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Tetrachloropyridyliminothionyl chlorides and bls(tetrachloropyridyl)diimides of 
sulfur were obtained by reactions of 2- and 4-aminotetrachloropyridines with sul- 
fur dichloride; tetrachloropyridylthionylimines were obtained in reactions with 
thionyl chloride. Various aminotetrachloropyridine derivatives were synthesized 
by reaction of these compounds with aldehydes, phosphorus pentachloride, and tri- 
phenylphosphine oxide. 

A number of aminotetrachloropyridine derivatives were synthesized in order to search 
for new plant-growth regulators. 

The amino group in aminopolyhalopyridlnes has low nucleophilicity and does not undergo 
reaction in most cases. This inertness can usually be overcome by converting the amines to 
reactive Iminothionyl derivatives. We therefore investigated the reactions of aminotetra- 
chloropyridines with sulfur chlorides and also studied some of the properties of the com- 
pounds obtained. 

2- and 4-Aminotetrachloropyridines (Ia, b) react with sulfur dichloride to give the 
corresponding imino compounds IIa, b. Sulfur diimides IIIa, b are formed in dichloroethane 
at a reagent ratio of 2:1. When Ia, b are heated with excess thionyl chloride, they form 
tetrachloropyridylthionylimines IVa, b in good yields, which are converted by the action of 
phosphorus pentachloride to iminothionyl chlorides IIa, b. The IR spectra of II-IV contain 
absorption bands at 1370 cm-* corresponding to vibrations of the N=S bond [I] and absorption 
bands of the stretching vibrations of the pyridine ring [2] (1570-1590 cm-:). 
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I - -VI ,  VI I I - -X a Het = t e t t a ch lo ro -2 -py r idy ! ;  b Het = t e t r ach lo ro -4 -pyr idy l ,  R = N  (CH3) 2; 
VII a He t= t e t r ach to ro -2 -py r i dy l ,  R=C6Hs; b. He t = t e t r ach l o ro -4 -py r i dy l ,  R=C6Hs; 
c Het =te~achloro-2-p~i4yl. R = C6H~N (CH3) 2P; d Her = tetrachloro-4-pyridyl, 

R =C6H4N (CH3) 2-P 

Tetrachloropyridylimlno compounds II-IV are extremely reactive substances and, except 
for IIIb, are readily hydrolyzed by air moisture to aminopyridines Ia, b. The alkaline 
hydrolysis of IIIb proceeds similarly. 2- and 4-Trichlorophosphazotetrachloropyridines 
(Va, b) are formed by the action of phosphorus pentachloride on iminothionyl chlorides II 
and thionylimines IV. Compounds II-IV react with dimethylformamide (DMF) and aromatic alde- 
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TABLE I. Characteristics of the Synthesized Compounds 

: o m -  m p , ' C  
Found 

Il ia 
IIIb 
IVa 
IVb 
IIa 
l i b  
Va 

Via 
Vtb 

VIIa 
\ ' l i b  
VIIc 
VIId 
VIII 
IXa 
Xa 

131--132~ 
219--f12W 

58~9c 
70--7__ 
68--69 c 

117 e 
65~67~ 
97--98 c 

111--11 oe 
70--71f 

134--135 a 
139--140g 
157--158 c 
145--146 c 
95--96 e 

119--121 c 

Found. 

CI N 

57,8 

'51,3 
51,4 
63,8 
63,8 
67,3 
49,4 
49,4 
44,5 
44s 
38,9 
39,6 
68,6 
28,7 
4,6,0 

aFrom cyclohexane. 

