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We have continued our work  on the s - c i s ,  t r ans  i s o m e r i s m  of carbonyl  de r iva t ives  of azoles  by using di- 
pole momen t  m e a s u r e m e n t s  to examine  the solution conformat ions  Of some isoxazolyl  ketones (I}-(IV) (Table 1). 

(AIk) Ar~e Q,~W'~ Ko.NII ~ 0%C 
0 Ar(AIk) 

The conjugation of two a r o m a t i c  r ad ica l s  with the carbonyl  group is known to be a mix ture  when they a r e  co-  
p lanar .  Neve r the l e s s  the coplanar i ty  of he ta ry l  phenyl ketones is often prevented by s t e r i c  in terac t ions .  

The nonplanari ty  of these  molecules  can be c h a r a c t e r i z e d  by the dihedral  angles 91 and 92. Both r ings  
compete  with each other  for  m a x i m u m  conjugation with the carbonyl  group. Work  using var ious  techniques has 
es tab l i shed  that  the he ta ry l  r ad ica l s  a r e  m o r e  suscept ib le  than phenyl r ings  to conjugation with carbonyl  and 
consequently that  91 << 92 [1-4]. 

Among monoheterocyc l ic  compounds,  the c loses t  analogs of 5- and 4 -acy l i soxazo les  a r e  the equivalent  
furan de r iva t ives  [5, 6]. Dipole moment  and K e r r  effect  m e a s u r e m e n t s  and NMR spec t roscopy  have revea led  
that  in 2 - fu ry l  phenyl ketones the angle 91 = 0~ while 92 can va ry  within the l imi ts  •176 the content of the 
O,O-c is  fo rm in the solution v a r i e s  f r o m  100 to 50%, depending on the nature  of the subst i tuent  on the furan 
r ing [7, 8]. 

We have found that  both c o n f o r m e r s  of 3 -me thy l -5 -benzoy l i soxazo le  (I) a re  a l so  p resen t  in solution 
{Table 1) but that as  a r e su l t  of the p resence  of the second h e t e r o a t o m -  the ni t rogen a t o m -  the content of the 
N, O-c is  f o r m  is  much lower.  Here ,  as  in furyl  phenyl ketones,  s t e r i c  in te rac t ions  cause  the phenyl f r agmen t  
to e m e r g e  f r o m  the t r igonal  plane of the carbonyl  through 92 = 50-70~ We were  unable to find the angle r 
f r o m  K e r r  effect  m e a s u r e m e n t s ,  having no accura t e  value for  the polar izabi l i ty  t ensor  of i soxazole .  However,  
the e x t r e m e l y  low exper imen ta l  K e r r  constants  of compounds (IN (IV) [Ke = 46 • 10  -12 .for (I); 20 • 10-12 for (II); 
469 • -12 for  (HI); and 290 • 10  -12 f o r  (IV)] indi rec t ly  imply  that the two r ings  a r e  not coplanar .  

The i s o m e r i c  5 -me thy l -3 -benzoy l i soxazo le  (H) ex i s t s  sole ly  as  the N ,O- t r ans  f o r m  in solution. The 
ma jo r  fac tor  respons ib le  for  the s tabi l iza t ion of this s t ruc tu re  is the Coulomb repuls ion of the s i m i l a r l y  charged 
pyr id ine- type  ni t rogen a tom and the carbonyl  oxygen, as  in ~ -ca rbony lpy r id ine s  [9, 10]. 

Dipole moment  m e a s u r e m e n t s  indicate that  3 -ace ty l -5 -pheny l i soxazo le  (III) a lso  ex is t s  a lmos t  sole ly  as  
the N,O- t rans  fo rm;  m o r e o v e r  the value of the dipole momen t  does not exclude the poss ibi l i ty  that  in this case  
the acetyl  group may  lie sl ightly out of the plane of the he te rocyc le .  The expe r imen ta l  dipole moment  is a lmo s t  
identical  to the calculated value for dihedral  angle 91 = 20 ~ (~calc = 2.30 D at  20~ This  is in good a g r e e m e n t  
with work on 2 -ace ty lpyr id ines  [11], - th iophenes  [12], e tc . ,  which a r e  not p lanar  but have 91 ~ 25-30~ 

