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PRODUCTS OF DIHYDROFOLATE AFTER OXIDATION IN AIR IN
THE ABSENCE OF LIGHT

FOTINI TZORTZATOU
Department of Haematological Medicine University of Cambridge, Hills Rd Cambridge U.K.

(Received March 16, 1978)

Summary

Attempts have been made to identify the products of oxidation of dihydrofolate in the
air.

Para-aminobenzoyl glutamic acid probably is the main product of the air oxidation of
dihydrofolate, accompanied by small amounts of folic acid p-aminobenzoic acid. There some
other oxidation products, which have not been identified.

Key words: Dihydrofolic acid, dihydrofolate reductase, folic acid, p-aminobenzoic acid,
p-aminobenzoyglutamic acid.

Introduction

The use of reduced folate in the cytochemical technique for demonstration of
dihydrofolate reductase (DHFR)*? introduces some problems which are related to
various considerations such as instability of the substrate, lack of knowledge about
possible inhibitory effect of the products of non-enzymic degradation and
uncertainty as to whether any of these derivatives act as substrate for the reductase.
Accordingly the nature of the products of aerobic degradation of dihydrofolate
(FH;) was investigated. Investigators using FH> have been aware of the instability
of this compound and many attempts have been made to characterize the products
of this degradation. ’

- O’Dell et al’ and Zakrzewski* found that folic acid (FA) had been produced
by air oxidation of FH, in alkaline pH.
. Hillcoat et al’ reported that phosphate-dependent decomposition of FH,
produced a yellow product (A max at 277 and 420 nm) and they suggested by
analogy with the spectra of known compounds that this was identical tc the
7,8-dihydroderivative of 2-amino-4-hydroxy-6-formyl pteridine. This compound
had also been identified by Whiteley et al.®

It was therefore, necessary to obtain information about the products of

“degradation of FH, under conditions similar to those occuring during the
preparation and use of this compound in the current study.

Materials and Methods

FH, was prepared by a modification of the standard technique as reported by -
Tzortzatou and Hayhoe.’
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Thin layer chromatography (TLC) paper cellulose polygram cell 300 was
obtained from Machery-Nagel and Co., 516 Duren, Werkstrasse 6-8 Post Fach 307
Germany. ‘

The solvents for TLC were:

Solvent A: Ammonium hydroxide (s.g. 0.880): ter-Butan-1-OL: water
10:10:80 by volume. _

Solvent B: Ascorbicacid 50 mM pH 6 (with KOH): ethanol 85:15 by volume.
Completed chromatograms were examined in uv light (transmitted and reflected) at
254 and 366 nm. In some occasions sheets were sprayed with Ehrlich’s reagent (2%
p-dimethylaminobenzaldehyde in 5% HCI) to detect the presence of free aromatic
amines. Absorption spectra were recorded using an SP 1800 B Pye Unicam
recording spectrophotometer, with buffer as the blank. The remaining materials
were from commercial sources.

Resulis

In these experiments FH; (10-30mg) was left in the air in the absence of light
as a dry powder for periods from a few h to 20 days at room temperature. Within few.
h the colour changed from white-pale to dark-brown. This “oxidised FH,” was
dissolved in some tris-HCI buffer pH 7.5 or in ammonium hydroxide pH 10.

Columns (3 cm X 35 cm) of Whatman DE 52 DEAE-cellulose were prepared
with 0,5m HCI acid, 0,5 m NaOH and 1M phosphate buffer pH 7,5 and were
routinely eluted using a continuous linear gradient of tris-phosphate buffer pH 7.5
increasing in concentration from 0.0 to 0.7M.

Spectroscopic relationship between FH; and its oxidised form

The U.V. absorption spectrum of the “oxidised form” (48 h. exposure) of
'FH, when dissolved in phosphate buffer pH 7.2 was very similar to the spectrum of
non-oxidised FH; taken under nitrogen.(Figs. 1 and 2).

Absorbance

ol—-to Ll a L )

210 250 290 330 370 A4l0 450
Wavelength nm

Spectrum of “oxidized FH,”

FIG. 1. Absorption spectrum of “oxidised FHz>” in phosphate buffer pH 7.2.
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Hardly any difference can be discerned between the two spectra. The
characteristic A max. 282 for FH, has moved to 280/281 nm whilst the shoulder at
300 nm was preserved in the oxidised form. These spectra were repeated in 0.1N
HCI and 0.1N NaOH, but again no useful distinction could be made. It is therefore
impossible to assign a structure for the “oxidised FH,” complex from these data.
The “oxidised form” was found to be inactive in the cytochemical tests.

Stability of FH; as the cytochemical substrate

Since the U.V. absorption spectra did not provide a simple means of
determining the stability of FH, a series of vials of FH, were exposed as described
above for times up to 20 days. U.V. absorption spectra and cytochemical reactivity
of each sample were determined.’ As previously, there was little change in the
absorption spectra. However, by three h exposure FH, has lost its cytochemical
reactivity. This was not regained under conditions of prolonged exposure.

TLC analysis of “oxidised FH,”

To understand whether a multiplicity of compounds contributed to the U.V.
absoprtion spectra of “oxidised FH>”, samples were examined by TLC.

FA, FH, under N, and “oxidised FH,” were examined, using solvent A and
B. The results are shown in Table 1.

The same colour spots with the same Rr as FH, were given by the “oxidised
form of FH,” in both solvents (Table 1.). There was no evidence from these thin
layer chromatograms that the oxidised form of FH, contained FA. The double spot
of FH; which appeared in solvent A may be due to partial hydrolysis of the FH, by
the solvent. Such hydrolysis would be likely to yield an amine, p-
aminobenzoylglutamate and an unconjugated pteridine. The chromatograms
(developed in both ascorbate and ammonium solvents) were treated by spraying for
a few seconds with Ehrlich’s reagent to detect aromatic amines as
para-aminobenzoic acid (PABA) or para-aminobenzoylglutamic acid (PABG) and

Absorbance

210 250 290 330 370 410 450

Wavelength nm
Spectrum of FHa |

FIG. 2. Absorption spectrum of FHp in phosphate buffer at pH 7.2 under N
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gave deep yellow spots immediately. After spraying the “oxidised FH.” a large
yellow spot which was not detectable previously appeared in both solvents close to
the solvent front (Rr = 0.96). A

FA and FH; (under N;) gave in the same place, close to the solvent front, a
very small and weak yellow spot after spraying with Ehrlich’s reagent (Rr = 0.96).
This indicates that under the circumstances of the TLC in either solvent A or B,
both FA and FH: contained some free aromatic amines.

Pure PABA and PABG were examined in solvents A and B. A very weak
fluorescent spot appeared at Rr 0.88 (PABA) and 0.96 (PABG) respectively for
solvent A or Rr 0.85 (PABA) and Rr 0.92 (PABG) respectively for solvent B. At
treatment with Ehrlich’s reagent these spots assumed a deep yellow colour. These
findings suggested that the “oxidised FH>” was not degraded to FA as a terminal
product but rather to PABA or PABG. Comparison of the Rg,s indicated that the
component was probably PABG.

o—s—» Conductivity

a—0~0 pH =4 34 .
4k i
o E)
e |
426
c i
< 422 ©
2
S 4 %
~ ~i8 .E
C 1
B] Sz
g 1"z
2 40 3
2 -1 g
=z 4y v
-t
42
\ ;
o 30 50 90 120 150 180 !

Peak | 2 . 3
. Number of Fractions

FIG. 3. Elution profile of chromatography of “oxidised FH,” dissolved at pH 7.5 on column of DE 52
cellulose. .

Analysis of “oxidised FH,” by ion-exchange chromatography '

By running “oxidised FH>” through the ion-exchange column it was hoped to
ascertain which other compounds of the decomposition of FH, were present. The
tris-phosphate gradient eluted 3 main peaks, detected at 280 nm, when the
“oxidised FH;"” was dissolved in tris-HCI buffer pH 7.5 and 4 main peaks when the
“oxidised FH;” was dissolved in ammonium hydroxide pH 10.

Profile of “oxidised FH” dissolved at pH 7.5

A typical profile is shown in Fig. 3 and consists of 3 peaks whose
characteristics are summarized in Table II. Tentative identification of these peaks
was made, though the identity of the first peak which eluted with water could not be
established. ‘
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FIG. 4. Absorption spectrum of Peak 1. of “oxidised FH>” dissolved at pH 7.5

Peak 1. The spectrum of material in this first peak (Fig. 4) has characteristics
similar to those of pteridines, namely absorbance maxima at 276 and 388 nm. TLC
(Table II) shows there to be at least two compounds present in this peak. This,
together with the lack of retention by the exchanger, indicates that they could be
pteridines without anionic charge at neutral pH. It is expected that 6-substituted
pteridines would result from oxidative cleavage of FH, but this was not further
investigated. The lack of charge implies that pteridine-6-carboxylic acid is not a
degradation product.

‘Peak 2. This peak contains an aromatic amine, as it was strongly positive with
Ehrlich’s reagent and had a maximum of absorption at 272 nm (Fig. 5) showing
spectrum similarities with PABG. :

Peak 3. TLC resolved this peak into two compounds with Rr values 0.66 and
0.93 (solvent A) and 0.86 and 0.93 (solvent B) Table II. The U.V. absorption of
peak 3 (containing both compounds) had absorption maxima at 284 nm and the
ratio of the maxima was 3.80 (Fig. 6). The nature of the two components was not
further investigated.

Profile of “oxidised FH,” dissolved at pH 10

For these experiments FH, powder treated as described above was dissolved
in ammonium hydroxide solution pH 10. The resulting solution was applied directly
to the column without prior neutralization. In this way it was hoped that material
retained by the column may be eluted by the pH-front passing through the column
(F1g 7). An additional peak appeared in the profile.
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FIG. 5. Absorption spectrum of Peak 2 of “oxidised FH>” dissolved at pH 7.5.
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FIG. 6. Absorption spectrum of Peak 3 of “oxidised FH>” dissolved at pH 7.5.
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Peak 1. The absorption spectrum of peak 1 at pH 10 (not shown) was similar
to that of peak 1 at pH 7.5 (Fig. 4). This identity was confirmed by TLC properties.
Although the spectrum showed a general resemblance to that of pteridines, no
identification could be made as the position of the absorption bands did not coincide
with published data 7.

The fractions were negative to Schiff’s reagent, indicating the absence of
aldehyde groups, but the nature of the components was not further investigated.

Peak 2. This peak consisted of a poorly resolved complex. At the front end of
the peak, fractions possessed absorption spectra similar in general form to those
obtained from peak 1. (Fig. 8). Towards the end of the peak, the absorption
spectrtum of PABA became apparent (Fig. 8). The presence of PABA was
confirmed by an Ehrlich’s positive spot which cochromatographed with PABA.

Peak 3. The absorption spectrum of peak 3 at pH 10 (not shown) was similar
to that of peak 2 at pH 7.5 (Fig. 5).

TABLE 1. Thin layer leyer chromatography of FA, FH>, and “oxidised FH?”

Solvent
(Ammonium) A . B (Ascorbic acid)
e il
FA 0.85 (Abs™) 0.51 (abs™)
FH, 0.75 (PF %) 0:34 (8F")
"Oxidised %+ +
Fi," 0.75 (' ¥) 0.34 (BF')

* yellow visible

+ 254 nm UV; 3BF = blue fluorescence; PF = purple fluorescence
Abs = absorbing spot .

x this spot contained two compounds: the front visible yellow
and the tailing region colourless but blue fluorescence.

The RF is taken from the centre of the visible yellow region.
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TABLE I1.: Properties of compounds of “oxidised FH2” resolved on DE 52 column chromatography.

