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X I (X = O; R = Benzoyl) 
II H N / ~  II  (X ~ S; R = Benzoyl) 

O= ~k.. {]9 LN I I I  (X = N H ;  R = H) 
N ~ CH~OR IV (X = S; R = H) 
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Zusammen/assung. 6 - A z a c y t i d i n  wurde  s y n t h e t i s i e r t ;  es 
erwies  s ich  a ls  A n t i m e t a b o l i t .  

F. ~ORM, J. SMRT, a n d  V. CtgRNECKIJ 3 
Department o/ Organic Synthesis, Institute o/ Organic 
Chemistry and Biochemistry, Czechoslovak Academy o/ 
Science, Prague, November 3, 1960. 

b) In&~ctive effect. The  i n d u c t i v e  ef fec t  of a n  e lec t ron-  
w i t h d r a w i n g  g r o u p  7 , -subs t i tu ted  to  a n  a, / / - u n s a t u r a t e d  
k e t o n e  will oppose  t h e  p o l a r i z a t i o n  i n h e r e n t  in  t h e  exc i t ed  
s t a t e  b y  cha rge  repu l s ion  b e t w e e n  t h e  C-5 a n d  C-6 elec- 
t r o n  de f i c i en t  cen t res  (of. I I I ) .  F u r t h e r ,  a n  e l ec t ronega t i ve  
y s u b s t i t u e n t  will, b y  p l a c e m e n t  of a p a r t i a l  pos i t ive  
cha rge  on  t h e  ~,-carbon a t o m  (cf. IV) oppose  t he  mobi l i -  
za t ion  of t h e  ~-e lec t rons  necessa ry  to  r e a c h  t he  exc i ted  
s ta te .  

The Ultraviolet Light Absorption Spectra 
of Steroid C-6 Substituted-A4-3-Ketonesl 

The  bas ic  s t r u c t u r e s  u n d e r  cons ide ra t i on  a re  i l l u s t r a t ed  
b y  f o r m u l a  12. 

c,3t~'-.. 
~ ' earlial ster0ifl r0rmula 

0 X=CHa, F, C[,Br, I.N0a,0H 
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I n  t he  absence  of e x t r a n e o u s  fac to rs  (e.g. t l - k e t o  sub-  
s t i t u e n t s )  a s t e ro ida l  A4-3-ketone,  u n s u b s t i t n t e d  a t  C-2 or  
C-6, in  a lcohol  so lu t ion  e x h i b i t s  m a x i m u m  a b s o r p t i o n  in 
t h e  u l t r a v i o l e t  a t  240-242  mtx 3. S u b s t i t u t i o n  of e lec t ro-  
n e g a t i v e  g roups  a t  C-6 gives r ise to  e i t h e r  b a t h o c h r o m i c  
or  h y p s o c h r o m i c  sh i f t s  in  t h e  a b s o r p t i o n  m a x i m u m .  
Before  de t a i l i ng  t he  i n d i v i d u a l  cases, t h e  p r inc ipa l  fac to rs  
a f fec t ing  t h e  u l t r a v i o l e t  l i gh t  a b s o r p t i o n  p rope r t i e s  of C-6 
s u b s t i t u t e d  A4-3-keto s te ro ids  will be discussed.  

The excited state o/A4-3-keto steroids. T he  p r inc ipa l  h i g h  
i n t e n s i t y  b a n d  of A~-3-keto s t e ro ids  obse rved  in  t he  
240 m ~  reg ion  is t he  K b a n d  ( N + V  t r a n s i t i o n )  a n d  is 
a t t r i b u t e d  to  t h e  f o r m a t i o n  of t h e  exc i t ed  s t a t e  ( I - ~ I I )  
w h e r e i n  t h e  c h a r g e d  d ipo la r  fo rm d o m i n a t e s .  

