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The Michael addition of (-)-dimenthyl malonate to eightB-unsaturated ketones has been studi
The ratio of diastereomers was calculated on the basis dHtIMR spectra of the crude reactio
products. The diastereomer excess varied from 10 to 50%, depending on the structure of the
enone. The pure diastereomer produced by addition of (-)-dimenthyl malonate to 2-benzylidel
indandione was isolated by repeated crystallization. X-ray analysis has shown that the isomer is (-)-di
(R)-2-[1-(1,3-dioxoindan-2-yl)-1-phenylmethyllmalonatéaj. The predominating diastereomers «
(-)-dimenthyl(3-ferrocenyl-3-oxophenylpropyl)malonafe) (and (-)-dimenthyl-2-(1-(1,3-dioxo[3]ferroceno
phan-2-yl)-1-phenyl malonatéd) were also isolated in pure state by careful crystallization.

Key words: Michael addition; (-)-Dimenthyl malonate; Enones.

In our previous communicatiohdwe have described the stereoselective Michael a
tion of achiral methylene active compounds (e.g. dimethyl malonate and malonon
to chiral tricarbonylchromium complexes of chalcones. One régestribes an unsuc
cessful attempt to perform the Michael addition of (—)-dimenthyl malonate to 3-me
2-octen-1-one.

In the present study we examine diastereoselectivity of the (—)-dimenthyl malon
addition to some reactive enones.

RESULTS AND DISCUSSION

Our study of Michael addition of (-)-dimenthyl malonate started with ferroce
enonesl and2 as we supposed that the resulting (coloured) diastereomers shot

* The author to whom correspondence should be addressed.
** (-)-Menthyl instead of [®,2S,5R)-(—)-menthyl is used throughout.
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easily separable by chromatography. For ghreethoxyphenyl derivative it was as-
sumed that the diastereomers could be distinguished by different chemical shifts
methoxy group. The attempted chromatographic separation, however, failed and
experiments the diastereomer excess (d.e.) was determined ustiyNIMR spectra.

As seen from Table I, the Michael addition of (-)-dimenthyl malonate to the fert
nyl analogu€l was satisfactory. The diastereomer ratio was determined from chel
shifts of the unsubstituted cyclopentadienyl (Cp) rings (singlets) in the diasterec
Unfortunately, the methoxy derivative of chalcodavas unreactive and no produ
was detected by TLC even when the reaction was carried out at elevated tempe
with sodium methoxide or piperidine as catalysts.

In our further experiments we replaced the ferrocenyl moiety®haghenyltricarbonyl-
chromium which is a strong accept@nd should activate the enongsind4 in the
addition. Both the complexe® and4 gave the desired Michael adducts (Table 1)
high yields. Unfortunately, the 300 MH#H NMR spectra of the products were rath
complex and no well separated signals of their CH(GOONPh or CHO protons were
obtained. For this reason, the diastereomer exceéa whs estimated (50%) from th
OCH,; chemical shifts.

TaBLE |
Results of Michael addition of (—)-dimenthyl malonate to endres

|«

N
C=CH-Ar + CHy(COOmenthyl), —> —C—CH-Ar
|

g 18 H éH(COOmenthyI)z
la-8a
Enone T, °C Time Product Yield, % de., %
1 20 55d la 61 25
2 60 4 h 2a 0 -
3 20 35h 3a 46 a
3 -20 13 h 3a 85 a
4 20 26 h 4a 98 50
5 20 5h 5a 97 34
5 -20 5d 5a 95 49
6 20 18 h 6a 84 20
7 80 4 h 7a 72 10
8 20 18 h 8a 74 50

2 The ratio of diastereomers could not be determined on the basis of 306HVINIIR spectra.
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We decided to examine the reaction of enones derived from cyclic 1,3-dicarl
compounds, i.e. derivatives of 1,3-indandidhend [3]ferrocenophane-1,3-diorte
Both reacted easily and the products were isolated in good yields. In both cas
diastereomers were distinguished by well separated doublets of the CH(@@uD,
CH(CO), groups: the reaction of the ferrocenophane deriv&aveesulted in 20% d.e.
and that of the 1,3-indandione derivatvain 34% d.e. To achieve higher d.e., cor
pound5 was reacted with (—)-dimenthyl malonate at 220 This experiment gave 49Y
d.e. and crystallization of the produ&aj enriched the crystals in the major diastel
omer. The'H NMR spectrum exhibited doublets at 3.74 and 4.79 ppm (minor isot
and at 3.66 and 4.75 ppm (major isomer) due to the CH(ga®@) CH(CO) groups,
respectively. Three crystallizations from ethyl acetate—isohexane produced pure
diastereomeba.

