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The mixed complexes formed between mercury(II), hydroxide and
iodide in solutions with 0.5 M sodium perchlorate as supporting electro-
lyte have been studied at 25°C, by measuring the emf of the cell
—GE[SISE+, where GE is a glass electrode and SE a standard
reference electrode. S had the general composition: B Hg(II), H H™,
(0.5 M—2B—H) Nat, X I, (0.5 M—X) ClO,~ The ratio X/B was
0.5 or 1.0. The experimental data Z (average number of OH~ bound
per mercury(II) as a function of log & could be described by as-
suming one mixed complex, viz. HGOHI. The equilibrium constant,
B1,1,1, for the reaction

Hg*+ + I~ + H,0=HgOHI + Ht

was determined as log f,,,=8.9+0.1.

The equilibrium between mercury and iodide with 0.5 M NaClO, as supporting
electrolyte has been studied by Sillén ef al.l~3 by emf measurements and
by Marcus ¢ using distribution equilibrium methods. Their results are shown
in Table 1. Sillén’s values have been used in the calculations. Analogously to
the hydrolysis of the mercury bromide,® it is K, ,, the equilibrium constant
for the reaction

Hg?*+ + Hgl, = 2 Hgl* (1)

that together with 8,4 and f,, , has to be known when computing the equilib-
rium constant K, ,, for the reaction

Hgl*+ + H,0 & HgIOH + H+ (2)
Table 1 also gives K,, the equilibrium constant for the reaction
Hel, 3"+ I-=Hgl>" (n=1,234) (3)
The equilibrium constant for the reactions
ond Hg?*+ + H,O0 & HgOH+ + H* (4)
Hg?*+ + 2 H,O = Hg(OH), + 2Ht (5)
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Table 1. Equilibrium constants for the system Hg?t —1I-,

Ref. Method K, log (Ky/M) log (Ky/M) log (Ky/M) log (K,/M)
Sillén et al 1949 1,2 red, Hg 115 12.87 10.95 3.78 2.23
Sillén 19493

Marcus * distr. 81 3.67 2.37

have been taken from the work by Hietanen and Sillén,1° log (f,,/M)=
—3.70+0.07, log (f,,6/M2)= —6.30 % 0.05.

EXPERIMENTAL

Chemicals. Sodium perchlorate, perchloric acid, sodium hydroxide, silver perchlorate,
aud mercury perchlorate were prepared as described previously.>® Sodium iodide (Mal-
linckrodt, p.a.) was analysed potentiometrically.

Details of the emf measurements. In order to produce hydrolysed solutions of u=1.0 the
following solutions were carefully mixed into the titration vessel. Since HgI, is the least
soluble species especially the additions of S, had to be performed very slowly to avoid
Tyndall effects.

S, 0.75 mM Hg(II), 0.08 mM H*, 498.5 mM Na*, 500 mM ClO,~
S, 0.75 mM Hg(II), 0.08 mM H*, 498,5 mM Na+ 496.3 mM ClO“, 3.75 mM I-.
Ss: 1.50 mM Hg(II), 0.16 mM H+ 496.8 mM Na+ 500 mM Cl1O,~
S,: 1.50 mM Hg(II), 0.16 mM H*, 496.8 mM Nat, 492.5 mM ClO . 7.5mMI-.
S4:13.38 mM NaOH 500 mM Cl10,~

The ratio of the volumes of S, and S, was 4:1 and of S;, S, and S; 4:1:5.
Sp=8,+8, +8;+8, +8;

The solutions S, and S; were prepared from 100 mM stock solutions of Hg(II) perchlorate.
S, and 8, originated from stock solutions of sodium iodide and mercury(11) perchlorate.

Magnetlc stirring was applied and N, was passed through the solution. This was then
immediately titrated with an acid solution which had the same values of B and X as
had S,.

LIST OF SYMBOLS

= total Hg(II) concentration.

concentration of Hg?*.

total halogen concentration.

concentration of free halogenide.

X|B.

analytical hydrogen ion excess concentration.
actual concentration of hydrogen ion.

= kL

= equilibrium constant for the reaction

i

I

™R SIS B My
I

qHg** + pH,0 + rX~ = Hg (OH),X,2—*="+ + pHt (6)
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MIXED COMPLEXES OF MERCUR Y(II) 3005

Z average number of hydrogen ions split off per Hg(II)

BZ =h~H=p B,,b’h7*x (7)

Kn = equilibrium constant for the reaction
HeX,  + X—=HgX,; n = (1,2,3,4) (8)

K,,; = equilibrium constant for the reaction
Hg?+ + HgX,=2 HgX+ 9)

MEASUREMENTS AND CALCULATIONS

Potentiometric measurements were performed in the cell previously
described.5 The solutions S in the titration vessel had compositions analogous
to those described for the bromide systems, ¢.e. X/B was maintained
constant in each titration. However, the low solubility of mercury(II) iodide
further complicated the study of the mercury-hydroxide-iodide system. When
#=0.5, B was 5.00 mM or 2.5 mM. The concentration of free iodide, «, in-
creases both with v and —log A.

When %=1.0, it was necessary to lower the total iodide concentration in
order to obtain a hydrolysed solution without precipitation of red Hgl,.
Therefore the value of B was chosen as 0.75 mM.

151

| ~log(h/M)
%0

Fig. 1. The formation of hydroxo complexes in solutions containing mercury(II) and

iodide. The curves have been calculated from the equilibrium constants in Table 3. The

experimental points are denoted O, A, [], and A for B=10, 5, 2.5, and 0.75 mM,
respectively.
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Table 2. Survey of titrations.

u=0.500, B=15.000 mM.

—log (h/M), Z; 3.548, 1.001; 3.526, 0.985; 3.485, 0.949; 3.448, 0.915;
3.441, 0.881; 3.364, 0.831; 3.318, 0.782; 3.277, 0.733; 3.219, 0.671;
3.094, 0.522; 2.976, 0.395; 2.861, 0.288; 2.746, 0.204; 2.637, 0.146;
2.541, 0.105; 2.455, 0.083; 2.384, 0.062; 2.271, 0.050; 2.180, 0.023;
2.080, 0.011; 2.002, 0.010.

% =0.500, B=2.500 :aM.

~log (h/M), Z; 4.642, 1.444; 4.527, 1.424; 4.432, 1.404; 4.349, 1.384;
4.275, 1.365; 4.215, 1.346; 4.153, 1.327; 4.051, 1.290; 3.967, 1.254;
3.893, 1.218; 3.821, 1.184; 3.762, 1.150; 3.707, 1.117; 3.656, 1.084;
3.590, 1.036; 3.532, 0.989; 3.461, 0.928; 3.385, 0.854; 3.318, 0.783;
3.257, 0.716; 3.204, 0.716; 3.101, 0.532; 3.010, 0.429; 2.919, 0.350;
2.842, 0.277; 2.768, 0.225; 2.640, 0.160; 2.540, 0.115; 2.423, 0.082;
2.337, 0.058.

u=1.000, B=0.750 mM.

—log (h/M), Z; 4.482, 0.888; 4.448, 0.880; 4.414, 0.867; 4.357, 0.853;
4.304, 0.837; 4.255, 0.821; 4.211, 0.805; 4.105, 0.765; 4.025, 0.727;
3.886, 0.655; 3.765, 0.592; 3.663, 0.533; 3.578, 0.479; 3.499, 0.432;
3.397, 0.371; 3.308, 0.317; 3.229, 0.278; 3.161, 0.243; 3.080, 0.202;
2.995, 0.169; 2.925, 0.143; 2.804, 0.116; 2.714, 0.093; 2.640, 0.078;
2.578, 0.064; 2.539, 0.043; 2.478, 0.056; 2.403, 0.046.

Values of Z, plotted as a function of log 4, is shown in Fig. 1. The complete
data for all the titrations are given in Table 2.

For solutions having a constant X/B, the experimental Z(log k) curves
coincide for different B-values. They may be described by assuming one mixed
complex, HgIOH, corresponding to that of the bromide system.’ Since the
mercury iodide complexes are stronger than the corresponding bromide ones,
2 has a lower value in the iodide solutions. The same approximations as in
Ref. 5 are consequently allowed and we obtain,

X — Bopa® + 2Bo1,07* + Pria0%
B 71+ 1100 + Bo109® + Bo11% + Bo12®® + Priia%

7 = (1,02 + 251,00 + f11102)(2 —u)
2(1 + B11,0% + B21,09) + o + Byia0%

Z is a function of the two independent variables  and a.
Comparison of the experimental Z curves to those calculated from (14),
assuming different values of f,,, gives the best fit when log #,,,=8.9+0.1.
The experimental data were treated by means of the computer program
“Letagrop”, designed by Sillén et al.? The equilibrium constants that minimized
the error square sum

w= (10)

(11)

U=3Cpy —Leae) (12)
was sought.
The values, obtained by the computer are given in Table 3. In the first row

all points in Table 2 were used. When the errors in H,, H, and E, were treated
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Table 3. Survey of equilibrium constants in the system Hg(II) - OH —1I.

Computer
Constant Curve-fitting
All points X/B=0.5 X/B=1.0
Bo,1,1/M? 7.6 x 10 7.4 %102 (1.2+0.1)101 7.4 x 101
o,1,8/ M (8+1)10% (12.2 4+ 0.5)10% (8.2+1.6)10% 6.6 x 102
By (2:2140.04)10¢  (2.24+0.09)10~*  2.00x 10~4 2.00 x 10~*
Ba 1 o/M? (5.35+0.05)10~7  (5.52 i 03)10-’ 5.01x 107 5.01 x 107
11,1 (8.4 +0.5)10° (6.5+0 (18 +2)10° (8+2)10°

as unknown constants, the computer gave high values for £ in the last titration
(X/B=1.0), where the solutions were supersaturated with respect to Hgl,.
Therefore the data from this titration were also handled separately. In this
way the second and third rows of Table 3 have been obtained.

Only one mixed complex, Hg(OH)I, was found. Its stability constant

P11 Was (8+2)x 108,

(OH)p1 2P 15

-log(1/M)

075)

HQ(OH)Z

osof Hal®

P17 B

ng'

A "

-

~log(h/M),

20 30

40

Fig. 2. The distribution of the complexes Hg(OH),L*#-* as a function of —log h.
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RESULTS AND COMMENTS

The distributions of the various species as functions of —log % at X/B=0.5
and 1.0 is shown in Fig. 2.

The hydrolysed solutions were supersaturated with respect to Hgl,, as
is seen from the following values which correspond to some of the highest
points of the Z curves:

u —log(h/M) B/M [HglL]/M [Hg(OH).]/M
0.5 4.6 0.0025 2x 10~ L4x 10
0.5 3.5 0.005 0.9x 10~ 1.6 x10-¢
1.0 4.5 0.00075 2x 10~ 0.20 x 10~

From Biedermann and Sillén’s ® determination of the solubility of Hgl, it
follows that [Hgl,]=17x 10-% M in a saturated solution of mercury(II) iodide.
A comparison with the value of [Hg(OH),]=0.2 x 10~ M in solutions saturated
with mercury(II) oxide, which can be deduced from Garett’s work,? indicates
that the two first solutions are also supersaturated with respect to Hg(OH),.

In a previous publication 3 the acidity of some species HgX* are given and
discussed. For the iodide one gets K;,=p,1/Po11=10x10"* M, d.e.
HgI+ is a weaker acid than the other mercury monohalide ions studied.

If statistical reasons alone determined the equilibrium constants, f;,
could be calculated from the relation pB;;;=2(fy;20510)}, which gives
B11,,=11x 108, close to the experimental value (8 + 2)'x 108

The value of P11, depends on many different constants taken from liter-
ature. Systematic errors may also be present because it was rather difficult
to prepare a clear Sy-solution. Therefore the real error in f, ;; might be much
larger than that calculated by the computer.

My thanks are due to Professor Nils Ingri and Professor Ido Leden for valuable
discussions.
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Oxidation of Carbohydrate Derivatives with Silver Carbonate
on Celite. VIII. Oxidation of Trioses and Some Related
Compounds

SVEIN MORGENLIE

Agricultural University, Department of Chemistry, N-1432 As-NLH, Norway

Glycolaldehyde and D,L-glyceraldehyde are oxidized by silver
carbonate on Celite in methanol to methyl esters of the corresponding
acids. Methyl glycolate is also the product obtained on oxidation of
dihydroxy acetone. Glyoxal gives methyl glyoxylate with the same
oxidant, the second aldehyde group of this compound resisting
oxidation. Formaldehyde is oxidized at a somewhat higher tempera-
ture than the other compounds.

Methyl esters of oxalic, glyoxylic, glyceric and presumably glycolic acid
were found to be secondary products on oxidation of aldopentoses with
silver carbonate on Celite in methanol.! Glyceraldehyde has been identified
as one of the products after oxidation of the pentoses, and small amounts of
compounds which were tentatively identified as glycolaldehyde and glyoxal,
based on the chromatographic and electrophoretic behaviour, were also de-
tected. To establish whether these compounds might be precursors of the
methyl esters mentioned above, it seemed of interest to examine the effect of
silver carbonate on Celite on these compounds in methanol. An investigation
of the effect of the oxidant on «-hydroxy aldehydes and ketones which are
unable to form cyclic hemiacetals was further of general interest, since such
compounds would be expected to form hemiacetals with the solventin methanol-
ic solution, and hence possibly undergo reactions analogous to those occurring
with aldoses! and ketoses,2 but in non-cyclic form. Aldoses have been found
to give mixtures of aldonolactones and aldoses with a shorter carbon chain,!
whereas 2-ketoses primarily are cleaved between C-2 and C-3 by this oxidant.?

RESULTS AND DISCUSSIONS

Glycolaldehyde (I) was completely oxidized in methanol by the oxidant
within 45 min at 35°C. Methyl glycolate (IIT) was the only product found after
removal of the solvent. Hydrolysis of the ester gave glycolic acid (IV) in
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H
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H-C=0 MeOH MeO-C—OH  —— \e=0
CH,0H CH,O0H H
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cr{[ 0 l 0
HOHC( - \/cnou MeO~—-C=0 H—C—0Me
0—CH, H,0H
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/CHa—0y
0=C C=0 m-?:o
o—c#, CH,OH
vi v

about 55 9, yield based on glycolaldehyde. The direct formation of the methyl
ester (III) on oxidation of glycolaldehyde indicated that the reaction occurred
via the hemicaetal (II). Glycolaldehyde crystallizes in the dimeric form (V),
and an alternative way to the methyl ester (IIT) might be an oxidation of
this dimer in two steps to the dimeric form (VI) of glycolic acid, and subsequent
conversion to the methyl ester in the methanolic solution. This possibility
has, however, been excluded by the fact that glycolic acid dimer (VI) is not
converted to methyl glycolate (III) under the conditions employed.

100

L .\‘-
o— VII

0 1 1 1
/] 10 20 30 40 min

Fig. 1. Oxidation of glycolaldehyde. Per
cent glycolaldehyde (I) and formaldehyde
(VII) present as a function of time.

100

0 1 1 1 1 ! 1
0 15 30 45 60 75 90 min

Fig. 2. Oxidation of formaldehyde. Per
cent formaldehyde (VII) and methyl
formate (VIII) present as a function of time.
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Since the yield of glycolic acid (IV) from glycolaldehyde is about 55 9/,
the occurrence of glycol cleavage of the hemiacetal (II) in analogy to the
degradation of aldopentoses,! is not excluded as a side reaction. The expected
products after a glycol cleavage are formaldehyde (VII) and methyl formate
(VIII). The presence of formaldehyde is indicated colorimetrically with the
acetylacetone-ammonium acetate reagent.® Glycolaldehyde interfers slightly
in this determination, and thus simultaneous colorimetric determinations of
glycolaldehyde with «-naphthol—sulphuric acid? and formaldehyde with
acetyl acetone —ammonium acetate reagent have been performed. The result
is shown in Fig. 1; the formaldehyde curve is corrected for the glycolaldehyde
present. It is seen that formaldehyde may be present in about 8 9, yield at
the end of the reaction.

The question arose whether formaldehyde was further oxidized by the
oxidant under the reaction conditions. The effect of silver carbonate on Celite
in methanol on formaldehyde (VII) was thus investigated, and it was found
that only a slight oxidation occurred at 35°C. At 50°C, however, formaldehyde
was almost completely oxidized within 60 min (Fig. 2). Colorimetric determina-
tion of ester formed in the solution under the reaction with time, by use of
the hydroxylamine — ferric perchlorate reagent ® (Fig. 2), shows that a possible
yield of about 70 9, of methyl formate (VIII) is obtained, a slight loss of the
low-boiling methyl formate is not excluded. The formation of a formic acid
ester in the solution was further indicated by infrared spectroscopy after
distillation of the product from the reaction mixture.

DL-Glyceraldehyde (IX) afforded in analogy to glycolaldehyde almost
exclusively pI-glyceric acid methyl ester (X) at 35°C. Chromatography indi-
cated the additional formation of traces of methyl glycolate (III), the product
expected after degradation of pL-glyceraldehyde to glycolaldehyde (I) followed

H
|
—-C= O—C—OH MeO—-C=
H (;Z o] MeOH Me ? (o] e l 0
CHOH _ CHOH _— (I:HOH
CH,0H CH,0H CH,0H
1X / X
H—-(l:——- MeO—(IZ=0 MeO-—-?=O
H~C=0 H-C=0 MeO—C=0
X1 X1 X1
(I:HZQH MeOH CH,0H
?:0 — MeO—C-—~OH _ MeO—C=0
CH,0H CH,OH CH,0H
Xy XV1 I
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by oxidation of this compound as described above. At 45°C glyceric acid methyl
ester (X)) undergoes a slow further oxidation, and the products were found to
be dimethyl oxalate (XI) andmethyl glyoxylate (XII) on chromatographic
and spectroscopic evidence.

The presence in addition to methyl glyoxylate of a compound assumed to
be glyoxal (XIII) after oxidation of aldopentoses,! suggests a possible rela-
tionship between these compounds in this oxidation.To establish whether
such a relationship may exist, glyoxal (XIIT) was also treated with silver
carbonate on Celite in methanol. One of the aldehyde groups of the dialdehyde
was smoothly oxidized to a carbomethoxy group, whereas the remaining
aldehyde group was resistant to oxidation, methyl glyoxylate (XIII) could
not be further oxidized at 45°C. The tendency of methyl glyoxylate (XII) to
hemiacetal formation with methanol must be expected to be greatly reduced
as compared to that of glyoxal (XIII) with an activating second aldehyde
group. Since the hemiacetal form is the form in which all the investigated
compounds obviously are oxidized, the lack of reactivity of methyl glyoxylate
may easily be understood.

The initial attack on 2-ketoses with silver carbonate on Celite in methanol
occurs between C-2 and C-3.2 One of the reasons for this selectivity may be a
greater reactivity of the secondary hydroxyl group at C-3 than the primary
one. An other explanation could be that in a cyclic form, the hydroxyl groups
at C-2 and C-3 are fixed in a relative orientation particularly suitable for
degradation.

It has been interesting in this connection to find that 1,3-dihydroxy
acetone (XV), with two primary hydroxyl groups next to the ketone func-
tion, needs almost 1 h for a complete oxidation to methyl glycolate (1II) at
55°C. This compound is also obviously oxidized by diol cleavage of its hemi-
acetal (XVI). The possibility of two subsequent oxidation steps of the dimeric
form, in which the compound is known to crystallize, to give the glycolic acid
dimer is excluded for the same reasons as in the case of glycolaldehyde (I).

The results presented have shown that the presence of methyl esters of
glycolic, glyoxylic, and glyceric acid after oxidation of aldopentoses may be
due to direct oxidation of the corresponding aldehydes. It is further seen that
dimethyl oxalate may possibly arise from methyl glycerate, in particular
because a temperature of 45°C has been found to be ‘“‘critical” for this reac-
tion, and dimethyl oxalate was not formed from the aldopentoses at reaction
temperatures lower than this temperature.

The present work has also established that silver carbonate on Celite in
methanol is a convenient oxidant for the conversion of «-hydroxy aldehydes,
and possibly other activated aldehydes, to the corresponding carboxylic acid
methyl esters.

EXPERIMENTAL

Paper chromatography was performed on Whatman No. 1 paper in the solvent system
(v/v) (A) butanone — acetone —formic acid — water 40:2:1:6. Thin-layer chromatography
(TLC) was run on Silica gel G in (B) benzene — ethanol 5:1 and (C) benzene — ethanol 10:1.
As spray reagents were used hydroxylamine — ferric chloride ® for esters, sulphanilamide —
B-naphthol —sodium nitrite? for acids and diphenylamine — aniline — phosphoric acid ®
for the other compounds.

Acta Chem. Scand. 27 (1973) No. 8
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Oxidation of glycolaldehyde (I). Glycolaldehyde (I) (100 mg) in methanol (50 ml) was
stirred with silver carbonate on Celite ® (6 g) for 35 min at 35°C. The solution was then
filtered, and from a part of it, the solvent was evaporated to give chromatographically
homogeneous (TLC, solvent C) methyl glycolate (III), indistinguishable from an authentic
sample of methyl glycolate. The infrared spectrum was identical with that of authentic
methyl glycolate.

To the solution containing methyl glycolate (III) was added sodium hydroxide (200
mg) in water (2 ml). After 2 h, the solution was diluted with water (10 ml), neutralized
with Dowex 50 W (H) ion exchange resin and the solvents were evaporated. Glacial
acetic acid was evaporated from the residue, which was then kept at 2 — 3°C over night
to give crystalline glycolic acid (IV), the yield was 69 mg (54 %), m.p. 75— 77°C, after
sublimation in vacuo m.p. 77.5—178.5°C (1it.** 80°).

Owxidation of glycolaldehyde (I ). Colorimetric determination of glycolaldehyde and formal-
dehyde. Glycolaldehyde (30 mg) in methanol (20 ml) was stirred with silver carbonate on
Celite (2 g) at 35°C. Aliquots (100 ul) were withdrawn at intervals, diluted with water
(to 1 ml) and the amounts of glycolaldehyde and formaldehyde determined colori-
metrically with the a-naphthol —sulphuric acid reagent * and the acetylacetone —ammo-
nium acetate reagent,® respectively. The results are shown in Fig. 1.

Oxidation of formaldehyde (VI1I). Formaldehyde (VII) (6.5 mg) in methanol (10 ml)
was stirred with silver carbonate on Celite (1 g) at 50°C. Aliquots (10 xl and 250 xl) were
withdrawn at intervals, and the amounts of formaldehyde and formate were determined
colorimetrically with the acetylacetone —ammonium acetate reagent and the hydroxyl-
amine — ferric perchlorate reagent,® respectively. The results are shown in Fig. 2.

After 1 h, the solid material was filtered off. A mixture of the product and methanol
was distilled into chloroform by keeping the solution at 60°C for a few min. The infrared
spectrum of the resulting chloroform solution showed strong absorption at 1720 cm™,
characteristic of formic esters.!*

Ozidation of DL-glyceraldehyde (IX ). DI-Glyceraldehyde (200 mg) in methanol (100 ml)
was oxidized with silver carbonate on Celite (10 g) at 35°C for 45 min. Filtration of the
solution and evaporation of the solvent gave syrupy methyl DI-glycerate (X). The com-
pound was chromatographically (TLC, solvent B) indistinguishable from an authentic
sample, and the infrared spectra were identical. The product contained traces of a com-
pound with mobility (TLC, solvent C) corresponding to that of methyl glycolate (III).

Hydrolysis of the ester (X) with 0.2 M trifluoroacetic acid at 40°C for 48 h and removal
of the acid by repeated distillations with water, afforded syrupy DI-glyceric acid (133 mg).
The syrup was chromatographically homogeneous (paper chromatography, solvent A)
and the mobility corresponded to that of authentic DL-glyceric acid. M.p. of the derived 2
amide was 86— 89°C (lit.2 91.5—92°C).

Oxidation of methyl-DL-glycerate (X ). Methyl DL-glycerate (190 mg) in methanol
(100 ml) was stirred with silver carbonate on Celite (12 g) for 1 h at 45°C. After filtration
of the solution and evaporation of the solvent, the residue was dissolved in chloroform
(30 ml). The chloroform layer was extracted with water (6 x 5§ ml), dried with sodium
sulphate and the solvent evaporated to give dimethyl oxalate (XI) (20 mg) indistin-
guishable from authentic dimethyl oxalate by TLC (solvent C); the infrared spectrum
was identical with that of the authentic sample. The water extracts Nos. 3 to 6 from the
extraction mentioned above contained methyl glyoxylate (XII) (14 mg), identical with
an authentic sample (TLC, infrared spectrum).

The water extracts Nos. 1 and 2 contained a mixture of starting material and methyl
glyoxylate (XII).

Ozidation of glyoxal (XIII). Glyoxal (200 mg) in methanol (100 ml) was oxidized
with silver carbonate on Celite (10 g) for 1 h at 45°C. Filtration of the solution and evapora-
tion of the solvent yielded methyl glyoxylate (XII), indistinguishable from an authentic
sample (prepared by periodate oxidation of dimethyl tartrate) by TLC (solvent B).
The infrared spectrum was identical with that of authentic methyl glyoxylate.

Hydrolysis of the ester (XII) in water (4 ml) containing sodium bicarbonate (0.5 g)
for 48 h at room temperature, afforded glyoxylic acid (XIV) (165 mg) as a chromato-
graphically homogeneous syrup (paper chromatography, solvent A). Treatment of this
syrup in water (4 ml) with dimedone (300 mg) in ethanol (7.5 ml) and water (7.5 ml)
over night yielded the dimedone derivative (133 mg), crystallizing directly from the
solution, m.p. 232°C, after sublimation ¢n vacuo m.p. 234 —238°C (l1it.!? 236 — 238°C).
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Ozidation of 1,3-dihydroxy-acetone (XV ). 1,3-Dihydroxy-acetone (200 mg) in methanol
(100 ml) was treated with silver carbonate on Celite (10 g) at 55°C for 1 h. After filtra-
tion, the solvent was evaporated from a part of the solution, yielding methyl glycolate
(I11), homogeneous by TLC (solvent C). The chromatographic mobility corresponded to
that of authentic methyl glycolate, and the infrared spectra (CHCl,) were identical.

To the solution was added sodium hydroxide (400 mg) in water (4 ml). After 2 h at
room temperature, the solution was neutralized with Dowex 50 W jon exchanger (H*
form) and the solvent evaporated. From the residue was distilled acetic acid twice,
the residue crystallized in refrigerator. The yield was 107 mg (63 %, based on dihydroxy
acetone) of glycolic acid (IV), m.p. 72—75°C, after sublimation in vacuo m.p. 78.5 —
79.5°C (lit.** 80°).

Acknowledgement. The author wishes to thank Miss Astrid Fosdahl for valuable
technical assistance.
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Molecular Structure of Gaseous Tris (methylthio) borane

R. JOHANSEN? E. WISLQOFF NILSSEN® H. M. SEIP®
and W. SIEBERT?Y

& Department of Chemistry, University of Oslo, Oslo 3, Norway and ® Institut fiir
anorganische Chemie der Universitit Wiirzburg, Wiirzburg, Germany

Tris(methylthio)borane has been studied by gas electron diffrac-
tion. The molocular skeleton was found to be essentially planar
with  7,(B—8)=1.805(2) A, 7,(S—C)=1.825(3) 18: and
/. BSC=104.5(3)°. Mean amplitudes of vibration determined from the
electron-diffraction data are in fairly good agreement with values
computed from spectroscopic data.

he structure determination of tris(methylthio)borane, B(SMe),, ¢f. Fig. 1,
by gas electron diffraction was carried out as a part of our studies of the
nature of the B—S bond, and in particular for comparison with the structure
of methylthio-dimethylborane, Me,BSMe, described in the previous paper.!

EXPERIMENTAL

The sample of B(SMe), was synthesized by one of us (W.8.). The electron diffraction
diagrams were recorded with the Balzer’s Eldigraph KDG2 %# in Oslo. The nozzle tem-
perature was about 80°C. Four plates recorded with a nozzle-to-plate distance of 50 cm
and wavelength 0.05847 A and seven plates with a nozzle-to-plate distance of 25.0 cm
(the vawelength was 0.05852 A for five of these plates, 0.05828 A for two of them) were
used. The data were treated as described elsewhere.* The levelled intensity curves ob-
tained from each plate were plotted and showed very satisfactory agreement. A composite
intensity curve ranging from s=2.25 A-! to 8=29.0 A-! was computed (see Fig. 2). The
& intervals were 0.125 A-? for s < 10.0 A-? and 0.25 A for s> 10.0 A1

The same scattering amplitudes were used as in the previous paper.!

STRUCTURE REFINEMENT

Most of the important interatomic distances may be estimated from the
experimental radial distribution (RD) curve ¢ shown in Fig. 1. The peaks
near 1.81 A and near 3.12 A show that the BS, moiety is planar as expected
and give reasonably accurate B —S and C—S8 bond lengths. The peak around
4.6 A must correspond to distances of the type S2...C5, and shows that the
heavy atom skeleton must be nearly planar. The molecular parameters were
refined by the least-squares method using a diagonal weight matrix. Very
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Fig. 1. Experimental (circles) and theoretical (full line) radial distribution functions for

B(SMe); calculated by Fourier transformation of the curves in Fig. 2 with an artificial

damping constant * k=0.002 A2 The differences between experimental and theoretical

values are also shown. The positions and the approximate areas of the peaks corresponding

to the most important interatomic distances are indicated. The figure of the molecule
corresponds to Cj, symmetry.

satisfactory agreement between experimental and theoretical curves was ob-
tained for a model with C; symmetry. We assumed further that there was no
tilt of the methyl groups. The Bastiansen-Morino shrinkage effect ® was neg-

Table 1. Bond distances, angles, and mean amplitudes of vibration in tris(meth-
ylthio)borane. The standard deviations given in parentheses apply to the last decimal
place. Mean amplitudes of vibration calculated from spectroscopic data are also given.

ra(A)e u(B)  ugl(A) angles

(degrees)

(C—H),,* 1.089 (4) 0.085 (5) 0.078 /. SCH 110.7 (6)
S —B¢ 1.805 (2) 0.050} 3) 0.056 £ BSC 104.5 (3)
S—-C° 1.825 (3) 0.047 0.054 ¢ (S4B1S2C3) 9.9 (30)

¢ (B1S2C3HI5)  160.5 (40)

2 An asymmetry constant, »=10.000020 A,® was assumed for the C—H bond distances; for
all other distances %=0.% At 80°C. ¢ If the shrinkage for the S...8 distance is neglected, 1.804 A
and 1.826 A are obtained for the S— B and S— C bond lengths.
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Fig. 2. Comparison of the experimental intensity values (circles) and the corresponding
theoretical ones (full line) calculated with the parameters in Tables 1 and 2. The differences
between experimental and theoretical values are also shown.

lected except for the S...S distance in some refinements where J,=0.003 A
was used. This value was calculated as described in the next section. Some
assumptions about the mean amplitudes of vibration (u)® were also necessary
(¢f. the next section). The bond distances, the corresponding mean amplitudes
of vibration, bond angles and torsional angles obtained are given in Table 1.
The most important non-bonded distances with the corresponding « values are
given in Table 2, and the atomic coordinates in Table 3.

Table 2. The most important non-bonded distances and mean amplitudes of vibration.

ra(A) u (A) ucﬂlc(A)
S...8 3.123% 0.074 (2) 0.075
82...C5 4.585 0.096 (5) 0.095
82...C7 3.184 0.146 (8) 0.145
C-..B 2.870 0.065 (8) 0.096
C...C 4.944 0.160 ® 0.147
S2...H14 2.433 0.114 (6) 0.107
S2...HS8 2.793 0.280 0.28
S2...H9 4.250 0.190 0.16
82...H10 3.232 0.280{ b 0.28
S2...H11 4.633 0.200 0.18
S2...H12 5.422 0.130 0.12
S2...H13 4.999 0.200 0.18

@ A shrinkage of 0.003 A is included. ® The parameter was not refined.
Acta Chem. Scand. 27 (1973) No. 8
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Table 3. Atomic coordinates (A) for B(SMe),.

x y 2z

Bl 0.0 0.0 0.0

82 1.805 0.0 0.0

C3 2.262 1.740 0.304
S4 —0.903 1.563 0.0

C5 —2.638 1.089 0.304
S6 —0.903 —1.563 0.0

C7 0.376 —2.829 0.304
HS 1.088 —2.485 1.053
HY9 —0.074 —3.754 0.662
H10 0.925 - 3.050 —0.611
Hl1l —2.697 0.300 1.053
H12 —3.214 1.941 0.662
H13 -3.103 0.724 -0.611
H14 1.608 2.185 1.052
H15 3.288 1.812 0.662
H16 2.179 2.326 —0.611

- VIBRATIONAL FREQUENCIES AND ROOT-MEAN-SQUARE AMPLITUDES OF
VIBRATION

The IR and Raman spectra have been studied by Goubeau and Wittmeier 8
and by Vahrenkamp.? A calculation of the fundamental frequencies and root-
mean-square amplitudes of vibration was carried out by the methods used for
Me,BSMe.! After some adjustments the force constants given in Table 4 were
used. As in the case of Me,BSMe, the torsional and out-of-plane force constants
are very uncertain, giving considerable uncertainty in some of the mean ampli-

Table 4. Force constants used in the calculation of frequencies and mean amplitudes.

Stretching force Bending force constants Repulsion force constants
constants (mdyn A/rad?) (mdyn/A)
(mdyn/A)

B-8 2.50 SBS 0.9 S---H 0.54

S-C 1.80 BSC 0.9 H...H 0.20

C-H 4.35 SCH 0.35 C3...84 0.007

HCH 0.40
Coupling Torsional force constants Out-of-plane force constant
constants (mdyn A/rad?) (mdyn A/rad?)
(mdyn/A)
BS/BS 0.40 SBSC 0.10 (two for each BS out of
BS bond) SBS plane: 0.07 (three con-
BSCH 0.04 (three for each tributions)
SC bond)
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Table §. Observed 7 and calculated frequencies (in cm™) for B(SCHj), (Cy; symmetry).

Symmetry IR Raman Calculated
d;  (SBS;) E’ 162 160
5 (BSC) A’ 235 219
3.5 (BSC) B 307 305 286
vy (BS,) A’ 410 430 429
y  (BS) A” 474 481 482
»  (CS) B, A 709 705 710, 711
vas  (BSy) E 905/930 906 915/945
e (CH,) 990 984 977— 991
ds (CHy) 1320 1317 1373
6,5 (CHy) 1430 1427 1406
ves (CH,) 2925 2925 2982
ves (CHj) 2995 2995 2965

tudes and in the correction terms necessary to obtain an r -structure.® In Table
5 the computed frequencies are compared to the experimental values using the
assignment proposed by Vahrenkamp.” The agreement is fairly satisfactory,
though improvement in the computed values for the methyl frequencies seems
possible.

The computed root-mean-square amplitudes have been included in Tables
1 and 2. The agreement with the electron-diffraction results is acceptable for
all parameters except perhaps for %(C...B).

By approximate methods Vahrenkamp? obtained 2.71 mdyn/A and
2.57 mdyn/A, respectively, for the B —§S stretching force constants in B(SMe),
and Me,BSH. He concluded that no =-bonding occurs between boron and
sulphur. However, our calculations give a somewhat smaller value for k(B —S)
in B(SMe); (2.50 mdyn/A) compared to 2.85 mdyn/A in Me,BSMe.! Though
both values depend to some extent on the values chosen for the other force
constants, the results may perhaps be regarded as an indication of a slightly
weaker B—S bond in B(SMe); than in Me,BSMe.

DISCUSSION

Tris(methylthio)borane is better suited for electron-diffraction studies
than methylthio-dimethylborane. The quality of the observed data was also
better, and the uncertainties in the main parameters in Tables 2
and 3 are smaller than in the corresponding parameters given in the previous
paper.t The standard deviations have been corrected for the effect of correla-
tion between the data.® and the uncertainty in the wavelength has been in-
cluded.

The torsional angle ¢ (SBSC) of 9.9° cannot be regarded as significantly
different from zero; oscillations about the B — S bonds may lead to an apparent
angle of this size. To find if the equilibrium angle is zero, one might compute
the r -structure, but as mentioned in the previous section most of the correc-
tion terms were considered to be too inaccurate.

Acta Chem. Scand. 27 (1973) No. 8
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The torsional angle about the S—C bonds (#(B1S2C3H15)=160.5°, i.e.
about 20° from the staggered position) may possibly also be explained as a
result of rather large oscillations. A model with ¢(B1S2C3H15) negative was
algo tried. The angle refined to —164°. The agreement was slightly poorer than
for a positive torsional angle, and S2 ... H10 became rather short (about 2.70 A).

A comparison of the parameters in B(SMe); and Me,BSMe shows that the
B —S bond is slightly longer in the former compound. The difference seems to
be significant and is consistent with the difference in the force constants
discussed in the previous section. It is tempting to ascribe these results to a
lower n-bond order in the BS bonds in B(SMe), than in Me,BSMe,. However,
we have also found a bond length of 1.805 (4) A in Me,BSSBMe,.1® The B—S
bond length in B(SMe), is in good agreement with the average value of 1.807
A obtained by Hess in (HSBS),.!

The C—S8 bond lengths in B(SMe), and Me,BSMe are equal as expected.
The difference in the BSC angles may be real, but this angle is difficult to
determine in Me,BSMe.
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Transfer of Triplet State Energy in Fluid Solution

V. ”Nonclassical”’ Energy Donor and Acceptor Properties of Benzil and
Substituted Benzils

KJELL SANDROS

Institutionen for fysikalisk kemi, Chalmers Tekniska Hogskola, S-402 20 Goteborg 5, Sweden

Rate constants for triplet energy transfer to and from benzil, p-
anisil, and o-anisil have been determind in cyclohexane solution from
measurements of phosphorescence intensity and lifetime. These
diketones have different equilibrium conformations in their ground
and triplet states. If the energy transfer process is assumed to involve
vertical transitions, molecules of this type have less electronic energy
available when they act as donors than that which is required when
they act as acceptors. Minimum values of the difference between these
energies are estimated at 1000, 1000, and 3000 cm™ for benzil, p-
anisil, and o-anisil, respectively.

It is well established that the energy transfer process
Donor, + Acceptorg,—»Donorg, + Acceptor,

involves an exchange interaction mechanism. The maximum transfer rate is
equal to the rate of encounters between excited donors and acceptors. In an
earlier investigation ! comprising a number of molecule pairs (M, N) in benzene
solution, rate constants were determined for energy transfer in both direc-
tions, that is

M, + Ngy=Mg, + N,

It was found that the rate constants (k) obeyed the equation:
k = kyexp (— 4E/RT)[[1 + exp (— 4E./RT)] (I)

where AE.. denotes the difference between the electronic excitation energies
of the lowest triplet states of acceptor and donor, as obtained from spectro-
scopic measurements. The equation applies to both positive and negative
values of AE,. The value of & (6 x 10° M~ sec™!) is not very far from that
calculated for a diffusion-controlled process. The results are compatible with
the view that for endothermic energy transfer (4%, > 0) the electronic energy

Acta Chem. Scand. 27 (1973) No. 8 22
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deficit is made up by Boltzmann distributed vibrational energy of the en-
counter couples.

An energy transfer behaviour such as that outlined above is denoted as
“clagsical” by Herkstroeter and Hammond.? They found that frans-stilbene
behaved classically as an energy acceptor while the rate constants for endo-
thermic energy transfer with cis-stilbene and both isomers of a-methylstilbene
as acceptors have much higher values than expected from the spectroscopically
obtained triplet state electronic energies of these substances. Hammond and
Saltiel * had earlier coined the term ‘“nonvertical transition” for the excita-
tion process undergone by acceptors of the latter type. Wagner 42> has shown
that biphenyl exhibits a similar acceptor behaviour. Common to all these ac-
ceptors is that they have significantly different equilibrium geometries in
their ground and excited states. In a comprehensive survey 5 of electronic
energy transfer in solution, Lamola presents on p. 67 ff. an attractively simple
possibility to explain “nonvertical’” excitation behaviour. He points out that
activation of a suitable twisting vibrational mode in the ground state of the
discussed type of molecules would be especially effective because it reduces
the energy required for vertical electronic excitation.

To date there seems to have been only one investigation of the donor prop-
erties of substances having different ground and excited state conformations.
Wagner % has estimated the rate constant for energy transfer from biphenyl
to benzophenone. In the present work energy transfer has been studied in
systems where benzil and anisils act both as donors and as acceptors. Con-
vinecing arguments &7 have been presented for the view that in these molecules
the carbonyl groups are coplanar both in the lowest singlet and triplet excited
states whereas in the ground state the benzoyl units lie at approximately 90°
to each other. These molecules may thus be expected to have potential energy
profiles similar to those drawn in Fig. 1. Evidently the energy required for
excitation of such a molecule (¥,,) is higher than the energy available from
the excited molecule acting as a donor (£.,p). “Hot band” transitions of the
type proposed by Lamola may be expected to be operative both when the
molecule acts as donor and as acceptor.

Energy

Fig. 1. A potential energy model for the

= ground and lowest triplet states of benzil

and anisils, showing a few vertical transi-

tions. The dashed lines represent ¢hot
band” transitions.

