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The structure is stabilized by hydrogen bonds. The abso- 
lute structure, determined through the Flack parameter, x 
= -0 .08 (14) [Flack (1983). Acta Cryst. A39, 876-881], 
corresponds to the known chirality of the title compound 
(Friedel opposites collected and not merged). 

Comment  
The title compound was synthesized according to known 
procedures (Haskins, Harm & Hudson, 1952) and crystals 
melting at 500 K were obtained from methanol by slow 
evaporation. The positions of all H atoms were refined 
with no distance restraints. Both hydroxyl groups O1--  
H 10 and O3--H20 form intermolecular hydrogen bonds. 
Details of the hydrogen-bonding scheme are given in Ta- 
ble 3. Of the above hydrogen bonds, the latter results in 
an infinite one-dimensional chain along [0 0 1 ]. Other dis- 
tances and angles are generally as expected. 

It should be mentioned that this structure is of the 1,6- 
anhydro-fl-D-glycopyranose type and therefore the puck- 
ering parameters, Q = 0.609 (1)A, 0 = 147.4 (1) ° and 
4p = 188.1 (3) ° (Cremer & Pople, 1975), can be com- 
pared with these compounds. A similar conformation 
of the pyranoid ring, as found in the title compound, 
is reported for 1,6-anhydro-3,4-O-isopropylidene-fl-o- 
talopyranose (Panagiotopoulos, 1974) and 1,6-anhydro- 
3,4-O-isopropylidene-fl-D-galactopyranose (Cano, 
Foces-Foces, Jimenez-Barbero & Martin-Lomas, 1984), 
and some selected benzylidene derivatives (Cano, Foces- 
Foces, Jimenez-Barbero, Bernabe & Martin-Lomas, 
1986). 

The conformation of the 2,7-anhydro five-membered 
ring is Q = 0.396 (1) A and ¢, = 263.3 (2) °. For the other 
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Abstract 
The title compound, 2,7-anhydro-4,5-O-isopropylidene- 
g-D-altro-2-heptulopyranose, C10H1606, has a pyranoid 
conformation which is a distorted E0 conformation with 
Q = 0.609 (1)A, 0 = 147.4(1) ° and ¢, = 188.1 (3) ° [Cre- 
mer & Pople (1975). J. Am. Chem. Soc. 97, 1354-1358]. 
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Fig. 1. SCHAKAL88 drawing (Keller, 1986) of the molecular conforma- 
tion and atomic numbering scheme. 
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8 4  C l 0 H I 6 0 6  

f i v e - m e m b e r e d  4 , 5 - O - i s o p r o p y l i d e n e  r i n g  t h e  c o n f o r m a -  

t i o n  is  Q = 0 . 3 0 1  (2),A, a n d  ,I~ -- 2 5 5 . 0  (3)  ° ( C r e m e r  & 

P o p l e ,  1 9 7 5 ) .  T h e  p r o g r a m  u s e d  t o  c a l c u l a t e  t h e s e  s p e -  

c i a l  d e t a i l s  o f  m o l e c u l a r  g e o m e t r y  w a s  PLATON92 ( S p e k ,  

1 9 9 0 ) .  

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

Crystal data 

C l 0 H i 6 0 6  Cu  Ko rad ia t ion  
Mr = 232 .23  A = 1 .54178 ,~ 
Tet ragonal  Cel l  p a r a m e t e r s  f r om 25 
P43 re f lec t ions  
a = 12.400 (1) ,4, 0 = 3 9 . 7 6 - 5 2 . 1 8  ° 
c = 7 .102  (1) ,A, # = 1.001 m m  - t  
V = 1092.0 (2) A, 3 T--- 293  (2) K 
Z = 4 Transparen t  b l o c k s  
Dx -- 1.413 M g  m -3  0.8 × 0 .4  × 0 .4  m m  

C o l o u r l e s s  

Data collection 

E n r a f - N o n i u s  C A D - 4  four-  
c i rcle  d i f f r ac tome te r  

20/w scans  
A b s o r p t i o n  correc t ion:  

none  
5079  m e a s u r e d  ref lec t ions  
2268  independen t  ref lec t ions  

(Friedel  pairs  not  merged )  

2116  o b s e r v e d  ref lec t ions  
[I > 2 a ( / ) ]  

Rim = 0 .0254  
0max = 76.5 ° 
h = 0 ---~ 15 
k=O--- ,  15 
l = 0 ---+ 8 
3 s tandard  ref lec t ions  

f r equency :  120 min  
in tens i ty  variat ion:  1% 

Refinement 

Ref inemen t  on  F 2 
R[F 2 > 2 a ( F 2 ) ]  -- 0 .0277  
wR(F 2) = 0.0711 
S = 1.010 
2268  ref lec t ions  
210  pa rame te r s  
Ca lcu la ted  we igh t s  

w = l / [ a2 (Fo  2) + ( 0 . 0 4 9 8 P f  

+ 0 .0480P1 
whe re  P = (Fo 2 + 2F~)]3 

(A/o')max = - -0 .510  

Apmax = 0 .187  e A -3  
Apmi,  = - 0 . 1 3 7  e A -3  

Ext inc t ion  correc t ion:  
F~ = kFc[1 + 0.001F~ 

× A3/s in (20) ] -  t/4 

Ext inc t ion  coeff ic ient :  
0 .0084  (8) 

