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Introduction

In the first few years of its development by Tswettl the chroma~
tographic method was chiefly applied to the separation of colored come-
pounds. When interest in this method became widespread after 1930, rapid
advances were made in the chromatography of colorless compounds. In order
to apply the chromatographic method to such compounds, various metﬁods for
the location of the zones of the "invisible chromatogram were devised.
Included in these methods were the use of ultraviolet light for fluores-
cent c<>m]pounéts'.,)"L empiricel elution of various sections of the column,
and "tageging® the colorless compound by reaction with a suitable colored
substance and subsequent chromatography.5 The fluorescence method is of
linited applicability while the other two methods are rather awkward to
apply. It was shown recently that the brushing of an invisible chrome~
togram with a suitable color reagent6 can be used to locate and thus
make possible the separation of many colorless substances. This pro-
cedure permits a convenient extension of the chromatogrephic method into
the vast realm of colorless and non-fluorescent substances. The number
of possible color rezctions is large and some can be found for nearly any
functional group.7

The introduction of the chromatographic brush method into inor-
ganic analysis has opened a promising field. Zechmeister and Frehden6
chromatographed aqueous solutions of metal ions on alumina. The ions
were not well separated into distinct bands. However, by drawing e
series of parallel streaks down the colum with specific color reasgents,

each metal present in the mixture could be detected. For example, an



agueous solution of the nitrates of iron, copper, cobalt, and nickel was
chromatographed. A solution of potassium ferrocyanide gave a blue color
with iron and a brown color with copper. The cobalt was located by the
bluish green color reaction with ammonium thiocyanide, while dimethyle
glyoxime gave a red coloration with nickel.

Several applications of the brush method have been made in vitamin
chemistry. Zechmeister, Cholnoky and Ujhelyi6 and later Willsteadt and
T.«‘Iith8 used a chloroform solution of antimony trichloride (" Carr-Price
reagent") to detect vitamin A on an alumina column. Willstaedt9 found
that vitamin By, coupled with diazotized 2,ledichloroaniline to give a
yellowish-red dyestuff. This reaction was utilized to detect, by the
brush method, the vitamin B, adsorbed on alumina.

In the present investigation the brush method was utilized in order
to obtain information on the adsorption behavior of some colorless stereoc-
isoméric compounds in the stilbene and benzoin oxime series.lo In
addition, the method was applied in an investigation of naturally occur-
ing colorless substances coantained in red sandalwood.

Up to the present time nearly a2ll information on the effect of
cis and trans configuration on adsorption affinity has been obtained
from a study of colored or fluorescing substances. In the field of the
carotenoids wheré there is a possibility of a great number of cis- and
Eggggrisomersll, the form containing the all trans configuration can
possess either a stronger or a weaker adsorbability than its stereoiso-
mers. Zechmeister, Le Rosen, Went and Pauling12 recently reported the
isolation of the naturally occuring prolycopene which presumably had a

cig configuration about 5 or 6 of the seven double bonds available for
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cls-trans chenges. OCatalytic isomerization of this compound in the pre-
sence of iodine, led to a mixbture of sterecisomers. A poly cig-isomer in
the Y «carotene series, proéVQcarotene, investigated by Zechmeister znd
Schroeder13 behaved similarly. According to Zechmeister and Escuelu methyl-
bixin isomerizes to a mixture of stereoisomers most of which are less
strongly adsorbed than the all trans-form. Several isomers having a
partial cis-configuration were observed by Le Rosen and Zechmeister15 in
the mixture obtained by the catalytic isomerization of diphenyloctate-
traene. These isomers were less strongly adsorbed than the 211 trang-
compound. However, in the azobenzene series all of the cig-compounds
were found by Gookl6¢to be more strongly adsorbed on aluming than the
trans-isomers. In the stilbene and benzoin oxime series reported in

this Thegis the trans-form is in every case more strongly adsorbed than
the corresponding cis-isomer. Even in the case of cis- and trans-snisoin
oximes where the stereoisomers have nearly the ssme melting point (123°

and 125.5° respectively), the trans-form is more strongly adsorbed and

the stereoisomers are easily separated on the column.
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Part 1

Contribution to the Stereochemistry of Stilbenes

by Application of Chromatographic Methods



lethods of separation of stilbenesg.- he preparation of cis-isomers

S

in the stilbene series is usuelly carried out by irradistion of the trans-
11 . - 3 2 e 5

compound” or by direct synthesis. Either method leads to a mixture of

both isomers. These stereoisomers have been separated by frectional cry-

3

stallization,” disti lletloﬁL and by the use of molecular addition compounds.5
Advantage has 2lso been taken of the more rapid rate of hydrogenastion of

the cis-isomers to separate the mixtures.6 For the determination of the

cig= and trans—cbmponents in mixbures among other methods use has been

made of spectrophotometric measuremen‘ts1+ and nelting point curves.

We find that a convenient and rapid nrocedure for the detection,
purification, separation and estimation of stereoisomeric stilbenes isg
to be found in the chrometogrsphic brush method_.8 After extrusion of
the column, conteining the invisidle chromatogram, & nerrov stresk is
made down the column with a brush which has been dipved in a l% ner-
manganate solution. Vherever the resgent crosses & zone containing a
cis- or trans-stilbene, it turns brown almost immediately. The zones
thus located can be cut out 2hd the isomers eluted after the streek has
been shaved off.,

Analvtical zoplicability of the chromatogrsphic method.- In the

present Chapter the spplication of this vrinciple to a study of stilbene
(Formulas I, II), p-methylstilbene (III, IV) and p-methoxystilbene (V, VI)

is described. In each case the trans-isomer vossesses stronger adsorp-
tion affinity then the cis-form and is located near the top of the

activated slumina colunm. After adecuate development the two isomers

are separated by a wide interzone. The procedure can be completed
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Table 1.

Recovery of Stilbenes from Mixtures of the Stereoisomers

Substance ng. Charged ng. Recovered Total %
cis trans cis treng Recovery

Stilbene 160 (mixt.) 51.8 99 ol

p=Methyl-

stilbene 56.2 70.3 Bl 68.6 97

p=Methoxy-

stilbene 161 79.1 58.5 86

Table 2.

Limits of Detection by the Brush Method in Mixtures

of Stereoisomeric Stilbenes

Substance mge cis mg. transg Remarks
Stilbene 2.5 T4e5 cis detected

1.1 5. cis not detected

30, 0.7 trans easily detected
p=-Methylstilbene 1.8 96.8 cis detected

2563 0.3 trans detected
p-Methoxystilbene 2.2 95,4 cis detected

0.9 &7:) cig not detected

86.6 1.5 trans detected

# This irradiation mixture contained a considerable quantity of

vellow by-product.
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in ten to sixty minutes, with a total recovery of more than §5% when
carried out with a quantity of starting material in a range of 10-500 mg.
Representative data are presented in Table 1.

By this method samples of cis- or trans-stilbenes can be tested
for possible contemination by the other isomer. If %0.100 mg. of a mix-
ture is analysed, the linit of detection by the brush method is 1-2% as

shown in Table 2.

Adsorbents and starting materisls.~ Due to the moderate adsorp-

tion affinity of the stilbenes, a2 "strong" adsorbent is needed. "Alorco®
activated alumina was found not only to adsoib the non-phenolic stilbenes
from petroleun ether or benzene-petroleum ether mixtures, but to separate
the cis- trans stereoisomers into bands with an empty interzone between.
This activated alumina could alsc be used to remove fluorescent impuﬁities
from the stilbene samples. Neutrel Filtrol proved to be a satisfactory
adsorbent for trans-p-hydroxystilbene after a number of adsorbents were
found to be unsuitable. Calecium carbonate was too weak while the phen-
olic group caused the stilbene to be too strongly adsorbed on activated
alumina, calcium hydroxide and magnesiz.

Both trang-p-methylstilbene and trans-p-methoxystilbene were pre-
pared by coupling cinnamic acid with the corresponding digzotized para-
substituted aniline.9 Chromatographic purification of the crude product
on Super Filtrol was found to be far more convenient than the usual sub-
limation in high vacuum. The by-products, instead of being obtained as
a2 "dark tar", were found to separate on the column into a series of
beautifully colored distinct bands. Chromatography offers a means of

isolating practically all of the products of such a reacbion in pure form

and in relatively good yield.
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For thie investigation the cis~isomers of stilbene, p-methylstilbene
and p-methoxystilbene were prepared by ultraviolet irradiation of the
corresponding trans-compound. However, the irradiation of trans-p-
hydroxystilbene failed to give spprecisble amounts of the cis-isomer.

The pure cis-isoners were isolated from the resulting cisg-trans mixtures

by the chromstographic method. Since there is little data in the litera~
ture on the best conditions for the irradiation of such compounds, the
irradiation of trans-p-methylstilbene was carried out in two solvents and

at several dilutions. The rate of formation of the cis-isomer was found

to be about the same in benzene and petroleum ether. However, the rate
incressed considerably with dilution and was roughly proportional to the
exposed cross sectional ares of the quartz tubes. A 1/2% solution of trans-
p-methylstilbene in petroleum ether was found to give a satisfactory rate

of isomerization.

Fluorescence experiments.- These chromatographic experiments

revealed the presence of minor fluorescent contaminants in recrystsllized
samples of commercisl stilbene. The impurities are retained nesr the top
of an activated a2lumina column where the adsorbate shows visible fluores-
cence in ultraviolet light. The purified msin compound is easily washed
into the filtrate by petroleum ether-benzene mixtures or by pure benzene.
If the filtrate is sent through a2 fresh column, no fluorescing adsorbate
appears.

A considerable amount of & brilliant blue fluorescent material® was

removed from recrystallized trans-p-methylstilbene by chromatography on

# B, Arendsl® observed fluorescing contaminants in some of his p-methyl-
stilbene samples. These were not removed by crystallization. No

chromotographic treatment is mentioned.
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activated alumina. DBenzene rapidly washed the pemethylstilbene into the
filtrate while the fluorescent contaminants migrated downwards at a much
slower rate. The adsorbate of this purified product on slumina did not
fluoresce. Although a similar treatment of p-methoxystilbene removed a
number of fluorescent impurities, the adsorbate of the purified product
still possessed a pale blue fluorescence. A great difference between

the fluorescing power of non-chromatographed and chromatographed p-methyl-
and p-methoxystilbene was observed when the crystals or 0.1% benzene solu-
tions were inspected in ultraviolet light. The Fluorescence of the puri-
fied samples was much weaker. The chromatographed samples of stilbene,
p-methylstilbene and p-methoxystilbene 211l fluoresced with approximately
the same intensity.

A considerable literature has developed on the fluorescence spectra
and absorption spectra of stilbenes.ll Since some syntheses produce
fluorescent contaminants which are difficult to remove by the classical
methods, preliminary chromatographic tests of samples may be advisable

if fluorescence spechtra are to be studied.

Experimental®

Methods and materials.~ The following adsorbents were used: for

the purification of commercial trans-stilbene, activated aluminajfor the
purification of synthesized p-methoxy- and p-methylstilbene, Super Filtrol
(Filtrol Corporation, Los Angeles) and activated alumina, and for the
separation of cis-trans-peirs, activated alumina ("Alorco," 150-200 mesh

or minus &0 mesh, Braun Oorp., Los Angeles). The chromatographic tubes

* The microanalyses were kindly cerried out by Dr. G. Oppenheimer and
Mr. G. Swinehart,
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were manufactured by the Scientific Glass Apparatus Co., Bloomfield, New
Jersey. The petroleum ether used had a boiling range of 60-70°. All
melting points were taken in a Berl block and c§rrected for exposed stem.

For the inspection of chromatograms during development, & small
portable ultraviolet lamp was used (light was excluded by means of =
black dloth), and for solutions or solids an Exsmalite Quartz Lamp,
(Hanovia, Newark, N.J.). Irradiations were carried out by a mercury arc
quartz lamp (4 amp. D.C., 32 volts drop) with a distance of 10 cm. between
the lamp and the quartz test-tubes.

In the analytical experiments the following procedure was used
to determine the weight of each recovered isomer. After the columm had
been extruded, brushed with potassium permanganate, and the reagent
streak scraped off, the colorless zone (including a centimeter or two on
each side) was cut out from the extruded column.* The adsorbent was
eluted with commercial absolute ether on a sintered glass filter (Tena,
¢3 or GU, or pyrex M or F) and the filtrate transferred with quantitatiﬁe
care to a tared standard taper boiling flask (usually 50 ml.). The flask
was connected to a standard taper still head and evaporated to dryness
on a2 water bath under reduced pressure. The residue was evaporated down
once with g small amount of dry ether and then placed under full water
pump vacuum for 15 minutes while maintaining the bath temperature at yse,
After the flask had been wiped dry with a lint free towel it was suspended
near the balance by means of ‘a weighed Nichrome wire for 15 minutes before
weighing.

A blank on an activated alumina colwmn (4 x 1.7 om.) yielded only

0.2 mg. of material under the conditions of the experiments.

