
of the solid had d isso lved  (20-30 min),  a f t e r  which the solution was cooled and acidified with hydrochlor ic  
ac id ,  and the prec ip i ta ted  acid XIa was r emoved  by f i l t ra t ion and dr ied .  Recrys ta l l i za t ion  f r o m  ace t ic  acid 
converted the product  to anhydride XIb [5.6 g (83%)]. The yel low c ry s t a l s  had mp 219-221~ (dec,) .  IR spec -  
t r um:  1650, 1668 (quinone CO); 1718, 1785, and 1850 cm -1 (anhydride CO). PMR spec t rum (in CF3COOH): 
3.98 (3H, s ,  NCH3), 4.08 (3H, s ,  OCH3), 7.25 (1H, s,  = C H - C O ) ,  and 7.88 ppm (4H, m,  5, 6, 7, 8-H). Found: 
C 64.4; H 3.3; N 3.8%; M + (by m a s s  spect roscopy)  337. C18HllNO 6. Calculated: C 64.1; H 3.3; N 4.2%; M 337.3. 

l~Methy l -3 -  ( c i s - I ,  2 -d icarbomethoxyvinyl ) -2-methoxybenz  [f] indole-4,9-dione {XIc). A mix tu re  of 5 g 
(14.8 mmole)  of XIb, 25 ml of thionyl ch lor ide ,  and 0.2 ml  of d ime thy l fo rmamide  (DM-F) was refluxed for  2 h, 
a f t e r  which i t  was evaporated to d rynes s  in vacuo.  Absolute  methanol  (20 ml) was added with cooling to the 
res idue ,  and the mix tu re  was ref luxed for  1 h. It was then cooled, and the precipi ta ted  d ie s t e r  XIc was r e -  
c rys ta l l ized  f r o m  c h l o r o f o r m - m e t h a n o l  to give 5.2 g (91.5%) of pa le -ye l low needles  with mp 161-162~ IR 
spec t rum:  1667 (quinone CO) and 1733 cm -1 (ester  CO). PMR spec t rum {in CF3COOH): 4.00 (3H, s ,  NCH3), 
4.03 (3H, s ,  OCH3) , 4.07 (6H, broad s ,  2OCH3), 6.88 (1H, s ,  -- C H - C O ) ,  and 7.95 ppm (4H, m,  5, 6, 7, 8-H).  
Found: C 62.9; H 4.3; N 3.9%; M + (by m a s s  spec t romet ry )  383. C20HIsNOT. Calculated: C 62.7; H 4.4; N 3.7%; 
M 383.3. 
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R E A C T I O N S  O F  4 - M E T H Y L ( C H L O R O ) S U L F O N Y L - 2 t 3 , 5 , 6 -  

T E T R A B R O M O P Y R I D I N E S  W I T H  N U C L E O P H I L I C  R E A G E N T S  

S. D .  M o s h c h i t s k i i  a n d  A .  A .  Z e i k a n '  UDC 547.822.1.5.6'828 

The MeSO 2 group is rep laced  in the react ion  of 4 -methy l su l fony l te t rabromopyr id ine  with smal l  
nucleophi les ,  whereas  the Br  a tom in the 2 position is rep laced  in the react ion  with bulky nuc-  
leophiles.  Depending on the t e m p e r a t u r e  conditions and the ra t io  of the reac t ing  subs tances ,  
4 -ch lo rosu l fony l te t rabromopyr id ine  r eac t s  with p r i m a r y  amines  to give ei ther  the co r r e spond-  
ing amides  or  amines .  It was es tabl ished that the corresponding amines  a r e  fo rmed when t e t r a -  
bromopyr id inesul fonic  acid w-hydroxya lky lamides  a r e  heated with t r i e thy lamine .  

According to kinetic data ,  in nucleophilic substitution reac t ions  the methylsulfonyl  groups in ni trogen 
he te rocyc les  a r e  substi tuted considerably m o r e  rapidly  than the halogen a toms  [1], and he tary l  methyl  sulfones 
a r e  t he re fo re  valuable  in te rmedia tes  for  al l  so r t s  of chemical  t r an s fo rma t ions .  