- 0 ~  steroid lormolae 

I II 

Possible /actors affecting transition energy (A E) o/ C-6 
substituted A4-3-keto steroids, a) Planarity. F o r  e f fec t ive  
e l ec t ron ic  t r a n s i t i o n  b e t w e e n  t h e  ends  of a dipole  i t  is 
neces sa ry  t h a t  t he  c h r o m o p h o r e ,  in  t h i s  case t h e  u n e x c i t e d  
u n s a t u r a t e d  ke tone ,  be  e s s en t i a l l y  u n i p l a n a r .  S ter ic  
fac to rs  w h i c h  r e su l t  i n  d i s t o r t i o n  of t h e  c h r o m o p h o r e  
p l ane  m a y  af fec t  t he  e n e r g y  r e q u i r e m e n t  necessa ry  to 
r each  t he  exc i t ed  s ta te .  A priori i t  m i g h t  h a v e  been  an t i -  
c ipa t ed  t h a t  a b u l k y  6fl-axial  s u b s t i t u e n t  would  cause  a 
d i s t o r t i o n  of t h e  c h r o m o p h o r e  b y  v i r t u e  of t he  1, 3-diaxia l  
n o n - b o n d e d  i n t e r a c t i o n s  b e t w e e n  such  a g roup  a n d  t he  
C- t0  m e t h y l  g roup .  A n t i c i p a t i n g  t he  d iscuss ion  w h i c h  
follows i t  m a y  b e  n o t e d  t h a t  t h e  effect  o n  t h e  u l t r a v i o l e t  
m a x i m u m  of t h i s  I, 3 -d iaxia l  i n t e r a c t i o n  can  on ly  be  
min ima l .  

T h e  g e o m e t r y  of t h e  s y s t e m  is such  t h a t  if t he  sub-  
s t i t u e n t  a t  C-6 occupies  t h e / / - a x i a l  pos i t ion  i ts  i n t e r a c t i o n  
w i t h  t he  dipole  of t he  ~, ] / - u n s a t u r a t e d  k e t o n e  sys tem,  is of 
g r ea t e r  m a g n i t u d e  t h a n  t h a t  of a n  i den t i ca l  s u b s t i t u e n t  in  
t he  e - e q u a t o r i a l  pos i t ion ,  cf. F igure  V. T h u s  t h e  i n d u c t i v e  
effect  of a 6 / / s u b s t i t u e n t  will be g r e a t e r  t h a n  t h a t  of t h e  
c o r r e s p o n d i n g  6~ s u b s t i t u e n t .  

CH~ 
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A l t h o u g h  no  such  cases h a v e  been  repor ted ,  one  m a y  
p r e d i c t  t h a t  C-6 s u b s t i t u t i o n  of a A4-3-ketone b y  a s t rong  
e lec t ron  re leas ing  g roup  would  re su l t  in a lower ing  of t h e  
e x c i t a t i o n  ene rgy  a n d  a c o n s e q u e n t  b a t h o c h r o m i e  sh i f t  in  
t he  pos i t ion  of m a x i m u m  a b s o r p t i o n  (K b a n d )  in  t h e  
u l t r a v i o l e t  spec t rum.  

c) Neighbouring group participation in the excited state. I f  
a s u b s t i t u e n t  a t  C-6 is in  such  a pos i t i on  t h a t  i t  m a y  w i t h  
m i n i m a l  m o v e m e n t  interact-  w i t h  t h e  u n s h a r e d  o rb i t a l  of 
t h e  e x c i t a t i o n  s t a t e  C-5 c a r b o n i u m  ion  a n d  if t h e  sub-  
s t i t u e n t  is c a p a b l e  of a ccep t ing  a pos i t ive  charge ,  pa r t i c i -  
p a t i o n  in t he  exc i ted  s t a t e  is possible  (Fig. VI) .  

Th i s  will r e su l t  in  a lower ing  of t h e  e x c i t a t i o n  e n e r g y  
d u e t o  a n  e x t e n s i o n  of t he  e f fec t ive  l e n g t h  of t h e  c o n j u g a t e d  

x This paper is considered to bc Steroids CLXI in the series from 
these laboratories; part CLX, C. CASAS CAMPILLO and L. F. Bo- 
JALZL, American Review of Respiratory Diseases, in press. 

z For leading references to the preparation of compounds of this type 
cf. A. BowERs, E. DgNOT, M. B. Sm~cu~z, L. M. SANeHEz- 
HIDALGO, and H. J. RItCGOLD, J. Amer. chem. Soc. 81, 5233 (1959). 

