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Thiochrome: A Convenient Synthesis from
Thiamine?

Although the synthesis of thiochrome is readily at-
tained by either the oxidation of thiamine by alkaline
potassium ferricyanide? or the thermal decomposition of
thiamine disulfide?, its isolation from these procedures is
inconvenient.

Studies by METzLER and MAIER? on the reactions of
base with thiamine have disclosed that a tricyclic form of
thiamine can be isolated in absolute alcohol. This study
and also the observation by WostmMany and KNIGHT®
that potassium ferricyanide in the presence of methyl
alcohol favors a higher conversion of thiamine to thio-
chrome led us to attempt a simple oxidation of the vitamin
in absolute methanol. The best oxidation procedure is as
follows: Thiamine (1.68 g, 0.005 m) is suspended in abso-
lute methyl alcohol (50 cm?). Iodine (1.27 g, 0.005 m) is
then added and the mixture is stirred until all of the jodine
has dissolved. At this point, potassium carbonate (4.14 g,
0.03 m) is added, and the mixture is stirred for 30 min,
By this time the iodine color has discharged, and the
bright yellow solution is then filtered to remove unreacted
carbonate and potassium iodide. After filtration the solu-
tion is neutralized by the addition of acetic acid. On con-
centrating the filtrate at room temperature, crystals of
thiochrome (0.265 g) (4,,,, (EtOH) = 375; log &= 4,20)
are deposited. The melting point of the crude product
ranges from 220-224°, The product was purified by re-
crystallization from chloroform. On further concentration
of the filtrate, thiamine disulfide {0.138 g} {4, (EtOH)
= 235, 275; log &= 4.15, 3.80} was also isolated, The

Molecular Rotations of Polyhydroxycyclohexanes
in Relation to their Structures?

{—)-1,2/3,4-Cyclohexanetetrol

By applying the PM-method?, the molecular rotation
of {—}-1, 2/3, 4-cyclohexanetetrol is to be considered. The
polyhydroxycyclohexanes and their observed molecular
rotations are listed in Table L.

As is apparent in the Figure, {—)-1,2/3, 4-cyclohexane-
tetrol has always two axial OH groups (which are frans
to each other) and two equatorial OH groups (which are
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reaction time and neutralization step are critical. When
the reaction time was lengthened to 1 h, it was found that
the major products were thiazolone and disulfide. Similar
results were also noted when the reaction mixture was
concentrated without neuatralizing the excess base. The
oxidizing agents, nitrobenzene and nitrosobenzene, can
also bie substituted for iodine in the reaction, Under these
conditions, the oxidizing agents are converted to azoxy-
benzene; thiamine is converted to thiochrome and di-
sulfide.

Zusammenfassung. Dic Arbeit gibt eine chemische Be-
schreibung des Priparates Thiochrom,
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Department of Biochemistry, Louisiana State University,
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also frans o each other) in both the C 1- and 1 C-confor-
mations. Therefore, the energy due to the interactions
between four OH groups and the cyclohexane ring (in-
cluding its H atoms) may be nearly cqual in the two con-
formations. The number of intramolecular hydrogen
bonds is, however, different. Concretely speaking, there
are two adjacent ¢is hydrogen bonds in C 1 conformation
{one is between (OH)Y and (OH)¥ and the other is be-
tween (OHP® and (OH)%). On the other hand, in I C con-
formation, there are two adjacent cis hydrogen bonds
{one is between (OHA- and (OH)?- and the other is
between (OH)%- and (OH)4-) and moreover there is one
trans hydrogen bond (between (OH)P- and (OH)32-),
Therefore it can be presumed that this tfrans hydrogen
bond makes the 1 C conformation more stable than the
C 1 conformation. In the equilibrium C 1 = 1 C, accord-
ingly, the concentration of the 1 C conformation, [1 C),

1 Part 111, Part 11, see S. Yamana, Bull. chem. Soc. Japan 34, 1212
(1961).
28, Yamana, J. Am. chem, Soc, §6, 1606 (1964).
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Table 1
Cyclohexane Conformation Orientation of unit group {OH) M jg’(\'\’) Ref,
(—)-1/2-diol Cc1 [(18), (20)] — 54.0°C 3
(—)-1,2/3, 4-tetrol c1 (18, (28), (30, (4ex)] l
n': 1C {(167), (2B87), (3a™), ($a)])® — 109.2°C 4
=C1 {12}, (3f), (4o}, (50)] I
{—)-1,2,3, 5/4-pentol C1 (1B}, 2, (3p), (4e), (55)] 9°C .
[ie (L), (267, (36°), (), (5F)1° atore)
=C1 [(28), (3f), (4}, (5a0), (6]

may be larger than that of the C 1 conformation, [C 1],
and the value of the conformational equilibrium constant,
K (=[1 C}/[C 1]}, may be greater than one. In order to
estimate its approximate value, the PM-method is nseful.

