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Complexes of quaternary salts  with SO 2 are formed on saturation of aqueous solutions of 
alkyl halide salts  of ni t rogen-containing heterocycles  with sulfur dioxide. The SO~ concen-  
trat ion n e c e s s a r y  for the precipitation of the complexes increases  in the o rder  I < Br < C1 
and dec reases  as the alkyl group attached to the nitrogen becomes l a rge r .  The sulfur di-  
oxide in the complexes is bonded through the halide ion by a " cha rge - t r ans fe r "  coordinate 
bond, and their  separation into an independent phase is due to a change in the degree of 
hydration during complexing. Several  crys ta l l ine  adducts are descr ibed,  and the autooxida- 
tion of the SO 2 complex of pyridine methiodide is investigated. 

We have recent ly  observed [1] that phase separation involving the formation of a second liquid phase - 
a heavy, orange liquid with the composition C6HsIN �9 nSO 2 (1 < n < 2) - occurs  during saturation of aqueous 
solutions of pyridine methiodide with sulfur dioxide. It seemed of in teres t  to ascer ta in  the nature of the 
"orange oil" and investigate the react ion of halides of various N-alkylated he terocycl ic  amines with sulfur 
dioxide in aqueous solutions.  

The experiments  demonstra ted that the iodides of all of the investigated bases (gable 1) behave 
s imi la r ly .  Phase  separat ion is also observed in solutions of bromides  and chlorides but onlywhen the 
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Fig. 1. Dependence of the SO 2 concentration 
corresponding to the start of precipitation of 
liquid complexes f rom 2 M aqueous solutions 
of N-alkylpyridinium halides on the number  
of carbon atoms ~) in the alkyl group and on 
the nature of the halide ion. 

cation is sufficiently large and the SO 2 concentration is 
high. The SO 2 concentration at the s ta r t  of the separat ion 
of a second liquid phase can se rve  as a cr i ter ion for c o m -  
parison of the tendency of the sys tems  to undergo phase 
separat ion.  

The result ing orange (iodides) or light-yellow 
{bromides and chlorides) liquid products  are converted 
to yellow crystal l ine  substances with an alkyl halide to 
SO 2 ratio of 1 : 1  when they are cooled in vacuo. In some 
cases ,  these crysta l l ine  complexes separate  immediately 
upon the action of SO 2 on aqueous solutions of the halide 
(quinoline and picoline methiodides and quinoline methyl -  
bromide).  

The absorption spec t ra  of the liquid products are 
s imi la r  bo the spec t ra  of known SO~ complexes of alkali 
metal iodides [2,3]; they contain a broad band at 250-400 
nm, which is charac te r i s t i c  for the coordinate "cha rge -  
t ransfer"  bond of halide ions with SO~ [4]. 
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TABLE 1. P r e c i p i t a t i o n  of SO 2 Complexes  f r o m  2 M Aqueous  
Solut ions  of Alkyl  Hal ide Sal t s  of N i t r o g e n - C o n t a i n i n g  H e t e r o c y c l e s  

Quaternary salt corn 

base 

Pyridine 

Hperidine 

Nicotinic acid diethyl- 
amide 

c~- Hcoline 

Quinollne 

?,)"- Dlpyridyl 

Morpboline 

~onenm 

a11971 halide 

�9 CH3I 
C2HsI 
CH3Br 
C2HsBr 
CH~Cl 
C4HgC1 

(C[-I3) 2804 
CH3I 
C4HgI 
CH~I 

CH~Br 
CH3I 

CH3Br 
CH3I 

CH3Br 
CH3I 

CsHaiI 
CHa I 
C2HsI 
CsHuI 

Properties of the pre- 
cipitated product 

SO 2 concn, at start 
of precip., g/liter 

Orange liquid 
Ora_nge liquid 
Yellow liquid 
Yellow liquid 
No phase separation 
Colorless liquid 
No phase separation 
Orange liquid 
Orange liquid 
Orange liquid 
Yellow llquir 
Yellow ~ystals 
Yellow liqui(1 
Yellow czys~l.q 
Yellow liquid 
Yellow crystals 
Orange liquid 

No phase' separation 

69,3 
2!,2 

298,0 
182,9 

180,4 

48,3 
14,1 
34,0 

174,2 
38,0 

196,3 
28,0 

144,0 
44,~ 
31,] 

168,0 
189,4 

TABLE 2. C r y s t a l l i n e  SO 2 Complexes  of the Alkyl  Halide Sal ts  of 
Some N i t r o g e n - C o n t a i n i n g  H e t e r o c y c l e s  

Comp. mp, "C SO2 found, Empirical formula SO2 tale. ,  
~o ~o 

I 
I I  

I l l  
IV  
V 

VI  

68 
43 
15 
51 
44 
28 

24,1 
20,5 
21,8 
18,9 
21,9 
21,2 

CTHIoBrN �9 SO2 
CTHIolN �9 SO2 
CloHloBrN �9 SO2 
CloHlolN �9 SOz 
CI2H~417N2 �9 2SO2 
CI4HIBI2N2 �9 2SO2 

25,4 
21,4 
22,2 
19,1 
22,5 
21,6 

The fac t s  e n u m e r a t e d  above make  it  poss ib l e  to a s s u m e  that  al l  of t hese  l iquids  a re  SO 2 complexes  of 
the alkyl  ha l ide  sa l t s  of the n i t r o g e n  b a s e s ,  so lva ted  with a c e r t a i n  e x c e s s  amount  of SO 2 . 

