
This article was downloaded by: [Michigan State University]
On: 08 February 2015, At: 09:15
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

Sonochemical Acceleration
of Conversion of 2-
Alkoxytetrahydrofurans to γ-
Butyrolactones Synthesis of
(±)-Quercus Lactone-A
A. Srikrishna a , S. Nagaraju a & G. V.R. Sharma a
a Department of Organic Chemistry , Indian Institute
of Science , Bangalore, 560 012, INDIA
Published online: 23 Sep 2006.

To cite this article: A. Srikrishna , S. Nagaraju & G. V.R. Sharma (1992) Sonochemical
Acceleration of Conversion of 2-Alkoxytetrahydrofurans to γ-Butyrolactones Synthesis
of (±)-Quercus Lactone-A, Synthetic Communications: An International Journal
for Rapid Communication of Synthetic Organic Chemistry, 22:8, 1127-1135, DOI:
10.1080/00397919208021096

To link to this article:  http://dx.doi.org/10.1080/00397919208021096

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and

http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397919208021096
http://dx.doi.org/10.1080/00397919208021096


are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with
primary sources of information. Taylor and Francis shall not be liable for any
losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

M
ic

hi
ga

n 
St

at
e 

U
ni

ve
rs

ity
] 

at
 0

9:
15

 0
8 

Fe
br

ua
ry

 2
01

5 

http://www.tandfonline.com/page/terms-and-conditions


SYNTHETIC COMMUNICATIONS, 2 2 ( 8 ) ,  1127-1135 (1992) 

SONOCHEMICAL ACCELERATION OF CONVERSION OF 
2-ALKOXYTETRAHYDROFURANS TO I-BUTYROLACTONES 

SYNTHESIS OF (2)-QUERCUS LACTONE-A 

A. Srikrishna,i S. Nagaraju & G.V.R. Sharma 

Department of Organic Chemistry 
Indian Institute o f  Science 
Bangalore - 560 012, INDIA 

ABSTRACT: E f f e c t  of  sonochemical i r r a d i a t i o n  on the 
conversion o f  2-a lkoxytetrahydrofurans t o  y-butyro- 
lactones by Jones reagent, and i t s  extension t o  the  
h ighly  s tereose lec t ive  synthesis of quercus lactone 
a ,  i s  reported.  

Butyrolactones are found ubiquitously throughout 

organic and natural product chemistry, as they are useful 

synthetic intermediates for a variety o f  functional moie- 

ties.’ Last decade has witnessed a rapid growth in the 

use of radical cylisation reaction in organic synthesis.2 

Radical cyclisati~n~-~ o f  mixed a-bromo acetals of a1 lyl 

alcohols provides a very convenient and useful method, 

quite often with high degree of regio and stereoselecti- 

vity, f o r  the construction o f  2-alkoxytetrahydrofurans, 

e.g. ->2. Conversion of 2-alkoxytetrahydrofuran to 7- 

butyrolactones (g->s) can be achieved either by stepwise 

i.e., hydrolysis followed by oxidation,6 or in a single 

1127 
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1128 SRIKRISHNA, NAGARAJU, AND SHARMA 

step using standard Jones reagent.5 I n  the l a t t e r  case, 

the e f f i c i ency  depends on the r a t e  o f  hydro lys is ,  and the  

s t a b i l i t y  o f  the f i n a l  compound under a c i d i c  condi t ions.  

Usual ly i t  takes about one t o  several hours depending on 

the nature o f  the alkoxy group and y i e l d s  are, i n  general 

moderate t o  good. The use sonochemical methods i n  rap id  

organic synthesis i s  o f  contemporary i n t e r e s t .  Herein we 

repo r t  the e f f e c t  o f  u l t rasound on the transformat ion 

- - 2->9, which not  on ly  accelerated bu t  a lso  improved the 

e f f i c i ency ,  and i t s  ex ten t ion  t o  a h igh l y  s tereoselect ive 

synthesis o f  (t)-quercus lactone-a. 

