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Rbs t r ac t  - conjugate  add l t i on  of f u r a n s  2 t o  encnes 2, m t h e  presence of an  -- 
a l coho l  and boron t r i f l u o r i d e  e t h e r a t e  is de sc r i bed .  A same r e a c t i o n  product  

i s  ob ta ined  w i th  hemiace ta l  v inylags  Lr s y n t h e t x  equ iva l en t s  of enones 2 .  
Acidic  t r e a tmen t  of adducts and 2 l e ads  t o  tri- and t e t r ake tones  a and a. 

The acid-rnedlated a d d i t i o n  of s imple  fu r ans  t o  enone proceeds i n  modest y i e l d  s i n c e  t h i s  r e ac t i on  

i s  l i m l t e d  by s i d e  r e a c t i o n s  such as polymer iza t ion  of t h e  fu r ans  and/or enone. Kraus and 

1 
Gootschalk have de sc r i bed  an e l e g a n t  way t o  prepare  some o f  t h e s e  compounds us ing  furans  and 

y- iodos i ly lenol  e t h e r s .  e evert he less, wlth  t h e  s imp le s t  enane, t h e  methyl v iny l  ke tone ,  y i e l d s  

are modest even wi th  t h e  use of h igh  p r e s su re  condi t ions .  
2 

we have p r ev ious ly  shown t h a t  ~ i c h a @ l  r e a c t i o n  of e n d  e t h e r  t o  hemiace ta l  v inylogs  i n  t h e  

3 
presence  of boron t r i f l u o r i d e  e t h e r a t e  gave 1.5-dicarbonyl compounds. The de loca l i z ed  c a t i o n  2 
p o s t u l a t e d  as i n t e rmed ia t e  may be  a l s o  produced by t h e  r e a c t i o n  of a mixture of enone 4 and 

hydroxy compounds 4 i n  t h e  presence  of  the  same Lewis a c i d  which give; h igh  o r  q u a n t i t a t ~ v e  
^u 

y i e l d s  .4 

I n  t h l s  r e p o r t ,  we de sc r i be  t h e  r e a c t i o n  o f  enones 2 and a l coho l  and of hemiace ta l  v inylogs  & 

with  furans  % y i e l d i n g  adducts i n  good y i e l d s  even wi th  methyl  v iny l  ketone.  

+ Dedicated t o  P ro f e s so r  G. STORK f o r  h i s  65th b i r t h d a y .  



With methyl vinyl ketone & and alcohol (ethanol or phenylethanoll the 2.5-disubstituted adduct 
4 & IS obtarned in high yield (entries 1, 2 table 1) from furan a. As prevlausly observed the 

yield is better than that obtarned with  hemiacetal ~ i n y l o ~  & (entry 31 . 
0 u1 

0 

1 2 
laR = H  R = M e  

1 6 a n  = H  

Table 1 : Reaction of furans 2 with hemiacetal vinylogs or wlth enone 2 and alcohol 2 
in the presence of BF3,Et20 a 

Entry 

--- 
Reagent Reaction products 

furan yield % 
d 

111 80 l a  7 1Pu 

& + ~ h - C H - ~ e  1/1 & 78 & 7 
I 
OH 

1/1 & 62 & 7 

& + EtOH 1/5 & 48 16 

l/5 & 10 21 

& + EtOlI 1/2 & 79 

Me 1/2 & 71 

3/2 69 ,& 11 

Me 1/2 8 75 

112 8 80 
H & + EtOH 3/2 & 22 a 10 

H .& + M ~ O H  3/2 & 338 & 10 

l 
a : 0.2 eq. of B F ~ , E ~  O versus enone ,! or hemiacetal vinylag A. 

2 b : Equimolar amount of enone ,! and dcotrol 4. 
C : Number of equivalents of reagents versus furan or 2-methylfuran. 
d : Yield of isolated product purified by flash chromatography. 

