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C2--C1--C6 119,4 (3) C8B--C9B--CIOB 127,5 (3) 
C2--Cl--C7B 122,6 (4) CllB--CIOB--C9B 122,0 (4) 
C6--C1--C7B 118,1 (3) CllB--CIOB--C15B 123,5 (4) 
C1--C2--C3 121,4 (4) C9B--CIOB--C15B 114,4 (4) 
C4--C3--C2 118,3 (3) CIGB--CllB--C18B 125,3 (5) 
C4--C3--C7C 124,3 (3) CIOB--CIlB--C12B 121,6 (5) 
C2--C3--C'/C 117,3 (4) C18B--CllB--C12B 113,0 (4) 
C3--C4--C5 121,7 (3) C13B--CI2B--CllB 114,3 (5) 
C4--C5--C6 118,7 (4) C14B--C13B--C12B 123,0 (*) 
C4--C5--C7A 123,0 (3) C13B--C14B--C15B 128,0 (9) 
C6--C5--C7A 118,2 (3) C17B--C15B--C14B 110,1 (6) 
C1--C6--C5 120,5 (3) C17B--C15B--C16B 107,7 (4) 
O7A--C7A--CSA 122,6 (4) C17B--C15B--ClOB 110,8 (4) 
O7A--C7A--C5 120,0 (4) C14B--C15B--C16B 109,7 (5) 
CSA--C7A--C5 117,4 (3) CI4B--C15B--CIOB 109,2 (4) 
C9A--CSA--C'/A 122,0 (3) CI6B--C15B--CIGB 109,4 (4) 
C8A--C9A--CIOA 130,2 (3) 07C--C7C--C8C 120,2 (3) 
CllA--C10A--C9A 116,8 (3) O7C--C7C--C3 119,5 (4) 
CllA--C10A--C15A 123,4 (5) C8C--C7C--C3 120,4 (4) 
C9A--CIOA--C15A 119,8 (5) C9C--C8C--C7C 120,4 (5) 
C10A--C11A--C18A 125,7 (5) C8C--C9C--C10C 134,0 (5) 
C10A--C11A--C12A 120,7 (4) CllC--C10C--C9C 117,6 (4) 
C18A--CllA--C12A 113,7 (5) CIlC--CIOC--CI5C 122,2 (3) 
C13A--C12A--CllA 112,3 (7) C9C--C10C--C15C 120,2 (4) 
C14A--C13A--C12A 113,3 (7) C1GC--CllC--C12C 122,9 (4) 
C13A--C14A--C15A 118,5 (7) CIOC--CllC--CI8C 124,7 (4) 
C17A--CI5A--CIOA 111,1 (4) C12C--CllC--C18C 112,3 (4) 
C17A--CI5A--C16A 110,1 (5) C13C--C12C--CllC 112,5 (4) 
C17A--C15A--C14A 111,2 (5) C14C--C13C--C12C 123,8 (7) 
C10A--C15A--C16A 110,8 (4) C13C--C14C--C15C 127,4 (8) 
CIOA--C15A--C14A 109,0 (5) C16C--C15C--C17C 109,5 (5) 
C16A--C15A--C14A 104,5 (5) C16C--C15C--C14C 110,7 (6) 
07B--C7B--C8B 121,9 (4) CI6C--C15C--CIOC 109,8 (4) 
O7B--C7B--C1 119,6 (4) C17C--C15C--C14C 106,7 (5) 
C8B--C7B--C1 118,4 (3) C17C--C15C--C10C 111,5 (5) 
C9B--C8B--C7B 122,3 (3) C14C--C15C--C10C 108,6 (5) 

La structure a 6t6 r6solue avec le programme SHELXS86 
(Sheldrick, 1985) et l'affinement avec une version modifi6e de 
ORFLS (Busing, Martin & Levy, 1962). Pour les figures, utilisa- 
tion du programme ORTEPII (Johnson, 1976). Ordinateur: IBM 
3090 du CIRCE sous le syst6me d'exploitation AIX/370. 