A t o m i c  sca t ter ing  fac tors  
f rom International Tables 
for Crystallography (1992,  
Vol. C, Tables  4.2.6.8,  
6 .1 .1 .4)  

A b s o l u t e  conf igura t ion:  
F lack  (1983) ;  x = 
- 0 . 0 8  (14) 

T a b l e  1. Fractional atomic coordinates and equivalent 
isotropic thermal parameters  (~2) 

Ueq= 1 • • 3 Ei~jUijai ay ai.aj. 
x y z Ueq 

Ol i.0378(1) 0.3011 (1) -0.2780(2) 0.044(1) 
02 1.0716(1) 0.2830(1) 0.1240(2) 0.036(1) 
03 0.9278 (1) 0.0997 (1) 0.1746 (1) 0.035 (1) 
04 0.7747 (1) 0.2429 (i) 0.4335 (2) 0.052 (1) 
05 0.7848 (1) 0.4196 (1) 0.3491 (2) 0.043 (1) 
06 0.9270 (1) 0.3833 (1) 0.0329 (1) 0.034 (1) 
CI 0.9771 (1) 0.2327 (1) -0.1603 (2) 0.039 (1) 
C2 0.9675 (1) 0.2765 (1) 0.0379 (2) 0.031 (1) 
C3 0.8918 (1) 0.2087 (1) 0.1617 (2) 0.030 (1) 
C4 0.8802 (1) 0.2586 (1) 0.3571 (2) 0.035 (1) 
C5 0.8927 (1) 0.3817 (1) 0.3669 (2) 0.035 (1) 
C6 0.9617 (I) 0.4266 (1) 0.2103 (2) 0.035 (1) 
C7 1.0764 (1) 0.3836 (1) 0.2243 (2) 0.042 (1) 
C8 0.7153 (1) 0.3428 (1) 0.4325 (3) 0.047 (1) 
C81 0.6890 (2) 0.3709 (2) 0.6345 (3) 0.070 (2) 
C82 0.6162 (2) 0.3321 (2) 0.3093 (5) 0.072 (1) 

T a b l e  2. Geometric  parameters  (A,, °)  

O 1 --C 1 1.409 (2) O6--C6 1.435 (2) 
O2--C2 1.431 (2) C1--C2 1.514 (2) 
O2--C7 1.438 (2) C2--C3 1.536 (2) 
O3--C3 1.426 (2) C3--C4 1.527 (2) 
O4--C4 1.429 (2) C4--C5 1.535 (2) 
O4--C8 1.441 (2) C5--C6 1.510 (2) 
O5--C8 1.415 (2) C6--C7 1.522 (2) 
O5--C5 1.423 (2) C8--C82 1.514 (3) 
O6--C2 1.416 (2) C8--C81 1.512 (3) 

C2--O2--C7 107.4 (1) O4--C4--C5 102.2 (1) 
C4--O4--C8 110.4 (1) C3--C4--C5 115.8 (1) 
C8--O5--C5 108.2 (1) O5--C5--C6 110.2 (1) 
C2--O6--C6 102.8 (1) O5--C5--C4 103.3 (1) 
OI--CI--C2 112.2 (1) C6--C5--C4 113.0 (1) 
O6--C2--O2 106.1 (1) O6--C6--C5 109.7 (1) 
O6--C2--C1 109.9 (1) O6--C6--C7 101.9 (1) 
O2--C2--C1 110.2(1) C5--C6--C7 110.6(1) 
O6--C2--C3 108.1 (1) O2--C7--C6 103.4 (1) 
O2--C2--C3 109.7 (1) O5--C8--O4 105.6 (1) 
CI--C2--C3 112.6 (1) O5--C8--C82 108.2 (2) 
O3--C3--C4 110.8 (1) O4--C8--C82 110.1 (2) 
O3--C3--C2 111.4(1) O5--C8--C81 111.9(2) 
C4--C3--C2 110.8 (1) O4--C8--C81 107.7 (2) 
O4--C4--C3 !12.1 (1) C82--C8--C81 113.2(2) 

O6--C2--C3--C4 -55.7 (1) C4--C5--C6--O6 48.5 (2) 
C2--C3--C4--C5 29.2 (2) C5--C6--O6--C2 -75.0 (1) 
C3--C4--C5--C6 -26.3 (2) C6--O6--C2--C3 78.6 (1) 

D 
O1 
03 

T a b l e  3. Hydrogen-bonding geometry  ( ,~,  o) 

H A D- -H  H . . . A  D . . .A  D - - H . . . A  
HI0 04 ~ 0.93 (2) 1.80 (2) 2.725 (2) 169 (2) 
H20 03 i~ 0.90 (2) 1.92 (3) 2.795 (1) 164 (2) 

Symmetry codes: (i) 1 + y, 1 - x, z - 43-; (ii) 1 ÷ y, 1 - x, z + ~. 

