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Tab le  3. Hydrogen-bonding geometry (A, ° ) f o r  (1) 

D--H. • .A D--H H. • .A D. • .A D--H. • .A 
C5--H5. • .Ol ~ (300 K) 1.00 (3) 2.25 (3) 3.048 (4) 136 (2) 

(90 K) 0.97 (3) 2.21 (3) 3.009 (4) 139 (3) 

Symmetry code: (i) x - ½, ½ - y, I - z. 

Compound (1) at 90 K 

Crystal data 

C6H7N303 
Mr = 169.15 
Orthorhombic  
Pbca 
a = 12.756 (3) ,g, 

o 

b = 6.870 (1) A 
c = 15.740 (3) ,g, 
V = 1379.4 (5) ,~3 
Z = 8  
Dx = 1.629 Mg m -3 
Dm not measured  

Data collection 

Kuma KM-4 dif f ractometer  
w--0 scans 
Absorption correction: none 
1757 measured  reflections 
1757 independent  reflections 
1183 reflections with 

I > 2o'(/) 

Mo KoL radiation 
,~ = 0.71073 A, 
Cell parameters  from 28 

reflections 
0 = 18-23 ° 
/z = 0.133 m m  - I  
T = 9 0 . 0 ( 1 )  K 
Plate 
0.48 x 0.40 x 0.36 m m  
Light yel low 

0max = 30.87 ° 
h = 0 ---~ 17 
k = - 9  ---~ 0 
I =  - 2 0  ---* 0 
2 standard reflections 

every  50 reflections 
intensity decay: 0.32% 

(Sheldrick, 1990); software used to prepare material for pub- 
lication: SHELXL97. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: GDI027). Services for accessing these 
data are described at the back of the joumal. 
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Refinement 

Refinement  on F 2 
R[F 2 > 2or(F2)] = 0.058 
wR(F 2) = 0.146 

S =  1.153 
1757 reflections 
137 parameters  
H atoms treated by a 

mixture o f  independent  
and constrained ref inement  

w = 1/[o-2(Fo 2) + (0.0066P) z 

+ 6.7646P] 
where  P = (Fo 2 + 2/72)/3 

(A/or)max < 0.001 
Apmax = 0.423 e ,~-3 
Z~pmin = - 0 . 3 8 6  e ~ - 3  
Extinction correction: none 
Scattering factors f rom 
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T a b l e  4. Fractional  atomic coordinates and equivalent 

isotropic displacement  parameters  (A 2 ) f o r  (1) at 90 K 

Ueq = (1/3)Ei~jUqaia2ai.a). 

x y z Ueq 
OI 0.37956 (17) 0.21 l0 (3) 0.51814 (15) 0.0171 (5) 
N1 0.2860(2) 0.2321 (4) 0.55015 (16) 0.0130 (5) 
C2 0.2743 (2) 0.3028 (4) 0.6305 (2) 0.0129 (6) 
C3 0.1766 (2) 0.3244 (4) 0.6659 (2) 0.0134 (6) 
C4 0.0887 (2) 0.2740 (4) 0.6184 (2) 0.0117 (6) 
C5 0.1008 (2) 0.2037 (4) 0.5367 (2) 0.0127 (6) 
C6 0.2001 (2) 0.1838 (4) 0.5036 (2) 0.0134 (6) 
N7 -0.0131 (2) 0.3087 (4) 0.65405 (17) 0.0128 (5) 
N8 -0.0798 (2) 0.1559 (4) 0.65894 (17) 0.0136 (5) 
09 -0.04386 (18) -0.0094 (3) 0.64919 (15) 0.0169 (5) 
O10 -0.17175 (17)  0.1924 (4) 0.67684 (15) 0.0184 (5) 
Cll -0.0585 (3) 0.5049 (5) 0.6559 (2) 0.0160 (6) 

For both compounds ,  cell refinement:  Kuma Diffraction 
Software (Kuma,  1997); data reduction: Kuma Diffraction 
Software; program(s)  used to solve structures: SHELXS97 
(Sheldrick, 1997a); program(s)  used to refine structures: 
SHELXL97 (Sheldrick, 1997b); molecular  graphics: SHELXTL 

Acta Cryst. (1999) .  C 5 5 ,  1 2 9 5 - 1 2 9 7  

(1R,2R,3R,3'R,4R )-3-[ ( 2-Furyl)hydroxy. 
methyl]-l,7,7-trimethylbicyclo[2.2.1]heptan- 
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Abstract 

