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Four a1 icycl ic furan compounds have been synthesized with 

incorporation of l80 in the furan oxygen. 

intermediate of the synthetic scheme was exchanged with H2l80 in THF with 

a catalytic amount of HC1. 

Basically, a stable ketonic 
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INTRODUm I ON 

In a previous publication in this journal, we reported on the 

preparation of 13C and 14C labelled furan compounds for the detection of 

labelled metabolites (1). Another aspect of this research involved 

m-chloroperbenzoic acid a s  an oxidizing mimic of the mixed function 

oxidase enzyme system. Some of this work has been reported (2). As a 

result of this latter work it was necessary to prepare several alicyclic 

furan derivatives in which the furan oxygen was enriched with l80. 

There are two reports in the literature for labelling aryl furans 

with "0. 

diazonium fluroborate with H2180. 

procedure of incubating 15-hydroperoxy-5,8,11,13-eicosatetraenoate or 

PPG2 in an atmosphere of 1802 with prostaglandin synthetase. In this 

The first by Pring (3)  involved the hydrolysis of an aryl 

The second method (4) used the 
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system, dibenzofuran,  ano the r  a r y l  fu ran ,  was prepared w i t h  h igh  

inco rpora t ion  of  l abe l .  Ne i the r  of t h e s e  systems was a p p l i c a b l e  t o  ou r  

system s ince  we r e q u i r e d  l a b e l l i n g  of nou-aryl f u r a n  compounds. 

Thus, in o r d e r  t o  s tudy  t h e  mechanism f o r  t h e  mCPBA o x i d a t i o n  of  

t h e s e  systems compounds 6, 10,14 and 15 were syn thes i zed  w i t h  l 8 0  l abe l .  

RESULTS 

The b a s i s  i n  each l a b e l l i n g  experiment  was t o  i s o l a t e  a k e t o n i c  

i n t e r m e d i a t e  i n  t h e  s y n t h e t i c  scheme i n  which an  exchange between the  

carbonyl  oxygen and E2180 could be e f f e c t e d .  The c o n d i t i o n s  f o r  t h i s  

exchange were ketone. TEF. H 2 l 8 0  and a c a t a l y t i c  amount of ECl. 

Presumably, h ighe r  c o n c e n t r a t i o n s  of l80 l a b e l  could be inco rpora t ed  i f  

t r i e d  r epea ted  exchanges were conducted. However, f o r  ou r  s t u d i e s ,  we 

f o r  approximately a 1:l mixture of l60 and " 0  s u b s t r a t e .  

The methods of d e t e c t i o n  included mass spec t romet ry  and nuc 

magnet ic  resonance spectroscopy. While t h e  l a t t e r  technique gav 

e a r  

on ly  a 

rough e s t i m a t e  of how much l a b e l  had been inco rpora t ed  ( 5 ) ,  it  al lowed 

f o r  s p e c i f i c  l a b e l  l oca t ion .  

spectrum a t  h igh  r e s o l u t i o n .  The resonance f o r  t h e  carbon a t t a c h e d  t o  

t h e  " 0  nucleus i s  s l i g h t l y  u p f i e l d  (0.05 ppm) of t h e  resonance f o r  t h e  

1 3 C  atom a t t a c h e d  t o  l60 ( 6 ) .  

T h i s  was done by measuring t h e  1 3 C  NMR 

Compounds 6,  10, 14 and 15 were syn thes i zed  v i a  s t r a i g h t f o r w a r d  

methods which a r e  e x h i b i t e d  i n  t h e  f o l l o w i n g  schemes. Except f o r  t h e  3 r d  

and 6 t h  s t eps ,  t h e  y i e l d s  i n  t h e  f o r m a t i o n  of 6 were q u i t e  r e spec tab le .  

The l a b e l l i n g  s t e p  occur red  w i t h  55% i n c o r p o r a t i o n  of  " 0  f rom 9- H2l80 .  

