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A. SOME REARRAHGEMEKT REACTIONS OP ORGAHOMAGHESIUM HALIDKS. 

1. Studies! on Benzylmagneslum Chloride. 

I. Introduction 

The Grignard reagents have, since their discovery in 1900 

by the French chemist whose name they hear, attained a position 

of importance in the field of synthetic organic chemistry per­

haps unapproached by any other single group of compounds. They 

are convenient to prepare and handle, and may be employed in 

the synthesis of compounds of many v/idely different types. 

Any reagent, to be of great value in synthetic chemistry, 

must be ''reliable**, that is, it must lead to derivatives whose 

structure may be definitely predicted by comparison with the 

known behavior of the reagent in question. Twenty-eight years 

of ever-increasing use have demonstrated quite clearly the re­

liability of the organomagnesium halides discovered by Grignard. 

Further, many careful studies have been carried out during this 

period which v̂ ere undertaken for the purpose of establishing or 

refuting the dependability of these reagents. A few of these 

studies are mentioned here. The problem is one of determining 

the exact location of an -MgX group, whether it be attached to 

carbon, or to some other element such as sulfur, oxygen, or 

nitrogen, by replacing that group with some other group of 

atoms, the final product being a molecule which permits of 

ready and certain identification. Studies of this nature thus 

not only establish the reliability of the reactant, but also 

of the Grignard reagent itself. 
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Alkyl sTjlfates liave been suggested by Gilman snd Hoyle (l) 

as reagents for characterizing the -MgX group attached to car­

bon as well as to some other elements. These reagents intro­

duce an alkyl radical into the molecule in the position origi­

nally held by the -MgX group. In accordance with a recent sug­

gestion by Gilman and Heck (s) the reaction may be formulated as 

follows: 

(Alkyl-O)gSOg + MgX —R-Alkyl + Alkyl-X + MgS04 

Methyl sulfate has been shown by Gilman and ̂ îrby (3) to give a 

normal reaction with the difficult:y prepared benzhydrylmagnesium 

chloride. Further, phenyl- and a-naphthyl-ieocyanates (4) are 

reagents for characterising the -MgX group by the formation of 

crystalline anilides and a-naphthalides in very good yields. 

RMgX + R'NCO —3»- R-N=3-f̂  SQ̂ R-N=C?R —R-M-CO-R* 

The reliability of phenylisocyanate, diphenylcarbamine 

chloride, and benzoyl chloride for the characterization of the 

-MgX group attached to nitrogen was demonstrated by Gilman and 

Kirby (5). 

(1) Gilman and Hoyle, J. iun. Chem, Soc., 44y2621 (1922)• This 
reaction was studied earlier by others. Seferences to former 
work are given in a paper by Gilman and Beaber (ibid., 46,518 
(1925)). Subsequent work on alkyl sulfates and 'tiae Grignard 
reagent has been done by Bert (Bull, soc. chim., 57,1252(1925)). 
(2) Gilman and Heck, J. Am. Chem. Soc., 50,2223(l'̂ 8)-
(3) Gilman and ?̂ irby, ibid., 48,1733(192̂ 7. 
(4) Gilman and Furry, TSIS., |g, 1214(1928). This paper contains 
references to the earlier work̂ "on the reaction between iso-
cyanates and the Grignard reagent. 
(5) Kirby, J.E., Some reliable reagents for characterizing the 
-MgX group. Unpublished thesis, i-ibrary, Iowa State College, 
Afne s, Iowa, 1926. 
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A few instances are, however, recorded in the literatiire 

in vnhich the Grignard reagent gives rise to an unexpected pro­

duct. In 1903 Grignard (6) treated benzylmagnesium chloride 

with trioxyEsthylene, the solid polymer of formaldehyde, and 

obtained a product which he doscrioed as the expected phenyl-

ethyl alcohol. 

HOH 
CaHe-CHs-MgCL + HCHO —CeHB-CHs-CHa-OMgCl —CQĤ -CHs-CHS-OH 

Very shortly after the appearance of Grignard's paper, Tif-

feneau and Delange (7) repeated the work of Grignard and defi­

nitely proved that the reaction product is not phenylethyl 

alcohol, but an isomer, £-tolyl carbinol. The appearance of this 

isomer was first indicated by the fact that the substance obtained 

can be easily crystallized and melta at 33®, while phenylethyl 

alcohol remains liquid even at -20°. Further proof was supplied 

by oxidation of the compound to £-toluic acid under conditions 

which yield benzoic acid when phenyle13iyl 3.1cohol is oxidized. 

The pheny lure thanes of both alcohols v/ere also prepared and 

while their melting points are almost exactly the same, a mixed 

melting point determination proved them to be different bodies, 

Tiffeneau and Delange (7) expla ned this remarkable re­

action by drawing an analogy with the synthetic method first 

employed by lanasse (8) for the preparation of phenolalcohols. 

(6.) Grignard, Bull. soc. chim., 29,953(1903). 
(7) Tiffeneau and Delange, Oompt. rend., 137,573(1903). 
(8) Manasse, Ber., 27,2411(1894). 
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C ON 

OH 
I 

0 -t- HC H O OH 

vC. OH J.- o H 

The reaction of benzylmagnesiutn chloride and formaldehyde is 

then written as followsi 

1+HcHO—^ I I 

C-H, c-H. 

-CIV OH •  c . o n g  c .  I  HOhl^ 

tCT) 

CĤ - oH 

The reasons put forward by ̂ iffeneau and Delange (7) for asstun-

ing fonirula (II), O-CHg-CsĤ -CHs-OMgCl, to represent correctly 

the intermediate complex magne si tun compound are, in view of 

recent, work of Gilman and Schulze (9), partially invalidated. 

The intermediate compound did not react with carbon dioxide as 

would be expected of compound (I). Further, the compound did 

not form an ester when treated •with acetic anhydride and on 

these grounds formula (l) was discarded. Gilman and Schulze 

(9) shOYfed that -OMgX compounds yield esters with acetic an­

hydride. The failure to obtain an ester is difficult to e:xplain. 

Its formation would have confirmed formula (II) for a compound 

such as (I), obviously incapable of existence, contains a C-MgX 

group and should yield a tertiary alcohol with acetic anhydride. 

Further, two molecules of a compound like (I) would interact 

and yield compound (II). 

(9) Gilman and Schiolae, Rec. trav. chim., 47(1928). 
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CH3_-rt̂ c,i H o - C H i .  C Hj 

In 1909 Carre (10) studied tlie reaction of some substituted 

benŝ /lmagnesium halides with trioxymethylene. He vras able to 

show that m-xylylraagnesium bromide reacts in a normal manner 

yielding m—xylyl carbinol. The yields obtained with ̂ -xylyl~ 

and ̂ -xylyl-- magnesium bromide were too meagre to be conclusive 

but he was able to show that £-xylylmagnesium bromide reacts 

v/ith acetone in a wholly normal manner. 

A second anomalous behavior of benzylmagnesium chloride 

was discovered in 1909 by Chichibabin (ll). Previously Hell 

(12) had prepared phenylbenzyl carbinol by the action of 

benzylmagnesium chloride on benzaldehyde. 

c-HO c H(0rtg'Cl3 - tCHx oh(dh-)-cHt. 

0 * 0 - 6  6 ™ * - 0  6  

Chichibabin (11) repeated tbis v/ork and showed that the residues 

remaining after the crystallization of the phenylben?.yl carhinol 

yield £-bensoylbenzoic acid, and traces of ̂ -benzoylbenzoic acid, 

on oxidation, "̂ he oxidation products indicated that the reaction 

proceeded in part abnormally producing an ortho-siibstituted 

(10) Carre, Compt. rend., 148,1108(1909). 
01) Chichibabin, Ber., 42,3474(1909). 
(12) Hell, Ber., ̂,453(1̂ 04). 
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product. CMchlbabin believed this abnomal product to be 

phenyl o-tolyl carbinol. 

Schmidlin and Banus (13) resumed the study of this reaction 

in connection with studies on the related triphenylmethylraag-

nesi"um chloride. These latter studies vrlll be discussed in de­

tail further on in this paper. Schmidlin and Banus (13) iso­

lated from the reaction products of benzaldehyde and benzyl-

magnesium chloride a white, crystalline compound melting at 110° 

The analysis of this compound indicated the molecular formula, 

CgiHigO. The oxygen atom appeared to be held in an ether-lilce 

linkage, since it gave no chloride when treated T,rith hydrogen 

chloride, and gave no reaction with acetic anhydride or phenyl-

isocyanate. Since the compound does not react vdth phenyl-

hydrazine or hydroxylamine hydrochloride the oxygen atom is not 

ketonic in nature. The compound is oxidized by chromic acid, 

and by permanganate to o-benzoylbenzoic acid and benzoic acid. 

Small amoiints of anthraquinone also are formed, perhaps due to 

the known ring-closure of o-benzoylbenzoic acid. Based on these 

observations, and the fact that the body gives a green color 

with concentrated sulfuric acid, Schmidlin and Banus (13) con­

cluded that the compound was diphenyl-isochromane. 

 ̂ i.1 ̂  r u 

By very slow addition of benzaldehyde to benzylmagnesim 

(13) Scbmidlin and Banus, Ber., 45,3193(1912). 

c H. 
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chloride a yield of 95% of phenylbenzyl carbinol was obtained 

by Sclimidlin and Banus (13). V»lien the Grignard solution was 

added to the aldehyde the yield of carbinol dropped to 40̂  and 

a 60̂  yield of diphenyl-isochromane was obtained. That the 

! formation of the isochromane cannot be due to reaction of excess 
i t 
I benzaldehyde v/ith the normal intermediate -OMgX compound (I) as 
1 

formulated below, was experimentally demonstrated by the same 

workers. 

CeHs-CHg-MgCl + CsHB-CHO = CeHs-CHs-GHCOMgCl)-CeHo (I) 

cH-Cfe/Vj-

—^ (Y 
<̂ 1. (JBTJ 

Benzaldehyde was shown to be wholly without action on the -OMgX 

compound represented by formula (I), These reactions, then, 

evidently are not the source of the isochromane. 

In some experiments Schmidlin and Banus (13) obtained also 

a compound melting at 123-124°, having the formula CgiHieO, and 

capable of being reduced to diphenylisochromane with the aid of 

platinum black in glacial acetic acid. This compound was con­

cluded to be diphenylisochromane, and its structure was given as 

I 
c-
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Schmldlln and Banus (13) further demonstrated that benzyl-

magnesium chloride is not altered in its mode of reaction by 

heating at 100° for a considerable period of time. The signifi­

cance of this experiment vdll be more apparent in the discussion 

given̂ belo'\'3: of triphenylmethylmagnesium chloride, which seems 

to undergo rearrangement v;̂ hen refluxed for several hours in 

benzene solution. It T/as, thereforê  proposed to represent 

bensylmagnesium chloride as an equilibrium mixture of two forms, 

one the normal, the other a quinoidal structure somewhat similar 

to that proposed for triphenylmethylmagnesium chloride and dis­

cussed later. 

U — 

Toward carbon dioxide the equilibrium la shifted completely to 

the left; toward formaldehyde to the right; and toward benzalde-

hyde either form may appear depending upon the concentrations 

used, and mode of addition of the Grignard solution. These re­

actions may be represented as follows; 
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C«3î  

HOH 

CH(bMgti) —cHt. 

ĤOH 

CH(oH) — CHi. 

C.H-

HCHO 
ly^l 

af^CH-C^H^ OMgi, 

I 
CH-CbHjr 
o(v̂ ep 
PH 

•<^H-C(,Hs-
(-H-

/ 
CH -((.Hy 

a 
I 

,tf 

O^cH^of^^a 

s\ •CH 
Ĵ HOH 

V cHj-oH 

<^H, 

An extended study of the mechanism of the reaction be­

tween the Grlgnard reagent and various aldehydes was carried 

out by Marshall (14). He showed that the products obtained by 

the action of two moles of benzaldehyde on one racQe of phenylmag-

newium bromide are benzophenone and benzyl alcohol* These re­

actions were expressed by the following equations: 

CeHg-CHO + CeHe-MgBr = (C6Hs)gCH-0MgBr 

(CeHe) sCHOMgBr + CeHg-CHO + HgO = (CeHe) 3CO + CgHgCHsOH + MgBrOH 

(14) Marshall, J. Chem. Soc., 105,527(1914); iliM.. , 107,509(1915). 
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Marshall (14) further shovred that dlbenzoyl phenyl methane 

{ (C0H5CO)2GH*GqH5) is among tlie reaction products of benzyl-

magnesium bromide and benzaldehyde. No mechanism seems to have 

been suggested by him for this unusual product. 

The most recent studies on the abnormal reactions of benzyl 

magnesium chloride have been carried out by the Spanish chemist, 

A. Garcia Banus, and his co-workers• In comparison with the re­

action formulated by Marshall (14) for the reaction between 

benzaldehyde and phenylmagnesiian bromide, Banus and Vila (15) 

suggested that perhaps an excess of benzaldehyde reacts with 

benzylmagnesium chloride yielding phenylbenzyl ketone and benzyl 

alcohol. The ketone may then condense with benzaldehyde to an 

unsaturated ketone (I), which might in turn be reduced to the 

saturated ketone, benzoyl diphenylethane (II), by means of hydro 

gen evolved by the action of acid on excess magnesium during 

hydrolysis. 

Miile the empirical formula of (I) corresponds exactly to 

that of diphenyl-isochromene, and that of (II) corresponds to 

the empirical formula of diphenyl-isochromane,̂  these cannot be 

(15) Banus and Vila. Anales soc. espan. fis. auim., 19,326(1921) 
C.A., 16,3479(1922). * 

O A 
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identical compounds because diphenyl-isochromane shows none of 

the properties of a kstone, and also because of the oxidation 

products described above. 

Banus and Vila (15) farther sijggested that if benzylmag-

nesiina chloride has the quinoidal formula as suggested by 

Schniidlin and Banus (15) that it should be able to conibine with 

one molecule of a compound having two carbonyl groups, such, as 

benzil, by virtue of the tv/o axjtive groups of the rearranged 

Grignard reagent. 

y 
Mo 'C l  

0 

The suggestion was not verified ejqperimentally, since the reaction 

of benaylmagnesiiam chloride with benzil, (CeHg-Co-CO-CgHg), yield­

ed benzoin and dibenzyl. The mechanism of this reduction was 

thoû t to be similar to that postulated by Fran̂ en and Diebel 

(16) fbr the reduction of aaobenzene to hydrazobenaene by ineaos 

of the Grignard reagent, and was formulated as follows: 

"C=o ---• o n p / c i  

+  2  C r jH f  ^  I ,  
C-c, Hj- d o - - - -  C ^ H ^ - O - O n ^ c i  

C/, - C H - O H 

lllfl!  ̂ I + 2Hg(irn)a 
- 0 = O 

(16) Î ranzen and Diebel̂  Ber., ̂ ,2716(1905). The reduction of 
azobenzene by the Grignard has been recently studied by GUman 
and Pickens, (J.Am.Chem,Soc., 47,2406(1925)). This paper con­
tains references to previous vtoî  on the reducing action of 
RMgX compoundsr 



www.manaraa.com

- 17 -

In a subsequent paper Banus and Medrano (17) showed that 

while o-chlopotoluene does not react with magnesium, o;-tolyl-

magnesium bromide and iodide yield with benzaldehyde tha normal 

reaction product, phenyl-o-tolyl carbinol, and no diphenyl-iso-

chromane. Thus an equilibrium of the following tĵ pe probably 

does not exist. 

— 0< v , = ^  y 

The question of the constitution of diphenyl-isochroraane was 

reopened by Banus and Medrano (17). They showed that the com­

pound does not react with metallic sodium at 100-120° in ligroin. 

Further, it is not acted upon by thionyl chloride, acetic 

anhydride in pyridine, or methylmagnesium iodide. It is un­

altered by fusion vdth sodium hydroxide, or magnesiian chloride* 

Hydriodic acid yields a resin. With strong hydrochloric acid 

in acetic anhydride a hydrocarbon is formed. This hydrocarbon 

appeared to be diphenylindene (I) 

\/V . C " 
c. ^j-j C-i^J 

and was converted to diphenyUndone (II) by careful oxidation. 

Compound (II) was conclusively identified by a mixed melting 

point determination. 

(17) Banus and Medrano, Anales soc. espan. fis. quim,, 21,436 
(1923); C.A., 18,2144(1924). 
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The fact that dlphenyl-isochromane is not fomed "by the 

action of excess benzaldehyde on the nomial addition product 

of benaylmagnesivim chloride and "benzaldehyde was confirmed by 

Banus and Medrano (17). Pure phenybenzyl carbinol was treated 

with raethylmagnesitun iodide and the resulting -OMgX compound, 

GgHg-GHCQMgDCHg-GaHs, heated with benzaldehyde. Ko isochromane 

could be detected among the reaction products. Further, when 

benzylmagnesium cliloride was heated for twenty hours with ben­

zaldehyde, no chromane was obtained. The reaction products 

were stilbene, the dehydration product of phenybenzyl carbinol, 

benzal desoxybensoin, 

and the dibenzoyl phenylmethane observed by Marshall (14). Fol­

lowing the suggestions of Marshall, Banus and Medrano (17) for­

mulated the reaction as follows: 

CeHe-GHO + CeHs-CHs-MgCl = CeHB-GH(OMgCl)-CHs-G0He 

GeHs-CHCOHgCD-CHsCQHs + GgHg-CHO = CQHs-GO-GHg-CsHs + GeHeCHa-OH 

CeHc-C0-GHs-GoH5 + CaHe-CHO = CeHe-GO-GH-GeHe 
GH(0H)-GqH6 

GeHe-CO-pH-GeHs GoHg-GO-g-GeHg 
CH(0H)C6H5 GH-GQHS 

Benzaldesoxybenzoin 
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GeHg-CO-CH-CeHs 
I + CeHeGHO 
CH(OH)G0H6 

C0Hg*"CO"*CH""C0H5 
I + CeHs-CHsOH 
GO-CqHS GO-CaH; 

Dibenzcji phenyl methane 

No statement was made "by Banus and Medrano In regard to 

testing out these involved reactions in the laboratory. They 

were merely submitted as an explanation for the formation of 

dibenzoyl phenylmethane. 

Banus and Medrano (17) further state that £-anisaldehyde, 

when treated with benzylmagnesiura chloride, yields a compound 

melting at 140-141° and v/hich yields £-phthalic acid on oxida­

tion, Ftirther work on tMs reaction was promised by these 

workers but has not appeared as yet. 

The reaction of aldehydes with the Grignard reagent is un­

doubtedly very complex. Ghichibabin (18) remarks that they are 

of little value in demonstrating the constitution of an organo-

magnesiutn halide. He farther states (19) that a large amount 

of hî -boiling product (20) is always formed along with o-tolyl 

carbinol in the reaction between benzylmagnesium chloride and 

formaldehyde. 

A second case in which a Grignard reagent leads to unex­

pected products is that of triphenylmethyl magnesium chloride. 

(18) Ghichibabin̂  Ber., 42,3479(1909). 
(19) Ghichibabin, loc.cî , footnote, p.3479. 
(20) This high-boiling oil has also been observed by us. A 
.. trace of dl-£-tolyl was obtained from some of this oil (Oilman 
and Kirby,. ref.57). The oil is not a formal since it resists 
hydrolysis ;d.th 10̂  sulfuric acid. 
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In 1906 Schmidlln (21) observed that when an ether solution of 

triphenylchloromethane reacted with magnesium in the absence of 

air a white, insoluble solid was precipitated, and which seemed 

to show none of the properties expected of triphenyljnethylmag— 

nesium chloride, l̂ien treated with carbon dioxide only a very 

small amount of triphenylacetic acid was formed. Further, when 

treated with benzaldehyde, this solid yields an entirely unex­

pected product which Schmidlin proved to be ̂ .""̂ s'̂ ôyl triphenyl-

methane {̂ -CeHe-CO-CeĤ -(C0H5) g-CH). He also found that the 

magnesium compound was greatly modified in properties \rfien heat­

ed for three hours in benzene, in which medium it was readily 

soluble. The new product, called beta-triphenylmethylmagnesium 

chloride to distinguish from the first described, or alpha-

form, gave high yields of triphenylacetic acid when treated 

with carbon dioxide; and with benzaldehyde gave beta-benzpinacciline. 

The benzaldehyde reaction first gave phenyl triphenylmethyl car-

binol, which underwent oxidation to beta-benzpinacolone by means 

of atmospheric oxygen, 

(GeH5)3CMgCl + CeHg-CHO (CgHg)3G-CH(0MgCl)-CeHs 

(CQH5)sC-CH(0H)-CeHg (GeHB)sC-C0-CeH5 

Previously Kehrmami,(22) had suggested that triphenylchlor­

omethane exists in two foims, one normal, one quinoidal: 

(21) Schmidlin, Ber., 39,4183(1906). 
(22) Kehrmann, Ber., 3'̂ 5815(1901). 
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Analogously trlphLenylmethylmagnesium chloi-'ide can, accord­

ing to schmidlin (21), exist in two modifications, a labile, 

quinoidal, or alpha form; and a stable, normal, beta form: 

(3--Pô nr, o<--Fo.-.nrx 

The formation of ̂ -benzoyl triphenylmethane is then expressed 

as follows: 

(Ĉ H4C= + CiĤ CHO 

Chichibabin (23) refused to accept the idea of alpha- and 

beta- forms of triphenylmethylmagnesium chloride as proposed by 

Schmidlin (21), He expressed a belief that the formation of 

-̂benzoyl triphenylmethane was due to a condensation similar to 

a Priedel-Graft reaction, and brought about by anhydrous mag­

nesium chloride. He was able to obtain triphenylaĉ c acid in 

90% yield from the so-called alpha form by leading in carbon 

dioxide for a long period of time. Chichibabin (23) employed 

an unusually large amount of iodine to start the reaction be­

tween the halide and magnesium. In a run employing 10 g. of 

triphenylchloromethane and 8 g. (excess) of magnesiimi, 1 g. of 

iodine was used. The reliction was characterized as "very en-

(23) Chichibabin, Ber., 40,3965(1907). 



www.manaraa.com

- 22 -

ergetic". 

In a later paper Sclmidlin (24) criticised the procedure 

of Chichibabin (23), stating that due to the very vigorous re­

action it was very probable that a rearrangement of the unstable 

alpha- form occurred even in ether solution. He showed that a 

solution prepared in the manner used by Chichibabin yields vrith 

benzaldehyde both 2-benzoyl triphenylmethane and beta-benzpina-

coline. 

Schmidlin and Hodgson (25) state that both the alpha- and 

beta- forms yield beta-benzpinacoline when treated with methyl 

benzoate. While the yield was lower with the alpha- form, still 

no ̂ -benzoyl triphenylmethane could be isolated» With benzyl 

chloride the beta- form yields unsym-tetraphenylethane, the 

alpha- form, the same product in lesser amounts Schmidlin and 

Hodgson (25) believe that this does not invalidate the ezist-

ence of the alpha- form. They believe a rearrangement to the 

stable beta- form occurs during reaction. 

When the beta- form was treated \vith acetone, acetalde-

hyde, acetyl chloride no derivatives were obtained. Schmid­

lin and Hodgson (25) state that while the -MgCl group was broken 

off by these reagents, no group entered in its place. m-Nitro-

benzaldehyde oxidized the beta- form to triphenyl carbinol. 

They further showed that trî tolylchloromethane yields under 

the usual conditions no magnesium compound ?;hich can be con-

(24) Schmidlin, Ber., 41,426(1908). 
..(25) Schmidlin and Hodgson, ibid., 41,430(1908). 
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verted to tri-£-tolylacetic acid, and that special precautions 

(26) are required for the preparation of that acid. 

When treated v/ith cinnamic aldehyde, Schmidlin and Hodgson 

(26) showed that the alpha- form yields £-cinnamoyl triphenyl-

methane, (CeHe)3-CH-£-C8H4~C0-CH=CH-GeH6, and the beta- form 

a-cinnamoyl triphenylmethane, (CeH6)3-G-C0-CH=CH-CaHs« 

Schmidlin and Chichibabin seem to agree that the so-called 

alpha- form of triphenylmethylmagnesiuiii chloride is exhibited 

only toward aldehydes# Chichibabin insists that the reactxon 

is merely a condensation reaction, not the manifestation of a 

rearranged Grignard reagent. 

