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I N T R A M O L E C U L A R  C Y C L I Z A T I O N  O F  

A L K O X Y C A R B O N Y L C A R B E  N E S  D U R I N G  

T H E R M A L  D E C O M P O S I T I O N  O F  A L K Y L  D I A Z O A C E T A T E S  

I.  E .  D o l g i i ,  E .  A. S h a p i r o ,  UDC542.91:547.512:542.92:547.235.4 
G. V. L u n ' k o v a ,  a n d  O. M. N e f e d o v  

In t ramolecular  react ions  for the cycl izat ion of carbenes  genera ted  f rom aliphatic diazo compounds, 
which are  accompanied by inser t ion  of the carbene  center  in the C - H  bond, are  known for  diazo ketones and 
were  used to synthes ize  polycyclic  compounds [1]. Up to the present  paper ,  a s imi la r  cycl izat ion in the se r i e s  
of alkyl e s t e r s  of aliphatic diazo acids,  together  with in te rmolecu la r  react ion,  was observed  only during the 
photolysis of t e r t -bu ty l  dlazoacetate  and 2-methyl -2-buty l  diazoacetate  in cyclohexane as the medium [2]. 

We were  the f i r s t  to observe  the in t ramolecula r  cycl izat ion of butoxycarbonylcarbene (Ia) under the con-  
ditions for  the thermal  decomposi t ion of n-butyl diazoacetate  (IIa), in isobutylene as the medium, on quartz  
packing heated to 270-300~ In the reac t ion  products ,  besides the butyl e s t e r s  of 1 ,1-dimethylcyclopropane-  
carboxyl ic  acid (ilia) (yield 15-20%) and a mixture  of the i somer ic  fumaric  and maleic  acids (IVa) (total yield 
~5%), was detected 4-e thy ld ihydro-2- furanene  (yield 2-3%), the product  of the in t ramolecu la r  inser t ion  of the 
carbene  C atom of (Ia) in the f l - C - H  bond of an alkyl group. Here  we were  unable to r e c o r d  the format ion  of 
alkoxycyclobutanones (VI), which, as was shown by us previously on the example of the pyrolysis  of (IIc) [3], 
can be fo rmed  under these conditions as the resu l t  of the cycloaddit ion of alkoxyketenes (VII), the Wolff r e -  
a r r angement  produets  o f ea rbenes  (I), to isobutylene. The absence of butoxycyclobutanones (VIa) in the r e a c -  
tion products  can evidently be explained by the difficulty of carbene  (Ia) undergoing the Wolff r ea r r angemen t ,  
which involves migra t ion  of the bulky butoxyl group. The in t ramolecula r  cycl izat ion of (Ia) becomes a more  
favorable  p rocess  under  these conditions (see Scheme 1). 

The obtained resu l t s  made it possible to expect  that running the pyrolysis  of alkyl diazoacetates  (ADA) in 
the absence of isobutylene,  in an iner t  gas as the medium, will lead to an increase  in the se lec t iv i ty  of the p ro-  
cess  as r ega rds  the dihydrofuranones (V). Actually,  running the pyrolysis  of a mixture  of (Ia) vapors and argon 
in vacuo at 180-200~ in an empty quartz  tube, made it possible to r a i se  the yie ld  of (Va) to 10-12%. Here  
in the reac t ion  products ,  bes ides  (Va), were  detected only smal l  amounts of the i somer i c  (IV) compounds. The 
pyrolys is  of isobutyl d iazoacetate  (lib) under analogous conditions led to 4 ,4-dimethyldihydro-2-furanone (Vb) 
in higher  yield {20%), which is apparent ly due to the g rea t e r  ease  of inser t ing the carbene C atom in the t e r -  
t i a ry  C - H  bonds in (Ib) when compared  with the secondary  bonds in (Ia), and is in agreement  with the data 
given in [4] on the re la t ive  reac t iv i ty  of the various C - H  bonds of alkanes in the in te rmolecu la r  inser t ion  r e a c -  
tions of a lkoxycarbonylcarbenes .  