-100- 



I n  a l l  c a e s  a smal l  amount ( 7%)  of rnonosuhsti tuted product  a ( ( en t r i e s  1 - 31 i s  obta ined .  ~ h l s  

p roduct  may be i s o l a t e d  by f l a s h  ch r~ma tog rap> .y .~  Attempts t o  produce t h e  monoadduct & always 

g l u e  a mixture of t he  two compounds & and & even with  t h e  use  of  a l a r g e  excess of furan 

( e n t r i e s  4 ,  51 . b u t  i n  t h i s  case t h e  t o t a l  y i e l d  drops. The r eagen t s  enonc & + a l coho l  $, 

or hemiace ta l  v lny log  &1 a l s o  y i e l d  t h e  a d d u c t &  wi th  2-methylfuran a ( e n t r i e s  6 ,  7 ) .  

I n  the  same r e a c t l o n  cond i t i ons ,  hemiace ta l  v inylag  & glves  t h e  d ladduct  with ffuran 

( e n t r y  81 or t o  t h e  monoadduct & with  2-methylfuran ( e n t r y  91 ~n good y i e l d s .  A comparable 

y i e l d  of compound a 1s observed wi th  the usc of penten-3-one-2 &, e thanol  and 2-methylfuran 

((entry 10 ) .  However t h i s  enone & and e thano l  or  methanol g i v e  lower y i e l d s  wi th  foran  & 

l e n t r i e s  11, 121. A t e n t a t i v e  explana t ion  was based  a n  t he  r a p i d l t y  of formation of t h e  pos tu-  

t a l e d  c a t i o n  2 .  From hemlaceta1 v inylog  &, c a t l o n  2 seems to  be  produced f a s t e r  than  from 

enone ,& and a l coho l  2 .  With t h e  f i r s c  r e a g e n t &  a good r e a c t i o n  i s  obta ined  whichever of t h e  

two f u r a n s  is used. ~awever, enone ;l;e and a l coho l  4  only  g i v e  a good y i e l d  when the furan i s  
% 

s u f f i c i e n t l y  s t a b l e  i n  t h e  presence  of t h e  ~ e w i s  a c i d .  

The bu t ena l i de  @ i s  ob t a ined  f r o m  2-methoryfuran &, i n  48% y i e l d .  

'This p a d u c t  i s  s i m l l a r  t o  t h a t  observed by H .  Takei  and co-workersG f rom 2-butene-4-allde a n d  

methyl v i n y l  ketone i n  t he  presence  of a base or from 2 - t r i m e t h y l s i l y l o q f w a a ,  methyl v i n y l  

ketone and t i n  t e t r a c h l o r i d e .  

For the s ~ l y l e n o l  e t h e r  o f  2-acrcyl furan  & t w o  competing r e a c t i o n  c e n t e r s  were p r e s e n t .  I n  the 

same cond i t i ons ,  the en01 ether g ive s  d icarbanyl  compaund 2 ln 50% y l e l d .  This d ike t anc  i s  

classically q c l i z e d  i n  b a s i c  medrwn i n  q u a n t i t a t i v e  y i e l d .  

Benzofuran with hemiace ta l  v inylog  l a  o r  wi th  methyl v l n y l  ketone ,& and e thano l  always gives 
V L  

a mixture of 2- and 2.3-adducts J,& and & i n  q u i t e  the same p ropo r t i oc .  



5 f 
lla 

I a ~ ~ l d  26  % 

3 a  + EtOH y i e l d  22 % 

Wlth 2.5-dmst1,ylfuran >A, I n  which t h e  two e l e c t r o n  r i c h  p o s i t i o n s  are s u b s t i t u t e d ,  the  formation 

o f  compound 1 2  i s  observed.  
?Pu 

  he s t r u c t u r e  of compound a 1 s  f u l l y  co rnpa t~b l e  with s p e c t r a l  da t a  and elementary a n a l y s i s .  This 

r e s u l t  may be expla ined  by t h e  formation of an i n t e rmed ia t e  oxomurn a which r e a c t s  witlr the enol 

of t h e  open form of 2.5-dimethylfuran. Acid ic  t rea tment  of t h i s  compound y i e l d s  ketone which 

i s  i n  igrement with the proposed s ~ r u c t u r e .  

n c i d l c  t rea tment  of compounds &,q l e ads  LO t h e  cor re ipondmg t r i k e t o n e  

~ e a c t i o n  t i m e  Yield % 

1 
1 5 a  n = 11 1 h 9 1 

1 
15b R = M e  1.5 h 6 8  
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I n  t he  same r eac t l on  c a n d i t m n s ,  t e t r ake tone  && i s  obta lned  i n  e x c e l l e n t  y i e l d  from furan  &.  