In a search for reliable reagents with which to character­

ize the -MgX group Sllman and iCirby (5) chose benzylmagnesium 

chloride as the Grignard reagent for use in their studies. It 

was thought that, since this particular Grignard reagent was 

known to exhibit abnormalities in its behavior with aldehydes, 

it would be reasonable to conclude that substances with which 

it reacts in a v/holly normal manner would probably behave 

normally with other Grignard reagents* It was shown that benzyl 

magnesium chloride exhibits no anomalous behavior when treated 

with phenyl!socyanate, benzoyl chloride, acetic anhydride, 

ethyl acetate, allyl bromide, and phenylcarbamine chloride. The 

reservation must be made, however, that in no case were the re­

sidual tars and oils oxidized in a search for ortho or para 

(26) Schmidlin and Hodgson, Ber., 41,438(1908). 
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substitution products which, it is possible, may have been 

formed in small amounts and escaped detection. The chief 

products obtained from the reactions mentioned were, in all 

cases, normal. 

Another interesting reaction of 'benzylmagnesiurn chloride 

is that with methyl iodide. Houben (27) showed that this re­

action gives the normal product, ethyl benzene; CeHg-CHB-MgCl + 

CH3I = CeHe-CgHg + MgClI. Later SpSth (28) carefully studied 

this reaction and found that beside the ethyl benzene, there 

are also formed considerable amoxints of dibensyl and a high-

boiling oil. The high-boiling oil was concluded to be 1-2-3 

triphenyl propane. Some ethane is evolved in the reaction also. 
I 

Puson (29) repeated the work of Houben (27), and SpSth (28), 

and v/hile he obtained ethyl benzene, ethane, and dibenzyl, he 

did not find the high-boiling oil. He was able to show that 

either alone or with the aid of zinc powder benzyl cliloride 

condenses ivith dibenzyl yielding £-benzyl dibenzyl 

(£-GeH5-CH3-CeH4-CHg-GHs-CsH5) • This latter compound is iso­

meric with 1-2-3 triphenylpropane and Puson concluded that 

SpSth's compound waa.;.probably £-benzyl dibenzyl formed by the 

action of excess benzyl chloride on dibenzyl. In a recent 

paper SpSth (30) contests the conclusion of Puson and promises 

a further investigation of the reaction. 

(27) Houben, Ber., 36,3083(1903). 
(28) Spath, MonatshTT 34,1991(1913). 
(29), Puson, J. Ml. ChemT Soc., 48,2681(1926): 48,2937,(1926). 
(30) Spath, Ber., 60,702(1927). — 
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II. Reactivity of Benzyl and Related Halides. 

A ̂ roup of halides closely related to benzyl chloride has 

been repeatedly shown to display -umisually great reactivity. 

The members of this group, comprising allyl-, benzyl, benzhydryl 

triphenylmethyl-, cinnamyl-, arai related ha sides, all contain 

the grouping, c'=C'-CHg-X,. the imsaturated linkage being either 

an aliphatic double bond, or one of the double-linkages of a 

benzene ring. Some of the outstanding examples of this in­

creased reactivity are reviewed here. 

As long ago as 1890 the greater reactivity of allyl- and 

benzyl halides to-ward alcoholic alkali, as compared with the 

corresponding propyl and et:hyl halides, was quantitatively 

demonstrated by Conrad, Heclit and Bruchner (31), They assembled 

the follovdni!; table based on the propyl radical as unity as 

a comparison of the reactivities of the several halides. 

Table I. 

Halogen Propyl Ethyl Allyl Benzyl 

CI 1 65.70 126.5 

Br 1 3.24 61.30 120.1 

I 1 2.85 54.34 93.95 

This table has been quoted by Vaubel (32), and recently by 

Claisen (33). The v/ork of Glaisen will be discuss;ed in con-

(31) Conrad, Hecht and BrSchner, ̂ eit. phys. chem., 3,450,(1889) 
ibid., 4,631(1890). 
("SST̂ aubel, Ber., 24,1692(1891). 
(33) Claisen, Ann. ,"̂ 2,216(1925). 
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siderable detail below. 

A further evidence of the looseness of attachment of the 

allyl and benzyl groups was furnished by Collie and Schrywer 

(34), who showed that when trimethyl allyl ammonium hydroxide 

is heated the allyl group splits off yielding allyl alcohol. 

Trimethyl benzyl ammonium hydroxide yields primarily benzyl 

alcohol.. On the other hand, trimethyl benzyl, ammonium chloride 

yields a mixture of benzyl chloride and methyl chloride. 

von Braun (35) comments at length on the activity of the 

allyl group. Among other instances he mentions his own work 

(36) on the action of allyl bromide and cyanogen bromide, and 

the work of Tiffeneau (37), who demonstrated that allyl bromide 

readily reacts with the Grignard reagent; 

(34) Collie and Schrywer, J. Chem. Soc., 57,767(1890). 
(35) vonBraun, Ber., 51,79(1918), 
(36) ibid., ̂,2728(1900). 
(37) Tiffeneau, Compt. rend., 139,431(1904). 

(GHg)3CaHs-W0H {GHa)alf + CaHgOH 

(CH3)3N + C7H7CI 

(CHe)ŝ 7H7)N + CH3CI 

RMgX + GsHgBr —̂  R-CcHg + MgXBr 



www.manaraa.com

- 27 -

Shoesmith. and co-workers (38) have carried out a series of 

careftil experiments on the rate of hydrolysis of ring-substitut­

ed ben25yl bromides* They have demonstrated (38a) the ease of 

hydrolysis of the three methozybenzyl bromideŝ  the ortho and 

para exceeding that of the meta* The activity of the side-

chain halogen is explained by them on the theory of alternating 

polarity, the methoxyl oxygen being taken as the "key-atom**. 

•f' — ^ +• — 

crii.-Br cHx-Br 

tJ-
oc H3 

In the case of the ortho and para derivatives the bromine atom 

is negative and thus should bê  and iŝ  more easily removed by 

hydrolysis than in the case of the meta isomer. 

Br 

In the case of the meta isomer a greater ease of reduction than 

in the case of the other two was found (37b). 

(381 , 
(a) Lapworth and Shoesmith, Chem. Soc., 121,1391(1922), 
(b) Shoesmith, jjaid. , 123,2828(1923) ̂ 
(c.) IMd.., 1̂ ,1312(1924). 
(d) Shoesmith and Slater̂  IbM. ̂ 125,2278(1924). 
(e) ibid.. 127,214(1926). 
(f) Shoesmith and Taylor, 1b1d., XS7,2832(1926). 
(g) Shoesmith and Connor, IMd-, 1§7,1768(1927). 
(h) Shoesmith and Rubll , ibid. j 1̂ ,5098(1928). 
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+ 
C H JT  O r-

ocHj I -  oc  H  3  

-X3?r- -f- H j_ H 33 r "t 

m-Methoxybenzylbromide was completely reduced by hydriodic acid 

In one hour. 

The rate of hydrolysis of the three tolyl-ethyl bromides 

was shovm (38g) to be much less than that of the xylyl bromides 

(38d) and that the differences between the isomers were far 

less marked. The tolyl-ethyl bromides, CHB-CeEi-CECs-CHgBr, do 

not have the unsaturated grouping, C'=:C'-CHeX, 

The rearrangement of the allyl ethers of phenol to ring-

alkylated phenols has been demonstrated by Claisen and Eisleb 

(39). On distillation, allyl phenyl ether rearranges to a mjjx-

ture of ortho- and para- allyl phenol. 

These workers have rearranged a great variety of allyl phenyl 

ethers in this manner. 

Quite recently Adams and Powell (40) have shown that ben2yl 

phenyl ethers do not rearrange in the manner of the allyl ethers. 

However, Inonor (41) has shorni that benzyl ethers are more 

(39) Claisen and Eisleb, Ann. 401,21(1913); Claisen. ibid,. 418. 
,69(1919). 
(40) Adams and Powell, J. Am. Chem. Soc., 42,648(1920). 
(41) Inonor, J. Russ. Phys, Chem. Soc., 597245(1927); (C.A., 22, 
1756(1928)). 

5̂ 3 OH 
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easily split than the corresponding methyl-, ethyl-, iso-amyl-, 

and phenyl- ethers. Gomberg and Kamm (42) showed that tri-

phenylmethyl ethyl ether is split by phenylmagnesitun bromide 

at 150-160®. Schorigin (43) was able to rearrange triphenyl-

methyl o-tolyl ether to a-a-a triphenyl jSS-hydrox̂ henyl ethane 

by heating id.th metallic sodium at 120®. 

Ha 
(C6Hs)3C-0-O-CeH4-CHg (CeHe)gG-CHs-O-CelU-OH 

Van Alphen (44) showed that phenyl benzyl ether is rear­

ranged to ;g-hydroxy diphenylmethane by heating at 160® with an­

hydrous zinc chloride. The reaction was ê qplained on the basis 

of an addition of the zine chloride to the residual valences of 

the oxygen atom. 

c I -7 fi ij 
' h ^ t ' - Z n C l  ' • /  oM 

0  ' '  - 0  - 0  - 0  
H 

i - Z n C L  

In a recent paper Short (45) has also demonstrated the action 

of zinc chloride In the rearrangement of benzyl ethers. 

Further studies on the splitting of ally! and benzyl 

(42) Goniberg aiid Kaimn, J, Am. Chem. Soc. , 39,2009(1917). 
(43) Schorigin, Ber., 59,2510(1926). 
(44) Van Alphen, Rev. ̂ av, chirn., 46,799(1928), 
(45) Short, J. Chem. Soc., p.528(19̂ ). 
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ethers are now toeing carried out by Gilman and McKeiina (46). 

Another interesting reaction of the allyl group is that recent­

ly discovered by Gilman and Heck (47). Previously Gilman and 

Beaber (48) had demonstrated the alkylating action of alkyl 

arylsulfonates when treated vdth the Grignard reagent. Gilman 

and Heck (S) have proposed the following reactions to account 

for this alkylating reaction. 

RSOgO-Alkyl + R̂ MgX  ̂R»-Alkyl + RSOsOHgX 

RSOsOMgX 'h RSOgO-Alkyl  ̂AlkylX + (RSOgO)gMg 

In a continuation of their studies on the alkylating action of 

esters Gilman and Heck (47) have now shown that allyl chloro-

acetate, (Cl-CHs-COOCaHg), and allyl benzoate, (CeHe-COOCgHB), 

when treated with phenylmagneaiuja bromide, give small amounts 

of allyl benzene. These are the only cases thus far found in 

which carboxylic esters display an alkylating action similar 

to the sulfonic esters. 

Another reaction of great Interest in connection with the 

increased reactivity of allyl-, benzyl-, and related halldes 

is that of the ring-̂ allcylation of phenolŝ  Claisen (49) demon­

strated that vAien sodium phenolate Is heated in benzene suspen-

(46) Gilman and Miss M. H. McKenna, unpublished v/ork. 
. (47) Gilman and Heckj unpublished vjork. 
(48) Gilman and Beaber, J. Chetn. Soc.- 47,518(1925); Gilman, 
Robinson and Beaber. ibid.̂  48,2715(1926)̂  
(49) .Claisen, Ann., 442,210(lt̂ 5) . 
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slon with allyl hromide the product is not phenyl allyl ether, 

trut a mixture of ortho- and para- allyl phenols and smaller 

amounts of material having two allyl groups in the ring. 

ow 

11  4-  13  r  

Simllar ring-alkylation was found v/ith benzyl chloride and cin-

narayl bromide. The C-alkylation takes place in non-dissociating 

solvents as benzene and toluene. Normal o-alkylation, or ether 

formation, takes place in dissociating solvents as alcohol and 

acetone. This reaction is closely analogous to the alkylation 

of acetoacetic ester, in which the entering group ordinarily is 

attached to the carbon atom. 

GHo-GsCHCOgCsEe + BX —CHo-C-CHR-COaCsHe + HaX 
GHa 0 

Nevertheless, 0-alkylation may also occur here, notably in the 

case of ethyl chlorocarbonate, 

CH3-G=GH-C03CsHb + Gl-GOgGsHe —CHa-CrrCH-GOs-CsHB + NaCl 
6Na 6-COg-CsHe 

References to these reactions, and the explanations proposed by 

Wislicenus, Michael, K. H, Meyer, and Michael are found in the 

paper by Claisen (49)., Michael*s (50) explanation is given 

(50) Michael, J. prakt. chem., 57,486(1886). 
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here, as quoted by Claisen. 

-C-ONa 
-CH + RI -cci 

I ONa 
-CHR 

-9=0 
-CHR 

-QOH 
 ̂-C-R 

Busch and Knoll (51) showed '̂ at the very active benhydryl 

bromide and triphenylmethyl chloride both alkylate the phenol 

ring. The mechanism of ring alkylation given by them closely 

follows that of Michael (50) given above for the alkylation of 

acetoacetic ester. 

ow«_ 

A-H 

• • • R  

O/V/q. 
, H  .  
-- R 

ÔNo, 

OAii oH 
I 

+ Ng.;<. 

oH  

0 
•R 

von Awers (52) has strikingly demonstrated the marked 

tendency tov/ard C-alkylation exhibited by allyl bromide and 

benzyl chloride. His results are summarized in the following 

table• 

Table II, 

Haiide • 
• G-Deriv ©-Deriv 

• CaliRl • 
<• 22.5% 36% 

• 
• Gri«I 53% 42,5% 

Hydroxy cumarilic acid- * 
m C«H«Br • 

• 

ethyl ester « 
• G H CI • 

« 68,̂  29.5% 
•' 
• OpMBX • 

• 12-20% 38-48% 
• GH«I . • 

• 54% 34% 
• 
« GbSRI • ' 

• — mm 

e S d! • • 
• 

66-71,5/6 22.5-28/0 
» 

(51) Busch and Knoll,, Ber,, 60,2243(1927), 
(52) von Auwers, Ber., 61,40'8Tl928). 
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von Auwers (52), however, does not consider that this apparent 

regularity affords a quantitative measure of the affinity re­

quirement of a given radical, although that requirement is a 

I factor of real significance in deteimining the location taken 

I by the entering group. 

I In a very recent paper F61di (53) has reviewed the work on 
J 

direct alkylation of phenols and given a new instance of the 

looseness of attachment of a benzyl group. He had previously 

shown (54) that benzyl benzenesulfonate on warming splits to ' 

benzenesulfonic acid and the benzylidene radical. 

CeHeSOo-CHs-CeHs —̂  CeHeSOgH + CsHSCHC 

The divalent benzylidene radical polymerizes to phenylated 

cycloparaffins and an amorphous powder of high molecular weî t. 

The splitting takes place on warming the ester v/ithout applica­

tion of a solvent. The allyl ester also reacts in xylene solu­

tion to give an unknown, unsaturated body. In the more recent 

paper (53) he studied the splitting of benzyl benzene sulfonate 

in the presence of different bodies such as hydrocarbons, 

phenols, phenol ethers, esters and aldehydes. With few ex­

ceptions a benzylation of the ring of the aromatic ring occur­

red. The general procedure consisted of warming the ester v/ith 

two to five equivalents of reactant, without other solvent. The 

reaction was found to be exothermic at 110-140°, The results 

(53) P?51di, Ber., 61,1609(1928), 
(54) ibid.. 656(1927). ' 

I 



www.manaraa.com

\ 
! 

are tabulated below. 

Table III. 

Reactant Products and Yield 

Benzene Diphenylme thane 770 
Toluene Phenyl p-tolylmethane 85" 
Nitrobenzene Pol3?mers of high molecular weight. 
Phenol p-benzyl phenol 
"Anlsole £-benzyl anisole V7̂  
Benzaldehyde Polymers — 

Methyl salicylate 3-Benzyl 6-hydroxyl methyl benzoate 66̂  

FSldi also attempted the alkylation of unsaturated aliphatic 

compounds but met with success only in the case of ethyl cin-

n.amate, -vrhich gave a benzyl derivative in 12.5̂  yield. The re­

action is not analogous to the above mentioned ring alkylations, 

since it is really the benzylidene group which adds. In the 

case of ethyl cinnamate the following mechanism was postulated, 

f CeHs-CH  ̂ CoHs-CĤ  CeHs-OH 
II + GeHe-GHC-̂  ( CH-CoHe |( 

CeHgOsC-CH CsHgGsC-GĤ  CgHsOsG-G-CHs-CeHe 

By analogy, the reaction with an aromatic ring is written as 

follows; 

Q +)0H-0oH8 -S- Q;roH-e<,Hs Q ôn̂ -OeHs 

Gonant, Kirner and Hussey (55) have carefully measured the 

"reactivity** of several substituted benzyl chlorides making use 

of the following.reaction: RX + KI = RI + KX. The solvent em­

ployed was absolute acetone. Using n-butyl chloride as a stand-

aî  for comparison, the following values were obtained. 

(55) Conant, Kirner and Hussey, J. Am. Chem. Soc., 47,488{1925), 
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Table IV 

Halide Reactivity 

a~MOp~CAĤ CHoCl 1800 

3?-H0.-G.H.-CH.C1 1370 

2-4(N0p)pĜ 5..,-|5a''"0HgCl 50.800 

The reactivity of the oi-nitrobenzyl chloride is slightly 

greater than that of the corresponding ̂ -nitrobenzyl chloride. 

As stated by Conant, Kirner and Hussey (55), these results are 

not in accord with those of other v/orkers, Slator (56) showed 

that the ortho derivative has nearly the same reactivity as 

benzyl chloride itself, while the para compound is nearly twice 

(1.8 times) as reactive. Studies of this nature are of question­

able value as applied to the pidolem at hand, the rearrangement 

reactions of benzylmagnesium halides. The reactivity of a given 

halide measured by a given process in a given solvent is not a 

criterion of its behavior toward other reagents in other sol­

vents. 

The reaction mentioned above in which Schorigin (57) dis­

covered the wandering of an ether group from the phenolic oxygen 

to a side chain 

(56) Slator, J. Chem. Soc., 85,1786(1904); 87,481(1905); 95. 
93 (1909). 
(57) Schorigin, Ber.̂  59,2502(1926). 
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and the side-chain alkylation of o-cresol 

^ ^  o : , . .  J —  I -t- ^^^1 
<7A/a. _—NX^CH-

• C H j  

c Ĥ r ̂  

are interpreted "by Mm as evidence that sodium o-cresylate may 

react as though existing in a tautomeric ortho-quinoidal form. 

. O/Vci yX / '̂  y>. , 
-  ̂ci-ĉ a«A-̂  

• C H  J  

He further assmes that toluene itself may be in equilibrium with 

such a form. 

\ y H  

It is knovm that in smilight or ultra-violet light the chlorina-

tion of toluene leads to benzyl chloride. This reaction is ex­

plained by Schorigin (57) as follows: 

c  ̂c H^~ci 

The rearranged toluene molecule recalls the formula postulated 

by Schmidlin and Banus (Is) for benzylmagnesium chloride. 

U<;^" 
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III. Dlacussion of Results. 

The study of the reactions of benzylmagnesium chloride (5), 

begun \Tith the purpose of testing the reliability of several re­

agents toward the Grignard reagent, was continued in an effort 

to strengthen the evidence in favor of the rearrangement 

mechanisms postulated by others and described above, or to sug­

gest some alternative mechanism. In the course of these studies 

several large runs of benzylmagnesium chloride were made and 

hydrolyzed in an effort to trace any abnormal or rearranged 

products arising in the preparation of the Grignard solution 

itself. These runs were of great importance for the following 

reason. In practically all of the runs described below all 

tars were exhaustively oxidized in a search for ortho and para 

rearrangement products, which would yield phthalic and tere-

phthalic acids when oxidized. It was highly desirable to pre­

clude the possibility that these acids, v/hen found, had arisen 

from by-products of the formation of the benzylmagnesium 

chloride itself. 

The results of these several large runs proved to be of 

unusual interest and are described in detail in a paper by Gil-

man and Kirby (58) v/hich will appear shortly. It v/ill suffice 

to state hero that di-£-tolyl, ̂ -CHg-GeĤ -CeĤ -CHs-̂ , was ob­

tained as an extremely minor product in these runs. The yields 

were about 0.2 to 0.3̂ . The possibility that this product re-

(58) Gilman and Kirby, J. Am. Chem. Soc., 51,(1929). 
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I 
suited from contamination of the benzyl chloride with £-chloro-

toluene was carefully precluded. In one run qualitative evidence 

of ortho coupling vms also found. Sufficient phthalic acid was 

isolated to give the characteristic fluorescein test. The im­

portance of this discovery in connection with the preliminary 

formation of free radicals in the preparation of Grignard re­

agents is discussed in detail by Gilman and Elrby (58). It 

should be emphasized that in all of the rearrangement reactions 

previously known and in the nev̂  ones described here the yields 

of rearranged products, even in those cases in v/hich the evidence 

is based on oxidation experiments, are all in significant 

amounts. 

The reaction between benzylmagneslum chloride and carbon 

dioxide was submitted to a very careful investigation. This re­

action has been cited by Schmldlin and Banus (13) as a typical 

"normal" reaction of benzylmagneslum chloride. The Grignard sol-

ution (0.5 mole) was sprayed into an atmosphere of dry carbon 

dioxide in the hope of obtaining rapid reaction In order to 

precl'Ude the possibility of a shifting of the equilibrium, if 

such exist, in favor of the normal form, CeHg-CHs-MgCl. The 

phenylacetic acid obtained was submitted to repeated fractional 

crystallization in the hope of separating traces of o-toluic 

acid. A technique for this separation had been previously de­

veloped. No indication whatsoever of .the presence of this lat­

ter acid was found. Every fraction yielded only phenylacetic 

acid of high purity. Oxidation of the residual, non-acidic 
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oils gave only benzoic acid and no plithalic or terephthallcJ 

acids. It is Mghlj probable that benaylmagnesium chloride be­

haves to\TOrd carbon dioxide in a wholly normal mannor. 

The quinoidal formula of Schmidlin and Banns (13) v;as then 

submitted to a rather critical test. It seemed probable that 

if benaylmagnesitm chloride exists in solution as an equilib­

rium mixture of the following forms 

0  

that bromine mî t add to the aliphatic double bond of the re­

arranged form 

yielding o-broraobenzyl bromide, while the normal form would 

yield only benzyl bromide. 

yj -f  ̂Q M g C l B r  

In order to prevent any direct broralnatlon of the benzene ring 

and thus Invalidate the results the reaction was carried out 

at the temperature of a carbon dioxide-ether mixture. The only 

product obtained was benzyl bromide of high purity. 

It is not fair to conclude that this experiment v/holly in­

validates the quinoidal formula for benzylmagneslum chloride. 

Two possible explanations of the non-appearance of o-bromo-
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benzyl bromide present thenisel-ves. First, low temperatures may 

favor the normal form at the expense of the quinoidal form. 

Second, there are many compounds, as v/ill be recalled from the 

historical introduction, that do not give rise to abnormal 

products when treated vfith benzylmagnesium chloride. It is as 

yet impossible to predict the course of any reaction of that 

CJrignard reagent. Recourse must be had to actual experimenta­

tion. 13ie quinoidal forimila may be definitely said to be in­

sufficient since it does not infallibly foretell the course of 

reaction of benzylmagnesium chloride. The mechanism proposed 

later in this paper meets vdth the same difficulty, but perhaps 

better explains the known facts. 

Several other substances have been added to the list of 

compounds which react in a wholly normal manner tov/ard benzyl­

magnesium chloride. Benzonitrile yielded only phenylbenzyl 

ketone in good yield and in a high state of purity. Chloraceto-

phenone yielded an oil (59) from which no definite products 

could be separated. Oxidation of this oil gave nothing but 

benzoic acid and the reaction was not further investigated. 

When benzylmagnesium chloride was added to an excess of 

benayl chloride a mixture of tar and a high melting solid was 

obtained. This solid melted at 240° and v/as not identified. 

