
Journal of Labelled Cmpounds and RadiophmceuticaZs - VoZ.XVI,No. 2 275 
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SUMMARY 

The synthes is  o f  the t r i p l y  13C labe led  molecule, d i e t h y l  1- 

The unique fea tu re  o f  t he  synthes is  

[ (  13 C)methyl]-3-phenyl( l  ,3-13C2)bicyclo[l .1 .O]butane-exo,exo-2,4- 

d i ca rboxy la te  i s  described. 

i s  t h a t  i n  th ree  instances we employed 13C02 ( f rom Ba C03) 

w i thou t  us ing a h igh vacuum l i n e .  We found t h a t  e x c e l l e n t  y i e l d s  

were obta ined i n  two Grignard reagent carbonations and i n  a C02 

reduc t i on  us ing a mechanical pump which produced a vacuum of 0.05 

t o r r .  The syn the t i c  sequence invo lved  carbonation o f  phenyl- 

magnesium bromide t o  g i ve  ( ~ t - ~ ~ C ) b e n z o i c  ac id ,  reduc t i on  w i t h  
LiA1H4, conversion t o  the corresponding benzyl c h l o r i d e  fo l l owed  

by p repara t i on  o f  the Grignard reagent and carbonat ion t o  produce 

phenyl(1 ,2,- C2)acet ic  ac id .  Reaction w i t h  13CH3Li prov ided 1- 

phenyl-2-(1 ,2,3-13C3)-propanone which, a f t e r  conversion t o  i t s  

hydrazone and r e a c t i o n  w i t h  mercurous t r i f l u o r o a c e t a t e ,  y i e l d e d  

1-phenyl-1-(1 ,2,3-13C3)propyne. Reaction tw ice  w i t h  carbo- 

ethoxycarbene ( f rom e t h y l  d iazoacetate)  gave the  des i red  t r i p l y  

13 

13 

3C 1 a be l e d  b i c y c l o  butane. 

Key Words: 
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( ~ x - ~ ~ C ) B e n z o i c  ac id ,  phenyl(1 ,2-13C2)acetic acid, l-phenyl-2-(1,2,3- 
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INTRODUCTION 

As p a r t  o f  our  con t inu ing  program f o r  t h e  determinat ion o f  t he  magnitude 

and s ign  o f  13C-13C coupl ing constants i n  b i c y c l o [ l . l  .O]butanes ( 2 - 5 )  and o the r  

s t r a i n e d  molecules we requ i red  a b icyc lobutane w i t h  th ree  spin-coupled n u c l e i .  

Since ou r  i n t e r e s t  was i n  the  bridgehead-bridgehead 3 ~ - 1  3~ coup] i n g  constant  

two o f  t he  spins (bridgehead) were requ i red  t o  be 13C.  

and general lack o f  s t a b i l i t y  o f  b icyc lobutanes con ta in ing  a hydrogen atom a t  

the bridgehead prompted s e l e c t i o n  o f  t r i p l y  l abe led  d i e t h y l  1-[( C)-methyl]- 

3-phenyl(1,3- 

t a r g e t  molecule. (4,5) 

Syn the t i c  cons iderat ions 

13 

13 C2)bicyclo[1. 1 .0]butane-exo,exo-2,4-dicarboxylate (1) as the 

We wish t o  r e p o r t  here the synthes is  o f  t h i s  molecule and 

1 
% 

13 t o  p o i n t  ou t  t h a t  we have been able t o  use the  13C02 from Ba C03 ( f o r  Grignard 

carbonation and reduc t i on  t o  methanol) very simply, w i thou t  t he  use o f  a h igh 

vacuum l i n e .  

i s  requi red.  

