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According to [1,2], the p resence  of gem-dialkyl  groupings faci l i ta tes  the convers ion of open sys -  
t ems  to cycl ic  sys tems  (the so-ca l led  gem effect).  However,  r ing format ion can be faci l i ta ted not only 
by a geminal,  but also by a single branching of the chain [3,4]. In the ketonization of dicarboxyl ic  acids a 
rep lacement  of the CH s group by a gem-dimethyl  grouping does not inc rease  the yield of the cycl ic  ketone,  
which was explained by the conformational  1 ,3- in te rac t ion  of the side chains with the H atoms of the back-  
bone chain [5-7]. For  o ther  reac t ions  the absence of the gem effect  was observed  only for  complex cases  
with h igh-molecular-weight  compounds [3]. A number  of facts ,  explained by the gem effect ,  can be in te r -  
p re ted  in the light of 1, 3- in teract ions .  The accumulation of data fo r  compounds,  in which the gem group-  
ings are  rep laced  by single CH 3 groups,  like in  [5], makes  it  possible to reevaluate  the role  of both the 
gem effect  and 1 ,3- in te rac t ions .  

In the acyloin condensation of the die s t e r s  of azela ic ,  5, 5-dimethyl- ,  and 3, 3, 7, 7 - t e t r ame thy i -  
azelaic  acids [8, 9] the yields of the acyloins were  35-40, 66-70, and 84%. This o r d e r  in the yields was 
at t r ibuted [9] to the gem effect .  In the present  paper ,  in o rd e r  to ver i fy  the validity of this conclusion, we 
p repa red  the d imethyles te rs  of azelaic  Ci), 5-methyl-CiI), and 3, 7-dimethy[azalaie  (III) acids and sub- 
jected them to acyloin condensation under  the same conditions. A compar ison of the course  of the yields 
of the acyloins obtained in the presen t  paper  and in [8, 9] is  shown in Fig.1. According to our  data, the 
yields of the acyloins,  the same as the yields of cyclanones f rom dicarboxylic  acids [5], inc rease  l inear ly  
f rom the unsubsti tuted acid to the acid that has  two CH 3 groups on different  C a toms of the backbone chain. 
The data f rom [8,9] that a re  plotted in Fig.1 for  the geminal analogs demonst ra te  a ve ry  s imi la r  relat ion.  
This  permi t s  the thought that the principal  r eason  for  the increase  in the yields is common for  all six 
cases  and is not associa ted  with the gem effect .  At the same t ime,  s imi la r  r esu l t s  ensue f rom the con- 
cepts regarding  1, 3- in terac t ions  [5]. It is in teres t ing that in [8] the yield of the acyloin f rom (II) (60%) is 
c lose to our  data (56%) and the yield of the acyloin f rom 5, 5-dimethylazelaic  acid, but this fact was not 
given due importance in [8]. Only in [10] was it concluded that even one methyl faci l i ta tes  cyelization,  but 
the explanation of this  fact  evokes doubt. 

A somewhat g r ea t e r  slope for  the line that r e f e r s  to the geminal compounds can be associa ted e i ther  
with the existence of a small  gem effect ,  which plays a subordinate ro le ,  or  with an inadequate uniformity 
in setting up the exper iment  in [8, 9]. The effect  of small d i f ferences  in the exper imental  conditions during 
acyloin condensation is  well known. At the same t ime,  different  d ies te r s  of the gem-subst i tu ted acids,  
different  solvents,  and different  reac t ion  t em p e ra tu r e s  were used in [8, 9]. F o r  this reason  the question 
relat ing to the difference in the slopes of the s traight  l ines r ema ins  unanswered,  although it does not 
affect the main conclusion regarding the important  beneficial  ro le  of conformational  1, 3- in terac t ions  in 
the acyloin condensation. 

In [5] it was mentioned that the agreement  of the exper imental  data with the conclusion that 1, 3-in-  
t e rac t ions  exist  between the side chains and the H atoms of the backbone chain is  possibly associa ted with 
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Fig.1.  Effec t  of 1, 3 - in te rac t ions  of side chains with H 
atoms of backbone chain of s tar t ing dicarboxyl ic  acid 
d ie s t e r  on yields of acyloins.  1) Ef fec t  of single CH 3 
groups: dimethyl e s t e r s  of azelaic  (a), 5-methylazela ic  
(b) (o = our  data, and + = data f rom [8]), and 3, 7-di-  
methylaze la ic  (c) acids; 2) effect  of geminal dimethyl 
groupings (dimethyl e s t e r  of azelaic  (a'), diethyl e s t e r  
of 5, 5-dimethylazela ic  (b'), and dimethyl e s t e r  of 3 ,3 -  
7, 7 - te t ramethy laze la lc  (c') acids [8, 9]. n is the number  
of C a toms of the backbone chain that c a r r y  branching. 

the fact  that the ketonization of dicarboxyl ic  acid salts  takes  place on the surface  of the c rys ta l  faces ,  
where  the most  favorable conformat ions  of the molecules  are  more  or  l e ss  r ig idly  fixed. In the Hquld 
and vapor  phases ,  where the p resence  of energe t ica l ly  r i c h e r  cor~formations is  also possible [11], the 
picture  of lhe 1, 3 - in te rac t ions  can become complicated.  During acyloin condensation the react ion takes 
place on th~ surface  of the molten sodium as if in a two-d imens iona l  liquid phase.  F o r  this  reason  it  would 
be impossible  to say in advance whether  1, 3- in terac t ion  will be manifes ted  in this m o re  complicated case .  
It proved that the pic ture  is also quite c l ea r  he re .  This  encouraging resu l t  pe rmi t s  the thought that the 
gamut of cycl izat ion reac t ions ,  in which the d i scussed  effect  is manifested,  will be expanded even more  
in the future .  