1 1
0° 90°
Intercarbonyl dihedral angle
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METHODS AND KINETIC ANALYSES

The mixed phosphorescence of a degassed cyclohexane solution of an
aromatic diketone (X) and biacetyl (B) upon irrradiation by light absorbed
mainly by X may be assumed to depend on the following processes:

X + wy»X X, (0)
X, + BoX + B, 1)
B, +X->B+X, (2)
X=X + hvg (3)
B,—»B + hyy (4)
X=X (5)
B,-»B (6)

The quantum yield of the process (0) is denoted by @,. The rate constants k;
and k; must be regarded as pseudo first order constants, including bimolecular
reactions with solvent and impurities. Introducing ky =ks + k; and ky =k, + kg
the following equations should apply at a constant light absorption rate of I ,:

d[X;]/dt = @pl, —[Xy](kx + £y[B]) + ko[ X][By] = 0 (1I)
d[Br]/dt = —[Br](kg + ko[X]) + &y [B][Xs] = 0 (I1I)
These equations give the following steady-state concentrations:
Dol y(ky + ko[ X])

[(Xy]= kgky + kxko[X] + kgk,[B] )
¢1‘I Akl[B]
[Bxl = ey + ko[ X1 + ks [B] W

For systems where k,[B] and %,[X]> kyx and kg, respectively, the eqgns.
(IV) and (V) may be approximated to:

< B 1 oy X]

(Xl = Byl X] + kypky[B] (VI)
@, ,k,[B]

[Bal = E[X] + ks B] (VID

The lifetime (7) of the mixed phosphorescence, when the inequalities given
above are valid, may be approximated to:
ky[B] + ko[X]
T = Tecks[X] + by [B] (VILE)

as follows from the general expressions given on p. 2357 in Ref. 1. The phos-
phorescence intensity contributions from X, and B,, as registered by a
spectrofluorimeter, are denoted by Iy and I, respectively. It follows from
eqns. (VI), (VII), and (VIII) that:

Acta Chem. Scand. 27 (1973) No. 8
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4 7/Ix = K(1 + ky[B]/ky[X]) (IX)
an
T/Iy = Ko(1 + ky[X]/k,[B]) (X)

where K,=(aky®yl,)! and K,=(pk,P1,), « and B being apparatus con-
stants. Measurements of 7/I; and of 7/I; in a series where K, and K, are
kept constant thus both permit calculation of the ratio k,/k,. The value of k,
can be determind from measurements of Iy/I, in a series where [X]/[B]is
kept constant as seen from the following. Eqn. (III) can be written:

[X1]/[Br] = (kg + ko[X])/k4[B] (XI)
Thus:

Iy oky[Xy] k

2= mma ~ () —
where K, =ak k,[X]/pk,k,[B].

A plot of I¢/I; vs. [X]7 should give a straight line with a slope to inter-
cept ratio equal to kg/k,, and k; is obtained from the phosphorescence decay
in a solution containing biacetyl only.

In the measurements made on the o-anisil — biacetyl system, the inequality

ko[X] < ky was found to be valid. This means that eqn. (V) can be ap-
proximated to:

_ Pyl ky([B]
[B.] = m (XIII)

It then follows:
15/l = Ky(1 + ky[k,[B]) (XIV)

where 73 =Fky™! is the phosphorescence lifetime as measured upon a flash ab-
sorbed by the biacetyl.

The ratio kg/k, may thus be determined from a plot of v5/I; vs. [B]7,
and kg is obtained from the phosphorescence decay in a solution containing
only o-anisil.

Some of the energy transfer rate constants have been determined only
from phosphorescence lifetime measurements. For the kinetic analyses the
reader is referred to appropriate parts of Ref. 1.

EXPERIMENTAL

For the phosphorescence intensity measurements a modified Aminco Bowman spectro-
photofluorometer was used. The light from a low pressure mercury ‘‘pen-ray’’ lamp
(Ultraviolet Products Ine., Cf. USA, Mod SCTI) passed an interference filter (Thin Film
Products, Mass. USA, 253.7 nm, bandwidth 20 nm) and a collimating lens. The excita-
tion beam entered the measuring cell, via a quartz rod, in line with the emission entrance
path to the monochromator. A UV absorbing filter was placed in front of the emission
detector in order to exclude excitation light otherwise appearing in the second order
spectrum around 507 nm in the first order.

The equipment for degassing the solutions has been described elsewhere.? The meas-
uring procedure was as follows. The emission detector sensitivity was adjusted to give
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a constant recorded value of the fluorescence intensity from an acid solution of 3-amino-
phthalimide, found to be a suitable reference. The phosphorescence intensity of the
degassed cyclohexane solution at 20°C was then measured at the emission maxima of B
and X, respectively. The solution was exposed to the exciting light for as short a time
as possible to minimize photochemical reactions. The lifetime of the mixed phos-
phorescence was then determined in a flash apparatus described earlier.?

From recorded phosphorescence spectra of pure solutions of B and X, respectively,
the emission contributions from B and X to the mixed phosphorescence could be sepa-
rated. The phosphorescence intensities of B and X at their maxima, Iy and Ik, were thus
calculated. In series where the concentration of X was kept constant, giving an absorbance
of about 2 at 253.7 nm, the values of K, and K,, appearing in eqns. (IX) and (X), were
also constant.

Materials. 2,2’-Dimethoxybenzil (0-anisil) was prepared by the method of Leonard
et al.’ and purified by recrystallisation from ethanol. The purification procedures for
other chemicals used have been described earlier.!,%11,12

RESULTS

Absorptive and emittive properties of the diketones. For the molar absorptivi-
ties (M1 cm™) of the diketones at 253.7 nm in cyclohexane solution the follow-
ing values were obtained: biacetyl 10, benzil 1.7 x 104, p-anisil 8 x 103, o-anisil
1.7 x 10%. In solutions with comparable concentrations of B and X, 253.7 nm
light is thus almost exclusively absorbed by X.

The longest phosphorescence lifetimes (usec) obtained were: biacetyl 700,
benzil 280, p-anisil 250, o-anisil 45. The corresponding lifetimes in benzene
solution 1 are: 1000, 70, 60, 15. The triplet excited aromatic diketones thus
seem to react with benzene. This is also indicated by changes in emission
spectra on excessive irradiation. The phosphorescence lifetime of o-anisil is
strongly temperature dependent. The lifetime, in heptane solution, increased
from 48 usec to 143 usec when the temperature was lowered from 20°C to 0°C.

Phosphorescence spectra of biacetyl, benzil, and p-anisil in benzene solu-
tion have been reported earlier.!* In the uncorrected phosphorescence spectra
of these substances in cyclohexane solution obtained in this work the emission
maxima appeared at: biacetyl 523 nm, benzil 564 nm, p-anisil 550 nm. The
phosphorescence spectrum of o-anisil showed a broad maximum around 560
nm. Since its phosphorescence yield is low, no meaningful values of Iy could
be calculated from the mixed phosphorescence of o-anisil and biacetyl and
only a minor correction had to be applied to the recorded intensity at 523 nm
in calculating I.

Intensity and lifetime measurements of mixed phosphorescence. The results
of measurements on solutions of biacetyl and benzil are given in full detail in
Table 1 in order to illustrate the calculation procedure. The intensity measure-
ments on the first two solutions are used in calculating I, and Iy from
measured values of Iy,, and I, from the following solutions. The general
trend of the = values is that expected from eqn. (VIII). In principle, of course,
it would be possible to determine the value of k,/k, by means of eqn. (VIII).
This is a poor method, however, for the biacetyl-benzil system where the
values of k, and ky are not very different and are small enough to be sensi-
tive to impurities.

Acta Chem. Scand. 27 (1973) No. 8
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Table 1. Intensities and lifetimes of the mixed phosphorescence from cyclohexane solu-
tions of biacetyl (B) and benzil (X). For further explanations see text.

[BIM XM Ty Tye, Iy Ix T sec /Iy t/Ix
x 10* x 10* x 10°
29.0 - 56.5 14.5 - - 422 - —
- 1.28 8.5 78.5 - 78.5 277 - 3.53
1.39 1.28 33.5 77.0 29.9 70.2 287 11.08 4.09
2.66 1.28 65.0 91.0 56.8 76.3 362 6.37 4.74
3.50 1.28 70.0 83.5 62.7 67.3 343 5.47 5.10
6.98 1.28 108.0 79.0 102.3 52.6 362 3.54 6.88
11.5 1.28 148.0 82.0 143.1 45.2 403 2.82 8.92
15.3 1.28 158.0 76.0 154.1 36.4 414 2.69 11.37
19.7 1.28 163.0 70.0 159.9 29.0 391 2.45 13.48

Plots of 7/I; vs. [B]™* and of /I vs. [B] give straight lines corresponding to:
7/Iy =1.75 + 1.28 x 1073 [B]! and
7/Ix = 3.37 + 5.12x 103 [B]

Identification with eqns. (X) and (IX) gives k,/k,=0.175 and 0.194, respec-
tively. Determinations of Iy/I, for a series of solutions with a constant
value of [X]/[B]=0.27 and with [X] varying from 2x10-5 M to 2x 10~¢ M
were made to determine the value of &, by means of eqn. (XII). The following
relationship was obtained:

I /Ty = 0.844 + 9.04x 107 [X]™!

The ratio ky/k, may thus be calculated as 1.07x 10-¢ M. With k;=1590
sec™!, obtained from the phosphorescence lifetime of a solution containing
only biacetyl, this gives k,=1.49x 10° M- sec™l. From the mean value of
ky/k,=0.184 it follows that k,=2.74 x 108 M1 sec!. It should be noted that
the inequalities k,[B] and k,[X] > ky and k; were well fulfilled for the
solutions presented in Table 1, justifying the application of eqns. (IX) and (X).

The results of measurements on biacetyl — p-anisil solutions may be sum-
marized as follows. Solutions with [X]=2.65x10-* M and varying biacetyl
concentrations gave:

7/l =1.71 4+ 3.84 x 10~4B] and
t/Ix = 1.67 + 7.37 x 103[B]

These equations give k,/k,=1.18 and 1.17, respectively.

Measurements on solutions with a constant value of [X]/[B]=1.06 gave:

I Ty = 0.90 + 2.17 x 10-9[X ]

This relationship, the value obtained for &, =1650 sec!, and the mean value
of k,/k,=1.175 give k,=6.8x 108 M~ sec™! and k,=8.0x 108 M~ sec™.

As mentioned earlier, only values of I could be accurately determined

from intensity measurements on biacetyl — o-anisil solutions. Solutions with
[X]=1.20x107* M gave:
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15/l = 1.65 + 4.04 x 10~4[B]!

Almost constant values of 75, equal to that in a pure biacetyl solution, were
obtained, as expected if k,[X] < k. Identification of the given relationship
with eqn. (XIV) gives ky/k,;=2.45x10"* M. A value of ky=2.22 x 10* sec!
was obtained from the phosphorescence lifetime in a pure solution of o-anisil
and thus k;=9.1 x 107 M sec™L.

The low solubility of o-anisil in cyclohexane prevented a determination
of k, in this solvent. Some measurements on benzene solutions, presented in
Table 2, permit an estimate of the value of k,. The results may be accounted
for by assuming that the o-anisil sample contains a mol fraction y of an im-

Table 2. Phosphorescence decay rate constants (k) in benzene solutions of biacetyl (B)
and/or o-anisil (X).

Run No. [B]M XM k sec™?
x 10° x 108 % 10-3
1 5.1 - 1.11
2 5.1 1.27 2.06
3 5.1 2.57 3.05
4 630 - 1.12
5 630 3.79 2.08
6 630 6.05 2.67
7 - 5.00 68

purity that quenches biacetyl triplets with a rate constant of k . If ks +
k,[B] > ky+ko[X] the biacetyl phosphorescence decay constant may be
approximated to:

k
k——_—kBo =+ ((qu + k_X_-i-—}_;ClTB—] k2> [X] (XV)

where &, denotes the decay constant in the absence of o-anisil. Application
of eqn. (XV) to runs 1—3 and 4—6, respectively, gives two simultaneous
equations from which k, and k y can be evaluated. Insertion of the value of
k;=91x10° M sec7!, valid in cyclohexane solution, and of ky=6.8x 10?
sec™! from run 7 gives k,=5.9x 105 M~ sec™? and k y=1.9x 10> M- sec™?.
If the impurity quenches o-anisil triplets with the same rate constant as bi-
acetyl triplets, the neglection of the depencence of ky on [X] (and thus on
the impurity concentration) is justified by the much higher value of &y than
of kg, It should also be noted that, with the biacetyl concentrations chosen,
the calculated value of k, is not strongly dependent on the assumption of
equal values of k; in cyclohexane and benzene solution. Thus values of k,
equal to 6.0x 105 M sec! and 6.4 x 105 M~ sec! are obtained when the
applied value of %, is doubled and halved, respectively.

Relative triplet quantum yields of the aromatic diketones can be cal-
culated from the values of K, obtained. The relative yields of benzil, p-anisil,
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and o-anisil are 1:1.02:1.06. Lamola and Hammond ! have determined the
triplet yield of benzil in benzene solution as 0.92. Applying this value triplet
yields of 0.94 and 0.98 are obtained for p-anisil and o-anisil, respectively.

Energy transfer rate constants from phosphorescence decay measurements.
For systems comprising a diketone and an aromatic noncarbonyl compound
energy transfer rate constants were determined from phosphorescence decay
measurements only. In Table 3, the results have been summarized together
with the rate constants obtained for the systems presented in the preceding
section.

Table 3. Rate constants for energy transfer from M to N (ky_n) and from N to M
(). The triplet energy of N is denoted by E..

M N Epcm™ Ky M!sec™? Ky M 1sec™?
Bensil Biacetyl 19 600 2.7 x 108 1.5 x 10°
p-Anisil Biacetyl 8.0 x 108 6.8 x 108
0-Anisil Biacetyl 9.1x 107 5.9 x 10%
Biacetyl Pyrene 16 930 8.7 x 10°
Biacetyl 1-Chloronaphthalene 20 645 * 4.0 x 107 4.7x10°
Benzil 1-Chloronaphthalene 3.0x 10° 2.8 x 10°
p-Anisil 1-Chloronaphthalene 1.4 x 107 2.2 x 10°
0-Anisil 1-Chloronaphthalene 3.5 x 107
0-Anisil Naphthalene 21180 9.1x 107
0-Anisil Phenanthrene 21 600 2.9 x 108
0-Anisil Triphenylene 23 250 1¢ 3.0 x 10°
0-Anisil 2,2’-Dinaphthyl 19 560 6 9.0 x 107
0-Anisil 1,2-Benzpyrene 18 510 ¢ 2.3 x 10°

2 In benzene solution,

The experimental conditions and calculation precedures for systems in-
volving 1-chloronaphthalene were similar to those presented for the system
biacetyl — 1-chloronaphthalene in benzene solution on p. 2368 in Ref. 1.

In the experiments with o-anisil and naphthalene, phenanthrene, or tri-
phenylene, a low flash intensity was used in order to suppress the ratio of
delayed fluorescence to phosphorescence from the latter compounds. By adding
diphenylamine, which reacts much faster with o-anisil triplets than with the
noncarbonyl triplets (c¢f. p. 2362 of Ref. 1), the o-anisil phosphorescence was
quenched. The observed emission was thus almost pure phosphorescence
from the noncarbonyl compounds.

The rate constants for energy transfer from o-anisil to 2,2’-dinaphthyl and
to 1,2-benzpyrene were calculated from ‘“first measurable phosphorescence
lifetimes™ (cf. p. 2361 of Ref. 1).

DISCUSSION

The rate constant for energy transfer from biacetyl to pyrene, 8.7 x 10°
M-! sec™; may be taken as a representative value for highly exothermic energy
transfer in cyclohexane solution at 20°C. This value is somewhat higher than
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the corresponding value, 7.6 x 10°, obtained in benzene solution.! Similarly,
the rate constant values for the system biacetyl — 1-chloronaphthalene,4.0 x 107
and 4.7 x 10°, are higher than those measured in benzene solution,! 2.9 x 107
and 3.9 x 10°. On an average, the ratio of the rate constants in cyclohexane
and benzene solutions is equal to 1.2 in spite of the higher viscosity of cyclo-
hexane compared to that of benzene, 0.95 and 0.65 cP at 20°C. This is in ac-
cordance with the rate constant ratio, 1.3, given by Wagner and Kochewar 7
in their important paper on “How Efficient is Diffusion-Controlled Triplet
Energy Transfer?”

For systems behaving ‘‘classically’, it is expected [see eqn. (I)] that the
rate constant for energy transfer in one of the directions should exceed or be
equal to k,/2, which is the value corresponding to 4E.=0. In cyclohexane
solution this means a value > 4 x 109 M1 sec™’. None of the rate constants
for the first three systems presented in Table 3 reach this value, the system
o-anisil — biacetyl showing the lowest values. This is what may be expected
for systems where at least one of the reactants has different ground and excited
state geometries. The relative positions of the triplet energy levels of the
diketones, as sketched in Fig. 2, should account for the results. No absolute
values of the levels for the aromatic diketones can be given since eqn. (I),
valid in classical systems, is not applicable. The rate constants obtained for
systems involving 1-chloronaphthalene further support Fig. 2.

The logarithms of the rate constant values for systems involving o-anisil,
the compound showing the most striking nonclassical behaviour, are plotted in
Fig. 3 vs. the triplet energy of the other solute of the system. The curve drawn
through the points for o-anisil acting as an acceptor bears a resemblance to
the curve drawn in Fig. 1 of Ref. 2 from a more extensive material for cis-
stilbene acting as an acceptor. A dashed curve has been drawn from the
meagre material available for o-anisil acting as a donor. The general features

Er

em! A
A A

19600 |- DA .
D D

D

J: T
Biacetyl Benazil p-Anisil o-Anisil

Fig. 2. Relative positions of the triplet electronic energy levels of biacetyl, benzil, p-

anisil, and o-anisil. D represents the energy difference between excited and ground states,

both with excited state conformation, which is also the minimum value of available

electronic energy from the molecule as a donor. 4 represents the energy difference be-

tween excited and ground states, both with ground state conformation, or the maximum
electronic energy required by the molecule as an acceptor.
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Fig. 3. Log ky_,x (O) and log kyn_,ym Fig. 4. Absorption spectra of 1.7x 102 M
(@) vs. Ep, the triplet energy of N. M benzaldehyde (—), 1.9x 102 M biacetyl
denotes o-anisil. (===), 5.8x 103 M benzil (—.—), 1.6 x 1073
M p-anisil (@), and 1.8 x 10-* M o-anisil

(x) in cyclohexane solution.

of Fig. 3 are quite different from those of Fig. 1 in Ref. 1. The latter figure
represents results from systems involving molecules assumed to have equal
values of available energy as donor and required energy as acceptor. This
evidently does not apply to o-anisil. As pointed out above, the results do not
permit a determination of the value of E., —E.,. The reason is that the
rate constants are certainly higher than those calculated by putting 4E. in
eqn. (I) equal to E,,—E, and to E,.— K., respectively. However, a min-
imum value of E.,—E., may be estimated. The coordinates of the in-
tersection of the curves in Fig. 3 are E,=20300 cm™! and log k=7. This
implies that the rate constant values for energy transfer from o-anisil to a
molecule with E, =20 300 cm™! and for energy transfer from such a molecule
to o-anisil are both about 10~3 of the rate constant value for exothermic energy
transfer. The activation energy should thus be at least 1500 cm~! for energy
transfer in both directions and a minimum value of B, — K, =3000 cm™
is obtained. The true value of B, —H,p is probably much hlgher The full
drawn curve shows decreasing slope with increasing E.. indicating appreciable
effects of favourable activation modes, as discussed in the introduction.

In this connexion, the o-anisil emisson studies performed by Almgren 8
are of great interest. In fluid solution at room temperature (solvent CIP:
95 9, isopentane, 5 9, cyclohexane) he found a phosphorescence maximum at
555 nm and a weak shoulder at 500 nm. The latter emission should probably
be regarded as E-type delayed fluorescence.l® In CIP glass at 80°K, a broad
emission spectrum with a maximum at 485 nm was obtained. This was inter-
preted as phosphorescence from excited molecules for which the conforma-
tional relaxation was more or less inhibited by the glassy matrix. The energy
difference between the emisson maxima in the two media, 2600 cm™, should
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also represent a minimum value of K., —F,, since total inhibition of con-
formational changes is not expected. The broad emission spectrum in the
glassy matrix may indicate varying degrees of relaxation for the emitting
molecules.

For benzil and p-anisil the energy transfer results indicate lower values
of E,,—E;,. Calculations similar to those for o-anisil performed on the
results from benzil —biacetyl and p-anisil —biacetyl indicate a minimum
value of K., — E.;, of about 1000 cm~! for both benzil and p-anisil. Morantz
and Wright 7 have compared the phosphorescence of benzaldehyde and of
benzil. The energy difference between the shortest wavelength phosphorescence
peaks is about 18 kcal or 6400 em~2. Ignoring interaction between the carbonyl
groups and adjoining aromatic groups, Morantz and Wright adopt this energy
difference as a measure of the energy difference denoted by K, ,—FE., in
this work. Such a high value of F., —E,, for benzil does not seem very
probable even though the value 1000 cm™! is certainly much too low.

Absorption spectra of benzaldehyde, biacetyl, benzil, p-anisil, and o-anisil
are given in Fig. 4. The resemblance between the absorption spectra of benzal-
dehyde and benzil found by Morantz and Wright 7 does not seem very striking.
While the long wavelength tail of the benzaldehyde spectrum falls steeply,
as does also that of biacetyl, all the aromatic diketones show absorption
spectra with long tails. The latter behaviour is to be expected for molecules
with different ground and excited state conformations.

It may be noted that Richtol and Belorit 2 have studied the mixed phos-
phorescence from solutions of benzil and biacetyl excited by 436 nm light.
Their interpretation of the results is quite different from that given here.
They assume that the energy transfer from benzil to biacetyl is negligible. If
this were true no biacetyl phosphorescence should have been observed in the
present measurements where the exciting light of wavelength 254 nm was
almost exclusively absorbed by benzil. It is then not surprising that the rate
constant value obtained for energy transfer from biacetyl to benzil, 5.6 x 10°
M- sec, is quite different from the value, 1.5 x 10° M sec?, calculated in
the present work.

The reaction scheme proposed by Richtol and Belorit includes the fol-
lowing process:

biacetyl, + benzil — biacetyl + benzil

The rate constant for this process is given a value of 7.4 x 105 M~ sec™. The
validity of triplet quantum yield determinations based on measurements of
sensitized isomerization reactions,’® delayed fluorescence,? or phosphores-
cence 8 critically depends on whether the rate of such an energy degradation
process is small compared to that of the energy transfer process. The deter-
minations are always performed in systems where the sensitization is an
exothermic energy transfer process with close to diffusion-controlled rate.
Closely agreeing values of triplet yields for a number of sensitizers have been
obtained by the three methods mentioned in which quite different energy
acceptors have been involved. This indicates that the energy degradation
process cannot compete significantly with the energy transfer process in the
systems investigated.
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As mentioned in the introduction both the donor and acceptor properties
of biphenyl, a substance with different ground and excited state conformations,
have been investigated. Making some reasonable assumptions, Wagner %> has
calculated the rate constants for energy transfer in benzene solution from
benzophenone to biphenyl and from biphenyl to benzophenone as 2.5 x 108
and 3.5 x 107 M1 sec7?, respectively. The E value of benzophenone is chosen
as 69.5 kcal while the lowest energy T «S absorption band and highest energy
phosphorescence band of biphenyl correspond to 75.5 and 65.5 keal, respec-
tively.® Wagner postulates 43,* that energy transfer both to and from biphenyl
involves a nonvertical transition, the energy difference between the upper
and lower states being close to 68.5 kcal. The fact that the energy transfer
rate constants both have much lower values than that for a diffusion-controlled
process should be a consequence of the greater steric requirements of a process
involving nonvertical transitions compared to a process with only vertical
ones. Lamola ® points out that the details of the transfer process are not known
and gives preference neither to the model used by Wagner nor to that used
in the present work.
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Microwave Spectrum, Structural Parameters and Quadrupole

Coupling of trans-1-Chlorobuten-3-yne

FRED KARLSSON and RAGNAR VESTIN

Institute of Inorganic and Physical Chemistry, University of Stockholm, Box 6801,
S-113 86 Stockholm, Sweden

The microwave spectra of three isotopic species of trans-1-chloro-
buten-3-yne: CH®*CICHCCH, CH*CICHCCH, and CH?%*CICHCCD,
have been measured in the region 26 500 —-40 000 MHz.

The rotational constants 4, B, and C for the ground state as well
as the centrifugal distortion constants, D; and Djg, were deter-
mined. From the hyperfine splittings of the rotational lines, the
nuclear quadrupole coupling constants yx,, were calculated for the
CH*CICHCCH and CH¥CICHCCH species, in the principal-axis
systems of the molecules. The distance between the chlorine atom
and the ethynyl hydrogen atom was determined by isotopic substitu-
tion. The molecule length was found to be 6.236 A.

In order to supply complementary data for electron diffraction
measurements the inertial moments corresponding to the average
structure were calculated from an estimated force field.

The structure of butenyne has been determined by electron diffraction?!

and microwave spectroscopy 2 in combination. In order to confirm these
results on parent molecules we have started to investigate ¢rams-1-chloro-
buten-3-yne and cis-1-chlorobuten-3-yne with microwave spectroscopy. These
substances were discovered by Vestin et al.® They are unstable at room tem-
perature but can be handled at — 70C°.

The original identification of these substances was based on mass spectro-
scopical analysis, IR spectroscopy, and their relative retention in gas-liquid
chromatography. Microwave spectroscopical analysis confirms the trans
conformation of #rans-1-chlorobuten-3-yne.

The cis-conformation has a very complicated and yet unassigned spectrum,
which was expected from the assumed structure and calculated dipole moment
components.

EXPERIMENTAL
Incomplete dehydrochlorination of 1,4-dichloro-2-butyne by alkali yields small
amounts of ¢is- and frans-1-chlorobuten-3-yne. These substances can be isolated from

the reaction mixture and purified with gas-liquid chromatography. The monodeuteriated
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sample of trans-1-chlorobuten-3-yne was prepared by reacting the normal species with
deuterium oxide D,0 and monodeuteriated ethanol C,H,OD.

The microwave spectra were recorded on a Hewlett-Packard model 8460 A R-band
microwave spectrometer with a phase stabilized source oscillator. The recordings were
made at room temperature and a pressure ranging from 10 to 50 mTorr. The frequency
region was 26 500 — 40 000 MHz. The precision of the measured transitions was estimated
to be 0.05 MHz.

MICROWAVE SPECTRUM

Most of the lines in the spectrum are grouped in bands at intervals of
approximately 2 970 MHz. Each band begins abruptly on the low frequency
side and continues for 200-—300 MHz with decreasing intensity. The very
characteristic appearance of a bandhead is shown in Fig. 1.

HCCCHCH CL 3
J=12 —=13
4
2
0
MHz — 36'700 3;;50

Fig. 1. Band of the J=12-»13 transitions of normal frans-1-chlorobuten-3-yne near
38 700 MHz. Sweep rate 0.5 MHz/sec.

trans-1-Chlorobuten-3-yne is expected to be an almost prolate symmetric
rotor; see Fig. 2. Consequently the regions of dense absorption are logically
assigned to 4J=+1, 4K_,=0 transitions which are active through the u,
dipole moment. CNDO calculation gives the theoretical dipole moment
o= —1.82, 1, = —0.64, and »,=0 debye.

The line abundance of the bands and the repeated structure within the
bands indicates the existence of low lying excited vibrational modes, pre-
sumably states in which the skeletal bending mode is excited.

The lines from the ground state are easily assigned in high resolution
spectra. Outside each group, lines were found which could be identified as
K_,=0 and K_;=1 transitions on the basis of their characteristic second-
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Table 1. Observed rotational transitions and nuclear quadrupole hyperfine splitting in
MHz for three isotopic species of frans-1-chlorobuten-3-yne.

Transition CH*CICHCCH CH%*CICHCCH CH?*CICHCCD
J K, K +1 € J K, K +1  Vobs MQons  Yobs AQgps Yobs AvQqps
9 0 9 8 0 8 26753.22
9 1 8 8 1 7 26964.30
10 1 10 9 1 9  29498.47 28837.00 28047.45
10 0 10 9 0 9  29724.68 29053.30 28255.42
10 2 9 9 2 8 29730.68 29058.84
10 3 8 9 3 7 29733.93 0.86 29061.19 0.61
10 1 9 9 1 8 29960.01 29277.89 28471.31
11 1 11 10 1 10 32447.90 31720.30 30851.77
11 0o 11 10 0 10 32695.75 31957.29 31079.70
11 2 10 10 2 9 32703.44 31964.46 31086.62
11 3 9 10 3 8 32707.40 0.66 31968.13 0.51
11 4 8 10 4 7 32709.45 1.19 31970.13 0.93
11 2 9 10 2 8 32710.92
11 5 7 10 5 6 32712.43 1.85 31973.07 1.45
11 6 6 10 [ 5 32716.30 2.63
11 7 5 10 7 4 32720.92 3.70
11 8 4 10 8 3 32726.28 4.78
11 1 10 10 1 9  32955.53 32205.32 31318.10
12 1 12 11 1 11 35397.19 34603.50 33656.09
12 0 12 11 0 11 35666.40 34860.95 33903.70
12 2 11 11 2 10 35676.08 34869.90 33912.40
12 3 10 11 3 9 35680.88 0.51 34874.38 0.36 33916.85
12 4 9 11 4 8 35683.00 0.87 34876.48 0.71 33919.17 0.92
12 2 10 11 2 9 35685.80 34878.94 33920.70
12 5 8 11 5 7 35686.28 1.33 33922.67 1.28
12 6 7 11 6 6 35690.41 1.94
12 7 6 11 7 5 35695.45 2.72
12 1 11 11 1 10  35951.00 35132.57 34164.75
13 1 13 12 1 12 38346.37 37486.59 36460.28
13 0 13 12 0 12 38636.59 37764.21 36727.34
13 2 12 12 2 11 38648.67 37775.33 36738.00
13 3 11 12 3 10 38654.37 0.35 37780.60 36743.32
13 4 10 12 4 9 38656.55 0.69 37782.84 0.55 36745.76 0.72
13 5 9 12 5 8 38660.06 1.11 37786.22 0.84
13 2 11 12 2 10 38661.00 37786.64
13 6 8 12 6 7 38664.50 1.52 37790.60 1.21
13 7 7 12 7 6 38669.93 2.09 37795.86 1.70
13 8 6 12 8 5 38676.22 2.84 37802.01 1.90
13 9 5 12 9 4 38683.55 3.48
13 10 4 12 10 3 38691.67 4.26
13 1 12 12 1 11  38946.31 38059.72 37011.37
14 1 14 13 1 13 39264.32
14 0 14 13 0 13 39550.58
14 2 13 13 2 12 39563.57
14 3 12 13 3 11 39569.82
14 4 11 13 4 10 39572.38 0.58
14 5 10 13 5 9 39576.38 0.89
14 2 12 13 2 11 39576.82
14 6 9 13 6 8 39581.46 1.24
14 7 8 13 7 7 39587.55 1.68
14 1 13 13 1 12 39857.73
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order (but unresolved) Stark effects. Within the band the transitions K_;>2
were detected by their relative intensities and quadrupole hyperfine splittings
which increase with K_; see Table 1.

The rotational constants were fitted to the observed spectrum by the
least squares method. It was necessary to include centrifugal distortion terms
D; and Dj,. The D;, term makes an important contribution and reverses
the normal ordering of the K_, values; see Table 2. The vibrational bands

Table 2. Observed rotational constants in MHz for the three isotopic species or trans-1-
chlorobuten-3-yne.

CH**CICHCCH CH¥CICHCCH CH?*CICHCCD
A 48604 +41 48500 +62 47730 +49
B 1509.612 + 0.002 1474.986 + 0.002 1434.222 +0.002
C 1463.459 + 0.002 1430.895 + 0.002 1391.832 + 0.002
Dy 0.000110 + 0.000003 0.000109 + 0.000004 0.000087 + 0.000003
Dk —0.01619 + 0.00002 —0.01572 + 0.00002 —0.01706 + 0.00002

have a very complicated structure in high resolution spectra. All attempts
to assign them have been unsuccessful so far.

The CH3’CICHCCH species could be studied at its natural concentration
and CH3*CICHCCD was synthesized.

QUADRUPOLE COUPLING

In good agreement with theory* the observable nuclear quadrupole
splitting is due to transistions with AF = +1. The splitting increases with
K_;. Thus, for low values of K_,, the four quadrupole components merge
into one single peak. As K_, increases the peak splits into two, and finally
into four, observable peaks.

The nuclear quadrupole energy of a nearly prolate symmetric rotor having
one quadrupole nucleus can be written as,?

Xaa
By =y iy YU LPBE £ =J(J +1)=34Cy + 205h,)

+ 7(Cy + 200, + 3C3b,2 + 4C,b )]

where Y(J,I,F) is Casimir’s function: b, is Wang’s asymmetry parameter.
If y,, is the component of the quadrupole coupling tensor along the g-principal
inertial axis, n is defined by 7 y..=7%w—%.: The constants C;, C,, (3, and
C, could be found in tables.?

For trans-1-chlorobuten-3-vne the asymmetry parameter b, is very small:
b,= —0.0005. Further, the nuclear quadrupole splitting is only observable
for rotational transitions with K_;>2 where C';=0. Thus the energy expres-
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sion above reduces to that of a symmetric rotor, and since only the splitting
into doublets is completly resolved, the measurable nuclear hyperfine splitting
for AF = +1 transitions can be calculated from the formula

Avg = —3K_ %y, [2J(J +1)(J +2)

Consequently the quadrupole effect is mainly determined by only one quadru-
pole coupling constant, y,, in this case. For 35Cl in CH3*CICHCCH this value
was determined to be y,,= —63.6+0.4 MHz and for 3°Cl in CH3CICHCCH
Yoa= —51.0 + 0.4 MHz.

MOLECULAR STRUCTURE

The position of the ethynyl hydrogen atom and the chlorine atom in the
main axes system of CH3CICHCCH was calculated by the method of Costain ¢
from the differences in the moments of inertia caused by isotopic substitu-
tion of these atoms with deuterium and 37-chlorine. The uncertainty in the
b-coordinates is expected to be rather great since the atoms concerned are
lying very near to the a-axis; see Fig. 2. Another ambiguity is introduced by

b

H

H

Fig. 2. Assumed structure of normal frans-1-chlorobuten-3-yne with principal axes of
inertia.

the uncertainty in the I ,-inertial moment emanating from the fact that we
are only observing a-type transitions which have a weak dependence on the
A-rotational constant. The b-coordinates however have only a minor effect
on the distance between the ethynyl hydrogen atom and the chlorine atom.
This length is therefore expected to be accurate and the value is 6.236 A.
Evidently these substitutions are not sufficient to give the complete r-
structure. The main purpose of this work was therefore to give complementary
data for an electron diffraction investigation (in progress) of the molecular
structure. The inertial moments however are related to the rj-structure. This
is a different vibrational average structure than that observed in electron
diffraction.® However both of these methods are comparable in the 7 -structure
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which can be calculated if the harmonic part of the fundamental vibrations
are known. In order to see if the r -structural parameters differ significantly
from the corresponding r,-parameters we have calculated the corrections
due to harmonic vibrations from a normal coordinate analysis of the molecular
vibrations; see Table 3. The force field necessary for this analysis was estimated.
The theory for these calculations is given by Herschbach and Laurie 8 and Oka.®
The computational method used was mainly taken from Oka and Morino.1®

Actually the moments of inertia also have to be corrected for the
centrifugal distortion. Since the molecule is a planar rotor it would seem
reasonable to get the centrifugal distortion correction out of a 7 parameter
fitting of rotational constants 4, B, C, T, Ty Tww aNd 7., to the
observed spectra. This was not possible, however, mainly because the near
degeneracy to a symmetric rotor spectrum.!* So we have calculated these
centrifugal distortion corrections from the estimated force field.* They are
actually too small to be significant; see Table 3. The main uncertainty in cal-

Table 3. Vibration-rotation correction for the moments of inertia in the ground vibra-
tional state (in amu A?). Conversion factor 505 376 amu A? MHz.

CH®**CICHCCH CH?*CICHCCH CH3CICHCCD
I, 1, I, 1, Iy

I

ro-Parameters  334.771 345.328 342.630 353.187 352.368 363.100
Vibration

correction 0.104 0.003 0.106 0.004 0.098 —0.005
Centrifugal

distortion 0.00049 —0.00079 0.00050 —0.00079 0.00051 —0.00081
correction

r,-Parameters  334.875 345.330 342.736 353.191 352.467 353.094

culations of the kind mentioned above is the lack of information about the
interatomic force field of the molecule. Therefore the calculated r,-parameters
must be treated carefully. The r_-length of the molecule derived from these
is 6.238 A. The difference from the r-length is not significant but for com-
parison with electron diffraction data we need the absolute values of the
inertial moments rather than the differences caused by substitution. For I,
the change from r, to r, structure affects the first decimal place; see Table 3.
Consequently it cannot be neglected. For I, on the other hand, the change is
minor and presumedly I, can be used without correction.
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Bacterial Carotenoids

XLIT* New Keto-carotenoids from Rhodopseudomonas globiformis
(Rhodospirillaceae**)

KARIN SCHMIDT and SYNNOVE LIAAEN-JENSEN

Institute of Microbiology, GSF, 34 Géttingen, Germany and Organic Chemistry
Laboratories, Norwegian Institute of Technology, University of Trondheim,
N 7034 Trondheim, Norway

Under normal growth conditions the photosynthetic purple non-
sulphur bacteriumn R. globiformis produces the four aliphatic, meth-
oxylated keto-carotenoids 1, 2, 3, and 4; 1, 2, and 3 are new com-
pounds.

From cells grown in the presence of diphenylamine the new keto-
carotenoids §, 6, and 7 were also isolated.

The keto-carotenoids I —7 all carry the keto groups in the 4(4’)-
positions. Their structures were established by means of spectroscopic
methods (electronic and mass spectra; for 2, 3, and 4 also PMR spectra)
and chemical reactions.

Biogenetic considerations suggest that the pathway of carotenoid
biosynthesis in R. globiformis is common to that of okenone (25)
synthesis, except that cyclization and aromatization does not occur;
no cyclic carotenoids have yet been encountered in photosynthetic
purple non-sulphur bacteria.

The carotenoids of the photosynthetic purple nonsulphur bacteria belonging

to the family Athiorhodaceae, recently renamed Rhodospirillaceae,! have
been extensively studied, e.g. Refs. 2—7. Aliphatic carotenoids with C,4-
skeletons carrying tertiary methoxy or hydroxy groups in the 1,1'-positions
are characteristic of this family. Conjugated keto groups in the 2,2’-positions
are encountered in many carotenoids of the genus Rhodopseudomonas. Cross-
conjugated carotenals of the rhodopinal type and glycos1d10 carotenoids have
recently been isolated from some Rhodospirillaceae spp.%

We now report the carotenoid composition of Rhodopseudomonas globi-
formis, recently isolated by Pfennig.® The structures of six new keto-caro-
tenoids, related to the carotenoids previously isolated from other Rhodospiril-
laceae spp., have been elucidated.

* Previous paper. Acta Chem. Scand. 27 (1973) 2321.
** Old nomenclature: Athiorhodaceae.
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RESULTS AND DISCUSSION

Under normal, anaerobic growth conditions R. globiformis synthesizes
four red keto-carotenoids, 1, 2, 3, and 4.

In the presence of diphenylamine (DPA), a common inhibitor of carotenoid
synthesis,® three more saturated keto-carotenoids 6, 6, and 7 are also produced,
see Table 1.

Table 1. Carotenoid composition of Rhodopseudomonas globiformis grown without or
with 10-®* M DPA in the medium.

9% of total carotenoid

Carotenoid —-DPA +DPA
Unsymmetrical &-carotene (23) 2.5 } 18
Neurosporene (24) ’

Keto-I (1) 0.5 7
Keto-II  (2) 80 18
Keto-IIT (3) 12 7
Keto-IV  (4) 5 11
Keto-V  (5) 0 12
Keto-VI  (6) 0 22
Keto-VII (7) 0 5

Since no alkali-labile functions are present in I—7 there is no need of
avoiding the saponification step in future isolations.

The experimental evidence for the structures assigned to these compounds
referred to as R.g. keto-I (1, 1-methoxy-1,2-dihydro-y,y-caroten-4-one 19), R.g.
keto-II (2, 1,1'-dimethoxy-1,2,1’,2'-tetrahydro-3’,4’-didehydro-y,y-caroten-4-
one), R.g. keto-IIT (3, 1,1’-dimethoxy-1,2,1’,2'-tetrahydro-y,y-caroten-4,4'-
dione), R.g. keto-1V (4, 1-methoxy-1'-hydroxy-1,2,1’,2’-tetrahydro-y,y-caroten-
4-one), R.g. keto-V (4, l-methoxy-1,2,7’,8',11’,12'-hexahydro-y,y-caroten-4-
one), R.g. keto-VI (6, 1-methoxy-1,2,7',8"-tetrahydro-y,yp-caroten-4-one), and
R.g. keto-VII (7, l-methoxy-1’-hydroxy-1,2,7’,8'-tetrahydro-y,y-caroten-4-
one), will now be discussed.

R.g. keto-1 (1) was available in small quantity. The degree of fine-structure
in the electronic spectrum in hexane contra ethanol solution (Fig. 1) indicated
the presence of a conjugated carbonyl function.!® The mass spectrum showed
diagnostically important fragment ions at M—31, M—101, and M—-129
characteristic of the aliphatic okenone and group end M — 69 and m/e 69 ions
typical of the lycopene end group,™ see Scheme 1. The common M — 92, M — 106,
and M — 158 fragment ions caused by elimination from the polyene chain !
was observed in the mass spectrum of 7 and in all other mass spectra studied
here and will be omitted from further discussion. R.g. keto-I (1) could not be
acetylated. Complex metal hydride reduction caused a hypsochromic shift
of the electronic spectrum. The reduction product 8 exhibited visible light
absorption typical of an aliphatic undecaene (Table 3, Fig. 1) and gave a mono-
acetate on acetylation, confirming that I is a conjugated mono-ketone.

Acta Chem. Scand. 27 (1973) No. 8
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Me N AN A A R.g.kelo-l@
31 101 69
129 LiAlH,
MeO N W™ -‘A_C‘. mO“O!CG'I‘Q@
H
Scheme 1.
350 400 450 500 550 nm 350 400 450 500
o | | | |
Rg.keto-1 @ Rgketo-V ®
a
o

Fig. 1. Electronic spectra of R. globiformis keto-I (1), keto-II (2), keto-III (3), keto-V
(6), and keto-VI (6) in petroleum ether ——— and :~=--- ethanol. —.— Hydride
reduced derivatives in petroleum ether.
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R.g. keto-IT (2) was the major carotenoid of R. globiformis grown under
normal conditions. The electronic spectrum again showed the solvent effects
typical of a conjugated ketone (Fig. 1).

