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T he in fra re d  sp ec tra  of codeine (IA ), d ihydrocodeine  (H A ) an d  th e ir  d e riv a tiv e s  
w ere s tu d ied  in  o rd e r  to  exam ine th e  a p p licab ility  o f th is  m e th o d  fo r th e  e lu c id a tio n  
o f s tru c tu ra l a n d  s te ric  s tru c tu ra l p ro b lem s in rin g  C.

I t  was fo u n d  th a t
—  th e  s a tu ra te d  or u n sa tu ra te d  c h a ra c te r  of ring  C can  be  estab lished  u n a m 

b ig u o u sly  on th e  basis  of th e  in fra re d  sp ec tra ;
—  in C6— X  and  C8— X  s u b s ti tu te d  u n sa tu ra te d  com pounds c h a ra c te ris tic  

d ifferences a p p ea r  in  th e  800—1000 c m - 1 reg ion . H ere  b an d s  of h igh  in te n s ity  —  d e n o te d  
b y  “ E ”  —  a p p ea r  in  th e  case of a c losed  r in g  E ; su b s ti tu e n ts  Cc— X  an d  C8— X  give 
rise  to  b an d s in  th e  940 +  10 ein 1 a n d  900 +  13 cm -1  reg ions, resp ec tiv e ly ;

—  th e  ch a ra c te ris tic  b an d s of th e  C6— X  su b s titu e n ts  a p p ea r in  th e  co m p o u n d s 
ex am in ed  in  acco rd an ce  w ith  th e  su p p o sed  configu ra tions, an d  in  ag reem en t w ith  th e  
g en era l s ta te m e n ts  o f th e  lite ra tu re ;

—  on th e  b asis  of th e  re su lts  o b ta in e d  w ith  com pounds co n ta in in g  s a tu ra te d  
r in g  C an d  ax ia l C6— X  su b s titu en ts , in  th ese  d e riv a tiv e s a co n fo rm ational eq u ilib riu m  
is supposed  b e tw ee n  m olecules co n ta in in g  rin g  C in  ch air an d  flex ib le  b o a t c o n fo r
m atio n s.

T h e aim  o f th e  p re se n t w ork w as to  exam ine th e  u t i l i ty  of in fra red  sp e c tro 
scopy , th e  e lu c id a tio n  o f th e  s tru c tu ra l  a n d  s teric  s tru c tu ra l  p rob lem s o f co d e
ine, d ihy d ro co d e in e  a n d  th e ir  d e riv a tiv e s . T he p resen t in v estig a tio n s h av e  b een  
focussed  p r im a r ily  on  ring  C.

T hese  p rob lem s have  been  s tu d ie d  b y  severa l researchers b y  m ean s 
of chem ical [la ,b ,c ,d ,e ,f ,g ,h ,i] , as w ell as m odern  ph y sica l X -ra y  [2a ,b ,c ] 
an d  N M R  [3a,b] m e th o d s . The m o s t p ro b ab le  s teric  s tru c tu re s  o f codeine  
(IA), m o rp h in e  (IB ), d ihydrocodeine  (IIA ) an d  d ih y d ro m o rp h in e  (IIB ), w h ich  
are in  th e  b e s t ag reem en t w ith th e  re su lts  o f th e  above in v es tig a tio n s  can  be 
given as follows:

IIA: R =  CH3 

IIB: R = H
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394 DINYA et al.: INFRARED SPECTROSCOPIC INVESTIGATION, I

In fra re d  sp ec tro scop ic  stud ies on  th e  ste ric  s tru c tu ra l p roblem s o f ring  
C o f m orph ine  d e r iv a tiv e s  have n o t b een  p u b lish e d  y e t;  on ly  th e  in v estig a tio n s 
o f  R ü ll  [4] on th re e  codeine d e riv a tiv e s  ap p ro ach ed  th is  fie ld .