As is apparent in Table I, XZ{ul¥ obs of (—)-1,2/3,4-
cyclohexanetetrol is given by the following two equations.

Z[1]3 obs 0f C 1 conformation = (1A (28) + (1A (3a) +

(If)A(da) + 2HAB) + (2B)A40) + 3) A (40) (1)
2] 8 obs 0f 1 C conformation = (2B)K(38) + (2P A(4a) +
 2BIAGD) + BH A + BAHAGD) + (#a)A(5w) (2]

On the other hand, the values of [u]f calca {3/(n® + 2)}
caused by the dynamic coupling effect between any two
members of unit groups in polyhydroxycyclohexane of C 1
conformation were already calculated by the fundamental
formulae of the PM-method and given in Table 11 of the
previous paper?. This is shown again here as Table 11.

Owing to the following reasons, however, new values of
[113 obs are computed and shown in the square bracket.

In the previous paper?, all of the polyhydroxycyclo-
hexanes were assumed to exist entirely in C 1 conforma-
tion (i.e. the number of equatorial OH groups becomes as
many as possible} and the value of {3y was then com-
puted as 3.6402{3/(n? + 2)} by using the value of [M], (W}
of {—)-1, 3/2,4-cyclohexanctetrol. But, strictly speaking,
(—)-1, 3/2, 4-cyclohexanetetrol is considered to exist in
both of two conformations (C 1 and 1 C)® in its water

Table 11. [lu]_%?calcd {3/(n*+ 2)} and [y]%? obe Caused by the dynamic
coupling effect between any two members of unit groups in poly-
hydroxycyclohexane of C 1 conformation

68 6a 58 Se 48 4o 3P 3a 28 2«

laa 0 -A —B 0 0 0 B 0 0 A

1ﬁ —A4A A 0 B [ 0 Q —B 4 —A4

20 —B ¢ 0 0 B 0 A —A

28 o B g ¢ 0 —-B -4 0

3 O 0 B 0 0 A

35 ¢} e} Q0 —B A —A4

40, B 0 4 —4

48 0 -B —4 0

50 0 A

58 4 —A

Note: [”]%)0 caled L3/(1* + 2)} [:u]%) obs
A 11.73 42,7 {55.5]%
B 1.88 6.8[ 8.9]%

solution, and accordingly the true value of {3y should be
re-calculated by using another more appropriate sub-
stance.

Referring to Tables I and 11, Z[u}¥ obs of (—)-1, 2,3, 5/4-
cyclohexanepentol is given by the next equations.

Z[p)% obs 0of C 1 conformation = (18)A4(28) + (1 /A (38) +
(1 A{4e) + (IBYA(B) + (2AHABH + EHA4R) +

@2BAGE + BHAHw) + BBAGH + () A(5F) =4 +
0+0+0-A—~B+0—A+0+4d=—Bt (3

) obs 0f 1 C conformation = (2B) A (38) + (2B A (48) +
2B A(5a) + (ZHA(6H) + (BHA(AS) + (3HA(Sa) +
BAAKGE) + A A(S) + HA6EP) + (S)A(6F) =
- A+0+0+4+0+A4A-B+04+0+0+ 0=

- B (4

Thus, Z[ulf obs of (—)-1,2, 3, 5/4-cyclohexanepentol is
always equal to — B regardless of the conformation of the
molecule. This is the- reason why (—)-1,2,3,5/4-cyclo-
hexanepentol is appropriate for the computation of ¢§.
The value, — B, should of course be equal to the observed
value of [M]p (W), —8.9, of {—)-1,2,3,5/4-cyclohexane-
pentol. Therefore,

— B = — 1.88{(n2 + 2)/3} L%y = — 8.9
By = 47340 {3/(n® + 2)}  (5)

Of course, the observed value, — 8.9, is obtained at
27°C and not at 20°C. Strictly speaking, the value of
{2y in Equation 5 is that for 27°C and not for 20°C.

On the other hand, however, when using the value of
[MIE(W) of {(—)-1/2-cyclohexanediol?®, the value of {3y
becomes as follows,
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5 B. MacasanNik, R, E. Franzy, and E. CHarRGAFF, J. Am. chem.
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8 The orientations of the unif groups in 1 € conformation can be re-
written in the bracket below by changing the locant numbers.

7 8. Yamawa, Bull. chem. Soc. Japan 33, 1741 {1960).

8 L. P. Kunn, J. Am. chem. Soe: 74, 2492 (1952); 76, 4323 (1954).

% Given in the square brackets is the new value computed by using
Equation 3.

