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NEW THIAPYRIDINOPHANES 

o$eblkn T i g g *  and Ma&ice o k y u g a  1 

Research I n s t i t u t e  of I n d u s t r i a l  Science, Kyushu Un i ve rs i t y ,  

Hakozaki , Higashi-ku, Fukuoka 812, Japan 

Syntheses, some spec t ra l  and chemical p rope r t i es  o f  new 18- 

membered t r i t h i apy r i d i nophane  1 and 13-membered d i t h i apy r i d i no -  

phane 2 are described. 

Although a number of thiapyridinophanes has been known,' l i t t l e  a t t e n t i o n  

has been pa id  t o  thiapyridinophanes conta in ing one py r i d i ne  r i n g  and two 

benzene r i n g s  i n  the molecules. We were i n te res ted  i n  such th iapyr id inophane 

systems which are use fu l  precursors o f  pyridinophanes. This paper i s  concerned 

w i t h  syntheses, and some spec t ra l  and chemical p roper t ies  o f  2,11,20- t r i th ia-  

~3]metacyclo[3]metacyclo~3~(2,6)pyridinophane (1) and 2,17-dithia[3]orthocyclo- 

[O]orthocyclo[3](2,6)pyridinophane (2). 

1 - 2 
4 

The 18-membered and 13-membered heterocycles, l a n d  ;, were prepared by 



3 condensations of 2,6-bisbromomethylpyridine W and bis(m-mercaptomethyl- 

4 benzy1)sulfide a), and of S a n d  2,2'-bis(mercaptomethy1)diphenyl ($ re- 

spectively. DithiolJ was prepared via diisothiouronium salt & starting from 
ethyl m-bromomethylbenzoate as illustrated in Scheme 1. Structural elucidation 

of bis(m-ethoxycarbonylbenzyl)sulfide 0, bis(m-hydroxymethylbenzy1)sulfide 

(?), and dithiol 2 were accomplished on the basis of spectral data. 5 
1 4: viscous oil; ir (neat) 1720 cm- (CO); nmr (~~14) 6 1.4 (6H, t, C H ~ C ~ ) ,  ." 

3.6 (4H, s, SCQ), 4.35 (4H, q, CQMe), 7.2-8.2 (BH, m, aromatic protons). 

5: mp 56-57'~, colorless prisms; ir (KBr) 3260 cm-' (OH); nmr (CDC13) 6 2.75 .-. 
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(2H, br, OK, exchanged w i t h  D20), 3.58 (4H, s, SCb),  4.59 (4H, s, OCb) ,  7.23 

(8H, m, aromatic protons) .  

7: co l o r l ess  o i l ;  ir (neat )  2560 cm-' (SH); nmr (CDC13) 6 1.72 (ZH, t, SK, .-. 
5.8 Hz, exchanged w i t h  NaOD-D20), 3.52 (4H, s, SCb) ,  3.62 (4H, d, HSCb, J=8 

Hz, changed t o  a s i n g l e t  when t rea ted  w i t h  NaOD-D20), 7.15 (8H, m, aromatic 

protons) .  

When dibromide 2 was al lowed t o  r eac t  w i t h  d i t h i o l  3, i n  the  presence o f  

aqueous potassium hydroxide so lu t i on  i n  a s o l u t i o n  o f  ethanol- tet rahydrofuran 

under h igh  d i l u t i o n  condi t ions,  the expected 18-membered heterocycle J,, mp 178- 

17g0c, as co lo r l ess  prisms was obtained i n  51% y i e l d .  I n  a s i m i l a r  r eac t i on  o f  

3 w i t h  d i t h i o l  g, 13-membered heterocycle 5 ,  mp 1 9 7 - 1 9 8 ~ ~ ,  as co lo r l ess  prisms 
N 

was formed i n  65% y i e l d .  The spec t ra l  data supported we l l  the assigned s t r uc -  

tu res  f o r  J, and ;. 
Table I. Nmr Spectra l  Data o f  a n d 2  

Solvent Ha Hb Hc H i  Ho H0 Hu 

1 CDC13 3.66 3.62 3.49 7.22(2H) - 7.32(8H) 7.64 

(each 2H, s )  (apparent s) (1H, dd) 