Solvent
A ]
"Oxidised FH_"
dissolved
at pH 7.5
Peak Elution R R
Molarity ¥ F.
Sl water 0.72 (F) ’ 0.37 (Y)
0.68 (F) 0.74 (F)
2 0.15 H 0.82 (F*) c.82 (¥xy
3 0.6 M4 0.66 (F) 0.86 (F)
0.93 0.93
pH 10
Peak
1 water 0.72 (#) 0.37 (Y)
0.68 (F) i 0.74 (F)o
2 0.06 M 0.80
0.56 (¥) 0.5 ()
3 0.15 M 0.82 (¥+) 0.82 (¥%)
4 0.6 M ) 0.66 (#) 0.86 (F)
: 0.93 0.93
= yellov}, F = fluorescent; F¥ = weak Fluorcscent

Peak 4. The compound in this peak had spectral characteristics similar to
those of peak 3 at pH 7.5 TLC resolved this peak into two compounds with Rr
values 0.66 and 0.93 (solvent A) and 0.86 and 0.93 (solvent B). Table 2. The U.V.
-absorption of peak 3 (containing both compounds) had absorption maxima at 284
nm and the ratio of the maxima was 3.80 (Fig. 6). The nature of the two compounds

was not further investigated.

Discussion
e

Attempts were made to identify the products of oxidation of FH, by air in the
absence of light. Several compounds were detected by ion exchange
chromatography and TLC. However, the major product gave a yellow spot on TLC
. when sprayed with Ehrlich’s reagent indicating a free amino group. The possibility
was considered that this compound was either PABG, or PABA. The U.V.
absorption spectra of this compound, with an absorption maximum at 272 nm,
showed striking similarities to PABG (PABGumax at 273 nm, PABAjy.x at 266 nm).
However there were discrepancies in the Ry values of the unknown compound,
when concentrated from DEAE column, fractions, and authentic PABG on TLC,
possibly due to the high salt load applied to the origin.
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In relation to the use of FH, as cytochemical substrate, however, the study
showed that since FA was probably not a major products of FH, oxidation,
“oxidised FH,” may also be inhibitory to DHFR. Kinetic studies, for example, of
DHEFR from L. Casei confirmed that PABG and PABA were competitive with FH,.
The DHFR activity in the presence of PABG 20 mM was less positive than the
control without PABG. Hence in the cytochemical technique loss of FH, substrate
activity may perhaps be ascribed to two mechanisms, although the prec1se details
have yet to be elucidated:

1. Aerobic decay of FH; to complex mixtures of pteridine and PAB
fragments.

2. Possible competitive 1nh1b1tlon of DHFR by either pteridine or PABG
fragment.

In view of the complicated nature of the problem extreme precautions are
necessary to prevent oxidation of FH, before or during its use.
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COMPLEXES OF IRON (IT), IRON (I1I1), AND MANGANESE (II) WITH
2-BENZOYLPYRIDINE
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Summary

The donor properties of the ligand 2-benzoyl-pyridine (L) towards iron (II), iron (III)
and manganese (II) are further investigated and the complexes FeBr;L(H20),
FeClaLz(Hzo), FeClng C1.6H20, FeClzL(Hzo)z, F6C12L2 .6H20 and MnClsz (HzO)z have
been isolated and characterized by elemental analysis, conductivity and magnetic
susceptibility measurements. Their UV, ir and mass spectra are also reported.

Key words: Iron (II), Iron (III), Manganese (II), 2-benzoylpyridine, Comlexes, Mass spectra.

Introduction

L Jg

Molecules of the formula kN -C-R, where R = H, CHs,..., CsHs etc., may
act as monodentate or bidentate ligands by reacting cither through the pyridin
nitrogen or both pyridin nitrogen and carbonyl oxygen towards metal ions'. In a
previous communication’ we reported on complexes of the first row transition
elements with 2-benzoyl pyridine and found that the binding sites are influenced by
relatively minor factors such as the solvent and adduct formation between the
complex and HCl or HBr. In this paper we report the preperation and
characterization of several new complexes of Fe (II), Fe(1II) and Mn (II) with the
same ligand, together with the mass spectra of the complexes.

Results and Discussion

The analytical and physical data are summarized in Table I. The complexes
[FeLCls (H:0)] and [FeLzBr3(H20)] already reported® are also 1ncluded for
comparison.

The analytical data show that composmons agreed with calculated ratios. The
magnetic moments indicate that all the complexes are of the high spin type having
the maximum number of unpaired electrons (See Table I). The conductances in
nitromethane show that only the complex [Fel.CL] Cl is 1:1 electrolyte, while all
others are non-electrolytes in this solvent. When the preparation is performed at
elevated temperatures the non-chelate 1:2 complexes, [FeL,X3(H,0)] (where X is
Cl or Br) are obtained. On the other hand, by carrying out the preparation at room
temperature the chelate 1:1 complexes, [FeLX; (H:O)] are obtained.
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TABLE 1.: Analytical and physical data of the complexes

Compound C% H% N% M%  Melting point Condfxcﬁvity Loss of Drying
ohm .cm M Heff. at 120°C
20°C in CH3NO2
FeLBr3 (H20) Calc. 2891 220 281 - 235°C D 15 5.80
' Found 28.34 234 2.16

FeL2Cl3(H20) Calc. 5260 3.65 5.11 113°CD 50* 5.70
Found 51.80 396 497

(FeL2Cl2)2Cl.6H20 Calc. 4517 4.70 439 8.70 190°C D 66 577
Found 4521 "439 432 879 ‘

FeLCl2(H20)2 Calc. 4149 3.74 403 16.14 115°C D 32 5.10 (4]
Found 41.60 352 466 15.78 %)

FeL2Cl2.6H20 Calc. 47.84 498 4.65 9.31 148°C D 36 5.30 N 16.25
Found 4717 4.66 4.75 9.25 16.05

MnL2CI2(H20)2 ~ Cale. 5444 416 529 14.20 242°C D %) 530 %}
Found 55.14 4.77 510 1438 (4]

i

where L= 2 -benzoylopyridine, D = Decomposition
* The conductivity of this compound was rapidly increasing, attaining a value of —200 where precipitation is taking place. The rather high imital
value is probably due to the decomposition occured in the time between dissolution and measurement.

TABLE 11.: ir spectral assignments of the complexes

Ligand FeLCl3.H20 FeLBr3H20 FeL2Br3HO FeL2Cl3H20  Assignments
— 3340w 340w 340w — O-H stretching
3050w 3050s 3040s 3050 3060s C-H stretching
— 2500w = — —_
1660s 1620s 1620s 1675m 1660m C-O stretching
— — — 1610m 1620m H20, O-H bending
1570m 1570s 1588s 1580s . 1595s C=C, C=N stretch-
1560w — 1565m 1560m 1556 ing of the aro-
. . matic rings
1320m 1340s 1340s 1340s 1330s C-H in plane
— — — — - deformation
995s 1020s 1028s 1030s 1015m Pyridine
breathing motion
820s 850m — 850s 842m C-H out of
780s 825w —_ — 820m plane vibration
— 785m 765m — —
— 382s — 263 370m M-X stretching
— 362s —_ 248 355m
228 .

(FeL2Clz) CL6H20 FeLCl2(H20)2 (FeL2Cl2).6H20 MnLoCI2(H20)2  Assignments
3400w 3400w 3400w 3400m O-H stretching
3050w 3050w 3050w 3060m C-H stretching
1620s 1630s 1610s 1670s C-O stretching

— 1610s — 1630s H20, O-H bending
1586s 1580s 1582s 1600m C=C, C=N stretch-
1564s — — — ing of the aro-

matic rings
1335s 1350s 1370s 1360s C-H in plane

— — — 1372s deformation

— — — 1395s
1015s 1010w 1010m 1020m Pyridine

breathing motion
880m 855m 823w 830m C-H out of
820m . 828m 815w — plane vibration
359s 385m 255s M-X stretching
312s 360m 245s
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Generally the bromo-complexes are prepared easier and in better yields than
the corresponding chloro analogs.

Structures are deduced mainly from the ir spectra. Tentative assignments are
given in Table II.

The complex [FeLBr;(H20)] shows a strong band at 1620 cm™ indicating
coordinated carbonyl.>**!® The same is also true for [FeL.Cl] CL6H.O,
[FeLCL.(H:0).] and [FeL.CL].6H,O, which show bands at 1620, 1630 and 1610
cm™? respectively. On the other hand, the complexes [FeL.Cls(H.O)] and
[MnL,CL(H:0),] show bands at 1660 and 1670 cm™ respectively, indicating that
the carbonyl group is not a ligation site.>*'° Coordination through pyridin nitrogen
is indicated in all complexes by a positive shift of the pyridine breathing motion
appearing at 995 cm™ in the free and at 1010-1030 cm™ in the complexed ligand®.

Coordinated water is indicated by a band at ca. 1610-1620 cm™ in the
complexes,”®*'? while the bands at 1500-1600 cm™ are attributed to the ring C=C
and C=N motions®. The bands at ca. 1200 cm™ are attributed to in plane C-H and
the bands at ca. 750 cm™ to out of plane C-H bending motions®. The M-X
stretchings are assigned in the region 300-400 cm™ for the iron complexes and at ca.
250 cm™ for the manganese (II) complex. The presence of two bands in these
regions for complexes [FeL.Cl,] C1.6Hz0, [FeLCl,(H,0).] and [MnL,Cl(H-0).]is
indicative of cis configuration® (See Table II). Metal-nitrogen coordination'** is
also indicated by the UV spectra.>''%!® the 2636 A absorption of the free ligandin
DMEF solutions, attributed to the ; — x* transitions of the rings®, is shifted to ca.
2655 A in all complexes.

The mass spectrum of the complex [FeL.Cl;] Cl. 6HZO is shown in Fig. 1 and
from this the possible fraction scheme is deduced and presented in Scheme I.

The fraction schemes of the complexes [FeL,ClL(H20).]Cl, [FeLBr:(H,O)]
and [FeL,Cls(H.O)] are also given in Schemes II, III and IV. -

The general characteristic of the spectra is their low intensity due to very low
vapor pressure of the respective complexes. The molecular ions have the lowest
intensity and in some cases they did not appear at all. The usefull conclusion which is
drawn from these spectra is that the respective complexes must be monomeric and
this is in agreement with the proposed structures. The monomeric character is
deduced from the fact that in none of the cases the observed peaks exceeded the
mass number of the respective monomeric molecular ion.

Experimental

Materials: 2-benzoylpyridine was purchased from Fluka A.G. and used
without further purification. All other chemicals were reagent grade.

Methods: (a) The ir spectra were recorded in a Beckman 2050 model
spectrophotometer in KBr pellets. The positions of the bands are given within = 2
cm®. (b) The UV-Vis spectra were taken with a Cary model 17D
spectrophotometer. (c¢) Conductivity measurements were performed using an E
365 B conductoscope, Metrohm Ltd., Herisau, Switzerland. (d) The melting points
were determined on a W. Biichi melting point apparatus and are uncorrected. (e)

- The magnetic moments were determined by the Gouy method with diamagnetic
corrections. (f) The mass spectra were recorded on-a RMU-6M Hitachi-Perkin
Elmer Mass Spectrometer with source operating at 50 mA, electron energy 70 eV
and at temperatures 180-200°C. :
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+ *
M m/e 635 (0.1)
s -co m/e 537 (0.2)
.
: - co
m/e 565 : —cN @’
m/e 607 {0.2)
v ' -6H_D - m/e 51 (6.8) m/e 432 (0.7)
-6H20 2 .
B "Fe(c0),
m/e 382 (0.1} m/e 439 (1.5)
[m/e '-!57]
-HCL ‘ -FeCl m/e 523 (0.3)
-CN
m/e 346 (6.4)
[n/e 386}

/ m/e 497 (2.7)

m/e 183 (24.0)
m/e 182 (40.9)

m/e 418 (0.4)

The numbers In parentheses represent the % intensities of the

different ions, as compared to the more intense ion.

Scheme I.. Decomposition of the complex [Fechlz] Cl.GHZO
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M+ m/e 563
~H,C

2
m/e 535 m/e 408 ———— [m/e 391]

o | - @ ~¢0

a/e 500 (0.1)

m/e 33t (8,7) _ w/e - 363 (0.2)

oo ®

) ~Cl
-Cl .