1 As it has two OH groups in trasms orientation, {—)-1/2-cyclo-
hexanediol is belicved to exist, in water solution, almost perfectly
in € 1 conformation (having two equatorial OH groups). See
J. S. BrimacouBg, A, B. Foster, M. Stacey, and D. H, WairFrFEN,
Tetrahedron 4, 351 {1938).

1t Tables I and 1 are used.
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ZTul8 ops of (—)-1/2-cyclohexanediol = (18 4(2a) =

— A = — 11L.73{(n* + 2)/3}3y = [MI¥ (W) of (—)-1/2-
cyclohexanediol, — 54.0° .. {3y = 4.6036 {3/(n* + 2)}
(6)

This value is nearly equal to the value in Equation 3.
This fact indicates that the values in Equations 5 and 6
are both fairly reliable. The values of 4 and B for
[ obs in the square brackets in the Note of Table 11, can
be obtained by multiplying those for [} calca {3/(n* + 2)}
by the value of {2y {(n*+ 2)/3)}, 4.7340. Of course, when
using Equation 5, new values of Z[u)¥ ops of polyhydroxy-
cyclohexanes of C 1 conformation which are shown in
Table I of the previous paper’ are apparently different
from the observed values of [M],(W). This fact can,
however, be explained reasonably by the probable as-
sumption that each of those polyhydroxycyclohexanes
exists in the equilibrivm mixture of C 1- and 1 C-con-
formers in its water solution. In this article, both of the
series of values of 4 and B which are given in the Note
of Table 11, are used. When using these values in Equa-
tions 1 and 2, Z[ulf cus of (—)-1,2/3,4-cyclohexanetetrol
18 calculated as 71.8 [or 93.2]° (C 1 conformation and
—141.7 [or —184.3]? (1 C conformation). The observed
value of [M]F(W), —109.2°, of (—)-1,2/3,4-cyclohex-
anetetrol indicates the presence of 15.3% [or 27.19,]°?
of C 1 conformation and 84.7%, [or 72.9%]8% of 1 C con-
formation in the equilibrium state. From thesc concen-
trations, one may calculate!® the conformational equilib-
rium constant, K, and from this the free energy dif-
ference, AF°, between the two conformations (i.c. the
strength of the adjacent frams hydrogen bonding force
between (OH)2f~ and (OH)%*- plus the difference in

Chemical Structure of Circulin A

In the course of our work in the colistin? and polymyxin
series? we investigated the structure of circulin A3,
another antibiotic exerting high activity against gram
negative bacteria. KorrLEr and KoBavasHi* deduced
the chemical structure of this antibiotic tentatively as a
cyclic decapeptide. This seemed to be very unusual in
view of the close biological and chemical relationship
between circulin A, the polymyxins and the colistins. The
result of our re-examination now proves the structure of
circulin A to be that shown in Figure 18, confirming that
circulin A definitely belongs to the polymyxin family.

Circulin A produced by Bacilius circulans ATCC 14040
grown according to NELsON et al.® was isolated from the

{ajL.-Dab -> p-Leu-» c-lle
k |
Moa—> {ajr-Dab-» r-Thr-> {a}r-Dab—> L-Dab
»

f (o)

1-Thr <~ L-Dab{et) <~L-Dab

Y

Fig. 1. Full structure for circulin A.
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solvation encrgy between the solvent, water, and each of
the two conformers) may be calculated as below:

K= {1C}/[C1] = 8+.7/15.3 == 5.54
for, K = 72.9/27.1 = 2.69)

AF? = — R TinK = — 2.303 R T log(5.54) =
— 1.0 kcal/mole

[or, AF®= —2.303 R T log(2.69) = — 0.6 kcal/mole]

This value scems to be comparable with — 1.1 keal/mole 13,
the usual value of the corresponding hydrogen bonding
force (O-H -0} in CCly solution®,

Zusammenfassung. Mit Hilfe Jder PM-Methode ist die
molckulare Rotation von (~)-1,2/3, 4-Cyclohexantetrol
untersucht worden. Daraus geht hervor, dass diese Ver-
bindung in wiisseriger Losung als Gemisch der C 1- und
1 C-Konstellationen vorliegt.
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The following abbreviations are used throughout this paper:

Moa = {+)-6-methyloctanoyl residue; Dab = g,p-diaminobutyric

acid residue; DNP « 2, 4-dinitrophenyl residue; = == € to N bond

in =CO=-NH-; -3 (&) 1Dab = > ll‘mb;—>- {p) Dab «~> Dab.

y-NH, a-NH,
¢ H. A. Neisox, C. DeDokr, and W, H. DEVrixs, Ind. Eng. Chem.
42, 1259 (1950),
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