The q u a t e r n a r y  sa l t  is  bonded to the SO 2 m o l e c u l e  th rough  the hal ide  ion: 

~ I -  ~ S02 
l 
CIi 5 

The s e p a r a t i o n  of the SO 2 complexes  as an independent  l iquid  phase  appa ren t l y  o c c u r s  as a r e s u l t  of 
a d e c r e a s e  in the hydra t ion  of the ion pa i r  du r ing  complex ing .  Of the two c e n t e r s  in it  ava i lab le  for  s o l v a -  
t ion  by  wa t e r  m o l e c u l e s  - the n i t r o g e n  a tom and the ha l ide  ion - the f i r s t  is  sh ie lded  by the a lkyl  group,  
and the second  is  sh ie lded  by the SO 2 m o l e c u l e .  

An inves t iga t ion  of the r e a c t i o n  of su l fu r  dioxide with N - a l k y l p y r i d i n i u m  ha l ides  (R f r o m  CH 3 to 
C6HI3), d e m o n s t r a t e d  that  the p rec ip i t a t i ng  c o n c e n t r a t i o n  of SO 2 i n c r e a s e s  in  the o r d e r  I -  < B r -  < C1- for  
the s a m e  R, while the c o n c e n t r a t i o n  for a given ha l ide  ion d e c r e a s e s  as the n u m b e r  of c a r b o n  a toms  in R 
i n c r e a s e s  (Fig. 1). Thus  an i n c r e a s e  in the hydrophobic  p r o p e r t i e s  of the h e t e r o c y c l i c  ca t ion  and a d e c r e a s e  
in the hyd ra t i on  e n e r g y  in the o r d e r  C1- > B r -  > I - ,  as wel l  as an i n c r e a s e  in the e n e r g y  of i n t e r a c t i o n  with 
SO 2 in th is  s e q u e n c e , p r o m o t e  the s e p a r a t i o n  of SO 2 c o m p l e x e s .  

Al l  of the alkyl  hal ide  sa l t s  of n i t r ogen  b a s e s ,  except  for morpho l ine  d e r i v a t i v e s ,  a re  sub jec t  to the 
r e g u l a r i t y  m e n t i o n e d  above.  The s e p a r a t i o n  of SO~ complexes  of N - a l k y l m o r p h o l i n i u m  iodides  occur s  at 
h igher  SO 2 c o n c e n t r a t i o n s  than in the c a s e  of the analogous  p i p e r i d i n i u m  c o m p l e x e s ,  and the p r e c i p i t a t i n g  
SO 2 c o n c e n t r a t i o n  i n c r e a s e s  as R b e c o m e s  l a r g e r .  This  a noma l y  is  p robab ly  a s s o c i a t e d  wi th  the p r e s e n c e  
of a second  hydra t ion  c e n t e r  (the oxygen atom) in the m o r p h o l i n e  m o l e c u l e .  
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Owing to the grea t  differences in the solubilities of the 802 complexes,  chlor ides ,  sulfates, and other 
salts of N-alkyl  derivat ives of the bases  can be converted to the SO 2 complexes of the corresponding iodides.  
The lat ter  separa te  out when aqueous solutions of these salts are saturated with sulfur dioxide in the p r e s -  
ence of KI: 

�9 
ct%so~- + K I  ~- . . I . . . . .  . I ' . s o  2 

CH~ Ctl 3 CII~ 

An interest ing peculiar i ty of the liquid SO~ complexes of N-alkylpyridinium salts  was their  tendency 
to undergo autooxidation in the presence  of t r aces  of water .  Thus the SO 2 complex of N-methylpiperidinium 
iodide is converted in a few days to a mixture of oxidation products that does not contain SO 2 . The he te ro -  
r ing is net cleaved or oxidized in the p rocess .  Only half of the iodide ions are oxidized by SO2: 

H~O 
4 C 6 H s I N .  SO~ - - +  (CsFI~IN) 2" 12 + (C6H~N) 2S04 + S + H2SO4 

The iodine formed is tied up by the remaining half of the pyridine methiodide to give a red, c r y s t a l -  
line substance that is res is tant  to oxidation - N-methylpyridinium polyiodide. The CsHgN + ions that are 
l iberated form the sulfate, and excess  SO 2 is oxidized to sulfuric acid. T h i s r e a c t i o n  apparently occurs  as 
a consequence of the specific react ion of the addends in the SO 2 complexes of alkyl halide salts of he te ro -  
cyclic amines.  

