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ABSTRACT

The syntheses of the isomeric hydroxyh and methoxychlorostilbenes

(I) and the corresponding hydroxybibenzyls (II) have been investigated.

Incidental to their preparation, the methoxyphenylchlorobenzyl carbinOls

(III) have also been prepared. Thirtybsix compounds, excluding deriva-

tives, have been synthesized and.the majority submitted for pharmaco-

logical testing. Six of these compounds have been reported in the

literature.

,-CH=CH—/\ "E 2 g/ ' \>-CHz-CH2.

0H C1 OH C1

(OCHs)

I. II.

OCH3 OH Cl

III.

The method of attack which.appeared most suitable was to prepare

substituted stilbenes of type I and reduce them.cataly1ically to hip

benzyls of type II, as there were several examples reported in the li-

terature for the reduction of chlorostilbenes to chlorobibenzyls (1).

Among the methods of synthesis investigated for the preparation of

the stilbenes were (a) the Meerwein reaction, (b) conversion of mixed ben-

zoins into the stilbenes by simultaneous reductionpdehydrationg and (c)

the Grignard reaction. Of these methods, the latter proved to be the

most satisfactory for general use.



ii

The Heerwein reaction (2) appeared most promising inasmuch.as h-

hydroxybh'-chlorostilbene was reportedly obtained in 56% yield by'Meer-

main at. al. (2). However, the yields of this same compound in the

present investigation were considerably lower and averaged 22%. The

application of this reaction for the preparation of three other isomers

proved unsatisfactory and its use was abandoned.

A second.method'was the attempted conversion of mixed.benzoins (3)

by simultaneous reduction-dehydration using zinc and hydrochloric acid,

into the stilbenes (h). The yields in the latter step were so low that

the method was abandoned.

The Grignard reaction (5) between the methoxybenzaldehydes and chloro-

benzylmagnesium chlorides gave the corresponding methoxyphenylchlorobenzyl

carbinols (III) in good.yield. It was found possible to dehydrate these

carbinols to the methoxystilbenes (I), but the conversion of the latter

to the hydroxystilbenes proved difficult at first; normally used methods

gave low yields of the desired product. HOWever, after finding the axe

cellent demethylation procedure of’BuuPHoi and Hoan (6) using pyridine

hydrochloride at.about 200‘, not only was it possible to demethylate the

methoxystilbenes in good.yield, but also to demethylate and dehydrate the

carbinols in one step to give the hydroxystilbenes.

Reduction of the stilbenes to the bibenzyls proceeded rather diffi-

culfly. Either “:2 Raney nickel (7) or copper chromium oxide gave in the

neighborhood of 50% yields when used at 50-70‘ with hydrogen pressures of

100051500 p.s.i.

The p-chlorobenzoyl derivatives of the bibenzyls were prepared using

p—chlorobenzoyl chloride. The interconversion between methoxya and



hydroxystilbenes, and the ready dehydration of the carbinols to either

of the above two types of compounds, made it unnecessary to prepare

derivatives of these compounds.

All the compounds were analyzed for chloride as follows. The comp

pounds were fused with sodium peroxide, the chloride precipitated.with

excess standard silver nitrate solution, and the excess silver titrated

with standard thiocyanate solution.

1.

2.

3.

h.

5.

6.

7.
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INTRODUCTION AND HISTORICAL

During the past several years at Michigan State College, a number of

substituted diphenyl methanes have been prepared and submitted to pharma-

ceutical testing. The purpose of this investigation was to extend this

series of compounds to the isomeric hydroxy-(and methoxy)-chloro'-stil-

benes and -bibenzyls (See Figure l) which have been synthesized and sub-

mitted to Eli Lilly and Company for testing against tuberculosis.

Several examples have been reported in the literature (8) for the

reduction of chlorostilbenes to chlorobibenzyls, (Figure 6), consequently

the method of attack which appeared most suitable in this work was to

prepare the necessary series of substituted stilbenes and then reduce them °

to the corresponding bibenzyls. The availability of intermediate reagents

was an important factor in the choice of methods of synthesis which were

used in this laboratory. ‘

At the outset, the Meerwein reaction (1), (2), (3), appeared most

promising inasmuch as h—hydroxy-h'—chlorostilbene was reportedly (1)

obtained in 56% yield (Figure 2). However, for this same compound the

yields in the present investigation were considerably lower and averaged

22%. Moreover, the application of this reaction for the preparation of

most other isomers proved much less satisfactory;

A second method involved the conversion to stilbenes of mixed ben-

zoins, prepared according to the procedure of Buck and Ida (h), by si—

multaneous reduction-dehydration (Figure 3), as has been done by Finkel-

stein and Linder (5) and Ballard and Dehn (10). The yields in the lat-

ter step were so low that the method was abandoned.



The Grignard reaction (Figure h) between the methoxybenzaldehydes

and chlorobenzylmagnesium chlorides, which has previously been used for

the preparation of substituted stilbenes by Jenkins and Richardson (6),

Hell and Hofmann (7), Bergmann and co-workers (8), and Orekhoff (20), was

shown to give the correSponding methoxyphenylchlorobenzyl carbinols in

good.yield. It was found possible to dehydrate these carbinols to the

methoxystilbenes (Figure 5), in a variety of ways, including distillation

(7), heating with acetic acid and hydrochloric acid (6), and boiling with

acetyl chloride and hydrogen chloride in acetic acid. Bergmann and co-

workers (8) have dehydrated 2-chlorophenylbenzyl carbinol in 80% yield

by treating the carbinol with acetic anhydride to form the acetate and

then heating the acetate to 300°.

Conversion of the methoxystilbenes to the hydroxystilbenes was not

practically achieved until the excellent demethylation procedure of Buu-

Hoi and Hoan (9), utilizing pyridine hydrochloride (Figure 5), became

available. Not only was it possible to obtain the hydroxystilbenes from

the methoxystilbenes, but it was possible to demethylate and dehydrate

the carbinols directly to the hydroxystilbenes in one step. Bergmann and

Schapiro (2) failed to demethylate the methoxystilbenes by boiling with

h8% hydrobromic acid. This was also found to be the case in this laboratory.

Reduction of the stilbenes to the bibenzyls (Figure 6) was accome

plished through the use of Raney nickel at pressures varying from 75 to

100 atmospheres initial hydrogen pressure and temperatures ranging from

50 to 75°. Bergmann and coeworkers (8) reduced me and p-chlorostilbenes

to the correSponding chlorobibenzyls with Raney nickel at 16° and 762 mm.

mercury. Altogether thirty-six compounds were prepared, six of which are

reported in the literature.



The carbinols were characterized both by dehydration to the corre-

sponding methoxystilbenes, which are solids in most cases, and by demethyl-

ation—dehydration with pyridine hydrochloride to the hydroxystilbenes

which were all crystalline compounds. Similarly, the methoxystilbenes

were easily demethylated to the hydroxystilbenes for characterization.

The hydroxystilbenes were methylated to the methoxystilbenes in six cases.

The hydroxystilbenes were all hydrogenated to the hydroxybibenzyls, which

were crystallizable except in three cases. In the single case where

neither hydrogenation nor methylation gave a solid compound, the chloro-

benzoate derivative of the hydroxystilbene was prepared. The nine hy—

drorybibenzyls were also characterized by preparation of the chloroben—

zoates which were all easily crystallizable substances.

Substituted stilbenes have most generally been prepared in other

laboratories by variations of the Perkin reaction; the carboxylic acid

intermediates which were obtained were decarboxylated by various means to

give the stilbenes. The overall yields appear in most cases to parallel

the yields obtained with the Grignard method in the present work.

Benzaldehydes, substituted with methoxy, hydroxy, methyl, or nitro

groups, have been condensed with nitrOphenyl acetic acid in the presence

of pyridine or piperidine at elevated temperatures by Kauffman (12) and

Cullinane (13), yielding substituted nitrostilbenes in a single step.

Instead of pyridine or piperidine, acetic anhydride has been used

with the sodium salt of the substituted phenylacetic acid by Pschorr (21),

'Werner (22), Bergmann and Schapiro (2), Zincke and Geibel (23), Funk and

Kostanecki (2b), and Lewis et al. (25), all of whom first obtained the

carboxylic acid intermediate which they decarboxylated by various means.



Substituted benzaldehydes were condensed with dinitrotoluene in a

modification of the Perkin reaction by Cullinane (13), Pfeiffer (11,

1h), Thiele (15) and Sachs and Hilpert (16), in yields as high as 90%

(15). A much lower yield using a substituted mono-nitrotoluene was

claimed by Chardonnens and Heinrich (17).

Anschutz (18) and von Auwers (19) found that aryl esters of cin-

namic acids when heated underwent decomposition with loss of carbon di-

oxide to give stilbenes.

Substituted stilbene carbomlates were obtained by Fuson and Cooke

(3) in yields of around 20% by means of the Reformatsky reaction.
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DISCUSSION

I. GENERAL DISCUSSION OF STILBENES AND BIBENZYLS.

A. Structure and Properties.

An: attempt to find generalizations about physical properties as

related to structure of the stilbenes and bibenzyls reported here, was

limited to a few generalizations which.£ollow:

1.

2.

3.

The hydroxystilbenes were always the highest melting isomers

relative to the analogs which contained substituted groups

in the same position.

The h'-chloro isomers of a given series were always higher

melting than the 2'-chloro with one exception -— 2-hydroxya

2'-chlorostilbene melted higher than 2—hydroxy-h'-chloro-

stilbene by twelve degrees. Meta isomers generally melted

lower than ortho or para.

The oemethoxycarbinols melted unusually high, possibly due

to forces acting between the methoxy and hydroxy groups.

These properties in general are what one would predict.

When models were constructed using Fisher-Hirschfelder-Taylor models,

which in theory closely approximate the size of the atoms as well as their

spacing, the £011owing observations were made.

1. In the carbinol series there can be free rotation of all meme

bers when the molecule is twisted into certain positions (with-

out strain). When the hydroxy- and chloro- atoms are substi-

tuted in the respective ortho positions, the hydroxyl groups

may come into contact with one another, or, each of the hy-

droxyls may come into contact with the chlorine atom, either

independently or simultaneously, by preper rotation of parts of

the molecule.

In the bibenzyls, the chlorine and hydroxy groups can come into

contact when they are both in the ortho position; any part of

the molecule may undergo free rotation.



3. In the cis stilbenes, there cannot be free rotation of the phenyl

groups if the ortho positions are substituted. If the hydroxy

and chloro atoms are both ortho, they may be either close to-

gether, or else at maximum distance opposite one another.

h. In the trans stilbenes, there can be free rotation of the phenyl

groups. Substituted groups in this case probably do not ap-

proach closely enough for forces to interact.

B. Chemotherapeutic Value

A majority of the samples were submitted to Eli Lilly and Company

for pharmacological testing against tuberculosis. Although in vitro tests

with the hydroxystilbenes showed activity in dilutions of about one part

per million, the in vivo tests showed little of the desired activity. The

solubility of these compounds is quite low in aqueous medium, thereby

limiting their activity. Kostanecki (he) has prepared the aryloxyacetic

acid derivatives of some hydroxystilbenes. This type of derivative prob-

ably would be more satisfactory for pharmacological testing since its

alkali salts would be soluble.

Certain dialkyl stilbenes and their reduced analogs have been pre-

pared and tested for carcinogenic activity (h7). Stilbenes have been

tested for estrogenic activity, (h8, L9), and as possible trypanocidal

agents (50). Haskelberg and others (51, 52) have investigated certain

substituted stilbenes as possible lipOphilic chemotherapeuticals which

could penetrate the waxy'wmlls of certain bacteria.

C. Absorption Spectra

Hewitt, et al., (hO) have shown that the stilbenes and hydroxystil-

benes in alcohol, and the methoxystilbenes in sodium hydroxide, all ab-

sorb light similarly. The absorption spectra shift markedly, however,

for the sodium salts of the hydroxystilbenes, from a maximum at #000 to

a maximum at about 3600 oscillation frequency unite.
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II. CARBINOIS BY THE GRIGNARD REACTION.

A. Preparation.

The complete series of nine different carbinols of the formula shown

in Figure 14 was prepared by the addition of o, m or p—methoxybenzaldetwde

to a suitable Grignard reagent prepared from o, m or p-chlorobenzyl

chloride as outlined in Figure l; and described in detail under Part II A,

Experimental.

m—Hethoxybenzaldehyde and m-chlorobenzyl chloride "were synthesized

(see Part I, Experimental), whereas the other four intermediates were

purchased. The average yield of Grignard reagent for ten preparations

was 92%. The yield in the Grignard preparation was essentially the same

for the three isomeric chlorobenzyl chlorides.

The preparation of h-methoxyphenyl-Z '-chlorobenzyl carbinol is des-

cribed in detail, whereas only pertinent information regarding the prep-

aration of the other carbinols is given. Jenkins and Richardson (6)

have prepared h—methonphenyl-T-chlorobenzyl carbinol by this method.

During the addition of the aldetwde to the Grignard reagent, a

gentle reflux occurred until about three fourths to four fifths of the

carbonyl compound had been added. At this point reflux generally ceased.

This was taken to mean that the desired addition reaction was no longer

taking place. Furthermore at this point the mixture had in most cases

bacon thick and difficult to stir.
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The addition of the aldelwde was carried out rapidly, usually during

an hour or two, and the mixtire was hydrolyzed immediately. This was done

because of the following result obtained in the case of h-methoxyphenyl-

2'-chlorobenzy1 carbinol. In one of the first preparations, when the

mixture was refluxed for one or two hours following addition of the al-

dotmde and permitted to stand overnight, the yield of carbinol decreased

and purification was very difficult. The impurity was finally isolated

by reason of its slower rate of solution in dieth ether. Recrystall-

ization from ethanol or ligroin gave colorless prisms, m.p. 96.5.sharply.

This comound showed no depression of melting point when mixed with an-

otlrnr unidentified product obtained in small yield by reduction of

h-nethoxy-Z'-chlorobenzoin in hydrochloric acid with zinc. (See Part III

A, Experimental). Since the only compound which might arise from both

reactions is the corresponding desoxybenzoin (h-methoxypherwl-Z'-chloro-

benzyl ketone), a single attempt to reduce the unknown compound to the

corresponding carbinol was made. The catalyst used was Raney nickel

(admittedly not the best catalyst for this type of reduction); only the

unchanged starting material was isolated.

