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Refinement 

Refinement on F 2 
R[F z > 2o(FZ)] = 0.082 
wR(F 2) = 0.245 
S - 1.058 
2141 reflections 
264 parameters 
H atoms: see below 
w = l/[a2(Fo 2) + (0.12P) 2 

+ 1.51P] 
where P = (Fo 2 + 2F.2)/3 

(A/cr)m~ = 0.013 

Apmax = 0.33 e h -3  

Apmin = --0.27 e ~ - 3  
Extinction correction: 

SHELXL97 (Sheldrick, 
1997) 

Extinction coefficient: 
0.013 (4) 

Scattering factors from 
International Tables for 
Crystallography (Vol. C) 

Main, P., Hull, S. E., Lessinger. L., Germain, G., Declercq, J.-P. 
& Woolfson, M. M. (1978). MULTAN78. A System of Computer 
Programs for the Automatic Solution of Crystal Structures from 
X-ray Diffraction Data. Universities of York, England, and Louvain, 
Belgium. 

Nardelli, M. (1983). Comput. Chem. 7, 95-98. 
Sheldrick, G. M. (1994). SHELXTL/PC. Release 5.03. Siemens 

Analytical X-ray Instruments Inc., Madison, Wisconsin, USA. 
Sheldrick, G. M. (1997). SHELXL97. Program for the Refinement of 

Crystal Structures. University of Grttingen, Germany. 
Shellard, E. J. (1972). Personal Communication. 
Shellard, E. J. & Lala, P. K. (1978). GOtti Plant. Med. 33, 63. 
Zacharias, D. E., Rosenstien, R. D. & Jeffery, G. A. (1965). Acta 

Cryst. 18, 1039-1043. 

One atom (C18) was found to be affected by disorder: this 
was modelled in terms of two unequal sites of occupancies 
0.71 (6) and 0.29 (6). Residual disorder is thought to be largely 
responsible for the high conventional R values. The distances 
between these isotropic components and C19 were restrained 
to be 1.52(1)A. H atoms were included at geometrically 
calculated positions, except for the hydroxy H atom (H50)  
on 05  which was found from a circular Fourier synthesis. 
They were then allowed to ride on their parent atoms with 
Uiso = xUeq(parent), where x = 1.5 for methyl and hydroxy 
H atoms and x = 1.2 for all others. Standard uncertainties on 
C - - C  distances range from 0.009 to 0.014 ~,. 

Data collection: CAD-4 Software (Enraf-Nonius, 1989). 
Cell refinement: CAD-4 Software. Data reduction: CAD-4 
Software. Program(s) used to solve structure: MULTAN78 
(Main et al., 1978). Program(s) used to refine struc- 
ture: SHELXL97 (Sheldrick, 1997). Molecular graphics: 
SHELXTL/PC (Sheldrick, 1994). Software used to prepare 
material for publication: SHELXL97 and PARST (Nardelli, 
1983). 
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Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BMI144). Services for accessing these 
data are described at the back of the journal. 
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Abstract 

The X-ray structure analysis of the title compound, 
C22H27NO3, establishes unambiguously the relative and 
absolute configurations of the two asymmetric C atoms, 
C5 (S) and C6 (S), based on the known R absolute 
configuration of the C10 atom, and provides essential 
information on the transition state of the Michael 
reaction leading to its formation. 

Comment 
The enantioselective synthesis of quaternary carbon cen- 
tres through the Michael addition of chiral imines to 
electrophilic alkenes under neutral conditions (d'Angelo 
et al., 1992) has been used for the asymmetric syn- 
thesis of a large number of biologically active com- 
pounds (d'Angelo et al., 1993). For our part, we were 
interested in the asymmetric synthesis of (-)-quadrone, 
(1), an  a n t i t u m o u r  c o m p o u n d  i so la ted  f r o m  the  fungus  

© 1998 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

Acta Crystallographica Section C 
ISSN 0108-2701 ©1998 



402 C22H27NO3 

Aspergilus terreus (Ranieri & Calton, 1978). The retro- 
synthetic analysis based on the aforementioned Michael 
addition of chiral imines led us to consider that the key 
cyclopentanone adduct (2), having 14 of the 15 C atoms 
required and two adjacent asymmetric centres (the qua- 
ternary carbon centre and the carbon centre bearing the 
axial carboxylic function), might be obtained with a 
high degree of regio- and stereocontrol (Dumas & Miet, 
1995). 