3 For an excellent compendium and review of the ultraviolet ab- 
sorption spectra of steroids, covering the literature into i95~, see 
L. DORF.~tAU, Chem. Rev. a3, 47 (1953). 
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s y s t e m  4 (as well  as r e s o n a n c e  s t ab i l i z a t i on  of t h e  exc i t ed  
s ta te ) .  

I t  wou ld  a p p e a r  t h a t  such  p a r t i c i p a t i o n  is a m a j o r  
f ac to r  in  t h e  u l t r a v i o l e t  m a x i m u m  of 6fl-chloro, b r o m o  
a n d  iodo-A4-3-keto Steroids. 

6-MethyI-A*-3-hetones. I t  is e v i d e n t  f rom the  T a b l e  t h a t  
a m e t h y l  s u b s t i t u e n t  in  e i t h e r  t h e  6 ~ - o r  6 r - c o n f i g u r a t i o n  
e x e r t s  l i t t l e  or  no  effect  o n  t h e  u n s a t u r a t e d  k e t o n e  ab-  
s o r p t i o n  b a n d  in t h e  240 m ~  region.  Th i s  i nd ica t e s  t h a t  
t h e  w e a k  e l ec t ron  re leas ing  p r o p e r t i e s  of t h i s  g roup  are  
insu f f i c i en t  to  e x e r t  a n y  b a t h o c h r o m i c  s p e c t r a l  shif t .  No 
o t h e r  f ac to r  need  be  cons ide red  in  i n t e r p r e t i n g  t h e  spec t r a l  
m a x i m u m  of a 6 -methy l -Aa-3-ke tone .  

6-Halo-A4-3-ketones. S u b s t i t u t i o n  b y  a 6a - ha l o  g roup  
resu l t s  in  a h y p s o c h r o m i c  sh i f t  of - - 4  to  - - 5  m ~  in t h e  
case  of f luoro or  ch loro  a n d  a s l igh t ly  lower  sh i f t  of --  3 to  
--  4 m ~  in  t h e  case  of b romo.  I t  is c lear  t h a t  t h i s  c h a n g e  is 
d u e  to  t h e  i n d u c t i v e  e f fec t  of  t h e  h a l o g e n  s u b s t i t u e n t s  
( fo rmulae  I I I  a n d  IV)  inc reas ing  t h e  e x c i t a t i o n  s t a t e  
e n e r g y  r e q u i r e m e n t .  T h e  m i n i m a l  d i f fe rence  in  t h e  effects  
of t h e  t h r e e  ha logen  s u b s t i t u e n t s  is pa ra l l e led  b y  t h e  
essen t i a l ly  s imi l a r  i on i za t i on  c o n s t a n t s  of t h e  co r r e s pond -  
ing  c¢-halo ace t ic  acids,  ace t ic  ac id  p K  4.76, c¢-fluoroacetic 
ac id  p K  2.66, a -ch lo roace t i c  acid 2.81, c¢-bromoacetic acid 
2.87. 

W i t h  r e spec t  to  6 r - h a l o  s u b s t i t u e n t s  i t  is a p p a r e n t  t h a t  
in  some  cases  more  t h a n  one  ef fec t  is ope ra t ive .  A h y p s o -  
c h r o m i c  ef fec t  of  - - 5  to  - - 8  m~z is n o t e d  for f luor ine,  
e s sen t i a l ly  no  effect  is f o u n d  for  ch lo r ine  (0 to  -- 1) whi le  
a b a t h o c h r o m i c  ef fec t  of  -b 6 to  -b 8 m[z for  b r o m i n e  a n d  
q- 11 to  -b 13 m ~  for iodine  is no ted .  I n  t h e  case of 6fl-f luoro 
(axial)  i t  a p p e a r s  t h a t  t h e  i n d u c t i v e  effect  is t h e  on ly  
i m p o r t a n t  f ac to r  to  be  cons idered .  T he  h y p s o c h r o m i c  

