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Li

eland ané Zoseeul itreatec nitrosobenzene, Cglisld,

o

with phenylmegnesium bromide, CgHsligBr, and obtained diphenyl-

hydroxyl amine, (Cgls)2ii0Z. 7The nitrosobenzene was dropped
into the phenylmagnesium bronmide =t a2 temperature of -13°.
reaction:

AT

n=0 gBr /:E:O":.:gBr EULOZ5S

O + O O CE O‘O + HE3r{CH)

tha

However in a later article™ vney state th the above is the
expected reaciion by comparison of the -L0 group with the
=C=C group but that as a rule the reaction Coes not stop 2%

-l

the RUYZ'")E-0-1gL is reduced by a2 second mole of

we .

this svage

b

R'UzT and the oxygen made available converss the R'igi into

i zu,..
R'QLgX:
R{R'jEOMgZ - Z'ligl —) E(R')IMgl 4= R'0xgX

Tre conplete reaction would then be:

ol S X P

R=-10 RN > R(R')X0MgX __~_;__>

1g(0)X
Mg(O0H)X

++‘

R'CHgY . <~ HOH -—=—)» R'0OEH
In the complete reaction one molecuvle of the nitroso compound

D T or

woulé consume two molecules of igi.

1. 7ieland and Roseeu, 3Ber. 45, 424-9 (1812).
2. vieland ané Roseeu, Ber. 48, 1117-21 {1915].

i



rom our ¢ata the above interpretation of tThe reactiion
coes not appear o be #he correct one beceause:

(1, In this schere only two moles of Rzl rsazct with
orne mole of Cpgazlid wnile experimental evidence
shows thabv three noles react.

(2) There is alweys a large enount of Ciphenyl produced
which is not accounted Ior by the atove scnene.

(3) There should be a wmolar relation betwesen the amount
ol phenol and the amount of diphenylamine. Ain in-
spection of the subsecuent data reveals that the
anount of diphenylamine 1s larzge znd the anount of
phenol is very small teing only that whic h results
from the oxidation of the gl by the air ané ether
under the conditions of the experiment. ZIlank runs
using only the gl gave the same amount of phenol
as the reaction nmixture.

Fronm our data the reactvion may be exXpressed as:

¥0 gk
Ot 'O+ = G+ OO + e +
Xgol3re

The first step in the reaction is no doubt, as jieland and
Joseeut suggest, vhe formation of the addition compound
(0555)2R-C-ng which on treatment with water gives (CgEs)giiOH.
«e have Cuplicatved their experiment anc obtazined the &iphe-
nylhydroxylamine, (Cgils)pXCE, in reasonable yield. ijowever

when the diphenylhydroxylamine was treated with phenylmag-



-

nesiun bromide iv ccasumed three eguivalents, the first
uite probably fornming the same adcdition prodGuct as resulis
fron nitrosobenzene and phenylmagnesium bromide, namely
{Cgiizioh-U-1igBr. Tals compound tren consumed tro moTe
eguivalents 0% prenylmagnesium bromice before giving a pos-
itive test® for excess g, Thne reaction mixfture on being
decomposed with dilute acid and worked up in the usual wey,
as Cescribed below, yrielded diphenylanine (40.25), Cipheny
{70.1,5) and 2 small amousnt of pkenol {1.08 z.) bubt %nis
anount of phaencl was shown to be obiained in a blenxk run
when CiphenylhyGroxylamine was absent.

The reection o2 nitrosobenzene also yielided, as wieland
andi Roseeu report, small amounts of azobenzene. Small quan-
tities of p-phenyl ciphenyl, (OO ), not mentioned by
wielanéd and koseeu, were also isolated.

Wieland and X0z € g{reated p-nitrosodimethylaniline
((033)2H<:3>HO) with phenylmagnesium bromide in the hope of
obtaining phenyl-p-dimethylaminophenylhydroxylaaine
(p-(CH3)23<::>KZE§ ) but the product was found o consist
largely of a substance regenerating (CHg)zK4C:>§O on decon-
position with water, and some (p-(CHs)gﬁ-<:>.H:)2. The
erude product of the reaction gave with dil. ECl a carmine
red color. This may have been due %o p-(CHg)gch:>-HH<::> .