The dihydrofuranones (V) synthes ized by us find prac t ica l  use as aromatizing agents [5]. However,  even 
by the best  method desc r ibed  in the l i t e ra tu re  [5, 6], the (V) compounds can be obtained only in 4-5 steps and 
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an overal l  yield of 5-770. The proposed method for the prepara t ion of dihydrofuranones by the pyrolysis  of ADA 
in an inert  gas as the medium differs f rom the known method as follows: a near ly  three t imes g rea te r  yield of 
the des i red  product,  a substantial  s implif ication of the process  by being one-step,  and the use of readily avai l-  
able s tar t ing compounds,  which permits  recommending it as a preparat ive method. 

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

The GLC analysis was run on an LKb_M-8-MD instrument  equipped with a ka tharometer ,  and using a 
3 m x 2 mm column packed with 1570 Reoplex 400 deposited on Chromaton N-AW-DMCS, a tempera ture  of 
150~ helium as the c a r r i e r  gas,  and a flow rate  of 30 m l / m i n .  The PMR spec t ra  were  obtained in CCl 4 so-  
lution on a Varian DA-60-IL ins t rument  (60 MHz, internal s tandard = TMS). The IR spec t ra  were  taken on a 
UR-10 instrument,  and the mass  spec t ra  were  taken on a Varian MAT CH-6 instrument.  

n-Butyl Diazoacetate (IIa) and Isobutyl Diazoacetate (IIb). The s tar t ing (II) compounds were prepared as 
descr ibed in [7], and the corresponding es ters  of monochloroacet ic  acid, which are  present  as impuri t ies ,  
were  removed by column chromatography on neutral A120~, using a 4 : 2  h e x a n e - e t h e r  mixture as the eluant. 
Compound (IIa), bp 53-54~ (8 mm); d 2~ 1.0244; n~ 1.4600. Infrared spec t rum (v, cm-1): 2120 (C=N=N),  1695 
(C=O). PMR spec t rum (5, ppm): 0.95 m (CH3), 1.0-2.0 m (CH2CH2), 4.08 m (OCH2), 4.70 s (CH2). Compound 
(Hb), bp 58-60~ (8 mm); d~ ~ 1.1041; n~ 1.4569. Infrared spec t rum (v, cm-1)$ 2120 (C=N=N),  1695 (C=O). 
PMR spec t rum (5, ppm}: 0.92 d (2CH3), 1.91 m (CH), 3.87 d (OCH2), 4.73 s (CHN2). 

Butyl Es te r  of 1,1-Dimethylcyclopropanecarboxylic  Acid (HIa). The pyrolysis  of (IIa) in isobutylene 
medium was run as descr ibed in [8], using an ADA : hydrocarbon mole rat io = 1 : 100 and a reac to r  loaded with 
quartz packing (inside diameter  1.8 cm, volume of packing 45 cm 3, and free space 55 cm3). In this way, f rom 
7.27 g (0.051 mole} of (IIa) we obtained 3.0 g of catalyzate,  which, based on the GLC data, contained 2270 of 
(HIa), 570 of mixed i somer ic  (Ira),  and 2.60/0 of (Va). Distillation of the catalyzate gave 1.78 g (20%) of 9670 
pure (HIa), bp 68-69.5~ (8 mm). Infrared spec t rum (v, cm-1): 1725 (C=O}. PMR spec t rum (6, ppm): 0.8-1.8 
m (10H), 1.12 s and 1.15 s (2CH3), and 3.97 t (OCH2). 

4-Ethyldihydro-2-furanone (Va} and 4,4-Dimethyldihydro-2-furanone (Vb). Through an empty quartz 
reac tor  (inside diameter  2 cm, heated volume 150 cm~}, connected to a vacuum sys tem (residual p re s su re  5 
t o r r ) '  at 180~ in an argon s t r eam,  was passed 8.4 g (0.06 mole} of (Ha) in 7 h. In the rece iver ,  cooled to 
-78~ was collected 4.3 g of catalyzate,  which, based on the GLC data, contained 1870 of (Va), 3% of mixed 
i somer ic  (Ira),  and t race  amounts of unidentified impurit ies.  Distillation gave 0.7 g (10.570) of 95% pure (Va}, 
bp 62-65~ (4 mm); mol. wt. 114 (mass spectrometry) .  Inf rared spec t rum (v, cm-1): 1790 (C=O). PMR spec-  
t rum (5, ppm): 0.9! m (CH2), 1.48 m (CH2CH2), 2.3 m (CH2CO and CH}, 4.02 d (CH20). 

