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S Y N T H E S I S  

OF S T E E P E S T  A S C E N T  

U DC 615.212.3 (Phenylbutazonum). 012.1 

Despi te  broad  use  in medicinal  p rac t i ce ,  butadione has  a s e r i e s  of significant d isadvantages ,  as a r e -  
sult of which the search  of low-toxic i ty  analogs having high antiphlogistic act ivi ty is urgent.  4 - n - B u t y l - i ,  
2 -d i (p-su l famidophenyl ) -3 ,5-d ioxopyrazol id ine  [butadione disulfamide (II)] synthesized e a r l i e r  displayed,  as 
do other  sulfo de r iva t ives  of 3 ,5-dioxopyrazol id ines  [1], high antiphlogistic act ivi ty and low toxicity,  in con-  
nection with which the neces s i ty  a r o s e  of obtaining a la rge  batch of the p r epa ra t i on  for  a c l o s e r  p h a r m a -  
cological  study. 

According to the method we developed e a r l i e r  [1, 2] for  obtaining (II), 13 g of 4 - n - b u t y l - l , 2 - d i ( p -  
sul fophenyl) -3 ,5-dioxopyrazol id ine  (I) is added gradual ly to 70 ml of a cooled concent ra ted  ammonia  solu-  
tion and the mix tu re  is  heated on a boiling wa te r  bath for 30-60 rain. The cooled solution is  acidified with 
15% hydrochlor ic  acid to pH 1.5. The prec ip i ta te  is f i l tered and washed with wa te r  to a neut ra l  react ion.  
After  drying and c rys ta l l i za t ion  6.5 g of rose -whi t e  ma te r i a l  having mp 195-197~ is  obtained. 
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The yield of r e e r y s t a l l i z e d  product  v a r i e s  in the region of 30-35%, in connection with which it was  
decided to c a r r y  out a sea rch  for  opt imum conditions of synthes is  with the purpose  of obtaining a max imum 
yield of the final product.  One of the methods cor responding  to the conditions of the p rob lem is the Box- 
Wilson method of s t eepes t  ascen t  [3, 4]. 

The yield of r e c r y s t a l l i z e d  final product  having mp not below 198-201 ~ was chosen as a c r i t e r ion  for 
the quanti tat ive evaluation of the e f fec t iveness  of obtaining (II). The ass ignment  of va r i ed  va r i ab les ,  with 
the use  of which the opt imal  region is  found, was der ived by analys is  of a l a rge  number  of f ac to r s  affecting 
the p r o c e s s  of obtaining (I1). We c a r r i e d  out thei r  c lass i f ica t ion ,  separa t ing  them into th ree  groups.  ~ 1) 
control lable ,  yielding to quanti tat ive evaluation,  2) control lable ,  not yielding to quanti tat ive evaluation, and 
3) uncontrol lable.  As uncontrol lable  v a r i a b l e s  a re  designated those which can not be changed by means  at 
our  d isposal  (percent  content of initial  mater ia l ) .  Conditions of f i l t ra t ion,  drying, and c rys ta l l i za t ion  were  
ass igned to cont ro l lable  p a r a m e t e r s ,  not yielding to quanti tat ive evaluation. Ratio of react ing  ma te r i a l s ,  
t e m p e r a t u r e ,  and length of reac t ion  were  ass igned to control lable  p a r a m e t e r s  which could be evaluated 
quantitat ively.  

Use of the method of s t eepes t  ascent  makes  it poss ib le  to evaluate quanti tat ively the effect  of the 
p a r a m e t e r s  being evaluated on c r i t e r i a  of ef fec t iveness .  However ,  i ts  use r equ i r e s  s tabi l izat ion of the 
va r i ed  v a r i a b l e s  at set  l eve l s  with all other conditions of synthesis  being constant.  There fo re ,  the p rob lem 
a r i s e s  of choosing such a set  of p a r a m e t e r s  (second group) which would give the l a I g e s t  yield of the final 
product  for  the designated set  of va lues  of the v a r i a b l e s  being evaluated quanti tat ively (third group). Fo r  
this pu rpose  a s e r i e s  of expe r imen t s  was  c a r r i e d  out p r e l im ina r i l y  to c lar i fy  the effect  of conditions of 
f i l t rat ion,  drying, and c rys ta l l i za t ion  on the yield of (II), which made it poss ib le  to stop at the following 
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TABLE I. Variables and Interval of Their Variation 