* The exact boundaries of the zone inside the column could be found by
gradually carving away each end while testing the column at intervals
with the tip of the reagent brush. Most aones V"cone" upwards. Where
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cis- and trans~Stilbene

The starting material was stilbene (Eastmen Kodak Co.), m.p.
124-125°, from which a smell quantity (< 0.1%) of strongly fluorescent
contaminants was eliminated by filtering the‘benzene—petroleum ether solu~
tion (1:1) through activated alumina. The impurities were retained near
the top while the stilbene was washed into the filtrate. The melting
point remained unchanged. The adsorbates of trans- or cig- stilbene
when purified in this way showed no visible fluorescence in ultraviolet
light. For the preparation of the gis-compound 2.5 g. of stilbene in
35 ml. of benzene was irradiated for 200 hours. The pale yellow solution
was kept in a cold room at 5° and samples were taken when ngeded. This
product as well as samples of pure cis-stilbene showed no sppreciable re-
isomerization after 6 months at this temperature.

Isolation of cl s-stilbene.- Avportion of the irradiated solution

was evaporated in vacuo at 35°, and, in order to eliminate traces of ben-
zene, the evaporation was repeated twice with small vportions of petroleun
ether. The residue was weighed and found to contain 160 mg. of material.
This residue (except for traces of yellow solids) was dissolved in 25 ml.
of petroleum ether and chromatographed on a colum (17.5 x 1.7 cm.) of
activated alumina. The invisible chromatogram was developed with 90 ml.
of the solvent. After extrusion and brushing with a 1% aqueous solution

of potassium permangenate*® the presence of the following zones was revealed

the column is small and the interzone large, it is unnecessary to cut
away the extra adsorbent.

%% The streak turned light browvm within two seconds where it crossed the
main zones while the nearly empty interzones began to react after
several minutes. In blank experiments the column itself began to show
a reaction with permanganate after several minutes.
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(the figures on the left denote the width of the zones in millimeters):
0.5 by-product (yellow before brushing)
8.5 empty interzone
42  trems-stilbene (located by permangsnate)
6 empty interzone
U8  cis-stilbene (located by permanganate)

70  empty bottom section

Bach isomer was eluted with 60 ml. of commercial dry ether.and
eveporated in vacuo. The yield was 99.1 mg. of trans-stilbene (mepe
123.5-124,5°, after recrystallization from 2.6 ml. of hot ethanol) and
51.8 ng. of cis-stilbene. The recovery of the two isomers was L% of
the starting materizl. Before analysis the colorless, oily cilg-stilbene
(vhich can be crystellized below -30°*) was rechromatographed. Both
samples were dried at U5° in high vacuum.

Anal.

2.732 mg. (cis) and 2.99Y% mg. (trans) substs 9.7347, 10.234 mg. COg;
1.624, 1.814% mg. H0

Caled: OCygHint ©C, 93.28; H, 6.72

Found: ©, 93.36, 93.28; H, 6.65, 6.78.

5 5 : — 1
Isomerization of cisestilbene.- A trace of crystalline iocdine

was added to 16.1 mg. of chromatographed cis-stilbene in a small pyrex
test tube. After 3 hours of exposure in bright sunshine the oil had
crystallized. After 9 more hours of exposure the material was dissolved

in 15 ml. of petroleum ether and chromatogrephed on a column (17.5 x 1.7 cm. )

%" For crystalline cis-stilbene cf. C. VWeygend and I. Rettberg.5
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of activated alumina. The chromatogram was developed with 75 ml. of
the solvent, extruded and brushed.

0.5 visible yellow (iodine)

4.5 empty interzone
11  srang-stilbene (located by permanganate)
15 empty interzone

5 cig-stilbene (located by permanganate)

143 empty bottom section

After elution of the trans-zone with dry ether and analytical
recovery, 12.6 mg. of trangs-stilbene was obtained (m.p. 12L-125°, after
recrystallization® from 0.25 ml. of hot ethanol).

Artificial mixture.- An ether solution (20 ml.) of 5.2 mg. cis-

stilbene and 1000 mg. trans-stilbene was evaporated in vacuo. Ten mile
liliters of a cold alcoholic extract of the residue was concentrated
under vacuwy to 1 ml. and filtered.** The combined filtrates of the
mother liquor and a 0.5 ml. fresh extract of the trans-precipitate were
evaporated to dryness. A pebroleum ether extract (2 ml.) of this residue
was chromatographed on a column (10.5 x 0.9 cm.) of activated alumina and
developed with 18 ml. of petroleum ether. From the 25 mm. cis-stilbene
band (located by permengenste) 4.0 mg. of the original 5.2 mg. was
recovered. The substance was identified by isomerization to trang-

stilbene with iodine in sunlight.

Limits of detection.- A solution of 2.5 mg. of cis-stilbene and T4.5

mz. of trans-stilbene (Bastman) in & ml. of petroleum ether was chromato-

% Tor z description of the micro-crystallization equipment cf. L.C. Craig.'®

** A micro-immersion filter stick was used.12
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grephed on a column (17.5 x 1.7 cm.) of activated alumina. After develop-
ment with 75 ml. of the solvent (during a total length of time of 24
minutes), extrusion, and brushing with l%jpermanganate, the following
zones were noted:
1 unknown
7 empty interzone
U0 trans-stilbene
7 interzone
7 eis-stilbene (slowly turns tan)
113 empty bottom section

When l.1 mg. of the cig-stilbene was mixed with 75 mg. of the trans-

isomer and chromatographed, the cis-form could not be detected. Thus the

limit of detection of cig-in trans-stilbene by the brush method described
ig about 2%,

In order to determine this limit for trans-in cig-stilbene, a solu-

tion of 0.7 mg. of trans-stilbene and 30 mg. of the cig-isomer in 2 ml.
of petroleun ether was chromatographed on slumina (10.5 x 0.9 cm. ).
After development with 20 ml. of petroleum ether and brushing, the fol-

lowing zones appeared:

0sH unknown

10 empty interzone

10  trans-stilbene (turns tan in 10 seconds)
Lo empty interzone

L5 cis-stilbene
Thus 2.3%3% of trans-stilbene in admixture with the cig-isomer could

be easily detected.
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If the quantity of one of the isomers is below the linits mentioned,
its location may be established roughly from that of the other isomer.
By elution of the proper region with ether and analytical recovery by
evaporation, an extension of the limits of detection can be obtained.

The same procedure is applicable to p-methyl- and p-methoxystilbene.

cig= and trang-p-Methvlstilbene

The trang-compound was prepared according to Meerwein and his
& ,
associates”’s However, the crude product was purified chromatographically

instead of by tediocus sublimation in high vacuun.

CeHg.CHiCH,COGH + C1N,,CgHg + N%éc Culls : CgHg.CH:CH,CgHg. CHa + COp
acetone _ 0

+ Nz + NaCl + HAc

A mixture of 13.4 g. (0.125 mole) of p_toluidine' (Merckk C.P.), 50 g. of

25% HCL (0.385_mole) and 50 g. of ice was diazotized by the stepwise

addition of a2 cold solution of 9 g. (0.13 mole) of sodium nitrite in

15 nl. of water during a period of 10 minubtes. This solution of p-

toluenediszonium chloride was added to a cold mixture of 18.F g. (0.125

mole) of cinnamic acid (Bastman), 27.5 g. of sodium acetate (0.2 mole),
and 150 ml. of acetone in a three-necked one liter flask. The flask wes
equipped with a mercury seal stirrer snd a U tube bubble counter. After
the sddition of a solution of 6.7 g. of CuClz.2Hz0 in 15 ml. of water the
temperature was raised to 20°% while the nmixture was stirred vigorously.
After five hours the evolution of gases had nearly ceased. The acetone

was then boiled off and the volatile components removed by 45 minutes of

steam distillation. 9Qa cooling to about B0® the melt solidified to a

% According to Meerwein9 the reaction took 1.5 hours at 1U=17°, but we
found the evolution of gas to be very slow at that temperature.



dark, oily mass. The warm mixture was extracted with 100 ml. of benzene
followed by 50 ml. more of the same solvent. The dark colored benzene
extract was filtered free of cupric chloride. In order to remove unchanged
cinnamic acid, the benzene solution was shaken six times with 50 ml. portions
of a solution which was 2 molal with respect to ammonia and 0.5 melal with
regpect to ammonium chloride.* After two water washes the deep red benzene
solution was dried over anhydrous sodium sulfate. The dry solution was
diluted with 400 ml. of petroleum ether, filtered to remove a trace of pre-
cipitate, end then chrometographed on a Super Filtrol colum (24 x 7 cm.).
After developing with 900 ml. of benzene-petroleum ether (1:1) a pale blue
fluorescent band (in ultraviolet light) of p-methylstilbene passed into the
filtrate before any of the colored bands reached the bottom of the colunn.

The appearance of the column was as follows:

16 dark brown
16 Dbrown

23 orange

10 colorless interzone
5 red
15 orange
4O 1light orange

1 red

4 1ight orange

2 purple

20 coloriess interzone
25 light yellow

63 empty bottom section

* The addition of ammonium chloride prevents the formstion of 2 bad
emulsion at this stage.



A}l of these intensely colored layers were discarded. The colorless
eveporation residue of the chromatographic filtrate yielded 6.0 g. (25%)
of trans-p-methylstilbene (n.p. 118.5-119.5°), on recrystallizafion from
120 ml. of ethanol. This material was used directly for the synthesis
of cis-p-methylstilbene. However, chromatography on activated alumina
| (discussed in the section on fluorescence, Dage 29) removes this Dblue
fluorescen; materiallo as en upper separate zone on developing with
benzene-petroleum ether. After such treatment practically no visible

fluorescence of either the cis- or the trans- form was observed in petrol-

eum ether on the column.

cis-p-Methylstilbene.~ Several different concentrations of trans-n-

methylstilbene in benzene and vetroleum ether were made up in order to
determine the best conditions for the irradiation. These solutions were
as follows: (1) 2.5 g. of trans-p-methylstilbene was dissolved in 35 ml.
benzene and placed in a quart test tube (15.5 x 3.0 cm). (2) 500 mg. of
p-methylstilbene was dissolved in KO nl. of benzene znd placed in a
quartz test tube of the same size. (3) 500 mg. of p-methylstilbene was
diluted to 100 ml. with petroleum ether and placed in two quartz test
tubes (15.5 x 2.5 cm. ). Zach tube was stoppered with a tin foil covered
cork and irradiated for 65 hours at a distance of 10 cm. from the lamp.
Chromatography of a sample of each solution on a column (10.5 x C.9 cm.)
of activated alumina and brushing with 1% permanganste revealed the fol-
lowing spproximate percentages of cis-p-methylstilbene formed: (1) 15%,
(2) %0-35% and. (3) 60%.

After 75 hours of irradiation 90 ml. of the petroleun ether solution

(3) was chromatogrephed on a column (22.5 x 4.3 cm. ) of activated alumina



and developed with 700 ml. of the solvent. The duratiorn of this operation

was 65 minutes. Extrusion end brushing with permanganate revesled the pre-

sence of the following zones:
5 Dby-product (yellow before brushing)
12 emoty interzone
30 trang-p-methylstilbene (located by permenganate)
b5  empty interzone
50 cis-p-methylstilbene (Located by permanganate)

73 empty bottom seetion

After elution of the cis- and trans-zones with 200 ml. and 160 ml. of

dry ether respectively, each eluste was evaporated in vacuo. It was neces-
sary to evaporate the cig-fraction with several vportions of dry ether in
order to reach constant weight. The yields were 160 mg. of crystalline
trans- and 268 mg. of oily cis-p-methylstilbene, the total recovery being
95%. For analysis the trans-compound was recrystallized from alcohol (m.p.
119.5-120°) and the cig=isonmer (colorless oil) was rechromatographed ag
described. he samples were dried in high vacuum at 20°.
Angl.

3.223 mg. (cig) and 2.421 mg. (trans) subst.: 10.982, 8.256

mg. CO0p; 2.159, 1.587 mg. HA0
Caled.: OCygHjg: €, 92.73 H, 7.27
Found: C, 92‘.98‘, 93,06; H, 7.50, 7.33.

Isomerization of cis-p-methvlstilbene.- Eighteen mg. of oily cis-p-

methylstilbene in a small stoppered pyrex test tube was isomerized in the

sunshine in the presence of a trace of iodine. Crystallization began within



15 minutes, but the éxposure was continued for a few hours. The erystals
were dissolved in 2 ml. of petroleum ether and chromatographed on an slumina
column (10.5 x 0.9 cm. ). Developnent was carried outbt with 10 ml. of the
solvent mentioned. On brushing, a.BH mn. bend of the transg-compound was

noted, bubt no unchanged cig-isomer was found. After elution with 15 wl.

of dry ether 16.U4 mg. of the trans-form was Pecovered (m.p. 119.5-120°,

after recrystallization from 0.25 ml. of ethanol). The yield was 91%.