This presumed desoxybenzoin of m.p. 96.5‘ could reasonably be pro-

duced by an Oppenauer oxidation as shown by the equation:

has
CH30-Cem-CHO + Cfiao—Cslh-CHCHzCeH‘CJ- “‘—

 

caadcsm-CHZOMgm + Chadcsm-cocnz-cemcn

Evidmce in support of this mechanism was also offered by Meisenheimer

(26) who isolated propiophenone as a product of tie reaction between
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excess benzaldehyde and ethyl Grignard reagent. The above equilibrium

might be attained only slowly. Hence, by using no excess aldehyde and

by hydrolyzing the reaction mixture before equilibrium could be attained,

it appeared plausible that little or none of the by-product would be

formed. This was indeed the case when the hydrolysis was carried out in

the manner described on page h2.

At first the hydrolysis was carried out either by addition of min-

eral acid, or by addition of the theoretical amount of saturated ammonium

chloride solution. The latter method was preferable and was adOpted be—

cause it gave a lighter colored oil from which the crystalline carbinol

could be isolated more easily.

The solid which precipitated during the hydrolysis of the carbinol

complex by saturated ammonium chloride solution is probably mainly mag—

nesium chloride hexahydrate, which, after decanting the ether solution

and rinsing with ether, appears to retain up to 5% of the carbinol. This

carbinol could be recovered by dissolving the residue in dilute mineral

acid and extracting with ether.

B. Crystallization

Five of the nine carbinols were obtained, following hydrolysis of

the Grignard, by crystallization directly from their ether solutions

after first concentrating and cooling the concentrate to 0° for one to

three days in the refrigerator. If the prOper seed was available,

crystallization was quite rapid. (See Part II B, Experimental)., The

synthesis and purification of two of the carbinols was done before the

above method of isolation was worked out. These two carbinol isomers,
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h-methoxyphenyl-zlchlorobenzyl carbinol and 2-methoxyphenyl-2 '-chloro-

benzyl carbinol, were more tediously crystallized from the crude oils

by repeated extractions with ligroin as described under Part II A, Eb:-

perimental.

3-Methoxyphenyl-3'-chlorobenzyl carbinol could not be induced to

crystallize from alcohol, ligroin, ether, or toluene, either by cooling

to temperatures as low as -80’ and scratching the sides of the vessel,

or by setting at room temperature or in the cold for as long as two

months. Hell and Hofmann (7) reported that h—methoxyphenylbenzyl carbinol,

made by the Grignard method from anisaldehyde and benzyl chloride, would

not crystallize in the summer but did in the winter. The fact that these

two carbinols were prepared during the summer may have influenced their

reluctance toward crystallization.

Four of the carbinols, h-methomphenyl-Z'-chlorobenzyl, h-methoxy—

phenyl-h'-chlorobenzyl, 3-methoxyphemrl-2 '-chlorobenzy1, and 2-methoxy-

pheny1-2'-chlorobenzy1 carbinol, were purified by recrystallization

from ligroin. h—Methoxyphenyl—B '-chlorobenzy1 and 2-methoxypheny1-3 '-

chlorobenzyl carbinol were purified by recrystallization from ethyl ether. ‘

This is an uncomon solvent for recrystallization and rather difficult

to work with because of its volatility, but it was found that recrystall-

ization from ligroin in these two cases would not remove the impurities.

When the carbinols were crystallized from ether and dried, a white

powder resulted which gave crystals after a final recrystallization from

ligroin. 2-Methoxypheny1-h‘-chlorobenzyl carbinol was most easily

purified by recrysiallization from absolute ethanol.



Yields of the recrystallized carbinol varied from 26% in the case

of the 2-methoxy—2'-chloro- isomer to 82% in the case of the h—methoxy-

h'-chloro- isomer, being generally around to to 50%.

The melting points of the seven crystalline carbinols ranged from

6h‘ to 122‘, with six of them melting between 61;” and 83'. The three

carbinols containing the methoxy group in the ortho position had the

highest melting points in relation to corresponding isomers of the meta-

and para-methoxy series.

. Jenkins and Richardson (6), who also prepared h-methoxyphenyl-3'-

chlorobenzyl carbinol by the Grignard method, reported a melting point

of hB-hh' (corn). In this laboratory the compound was found to exist

in two isomorphic form, the less stable form, m.p. 37.5-38’, being

transformed easily to the more stable form, m.p. 5h.8-SS.2', by either

grinding the dry material on a clay plate or by recrystallization from

ligroin accompanied by scratching of the vessel. The higher melting

form could not be converted to the lower melting form. When the two

forms were mixed, melting began at 37', but on slowly raising the tem-

perature, resolidification took place with melting finally occurring

at 55’. Dehydration gave the expected h—methoxy-3'-chlorostilbene,

m.p. 9h-9h.6'.

G. Dehydration. (Also summarized in Table I).

Delvdration of the carbinols to the methoxystilbenes was accom-

plished by two general methods: (1), physically by distillation in

vacuo; (2), chemically by heating the carbinol with either a mixture

of acetic acid and hydrochloric acid or an anhydrous mixture of acetic



acid, mdrogen chloride, and acetyl chloride, prepared by addition of

excess acetyl chloride to concentrated hydrochloric acid. Tlmse are

discussed below.

1. Distillation was limited mainly to the oil remaining after

crystallization of the crude carbinol and evaporation of the solvent.

These reddish viscous oils distilled in the neighborhood of 18571 mm.

The dem'dration, occurring to a greater or lesser extent at a pot tem-

perature near 180°, was accompanied by much bubbling and by the col-

lection of water in the dry ice trap. Usually the clear or slightly

yellow colored distillate solidified on standing, but the solid showed

a wide melting point range, indicating that it consisted of a mixture

of the carbinol and its dekwdration product, the memoxystilbene. Dis-

tillation of the oils from all three m—methoxy carbinols gave clear

colored viscous liquids which could not be induced to crystallize. Pure

carbinols were distilled in only three cases, as discussed below.

Hydrochloric acid was found to facilitate the dehydration. Con-

centrated hydrochloric acid was shaken with ether, the ether decanted

and added to the carbinol in the distillation flask. By this method

pure h-methoxyphenyl-h'—chlorobenzyl carbinol was dehydrated in over 80%

yield in contrast to the oily residues from its preparation, which failed

to dotwdrate appreciably when distilled without the presence of mineral

acid.

Distillation in vacuo of pure 2—methoxyphenyl-3‘-chlorobenzyl car-

binol with mineral acid gave only 51% of the pure methoxystilbene, whereas

distillation in a similar manner of pure 2-methoxyphenyl-h'-chlorobenzyl
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carbinol gave even a lower yield (30%) of the dehydrated product. Thus,

the ortho-methoxy series of carbinols appeared to undergo dehydration

less easily than most of the other carbinols, even when mineral acid was

used in the distillation. The fact that the carbinols of the o-methoxy

series undergo dehydration more difficulty, and also have higher melting

points than the carbinols of the meta— and para-methoxy series, indicates

that chelation may occur between the twdroxy and methoxy groups when they

are ortho to one another.

2. Chemical delvdration was less effective than distillation in

the case of 2-methoxyphenyl—h'-chlorobenzyl carbinol, giving no delv-

dration wish the pure carbinol was heated six hours at 52‘ with a mix-

ture containing acetyl chloride, acetic acid, and hydrogen chloride, as

canpared to an optimum yield of 30% methoxy stilbene when the pure car-

binol was vacuum distilled with a little mineral acid. The large tem—

perature difference between the two methods may account for these results.

On the other hand, h-methoxyphenyl-2 '-chlorobenzy1 carbinol was demdrated

to the corresponding methoxy stilbene in 75% yield after six hours at 52‘

with the same dehydrating mixture used above.

Other chanical dehydrating methods which were used less successfully

(on h—methoxypherwl-2 '-chlorobenzyl carbinol) include tint of Jenkins and

Richardson (6) using concentrated hydrochloric acid in glacial acetic

acid, giving a yield of 32% h-methoxy—2'-chlorostilbene; acetic anhydride

at 135’ for 13 hours giving an oil which wouldn't crystallize; maleic

anhydride at 200' for one hour giving a poor yield; benzoyl chloride at

195‘ for one hour giving a 25% yield of methoxy stilbene. (See Table I

on the next page).



TABLE I

DEHYZRATION OF METHOXYPHENILCHLORO-

EENZXL CARBINOLS
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a Yield Pure

OCH3__ Cl Dehydrated Method Stilbene % Page

h 2 ' Oil 0 15 .

Crystals C 32 52

Crystals D 75 52

Crystals E b 53

Crystals F 10W' 36

Crystals G 25 16

Residue A 7 52

u 3 t Residue A 30 55

h h' Residue A b 15,h5

Crystals B 82 57

3 2' Residue A b 57

3 3' Oil A b 58

3 h' Oil A 33 58

2 2' Residue A 11 59

2 3' Crystals B 51 60

Residue A b 15,h8

2 ' h' Crystals D 0 16

Crystals 3 3O 60

Residue A b h9
 

a. Methods: A, distillation; B, distillation with.mineral acid; C,

hydrochloric acid in acetic acid; D, acetyl chloride, acetic acid, and

hydrogen chloride; E, acetic anhydride; F, maleic anhydride, G,_benzoyl

chloride.

b. No methoxystilbene could be isolated.
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III. METHOXICHLOROSTILBENES.

A. General.

The complete series of nine methoxychlorostilbenes was prepared by

various methods as shown in Figures 3 and 5. Several of them were syn~

thesized in at least two different ways, proving that the reactions used

were all straightforward, and thus eliminated the necessity of proving

the structure by degradation to known compounds. A

The methoxystilbenes were solids, except in the case of 3-methoxy-

2'-chlorostilbene, melting between to and 180’. As would be predicted

from the symmetry of the compounds, the lower melting isomer is 3dmethoxy-

3'-chlorostilbene and the higher is h-methoxy-h'-chlorostilbene. The

latter compound melts almost 100’ higher than any of the other isomers,

which may be due not only to a more symmetrical structure but also to

stabilization through resonance. The methoxystilbenes readily added bro—

mine from a dilute solution of bromine in carbon tetrachloride, or gla—

cial acetic acid. However, substitution also readily occurred and it was

not always apparent when addition was complete. Furthermore, the deriva-

tivesso formed were often difficult to purify, indicating that some sub-

stitution probably occurred. However, the qualitative difference between

the unsaturated stilbenes and the saturated carbinols and bibenzyls could

readily be determined by means of this test.

The hydrogenation of the methoxystilbenes was not generally attempt-

ad, but in.view of the relatively low melting points of most of the hy-



19

droxychlorobibenzyls (See Part V, Experimental), it is presumed that

these would probably be mostly oils at room temperature. In a single

case of hydrogenation.of h-methoxy-B'-chlorostilbene, using Raney nickel,

an oil was isolated which could not be crystallized. The product was

not characterized.

' The methoxystilbenes were generally quite soluble in toluene, but

crystallized nicely from absolute ethanol. Occasionally ligroin was used

for recrystallization, although the compounds exhibited greater solubil—

ity in ligroin than in ethanol. Glacial acetic acid was found to be the

best solvent for recrystallization of hamethoxybh'-chlorosti1bene.

B. Preparation.

The most useful method for preparing the methoxystilbenes was the

dehydration of the carbinols by distillation in the presence of a trace

of mineral acid. It was also possible to dehydrate the carbinols by dis-

tillation without mineral acid, in lower yield, or by means of chemical

dehydrating agents. This is discussed in the previous section on carbin-

01s.

The Meerwein reaction, which was used to prepare h-methoxy-h'-chloro-

stilbene, is discussed in the next section on hydroxystilbenes. This iso-

mer was also made by means of the Meerwein reaction by Bergmann and

Schapiro (2).

Methylation of the hydroxystilbenes was another convenient'way of

obtaining the methoxystilbenes, especially since the hydroxystilbenes

could be obtained easily in good yield from the carbinols in one step by

the use of pyridine hydrochloride at high temperature. This reaction is

also discussed in the next section on hydroxystilbenes. Methylations
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were carried out in dioxane since the potassium salts of the hydroxystil-

benes were so insoluble in water. Small amounts of hydroxystilbene were

generally used in the methylation reaction, so the yields are not too

reliable, but in most cases they appeared to be almost quantitative.

An unusual method of preparation of these compounds was by a modi-

fied Clemmenson reduction of the corresponding benzoin according to the

method of Ballard and Dehn (10), using zinc amalgam and hydrochloric acid.

The yield of the desired product was ouite low, but enough hamethoxy-2'—

chlorostilbene was obtained by this method of synthesis to check the

melting point with that of the same compound prepared by both the Grig-

nard method, and the heerwein reaction followed by methylation. A pro-

duct of this type of reduction which was generally isolated in slightly

greater yield than the desired methoxystilbene, was an unidentified sub-

stance melting at about 96°, identical with a by—product from the Grig-

nard reaction which produced h-methoxyphenyl-2'—chlorobenzyl carbinol.

The only compound which might logically arise in both instances is the

desoxybenzoin. This is discussed in the section on carbinols.

Bergmann and Schapiro (2) obtained h-methoxy-Z'-chlorostilbene

directly by means of the Meerwein reaction, and reported a melting point

of 6b°. This compound was prepared in this laboratory by three inde-

pendent methods, one of which involved preparation of the hydroxystil—

bene by means of the heerwein reaction, followed by methylation. This

compound melted over a range of half a degree at 60°. The other two

methods of synthesis used were through the benzoin and through the

carbinol, the latter prepared by the Grignard reaction.
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Bergmann and Schapiro also report in the same article that they

failed to obtain demethylation of the methoxystilbene by boiling in h8$

hydrobromic acid. The same result was obtained in this laboratory. Howb

ever, by using a reagent prepared by adding h8% hydrobromic acid to

acetyl chloride, and refluxing for a considerable length of time, a small

yield of the demethylated h-hydroxy-Z'-chlorostilbene was isolated.
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IV. HYDROZICHLOROSTILBENES.

A. General.

The hydroxystilbenes are all solid compounds with well defined melt-

ing points. They are easily methylated to the methoxystilbenes, as des-

cribed in Part III, Experimental, or they may be reduced to the bibenzyls

as considered in Part V, Experimental. All the methoxystilbenes are

solids suitable for characterization except 3-methoxy52'-chlorostilbene.

