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Thiochrome: A Convenient Synthesis from 
ThiaminO 

Although  the  synthesis  of thiochrome is readily at- 
ta ined by  e i ther  the  oxidat ion of thiamine by alkaline 
potass ium ferr icyanide 2 or the thermal  decomposition of 
th iamine  disulIide 3, i ts isolation from these procedures is 
inconvenient .  

Studies by  ~iETZLER and ~IAIER 4 on the reactions of 
base wi th  th i amine  have  disclosed tha t  a tricyclic form of 
th iamine  can be isolated in absolute alcohol. This s tudy 
and also the  observat ion  by WOSTMA?CN and KmGt~r ~ 
tha t  po tass ium ferricyanide in the presence of mcthyl  
alcohol favors  a higher  conversion of thiamine to thio- 
chrome led us to a t t e m p t  a simple oxidation of the vi tamin 
in absolute methanol .  The  best oxidation procedure is as 
follows: Th iamine  (1.68 g, 0.005 m) is suspended in abso- 
lute me thy l  alcohol  (50 cmS). Iodine (1.27 g, 0.005 m) is 
then  added and the  mix ture  is stirred until  all of the iodine 
has dissolved. At  this point,  potassium carbonate (4.14 g, 
0.03 m) is added,  and the  mixture  is stirred for 30 rain. 
By this t ime  the  iodine color has discharged, and the 
bright  yel low solution is then  filtered to remove unrcactcd 
carbonate  and potass ium iodide. After  filtration the solu- 
t ion is neutra l ized by  the addi t ion of acetic acid. On con- 
cent ra t ing  the  f i l t ra te  a t  room temperature,  crystals of 
th iochrome (0.265 g) (~max (EtOH) = 375; log e = 4,20) 
are deposi ted.  The  mel t ing point  of the crude product 
ranges f rom 220-224 °. The product  was purified by re- 
crysta l l izat ion f rom chloroform. On further  concentration 
of the  f i l t rate,  th iamine  disulfide (0.138 g) (/~max (EtOH) 
= 235, 275; log e = 4.15, 3.80} was also isolated. The 

reaction t ime and Jlcutralization s tep are  critical.  When  
the rcaction t ime was lengthened to ! h, i t  was found t h a t  
the major  products  were thiazolonc and disulfide. S imi lar  
results were also noted when the reaction mixture wits 
concentrated without neutralizing the excess base. The 
oxidizing agents, nitroheuzene and nitrosobenzeue, can 
also be substituted fnr iodine in the reaction. Under thcse 
conditions, the oxidizing agents are converted to azoxy- 
benzene; thiamine is converted to th iochrome and di- 
sulfide, 

Zusamn,en/asmtng. Dic Arbeit  gibt  eine chemische Be- 
schreibung des Pritparates Thiochrom, 
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Department o/ Biochemistry, Louisiana State University, 
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M o l e c u l a r  R o t a t i o n s  o f  P o l y h y d r o x y c y c l o h e x a n e s  

i n  R e l a t i o n  t o  t h e i r  S t r u c t u r e s  ~ 

( - - ) - l , 2 / 3 , 4 - C y c l o h e x a n e t e t r o I  

By app ly ing  the  PM-method  e, the  molecular rotation 
of (--)-1,2/3, 4-cyclohexanotet rol  is to be considered. The 
po lyhydroxycyc lohexanes  and their  observed molecular 
rotat ions are l is ted in Table  I. 

As is appa ren t  in the  Figure,  (--)-1, 2/3,4-cyclohexane- 
te t rol  has a lways  two  axial  OH groups (which are trans 
to each other) and two equator ia l  OH groups (which are 

z, (oH}zs 5 (oH)71r 

[OH) 3a 
[;] ]~3 

also trans to each other) in both the C 1- and 1 C - c o n f e r  
mations. Therefore, the energy due to the in teract ions  
between four OH groups and the  cyclohexane  ring (in- 
cluding its H atoms) may  be nearly equal  in the two con- 
formations. The number  of in t ramolecular  hydrogen  
bonds is, however, different.  Concretely speaking, there  
are two adjacent  ¢is hydrogen bonds in C 1 conformat ion  
(one is between (O1 l)t# and (OH) '~# and the  o ther  is be- 
tween (OH) s~ and (Ol"I)4a). On the  o ther  hand, in 1 C con- 
formation, there are two ad jacen t  cis hydrogen bonds 
(one is between (OHp~-  and (Ot-l)~t)- and the o ther  is 
bctwccn (OH) sa- amt {OH) 4~-) ami moreover  there is one 
teans hydrogen bond (between (OH) s#- and (OH)~=).  
Thcrcforc it can be prcsumcd t h a t . t h i s  trans hydrogen  
bond makes the 1 C confi)rmation morc stable than  the 
C 1 conformation. In the equi l ibr ium C 1 ~ l C, accord- 
ingly, the concentrat ion of the 1 C conformat ion,  ~1 C]0 

t Part I11. Part II, see S. Y^.~t^NA, llull, chem. So¢. Japan 34, 1212 
(1901). 

