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Thiacyclophanes have commonly been used as precursors  t o  novel conjugated aromatic  

systems.' However, the  stereochemical and conformational aspec t s  o f  many of t h e s e  

thiacyclophanes have a l so  been well-s tudied and proven t o  be of s p e c i a l  i n t e r e s t s .  
2 

As fa r  as t h e  [m.n]metacyclophanes (m=n o r  mfn) are concerned, t h e  lowest members 

known a r e  t h e  [2.2]metacyclophane ! ' and [3.1]metacyclophane 2 '. The former, !, 

i s  confarmationally very r i g i d  and e x i s t s  i n  an unii-stepped c ~ n f o r r n a t i o n ; ~ ' ~  t h e  

l a t t e r ,  l ,  though having t h e  same t o t a l  number of methylene u n i t s  i n  t h e  two bridges - * -1 
a s  !, i s  conformationally mobile with an  observed AG = 70 kJ mol f o r  the  confor- - 



fo rmat iona l  i n v e r s i o n  process .4  We be l i eved  t h a t  t h e  thia[?.l]metacyclophane. 3 ,  due - 
t o  t h e  longer  C-S-C bond and t h e  lower bending energy of a C-S-C br idge ,  would a l s o  be 

a p t h e t i c a l l y  a c c e s s i b l e  and provide more conformational f l e x i b i l i t y  compared t o  2 . - 
I n  a d d i t i o n ,  2 would be a p o t e n t i a l  p recursor  t o  t h e  h igh ly  s t r a i n e d  [2.1]metacyclo- - 
phane 4 v i a ,  f o r  example, sulfone pyro lys i s .  7.8 - 
The f a c t  t h a t  t h e  sodium s u l f i d e  coupl ing of benzy l i c  bromides has  s u c c e s s f u l l y  l e d  

t o  t h e  p r e p a r a t i o n s  of s e v e r a l  thiacyclophanes9'11 had prompted u s  t o  i n v e s t i g a t e  a 

s i m i l a r  coupl ing using t h e  dibromide as a p o s s i b l e  r o u t e  t o  t h e  th ia [3 . l ]meta -  - 
cyclaphane 3 . - 
The p repara t ion12  of t h e  d ica rboxy l ic  a c i d  2 ,  which had been converted13 t o  t h e  . 

dial 6 ,  was r e p o r t e d  by schopff12 i n  1894. Conversion of  6 t o  t h e  dibromide 2 was - 
then r e a d i l y  achieved by t r ea tment  of 6 with phosphorus t r ihromide.  The dibromide - 

1 I ,  rnp 6 0 - 6 2 ~ ~ , "  was obtained i n  a 63% y i e l d .  The H-NMR spectrum of ! expectedly - - 
showed t h e  c e n t r a l  rnethylene and t h e  -CH2Br p ro tons  a t  61.95 and 64.45 r e s p e c t i v e l y .  

The s t r u c t u r e  of was f u r t h e r  confirmed by a molecular i o n  a t  m/z 152 (C - 1 91 479%) 

with  t h e  1:2:1 i s o t o p e  p a t t e r n  expected f a r  a dibromide. 

With t h e  d e s i r e d  p recursor  now a t  hand, it was thought  t h a t  t h e  thiacyclophane 3 - 
could be obtained from t h e  in t ramolecu la r  coupl ing of  t h e  dibromide 1. Although t h e  - 
sodium s u l f i d e  coupl ing under high d i l u t i o n  cond i t ions  has  been used success fu l ly  i n  

t h e  p r e p a r a t i o n  of t h i ~ c y c l o p h s n e s , ~ - ~ ~  t h e  r e s u l t  from our a t tempt  i n  the  coupl ing of 
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t h e  dibromide under s i m i l a r  cond i t ions  was r a t h e r  unexpected. - 
Chromatography of t h e  crude product ob ta ined  from t h e  coupling r e a c t i o n  i s o l a t e d  a 

1 
pure  f r a c t i o n  (one spot  on TLC) of c o l o r l e s s  c r y s t a l s ,  mp 188-190'~. I t s  H-NMR 

spectrum i n d i c a t e d  t h e  two types  of c h a r a c t e r i s t i c  s i g n a l s :  two a i n g l e t s  a t  63.40 and 