6~5 
6~5 

11,8 
Ib5 
9,6 
9,7 

i4 

Empirical 

formula 

CIoCIsN4S 
C,oCIsN4S 
C5C14N2OS 
CsCI4N2OS 
CsCI6N~S 
CsC16N2S, 
CsCIrN2P ~ 
CsH7CI4N3 
CsHTC14N~ 
C12H6CI4N2 
C~H~CI4N2 
CI4HIiCI4Ns 
CI4HuCI4N3 
CrHCITN~ h 
C2aHIsCI4N2P" 
CgCI~NsS 

Ct 

57,7 

,5~0 
61,0 
63,9 
63,9 
67,6 
49,3 
49,3 
44,3 
44,3 
39,1 
39,1 
68,7 
28~8 
45,,7 

Calc., % 

L4 

L 
14,6 
t4,6 
8,7 
8,7 
El,6 
11,6 
7,7 
5,7 

Yield 

81 
34 
92 
68 

bFrom CCI,. CFrom petroleum ether. 

% 
S 

68 
63 
71 
87 
87 
94 
81 
83 
69 
97 
91 
62 

dFound: P 7.8%. Calculated: P 7.6%. eFrom alcohol. 
fFrom hexane, gFrom benzene, hFound: P 6.2%. Calculated: 
P 6.3%. 

hydes to give formamidlnes Vla, b and benzylidene derivatives Vlla-d. Chloral reacts with 
lla and Ira to give 2-(2,2,2-trichloroethylidene)amino-3,4,5,6-tetrachloropyridlne (VIII). 
Iminothlonyl compounds II and IV react with triphenylphosphine oxide to give 2- and 4-tri- 
phenylphosphazotetrachloropyridlnes (IXa, b). Sulfur N-(3,4,5,6-Tetrachloro-2-pyridyl)- 
N'-(l-chloro-2,2-dicyanovinyl)dllmlde (Xa) was obtained by reaction of lla with the sodium 
salt of trlcyanomethane. 

EXPERIMENTAL 

The IR spectra of CCI~ solutions or KBr pellets of the compounds were recorded with a 
UR-20 spectrometer. 

The characteristics of the compounds obtained are presented in Table I. 

Sulfur Bis(3~4~5~6-tetrachloro-2-pyridyl)diimlde (1114). A mixture of 2.32 g (i0 
mmole) of Ia, 0.5 g (5 mmole) of sulfur dichloride, and 25 ml of dichloroethane was refluxed 
for 4 h until hydrogen chloride ceased. The solvent was then removed by vacuum evaporation, 
and the residue (dark-red needles) was crystallized. 

Sulfur Bis(2~3~5~6-tetrachloroy4-pyridyl)diimide (IIlb). A) This compound was simi- 
larly obtained as yellow prisms form Ib by refluxing the reaction mixture for 8 h. 

B) A mixture of 2.32 g (I0 mmole) of Ib, and 12 ml of sulfur dichloride was refluxed 
for 4 h until the solid dissolved completely, after which the mixture was cooled, and the 
solidified product was crystallized to give 0.96 g (40%) of a product with mp 219-220~ 

3~4~5~6-Tetrachloro-2-pyridylthionylimine (IVa). A mixture of 2.32 g (I0 mmole) of Ia 
and 15 ml of thionyl chloride was refluxed for 3 h until HCI evolution ceased. The excess 
thionyl chloride was removed by vacuum distillation to give the product in the form of 
orange crystals. 

2~3,5~6-Tetrachloro-4-pyridylthionylimine (IVb). This compound was similarly obtained 
in the form of yellow crystals from Ib and thionyl chloride by refluxing the mixture for 
15 h. 

3,4,5,6-Tetrachloro-2-pyridyliminothionyl Chioride ([Ia). A) A mixture of 2.32 g (i0 
mmole) of Ia and 12 ml of sulfur dichloride was refluxed for 2 h until HCI evolution ceased 
and the solid dissolved completely, after which the excess sulfur dichloride was removed in 
vacuo to give the product in the form of yellow crystals. 

B) A mixture of 2.78 g (I0 mmole) of IVa, 2.08 g (i0 mmole) of phosphorus pentachlo- 
ride, and 15 ml of CCI, was refluxed for 6 h, after which the solvent was removed in vacuo, 
and the residue was crystallized to give 1.2 g (36%) of a product with mp 67-68~ 
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2~3,5,6-Tetrachlqro-4-pyridyliminothionyl Chloride (lib). A) This compound was simi- 
larly obtained in the form of yellow crystals by refluxing Ib with sulfur dichlroide for 
8h. 