A mechanical pump (0.05 t o r r )  and a leak f r e e  system i s  a l l  t h a t  

RESULTS AND DISCUSSION 

Scheme I shows the sequence o f  steps, s t a r t i n g  w i t h  phenylmagnesium 

13 bromide, t o  produce phenyl( l ,2- (+)acetic a c i d  (2).  The sequence was c a r r i e d  

SCHEME I 
CD2 H30f LiA1H4 S O C l  13 

PhMgBr > __$ Ph13COOH > Ph13CH2DH 2, Ph13CH2C1 % 
13 13 C02 H30+ 

Ph CH2MgC1 + -) Ph13CH213COOH 

2 
21 
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ou t  i n  a reasonably s t r a i g h t f o r w a r d  manner i n  44% o v e r a l l  y i e l d .  

s i g n i f i c a n t  d i f f e r e n c e  between the present synthes is  and those i n  the 1 i t e r a t u r e  

repor ted f o r  monolabeled benzoic(6) and phenylacet ic(7)  ac ids i s  t h a t  we have 

c a r r i e d  ou t  t he  carbonat ion o f  t he  corresponding Grignard reagents w i thou t  t he  

use o f  a h igh  vacuum l i n e .  

of a mechanical pump (0.05 t o r r )  and a l eak  f r e e  system and have e s s e n t i a l l y  

maintained the  same y i e l d s  as w i t h  the more e laborate h igh  vacuum systems. 

deed, i t  seems apparent t h a t  t h i s  method cou ld  be r e a d i l y  app l i cab le  t o  the 

synthes is  o f  a l a r g e  v a r i e t y  o f  ca rboxy l i c  ac ids from o the r  organometa l l ic  

precursors. 

The most 

Instead we have adapted the  procedures t o  the use 

I n -  

The preparat ion o f  (a-13C)benzoic ac id (6 )  proceeded i n  83% y i e l d  w h i l e  the  

l i t h i u m  aluminum hydr ide reduction(8,g) produced (a-13C)benzyl a lcohol  i n  81% 

y i e l d  which was, i n  tu rn ,  converted t o  (a- 

i n  81% y i e l d .  Pmr ana lys i s  showed g. 93% 13C and 'JCH = 150 Hz ( l i t.( i l) 152 HZ). 

The p repara t i on  of the Grignard reagent fo l l owed  by carbonation produced an 81% 

y i e l d  o f  phenyl(1 ,2-13C2)acetic a c i d  (,?,I. Mass spec t ra l  ana lys i s  showed, a f t e r  

t ak ing  i n t o  account the  na tu ra l  abundance 13C i n  s i x  (phenyl) carbon atoms, t h a t  

the remaining two carbons were (+g. 2%):  4% 13C0, 17% 13C1, and 80% 13C2. This 

compares extremely w e l l  w i t h  the  f o l l o w i n g  ca l cu la ted  d i s t r i b u t i o n  assuming 90% 

13C a t  each o f  two carbon atoms: 

13 Clbenzyl c h l o r i d e  w i t h  S0Cl2,(g,1o) 

1% 13C0, 18% 13C1, and 81% 13C2. 

The nex t  molecule we s e t  o u t  t o  synthes ize was' 1-phenyl-1-(1 ,2,3-l3C,)- 

propyne (z), s ince the  unlabeled m a t e r i a l  was known t o  produce the  unlabeled 

b icyc lobutane corresponding t o  1.(12,13) 

SCHEME I 1  

p h d  3CH,_' 3COOH n-BuLi > phJ 3CH2-l 3CO&i0 3CH3Li > Ph-13CH2- 13!-13 

H2NNH2 > PhJ3CH2- 13EJ 3 

Scheme I 1  o u t l i n e s  the p repara t i on  of 

0 

CH3 
N-NH2 

CH3 
CHg(00CCF3)12 ~ ph,l3c~=13c,i 3CH2 + phJ 3c5i 3c-13 

H3 1 K O ~ B U  T 3 
HOLBu 
DMSO 

3 from the phenylacet ic  acid, $, w h i l e  Scheme I11 provides the s y n t h e t i c  r o u t e  

used t o  prepare '3CH3Li. 
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SCHEME 111 
Li A1 H 4  

3 ~ ~ 2  s 13CH30H 5 13CH31 5 13CH3Li 

j g / L C H Z d J  
In t h i s  l a t t e r  scheme, the methanol synthes is ( l4)  deserves some comment. 

Tetrahydrofurfuryloxytetrahydropyran i s  the solvent of choice(l4) since i t  i s  

s tab le  i n  alkaline solution, has low v o l a t i l i t y ,  will  dissolve LiA1H4 and i s  

eas i ly  prepared. As a resu l t  of having used the LiA1H4 d i rec t ly  without puri- 

f ication we found t h a t  the methanol was only 72% ''C labeled,by pmr spectro- 

scopy. 

the L i A 1 H 4  formed by reduction of atmospheric COP. 

labeled carbons a re  about 90% 13C t h i s  methyl g r o u p  i s  only about 72% I3C. 