The p-chlorobenzoate of the correSponding stilbene was prepared as a de-

‘rivative in this case. The double bond in the hydroxystilbenes, although

it added bromine, did not hydrogenate so readily, indicating that it has

less of the character of an ordinary aliphatic double bond.

B. Preparation. (See Figures 2 and S).

l. Demethylation-dehydration by Pyridine Hydrochloride. The most useful

method of synthesis was the one step demethylation-dehydration of the

carbinol by pyridine hydrochloride at 200°, according to the procedure of

BuuéHoi and Bean (9). (See Figure 5). The yields varied from.h0 to 79%,

being usually around 60%. The mechanism.of this reaction may involve a

complex.which.mmst be decomposed by water, since on two occasions, at-

tempts were made to extract the products directly from the reaction mass

after cooling, before adding water, but nothing could be extracted by

either hot ligroin, or by ether. Following addition of water the organic

material was easily extracted by ether.



23

2. Demethylation of the Hethoxystilbene. The hydroxystilbenes were also

prepared by demethylation of the methoxystilbenes using a mixture of #8 °/°

hydrobromic acid and acetyl chloride. The yield was poor and did not

compare with that obtained by using pyridine hydrochloride at 200° as a

demethylating agent.

3. Demethoawmethylation of the Kethommethoxystilbene. Another route to

these compounds was demonstrated early in the work. This was the formation

of #-methoxymethoxyphenyl-2'-chlorobenzyl carbinol by means of the Grignard

reaction, (See Part II K, Experimental), and then dehydrating and cleaving

the ether group with acetic anhydride to produce the hydroxystilbene in

approximately 15 ’/° yield. '(See Part IV,.A, 2, Experimental). Finkelstein

and Linder (5) Prepared a methoxymethoxy substituted benzoin and were able

to split the ether group using a mixture of acetic acid and sulfuric acid.

llv. Meerwein Reaction. Four members of the hydroxystilbene series were

also prepared by means of the Meerwein reaction (1). (See Figure 2). These

were 3—hydroxy-4'-chlorostilbene, Lhydroxy-Z'-chlo‘rostilbene, h-hydroxy-

3'-chlorostilbene, and n-hydroxy-h'~chlorostilbene. The yields increased

in the order listed, being about 4 °/° in the first case and 22 °/° in the

latter case. huflydroxy-h'-chlorostilbene was prepared in 56 °/° yield by

Meerwein (1) by means of the Meerwein reaction. fl-Hydroxy—Z'-chlorostilbene

was also prepared by Meerwein (1) in much lower yield.

The mechanism of the reaction has been debated. Meerwein (l) postu-

lated an ionic mechanism, the first step being the elimination of nitrogen

from the aryl diazonium halide with the production of an aryl cation, which

subsequently added in the alpha position to the carbonyl group of the cin-

namic acid. The alpha carbon atom was considered to have an increment of

negative charge. Following this addition, three things might happen. The
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alpha carbon atom could lose a proton forming an aryl-substituted cinnamic

acid. The beta carbon which was positively charged, could capture a chlo-

ride atom forming a saturated bond. The carboxyl group could split off

with the evolution of carbon dioxide and the formation of a stilbene. All

of these products have actually been isolated.

Bergmann and Schapiro (2), on the other hand, postulated a free radi-

cal mechanism. These workers have prepared the two corresponding isomers

of the methoxystilbene series reacting p—methoxycinnamic acid with the

diazonium chlorides of both 0- and p-chloroaniline. Bergmann assumed that

the aryl diazonium halide eliminated nitrOgen with the formation of an

aryl radical which. then attached itself in the alpha position to the car-

bonyl group of the cinnamic acid. The odd electron, located in the vicin-

ity of the beta carbon, was stabilized by resonance with the adjacent

phenyl nucleus. The carboxyl group was then eliminated with regeneration

of the double bond and formation of the stilbene. Bergman cited work by

Koelsch (hh, #5) as additional evidence for the radical mechanism. Koelsch

found that aryl diazonium halides added not to the alpha but to the beta

carbon atom of both acrylonitrile and crotonic acid. Bergmann claimed

this reverse addition occured because the odd electron, after the aryl

radical added to the vinyl group, was stabilized by the nitrile or car-

bonyl groups respectively since there was no adjacent phenyl group. If

the mechanism were ionic as Meerwein claimed, there would be no apparent

reason for this reversal of addition.

In this work, it was found that the temperature at which.the aryl dia-

zonium chloride decomposed was about 20° in the three cases where p-hydroxy-

cinnamic acid was reacted with diazotized o-chloroaniline, m-chloroaniline,

or p-chloroaniline. When mAhydroxy-cinnamic acid was used, however, the

temperature at which the reaction started was about 50°.
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Y. HYDROXYCHLOROBIBENZYLS.

A. General.

The nine isomeric hydroxychlorobibenzyls were prepared by hydro-

genation of the corresponding hydroxychlorostilbenes (Figure 6) at 50-

70° using either W'- 2 Raney nickel prepared by the Mozingo procedure

(h3), or copper chromium oxide catalyst under approximately 75 to 100

atmospheres hydrogen. These compounds were generally low melting solids

and were quite difficult to purify, the yields of pure bibenzyl being in

general 50% or below; Ligroin or petroleum.ether was the most useful

solvent for crystallisation. Two of the bibenzyls were oils at roon.tem-

perature. These were the 3-hydroxy—3'-chlorobibenzyl and 3-hydroxya2'-

chlorobibenzyl. The latter isomer was crystallized from ligroin at -30°

B. Hydrogenation of Stilbenes.

Hydrogenation was at first attempted at 25° and one atmosphere pres-

sure, but although partial reduction occurred sometimes, not enough of

the bibenzyls was formed to be separable in pure form. It was found

that in order for reduction to proceed reasonably well, the ethanol solu-

tion of the stilbene had to be refluxed at least once and preferably

twice over Haney nickel. Large amounts of catalyst, from one half to

equal the weight of stilbene, had to be used. This would.be a distinct

disadvantage in reduction.of large quantities of material.
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Copper chromium oxide appeared to be as useful as nickel, and was

generally used in smaller amounts. This catalyst was not tried in all

cases however. Refluxing over nickel catalyst.was necessary for reduction

using the cepper chromium.cxide also. Since the prime purpose in mind

was the preparation of the compounds, no other catalysts were prepared

and tested. Bergmann and coaworkers (8) successfully reduced chloro sub-

stituted stilbenes to the bibenzyls with Raney nickel at 25° and one

atmosphere. Their compounds, however, did not contain a hydroxy group,

which.may cause the difference in ease of reduction.

C. Derivatives.

The p-chlorobenzoate esters were easily prepared by the method des-

cribed in Part V A, Experimental. They were all crystalline solids with

well defined.lelting points. The melting points of the derivatives in

general appeared always to be about thirty degrees higher than the melt-

ing points of the bibenzyls.
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CONCLUSICNS

In this work it has been shown that stilbenes may be conveniently

synthesized through an intermediate carbinol, prepared by means of the

Grignard reagent, which is dehydrated and demethylated in a single step

by means of pyridine hydrochloride. The overall yield compares favor-

ably with other methods, particularly the Perkin method of synthesizing

stilbenes which has been used extensively.

It has been concluded that the Meerwein reaction cannot be satis-

factorily extended to the general preparation of other than h—hydroxy-

h'-chloros tilbene because of low yields.

Finally, it has been demonstrated that the hydroxy- and methoxy-

stilbenes, and the hydroxybibenzyls have little or no activity in vivo

against tuberculosis. (These results were made available through the

courtesy of Dr. E. G. Jones of Elli Lilly and Company.)
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EXPERIMENTAL

General Information:

All compounds which were prepared, including intermediates, are des-

cribed. Representative reactions are given in detail, usually in COD!

nection with the first compound for which.they were used. Melting points

are given along with the compounds as well as in the Tabular Summary.

All melting points of compounds not already reported in the literature

were taken in capillary tubes, using Anschutz thermometers, but are not

corrected. It was found that melting points taken on a block were in

general not more than one degree higher than the capillary melting points.

All temperatures are given as degrees Centigrade.

The source of chemicals used is listed below;

Analyses of the compounds are listed in Tables II—VI.

Chemicals:

:m-Chlorotoluene, Eastman, Ngo 1.5220, b.p. SCf/lB mm.

Sulfuryl Chloride, Eastman, pract., redistilled, b.p. 67'.

Carbon Tetrachloride, redistilled, b.p. 7h.5°, 141230 1.1461.

p-Hydroxybenzaldehyde, Eastman (tech.), recrystallized, m.p. 116'.

osChlorobenzaldehyde, redistilled, b.p. 96°/16 mm., Ngo'l.5670.

Anisaldehyde, Eastman.

m-Nitrobenzaldehyde, Eastman, m.p. 57-58°.

Malonic Acid, Dow.

Ryridine, redistilled over barium oxide, b.p. llB—llh.5°.
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Dimeth Sulfate, redistilled, b.p. 76715 mm., Ngo 1.3872.

Salicylaldehyde, Dow, r130 1.5726.

o-Chlorobenzyl Chloride, Eastman.

Magnesium, fine grade turnings for Grignards.

p—Chlorobenzyl Chloride, Eastman, recrystallized from absolute ethanol,

m.p. 27-28.S‘.

o-Chloroaniline, Monsanto, 111239 1.586.

n—Chloroaniline, Monsanto, 111239 1.591.

p-Chloroaniline, Monsanto, m.p. 70-72.

p-Chlorobenzoyl Chloride, Heyden.

“Grit. , A.
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I. INTERMEDIATE .

A. m-Chlorobenzyl Chloride

Reactants:

m—chlorotoluene , ,7h8 g. (5.9 moles)

sulfuryl chloride [.05 g. (3.0 moles)

benzoyl peroxide 8 g.

carbon tetrachloride 3114 ml.

The procedure of Kharasch and Brown (27) was used for this prep-

aration. In a 3 l. three-necked’flask fitted with two condensers and

a thermometer, and heated by a mantle, were placed the m-chlorotoluene

(Eastman 111230 1.5520), sulfuryl chloride (redistilled), and carbon

tetrachloride (redistilled). To this was added 2.0 g. benzoyl peroxide

and the solution heated first to 73‘ where a slight reaction occurred,

and then slowly to 85’ where the evolution of sulfur dioxide and hydrogen

chloride became moderately vigorous. These gases were led into the hood

drain thru rubber tubing and washed down with water.

After two hours at 85°, the temperature was slowly raised during

one hour to 90°. Benzoyl peroxide (2.0 g.) wasagain added and the tem-

perature raised to 100° during three hours, whereupon another 2.0 g. of

catalyst was added. After each addition of the benzoyl peroxide, the

evolution of gases temporarily increased. After six more hours (total

twelve hours), the temperature was 110'. The reaction mixture was not

refluxing, however. Two grams benzoyl peroxide was added and the orange

solution allowed to stand overnight at room temperature.
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The reaction mixture was distilled through a 12 inch'Fenske-type

column packed with glass helices. The carbon tetrachloride (250:ml.)

distilled.at 7h' at atmospheric pressure. After the dark colored liquid

residue had cooled, the pressure was reduced by'a water aspirator and.the

distillation continued. The excess m—chlorotoluene (hlh g.), b.p. 50'

(13 mm.), N30 1.5520, was recovered at the rate of about 90 ml. per hour.

An.intermediate fraction of 10 ml. was collected between 50 and 98‘. There

was obtained boo g., (2.5 moles) m-chlorobenzyl chloride, b.p. 98' (11; 1mm);

20

N1)

of comparable size, carried out in the same manner, gave yields of 80 and

811.5%.

Kharasch and Brown (27) report that gases escaping during the reaction

l.5563-l.55763 yield 83.5% based on sulfuryl chloride. Two other runs

carry off some of the reactants. If these gases are condensed in.a dry

ice trap and returned to the reaction mixture, these same authors report-

ed the yield to be almost quantitative. The reaction.mixture should re-

flux in order to displace oxygen which strongly inhibits the chlorina-

tion.

'n-Chlorobenzyl chloride has been prepared'by other workers (28, 29)

from.mpchlorobenzyl alcohol in 78% yield by the action of thionyl chloride.

B. furification of p-Hydroxybenzaldehyde.

Technical p—hydroxybenzaldehyde (Eastman), which.was at least 20 years

old.and deep red in color, was recrystallized from seven times its weight

of water using Norite at the boiling point, filtering, and cooling in the

refrigerator. The material thus obtained.was pink in color but had.a

good.melting point of 116' which checks with.Langls Handbook. An addit-

ional quantity of material could be obtained by concentrating the
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filtrate and treating with charcoal as before. No better than a 50%

yield of pure aldehyde could be obtained from the crude.

Other purifications were tried and found less desirable such as

extracting the aldel'vde my from its colored impurities with hot

ligroin or hot toluene, or proceeding thru the bisulfite addition com-

pound.

c. p-Hydrorxycinnamic Acid.

Reactants:

p-lvdroxybenzaldehyde 260 g. (2.13 moles)

malonic acid (Dow) 312 g. (3.0 moles)

pyridine (redistilled) 330 ml.

minus 8 m1.

p-Hydroxycinnamic acid was prepared by a modification of the pro-

cedure of Overberger and co-workers (30). The two solid reactants were

first mixed in a 1-1. flask and shaken well until homogenized. The pyri-

dine and aniline were then added and the mixture stirred mechanically

while heating with a glas-col mantle at 50° for six hours. At the end of

this time,after the foaming due to the evolution of carbon dioxide had

almost ceased, the temperature was raised to 70° for another three hours.

Two liters of hot water (65°) containing slightly more than the

theoretical amount of sodimn bicarbonate was stirred by hand while the

orange-red reaction mixture was poured into it with considerable foaming.

To this clear solution was added about 350 ml. 37% hydrochloric acid at

65° and the acid solution allowed to cool overnight. Filtration of the

precipitated cinnamic acid, washing with water once, and drying in air at

70‘ gave 195 g. (75% yield) of p-hydroxyeinnamic acid, m.p. 212° dec. The

reported melting point is 210-213“ dec. (37).
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When the period of mating was two to three hours, the yield was

between 32% and 56%. Unreacted p—hydrombenzaldehyde sometimes con-

taminated the cinnamic acid, evidently having been carried thru the

alkaline extraction process.