The oil appeared to resist oxidation with alkaline peimanganate, 

although it gave a small amount of benzoic acid. It seemed pos­

sible that benzoyl chloride might give rise to rearranged 

(59) See p.44. Master's Thesis, James E. Kirby, lov/a State Col­
lege, 1926. 
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products since two other acid chlorides react in part ahnormal-

ly as ?/ill be described below. 

Diphenylcarbamine chloride gave a tar v;hich, when submitted 

to hydrolysis with alcoholic alkali, gave only phenylacetic 

acid. The reaction, therefore, proceeded in a normal manner. 

GeHs-CHg-MgCl + Cl-GO-H{C0H6)g C6H5-GHs-G0-.K{CeH5)e + MgClg 

CQHe-CHg-CON(G0H5}fj + EOH CeHgi'COOH + {CBH6)STJH 

Two runs were made in which an excess of benzylmagnesium 

chloride was added to a cooled solution of acetyl chloride in 

ether. No attempt was made to isolate the normal product, di-

benzyl methyl carbinol, but portions of the tarry product were 

submitted to oxidation with alkaline permanganate. The first 

run yielded only benzoic acid. Prom the second a trace of 

phthalic acid was isolated. Acetyl chloride may be concluded 

to react in an almost T/holly normal manner with benzylmagnesium 

chloride. The amoimt of phthalic acid obtained was greater 

than that obtained by.Gilman and Kirby (58) from the oxidation 

products of a one mole run of benzylmagnesium chloride. The 

runs here described employed only one-half mole of Grignard re­

agent, and acetyl chloride must, therefore, be included in the 

list of substances giving rise to rearranged products when 

treated with benzylmagnesium chloride. 

Ethylene oxide was first employed by Grignard (60) in the 

(60) Grignard, Compt. rend., 136,1260(1903). 
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synthesis of primary alcohols by means of the Grignard reagent. 

Apparently, however, the action of ethylene oxide, or of any of 

the higher oxides of that type, with benzylmagnesitim chloride 

has not been previously investigated. Prom one experiment there 

was obtained a 48̂  yield of oil corresponding closely in boiling 

point with the expected y-phenylpropanol. Oxidation of this 

oil led not alone to benaoic acid as would be expected of 

T-phenylpropanol, bat also to terephthalic acid in an equal 

amount. Four grams of the oil yielded about one gram of each 

of the two acids. Ho phthalic acid could be detected among the 

oxidation products. The separation of the phthalic acids and 

benzoic acid, as described in detail in the experimental part, 

is simple and it is not probable, that if phthalic acid formed 

it would have excaped detection. It seemed probable that the 

oil was a mixture of 7" -phenylpropanol and p-£-tolylethanol. 

An attempt was made to separate these isomeric and undoubtedly 

very similar alcohols by the slow fractional crystallization of 

their phenylurethanes. No ̂ success vms had, probably due to a 

very similar solubility behavior of the isomeric urethanes. 

The action of benzylmagnesium chloride with ethylene oxide 

constitutes, then, the first clearly defined case of a para 

rearrangement of that Grignard reagent. It must be remembered, 

hov/ever, that Chichibabin (11) reported p-behzoyl benzoic acid 

among the oxidation products of the reaction products obtained 

from benzylmagnesium chloride and benzaldehyde although 

Schmidlin and Banus (IS) failed to obtain that substance. The 
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quinoldal foimtila of Schnildlln and Banus (13) gives no explana­

tion of the formation of para rearrangement products. However, 

the assumption of a gara-quinoidal form is equally as plausible 

as that of an ortho, and in conformation with. Scimiidlin and Banus 

the following equilibria may be postulated. 

Carbon dioxide is considered a typical normal reagent in 

its mode of action toward benzylmagnesiimi chloride. Pormalde-

hyde consfiLtutes a case of exclusively ortho-rearrangement. no 

normal product having been found by anyone. Ethylene oxide, 

while behaving in part nonnally, gives rise to para rearrange­

ment exclusively. Ethyl chloromethyl ether has been found to 

occupy an even more unique position. In the footnote of a paper 

by Banus and Vila mention (61) is made of an abnormal reaction 

between benzylmagnesitira chloride and halogenated ethers. The 

reaction is obviously incorrectly formulated in the paper of 

Banus and Vila, probably due to typographical error. 

/ CHg 
Cl-CHe-OR + CgHs-CHg-MgCl CqH/ 

--CHe-OR 

Obviously Cl-CHe-OR should read Cl-CHg-OR. Since there seems to 

be no other literature reference to this reaction,the reaction 

between ethyl chloromethyl ether was carefully investigated. 

Pour runs were made. Prom each there was obtained a constant-

(61) D. R. P* 164, 658, hoizse of P, Baeyer. 
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boiling oil, distilling at approximately tlie temperature ex­

pected of ethyl j3-phenylethyl ether, in yields of 40-75$̂ , The 

oil from three of these rms yielded benzoic, phthalic, and 

terephthalic acids on oxidation. The oil from the fourth mn 

failed to yield phthalic acid. The amounts of the phthalic 

acids were significantly high. For example, in one run 5.0 g. 

of oil yielded 1.5 g. of benzoic acid; 0,6 g. of phthalic acid; 

and 1.2 g. of terephthalic acid. 

The oil obtained from ethyl chloromethyl ether and benzyl-

magnesi-am chloride appeared to be a mixture of three isomeric 

ethers, ethyl p-phenylethyl ether, o-tolylmethyl ethyl ether, 

and £-tolylmethyl ethyl ether. An estimation of the percentage 

of ethoxyl groups in the mlxtiire according to the Zeisel method 

was attempted in the hope of proving that the oil was really a 

mixture of three isomeric ethyl ethers. The results obtained 

were very unsatisfactory and in only one determination among 

the many tried was a value obtained approximating the calculated 

value. Further, the results were entirely inconsistent, con­

secutive runs often verying several percent. Several modifica­

tions of the ordinary procedure were resorted to. In some cases 

the decomposition was raised from 135° as ordinarily employed 

to 180° or even 190°, Deccaaposition was sometimes effected 

with mixtures of hydriodic acid and acetic anhydride according 

to suggestions of Dr. H. P, Clarke (62). In some cases the 

(62) Private commimication. See also, Honben-Weyl, Die Methoden 
der Organischen Ghemie, published by Georg Thieme, Liepzig, 
1923; Vol.Ill, p.147. 
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ethyl iodide was absorbed in v/ann pyridine and estimated by a 

Voihard titration but without approaching the computed value. 

In order to determine if the failure of the Zslsel method 

in the case of the above described oil was exMbited by ethers 

of the type at hand and of knov/n purity, the preparation of a 

pure sample of ethyl j3~phenylethyl ether was undertaken. Several 

methods were tried. Sodium ethylate and p-bromoethyl benzene 

yielded only styrene and none of the desired ether. Sodium 

phenylethylate and ethyl iodide yielded a product which a Zere­

wltinoff estimation showed to contain phenylethyl alcohol. Only 

indefinite products v/ere obtained when ethyl p-bromoethyl ether 

was treated with phenylmagnesium bromide. Finally a pure sam­

ple of ethyl p-phenylethyl ether was obtained by the action of 

ethyl sulfate on sodium phenylethylate. Zeisel analyses of 

this pure sample were equally mpromisins. The average of nine 

estimations was "Sfo low, only one of the nine values being satis­

factory. A Zeisel analysis of a sample of ethyl benzyl ether (63) 

purified over metallic sodltrai was equally unsatisfactory. A 

Zerewltinoff estimation showed this latter ether to contain free 

alcohol and the Zeisel result is therefore Invalidated. It has 

not been proven, therefore, that the oil obtained from benzyl-

magnesium chloride and ethyl chloromethyl ether ia, as assumed, 

a mixture of ethyl p-phenylethyl ether, o-toly3jnethyl ethyl 

ether and £-tolylmethyl ethyl ether but there can be no question 

that both ortho and para rearrangement took place. 

(63) Obtained from the Eastman Kodak Co., Rochester, N.Y. 
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The action of an excess of benzylmagnesim chloride with 

ethyl chlorocarbonate was next investigated. This reagent had 

meanwhile been shown to give rise to a rearranged ester when 

treated y/ith a-naphthylmethylmagnesium chloride as described 

in Part VI of this thesis. Reference to the action of ethyl-

chlorocarbonate with other Grignard reagents will be foimd in 

Part V. Briefly, when one mole of Grignard reagent is employed 

the reaction proceeds as follov/s: 

RMgX + Cl-COg-CsHe —̂  R-COg-GgHe + MgXCl 

The liquid ester obtained was submitted to hydrolysis with 

alcoholic potash and the acid obtained fractionally crystallized 

from hot water. A small amoimt (3̂ ) of o-toluic. acid was easily 

separated from the more soluble phenylacetic acid. However, 

the yield of phenylacetic acid was only 13.and so the rear­

ranged acid formed 17% of the total yield of acid. In a second 

run the yield of o-tuluic acid was 4:% of the theoretical amount 

based on Grlgnai»d reagent used and amounted to 21.̂  of the 

total acids obtained. Oxidation experiments in this second run 

showed no indication of para rearrangement. 

Ethyl formate was also shown to behave abnormally with 

benzylmagnesium chloride. Evidence was based on oxidation ex­

periments since no definite products could be isolated. Oxida­

tion yielded benzoic acid and phthalic acid and an indication 

of terephthalic acid but insufficient to isolate. Ethyl formate, 

CgHg-O-GHO, contains an aldehyde group and as aldehydes are 
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I known to give rise to rearranged products vdth benzylmagnesium 

chloride the appearance of phthalic acid on oxidation is not sur 

prising. Ethyl formate has been employed (64) in the synthesis 

of aldehydes by treatment with Grlgnard reagents but the yields 

are lo'w unless vevj low temperatures are employed. The reaction 

may be represented as follov/s: 

H H 
HMgX + CsHeOCHO —R-C-OCsHe -S2̂ r-C=0 + CgHeOH + MgXOH 

OMgX 

Two preliminary investigations on the reaction between 

£-anisaldehyde and benzylmagnesiura chloride were carried out. 

This reaction has already been studied by Banus and Medrano (17) 

and is mentioned in the introduction of this paper. They ob­

tained a v/hite solid melting at 140-141° and which yielded 

phthalic acid on oxidation. In the first run made by us the al­

dehyde was slowly added to a well-cooled solution of benzylmag-

nesium chloride. When worked up in the customary manner a 43/̂  

yield of benzyl ̂ -anisyl carbinol, (m.p. = 54°), was obtained 

and also a white crystalline solid melting at 123-125®. In .the 

second run the Grlgnard reagent v/as added to the aldehyde, the 

condition employed by Schmidlln and Banus (13) to give optimum 

yields of diphenyl isochromane when benzaldehyde was employed. 

This second run yielded no benzyl £-ani3yl carbinol whatever and 

two ̂ identified solids were obtained, one melting at 144-145°, 

the other at 134°. Mixed melting point determinations seemed 

(64) Gattermann, Ann., 593,215(1912). The importance of low tem 
peratures in the synthê s of aldehydes by the reaction of the 
Grlgnard reagent with ethyl formate is emphasized in this paper 
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to Indicate that this 134° solid was identical with the 123-125° 

solid from the first run. Oxidation experiments have not yet 

been carried out. The melting points of the solids obtained do 

not agree with that of the compound obtained by Banus and Med-

rano (17) although the 144-145° compound is perhaps identical 

with the 140-141° solid obtained by them. The appearance of two 

different solid compounds is not surprising inasmuch as Schmidlin 

and Banus (13) obtained tv/o different compounds from benzalde-

hyde and benzylmagnesium chloride, and believed by them to be 

diphenyl isochromane and diphenyl isochromene. 

One experiment was carried out on the reaction between benzyl-

magnesium chloride and £-dimethylaraino benzaldehyde. This re­

action has already been investigated by P» Sachs and L, Sachs (65) 

who obtained the expected reaction product, ̂ -dimethylaminophenyl 

benzyl carbinol, £-(CHa)BN-CeH4-GH0H-CHg-CQHs, in 86̂  yield. In 

repeating this work a compound corresponding in melting point 

with that described by Sachs and Sachs (65) was obtained in 74̂  

yield. There was no indication of a less soluble, higher melt­

ing substance of the isochromane type. 

The constitution of £-dimethylamlnophenyl benzyl carbinol 

has not been proven either by independent synthesis or by con­

version to a previously known derivative. However, its structure 

becomes quite certain from the fact that Sachs and Sachs (65) 

found that the carbinol readily dehydrates to a stilbene deriva­

tive, £-dimethylamino stilbene, ̂ -(CHolal-GeĤ -CHsCH-CeHg. A 

(65) P. Sachs and L. Sachs, Ber., 38,515(1905)̂  
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dehydration of this nature would not he predicted for a rear­

ranged isomer of £-dlaiethylamlnophenyl henzyl carhinol of the 

One experiment the action of gaseous 

oxygen on benaylmagnesium chloride. This reaction has already 

been investigated by Beauveault (66) v/ho obtained bensyl alcohol 

in 80% yield. In repeating this work ;7ith the object in mind of 

finding ortho or para rearrangement products benayl alcohol was 

obtained although in a much poorer yield {̂ 0%) than was obtained 

by Beauveault, There was no evidence of abnormal reaction 

products. In view of the discrepancy in yields a repeat run 

might be advisable althoû  it would probably furnish little 

evidence of the structure of benzylmagnesium chloride. 

During the coxjirse of the studies on the fomation of di-£-

tolyl incidental to the formation of bensylmagnesium chloride, 

Gilnian and Kirby (58) investigated the action of two compounds, 

cupric chloride and azobenzene, which are known to yield a 

smooth coupling reaction with Grignard reagents, forming the 

R-R compound. It was shown that these reagents do not increase 

the yield of di~£-tolyl but give instead good yields of dibenzyl. 

Another similar reaction is reported here. Benzylmagnesium 

chloride was found to react smoothly v/ith benzyl chloride yield­

ing 65̂  of dibenzyl. Oxidation of the residual oils shov/ed no 

indication of ortho or para coupling products. 

In considering the mechanism proposed belov/ for the abnormal 

(66) Beauveault, Bull. soc. cliim., (3)̂ ,1051(1903). 

following type. 
CH^ OH 
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reactions of benzylmagneslum chloride it became important to in­

vestigate the behavior of formaldehyde ?/ith cyclohexylmethyl 

magnesiiim halides. Cyclohexylmethyl chloride may be considered 

as hexahydrobenzyl cliloride. The nev? reaction mechanism will be 

shown to be based on the presence of the gronp, ~C=G-GHg-X, and 

the consequent relatively increased activity of the halogen atom, 

Cyclohexylmethyl halides do not contain such a grouping and con~ 

sequently if the Grignard reagents prepared from them, 

CeHii-CHs-MgX, give abnormal results with fomaldehyde the new 

mechanism must be unequivocally rejected. Formaldehyde was 

chosen for this study since its reaction iiTith benssylmagnesium 

chloride is the only example of completely abnormal behavior. 

It was felt that formaldehyde would be, therefore, a rigid test 

of the reliability of cyclohexylmethylmagnesium halides. When 

treated with formaldehyde cyclohexylmethylmagnesiian bromide gave 

p-cyclohexylethanol in 46̂  yield, and identified by oxidation to 

cyclohexylacetic acid. A high-boiling oil was also obtained 

which has not as yet been identified. This oil did not appear 

to be the formal of p-cyclohexylethanol, (CeHii-CHs-CHgO)sGHs, 

since it could not be hydrolyzed to that alcohol with 10̂  sul­

furic acid. .̂Tiether or not this oil is a rearrangement product 

of some kind cannot be definitely stated. Exhaustive oxidation 

obviously furnishes no proof in the case of aliphatic compounds. 

The action of formaldehyde on three other Grignard reagents 

was also investigated.. The reagents chosen̂  phenylethylmagnesium 

bromide, styrylmagnesium bromide, and phenylacetenylmagnesium 

bromide all have the -MgBr group two carbpns removed from the 
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benzene rijg. Shese Grlguard reagents were of interest because, 

although containing an aromatic ring, they do not have the 

atomic grouping, -CH=C*-CHe-MgX. The mechanism of rearrange­

ment postulated below hinges on this grouping of atoms. If 

these Grignard reagents should likewise give rise to rearranged 

products the new theoiy v/ould have necessarily to be abandoned* 

Formaldehyde was chose as the test case for the reasons stated 

in connection v/ith cyclohexylraethylmagnesim bromide. 

The results of t-iese throe experiments showed conclusively ̂ 

that v/ith the Grignard reagents in question substitution in̂  or ' 

rearrangement to, the benzene ring does not occur. In no case 

was the slightest evidence of phthalic or terephthalic acid 

found among the oxidation products, Phenylethylmagnesium bromide 

yielded an oil, probably 7-phenylethanol, in 44̂  yield, Styryl-

magnesitmi bromide gave no very definite products but no evidence 
/ • 

of rearrangement to the ring. Phenylacetenylmagnesium bromide 

gave an oil, probably phenylpropargyl alcohol,, in 20̂  yield. 
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ry. A ITew Moohanism foi' the Abnormal Heaotlons 
of Benzylmagneslum Chloride 

Holleraan (67) has done a vast amount of work on the direct 

entrance of substituents Into the benzene ring anci from this work 

he concludes that all substitutions are preceded by addition re­

actions. If CqHsX is nitrated, assuming X to be an ortho-para 

directing group, the reaction is suptjosed to proceed as follo"ws: 

Plilrscheim (68) uses diagpoms of the following types to repre­

sent the distribution of affinity in aromatic compounds. The 

first represents the case of an ortho-para directing group, the 

second a meta directing group. 

The heavy lines represent comparatively large amounts of valence 

force. Thus in cMLorobenzene the unreactive halogen atom is 

tightly bound to the benzene ring and reqiiires a large amount 

(67) Holleman, Die direkte Einfllhrung von Substituenten in den 
Benaolkem, Leipzig; Viet and Co. (1900). See also Henrich, 
Theories of Organic Chemistry, translated by Johnson and Hahn, 
John Wiley and Sons, New York (1922), p,206, 
(68) A review of the early work is foimd in a paper by Pltlrscheim 
(Ghem. and Ind,, 44,247(1925). Recent papers by the same author 
are (J. Ghem. Soc-, p.l562(1926); p.448(1928); p.453(1928); 
p»1607(1928); p.2230(1928)). See, also, Holleman (Rec» trav. 
chim., 42,356(1923)). 
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of tlie available affinity of the carbon atom to which It is at­

tached. This leaves a comparatively weak bond between carbon 

atoms (1) and (2), and (1) and (6). These latter carbon atoms 

are thus in a state of partial unsaturation and have a compara­

tively large amount of available affinity as represented by the 

arrow Follov/ing this scheme ŵ e see that carbon atom (4) also 

possesses a certain amount of available affinity. In a compound 

of tills type ortho-para substitution takes place. 

The theory of Holleman, that addition precedes substitution, 

has received s- striking confirmation in bne recent work of van 

Alphen (69). That such addition takes place was disputed by 

Prins (70) on the groijnds that the intermediate addition product 

having aliphatic double-bonds is terpene-like in structure and 

therefore should char or resinify under the influence of nitric 

or sulfuric acids, van Alphen (69) has shown that dihydrophthalic 

acid is not charred by these reagents but is converted to 

phthalic acid. It Is assumed that addition takes place and then 

elimination yielding a true benzene ring. 

Hx^COOH MX'\J1CO0H 

C.O0H 
c e> o H 

+ +• H ^ o  

In the case of bromine the addition product was actually isolated. 

H, COOH 

cc>OH COOH 

CI 'Sol  a  - ta el )  

C O O H  

cof H 
+ Z H B r  

(69) van Alphen, Rec. trav. chim., 47,169(1928). 
(70) Prins, ibid., 45,865(1924). 
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( 
van Alphen concludes that the idea that hexadlenes must resinxfy 

is incorrect at least v/ith this compound. 

In revievfing the various cases of ahnormal behavior of 

benzylmagnesium chloride the equilibrium formula of Schmidlin 

and Banus (13) seems to become increasingly unsatisfactory. Its 

greatest fault is its flexibility; its ability to explaL n any­

thing but predict nothing. It is easy to explain the failure of 

many reagents to yield rearranged products by simply saying that 

t̂ ose reagents favor a shift in the equillbriim in favor of the 

normal form. The evidence at hand is not sufficient, hov/ever, 

to dismiss arbitrarily the equilibriiJm formula. The new mechan­

ism proposed here is not withoiit faults but is more in accord 

with modern ideas of benzene ring substitution. But it must 

also be remembered that the Pltlrscheirax'theory Is not vd.thout 

opponents. (71)« The disadvantages as v/ell as the advantages of 

the new mechanism \vill be discussed belovf. 

It has been shown that the halogen atom of benzyl chloride 

is of unusually great reactivity. Employing a Pltlrscheim dia­

gram benzyl chloride may be represented as follow.=5 
C-H^ c \  

The -MgCl group of benzylmagneslum chloride may then be unusual­

ly loosely attached and the "available affinity" of the ortho 

and para position may become very great. 

T 
(7-1) See, Henrich, Theories of Organic Chemistry, translated by 
Johnson and Hahn, John Wiley and Sons, New York, 1922, p.197. 
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The very largo and heavy arrows represent a relatively greater 

available affinity than exists in benzyl chloride itself. In­

deed, the asstmiption may be made that this available affinity 

has become so great that ring substitution may take place 

simultaneously y/ith the customary reaction of the -MgCl group. 

We vyould then have tv."-© reactions proceeding at once, one loading 

to normal products, one to rearranged products* Using the 

mechanism of ring siibstitution described above one case may be 

formulated as follows, where RCl represents ethyl chlorocarbonate 

or ethyl chloromethyl ether. 

1. Normal Reaction. 

(fS -h-R.ci 

2. Abnomal Reaction (ortho). 

• 0 

V r c i  

JHx- MgC, 

•R. 
(jrl 

It • 
t HC| 

C H, 

0'" 
4- KoC/, n ^ 

An alternative meclianlsH may also be suggested here. The 

intermediate compound (I) might lose MgClg from adjacent carbon 

atoms. 
crij,- Cl-I» CH 3 

-K 

V?" (IV-) 

An analogy is found in the reaction between ethylene bromide 

and magnesium in which ethylene is formed. (V2). 

3. Abnormal reaction (para). 
fHx-J 

0 
I •>. I  0  

1+HC( 

-R 

CH-, 

"R 

(72) Tissier and Grignard, Compt. rend., 132,835(1901). 
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It wo'old be diffiCTilt to submit the above nieolianisms to 

dir-oot exporiraental proof. The postulated intermediates woxild 

be unstable and musually difficult to isolate. An indirect 

proof was therefore attempted. This mechanism being exactly 

parallel to that discussed above for the direct ring-alkylation 

of phenols some degree of support for this nev.' mechanism \TOUld 

be had if it could be shora that the halides giving rise to 

ring-alkylation of phenols also give rearrangement products with 

benaylraagnesim chloride; and conversely if the halides giving 

rearrangement reactions v;ith that Grignard reagent could be shown 

to give direct ring-alkylation of phenol. Several experiments 

of this nature were carried out but as yet no halide has been 

found which gives direct ring-alkylation in both cases. 

The reaction betv;een soditsn phenolate and ethyIchlorocar­

bonate was very rapid and gave good yields of ethyl phenyl car­

bonate, 3SIo ethyl salicylate could be detected although in one 

experiment the reaction was carried out at the temperature of 

a carbon dioxide-ether mixture to bring about slower reaction. 

When ethyl chloromethyl ether was allowed to react at -18° with 

sodium phenolate no ethyl o-hydroxybenzyl ether co\ild be iso­

lated. Sodium phenolate did not react with benzaldehyde at room 

temperature. A run is now being made employing a higher temper­

ature . 

