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Abstract - The use of 1.6-di(bromomagnesio)hexane i n  tetrahydrofuran leads 

a f t e r  double add i t i on  a t  the carbonyl o f  subst i tu ted chromans t o  the  

format ion of seven membered dihydroxycompounds. Subsequently the  t i t l e  

compounds a re  formed by simple treatment w i t h  d i l u t e  ac id  and d i s t i l l a t i o n .  

Examination o f  past  and present l i t e r a t u r e  shows the l ack  o f  a general method of preparat ion of 

subst i tu ted spirochrornans. We have been in teres ted i n  anne la t ive  techniques f o r  cyclopentane and 

cyclohexane c o n s t r ~ c t i o n ~ - ~  p a r t i c u l a r l y  those wide ly  used i n  the synthesis of sp i ro  r i n g  systems 

5 and spec ia l l y  f o r  spirohetero aromatic compounds . We wish t o  r e p o r t  a new synthesis i nvo l v i ng  

seven-membered sp i roanne la t ion  which i s  i l l u s t r a t e d  by the  synthesis o f  3,4-dihydrospiro 

4 C2H-l-benzopyran-2,l'-cycloheptanel as shown i n  scheme 1. I t  has been reported t h a t  the 

1,6-di (br0rnagnesio)hexane does no t  reac t  w i t h  butyrolactone t o  a f f o rd  w-hydroxyal kylcycloheptanol  , 

bu t  ra the r  leads t o  a mix ture  o f  d i f f e r e n t  products from which the i s o l a t i o n  o f  the anne la t ive  

compound was no t  possible.  

I n  t h i s  present work however we have found t h a t  the annelat ion product i s  the major compound i n  

the reac t i on  of the 1.6-di(bromomagnesio)hexane w i t h  subst i tu ted chrmanones i n  an appropr ia te  

solvent such as tetrahydrofuran. We have observed t h a t  the  r a t i o  of anne la t ion  vs open chain 

5 
products t o  be h i g h l y  dependent o f  the substrate s t ruc tu re  and a lso  on the s i ze  of the new 

formed r i ng .  The by-products obtained a r i s e  most ly from the i n i t i a l l y  formed ketone by i n t e r -  

molecular a t t ack  of a second b i func t iona l  Grignard reagent and there i s  some recovery of s t a r t i n g  

mater ia l .  The temperature of a d d i t i o n  i s  no t  c r i t i c a l  bu t  s ince the reac t i on  i s  exothermic. i s  

usua l l y  af fected i n  the cold.  A s o l u t i o n  of the dihydrocournarin i n  an i n e r t  and anhydrous Solvent 

such as benzene o r  tetrahydrofuran i s  added a t  a r a t e  s u f f i c i e n t  t o  cont ro l  the exothermic reac- 

t i on .  A f te r  the end of the add i t ion ,  the resu l t an t  suspension was s t i r r e d  and kept  a t  room tem- 

perature overnight.  This suspension pe rs i s t s  under r e f l u x  and a c l e a r  so lu t i on  i s  n o t  obtained 

w i t h  the  1,6-di(bromomagnesio)alkane under the cond i t ions  employed i n  our procedure w i t h  the two 

o the r  Grignard reagent prev ious ly  reported. The crude mixtures were r o u t i n e l y  hydrolyzed w i t h  



6 aqueous ac id  and the presence of the d i o l  confirmed by I R  and NMR ana lys is  . The intermediate 

d i o l s  can be i so la ted  by conventional methods (column chromatography, f r ac t i ona l  d i s t i l l a t i o n )  o r  

the crude d i o l s  can be used w i thout  p u r i f i c a t i o n  for  d i r e c t  conversion to  the c y c l i c  ethers by the 

ac t i on  of an appropr iate acid.  This present method f o r  the preparat ion o f  such sp i ro  compounds by 

seven carbon anne la t ion  i s  reported here for  the f i r s t  t ime and on ly  f o r  t h i s  c lass  of compound, 

and represents another example of the u t i l i t y  of d iGr ignard reagents i n  organic synthesis.  This 

one-step react ion  w i thout  i s o l a t i o n  of the intermediate i s  most convenient. 