Artificial mixture.~ A solution of a mixture of 70.3% mg. of trans-

and 56.2 mg. of cis-p-methylstilbene in 10 ml. of petroleum ether was devel-

oped on alumina (17,5 x 1.7 cm. ) with 60 ml. of the solvent. This washing
was complete in 25 minutes. After extrusion and brushing the following zones
were noted:

10 empty top section

55  itreans-p-methylstilbene

30 empty interzone

50 cig-p-methylstilbene

30 empty bottom section

After elution of each zone with 65 ml. of dry ether and analytical

recovery, 68.6 mg. of the trens-isomer (m.p. 118-119°, without recrystalliza-
tion) and SlU.l mg. of the cis-compound were obtained. The total recovery
was 97%. The samples were chromatographically homogeneous.

Limits of detection.- A solution of 0.3 mg. trans- and 25.% mg. cig-

p-methylstilbene in 2 ml. of petroleum ether was developed on a column (10.5 x
0.9 cm.) with 10 ml. of the solvent. After extrusion and brushing, the fol-

lowing zones were noted:
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5 empty top section
'3 trans-p-methylstilbene (turas tan within 60 seconds)
30 empty interzone
U5 cis-p-methylstilbene (turns tan instantly)
22 emoty bottom section
Thus 1.2% Irans- in cig-p-methylstilbene was detected. Similarly
1.8 mg. of cis~ in 98.8 mg. of the trans-compound was detected on a

larger colum (17.5 x 1.7 cm.) of activated alumina.

p-Hydroxystilbene

Trans-p-hydroxystilbene wes prepared according to the method of
Pfeiffer and Se:r'giewﬂrslvca,J'.e,l)'L and Herwitt and assoc:’.ates.ll+ A nixture of
20 g. (0.164 mole) of p-hydroxybenzaldehyde, 20 g. (0.147 mole) of pheny-
lacetic acid, and U4 ml. of piperidine was heated on an oil bath, maintained
at 150°, for five hours.
CoHg. CHp. COSH + Q:0H,CgH, OH RIRETIGIng, o g oH:iCH,G.H,.0H + H0 + 005
The reaction mixture wag.extracte& with these 75 nl. poftions of hot, 1-
molal sodium carbonate to remove the major portion of unreacted pP-hydr oxy-
benzaldehyde. After each extraction the hot mother liguor wes sucked off
by means of an immersion filter. The orange residue was dissolved in 600 ml.
of hot 1.5 N sodium hydroxide solution.* After an hours standing with
occasional scratching, crystallization of the sodium salt began. The

bezker was a2llowed to stand overnight to complete crystallization. The

white plates were filtered out and washed with 100 ml. of water on the

# A much smeller volume would dissolve the product, but the large volunme
mentioned is needed to keep the sodium salt of p-hydroxybenzaldehyde
from precipitating.
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filter. The crystals were suspended in one liter of boiling water while

30 ml. of 6 N hydrochloric acid was slowly added. This resulted in the

formation of a voluminous white precipitate of p-hydroxystilbene. After

boiling for an additional 30 minutes, the mixture was cooled and filtered.

The product was recrystallized from a mixture of 40 ml. of ethanol and
28 ml. of water. The yield was 2.25 g. (white plates, m.p. 188.5-189.5°).

Chromatogrephy of trans-p-hydroxystilbene.- A solution of 746 nge

of trans-p-hydroxystilbene in 100 ml. of chloroform was developed on an
dlumina colunm (22,5 x 4.3 cm.) with 800 ml. of benzene-ethanol (50:1).
After extrusion and brushing with 1% permanganate the following zones were
noteds

14 unknown (tan in 1 minute)

80 trans-p-hydroxystilbene (tan in 1 second)

100 unknown (tan in 1 minute)
1 unknown (visible yellow before brushing)

30 empty bottom section (ten in several minutes)

The 80 mm. trans-zone was eluted with 350 ml. of ethanol-ether (1:1).

This materisl was chromatogrsphed twice more on activated a2lumina.
Bach time the same sequence of zones appeared. From this it was concluded
that some column-catalysed reaction was taking place. Therefore the use
of activated alumina as an adsorbent for p-hydroxystilbene was abandoned.

A number of substances were tested as adsorbents for p-hydréétilbene.

Super Filtrol adsorbed the compound, but 1% permenganate reacted with the
empty column so rapidly that it was difficult to locate the main zone.

Calcium hydroxide (Shell) adsorbed p-hydroxystilbene very strongly even

wvhen washed with benzene-acetone (20:1). Calecium cerbonate (Merck) would
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not adsorb the trans-compound from a chloroform-petroleum ether frix)
solution. Basic magnesium carbonste (Kahlbaum) also had a very weak
sdsorptive power for the compound. Powdered magnesis (Micron Brand,
Braun Corp., Los Angéles) adsorbed p-hydroxystilbene so strongly that
even pure scetone would not more the zone. Finally, Neutrol Filtrol
(Filtrol Corp., Los Angeles) was found to be an excellent adsorbent for
p-hydroxystilbene. This material should be a good adsorbent for other
simple phenols also.

Irradiation of trans-p-hydroxystilbene.- A solution of 600 mg. of

trans-p-hydroxystilbene in 120 ml. of benzene was placed in two stoppered
ouartz test tubes (15.5 x 3.0 cm.) and irradiated for 80 hours. A portion
of the solution (1.5 ml.) was then diluted with en equal volume of petrols
eun ether snd chromatographed on a column (10.5 x 0.9 cm.) of Neutrol
Filtrol. The colorless chromatogram was developed with 15 ml. of chloro-
form-petroleum ether (1:1), extruded and brushed with l% permanganates

50 empty top section (turns tan very slowly)

12 trans-p-hydroxystilbene (turns tan instantly)

21 empty interzone (turns ten very slowly)

% uninown (turns tan slowly)

19 empty bottom section (turns tan very slowly)

The 3 mm. zone may be due to a trace of the cis-isomer. Since, at

most, only a trace of the cis-isomer appeared to be formed during the

irradiation, further experiments with p-hydroxystilbene were abandoned.

cise and trans-p-lethoxystilbene

The synthesis of the trans-compound was carried out according to

9

lHeerwein and his associstes”. However, the crude product was purified



chromatographically instead of by sublimation.

0 &1 e A o
CgHg. CHiCH.COZH + C1Np.CgH,.0CH; + Nahc ;%%fﬁﬁj“ CoHg.CH:CH,OgH, . 0CH; + Mg

+ 00z + Nall + I-fg&c

A mixture of 15.L g. (0.125 mole) of p-anisidine (Bastman), 5C g. (0.385
mole) of 25% hydrochloric acid end 50 g. of ice was diazotized by the
addition during a period of 10 minutes of a cold solution of 9 g. (0.13
mole) of sodium nitrite in 15 ml. of water. The diazonium chloride solu-
tion was edded to a well stirred cold mixture of 18.5 g. (0.125 mole) of
cinnamic acid (Bastman), 27.5 g. of sodium ascetate (0.2 mole) and 150 ml.
of acetone in a three-necked one liter flask. The flask was equipved with
a mercury seal stirrer and a U-tube bubble counter. After the addition of
6.7 g. of Culls.2Hz0 ia 15 ml. of water the temperature was maintained at
14-17° for 1-1/4 hours while stirring vigorously. After the acetone had
been distilled off, the oily residue was steam distilled for one hour.. The
remaining dark tarry residue was extracted with 150 ml. and then twice with
50 ml. of hot bengene. This freatment left a crystalline residue of salt
in the flask. The combined benzene extracts were filtered and then extracted
with 75 ml. portions of an agueous solution, 2 molal with respect to ammonia
and 0.5 molal with respect to ammonium chloride. After six extractions,
the benzene phase was given two water washes, dried over anhydrous sodiunm
sulfate and evaporated to dryness. The crude yield was 12.7 g.

A portion of the material was purified by sublimation as suggested
by Meerwein. After 12 hours 3.6 g. of the trans-compound had been sublimed
6nto 2 cold finger at a pressure of 0.05 mm. and a bath temperature of 110°.

The sublimate was yellow instead of colorless.



In the chromatographic purification®* 2 g. of the crude material was
dissolved in 65 ml. of chloroform. The solution was diluted with 150 ml.
of petroleun ether and chromatogrephed on a Super Filtrol éolumn (16.5 x
4.3 cm.). The chrometogram was developed with benzene-petroleum ether
(1:1 vy volume,about Y50 ml.) until the lowest colored zone reached the

bottom of the column. The sppearance of the columm was as Tollows:

14} deep purple

20 - dark red
10 red
3 purple
5 colorless interzone

12 reddish-brown

5 colorless interzone
15 wviolet

40 colorless interzone

41 maroon

The column with its numerous colored gones was discarded. Recrystal-
lization of the eveporated filtrate residue from 75 ml. of methanol yielded
0.7% g. of trang-p-methoxystilbene (colorless flat rhomboids, m.p. 135-13%5°).

cig-p=lMethoxystilbene.~ A solution of 730 mg. of trans-p-methoxye-

stilbene in 35 ml. of benzene was placed in a stoppered quartz test tube
and irradiated for 160 hours (shorter irradiation is also satisfactory).
For the chromatogrsphic separation of the cis- and trans-isomers 7.6 ml. of

the irradiated solution was evaporated to dryness. The residue weighed

* In the purification of crude trang-p-methoxystilbene the procedure used
in the synthesis of trans-p-methylstilbene should be followed. The dry
benzene extract of the crude materizl should be diluted with petroleum
ether and chromatographed directly on one or perhaps two Super Filtrol
colums (27 = 7 em. ).



161 mg. It was taken uwp in 2.5 ml. of chloroform, and, after the addition
of an egual volume of petroleum ether, chrometographed on an alumina col-
wmnn (17.5 x 1.7 cm. ). On developing with 70 wml. of a petroleum ether-

benzene mixture (3:1) and brushinz, the following chromaiogram appeared:

0.5 %brownish top later (visible before brushing)
5 empty interzone

& bright yellow by-product (visible before dbrushing)

6 empty interzone
40 trans-p-methoxystilbene (Located by permanganate)

15 ~empty interzone
L7 cis-p=methoxystilbene (Located by permangansge)
60.5 empty bottom zone
Bach main zone was eluted with 65 ml. of dry ether and recovered as
previously described. The yield was 58.5 mg. of the trens-isomer (m.p. 135-
136°, after recrystallization from U4 ml. of methenol) and 79.1 mg. of the
cis-form (colorless oil), the recovery being 86%. The 0il was rechromato-
graphed before snalysis,
Anal,
4,755 mg. (cis) and 3.37L mg. (trans) subst.: 14.770, 10.538
mg. CO0p; 2.8%3, 2.1%0 mg. HZ0
Calecd.: Cyghyge0: C, 85.67; H, 6.72
Found.: C, 85;76, 85.31; H, 6.66, 7.07

Isomerization of cis-p-methoxystilbene.- A trace of crystalline

iodine was added to 20.3 mg. of the cis-isomer in a smell pyrex test tube.

Crystallization began after 15 minutes exposure to the sun's rays, but the
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irradistion was continued for 6 hours. After dissolving the crystals in
0.5 ml, of chloroform the solution was diluted with 1 ml. of petroleum
ether and chromatographed on a column (10.5 x 0.9 cm.) of activated
slumina. The chromatogram was develoved with 15 ml. of petroleum ether-

benzene (3:1), extruded and brushed:

0.5 iodine (visible yellow)
il empty top section

55 | trang-p-methoxystilbene
15 empty interzone

20 cis-p-methoxystilbene

23.5 empty bottom section

After elution of the trans-zone with 12 ml. of dry ether and analytical
recovery, a yield of 12.1 mg. of trans-p-methoxystilbene was obtained (n.p.
134.135,5°, without recrystallization).

Limite of detection.- A mixture of 2.2 mg. of the cis-p-methoxystil-

bene in 95.4 mg. of the trans-isomer was detected on an alumine column
(17.5 x 1.7 cn.). When the developed chromatogram of a mixture of 0.9 mg.
of cis~ with 87.1 mg. of the trans-isomer was brushed, the cis-isonmer
could not be detected. In testing the limit of detection of trans- in
cis-, 1.5 mg. of trens- was detected in admixture with 86.6 mg. of cis-

p-methoxystilbene.

Fluorescence experiments

trens-Stilbene.- A solution of 250 mg. of trans-stilbene (Pastman)

in 6 ml, of benzene was diluted with 6 ml. of petroleum ether and chromato-
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graphed on an activated alumine column (10.5 x 1.7 cm.). After developing
with 50 ml. of petroleum ether-benzene (1:1) the fluorescence of the

column appeared as follows in ultraviolet light:s

% pale blue fluorescence

102 non-fluorescent

The trans-stilbene zone was washed into the filtrate with L0 ml. of

bengene. On rechromatographing the filtrate on a similar column, no fluor-
escence of the trans-stilbene adsorbate on activated alumina was observed.
The stilbene gone was agaln washed into the filtrate with benzene and
recovered by eveporation of the solution.

