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O R G A N I C  P R E P A R A T I O N S  AND P R O C E D U R E S  I N T .  20(3) ,  231-236 (1988) 

4-PHENYL-A3-DIHYDROPYRANS BY REDZCTION OF PYRILIUM 

SALTS LIITH SODIUM BOROHYDRIDE IN ACETIC ACID 

Teodor-Silviu Balaban and Alexandru T.  Balaban 

Polytechnic I n s t i t u t e ,  Organic Chemistry Department 
Splaiul  Independentei 313, 76206 Bucharest, ROUMANIA 

Reductions with sodium borohydride in  carboxylic acid media have been 

reviewed i n  t h i s  Journal . '  We have recent ly  applied t h i s  synthe t ica l ly  use- 

ful  reduction t o  pyrylium s a l t s  and observed' t h a t  f o r  2 ,4 ,6- t r i subs t i tu ted  

pyrylium s a l t s  having a t  l e a s t  one a-(2- o r  6-)alkyl subs t i t uen t ,  the  reduc- 

t i on  products are d i f f e ren t  from those obtained by reduction w i t h  NaBH, i n  

aqueous o r  a lcohol ic  media. A3-Dihydropyrans a re  the major reduction pro- 

ducts of these pyrylium s a l t s  w i t h  NaBH, i n  ace t i c  ac id .  When the 4-substi-  

tuent  i s  a phenyl group (pyrylium s a l t  1 with R 2  o r  R 6  being alkyl groups),  

A3-dihydropyrans - 2 a r e  the  only products and they a re  obtained i n  y i e lds  

surpassing 95 %.2 

3 

1 - ,p Me iPr Ph 
2 - 

Charge de loca l iza t ion  by the  4-phenyl group accounts f o r  the exclusive 

hydride addi t ion (from Na' E(OAc),H) t o  the a-posi t ions devoid of such 

de loca l iza t ion .  W i t h  4-alkyl groups other  products r e s u l t  as  well ( t e t r a -  

"1988 by Organic Preparations and Procedures Inc. 
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BALABAN AND BALABAN 

hydropyrans and l Y 5 - d i k e t o n e s )  a r i s i n g  f rom a 4 - a d d i t i o n  of  H-. When bo th  

a -subs t i  t uen ts  a re  phenyl groups, h y d r i d e  a d d i t i o n  occurs more s l u g g i s h l y  

and no A3-dihydropyrans a r e  formed ; i n  t h i s  case t h e  same produc ts  r e s u l t  

as i n  n e u t r a l  media. 

We demonstrated by reduc ing  2,6-dimethyl-4-phenylpyrylium c a t i o n s  - l a  

w i t h  AcOD + NaBH, and AcOH + NaBD, t h a t  t h e  r e a c t i o n  i n v o l v e s  an a - a t t a c k  

of t h e  hyd r ide  nuc leoph i  l e  f o l l o w e d  by a c i s - l Y 4 - a d d i  t i o n  of t h e  t r i a c e t o x y -  

borohydr ide ,  so t h a t  c i s -2a  - was ob ta ined  s t e r e o s p e c i f i c a l  l y .  

The f a c t  t h a t  A3-dihydropyrans - 2 thus  become a v a i l a b l e  from p y r y l i u m  

s a l t s  ( e a s i l y  access ib le  f rom s imp le  and inexpens ive  s t a r t i n g  mater ia ls , ) ,  

prompts us t o  r e p o r t  a d e t a i l e d  exper imenta l  procedure toge the r  w i t h  

h i t h e r t o  unrepor ted  a n a l y t i c a l  da ta  (see t h e  Exper imental  Sec t i on ) .  

Furthermore, we show now t h a t  f o r  2 , 3 , 6 - t r i s u b s t i t u t e d  4-pheny lpyry l ium 

s a l t s  - 3 t h e  r e d u c t i o n  w i t h  NaBH, + AcOH i s  a l s o  r e g i o s p e c i f i c  a f f o r d i n g  t h e  

A3-d ihydropyran - 4 w i t h  a t e t r a s u b s t i t u t e d  double bond and no d e t e c t a b l e  

a m o u n t  (by  'H-NMR) o f  t h e  i somer i c  p roduc t  w i t h  a t r i s u b s t i t u t e d  double 

bond. 