(1) (-)-Quadrone 

ROOC--"~i ~ - ' "  S 

HOOC 

(2) 

In this paper, we report the stereochemical results ob- 
tained by using maleic anhydride as/3-substituted elec- 
trophilic alkene and the chiral imine (3) derived from 
2-allyl-4,4-dimethylcyclopentanone and (R)-l-phenyl- 
ethylamine. Thus, addition of imine (3) to maleic an- 
hydride produced a single adduct, (5S ,6S ,10R)- (4) ,  
resulting from the alkylation at the more substituted 
a-side of imine (3) and subsequent lactamization of the 
intermediary tautomeric enamine (6). 

o 
Ph- Me ~ O  Ph_ Me O S 

s (3) (4) 

The relative and absolute configurations of the stereo- 
genic centres C5 (S) and C6 (S) in acid (4) were 
established from an X-ray structure analysis, based on 
the known R absolute configuration of the benzyl carbon 
centre of the chiral auxiliary amine, which became the 
C 10 atom in adduct (4). 

The observed diastereoselectivity can be explained by 
considering the practical general rule enabling the pre- 
diction of the predominant facial selectivity. According 
to this rule, which has been recently rationalized by cal- 
culating the two transition states of the reaction involv- 
ing chiral enaminones and methyl acrylate (Tran Huu 
Dau et al., 1998), the alkylation takes place preferen- 
tially on the less hindered 7r-face of the enamine de- 
picted in its energetically preferred conformation, anti 
to the bulky phenyl group [(5)], thus leading to the 
observed S configuration of the quaternary carbon 
centre C6 in adduct (4), corresponding to the one 
required for the synthesis of natural (-)-quadrone, 
(1). 

The absolute S configuration at C5 in adduct (4) 
implies that the electrophile is engaged in a compact 
endo approach, (5), in which one of the electron- 
withdrawing groups of maleic anhydride faced the N 
atom of the enamine. Such an endo approach (Cave 
et al., 1996) largely prevails over the corresponding 
exo approach (d'Angelo et al., 1988). It should be 
noted that, as expected, a high degree of regio- and 
diastereoselectivity was encountered in this Michael 
addition, allowing the direct control of two adjacent 
asymmetric centres. Work is in progress in order to 
ensure the correct crucial R configuration of the tertiary 
carbon centre bearing the carboxylic function. 

The crystal structure with atomic labelling of com- 
pound (4) is ~given in Fig. 1. The double bond C1==C9 
of 1.322 (3)A confers to the five-membered ring (C1, 
C6-C9) a quasi-planarity, with atom C7 only 0.173 (3) A 

- M ~  9 .  - 

PhH~-.~N ~.H H 

/ 8  

O 

Ph Me ~ J ~  

H N ))~"/J" "'°0 

(5) (6) 

O 

(7) 

--- (4) 

o,8  

° 

c,5 6o c9 

Fig. 1. The molecular structure of (4) with displacement ellipsoids at 
the 30% probability level. 
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f r o m  the m e a n  p lane  o f  the o ther  four  a toms.  Tors ion-  
ang le  va lues  s h o w  that  the pheny l  r ing  is near ly  pe rpen-  
d icu la r  to the l ac tam r ing [d ihedra l  angle  o f  97.1 (1)°].  
Tha t  r ing adopts  an e n v e l o p e  con fo rma t ion ,  wi th  a tom 
C6 as the flap, ly ing  0.693 (2),~, f r om the m e a n  p lane  
o f  the o ther  five a toms.  In the crystal ,  the  m o l e c u l e s  
are l inked  in cha ins  th rough  s t rong h y d r o g e n  bonds  be-  
t w e e n  the h y d r o x y l  g roup  O 2 1 - - H  and  the O18 a tom 

1 of  the neares t  m o l e c u l e  o[O21. .  - O 1 8 ( - x ,  1 - y, ~ + z) 
2 .629 (4), H . . - O 1 8  1 . 8 2 A  and  O 2 1 - - H . . . O 1 8  169.5°].  

E x p e r i m e n t a l  

The enantiomerically pure adduct (4) was synthesized in 86% 
yield via the asymmetric Michael addition of the chiral imine 
(3) (2.0 g, 7.8 mmol), derived from 2-allyl-4,4-dimethylcyclo- 
pentanone and (R)-l-phenylethylamine ([a]20 = +39.1, neat), 
with maleic anhydride (0.92 g, 9.4 mmol) in THF (4 ml) at 
room temperature for 10 min. After removal of the solvent, the 
crude product was chromatographed (silica gel; cyclohexane- 
ethyl acetate 4:1) to give pure (4), which was recrystallized 
from dry acetone (m.p. 422--423 K). 