B) This compound [i g (30%)], with mp i16-i17~ was similarly obtained from IVb. 

2-Amino-3~4~5~6-tetrachloropyridine (la). A) Water (50 ml) was added to a solution of 
2.46 g (5 mmole) of llla in 5 ml of dioxane, and the resulting precipitate was removed by 
filtration and washed with water to give the product, with mp 172-173~ (from methanol) (mp 
174-175~ [3]), in quantitative yield. No melting-point depression was observed for a mix- 
ture of this product with a genuine sample. 

B) This compound was similarly obtained in quantitative yield from IVa (95%) and lla. 

4-Amino-2~3~5~6-tetrachloropyridine (Ib). A) A total of 3 ml of 30% KOH was added to 
a solution of 2.46 g (5 mmole) of lllb in 20 ml of dioxane, and the mixture was shaken and 
treated with i00 ml of water. The reaction product was removed by filtration and washed 
w~th water to give 2 g (86%) of a product with mp 211-212~ (from acetone--heptane) (mp 214- 
215~ [4]). 

B) This compound was similarly obtained in quantitative yield from IVb (78%) and IIb. 

2-Trichlorophosphazo-3,4,5~6-tetrachloropyridine (Va)" A) A mixture of 2.78 g (i0 
mmole) of IVa and 4.16 g (20 mmole) of ground PCls was heated at 150~ for 30 min, after 
which the excess PCls was removed in vacuo, and the solidified mass was recrystallized from 
petroleum ether. 

B) This compound was similarly obtained in 74% yield from IIa and had mp 66~ 

4-Trichlorophosphazo-2~3~5~6-tetrach!propyridin9 (Vb). This compound was similarly ob- 
tained from lib (79%) and IVb (68%) and had mp 86-87~ [5]. 

N,N-Dimethyl-N'-(3~4~5~6-tetrachloro-2-pyridyl)formamidine (Vla). Dimethylformamide 
(5 ml) was added to 0.49 g (i r~nole) of Ilia, and the mixture was refluxed for 2 h. It was 
then cooled and treated with 20 ml of water, and the resulting precipitate was removed by 
filtration, washed with water, and dried. 

B) This compound was similarly obtained from IVa (90%) and lla (70%) and had mp 97-98~ 

N~N-Dimethyl-N'-(2~3~5~6-tetKachloro-4,pyridy!)fprmamidin ~ (Vlb). This compound was 
similarly obtained from IIb, IIIb, and IVb. The yields were 9.41 g (72%) and 0.51 g (89%). 

2-Benzylideneamino-3,4,5,6-tetrachloropyridine (VIIa) and4-Benzylideneamlno-2,3,5,6- 
tetrachloropyridine (VIIb). A) A mixture of 2.46 g (5 mmole) of IIIa or IIIb, I.I g (I0 
mmole) of benzaldehyde, and i0 ml of benzene was refluxed for 4 h until sulfur dioxide evo- 
lution ceased, after which the benzene was removed in vacuo. 

B) These compounds can also be synthesized from II or IV. 

2-(p-Dimethylaminobenzylideneamino)-3,4~5~6-tetr@chloropxridine (VIIc) and 4-(p-Di- 
methylaminobenzylideneamino)-2,3~5,6-tetrgch!qrqpyridine (VIId). A) A mixture of 0.56 g 
(2 mmole) of IVa or IVb, 0.3 g (2 mmole) of p-dimethylaminobenzaldehyde, and 5 ml of benzene 
was refluxed for 4 h, after which the solvent was removed in vacuo, and the residue was 
crystallized to give the product in the form of orange needles. 

B) These compounds were similarly obtained from IIa, b. 

I. 

2. 
3. 
4. 
5. 
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