On electron impact the molecular ion was observed at m/e 612 (consistent
with C,H,,0(0OCH,),) with diagnostically important fragment ions at M — 31,
M-—87, and M~ 101 (see Scheme 2). The PMR-spectrum (Fig. 2, including

883 806 801 801 01 801
aco ° 3 840 os o O e 8 Y 9 8aosst
&&WWM%Ws 3 MWAWAM/WW(\<OCH3
' 801 80t 806 &8 682 o 801 801 806 881 682
Rgketo-Il@ Rgketo-lQ
i
CHOy CHClg imo
o
I Oy
Wil b
L " L s N 1 L L s " L " L N
2 3 4 5 6 7 8 9 T-vales 3 4 5 6 7 8 9 10

Fig. 2. PMR-spectra (CDCl;) of R. globiformis keto-1II (2) and R. globiformis keto-III (3).

signal assignments) was consistent with structure 2, demonstrating the pres-
ence of two methoxy groups (7 6.80 and 7 6.82) in magnetically non-equivalent
environments. Structure 2 was confirmed by hydride reduction to 10 with
an aliphatic dodecaene chromophore (Table 3, Fig. 1). Product 10 provided a
monoacetate (11) on acetylation. On allylic dehydration with acidified chloro-
form 2 the reduction product 10 gave a product 12 with adsorptive proper-
ties, electronic and mass spectra indistinguishable from those of authentic
spirilloxanthin (12).

i
MeO ome  Raketo-lil @)
© & 3
LiAIHg s
H
MeO A OMe ——2Ee diacetate (2
2 ®
HCY/CHCI3
MeOMMy\vMWe
® 5
Scheme 2.
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R.g. keto-III (3) was less abundant than 2, but crystallized in bluish
needles of m.p. 179°C, forming aggregates from petroleum ether/ether. As
seen from Fig. 1 the electronic spectrum showed the typical solvent effects
of conjugated carbonyl compounds. The molecular ion on electron impact
occurred at mfe 628 (consistent with C,H;,0,(0CH,),). Fragment ions at
M-31, M—-87, and M—129 (Scheme 3) characterized the end groups. The
PMR spectrum (Fig. 2, including signal assignments) revealed a symmetrical
molecule with two identical tertiary methoxy groups (v 6.80). Structure 3 was
confirmed by hydride reduction to I3 with an aliphatic undecaene chromo-
phore (Table 3, Fig. 1), and which could be converted back to keto-III (3)
by allylic oxidation with p-chloranil.’® The reduction product (13) had chro-
matographic properties (Table 2) indicative of a diol, and acetylation resulted
in a diacetate (I4). Allylic dehydration!? of 13 gave spirilloxanthin (12),
identified by co-chromatography tests, electronic and mass spectra.

Rg.keto-Il (D)
4
87 LlAlH‘

WA S OMe _Ac. . monoacetate @
@
HCI/CHCI3
MWOMS
® =
Scheme 3.

R.g. keto-IV was a minor carotenoid of cells grown under normal condi-
tions. The electronic spectrum (Fig. 1) exhibited the solvent effects char-
acteristic of carotenoid ketones. Hydride reduction gave a product 15 with an
aliphatic undecaene chromophore (Table 3, Fig. 1) which provided a mono-
acetate 16 on acetylation.

Since R.g. keto-IV gave a mono(trimethylsilyl)ether (17, judged by Rg-
value and mass spectrum), it may be inferred that keto-IV is a mono-ketone
with one tertiary hydroxy group. The mass spectrum of keto-IV exhibited

es2 B8t [d0s 803 a03
H | —— mono-TMS-emav@

*H 803 803 +H

32
101 18
79 Rgketo-IV @
LiAlHg
M}\/I\MAAWA{V\( P monoacetate
; ®
Scheme 4.
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the molecular ion at mfe 600 (consistent with C,,H,,O0(OH)OCH,) and frag-
ment ions at M—18, M—31, M-101, and M —129 defining the end groups
(Scheme 4). From these data and the PMR-signals given in Scheme 4, struc-
ture 4 is inferred for R.g. keto-IV. The same structure has recently been sug-
gested for a minor carotenoid isolated from Thiothece gelatinosa, Thiothece-
OH-484.14-Co-chromatography tests confirmed their identity.

R.g. keto-V (), isolated from DPA-inhibited cells, is a heptaen-one judged
by the electronic spectra of 5 before and after hydride reduction to 18 (Fig. 1,
Table 3). The mass-spectrometric fragmentation of R.g. keto-V (Scheme 5)
was consistent with structure 5. m/e 586 = M (corresponding to C,,H;,0(OCH,)),
M-69 and M—205 fragment ions defining the hydrocarbon end group and
M-31, M-101, and M—129 ions defining the oxygenated end group. On
allylic dehydration with acidified chloroform the hydride reduction product
18 gave a conjugated octaene product, tentatively identified as 11,12-dihydro-
spheroidene (19 5).

MeO| Rgketo-v ()
3 & L‘AIH205 69
29 1A
Meowww/v\(
OH
1HCI/CHC|3
MONAAAAAAAAAAAANAY
Scheme §.

R.g. keto-VI (6) was the major carotenoid in DPA-grown cells. The spectral
characteristics in visible light before and after hydride reduction to 20 (Fig. 1,
Table 3) and allylic dehydration of 20 to spheroidene (21, identified by co-
chromatography tests, electronic and mass spectra) together with the mass
spectrum of keto-VI (m/e 584=M, corresponding to C, H,,O(OCH;); M- 31,
M-69, M—101, M-129, and M—137) defined structure 6 for keto-VI,
Scheme 6.

Rg.keto-vi )

01 37 69
b LiAHg

wXAAMAAA A @

HCI/CHCI3

st a7 69

73

Scheme 6.
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Finally R.g. keto-VII, isolated in minute amounts, was assigned structure
7 on the basis of its electronic spectrum which was identical with that of R.g.
keto-VI (6), mass spectrum (m/e 602=M, corresponding to C,,H,O(OH)OCHj;
M-18, M—31, M—129, and M —137—18, Scheme 7) and chromatographic
properties (Table 2); R.g. keto-VII being more polar than R.g. keto-VI (6).

Me{ M NIAINIA A OH R.g.keto-Vll@
g & A v
23 1 8

LiAlHg

WA WA N S OH @
H

Scheme 7.

Hydride reduction of R.g. keto-VII (7) gave a reduction product (22) with
the same electronic spectrum as 20 above (Fig. 1), but more polar (Table 2).

BIOSYNTHETIC CONSIDERATIONS

Since carotenoid biosynthesis normally proceeds towards products of higher
dehydrogenation level and DPA is known to inhibit the dehydrogenation steps
of the Porter-Lincoln series 15,16 (A, Scheme 8), consideration of the carotenoid
composition of cells grown without and in the presence of DPA and the
chemical structures of the carotenoids involved permits the postulation of a
plausible pathway of carotenoid biosynthesis in R. globiformis, Scheme 8.

Starting with unsymmetrical &-carotene (23) and neurosporene (24),
present in normal cells (Table 1) and common precursors of carotenoid bio-
synthesis in photosynthetic bacteria,!® the keto-carotenoids typical of normal
cells may be formed by the reaction steps A—D (Scheme 8) discussed previ-
ously 1% and introduction of a carbonyl group. In spheroidenone synthesis
the oxygen of the carbonyl groups is derived from molecular oxygen 18 (reac-
tion type E); under anaerobic condition reaction type F via alkene, hydrated
alkene (secondary alcohol) to ketone may represent a more plausible alterna-
tive.

Regarding the position of the more saturated keto-carotenoids 4, 6, and 7
isolated only from cells grown in the presence of DPA, these may represent
normal precursors of 1, 2, 3, and 4, or alternatively, abnormal products caused
by the enzymatic reactions C, D and B, F when the dehydrogenation reaction
A is depressed. Previous work with Rhodospirillum rubrum ¢ has demonstrated
that DPA blocks most efficiently the dehydrogenation step (A*) leading from
neurosporene (24) to lycopene.

The possible connection between the pathway of carotenoid synthesis in
R. globiformis and okenone (25) synthesis is pointed out. The methoxylated
4-keto-carotenoid okenone (25) with one end group in common with 7—7 and
one aryl end group ¥ is synthesized by several purple sulphur bacteria (Thio-
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Scheme 8.

rhodaceae spp., now Chromatiaceae 1)20, possibly wia Thiothece-474 (26).14
However, R. globiformis, like all other Rhodospirillaceae hitherto studied, lack
the ability to cyclize its carotenoids.

EXPERIMENTAL PART

Materials. Rhodopseudomonas globiformis strain 7950, SMG 161, obtained from Prof.
Pfennig’s collection (Gottingen institute), was grown anaerobically in the following
medium:*! KH,PO, (0.5 g); MgSO,.7H,0 (0.4 g); NaCl (0.4 g); NH,CI (0.4 g); CaCl,.2H,0
(0.05 g); Difco yeast extract (0.5 g); mannitol (1.5 g); Na-gluconate (0.5 g); trace element
solution 22 without Fe?t and EDTA (10 ml); Fe-citrate solution containing 100 mg Fe-
citrate/100 ml H,O (5.0 ml); Biotine solution containing 1 mg biotine/50 ml H,0 (1.0 ml);
p-aminobenzoic acid solution containing 5 mg p-aminobenzoic acid/50 ml H,O (1.0 ml)
in 1000 ml dist. H,O (pH 4.9). After sterilization 1 ml/100 ml medium of a sterile, filtered
10 9, Na-thiosulfate solution was added. For inhibition experiments DPA in a concentra-
tion of 10-®* M was added to the medium. Cells were grown in 500 ml screw cap bottles
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at about 2000 Lux at 25 to 28°C. Cells were harvested for extraction by centrifugation
after 5—8 days.

Chemicals and solvents were of analytical grade or freshly distilled.

Methods. These were as generally used in the Norwegian laboratory.?®* Hydride reduc-
tion, acetylation and silylation,®* allylic oxidation,?® and allylic elimination ?* were
carried out by standard procedures.

Isolation of the carotenoids. The centrifuged cell pellet was extracted with acetone
and the pigments transferred to ether; yield ca. 7 ug carotenoid/mg protein from normal
cells (in total available ca. 45 mg carotenoids). From DPA-inhibited cells in total ca.
23 mg carotenoids were available.

The pigments mixture was separated by column chromatography on Woelm neutral
alumina, activity grade 2. Further purification was obtained by rechromatography on
alumina columns or TLC (Kieselgel G). Adsorptive properties of the carotenoids studied
are compiled in Table 2. Absorption maxima in visible light are compiled in Table 3.
The carotenoid composition of normal and DPA-grown cells is given in Table 1.

R.g. keto-I (I; I-methoxy-1,2-dihydro-y,yp-caroten-4-one). Characterization: 1, avail-
able ca. 0.2 mg, had: Rp-values Table 2; i,,, Table 3, Fig. 1; m/e 582 (M), M —31,
M-69,M—-92,M—101, M—106, M— 129, M— 158, M — 172, 69. I could not be acetylated
with acetic anhydride in pyridine. Reduction product (8). 1, reduced with KBH, in ethanol
or with LiAlH, in dry ether, provided §: Rp-values Table 2; 1,,, Table 3, Fig. 1.
Acetate (9). 8 on standard acetylation gave 9 with unchanged electronic spectrum; Rp-
value Table 2.

R.g. keto-II (2, 1,1’-dimethoxy-1,2,1’,2’-tetrahydro-3’,4’-didehydro-y,y-caroten-4-
one). Characterization: 2 was precipitated together with colourless contaminants from
acetone-petroleum ether, yield ca. 37 mg: Rp-values Table 2; A,,, Table 3, Fig. 1;
t (CDCl,;) Fig. 2 with signal assignments; m/e 612 (M), M—31, M—32, M—73, M — 89,
M-92, M—101, M—106, M —158. Reduction product (10). 2, reduced with KBH, in
ethanol or with LiAlH, in dry ether, provided 10; Ry-values Table 2; 4,,, Table 3,
Fig. 1. Acetate (11). 10 on standard acetylation gave 11 with unchanged electronic
spectrum; Rp-value Table 2. Spirilloxanthin (12). 10 kept in 0.03 N HCI in CHCI; for
4 min gave 12. Rp-value Table 2, no separation from authentic spirilloxanthin; Ap,
(acetone) 460, 491, 524 nm; m/e 596 (M), M~ 73, M—87, M—92, M- 106.

R.g. keto-IIT (3; 1,1’-dimethoxy-1,2,1’,2’-tetrahydro-y,y-caroten-4,4’-dione). Char-
acterization.: 3 crystallized as bluish, shiny needles forming aggregates from acetone/
petroleum ether; yield ca. 6 mg; m.p. 179°C; Rp-values Table 2; 1., Table 3, Fig. 1
(£ 19%, 1 em=2180 in petroleum ether at 489 nin); t (CDCly) Fig. 2 including signal
assignments; m/e 628 (M) M—31, M—32, M—92, M—106, M— 129, M — 158. Reduction
product 13. 3 was reduced with KBH, in ethanol or with LiAlH, in dry ether to 13;
Rp-values Table 2; A.,,, Table 3, Fig. 1. 13 was oxidized with p-chloranil for 3 h, re-
sulting in a 30 9, conversion to 3. Diacetate 14. Standard acetylation of 13, monitored
by circular paper chromatography gave an intermediary monoacetate and a final di-
acetate 14 with unchanged electronic spectrum; Rg-value Table 2. Spirilloxanthin (12). 3,
treated with HCl— CHCI, like 2 above, gave spirilloxanthin (12) identified by the same
criteria as after dehydration of 10.

R.g. keto-IV (4; 1-methoxy-1’-hydroxy-1,2,1’,2’-tetrahydro-y,p-caroten-4-one). Char-
acterization. 4, available ca. 2 mg, had: Rg-values Table 2; A,,, Table 3, Fig. 1 (as
for 1); v (CDCl,) 8.82 (two gem. CH,), 8.77 (two gem. CH, at tert. OH), 8.18 (one end-of-
chain CH,), ca. 8.03 (ca. four in-chain CH,), 6.82 (one OCHj,), see Scheme 4; m/e 600 (M),
M-18, M-31, M-32, M—32—18, M-92, M—101, M—106, M—129, M—129—18,
M —158. Reduction product 15. 4 was reduced in ethanol with KBH, or in dry ether
with LiAlH, to 15; Rp-values Table 2; A,., Table 3, Fig. 1. Acetate 16. 15 gave on
acetylation, monitored by circular paper chromatography, a monoacetate 16 with un-
changed electronic spectrum; Rp-value Table 2. Trimethylsilyl ether 17. 15 gave on
standard silylation at —35°C a monoether 17 with unchanged electronic spectrum; Rp-
value Table 2; mfe 672 (M), M— 15, M—32, M—-"72, M- 90, M—92, M—-101, M—106, 131.

R.g. keto-V (5; l-methoxy-1,2,7/,8,11’,12’-hexahydro-y,y-caroten-4-one). Char-
acterization. §, available ca. 2.5 mg, had: Rg-value Table 2; .., Table 3, Fig. 1; m/e
586 (M), M—31, M—69, M—92, M—101, M—-106, M—129, M—106—69, M—205, 69.
Reduction product 18. 5 gave on KBH,-reduction in ethanol or on LiAlH,-reduction
in dry ether 18; Rp-value Table 2, A,,, Table 3, Fig. 1. Dehydration product 19. 18
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was treated with 0.03 N HCI— CHCI, for 2 min giving 19; Ry-value Table 2; 4,,,, 393,
416, and 442 nm in acetone.

R.g. keto-VI (6; 1-methoxy-1,2,7’,8 -tetrahydro-y,y-caroten-4-one). Characterization:
6, available ca. 6.5 mg, had: Rg-value Table 2; 1., Table 3, Fig. 1; m/e 584 (M), M —31,
M-32, M-69, M—92, M-—-101, M—-106, M—129, M—137, M—158, M—32-137, 69
(base peak). Reduction product 20. 6 was reduced with KBH, in ethanol or with LiAlH,
in dry ether to 20, Rp-value Table 2; i,,, Table 3, Fig. 1. Spheroidene (21), 20 was
dehydrated in 0.03 N HCl—CHCI; for 3 min providing 21, Rg-value Table 2; A,
(acetone) 432, 454 and 484 nm; m/e 568 (M), M—31, M-73, M—92, M—106, M—137,
M —158. 21 could not be chromatographically separated from authentic spheroidene (21).

R.g. keto-VII (7; l-methoxy-1’-hydroxy-1,2,1’,2,7’,8"-hexahydro-y,y-caroten-4-one).
Characterization: 7, available ca. 1 mg, had: Rg-value Table 2; 4,,, Table 3 and Fig. 1
(as for 6); mfe 602 (M), M—18, M—32, M—-50 (M—32—18), M—92, M—106, M— 126,
M-129, M-155 (M—137—18), M—137—18—32. Reduction product 22. 7 gave on
reducotion with LiAlH, in dry ether 22; Rg-value Table 2, A,,, Table 3 and Fig. 1 (as
for 20).

Unsymmetrical &-carotene (23; 7,8,11,12-tetrahydro-y,y-carotene). Characterization:
23, available ca. 2 mg, had: Ry-value=0.78 on alumina paper (2 9%, acetone in petroleum
ether); A,.. (petroleum ether) 374.5, 395, and 419 nm; m/fe 540 (M), M—69, M—92,
M-106, M-137, M —205, 69 (base peak).

Neurosporene (24). Characterization: 24, available ca. 2 mg, had: Rp-value=0.70 on
a,lu(inina, paper (2 9 acetone in petroleum ether); An., (petroleum ether) 415.5, 438.5,
and 468 nm.
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for the maintenance of K.S. in Trondheim is gratefully acknowledged.
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Kinetics and Mechanism of the Reaction between
Vanadium (V) and Hydroxylamine within the Hydrogen Ion
Concentration Range 0.005—0.2 M

GOSTA BENGTSSON

Inorganic Chemistry 1, Chemical Center, University of Lund, P.O.B. 740,
S-220 07 Lund 7, Sweden

The studies of the reaction between vanadium(V) and hydroxyl-
amine within the hydrogen ion concentration range 0.2 — 1.0 M reported
previously 2 have been continued by a corresponding study within
the hydrogen ion concentration range 0.005 — 0.2 M. Within this latter
hydrogen lon concentration range the two-stage reaction found in
more acid solutions apparently becomes a three-stage reaction. It is
shown that this change on decreasing [H*] is due to a side reaction
which becomes appreciable only at [HY]< 0.2 M. A mechanism
valid within the whole hydrogen ion concentration range studied
(0.05—1.0 M) is proposed.

Aprevious investigation ! of the kinetics of the reduction of vanadium(V)
by hydroxylamine within the hydrogen ion concentration range 0.2—1.0 M
showed that this reaction obeys the rate law

"dov(v;/dt = kCV(V)CNHnOH + leV(V)z GNH.OH (1)

where Cy ) and Cyy,o Tepresent the over-all concentrations of vanadium(V)
and hydroxylamine, respectively. At sufficiently low values of Uy, (S 5x
10-¢ M) the &’ term becomes negligible. The following mechanism was proposed
for the reaction path corresponding to the k term (¢f. also Ref. 2)

VO,* + NH,0H+ N VO,NH,0H?+ (rapid) (1)
VO,NH,0H?* —— VO** + NH,0' + H,0 (slow) (IT)
oNH,0' —> N, + H,0 (rapid) (IIT)

The stability constant f,=[VO,NH;OH?"}/[VO,*] of the rapid pre-
equilibrium (I) has been determined ? and was found to be independent of
[H+] within the hydrogen ion concentration range studied, thus indicating
the existence of a protonated complex.
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In less strongly acid solutions ([H*] < 0.2 M) the kinetics of the reaction
(low Oy, and a large excess of hydroxylamine) seems to be more compli-
cated. The aim of the present study has been to elucidate the mechanism of
this reaction at [H*+]=0.005—-0.2 M and, if possible, to correlate the results
to those obtained in more acid solutions.

SYMBOLS AND NOTATIONS

over-all concentration of the central ion M (=VO,*).3

over-all concentration of the ligand L (=NH,OH*)4

molar absorption coefficient (with indices indicating the species).
absorbance.

absorption coefficient (@ =A4/l; I=path length).

formal molar absorption coefficient (¢=a/Cy,).

wave length.

time.

R

e 2 h o QQ

EXPERIMENTAL

The chemicals used were of the same kind and quality as those described in Ref. 1, as
were the methods used for the preparation of the stock solutions and the determination
of their concentrations. The temperature was 25.00 +0.05°C, the ionic strength 1.0 M.
Sodium perchlorate and perchloric acid were used to keep the ionic strength constant.

The kinetic and equilibrium measurements were performed spectrophotometrically
at A=225 nm by a Zeiss PMQ II Spektralphotometer. Absorption curves were recorded
with a Hitachi EPS 3.T spectrophotometer. The reactions were initiated by mixing the
proper volumes of the reactant solutions either by pipette or by means of an all glass
syringe equipped with a device to allow the delivery of a well-defined volume of the
solution in question. By the latter method it was possible to achieve complete mixing
(in the absorption cell) within about 2 seconds. The experimental (pseudo-first order)
rate constants were calculated from plots of In (A, —A4) and In (@ —ax) against ¢ by a
least squares program on an electronic computer. The same program was used for the
calculation of the intercepts and slopes of the other linear plots in this paper. The error
limits represent three standard deviations.

MEASUREMENTS AND RESULTS

The measurements were carried out at low over-all concentrations of
vanadium(V) (Cy=0.025—0.100 mM) and generally with a large excess of
hydroxylamine (C'; =2.50—50.0 mM). At [H]* > 0.200 M the absorbance at
225 nm decreased monotonously with the time after mixing the reactant
solutions and the reaction was of the pseudo-first order. At [H*] < 0.200 M,
however, three distinct reaction steps could be observed. There was at first
an immediate increase of the absorbance leading to an absorbance value which
was the same as in more acid solutions under otherwise identical conditions.
The absorbance then increased rather slowly with time, passed through a
maximum within a few minutes and finally decreased very slowly until it
reached a value after a few hours which was approximately equal to that
obtained under the same conditions in more acid solutions. Fig. 1 shows a
series of absorbance-time curves for C'y; = 0.100 mM; C| = 20.00 mM at different
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Fig. 1. A few absorbance-time curves determined at different [H*]. Cpy=0.100 mM;
Cp,=20.00 mM; I=1 cm; [H*] from top to bottom: 0.005M, 0.010 M, 0.020 M, 0.050 M,
and 0.100 M.

values of [H*]. The three steps of the reaction are as follows: (1) A rapid
complex formation equilibrium with the stability constant g,=12.5+ 0.4 M~!
(cf. Ref. 2). (2) A relatively slow reaction leading to an increase of the absorb-
ance at =225 nm. (3) A very slow reaction leading to the formation of vana-
dium(IV) and probably nitrogen gas (cf. below).

Step 1 has not been the subject of any kinetic study. The equilibrium has
been considered in Ref. 2.

Step 2 is under the prevailing conditions of the pseudo-first order as it can
be seen from the fact that In (4., —A4) versust is linear (Fig. 2) to more than
about 60 9%, of complete reaction (as judged from the height of the maximum).
Deviations from the linearity are found at the end of the reaction. These are
due to the fact that the succeeding reaction then influences the difference
(Apax—A4) to a noticeable extent. A4, is the absorbance at the maximum
of the absorbance-time curve. It is proportional to (), at constant values
of C;, I, and [H*]. It increases with increasing C} and decreases with in-
creasing [H+] (cf. Fig. 1), all other factors being kept constant. This indicates
that step 2 probably includes an equilibrium reaction in which L is taken up
by ML while one or more protons are lost. If it is assumed that steps 1 and 2
constitute the reactions (disregarding the participation of protons)

Step 1: M + L $ ML (rapid) (Iv)
kg

Step 2: ML + L Ic= X (slow) (V)
2

and the equilibrium constant
K,' = [X]/[ML][L] (2)
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Fig. 2. Step 2. 1n (Apax—A) versus t for Fig. 3. Step 2. The quantity @ versus e.
a series of Cp-values. B is an arbitrary Cy=0.100 mM; [H*] from top to bottom:
constant used to make the lines start at  5.00 mM; 7.50 mM; 10.00 mM; 15.00 mM;
roughly the same value. Cy=0.100 mM; 20.00 mM.

[H¥]1=0.010 M; =1 em; C;, and B from

top to bottom: 5 mM, 1.40; 10 mM, 1.05;

20 mM, 0.90; 30 mM, 0.85; 40 mM, 0.85;

50 mM, 0.85.

is defined, the following relation can be derived:

_ &t ey Ba[L] + ex B K'o[L?
1+ B[L] + B K, [LP

Since C); < (| this equation can be transformed to
Q=[e(1 + ﬁxCL)‘ &y — 3M1,ﬁ101,]/01,2 = exp K, — e, Ky (4)

All the quantities in the left member of eqn. (4) are known (e=a,, [Cy is
measured as a function of C; B,, &, and &, are obtained from Ref. 2). @
versus ¢ yields for a constant value of [H+] ([H*]=0.005—0.020 M) a straight
line with the intercept e f,K," and the slope ,K," and &4 and K, can be
calculated. The straight lines obtained are shown in Fig. 3, and the values of
ex and K,  are found in Table 1. K, is inversely proportional to [H*]?, so the
true equilibrium constant is given by:

K, = Ky [H* ] = [X][H*]*/[ML][L] (3)

(3)

The results of the kinetic measurements are also in agreement with this
interpretation. The pseudo-first order rate constant, k., increases strongly
with increasing C} and the order with regard to L is between 1 and 2. From the
reactions (IV) and (V) the following expression can be derived

kops(1 + B10y) = kg + k_o8,C, + ko 8,012 (6)
Acta Chem. Scand. 27 (1973) No. 8
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since O > Cy and step 2 accordingly can be treated as a reversible first
order reaction, k_, can be determined by extrapolating k. (1+ §,C}) versus
Cy, to C; =0, and then k_,f, and k,f, can be obtained from the linear relation

[(Fops(1 + B101) —k_5)/Cy, = k_pBy + ko, (7

Fig. 4 shows [k, (L+ B0y ) —k_,]/Cy versus C;. The values of k, are shown
in Table 1 and ‘are found to be roughly 1nversely proportional to [H*P?. The

Table 1. Experimental values of K,’, K,, &x, and k,.

[H+t] mM K, x 102 M? K, M exx107*Mtem™ k, M min™!
5 4.90 +0.32 0.120 + 0.008 103+ 1.3 331+45
7.5 2.06 +0.08 0.116 + 0.004 10.2 +£0.7 231 +41
10 1.34 +0.10 0.134+0.010 10.1+1.3 111+ 5
15 0.535 1+ 0.022 0.120 + 0.005 9.7+ 0.7 58+ 11
20 0.385+0.048 0.154+0.023 9.5+2.6 36+ 14

two sets of values of k£_, obtained from graphs corresponding to eqns. (6) and
(7) do not agree very well with each other. This can be explained by the fact
that k., at low values of (| is very unreliable since 4, is lower than the
true equilibrium value as a consequence of the succeeding reaction. This
effect is most pronounced at low Cy (cf. below).

Step 3 is also of pseudo-first order since the lines In (@ —as) versus t are
straight except within a time interval from ¢ =0 to immediately after the max-

T T
Kops (140 C ) - k-
G
200 |- -
T T T T
y o B+ln(a-ay)
o/ N \N
100 - -
2
o 1+ o
0 1 1 0 1 1 1 I
0 2 4 x10%M 0 100 200 300 400 t min

Fig. 4. Step 2. [kops (1+ﬂ10L)—-k_z]/CL Fig. 5. Step 3. In (@a—awx) versus ¢ for a
versus Oy, Cy=0.100 mM; [H*] from top series of C-values. Cy=0.100 mM; [H*]

to bottom 5.00 mM; 7.50 mM 10.00 mM; =0.010 M; CI from top to bottom. 50.0
15.00 mM; 20.00 mM. mM; 40.0 mM; 30.0 mM; 20.00 mM;
10.00 mM.
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imum (Fig. 5). The experimental rate constant &’ ., decreases with increasing
. ([H*] constant) and increases with increasing [H*] (C} constant). The
relatlon between k',  and C can be roughly represented by the equation

kobs —.p +q/OL (8)

where p and ¢q are empirical constants. The fact that the rate law contains two
terms indicates the existence of two competing reaction paths, one with X as a
reactant and one with ML. The empirical relation can be explained by the
reactions:

k

Step 3: ML —2» products (VI)
ks

X ——> products (VII)

The following relation can be derived from reactions (IV) — (VII), if it is assumed
that steps 1 and 2 are much faster than step 3.

vs = (k310 + ko1 K’ C12)(1 + B0y + ,K,'C?) (9)
This equation can be transformed to
= [Kops(1 + B1Cy, + BLEL'O DN Cy, = kafy + B KL'C (10)

Accordingly R is a linear function of C;. Fig. 6 shows this to be the case for
[H*]=0.005—-0.015 M. At higher [H*] step 3 is too rapid for the assumption
made above to be true. If (1+ 8,0 )L B,K,'C;% then eqn. (9) becomes

Table 2. Experimental values of k; and k,K’,.

[H*] mM ks min-1 k,K,” M min™!
5 0.144 +0.011 2.36+0.35
10 0.206 +0.014 1.27+0.41
15 0.233+0.032 1.77+0.99

analogous to eqn. (8). Table 2 shows that k; increases slightly with [H],
whereas k,K," rather decreases. The precision hardly permits the establish-
ment of the exact dependence of these quantities on [H*].

DISCUSSION

The mechanism proposed above can be summarized in the following
reaction-equilibrium scheme:

+L +L
M:_: ML ::::::X

v ¥
products products

Acta Chem. Scand. 27 (1973) No. 8
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The full drawn arrowds enote rapid reactions (step 1), the dashed arrows
relatively slow reactions (step 2), and the pointed arrows very slow reactions
(step 3).

T T T 1 T
40 RM ' min! E

T T T
BE ey x 103M T em™! .

1 1 1 I 1 Il 1 1
0 1 2 3 4 C x10%M 200 300 Anm 400

Fig. 6. Step 3. The quantity R versus Fig. 7. Absorption curves of the species M
Cp. Cy=0.100 mM; @ [H"]=5.00 mM; (—), ML (- ), and X (—).
O [H+]=10.00 mM; ( [H*]=15.00 mM.

In strongly acid solutions ([H*]>=0.2 M) the equilibrium ML+L =& X is
so strongly displaced to the left that the k; term becomes completely domi-
nating. The formation of X is not noticeable and the over-all reaction is a
two-stage reaction. As [H*] is decreased the equilibrium in question is dis-
placed to the right (the rate of the reaction ML+ L—X increases) and at
sufficiently low [H+] the formation of X becomes noticeable in the beginning
of the third step. At the same time the k, term becomes appreciable. This
indicates that the &, term is analogous with the first term of the right member
of eqn. (1) and that the corresponding reaction is reaction (II). The product
emanating from hydroxylamine in this reaction has been established ! as N,
whereas the product of the reaction corresponding to the k, term is still un-
certain.

The identity of the intermediate X is not known. The complex ML is
formed without any loss of protons so this complex should be VO,NH,OH?2*.
The addition of a second ligand (NH;OH™) to this complex is very unfavour-
able since the resultant complex would acquire a high positive charge. By the
formation of X two protons are expelled the origin of which has not been
possible to establish. Whatever the structure of X may be, it seems to be a
reasonable guess that the final product emanating from hydroxylamine in the
reaction corresponding to the k, term is nitrogen gas. Fig. 7 shows the absorp-
tion curves of M, ML, and X within the wave length range 200— 350 nm.
The curve of ML has been calculated from absorbance values extrapolated to
the time =0 after mixing the reactant solutions using the known values of
&y and B;. The curve of X has been calculated from the absorbances at max-

.imum of the absorbance-time curve using known values of ey, &y, f;, and
K, at [H+]=0.005 M; Cyy=0.100 mM; C; =0.020 M.
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Degradation of Cellobiitol and Glucose by Oxygen-Alkali

Treatment

OLOF SAMUELSON and LENNART STOLPE

Institutionen for teknisk kemi, Chalmers Tekniska Hogskola, Fack, S-402 20 Gaéteborg 5,
Sweden

An important reaction of cellobiitol during oxygen — alkali treat-
ment at 96° is an oxidation of the glucitol moiety, followed by a
liberation of glucose. To a lesser extent, the glucose moiety is oxidized
and glucitol liberated in a consecutive reaction. Glucose is decomposed
by various reactions. The formation of arabinonic and mannonic
acids decreases at high temperature, whereas the reaction paths via
3-deoxy-erythro-hexosulose become more important. Among the 23
monocarboxylic acids identified after glucose oxidation, formic,
acetic, and glycolic acids were the most abundant.

In connection with the recent development of oxygen bleaching of wood
pulps, studies of catalysts and inhibitors which affect the degradation of carbo-
hydrates by oxygen in alkaline medium have become increasingly important.
In these studies it is often advantageous to apply model compounds instead
of cellulose. Cellobiitol has been used for this purpose* and since the reactions
which occur have not been studied previously, an investigation of the reaction
products obtained after oxygen-alkali treatment was carried out. The experi-
ments showed that glucose was an important intermediate. Very little is known
about the reaction products formed from glucose under comparable conditions
and a study of these products was therefore included.

EXPERIMENTAL

Cellobiitol (6 g), prepared by reduction of cellobiose with sodium borohydride,? was
dissolved in 300 ml of 0.5 9, sodium hydroxide and treated with oxygen under pressure
(6 bar) at 96° in the bubbling column described previously.! A small amount of hydrogen
peroxide (0.67 mmol/l) was added as initiator. The time of reaction was 1.5 h. An aliquot
of the solution was used for the determination of peroxide and for alkalimetric determi-
nation of organic acids. Another part of the solution was neutralized with acetic acid
to pH 8 and separated into an acid fraction and a neutral fraction on an anion exchanger
in the acetate form. After the sodium ions were removed on a cation exchanger, both
solutions were evaporated and the fractions weighed. The acid fraction amounted to
4.5 9, of the added cellobiitol.
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The neutral fraction was chromatographed on a preparative scale.? The sub-fractions
were analyzed automatically by partition chromatography in 85 %, ethanol on an anion
exchanger in the SO,2~ form and on a cation exchanger in the LiT form?*. The analyzing
system contained two channels, one which recorded all sugars, and one which determined
alditols and indicated the presence of ketoses.® The presence of glucose and glucitol was
confirmed by gas chromatography and gas chromatography-mass spectrometry.®

The nonvolatile acids were separated quantitatively on an anion exchange column
in 0.08 M sodium acetate (pH adjusted to 5.9 with acetic acid). The chromatogram was
recorded automatically by means of a differential refractometer (Waters’ Model R-4)
and the eluate divided into nine fractions as illustrated in Fig. 1. These were analyzed
on anion exchange columns in the acetate form in two media, 0.08 M sodium acetate
(pH 5.9) and 0.5 M acetic acid. The chromatograms were recorded with a three-channel
analyzer.” The volume distribution coefficients and the colour responses were compared
to results obtained in previously published papers. This permitted an identification of
most compounds. For additional identification, the acids were converted into fully
substituted trimethylsilyl esters and identified by gas chromatography and gas chromatog-
raphy-mass spectrometry.®! Only one compound recorded on the chromatograms had
properties differing from the acids studied in previous work from this laboratory. The
mass spectrum revealed that the acid was a 3-deoxyheptonic acid.

A minor amount of organic acids, constituting about 5 9, of the total amount of non-
volatile acids, appeared ahead of the first fraction as indicated in Fig. 1. The acids were

200rchart reading
mm

#50 ,160 ) Elual? volt.lme,crn3
T7 3 & 5 3 7 ]

Fig. 1. Group separation of monocarboxylic acids obtained by oxygen-alkali treatment
of cellobiitol. Column: 10 x 935 mm, Dowex 1-X8, 25 — 32 4. Eluent: 0.08 M sodium acetate,
pPH =5.9. Detection: Differential refractometer.

rechromatographed on the analysis columns and found to be a complex mixture of aldo-
bionic and similar acids containing one glucose moiety. The amounts were too small for
identification.

Formic acid was determined after being extracted with ether from the reaction
solution which had been acidified to pH 1. The ether solution was titrated with aqueous
0.1 M NaOH and the aqueous solution chromatographed in 0.3 M sodium acetate on an
anion exchange column. The formic acid was recorded automatically by chromic acid
oxidation. Acetic acid was obtained as a sodium acetate solution by the same extraction
method. The sodium ions were removed by a cation exchange resin and the solution was
analyzed by gas chromatography.® As a check, the acetic acid was distilled from the reac-
tion solution after acidification with phosphoric acid to pH 2. The distillate was studied by
gas chromatography. The values obtained by the two methods differed by less than 10 9.

In the experiment with glucose, the oxygen-alkali treatment was carried out for 15
min. No hydrogen peroxide was added, but in other respects the conditions were the same
as those applied with cellobiitol. The pH of the solution was 8.5 at the end of the experi-
ment. The solution was analyzed by the same methods as used in the experiment with
cellobiitol.
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RESULTS AND DISCUSSION

Owidation of glucose. The reaction during oxygen-alkali treatment of glucose
is very rapid and the treatment was carried out only for 15 min, during which
time the sodium hydroxide was consumed completely. In addition to organic
acids, a number of neutral sugars were formed by isomerization and frag-
mentation. Besides glucose (52 %), fructose (37 9%,) and mannose (7 9,) were
the most abundant sugars. The presence of psicose, allose, and altrose (1 9,
of each) showed that not only the substituents at C-1 and C-2, but also those
at C-3 were involved in Lobry de Bruyn — Alberda van Ekenstein rearrange-
ments. As expected on the basis of previous results,’® a small amount of ara-
binose was formed (0.5 9,). It is noteworthy that ribose, the C-2 epimer of
arabinose was present in about an equal amount.

A comparison between the organic acids formed by oxygen-alkali treat-
ment at high temperature (96°) in dilute sodium hydroxide (0.5 9%,) and high

Table 1. Organic acids obtained after oxygen-alkali treatment of glucose and cellobiitol.

The amounts given as g acid per 100 g of starting material. The nonvolatile compounds

are reported as a percentage of the total weight of isolated nonvolatile acids. p = present
but not determined.

Acid From glucose From cellobiitol
0.5 9% NaOH, 96° 18 9, NaOH, 25° 0.5 9%, NaOH, 96°
g/100g % g/100g % g/100g %

Glycolic

Glyceric

Erythronie
3-Deoxy-arabino-hexonic
2-Deoxy-erythro-pentonic
Arabinonic
2-Hydroxypropionic
3-Deoxytetronic
3-Hydroxypropionic
Threonic
3-Deoxy-ribo-hexonic
Ribonic

2-Deoxytetronic
Gluconic
3-Deoxy-threo-pentonic
Mannonic
2-Deoxy-lyro-hexonic
3-Deoxyheptonic
Xylonic
3-Deoxy-erythro-pentonic
2-Deoxy-threo-pentonic
3-Deoxy-zylo-hexonic 0.03 0.9
2-C-Methyl-ribonic 0.01 0.3
Acetic 0.04

Formic p 0.32
Carbonic 0.2
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Acta Chem. Scand. 27 (1973) No. 8



3064 SAMUELSON AND STOLPE

oxygen pressure and those obtained in 18 9, solution at room temperature and
atmospheric pressure 1° shows that the working conditions exert a great
influence. The results obtained in both the present and the previous investi-
gation are given in Table 1. Arabinonic acid was the preponderant acid and
mannonic acid was among the major acids obtained at low temperature,
whereas the relative amounts produced under the conditions used in the present
work were much less. In general, the formation of acids of low molecular
weight is favoured under the conditions applied in the present work. A similar
influence of an increased temperature was observed by de Wilt 1! and by Ma-
linen and Sjostrom.!2

The formation of arabinonic and mannonic acids, as well as arabinose, can
be ascribed to the formation of p-glucosone followed by a benzilic acid re-
arrangement or a fragmentation between the carbonyl groups.1%,'®* These and
other reactions of glucosone have recently been studied by Malinen and Sjo-
strom.1?

The fact that the relative amounts of arabinonic and mannonic acids were
lower under the present working conditions than in the earlier experiments
indicates that the reaction path wvia glucosone is less important at high tem-
perature. This is not unexpected since, even in the absence of oxygen, glucose
is decomposed very rapidly in hot sodium hydroxide solution and gives rise
to 2-hydroxypropionic, 3-deoxy-ribo- and 3-deoxy-arabino-hexonic acids as
the preponderant reaction products.1?* It is worth mentioning that ribonic
acid was more abundant than mannonic acid and that a new reaction path for
the formation of ribonic acid from methyl f-glucopyranoside during oxygen-
alkali treatment has been suggested recently.1®

Formie, acetic, and glycolic acids were the three most abundant acids
isolated in the present work. Reactions paths which give rise to formic and
glycolic acids have been discussed earlier,19,12,16 whereas acetic acid has escaped
observation in previous investigations. Glucosone is one precursor responsible
for the formation of formic and glycolic acids, but since this intermediate
seems to be less important at high than at low temperature, the reaction path
via glucosone cannot explain the large amount of formic acid.

Among the most striking differences between the results obtained by alkali
treatment of glucose at high temperature in the absence of oxygen and the
results obtained under oxygen pressure is that 2-hydroxypropionic acid is the
most abundant acid in the absence of oxygen, whereas the amount formed in
the presence of oxygen is fairly small.? Instead, very large amounts of acetic
acid are formed during oxygen-alkali treatment. It has been reported 17 that
pyruvaldehyde, formed after cleavage of glucose between C-3 and C-4, is a
precursor of 2-hydroxypropionic acid, i.e. that 2-hydroxypropionic acid is
formed by a benzilic acid type rearrangement of this dicarbonyl compound.
As pointed out previously, an oxidative cleavage of dicarbonyl compounds
between the carbonyl groups is a very important reaction during oxygen-
alkali treatment of carbohydrates 18 and it can be concluded therefore that the
intermediate pyruvaldehyde is a precursor to acetic acid, which, in this reaction,
is formed together with an equimolar amount of formic acid.?®

No detectable amounts of 2-C-methylpentonic acids were present in the
reaction mixture after the oxygen-alkali treatment of glucose. It is possible
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that the intermediate, 1-deoxy-2,3-hexodiulose, which is a precursor to these
saccharinic acids, 20 is formed, but that it is subjected to an oxidative cleavage
of the linkage between the carbonyl groups, which produces equimolar amounts
of acetic and erythronic acids. The fact that erythronic acid was among the
most abundant acids, but still present in much smaller amounts than acetic
acid, can be taken as an indication that this reaction is of importance, but by
no means solely responsible for the formation of acetic acid.