/e 482 ———» mfe 447 (0.3)
i [n/e 296] w/e 254 (1.5)
-Co
~2H,0
w/e  4s% (0.2) m/e 260 (0.5) -C1 ’ [m/e 225]

. .
@,CO -co

m/e 155 (82.0)

‘m/e 137 (2.5}

S$cheme II. Decomposition. of the complex [FeLZC}’&HZO)z] cl

' owe  uew (0.5)
L -28r
~HBr
me 311 m/e . 336 ———m—————t mfe 256
+

co )

@ -H,0

m/e 206 ’ m/e 318

Scheme 11I. Decomposition of the comi)lex [FeSraL (Hzoﬂ
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+

M, m/e 545 @
e -
-ch7ey \
m/e 467
n/e kg7
m/e 523
‘HsSCL 37
-CN -H e
-10 —————— /e 420 ————= m/e 382

m/e 485

\ -R*7c1
@ m/e 408

~cH, et
~CN m/e 346 -cu§7c1
n/e 332
m/e 382
-CHgsCl -CH;-,CI : m/e 330
- . .
m/e 332 m/e 330

Scheme IV.Decomposition of the complex [FeLz(HZO)Cl;

Microanalyses: C,H, N microanalyses were performed in the laboratories of
the Hellenic National Research Foundation by Dr. Mantzos. The metal analyses

were done according to literature methods® and the halogens were determined
gravimetrically. : ‘

Preparation of the complexes
Aquo-tribromo (2-benzoylpyridine) iron (III).

FeBr;.6H:0 (1.5 mmole)were dissolved into 10 ml absolute ethanol and to
the obtained solution was added dropwise 2-benzoylpyridine (1 mmole) dissolved
into 5 ml absolute ethanol. The brown precipitate formed was filtered washed with
ethanol and ether and dried at 50°C under vacuum. Yield 80%.
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Aquo -trichloro-bis-(2-benzoylpyridine)Iron (IIT )

FeCl;.6H,0 (1 mmole) were dissolved inte 10 ml absolute ethanol, and to
that was added 2-benzoylpyridine (4mmole) dissolved into 20 ml absolute ethanol.
The mixture was then heated on a steam bath for 1h. The green precipitate formed
was filtered washed with ethanol and ether and dried at 50°C under vacuum. Yield
80%.

Dichloro-bis-(2-benzoylpyridine )iron (III) chloride hexahydrate.

FeCls.6H,O (1mmole) was dissolved into 10 ml absolute ethanol and to that
was added 2-benzoylpyridine (7mmole) dissolved into 20 ml absolute ethanol. The
mixture was refluxed for 2h and the yellow precipitate formed, filtered, washed with
ethanol and dried at 50°C under vacuum. Yield 85%.

Bis-aquo-dichloro-(2-benzoylpyridine) iron (II).

FeCl,.4H:O (1 mmole)was dissolved into 10 ml absolute ethanol and to that
was added 2-benzoylpyridine (1 mmole)dissolved into 10 ml absolute ethanol. The
mixture was stirred for 2h and roto-evaporated at 45°C. The blue residue was taken
with a mixture hexane/ethanol, 3/1, filtered, washed with the same solvent and
dried at 50°C under vacuum. Yield 90%. ‘

Dichloro-bis-(2-benzoylpyridine) iron (II) hexahydrate.

FeClL,.4H,O (1 mmole) was dissolved into 10 ml of a mixture of
hexane/ethanol, 3/1, and filtered. The filtrate was added to 2-benzoylpyridine (4
mmole) dissolved into 10 ml of the same solvent. The deep blue precipitate formed

“was filtered, washed with the same solvent and dried at 40°C under vacuum. Yield
75%.

Bis-squo-dichloro-bis-(2-benzoylpyridine)manganese (II).
MnCl,.4H;0 (1 mmole) was dissolved into 10 ml absoulute ethanol and to the
-obtained solution was slowly added 2-benzoylpyridine (3 mmole) dissolved into
10 ml absolute ethanol. The mixture was refluxed for 3 h and the orange precipitate
formed was filtered, washed with ethanol and ether and dried at 50°C under vacum.
Yield 80%.

IepiAnyn

Svunioneg évdoes ouwdioov (II) xai (III) xai payyaviov (II) upé 2-
Peviovromugidivy.

’Eushetidnooayv oi dvtidodoels tiig 2-Beviotromugidivng (L) puetd oidfoov
11), owdfeov (III) noi payyoaviov (IT) xai dwepovdrdnoav Té ocdumiona FeBrsL
(H:0), FeCLL,(H:0), [FeClL,] Cl. 6H,0, FeCLL(H;0),, FeClL,.6H,0 ol
MnCLL(H;0),. Td ovumlono adtd &yogaxrtnoiodnoay Sl oTouyelaxic
Avolioemg, AYWYLHOUETQR®DY ROl POy TIRDYV petonoswv, raldg nol Sud
pooudtov UV, ir #al patne.
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Summary

A new series of N-substituted derivatives of 5,6-Dihydrodibenz(b,f)azocine were
synthesized. These derivatives were - prepared by the reaction of 5H-
dibenzo[a,d]cyclohepten-5-one (1) with hydroxylamine hydrochloride gave the correspond-
ing oxime (2). Treatment of this oxime with polyphosphoric acid gave the
dibenz[b,flazocine-6(5H)-one (3) which by reduction with LiALHi yielded 5,6-
dihydrodibenz[b,flazocine (4). Reaction of 5,6-dihydrodibenz[b,flazocine with phosgene
leads to the corresponding chloride (5) which by treatment with diethanolamine gives the
diole analog (6). To prepare the compounds of the general formula (I) the diole analog was
treated with isocyanate esters or dimethyl carbamoylchloride.

Hence the present study deals with the synthesis of the N-Substituded derivatives of
5,6-dihydrodibenz[b, f]azocme and an initial investigation of their pharmacological
properties.

Key words: N-Substituted Derivatives of 5,6-Dihydrodibenz[b, f]azocme

Introduction
The pharmacological properties of the dibenzazocine derivatives of the
followmg general formula have been described (6 7,8,9,10,11, 12, 13, 14) in

previous publications
:N

I
R
where: :
R =alkylamino- acyl group

This seems to be a structural unit common to numerous pharmacologically active
agents. (anticholinergic, psychotrope, analgesic) particularly those agents that
affect the central nervous system.

Appropriate modification of group R can confer either stimulating or central
inhibitory of the resulting molecule. This structural modification resuits in
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N-substituted derivatives of 5,6- D1hydrod1benz[b flazocines of the following -

general formula (I).
| |

e CH.LH,0CONRGR,,

!
=C—
0 ~CH,CH,0CONRyRy,

_ where: (1)
R1 = H, CH3
= CH3, Csz, I’IC3H7‘,- I’IC4H9, CsHs

These compounds were therefore synthesized by the reaction of
SH-dibenzo[a,d]cyclohepten-5-oné (1) with hydroxylamine hydrochloride which
gave the corresponding oxime' (2).

Treatment of (2) with polyphosphoric acid gave the dibenz[b,f]azocine-
6(5H)-one> (3) and this by reduction with LialH; gave the 35,6~
dihydrodibenz[b,f]azocine® (4).

Treatment of (4) with phosgene gave the chloride* (5) and reaction of (5) with
diethanolamine provided the corresponding diole® (6).

To prepare the compounds of general formula (I) the reaction products (6)
were treated with isocyanate esters or w1th dimethyl carbamoylchloride.b

The procedure followed was:

—_—— —

NOH
(2)

ot @HN([H;[H;OHE @

N
)
(5) coce 0 = o2 HOH
. (6) \(chHloH
0=C=N-Rqg
_————————>
Ot RiRLNCOCE N
’ o= N nC Hy CH,OCONR(Ry
NCHyC Hy OCONRyRy

(1)

All the compounds prepared were studied for their pharmacological actions.

Experimental Section

Preparation of N’, N'-bis (2-hydroxyethyl)N-carbonylamide of 5,6-dihydro-
dibenz[b,f]azocine (6). 3,38 g (0,1 mol) of the chloride (5) were diluted with 50 ml
of chloroform and while stirred diethanolamine 2,05 ml (0,2mol) was added. The
mixture was refluxed for 30 min, cooled and washed with water until neutral
reaction. The solution was dried with anhydrous Na,SO, the solvent was
evaporated and the resulting residue was crystallized from acetone, to give 2,8 g of
(6), (m.p 108°C, 68% yield).

Preparation of bicarbamate ester of N’, N'-bis (2- hydroxyethylamlde) of 5,6
dihydro-dibenz{b,f]azocine (I, T3997).
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0,7 g (0,02 mol) of the above diole (6) were diluted with 50 ml of anhydrous
“benzene and in this solution 0,5 ml ethyl isocyanate (=30% in excess) were added.

The mixture was left for 4 days at room temperature and the solvent was
evaporated in vacuo. The resulting crude oily solid (0,98 g) was crystallized from
ether to give 0,88 g of (I, T3997), m.p. 130°C; yield 88%. Recrystallization from
acetone gave m.p. 137°C.

All the carbamate compounds of this series were prepared in the same way
with the exception of (I, T4056) which was prepared by the addition of
dimethylcatbamoylchloride instead of alkyl isocyanate.

Analytical data and physical constants of the prepared compounds are sited in
Table 1.

TABLE 1: Analytical data and physical constants of the prepared compounds.

Amnalyses
Molecular Ne Yield -
Calculated % Found %
R1 Ry formula Ref %
M.p°C I H N c H N

H CHs  CoaHagN4Os T4100 34 13349 63,70 6,24 1238 63,61 615 12,38
H CoHs  C6H3aN4Os 13997 75  137® 64,98 671 11,66 6552 6,75 11,24
H nC3H7  CysH3gN4Os Taoo0 88 . 104-5® 66,12 7,13 11,02 66,44 7,29 10,84
H nCaHo  C30Hs0N4Os Taos2 97 45 67,14 7,51 1044 67,37 721 10,60
H CsHs  C3aH3NaOs  T4053 96  176® 70,82 559 972 70,60 6,16 9,76
CH3 CH3  Ca6H32N4Os T40s6 42 114® 64,98 6,71 11,66 6533 672 11,30

a. Recrystallization from ethanol
B. Recrystallization from acetone

Pharmacology. Materials and methods

Compounds were tested as suspensions in 2% gum acacia solution and
administered intraperitoneally. Initial general CNS screening was made according
to previous described methods.®

Adult male Winstral albino rats of 180-220 g body weight and Swiss male
albino mice of 20-25 g body weight were employed in the experiments. Purina
laboratory chow and tap water were available adlibitum. The 24 hour preliminary
toxicity and the results of the CNS screening are given in Table II.

From the first blank screeining a reduction of motor activity, of exploration
and passivity as well as ataxia was observed. All the other observations for
stereotypy, catalypsy, grooming, fearfulness, righting reflex, body tone, urination
skin color and respiration rate were normal.

Acute Toxicity

Albino male mice weighing 20-25 g were administered the compoundsi.p. Six
mice were used per dose level and a minimum of 5 dose levels was employed for
each toxicity determination. The dosed animals were observed 24 hours for
mortalityand LDs was calculated according to the method of Miller and Tainter.”.

Spontaneous Motor Activity (SMA) _
Spontaneous motor activity was tested in an activity cage (Ugo Basile, Suisse)

so adjusted that when a mouse breaks the beam of light, the cell activates a digital

counter.? -
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Male albino mice were used for this test (a single subject per each
experiment). There were three experimental subjects and 2 controls at each testing
session, and each compound-dose group was compared with its appropriate control.

A minimum of three dose levels was employed for each compound. The
activity counts were readed every five minutes for a half an hour.

Hypothermia

Male albino mice we1ghmg between 20 and 25 g were used throughout. The
animals were given access to food and water before and during the evaluation. Prior
to the administration of any drug, the rectal remperature of each mouse was
determined using a telethermometer with rectal probe. The rectal temperature was
measured every half an hour for 5 hours, the same, every day for one week.” One
week later, the same group of mice was given a dose of the synthesized compounds
i.p and the temperature determined in the same way.

" Antimetrazol-Anticonvulsant Activity
This technique was carried out according to the method of Bames et al'® Adult
albino mice are given the test compounds 30 minutes before the convulsant. The
animals are allowed food and water up to time of injection. Groups of eight mice at a
minimum of three dose levels were used and the EDs, was calculated as the dose
which would prevent convulsions in 50% of the mice treated with 85 mg/kg of
pentylenetetrazol by the i.p route.

Rotating Rod test

This test was used to measure the effects of compounds on muscle tone and/or
muscular coordination particularly of muscle relaxants, sedatives and stimulants in
mice. Five male albino mice, welghmg 20-25 g were used dose level. The EDso was
the dose that caused 50% of the mice to fall of the rotating rod."