@COCHCH@R R
re 2 | OCH3
@co CH= CH@ R

C 3| H
oc—%co 4 | OCHs
co
0
0 4
I
@CHPh Fe —CH—Ph
\
0
5
6

X-Ray analysis of the diastereontsa allowed us to assign the absolute configul
tion R at the newly formed asymmetric carbon atom (see Fig. 1). The key cry
lographic parameters are given in Tables Il-IV.

Similar diastereoselectivity has been described recdoiiythe Michael addition of
(-)-menthyl cyanoacetate to 2-cyano-1,3-diphenyl-2-propen-1-one.

Some reactions of tricarbonylchromium complexes are more selective than the
reactions on the corresponding free lig@ndsVe therefore prepared tricarbonylchre
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TasLE Il
Crystal data and parameters for compo&ad

Crystal size, mm 0.5% 0.19x 0.08
Crystal system orthorhombic
Space group P212:21

ab,c A 8.828(1); 19.057(3); 21.913(3)
v, A3 3686(1)

z 4

Dcalc, g/cn? 1.108

Radiation, A 1.5418(Cutd)
Temperature;C 23

0 range for data collection 3-75

Number of variables 406

Number of reflections measured 4 080
Number of reflexions with > 3o(l) 1870

R, wR 0.040, 0.040
Weighting scheme w= 1% F|)

Fe. 1
ORTEP plot of the moleculda
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mium analogues of enonésand5, i.e., complexe§ and8, and examined their reacti
vity. Interestingly, 50% d.e. was achieved for the addition of (-)-dimenthyl malon&te
(Table I) even when the reaction was carried out &tC(34% d.e. was found for the
addition to the free ligan#l). We conclude that one side of the enone is flanked by
large Cr(CO) moiety whereas the other is easily accessible to the attack of the |
nucleophile. The reaction af with (—)-dimenthyl malonate was sluggish and an e
vated temperature (8TC) was required to achieve a reasonable yield. The low fa
selectivity (10% d.e.) might be explained by dissonant interaction of both the t
Cr(CO) and FeCp groups. This explanation also accounts for the low reactivity c
enone’.

0
//
@COCHCH@ @CH@
I\ L
Fe (@] OC/ ‘ r\Co
co

/Cr\
OoC 1 _Co
@ CO
7 8

EXPERIMENTAL

1H NMR spectra of solutions in deuteriochloroform were measured using TESLA BS 487 80
Bruker AM 300 MHz or Bruker AMX 500 MHz instruments. Tetramethylsilane was used as th
ternal standard. Melting points were determined on a Kofler hot stage and are uncorrected. Th
ing enones were prepared using described proceduss]2 (reff), 3 and4 (ref?), 5 (ref1% and6
(ref)). The C=C double bond in enongs4 and7 has theE configuration. (-)-Dimenthyl malonate
was prepared as described in Yef.

1-Ferrocenyl-34§5-phenyltricarbonylchromium)propenong) (

Acetylferrocene (360 mg, 1.75 mmol) and-benzenetricarbonylchromium (423 mg, 1.75 mmc
were dissolved in methanol (5 ml). Sodium hydroxide (50% aqueous solution, 0.5 ml) was add
the reaction mixture was left to stand overnight at room temperature. The violet crystals of the
uct (468 mg, 66%) were separated and crystallized from ethyl acetate, m.p. 18%-1Bdr

C,,H,¢CrFeQ, (452.2) calculated: 58.43% C, 3.57% H; found: 58.74% C, 3.48%HHNMR spec-

trum (80 MHz): 423 s, 5 H (Cp); 4.62 t, 2 H {4&€p); 4.89 t, 2 H (i-Cp); 5.42 m, 3 H

(CgHsCr(CO)); 5.68 m, 2 H (gHsCr(CO)); 6.90 d, 1 HJ = 15.6 Hz (CH); 7.37 d, 1 H = 15.6 Hz

(CH).