E X P E R I M E N T A L  M E T H O D  

Acyl0in Condensation. All of the exper iments  were  run as descr ibed  in [8,9, 12], but under s t r ic t ly  
identical  conditions. Using a s t i r r e r  with ~ 5000 rpm,  to 5.75 g of finely d i spersed  Na in 800 ml of abs. 
xylene was added in 8 h, at 125-130~ in drops  a solution of 0.05 mole of the dimethyl e s t e r  of the appro-  
pr ia te  acid in 70 ml of abs. xylene.  The reac t ion  was run in a N 2 a tmosphere ,  which had been f reed  of O 2 
t r a c e s  by passage at 150-160 ~ over  f inely d i spersed  copper ,  which had been p repa red  by the reduct ion of 
CuO with H 2 below 175 ~ and then dr ied  in a column packed with s i l ica  gel. 

4-Methylpimeloni t r i le  (IV). Obtained f rom ethyl cyanoacetate  via 3-methylgiu tar ic  acid [7], 3 -methy l -  
! ,  5-pentanediol [13], and 3 - m e t h y l - i ,  5-dibromopontane [14]. Under conditions s imi la r  to those given in 
[15], f r om 179.7 g of this dibromide we obtained 87.7 g (87.6%) of (IV), bp 137.0 ~ (2 ram); nD 2~ 1.4471. 
Found: C 70.25; H 8.93; N 20.34%. CsHi2N 2. Calculated: C 70.55; H 8.88; N 20.57%. 

5-Methylazelaic  Acid (V) and Its Dimethyl E s t e r  (II). Using the method given in [15], we obtained 
5-methy laze lon i t r i l e  (VII) f rom (IV) via 4-methylpimel ic  acid, i ts  dimethyl e s t e r ,  5 - m e t h y l - i ,  7-hepta-  
nediol [16]~ and the dibromide [17]. The hydrolys is  of 29.3 g of (VII) with conc.  HCI gave 35.3 g (97.7%) 
of crude (V), mp 64.1-65.1 ~ the es te r i f ica t ion  of which with MeOH gave 36.6 g (91.0%) of (II), bp 111.8 ~ 
(1.3 ram); ]lD 20 1.4399; d420 0.9975. Found: C 62.66; H 9.68%. C12H2204. Calculated: C 62.58; H 9.63%. In- 
f r a r e d  spectrum: 1744 cm -1 (carbalkoxyl CO). NMR spec t rum (6,ppm): 3.54 s (6H, OCH3); 2.35-2.13 dis-  
t o r t ed  t (4it, CH 2 of carbalkoxyls) ;  1.83-1.33 m [9H, CH(CH2CH2)2]; 0.85 d (3H, CH3). 

The hydro lys i s  of 17.5 g of (II) with alcoholic KOH solution gave 15.1 g (98.0%) of pure (V) with mp 
66.7-67.6~ and acid number  96.4. Found: C 59.21; H 8.85%. Ci0Hi804. Calculated: C 59.39; H 8.97%. In- 
f r a r e d  spectrum: 1705 cm -1 (carboxyl CO). 

The ~J2methyl e s t e r  of 3, 7-dimethylazela ic  acid (iII) was obtained as desc r ibed  in [7]. 
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Acyloins. a. Cy_clo_nonanol-2-one from (I). Yield 40-43%, bp 84-85 r (2.5 mm). b_. 6:Methylpyclo:  
nonanol-2-one from (II). From 11.5 g of (II) we obtained 4.8 g (56%) of the acyloin, bp 98.2-99.2 ~ (3 ram); 
nD 2~ 1.4847; d42~ 1.0281. Found: C 70.57; H 10.57%. C10H1802. I Calculated: C 70.55; H 10.66%. Infrared 
spectrum: 1700 (CO) and 3470 cm -1 (Ott). NMR spectrum (6,ppm): 4.37-4.10 m (1H, CH at OH), 3.65 s 
(1H, OH); 3.17-1.13 m [13 H, CH(CH2CI-I2CH2)2]; 0.85 d (3H, CH3). e. 4, 8-Dimethylcyclononanol-2-one from 
(HI). From 12.2 g of (III) we obtained 6.8 g (74%) of the acyloin, bp 105.0-106.0 ~ (3 mm); nD 2~ 1.4790; 
d42~ 1.0024. Found: C 71.45; H 10.75%. CllH2002 . Calculated: C 71.69; H 10.94%. Infrared spectrum: 1700 
(CO) and 3475 cm -1 (OH). NMR spectrum (6,ppm): 4.22-3.90 m (1H, CH at OH); 3.57 s (lit,OH); 2.98-1.00 
m (CH2(CH2CHCH2)2; 0.95 d (3H, CH3); 0.87 d (3H,CH3). 

C O N C L U S I O N S  

1. The yields of acyloins in acyloin condensation reactions are quite dependent on the presence of 
1,3-interactions of the side chains with the H atoms of the backbone chain of the starting dicarboxylic acid 
es ters .  Contrary to the l i terature data, the gem effect has a comparatively small role in this reaction. 

2. We synthesized 4-methylpimelonitrile,  5-methylazelaic acid and its dimethyl es ter ,  and 4.8- 
dimethylcyclononanol-2 --one. 
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