
HETEROCYCLES, Vol. 22, No. 3, 19a4 

ORGANIC SYNTHESIS .USING 1-METHOXY-1,2,3-BUTATRIENYLBORATES. ,II. A FACILE SYNTHESIS 

OF 2.5-OIALKYL-3-METHYLFURANS FROM 1,4-OIMETHOXY-2-BUTYNE, B-ALKYLCATECHOLBORANES AND 

ALDEHYDES 

J u n j i  Koshino, Takahiro Sugawara, and A k i r a  Suzuki* 

Department of App l ied  Chemistry, Facu l t y  of Engineering, Hokkaido Un ive rs i t y ,  

Sapporo 060, Japan 

Abs t rac t  - 2.5-Dialkyl-3-methylfurans are obtained i n  e x c e l l e n t  y i e l d s  by 

the  react ion ,  of a c e t i c  a c i d  w i t h  1-methoxy-l,2,3-butatrienylborates prepared 

from 1-methoxy-l,2,3-butatrienyllithium and B-alkylcatecholboranes, fo l lowed 

by t reatment w i t h  aldehydes. 

Recently we have repor ted on the organic synthes is  k i n g  spec ia l  borates i n  which bora te  boron 

atoms and methoxy groups combine w i t h  the same carbon-carbon double bond carbon. For example, t h e  

reac t i on  of a c e t i c  a c i d  w i t h  ate-complexes formed from B-alkyl-9-borabicyclo[3,3,llnonanes (B- 

alkyl-9-BEN) and 1-lithio-1-methoxyallene gave the corresponding 1-alkyl-1-methoxycyclopropanes i n  

good y i e l d s  (eq. 11.' 1,2-~ihethoxyethenyltrialkylborates r e a d i l y  obta inab le  from organoboranes 

were found t o  be used as e f f ec t i ve  intermediates f o r  syntheses of 1 , l -d ia lky le thenes (eq. 2). 2 

4 ketones (eq. 3).3 1-methoxy-2-alkanones (eq. 4), and aldehydes (eq. 5). 5 
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M O S ~  r ecen t l y ,  i t  was repor ted t h a t  1-alken-3-ynes (111) were r e a d i l y  prepared by  the  r e a c t i o n  of 

l -methoxy- l  ,2 ,3-buta t r ieny l l i th ium and t r i a l k y l b o r a n e s ,  fo l lowed by p ro tono l ys i s  w i t h  a c e t i c  ac id  

(eq. 6).6 As shown i n  eq. 6, t h i s  reac t i on  i s  considered t o  proceed through a l k y l  group m ig ra t i on  

from boron t o  the  adjacent carbon w i t h  e l i m i n a t i o n  of methoxy group, and t h e  sequent pro tonat ion  

a t  the y-carbon w i t h  respect  t o  the  boron atom. Thereafter,  we i nadve r ten t l y  discovered t h a t  when 

8-alkylcatecholboranes are employed, i ns tead  o f  t r i a l ky lbo ranes ,  t h e  a l k y l  m ig ra t i on  occurs on l y  

by a d d i t i o n  o f  a c e t i c  a c i d  w i t hou t  e l i m i n a t i o n  o f  methoxy group, and the p ro tona t i on  takes p lace a t  

the 6-carbon t o  g i ve  the  in tenned ia tes  ( IV )  which a re  s tab le  a t  room temperature (eq. 7). Such 

AcOH PMe R'CHO - R-C-CrC-CH3 
r.t. I 

8 lv 

intermediates seem t o  have a  p o s s i b i l i t y  t o  be converted by the reac t i on  w i t h  aldehydes i n t o  the 

corresponding a l l e n i c  a lcoho l  de r i va t i ves  (V) which a re  good precursors t o  2.5-dialkyl-%methyl- -~ 
furans (vI).~.' I n  t h i s  paper, we wish t o  r e p o r t  t h a t  as expected, the  reac t i on  proceeds smoothly 

t o  y i e l d  such t r i a l k y l f u r a n s  i n  exce l l en t  y i e l d s .  