Fo r tuna te ly ,  on ly  one poor s t e p  fo l lowed  t h e  l a b e l l i n g  s t ep ,  
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a-HOCH2CHZOH. pTSOH, bH,A, b-5 N NaOH, c -2CH3Li .  d-H+, 3 0 ' .  THF, 
e -%=S(CH3)2 ,  f-H30+, pentane. 

S c h e m e  2 

a - H C l ( g ) ,  b-HOCH2CH20H, pTSOH, BCH3, A, c-NaBH4. BF3, THF, d-HO-, %02, 
e-Jones oxidation (CrO,, H2S04. CH3CCH3), f - H 2 0 * ,  H , THF, g-B2S04. 
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In this sequence, 54% of label was incorporated with 41% being 

carried on to the product. 

Scheme 3 

14 13 

0 

a-4A molecular sieves, ether, b-EtMgBr, THF, c-CH2=CC1-CH2C1, 
d-H30', e-H20*, H+. THF, f-9m H2S04. 

Fortunately, in this sequence, the labelling step for preparing 14 

was the penultimate step as the final step reduced the already poor 

incorporation by half (See experimental section). 

Scheme 4 

6 15 

a-nbuli, b-CH31. 

This sequence is basically the same as that for the preparation of 6 

except that there is an additional step to put the second methyl group in 
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pos i t i on .  In t h i s  l a t t e r  r e a c t i o n ,  100% of inco rpora t ed  l a b e l  was 

c a r r i e d  forward t o  t h e  product.  

EXPERIMENT& SEmION 

General. NIR s p e c t r a  were recorded on a Bruker W M  250 MHz 

spec t romete r  u s ing  t e t r a m e t h y l s i l a n e  a s  an  i n t e r n a l  standard.  I n  t h e  

de t e rmina t ion  of 

500 Hz were used, 4K d a t a  p o i n t s  were acquired which were t ransformed a s  

8K b locks  fo l lowing  0.3 Hz exponen t i a l  m u l t i p l i c a t i o n ,  Mass s p e c t r a  were 

obtained from a Varian Mat CH-5 spectrometer .  I R  s p e c t r a  were recorded 

on a Beckman IR 5A spectrometer .  

i nco rpora t ion  by 1 3 C  NMR, t y p i c a l l y ,  sweep wid ths  of 

Preua ra t ion  of E thv l  and Methvl 1.4-dioxas~iro[4.5]decane-6- 

ca rboxv la t e  L . A s o l u t i o n  o f  e t h y l  and methyl 2-oxocyclohexane- 

ca rboxy la t e  (22 g, 134 mmol, Aldrich) ,  e thy lene  g lyco l  (14.4g. 233 mmol) 

and 0.5 g p- toluenesulfonic  a c i d  i n  125 m l  benzene was r e f l u x e d  w i t h  a 

Dean-Stark wa te r  t r a p  f o r  12  hours. The r e a c t i o n  mix tu re  was washed w i t h  

water ,  tw ice  w i t h  1OW NaHC03, w i t h  b r i n e  and d r i e d  over MgS04. 

of so lven t  gave a yel low o i l  which was d i s t i l l e d  to y i e l d  26 g (93%) of 1 

a s  a c l e a r  l i q u i d :  bp 131-136O (10 m m  Hg) [lit  (7) bp 120-124O ( 8  mm 

H g ) l .  

Removal 

P r e p a r a t i o n  of 1.4-dioxasuiro[4.5ldecane-6-carboxvlic a c i d  2. A 

s o l u t i o n  of k e t a l - e s t e r s  1 (5.029. 24 m m o l )  i n  25 m l  5 M NaOH was r e f l u x e d  

f o r  s i x  hours. The s o l u t i o n  was cooled, a c i d i f i e d  w i t h  HC1 (pA<2), and 

e x t r a c t e d  w i t h  e t h e r .  