3. Gilmen and Schulze, J. aim. Chem. Soc. 47, 2002-5 (1925).
4. viieland and ¥0gl, Ber. 553, 1798 (19227.



Also p-tolyl- and ethylmagnesium bromide reacting with p-
nitrosodimethylaniline gave p~p'-cimethylaminoazobenzene.
p~litroso-toliuene, (3330 N0), reacting in the colé with
phenylmagnesium dromide gave the expecield p-ifolyl-phenyl-
nydroxylamine (Cligo- .{% 2 body very similar in ivs

properties to diphenylhydroxylamine.

ZXPEZRINERTAL

reT T
JE S

J
C)

L

P

RSLC0TI0K O HITROSCSENZERE AND PHENYLXMAGHESIULN Bl

The nitrosobenzene (10.7 g., 0.1 mole) was dissolved
in about 30C cc. of Ary ether in e three-necked flasik fitted
wish a reflux condenser, stirrer, dropping funnel and a Tube
for passing pure, dry hydrogen thru the flask. Prenylmag-
nesium bromice in ether solution was added drbpwise with

st

Wy
P

rring end at the same tvime hydrogzen was passel taru the
flaskx. The heav of the rezetion produced a gentle relfluxing
of the ether at first but which was consideradly less vigor-
ous after the eddition of one~tenth moie ol JgiziigBr. A
brﬁwn precipitate eppeared at first which later darkened znd
disappeared.

After 0.1 mole of CpiiziigBr was added the reaction mix-
ture gave no test for excess RigX; 0.1 mole more was added,
stirred 6 hours ant it then gave no test for excess R.ig¥;

0.05 nole more was added and allowed tc stand over nignt



2ver whicz iv still éid not show an excess; C.00 nole
nere was adéed making a total of approximately 0.2 nole
{three equivalenvs) after whick ithe reactiozn cortinued %o

-

show an excess 02 RigX evern afier 24 hours stirring.

The reaction mixiure was then decomposed by the addi-
%ion of small bits of ice, the ether layer separated and
¢ried cne hour over Calls, filtered and the ether evaporaied
by water-pump suction at the same time 2 slow streanm of
hydrogen was passing over the etrer. 7The ether was evaporat-
ed until the residue solidified, then 50 cc. of petroleum
etvher were adfed and cooled to crystallization in an elZort
to obtain {Cg¥ploilE bubt only divhenyl, Cglis-xHsCe, Separated.
The petroleunm ether lgyer was then extracted withk 5adi solu-
tion To remove the dhenol which was separated as tri-bromo-

- -

phencl, 5.4 g. eguivelent to 1.53 g. dhexnol belng obtainred.
A blank run to determine the amcunt c¢f phenol proluced in
CglisifgEr when subjected to the same conditions (stirring in
the flasxk with 300 cc. of &ry ether and with a stream of hy-
¢rogen from the saﬁe tank passing over it gave 1.53 z. of
vhenol. |
The ether layer was then dried with CaClg and dry :iC

passed into it to precipitate the (Cgis}eli=HCl, whick was
filtered out. The ether was then evaporaited and the residue

vacuun distilled:

Fq -- 120°-150° most at 130°/11 mm. 10.3 g. (red)



Fo == 150°-200°/11 most =t 165°/11 mm. 1.8 g. (very red)

Tg -- 200°-250°/11 1.1 3.
¥4 -~ Resicue 1.4 g.

F; and Fg being red, incicative of azobenzene, were combdined
and dissolved in glacial acevic acid and zine dust addled.
The reé color was immediately cischarged, tvhe 2z0 ccapound
beings reduced to hydrazo compound. The acetic acid was neu-~
tralized a2nd extracted with ether, the ether layer separated
end dried with CaClg and dry 0l passed into it to precipi-
tate the hydrazotenzene hycdrochlorife which was filtered out,
1 g. being obtained. The diphenyl obtained from the evher
solution amounted to 11 z. (76.4%).

Trhe precipitete of erade diphenylamine hycdrochloride
was treated with Nal0H solution and exvracteld with ether, the

ether evaporated and the residue disvilled:

Fraction 1  B.p. 160-170/11 mm. 5.6 g.
Traction 2 170-260/11 mnm. 4 z.
Fraction 3 Residue 2.1 g.