In order to examine the fluorescence of the solid, a few mg. of
powdered crystals were placed between thin microscopic slides and viewed
under the large ultraviolet lamp. Both the purified and non-purified stil-
bene fluoresced blue. No difference in intensity could be detected.

The fluorescence of the solutions was examined by inspecting 10 ml.
of the benzene solution (1 mg. of substance per ml.) in a guartz test tube

under the large ultraviolet lamp. The benzene solutions of both chromato-
graphed and non-chromatographed stilbene had a very faint blue fluorescence.

trans-p-Methylstilbene.- & solution of 25C mg. of the trang-isoner

(recrystallized from alcohol, m.p. 119-120°) in 3 ml. of benzene was dilu-

ted with 6 ml. of petroleum ether and developed on a column (17.5 x 1.7 cm.)
of activated alumina with 50 ml. of petroleum ether-benzene (1:1). A minor
brownish fluorescent zone was noted at the top. The rest of the column was

nearly filled with a brilliant blue fluorescence. The filtrate was immedi-

ately rechromatographed on a similar column. No fluorescence of the trans-



p-methylstilbene adsorbate on alumina was observed. The trens-isomer
was washed into the filtrate with benzene and recovered.

This chromatographed sample fluoresced blue in the golid state.
However, the non-chromatographed solid emitted a very brillisnt blue
fluorescence with an intensity many times that of the purified sample.

The benzene solution (1 mg. per ml.) of the chromatographed sample
showed only a very faint bluish fluorescence. A solution of the crude
product fluoresced even in sunlight. Under the ultravioclet lawp & very
brilliant blue fluorescence wag observed.

trans-p-Methoxystilbene.,~ A solution of 175 mg. of the itrang-isomer

(recrystallized from methanol, mep. 135-1%°) in 15 ml. of benzene-petroleum
ether (1:1) was developed on an sctivated alumina colum (10.5 x 1.7 cm.)
vith 75 ml. of benzene-petroleun ether {120 ) traviolet light made the
following fluorescent chromatogram visible:

1 peale blue

Y yellowish-brown

2 bright blue

100 pale blue (trans-p-methoxystilbene)

On developing with pure benzene the p-methoxystilbene zone moved
repidly into the filtrate, while the upper zones migrated down at a much
slower rate. Eventually the 2 mm. bright blue zone split into a brilliant
vhite upper and blue lower layer. Part of the filtrate was rechromatographed
on a similar column. The p-methoxystilbene adsorbate still fluoresced pale

blue. Fluorescent contaminants were missing, except for a trace of the

brownish fluorescing zone.
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In the solid state the chromatographed trans~p-methozystilbene
retzined only a moderate bluish fluorescence.while the non-chromatographed
semple exhibited = Dbrilliant bluish fluorescence. The chromatographed
samples of stilbenhe, p-methylstilbene and p-methoxystilbene all fluores-
ced with spproximstely the same intensity.

In solution (1 mg. per ml. of benzene) the non-chrometogrephed p-

methoxystilbene exhibited strong bluish fluorescence, while the purified

sample retained a faint blue fluorescence.
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Part II

Separation of Some cis- and trans-Oximes by Means of

the Chromatographic Brush lethod
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Brush lMethod.- Due to the difference in adsorption affinities of

meny stereoisomers, the chromatographic mbthod has been of great 2id in
. : - 1 " 5

the separation of these compounds. In the present Chapter this dif-
ference in adsorptive power is made use of in an investigation of the

chromatographic behavior of some colorless cig- and trang-oximes. The

location of the zones of the invisible chromatogram was made possible
by use of the brush method recently reported by Zechmeister, Cholnoky
and Ujhelyi.2

According to Feiglj, a solution of trans-benzoin oxime (o or anti)
(Formula I), or of trans-anisoin oxime (III), gives a stable deep-green
complex5 (V) when treated with smmoniacal copper sulfate. The analogous
complex obtained with cig-benzoin oxime (B or syn) (Formule I1) is brown:
This brown cig-benzoin oxime copper salt is soluble in emmonia and less
stable than the trans-oxime copper salt which is insoluble in this reagent.

These color reactions of the stereoisomeric oximes with cupric

ammonia complex were made the basis for the brush method. If two stereo=
isomeric oximes capable of complex formation are present in solution,
chromatography on a Neutrol Filtrol column shows that the treans-form is
adsorbed near the top and gives a green brush reaction while the cis-
isomer is located in a lower section and turns brown where the brush

crosses it. Between the two layers an interzone is formed which is

nearly free of substance.

Adsorbents and starting materials.- A number of substances were

investigated to determine their suitability as adsorbents. Both calcium

carbonate and calcium hydroxide failed to adsorb the oximes from a ben=
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zene solution. The stereoisomeric oximes were adsorbed on zinc carbonate,
but no interzone was obtained. (In & preliminery work with Floridin®* es
adsorbent no interzone was obtained so the use of this adsorbent was
abandoned.) A number of activated earths were found to separate the
stereoisomeric oximes into two zones with & wide interzone between, but
only the Filtrols were sufficiently free from oily impurities to permit
guantitative work. Even the adsorbent chosen, NWeutrol Filtrol, contained
traces of oily impurities, but these were largely removed by preliminesry
exiractions.,

Vle were unable after many attempts to prepare chromatographically
homogeneous c¢is-benzoin oxime by an earlier method.6 Although the melt-
ing points of the samples obtained were close to the literature wvalue,
adsorption anslysis revealed the presence of 18 to 50% of the trang-isomer
in each case. The chromatographic method with Neutroi Filtrol as adsorbent

was then used to prepare the pure stereoisomeric benzoin and snisoin oximes.

Analytical epplications.- In order to determine the analytical

applicability of the chromatogrephic separation of the stereoisomeric
oximes, artificial mixtures of the isomers were chromatographed. After
location of the zones by the brush method and elution and removal of the
solvent, from 90 to 95% of each isomer was recovered. Representative data
dre presented in Table 3.

The limits of detection of one isomer in the presence of the other
was determined by chromstographing a series of artificial mixtures. Vhen

working within the limits of L0 to 200 mg., 0.5 to 2% of either form can

ahesy

% Some quelitative experiments with Floridin have been described by
s 4 1
G. S8lyom in his Thesis (Univ. Pécs, 1940).
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be detected in the presence of the other by the brush method. Thesedata
are summarized in Table Y.

The ability to detect smell quantities of one isomer in the presence
of the other makes possible the study of the interconversion of the stereo-

7

isomeric forms under the influence of various factors. Werner' reported

that cis-benzoin oxime is isomerized by refluxing in an alcoholic solution,

Table 3

Recovery of Oximes from Mixtures of the Stereoisomers

ng. Charged mg. Recovered " Totalf
Substance cig trang cis trang transg Recovery
Benzoin oxime 75 5 101 7@.5 et 97.5
1000 (Mixt.) 722 181 43 4.5
Anisoin oxime 75 75 68 69 0.8 92.0

* trans-form recovered from the interzone and formed by isomerization of

the cis-oxine.

Teble U

Limits of Detection by the Brush Method in Mixtures of Stereoisomeric

Oximes
Substance mg. cis ng. trans Remarks
Benzoin oxime 0.4 4o. cis detected
100. 2.0 trans detected
Anisoin oxime o 200. cis detected

135. 1.2 trans detected



but our new chromatographic experiments demonstrate that the trans-
compound also uandergoes isomerization to a slight extent. Thus a measur-
able equilibrium exists when an szlcoholic solution of the benzoin oximes

is refluxed. Both cig- and trans-anisoin oximes pertislly isomerize when

refluxed in slcohol. Trens-sniscin oxime, however, isomerizes to a greater
extent under these conditions than trans-benzoin oxine.

Columm catalysed isomerization.- The analyticel spplicability of
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the brush method 'is somewhat limited by a catalytic action of Neutrol Fil-
trol on some cig-oximes. If the rate of the chromatographic filtration is
low and the duration of the experiment too long, the interzone which separ-
ates the cig- and trans-fractions contalns small amounts of the trens-
igsomer formed on the column itself. The latter eppears during the slow
downward migration of the cig-oxime and is retained near the place of form-
ation. In such a2 case the brush stresk does not remain sky blue vhere it
crosses the "interzone", but takes on a slightly greenish tint within
several minutes. In coantrast, the main portion of the ftrans-compound
which was present in the original solution and is adsorbed near the top,
instantaneously gives a well-defined dark green color on brushing. This
difference a2llows cuentitative experiments to be carried out. By mixing

a filter aid with the adsorbent snd thus speeding up the rate cf filtra-
tion, the "column isomerization® amounts to less than 5% of the original

quantity of cis-benzoin oxime and less than 1% of the cis-anisoin oxime.



Experimentzl

cis- and trans-Benzoin Oximes

Synthesis of trens-benzoin oxime.- Trans- (o or anti) benzoin

oxime was prepared according to the data of Werner and Detscheff.6 Eight
grans (0.115 mole) of hydroxylamine hydrochloride (Bastman) was dissolved
in 20 ml. of water and neutralized against litmus with a 26% agueous
sodium hydroxide solution (12.8 ml.). This neutralized golution was

. (0-047 mole) '
added to a suspension of 10 g.Abenzoin (Bastman) in 40 g. of 95% ethanol,
refluxed for U5 minutes on a water bath, cooled, and freed from a. little
suspended matter by filtration. The slow addition of 125 ml. of water
to the filtrate precipitated the oxime. After standing for 30 minutes
to complete crystallijzation the crystals were filtered off and washed on
the Buchner filter with 75 ml. of water. The yield of crude trans-benzoin
oxime was 9.0 ééﬁ:%ter drying in a dessicator over phosphorus pentoxide.
This crude product was recrystallized twice from 160 ml. of dry ether as
suggested by Werner and Detscheff.6 However, the rate of solution was
very slow, and 1t was necessary to councentrate the ether solution to 30 ml.
before crystallizetion would start. (Absolute alcohol should be & more
satisfactory recrystallization solvent than ether.) This recrystallization
eliminates small amounts of the more soluble cig-isomer. The melting point
of the trang-isomer wss 150-151°.

Synthesis of cis-benzoin oxime.- Cis- (B or syn) benzoin oxime was

also prepared by the method of Werner and Detscheff.  Although their
procedure was repeated six times, chromatographically homogeneous cis-
benzoin oxime could not be obtained. In fact, the cis compound was slways

. . 4 5 o
contaminated with %0 to 60% of its trans-isomer.



The oximation of vbenzoin to the cis-isomer was carried out by
Werner and Detscheff in an alkaline solution and with an unspecified
excess of hydroxylamine hydrochloride. We have carried out a series of
experiments with a varying excess of this reagent. These showed that the
Percentage of the trans-benzoin oxime in the crude product increased with
an increasing excess of hydré&lamine hydrochloride. Therefore, the final

(0-043 mote)

procedure chosen was as follows: A solution of 3.0 g.,of hydroxzylamine
hydrochloride (Eestman) in 20 ml. of water was made alkaline with 10.2 ml.
of 26% sodium hydroxide (334 g./liter). This alkaline solution was added

(0-024 mole)
to a suspension of 5.0 g.Aof finely ground benzoin (Bastman, recrystal-
lized from benzene) in 25.5 ml. of ethanol. The suspension was sheken
continuously for 15 minutes while warmed by a water Dbath meintained at
50°, Within 15 minutes of shaking, practically all of the benzoin had
dissolved. The solution was cooled, 200 ml. of water added, and any
remaining benzoin filtered out. Carbon dioxide was dbubbled through the
solution until a permanent cloudiness appeared. The solution was allowed
to stand overnight at room temperature in order to crystallize the oximes.
(Further repid addition of carbon dioxide throws out all of the oxime as
a pinkish oil.) The next day the crystals were filtered out and washed
on the filter with water. The dried crystals were extracted with 25 ml.
of cold ether. After filtering off any undissolved trans-benzoin oxime,
the ether solution was placed in a covered besker and allowed to evapor-
ate slowly during a period of two days at room termperature. Hard, slightly

pinkish crystals of the ether addition compound of the oxime were formed

as the solution went to dryness. The ether of crystallization was removed



by woerming in an oven at 35° for 6 hours. The melting point was 96=-98.5°
(the melt was slightly cloudy).

The melting point given by Werner and Detscheff was 99°. In spite
of the close agreement of our melting point with that given by these
authors, the product was shown by chromatography to contain 18% of the
trang-isomer.

The chromatographic analysis and purification of the produect is
given on page,53 of this Thesis. If it is desired to prepare cis-benzoin
oxime, the procedure developed for cis-anisoin oxime should be followed.
That is, the trans- and cig-benzoin oxime mixture from the carbon dioxide
precipitation (either oily or erystalline) should be dissolved in chloro-
form-benzene (1:1) and chromatogrephed directly.