F r o m  this point of view it seemed of in te res t  to study the reac t ions  of 4 -me thy l su l fony l -2 ,3 ,5 ,  6 - t e t r a -  
b romopyr td ine  (I) with some nucleophilic r eagen t s .  

The p re sence  of the strong e l ec t ron -accep t e r  CH3SO 2 group in I should ac t iva te  the adjacent  b romine  
a t o m s ,  and a t tack  on the carbon a toms  in the 2, 3, and 4 posi t ions in sulfone I is t he re fo re  theore t ica l ly  pos -  
s ible,  depending on the nature  of the nucleophile.  

It was establ ished that  the CH3SO 2 group is replaced exclusively in all  cases  when sulfone is heated even 
with excess  ammonia ,  methylamine ,  sodium hydroxide,  and sodium methoxide,  and 4 -amino ,  4 -methy lamino ,  
4 -hydroxy- ,  and 4 - m e t h o x y - 2 , 3 , 5 , 6 - t e t r a b r o m o p y r i d i n e  (IIa-d), r e spec t ive ly ,  a r e  fo rmed.  

- Insti tute of Organic Chemis t ry ,  Academy of Sciences of the Ukrainian SSR, Kiev 252660. Trans la ted  
f rom Khimiya Getero ts ik l icheskikh  Soedinenii, No. 7, pp. 937-942, July ,  1979. Original  a r t i c l e  submitted 
July 15, 1978. 
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The react ion of sulfone I with potassium ter t -butoxide leads to the formation of product Hc ra ther  than 
to 4- te r t -butoxyte t rabromopyr id ine .  The probable mechanism of the react ion apparently consists  in the ini-  
tial formation of unstable 4- te r t -bu toxyte t rabromopyr id ine ,  in which, owing to the shift of the electron density 
toward the e lec t ron-accep tor  t e t r ab romopyr idy l r e s idue ,  the C - H  and C - O  bonds a r e  cleaved synchronously,  
and a proton migra tes  to the oxygen atom. The isobutylene liberated in the react ion was identified in the form 
of the corresponding dibromide.  

tel~L-BuOK 

CH3--C"~CI --t l  | 

| o .  

B r / " - N  y ~'Br j B r "  ~'N" " B r  
+ (CHa)2C=CH~ 

4 - M e r c a p t o - 2 , 3 , 5 ,  6- te t rabromopyr id ine  (He) was obtained in the react ion of sulfone I with sodium hydro-  
sulfide at a reagent  ra t io  of 1:2.5. The use of equimolar amounts of these compounds leads to b i s ( 2 , 3 , 5 , 6 -  
t e t rabromo-4-pyr idy l )  sulfide (III), which is a lso formed in the reaction of sulfone I and pentabromopyridine 
with the sodium salt of IIe. 

In the case of a l icycl ic  amines the react ion with sulfone I proceeds in two direct ions.  In contrast  to 4- 
methylsulfonyl te t rachloropyridine [2], replacement  of only one bromine atom ra ther  than the CH3802 group to 
give,  respect ive ly ,  2-morphol ino (piperidino)-4- methylsulfonyl-3 ,5 ,  6- t r ibromopyr idin  es (IVa, b) occurs  when 
twofold amounts of morpholine or piperidine a re  used. The use of a fourfold amount of piperidine leads to 
2 ,6-d ip iper id ine-4-methylsu l fonyl -3 ,5-d ibromopyr id ine  (V). The position of the piperidine and morpholine 

B~ fir Eli" Br SO2CH 3 $O,~C!!3 

Br Br B r \ / / ~ . / B r  

Br /~-N 7" ~Br 
Rr Br Br Br 

Br il ~lBr Br Br 

II a -e  IV a-b  Vl 

| l a  R--Ntl2; b R=NIICII3; c R - O l l ; d  R=OG|I3; e R=$11; i r a  Y~=O; b X~Clt2 

res idues  in the ring was proved by conversion of IVb to the known [3] 2 -p ipe r id ino -4 -me thoxy-3 ,5 ,6 - t r i b romo-  
pyridine (VI) by heating it to 160~ with sodium methoxide in methanol. The stability of the CH3SO 2 group in 
sulfone I under the influence of a l icycl ic  amines is probably due to s te r ic  hindrance,  which makes it difficult 
for the ring nitrogen atom to approach the carbon atom in the 4 position. The inert  charac te r  of the bromine 
atoms in the 3 and 5 positions is evidently explained by the fact that these atoms a r e  bulky substituents and 
force  the CH3SO 2 group out of the plane of the ~-electron sys tem of the pyridine r ing along the S - C  4 bond and 
thereby in ter fere  with its mesomer i c  effect (-M) on this sys tem.  One may,  nevertheless~ a s sume  that the 
CH3SO 2 group re ta ins  its meta-or ient ing effect owing to the negative inductive effect, which has a substantial 
influence on the increased lability of the bromine atom in the 2 position. 