13CH30H was produced i n  104% yie ld  confirming the contamination suggestion. 

f ac t ,  i f  not f o r  the 18% contamination the yield o f  methanol would have been 

85-90%. The same (non-high-vacuum l ine )  system was used here as was used fo r  

the Grignard carbonations. A 73% yield of ( C)methyl iodide was obtained by 

treatment of the methanol w i t h  57% HI, (15) and conversion to  methyl 1 i thium gave 

a 0.45 M solution i n  74% yield.  

We a t t r ibu te  t h i s  dilution of the label t o  an impurity o f  methoxide on 

T h u s ,  while the other two 

The 

In 

13 

The methyllithium t h u s  produced was reacted w i t h  the lithium s a l t  of 

phenyl(1 ,2-13C2)acetic acid t o  give a 60% yield of l-phenyl-2-(1,2,3- C3)prop- 

anone. 

C 3 ,  ' JCIH = 128 Hz and J 

and C3 were each long range coupled t o  one additional carbon with J = 6 Hz. 

This coupling i s  probably 

0.1 Hz i n  ( a , ~ - ~ ~ C ~ ) a c e t o p h e n o n e  ( t)  , a somewhat analogous compound. This 

0 

13 

Pmr analysis of t h i s  ketone indicated about 86% 13C a t  C - 1 ,  71% 1 3 C  a t  
1 = 127 Hz. In addition, both the hydrogens on Cl 

C3H 

2 2 JCH based on Bernstein's r epor t ( l6 )  t h a t  JCH = 6.22 

3 p h l  't-? 3CH 

4 
G 

assignment, however, must 

( w i d t h  a t  half height=3-4 

t o  determine. 

remain ten ta t ive .  The peaks a l l  appear broad 

Hz) so there a re  other couplings which we are  unable 
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The route we chose from the ketone to l-phenyl-1-(1,2,3- 13 C3)propyne (2 
involved an overall “dehydration” by first preparing the hydratone and then 

oxidizing this with mercurous trifluoroacetate(l7) (Scheme 11). This was af 

a procedure involving reduction to the alcohol, dehydration, bromination and 

dehydrobromination proved totally unsuccessful in our hands. 

Unfortunately, a1 though reactions with unlabeled material gave better 
13 results, we obtained a mixture of $ and l-phenyl-l,2-(1,2,3- C3)propadiene. 

This mixture was converted completely to the a1 kyne by isomerization using 

KOLBU/~IOH/DMSO. The overall yield o f  1-phenyl-1-(1 ,2,3-13C3)propane (2)  
was only 18%. 

er 

The preparation of 1-[( 13 C)-methyl]-3-phenyl(l ,3-13C2)bicyclo[l . 1  .O]butane- 

exo,exo,2,4-dicarboxylate (J) involved the thermal reaction of the a1 kyne (2)  
with ethyl diazoacetate, in the presence of anhydrous CuS04, to produce the 

corresponding cyclopropene, followed by further reaction with ethyl diazo- 

acetate-CuS04.(12,13) We found that better yields of the bicyclobutane could be 

13 13 13 Ph- C S  C- CH3 

3 
% 

Ph 

> H, ,COOC2H5 
N2CHCOOC2H5 

~ . . r n  

1 3c=1 / - \  3 

Ph’ CH3 
“l13 

N2CHCOOC2H5 

A 
cuso4 ’ 

1 
% 

obtained than were obtained previously(l2,13) by chromatographing the cyclo- 

propene prior to reaction with ethyl diazoacetate. In addition, contrary to 

the previous reports,(l2,13) we found that none of the furan (2) was obtained 

even when relatively large amounts of CuS04 were employed. 

of 

bicyclobutane fron the alkyne in a reaction that did not involve isolation or 

purification of the intermediate. 

The overall yield 

from 2 was about 21%. By comparison, Wolf(l3) reports a 2.4% yield of the 
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Mass spectroscopy i n d i c a t e d t h a t l  had the f o l l o w i n g  d i s t r i b u t i o n  (+%. 2%) 

o f  I'C i n  three carbon atoms a f t e r  t a k i n g  i n t o  account the  n a t u r a l  abundance o f  

I 3 C  i n  the  o the r  14 carbon atoms: 3% 13C09 7% 13Cl, 35% I 3 C 2 ,  and 55% I 3 C 3 .  