In a s imi la r  manner,  but in a yield of 19%, f rom (IIb) was obtained 97% pure (Vb), bp 89-90~ (2 ram); 
mol. wt. 114 (mass spectrometry}.  Infrared spec t rum (v, cm-1): 1790 (C=O}. PMR spec t rum (6, ppm): 1.11 s 

(2CH3) , 2.14 s (CH20), 3.8 s (CH2CO). 
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CONCLUSIONS 

We were  the f i r s t  to obs e rve  the i n t r amolecu la r  cycl iza t ion  of a lkoxycarbonylcarbenes  under the condi-  
t ions for the t he rm a l  decomposi t ion  of alkyl d iazoace ta tes ,  which proceeds  via the inser t ion  of the ca rbene  
C a tom in the f l - C - H  bond of the e s t e r  group. 
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F O R M A T I O N  O F  D I H A L O C A R B E N E S  BY P Y R O L Y S I S  

O F  T R I H A L O A C E T I C  A C I D S *  

S. F .  P o l i t a n s k i i ,  M. B.  L i p k i n d ,  
A.  A.  I v a s h e ' n k o ,  a n d  O. M. N e f e d o v  

UDC 542.91:547.512'121:542.92:547.464.2 

Carboxyl ic  acids when heated a r e  usual ly e i ther  decarboxyla ted  or  dehydrated [2]. In con t ras t ,  in the 
pyro lys i s  of f luoroaeet ic  acids the p r i m a r y  and main s tep of the i r  decomposi t ion  is dehydrofluorinat ion [3, 4], 
in which connect ion the main  pyro lys i s  product  of CF3COOH is dif luoromethyl  t r i f luoroace ta te ,  which, acco rd -  
ing to [4], is f o rmed  via d i f luorocarbene.  

I) --HF CFsCOOH 
CF3C00H ~ : CF~ "-" CF3C00CF2H 

The par t ic ipa t ion  of : C F  2 in the p roces s  is a lso  conf i rmed  by the fo rmat ion  of CHF2CI when the pyro lys i s  is 
run  in excess  HC1 [4]. However ,  these  data a r e  inadequate for  answer ing the quest ion of whether  the kinetical ly 
independent d i f luorocarbene  is fo rmed ,  espec ia l ly  if  it is taken into account that the noncarbene t r a n s f e r  of the 
f luoromethylene  f r agmen t s  to a solid su r face  is poss ible  [5]. In addition, it s e e m e d  of in te res t  to a s c e r t a i n  
whether  the y -e l imina t ion  of HX and fo rmat ion  of the d ihalocarbene is c h a r a c t e r i s t i c  only for  the f luoroacet ic  
ac ids ,  o r  whether  these  p r o c e s s e s  a r e  a lso  typical  for  o ther  haloacet ic  acids.  

In o r d e r  to answer  the indicated quest ions we studied the copyro lys i s  of t r iha loacet ic  acids CX3COOH 
(where X = F, C1, Br) with excess  cyclopentadiene (CPD), which is a good " t rap"  for d ihalocarbenes  and fo rms  
the monohalobenzenes he re  [6]. The copyro lys i s  was run  in a quar tz  r e a c t o r  loaded with quar tz  packing in the 
t e m p e r a t u r e  range  300-500~ with a contact  t ime of 0.8-1.0 sec ,  a 10-fold mole excess  of CPD, and dilution 
of the pyro lyzed  acids with a 16-fold mole excess  of water .  Here  the fo rmat ion  of the cor responding  mono-  
halobenzenes in y ie lds  of 20-30% was obse rved  in all  ca ses  (Table 1). 

As was shown prev ious ly  [7], the p r e s en ce  of ammon ia  in the reac t ion  mix ture  faci l i ta tes  the c leavage 
of HX and reduces  t a r  fo rmat ion  during the copyro lys i s  of ha loforms  with CPD and its der iva t ives .  As can be 
s een  f r o m  Table 1, the addition of am m on i a  in the given case  also i nc rea se s  the se lec t iv i ty  of the p rocess  

*See [1] for  p r e l i m i n a r y  communicat ion.  
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