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SPUDIES IN REDUCTION..

A. The Existence of Hydrogenmagnesium Halides.

B. The Reduction of Azo Compounds.

IRTRODUCTION.

1t was only & short time after the introduction
of the Grignard reagent that 1is reducing properties
. bocame evident. Grignard% in treating'benzdldohyde
with iscamylmagnesium bromide obtained some benzyl
aleohol and diisoamyl besides the phenylisoamyl |
carbinol that resulted from the normel reaction.

Yoolch found that arylmagnesium helides® and
phenylacetylenemasnesium‘brémides'add to the carbonyl
group of chloral to form the oorreaponding tertiary
alcohols. ﬁowever when ethylmagnesium bromide and
iscamylmagnesium bvomidg react with chloral ho4round
that a ﬁeducing action took place to form trichlorocethyl
alcohol, and with 1aoany1magnesium bromide, asome 150«
amylene was obtained as & byproduct.

%hen phenylacetylenemagnesium bromide was allowed

1.0rignard, Ann.chim.,(7) 24,433 (1901).

2.Yooich, J.Russ.Phys.Chem.%00.,34,986 (1902).

J.0.5.,106,402 (1018).
3.Yoolich, 1bid.,34,241 (1902).
J.0.5.,108,403 (1614).

4.Yooich, 1bid.,36,443 (1904).
J Go 10.106 375 (1914)0
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to recact with nitrobenzene Yocich5 obtained a hydro=-
carbon having the composition cleﬁlowhich is a product
of the reducing action of thié Grignard reaéent on
nitrobenzene. The hydrocarbon had since been identified
as diphenyl diacetylene .

By the action of alkylmagnesium halidés on nitrogen
dioxide %icland' hes shown that the analogy to carbon
dioxide does not hold. For example, nitrogen dioxide
‘end ethylmegnesium iodide yields,d=diethyl hydro-
xylamine. B o

Gattermann and Murfezzdlia found that while
arylmagnesium halides reacted with ethyl formate to
give aatisfactovy yielda of aldehydas the use of ino~
- butylmagnesium bromide resulted in a low yisld., The
difficulty was probably due to a reduciné'actiou.

In.attempting to prepare cyclohexyl cyclohexanol
from cyclohexanone and cyciohexylmagneaium ohloride
Sabatier and Ma11h99 found thﬁt cyclohexene»ahd
eyclohexanol were formed. Theylo report an analogous
reaction when benzophencne was trcated with cjclohexy-

8.Yocich, J.Russ.Phys.Chem.S0¢,,35,5666 (1803),

J.C.2.,1086,396 (1914),
6.Unpublished work of Gilran and iHcCracken.
7.%ieland, Ber.,36,2315 (1903).
8.Gdttermann and Maffezzoli,ﬁer.,S&.élSE {1908).

9.%abatier and Mailhe,Compirend.,138,1321 (1904).
10,Sabatier and #ailhe,ibid.,139,343 (1904).
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magnesium chloride. In this case benzhydrol amd
cyclohexene were formed. They found dicyclohexyl ketone
to be reduced in a similar manner to form dicyclohexyl
carbinol and cyclohexene. The action of cyclohexl-

11

magneaiﬁm chloride™ " on cyolohexanone resulted in the

formation of cyalchexane'and oyclohexanol.

Oddolz found the chief product of the reaction
betveen ethylmagnesium deide and nitrobenzene to be
ethylaniline. Hel> also studied the action of
phenylmagnesium bromide on sulfuryl chloride (802012)
and found that benzenesulfinic acid was formed along
with small amounts of chlorobenzene and diphenyl.

‘hen tert-butylmagnesium chloride reacts with methyl
formate Boﬁveaultl‘ found tert-butyl oarbinoi to be the
chief product. Only a emall quantity of the aidehyde
was produéed.

Pranzen and Deibell‘ have shown that ethylmagnesium
bromide reacis witih azobenzene and with azotoluene

11,5abatier and Mailhe,comptrend.,141,298.(1905).

12.0ddo, R.Accad.Lincei.,(V),13,11,220 (1904).

J.C.5.,86,882 (1904).

13.0ddo, 1bid.,(V),14,169 (1908).

J.C.5.,88,400 (1908).,

14,.Bouveault, Compsrend., 138,1108 (1904).
16.Franzen and Deibel, Ber.,38,2716 (1905).
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to sive a good yield of the corresponding hydrazo
compound. They likewise observed 8 reducing action

of ethylmagnesium bromide on»banzaldazxne with the
formation of benzylidene benzylhydrazoné. To explain
the meohanisﬁ of the reaction they esssumed the rormétion
of butame and the addition of -Mg Br groups to the

-N=K- and the SC3N~ linkeges.

16

sachs and Sache'” treated p-dimethylamino benzalde=-

hyde'vith various alkyl- and erylmegnesium halides at an
elevated temperature end found that the oxygen atom could
" be replaced by 8 R groupé £rom the RugX compound employed.
The yields of hydrocarbon were high,ig rmost cases.

- Konowalow, Miller and Timtéchenkblvlhave’found‘that
ethyimagneaium-icdide reduces fenchone 4o fenchyl alcohol
and that'tért-butyln‘and tebtéamyimagnesiﬁm bromide
reduce benzophanowe‘to benzhydrol. -

i8

Hale, MoNally and Peter  report the formation of no

tertiaby'alcohdl vhen phenyle and benzylmagnesium bromide
are allowed to resct wit: furfuraldehyde. The only products
isolated were large quantities of diphenyl and dibenzyl,

18.Sachs and Sachs, Ber., 38, 517 (1905).
Bee alao “achs and Weigert, Ber.,40,4361 (1807).
17.Eonowelow,¥iller and Timtschenko,J.Russ.Phys.=-Chem.,
5004,358,447 (1906). Centralblatt,I,312 (1906).
18.Hale,Mokally and Patar,Am.Chem.J.,ss 68 (1908).
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It is possible that the failure to obtain the desired
tertiary slcohols may h&ve been due to the reducing
aotion of the Grignard resagent.

In explaining the formation of triphenyl hydrazine
fron phenylhydroxylemine snd phenylmagnesium bromide
Busch and Eobeinlg postulate the intermediate formetion
of;a;obenzane after which phenylmagnesium bromide is
aéauﬁed to add to the «~N=N- lénkage. Results which will
be describaed in this paper make the letter assumption
. improbable.

The action of alkylmagnesium iodides and alkylzine
fodides on nitroparaffins hes been studied by BewadC,
He found that aubatitﬁtad hydroxylamines were formed in
all canes. | |

wxelandal atudigd the act;on of various Grig-ard

reagents on benzonitrile oxide (CgH_OSNZ0) and found

5" B
that in every case benzonitrile and the ketone that

would ﬂbault from the ve&etion betvean benzonitirile and
the Rng compound were Tormed. Both aliphatic ond
aromatic Grignard reagents scted as reducing agents.

a2 report the forration of ‘

Pickard and Kenyon
p-nitr030t01uene,p»toljl hvdrcxylamine~and-p,pz-
azoxytoluene when organomagnesium halidea reasct with
p-nitrotoluene.

19.Buach and Hobezn.Ber..4O 2099 (1907).

20.Bewad, 1bido 5065 {1903).
21 .Wieland Bﬁro »

°9.Pickard and Kenyon,?roc.ot the Chem.So0c.,23,153(16007).
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Staundingerzs

has obtained bonzaldehyde by the reaction
df benzamilide chloroimide with magnesium followed by
hydrolysis. While this 1s not a reduction by means of

the Grignard reagent a rsduction has taken place through
the formation of the organomagnesium halide and 1ts
subsequent hydpdlysis.

in preparing phenyl ethyl carbinol from benzaldehyde
and ethylmagnesium jodide Schorigtn24 found the uroduct
to be conteminated by benzyl alcohol.

Lettellierga found that the action of ethylmegnesium
bromide on ethyl hydroxypivalate (GHBOH°O(633)-CO'002H5)
siven,in addition to the expeetead tertiary alcohol a
considerable quantity of the glycol CHoOH*C(CH;)oeC(OH)(CoHg)oe
In contrast to the usual higher temperatures attending |
the reducing esction of Grignard reagente he finds that
reduction in this caaelia favored by low temperatures.

Egorowa?e observed the formation of isobutylene
whilch he_explainad an being due to the splittirg of 1s0e
butylmagnenium chlopride intc HMgCl and the unsaturated
hydrocarbon when this Grignard reagent reacts with ethyl
oxalate. .

Pope and Peacheygv report the forration of tri-
methyl platinic iodide from methylmagnesium dodide and

?2.5teundinger,Ber,, 41,2217 (1908).

e SonoTigin i AT (190950,

26.Fgorowa.J Ruaa.?hys-@hem.%oo.,41 1464 (1909).

Centralblatt,1,1003 1910).
27.Pope and Peachey,J.0. S.,95 671 (1909).




platinic chloride which is,1n a sense, & roducing agtion.

Strecker®® has shown that phenylmagnesium bromide
¥1ll react with thionyl chloride (SOCly) to form phenyl
sulfoxide, some reduction taking plece at the sme time
to form diphenyl sulfide.

The reduction of quinone by triphenylmethylmagnesium
chloride has been reported by Sohmidlin,¥dhl and ThommenZ¥.
The triphenylmethyl ather of quinone and Quinhydrone are
formed.

Ledorer3® has fszmad found that phenylmagnesium
bromide reacts with telluric chloride (TeCl,) to form
triphenyltelluroniun chloride. This compound then will
react with more phenylmagnesium bromide with the formation
of diphenyl and diphenyl tolluriuz (0635)2?9.

In contrasi to the work of Streckeraf'eédoslreports
that phenylsagnesium bromide reacting with thionyl chloride
or sulfur dioxide ylelds ﬁiphepyl and in addition amall
~amounts qf phenyl Bulfoxxde and diphenyl. When ethyl- |
magnesium icdide was used ethyl sulfide resulted.

In sttempting to prepsre certain slcohols by the
action‘of.varioﬁa Grignard reagents on acetaldehyde

FA R R vy RN

- 30.Lederen, ibm.,44. 2267 (193105 " '

21.0ddo,Gazz.chimeital,., 41,11 (1911).
J.C. %-.100 286 (1911).
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P:ckarﬁ and Kanyanzz obiained aAome very low yields,
Thelr diffioulty was dus to a reducing action shich

they tried to ciroumvent by allowing an ether solution
of the aldeohyda and alxyl halide to react simhltan-ously
on the magnesium. Thay33 found the method to bBe without
advantaze,

Gor33134 found that propyl iodide and magnesium
will raducofs-baﬁspinaoolino in dry toluens solution
to form3I«bangpinecoline aloohol. For the formation
of triphenylmethane by the 1ntéraction of triphenylmethk)\w
- ethyl ether and propyltagnesiun fodide Gorski ihinks 1t
probrble that a dirset reduction of thq ether takes place
to form triphonylmathane, propene and ethoxymagneélum
iodide.

