
and rec rys ta l l i zed  f rom e thanol -d ioxane  (10 : 1). 

3 ,5 -Diaminoanthra [1 ,9 -c ,d ] i soxazo l -6-ones  ( I I Ie-h ,k-o) .  A 0.01-mole sample of the isoxazolone (Ib-d) 
was s t i r r ed  in DMF with 0.05 mole of the amine, after  which the mixture was maintained at 0-5~ for 10-15 
h. The final products  were removed by fi l trat ion and rec rys ta l l i zed  f rom e thanol -d ioxane  (10: 1). 

Reductive Arylaminat ion of 5-Chloroanthra[  1 ,9-c ,d] i soxazol -6-one  (Ia). A 0.01-mole sample of Ia was 
refluxed with 0.015 mole of arylamine in 30-50 ml of DMF for  1.5-2 h, af ter  which the mixture was cooled to 
100-110~ and t reated with 20-30 ml of water  heated to 50-60~ The resul t ing suspension was cooled to 5- 
10~ and fil tered, and the react ion products  were rec rys ta l l i zed  f rom ethanol or  acetic acid. This procedure  
gave 1-amino-4-  (R-phenylamino)anthraquinones IVa-h in the following yields:  IVa, R = H, 80%; IVb, R = 
p-CH3, 95%; IVc, R = o-CH3, 89%; IVd, R = 2,4-di-CH3, 71%; IVe, R = p -Br ,  97%; IVg, R = m,o-CH 3, 80%; IVh, 
R = p,o-C2H 5, 83%. 

Arylamination of 1-Azido-4-chloroanthraquinone. This process was carried out in complete analogy 
with the preceding procedure using an equimolar amount of 1-azido-4-chloroanthraquinone in place of isoxa- 
zolone IA. 1-Amino-4-arylarninoanthraquinones IVa-h were obtained in 70-80% yields. Compounds IV had 
spectral characteristics that were similar to the literature values [ 5]. 
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REACTION OF SULFOLENE OXIDES WITH ACYL 

CHLORIDES AND CHLORO ETHERS 

L. A. Mukhamedova, L. I. Kursheva, 
and F. S. Khasyanzyanova 

UDC 547.732.733 

The reaction of sulfolene and 3-methylsulfolene oxides with acetyl chloride, benzoyl chloride, 
and chlorodimethyl and ehloromethyl ethyl ethers was studied. It is shown that sulfolene ox- 
ides are rather stable in acidic media and undergo ring opening only when they are heated 
above 100~ under pressure. In the case of the unsymmetrical 3-methylsulfolene oxide the 
oxide ring undergoes opening to a greater extent on the side of the carbon atom that bears the 
alkyl substituent. 

The oxide rings of sulfolene oxides are  exceptionally stable in acidic media, as one can judge f rom the 
method used to p repare  them [ 1]. The aim of the p resen t  r e s e a r c h  was to study the react ions of sulfolene 
oxide (I) and 3-methylsulfolene oxide (II) with carboxylic acid chlorides and chloro ethers in the presence  of 
acid cata lys ts  and to establish the o rde r  of addition of the reagents  to unsymmet r i ca l  oxide II. 

Whereas the react ions of olefin and cyclo-olef in oxides with chlorine-containing reagents  proceed ra ther  
readi ly [2],  the react ions of sulfolene oxides I and II with acetyl  chloride,  benzoyl chloride, and chlorodi-  
methyl and ehloromethyl  ethyl ethers  could be rea l ized only under p r e s su re  by heating above 100~ in abso-  
lute benzene. The cha rac te r i s t i c s  of III-X and XVII are  presented  in Table 1. 

A. E. Arbuzov Institute of Organic and Physical Chemistry, Kazan Branch of the Academy of Sciences 
of the USSR, Kazan 420083. Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 7, pp. 916-919, 
July, 1981. Original article submitted September 19, 1979. 
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TABLE 1. Charac te r i s t i cs  of Sulfolanyl Chloro Es te r s  and Ethers  R ' o ~ j ~ j  

, - ~ %  

Com- Found % Calc., % 
pound ~ R' mp, *C Empirical formula 

C [ H C1 S C [ H el S 

I i 
III H C H A C O  110,5--112 33,83 [ 4.40 17,22 15 ,02  C6H9048C1 33,88 4,26 16,69 15,07 63 
IV CHa CHACO 133--t34 37,01 I 4,91 t5,88 14,21 C7H1tO4SC1 37,17 4 , 8 8  15,64 14,12 43 
V H C 6 H s C O  135--137 48,00 [ 4,04 13,41 12 ,03  CxjHnO4SCI 48,08 4,04 12,92 11,67 80 

