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ORD AND CD SPECTRA OF 4,6 ,7-TRICHLORO-A5-3-KET0 STEROIDS 

KEY WORDS: UV/ORD/CD spectra, conformation o f  r i n g  A ,  
stereochemistry o f  C1 a t  C-4 

V. Toome and G .  Reymond 

Chemical Research Department , 
Hoffmann-La Roche Inc . ,  

Nut ley,  New Jersey 07110 

Recently the synthesis o f  4,6,7-trichloro-~~-3-keto s te ro ids  
has been described and the  conformation o f  r i n g  A ("skew" boat)  
and the  stereochemistry o f  the  th ree  ch lo ro  subs t i tuents  (&-and 
7a-chlorines a x i a l )  was es tab l i shed by the  s i n g l e  c r y s t a l  X-ray 

ana lys is  o f  4a,6 ,7a- t r i ch l  oro- l7a ,21-di hydroxypregn-5-ene-3,11,20- 
t r i o n e  21-acetate 1 I I . l  
conformation w i t h  t h a t  i n  s o l u t i o n  and a l s o  t o  demonstrate t h a t  
the same conformation o f  r i n g  A (and t h a t  o f  t he  4-chloro 
subs t i tuents )  i s  present when r i n g  D i s  subs t i t u ted  d i f f e r e n t l y ,  
the ORD and CD spectra o f  I11 and 4a,6,7a-trichloro-5-androsten- 
3-0ne acetate I ,4a ,6,7a-trichloro-l7a-hydroxypregn-5-ene-3, 
20-dione aceta te  I 1  and 4a,6,7a-trichloro-21-hydroxy-l6-1nethylpregn- 
5,16-diene-3,11,20-trione acetate I V  have been recorded i n  dioxane. 
The experimental r e s u l t s  o f  the  f o u r  compounds a r e  i n  agreement 
w i t h  the boat conformation o f  r i n g  A and the a x i a l  p o s i t i o n  o f  
the 4-C1 subs t i t uen t .  
and demonstrated i n  Figures 1 and 2. 

t h a t  these compounds show an unusual ly s t rong UV absorpt ion f o r  

I n  o rder  t o  c o r r e l a t e  the  s o l i d  s t a t e  

2 

The p e r t i n e n t  data i s  sumnarized i n  Table 1 

Before discussing the  ORD and CD data, i t  should be mentioned 
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TOOME AND REYMOND 

TABLE 1 

ORD and CD Spectral  Data 
QI 
1 3  

--OAC 

11 

d l  c1 

I1 

I11 

I V  

- ORD - CD 

!a& a h )  [ 41 a (mi r GI 
I 700 -403O 3 60 0 

589 -5340 3 10 +10,430 
282 0 
242 -54.3 53 261 -29,930°tr 

229 +5 , 11OOpk 227 -38,824 
2 17 -3 , 650%r 2 10 -88,3201ast 

700 -460° 360 0 
589 -6440 302 +18.240 
335 +713Opk 274 0 
261 -43,7000tr 242 -56,240 
227 -9,200opk 226 -39,520 
2 18 -13,800°tr 2 08 -83,6001ast 

700 -820 3 52 0 
589 -940 3 02 +23,100 
325 +8,7OO”pk 272 0 
260 -44, O O O t r  2 38 -48,840 
2 18 +7,20Osh 220 -36,960 

338 O%k 

2 04 -45,5401aet 

700 -279’ 370 0 

2 56 -48 , 650 tr 2 40 -90,000 

589 -3730 3 1 2  +27,600 
343 +5,56O%k 276 0 

224 +25,715Opk 2 19 -42 , 320 
2 10 +18, 070°1ast 2 10 -52,4401ast 

ORD and CD spectra  recorded ind ioxane  on a JASCO Spectropolari- 
meter, Model ORD/CD/UV-5 a t  23 C .  Concentrations w e r e  0.01 M. 

(a) 

(b) tr = trough; pk = peak; sh - shoulder. 
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4,6, 7-TRICHLORO-A5-3-KE"CI STEROIDS 

200 250 300 350 400 
x nm 

Figure I .  O R 0  SPECTRA IN DIOXANE 

B,-,-unsaturated ketones ( i n  ethanol x max 240 nm, E = 5400; 
shoulder 300 nm E = 220). 
l a p  o f  the  nonbonding p o r b i t a l  o f  the  oxygen atom and the  n 

o r b i t a l  o f  t he  ch lo r i na ted  double bond.3 On the  o ther  hand, the  
geometry o f  the  o r b i t a l  o f  the  th ree  ch lo r i ne  subs t i tuents  a l s o  
seems t o  be o f  importance: a f t e r  the  reduc t ion  o f  the  3-keto 

group the  UV maximum i s  s t i l l  s t rong and undergoes a hypsochromic 
s h i f t  o f  on l y  10 nm ( i n  ethanol x max a t  230 nm, E = 7700) w h i l e  
the shoulder a t  300 nm ( n +  'TI t r a n s i t i o n )  has disappeared. This 
unusual UV absorpt ion f u r t h e r  mot ivated the  ana lys is  o f  ORD and 
CD spec t ra l  data o f  these compounds. 

