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Irradiation of solutions of 2,3-dimethyl-2-butene and substituted aroyl azides in methylene 
chloride with UV light gave 2,2,3,3- te t ramethyl- l -aroylazir idines ,  which are converted to 
4,4,5,5-tetramethyl-2-aryl-2-oxazolines in the presence of sulfuric acid. 

2,3-Dialkyl-l-benzoylaziridines are obtained when benzoyl azide and N-benzoyl-S,S-diethylsulfimide are 
subjected to photolysis in sym-disubstituted ethylenes [1], whereas only compounds that are isomeric with 
respect  to the corresponding aziridines are obtained by photolysis of p-chlorobenzoyl azide (Ia) in t r imethyl-  
ethylene and in l -e thoxy-2-methy l - l -p ropene  [2]. 

The present  research was devoted to a study of the compositions of the products formed in the photolysis 
of aroyl azides in 2,3-dimethyl-2-butene (II). The individual 2 ,2,3,3- tetramethyl- l -aroylazir idines (IIIa,b) 
were isolated in 10-15% yields by rapid preparative chromatography of the products of photolysis of azide Ia 
and 2,4-dichlorobenzoyl azide (Ib) in olefin II. We were unable to isolate 2,2,3,3-tetramethyl-l-(p-anisoyl)-  
aziridine, (IIIc), which was synthesized under similar  conditions, in analytically pure form. 
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According to the IR and PMR spectral data and the results of thin-layer  chromatography (TLC), the 
reaction mixtures consist of aziridines III, azides I, and aryl isocyanates IV. The PMR spectra of the reac-  
tion mixture of azide Ia in olefin II contain three A2B 2 systems of protons, which were assigned to Ia-IIIa. The 
presence of aryl isocyanates IVa,c was confirmed by the presence in the IR spectra of the photolyzates (95% 
azide conversion) of very intense absorption at 2270 cm "l (vNCC~. 

According to the results of quantitative analysis of the PMR spectra,  the percentage of aziridine Ilia in 
its mixture with isocyanate IVa is almost independent of the temperature at which the azide Ia is irradiated: 
43-44% at 40~ 45-46% at 0 ~ and 43% at -40 ~ (40% azide conversion). This is in agreement with the data in 
[1], from which it follows that the aryl isocyanates are not formed from the aroylnitrenes but directly from the 
aroyl azide, whereas the singlet aroylnitrenes are completely (or almost completely) tiedup by olefin IT to 
give aziridine III. The yields of the aziridines (based on the decomposed azide) decrease as the degree of con- 
version of the azide increases:  ~ 45% at 40% conversion and ~30% at 95% conversion of azide Ia. 

Aziridines III undergo partial  isomerization under preparative thin-layer chromatography (TLC) con- 
ditions to 4,4,5,5-tetrarnethyl-2-aryl-2-oxazoline (V) and other compounds. Whereas aziridine IIIa was the 
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only produc t  containing methyl  groups in the photolysis  of azide Ia in olefin II (5 1.32 s),  a complex mix tu re  of 
compounds cons is t ing ,  accord ing  to the PMR spec t r a l  data,  of 25% azi r id ine  I l ia  (6 1.32), 30% oxazoline Va 
(6 1.26, 1.41), and 45% of o ther  compounds containing a C(CH3) 2 f ragment ,  was obtained in an a t tempt  to isola te  
it  by slow p r e p a r a t i v e  ch romatography  on s i l ica  gel. The chromatographic  isola t ion of the az i r id ines  f rom the 
photolyzates  t he re fo re ,  involves loss  of the subs tances .  Thus,  according to the PMR spec t r a l  data,  a total  of 
~ 30% (in the case  of i r r ad ia t ion  of azide Ia) ,  ~50% (in the case  of i r rad ia t ion  of azide Ib), and 36% (in the case  
of i r rad ia t ion  of azide Ic) of az i r id ines  n l a - c  were  p re sen t  in the photolyzates  in the case  of 95% convers ion  
of the az ides .  Azir id ines  I I I a - c  were  obtained in 11, 22, and 19To yie lds ,  r e spec t ive ly ,  by p r e p a r a t i v e  TLC of 
these  photolyzates .  