Removal of so lven t  a f fo rded  4.17 g (93%) of 2 a s  a wh i t e  s o l i d :  mp 99.5- 

100.50 (benzene) t l i t ( 8 )  mp 730 ( e thano l -~O) I , 'H  NMR (CDCl3) 10.7 (1H. 

b r ) ,  4.0 ( 4 H , S ) ,  2.7 ( l H ,  m ) ,  2.0 - 1.3 (8H. m )  ppm. 1 3 C  NMR (CDCl3) 

The e t h e r e a l  e x t r a c t s  were d r i e d  w i t h  lgSO4. 
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176.3 ( s ) ,  108.9 (s), 64.9 ( t ) .  64.5 ( t ) ,  49.6 ( d ) .  34.2 ( t ) ,  27.1 ( t ) ,  

23.3 ( t ) ,  23.0 ( t )  ppm. IR ( C H C 1 3 )  3 0 5 0 ( b r ) ,  1760 ,  1720 ,  1205 cm-l. Mass 

spectrum H+ 186 m/e. 

P r e p a r a t i o n  of 6-acet~l-1,4-dioxas~iro[4.5]-decane 3. To a s o l u t i o n  

of ke t a l - ac id  2 (5.06 g, 27 mmol) i n  250 m l  of e t h e r  a t  O o  under an i n e r t  

atmosphere was added dropwise w i t h  vigorous s t i r r i n g  a s o l u t i o n  of  CH3Li 

(59 mmol. A ld r i ch  1.55 M i n  e t h e r )  i n  70 m l  e t h e r  over a pe r iod  of two 

hours. The i c e  b a t h  was removed and s t i r r i n g  con t inued  f o r  1 0  hours. 

The r e a c t i o n  mix tu re  was hydrolyzed i n  50 m l  a l i q u o t s  by dropwise 

a d d i t i o n  t o  25 m l  p o r t i o n s  of i ce  wa te r  w i t h  s t i r r i n g .  The l a y e r s  were 

sepa ra t ed  and the  aqueous p o r t i o n  e x t r a c t e d  s e v e r a l  t imes  w i t h  e the r .  

The combined e t h e r  l a y e r s  were washed w i t h  b r i n e  and d r i e d  ove r  MgS04. 

The aqueous l a y e r  was a c i d i f i e d  and e x t r a c t e d  t o  r e c l a i m  1.16 g of 

unreacted acid.  Removal of so lven t  a f fo rded  a l i g h t  ye l low o i l  which was 

chromatographed on s i l i c a  g e l  ( e l u t e d  w i t h  hexane:ethyl a c e t a t e )  t o  y i e l d  

3.04 g o f  3 (79% b a s e d  on r e c o v e r e d  a c i d )  a s  a c l e a r  o i l :  'H NMR (CDC13) 

4.0 - 3.8 (4H. m ) ,  2.81 (1H.  dd ) ,  2.23 (3H. S), 2.0 - 1.5 (8H, m )  ppm, 

1 3 C  NMR (CDC13) 209.2 ( s ) .  109.5 ( s ) ,  64.7 ( t ) ,  64.3 ( t ) ,  57.0 ( d ) ,  35.1 

( t ) ,  31.5 ( 9 ) .  26.7 ( t ) ,  23.6 ( t ) ,  23.5 ( t )  ppm. IR ( n e a t )  2970,  2870. 

1710, 1450, 1360, 1090, 1040 cm-', Mass spectrum M+ 184, 99 (100) m/e. 