We also studied some nucleophilic substitution react ions  for 2 ,3 ,5 ,6 - t e t r ab romopyr id ine -4 - su l fony l  
chloride (VII). In contrast  to sulfone I, a new electrophil ic center ,  v i z . ,  the sulfur a tom, develops in sulfonyl 
chloride VII. Depending on the t empera tu re  conditions and the nature of the nucleophile,  the reaction with 
sulfonyl chloride VII is realized either at the sulfur a tom of the sulfonyl group or at the carbon atoms in the 2 
and 4 positions.  Thus,  according to the resul ts  of th in- layer  chromatography (TLC), 2 , 3 , 5 , 6 - t e t r a b r o m o -  
pyr idine-4-sulfonic  acid n-butyl ,  f l-hydroxyethyl- ,  and y-hydroxypropylamides  (VIlLa-e) a re  formed exclusive-  
ly by the action of even excess n-butylamine,  ethanolamine, and propanolamine a t - 7 0 ~  on sulfonyl chloride 
VII. At 20~ a fourfold excess of the amines indicated above leads to the formation of 4-buty l - ,  4-f i -hydroxy-  
ethyl- ,  and 4 -y -hydroxypropy lamino-2 ,3 ,5 ,6 - t e t r ab romopyr id ines  (IXa-c). The mechanism of the latter r e -  
action consists  in the initial formation of amides VIIIa-c ,  which can subsequently be converted to amines IXa-c 
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via various mechanisms:  a) as a resu l t  of in termolecular  at tack by the amine direct ly on the electrophilic 
carbon atom in the 4 position; b) as a resul t  of an SNi r ea r rangement ,  which consists  in detachment of a p ro -  
ton f rom the amide group with subsequent in t ramolecular  at tack by the nitrogen anion on the carbon atom in 
the 4 position through a t h r ee -membered  ring: 

O.:S --N tlR 
B r - ~ B r  RNIt& 

Br / "-N / ~Br 

VIII a - c  

o.:s-~-r ] n .  r / 
Br/~-N' /"Br  J Br / "-N ~ "Br 

IX a - c  

c) in the case of amides VIIlb and VIIIc as a resul t  of a possible double Smiles r ea r rangemen t ,  which also 
leads to amines  IXb and IXc: 

/N  H~-(CH2) --OH 
0 ,,S 

Br gr 

Br ~ "-N ~ ~'Br 

vIIi b-c 

/NtI--(CH2) n 
O.,S \~- 

Br , ~ . ~ B r  __ 

/(CH2).\~U ] 

Br f"-N f ~Br J 
- ix b-c 

The lat ter  two mechanisms a re  less likely, since amides VHIa-c a re  not converted to amines IXa-c 
under the influence of t r ie thylamine at 20~ However,  an increase  in the t empera tu re  to 80~ promotes  the 
conversion of amides VIIIb and ViiIc ~o amines IXb and IXc. Amide VllIa is not converted to amine IXa under 
these conditions. Thus in this case  a double Smiles r ea r rangement  is undoubtedly real ized for amides VIIIb 
and VII/c; according to the data f rom the UV spect ra ,  the ra te  of r ea r rangement  of amide VIIIc is lower by a 
factor  of 33 than the ra te  for amide u  This is evidently explained by the fact  that in the case of amide 
VIIIc the r ea r r angemen t  proceeds through the less favorable seven-membered  r ing,  whereas  in the case of 
amide u it proceeds through the more  favorable s ix -membered  ring.  