Among the nonvolatile acids, 3-deoxyhexonic and 2-deoxy-erythro-pentonic
acids were much more abundant after the treatment at 96° than at room tem-
perature. The two 3-deoxyhexonic acids mentioned above, which are among
the major reaction products after alkaline treatment of glucose and fructose
in the absence of oxygen, are formed via 3-deoxy-erythro-hexosulose by a
benzilic acid rearrangement.? The results presented in the table indicate that
this reaction is of great importance during oxygen-alkali treatment at high
temperature. Like other dicarbonyl compounds this intermediate can be
subjected to fragmentation between the carbonyl groups. Oxidation will give
formic and 2-deoxy-erythro-pentonic acid, which were both present in much
larger amounts after the high-temperature oxidation than after the reaction
at low temperature. The observation by Malinen and Sjostrom 2 that the
2-deoxypentonic acid was not formed in the absence of oxygen indicates that
the cleavage of the dicarbonyl intermediate by hydrolysis is of little or no
importance.

A 3-deoxyheptonic acid was among the minor acids formed in the present
work. The formation of acids with a larger number of carbon atoms than the
original sugar has previously been observed by Ishizu, Lindberg, and The-
ander 22 in studies of alkaline treatment of xylose. An aldol condensation is
very probably responsible for the formation of a heptose, which then rearranges
to a 3-deoxyheptosulose and is converted, by a benzilic acid rearrangement,
to 3-deoxyheptonic acids. Like other dicarbonyl sugars, 3-deoxyheptosulose
should be subject to fragmentation, which, in this case, should give rise
to some 2-deoxyhexonic acid. This reaction path explains the presence of
2-deoxy-lyxo-hexonic acid after oxygen-alkali treatment of glucose.

Ozidation of cellobiitol. Peroxide is formed during oxygen bleaching of
cellulose, and since cellobiitol is very stable towards the attack of oxygen in
alkaline medium,! a small amount of hydrogen peroxide (0.67 mmol/l) was
added to initiate the reaction. It is interesting to note that the final peroxide
concentration was the same as that at the beginning of the oxygen treatment.
In view of the instability of hydrogen peroxide in hot alkaline solution, it
can be concluded that peroxide was formed during the oxygen treatment.
It is likely that intermediate carbonyl compounds or enolate anions formed
during the degradation of cellobiitol are involved in the reactions which give
rise to peroxide.?

To simulate the reactions which occur during oxygen-alkali treatment of
cellulose, a short time of reaction (1.5 h) was chosen. This means that only a
fraction (about 10 9%,) of the added cellobiitol was attacked. The major portion
was recovered in the nonelectrolyte fraction which, in addition, contained
glucose and glucitol as major products together with minor amounts of 3-O-
(«-D-glucopyranosyl)-n-arabinose and 2-O-(a-D-glucopyranosyl)-p-erythrose.
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The amount of glucose found in the reaction mixture was 3.2 %, calculated
as a percentage (by weight) of the organic acids formed during the oxygen-
alkali treatment. Since glucose is unstable under the applied working conditions
and is rapidly converted into organic acids, it can be concluded that glucose
is a very important intermediate.

Glucitol was present in a larger amount (5.3 9, calculated on the same
basis). Glucitol is much more stable than glucose in the reaction mixture.
A separate experiment in which glucitol was treated under the same working
conditions as cellobiitol revealed that the rate of formation of acids was roughly
the same as that observed with cellobiitol. Evidently, the liberation of glucose
from cellobiitol is a much more important reaction than the formation of
glucitol.

Separate experiments carried out with cellobiitol in the absence of oxidant
showed that neither glucose nor glucitol was formed. The most likely expla-
nation for the formation of glucitol during oxygen-alkali treatment is that
an oxidation of the glucose moiety in cellobiitol, resulting in the introduction
of a keto group at C-3, occurs and is followed by a g-elimination at C-1 in the
oxidized glucose moiety. Experiments carried out by Theander strongly
indicate that oxidation at C-2 or C-3 will give the same reaction pattern since
the two carbonyl compounds are rapidly interconverted.*

The oxidized glucose unit is unstable in alkali and may also be further
oxidized. The consecutive reactions give rise to various fragmentation acids
as main end products. Since, as already mentioned, the amount of glucitol
was comparatively small, it can be concluded that this reaction path is not
very important.

Only a small amount of gluconic acid was present in the reaction mixture
(Table 1) indicating that no direct oxidative attack occurs upon the glycosidic
bond during oxygen-alkali treatment. Similar observations have been made
for aging of alkali cellulose,? oxygen bleaching of cellulose,2® and oxygen
alkali treatment of cellobiose.1%:12 In the experiment with glucitol, it was found
that gluconic acid was the most abundant acid formed during the oxidation.
The working conditions seem to have a great influence upon the products
formed from glucitol.??,2® These results confirm that, in the experiment with
cellobiitol, the major part of the liberated glucitol remained unattacked in the
reaction mixture.

From the results given above, it can be concluded that a major reaction
during the oxygen-alkali treatment results in the liberation of glucose. In
analogy with the reactions which seem to be predominant during oxygen-alkali
treatment of cellulose 26 and xylan,?® it can be assumed that the glucose is
liberated by g-elimination after the introduction of a carbonyl group in the
glucitol moiety.

The introduction of a keto group at C-2 in the glucitol moiety or an
oxidation at C-1 followed by a Lobry de Bruyn—Alberda van Ekenstein
transformation, would lead to a f-elimination with the formation of glu-
cose and 4-deoxy-D-glycero-2,3-hexodiulose, according to generally accepted
reaction schemes. In the absence of oxygen, this compound rearranges
to 3-deoxy-2-C-hydroxymethyl-ribo- and arabino-pentonic acids, whereas
oxidation in alkaline medium results in the formation of 2-deoxytetronic
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and glycolic acids.?® Both the rearranged acids and these oxidation products
were formed in large amounts when cellobiose was subjected to oxygen-
alkali treatment.19,22 Moreover, these products belonged to the main com-
pounds recovered from the solution when hydrocellulose was subjected to
the same treatment.®® No detectable amounts of isosaccharinic acids were
produced from cellobiitol under the applied conditions indicating that this
reaction path is of little or no importance as far as the degradation of cello-
biitol is concerned.

Another possibility of explaining the formation of glucose would be an
oxidation at C-6 in the glucitol moiety followed by a f-elimination at C-4 with
the formation of glucose and 3-deoxy-threo-hexosulose. An expected rearrange-
ment product (3-deoxy-zylo-hexonic acid) was recorded, but only in trace
amounts. Evidently, these reaction schemes cannot explain the main reactions
which occur during the oxygen-alkali treatment of cellobiitol.

As shown previously ! and confirmed in the present work 3-O-(f-p-gluco-
pyranosyl)-p-arabinose was formed during the oxygen-alkali treatment of
cellobiitol. This intermediate is very unstable in the alkaline medium. A g-
elimination results in the liberation of glucose. A subsequent rearrangement
of the intermediate dicarbonyl compound gives rise to the two diastereomeric
3-deoxypentonic acids 1 which were among the major reaction products
derived from the glucitol moiety. These results as well as the observation that
an appreciable amount of the expected fragmentation acid, 2-deoxytetronic
acid, was present permit the conclusion that oxidation of the glucitol moiety
to an arabinose moiety is a very important reaction path.

As expected, the relative amounts of the hexonic, pentonic, and tetronic
acids were lower in the reaction mixture obtained from cellobiitol than after
the treatment of glucose. On the other hand, glyceric and 2-hydroxypropionic
acids were much more abundant in the run with cellobiitol. Very probably
these acids are formed not only from liberated glucose, but also from the glu-
citol moiety.

An obvious difference, compared to the reactions which occur with sugars,
cellulose and the dicarbonyl compounds referred to above, is that with alditols,
straight chain compounds are the primary oxidation products. The results
indicate that these are very reactive and give rise to other reaction products
than those formed from the corresponding ring-closed compounds.
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Molecular Orbital Studies of r-Ascorbic Acid and Some
Related Molecules

EVEN FLOOD* and P. N. SKANCKE*

Department of Chemistry, University of Oslo, Blindern, Oslo 3, Norway

In this work the structure and UV spectrum of I-ascorbic acid and
ascorbate anion are examined through semiempirical calculations.
A scheme for z-electron calculations previously described is extended
to include methylene, using 1,3-cyclopentadiene as a reference sys-
tem. The methylene parameters are used in calculations on «-hydroxy-
tetronic acid and «-hydroxytetronate, which in the n-electron system
are similar to ascorbic acid and ascorbate. The results for the UV
absorption bands are close to the experimental values, the bond lengths
are not so well reproduced.

The crystal and molecular structure of rL-ascorbic acid (I) and ascorbate
anion (II) have been determined by X-ray and neutron diffraction.l—3
These structures display several interesting features; particularly, in the acid,
the carbon-oxygen bond lengths in the two hydroxyl groups are found to be
significantly different from each other. One of the purposes of this study is
to investigate these structures using semiempirical LCAO-MO-SCF methods.

Fig. 1. Ascorbic acid with labelling of
atoms.

* Present address: University of Tromse, N-9000 Tromsg, Norway.
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Fig. 2. Structure of molecules examined. I L-Ascorbic acid. IT Ascorbate anion. III «-
Hydroxytetronic acid. IV «-Hydroxytetronate anion.

Most of the calculations were confined to a study of the s-electrons in the ring,
using the ZDO approximation. One problem that arose in this connection was
to determine the effect on the electronic structure of the ring when the chain
—CHOH -CH,0H was substituted by a hydrogen atom. This effect was
studied using the CNDO/2 method on the molecules with and without chain.4-¢
The latter systems are «-hydroxytetronic acid (III) and «-hydroxytetronate
anion (IV). The m-electron calculations were made on these two molecules.

We also wanted to include the hyperconjugation from the methylene group
to the m-electrons. In order to do that, we had to extend the m-electron
calculations to include parameters for methylene.

When ascorbic acid is protolyzed to ascorbate anion, this can occur in two
ways, giving two different ions. Chemical evidence indicates that only one
kind is formed. As a part of this work, s-electron calculations were made to
find out if this can be explained from the n-electron energy differences alone.

For both (I) and (II), experimental UV-data exist. The first transition has
been interpreted as a w—xz* transition in both molecules. Another purpose of
this work is to calculate these transition energies. The validity of these pre-
dictions may give an indication of the extent to which the method can yield
quantitatively satisfactory results in cases with several hetero atoms.

PARAMETERS FOR THE n-ELECTRON CALCULATIONS

The n-electron calculations were made using a scheme for the semi-em-
pirical parameters proposed for unsaturated hydrocarbons.? The scheme has
later been extended to include the carbonyl group,® ether oxygen,® and other
heteroatoms as well as hyperconjugation from the methyl group.’® For the
molecules (IIT) and (IV) we wanted to include the hyperconjugation from the
methylene group. This was done by a method similar to the one used for
methyl.10
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As the parametrization scheme has been described in the papers already
referred to, only a brief outline will be given here. The main characteristic
is that the one-electron parameter W, is made dependent on the surroundings
of the atom u. This dependence is expressed by

W,=W,+3AW(®) 1)

where the sum is over nearest neighbours. 4W ,(») varies with the nature of
the neighboring atom », and, for some bonds, with the bond length R,, through
the assumed linear relation

AW”('V) = AWO”('V) + 5W(R/4V_R°yv) (2)

Similarly the two-center parameters f,, and y,, are made dependent of the
bond length through the relations

ﬂ/w = ﬁo;w + 5ﬂ(RIH’~'R°M") (3)
Yur = Y ur + 0Y(Ryuy— R°y) (4)

The parameters are chosen to fit the UV-spectra and ionisation potentials
(using Koopmans’ theorem) of several reference molecules.

In addition to the parameters previously determined, we need for this
investigation parameters for the methylene group, for the carbon-methylene
bond, and for the oxygen-methylene bond. For the methylene group and the
carbon-methylene bond, a procedure much similar to the one proposed for
methyl 19 is followed.

The methylene group may be described by two 1s orbitals from the two
hydrogen atoms located symmetrically about the molecular plane chosen as
the zy-plane, one 2pz orbital from carbon, and one sp? orbital symmetrical
about the xy-plane. As the group has four electrons, these atomic orbitals
(AO’s) can be combined to form two doubly occupied quasi AO’s:

a = c(sp?) + d(s; + S,) (5)
7 = a(pz) + b(s,—s,) (6)

where a, b, ¢, and d are constants. Of these, the first has o-symmetry and the
second has m-symmetry. We see that with this description, methylene can be
formally treated as a lone pair. In order to calculate y,, from methylene to a
non-neighboring atom using the ball-approximation,”* we had to approximate
this m-orbital with two uniformly charged spheres touching each other some-
where on the line from carbon to the line connecting the hydrogen atoms.

The parameters y.. and f., were assumed independent of R.,, and AW ,-
(C) was included in W, so the parameter determined was the total W,, not
W¢,. Thus, the following five parameters had to be determined: f.., Ycn,
VW(m), W, and the one-center parameter y,,.

The simplest approach to the problem, is to place the ball center in the
middle of the carbon-hydrogen axis, and use the parameters for methyl,
following the reasonable chemical argument that the effects from methyl and
methylene must be similar. This approach has been tried giving good results 12
(see also Table 2). In the present paper the parameters were obtained from
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calculations on 1,3-cyclopentadiene using experimental electronic transition
energies and ionisation potentials as reference values.

The electronic transitions of cyclopentadiene have been studied both
experimentally 115 and theoretically.'® In the theoretical study referred to,
a modified CNDO method with configuration interaction was used. The results
obtained indicate that of the four lowest electronic transitions, one band
at 7.4 eV represents a g—x* transition, while the other three bands at 5.34,
6.2, and 7.9 eV correspond to m—>z* transitions. Our calculations seem to
confirm this, as the value 7.4 eV is very difficult to reproduce as a nm—>n*
transition.

CNDO/2 calculations on cyclopentadiene showed that for the occupied
orbitals the coefficients for the pz orbital are larger than for (s, —s,). This led
us to place the ball center somewhat closer to the carbon atom than to the
hydrogen-hydrogen axis. We chose the distance 0.26 A from the former, and
0.35 A from the latter.

The parameter y,, was difficult to determine using the spectral values as
reference. Predicted UV-spectral values and ionisation potential are very
insensitive to changes in this parameter. Accordingly, a precise value of this
parameter is not important in the present context. To obtain a value we
normalized the m-orbital given by (6), assuming a/b=5/4 for the reason men-

Table 1. Parameters for methylene, compared with parameters for methyl.?* Ball radius
in A and integrals in eV.

YCHs-CHs 10.01 YCHa-CHa 7.42

) —~12.0 CH, —13.38
AWe(CH,) 0.50 AWo(CH,) 0.636

Pe—cm, —1.38 Be-cu, —1.07

YC=CHs _. 5.70 Yo-CHa . 5.70

Ball radius 1.76 Ball radius 2.40

Y0-CHa 7.00

Q-CHa -1.25

AWen, (0) —0.16

AW (CH,) 1.51

Table 2. Semiempirical calculations on 1-—3 cyclopentadiene. All values in eV.

Exp.values  CNDO PPPe PPP? PPP°¢
Tonisation
potential —8.58¢ —8.60 —8.60 —8.58
Transition
energies 5.34 4.8 5.51 5.51 5.36
6.2 6.3 . 6.4 6.4 6.5
7.9 7.9 7.8 7.8 7.9

@ Parameters for methyl used for methylene. b Same as above, but with yzz="7.42. ¢ Meth-
ylene parameters developed in this work. ¢ Ref. 17.

Acta Chem. Scand. 27 (1973) No. 8



MO STUDIES ON L-ASCORBIC ACID 3073

tioned above. We then decomposed the integral as a sum of integrals over
2pz, 81, and s,. Three-center integrals were omitted, and the one- and two-
center integrals were estimated from correlation corrected values for (pzpz|pzpz)
and (ss|ss). By this method, we arrived at the value 7.42 eV. As seen in Table 2,
the change from 10.01 eV for methyl has very little effect. The remaining four
parameters were determined so as to give the best fit to the experimental
values. The results are given in Tables 1 and 2.

The method used to estimate the parameters yo., fos, 4W(x) and 4W,(0O)
are as follows:

The AW values were assumed to be the same as for the C—0O and C-C
groups. As the W, determined for methylene is the total value, we estimated an
effective 4W,(0) from the formula

Wa(0,0) = Wi(C,0) = AWA(C) + AWA(O) = Wa(C,C)— AW(C) + AWL(O) (7)

where the last two terms give the effective 4W,(0O) used in the calculation.
The value of fo. was obtained from the relation

Beol Bec = Brolnc (8)

where all the f-values were taken at the same bond length, 1.50 A found
through the linear relation (3).

Table 3. n-Electron parameters used in the calculations.

Carbon-carbon Carbon-ether oxygen Carbonyl

Yo 11.97 eV Y00 18.89 eV Y00 18.89 eV
yoc__c 6.91 eV Yco 6.20 eV Yco 9.33 eV
d¥cc —3.99 eV/A
Bee —2.42eV Beo —1.80eV Bco —2.46 eV
0 Bcc 3.05 eV/A
We —9.84 6V Wo —11.18 6V Wo —19.60 eV
AW(C) 0.07 eV AW (0) —0.09 eV AW(0) —0.71 eV

vy 9.22 eV/A AW(C) 1.51 eV AW (C) 1.30 eV
Ball radius 147 A 1.09 A 1.09 A
Rece 1.395 A Re_o 1.35 A Rc o 1.22 A

The value of yo. was interpolated from a curve with the constraints that
for Ro,=0, y0:=3%(Yo0~+ V=) and for Ro,=4A, yon Was equal to the theo-
retical value for yo.. Interpolation for the value Ro,=1.62 A gave the value
7.00 eV.

RESULTS AND DISCUSSION

The structure of L-ascorbic acid and ascorbate anion have been examined
by Hvoslef.1-3 This structure was used as input in the CNDO/2 calculations
on the molecules (I) and (II). In (ITII) and (IV), the ring structures of the first
two were used, but the ring was assumed planar and the methylene group was
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assumed to be symmetrical about the molecular plane. As the ring is not
exactly planar, this assumption introduced some small changes in the oxygen-
methylene bond.

The premise for the n-electron calculations is that the electronic structure
of the ring is not much changed when the chain —CHOH —CH,0H is substi-
tuted by hydrogen. To test this assumption, CNDO/2 calculations on all
four molecules were made, and the charges on the nuclei were compared. The
results of this calculation, shown in Table 4, show that the variations are small.

Table 4. CNDO/2 results for charge distributions.

(1) (IT) (I1I) (Iv)
0(4) 6.2414 6.3032 6.2333 6.2774
C(1) 3.6213 3.6356 3.6220 3.6356
O(1) 6.3224 6.4459 6.3176 6.4193
C(2) 3.9961 4.1515 3.9900 4.1561
0(2) 6.2453 6.2924 6.2437 6.2322
C(3) 3.8446 3.7911 3.8421 3.7949
0(3) 6.2341 6.4959 6.2326 6.4999
C(4) 3.8848 3.9018 3.8858 3.8951
C(5) 3.8476 3.8591
O(5) 6.2407 6.2882
C(6) 3.8741 3.8620
O(6) 6.2577 6.2980

This indicates that the calculations made on (III) and (IV) to a good approxi-
mation are valid also for (I) and (II). The remaining calculations therefore
are concentrated on the first two molecules.

From the structure of ascorbic acid, it is seen that O(2) might be protolyzed
as well as O(3), forming the ions (V) and (VI). However, chemical evidence
indicates O(3) as the protolytic group for the first protolysis.® An attempted
explanation for this is that (IV) is stabilized through resonance as shown
by the structures

HO 0~ HO 0
\C =C/ - \ —C//
O—C/ -0 C/ \
\ A
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To test this resonance picture, z-electron calculations were made on (IV) and
(VI). For both ions, the structure of (I11) was used. From the resonance models,
several predictions can be made. In (IV) the charge on O(1) will be larger
than in (VI), also (VI) will have larger charge on O(2) than (IV) has on O(3).
Further, in (IV) the x-bond-order for C(2) — C(3) will be smaller and for C(1) —
C(2) larger than in (VI).

The result of this calculation is given in Table 7. The charge distribution is
not as expected. The predicted etfects are present, but they are not large
enough to be considered significant. The bond orders are more as expected.
The delocalized bonds implied by the resonance model for (IV) are depicted
in the almost equal bond order for C(1)—C(2). In (VI) the bond is localized
to C(2)—C(3).

Interesting are the high charges on C(2)/C(3) in (IV)/(VI}. They indicate
that if a resonance picture is used, a more complete one is

HO 0~ HO 0 HO
\ / \:_ / \ /
C=C = —C = c—cC
/ \ / \ _ /7 \
0=¢ 0=¢C 0—¢C
\ \ \
and
'o\ /OH o\\ OH
C=C frmmmand Cc—C~
od N AR
\ A

The n-electron energy for (VI) is 0.02 a.u. higher than for (IV). This corre-
sponds to a Maxwell-Boltzmann distribution, at 300 K,

Nyy/Npy = 10710

so the energy difference alone is satisfactory for explaining why only (II) is
observed. )

The lowest transition energies of (I) and (II) have been measured in aqueous
solutions.’® The values found are 5.08 eV for the acid and 4.67 eV for the ion.
The absorption bands have been assigned to m—n* transitions of the ring

Table 5. The two lowest calculated transition energies, with oscillator strengths, and the
lowest observed bands for (III) and (IV). Energies in eV.

E f Eobs.
11T 5.20 0.321 5.08
4.84 0.212
v 6.34 0.156
4.54 0.508 4.67
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electrons.’® The results of our calculations are shown in Table 5. They show
that in (III) we have two transitions at 5.20eV and 4.84 eV as the lowest values.
If we take a weighted mean of these (with respect to the calculated oscillator
strength f), we obtain 5.06 eV, which is close to the experimental value. For
(IV) the calculation gives the lowest transition energy at 4.54 eV with
oscillator strength f=0.508. The next transition is at 6.34 eV with f=0.158.
It is reasonable to suppose that experimentally these two transitions will come
out separately, and that the value measured corresponds to the first predicted
transition.

Thus a good agreement with the experimental values is obtained. This
shows that the hypothesis that the transition is 7—>n* is a reasonable one, and
also that the assumptions underlying the calculations used here are valid.
The shift in transition energy in going from the acid to the ion is —0.41 eV.
The calculated shift is —0.52 eV, in excellent agreement with the experi-
mental value. It is somewhat surprising that the values for the ion are so well
reproduced. The semi-empirical calculations are made on the isolated molecule,
which means that solvent effects should be expected to give larger deviations
from the theoretical values than we get here.

In the zm-electron approximation, formulas have been made which give an
approximate relation between mobile bond order and bond length. These are
all of the form

Ry = Ry — P

where R,, is bond length, R°,, is the length for a reference bond, ¢ is a con-
stant and p,, is the m-electron bond order. These relations were first used in
the Hiickel approximation,’® later it has been shown 20 that they can be used
in the ZDO-SCF approximation. In this case the bonds examined are carbon-
carbon,” carbon-carbonyl oxygen,® and carbon-hydroxyl oxygen.® The formulas
for these bonds are

R =1517-0.18 p._. (9)
Reeo =1.365—0.18 pemg (10)
Re o =1.430—0.214 p_, (11)

The bond orders for (III) and (IV) were used to calculate the bond lengths,
and the results were compared to the experimental values for (I) and (II).
The bond order is not very sensitive to changes in the input structure, so the
same input as before was used. The result of these calculations are shown in
Table 6.

The deviations from the experimental values are rather large. Especially
for the ion, the differences are up to 0.02—0.03 A. It is interesting, however,
that the changes in the bond length in the system O(1)—C(1)—C(2)—C(3)
when O(3) is protolyzed, is well reproduced. The most unexpected result is
that the calculated bond distances for O(2) —C(2) and O(3)—C(3) in the acid
are equal. Also the difference between the calculated and the experimental
value for C(3)—0(3) is 0.05 A.

This short bond length is connected with the fact that O(3) is the proto-
lytic oxygen. Krogh Andersen? has reviewed X-ray structures of several
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Table 6. Calculated bond lengths compared to experimental values. Values in A. a. (III)
compared to (I). b. (IV) compared to (1I).

Bond Bond length
a order cale. exp.
C(1)-C(2) 0.308 1.441 1.452
C(2)—C(3) 0.882 1.359 1.338
C(1)—-0(1) 0.710 1.237 1.216
C(2)—-0(2) 0.249 1.377 1.361
C(3)—0(3) 0.252 1.376 1.326
C(1)—0(4) 0.468 1.330 1.355
b Bond Bond length
order calc. exp.
C(1)—-0(2) 0.571 1.414 1.416
C(2)—-C(3) 0.655 1.399 1.373
C(1)—0(1) 0.602 1.257 1.233
C(2)—0(2) 0.134 1.401 1.385
C(3)—0(3) 0.599 1.257 1.287
C(1)-0(4) 0.379 1.349 1.358

Table 6. ¢. Changes in bond lengths when O(3) is protolyzed. Values in A.

Cale. expt.
C(1)-0(1) +0.020 +0.017
C(1)-C(2) —0.027 —0.038
C(2)—C(3) +0.040 +0.035

Table 7. Charge distribution for the z-electrons and n-bond orders in (IV) and (VI).

Atom av) Iv) Bond (Iv) (VI)
c(1) 0.6796 0.5507 C(1)—C(2) 0.571 0.275
C(2) 1.2886 0.7998 C(2)—C(3) 0.655 0.763
C(38) 0.5749 1.3884 C(1)—0(1) 0.602 0.677
CH, 1.9846 1.9922 C(2)—0(2) 0.134 0.524
0(1) 1.7173 1.6768 C(3)—0(3) 0.599 0.127
0(2) 1.9748 1.7597
0(3) 1.7248 1.9733
0(4) 1.8760 1.8588

organic acids, among them «-methyltetronic acid and «,y-dimethyltetronic
acid. A linear relation is found between the bond length of the carbon-oxygen
bond and the pK, of the oxygen.

Acta Chem. Scand. 27 (1973) No. 8



3078 FLOOD AND SKANCKE

One might argue that the short C—O distance is due to intermolecular

forces, in this case hydrogen bonds. In the crystal where all the structure
measurements have been made, several hydrogen bonds are present. These
might cause perturbations. Against this hypothesis, however, is the fact that
semi-empirical calculations made by Lofthus using the Hiickel method with
overlap give the correct difference in bond order.??
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Approximate Self-consistent Field Molecular Orbital
Calculation on Trithiadiborolane, Dichlorotrithiadiborolane,
Dimethyltrithiadiborolane, Trioxadiborolane,

Dichlorotrioxadiborolane, and Dimethyltrioxadiborolane

ODD GROPEN* and PER VASSBOTN

Department of Chemistry, University of Oslo, Blindern, Oslo 3, Norway

The electronic structure of trithiadiborolane, dichlorotrithia-
diborolane, dimethyltrithiadiborolane, trioxadiborolane, dichlorotri-
oxadiborolane and dimethyltrioxadiborolane have been investigated
using the CNDO/2 method. The calculations indicate a nearly similar
degree of multiplicity in the ring bonds for the two types of com-
pounds.

he molecules H,S, and H,0, have been shown -3 to have dihedral angles

of 90 and 60— 90 degrees from trans, respectively. Later the cis barriers
for these molecules were calculated by ab initio methods 45 to 9.33 and 8.35
kecal/mol. The origin of these barriers are widely discussed and it is claimed
that the repulsion between the lone pairs in the planar state is mainly re-
sponsible for the twisted form.¢

In ring compounds where S—S and O—O bonds are present one should
for the same reason expect a none-planar skeleton, except when conjugation
is present in the system. In the case of conjugation one obtains a very favor-
able delocalization of the =-electrons, and at the same time the lone pair
repulsions are reduced.

In the ring compound trioxadiborolane the boron atom is contributing to
the z-system with a formally vacant 2p,-orbital. One should expect this vacant
orbital to be especially well suited for conjugation with the 2p, lone pairs on
the oxygen atoms. This also seems to be the situation as trioxadiborolane has
been established to have planar equilibrium.? Semiempirical calculations have
suggested considerable nz-bond orders in this ring.,°

* Present address: Institute of Medical Biology, University of Tromse, Box 977, N-9001
Tromse, Norway.
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;),——0\2 71—'—%‘2 7)1—0\2
Ny M W B\s{B\H o E"\(,‘/B\c\
Trioxadiborotane Trithiadiborolane Dichlorotrioxadiborolane
lS,——S\z ?I—O\Z /51—52
CL/B\S‘/B\Cl Me™ B\OL/B\Me Me/B\SL/B\Me
Dichlorotrithiadiborolane Dimethyltrioxadiborolane Dimethyltrithiadiborolane

Fig. 1. Labelling of the atoms.

Lately the dichloro-1,2,4-trithia-3,5-diborolane 1© and the dimethyl-1,2,4-
trithia-3,5-diborolane 1 were investigated by electron diffraction, and these
compounds were also found to have at least nearly planar rings.

To study the electronic structure of these rings, and compare the degree
of multiplicity in the ring bonds were either oxygen or sulfur is engaged we
have performed semi-empirical calculations on the molecules (BH),0,, (BCl),0,,
(BCH,),04, (BH),S;, (BC1),S; and (BCH,)S,.

METHOD AND STRUCTURE PARAMETERS

For only three of the compounds the experimental structure is etablished.’s!*!! For
these compounds the experimental structures are used. For the other three we have made
estimates of the necessary geometry parameters. Calculations with different geometries
have shown the results not to be sensitive with respect to these variations.

The CNDO-method used here 12,1 is based on a minimal Slater basis for the first and
second period, and including 3d-polarization functions for the third period. Santry and
Segal pointed out that calculations including 3d-orbitals predict experimental results
slightly better than without.™ This is not surprising as several ab initio calculations have
shown the importance of including 3d-orbitals on third period atoms.'®

Recent calculations with the CNDO-method have, however, shown some difficulties
in predicting reasonable charge distribution when d-orbitals are included on the third
period atoms.’* We performed calculations both with 3d-orbitals included and excluded.
From these calculations we concluded that the results were not much influenced of the
d-orbitals except from the charge distribution. Where d-orbitals were included a total
charge transfer from sulfur to boron was predicted. This result is so unexpected that we
decided to concentrate on the results obtained without d-orbitals on sulfur and chlorine.

RESULTS AND DISCUSSION

a. Orbital energies. The calculated orbital energies are presented in Tables
1 and 2. We have given a tentative assignment of the molecular orbitals in
terms of z-orbitals and more or less localized g-orbitals. The proposed assign-
ments are presented in the tables.

Disregarding the chlorine lone-pairs we found the highest filled orbital in
all the oxygen rings to be a oxygen lone pair, whereas the highest filled orbital
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Table 1. Orbital energies for the oxygen compounds. All values in a.u.
(CIB),0, (HB),0, (CH,B),0,4
Sym.  Energy Int.pr. Sym. Energy Int.pr. Sym. Energy Int.pr.
la, -1.981 B-0, la, -1.951 B-O0, la, -1.929 B-0,
2a, —1.629 B-0, 2a, —1.388 B-O, 2a, —1.569 B-O,
15, -~1.374 B-0, 1b, -1.331 B-O, 15, —1.435 B-C
3a, -1.173 B-Cl 2b, —-0.948 B-0, 3a, —1.364 B-C
2b, —1.160 B-Cl 3a, -0.929 0-0 2b, —-1.249 B-0,
4a, -0.957 0-0O 4a, -0.923 B-H 15, —0.932 =
1b, —0.949 = 1b, —0.898 = 4a, —-0.907 0O0-0
3b, —0.853 B-O, 3b, —-0.689 B-H 3b, -0.867 B-O,
5a, —0.820 1pCl 5a, —-0.643 1pO 5a, —-0.810 C-H
4b, —0.707 1pCl 2b, ~0.633 = la, —-0.778 aC-H
2b, —-0.675 =« la, —0.615 = 4b, —-0.741 C-H
la, —-0.673 = 6a, —-0.614 1pO 6a, -0.718 C-H
6a, -0.658 1pO 4b, -0.597 1pO 2b, —0.700 =C-H
Ta, —0.608 1pO 5b, —-0.607 C—-H
5b, -0.581 1pO 3b, —0.598 =
2a, ~0.568 = Cl Ta, ~0.584¢ 1pO
3b, —0.557 = Cl 8a, —-0.578 1pO
8a, -0.557 1pCl 2a,q —-0.567 =
6b, —-0.552 1pCl 6b, —0.558 1pO
Table 2. Orbital energies for the sulfur compounds. All values in a.u.
(C1B),S, (HB),S, (CH,B),8S,
Sym. Energy Int.pr. Sym. Energy Int.pr Sym.  Energy Int.pr.
la, —1.345 B-8§, la, -1.309 B-S, la, —1.411 B-C
16, -1.195 B-Cl 2a, —1.03¢ B-S8, 16, —1.394 B-C
2a, —-1.145 B-Cl 16, —-0.988 B-8§, 2a, —1.245 B-S8,
3a, —-1.059 B-S, 3a, ~0.835 B-H 3a, —~1.038 B-S8,
2b, -0.913 B-8, 2b, —-0.807 B-8§, 2b, —-0.924 B-S,
3b, -0.752 B-8, 4a, —0.706 S-8 3b, —0.811 B-S,
4a, —-0.747 S-8 1b, —0.634 = 1b, —0.804 =g
15, —-0.699 = 3b, —-0.548 B-H 4a, —0.781 S-8
5a, —0.691 1pCl 5a, —-0.533 1p8S la, —0.772  mwe_g
4b, —-0.614 1pCl 4b, —0.482 1p8S 5a, —-0.695 C-H
la, —0.597 = Cl 2b, —0476 = 4b, —-0.687 C-—-H
6a, —-0.595 1pCl 6a, ~0.460 1pS 6a, —-0.664 C-—-H
2b, —-0.539 @y la, —0443 = 2b, —0.569 =
Ta, —0.500 1p8S 5b, —-0494 C-H
5b, —-0.495 1pCl Ta, —0.491 1p8S
3b, —0.489 = 3b, —0.456 =
8a, —0.474 1p8S 6b, —0.455 1pS
6b, —0474 1p8S 8a, —0.432 1pS
2a, —0.441 = 2a, —0414 =
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in all the sulfur compounds is a m-orbital. Also the energy of the totally
symmetric n-orbital we found to be relatively lower in the oxygen compounds
than in the sulfur compounds.

This tendency of the z-orbitals to have a lower energy in the oxygen com-
pounds may indicate a slightly better delocalization in these compounds
compared to the sulfur compounds.

b. Charge distribution. The gross atomic populations are presented in Table 3.
In all rings we found a charge transfer from boron to oxygen or sulfur in the
o-skeleton, and a smaller backbond effect in the m-system.

Table 3. Gross atomic population.

Atom (CIB),04 (HB),054 (CH,B),04 (CIB),8, (HB),8, (CH;B),S
o n  tot. o 7  tot. o n  tot. o n  tot. o 7 tot., o . tot.
04/S, 4.65 1.61 6.26 4.67 1.57 6.24 4.67 1.61 6.28 4.42 1.70 6.12 4.44 1.65 6.09 4.46 1.70 6.17
B 2.07 0.47 2.54 2.23 0.43 2.65 2.19 0.46 2.66 2.30 0.44 2.74 2.46 0.38 2.83 2.40 0.42 2.82
02/S, 4.34 1.81 6.15 4.36 1.79 6.14 4.36 1.81 6.17 4.23 1.83 6.05 4.25 1.80 6.05 4.26 1.83 6.09
C1/H/CH, 5.26 191 7.17 1.08 1.08 7.05 5.27 1.88 7.15 1.07 1.07 7.00

As has been expected the n-charge transfer into the vacant 2p -orbital
on boron is significant. But though the inductive effect in the g-skeleton is
different in the two types of compounds the back-bonding is almost constant.

CNDO-calculation 17 on aminoborane indicates a z:-charge on boron
(—0.394) that is very close to our result. For borazine, however, MWH-
technique 8 is predicting a boron m-charge of — 0.6162, which should indicate
a much stronger conjugation in this compound.

The charge distribution in the rings is almost unaffected by change of
substituents.

c. n-Bond order. The bond orders from a CNDO-calculation are usually
not invariant under a coordinate transformation. Using only one 2p,-orbital
for each atom in the zm-representation for a planar molecule, the obtained
n-bond orders may be an indication of the relative conjugation in the systems.
The obtained m-bond orders are presented in Tables 4 and 5. The numbers
obtained certainly predict a conjugation in the systems.

Table 4. n-Bond orders for the oxygen compounds.

Bond (C1B),0, (HB),0, (CH,B),0,
0-0 0.020 0.033 0.028
B-0, 0.514 0.548 0.516
B-0, 0.537 0.577 0.536
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Table 5. n-Bond orders for the sulfur compounds.

Bond (CIB),S, (HB),S, (CH,B),S,
S—8 0.040 0.060 0.046
B-8, 0.470 0.513 0.465
B-S8, 0.510 0.569 0.510

The most striking result is the very small bond orders for the O — O and
S—S bonds. This was earlier pointed out by Coulson for the O—O bond.®
The bond orders are, however, indicating a shortening of these bonds relative
to H,S, and H,0, as far as conjugation is concerned. They also predict a
stronger shortening of the S—S bond than the O —O bond relative to H,S,
and H,0,, respectively.

The experimental value for the O — O bond length in hydrogen peroxide
is not clear as quite different values are presented in the literature (1.475 Az
and 1.453 A1), The O—O bond length in trioxa-diborolane is found to be
1.47 A. For the S—S bond the experimental results are giving a lengthening
in the ring (2.067 A) compared to hydrogen persulfide (2.055 A).

Coulson & has suggested that in (BH),0; the repulsion between the net
charges on the oxygen atoms may give just the opposite effect of conjugation.
This could be the situation for the sulfur compound too. But probably the
variation in the bond lengths are not deducible from our calculations.

Considering the n-bond order one should expect a shorter B—0, (B—8,)
bond than B—0, (B-—S8,). This is in agreement with the experimental results
for the oxygen compound, but in the two experimentally investigated sulfur
compounds the electron diffraction method was not conclusive.

Compared to the CNDO-calculation on the aminoborane we have higher
bond orders both for the B—O and the B —S bonds than for the B—N bond
(0.305).17

CONCLUSION

The results all predict a high degree of conjugation in the rings. This
seems reasonable as they by experimental investigation are concluded to be
planar. But what is a little unexpected is the small difference between the
rings containing sulfur and oxygen. One should, however, be careful in stressing
this point too far as the CNDO/2 method may give wrong conclusions. Es-
pecially the lack of 3d-orbitals may influence the result a great deal.

On the other side, if the conjugation alone is expected to be responsible
for the planarity it is not surprising to find the same effects in the sulfur com-
pounds as in the oxygen compounds. This because the calculated barrier to
internal rotation about the S —8 bond is even higher in hydrogen persulfide ¢
than the corresponding barrier in hydrogen peroxide.®

We feel that both these questions and the bond length variations may be
better understood through ab 2nitio calculations. We are therefore now studying
the molecules (H,B)OH, H,B(SH), (H,B)O,(BH,), and H,BS,BH, together
with the ring compounds (BH),05; and (BH),S; by ab initio calculations.
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Synthesis of the N-Trityl Hexapeptide Hydrazide
Corresponding to the Sequence 152—157 of the Coat
Protein of Tobacco Mosaic Virus. Comparison of the

Homogeneous and the Solid Phase Syntheses

JOHN HALSTR®M, KAROLY KOVACS
and KAY BRUNFELDT

The Danish Institute of Protein Chemistry, Affiliated to the Academy of Technical Sciences,
4 Venlighedsvej, DK-2970 Hgrsholm, Denmark

The pentapeptide derivative benzyloxycarbonyl-threonyl-(benzyl)
seryl-glycyl-prolyl-alanine methyl ester was synthesized in solution
from alanine methyl ester and on a polymeric support from alanyl-
resin (followed by transesterification) by stepwise chain elongation
using dicyclohexylcarbodiimide and fert-butyloxycarbonyl amino
acids. Threonine was introduced as benzyloxycarbonyl-threonine.
The over-all yield was 24 9, and 28 9, respectively, based on alanine,
whereas the efficiency, based on the utilization of amino acids, was
28 9% and 9 9, respectively. The products were shown to be identical.
Finally, the deprotected pentapeptide methyl ester, obtained by
catalytic hydrogenation, was condensed with trityl-tryptophan by
the action of dicyclohexylcarbodiimide. The product, trityl-tryptophyl-
threonyl-seryl-glycyl-prolyl-alanine methyl ester, was converted to
the hydrazide by treatment with hydrazine hydrate in ethanol.