Prepara t ion of 6-ace t~l-~~(k1.4-dioxas~rio[4.5 1 decane 4, 

s o l u t i o n  o f  3 (0.56 g, 3 mmol), 60  p l  H20 (99% l80, S t o h l e r  I s o t o p e  

Chemicals),  and 1 p l  concen t r a t ed  H C l  i n  1.3 m l  of t e t r ahydro fu ran  

( s u f f i c i e n t  t o  s o l u b i l i z e )  was al lowed t o  s t and  f o r  1 1 / 4  hours. The 

r e a c t i o n  mix tu re  was quenched by pouring i n t o  30 m l  of CHZC12, washing 

w i t h  10% NaHC03. b r i n e  and drying over K2CO3. 

afforded 0.51 g (92%) 4 a s  a c l e a r  o i l :  

A 

Removal of so lven t  

1 3 C  NMR spectrum a s  above. The 
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carbonyl resonance a t  209.2 ppm could be r e so lved  i n t o  two l i n e s  w i t h  t h e  

u p f i e l d  resonance (Cl80) s h i f t e d  by 0.051 ppm. 

i n t e n s i t i e s  of these l i n e s  showed 54% i nco rpora t ion  of l80, I R  (neat)  

1710 (Cl60), 1685 (Cl80) om-1, Mass s p e c t r a l  a n a l y s i s  showed 55% 

i nco rpora t ion  of l80. 

Comparison of r e l a t i v e  

P a r a t  i o n  of 6 4 2 -  ~vloxirane-180)-l.4-dioxasoiro[4.5~decane 5 .  

Following t h e  procedure of Corey (91, NaH (0.26 g, 5.4 mmol, 50% 

d i spe r s ion  i n  mine ra l  o i l ,  Baker) was placed i n  a 2 necked f l a s k  and 

washed 3 t imes  w i t h  petroleum e the r .  The f i n a l  t r a c e s  of petroleum e t h e r  

were removed under a s p i r a t o r  vacuum, t h e  f l a s k  f lushed w i t h  n i t rogen  and 

then maintained under a n i t rogen  atmosphere. Dimethylsulfoxide(3.3 m l )  

was added and t h e  f l a s k  was hea ted  a t  70-75O u n t i l  t h e  evo lu t ion  of H2 

ceased (approximately 30 m i d .  

and t e t r ahydro fu ran  (3.3 ml) added. The r e a c t i o n  mixture  was then cooled 

t o  -loo and a s o l u t i o n  of t r ime thy l su l fon ium iodide (1.11 g, 5.4 mmol) i n  

5 m l  DMSO was added w i t h  s t i r r i n g  over a pe r iod  of 2.5 m i a  Af t e r  an 

a d d i t i o n a l  minute a t  -100, a s o l u t i o n  of 4 (0.50 g 2.7 mmol) i n  0.4 m l  

TBF was added. The r e a c t i o n  mixture  was s t i r r e d  a t  -loo f o r  10 minutes 

and room temperature  f o r  1 hour. The r e a c t i o n  mixture  was then  poured 

i n t o  water  and e x t r a c t e d  seve ra l  t imes  wi th  e the r .  The combined e x t r a c t s  

were washed w i t h  b r i n e  and d r i e d  over K2CO3. Removal of solvent  a f fo rded  

0.49 g 5 (92%) a s  a l i g h t  yel low o i l  which was found t o  be a mixture  of 

d i a s t e reomers :  

NMR: The major diastereomer showed resonances a t  56.4 (s )  and 55.8 ( t )  

ppm. The resonance a t  56.4 ppm could be resolved i n t o  two l i n e s  w i t h  t h e  

u p f i e l d  (Cl8O) l i n e  s h i f t e d  by 0.042 ppm (48% l80). 

55.8 ppm could a l s o  be resolved w i t h  the  C l 8 0  l i n e  s h i f t e d  by 0.03 ppm 

The f l a s k  was cooled t o  room temperature  

I R  and 'H NMR a r e  a s  r epor t ed  i n  t h e  l i t e r a t u r e  (1). 1 3 C  

The resonance a t  
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(48% l80). The minor d i a s t e reomer  showed resonances a t  56.7 ( s )  and 52.1 

( t )  ppm which e x h i b i t e d  s i m i l a r  chemical s h i f t s  f o r  t h e  l a b e l l e d  m a t e r i a l  

and s i m i l a r  v a l u e s  f o r  i so tope  inco rpora t ion .  