C a m p h o r  ch i r a l  d e r i v a t i v e s  h a v e  p r o v e n  to  be  v e r y  

p o w e r f u l  ch i r a l  a d j u v a n t s  in o r g a n i c  s y n t h e s i s .  T h e  ab-  

so lu t e  m o l e c u l a r  c o n f i g u r a t i o n  o f  t he  t i t le  c o m p o u n d ,  

C15H2203,  has  b e e n  d e t e r m i n e d  d u e  to  the  ch i r a l  
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character of the (1R)-(+)-camphor. An infinite one- 
dimensional hydrogen-bonding chain along the [010] 
direction [O- . .O  2.747 (3) A] and an intramolecular hy- 
drogen bond [ O . . . O  2.770 (3),~] have been found. 

C o m m e n t  

Due to their great structural variety and availability, ter- 
penes, as the readily available (1R)-(+)-camphor and its 
derivatives, might be used as a natural source for the 
synthesis of chiral compounds (Oppolzer, 1987). Much 
effort has gone into seeking simple and efficient synthe- 
sis routes to inexpensive chiral auxiliaries (Vasconcellos 
et al., 1991, 1992; Cabral et al., 1996; Costa et al., 1997; 
Dumas et al., 1997; Almquist et al., 1997). This effort 
has resulted in the synthesis of new 1,3-diols (Mellfio 
& Vasconcellos, 1996; Vasconcellos et al., 1998). In 
order to improve the study of new chiral tridentate lig- 
and systems, the title compound, (I), was synthesized 
from (1R)-(+)-camphor (Vasconcellos et al., 1998) and 
its crystal structure determined. 

(I) 

The title compound (Fig. 1) adopts a conforma- 
tion in which the angle between the least-squares 
plane through C 2 - - C 6 - - C 5 - - C 3  of the bicyclic ring 
[5.25 (1)x - 3.68 ( 2 ) y -  8.68 (1)z = 2.62 (2); r.m.s, de- 
viation = 0.02.&] and the least-squares plane of the 
furan ring [ - 0 . 2 2  (1)x+ 0.65 (2)y+ 11.06 (1)z = 1.25 (1); 
r.m.s, deviation = 0.004 AI is 50.7 (1)°; the key torsion 
angles are given in Table 1. The bond distances and 
angles are within the normally expected ranges; the bond 
lengths in the furan ring show some 7r-bond character. 

Fig. 1. ZORTEP (Zsolnai, 1994) view of the title compound with 
the crystallographic numbering scheme, showing 40% probability 
ellipsoids. The intramolecular hydrogen bond is shown with a 
dashed line. 

In the title compound, an intermolecular O 1 . . . O 2  i 
hydrogen bond [2.747 (3),A,; symmetry code: (i) 2 - x ,  
i + y, - z ]  forms a one-dimensional infinite zigzag chain 
along the [010] direction, similar to the hydrogen- 
bonding packing for (1R)-(+)-camphor semicarbazone 
(Robinson et al., 1994). The intramolecular O 1 . . . O 2  
hydrogen bond [2.770 (3) ,~] forms a pseudo-six- 
membered ring. The geometric hydrogen-bonding pa- 
rameters are given in Table 2. 

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

Details of the synthesis of (I) have been published elsewhere 
(Vasconcellos et al., 1998). Single crystals suitable for X-ray 
analysis were obtained by slow evaporation from a hexane 
solution. 

Crystal data 

C15H2203 Mo Ka radiation 
Mr = 250.33 A = 0.71073 ,A, 
Monoclinic Cell parameters from 19 
P21 reflections 
a = 7.581 (1) ,A, 0 = 9.81-18.59 ° 
b = 8.663 (1) ,~, # = 0.079 mm -~ 
c = 11.475 (1) ,~ T = 293 (2) K 
/3 = 106.44 (1) ° Prism 
V 722.8 (1)A 3 0.15 x 0.10 x 0.08 mm 
Z = 2 Colourless 
Dx = 1.150 Mg m -3 
Dm not measured 

Data collection 
Enraf-Nonius CAD-4 

diffractometer 
~0/20 scans 
Absorption correction: none 
1934 measured reflections 
1859 independent reflections 
966 reflections with 

I > 2~r(/) 