63.90 i n  t h e  r a t i o  of 2:l  f o r  t h e  A r C H  -S and A r C H  AT methylene protons r e s p e c t i v e l y .  -2 2 

These d a t a  would only be c o n s i s t e n t  wi th  a thiacyclophane undergoing r a p i d  confor- 

rnational changes. However, t h e  mass spectrum of t h e  sample obtained confirmed t h a t  

it was i n  f a c t  t h e  dirner dithia[?.l.?.l]metacyclophane . with a molecular i o n  a t  

m/z 452. Another a t tempt  of t h e  coupl ing r e a c t i o n  under f u r t h e r  d i l u t i o n  s t i l l  

afforded a s i m i l a r  y i e l d  of 9 . Chromatographic and mass s p e c t r a l  s t u d i e s  provided 

no f u r t h e r  i n d i c a t i o n  of t h e  presence a f  i n  t h e  r e a c t i o n  product.  - 
1 

From t h e  H-NMR d a t a  mentioned e a r l i e r ,  t h e  di thiacyclophane i s  undoubtedly . 

conformat ional ly  mobile a t  room temperature .  This  i s  n o t  unexpected s i n c e  a t e t r a -  

methyl d e r i v a t i v e ,  1 2 ,  i s  known t o  behave s imi la r ly .15  It i s ,  however, be l i eved  t h a t  -- 
t h e  equi l ibr ium i n v o l v e s  conformers of 9 with t h e  H p ro tons  p r o j e c t i n g  toward t h e  - 
benzene c a v i t i e s  as  ev iden t  by t h e  s l i g h t l y  sh ie lded  Hx-signal a t  66.93 (a va lue  

16  . 1 comparable t o  t h o s e  repor ted  f o r  o t h e r  mediwn-sized metacyclophanes ) m t h e  H-NMR 

spectrum of  2 (F igure  1 ) .  By analogy t o  t h e  t e t ramethy l  d e r i v a t i v e  2 2 ,  t h e  canfor- - -- 
mational  behavior of which has  been e s t a b l i s h e d  ( 22g !2@ ) , 1 5  t h e  di thia[3.1 .3 .1]-  --- --- 
metacyclophane 2 i s  a l s o  expected t o  undergo t h e  f l u x i o n a l  process  ?a 2 2e with - -- -- 
two of t h e  H p r o t o n s  l o c a t e d  i n  t h e  s h i e l d i n g  canes of t h e  two benzene r i n g s  l e a d i n g  

t o  a s l i g h t l y  s h i e l d e d  averaged chemical s h i f t  as mentioned. An a t tempt  was a l s o  made 

1 t o  s tudy t h e  conformational equi l ibr ium i n  ! a t  law temperatures  us ing  v a r i a b l e  H- . 

NMR spectroscopy. Although peak broadening was c l e a r l y  observed f o r  t h e  -CH S- and 
-2 

Ar-CH -AT protons (see F igure  I ) ,  complete coalescence of t h e  peaks was n o t  observed -2 

even a t  - 1 0 0 ~ ~  i n d i c a t i n g  a very high degree of conformational mobi l i ty .  These r e s u l t s  

have i n  f a c t  i n d i c a t e d  t h a t  t h e  s t e r i c  e f f e c t  of t h e  antho-methyl groups i n  12 has i n  -- 
f a c t  s i g n i f i c a n t l y  inc reased  t h e  conformat ianal  b a r r i e r  i n  t h e  dithia[3.1.3.1]metacycla- 

phane systems t o  a l low s t u d i e s  of t h e  novel  f l u x i o n a l  behavior I?@ r e p o r t e d  --- --- 
e a r l i e r 1 5  (coa lescence  temperature  = -7o0c: A G : ~ ~  = 39 k~ mol- ')  

The f a i l u r e  t o  induce  in t ramolecu la r  coupl ing of , coupled with t h e  i s o l a t i o n  of . 
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FIGURE 1. Variable  temperatur 

9,R-H 12, RzCH3 

H-NMR s p e c t r a  [ c D c ~ ~ / c D ~ c ~ ~  (1 : 1)  : 90 MHZ)] 

o f  t h e  dCthia[?.l .3.l]metacyclophane 2 - . 