4- (Piper id inosul fonyl ) -2 ,3 ,5 ,  6- te t rabromopyr id ine  (X) was obtained in the reaction of sulfonyl chloride 
VII with a twofold amount of piperidine. The excess piperidine does not replace  the sulfonamido group but 
leads to the formation of 4- (piperidinosulfonyl)-2-piperidino-3,5,  6- t r ibromopyr id ine  (XI). Replacement of 
the bromine a tom in the 2 position to give 2 -p iper id ino-3 ,5 ,6 - t r ib romopiper id ine-4 , su l fon ic  acid n-butylamide 
(XII) a lso takes place in the reaction of piperidine with amide VIIIa; this additionally confirms the presence  of 
s ter ic  hindrance created by the bromine atoms in the 3 and 5 positions. 

N |l R SO~N tlR 

B r ~ B r  - - - -  B r ~ / B r  

Br / "-N ~" ~Br Br / "-N / ~Br 

IX a ' C  Vlll a - c  

B r \  SO2~Brk--/ Br 2 Br 

~02N |[G4Ho'H 
Br ~ B r  

" Br.,,~ N ~ - - N ~  

Xll 

B r ~ r  

Br / "N y "Br 

Br .,)'Q.N/f~Br Br , , ~ . . N / , ~ - ' ~  Br ,,)~Nf.,~',Br 

Xlll  XI XV a, b 

Vl l l . iXa  R:C~H9.n; b R=(CH=)=OH;C R=(CH2)3OH ~ XV a R=CHs; b a:C6Hs 

Sulfonyl chloride VII remains  unchanged after  prolonged t rea tment  with water;  t rea tment  with 35% HC1 
leads to the formation of 2 ,3 ,5 ,6 - t e t r ab romo-4 -ch lo ropy r id ine  (XIII). Sodium hydroxide readily converts sul-  
fonyl chloride VH to 2 ,3 ,5 ,6 - t e t r ab romopyr id ine -4 - su l fon ic  acid (XIV). Acid XIV is  unexpectedly obtained in 
the reaction of sulfonyl chloride VH with sodium methoxide in methanol at 20~ The reaction evidently leads 
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TABLE 1. C h a r a c t e r i s t i c s  of the Synthes ized Compounds  

C o r n  o 

pound 

III 
IVa 
1Vb 
V 

VIIIa 

VIIIb 

VlIlc 
IXa 
IXb 
IXc 
X 

XI 
XII 

X V a  

XV b 

mp. ' c  

260a . 
125-126 D 
129-131 c 

105 c 
130-132c 

160--162 d 

145--146 e 
41--42 e 

154--156d 
114--115 d 
133--134b 
116--118 c 
100--102 e 

226--228 
160--162 e 

IR Spectrum, cm -1 

1160, 1335 (SO2) 
160, 1335 (SO2) 
160, 13t0 (SOD 
170. 1340 (SQ); 
3295 (NH) 

1170, 1345 (SO2); 
3140--3180(NH)I 
3530--3550 (OH) 

3230 (NH) 

[170, 13'40 (SO~) 
[165, 1340 (SO2) 
[170, 1340 (SO2); 

3300 (NH) 

Found, % 

N B r  

78A 
52 50,4 

50,4 
8-~ ;3,0 

- io,o 

;1,9 

~0,2 
5 ;8,9 

6,3 '0,6 
5,9 i8,4 

19,2 
~3,8 

7~ ~5,0 
~5.5 

22- 
b) From methanol. 

I 

Empirical ] Calc.. % 

formula ] N Br S 

78,0 
52 50,0 

50,3 
8-2 33,2 
- -  60,3 

61.7 

60,1 
6-2 68,6 
6,2 70,4 
6,0 68,3 

59,0 
43,9 

75 44,9 
65,4 

2,5 - -  

3,9 CIoBrsN2S 
- - [ C I o H , I B r s N 2 0 ~ S  

6,7 CIIt{13BraN202S 
--[CI6H23Br2N302S 
6,2 CgHIoBr4N202S 

6.2 CTH6Br4N2OaS 

6,0 CaHsBr4N20~S 
- -  CgHIoBr4N2 
-- CTHsBr4N20 
- -  ]CsHsBr4N20 
6,0 ] CtoI-IIoBr4N202S 
6,0]C~sH~oBr3N~O2S 
6,0]CI4H2oBr3NsQS 
6,6 C6I-t3Br4NQS 