This compares extremely w e l l  w i t h  the f o l l o w i n g  d i s t r i b u t i o n  c a l c u l a t e d  assuming 

two carbons are 89% I 3 C  and one i s  71% 13C: 0.4% l 3 C O y  7% l3Cl, 37% 13C2, and 

55% 13c3. Thus, except f o r  the methanol preparat ion,  t he  13C l a b e l s  were 

completely re ta ined  i n  the synthes is .  
1 The proton nmr spectrum o f  J, was as f o l l o w s :  6 0.86-3.02 ppm (2H,ddd, JCH= 

+129 Hz, 'JCCH=-7.3 Hz, 3~CCCH=+2.7 Hz, >-'3Cli3), 1.03(6H, t, J=7 Hz, OCH2Cli3), 

1.56 (ZH, broad s ,  h a l f  width=6 Hz, \ 9-H) , 1.94 (lH,dd, 2 JCCH=-7.3 Hz, 3JCCCH= 

(TMS) 4.22 ppm (>-cH3,CM) 24.05 ($-CH3,C1) , 29.00 (>-Ph ,C3); 1 Jc 

Jc1 -c3 

+2.7 HZ,>J~C!~), 3.93 (4H, q, J=7 Hz, -OC%CH3) and 7.18-7.25 (5H, m, Ar!). 

The cmr spectrum (proton noise decoupled; CDC13) d isp layed t h e  fo l l ow ing :  6 

=+53.2+ 
1- M 

=-5.4 + 0.5 Hz. 1 0.5 Hz, 'JC -c=-2.4 + 0.5 Hz, 
3 M  - - 

The unlabeled analog of 1 showed the fo l l ow ing  proton no ise  decoupled 13C 

nmr spectrum (CDC13): 6 (TMS) 4.22 ppm (3-&H3).  13.93 (-OCH2CH3), 24.00 
\ \ (A-CH3), 29.04 ( s - P h ) ,  41.17 (&H-COO), 60.16 (OCH2CH3), 127-131 (arom. - C ) ,  

166.82 (C=O). 

EXPERIMENTAL 

M e l t i n g  po in ts  and b o i l i n g  p o i n t s  are uncorrected. Nuclear magnetic 

resonance spect ra were determined w i t h  a Varian A-60A, Varian XL-100, Varian 

CFT-20 o r  a JEOL PFT-100 spectrometer us ing 5-10% s o l u t i o n s  i n  CC14 except 

where otherwise noted. 

i n s t  rument . 
Mass spect ra were obta ined on a F inn igan 3200 GC/MS 

(a- l%)Benzoic  Acid. 

e ra tu re  f o r  the 14C labe led  molecule,(6) where a h igh  vacuum l i n e  was n o t  used. 

I n t o  a 250 mL round bottomed f l a s k  eqUipDed w i t h  a magnetic s t i r r i n g  b a r  was 

placed 97 mL o f  a 0.50 M(18) e thereal  s o l u t i o n  o f  phenylmagnesium bromide 

(58 mmol). a 3-way stopcock t o  a vacuum pump and 

t o  a CaC12 d ry ing  tube p laced atop a pressure equa l i zed  a d d i t i o n  funnel  which 

The procedure was a m o d i f i c a t i o n  o f  t h a t  i n  the l i t -  

The f l a s k  was connected 
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was on a 100 mL round bottomed f l a s k .  Th is  l a t t e r  f l a s k  contained 15.09 o f  

90% labe led  Ba13C03 (68 mg-atom 13C, 76 mmol) w h i l e  the  a d d i t i o n  funnel con- 

ta ined  100 mL o f  concd s u l f u r i c  acid. 

a second 3-way stopcock), the Grignard reagent was f rozen i n  l i q .  N2 and the  

e n t i r e  system evacuated t o  0.05 t o r r .  The system was i s o l a t e d  from the  pump 

and the Gr ignard s o l u t i o n  was thawed and s t i r r e d  w h i l e  being kept  a t  -30°C 

w i t h  a Dry-Ice-acetone bath. The H2S04 was then added dropwise t o  the  Ba13C03 

over a p e r i o d  o f  z. 0.5 h r .  A f t e r  the a d d i t i o n  was complete, s t i r r i n g  was 

continued f o r  an a d d i t i o n a l  0.5 h r  a t  -2OOC. Workup consis ted o f  h y d r o l y s i s  

