2.14 (s. CH3): 1.93-1.58 (a. 8 II); 1.20.1.03 (tn. I 

H). ~3c~~~ (50 MHz. CDC13): 205.9 fs, C133): 204.8 (s. C(l)): 97.5 (s, C(2j); 38.2,37.7, 320 {3 I): 29.7 (q. C&); 

28.4, 27.6. 25.3.24.3. 22.3 (5 0. Cf-.@s: 242 [M+iJ+. Am& c&c. for Ci2H19NGd (24 1.292): C 59.73, H 7.94. N 5.80, 

found: C 59.99, H 8.19, N 5.91. 

(N)-4f: colorlcs~ cryswls; mp 94-95°C; ra]2,2 2 +85.0 (c=fJ.%, Cr-lCl3); CD (1.24 . IO4 M, CHCl3): 198 (O.OO), 242 

(-5.3% 265 @Ml-% 298 t+2.08). 359 to. 001. If? (KBr): 2940, 2920.2865. i7-25, 1548, 1538, 3475, 1440, 1170, IO@. 
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‘H NMR 2.85-2.74 1 11 (200 MHz. CDc13): (m, H); 2.52-2.03 (m. H). therein by 2.13 (s. 1.42-1.00 15 H). CH3): (m, 

“C NMR (50 MHz. 205.8 200.9 30.5 29.9 CDcI3): (s. C(33): (s. C(1)): lOO.l(s. C(2)): 37.3, 32.7. (3 I): (9. CH3): 

26.9, 26.4.26.2.23.3.22.6s 21.9.21.8, 21.3. 19.1 (9 t). Cl-MS: 298 [M+l]+. Anal. talc. for ClbH27N04 (297.393): C 

64.62, H 9.15, N 4.71: found: C 64.65. H 9.20, N 4.55. 

(SW colorless crystals; 88.0-89A”C: [a]: = 41.8 (~0.62. CHCl3); IR (KBr): 2940. 2895, 2860. 2820, 1730, mp 

1545.1532. 1475. 1465. 1445, 1420.1372. 1345.1330, 1245.1230. 1150.1118. 1085.1075,905,865,845.820,765. 

III NMIz (200 MW. CDCl3): 2.91-2.82 2 2.78-2.68 4 2.52-2.27 3 2.07-1.24 14 therein (m. H); (m. H). (m. H): (m. H). 

by 1.54 (& ‘3%). l”c NMR (50 MHz, CDC13): 204.7 0. C(1)); 98.1 (s. C(2)): 48.0 (s. C(2”)); 38.0. 34.4, 31.4, 29.3, 

28.4 (5 I): 27.5 (@. CH3): 26.4, 26.3, 25.4, 24.8, 24.1. 22.4 (6 r). Cl-MS: 349 [M+l+NH3]+. Crystal data: 

C~SH~~NO$Z. F 331.49. orthorhombic; space group P21212l(#19). a = 12.502 (2). b = 18.870 (3). c = 7.252 (3) A. 

V = 1710.7 (6) A3.Z = 4, Dcalc = 1287 g cm3, F(W) = 712. p @Jo&) = 3.060 cm-l, Rigaku AFUR diffractometer, 

T= -100 f 1% R=O.O311. Rd.0263 for4154 reflections with l>3o(l). After the full structure was refined to convergence 

using the TEXAN program package of Molecular Structure Corporation, the reflection data and atomic coordinates were 

transferred to the program CRYSTALS on which it is possible to reline the enantiopole. or Flack’s x. parameter. This 

parameter refined to 0.02 (6) which coafidcntly confiis that tbc r&mcd coordinates represent the correct configuration. FuH 

details of the cryA stn~cture have been deposited at the Cambridge Data Centre. 

(2R,4”R,S”R)-6: kolorless crystals; 105-107°C: [a]% = +49.6 (c=l.l9. CHC13):IR (KBr): 2930. 2860. 1720. mp 

1595, 1535. 1492. 1470, 1445. 1410.1135. ll10.1090. 1015.865.838.8OZ~H NhfR (200 MHz. CDC13): 7.33-7.22 

(s. 8 arom. H); 4.53 (r&J=19 Hz. 4 H. CH2-QH4): 4.12-4.06 (m. (X-0); 4.00-3.94 (m. CH-O); 3.64-3.54 (m. 4 H, CH- 

CH2-0): 2.87-2.76 (m. 1 H); 2.38-2.03 (m. 6 H): 1.75-1.24 (m. 20 H). therein by 1.37 (s. CH3). I3C NMR (50 MHz, 

CDcl3): 201.2 (s.lC(l)): 136.3 (8.2 arom. C-CH2); 1333 (s. 2 arom. C-Cl): 128.8; 128.5 (2 d. 8 arom. CH); 110.0 (s, 

C(2”)): 100.7 (s, c(2)): 77.7,77.3 (2 d, C(4”). C(5”)): 72.6 (1.2 CH2-Ct$l4); 70.4.69.9 (2 I, C(4”)-CH2, C(S”)-CHZ)); 

33.0, 32.2, 29.1. 26.7, 26.2 (5 r, 6 CHd, 25.5 (9, CH3). 23.1. 22.5, 21.8. 21.6, 21.3. 18.8 (6 r. 6 CH2). Cf-MS: 650 

[M+l]+ with 35Ch. Crystal data: C34H45Cl2NO7. MI= 650.64. monoclinic; space group P21 (#4), a t 11.810 (2), b = 

8.716 (2). c = 17.29s (2) A. j3 = 106.93 (l)O. v 2: 1703.1(5) A3, z = 2. Dd c = 1.269 g cm-3. F(OO0) = 692. p (MO&.) = 

2.340 cm-l, Nicder-RS diffractometer, T= -6OY, R=O.O522. R,=O.O497 for 2964 xeflectiotts with I>2cr(l). Structure 

solution was pcxf*ed using the direct methods routine of SIfELXS86. Data reduction and refinement of the stmctare was 

performed with th@ ~EXSAiV pmgram pxkage of Molecuhu Stntcture Corporation. Empirical absorption corrections were 

applied using DlFhES. Full delis of the crystal structure have been deposited at the Cambridge Data &n&e. 