--]CHHsBr4NO:~S f 

3,9 

J 
6,2 

6,0 

53 
5,9 
6,0 
6,6 

Yield 
% 

99 
84 
82 
91 
8O 

89 

86 
88 
90 
88 
87 
94 
89 
59 

54 

a) From aqueous dioxane, c) From heptane, d) From aqueous meth- 
anol e) From benzene and heptane, f) Found: C 24.2; H 0.9%. Calculated: C 24.0; H 0.9~ 

in i t i a l l y  to methy l  2 , 3 , 5 , 6 - t e t r a b r o m o p y r i d i n e - 4 - s u l f o n a t e  (XVa), which,  being a s t rong  a lky la t ing  agen t ,  
r e a c t s  with the a lcohol  to g ive  d ime thy l  e ther  and acid XIV. E s t e r  XVa is  fo rmed  in the r eac t i on  of su l Ionyl  
ch lo r ide  VII with sod ium methoxide  in me thano l  a t -  5~ whi le  phenyl  2 , 3 , 5 , 6 - t e t r a b r o m o p y r i d i n e - 4 - s u l f o n a t e  
(XVb) is  f o rmed  by r e a c t i o n  of su l fonyl  ch lo r ide  VII with phenol  in aqueous  sod ium hydroxide .  Acid XIV was 
i so la ted  by t r e a t m e n t  of e s t e r  XVa with me thano l  a t  r o o m  t e m p e r a t u r e .  The c h a r a c t e r i s t i c s  of the  syn thes ized  
compounds  a r e  p r e s e n t e d  in  Tab l e  1. 

EXPERIMENTAL 

The IR spectra of KBr pellets of the compounds were recorded with a UR-20 spectrometer. The UV spec- 
tra of solutions of the compounds in ethanol were obtained with a Specord UV-vis spectrophotometer. The char- 
acteristics of the synthesized compounds are presented in Table i. The purity of the products was verified by 
means of TLC on Silufol UV-254. 

4-Amino-2,3,5,6-tetrabromopyridine (IIa). Dry ammonia was passed into a solution of 0.47 g (I mmole) 
of sulfone I [4] in 20 ml of ethanol at 20~ for 2 h, after which the solvent was removed by vacuum distillation 
to give 0.36 g (88%) of a product with mp 236-238~ (dec., from ethanol) Imp 237-239~ (dec.) [3]]. 

4-Methylamino-2,3,5,6-tetrabromopyridine (IIb). A mixture of 0.95 g (2 mmole) of sulfone I, 2 ml of 
25% aqueous methylamine, and 40 ml of ethanol was refluxed for I0 rain, after which the ethanol was removed 
by vacuum distillation to give 0.85 g (94%) of a product with mp 146-147~ (from methanol) (mp 145~ [3]). 

4-Hydroxy-2,3,5,6-tetrabromopyridine (IIc). A) A mixture of 0.31 g (0.6 mmole) of sulfone I, 0.09 g 
(1.5 mmole) of KOH, and 15 ml of water was refluxed for 7 h, after which the mixture was acidified with 
hydrochloric acid and worked up to give 0.25 g (95%) of a product with mp 256-257~ (from acetic acid) (rap 
257-258~ [5]). 

B) A m i x t u r e  of 0.47 g (1 mmole )  of Sulfone I, 0.17 g (1.5 m m o l  e) of t e r t - B u O K ,  and 25 ml  of t e r t -  
butanol  was ref luxed for  40 ra in ,  d u r i n g  which the i sobu tene  was t r apped  with a so lu t ion  of b r o m i n e  in CC14. 
The butanol  was r e m o v e d  by v a c u u m  d i s t i l l a t i o n ,  and the r e s i d u e  was t r e a t e d  with 20 ml  of wa te r .  The  r e -  
su i t ing  so lu t ion  was f i l t e r e d ,  and the f i l t r a t e  was ac id i f ied  with hyd roch lo r i c  acid and worked up to g ive  0.34 g 
(80.7%) of a p roduc t  with mp 256-257~ 

4 - M e t h o x y - 2 , 3 , 5 , 6 - t e t r a b r o m o p y r i d i n e  (IId). A m i x t u r e  of 0.31 g (0.6 mmole)  of sul fone I, 0.034 g 
(0.62 mmole)  of sod ium methox ide ,  and 10 ml  of abso lu t e  me thano l  was ref luxed for  1 h, a f t e r  which the m e t h a -  
nol  was 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 washed with water  to g ive  0.25 g (89%) of a p roduc t  
with mp 143~ (from b e n z e n e  with p e t r o l e u m  ether)  (mp 143-144~ [6]). 