VI CHa C 6 H 5 C O  102--104 49,40 4,55 12,01 C12H~aO~SCI 49,90 ] 4,54 12,29 11,10 50 
VII H CHaOCH~ 67--69 33,62 5,27 16,99 C~H,,O4SCI 33,56 i 5,16 16,53 t4,93 66 

VIII CHa CH3OCH2 a 36,73 I 5,71 15,00 CrHtaO+SCI 36,75 ' 5,72 15,52 14,02 64 
IX H C2HzOCH= 44--46 36,57 I 5,54 15,45 CTHIzO4SCI 36,75 5 , 7 2  15,52 14,02 64 
X CHa C=H5OCH= b 39,08 6,18 14,69 C8H1~O48C1 39,58 6,23 14,62 13,21 59 

XVII CHa H 107--109 32,53 5,10 i19,13 CsH9OaSC1 32 ,524 ,91  19,22 17,36 33 

aThis  compound had bp 145-146~ (0.05 ram),  n~  1.5099, and d 2~ 1.3872. b This compound had 
bp 137-138~ (0.07 ram),  n~ 1.5010, and d 2~ 1.3546. 

Yield, 
go 

The format ion of two i somers  is possible in the case of oxide II in the react ion with acid chlorides.  
Analysis  by th in- layer  chromatography (TLC) showed the p resence  of one react ion product.  Its s t ruc ture  
was established on the basis  of data f rom the PMR spectrum. The spec t rum of IV contains two singlets at 
5 1.8 and 2.17 ppm, which a re  related to the protons of two methyl groups,  signals at 3.17-4.03 ppm, which 
cor respond to the protons of two methylene groups, and a multiplet resonance signal, which corresponds  to a 
lone r ing proton. Its chemical  shift (5 5.48 ppm) coincides with the chemical  shift of the methylidyne proton 
attached to the C 4 atom in the spect rum of 3-chloro-4-ace toxysul fo lane  (III). At the same time, the spec t rum 
III contains a resonance signal at 54.60 ppm, which on the basis  of spectral  tables [3], we assigned to the C 3 
atom (this signal is absent in the spect rum of IV). A s imi Ia r  picture is also observed in the case of benzoxy 
derivat ives  V and VI. These data enabled us to assign s t ruc tures  IVa and Via to the products of the react ion 
of oxide II with acyl chlorides.  

The react ions of oxides I and II with chloro e thers  to give addition products  VII-X were  ca r r i ed  out in 
the presence  of boron tr i f luoride etherate.  In the case  of oxide II both possible s t ruc tura l  i somers  in a ratio 
of ~80 : 20 (according to the data f rom g a s - l i q u i d  chromatography)  are  formed in the react ion with chloro 
ethers .  

The PM1R spec t ra  of products  VIII and X contain a lone signal at 5 4.75 ppm (O-CH2) , a quar te t  at 4.44 
ppm, which we assigned to a methylidyne proton attached to the C 4 atom [aJH4(H~) = 5.0 Hz, aj..rq(Hs) 2 -  " = 2.0 

Hz],  signals at  3.78 and 3.40 p p m [ C s - H  ], C5-H'5', JH'  (H'~) = 13.8 Hz],  and signals at 3.52 ppm, which c o r r e -  
spond to the protons of two methylene groups attached to the C 5 and C 2 atoms. Signals at 1.83 and 1.61 ppm 
with an integral  intensity rat io of ~4. 5 : 1  are  observed in the region of the spec t rum related to the resonance 
of the protons of a methyl group. 

To establish the s t ruc tu res  of the react ion products  we real ized the dehydrochlorination of VIII and X 
with alcoholic potass ium hydroxide in o rde r  to obtain unsaturated compounds of the XI and XII type; a mixture 
consist ing of an unsaturated compound, with the composit ion C5H803S, and a crysta l l ine  product,  with mp 75- 
76.5~ and the composit ion C7H1404S, was isolated. A split  signal of methyl protons at 6 2.05 ppm, as well as 
a signal at 5 6.62 ppm, the intensity of which cor responds  to one olefin proton, is observed in the PMR spec-  
t rum of the unsaturated compound. A band of a double bond ( v 1645 cm -1) and a broad band of hydroxy absorp-  
tion at 3200-3700 cm -1 a re  observed  in the IR spectrum.  A compar ison  of the spec t ra  of VIII and X and the 
unsaturated compound shows a shift of the higher- in tensi ty  signal of the methyl protons (1.83 ppm) in the 
spec t ra  of products  VIII and X to the low-field region (2.05 ppm) in the spec t rum of the unsaturated com-  
pound; this is cha rac te r i s t i c  for the posit ion of a methyl group attached to a double bond. On the basis  of the 
spect ra l  data and the resul ts  of e lementary  analysis ,  we assigned the 3-methyl -4-hydroxy-2-su l fo lene  s t ruc-  
ture (XIII), which could have been formed f rom VIII and X as a resu l t  of splitting out of HC1 and subsequent 
saponification of the es te r  group in XIa and XIIa, to the unsaturated compound. 