Value  of v a r i a b l e s  

Base (initial) X B 
Variation step 
Upper level 
Lower level 

V a r i a b l e s  

m o l a r  r a t i o  of 
r e a c t i n g  m a t e r i a l s  

40 
10 
50 
30 

tempera- 
ture (deg) 

80 
20 

100 
60 

l eng th  of 
reac t ion  (h) 

T A B L E  2. In i t i a l  Da ta  and R e s u l t s  of F a c t o r a l  L e v e l l i n g  of 
Ex m r i m e n t s  

d 
Z 

o 
o ] Yield of final 

product 

Av. Calcd, ~ , ^~-so'ute ' Relative 
value of: value of 

error error 
yield yield 

% 

X, X= X, Ynl Yn2 Y n a  Yn Ycalc &=Yp-Fn 6 = - 4 "  I0r Yn 

43,7 42,14 
32,51 29,9 
50,5146,0 
35, t 139,0 
59,9164,O 
35,5 L 30,45 
39,51 39,9 

33,34 33,34 

41,7 
29,2 
50,0 
36,0 
6t ,2  
34,6 
37,8 
33,34 

47,63 
33,23 
45,23 
30,83 
50,13 
35,63 
47,73 
32,3 

+5,9 
+4,03 
--4,77 
--5,  17 
--11,07 
~'1,03 
4- 9,93 
--1,01 

50 
30 
50 
30 
50 
30 
50 
30 

100 
t00 
60 
60 

t0g 
I00 
60 
60 

3 39,0 
3 26,2 
3 53,5 
3 33,9 
I 59,7 
1 37,8 
I 34,0 
1 33,34 

14,2 
13,8 
9,55 

14,4 
18,3 
29,8 
26,2 
3,03 

T A B L E  3. C a l c u l a t e d  V a l u e s  
of Yie ld  and A b s o l u t e  and 
R e l a t i v e  E r r o r s  

Expt. 
No. 

c o n d i t i o n s .  1) Di lu t ion  of the  r e a c t i o n  m a s s  a f t e r  a c i d i f i c a t i o n  with  a 
t h r e e -  to f ive fo ld  amoun t  of w a t e r .  2) D r y i n g  of the p r e c i p i t a t e  a t  5 0 -  
60 ~ 3) C r y s t a l l i z a t i o n  of d r i e d  (II) f r o m  a s ix fo ld  v o l u m e  of a m i x t u r e  
of e t h a n o l - b e n z e n e  (4:2) wi th  subse que n t  w a sh ing  with  a m i x t u r e  of 

rv ~ ~ e t h a n o l - b e n z e n e  (1:5), 

44.67 2,97 8,8 A l l  p r e l i m i n a r y  e x p e r i m e n t s  d e s c r i b e d  above  w e r e  c a r r i e d  out  
26,25 2,95 8.40 with  5.05 g of  (I) a t  a m o l a r  r a t i o  of a m m o n i a  and (I) equal  to 30 at  a 
47,05 2,95 8,40 
38,95 2,95 8,40 t e m p e r a t u r e  of 100 ~ fo r  1 h. Yie ld  of (II) a m o u n t e d  to 30-35%, mp 198- 
58,35 2,85 8, 12 2 0 1  o. 
37,45 2,85 8, I2 
40,75 2,95 8,40 
29,37 3,97 15,76 An  i n t e r v a l  of v a r i a t i o n ,  d e t e r m i n i n g  the s i ze  of  change  of each  

f a c t o r  r e l a t i v e  to the  i n i t i a l  (base)  va lue  a s s i g n e d  for  i t  b e f o r e h a n d ,  
w a s  a s s i g n e d  fo r  each  of the  t h r e e  c h o s e n  f a c t o r s  ( th i rd  group) .  
O p e r a t i n g  i n d i c e s  b a s e d  on the e x i s t i n g  m e t h o d s  [1, 2] and e x p e r i m e n t s  
of the  a u t h o r s  w e r e  c h o s e n  a s  b a s e  va lue s .  

In o r d e r  to exc lude  the e f f ec t  of m e a s u r e m e n t  e r r o r s ,  qui te  a l a r g e  i n t e r v a l  of v a r i a t i o n  of v a r i a b l e s ,  
e x c e e d i n g  by  m a n y  t i m e s  the  a b s o l u t e  e r r o r  of  the c o n t r o l  method ,  w a s  a s s i g n e d .  

C o r r e s p o n d i n g  da ta ,  a l s o  inc lud ing  b a s e  v a l u e s  of  v a r i a b l e s ,  a r e  s y s t e m a t i z e d  in Tab le  1. 