4 - M e r c a p t o - 2 , 3 , 5 , 6 - t e t r a b r o m o p y r i d i n e  (IIe). A m i x t u r e  of 0.47 g (1 mmole)  of su l fone  I,  0.14 g (2.5 
mmole)  of sod ium hydrosu l f ide ,  and 20 ml  of abso lu t e  e thanol  was re f luxed  for  2 h, a f t e r  which it  was worked 
up to g ive  0.42 g (99%) of a p roduc t  with mp 189-190~ (from propanol)  (rap 189-190~ [4]). 
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Bis.(2,3, 5 ,6 - t e t r ab romo-4-pyr idy! )  Sulfide (III). A) A mixture of 1.18 g (2.5 mmole) of sulfone I, 0.14 g 
(2.5 mmole) of sodium hydrosulfide,  and 70 ml of absolute ethanol was refluxed for 2 h, af ter  which it was 
poured into 100 m l  of water ,  and the result ing precipi tate  was removed by filtration to give 0.72 g (70%) of 
product.  Acidification of the f i l t ra te  with hydrochlor ic  acid yielded 0.31 g (28%) of mercaptan IIe with mp 189- 
190~ (from propanol). 

B) A mixture  of 0.14 g (0.3 mmole) of sulfone I, 0.15 g (0.33 mmole) of the sodium salt of mercaptan 
IIa, and 15 ml of absolute ethanol was refluxed for 1.5 h, af ter  which the mixture was worked up as in method 
A to give 0.24 g (99%) of product.  

C) A mixture of 0.24 g (0.5 mmole) of pentabromopyridine,  0.25 g (0.55 mmole) of the sodium salt of 
mercaptan IIe, and 10 ml of d imethylformamide (DM-F) was refluxed for 8 h, af ter  which the mixture was 
worked up as in method A to give 0.41 g (99%) of product.  

2 -Morphol ino-4-methylsu l fonyl -3 ,5 ,6- t r ibromopyr id iae  (IVa). A mixture  of 0.47 g (1 mmole) of sulfoae I, 
0.17 g (2 mmole) of morpholine,  and 15 ml of ethanol was refluxed for 2 h, af ter  which the ethanol was r e -  
moved by vacuum disti l lation, and the residue was treated with hydrochloric  acid and extracted with benzene 
(three 10-ml portions).  The extract  was dried over calcium chloride and worked up to give 0.4 g of product.  

2 -P ipe r id ino-4-methy l su l fony l -3 ,5 ,6 - t r ib romopyr id ine  (IVb). This compound was s imilar ly  obtained 
f rom sulfone I and piperidine. 

2 ,6-Dipiper id ino-4-methylsu l fonyl -3 ,5-d ibromopyr id ine  (V). A mixture of 1.18 g (2.5 mmole) of sul-  
fone I, 0.93 g (11 mmole) of piperidine,  and 60 ml of ethanol was refluxed for 6 h, after which the product was 
isolated as in the preparat ion of Va. The yield was 1.1 g. 

2 -P iper id ino- -4-methoxy-3 ,5 ,6- t r ib romopyr id ine  (VI). A mixture of 0.38 g {0.79) of IVb, 43 mg (0.79 
mmole) of sodium methoxide, and 50 ml of methanol was heated in an ampul at 150-160~ for  18 h, af ter  which 
the methanol was removed by distillation, and the residue was washed with water and extracted with benzene 
{three 15-ml portions).  The extract  was dried over calcium chloride,  a large amount of the benzene was r e -  
moved by distil lation, and the residue was chromatographed with a column filled with aluminum oxide [elution 
with benzene -pe t ro l eum ether (4:1)] to give 0.2 g (58%) of a product with mp 79-80~ (mp 81~ [3]). 