The f o l l o w i n g  procedure f o r  the  prepara t ion  of 5-hexyl-2,3-dimethylfuran i s  t y p i c a l .  n -Buty l -  

l i t h i u m  (2.86 ml of a  1.79 M s o l u t i o n  i n  hexane, 5.13 mnol) was s lowly  added t o  a  s o l u t i o n  of 1,4- 

dimethoxy-2-butyne (293 mg, 2.56 mnol) i n  10 ml of d r y  e the r  under n i t r ogen  atmosphere a t  -78 'C. 

Under s t i r r i n g  f o r  10 min a t  -78 'C and f o r  20 min a t  -45 OC, 8-hexyleatecholborane (351 mg, 1.72 

m1) was added t o  the  pa le  ye l l ow  suspension, and the mix ture  thus obta ined was s t i r r e d  f o r  30 min. 

The r e a c t i o n  mix ture  was t rea ted  w i t h  a c e t i c  a c i d  (0.4 ml. 6.9 mnol) a t  t h e  same temperature f o r  

10 min w i t h  s t i r r i n g ,  and was then al lowed t o  warm t o  room temperature. A f te r  1 h, acetaldehyde 
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(53 mg, 1.20 mnol) was added t o  the  s o l u t i o n  a t  0 'C, and the m ix tu re  was s t i r r e d  f o r  12 h. 

F i n a l l y ,  6 ml of 1 M aqueous s o l u t i o n  of sodium hydroxide was added, and t h e  organic l aye r  sepa- 

ra ted  was analyzed by glpc.  The ana lys is  showed t h a t  1.18 mmol of 5-hexyl-2.3-dimethylfuran (98% 

y i e l d )  had been formed. The representa t ive  r e s u l t s  are sumnarized i n  Table 1. 

Table 1. Synthesis of 2,5-Dialkyl-3-methylfurans 

Aldehyde (R'CHO), R' Y i e l d  of R ocl:. %a 

Hexyl 

Heptyl  

Methyl 

E thy l  

Phenyl 

V iny l  

E thy l  

Phenyl 

V iny l  

a ~ l p c  y i e l d  based on the aldehyde used. 

b ~ o m m r c i a l  a c r o l e i n  ( p u r i t y ,  90%) was employed wi thout  p u r i f i c a t i o n .  No format ion 

of 1.4-adducts was observed. 

7 The reac t i on  appears t o  proceed through the f o l l o w i n g  pathways (Path A ) .  Normant e t  a l .  repor ted 

the same type o f  f u ran  synthes is  from 4-methoxyalka-2,3-dien-1-01?. (V' ,  >B=H), f o r  which they pro- 

posed the mechanism through the in termedia tes  ( I X ,  >B=H), as dep ic ted i n  Schem 1. I f  such a reac- 

t i o n  occurs by  the  reac t i on  mechanism, the deutero-furan de r i va t i ves  (VIc)  may be obtained by the 

oro tono lys is  w i t h  deutero-acet ic ac id .  However, t h e  products a c t u a l l y  observed were n o t  them, b u t  

deutero-furans (VIa  and VIb). For example, when a c e t i c  acid-dl (6  equ iva lents)  was used as a 

p ro tono l ys i s  agent f o r  the  a l l e n y l i c  borate (V' ;  R-hexyl, R'=methyl) prepared from 1-methoxy-1,2,3- 

b u t a t r i e n y l l i t h i u m ,  B-hexylcatecholborane, and acetaldehyde, 5-hexyl-3-deuteromethyl-2-methylfuran 

(VIa; R-hexyl, R'=methyl) and 5-hexyl-4-deutero-3-deuteromethyl-2-methylfuran (VIb; R-hexyl, R'= 

methyl)  were obta ined i n  a r a t i o  o f  10:90 w i thou t  accompanying the deutero-furan d e r i v a t i v e  (VIc) .  

The formation of VIa i s  e luc ida ted  by pro tono lys is  w i t h  the usual a c e t i c  a c i d  produced by scram- 

b l i n g  between a c e t i c  acid-dl and themathanol y i e l d e d  from the in termedia te  ( V I I I ) .  Such evidence 

supports the r e a c t i o n  mechanism through the path  A i n  Scheme 1. 
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