1 CF3COOH 4.16 3.87 3.61 7.04(2H) 7.34(6H) 7.75 8.35 
w 

(each 2H, s )  (apparent s) (2H, dd) (lH, dd) 



6 The nmr spectral  data of J and cyclophane 2 a re  shown in Table I .  The 
+ mass spectrum of J, displayed a parent ion (M , r e l .  i n t ens i ty  34.5%) 

a t  m/e 409, together with fragment ions a t  m/e 274 ( loo%),  243 

(59x1, 138 (36%), 135 (28%), and 107 (34%). The possible s t ructure  
as 
s 

for the base ion of mass 274 would be lJ, which would be formed by 

the elimination of thioformylbenzyl radical from M'. 

's' 
E 

The nmr spectra of; were measured i n  various solvents,  and temperature 

dependence of the nrnr s ignals  of the methylene groups in C6D5N02 was examined 

(Table 11). In most cases a l l  the methylene protons appeared as A6 doublets; 

t h i s  c l ea r ly  indicates that;  ex i s t s  as a preferred conformer. The assign- 

ment of the methylene protons a t  the a-posit ion of the pyridine ring was on the  

Table I1 Nmr Spectral Data of Methylene Groups in 

Solvent Temp. 6, ppm Jaa'  Jbb' 
OC Ha-C-Hal  Hb-C-Hbl Hz 

a) Apparent s ing le t .  

basis of the nmr spectrum of 2-dl  (9. A f t e r a w a s  t rea ted  with n-butyl- 
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l i t h i u m  i n  a s o l u t i o n  of n-hexane-THF under n i t r ogen  a t  -70°c, the  treatment of 

the  r e s u l t i n g  red  s o l u t i o n  o f  a carbanion of 2 w i t h  D20 

afforded a mix tu re  o f  2 (26%) and jJ (74%), whose compo- 

s i t i o n  was determined by the mass spectroscopy. I n  the 

mass spectrum an i o n  assignable t o  2 ,6 - lu t id ine-d l  i o n  

appeared as a base i o n  a t  m/e 108. I n  the nmr spectrum 
11 

of the mix tu re  i n  CDC13, the  doublets a t  6 3.39 and 3.69 - 
decreased i n  i n t e n s i t y .  

The mass spectrum of 2 exh ib i t ed  a paren t  i o n  ( r e l .  i n t e n s i t y  70%) a t  m/e 

349, together  w i t h  major ions a t  m/e 316 (15%), 211 (21%), 197 (1511, 178 (28%), 

165 (25%), 152 (12%), 138 (28%), and 107 ([2,6-lut idinel ' ,  100%). 

The reac t i on  o f  the carbanion o f  &mentioned above w i t h  methyl i od i de  gave 

a monomethyl d e r i v a t i v e  l2, mp 1 2 8 - 1 2 9 ~ ~ ,  as co lo r l ess  prisms i n  54% y i e l d .  7 

A s i m i l a r  r eac t i on  o f  a carbanion o f  12  which generated from 2 and n-buty l -  

l i th ium,  w i t h  methyl i od i de  a f fo rded a dimethyl de r i va t i ve  u, mp 1 0 2 - 1 0 4 ~ ~ ,  as 

co lo r l ess  prisms i n  37% y i e l d .  S t ruc tu ra l  e l uc i da t i on  o f  12 and 1Jwere ac- 

complished on the  bas is  of spec t ra l  data. 