D. p-llethoxycinnamic Acid.

Reactants:

anisaldehyde 68 g. (0.5 mole)

malonic acid 52 g. (0.5 mole)

diethyl amine 7 ml.-

The procedure of Wilson and Wilson (31) was used for this prep-

aration. The reactants were mixed and heated at 100-105° for nineteen

hours using a glas-col mantle. Enough ethanol was then added to the

hot mixture to dis solve it. After cooling slowly to 0° the light yellow

crystals were filtered, washed once with a little cold ethanol, and dried,

giving 53 g. , m.p. 173° (anisotropic to 185°). The reported value (32)

is 170°.

Another 10 g. was obtained from the alcohol filtrate after concen-

trating on the steam bath, adding 500 ml. 5% sodium carbonate solution,

extracting any unreacted aldehyde with ether, and finally precipitating

the cinnamic acid with concentrated hydrochloric acid and filtering.

The total yield was 63 g. (71%).

Wilson (31) reported a 90% field (before recrystallization) using

pyridine and heating seventeen hours. After finishing the preparation

by the described method, the procedure of Robinson and Shinoda (33)

was discovered which claims a quantitative yield. Borsche and Walter

(314) reported 80—90% yield using pyridine and piperidine.
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E. n—Hydroxytenzaldehyde.

Four separate runs were carried out according to the procedure de-

scribed in Organic Syntheses (35). The following observations and recom-

mendations may be helpful.

I—Nitrobenzaldelvde (Eastman m.p. 57-58°) and crystalline stannous

chloride dihydrate were used. A round bottom flask was employed instead

of an open beaker.

When a reduction of triple the size described in Organic Syntheses

was carried out, the temperature began to rise rapidly at about 25-30°

and the ice bath was applied at 50-60° in order to prevent the reaction

from boiling over as the temperature continued to climb to 95-100°.

Filtration of the amino-tin complex was slow and proceeded as well

with a Buchner funnel and filter paper as with the recormnended sintered

glass funnel. 0n large runs, two or three filtering flasks were assembled

to speed operations.

The diazonium complex, in contrast to the amino-complex mentioned

above, filtered well. After filtration this was added as rapidly as pos-

sible with vigorous stirring to water heated with live steam to just below

the boiling point. Material from a 200 g. run was added in 1/2 hour. If

the temperature was just at the boiling point, there was more foaming, and

the time of addition of the diazonium complex to the water was necessarily

much longer.

Following decomposition, the water solution was treated while hot

with Norite, filtered, cooled and the tan crystals filtered and dried.

ktmction of the aqueous filtrate with ether gave an additional 10% m—

mdroxybenzaldehyde. Final yields were 69, 68, 73, and 66%, average, 69%.
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The crude aldehyde melting at 101-102° was purified by dissolving

200 g. in 1500 ml. hot toluene and treating with charcoal. m—hdroxy-

benzaldelvde was thus obtained as almost pure white crystals, m.p. 103.5’,

in a yield of about 80% from the crude. The reported m.p. (35) is 101-

102'.

A small amount of impure m—hydroxy’oenzaldehyde was sublimed under

vacuum at about 100° into beautiful white needles, m.p. 103.5‘.

F. m-Ifidroxycinnamic Acid.

Reactantsx

m-hydroxybenzaldehyde 116 g. (0.38 mole)

malonic acid (Dow) 1:2 g. 0.38 mole)

pyridine 9 m1.

m—Wdroxycinnamic acid was prepared by the procedure of Vorsatz

(36). The two solid reactants were first mixed by shaking together in a

500 ml. flask. Pyridine was introduced and the mixture placed on a steam

bath for one hour. Stirring was ineffective since the reaction mixture

solidified around the interior of the entire flask.

After one hour the contents of the flask were scraped into a hot so-

lution of to g. sodium bicarbonate in 350 ml. water. There was attained

a clear, slightly yellow solution which was cooled and extracted with

ether prior to acidification with hydrochloric acid. (The ether extract

gave a small amount of unreacted aldehyde after evaporation).

The white precipitate from acidification was filtered, washed with

water, and dried in air at 345° to give 58 g. (92%) crude m—hydroxycinnamic

acid, m.p. 186—191'. Recrystallization from about 1200 ml. water and

filtration at 0° gave 51 g. white crystals; m.p. 193.5-195.5°. The re-

ported value (37) is 191°. The yield was 81%.
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G. m—L’ethoxybenzaldehyde .

Reactants:

m-hydroxybenzaldehyde 1116 g. (1.2 moles)

dimethyl sulfate 171 ml. (1.8 moles)

This compound was prepared by the procedure of Icke and coaworkers

(38). The hydroxybenzaldehyde was dissolved in 600 ml. 2 N. sodium hyh

droxide solution at h0° and stirred mechanically while 11h ml. (1.2 moles)

dimethyl sulfate was added over three hours. The heat of reaction main—

tained the temperature.at h0—h5‘. After three hours the mixture was still

alkaline.

Dimethyl sulfate (57 ml.) was added at hS-SO°. During this addition,

the mixture became acidic and was again made basic by adding 200 m1. 2 N.

sodium.hydroxide.

After stirring at 25° overnight, the alkaline mixture was extracmd

with.ether, the extract washed and dried over sodium sulfate for several

hours, the solvent stripped off and the m—methoxybenzaldehyde dis tilled

through a short column packed with helices. The yield was 150 g. (92%);

b.p. 72°/l ma Nfio 1.5533; (Heilbron (39) reports b11230 1.5530).

A second run of one mole gave a yield of 88%.

H. o—Methoxy’oenzaldehyde .

Reactants :

salicylaldehyde [:88 g . (h . 0 moles )

dimethyl sulfate 570 m1 . (6 . 0 moles)

The methylation of the salicylaldehyde was carried out in a 5 1.

flask in a manner similar to that of the meta isomer in the previous ex-

periment. (See G). Some difficulty with an emulsion was encountered

during the extraction of the product with ether.
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Isolation of the m—methoxybenzaldehyde was accomplished in one prep-

aration by fractional distillation thru a 12 inch column packed with

glass helices. The first fraction consisted of 53 g, salicylaldehyde,

b.p. 73°/10 nm. A small amount of material boiling at 73-112°/10 m. was

discarded.

The main fraction consisted of 389 g. o-methoxybenzaldehyde, b.p. 112°/

10 mm., NSC 1.5683 (reported b11230 1.560 (39). This is a yield'of 72%.

An additional 145 g. unreacted salicylaldehyde was recovered from the

reaction liquors by acidifying with concentrated hydrochloric acid, ex-

tracting with ether, washing, drying over potassium carbonate, and dis-

tilling. Thus, considering the recovery of starting material, the yield

becomes 90%.

The product may also be isolated by crystallization from petroleum

ether as was done in a later preparation. Following methylation, the re-

action mixture was extracted with ether, the ether solution washed with

water, dried over potassium carbonate, and the ether evaporated on the

steam bath. The ether was replaced first with ligroin and boiled to re-

move the last traces of ether, then with about eight parts of petroleum

ether. The solution was treated with charcoal and cooled to 0°, decanted

from some residual oil, and seeded with some of the methoxysalicylaldelwde.

Beautiful spear like crystals, m.p. 35.5—36°, were obtained after filtra-

tion. The reported melting point is 36.3° (39). The residual oil after

the decantation eventually solidified. It was re-treated with petroleum

ether as before to produce an additional quantity of material. The yield

of o—methoxybenzaldehyde was 75%.
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I. Chloromethyl Ether.

Reactants:

methyl alcohol 112 g. (3.5 moles)

formalin (10%) 270 g. (3.5 moles)

hydrogen chloride

The procedure of Clark, Cox and Mack (bl) was used for the prep-

aration of chloromethyl ether. Hydrogen chloride gas (cylinder) was

passed into the solution of methanol and formalin until saturation was

reached in about ten hours. The top organic layer was separated and

aerated for three hours with dry air. It is suspected that some material

was lost by evaporation during this process.

After drying with calcium chloride the liquid was distilled thru a

12 inch column packed with glass helices. The chloromethyl, ether boiling

at 57-59° weighed 90 g. This is a 36% yield. Clark reported a 16% yield.

The chloromethyl ether was stored away from moisture.

J. p-Methoxymethonbenzaldehyde .

Reactants:

p-hydroxybenzaldetwde 61.0 g. (0.5 mole)

chloromethyl ether 110.0 g. (0.5 mole)

sodium 11.5 g. (0.5 mole)

methanol 200.0 ml.

The procedure of Finkelstein and Linder (5) was used in this prep-

aration. Sodium methylate was formed by adding the sodium to the methanol

in a one liter flask. To this solution was added with stirring the p-

twdroxybenzaldehyde. The methanol was distilled, the final portion being

removed by adding 500 m1. toluene and distilling until the temperature of

the distillate reached 110°. The sodium salt of the hydroxybenzaldehyde

precipitated as a white solid.
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The mixture was cooled and chlorometh ether added dropwise over

1/2 hour at 0-5'. After refluxing one hour with stirring, water was

added to dissolve the sodium chloride, and the layers were separated.

Acidification of the aqueous layer gave 7 g. unreacted aldehyde. Ex-

traction.of the toluene layer with 5% sodium hydroxide followed by acid-

ification of the extract gave an additional 18 g. p—hydroxybenzaldelvde.

It is suspected that the alkali wash may have hydrolyzed some of the

methoxymethoxy ether, so it may be advisable to eliminate this step.

The toluene layer was washed twice with water and dried over sodium

sulfate. The toluene was removed under vacuum and the p—methoxymethoxy-

benzaldehyde distilled thru a 12 inch column packed with glass helices

and enclosed in a heated jacket. There was obtained 30 g. of product,

b.p. 121°/h mm., N30 1.51;60. No fore-run and very little residue was ob-

tained. The yield was (60%) based on a recovery of 25 g. of the starting

material.

K. h—Methoxy-2 '-chlarobenzoin.

Reactants:

o-chlorobenzaldehyde 114.0 g. (0.1 mole)

anisaldehyde 13.6 g. (0.1 mole)

potassium cyanide 9.0 g. (0.15 mole)

h—Methoxy—2'-chlorobenzoin has been prepared by Buck and Ide (14)

and their procedure was followed in this work. The potassium cyanide

(95%) was dissolved in 71 m1. hot water in a 250 ml. flask on the steam

bath and stirred while adding the anisaldehyde and o-chlorobenzaldehyde

together in 80 ml. 95% ethanol. The mixture was refluxed 2 1/2 hours.

During reflux a yellow-red color clouded the solution. After reflux

but before cooling, the mixture was decanted from some dark red gummy
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material, cooled in the refrigerator and seeded with crystals of the

benzoin.

After several hours the crystals were filtered by suction from the

heavy red liquid, washed with a very small amount of cold ethanol and

recrystallized from ligroin twice. The solubility is relatively low in

ligroin and perhaps ethanol would work better.

Large, colorless, cubic prisms, m.p. 88-89’, were obtained in an

average yield of 25% in five runs, the largest run being 1/2 mole. (11

standing in air tie crystals of the benzoin became coated with a yellow

color, probably due to their oxydation to the benzil. Steam distillation

of the crude reaction mixture before isolation of the product proved to

be of no value. The use of pure potassium cyanide rather than the 95%

grade which we used is reported to give better yields (11).



II. CARBINOIS. (By the Grignard reaction). (Figure 10.

A. héfiethoxyphenyl-2'-chlorobenzyl Carbinol.

Reactants:

o-chlorobenzyl chloride 80.0 g. (0.50 mole)

magnesium. 12.2 g. (0.50 mole;

pemethoxybenzaldehyde 63.3 g; (0.h6 mole

A 2 l. three-necked flask, fitted with condenser and calcium

chloride drying tube, Hershberg drOpping funnel, direct drive stirrer,

(and heating mantle, and containing the magnesium, was dried overnight in

the hot room. To the magnesium in the flask was added 5 g. o-chlorobenzyl

chloride in 75 m1. dry ether and the mixture allowed to stand three to

five minutes until reaction commenced. If difficulty arose in starting,

the mixture was "spiked" by the Grignard from a smaller reaction started

in a test tube. The stirrer was started and 75 m1. dry ether added

through.the condenser. The rest of the halide was dissolved in 100 m1.

dry ether and added drOpwise over a period of two hours. Reflux occurred

during this addition. After stirring an additional fifteen minutes, the

volume of the black solution was measured in a graduate. Three aliquot

portions of 2 ml. each were analyzed.for Grignard reagent by the method

of Gilman (h2), by adding 25 ml. water, 25 ml. 0.1 N. sulfuric acid, di-

gesting 1/2 hour on.the steam bath, cooling, adding 5 drops methyl red

indicator, and titrating to the first noticeable color change (orange)

with 0.1 N. sedium hydroxide. The average yield of Grignard reagent for

ten preparations was 92% including reactions using mechloro and p—chloro-

benzyl chlorides.
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The p-methoxybenzaldehyde was dissolved in 100 ml. dry ether and

was added to the Grignard reagent during 1/2 hour at reflux. Near the

end of the addition a greenish-gray syrupy material separated from solu-

tion and the mixture became very difficult to stir - hence, the use of

a direct drive stirrer was advantageous.

Hydrolysis was accomplished by the drOpwise addition of 80 ml.

(O.h6 mole) saturated ammonium chloride solution with cooling and stir-

ring. Saturated ammonium.chloride solution contains 53.5 g. (1.0 mole)

ammonium chloride in 136 ml. water at 25‘, making 175 ml. of approxi-

mately 28% solution. The ether layer was decanted. The solid residue

contained about 5% product which was recovered by dissolving the residue

with dilute sulfuric acid and extracting with ether. The combined ether

extracts were washed, dried over anhydrous potassium carbonate, and most

of the ether evaporated on the steam bath.

The remaining ether’was removed by adding ligroin (60') and again

evaporating. Finally, the volume was brought to about one liter and the

hot solution cooled to 0°. After decanting from.a yellow oil, the yellow'

solution was seeded with seed which had been obtained by cooling a small

amount of the solution to -20° in a test tube and scratching the walls.

