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A trisecadodecahedrane in which tvo oxygen atoms have replaced a pair of methylene 

groups at sites of high steric congestion has been prepared with crystalline features 

suitable for x-ray analysis. The complete structure of the molecule which reveals 

its topology is reported. 

Quite recently, an efficient synthesis of the axially symmetric heterocyclic trisecododeca- 

hedrane L waa reported by one of our groups.' The preparation of L was undertaken to gain some 

appreciation of the confornational changes which materialize when a pair of the highly con 

gested methylene groups in hydrocarbon a r e  replaced by oxygen atoms. Unfortunately, Lwss 

found not to crystallize in a form suitable for x-ray crystal structure analysis. In the 
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course of related work on dodecahedsane, we noted that hemispherical and almost totally spherical 

compounds symmetrically substituted wlth a pair of methyl groups are almost always more crystal- 

line and higher melting than their unsubstituted analogues. Consequently, our attention turned 

to 6, molecular models of which clearly show that no significant Rm-rk perturbation is 

introduced by the pendant alkyl spacers. 

To arrive at 6, use was made of alcohol 2 which was available from the earlier vork.' 

Treatment of 2 with ptoluenesulfonyl chloride in pyridine at O0c, followed by SN2 displacement 

at the two functionalized neopentyl centers with sodium bromide in anhydrous hexamethylphos- 

phoramide at 80'~ led efficiently to dibromide k. Although the reduction of with activated 
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z inc  i n  methanol d id  provide 6 ,  mechanist ic considerations l e d  ua t o  examine t h e  p o s s i b i l i t y  - 
t h a t  d ienedio l  5 serves as an in termedia te  i n  t h i s  transformation.  I n  p r ac t i ce ,  t h e  i s o l a t i o n  - 
of 5 could be successfu l ly  achieved only i n  t h e  presence of a v a s t  &em of  ethylenediamine- 

t e t r a a c e t i c  ac id  t e t r a s o d i m  s a l t  which che l s t e s  t h e  znt2 as it i s  formed. The proximity of  

t h e  flinctione.1 groups i n  5 is such t h a t  t h i s  substance i s  extremely s e n s i t i v e  t o  a l l  e l ec t ro -  

ph i l e s ,  quan t i t a t i ve  cyc l i z s t i on  t o  6 occurr ing  even i n  t h e  presence of noble metal  hydrogenation - 
ca t a ly s t s .  

The (c,)-dioxatrisecodocecahedrane - 6 ( c ~ H ~ o ~ )  c r y s t a l l i z e s  i n  t h e  space group Aba2 with 

l a t t i c e  parameters ~ 2 0 . 6 3 8 ( 6 ) ,  b=11.079(2), and 5=13.181(5)i (CuK rad i a t i on ,  sin0/h rnax=0.61). 
(I 

Eight molecules were observed per  u n i t  c e l l  (d=1.33 g cm"). The f r a c t i o n a l  coordinates and 

bond lengths  a r e  given i n  Tables I and 11, respect ive ly .  Although Rd.09,  t h e  l a t t e r  values 

should not be regarded as s t r i c t l y  r e l i a b l e  because of a d isorder  i n  t h e  c r y s t a l .  Two d i f f e r e n t  

three-dimensional representa t ions  of 6 appear i n  Figure 1. 

Two molecules a r e  s t a t i s t i c a l l y  d i s t r i bu t ed  i n  t h e  a s p m e t r i c  u n i t  with t h e  r e s u l t  t h a t  a 

pseudo mir ror  plane i s  generated across t h e  molecule. Separa te  refinement of each molecule 

i n  t h e  non-centrospmetric space group always have t h e  same mean s t r u c t u r e  with a pseudo mir ror  

plane. As s consequence, t h e  r e s u l t s  a r e  not highly accurate.  Nonetheless, t h e  shape of t he  

molecule can c l e a r l y  b e  seen (Figure 1). A l l  of t h e  bond lengths  a r e  normal and compare we l l  
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Figure 1. A pair of three-dimensional v i m  of 6 as determined by x-ray analysis. 

with those of (+)-and meso-bi~alvane,~ C,e-hexaquinacene,4 tetrahydro-CIS-hexaquinacene-1,4- 

and a dilactone homolog of L.' Most striking is the conformation adopted by bwhich 

perspicuously projects its two oxygen atoms to the inner regions of the sphere. In this manner, 

the methylene carbons at ~(5), ~(6), ~(17), and ~(18) find it possible to tilt outward from the 

cavity, these deformations from a more synnnetric shape serving to release significant nonbonded 

Table I. Fractional Coordinates of 6. 

Atom x 



steric interactions. The extent to which crystal packing forces contribute to this geometry 

remains unhown, as usual. Nonetheless, this heterocyclic trisecododecahedrane is expected 

to serve as a useful reference point in the assessment of strain in more sterically congested 

hydrocarbon mslogues and homologues. 

Table 11. Bond lengths in 6. 

Dcperimental Section 

3a,6a-~is (p-toluenesulfonyloxymethyl)hexadecahydro-3,6-dioxadicyclopent~~,~]pentaleno- - - 

[2,1,6-=:2',~',6'-&'g]pentalene (3b). - E-Toluenesulfonyl chloride (500 mg, 2.62 mol) 

was added slowly to a cold (0'~) solution of a2 (185 mg, 0.56 m l )  in 10 ml of pyridine under 

a nitrogen atmosphere. The mixture was stored overnight st OOc, at which time a few ice chips 

were added and the mixture was poured into ice water (50 ml). The product was extracted into 

dichlormethme (4x20 ml) and the combined organic layers were washed with water (2x) and 

brine prior to drying. Removal of solvent left s solid residue, recrystallization of which 

from benzene gave pure 2 (225 mg, 70%) which decomposes st 129.5-1~6~~~ IR (KBr, cm-l) ,,, 

1362, 1172, 968, 662, and 557; 'H NMR (6, CDC~,) 7.68 and 7.26 (AA'BB'q, JAB=T&=7.7Hz, 

~v,,=28 Hz, 8H), 4.49 (br s, ZH), 3.77 (s,~H), 3.4-1.5 (series of m, 18~), and 2.41 (s, 6~). 