(140 mL o f  2 N HCl), separat ion o f  layers,  e x t r a c t i o n  o f  t he  aqueous l a y e r  

w i t h  2 75 mL p o r t i o n s  o f  e the r ,  and washing the  combined e t h e r  s o l u t i o n  w i t h  

20 mL o f  sa tu ra ted  NaC1. The e t h e r  was then e x t r a c t e d  w i t h  1N NaOH which was 

subsequently warmed t o  remove the  res idua l  e ther ,  a c i f i e d  w i t h  concd HC1, 

and cooled. 

R e c r y s t a l l i z a t i o n  from water gave 7.3 g o f  pure (a-13C)benzoic ac id ,  m.p. 120- 

122°C ( l i t . ( 1 9 )  121.5-122.2"C f o r  66% labe led  benzoic a c i d ) .  

The system was f i l l e d  w i t h  d r y  N2 ( v i a  

13 F i l t r a t i o n  prov ided 7.7 g (6.3 mmol), 83% (based on Ba Cog). 

(a-13C)Benzyl A lcohol .  The reduc t i on  o f  7.2 g (59 mmol) o f  (a-13C)benzoic 

a c i d  w i t h  2.8 g (74 mnol) o f  LiA1H4 i n  a t o t a l  o f  220 mL o f  e t h e r  was c a r r i e d  

out  i n  the usual manner. (8,9) 

5.2 g (48 mmol) o f  (c~-~'C)benzyl a lcohol  (81%). 

Ia- l3C)Benzyl  Chlor ide.  

l abe led  m a t e r i a l )  except t h a t  12.5 g o f  t h i o n y l  c h l o r i d e  (0.105 mol) and 5.29 

(48 mmol) o f  (a-13C)benzyl a lcohol  were r e f l u x e d  f o r  4 h r ,  benzene was added 

and the  benzene-thionyl c h l o r i d e  m ix tu re  was d i s t i l l e d .  The (a- C)benzyl 

c h l o r i d e  was d i s t i l l e d ,  b.p. 120°C/60 t o r r .  Y ie ld :  5.09 (39 mmol; 81%). 

Nmr: 6 3.20 and 5.70 ppm (1.86H, d,J=150 Hz, PhJ3C$C1), 4.45 (0.14H, s ,  

Ph-'2C$C1), and 7.20-7.23 (5H,m,ArtJ. 

Phenyl(l,2- C,)acetic Ac id (z) .  

Workup and evaporat ion o f  the e t h e r  a f f o r d e d  

T k  procedure was s i m i l a r  t o  t h a t  reported(9,lO) ( f o r  

13 

13 The procedure was, once again, a m o d i f i -  
L 

4c 

I4  ca t ion  o f  t h a t  repo r ted  f o r  

was n o t  employed. 

C l abe led  m a t e r i a l ( 7 )  i n  t h a t  a h igh  vacuum system 

(a-13C)Benzylmagnesium c h l o r i d e  was prepared from 1.5 g 
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(62  mg-atom) of blg, 5.0g (39 mmol) of (a-13C)benzyl chloride in a to ta l  of 110 

mL of ether.  Titration(l8)showed the solution t o  be 0.36 M. Carboxylation was 

carried out as described f o r  the preparation of (a-13C)benzoic acid. 

case 8.lg (41 mmol) of 90% Ba C03 and 60 ml of concd H2S04 were used t o  

In this 
13 

I3 produce the C02 which was reacted with the Grignard reagent. 

(75 mL o f ?  N HCl), separation layers,  extraction of the aqueous layer with 

45 mL of e ther ,  extraction of the combined ether solution with 1N NaOH, heating 

Hydrolysis 

and acidification w i t h  concd H C 1  produced 4.59 (33 mmol) of phenyl(1 ,2-"C2)- 

ace t ic  acid (g), a f t e r  f i l t r a t i o n  (81%). 

pure ,?, (4.0g), m.p. 75-77°C ( l i t .  ( 7 )  75.5-76.5"C). 

