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193. Structure of a Tricyclic Photoproduct CISH,,O, 
by X-Ray Analysis 
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Universitk dc GcnZve, 30 quai Ernest Ansermet, 1211 GenZve 4 

(13. 111. 74) 

Summary. The crystal structure of the photoproduct 1 (C,,H,,O,; monoclinic, a = 7.682, 
b = 14.448, c = 12.925A, p = 108.4"; space group PZ,/c, 2 = 4) has been determined by X-ray 
analysis. The structure was solved by direct methods and the positions of all hydrogen atoms 
were obtained from a difference synthesis. The final R factor is 0.049. The polycyclic skcleton of 1 
consists of a trans-decalonc ring system axially fused to an oxolanc ring in a conformation inter- 
mediate between the envelope and twist form. Strong intramolecular non-bonded interactions arc 
observed among the substituent atoms. 

Irradiation of an a,B-unsaturated y-dimethoxy-methyl ketone afforded, in a 
n + z* induced process and in high yield, a mixture of epimeric products [l]. We 
here report the structure of one of the epimers (1) as determined by X-ray analysis1). 

3 

0 3  
I 

0 2  
1 

14 

Experimental Part. - The crystals were providcd by M. /. Gloor (Uept. of Organic 
Chemistry, University of Gcneva) and were colourless prisms with well formed faces. - Lattice 
parameters and diffracted intensities werc measured a t  room temperature on an automatic four- 
circle PhiZiPs P W l l O O  diffractometer using graphite monochromator and MoKol-radiation 
(1 = 0.7107 A). The selected crystal was sealed in a Lindemann capillary and had dimensions 
0 . 1 6 ~  0 . 1 9 ~  0.30 mm. The crystallographic data arc: 

C,,H,,O, (m.p. 126"). Monoclinic, space group PZJc  
u = 7.682 (3) ,  b = 14.448 (2), c = 12.925 (2) A, 
/!l = 108.4"; U = 1361.2 A3; Z = 4 
D, = 1.232, D, = 1.219 g ern-,; p.d = 0.71 cm-1 

1276 reflcctions with sinO/A < 0.4813 A-1 were scanned in thc 0-  20  mode (scan width 1.2", 
scan speed 0.02"/s). Three monitor reflcxions were measured at  average intervals of 30 reflections; 
no significant signs of crystal degradation were noticed. The usual corrections wei-c applied, and 
a data set of 1029 structure amplitudes, with 1 Fo I > 2 u (Fo), was obtained. No corrections were 
made for absorption. 

Structure Analysis and Refinement. - The phasc problem was solved by direct 
methods using the multiple solution procedure (MULTAN) [3]. The best results were obtained 

A preliminary account of prcsent rcsults was given in 121. 
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with 170 of the largest normalized structure amplitudes (E > 1.54) and 50 weaker values for the 
v, test. The signs of three origin-determining reflections were fixed and those of three additional 
ones were varied to  give eight starting sets of phases. The E-map based on the one with the 
highest ‘figure of merit’ revealed the locations of all the non-hydrogen atoms. Positional para- 
meters and anisotropic temperature factors were then refined by full-matrix least-squares analysis. 
When the R-value was reduced to  0.10 all hydrogen atoms were unequivocally located from 
a difference synthesis and included in the structure model, but not refined. The condition for 
inclusion of a reflexion in a cycle of refinement was: 

1 F, I > 3 0 (F,) ; when 2 (r (F,) < I 17, I < 3 a (Fo) only if I F, I > I F, I. 
The final R-value, based on 991 reflexions, was 0.049 with the weighting scheme: w = 1.0 

foi- ~ F ~ -: 56, w = 0.5 for 1 F 1 > 56. The final atomic coordinates and thermal parameters are 
listctl in Tables 1 and 2. 

H ( 1 ) A  317  2262 1 4 5 8  3 . 4 1  

H ( 1 ) B  -1442  2 5 1 7  2092 3 . 4 1  

H ( 3 ) A  -3715  4 2 2 3  -248 4 . 7 0  

H ( 3 ) B  - 4 2 1 1  3796  864  4 . 7 0  

H ( 4 ) A  -932 5 0 7 8  827  4 . 2 2  

H ( 4 ) B  -2647  5 3 6 3  1 4 1 0  4 .22  

H ( 5 ) A  1 1 8 9  5 6 2 8  2 4 8 0  4 .78  

H ( 5 ) B  -373  5 7 1 4  3 1 6 8  4 .78  

H ( 6 ) A  2942  5374  4 5 5 0  5 . 2 7  

H ( 6 ) B  1 1 5 7  4504 4634  5 .27  

H(7)A 4076 4 4 5 3  3 3 8 0  3 . 8 3  

H ( 7 ) B  4150  3 8 1 1  4635  3 . 8 3  

Table 1. Final positional alzd thermal purameters (both x lo4)  with standard deviations in parentheses. 
Thermal parameters are given in the form: exp { - (bl,h2+ b,,k2+ b3-J3+ b,,hk+ b,,hl+ b,,kl) 