Crystal data 

C22H27NO3 Mo K a  radiation 
Mr = 353.45 A = 0.71070 ,~ 
Tetragonal Cell parameters from 25 
P4~ reflections 
a = 13.154(7) ,%, 0 = 8.7-12.2 ° 
c = 11.869 (8) A, # = 0.075 m m - l  
V = 2054 (2) ,~3 T = 293 (2) K 
Z = 4 Prism 
Dx = 1.143 Mg m -3 0.80 x 0.54 x 0.54 mm 
D,, not measured Colourless 

Data collection 

Philips PW 1100 diffractom- 
eter 

0/20 scans 
Absorption correction: none 
3951 measured reflections 
1899 independent reflections 
1682 reflections with 

I > 2o(/) 
Rint = 0.039 

0max = 25 ° 
h = - 1 5 - - ~  15 

"k = 0 ---~ 15 
l = 0 ----~ 14 
3 standard reflections 

every 600 reflections 
frequency: 180 min 
intensity decay: none 

Refinement 

Refinement on F 2 
R[F 2 > 2o.(F2)] = 0.031 
wR(F 2) = 0.095 
S = 1.083 
1897 reflections 
239 parameters 
H atoms: see below 
w = l/[tr2(Fo 2) + (0.0349P) 2 

+ 0.0942P] 
where P = (Fo 2 + 2F~)/3 

(m/o.)max = -0 .006  

Apmax = 0.121 e ,~-3 
Apmin = --0.092 e ,~-3 
Extinction correction: 

SHELXL93 
Extinction coefficient: 

0.045 (3) 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Absolute configuration: 
given by chemistry 

Table  1. Selected geometric parameters  (,4, o) 

c1--c9 1.322 (3) c4---c5 1.523 (3) 
C1--N2 1.419 (3) C5---C6 1.554 (3) 
C1--C6 1.510(3) C6---427 1.540(3) 
N2---C3 1.361 (3) C7--C8 1.551 (3) 
C3--C4 1.508 (3) C8---C9 1.508 (3) 
C9--C1--N2 128.8 (2) C1---C6--C7 102.1 (2) 
C9---C1--C6 113.3 (2) C1---C6---C5 107.5 (2) 
N2--C 1--C6 117.9(2) C7---C6---C5 116.1 (2) 
C3--N2---C1 120.8 (2) C6---C7---C8 108.4 (2) 
N2--C3---C4 120.2 (2) C9--C8--C7 102.1 (2) 
C3---C4---C5 117.3 (2) C I ----C9----C8 113.0 (2) 
C4--C5----C6 108.1 (2) 

C 1--N2----C3--424 9. I (3) C6---C7------C8--429 10.0 (2) 
N2--C3--C4----C5 3.3 (3) C7----C8--C9--C1 -5.3 (2) 
C3--C4--C5---C6 -37.5 (2) C8----C9----C1--<26 - 1.6 (2) 
C4---C5-426--C1 58.3 (2) C9--C1--C6---C7 7.9 (2) 
C5---C6----C1--N2 -50.8 (2) CI--N2------CI0--CI2 -74.3 (2) 
C6--C1--N2----C3 16.3 (3) C3--N2--C10--C12 112.1 (2) 
C I---C6--C7--C8 - 10.8 (2) N2--C10----C12--CI3 178.0 (2) 

All the H atoms, located in difference Fourier maps, were fitted 
geometrically and refined with a riding model according to 
SHELXL93 (Sheldrick, 1993). The combination of atom types 
and X-ray wavelength does not permit a reliable determination 
of absolute configuration from anomalous dispersion effects 

Data collection: Philips PWl l00 /20  software. Cell refine- 
ment: Philips PWl l00 /20  software. Data reduction: PHIL 
(Riche, 1981). Program(s) used to solve structure: SHELXS86 
(Sheldrick, 1985). Program(s) used to refine structure: 
SHELXL93. Molecular graphics: R3M (Riche, 1983) and OR- 
TEP (Johnson, 1965). Software used to prepare material for 
publication: ACTACIF (Riche, 1992). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: CF1188). Services for accessing these 
data are described at the back of the journal. 
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