Azir id ines  IIIa ,b  a r e  conver ted  to the cor responding  oxazolines (Va.b) in the p r e s e n c e  of sulfur ic  acid. 
This  t r ans fo rma t ion  can be accompl ished  without isolat ion of the azi r id ine  f rom the photolyzate  if  i socyanate  
IV, which is  p r e s e n t  in the photolys is  p roduc t s ,  is  r emoved  by t r ea tmen t  of the photolyzate  with aniline. 

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

The IR s p e c t r a  were  obtained with a UR-20 s p e c t r o m e t e r .  The UV spec t r a  were  obtained with a P e r k i n -  
E l m e r  402 spec t ropho tomete r .  The PMR s pec t r a  were  r eco rded  with a Var ian-HA-100 s p e c t r o m e t e r  with 
CH~CI 2 as the in te rna l  s tandard .  The pe rcen tages  of the az i r id ines  in the react ion  mix tu res  were  de te rmined  
f r o m  the ra t io  of 1/12 of the a r e a s  of the C(CH3) z s ignals  (5 1.25-1.36) to 1/4  of the a r e a  of all  of the a romat i c  
pro tons  o r  to 1/3 of the a r e a  of the CH30 group of a methyl  p -ch lorobenzoa te  s tandard  (5 3.8) at  a PMR spec-  
t r a l  scanning ra te  of 0.5 H z / s e c .  I socyana tes  IVa-c  were  de te rmined  by the addition of a known excess  of a 
s tandard  solution of di isobutylamine in chlorobenzene to an aliquot of the photolyzate  with subsequent  back 
t i t ra t ion  with 0.1 N HC1 solution in the p r e s e n c e  of bromphenol  blue. The amount of decomposed  azide was 
moni to red  f rom the volume of evolved ni trogen.  The data on the pe rcen tages  of I and IV in the react ion mix-  
t u r e s  were  in a g r e e m e n t  with the data on the i r  pe rcen tages  obtained f r o m  the PMR spec t r a :  the i soeyana tes  
were  de te rmined  f r o m  the a r e a  of the signal of the pro tons  in the ortho posi t ion re la t ive  to the NCO group 

(IVa, 5 6.95 d), and the azides  were  de te rmined  f r o m  the a r e a  of the signal of the protons  in the ortho posi t ion 
re la t ive  to the CON 3 group (Ia, 5 7.72 d)~ T h i n - l a y e r  chromatography  was c a r r i e d  out on Silufol UV-254, and 
p r e p a r a t i v e  TLC was accompl i shed  on LS 5/40 s i l ica  gel with a luminescent  indicator;  the eluent in all  ca ses  
was h e x a n e - e t h e r  (1:1). The photolysis  of I a - c  was c a r r i e d  out with a DRL-125 h i g h - p r e s s u r e  m e r c u r y  lamp 
(125 Wt, kmax366 rim) in a quartz  r e a c t o r  of the i m m e r s i b l e  type with a double excess  of the olefin and a 30- 

6 0 - f o l d  excess  of dry  methylene  chlor ide,  which had been p rev ious ly  washed to r emove  HC1 and f rac t ionated  
with a column. 

2 ,4-Dichlorobenzoyl  Azide (Ib). A solution of 0.5 mole  of 2 ,4-diehlorobenzoyl  chloride in 10O ml  of 
acetone was added in the course  of 15 rain at  0 ~ to a solution of 0.6 mole  of sodium azide in 300 ml  of 30% 
aqueous acetone; a f t e r  45 rain, the mix tu re  was poured  into water ,  and the p rec ip i ta te  was r emoved  by f i l t r a -  
t ion, washed with wa te r  and methanol  a t - 1 0  ~ and dissolved in hexane.  The hexane solution was cooled t o - 6 0  ~ 
to p rec ip i t a te  azide Ib (89%) with mp 52-53 ~ The dry product  could be s tored  sa t i s fac to r i ly  at 6~ apprec iable  
decomposi t ion o c c u r r e d  in solution above 0 ~ Azides Ia ,c  were  s i m i l a r l y  obtained at 15~ af te r  r e c r y s t a l l i z a -  
t ion f r o m  ethanol,  Ia  was obtained in 61% y ie ld  (rap 41-42 ~ and Ic was obtained in 70% yield imp 67-68 ~ 