Me Me 

-. 
b I Ph - 

4 - 

T h i s  r e g i o s e l e c t i v i t y  i m p l i e s  as t h e  f i r s t  s tep  o f  t h e  r e d u c t i o n  an 

a t t a c k  o f  t h e  b u l k y  hyd r ide  n u c l e o p h i l e  i n  t h e  l e s s  crowded a - p o s i t i o n  

(namely t h e  6 - p o s i t i o n  f o r  2,3,4,6-tetrasubstituted p y r y l i u m  s a l t s ) .  

Assuming t h a t  t h e  second s t e p  i n v o l v e s  a 1 ,4 -add i t ion  t o  t h e  i n t e r m e d i a t e  

2ii-pyran, t h i s  mechanism was v e r i f i e d  by reduc ing  2,3,6-trimethyl-4-phenyl- 

p y r y l  ium p e r c h l o r a t e  - 3a w i t h  NaBH, + AcOD, when 5-deuterated-% was 

ob ta ined.  
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4-PHENYL-A3-DIHYDROPYRANS FROM PYRYLIUM SALTS 

EXPERIMENTAL SECTION 

A l l  reagents and glassware were thoroughly d r i e d  i n  order  t o  ensure anhy- 
drous cond i t i ons  ; i f  water i s  present t he  reduc t i on  of py ry l i um s a l t s  
takes o the r  routes and complex mixtures r e s u l t .  A3-Dihydropyrans w i t h  a 
4-phenyl group are a f f e c t e d  p rog ress i ve l y  by l i g h t  and oxygen so t h a t  pro-  
longed storage should be avoided, e s p e c i a l l y  i f  u n d i s t i l l e d .  Elemental 
analyses were a l so  performed on u n d i s t i l l e d  samples and were found i n  most 
cases s a t i s f a c t o r y .  D i s t i l l a t i o n  from s l i g h t l y  a l k a l i n e  medium over a t r a c e  
o f  h droquinone under argon and storage i n  a sealed v i a l  has kept  samples 
of A -dihydropyrans unal tered f o r  more than a year.  Sample p u r i t i e s  o f  t h e  
crude r e a c t i o n  product were g rea te r  than 90% (by NMR), and =re checked by 
HPLC runs us ing  methanol-water e luents  (Hewlett-Packard inst rument  equipped 
w i t h  a reverse phase C, l o p  column and a UV de tec to r  c a l i b r a t e d  a t  X y x )  ; 
i n  each case a s i n g l e  peak was found,thus i n d i c a t i n g  the  absence o f  s ereo- 
isomers. 'H-NMR spectra were run a t  60 MHz on a Var ian A-60A spectrometer 
i n  CDC1, w i t h  TMS as i n t e r n a l  standard. I R  spectra were recorded on a Zeiss 
UR 20 spectrometer as neat f i l m  between NaCl p la tes .  UV spectra were run  on 
a Zeiss instrument i n  cyclohexane. 

Y 

2,6-Dimethyl-4-phenyl-5,6-dihydro-2H-pyran 

m l  four-necked round-bottom f l a s k  equipped w i t h  a mechanical s t i r r e r ,  a 

r e f l u x  condenser p ro tec ted  against  mois ture w i t h  a calc ium c h l o r i d e  tube, 

a Y-connection f i t t e d  w i t h  thermometer and argon i n l e t ,  and a f l e x i b l e  wide- 

bore tube obturated by a clamp, was flamed under d r y  argon f o r  0.5 h r  and 

then al lowed t o  coo l .  2,6-Dimethyl-4-phenylpyrylium su l foace ta teS  (15.0 g, 

46.3 mmol) was suspended i n  100 m l  anhydrous a c e t i c  a c i d  (1.67 mol) ;  

coarse ly  ground sodium borohydr ide (7.0 g, 185 mnol) was g radua l l y  added 

t o  the  s t i r r e d  suspension from an ampoule v i a  t he  f l e x i b l e  connection. The 

exothermic a d d i t i o n  o f  NaBH, was conducted i n  the beginning a t  such a r a t e  

t h a t  t h e  abrupt temperature r i s e  d i d  n o t  exceed 40" ; afterwards a coo l i ng  

water bath was app l i ed  and the  a d d i t i o n  o f  NaBH, cont inued as r a p i d l y  as 

poss ib le  wh i l e  the temperature was maintained a t  40". The i n i t i a l  red c o l o r  

(2). General Procedure.- A 500 

faded i n t o  orange and l a t e r  became an opaque l i g h t  tan.  Towards t h e  end o f  

the add i t i on ,  foaming occured and the  sodium borohydr ide reacted more 

s lowly .  The m ix tu re  was s t i r r e d  a t  35" f o r  2 hrs a f t e r  completion o f  

a d d i t i o n  and then i t  was decomposed w i t h  250 m l  o f  water conta in ing 1 m l  

o f  conc. HC1. The m ix tu re  was s t i r r e d  f o r  5 min and then t r a n s f e r r e d  t o  a 