2-(n8-Phenyltricarbonylchromium)methylene-1,3-indandio8 (

1,3-Indandione (230 mg, 0.9 mmol) was dissolved in methanol (7 ml) and a solutifsbenzalde-

hydetricarbonylchromium (423 mg, 1 mmol) in methanol (3 ml) was added. A small amount of
ridine (0.2 ml) was added and the reaction mixture was left to stand for 1 h at room temperatt
then overnight at —28C. The black crystals (340 mg) were filtered off and the filtrate was eve
rated to dryness. Chromatography of the residue on apcdi@mn in ethyl acetate—isohexane ga
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TasLE Il
Atomic coordinates for compourteh

Atom x/a y/b zlc W,

o1 -0.133(1) —0.5458(5) —0.6446(4) 0.0677
02 0.132(1) —0.5240(6) —0.5272(5) 0.0746
03 0.325(1) —0.5669(6) —0.5819(5) 0.0734
04 0.062(1) —0.7185(7) —0.4939(5) 0.0990
05 0.364(1) —0.7882(6) —0.6607(5) 0.0932
06 0.080(1) —0.5432(9) —0.6944(6) 0.1061
C7 0.011(2) —0.563(1) —0.6518(7) 0.0728
C8 0.072(1) —0.6080(8) —0.6020(6) 0.0547
C9 0.143(2) —0.6752(9) —0.6296(6) 0.0579
C10 0.223(2) —0.7226(8) —0.5839(7) 0.627
Cl1 0.139(2) —-0.751(1) —0.5285(7) 0.0661
C12 0.174(2) —-0.827(1) —0.5244(9) 0.0622
C13 0.128(2) —0.875(1) —0.4818(8) 0.0772
Cil4 0.173(2) —0.942(1) —0.487(1) 0.0946
C15 0.266(2) —0.963(1) —-0.535(1) 0.0972
C16 0.311(2) —-0.913(1) —0.5783(7) 0.0885
C17 0.262(2) —0.846(1) —0.5731(8) 0.0623
C18 0.294(2) —-0.787(1) —0.6142(7) 0.0641
C19 0.010(2) —0.7188(9) —0.6615(8) 0.0725
C20 -0.118(2) —-0.739(1) —0.6306(7) 0.0984
c21 —0.233(2) —0.775(1) —0.660(1) 0.1261
Cc22 —0.208(4) —0.790(2) —0.722(2) 0.1496
C23 —-0.078(3) -0.774(2) —0.752(2) 0.1649
C24 0.029(2) —-0.735(1) -0.721(1) 0.1025
C25 0.194(2) —0.5660(9) —0.5702(8) 0.0669
C26 0.233(2) —0.485(1) —0.4893(8) 0.0765
c27 0.158(2) -0.419(1) -0.486(1) 0.1085
C28 0.257(3) -0.378(1) -0.425(1) 0.1264
C29 0.308(3) —0.422(2) -0.372(1) 0.1352
C30 0.308(2) —0.490(1) —0.3907(9) 0.1042
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TasLE Il
(Continued
Atom x/a y/b zlc W,

C31 0.285(2) —0.528(1) —0.4361(8) 0.0888
C32 0.088(4) -0.377(1) -0.520(2) 0.1577
C33 0.196(5) —0.348(2) —0.564(1) 0.1990
C34 —0.009(4) —0.316(2) -0.502(2) 0.2367
C35 0.425(2) —0.534(1) —0.3371(9) 0.1327
C36 -0.206(2) -0.497(1) —0.6874(7) 0.0706
C37 —-0.360(2) —0.526(1) —0.7040(8) 0.0885
C38 -0.451(3) -0.472(2) -0.736(1) 0.1177
C39 —0.459(4) —0.404(2) -0.707(2) 0.1383
C40 —0.303(3) —-0.372(1) -0.692(1) 0.1351
Cc41 —0.215(2) —0.426(1) —0.6543(8) 0.0935
C42 —-0.347(2) —-0.597(1) —0.7350(9) 0.0930
C43 —0.495(2) —0.639(1) —0.7339(9) 0.1362
C44 —-0.289(2) —0.598(1) —0.8001(8) 0.1327
C45 —0.326(3) —0.305(1) —0.659(1) 0.1584