2 , 2 , 3 , 3 - T e t r a m e t h y l - l - a r o y l a z i r i d i n e s  (IIIa-c).  A solution of 4.97 g (27.5 mmole)  for  azide Ia and 4 . 6 1 g  
(55 mmole)  of olefin II in 100 ml  of methylene  chloride was i r r ad ia t ed  a t  5 ~ fo r  2.5 h, a f t e r  which the  highly 
volat i le  compounds were  r emoved  by vacuum dist i l lat ion without heating.  Double p r e p a r a t i v e  TLC of the 
res idue  yielded 0.72 g (11%) of an oil with Rf 0.56, which began to c rys ta l l i ze  a f te r  5 days.  The product  was 
f rozen  out f r o m  e the r  at  -60 ~ to give 0.65 g (10%) of azi r id ine  IIIa  with mp 74.5-75 ~ IR spec t rum (CC14) : 
1667~ 1305 cm -1. UV s p e c t r u m ,  Xma x (log e): 243 (4.46, hexane); 246 nm (4.53, ethanol). PMR spec t rum 
(CC1r 5 1.32 s ,  7.36 d, and 7.93 d ( J =  8.5 Hz). Found: C 65.4; H 6.8; N 5.9%. C13Ht6C1NO. Calculated: 
C 65.7; H 6.8; N 5.9%. 

Under s i m i l a r  condit ions,  photolysis  of 4.68 g of azide Ib at -40 ~ gave,  a f t e r  TLC,  1.06 g (22%) of an 
oil with Rf 0.50, which was pur i f ied  twice by TLC and began to c rys ta l l i ze  by f reez ing  out f r o m  hexane at  -60 ~ 
to give 0.71 g (15%) of az i r id ine  IIib with mp 88-88~ IR spec t rum (CC14): 1678 and 1303 cm - i ,  UV spec t rum,  
kmax:  237 nm (log e 4.20 in hexane and methanol) .  PMR spec t rum (CC14): 5 1.36 s ,  7.36, 7.53, and 7.58. 
Found: C 57.2; H 5.0; N 5.0%. C13HIsC12NO. Calculated: C 57.3; H 5.6; N 5.1%. 

Photolys is  of 3.60 g of azide Ic gave,  a f t e r  TLC,  0.89 g (19%) of crude az i r id ine  HIe with Rf 0.43, which 
could not be pur i f ied  by repea ted  TLC on s i l ica  gel and column chromatography  on an a luminum oxide. PMR 
spec t rum {CC14): 5 1.25 s ,  3.81 s ,  6.83 d, and 7.61 d (J = 9 Hz). IR spec t rum (CC14): 1662 and 1295 cm - I .  
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4 , 4 , 5 , 5 - T e t r a m e t h y l - 2 - a r y l - 2 - o x a z o l i n e s  (Va,b). A mix tu re  of 0.40 g (1.7 mmole)  of az i r id ine  IIIa in 
10 ml  of 96% sul fur ic  acid was heated a t  100 ~ fo r  15 min ,  a f t e r  which the acid was neu t ra l i zed  with aqueous 
carbonate  solutlon~ and the oxazoline was ex t rac ted  with ch lo roform.  The ex t r ac t s  were  dr ied with magnes ium 
sulfate  and vacuum evapora ted .  Recrys ta l l i za t ion  of the res idue  f rom hexane gave 0.32 g (82%) of oxazoline 
Va with nap 56.5-57 ~ IR s p e c t r u m  (CC14): 1645 and 1075 cm -1. UV s p e c t r u m ,  }'max (log ~): 248 (4.52, in 
hexane); 250 nm (4.42, in ethanol).  PMR s p e c t r u m  (CC14): 61.26 s ,  1.41 s ,  7.39 d, and 7.73 d (ff = 8.5 Hz). 
Found: C 66.0; H 7.2; N 5.8%. C13H16C1NO. Calculated: C 65.7; H 6.8; N 5.9%. 