T he follow ing questio n s of d e ta il  h a v e  been  in v es tig a ted  b y  us: th e  
use o f  in fra red  sp ec tro sco p y  in

(a )  decid ing  th e  sa tu ra te d  or u n s a tu ra te d  c h a ra c te r  o f rin g  C,
(b)  th e  d iffe re n tia tio n  be tw een  th e  p o sitio n  o f th e  su b s titu e n t X  

lo ca ted  a t  Ce ( A 1'8) o r  C8 (zl6’').
(c )  th e  d e te rm in a tio n  of th e  s te r ic  a rra n g e m en t o f th e  C6— X  s u b s ti tu 

e n ts  in  s a tu ra te d  a n d  u n sa tu ra te d  co m p o u n d s .
T he com pounds lis ted  in  T ab le  I  w ere  used  fo r th ese  in v es tig a tio n s ; 

a new  n o m en c la tu re  w as suggested fo r th e  su b stan ce  [5]. T he in fra red  sp ec tra

Table I

Name
Configuration of 

substituent X Ref.

D ihydrocodeinone h i c6= 0 6

Isocodeine IV Ce— OH  (ax') 7

D ihydroisocodeine V C„—O H  (eg) 7

8 -D eoxy-8 -thio l-pseudocodeine VI C8— SH  (eg’) 8

6 -D eoxy-6 -th iol-diliydroisocodeine VII C6- S H  (eg) 8

C odeine-6-0-m ethylether V III C6— OCH3 (eg’) 9

T e trah y d ro th eb ain e IX C6—OCH 3 (ax) 9

6 -D eoxy-6 -chloroisocodeine X C6— Cl (ax') 6

6 -D eoxy-6 -fluoroisocodeine X I C e -F  (ax') 10

6 -D eoxy-6 -chlorodihydroisocodeine X II Ce- C l  (eg) 6

D eoxycodeine-E X III — 11

D ihydrodeoxycodeine D XVI — 12

D ihydro thebainone XV c6= o 9

6-0-A cetyldihydroisocodeine XVI C6— OCOCH3 (eg) 7

6 -0 -A cetyld ihydrocodeine XVII C6— OCOCH3 (ax) 6

3-0-B enzylm orphine XV III C6— O H (eg’) 6

N orcodeine XIX C6— OH (eg’) 6

Isom orphine XX C6— OH (ax') 13

8-D esoxy-8-azidopseudocodeine XXI C8— N3 (e(l ) 14

3-0-A cetyl-8-deoxy-8-azidopseudoinorphine X X II C8-  N3 (eg’) 14

8 -D eoxy-8 -am inopseudocodeine X X III C8~ N H 2 (eg’) 14

8 -D eoxy-8 -chloropseudocodeine XXIV C .-C 1  (eg’) 6

8 -D eoxy-8 -brom opseudocodeine XXV C8-  B r (eg’) 12

8 -D eoxy-8 -iodopseudocodeine XXVI C8- I  (eg’) 6

8 -D eoxy-8 -isothiocyanopseudocodeine XXVII C8- N C S  (eg’) 15
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DINYA et a!.: INFRARED SPECTROSCOPIC INVESTIGATION, I 395

of th e  com pounds co n ta in in g  pheno lic  h y d ro x y l g roups —  ex cep t d ih y d ro th eb a i- 
none (XV) —  w ere s tu d ie d  on ly  in  th e  800— 1000 c m ^ 1 w av en u m b er ran g e , 
since th e  presence o f a pheno lic  h y d ro x y l group m akes th e  sp ec tra  v e ry  com pli
ca ted .

(a )  Investigation of the saturated or unsaturated character of ring C

In  th e  case o f th e  com pounds ex am in ed , th e  b a n d  o f  th e  C =  C s tre tch in g  
v ib ra tio n  (r C = C )  c a n n o t be u tiliz ed  fo r th e  d e te rm in a tio n  o f th e  s a tu ra te d  
or u n sa tu ra te d  c h a ra c te r  o f ring  C, since th is  is u su a lly  o v erlap p ed  b y  a s tro n g  
b a n d  a p p ea rin g  in  th e  sam e reg ion ; th is  is due to  th e  s lig h tly  deform ed a ro 
m atic  ring .

H ow ever, b a n d s  of m ed ium  in te n s ity  ch a ra c te ris tic  o f  th e  v (=  CH) a n d  
y ( =  CH) v ib ra tio n s  o f cis e th y len e  double  bonds could  be  fo u n d  in  th e  regions 
given in  th e  l i te ra tu re  [16] (T able I I ) ;  th ese  b an d s are  m issing  in  th e  sp ec tra  
o f th e  co rrespond ing  sa tu ra te d  analogues.