Converse ly ,  in 3 -pheny l -4 -ace ty l i soxazo le  {IV), where  the effect  of the r ing he te roa toms  is s ignif icant ly 
reduced by the i r  cons iderable  separa t ion  f r o m  the conformat ional ly  mobile  group, both conformat ions  become 
a lmos t  equally probable  with a sl ight predominance  of the N,O-cis  form.  In this case  the m a x i m u m  conjuga- 
t ion of the ~ - s y s t e m  of the he te rocyc le  and the carbonyl  double bond s e e m s  to be the dec is ive  fac tor .  The hy- 
pothesis  that  the acetyl  group and isoxazole  r ing a r e  coplanar  is not contradic ted  by the value of the dipole 
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TABLE 1. Expe r imen ta l  and Calculated Dipole Moments and Con- 
f o r m e r  Rat ios  of C a r b o n y l  Der iva t ives  of Isoxazole  (CC14 Solution) 

No. C o m p o u n d  fionrange, I ~P~, RE. ~,0 .,~ ~ ~ o  
wt. ~7o. 10 ~1 ~ =~" ~ c m 3  cm3 ~ = .t~ 

I 13- methyl-5-benzoyl- 
| isoxazole 

II| 3-benzoyl- 5- methyl- 
| isoxazole 

III |3-acety[- 5- phenyltso- 
| xazole 

IV|3- pheny I-4-acety I- 
| isoxazole 

0;41 --0,71 

0,35--1,47 

0,22--0,91 

0,26--1,12 

160,9011 54,075 
I32.298 54,679 

157.564 55,582 

189,249 t 54,958 

2,26 

1.92 

2,21 

2,54 

5,66 I 1,02 

6,03 [ 1,97 

5,38 1,81 

2,71 2,14 

87 

100 

94 

32 

moment .  The c o n f o r m e r  ra t io  is ident ical  to the published f igure for  4 - f o r m y l p y r a z o l e  der ived f r o m  NMR 
spec t roscopy  [13], which shows it to be a mixture  of equal amounts  of both c o n f o r m e r s .  In the case  of  f l -ca r -  
bonyl de r iva t ives  of pyridine the content of the N ,O- t rans  f o r m  to 70-73% is a l so  reduced [7, 14]. Extended 
Htickel and Dewar  or, ~ quan tum-chemica l  calculat ions support  the equiprobabi l i ty  of both fo rms  for  4 -ca rbony l -  
containing i soxazoles  ( - A E  = 0.8 k J /mo le )  [15]. 

Thus,  in these  i soxazolyl  ketones the h e t a r y l - C O -  f ragment  is in genera l  a lmos t  planar .  The s t r u c t u r e s  
co r r e spond  to the m a x i m u m  dis tance between the s i m i l a r l y  charged a toms  and an ene rgy  gain in conjugation. 
The nonplanar i ty  of isoxazolyl  phenyl ketones,  like furyl  ketones,  is effected by rota t ion of the phenyl f r agmen t  
out of the plane of the r e s t  of the molecule .  The conformat ional  equi l ibr ium s ta te  depends signif icantly on the 
posi t ion of the ro ta t ing  group in the he te ro  r ing and can va ry  within wide l imi ts .  

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

Spectra  were  r eco rded  on: PMR: a Jeo l  C-60 with hexamethyldis i loxane (HMDS) as in te rna l  s tandard;  
UV: a Hitachi ESP-3  in ethanol;  and IR: a P e r k i n - E l m e r  457 in Vaseline oil. Die lec t r ic  constants  were  m e a -  
su red  with an accu ra t e  BM-400G-Tes la  capac i tance  br idge;  densi t ies  were  measu red  hydros ta t ica l ly .  Dipole 
moment s  were  calcula ted f r o m  the Fuiit  equation [19] to • D (at 25~ K e r r  constants  were  m e a s u r e d  and 
calcula ted by the p rocedure  desc r ibed  e a r l i e r  [20]. 

Values and d i rec t ions  of group moments  were  taken f r o m  f igures  for  a roma t i c  methyl  ke tones  in the case  
of the acety l  group [19] and f r o m  f igures  for  benzophenone for  the C-benzoyl  group [21]. The value and or ien ta -  
tion of the dipole momen t  and the g e o m e t r y  of isoxazole  came f r o m  microwave  work  [22]. The e r r o r  in the de-  
t e rmina t ion  of the c o n f o r m e r  r a t ios  did not exceed 3-5%, 

The solvent  was CC14, pur i f ied by the p rocedure  of [23]. 