Conditioned Avoidance
Subjects: Male Albino rats weighing 180-220 gr were employed.

Apparatus and procedure

Rats were placed in a plexi-glass two Way skinner type box(Ugo Basile,
Suisse) with a grid floor through which electrical foot schock (0.6mA at 45V) could
be delivered.

Optical sign (10”) prior to electrical schock (10"), interval time (50"). Each
escape of the animal from one way to the other postponed the onest of the duration
of electrical schock and the avoidance procedure was recorded on a counter (time in
1/12 sec). The duration of each avoidance session was one hour. In the control state
a trained animal avoided more than 90% of the possible schocks. Each animal was
given i.p the test compound immediatelly after the training and at hourly intervals
thereafter for 3 hours as well as the next day, the response of each animal is
determined by three succesive trials. The inhibition of the conditioned response is
an indication of tranquillization."

Inhibition of exp]oratzon

This test is done according to the methal of Nieschulz et al** The ED so0 is the
dose at which 50% of the animals slide down on an inclined plane. Male albino mice
weighing 20-25 g used in this test.
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Results

The CNS pharmacological profile has been studied of the six synthesized
-dibenzoazocines. As shown from table I the high LDs, indicates a relatively low
toxicity for all the compounds tested. In mice some of the compounds (table )
inhibit the exploratory behavior and with higher doses they produce a hypothermia
(35°C meanvalue). From the rotating rod test all of the compounds exert an effect
on muscular coordination as it was also seen from the first blind screening. They also
reduce the spontaneous motor activity byt they have no effect in the conditioned
avoidance test. The lack of this effect and also the lack of antimetrazol test indicates
the absence of major tranquilizer properties.

The very interesting finding of potentiation of pentylementrazol action arid
the high toxicity shown (synergy) as well as the inhibition of muscle coordination
(table IT) could indicate an indirect cholinergic mechanism. Such studies will be
reported on next communications.

Table II: Pharmacological profile of the synthesized derivatives

Test compounds

Species  Test Ta099 Ta0s2 Ta100 T3997 Ta0s3 Taose
Mouse = Acute Toxicity >500 >500 >500 >500 >500 >500
LDso mg/kg .
Mouse SMA
EDso mg/kg ©100 50 100 100 — ——
Rat Inhibition of Cond
Avoidance EDso mg/kg — — C— — — —
Mouse  Pentylenetetrazole k Potentia Potentia Potentia Potentia
antagonism tion tion tion tion — —
EDso mg/kg
Mouse  Hypothermia
ED mg/kg — 150 100 — — —
Mouse  Inhibition of : .
exploration 50 25 50 100 100 100
EDso mg/kg
Mouse  Rotating Rod
EDso mg/kg 50 50 50 50 100 100
epidnyng

Zvvideois nai paguaroroyixnt) uerAétn véwv N-Umoxateotnuévov gagaydywv Tic
5,6- Awégo&ﬁevé‘o [b, f] aCoang

Eig -mv mapovoav Eoyooiov mogaoxevdfoviar N-vmoxoteotnuéva
mapdywyo Tig 5,6-816800d1Bevio[b,flatoxrivng toT yevixot tomov (I).

‘H mapaoxevn) tov Eyéveto éx thig SH-d1pevio[a,d]nvrhoemtev-5-0vng (1)1
omola Tf} - émdpdloer Vdpoyhwowriis VOQoEvAonivng petaTémeTal £l THV
dviiotovyov dEiunv. "Ex tavtg ) fondela molvpaopopunot dEéog hanpdvetont
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diBevio[b,flafoxv-6(SH)-om (3) 7 omolo OV dvaymyfig ué vdeidov tob
Mdiov-Goythhiov uetatémetar &ig 5,6-813800diBevio[b,flatoxivyy (4). "Ev
ovveyelq 7 Emdodoel pwoyeviov haupdvetol T dviiotolyov xrweidiov (5) xai
&x TovToV Ut Srardavorauivny 1 dvtiotorxog S16An (6). Ex thg tehevtaiog ToiTng
f] 2mdpdoet ioonvavix®dv otégwv fi SiuetvionagBapoiloxrwoLdiov meoris-
Tovv 10 meotdvia tov tomov (I).

THV TaQUOHEVOTTEVIOV TEOLOVIWVY &yEVeTo pPlo TQONATAUQXTIRT] UEAETY
TOV Poguaxorloyr@dv Tav idLothTmv. ’
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COMPOSITIONAL ANALYSIS OF POLYESTER-POLYETHER
RANDOM BLOCK COPOLYMERS BY N.M.R. SPECTROSCOPY
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Department of Polymer and Fibre Science, UMIST, Manchester, England-
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Summary

Nuclear magnetic resonance spectroscopy has been used to evaluate the composition
of a series of random block copolyesters derived from mixtures of dimethyl terephthalate,
butane diol and poly (tetrahydrofuram). The method used provides a rapid assessment of
composition and is based on the differences in the resonance position of the different types of
hydrogen atoms present in these polymeric systems. Three methods of evaluating the
composition from the n.m.r. data are described and critically examined.

Key words: Random block copolyesters, copolymer composition, nuclear magnetic resonance,
chemical shift.

Abbreviations used: 4GT = Poly(tetramethylene terephthalate), PTHF = Poly(tetrahydrofu-
ran), PTHFT = The tetrahydrofuran terephthalate repeating unit in the copolymers, DMT = Dimethyl
terephthalate, 4GT/PTHF (MWt.) (X%) = A random block copolymer containing tetramethylene
terephthalate and tetrahydrofuran terephthalate repeating units, derived from PTHF of the specified
molecular weight (MWt.) and at X% incorporation by weight. Thus 4GT/PTHF 1000 (10%) refers to a
block copolymer of 4GT and PTHFT derived from PTHF of molecular weight 1000 and having 10% by
weight PTHFT units. .

Introduction

Block copolymers containing tetramethylene terephthalate and tetrahyd-
rofuran terephthalate repeating units have been prepared. by transesterification.
Butane diol and hydroxyl terminated PTHF of different molecular weights in
admixture with DMT have been subjected to standard melt-phase polycondensa-
tion procedures.’ This study forms part of a programme of work in the Department
on structure-property relationships in copolyester systems.>” The effect of both
molecular weight and the percentage incorporation of PTHF (0 - 30%) on
copolymer. properties and dyeing behaviour has been investigated.®®

Fifteen copolymers have been prepared and analysed using n.m.r.
spectroscopy to evaluate copolymer composition. This proved necessary since the
theoretical composition calculated from the weight of reactants using the Shivers
equation'® may not be the same as that obtained experimentally.

Such a situation may arise due to less of the more volatile components,
namely, butane diol and DMT during polymerization or due to the degradation of a
reactant. In the case of PTHF it has been reported that degradation can occur at the
temperatures used in melt polycondensation.! Since structure-property
relationships were under investigation a rapid and accurate assessment of the

*Present address: Department of Industrial Chemistry University of Athens, Athens, Greece
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magnitude of these effects and hence the copolymer composition was required. The
n.m.r. method of analysis has been previously used a variety of systems'> ¢ and has
been used by Still et al’ for random copolymers containing tetramethylene
terephthalate and tetramethylene sebacate repeating units. We now report studies
on random block copolyester systems.

Experimental

N.m.r. spectra were obtained at room temperature from 20% solution of the
copolymers in trifluoroacetic acid (B.D.H. spectroscopic grade) using a Varian
HA-100 MHz instrument. The relative intensities of the resonance peaks were
determined using an electronic integration device and for each spectrum the
integral traces were recorded and used to calculate the mean value for a given set of
protons.

Results and Discussion

The copolymers prepared consist of PTHFT units randomly distributed along
4GT chains as a result of their mode of preparation, namely, random
transesterification. The repeating units of 4GT, PTHF and a typical 4GT/PTHF
copolymer are shown in Figure 1 where different proton types are also designated.
Such systems yield significantly different n.m.r. spectra as shown schematically in
Figure 2. Thus 4GT yields a spectrum with three singlet absorptions at chemical
shifts 8 = 8.68 aromatic protoms “a”, & = 5.10 methylenic protons “b’*adjacent to
the electron withdrawing carboxyl grouping and at & = 2.62 methylenic protons
“c”. PTHF yields a spectrum with two singlet absorptions at 8 = 4.32 methylenic
protons “d”’ adjacent to the ether oxygen atom and at & = 2.26 methylenic protons
“67’ .

The copolymer spectrum is more complicated than either of the
homopolymers and shows the combined features of both homopolymer spectra,
Figure 2. The chemical shift data and the assignments made are shown in Table I
and Figure 1.

TABLE Chemical Shift Data and Assignments for the Copolymers

Proton type o]
aromatic a 8.68
Q
-C-O-CHaz- b+b* 5.10
- -O-CHaz- d 4.30
-CH2-CHz- c 2.62
-CH,-CH>- e 2.29
O .
-C-O-CH,-CHz- c* 2.62

1t can be seen by reference to Figures 1 and 2 and Table I that the absorptions
at 8 = 5.10 and & = 2.62 in the copolymer spectrum are composite and arise from
methylenic protons in both the PTHFT and the 4GT repeating units. Thus in any
analysis utilizing these absorptions, due allowance must be made for the
contribution of the different proton types.
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Since the area under the absorption peak in n.m.r. spectrum is directly
proportional to the number of hydrogen atoms producing the signal, this provides a
suitable method for compositional analysis of these systems. In the previous study’
the ratio of (total aromatic protons): (total aliphatic protons) was utilized for
compositional analysis and this may be employed in this case leading to equation
(D).

Total aromatic protons _ 1 )
Total aliphatic protons 2(1 + nx - x)
where x is the number of moles of PTHFT present in the copolymer and n is the
degree of polymerization of the PTHF homopolymer used in preparation of the
copolymer.

The value of x and hence the weight percentage incorporation of PTHFT may
also be evaluated from the ratios of the methylenic protons adjacent to the carboxyl
grouping in 4GT and PTHFT (b + b*) and the methylenic protons adjacent to the
ether oxygen atom in the tatrahydrofuran unit “d”. This leads to equation (2)

(b +b*) 1
= = @
d x(n - 1)

Alternatively the ratio of total aromatic protons to suitable methylenic
protons in the tetrahydrofuran unit also be used as typified by protons of type “d”
leading to equation (3)

a 1 3
d x(n - 1) (3) :
g emooboa o -
= ; ,-a~ i i
Faz CHZ-CHZ c:-'lz—o CHyCHyCHYCHo-0
n-
4LGT PTHF
v L H 9 ; ‘;“ e T T T T T T ‘.--;‘ T ““‘f‘"*;‘“:
8@&0 CH2 CH2-CH2-CEI-12 0‘('C”2 CHZCHZcHZ-O }—c H2-CH2-C |1|2c+'|20
H H ! - —-d—”- , | ,
R P X
Copolymer ~ PTHFT unit
R S 7.
! i LH
o~ CH2 CH2 CI-}IZCHZ—O—C@J:
e HoH 1y
LGT unit

FIG. 1: Repeating structures of 4GT, PTHF and a typical random block copolymer.




128 C. BOUSSIAS, R.H. STILL

The compositional data evaluated using the three methods are shown in Table
1I.

TABLE 11. Compositional Analysis of the Copolymers

Weight Percentage PTHFT Units

Copolymer (a) (b) (c)
4GT/PTHF 1000(10%) 10.02 10.11 9.94
4GT/PTHF 1000(20%) . 21.14 — —
4GT/PTHF 1000(30%) 30.54 — —
4GT/PTHF 2000(10%) 991 9.97 9.85
4GT/PTHF 2000(20%) 19.56 19.05 19.56
4GT/PTHF 2000(30%) 30.26 30.01 30.30
4GT/PTHF 3000(10%) 10.33 10.23 10.39
4GT/PTHF 3000(20%) 18.65 — —
4GT/PTHF 3000(30%) 29.40 0 —_
4GT/PTHF 4000(10%) 10.19 9,92 10.07
4GT/PTHF 4000(20%) - 19.76 —_ —
4GT/PTHF 4000(30%) 29.33 — —
4GT/PTHF 5000(10%) 10.28 10.25 10.16
4GT/PTHF 5000(20%) 19.25 — —
4GT/PTHF 5000(30%) 30.89 — —

(a) calculated from equation (2)
(b) calculated from equation (1)
(c) calculated from equation (3)

The data obtained depends upon the accurate measurement of the integral
step heights of the peaks. The data shown in Table Il are self consistent and indicate
that no significant changes in composition occur during polymerization. This
indicates that PTHF does not degrade under the melt condensation conditions
employed as was also found by Ghaffar et al'’ for the hexamethylene terephalate:

PTHFT random block copolymer system. o o

The n.m.r. method used is more accurate when the ratio d¢ is employed.
This arises because, as the PTHFT content and the molecular weight of the PTHF
used is inereased, the integral step heights associated with the aromatic protons
become progressively smaller leading to more significant errors in their
measurement.