A m a t r i x  of  f a c t o r a l  l e v e l l i n g  of e igh t  e x p e r i m e n t s  was  r e a l i z e d  in a g r e e m e n t  wi th  l i t e r a t u r e  da t a  
[3]. In i t i a l  d a t a  and Mso i n t e r m e d i a t e  and f ina l  r e s u l t s  of the  e x e c u t e d  e x p e r i m e n t s  a r e  p r e s e n t e d  in Tab le  
2. (Each e x p e r i m e n t  c o r r e s p o n d i n g  to a c e r t a i n  c o m b i n a t i o n  of v a r i a b l e s  w a s  c a r r i e d  out  t h r e e  t i m e s  to 
i n c r e a s e  the  a c c u r a c y  of m e a s u r e m e n t . )  

V a l u e s  of  b i c o e f f i c i e n t s  of the equa t ion ,  by which  the e onne c t i on  be tw e e n  c r i t e r i a  of e f f e c t i v e n e s s  of 
the  p r o c e s s  and the v a r i e d  v a r i a b l e s  i s  a p p r o x i m a t e d  ( s u r f a c e  r e s p o n s e ) ,  w e r e  found f r o m  d a t a  of Tab le  2. 

gp = 40,48-~-7.2Z~ @ 1 . 2 Z  I - -  1.25Za, (1) 

w h e r e  
Z~ X ~  - -  X 1 X . , - - X  2 . . X , ~ - - X  s 
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TABLE 4. Calculated Values of 
Yield 

Step x, x~ x~ yp 

50 
60 
70 
80 
90 

83,5 
87,0 
90,5 
94,0 
97,5 

1,8 52,50 
1,6 64,52 
1,4 76,54 
1,2 88,56 
1,0 100,58 

TABLE 5. V a r i a b l e s  and the 

In t e rva l  of The i r  V a r i a t i o n  

Values of 
variables 

Base 
Variation step 
Upper level 
Lower level 

Variables 

XI X2 

65 85 
l0 l0 
75 95 
55 75 

X8 

1,5 
0,5 
2,0 
1,0 

TABLE 6. In i t i a l  Data and R e s u l t s  of F a c t o r a l  Leve l l ing  of 
E x p e r i m e n t s  

Expt. [ 
No. X, X2 Yn2 ~n Yp A=Yp--?n 6=-A "I00 

Yn 

75 
55 
75 
55 
75 
55 
75 
55 

95 
95 
75 
75 
95 
95 
75 
75 

Xa Ynl 

61,7 
60,0 
59,6 
52, 1 
48,0 
52,6 
55,7 
51,0 

55,0 
54,6 
52 ,7  
53,3 
49,5 
52,6 
53,2 
55,4 

58,3 
57,3 
56,1 
5 2 , 7  
48,7 
52,6 
54,4 
53,2 

56,38 
55,94 
56,28 
55,84 
52,48 
52,64 
52,38 
51,34 

--1,92 
--1,36 
+0,18 
+3,14 
+3,78 
--0,56 
-:-0,02 
+1,~6 

3,3 
2,4 
0,32 
6,0 
7,75 
1,06 
0,057 
2,36 

The calculated value of Yp according to equation(l) gives a large relative error (up to 30%), which 
indicates the inadequacy of the equation of surface response. Properly, this indicates that immediately 
we fall into the region of the optimum point (stationary region). However, it was decided to improve the 
model of surface response by introducing nonlinear terms into equation (i). As a result the adequate 
equation was obtained: 

Y = 40,48 -}- 7.2Z 1 + 1.2Z,-- 1.25Z3 -}- 2 . 5 8 Z 1 Z 2 - - O . 5 7 Z 1 Z  a - -  4.97Z2Z3. (2) 

Ca lcu la t ed  v a l u e s  of y ie ld  and abso lu te  and r e l a t i v e  e r r o r s  ca l cu l a t ed  by equat ion  (2) a re  p r e s e n t e d  
in  Tab le  3. 

Eva lua t ion  of the s ign i f i cance  of coe f f i c i en t s  acco rd ing  to the Student  c r i t e r i o n  showed that  only one 
coef f i c ien t  of the equat ion  at Z 1 Z 3 i s  i n s ign i f i can t ,  i . e . ,  i t  i s  e i t he r  doubtful  or  has  an i n s i g n i f i c a n t  effect. 