• sh i f t  is g r ea t e r  t h a n  t h a t  of t h e  ~-fluoro s u b s t i t u e n t  in  
a g r e e m e n t  w i t h  t h e  cons ide ra t i ons  n o t e d  above .  B y  
a n a l o g y  w i t h  t h e  f luoro case  t h e  i n d u c t i v e  effect  of t h e  
6fl-chloro, b r o m o  a n d  iodo a t o m s  m u s t  be as g r e a t  or  
g r ea t e r  t h a n  t h a t  of t h e  c o r r e s p o n d i n g  6 a - s u b s t i t u e n t  b u t  
t h i s  e lec t ron  w i t h d r a w a l  effect  is c o m p l e t e l y  o v e r s h a d o w e d  
b y  a second effect.  

Influence of C-6 substituent on principal ultraviolet maximum of 
A a-3-keto steroids 

Z~ ~rnRx Substituent at C-6 

CH 3 a 
F b 
C1 c 
Br d 
I a 
O H  e 
NO 2 r 

0 t o  + 1  
- 4 t o  - 5  
- 4 t o  - 5  
- 3  to - 4  
No data  

0 t o  - 1  
- 7 t o  - 9  

- 1  to + 1  
- S t o  - 8  

0 t o  - 1  
+ 6 t o  + 8  

+11  to +13  
- 3 t o  - 6  
- 6 t o  - 8  
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The  second fac to r  ope ra t i ve  in t he  6 r - h a l o  series is t h e  
p a r t i c i p a t i o n  (see Fig. VI)  of t h e  ha logen  a t o m  in  t h e  
exc i ted  s t a t e  w h i c h  resu l t s  in  a b a t h o c h r o m i c  sh i f t  com- 
p a r e d  to  t h e  ~ - subs t i t uen t .  P a r t i c i p a t i o n  a p p e a r s  to  be  
negl ig ible  in  t he  case of f luor ine  a n d  t h e n  increases  w i t h  
dec reas ing  e l e c t r o n e g a t i v i t y  of t h e  h a l o g e n  a t o m  (i.e. 
I > B r  2> Ct). As p o i n t e d  o u t  above ,  t he  n e i g h b o u r i n g  
g roup  m u s t  be  in such  p r o x i m i t y  to  t h e  u n s h a r e d  o r b i t a l  
of t h e  C-5 t r a n s i t i o n  s t a t e  c a r b o n  a t o m  t h a t  b o n d  over-  
l a p p i n g  c a n  occur  w i t h  a m i n i m u m  of m o v e m e n t .  T h i s  
r e q u i r e m e n t  is r ead i ly  m e t  b y  a 6 r - h a l o  s u b s t i t u e n t  whi le  
cons ide rab le  a t o m i c  m o v e m e n t  t h r o u g h  space  would  be  
r e q u i r e d  b y  a 6~-ha lo  s u b s t i t u e n t  for  p a r t i c i p a t i o n  in  a 
u n i p l a n a r  a r r a n g e m e n t  (Fig. V I I ) .  T h e  size of t h e  ha lo  
a t o m  para l le l s  t he  ab i l i t y  of t h e  a t o m  to  a c c e p t  a pos i t i ve  
c h a r g e  and b o t h  of these  f ac to r s  fac i l i t a t e  p a r t i c i p a t i o n  of 
t h e  h a l o g e n  a t o m  in t h e  exc i ted  s t a t e .  I n c r e a s i n g  pa r t i c i -  
p a t i o n  lowers  t h e  e x c i t a t i o n  e n e r g y  a n d  raises  t h e  u l t r a -  
v io le t  a b s o r p t i o n  m a x i m u m  of t h e  u n s a t u r a t e d  ke tone .  
T h e  b a t h o c h r o m i c  ef fec t  c o m p a r e d  to  t h e  C-6 u n s u b s t i -  
r a t e d  c o m p o u n d  is a t  a m a x i m u m  of a b o u t  12 m[z in  t h e  
case  of iodine.  T h i s  r e su l t  is c o n s i s t e n t  w i t h  t h e  w o r k  of \Vin-  
s t e in  d e m o n s t r a t i n g  t h a t  iod ine  is a b e t t e r  p a r t i c i p a t i n g  
g r o u p  in  n e i g h b o u r i n g  g r o u p  r eac t ions  t h a n  b r o m i n e  or  
ch lor ine  5 
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6-Nitro-A*-3-ketones. The  powerfu l  e lec t ron  w i t h d r a w -  
ing n i t r o  g roup  exer ts ,  as expec ted ,  a m a r k e d  hypso -  
ch romic  sh i f t  r a n g i n g  f rom - - 6  to  - - 9  m[z. However ,  
c o n t r a r y  to  expec t a t i on ,  t h e  6 r - a x i a l  s u b s t i t u e n t  is n o t  a 
more  p o t e n t  i n d u c t i v e  g roup  t h a n  t h e  6 a -n i t ro  g roup  a n d  
t h e  u l t r a v i o l e t  sh i f t  for t he  6f i -group ( - -6  to  - - 8  m[z) is 
a c t u a l l y  s l igh t ly  less t h a n  for t h e  6 a -g roup  (-- 7 to  -- 9m~) .  
A possible  e x p l a n a t i o n  for  t h i s  d i s c r e p a n c y  m a y  lie in  
cha rge  s t ab i l i z a t i on  of t he  C-5 t r a n s i t i o n  s t a t e  c a r b o n i u m  
ion b y  one  of t he  e l ec t ronega t ive  oxygen  a t o m s  of t h e  
n i t r o  group.  The  g e o m e t r y  of th i s  i n t e r a c t i o n  would  aga in  
be  more  f avo red  for t he  ax ia l  n i t r o  s u b s t i t u e n t  t h a n  for  
t h e  e q u a t o r i a l  one, cf. F igu re  V I I I .  