2 r e s u l t e d  from t h e  in te rmolecu la r  coupling of i ,  would suggest  t h a t  t h e  formation of - 
t h e  t h i a  [3.1]metacyclaphane - 2 was discouraged due t a  poss ib ly  t h e  a n g l e / s t e r i c  s t r a i n s  

which would be induced i n  t h e  system. Although [~. l ]metacyclophane 1 - had been synthe- 

s i zed ,  t h e  reac t ion  and condi t ions  employed were of e n t i r e l y  d i f f e r e n t  nature .  It was 

thought t h a t  add i t ion  of another  s u l f u r  atom i n  t h e  bridge such as  i n  t h e  i ~ i t h i a [ 4 . 1 ] -  

metacyclophane 1Cj would make t h e  in t ramolecu la r  coupling more favorab le .  A method 
17 

-- 
i s  a l s o  known f o r  t h e  p o s s i h l e  conversion of di thiacyclophane (such a s  le ) t o  a t h i a -  

cyclophane (such as  - 2 ) v i a  d e s u l f u r i z a t i o n  using tris(diethylamino)phosphlnee (Et$)?P. 

An at tempt  was thus  made t o  i n v e s t i g a t e  t h e  ox ida t ive  coupling of t h e  d i t h i o l  8s  a 

p o t e n t i a l  r o u t e  t o  t h e  di thiacyclophane iq . 
Treatment of t h e  dihromide 2 with two equ iva len t s  of t h i o u r e a  i n  r e f l u x i n g  te t rahydro-  - 
fu ran  gave a q u a n t i t a t i v e  y i e l d  of t h e  in te rmedia te  bis( thiour0nium) s a l t  which a f t e r  

h y d r o l y s i s  i n  aqueous potassium hydroxide so lu t ion  afforded t h e  d i t h i o l  as a color-  

l e s s  l i q u i d .  Besides an observed molecular i o n  a t  m/z 260 i n  i t s  mass spectrum, t h e  

1  
s t r u c t u r e  of 8 was evident  from i t s  H-NMR spectrum. The doublet  ( t y p i c a l  coupling - 
cons tan t  J = 8.0 H z )  fo r  t h e  -CH2S- pro tons  a t  61.80 and t h e  t r i p l e t  (5 = 8.0 Hz) for 



t h e  -Sj! protons a t  61.80 were c h a r a c t e r i s t i c  of a benayl ic  t h i o l .  

An in t ramolecu la r  ox ida t ive  coupling of d i t h i o l s  t o  medium-sized c y c l i c  d i s u l f i d e s  

by t i t r i m e t r y  was r e c e n t l y  reported18 by Musker. A s i m i l a r  coupling of 8_ was t h u s  

attempted as a  p o s s i b l e  rou te  t o  I ! .  Separa te  s o l u t i o n s  of t h e  d i t h i o l  8 and iod ine  -- - 
were added simultaneously us ing  a syr inge  pump a t  a very  low r a t e .  The o r i g i n a l  pro- 

cedure c a l l e d  f o r  a r a t e  of a d d i t i o n  governed by t h e  disappearance of t h e  i o d i n e  color .  

However, t he  i o d i n e  color was not  discharged completely a f t e r  the a d d i t i o n  i n  our 

a t tempt  and thus  t h e  mixture was allowed t o  s t i r  f o r  15 h  before  work-up. The crude 

product obtained from t h e  r e a c t i o n  was chromatographed on s i l i c a  g e l  wi th  d ich loro-  

m e t h a d h e x a m  ( 1 : l )  as e luen t  t o  a f f o r d  a white s o l i d  (one spot on TLC). I t s  IH-NMR 

spectrum, however, showed t h e  presence of a small amount of undesired impuri t , ies .  

R e c r y s t a l l i z a t i o n  from cyclohexane gave a sample of c o l o r l e s s  c r y s t a l s ,  mp 204-206'~. 

1  
I t s  H-NMR spectrum i n d i c a t e d  t h e  expected s i n g l e t s  a t  63.90 and 63.20 f o r  t h e  

A r C H  A r  and -CH S- protons respec t ive ly  cons i s ten t  with a conformational ly  mobile 
-2 -2 

dithiacyclophane l c .  However, t h e  mass spectrum of t h e  sample gave a s t rong  molecular -- 
i o n  a t  m/z 516 i n d i c a t i n g  t,he s t r u c t u r e  o f  t h e  dimeric  tetrathia[4,1.4.1]metacyclophane 

5 7 7 .  We be l ieve  t h a t  s i m i l a r  reason,  namely p o s s i b l e  s t r a i n  induc t ion  i n  t h e  system , -- -- 
had discouraged t h e  in t ramolecu la r  coupling of i. The ox ida t ive  coupling i n  a ~ r r  - 
at tempt  might a l s o  be too  slow, under t h e  oondi t ions  employed, t o  a f f o r d  t h e  monomer 

I! ( thus  formation of t h e  dimer was favored)  as ev iden t  by t h e  slow discharge  of 

t h e  iod ine  c o l o r  during t h e  reac t ion .  