2 ,3 ,5 ,6 -Te t r ab romopyr id ine -4 - su l fon ic  Acid n-Butylamide (V HI,u). A) A solution of 0.15 g (2 mmole) of 
n-butylamine in 5 ml of ethanol was added dropwise at -70~ to a solution of 0.49 g (1 mmole) of sulfonyl 
chloride VII in 20 ml of absolute ethanol, and the mixture was maintained at -70~ for 1 h. It was then treated 
with 30 ml of 1% HCI, and the acidic mixture was extracted with benzene (three 10-ml portions).  The extract  
was dried over calcium chloride and worked up to give 0.42 g of product.  

B) A 0.18-g (2.4 mmole) sample of n-butylamine was added to a solution of 0.6 g (1.2 mmole) of sulfonyl 
chloride VII in 20 ml of benzene, and the mixture was maintained at 20~ for 6 h. The benzene was removed 
by vacuum distil lation, and the res idue  was washed with 1% HC1. The yield was 0.56 g (87%). 

2 ,3 ,5 ,6 -Te t r ab romopyr id ine -4 - su l fon ic  Acid ~-Hydroxyethylamide (VIIIb). A) A solution of 0.22 g (3.6 
mmolei of ethanolamine in 5 ml of ethanol was added dropwise at -70~ to a solution of 0.6 g (1.2 mmole) of 
sulfonyl chloride VII in 25 ml of absolute ethanol, and the mixture was maintained at this t empera tu re  for 1 h. 
It was then treated with 40 ml of 1% HC1 and worked up to give 0.56 g of product.  UV spect rum,  ~max (log e): 
222 {4.35} and 320 nm (3.85). 

B) A 0.1-g (1.62 mmole) sample of ethanolamine was added to a solution of 0.41 g (0.81 mmole) of sul-  
fonyl chloride VII in 20 ml of dioxane, and the mixture was maintained at 20~ for 3 h .  The dioxane was then 
removed by disti l lation, and the res idue was washed with 1% HC1. The yield was 0.38 g (90%). 

2 ,3 ,5 ,6 -Te t rab romopyr id ine -4 - su l fon ic  Acid T-Hydroxypropylamide (VIIIe). This compound was s imi-  
larly obtained f rom sulfonyl chloride VII and 3-aminopropyl  alcohol by methods A (in 83% yield) and B (in 86% 
yield). UV spectrum,  7,ma x (log e): 222 {4.48) and 320 nm (3.86). 

4 -n -Buty lamino-2 ,3 ,  5 ,6 - t e t rabr  omopyridine (IXa). A) A 0.35-g (4.8 mmole) sample of n-bntylamine 
was added to a solution of 0.6 g (1.21 mmole) of sulfonyl chloride VII in 20 ml of dioxane, and the mixture was 
s t i r red  at 20~ for 15 h. The dioxane was removed by distillation, and the res idue was treated with 1% HC1 
and extracted with benzene (three 15-ml portions). The extract  was dried over calcium chloride and worked 
up to give 0.5 g of product. 

B) An 83-ml (1.13 mmole) sample of n-butylamine was added to a solution of 0.3 g (0.56 mmole) of 
amide VIIIa in 10 ml of ethanol, and the mixture was maintained at 20~ for 10 h. The ethanol was then r e -  
moved by vacuum distillation to give 0.24 g (91%) of product. 
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4- f l -Hydroxye thy lamino-2 ,3 ,5 ,6 - t e t r ab romopyr id ine  (IXb). A) This compound was s imi lar ly  obtained 
f rom sulfonyl chloride VII and ethanolamine by method A for the synthesis of amine IXa. UV spectrum.  ~,max 
(log a): 234 nm (4.47). 

B) A 0.16-g (1.58 mmole) sample of t r ie thylamine was added to a solution of 0.4 g (0.77 mmole) of 
amide VIIIb in 15 ml of ethanol, and the mixture  was refluxed for 50 min. The product was isolated as in the 
preparat ion of amine IXa. The yield was 0.22 g (63%). 

4 -~ / -Hydroxypropylamino-2 ,3 ,5 ,6 - te t rabromopyr id ine  (IXc). A) This compound was obtained f rom 
sulfonyl chloride VII and 3-aminopropyl  alcohol by method A for the synthesis of amine IXa. Uu spec t rum,  
t ma  x (log E): 234 nm (4.57). 