Fraction 1 was diphenylamine and melied at 52°. Yield 5.6 g.,

33.1%.
NITROSOBINZENE AND PHENYIMAGHISIVM BROMIDE

Second Run. Ten ang seven-tenths grems (0.1 mole) of

nitrosobenzene, Cgigi0, were treated with 0.3 mole of phenyl-
nagnesium bromide, CeEsiigSr, in the manner described in the

rrevious experiment. The reaciion mixture was allowed to
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standé over night and was then decomposed by the adcaition

of small bits of ice in sufficient amount to have tiae
#g(0H)Zr renain ac a thick paste Lrom which the ether layer
was poured off. The ether, after éryinz for one hour with
CaCls, was removed By evaporation at 20-25° unier a vacuum.

sh oil remzined. Aiddéition of vetroleum ether at

p»
H
(4%
o
'Y
e

Tirst took this into solution but the furiner addition (o0 ce.
tot2l) threw out an o0il. The sddition of benzerne took the
0il into solutbtion but on coolinz an oil was always obtained
instead o? crysials of dighenylhycroxyl amine, (Cgis)pliCH, as
was expected. Repeated trials always proéuced an oil. This
0il showed 2 gualitative test for (Cszils)piCi reducing ammoni-
acial Agli0z in the cold. The 0il was separated and the last
traces of petroleuwn etizer removed under vacuunm. After keep-
L1z Tor 4 days at a temperature of 0° the meterial had not
grystallized and nad shown consicerable &arkening.

The petroleum ether layer alter separation of the oil
wes extrected with La0zZ solution to remove the phenol which
was separated as the tri-bromophenol yieliding the equivalenwy
0f .35 g. of phenol. The petroleun ether layer was then dried
with Callp, and 01l gas passed in to precipitate the diphenyl-
emine as the hydrochiocride, which wes filtered out and worked
up in the usual manper yielding 3.5 g. (20.7%) of ciphenyl-

anine melting at 49-51°. (ilso a residue of 1.2 g. after

¢istillation. )
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The filtrate after remcvael of ithe (CgkglohZ+Ell was
vacuun distvilled:
Fraction I -- 1£39-150°/12 mm. 7.1 g.
rraction II -- 150°-120°/12 mm. .o z.

‘-~ Resicue 1.4 g.

Traction IX

7.1 5., 32.7:. Fraction II on crystallization from alcohol

the originel phenylmezgnesium bromide solution from which the

.2 nole of JgilgligBr used in this experiment was taken, gave

.63 z. ciphenyl per 50 cc. (.1 mole)} and .15 z. dhenol per

50 cc. (.1 mole) oxr a total for the .3 mole used of 2.07 g.
diphenyl and .48 g. thenol. In calculating the yields from :
the reaction tnese amounts were defucteld from the amounis of ;

products obtained.

w w N TTMDA TH 7R : TEEVTICAATRSTINY RDMIITDT AN QUR ¥
P&..J:‘.CTICQ UF I'-‘J.lngSGB.JL’l.‘J.’.‘»‘L JL!.\D EMJL\‘.LJ.:";.AGL- Lo Ll‘:". B?\O‘dluq ;.T TI‘..‘.‘J :

)

The previous experiments heving failed to produce any
appreciable amount of phenol and not an entirely satislactory
vield of &iphenylamine, this experiment was carried out with
refluxing of the reaction mixture in an effort to force the
reaction to yield if possible these products. The yield of

phenol was still neglizible bubv the yield of diphenylanine



was sonmewnat increased uncder vnese conditions.
This run was carried ouv with the same eguipment as

-

tne previous ones. The ether solution of 10.7 g. (0.1 nole)
of nitrosobenzene, Cgiiziyu, was heated to boiling on the water-
bath ané phenylmagnesium dromide added slowly. alter zhe
atéition of 0.2 moles of Cgimdgir and at the end of O hours
the reaction mixture showed no test for Iigx. Lnother 0.1
mole CgHsllgBr was added, making & toval of three egquivalents,
anéd the refluxing continued for a totel of 23 rours, alter
which CgHgig3r was still present in excess.