Oxazoline Vb, with mp 83~ ~ ( f rom hexane),  was s i m i l a r l y  obtained in 90% yield. IR spec t rum (CC14): 
1645 and 1063 cm -1. UV s p e c t r u m ,  ~max (log ~): 242 (4.54, in hexane) and 239 nm (4.52, in ethanol). PMR 
spec t rum (CC14): 6 1.28 s ,  1.41 s ,  7.35, 7.58, and 7.83. Found: C 57.3; H 5.8; N 5.0%~ C13H15C12NO. Calc- 
ulated: C 57.3; H 5.6; N 5.1%. 

Aniline (an equ imola r  amount with r e s pe c t  to i socyanate  IVa) was added to the products  of photolysis  of 
azide Ia in olefin II, and the p rec ip i t a t e  was separa ted .  The highly volat i le  compounds were  removed  in the 
vacuo f rom a por t ion  of the solution containing, according  to the PMR spec t r a l  data,  1.26 mmole  of az i r id ine  
IIIa,  and 7 ml  of concent ra ted  sulfur ic  acid was added dropwise with ice cooling to the res idue.  Af ter  2 h, the 
mix tu r e  was worked up by the method desc r ibed  above to give,  a f t e r  vacuum dis t i l la t ion,  190 mg (64%) of 
oxazoline Va with mp 50-50.5 ~ and bp 92-93 ~ (10 ram).  
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The products  of acylat ion,  b rominat ion ,  and ni trat ion of 5- and 6 -ace t amido-  and 5- and 6- 
ace toxybenzo- l , 4 -d ioxanes  were  es tabl ished.  It  is  shown on the bas is  of calculat ions by the 
se l f - cons i s t en t  field (SCF) MO LCAO method that  the di rect ions  of the e lec t rophi l ic  subst i tu-  
tion reac t ions  of these  der iva t ives  and of benzo--1,4-dioxane co r respond  to the r - e l e c t r o n  
population of the AO of the carbon a toms of the a roma t i c  r ing st ipulated by the boundary 
occupied MO. 

Substitution of ace tamido-  and acetoxybenzo--1,4-dioxanes and subsequent  r emova l  of the N- or  O-ace ty l  
subst i tuents  may  s e r v e  as a method for  the synthes is  of new amino and hydroxy der iva t ives  of this s e r i e s ,  
which a re  of i n t e r e s t  for  the p repa ra t ion  of physiologica l ly  act ive substances  [1]. However ,  this synthetic  
method has not ye t  been developed sufficiently.  

We have es tab l i shed  that  the reac t ion  of 5 -ace t amidobenzo- l , 4 -d ioxane  (i) with acety l  o r  butyryl  chlo- 
r ides  in the p r e s e n c e  of A1C13 in carbon disulfide gives  th ree  acyi  der iva t ives  (II-IV or  V-VII) ,  whereas  r e a c -  
tion in n i t robenzene  gives  p rac t i ca l l y  only i s o m e r s  III o r  VI, which a r e  the products  of t he rmodynamic  control .  
The p roduc t s  of kinetic control  (II, IV o r  V, VII) a r e  conver ted  to i s o m e r s  III o r  VI when they a r e  heated with 
A1C13 in ni t robenzene.  Addition and r e v e r s e  spli t t ing out of subst i tuents  consequently occur  at higher  ra tes  in 
the ring 6 and 8 posi t ions  than in the 7 posi t ion.  
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