Thus, in the mixture of i somers  a and b of VIII and X, higher percentages  (~80%) of the a i somers  are  
observed.  

The crys ta l l ine  product  with mp 75-76.5~ does not give a melting point depress ion  when it is mixed 
with genuine 3-methyl -3-hydroxy-4-e thoxysul fo lane  (XV) [4]. The la t ter  could have been formed under the 
react ion conditions as a resul t  of the addition of the ethanol p resen t  in the react ion medium to the c i s - subs t i -  
tuted double bond of unsaturated alcohol XIV, which is formed in the same way as alcohol XIII. The IR and 
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P M R  s p e c t r a  o f  p r o d u c t  XV and the p r e v i o u s l y  o b t a i n e d  s a m p l e  [4]  a r e  a l so  i d e n t i c a l .  

I t  fo l lows  f r o m  the m a t e r i a l  s e t  fo r th  above  tha t  the  r e a c t i o n  of s u l f o l e n e  o x i d e s  I and II wi th  a c y l  
c h l o r i d e s  and c h l o r o  e t h e r s  i s  r e a l i z e d  v i a  a s c h e m e  invo lv ing  the i n i t i a l  f o r m a t i o n  of  an on ium s a l t  o r  a 
c o m p l e x  wi th  a Lewis  a c i d  wi th  s u b s e q u e n t  r a p i d  a t t a c k  of  the  n u c l e o p h i l i c  p a r t i c l e  (C1-) on the  c a r b o n  a t o m  
of the  ox ide  r i n g  to g ive  a d d i t i o n  p r o d u c t s .  In the  c a s e  of  u n s y m m e t r i c a l  ox ide  II the  c l e a v a g e  of  the  ox ide  
r i n g  o c c u r s  to a g r e a t e r  e x t e n t  on the  s i de  of the  c a r b o n  a t o m  tha t  b e a r s  the  a l k y l  subs t i t ue n t ;  th is  i s  in a g r e e -  
m e n t  wi th  the  c o n c e p t s  of  P a r k e r  and I s a a k s  on the d i r e c t i o n  of  opening  of  the ox ide  r i n g s  of u n s y m m e t r i c a l  
ox ides  in  an a c i d i c  m e d i u m  [5] .  

~ /  CH~OCH2CI' ~ C H  3 
R C2HsOCH2CI H ONF~__._~R HCI 

ZnCI2' H~SO7 ~'~SO~ "CI abe. C6H6 ~2 

l, li XVl, XVII 

,F. .o(c~.~) ,  l 1 \~  / . 1 " s o s  ~ 

W-T  . ,:c,, ..... --... F,, .. %o.J-O, 

-, 

I I I-X Xl, XII XlV 

I, XVI R=H; II, XV[I R=CH3; III R=H, R'=CH3CO; IV R=CH~, R'=CH3CO; V R=H, 
R'=C6HsCO; V! R=CH3, R'=C6HsCO; VII R=H, R'=CH3OCH2; VIII R=CH3, 
R'=CHoOCH~; IX R=H, R'=C2H5OCH2; X R=CH3, R'=C2HsOCH2; XI R'=CH3OCHe; 