B) This compound was obtained in 61% yield f rom amide VIIIc after  28 h by method B for the synthesis 
of amine IXa. 

4 -P ipe r id inosu l fony l -2 ,3 ,5 ,6 - t e t r ab romopyr id ine  (X). This compound was obtained f rom sulfonyl ch lor -  
ide VII and piperidine by method A for the preparat ion of amide VIIIa. 

4 -P ipe r id inosu l fony l -2 -p ipe r id ino-3 ,5 ,6 - t r ib romopyr id ine  (XI). A 0.28-g (3.3 mmole) sample of piper-  
idine was added to a solution of 0.4 g (0.8 mmole) of sulfonyl chloride VII in 20 ml of benzene,  and the mixture 
was maintained at 20~ for 20 h. The benzene was then removed by vacuum distil lation, and the residue was 
washed with 1% HC1. The yield was 0.42 g. 

2 -P ipe r id ino -3 ,5 ,6 - t r i b romopyr id ine -4 - su l fon ic  Acid n-Butylamide (XII). A 96-rag (1.12 mmole) sam-  
pie of piperidine was added to a solution of 0.3 g (0.56 mmole) of amide VIIIa in 15 ml of benzene, and the mix- 
ture  was maintained at 20~ for 16 h. The benzene was then removed by disti l lation, and the residue was 
washed with 1% HC1. The yield was 0.27 g. 

2 , 3 , 5 , 6 - T e t r a b r o m o - 4 - c h l o r o p y r i d i n e  (XIII). A) A mixture of 0.2 g (0.4 mmole) of sulfonyl chloride VII 
in 20 ml of concentrated HC1 was s t i r red  at 20~ for  70 h, and the result ing precipi ta te  was removed by f i l t ra-  
tion to give 0.17 g (97%) of a product  with mp 158-159~ (from heptane) (rap 159-161~ [4]). 

2 , 3 ,5 ,6 -Te t r ab romopyr id ine -4 - su l fon i c  Acid (XIV). A) A 0.2-g (0.4 mmole) sample of sulfonyl chloride 
VII was s t i r red  in 30 ml of 1% NaOH for 1.5 h. Acid XIV was identified in the form of the benzylthiuronium 
salt. The yield of product with mp 208-209~ (from aqueous methanol) was 0.18 g (80%) (mp 207-208~ [4]). 

B) A mixture of 0.2 g (0.4 mmole) of sulfonyl chloride VII in 20 ml of methanol was maintained at 20~ 
for 16 h, after  which the methanol was removed by vacuum distillation, and the residue was t reated with water.  
The yield of the benzylthiuronium salt  of acid XIV was 0.19 g (73%). The use of t r ie thylamine also gave acid 
XIV. 

C) A solution of 44 mg (0.8 mmole) of sodium methoxide in 5 ml of methanol was added to a solution of 
0.4 g (0.8 mmole) of sulfonyl chloride VII in anhydrous methanol,  and the mixture was maintained at 20~ for 
6 h. The yield of acid XIV was 0.35 g (93%). 

D) The acid was obtained f rom es ter  XVa and methanol  by a method s imi lar  to method B. The yield was 
quantitative. 

Methyl 2 ,3 ,5 ,6 -Te t r ab romopyr id ine -4 - su l fona t e  (XVa). A solution of 66 mg (1.2 mmole) of sodium. 
methoxide was added at -5~  to a solution of 0.6 g (1.2 mmole) of sulfonyl chloride VII in 15 ml of anhydrous 
methanol,  and the mixture was allowed to stand for 10 min. The result ing precipitate was removed by f i l t ra-  
tion and washed with water.  The yield was 0.35 g. 

Phenyl 2 ,3 ,5 ,6 -Te t r ab romopyr id ine -4 - su l fona t e  (XVb). A mixture of 0.6 g (1.2 mmole) of sulfonyl chlor-  
ide VII, 0.23 g (2.4 mmole) of phenol, 0.2 g (5 mmole) of sodium hydroxide, and 25 ml of water was s t i r red  at 
20~ for 16 h. The yield was 0.36 g. 
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