another portion (80 mg) of the product. Total yield 420 mg (67%) of the pr&luntp. >260°C
(decomp.). For GH;4CrOs (370.3) calculated: 61.68% C, 2.72% H; found: 61.94% C, 2.91%
1H NMR spectrum (80 MHz): 5.33 t, 2 HI{CgHsCr(CO)); 5.75 t, 1 H p-CgHsCr(CO),); 6.68 d, 2 H
(0-CgHsCr(CO),); 7.28 s, 1 H (CH); 7.76-8.07 m, 4 H).

Addition of (-)-Dimenthyl Malonate to Enonds-8 General Procedure

(-)-Dimenthyl malonate (0.11 g, 0.3 mmol) and the enone (0.3 mmol) were dissolved in toluene |
Potassium carbonate (0.042 g, 3 mmol) and 18-crown-6 (0.12 g, 0.45 mmol) in toluene (2 ml
added and the mixture was allowed to stand at the temperature specified in Table I. The cours
reaction was monitored by TLC. When the reaction was over, the reaction mixture was poure
ice water acidified with acetic acid, and the product was extracted with dichloromethane. The ¢
was washed with saturated NaCl solution and dried over anhydrous M3@86 solution was fil-
tered, the solvent evaporated and the residue chromatographed on, anl@it in ethyl acetate—iso-
hexane (9.5 : 0.5). The products (mixture of diastereomers) were eluted first and the re
diastereomers was determined By NMR spectrum (300 MHz) of the products (vide infra).

In cases when attempts to separate the diastereomers by crystallization failed, a broad
given. The reaction conditions and results are given in Table I.

(-)-Dimenthyl (3-ferrocenyl-3-oxo-1-phenylpropyl)malondi&). For C,,HsgFeQ; (696.7) calcu-
lated: 72.40% C, 8.10% H; found: 72.64% C, 8.18% H. Crystallization from ethyl acetate—isoh
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afforded pure major isomer, m.p. 159-18D. *H NMR spectrum of the mixture of diastereomer
0.50-2.00 m, 36 H (menthyl); 3.00-3.28 m, 2 H {CB); 3.85-3.90 dd, 1 H (CH(CO9) 4.12-4.25
m, 1 H (CHPh); 4.45-4.55 m, 1 H (CHO); 4.71-4.82 m, 1 H (CHO); 4.42 t, 25Tt 4.69 t, 2 H
(Hy-Cp); 7.15-7.40 m, 5 H (ls). Major isomer: 3.95 s, 3.2 H (Cp); minor isomer 3.90 s, 1.8 H (C
(-)-Dimenthyl (3-oxo-1-phenyl-33f-phenyltricarbonylchromium)propyl)malonate (3a).  For
C41Hs5,CrOg (724.8) calculated: 67.94% C, 7.23% H; found: 68.11% C, 7.12% H. M.p. 138€15¢
IH NMR spectrum of mixture of diastereomers: 0.40-2.00 m, 36 H (menthyl); 3.20-3.30 m,
(CH,CO); 3.79-3.82 dd, 1 H (CH(COS)) 4.05-4.17 m, 1 H (CHPh); 4.45-4.57 m, 1 H (CHC