A t o m  X Y z b l l  b 2 2  b 3 3  b 1 2  b13 b 2 3  

~ ( 1 1 )  5 0 6 8  2799 3 1 6 0  3 . 3 8  

3823  546  3 . 3 8  H ( 1 2 ) A  9O9 

H ( 1 2 ) B  2 0 8 3  4765  1 5 4 4  3 . 3 8  

H ( 1 3 ) A  9 9 6  1 9 9 8  3508  4 .06  

2 2 6 0  4469  4 .06  H ( 1 3 ) B  2852  

H ( 1 3 ) C  1219  2786 4502  4 . 0 6  

H ( 1 4 ) A  4864 1 9 6 2  1350 5.14 

~ ( 1 4 ) ~  4608  819  1 8 5 6  5 . 1 4  

H ( 1 4 ) C  5 9 0 1  1 5 1 7  2629  5 . 1 4  

~ ( 1 5 ) ~  -2642  3536 2686 3 . 8 6  

H ( 1 5 ) B  -2612  4635  3 2 2 5  3 .86  

H ( 1 5 ) C  -863  3 8 5 1  3 8 7 1  3 .86  
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Table 3. Molecular parameters deraved f r o m  coordinates of Tables I and  2.  For atom-numbering 
system, see 1 

Bond distances (A). Standard deviations ( x  lo3) are in parentheses 
~ ~ 

c (1) -c ( 2 )  1 . 5 0 5  ( 6 )  c ( 8 )  -c (9 )  1 . 5 6 4 ( 5 )  

c (1) -c ( 9 )  1 . 5 4 3  (5)  c ( 8 )  -c ( 1 1 )  1 . 5 2 0 ( 5 )  

1 . 5 3 6  ( 6 )  C ( 2 )  -C (3)  1 . 5 0 1 ( 7 )  

C ( 2 ) - 0 ( 2 )  1 . 2 1 4 ( 7 )  c ( 9 )  -c ( 1 0 )  1 . 5 6 0 ( 5 )  

c ( 3 )  -c ( 4 )  1 . 5 3 1 ( 7 )  C ( 9 ' - C ( 1 2 )  1 . 5 5 4 ( 5 )  

C ( 4 ) - C ( 1 0 )  1 . 5 4 7  ( 6 )  C ( l O ) - C ( l S )  1 . 5 4 2 ( 5 )  

C ( 5 )  -C ( 6 )  1 . 5 3 5 ( 7 )  c (11) -0(1) 1 . 4 1 7 ( 5 1  

C ( 5 )  -C (10) 1 . 5 3 6  ( 6 )  C ( l l ) - O ( 3 )  1 . 4 0 3  ( 6 )  

C (6 )  -C ( 7 )  1 . 5 2 5  ( 6 )  c ( 1 2 )  - O ( l )  1 . 4 3 5 ( 4 )  

c ( 7 )  -c ( 8 )  1 . 5 5 4  ( 6 )  C ( 1 4 )  - 0 ( 3 )  1 . 4 3 3 ( 5 )  

C ( 8 )  -C ( 13) 

Bond alzgles ("). The average standard deviation IS 0.36' 

c ( 2 )  -c (1) -c ( 9 )  

c (1) -c ( 2 )  -c (31 

0 ( 2 )  -c ( 2 )  -c (1) 

0 ( 2 )  -C ( 2 )  -C ( 3 )  

C(2 ) -C  ( 3 ) - C ( 4 )  

c ( 3 )  -c ( 4 )  -c (10) 

C ( 4 )  -C ( 1 0 )  -C (5) 

c ( 4 )  -c (10) -c (91 

c ( 4 )  -c (10) -c ( 1 5 )  

c (5) -c (10) -c ( 9 )  

c (5) -c (10) -c ( 1 5 )  

C ( 9 ) - C ( l O ) - C ( 1 5 1  

C (10) -C ( 5 )  -C ( 6 )  

C ( 5 )  -C (6) -C ( 7 )  

C (6) -C ( 7 )  -C ( 8 )  

c ( 7 )  -c (8 )  -c ( 9 )  

C ( 7 )  -C (81 -C (11) 