Les listes des facteurs de structure, des facteurs d'agitation thermique 
anisotrope et des coordonn6es des atomes d'hydrog6ne ont 6t6 d6pos6es 
au d6p6t d'archives de la British Library Document Supply Centre (Sup- 
plementary Publication No. SUP 71759:33 pp.). On peut en obtenir 
des copies en s'adressant ~: The Technical Editor, International Union 
of Crystallography, 5 Abbey Square, Chester CH1 2HU, Angleterre. 
[R6f6rence de CIF: DU1065] 
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Abstrac t  

The structure of an achiral ester-lactone, C20H1404 (1), 
which crystallizes spontaneously in space group P212121, 
has been determined. Solid-state photolysis gives two 
products, one of which is produced as a racemate, while 
the other is formed in near-quantitative enantiomeric ex- 
cess; the optical activity of the latter product probably re- 
suits from intermolecnlar steric effects. 

C o m m e n t  

The general molecular structure and dimensions of (1) are 
similar to those of related materials (Pokkuluri, Scheffer 
& Trotter, 1993). The carboxyl groups are both conju- 
gated with the Cll---~C12 double bond; the C l l - - C 1 2 - -  
C15--O4 torsion angle is -157.2(3)  ° [cos2(angle) -- 
0.85] and C 1 2 - - C l l - - C 1 3 - - O 2  is +4.0 (6) ° [cos2(angle) 
-- 0.995] [cos2(angle) is a measure of the amount of con- 
jugative interaction]. The five-membered lactone ring is 
a distorted C14-envelope [maximum ring torsion angle 
10.8(4)°]. 

Compound (1) crystallizes in space group P212121 
and so appears to resolve spontaneously on crystalliza- 
tion (although anomalous-dispersion terms are not large 
enough to enable possible twinning to be checked). 
Solution photolysis of (1) produces only racemic (2), 
while photolysis of single crystals produces racemic (2) 
(87%) plus optically active (3) (13%) (Chen, Pokku- 
luri, Scheffer & Trotter, 1990). The preponderance of 
photoproduct (2) can be rationalized on the basis of in- 
tramolecular steric repulsions between the C14 H atoms 
and the H atoms bonded to C1 and C8 [H14A...H1 ffi 
2.43 (8) (not too short), H14B.. .H8 -- 2.06 (6) ,~ (very 
short)]. These repulsions are relieved by bond formations 
C l l . . . C 8 a  or Cl l . . .C9a ,  which are required to form the 
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two enantiomers of  (2); (3) is formed via C 1 2 . . . C 4 a  or 
C 1 2 . . . C  10a bond formations,  which leave the H - . . H  re- 
pulsions almost  intact and hence are less-favourable path- 
ways. 

0 

E I Jf l 'O 
, 2 ~  .,,J '4 ~ 

(1) 

E = C(O)OMe 

hu 

(2) 

Solution 100 
Solid state 87 

(racemic) 

(3) 

0% 
13 

(chiral) 

The optical activity of  photoproduct  (3) probably re- 
suits from an intermolecular  steric effect. The C. • .C bond 
format ion involved in the product ion of  (3) results in a 

ClS-L,...~ ~ 02 

Cl; 

C4^ 
c4 

ClO_l ..,, I.,,,,.,,-K cla 

w 

} cJ cs 
C2 

C8^ 
C8 

D.~ C7 

Fig. 1. View of the molecule showing 50% probability ellipsoids. 

large movement  of  the C 15 carbomethoxy group, which  is 
impeded on one side of  the molecule  (but not on the other) 
by an H atom from a neighbouring molecule  ( 0 3 - . . H  = 

2.49 A). Both sides of  the lactone ring are t ightly packed, 
which accounts for the lack of  enantioselectivi ty in the 
format ion of  photoproduct  (2). 

Experimental 

The compound was synthesized according to the procedure de- 
scribed by Chen ( 1991). 

Crystal data 

C20H1404 
Mr -- 318.33 
Orthorhombic 
P212121 
a -- 10.349 (1) ,~ 
b = 16.620 (1) ,~, 
c -- 8.9933 (6) A 
V-- 1546.9 (2) .~3 
Z - - 4  
Dx = 1.366 Mg m -3 

Data collection 
Rigaku AFC-6 diffractome- 

ter 
o;120 scans 
Absorption correction: 

not applied 
(Train = 0.95, Tmax = 1.0) 

1785 measured reflections 
1785 independent reflections 
1529 observed reflections 

[1 > 3or(/)] 