0- VI~ 

* cf. The bathochromie effect of the primary hydroxyl group in 
substituted sorbyl and cinnamyl alcohols, E. H. BRAUDE and E. S. 
WAmrt% Progress in Stereochemistry (Ed. W. KLYNE, Butterworths 
Scientific Publications, London 1954), Vol. I, Chapter 4, p. 154. 

5 S. WINSTEIN, J. Amer. chem. Soc. aG ~791 (1942) and subsequent 
papers. 

6 Present address, The Worcester Foundation for Experimental 
Biology, Shrewsbury {Mass., U.S.A.). 
Acknowledgment. The authors wish to thank Dr. G. STORK for help- 
ful discussions. 
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6-Hydroxy-A4-3-ketones. A 6 f l - hyd r oxy  s u b s t i t u e n t  
exe r t s  a h y p s o c h r o m i c  ef fec t  of - 3  to  - 6  m/~ whi le  a 
6 e - h y d r o x y  s u b s t i t u e n t  exh ib i t s  e ssen t i a l ly  no  sh i f t  (0 to  
- 1  mtz). On ly  i n d u c t i v e  effects  a p p e a r  t o  be  o p e r a t i v e  
since i t  is a p p a r e n t  f rom these  resu l t s  t h a t  t he  6 f l -hydroxy l  
g roup  c a n n o t  be  e n t e r i n g  in to  a s ign i f i can t  degree  of 
p a r t i c i p a t i o n .  

T h e  d i f ference  b e t w e e n  h y d r o x y l  g roup  b e h a v i o u r  a n d  
h a l o g e n  (e.g. ch lor ine  or  b romine )  w i t h  r e spec t  to  ne igh-  
b o u r i n g  g roup  p a r t i c i p a t i o n  in  t h e  exc i ted  s t a t e  is r ead i ly  
e x p l a i n e d  on  t h e  bas i s  of t h e  smal l e r  size of t h e  oxygen  
a t o m  as well  as  i t s  g r e a t e r  r e l u c t a n c e  to a c c e p t  a pos i t ive  
charge .  