2 S. Y^MA~^, J. Am. chem. See. 86, 1606 (1964). 
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Table I 

Cyclohexane Conformation Orientation of unit group (OH) [M]~(\'V) Ref. 

(--)-l[2-diol C 1 [(1//), (2~)] -- 54.0°C 

(--)-l,2[3,4-tetrol C 1 [(1//), (2//), (3~¢), (4oQ] [ 
= I C  ~ C  [(t//-), (2fl-), (3~-), (4~-)] ~ -- 109.2°C 

[(2/?), (3//), (4el, (5~)] [ 1 

(--)-1, 2, 3, 5]4-pentol C I [(1//), (2//), (3//), (4~), (5/5)] 
_ 8.90C 

II-= ~ c [(x// ), (2fl), (3//-), (4~-), (3//-)] 8 (at 27oC) 
E= C 1 [(2//), (3//), (4//), (5~), (6fl)] 

m a y  be  l a rger  t h a n  t h a t  of t h e  C 1 c o n f o r m a t i o n ,  [C I], 
a n d  t he  v a l u e  of t h e  c o n f o r m a t i o n a l  equ i l i b r i um  c o n s t a n t ,  
K ( =  [1 C~/[C 1]), m a y  be g r ea t e r  t h a n  one. I n  o rde r  to  
e s t i m a t e  i ts  a p p r o x i m a t e  value ,  t he  P M - m e t h o d  is useful.  

As is a p p a r e n t  in  Tab le  I, 22r'7~ot~JD ob~ of ( - - ) - l , 2 /3 ,4 -  
c y c l o h e x a n e t e t r o l  is g iven  b y  the  fol lowing two  equa t ions .  

Z~[/~]~ obs of C 1 c o n f o r m a t i o n  == (1//)k (2//) + (1/5))` (3~) + 

( i / / ) ) ` (4u)  + ( 2 / / ) ) ` ( 3 ~ ) +  ( 2 / / ) ) ` ( 4 ~ ) +  ( 3 ~ ) ) , ( 4 a )  (1) 

Z ~ o b s o f  I C c o n f o r m a t i o n  = (2fi)) ,(3//)  + (2//)) ,(4~) + 

(2/ / ) ) , (5~)  + (3fl)) ,(4~) + (3/ / ) ) , (5~)  + (4~) ) , (5e )  (2) 

On t he  o t h e r  h a n d ,  t he  va lues  of [ /*~ca~d{3/(n~ + 2)} 
caused  b y  t he  d y n a m i c  coupl ing  effect  b e t w e e n  a n y  two  
m e m b e r s  of u n i t  g roups  in p o l y h y d r o x y c y c l o h e x a n e  of C 1 
c o n f o r m a t i o n  were a l r e a d y  ca l cu l a t ed  b y  t h e  f u n d a m e n t a l  
fo rmulae  of t h e  P M - m e t h o d  a n d  g iven  in  T a b l e  I I  of t h e  
p r e v i o u s  p a p e r L  Th i s  is s h o w n  a g a i n  here  as T a b l e  t I .  

Owing  to  t h e  fol lowing reasons,  however ,  new  va lues  of 
[/~]~ obs are c o m p u t e d  and  s h o w n  in t he  squa re  b racke t .  

I n  t h e  p rev ious  p a p e r  ~, all  of t h e  p o l y h y d r o x y c y c l o -  
h e x a n e s  were a s sumed  to ex i s t  en t i r e ly  in  C 1 con fo rma-  
t i on  (i.e. t h e  n u m b e r  of e q u a t o r i a l  O H  groups  becomes  as 
m a n y  as possible)  a n d  t he  va lue  of ~ H  was t h e n  com-  
p u t e d  as  3.6402{ 3/(n ~ + 2)} b y  us ing  t h e  va lue  of [2I~r]o (\V) 
of (--)-1,  3/2, 4-cyc lohexane te t ro l .  Bu t ,  s t r i c t l y  speaking ,  
( - - ) - l ,  3/2, 4 - cyc lohexane t e t ro l  is cons ide red  to  ex i s t  in  
b o t h  of two  c o n f o r m a t i o n s  (C 1 a n d  1 C) ~ in i ts  w a t e r  