In an hour or so the carbinol had all precipitated as a bulky white

solid, which.after filtration and drying, gave 22 g. product melting at

6h—65'. The yellow residue from decantation was re-extracted.with the

ligroin.filtrate at the boiling point, cooled to 0°, decanted from a

small amount of oil, and seeded as before. Five repetitions of the li-

groin extraction gave yields of 17, 12, 9, 5, and 2 g. respectively, with

the latter material being slightly colored and melting at 62-6h°. The
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total yield of carbinol after drying in air at 10° was 67 g. (51%). The

product was recrystallized from ligroin in one cperation without separa;

tion of any of the yellow oil.

In other similar preparations, h-methoxyphenyl-Z'—ch10robenzy1 car-

binol was Obtained in.yie1ds of 50 and 57.5%.

A somewhat easier method.of isolation (See II B, Experimental) used

, for most of the other isomeric carbinols, was not attempted with this

particular one.

Vacuum distillation of the residue as described under Part II B,

Experimental and discussed under Part II C, Discussion, gave 7% methoxy-

stilbene, based on anisaldehyde. (See also Part III A, Experimental).

B. héfiethoxyphenyl-3'-chlorobenzyl Carbinol.

Reactents:

mechlorobenzyl chloride 80.0 g. (0.5 mole)

magnesium 12.1 g. (0.5 mole)

p—anisaldehyde 62.0 g. (O.h6 mole)

This alcohol was prepared from the above reactants by the procedure

used for the preparation of the 2'-chioro isomer (See II A, Experimental);

it has been prepared by Jenkins and Richardson (6), also by means of the

Grignard reaction.

The isolation of the carbinol in this case was somewhat different

than.that described for the 2Lchloro isomer. The ether from the dried

ether extract was evaporated, not quite completely, and the resulting

solution kept at 0° for two days in the refrigerator until crystalli-

zation occurred. Filtration gave 70 g. white carbinol, m. p. 35637’.

This was recrystallized from ligroin (60‘) to give a pure product, m. p.

37.5—38’. However, scratching the walls of the recrystallization vessel,
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or grinding the dry material on a clay plate produced an isomorphic,

stable form, m. p. 5h.8-55.2°, which could not be changed back to the

lower melting form. Recrystallization of the crude material from ether

and drying in air at 50’ gave 52 g. (hb%) of the pure higher melting

form.

A second preparation of about two moles size gave first the lower

melting form and then after recrystallization from ether, the higher

melting form in a yield of hl% based on p-anisaldehyde.

Vacuum.distillation of the residues from.both runs gave the corre-

sponding methoxystilbene by dehydration in 30%;yield based on anisalde-

hyde. The distillation was carried out in an all glass apparatus with a

six inch.Yigreux column. The distillation pot was heated by means of a

glas-col mantle; the column and snde arm could be freely brushed with a

flame in case any of the distillate solidified before reaching the re-

ceiver. The distillate came over at 185-190°/l mm. as was the case for

most of the other members of this series. Before the distillate began to

distill over, the material in the distillation pot underwent dehydration

as visibly evidenced by bubbling in the pot and the collection of water

in the dry—ice trap. This occurred at a pot temperature of about 180’.

C. hFMethoxyphenyl-h'—chlorobenzyl Carbinol.

Reactants:

p-chlorobenzyl chloride 118.0 g. (0.7h mole)

magnesium. 12.2 g. (0.7b mole)

p-methoxybenzaldehyde 88.5 g. (0.65 mole)

The preparation was carried out in a manner similar to that des-

cribed in II A. Titration of the Grignard reagent showed a 9h% yield,
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After hydrolysis of the complex with ammonium chloride and extraction

of the carbinol with ether, the ether solution was dried over potassium

carbonate and evaporated to about 250 ml. 0n standing several hours in

the refrigerator at 0°, the carbinol crystallized in an almost solid

white mass. This was broken up with a flat stirring rod, filtered with

weak vacuum, and washed with a little cold ether.

After air-drying at 50', the white material weighed 130 g. This was

dissolved in about 750 ml. hot ligroin (95°) and treated with Norite.

Small white needles, m. p. 83.0-83.6°, were obtained in a yield of 120

g. after drying in air. An additional 20 g. pure carbinol was recovered

by distillation of the residue at 185-19071 mm. and recrystallization of

the distillate:fron.ligroin. The total yield was 1h0 g. (82%).

D. B-Methoxyphenyl-Z'-chlorobenzyl Carbinol.

Reactants:

o—chlorobenzyl chloride 80.0 g. (0.50 mole)

magnesium. 12.2 g. (0.50 mole)

memethoxybenzaldehyde 61.0 g. (O.h5 mole)

This preparation was carried out in a manner similar to those des-

cribed previously. The carbinol was isolated from the other solution

directly as described in Part II B, EXperimental, and recrystallized from

hOO ml. ligroin (60’) to give 38 g. pure white carbinol, m. p. 66-66.6°.

An.additiona1 20 g. of impure carbinol, m. p. 60—6h°, was obtained

from the ether solution as follows: The ether was evaporated and the

residue dissolved in the ligroin from the first recrystallization. After

cooling to 0‘ and decanting the ligroin from the yellow oil which sepa-
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:Iitted to separate. This second crop gave 12 g. of pure carbinol upon

recrystallization. The total yield of pure carbinol was 50 g. (h31).

A second preparation gave a yield of 36%.

Distillation of the residues at 180-190°/l mm. gave an oil which

couldn't be crystallized. About a month later this oil was treated with

pyridine hydrochloride (See Part IV D, Experimental) but no hydroxystil-

bene was isolated.

E. 3-Methoxyphenyl-3'-chlorobenzyl Carbinol.

Reactants:

m-chlorobenzyl chloride 128.0 g. (0.80 mole;

magnesium. 19.h g. (0.80 mole

memethoxybenzaldehyde 90.0 g. (0.66 mole)

The procedure in Part II A, Experimental, was followed for this iso-

mer. No solid carbinol could be isolated by either the method of cry-

stallization given.in Part II A or II B, Experimental, so the oil was dis-

tilled under vacuum. There was little pro-run or residue. The clear

viscous distillate, b. p. 18S—190'/1 mm., weighing 160 g., could not be

induced to crystallize, but on treatment with pyridine hydrochloride (See

Part IV E, Experimental) the correSponding hydroxystilbene was obtained

as a solid. The yield was h0%, assuming that the oil before distilla-

tion was an equal mixture of the carbinol and its dehydration product,

the methoxystilbene.

F. 3-Methoxyphenyl-h'—chlorobenzyl Carbinol.

Reactants:

mechlorobenzyl chloride 80.0 g. (0.50 mole)

magnesium. 12.2 g. (0.50 mole)

p-methoxybenzaldehyde 57.0 g. (0.h2 mole)
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The procedure described in Part II A, Experimental, was followed.

Titration of the Grignard.reagent showed onLy an 8h% yield in this par-

ticular run, so a correspondingly smaller amount of aldehyde was added.

The crude carbinol could not be crystallized so it was distilled at

185—19071. 5 mm., yielding to g. of a yellow colored distillate which

solidified upon cooling. This material had a rather wide melting range

beginning at h5°. It was purified by'recrystallizing twice from ligroin

(60‘) and gave 33 g. (32%) of the corresponding methoxystilbene. (See

Part II F, Experimental).

G. 2-Methoxyphenyl-2'-chlorobenzyl Carbinol.

Reactants:

o-chlorobenzyl chloride 256.0 g. (1.60 mole)

magnesium. 39.0 g. (1.60 mole;

o-anisaldehyde 170.0 g. (1.25 mole

The preparation was carried.out according to the procedure describ-

ed in Part II A, EXperimental, and the carbinol was isolated from ligroin

following evaporation of the ether in the manner described also in Part

II A, Experimental. Recrystallization from ligroin gave 85 g. (26%) car-

binol, m. p. 71.2-7l.h°.

Distillation of the residue gave 20 g. of pro—run, boiling at 100°/

heS mm., and a.fraction of heavy reddiSh-colored oil boiling at 185-190°/

b.mm. From the latter there was obtained 27 g. (9%) of the correspond-

ing methoxystilbene, m. p. 62—62.5°, following recrystallization from

absolute ethanol and then.from petroleum.ether. (See Part III G, Ex-

perimental).



H . ZJiethoxyphenyl—3 ' -chlorob enzyl Carbim1 .

Reactants:

m-chlorobenzyl chloride 272.0 g. (1.7 mole;

mganesium 111.3 g. (1.7 mole

o—methoxybenzaldehyde 190.0 g. (1.14 mole)

The procedure outlined in Part II A, Experimental, was followed,

except correspondingly larger amounts of reagents were necessary, and a

three liter-flask was used.

The carbinol crystallized from.the concentrated ether solution as

outlined in Part II B, Experimental, after standing at 0° fcr two and a

half days. After filtering and.washing with a little cold ether, 200 g.

yellowish carbinol, m. p. 57-62’, was obtained. Recrystallization from

ligroin did not purify the compound, but two recrystallizations from dry

ether, using 200 ml. each time and cooling to 0°, gave 133 g. pure car-

bincl, m.p. 71-72.2°.

The solvents from the crystallization were evaporated and the resi-

due distilled under vacuum. A small amount of pre-run boiling at 50-100°/

11 mm. was discarded. Most of the remaining residue distilled at 170-

l90°/l mm. as a slightly yellow oil which solidified on standing several

hours. Two successive recrystallizations of the distillate from.h00 ml.

ligroin (60°) gave an additional h8 g. white carbinol of the same melt-

ing point as the main portion. The total yield was 180 g. or h9%.

A second preparation of 0.5 mole size gave a yield of h8%.

The distillation of the combined carbinol residues from.both runs

produced an oil which could not be crystallized. (See Part III H, Ex-

perimental).



I. 24lethoxyphenyl-h'-chlorobenzyl Carbinol.

Reactants:

p-chlorobenzyl chloride 160.0 g. (1.0 mole)

magnesium 2h.3 g. (1.0 mole)

o-anisaldehyde 109.9 g. (0.8 mole)

The preparation of the Grignard.reagent in 92% yield and the alde-

hyde addition were carried out according to the procedure outlined in

Part II A, Experimental. The carbinol was isolated from the dried ether

extract by cooling to 0’ for several hours as described in Part II B,

Experimental. Recrystallization from.absolute ethanol gave 70 g. of

carbinol, m. p. 120-122°. Recrystallization from.ligroin gave a less

pure product of m. p. 116-121° whereas recrystallization from.toluene

raised the m. p, to 122-123‘.

The ether liquors were evaporated and the residue dissolved in the

alcohol liquors. After cooling several hours, a second crop of crystals

was obtained. This gave 9 g. pure carbinol after recrystallization from

absolute ethanol. The total yield at this point was 79 g. (13%).

Vacuum.disti11ation of the residue (See Part II B, Experimental)

produced s.reddish oil, b. p. 185-190°/l mm., which after recrystallizap

tion from ethanol gave white crystals having a wide melting range. Re-

crystallization from toluene produced a small amount (7 g.) of the car-

binol of m. p. 122-123“. The total yield of carbinol was 116%.

In two other preparation the yields were 32% and 23%.

J. héMethoxymethoxyphenyl—Z'—chlorobenzy1 Carbinol.

Reactants:

o-chlorobenzyl chloride ' 2h.0 g. (0.15 mole)

magnesium 3.6 g. (0.15 mole)

p-methoxymethoxybenzaldehyde 25.0 g. (0.15 mole)
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This preparation was carried cut in the manner described in Part A

of this section. About 140 g. of an oil was obtained after evaporation

of the ether. This oil did not solidify in two days at -80°. It could

not be crystallized from ligroin, benzene, ethanol, nor dilute methanol.

Five grams of the yellow, viscous methoxymethoxy carbinol were heated at

110° for 1/2 hour with stirring in 100 ml. of a solution of 20% concen-

trated hydrochloric acid in glacial acetic acid. The solution turned dark

after 15 minutes. At the end of the reaction period the mixture was

poured into water. A dark green resin was precipitated which had no

definite melting point but appeared to soften around 130°. It was solu-

ble in ethanol and dissolved in 5% potassium hydroxide. Nothing could

be obtained upon attempted recrystallization.

A portion of the methoxymethoxy carbinol was converted to the corre-

sponding hydroxystilbene in 15% yield by refluxing with acetic anhydride,

followed by hydrolysis of the resulting acetate with alkali. (See Part

V A, Experimental).

The remaining oil was distilled under vacuum. At a pot temperature

a little above 100’ water appeared to be split out of the compound. A

small amount of white distillate came over at 80-100° and solidified al-

most imediately. Two recrystallizations from toluene gave crystals

melting at 116’ with some previous softening. A dilute solution of bro-

mine in carbon tetrachloride showed that the unidentified compound was

saturated. The residue in the distillation flask had rather suddenly be-

come quite thick at the end of the distillation, as if polymerization had

taken place .



III. METHOXYCPEORQ’) TIIBETTES .

A. heNethoxy-2'-chlorOStilbene.

1. By'fiethylation of the Hydroxystilbene (Figure 5).

Reactants:

h—hydroxya2'-chlorostilbene 3 g.

dimethyl sulfate b m1.

potassium.hydroxide h g.,

dioxane (commercial grade) : 60 m1.

To the stilbene dissolved in dioxane was added, with'nechanical stir-

ring, 2 g. potassium.hydroxide dissolved in 3 ml. water. The yellow pot-

assium salt of the hydroxystilbene began to appear immediately, and tended

to stick to the sides of the flask. After 1/2 hour, dimethyl sulfate

(2 ml.) was added. The temperature rose to 30° and did.not begin to fall

for 15 minutes. After one hour the yellow potassium salt had disappeared,

leaving a clear solution which tested basic. Methyl sulfate (2 ml.) and

potassium.hydroxide (2 g.) in 2 ml. water were added and the mixture

stirred.at room.temperature for'about b 1/2 hours.

The reaction mixture was decanted into water leaving some residue at

the bottom.of the flask. The product precipitated and was filtered off.

Recrystallization from ethanol or glacial acetic acid gave an almost

quantitative yield of h-methoxy-Z'-chlorosti1bene as white plates, m.p.

59.8-60.h‘.

Bergmann and.Schapiro (2) have prepared this compound in lh%;yield

by the Meerwein reaction (1).
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2. By Dehydration of the Carbinol (Figure 5).