In the present synthesis of a fragment of the C-terminal part of the coat
protein of Tobacco Mosaic Virus (vulgare)! (residues 152—157) a penta-
peptide derivative, Z-Thr-Ser(Bzl)-Gly-Pro-Ala-OMe,* was used as inter-
mediate. A comparison of its synthesis in solution and on a solid support
using the Merrifield method 2 was made. A similar study has been reported
for the sequence 81 — 85.3 Experience with uncontrolled solid-phase synthesis
indicates that in general, due to the accumulation of closely related products,
only peptides, for which especially favourable isolation procedures are available,
can be synthesized in a high state of purity. Cyclic peptides, like antamanid,*
gramicidin S, and valinomycin,® seem especially suited for solid-phase syn-

* Abbreviations used in the text: Z= benzyloxycarbonyl; Boc= fert-butyloxycarbonyl; Bzl=
benzyl; DMF = dimethylformamide; DCC= dicyclohexylcarbodiimide.
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thesis, presumably because cyclization and crystallization is an efficient
purification. Unfortunately, very few free peptides can be purified by crystalli-
zation from organic solvents. However, in the preparation of protected peptides
favourable crystallization properties are occasionally encountered.” In the
rational synthesis of protected peptides for fragment condensation, the fully
automated solid-phase synthesis 8 of such intermediates may be competitive
with synthesis in solution. In the present case, an over-all yield of 28 9, based
on the C-terminal residue was obtained, compared with 24 9, in solution.
However, when comparing the syntheses on an economical basis, the con-
siderable excess of protected amino acids used in the former method should
be taken into account. Thus, by calculating the synthesis efficiency according
to Rydon,? a figure of 9 9, is obtained compared with 28 9, in solution. Still,
it should be emphasized that neither synthesis has been optimized.

EXPERIMENTAL

Melting points are uncorrected. Ascending thin-layer chromatography was performed
on commercial plates (DC-Fertigplatten, Kieselgel I 254, E. Merck AG., Darmstadt).
Solvent systems: S1 (chloroform/acetic acid/methanol by volume 90/5/5), S2 (2-butanol/
formic acid/water by volume 75/15/10,) S3 (2-butanol/10 9% aqueous NH; by volume
85/15), S4 (1-butanol/pyridine/acetic acid/water by volume 37/25/8/30), S5 (2-methyl-
2-propanol/pyridine/heptane by volume 33/13/54), and S7 (l-butanol/acetone/diethyl-
amine/water by volume 37/37/7/19). Chromatograms were visualized by spraying with
tert-butyl hypochlorite, followed by p-tolidine/potassium iodide, or by spraying with
N hydrogen chloride in acetic acid, followed by ninhydrin. Optical rotation was measured
on a Perkin-Elmer model 141 photoelectric polarimeter (tube length 1 dm). The resin
(Bio-beads S-X2, 200 — 400 mesh) was obtained from Bio-Rad Laboratories, Richmond,
California, and was chloromethylated and esterified with the first amino acid, Boc-
alanine, according to the general procedure of Merrifield.* Methylene chloride (May and
Baker, Ltd. Dagenham, Essex) was stored over potassium carbonate and distilled be-
fore use. Acetic acid (‘“‘Pronalys’ glacial acetic acid, May and Baker Ltd.) was used as
such. Ethanol was commercial absolute ethanol. Boc-Gly and Boc-Pro were prepared
according to Schnabel 1* whose procedure was also used to prepare Z-Thr at 10°C and
pH 8.2. Boc-Ser(Bzl) was purchased from the “Reanal”’ factory of laboratory chemicals,
Budapest. Amino acid analysis was carried out on a Beckman model 120C analyzer
after hydrolysis in sealed tubes at 110°C in 6 N hydrochloric acid. Unless otherwise
stated, the time of hydrolysis was 24 h. Samples were not dried to constant weight prior
to amino acid analysis.

Synthesis in solution

Boc-L-Pro-1,-Ala-OMe (I). L-Alanine methyl ester hydrochloride (41.7 g, 300 mmol)
was dissolved in DMF (56 ml) and neutralized by addition of triethylamine (40 ml).
During the addition, the mixture was diluted with methylene chloride (100 ml) to keep
it from solidifying. Excess of volatile base was detected over the liquid surface with the
aid of moist indicator paper (Neutralit, Merck). The excess was removed by addition of
more IL-alanine methyl ester hydrochloride (ca. 1 g). After further dilution with methylene
chloride (100 ml), a solution of Boe-L-Pro (64.5 g, 300 mmol) in methylene chloride (250 ml)
was added, and the mixture cooled to 5°C. After addition of a solution of DCC, Merck,
(62.0 g, 300 mmol) in methylene chloride (100 ml), the temperature rose to 20 — 25°C for
5—10 min. By immersion in a cooling bath, the temperature was quickly readjusted to
about 5°C and the mixture was left to stand at this temperature for 16 h. By filtration the
formed dicyclohexylurea (75.0 g), m.p. 196 — 203°C, was isolated, and the filtrate was left
to stand at room temperature (22— 25°C) for 4 h. By concentration in vacuo to about
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half volume, a further quantity of dicyclohexylurea (9.0 g) could be isolated. The total
crude yield of this by-product was 84.0 g (theory: 67.2 g); it was stirred with methylene
chloride (200 ml), filtered and dried at 0.1 mmHg. Yield: 68.4 g, mp. 205—215°C. The
combined filtrates were washed with 5 9, aqueous citric acid (200 ml), water (3 x 100 ml),
5 9 aqueous sodium bicarbonate solution (200 ml), and water (3 x 100 ml), dried over
MgSO,, filtered and evaporated to dryness at 0.1 mmHg. The yellow syrup (90.0 g,
100 9%) was covered with petroleum ether (b.p. 60 —80°C.) and left to stand for 18 h at
room temperature. The crystalline mass was recrystallized from ethyl acetate (80 ml)/
petroleum ether (600 mi). Yield: 51.5 g of m.p. 79— 81°C. Upon evaporation of the mother
liquor to dryness and crystallization of the resulting syrup from ethyl acetate (20 ml)/
petroleum ether (600 ml) a second crop (15.5 g, m.p. 78 —80°C.) was obtained. Thus the
total yield was 67.0 g (75 %). [«¢]p®= —92,3% [a];®= —96,6° (¢=1 in methanol);
RpS2=0.8; R;85=0.6. (Found: C 56.2; H 8.1; N 9.3. Cale. for C,H,N,0; (300.4):
C 56.0; H 8.1; N 9.3.) Amino acid content (mol per 300.4 g): Pro 0.98, Ala 0.97.
Boc-Qly-1-Pro-L-Ala-OMe (II). 1 (60.0 g, 200 mmol) was dissolved in N HCl/glacial
acetic acid (500 ml) and, left to stand for 90 min at room temperature. Evaporation to
dryness at room temperature and 0.2 mmHg left an oil (66 g), which still contained some
acetic acid. It was mixed with DMF (10 ml) and kept at 0.2 mmHg and room temperature
overnight. Residual acetic acid was removed by adding DMF (15 ml) and precipitating
by addition of sodium dried ether (600 ml). The oil was isolated by decantation of the
supernatant, and was dried at 0.2 mmHg and room temperature. Yield: 56 g (theory:
47.2 g). It was redissolved in DMF (50 ml) and neutralized by addition of a solution of
triethyl amine (27 ml) in methylene chloride (50 ml). The presence of an excess of volatile
base was confirmed with the aid of moist indicator paper over the liquid surface. Immedi-
ately afterwards Boc-Gly (50.0 g, 286 mmol) was added, dissolved in methylene chloride
(200 ml). The mixture was rapidly cooled to — 10°C and a solution of DCC (51.5 g, 250
mmol) in methylene chloride (100 ml) was added. After standing for 1 h at —10°C the
mixture was kept at + 5°C for 4 h, and then at room temperature for 16 h. By filtration,
the formed dicyclohexylurea was isolated. It was stirred with methylene chloride (200 ml),
filtered and dried at 0.1 mmHg and room temperature. Yield: 51.3 g (92 %,), m.p. 215—
228°C. The combined filtrates were washed with 5 9, aqueous citric acid (200 ml), water
(3 x 100 ml), 5 % aqueous bicarbonate solution (200 ml), and water (3 x 100 ml), dried
over magnesium sulfate, filtered and concentrated to dryness at 1.1 mmHg. The yellow
syrup (69 g, 97 9) solidified to a white, compact mass during the evaporation. The
product was recrystallized from hot ethyl acetate (270 ml). After standing for 1 h at
+ 5°C, filtration and drying at 0.1 mmHg the yield of white crystalline product was 51.2 g
(72 %), m.p. 152 — 153°C. By dilution of the filtrate with petroleum ether (b.p. 60 —80°C)
(270 ml) and leaving the solution for 16 h at — 18°C a second crop was obtained (2.5 g,
3 9,), m.p. 153—154°C. [a]p®= — 110°% [«]ys®= —116° (c=1 in methanol); RS2=0.6.
An additional spot (Ry 0.8) revealed the presence of a few percent of dicyclohexylurea.
(Found: C 54.7; H 7.8; N 12.2. Cale. for C,;H,,N;O, (357.4): C 53.8, H7.6; N 11.8.)
Amino acid content (mol per 357.4 g): Gly 0.99, Pro 0.99, Ala 0.99.
HC!L.Gly-1-Pro-1-Ala-OMe (I111) I1(36 g, 100 mmol) was dissolved in N HCl/glacial
acetic acid (250 ml) and left to stand for 1 h at room temperature. Upon evaporation to
dryness ¢n vacuo, a crystalline residue was obtained. Recrystallization from methanol-
abs. ether afforded a white crystalline product (28 g, 95 9,) of m.p. 209°C. [«]p?*= — 110%
[o]gs2® = — 118° (¢=1 in methanol). RpS2=0.2 (trace of urea at 0.8). (Found: C 44.7;
H 6.9; N 14.2; Cl 12.0. Calc. for C,,H,,N;0,Cl (293.8): C 45.0; H 6.9; N 14.3; Cl 12.1.)
Boc-1,-Ser(Bzl)-Gly-L-Pro-1-Ala-OMe (I1V). ITI(75 g, 255 mmol) was suspended in
a mixture of DMF (43 ml) and methylene chloride (170 ml) and treated with triethylamine
(36 ml, 259 mmol) under vigorous stirring. After addition of Boc-L-Ser(Bzl) (95 g, 322
mmol) dissolved in methylene chloride (110 ml) the suspension was stirred for 25 min
at room temperature and then cooled to — 15°C. A solution of DCC (66 g, 320 mmol) in
methylene chloride (110 ml), precooled to 0°C, was added, and the mixture was stored
at —20°C for 2 h with occasional shaking, and then left overnight at 5°C. After 2 more
days at room temperature the mixture was filtered, the filtrate concentrated to dryness,
and the resulting oil redissolved in ethyl acetate (800 ml). Undissolved dicyclohexylurea
was removed by filtration, and the filtrate was washed with 5 9, aqueous citric acid
(3 x 100 ml), water (3 x 100 ml), 5 9% aqueous sodium bicarbonate solution (2 x 100 ml),
and water (3x 100 ml), and dried over magnesium sulfate. Upon concentrating the
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filtrate to dryness, a yellowish oil (140 g, 100 %) was obtained. Attempts at crystalli-
zation from various solvent mixtures (ether/petroloum ether, ethyl acetate/petroleum
ether, and methanol/water) were unsuccessful. Being fairly homogeneous (one major
spot in TLC, RpS2=0.7; BzS5=0.4) apart from contamination by some dicyclohexyl-
urea, the product was used in the following step without further purification.

HOl.L-Ser(Bzl)-Gly-1-Pro-L-Ala-OMe (V). 1V (160 g) was dissolved in 1.7 N HCI/
glacial acetic acid (500 ml). After 30 min at room temperature, carbon dioxide evolution
had ceased, and the solution was concentrated to dryness ¢n vacuo. The resulting syrup
was triturated three times with hot ethyl acetate. By this process, two impurities, de-
tected by TLC (S5), were removed, leaving a yellowish, erystalline product (120 g, 85 %),
m.p. 80—82°C d. (Found C 53.8; H 7.0; N 11.5; Cl 8.2. Cale. for C,,H,;N,04Cl (471.0):
C53.6; H6.6; N 11.9; Cl 7.5.) [a]D25— +10.7; [a]gs2®= +11.0 (¢c=1 in methanol).
RpS82=0.3 (impurity at 0.4); R S5=0.0

Z-1,-Thr-1-Ser(Bzl)-Gly-1,- Pro 1-Ala- OMe (VI).V (94.2 g, 200 mmol) was suspended
in a mixture of methylene chloride (100 ml) and ethyl acetate (300 ml) and cooled to
0°C before the addition of triethylamine (30 ml, 216 mmol) under vigorous stirring.
When the mixture had reached room temperature it was filtered (25.9 g triethylammo-
nium chloride, 95 %), and to the filtrate was added Z-L-Thr (75.9 g, 300 mmol). To the
resulting solution, after cooling to 0°C, was added solid DCC (61.8 g, 300 mmol), and the
mixture was left overnight at 5°C. After dilution with ethyl acetate (100 ml), the mixture
was left at room temperature for further 24 h. Upon filtration was obtained a white prod.-
uct (160 g), contaminated with dicyclohexylurea. Treatment with boiling methanol
(200 ml) afforded dicyclohexylurea (57 g, 85 9;) of m.p. 229 —223°C and a filtrate, which
upon standing at room temperature overnight deposited a crystalline product (84 g,
63 9%) of m.p. 153—156°C (with sintering at 85°C). Recrystallization of this product
(100 g) twice from hot methanol (220 ml) gave pure VI (85 g) of m.p. 88— 90°C, re-solidi-
fication and final m.p. 160 — 161°C. The identity of the substance was proved by a mixed
melting point determination with the purified product from the solid-phase synthesis (X).

Another synthesis of VI was carried out, starting from II, without isolation of III,
IV, and V. The condensation of Z-L-Thr and oily V, was carried out in methylene chloride,
and after filtration of dicyclohexyl urea the filtrate was washed with 5 9, aqueous citric
acid, water, 5 9%, aqueous sodium bicarbonate solution and water, dried over magnesium
sulfate and concentrated to dryness. The resulting yellowish oil was crystallized from
methanol/ethyl acetate/petroleum ether (200/150/600 ml) to yield a white product
(42 9 based on II) of m.p. 81 —83°C. [a]p®* = — 68.0°; [a];,s2*= — 71.6° (¢=1in methanol).
(Found: C 58.7; H 6.8; N 10.7; O 24.1; OCH, 4.4. Cale. for Cy3H, N0,y (669.7): C 59.2;
H 6.5; N 10.5; O 23,9; OCH; 4.6.) Amino acid content (mol per 669.7 g): Thr 0.89,
Ser 0.75, Gly 0.92, Pro 0.90, Ala 0.92.

On recrystallization from hot methanol, crystals of m.p. 85— 89°C, re-solidification
above 90°C and final m.p. 161 — 162°C were obtained. In TLC, complete agreement was
also found between the two products and the purified product from the solid-phase
synthesis (X).

HCLL-Thr-1-Ser-Gly-L-Pro-L-Ala-OMe (VII). VI (6.7 g, 10 mmol) was dissolved in
methanol (70 ml), and 2.8 N methanolic HCl (6.0 ml) was added. Palladium black, ob-
tained by reducing PdCl, (2.0 g) with formic acid, was added, and hydrogen was passed
through the mixture with vigorous stirring at room temperature and atmospheric pres-
sure. After 4 h the evolution of CO, had virtually ceased. After further 2 h, the mixture
was filtered, and the filtrate concentrated to dryness. The resulting colourless oil was
dissolved in water (50 ml) and lyophilized. Yield of white, amorphous material: 4.7 g
(92 9%). M.p. 103—106°C d. [a]p*®= —92.5; [a],®= —96.6 (c=1 in methanol); homo-
geneous in TLC RpS2=0.1; RFS4 0.4; RpS7=0.5. (Found: C 42,3; H 6.5; N 13.4;
0 30.3; C1 9.4; OCH37 1. Cale. forClgHuNO 1 3HCL,H,O (510.9): C 42.3; H 6.8; N 13.7;
0 28.2; C1 9.0; OCH, 6.1.) Amino acid content (mol per 510.9 g): Thr 0.99, Ser 0.94, Pro
1.00, Gly 1.00, Ala 1.01.

Trt-L-Trp-1-Thr-L-Ser-Gly-L-Pro-1-Ala-OMe (VIII). VII [4.2 g, 8.2 mmol (10.7
mmol HCl)] was dissolved in DMF/H,O (10 ml/1ml) by warming. A solution of N-trityl-
L-tryptophan diethyl ammonium salt (5.7 g, 11.0 mmol) in methylene chloride (35 ml)
was added, and the resulting solution cooled to —18°C. DCC (2.3 g, 11.2 mmol) was
added, and the reaction mixture was left to stand, with occasional shaking, at —18°C
for 20 h, at +5°C for 48 h, and at room temperature for 4 days. After filtration of the

Acta Chem. Scand. 27 (1973) No. 8



N-TRITYL HEXAPEPTIDE HYDRAZIDE 3089

wine-red mixture, and washing on the filter with methylene chloride, dicyclohexylurea
(1.5 g, 60 %) of m.p. 231 —232°C was isolated.

The combined filtrate and washings were diluted to 100 ml with methylene chloride
and washed with water (8 x 25 ml) in a separatory funnel. The organic phase was then
concentrated to dryness, and the residue precipitated from methylene chloride by addition
of ethyl acetate and petroleum ether, b.p. 60—80°C. By filtration and drying to 0.01
mmHg the product was obtained as a yellow solid, (4.0 g, 56 %), m.p. 145—155°C.In
TLC one large UV-absorbing spot at B;S1=0.2 and R;S5=0.1 was present. On treat-
ment with chlorine/tolidine, an additional spot was found at R;S1=0.8 and RpS85=0.6
corresponding to dicyclohexyl urea.

Conditions for preparative silica gel column separation were evaluated using mixtures
of chloroform and methanol. By application of the crude product (2.5 g) on a 20 x 4 cm
column filled with Kieselgel HF 254 (Merck) (80 g), and elution first with chloroform
and then with 5 9, methanol in chloroform, a fraction (1.8 g) was obtained, which was
almost chromatographically pure (TLC in S1). A previously eluted fraction (0.3 g) con-
tained the impurities with high TLC Ry values. A second portion (1.1 g), applicated on
the same column, gave 0.9 g of almost pure product. The entire purified quantity (2.7 g)
was applicated on a fresh column, and eluted in the same way. Yield: 2.5 g (35 9, over-
all yield) of a glass, m.p. 100 —110°C d. Chromatographically homogeneous, RyS1=0.2;
RpS5=0.1; [a]p®= —80.4; [a],,*= —84.1 (c=1 in methanol). On microanalysis,
the sum of C, H, N, and O was 89.3 9, due to contamination with inorganic material from
the silica gel. The values were corrected to give 100 9. (Found C 65.5; H 6.3; N 11.6; O
16.6; OCH; 3.4. Calc. for C,H;N,O, (874.0): C 66.0; H 6.3; N 11.2; O 16.5; OCH, 3.6.)
Amino acid content (mol per 874 g): Trp 0.74, Thr 0.83, Ser 0.80, Gly 0.86, Pro 0.86,
Ala 0.86. (8 h hydrolysis).

Trt-L-Trp-1-Thr-L-Ser-Gly-L-Pro-1-Ala-N,H, (IX). VIII (1.7 g, 1.9 mmol) was
dissolved in methanol (15 ml). After addition of hydrazine hydrate (0.6 ml, 12 mmol),
the solution was left to stand for 24 h at room temperature. It was then concentrated
to half volume on a water-bath at 65—70°C, and left for further 24 h. In TLC VIII
(RzS2=0.6) had disappeared, and only one other spot, visible with UV, acid/ninhydrin,
and hypochlorite/tolidine was present at BS2=0.3. By precipitation with water, and
reprecipitation from ethanol/water, a suspension (400 ml) was obtained, which could
only be filtered with difficulty. On centrifugation for 20 min at 2000 rpm the product
was isolated as a yellow glass (1.0 g) of m.p. 160— 170°C. By concentration of the super-
natant to dryness ¢n vacuo and precipitating the residue from ethanol/water a further
quantity (0.4 g) was obtained. Chromatographically homogeneous; RpS2=0.3; R5zS3=
0.2; R;S7=0.7. The combined fractions were precipitated from ethanol (5 ml) by addition
of ethyl acetate (40 ml) and ether (200 ml). Yield of almost white product: 1.3 g (79 %) and
m.p. 160 —165°C, decomposition above 200°C (evolution of gas, and red colour). [a]y?*=
—76.2; [a]ge2°= —178.2 (¢c=1 in methanol). (Found: C 64.5; H 6.0; N 13.9; O 15.5. Cale.
for C,,;H;;N,O.4 C,H,OH (897.1): C 64.3; H 6.5; N 14.1; O 15.2.)

Synthesis on a solid support

Z-1-Thr-1-Ser(Bzl)-Gly-1-Pro-L-Ala-OMe (X ). Boc-L-alanyl-resin (45 g, 0.47 mmol
Ala/g) was placed in a 1 litre reaction vessel and subjected to four cycles of deblocking,
neutralization and coupling. The sequence and quantities of the reagents and solvents
employed were the same as previously described.? Chloride determination by Volhard
titration of the neutralization filtrates gave the following values: 22.3, 23.5, 20.6, and
20.8 mmol Cl-. The quantities of amino acid derivatives and coupling reagent employed
were: Boc-L-Pro (21.5 g, 100 mmol) and DCC (20.6 g, 100 mmol), Boe-Gly (17.5 g, 100
mmol) and DCC (20.6 g 100 mmol). To reduce waste of the Ser derivative, a smaller
excess was used. To ensure a quantitative reaction, two consecutive couplings were
carried out, without an intermediate deblocking step. Accordingly: Boc-L-Ser(Bzl)
(14.7 g, 50 mmol) and DCC (10.3 g, 50 mmol), having reacted for 90 min were followed,
after filtration, by Boc-L-Ser(Bzl) (7.4 g, 25 mmol) and DCC (5.1 g, 25 mmol), which
were left to react overnight. In order to reduce the extent of O-acylation Z-L-Thr was
also coupled twice, but before each addition of DCC, the derivative solution was filtered
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off, and the resin washed three times with methylene chloride. Thus, Z-L-Thr (10.0 g, 40
mmol) and DCC (8.2 g, 40 mmol) was followed by Z-L-Thr (5.0 g, 20 mmol) and DCC
(4.1 g, 20 mmol) without an intermediate deblocking step. The combined filtrate and
washings following the first salt-formation period were concentrated to dryness at 0.1
mmHg. The recovery of Z-I-Thr was only 1.3 g, m.p. 99—101°C. Like Ser, Thr was
allowed to react first for 90 min, and then overnight.

After the last coupling the resin was washed once with methylene chloride, six times
with ethanol, and once with methanol. Then the entire quantity of peptide resin was
transferred to a 3-litre beaker where it was transesterified 1* for 12 h at room temperature
in 1.5 litres of 1 N methanolic triethylamine. Concentration of the filtrate to dryness
at 0.1 mmHg yielded a colourless oil (13.5 g, 90 9, based on the first Volhard titration
value). Crystallization from methanol/ethyl acetate/petroleum ether (60— 80°C) (40 ml/
40 ml/800 ml) gave a nearly white product (11.2 g, 75 %) of m.p. 150 — 154°C. [a]p?* =
—66.6; [a];s°= —70.0° (c=1 in methanol). RpS2=10.6; E;S4=0.6. Inhomogeneous
in 85 with BRp=0.4 and 0.7 and in S1 with Rz=0.4 and 0.7, respectively. (Found:
C 58.6; H 6.8; N 10.7; O 24.1; OCH; 5.2. Cale. for CaH,3N;O,, (669.7): C 59.2; H 6.5;
N 10.5; O 23.9; OCH,; 4.6.) Amino acid content (mol per 669.7 g): Thr 0.87, Ser 0.77,
Gly 0.89, Pro 0.95, Ala 0.96.

A second treatment of the resin with 1.51 of 1 N methanolic triethylamine resulted in
the isolation of only 0.5 g of a brown oil. The resin was washed with methanol and dried
at 0.1 mmHg. Yield: 40.8 g.

The protected peptide (10.1 g) was dissolved in methanol (25 ml) by warming, and
the solution was left to stand at room temperature, in an open flask, for 2 —3 days. The
crystalline product (1.5 g) was collected by filtration, and the yellow filtrate and washings
were left to stand for a further period of time. By repeating this procedure for some
weeks, a white, crystalline product (4.0 g) of m.p. 161 —163°C (with sintering at 80 — 90°C)
was isolated. A second fraction (1.6 g), m.p. 156 — 160°C, without sintering, was isolated
in the same way, leaving a yellow, oily residue.

The combined fractions (5.6 g) could now be recrystallized from hot methanol (20 ml).
Yield of white crystals: 4.2 g (28 9, over-all). M.p. 86— 89°C, re-solidification above 90°
and final m.p. 162—163°C. A mixed melting point with VI was unchanged. In TLC
(S1) X was unchanged after being heated to 150°C for 2 min.
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The 4-Aminobutyrate Pathway and 2-Oxoglutarate
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HEIKKI ROSENQVIST, HEIKKI KASULA
OSMO REUNANEN and VEIKKO NURMIKKO

Department of Biochemistry, University of Turku, SF-20500 Turku 50, Finland

The major metabolites of the citric acid cycle and related systems
in a wild type E. coli grown aerobically on glucose are succinate and
lactate. The changes in the levels of the two metabolites were very
similar in a batch culture of E. coli grown on glucose and on certain
other carbon sources. A plot of succinate content against lactate
content gave a straight line which may be interpreted as an indica-
tion of the energetic function of the system, though during these
conditions the role of the citric acid cycle may be mainly biosynthetic.

The specific activities of the enzymes of the 4-aminobutyrate
pathway [glutamate decarboxylase (EC 4.1.1.15), 4-aminobutyrate
oxoglutarate transaminase (EC 2.6.1.19), succinate semialdehyde de-
hydrogenase (EC 1.2.1.16)], and of 2-oxoglutarate dehydrogenase
(EC 1.2.4.2) are maximal in the lag phase, but decrease in the ex-
ponential phase to increase again in the stationary phase. This may
be taken as evidence of the repression caused by glucose.

Under a great variety of conditions the rates of synthesis of 4-
aminobutyrate oxoglutarate transaminase and succinate semialde-
hyde dehydrogenase were found to be similar, which may show that
the syntheses are regulated coordinately.

In spite of 2-oxoglutarate dehydrogenase and the 4-aminobutyrate
pathways being alternatives, only glutamate decarboxylase functions
contrary to 2-oxoglutarate dehydrogenase.

marasingham and Davis! have observed that 2-oxoglutarate dehydro-

genase is absent from anaerobic cultures and probably almost absent
from cells of E. coli grown aerobically on glucose or lactate. They proposed
that the citric acid cycle is composed of a biosynthetic branch leading to 2-
oxoglutarate, while a reductive branch leads to succinate in Z. coli. 2-Oxo-
glutarate dehydrogenase provides an alternative connection between these
branches. During anaerobic growth this connection is not necessary, according
to Amarasingham and Davis.!

Studies with E. coli and some other facultative anaerobes have suggested
that under anaerobic conditions 2-oxoglutarate causes the end-product inhibi-
tion of citrate synthase (EC 4.1.3.7).23 It has been suggested ? that a similar
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inhibition may also exist in cells of E. coli grown aerobically. It seems reason-
able to suppose that the same mechanism operates also under aerobic condi-
tions or otherwise the supposed end-product inhibition on citrate synthase is
not easily explained. On the other hand, it has been found that succinate is
accumulated in cells of E. coli grown aerobically with glucose as carbon source.
These findings may indicate that the citric acid cycle is modified to a branched
non-cyclic pathway even under aerobic conditions.

The end-product of the biosynthetic branch of the citric acid cycle, 2-
oxoglutarate, does not accumulate.? The role of the biosynthetic branch is to
synthesize glutamate, because the mutants of Bacillus subtilis lacking aconitase
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Fig. 1. The alternativeness of 4-aminobutyrate bypath and 2-oxoglutarate dehydrogenase
(broken line) connecting the reductive and the biosynthetic branch in K. cols.
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(EC 4.2.1.3)%¢ and aconitase and isocitrate dehydrogenase (EC 1.1.1.28)5
or E. coli lacking citrate synthase 7 cannot grow on glucose without glutamate,
or arginine and proline, which are metabolized to glutamate. Glutamate ac-
cumulates during the growth of E. coli 8 and some other microorganisms %10
when growing on glucose aerobically. When grown on glucose aerobically
E. coli U5/41 has high levels of glutamate & and succinate.

On the other hand, it has been found that E. coli demonstrates activity
of the enzymes of the 4-aminobutyrate bypass, which metabolizes glutamate
via its decarboxylation to 4-aminobutyrate, transamination of the 4-amino-
butyrate to succinate semialdehyde, and oxidation of the latter to suc-
cinate.’'~14 The pathway is catalyzed by glutamate decarboxylase, 4-amino-
butyrate oxoglutarate transaminase, and succinate semialdehyde dehydro-
genase, respectively (Fig. 1).

When E. coli is grown aerobically there are two different pathways con-
necting the biosynthetic and the reductive branches of the cycle: one through
glutamate and the 4-aminobutyrate bypass and the other directly from 2-
oxoglutarate to succinate catalyzed by 2-oxoglutarate dehydrogenase (Fig. 1).

This paper presents some results concerning interrelationships of 2-oxo-
glutarate dehydrogenase and the 4-aminobutyrate bypass of the citric acid
cycle in E. coli under different growth conditions.

MATERIALS AND METHODS

Cultivation of Hscherichia coli. A wild-type E. coli, U5/41, was used in the experi-
ments. Its origin and maintenance are reported earlier.”® The organism was grown in a
glucose-mineral salt medium, which was aerated with a mechanical stirrer. The experi-
mental details have been published earlier.* When grown anaerobically, N, was bubbled
in the stoppered bottle through the medium, which was shaken in a rotatory shaker
(model A from E. Buehler, Tiibingen, Germany) at 200 rpm at 37°. The pH was kept at
7.0 with 1.0 M NaOH. The supplements were 25 mM added to the minimal medium.
Additional information is given in the legend to the figures.

The turbidity of the medium was measured with a photoelectric Klett-Summerson
colorimeter, by using red filter No. 62 (590 — 660 nm).

Preparation of cell-free extracts. The samples were removed at different growth phases
and centrifuged at 4000 g for 10 min and the cells were washed once with cold (+ 4°C)
0.9 9% (w/v) sodium chloride solution. After that the cells were recentrifuged at 6000 g
for 10 min. The cell pellet was stored at — 28°C until ultrasonic treatment (MSE Ultra-
sonic Disintegrator, 60 W, 20 kHz; Measuring & Scientific Equipments Ltd, Crawley,
England) was made for 2 min at 0°C in 2 ml of 20 mM Na,HPO, - KH,PO,-buffer (pH
7.0) containing 0.01 9%, (v/v) 2-mercaptoethanol. The suspension was centrifuged (6000 g)
at 10°C for 10 min and the cell-free extract was used immediately.

The extracts were also dialyzed against the sonication buffer for 12 h at 4°C. We
found no significant differences between the dialyzed and non-dialyzed extracts in the
assays of 2-oxoglutarate dehydrogenase, succinate dehydrogenase, glutamate decarboxyl-
ase, and succinate semialdehyde dehydrogenase. 4-Aminobutyrate oxoglutarate trans-
aminase lost its activity when dialyzed. Therefore, to remove endogenous substrates
from the non-dialyzed crude extracts used in the determinations of the activities of
succinate semialdehyde dehydrogenase and 4-aminobutyrate oxoglutarate transaminase,
the reaction mixtures were allowed to stand in the cuvettes without the substrates for
40 min at room temperature.

Enzyme, protein, succinate and lactate assays. All spectrophotometric enzyme assays
were performed in 1 ml quartz cuvettes (light path, 1 cm) at 30°C. Enzyme reactions
were continuously followed in a Unicam SP. 800B spectrophotometer (Unicam Instru-
ments Ltd, England) fitted to Philips PM 8000 recorder (full scale 10 mV).
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2-Oxoglutarate dehydrogenase was assayed, by using a modification of the procedure
described by Holms and Bennett, !* in a reaction mixture containing IL-cysteine-HCl
(3.3 mM), CoA (0.33 mM), thiamine pyrophosphate (0.33 mM), KCN (5 mM), NAD (1.17
mM), 2-oxoglutarate (adjusted to pH 7.0 with NaOH) and 0.17 M tris buffer, pH 7.5.
The reaction was started by the addition of NAD and 2-oxoglutarate and was followed
at 340 nm. The KCN solution was prepared at 30 mM and brought to pH 7.5 with HCI.
When 2-oxoglutarate dehydrogenase was assayed in preparations from cells grown
aerobically on glucose all the mentioned reagents with the exception of 2-oxoglutarate
were added to a reaction cuvette; in a blank IL-cysteine-HCI, thiamine pyrophosphate,
and 2-oxoglutarate were also absent. The reaction was initiated by the addition of 2-
oxoglutarate to both cuvettes. The reason for this procedure was the fact that in the
cell-free extract of the cells grown aerobically on glucose there was no linear base line
activity before the initiation of the reaction, possibly owing to some other reaction,
which did not need L-cysteine-HCl and thiamine pyrophosphate. This uneven base line
was typical only of cells of E. coli (not, e.g., of Pseudomonas fluorescens UK-1) grown on
glucose aerobically (not anaerobically).

4-Aminobutyrate oxoglutarate transaminase, NADP-specific succinate semialdehyde
dehydrogenase,’” and succinate dehydrogenase (EC 1.3.99.1)'® were measured spectro-
photometrically by methods similar to those previously published.

The enzymatic activity of glutamate decarboxylase was monitored by determining
the rate of release of *CO, from DL-glutamic-1-"C acid (New England Nuclear, 575
Albany Street, Boston, Mass. 02118, USA) with a liquid scintillation counter (Decem-
NTL,** Wallac Oy, Turku, Finland). The procedure was based on a method described
elsewhere.’® The following modifications were made: the reactions were carried out in
stoppered scintillation counting vials containing reaction tubes and 0.5 ml ethanolamine-
ethylene glycol monomethyl ether (1:2 (v/v)) solution in the bottom of the vial to absorb
14CQ,. The reaction was initiated by injecting 0.5 ml of cell-free extract through a rubber
stopper into the reaction tube; the vials were shaken properly and put into a waterbath
of 38°C. Other reagents were prewarmed at 38°C for 1 h. After 10 min the reaction was
stopped by injecting 0.4 ml of 2.5 M H,SO, into the reaction tube. After being shaken
(30 min) at room temperature, the reaction tube was removed and 10 ml of scintillation
fluid was added.

The protein content of the extracts was estimated by a modified method of Heepe
et al.®® 4 ml of 0.4 M sulphosalicylic acid was added to a test tube containing 1 ml of
enzyme preparation. The content of the tube was mixed and the turbidity of the samples
was measured after 10 min in a Klett-Summerson colorimeter by using a filter 42 (390 —
440 nm).

The extractions and the determinations of succinate and lactate were performed as
described earlier * except that before harvesting, the cultures were cooled with crushed ice.

RESULTS

As has been stated earlier,* the major metabolites of the citric acid cycle
and related systems in E. coli grown on glucose aerobically are succinate and
lactate.

The changes in the levels of succinate and lactate in E. coli are rather
similar during batch cultivation in a simple glucose-mineral salt medium.
The levels are high in the lag phase, but decrease in the exponential phase to
increase again at the end of the exponential and particularly in the stationary
phase (Fig. 2a). The decreases in the contents of both succinate and lactate in
the late exponential phase compared with the lag phase are about 75 9%,.

When E. coli is grown aerobically on glucose, the 4-aminobutyrate bypass
(glutamate decarboxylase, 4-aminobutyrate oxoglutarate transaminase, and
succinate semialdehyde dehydrogenase) is in operation (Fig. 2b). In the lag
phase the specific activities of the above mentioned enzymes and 2-oxo-
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glutarate dehydrogenase are at their highest. During the lag and the early
exponential phases the activities of the enzymes are decreasing until they
increase again in the late exponential phase. In order to investigate possible
variations of succinate and lactate levels in the energetic or biosynthetic citric
acid cycle, E. coli U5/41 was grown to the late exponential phase on different
carbon sources. The levels of succinate and lactate decreased while grown on
glutamate, 4-aminobutyrate or aspartate compared with the levels in E. cols
grown on glucose in the exponential phase (Fig. 3).

The reason for the decreasing levels of succinate was revealed when E. coli
was grown on glutamate or 4-aminobutyrate. The specific activities of 2-
oxoglutarate dehydrogenase, glutamate decarboxylase, 4-aminobutyrate oxo-
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glutarate transaminase, and NADP-specific succinate semialdehyde de-
hydrogenase were estimated during the batch cultivation.

When cultures were grown on glutamate, the specific activity of 2-oxo-
glutarate dehydrogenase increased about 6-fold from the beginning of the
growth period to the end (Fig. 4a). Because the non-cyclic pathway? is
evidently not in function in . coli grown on glutamate the high activities of
2-oxoglutarate dehydrogenase (Fig. 4a) and succinate dehydrogenase (un-
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Fig. 4. The specific activities of 2-oxo- Fig

glutarate dehydrogenase, glutamate de-
carboxylase, 4-aminobutyrate oxoglutarate
transaminase, and succinate semialdehyde
dehydrogenase during the growth of E. coli
U5/41 on glutamate and 4-aminobutyrate.
The cells were precultivated in glucose-
mineral medium to the stationary phase.
Carbon sources: (a) glutamate; (b) 4-
aminobutyrate; @, 2-Oxoglutarate de-
hydrogenase; O, glutamate decarboxylase;
A, 4-aminobutyrate oxoglutarate trans-
aminase; A, succinate semialdehyde de-
hydrogenase.

. 6. The specific activities of 2-oxo-
glutarate dehydrogenase, glutamate de-
carboxylase, 4-aminobutyrate oxoglutarate
transaminase, and succinate semialdehyde
dehydrogenase during batch cultivation of
E. coli U5/41 on succinate as carbon source.
(a) @, Turbidity of the culture; O, 2-
oxoglutarate dehydrogenase (b) A, glu-
tamate decarboxylase; A, 4-aminobutyr-
ate oxoglutarate transaminase; M, suc-
cinate semialdehyde dehydrogenase.

published data) may cause the low level of succinate. At the same time the
activities of the enzyme of the 4-aminobutyrate bypath decreased (Fig. 4a)
and on the basis of the determinations of the enzyme activities in vitro it
seems that during these conditions the carbon flux through 4-aminobutyrate
bypath is decreased.

In E. coli grown with 4-aminobutyrate as a carbon source 4-aminobutyrate
oxoglutarate transaminase was induced because the specific activity increased
about 11-fold (Fig. 4b). The level of NADP-specific succinate semialdehyde de-
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hydrogenase increased too, but only 1.6-fold (Fig. 4b). The activity of glutamate
decarboxylase decreased (Fig. 4b) which is understandable because E. coli
may not necessarily need it when grown on 4-aminobutyrate. 2-Oxoglutarate
dehydrogenase activity increased also at the end of the growth (Fig. 4b). This
may explain the low level of succinate in cells grown on 4-aminobutyrate.
The situation is comparable with that of E. col¢ grown on succinate (Fig. 5).
4-Aminobutyrate is metabolized through 4-aminobutyrate bypath to succinate,
which is rapidly metabolized further.

To test this, E. coli was grown on succinate (I'ig. 5), and the activity of
2-oxoglutarate dehydrogenase (Fig. 5a) was found to increase until the late
exponential phase of growth and after that to decrease. At the same time the
activities of glutamate decarboxylase, 4-aminobutyrate oxoglutarate trans-
aminase, and succinate semialdehyde dehydrogenase changed but in opposite
directions (Fig. 5b).

This may indicate that when E. coli is grown on succinate, the 4-amino-
butyrate bypass is used more as 2-oxoglutarate dehydrogenase activity de-
creases and vice versa. The content of succinate is not reported because succinate
of the medium might have shown in our gas chromatographic determinations.

It has been stated ! that 2-oxoglutarate dehydrogenase was absent when
E. coli was grown anaerobically but that it did appear in an aerobic growth.
To reveal possible changes in the enzymes of the 4-aminobutyrate bypass
owing to the aeration of the growth medium, the specific activities of 2-oxo-
glutarate dehydrogenase, glutamate decarboxylase, 4-aminobutyrate oxo-
glutarate transaminase, and succinate semialdehyde dehydrogenase were
estimated in E. coli U5/41 grown aerobically and anaerobically.

Table 1. The specific activities of the enzymes of the 4-aminobutyrate bypath, 2-oxo-
glutarate dehydrogenase and succinate dehydrogenase, in the late exponential phase of
E. coli U5/41 grown aerobically and anaerobically on glucose.

Specific activity: U/mg protein

Enzyme aerobic anaerobic
2-Oxoglutarate dehydrogenase 0.031 -
Succinate dehydrogenase 0.130 0.070
Glutamate decarboxylase 0.090 0.730
4-Aminobutyrate oxoglutarate transaminase 0.019 0.005
Succinate semialdehyde dehydrogenase 0.055 0.017

The specific activities of 2-oxoglutarate dehydrogenase, succinate dehydro-
genase, 4-aminobutyrate oxoglutarate transaminase, and succinate semi-
aldehyde dehydrogenase were higher in aerobiosis than in anaerobiosis, whereas
the activity of glutamate decarboxylase was markedly higher in anaerobic
growth (Table 1).
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DISCUSSION

The citric acid cycle is a typically aerobic reaction pathway, though part
of the citric acid cycle is functional in some anaerobes.?1,22 Facultative an-
aerobes like £. coli have an incomplete citric acid cycle during anaerobic and
perhaps sometimes during aerobic conditions.1:® According to these reports
there was no 2-oxoglutarate dehydrogenase activity during anaerobic growth.
It was stated earlier that Micrococcus lactilyticus produces succinate de-
hydrogenase, which catalyzes the reduction of fumarate much faster than the
oxidation of succinate.?%?> Later in E. coli 26 and Streptococcus faecalis 27
fumarate reductase was isolated, which differs from succinate dehydrogenase
in its structure and function. When E. coli is grown on glucose aerobically the
level of succinate is considerably higher than the levels of the other metabolites
of the citric acid cycle.t The accumulation of succinate appears to be associated
with the lack of activity of 2-oxoglutarate dehydrogenase (Fig. 2b). In a
mutant of Bacillus subtilis lacking 2-oxoglutarate dehydrogenase it is as-
sociated with the activity of fumarate reductase.’

