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Benzofurans a re  a r r anged  in the o rde r  2-methylbenzofuran  > 3-methylbenzofuran  > benzo-  
furan with r e s p e c t  to the case  with which they undergo ionic hydrogenation.  Benzofuran 
and 2-methy lbenzofuran  a r e  protonated  in the 3 posi t ion of the he te rocyc l ic  r ing,  whereas  
3-methylbenzofuran  is pro tona ted  in the 2 posi t ion.  Individual monodeutera ted  2 ,3-dihy-  
drobenzofurans  can be obtained in high yields by ionic hydrogenat ion.  

It has been p rev ious ly  demons t ra t ed  [1-3] that he t e roa roma t i c  compounds read i ly  undergo ionic hy- 

drogenation.  

The solution of the p r o b l e m  of the d i rec t ion of initial a t tack of the proton in the ionic hydrogenat ion 
of a lkylbenzofurans  p r e s en t s  cons iderable  difficult ies.  This is a s soc ia ted  with the cont rad ic tory  c h a r a c t e r  
of the calcula ted values [4-6] and the expe r imen ta l  data [7, 8] on the act ivi ty of the 2 and 3 posi t ions  of 
these  molecules  in e lee t rophi l ic  subst i tut ion reac t ions .  In the p r e s e n t  r e s e a r c h  t r i e thy ldeu te ros i lane  and 
t r i f luo roace t i c  acid were  used as the hydrogenat ing pa i r ,  and this made it poss ib le  to exclude the deu te r -  
i u m - h y d r o g e n  exchange that  we p rev ious ly  obse rved  when deu te ro t r i f luoroace t tc  acid and t r ie thy ls i lane  
were  used [3]. 

M a s s - s p e c t r o m e t r i c  analys is  of the products  of ionic hydrogenat ion showed that  they a r e  exclus ive ly  
monodeutera ted  2 ,3-d ihydrobenzofurans ,  the posi t ion of the deu te r ium in which, es tab l i shed  f r o m  the PMR 
spec t r a l  data,  comple te ly  conf i rmed the p rev ious ly  drawn conclusions r ega rd ing  the direct ion of protonat ion 
of benzofurans  [3]. The fo rmat ion  of monodeutera ted  2 ,3-dihydrobenzofurans  with a fixed posi t ion of the 
label  during the ionic hydrogenat ion of benzofurans  const i tutes  evidence for the absence of 1,2-hydride and 
methyl  shif ts  in the in te rmedia te ly  fo rm ed  carbonium ions. Ionic hydrogenat ion may  thus se rve  as a p r e -  
pa ra t ive  method for the synthes is  of labeled 2 ,3-dihydrobenzofurans:  

I a-e :  I I  a - e  

I 
ff uf 

I, II a R =R'~:~H: b R=D,  R '=H;  c R=CH 3, R '=H;  d R=:C2H 5, R '=H;  e R=R'=CH~. 

2 ,2-Dideu te ro-2 ,3-d ihydrobenzofuran  was obtained by ionic hydrogenation of 2-deuterobenzofaran .  
In addition to the pr inc ipa l  peak  of ions with m / e  122, an ion peak  with m / e  121, the fo rmat ion  of which 
can be r e p r e s e n t e d  as the r e su l t  of f ragmenta t ion  under the influence of e l ec t ron  impact  of 2 ,2 -d ideu te ro-  
2 ,3-dihydrobenzofuran with e l iminat ion of a hydrogen rad ica l ,  is p resen t  in the mass  spec t rum of this com-  
pound. The absence  of an [M - D] + ion peak  conf i rms  the p rev ious ly  p roposed  f ragmenta t ion  scheme [9], 
accord ing  to which the molecu la r  ion of 2 ,3-dihydrobenzofuran loses  a hydrogen rad ica l  f r o m  the 3 pos i -  
t ion. 
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TABLE 1. Resul ts  of the Exper iments  on the Ionic Hydrogenation 
of Benzofurans (benzofuran to t r i e thy ldeu te ros i lane  to t r i f luo ro -  
acet ic  acid r a t io  =1 : 1.5 : 5, r eac t ion  t ime  3 h, 70~ 

2.3-Dihydro- 
benzofurans 

IIa 
IIb 
IIc 

lid 

le 
IIf 

* Abbreviat ions:  
multiplet .  