Bennett and Turner %5 have shown that certain
Orignard reagents reduce chromic chleride to chromous
chloride and that the amount of hydrocarbon formed by
the coupling of Lwo R groupa of the RigX compound &s
comparable to the amoun% of reduction taking »lace,
| kdtz, Blendarymann,Rosenbusch andSirrlnghanga found
that methylmagnesium iodide redudss oL «hydroxy cyclow
hexenone o cyelohexanone, Thz reduction is explained

32.Pickard and Xenyon,J.C.5.,90,45,(1911).

SS.Pickard and Kenyon,ibid.,101,620 (1012).

34.Gorski,J.Russ.Phye, -Chem.S0¢.,45,163 (1613),

C.h.,7,82206 (1013).
36.Bennett and Turner,J.€.S8.,106,1687 (1614).

36.Ebtz,Blendermann, Rosenbuach and Sirringhaus,
Ann. .400. 55 (1913) .




on vha béaia of thn formation of ethylene.

JegorowndT observéd that tertbutyldagnesiun
chloride sets on (cns)gc-co-cnoﬂ-c(cas)g to form the‘?
corragponding glycol. He amsumes the intermediate fore-
mation of BMZCL in the reaction.

 The action of tart-smylmegnesium chlovide on ethyl
oxalate has been studled by venus®®., A reducing action
took place with the formation of CgHgO.COCHOH=CgHyj,
the fres nyd=oxy seid and c;ullocniocgns).co.on which
%Wenus atitributes to the reducibility of the tert-
anylmagnesium chloride.

tieland and Rosson>® mention the fact that re-

duection of tha nitroso group of certain compounds by
R4gX oompounds takes place inatead of normal addition
to the N0 group. Phenylmagnesium bromide reacts with
R-nitroso diphenylamine at ~18%0.%0 form triphenyl
hydrazine,diphenyl and phenol. |

'in the praparétion of certalin telluriun compounds
Ladérer‘o;haa found that the Grignard reagent causses a
reduction to teke plmocen. When di-p=-tolyl phenyl-
telluriun chloride is treated with an-excess of phenyl=
ragnesium ﬁramide there iz formed phenyl-p~tolyl

37.Jegorowe,d.kusa.Phys.-Chem.S0c., 48,1319 (1914).

Centralblatt,?,1086 (1815).
38.Wenus,ibid., 46,1332 (1924). centralblatt,I,l0656(1818).

29.2§eland and Ronaeeu,Ber.,48,1117 (1616).
40 .Lederer,ibid.,49.1815 (1918).
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teliurids and p-methyl diphenyl.lez:2

van Duin®l reeted cinéole with methylmugnestum
iodide and with ethylmegnesium iodide. A rather vbole;t
reaciion occurred et high temperatures accompanied by
the formation of the hydrocerbon Cygljge Attempisn to
reduce cincole by Zabatisr and Scnderen’s hydragan;tian
method geve negeaiive results.

Hosrwein®® was uncuccessful in preparing pinacones
bty the action of nepropylecnd n~butyimegnesium bromide
on tho diothyl ester pf glycolic scid. lie obiained in-
stead the corresponding hydroxy ketones.

- panilov®® wos able to reduce benghydryl isopropyl
kaetons to the corresponding nmlcchol by mesns of tert=
isobutylmognesiun chloride when sodium aualgem had
failed,

ficprorth?®4 han studied the gotion of methyli-
nagnosiun 1081de and sthylmagnesium bromide on nitro-
toTuene,p=nitrotoluene, o-nitrotoluens &nd L~nitro-
nephthalone. With ethylmagnesium bromide and nitro-
benzens he obiainad 2thyl emiline @s 0ddo*” had done
‘ previoualy‘and ‘ound in addition some azobenzens., With
methylnagnesius ifodide and nitrobenzene tliere was
obtained wethyl aniline and azobenzeno. Analdsdua rasults

%L.Van ﬁuzn,zroc.gcad.ﬁci.Ametevdamgeo,aa (1017).

. Gehle11,3250 (1€17), .

40.Moerwoin,Ann. ,4190;101 (1019).

43.Danilov,J.Russ . Phys, -Cheu.50¢. ,62,380 (19680).

G.A. ,1801489 (1924) [
44.Hepworth,J.C.5.,117,1004 (1620).
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wevre cbEcpved ®ith the oither mitro compourds.
In & etudy of the orguno derivatives of bismuth,

Challenger and Allprcas45

have fourd thet RMpgX compounds
often exert z refucing sciicn. Az an example, tride
naphthylbismut.iﬁe gibremide ip reduced to tri K-
nephthyl bvieruihine by phenylmagnesiunm bromids with the
formeticn of mugnesium bromide end tromobensene.

Hiukheilerko acd Protoscve® huve found that &
qunatitetive yield cf dibhengyl cen be obteined 4 o
solution of benzyl chloride in ether is refluxed with
magneaiun end certelin inorgeric helides. ¥hen merouric
bromide opbupric chloride are used they cre reduced to
the mcial, ‘

The action of methylmagnesium lodide and ethyl-
magnesius brouide on various 2lkyl nitretes hes besn
oludiec by Hepnorth&v. o matter what ecter wor uéed
the chief product in every cése was 3,3 «(imethyl-
hydroxylamine or 3,9 =dizthylhydrozylemine,

hepworth and C;aphnm48 have found that allyle
and arylmagnesium halides recct with tenvensulfochloride
to frm chiefly sulfoxides wiile sulfides were formed to
g leas extent. They 2is0 repond a suell zaound of re-
ductior of sulfckides Lo sulfides by the action of the

*4&.Challenger end Allpress,J.C.S.,119,013 (1881).

46.m£ukhatlgnk sggd(ggo%geegat..§g ghy?iagzsm.goc.,

4“0H6W0rth J-Gn 0,119.
48.Aepworth and @]apham,ibid.,119,1188 (1921).
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. Grignayd resgeni.

similar resulis wefekbhtained by Yedekind and
schenki®3n » etudy of the sction of R¥EY compounds on
~arylsulfochlorides, They found that ghenxlmngnasium'
bromide would reduce p-tolyl sulfockloride to form p=-
to!&l phenyl aulfoxide and diphenyl. p~Fclyl phonyl
auifaﬁe wan alsc formed. “hen alxylmsgnesius halides
"ers ﬁﬁ@d in place of phenylnagnesiur dromide the
reaction produsts were diep-totyl disulfozids and pe-
to}yl a1lkyl sulfide, The raoducing action is basad on
the progreseaive addition of ths R¥gX molsculs 19 the
so‘gppﬁping followed by a spiitiing,
| fﬁapnorthbo haa pveportod the adstion of cartaln EMgX
compounds on jodosohenzene {Cs8:30) and icdoxybanzene
(638:100). ¥hon alkylmagnesainm halides wers usad
reﬁuction-te iodobancang rosulied in all Casss. Aryle
dngnenium halidea far the most part asied nn reducing
agonts but with Lodosobenzsne the fommation of & Small
amount of iodonium hypdroxides woa likevias obsarved.

5 eound that athylmagnesium

Hean and Rheinbolold
bromide would raduce benzaldehjda to give yields of
benzyl-aloéhml ae hizh us TBE of the thﬁoretiéal. They
have shown that rednotion is favored by high temperatures.

49,.%edekind and £ohenk,Rer,,64,1604 (1821).

80.Hepworth, J.C.8,,119,1244 {(1e21).,
Gl.Eess snd Kheinboldt,Ber., 64,2043 (1021).




Attempts to prepara HMgX did not meet with suceess.

52 kas shoan that ot,of =#isubetituted esters

Leroids
resct with alkylmagresium halides to form the correspond-
ing sscondavry n)eohols instcad of the tartiary alcohols
whieh would reault from a normal vraastion Welvyeen this
compounds. Reduction of X, X -disubatituted ketones by
R¥gX eompounda to zive excallant yislds of corrsaponding
angondasy alschols in mentionad,

Tha raducing actiocn of cthylmagneaium icdida on-
sedium methylate and on sadium amylate has basn reported '
By Buylla and 01ny55 gho Pind that gthylene and athane
are svolved frem the farmsr alocholate and that sthylene
and an unidantified 1iqguid hydrosarhon ara shiained
when the latter alasholate 1s used.

In praparing Grignard raagents from various ovlefinio
halogen sompounds and activated mapgnesium Kreatinakyss
haa found that the formation of isocrsiylmagnaesium bromide
is secompenied by the formation of inobutona,partioularly
when the tamperaturs of %he rgaotibm nixtura 18 allowed
to rize. The formation of the unanturated hydrocarbon
is nitrabuted to the astion of MiMghr formed an on intere
madinie cﬁmpqunﬁ. m a like maanar the foraation of
vinylnegznesium brontde is acaompanied hy tha evolution

5%,Leroide,Ann.chim, , 16,384 (1921). ,

53.Buylla and 0lay,Annles.nod.enpan,fig,quim.,

20,699 (1922}, C.A,,17,7418 {19023).

54.Xrestinaky,Ber.,55,2764 (1922).

See plso Fretinsky,ibdd. , BS5,2762 (197°7).
and Krestinsky,ibid.,56,2770 (1922).
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of athyiane and acetylene. Isoorotylmagnesium bromide
acting on acetaldehyde was found to produce some ethyl
alechol along with the methyl isoorotyl sarbinol.

Skresp and MoserS® have found that the action of
phenylmagnesium bromide on the acid ohloride of
pan;ggdzol 4 =garboxylic acid when K& carried ocutl warm
éeéﬁite in a reduction to form benzoxazylmethyl alcohol.
The anilide of henzoxazol ztucarboxylic ééid appears to
be reduced by methylmagnesium iodide to form the apil
of bengoxazol 1-aldehyde. They pregard the reduction as
being due to the special influence of the benzoxazyl
Qadiclea

wieland and 363155 have studied the action of
Grignard reagents on ceprtain nitroso compounda. %hen
p~nitroso dimethylaniline and phenylmagnesium bromide
react some p,p‘-aao dimethylaniline is formed. ¥hen p-
tolyimegnesium bromide or othylmagneaium bromide are the
reagents used the azo compound is likewise formed. In
an analdseus manner p-szosnisole vas formed by the
reaction of phenylmagnesium bromide with pe-nitrosoc
snisole.