7 

- 1 - 2 - 3 - - - 
2-Alkoxytetrahydrofurans 2a-e were obtained i n  very 

good y i e l d  by rad ica l  c y c l i s a t i o n  (RC) o f  bromo aceta ls  

la-e using in s i t u  generated"' c a t a l y t i c  t r i - n - b u t y l t i n  

hydr ide ("Bu3SnC1/NaCNBH3/t-BuOti) i n  the  presence o f  a 

c a t a l y t i c  amount o f  azob is i sobu ty ron i t r i l e  (AIBN). Sono- 

chemical i r r a d i a t i o n  o f  a mix ture of hemiacetal 2 - i n  

acetone and two t o  three equivalents o f  1 . 6 M  Jones rea- 

gent . fo r  two t o  three minutes resu l ted  i n  the format ion 

o f  y-butyrolactones 3a-e i n  very good y i e l d s  (TABLE I ) . '  

A s  t he  Jones ox ida t ion  i s  known t o  be very f a s t ,  it i s  

obvious t h a t  i n  the present conversion, u l t r a  sound i s  
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SYNTHESIS OF (2)-QUERCUS LACTONE-A 1129 

Table 1.  Synthesis of  y-butyrolactones' 

entry hemiacetal 2 butyrolactone 3 Yieldb (%) 

80' 

a. All the compounds reported here exhibited satisfactory 
spectral data, consistent with their structures. 

b. Yields refer to unoptimised, isolated and chromatogra- 
phically pure lactones. 

c. 1 : l  Mixture of diastereoisomers. 
d. The amount o f  other stereoisomer i s  <5% by NMR. 

accelerating the hydrolysis step. To test this hypothe- 

sis, hydrolysis of a,a'-dichloro acetal 2 (acetals known 
for their very slow hydrolysis)" was investigated. Thus, 

sonochemical irradiation of a mixture o f  the acetal 2 in 
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1130 SRIURISHNA, NAGARAJU, AND S H A M  

methylene chloride and 90% aqueous H2S0, for 4 min furni- 

shed the ketone 5, m.p. 280 ' C  (lit.'' 281-282 'C) in 

almost quantitative yield supporting our hypothesis. 

SYNTHESIS OF WERCUS LACTONE-A: 

Quercus lactone-a ( 8 )  along with its cis- isomer b 
1 1  was isolated from the wood of three Quercus species. 

Interestingly these lactones were also detected as ingre- 

dients o f  aged (in oak barrels) wines and spirits. The 

trans configuration o f  the butyl and methyl groups has 

been established by ' H  NMR spectroscopy, and the absolute 
11 stereochemistry on the basis of emperical correlation. 

We have developed a highly stereoselective synthesis of 

quercus lactone-a starting from hex-1-en-3-01 ( L ) ,  - using 

radical cyclisation reaction and sonochemically accele- 

rated Jone's oxidation as key reactions. 

The requisite starting ally1 alcohol 1 - was obtained 

by a 1,2-addition of n-butyllithiumto acrolein. The key 

radical precursor, bromo acetal - (mixture of diastereo- 

isomers), was obtained in 78% yield, by a low temperature 
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SYNTHESIS OF (+)-QUERCUS LACTONE -A 1131 

7" 7 

vo Me- 

t 

OEt a \ 

Joneh 

bromination of ethyl vinyl ether using N-bromosuccinimide 

(NBS) in the presence of the alcohol 2. Refluxing a 0.2M 
t-butanol solution of the bromo acetal g with 'Bu3SnC1 

(0.1 equiv.) and NaCNBH3 (1.5 equiv.) in the presence o f  

a catalytic amount of AXBN for one hour,'%' furnished the 

cyclised product 8 ,  with high degree of stereoselecti- 

vity, in 78% yield. Conversion of the hemiacetal 2 to the 
quercus lactone-a was achieved, in 97% yield, by the 

ultra sound accelerated Jone's oxidation. The synthetic 

material exhibited the spectral data (IR, 'H and NMR) 

identical to that reported in the 1iteratu1-e.~''~ In line 

with the expected t rans preference in the cyclisation o f  

4-substituted hexenyl radicals,2 the other stereoisomer, 

quercus lactone-b, was found to be <<5% by N M R .  

In conclusion, we have described here the improved 

and rapid conversion of 2-a1 koxytetrahydrofurans to y- 

butyrolactones by Jone's reagent, using sonochemistry to 

accelerate the hydrolysis of hemiacetal to lactol. 
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1132 SRIKRISHNA, NAGARAJU, AND SHARMA 

EXPERIMENTAL SECTION 

In f ra red  spectra were recorded on a H i tach i  270-50 

spectrophotometer. 'H (90 MHz) and I3C NMR (22.5 MHz) 

spectra were recorded on a J e o l  FX-9OQ spectrometer using 

CDC13 as so lvent ,  and the chemical s h i f t  ( 5  ppm), and 

coupl ing constants (Hz) are reported i n  standard fashion 

w i t h  reference t o  i n te rna l  te t ramethy ls i  lane ('H NMR) o r  

the cent ra l  l i n e  ( 7 7 . 1  ppm) o f  CDC13 (13C NMR). Sonoche- 

mica1 experiments were ca r r i ed  out using a Toshinwal SW- 

7 . 5  u l t rason ic  c leaning bath. Acme's s i l i c a  gel  (100-200 

mesh) and Qualigen's neut ra l  alumina were used f o r  column 

chromatography. A I B N  was c r y s t a l l i s e d  from methanol and 

s tored i n  dark. CH2Cl2 was d r ied  and d i s t i l l e d  over P205. 