After the pure cis- and trans-benzoin oximes had been prepared
chrometographiczlly, a melting point was taken on sn artificial mixture
containing 20% trens and 80% cis in order to check the close agreement
between the melting point of the crude product and that of the pure cig-
benzoin oxime. A mixture of 9.2 mg. of the trang-form with 37.3% mg. of
cis-henzoin oxime was prepared by prolonged grinding in an agate mortar.
This sample melted between 96 and 98° to a slightly cloudy melt and finally
became homogeneous at sbout 116°. The cloudiness was difficult to detect
with the naked eye, but easily seen with a 10 power telescope. Thus from
the melting point alone it would be easy to mistake the mixture for pure
cis-Penzoin oxime.

Preliminary attempts were made to purify the cis-benzoin oxime by
the usual methods in order to have the pure compounds available for the

chromatographic separation experiments. A number of solvents were tested



in attempts to recrystallize the cig-oxime. Toluene was found to remove
most of the trans-isomer as well as colored impurities from very crude
cis-benzoin oxime. For exsmple, .15 g. of the crude cig-oxime was
extracted with 1F ml. of toluene in a flask which was warmed by a bath
maintained at 90°. The mixture was shaken for two minutes, cooled
immediately to prevent sppreciable isomerization, and chilled in an ice
bath for 10 minutes. he transe-benzoin oxime that had not dissolved or
that had crystallized out (0.7 g. in 211) was removed by filtration. The
filtrate was placed in a2 cold room overnight as the cis-oxime crystallized
slowly. The next day 2.3 g. of hard crystals of the cis-oxime were iso-
lated. However, the melting point indicated that some irsnsg-oxime was
still present.

Partitioning a mixture of the stereoisomeric bengzoin oximes between
alcohol and benzene by the addition of water to their alcoholic solutions
enriched the benzene layer in the cis-isomer. Severzl successive parti-
tions gave the nearly pure cis-compound, but considerable cuantitaties
(up to 50%) of the original cis-isomer were also lost. This demonstrated
that partitioning could not be used as part of an analyticel chromatographic

procedure.

Selection of adsorbent.- A number of substances were investigated

in order to debtermine their suitability as adsorbents for the separation
of cis- and trans-benzoin oxime. Bach material to be tested was packed in
a chromatographic tube, size = 22.5 x 1.7 cu.* A solution of 150 mg. of

cis-trans mixture in %5 ml. of chloroform-benzene (1:1) was then filtered

% The chromatogrsphic tubes were manufactured by the Scientific Glass
Apparatus Co., Bloomfield, New Jersey.



through the column followed by 40 ml. of pure benzene. After extrusion
of the column containing the invisible chromatogram, a narrow streak was
made down the cylinder with a brush which had been dipped in the copper-
ammonia reagent. The latter was prepared by diluting 0.15 molés of cupriec
sulfate and Y moles of ammonis to one liter.

The substances giving no apparent adsorption were calciunm carbonate
(Herck, precipitated), calcium hydroxide (Merck), and Hyflo Super-Cel
(Johns-Menville Co.)s The reagent stresk on zinc carbonate (Merck, vreci-
pitated) was green at the top and brown directly below. Thus there was

a partial separation of the two stereoisomeric oximes, but no interzone
had developed.

Fuller's Harth (Braun Corp., Los Angeles) and Lloyd's reagent (®ii
Lilly and Co.) separated the oximes into an upper zone which gave a green
color with the reagent (trens-benzoin oxime), an intermediate section which
gave only & slightly positive test, and a lower zone which gave a dark
brown-color (Qigrbenzoin oxime). However, special experiments indicated
that each adsorbent contained considerable quantities of extractable oily
and solid impurities. For example, after 1l extractions of Fuller's
Barth vith benzene =nd alcohol-ether the extracts still contained spprecie
able amounts of-a colored oil. Consequently the use of these adsorbents
was gbandoned. Neutrol Filtrol, Super Filtrol snd Special Filtrol (Filtrol
Corp., los Angeles) were found to be far the best of any activated earths
tested. Ly hey were white, contained only traces of oily imourities, and
permitted excellent separation of the two isomers. Weutrol Filtrol wes
used in the subseguent experiments in order to avoid any possible compli-

cation with the sllghtly acidic Super and Special Filtrols.



Purification of Neutrol Filtrol.- A number of qualitative sevaras-

tions of cig~ and trans-benzoin oxime were carried out with Neutrol

Filtrol. Although the irans-isomer was easily crystallized after elution

from the column, the traces of extractable oils made it difficult to

o

obtain the cis-compound in crystalline form. When it was crystallized,
the melting point was Y to &° low.

Due to this difficulty, the adsorbent was purified by prelinminary
extractions. Cdid extractions with benzene and alcochol-ether or hot
extractions in & soxhlet spvaratus with acetone and benzene gave equally
satisfactory results. In the first case 1250 g. of Neutrol Filtrol was
extracted 7 times with benzene =nd 1l times with alcohol-ether (1:1).

Bach extraction was carried out in a 3 liter wide mouth glass stoppered
bottle with 1.5 liter of fresh solvent. The adsorbent was extracted

for 20 minutes on & shaking machine and then freed from solvent by suction
on & Buchner funnel. The adsorbent was washed on the filter with 0.5
liter of solvent each time. After the last extraction, the damp adsor-
bent was placed in five 20 cm. eveporating dishes, dried in the sun to
remove most of the solvent, snd then heated in en oven at 90° for U-5
hours. It was then mashed to a fine powder and bottled.

In the purification of the adsorbent by hot extraction 2500 g. of
FWeutrol Filtrol was extracted for 15 hours with 15 liters of acetone in
a large metal Soxhlet apparatus. After removing the acetone, the extrac-
tion was continued with bengzene for 10 hours. The drying procedure was

ae described.

The treated adsorbent is more active than the untreated since it



is necessary to develop the benzoin oximes with 2% ethanol in benzene on
the treated adsorbent while development with pure benzene is sufficient
on the crude material.

Experimental technigue.- In order to determine the amount of impur-

itles extracted from the adsorbent under the conditions of the analytical
experiments, a blenk was run on the treated Neutrol Filtrol. A chromato-
graphic tube (22.5 x 1.7 cm.) was filled by introducing the adsorbent
through a powdef funnel while the suction on the column was gradually
increased to full water pump vacuum. After the tube had been filled to
the desired level, the top was tamped lightly (tamping while the column

is being formed results in a slow rate of filtration). Twenty-five ml.

of chloroform-benzene (1:1) was sucked through the column. This was fol-
lowed by 50 ml. of benzene-ethanol (50:1). The duration of the experiment
was 70 minutes. After extrusion, 2 40 mm. section in the upper part of
the column was eluted with 4O ml. of absolute alcoholuether (L31) while
the lowest U0 mm. was eluted with 40 ml. of ab. ether. Bach eluate was
evaporated and weighed under V"standard conditions", see below. The weight
of the dry residue from the upper section was 0.0015 g. while that fron
the lower section was 0.001Y4 g.

The "standerd conditions" were as follows: The adsorbent was
eluted on & sintered glass filter (Jena G3). The filtrate was trans-
ferred to a tared standard taper boiling flask Yusually 50 ml.) with
absoluté ether, connected to a standsrd teper still head, and eveporated
to complete dryness on a water bath under reduced pressure. The alcohol-

ether residues were evaporated down three times with small amounts of



- 47 -

ether, and then placed under full suction for 15 minutes while maintaine
‘ing the bath temperature at 70°. The flask was disconnected from the
still head, wiped dry with a lint free towel, and suspended near the
balance for 15 minutes before weighing. In the case of the absolute
ether eluates the treatment was the same excvept that the residue was
evaporated down only once with ether and then dried at 45°.

Chromatographic purification of cis-benzoin oxime.- In order to

purify the crudé cis-benzoin oxime, 200 mg., prepared by the previously
described method, was dissolved in 25 ml. of chloroform-benzene (1:1)
and chromatographed on a 14 x 1.7 cm. column of treated Neutrol Filtrol.
The flask was rinsed out with 5 ml. of benzene in several portions. The
column was then developed with 75 ml. of benzene-sthanol (50:1) during a
total length of time of &0 minutes. After extrusion and brushing with
the reagent, the presence of the following zones was revealed (the colors
given refer to the stresk):

6 sky bdlue (empty top section)

12 dark green (trans-benzoin oxime)

42 1light green (interzone, containing small

amounts of Qgggs)
13 dark brown (cis-benzoin oxime)

67 sky blue (empty bottom section)

After cutting out the three zones and shaving off the streak, each
of the two trans-fractions was eluted with 40O ml. of absolute alcohol-
ether (1:1) 2nd the cis-fraction with the same volume of absolute ether.

Evaporation and analytical weighing indicated the presence of Ul mg. of



trans-benzoin oxime in the upper section, 20 mg. in the central "interzone!
and 136 mg. of the cis-oxime in the lowest section. The crude trans-oxime
nelted at 132-13%°, and after recrystallization from O.Y4 ml. of absolute
alcohol in a micro-centrifugal apparatus the melting point was raised to
1h7e.1Lge, After one recrystalligation of the intermediate zone residue
from 1.8 ml. of hot benzene and thorough drying, 14 mg. of the trans-

oxime was obtained, melting at 14b.5-1UB.F°, The oily cis-fraction was
transferred to a small besker with a few ml. of dry ether and evaporated
to dryness in a carbon dioxide stream while scratching with a glass rod
(white erywtals, m.p. 98-99°,)

Heat isomerization of cis-and trans-benzoin oximes.- The chromato=-

graphic brush method offers a convenlent means of studying cis-trang-
isomerizations. TFor example, a solution of chromatogrephed cis-benzoin

oxime (which had shown only e trace of the upper trang-zone) in 25 ml.

of zlcohol was refluxed for two hours, evaporated, and taken up in 10 ml.
of chloroform-benzene (1:1). After chromatogrephy on a 17.5 x 1.7 cm.
colum of treated Neutrol Filtrol, development with 70 ml. of benzene-
ethanol (M :1), extrusion, and brushing, the following zones appeared:

7 sky blue (empty top section)

4 dark green (frans-benzoin oxime)

38  turns light green slowly (interzone, containing a

smell amount of trans)
5 dark brown (cis-benzoin oxime)

121 sky blue (empty bottom section)

After elution of an upper 15 mm. zone including the trans-benzoin

oxime with 40 ml. of asbsolute alcohol-ether (1:1) znd a 10 mm. region



including the lower cis-zone, 11.2 mg. of the itrans- and 29.3 mg. of
unchanged cis-compound were isolated.

The isomerization of the trans-oxime was checked qualitatively.
Two hundred mg. of chromatographed trans-benzoin oxime was divided into
two portions. One portion was dissolved in 30 ml. of alcohol and refluxed
for two hours. After evaporation under vacuum, the residue was talen wup
in 40 ml. of chloroform-benzene (1:l) and chromatographed on a 14 x 1.7 enm.
column of Neutrol Filtrol. The column was developed with 80 ml. of ben-
zene. The non-refluxed portion was chromatographed simulteneously. Brush-
ing revealed the presence of zpoproximstely twice as much of the cig-isomer
“in the refluxed as in the non-refluxed portion. The amount of isomeriza-
tion was estinated to be 1%.

Column catelvsed isomerization of cis-benzoin oxime.- In the described

experiments end other similar ones, the reglon between the upper green
trans- and lower brown cis-zones was noted to give a light green test with
the cupric-zmmonia dbrush reagent. Since the interzone gave an oxime test
with the reegent only in those experiments in which an appreciable amount

s

of the clg-isomer was present and not in those in which only the frans-oxine
wes present, the interzone was apparently due to isomerization of the cisw
benzoin oxime on the surface of the adsorbent. This was demonstrated
quantitatively in the following two consecutive experiments. A solution

of 129.2 mg. of chromatographed cis-benzoin oxime in 25 ml. of chlorofornm-
benzens (131) was chromatographed on a 14 x 1.7 cm. column of trezted
Yeutrol Filtrol. After development with 75 ml. of benzene-sthanol (50:1)

(duration of experinent 100 minutes), extrusion, and brushing, the follow=

ing zones were noted:



5 sky vlue (empty top section)
3 light green (slightly darker than interzone)
57 1light green ("interzone")

6 dark brown (cis-benzoin oxime)

After elution of the top two zones with B5 ml. of absolute ethanol
ether (l;l) and of the cgls-zone with 4O ml. of absolute ether, evaporation
and analytical recovery, L0 mg. of crystals originating from the interzone
and & mg. of cis-benzoin oxime were obtained. This amounts to 30% and
67% of the starting material respectively. The total.recovery was 97%.

The cis-benzoin oxime (&6 mg.) from the above experiment was dis-
solved in 25 ml. of chloroform-benzene (1:1) and re-chromatogrephed as
above. The same sequence of zones appeared. From the upper two zones
ol ng. (28%) of crystals was obtzined while 61 mg. (71%) of unchanged cig-
benzoin oxime was recovered. The total recovery was 994 of the starting
naterial. After recrystallization of the 24 mg. of uppér zone crystals
from 1.% ml. of benzene and careful drying (to remove benzene of crystal-
1ization), the melting point of the sample was near that of trens-benzoin
oxime, viz. 1L6-1L7°.