TaBLE IV
Bond lengths for compounsa

Atoms Distances Atoms Distances
01-C7 1.32(2) C20-C21 1.39(2)
01-C36 1.48(2) C21-C22 1.39(3)
02-C25 1.35(2) C22-C23 1.35(4)
02-C26 1.43(2) C23-C24 1.38(3)
03-C25 1.19(2) C26-C27 1.49(2)
04-C11 1.19(1) C26-C31 1.50(2)
05-C18 1.20(1) C27-C28 1.51(2)
06-C7 1.18(2) C27-C32 1.51(3)
C7-C8 1.49(2) C28-C29 1.51(3)
Cc8-C9 1.52(2) C29-C30 1.50(3)
C8-C25 1.51(2) C30-C31 1.49(2)
C9-C10 1.56(2) C30-C35 1.50(3)
C9-C19 1.55(2) C32-C33 1.47(3)
Cl10-C11 1.52(2) C32-C34 1.51(3)
C10-C18 1.52(2) C36-C37 1.51(2)
C11-C12 1.49(2) C36-C41 1.54(2)
C12-C13 1.36(2) C37-C38 1.48(3)
Cl12-C17 1.37(2) C37-C42 1.51(2)
C13-C14 1.36(2) C38-C39 1.45(4)
C14-C15 1.39(2) C39-C40 1.53(4)
C15-C16 1.39(2) C40-C41 1.53(2)
C16-C17 1.36(2) C40-C45 1.48(3)
C17-C18 1.47(2) C42-C43 1.54(3)
C19-C20 1.37(2) C42-C44 1.52(2)
C19-C24 1.35(2)
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4.75-4.85 m, 1 H (CHO); 5.19-5.25 m, 2 #-CzH:Cr(CO)); 5.63 t, 1 H p-C¢HsCr(CO),); 6.03 t,
1 H (0-CgHsCr(CO)); 6.12-6.18 t, 1 Ha-CgH<Cr(CO),); 7.15-7.40 m, 5 H (§Hz).

(-)-Dimenthyl (1-(4-methoxyphenyl)-3-oxo+§phenyltricarbonylchromium)-3-propyl)malonate
(48). For GH5,CrOq (754.9) calculated: 66.83% C, 7.21% H; found: 68.64% C, 7.58% H. |
128-141°C. 'H NMR spectrum of mixture of diastereomers: 0.40-2.00 m, 36 H (menthyl); 3
3.33 bt, 2 H (CHCO); 3.73-3.76 dd, 1 H (CH(CO£)) 3.97-4.09 m, 1 H (CHPh); 4.46-4.55 m, 1
(CHO); 4.69-4.82 m, 1 H (CHO); 5.20 t, 2 HrCgHsCr(CO)); 5.61 t, 1 H f-CgHsCr(CO),); 6.05 t,
2 H (0-CgHsCr(CO),); 6.77 d, 2 H,J = 8 Hz (GH,); 7.16 d, 2 HJ = 8 Hz (GH,). Major isomer:
3.73 s, 2.4 H (OC}); minor isomer 3.75 s, 0.6 H (OGH

(-)-Dimenthyl 1-(1,3-dioxoindan-2-yl)-1-phenylmethylmalonga). For GgHs,0, (582.8) calcu-
lated: 80.37% C, 8.64% H; found: 80.68% C, 8.74% H. Repeated crystallization from toluer
forded pure major isomer, m.p. 151-1%2, [a]p —9C° (toluene).'H NMR spectrum of mixture of
diastereomers: 0.40-2.00 m, 36 H (menthyl); 4.35-4.45 m, 1 H (CHO); 4.69-4.77 m, 1 H ((
7.00-7.90 m, 9 H (§Hs + CsH,). Major isomer: 3.66 d, 0.67 H,= 3.8 Hz (CH(COO)); 4.37 t, 0.66 H,
(CHPh); 4.75 d, 0.67 H) = 12.4 Hz (CH(CO). Minor isomer: 3.74 d, 0.33 H] = 3.8 Hz
(CH(COOY); 4.25 t, 0.33 H (CHPh); 4.79 d, 0.33 Bl= 12.3 Hz (CH(CO). 'H NMR spectrum
(500 MHz) of pure major isomer: 0.24 d, 3 H= 6.9 Hz (CH); 0.65 d, 3 HJ = 7 Hz (CH); 0.70 d,
3 H,J=6.9 Hz (CH); 0.79 d, 3 HJ = 6.6 Hz (CH); 0.85 d, 3 HJ= 6.5 Hz (CH); 0.87 d, 3HJ =
6.9 Hz (CH); 0.67-0.88 m, 3 H (menthyl); 0.97-1.57 m, 10 H (menthyl); 1.62-1.69 m, 3 H (men
1.85-1.93 m, 2 H (menthyl); 3.64 d, 1 Hs 3.9 Hz (CH(COQ); 4.314.34 dd, 1 H; = 12.4 HzJ,= 3.9 Hz
(CHPh), 4.35-4.40 dt, 1 H; = 10.9 Hz,J, = 4.5 Hz (CHO); 4.68-4.74 m, 1 {€HO); 4.72 d, 1 HJ =
12.4 Hz (CH(CO)); 6.99-7.05 m, 3 H,of andp-CgHs); 7.14—7.16 m, 2 Hn¢-CgHs); 7.65-7.69 m, 2 H
(Mm-CgHy); 7.73-7.75 ddd, 1 HJ; = 6.9 Hz,J,= 1.4 Hz,J; = 0.7 Hz 6-C¢H,); 7.85-7.87 ddd, 1 H,
J;= 7.5 Hz,J,= 1.4 Hz,J;= 0.7 Hz 6-CgH,).