t-Butanol was d i s t i  1 l ed  over sodium. "Bu3SnC1, NaCNBH3 and 

n-BuLi were obtained from Fluka and used as such. A l l  the 

s t a r t i n g  mater ia ls  and 1.6M Jone's reagent were prepared 

us ing the standard procedures. 

2.3.4.6-  Tetrach lwomntacvc 1 or5.5. 1. d* '. d," .dl' I trideca- 

1 1 -en-g-one (2 1 : 
T o  a methylene ch lo r i de  (5 ml)  s o l u t i o n  o f  the  ace- 

t a l  f (122 mg, 0.32 mmol) was added 90% aqueous s u l f u r i c  

ac id  (2  ml)  and the reac t ion  mixture was sonicated f o r  

four  minutes. The react ion mixture was d i l u t e d  w i t h  water 

( 5  ml) and the s o l i d  ketone 5 - separated ou t  was f i l t e r e d  

using a s in te red  funnel .  The s o l i d  was washed w i t h  water, 

methylene ch lo r ide  and d r ied  (100 mg, 94%). m.p. 280 ' C  

(l it." 281-282 ' C ) .  I R  ( n u j o l ) :  vlaX 1800 cm-'. 

Quercus 1 actone-a (2) : 
To a co ld  (-50 ' C ) ,  magnet ical ly s t i r r e d  s o l u t i o n  o f  

the  alcohol  2 (460 mg, 4 mmol) and e thy l  v i n y l  e ther  (0.6 

m l ,  6 mmol) i n  dry methylene ch lo r ide  (10 ml)  was added 

a methylene ch lo r ide  so lu t i on  (20 ml)  o f  NBS (1 .3  g, 7 

mmol) over a per iod o f  20 m i n .  The reac t ion  mixture was 

s t i r r e d  and allowed t o  warm up t o  room temperature over 
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SYNTHESIS OF (2)-QUERCUS LACTONE-A 1133 

a per iod o f  45 min. The react ion mixture was d i l u t e d  w i th  

methylene ch lor ide,  washed w i th  2% aqueous NaOH. water 

and br ine,  and d r ied  (Na2S0,). Evaporation o f  the so lvent  

and p u r i f i c a t i o n  o f  residue over neutra l  alumina (20 g) 

using e thy l  acetate-hexane (1:20) as e luent  furnished the 

bromo acetal  2 ( 1 : l  mixture o f  diastereoisomers, 850 mg, 

78%) as an o i l .  [ I R  (neat) :  vldx 1195, 1115, 1025, 925 

crn-l. 'H NMR : b 5.4-6.0 (1  H, m) and 5.0-5.4 ( 2  H, m) 
( o l e f i n i c ) ,  4.68 ( 1  H, 2xt, J=7 Hz, 0-CH-O), 3.3-4.2 ( 3  

H, m, 0-CH and O-CH2), 3.35 (2 H, 2xd, J=7 Hz, CH2Br), 

1.05-1.8 (9 H, m), 0.9 (3  H, d i s to r ted  t, CH3)], 

A so lu t i on  of  the bromo aceta l  S - (530 mg, 2 mmol), 
" B U ~ S ~ C I  (0.08 m l ,  0.22 mmol), NaCNBH3 (190 mg, 3 mmol) 

and A IBN ( c a t a l y t i c )  i n  t-BuOH (10 ml) was ref luxed f o r  

one hour. The react ion mixture was d i l u t e d  w i th  ether (50 

ml ) ,  washed w i th  water, b r ine  and dr ied  (Na2S04). Evapo- 

r a t i o n  o f  the  so lvent  and p u r i f i c a t i o n  o f  residue over 

s i  1 i c a  gel  (15 g) column using methylene chloride-hexane 

(1:2) as e luent  furnished the hemiacetal 2 (mixture o f  

diastereoisomers, 297 mg, 80%). [ I R  (neat) :  vllx 1195, 

1107, 933 cm-'. 'H NMR: 6 4.9-5.2 (1  H, m, 0-CH-0), 3.1- 

4.0 (3 H, m, 0-CH and O-CH2), 0.7-2.5 (18 H, m)] 
A so lu t i on  o f  the hemiacetal p (200 mg, 1.07 mmol) 