The reactvion nixture was then decomposeld with ice, the
ether layer separated znd evaporated as in the previcus ex-
reriments in an effort to obivain diphenylhydlroxylamine,
{(Cgfg)okC, but none was secureG. The material was then ex-
tracted with alH solution %0 remove the phenol, which after
working up in the wsual nmaaner yielded .35 g. phenol.

sfter the FalH exiraciion the ether layer was dried and
EC1 zas passed in to precipitate the (CgHg)oNH.HC1 which was
filtered out. The free amine was obiaeined Ifrom vhe hydrochlo-
ride by treating with HaldH solution and extracting wiith etner.
The ether was evaporated and the residue vacuun distilled:

Fraction I -- 180-180%/14 mm. (ilost 165-70°) 7.2 z.

Fraction II ~~ 180-2500/14 mm. .2 z.

Fraction III -- Residue 2.8 g.
Fraction I was practically pure Giphenyl amine melting av

51-52°, the percentage yieléd being 42.6. *Fraction II was
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tarry and was not worked up.
Tne filtrate after the removal of (Cgizlgiu-lCl was
freed from ether azd vacuum distilled yielding:

Fraction I -- 120-140°/14 mm. (los% a% 130°) 10.4 .

Freection II -- 140-200°/14 =m. -
Frection III -~ Residue 1.9 g.

- . - . N - - 0
Fraction I was practically pure diphenyl melting atv 6¢-70 C.

e

ne yieid after deductving vae 2 g. present in the Tigil solu-

p=4 -~

3

tion at the start was 54.55. 3oth fractions I and II were
tinged lightly red cdue no loubt to azobernzene but not in suf-
ficient anount to sevarate. The quentvity of phenol, .85 g.,

is no more %than occurs in & blank run.

- - AN A T TN ——— vy - sve
RTACTICH COF NITROSCBERZTHE WITH PHERYIMAGRISIUL! BROITIDZE AT T4

BOILING POINT OF BEEZXhg ;

Since the yield of diphenylemine was lizhtly inproved by
£
v

refluxing the reaction mixture in the previous experimenti i

seemel Gesir ble to try the effectv of a still higher tempera-

jure. Accordingly, this reaction wes carried out in boilin

Ad

65]

benzene. Instesl of obtaining a larzer amoun’v of diphenylanmine
than in the previous runs, the yield was muenr lower, accompa- |
nied by much tarr; material; the amount of diphenyl was aboutl
the same as in the previous runs but was accompanieé by = large
amountv of & very nigh toilihg product; the samount o phenol,

N Ay,

rowever, was larger than in the previous rums bubv th

| 2
0n
=t
o)
0]
o]
o]



coubt Cue vo the refluxing et the higher temperature. 7The
coaclusion is that The higher tenmperabture dces nos force the
reaction to yield diphenylamine bui tha®t it prceceeds in a
Zifferent Qirection or else thne nigher temperaiure produces
The ecuipment used was the sane as in the previous runs.
The nitrosobeanzere 10.7 g. (0.1 nole) was Cissolved in 200 cec.
of benzere 2nd heated to boiling on o steaz bath. Zheayinaz-
nesium bromide was added dropwise. sfter the addition of ap-
zroxinately 0.2 nole the reaction mixture gave no testv for
igX but alter the addition of 0.4 nole, anld at the end of
Tour nhours refluxing, showed the »rescnce of excess lgX.

ent ice to

(o8]
b—l
4]
i3
[WH
]
ct
3
D
51
w
n
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&)
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13
et
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o
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13
3
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¢t
:31
a
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zive a paste of lig{CH)Br from which the benzene layer was
noured off. The phenol was extracved from this benzene leyer
with XalX solution, the solution gcidified with XC1l, and the
vnenol extracted from this acid solution with ether which wes

then separated, dried ané carefully evaporateld to give 3.4

09
q
L ]

of crysvaelline phenol.