PreDarat ion of 3-me thyl-4.5.6.7-te t r a h ~ d r o b e n z o f a r a n - ~ ~ O  6 ,  

To a s o l u t i o n  of 5 (0.49 g. 2.5 mmol) i n  40 m l  pentane was added 20 m l  1 N 

aqueous HC1. The r e s u l t i n g  b i p h a s i c  mix tu re  was s t i r r e d  f o r  2 1 / 4  hours. 

The l a y e r s  were sepa ra t ed  and t h e  aqueous p o r t i o n  e x t r a c t e d  fou r  t imes  

wi th  pentane. 

b r i n e  and d r i e d  over K2CO3. 

a f f o r d e d  0.29 g 6 (86%) a s  a c l e a r  o i l :  

l i t e r a t u r e  (10) .  1 3 C  NMR (CDC13) 150.9 ( s ) ,  136.7 ( d ) .  119.8 (s), 117.9 

( s ) ,  23.3 ( t ) ,  23.1 ( t ) .  23.1 ( t ) ,  2 0 . 5 ( t ) ,  8.0 ( 9 )  ppm. The r e s o n a n c e  

a t  150.9 could be r e so lved  i n t o  two resonances w i t h  t h e  a p f i e l d  peak 

s h i f t e d  by 0.039 ppm (46% l80). 

s i m i l a r l y  wi th  the  u p f i e l d  l i n e  s h i f t e d  by 0.036 ppm (47% '*O), Mass 

s p e c t r a l  a n a l y s i s  showed 48% l80 incorporat ion.  

The combined pentane l a y e r s  were washed w i t h  10% NaHC03, 

Removal of s o l v e n t  and chromatography 

I R  and  'SI NMR a s  r e p o r t e d  i n  t h e  

The resonance a t  136.7 could be r e so lved  

PreDarat ion of 2-cvclohexen~l-1,4-dioxasoiro[4.5~decane 7. Cyclo- 

13C NMR (CDC13) hexanone was coupled by t h e  procedure of Wenkert (11). 

137.9 (s), 124.4 (d ) .  111.2 ( s ) .  65.1 ( t ) ,  65.0 ( t ) ,  53.1 ( d ) .  37.1 ( t ) .  

29.6 ( t ) ,  29.2 ( t ) .  25.9 ( t ) .  25.8 ( t ) .  24.3 ( t ) ,  23.8 ( t ) .  22.8 ( t )  ppm. 

P r e p a r a t i o n  of 2-(2-oxocvclohexvl)-cvclohexanone 8. Fol lowing t h e  

procedure of Brown (13). t o  a s t i r r e d  suspension of NaBE4 (1.7 g, 45 

mmol, pu lve r i zed  be fo re  use) in 50 m l  t e t r a h y d r o f u r a n  con ta in ing  7 (22.2 

g, 100 mmol) was added a s o l u t i o n  of boron t r i f l o u r i d e  e t h e r a t e  (8.7. g, 

61 mmol) i n  10  m l  t e t r ahydro fu ran  over a p e r i o d  of one hour a t  25O. The 

r e a c t i o n  mix tu re  was s t i r r e d  an a d d i t i o n a l  hour and t h e n  16 m l  of 3 M NaOE 

was added. The product  was then  ox id ized  by a d d i t i o n  of 16 m l  of 30% 
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€$02 over a pe r iod  of one hour. 

water  and e x t r a c t e d  s e v e r a l  t imes  wi th  e the r .  The combined e x t f a c t s  were 

washed w i t h  water ,  b r i n e  and d r i e d  over  K2C03. 