and 1.6M Jone's reagent (2 m l ,  3.2 mmol) i n  acetone ( 2  

ml 1 was sonicated f o r  three minutes, and 1 m l  of :so- 

propanol was added t o  destroy the  excess reagent. The 

reac t ion  mixture was d i l u t e d  w i t h  ether (15 m l l ,  washed 

w i t h  water, saturated aqueous NaHC03 and br ine,  and d r ied  

(Na2S04). Evaporation o f  the solvent and p u r i f i c a t i o n  o f  

residue over a s i l i c a  gel  (5  g) column using methylene 

chloride-hexane (1:2) as eluent  furnished the Quercus 

lactone-a (P, 162 mg, 97%) as an o i l .  I R  (neat) :  vMx 
1780, 1465, 1210, 1170 cm-'. NMR (90 MHZ, CDCI~): 6 4.0  

( 1  H, q ,  J=7 H z ) ,  2.7 (1  H, dd, J=18, 10 H z ) ,  2.0-2.4 (2 
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1134 SRIKRISHNA, NAGARAJU, AND SHARMA 

H ,  rn), 1.2-1 .9  ( 6  H ,  rn), 1.14 ( 3  H ,  d, J=7 H z ) ,  0 . 9 2  ( 3  

H ,  distorted t). 13C NMR ( 2 2 . 5  MHz, CDC13): 6 175.9,  8 6 . 7 ,  

36 .6 ,  3 5 . 6 ,  3 3 . 2 ,  2 7 . 5 ,  22 .1 ,  16.9,  13.4. 

ACKMWLEPWEHTS: We thank the S I R ,  New Delhi for the award o f  

research fellowships t o  SN and GVRS. The generous g i f t  o f  Pionone 

by M/S Kelkar & Co i s  grateful ly  acknowledged. 

1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

7. 

8 .  

9. 

10. 

11. 

REFERENCES AND NOTES 

Canny, D . J . ,  Levine, J . A . ,  Lu, H-F.  and Covey, D.  

F., Synth .  Commun., 1990, 20, 2065 and references 
cited therein. 
Giese, B., R a d i c a l s  i n  Organ ic  S y n t h e s i s :  Formation 

of Carbon-Carbon bonds; Pergamon Press, Oxford, 
1986; Curran, D.P., Synthes is ,  1988,  417 and 409.  

Stork, G., B u l l .  SOC. Chim. F r . ,  1990, z 7 ,  675. 

Srikrishna, A .  and Sundarababu, G . ,  Tet rahedron ,  

1990, 46, 7901 and references cited therein. 
Ueno, Y., Moriya, O., Chino, K., Watanabe, M.  and 
Okawara. M . ,  J .  Chem. S o c . .  P e r k i n  Trans .  1 ,  1986, 

1351; Srikrishna, A .  and Sharma, G . V . R . ,  Tet rahe-  

dron L e t t . ,  1988, 2 9 ,  6487. 

Sharma, G . V . M . ,  Vepachedu, S . R .  and Chandrasekhar, 
S . ,  Synth .  Commun., 1990, 2 0 ,  3403. 

Einhorn, C., Einhorn, J .  and Luche, J - L . ,  Synthes is  

1989, 787.  

Stork, G. and Sher, P.M., J .  Am. Chem. S O C . ,  1986, 

108 ,  303,  

The reaction was found to be equal 1 y fast and eff i- 
cient with the methyl hemiacetals also. 
Mehta, G., Nair, M . S .  and Srikrishna, A . ,  I n d i a n  J .  

Chem., 1983, 228, 959. 

Masuda, M .  and Nishimura, K . ,  Phytochemistry,  1971, 

- 70, 1401; Chem. L e t t . ,  1981, 1333. 

D
ow

nl
oa

de
d 

by
 [

M
ic

hi
ga

n 
St

at
e 

U
ni

ve
rs

ity
] 

at
 0

9:
15

 0
8 

Fe
br

ua
ry

 2
01

5 



SYNTHESIS OF (k)-QUERCUS LACTONE-A 1135 

12. Gunthur, C. and Mosandl , A . ,  Liebigs Ann. Chem. , 
1986, 2112. 

(Received in UK 5 November, 1991) 

D
ow

nl
oa

de
d 

by
 [

M
ic

hi
ga

n 
St

at
e 

U
ni

ve
rs

ity
] 

at
 0

9:
15

 0
8 

Fe
br

ua
ry

 2
01

5 