I t  should  be  n o te d , how ever, th a t  on th e  basis o f th e se  b an d s  (Table I I )  
no unam biguous d iffe ren tia tio n  w as possible be tw een  com pounds co n ta in in g  
Zl6,7 or zl7'8 u n s a tu ra te d  bonds.

Table II

Compound
v(=C H ) 

cm 1
y(=C H )

cm-1

IA 3020 687 709

IV 3028 680 718

V III 3028 9 707

X 3029 687 710

XI 3023 690 720

X III 3028 687 709

VI 3012 697 710

XIX 3010 693 722 ?

XX 3030 683 722

XXI 3024 682 705

X X II 3025 685 702

X X III 3020 685 702

XXIV 3032 687 703

XXV 3031 690 ?

XXVI 3029 683 701

XX VII 3031 9 704
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396 DINYA et al.: INFRARED SPECTROSCOPIC INVESTIGATION,!

T he s a tu ra te d  o r  u n s a tu ra te d  c h a ra c te r  o f ring  C is also in d ica ted  b y  
th e  b an d s  assigned to  r in g  E  (d ih y d ro fu ra n  ring). T h e  g re a t s tra in  o f th e  C,—  
— О — C 5 bond in  th e  r in g  will d e fo rm  rin g  A, and  th is  e ffec t is even  m ore 
p ro n o u n ced  in rin g  С [За].

O n th e  basis o f  th e  li te ra tu re  [17], i t  can  be s ta te d  t h a t  if  th e  fu rán  
sk e le to n  is a tta c h e d  to  a rig id  rin g  sy s tem , a b an d  of v C —  О c h a ra c te r  can  
b e  fo u n d  in the  930— 980 c m - 1  reg ion . In  a d d itio n  to  th is , th e  sp ec tru m  has 
f u r th e r  ch a rac te ris tic  a b so rp tio n  m ax im a  betw een  1210— 1260 c m - 1  a n d  
985— 1000 c m - 1.

In  th e  sp ec tra  o f  m orph ine d e riv a tiv e s , several c h a ra c te r is tic  b a n d  s 
c a n  be  found  in  th e  8 8 0 — 1210 c m - 1  reg io n ; fu r th e r  on, th e se  w ill be d e n o te d  
as “ E ” -bands (T able I I I )  w hich a re  m issing  in th e  absence  of th e  C4— 0 — C 5 

b o n d .

Table H I

Character of 
ring C

“ E”-bands,
cm-1

U n sa tu ra te d 9 1 0 + 1 0  m 940 +  10 vs 965 +  10 s 1 0 3 5 + 1 0  vs 1200 m — w
S a tu ra te d 910 +  10 m — w 945 +  10 m 965 +  5 m  1010? 1040? 1080+ 1  s

1190 +  5 m— w

T he in tensities o f th e  b a n d s  a re  in d ic a te d  as u su a l in  th e  l i te ra tu re :  vs: v e ry  s trong ; 
s: s tro n g ; m : m edium ; w : w eak.

I f  ring  C h as  u n s a tu ra te d  c h a ra c te r , th ese  a b so rp tio n  h av e  usually  
h ig h  in tensities. T h ey  a re  due to  com plex  g roup  v ib ra tio n s  a n d  can , in  general, 
b e  considered c h a ra c te r is tic  o f th e  s tra in e d  d ih y d ro b en zo fu ran  ring  system .

(b) Determ ination of the position of substituent X at C6 A 7>8

or C8

T able IV  lis ts  th e  w av en u m b er v a lu es  of th e  m o st in ten se  m ax im a of 
th e  b a n d  groups u su a lly  ap p earin g  as tr ip le ts  in  th e  in fra re d  sp ec tra  of th e  
com pounds (recorded  in  K B r pelle ts).

I t  can be seen t h a t  th e  su b s ti tu tio n  p a tte rn  (C6 o r C8) o f ring  C can be 
d e te rm in e d  u n am b ig u o u sly  on th e  basis  o f th e  ap p ea ran ce  o f th e  “ E ” -bands 
in  th e  880—1000 c m " 1 reg ion .