Anal. Calcd for CSH,Oesa: C, 65.95; H, 5.96 Found: C, 65.73; H, 5.94. 
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Ja,6a-Bis ( b r c m u r m e t h y 1 ) h e x a d e c a h y d r o - 3 , 6 - d i o x a d i ~ : 2 ~ , 1 7 , 6  ,- 

&'~]pentalene (L). TO a solut ion of Jb (150 mg, 0.235 mmol) in  6 m l  of anhydrous hexamethyl- - 
phosphormide was added sodium bromide (250 mg, 2.35 mmol) and t h e  mixture was heated t o  80°c 

with s t i r r i n g  for  15  hr. The cooled reaction mixture wae added t o  e ther  (40 m l )  and the  e ther  

layer  wee washed with water (4x10 ml),  dr ied,  and evaporated. The re su l t ing  semi-solid was 

t r i t u r a t e d  with pentane t o  give 100 mg (93%) of 4, mp 158.5-16O0c (from hexane); IR (KBr, cm-l) 

2938, 1033, 1014, 990, and 652; 'H NMR ( 8 ,  CDcl,) 4.8-4.5 (br t ,  Zi), 3.40 ( a ,  4H), and 3.4-1.3 

I" 
( se r i e s  of m ,  1 8 ~ ) ;  C NMR (ppm, C D C ~ , )  99.46, 91.15, 63.96, 62.45 (2c ) ,  56.01, 50.01, 39.32, 

33.92, snd 28.28; 4 s  calcd 454.0144, obs 454.0153. 

Anal. Calcd for  c ~ o H ~ B r 2 :  C ,  52.63; H, 5.26. ~ o u n d :  C ,  52.89; H ,  5.32. - 

Ring Cleavage of 4. A suspension of zinc and ethylenediminetetreacetic acid was prepared - 
by adding  odium hydroxide (200 mg, 4.9 mmol) t o  4 m l  of methanol followed by mTA disodium 

s a l t  (923 mg, 2.5 m o l ) .  Subsequently,  odium iodide ( 9  mg, 0.25 rmnol) and zinc dust (216 mg, 

3.3 mg-at) were introduced. This s l u r r y  w a s  added t o  s solution of 5 (40 mg, 0.09 mmol) in  

10 m l  of benzene and 2 m l  of methanol and the mixture was heated a t  the  ref lux temperature 

under nitrogen f o r  9 hr ,  cooled, and f i l t e r e d  through Celite.  me f i l t r a t e  was added t o  

dichloromethane (50 ml) and washed with water,  saturated sodium bicarbonate solut ion,  water, 

and br ine  before drying. solvent evaporation l e f t  25 mg (9s) of 5 as a color less  c rye ta l l ine  

so l id ;  I R  (KB~, cm-l) j j M ,  1632, 1093, and 933; 'H NMR ( 6 ,  CDC~, )  5.25 (br  8 ,  ZH), 4.9 (br s, 2 ~ ) ,  

4.25 (br s ,  a ) ,  and 3.6-1.0 ( se r i e s  of m,  2 0 ~ ) ;  4 s  calcd 298.1933, obs 298.1940. 

3a~-~imethylhexadecahydro-j,6-dioxadicyclopenta[3,4lpentalen0[221,6-~: 2 '  ,I' ,6' ,-@'a]- 
pentalene (6). A. Direct Reduction of i. Activated zinc (240 mg, 3.55 mg-at) was added under 

nitrogen t o  a solution of L (40 mg, 0.088 -1) i n  10 m l  of methanol and 1 m l  of tetrahydro- 

k a n .  The mixture was heated a t  t h e  ref lux temperature for  20 h r ,  oooled, and f i l t e r e d  

through Cel i te .  The f i l t r a t e  we.. added t o  water (10 ml) and extracted with dichloromethane 

(5x15 ml). The combined organic phasee were weshed with water and br ine ,  dr ied,  and evaporated. 

Preparative layer  chromatography of the  residue on s i l i c a  g e l  (e lut ion with 10% ether  i n  hexane) 

gave two major bands. The bsnd with Rf=0.75 proved t o  be 6 (12 m g ,  46%). The second bsnd, 

Rf-0.2 (9 mg),wss not ident i f ied.  

B. Acid-Promoted Cyclization of 5. To a solution of 5 ( ,9  mg) in  methanol (5  ml) was added 

one drop of 1 3 methanolic hydrogen chloride and the  mixture was s t i r r e d  a t  25Oc f o r  12 hr. 

Evaporation of solvent l e f t  a yellowish o i l  which was pur i f ied as above t o  give 25 mg (8%) of 

6. Recrysta l l iza t ion from hexane afforded color less  p r i m s ,  mp 210-215'~; I R  (KBr, cm-I) 

2920, 1055, and 1031; 'H NMR ( 6 ,  C D C ~ , )  4.65 (m a ) ,  3.8-1.0 ( se r i e s  of m,  and 1.23 



( 8 ,  6 ~ ) ;  mJ2 calcd 229.1933, obs 298.1940. 

Anal. Calcd for C U H ~ ~ O ~ :  C ,  80.49; H ,  8.78. Found: C ,  80.06; H, 8.63. - 
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