3 -BenzOyl -5-methy l i soxazo le  (II). To a suspens ion of a luminum chloride (12.4 g, 0.093 mole) in absolute  
benzene (25 ml) cooled by i c e - w a t e r  was added a solution of 3 -me thy l i soxazo l e -4 - ea rbony I  chloride (4.4 g, 0.03 
mole) in benzene (25 ml). The reac t ion  mix ture  was s t i r r ed  a t  20~ for 2 days and then poured onto ice and the 
organic  l ayer  was separa ted .  The aqueous layer  was e x t r a c t e d  with benzene.  After  r e m o v a l o f t h e  solvent ,  the 
res idue  was dis t i l led under vacuum and the f rac t ion  with bp 157-159~ (7 mm) was collected.  The yield was 
3.2 g (57%), mp 44-45~ a f t e r  r ec rys t a l l i z a t i on  (from hexane and ethanol). PMR spec t rum (in CC14): 2.38 (3H, 
s, CH3), 6.36 (1H, s,  i soxazole  4-H),  7.15-7.62 (3H, m, m a r o m a t i c  protons) ,  8.05-8.45 (2H, m, o a r o m a t i c  p ro-  
tons).  UV spec t rum:  ~ m a x 2 6 1  nm (log~ 4.09). IR spec t rum:  1660 cm -1 (C--O). Found: C 70.5; H 4 . 8 ;  N 
7.5%. CtlHgNO 2. Calculated:  C 70.6; H 4.9; N 7.5%. 

3 -Methy l -5 -benzoy l i soxazo le  (I) was p r epa red  in the s ame  way f r o m  the appropr ia t e  i soxazolcarbonyl  
chlor ide .  The yield was 70%, bp 160.162~ (7 mm),  mp 70.5-71.5~ ( f rom pe t ro l eum ether)  [16]. 3 -Ace ty l -5 -  
phenyl isoxazole  (IH) and 3 -pheny l -4 -ace ty l i soxazo le  (IV) were  p r epa red  by l i t e ra tu re  methods [17, 18]. 
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S T U D I E S  IN  T H E  I S O X A Z O L E  S E R I E S .  

36.* CONDENSATION OF 4 -ARYLAZO-5-METHYL-  

ISOXAZOLES WITH AROMATIC ALDEHYDES 

S.  D .  S o k o l o v  a n d  S .  M.  V i n o g r a d o v a  UDC 547.786:542.953 

The introduction of e l ec t ron-accep t ing  subst i tuents  into posit ion 4 of i soxazole  ac t iva tes  the methyl  group 
on the C(~) a tom in aldol condensa t ion-  crotonizat ion reac t ions .  As a resul t ,  5 -methy l i soxazo les  containing ni-  
t r o  [2-4], benzoyl,  and cyano [5] groups can be condensed with benzaldehyde;  m o r e o v e r  in 3 ,5-dimethyUso~a-  
zole de r iva t ives  condensat ion takes  place se lec t ive ly  at 5 -methy l  group [2, 5]. The phenylazo group has not 
been demons t ra t ed  to have this effect  in isoxazole ,  although ins tances  have been desc r ibed  in the a r o m a t i c  
s e r i e s  [6, 7]. 

Despite  the roughly identical  chemical  shif ts  of the 5 -methy l  protons in the PMR spec t r a  of 4-phenylazo-  
and 4 -n i t ro -3 ,5 -d ime thy l i soxazo le s ,  deu te r ium exchange at  the 5-CH 3 group of the 4 -n i t ro  der iva t ive  p roceeds  
much more  rapidly  than in the 4-phenylazo  compound [8]. We have found that  4 -pheny lazo -5 -me thy l i soxazo le s  
a lso  condense wtth a r o m a t i c  aldehyde in the p re sence  of a s t ronge r  base  (KOH instead of piperidine) and tl~at the 
reac t ion  takes  place se lec t ive ly  at the 5-CH 3 group. 

+ p-RaCsX4CHO - 
CXa.'~O*N p- RkCsH4CH=CX J'Q,(y N 

I I I  I I I  

!, llI a--f R~=H; a RI--CH3, R2=H; b R]=R2=CH3; c RI=CHa, R2=OCH3; d R'=C[I3, 
R2=Br; e RI=C~Hs, R2=H; f RI=CH3, R2=NO2; II, III g--k RJ=CH3; g RS=H, R3=NO2; 

h R2=N02, Rz=NO2; ] R~=H, R3=N(CH3)~; ~ R2=NO2, R3=N(CHz) 2 

The UV spec t ra  of the synthet ic  5 - s t y r y l - 3 . m e t h y l - 4 - p h e n y l a z o i s o x a z o l e  (IIIa)-(IIId),  (IIIf)-(IIIk) r e s e m -  
ble that  of 5 - s ty ry l -3 -pheny l -4 -pheny lazoxazo le  (IIIe) (Table 1). In the PlVIR spec t r a  of compounds (III) the 

*For  communicat ion  35 see [1]. 
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