Bredt-Sivelabergd? has found that ethylmagnesium
{odide with cemphor yields a gas composed of ethylens
and ethana. The ethylene was thought to have reaulted

§5.5kraup snd Mosey,Ber., 56,1080 21922 .

58.%1cland and E8g),1bid,.,56,1798 (1822).
57 JBredt-Savelsberg, Je pmkt- chem., 107 ,ﬁﬁ (1924 ) .
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from thé reducing action of ethylmagnesium {odide.

FThen benzylmagnesium chleride reacts with beneil
Banus and V11a®® nave obaerved s reduction to form the
benzyl ethar of benzoin.

Hess and Wuntrowsg have rouhd that ethylmagnesium
bromide,sec~butylmagneaium dromide,and ieobutyl-
megnesium bromide will reduce orotonaldehyde and
cinnamyl’aldehyde to the corresponding aleohol. They
have shown in & rether convincing way that the reduction
is due to the loss of an unsatursted hydrocarbon from
the R group of the RMgX compound after i1t has added to
the sldehyde. The evolution of unsaturated hydrocarbon,
and hence the reducing action, is favored by higher
temporatures.

Rheinboldt and Relefrqo have demonstrated that the
loss of unsaturated hydrocarbon whioh accompanies the
reducing action of alkylmagnesium halides takes plmce
only when there is an addition compound of the
grignard reagent and the carbonyl group. Alaoholates of
gagnesium halides conteining the same groups as the
addition compound will not ev&ive an ﬁnaaturated hydro-
carbon. 'Hyﬁrosenmagnesinm halid;‘may thus_bo assumped
to have existence as the addition compound of certain
compounds conteining the carbonyl group. |

58.Banus and Vila,Analen,soc.espan.fia quim,.,

£2,262 (1924). G.A.,16,60 (1926).

69.Rene and Tustrow,Ann,,437,256 (19242.
60.Rheinboldt and Roleff,Ber.,57,1921 (1024).




]G

G11man and Parker®l have studied the action of
organomagnesium halides with oupric chloride. 1In all
canen except with the =0¥gX compounds a coupling reaction
took place, the cupric chloride being reduqed at the
same time to the cuprous state;

The zinc dialkyls exhibit a reducing action somewhat
l1ike thet of the Grignard reagent. For example,chloral
is reduced by zino diethylsz to form trichloreethyl
rlgohol. | ’

The large numher of examples of reduction by means
of the Grignard resgent emphasizes the importance of
ihis rerction. In some cases il appears &6 & trouble-
some side reaction; in others it is the sole reasstion.
In view of the many‘typea of compounds which undergo
'reduotion by means of the Grignard reagent it iﬁ not
possible to formulate a single mechanism applicadble
to all reactions. Thus, the theory that HMgX is
responasible for the reduoing aetion holds very well for
aliphatic RMgX compounds in which R représents a hydro~-
carbon radicle of at lsast 2 carbon stoms., However,it
is not readily applicable in explaining the reducing
action of erylmegnesium halides or alkylmagneaium |
halides in which no hydrogen atoms are available for
the formation of HMgX. FPhenylacetylanemagnesium bromide

61.Gilman and Parker,J.A.8.5.,46,2823 (1924),
Th%: yaperxinoludea a revie:tgf t%e ggrk Qgﬁg on the
agtion of R. com gunds w metrllic halides.
Gz.garzaro{li-%gﬁrnlag NyAnn. 210,83 }1831?; :
Ses also Schischarbakow,Ber.,14,1710 (1881).
Harkownikow,Ber.,16,2284 (1883).
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will serve as an example of this latier type. The present
study was undertaken with the purpose in view of de-
termining the mechanism of reduction of some RMgX
compounds. It may be divided into to parts.,first,
attempts to prepare Hl4gX, snd second, the reduction
of azo compounds.

A.The Existence of Hydrogenmagneslium Halldes.

%hile the reducing action of the Grignard reagent
has long been attributed to the formation of HMgX as an
intermediate compound it has never been prepared in the

4

free state. Hess and Rheinboldt6 were unable to effect

a direct preparation of hydrogenmegnesium halide. Like-

wise, Nelson and Hvans65

obtained negative results in an
endeavor to prepare the Hq;;ﬁerivative of various metals
using ether as a solvent.

Hess and Rheinboldt5%, Hess and destrowae, and

Rheinboldt and Roleff®!

have virtually proved the
existence of HMgX as an addition compound; However, the
preparation of hydrogenmagnesium halide as an individual
compound would be a valuable substantiation of this
theory of reducing action. o

Some yreliminary experiments in the direct preparation
of hydrogenmagnesium bromide were carried out. Dry hydrogen

bromide was passed into an ether solution containing

64.Reference El.
85.N<lson and %vans,J.A.C.S.,39,82 (1917).

§9:Referenss &3:




activaﬁsd magnesium, The flasgk was surrounded by
carbon dioxide snow in ether. Assuming thai HMgBr
might be unatable even at this low temperature one
run was made in which carbon d;oxide 8now was preaent
during the passing in of the hydrogen tromide. No
fornie acid was Cormed in this experiment snd no
evidence of the formation of HugBr was found in two
other experimente cerried cut under nliéhtly different
conditions.

The difficulfy of preparing free HMgX is not ao &
surprising in vééw of the fact that megnesiuam hydride
han never been isolated in any appreeciable awount aithough
traces of it have been found by spectrum analysis.
Pfeifferﬂa has pointed out by a oowparison of some
inorgani¢ compounds that beryllium a-d megnesium might
better be grouped with zinc,cudmium and mercury instead
of with caleium,styrontium and barium.

Likesise,the lack of asctivity of dry hyrdogen chleride
is )6 demonstrated in the work of Bhaawatsg where it has
been shewn that dry hydrogen chloride im isoamyl ether
doep not resct with methylmagneaium lodide. How:=ver,
dry hy&fogen brozide does react with megnecium in ether
solution at ordinery temperatures to llbverate hydrogen.

680?{01::0?.5.&!’50!.0)10&0 .37'41 ( 1824).
69.Bhagwat,d.C.2.,183,1800 (1923).
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$0-76 and cosorkers

In aows racent werk by Adams
4t has been shoen that platinum ozlde serves es an
excellent satalyst for the reduction of meny organie
compounds. It was thought that such a reection might
be eaployed for the preparation of HigX according to the
squation:

nMgK +Hg — RHE+HEg.
4sccordingly, the reductlion of e variety of Grignerd
roagonte wag atlempled. The ones choten were chiefly
thoase which often mci as reducing agents. Benzyle
nagnesiun chiovida and triphenyimethylmagnesium
ﬁhloride seened eapecially suitabie beocnuse of ine-
dicatlons that the carbon-magnesium linkage in those
compounds is wesker thsn in other R¥gX compounds.
Benzyluwagnesium chloride is known to undergo a
rearrangémant in which the -MgCl group migrates to
the ring and triphenylmethyl. compounds have been
shown %0 be cvaslly dissoeidted Lo formtriphenylmethyl
as a free radiicle. 1In addition to the Grignard reagents,
organcmagnesium halides were used containing the
~o&gng§msx§3?u%%hylzinc rudixkn icdide and phenyl-
caleium iodide vere nleo used. '

Negative results were obteined in sll cases with the

70.Voorhess and Adams,d.A.C.5.,44,1397 (1922).

71.Carothers and Adame,ibid.,46,1071 {(1623).
7Z.Adams end Shriner,ibid.,45,2171 (1928).

78.Kaufmann and Adams,ibid.,48,3029 )1923).
74.Carothers and Adams,ibid.,46,1675 {(1024),
76.Shriner and Adams,ibid.,26,1683 (1924).
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possible exception of triphenylmcthylmagnesium c¢hloride.
Here an absorption of hydérogen corresponding to gbout
110 £ of the theoretiosl amount was noted. Trentment
with carbon dioxide for the purpose of holding sny EMgX
fornmed gaéa no formic aoid in any cass. In the veduction
of triphenylumethylmagnesium chloride in a steam bath and
followed by treatment with carbon dioxide the yield of

~ triphenylaoetic acid was only 5.3 ¢ and txt!kﬁtxiiﬂlutit
triphenylmethane was 86.3 § while a check run without
catalytic reduction gave 28.9 £ of triphenylmoastioc acid
and 48,8 § of triphenylmethanse, When separating the
products of the reductibn run the solvent ,which consiated
of ether and tolumne,was removed by distillation. I8 was
found to contain a smsll amount of a phenolic oompound
that readily reduced KMnO, solution and formed with
bromine water a derlvatiuo melting at 06 - 96° arter

a opysiallization from ether, |

Apparstus. The apparatus used was essentially the
same as that desoribed by Skita’® and 1ster modifisd by
Lochte,Noyes and Baileyvv and Voorheaa and Adamsvo.
Hydrogen from a large tank was passed through sulfuric
acid and intc a reservolir until the preasure had reached
approximately 3 atmospheres. The reservoir was a small

oxygen cylinder equipped with 2 needle valves and a

manomobter arranged in such A manner that tho—oremwure—ta
e L '
78.5kita,Ber, 45,3689 (1912).
77.Lochie,Noyes and Bailey.t?;a—ﬁﬁn:nni 43,0801 (1921).
- TALCS,
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the pressure in the cylinder could be determined by
noting the change in volume of some inclosed air. One
nesdle valve was for the inlet; the other for the
outlet. A stopcock was placed in the incoming 1line so
that the reservolir snd drying line could be evacuated
at one time., The outlet tube was made of copﬁggiﬁﬁnt
into a coil of several turns to give it flexibility.
This tube was connected directly to the resction flesk
through & rubber stopper. The rubber stoppers were
boiled in sodium hydroxide solution before using. The
reaction flesk used for most of the runs was an
ordinary B0OO c.¢c. 3-necked Pyrex flask, The centep
stopper held the hydrogen inlet tube. One neck
conteine’ & sclid rubber stopper and the other a
‘rubber stopper holding & glass stopcock through whioh
the flask was evacuated before the hydrogen waévin-
troduced. After most of the experiments had been
carried out in ordinary Pyrex flasks with but little
difficulty, a considerable amount of trouble atarted
with the fallure of the flesks to withatand the presaure.
Finally a 500 c.0. single neck pressure flask was aube
stituted with good results. In this case the stopper
neld both & glass stopcock and the copper inlet tube.
The chief disadventagef was that the contents had to be
transferred to another flask before it was further
treated. |

The flank wes festened into a phaker to keep the
contents well agitated during the treatment with hydrogen.,
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Preparetion of thc catalysti.

