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Abstract-The intramolecular ene reaction of 1-7 enynes produces 

on a preparative scale methylene cyclohexanes in good yields 

wnen the double bond is trisubstituted. A protected 1-3 dihydro- 

xy enyne reacts in the same way. 

The intramolecular ene reaction of 1.6 enynes is a particularly useful method for 
1 the synthesis of five-membered rings . On the other hand, the few studies of the 

cyclization of 1.7-enynes2, which were conducted on less than a preparative scale, 

suggested that the method is not as suitable for the construction of six-membered 

rings. 

In connection with our current interest in the synthesis of certain natural pro- 

ducts, we thought it worthwhile to make a more thorougn study of the intramolecu- 

lar e n e  reaction of 1,7-enynes of type 1 as a route to functionalized six-membered 
rings. 

COOMe 

Because we had a particular interest in the synthesis of cyclohexane derivatives 

which might be useful precursors of the A ring of 1s. 25-dihydroxycalciferol, we 

focussed our attention on two specific goals : 1) To discover the most favorable 

substitution pattern and geometry of the terminal double bond. 2 )  To find condi- 

tions which would allow the ene reaction to take place without elimination of the 

protected alcohol functions of id. 
*  his paper is contributed in honor of Professor G.Stork8s 6sth birthday. 



We f i r s t  show t h a t ,  a s  expected,  enynes such as and 2, I n  which t h e  t e r m i n a l  

double bond i s  s u b s t i t u t e d  by a s i n g l e  methyl group, a re  more d i f f i c u l t  t o  c y c l i -  

ze  than t h e  d i s u b s t i t u t e d  enyne & : A temperature  o f  2 9 5 - C  (xylene  s o l u t i o n  i n  a 

sea led  t u b e l i s  r e q u i r e d  f o r  t h e  c y c l i z a t i o n  of la and r a t h e r  than 2 2 5 - C  of  &. 
W e  have a l s o  shown t h a t  t h e  t r a n s  isomer la r e a c t s  more r a p i d l y  and g i v e s  a b e t t e r  

y i e l d  than t h e  c i s  isomer s. I t  t h e r e f o r e  appeared t h a t  t h e  b e s t  chance of rea- 

ching our  o b j e c t i v e  of c y c l i z m g  1,7-enynes having a p r o t e c t e d  1 , 3 - d i o l  system 

would invo lve  t h e  dihydroxyenyne id wi th  a t e r m m a 1  i sopropy l idene  group. I n  t h e  

course  o f  t h i s  s tudy ,  we developed a method of the rmolys i s  which we found more 

e f f e c t i v e  than h e a t i n g  i n  a s e a l e d  tube  : Flash  p y r o l y s i s  i n  a q u a r t z  tube  f ~ l l e d  

wi th  carborundum, t h e  temperature  and p r e s s u r e  being s e l e c t e d  s o  as t o  minimize 

exposure of t h e  s e n s i t i v e  enyne and i t s  c y c l i z a t i o n  product  t o  t h e  h igh temperatu- 

r e .  O u r  s t u d i e s  were conducted wi th  t h e  model enyne id, used a s  t h e  racemic mlxtu- 
3 re of t h e  two d i a s t e r e o i s o m e r s  . This  was syn thes ized  from t h e  commercially ava i -  

l a b l e  3-buten-1-01 ( 4 ) . O x i d a t i o n  - of  t h e  t e r t - b u t y l d m e t h y l s i l y l  e t h e r  of  4 wi th  

rn-cnloroperbenzoic a c i d  gave t h e  epoxide  14 which was opened by r e a c t i o n  w i t h  
5 

l i t h i u m  trimethylsilylacetylIde, i n  t h e  presence  of BF3  e t h e r a t e  a t  - 7 e ° C  . 

The r e s u l t i n g  secondary a l coho l  66 was p r o t e c t e d  a s  i t s  t e t r ahydropyrany l  e t h e r  7 7 

and t h e  primary a l c o h o l ,  l i b e r a t e d  by c l eavage  of i t s  s i l y l  p r o t e c t i n g  group wi th  
9 

tetrabutylammonium f l u o r i d e ,  THF, 0 ' .  30- was ox id lzed  t o  aldehyde 8' wi th  PCC . 
Addition of  t h e  Grlgnard r eagen t  prepared from I-bromo-2-methylpropene then l e d  t o  

secondary a l coho l  glO. This  was f i n a l l y  l e d  t o  id11, t h e  r e q u l r e d  m a t e r l a l  f o r  ou r  

c y c l i z a t i o n  s t u d i e s ,  by p r o t e c t i o n  o f  t h e  two secondary a l c o h o l s  as  t h e l r  TBDMS 

derivatives, followed by carbomethoxyla t ion of t h e  l i t h l o  d e r i v a t i v e  (nBuL1, THF) 

with metnyl ch lo ro fo rmate .  