yield, % 

81 
80 
96 

96 

94 
96 

I Labeled 
compound, 

98 
94 

100 

98 

98 
97 

Proton chemical shifr~, ppm* 

H2 Ha 

4,25t 2,90d 
- -  2,90s 
- -  2,45 d 

2.90 d 
-- 2.45 d 

2,90d 
3,~d 2,45_ m 
4.35d 

a!kyl group 

m 

1,20  s 

0,83 t 
1,50  m 
t,lOd 
1 ,20  s 

s is s inglet ,  d is doublet,  t is t r ip le t ,  and m is 

The re la t ive  r a t e s  of ionic hydrogenat ion of benzofttran and 3 ,  and 2-methylbenzofurans  by the t r i -  
e t h y l s i l a n e - t r i f l u o r o a c e t i c  acid pa i r  a r e ,  r e spec t ive ly ,  1, 8, and 16; this is a s soc ia ted  with the different  
contributions of the methyl  group and the he t e roa tom to delocal izat ion of the posi t ive  charge of the resu l t ing  
ca rbonium ions. 

2-Methyl -2 ,3-d ihydrobermofuran  is fo rmed  in quanti tat ive yield af ter  5 rain in the hydrogenat ion of 
2-methylbenzofuran  at 70 ~ while the yields of hydrogenat ion products  in the hydrogenat ion of 3 -me thy l -  
be nzofuran and benzofuran a f t e r  the s a m e  t ime  do not exceed 50 and 8%, r e spec t ive ly .  

A mix ture  of cis and t r ans  i s o m e r s  of 2 ,3 -d imethy l -2 ,3 -d ihydrobenzofuran  in a ra t io  of 18 : 80 a c c o r -  
ding to the r e su l t s  of g a s - l i q u i d  chromatography  (GLC) is fo rmed  in the ionic hydrogenation of 2~3-di- 
methylbenzofuran.  The individual compounds were  isolated by p r e p a r a t i v e  GLC, and the i r  s t r uc tu r e s  we re  
conf i rmed by the i r  P1VIR spec t ra .  

E X P E R I M E N T A L  

Tr ie thyldeuteros i lane .  This compound, with bp 107-108 ~ and 100% deu te r ium content (according to 
m a s s  spec t rome t ry ) ,  was obtained in 64% yield by reduct ion  of t r i e thy lch loros i lane  with l i thium a luminum 
deuteride.  

2-Deuterobenzofuran.  This compound, with bp 53-54 ~ (10 ram) and 100% deute r ium content, was ob-  
ta ined in 78% yield by deutero lys is  of benzofuryl l i thium. The s t ruc tu re  of the product  was conf i rmed by 
i t s  PMR s p e c t r u m  (absence of the signal  of an s - h y d r o g e n  a tom and p r e s e n c e  of a s inglet  of a B-hydrogen 
a tom at  6.35 p p m  with a re la t ive  intensi ty of one). 

Ionic Hydrogenation of Benzofurans.  Tr i f luoroace t ic  acid was added to a mix ture  of the appropr ia te  
benzofuran and t r ie thys i lane  (the r eagen t  ra t io  was 1 : 1.5 : 5, r espec t ive ly) .  At the end of the reac t ion ,  the 
mixture  was poured  into wate r ,  and the aqueous mixture  was neut ra l ized  with sodium carbonate  and ex-  
t r a c t ed  with e ther .  The e ther  ex t r ac t  was dr ied with magnes ium sulfate ,  the e ther  was r e m o v e d  by d is t i l -  
lat ion, and the res idue  was vacuum disti l led.  The reac t ion  products  were  analyzed by GLC with an LKhM- 
7A chromatograph  with a the rmal -conduc t iv i ty  detector ;  the column t e m p e r a t u r e  was 150 ~ the column was 
3 m long with a d i ame te r  of 0.4 ram, the support  was Chromoso rb  W (60-80 mesh) ,  the s t a t ionary  phase  
was 15% polyethylene glycol with a molecu la r  weight of 30,000, and the c a r r i e r  gas was hel ium. 

The mixture  of i s o m e r s  obtained by ionic hydrogenat ion of 2 ,3-dimethylbenzofuran  was s e p a r a t e d  
with a Varian M-705 p r e p a r a t i v e  ch romatograph  with a f l ame- ion iza t ion  detector .  The column was 6 rn 
long, the s ta t ionary  phase  was  polyethylene glycol with a molecu la r  weight of 20,000, the column t e m p e r a -  
ture  was 180 ~ and the c a r r i e r - g a s  (nitrogen) flow ra te  was 200 m l / m i n .  