Since benzhydryl bromide gives rise to direct ring-alkyla-

tion products of phenol (51) the action of that halide with 

benzylmagnesiura chloride was next investigated. No ortho or 



www.manaraa.com

- 57 -

paî a r*eax'rangenient products could he isolated̂  sym-I'etraphonjl~ 

ethane vms found among tiie reaction products and a small simount 

of product agreeing in molting point with the normal reaction 

product, a-a-p-triphenyl ethane. Oxidation of residual tars gave 

only benzoic acid» 

vThile the proposed mechaiiisia for the abnoiTaal reactions of 

benzylmagneaium cliloride is based largely on analogy vrith the 

alkylation reactions of sodlujs phenolate the process does serve 

to explain the known facts. Its value in predicting the course 

of tmfcried reactions is still open to question. Nevertheless 

it would be well to include here proposed mechanisms for the re­

arrangements tliat do not involve a halide such as ethyl chloro-

carbonate or ethyl chloromethyl ether. 

1. Ethylene oxide (para only). 

I  O f ^ n C I  A  

0 t<i —^ () I ^ 
V CH- V? ^cHrCrt-ort 

H 

2,  Foniialdehyde (ortho only) (73). 

O Hx-Mg CI c I  '•'•3 ^ ' - ^ 2  

(73) This mechanism doesn»t seem very plausible it must be ad­
mitted. Perhaps we are dealing vvith a case of divalent carbon, 
HCH0:s:2̂ H-C-0H. Then we can postulate a reaction of the follow-
ingtype" 1"̂  , 

In any event, it is not surprising that the reaction of formal­
dehyde with benaylmagnesium chloride leads to an uniisual amount 
of tarry by-products. 
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3. Benzaldehyde 

ĉĤ -rrgc/ 

yl -hZC^t i rCHO-^Q^ lyCHO o rroc / O 
'CU(C>H}C6hl j '  0: 1'̂  

^  C h  -  f e  

A rather striking confirmation of tliis mechanism is to be 

foxmd in Part 2 of this paper. It v/ill be shovm there that the 

reaction of a-naphthyliriethylmagnesi-um chloride ̂ ilth otliyl chloro-

carbonate proceeds in an entirely abnormal manner, no noimal 

product being detected. The new mechanism is based on the un­

usual looseness of attachment of the halogen atom of compoimds 

containing the grouping -C=C-CH3-X. It follows that an RX com­

pound in which the halogen atom is relatively more loosely at­

tached than is the case in benzyl chloride should give rise to 

more marked abnormalities. Olivier (74) has shown that a-napthyl-

methyl halides are more reactive than the corresponding benzyl 

halides. The expected increased tendency to give rearranged 

products is experimentally demonstrated in the case just mentioned. 

A few further suggestions should be included at this time. 

In connection with the quinoidal formula of Schmidlin and Banus  ̂

(15) absorption spectra studies would be of exceptional value. 

One is led to question the quinoidal formula due to the absence 

of marked color in benzylraagnesium chloride solutions. Further, 

the highly active sodium benzyl (75) is deeply colored, although 

similar colorations are not the rule with sodium alkyls. V.Tiether 

(74) See reference (88) of this paper. 
(75) See Part V of this paper. 
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the color of soditun benzyl is caused by quinoidal structure or 

tbe presence of free radicals, or both, is not knovm. 

Another study of interest would be to investigate the pos­

sible reducing action of ben̂ imagnesium chloride on benzophenone. 

Gomberg and Bachmann (76) have demonstrated the nearly quantita­

tive reduction of benzophenone to benzplnacone by means of mag-

nesious halides, MgX. If benzylmagnesium chloride possesses a 

weakly attached -MgX group we might expect it also to have a 

reducing action on benzophenone. 

2C7Hy-MgCl+S(CeHe) sCO-̂ CCeHs) (OMgGl)-C (OMgCl) (CeHe) s+Ĉ Ê -CyHj, 

An experiment of this nature is now being tried. 

In connection with the work on ethylene oxide it would be 

interesting to test the action of larger oxides, such as tri-

methylene oxide, with benzylmagnesium chloride. It is difficult 

to predict the course of such reactions but para rearrangement 

would not be surprising. 

(76) Gomberg and Bachmann, J. Am. Chem. Soc., 49,256(1927). 
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Table V. 

Reagents showing abnoiroal behavior toward Benzylraagnesiimi chloride. 

Reagent Manner of 
re arrangement 

Discoverer Reference 

Formaldehyde ortho Tiffeneau and Delange 

Benzaldehyde ortho; para(?) Chlchlbabln (40) 

p-Anlsaidehyde ortho Banus and Medrano 

Acetyl chloride ortho Gilman and Klrby This thesis 

Ethylene oxide para Gllman and Klrby This thesis 

Ethyl chloromethyl ether ortho and para Gilman and Klrby This thesis 

Ethyl chlorocarbonate ortho ! Gllman and Klrby This thesis 

Ethyl formate ortho; para(?) : Gllman and Kirby' This thesis 

•̂ See reference (61). 
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2. Studies on the Capture of the Free Benzyl Radical. 

The reaction between an organic halide and a free metal is 

supposed by some to take place throiigji intomcdiate formation 

of free radicals. In a recent and comprehensive paper on the 

mechanism of the \?iirta-Fittig reaction Bachmann and Clarke (77) 

proposed the follov/ing reactions to account for the several 

products formed in the reaction bet\veen chlorobenzene and sodium-

CeHgCl + Na —NaCl (1) 

SCqHS  ̂CgHs-CgHg (2) 

SCgHs — CSHq + GQĤ  (3) 

6̂̂ 4. ~  ̂CaH5*~CQH4,""CgHs (4) 

+ SCgHg"— " ' GQHg—CoĤ ĈQH.jj—GgHs (5) 

Gilman and Pothergill (78) agree vrith Gomberg and Bachmann 

(79) that free radicals are probably formed in the preparation 

of the Grignard reagent. 

2RX + Mg —5- 2R — + MgJCn (6) 

2R — R̂-R (7) 

2R — —R(+H) + R(-H) (8) 

EX + Mg  ̂R — + -MgX (9) 

R— + -Mgl̂  R-MgX (10) 

Proof of the intermediate formation of the free radical, R-, 

(77) Bachmaim and Clarke, J, Am. Chem. Soc., 49.2090,(1927). 
(78.) Gilman and Pothergill, ibid., 50,3334(19̂ ). 
(79„) Gomberg and Bachmann, ib'i'd., 4̂ 236(1927). 
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according to Reaction 6 or Reaction 9 would be supplied by the 

capture of that radical "by some other reagent before formation 

of the Grignard reagent according to Reaction 10, or coupling to 

the R-R compound according to Reaction 7, had occurred. Several 

such studies on the capture of free radicals are now being car­

ried out by Gitoan and co-v/orkers (80)» 

numerous studies (81) have clearly demonstrnted that the 

Grignard reagent does not add to the ethylenic linkage; However, 

Ziegler and Bahr (82) have recently shown that potassium alkyls 

add smoothly to the ethylenic linkage and this suggested a pos­

sible method for the capture and identification of free radicals 

in the prepai-ation of the Grignard reagent; It v/as proposed to 

prepare the Grignard reagent in the presence of metallic sodium 

or, better, in the presence of liquid sodium-potassium alloy and 

some compound containing an ethylenic linkage.- Then if free 

radical formation occurs during the reaction between the RX com­

pound and magnesium, the free radical might combine with sodium 

to form the corresponding sodium alkyl. The sodium alkyl, R-Nâ  

might in turn, react with the ethylenic compound as sho\Mi in 

the following reactions. 

(80) A preliminary report of these studies on the capture of 
free radicals was read by Gilrnan,' Fothergill, Kirby and McGlumphy 
at the September, 1928, meeting of the American Chemical Society, 
held at Swampscott, Massachusetts. See footnote (16) of the 
paper by Oilman and Pothergill. 
(81) Gilman and Crawford, J. Am, Chem. Soc., 45,554(1923). 

Gilman and Peterson, ibid., 48,423(1926). 
Gilman and McGlumphy, Rec.- trav. chim., ̂ ,418(1928). 

(8̂  Ziegler and Bahr, Ber., 61,253(1928). 
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RX + Mg —R — + —MgJC (11) 

R—. + Na —R — Na (12) 

R-Na + R«-CH=CH-R* —̂  R-R'-CH-CHNa-R' (13) 

R-R*-CH-CHNa-R« + GOg —̂  R-R «-CH-CH(COONa)-R' (14) 

In order to test this hypothesis several orienting experi­

ments were necessary* It was first necessary to demonstrate 

that metallic sodiim, or sodiimi-potassixun alloy, does not react 

with the Grignard reagent itself to form a sodium alkyl* The 

use of benzyl chloride as the RX compound was particularly de­

sirable since Schlenk and Holtz (83) have described sodium 

benzyl as having a brilliant red color* Its presence in the 

solution would thus be immediately noticed. \'/hen benzylmagnesium 

chloride was treated v/ith sodium at a temperature of -15° no red 

color developed* Subsequent hydrolysis yielded only 39̂  of the 

theoretical yield of toluene and while the loss was not account­

ed for it was evident that no sodium benzyl had formed as no red 

coloration whatever was noted. It must be remembered that 

Schlenk. and Holtz (83) shov/ed that sodium.benzyl reacts with 

ether and the color is thereby destroyed, but that at low tem­

peratures this reaction is comparatively quite slo?/. 

Yifhen benzylmagnesium chloride v/as added to liquid sodium-

potassium alloy the reaction mixture was likewise devoid of 

color. Subsequent treatment with carbon dioxide gave an excel­

lent yield (82.4%) of phenylacetic acid. Oxidation of the small 

(83) Schlenk and Holtz, Ber., 50,262(1917). 
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amount of residual oil gave 'only benzoic acid, and no phtlialic 

or ter.ephthalic acids. It was concluded that there was no re­

action between benzylmagnesium chloride and sodium or sodium-

potassium alloy. 

It was then desired to see if known sodium benzyl v/ould add 

to a typical ethylenic compound. Accordingly, sodium benzyl was 

prepared according to the method of Schlenk and Holtz (33) from 

mercury dibenzyl and sodium, \'Vhen treated with a-ct-diphenyl-

ethylene the red color was soon removed. Carbon dioxide was 

then passed in. "yfhen worked up there was obtained a trace of 

solid acid melting unsharply from 90-105°, The expected acid 

a-a-r-triphenyl n-butyric acid, ((C0Hg)gCH-CH2-CH(COOH)CeHs), has 

been prepared by Staudinger and Suter (84) and melts at 178-179°. 

In a second run stilbene was substituted for the a-a-diphenyl 

ethylene, A trace of solid acid melting from 127-131° was ob­

tained, The expected acid, a-p-7-triphenyl n-butyric acid 

(CsHs-CH2-CH(CeHe)-CH{C00H)-GQHB) has not been described in the 

literature,' That either the yield of sodium benzyl was very 

meagre, or that practically no reaction with stilbene took 

place, was demonstrated by a practically quantitative recovery 

of the stilbene. In fact, it was shown by experiment that the 

yield of sodium benzyl was very poor. Vi/hen a preparation of sodf-

ium benzyl was directly treated with carbon dioxide the yield 

of phenylacetic acid was too low to pennit of isolation. Its 

(34) Staudinger and Suter, Ber., 55,1095(1920). 
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presence was indicated by its characteristic odor, vmile the 

solutions of sodi-um benzyl were intensely red in color it is ap­

parent that they contained very little of the compound. 

In spite of the above unsatisfactory attempts to identify 

sodium benzyl when that substance was known to be present, never­

theless, the run proposed above for the capture of free benzyl 

radicals in the preparation of benzylmagnesium was atte:vipted. A 

0,2 mole run of benzylmagnesium chloride was carried out in the 

presence of stilbene and sodium-potassium alloy. Carbon dioxide 

was then led in until a negative RMgX color test was obtained. 

On working up in the customary manner a 47̂  yield of phenylacetic 

acid was obtained. No other acids could be separated. Oxidation 

of all tars yielded only benzoic acid. 

In conclusion, it may be said that the results of these 

studies are at best inconclusive. It has not been proven that 

the free benzyl radical, if formed, would combine with sodiiara to 

yield sodium benzyl. Further, it has not been proven that sod­

ium benzyl can be made to add to the ethylenic linkage of a-a-

diphenylethylene, or stilbene. 



www.manaraa.com

- 66 -

5. Studies on a~]!i[aph.thyliBethylmagne3i-am Gliloride 

V. Introduction. 

In 1912 an attempt was made by WietzenbiJck and Lieb (85) to 

prepare the ethyl ester of a-naphthylacetic acid by allowing a-

naphthylniethylmagnesi"um chloride to react with an excess of ethyl 

chlorocarbonate, in accordance with the following reactions (86). 

The a-chloromethyl naphthalene employed by them was prepared by 

the direct chlorination of a-methylnaphthalene using the method 

described by Scherler (87) and others. Wietzenb&ck and Lieb (85) 

apparently experienced some difficulty in inducing their a-chloro-

methyl naphthalene to react with magnesium since they state that 

most of the magnesium was dissolved only after two hours v/anning 

of the reaction mixture. After treating with ethyl chlorocar­

bonate the only product obtained v/as the coupling product, di-a-

naphthyl ethane. The residual oils yielded no a-naphthylacetic 

acid when saponified with alcoholic alkali. 

The results of WietzenbOck and Lieb (85) were of unusual in­

terest because of the close relationship between a-chloromethyl 

naphthalene and benzyl chloride. In fact, Olivier (88) has shown 

(85) WietzenbUck ̂ d Lieb, Monatsh., _̂ ,554(1912). 
(86.) The preparation of esters by means of this reaction was 
first described by Houben (Ber., 36,5087(1903)). 
(87) See reference (326) of this paper. 
(88) Olivier, Rec. trav, chim., 42,775(1923); see, also, Shoesmith 
and Rubli, J. Chem. Soc., 3098(!Ĉ 27). 

-t-
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that a-bromometiiyi napiitlialene is of greater reactivity than 

benzyl bromide since the former is more readily hydrolyzed by 

aqueous alcohol. In vlev/ of these facts it was proposed to at­

tempt the preparation of a-naphthylmethylmagnesium chloride 

and, if successful, test its behavior toward several of the re­

agents already studied in connection with benaylmagnesim 

chloride• 

VI« Discussion. 

The a-chloromethyl naphthalene used in these experiments 

was obtained by converting a-naphthyl carbinol to the correspond­

ing halide by means of thionyl chloride. The a-naphthyl car­

binol v/as prepared by treating a-naphthylmagnesium bromide with 

monomolecular formaldehyde. While the process is rather costly 

the product obtained is very pure and readily reacts with mag­

nesium turnings with the aid of a crystal of iodine as catalyst. 

The Grignard solution thus obtained readily gives a color test 

when treated with Michler's ketone in benzene. The Grignard re­

agent appeared to be formed in a very good yield and although 

customarily prepared in rather dilute solution presented no un­

usual difficulties in preparation. The reaction started easily 

and as quickly as phenylniagnesiiTm bromide and at no time were 

encountered large quantities of the coupling product obtained by 

WietzenbSck and Lieb (85). 

Vyhen carbon dioxide v/as passed into a solution of a-naphthyl 

methylmagnesium chloride a r59.4̂  yield of the expected a-naphthyl 
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I 

acetic acid v/aa obtained* Msthyl sulfate also reacted in a 

wholly normal manner giving a 55*1̂  yield of a-ethyl naphthalene. 

In the case of phenylisocyanate several interesting observations 

were made. In the first ruii a product was obtained v/hlch appear­

ed to be impure a-naphthylacetanl lide although the yield v/as 

very small. In the second run an attempt was made to prepare the 

Grlgnard reagent in the presence of phenylisocyanate. It was 

found that the reaction stopped completely. This recalls the ob­

servation of Gllman and Kirby (5) that phenylisocyanate stopped 

the reaction of benzihydryl chloride v/ith magnesium. In the 

third run a crystalline compound was obtained which melted at 

136-137® and was not a-naphthyl acetanilide since the latter 

was prepared from a knoivn sample of a-naphthylacetic acid and 

found to melt at 155®. The 135-137® compound was not identified. 

The fourth and largest run gave the expected product in a yield 

of 36̂ . 

The reaction with ethyl chlorocarbonate proved to be of un­

usual Interest since it presents the first case (89) in which 

this reagent reacts in an anomalous manner with a Grlgnard re­

agent. The Grlgnard solution was slowly added to an excess of 

well cooled ethyl chlorocarbonate. \̂ en worked up in the cus­

tomary manner an oil was obtained which on hydrolysis yielded a 

solid acid melting at 174®. The normal reaction product, a-

naphthylacetlc acid, melts at 131®. A titration showed that the 

(89) The abnormal reaction of benzylmagnesium chloride with ethyl-
chlorocarbonate was found subsequent to the carrying out of this 
work. 
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acid is an isomer of a-nap3athylacetic acid. The anilide ms 

prepared and found to melt at 217-218°• A literature search re­

vealed the following melting points for the known isomers of 

the formula CisHioOg. 

Table VI. 

Acid M.P. M.P. of 
anilide 

Reference 

4-Methyl a-naphthoic liygo (90) 
1-Methyl 3-naphtholc • IVS'J •" — (91).(92) 
2-Metiiyl a-naphtholc 126-127" 187-169"" • {96J 
7-Methyl a-naphthoic 150-162° • — (93) 
4-Methyl 3~napfit]i6ic iss-i'ss® • - - (94) 

The only possible configuration on the basis of the above data 

appears to be that of 1-methyl p-naphthoic acid. Other facts 

support this vi.ev,r. The oil obtained from the reaction was very 

probably the ethyl ester of the unlcnown acid and boiled at 190-

200° {15 imn.) and at 145-150° (3 mm.). Auwers and MQller (92) 

have reported the boiling point of the ethyl ester of 1-methyl 

p-naphthoic acid as 184® (13 mm.). Further, Mayer and Scheriko 

(91) were unsuccessful in attempts to oxidize 1-methyl p-naph-

oic acid to the corresponding o-p-dicarboxy naphthalene. Our 

acid also gave no definite products on oxidation with perman­

ganate or chromic acid. An authentic sample of 1-methyl p-naph-

(90) Mayer and Sieglitz, Ber., 55B,1835(1922). 
(9.1) Mayer and Schenko, Ber., ̂ 1̂408(1923). 
(92) Auwers and MSller, J, prâ HT chem., 109,124(1925). 
(93) Welszgerber and Kruber, Ber., 52,353X1̂ 19). 
(94) Darzens, Compt. rend., 183,7487X926). 
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I thole acid for comparison has not yet been synthesized (95). 

The conclusion is made still more probable by the fact that it 

has been shown above that when the closely related benzylmag-

nesitan chloride reacts with an excess of ethyl chlorocarbonate 

ortho rearrangement occxjrs to some extent, leading to the ethyl 

ester of £-tol"uic acid, along with the normal product, ethyl 

phenylacetate. 

The use of gaseous formaldehyde also led to an unusual re­

sult, the reaction product not being a-naphthyl ethyl alcohol 

as e:q>ected.  ̂solid carbinol was obtained melting at 121° and 

whose phenyl urethane melted at 125°. By analogy with the re­

action of benzylmagnesium diloride with formald̂ yde this com­

pound should be l-methyl-S-hydroxymethyl naphthalene. This 

latter compound has not been described in the literature. 

2-Methyl-l-hydroxymethyl naphthalene (96) melts at 136-137° and 

l-methyl-4-hydroxymethyl naphthalene (23) melts at 74-75°. An 

attempt to oxidize the 121° carbinol to the corresponding carbo-

xylic acid by means of alkaline permanganate failed and the 

carbinol was not recovered. This failtire, and also tlmt of the 

failure to oxidize 1-raethyl p-naphtboic acid as mentioned above 

are apparently cases of steric hindrance. 

p-Bromomothylnaphthalene reacted easily with magnesium in 

ether and when carbon dioxide was led in a small yield of the 

expected p-naphthylacetic acid was obtained. 

(95) V/e have requested from Prof, von Anwers a sample of his 
1-methyl p-naphthoic acid for a mixed melting point determina­
tion. 
(96) Ziegler and Tiemann, Ber., 55B,3406(1922). 
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4-. Sxperlinental. 

1. General procedtire used for the oxidation of residual oils, 
etc. 

Dilute alkaline permanganate is very generally used for the 

(97) oxidation of side-chains of organic compotinds. In this 

manner the side-chain is removed, a carboxyl group being at­

tached to the ring in the position occupied by the oxidized 

chain. In general an excess of permanganate vms employed, 

usually in concentrations of about 5>u and containing about 10% 

of sodium or potassium hydroxide» At the conclusion of the 

oxidation, v/hich required from 30 ininutes to several hours, 

depending on the nature of the material, the excess perman­

ganate was destroyed by adding a little alcohol, and the heavy 

manganese dioxide precipitate filtered off with suction. After 

washing the sludge of manganese dioxide with a little dilute 

alkali, the filtrate and washirsgs were combined and acidified 

v/ith hydrochloric acid. The acids looked for were benzoic, 

o-phthalic and terephthalic acids. The solubilities of these 

acids in vrater and cjhloroform are as follov/n. 

Table VII. 

Acid Water :Chloroform 

Benzoic acid 
o-phthalic acid 
Tere-phthalic acid 

0.34g. in lOOg. at 25° 
0.54g. in lOOg. at 14° 
1 part in 67000(101) 

(98) 
(99) 

• 

:so3.uble 
: insoltib le (100) 
; insoluble (101) 
• 
• 

(97) See Kairan, •.iualit.utlve Organic Analysio, publishsd by John 
Wiley and Sons, New "̂ ork, p. 166,1923. 

(98) Hoffmann and Langbeck, 'Z. physik. Cheiit. ,51» 394(1905). 
( 99) Graebe, Ann.. 238, 321(1887). 
(100) Zincke and Breuer, ibid., 226. 53(1884). 
(lOll .Baeyer, ibid., 251."'gM(iBW-
(102). de La Rue and WlTer, ibid., 121, 88(1862). 
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On acidification all of the terephthalic acid precipitates 

along with part of the "benzoic acid v/hich is usually present 

in the largest quantity. The phthalic acid remains in solution 

along with the reminder of ttie benzoic acid. The preĉ ipitated 

acids are separated by siniply extracting the benzoic acid ̂'rom 

the terephthalic acid with chloroform. The water solution ,1s 

extracted two or three times vrlth ether, the ether dried oyer 

sodium stilfate and evaporated to dryness. The residual ' 

benzoic acid and phtlialic acid are separated by a chloroform 

extraction of the benzoic acid. Had isO'-phthalic acid formed 

during any of the oxidations it would liave escaped detection 

in the above procedure. The solubility of isô phtmlic acid 

in water is low (1 part in 7800) and it probably would have 

appeared along witii the terephthalic acid. 

2. Benzylmagnesium chloride and carbon dioxidev 

A one liter 3-neck flask was fitted \7ith a reflux condens­

er and highly efficient mechanical stirrer. A separatory 

funnel was fitted with a glass tube to lead the contents 

directly on to the vanes of the stirrer. An inlet tube for 

carbon dioxide was also provided. Two hundred cc. of dry ether 

v;as placed in the flask and a rapid stream of dry carbon di­

oxide led in. A solution of 0.5 mole of benzylmagnesium 

chloride was placed in the separatory funnel and slowly added 

to the contents of the flask. Vigorous stirring was maintained 

to insure good contact with the carbon dioxide. The, flask 

v/as kept cool by means of an ice-salt mixture. Addition re­



www.manaraa.com

- 73 -

quired forty five minutes and at tlic end of this time a negative 

R-MgX" color test (103) was obtained, -fter hydrolyzing with 

ice and hydrochloric acid tlie ei±ier layer was removed, the water 

layer tv;lce extracted with ether, and the comhined ether layers 

extracted twice with 10"̂  potassium hydroxide. The alkaline 

extracts were extracted with a small portion of ether to remove 

suspended organic xriatter, warmed to drive out the laat tr- ces 

of ether, and acidified with hydrochloric acid, i'he crystal­

line precipitate weighed 46.5g. when fully air dried. This 

corresponds to a yield of 66.4̂ j of the theoretical amount of 

phenylacetic acid or isomers of that acid. The fact tlriat the 

ms.terial was essentially piare phenylacetic acid was shown by 

its melting point of 77° with the first noticeable softening 

occurring at 75°. **• mixed melting point with phenylacetic acid 

showed no depression. In spite of the apparent purity of the 

product, fractional crystallisation was resorted to in an 

effort to isolate any trace of toluic acids which might be 

present. 

fractional crystallizations. The solid acid was boiled 

with 500 cc. of distilled water and was largely dissolved. 