This o b se rv a tio n  can  be well u tiliz ed  in  th e  s t ru c tu ra l  in v estig a tio n s of 
th e  p ro d u c ts  form ed in  th e  nucleophilic  su b s titu tio n  reac tio n s  o f th e  6 -0 -tosyl 
a n d  6 -0 -m esyl d e riv a tiv e s  s tu d ied  b y  us, th u s  in d irec tly  fa c ilita tin g  th e  ev a lu a 
tio n  o f the  reac tio n  m echan ism  [5].
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Table IV

Compound Substituent
Band maximum, 

cm - 1 Average
cm-1

IA 6— O H  (eg’) 936 s

IV 6—O H  (ax)' 942 s

V III 6— OCH3 (eq)' 941 s

X 6— Cl (ax)’ 938 s 9 4 0 + 1 0

XI 6—F  (ax)’ 945 vs

XIX 6— OH  (eg)’ 950 s

XX 6— OH  (ax)’ 930 s

VI 8— SH 903 vs

XXI 8 - N 3 913 vs

X X II 8 - N 3 913 vs

X X III 8— N H 2 (eg’) 887 s

XXIV 8— Cl 901 s 9 0 0 + 1 3
XXV 8— B r 900 vs

XXVI 8— 1 895 vs

XXVII 8— NCS 892 vs

T he values m easu red  can  b e  found  w ith in  + 5  cm  1 in  th e  sp e c tra  reco rded  in  ch lo ro 
form  solu tion .

(c )  S te ric  position of th e  C e X su b stitu en ts

T ab le  V show s th e  w avenum ber v a lu es  o f  th e  Ce— X  a n d  X — H  s tre tc h 
ing v ib ra tio n s  of th e  C„— X  (zl7’8) u n s a tu ra te d  d e riv a tiv e s .

I t  can  be seen t h a t  th e  c h a rac te ris tic  v ib ra tio n a l freq u en cy  values o f 
th e  Ce— X  su b s titu e n ts  co rrespond  to  th e  supposed  s te ric  positions, in  a cco rd 
ance w ith  th e  g enera l s ta te m e n ts  g iven in  th e  l i te ra tu re  [18 ,a ,b ,c] (T able I). 
T he d issim ilar p o sitio n s o f th e  C6— O H  groups in  codeine (IA) an d  isocodeine 
(IV) clearly  ap p e a r in  th e  3000—3700 cm  1 regions o f th e  sp ec tra  (F ig. 1).

I t  can  be seen t h a t  in  th e  spectra  reco rd ed  in  K B r p e lle ts  a sh a rp  in ten se  
b a n d  (3520 c m “ 1) a n d  a b ro a d  ab so rp tio n  m ax im u m  (3150 c m “ 1) a p p e a r  in  
th e  case of codeine a n d  isocodeine, re sp ec tiv e ly  (F ig . 1A). In  th e  sp ec tra  
reco rd ed  in  ch lo ro fo rm  so lu tio n  (Fig. IB ) th e  c h a ra c te ris tic  h an d s are  fo u n d  
a t  3580 c m - 1  (IA) a n d  3610 c m “ 1 (IV). O n d ilu tio n , th e  b a n d  of codeine (IA) 
fo u n d  a t  3580 c m “ 1 show s only  sm all changes w ith in  th e  lim it o f e rro r, w hile 
in  th e  case o f isocodeine (IV) an  in te n s ity  v a r ia tio n  can  be observed: th e  
in te n s ity  of th e  m a x im u m  a t 3150 c m “ 1 decreases, w hile th a t  app earin g  a t  
3610 c m “ 1 shows in c rea sed  in ten s ity . I n  o rd e r to  ex p la in  th ese  phenom ena —  
s ta r tin g  w ith  th e  k n o w n  co nfigu ra tion  o f th e  Ce— O H  groups —  th e  fo rm a tio n  
of a w eak in tra m o le c u la r  hydrogen  b rid g e  can  be assum ed  in  th e  solid s ta te
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398 DINYA et al.: INFRARED SPECTROSCOPIC INVESTIGATION, I