The aitduct & in s l m r l a r  conditions gives a l i t t l e  t e t r ake tone  J& accompanied by s u b s t ~ t u t e d  

f u r a n i  a and J&. Furan i s  the malor product .  

on t h e  o t n c r  hand,  acidic t r ea tmen t  a t  room temperature (5 days)  i n v e r s e s  t h e  p ropo r t i on  of 

t e t r ake tone  && and furan  @. NO s t a r t m g  ma te r i a l  i s  observed i n  e l t h e r  case. 

The t h r e e  products  && are  e a s l l y  s epa ra t ed  by f l a s h  c h r ~ m a t o g r a p h y . ~  W ~ t h  t he se  two candi r lons  

fo r an  a 1s always p r e sen t  LIZ tire same p ropo r t i ons .  I n  the  r e a c t i o n  cond l t l ons  t he  t e t r ake tone  

)&k li cyc l i z ed  in two s t e p s  y i e l d i n g  f i r s t  f u r an  Q and then g. nrus ,  I" ch i s  r e a c t i o n  

2 . 3 . 5 - t r i s u b s t l t u t e d  fu r an  and may be prepared £ran simple fu r an .  

The s y n t h e t r c  p o s s i b l l l t i e s  of these r e ac t i ons  are now in p rog re s s .  

EXPERIMENTAL 

lii NMR s p e c t r a  were recorded on a P e r k ~ n  Elmer 60 ~ t i r  R 12 spec t rometer  and 13c on  a va r i an  CIT 20 

spec t rometer .  ~ l l  chemical s h i f t s  are r epo r t ed  i n  d u n r t s  downfield from i n t e r n a l  TMS i n  c x l i  

s o l u t i o n  o therwise  noted.  I R  s p e c t r a  I f l lm)  were obta ined  wlth a Pc rk in  Elmer 237 i n s t r u m e n t .  

Nltrometnane is d r l e d  on molecular s ~ e v e s  and distilled p r l o r  t o  u s e .  a l l  r e a c t i o n s  were conducted 

under a n  argon atmosphere. 

Example : Reactiorl of  2-methylfuran >& wl th  methyl v iny l  ketone & ( e n t r y  61 

To 10 -01 of f u r a n  & 10.82 g .  2 eq) i n  10 ml of nltromethane were added 5 mmol of methyl v inyl  

ketone 10.35 91 i n  5 m l  of nitromethane.  h he mixture was cooled  t o  2 0 ° c  and 1  mnol of baron 

t r l f l u o r i d e  e t h e r a t e  so lu t i o r i  ( 1 2 3  111, 0.2 eq. )  i n  5 mmol of e thanol  10.23 g) were added v i a  

sy r i nge  wi th  s t r r r l n g .  S t i r r i n g  was continued f o r  1  h .  The r e a c t m n  m ~ v t u r e  was allowed t o  

w a r m  t o  -10-C and 5 m l  of a n  aqueous s a t u r a t e d  s o l u t i o n  of sodurn hydrogencarbonate were added. 



  he mixture was extracted with methylene chlorrde ( 4  x 10 mll, dried (MgS04) and evaporated. 

Adduct & was purified by flash chromatography (rther/petroleum ether : 5/100). yield : 79 % .  

Reaction of 2-methylfuran a with hemracetal vinylog (,,try 7) 

TO 10 -01 of furan (0.82 g ,  2 eq) ~n 10 ml of nrtromethane were added 5 mmol of hemiacetal 

vinylog & (0.51 g) in 5 ml of nitromethane. The solution was cooled to -20-C. Boron trlfluorlde 

etherate (1 mol. 123 pl, 0.2 eq) mixed with 31 ul of diethyl ether8 (BFj,Et20/Et O = 4/1 
2 

volumic ratio) were i n t ~ a ~ i c e d  "ia syringe. stirring was continued for 1 h .  INork up was the 

same as above. 

A11 the experiments are as described above except for same molecular ratios (furan/reagents) 

which are defrned when necessary. 