The platinum cxidc ﬁsed as a catnlyrt wan propared
cccording to the optinum conditions dencribed by rdams
end Shrinor7? The chloroplatinic acid which wes employed
wag mede from serap platinum after it bad been purified
by 2 reduction with sodium foruwate following the directiona
given in ?réadweli and ﬁa117a.

The ferrous chloride used as &n activator for the
platinum cxide wes not apecizlly prepersd. Onhdtery C.P.
rateriel wes kept in o deaé&cator and used es needed, |

Activation of the cetalyst by ghaking with air or
oxygen ss sugyested in certein of the papers by Adams

and cnworhersvo'75

was precluded by the nature of the
meterials to be reduced.

The activity of the catalyst wae tested from time
to time by check runs on benzaldehyde 1in ether solution.

Procedure.

The hydrogen reservolr and inlei line was evazuated
and £111ed with hydrogen 4 aonsescutive times before the
gas was conaidered pure enougﬁ for use., After onse fill=
ing this poservoir'with pure hydrogen 1t was not
necesazry to ropeat the process.

In 811 casss tho flask had a volume of 500 c.Ce
The 3 necked flask hiad the advantage as prsaviously men-

tioned that no change was necessayy for the subsequent

treatments.

78.Treadwell and Hall's Analyticsl Chemiatry
Vol.I,p 286,(1981).




‘fae catalyst was first placed in the {lask. The
amount of platinum bxide,usad was 0,23 gms., and in most
casea there was addad to the platinum oxide 0.13 gme. of
ferrcus chloride. The material to bs raduced was next
addeds All soluble organcmegnesium halides were filtered
through glass wool to remove upured magnesium, “olvent
was adfed until the totzl volume wes mboul 280 ¢.0. When
the flask was evecusted the ether boiled vigorously but
this was =2llowed to continue until 1t wes eertain that
&1l alyr was swept out. A mixturc of air snd hydpogen
is casily exploded Ly the cetalynt,

After all of the;giznhaﬁfbewqéreyoved the rtopeock
ves closed and y;drogsn ﬁ@m&@?ed:f?oﬁ the ronervolr. THE
incresse in volﬁieﬂhylg?fi;éni1§g§gigt§ ﬁarﬁial drop in
sreseure.  The flask ?ﬁz'ghékénvghé kept under n pressure
of hydro.en for & houres. In the runs vhere reduction
aight have regoulted in the formatlon of a gaseous hydro-
carbon the supply of hydrogen wan stopred, the nressure
relsased, and the flask aovacuated from time o time
during the 4 hours.

 In s oe of the experiments the renction flask was
surrcunded by ntean.

In zach run as so0on ag the hydrogen troatment was
firighed the flask was equipped with a stireper and placed
in.an lee bath wkero carbon dicxida was passaed in for at
least 2 houravg.

79,For a atudy of the optimum condition for the pre~

paration of n-valerioc scid from n-butylmegnesium

bromide and carbon dioxide see Gilman and Parker,
JAC.S..48.2R18 (10924,




After hydrolysis with dilute sulfuric scid the
ether layer together with several siher ether extracts
wory filtered to remove the cetalyst and then worked
up to obtain the acids formed. Tests mere made for formic
acid in the ether layer and in the steam distillate from
the water layer. The first 26 c.c., of the steasm distillate
wes collected and tested; then 500 c.c. more was
collected and concentrated by making alkaline and
evaporating to dryness. The residue was taken up in
a small amount of distilled water nfid tested for formic
acid,

éhe tests used for delecting the presence of formic
acid are described by Mulliken®®, The one test is
}dependent on the reducing ection of formic scid on a
cold alkaline solution of poiassium permangaenate. The
other test employes mercuric oxide which forms a compound
with formic acid. Boiling the solution for half o minute
or more causes free mercury to precipitate when formic
acld is present. Fhile the first test can not he
considered as specific, negative results with both

teste prove the absence of formic acid.

80.Mulliken's,Identification of Pure Organic
| Compounds,Vol.I,p 79 and 83 (1904).
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Experimental Part.
Cyolohexylasgnenium bdpuide.

(yelohexylumagnesiun bromide wes prepared frow
Sheb gRbe{Ue22 moles; of bromocyclohexene end B.4 gms.
(Qe2% moles) of magncsiﬁm. The golution Ve Tiltered
from Lhe unured megnesfium and pleced in the apparatus
for reduction. Then 0.83 gmae of platinum oxidq#nd
0.13 gas. of ferrous chlopride wes added. ¥o appreciable
aboorption wen  noted during £ houwrs run. 21 the come
pletion of the hydrogen trcaﬂmanﬁ,hh& Tlesk was placed
in en ice bath and carbon dioxide pasaed in for 2 hours.
The materiunl wze hyd@roiyzed sith dilute suiluvpic acid,
the platinun oxide {lltered cff, and seversl ether
extractions wade. &fLer drying over sodlup sulphete
the clber was removed by distillation ard that part of
the aislillate coiing ovor heotwesn 55° and 1159
(B.Po.0f Toruic acid is 1000} wes collected sepurstely
10 Le lesled [or formic acid.

The watler layer was steam digtlilled und tne Tirst
26 ce0, colicated in one poriion and then HOT c.c. wore
was collecied. This latbter poriion vas mude alkalino,
evaporaeted L0 dryncss, and tekon up in 2 spull amount of
water 19 be tested foi foraic acid. N&ne of the three
sampleg gave a positive test for forwle acid.

The yield ¢f cycldhexane carbexylic acld wvag 16 gme.
or 67 ¢ of the theoretigcal,

Two other runs with ¢yclonexylaagneaium bromide wére

made in the same manner as @eacribed above except that mo
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ferrous chloride was used in one case and, in the other
the solvent employed was benzene. There was no
absorption of hydrogen and no formic acid found in sither
run, The yield of cyclohexane carboxylic acid from the
run in benzene wss 18.8 gms.or 54 # theoretical.

Isobutylmagnesium bromide.

Isobutylmagnesium bromide was prepared from 30.1gms.
(0.2% moles) of isobutyl bromide and 5.4 gms.(0.22 moles)
of magnesium. The same amount of catalyst was used as in
the first run of cyclohexylmagnesium bromide. Since a
reduction of this Grignard reagent would result in the
formation of & gas, the flask was evacuated 4 times
during a 6 hour run. HNo absorption of hydrogen was
noted during sny period and no formic acid was found
following a treatment like that used in the first exp
periment.

n-Laurylmagnesium bromide.

n~laurylmeghesium bromide was prepared in 0.1 molar
quantity in the usual manner and the same procedure followed
as in the first experiment. No hydrogen was absorbed and
no formic acid formed. A yield of 84.1 £ of n~tridecylic
aaid was obtained. This indicates a higher yield of
Grignard reagent than that reported by Gilman and
MeCrackenBa1

8l.CGilman end McCracken,J.A.8.%., 45,2462 (1923).




They obtained & 73.7 £ yield of n~laurylmagnesium bromide
from n-lauryl bromide and magnesium.

Benzylmagnesium chloride.

A solution of 0.22 moles of benzylmagnesium chloride
was prepared in the usual manner. The usual reduction
procedure was followed. No hydrogen was absorbed and no
formic acid formed. A& 73.5 £ yield of phenylacetic
scid was obtained.

Phenylgggnesium bromide.

Phenylmagnesium bromide was prepared in 0.2 molar
quantity in the usual manner. The customary reduction
procedure was followed. No Indication of hydrogen
absorption or of the formation of formic acld, was found.
Benzoic acid wmas recdvered in 2 yield of 21 gms. or
78.2 % of the theoretical., The fact that this yleld
is higher than Gilman and Parker ° obtained in a
similar reaction — they obtained 72.5 % of benzoic
zcid in 2 more accurate run = is probably due to the
welighing of an imBfe product.

Triphenylmeth}¥lmagnesium chloriée.

An ether solution of 0.22 moles of triphenylmethyl-
magnesium chloride was prepared in the usuasl manner.
Since this @rignard reagent precipitates from éther it
was not filtered befoee attempting the reduction. IH a

4 hour reduction run no hydregen was absorbed and no

formic acid was dermed after the carbon dioxide treatment.
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About 1 gram of triphenyl acetic acid was separated 1n
this reaction. Triphenylmethane was obtained in a yield
of about 15 gms. The low yield of triphenylacetic
acid was probably due to a poor reaction in ether
solution with carbon dioxide.

A& gecond run with triphenylmethylmagnesium chloride
was carried out using the same guantities as in the
run just described. The ether was replzced by toluene
which completely dissolved the (rignard reagent when
hot. Afisr filtering through & zluss wool it was
subjected to reduction while surrounfed by a steam
bath. The t_reatment was continued for 7 hours during
which time enough hydrogen was absorbed to correspond
to a 110% reduction when celculated on the basis of
the reaction:

(Cglig)s CMCl+Hg — (Cypip)sCHHIHECL,
Most of the absorption took place during the Tirst
4 hours,

%hen phe products werefworked up a totel of 2.2 gms.
of triphcnylacetic acid was obtained,d?ie_ld of 6.3%.
Thers was also obtained 4.2 gms.(14.8%yield) of iriphenyl-
methyl peroxide and 17.7 gms.(66.3% yield) of triphenyl
methane.,

The solvert from the ether extractions was removed
by distillation and that portion coming over between
86° and 1129 wam caught separately. It contained a
small arount of phenolie compound that readily

reduced Ki#nO4 solution. The distillate was combined
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with a quantity of sdbdium hydroxide solution and
evaporated to dryness. ¥hen taken up in a small amount
of water, acidified with dil.HpS0,, and the water
distilled over, the phenolic compound came over with it.
Treatment with bromine water ylelded about 0.5 gms. of
substance, soluble in ether from which crystsls were
obtained melting at S&sl 06~96°C. A mixture of the
derivatier with tribromophenol melted at 80°.

In & ocheck run of triphenylmethylmagnesium chloride
in benzene solution using the same quantity of materials
ag was used in the 2 previous runs the Crignard solution
was treated with carbon dioxide with the omission of
the reduction. On working up the products there was
obtained 12 gms.(28.5dyleld) of triphenylacetic acid,
R Ems.(7.4 § yield) of triphenylmethyl peroxide, and
13 gms.(48.56 £ yield) of triphenylmethane. Schmidlinag
reports an 83 & yield of iriphenylacetic acid in a
somewhat similar run.

sec~Butyimagnesium bromide.