1 1 2 . 1  

1 1 9 . 2  

1 1 9 . 2  

1 2 1 . 6  

1 1 3 . 7  

1 1 2 . 8  

108.8 

1 0 8 . 1  

1 0 7 . 7  

1 1 1 . 3  

1 0 7 . 8  

1 1 3 . 1  

1 1 1 . 3  

1 0 9 . 9  

1 1 4 . 1  

110.1 

1 0 5 . 2  

1 1 0 . 3  

1 0 2 . 6  

1 1 6 . 5  

1 1 1 . 3  

1 1 3 .  I 

1 1 5 . 3  

9 9 . 5  

1 0 8 . 7  

1 0 6 . 9  

1 1 2 . 9  

1 0 5 . 9  

1 1 0 . 2  

1 1 2 . 6  

1 0 7 . 2  

1 1 0 . 7  

1 1 2 . 4  

Parameters invoZvi%g H atoms: (Average values over the rclevant groups present in the molecule) 

- CH2 - - CH - 

0 
C-H 1 . 1 3 ( 4 )  A 

H-C-H 1 0 7  ( 6 ) '  

c-€1 1.06(6) A 

H-C-11 105 (6) 

X-C-H 110 (5) X-C-Ii 1 1 3  (5)  
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Discussion of the results. - The molecular parameters are given in Table 3. 
Although all H atoms were well resolved and spherical, only average geometries are 
reported for the methylene and methyl groups. Stereoscopic views of the molecular 
conformation and packing are given in Fig. 1 and 2. 

Fig. 1. Steveoscopir vaew of the moleculav conforvnatzon 

I2ig. 2. Stereoscopic vaew 0-f the moleculav packing within the uni t  cell. The origin and thc  basic 
molccule ( x ,  y, z )  are in the rear, upper lcft corner 

The rigid decalone system assumes an all-chair conformation. Atoms C(1), C(2), 
C(3), 0(2) are coplanar (mean deviation 0.007 A) ; the central atom is sp2 hybridized 
as shown by the bond angles close to  120" at  C(2). The C(2)-0(2) bond almost eclipses 
the adjacent C-H bonds, with torsion angles t[H(l)A-C(l)-C(Z)-O(Z)] = 15.3" and 
t[H(3)A-C(3)-C(2)-0(2)] = -14.7". The 0(2) atom is 2.43 and 2.62 A from atoms 
H(3)A and H(l)A, respectively. 

The trws-decalone system is distorted as expressed by the torsion angles (Fig. 3A) 
which deviate from the normal values expected for an unstrained molecule2). The 
strain is caused by fusion to  the oxolane ring and by strong steric repulsion between 
the axial methyl groups, which arc splayed apart; the bonds C(8)-C(13) and 
C(lO)-C(15) diverge by as much as 29.2". Additional indications for such a repulsion 
are the long bonds (av. 1.562 A) between the bridgehead atoms as compared to the 
other C(sp3)-C(sp3) bonds (av. 1.539(10) A) of the decalone system. The H atoms of 

z, Torsional angles of some fused non-aromatic ring systems are discussed In [4]. 
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the methyl groups are forced into close contact with those of the methylene groups 
a t  C(1), C(5) and C(6) : the shortest distance 1.82 A is observed between H(15jC and 
H(6)B. 

C(8) 

48 6 co 
V O ( 1 )  C(111 

c (9) 

2 7 2 0 3 7  

7 4  0 1 6 8  

A 

Fig. 3 .  A) Exploded view of the pol?,cycZic skeletovz slaowzng the  torsion angles ( ) ivz the compomeizt vings. 
B) Pvojectiow of the oxolane ~ i v i g  onto a fi1a.m perpelzdiczdar to the plane C ( I  7)-0 (I) - -C (12) 

The oxolane ring looks intermediate between envelope and twist form with C, 
passing through O(1) (Fig. 373). The distance between H(12)R of tlie oxolane ring 
and H(5)A of the B-ring is only 2.00 A. Atonis C(14)-0(3) of the methoxy group tend 
to assume tlie favoured planar (T.T.T. . .) conformation together with atoms 
C(ll)-C(8) of the five-membered ring (mean deviation 0.064(2) A). The oxygen 0(3)  
is forced into close contact with the neighbouring -CH, group of the A-ring; the 
H(1)A ... O(3)  separation (2.23 A) is about 0.4 k smaller than the sum of vaFz der 
Waals radii. Other relevant non-boiidcd distances and angles are : C(1) .  . . 0 ( 3 )  = 

0(3)-C(14)-H(14)C] = 177.4'. One of the sp3 lone pair orbitals of O(3) thus points 
towards H(l)A, suggestive of a specific C-H.. . O  bonding interaction, as proposed 
by other workers 151. 

3.069 A; 0(3)  . . .  C(1)-H(1)A = 33.5"; C(14)-0(3) . . .  H(1jA = 133.5'; t[H(l)A . . .  

\Ve would like to thank Mrs. LLI, ,Jovdaiz for pi-diminary photographic determination of the 
unit cell 
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