It is apparent that the role of the reductive branch of the non-cyclic
pathway is also energetic, because it removes excess reductive power, which
is seen in the accumulation of succinate. The pool sizes may change during
the cooling of the medium with crushed ice and the centrifugation for 10 min
before the extraction of succinate and lactate. Therefore the obtained values
may not reflect the real steady-state pool sizes. In spite of that, the levels of
succinate and lactate change in the same directions during the growth of
E. coli (Fig. 2a). p-Lactate dehydrogenase (EC 1.1.1.28) and succinate de-
hydrogenase make use of the same respiratory chain together with NADH
dehydrogenases in E. coli 28 and the former enzymes have affect partly on
the accumulation of lactate and succinate, respectively. The changes in the
levels of lactate and succinate are almost similar in the batch culture of
E. coli grown on glucose and on different carbon sources (Fig. 3). Because
D-lactate dehydrogenase and succinate dehydrogenase take part in the res-
piratory chain the line in the figure may be interpreted as an indication of
energetic character of the system, though our opinion is that, during these
conditions, the preferred role of the citric acid cycle may be mainly bio-
synthetic (e.g. for the synthesis of glutamate). However, this does not exclude
the possibility of energetic control.

During aerobic conditions the specific activities of the enzymes of the 4-
aminobutyrate bypath and 2-oxoglutarate dehydrogenase decrease at the
beginning of the growth phase and increase in the stationary phase, where
the concentration of glucose is apparently small (Fig. 2b). This may be taken
as an evidence of the repression by glucose.!

When E. coli U5/41 was grown on glutamate (Fig. 4a) the synthesis of 2-
oxoglutarate dehydrogenase was induced considerably, while the activities
of the enzymes of the 4-aminobutyrate bypass were decreasing. The same
tendency appeared when Z. coli U5/41 was grown with succinate as the
carbon source (Fig. 5a and b). In these cases it seems obvious that 2-oxo-
glutarate dehydrogenase and 4-aminobutyrate bypath are the alternative
pathways, which are regulated so that when the 4-aminobutyrate bypath is
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active the activity of 2-oxoglutarate dehydrogenase is low. This is not, how-
ever, always the case. During the preparation of our manuseript Dover and
Halpern 2 have reported that a wild type E. colt K-12 (CS 101A) cannot grow
with 4-aminobutyrate as a carbon source owing to its inability to transport
4-aminobutyrate into the cell. In our studies, wild type E. coli U5/41 (and
K-12 W 3001) started to grow on 4-aminobutyrate after about a 5 h lag phase
during which the activities of 4-aminobutyrate oxoglutarate transaminase,
succinate semialdehyde dehydrogenase, and 2-oxoglutarate dehydrogenase in-
creased considerably (Fig. 4b). It seems that glutamate decarboxylase is the
only enzyme of the 4-aminobutyrate bypass the function of which is contrary
to 2-oxoglutarate dehydrogenase. This is also seen in Table 1.

When E. coli U5/41 was grown aerobically and anaerobically on glucose,
the activity of glutamate decarboxylase in the latter case was about 70 9,
higher than in the former, where no activity of 2-oxoglutarate dehydrogenase
was found (Table 1). The activities of 4-aminobutyrate oxoglutarate trans-
aminase and succinate semialdehyde dehydrogenase are smaller in anaerobic
conditions when the culture is grown on glucose. The two enzymes function
like 2-oxoglutarate dehydrogenase in this case. All the enzymes of the 4-
aminobutyrate bypass need not necessarily be regulated in the same way.

When 4-aminobutyrate was used as a carbon source, the syntheses of 4-
aminobutyrate oxoglutarate transaminase and NADP-specific succinate semi-
aldehyde dehydrogenase were induced (Fig. 4b). The induction of the enzymes
of 4-aminobutyrate breakdown may suggest that the catabolism of amines
could regulate the above mentioned enzymes (Fig. 4b). This does not, how-
ever, mean that the bypass has no meaning when Z. coli is grown on glucose.
In E. coli, succinate semialdehyde dehydrogenase has both NAD- and NADP-
specific activity (unpublished data). The NADP-specific activity in our studies
in vitro was found to be higher when grown on glucose.

Glycolysis and the citric acid cycle are the main pathways that provide
both energy and many precursors for cell biosynthesis. It has been assumed
that with adequate glucose, at least in an organism such as E. coli with high
aerobic and anaerobic rate of glycolysis, enough energy is produced in the
Embden-Meyerhof pathway and that the role of the cycle in producing energy
is small.1,23,29,30 The low activity of 2-oxoglutarate dehydrogenase in the ex-
ponential phase may support this view (Fig. 2b). In these conditions NADPH
produced by succinate semialdehyde dehydrogenase instead of NADH cannot
be used directly in the respiratory chain. Because the preferred role of the
citric acid cycle is not perhaps to produce energy under these conditions, the
NADP-specific enzyme might be energetically more advantageous.
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C-NMR Spectra of Phenyl-substituted Azoles:
a Conformational Study

MIKAEL BEGTRUP

Department of Organic Chemistry, Technical University of Denmark, DK-2800 Lyngby,
Denmark

13C-NMR Spectra of a number of 1-phenyl-pyrazoles and 1-phenyl-
1,2,3-triazoles have been obtained. The effects of substitution with
methyl, chlorine, or bromine on J-values and coupling constants have
been measured. The chemical shifts of the benzene carbon atoms
depend on the dihedral angle between the rings, a consistency ob-
taining also in 2-phenyl-1,2,3-triazoles, 1-, 2-, or 4-phenyl-imidazoles,
1-phenyl-pyrrole, and in 1- or 5-phenyl tetrazoles. The parameters
most susceptible to changes in the dihedral angle are &,.y,-.c and
the difference Jy,q-c — dopno—c- Values for these parameters have
been determined and their usefulness for conformational studies of
phenyl substituted azoles demonstrated.

In unhindered phenyl-substituted azoles, azines, or benzenes the n-electrons

are extensively delocalized over both rings. Steric factors, such as bulky
substituents may, however, impede delocalization as a result of augmented
torsional energy barriers.}—10

The pattern of the phenyl ring protons in the tH-NMR-spectra: multiplet
in highly delocalized systems, singlets, or nearly so, in less flexible systems,
has been widely used in conformational studies of biphenyls,® 2-phenyl-
pyridines,? 3-phenyl-pyridazines,® 2-phenyl-triazines,? 3-phenyl-tetrazines,?
1-phenyl-pyrazoles,*# 1-phenyl- and 2-phenyl-1,2, 3-triazoles,?? 1-phenyl- and
4-phenyl-1,2,4-triazoles,” 1-phenyl-tetrazoles,” and 5-phenyl-tetrazoles.l® How-
ever, exceptions to the pattern are known. Thus, in contrast to 2-phenyl-
imidazole,1,12 1-phenyl-imidazole, an extensively delocalized system,!,13,14
exhibits a phenyl group singlet at § 7.4 (¢f. Experimental). Conversely, the
phenyl group of 1-methyl-2-phenyl-imidazole with an expected higher torsional
energy barrier,}? appears as a multiplet, (see Experimental).

The marked deshielding of the o-protons of the phenyl groups in delocalized
systems may be caused by several factors the relative weights of which are
poorly understood.1,4,57,8,10,156 Presumably, the anisotropy effects induced
by the phenyl-substituted ring play a major role. Hence, *H-NMR-spectroscopy
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is not an infallible method for conformation analysis of biaromatic systems.
The high susceptibility of *C-NMR-signals to variation in electron densities
of the individual carbon atoms, paired with their relatively small sensitivity
to anisotropy factors,%,1% renders 3C-NMR-spectroscopy a potentially useful
tool in studying the extent of delocalization in such systems. We have con-
firmed experimentally the virtues of 3C-spectroscopy for this purpose and re-
port the results from studies of a number of phenyl-substituted pyrazoles,
imidazoles, 1,2,3-triazoles, and tetrazoles.

RESULTS

The proton-noise-decoupled 13 C-NMR-data of a series of methyl-, chloro-,
and bromo-substituted phenyl-azoles are presented in Table 1.

The signals of 1-phenyl-pyrazole Ia, 1-phenyl-3-bromo-pyrazole Ic, 1-
phenyl-4-bromo-pyrazole 2¢, and 1-phenyl-5-bromo-pyrazole 3¢ were assigned
through the proton-undecoupled spectra (Table 2). The signals with the largest
splittings were ascribed to the heterocyclic carbon atoms.!” The signals which
solely exhibited small couplings were assigned to quaternary carbon atoms.
Thus, C-3* of Ic and C-5 of 3¢ appeared as broad doublets, and C-4 of 2c
as a triplet. In Ic, 2¢, and 3c it was found that d._3> d._5> J.—,. Consequently,
this order is assumed to be valid also in 1-phenyl-pyrazole 1a. The signal which
only exhibited multiplet fine structure due to small couplings was assigned to
C-1'. The other benzene carbon atoms showed, besides large 1J.; couplings,
smaller coupling constants; the latter were used for the assignments. This fine
structure is dominated by coupling to protons in the m-positions due to the
fact that Joeey>Jecn and Jeeeey i benzene derivatives.l’ Thus the
gignal, exhibiting triplet fine structure in the doublet branches, was attributed
to C-4', the triplet pattern arising from coupling with the two identical m-
protons. In addition, the C-4’ signal had a lower intensity than signals corre-
sponding to C-2’ and C-3'. The signal with doublet fine structure in its doublet
branches, was attributed to C-3’, the small doublets arising from coupling to
one m-proton. The doublet branches due to C-2’ appeared as frequently blurred
triplets or quartets. The fine splitting is caused by coupling to two different
m-protons. A representative spectrum, illustrating the identification, is shown
in Fig. 1.

In the proton-noise-decoupled spectra of Ia, Ic, 2c, and 3¢ the intensity
of the signals decreased in the order C-3’ > C-2’ > (C-4'>(C-3 and C-4 > C-5>C-1".
Carbon-atoms carrying a substituent appeared with strongly reduced intensity
due to loss of Overhauser-enhancement and increase in relaxation time.l
The order of intensities was used to identify the signals of the methyl- and
chloro-pyrazoles 1d, 3d, 1b, 2b, and 3b. The signals of the dihalogeno- and
trihalogeno-pyrazoles and of the benzyl-pyrazoles (Table 1) were identified
in the same way. If the identity of a signal was considered uncertain, or if

* The heterocyclic carbon atoms are numbered according to the IUPAC nomenclature.!®
The phenyl carbon atoms are denoted with a dash. Counting starts with the substituted atom
(C-1').
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Table 1.13C-NMR chemical shifts (§ ppm) of phenyl-substituted azoles.

Compound?® C-2 C-3 C-4 cs Cl1' C.20 €3 C4 CH,orCHg
1-Phenyl-pyrrole® 119.0 110.1 140.4 120.2 129.1 125.3
1-Benzyl-pyrazole 3° 139.2 105.7 129.0 136.3 127.4 128.5 127.7 55.7
1-Benzyl-3-chloro-pyrazole 3! 138.9 105.1 130.9 135.3 127.7 128.6 128.0 56.3
1-Benzyl-4-chloro-pyrazole 3! 137.56 110.1 126.8 135.4 127.5 128.6 128.0 56.7
1-Benzyl-5-chloro-pyrazole 31 139.6 104.9 128.2 135.8 127.2 128.6 127.7 52.6
1-Phenyl-pyrazole 1a%° 140.7 107.3 126.2 140.7 118.8 129.1 126.0
1-Phenyl-3-chloro-pyrazole 1b 3! 141.4 106.8 128.2 139.3 118.5 129.2 126.6
1-Phenyl-4-chloro-pyrazole 2b33 139.0 112.1 1245 139.4 118.7 129.1 126.6
1-Phenyl-5-chloro-pyrazole 3b 3% 140.3 106.3 126.9 138.3 124.7 128.6 128.0
1-Phenyl-3,5-dichloro-pyrazole 5b 3° 140.7 105.6 128.1 137.2 124.7 128.8 128.4
1-Phenyl-3-bromo-pyrazole Ic 3! 127.9 110.4 128.4 139.4 118.8 129.2 126.7
1-Phenyl-4-bromo-pyrazole 2c 3% 141.3  95.5 126.8 139.4 118.8 129.4 129.9
1-Phenyl-5-bromo-pyrazole 3c31, @ 141.1 110.2 112.5 138.5 125.4 128.7 128.2
1-Phenyl-3,4-dibromo-pyrazole 4c 3! 128.5 98.9 129.4 138.9 118.6 129.4 127.3
1-Phenyl-3,5-dibromo-pyrazole §¢ 37 128.8 112.5 1140 138.1 125.4 128.8 128.2
1-Phenyl-4,5-dibromo-pyrazole 6¢3! 141.3  98.9 1149 139.1 125.2 128.8 128.8
1-Phenyl-3,4,5-

tribromo-pyrazole 7¢?! 128.9 101.8 116.2 138.4 1252 129.2 129.9
1-Phenyl-3-methyl-pyrazole Id 38 153.3 107.1 127.0 139.9 118.6 129.1 126.0 13.7
1-Phenyl-5-methyl-pyrazole 3d 3° 139.4 106.5 138.3 124.5 128.5 127.3 14.6
1-Phenyl-imidazole §*° 135.0 129.9 117.8 136.7 121.0 1294 128.0
2-Phenyl-imidazole 9a‘¢ 146.7 122.7 122.7 130.0 125.2 128.4 128.3
1-Methyl-2-phenyl-imidazole 9d 41 147.2 127.8 121.9 130.1 128.0 128.0 128.0 34.4
4-Phenyl-imidazole 10a %% 4 124.7 128.5 126.7
1-Methyl-4-phenyl-imidazole 10a %8  141.7 137.4 115.5 122.2 133.6 124.3 128.1 126.2
1-Phenyl-1,2,3-triazole 11a ** 134.1 121.5 136.9 120.4 129.4 128.5
1-Phenyl-4-chloro-1,2,3-

triazole 11533 118.9 120.1 129.5 128.9
1.Phenyl-5-chloro-1,2,3-

triazole 12b % 131.6 134.6 124.5 129.1 129.1
1-Phenyl-4-methyl-1,2,3-

triazole 11d % 143.5 119.0 136.7 120.0 129.2 128.0
1-Phenyl-5-methyl-1,2,3-

triazole 12d 4 132.8 135.9 1244 129.0 129.9
2-Phenyl-1,2,3-triazole 13a %’ 139.4 139.4 1352 118.7 1293 128.9
2-Phenyl-4-methyl-1,2,3-

triazole 13d %7 144.9 134.6 139.6 118.3 128.8 126.6
1-Phenyl-tetrazole 14¢ 140.3 133.4 120.8 129.8 129.6
1-Methyl-5-phenyl-tetrazole 15 4 128.1 128.8 130.8 35.0
2-Methyl-5-phenyl-tetrazole 16 % 126.4 128.5 129.9 39.4

@ The compounds were prepared as described in the references given.  The material is commercially avail-
able. ¢13C-NMR data in benzene solution have been published previously.*? ¢ The 3C-NMR spectrum was
obtained in a saturated solution accumulating 10 000 scans. ¢ The material was kindly supplied by Dr. C.
Christoffersen, Department of Chemistry, H. C. Orsted Institute, University of Copenhagen, Denmark.
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Table 2.3C-H NMR-coupling constants of phenyl-substituted azoles.®

The carbon to which the coupling takes place

Compound C-2 C-3 C-4 C-5 c.l’ C.2 C-3 C-4
1J
CH
Jocn Hz
*Jexen
1-Phenyl-pyrrole 185 170 160 161 165
1-Phenyl-pyrazole la 186 177 185 164 161 162
8 10; 10 7’
5 3 5 7 7
1.Phenyl-3-bromo-pyrazole Ic 183 188 162 161 162
11 8 9
1 9 6 6 7
1-Phenyl-4-bromo-pyrazole 2¢c 193 194 165 161 163
6 5
10 5 6
1-Phenyl-5-bromo-pyrazole 3¢ 189 182 162 162 162
6 11 6
3 6
1-Phenyl-imidazole &8 208 190 188, 160 162 160
10 16
10; 6 10 3 6 6 6
1-Methyl-2-phenyl-imidazole 9d 190 188 160 160 160
10 19
7
1-Phenyl-1,2,3-triazole 1la 195 194 160 162
11 15
1-Phenyl-4-chloro-1,2,3-
triazole 11b 202 165 161 162
5 7 7
1-Pheny!l-5-chloro-1,2,3-
triazole 12b 201 164 162 164
5 6; 5 4 3
2-Phenyl-1,2,3-triazole 13a 194 194 165 161 161
14 14
6 7 8
1-Phenyl-tetrazole 14 216 162 164
5

4 All coupling constants have been obtained by first order analysis. b The 2Jocn coupling constants were
distinguished from 3J g coupling constants since the former are of the same order of magnitude as Jcey
of the bromo-substituted pyrazoles Ic, 2c, and 3c. ¢ The 2J gy coupling constants were distinguished from the
Jexcn coupling constants since the former is of the same order of magnitude as ?J¢cy of 1-methyl-2-phenyl-
imidazole 9d.

signals coincided, the identity was established by analysis of the proton-
undecoupled spectra, as described above.

The BC-NMR-signals of 1-phenyl-1,2,3-triazole 11a and of the 4-chloro-
and the 5-chloro-derivatives 116 and 12b, respectively (Table 1), were identified
analogously through the proton-undecoupled spectra (Table 2).

In the proton-noise-decoupled spectra of 1la, 11b, and 12b the intensity
decreased in the order C-3' >C-2" > C-4’ > C-4 > C-5 > C-1’. Again, carbon-atoms
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Iig. 1. BC-NMR-spectra of 1-phenyl-3-bromo-pyrazole, Ic. a. Undecoupled. b. Proton
noise-decoupled.
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carrying a substituent appeared with strongly reduced intensity. The order
of intensities was used to identify the signals of the methyl-1,2,3-triazoles
I1Ic and 12d.

The signals of 2-phenyl-1,2,3-triazole 13a. 1-phenyl-imidazole 8, 1-methyl-
2-phenyl-imidazole 9d, 1-methyl-4-phenyl-imidazole 10d, 1-phenyl-tetrazole
14, 1-methyl-5-phenyl-tetrazole 15, 2-methyl-5-phenyl-tetrazole 16, and of
1-phenyl-pyrrole (Table 1) were identified analogously through their proton-
undecoupled spectra (Table 2), taking account of the fact that heterocyclic
carbon atoms f to nitrogen absorb at higher field than those « to nitrogen,
while carbon atoms flanked by two nitrogen atoms absorb at the lowest fields.1%
C-4 and C-5 of 8 and 9d were assigned assuming the same order as C-3 and C-5
of 1-phenylpyrazole Ia and 1-methyl-pyrazole,!’ respectively. The signals of
2-phenyl- and 4-phenyl imidazole, 9a and I0a, were identified on the basisof
their relative intensity.

A bromine atom shields the bromine-carrying pyrazole ring carbon, C-4
of the pyrazole ring is less shielded than C-3 and C-5. A methyl group deshields
the substituent-carrying pyrazole ring carbon. A chlorine atom deshields the
substituted carbon, chlorine at C-4 producing larger shifts than chlorine at
C-3 or C-5. Carbon atoms adjacent to the substituent are influenced to a minor
extent; yet, chlorine at C-3 has a rather large influence on J&._;. Contributions
from more substituent on J._5 and J._, are additive inside a maximum range
of 0.8 ppm (see Table 1). Contributions from more substituents on J._5 are
only approximately additive. In this case the maximum difference between
dc—5 Observed and d._, calculated by addition of the single contributions from
the substituents is 2.2 ppm.

The effects of substituents are different from those found in benzene
derivatives,!’d here obviously depending on the position of substituents,
the ring type (compare substituted 1l-phenyl-pyrazoles and 1,2,3-triazoles),
and finally, the nature of the nitrogen-substituent (compare the chloro-
substituted 1-phenyl- and 1-benzyl-pyrazoles).

1J.u of the heteroaromatic carbons are, as expected,!”™ larger the more
electron attracting the surroundings are. Thus WJy. , of I4>1J,., of
8>y and YWy, of Ila and Wy, of I3a>'J,., and Jy. s of
8> ey and Wy of Ia>Wy. , of Ia. ¥y for carbon atoms adjacent
to an imine-nitrogen atom is larger than 1J., for carbon atoms adjacent to an
amine-nitrogen atom. (Thus, . , >y, in 8, Wy s>Wyes in Ia,
and ., >'ye s in 11a).

Bromide and chlorine increase the one bond coupling constant of the adjacent
carbon atom with 5.5—6.5 Hz and the §-carbon atom with 3.0 —3.7 Hz.

%J g Of the heteroaromatic carbon atoms is particularly dependent on the
surroundings of the hydrogen atom. The value becomes larger the more electron
withdrawing the surroundings of the hydrogen atom are. (Thus,
2 -1 > W gee—3 and g5 in Ia. In addition, 2Jy..-, and 2J .. 5 of 8§ and
11a and 2J g, in 13a are all larger than 2J .5 and 2J .. in Ia. Finally,
% weo—s > % yee—q in 8 and in 1la).
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DISCUSSION

In 1-benzyl-pyrazole, C-1’ resonates at lower field than C-2’, C-38’, and C-4’
due to the electron-attracting amine nitrogen atom. The latter three carbon
atoms have similar chemical shifts since they are influenced only by remote
inductive effects. A chlorine atom in the heterocyclic ring of 1-benzyl-pyrazole
has only a minor influence on the benzene ring carbon atoms, even
when chlorine is situated at the 5-position.

In 1-phenyl-pyrazole Ia, 1-phenyl-3-bromo-pyrazole Ic, and 1-phenyl-4-
bromo-pyrazole 2¢ full interannular conjugation prevails.4-811,19,20 C-2’ and
C-4' resonate at higher field than C-3’ because the lone pair of N-1 is delocalized
over the o- and p-positions. C-1’ absorbs at lower field than C-3' due to the
inductive effect of the adjacent nitrogen atom. The chemical shifts of the dif-
ferent benzene carbon atoms vary less than 1.3 ppm in Ia, Ic¢, and 2c. Thus
bromine in the pyrazole ring shields C-1’. The shielding increases when the
bromine is moved from C-4 to C-3. C-2’ is not influenced but C-3’ and C-4' are
deshielded by bromine in the pyrazole ring. The deshielding increases when the
bromine is moved from C-4 to C-3.

Whereas bromine in the unhindered 3- and 4-bromo compounds I¢ and 2¢
exerts little effect on the phenyl group signals, bromine in 1-phenyl-5-bromo-
pyrazole 3¢ causes strong low field displacements of C-2" and C-4". C-1’ and C-3’
are much less affected. This may be attributable to steric factors interfering
with extensive interannular conjugation.9-2

Similar results were found for the other compounds studied. Thus, introduc-
tion of chlorine at C-3 or C-4 of 1-phenyl-pyrazole Ia causes small variations
in the position of the benzene carbon signals: C-1’ is shielded. The shielding
increases when the chlorine is moved from C-4 to C-3. C-3’ is not influenced,
but C-2' is shielded and C-4’' is deshielded, the more so when chlorine is
moved from C-4 to C-3.

In contrast, chlorine at C-5 causes major displacements similar to those
observed when bromine is introduced at C-5.

A methyl group at C-3 of l-phenyl-pyrazole Ia does not influence C-3’
and C-4" but shields C-2’ slightly. In contrast, a methyl group at C-5 again
causes displacements similar to those observed with bromine in the 5-position.

The effects of the 5-substituents increase in the order Me, Cl, Br, possibly
reflecting an increase in steric hindrance in that order. Inspection of the data
reveal J._,/ and J._/— Jd._, as the parameters most sensitive to the degree
of interannular conjugation. The results indicate that if d._, ~118.5 ppm and
Ocey — 0c_y ~10.5 ppm in methyl- or chloro-substituted 1-phenyl-pyrazoles
the delocalization is extensive. If, however, J.,/~124.6 ppm and
0oy — Oy ~4.0 ppm delocalization is impeded as a result of higher torsional
energy barrier. In bromo-substituted 1-phenylpyrazoles delocalization is ex-
tensive if J._, ~118.8 ppm and J._,’— d._,’~10.5 ppm and strongly dimin-
ished if d._,’ ~125.4 ppm and d._,’— d._,” ~ 3.3 ppm. The values for 1-phenyl-
pyrazole Ia itself are similar to those of a unhindered bromo-substituted deriv-
ative.

N-Phenyl substituted 1,2,3-triazoles, -imidazoles, and -tetrazoles behave
in the same way as the 1-phenyl-pyrazoles. Thus, introduction of chlorine at
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C-4 of 1-phenyl-1,2,3-triazole 11a causes small displacements of the 3C-NMR-
signals of the benzene ring. In contrast, introduction of chlorine at C-5 causes a
large low field shift of C-2’ and a minor shift of C-3° and C-4'.
Similarly, introduction of a methyl group at C-4 of 1-phenyl-1,2,3-triazole 11a
or of 2-phenyl-1,2,3-triazole I13a produces minor shifts of the benzene carbon
signals. However, introduction of a methyl group at C-5 of 1-phenyl-1,2,3-
triazole 1Ia results in a large low field shift of C-2’ and minor shifts of C-3’
and C-4'. The effect of chlorine is larger than that of methyl as in the pyrazole
series.

This indicates that interannular conjugation is extensive in methyl- or
chlorine substituted 1-phenyl-1,2,3-triazoles?® if 4J._,~120 ppm and
Oy’ — Oc_, ~ 9.4 ppm but reduced if §._;’~124.5 ppm and J._,/— ., ~4.6
ppm. In the unhindered 2-phenyl-1,2,3-triazoles 13a %% and 13d J._,’~118.3
ppm and 6.,/ —Jc,~10.6 ppm. In the unhindered 1-phenyl-imidazole
g8 5. r=121.0 ppm and J._,—d.,/=9.4 ppm. In the unhindered
1-phenyl-tetrazole 14 J._, is 120.8 ppm and J._, ~ .., is 9.0 ppm. In the
unhindered 1-phenyl pyrrole 1,2-%27 5. '=120.2 ppm and J._/—d._,/=8.9

ppm.

P The ¥C-NMR chemical shifts of C-1’ and C-2’ of the unhindered C-phenyl
substituted compounds 2-phenyl-imidazole 9a,!'s'* 4-phenyl-imidazole 10a.11,12
1-methyl-4-phenyl-imidazole 10d, and 2-methyl-5-phenyl-tetrazole 161° are
different from those of the unhindered N-phenyl substituted azoles. Thus,
C-1’ of 9a, 10a, 10d, and 16 was found to be more shielded than C-1’ of the
N-phenyl azoles in which C-1" is deshielded by the adjacent nitrogen atom.
C-2' of 9a, 10a, 10d, and 16 were deshielded compared to C-2’ of the unhindered
N-phenyl azoles. This may be caused by the ability of C-phenyl groups to both
accept and donate m-electrons, whereas the latter effect is far less conspicuous
in m-excessive azoles.?® However, it reduces the electron density at C-2’ (and
C-4’) relative to C-3' and, hence, J._;— Jd._, as compared to the N-phenyl
substituted azoles, where the phenyl groups act solely as m-electron acceptors.

Introduction of a methyl group in the l-position of 2-phenyl-imidazole
9a caused an appreciable low-field shift of C-2’ and minor shifts of C-3' and
C-4'. In fact, the signals of C-2’, C-3’, and C-4’ coincided. This clearly dem-
onstrates that interannular conjugation has vanished in the hindered 1-
methyl-2-phenyl-imidazole 9d. Thus, conjugation is present in 2-phenyl-
imidazoles if d._,’~125.2 ppm and J.,—d._,~3.2 ppm but absent if
Oc_y ~128.0 ppm and Je_,/—d._,’~0 ppm. Similarly, conjugation prevails
in 4-phenyl-imidazoles if d._; ~124.7 ppm and J._;— d._,’ ~ 3.8 ppm.

Shift of a methyl group from N-2 to N-1 of 5-phenyl-tetrazole causes a low
field shift of C-2’ and minor shifts of C-3’ and C-4’. The ¥C-NMR-data of the
unhindered 19 2-methyl-5-phenyl-tetrazole 16 and of the hindered ° 1-methyl-
5-phenyl-tetrazole 15 indicate that interannular conjugation in 5-phenyl-
tetrazoles is extensive if J._,~126.4 ppm and J._/—d._,/~2.1 ppm but
impeded if §._, ~128.1 ppm and J._,;’— d._,;’ ~ 0.7 ppm.
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CONCLUSION

The results demonstrate that 3C-NMR-spectroscopy is a useful tool for
the study of the extent of interannular conjugation in V- or C-phenyl-azoles.
The BC-NMR-spectra yield unambiguous results in contrast to the H-NMR-
spectra. The combined data indicate that interannular conjugation is extensive
in simple N-phenyl-azoles if J._,’~118—121 ppm and J._/— d._, ~9.0—10.6
ppm but impeded if J._,~124.5-125.5 ppm and ./ — ., ~3.3—4.6
ppm. In simple C-phenyl substituted azoles interannular conjugation is ex-
tensive if d._,’~124.56—126.4 ppm and 5(:_3 —0¢_y ~3.2—3.8 ppm but im-
peded if d._,’ ~128—128.5 ppm and J._, — dc_ ,’~0 0.7 ppm

So far, only a limited number of compounds have been studled including
very few C-phenyl-azoles. Supplementary data will undoubtedly extend the
intervals given above. However, when the origin of these differences is taken into
account, the differences between the values for unhindered and hindered cases
are so large that overlap of the intervals seems unlikely. Thus, application of
the 3C-NMR method for assessing the extent of interannular conjugation in
phenyl-azoles may most likely be useful in analogous cases.

Considering the origin of the different intervals observed, it seems likely
that the *C-NMR method may be put to good use for conformational studies
of phenyl-substituted azines and benzenes, as well as of phenyl-substituted,
nonaromatic heterocyclic rings.

EXPERIMENTAL

'H-NMR-spectra were obtained on a Varian A-60 instrument using deuteriochloroform
as the solvent. Position of signals are given in ppm (J-values) relative to tetramethyl-
silane.

All *C-NMR-spectra were obtained in deuteriochloroform solution. The compound
(0.695 mmol) was dissolved in 1.20 ml of solvent. Position of signals were measured relative
to the center peak of the deuteriochloroform triplet (J 76.9 ppm ) and are given in ppm
(d-values) relative to tetramethylsilane. The spectra were obtained on a BRUKER WH-90
instrument using Fast Fourier Transform pulse technique. Unless otherwise stated, 1000
scans were accumulated with 6000 Hz sweep using 8K computer memory. This
corresponds to an accuracy of + 0.07 ppm in the chemical shifts and of + 3 Hz in the coupling
constants. The repetition time was 3.0 sec. The decoupled spectra were obtained using
proton-noise-decoupling. The undecoupled spectra were measured by the gated decoupling
technique # in order to maintain part of the Overhauser enhancement of the signals.
Thus, the proton-noise-decoupling was interrupted after 1.0 sec. After delay of 0.4 sec,
the pulse (4 usec) was turned on again. This cycle was repeated every 3.0 sec, 6000 scans
being accumulated.
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Preparation of 2-Deoxy-sugars by Hydrogenolysis of
Benzoylated Glycopyranosyl Bromides

STEFFEN JACOBSEN and CHRISTIAN PEDERSEN

Department of Organic Chemistry, Technical University of Denmark, DK-2800 Lyngby,
Denmark

Hydrogenolysis of tri-O-benzoyl-f#-D-arabinopyranosyl bromide
with palladium on carbon as catalyst gives, in addition to the ex-
pected 1,5-anhydro-tri-O-benzoyl-D-arabinitol, considerable amounts
of 1,3,4-tri-O-benzoyl-2-deoxy-f-D-erythro-pentose. A similar treat-
ment of tetra-O-benzoyl-a-D-glucopyranosyl bromide yields tetra-
O-benzoyl-2-deoxy-a-D-arabino-hexopyranose.  Hydrogenolysis  of
tetra-O-benzoyl-«-D-mannopyranosyl bromide, or of tri-O-benzoyl-
B-D-ribopyranosyl bromide, does not give 2-deoxy-sugars.

The preparation of acetylated or benzoylated 1,5-anhydroalditols by reduc-
tive dehalogenation of acylated glycopyranosyl bromides, using palladium
on carbon as catalyst in the presence of triethylamine, has been described by
Zervas and Zioudrou ! and by Hedgley and Fletcher.? Later Gray and Barker 3
investigated this reaction more closely and found that better yields of 1,5-
anhydroalditols were obtained when platinum was used as the catalyst.

In connection with other work we reduced tri-O-benzoyl-B-p-arabino-
pyranosyl bromide (I) with hydrogen in the presence of palladium on carbon
and triethylamine with ethyl acetate as solvent, ¢.e. under conditions which
are reported to give an 86 9, yield of 1,5-anhydro-tri-O-benzoyl-p-arabinitol
(2).2 The product was, however, rather impure and examination of it revealed
that it contained considerable amounts of 1,3,4-tri-O-benzoyl-2-deoxy-S-D-
erythro-pentopyranose (3). In view of this rather unexpected result the hydro-
genolysis of (I), and of other acylated pyranosyl bromides, has been investi-
gated more closely.

In order to optimize the yield of the 2-deoxy-derivative (3) a number of
exploratory experiments were carried out (Table 1). From these it is seen that
only when palladium on carbon, or on barium sulfate, was used as catalyst
could significant amounts of (3) be obtained. With palladium oxide, platinum
oxide, or Raney-nickel (experiments 10, 12, and 13, respectively) only traces
of (3) were found.
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The amount of triethylamine should not be less than 2 molar equivalents
(using 200 mg of catalyst) since this resulted in a lower yield of the 2-deoxy-
ribose derivative (3) (experiment No. 7). A larger amount of triethylamine did,
on the other hand, not give more (3) (experiments 8 and 9). A larger amount of
catalyst gave less (3) (experiment 5) unless the amount of triethylamine was
increased proportionally (experiment 6). The catalyst is presumably modified
by absorption of triethylamine and it is probably this modified catalyst which
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Table 1. Hydrogenolysis of tri-O-benzoyl-f-D-arabinopyranosyl bromide (1) (1.0 g was
used in each of the experiments). For further details see the experimental section.

Triethyl- Yield (9) of
Experiment Ethyl amine ml; (3) as deter-
no. acetate molar Catalyst mined from
ml eqv.’s NMR spectra
1 7.0 0.53; 2 200 mg, 5 % Pd-C 40— 50
2 9.5 0.563; 2 200 mg, 5 9% Pd-C 40
3 15.0 0.53; 2 200 mg, 5 9% Pd-C 24
4 7.0 0.53; 2 50 mg, 5 9% Pd-C 45
5 15.0 0.53; 2 10 g, 59 Pd-C 11
6 7.0 2.65; 10 1.0 g, 59 Pd-C 30
7 7.0 0.26; 1 200 mg, 5 9, Pd-C 20
8 5.0 5.0; 19 200 mg, 5 9% Pd-C 43
9 0 8.0; 31 200 mg, 5 9% Pd-C 34
10 15.0 0.53; 2 150 mg, PdO trace
11 7.0 0.53; 2 200 mg, 5 % Pd-BaSO, 40
12 9.5 0.53; 2 50 mg, PtO, trace
13 7. 0.53; 2 ca. 200 mg, Ra.-Ni trace
14 dioxane,
14 ml 0.53; 2 200 mg, 5 % Pd4d-C 24

is responsible for the formation of the 2-deoxy-ribose derivative (3). Gray and
Barker ® observed that diethylamine has a profound effect on the properties
of palladium or platinum when used for the reduction of unsaturated sugars.
Addition of more ethyl acetate (experiments 2 and 3) gave less (3), probably
because the complex formation between the catalyst and the triethylamine was
suppressed by dilution. The use of 10 9, palladium on carbon gave very nearly
the same results as 5 9, palladium.

The optimum conditions for the preparation of (3) from the bromide (1) are
those given for experiment No. 1 (Table 1). When the reduction of (1) was
carried out on a larger scale, using these conditions, (3) was readily isolated in
32 9%, yield. Besides, 1,5-anhydro-tri-O-benzoyl-p-arabinitol (2) was obtained
together with small amounts of 3,4-di-O-benzoyl-1,2-dideoxy-D-erythro-pent-
1-enopyranose (5) and its reduction product (6).

Hedgley and Fletcher? carried out the reduction under almost identical
conditions. They, however, used a crude bromide which probably contained
some acetic acid and hydrogen bromide. The triethylamine would therefore
be partly neutralized and this could affect the reaction. When we carried out
the reduction under the conditions of Hedgley and Fletcher the 1,5-anhydride
(2) was the major product; it did, however, not crystallize well due to the pres-
ence of small amounts of other products.

Hydrogenolysis of tetra-O-benzoyl-a-D-glucopyranosyl bromide (10) under
the conditions described above gave a 40 %, yield of tetra-O-benzoyl-2-deoxy-
a-D-arabino-hexopyranose (9). After debenzoylation of the remaining product
1,5-anhydro-D-glucitol (8) and smaller amounts of 1,5-anhydro-2-deoxy-D-
arabino-hexitol (11) and 1,5-anhydro-2,3-dideoxy-D-erythro-hexitol (12) were
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isolated. The latter two products were probably formed via unsaturated sugars,
analogous to the results described by Gray and Barker.?

Both the arabinosyl bromide (1) and the glucosyl bromide (10) have the
bromine atom cis to the benzoyloxy-group at C-2, and in both cases the
benzoyloxy-group migrated to C-1 without change in configuration. It was
therefore of interest to study the hydrogenolysis of compounds in which the
bromine is ¢rans to the benzoyloxy-group at C-2.

Hydrogenolysis of tetra-O-benzoyl-a-D-mannopyranosyl bromide (13) gave
no detectable amounts of 2-deoxy-derivatives. The main product was 1,5-
anhydro-tetra-O-benzoyl-D-mannitol (I14); besides, the 2-deoxy- and the
2,3-dideoxy-1,5-anhydrides (11) and (12) were isolated as their tri- and di-
benzoates, respectively.

Hydrogenolysis of tri-O-benzoyl-f-D-ribopyranosyl bromide (4) gave 53 %,
of 1,5-anhydro-tri-O-benzoyl-ribitol (7) and a trace of the 2-deoxy-1,5-
anhydride (6). Besides, a very small amount of 1,3,4-tri-O-benzoyl-2-deoxy-
«-D-erythro-pentopyranose was isolated. It seems most likely that this product
was formed by hydrogenolysis of tri-O-benzoyl-«-D-ribopyranosyl bromide,
which could be present as an impurity in the f-bromide (£),% or it could be
formed by anomerization of the latter in the course of the hydrogenolysis.

From the results described above it may be concluded that hydrogenolysis
of benzoylated 1,2-cis-glycopyranosyl bromides with palladium on carbon in
the presence of triethylamine yields substantial amounts of 2-deoxy-sugars in
addition to the expected 1,5-anhydro-alditols. Hydrogenolysis of 1,2-trans-
bromides does not give 2-deoxy-sugars. Similar results have been found for
other benzoylated glycosyl bromides; details will be published later.

Hydrogenolysis of tri-O-acetyl-f-p-arabinopyranosyl bromide gave a good
yield of tri-O-acetyl-1,5-anhydro-p-arabinitol and only traces of 2-deoxy-
ribose derivatives were formed.

The structure of tetra-O-benzoyl-2-deoxy-a-D-arabino-hexopyranose (9)
was confirmed by its reaction with hydrogen bromide, which gave the known
tri-O-benzoyl-2-deoxy-«-D-arabino-hexopyranosyl bromide.® The anomeric
structure of (9) was seen from its NMR spectrum, which showed H-1 at ¢
6.64 as a double doublet, J,,, =1 Hz, J,,,= 3 Hz. Bergmann et al.® benzoylated
2-deoxy-D-arabino-hexose and obtained a tetrabenzoate to which they assigned
structure (9). However, an NMR spectrum of a product prepared according to
Bergmann et al. showed H-1 as a double doublet at J 6.32, J,,,=2.5, J5,=9.5
Hz, clearly indicating that the substance is tetra-O-benzoyl-2-deoxy-S-D-
arabino-hexopyranose. The anomeric structures were further confirmed by
the optical rotations, the «-anomer (9) being the more dextrorotatory.

EXPERIMENTAL

Melting points are uncorrected. NMR spectra were obtained on Varian A-60 or
HA-100 instruments using deuteriochloroform as solvent. Thin layer chromatography
(TLC) was performed on silica gel PF,,, (“Merck”); for preparative work 1 mm layers
were used on 20 x 40 cm plates. Zones were visualized under UV light.

Catalysts. Palladium (5 9%) on carbon was purchased from “Fluka’ (puriss.; two dif-
ferent batches were used), or it was prepared according to Ref. 6. No differences were ob-
served between these. 10 9, Palladium on carbon was obtained from ¢Merck”. The
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palladium oxide was a “Fluka’ puriss. grade and the platinum oxide was obtained from
Johnson Matthey and Co. (England). The Raney nickel was prepared according to Ref. 7.

Ezxperiments in Table 1. Tri-O-benzoyl-g-D-arabinopyranosyl bromide ® (1.0 g) was
dissolved in ethyl acetate in a 100 ml roundbottomed flask, the catalyst was added fol-
lowed by triethylamine. The mixture was then hydrogenated with efficient magnetic
stirring at ambient temp. and pressure for 14 —16 h. The hydrogen uptake was usually
completed in ca. 6 h.

The mixture was then filtered through a layer of activated carbon and the filter was
washed several times with dichloromethane. The filtrate was washed twice with water,
dried (MgSO,), and evaporated. The residue (ca. 800 mg) was dissolved in tetrachloro-
methane which was evaporated. This was repeated and an NMR spectrum was then
measured in deuteriochloroform solution. The spectra showed H-1 of 1,3,4-tri-O-benzoyl-
2.deoxy-B-D-erythro-pento-pyranose (3) as a broad triplet at § 6.7. H-3,4 of (3) and H-
2,3,4 of the 1,5-anhydride (2) gave a broad signal at ¢ 5.75. From the integrals of these
two signals the yields of (3) (Table 1) were calculated. Since products other than (2) and
(3) are present (see below) the values thus obtained are approximations only.