Sec.Butylmagnesium bromide was prepared in the
usual manner in 0.22 molar quantity. The ethor =zas
replaced by toluene and the solution then filtered and
subjected to reduction in the customary manner while
the flask was surrounded by steam. Duringﬂ a 4 hour
period the flask was evacuated 3 times to remove any

82.5¢hmidlin,Ber,.,39,628 (1908).




butane that might have formed. Ko drop in pressure was
noted during any interval and after treatment with carbon
dioxide no formic mcid was found. 4 40,1 § yield of
active valeric acid waes obtained.

Phenylcalcium lodide.

Phenyloaloium iodide was prepared in ether solution

after the method of Beckmann83

from 20.4 gms (0.1 moles)
of iodobenzene and 4.ums8.(0.1 moles) of freshly turned
calcium. The material was subjected to reduction
without filtering. §o hydrogen was absorbed and no
formic aoid was found following the usual procedure. A
41 4 yiold of benzoic acid was obtained.

Fthylzine iodide.

Ethylzinc iodide was prepared in ether solution
after the method of Job and Reioh84 using 28.8 gnms,
of zinc-copper couple and 34.3 gms. (0.22 moles) of
ethyl iodide. It did not absorb hydrogen and after
treatment with carbon dioxide ylelded 3-4 gms., of
ethyl alcchol. Since alkylzinc iodides do not react
with the carbonyl group the formation of propionic or
formic acids would not dbe expected.

n~Butoxymagnesium iodide.

neButoxymagnensium iodlde was prepared by adding
0.22 moles of n~butyl alcohol to an ether solution
of 0.22 moles of ethylmagnesium iodide., During the 4

83.Beckmann,Ber.,38,904 (1805).
88.Job and Reich,Bull.soc.chim.,33,1414 (1923).
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hour reduction period the flask was evacuated 3 times

to remove ény gas which might form if & reaction took
place, No hydrogen was absorbed and after trestment with
carbon dioxide the only substance obtained was n-butyl
alcohol.

Diphenylaminomagnesium bromide.

Diphenylaminomagnesium btromide was prepared by the
action of 37.2 gms. (0.22 moles) of diphenyl amine on
0.22 moles of ethylmagnesium bromide. There was no
absorption of hydrogen and no formic acid formed. The
diphenylamine was recovered, guantitatively.

Phenylacetylenémagnesium bromids.

EhenyldcetYIenemagnesium bromide wae prepared by
ellowing 11.22 gms.(0.11 moles) of phenylacetylene to
react with 0.1l moles of ethylmagnhesium bromide. An
oily layer of Grignard reagent was formed under the
ether. Thers was no drop in pressure during a 4 hour
reduction period. The material was next trested with
carbon. dioxide for 3 hours and subjected to reduction
for another 4 hourﬂ perfiod after adding a fresh supply
of catslyst. Again no hydrogen absorption was observed.
Then 21.2 gns.{0.2 moles) of bengaldehyde was added
along with another fresh quantity of catalpyst. As
before no hydrogen was absorbed giving evidence that
Grignard reagents poisons the catalyst for the re-
duction of the zcédylenic linkage or of the carbonyl
group of the aldejyde. This is in opposition to the
results obtained in the hot reduction of triphenyl-




mothjlmagnesium chloride althouzh it is quite possible
that in this case no datalyst was necessary for the
reduction to take place.

Summary.

I.Attempts have been made to prepare HMgX, HCaX
and BZnX by subjecting = number of organometallic
halides to cetalytic reduction. Negative results
were obtained in all cases except in a hot reduction
of triphenylmethylmegnesium chloride where 110 % of
the theoretical absorption of hydrogen was observed.
' No direct evidence of the presence of HigCl was

found, however,




B.The Reduction of Azo Compounds,

b
L have shown that azobenzen: and p,

Tranzen end Delbel
plnazotolanne react vigorously with ethylmagnesium bromide
to give the corresponding hydrazo compounds. With no other
experimentel evidence than this they proposed the followlng

scheme as the mechanism Bor the reducing action:

ON-NO + CHsMgbr — OIN-N D) + G, H,

M9Br MyBr

ON-=N D+ 2H0 — (ON=ND+2MyBv(0h)

MgBy M3Gy

They2 alse found that ong of the =CIH~ groups of
benzaldazine (CSH5-6H23~N=CH-0535) wag reduced by
ethylmagnesium bromide and assumed the mechanism of
reduction te bs the same for this compound as for
azobenzene.

In work done up to that time on the reaction of
the Grignard reagent there was ﬁo experimental evidence
to show that the Grignard reagent would react in such
a manrer and even up 1o the present time there has been
but little work that- indicates that the CGrignsrd reagent
undergees reacticns of this sort.

The most nearly ccmparable reaction is found in the
behavicr of iriphenylmethylmagresium chloride with
quinone, The r:action involves the use of three
molecules of quinone and twc molecules of triphenyle

1% Franzen and Deibel,Rer,,38,2716 (1905).
2brranzen and Deibel,ibid.,38,2717 (180&).
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methylmagnesium chloride in which guinhydrone and the

triphenylmethyl ether of quinone are formed,thus:

2 | (C‘H‘,—)JCI"JQC' orgCle--@ O-C(CGH:)_.’
2 —0Q 0 ()
o (CHICMyCl 0r14CI... 0-c(CeHy),

In this schenme two ~¥MgX groups are removed from
two molecules of R¥MgX compound and bring about the
reduction of quinone by addition to the two oxygen
atoms. This then reacts with a second molecule of
quinone to form quinhydrone. The two R groups from
the Grignard reagent, instead of oombining with
each other to form the hydrocarbon R-R, as Franzen
and Deibel have assumed in the reduction of azo-
benzene, 21s0 add to the oxygen atoms of & third
molecule of quinone to form the correspondiing ether.
The probability that the mechanism of reaction in
this case is as indlicated is further supported by the
well known tendency of triphenylmethyl to split '
off as a free radicie.

The reduction of arylsulfochlorides by phenyle
magneeiﬁm bromide has & point in common with the

11426

pestulate of Franzen and Deibe for the reduction

of azobenzene since the hydrocarbon dlphenyl is

35 .
formed. Wodekind and Schenk™ explain the reduction

38w edekind and Schenl:,Ber.,b54,1604 (1921).




on the assumption that after the chlorine atom is

replaced by a phenyl group two.molecules ¢f phenyle

magnesium bromide add to the :5?8 grouping; the

resulting compound then is assumed to lose diphenyl

80 that reduction to the gryl phenyl sulfdxide

takes place. If an addaition tekes place as assumed .

in this reaction, the R groups from two mclecules of

RMgX attaching themselves to the sulfur atom and at the

same time the ~MgX proups attaching themselves to the

two oxygen atoms, one would expect to find the

hydrocarbon which forms to be composed of the two

hydrocarbon radicals which split off most easily.

Then, by interchanging the R.groups of the aryl-

sulfochloride and the Grignerd reagent, & hydrocarbon

composed of two R groups from the REgX compound

should form in one case; in the other, the hydrocarbon

should be composed of the aryl group of the arylsulfoe

chloride snd one R group of the R¥g¥ compound, Io

such experimental proof¢ as this has becn made.

Related studies on the mechanism off addition to the

5=0 group are now in progress in this Lebratory.
¥o reection whieh conformghny more closely to

the postulate of Frarizen and Teibel than the twc

just described were found. A4s Hess and Rheinboldt4b

have pointed out, the reduction of dzobenzene by

ethylmagnesium bromide cen roadilﬁbe explained on

4iHess and Rheinboldt,Ber., 54,2043 (1621).
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the assumption that sthylene and HMgEr are formed and
that the HMgBr adds to the azo grouping. The theory
of HMgX fornamtion is not new and excellent exidence
for its exisience as an addition compound to the
carbonyl group has besen presenfed by many workers.
The work of Heas anlehginbeldt4f Hess and %instrowsf
and Rheinboldt and Roloff® is particularly convineing
in the proof of the mechanism of reduction on the
basis of the formation of HMgX.

A8 hes been mentioned previously in this paper7f
the theory of HMgX formatlon is limited by the nature
- of the Grignard reagent in guestion. Many RM¥gX
compounds are of such 2 nature that a splititing to
form H¥gX and an ansaturated hydrocarbon cannot be
satisfactorgly accomplished. Typical examples
would be arylmagnesium halides and compcunds of the
type RCHoHgX, CiigigX, andRCECugX where E represents
an aryl group. lers £ha formation of H¥gX becomes
tenable only when ths radicals which split off condense
with each other. Thus two molecules of phenylmagnesium
bromide could kx form two molecules of hydrogenmagnesium
bromide and one molecule of diphenylene(CgHg=Cglig).

However, nd such eompound'as this haa ever besen obtained.

Saliess and %lestrow,Aun.,437,256 (1924).
6.Rheinboldt and Roloff,uer.,57,1921 {(19¢4).

7. This paper,nage 16,
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Therefors, the assumption that HMgX is responsible
for the reducing action of ethylmagnesium healides on
azobenzene can be used sttisfactbrily in connection
with the behavior of most aliphatic Grigrard reagents
but it cannot be extended to include aromatic Grignard
reagents and Crignerd reagents of the type mentioned
above.

In the present work the action of a variety of organe-

magnesium halides on azobénzene has been studied. Nearly
all of the Grigrard reagents tricd were found to be good
reducing agents and in no case was the formation of an
unsaturated hydrocarbon observed. This practically
eliminates the HMgX theory. Instead, the results all
support the poastulate of Pranzen and Deibel that the
reduction of each molecule of azobenzene is brought
about by two molecules of RMgX which react in such
a way that two ~MgX groups add to the ~NSN- linkage,
the hydrocarbon R-R being formed at the same time,
The azobenzene complex then ylelds hydrezobenzene on
hydrolysis. "It was found that the yield of the
hydrocarbon R=-R was in goal agreement with the amount
of reduciion which takes placa.

It has been shown by Heisenheimer and Casperab

that all reactions of the Grignard reagent, probébly
involve a prcliminary addition with magnesium

8bVeisenhe1mer and Casper,Ber.,54,16556 (1921).
See algo references44b4and B40f this paper,
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fﬁhctioning ag the central atom, It is assumed that a
similar reaction takes place with arzobenzene and the &=
Grignard reagent so that one molecule of RMgX adds to
ench nitrogen atom. This complex then rearrangss to
ﬁfrm CghB o HMgXeNMgH+Celly and the hydrocarbon R-R.

It was found thaﬂ the speed or reactlon of various
Crignard reagents towards azobenzene varied widely.
Ethylmegnesium bromide reacted almost immediately
with the formation of a wshite precipitate and a
ges. No refiuxing was reQuired, %With phenyle
nagnesium bromide there was & slight elevation of
temperatufe vhen azobengzene was addsed dbut no pree
cipitate formed until after about three hours of |
refluxing in bther. The reactivity of methyl-
magnesium iodidegéwas intermediate between that of
ethylmagnesiunm br?mide and phénylmagnesium bromide
when bagsed on thegappaarance of the white precipitate
of CgHg*NMEX-N¥zX«C(6Hg.