F ig . 1. O H  s tre tc h in g  v ib ra tio n  b a n d s  o f codeine  (---------- ) an d  isocodeine (— ------- ) in  sp e c tra
reco rd ed  in K B r pe lle ts  (A) a n d  CHC13 so lu tions (B )

Table V

Compound Substituent Steric
position

r(C„—
cm-1

X ) v (X -
cm~

H)

CHC13 KBr CHCI3 KBr

Codeine (IA) OH K ) 1060 1060 3560 3520
(1050)+ (3549)+ 3460

3350

(3665) +

Isocodeine (IV) O H (ax ') 1024 1022 3610 3150

3370

3150

C odeine-6-0-m ethy l-e ther (VIII) O C H 3 C4 ’) 1125 1120

oc-Chloro-codide (X) Cl (ax') 761

808?

a-F luorocod ide  (XI) F (ax') 1155 1152

* T he d a ta  o f R ü ll  [4] are g iven  in  b ra ck e ts .

betw een  the q u a s i - e q u a t o r i a l  OH ( e q ' )  group and the ethereal oxygen atom  of 
ring E in the case o f  codeine (IA), w h ile  the q u a s i - a x i a l  ( a x ' )  OH group of 
isocodeine (IV) can participate in  a stronger interm olecular hydrogen bond.

In the chloroform solution spectra, how ever, the presence o f  so lven t-  
solu te associates o f  various stab ility  should be assum ed. This is probably also 
responsible for the different positions o f th e  3610 cm -1 and 3580 cm -1  bands, 
in  addition to the appearance o f bands o f low  in tensity  betw een  3200 c m - 1
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a n d  3500 c m -1 . N am ely , th e  tw o  O H  groups can n o t be  considered  chem ically  
e q u iv a le n t, th u s  bo n d  s tre n g th  o f  th e  associates fo rm ed  w ith  th e  so lven t m ay  
also be d ifferen t. (C arbon te tra c h lo r id e  is n o t a su ita b le  so lv en t because 
o f th e  poor so lub ility  of a consid erab le  n u m b er o f th ese  com pounds.) I t  should  
h e  n o te d  th a t  in  isocodeine (IV) th e  ex istence of a p ro b a b ly  v e ry  w eak  in t r a 
m o lecu lar hyd rogen  b o n d  b e tw een  th e  C6— O H  ( a x ’)  g roup  an d  th e  Лъ8 
d o u b le  bo n d  c a n n o t be  excluded , h u t  th is  could n o t be  confirm ed  u n a m 
b iguously .

R ing  C in  th e  /d7’8-u n sa tu ra te d  com pounds has a f la t  b o a t  co n fo rm ation , 
w hile in  th e  s a tu ra te d  d e riv a tiv e s  i t  has a chair co n fo rm atio n  w hich is s lig h tly  
d is to r te d  because o f th e  C4—О—C 5b o n d  [3a, 4]. T hus, in  th e  d ih y d ro  de riv a tiv es  
th e  con fig u ra tio n  o f th e  C6— X  s u b s titu e n t is changed  as com pared  w ith  th e  
co rrespond ing  u n s a tu ra te d  d e riv a tiv e s . This co n fig u ra tio n a l change is also 
rev ea led  b y  th e  w av en u m b er v alues of th e  ch a rac te ris tic  v ib ra tio n s  o f th e  
b o n d s  in  question . T he w av en u m b ers  ch a rac te ris tic  of th e  Ce—LX  bonds in  th e  
s a tu ra te d  deriv a tiv es  a re  lis te d  in  T ab le  V I.