1 Resu l t s  from s t u d i e s  using o a r i a b l e  temperature  H-NMR sepctroscopy i n d i c a t e d  no 

s i g n i f i c a n t  peak broadening of t h e  -CH S- and A r C H  A r  proton s i g n a l r  even a t  -80 '~.  
-2 -2 

This  i s n o t u n e x p e c t e d  s ince  add i t ion  of s u l f u r  atom(s) t o  br idging c h a i n ( s )  (compare 

and 21 )  i s  known t o  i n c r e a s e  t h e  conformational mobi l i ty  of a  cyclophane s i g n i f i -  - -- 

8 .  ' ~ l t h o u g h  [4.1]metacyclaphane i s  known, ~t was synthesized from a l a r g e r  d i th ia [6 .1 ] -  

metacyclophane v i a  r i n g  con t rac t ion .  The conformational energy b a r r i e r  i n  [L.l]meta- 

cyclophane was a l s o  found t a  be unexpectedly high compared t o  t h a t  of [3.1]metacyclo- 

phane 2 .  - 
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1 cant ly .2  The H-NMR spectrum of ii a t  room temperature, horrevei-, s t i l l  showed a  

s l i g h t l y  sh ie lded  s i n g l e t  f o r  t h e  Hx protons a t  66.88, a value comparable t o  t h a t  of 

t h e  dithia[?.l.?.l]metacyclaphane g .  A p o s s i b i l i t y  i s  t h a t  t h e  t e t ra th ia [4 .1 .4 .1 ] -  

metacyclophzne I ! ,  although having a  much lower conformatianal energy b a r r i e r ,  e x M b i t s  -- 
a s i m i l a r  f l u d o n a 1  behavior a s  i t s  d i th ia -ana log  ( ga ) .  

The conversion of iL t o  was nex t  i n v e s t i g a t e d .  Desu l fu r iaa i ion  was r e a d i l y  

achieved w i t h  tris(diethy1amino)pho~phine'~ Lo a f fo rd  a 56% y i e l d  of t h e  d i t h i a -  

13.1 .3.1]rnetacyclophane 9 .  This  r e s u l t  suggests  t h a t  t h e  s y n t h e t i c  r o u t e  v i a  t h i a -  

cyclaphanes - -CH2SSCH2- - -CH SCH2- - -CH CH - - i s  s t i l l  a p o t e n t i a l l y  ve ry  
2 2 2 

useful sequence f o r  t h e  p repara t ion  of s t r a i n e d  cyclophanes (e.g. 4 from a s  t h e  - -- 
l a t t e r  becomes a v a i l a b l e )  v i a  r i n g  con t rac t ion  a s  shown. 

EXPERIMENTAL 

Melting p o i n t s  were determined on a  SybrodThermolyne MP12615 melt ing po in t  appara tus  

1  and a r e  uncorrected.  The H-NMR s p e c t r a  were determined i n  C D C l  on a Perkin Elmer R32 
3 

1 
(90 MHz) spectrometer.  The low-temperature H-NMR s t u d i e s  were c a r r i e d  out  us ing  C D C l  / 

3 
CD2C12 ( 1 : l )  a s  solvent .  A l l  chemical s h i f t s  are repor ted  i n  ppm downfield from t e t r a -  

rnet,hylsilane as i n t e r n a l  s tandard.  The I R  s p e c t r a  were recorded on a Perkin Elmer 1310 

spectraphotometer [ s t r a n g  ( s )  and medium (rn) bands are given]. Mass spec t ra  were de te r -  

mined on a  VG Micromass 7035 mass spectrometer a t  70 eV using e l e c t r o n  impact. Micrn- 

ana lyses  were performed by t h e  Microanalyt ical  Laboratory of t h e  Department o f  Chemistry, 

Nat ional  Univers i ty  of Singapore. 