Because 
o f  the  overlapping o f  the  strong background r o t a t i o n  and the  

This may be explained by some over- 

* 

The ORD spectra o f  I - I V  a re  shown i n  Figure 1. 
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30 L 

200 250 300 350 4 
nm 

Fiqurr 2. CD SPECTRA IN OIOXANE 

0 

Cotton e f fec ts ,  the  ORD curves are  less  s u i t a b l e  f o r  the  
q u a n t i t a t i v e  determinat ion o f  s t ruc tu re  - spec t ra l  co r re la t i on .  
Therefore, on ly  the CD spectra (Figure 2) a re  analyzed. 

as expected, two separate and d i s t i n c t  Cotten e f fec ts :  
p o s i t i v e  maximum a t  310 nm, [Q] = 10,430 ( n  +. n t r a n s i t i o n  o f  
the ke to  group), and a very strong negative one a t  242 nm, 
Q = -54,350, corresponding t o  the observed UV maximum a t  240 nm. 
Because the  longer wavelength extrema usua l l y  can be measured more 
accurately,  we w i l l  l i m i t  our  discussion t o  the Cotton e f f e c t s  i n  
the 300 - 320 nm region. 

A Dreiding model o f  I ,  r i n g  A i n  the c h a i r  conformation, 
reveals immediately t h a t  an a x i a l  ch lo r i ne  a t  C-4 f a l l s  i n t o  a 
negat ive oc tan t  and the r e s u l t  would be a strong negat ive Cotton 

5 Compound I ,  which has on ly  the  A -3-keto chromophore, shows, 
a strong * 

4 
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4,6 ,7-TRICHLORO-AS-3-KET0 STEROIDS 

e f f e c t .  Although the  ch lo r ines  a t  C-6 and C-7 would be i n  a 
p o s i t i v e  octant,  they are  f a r t h e r  away from the carbonyl. 
more, i t  i s  known t h a t  %-halo and 5clY6a-dihalo-3-keto de r i va t i ves  
show abnormally low r ~ t a t i o n . ~  As already mentioned, our experimental 
data shows a strong p o s i t i v e  Cotton e f f e c t .  Therefore, i t  i s  no t  i n  
agreement w i t h  the  c h a i r  form and an a x i a l  ch lo r ine .  Now, i f  the  
ch lo r i ne  were equator ia l ,  then the ne t  r e s u l t  would be a weak Cotton 
e f f e c t ,  which cont rad ic ts  the  experimental data. On the  other hand, 
i f  r i n g  A i s  i n  the boat form and the  ch lo r i ne  i n  the a x i a l  p o s i t i o n  , 
one would expect a r e l a t i v e l y  strong p o s i t i v e  Cotton e f f e c t  i n  
agreement w i t h  the experimental resu l t s .6  The ch lo r ines  a t  C-6 and 
C-7 would now be i n  negat ive octants, bu t  t h e i r  i n f l uence  would 
again be r e l a t i v e l y  small. The 6,y-unsaturated carbonyl system 
could a lso  be t rea ted  as an i nhe ren t l y  dissymmetric chromophore. 

S t ruc ture  I 1  has an add i t i ona l  chromophore, the  178-acetyl 
group, which should a l so  have a s t rong p o s i t i v e  Cotton e f f e c t  
([el = t10,OOO - 12,000).8 Both keto groups are s i t u a t e d  i n  
d i s t a n t  par ts  o f  the  molecule, and i t  has been shown t h a t  the  
so-cal led " a d d i t i v i t y  r u l e "  i s  app l i cab le  i n  those cases. 

Therefore, the  molar e l l i p t i c i t y  should be approximately the 
a r i t hmet i c  sum o f  t he  two Cotton e f f e c t s .  
here, as seen i n  the  experimental data. 

usua l ly  e x h i b i t s  a m i l d  Cotton e f f e c t  ([el 1200). An 
in t roduc t i on  o f  a C-5 double bond enhances t h i s  t o  ca 5300. 
Again, as expected, the  molecular e l l i p t i c i t y  i s  i n  agreement 
w i t h  the  experimental data [approximate a r i t hmet i c  sum o f  the 
three Cotton e f f e c t s  due t o  the 3,11 and 20 keto groups 3. 

chromophores present: 3- ,11 -and ~ ' ~ - 2 O - k e t o  groups. The l a t t e r  
i s  expected t o  e x h i b i t  a p o s i t i v e  c i r c u l a r  dichroism maximum a t  

* 8 ca 330 nm due t o  the  n +. 71 carbonyl t r a n s i t i o n  ([el = 8000). 
The sum o f  these th ree  carbonyl Cotton e f f e c t s  should r e s u l t  i n  
a strong p o s i t i v e  c i r c u l a r  dichroism maximum whose p o s i t i o n  
should show a m i l d  bathochromic s h i f t .  
experimental data. 

Further-  

1 

7 

8 

That i s  the  case 

I n  add i t ion ,  s t ruc tu re  I 1 1  contains an 11-keto group which 

8 

9 

F ina l l y ,  compound I V  a l s o  has th ree  asymmetrical ly perturbed 

This i s  confirmed by the  
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