Hydrogenolysis of tri-O-benzoyl-B-D-arabinopyranosyl bromide (1). A. To (1) (5.0 g)
in ethyl acetate (35 ml) was added triethylamine (2.64 ml) and 5 9%, palladium on carbon
(1.0 g). The mixture was then hydrogenated and worked up as described above. The prod-
uct (4.2 g) was crystallized from ether-pentane to give 1.2 g (28 9%) of 1,3,4-tri-O-
benzoyl-2-deoxy-B-D-erythro-pentopyranose (3), m.p. 150—152°C. After two additional
recrystallizations from ether-pentane the product melted at 156 — 157°C, [a]p*= —190°
(¢ 1.7, CDCl,). (Reported ®* m.p. 159 —161°C, [a]p= —195°).

A sample (1.50 g) of the material in the mother liquors was separated into 4 fractions
by preparative TLC using ethyl acetate-pentane (1:4) as eluent. The fast moving frac-
tion gave 49 mg of 3,4-di-O-benzoyl-1,2-dideoxy-D-erythro-pent-1-enopyranose (§) as
seen from an NMR spectrum, which was identical with that of an authentic sample.!®
The next fraction (114 mg) was crystallized from methanol to give 75 mg of (3), m.p.
156 — 157°C. The third fraction (640 mg) was also crystallized from methanol and gave
450 mg (21 %) of 1,5-anhydro-tri-O-benzoyl-D-arabinitol, m.p. 117—119°C, [«]p®=
—214° (¢ 1.3, CHCl;). (Reported ' m.p. 120—121°C [a]p= —220°). A fourth fraction
(120 mg) contained impure (6) (see below).

B. A suspension of (1) (41.0 g) in ethyl acetate (280 ml) and triethylamine (22 ml)
was hydrogenated in the presence of 8.0 g of 5 9, palladium on carbon. The product was
crystallized from ether to give 13.2 g (38 %) of crude (3), m.p. 150 — 153°C. One recrystalli-
zation from methanol gave 11.2 g (32 9) of (3), m.p. 157 —158°C, [«]p®*= —195° (c 1.2,
CHCl,).

The mother liquor material was boiled for 3 h with methanol and excess sodium
methoxide. The methanol was removed, water was added and the mixture was deionized
by passage through columns of Amberlite IR-120 and IR-4 B. The solution was then fil-
tered through activated carbon and evaporated. The residue (3.7 g) was crystallized from
ethanol-ethyl acetate to give 800 mg (7.6 %) of 1,5-anhydro-D-arabinitol, m.p. 90— 93°C.

The remaining material was separated into 4 fractions by chromatography on a column
of silica gel (150 g) using butanone-2, saturated with water, as eluent. The first two frac-
tions (91 mg) were not investigated. The third fraction gave 271 mg (3 %) of 1,5-anhydro-
2-deoxy-D-erythro-pentitol as a syrup. Benzoylation yielded the di-O-benzoate (6) which
was recrystallized from methanol, yield 200 mg, m.p. 86 —87°C, [«]p®*= —64.9° (c 4.7,
CHCl,). (Reported * m.p. 89— 91°C, [«]p= —65.1°). The last fraction (1.119 g) was crys-
tallized from ethanol-ethyl acetate to give 700 mg (6.7 %) of 1,5-anhydro-D-arabinitol,
m.p. 93—95°C. Recrystallization from ethanol gave a product with m.p. 95—97°C,
[¢lp2= —97.5° (¢ 3.7, H,0). (Reported ! m.p. 96 —97°C, [«]p= —98.6°).

Tetra-O-benzoyl-a-D-glucopyranosyl bromide (44.0 g) in ethyl acetate (250 ml) and
triethylamine (24 ml) was hydrogenated in the presence of 8.5 g of 5 %, palladium on
carbon. Work up as described above gave a syrup which was crystallized from ether-
pentane. The product (17.5 g), m.p. 149 —152°C, was recrystallized from ethanol to give
15.6 g (40 %) of tetra-O-benzoyl-2-deoxy-a-D-arabino-hexopyranose (9), m.p. 152 —153°C.
An additional recrystallization gave the pure product, m.p. 1563 —154°C, [a]p®=
+68.6° (¢ 3.2, CHCl,). (Found: C 70.07; H 4.91. Cale. for C,;H,O,: C 70.36; H 4.86).

The material in the mother liquor was boiled for 3 h with methanolic sodium meth-
oxide, evaporated, dissolved in water, and deionized as described above. The product
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was crystallized from ethanol to give 2.55 g (22 %) of 1,56-anhydro-D-glucitol (8), m.p.
135—137°C. Additional recrystallization gave a product with m.p. 139 —141°C, [«]p®=
+42.0° (¢ 3.2, H,0). (Reported * m.p. 142—143°C, [«]p= +42.3°).

The material in the mother liquor (1.5 g) was separated into 3 fractions by chromatog-
raphy on a column of silica gel (150 g) using butanone-2, saturated with water, as eluent.
The fastest moving fraction (370 mg, 4.2 9%) was pure 1,5-anhydro-2,3-dideoxy-D-
erythro-hexitol (12) as seen from an NMR spectrum. To confirm its structure it was con-
verted into the 4,6-benzylidene derivative, m.p. 135—136°C, [«]p*?= — 3.5° (¢ 0.2, CDCl,).
[Reported * m.p. 137.5—138.5°C, [«]p= —4.1° (tetrachloroethane)].

The next fraction gave 510 mg (5 %) of syrupy 1,5-anhydro-2-deoxy-D-arabino-
hexitol (1) as seen from an NMR spectrum, which was identical with that of the product
described below. Benzoylation and recrystallization from ethanol gave 1,5-anhydro-
tri-O-benzoyl-2-deoxy-D-arabino-hexitol, m.p. 89—90°C, [«]p= —8.7° (¢ 2.5, CHCl,),
identical with the product described below.

The last fraction to come off the column gave 1.28 g of rather impure 1,5-anhydro-
D-glucitol (8), which was only identified through its NMR spectrum.

Tetra-0-benzoyl-a-D-mannopyranosyl bromide 1* (3.8 g) was hydrogenated in ethyl
acetate (29 ml) and triethylamine (3.0 ml) with 5 9, Pd-C (760 mg) as catalyst. Work
up as described above gave 2.9 g of a syrup which crystallized slowly from ether-pentane
to give 600 mg (18 %) of crude 1,5-anhydro-tetra-0O-benzoyl-D-mannitol (14), m.p. 135—
138°C.

The material in the mother liquor was separated into 4 fractions by preparative TLC
using 2 elutions with ethyl acetate-pentane (1:4). The fastest moving fraction gave 238
mg (12 %) of 1,5-anhydro-di-O-benzoyl-2,3-dideoxy-D-erythro-hexitol [the dibenzoate
of (12)] as a syrup. The product was identified through its 100 MHz NMR spectrum only,
which gave the following §-values and coupling constants (Hz): H-le=4.0; H-la = 3.46;
H-2¢, H-2a and H-3¢=1.5-2.0; H-3¢=2.3—2.5; H-4=5.06; H-5=13.88; H-6=4.4;
?'6, =24‘6' J10a=11L J100a=10; J g0, = ~ 4 J 3, =4.8; J4a=10; J;3=10; Jy=5.5;

s’ = 2.8.

The next fraction gave 240 mg (9 %) of 1,5-anhydro-tri-O-benzoyl-2-deoxy-D-arabino-
hexitol which was crystallized from ethanol, m.p. 89 — 90°C. A mixed melting point proved
the identity with the product described below. The third fraction (822 mg) was crystal-
lized from ether-pentane to give 633 mg (19 9%) of (14), m.p. 140—141°C.
Further recrystallizations from ethanol gave a product with m.p. 141—142°C, [a]y®=
—145° (¢ 2.0, CHCl,). (Reported ** m.p. 145 —146°C, [«]p= — 148.4°). The last fraction
(237 mg) was not investigated closely. Its NMR spectrum indicated that it was a hy-
drolysis product of the bromide (13).

T'ri-O-benzoyl- B-D-ribopyranosyl bromide ¢ (2.0 g) in ethyl acetate (14 ml) and triethyl-
amine (1.1 ml) was hydrogenated in the presence of 5 %, Pd-C (400 mg). Work up as de-
scribed above gave 1.6 g of syrup which was separated into several fractions by chromatog-
raphy on a column of silica gel (150 mg) using ethyl acetate-pentane (1:4) as eluent.

The fastest moving fraction gave 26 mg of a crystalline product which was shown by
NMR spectra ® to be 1,3,4-tri-O-benzoyl-2-deoxy-«-D-erythro-pentopyranose, recrystal-
lized from ether-pentane, m.p. 149 —150°C, [«]p®2= +42.0° (¢ 0.4, CHCl,). (Reported ®
m.p. 151 —-152°C, [a]p= +41.6°). The next fraction (55 mg) was a mixture. The third
fraction (16 mg) was shown by NMR spectroscopy, melting point, and mixed melting
point to be identical with (6), described above.

Fraction 4 (1.3 g) was crystallized from ether-pentane to give 900 mg (53 9%) of 1,5-
anhydro-tri-O-benzoyl-ribitol  (7), m.p. 154—155°C, [a]p=0°. (Reported’ m.p.
156 — 157°C). The last fraction (150 mg) was not investigated closely. An NMR spectrum
indicated that it was a hydrolysis product of the bromide (4).

Hydrogenolysis with Raney-nickel. Tri-O-benzoyl-B-D-arabino-pyranosyl bromide
(5.0 g) in ethyl acetate (40 ml) and triethylamine (2.7 ml) was hydrogenated in the pres-
ence of Raney-nickel (ca. 1 g). Work up as described above gave a syrup (4.0 g) which
was crystallized from methanol to give 2.2 g (52 %) of (2), m.p. 116—-118°C, [a]p?=
~ 214° (¢ 3.6, CHCI,). The mother liquor deposited an additional batch of crystals (250 mg)
which were recrystallized from ether-pentane to give 120 mg (3 %) of the 2-deoxy-
compound (3), m.p. 155—157°C.

Tri-O-benzoyl-2-deoxy-«-D-arabino-hexopyranosyl bromide. To tetra-0-benzoyl-2-deoxy-
«-D-arabino-hexopyranose (5.0 g) was added 15 ml of a solution of 32 9%, hydrogen bromide
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in glacial acetic acid and 15 ml of dichloromethane. After 3 h at room temperature more
dichloromethane was added and the solution was washed with water and aqueous sodium
hydrogen carbonate, dried and evaporated. The residue (4.3 g) was crystallized from ether-
pentane to give 2.9 g (62 9) of the a-bromide, m.p. 140 —141°C. After an additional
recrystallization the melting point was unchanged, [a]p®= +115° (¢ 1.5, CHCI,).
[Reported ® m.p. 139°C, [«]p!®= + 121° (tetrachloroethane)]. The structure was further
confirmed through an NMR-spectrum.

1,5-Anhydro-tri-O-benzoyl-2-deozxy-D-arabino-hexitol. Tri-O-acetyl-1,2-dideoxy-D-ara-
bino-hex-1-enopyranose (5.0 g) in ethyl acetate (25 ml) was hydrogenated in the presence
of platinum oxide (200 mg). The product was deacetylated with methanolic sodium
methoxide to give 1,5-anhydro-2-deoxy-D-arabino-hexitol (11)® which was purified by
distillation, boiling point 170°C (1 mmHg). The product was chromatographically ho-
mogeneous, but it could not be induced to crystallize. Benzoylation in the usual manner
gave the tribenzoate which crystallized from ether-pentane and was recrystallized from
ethanol, m.p. 90— 91°C, [«]p*= —17.9° (¢ 5.0, CHCl;). (Found: C 70.33; H 5.09. Calc.
for C,;H,0,: C 70.42; H 5.25).

Microanalyses were performed by Dr. A. Bernhardt.
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Asymmetric Induction in a
Michael-type Reaction
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University of Uppsala, Box 531, S-751 21
Uppsala, Sweden

his paper briefly reports some pre-

liminary results which demonstrate
asymmetric induction in a base-catalyzed
Michael-reaction. Previous studies on
asymmetric Michael additions have in-
volved the use of chiral reagents.! Wal-
borsky and co-workers,? for example,
studied the addition of (—)-menthyl
chloroacetate to ethyl acrylate using
achiral alkoxides as catalysts. Similarly,
the addition of Grignard reagents to chiral
a, B-unsaturated esters has been extensively
studied.® Except for some enzymatic reac-
tions, however, the addition of achiral
nucleophiles to the carbon-carbon double
bond of an achiral substrate under the in-
fluence of a chiral catalyst has been little
studied.* Thus, the present paper is the
first report of the use of a chiral catalyst
in a Michael addition. Recently, a similar
asymmetric induction in an aldol-type
reaction ® was described.

The present investigation deals with the
addition of methyl 2-carboxy-l-indanone
(I) to acrolein (ITa) or «-isopropylacrolein
(IIb) using optically active 2-(hydroxy-
methyl)-quinuclidine (III) as catalyst in
benzene solution at room temperature. The
course of the reactions were followed by
PMR, with which it was shown that the
addition products (IV) are formed quan-
titatively. The optical rotations of the
reaction mixtures were also followed as a
function of time and found to change
continuously towards a limiting value
different from zero, thus indicating the
formation of optically active products.
The addition products (IVa) and (IVb),

(o]
H 4
CHy=C—C
COOCH; I \y
0 R
I I
a) R=H 1
b) R=CHy~CH—CHj4
COOCH; 0
CH20H CHz—c':H—c\
I 14
a) R=H

|
b) R:CH3—CH-CHj4

respectively, were isolated and found to be
optically active. As an additional test for
the optical activity of the products, the
semicarbazone derivatives were prepared,
purified and tested for optical activity.

The Michael addition reaction involves
at least three steps. Firstly, the catalyzing
base removes the acidic proton in I with
the generation of the nucleophilic stabilized
carbanion. Secondly, this nucleophile adds
to the activated carbon-carbon double
bond in II, and finally the intermediate
addition product is protonated at the
carbon atom in the «-position to the
aldehyde group with the formation of the
end product IV. When acrolein (IIa) is
used as a reactant, only one asymmetric
centre is created in the product IVa. The
fact that this product is optically active
proves that the catalyzing base, or more
precisely its corresponding acid, is present
in the second step of the reaction. The most
plausible interpretation is that an ion pair
between the enolate ion of I and the
protonated form of IIT constitutes the
nucleophilic species which adds to the
activated double bond in 1Ia.

When «-isopropylacrolein (IIb) is used
as a substrate, the optical activity found
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in the product IVb does not prove that the
catalyzing base is present in the addition
step, since optical activity would also be
created in the final protonation step if this
is accomplished by the protonated form of
ITI. By analogy with the reaction involving
ITa it seems probable, however, that the
asymmetric induction also occurs in the
addition step for IIb. Product IVb is, of
course, a mixture of two diastereomers, as
demonstrated by the PMR-spectrum.
Preliminary experiments have shown that
the initially observed diastereomeric ratio
is kinetically controlled.

As yet it is not possible to say anything
regarding the degree of asymmetric induc-
tion in these reactions.

Experimental. The PMR-spectra were re-
corded with a Varian A60-D instrument at
34°C. Optical rotations were measured with a
Perkin-Elmer 141 M apparatus at 546 nm.,
The microanalyses were performed at the
Department of Analytical Chemistry, Uni-
versity of Uppsala.

Methyl  2-(2-formylethyl )indan-1-on-2-car-
boxylate (IVa). In a 100 ml volumetric flask
0.82 g (0.147 mol) of freshly distilled acrolein,
2.76 g (0.146 mol) of 2-carbmethoxy-1-in-
danone ® and 0.0058 g (0.00004 mol) of a freshly
sublimed and partially resolved (R)-(+)-2-
(hydroxymethyl)-quinuclidine (III)7 ([a]y,%-°
= +1717.0°, 57 9 enantiomeric excess!) were
dissolved in benzene and diluted to 100 ml.
The reaction temperature was 22.00+ 0.02°C.
After 20 h, the reaction was complete as de-
termined by PMR and polarimetry. The reac-
tion mixture was washed with 5x 100 ml of
water and 150 ml of a saturated sodium
chloride solution. The benzene layer was then
dried, evaporated and the residue distilled;
b.p. 150—152°C/0.1 mmHg. PMR chemical
shifts (6 ppm. relative TMS) methylene 2.00—
2.75, methylene in the ring 2.85— 3.85, methyl
ester 3.67, aldehyde 9.65, and aromatic protons
7.30— 7.80. The specific rotation of IVa was
[o)5g622-0= +8.83° (¢ 6.53, CCl,). (Found: C
68.70; H 5.75. Cale. for C, H,,0, (246): C
68.29; H 5.69.)

The semicarbazone derivative ® of IVa had
m.p. 133—135°C and a specific rotation
[ogee2° 0= + 3.75° (¢ 0.96, ethanol). (Found: C
59.44; H 5.66; N 13.82. Cale. for C,;H,,N;0,
(303): C 59.40; H 5.61; N 13.86.)

Methyl  2-(2-formyl-3-methylbutyl Jindan-1-
on-2-carboxylate (IVb). As above 2.76 g (0.028
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mol) of freshly distilled «-isopropylacrolein ®
and 4.77 g (0.025 mol) 2-carbmethoxy-1-
indanone ® were dissolved in benzene and
0.2376 g (0.0017 mol) of freshly sublimed and
partially resolved (R)-(+)-III ([a];¢%-=
+177.0°)" was added. The mixture was diluted
to 100 ml with benzene and kept at 44.00+
0.1°C. After 30 days, the reaction was complete
according to PMR analysis. The mixture was
washed with 5x 100 ml of water and 150 ml
of a saturated sodium chloride solution. The
organic layer was dried and evaporated. The
residue was not sufficiently stable to be
distilled but the raw product of IVb had a
specific rotation [«],*'=+28.8° (¢ 5.22,
benzene). PMR chemical shifts (§ ppm. rela-
tive TMS) methylene and methine 1.60— 2.60,
methylene in the ring 2.75—3.75, methyl
0.80— 1.10, methyl ester 3.60, aldehyde 9.40—
9.58 and aromatic protons 7.30— 7.80.

The semicarbazone derivative of IVb ® had
m.p. 196.0—197.5°C and a specific rotation
[a)5q620 "= — 3.2° (¢ 0.25, dimethyl sulphoxide).
(Found: C 62.34; H 6.69; N 12.10. Cale. for
C,sH3N;3;0, (345): C 62.60; H 6.66; N 12.17.)
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Bourgeanic Acid in the Lichen
Stereocaulon tomentosum
TORGER BRUUN

Institutt for organisk kjemi, Universitetet i
Trondheim, Norges tekniske hggskole,
N-7034 Trondheim-NTH, Norway

tereocaulon tomentosum Fr. (5.8 kg, ap-

parently homogeneous) was collected in
August 1955 along the railway line between
Agle and Lurudal, some 200 km north of
Trondheim. The identity was determined
by Dr. I. Mackenzie Lamb. A voucher
specimen has been deposited in the collec-
tion of the Institutt.

The ground and air dried lichen was
extracted for 24 h with ether in a glass
Soxhlet apparatus. After the ether extract
had been concentrated to a manageable
volume and filtered, it was extracted suc-
cessively with sodium hydrogen carbonate,
disodium carbonate, and sodium hydroxide
solutions. The disodium carbonate extract
weighed 5.9 g. It was treated with 50 ml
of boiling petroleum, b.r. 60—70° and
filtered whilst hot. The filtrate contained
2.0 g, which were chromatographed on 60 g
of silica gel with elution successively with
benzene, benzene-chloroforrn 1:1, and
chloroform. The volume of each fraction
equalled the retention volume, 60 ml. The
three fractions eluted with benzene and
those eluted with benzene-chloroform 1:1
contained only small amounts of material.
The three first fractions eluted with chloro-

CH, CH, CH,
S
HOO H—(IJH—CH—CH,—CH—CH,—CH s
O OH
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form contained 0.2, 0.9, and 0.5 g of
material, respectively. The middle fraction
(0.9 g) on crystallisation from petroleum
and from acetone afforded crystals (157
mg) of m.p. 121 -122° [«]p +6° (¢ 1.05,
chloroform, 1 dm tube).

To the extent that our experiments
parallelled those described for bourgeanic
acid (1) from Desmaziera evernioides (Nyl.)
Follm. et Hun. and Ramalina bourgeana
(Mont.),! identity with this acid was sug-
gested.

Thanks to the kindness of Dr. B. Bodo a
direct comparison of the two acids was
possible. They appeared identical by IR
and mass spectra and by mixed m.p. de-
termination. Taken at the same time
bourgeanic acid melted at 123 —124°, the
acid from S. tomentosum at 121 — 122°, and
their mixture at 121-123°. However,
under our conditions (AEI MS 902 instru-
ment, 70 eV) neither bourgeanic acid nor
the acid from S. tomentosum showed M
or [M+1]T as originally reported.! The
molecular weight of the acid from S.
tomentosum was arrived at by relying on
the [M—15]* peak of the trimethylsilyl
ether of the methyl ester of the acid.

Previous investigations of S. tomentosum
(compare Ref. 2) have revealed the pres-
ence of atranorin, lobaric acid, and stictic
acid. The present sample apparently
belongs to the Chem. strain 2 of Culberson,?
since atranorin and lobaric acid were identi-
fied.

Acknowledgements. The identity of the lichen
was determined by Dr. I. Mackenzie Lamb
through the good offices of Dr. Per Stermer.
Dr. B. Bodo put at disposal the infrared
spectrum in KBr of bourgeanic acid and a
sample of the acid. The mass spectra were
measured by Mrs. Turid Sigmond and her staff
of the Physics Department, NTH, Trondheim.
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Polychlorinated Biphenyls

VL.* 2,3,7,8-Tetrachlorodibenzo-
furan, a Critical Byproduct in the
Synthesis of 2,2",4,4,5,5"-Hexachloro-
biphenyl by the Ullmann Reaction

MARIA MORON, GORAN SUNDSTROM
and CARL AXEL WACHTMEISTER

Wallenberglaboratoriet, Stockholms
Universitet, Lilla Frescati, S-10405
Stockholm, Sweden

n connection with structural studies of

the components in commercial PCB-
mixtures (polychlorinated biphenyls) we
have synthesised a number of symmetri-
cally and unsymmetrically substituted
chlorinated biphenyls.2:* One of these com-
pounds, 2,2’,4,4’,5,6"-hexachlorobiphenyl, a
major component in PCB-mixtures,*® was
synthesised in larger amounts by an Ull-
mann coupling of 2,4,5-trichloroiodo-
benzene in order to be used in toxicological
investigations.

In a study concerning the Ullmann reac-
tion of 2-chloroiodobenzene Nilsson ?
showed that under commonly used condi-
tions dibenzofuran was formed as a by-
product in the coupling reaction. The for-
mation of minor amounts of 2,3,7,8-tetra-
methoxydibenzofuran in the coupling of
4-bromo-5-iodoveratrole has also been re-
ported.® The occurrence of chlorinated di-
benzofurans as contaminants in chlorobi-
phenyl samples prepared for toxicological
experiments could be serious in view of the
high toxicity of these compounds, recently
detected by Vos et al.’ as contaminants in
some commercial PCB-mixtures. We have
therefore studied the byproducts in the
above coupling reaction with special at-
tention to chlorinated dibenzofurans.

The coupling reaction was performed
with commercial 2,4,5-trichloroidobenzene
which was thoroughly purified. The copper
bronze was of the same quality as the one
used by Nilsson? and contained a small
amount of fatty acids. The use of very
pure electrolytic copper did not signifi-
cantly change the nature or yield of by-
products. No precautions were taken to
exclude air from the reaction mixture.

The crude coupling product was frac-
tionated on a silica gel column with hexane

* Part V, s_ee Ref. 1.
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as solvent. The fractions eluted after some
starting material and the main product
were investigated by mass spectrometry
for the presence of compounds with the
molecular ion 304 m.u. which corresponds
to a tetrachlorinated dibenzofuran. Such
a compound was also found eluted with
some other byproducts, probably chlorin-
ated terphenyls (MS) (¢f. Ref. 7). The sus-
pected tetrachlorodibenzofuran could more
conveniently be isolated in a pure state by
chromatography of the crude coupling
product on an alumina column. The com-
pound gave the expected analytical values
and mass spectrum. The only peaks ex-
ceeding 10 % of the base peak (306 m.u.)
in the mass spectrum was found at 241 —
243 m.u. (16 9) which corresponds to loss
of CICO from the molecular ion. This
fragmentation was found also by Vos et al.’
and could be compared with the loss of
HCO from the molecular ion of the parent
compound, dibenzofuran.!

The NMR spectrum showed singlet
signals at & 7.48 and § 7.85, consistent
only with a 2,3,7,8-tetrachlorodibenzofuran
structure.

Treatment of 2,2',4,4%,5,5’-hexachlorobi-
phenyl with potassium hydroxide at
elevated temperatures gave small amounts
of the same tetrachlorodibenzofuran (GLC,
TLC), probably via a phenolic inter-
mediate.

The results presented here show that
any preparation of polychlorinated bi-
phenyls synthesised via the Ullmann reac-
tion using iodo-compounds with chlorine
atoms in the ortho-positions must be
thoroughly analysed for the presence of
chlorinated dibenzofurans. A comparison
of the toxicity of 2,2’,4,4",5,56’-hexachloro-
biphenyl, synthesised by the Ullmann
method, and a commercial PCB-mixture
(Aroclor 1254) was recently published.!!
No details of the purification of the product
were given. However, our crude biphenyl
contained ca. 3 9, tetrachlorodibenzofuran
and trace amounts of this compound were
detected (GLC) even after repeated crystal-
lisations from hexane, ethanol or acetic
acid.

Ezxperimental. The melting points were de-
termined on a Kofler micro hot stage. Mass
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spectra were recorded on an LKB 9000
spectrometer., The NMR spectrum was ob-
tained on a Varian HA-100D instrument with
tetramethylsilane as internal standard.

Gas chromatography. The products were
characterised by GLC using a Hewlett-
Packard 7620A instrument fitted with an EC
detector. Glass columns (0.20x 160 cm) con-
taining 2 %, (w/w) Apiezon L on Chromosorb
W A/W DMCS (100— 120 mesh) at 210° were
used. The gas flow (argon-methane, 9:1) was
about 25 ml/min.

Coupling reaction. 2,4,5-Trichloroiodobenzene
(Koch-Light, recrystallised from ethanol or
purified on a silica gel column with hexane as
solvent, 10 g) was thoroughly mixed with
copper-bronze (lithographic bronze, ¢f. Ref. 7;
9.3 g) and the mixture was heated from 180°
to 235° during one hour with occasional
stirring. Extraction of the reaction mixture in
a Soxhlet apparatus with hexane and evapora-
tion of solvent gave 5.7 g of crude product.

Isolation of 2,2',4,4',5,5"-hexachlorobi-
phenyl.5%1? 2.5 g of the above product was
added to a column (5.5x 62 em) of silica gel
(Merck, <<0.063 mm) which was eluted with
hexane. After some starting material
2,2’,4,4’,5,5"-hexachlorobiphenyl was obtained
free from byproducts (GLC), 2.05 g, m.p.
103.56—104.5° (EtOH), A,, (EtOH) 281 nm
(e 2040), 290 nm (¢ 1860).

After the major product the tetrachlorodi-
benzofuran eluted together with some other
byproducts, most probably terphenyls (8 Cl) as
shown by MS.

Isolation of 2,3,7,8-tetrachlorodibenzofuran.
When 2.5 g of the crude product was chro-
matographed on neutral alumina (Merck,
activity grade I, 4.2 x 72 cm) with hexane as
solvent the biphenyl and the suspected ter-
phenyls eluted together. The column was
further eluted with hexane-ether (9:1). Finally
elution with ether gave a fraction of 2,3,7,8-
tetrachlorodibenzofuran (0.08 g) which crystal-
lised from hexane. The compound recrystal-
lised on the hot plate from ca. 150° to give
needles, m.p. 223— 226° (subl. from ca. 210°).
[Found: C 47.0; H 1.3. Mt 304 m.u. (4 Cl).
C;:H,CL,O (306.0) requires C 47.1; H 1.3).]
(NMR (CDCl,) & 7.48 (s) and J 7.85 (8). Apay
(EtOH) 222.5 nm (sh) (¢ 46 500), 228.5 nm
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(¢ 50200), 240 nm (sh) (¢ 26 600), 251 nm
(e 17 400), 259.6 nm (¢ 29 100), 298.5 nm (sh)
(¢ 24 500), 304 nm (¢ 28 200), and 314 nm
(¢ 23 300).

Retention times on GLC, conditions as de-
scribed above, for 2,2,4,4’,5,5’-hexachlorobi-
phenyl and 2,3,7,8-tetrachlorodibenzofuran
were 11.6 and 14.8 min, respectively. Reten-
tion times for the terphenyls were several
hours under these conditions,

On TLC (silica gel-hexane) the tetrachloro-
dibenzofuran has an Ry value of 0.30 and the
hexachlorobiphenyl 0.41.
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Differentiation between
«-Glutamyl Peptides, y-Glutamyl
Peptides, and «-Aminoacylglutamic
Acids by PMR Spectroscopy

IB KRISTENSEN and
PEDER OLESEN LARSEN

Department of Organic Chemistry, Royal
Veterinary and Agricultural University,
DK-1871 Copenhagen, Denmark

Numerous y-glutamyl derivatives of amino
acids and amines occur naturally,! and
methods for the unequivocal structure
determination of these compounds are
therefore of importance. Whereas stand-
ard methods can be used to establish the
sequence of dipeptides containing glutamic
acid the differentiation between «- and
y-glutamyl derivatives poses a specific
problem. The only three reliable chemical
solutions to this problem are synthesis,
quantitative decarboxylation with nin-
hydrin,2 and deamination with nitrous
acid.®> The latter two methods are de-
structive and demand considerable amounts
of material. The higher pK,-values for
a-glutamyl o«-amino acids than for y-
glutamyl «-amino acids determine the
elution behaviour on strongly basic ion-
exchange resins in the acetate form, -
glutamyl peptides being eluted last with
acetic acid. Differentiation between a- and
y-glutamyl peptides has been made on an
amino acid analyser, where y-glutamyl
peptides are eluted before and «-glutamyl
peptides after the second amino acid from
a strongly acidic ion-exchange resin with
citrate buffer.* Various methods depending
on paper chromatography, electrophoresis,
or acid lability for distinction between the
two isomer possibilities require both
isomers for reliable results.

The d-value for the a-proton in the
glutamic acid moiety is larger for «-
glutamyl amino acids than for y-glutamyl
amino acids in aqueous solution, and this
difference has been proposed as a means
for differentiation between «- and y-
glutamyl derivatives.* However, the J-
value for the a-proton in y-glutamylglu-
tamic acid (3.92 ppm) is higher than the
upper limit of 3.90 ppm given for the «-
proton in y-glutamyl derivatives,® and
similar to the shift for the «-proton in
glutamic acid in «-glutamylphenylalanine
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(3.93 ppm) and «-glutamyl- f-alanine (3.94
ppm).* Again the method will give reliable
reslults only when both isomers are avail-
able.

The difference in J-values for the a-
proton is of course due to the different
chemical surroundings of the «-protons.
The surroundings of the «-protons vary
with the ionization state of the dipeptides.
Use of the changes in chemical shifts
occurring on change in ionization ® and
analysis of the surroundings permits
differentiation between the. possible iso-
mers in dipeptides containing glutamic
acid and a second amino acid. Definite
ionization states are obtained (i) in D,0,
(ii) in D,0 with excess trifluoroacetic
acid, (iii) in D,0 with excess K,HPO,
(pH 7), and (iv) in D,0 with excess NaOH.
In the first case, equal amounts of positive-
ly charged amino groups and negatively
charged carboxyl groups are obtained,
y-glutamyl amino acids and aminoacyl-
glutamic acids with negative charge on
the «-carboxyl group in the glutamio
acid moiety, and «-glutamyl «-amino
acids with negative charge on the carboxyl
group in the second amino acid. In case
(i1), all carboxyl groups are free and all
amino groups are positively charged,
while in case (iii) all carboxyl groups
are negatively charged and all amino
groups are positively charged. Finally, in
case (iv), all carboxyl groups are negatively
charged and all amino groups are un-
charged.

In Table 1 are listed the &-values for
the w-protons in various glutamic-acid-
containing dipeptides and in related
compounds. For elucidation the variable
surroundings of the a-protons are listed.
The changes in J-values observed are in
full agreement with those expected from
the substitution patterns. Ionization of
a carboxyl group positioned on the same
carbon atom as the «-proton results in
an upfield shift of from 0.12 to 0.37 ppm.
Neutralization of an amino group posi-
tioned on the same carbon atom as the
a-proton results in an upfield shift of
from 0.43 to 0.77 ppm.

Only the signal for the «-proton in the
y-glutamyl peptides exhibits two shifts
(between pH < 1 and pH 3 and between
pH 7 and pH > 11) characteristic for
a proton in a free «-aminocarboxylic acid
setting. Therefore when a signal with
two shifts is observed, it can be concluded
that a y-glutamyl peptide is present, and
assignment of the signals for the two
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Table 1. §-Values and chemical surroundings for a-protons in glutamic acid containing dipeptides and related
compounds.
pH < 12 pH ~ 3 pH ~ 7¢ pH > 114
J surround- J surround- é surround- ) surround-
(ppm) ings (ppm) ings (ppm) ings (ppm) ings
a-Proton in glutamic acid
Glutamic acid 4.17 3.82 3.81 3.23
Glutamine 4.20 - 3.83 3.31
y-Glutamyl peptides
y-Glutamyl-
alanine 4.15 3.82 3.77 3.25
p-Glutamyl-
glutamic acid 4.14 — COOH 3.92 —CO0~ - -C00~ - - C00~
y-Glutamyl- —NH,* —NH,t - NH,+ —NH,
methionine
sulfoxide 4.12 3.89 - -
y-Glutamyl-
phenylalanine 4.01 3.70 3.63 3.20¢
y-Glutamyl-
tyrosine 4.01 3.72 3.69 3.13
Glutamio acid
«-amide 4.17 -~ CONH, - - 412> —CONH, 3.35 — CONH,
—~NH,* ~NH,* - NH,
a-Glutamyl peptides
«-Glutamyl-
ety 4'15} — CONHR ‘“0} —CONHR 4'05, CONHR 3'37} — CONHR
tyrosine s07) —NHs 400 ~NHs 397 —NH, 385) —NHa
«-Aminoacyl glutamic acids
Alanylglutamic
;‘c;;iosﬂ_ 4.53} —COOH 4.27} _c00- 4.19} —C00- 4.15} —Coo-
glutamic acid ~ 4.45¢f) —NHCOR o5 —NHCOR o5 —NHCOR 4 —NHCOR
«-Proton in second amino acid
y-Glutamyl peptides
y-Glutamyl-
alanine 4.29 4.31) 4.15 4.15
y-Glutamyl-
glutamic acid 4.45 4.42 - -
p-Glutamyl-
methionine - -

. — COOH — COOH —C00 —C00
sulfoxide 4547 NHCOR 4.54 — NHCOR - t _NHCOR - L —NHCOR
y-Glutamyl-
phenylalanine 4.72 4.65 4.51 4.50
y-Glutamyl-
tyrosine 4.65 4.60 4.48 4.40

Acta Chem. Scand. 27 (1973) No. 8



Table 1. Continued.
a-Glutamyl peptides

4.48
4.70:

a-Aminoacyl glutamic acids

a-Glutamyl-
alanine
«-Glutamyl-
tyrosine

Alanyl-
glutamic acid
Tyrosyl-
glutamic acid

4.20

4.30°

)
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- COOH
— NHCOR

—C00~

4.22
—NHCOR 4.46}

4.17}
4.18¢

4.28
4.48}

—CONHR
—NH,*

— CONHR

415
— +
NH, 4.20=}

—C00~
—NHCOR

— CONHR
—NH,*

4.17
4.49}

3.52
3.60

l
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-C00~
—NHCOR

—CONHR
—~NH,

#D,0 with trifluoroacetic acid. ®D,0. ¢D,0+ K,HPO,. 4D;0+NaOH. “The exact J-values are difficult

to obtain because of superposition of signals.

a-protons to the two constituent amino
acids can be made. The signal for the
proton in the second amino acid only
shows a shift when pH is raised from 3 to
7. No shift is observed here for the two
isomeric possibilities and thus further
evidence for a y-glutamyl structure can be
obtained. Both a-glutamyl peptides and
a-aminoacylglutamic acids show signals
for one proton shifting between pH < 1
and pH 3 and for one proton shifting
between pH 7 and pH > 11. Differentiation
between these isomers can only be made
when the two signals can be assigned to
the two constituent amino acids.® In the
present case this is easily done for the
alanine derivatives since the «-proton in
alanine gives a signal split into a quartet.
For the tyrosine derivatives the coupling
of the a-proton in tyrosine with the easily
discernible benzylic protons permits as-
signment.

PMR-spectra of the compounds in
different ionization states thus provide an
unequivocal and nondestructive method
for differentiation between on one side
y-glutamyl peptides and on the other side
a-glutamyl peptides and aminoacylglutamic
acids. Furthermore differentiation be-
tween a-glutamyl peptides and aminoacyl-
glutamic acids can be made provided that
the signals for the «-protons can be assigned
to glutamic acid and the second amino
acid. Not only the changes but also the
actual J-values found may be used for
assignment of structure. However, espe-
cially when new amino acids are involved
such assignments must be made with
more caution than those made on the
basis of changes in chemical shifts.

Methods and materials. PMR-spectra were
measured on a JEOL C-60HL instrument.

Acta Chem. Scand. 27 (1973) No. 8

d-Values are in ppm relative to sodium
2,2,3,3-tetradeuterio-3-(trimethylsilyl)propion-
ate. Spectra were measured on solutions
containing between 1 and 4 9, of peptide in
D,0 containing excess trifiuoroacetic acid
(more than 6 %), in D,0, in D,;0 containing
1.5 mol of K,HPO, per mol of glutamic acid
derivative, and in 0.4 N NaOH in D,0.

y-L-Glutamyl-L-alanine, «-L-glutamyl-L-ala-
nine, L-alanyl-L-glutamic acid, a-L-glutamyl-
L-tyrosine, and L-tyrosyl-L-glutamic acid were
obtained from Cyclo Chemical, U.S.A. y-L-
Glutamyl-L-phenylalanine was isolated from
seeds of Fagus silvatica. L.° and unequivocally
identified by comparison with previously
verified material.” y-L-Glutamyl-L-tyrosine was
isolated from Aubrietia deltoidea DC.7 y-
Glutamylglutamic acid and y-glutamylmethio-
nine sulfoxide were also isolated from seeds of
Fagus silvatica L. The configurations of these
compounds have not been established.® L-
Glutamic acid «-amide was obtained from
Calbiochem, U.S.A.
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The Effects of Nucleotides on the
a-Glucosidase Formation in
Baker's Yeast Protoplasts*

SAMPSA HAARASILTA and ERKKI OURA

Research Laboratories of State Alcohol
Monopoly (Alko), SF-00101 Helsinki 10,
Finland

The few papers dealing with yeast and
3%,5"-AMP (cAMP) provide some eviden-
ce that cyclic cAMP may be involved in the
metabolic control of yeast, as has already
been well documented for bacteria.? It has
been reported that the concentration of
cAMP in Schizosaccharomyces pombe, Sac-
charomyces carlsbergensis and Sacch. fragilis
depends on the growth conditions.®=®
Moreover, it has been demonstrated for
Sacch. cerevisiae protoplasts that certain
nucleotides, including cAMP, can over-
come the glucose repression of respiratory
adaptation.® cAMP has been shown to have
a de-repressive effect on the glucose re-
pression of sporulation in intact baker’s
yeast.”

The effects of cAMP and some other
nucleotides on the partially repressed a-
glucosidase synthesis in baker’s yeast
protoplasts are reported in this paper.

A commercial baker’s yeast strain was used
in the experiments. Protoplasts were prepared
from an early log-phase culture according to
Nurminen et al.® by using g-mercaptoethanol
and Helix pomatia snail gut juice. The methods
used for the induction and the determination
of a-glucosidase were slightly modified from
those described by Burger et al.? The induction
medium was 0.7 M in MgSO, and contained
0.65 9% maltose, 1 9, Casamino acids and
approximately 0.2 9, protoplasmic protein
(determined according to Lowry et al.l®), In
some experiments 0.8 M mannitol was used as
the osmotic stabilizer for the protoplasts in
place of MgSO,. The pH of the mixture was
adjusted to 4.7 with Mecllwaine’s citrate-

* Some of the results reported in this paper
were presented at the Third International
Specialized Symposium on Yeasts at Otaniemi/
Helsinki, 7th June 1973.!
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phosphate buffer. Any additions to the indue-
tion mixture are indicated. The induction was
carried out by incubating 10 ml of the mixture
at 30°C in a 50 ml Erlenmeyer flask in a shaker.
A preparation for a-glucosidase analysis was
made by centrifuging 1— 2 ml of the induction
mixture, suspending the sediment in 1—2 ml
of distilled water and allowing it to stand with
occasional shaking for at least 20 min at 0°C.
During this time protoplasts were broken. The
supernatant remaining after centrifugation of
the broken cell suspension is hereafter referred
to as lysate, 50— 200 ul of lysate were taken
for the determination of «-glucosidase activity.
It was made by measuring the hydrolysis of p-
nitrophenyl-«-D-glucoside (PNPG) at 400 nm
with a spectrophotometer linked to an autom-
atic recorder. The assay mixture for «-gluco-
sidase was the same as described by Kloet
et al.'* One unit was defined as the amount of
enzyme which liberated 1 nmol of p-nitro-
phenol in 1 min at 30°C with 1 ml of lysate
present in the assay mixture.