A s o l u t i o n  of phosphorus t r ibromide (3.6 mL; 39 mmol) i n  dry benzene (20 mL) was added 

slowly t o  a vigorously s t i r r e d  s o l u t i o n  of t h e  a lcohol  5 13(6.63 g;  29 mmol) i n  benzene 

(80 mL) a t  room temperature under n i t rogen .  After  2  h, t h e  mixture was washed succes- 

s i v e l y  w i t h  water,  aqueous NaHCO? and s a t u r a t e d  NaCl so lu t ions .  The crude product was 

chromatographed on s i l i c a  g e l  wi th  cyclohexann a s  t h e  e luen t  t o  y i e l d  c o l o r l e s s  c r y s t a l s  

of t h e  dibrornide I "  - (6.53 g; 6381, mp 60-62'~. 'H-NMR 67.60-6.95 ( m ,  8H, ArH), 4.45 

( a ,  LH, -Cg2Br). 3.95 (a ,  2H, ArCH2Ar); I R  (KBI) 1490(m), 1440(rn), 1250(m), 1210(s ) ,  

790(m), 700(s ) ,  680(s)  cm-'; MS a t  m / z  ( r e l a t i v e  i n t e n s i t y )  352 (M", 19. c o r r e c t  

i s o t o p e  p a t t e r n ) ,  273 ( l o o ) ,  178 (35) .  97 (48) .  HRMS calcd f a r  C H 7 9 ~ r 2 ,  351.9462; 
1 5  14 



found. 351.9461 . 

The dibromide l ( 7 0 4  mg; 2 mmol) was d i s s o l v e d  i n  degassed benzene (30 mL). Sodium 

s u l f i d e  nonahydrate (506 mg; 2 mmol) was d i s so lved  i n  d i s t i l l e d  water (10 mL) and was 

then  d i l u t e d  t o  30 mL with  degassed a b s o l u t e  a lcoho l .  The dibromide and sodium s u l f i d e  

s o l u t i o n s  were then  added s imultaneously from syr inges  using a syr inge pump a t  a r a t e  

of 0.15 mL min-'. The r e s u l t a n t  mixture was then allowed t o  s t i r  f o r  a n  a d d i t i o n a l  

1 5  h a f t e r  t h e  a d d i t i o n .  The bulk of t h e  so lven t  was then  evaporated and water  and 

dichloromethane were added. The crude product  mixture  obtained a f t e r  usua l  work-up 

was chromatographed on s i l i c a  g e l  us ing dichloramethane/hexane (3:7) a s  e l u e n t .  The 

di thiacyclophane q was i s o l a t e d  as c o l o r l e s s  c r y s t a l s  (0.25 g;  55%), mp 188-190'~. 

'H-NMR 67.40-7.05 (m. 1W.  Arg) ,  6.93 ( s ,  LH. A r k ) ,  3.90 ( s .  a, ArCTjZAr), 3.45 (s .  

8H, -CH2S-); I R  (KBr) 2920(m), 1610(s ) ,  1 5 9 0 ( s ) ,  1490(s ) .  1450(s ) ,  1250(m), 1230(s ) .  

1170(m), 1160(m), 1095(m), 1080(m), 900(m), 880(m), 820(m). 8 0 0 ( s ) ,  7 6 0 ( s ) ,  74O(s) ,  

71 5(s)  cm-'; MS a t  m l r  ( r e l a t i v e  i n t e n s i t y )  452 (M", 831, 387 (83) ,  226 (100) .  

Anal. Calcd. f o r  C30H28S2: C. 79.60; H, 6.23. Found: C. 79.41; H ,  6.50. 