The PlVIR spectxa  were  r e c o r d e d  without a solvent with a Varian T-60 s p e c t r o m e t e r  with hexamethy l -  
disiloxane as the externa l  s tandard.  The m a s s  s p e c t r a  were  r e c o r d e d  with an MKh-1303 s p e c t r o m e t e r  with 
a modified s y s t e m  for  introduction of the subs tances  d i rec t ly  into the ion source ;  the ioniz ing-e lec t ron  en-  
e rgy  was 50 ev ,  and the s pec t r a  were  r eco rded  at r o o m  t e m p e r a t u r e .  

1262 



1. 

2. 

3. 

4. 

5. 
6. 
7. 
8. 
9. 

L I T E R A T U R E  C I T E D  

Z. N. Parnes ,  V. A. Budylin, E. Yu. Beilinson, and A. N. Kost, Zh. Organ. }(him., 8, 2564 (1972). 
Z. N. l~ G. I. Bolesova, A. I. Belen'kH, and D. N. Kursanov, Izv. Akad. Nauk SSSR, Otd. Khim. 
Nauk, 1918 (1973). 
I~. A. Karakhanov, E. A. Dem'yanova, L. N. Borodina, and E. A. Viktorova, Dold. Akad. Nauk SSSR, 
214, 584 (1974). 
L. Klasing, E. Pop, and N. Trinaistic, Tetrahedron, 28, 3465 (1972). 
R. D. Brown and B. A. Coller, Austral. 3. Chem., I_~2, 152 (1959). 
R. Royer and J. Rein, Bull. Soc. Chim., France, 1029 (1970). 
M. W. Farror and R. Levine, J. Amer. Chem. Soc., 7_~2, 4433 (1950). 
Q. M. Brooke, B. S. Furmis, and W. K. R. Musgrave, J. Chem. Soc., 580 (1968). 
]~. A. Karakhanov, S. V. Lysenko, V. V. Berentsveig, 1% A. Sharbatyan, E. A. Viktorova, and A. P. 
Rudenko, Zh. Khim., 4_88, 2072 (1974). 

MELDRUM'S ACID AND ITS ANALOGS 
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2-Substituted or 2,2-disubst i tuted 4 ,6-dioxo- l ,3-dioxanes ,  which are  analogs of Meldrum's  
acid and were obtained by react ion of malonic acid with acetic anhydride and the appropriate 
carbonyl compound in the presence  of sulfuric acid, exist in solution preferably  in a single 
form according to the PMR and lSC NMR spectral  data. Fluctuation of the CH 2 group is not 
observed.  The mass spect ra  are  charac te r i s t ic  and are distinguished by splitting out of the 
carbonyl compound f rom the molecular  ton or success ive  splitting out of CO 2 and ketene 
molecules.  The Meldrum acid analogs do not affect plant growth but have a depressive ef- 
fect on the central  nervous sys tem of animals and low toxicity. 

The s t ructure  and react ivi ty  of Meldrum's  acid, i.e., 2 ,2-dimethyl-4 ,6-dioxo- l ,3-dioxane 0a), to 
which the 3 ,3-d imethyl -2-carboxy-f l -prop[olace tone  s t ructure  had been assigned for a long time in view of 
its considerable acidity and the prac t ica l  absence of enolization [1-3], up until now have given r i se  to mis -  
understandings,  especial ly since the arylidene derivatives of Meldrum's  acid and its analogs behave like 
neutral  Lewis acids in that they readi ly  add hydroxide ions [4]. The problem of the conformation of such 
s t ruc tures  is also in debate. Moreover ,  despite the access ibi l i ty  of such models and their  formal  s imi l a r -  
tty to barbi tur ic  acid derivat ives,  the l i terature  contains no information regarding  the biological effect of 
Meldrum's  acid and its analogs. 

We have synthesized Meldrum's  acid and some of its analogs (la-g) using the react ion of malontc acid 
with the appropriate carbonyl compound in the presence  of acetic anhydride [1, 2, 5]. The yields are  sa t i s -  
factory when ketones of the aliphatic, al icyclic ,  or a l iphat ic-aromat tc  ser ies  are  used in the reaction.  P r o -  
nounced resinif icat ton was observed in the case of aliphattc aldehydes having an a -hydrogen  atom, and we 
were unable to obtained the desired compound f rom cuminaldehyde. 

The IR spec t ra  of the synthesized compounds contain two intense absorption bands of es te r  carbonyt 
groups at 1740-1770 and 1780-1800 cm -l.  The UV spec t ra  have pronounced absorpt ion with maxima at 
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