( 

molecule(l4) except, once again, a high vacuum l ine  was not used. The basic 

setup was the same as i n  the benzoic acid synthesis except tha t  the reaction 

flask contained 370 mL of tetrahydrofurfuryloxytetrahydropyran ( d i s t i l l e d  from 

LiA1H4) a n d  11.49 o f  LiA1H4 (0.30 mol) and was cooled i n  a Dry-Ice-acetone bath 

rather than i n  l i q .  N 2  while being evacuated t o  0.05 t o r r .  The 13C02 was 

produced from 30.09 of Ba 

hour period and allowed t o  react with the L i A l H 4  solution which was kept a t  

0°C. 

then i t  was allowed t o  come t o  room temperature. 

addition funnel and an e f f i c i en t  condenser were attached and a Dry-Ice-acetone 

cooled t rap  was connected t o  the top of the condenser. 

w i t h  N2 and 200 mL of tetrahydrofurfuryl alcohol was added over a 2 hr period 

while keeping the temperature below 100°C. 

the ( 

o f  100°C and 60 t o r r  pressure. Yield: 5.19 (0.156 mol ) ;  104%. NMR: d 2.20 

and 4.55 (2.18H,dYJ=141 Hz, 13C30H), 2.56 (1H,s,CH30fi) and 3.38 (0.82H,s, 

12Cti30H). (Li t .  (10) ' JCH = 141, 144 Hz. )  

(13C)Methyl Iodide. A modification of the reported ( f o r  14CH31) procedure (15) 

employing HI was used. A 250 mL round bottomed f lask  equipped with a magnetic 

s t i r r e r  and condenser, containing 100 mL of 57% HI, was frozen in a Dry-Ice- 

Recrystallization from water afforded 

13 C)Methanol. The procedure was similar t o  t h a t  reported fo r  the 1 4 C  labeled 

13 C03(0.15 mol) and 160 mL of concd H2S04 over a one 

The reaction mixtur? was s t i r r e d  a t  0" f o r  an additional 20 minutes and 

The vacuum was released, an 

The a i r  was replaced 

After the addition was complete 

C)methanol was d i s t i l l e d  i n t o  the t rap  using an o i l  bath temperature 13 
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13 acetone bath and 5.09 (0.15 mol )  of ( 

was brought t o  room temperature i t  was r e f l u x e d  f o r  3 h r  and cooled. 

denser was rep laced w i t h  a d i s t i l l i n g  head connected through a d ry ing  tube 

con ta in ing  anhydrous l i m e  and P205 t o  a condenser. 

(0.11 mol) o f  ( C)methyl iod ide,  b.p. 40°C; y i e l d :  73%. 

(13C)Methyl l i thium. 

the  14C labe led  m a t e r i a l .  

mol) o f  ( 

0.45 M(21) s o l u t i o n  o f  ( 

l-Phenyl-2-(1 ,2,3-13C3)propanone. I n  a 500 mL 3-necked f l a s k  equipped w i t h  a 

mechanical s t i r r e r ,  a d d i t i o n  funnel  and d ry ing  tube, was p laced 6.59 (48 mmol) 

o f  phenyl( l ,2- The r e a c t i o n  m ix tu re  

was cooled t o  O"C,  and maintained a t  t h i s  temperature du r ing  the  a d d i t i o n  o f  

18 mL o f  2.6 W n - b u t y l l i t h i u m  (47 mmol) i n  30 mL o f  e ther ,  f o l l owed  by 180 mL 

o f  0.45 M (81 mmol )  ( C )methy l l i t h ium i n  ether .  The a d d i t i o n  l a s t e d  one hour, 

and a f t e r  t h a t  t he  r e a c t i o n  m ix tu re  was s t i r r e d  a t  room temperature overn ight .  

The t u r b i d  wh i te  r e a c t i o n  m ix tu re  was p ipe ted  i n t o  a s o l u t i o n  o f  i c e  water 

con ta in ing  20 mL o f  concd HC1. 

w i t h  e the r ,  t h e  combined e t h e r  l a y e r  was washed w i t h  a d i l u t e  s o l u t i o n  o f  

sodium carbonate, then w i t h  water, d r i e d  (MgS04) and evaporated t o  y i e l d  6.09 

o f  impure ketone. 