Since azobenzene reacts with the Grignard reagent
in a more sluggish manner than most other types of
reactive compounds and, since the speecds of reaction

| of azobeﬁzene with various Grignard reagents have

?* reasonably wide variations, it seems probable thet

P

" this reaction would be of value in determining the

2
za

o2Gilman and Hoyle,J.).C.0.,44,20621 (1922).,
heve pointed out thd ethylmagnesium bromide
is wmore reactive than methylmegnesium icdide
toward phenylacetylene.
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strength of the carbonemagnesium bond in RilgX ccapounds.
Accordingly a measure of the relative recctivity of these
compounds could bé obtained,

Phenylacetylenemagnesium bromide was the only
Grignard reagent tried which did not reduce azobenzene,
The reason ®» r the failure of this compound to react is
not avident. A posalible explasnation is that tlLis
Crignard reagent is not a very reactive one. The closely
relatead atyrylmagnesium bromide was not very reactive
toward azobenzene although & good amount of reduction
was obtained In the usual 8 hour refluxing period. None
of the organometallic huiides other than the CGrignard
reagents (R¥gX) gave any evidence of reduction. The
l1ist of compounrds tried inciuded those containing such
groups as -NMaX,-0MgX,~CHgl.~-CaX, and ZnX,

The fact that the reduction of the azo to the
hydrazo groupling was always accompanied by an
equivaleont yield of hydrocarbon étrongly indicates
the formation of the intermediate compomnd
CoEp NMgil*NMgh+CgHs. Additional evidence for the
exigtence of this compound has been gained by the
treatmeﬁt of the reactlion mixture with benzoyl
chloride hefore hydrolysis. In experiments wher:s
this modification was used one of the products was sways
8 good yield of dibenzoyl hydrazobenzene. As a
suppleuentary experinant it wos found thab an ether
solution of hydrazobenzene and benzoyl chloride, under

the condition of the reduction runs, gave no dibenzoyl




hydrazobenzens.

Other attempls to reyplace the «idgi groups to
form known compounds were ndt sqbuocessful. %hen
acetyl chloride or acetic anbydride were used,the
monoacrtyl derivative, which is higher melting and
less soluble than the diacetyl derivetlve, was always
obtained in low yields (20~R5%) and & large amouant of
an 0il was left. iuch difficulty was experienced in
obtaining crgstels of diacetyl hydrazobenzene from
this o0il. ione ¢f the methods such as the use of a
variely of solvents, concentrations and temperatures,
and finally a vecuun distillation metl with any success
unlil water was employed &8 a solvent. &4 hot sater
extract of the oil was bolled with boneblack and,
after filteriﬂg)was alloved tquaporate‘alawly.
In about ten days some crystals &f diacetyl
hydrazobenzene were obtalned. The position end
number of -MgX groups is, therefore, virtually proved,
by the use of benzoyl chloride and acetic anhydride.

%hen dlethyl sulfate was the reagent used for
replacement of the -igX groups some matcrial was obtained
through'a vacuum distillation that pcssessed the proper
physical constanta. However 1t did not respornd to a

color lLest on treatment with dilute acids, a property

5
wvhich Yieland and Fressello describe as baing

lOQWieland ené Fressel, Ann,,392,133 (1512).




especiél:y chinractoeristic for aym-diphenyl dlethyl
hydrazine.

“hen the intermedizie compound was treated wmith
pnenyl isocyenate a reacition took place bul the
resulis are rather confusing. The intermediate
compound obteined by the action of phenylmagnesium
bromide on azobenzene, when treated with phenyl
isocyanate, yields & substance melting atl75° In
addition sowe cerbanillde was formed. When the
intermediate compound obtzined from ethylmagnesium
bromide and azobenzene, was itreated with phenyl 1socyanate
there resulted some of the triepolymer of phenyl
isocyanate (CgHgCNO)z and two other compounds, one
melting at 178-9%(mixed melting point with the 175°
compound was 150-1856°) and another melting at 185-
186°%. Then hydrazobenrzene was treated with ethylmagnesium
bromide the two hydrogen atoms of the ~KH.NH- group
should be replaced by -MgBEr groups tqtive the same
intermediate compound as is cobtained in the reaction
ol azobenzene with ethylmegnesium vromide., Treatment
6f this compound with phenyl isocyanate gave, besldes
carbanilide, o product melting at 212°. fiione of the
products ¢f thesec reactions has Lhe properties of the

di-phenylisocyanate derivative 8f hydrazobenzene which

has been described in the literature as a very ine-

soluble, amerphous substance melting 2t 215-2200°,
It will bef seen that the best results were obtained

with benzoyl chloride where e well defined,crystalline
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substaﬁce, quite insoluble in ether and easily purified
by crystallization from alecohol, is obtained. The ease
with which reduction of the azo grouping takes place
with the more active alkylmagnesium halides, in which
the hydrocarbon obtained as a byproduct is evolved as a
gas, together with the smobdbth reaction of the reduction
product with benzoyl chloride to give good yields of the
dibenzoyl derivative suggestg an application of this
method for the preparation of the dibenzoyl derivative
of hydrazo compounds. It would have particular value
where the hydrazo compound is anstable but where the
corresponding azo compound is available.

In order to determine whether the reduoction of
azobenzene by the Grignerd reagent could be extended
to other azo cempounds, & few other resactions were
tried. Tranzen and Deibelllbhave already éhown that
ethylmagnesium bromide will réduce p,pl-azotoluene to
the corresponding hydrazo compound, Phenylmagnesium
bromide has been found to produce the same result.
Benzylmagnesium chloride was shown to reduce p-
dimethyaminoazobenzene to the hydraquompound which
was convérted to the dibenzoyl derivative by treat-
ment with benzoyl chloride. Likewise diazoamino-
benzene wyas reduced by ethylmagnesium bromide and the
intermediate compound so formed yielded ayme~diphenyl

tribenzoyl triazane when treated with benzoyl chloride.

115 Reference 1%
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Experimental Part.

Reaction of NMethylmagnesium iodide and azobenzene.

When 0.1 mole of azobenzene was added slowly to
0.22 moles of methylmagnesium iodide a reaction took
place with the evolution of a2 gas, but it was
decidely more sluggish than a sirilar reaction using
ethylmagnssium bromide,

After refluxing 8 hoursl? “the material was
hydrolyzed with ammonium chloride solution. Several
ether extractions were made and the ether solution was
wvaghed with water, drled over scdium suliate snd the
ether then was distilled off. A crystal mass formed
from which there was obtalned 6.0 gms. or a 32.6%
yisld of hydrazobenzene by filtering and washing the
crystals with ether. The hydrazobenzene was
identified by a mixed melting point. By weans of a
vecuum distillation 10.5 gms or 57.7% of azobenzene
was recovered.,

Reaction of n-bﬁtylmaanesium bromide with azohenzene.

An ether solution of 0.22 moles of n~butyle
magncsiuﬁ bromide and 0.} mole of azobenzene was
allowecd to react in the usual manner. After re-
fluxing for 8 hours the material was hydrolyzed
with HK4CI solution. The ether extracts were worked

1287he volume of ether used as a solvent was
260-300 ¢.c. in 2ll experiments.
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up iﬁ the usual menner. There was oblained 8.0 gms.

or a 48.9% yield 8f hydrazobenzene, 3.5 gms.of aniline
(identified by conversion to the hydrochloride) and a
recovery of 2,3 gms.or 12.67 of azobenzene. o n-
octane was found.

In vééw of the fact that some aniline was formed
another run was made using 0.1 mole and azobenzene and
Q.44 moles &éf n«butylmagnesium bromide. This time the
Grignard reagent was filtered through glass wool which
removed all of the larger particles of unused magnesium.

%Yhen the products were worked up from this run 9.7
gmR.or & 62.7% of hydrazobenzene along with 1.8 gms.
of aniline and l.gm. or 8.8% of n-octag:: ggtiéned.
probable that the formation of aniline was due to
the feduction of hydrazobenzene by the action of the
small amount of megnesium with the NH,4Cl solution
since a smaller quantity of aniline was formed when the
Qquantity of CGrignard reagent was doubled. In the run
using the smallgr smount of Grignard reesgent the
magnesium had not been removed by filtration. The
lew yield of hydrocarbon, even though a fractionating
column Qas used in separating the ether from the
products, can be accounted for by the high volatility

of this hydrocarbon.

Reaction of cyclohexylmegnesium bromide and azobenzene.

An ether solution of 0.33 moles of cyclohexyle




magnesium bromide was refluxed for 8 hours with 0.1

mole of azobenzene, The reaction mixture was worked

up in the usual wanner, after hydrolysis with

ammonium chloride solution, ard there was obtained 5.2
gms.,or 28.3% of hydrazobenzene, 5.0 gms. or 30.1% of
dicyclohexyl, 0.9 gms. of aniline and 5.0 gms.or 27.5%
of azobenzene. £ troublesome emulsion, which caused some
of the ether layer to be lost, particall y explains the

low yields.,

Reaction of phenylmagnesium bromide and asobenzene.

An ether solution of 0.22 moles of phenylmagnesium
bromide and 0.1 mole of azobenzene was refluxed for
8 hours. At the {ime the szobenczene was added to the
prenylmnagnesium bromide there wes a slight elevation
of temperature but no precipitate was formed until
the solution had been refluxed for nearly 3 hours.

The apparatus was ao arranged that any esceping gases
would have to pess through a aolu@ion of bromine
in carbon tetrachloride. No appreciable amount of
gas wae evolved and on working up the carbon
tetrachloride sclution no bromo derivatives were
obtained,

The materisl was hydrolyzed with ammnnium chloride
solution and then worked up as usual. Thepre was obtained
7.6 gme.,or 41% of hydrazobenzene, 7.8 gms or 50.6%

of diphenyl, and 8.2 gms or 45.5¢ of azobenzene was
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recovered. The separation was effocted by first crystalilize~
ing out as much hydrazobenzene as possible and then
subjecting the mother liquor to vacunum distillation.

Reactlion of p-tolylmegnensium bromide sdd agzobenzene.

p-Tolylmagnesium bromide in 0.22 molar guantity was
refluzed with 0.1 mole of azobenzene for 8 hours. On
hydrolysis with ammonium chloride solution and on
working up the ether extract in the usual manner there was
obtained 10.5 gma.,or a 54.6% yield, of hydrazobenzens,
5.6 gms. or a 30.87 yield of p.pl-ditolyl, I gm.of
aniline and 4.5 gms. or 24,79 of azobenzene.

