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EFFICIENT PREPARATION OF HOM(X~IRAL BICYCLO-ANNULATED CYCtOPENTADIENES VIA IHE SKAll-EB~I_ 

REARRANGEMENT. AVOIDANCE OF LIMITATIONS DUE TO ANGLE STRAIN 1 

Mark L. McLaughlin, Jef f rey A. McKinney, and Leo A. Paquette W 

Evans Chemical Laborator ies, The Ohio State Univers i ty ,  Columbus, Ohio 43210 

A b s t r a c t :  ( IR)-(-)-Nopol and (IE)-(+)-camphor have both been e f f i c i e n t l y  transformed in 

four steps in to  o p t i c a l l y  pure annulated cyclopentadienes. 

Isodicyclopentadiene ( l )  and i t s  dehydro d e r i v a t i v e  2 possess unique propert ies tha t  

have already serviced several synthet ic  ob ject lves.  2 This e f f o r t  has taken p a r t i c u l a r  

advantage of t h e i r  p red i l ec t i on  for  below-plane D ie l s -A lde r  react ion 3 and fo r  above-plane 

[6+4] cyc loadd l t ion .  4 More recent ly ,  an appreciat ion of the ~-face s e l e c t i v i t y  of t h e i r  

cyclopentadiene r ing coordinat ion to t r ans i t i on  metals has begun to emerge. I ' 5 '6  In th is  

context,  the enant iomer ica l ly  pure hydrocarbons 3 and 4 hold special i n te res t  because 

they o f fe r  a t t r a c t i v e  p o s s i b i l i t i e s  for  e laborat ing o p t i c a l l y  act ive bu i ld ing blocks 

Z, no A 8'9 
2, a 8,9 

through cyc loadd i t ion  and for  c o n t r o l l i n g  the stereochemical course of many reactions 

when complexed to Fe, T i ,  Zr, and other metals. 

Experience has shown tha t  although expedient cyclopentadiene annulat ion of 57 and 

re la ted systems 8 can be e f f i c i e n t l y  rea l ized by means of the Skatteb61 procedure, 9 only 

a l l ene  formation, v iz .  7 ÷ 8, is seen when the r ing system is fu r ther  strained. I0 We 

a t t r i b u t e  t h i s  e n t i r e l y  general I I  rerout ing away from cyclopentadiene formation to an 

i n a b i l i t y  of  the t o r s i o n a l l y  constrained empty carbene p o r b i t a l  (see 9) to i n te rac t  with 
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i, : CBr2 ~ 
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the flanking double bond. 12 

Molecular models suggested that this structural inhibition should be entirely 

alleviated by positioning the cyclopropyl carbene completely external to the norbornene 

ring where conformational maneuverability is much less impeded, We therefore proceeded 

to evaluate the concept f i rs t  with (l~)-(+)-camphor (10) (Scheme I). Its enol t r i f l a t e  

was obtained by condensation of the lithium enolate with N-phenyltrifluoromethanesul- 

fonimlde (81%). 13 Smooth coupling (92%) subsequently occurred when l ]  was heated with 

vinyltrimethylstannane in the presence of 5 mol % Pd(PPh3) 4 and 4 equiv of lithium chlo- 

THF. 14 Heating 12, [~]%0 _159 o (~ 4.29, hexane) with l equiv of phenyl(tri- ride in 
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bromomethyl)mercury in re f lux ing  benzene 15 resulted in reglospecl f ic  addi t ion as in 13 

(725). 16 As expectedP attack at the more heav i l y  subst i tuted in ternal  double bond proved 

to be s t e r i c a l l y  precluded. When 13 was treated with 4 equiv of CH3LI in ether at room 

3p [~]~2 4.6 ° (~ 1.65, hexane), was isolated in 795 y ie ld .  The mechanistic temperature, 

impl icat ion is that  carbene 14 does indeed f ind i t  possible to a t ta in  proper stereoelec- 

i r on i c  alignment for  e lec t rocyc l i za t ion .  

A s im i l a r  four-step sequence served to produce 4 (Scheme I I ) .  In t h i s  instance, 

( IR)-(- ) -nopol  (ISa) was the s tar t ing  mater ia l .  Conversion to i t s  tosy la te ,  rec rys ta l -  

l i z a t i o n  of  15b to opt ica l  pur i ty  ([~]~5 _25.6 ° (~ 1.0, C2H5OH)), and base-promoted e l i m i -  

nation according to Cupas and Roach 17 afforded homochiral nopadiene (16, [~]~4 3.8 ° (~ 

8.4, hexane)). 18 Dibromocarbene, generated as before by the Seyferth method, added 

predominantly to the v iny l  group of 16 to give a 4:1 mixture of diastereomerlc dibromo- 

cyclopropanes 17 (945 a f ter  chromatography). 16 Fol lowing exposure of 17 to ethereal 

methy l l i th ium at room temperature, the desired cyclopentadiene 4, [~]~4 .21.9o (~ 1.8, 

C2H5OH), emerged (875 y i e l d ) .  

The ease of obtaining conjugated dienes such as 12 and 16, the r e g i o s e l e c t i v i t y  with 

which they undergo dibromocarbene addit ion, and the high e f f i c iency  with which cyclopen- 

tadlene annulat ion occurs from both diastereomeric adducts give the Skatteb~l approach 

considerable p r a c t i c a l i t y .  In pa r t i cu la r ,  the ove ra l l  y ie lds  of ] and 4 (425 and 405, 

Scheme I I  
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respectively) 20 show that the ear l ie r  angle strain l imitations have now been circum- 

vented. 

Currently, our intention is to explore the application of these substrates to 

asymmetric synthesis. The adjoining contribution 19 is i l l u s t r a t i ve  of one facet of this 

program. 
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