~-0 {3/(n ~ + 2)} and [/~]}0 obs caused by tile dynamic Table II. [/~]D ca cd 
coupling effect between any two members of unit groups in poly- 

hydroxycyclohexane of C 1 conformation 

6/5 6~ 5/5 5~ 4fl 4~ 3fi 3~ 2fi 2~ 

lot 0 - - A  - - B  0 0 0 
1// - -A A 0 B 0 0 
2o~ - -B  0 0 0 B 0 
2// o B 0 0 0 - - B  
3~ 0 0 B 0 0 A 
3[J 0 0 0 -- B A --A 
4~ B 0 A - - A  
4// 0 - - B  --A 0 
3~ 0 A 
s/5 A - A  

Note: 20 []*]D calcd { 3/(n2 + 2)} 
A 11.73 
B 1.88 

B 0 0 
0 - -B  "A 
A --A 
--A 0 

A 
--A 

20 
[#]D obs 

42.7 [55.5] 8 
6.8 [ 8 . 9 ]  s 

so lu t ion ,  a n d  acco rd ing ly  t h e  t r u e  va lue  of ¢~H shou ld  be  
r e -ca l cu la t ed  b y  us ing  a n o t h e r  m o r e  a p p r o p r i a t e  sub-  
s tance .  

Refe r r ing  to  Tab le s  I a n d  I I ,  Z[/*]~ obs of (--)-1, 2, 3, 5/4- 
c y c l o h e x a n e p e n t o l  is g i v e n  b y  t h e  n e x t  equa t ions .  

20 X[/~]D obs o f C  1 c o n f o r m a t i o n  = ( l f l ) ) ` (2f l )  + (1/5))`(3fl) + 

( l fl) )` (4 e) + ( l f l ))`(5fl)  + (2fl))`(3fl) + (2//)) ,(4~) + 

(2fl))`(5fl) + (3f i )L(4e)  + (3fl))`(5fl) + (4a))`(5fi)  = A + 

0 + 0 +  O - A - - B +  O - - A  + O +  A = - - B  ~ (3) 

X[t*]~ obs of 1 C c o n f o r m a t i o n  = (2//)),  (3//) + (2//) J, (4//) + 

(2 / / ) ) ` (5e)  + (2//)) ,(6/ /)  + (3/5)),(4//) + (3/5))`(5~) + 

(3/5))`(6/5) + (4 / / ) ) ` (5a)  + (4f l ) ) ` (6f l )q-  (5=)X(6//)  = 

- - A  + O + O + O + A - - B + O + O + O + O =  

- -  B ( 4 )  

Thus ,  2;~#]~)°obs of (--)-1, 2, 3, 5 /4 -cyc lohexanepen to l  is 
a lways  equa l  to  -- B regard less  of t he  c o n f o r m a t i o n  of t he  
molecule .  Th i s  is t h e - r e a s o n  w h y  ( - ) - l , 2 , 3 , 5 / 4 - c y c l o -  
h e x a n e p e n t o l  is a p p r o p r i a t e  for  t he  c o m p u t a t i o n  of ~H"  
T h e  value ,  -- B,  shou ld  of course  be  equa l  to  t h e  obse rved  
v a l u e  of [M] D (W), - 8.9, of ( - ) - 1 ,  2, 3, 5 /4 -cyc lohexane-  
pen to l .  Therefore ,  

- B = - 1 . 8 8  { (n~  + 2 ) / 3 }  ¢~)H - -  - 8.9 

• "" ~)t~ = 4.7340 { 3/(n ~ + 2)} (5) 

Of course,  t he  obse rved  value ,  - 8 . 9 ,  is o b t a i n e d  a t  
27°C a n d  n o t  a t  20°C. S t r i c t l y  speaking,  t he  v a l u e  of 
~ in  E q u a t i o n  5 is t h a t  for 27°C a n d  n o t  for 20°C, 

On  t h e  o t h e r  h a n d ,  however ,  w h e n  us ing  t h e  v a l u e  of 
[ M ~ ( W )  of ( - - ) - l / 2 - cyc lohexaned io l  ~°, t he  va lue  of ~ H  
becomes  as follows n ,  

:N. A. B. WXLSON and J. REAl), J. chem. Soc. 1935, 1269. 
4 TH, POSTERNAK and H. FRIEDIA, Helv. chim. Acta 36, 251 (1953). 
5 ]3. MAGASANIK, R. E. FRANZL, and E. CHARGAFF, J. Am. chem. 