Di(bromomagneslo)alkanes; General Procedure: 

The 1.6-dibromohexane (16.8 g, 0.069 m l )  d issolved i n  anhydrous tetrahydrofuran (150 mL) i s  

added to  magnesium turnings (3 .5  g, 0.15 g - atom), under a stream o f  ni t rogen. A small volume of 

the d iha l i de  So lu t ion  i s  added to  cover the magnesium and the s t i r r i n g  i s  s tar ted.  The exothermic 

react ion  s t a r t s  w i t h i n  a few min. The r e s t  of the d iha l i de  so lu t i on  i s  added dropwise, a t  a r a t e  

slow enough t o  avoid excessive heat ing (40-50'). A f t e r  the add i t i on  i s  completed, the c l e a r  

so lu t i on  i s  allowed to  s t i r  4 h a t  room temperature. The y i e l d  o f  the Grignard reagent i s  



HETEROCYCLES, Vol 15, No 1 ,  198 1 

7 determined by t h e  Gilman procedure . 

To t h i s  organomagnesium cmpound prepared (0.06 mo l )  i s  added dropwise a t  room temperature the  

d ihydrocoumar in l ( 5 . 9 2  g, 0.04 m l )  i n  anhydrous t e t r a h y d r o f u r a n  (50  mL). The r e a c t i o n  m i x t u r e  

i s  s t i r r e d  o v e r n i g h t  under an atmosphere of n i t r o g e n .  A f t e r  h y d r o l y s i s  w i t h  s a t u r a t e d  aqueous 

ammonium c h l o r i d e ,  the m i x t u r e  i s  e x t r a c t e d  w i t h  e ther ,  washed w i t h  water  and d r i e d  w i t h  sodium 

s u l f a t e .  The s o l v e n t s  a r e  removed under reduced p ressure  and t h e  crude p r o d u c t  ob ta ined  i s  used 

d i r e c t l y  f o r  t h e  e t h e r i f i c a t i o n  r e a c t i o n .  A m i x t u r e  of t h i s  crude sample and 36% h y d r o c h l o r i c  

a c i d  (15 mL) i s  heated under r e f l u x  f o r  6 h. A f t e r  c o o l i n g ,  t h e  r e s u l t i n g  m i x t u r e  i s  d i l u t e d  

w i t h  water ,  e x t r a c t e d  w i t h  e ther ,  t h e  e x t r a c t s  washed w i t h  water  and d r i e d  w i t h  sodium s u l f a t e .  

The s o l v e n t  i s  removed i n  vacuo and the  p roduc t  d i s t i l l e d .  

3,4-DihydrospiroC2H-l-benzopyran-2,1'-cycloheptanel (1) 

bp 112-114 '~  (0.01 mm Hg); 20% y i e l d  ( f r o m  dihydrocoumar in) ;  IR  vmaX ( n e a t )  1240, 1040 cm"; 

NMR 6 1.12-2.21 (m,  14  H), 2.52-2.91 ( t ,  2H, J = 7 Hz), 6.64-7.18 (m, 4H); mass spectrum 

( r e l a t i v e  i n t e n s i t y )  m/e 216 (M+, 54%). 107 ( M + - c ~ H , ~ ,  100%). 

3,4-Dihydro-4-methyl -spiroC2H-l -benzopyran-21 ' - cyc lohep tane l  (8)  

bp 9 9 - 1 0 1 ~ ~  (0.02 mm Hg); 14% y i e l d  ( f r o m  4-methyl-dihydrocoumarin); IR vmax ( n e a t )  1240, 

1 1045 cm- ; NMR 6 1.3 ( t ,  3H, J = 7 Hz), 1.2-2.2 (m, 14H). 6.7-7.2 ( m ,  4H); mass spectrum 

( r e l a t i v e  i n t e n s i t y )  m le  230 (M+, 58%, 121 ( M + - c ~ H ~ ~ .  100%).  

3,4-Dihydro-&methyl -splroCZH-1 -benzopyran-2.1 ' - cyc lohep tane l  (9)  

bp 114-116 '~  (0.01 mn Hg); 15% y i e l d  ( f r o m  6-methyl-dihydrocoumarin); IR vmax ( n e a t )  1238, 

1040 cm-'; NMR 6 0.9-2.2 (m, 15H), 2.25 (8, 3H), 2.5-2.9 ( t ,  2H, J = 7 Hz), 6.5-7.1 (m, 3H); 

mass spectrum ( r e l a t i v e  i n t e n s i t y )  m/e 230 (M+. 61%). 121 (M+-c8H13, 100%). 
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