Zusammen/assung. E s  w e r d e n  die H a u p t a b s o r p t i o n s -  
b a n d e n  (N--~V ~3bergang) fiir e ine  Serie yon  A4-3-Steroid-  
k e t o n e n  m i t  C - 6 - S u b s t i t u e n t e n  d i sku t i e r t .  D a b e i  wi rd  ver -  
such t ,  die Lage  de r  H a u p t b a n d e n  dieser  V e r b i n d u n g e n  zu 
e r k l ~ r e n .  B e s o n d e r s  wi rd  de r  E in f lu s s  des  i n d u k t i v e n  
E f f e k t s  u n d  d e r  y o n  b e n a c h b a r t e n  G r u p p e n  au f  d e n  an -  
ge r eg t en  Z u s t a n d  ber t icks ichf ig t .  

I-I. J .  RtNGOLD a a n d  A. BowERs  7 

The Research Laboratories, Syntex S.A,, ~Ie~ico, D.F., 
September 5, 1960. 

New method. Reagents and technique. The  new m e t h o d  
requ i res  t h e  fol lowing r e a g e n t s :  a ) H y d r o c h l o r i c  ac id  
( d =  1,19); b) Glac ia l  ace t ic  ac id ;  c) 0 .8% aqueous  
glucose so lu t i on ;  d) Alcohol ic  so lu t ion  of ph lorog luc ino l ,  
p r e p a r e d  b y  d i sso lv ing  5 g of ph lo rog luc ino l  in  100 ml  of 
e t h a n o l  95 °. 

A t  t h e  m o m e n t  of use, 2 ml  of h y d r o c h l o r i c  acid 
(d-~  1.19), 110 m l  o f  g lacia l  ace t ic  acid,  1 ml  of 0 .8% 
glucose so lu t i on  a n d  5 ml  of a lcohol ic  ph lo rog luc ino l  
so lu t ion  a re  mixed .  T h e  m i x t u r e  fo rms  t he  ph lo rog luc ino l  
r e a g e n t  a n d  m a y  be  s to red  in a r e f r i ge ra to r  a t  0°C. 

A f t e r  p r e p a r i n g  t h e  r eagen t ,  0.5 ml  of a r ibose  so lu t ion  
c o n t a i n i n g  f rom 5-25  [zg of r ibose  a re  p laced  in  a t e s t - t u b e ;  
0.5 ml  of HCt  (d = 1.19) a re  a d d e d  a n d  t h e  m i x t u r e  
shaken .  T h e n  4.5 m l  of  t h e  ph lo rog luc ino l  r e a g e n t  a re  
a d d e d  a n d  t h e  t u b e  i m m e r s e d  in a bo i l ing  w a t e r  b a t h  for  
exac t l y  5 rain.  A t  t h e  end  of t h i s  per iod ,  t h e  t u b e  is t a k e n  
o u t  of t h e  w a t e r - b a t h  a n d  i m m e d i a t e l y  cooled in  ice, 
r e m a i n i n g  in ice u n t i l  t h e  s p e c t r o p h o t o m e t r i c  r ead ing ,  
wh ich  m u s t  be  p e r f o r m e d  a t  552 a n d  510 rag,  u s i n g  a 
b l a n k  where  t h e  p e n t o s e  h a s  b e e n  r ep l aced  b y  0.5 m l  of 
d is t i l led  wa te r i  T h e  d i f fe rences  b e t w e e n  t h e  va lues  ob-  

Tab. I. Comparison between the optical density obtained from 
D-ribose with the original DISCHE-BORENFREUND method and that  

as here modified 

D e t e r m i n a t i o n  o f  P e n t o s e s  

M a n y  m e t h o d s  h a v e  b e e n  sugges ted  for  a s say ing  t h e  
pen toses  a n d  p a r t i c u l a r l y  for  r i b o s e l - L  T h e  n u m b e r  of 
p rocedures  is a n  obv ious  i nd i ca t i on  of t he  dif f icul t ies  of 
such  a d e t e r m i n a t i o n .  