A mixture  of t h e  dibromide l ( 2 . 0 7  g ;  6 mmol), t h i o u r e a  (0.90 g; 1 2  mmol) and t e t r a -  

hydrofuran (100 mL) was heated a t  r e f l u x  f o r  3 h. A f t e r  coa l ing  t o  room temperature .  

t h e  bulk of t h e  s o l v e n t  was removed under reduced p ressure .  The dithiouronium s a l t  

was t h e n  s t i r r e d  a t  r e f l u x  wi th  KOH (9.83 g;  175 mmol) i n  water  (50 mL) f o r  4 h. The 

r e a c t i o n  mixture  was cooled and conc. H SO /H 0 (1 : I ;  30 mL) was added t o  it slowly. 
2 4 2  

The product  was then  e x t r a c t e d  with  e t h e r .  The o rgan ic  l a y e r  was washed wi th  water,  

d r i e d  and evaporated t o  g i v e  an a i l .  F i l t r a t i o n  through s i l i c a  g e l  gave t h e  t h i o l  

(1.19 g;  78%) as  a c o l o r l e s s  l i q u i d .  'H-NMR 67.50-6.80 (m, 8H, ATE). 3.95 ( a .  2H,  

ArCg2Ar), 3.80 (d, @, J = 8.0 Ha, -CtJ2SH). 1.80 ( t ,  2H. J = 8.0 Hz , -Stj); I R  ( n e a t )  

1600(m). 1480(m), 1430(m), 1300(m), 700(s )  cm-'; MS a t  m/z ( r e l a t i v e  i n t e n s i t y )  

260 (Mt', 1 5 ) .  227 (70) .  226(50) ,  193 (100).  178 (70) .  165 (50) .  135 (30) .  HRMS calcd 

f o r  ClP16S2. 260.0693; found, 260.0692. 

Tr ie thylamine (0.54 g;  5.30 mmol) d i s so lved  i n  chloroform (150 mL) was placed i n  a 

500-mL round-bottom f l a s k  and s t i r r e d  a t  room temperature  under n i t rogen .  S o l u t i o n s  

of t h e  d i t h i o l  8 (0.67 g; 2.60 rnmal) i n  chloroform (100 mL) and i o d i n e  (0.66 g;  2.60 - 
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mmol) i n  chloroform (100 mL) were added simultaneously t o  t h e  s t i r r e d  s o l u t i o n  of 

E t  N a t  a r a t e  of 0.3 mL m i d '  u s ing  a  syr inge pump. The r e a c t i o n  mixture  was s t i r r e d  
3  

f o r  an a d d i t i o n a l  15 h  a f t e r  t h e  a d d i t i o n  and washed success ive ly  with  s a t u r a t e d  aqueous 

s o l u t i o n  of sodium t h i o s u l f a t e  u n t i l  t h e  co lo r  of t h e  s o l u t i o n  appeared only p a l e  

yellowish. It was then  f u r t h e r  washed with  0.1N H C 1  and water.  The organic  l a y e r  was 

d r i e d  with  anhydrous sodium s u l f a t e  and evaporated t o  g i v e  a yellow s o l i d .  Recrysta l -  

l i z a t i o n  from cyclohexane gave c o l o r l e s s  c r y s t a l s  of  t h e  t e t r a t h i a c y c l o p h a n e  ll (0.40 

g;  60%),  mp 204-206'~. 'H-NMR 67.20-6.90 (m, la, ArE), 6.88 (s,  LH, ArEx), 3.90 ( s ,  

LH, ArCx2Ar), 3.20 ( s ,  SH, -Cg2S-); IR (KBr) 1605(s ) ,  1590(s ) ,  1090(s) ,  900(rn), 890 

(m), 8lO(s ) ,  800(s ) .  760(s) .  7 1 0 ( s ) ,  640(m) cm-'; MS a t  m / z  ( r e l a t i v e  i n t e n s i t y )  

516 (M", 601, 451 (100) .  418 (20) .  385 ( 2 4 ) ,  266 (281, 179 (851, 178 (85).  105 (55).  

I  4 3  HRMS ca lcd  f o r  C30H28S,,, 516.107L; found, 516.1074. 

A s o l u t i o n  of t h e  cyclophane 13 (103 mg; 0.2 mmol) and tris(diethylamino)phosphine I $  

(99 mg; 0.4 mmol) i n  benzene (50 mL) was heated a t  r e f l u x  f o r  4  h. The s o l u t i o n  was 

washed with  water ,  d r i e d  and evaporated under reduced p ressure .  The r e s i d u e  was 

chromatographed on s i l i c a  g e l  us ing  dichloromethane/hexane (?:7) as e l u e n t  t o  y i e l d  

c o l o r l e s s  c r y s t a l s  of di thiacyclophane (51 mg: 56%). i d e n t i c a l  (cp,  'H-NMR. I R ,  MS) 

t o  t h e  p rev ious ly  obtained sample. 
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