2.5-Di (3-axobutyl) f u r a n  & 

IR : 1720 (C=O). 'H NMR : 2.13 (6 H, s ) ,  2.78 (8 H, sl. 5.88 12 H, 4). 13C NMR (C6D6): 

22.2 12 x C;), 29.2 12 x Chl, 41.2 (2 x C;). 105.7 lC3, C41, 153.3 (C2. C5), 206.0 (2 n C;1. 

2.5-Di (I-methyl-3-onobutyl) fur* & 

IR : 1720 c m l  (C=O). 'H NMR : 1.22 (6 H ,  dl. 2.13 (6 H, si, 2.7 I4 H ,  m), 3.30 (2 H ,  m), 

5.90 (2 H, 5 ) .  13C NMR : 18.1 (CH at Cil, 28.2 (C;), 29.4 (Ch). 48.4 (C;), 103.4 (C and C4), 
3 3 

156.5 lC2 and C5). 206.0 (Cj). 

2- (3-Oxobutyll furnn  7a ?ni 

1 
IR : 1720 (GO). H NMR : 2.13 (3 H. ii. 2.82 14 11, 2 t), 5.96 (1 H, m). 6.24 (1 H, m ) ,  

7.26 (1 H, d). 13C NMR (C6D61 : 21.8 (Cii, 29.4 (Chi. 41.3 ICjl, 104.8 (C3), 109.9 (C41, 

140.7 (C51, 154.2 (C2), 206.7 (Cj). 

2 (1Methyl-3-ox"b"tyl) furall lk 

1 : 7 2 0  r n l  (C=O). 'H NMR : 1.27 ( 3  H. dl. 2.10 (3 H, 61, 2.72 (2 El, t), 3.3 (1 H .  ml, 

5.98 (1 H, m ) ,  6.21 (1 H, m), 7.29 I1 H, 5 br~adl.'~~ NMR : 18.7 (CH3 at Ci), 28.7 (Cil, 

30.0 ICi), 49.0 IC;), 103.6 (C31, 109.8 (C4), 140.7 (C5), 158.7 lC21r 207.0 ( C i ) .  

5-Methyl-2- (3-oxabutyl) furan 7c 
?h. 

IR : 1720 cm-' (C=O). '1 NMR : 2.12 13 H, $ 1 ,  2.22 (3 H, s ) ,  2.80 (4 H, sl, 5.82 (2 H, sl. 

NMR : 12.5 (CH3 at C5). 21.5 (Ci), 28.8 (C'), 40.9 (Cil, 105.0 and 105.3 (C3 and C41, 
4 

149.5 (C5), 152.0 (C2), 206.0 (Cj). 

2- (1-Methyl-3-oxobutyl) 5-methylfuran 8 
1 

IR : 1720 Cm-' lC=O). H NMR : 1.22 (3 H, d), 2.10 (3 H ,  s ) ,  2.22 13 H .  5). 2.69 (2 H, ml, 

3.30 (1 H. m), 5.86 I2 H. 5). 13c NMR : 12.6 (CH3 at C5). 18.3 (CHJ at Cil, 28.3 (Ci). 29.4 iC;l 

48.6 ('2;). 103.8 IC4), 105.2 (Cj), 149.5 (C5), 156.5 (C2), 206.1 (Cjl. 
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IR : 1750-1770, 1720 ern-' (C=O). 1605 cm-' lC=C). 'H NMR : 2.0 12 H, m), 2.17 I3 H, sl, 2.68 

2 ,  , 5.15 11 1%. m), 6.16 (1 H, ddi, 7.66 (1 H, dd). 13C NMR : 21.8 (Cjlr 29,0 (C8), 

37.1 !C61, 81.5 (C4). 120.4 lC2), 156.1 lC3i, 172.1 (C1), 206.3 IC,). 