a f fo rded  25 g of a ye l low o i l :  

d i s so lved  i n  150 m l  of acetone and cooled t o  Oo.  A s o l u t i o n  of Jones  

r eagen t  (14) (350 mmol, prepared by d i s s o l v i n g  35 g Cr03  i n  250 m l  of 

wa te r  and adding 30 m l  concen t r a t ed  H2S04) was added dropwise over a 

pe r iod  of 3 hours  keeping t h e  temperature  below So. Af t e r  t h e  a d d i t i o n  

The r e a c t i o n  mix tu re  was poured i n t o  

Removal of so lven t  

The crude a l coho l  was I R  3400 cm-'. 

was complete,  t h e  r e a c t i o n  was s t i r r e d  f o r  2 hours  a t  room temperature.  

A small  amount of sodium b i s u l f i t e  was added t o  d i scha rge  the  brown c o l o r  

of chromic a c i d  from t h e  upper layer .  The l a y e r s  were sepa ra t ed  and t h e  

lower l a y e r  e x t r a c t e d  3 t imes  w i t h  petroleum e t h e r  (35-60O). These 

e x t r a c t s  were combined w i t h  t h e  o r i g i n a l  upper l a y e r  and washed two t i m e s  

w i t h  NaHC03, b r i n e  and d r i e d  over YgS04. 

y i e l d  a ye l low o i l .  

e t h y l  a c e t a t e  (9 :1 ) ]  a f f o r d e d  9.89 g 8 (51%) a s  a c l e a r  o i l .  

m a t e r i a l  was found t o  be a mix tu re  of d i a s t e reomers  w i t h  'H NMR, 1 3 C  NMR, 

I R  and mass s p e c t r a l  p r o p e r t i e s  a s  r e p o r t e d  i n  t h e  l i t e r a t u r e  (15). 

I n i t i a l l y  t h i s  mix tu re  was composed of 90% of t h e  m a t e r i a l  r epor t ed  a s  an  

o i l :  

25.0 ( t )  ppm, TLC on s i l i c a  g e l ,  R f  = 0.22 [ h e x a n e - e t h e r  ( 1 : l ) I .  

s t and ing  a t  00, t h e  m a t e r i a l  s lowly  isomerized t o  t h e  s o l i d :  

(CDC13) 211.8 ( s ) ,  49.0 ( d ) ,  42.4 ( t ) ,  30.2 ( t ) .  28.1 ( t ) ,  25.5 ( t )  ppm, 

TLC on s i l i c a  gel ,  Rf = 0.27 [hexane-ether (1: l ) I .  

The s o l v e n t  was removed t o  

Chromatography on s i l i c a  g e l  [ e l u t e d  w i t h  hexane- 

T h i s  

1 3 C  NMR(CDC13)210.8(s), 50.3, ( d ) ,  41.9 ( t ) .  29.1 ( t ) ,  26.5 ( t ) ,  

Upon 

I 3 C  NMR 

P r e p a r a t i o n  of 2-(2-oxo-180-cyclohexyl)-oycloherhnone-180 9.  A 

s o l u t i o n  of 8 (0.57 g, 2.9 mmol), 117  p1 of H 2 0  (99% l80,  S t o h l e r  I s o t o p e  

Chemicals) and two pl concen t r a t ed  H C l  i n  2 m l  t e t r ahydro fu ran  was 
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allowed t o  s tand f o r  22 hours. The s o l u t i o n  was then poured i n t o  10  m l  

of water  and ex t rac ted  severa l  t imes wi th  hexane. The combined hexane 

l a y e r s  were washed w i t h  10% NaHC03, b r i n e  and d r i e d  over K2CO3. 

of solvent  afforded 0.56 g 9 (98%) a s  a c l e a r  o i l :  

reported above. The resonances a t  210.8 and 211.8 ppm could both  be 

resolved i n t o  two l i n e s  w i t h  the u p f i e l d  resonance s h i f t e d  0.053 ppm (52% 

"O), Mass s p e c t r a l  ana lys i s  showed 54% incorpora t ion  of l80, I R  1705 

(Cl60) ,  1670 (Cl80)  cm-l. 