The method employed in this study gives a rapid estimation of copolymer
composition in contrast to more laborious hydrolytic and degradative
procedures.’®?! The method has however the limitation that the degree of
polymerization of the PTHF unit used in the preparation must be measured” in
order that the composition may be calculated.

IepiAnyic

Xopfjowg n.m.r. pooudrwv gic v EEeUpeov 1Hjg CUGTAOEWS OTATIOTIX@DY XOTA
oUOTAd0aS OUUTOAVUEQDYV TOAVEOTEQOG-TOAVALTEQ0G.

Pdaopate [Mugnvirot Mayvntixot ZvvtoviopoU (n.m.r.) &xonctuomord-
Onoav dua v £Eedosowy Tiig oVOTGOEMG 0ELEAS CUUTOAM UEQDY TOD FTOEAYOVTOL
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8o plypa dipuedviotepepdainod éotégog, 1,4-povtavodiding xal molvtetpoi-
dgopovpaviov. ‘H magotoo puédodog mapgéyst Thv duvoatdtnta ocvviduov meoo-
OL0QLOpOD Tfig CVOTAoEMS TV cUNTOoAVUEQ®V 1al Baoileton eig Tag dragpogett-
w0 Yéoelg ovvroviouot t@v dogdowv Timwv &tdpmv 1dgoydvou mov eboi-
oxovtol glg T0 Vw0 Uehétmv ovotipata. Ileoiyodgovtor xol EEetdlovral
hemropep®ds Toels uédodol EoodLogLopot Tiig cvotdoemg TV cuuTOAVUEQDV
mov otneilovrol elg Td dedouévo TOV QaoudTwV n.m.r.

a b c
4GT
] | ] 1 1 1 ] 1 ] I }
d e
PTHF
! 1 I 1 L1 1 1 I 1 )
a beb*d  cc’e
CopolYm,
J L
et ] 1 1 i 1] 1 1

| Y )
c 9 8 7 6 5 4 3 2 1 O

FIG. 2: Schematic representation of 100 MH; n.m.r. spectra of 4GT, PTHF and a typical random block
copolymer. :
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THE ANISOTROPY OF THE MAGNETIC SUSCEPTIBILITY
OF BENZENE, 1,3,5-TRIFLUOROBENZENE AND HEXA
FLUOROBENZENE

BRIAN DAY* and M. G. PAPADOPOULOS**
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Summary

The magnetic susceptibility of CsHe, 1,3,5-CsH3F3 and CsFs is obtained by using SCF
perturbation theory. We propose a phenomenological explanation for the decrease of the
magnetic susceptibility anisotropy, Ay, which results from the substitution of hydrogen by
fluorine. It has also been found that the o electrons make a significant contribution to Ay.

" KEY WORDS: Magnetic anisotropy — SCF perturbation theory, benzene, 1,3,5-
trifluorobenzene, hexafluorobenzene

Introduction

The magnetic anisotropy, Ay, or the anisotropy of the magnetic susceptibility,
%, has long been of interest.! A lot of people have attributed the large Ay of benzene
to its 6 m electrons.”? However, this assumption has been questioned by a number of
workers.'>?? Our calculations have led us to reappraise the magnetic anisotropy
problem since they suggest that the diamagnetic part of the magnetic anisotropy of
the compounds examined can be explained in terms of the anisotropic contributions
of the o electrons.

We have also examined the reduction in Ay with the substitution of hydrogen
for fluorine in C¢Hs. A quantitative and accurate analysis would require computing
time not readily available at present. However, by using our calculations and the
experlmental results from the literature’ we propose an mterpreatlon of the
reduction in Ay.

Results and discussfon

McWeeny’s SCF perturbation theory* was apphed to the calculatlon of the
components of the susceptibility, yas, which are given by
Xuﬁ = Tr [faﬁ(Z) RO 4 15f O Rp(l)],

where a and B denote x, y or z directions of the applied magnetic field, R® is the
zero order (non-perturbed) density matrix, Rg® is the first-order density matrix

* Present address: Institute of Hydrology, Crowmarch Gifford, Oxon OX10 8BB
** Present address: Department of Inorganic Chemistry, University of Patras, Patras, Greece. -
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perturbed by a magnetic field along the B direction, f.®" is the first-order framework
Hamiltonian perturbed by a magnetic field along the o direction and fo3® is the
second-order framework Hamiltonian perturbed by two perpendicular m agnetic
fields along o and 3 directions. Detailed accounts concerning the application of the
theory have been given elsewhere.>®

The magnetic anisotropy, Ay, is given by

AX = Y — Y2 (b= + Xn)>
where ¥, ¥y and Y. are the principal components of the susceptibility. Further we
have . !

Yop = Yap® + Yop®
and
Ay = Ay + AyP

where d and p denote the diamagnetic and paramagnetic contributions,
respectively. :

For the calculation of .3 we have used a minimal basis set, in which each STO
(Slater type orbital) was simulated by 3 GTOs (Gaussian type orbitals). The
exponents and the coefficients for this expansion were taken from Stewart” and the
Slater exponents from Hehre et al.* The geometries of CsHs, 1,3,5-CsHsF3 and CsFe
~ were taken from the literature.’ The origin of the coordinate system was taken at the
centre of mass of the molecule. The ATMOL program' as implemented on the
Cambridge IBM 370/165 Computer was used for the calculation of the SCF
integrals, eigenvalues and eigenvectors of the zero order Hamiltonian; together
with a suite of programs developed at Canibridge® for computing molecular
properties using the methods of SCF perturbation theory.

The decrease of the magnetic anisotropy

A reliable treatment of the magnetic anisotropy problem within our model
would probably require a basis three times the minimal one.>!! However, for
compounds of the size of CsHj it is very difficult to perform ab-initio calculations
with an extended basis since the computing time involved is enormous. Therefore,
various methods have been used to circumvent this difficulty; e.g. some workers
concentrated on the contribution of the x electrons, using empirical values for the o
contributions.>'>!* However, it is known that yx® (and ¢, the diamagnetic
contribution to the magnetic shielding constant) can be calculated adequately with a
' minimal basis.>**'* This can be seen if the results for CsHs presented in this work
(Table 1) are compared with Shoemaker’s et al'® results (they extrapolated their -
results for CsHsF to CsHs) and with the extended basis calculations reported by
Almlot et all’

In the present study of the anisotropy we use the calculated Ay?, and since ¥ is
almost certainly in error, a second approach to the evaluation of Ay? was adopted.’
According to this method one estimates Ay? by subtracting the calculated Ay® from
the experimental Ay. This method, of course, is not intended to replace either the
- calculation or the measurement of Ay¢®; but in the absence of reliable values for both
of them, offers a useful estimate of Ax® even though it concentrates all deficiencies
and errors in the A values. It is known that ¥ accounts for the simple diamagnetic
circulation; induced by the applied magnetic field, and ¥® for the hindrance to this .
motion, e.g. by the massive nuclei.’® In aromatic compounds both phenomena
. contribute anisotropically to ¥* and %, '
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TABLE 1. Principal components of the susceptibility in units of 4w X 1 020 mor'®
Compound Xxxd Xzzd Yo' Yz
CeHs -285.4 -509.0 51.0 109.8
-285.9° -509.2°
-286=10" -508=20
-291.3"7 -510.8"7
1,3,5-CeH3F3 -682.8 - -1288.0 52.5 115.8
CeFs -1080.3 -2067.5 54.4 119.1

(a) The ST unit 4;t X 10%m> mol™ corresponds to the non SI cm® mol™.

TABLE II. Magnetic anisotropies in unifts of 4x x 1 0 a mor?.
Compound Exp. values (1) Calculated values

AX AXd AXP(Q) AXP(b)
CsHs -53.4 - -223.6 58.8 170.2
1,3,5-C¢HsF3 -39.0 -605.2 63.3 566.2
CeFs -31.8 - -987.2 64.7 955.4

(a) These values have been calculated. J
(b) These values have been determined by: Ax® = Ay - Ax® . Ay is the experimental value.

Interpreting the results of Table 2, we suggest that the substitution of H by F
in C¢Hs leads to increases in the contributions arising from both the diamagnetic
circulation and its hindrance. But the rate of increase of the latter is faster than that
of the former. So fluorination of CsHs leads to a decrease of Ay.

We observe that the change in the diamagnetic anisotropy on going from
CsHs to CsHsFs (Table 2) is almost the same as that on going from C¢HsF; to CsFe
(= 382 x 4 x 10"*m’mol’). However, this does not mean that all fluorines
contribute equally to Ay, since Hiittner et al'® have found that the diamagnetic
anisotropy changes from C¢Hs to CsHsF by 107.3 X 4n x 10*m>*mol™ whereas if

" the contributions of all fluorines were the same this change would be 127.2 X 45t X
10"m3mol™.

Resolution of the magnetic anisotropy

The 7 electrons of aromatic compounds have featured largely in the study of
their characteristic properties. Elvidge and Jackman?® define an aromatic
compound as a compound which will sustain an induced ring current of w electrons.
However, Lewis and Peters®! maintain, that it is far from certain that it is the &
electrons rather than the o electrons which confer the aromaticity.

The present calculations show -that the bulk of the anisotropy of the
diamagnetic part comes from the ¢ electrons in all three examined compounds
(Table 3). Further, the anisotropic contribution of the o electrons disproves a
popular assumption of the past** according to which the o electrons contribute
isotropically to the susceptibility. The calcualtions of the paramagnetic anisotropy,
AyP, are much less reliable, but here also the ¢ electrons appear to contribute the
main part of Ax? (Table 3). The present findings, therefore, appear to confirm the
scepticism of Lewis and Peters.
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H Awaorgoma Tic payvnrixic émdextndmrag v CsHs, 1,3,5-CsHsFs nal
C6F6

H payvnuuy  émdextindémta 1é@dv  CeHs, 1,3,5-CeHsFs; nal CeFe
Brohoylodnue xonowwomol@vtog ™V SCF Oswpia tdv datagayxdv tol Mc
Weeny. ‘Eounvevmmre 1) é\dttoon tiic poyvntwiis dvicotgomias 1 Omolo
TLEORVITEL GO TNV ﬁnouardoraon OV i)BQoyévov ue @ddolo. "Amod 'coi)g
v:rco)»oytoptovg pog ngommret ot M ovvewcpoga TV o fhentgovimv othy
payvnTint dvisotgomio etval idlaltega onpovtiny.
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TRANS-UNSATURATION AND FATTY ACID COMPOSITION OF
COOKING FATS AND MARGARINES IN GREECE.
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Summary

Samples of cooking fats and margarines manufactured in Greece were analyzed for
fatty acid composition and trans-unsaturation. Marked differences were observed between
summer and winter samples. The content of isolated trans-unsaturated fatty acids was quite
variable for products with the same unsaturation. Fats prepared from olive oil were very poor
in linoleic acid and had a small linoleic acid to trans-isomers ratio.

Key words: Greek cooking fats and margarines, fatty acids, frans-unsaturation.

Introduction

Sources of dietary fat have been changing in Greece in the last four decades.
There has been a considerable shift from butter and animal fat to vegetable
margarines and cooking fats. Recommendations by the medical profession to avoid
cholesterol and saturated fatty acids gave this shift a significant impetus.

Although the relationship between dietary lipids and coronary heart disease
are not clear and generalizations on the basis of unsaturation have often been
criticized,>* the concept that everyone is in a serious danger if he does not restrict
the amount of saturated fat in the diet is often stated with positive assurance. This
has often lead to unbalanced diets, due to misconceptions and serious
misunderstanding.’?