XII R'=C2H5OCH2 

I t  shou ld  be  no ted  tha t  s u l f o l e n e  o x i d e s  I and  II s o m e t i m e s  gave  c h l o r o h y d r i n s  i n s t e a d  of  the e x p e c t e d  
p r o d u c t s  in the  r e a c t i o n  wi th  c h l o r o  e t h e r s  in  the  p r e s e n c e  of ZnC12 o r  c o n c e n t r a t e d  H2SO 4, Th is  w a s  m o r e  
o f t en  o b s e r v e d  in the c a s e  of  ox ide  I, f o r  which  the known 3 - c h l o r o - 4 - h y d r o x y s u l f o l a n e  (XVI) [6] was  ob t a ined  
in  high y i e ld .  A c o m p o u n d  with  the c o m p o s i t i o n  ChHgCIO3S was  i s o l a t e d  in  v e r y  s m a l l  a m o u n t s  in  the  r e a c t i o n  
of  ox ide  II  wi th  c h l o r o m e t h y l  e thyl  e t h e r  in the p r e s e n c e  of  H2SO 4. The s a m e  compotmd was  ob t a ined  b y  a l -  
t e r n a t i v e  s y n t h e s i s  b y  the  a c t i o n  of  HC1 in b e n z e n e  on ox ide  II. A s igna l  of  m e t h y l  p r o t o n s  a t  5 1.86 p p m  i s  
o b s e r v e d  in  i t s  P M R  s p e c t r u m ,  whi le  a band  of  h y d r o x y  a b s o r p t i o n  a t  3300-3600 c m  -1 i s  p r e s e n t  in  i t s  IR 
s p e c t r u m .  The  IR s p e c t r u m  of  the  compound  in CHC13 c o n t a i n s  the  band  of  a f r e e  OH g r o u p  a t  3615 c m  -1. On 
the b a s i s  of a c o m p a r i s o n  wi th  the known vOH f r e q u e n c y  of  3580 c m  - l ,  which  c o r r e s p o n d s  to the  t e r t i a r y  hy-  
d r o x y  g r o u p  in XV, the  3 - m e t h y l - 3 - c h l o r o - 4 - h y d r o x y s u l f o l a n e  s t r u c t u r e  (XVII) can  be  a s s i g n e d  to the c h l o r o -  
hyd r in .  

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

The IR s p e c t r a  of the c o m p o u n d s  b e t w e e n  K B r  p l a t e s  and in  so lu t ion  in  CHC13 (d 5 m m ,  c 0.01 m o l e )  
w e r e  o b t a i n e d  wi th  a UR-20  s p e c t r o m e t e r .  The PMR s p e c t r a  of  so lu t i ons  of  the  c o m p o u n d s  in  c h l o r o f o r m  
w e r e  r e c o r d e d  wi th  V a r i a n  T - 6 0  and T e s l a  BS-497  s p e c t r o m e t e r s  wi th  t e t r a m e t h y l s i l a n e  a s  the  i n t e r n a l  
s t a n d a r d .  A n a l y s i s  by  GLC w a s  p e r f o r m e d  wi th  a K h r o m - 4  c h r o m a t o g r a p h  wi th  a 250 by  a 0 . 3 - c m  co lumn f i l l e d  
wi th  15% P F M S  on C h r o m a t o n  N - A W - D M C S  (0 .200-0 .250  r am)  at  200~ with  a f l a m e - i o n i z a t i o n  d e t e c t o r .  

S t a r t i n g  o x i d e s  I and  II w e r e  o b t a i n e d  by  the me thod  in [ 1]. The c h l o r o  e t h e r s  w e r e  o b t a i n e d  by  the 
m e t h o d  in  [ 8 ]. 

C h l o r o a e e t o x y s u l f o l a n e s  (III and IV) .  A 1 5 - m l  s a m p l e  of  a b s o l u t e  b e n z e n e  and 0.02 m o l e  of  a c e t y l  
c h l o r i d e  w e r e  a d d e d  to 0.015 m o l e  of  o x i d e s  I and II, and  the m i x t u r e  was  h e a t e d  in a s e a l e d  g l a s s  tube a t  
120-130~ fo r  13 h ( fo r  ox ide  I) o r  a t  80~ f o r  7 h ( fo r  ox ide  I I ) .  The tube was  then opened ,  the e x c e s s  b e n -  
zene  and a c e t y I  c h l o r i d e  w e r e  r e m o v e d  by  d i s t i l l a t i o n ,  and the p r e c i p i t a t e  was  r e m o v e d  b y  f i l t r a t i o n  and r e -  
c r y s t a l l i z e d  f r o m  e thano l  to g ive  the  c o r r e s p o n d i n g  III and IV ( T a b l e  1). 

3 - C h l o r o - 4 - b e n z o x y s u l f o l a n e  (V) .  A 1 5 - m l  s a m p l e  of  a b s o l u t e  b e n z e n e  and 0.02 m o l e  of  b e n z o y l  c h l o r i d e  
w e r e  a d d e d  to 0.015 m o l e  of  ox ide  I, and  the m i x t u r e  was  h e a t e d  in  a s e a l e d  tube a t  130-160~ fo r  20 h. The 
tube was  opened ,  and the r e a c t i o n  m i x t u r e  was  w o r k e d  up as  i n d i c a t e d  above  to g ive  V (Tab l e  1). 