2- (1.5Dion0hcnyl) fu ran  2 
- 

I R  : 1715, 168C cm-' (C=O). 'H NMR : 2.0 13 H, t), 2.15 I3 H, si, 2.58 (2 H ,  ti, 2.88 I2 11, ti 

6.62 I1 ti, ml, 7.3 (1 H, mi, 7.68 (1 H, mi. 13C NMR : 17.6 ICjI, 29.4 IC'), 36.7 IC;), 41.9 ICiI G 

1 . 7  I ,  1167 C ,  146.0 (C5). 152.0 (C2i, 188.3 IC'), 207.7 (CII. 1 

3- 12-Furany1) -2-cvc loheeee~~e_  

l n  : 1660 cm-' IC=ol. 'H NMR : 2.5 16 H, nl, 6.5 I2 H, ml, 6.80 (1 11, ml. 7.60 11 H, s broad). 

13C NMR : 22.1 (C51r 25.0 lC4ir 37.2 (C6), 112.0 and 112.3 (C; and Cb). 120.6 (C2), 144.7 (Ci), 

146.9 (Ci), 151.9 (Cjl, 199.1 (C1). 

2-(3Orobutyl~beirrof~ 

IR : l720 m-' lC=Ol. 'H NMR : 2.15 13 H ,  s). 2.95 I4 H ,  mi, 6.4 (1 H, s). 7.1-7.61 I4 H ,  mi. 

13C NhlR : 22.8 ICj], 29.9 (Ch), 42.0 (Cj], 102.6 lC31, 111.0, 120.7, 122.8 and 123.6 (Cq_,i129.2 

lC81, 115.0 !C91r 158.1 1C2) 206.7 !~j). Anal. Calcd for C 12111202 : C, 76.57; H, 6.43; Found : 

C, 77.0; H. 6.4. 

2.3-~i 13-onobuty1)oenzoiuran J& 

IR : 1720 lC=O). 'H NMR : 2.11 (3 1%. s ) ,  2.15 I3 11, sl. 2.88 (8 H, mi. 7.15-7.6 I4 E l ,  ml. 

13C NMR : 16.9 and 19.84 IC; and C;) , 29.2 arid 29.4 ICb and Ci) , 40.7 and 42.4 IC; and C;). 

112.1 lC3), 110.9, 118.2, 121.6 and 122.8 lC4~,lr 128.5 lCg), 152.4 1Cg), 153.4 lC2), 206.3 and 

207.0 IC' and C"l.~nal. Calcd for C16~1803 : C, 74.40; H, 7.02; Found C 74.1; H, 6.8. 
3 3 

2.5- Dimethyl-2- (3-oxobutyl; p~ -5-betilylene-5 (rnerilyl-2-furanyl)) -~ ~ -- d i h y $ l r ~ < ~  

I 
I : 7 2 5  c 1  lC=Ol, 1570 cm-I (C=Cl. H NMR : 1.23 (6 H) , 1.80 I2 H, m) , 2.10 I3 H, s )  , 

2.26 I3 H, s ) ,  2.47 12 H ,  ml. 2.84 (2 H, s ) ,  5.76 (2 H, ml, 5.90 12 H, m). 13C NMR: 13.25 

ICH on f u r a n  at Cgl. 26.6 and 27.3 (CH3 at c2 and C5), 29.6 (Chi, 34.5 (Ci). 38.9 (C;i, 3 

41.4 ICH~ at C51, 88.7 and 38.9 (c2 and c ~ ) ,  105.8 and 108.0 ICj and C; of furanl, 132.2 and 

132.8 (CjandC4). 150.2 (C" and Cg of furani, 208.4 (C;). Anal.Calcd for C16~2203 : C, 73.25; 2 

H, 8.45; Found C, 73.14; H, 8.55. 

2,5-Dimethyl-2-(3-oxabutyl)-5-(L,5-dianohexylidihydrofuran ,?,$ 
~ p~~ ~ 

IR : 1720 07-l. 'H NMR (CCI,) : 1.28 16 H .  61. 1.75 I2 H, tl, 2.1 (6 tl, 5 broad), 2.4 I2 H ,  m) 

2.62 (6 H, s broad), 5.75 (2 H, ml . 13c m n  : 26.3 and 27.4 lCn3 at C2 and C5), 29.5 IC" and Chi 
6 

34.1 (Cil, 36.3, 37.7 and 38.6 (C;, C;, C;), 54.9 (C;), 87.2 and 88.7 (C2 and C5), 132.1 and 

132.6 (C3 a n d  C41 , 206.3 and 206.6 IC; and Cgi , 208.2 IC'I Anal.Calcd for C14~2404 : C, 68.14, 3 ' 



H, 8.62; round C, 68.41; H, 8.58 

~ y d r o 1 ~ ~ ~ ~ ~  : TO 2 m o l  of adduct 6 or was added 5 rnl of 3N flC1. The reaction mixture was heated 

to 110-C. The reaction was monitored by TLC. After coollng, ketone was extracted with CH C1 
2 2 

14 n 20 ml!. The salutmn was dried !MgS041 and ketones a and were pur~fied by flash 

chromatograpt~y . 