P
o
o

300 -

200

e

o

o
T

PNPG hydrolyzed, nmol min~'(ml lysate)™'

0 1 2 3 4
Incubation time, h

o
(2]

Fig. 1. Kinetics of a-glucosidase induction in
baker’s yeast protoplasts. The induction of «-
glucosidase, the preparation of a lysate and
the assay of a-glucosidase activity were carried
out as described in the text. The induction
medium (0.7 M MgSO, as osmotic stabilizer)
was supplied with 0.25 9, glucose (x), 1 9,
glucose ([]) or 1 % glucose +0.3 mM cAMP
(O)-
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Table 1. «-Glucosidase activity. The effect of low Mg?t and Mn?t ion concentrations on the a-

glucosidase induction in baker’s yeast protoplasts. The effects of cAMP and ATP in the presence

of Mgt and Mn?* ions on the a-glucosidase induction. The induction of «-glucosidase, the prep-

aration of lysate and the assay of «-glucosidase were carried out as described in the text. The

supplements to the induction medium (0.8 M mannitol as osmotic stabilizer) are shown in the

table. Activities are expressed as nmol of PNPG hydrolyzed/(min ml) lysate. The samples were
taken 4 h after the start of induction.

Supplement 0.25 9, glucose 1 9 glucose 0.25 9%, glucose  0.25 9%, glucose
+ 1 mM cAMP +1mM ATP
- 134 85 142 157
5 mM Mgt 126 57 137 125
5 mM Mn2t 99 43 157 169
The kinetics of «-glucosidase formation 400

in the presence of 0.25 9, glucose, 1 %
glucose and 1 9 glucose + 0.3 mM cAMP
are presented in Fig. 1. No «-glucosidase
was synthesized by protoplasts during the
first hour. This period was observed to be
independent of the glucose concentration
and the presence of cAMP. The repressive
effect of increased glucose concentration on
the «-glucosidase formation was obvious.
cAMP does not seem to have any positive
effect and, if anything, acts as a weak
repressor. The repressive effect, however,
could not be observed in all the experi-
ments. The synthesis rate of «-glucosidase
began to be accelerated by cAMP about
3.5 h after the beginning of the enzyme in-
duction. The synthesis rate of «-glucosidase
in protoplasts induced in the presence of
1 9% glucose + 0.3 mM cAMP did not quite
reach that in protoplasts induced in the
presence of 0.25 9 glucose.

The effects of cAMP concentration on
the «-glucosidase synthesis is shown in Fig.
2. A cAMP concentration of about 0.3 mM
gave the maximum de-repressive effect,
which decreased slowly at higher concen-
trations.

The inhibitory effect of Mg?**+ ions on
the «-glucosidase induction in baker’s
yeast protoplasts was reported by Burger
et al.® It was now observed that, besides
Mg>*t ions, Mn®*t ions have an inhibitory
effect on the a-glucosidase induction (Table
1). This effect of Mn?** ions was more in-
tense than that of Mg?* ions, but weaker
than that of 1 9 glucose. The inhibitory
effect of Mg?t ions could no longer be ob-
served when MgSO, was used as an osmotic
stabilizer for the protoplasts (see Ref. 1).
This is possibly a consequence of MgSO,

Acta Chem. Scand. 27 (1973) No. 8
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Fig. 2, Effect of cAMP concentration on the a-
glucosidase induction in baker’s yeast proto-
plasts. The induction of «-glucosidase the
preparation of a lysate and the assay of a-
glucosidase were carried out as described in
the text. The induction medium (0.7 M
MgSO0, as osmotic stabilizer) was supplied with
1 % glucose and different cAMP concentra-
tions, The samples were taken 6 h after the
start of induction.

being a better osmotic stabilizer than man-
nitol. The results presented in Table 1 also
show that cAMP and ATP nullify the re-
pressive effect of Mn*t ions, and that cAMP
can overcome the repressive effect of Mg?t
ions as well. The presence of Mn** ions in-
crease the de-repressive effect of these
nucleotides. It is to be noted that the
adenyl cyclase in baker’s yeast, the only
enzyme known to synthesize cAMP is
manganese dependent.!?
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The effects of some other nucleotides on
a-glucosidase formation were also studied.
The results are presented in Table 2. They

Table 2. The effect of different nucleotides on
the induction of «-glucosidase in baker’s yeast
protoplasts. The induction of a-glucosidase,
the preparation of lysate and the assay of a-
glucosidase were performed as described in the
text. The induction medium (0.7 M MgSO, as
osmotic stabilizer) was supplied with 1 9
glucose and different nucletides to a final con-
centration of 1 mM. Activities are expressed as
nmol of PNPG hydrolyzed/(min ml) lysate.
The samples were taken 4.5 h after the start
of induction.

Nucleotide # «-Glucosidase

activity
None 155
Cyeclic 3',5’-AMP 168
ATP 168
Cyeclic 38’,5-GMP 163
Cyclic 2’,3’-AMP 1556
Cyeclic 3’,5’-UMP 165
AMP 150
ADP 138
0%.MB cyclic 3°,5’-AMP 137
N¢,0¥.DB cyclic 3’,5’-AMP 137
N®-MB cyclic 3’,5’-AMP 121

4 MB=monobutyryl, DB= dibutyryl.

indicate that the de-repressive effect of
cAMP cannot be due to the 3’,5'-ring
structure alone; cyclic 3'5-UMP and
butyryl derivatives of cAMP have no de-
repressive effects. A definite stimulative
effect of ATP was exhibited under these
experimental conditions. The de-repressive
effect of cyclic 3'56’-GMP was to be ex-
pected.

The results obtained support the view
that cAMP participated in the catabolite
repression of yeast.
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Thiete 1,1-dioxide (¢f. Fig. 1) was first
synthesized by Dittmer and Christy in
1960.1% A complete structural investigation
by X-ray diffraction was performed by
Lowenstein ® in 1965. Within the limits of
error of the method he found a planar ring
structure with the plane of the O—-S—-0
bond perpendicular to the plane of the
ring. The refinement of the structure was
not carried far enough to reveal the posi-
tions of the hydrogen atoms. The results
of Lowenstein are tabulated in Table 1.
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The effects of some other nucleotides on
a-glucosidase formation were also studied.
The results are presented in Table 2. They

Table 2. The effect of different nucleotides on
the induction of «-glucosidase in baker’s yeast
protoplasts. The induction of a-glucosidase,
the preparation of lysate and the assay of a-
glucosidase were performed as described in the
text. The induction medium (0.7 M MgSO, as
osmotic stabilizer) was supplied with 1 9
glucose and different nucletides to a final con-
centration of 1 mM. Activities are expressed as
nmol of PNPG hydrolyzed/(min ml) lysate.
The samples were taken 4.5 h after the start
of induction.
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4 MB=monobutyryl, DB= dibutyryl.

indicate that the de-repressive effect of
cAMP cannot be due to the 3’,5'-ring
structure alone; cyclic 3'5-UMP and
butyryl derivatives of cAMP have no de-
repressive effects. A definite stimulative
effect of ATP was exhibited under these
experimental conditions. The de-repressive
effect of cyclic 3'56’-GMP was to be ex-
pected.
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that cAMP participated in the catabolite
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Thiete 1,1-dioxide (¢f. Fig. 1) was first
synthesized by Dittmer and Christy in
1960.1% A complete structural investigation
by X-ray diffraction was performed by
Lowenstein ® in 1965. Within the limits of
error of the method he found a planar ring
structure with the plane of the O—-S—-0
bond perpendicular to the plane of the
ring. The refinement of the structure was
not carried far enough to reveal the posi-
tions of the hydrogen atoms. The results
of Lowenstein are tabulated in Table 1.

Acta Chem. Scand. 27 (1973) No. 8



SHORT COMMUNICATIONS

Table 1. Bond lengths and bond angles in
thiete 1,1-dioxide as obtained by Lowenstein
using X-ray diffraction,
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Table 2. Ground state rotational spectrum of
thiete 1,1-dioxide.

Observed ¢ Calculated Cale.— obs.

Transition frequency frequency frequency
Bond Found, A Bondangle Found (MHz) (MHz) (MHz)
C-C 1.52+0.04 C-8S-C 80.5° 5,—+4, 29308.78 29308.72 —0.06
C=C 1.39+0.03 S8S~-C-C 85.1° B4y, 29 589.36 29589.30 —0.06
—-C-8 1.79+ 0.04 §—-C=C 90.0° 5yy—>4y3 29 718,49 29 718.46 —0.03
=C—8§8 1774003 C—C=C 104.5° a>4a) 99751070 29 751.98 0.07
§—0 1.43+0.02 O0—S-0 1155° =440 91 29 752,02 0.11
sa->ds, 20 759.007 29758.86  —0.14
Bog—4y, 29 763.34% 29 763.56 0.22
By3e-4,, 29 864.38 29864.3¢ —0.04
B4, 30095.65 30095.59 —0.06
0 6,46, 3515295 35153.00 0.05
= / o Dos 35 435.28 35 435.31 0.03
s 6,545, 35 648.29 35 648.38 0.09
N\ 05| 35700.74% 35701.14 0.30
° 645 gy 35 701.14 0.30
6,34 5,,| 35708.00° 35707.84 —0.16
Fig. 1. Thiete 1,1-dioxide (thiete sulfone). ¢ Ba » 30708.04 0.04
sa D3z 35 717.58° 35 T717.71 0.13
653455 35 729.90° 35 730.17 0.27
0 cDBsa 3580510 35895.13 0.03
In the present investigation microwave 6,55, 36 090.37 36090.42 0.05

spectra of the ground and three vibra-
tionally excited states of thiete 1,1-dioxide
and the second excited state of one of these
modes were studied in the frequency
region 26 500 —40 000 MHz.

A sample of thiete 1,1-dioxide was kindly
supplied by Dr. T. Kempe of the Department
of Organic Chemistry, The Royal Institute of
Technology, Stockholm.

The spectra were recorded on a Hewlett
Packard model 8460 microwave spectrometer
with a phase-stabilized source oscillator. All
the measurements were carried out at room
temperature with sample pressures in the
range 15— 25 mTorr,

Preliminary values of the rotational
constants were calculated from an assumed
structure based on Lowenstein’s results
and some reasonable additional assump-
tions as to the positions of the hydrogen
atoms.

Only a-type R-branch transitions of
C;H S0, were observed. An attempt to
identify transitions of the 38 species
proved fruitless, due to the poor signal-to-
noise ratio at the temperature of the ex-
periments. Observed and calculated fre-
quencies of the lines belonging to the
ground state are listed in Table 2.

Acta Chem. Scand. 27 (1973) No. 8

@ Frequencies are accurate to +0.05 MHz.
b Not used in calculation of rotational con-
stants. The inaccuracy of these frequencies is
caused mainly by overlapping by nearby lines
or vibrational satellites.

Tables 3 and 4 present the resulting
rotational constants of the ground state
and the vibrational satellites. No attempt
was made to assign the satellites to any
particular vibrational modes. The centri-
fugal distortion was found to be negligible
for the measured transitions. As expected,
the A constant of the ground state is less
accurately determined than the B and C
constants. The rotational constants of the
vibrational satellites were calculated from
the three best separated and modulated
lines observed in the spectrum.

Owing to the low Stark effect we could
not determine the dipole moment.

Rough estimates yielded the following
values for the intensity ratio of the vibra-
tional satellites to the ground state at
24°C: 0.41 for v,=1, 0.23 for v,=1 and
0.15 for v;= 1. From these data the energy
differences were calculated to be 184 cm™,
303 em-1, and 392 cm™?, respectively. Un-
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Table 3. Rotational constants and principal moments of inertia® of thiete 1,1-dioxide in the

ground state.
Rotational Value Principal Value x
constants MHz moment of  amu A?
inertia
A 5463.98 (0.59)° I, 92.492
B 3052.679 (0.006) I, 165.552 —0.8768
c 2894.365 (0.006) I, 174.607

@ Conversion factor 505 377 MHz amu A2, ® Values in parentheses are standard deviations
determined by the least squares fitting procedure.

Table 4. Rotational constants of thiete 1,1-dioxide in vibrationally excited states.

Value
Rotational MHz
constants v,=1 v, =2 ve=1 vy=1
A 5465.6 5457.7 5460.4 5465.0
B 3051.76 3050.67 3055.42 3021.02
g 2894.24 2893.54 2891.35 2891.98

fortunately, there are no reliable far IR
data available at present for comparison.

Assuming that the two oxygen and the
two out-of-plane hydrogen atoms lie per-
pendicularly to the plane of the ring,
which also contains the two other hydrogen
atoms, we attempted to obtain an im-
proved estimate of the distance between
the oxygen atoms. Neglecting the vibra-
tional contribution to the effective second
moments of inertia ¢ we obtain:

Ia + Ic"'Ib = 2Zm,-b,-’
1

where b; is the distance of the Z:th atom
from the ac plane and m; its mass.

If the C—H bond length and the
H —C—H angle are assumed to be 1.089 A
and 112.5° the distance, 750 between the
plane of the ring and the oxygen atoms
calculated by the above formula will be
1.239 A. The errorin 50 caused by neglect-
ing the vibrational contribution and the
use of assumed values for the parameters
of the hydrogen atoms has been estimated
to be less than 0.01 A.

KEMISK BIBLIOTEK
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The value obtained for r,q corresponds
either to an increase in the S—O bond
length to 1.487 or to an increase in the
O—S—0 angle to 120.1° as compared to
Lowenstein’s values (¢f. Table 1). A
lengthening of the S—O bond to 1.49 A
appears unreasonable, whereas a value of
120° for the O —-S—0O angle can be con-
sidered normal.®
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Effects of a Europium-shift
Reagent Upon the PMR

Spectrum of Some Triglycerides
P. E. PFEFFER and H. L. ROTHBART

Eastern Regional Research Center,
Agricultural Research Service, U.S.
Department of Agriculture, Philadelphia,
Pennsylvania 19118, USA

IIn this journal, Almqvist et al. recently
reported on the PMR spectral analysis
(100 MHz) of almond oil dissolved in
CCl,, to which various quantities of
Eu(fod); were added.! Shift patterns
were reported which they believed dif-
fered from those observed in our study
(60 MHz) of a number of pure triglycerides
in similar solutions.? The purpose of this
communication is to clarify some of the
apparent differences, to draw attention to
the effect of some impurities, and to point
out a weakness in the use of attenuation
factors.

Fig. 1. contains data concerning the
apparent shift of protons of rac-glycerol
1,2-dipalmitate 3-oleate (PPO). Shifts
were measured relative to the internal
standard, tetramethylsilane (TMS) proton
resonance. The figure indicates that at
low values of the Eu(fod),-to-lipid ratio
(X), the curves rise sharply in approxi-
mately linear fashion. At higher values

“e”\ m\h'\ne

[}

-
'S
=
w
[
=z
w
@
<
a.
o
<
2-BCH,
200 1,3- 8CH,
0 1 1 1 1 ! 1
0 | 2 3 4 5 6
X

Fig. 1. Apparent chemical shifts (Hz) for PPO

in CCl, containing various econcentrations

of Eu(fod);. X is the Eu(fod),/triglyceride

molar ratio. Spectrum obtained at 60 MHz
using TMS as internal standard.
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of X the slopes decrease, and the proton
resonances corresponding to the - and
a-methylenes of the fatty acid moieties*
exhibit a coalescence in the case of the
former and a crossover in the case of the
latter.

Although Almgqgvist et al. report the
same general shape for the curves in Fig.
1, a number of anomalies were observed.
At low values of X, they observed little
change in the apparent shift until X ~0.3.
After this point their curves are similar
to ours except for a slight dip reported
by Almqvist in the region X ~2.3. Thus
there is a report of at least one inflection
point, although we have seen none in
this study. Our data indicate a crossover
of the «-methylene peaks at X ~1.8, but
the data of Almqvist et al. indicate that
this occurs at X = 2.5 and do not indicate
a coalescence of f-methylenes even up to
X~5.

An important difference in the two
studies is reflected in our use of pure model
compounds compared to the use of an
oil which may have contained traces of
free acids. The previous authors have
indicated that their assignments of X
values might have been slightly high due
to this. This is an attractive possibility
since

(1/ X ¢rue) = (I/Xappatent) + [mmol free
acid/mmol Eu(fod),]

which would explain the disagreement in X
for the phenomena observed. In an attempt
to investigate this further, solutions of a
triglyceride in which 10 9% of the lipid
was oleic acid were studied by PMR after
successive incremental additions of Eu-
(fod);. The shift data from these experi-
ments substantiated the predictions and
also helped to explain the relatively flat
curve at low X values observed by Alm-
qvist. The resonances associated with
the carboxylic acid were imperceptible
at these low concentrations. Acid interacts
with the shift reagent to a far greater
degree than does the triglyceride, resulting
in little or no shift of triglyceride reso-
nances until an X value was reached at
which virtually all of the acid had been
complexed by Eu(fod)s.

It has been our experience that Eu(fod)s
purchased from suppliers is somewhat

* We refer to «, B, etc., as the methylene
grops along the fatty acid chain, and 1,2,3 as
positions on the glyceryl moiety.
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v@rijb_‘le in 'pliopeisties due.‘-probs,bly‘. to

-contamination by Lewis bases such as

water, Some of the materials have been
rejected on the basis of depressed transition
temperatures * determined by differential
scahning calorimetry. In other -cases,
spurious unidentified peaks in the PMR
spectra of solutions of the reagents have
been observed which led to our rejection
of the Eu(fod);. With samples of Eu(fod),
which have passed these tests, minor
differences in apparent. shift at, for

- example, high values of X have been

observed.
* In our previous work assignment of
a-methylene resonances was made prim-

... arily after consideration of the relative

peak areas. In order to dispel any doubt

. eoncerning these assignments, «-deuteri-
‘ated oleic acid was prepared and used for
the synthesis of selectively deuteriated

POP (PO,p,P). Fig. 2a demonstrates the

“absence of the upfield (6 8.2) «-methylene

resonance (except for a resonance corre-
sponding to a -small amount of proteo
isomer). Furthermore, Eu(fod);-complexed
rac-glycerol 1,2-distearate 3-oleate (SSO)

$S0qp, +
Eulfod),

(b)

POgy, P +
Eu{tod),

(a)

4 /] 1 —1 I
10 8 6
PPM

Fig. 2. (a.) PMR spectrum of the «- and f-
" methylene protons of PO,p,P in CCl, containing

Eu(fod); (60 MHz). X~2.4. (b.) PMR spec-

- ‘trum of the &- and B-methylene protons of

880,p, in CCl; containing Eu(fod), (60 MHz).
X~24,
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“was demonstrated to display

spectral
characteristics similar to PPO. A sample
of SSO,p, was examined under conditions
similar to those employed in the study of
PO,p,P, and the absence of the originally
observed downfield triplet, of the com-
posite quartet (5 9.1) was noted (Fig. 2b).

In view of this evidence, there can be no
doubt about our initial assignment of
resonances corresponding to the «-meth-
ylene protons of the triglycerides. The
curve denoted as 1,3-«CH, in Fig. 1 re-
presents the mean-apparent-shift wvalue
of these resonances for the dissymmetric
molecular species PPO, and 18 nearly
coincident with the center of gravity
of the x-methylene resonances of symmetric
species such as POP. _

Several authors have used attenuation
factors ® or induced shift rations!® to
describe the chemical shift phenomenon.
We wish to point out that such attenuation
factors should be used with great care,
especially in cases where ‘resonance
crossovers’” are demonstrated (Fig. 1).
Since two protons may appear at an
identical chemical shift, separate, and then
cross over at higher X, attenuation factors
may be variable and hence misleading.

In conclusion, we would like to em-
phasize that Eu(fod)s can provide im-
portant information concerning the struc-
ture of triglycerides. However, care should
be exercised when relying upon the calcu-
lated ratios of Eu(fod)s/lipid and the
chemical shift which results from these
ratios. It can be particularly misleading
to use these values when studying com-
plex mixtures which, as we have shown,
can contain spectroscopically undetectable
complexible materials.
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Studies on the Furan Series

Part V. The Reaction of Furoin and Related Compounds with
Vilsmeier Reagents. A Convenient Synthesis of Unsymmetrically
5,5"-Disubstituted Difurylethylene Derivatives

SEPPO PENNANEN

Department of Chemistry, Helsinki University of Technology, Otaniemi, Finland

The reaction of furoin (I) with DMF/POCI, complex gave both 5-
chlorofurfuryl 2’-furyl ketone (II) and 5-formyl-2,2’-furil (IIT). Under
similar conditions thenoin (IV) and benzoin (V) produced «-chloro-2-
thenyl 2’-thienyl ketone (VI) and «-chlorobenzyl phenyl ketone
(VII), respectively. The diol (IX) obtained by the reduction of furoin
gave smoothly (¥)-1-(5-chloro-2-furyl)-2-(5-formyl-2-furyl)ethene (X)
with the DMF/POCI; treatment. Analogously 1,2-di(2-thienyl)ethane-
diol (XI) gave (E)-1-(5-chloro-2-thienyl)-2-(2-thienyl)ethene (XII),
but 1,2-diphenylethanediol (XIII) gave 1,2-diphenylethanediol di-
formate (XIV). X was photocyclized to 7-chlorobenzo[1,2-b:4,3-b’]-
difuran-2-carboxaldehyde (XVIII).

Some unsuccessful attempts to synthesize furohelicenes from the
derivatives of X and XVIII are described.

Numerous reactions of DMF complexes have been reported and reviewed.!
In this work some new pathways in the reactions of Vilsmeier reagents are
observed.

When furoin (I), easily obtainable from furfural, was treated with DMF/
POCl; (1:1) complex in refluxing methylene chloride, the reaction gave no
expected products, but 34 9, of 5-chlorofurfuryl 2’-furyl ketone (II) and 26 %,
of 5-formyl-2,2"-furil (IIT). It seems likely that two competing reactions,
leading to II and III, are involved, as the amount of complex used had no
noticeable effect on the ratio of yields. On the other hand, other DMF com-
plexes caused a different distribution of products. DMF/COCl, and DMF/
SOCL, gave 47 9, of I1I (traces of IT) and 54 9, of II (traces of III), respectively
(Scheme 1).

Compounds analogous to I, thenoin (IV) and benzoin (V), reacted with
DMF/POCI; complex giving a«-chloro-2-thenyl 2’-thienyl ketone (VI) and
«-chlorobenzyl phenyl ketone (VII) (Scheme 1).

Acta Chem. Scand. 27 (1973) No. 9
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R=H

2

. =ph (5

TI: ) = pheny
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Scheme 1.

The formation of IT can be considered as a substitution, where the chloride
anion of the complex interacts with the hydroxyl group of furoin:

OH
() P, U‘/%)l(complex)"-' WH —_—r
0 0 0 8 o7 ¢t

o=

-~

Scheme 2.

The compound IIT cannot be synthesized directly from furil (VIII) with
the Vilsmeier reagent. Therefore it seems likely that formylation takes place
on the furfuryl alcohol side of I followed by aerial oxidation of the alcohol.
This is supported by the fact that under a nitrogen atmosphere no III is
formed (only traces of II).

When I was reduced to the vicinal diol (IX) and treated with the Vilsmeier
complex, only one yellow compound was produced and identified by spectral
data as (¥)-1-(5-chloro-2-furyl)-2-(5-formyl-2-furyljethene (X).

OH
7\ DMF/POCL M
A0 2 LN AL
OH ) 2

X X:X=0;R=Cl; R=CHO
XL:x=S X :X=S;R=Cl;R=H

OCHO

@ @ omFPOCL

QOCHO
X pov's
Scheme 3.
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The reaction presumably starts with substitution, as the chlorinated com-
pound IXa, obtainable from II by reduction, gives X, and continues with

the elimination of water; as IXb, obtainable from X by oxidation and de-
carboxylation, similarly gives X (Scheme 4).

/
X CM

DMF/ - AgO
OH e
I < POC
ci 7o Ty
/ )5 0 OMF/PoCL,
NaBH4 IXa

Scheme 4.

The reaction of the S-analogue (XI) of IX with DMF/POCI, stopped after
substitution and elimination producing (#)-1-(5-chloro-2-thienyl)-2-(2-thienyl)-
ethene (XII). The reaction with the benzenoid analogue, vic.-1,2-diphenyl-
ethanediol (XIII), took quite another direction from that taken with IX and
XI giving a normal esterification (diformylation) product: 1,2-diphenyl-
ethanediol diformate (XIV).

QNG LN s A
{ o7 cHo

(¢} 0 ct "0
R2 R

:XI:R‘= AC;RzzH X:R2:R3=H
R2=Et(alkyl);R3:H

R=H; R Et or XVIL ; mixture
X S (R2=H;R3=Et(alkyl)

alkyl

Scheme 5.

Some derivatives of IX were prepared (XV and XVI; Scheme 5) in order
to see what effect the substituents might have on the reaction (Scheme 3).
The compound XV gave X, as expected. XVI gave a mixture of two isomers.
The alkyl substituents seem to have no directing effect on the reaction, as
the NMR-spectrum of the mixture showed that the ratio of two isomers was
about 1:1.

The procedure above constitutes a facile two-step method for the prepara-
tion of unsymmetrically 5,5'-disubstituted (E)-difurylethylenes from easily
obtainable furoin. The reaction can be run on a large scale without difficulty,
and after the first step (reduction of furoin) no special purification of the
reaction product is required. Both of the final substituents in the furan rings
are quite reactive and make further syntheses possible.

By the method of Kellog ef al.2 X was photocyclized in methanol to a 2,7-
disubstituted benzo[1,2-b:4,3-b'ldifuran (XVIII) in a yield of 30 %,.
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X C“O C” ~-CHO

T (2 torn L e 0

Scheme 6.

With a longer reaction time in the photolysis the solvent, methanol,
interacted with the formyl group giving the dimethylacetal of XVIII as a
byproduct.

The preparation of furohelicenes from the derivatives of X and XVIII
was also attempted (Scheme 7).

NaBH, Ph,P-HBr
—_—

®0
R—CHO R—CH,0H——3_ =T, R—CH,Ph.PBr —>

R—CHO
wim‘g R~/>R
t-BuOK/DMS

Cl# =

Scheme 7.

Both compounds XIX and XX were photolyzed under various conditions,?
but no furanoid products, such as the thienohelicenes prepared by Groen
et al.® were formed. The linear tetrafuranoid compound (XIX) is quite labile
(it decomposes slowly at room temperature) and therefore probably gave
only insoluble (acetone), black resinous material. XX was relatively more
stable under the conditions employed, because 75—85 9, of the starting
material was recovered unchanged after photolysis, and no reaction products,
except tar, were formed.

EXPERIMENTAL

General. All melting points are uncorrected. The spectra were determined on the
instruments described earlier.* Furoin (I), thenoin (IV), and benzoin (V) were synthesized
from the corresponding aldehydes by the method of Cardon and Lankelma.® Vicinal
diols IX, X1, and XIII were prepared by NaBH, reduction from I, IV, and V, respec-
tively, the substituted vicinal diol XV from I via acetylation and NaBH, reduction,
and XVI from I via the Grignard reaction. All diols were used without further purifica-
tion.

Preparation of DMF complexes and reaction conditions. In the preparation of the
DMF complexes in CH,Cl, the procedure of Silverstein et al.® was followed, and purified
POCl,;, SOCL, or COCl, (20 % in toluene) were employed. The equivalent amount or
excess of the complexes were used in the reactions. Reaction times were from 15 min
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to half an hour in dried, refluxing methylene chloride. Standard work-ups ¢ were em-
ployed.

Reaction products of the complexes

5-Chlorofurfuryl 2'-furyl ketone (II) and 5-formyl-2,2"-furil (III). 4.20 g of I was
used. Elution of the reaction mixture with CHCl, on a silica gel column gave 1.55 g
(34 %) of IT and 1.20 g (26 9%) of III. Physical properties of II: m.p. 29 — 30°C (recryst.
from petroleum ether b.p. 40 — 60°C); » 1690, 880 cm~1; ¢ 2.42 (1 H d 1.5 Hz), 2.83 (1 H
d 3.5 Hz), 3.50 (1 H dd 3.5 and 1.5 Hz), 3.75 (1 H d 3.5 Hz), 3.93 (1 H d 3.5 Hz), 5.91
(2 H 8). (Found: C 57.14; H 3.33. Cale. for C,;H,Cl0,: C 57.28; H 3.18.) Physical prop-
erties of III: m.p. 54—55°C (recryst. from petroleum ether b.p. 40— 60°C); » 3120,
1675, 870 em~1; ¢ 0.55 (1 H s), 2.34 (1 Hd 1.5 Hz), 3.15 (2 H d 3.5 Hz), 3.42 (1 Hdd
3.5 and 1.5 Hz), 3.70 (1 H d 3.5 Hz). (Found: C 61.08; H 2.94. Cale. for C,,;H,O,: C 60.55;
H 2.75.) The yield of IT after SOCl,/DMF treatment of I was 54 9, (traces of III were
observed on a TLC plate) and after COCl,/DMF treatment the yield of III was 47 %
(only traces of II).

a-Chloro-2-thenyl 2'-thienyl ketone (VI). Yield 0.56 g (54 %), when 1.00 g of IV was
used; viscous oil, very soon resinifing after a silica gel column treatment (CHCl,;); elemental
analysis indicated chlorine; » 3100, 2920, 1665, 1510, 1040, 710 cm™; ¢ 2.10 (1 H m),
2.70 (56 H br. m), 3.55 (1 H s).

a-Chlorobenzyl phenyl ketone (VII). 1.00 g of V gave 0.95 g (96 %) of VII; m.p.
66— 67°C (lit.” m.p. 66— 68°C); » 3060, 1690 cm™; ¢ 2.00 (2 H m), 2.60 (8 H m), 3.77
(1 H s).

(B)-1-(5-Chloro-2-furyl)-2-(5-formyl-2-furyl Jethene (X ). 1.90 g of IX gave 1.10 g
(52 9,) of X; yellow needles from petroleum ether/CHCl;; m.p. 120°C; A,,, 273 (e 8500),
366 (& 34 600) nm; » 1675, 1620 cm™%; ¢ 3.17 (1 H d 15.5 Hz), 2.98 (1 H d 15.5 Hz), 3.47
(1Hd3.0Hz), 2.72 (1 Hd 3.0 Hz), 3.75 (1 Hd 3.5 Hz), 3.53 (1 Hd 3.5 Hz), 0.40 (1 H s);
mfe 222 (100 9,), 193 (12 %), 187 (5 %), 165 (25 %), 159 (71 %), 137 (17 %)» 131 (22 %)s
102 (34 9%). (Found: C 59.71; H 3.27. Cale. for C,;H,Cl0,: C 59.45; H 3.1

(B)-I(or 2)-(5-Chloro- 2furyl) 2(or 1)-(5-formyl- 2furyl) 1-butene (XVII) 1.00 g of
XVI gave 0.97 g (47 %) of XVII, viscous pale yellow oil, which according to the NMR-
spectrum was a 1:1 mixture of two isomers. t 0.52 (1/2 H s), 0.55 (1/2 H s), 2.60—3.80
(5 Hm), 7.25 (2 H q 7 Hz), 8.78 (3/2 H t 7 Hz), 8.80 (3/2 H t 7 Hz).

(E)-1-(5-Chloro-2-thienyl)-2-(2-thienyl Jethene (X1I). 1.00 g of XI gave 0.35 g (35 %)
of XII; yellow needles from EtOH/H,0; m.p. 69—170°C; A,,x 258 (¢ 7 900), 334 sh (e
27 200), 346 (¢ 29 000), 361 sh (¢ 21 900) nm; » 3050, 1560, 1520, 1435, 1040, 980, 930,
690 cm™1; 7 2.98 (1 H d 4 Hz), 3.08 (2 H m), 3.18 (2 H s), 3.30 (2 H s); mje 226 (100 %),
191 (42 %), 190 (53 %), 181 (15 %), 158 (25 %), 147 (50 9%). (Found: C 53.47; H 3.55.
Cale. for C,,H,CIS,: C 53.10; H 3.10.)

1,2-Diphenylethanediol diformate (XIV). The yield was quantitative from XIIT;
white prisms from benzene/CHCl,; m.p. 167°C; » 2930, 1705, 1150 ecm™: t 1.95 (2 H s),
2.72 (10 H 8), 3.74 (2 H 8); m/e 242 (3 9,), 224 (6 %), 197 (5 %), 179 (17 %), 165 (15 %),
152 (8 %), 135 ( 90 %), 105 (38 %), 77 (100 %). (Found: C 71.38; H 6.01. Calec. for C,;H,,0,:
C 71.11; H 5. 8

Preparation of derivatives of X

7-Chlorobenzo[1,2-b:4,3-b"difuran-2-carboxaldehyde (XVIII). 0.500 g of X was
dissolved in 500 ml of methanol and oxidizing agent ® (1.25 g of anh. CuCl, and 0.20 g
of I,) was added. The mixture was photolyzed with a Hanau TQ 81 UV-lamp under
N,-atmosphere and tap water cooling for 8 h. Methanol was evaporated under reduced
pressure, ether added and inorganic salts removed by washing with water. After drying
and ether evaporation a yellow viscous oil was obtained, which after elution in a silica
gel column with benzene gave 0.15 g (30 9,) of white solid; m.p. 159—160°C (recryst.
from petroleum ether/benzene); A, 265 sh (¢ 5 900), 274 (¢ 20 400), 285 (¢ 28 600),
295 sh (& 20 900) nm; » 3110, 1680, 1520 cm™*; ¢ 0.10 (1 H s), 2.43 (2 H slight br. s), 2.62
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(1 H s), 3.17 (1 H 8); m/e 220 (100 %), 192 (9 %), 186 (9 %), 185 (6 %), 163 (19 9}),
157 (38 9), 129 (34 %). (Found: C 59.85; H 2.18. Cale. for C,,H;ClO,: C 60.00; H 2.27.)

‘When the reaction time was extended to 24 h and excess of CuCl,/I, was employed,
the reaction of the solvent and the formyl group of XVIII occurred. 2.00 g of starting
material (X) gave 0.25 g (13 %) of XVIII, 0.50 g (23 %) of dimethyl acetal of XVIII
(XVIIIb), and 0.22 g of yellow material, which according to the NMR-spectrum was a
mixture of (£)- and (Z)-forms of X. The diluted hydrochloric acid treatment of XVIIIb
produced a quantitative yield of XVIII. XVIIIb: viscous pale yellow oil: A.,, 266 sh
(¢ 9000), 273 (& 20 100), 284 (¢ 28 000), 294 sh (¢ 6100) nm; t 2.56 (2 H s), 2.98 (1 H s),
3.25 (1 H 8), 4.32 (1 H 8), 6.56 (6 H s).

(E)-I,Z-Di{5[(E)-2-(5-chloro-2-furyl)-I-ethenyl]-Z-furyl} ethene (XIX). The Wittig
compound XXI was prepared from PhP.HBr ® and NaBH, reduced X by the procedure
of Saikachi et al.® The Wittig reaction was accomplished i in DMS with #-BuOK.1 1.00 g
of XXT and 0.70 g of X gave after column chromatography with benzene and recrystalliza-
tion from benzene/petroleum ether 0.60 g (46 9,) of dark red needles; m.p. 182°C (d);

max 282 sh (e 11 700), 286 (¢ 12 400), 330 (e 9000), 345 (¢ 13 700), 416 sh (¢ 16 500),
440 (e 24 700), 470 (¢ 21 300) nm; » 1510, 1460, 970, 955, 940 cm~1%; 1 3.15 (6 H m), 3.65
(8 H m); mje 412 (100 %), 377 (8 %), 349 (21 %), 321 (5 %), 313 (6 %), 285 (6 %), 257
(8 o), 229 (7 %), 207 (22 %), 206 (30 %), 165 (14 %), 143 (20 9%,). (Found: C 75.66;

H 3.89. Cale. for CuH”Cli C 75.86; H 4.0

(E)-1,2-Di(7-chloro-2-benzo[1,2-b:4,3-b ]dzfuran )ethene (XX ). The preparation of the
phosphorus compound XXI from XVIII and the Wittig reaction with XXT and XVIII
were performed as above. After a column chromatography with benzene and recrystal-
lization from cyclohexan/benzene 0.50 g of XXI and 0.20 g of XVIII gave 0.25 g (62 %)
orange needles. The compound (XX) had a strong, blue fluorescence in benzene solution.
XX: m.p. 264°C; Ana, 347 sh (e 28 500), 363 (¢ 55 200), 383 (¢ 9600), 407 (¢ 97 900) nm;
v 3120, 1525, 970 950 cm™; m/fe 408 (100 %), 376 (17 %), 374 (52 %), 345 (20 %), 276
(43 o), 204 (20 9).

Photolysis of XIX and XX. Both XIX and XX were photolyzed under various con-
ditions 2 and with various oxidazing agents.? In every case XIX produced only resinous
material. XX gave no reaction products, and 75—85 9, of the starting material was
recovered after photolysis (identification with TLC and UV -spectroscopy).
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Determination of the Ethylation Rate of Cellulose

OLLE RAMNAS

Department of Engineering Chemistry, Chalmers University of Technology,
S-402 20 Goteborg 5, Sweden

The reaction between ethyl chloride and the different hydroxyl
groups in cellulose (dissolved and undissolved fibers) was studied. In
both cases the substitution was much slower at C-3 than at C-2 and
C-6. For the dissolved fibers the rate of reaction was proportional to
the hydroxide concentration within the range 0.7—3 M sodium
hydroxide. For the undissolved fibers the ratio of the rate constants
for ethylation at C-2, C-3, and C-6 was found to be 7:1:6.5 and was
virtually independent of the sodium hydroxide concentration.

In an earlier paper?! the distribution of substituents in hydroxyethyl cel-
lulose was determined. In this work the study has been extended to ethyl
cellulose. The relative reactivities of the three hydroxyl groups in cellulose
during the reaction with ethyl chloride or ethyl sulfate have been studied by
several authors,2-% who all found that the hydroxyl group at C-3 was the
least reactive. Mahoney and Purves 2 and Honeyman 2 found that the primary
hydroxyl group at C-6 was the most reactive in contrast to Croon and Flamm ®
whose results indicated that the hydroxyl group at C-2 was the most reactive.
The discrepancies may be explained by less satisfactory analytical methods.
Considerable progress has been made in developing the analytical technique
during the last ten years, and it was therefore of interest to reinvestigate the
reaction between cellulose and ethyl chloride. It was also of interest to de-
termine whether the results obtained in hydroxyethylation are valid when
other substituents are introduced into cellulose.

EXPERIMENTAL

In the experiments with dissolved cellulose 3.0 g liquid ethyl chloride was added to a
solution of 0.5 g hydrocellulose from rayon! in 35 ml aqueous sodium hydroxide (3 —
18 9%). The reaction was performed at 20° in a tightly stoppered 100 ml round bottom
flask with vigorous shaking so that the ethyl chloride was effectively dispersed in the
sodium hydroxide solution. Since ethyl chloride has a low solubility in water and boils
at 12°, an excess pressure (about 0.3 bar) was obtained in the flask. Blank experiments
were performed without cellulose in order to determine the solubility of ethyl chloride
in sodium hydroxide solutions and the decrease in sodium hydroxide concentration be-
cause of side reactions.
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The ethylation was stopped by neutralization with hydrochloric acid after one and
two weeks, respectively. After precipitation in one liter of acetone and filtration, the
sodium chloride formed was removed by ultrafiltration (Diaflo Membrane) and washing
with water. The derivative was dried in the air.

Purified cotton ® was used in the experiments with undissolved fibers. The samples
(2 g) were treated with aqueous sodium hydroxide (3, 10, and 18 9,) at room tempera-
ture for 60 min and then pressed to a press-weight ratio of about 3.7. The finely divided
cellulose was transferred to a stainless steel autoclave and liquid ethyl chloride (5 ml)
was added. The autoclave was rotated in a polyglycol bath at 100° for 300 min and then
cooled in ice. The reaction product was suspended in water and neutralized with hydro-
chloric acid. It was then washed in water and ethanol, sucked off on a Biichner funnel
and dried.

The cellulose derivatives were hydrolyzed in sulfuric acid as described previously.’
After neutralization with barium carbonate and evaporation under reduced pressure,
the hydrolyzate was fractionated into four groups by partition chromatography on an
anion exchanger in the sulfate form with aqueous ethanol (92.4 9%, w/w) as eluent.® A dif-
ferential refractometer (Waters R401) was used to detect the chromatographic peaks.
The first fraction contained tri- and disubstituted glucoses (S;ss, 823, Sg4, 8NA Sy), the
second fraction glucoses monosubstituted at C-2 and C-3 (s, and s;) and the two last
fractions contained 6-O-ethylglucose (s;) and glucose (s,), respectively. The components
of the different fractions were converted to their trimethylsilyl (TMS) derivatives ® and
determined quantitatively by gas chromatography on a QF-1 column (3 m; 3 9% QF-1on
Gas Chrom Q 100/120 mesh) using a Perkin-Elmer 900 Gas Chromatograph. For s,;, one
peak was recorded and for the other derivatives two peaks were recorded. Xylitol was
added as an internal standard to all fractions. The ratio, peak area/weight, of the deriva-
tives relative to that of xylitol, was determined in calibration runs.

Reference substances of all ethylglucoses of interest were isolated from a hydrolyzate
of highly substituted ethyl cellulose. After separating into four groups on the sulfate
resin, the fractions were evaporated under reduced pressure and rechromatographed on
a borate resin with boric acid as eluent.l® The sugar derivatives were detected according
to the orcinol method.® By choosing a suitable concentration and pH gradient of the
eluent all ethylglucoses, except 8,34, 833, 826, 8nd 8,, could be completely separated. Almost
pure substances of these derivatives were obtained by taking the fractions corresponding
to the middle part of each elution band. The separation of a mixture of ethylglucoses
on an analytical column is shown in Fig. 1. The boric acid in the collected fractions was
removed by repeated addition of methanol and evaporation under reduced pressure.

Gradient:  Chamber 3 Chamber 2 Chamber 1

Chart reading 100 ml of pH 10 —= 100 ml of pH8 —=50ml of pH 6 ~ Column
060M H3803 038M H3803 0I5 M H3303
5236
s
26 5
56
52
23
S5 S3
1 1 1 1 A 1 1 1 1
1 2 3 4 H 6 7 8 9

Time, h

Fig. 1. Separation of a mixture of ethylglucoses as borate complexes by gradient elution

at 70°. Resi