Removal 

1 3 C  NMR spectrum a s  

Prepara t ion  of perhvdrobiDhenvleneoxide-180 10, Compound 9 (0.4 g. 

Two drops concentrated H2S04 were 2.0 mmol) was placed i n  a 1 m l  f lask.  

added and the f l a s k  heated t o  130' under a s p i r a t o r  vacuum f o r  10 minutes. 

The product was c o l l e c t e d  a t  0' a s  i t  d i s t i l l e d .  The r e a c t i o n  mixture  

was washed w i t h  hexane and combined w i t h  the d i s t i l l e d  product which was 

washed wi th  1- NaHC03, b r i n e  and d r i e d  over K2C03. 

afforded 0.31 g 10 (85%) a s  a l i g h t  yel low o i l :  

a r e  a s  r e p o r t e d  in t h e  l i t e r a t u r e  (12) ,  1 3 C  NMR 148.4 ( 8 ) .  116.9 ( s ) ,  

23.4 ( t ) ,  23.3 ( t ) ,  23.2 ( t ) ,  20.7 ( t ) .  The r e s o n a n c e  a t  148.4 ppm c o u l d  

be resolved i n t o  2 peaks wi th  the  n p f i e l d  peak s h i f t e d  0.039 ppm (39% l80 

incorporat ion) ,  Mass s p e c t r a l  a n a l y s i s  showed 41% incorporat ion of l80. 

This  compound 

Removal of solvent  

'H NMR and I R  spec t ra  

Prepara t ion  of N-cvclohexvlidenecvclohexvlamine 11. 

was prepared by the procedure of Jacobsen (16). 

(s), 58.0 (d) ,  40.4 ( t ) ,  34.3 ( t ) ,  34.3( t ) ,  29.1 ( t ) ,  28.1 ( t ) ,  27.8 ( t ) ,  

26.4 ( t ) ,  26.0 ( t ) ,  25.2 ( t ) ,  25.2 ( t )  ppm. 

1 3 C  NMR (CDC13) 170.7 

Prepara t ion  of 2-(2-chloroprou-2-envl)-cvclohexanone 12. Compound 

12 was prepared by the  procedure of Stork (17). 13C NMR (CDC13). 

210.8(s),  140.5(s) ,  113 .8( t ) ,  47.4(d), 41.8( t ) ,  38.7( t ) ,  3 2 . 7 ( t ) ,  

27.6( t ) ,  24.8( t )  ppm. 
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Pr euar a t ion of 2- (2-chl oro~rop-2-  env1)-cvc 1 oheranone -' 8O 13, 
s o l u t i o n  of 12 (0.69 g. 4.0 mmol), 75  p l  H20 ( 9 9 %  l80, S t o h l e r  I s o t o p e  

Chemicals) and 2 81 concentrated HCL i n  3 m l  te t rahydrofuran was allowed 

t o  s tand a t  room temperature  f o r  12 hours. It was then poured i n t o  10 m l  

of water  and e x t r a c t e d  severa l  t imes w i t h  herane. The combined e x t r a c t s  

were washed w i t h  10% NaHC03, br ine  and d r i e d  over K2CO3. 

so lvent  afforded 0.65 g 13 (94%) a s  a c l e a r  o i l :  

NMR showed t h e  resonance a t  210.8 ppm reso lvable  i n t o  two peaks wi th  the 

u p f i e l d  peak s h i f t e d  by 0.053 ppm (38% incorporat ion of l80), I R  1705 

(Cl60). 1675 (Cl80) cm-l, Mass s p e c t r a l  a n a l y s i s  showed 37% isotope 

incorporat ion.  

A 

Removal of 

'€I NMR a s  above, I 3 C  

Prepara t ion  of 2-meth~l-4,5.6.7-tetrahvdrobenzofuran-~~O 14. 