Reaction of phenylacetylenemagnesium bromide and azobenzene.

Phenylacetylenemagnesium bromide was prepared by the
action of 22.4 gms.(0.22 moles) of phenylacetylene on an
ether solution of 0.72 moles of ethylmegnesium bromide.
& smooth reaction tock place and was insured of
completion by refluxing for 2 hours. Then 0.1 mole of
azobenzene was added and refluxing continued for 8
hours,After hydrolysis with ammonium chlorideﬂ solution
and working up the reaction products in the usual menner
there was recovered 21.0 gms.or 94¢ of phenylacetylens.
Azobenzene was recoveded gquantitatively.

A repeat run in which the reaction mixture was
refluxed for 1€ hours gave similar results.,

Reaction of acetylenemagnesium bromide(MgBrC=CMgBr) and

azobenzene.

Acetylenemagnesium bromide was prepared by bubbling
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2 pure siream of rcetylene into 0,22 moles of ethyle

magnesium bromide for 2 hours. A white precipitats

formed. Then 0.1 mole of azobenzene was added. During

the addition of the first part of szobenzene =
saturated gas wes evolved, This soon stopped and no
further evidence of reactiorn was noted during the
8 hour refluxing period.

“hen the wmaterial was hydrolyzed with a2 solution of
apmonium mhloride a small amount of gas was formed., After
working the products up in the usual manner Q.9 gm. ,or
4.9% of hydrazobenzene and 14.9 gms or 81.9% of
azovenzene was recoversd, ndoubtedly what little
reduction which took place was due to the action of
ethylmagnesium bromide vhich had not reacted with the
acotylene,

Reactlon of diphenylaminomagnesiur bromide and azobenzene.

Diphenylaminomagnesium bvomide was prepared from the
action of 0.22 moles of diphenylamine with 0,22 molee
of ethYlmegnesium bromide. To this reaction mixture
was added 0.1 mole of azobenzene and the malterial
refluxed for € hours. There was ro evidence of reaction.
Followiné the usual procedure for hydrolyslis and ether
extraction there was recovered 94,59 of azobenzene and
¢1.,7% of diphenylamine., No hydrazobenzene was found.

Reaction of nebutoxymagnesium lodide snd szobenzene.

n-Butoxymagnesium lodide was prepared by allowing
0.22 moles of n~butyl alcohol to react with 0.292 moles

of ethylmagneslium iodide. Then 0.1 mole of azobenzene




was a2dded and the materisl refluxed for 8 hours,
Following the usual procedure for hydrolysis and for
working up the produects there was obtained, besides
most of the n~-buty! aleohol, a 93.4% recovery of
azobenzene.

Reaction of p=thiocragylmagnesium iodide and azobenzens.

By adding 0.22 moles of p~thiocresol to 0.22 moles
of ethylmagneaium 1odide thare was obtained p-thiocresyl-
magnesium iodide. To this solution was added 0.1 mole of

azobenzene and the solutlon refluxed for 8 hours. There

was no evidence of reaction. %han the reaction mixture
was hydrolyzed snd worked up in the usual manner
azobenzene was recovered guantitatively besides an B0%
recovery of p=thiocresol. From 4 gma. of an 01l which
was also obtained some crystals of p,pl-ditolyl
disulfide were formed. This was no doudbt due to the
oxidation of p-thiocresol.

Reaction of phenylcalcium iodide and azobenzene,

Phenylcalc¢ium iodide was propared after the method of

Beckmannlsb

from 67.3 gms.(0.33 moles) of freshly
distilled iodohenzene ard 13.? gms.(o0.33moles) of
metallié calcivm. Then 0.1 mole of azobenzene was added
and the reaction mixture refluxed for 12 hours. Following
the usual procedure for hydrolysis and for working up

the products there was obtained 14 gms,or 21.% of

unused iodobenzene in addition to an almost

quantitative recovery of azobenzene.

134 Beckmann,Ber.,38,904 (1905).




Reaction of ethylzinc iodicde and Gzobenzene,

70llowing the method of Job znd Reiehl? %ethylzine
jodide was prepared from 34.3 gms.{0.22 moles) of
ethyl iodide ard ©£8.8 gms. of zinc-copper couple.
After ndding 0.1 mole of azobenzene the solution was
refluxed for 1? houra. No svidenca of reaction was noted.
The materlal was hydrolyzed with ammonium chloride solution
and 17.1 gms.or 94% of azobenzeno was recodvered.

Reaction of phenylmagnesium bromide and p,pl-azotoluene.

To an ether solution of 0.1l moles of phenyle
magnesium bromide was added 10.5 gms.{(0.05 moles) of
p,pl-azotoluene In benzene solution since it was more

readily soluble in benzene. After refluxing for 8 hours

the material was hydrolyzed and worked up 2as usual. The

“only erystals which could be separated from the residue

were p,pl-azotoluene. The fact tht no p,pi-hydrazo-
toluene was isolated was doubtless due to its solubility
which 1s greater that that of p,pl-azotoluene and §& 1its
ease of oxidation to form.p,pl-azotoluene.

Tvidence of reduction.was found in the formation of
5.7 gme.or & T4% yield,of diphenyl and in the formation
of 2.8 éms.,or a 26,15 yleld,of p=-toluidine during a
vacuum distillatior of the reaction mixture. p-
Toluidine was converted to the hydrochloride for
identiTieation,

144J0b aAd Reich,Bull.soc.chim.,33,1414 (1923).
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ﬁn.approximation of the amount of reduction may be
obtained from the faet that p,pznhydrazotoluene breaks
up into p,pl-hx&xax azotoluene and p~toluidine when
herated. Thus a 26.1% yield of p-toluiddne indicates the
previous existence of a like amount of p,pl~hydrazo-
toluene.

Reaction of phenylmagnesium bromide,zzobenzene, and

benzoyl chloride.

An ether solution of 0.1 mole of zzobenzene and 0.22
poles of phexnylmagnesium bromide was refluxed for 8
hours. The reactlion mixture was then treated with
30.8 gms.(0.22 moles) of benzoyl chloride in z
amzll quantity of ether. 2 vigorour reaction followed
and a dark tarry mass was formed. The maierial was
refluxed with stirring for 4 Bours,

When the rateriel was hydrolyzed with ammonium
chloride solution Iri a large guentity of sollid
materisl formed. It was separated by filtretion and
allowed to dry., In this way there was obtsined 16.5
gms. of substance rmelting at 152«1585°. After orystalliza-
tion from alcohol 1t melted at 159-160° and was shown
to be diﬁenzoyl hydrazobenzene by a mixed melting point.
The dibenzogl hydrezobenzene used for the mixed melting
point was prepared sfter the method of Freundlerlsf

The ether extractis were washed with dilute ammonium

154Freundler, €ompt.rend.,136,1553(1903).




hydroxide a2nd then with water. After following the
usual procedure for working up the products there was
abtainnd 4.5 gms.mnore of dibenzoyl hydrazobenzene
meking a total yield of 21 gms.or 547 of the theoretical,
The remaining material on vacuum distillution)
yielded 17.4 gms, or 80% of diphenyl. There wes alao
obtained o gms.,or 11.% of zxFmmx azobecnzene and 4,5 gms.
of benzanilide which no doubt resulted from the
decomposition of dibenzoyl hydrazobenzene during the
distillation.lﬁ{

Peactlion of styrylmagnesium bromide, azobernrene, and

benzovyl chloride,

Styrylmagnesium bromide was prepared from 0.87 noles
of freshly distilled G «bromostyrene and G.22 moles of
magresiume. A 0.1 molar quantiiy of agobenzene was added
and the material refluxed for 8 houra. Thon 0.72 moles
of benzoyl chloricde was added and the reaction mixture
stirred without hrating for 4 hours. A vigorous rcaction
took placec when the benzoyl chloride was sdded.

Yhen the materiel was hydrolyzed and worked up in
the usual manner 18.8 gms., or a 485 yield,s?
dibenzoyi hydrazobenzene war obtained. 1l,4<Biphenyle
butadircne was obtained in 77.77 yicld and 24.29 of
azobenzene was recovercd.

165%tern,Ber.,17,379 {1884),has reported a related

reaction.¥hen monoacetyl hydrazobenzene is hcated
it decomposes to give azobenzene and acetanilide.
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Peaction of phenvlocoat¥loncmasnenium bromids,

azobenzene, and benzoyl chloridec.

Frenylacetyleneragneslun bromide was prepared from
0.2 moles of phenylacetylens and C.20 moles of ethyl-
magnesium bromide. The ether which had bheen used as
a solvent wamr replaced Dy benzenz and 0.1 mele of
arzobenzene was added. PDuring the 16 hours refluxing
there was bho evidence thet 2 reactlon had taken place.

In order to be aure that phenylacetylenemagnesium
bromide was still prescnt after the refluxing a2 small amount
of solution wan removed nshd treated with carbon dioxids.
ifter hydrolysis,phenylpropiolic acid was obtained and
identified by 2 mixed moliing thus proving the presence
of phenylacetylenemagnesium bromide. Some azobenzene
was also rccovered,

Hoping to isolate any small amount of reduction
product by conversion to dibenzoyl hydrazobenzene there
was added to the reaction mixturs 30,8 gms.{(0.22 moles)
of benzoyl chloride. The reaction was not a vigorous ore.

%“hen the naterial was hydrolyzed with ammonium chloride
solution and worked up as in the previous benzoyl chloride
run thefa was obtained 0.4 zgms. of benzamide which was
doubtless due to 2 reaction of the Hmmonium hydrozide

used to remove excess benzoyl chloride. There was

- peecvered 17.7 gms.(94.2%) of azobenzene and 15 gms of

1icuid boiling between 150° and 210° was obtained, This

liguid in all probability was Tormed by the sction of
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“ Yenzoyl chloride and phenylacetylenemegnenium bromide

“ER e

ahd was not studled further,

Reaction of ethylmasnesium bronide, diazoaminobenzene

‘and benzoyl chloride.

To n solution of 0.30 wmoles of ethylmagnesium bromide
there was ndded 0.1 mole of diazoaminobenzene. A reaction
toolr place, although not a vigorous one, with the
evolution of & gas. Dince no large quantity of
preciplitate had formed, refluxing was continued for
16 hours. Tran 0.33 moles of benzoyl chloride was
addod 2nd a vigorous reaction took place,

After hydrolysis with ammonium chloride solution
the reaction mixture was worked up in the usual way.
There was obtalned s total of 16 gms.,or a 31,37
yield, of symudiphenyl tribenzoyl triazane. It
crystallizes from 2lcohol in needles melting at 160=
1619, Yhen hydroiyzed by boiling with concentrated
hydrachloric acid a 2 gme.sample of this product
yielded 1.6 ghma. of benzolic zcid, 0.6 gms of anilinme
hydrochloride and some ammonium chloride.