Table VI

C om pound S u b s titu e n t S teric
p o sitio n

v ( C „ — X )  
c m  1

v ( X - H )
c m - 1

C H C lg K B r C H C lg K B r

D ihydrocodeine (ПА) OH ax 1044

(1035)*

1079

1050 3590

(3645)*

(3580)*

3565

3380

3160

3127

D ihydroisocodeine (V) OH eq 1042

(1038)*

1048

3648

3605

(3648)*

(3586)*

3415

3150

3130

6-D eoxy-6-thiol-dihydroisocodeine
(VII) SH eq 640 642 2500

broad
2549

T etrah y d ro th eb a in e  (IX) OCH3 ax 1120

1109

broad

1098

1097

D ihydro-a-chlorocodide (X II) Cl eq 751
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400 DINYA et al.: INFRARED SPECTROSCOPIC INVESTIGATION, I

Table VI (continued)

Compound Substituent
Steric
posi
tion

V C = 0
cm-1

vatC— 0  — C 
cm-1

<5,CH,
cm-1

CC14 KBr CC14 KBr CC14 KBr

6-0-A cetyl-d ihydrocodeine CH3C00 ax 1748 1738 1245 1248 1379

(XVII) broad b r 1380

1225 1225 1365 1374

1205 1195 1363

1190

6-0-A cetyl-dihydroisocodeine CH3C00 eq 1743 1740 1240 1240 1380 1875

(XVI) bro ad *

120 0 1362 1365

* D a ta  by  H u l l  [4]

The w avenum ber values observed, in accordance w ith  th e  literature data  
[18a, b , c], are in agreem ent w ith the supposed steric positions. Sim ilarly to  
th e  case of the unsaturated com pounds, it can be stated  th a t the configuration  
o f  th e  Ce— X  group usu a lly  alters the wavenum ber values o f  th e  rC6— X  band  
on ly  slightly.

The v O — H regions o f the epimeric pair containing C6— OH group, 
dihydrocodeine (ПА) and dihydroisocodeine (V), are shown in Fig. 2.

It is surprising th a t the spectra recorded in K Br pellets (Fig. 2A) show  
alm ost no difference. This indicates that in both com pounds the C6— OH  
groups participate in stab le  hydrogen bands. Significant differences appear, 
how ever, in the 3500— 3650 c m -1 regions o f the solution spectra. D ihydro
isocodeine (V) g ives one band at 3603 cm -1 , while dihydrocodeine (ПА)

cm

F ig . 2. O H  stre tch in g  v ib ra tio n  b a n d s  of d ihydrocodeine  (--------- ) a n d  dihydroisocodeine
(------------ ) in  sp e c tra  reco rd ed  in  K B r pe lle ts (A) an d  CHC13 so lu tions (B)
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ab so rb s  a t 3590 c m - 1  and  3565 c m -1 . The d ifferen t positions of th e  b an d s  
fo u n d  a t  3590 c m - 1  and  3603 c m - 1  can  be ex p la in ed  b y  th e  ex istence  
o f  a hydrogen  bond  betw een  th e  Ce— O H  group an d  th e  e th erea l oxygen  
a to m  of ring  E . In  d ih y d ro co d e in e  (IIA) th e  C6— O H  group  is in  ax ia l 
p o s itio n , an d  th is  co n fig u ra tio n  m a y  give rise to  a s tro n g e r hyd ro g en  b rid g e  
w ith  th e  e th e rea l oxygen a to m  o f rin g  E , since th e  tw o  p illa r a to m s o f th e  
h y d ro g en  bridge are  n ea re r to  each  o th e r th a n  in  d ihydro isocodeine  (w here 
C6— O H  is in equatorial position).

F ig. 3. O H  s tre tc h in g  v ib ra tio n  b a n d s  of d ihydrocodeine

In  o rder to  e lucidate  w h e th e r  th e  b a n d  positions observed  in  ch loroform  
so lu tio n s, as well as th e  shou lder ap p ea rin g  a t  3565 c m “ 1 in  th e  case o f d ih y d ro 
codeine are due to  associates fo rm ed  w ith  th e  so lven t m olecules w hich h av e  
d iffe ren t s tre n g th s  because o f  th e  d iffe ren t steric  po sitio n s, d ihyd rocodeine  
(IIA) was also exam ined  in  an  a p o la r  so lven t (CC14); th e  co rrespond ing  p a r t  
o f th e  spec trum  is show n in F ig . 3.