(a). Dehydration of carbinols by distillation is discussed under

Part II C, Discussion, and.a representative procedure is described under

Part II B, Experimental. Distillation of the oil which was left after

crystallization of the h—methoxyphenyl—Z'-chlorobenzyl carbinol gave a

7% yield of the methoxystilbene based on the anisaldehyde used in the

Grignard reaction. This product was identical with the h~methoxya2'-

chlorostilbene obtained by the several other methods herein described, as

shown by mixed melting points.

(b). Chemical dehydration.as discussed under Part II, Discussion,

was accomplished.by refluxing 2 g. of the carbinol at 52° for six hours

with.a mixture made by cautiously adding to m1. acetyl chloride to 6 ml.

37% hydrochloric acid with cooling. Ice and water (200 ml.) were added

with stirring. The product separated as a solid and.was filtered and

pressed.as dry as possible on the filter. The damp solid was then recrya

stallised from absolute ethanol to give 1.h g. (75%) of hemethoxy-2'-

chlorostilbene.

The method of Jenkins and Richardson (6) was also repeated. h—Methoxy-

phenylp2'-chlorobenzy1 carbinol (26 g.) was heated at 100‘ one hour with

hOO m1. of 20% by weight concentrated hydrochloric acid in glacial acetic

acid. Ice and.water were added with stirring to make one liter and.the

white solid which precipitated.was filtered. After solution in hot ab-

solute ethanol and cooling, the solution was decanted from a red oil which

settled on the bottom of the flask and was seeded with some crystals of

the methoxystilbene at 0'. When crystallization was complete, the mixture

was filtered, giving 8 g. (32%) of the methoxystilbene, m.p. 57-59‘.
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Recrystallization from‘absolute ethanol gave 6 g. pure product, m.p.

59.8-6o.h'. Reworking the filtrates and oil gave another h g. of slightly

less pure material. The total yield was h0%.

When the residues were retreated with.acetic acid and hydrochloric

acid at 100° as before, another 3 g. was obtained.

Dehydration was also attempted with.acetio anhydride (to ml.) using

2 g. of the carbinol and refluxing at 135° for 13 hours. .After hydrolysis

with ice and water, the products were extracted with ether. The other

solution was washed with water, dried over potassium carbonate, and eva-

porated on the steam bath while replacing the ether with ligroin (60°).

Coolingthe ligroin solution for several hours gave an oil which did not

crystallize.

3. By Reduction-dehydration of the Benzoin (Figure 3).

Reactants:

hemethoxyaZ'-chlorobenzoin 5.0 g.

zinc (powdered) 10.0 g.

mercuric chloride 2.5 g.

An amalgam.was prepared according to the procedure of Ballard.and

Ibhn (10), by adding the powdered zinc with stirring to a solution of the

mercuric chloride in 35 ml. water. The temperature rose to 32' then sub-

sided. After two or three hours stirring, the amalgam was washed three

times with.water by decantation.

The benzoin, prepared in Part I, K, Experimental, was dissolved in

35 ml. ethanol and added to the amalgam. Concentrated hydrOchloric acid

(20 ml.) was added dropwise over a period of 1 1/2 hours. During this

time, the amalgam became coated, reducing its efficiency, but after the

addition of 25 m1. benzene the coating disappeared. Hydrochloric acid
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(20 ml.) was added rapidly and the mixture stirred three hours. At the

end of this time 15 m1. hydrochloric acid and 15 ml. benzene were added

and stirring continued for six hours. The temperature throughout was

about 25‘. The amalgam eventually rolled up into large balls and was

then useless for further reaction.

The aqueous layer was separated.and discarded.after extracting once

with ether. The organic portion was washed once with water, then 5% sods

ium.carbonate solution, and dried over potassium.carbonate. The solvent

was removed under vacuum.and the residual oil taken up in hot ligroin.

The ligroin was decanted from some undissolved oil and on cooling, pre-

cipitated crystals of an unidentified substance in small yield. One re-

crystallization from acetic acid gave crystals, m.p. 220'. The material

showed no unsaturation when treated with dilute bromine in carbon tetra-

chloride.

The same treatment of the oil using petroleum ether gave a small a-

mount of the desired methoxystilbene, m.p. 59-60”, as shown by'a mixed

melting point with.this compound prepared by other methods.

When dioxane instead of ethanol was used as a solvent for the ben-

zoin, only the high.me1ting unidentified compound was isolated in small

yield.

When methanol was used.as a solvent and the time of reaction was four

hours, another unidentified product was isolated in small yield as the

sole product of reaction. Recrystallization from 95% ethanol gave white

needles, m.p. 96-96.5'. This compound was found, by mixed melting point,

to be identical to that obtained as a byhproduct during the preparation

of’hemethoxyphenyl-Z'-chlorobenzyl carbinol by the Grignard.reaction.
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(See Part II, A, Discussion). This may be the desoxybenzoin. It showed

no unsaturation when treated with a dilute solution of bromine in carbon

tetrachloride.

B. h-Methoxy—Buchlorostilbene (Distillation of the Carbinol).

The residual oil from the isolation and purification of the carbinol,

prepared in a yield of 1.2% by the Grignard method in two runs totaling

2.5 moles, as described in Part II B, Experimental, was vacuum distilled

at about 180‘/1 mm. to give a clear distillate which solidified in the

receiver. Two recrystallizations from absolute ethanol gave 176 g. of

the methoxystilbene as white plates, m.p. 9h.o—9h.6°. This represents a

yield of 30% based on anisaldelvde. The procedure and equipment used is

described under Part II B, Elmerimental. This compound has also been

prepared by Jenkins and Richardson (6) by dehydration of the carbinol

using concentrated twdrochloric acid and glacial acetic acid at 100‘.

C. h-Methoxy-h '-chloros tilbene .

1. By the Meerwein Reaction (Figure 2).

Reactants:

p-chloroaniline 32.0 g. (0.25 mole)

sodium nitrite 17.0 g. (0.25 mole)

p—methoxycinnamic acid hh.5 g. (0.25 mole)

acetone h00.0 ml.

chloroacetic acid . 35.0 g. (0.37 mole)

sodium bicarbonate 31.0 g. (0.37 mole)

cupric chloride dihydrate 10.0 g.

A diazonium salt solution was prepared by dissolving the p-chloro—

aniline in a solution containing 200 ml. 37% hydrochloric acid and 370 ml.

water with mechanical stirring, cooling to 2‘ (whereupon the white
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hydrochloride separated from solution) and then adding the sodium nitrite

dissolved in 25 ml. water slowly over about five hours at 2‘ to h‘.

The above solution was added all at once at about 10° to a solution

of the methoxycinnamic acid in 1400 ml. acetone, buffered with the chloro-

acetic acid and sodium bicarbonate in 100 ml. water, in a 1-1. flask.

The cupric chloride dihydrate in 10 ml. water was then added to catalyze

the reaction, and the temperature was slowly raised to 20" where the first

signs of reaction became apparent, namely the evolution of gas bubbles

and a spontaneous temperature increase. The reaction was more vigorous

at 27', where the temperature was held for 1/2 hour with some cooling

necessary. The reaction mixture was stirred three hours at room temper-

ature following which the acetone was removed under vacuum. The dark

gmmry mass which remained'after the removal of the acetone was taken up

in ether and the ether solution extracted with 5% sodium carbonate solu-

tion. Upon acidification of the extract, 17 g. unreacted p—methoxy-

cinnamic acid was isolated. The ether solution after the carbonate ex-

traction was washed with water and dried over sodium sulfate. Some dif-

ficulty with emulsion was encountered during extraction and washing of the

ether solution.

The ether was evaporated on the steam bath and replaced with toluene,

which was heated to boiling on a hot plate. The hot toluene was decanted

from some tarry residue and evaporated under vacuum. The residue was re-

crystallized from 200 m1. absolute ethanol. After filtration and drying

in air, the crystalline h-methoxy-h'-chlorosti1bene weighed 10 g. and

melted at 180.5-181.0'. Rte—working of the residues gave an additional 3 g.

product of lower purity. The total yield was 15 g. or 25%. The yield

based on recovery of p—methoxycinnamic acid was hog.
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h—Methoxy—Z'-chlorostilbene has been prepared by Meerwein and co-

workers (1) by the above method in 60% yield.

2. By Metmrlation of the Hydroxystilbene.

h—Ibrdroxy-h'-chlorostilbene, prepared by the Meerwein reaction (see

Part IV C, Experimental), was methylated by the procedure described in

Part III A, 1, Experimental, in almost quantitative yield, giving a pro-

duct identical to that obtained by methods 1 and 3.

3. Dehydration of the Carbinol.

Pure h—methoxyphenyl—h'-chlorobenzyl carbinol (52 g.) was distilled

with a little m'neral acid in an all glass apparatus described in Part II

B, Experimental. (See also Part II C, Discussion). The distillate came

over colorless at 185-20071 mm. and solifified in the receiver almost

immediately. Recrystallization from glacial acetic acid gave shiny plates.

A mixed melting point showed the compound to be identical with that ob—

tained in 1 and 2. The yield was 82%.

D. B-Methoxy-Z '-chlorosti1bene.

Methylation of the hydromstilbene with dimetmrl sulfate according

to the procedure described in Part III A, 1, Experimental, gave an oil

which could not be crystallized from absolute ethanol or petroleum ether

even after distillation of the oil at 15872 mm. The oil had a slight

yellow coloration. An index of refraction could not be found at 20° but

on heating the refractometer a very faint line was found, Ng) 1.6103.

(This was checked by another observer).
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E. Behethoxy-B'-chlorostilbene.

Beactants:

3-hydroxy-3'-chlorostilbene 20 g.

dimethyl sulfate 50 m1.

potassium hydroxide hO g.

The methylation was carried out in 50 ml. dioxane as described in

Part III A, 1, Experimental. The reaction mixture was diluted with

water fellowing methylation, but no precipitate fermed so the mixture

was extracted with ether. The ether solution was washed once with water,

dried over potassium.carbonate and.the ether evaporated on the steam

bath, being replaced with 200 m1. absolute ethanol. The hot ethanol salu-

tion was cooled to 0° overnight, whereupon crystals separated. ‘Filtra-

tion gave 16 g. of product, m.p. h0—h2‘. Recrystallization from petrOl-

eum.ether gave 10 g., m.p. hl.8-h2.2°. A further recrystallization pro-

duced no change in melting point. Re-working the liquors gave an addi-

tional 3 g. of slightly less pure material. The total yield was lh.S g.

or 70%.

F. 3-Methoxyah'-chlorostilbene.

1. By distillation.

The oil obtained as a product of the Grignard reaction between m-

methoxyhenzaldehyde and p—chlorobenzylmagnesium chloride (See Part II F,

Experimental) was distilled at i7s-/o.s mm. to give no g. yellowish oil

which solidified in the receiver after standing several hours at room

temperature. Two recrystallizations from ligroin gave 33 g. of 3-methoxy-

h'-chlorostilbene, m.p. 71.0-71.6“. This is a yield of 33% based on m-

methoxyhenzaldehyde. (See also Part II, C, Discussion).
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The dark colored.residue which remained in the distillation flask

was treated.with hot ligroin, the ligroin decanted and cooled to give a

small number of crystals, m.p. 133-133.5°. This was not the hydroxyb

stilbene which melts atiabout 135‘, as shown.by a mixed melting point

with that material. A dilute bromine in carbon tetrachloride solution

showed the unidentified substance to be saturated. It could possibly be

3-methoxyphenyl—h'-chlorobenzyl carbinol which had not been isolated in

crystalline form, although with such a high.melting point, it should not

have been so resistanct to crystallization when first prepared.

2. By methylation.

One gram 3-hydroxy-h'-chlorostilbene (See Part IV F, Experimental)

was methylated in the manner described in Part III A, Experimental, to

give an almost quantitative yield of the methoxystilbene after recrys-

tallization from absolute ethanol. The melting point and mixed.melting

point was identical to that obtained for the 3—methoxybh'-chlorostilbene

prepared.above in l.

G. Z-Methoxyb2'-chlorostilbene.

The red oily residue, following isolation of the carbinol in 30%

yield (See Part II 0, Experimental), was distilled (See Part II B, Ex—

perimental, and Part II 0, Discussion) at 18573 mm. to give a viscous

yellowish oil which crystallized from petroleum ether when the solution

cooled to the temperature of dry ice. Recrystallization gave beautiful

prisms, m.p. 62.0-62.5“. The yield was about 11% based on oamethoxyb

benzaldehyde used in the Grignard reaction.
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H. 2-Methoxy—3 '-chloros tilbene .

1. Methylation of 1 g. 2-hydroxy-3'-chlorosti1bene (See Part IV, H,

Experimental) with dimethyl sulfate in the manner described in Part III

A, Experimental, gave an almost quantitative yield of methoxystilbene

after recrystallization from absolute ethanol, m.p. 36.3—36.h°.

2. Pure 2-meth01qyphenyl-3'-chlorobenzyl carbinol (See Part II H, Ehr-

perimental) was distilled under vacuum in the presence of mineral acid.

(See Part II B, Experimental, and also Part II, 0, Discussion). The die-

tillate from 1.0 g. carbinol, b.p. 185-190'/1 mm. weighed 29 g. and cry-

stallized upon cooling to 0‘ in absolute ethanol to give 19 g. white

needles, m.p. 36.2-36.h‘. The yield was 51%.

I . 2-Methoxy-h '-chloros tilbene .

Pure 2-methoxyphenyl—h'-chlorobenzy1 carbinol (See Part II, I, Exper-

imental) was distilled under vacuum in the presence of mineral acid. (See

Part II B, Experimental, and also Part II, C, Discussion). The fraction

coming over at 170-180‘/1 mm. solidified in the receiver almost imediately.

Two recrys tallizations from absolute ethanol gave 8 g. methomstilbene,

m.p. 82.h-83.1'. The fraction coming over at 180—200/1 mm. was recry-

stallized from ligroin to give mainly undehydrated carbinol. The residues

from distillation and crystallization were again combined and distilled

with a little mineral acid present. This time 11; g. of pure methoxy-

stilbene was isolated, bringing the total yield to 22 g. or about 50%.
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IV. HYDROXYCHLOROSTILBENES.