Refinement 

Refinement on F 2 
R[F 2 > 2or(F2)] = 0.052 
wR(F 2) = 0.122 
S = 0.905 
1859 reflections 
163 parameters 
H atoms: see below 
w = 1/[cr2(Fo z) + (0.0616P) 2] 

where P = (Fo 2 + 2F,?)/3 
( m / o ' ) m a x  < 0.001 
Apmax = 0 . 1 5  e ~ - 3  
m/gmi n = -0.19 e .~-3 

Rint = 0 . 0 1 3  

0max = 28.97 ° 
h = - 9  ~ 10 
k = 0 --, 11 
i=  -15  ---~ 0 
3 standard reflections 

frequency: 120 min 
intensity decay: < 1% 

Extinction correction: none 
Scattering factors from 
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Absolute structure: correct 
enantiomer chosen on 
the basis of the known 
absolute configuration of 
the (1R)-(+)-camphor used 
in the synthesis 

Table 1. Selected torsion angles (°) 
C4---C3--C3q--O2 - 177.4 (3) O2---C3'---C I I---C12 -96 .7  (5) 
C2---C3---C3'---O2 61.4 (3) C3---C3q---CI I----CI 2 142.5 (4) 
C4----C3---C3'--C11 -57 .8  (4) O2------C3'---C I I ~ O 3  83.3 (3) 
C2------C3------C3'---C 11 - 179.0 (3) C3---C3'------C 1 I - -O3  - 3 7 . 6  (4) 
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Table 2. Hydrogen-bonding geometry (,~, o) 

D--H. • .A D--H H. • .A D. • .A D--H. • .A 
O2--HO2. • .O1 0.86 2.14 2.770 (3) 130 
O1--HOI. • .O2 i 0.88 1.88 2.747 (3) 171 

Symmetry code: (i) 2 - x, ½ + y, -z.  

Acta Cryst. (1999). C55, 1297-1299 

N-Cyclohexyl-6c~,7/3-dihydroxyvouacapan- 
17/3-carboxamidet 

All H atoms have been placed in calculated positions, except 
for the hydroxyl H atoms which were located from a 
difference Fourier map. All H atoms were refined using a 
riding model with U equal to 1.2Ueq of the parent atom, except 
for methyl groups (1.5U~q). The range of idealized C - - H  bond 
distances is 0.93-0.98 A. 

Data collection: CAD-4 Software (Enraf-Nonius, 1989). 
Cell refinement: CAD-4 Software. Data reduction: XCAD4 
(Harms, 1997). Program(s) used to solve structure: SHELXS86 
(Sheldrick, 1990). Program(s) used to refine structure: 
SHELXL93 (Sheldrick, 1993). Molecular graphics: ZORTEP 
and XPMA (Zsolnai, 1994). Software used to prepare material 
for publication: SHELXL93. 

The authors want to thank FINEE CNPq FAPESE 
FUJ-B and FAPERJ (Brazilian agencies) for financial 
support. 
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Abstract 
The crystal and molecular structures of the title com- 

Supplementary data for this paper are available from the IUCr pound (CHAD, C26H39NO4), which is a synthetic 
electronic archives (Reference: FR1146). Services for accessing these 
data are described at the back of the journal. 
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derivative of 6~,7/3-dihydroxyvouacapan- 17/3-oic acid 
(ADV) isolated from Pterodon polygalaeflorus Benth, 
have been determined. P. polygalaeflorus Benth is a tra- 
ditional plant of Brazilian medicinal culture. 

Comment 
6o~,7/3-Dihydroxyvouacapan-17/3-oic acid (ADV) is a 
natural furanditerpene extract isolated from the fruits of 
Sucupira Branca or Faveira (Pterodon polygalaeflorus 
Benth) as reported by Fascio et al. (1976). Its struc- 
ture has been determined previously (Ruggiero et al., 
1997). This vouacapan furanditerpene exhibits both anti- 
inflammatory and analgesic activities. In order to study 
structure-activity relationships of the vouacapanes, 
some amides derived from ADV were prepared, in- 
cluding 6o~,7/3-dihydroxy-N-cyclohexylvouacapan- 17/3- 
amide (Maltha et al., 1999). The crystallographic 
study of N-cyclohexyl-6~,7/3-dihydroxyvouacapan- 17/3- 
carboxamide (CHAD) is reported here. 

OH 

CHAD 

t Alternative name: N-cyclohexyl- 1,5,5a,6,7,7a,8,9,10,11,1 la, 1 lb- 
dodecahydro-6,7-dihydroxy-8,8,11 a-trimethylphenanthro[3,2-b] furan- 
17-carboxamide. 
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