There was aleo obtainred 2.5 gms. of benzenilide and
BoC gms. of benzamide from the reaction mixture.

Reactior of benzylmegnesium bromide,p~dimethylamino-

azobenzens, and benzoy) chloride.

To an ethcr solution of 0.22 moles of benzylmagnesium
chloride there was added (.1 mole of p-dimethylaminoazo-

benzene in benzene solution since it was more readily
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eolubie in henzene. The maleriesl was refluxcd for 8
hours after whiclh C.20 moleg of henzoyl chloride was
added and refluxing continued Tor another 8 hour
period. An amorphous preciplitate had formed.

The material was hydrolyzed wiinh en 2mmonium
chiloride molution and worked up in the uwsual manner.
when moat of tho solvent hed been removed by distillation
S.gms.of crystalline material was obtained. It was
found to be composed of £.0 gms. bvenzamide and 1.9 gms.
of = subrtance which melted at 160-161° when crystallized
from alcohol. T4 was fairly soluble in satkher and formed
a crysatnlline procipitaste when treated with dry
hydrochloric acid. Mo doublt Lhis material was the
dibenzoyl derivative of p-dimethylaminoszohenzene
since it wes prepiped in the way that had given good
yieldz of other dibenzoyl derivatives.

The remalnder of the reaction mixture did not
crystallize well so it was voacuun dlstilled to obtain
the other products. In this way 12 gms.,or a 6569 yleld,
of dibenzyl was obtelined. After the dibenzyl had
dintilled over, the reslduec came over ihrough the
wide range of 140~280° at 3m.m. Prom this distillate
trere wos oblained a small amount of benzanilide
wrich wes identiflied by a mlixed meliing point. There
was aléo obtained a small amount of another sudbstance
melting at 223-025°, This waws very likely the benzoyl
derivative of p-dimethylamino anilinel7ﬁ
178Bornstein,Ber.,29,1479 (1896).
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((CHz)oN.CgHa RE.CO.CsHg), which ia described as
melting at £28°,

Reaction of ethylmagnesium bromide,azobenzene and

agetyl chloride.

T0 an ether solution of 0.22 moles of ethyl-
magnesium bromide was addedfx O.1 mole of azobenzene.
After about 10 c.c. of the azobenzene solution had been
added the evolution of a gra began and a white
crystalline precipitate commenced to form., To insure
complete reaction the material was refluxed for 8 hours
although very little gas was evolved after all of the
azobenzene had been added. Practically all of the
calor bf azobenzene disappeared,

The reaction mixture was then treated with 19,5
gms,. (.25 moles) of freshly distilled acetyl chloride.
A vigorous reaction took place. After refluxing for 8
hours the materisl wes hydrolyzed with an ammonium
chloride solution,

All gas evolved from the beginning of the
experiment until after hydrolysis was bubbled through
a solution of bromine in carbon tetrachloride. The
bromine solution lost only a little of its colop and
a small amount oﬂbydrogen bromide was formed, Whan
the solution was worked up 12.2 gms.of liquid boiling
between 80%and 166° was obtained. At no point was the
temperature constant. Undoubtedly the gas evolved
was a saturated hydrocarbon and whet bromo derivative

that formed wes the result of a substitution reaction.




The =ther extract from the original reaction
mixture was worked up in the uzual way. After standing
for a few days, 5.8 gms.,or 26.6%,0f monoacctyl
‘hydrazobenzenelsbhad formed. Its identity was proved

by a mixed melting point.

The remaining oil did not crystallize after standing

for several months. Various solvents such as glacial
acetic acid, dilute acetic acid, alcohol, benzene, and
ether were employed and the solution seeded with
diacetyl hydrazobenzenelgkbut none of this compound
could be made to crystallize,

In aﬁother run following the method used in the
one Jjust deseribed except that 0.33 moles of acetyl
chloride was u:ed there was obtained 5.6 gms. or
24.7% of monoacetyl hydrazobenzene. The same
viscous oll was obtained as described in the previaus
run.

An attewmpt to purify the material by vacuum
distillation was unsuccessful., It dilstilled over
through the wide range of 160° to 210t 3 m.m. The
distillate appeared to be the same viscous oil, All
attempts to crystallize it wers tnsuccesaful.

18%Monoacetyl hydrazobenzene used for the mixed

melting point was prepared after the method of

bstarn.Bar.,17,379(1884). _
19.Diacetyl hydrazobenzene was prepared after the

method of Sshmidt and Schultz,Ann.,207,320 (1881).
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In a third run,following the same procedurs as in
the previous runs and substituting 0.25 moles of
freshly distilled acetlc anhydride)ﬁ.o §HiS AXK Or &
yicld of Qﬁ.lﬁJof monoacetyl hydrazobenzene was
obtained Besldes the usuel heavy oil. This time £h9
heavy oil was oxtracted with hot water and this hot
water extract boiled with boneblack for an hour. The
resulting solution (about 1 liter) was filtered and
allowed to evaporate. After about 10 days some crystals
were obtained which melted st 104~105°. They were
shown to be diaceiyl hydrezobsnzens by.a mixed melting

point,

Reaction of phenylmagnééiuﬁibfgmide, gzcbehzenc, and

acetyl chloride,

Using 0.22 moles of phenylmagnesium bromide and
0.1 mole of azobenzene the usual reaction occurred. The
material was refluxed for 8 hours and then 0.33 moles
of acetyl chloride was added. Refluxing was continued
for 8 hours,.

%hen the products were worked up 4.6 gms.or a 209
yleld of monocacetyl hydrazobenzene wes obtalned besides
the same heavy oil described in other runs. Ry vacuum
distillation there was obtained 12.3 gms.or 80% of
diphenyl besides 1.0 gms or 5.56% of azobenzene.

Reaction of phenylmagnesium bromide,azobenzens, and

diethyl sulfate.

An ether solution of 0.22 moles of phenylmagnesium

bromide and 0.1 mole of azobenzene was refluxed for 8
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hours. Then 0.32 moles of diethyl sulfate was added slowly
and the mixture refluxed for 8 hours.

After hydrolysis with ammonium chloride solution the
residue from the sther extractions was vacuum distilled.
Diphenyl was obtained in a yield of 12.5 gms. or 8l.1%.

A fraction of €.5 gms.of liquid was obteined between
140° and 155° at k&xmx 1.5 m.m.(B.P.of sym=diphenyl
diethyl dydrazine is 141% at 1 m.m.) On a predistillation
1.5 gms. of product was obtained distilling at 140-145°
at 1.5 m.m. It was probably sym-diphenyl diethyl
hydrazine, but it did not give the charactnriatiqﬁolor
reaction with acetic acld which Wieland and Fresselgob

mention.

Reaction of phenylmagresium bromide,azobenzene, and

phenyl isocyanate.

After 0.22 moles of phenylmagnesium bremide and 0.1
mole of azobenzene had been refluxed in ether for 8 hours,
26.2 gms.or 0,22 moles of phenyl isocyanate was added
and refluxing continued for 4 hours. On hydrolysis with
ammonium chloride solution 14 gms. of ether insoluble
material was obtained. It melted at 170° ard when
recrystallized from either alcohol or benzene it melted
sharply at 176°. §hen hoated, and odor of phenyl
isooyanate wes produced and a red color appeared. Diphenyl
diisocyanate (CgligCNO)g also melts at 175° but the

20% Wieland and Fressel, Ann., 392,133 (1912).
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product did not glve the reactions described for this
compound . |

The ether solution yielded x23X 12.3 gms. of a
mixture from which azobenzene wan removed by washing
with petroleum ether, 'The residue after recrystellizing
from aloohol gave 3.5 gms.of pure benzanilide doubtless
due to a reaction between unused phenylmagnesium bromide
and phenyl isocyanate, There was aiso cbtained some

carbanilide and 5 gma,., of diphenyl;

Reaction of sthylmagnesium bromide, azobenzene, and

phenyl isocyanate.

~ An ether solution of 0.22 moles of ethylmagnesium
bromide and 0.1 mole of azobenzens was refluxed for

8 hours. Then 0.22 moles of phenyl iaccymnate was added
and tefluxing continued for 4 hours. The reaction
product was hydrolyzed with ammonium chloride solution
and 11 gms. of ether insoluble material was obtained,
Prom this there was {solated & small amount of the tri-
polyméf of phenyl isocyanate (CgHgCNO)s meltihg at 276~
276°. It was identified by a mixed melting point. There
was also obtained by repeated crystallizations from
benzene and aleéohol 2 other compounds. One of these
came out in needle-like cryatals from alcchol and

melted at 178~9%. A mixed melting point with the 175°
compound obtained in the previous run was 160-165°,

The other product was also crystalliged frbm aleohol and

melted at 185-1869,
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The ether extract from the original r~action

mixture yielded & heavy oll from which the only product odtained'

%88 azobenzene.

eaction of ethylmagnesium bromide,hydrazcbenzene,

and phenylysisoeyanate,

To an ether solution of 0.72 moles of ethylmagnesium
bromide there was added 0.1 mole of hydrazebenzenes. A
vigorous reaction took place with the evolution of a
gas., The mater ial waé refluxed for 2 hours to insure
completion of the reaction. Then 0.22 moles of phenyl
Isocyanate was added and the resction mixture refluxed
for 4 hours more.

The materlial was hydrolyzed with ammonium chloride
solution and i4 gmg. of ether insoluble substance was
obtained. It melted between 185% end 220°., After
several reorystallizations from benzene and also from
alcohol, the only products which could be isolated
were carbaﬁilida and & materiasl which crystellized
from benzene and melted sharply at 212°, It was
almoat completely insoluble in alcohol and was fairly
soluble in benzene. It does not have the properties
of the di-phenyl isocyanate derivative of hydrazo-
benzene which is deseribed as n gray, amorphous
substance insoluble in benzene and melting at 218°
to 220° 21f

21%.Goldschmidt and Rosell, Ber., 23,487 (1890).




Summary.

1.The reducing action of a number of Grignard
reagents with azo compounds has been studied,
All results indicate the mechanism of reduction
to be:
RNSNR + 2R'HgX — R, MMgX.NMgX.R +R' =R
R. NMgX . KilgX«R + 2Hp0 —R.HH.NH. R +2ugBr(on) -
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