Following t h e  procedure of Neinhouse (18), 1.2 m l  of cold 90% %SO4 

(prepared using 97% l80 water, MSD Isotopes)  was added dropwise t o  13 

(0.64 g, 3.7 mmol) a t  O o  with  vigorous s t i r r i n g  under a n i t rogen  

atmosphere. The mixture was s t i r r e d  an  a d d i t i o n a l  hour and then poured 

i n t o  10 m l  i ce  water.  This  was ex t rac ted  severa l  t imes  wi th  hexane. The 

combined e x t r a c t s  were washed w i t h  la NaHC03 and b r i n e  and then d r i e d  

over K2C03. 

( p e n t a n e l  a f f o r d e d  0.37 g 14 (74%) a s  a c l e a r  o i l :  '€I NMR and I R  a s  

reported i n  the  l i t e r a t u r e  (181, 1 3 C  NMR (CDC13) 149.8(s), 149.0(s). 

117.6(s) .  106.5(d), 23 .4( t ) ,  23 .4( t ) ,  23.2( t ) ,  22 .3( t ) ,  13.5(q) ppm. The 

resonances a t  149.8 and 149.0 ppm could both be resolved i n t o  two l i n e s  

w i t h  the upf ie ld  l i n e  s h i f t e d  by 0.04 ppm (12% 180), Mass s p e c t r a l  

a n a l y s i s  showed 14% incorporat ion of l80. 

Removal of solvent  followed by chromatography on s i l i c a  gel  

Prepara t ion  of 2.3-dimethvl-4.5,6.7-tetrahvdrobenzof~ran-~~0 15. 

F o l l o w i n g  t h e  p r o c e d u r e  of Cohen (19) .  t o  a s o l u t i o n  of  6 (0.5 g. 3.7 
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mmol. 44% l80) in  15 m l  t e t rahydrofuran  a t  -220 was added n-butyl l i thium 

(3.3 m l  of a 1.6 M s o l u t i o n  i n  hexane, 5.3 mmol, Aldrich). The r e s u l t i n g  

s o l u t i o n  was s t i r r e d  for 2 hours a t  -22O and then  iodomethane (l . lg,  8.0 

mmol) was added. After  an a d d i t i o n a l  hoar a t  -22O. the  f l a s k  was warmed 

t o  room temperature  and s t i r r e d  f o r  3 hours. The r e a c t i o n  mixture  was 

quenched w i t h  water  and ex t rac ted  severa l  t imes  wi th  pentane-ether (1:l). 

The combined organic  l a y e r  was washed w i t h  5% sodium b i s u l f i t e ,  water  and 

b r i n e  and then d r i e d  over K2CO3. 

chromatography on s i l i c a  ge l  (pentanel y ie lded  0.42 g of 1 5  (75%) a s  a 

c l e a r  o i l :  

(3H.s). 1.8 (3H.s). 1.85-1.65 (4H, m) ppm. 1 3 C  NMR (CDC13) 147.8 (s), 

144.8(s) .  118.3(s) ,  113.7(s) ,  23 .3( t ) ,  23.3( t ) ,  23.2( t ) .  20.8( t ) ,  

11.3(q),  8.0(q) ppm. 

resolved i n t o  two l i n e s  wi th  the  u p f i e l d  l i n e s  s h i f t e d  by 0.04 ppm (43% 

l 8 0 ) ,  Mass s p e c t r a l  a n a l y s i s  showed 45% isotope incorporation. IR 1600, 

1450, 1270, 1250, 1230, 1150 cm-'. 

Removal of so lvent  followed by 

'H NMR (CDC13) 2.6-2.5 (2% m), 2.35-2.25 (2B,  m), 2.2 

The r e s o n a n c e s  a t  147.8 and 144.8 c o u l d  b o t h  be 
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