Since jo- and £- toluric acids are less soluble in water than 

phenylacetic acid the former should be present in the undis­

solved residue to a greater degree than in the original material. 

The oil remaining from the first extraction was in turn boiled 

(108) V'/herever the RMgX color test is referred to in this paper 
the test of Oilman and Schulze (j.Am.Chem.Soc., 47.2002(1925); 
Bull. soc. chim., 41, 1479(1927) is indicated. 
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still smaller amount of undissolved oil* On cooling, this 

extract deposited crystals of phenylacetic acid melting at 

76-76.5°(A). The oil remaining from (A) v/as rocrystallized 

from hot vrater and gave phenylacetic acid melting at 75°(B). 

Sample (A) was again crystallized from 150 cc. of v/ater. The 

acid obtained melted at 75.5° with previous softening at 

73-74°. No indication of tolulc acids was found. 

I'he ether layer remaining from the first alkali extractions 

was distilled to remove the ether. The residue was a yellowish 

oil weighing 7.5g., and was probably a mixture of dibenzyl, 

ketone and tertiary alcohol toodies. No atteâ t was made to 

separate this mixture but it was oxidized strongly with alkaline 

permanganate to see if any of the, residual oil contained products 

of ortho or para rearrangement. The products looked for were 

benzoic acid, o-phthalic acid, and terephthalic acid. The only 

product found was 3.6g, of benzoic acid. The oxidation pro­

cedure is described above in detail. 

3. Benzylmagnesium chloride and bromine. 

Eighty grams (0.5 mole) of bromine was dissolved in v/ell 

cooled anhydrous ether, the solution placed in a 5-neck stir­

ring flask and cooled in a mixture of carbon dioxide snow and 

ether. A solution of 0.25 mole of benzylmagnesium chloride was 

also well cooled, placed in the separatory funnel and slowly 

added to the bromine solution. Addition required about thirty 

minutes and a precipitate formed in the reaction flask. At the 
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end of the addition a negative RMgX color test was obtained. 

Hydrolysis was carried out iminediately to prevent any direct 

bromination of the reaction products when the solution warmed up 

to room temperature. Hydrolysis was carried out by pouring 

the reaction mixture onto cracked ice. î ilute hydrochloric 

acid was then added and crystals of sodium thaasulfate to de­

stroy the excess bromine. The ether layer was then removed, 

the water layer once extracted with ether, and the combined 

ether extracts dried over sodium sulfate. The ether was then 

distilled off on the water batn and the remaining oil vacuum 

distilled. Practically everything came over at 73-74° under .10 

mm. pressure, distillation being carried out using an oil-bath 

at a temperature of 95—llC. The yield was 26.9g. of strongly 

lachrimatory oil, corresponding to a yield of Q2.9% of the 

theoretical amount. A small portion redistilled under atmos­

pheric pressure (732 mm.) at 194-195° (uncorrJ. The boiling 

point of benzyl bromide is given by Kekule (104) as 198-199°. 

Three grams of the oil v/as converted to benzyl phthalimide 

by heating with 5g. of potassium phthalimide in an oil-bath 

at 170-190° for one and three-quarters hours, ilfter cooling, 

the solid mass was extracted with 25 cc. of cold 10̂  sodium 

hydroxide and the remaining solid filtered off and washed with 

cold water. Aftar two recrystallizations from alcohol the 

conlpound was obtained in the form of long needles melting at 

115-116°. This corresponds exactly with the figure given by 

(104) Kekule, Ann., 157, 639(1866). 
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Kairnn (105) for bensyl phthalimlde, 

4, Benzylmagnesiura chloride and benzonitrile, 

A solution of 31g. (0,3 mole) of benzsonitrile was placed 

in a 500 cc. 5-neck flask and well cooled in an ice-salt mix­

ture, A solution of 0,3 mole of benzylmagnesium chloride was 

then added through the separatorj over a period of thirty 

minutes, vigorous stirring being maintai'ted during the addition, 

A yellow color appeared in the reaction flask. The raixtiare 

was allowed to warm up to room temperature and was stirred for 

tliree hours. After standing over night, hydrolysis was carried 

out with ice and dilute hydrochloric acid. The mixture was 

very sticky and was only slowly decomposed br the acid. V/hen 

most of the paste wa,s dissolved the ether layer was removed 

and dried over soditim sulfate,'̂  The v/ater layer on standing 

deposited a mass of sticky yellow cyrstals which were filtered 

off and easily recrystallized from VSJo alcohol. Six and one 

tenth grams of white crystals melting at 53® was obtained. Con­

centration of the alcohol yielded a further 1.9g, 

The ether layer was distilled on a water bath to remove 

the solvent and the residue, which showed a strong tendency 

to crystallize, was distilled under reduced pressxare. Twenty 

three and four-tenths grams of' a clear yellow oil was obtained 

having a boiling point of 154-155° under 7 mm. pressure. The 

oil readily solidified to white cî ystals melting at 54° and after 

(105) Kamm, Organic Qualitative Analysis, John Wiley and Sons, 
New York, 1923, p. 165, x 
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two recpystallizations from 80,̂  alcohol melted at 55-56°. 

These were shown "by a mixed melting point to he identical with 

the crystals obtained from the water layer. The total yield 

was 31.4g. of crystalline solid identified, as shown below, 

as phenyl benzyl ketone. The yield corresponds to 53.4̂  of 

the theoretical amomt. A mixed melting point with a sample 

of phenyl benzyl ketone prepared as described below and melting 

at 54-55° was found to be 56°. The oxime was found to melt at 

94-95°. AnschUtz and Berns (106) give the boiling point of 

phenyl benzyl ketone as 177.4-177.6° tinder 12 minutes pressure. 

V. Meyer and Oelkers (107) found the melting point of the 

ketone to be 60° and its oxime to melt at 98°. 

Several attempts to prepare a 3an2)le of phenyl ben̂ syl 

ketone for a mixed melting point by oxidizing phenyl benzyl 

combined with nitric acid according to the method of Î impricht 

and Schwanert (108) failed. The following method proved con­

venient. Ten grams of phenyl benzyl carbinol was oxidized by 

stirring for one hour at 50-60° with a solution containing 

4̂ 5g. of sodium dichromate and 6 cc. of concentrated sulfuric 

acid in 100 cc. of water. The solution was then cooled, ex­

tracted with ether, and the ether dried over calcium chloride. 

The ether was then evaporated leaving heavy crystalline plates 

melting at 53-55°. On recrystallization from 80>i alcohol the 

melting point was raised to 54-55°. 

(106) Anschiitz and Berns, Ber., 20,  1392(1887) . 
(107-) V. Meyer and Oelkersj. ibid. . 21, 1298(1888) 
(10.8) Limpricht and Schwanert, Ann., 155, 64(1870), 
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A small residue remained in the distilling flask from which 

the phenyl benzoyl ketone was distilled, n̂ ê diaustive oxida­

tion with permanganate following the general procedure described 

above only benzoic acid was obtained. 

5. BenzyliHagnesium chloride and chloracetophenone. 

Seven-tenths mole of benzylmagnesium chloride was added 

over a period of one hour to 15.4g- (O-l mole) of cliloraeeto-

phenone at a temperature of -18®. The reaction mixture was 

worked up in the customary manner and the heavy yellow oil 

obtained oxidized in the customary manner. The only product 

obtained was benzoic acid. 

6. BenzylmagDesium chloride and Benzoyl chloride. 

(a) solution of 0.6 mole of benzylmagnesium chloride was 

slowly added to an ether solution of 35g. (0,25 mole} of benzoyl 

chloride. The reaction mixture was kept cool by means of an 

ice-salt mixture. heavy white precipitate formed, '̂ fter 

addition was completed stirring was continued for two hours. 

Since the mass was almost solid, hydrolysis was carried out 

by adding all at once a large amount of cracked ice. The 

mixture was then acidified to dissolve the basic magnesium 

halide, the ether layer removed, and the water layer twice ex­

tracted with ether. The combined ether layers were steam 

distilled leaving a heavy yellow paste. After cooling, the 

resid-oal water was decanted from the paste. Pour hundred cubic 

centimeters of hot alcohol was then added. On cooling an oil 
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separated out. Vflien this ;/as redissolved in alcohol, 1,6%.of 

a white solid melting at about 240° separated out. This solid 

was not identified. 

Oxidation of the tars obtained by concentrating the alcohol 

mother liquors from the 240° compound yielded no definite pro­

ducts. 

(b) A repeat run of the foregoing was carried out using one-

half quantities. portion of the tar remaining after the steam 

distillation was oxidized strongly with permanganate, llie 

material did not appear to undergo oxidation readily and only a 

small auiount of permanganate was decolorized, -̂ ŝ usual, the 

excess permanganate was destroyed v/ith alcohol and the sludge 

of manganese dioxide filtered off. There seemed to be ci'ystal-

line organic matter mixed with the manganese dioxide so the mass 

was washed with ether several times. On evaporation of the 

ether a yellow oil remained viiich was taken up in 80% alcohol 

and set aside to crystallize. No definite compound has yet 

been obtained. 

The filtrate from the manganese dioxide was acidified but 

no solid acid precipitated. Ejjrtraction v/ith ether yielded 

3.3g. of benzoic acid. 

7. Benzylmagnesium and diphenylcarbamine chloride. 

solution of 0.11 mole of benzylmagnesium chloride was 

slowly added to 23.Ig. (0.1 mole) of diphenylcarbamine chloride 

in ether. slî t heat of reaction was noticed, ^̂ fter ad­

dition was conflated the reaction mixture v;as stirred for two 
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hours. Hydrolysis was then carried out by means of iced hydi'o-

chloric acid. The ether layer was removed and steam distilled 

to remove diphenyl and steam volatile by-products. The residual 

oil was refluxed two hours with 10>j alcoholic potassium hydro­

xide to hydrolyae the acid amides, n̂ working up the mixture 

the only acid obtained was phenylacetic acid, melting at 73°. 

Recrystallization from hot water raised the melting point to 

76°, No tolulc acids could be isolated. 

8. Benzylmagnesium chloride and acetyl chloride. 

a. A solution of 0.5 mole of benzylmagnesium chloride was 

added with vigorous stirring to a solution of 15.7g. (0.2 mole) 

of acet'vl chloride dissolved in ether. The reaction v/as carried 

out at the temperature of an Ice-salt mixture.  ̂heavy yellov/ 

precipitate formed, ''̂ fter hydrolyzing with dilute hydî ochloric 

acid the mixture was steam distilled to remove volatile materials 

and a portion of the residual yellowish tar submitted to oxida­

tion with permanganate. The only product obtained was benzoic 

acid. 

b, A repeat run was made using 0.5 mole of benzylmagnesium 

chloride and 19.6 (0-25 mole) of acetyl chloride, A portion of 

the tar obtained gave an oxidation mostly benzoic acid, but a 

trace of phthalic acid, identified by the characteristic 

fluorescein test, was also found. 

9. benzylmagnesium chloride and ethylene oxide. 

 ̂solution of 0,5 mole of benzylmagnesium chloride was pre­

pared from 63g. of gensylchloride and 12,2g, of magnesium turn-
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ings. The ethylene oxide used was contained in a sealed bottle 

and was cooled in an ice-salt mixtiire, The tip of the bottle 

v/as then broken off and the oottle connected by means of a 

short piece of pressure tuoing with a glass tube leading into 

the reaction flask. By warriiing to 14-15° in a pan of water 

ethylene oxide 7/as distilled into the mixture until a color 

test showed the absence of unused Grignard reagent. very 

heavy mass formed vfhich made stirring difficult. A little 

toluene was added and the mass b3?oken up with a stirring rod. 

Ether was distilled out of the flask and toluene added until the 

boiling point of the solvent was 65°. The mixture was then 

stirred and refluxed for one hour, -̂ fter hydrolyzing in the 

usual manner with ice and hydrochloric acid, the reaction mix­

ture was steam distilled without separating the eti er and v/ater 

layers. After the ether and toluene came over an oil slowly 

steam-distilled. The total distillate was satiarated with salt, 

extracted vji th ether, and dried over sodium sulfate. The ether 

was then distilled off and the residue vacuum distilled. Thirty 

two and five-tenths grams (47.8;?0 of colorless oil having a 

fragrant odor was obtained, boiling at 113-115° under 10 mm. 

pressure. very slight residue remained in the distilling 

flask. A residue also remained which was non-volatile in th© 

steam distillation. This was a dark brown sticky tar. This 

residue was oxidized v/ith permanganate and yielded a small 

amount of terephthalic acid. 

•fl-n oxidation of 4g. of the oil obtained as the major reaction 

product gave l.Og. of benzoic acid and nearly Ig. of terephthalic 
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acid. No indication of phthalic acid was found. The oil 

liberates a gas when treated with metallic soditam. It appeared 

to be a mixture of T̂ -phenylpropanol and one or more of its 

isomersi 

An attempt was made to separate the oil into its con~ 

stituents, assuming it to be a mixture ofy-phenylpropanol and 

p»£-tolyl ethanol, A small amount of the oil was treated with 

a few drops of phenylisoeyanate in benzene solution and gently 

warmed. The mixture was then set aside to crystallize slowly. 

An oil separated which was taken up in alcohol and set aside 

in the hope of attaining slow fractional crystallization of one 

of the urethanes. After standing perhaps six months a semi-

crystalline solid of very indefinite melting point had separ­

ated. Further attempts have proven equally fruitless. 

10. Benzylmagnesium chloride and ethyl chloromethyl ether. 

a. The ethyl chloromethyl ether employed was prepared from 

trioxymethylene and ethyl alcohol by passing in dry hydrogen 

chloride according to. the method of Wedekind (108). Twenty 

two and five tenths grams (0.24 mole) of the chloro-ether was 

dissolved in 125 cc. of anhydrous ethyl echer in a 3-neck 

flask and cooled in an ice-salt mixture. A solution of 0.4 

mole (excess) of benzylmagnesium chloride was then slowly added. 

When addition was completed a faint positive MgX color test 

was obtained but after stirring a few minutes a negative test 

was obtained. Since an excess of Grignard solution was used it 

was surprising that it was all used. However, the ethyl chloro-

(108) (/Yedekind, Ber. 36, 1383(1903). This method has also been 
. .used by Ranedo, AnaXes soc. espan. fis. quim, ZVI, 151,351(1918) 



www.manaraa.com

- 85 -

methyl ether seemed to contain some free hydrogen chloride and 

this may have destroyed a part of the henzylmagnesium chloride. 

After hydrolyzing with iced hydrochloric acid the ether layer 

v/as reiDDved, the water layer once ê Ktraeted with ether, and the 

combined ether layers dried over calcium chloride, ê ether 

was then distilled off and the remaining oil distilled -under 

reduced pressure2'wenty foar grams (67/̂ ) of a colorless oil 

boiling at 87-88® under 6 mm. pressure was obtained. 

Five grams of the oil was oxidized with alkaline perman­

ganate in the customary manner. The acids obtained were benzoic 

acid, l,5g; -phthalic acid, 0.6g; and terephthalic acid, l,2g. 

Calculations based on these yields of acids account for only 

3.46g. of the 5g. of oil used. Assuming the mixture to consist 

of the following ethers, the amounts necessary to give the above 

acids are (a) ethyl p-phenylethyl ether, l»84g; (b) ethyl-o-

tolylmethyl ether, 0.54gj.(c) ethyl £-tolylmethy1 ether, 1.08g. 

Making the assumption that equal amounts of each isomer are lost 

during the oxidation the mixture of isomers is roughly of the 

following percentage composition; normal, 53/̂ , ortho, 16/̂ ; 

para, 31̂ . 

b. The ethyl chloromethyl ether Tised in this and subsequent 

runs was prepared in the same manner as previously but was twice 

distilled under sligihtly recaucedpressure. It was found to boil 

at 50-54® under a pressure of 230 mm. The run was carried out 

as before except that one-sixth mole of benzylmagnesium chloride 

and 15,8g. (1/6 mole) of chloromethyl ethyl ether were used. 
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There was obtained 9.9g. (59,6%) of colorless oil boiling at 

77-79° under 6 nm. pressure. 

Tvfo and sixty four grams of the oil was oxidized with 

alkaline permanganate and yielded a total of 0*531 g. of benzoic 

acid, and 0.238 g. of terephthalic acid and no -phthalic acid, 

c. A third run en5)loyed 0.3 mole quantities and yielded 

21.9g. (50̂ ) of oil boiling at 93-97° under 7 ram. pressure and 

an indefinite oil collected over a range of 170-220° under 

7 mm. pressure. In this run the ethyl chloromethyl ether was 

added to the cooled Grignard solution in the usual manner. 

An RMgX color test in this run showed the presence of unused 

Grignard reagent and it was concluded that fractionation under 

reduced pressure gave more nearly pure ethyl chloromethyl ether 

than is obtained by distillation under atmospheric presstire. 

Refractive index of low boiling oil,Nj> = 1.4949. 

A 5.01 g. sample of the low boiling oil was oxidized witii 

alkaline permanganate and gave l,133g. of benzoic acid, 0.655g. 

of terephthalic, and G.092g. of phthalic acid. 

The high boiling oil was redistilled and a middle fraction 

of 1.9g. taken between 165-180° under 6 ram. pressure. Most of 

this came over around 175°. Oxidation of this oil with alkaline 

permanganate gave about 0.2g. of benzoic acid, O.lg. of phth­

alic acid, and 0.2g, of terephthalic acid. The oil was not 

identified, 

Zeisel Analyses of low boiling oil. 

(1) 0.2201g, sample gave 0.1630g. Ag I. 
GgEgO = 14.21̂ . 
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(2) 0.2179g. sample gave 0.1670g. Ag I. 
CsHgO = 14.70̂ . 

• • 

(3) 0.2291g. sample gave 0,1764g. Ag I. 
CeHgO = 14.77̂ . 

(4) 0.1871g. 8aB5>le gave 0.1668g» Ag I. 
CsHeO = 17.10̂ . 

(5) 0.2125g. sample gave 0.2013g» Ag I. 
CsHeO = 18.17̂ . i 

(6) 0.1935g. saii5)le decoû oaed with 15 cc. hydriodic ̂ cjd ̂ 
and 15 cc. acetic anhydride and ethyl iodide absorhed 
in pyridine. Estimated by Volhard titration. Recjuired 
36.35 cc. O.IOOS M and 21.6 cc. of 0.1170 H 
KCNS. CsHsO - 23.70̂  
Calc. for GjoSî O, -OCeHa = 30.0%. 

Zerewitinoff analyses. 

A sample weiring 0.192Bg. gave with methylmagnesi-um iodide 

in butyl ether no visual evidence of evolution of gas. After 

heating 15 minutes at 60-70° about 0.5 cc. was obtained. A 

second run gave about 3 cc. of gas but this was probably ex­

perimental error since a third, run gave only about 0.5-l«0 cc. 

of gaa. 

(d) In this run the same quantities were used as in the 

one Just preceding but addition was carried out in the "inverse" 

manner as in (a) and (b). At the completion of the addition 

of the Grignard solution an RMgX color test showed presence of 

unused benzylmagnesium chloride. 7i/hen worked up in the usual 

manner 28g. {Q2,2%) of oil boiling at 93-97° under 7 mm. press­

ure and a yellowish oil weighing 5.4g. and collected at a 

temperature of 130-220° uader 7 mm. pressure. Refractive index 
T 

of low boiling oil, Nj, = 1,4964. 

When 10.68g. of the low boiling oil was oxidized in the 
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usual Eiamer- witli alkaline pemanganate, the aeids obtained 

were benzoic acid, 3.934g.; £-phthalic acid, 0.465g.; and 

terephthalic acid, l«750g. 

Zeisel Analyses on low boiling oil. 

(1) 0.2116g. sample gave 0,1591g. Ag. I. 
CsHgO = 14.42%. 

(2) 0.2198g. sample gave 0.1783g, Ag. I. 
CsEeQ - 15.84̂ . 

(5) 0.4661g. sample gave 0,5295g. Ag. 1. 
CeHgO = 13.57̂ . 

(4) 0.2900g, sample gave 0.2543g. Ag. I, 
CeHgO ~ 16,82̂ . 

(5) 0.3527g. sample gave 0.4680g, Ag. I. 
CgHgO = 25.52̂ « 

Calc. for C.̂ Eî Oj -OCsHg = 30,0̂ . 

Zerewitlnoff analyses. 

(a) 0,1827g, sample gave 0.5 cc. of gas at 28® and 732 nmi. 

After heating 15 minutes at 60-70°, 1,0 cc. at 28° and 732 mm, 

(b) 0.2206g, sample gave 0.2-0.3cc. of gas at 28° and 732 

mm. After 15 minutes heating at 60-70°, 0.5 cc. gas at 28° 

and 732 mm» 

11, Attexnpts to prepare ethyl p̂ -phenylethyl ether. 

(a) About 8g. (0.35 mole) of metallic sodium in the form 

of thin slices was dissolved in 125 ec. of absolute alcohol 

under a reflujc condenser and then 37g. (0.2 mole) of p-bromo-

ethyl benzene added in small quantities throiî  the condenser. 

A white precipitate, probably sodium bromide, immediately began 

to form. After addition was completed the mixture was gently 
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refluxed for thirty adnutes and then cooled and diluted v/ith 

water. The colloidal oil was extracted from the water by means 

of ether. Three extractions were made. The combined ether 

extractions were washed with a little cold v/ater and then dried 

over night over calciiam chloride. The ether was then decanted 

from the calcitsm chloride and distilled. V/hen the ©ther was 

removed the reiaaining oil was fractionated Tinder reduced pres-

sTire. The distilled oil had a distinct odor of styrene and 

readily decolorised a solution of "bromine In carbon tetrachloride. 

Repeated distillation appeared to free the oil from much tarry 

material, probably polymerized styrene. The third distillation 

gave 6.5g. of oil boiling at 43® under 7 mm. pressnre. This 

oil slowly decolorized bromine solution and gave no Beilstein 

test. The boiling point is higher than that of styrene which 

boils at 45® under 17 mm. pressure and at 33° under 10 mm. 

pressure. However, the compound is not the desired ether be­

cause when heated with hydriodic acid in the Zeisel apparatus 

no silver iodide was obtained even after one and one-half hotirs 

heating at 170°. 

(b) Six and one-tenth grams (0.05 mole) of phenylethyl 

alcohol was refluxed in dry benzene for about three hours with 

1.5g. {0.055 mole) of metallic sodium in the form of thin 

slices. The benzene and solid sodium phenylethlate were then 

transferred to a Carius tube, a little bensene being used to 

wash the solid material away from the unused sodium. Fifteen 

and six-tenths grams (0.1 mole) of ethyl iodide was then added, 

the tube sealed, and heated for five hours at 90°. The tube 
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was then opened and the contents washed out with water and ether. 

The ether layer was removed, dried over calcitrm chloride, and 

after distilling off the ether, benzene, and excess ethyl 

iodide, the residual oil was distilled under reduced pressure. 

The second distillation of the oil yielded 2»4g. of sweot 

smelling oil boiling at 95° under 7 am. pressure. The density 
c O 

B ° , was 0»9449, and the refractive index N j> , 1,4995, ĥe 
25° 

molecular refraction,mf, calculated by the Gladstone-Dale 

formula is 79.29 and from the sum of the atomic refractions, 

78.2. Using the Lorentz-̂ orenz formula,fnr, found 46.65j calc., 

46.43. 

Zeisel Analyses.. 

(1) 0.2256g. sample gave 0.1884g. Ag I. 
CgHgO = 16.02!̂ . 

(2) 0.1997g. sample gave 0.1541g. Ag I. 
C3H5O 14.81̂ . 

(3) 0»1978g. sample gave 0*1740g. Ag I, 
CsHBO = 16.88̂ . 

Calc. for OGgHg = 30.0̂ . 