The following experiment demonstrated that the "interzone! contained
rostly trans-benzoin oxime mixed with a little of the ¢ig-form. A sclution
of 14.5 mg. of interzone meterial in 3 ml. of caloroform-benzene (151) wes
chromatographed on a 9.5 x 0.85 cm. column of treated Weutrol Filtrol and
developed with 1% ml. of benzene-ethenol (50:1) during 40 minutes. After

brushing, the following zones were noted:
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sky blue (empty top section)
10 dark green (trans-benzoin oxime)
30 sky blue (interzone)

2 dark brown (cis-benzoin oxime)

5O sky blue (empty bottom section)

A special experiment was carried out to determine whether or not the
isomerization of the cis- to the frang-oxime was purely a2 time effect. 4
golution of EOO.mg. of chromatogrephed cis-benzoin oxime in ether was
divided into halves and both portions were evaporated to dryness. One
portion was dissolved in chloroform-benzene (lﬁl) and chronatographed
immediately while the second portion was allowé& to stand at room bLenp-
erature for four days in benzene-ethanol (50:1) gnd then for one day in
chloroform-benzene (1: 1) before chromatographing. The upper trans-zone
from each column was eluted and the extracted substance weighed. TFrom
the first chromatogram 5 mg. of material was recovered while the second
yielded 6 mg. Consequently the time effect of the isomerization is negli-
gible under the conditions described.

Since previous experiments indicated that the trans-oxime in the inter-
zone was formed by a column-catalysed isomerization of the cis-isomer during
its migration down the column, a filter 2id was mixed with the treated
Filtrol to speed up the rate of flow. A mixture of one part of Celite 535
or Hyflo Super-Cel (Johns-Manville Co.) to 5 parts of adsorbent was found
to be satisfactory.

In order to demonstrate the catalytic role of the column material on
the isomerization, & slow chromatogram (by means of little suction) and

a rapid chromatogram of the cis-oxime were carried out on the Filtrol-
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Celite mixture. A solution of 125 mg. of purified cis-benzoin oxime in

10 ml. of chloroform-bengzene (1:1) was chromatogrsphed on s 1L.5 x 1.7 cm.
column of trested Weutrol Filtrol-Celite 535 (5:1). (Phe flask wes rinsed
out with anelytical cere with 2.5 ml. of benzene.) The development was
carried out with 50 ml. of benzene-ethenol (50:1) under wealk suction so
thet the total duration of the experiment wes 196 minutes. On brushing
with the reagent the following zones were seen:

5 sky blue (empty top section)

67 1light green (trans-benzoin oxime)

03

2l derlk brown (cis-benzoin oxine)
50 sky blue (empty bottom section)

On elution of each zone and analytical recovery 35 mg. was recovered
from the 67 mm. zone, while 82 mg. of unchenged cis-benzoin oxime was iso-
lated from the 24 mm. zone. The extent of "column isomerization! was 28%
in this case.

In 2 corresponding repid experiment 125 mg. of pure cis-benzoin oxime
from the same source was diésolved in 10 ml. of chloroform-benzene (L:l1)
ané chromatogrephed on a 15.5 x 1.7 cu. colunn of treated Neutrol Filtrol-
Celite 35% (5:1). Develovment was with 5O ml. of benzene-zlcohol (50:1)
under full water pump suction so that the duration of the experiment was
only 22 minuted. On brushing the vnresence of the following zoneg was revealed:

2 sky blue (empty top section)
66 vlue (traces of trans)
25 darlkz brown (cig-benzoin oxime)

62 sky blue (empty bottom section)



After elution the 66 mn.-zone yielded & mg. of material while 11U ng.
of unchanged cis-benzoin oxime was recovered from the 25 mm.-zone. The
. . . ! s . . .
extent of the "column isomerization" was only B% in this rapid experiment.

Isolation of cis-benzoin oxime on a2 preparative scale.- The method

developed for the diminishing of the "column isomerization" effect was
then adapted to a large scale preparation of pure cis-benzoin oxime. For
this purpose the solution of 1000 mg. of crude cis-oxime (page 42 of this
Thesis) in 100 ml. of chloroform-lbenzene (l:l) was developed on a 19 x
3.2 cm. column of treated Neutrol Filtrol-Celite 535 (5:1) with 160 ml.
of benzene-ethanol (50:1). The total duration of the experiment was 30

minutes. The following zones appeared:

5 sky blue (empty top section)
16 dark green (trang-~benzoin oxime)
50 bluish green (small amounts of trans)
B4  dark brown (cis-benzoin oxime)
65 sky dlue (empty bottom section)

After cutting out the three zones and shaving off the streak, each
of the two trang-fractions was eluted with 100 ml. of abgolute slcohol-
ether (L:l) and the cis-fraction with the same volume of dry ether.
Dveporation and recovery indicsted the presence of 181 mg. and 43 mg. of
trans- and 722 mg. of cig-benzoin oxime, the total recovery being 95%.

The melting point of the trans-compound wes 1L7-148° (after recrystalliza-
tion from 2 ml. of absolute ethanol). The 0ily cig~-fraction was dissolved
in 2 few ml. of dry ether and evaporated in a carbon dioxide current, at

25°, On rubbing with a glass rod as the solution went to dryness, the oxinme
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erystellized (m.p. 99-99.5°),
Anal.
Caled. for Gy H;z0N: W, 6.17.
Found (cig)s ‘N, 6.78. TFound (trams): N, 6.15.

Artificial mixture.- In order to determine the suitability of the

nethod for the separation of cis~trens-benzoin oxime mixtures, an srti-
ficial mixture of 75 mg. of each purified isomer was dissolved (with
warning) in 20 ml. of chloroform-Dbenzene (2:1) and chromatographed on
2 17.5 x 1.7 cm. column of treated Weutrol Filtrol-Celite 535 (5:1).
After development with L0 ml. of benzene-ethanol (50:1) (duration of experi-
ment 20 minutes), the column was extruded snd brushed:
2 skyAblue (erpty top section)

17 dark green (ﬁgggg—benzoiﬁ oxime)

42 vlue (interzone, traces of trans)

26 dark brown (cis-benzoin oxine)

88 sky blue (empty bottom section)

Fifty ml. of dry alcohol-ether (1:1) was used for the elution of
the 17 mnm.-trens-zone, 40 ml. of the seme mixture for the interzone and
40 ml. of dry ether for the cis-compound. The recovery was TH.5 mg. and
l.7 ng. of trans- and 70.1l mg. of cis-benzoin oxime; the melting voints
were correct.

Limits of detection.- The limits of detection were established by

a series of artificial mixtures as described zbove. In the presence of
U0 mg. of trans-benzoin oxime 0.5 mg. of the cis-isomer can be detected

by washing with 12 ml. of benzene-ethanol (50:1) on a 10.5 x 0.85 cm.
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column, In the presence of 100 mg. of g¢igw, 2 mg. of the trang-compound
was detected on z column of the size mentioned. ZEach éxperiment required
from 20 to 25 minutes. Thus in a mixture composed of the two stereoisomers
1 to 2% of either form can be detected by the brush method._ If the gquantity
of one of the isomers is below these limits, its location msy be estab-
lished roughly from that of the other isomer. By elution of the proper
region with ether end analytical recovery an extension of the limits of

detection may be obtained.

cis- and trans-Anisoin Oximes

The adsorbent used in these exveriments was the treated Neutrol
Filtrol described on pageM45. In each case 5 parts of this adsorbent
was nixed with 1 part of Celite 535.

The color resgent was the cupric-ammonia complex (pageuu-ﬁ

Synthesis of snisoin.- In preliminery experiments with crude cis-

and frang-enisoin oxime mixtures, the "cig-isomer" split into two bands
when developed with benzene-acetone (15:1). Since this may have been due
to impurities in the starting meterisl, speciel precautions were taken in
the synfhesis.

Two hundred grams of snisaldehyde (Bestmen) was vacuum distilled
through a two foot packed fractioneting column at L9 mm. pressure. Eighty-
five grams of anisaldehyde boiling within an 0.5° range was collected from
the middle portion (ngo = 1.5730).

This sample was then condensed to anisoin in the presence of potasg-
sium cyanide%l A solution of 42 g. of enisaldehyde in 65 ml. of 95%

alcohol and 20 ml. of water was placed in a flask on a steam bath and main-



tained under a nitrogen atmosphere. One-half of a solution of 16 g. of
potassiun gyanide in 25 ml. of watef was added initially and the remein-
der in two equal portions after one and two hours respectively. After a
totel of three hours of refluxing the flask was removed from the steam
bath and shaken countinuously while allowed to cool. After 30 minutes
crystals sppeered. Crystsllization was completed overnight in'a cold
room at 5°. The crystals were filtered off and washed on the filter with
25 ml. of 50% ethenol-water. After crystellization from ethé@l-water
(3:2) 14.3 z. of enisoin were obtained (m.p. 112-113°),

In spite of the correct melting point, the recrystallized product
proved to be chromatographically heterogeneous. For purification 20 g. was
dissolved in 0.8 liter of chloroform-benzene (1:1) and chromatographed on 2
27 x 7 cm. column of treated Neutrol Filtrol-Celite. The development was
carried out with 2.5 liters of benzene containing 0.5% ethanol. On extrud-
ing and brushing with 1% permanganste the presence of the following zones
was revealed:

20 unchanged (empty top section)
%0 tan (anisoin)
100 wunchanged (interzone)
10 tan (impurity)
5  unchenged (empty bottom seetion)

The enisoin wes eluted with 2 liters of absol. alcohol-ether (10:1) and

the solution councentrated in a carbon dioxide stream to 50 ml. to effect cry-

stalligzetion. The product was recrystallized from 50 ml. of 95% ethanol

(17 ., m.p. 112-117%°),

Angl.

2.514 mg. subst.: L.315 mg. Agl
C&lcd.- H 015H1604: OCHs, 22. 79

Found: OCH. ©22.6¢



Synthesis of cis-~ and trans-anisoin oximes.- The oximation, carried

G
out as described by Werner and Detscheff” for both cis- and trans-benzoin

oxime gave o mixture of the stereoisomers. For example, 2.% g. of hydro-

0

zylemine hydrochloride in 10 nl. of water (neutralized sgainst litmmus with
4.0 ml. of 26% sodium hydroxide) was added to 4.5 g. of anisocin in 20 ml.
of ethanol. After 1-1/2 hours of refluxing, the liguid was diluted with
150 wl. of water and sllowed to stand overnight. The oil was taken up
with 300 ml. of benzene, dried with sodium sulfate, and chromatographed
on & 22.5 x 4.3 cm. column. Development was with 500 ml. of benzene-
ethancl (30:1). After extruding and brushing with the cupric-smmonis
reagent, the presence of the following zones was revealed:

12 sky blue (empty top section)

7% dark green (trans-snisoin oxime)

56 bluish-green (trace of trans)

1 pink, without brushing (unknown)

75 dark brown (cig-snisoin oxime)

48  cky blue (empty bottom section)

The trans-compound was eluted with MEO ml. of dry alcohol-ether

(1:1) end the cis-isomer with 250 ml. of dry ether. The solvents were
removed in vacuo under an atmosphere of carbon dioxide.

The ftrans-compound appeared as an oil znd was crystallized by dis-
solving it in about 50 nl. of benzene at 25° and scratching. The yield
was 1.9 g. The colorless, short, quadranguler plates melted at 125.5°.

The trans-oxime can slso be crystallized from several milliliters of ether

to give samples with the same melting point. If the trans-oxime is crystal-

lized from hot benzene, it comes down as a soft mat of tiny needles contain-



ing bPenzene. It is then difficult to remove the benzene and obtain a
sherp melting point.

The cige-compound came out in the form of crystals which contained
ether. These were dissolved in 6 ml. of acetone at room temperature and
evaporated rapidly with a carbon dioxide stresm 2t 25°. The o0ily resi-

: 2 ml of
due was eveporated again, after the addition ofAﬁenzene, by means of a
carbon dioxide jet, dissolved in 10 ml. of cold benzene and scratched.
Thin, elongated prisms appesred. (1.2 g., mepe 121-122°)., The same
melting point is obtained by carefully drying the ether =ddition com-
pound obtained after a recrystellization from several ml. of ether. The
crystals develop a yellowish tint after a few days in a dessicator.

Anal.

2.941 mz. (cig) subst.: 7.195 mg. COg; 1.L71 mg. HgO

5.517 ng. (cis) and 5¢611 mg. (trans) subst.: 0.257 ml. N (26°, 744 mm.),
0.258 ml. N (25°, 737 mm.)

Celecd.: cmHl?oéN: G, 66.88; H, 5.96; W, L.88

Found: €, 66.76; H, 5.60; ¥, 5.08, 4.99.