2.5.8- Nonanetriane rn7 
1 

IR : 1720 cm-l !C=O!. H NMR : 2.11 I6 H, sl. 2.67 I8 H, s ! .  13C NMR : 29.0 IC and C?!, 35.3. 
1 

36.2 !C3, C4, C6 and C71, 206.3 IC and C81, 207.1 !C51. 
2 

4-Hrthyl-2.5.8-nananetrione J& 

1 
IR : 1715 cm-' (C=O!. H NMR !CC1 l . 1.0 (3 H. d!, 1.98 (3 H, s ! ,  2.03 (3 H ,  sl, 2.6 I4 H, 

4 '  

s broad!, 2.6 (3 H, ml. 13C NMR (C D ! -  16.5 (CHJ at C41. 25.4 lC1 and Cgl, 34.9 and 36.7 
6 6 '  

(C6 and C7!, 41.0 (C4!, 46.43 !C3!, 206.0 !C8 or C2!. 206.1 (C2 or C8!, 211.2 lC5!. 

2.5.8.11- Wdecanetetrane J&7 

IR : 1715 m lC=O!. 'H NMR : 2.12 16 H, s ! .  2.68 (8 H, $ 1 ;  2.70 14 H, 5). 13c NMR : 29.4 lC1 

and C12), 35.6 !C4, C6, C7 and C91, 36.5 !C3 and ClO!, 206.6 (C2 and Cll], 207.4 (C5 and Cg! 

4.9-Dimethyl-2,5,8,1l-dodecanctetrone A@? 
1 

IR : 1715 !C=O!. H NMR : 1.10 (6 H, d!. 2.11 (6 H, 5 ) ;  2.2-3.2 (10 H, m). 13c m R  : 

16.2 I2 CH at C4 and Cg!, 2?.4 !C1 and C12!, 34.1 !C and C,!, 40.5 lC4 and C91, 46.1 IC and 
3 6 3 

ClO), 206.6 lC2 and Cll!, 211.5 IC and C ! 
5 8 ' 

2- (4Methyl-3 ,6-dlonaneptyl!-3 ,5-d~methylfur~ a 
~ 

1 In : 1715 cm-' !C=O!, 1585 c m l  !C=C). H NMR : 1.04 (3 H, dl, 1.86 (3 H, s!, 2.11 ( 3  H, s ! ,  

2.18 (3 H, 5 ) .  2.8 (4 H, 5 ) .  2.4-3.1 (3 H ,  m!, 5.7 (1 H, 5 ) .  13c NMR : 9.4 !CH3 at C3!, 13.0 

(CH3 at C5!, 16.1 !CH3 at Ci!, 15.7 !C;l, 29.5 IC;!, 39.4 !C'l, 40.5 (Cb!. 46.0 (C;!, 108.5 
2 

!C4!, 114.4 (C3!, 147.3 !C20rC5!, 148.9 !C2 or C51, 206.8 !C;l, 212.0 (C;). 

1.2-(~i ( 3 , 5 - d i m e ~ y l - 2 - f u r a n y l ) j  ethane JJ 

1 
IR : 1585 cm-' lC=C!. H NMR : 1.75 (6 H, 51, 2.22 (6 H, 51, 2.78 14 H, 3 ) .  5.78 (2 H, sl. 

13c NMR : 9.2 !CH3 on Cj of furan). 13.1 !CH on C' on furan!, 25.1 lCl and C2!, 108.5 (2 cjl, 
3 5 

114.8 (2 Cb!. 148.0 IC; or Ci), 148.9 (Ci or C5!. 
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