The r e s u l t s  w e  ob ta ined  i n  t h e  c y c l i z a t i o n  of enynes A under va r ious  conditions 

are summarlred rn t h e  t a b l e  below which shows t h a t  t h e  y i e l d  i n  t h e  format ion of  

annu la t ion  p roduc t s  2 can reach 8 0 % ,  a f t e r  s i l i c a  g e l  chromatography. 
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2b 'H NMR (C6D6) 6 1.2-3.1 (12H b.b12 4CH and=-CH3, LC-HI, 3.55 ( s  OCH ) ,  4.8 - , il 2 H 3 
(lbl Droad s =  C,ii), 5.02 (1H broad FC( ) , 5.8 (q=z-CO0Me)P.P.m. 
1 Ii 

2C 13 NMR (C D ) 0-0.2 (1211. mixture of stereoisomers 2 Si(CI3 ) ) , 0.9-1 (18H mix- - 6 6 CH 3 2 
ture of stereoisomers 2 SiC(CH )and 1.5-3 (8H,='-3and -O-C-=~-C-O, o-c-m2 3 3 
FT= 1 ,  3.4 ( S  0CH3) , 3.6-4.6 (2H mixture of stereolsomers 2 E-I-0-Si) , 4.7-5 
?b%. =CH2), 5.95 (broad s, mixture of ring stereoisomers C=g-COOMe) .p.P.m. 

: Enyne I : Conditions of flash pyrolysis : Cyclohexanes 2 yield: 
temperature : pressure : of purified products: 

--------------- ..................... ------------------- ------------------..--- 
1 a 500°C 300 mm 2 a 40% 

1 b 500CC 300 mm 2a 15% 

1c 420°C 300 mm 2 b 80% 

Id 420°C 200 mm 2c 80% 

It is clear that the goal of determining the conditions for the formation of dlhy- 

draxylated cyclohexane derivatives by the high temperature cyclizatlan of suitably 

protected dihydroxy-1.7-enynes has been reached. The work continues still to find 

a concise route to having the correct relat~ve and absolute stereochemistry such 

as found in 2 ,  as well as to find a method for the transformation of the isoprope- 
nyi group of & to the required methyienecyclohexane system of 2.  
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6) 70% yield after purification by silicagel column chromatography (AcOEt/hexane : 

1 / 9 )  I.R. (neat) 3600-3200-2170 '€I NMR (COCl3)S 0.05 ( s  Si(CH3) 3), 0.1 

( s  S1(CH3l3), 0.9(s SIC(CH~)~, 1.8(3H, b.b. CH2-CHOH), 2.3(d CH2-r), 3.85(3H, 

b.b. gZ-OSi, %-OH) p.p.m. 

7) 808 after purification by silicagel column chromatography (AcOEt/hexane : 1/71; 
-1 

I.R. (neat) 2170 cm . 



8) 60% yield after purification by silicagel column chromatography (AcOEt/hexane : 

1/21 ; I.R. (neat) 3300-2120-1725 cm-l; 'H NMR (CDC13) 6 1.4-1.9(6H b.b. 3CH2), 

1.9-2.l(b.b.z-H), 2.2-2.9(4H, b.b, CH2--and CH -CH=O), 3.25-4.5(3H, b.b, CH?O 
0 -2 - 

and IIC-CH - 5 )  , 4.7 (b.b_ HCr ) , 9.75 (broad s gH) p.p.m. 
I 2 -  
0- 

'0 

9) According to K.Mori, T.Takigawa and T.Metano, Tetrahedron 35, 933 (1979). 
10) 80% yield after purification by silicagel column chromatography (AcOEt/hexane : 

1/11 I.R.(neat) 3400-3300-2120 cm-I ; 'H NMR (CDC13) 6 1.4-1.9(14H b.b, 

3 CH -cCH3 and 0-C-CJ2-C-0) , 2.05 (b.b.H-I) , 2.2-2.6 (2H, b. b. Cg2-n , 3.4-4.2 
2-'CH 

3 
(3H b.b. G2-0 and H-CH2-3, 4.3-5 (28 b.b. 0-C2-0 and 0-=- lMe -6- 1 , 5.3 (broad 

Me ,-- 
d._HC=CxMe) ~.p.m. 

11) 45% yield from - 9 after purification by silicagel column chromatography (AcOEt/ 

hexane : 1/9) I.R. (neat) 2230, 1725 cm-I ; 'H NMR (CDC1 ) S 0.05-0.15(12H mix- 
3 

ture of stereoisomers 2 Si(CH3)2), 0.91s SiClCH3)3), 0.93(s, SiC(CH ) ), 1.6-1.9 3 3 

18H b . b . ~ ' ~  7CH3 and P-C-G2-l), 2.45-2.7 (b.b. CH - = I ,  3.8(s, 0CH3), 3.9-4.7(2H 
-2 - 

" 
mixture of sterealsorners 2HC-aSi), 5.2 (broad d. F=) p.p.m 

12) b.b. means broad band for the compounds described in this communication ; all 

of them, give a correct elementary analysis. 