The difference in the melting points of the two isomers is remark-
ably small. The configurations, however, are given by the Feigl color
reaction with cupric-ammoniz complex and by the relative positions of

behavior
the two isomers on the column. In addition, the crysta lizationAof the
two isomers is similer to that of the corresponding benzoin-oxime isomers.
_Each frans-compound forms z soft mat of needles containing tightly held
benzene on recrystallizing from hot benzene and gives no ether additiocn

s 3

product. On the other hand, each cigs-isomer forms an ether addition pro-



duet but no benzene addition compound. EKach isomer was guite pure, show-
ing the presence of less than 1% of the corresponding stereoisomer on
rechromstographing.

Artificisl mixture.~ In order to determine the applicability of

the method to the snalysis and seperstion of cis- end trans-snisoin oxime
mixtures, an artificial nmixture of 75 mg. of each isomer was digsolved in
75 ml. of benzene by slight warming and developed on 2 14 x 1.7 em. column

with 50 nl. of benzene-ethanol (30:1)%*

10 sky blue (empty top section)
2l darl green (trens-anisoin oxine)
37 dlue (interzone)

7 dark brown (cis-anisoin oxime)

65 sky blue (bottom section containing a feint

yellow line, visible before brushing)

The itrens-zone wes eluted with 55 ml. of dry elcohol-ether (1:1)
and eveporated under vecuum. Sixty-nine mg. of oil was obtained, which,
after crystellization from 2 ml. of cold benzene, yielded 50 mg. of
crystals melting at 125-125.5°. The cis-zone was eluted with 50 ml. of
dry ether. After evaporating rspidly under V"standard conditions" (page 46),
68 mg. of oil was obtained. Upon crystallization from 0.6 ml. of benzene
(overnight), 56 mg. of crystals were isolated (m.p. 122.5-.123.5°). The

interzone yielded 0.8 mg. of substance after elution with 50 ml. of dry

ether and analytical recovery. The total recovery wes 92%,

# The zones developed z faintly visible yellow color during the adsorption.
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Limits of detection.- The limits of detection by the brush method

were found to be 1.6 mg. of cis-anisoin oxime in 200 mg. of the trans-
isomer or 1.2 mg. of trans~ in the presence of 135 mg. of the cils-compound.
The limit is thus 0.5 to 1% on the experimental scele indicated.

A solution

Heat isomerizabtion of cis- and trens-snisoin oximes.-
by refluxing fof 1-1/2

somerized

Tas

of 1U0 mg. of cis-anisoin oxime wi

After removal of the solvent the residue wes
on a 13 x 1.7 cm. column.

hours in L0 ml. of ethanol.
teken up in 35 ml. of benzene and chromatogrephed

The latter was developed with 50 ml. of benzene-ethanol (30:1):

sky Dlue (empty top section)

green (trens-enisoin oxime)

blue (interzone)

10 dark brown (cis-anisoin oxiLe)
tion)

60

sky blue (empty botton sec

A

anol-ether snd ansly-

Elution of the trans-zone with L0 ml. dry ethar
The latter was dissolved in

filter stick, and crystallized

e

tical recovery yielded 11.5 mg. of en oil.

0.7 nl. of cold benzene, sucked through
ation vessel. After drying at 20 mm. and 55° for
After elution of the cis-

in a micro crystalliz

minutes the melting point was 125-125.5°,

15

zone with 75 ml. of dry ether and anelytical recovery, 107 mg. of the
0ily cis-znisoin oxine was obtained. TUpon crystallization from 1 ml.
of benzene as described for the trans-isomer, &6 mg. of crystals were

In a blank experiment (without refluxing)

isolated (m.p. 122-122.5°).
me was obtained froa the same amount of

f trang-snisoin oxi
hile 125 mg. of unchenged cis-isomer was recovered.

only 1.2 mg. o

v

cis=anigoin oxime wk
The extent of isomerization by boiling was thus 8%.



In en isomerization experiment with trans-anisoin oxime 200 mg.
dissolved in 50 ml. of 95% ethanol was refluxed for 1.5 hours. The solu-
tion was vacuum distilled to dryness, eveporated down with s small amount
of benzene, and then talen up in 40 ml. of benzene (with werming). After
chromatography on & 14 x 1.7 ci. column, development with 50 ml. of benzene-

ethanol (30:1), and brushing, bthe presence of the following zones was

revealed:

9 sky blue (empty top section)
40 dark gzreen (trens-snisoin oxime)
37 blue (interzone)

1 dark brown (cis-anisoin oxime)

After elution of the trans-zone with 125 ml. of dry ethanol-ether

C1s 1) and enalyticel recovery, 185 mg. of oily trans-oxime was obtained.
9 (7

On crystallization from 0.6 ml. of ether and drying, 124 ng. of crystals
were obtained (m.p. 125-125.5°). The cis-zone was eluted with L0 nl. of
dry ether end eveporated under "standard conditions". The cis-oxime was
obtained as 6.3 mg. of en oil. The oil was dissolved in 0.6 ml. of ben-

zene, filtered through a filter stick, and eveporated to 0.1 ml. with 2
carhon dlo :ide jet. On scratching white crystals appeared. These were
centrifuged and dried at 55° and 20 mm. for 15 minutes (m.p. 120-121°
In a simultaneous blank experiment (without refluxing) 1.6 mgz. of the
cis-oxime was recovered from the same amount of trans-anisoin oxime.
The extent of heat isomerization was thus 2.5%.

Colum catalysed isomerization of cis-znigoin oxinme.- The cataly-

tic influence of the adsorbent on isomerization during the chromatographic
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Cevelopment was determined in a2 "slow" experiment. A solution of 125 ng.
of ciswanisoin oxime in %0 ml. of benzene was chromatographed on a 15.5 x
1.7 cm. column and developed with 50 ml. of benzene-ethenol (3%0:1). By

the use of very weak suction the experiment was mede to last 3-1/4 hours.

After brushing the presence of the following zones was noticed:

L4 sky blue (empty top section)

L8 1light green (interzone containing the trang)

ca

dark brown (unchange& cis-anisoin oxime)

94  sky blue (empty bottom section)

After elution of the interzone with 60 ml. of dry ethanol-ether
(131) 13.7 mg. of the trans-isomer was obtained. Thus the "colwmn iso-
merization" amounted to 11% in this case. In & corresponding "short!

28

experiment the "column isomerization" was about 1%.
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Chromatographic Isolation of Homopterocarpin and

Venillin from Red Sandealwood
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In 1832 Pelletier™ begen the chenmical investigation of red sandal-

East Indies) Dby isolating

Qa

wood (a wood cultivated ia the Philippines en
the red pigment sentslin. Since that time a few colorless compounds have
: 5 § : ; - —_ 2
also been isolated, inecluding santal, 013H1005, obteined first by Weidel
3, . , i
and later by Reudnitzand Perlmenn;” homopterocarpin, CsiHz.0s, and ntero-
carpin, OzyFyg0g, isolated by Cazeneuse and Hugouneng. In more recent
years the two later compounds were isolated sgain, in attempts to deter-
. . 5 . . )
mine their structure, by Dieterle and Stegemenn,” Dieterle and Leonhardt

(-1

Revdnitz and Perlmann,3 Spath and Schlager 7 Leonhardt and Fe;; Leon-~
a9 . o 10 ..

hardt and Oechler” and by Mc Gookin, Robertson and Whalley. Finally,
ol L ; . o §4 9

in 1940, Spath and Schlager ~ reported the isolation of pterostildene,

C1gH1603 from red sendalwood.

There has been considerable disagreement concerning the degree of

=4

purlity end structure of some of the compounds of this group. Avparently

led to gzive pure homopterocarpin since its

}._ln

reneated recrystallizations fa
melting point reported by earlier suthors was U4 to 5 degrees below the
nelting point obtained by Spath and Schliger after a distillation in high
. . o 11
vacuun. Only oterostilbene (Formula I) has been definitely clerified.

5 - 12 . — 5 o e
Speth and Xromp subsecuently confirmed this structure by synthesizing
the comvound. A probable structursl formula for homopterocarpin (II) has
been suggested by Spath and Schl@éer.T

It should be remarked that stilbene derivatives are not ag rare in
. ; . . . 13 5
neture as it was suvovosed earlier. In 1930 Asshine and Assno™ isolated

s stilbene, "Hydrengesssure" (III), from Hydrsngee leaves. In 1939,

.
E:r:'rl’cman“'21L obteined "pinosylvin" (IV) 2nd its mono methyl ether (V) from
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. - 15 ; ;
silver pine wood while Kawamura - revorted the isolation of the aglucon

"Rhapontigenin® (VI) from rhubarb roots. In 1540 Takaoka16 isolated
"Resveratrol" (VII) end "Hydroxy-resveratrol! (VIII) from white helle-
bore.,

It can bé seen (I - VIII) that nost of these compounds are closely
related, being mainly hyvdroxy or methoxy stilbenes. The chence isolation
of stilbenes from these different classes of plante indicates that = more
systematic search mey be advisable.

Since we have shown (Chepter I) that chromatography can be of great
use in the field of gtilbenes, it was assumed that other stilbenes besides
pterostilbene could be isolated from sandalwood by evolication of the brush
method. Permengsnate seemed to be 2 suitable reagent. However, due to
National Defense Work it was necessary to discontinue this investigation
prematurely. Thus the meterial presented is incomplete.

In the present investigation the isolation and chromstogrsphic puri-
fication of homopterocarpin is described. DRepeated crystellizations from
methanol falled to remove 21l the impurities while a single chromatographic
purification apparently gave a pure product. Furthermore, vanillin (HO)
(0CH3)CgHa.CHO, was isolated in smell smounts by means of chromatography
end identified as the 2,U-dinitrophenylhydrazone. Since vanillin fre;

cuently occurs in woods, it's isolation from sandalwood is not surpris-

ng. In addition, severasl other substances were obteined by chromato-

-te

greohy, but crystallization attempts were unsuccessful in the short time

aveilable for this research.
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xoperimental

The red sandalwood was obtained from S. B. Penick and Compsny in
New York. This was rasped "Red Szunders" of = U.S.P. grade.

In order to prepare the vood for the extraction, 775 g. was ground
in an electric Wiley Mill (o.1) to 20 mesh size and then packed into &

2 liter percolator. The percolation was made continuous by placing the

2 liter receiving flask in 2 hot water bath and conducting the hot ether
spors through a side arm to the condensers sbove the nercolator. The

naterial was extracted with peroxide-free ether for & hours end then

allowed to stend in contact with ether for 16 more hours. This procedure

was continued for three days.

The first portions of the dark red extrzct showed a brillisnt green
fluorescence even in sunlight. After %6 hours the percolate cominz down
was nearly colorless although the wood still retained a red coloration.

The dark extract was concentrated in vacuo to about 200 nl. with
the inlet connected to a carbon dioxide generator. The concentrate was
decanted from red resins, wvhich formed a coating on the flask walls, into

s

1 liter of carbon tetrachloride. A voluminous red precipitate of the

&y

pigment santalin intermixed with resins separated. In order to remove

-

the latter more completely, the ether was distilled off. In zddition the
liquid was refluxed for U5 minutes to remove occluded colorless material
from the precipitate. After cooling and filtering, the carbon-tetrachloride
was removed by vacuum distillation. The tarry residue (25-30 ge) vas

teken uwp in 1 liter of ether and placed in a 2 liter Scuibb separatory

funnel for the following fractionation by means of alkali.
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A preliminary extraction with weak 2lkali was carried out by allow-
ing 1 liter of 0.5% acueous KOH to drop through the ether solution. (4ny
agitation of the mixture would result in a bad ermilsion). The dark
agueous extract was continuously drained from the bottom of the funnel
éirectly into dilute hydrochloric acid in order to prevent oxidation of
the phenolates. A tarry oil sppeared; it was taken up in 800 ml. of ben-
zene and dried over sodium sulfate (Fraction 1).

Following the initial weak z2lkali extraction a similer extraction
was carried out with U450 ml. of 5% aqueous KOH., The last portion of the
extract was nearly colorless. After acidifying as described azbove an oil
appeared vhich was teken uwp in 1 liter of benzene and dried over sodium
sulfate (Fraction II).

Fraction III was obtained from an additional extraction with g
liter of 5% potassium hydroxide solution. The vhenol- content was trans-
ferred to 1 liter of benzene by acidification. This frection corregponds
to that solution from wvhich Spath isolated 3,E-dimethoxy-ﬁ'-hydroxy-Stilbene
by lengthy extractions.

" i
Up to this point the procedure of Spath and Schlager™™ was followed

except for some modifications.

Isolation of homopterocarpin.- The residusl yellow ether solution

conﬁaining e neutral portion (Fraction IV) was washed slkeli free, dried,
and evaporated completely in vacuo. Crystallization soon started in the
viscous residue. The oily crystals were transferred to a smell »procelain
morter and rubbed with 75 ml. of cold methenol. Most of the oil went into

solution vhile = voluminous crystalline vprecipitate sppeared. The latter
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Was centrifuged and the liguid decanted. The crystels were stirred

with 20 ml. of cold methenol in the same tube and centrifuged =agsin.