Refinement 

Refinement on F 
R -- 0.038 
wR -- 0.055 
S-- 1.77 
1529 reflections 
274 parameters 
All H-atom parameters 

refined 
w = l/cr2(F) 

(A/o')max = 0.004 

Cu Ka radiation 
A = 1.5418 
Cell parameters from 25 

reflections 
0 = 37-47 ° 
/z = 0.74 mm -1 
T = 294 K 
Needle 
0.4 x 0.3 × 0.2 mm 
Colourless 

0max = 77.6 ° 
h = 0 ---~ 13 
k = 0--~ 20 
l --- 0 ---~ 11 
3 standard reflections 

monitored every 150 
reflections 

intensity variation: none 

Apmax = 0.23 e tk -3 
Apmin = - 0 . 1 9  e A -3  
Extinction correction: 

Zachariasen (1963) 
Extinction coefficient: 

5.9 x 10 -6  

Atomic scattering factors 
from TEXSAN (Molecular 
Structure Corporation, 
1985) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2) 

Ueq = (1/3)~i~qUoa[ af ai.a j. 

x y z U~q 
C1 0.8396 (3) 1.0018 (2) 0.4002 (4) 0.051 (2) 
C2 0.8031 (3) 1.0790 (2) 0.3682 (5) 0,061 (2) 
C3 0.8619 (2) 1.1216 (2) 0.2532 (5) 0,063 (2) 
C4 0.9597 (3) 1,0856 (2) 0.1686 (4) 0.052 (2) 
C4a 0.9956 (2) 1,0077 (2) 0.2004 (3) 0,042 (l) 
C5 1.0256 (3) 0.8520 (2) -0.0757 (3) 0.047 (1) 
C6 0.9582 (4) 0.7812 (2) -0.1043 (4) 0.055 (2) 
C7 0.8946 (4) 0.7424 (2) 0.0078 (4) 0,057 (2) 
C8 0.8991 (3) 0.7710 (2) 0.1536 (4) 0.049 (2) 
Cga 0.9678 (2) 0.8406 (2) 0.1822 (3) 0.040 (1) 
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C9 0.9900 (2) 0.8810 (2) 0.3334 (3) 0.040 
C9a 0.9367 (2) 0.9655 (2) 0.3165 (3) 0.042 
C10 1.0974 (3) 0.9577 (2) 0.1190 (3) 0.042 
C10a 1.0295 (3) 0.8818 (2) 0.0666 (3) 0.040 
Cll 1.1363 (2) 0.8888 (2) 0.3458 (3) 0.038 
C12 1.1942 (2) 0.9291 (2) 0.2358 (3) 0.038 
C13 1.1786 (3) 0.8429 (2) 0.4772 (3) 0.045 
C14 0.9542 (3) 0.8344 (2) 0.4742 (3) 0.051 
C15 1.3328 (3) 0.9480 (2) 0.2113 (3) 0.042 
C16 1.5485 (3) 0.9143 (4) 0.2626 (6) 0.072 
O1 1.0744 (2) 0.8086 (1) 0.5395 (2) 0.056 
02 1.2843 (2) 0.8318 (2) 0.5270 (3) 0.066 
03 1.4126 (2) 0.9002 (2) 0.2843 (3) 0.060 
04 1.3682 (2) 1.0024 (2) 0.1365 (4) 0.086 

Table 2. Selected geometric parameters (,~, o) 
C1--C2 1.368 (5) C9--C9a 1.516 (4) 
C1--C9a 1.393 (4) C9--Cll 1.524 (3) 
C2--C3 1.393 (6) C9--C14 1.530 (4) 
C3--C4 1.400 (5) C10--C10a 1.519 (4) 
C4--C4a 1.377 (4) C10--C12 1.527 (4) 
C4a--C9a 1.398 (4) Cll--C12 1.337 (4) 
C4a--C10 1.529 (4) Cll--C13 1.473 (4) 
C5--C6 1.392 (5) C12--C15 1.485 (4) 
C5--C10a 1.373 (4) C13--O1 1.342 (4) 
C6--C7 1.366 (5) C13--O2 1.196 (4) 
C7--C8 1.395 (5) C14--O1 1.441 (4) 
C8--C8a 1.382 (4) C15--O3 1.321 (4) 
C8a--C9 1.534 (4) C15--O4 1.185 (4) 
C8a--C1Oa 1.399 (4) C16--O3 1.439 (4) 