Fr iedel  oppos i t e s  were  co l l ec ted  for  the range: h = - 15-0 ,  k = 
- 15-0  and l -- - 8 - 0 .  T h e s e  Fr iedel  pairs  we re  r ega rded  as s y m -  
me t ry  independen t  and  we re  not  merged .  Data  col lec t ion:  E n r a f -  
N o n i u s  C A D - 4  sof tware .  Cell  re f inement :  E n r a f - N o n i u s  C A D - 4  
sof tware .  Data  reduct ion:  CADSHEL (Kopf ,  1987).  P rog ram(s )  
used  to so lve  s t ructure:  SHELXS86 (Sheldr ick ,  1990). Pro-  
gram(s)  used  to refine s t ructure:  SHELXL92 (Sheldr ick ,  1993). 
M o l e c u l a r  graphics :  SCHAKAL88 (Keller ,  1986). S o f t w a r e  
used  to prepare  mater ia l  for  publ ica t ion:  CIF2 TEX (Kopf ,  1992); 
FCF2FOC (Kopf ,  1992). 

T h i s  w o r k  w a s  s u p p o r t e d  b y  t h e  D e u t s c h e  F o r s c h u n g s -  

g e m e i n s c h a f t  a n d  t h e  F o n d s  d e r  C h e m i s c h e n  I n d u s t r i e .  

Lists of structure factors, anisotropic thermal parameters, H-atom coor- 
dinates and complete geometry have been deposited with the British Li- 
brary Document Supply Centre as Supplementary Publication No. SUP 
71477 (16 pp.). Copies may be obtained through The Technical Editor, 
International Union of  Crystallography, 5 Abbey Square, Chester CH 1 
2HU, England. [CIF reference: SE1033] 
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Structures of the Diels-Alder Reaction 
Products of Thymoquinone and 
l-Vinylcyclohexene, lI. 7-Isopropyl- 
4-methyitricycio[8.4.0.02'7]tetradeca - 
4,9-diene-3,6-dione, C!8H2402 

formation. The molecule has an overall distorted 
hemispherical conformation. 

Comment 
The Diels-Alder reactions of thymoquinone (4) and 
1-vinylcyclohexene (3) lead to several different 
products, depending mainly upon the reaction condi- 
tions used; the thermal reaction products have been 
analyzed in part I (lulek, Zuckerman-Schpector, 
Brocksom & Silva, 1993). Lewis acid-catalyzed reac- 
tion conditions (A1C13 or SnCI4) produce, in excellent 
yield, a 1:1 ratio of two principal products. Product 
(1) has been isolated, purified and crystallized thus 
allowing the definition of the relative stereochemistry 
of the three contiguous stereogenic centres by a 
single-crystal X-ray diffraction study. Compounds 
(1) and (2) are precursors in the reaction pathway 
aiming at the synthesis of naturally occurring cem- 
brane diterpenes which possess interesting biological 
activities (Tius, 1988); therefore, the knowledge of 
the molecular conformation helps in the prediction 
of the steric course of subsequent reactions. 

0 

o~ 5nC~ 

g4~ 0 

(4) (3) (2) (1) 

J. IULEKaf AND J. ZUKERMAN-SCHPECTOR~ 

Instituto de F(sica e Qu(mica de Sdo Carlos, 
Universidade de Sdo Paulo, Caixa Postal 369, 
13560-970 Sdo Carlos SP, Brazil 

T. J. BROCKSOM AND F. SILVA JR 

Universidade Federal de Sdo Carlos, 
Departamento de Quirnica, Caixa Postal 676, 
13565-905 Sdo Carlos SP, Brazil 

(Received 6 January 1993; accepted 14 May 1993) 

The cyclohexenedione ring conformation is close 
to that of a sofa with C(7) 0.617 (5)A out of the 
plane defined by C(2)-C(6); O(1) is 0.223 (3) A, in the 
same direction as C(7) and 0(2) is 0.239 (5) A, out of 
the plane in the opposite direction. The cyclohexene 
ring is in a slightly distorted sofa conformation with 
C(7) 0.569 (5)A, out of the plane defined by C(2)-- 
C(1)--C(10)--C(9)--C(8). The cyclohexane ring is in 
an almost ideal chair conformation, with C(1) 
0.690 (4)A, above and C(12) 0.646 (6)/~ below the 
plane defined by the other four atoms. The Cremer & 
Pople (1975) ring-puckering parameters are: cyclo- 
hexenedione, q2 = 0.362 (5), q3 = -0.274 (5), Q = 

Abstract 
The title molecule has an all-cis ring-fusion tricyclic 
structure, with the angular isopropyl group opposite 
to the two cyclohexene ring substituents. The cyclo- 
hexenedione and the cyclohexene rings are both in a 
slightly distorted sofa conformation, whereas the 
cyclohexane ring adopts an almost ideal chair con- 

t Permanent address: Departamento de Quimica, Universidade 
Estadual de Ponta Grossa PR, Brazil. 

~. Present address: Departamento de Quimica, Universidade 
Federal de Sao Carlos, Brazil. 

~ Cl8 
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Fig. 1. The molecular structure of (1) with the atom labelling; 50% 
probability thermal ellipsoids are shown. 
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