-~

The benzene layer after removal of the phexnol was dried
an@ then !IC1 gas passed ir to precipitate the {(CgH5)gRi<il
which was filtered out. The free smine was obtained by vreal-
ing the hydrochloride with NalX solution and extrscting with
ether. The ether was evaporated and the residue vacuun dis-
tilled:



Fraction II -- Residue L7 S
Traction I was pracitically pure cdiphenylanmine maliing ot £29,

The benzere layer aXter the reooval of ithe hyérochloride

Freetion I -- 125-60°/18 mm. Ted S
) 2 - 1602769 /% 5 oa
fraction II -- 160-2507/3 mm. 5.5 5.
Fraction IiiI -~ Residue 4.8 Ze

“raction I melted at 70° and was pracitically pure diphenyi.
Toval yield, 7.4 g.; percentage yield, 22.5:. (Zased on one

mole of ciprenyl being obtained from one nmole of nitroso con-

(4]
I3
ct
(o
13
ct
ol
o

. pound, but deducting 2.4 z. Ciphenyl which was »nres
- quantity of Grignard reagent used, vefore calculating the per-
' cenbage yield.)

Traction Il was slightly yeilowish trown in color and

Q::

ieided an identified compound.

e

very viscous. It has not yet

REACTIOR OF NITROSOBERZENI AND REENYIMAGKRIESIUI BROIIDE

This run was made under the same condivions as the first
run at room temperature with the exception that a smaller
anount of nitrosobenzene was used. The nitrosobenzene, 4.6 g.
(.043 mole), was dissolved in 100 cc. of éry ether ané treated
slowly with three egquivalents of phenylrmagnesiux dromide. The
reaction nmixture was decomposed with 100 ce. of 1:5 XC1 and the
ether layer separated ané exiracted with 100 cc. of 10 Hali

solution in order to remove the phenol. The sodium phenolate



thus removeld was azcidiZied and brominated whereupon Z.1 g. of
N o~

tribromovhendl, equivelent o 0.6 g. phenol, were obizined.

The ether sclution was then dried ané Ziltered znd the &ivre-

s
b

vlamine precipiveted as the Lydrochloride. This was Ziltered

ouv, Treated wwith Nali sslution =nd the free amine extracteld

-, -

eing obtained.

o
(2]
ny
.
0N
()
L]
c:
.
>
< a
(&)

with ether and vacuun distill
Tre ether 2 1uraue frcr the amine hydrochnloride was vacuun
Gistiiled and yieldel o.1 g. of diphenyl. Aifter dedueting the

nenyinagnesium bromide solu-

PRERARATICE OF 8~-a~DIPHEENYIEYDROIYLANINE, (CgiZszignlH, FRCL KI-

TROSCRENZENE ARD PEERYIRAGNZSIULN BRCHIDZE

Following the directions of ieland axznd zoseeut

in ninute
detail using the same amounts, temperature conditions, etc.,
a~g~-Giphenylhydroxylanine wes obtained. The compound was prac-
tically white immediavely after crystallization and melted at
60° {m.p. 60°). 1I% was placed in a vecuun Gesiccaior; efter
one Cay the compound hal darkened somewhat; after two days con-

iderablie decomposition had takxen place and later the materizl
became liguid; after several days it again solidified and ap-
peared like diphenylanmine.

In a previous attenpt to prepare divhenylhydroxylamine

.25 mole of phenylmegnesium bromide was treated in the cold
with .1 mole (10.7 g.)} nitrosobenzene. The diprenylhydroxyl-

emine was no doudt obtained but could not be made to crysial-
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- lize. i235er excessive decomposition had occurred anf hope

of obtalinirng a crysielline comnound was given up, the reaction

yislcded:
Liphenylanine -- 6.1 z., 2.p. 53-4° 36.1:5
Iiphenyl —= 5.5 £., T.p. 10° 27.6,7%
Zhencl -~ .3 g. 9.0:3P
p-Thenyléiphenyl -- .2 g., m.p. 203°

b. This zzount of phexnol wals o nall-s wresent in the phernyrl-
ragpesiwa romide solution.