These operations were tvice repeated. A yield of 7.0 g. of crude yellow-
ish crystels was obtained (1% of the woo&). The crystals contsined some
01l end were further purified by crystallization from methanol. Four zund
a half grams wére stirred with 80 ml. of methanol for a2 few minutes ot
Lge, The solution was decanted from a little oil and filtered. Oa 2llow-
ing the liguid to cool slowly, rosettes of very pale yellow needles formed.

e

ter for 1 hour, filtering, and drying, 2.

AN

After standing in ice wa g. of

(i)

crystals were obtained. M.P. 81l.5 - 83%°, Illicroscopic examination revealed

the presence of a few small plates emong the predominating large needles.
Smell scale experiments revesled that the material could be further

ourified by chromatograpvhy on zctivated zlumina. Two hundred mg. were

dissolved in 25 ml. of benzene and developed on a column (19.2 x 3.2 cm.)

of "minus &0 mesh Alorco activated alumina' with UOO ml. of benzene.

Since the =adsorbent remsined colorless end non-fluorescing, a 1% solution

of pernangenate was used as a brush reagent. In the folloving scheme the

figures on the left denote the width of the zones (in mm. ), while those

on the right give the time (in min.), which is necessary for the permengenate

stresk to turn light brown:

17 nearly empty 15
20 Yby-product %
g 5 it i} 7
60 mein zone 5

78 empty section 20
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The mein zone was eluted with 100 ml. of dry ether. On evsporation
165 nmg. of colorless oil wes obteined. This was dissolved in 5.5 ml. of
mnethsanol =t 09, sucked through = filter stick, and cooled in ice. Rosettes
of colorless needles copeared. The crystals were collected in a micro
centrifugsl filtering vesmels ] HBinse only 66 mg. was obtezined, consid-
ersble material remained in the mother licuor. The melting »oint was
87.5-88.5° (corr.). The substence is very soluble in benzene or ether,
moderately solu%le in methenol, and insoluble in water and vetroleun-
ether (B.P. 60-70°). It hes = satursted character, since it does not
reduce permangenate at 20° in a2 dilute alcoholic solution. The properties
and meiting point of 88-89°7 indicate that the compound is homopterocerpin (II).
7,106 mg. subst.: &.241 mg. COg; 1.619 mz. Hp0
4.887 ng. subst.: 10.34 ml. 0.02 N thiosulfate
Caled. 017H1604: C 71.80; H =.68; OCHz 21.82
Found: € 72.40; H 5.8%; OCH3 20.91

Prelininery exveriments on fractions I - IITl.- 1In order to determine

the composition of the first three. fractions, small scale experiments were
cerried out. Fifteen ml. of the benzene solution from Fraction III was
chrometographed on a column (17.5 x 1.7 em.) of Neutrol Filtrol-Celite

535 (5:1) and develoved with 60 ml. of benzene. No portion of the column
fluoresced in ultra-violet light, and only & trace of visible maroon wes

noted near the top. On brushing with 19 permengznate the following zones

=

were locabed:



3 turns the stresk light browa repidly (10-15 sec.)

18 B L ¥ 8 " very slovly (15 min.)

@ " i 1 1 W rapidly

1k b B P b " slowly (interzone)

17 " 1 n u N papidly
115 " " L " " yery slowly (empoty)

One of th 1e zones vwhich rapidly decolorize permenganate should con-
3 & o0 ll i
tein the stilbene of E. Spath and Schlsger,” while the other two zones
ney contain additional stilbenes.

When 2 saxple of Fraction II was developed on Neutrol Filtrol-
Celite several red and blueish (visible) hends were formed. In addition,
the permangsnste strezk revealed 2 brosd zone wvhich reacted in a few
seconds with permenganate. This zone was probebly heterogeneous since

sections of the streak rezcted a2t different rates.

Isolation of vanillin from red sendslwood.- An attempt was made

to chromatogreph directly the tarry residve from the carbon-tetrachloride
evevorstion before the slkali fractionestion: (see above). Two grams of
this tar correspondinz to 75 g. of wood was dissolved in 100 ml. of chloro-
form and, after dilution with 1 volume of benzene, developed on Neutrol
Tiltrol (27 x 7 cm.) with 1200 ml. of benzene containing Lg% ethanol.

Seversl colored zones sppesred. On brushins with permengsnste the fol-

loving results were obtained:



22 maroon (reacts rapidly with permangenate)

23 light red (¥ u L . )

50 #iolet (n 1 1 it )

25 faint pink( " B “ . )
5 dark brown (reacts instantaneously with permenganate)
L 1ight brown( ¥ n Y B )
L light blue (" 4 L L )

147 colorless (no reaction " t )

Heny of these colors spperently are due to cormlex formation of
phenols with the adsorbent. If the colorless compounds in the initial
tarry residue are first filtered through calcium cerbonate and the nearly
colorless filtrate is rechromstogrephed on Feutrol Filtrol, the secuence
of colored zones descriﬁed 2bove reapnears.

After elution of the region around the 5 mm. zone with 300 ml. of
aléohol-ether (1:1) enéd eveporation, 550 mg. of a lizht brown solid was
obtained. A solution of U450 mg. of this materizl in 30 ml. of chloroform-
benzene (1:1) wes developed on Neutrol ¥iltrol (e1 x He9 cm. ) with 1600
nl. of benzene. The only visible zone was a 30 mm. dark brown one nesar

the top, while 1% permengsnste located the following zones:

16 (reacts instently with permengsnste)

31 (" slowly u n )
Lo instently " B )
160 ( very slowly)

The 16 mm. zone was eluted with 150 ml. of slcohol-ether (1:1) =nd

s , £
yielded, after removal of the solven, in vacuo, a brown paste which



slovly solidified. Orystalli.ation attempts were unsuccessful.

Elution of the U4 mm.-zone with 120 ml. of elcohol-ecther snd evepora-

tion yielded a yellowish oil with 2 strong odor of venillin. In order to

identify the latter, & solution of the oil in 6 ml. of 3 N.-hydrochloric

acid wes trezted on 2 water bath with & warnm solution of 50 mg. of 2,4

v

; g " oy D
linitrophenylhydrazine in 6 ml. of 3 N-hydrochloric acid. The floc-
cuvlent brick red precipitate was recrystsllized from & hot dloxane-water

csolution (1: 1) and yielded severszl milligrams of crystals. The n.p. was

260-262° (with decomposition) instead of 265%-2065¢
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Part IV

Hodel Experiments Directed Toward the Synthesis of

Quinine



Part T

The chromatographic brush method, with permangenate as brush res-
gent, has been used for the detection, separation and estimation of the
cis- and irans-forms of stilbene, p-methylstilbene and p-methoxystilbene.
In a nixture coﬁposed of two stereoisomeric compounds, 1-2ﬁ of either form
can be detected. The method can be used for the study of the intercon-

version of stilbene cig- =and trans-isomers. Fluorescent contaminents can

be removed by chromatogrephy in ultraviolet light.

Part II

Pntacy

The chromatogrephic brush method, with an ammoniacsl covper solu-
tion as color reasgent, has been used for the detection and separation of
cis~ and trens-benzoin and anisoin oximes on Neutrol Filtrol colums.

In 2 nixture composed of two stereoisomers, 1-2% of either form can be
ranidly detected in the presence of the other. Some data cencerning the
interconversion of stereoisomeric oximes is given, end the influence of

the adsorbent on the cis-trans shift is discussed.
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1

reliminery chromstogrephic investigation of some colorless
nts of red sandalwood hag been carried out. The chromato-

solation and purification of homopterocerpin and vanillin

Pary IV

Sy Y

lodel experiments directed towards the synthesis of culnine

B

heve been cerried outb.



Propogitions
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Provogitions

Tes The catelysis of the isomerization of cig- to trans-ethylenes Dby

different types of substances can be explained if two separste mechanisms
are zssumned to exist. One reaction vath is followed in the presence of
a substance such as BFg which is cepsble of combining with a pair of
electrons and involves a carbonium ion intermediate. A different course

s followed when the resction is catalyvsed by a substance with an odd

e

® 3 ~ b I ) 3 I
electron such ag Br or Na°® znd involves a free radical intermediste.

References:
C. C. Price and M. Meister, J. Am. Chem. Soc., 61, 1595 (1939).
R. G. Dichinson and H. Lotzkar, J. Am. Chem. Soc., 59, 472 (1937).

R. Kuhn, in K. Freudenberg's "Stereochenmie®, F. Deuticke, Leipsic,

2 The electrolytic reduction of oyridine or alkyl substituted pyri-
dines in an agueous sclution at low acid concentration results in the
formation of large cuantities of the corresponding &) of- end 7,7'-
dipiperidyl. The reduction in an acueous solution at high acid concen-
A

tration gives good yields of the corresvonding oiperidine and only small

<

a

amounts of dipiperidyls. These facts can be expleined by & primary
attack of stomic hydrogen on the nitrogen followed either by intermole-
cular condensation of the resulting free radicsl or by further reaction
with atonmic hydrogen. The dihydro-molecules are subsecuently completely

reduced.
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References:
C. J. Brocknan, Electro-Crganic Chemistry, John Wiley and Sons,
Inc., New York (1925).
J. Tefel, Z. physik. Chem., 34, 220 (1900).

B. Emmert, Ber., 46, 1716 (1913).

s The ultreviolet irradiation of trans-p-methoxystilbene leads to
2 mixture containing more then 60% of the gig-isomer. A gimilar irradia-
tion of trems-p-hydroxystilbene falls to give an aporeciable cquentity of
of the cis-isomer. These facts can be explained by an isomerization
mechenisnm involving CgHg-CHa-CH = CgHy = O vhich is a tautomer of p-

hydroxystilbene.

References:
E. Spéth and K. Kromp, Ber., 74, 867 (1ch1).
M. Tekesoka, J. Feculty Sci., Hokkaido Imp. Univ., Ser. III, 3,

1 (19k9). ©. A. 34, 7887 (190).



4, The following synthesis of 6'-methoxy-9-hydroxy-rubane

is proposed:

& Ly ?HQGH2BP o THeCHeBr - o GH, GH, Br
7 7
' K.CO
N ‘ KNHQ E;ﬂ electrolytic, [ﬁ] 2 3 “_[T]
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References:

A.BE. Chichibhbin, Bull. soc. chim., (5), 5, 436 (1938).
A. Kauffmann, M. Kunkler and H. Peyer, Ber., 46, 57 (1913).

P. Rabe and G. Hagen, Ber.; 74, 636 (1941),
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b o and¥picolines react with the alksli =znides to form colored
salts. These sa2lts cen then be treated with alkyl helides to split
out the elkeli helide end lengthen the pyridine side chain.

dhichibabin has recently attempted to generzslize this resction to
include all 21kyl groups. However, hngas unsble to obtain satisfactory
vields with compounds containing an active halogen. I propose thst this
reaction can be made 2 preparative method with such active helides
under the prover conditions.

The fzilure to obtain the expected product with the groun

XCHRCOGC-Hg is due to =n snomolous reaction of the & ester group aad

References:
A. E. Chichibabin, Bull. soc. chim., (5), 5, 436 (1938).

F. ¥. Bergstrom end W. €. Fernelius, Chem. Rev., 20, 413 (1937).

s Recent evidence indicates that phenolic stilbenes mey be cuite

mts. I propose that they mey have fungicidal and
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insecticidal properties and thus 2id in wood preservation.
The similarity in structure of these natural stilbenes isolated

from different sources indicates & common blosynthesis.

References:
E. Spith end J. Schl¥ger, Ber., 73, 881 (19k0).
H. Brdtmen, Ann., 539, 120 (1939).

This Thesls, Chapter III.



Y

e A systemstic spplication of the chromatogrsphic brush method to
the isolation of colorless substances from natural products such as

sandalwood and the conifers is desirable.

g. A commercisl charging device designed to lengthen the life of
radio MB® battéries wes developed a few years ego. Since this recharg-
ing only lengthened the life of the dry cells by a factor of two or three
times, 1t has been proposed that this "recharging" merely mekes available
vrart of the large smount of unused naterial in the cell.

I propose thet under the proper conditions this is a "semirevers-
ible" process with en ampere hour efficiency of about 90%. The failure
of 2 new dry cell to use more then 20% of the aveilsble materizl may be
due to the formation of a coating of menganic hydroxide over the active

-

mengenese CGloxide particles.

o Discharged flashlight dry cells when not corroded or dried out can
be recherged to give a second discharge subétantially equivalent to the
initial discharge. The current scarcity of flashlight batteries could
be alleviatedvby recharging the "dezd" cells. This would result in the
saving of large cguentities of zinc and mengenese. The cost of the

electricity used in the recherging is 0.0l cent per cell.

10. The installation of s few large piéces of ecuipment such as a 20
gellon glass-lined steam-jacketed kettle, a lead-lined reaction vessel,

and "Lightnin" mixers would a2id considerably in the preparation of syn-

thetic chemicals in the organic chemistry department.