(c) A solution of 25g. (0.163 mole) of p-bromoethyl ethyl ether 

in ethyl ether was cooled in an ice-salt mixture.  ̂solution of 

0.17 mole of phenylmagnesium bromide v/as then slowly, added. An 

RfigX color test made after about one-fo\irth of the Grignard 

solution had been added was negative but subsequent tests were 

all positive. The first few drops of the phenylmagnesium brom­

ide caused a white solid to precipitate. This precipitate soon 

dissolved and t̂ ere was no other evidence of reaction. After 

addition was completed the reaction mixture was stirred for 
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tvio hoTirs at room temperatiire. The reaction mixture was worked 

up in the customary manner and yielded 17.5g» of oil hoiling at 

60® under 15 cm, pressui'e, and at 115-129° under atmospheric 

pressure. The oil gave a strong Beilstein test and was prob­

ably unchojiged p-bromoetriyl ethyl eti:er. This latter compound 

boils at 126-129°. 

(d) This was a repeat run of the above but the reaction 

mixture was refluxed for nine hours. On wjorking up no definite 

product whatsoever was obtained, d̂istillation yielded an oil 

boiling from 50-240'̂  under atmospheric pressure. 

(©) To 12.2g. (0.1 mole) of phenylethyl alcohol dissolved 

in 100 cc. of dry benzene was added 2.5g. (0.109 mole) of met­

allic sodium in the form of thin slices. After five hours of 

refluxing 30g. (0.2 mole) of ethyl iodide was added. Refluxing 

was then continued for about four hours. The reaction mixttire 

was then cooled, poured into water, a little hydrochloric acid 

added, the benzene layer then reaioved and dried over calcium 

chloride. The benzene was then distilled off and the remaining 

oil distilled under reduced pressure. Seven and one-tenth grams 

of fragrant oil boiling at 97-102° under 7 ma, was obtained. 

This corresponds to a yield of 47.5/'o of the theoretical amount. 

The oil was redistilled givirxg 4,lg. boiling at 98-100° under 
OCiO 

8 mm. pressure. The density of this oil was 0.9545 25°-

refractive index was found to be 1.5080, andiiT- calculated 
D 

by the Gladstone-̂ ale formula 79.8 while the valxie computed 

from the atomic refradtions is 78,2. "̂sing the Lorentz-Lorenz 
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foirnrula the value fouad from the data Tvas 45.83 and the calcula­

ted value 46.43* 

Analyses. 

0.2182g. sample gave 0.1690g. HgO and 0.6313g. 00̂ ; 0.2473g. 
sample gave 0.1960g. HgO and 0.7155g. CO3; 0.2403g. sample gave 
0.1904s. HsO and 0.6957g, COg. Pound, 78.93; 78.93j 78,98; 
pffi, 8.67; 8.87; 8.87. Calc. for G, 79.95; H, 9.40. 

Zerewitlnoff Runs. Blank runs on "benzoic acid. 

(a) 0.2023g. sa3i5)le gave 46.9 cc. methane at 28® and 1'33.4 

mm. pressure after heating 15 minutes at 70°. Aetive hydrogens 

= 1.106. 

(b) 0.1991g. sample gave 47.6 cc. methane at 29° and 736 

mm. pressure after heating 15 minutes at 70°. •'̂ ctive hydrogens 

+ 1.140. 

(c) 0.2012g» sample gave 42.0 cc. of methane at 26® and 

736 mm. pressure, no heating being used, '̂ ctive hydrogens = 

1.006. After heating 15 minutes at 70® the volume of methane 

was 45.8 cc. at 26° and 736 mm., corresponding to 1.096 active 

hydrogens. 

(d) 0.2008g* sample gave 43.4cc. of gas at 26° and 736 

mm. pressure before heating, corresponding to 1.04 active hydro­

gens. After heating at 70° for 15 minutes the volume of gas was 

47.1 cc. at 26® and 73G mm., corresponding to 1.130 active hydro­

gens. 

Titration to check pxirity of benzoic acid used. 

(a) 0.2012g. sample required 16.45 cc., 0.1000 N KOH. 
M = 122.32. 

(b) 0.2012g, sample reqiiired 16.55 cc., 0,1000 W KOH, 
M = 121.55. 
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(c) 0.2013g. sample required 18,65 cc., 0.0886 N KOH, 
M = 121,8. 

(d) 0.2021g. sample req"uired 18.80 cc., 0.0886 W KOH. 
M = 121.4. 

Average M = 121.8. Gale, for CYHgOe — 122.08. 

Zerewitlnoff analysis of oil from run (c). 

A 0.1846g. sample gave 12,9 cc. of methane at 28°C, and 

738 mm, pressure, corresponding to 0,0005072 mole of active 

hydrogen. After heating for 10 minutes at 70° the gas volume 

Increased to 13.5 cc. measured at 28° and 738 mm,, and cor­

responding to 0.0005308 mole of active hydrogen. If we assume 

all of the methane to come from phenyl-ethyl alcohol contained 

in the ethyl p-phenyl-ethyl ether as impurity, then the amount 

of alcohol present is 0,0619-0.0647g., or about 35̂ , The . 

theoretical analysis of a mixture of 35/̂  p~phenylethyl alcohol, 

and 65?o ethyl {3-phenylethyl ether is C, 79,37̂ , H,. 9»00̂ . 

Ilae analyses given above, C, 79,93, and H, 8-875̂ , correspond 

quite well to these theoretical figures. 

(f) Eight grams (0,35 mole) of metallic sodium in thin 

slices was added to a solution of 36.6g. (0,3 mole) of phenyl-

ethyl alcohol in dry benzene. The mixiture was stirred mechan­

ically and refluxed for about seventeen hours to insure as 

nearly complete conversion of the alcohol to alcoholate as 

possible. Fifty-five grams (0,36 mole) of ethyl sulfate was 

then added throû  the dropping funnels A pasty mass separated. 

The mixture was stirred and re fluxed for eight hours. The mass 

was then removed from the stirring flask and the small pieces 
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of Tinused. sod-iutii rsnioved.# Strong amcionium iiydroxlcie v/as tiisn 

added and the mixture v̂ armed to hydrolize the excess of ethyl 

sulfate. The v/hole mixture was then steam distilled. The oil 

collected was washed three times with water, then with 50/̂  

calcium chloride solution, and then dried over anhydrous cal­

cium chloride. The benzene was then distilled off and the 

residual oil vacuum distilled. The yield of oil "boiling at 

77-82° under 7 mm. pressure was 25.8g., corresponding to a, 

yield of 57.3?̂  of the theoretical amount. On redistillation 

using a carefully calibrated thermometer the boiling point was 
I 

found to be 85-87° under 7 mm. pressure. The specific gravity, 

was found to be 0.9200; and the refractive index , 
25°  ̂
1.4708 (average of two determinations); mr calculated from data 

by Gladstone-Dale formula, 76.76; sum of atomic refractions, 

78.2; mr calculated from data by Lorentz-̂ orenz formula, 45.55; 

sum of atomic refractions, 46.43. 

Zerewitinoff analysis. 

In one determination using a sample of 0.1846g. no gas was 

obtained even after 15 Mnutes warming at 60-70°. " second run 

using a sample of 0.2259g, gave about 0.5 cc. of gas alter warm­

ing to 60-70°, for 15 minutes. 

Zeisel analyses. 

(a) 0.2270g. sample gave O.SOOlg. Ag I. 
CgHsO = ,25.44?:̂ . 

(b) 0.1968g. sample decomposed with 15 cc. hydriodic acid 
and 10 cc. glacial acetic acid at 150° gave 0.2861g. 
Ag I. CgHgO = 2̂ 7,8970. 

(c) 0,1968g. sample decomposed as in (b) gave 0.2683g. 
ixg I. CgHgO = 27.16%, 
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(d) 0.1864 g. sasiple decomposed v/ith hydriodic acid in the 
usual manner and ethyl iodide absorbed in pyridine and 
estimated by Yolhard titration. 35.50 cc., 0.1013 N 
AgNOs; 23.65 cc., 0.1170 II SONS. C3H5O = 20.35%. 

(e) 0.1974g. sample decomposed with 15 cc. hydriodic acid 
and 15 cc. acetic anhydride. 35.98 cc., 0.1013 
AgKOs; 19.82 cc., 0.1170 H KCNS. CgHeO = 30.23̂ i, 

(f) 0.1961 g. sannDle decomposed as in (e). 35.80 cc., 
0.1013 II '̂gNOsJ 20.53 Gc. 0.1170 K KCWS. CgHfjO = 
28.10/i. 

(g) 0.2006g, sample decomposed as in (e). 35.52 cc., 
0.1013 N ̂ NCgj 19.85 cc., 0.1170 H KCUS. CaHgO = 
28.61/5, 

(h) 0.1900g. sample decomposed with 15 cc. hydriodic acid 
and 15 cc. acetic anhydride at 160° for 1-1/2 hours. 
35.35 cc., 0.1013 N AgNOjjj 20.26 cc., 0.1170 I KGIIS. 
CgHgO = 27.82%. 

(i) 0.1962g. sample decomposed with 15 cc. hydriodic acid 
and 15 cc. acetic anhydride at 160®. Absorbed ethyl 
iodide in pyridine at 70-80®. 36.50 cc., 0.1003 N 
î gKOa; 21.46 cc. 0.1170 N KGNS. C2H5O = 26.35̂ 6. 

Calc. for C,oHi40| OCsHg = 30.0?̂ . 

12. Zeisel analysis of ethyl benzyl ether. 

a sample of ethyl benzyl ether obtained from the -̂ astman 

Kodak Company was purified by allowing it to stand for a week 

over metallic sodium at room temperature. The liquid was then 

suction filtered from the mass of sticky material that separated, 

and vacuum distilled discarding the first and last fractions. 

The fraction boiling at 67-69° under 7 mm. pressure was used for 

the control analysis. However, the ether was shown to be still 

impure by means of a Zerev/itinoff analysis. The results of 

both the Zeisel and Zerewitinoff analyses follow. 

Zeisel analyses. 

(1) 0.1985g. sample gave 0.2510g. Ag I. CgHgO = 24.26>̂ . 
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(2) 0.1939g. sample gave 0.1964g. Ag I. GgHgO - 19.44/̂ . 
Galc» for CgHgO — 33«09/̂ » 

Zerewltlnoff analyses. 

(1) 0.2249g. sample gave 7,0 cc. of gas at 30® and 738.5 
mm; and after heating 15 minutes at 70® gave 8.6 ec. 
of gas at 30° and 738.5 mm. Corresponds to 0.203 of 
an active hydrogen 

(2) 0.1927g. sample gave 4.9 cc. of gas at 31° and 728 
mm.} and after heating 5.6 cc. of gas at 31 and 728 
mm. Corresponds to 0.148 of an active hydrogen. 

13. Benzylmagnesium chloride and excesn ethyl chlorocarbonate. 

(a) A solution of 0.25 mole of benzylmagnesium chloride was 

prepared in the usual manner from 32g. of benzyl chloride and 

6.1g. of magnesium turnings. The Grignard solution was quickly 

filtered through glass wool into a separatory funnel. A so­

lution of 126g. (1.0 mole) of ethyl chlorocarbonate in twice 

its volume of anhydrous eti'er was placed in a one liter 3-neck 

flask and cooled in an ice-salt mixture, The solution 

was then slowly added to the solution xn the flask. The addition 

required about forty-five minutes, vigorous stirring being 

maintained during the addition. After hydrolyzing with iced 

hydrochloric acid the #iole mixture was steam-distilled. The 

distillate was extracted witb ether, the ether extracts dried 

over sodium sulfate and the ether then distilled off. The re­

maining oil was refluxed three hours with 10% alcoholic potas­

sium hydroxide. The solution was then cooled, extracted with 

ether to remove unhydrolyzed oils, and then acidified with 

hydrochloric acid. The total volume was then about 800 ec. 
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The solution was millcy but contained no crystals. After about 

two hours a few flaky crystals separated and were filtered off. 

These weighed l*Og. (2*9%) and melted at 103-105°. A mixed 

melting point with £-toluic acid v/as found to be 103°. The 

remaining water solution was twL ce extracted with ether, the 

ether extracts washed with a little cold water and in turn 

extracted with 100 cc. of 10̂  potassium hydroxide. On acidi­

fication v/ith hydrochloric acid and cooling, 4.7g. of slightly 

impre phenylacetic acid was obtained In the form of shining 

leaflets melting at 68°, mixed melting point with phenyl­

acetic acid was 71°. 

This fractional separation of £-toluic and phenylacetic 

acids was of course not quantitive. Approximately 20% of orthc 

rearrangement appears to have occurred. 

(b) This experiment was carried out in the hope of showing 

the presence of ethyl £-toluate in the reaction products along 

with ethyl phenyl-acetate and ethyl o-toluate. Two-tenths mole 

of bensylmagnesium chloride solution was slowly added to a 

well-stirred solution of 40g. (0.37 mole) of ethyl chloro-

carbonate in 200 cc. of ether. The temperature was kept in the 

neighborhood of -13-15° by means of an ice-salt mixture. The 

addition required about one hour, a test showed the absence 

of unused Grignard reagent. After hydrolyzing with ice and 

dilute hydrochloric acid the mixture was steam-distilled until 

nothing more came over. The residual tar was exhaustively 

oxidized in the customary manner. trace of o-phthalic acid 
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was found and a cloudiness indicative of terepiitlialic acid. 

The oil and ether from the steam distillation were separ­

ated from the water and dried over sodium sulfate. The ether 

was distilled off and the temperature raised to 110° to remove 

unused ethyl chlorocarhonate. The residue yielded on vacuum 

distillation 9.5g* of liQ.uid esters toiling at 98 under 6 luni, 

pressure. This amount corresponds to a yield of 29$4 of mixea, 

isomeric ester. The total amount of oil was hydrolyzed by reflux-

ing for six hours with 10̂  ̂alcoholic KOE. Acidification yielded 

an oily precipitate and attempts to crystallize from water w. re 

fruitless. The oil was recovered from the water hy ether ex­

traction, and then taken up in 95̂  alcohol and set aside to 

crystallize slowly. After about three months a crop of heavy, 

blunt needles, many over one-half inch long, had formed, ĥese 

needles were removed from the oil and dried on filter paper. 

Yield, l.lg»; m.p. = 100-101°. A mixed melting point showed 

them to be o-toluic acid. The residual oil weighed 4.0g. The 

yield of otoluic acid was 4̂  based on Grignard reagent used; 

14̂  based on the total ester obtained; and 21.5/̂  of the total 

acid derived by hydrolysis of the ester. 

14. Benzylmagnesium chloride and ethyl foimate. 

A solution of 0.3 mole of benzylmagnesitun chloride was 

added to 22.2g. (0,3 mole) of ethyl foraiate at a teiuperature of 

-18° over a period of 45 minutes. After hydrolyzing with iced 

hydrochloric acid the ether layer was removed and shaken vi th 

three portions of saturated sodium bisulfite solution. A heavy 
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precipitate formed but as no aldehyde could be isolated it was 

concluded that this solid was probably precipitated KaHSOg. The 

ether layer was distilled to remove the ether and the residual 

oil oxidized with excess alkaline permanganate. There was an 

indication of terephthalic acid, a cloudiness in the acidified 

solution, but insufficient to isolate. Nine grams of benzoic 

acid and 0.75g» of phthalic acid were obtained. 

15. Benzylinagnesium chloride and £-anisaldehyde. 

(a) An ether solution of 30g. (0.25 mole) of £-anisaldehyde 

was veij slowly added to a well stirred solution of 0.25 mole of 

benzylmagneslum chloride. The reaction mixture was kept cool 

by ireans of an ice-salt mixture. A heavy oily liquid separated 

from the mixture as an insoluble layer. After hydrolyzing with 

ice and dilute hydrocliloric acid, the ether layer was separated 

and steam distilled until nothing more came over. A heavy 

yellow oil remained in the distilling flask. After cooling imder 

the tap the water was decanted from this oil, '̂ '̂hen cool, alcohol 

was added to the oil and it was partially dissolved. The re­

maining white solid was filtered off and weighed 6.2g. v/hen 

dried. It melted at 98-99°. The melting point vjas raised to 

123-125° by recrystallizing twice from alcohol. third re-

crystallization failed to raise the melting point. 

The alcohol washings from the 125-125° solid were allowed to 

evaporate in air, leaving a semi-solid paste, '-̂ s waste was 

washed four tiriBs with petroleum ether and by rubbing with a stir­

ring rod was induced to solidify completely. The solid melted at 
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51-54® anci when onee recrystallized from warm petroleum ether 

was obtained in beautiful cluster£3 of long, slender needles. 

A total of 24.7g. (43.3̂ ) of fairly pure material was obtained. 

This was identified as benzyl-p-anisyl carbinol by oxidizing to 

the corresponding ketone, whose identity was proven by means 

of a mixed melting point witii an authentic sample prepared by 

the method of E. Ney (109). 

Oxidation. To a solution of 4.5g. of sodium dichromate and 

6 cc. of concentrated sulfuric acid in 100 cc. of water v/as 

added lOg. of the carbinol melting at 57°. The mixture was 

stirred one and one-half hours in a virater bath kept at room 

temperature. The brownish solid was then filtered off, washed 

with water, and then with 10 cc. of cold 95/̂  alcohol, t̂ 

melted at 71-74°. It was then onee recrystallized from 80̂  

alcohol and was obtained in the form of shining leaflets melt­

ing sharply at 76°. Benayl p-anisyl ketone prepared by the 

Friedsl̂ 'Craft reaction from phenylacetyl chloride and anisole 

as described by Vey (109) also inelted at 76° and a siixed 

melting point showed no depression. 

(b) In this run the Grrignard solution was added to the 

£-anisaldehyde, the reverse of the procedure employed in the 

procealing e:xperiment. An etiier solution of 54.4g. (0.4 mole) 

of the aldehyde was placed in a 500 cc. 3-neck flask and then 

cooled in an ice-salt mixture. solution of 0.2 mole of 

(109) Hey. Ber., 21:2450(1888). 
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benzylmagneslum cMoride was then added through the separatory 

funnel over a period of one and one-half hours. Tlie reaction 

mixture was very sticky. After hydrolyzing v/ith ice and hydro­

chloric acid the ether layer was removed and steam distilled 

as long as any oily drops came over. The- pasty residue was 

shaken with alcohol and was largely dissolved. The alcohol 

was decanted and on standing 2.4g. of wi'ito solid separated, 

Tliis material melted at 122-130° and a mixed melting point with 

the 123-125° solid from tb̂ e preceding ê qperiraent was depressed 

to the neî borhood of 100-110°. 

The residue from the alcciiol washings was recrystallized 

from hot alcohol giving a small amount of vfhite needles melting 

at 144-145°. 

The alcohol vrashings from which the 122-130° compound 

separated were diluted witr vrater and e:jctracted twice wth ether. 

The ether extracts were dried over sodium sulfate, the ether 

distilled off, and the residi;̂ ! oil vacuum distilled.  ̂small 

amount of anisaldehyde first came over and then between 160-270° 

•under a pressure of 10 ram, an oil came over which 5olidif3.ed 3n 

the receiver. This distillate was washed several times with 

petroleum ether and the undissolved solid weighed 8.7g, It 

melted at 115-̂ 125° and after one rerjrystallization from alcohol 

melted at 134°. Although there is a considerable discrepancy 

in the melting points, this compound appeared to be the same as 

the 123-125° compound from the preceding eisperiment for a mixed 

melting point was 129°. 

The petroleum ether washings from the 134° compound were 
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allOT/od to evaporate in an attempt to find benaj?! p-anisyl 

carblnol. The only naterial obtained was a small additional 

amotuit of the 154° compofand. 

16. p -Dimethylamino benzaldehyde and benzylmagnesitim chloride. 

solution of 0.5 mole of benzylmagnesiiain chloride was 

slowly added at room temperature to an ether solution of log. 

{0.1 mole) of p-dimethylamino benzaldehyde. At first a heavy 

ball of paste formed but this gradually broke up and stirring 

became easier. Stirring was continued for one hour after 

addition of the Grignard reagent was completed, ^̂ ydrolysis 

was carried out with ice and dilute hydrochlotic acid. The 

water layer was removed and v/ashed once with a little ether. 

The water layer was then made alkaline and a mixture of crystal­

line material and magnesium hydroxide separated. This mass 

was filtered off with suction, partially dried and then ex­

tracted v/ith ether to remove the organic material from the 

magnesium hydroxide. The ether was then evaporated leaving 

a crystalline mass which was w&shed with petroleum ether until 

almost white* On recrystallization from warm petroleiim ether 

the compound was obtained in the form of small needles melting 

at 58-59°., A further small amotint was obtained by concentrating 

the petroleum ether mother liquors. The total yield was 17.8g. 

(75.8̂ ). The substance corresponds in properties with the com­

pound described by Sachs and Sachs (65) as ̂ .-dimethylamino-

phenyl benzyl carbinol and obtained by them in the same manner. 

No derivatives of that carbinol have been described. For a 

further discussion of the compound, see page 48. 
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17. Benzylaiagnesixun chloride and o:<ygen. 

r̂y oxygen %vas led into a solution of 0,5 mole of benzyl-

magnesiim chloride imtil a negative Rl̂ gX color test was obtained. 

On working up in the customary manner 16.6g. (SO/j) of henf'.yl 

alcohol "boiling from 190-210° was obtained. Tlie alcohol was • 

identified by the preparation of the phenyluretliane (110) 

melting at 74-76°. Oxidation of residual tars yielded only 

benzoic acid. 

18. BenzylmagneGiinn chloride and benayl chloride. 

To a solution of 0.2 mole of benzylmagnesium chloride in 

ether was sloT/ly added 25g. (0.2 mole) of benzyl chloride dis­

solved in ether. A v/hite solid slowly separated, ŝ-fter three 

hottrs stirriiTg at room temperatvire a positive RMgX color test 

was obtained, but after refluxing for two and one-half hours 

a color test showed absence of any unusual Grignard reagent. 

-"fter hydrolyzing in the usual manner the ether lajisr was re­

moved, combined v/ith t\?o ether extractions of the water layer, 

and dried over sodium sulfate. The ether was then removed by 

distillation and the remaining oil fractionated under atmosph­

eric pressure. small fraction was collected at 160-*185° and was 

concluded to be unused bensyl chloride by its odor, and a 

Beilstein halogen test. The temperature then rose rapidly and 

a large fraction was obtained at 260-285°. This oil solidi­

fied on cooling the crystals melting at 48° and identified as 

(110) Soden and Rojahn, Ber., 2809(1906). 
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dilDsiizyl by fi mixed. mGlting point. siScill iiigh boiling fraccion 

was collected at 285-360°. This fraction was a brownish oil and 

partially solidified on cooling. The crystals were freed from the 

oil and were identifiedas dibemayl by a mixed melting point. 

Total yield of dibenzyl, 23.6g., or 64.8̂  of the theoretical 

amount. It was thoû t that the oily material mî t be p-benzyl 

dibenzyl and so one gram was oxidized according to the method of 

Puson (29) but no p-benzoylbenzoic acid could be isolated. Ex­

haustive oxidation of the oils yielded only benzoic acid. 

19. Cyclohexylmethylmagnesium bromide and formaldehyde. 

Cyclohexylmethyl bromide was prepared according to the method 

of Hiers and Adams (111). Prom 68g. (0.6 mole) of cyclohexyl 

carbinol and 65g. (20̂  excess over 0.2 mole) of phosphorus tri-

bromide there was obtained 52g. Wdfo) of cycloheasylmethyl bromide 

boiling at 66-68° (3 mm.). A solution of 0.25 mole of cyclohexyl-

methylmagnesiujcn bromide was prepared from 44g. of cyclohexylmethyl 

bromide and 6.08g. of magnesium. The Grignard reagent started 

easily with the aid of a crystal of iodine as catalyst. Tinis 

Grignard solution was unique in that it was entirely free from any 

color or cloudiness T/hatsoever. Gaseous formaldehyde was then 

led in witil a negative color test was obtained. The addition 

required aboat fbrty-five minutes. The reaction mixture 

was hjdrclyzed with the aid of iced hydrochloric acid and 

steam distilled until no more came over. The total ether 

(111) Hiers with Adams, J. Am. Cbem» Soc., 2585(1926). 
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and oil were dried over NagSÔ , the ether distilled off, and the 

residue vacutun distilled. Fourteen and seven-tenths grains of 

oil was collected at 75-82° (3 mm.}, practically all distilling 

at 77-78°. Yield, 45.9̂  of the theoretical amount. B.p. = 

198-202° (742 mm.); 1.4648. The oil was identified as 

j3-cyclohexyl ethanol (112) by its behavior on oxidation. Tliree 

grams of the oil was oxidi.̂ ed with 1.7g. of chromic anhydride 

(CrOg) in 50 cc. of 50/a acetic acid at 35-40°. The oil obtained 

yielded a semi-carbazone melting at 147-149° after recrystal-

lization from alcohol. 