2 3 3  
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sepa ra to ry  funne l .  The r e a c t i o n  f l a s k ,  s t i r re r  and thermometer were r in sed  

w i t h  15 m l  of ether which was added t o  the funnel from which the aqueous 

l aye rwas  r u n  o f f  and e x t r a c t e d  s e p a r a t e l y  twice w i t h  ether ( a  50 ml and 

then a 15 ml p o r t i o n ) .  The combined e t h e r e a l  l a y e r s  were n e u t r a l i z e d  w i t h  

aqueous sodium carbonate  and d r i e d  over  anhydrous magnesium s u l f a t e .  

Solvent evaporat ion a f fo rded  b.6 g (99 % y i e l d )  of crude yel low o i l  w i t h  a 

c l ean  ' H - N M R  spectrum and s a t i s f a c t o r y  e 

under argon w i t h  a t r a c e  of hydroquinone 

yellow, f ragrant  o i l ,  bp .  105"/2 Torr.,  

' H - N M R ,  6(ppm) : 1.32 (3H, d ,  J = 6 . 8  Hz 

6-Me), 2.33 (2H 

2-H) ,  6.00 ( l H ,  

7 0 2 ( s ) ,  7 6 0 ( s ) ,  

1 4 4 0 ( s ) ,  1590(m 

221 and 252. 

emental a n a l y s i s .  D i s t i l l a t i o n  

i n  the receiver f l a s k  gave a pa l e  

i t . 6  bp .  133-6"/12 Tor r .  

2-Me), 1.33 (3H, d ,  J = 6.0 Hz, 

m y  5-H,), 3.77 ( l H ,  s e x w e t ,  J = 6 Hz, 6-H), 4.37 ( l H ,  m y  

q ,  J = 1 . 5  Hz, 3-H), 7.34 (5H, s ,  4-Ph) ; IR (cm-I) : 

1058( S) , 1 0 7 0 ( ~ )  , 1098( S) , 1145( S) , 1175( S) , 1365-1380( S) , 

, 2 9 6 0 ( s ) ,  3025(m), 3050(m), 3078(mw) ; UV, hmax (nm) : 

- Anal. Calcd. f o r  C 1 , H , , O  : C ,  82.92 ; H ,  8 .57 

Found : C ,  82.74 ; H ,  8 . 4 7  

2,6-Diisopropyl-4-phenyl-5,6-dihydro-2h'-pyran ( 2 b ) . -  - 2,6-Diisopropyl-4- 

phenylpyrylium pe rch lo ra t e '  (1 .90  g ,  5.6 mmol) was s i m i l a r l y  reduced with 

NaBH, (1 .10  g ,  29.1 mmol) i n  10 ml of anhydrous a c e t i c  a c i d ,  y i e l d i n g  a 

crude l i g h t  brown o i l  (1 .35  g ,  99 % y i e l d )  with a s i n g l e  H P L C  peak. 

' H - N M R ,  6 (ppm) : 0.99 (6H, d d ,  J = 6.75 hz, 2-CHMe,), 1.06 (6H, d ,  J = 

= 6.25 Hz, 6-CHMe,) - 1.82 (ZH, m y  2- and 6-CtJMe2), 2.33 (2H, m y  5-H,), 3.31, 

( lH, q, J = 6.25 Hz, 6-H), 4.02 ( l H ,  m y  2 - H ) ,  6.08 ( l H ,  q ,  J = 1.25 Hz, 3-H) 

7.39 (5H, c l o s e l y  spaced m y  4-Ph) ; IR (cm-l) : 7 0 5 ( s ) ,  7 6 0 ( s ) ,  1080(m), 

1360-138O(s) , 1 4 6 0 ( s ) ,  1590(m) , 2930-296O(s) , 3020(m) , 3052(m) , 3078(mw) ; 

uv 9 Amax 
- Anal. Calcd. f o r  C 1 7 H 2 d  : C ,  83.54 ; H ,  9.91 

Found : C ,  83.34 ; H ,  9.89 

- 

(nm) : 220 and 251. 
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4-PHENYL-A 3-DIHYDROPYRANS FROM PYRYLIUM SALTS 