: nmr (CDC13) 6 1.51 (3H, d, CHJ, 5-8 Hz, changed t o  a s i n g l e t  when i r r a d i -  

ated a t  6 3.86). 3.3-4.2 (7H, complex m, 3C&+ CK, a s i n g l e t  appeared a t  6 3.86 

when i r r a d i a t e d  a t  6 1.51), 6.8-8.1 ( l l H ,  aromatic protons); mass spectrum m/e 

12 - 13 - - 14 

Scheme 2 



363 (M', r e l .  in tens i ty  loo%), 348 (M+ - Me, 9%), 330 (M' - SH, IS%), 211 (348+ 

- MeC5H3NCH=S, 24%), 210 (14%), 209 (20%), 197 (211' - CH2,  30%), 178 (211' -SH, 

28%), 165 (30%), 152 (34%), 151 (38%), 150 (28%), 121 (12-ethyl-6-methylpyri- 

dine]', 99%), 119 (121' - H z ,  54%). 

5: nmr (CDC13) 6 1.65 (6H, apparent d, C b ) ,  3.38 (ZH, apparent d ,  CR), 3.69 

(4H, s ,  C$), 6.8-8.2 ( l lH,  aromatic protons); mass spectrum m/e 377 (M', re1 . 
in tens i ty  51%), 211 (23%), 197 (a%),  178 (15%), 165 ( I % ) ,  164 (42%), 135 ([2,6- 

diethylpyridine]', 28%), 133 [135' - Hz, 100%). 

In the reaction of the carbanion of &wi th  p-tolualdehyde an alcohol e, 
mp 96-9a°C, as  color less  prisms was formed i n  36% y ie ld  [E: i r  (KBr) 3480 cm-' 

(OH); nmr (CDC13) 6 2.27 ( 3 ~ ,  s ,  Cb3), 3.4-4.3 (6H, m ,  CQ), 3.96, 5.25 (each 

lH, d, CH, J=5 Hz), 4.45 ( I H ,  br,  OH, exchanged with D20), 6.9-8.0 (15H, aro- 
t 

matic protons);  mass spectrum m/e 469 (M )I. 

I t  has been reported t h a t  oxidation of dithiapyridinophane 12 with peracid 

30% H202 
2 ----- 
w 

E 2 
Scheme 3 
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afforded bis-sulfone-bis-N-oxide E i n  moderate y ie ld.8 

When J, was heated w i t h  30% hydrogen peroxide i n  ace t i c  acid-benzene under 

r e f l u x  f o r  2 h r ,  tr is-sulfone-N-oxide 2 ,  rnp> 300°c, was formed q u a n t i t a t i v e l y .  

On the o the r  hand, a s i m i l a r  t reatment  of afforded b is-sul fone E, mp>3000~,  

almost q u a n t i t a t i v e l y .  Fur ther  ox ida t ion  o f  12 w i t h  30% hydrogen peroxide i n  

r e f l ux i ng  a c e t i c  a c i d  fo r  1 h r  gave a mix tu re  o f  J& and bis-sulfone-N-oxide Q, 

whose elemental ana lys is  showed the intermediate values between those o f  1 2  and 

. However, @.and could n o t  be i so l a ted .  The ox ida t i on  r a t e  o f 2  i s  

slower than t h a t  of 1; t h i s  seems t o  be due t o  a crowd s t r uc tu re  o f 2 .  9 

g: i r  (KBr) 1120, 1315 (SOz), 1250 cm-' (N+O); nmr (DMSO-ds) 6 4.19, 4.78, 

5.08 (each 4H, apparent s, C h ) ,  7.0-8.0 ( l l H ,  m, aromatic protons). 

E: i r  (KBr) 1120, 1320 cm-' (S02); nmr (DMSO-ds) 6 4.39, 4.87 (each d, C b ,  

J=17 Hz), 4.45 (apparent s, C b )  ( t o t a l  8H), 7.1-8.3 ( l l H ,  m, aromatic protons) .  

Recently, i t  has been repor ted  t h a t  i r r a d i a t i o n  o f  d i th iacyclophanes i n  

the  presence o f  t r i a l k y l  phosphite gives the  corresponding cyclophanes i n  good 

y i e l d . l O '  l1 However, attempts t o  prepare cyclophanes, g a n d g ,  by photo- 

chemical ex t rus ion  of su l f u r  from 1 a n d 2  were unsuccessful. Fur ther  i n v e s t i -  

ga t ion  i s  i n  progress. 
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