?/allach (113) has recorded the melting point of cyclo-

hexylacetaldehyde semi-carbazone as 132-134°. Zelinalcy (114) 

has prepared p-cyclohexyl ethanol by the action of trioxy-

methylene on cyclohexylmethylmagnesium iodide, ê recorded 

the boiling point as 206-207° (745 mm.) and the refractive 

PD ̂ index, — 1.4647. further oxidized the alcohol to the 

corresponding aldehyde and prepared its semicabazone. He did 

not record its melting point but stated t -at it agreed with that 

foTind previously (ll5) for the semicarbazone of hexahydro-

benzaldehyde (cyclohexyl ethanol). Obviously the name "hexa-

hydrobenzaldehyde** is in error. An abstract of the latter paper 

(112) Hiers with Adams, J. Am. Chem. Soc., 48:1091(1926). The 
boiling poin̂  of p-cyclohexyl etihanGl is gTven as 86-89° 
(5 mm.T; = 1.4698. 

(113.) Wallach, Ann., 359:313(1908). 
(114) Zelinsky, Ber. 2628 (1908). 
(115) Zellnsl<y, J. Russ. Phys. Chem. Soc., 38:930 (1906)« 
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(115) has not heen located in of the Journals. A request 

has been sent to Professor Dr. 0. Vl'ailach of the Unive sity of 

Gc5ttingen, Germany, for a sample of his semicarbazone for com­

parison with ours. 

Obviously a further identification was necessary. Five 

grams of the oil was oxidized with 8.25g. of potassium perman­

ganate in dilute potassium hydroxide solution. The acid obtained 

vras converted to the acid chloride by means of thlonyl chloride 

and then converted to the amide, '̂ fter one recrystallization 

from alcohol the amide melted at 165-166° and a mixed melting 

point with cyclohexylacetamide was not depressed. The phenyl-

and naphthylurethanes of p-cyclohexyl ethanol have not been 

described in the literature. 

20. Phenylethylmagnesium bromide and formaldehyde. 

Gaseous formald̂ yde was passed into a solution of phenyl­

ethylmagnesium bromide prepared from 37g. (0.2 mole) of phenyl-

ethyl bromide and 4,86g. (0.2 mole) of magnesium until a nega­

tive RMgX color test was obtained. -=i-fter hydrolyzing with dilute 

hydrochloric acid the reaction mixture was steam distilled. 

The distillate was dried over sodium sulfate and then dis­

tilled under atmospheric pressure. Eleven and nine-tenths grams 

(43,8̂ ) of a slightly yellowish oil was obtained, boiling at 

233-235°. 'Oxidation of portions of this oil showed that no 

rearrangements to ring-substituted products had occurred, as 

only benzoic acid was obtained, -attempts to positively identify 
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the oil as 7-phenylpropanol failed* The pheny lure thane (116) 

could not "be induced to crystallize, and attempts to oxidize 

the substance to hydrocinnamic acid (117) failed also. Oxida­

tion of the residual tar from the steam-distillation gave only 

benzoic acid« 

21. Styrylmagnesium bromide and formaldehyde. 

solution of styrylmagnesium bromide was prepared from 

36.6g. {C.2 mole) of p-bromostyrene and 9.72 g. (0.4 molts) of 

powdered magnesium (30 mesh). The reaction was induced to 

start by the use of activated magnesium. Graseous formaldehyde 

was then passed in until a negative color test was obtained. 

On working up in the customary manner l,6g. (6%) of oil boiling 

at 125-130° (8 mm.). V/hlle this oil possessed the odor of 

cinnamyl alcohol it was not positively Identified due to the 

small amount available for experimentation, usual all tars 

were oxidized but only benzoic acid was obtained. 

22. Phenylacetenylmagnesium bromide and formaldehyde. 

An ether solution of 19.7g. (0.19 mole) of phenylacetylene 

was added to a solution of 0.22 mole of etliylmagnesium bromide, 

"fter evolution of ethane had ceased gaseous formaldehyde was 

led in until a negative color test was obtained. After hydro­

lysis with dilute hydrochloric acid the reaction mixture was 

steam-distilled. The distillate yielded on fractionation 5g. 

(116) Walbaum, Ber. 2300(1900). The melting point of phenyl-
propyl alcohol phenylurethane is given as 47-48°. 

(117) Pittig and Htigheimer, Ann., 172; 123(1874). • 
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{2^) of oil boiling from 125-150° (S mm,), = 1.0806. 
25 

The constants of this alcohol agree quite well with those found 

hy Moureau and î esmots J118), for phenylpropargyl alcohol. 

Oxidations of both this oil and all residual tars yielded only 

benzoic acid, 

23. Sodium phenolate and ethyl chlorocarbonate. 

(a) Twenty eight grains (0.3 mole) of pure phenol was dis­

solved in anî ydrous benzene and 7g. (0.3 mole) of sodium in 

the form of thin slices added, A heavy paste of sodium phenol-

ate formed. The mixture was warmed one hour to insure as com­

plete reaction as possible. The mixture was then cooled to room 

temperattcce and 32g. (0.3 mole) of ethyl chlorocarbonate added 

in small portions, A ruther vigorous reaction set in at once 

and the paste disappeared. A colloidal suspension of sodium 

chloride formed. The mixture was refluxerj for five hours and 

then poured into cold water. The benzene layer was extracted 

four times with Claisen's solution (ll9). On acidification of 

the extracts no oil v/hatever appeared. The solution contained 

a large amount of phenol, identifiedas the tri-bromo derivative. 

The reaction apparently v/ent much too fast (120). 

(b) The foregoing run was repeated using vigorous mechan­

ical stirring and at a temperature' of -18® in toluene solution, 

(118) Moureau and Desmots , Compt,, rend.3̂ 2, 1224 ( ). 
Phenylpropangyl alcohol, b.p. = 136-136'̂ T3 mm. )j D = 1,0811. 

(119) Methyl alcoholic alkali. See Claisen (Ann, 442» 224(1825) 
footnote 2. 

(120) For the effect of temperature on a similar reaction, see 
Claisen, loe. cit., p. 245. 
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The .ethyl chlorocarbonate was added dropwise over a period of 

one hour. The h.ea"7y laass disappeared as before. The solution 

was allcv/ed to warm slowly to room temperature. It was then 

poured into cold v/ater and a trace of hydrochloric acid added, 

The benzene layer was twice extracted with Claisen's solution 

but tliese extractions on acidification yielded no oil or odor 

of ethyl salicylate. The toluene layer was dried over sodium 

sulfate and distilled tmder atmospheric pressure. A yield of 

28.2g, (56.6/0 of oil was collected at 222® under 757 mm. 

pressure. The material was ve y constant boiling. 'The (121) 

Oil was identified as ethyl phenyl carbonate by hydrolysis to 

phenol (identified as the tribromo derivative). Ilie following 

constants were determined, = I».095j = 1.4870. 
<50 -iJ 

(c) A repeat run was carried out at tlie temperature of a 

carbon dioxide ether mixture. Ethyl phenyl carbonate v;as ob­

tained in yield. 

24:, Sodium phenolate and chloromethyl ethyl ether. 

To a suspension of 0.1 mole of sodium phenolate in toluene 

was slowly added 9.4g. (o.l mole) of chloromethyl ethyl ether. 

The reaction mixture was kept at a ten̂ jerature of -18° and 

vigorous stirring was employed. There was no evidence of 

reaction. The mixture v/as allowed to slowly warm up to room 

temperature. On account of sickness and vacation the mixture 

(121) Palewski, Ber., 1205(1884), b.p. = 200-210°, Sp. Gr. 
. = .1.1134 at 0°; Patianow, Jahresbericht, 477(1864); b.p. 
- 234°, Sp. Gr. = 1.117 at 0°; Peratoner, G&zz. chim. ital., 
28, 236(1889). b.p = 227.5-229.5° at 762.5 mm.; Morel, 
ĵ ll. soc. chim., (3), ̂ , 822(1899); = 1.49093. 
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was not v/orked up for tiiree weeks after the run vms started. 

During this time a bright red color appeared in the reaction 

flask. After pouring into v/ater and lî aking slightly acid, the 

toluene layer was remo-ved and conibined with two ether extractions 

of the water layer. Alkali extracts of the tol-uene-ether layer 

yielded only phenol, identified as the phenylurethane (122). 

The recovered phenol weighed 4.5g. {48/»). 

25. Sodium phenolate and benŝ ldehyde. 

Thirty-one and eight-tenths grams (0.3 mole) of benzalde-

hyde Y/as added dropwise to a vigorously stirred suspension of 

0.3 mole of sodium phenolate in toluene. The tempe ature of 

addition was that of an ice-bath. Hie reaction mixture was 

allowed to slowly come to room temperature and then to stand 

for one and one-half days, 'The material was then poured into 

water and the layers separated. The i?ater yielded only phenol 

and the toluene layer only benzaldehyde. It v/as eviaent that 

no reaction had taken place. A repeat run under a more elevated 

temperattire is now being made. 

26. Benzylmagnesium chloride and benzhydryl bromide. 

ii solution of 0.1 mole of benzylmagnesium chloride was 

slowly added to 12.35g. (0.05 mole) of benzhydryl bromide at 

the temperature of an ice-bath. The benzhydryl bromide was 

prepared according to the method of Claisen (123) from benzhy-

(122) Leuckart, Ber., 18, 875(1885). 
(125) Claisen, Ann., 215, 245(1925). 
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drol and phosphorus trlhroinide in SO*Q% yield. The boiling 

point of the ben.?;hydryl bromide was 161-165° (7 mm.), Edition 

of the Grignard solution required about one hour, a heavy ball 

of paste forming, -̂ -fter hydrolyziiig v/ith iced hydrochloric acid 

3.0g. of undissolved solid was filtered off. This Y;as identi­

fied as the highly insoluble sjsi~tetrapheny],ethane by a mised 

melting point. 'Shield, 36!̂ .̂ Steam distillation of the ether 

layer yielded 0.77g. (4.S;-.') of dibenzyl. Slow fractional 

crystallization of the residual tars from the ether layer 

yielded a small araount of a solid melting at 51-54° and not di-

benzyl. a-a-p-Triphenyl ethane melts (124) at 54°. Identifica­

tion of this solid has not been confirmed. Ho trace of £-

benzhydryl toluene or jô -benzhydryl toluene could be obtained 

and oxidation of the residues gave only benzoic acid. 

27. Preparation of a-naphthyl carbinol. 

a-Î aphthyl carbinol was prepared by the method of Ziegler 

(125) by the action of gaseous formaldehyde on a-naphthylinagnes-

ium bromide. Gaseous formaldehyde was led into a solution of 

0.3 mole of a-naphthylmagnesium bromide until a negative color 

tost was obtained. On working up in the customary manner, 

a-naphthyl carbinol was obtained as a white, crystalline solid, 

m.p. = 53-56°; b.p. = 160-163° (3 mm.). Xield, 50-53fo, 

2Q* Preparation of a-chloromethyl naphthalene, 

a-Ghloromethyl naphthalene has been prepared by Scherler 

(124) Klages and Heilmann, Ber., 57, 1455(1904). 
(125) Ziegler, Ber., 54, 737(192177 
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(126) and by Y/islicenus and Wren (127) by the direct chlorination 

of a-methyl naphthalene. sample prepared in this manner (128) 

gave Tinsatisfactoi*y results (l29) and the method described here 

was therefor adopted. Twenty five grams (0.15 mole) of a-naph-

thyl carbinol was dissolved in 100 cc. of dry toluene in a 

500 cc. balloon flask fitted v/ith a refl-«xx condenser and 

erit tube leading out of the window. Twenty five grams of 

thionyl chloride was then added in small quantities through the 

reflux condenser, v̂olution of hydrogen chloride and sulphur 

dioxide commenced immediately. When spontaneous action had 

ceased the solution was gently refliaxed until there was no 

longer an evolution of gas. required about three hours. 

The toluene and excess thionyl chloride v/ere removed under re­

duced pressure and the residue vacuum distilled. The a-chloro-

methyl naphthalene was obtained as a light yellow oil, boiling 

at 135-159° under 6 mm. pressure. The yield was 23.2g, or 79̂  

of the theoretical amount. 

29. Color test for a-naphthylmethyImagneslum chloride. 

(a) To a few drops of a-chloromethyl naphthalene in a dry 

test tube v/ere added about 5 cc. of dry ether, a few scraps of 

magnesium and a crystal of iodine. Reaction soon set in and 

#ien the red iodine color was discharged a few drops of a so-

(126) Scherler, ibid., 24, 3930(1891). . 
(127) Wislicenus and '*̂ ren, ibid. . 38, 506(1905). 
128) 'Obtained from ̂ r̂ankel and ̂ andau. 
129) The RT5gX solution obtained was full of a white precipit­
ate and gave only a weak color test. The solution thus pre­
pared wfts nd: worked up . 
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lution of Miciiler's ketone In dry Ijenzene added. I'he reaction 

continued for several minutes, l"he liquid was then decanted to 

another test tuhe and hydrolyzed with a few drops of water. 

'̂ toen a fev/ drops of an acetic acid solution of iodine were 

added, the characteristic hlue color developed. 

(h) A small amount of Grignard solution was prepared in 

the usual manner* ®o Michler̂ s lie tone was added ?̂ ile the 

halide and magnesium were reacting, V̂ hen the reaction had 

ceased the liquid v/as decanted and a strong color test obtained 

in the normal manner, 

30, a-Naphthylmethylmagnesium chloride and carbon dioxide. 

To l,38g, (0,057 mole) of magnesium turnings covered with 

85 cc. of anhydrous ether was added a solution of lOg. (0,057 

mole) of a-chloromethyl naphthalene in 50 cc, of ether. A 

crystal of iodine was sufficient catalyst to induce the reaction 

to start. The Grignard solution was of a yellowish-green color, 

'̂ hen addition of the halide was courpleted a stream of dry carbon 

dioxide was led over the surface of the well-stirred solution 

until a negative RI%X color test was obtained. This required 

about 20 minutes. The reaction mixture was very heavy and 

sticky, î-fter hydrolysis with ice and dilute hydrochloric acid 

the ether layer was removed and the water layer once extracted 

with ether. The combined ether extracts were washed with a 

little cold water and then twice extracted with 5/̂  potassitm 

hydroxide. The alkali extracts were acidified with hydrochloric 

acid giving a white precipitate. The yield of dry solid acid 
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was 6.3g. corresponding to 59.4/i of the theoretical amoiint. It 

melted tinsharpl;̂  at 105°. One reerystallization from hot water 

raised the melting point to 129-131°. The melting point given 

by Boessneck (130) is 131°. In order to characterize the acid 

two grams of it was converted to a-naphthyl acetamide. The acid 

was refliaxed for 30 minutes in dry benzene with six grams of 

thionyl chloride in order to convert it to the acid chloride. 

The benzene and excess thionyl chloride were removed by v/arming 

in a water bath imder reduced pressure. Two and one-half grams 

of finely powdered ammonium carbonate was added to the oil thus 

obtained and the mass solidified. Tlie crtide material was washed 

with cold water and twice recrystalliaed from Q0% alcohol. The 

pure Gc-naphthyl acetamide melted at 178°. Boessneck (130) has 

reported the melting point as 180-181°. 

31. a-Naphthylmethylmagnesium chloride and dimethyl sulfate.-

A solution of 0.057 mole of a-naphthylmethylmagnesium 

chloride was prepared as in the preceding experiment. Fourteen 

grams (0.11 mole) of dimethyl sulfate in ether solution was then 

slowly added v/ith continuous stirring. The reaction was brought 

to completion by stirring and gently refluxing for 30 minutes. 

Hydrolysis v/as carried out by means of ice and dilute hydro­

chloric acid. The ether layer was shaken with dilute ammonium 

hydroxide to remove excess dimethyl sulfate, washed with water 

and dried over calcium chloride. The ether was distilled off 

and the residue vacuum distilled. Pour and nine-tenths grams 

(130) Boessneck, Ber., 16, 641(1883). 
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of colorless oil vms collected at a temperature of 95-105° midei' 

3 CTi, pressure, corresponding to a yield of 55»1̂  of the 

th eoretlcal amount. On redistillation under atmospheric pres­

sure nearly all coiue over within a range of 2 • The boxling 

point Y/as 247-249° under 742 inm. pressxire, accompanied with a 

small amount of decomposition. Carnelutti (131) liaa recorded 

the following values for the boiling point of a-etliyl naphthalene; 

257-259" under 757.7 inm. pressure (corrected); 100° under 2-3 mm, 

pressures. The picrate vms prepared in the customary manner 

and found to rielt at 93-99°. The value reported by Carnelutti 

(131) for a-ethyl naphthalene picrate is 98°» 

32. a-lfaphthylmethylmagnesiura chloride and phenyl isocyanate. 

Several runs were made and as the results of these differed 

somev/hat: they a re all described here. 

(a) An ether solution'of 0»028 mole of a-naphthylmethyl-

magnesium chloride was prepared in the same manner as in the 

preceding runs. To this solution was slowly added an ether 

solution of 2.9g. (0.024 mole) of phenyl isocyannte. Hydro-

3_ysls was carried, out with xce r-ino. dilute hydrooli3.opxc acid. 

The ether layer was removed and dried ô sr calcium chloride. 

The ether v/as then allowed to evaporate off, depositing an oil 

and a few crystals. The oil was poxired off from the crystals 

which were then taken up in alcohol fmd allowed to crystallize 

slowly. After about three days a small crop of crystals melt-

(131) Carnelutti, Ber., 13, 1671(1880). 
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ing unsharply at 144° was obtained. When these crystals 

were in'xed with a sample of a-naphthyl acetanilide described 

below and melting at 155°, the melting point was raised to 

149°, v/hich seemed to indicate that the expected compound was 

obtained in lov;- yield in an impure state. 

(b) Into a 200 cc. 3~neck flask fitted in the usual manner 

with''stirrer, reflux condenser and dropping funnel was placed 

0,6g, of magnesium turning?, 30 cc. of dry ether, and a crystal 

of iodine. Five grams (0.03 mole) of a-chloromethyl naphthalene 

was dissolved in 20 cc. of ether and two or three ccs. added to 

the mixture in the flask. As soon as the reaction appeared to 

be well xmder way 2.3s. (0.02 mole) of phenyl isocyanate was 

added to the ether solution of cliloromethyl naphthalene and 

thus added with the halide to the reaction proceeding in the 

flask. Hovrever, tiiis procedure stopped the re-iction with 

magnesium and it could not be induced to start again by v/arming 

•or addition of iodine. The phenylisocyanate appears to be,an 

efficient negative catalyst (132) for tMs particular reaction. 

The same observation was made by Gilman and Eirby (133) in the 

case of benzhydrylmagnesium chloride. 

(c) A solution of 0.057 mole of a-naphthylmethylmagneslum 

chloride v/as prepared in the customary manner and then 7g. (0.59 

mole) of phenyl isocyanate in ether slov/ly added. After additon 

(132) A comprehensive study of the action of numerous reagents 
on the time of starting of Grignard reactions is being cjjrried 
out In t' is laboratory by Giljnan and Robert Vanderwal. 

(133) Gilman and Kirby, J. Am. Chem. Soc., 48, 1734(1926). 



www.manaraa.com

- 115 -

was complete the mixture w&a stirred and refluxed for 50 minutes. 

It was then hydrolyzed with iced hydrochloric acid and the ether 

layer separated and dried, over calcium chloride. The ether was 

allowed to evaporate leaving a yellovif oil. The oil was taken up 

in alcohol and set aside to crystalliae slowly. After three or 

four days a small crop of crystals melting at 136° was obtained. 

After one recrystallization from alcohol the melting point was 

136-137°. This compound v/as not identified. 

(d) To 2.4g. (0.1 mole) of magnesium turnings was added 

75 cc. of ether and a cfystal of iodine and then a solution of 

17.6g. (0.1 mole) of a-chloromethyl naphthalene in 50 cc. of 

ether slowly added. After the Grignard solution had been made 

up, a solution of lOg. (0.08 mole) of phenyl isocyanate in ether 

was slowly added. A very vigorous reaction took place. î Taen 

the addition was complete hydrolysis was carried out by drop­

ping cold, dilute hydrochloric t-i cid into the reaction flask. 

white solid remained undissolved in either the etr.er or water 

layer and was filtered off with suction. This material weired 

5.5g. and melted unsharply at 140°. After two recrystallisa-

tions from alcohol the compound melted at 152°.  ̂mixed melting 

point deterndnation using the a-naphthyl acetanilide described 

below aras 155°. By evaporation of the ether layer from the 

above filtration an additional crop of the same material weigh-

ing 3.8g. was obtained. The total yield of a-naphthyl acetani­

lide was 9.3g. corresponding to a yield of 56;̂  of the theoreti­

cal amount. 
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33. Preparation of a-naphthyl acetanllide, 

One gram of a-naphthyl acetic acid, obtained by the action 

of carbon dioxide on a-naphthylmethylmagnesitun chloride as 

described above, v/as converted to the acid chloride by reflujxing 

with two grams of thionyl chloride in dry benaene for 20 minutes. 

The excess benzene and thionyl chloride were removed by wariuing 

under reduced pressure. few drops of aniline were added, 

causing a very vigorous reaction, ^̂ n excess of aniline Ŷ as then 

added and the masa stirred several minutes vfith a glass rod. 

The material v/as then v;ashed tv/ice \vith dilute hydrochloric acid 

and then with cold v/ater. T̂ e remaining material was a dark 

reddish-brown paste, -f-fter tv/o recr;.stalli2ations from alcohol 

the nure anilide melted sharply at 155°. 

34. a-Haphthylmethylmagnesium chloride and ethyl chlorocarbonate. 

Three runs were niade, the results being similar. The larg­

est run v/as the best in point of yield and is described here. 

A solution of 16,7g. (0.095 mole) of a-ehloromethi>l naphthalene 

in 100 cc. of ether was slowly added to 2.4g. (0.1 mole) of 

magnesium turnings contained in a 3-neck flask with 50 cc. of 

ether. As,usual, as cr, stals of iodine was used to i3iduce the 

reaction to start, ^̂ fter addition was completed the r̂ignard 

solution v/as stirred at room temperature for 15 minutes to allow 

the halide to react with the magnesium as completely as possible. 

The solution was then quickly decanted into a separatory funnel. 

Forty three grams (0.4 mole) of ethyl chlorocarbomte dissolved 

in 100 cc. of ether was then placed in the stirring flask and 
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cooled in an ice-tiatli. The Grignard solution was then slowly-

added to the solution in the flask. This addition required 

about 45 minutes, vigorous stirring being employed. The re­

action mixture was hydrolyzed with ice and dilute hydrochloric 

acid. The ether layer was removed and dried over sodium sulfate. 

The ether was removed on the water bath and the residual oil 

fractionated under reduced pressure. fraction weighing 8.3g. 

was collected between 190-200° under 15 pressure. This oil 

was not further purified since it was considered to be an ester 

and it was desired to obtain the acid by hydrolysis. However, 

in another run the oil was redistilled and boiled at 145-150° 

under 3 svxi. pressure. The yield, based on the molecular weight 

of ethyl a-naphthyl acetate or an isOKer of tbat ester, was 

0.039 moles corresponding to 41% of the theoretical amount. 