A. b—Hydroxy—Z'-chlorostilbene.

1. By Demethylation—dehydration of the Carbinol (Figure 5).

Reactants:

hemethoxyphenyl-2'-chlorobenzy1 carbinol 60 g.

pyridine 180 ml.

hydrochloric acid (concentrated) 180 ml.

The pyridine hydrochloride reagent was made hy adding the pyri-

dine (redistilled) to the hydrochloric acid all at once, whereupon the

temperature rose almost to the boiling point of pyridine. The tempera-

ture was raised to 200‘ with the flask open to the air, allowing any exp

cess of reagents to boil out, leaving only pyridine hydrochloride. Buu-

Hoi and Hoan (9) made this reagent by introducing anhydrous hydrogen

chloride into anhydrous pyridine in a suitable solvent. This latter

method was more troublesome and gave no better yields in this work. Or-

dinary technical grade pyridine gave a 5% lower yield in a single run.

The carbinol, dissolved in about 20 ml. pyridine was added all at

once to the pyridine hydrochloride reagent, and the solution was stirred

mechanically at 200' for one and a half hours. The light red solution

was then cooled to about 120'. Below this temperature, the mixture be-

gan to solidify. Ice was added and then cold water was rapidly added to

make a volume of about 600 ml. Ether was added and stirring continued

for several minutes. The ether layer was separated, washed twice with

water, and dried over potassium carbonate. The light red ether solution
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was then concentrated in an air stream.on the steam bath and the ether

replaced with ligroin (90'). The hot ligroin was decanted from the red

tar on the bottom of the flask. It was necessary that the ether was

completely removed or some of the tar carried over into the toluene and

contaminated the product. The ligroin solution was cooled and the cry-

stals filtered to give h3 g. of crude hydroxystilbene (slightly pink

colored), m. p. ll3-llh’. Two recrystallizations of the crude product

from toluene, using 130 ml. and 80 ml. respectively, gave crystals of

m. p. 113.8-11h.1°. Norite was used in some cases to remove some of the

color. The yield was 67%. Two other runs gave yields of h8% and 83%.

When the carbinol was heated with pyridine hydrochloride longer

than 1 1/2 hours at 200°, the yield was somewhat lower and more tar was

formed. A heating period of less than 1 1/2 hours, however, also gave a

somewhat lower yield.

2. By Demethoxymethylation-dehydration of the Methoxymethoxy Carbinol.

hAHethoxymethoxyphenyl—Z'-chlorobenzyl carbinol, 5 g., prepared in

Part II J, Experimental, was stirred.for two hours at 120—135° with 36

m1. acetic anhydride. The solution became very dark red during 1/2 hour

of heating, but then became lighter in color. After three hours it was

again relatively light colored. The mixture was poured into ice and

water and extracted with ether. The ether extract was washed and heated

with 15% potassium hydroxide solution at 100° for h hours. This mixture

was poured into water and extracted with ether. The alkaline aqueous

portion was acidified, giving an oil which was extracted with ether. The

ether solution was washed with water and dried over sodium sulfate. The
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ether was evaporated on the steam bath and the residue taken up in 11-

groin. Upon cooling the ligroin solution, white crystals were obtained.

After recrystallizing twice from.toluene, in which the substance was

quite soluble at room temperature, and cooling to the temperature of dry

ice, a 15% yield of the desired hydroxystilbene was obtained, m. p. 112-

113'. This melting point is a little low, but a mixed melting point with

material prepared by means of the Meerwein reaction showed no depression.

3. By the Meerwein Reaction (Figure 2).

The procedure described in Part III 0, Experimental, was followed,

except that half the quantities of materials was used, and o-chloroani-

_ line was substituted for p—chloroaniline.

After addition of the catalyst and warming, reaction commenced at

19-21. but was not very vigorous. The temperature climbed slowly to 37°

and then began to fall. The mixture was stirred two hours longer at

room temperature and then worked up as before. Only 1 l/h g. product

could be isolated in pure form (after recrystallization from toluene).

The melting point and mixed melting point were identical with that ob—

tained for this compound by method 1. The yield was h.5%. Bergmann and

I Schapiro (2) obtained a yield of lhi using pamethoxycinnamic acid and o-

chloroaniline.

h. By Demethylation of the Methoxystilbene (Figure 5).

h;Methoxya2'-chlorostilbene (1 1/2 g.) was stirred at reflux for six

hours with.a.reagent prepared By adding 10 ml. h8% hydrobromic acid cau-

tiously to 50 ml. acetic anhydride. After refluxing, the solution was

poured with stirring into about 600 ml. water. The mixture was extracted
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with ether and the ether washed and dried. The ether was removed by eva-

poration on the steam bath and was replaced with methanol. About 10 g.

potassium hydroxide in 10 ml. warm water was added and the solution re-

fluxed for four hours. The solution was acidified with concentrated hy-

drochloric acid, and extracted with ligroin while warm. Upon cooling

the ligroin solution, crystals of hydroxystilbene were obtained in low

yield (0.2 g.).

Bergmann and Schapiro (2) prepared the methoxystilbene by means of

the Meerwein reaction. Their attempt to demethylate this compound by

boiling in h8% hydrobromic acid was unsuccessful.

B. h—Hydroxy-B'-chlorostilbene.

This compound was prepared by dehydrationrdemethylation'with pyri-

dine hydrochloride in the manner described in Part IV A, 1, Experimental.

Recrystallization of the crude material from toluene gave white needles,

m. p. 129.9-130.1'. Four runs averaging about 50 g. each gave yields of

BhS, 50%, 50%, and 55%, reSpectively.

C. h-Hydroxy-h'-chlorostilbene.

This compound was prepared by the heerwein.reaction as described in

Part III C, 1, Experimental. In a 0.25 mole run, hl g. of p-hydroxy-

cinnamic acid was used instead of p-methoxycinnamic acid. The other re-

actants were used in the same quantities. Reaction commenced at about

20’. The mixture was stirred 3 hours at.room.temperature. The crude

compound was obtained from toluene, after decantation from.tar, but upon

attempted recrystallization it was found to have become less soluble in

toluene. Recrystallization from glacial acetic acid gave lb g., (22%),
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m. p. 183.5-18h.0°. About 22 g. of the unreacted cinnamic acid was re-

covered. The yield is about b0% based on this recovery.

Meerwein (1) also prepared this compound in 56% yield by the same

method.

D. B-Hydroxy-Z'-chlorostilbene.

The procedure for demethylation-dehydration of the corresponding

carbinol by means of pyridine hydrochloride at 200° as described in Part

IV A, 1, Experimental, was used for the preparation of this isomer. Re-

crystallization of the crude material once from toluene followed by a

single recrystallization.from ligroin gave needles, m. p, 83.8-8h.2°, in

a yield of 58%.

Since neither methylation nor hydrogenation produced well defined

crystalline compounds, the p-chlorobenzoate derivative was prepared in

the manner described in Part V A, Experimental. Two recrystallizations

from absolute ethanol gave the pure p-chlorobenzoate, m. p. th.6-105.0‘.

E. 3-Hydroxy-3'-chlorostilbene.

The procedure for demethylationpdehydration of the carbinol by means

of pyridine hydrochloride at 200°, as described in Part IV A, l, Experi-

mental, was used for the preparation of this isomer. The starting mater-

ial was not pure since the carbinol did not crystallize after its prepa-

ration by the Grignard reaction; the oil was distilled, however, and used

as a viscous, light colored liquid, which contained both carbinol and

methoxystilbene. (See Part II E, Experimental).

The crude hydroxychlorostilbene was somewhat less soluble in hot

ligroin than the other hydroxychlorostilbenes, hence, several extractions
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toluene and then from ligroin, material of melting point 68.5—69.2’

was obtained in an average yield of 31% for four runs, based on the

weight of oil used.

F. B-Hydroxy-L'-chlorostilbene.

1. By Dehydration-damethylation of the Carbinol.

The starting material was a clear viscous oil, containing both the

carbinol and the methoxystilbene, obtained by distillation of the crude

yellow oil from the Grignard reaction. (See Part II F, Experimental).

1he pure carbinol could not be crystallized, either from the crude yel-

low oil before distillation, or from the distillate. After treatment of

the above material with pyridine hydrochloride, the crude hydroxystilbene

was extracted with hot ligroin and worked up as described in Part IV A,

1, Experimental. Recrystallization.from toluene after Norite treatment

gave a product of m. p. 13h.7-13h.9°. The yields in this and another

reaction, reSpectively, were 70% and 60% based on the weight of the oil

used.

2. By Demethylation of the Methoxystilbene.

Some of the oil containing both carbinol and methoxystilbene which

was used as a starting material in the preceding experiment, was sub-

sequently crystallized from ethanol to give pure 3-methoxyhh'-chlorostil-

bene. (See Part II F, Experimental). This pure compound was then de-

methylated with pyridine hydrochloride as in method 1, above,to give a

77% yield of the corresponding hydroxystilbene.
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3. By the Meerwein Reaction.

The method described in Part III 0, 1, Experimental, was used to

prepare this isomer in 1.0% yield. The melting point and mixed melting

point checked with that obtained above by a different method.

G. 2-Hydroxy—2'-chlorostilbene.

The procedure for demethylationpdehydration of the carbinol by means

of pyridine hydrochloride at 200°, as described in Part IV A, l, Experi-

mental, was used for the preparation of this compound. The crude material

from the ligroin extraction was orange in color and there seemed to be

more tar than usual. Two recrystallizations frmm small amounts of tolu-

ene, without Norite treatment, gave white prisms, m. p. 132.0-132.6°.

The yields of pure material in three runs were h7%, 32%, and 37%.

H. 2-Hydroxy-3'-chlorostilbene.

The carbinol was treated with pyridine hydrochloride at 200° as des-

cribed in Part IV A, 1, Experimental. Two recrystallizations of the

crude material from toluene gave white crystals, m.p. 80.8-81.l°. The

yields of pure material in three runs were 36%, 38%, and LS%.

I. 2-Hydroxyeh'—chlorostilbene.

The carbinol was treated with pyridine hydrochloride at 200° as des-

cribed in Part IV A, 1, Experimental. Two recrystallizations of the

crude material from toluene gave a pure white product, m. p. 122.5-123.0°.

This is almost exactly the melting point of the carbinol, but a mixed

melting point with that material showed a large depression. The yields

of hydroxystilbene in three reactions were 50%, h8%, and 5h%.
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V. HYDRDXYCHLOROBIBENZYLS.

A. h-Hydroxy-Z'-chlorobibenzyl.

l. Hydrogenation of the Hydroxystilbene (Figure 6).

Raney nickel catalyst (WL2) was prepared according to the procedure

of Mozingo (h3). For the preparation of this bibenzyl, 19 g. h-hydroxya

2'-chlorostilbene was dissolved in 50 m1. absolute ethanol and refluxed

twice over 5 g. portions of Raney nickel; the clear solution after fil—

tration was rocked at 50° for five hours under 1000 pounds initial

hydrogen pressure, using 10 g. Haney nickel catalyst, in a 500 ml. hydro-

genation bomb. The solution was filtered and the ethanol evaporated,

being replaced with petroleum ether. The solvent was cooled to 0° and

decanted from an oil which settled to the bottom of the flask. 0n stand-

ing overnight at 0°, the bibenzyl crystallized and was filtered and dried.

Several extractions of the oil which settled out gave additional material.

The bibenzyl was recrystallized from petroleum.ether, giving 10 g. (53%),

m. p. 60.0-61.0°.

Hydrogenation of the stilbene was also successful when capper chro-

mium oxide catalyst was substituted for Randy nickel. -

Attempts to reduce this compound without first refluxing over Haney

nickel at least once and preferably twice were unsuccessful.

2. Preparation of the p-Chlorobenzoate Derivative.

h-Hydroxy-Z'-chlorobibenzy1 (3 g.) was dissolved in 10 m1. dry, re-

distilled pyridine, and 2 ml. p-chlorobenzoyl chloride added. Heat was
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generated and in a moment the mixture became a semi-solid mass. The

mixture was heated for a few minutes on the steam bath, diluted with

water, and extracted with ether. The ether was washed with water,

dilute (2 N.) sulfuric acid solution, water, and finalLy with 5% sodium

bicarbonate solution. After drying over potassium carbonate, the ether

was evaporated on the steam.bath and the residue taken up in absolute

ethanol. Crystals precipitated.from the ethanol solution when it was

cooled to 25°. These were filtered and recrystallized a second time from

ethanol to give about 1.5 g. of the p-chlorobenzoate, m.p. 109.h-109.8°.

B. h—Hydroxy-B'echlorobibenzyl.

Several attempts were made to obtain a pure bibenzyl by reduction

of the corresponding stilbene according to the method described in Part

A of this section. The bibenzyl was isolated in low yield, m. p. 36-

38°, and gave a chloride analysis which was approximately one per-cent

law. (See Table V). The p-chlorobenzoate derivative which was prepared

by the method described in Part A of this section, however, was easily

purified and gave the correct analysis. After two recrystallizations

from absolute ethanol, the melting point was 90.5-91.l°.

C. h-fiydroxy-h'-chlorobibenzyl.

Hydrogenation of 22 g. h-hydroxy-h'-chlorosti1bene by the method

described in Part A of this section, using 10 g. Raney nickel at 70° for

3 1/2 hours under 1000 pounds initial hydrogen pressure, gave 1h g. crude

bibenzyl from ligroin, m. p. llh—116°. Recrystallization from ligroin

(90°) gave 11.5 g. (51%) of product, m. p. 115.8—116.l°. Several hydro-
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genations were carried out, each giving approximately the same results.

The p-chlorobenzoate derivative was prepared as described in Part

A of this section. Two recrystallizations from.absolute ethanol gave a

nicely crystalline material, m. p. 133.8—13h.h°.

D. 3—Hydroxy-2'-chlorobibenzyl.

The corresponding stilbene was hydrogenated by the method described

in Part A of this section. The bibenzyl was an oil at room temperature.

It was crystallized from ligroin at‘-30°, and the melting point taken on

a previously cooled block. M. p. 2o-22'. The bibenzyl was distilled at

160°/2 mm. NTB 1.5812. No refractive index could be found at 20°.

The p-chlorobenzoate, prepared in the manner described above and

recrystallized twice from absolute ethanol, melted at 60.2-60.8°.