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

The alkyl halide salts of heteroeycl ic  amines were prepared by the action of d ry  alkyl halides on solu-  
tions of the bases in benzene or by heating mixtures  of the alkyl halides and bases in sealed tubes by the 
method in [5]. 

Solutions (2 M) of the alkyl halide salts were saturated with gaseous sulfur dioxide in dropping funnels 
placed in a thermos ta t  at 20 ~ This made it possible to remove samples of the solutions and separated oils 
during the saturation p rocess .  The sulfur dioxide content was determined iodometr ical ly ,  and the halide 
content was determined f rom the weight of s i lver  halide precipitated by s i lver  ni t rate  solution after  r e m o v -  
al of SO 2 f rom the weighed sample by refluxing with water .  

Reaction of Pyridine Methiodide with SOz. A s t ream of SO 2 was bubbled into a solution of 15 g of 
C~HsIN-iu 20 ml of water .  The solution became yellow, and drops of an orange liquid began to separa te .  
The mixture was worked up to g ive  16.6 g of oil with d~0 1.6810. Found: SO 2 28.~c.  C~HsIN �9 SO~. Cal-  
culated: SO 2 22.5%. The dry  residue obtained after decomposition by refluxing with water  and vacuum 
evaporation proved to be pyridine methiodide with mp 115 ~ 

Complex of Pyridine Methiodide with SO 2 , When dry  SO 2 was passed over thoroughly dried pyridine 
methiodide, the latter was conver ted to an orange liquid containing 28% SO 2 . The SO 2 content fell to 23% in 
a cooled (to -10 ~ des icca tor  over KOH, but no crysta l l izat ion was observed.  The mass  began to c r y s t a l -  
lize when it was cooled with a d ry  i c e - a c e t o n e  mixture to -40 ~ to give yellow pr i smat ic  c rys ta l s  with mp 
32 ~ . Found: SO 2 22.2%. CGHsIN.SO 2. Calculated: SO 2 225%. 

Investigation of the Products  of Autooxidation of the So7. Complex of Pyr id ine  Methiodide. A 57-g 
(0.2 mole of C6HsN �9 SO2) sample of the orange oil precipitated by sulfur dioxide f rom 2 M aqueous pyridine 
methiodide solution was mixed with 3 g (0.2 mole) of water ,  and the mixture was s tored in a sealed ampule 
for 1 month at 20 ~ after which the contents of the ampule were found to be a viscous mixture of yellow and 
red acicular  c ry s t a l s .  The liquid was squeezed ont on a glass  fi l ter,  and the c rys t a l s  were  washed with 
smal l  portions of water .  Sulfuric acid (0.05 mole), 0.05 g-ion of SO~-, and 0.1 g-ion of N-methylpyridinium 
salt  were detected in the liquid and wash waters ;  I -  ions were absent.  The N-methylpyridinium cation was 
precipitated as the SO 2 complex of its iodide by saturation of the solution with sulfur dioxide in the p r e s -  
ence of KI.  The complex was decomposed,  and the methiodide was isolated.  The solid mater ia l  was ex-  
t rac ted  with hot ethanol, and the yellow ethanol-insoluble residue proved to be e l emen ta ry  sulfur (0.04 g -  
atom). 

Cooling of the ethanol solution gave 30 g of red pr ismat ic  c rys ta l s  with mp 80 ~ Heating of the c r y s -  
tals with water  resul ted in the splitting out of iodine, which can be t i t rated with thiosulfate.  After removal  

881 



of the "cleavable" iodine by s team disti l lation, an equal quantity of iodide ion was detected in the res idue .  
Evaporat ion gave N-methylpyridinium iodide. Found: C6HsIN 63.4; �89 36.5%. (C6HsIN) 2 " /~. Calculated: 
C6H~IN 63.6; I~ 36.4%. 

The crys ta l l ine  SO 2 complexes Gable  2) of 2-picoline methylbromide (1), 2-picoline methiodide (II), 
quinoline methylbromide (III), quinoline methiodide (IV), and 7 ,T ' -d ipyr idy  I methiodide and ethiodide (V,VI) 
were  obtained by saturat ion of solutions of the appropriate  salts  at 20 ~ with Sulfur dioxide. In the case  of 
I, HI, and VI, a liquid initially separa ted  f rom the solutions and in t ime began to c rys ta l l i ze .  The r ema in -  
ing adducts c rys ta l l ized  immediate ly  f rom solution. The melting points were  de termined in sealed capi l -  
l a r i e s .  
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