Acylglycerols are isomerized during hydrogenation both in positional and
geometric configuration of their double bonds. Studies on the biological utilization
of these modified fatty acids have béen reviewed.*® Kummerow presented a paper
showing unfavourable data on pigs fed frans fatty acids in high proportions.®

It is undoubtedly difficult to make diet recommendations in the face of a
problem as complicated as' atherosclerosis. This task becomes far more difficult
when the comiposition of dietary fats available to consumers is unknown. It is
therefore imperative that more information on the composition of food fats
becomes available. The present paper has been prompted by the lack of data on the
fatty acid composition and frans isomers content of Greek cooking fats and
{margarines.

Experimental Procedures

Sampling
Samples of 250 g blocks of table margarines and 200 g plastic containers of
cooking fats were purchased at regular intervals from three super-markets in

*Present address: State Chemical Laboratory, Kavala, Greece.
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Thessaloniki. Three samples of the same brand were obtained simultaneously from
the three different super-markets every three months (winter, spring, summer and
autumn). Thus, for seven brands used in this study, a total of 84 samples were
collected and analyzed over a 1-year period (1976-1977). According to their label
declaration the fats were prepared from hydrogenated olive oil, cotton seed oil and
~ blends of different vegetable oils.

Cooking fats were transesterified immediately. Margarine samples were
" melted and the fat was filtered and dried with sodium sulphate. All the samples were

stored in the refrigerator at -20°C until required for analysis.

Preparation of methylesters.
Methylesters for gas-liquid chromatography and infrared spectroscopy were
prepared from the fats using A.O.C.S. method Ce 2-66.°

Determination of trans-unsaturation.

Isolated trans-unsaturated fatty acids were determined by IR spectroscopy of
methylesters according to A.O.C.S. Method Cd -14-61. Secondary standards
containing a known proportion of methyl elaidate were obtained from the
Spectroscopy Committee of the American Oil Chemist’ Society.

Gas-Liquid Chromatography.

Methylesters of fatty .acids were separated isothermally at 180°C with a
Hewlett-Packard, model 7620A, gas chromatograph equipped. with a T.C.
detector. The chromatograph was fitted with a 8'x1/8" column packed with
ChromWAW, 80-100 mesh and coated with 20%polythyleneglycol succinate.

Results and Discussion.

The composition of cooking fats and margarinesis given in Table 1. The table
presents minimum, maximum and mean values obtained from the analysis of 12
samples for each brand.

As shown in the table, products of olive oil have a very small percentage of
linoleic acid (approximately 5%). This ought to be expected since untreated olive
oil contains very little linoleic acid (less than 10%). Values of oleic and palmitic
acids differed very little from those of unhydrogenated olive oil, which suggests that
only a small decrease of unsaturation results from hydrogenation. This also explains
the presence of relatively high percentages of transisomers. Apparently, with such a
raw material, a non isosuppressive hydrogenation is necessary to obtain the
required melting point of the base stock.'

Carola," on the basis of existing knowledge, proposed the properties of an
ideal balanced oil. This oil should contain at least 5% linoleic acid. As shown in the
Table commercial samples of hydrogenated olive oil can hardly fulfill this
requirement. It is also quite probable that part of the linoleic acid is in the form of
nutritionally inferior isomers, which makes the actual amount of essential fatty
acids smaller.""?

Cooking fats and margarines prepared from vegetable oils have various
proportions of linoleic acid and transisomers. Differences were observed between
summer and winter samples and between apparently similar products. Certain fats
contained lauric and myristic acid. ThlS suggests the addition of palm kernel or
coconut oil.
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Table I.: Fatty Acid Composition of Cooking Fats and Margarines consumed in Greece.
Results are given as mean values of 12 samples analyzed. The respective ranges (minimum/ maxunum) are also given
in brackets.

(Composition from labels)
Fatty acid (%)

Cooking Fats 12:0 14:0 16:0 16:1 18:0

MV min. max. M.V. min. max. M.V. min. max. M.V. min. max. M.V. min. max.
1 Hydrogenated olive oil and
liquid olive 0il 95 %, butter
fat 5%. 0.3 [0.2- 0.4] 0.5 [0.3-0.6] 128 [11.8-13.7] 1.0 [0.7-1.6] 7.9 [6.8-9.0]

2 Liquid and hydrogenated

cotton seed oil 95%, butter ’

fat 5%. 0.3 [0.1- 0.7] 1.2 [0.6-1.6] 223 [15.0-26.8] 0.7 [0.5-1.2] 4.4 [3.7-5.0]
3 Hydrogenated  vegetable

oils, liquid vegerable oils

and peanut oil 95%, butter

fat 5%. 1.7 f0.9- 4.3] 1.5 [1.2-2.0] 210 [18.2-24.2] 0.8 [0.6-0.9] 6.0 [4.4-7.5]

4 Hydrogenated  vegetable
oils and vegetable fats 95%,

butter fat 5%. 2.1 [0.5-14.6] 14 [1.0-4.6] 18.2  [14.4-20.1) 0.8 [0.3-0.9] 55 [4.2-7.5}
Table margarines .
1 Olive oil 0.1 [- 02] 0.1 [- 0.2] 125  [11.8-14.1] 0.9 [0.7-1.6] 6.9 [4.4-8.0]
2 Hydrogenated and liquid ’
cotton seed oil. — - -1 0.7 [0.2-1.0] 19.6  [13.0-25.9] 0.8 [04-1.2] 52 [3.7-6.0]
3 Vegetable oils and peanut
oil. 113 [10.1-12.7] 33 [2.6-3.6] 146 [12.7-16.3] 0.7 [0.4-0.8] 54 [4.5-7.5]

% isolated trans unsaturation
by LR. analysis.

Cooking Fats 18:1 18:2 Others

{Composition brom labels)

* M.V. min. max.” M.V. min, max. M.V. min. max. M.V. min. max.
1 Hydrogenated olive oil and
liquid olive oil 95%, butter
fat 5%. 71.9  [70.6-73.6] 53 [45-67 . 05 [0.3-1.1] 26.1  [19.2-32.5]
2 Liquid and hydrogenated
cotton seed oil 95%, butter
fat 5%. 547 [42.5-684] 161  [10.1-24.7] 0.3 [0.1-0.5] 48.8  [39.2-61.4]
3 Hydrogenated vegetable
oil 95%, butter fat 5%. 51.6  [46.2-56.0] 169 [ 9.5-22.8] 0.5 [0.4-0.7] 294 [26.1-36.5]

4 Hydrogenated  vegetable
oils and vegetable fats 95%,

butter fat 5%. 517  [42.5-59.1) - 19.5  [12.8-25.9] 0.8 [0.3-3.3] 312 [24.0-37.7]
Table Margarines
1 Olive oil 739  [72.0-75.9] 55 [38 69] 0.1 [- 04] 222 [18.0-24.7]
2 Hydrogenated and liquid .

cottonseed oil. 512 [32.4-70.3] 223 [ 9.8-32.8] 0.2 [- 13] 353  [26.6-56,7]
3 Vegetable oils and peanut

oil. 46.3  [42.5-523] 155 [12.1-19.5] 2.9 [1.7-4.2) 277 [18.1-39.6)

There are indications®’ that dietery trans fatty acids may elevate serum
cholesterol levels. If this is the case, the content of transisomers should be also
taken into account (besides unsaturation) by those who consider cholesterol
dangerous as postulated in the lipid theory of arteriosclerosis. It would, therefore,
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seem proper that the approximate fatty acid composition and isolated trans
unsaturated fatty acids content should be declared by the manufacturers. This
information can be obtained readily by present day GLC and IR techniques. It
would also seem judicious to establish and police adequate nutritipnal standards for
cooking fats and margarines. These should include minimum amounts of essential
fatty acids and maximum permissible concentrations of isomeric acids.

Hepinyn
Ivoraon o Mragd SEéa xal seQLexTInOTNTA OF trans ioOpEQT| UEYELQLXDY MDYV
®ol poQyoQvdv mogackevatouévov otiv ‘EANGSo.

Z& poyeleund Almn xal payagiveg wob moagaorevdlovior oty ‘EANGSO.
npoodlopiodnrov 1 olotaon ot Mmagd 6Eéa (déoLog yomuatoygapia) xol To
ouvolxO 1Oo00oTd TMV OEfwv pE pepovopévoug trans durholg Seouovg
(paopotooromio Ve dgov). Td delypata (84 cuvolixd) cuyxrevigddmray dmd
™mv dyogd thg Oeocohovinng ot xgovmc‘) 6Ldotnua &vog x@évov (1966- 67)

Avapogég :rcagatn@nﬁ'nxow owaueoa ot delypata mov nagﬁnxow XELLDVOL
ol xa)\ouou,gt TTootdvta pg tov idLo omogscno Xa@omtnga elxav 5Lacpoge1:vwr]
negwmmomta ot 8Eda trans. & dgiopéva Selypota 1O TOo00TO TMV Looueng
aOT@®V oEemv NTONV onuowrma wn)\o (IJ.SXQL 61%) Amn maaoxevaloueva. dmd
ghordhado eaxow uLxon JESQLEWL’LKO‘ET]‘E(X 010 GragaitTo Broroyixd Averairo 6ED
nol oyeTRd Ynhi) ouvyxévromon OEéwv trans (wiv. 1).

Emedn 6 dxdpeotog xapaxtioag Evog tdgoyovousévou ghalov umogel vo.
(’)cpsi)\eroct ot yewpetowd 7| dAha ioopepf], dnh. ovotoTrd mwov Fewovvron
UeLmuUévng Bto)\oymng dEloc »al mdovov [3}\0({38@‘6‘8 1112 guviotdtor v
dAdvetol dmd TOVE TOQOOHEVOOTES TAV TROLOVTIWY 1) oVoTaoT 08 MTogd dEEa
nol 7 smeguexTikédTa. of trans icouepf]l. ToviCetar &miong 1 dvdyxn va
rateowdotv diatgopund medtumo. (standards) yul Tic payopives xai o Alm.
Avtd 34 moémer vo meguhapBdvouv td EAAYLOTO TOCOOTA TOHV GITOQOLTHTOV
OEéwv xal Tig AVATATES EMITOENTES OUYREVIQDOELS TV LCOUEQHV.
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O-VANILLINE.
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Resumé

Synthése des N-(dialcoxy-2,3 benzylidéne)isonicotinhydrazice (II) et dialcoxy-2,3
benzaldéhyde thiosémicarbazones (III) par condensation des éthers de 1’ortho-vanilline
avec l’isoniazide et la thiosémicarbazone respectivement.

Terminologie: -Bases de Schiff et thiosémicarbazones dérivés de I’ortho-vanilline.

Introduction

L’activité tuberculostatique est reconnue chez certaines bases de Schiff qui

sont préparées par -condensation de I’isoniazide’ avec une varieté de benzaldé-
hydes. La méme activité accompagnée par une action. foungicide® caractérise in
vitro certames thiosémicarbazones issues des cétones et aldéhydes de série
aromatique.’
C’est donc la raison pour laquelle nous avons sythétisé les composés ci-dessus des
formules générales (II) et (II) (schéma I) en condensant les éthers de I’ortho-
vanilline avec Iisoniazide et le thiosémicarbazide. Dans le but d’étudier leurs
propriétés phramacologiques nous avons préparé les chlorhydrates des composes
(IV) (voir tableau II).

L’étude pharmacologique in vitro des produits en question est en cours,
mais déja certains resultats confirment notre supposition. La préparation des
produits a été réalisée selon la schéma suivant:

B o 0o
1] n
— CH=N /N CH= N
N, /)-CONHNH2 H NHCO NNHC-CN.HCI

cHO o' HCl or!
o] or? > oR?
or2 s () s (v)
HyN—E~NHNH; CH=NNH=C-NH,
m ® ok’
: = on?

(i)

Les matieres premiéres que nous avons utilisé, mise a4 part de I’ortho-
vanilline, sont les dialcoxy-2,3, benzyloxy-2 méthoxy-3 et dibenzyloxy-2,3
benzaldéhyde.