]/o~ . t  = 0 . 3 4 2 . 1 . 8 9 5  = 1 . ,  > Ib~l = o .  57 ,  

where  a b i  is  the a v e r a g e  quad ra t i c  e r r o r  of coef f ic ien t  d e t e r m i n a t i o n s ;  t i s  the tab le  va lue  of the Student 

c r i t e r i o n .  

The p o s s i b i l i t y  of a p p r o x i m a t i n g  the r e a l  p r o c e s s  of the obta ined  m a t h e m a t i c a l  model  w a s  c o n f i r m e d  

by the F i s h e r  c r i t e r i o n .  

Equa t ion  (2) can  be r e g a r d e d  as an adequate  r e a l  p r o c e s s ,  s ince  the ca l cu l a t ed  va lue  of the F i s h e r  
c r i t e r i o n  Fp =6.81 does  not  exceed  the tab le  va lue  F tab l  e = 7.01, i . e . ,  the cond i t ion  Fp < F t a b l  e is  fulf i l led.  

Equat ion  (2) makes  it  p o s s i b l e  to c a r r y  out a step shift  in  the gu idance  g rad ien t ,  i .e . ,  a m a x i m u m  in -  

c r e a s e  in  Y. New s teps  of v a r i a t i o n  w e r e  ca lcu la ted :  1 1 =10; 12 =3.5;  ~3 = - 0 . 2 .  

C o m b i n a t i o n  of i ndependen t  v a r i a b l e s  a s s igned  in  this  way w e r e  put  into the i n i t i a l  equat ion  and v a l u e s  
of the y ie ld  p a r a m e t e r  c o r r e s p o n d i n g  to them w e r e  ca lcu la ted .  These  c a l c u l a t e d  v a l u e s  i n c r e a s e  cons t an t ly  
in  p r o p o r t i o n  to r e m o v a l  f rom the b a s e  point  in  the g r a d i e n t  d i r ec t i on ,  s ince  the shift  o c c u r s  along the 
p l ane  (Table  4). However ,  the ac tua l  va lue  of y ie ld  i n c r e a s e s  only to a known l imi t ,  s ince  the r e a l  c o n n e c -  
t ion  be tween  p a r a m e t e r s  can  be n o n l i n e a r .  F o r  this  r e a s o n  the ca l cu l a t ed  va lue  of Y exceeded 100% at 

the fifth step. 

Cont ro l  v e r i f i c a t i o n  showed that  a s ign i f i can t  dev ia t ion  of e x p e r i m e n t a l  (48.6) and ca l cu l a t ed  (76.54) 
v a l u e s  of y ie ld  was  a l r e a d y  o b s e r v e d  at  the th i rd  step and,  consequen t ly ,  at  th is  po in t  a new s e r i e s  of ex -  

p e r i m e n t s  should be c a r r i e d  out. 
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Base values  of v a r i a b l e s  for conditions s imi l a r  to the third step are  p resen ted  in Table 5. 

Resul ts  of the second s e r i e s  of expe r imen t s  a re  shown in Table 6. The following inadequate equa-  
tion was obtained as  a r e su l t  of the exper iment :  

Yp = 54,16 -~ 0,22z 1 --}- 0,05z2 ~ 1,95z3. 

Calculated values  of Yp give a re la t ive  e r r o r  up to 6%,and coeff ic ients  at Z 1 and Z 2 in equation (3) 
a re  not ve ry  re l iable ,  as conf i rmat ion  according  to the Student c r i t e r ion  [5] showed. 

1/o2 bl .t = 0.81-1.895 ~ 1.53 > Ibil. 

(3) 

Since an increase of Y requires increases of Zi, Z2, and Z3, it is natural to consider that the optimal 
conditions lie in the vicinity of values in the limits of the interval of variation: 

65~X1~75; 8 5 ~ X ~ 9 5 ;  1 . 5 ~ X ~ 2 .  

Equation (3) de sc r ibe s  the sur face  r e sponse  well  (see Table 6). 

Expe r imen t s  in the middle of the level l ing ma t r ix  (at base  values  of var iab les )  gave an ave rage  value 
of product  yield of 57.6%, which does not d i f fer  f rom resu l t s  obtained in the l imi t s  of the in terva l  of v a r i a -  
tion. 

Conditions of synthes is  obtained in the second s e r i e s  of expe r imen t s  we re  used to p r e p a r e  (II) and 
made i t  poss ib le  to i n c r e a s e  the yield of product  by two t imes  (up to 60%). 
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