E. 3—Hydroxy-3'—chlorobibenzyl.

The corresponding stilbene (20 g.) was hydrogenated by the method

described in Part A of this section. Four grams of product, I. p. 30-

32°, was obtained as crystals from.ligroin after standing two days at

-30°. The remaining material was distilled at 165°/l mm. to give an oil.

It was impossible to find a refractive index.for this material at tame

peratures up to 50°.

The p-chlorobenzoate, prepared in the manner described above and re-

crystallized twice from absolute ethanol, melted at 59.8-60.5°.

F. B-Hydroxy-h'-chlorobibenzy1.

The corresponding stilbene was hydrogenated by the method described

in Part A of this section. The crude material, recrystallized twice from
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petroleum.ether gave a product of hh.8-h5.3°. I‘urtherrecrystallization

from either petroleum ether or absolute ethanol did not raise the melt-

ing point. The yield was 38%. Hydrogenation with.00pper-chromium.oxide

catalyst under the same conditions gave the bibenzyl in about 70% yield.

The p-chlorobenzoate derivative, prepared in the manner previously

described and recrystallized twice from absolute ethanol, melted at 75.2-

76.0°.

G. 2-3ydroxya2'—chlorobibenzyl.

The corresponding stilbene (11 g.) was hydrogenated by the method

described in Part A of this section. The temperature of reduction was

70' in this case. After two recrystallizations from ligroin, the yield

was 36%. M. p. 71.2—71.5°.

The p-chlorobenzoate, prepared and recrystallized as described a-

bove, melted at 99.3-99.9°.

H. 2-Hydroxy-3'-chlorobibenzyl.

The corresponding stilbene (18 g.) was hydrogenated by the method

described in Part A of this section. The temperature of reduction was

70° and the time of heating was five hours. The yield of product of m.

Po 5h.0-5h.6°, crystallization from ligroin, was 9 g. or 50%.

The p-chlorobenzoate, prepared and recrystallized as described in

Part A of this section, melted at 67.1-67.9'.

I. 2-Hydroxybh'-chlorobibenzyl.

The corresponding stilbene (ll g.) was hydrogenated by the method

described in Part A of this section. The bibenzyl was Obtained in 55%
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yield after one recrystallization from ligroin using Norite A and melted

at 95.h—96.0°. In a second run the hydrogenation was carried out at 70°

for‘twelve hours, giving the bibenzyl in 63% yield.

The p-chlorobenzoate, m. p. 55.8-56.2°, was prepared and recrystal-

lized twice from absolute ethanol. In the first crystallization it was

necessary to cool the alcohol solution to -30° before crystallization

occurred.
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VI. CHLORIDE ANALYSIS.

The chloride analyses were carried out by fusing the organic

compound in a Parr bomb with sodium peroxide, and determining the

chloride volumetrically by a modification of the Volhard method

(53) as described below. The directions followed for the fusion

were those given in a monograph published by the Parr Instrument

company of Moline, Illinois (53).

To approximately 0.2 3. organic sample was added 15 g. sodium

peroxide, 3 g. potassium nitrate, and l g. sucrose, the bomb sealed

and the mixture shaken well to mix. Potassium nitrate is not nec-

essary according to Beamish (53). In the few cases where a liquid

sample was used, the fusion mixture was. stirred well before sealing

the bomb. The fusion bomb was placed in a special metal cylinder

which exposed only the bottom portion of the bomb and protected the

rubber gasket from overheating; the fusion mixture was ignited by

heating a minute or two with a Meeker humor. A hissing sound was

evidence that fusion tad taken place; the bomb was heated another

10 or 15 seconds and quenched by immersion in cold water. The bomb

was dried, opened carefully, and laid sideways in a beaker of hot

distilled water, the water just covering the bomb. The fusion

mixture dissolved rapidly. The bomb was renoved with tongs and

washed with distilled water. Concentrated nitric acid was added to
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the solution in the beaker, cautiously, as the peroxide decomposed

with considerable foaming; the s olution was boiled for about five

minutes. While waiting for the solution to cool, more samples were

weighed out.

To the acid solution, containing the chloride to be determined,

was added excess standard silver nitrate solution, approximately 0.1 N.,

which had been prepared by drying silver nitrate in an oven at about

105°, weighing a given amount carefully, and diluting to a know volume.

Nitrobenzene, 5 m1., was added to coat the silver chloride precipitate

and prevent its further reaction during titration. Ferric alum in-

dicator, 5 ml. was added and the excess silver nitrate titrated to the

first appearance of a pink color with approximately 0.1 N. potassium

thiocyanate solution, 'which had previously been standardized against

the silver nitrate solution. A blank determination was carried out in

duplicate, showing that there was no measurable chloride contamination

from outside.

Eight samples were carried through the fusion and titration as a

unit. This required about 3 1/2 hours for the complete determination,

but during this time it was also possible to weigh out the next batch

of samples, and to make most of the calculations using logarithms. It

was found possible to do eight samples in as little as 2 1/2 hours by

working rapidly and efficiently.

Results of the chloride analyses appear in Tables II-VI. In general

they tend to be a little low. This may be normal for these types of

compounds since Lemp and Broderson (56), as well as Cook and Cook (57),

reported that consistently low results were normal for chlorinated bi-

phenyls.



TABLE II

mmmnmmmflmwmumemms

@j‘f“Q
0CH3

 

 

 

OCH3 Cl .M.P.,°C. Average % Cl Page

Yield,_%

h 2' 6h.o-6s.o 51 13.32 ul

h 3" 37. 38.0 m. c 1.3

Sh.8-55.2b

h h' 83.0-83.6 82 13.23 hh

3 2' 66.0-66.6 h3 13.h9 AS

3 3' Cil e d h6

3 h' Oil 3 . d to

2 2' 71.2-71.h 26 13.25 h?

2 3' 71.6-72.2 . h8 13.25 ha

2 h' 122—123 A6 12.73 h9
 

a. Calculated for 015H150103: Cl, 13. h9%.

b. This compound exists in two isomorphic forms, the higher melting

one being the most stable.

c. Previously prepared by Jenkins and.Richardson (6).

d. These oils were not purified sufficiently for analysis.

e. Oil obtained by distillation of crude reaction product at 185-

190°/1 mm, gave no crystalline carbin01.
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TABLE III

a

METHOXYCHLOROBTILBENES

 

 

 

OCH3 Cl

b , c d

OCH3 Cl M.P.,°C. Method Average % Cl Page

Yield,,%

1; 2 . 60 D 75 e 52

S f 51

R low 53

h 3' 9h D" 30 g 55

h h' 181 M 25 h 55

D' 82 57

3 f 57

3 2' 158/2 mm,1 s r 1h.32 57

3 3' h2 S 70 1h.38 58

3 h! 71 S f 1h.29 59

D" 33 58

2 2: 62 D" 11 1h-35 59

2 3 . 36 s f 114.38 60

D' 51 60

2 h' 53. D' .30 lh.h§ 60
 

a. See Table I for complete data on dehydration of carbinols.

b. melting point ranges are listed in the Experimental section.

c. Methods: IL dehydration of carbinol with AcCl, HCl, and HOAc;

D', dehydnation of pure carbinol by distillation with mineral acid; D",

dehydration of carbinol residues by distillation (without acid); 3,

methylation of the Hydroxystilbene, M, Heerwein reaction; R, reduction

and dehydration of the benzoin.

d. Calculated for 015Hi3C10: Cl, lh.h9%.

e. Prep'd by Bergmann (2) in 1h% yield by the Meerwein reaction.

f. Yield.a1most Quantitative.

g. Prep'd by Jenkins and Richardson (6) by'a similar method.

h. Prep'd by Bergmann (2) in 65% yield.by the meerwein reaction.

1. Boiling point. This oil could not be crystallized.
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HYDROXYCHLORGSTILBENES

OH C1
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w
u
:

U
)
1
?
?

0H Cl M.P.,°C a method b Average 1 Cl c Page

Yield,%

h 2' 11h P 67 15.30 61

M h.5 d 63

A 5 63

c 15 62

3' 130 P 50 15.18 6h

h' 18h u 22 e on

2' 8h P 58 15.28 65

3' 69 P f 31 15.18 65

h' 13h P r 60 15.32 66

P g 77 66

M 1 67

2 2' 132 P 39 15.1h 67

2 3| 81 P to 15.29 67

2 ti 122 P 51 315.27 67
 

a. melting point ranges are listed in the Experimental section.

b. Methods: P, demethylationsdehydration of the carbinol with

pyridine hydrochloride; M, Neerwein reaction, A, demethylation with

acetic anhydride; 0, Cleavage of the methoxymethoxy ether.

c. Calculated for c,.n,101o: Cl, 15.37%.

d. Meerwein (1) obt'd this comp'd in 8% yield by this method.

e. Meerwein (l) obt'd this comp'd in 56% yield by this method.

I: Starting material was an oil containing both carbinol and

methoxystilbene.

__g. Demethylation of methoxystilbene pyridine hydrochloride.
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TABLE V

HYDROXYCHLCROBIPm-Izns 3‘

Dim-Q

 

 

 

 

OH Cl

b

Hydroxy Chloro M.P.,°C. Average % Cl Page

Yield,b%

h 2' 60.0-61.0 53 15.25 68

h 3' 36.0-38.0 10w ° 111.00 69

h h' 115.8-116.l 51 15.09 69

3 2' 20.0-22.0 d low 15.23 70

3 3' - 30.0-32.0 9 low 15.01 70

f

3 h' {Aw-16.3 38 15.114 70

2 2' 71.2-71.5 36 15020 71

2 3 . 5h. 0-5h.6 50 15.12 71

2 ’4' 95.14.9600 63 15002 71

‘ a. Prepared from hydroxystilbenes by hydrogenation using HA2 Raney

nickel catalyst.

b. Calculated for 01,111,010: Cl, 15.23%.

c. This compound could not be p fied.

d. Boiling point, 160°/2 mm., N 0 1.5812.

e. Boiling point, 165‘/1 mm., no refractive index could.be found.

f. Copper chromium oxide catalyst gave 70% yield.

 

 



TABLE VI

p-CHLOROBENZOATE DERIVATIVES
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p-Chlorobenzoate of— M.P.,°C. %01 Page

h-Hydroxy-Z'-chlorobibenzy1 109.h-109.8 18.99 68

h—Hydroxy-3'-chlorobibenzyl 90.5-91.1 ' 18.88 69

h-Hydroxy-h'-chlorobibenzy1 133.8-13h.h 19.03 69

3—Hydroxyh2'-chlorobibenzy1 60.2-60.8 18.98 70

3-Hydroxyb3'-chlorobibenzy1 59.8-60.5 18.96 70

3-Hydroxy-h'—chlorobibenzyl 75.2-76.0 19.10 71

2-Hydroxy-2'-chlorobibenzyl 99.3-99.9 19.08 71

2—Hydroxy-3'-chlorobibenzyl 67.1-67.9 18.92 71

2-Hydroxy-h'-chlorobibenzy1 55.8-56.2 19.01 72

3-Hydroxy-2'-chlorosti1bene 108.6-105.0 19.12 65

 

a. Calculated for 021H160102:

b. Calculated for 021H140102:

01, 19.11%.

01, 19.20%.
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12.

1h.

15.

16.

17.

18.

20.

21.
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ABSTRACT

The syntheses of the isomeric hydroxyh and methoxychlorostilbenes

(I) and the corresponding hydroxybibenzyls (II) have been investigated.

Incidental to their preparation, the methoxyphenylchlorobenzyl carbinols

(III) have also been prepared. Thirtyasix compounds, excluding deriva-

tives, have been.synthesized.and the majority submitted for pharmaco-

logical testing. Six of these compounds have been reported in the

literature.

{E \>-CHvCH-. S/E \>-CHz-CH2<—§

0H Cl 0H 7 Cl

OCH

( 3) I. II.

@688“: 9
OCH3 0H Cl

III.

The method of attack which appeared most suitable was to prepare

substituted stilbenes of type I and reduce them catalytically to bi-

benzyls of type II, as there were several examples reported in the li-

terature for the reduction of chlorostilbenes to chlorobibenzyls (1).

Among the methods of synthesis investigated for the preparation of

the stilbenes were (a) the Meerwein reaction, (b) conversion of mixed ben-

zoins into the stilbenes by simultaneous reduction-dehydration; and (c)

the Grignard reaction. Of these methods, the latter proved to be the

most satisfactory for general use.
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The Meerwein reaction (2) appeared most promising inasmuch as h-

hydroxy-h'-chlorostilbene was reportedly obtained in 56%;yield by user-

wein et. a1: (2). However, the yields of this same compound in the

present investigation were considerably lower and averaged 22%. The

application of this reaction fer the preparation of three other isomers

proved unsatisfactory and its use was abandoned.

A second method was the attempted conversion of mixed benzoins (3)

by simultaneous reductionpdehydration using zinc and hydrochloric acid,

into the stilbenes (h). The yields in the latter step were so lOW'that

the method was abandoned.

The Grignard reaction (5) between the methoxybenzaldehydes and chloro-

benzylmagnesium.chlorides gave the corresponding methoxyphenylchlorobenzyl

carbinols (III) in good yield. It was found possible to dehydrate these

carbinols to the methoxystilbenes (I), but the conversion of the latter

to the hydroxystilbenes proved difficult at first; normally used methods

gave lOW'yields of the desired product. Hewever, after finding the axe

cellent demethylation procedure of Bun-Hoi and Hoan (6) using pyridine

hydrochloride at about 200', not only'was it possible to demethylate the

methoxystilbenes in good yield, but also to demethylate and dehydrate the

carbinols in one step to give the hydroxystilbenes.

Reduction of the stilbenes to the bibenzyls proceeded rather diffi-

cultly. Either'W—Z Ranqy nickel (7) or copper chromium oxide gave in the

neighborhood of 50% yields when used.at 50—700 with hydrogen pressures of

1000-1500 p.s.i.

The p—chlorobenzqyl derivatives of the bibenzyls were prepared using

p—chlorobenzoyl chloride. The interconversion between methoxy- and
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hydroxystilbenes, and the ready dehydration of the carbinols to either

of the above two types of compounds, made it unnecessary to prepare

derivatives of these compounds.

All the compounds were analyzed for chloride as follows. The com-

pounds were fused with sodium peroxide, the chloride precipitated with

excess standard silver nitrate solution, and the excess silver titrated

With standard thiocyanate solution.
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