I t  can  be  seen th a t  in c a rb o n  te tra c h lo rid e  so lu tion  —  as com pared  w ith  
th e  chloroform  so lu tion  of id e n tic a l c o n cen tra tio n  —  a freq u en cy  increase  o f 
1 0  c m “ 1 occurs, w hich confirm s th e  ex istence of associa tes w ith  ch loroform . 
O n th e  effect o f d ilu tion  (F ig . 3), how ever, a fu r th e r  —  a lth o u g h  sm all, 
a b o u t 5— 6  c m - 1  —  w av e n u m b e r sh ift occours, w hich is p ro b ab ly  due  to  th e  
ru p tu re  of th e  w eak  in tram o lecu la r  hyd rogen  bridge fo rm ed  w ith  th e  e th e rea l 
o x ygen  atom  of ring  E . S till, th e  shou lder ch a rac te ris tic  o f d ihyd rocodeine  
(IIA) w hich is sh ifted  to  h igher w av en u m b er values as a re su lt of th e  decreased  
p o la r ity  of th e  so lv en t and  d ilu tio n , ap p ears  in  each case. In  general i t  can  
also  be  observed in  o th e r regions o f  th e  sp ec tra  (Table Y I) th a t  in th e  p resence 
o f axial  C6— X  groups, c h a ra c te r is tic  b a n d  sp littin g s o f  “ shou lder“  a p p ea r 
as com pared  w ith  th e  co rrespond ing  eq u a to ria l com pounds.

In  o rder to  explain  th e se  p h en o m en a , on th e  basis  o f th e  l i te ra tu re  
d ea lin g  p rim arily  w ith  stero ids [18b, 19a, b , c, d] i t  can  be supposed  th a t  
th e  d ihydro  com pounds c o n ta in in g  ax ia l C6— X  groups a re  p re sen t in  a sh ifted  
conform er equ ilib rium  in so lu tio n s. T his conform er equ ilib riu m  m ay  ex is t
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b e tw e e n  form  a ch a ra c te riz e d  b y  th e  chair co n fo rm atio n  o f r in g  C an d  fo rm  c of 
‘flex ib le  b o a t’ co n fo rm atio n  (w hich is s tro n g ly  sh ifted  to w a rd  a); th e  so-called 
“ c lassica l b o a t”  c o n fo rm a tio n  b of ring  C c a n n o t develop because  of energetical 
rea so n s  (Fig. 4). T h is a ssu m p tio n  is confirm ed b y  an  in sp ec tio n  o f th e  D reid ing  
m odel. D etailed  th e o re tic a l a n d  te m p e ra tu re -d e p e n d e n t in fra red  and  N M R  
s tu d ie s  of th is  p ro b lem  a re  in  progress.

»)

F ig . 4. Supposed co n fo rm a tio n a l lim itin g  cases o f  r in g  C in  d ih y d ro - (C6— X  ax) d e riv a tiv es: 
(a )  c h a ir ; (b )  classical b o a t;  (c )  flexible b o a t
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Experimental

T h e  in fra re d  sp ec tra  w ere re co rd e d  w ith  a  Zeiss U R -10  sp e c tro p h o to m ete r. T h e  w ave- 
n u m b e r c a lib ra tio n  o f th e  in s tru m e n t w as checked  b y  reco rd ing  th e  sp e c tru m  o f a  p o ly s ty ren e  
foil (<f =  0.25 /л). T h e  accu racy  o f th e  w av en u m b e r v a lu es given is + 2  cm ” 1. T he sp e c tra  
w ere reco rd ed  in  solid  s ta te  (K B r p e lle ts ) an d  in ch lo ro fo rm  (in some cases, in  ca rb o n  t e t r a 
ch loride  so lu tions). U n fo rtu n a te ly , th e  genera l u se  o f c a rb o n  te trach lo rid e  as a  so lv en t, w h ich  
w ould  h a v e  b een  m ore  a d v an tag eo u s  fro m  severa l p o in ts  o f view , w as n o t  possib le  b ecau se  
of th e  p o o r so lu b ility  of a  s ign ifican t n u m b er o f th e  com pounds exam ined .

*

T h e  a u th o rs ’ th a n k s  are due  to  th e  H u n g a rian  A cad em y  of Sciences a n d  to  th e  A lka lo id  
W orks a t  T iszav asv ári, H u n g ary , fo r  th e  su p p o rt o f th is  w ork; fu r th e r , to  G. K is s  fo r h is 
v a lu ab le  assistance  in  th e  ex p e rim e n ta l w ork.
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