Soc. 74, 2618 (t952). 
The orientations of the unit groups ill 1 C conformation can be re- 
written in the bracket below by changing the locant numbers. 
S. YAMAHA, Bull. chem. Soe. Japan 33, 1741 {1960). 

s L. P. KL'ltN, J. Am. chem. See, 74, 2492 (1952); 76, 4323 (1954). 
9 Given in the square brackets is the new value computed by using 

Equation 5. 
lo As it has two OH groups in trans orientation, (--)-l]2-eyclo- 

hexanediol is believed to exist, in water solution, almost perfectly 
in C 1 conformation (having two equatorial OH groups). See 
J. S. BRIMACOMBE, A. B. FOSTER, M. STACEY, and D. H. WHIFFEN, 
Tetrahedron 4, 351 (1958). 

n Tables I and II are used. 
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r '~(I L't/~]r~ oi,s of ( - ) - l / 2 - cyc lohexaned io I  = (1 ~/) J, (2 ~) = 

- A = - 11.73{(n+ + 2 ) / 3 } ¢ + . -  [M]~(W) of (--)-l /2- 

cyclohexanediol ,  + 54,0 ° .'. ~ H  = 4.6036 {3/(n ~ + 2)} 

(6) 

This value is near ly  equal  to the value in Equat ion 5. 
This fact  indica tes  t h a t  the  values in Equat ions  5 and 6 
are bo th  fair ly  reliable. The values of A and B for 
[#~°obs in the  square  brackets  in the  Note of Table II,  can 
be ob ta ined  b y  mul t ip ly ing  those for [/+~caica {3/(n ~ + 2)} 
by  the  value of ¢~H {( n++ 2)/3)}, 4.7340. Of course, when 
using E q u a t i o n  5, new values of 27~/2]~obs of polyhydroxy-  
cyc lohexanes  of C 1 conformat ion  which are shown in 
Table I of t he  previous  paper  ~ are apparent ly  different  
f rom t h e  observed  values of [M]D(W ). This fact can, 
however,  be expla ined  reasonably by  the  probable as- 
s u m p t i o n  t h a t  each  of those polyhydroxycyclohexanes  
exis ts  in t he  equi l ibr ium mixture  of C 1- and 1 C-con- 
formers  in i ts  wa te r  solution. In  this  article, bo th  of the  
series of va lues  of A and  B which are given in the Note 
of Table  II ,  are  used.  W h e n  using these values in Equa-  
t ions  I and  2, ~ 2~[/*~:o obs of (--)-1, 2/3, 4-cyclohexanetetrol  
is ca lcula ted  as 71.8 ~or 93.2] ~ (C 1 conformation anti 
- -  141.7 ~or --  184.3] ~ (1 C conformation).  The observed 
value of ~M]~('~V), --109.2 °, of (--)- l ,2/3,4-cyclohex- 
anete t ro l  indica tes  the  presence of 15.3% [or 27.1%] 9 
of C 1 con fo rma t ion  and  84.7% for 72.9%]* of 1 C con- 
format ion  in the  equi l ibr ium state.  F rom these concen- 
t ra t ions ,  one m a y  calculate t~ the conformational  equilib- 
r ium cons t an t ,  K,  and  f rom this  the free energy dif- 
ference, A F  °, be tween  the  two conformations (i.e. the 
s t r eng th  of t he  ad jacen t  trans hydrogen bonding forcc 
be tween  (OH)~# - and  (OH) ~ -  plus the diffcrcnce in 

solvation energy between the solvent ,  water ,  and  each of 
the  two conformers) may be calculated as below: 

K = [1 C]]tC 1] =: 84.7/15.3 == 5.54 

for, K = 72.9/27.1 = 2.69] 

A1 :° = - R T I n K  = - 2.303 R T 1og(5.541 = 

-- 1.0 keal /mole 

[or, A F ° =  - 2.303 R T Iog(2.69) = - -0 .6  kcal/mole] 

This wdue seems to be comparable  wi th  - 1.1 kcal /mole tz  
the usu,'fl value of the corresponding hydrogen  bonding  
force (O-H ..O) in CCI~ solution s. 

Zusammen/assung. Mit Hilfe tler PM-Methode  ist  die 
molekulare Rotat ion wm ( -  )-l , 2/3, 4-Cyclohexante t ro l  
untersucht  worden, l )araus geht  hervor,  dass  diese Ver- 
bindung in wiisscriger l+6sung als Gemisch tier C 1- und 
1 C-Konstel lat ionen w>rliegt. 