Celles-ci par condensation avec de quantités equimoléculaires d’isoniazide*
1 et de thiosémicarbazide® 2 respectivement ont donné les produits correspon-
dants (II) et (III).
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Parmi les aldéhydes que nous avons utilisé les methoxy-2,3 et éthoxy-2
méthoxy-3 ont été obtenues en faisant réagir le diméthyle sulfate et diéthyle
sulfate avec I’ortho-vanilline.®

Les n-propoxy-2 methoxy -3 et n-butoxy-2 méthoxy-3 benzaldéhydes ont
été obtenues en faisant reaglr le dérivé halogéné correspondant avec le sel de
sodium de T’ortho-vanilline.*

. Le benzyloxy-2 méthoxy-3 benzaldehyde a été obtenu par action de
chlorure de benzyle sur I’ortho-vanilline'® et enfin le dibenzyloxy-2,3 benzaldéhy-
de par action de chlorure de benzyle sur le dihydroxy-2,3 benzaldehyde, ce
dernier a été préparée par deméthylation,''> de 'ortho-vanilline a I'aide de HBr
4 48% dans P’acide acetique glaciale.

Partie expérimentale

Les points de fusion ont été pris dans un appareil de Biichi, et ne sont pas
corrigés. Les analyses ont été effectuées au Service Central de Microanalyse du
S.N.R.S. et au Laboratoires Ciba que nous remercions vivement. Les résultats des
microanalyses se trouvent dans les limites+0,4%des valeurs calculées. Les spectres
IR ont été enregistrés a 'aide d’un appare11 de Backman IR-4.

Benzaldéhydes Substitués (1)

Les benzaldéhydes utilisés sont décrits dans la litterature:
dimethoxy-2,3 benzaldéhyde [LR'= CH;,R*= CH;),*’ éthoxy-2
méthoxy-3 benzaldéhyde (LR'= CZH_S,R2= CHs);*° n-propoxy-2
méthoxy-3 benzaldéhyde (LR'= n-C;H;,R?*= CHs);’ n-butoxy-2
méthoxy-3 benzaldéhyde (I,R'= n-C,H,,R*= CHs);*> benzyloxy-2
méthoxy-3 benzaldéhyde (ILR'= CH,CsHs, R*= CH;);'° dibenzyloxy-2,3
benzaldéhyde (I,R'= R?= CH,CsHs).!"*?

Préparation des bases de Schiff (II)

Méthode générale de préparation: En utilisant cette méthode nous avons
préparé tous les produits du type général II. Pour cela, 0,05 mole d’isoniazide sont
mis en solution dans ’éthanol (150 ml) puis on y ajoute 0,05 mole d’aldéhyde
correspondant, en solution éthanolique (100 ml).

Le mélange est chauffé a reflux pendant 2h. Le produit qui cristallise déja a
chaud, précipite par refroidisement ou addition d’une petite quantité d’eau.

La plupart de produits sont d’une couleur jaune péile et sont recristallisés
dans I’éthanol. '

L’absorption 4 I’IR donne les bandes suivantes: 3185 cm™ (-NH-), 1655 cm™
(C=0), 1575-1600 cm™ (-C=N- et >»c=c<), 1550 - 1565 cm™ (pyridine).

Préparation des thiosémicarbazones (11I).

Méthode générale de préparation: Dans une solution éthanolique (50 ml)
de 0.01 mole de thiosémicarbazide contenant 1 ml de AcOH on ajoute lentement
et a chaud une solution de I’aldéhyde correspondant (0,01 mole) dans 50 ml
d’éthanol.

Le mélange est chauffé doucement pendant 1h, puis on ajoute de I’eau. Le
produit qui se forme est filtré, lavé avec une solution HO-EtOH (1:1) et séché.
Les composes ainsi obtenus sont recristallisés dans une mélange H.O-EtOH.
’ Les bandes d’absorption caractéristiques-a I'IR des produits obtenus sont:

3440-3480. cm™ (-NHz), 3140-3280 cm (-NH-), 1570-1600 cm™ (>c=N- et
>c=¢<).800-835 cm™ (>c=s).
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TABLEAU I: N-(Dialcoxy-2,3 benzylidéne) - isonicotinoyl hydrazides.

143

CONHN ——== CH
OR; ;
N e
No Rj Rz Rtd F°c FORMULE Analyse
% MOLECULAIRE
. C% H% N%
Calc. Tr. Calc. Tr. Calc. Tr.
1 H CH3 96 230-232 C14H13N303 61,98 61,89 4,83 510 1549 15,17
2 CHs CH3 . 86 164-165 C15H15N303 63,15 63,34 530 541 14,73 14,52
3 C2Hs CH3 97 170-172 C16H17N303 64,20 63,98 572 581 14,04 19,38
4 CsH7-n CH3 90 144-146 C17H19N303 65,17 65,06_ 6,11 6,38 13,41 13,20
5 C4Hon CH3 97 158-160 C18H21N303 66,04 6594 6,46 6,62 12,83 12,64
6 CH2C6Hs5 CHs3 99 172-174 C21H19N303 | 69,78 69,76 530 5,77 11,63 11,70
7 CHCe¢Hs CH2CgHs 97 152-154 Cp7H23N303 74,12 74,24 530 551 961 9,71
TABLEAU II: Chlorhydrates des N-(dialcoxy-2,3 benzylidéne) - isonicotinoyl hydrazides.
0]
CH=NNH-(':'-©N +HCI
OR1
QR
No Ri "Ry F°c FORMULE Analyse
MOLECULAIRE
C% H% . N% Cl%
Calc. Tr. Calc. Tr. Calc. Tr. Calc. Tr.
i H CH3 236-238 dec  C14H14CIN3O3 5464 5470 4,59 4,70 13,65 1348 11,52 11,60
2 CH3 CH3 228-230 dec  C15H16CIN3O3 56,00 5624 501 500 13,06 1320 . 11,01 11,05
3 CpHs CH3 224-226 dec  C16H1sCIN3O3 57,22 5749 541 540 12,51 1260 10,56 10,60
4 C3H7-n CH3 240-242 dec - C17H20CIN303 5836 5830 577 580 12,01 12,16 10,14 10,20
5  C4Hon CH3 248-250 dec  C18H22CIN303 5942 5948 6,09 615 11,55 11,55 974 9,80
6 CH2Ce¢Hs CH3 198-200 dec C21H20CIN303 63,40 63,30 5,07 519 10,56 10,25 8,91 9,00
7 CH2Cg¢Hs CH2CsHs 212-214 dec  Co7H24CIN303. 6842 6830 510 5,22 887 890 7,49 7,60
TABLEAU III: N-(Dialcoxy-2,3 benzylidéne) - thiosémicarbazones.
CH=NNH=-&-NH,
Cree:
ORy
No R, R2 Rtd F°C FORMULE Analyse
% MOLECULAIRE )
C% H% N%
Calc. Tr. Calc. Tr. Cale. Tr.
1 H CH3 92 238-240 CoH11N302S 47,98 47,87 4,92 4,97 18,65 18,08
2 CHs CH3 91 232-234 C10H13N302S8 50,19 50,31 547 553 17,56 17,39
3 CHs CHj3 95 182-184 C11H15N302S 52,16 51,24 597 583 16,59 16,70
4 CsH7m  CH3 o4 176-178 C12H17N3028 53,92 53,82 641 6,39 15,72 15,55
5 CsHo-n CH3 68 165-167 C13H19N302S 55,48 5546 6,81 6,81 14,94 15,02
6 CH2C¢Hs CH3 89 166-168 C16H17N302S 60,92 60,86 543 541 13,32 13,22
7 CH2CeHs CH2CeHs 69 128-130 C22H21N3028 67,49 67,22 541 542 10,74 10,64
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Abstract

Schiff’s bases and Thiosemicarbazone derivatives of o-vanillin.

A series of N-(2,3-dialcoxy benzyliden)-isonicotynhydrazide (II) and thio-
semicarbazones (IIT) were prepared by condensation of isoniazide and thiosemi-
carbazide with various ethers of o-vanillin.

The products are currently being tested against antituberculosis and as
- antifungus agents. The results will' be published in the near future.

MepiAnyig

Bdosic Schiff’s nai deoosunapPaiéval, mapdywya i o-faviiiivng.
: Eic v &oyaciov avtiv meoryedgeton 1) magaoxkevt N-(2,3-0toAxokv.
Beviuvhdevo) - iloovixotwoirotdoaldiwv (1) xal 2,3 -3LaA%OEY-
BevCardetidodelooemnagbatoviv (II). ,
Td meoiévro Aapfdvovrar elg ®ohdg Gmodooelg S CUUTVAVAOEWS
toovialidiov xai Beoogmrnagpalidiov dvriotolyws, uerd oitéowv tiig o-
Bovidrivng, elg toopograndg moodtntag.
Td meoidvra Tadto doxtpdtovra 1181 Qaouaxoloyiuds dLd GUUOTIOOTO-
TV xol purnroxtévov dpdiow. TO @aguoaroroynov pégog da dnpootevdi
TEOoEXRGC.
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PREPARATION AND CONFIGURATION OF 3-PHENYL (OR
METHYL)-5a-PREGNAN-3-0ls and 2,3-EPOXY-3-PHENYL (OR
METHYL)-5a-PREGNANES

GEORGE TSATSAS, SPYROULA GAROUFALIA AND EVANGELOS COSTAKIS
Laboratory of Pharmaceutical Chemistry, University of Athens 104, Solonos Street - Athens 144,
Greece.

(Received June 7, 1978)

Summary

The steroids 3-pheny! (or methyl)-5a-pregnan-3-ols and 2,3-epoxy-3-phenyl (or
methyl)-5a-pregnanes, were synthesized from 5Sa-pregnan-3-one. The epimers of the above
steroids were isolated by column chromatography and their structures were determined.

Key words: 50-Pregnan-3-ols, preparation-configuration. S5o-Pregnanes-2,3-epoxy, pre-
paration-configuration.

Theoretical

The synthesis of the title compounds is a part of a general program of steroidal
preparations with pharmacological interest. 3f-Hydroxy-5o-pregnan-20-one-3f3-
acetate was transformed into Sa-pregnan-3-ol by a modification of Wolff-Kshner
reaction' and further to 5a-pregnan-3-one® I with potassium chromate in good
yield.>? '

Reaction of phenylmagnesium bromide with the Ketone I gave a mixture of
the epimeric alcohols: 3a-phenyl-50-pregnan-3p-ol Ila and 3f@-phenyl-5a-
pregnan-3a-ol IIla in a ratio 53:47.

The reaction of methylmagnesium iodide with the ketone I gave the epimeric
alcohols IIb and IIIb in a ratio 57:43. In both reactions the a-epimers were formed
in a slightly higher proportion than the p-epimers, in accordance with
stereochemical requirements of the A-ring of the steroids, that is, the approach of
Grignard reagent is slightly favorable from the a-side.*”

Although there is a considerable difference in the size of the two Grignards
reagents used, there is not any notable effect in the ratio of the obtained epimers.
The above epimers were separated by column chromatography on alumina®. The
configurations of the epimers alcohols were studied by 'MNMR and LR.
spectroscopy. In the "HNMR spectra the signals arising from the methy hydrogens
of ITa and IIb epimers (hydroxy-group at 3-position) are shifted 2-4Hz downfield
than the epimers IIla and IIb (hydroxy-group at 3a-position).>”® On the other
hand the streching vibration absorptions of C-O group at 938 and 945 cm™ for the
epimers Ila and IIb (equatorial hydroxy-group) and at 887 and 899 cm™ for the
epimers Illa and IIIb (axial hydroxy- group), are in agreement to the suggested
structures.* : :
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Dephydration of epimers Ila or ITTa and IIb or ITIb yielded the A%-olefins IVa
nd IVb respectively. The double bond position in the steroid IVa was as expected”*?
and this was confirmed by the HNMR spectroscopy. The olefin IVa shows a broad
peak at 7.23 ppm arising from the benzene ring protons and a peak at 5.98 ppm
(Av/2=11Hz) from the vinyl proton, and the compound IVb shows the signal of the
vinyl proton at 5.17 ppm (Av/2 =9Hz) and a singlet from the methyl protons at 1.63
ppm.