C)methanol was added. A f t e r  t h e s o l u t i o n  

The con- 

D i s t i l l a t i o n  produced 15.09 
13 

The procedure was e s s e n t i a l l y  t h a t  used by Meinwald ( 2 0 )  f o r  

We employed 2.59 (0.36 g-atom) o f  L i ,  15.09 (0.11 
13 C)methyl i o d i d e  and a t o t a l  o f  200 mL o f  e ther .  About 180 mL of a 

13 C)methy l l i t h ium was obta ined (74%). 

13 C2)acetic a c i d  (z) i n  300 mL o f  e ther .  

13 

The aqueous l a y e r  was ex t rac ted  severa l  t imes 

D i s t i l l a t i o n  produced, a f t e r  a forerun,  pure l -phenyl -2-  
I 3  

(1,2,3- 

l-Phenyl-1-(1,2,3- Cg)propyne 2. 
t he  unlabeled compound. (17) 

s t i r r e r ,  condenser, d ry ing  tube and a d d i t i o n  funnel , was placed 4.0g(29 mmol) 

o f  l-phenyl-2-(1,2,3- C3)propanone and 4.09 (0.13 mol) o f  95% hydrazine. 

r e a c t i o n  m ix tu re  was r e f l u x e d  a t  100°C f o r  3 h r ,  e x t r a c t e d  w i t h  e the r ,  t h e  

e the rea l  s o l u t i o n  was washed w i t h  a samll amount o f  water and d r i e d  (K2C03). 

Solvent evaporation gave 4.09 (27 nunol) o f  t he  hydrazone o f  l-phenyl-2-(1,2,3- 

13c3)propanone (93%). 

C3)propanone, 4.09 (20 mmol; 60%), b.p. 125"C/45 t o r r .  
13 The method was s i m i l a r  t o  t h a t  described f o r  

I n  a 25 mL 3-necked f l a s k  equipped w i t h  a magnetic 

13 The 
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I n t o  a 500 mL 3-necked f l a s k  equipped w i t h  a mechanical s t i r r e r ,  condenser, 

d ry ing  tube and a d d i t i o n  funnel, were placed 349 (54 m m o l )  o f  mercurous tri- 

f l uo roace ta te (22 )  and 100 mL o f  e the r .  

under g e n t l e  r e f l u x ,  4.09 (27 mmol) o f  the  hydrazone i n  100 mL o f  e t h e r  over 

a p e r i o d  o f  1 h r .  

r e f l u x e d  f o r  an a d d i t i o n a l  0.5 h r ,  cooled and f i l t e r e d .  The e t h e r  l a y e r  was 

washed w i t h  5% ammonium hydroxide ( t o  n e u t r a l i z e  a c i d  and dest roy unreacted 

mercurous s a l t ) ,  then w i t h  water and d r i e d  (K2C03). 

t o  leave 2.59 o f  a red  o i l ,  which was chromatographed on n e u t r a l  alumina (409; 

0.75 i n .  diam) us ing pentane t o  e l u t e .  Solvent  evaporat ion o f  the f i r s t  500 mL 

o f  e luen t  c o l l e c t e d  gave 1.Og o f  a m ix tu re  o f  l-phenyl-1-(1,2,3- 

and 1-phenyl-1 ,2-(1 ,2,3-13C3)propadiene. 

(-C=C=C-) , 2260 and 2220 cm-l (-C:C-). 

To t h i s  was added, whil'e s t i r r i n g  and 

A f t e r  the a d d i t i o n  was complete the  r e a c t i o n  m ix tu re  was 

The e t h e r  was evaporated 

13 
C3)propyne 

I .R. (neat ;  un labeled) :  1920 cm-l 

The l g  m ix tu re  o f  phenyla l lene and 1-phenylpropyne was placed i n  a 25 mL 

round bottomed f l a s k  equipped w i t h  a magnetic s t i r r e r  and a d r y i n g  tube. 

t h i s  was added 50 mg o f  potassium J-butoxide, 1.49 o f  t -bu tano l  and 2 mL o f  

DMSO. 