S. YAMANA 

Department o/Chemistry,  Kyoto Gakugei University, 
Fushimi-ku, Kyoto (Japan), January  5, 1965. 
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ts Tile ,,Iv of tile trans hydrogen b<md ill 1/2-eyelohexatwdiol is 32 
cm -l ~ which corresponds to a - A  II of 1.1 ke;d/mole -'tceordil~g to 
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,~tllllillg/+I +I~ ~. O, 
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C h e m i c a l  S t r u c t u r e  o f  C i r c u l i n  A 

In  the  course of our  work in the  colistin ~ and polymyxin  
series ~ we inves t iga ted  the  s t ruc ture  of circulin A s, 
ano the r  an t ib io t ic  exer t ing  high ac t iv i ty  against  gram 
negat ive  bacter ia .  KOFFLt~R and KOBAYASHI ~ deduced 
the chemical  s t ruc tu re  of th is  ant ibiot ic  tenta t ively  as a 
cyclic decapep t ide .  This  seemed to be very unusual in 
view of the  close biological and chemical relationship 
be tween circulin A, the  po lymyxins  and the colistins. The 
result  of our r e -examina t ion  now proves the  s tructure of 
circulin A to  be t h a t  shown in Figure 1 ~, confirming tha t  
circulin A def in i te ly  belongs to  the  po lymyxin  family. 

Circulin A p roduced  by  Bacillus circulans ATCC 14040 
grown accord ing  to  NELSON et  al. ~ was isolated from the 

(c~)L-Dab-->- D-Leu-->- L-Ile 

Moa--~ (e)~-Dab+ ~-Thr-~ (~)L-Dab--~ L-Dab 
0') 

¢ " 

L-Thr -6- ~-Dab(~) ..~- L-Dab 

Fig, 1. Full structure for circulin A. 

culture fluid mainly by ion exchange chr t )matography  
(Amberlite IRC-50, H+-form) and  CI~AIC,'S counter -  

t T. SI~zuKI~ H, I NOLWI~., K. IrUnKAWAp and Y. SUKI.:TA, .J. lfiochenl. 
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S. NAO^SAWA, J. l~tiochem. (.lap.) 5.1, 173 (1963).- "|'. St~zvK1, 
K, ilAvASlU, and K, I:UJtKAW^, J. Ilioehem. (Jap.} 5d, 412 
(1963). - T. St~zuKt and K. FUJt~AWA, J. Hiochem. (Jap.) 56, 182 
(1964), 
T, St~ztml, K, ItAVASUl, K, I : U J I K A W A ,  and K. TSUKAMOTO, 
J. /~ioehem, (Jap,) 56, 33.5 (19¢~4). - T. St~ztygt and K. 11AYASm, 
Abstr. of 2nd Syrup. on Peptide Chemistry, Osaka, Japan (1%3), 
p. 55. 

s F. J, MVRRAV and 1'. A. "l'~:rJtAVX.r, Proe, Soc. Am. Bact, t, 20 
(1948), - F, J. MUItI~AV, P. A, TI-:TRAIrI,T, O. ~V. I'~At~I+'HANN, 
H. Korlq.mq 1). II. lh+r~,msos, and D. R. CotJnc.swon+u, J. Baet. 
57, 305 (1949). - 1). 11. lh~.Tt.:ttSoS arid L+ N. Rv:tnv:Kv., J, biol. 
Chem, 18t, 9.5 (1949). - J. H. l)owLxsa, 11. KOVrL~m, H. C. 
REt~z, 1). H. P~:TERSOS, am| P. A. "F~:TRAt~LT, Science 116, 147 
(1952). 
H. KovvLl~R aud T. Ko.^v^s . t ,  Abstr.' I)iv. lfiol. Chem. Ann. 
Chem. St)e., April 13-18 (19581, San Francisco. 
"l'lae following abbreviatim~.~ are used throughout this paper: 
Mot :- (+)-6-methykw.tanoyl re.~ithte; Dab +. *qT-diaminobtltyrie 
acid residue; I)NP = 2,4-dinitrophenyl residue;--->- ~,- C to N bond 
in -CO-NH-; --~ (0t) Dab - --->- Dab; --->- (F) Dab ~ --~ Dab. 

I I 
~ -NH 2 0t-Nil 2 

6 H. A, NEI,sor¢, C. l)v:llot~a, and W. 11. I)v.VRutS, Ind. F+ng. Chem. 
42, 1259 (1950), 