The oil was hyd3?olyaed by refluxing one and one-half hours with 

alcoholic potassium hydroxide, "ĵ e solution was then cooled, 

diluted with water, filtered and acidified with hydrochloric 

acid. Five grams of white, solid acid v;as obtained. This acid 

melted at 172-17S®. It may be recrystallized either from hot 

water or benzene. The recrystalSaed product melts sharply at 

174°. 

neutralization Equivalent. 0.1G97g. sample. 5.72 cc. of 

0.1038 K KOH. Mol. wt. = 184.8. Calc. for CigH.oOs = 18&. 

The acid appears to be an isomer of a-aaphthylacetic acid, 

the expected product. 

A small amount of the acid was converted to the corres­
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ponding cMoride and the anilide prepared as described ahove 

in the preparation of a-naphthyl acetanilide. The anilide of the 

174° acid melted at 217-218° after two recrystalliaations from 

alcohol. 

Attempts to oxidize the 174° acid with alkaline perman­

ganate, and with chromic acid in glacial acetic acid led to no 

definite products. 

35. d-NaphthylmethyImagneslum chloride and formaldehyde. 

A solution of 0.1 mole of a-naphthylmethylmagnesium chlor­

ide was prepared from 18g. of a-chloromethyl naphthalene, 2.4g. 

of laagnesium taxrnings and 125 cc. of dry ether. Gaseous form­

aldehyde was then led into the Grignard solution in the manner 

described above for the preparation of a-naphthyl carbinol. When 

an RMgX color test showed the absence of unused Grignard reagent 

the reaction mixture was hydrolyzed v;ith ice and dilute hydro­

chloric acid. An insoluble white solid was filtered off with 

the aid of suction. This solid melted at 157-158° and was 

probably syni.-di-g-naphthyl ethane (134). The yield of this 

compound was b.9g. {6.4$»), The ether layer of the filtrate was 

separated, dried over sodium sulfate and the ether distilled 

off on the water bath. The remaining oil was fractionated under 

reduced pressure. A fraction was collected between 100-130° 

under 6 mm. pressure. This fraction was not investigated 

further. A. second fraction, a yellow oil weighing 2.6g., 

(15̂ ) was collected between 167-170° under 6 mm, pressure. Wi.en a 

(134) Bamberger and Lodter, Ber., 54(1888), have given the 
melting point of this compound as 160°. 
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drop of the oil was dissolved in warm ben̂ êne and cooled, crystals 

were deposited and the btilk of oil solidified r/hen seeded with 

these crystals. The crystals obtained from benzene raelted at 

121°. smll amount of the compound was dissolved in care­

fully dried ether and when treated with s 'ices of sodiuni, gas 

was liberated. Tlie phenyl urethaxie of this unknov/n alcohol was 

prepared by allowjjig a small quantity to react with phenyliso-

cyanate in benzene solution at room temperature. The benzene 

v;as allowed to evaporate leaving a white solid. Ihcuret'iiane 

was washed three tiKies with petroleum ether and then twice 

crystallized from alcohol, t̂ cielted at 125°. 

/in attempt to oxidize one gram of this carbinol to the 

corresponding carboxylic acid using 1.4g. of potassiujn permang­

anate in lO;" sodium hydroxide failed to give any definite pro­

duct , 

36. p-Naphthyl methylmagnesium bromide and carbon dioxide. 

"n ether solution of llg. (0.05 mole) of (i-bromomethyl 

naphtlialene (135) was slo\f/ly added to 1.5g. of magnesium turn­

ings. The reaction was easily started with the aid of a ciT-stal 

of iodine. slow streara of dry carbon dioxide was led in during 

the couT'se of ths addition of the halide. The mixture became 

very sticl̂ iy and a little fresh magnesiumvas added to aid the re­

action. After hydrolyzing with iced hydrochloric acid the ether 

layer was removed and extracted twice with 10;o potassium hydro­

xide. The acid separated as a yellow paste, t̂ vyas not found 

(155) Obtained from Prankel and ̂ andau. 
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possible to recrystallize the acid from methyl or ethyl, alcohol, 
i. 

or llgroin. It was obtained after tv/o recî ystallizaticns fromj 

benzene in the form of sliining leaflets ;aelting ̂ arply at 138®. 

The yield was low but could not be deteririined exactly due to the 

stickiness of the product, A mixed melting point with an authen-
\ ' 

tic specimen of p-naphthyl acetic acid prepared according' to the 

method of Blank (136) by the hydrolysis of p-naphthyl acetoriit;-

rlle, showed no depression. ; i 

' i  

37. Preparation of mercury dibenzyl. 

'̂̂ ercTiPy dibenzyl has been prepared (137) by the action of 

bensylmagnesium chloride on BBrciiric chloride. Recently an , 
• '\ 

improved technique for the preparation' of mercury dialkyls by,, 

the action of the Grignard reagent on mercuric chloride has 

been described by Gllman and Brown (138). The work described, • 

here was carried out before the method of Gllman and Brom • \ 
i \ 

was perfected and it is hî ly probable ti.̂ at, by employing tĥ ir 

conditions, the yield may be materially improved. The following 

is a description of a typical run. 

To a solution of 0.5 mole of benzylmagnesium chloride was . 

slowly added 68g- (0.25 mole) of finely pulverized mercuric 

chloride. This addition required 1.5 hours. After stirring and, 

refluxing for two hours a negative color test was obtained, and 

an additional 0.1 mole of bsnzylmagnesiura chloride was added. 

(136) Blank, Ber., 29, 2572(1896). . 
,(137) Pope and Gibson, J.Chera.Soc., 101, 735(1912). 

Jones and Werner, J.Am.Chem.Eoc., 40,1266(1918). 
Wolff, Ber., 64(1913). 

(l38) Gllman and Brown, J.Am.Chem.Soc., Mar., (1929). 
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A positive test pei-'sisted after eight hours of heating. Stir­

ring was ver-j difficult, duo to the unusually pasty nature of 

the reaction mixture. Hydrolysis was carried out -vvith ice and 

dilute acetic acid. A small amount of insoluble material Tv'as 

filtered off, the ether layer separated, and dried over sodiuai 

sulfate, '.vhen the ether was reiiioved by distillation, the re­

maining oil jrielded 49.6g. {51.8/i) of mercury dibenayl, m.p. = 

• 110-110°. Peti-oleû -i et̂ ier wash3-ngs of the mercury dibenzvl 

yielded on stescn distillation 6.8g. (12,4)0 of dibenzyl, 

58. Preparation of sodium benzyl. 

The method of Schlenk and Holtz (83) sjas adopted, typical 

run is described here. Nine grains (O4O23 mole) of msrcury dl-

ben zyl and 120g. of benzene were placed in a 200 cc. dark, 

glass-stoppered bottle, and a sufficient quantity of sodium 

slices added to fill the bottle two-thirds full. The air was 

swept out with purified nitrogen (159) and the stopper then 

wired in, -̂'fter shaking 48 hours the contents of the bottle 

v/ere then decanted into another nitrogen-filled bottle, the sodiuiA, 

coated with mercury, remaining behind. The second bottle ?i/as 

then centrifuged and the colorless benzene layer decanted by 

forcing with a stream of nitrogen into a nitrogen-filled separ-

atory funnel. The remaining solid cake was well cooled in an 

ice-salt mixture and then extracted v;ith 120 cc. of cold ether 

(139) The nitrogen gas was purified by leading through chromous 
chloride to remove oxygen, and then through calcium chloride 
and sulfuric acid to remove moisture. All tho exprgriments 
described her:5 were carried out in this inert atmosphere. 
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throû  Tshicli nitrogen had heen bubbled to remove air. The in̂  

tensely red ether extract was decanted by forcing up into a separ-

atory funnel by means of a stream of nitrogen* When a solution 

of sodium benzyl thus prepared was treated with carbon dioxide 

the red color was qtiickly discharged. On working up insuf­

ficient phenylacetic acid vms obtained to permit of isolation. 

Its presence was indicated, however, by its characteristic odor. 

39. Sodium benzyl, a-a-diphenylethylene, and carbon dioxide. 

solution of sodium benzyl prepared as above was run into 

an ether solution of cc—ct—diphenylethlene at room temperature. The 

red color disappeared after about 10 minutes and a yellow color 

took its place. Carbon dioxide was then led in for about one 

hour. On working up in the customary manner a trace of solid 

acid BBlting with decomposition at 90-105° was obtained. The 

amount w;is far too meagre to be purified. 

40. Sodium benzyl, stilbene, and carbon dioxide. 

solution of sodium benzyl prepared as above was placed in 

a 200 cc. 3-neck flask and kept cool by means of an ice bath. 

" solution of two grams of stilbene in dry benzene was then 

added. The red color was not discharged as in the preceding ex­

periment with a-a-diphenylethylene. After stirring 10 minutes 

the red color still persisted, ârbon dioxide was led in and the 

solution worked up as before. " trace of unidentified solid 

acid melting at 127-131° was obtained by precipitation from the 

alkali extractions when acidified. Ether extraction of the acidi-
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fled solution gave a further trace of Impure acid, melting from 

115-130'', •'î fter washing with petroleum ether the melting point 

of this latter acid was raised to 140° with decomposition and 

previous softening. The recovered stilbene weighed 2,0g., that 

is, the amount of stilbene used up in the ran was insufficient 

to be detected by a horn-pan balance. 

41, Benzylmagnesiujn ciiloride and sodium, 

filtered solution of 0.2 mole of benzylmagnesium chloride 

in ethyl ether was added to lOg. (0.43 mole)of sodium in the form 

of thin slices at a temperature of -15°. The mixtiare was stirred 

and kept cool for six hours. No red color developed but a brown 

color and black precipitate appeared. The ether layer v/as then 

decanted on to ice and the remaining sodium washed three times 

with absolute alcohol. Fractional distillation of the ether layer 

of the hydrolyzed reaction mixture yielded 7.2g. (395«) of toiuene 

and l,5g. of indefinite, high-boiling oil. Vilhile the yield of 

toluene was poor it was quite apparent, due to the absence of 

red color, that sodium benzyl did not form. A repeat run was 

not made in view of the results of the succeeding experiment 

employing sodium-potassium alloy. 

42, Benzylmagnesium chloride and sodium-potassium alloy. 

Pour grams of liquid sodium-potassium alloy was prepared by 

gently v/arming tv̂ o grams of sodium and two grams of potassium 

under anhydrous xylene. The xylene was decanted and the alloy 

covered with dry ether, A filtered solution of 0.2 mole of benzyl-
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magne3X1331 ciiiorido was tlieji added, Tiie peactloii luiXinire was atJa'Ped 

for seven hours at the temperature of an ice-salt mixture but no 

red color developed, ârbon dioxide was then passed in and the 

reaction mixture worked i:© in the customary laanner. The yield 

of pure phenylacetic acid, m.p. == 76°, î as 27.2g. or 82.4̂ '', 

Oxidation of 1.5g. of resi'dual, non-acidic oil yielded only 

benzoic acid. 

43, ̂•''ttempt to capture the free benzyl radical. Benzyl chloride, 
magnesium, sodium-potassium alloy, stilbene, and carbon 
dioxide, 

ô four grams of liquid sodium-potassium alloy was added 

125 cc. of anhydrous ether, 2g. of stilbene, and 4.86g. (0.2 mole) 

of magnesium turnings. small amount of benzylmagnesium chloride 

v/as added as a catalyst and the reaction mixture cooled to 0°, 

•'"i'ddition of 25.2g. (o.2 mole) of benzyl chloride was then begun. 

Since there was no evidence of reaction betv/een the benzyl chlor­

ide and magnesium at the lovir temperature the mixture was allowed 

to come to room temperature during the addition of most of the 

benzyl chloride. Edition required 45 Mnutes and stirring was 

continued for another 15 minutes. Carbon dioxide was then led 

in for about one hour. Hydrolysis was carried out by very slowly 

adding water to the nitrogen-filled, flask. On working up in the 

customary manner 12.5g. (47̂ ) of phenylacetic acid was obtained. 

No other acids could be detected, x̂idation of residual tars 

yielded only benzoic acid. 
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VII. StunmaiTf̂  

1. Benzylmagnesium chloride has been shown to give rise to 

rearranged products when treated with ethyl chlorocarbonate, ethyl 

chloromethyl ether, ethylene oxide, ethyl formate, and acetyl 

chloride. 

2. The fact that benzylniagnesium chloride behaves normally 

toward carbon dioxide and some otlier reagents has been confirmed. 

3. new mechanism for the abnormal reactions of bemsyl-

m' gnesitim chloride has been siiggeated. 

4. It has been shown that a-naphthylmethylmagnesi-um chloride 

gives rearranged products when treated v/ith formaldehyde, and 

ethyl chlorocarbonate; 

5. The reactions of formaldehyde y/ith p-phenylethylmagnesiina 

bromide, styrylmagnesium broinide, and phenylacetenylmagiiesium 

bromide are normal at least in the sense that no rearrangement 

to the ring tafes place. 

6. The reaction of formaldehyde with cyclohexylmethylmagnesi"um 

bromide is normal at least as far as the major reaction product 

is concerned, identification of all products has not yet been 

completed. 

7. An attempt has been made to capture free benzyl radicals 

formed during the preparation of benzylmagnesium chloride. 
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B. NEW ORGANO-LEAD COMPOiraDS IN ANTI-KNOGK STUDIES. 

I, Introduction 

Tetra-ethyl lead is at present the most widely used anti­

knock reagent. Hov/ever, unsaturated and aryl groups apparently 

increase the anti-knock effectiveness of various gasolines. 

It is for this reason, in part, that an added emphasis is being 

placed by some on the superior qualities of gasolines obtained 

by cracking processes.(1). If this idea is soimd then it is 

reasonable to expect that organo-lead compounds formed by re­

placing some or all of the saturated ethyl groups in tetra-

ethyl lead by unsaturated or aryl groups should be more effect­

ive anti-knock agents than tetra-ethyl lead. Accordingly a 

study is being made of such compounds (2). 

The compoimds reported here are the n-butyl, iso-butyl, 

sec-butyl and tert.-butyl triphenyl leads. The preparation of 

tert.-butyl triphenyl lead is unusual. Hitherto, "No lead 

compound containing a tertiary hydrocarbon group has been pre­

pared. All the attenpts have resulted only in a reduction 

with deposition of metallic lead". (3). Related reduction re-

(1) One of the most recent and leading accounts of petroleuTi 
. and. its products is by Burrell, Ind. Eng. Chem., 20, 602(1923). 
(2) This is part of a more general study of organo'̂ ead com­
pounds, particularly with a view of their applications in the 
treatment of cancer and some related plant diseases. See, 
Oilman and Robinson, J. Am. Chem. Soc., 49, 2315(1927) and 
50,.1714(1928). — 
(SlCalingaert, "Organic Compounds of Lead," Chemical Reviews, 
2, ..43(1926). This is the most recent and authoritative treat­
ise... on organo-lead compounds. Prior to the preparation of tert. 
butyl triphenyl lead. Dr. Balassa preparedcl-tert.-butyl-
diphenyl lead in this laboratory. 
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actions were observed in tlie first attempts to prepare tert, 

butyl triphenyl lead. For example, when triphenyl-lead bromide 

was added to tert. butyl-magnesium chloride, a mixture resulted 

from wiiich only the highly interesting triphenyl lead (or hexa-

phenyl di-lead) could be isolated. However, by reversing the 

order of addition by adding the Grignard (4) reagent to tri­

phenyl lead bromide, the desired compound was obtained. V/ith 

tert. butyl-magnesiuMi chloride in excess, the Grignard reagent 

may act as a reducing agent according to the following reaction 

tert. C4H<,-MgCl+{C6He)5pbBr Br 

Gilman, Sweeney and Beaber (5) prepared tetra-phenyl lead 

in large quantities by means of the Grignard reaction and 

tested its anti-knock properties and its solubility in nitro­

benzene, inasmuch as such nitro compounds have distinct anti­

knock properties and were for a time sold as anti-knock agents. 

Their comparative tests indicated promisingly that tetraphenyl 

lead had distinct and superior qualities. The compounds de­

scribed in the present report are, however, being tested with 

a series of related compounds by another method in a com­

prehensive study concerned with the correlation of chemical 

constitution and anti-knock effectiveness. This new method 

does not admit admixtures, to any great extent, with gasoline. 

By this method, organo-lead compounds that are solid at room 

(4) One of the general methods for the large-scale production 
Qf__tetra-ethyl lead involves the use of the Grignard reagent. 
(5) Doctorate thesis of N, J. Beaber, Iowa State College, 
1925. 
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temperatures and sparingly soluble in gasoline cannot be tested 

with any great reliability. However, related organo-lead com­

pounds nov; being tested and having a lesser number of aryl 

groups indicate that the anti-knock effectiveness increases 

somewhat with the branching of radicals. 

II. Experimental 

1. Tetraphenyl lead; triphenyl lead bromide. 

The tetraphenyl lead used in these studies was prepared 

according to the method of Pfeiffer and Truskier (6). Sub­

sequently, Oilman and Robinson (7) devised improved directions 

for its preparation from the Grignard reagent and lead chloride. 

Triphenyl lead bromide was prepared according to the method 

of GrSttner (8). It is essential that pure pyridine by used 

in "tois low temperature (-50°) bromination. V/ith the use of 

pure pyridine and in runs one-half the size of that described 

by Grtittner, the yields were SO/i or better. 

2. n-Butyl-triphenyl lead. Pb(GeHs)3. 

A solution of 0.08 mole of n-butylmagnesium bromide was 

prepared from 11 g. of n-butyl bromide and l,95g» of magnesium. 

This solution was diluted to about 250 cc. with dry ether and 

then 20g. (0.04 mole) of triphenyl lead bromide was added in 

(6) Pfeiffer and Truskier, Ber. 37, 1123(1904). 
(7) Oilman and Robinson, J. Am. ̂ em. Soc. , 49, 2315(1927). 
. .(4.).._Gruttner, Ber. 1298(1918). 
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1 small quantities. A slight heat of reaction was noticed. 2!he 

reaction piixture was stirred and gently refluxec about one 

and one-half hours and then hydrolyzed by pouring on iced 

ammonium chloride solution. A little ammonium hydroxide was 

added and the entire mixture was filtered with suction to remove 

a small quantity of dark insoluble material. The ether layer 

was removed, dried over sodiim sulfate, and then concentrated. 

The yellowish paste that resulted became solid when rubbed 

with alcohol. It was washed twice with 95/̂  alcohol and air-

dried to constant wei^t. The yield was 12.7g. or 66,5'/o of 

the theoretical amount. Yi/hen once recrystallized from 957̂  

alcohol the v/hite crystals melted sharply at 4V. 

Analysis. All of the organo-lead compounds reported here 

were analysed for lead by the method described recently by 

Oilman and Robinson (9). Gale, for CggHg^Pb: Pb, 41,82 / i .  

Found: Pb, 41.46 and 41.52/3. 

3. Iso-butyl triphenyl lead. 

The procedure v/as the same as the one just described for 

the preparation of n-butyl triphenyl lead. 'Ihe yield was 15.4g. 

or 80,6/s of the theoretical amount. Ivhen twice recrystal­

lized from alcohol the compound was obtained as fine needles 

melting ̂ arply at 68~68.5°. 

Analysis. Gale, for Pb: Pb, 41.82>j. Pound: 

Pb, 41.38 and 41.21̂ 4. 

4. Sec.-butyl triphenyl lead. 

(9) Gilman and Robinson, J. /un. Ghem. Soc., 1714(1928). 
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This compound was prepared according to the directions for 

the preparation of the two preceding compounds. The yield was 

12.3g. or 64.4/!.' of the theoretical amount. After one recrystal-

lation from 95% alcohol the coirgpound melted sharply at 84°. 

Analysis. Gale, for Ĉ ŝ Hĝ Pb: Pby 41.82/ii. Found: Pb, 

41.59 and 41.42;-. 

5. Tert. butyl triphenyl lead, 

A solution of 0.2 mole of tert.-butylmagnesium chloride was 

prepared according to tlae improved directions described recently 

by Gilman and 2oellner (10) from 18.4g. of tert.-butyl chlor­

ide and 5g. of magnesium turnings. To this solution was added 

19.5g. of tri phenyl lead bromide, ê heat of reaction was 

very slight and the solution had a yellowish color. The in­

soluble material obtained subsequent to hydrolysis with iced 

ammonium chloride and ammonium hydroxide was filtered by suction 

and washed with ether. The yellow colored ether layer and 

washings were dried over sodium sulfate and then concentrated 

to give a yellov/ish solid that weighed 8.6g. and melted un-

sharply at 95°. Recrystallization from alcohol and then from 

benzene gave yellow crystals that melted unsharply and with 

decomposition at 150°. 

The mother liquor and washings were diluted with alcohol 

and on standing two distinct types of crystals separated: 

flat, white plates and star-like clusters of yellow needles. 

These crystals were filtered, dried and then carefully separ-

(10) Gilman and 21oellner, ibid., 50, 425(1928). 
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ated by hand. The white crystals correspond closely with 

triphenyl lead obtained by Krause and Riesaus (11) who have 

described triphenyl lead as crystallizing from benzene in light 

yellow crystals vAiich begin to melt at 155° and are completely 

melted at 225°, the melt being colored black with free metal­

lic lead. These crystals contain 1.5 molecules of benzene. 

'ATien the benzene is replaced by alcohol a compound is obtained 

which is nearly v/hite and contains no solvent of crystalliaa-

tion. Their compound gave a green coloration vrfaen dissolved 

in benzene and treated witli alcoholic silver nitrate. Tlie white 

compound obtained in our eŝ êriment begins to decompose at 148° 

and at 220-222° breaks down to a gray mass. It also gives the 

green color test with alcoholic silver nitrate. This color 

test was found to be negative with n-butyl triphenyl 3.ead and 

witti triphenyl lead bromide. 

Analysis. Gale, for CieHigPb: Pb, 47.26)̂ '. Pound; Pb, 

47.33̂ . 

The yellov/ crystals were not identified. They melt at 95-

97° to an opaque yellow mass, with a red color which appears 

at 110°, turning to black at 112°, These crystals also give 

the silver nitrate color test. 

In a second eixperiment the order of addition was reversed, 

the tert.-butylmagnesium chloride being added slowly to 10.4g, 

or 0.02 mole of triphenyl lead bromide suspended in ether. The 

(11) Epause and Riezaus, Ber,, 55, 888(1922). 
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Grignard solution was prepared from 4.6g. or 0,05 mole of tert»-

butyl chloride, 1.22g. of magnesium turnings and 70 cc, of 

ether. In order to minimize the supposed reducing reaction of 

the Grignard reagent, only one-half of this RIdgX solution was 

addedj and, inasmuch as the yield of tert.-butylmagnesium 

chloride was only about 65'-]̂  (10) the effective quantity of 

Grignard reagent added was less than the theoretical amount 

necessary for a complete reaction. This fact undoubtedly 

accounts in part for the lov̂  yield and for the difficulty 

encountered in the separation of the reaction product from 

unaltered triphenyl lead bromide. 

During the addition of the Grignard solution a yellow 

color appeared. The mixture was hydrolyzed with iced ammonium 

chloride and filtered. On concentrating the yellow ether layer 

by evaporation a yellow solid resulted, and this underwent de­

composition on heating with alcohol. This material was not 

further investigated. The residue from filtration was extracted 

with several small portions of hot alcohrl, and on cooking 

white needles separated. Repeated crystallisation from ether 

gave glistening needles tiiat melted sharply at ISO-ISO.S®. 

Vihen mixed with a sample of diplienyl lead bromide (melting at 

157®) the melting point was depressed to 130°, 

Analysis, Galc» for CgsHĝ Pb: Pb, 4:1»Q2%» Pound: Pb, 

41.60 and 41,69)̂ . 

III. Summary. 

The four butyl triphenyl leads have been prepared from the 
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appropriate Grignard reagent with triphenyl lead bromide. Some 

triphenyl lead or hexaphenyl di lead ̂ vas obtained in connection 

with the preparation of tert.-butyl triphenyl lead. This tert.-

butyl derivative, apart from its value in anti-knock studies, 

is the first reported organolead compound having a tertiary 

radical attached directly to lead. 
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