Water (50 mL) was added, and the r e a c t i o n  m ix tu re  was ex t rac ted  5 t imes w i t h  

30 mL po r t i ons  o f  pentane. The pentane e x t r a c t  was washed w i t h  water, d r i e d  

(r1gSO4) and evaporated t o  y i e l d  600 mg o f  1-phenyl-1-(1 ,2,3-13C3)propyne (2 ; 
5.1 mmol; 18% o v e r a l l )  I . R .  (neat, un labeled) :  

( L i t .  (23) 2260 and 2220 cm-l. 

D ie thy l  1 -[ ( C)Methyl]-3-phenyl(1,3- C,) b i  cyc lo [ l  .l.O]butane-exo,exo-2,4- 

dicarboxy late ( i ) .  (12,13) 

s t i r r e r ,  condenser, bubble counter and n i t r o g e n  i n l e t ,  were p laced 600 mg 
(5.1 mmol) o f  l-phenyl-l-f1,2,3- 13 C3brOpYne (2)  and a few mg o f  anhydrous 

CuS04. 

1.59 (13 mmol) o f  f r e s h l y  prepared e t h y l  d iazoacetate (24) over 0.5 h r .  

t he  add i t i on ,  the r e a c t i o n  m ix tu re  was heated f o r  an a d d i t i o n a l  10 minutes, 

cooled and placed on a 309 s i l i c a  gel column (0.75 i n .  diam), prepared w i t h  

benzene and e lu ted  w i t h  a 1 :9  ch1oroform:benzene mixture.  

To 

The orange co lored m ix tu re  was s t i r r e d  f o r  G. 3 h r  a t  room temperature. 

2260 and 2220 cm-' ( - C X - ) ,  

13 13 

I n  a 25 mL 3-necked f l a s k  equipped w i t h  a magnetic 

To t h i s  was added dropwise, under a n i t r o g e n  atmosphere, a t  95-1OO0C, 

A f t e r  

Evaporation o f  the 
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f i r s t  500 mL o f  e l u e n t  gave l . l g  o f  m a t e r i a l .  

but,based on reac t i ons  w i t h  un labeled compounds, i t  was assumed t o  c o n s i s t  o f  

a m ix tu re  i n  which the major component was t h e  cyclopronene d e r i v a t i v e ,  some 

d i e t h y l  fumarate and d i e t h y l  maleate and a small  amount o f  t he  b icyc lobutane 

d e r i v a t i v e ,  1. 

This  m a t e r i a l  was n o t  analyzed, 

I n t o  a 25 mL 3-necked f l a s k  equipped w i t h  a magnetic s t i r r e r ,  condenser, 

bubble counter  and n i t r o g e n  i n l e t ,  were placed 1.19 o f  t he  above m ix tu re  and 

a few mg of anhydrous CuS04. 

f r e s h l y  prepared e t h y l  d iazoacetate (24) under a n i t r o g e n  atmosphere, a t  95-1OO0C, 

over  a 0.5 h r  per iod.  

was heated f o r  an a d d i t i o n a l  10 minutes, cooled, and p laced on a 409 s i l i c a  gel 

column (0.75 i n .  diam) prepared and e l u t e d  w i t h  benzene. 

the f i r s t  500 mL o f  e l u e n t  800 mg o f  m a t e r i a l  was obtained. 

d i s t i l l e d  us ing a mod i f i ed  Hickman s t i l l ,  and the f i r s t  f r a c t i o n  (260 mg) was 

c o l l e c t e d  a t  58°C and 0.05 t o r r .  I t  conta ined most ly  d i e t h y l  fumarate and 

d i e t h y l  maleate, as determined by nmr ana lys i s .  The second f r a c t i o n ,  380 mg, 

was c o l l e c t e d  a t  70-80°C and 0.05 t o r r .  

ana lys i s )  d i e t h y l  1 -[( C)methyl I-3-phenyl fl ,3- C2)bicyclo[1 .1 .O]butane-exo, 

exo-2-d icarboxy late (1). The o v e r a l l  y i e l d  o f  1, from, l-phenyl- l-(1,2,3- C3)- 

propyne ($1 was G. 21%. 

To t h i s  was added dropwise 1.89 (16 mmol) o f  

A f t e r  t he  a d d i t i o n  was complete, t h e  r e a c t i o n  m ix tu re  

Upon evaporat ion o f  

Th is  m a t e r i a l  was 

Th is  consis ted o f  about 80% pure (nmr 
13 13 

13 

Proton and 13C nmr spect ra a re  presented i n  the  t e x t .  
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