C2--C1--C9a 119.4 (3) C4a--C9a--C9 112.4 (2) 
C1--C2--C3 120.8 (3) C4a--C10--C10a 106.3 (2) 
C2--C3--C4 120.1 (3) C4a--C10--CI2 107.0 (2) 
C3--C4--C4a 118.9 (3) CI0a--C10--C12 105.0 (2) 
C4--C4a--C9a 120.6 (3) C5--C10a--C8a 120.2 (3) 
C4--C43--C10 126.7 (3) C5--C10a--C10 127.0 (3) 
C9a--C4a--CI0 112.7 (2) C8a--CIGa--C10 112.8 (2) 
C6--C5--C10a 119.5 (3) C9--Cll--C12 115.7 (2) 
C5--C6--C7 120.3 (3) C9--C11--C13 108.1 (2) 
C6--C7--C8 121.1 (3) C12--Cll--C13 136.1 (2) 
C'/--C8--CSa 118.5 (3) CI0--C12--Cll 111.8 (2) 
C8--C8a--C9 127.5 (2) C10--C12--C15 117.8 (2) 
C8--C8a--C10a 120.4 (3) Cl1--C12--C15 130.5 (2) 
C9--CSa--C10a 112.1 (2) Cll--C13--O1 108.4 (2) 
C8a--C9--C9a 105.2 (2) Cll--C13--O2 130.7 (3) 
C~a--C9--Cll 104.5 (2) O1--C13--O2 120.9 (3) 
C8a--C9--C14 118.4 (2) C9--C14--O1 106.2 (2) 
C9a--C9--Cll 106.9 (2) C12--C15--O3 113.8 (2) 
C9a--C9--C14 117.6 (2) C12--C15--O4 123.0 (3) 
Cll--C9--C14 102.9 (2) O3--C15--O4 123.2 (3) 
C1--C9a--C4a 120.1 (3) C13--O1--C14 113.4 (2) 
C1--C9a--C9 127.5 (3) C15--O3--C16 116.5 (3) 
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Abstract 
Photolysis of methyl 2-benzoyl- 1,4-dihydro- 1,4-etheno- 
naphthalene-3-carboxylate (4) produces two di-Tr-meth- 
ane photoproducts in solution, but three different prod- 
ucts in the solid state. The structures of (4) and an unusual 

Data collection, cell refinement, data reduction, structure so- solid-state photoproduct methyl 6c-benzoyl-2a,2b,6b,6c- 
lution and refinement, and graphical representation used the tetrahydrobenzo[a]cyclopropa[cd]pentalene-6b-carboxy- 
TEXSAN program package (Molecular  Structure Corpora- 
tion, 1985). TEXSAN includes modif ied versions o f  MITHRIL 
(Gilmore,  1984), ORFLS (Busing, Mart in  & Levy, 1962) and 
ORTEP (Johnson, 1976), with scattering factors (International 
Tables for X-ray Crystallography, 1974, Vol. IV) and extinction 
correct ion (Zachariasen,  1963). 

We thank the Natural Sciences and Engineering Re- 
search Council of Canada for financial support. 

Lists of structure factors, anisotropic displacement parameters, H-atom 
coordinates and complete geometry, and stereo molecular and packing 
diagrams have been deposited with the British Library Document Supply 
Centre as Supplementary Publication No. SUP 71734 (20 pp.). Copies 
may be obtained through The Technical Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CH1 2HU, England. [CIF ref- 
erence: CD 1060] 

late (13) have been determined by X-ray crystal analyses. 

Comment 
Photolysis of methyl 2-benzoyl- 1,4-dihydro- 1,4-etheno- 
naphthalene-3-carboxylate (4) in solution gives two pri- 
mary di-Tr-methane-type photoproducts, (5) and (7), with 
the 1,3-shift isomers (11) and (12) forming as the photol- 
ysis proceeds [see scheme below where compounds are 
numbered according to Pokkuluri, Scheffer, Trotter & Yap 
(1992)]. In solid-state photolysis, three different photo- 
products are formed, (6), (8) and (13), the last of which 
cannot be formed via a standard di-Tr-methane mecha- 
nism. The structures of (4) and (13) have been determined 
by X-ray methods; the molecular structures and dimen- 
sions are similar to those of related materials (Pokkuluri, 
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