Epoxidation of the olefinic double bond with perbenzoic acid and/or
m-chlorperbenzoic acid gave the corresponding epoxides in high yield. During
chromatography of the mother liquor from the epoxidation with the
m-chlorperbenzoic acid, a 6% yield of the 33-phenyl-5a-pregnane-23, 3a-diol was
isolated. The "HNMR spectrum of this diol showed a signal at 3.73 ppm indicative
of the C-2 methine proton (Av/2 =6Hz). this signal demostrates that the proton at
C-2 position is equatorial and therefore couples with both C-2 position protons
(Jea=Jee ~ 2-4Hz).

Reduction of the epoxide Va with LiA1H, led to a single product, which was
identified as the alcohol I11a (C, H analysis, 'HNMR and IR). Similarly, reduction
of the epoxide Vb led to the corresponding alcohol IIIb. The axial configuration of
the alcohols ITIa and 11Ib is in accordance to the mechanism of diaxal cleavage of the
epoxides.*>11:1?

Experimental

Melting points were taken in cappilary tubes with a Biichi apparatus and are
uncorrected. Infra red Spectra were obtained in KBr pellets with a Perkin-Elmer
521 Spectrophotometer, ‘HNMR spectra were obtained in CDCL;-TMS as an
internal standard with a Varian A-60 spectrometer.

3p3-Phenyl-5a-pregnan-3a-ol (Illa) and 3a-phenyl-5a-pregnan-38-ol (Ila):

To a well stirred ethereal solution of phenylmagnesium bromide, prepared in
the usual manner from 2g (0.08 Gramtoms) magnesium turnings and 12g (0.08
mol) of bromobenzene in 200 ml of anhydrous ether, 4.5g (0.015 mol) of ketone (I)
in 75 ml of anhyrdous ether was added dropwise. The reaction mixture was gently
boiled for 2 hrs and allowed to stand overnight. It was decomposed with water and
10% HCI and the aqueous layer was extracted 3 times with ether. The combined
ether extracts were dried (MgSO.) and evaporated with a rotary evaporator to
dryness. The crude product was 5.4g (96%). A part of the above mixture (2.5g) was
chromatographed on 50g of neutral alumina. Compound (IT1a) was eluted first with
hexane and (ITa) with benzene.

(Illa). 1.7g (47%); p.m. 145-147° (acetone); I.R., v (C-O) = 887 cm™
HNMR (CDCl;) 80.57 ppm (s, 3H, 18-CHj3) 0,87 ppm (s, 3H 19-CHs),1.70 ppm
(s, 1H, 3-OH, exchangable with D,0O) and 7.13-7.59 ppm (m, 5H, aromatic
protons).
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anal. Co7H400O:Caled %: C:85.20, H:10.59
Found %: (C:85.25, H:10.59
(112): 1.3g (53%); m.p. 127-130° (MeOH): IR (C-O) = 938 cm™; *HNMR
(CDCl) 6 0.53 ppm (s,3H, 18-CHs3), 0,91 ppm (s, 3H, 19-CHs), 1.78 ppm (s, 1H,
3-OH) exchangable with D>O) and 7.19-7.65 ppm (m, 5H, aromatic protons).
Anal. C;7H400:Caled %:  €:85.20, H:10.59
Found %: C:85.23, H:10.60
33-Methyl-5a-pregnan-3a-ol (I1Ib) and 3a-methyl-5a-pregnan-38-ol (1Ib):
Experimental conditions and proportions were identical with the above
experiment. The crude product was 4,45 gr (94%). A pairt of the crude product
(2.5g) was chromatographed on 50g of neutral Alumina. Compound (I1Ib) was
eluted first with n-hexane and (IIb) with a mixture of n-hexane-benzene 1:1.
(II1b): 1.08g (43%) m.p. 130-132° (acetone); IR: (C-O) = 899 cm™:
"HNMR (CDCl) 6 0.56 ppm (s, 3H, 18-CH3) 0.74 ppm (s, 3H, 19-CH3), 1.19 ppm
(s, 3H, 3-CHs) and 1.60 ppm (sl, 3-OH, exchangable with D.0).
Anal. C;2H330Caled %: C:82.95, H:12.03
Found %: C:83.11, H:11.99
(11b): 1,4g (57%) m.p. 155-156° (MeOH). IR., v(C-O) = 945 cm™ '"HNMR
(CDCls) 60,53 ppm (s, 3H, 18-CHs) 0.81 ppm (s, 3H, 19-CHs) 1,23 ppm (s, 3H,
3-CHs) and 1.62 ppm (sl, 1H, 3-OH, exchangable with D,0).
Anal. C,oH330Caled.%: C:82.95, H:12.03
Found. %: C:83.04, H:12.00
3-Phenyl-5a-pregn-2-ene (IVa). A mixture of 3g (0.08 mol) of the alcohol
(ITa) or (IIa) and 0,4g of KHSO,, in 100ml of anhydrous toluene was refluxed for
10 hrs using a Dean-Stark water trap condenser. After cooling, the insoluble
meterial was filtered off and the filtrate was evaporated in vacuo giving 2.5g (86%)
of the crude olefin (IVa) m.p. 154-156° (MeOH-CHCl;); "HNMR (CDCl;) 60.58
ppm (s,3H, 18-CHs;), 0.88 ppm (s, 3H, 19-CH3), 5.98 ppm (s, 1H, vinylic proton at
2-c, Av/2 =~ 11Hz) and 7.23 ppm (sl, 5H, aromatic protons).
Anal. CyHss Caled %:  C:89.43, H:10.57
Found %: C:89,32 H:10,43
3-Methyl-5a-pregn-2-ene (IVb). This compound was prepared in 88% yield
following the procedure of the (IVa) m.p. 72-74° (MeOH); "HNMR (CDCl;) 60.55
ppm (s, 3H, 18-CHs), 0.85 ppm (s, 3H, 19-CH3), 1,63 ppm (s 3H, 3- CHa) and5.17
ppm (sl, 1H, vinylic proton at 2-C, Av/2 9Hz).
Anal. C22H36 Caled %:  C:87.92, H:12.08
Found %: C:88.13, H:12.01

© 2a, 3a-Epoxy-33-phenyl-5a-pregnane (Va).

1. Epoxidation with perbenzoic acid: A solution of 3.35g (0.09 mol) of the
olefin (IVa) is 15m of benzene was treated with 11ml 1.1N perbenzoic acid solution
in benzene. The reaction mixture was allowed to stand at room temperature for 20
min and then at the refrigerator for 16 hours. The organic layer was washed with
water, Na;COs 10% and again with water and dried (MgSO.). Evaporation of the
solvent in vacuo gave 3.3g (yield 87%) of the crude epoxide (Va) which was
crystallized from MeOH, m.p. 166-168°; "THNMR (CDCl;) 80.56 ppm (s, 3H,
18-CHs), 0.87 ppm (s, 3H, 19-CHs) 3.07 ppm (d, J ~ 4Hz, proton at 2-C) and 7. 28
ppm (s, 5H, aromatic protons).

Anal. C27H380 Caled %;  C:85.66, H:10.12
Found %: C:85.62, H:10./7
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II. Epoxidation with m-chloroperbenzoic acid: To a solution of 3g (0.008
mol) of the olefin (IVa) in 40 ml of chloroform was added in small portion 1.5 g
(0.08 mole) of m-chloroperbenzoic acid under stirring and cooling in ice-water
bath. Stirring was continued for 30 min and at room temperature for 18hrs. After
standing in the refrigerator for 48 hrs the mixture was filtered and the filtrate was
washed with water, NaHCOj; 5%, and again with water. After drying (MgSO.) the
solvent was removed in vacuo and the residue was recrystallized from methanol
giving 2.4 g (80%) of the epoxide (Va). Evaporation of the mother liquor, gave a
residue which was chromatographed on alumina (eluant solvent: mixture of
petroleum ether-benzene 8:2) to furnish an additional amount of 0.3 g of the
epoxide (Va). (Total yield 86%). Further elution of the column with benzene gave
the 3B-phenyl-5a-pregnane-2f, 3a-diol in yield 6%; m.p. 209° (MeOH); "HNMR
(CDCl) 80.59 ppm (s, 3H 10-CHs)o, 0,96 ppm (s, 19-CHj3), 1.72 ppm (sl, 2H,
2-OH and 3-OH, exchangable with D,0), 3.72 ppm (sl, 1H, proton at 2-C,Av/2
~ 6Hz). amd 7.23-7.72 ppm (m, 5H, aromatic protons).
Anal. CoHyyOCaled %:  C:81.76, H10.17, 0:8.07
Found %: (C:82.01, H:9.79, 0:8.10
2a, 3a-Epoxy-3p-methyl-5a-pregnane (Vb), This epoxide was preparedina
82% vyield from the olefin (IVb) following the above described precedure. M.p.
100-102°, '"HNMR (CDCl;), 80.55 ppm (s, 3H, 18-CH,), 0.73 ppm (s, 3H,
19-CHs), 1.22 ppm (s, 3H, 3-CHs) and 2.93 ppm (d, 1H, J ~ 5Hz, proton at 2-C).
Anal. C;2H3sOCaled %:  C:83.48, H:11.40
Found %: C:83.47, H:11.37
Reduction of the epoxide (Va). To a solution of 0.5g (0.0127 mol) of the
epoxide (Va) in 60 ml of THF was added 1g (0.024 mol) of LiAlHa, and the reaction
mixture was refluxed for 12hrs. After cooling it at room temperature it was
decomposed with a saturated solution of sodium sulfate, filtered and the fltrate was
evaporated to dryness. The residue was chromatographed on 20 g. alumina using
n-hexane to give 0.4g (80%) of a product having melting point 145-147°, (acetone).
A mixed melting point of this product with the alcohol (Illa) gave no depression.
Also the LR. and '"HNMR spectra were identical with those of (IIIa). (See above).

Reduction of the epoxide (Vb).
Following the above described the epoxide Vb) gave a product in 75% yield
(p.m. 130-132°), indentical to the alcohol (IIIb), (See above).
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IMepiAnyic

Svvdeois xal xadogiouog tijc douijs T@v loouepdy 3-gawvvio- (7 uedvio)-5a-
moeyvav-3-0Adv xal 2,3-emofv-3-gpawvvio (ff uedvio)-5-a-moeyvaviwv.

‘Qc modt HAn Exenomomoridn 1 3p-dmetokv-5a-mweeyvav-20-ovn, 1) ol
8¢ &vaywytic uetatpémrol eig Sa-meeyvov-3p-0An' xal dxohoviwg dud yomuxig
dEedhoewe. elg So-moeyvav-3-6vn*? 1. AL émbpdosws @ovviopayvnolop-
owmdiov &mi tiig I Aaupdverar uiyua v Emuepdv 3o-parvuro-5o-moeyvov-3f-

~6\ng Ia %ai 3B-gpawvuro-Sa-meeyvav-3a-6ing Illa. AV dvoridyov émidedoeng
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wedvlopayvnotolwdidiov éni tijg xetdvng I hopPdveror piypo tdv 3o Aol
3B-uetvro Empepdv dAnoordv IIb, IIIb. Eig dpgdteges Tigc Aviidpdoelg ta
a-#mipeef Aaupdvovral ot Ehageds peyakbtegy dvaroyia.*’ ‘O SiaxwELopudg TdV
avotégw  Empepdv  AAROOMDV  GUQOTEQWV  TOV TaQoydywv Eyive Ol
yowuatoygopiog &l otiing’
*Aguddtoolg TV rodogdv I,()'O]J.EQ(DV ITo IITa »ai ITb, IIIb 68nyel otig
—okscpweg 3- cpakao -Sa-megyva-2-éviov IVa ol 3- ueﬁv}\o So-meeyvo-2-
éviov IVb &vtiotolyws.'? "Enoteidwolg Tdv dre@uviv adtdv IVo xal Vb pg
UmegoEéa: vmepfevioind nal m- X?xwgoimegﬁevto'iué 66mrsi gig T GvtioTotyo
é¢nokeldia 20, 3a-8moku- 3(3 @otvuho-So-mpeyvavio Va wai 2a, 3a- eno&v -3B-
ueduvro-So-eeyvdvio Vb eic 9ymidg &moddoelc.

¢ CAvayoyn v Erokeldiov Vaxral Vb ugé LiATH, 66myet drmonheloTind ig TG
a)moo)»eg 3(3 -@avulo-50-meeyvav-3a-On nal 3f- ueﬁvko Sa-moeyvov-30-6Ay
IIIb &vrtiotoiywg. 1112
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