(-)-Dimenthyl 2-(1-(1,3-dioxo[3]ferrocenophan-2-yl)-1-phenyl)malonga). For GgHsFeQy
(722.7) calculated: 71.46% C, 7.53% H; found: 71.99% C, 7.75% H. Crystallization from ethyl
tate—isohexane afforded pure major isomer, m.p. 218.5-220.5H NMR spectrum of mixture of
diastereomers: 0.52-1.90 m, 36 H (menthyl); 4.21 m, 0.4B|-C(j)|; 441 m, 0.6 H ([g-le); 441 m, 2 H
(Hy-Cp); 4.48-4.70 m, 6 H (8 H-Cp, CHPh, 2x CHO); 7.15-7.50 m, 5 H (Els). Major isomer:
4.18 d, 0.7 HJ = 7.9 Hz (CH(COO0)); 5.33 d, 0.7 HJ = 9.7 Hz (CH(CQ)); minor isomer: 4.04 d,
0.3 H,J = 7.6 Hz (CH(COO0)); 5.42 d, 0.3 HJ = 9.2 Hz (CH(CO)).

(-)-Dimenthyl 3-ferrocenyl-3-oxo-Inf-phenyltricarbonylchromium)propylmalonate(7a). For
C4sHs6CrFeQ; (832.8) calculated: 64.90% C, 6.78% H; found: 65.37% C, 6.27% H. M.p. 7@G-7¢
IH NMR spectrum of mixture of diastereomers: 0.40-2.00 m, 36 H (menthyl); 3.75 m,
(CHCgHsCr(CO)); 4.51 m, 2 H (H-Cp); 4.61-4.86 m, 5 H (& H,-Cp, 2x CHO, CH(CO}); 5.16 m,
2 H (m-CgHsCr(CO)); 5.40 m, 1 H -CsHsCr(CO)); 5.76 d, 1 H ¢-CgHsCr(CO)); 5.79 d, 1 H
(0-CgHsCr(CO)). Major isomer: 4.21 s, 2.6 H (Hs); 4.09 d, 0.55 HJ = 5 Hz (CH(COO)); minor
isomer: 4.22 s, 2.4 H (Els); 4.01 d, 0.45 HJ) = 5 Hz (CH(COO)).

(-)-Dimenthyl 1-(1,3-dioxoindan-2-yl)-1f-phenyltricarbonylchromium)methyl malonat8a). For
CyHsoCr0, (750.8) calculated: 67.18% C, 6.72% H; found: 66.81% C, 6.88% H. M.p. 7&-82 NMR
spectrum of mixture of diastereomers: 0.50-1.90 m, 36 H (menthyl); 3.70 bt, 1 H (CHPh); 3.94-4
1 H (CHO); 4.01-4.18 m, 1 H (CHO); 5.14 m, 2 id-CgHsCr(CO),); 4.75 m, 1 H §-CgHsCr(CO),);
5.22-5.29 m, 1 Hg-CgHsCr(CO)); 5.37 m, 1 H ¢-CzHsCr(CO),) 7.77-8.07 m, 4 H (§,). Major
diastereomer: 5.77 d, 0.66 H,= 6 Hz (CH(COO)); 6.13 d, 0.66 HJ = 6 Hz (CH(CO}); minor
diastereomer: 5.63 d, 0.33 H,= 4 Hz (CH(COO)); 5.97 d, 0.33 HJ = 6 Hz (CH(CO)).
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