3 - M e t h y l - 3 - c h l o r o - 4 - b e n z o x y s u l f o l a n e  (VI) .  A b s o l u t e  b e n z e n e  (30 m l ) ,  0.07 m o l e  of  b e n z o y l  c h l o r i d e ,  
and  s ix  d r o p s  of  B F  3- O(C2H5) 2 w e r e  added  to 0.054 m o l e  of  ox ide  II, and  the m i x t u r e  was  h e a t e d  in a s e a l e d  
tube a t  100-120~ fo r  24 h. W o r k u p  of  the  r e a c t i o n  m i x t u r e  b y  the  me thod  d e s c r i b e d  a b o v e  and r e c r y s t a l l i z a -  
t ion  of  the  p r e c i p i t a t e  f r o m  c h l o r o f o r m  gave  VI ( T a b l e  1). 
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3-Ch lo ro -4 -me thoxyme thoxy- ,  3 -methy l -3  ( 4 ) - c h l o r o - 4  ( 3 ) - m e t h o x y - m e t h o x y - ,  3 - ch lo ro -4 -e thoxy-  
methoxy- ,  and 3 -me thy l -  3 ( 4 ) - c h l o r o -  4 (3) -e thoxymethoxysul fo lanes  (VII-X).  Absolute benz ene (25 ml) ,  
0.094 mole of the cor responding  chloro ether ,  and six drops  of BF 3. O(C2H5) 2 w e r e  added to 0.059 mole of 
oxide I o r  II, and the mix tu re  was heated in a sea led  tube at  110-130~ for  17-20 h. The excess  solvent  and 
reagen t  were  r emoved  by vacuum dis t i l la t ion to give the cor responding  addition products  VII-X (Table 1). 

3 -Chloro-4-hydroxysu l fo lane  (XVI). Absolute benzene (20 ml ) ,  0.032 mole  of chlorodimethyl  e ther ,  
and 0.04 g of ZnC12 were  added to 0.02 mole  of  oxide I, and the mix tu re  was heated in a tube at  140-160~ for  
16 h. Workup yielded 3.28 g (86%) of XVI with mp 163-165~ (rap 160~ [6]). Found: C 28.26; H 4.10; CI 
21.32; S 18.66%. C4H7C103S. Calculated:  C 28.15; H 4.14; C1 20.80; S 18.79%. 

Dehydrochlorinat ion.  This reac t ion  was c a r r i e d  out by the method in [7].  A solution of 1 g (0o017 mole)  
of KOH in 10 ml  of absolute ethanol was added with s t i r r ing  in the cour se  of 1 h to 2.56 g (0.01 mole} of VIII 
or  X in 20 ml  of absolute  ethanol, and the mix ture  was s t i r r e d  at 40-70~ for  4 h. It  was then cooled, and the 
p rec ip i t a ted  KC1 was r emoved  by f i l t rat ion.  The f i l t ra te  was neut ra l ized  and evapora ted ,  and the res idue  was 
vacuum dist i l led.  F rac t ion  1 [0.54 g (35%) of XIII] had bp 115-116~ (0.06 ram) and n~  1.4925. Found: C 
40.34; H 5.7%. CsHsO3S. Calculated C 40.54; H 5.44%; Frac t ion  2 [0.18 g (9%) of XV] had bp 142-145 C (0.07 
ram);  the liquid product  c rys t a l l i zed  on standing to give a solid with mp 75-76.5~ ( f rom ethanol) .  Found: 
C 43.72; H 7.26%. C7H1404S. Calculated: C 43.32; H 7.27%. 

3-Methyl -3-ehloro-4-hydroxYSulfo lane  (XVI1). A) A mix tu re  of 0.02 mole  of oxide II, 0.032 mole of 
ch lorodimethyl  e ther ,  two drops  of concentra ted  I-I2SO4, and 20 ml  of benzene was heated in a tube at  100-110~ 
for  8 h, a f t e r  which the benzene was r emoved  by dist i l lat ion,  and the res idue  was washed to r e m o v e  the acid 
and ex t rac ted  with ch lo roform.  Removal  of the ch lo ro fo rm gave 0.5 g (13%) or XVII (Table 1). 

B) A mix tu re  of  15 g (0.1 mole)  of oxide II, 12 ml  of concent ra ted  HC1 (30% e x c e s s ) ,  and 45 ml of abso-  
lute benzene was heated in a sea led  tube at 100-120~ for  20 h, a f t e r  which the tube was opened, and the p r e -  
cipi tate  was r emoved  by f i l t ra t ion,  washed with cold water ,  and r e c r y s t a l l i z e d  f r o m  ch lo ro fo rm to give XVII. 
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