2,4-Diphenyl-6-methy1-5,6-di hydro-2~-pyran (2) .- 2,4-Diphenyl-6-methyl- 

pyrylium sulfoacetatee (3.2 g, 8.3 mmol) was reduced analogously with NaBH, 

(1.6 g, 42.1 mmol) in anhydrous acetic acid (15 m ) .  The usual workup gave 

a yellow-orange oil (2.05 g, 99 % yield) with sat sfactory spectral and 

analytical data. Bp. 145-8"/0.7 Torr., the distil ation in vacuum was accom- 

panied by partial decomposition. 'H-NMR,G (ppm) : 1.38 (3H, d, J = 6.4 Hz, 

6-Me), 2.32-2.52 (2H, m, 5-H,), 3.94 (lH, sextet, J = 6.5 Hz, 6-H), 5.28 

(lH, m, 2-H), 6.10 (lH, q, J = 1.75 Hz, 3-H), 7.32 (lOH, 2- and 4-Ph) ; 

IR, (cm-') in CS, : 705(s), 763(s), 1045(s), 2900-3080(m) ; in CC1, 1445(m). 

UV, hmax (nm) : 220 and 250. 

- Anal. Calcd. for C,,H,,O : C, 86.35 ; H, 7.25 

Found : C, 86.14 ; H, 7.57 

2,3,6-Trimethyl-4-phenyl-5,6-di hydro-2H-pyran (4a) - .- 2,3,6-Trimethyl-4- 

phenyl-pyrylium perchlorateg (3.0 g, 10.0 mnol) was reduced with NaBH, 

(1.9 g, 50.0 mmol) in 15 ml anhydrous acetic acid yielding - 4a (1.90 g, 

93.5 % )  as an orange-yellow oil with satisfactory spectral and analytical 

data. Bp. 117"/5 Torr. 'H-NMR, b(ppm) : 1.26 (3H, d, J = 6 Hz, 2-Me), 1.35 

(3H, d, J = 6.5 Hz, 6-Me), 1.52 (3H, closely-spaced m, 3-Me), 2.22 (2H, m, 

5-H,), 3.80 (lH, sextet, J = 6.5 Hz, 6-H), 4.27 (lH, m ,  2-H), 7.30 (5H, 

closely-spaced m, 4-Ph) ; 

1590(mw), 2800-3070(s) ; UV, Xmax (nm) : 220 and 243. 

- Anal. Calcd. for C,,H,,O : C, 83.11 ; H, 8.98 

Found : C, 82.86 ; H, 9.06 

IR (cm-') : 705(s), 760(s), 1120-1140(s , 1488(m 

(5-W -2,3,6-Trimethyl-4-phenyl-5,6-di hydro-2H-pyran (5d-4a). - - In the 

above procedure, by using AcOD instead of AcOH we obtained 5d-4a. - 'H-NMR : 

same as above except that the 3-Me signal (1.52 ppm) is a singlet, the 2.24 

ppm multiplet corresponds to about 1.2 protons (instead of two), the 2- and 

6-protons are both poorly resolved quartets. I R  : same as above except for 
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two a d d i t i o n a l  weak bands a t  2128 and 2180 cm-'. 

2,6-Dimethyl-3,4-diphenyl-5,6-dihydro-2~-pyran (4b)  - .-  Pyryl ium p e r c h l o -  

r a t e  - 3b9 (0 .92  g, 

NaBH, ( 0 . 5 6  g, 14.8 mmol). The r e s u l t e d  c r u d e  y e l l o w  o i l  (0 .66  g, 98.3 % 

y i e l d )  degraded f a s t e r  t h a n  o t h e r  4-phenyl-5,6-dihydro-2H-pyrans and 

a l t h o u g h  'H-NMR d a t a  advocate  i t s  s t r u c t u r e ,  a s a t i s f a c t o r y  and r e p r o -  

d u c i b l e  e l e m e n t a l  a n a l y s i s  c o u l d  n o t  be o b t a i n e d .  'H-NMR, 6(ppm) : 1 . 0 9  

(3H, d, J = 6.75 Hz, 2-Me), 1.33 (3H, d, J = 6.3 Hz, 6-Me), 1 .6 -2 .6  (2H, 

m, 5-H,), 3.95 ( l H ,  m, 6-H), 4 .74  ( l H ,  m y  2-H), 7.05 (lOH, c l o s e l y - s p a c e d  

m, Ph,) ; 

2.6 mrnol) was reduced i n  5 m l  anhydrous a c e t i c  a c i d  w i t h  

UV, A m a x  (nm) : 220, 250 and 3 2 0 ( s h ) .  
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