The  m e t h o d  now used,  w i t h  m a r k e d  a d v a n t a g e  ove r  t h e  
o ther ,  is t h a t  of DISCHE a n d  ]~ORENFREUND s, based  on  a 
mod i f i c a t i on  of t h e  ph lo rog luc ino l  r eac t i on  of TOLLENSL 

E v e n  t h e  i n v e s t i g a t o r s  a n d  o r ig ina to r s  of t h i s  m e t h o d  
t h e m s e l v e s  a d m i t  t h a t  i t  is less sens i t ive  ( a b o u t  half)  t h a n  
t h e  orc inol  m e t h o d  sugges ted  b y  BIAL x, b u t  i t  h a s  t h e  

D-ribose in 
5.5 ml 

final volume 

5 ~g 
10 ~g 
15 ~xg 
20 vg 
25 ~g 

DI~CHE- 
BORENFREUND method 

Optical density Differ- 
ence 552m~ [ 510m~ 

0.089 0.026 0.063 
0.164 0.044 0.120 
0.238 0.064 0.174 
0.320 0.080 0.240 

Modified DlSCaE- 
BORENFREUND method 

Optical density Differ- 
ence 

552m~t I 510m~ 

0.134 0.035 0.099 
0.285 0.074 0:211 
0.435 0.116 0.319 
0.585 0.165 0.420 
0.705 0.190 0.515 

Tab. II. Optical density (O.D.) obtained in treating 10 p.g of ribose alone and in the presence of 30 vg of fructose, galaetose, glucosamine, 
mannose and glucuronic acid, respectively, according to the phloroglucinol reaction 

Quantity of sugar in 5.5 ml final volume Difference Difference 

Ribose 10 izg 
Ribose 10 tzg+ fructose 30 txg 
Ribose 10 tzg+ galactose 30 t~g 
Ribose 10 [~g+ glucosamine 30/2g 
Ribose 10 t~g+ mannose 30 txg 
Ribose 10 ~xg+ Glue. acid 30 tzg 

DISCHE- 
BORENFREUND method 

O.D. at 552 m#[ O:DI ,at 510 m/* 

0.145 0.035 
0.150 0.O44 
0.150 0,037 
0.144 0,034 
0.155 0,040 
0.180 0,042 

0,110 
0,116 
0,113 
0.110 
0,115 
0.138 

Modified DISCHE- 
BORENFREUND method 

O.D. at 55~ m/z[ O.D. at 510 m/~ i 

0.280 0.065 
0.325 0.102 
0.305 O.087 
0.282 0.067 
0.325 0.095 
0,340 0.089 

0.215 
0.223 
0.218 
0.215 
0.230 
0.251 

e n o r m o u s  a d v a n t a g e  of g r e a t e r  specif ici ty.  I n  cons ider -  
a t i o n  of  t h e  l a t t e r ,  we dec ided  to  see if i t  was  poss ible  to  
increase  t h e  s e n s i t i v i t y  of t h e  DISCHE-]~ORENFREUND 
m e t h o d .  

O u r  a i m  was  r e a c h e d  a f t e r  m a n y  a t t e m p t s ,  b y  s u i t a b l y  
m o d i f y i n g  t h e  o r ig ina l  m e t h o d  of DISCHE a n d  BOREN- 
FREUNI). T h e  modi f i ed  m e t h o d  is of a d v a n t a g e  for i t s  in-  
c reased  s e n s i t i v i t y  a n d  cons is t s  in  t r e a t i n g  t h e  s u g a r  
so lu t i on  w i t h  c o n c e n t r a t e d  HC1 w h i c h  doub les  t h e  in-  
t e n s i t y  of t h e  co lour  deve loped  b y  pen t o s e  a n d  ph loro-  
g tuc inol  w i t h  r e spec t  to  t h a t  o b t a i n e d  in t h e  e x p e r i m e n t a l  
c o n d i t i o n s  sugges t ed  b y  DISCHE a n d  BORENFREUND. 
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