S AmTAT A - eyerT < r airTater seemy memATYTAC A ATQ e
SACTICH OF g=g-_I121T70 YOROXYT/OIDE L0 PNV IIAGIESTICN

AN vy

=
SVl &4

a-a~Diphenylhydroxylenine was prepared by Tthe methol of
ieland snd Zoseeut by treating nitrosobenzene with phenylmag-
; nesiun bromide. The diphenylhydéroxylamine (¢.25 g., 0.05 mole)]
- was dissolved in 200 cc. ¢f &ry ether in g 1l-1. three-necked
flask fitted wiitk 2 mechanical stirrer, rellux condenser, Grop-
ving funnel and e tube for admitting dry hydrogen. Thenylmaz-
nesium dronide was added &ropwise. The first eguivalent {.05
- mole} of CgisiigBr reacted immediately on addivion, quive pro-
bably replacing the I of the hydroxyl group by -lgEZr o give
(Cgilz)onllgBr. This compound is the result of the first step

in the reaction of nitrosobenzene with phenylmagnesium bromide.

ter the addition of 2.5 ecuivalents (0.125 mocle; of CgilskigETr
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The ether layer after the removal of the phenol was
aried with 1agSC, and treated with dry 01 whereupon 5 z. of
Ciphenylamine nydrochloride were precipitated and then Iilter-

ed outv. The ether layer was then evaporatel and the residue

Fraection I -~ 250-275° --= 5.1 z., m.p. 68=-70°

)

Fraction II ~- 275-310° -~ 2.8 z.
‘Frection I was treated with etiuer~IfI and .J g. of hryérochlo-
ricde precipitvated; this was fiitered out and the ether evapo-

"rated leaving a residue of zbout 2
a

{jo]
L]
S.
[
Q
g
2]
Q
|~
<t
]
(o]
4]
ct
[e2)
Cl')

This was combine

iving a mixed melting point with pure ciphenyl of 69°. vielad

The combined amine hydrochlorices {5 ~. and .3 z.) were

: treated with Lali solution, the amine extracted with either, the
b4 ?

‘ether dried over IagSCg, evaporated and the residue vacuun dis-

- tilled:

Fraction I -- 160-2°/11 mm. -- 3.4

03

This material melted at 51° and save a mixed meliins point of

52-53° with pure dipkrenylamine. Yield 40.2°.
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ZOTES OB TaBIZD I

a). The punber of grams listed in each experiment is the vo-

ané thenol are present in the phenylmegnesiun brozide solu-

tion. The guantity of dirhenyl presexnt in an etlier solu-

using this figure as a basis for caleulatvions the guantity
of divhenyl preseat in the Grignardé soluticn used was Ge-
cucved from the quaniity isclated beicre fizuring the per-
centage yield. The »ercentage yields were calculated on

the basis that one mole of nitlroso compound preduceu one

mole of divhenylamine arné one mole oI diphenyl thus:

-

Zxanple: In experiment III, page 9, 1lU.7
Cegidsri=0 reacting with 0.9 mole CgHpligdr produced 1J.4 z.
Cgisislg- There was present al the staryv in the S.o mole

5
of JgHgligdr, 2 g. Sgisdslg (Geternined by anzlysis of an

Likewise, about 0.153 g£. dhendl per 0.1 nole Cgiizdigdr

is also present at the start. 7his cuantity of phenol is

= 54.5% yield of ciphenyl.
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increasel somewnatv aerencing or The concdivions under
whiceh the reaction is carried cut. IZlank runs unier n
£ the experimerst were nadlde 50 deter-

nine the exacsv cuantity o phenol resuiiting Iroo olidatic

—
o’

~-
.

The lower yields in txkis experiment are nc &oubit due o

the removal of the oil which was Zoped woulc yield crysvali-

See page 5 for a Giscussion conceraning ithe phcnol.

,-\
Iy
N

1 ]

4 small amount of p~rzhenyleizhernyl weas seraravec Zrom in

—
(¢)

-~
.

fraction which passed over immediavely following tne wegin

HJ

raction o2 ¢diphenyl. Tiere was prodably @ small amoun
present in all of the runs.

{£}. The nitrosobenzene used in all cf the experinments excen?d
Loe. V was obtaized Irom the Dascnan Yolal Jompany and was

Turified by vacuun sublimatvion.

TISCUSSIOR

In all of the experiments on nitrosobenzene the end »ro-

ducte have beea dirphenylanmine and cdipkenyl, when the reaction

A o

zoes to completion. If only one ecuivalent of p

ng
o
|
oy
l b
&3
V)
IS
o]
[¢)]
1]
;

bromicde reacts a-a-diphenylhylroxylamine, (3625}n30l, is ob-

tained. Small amountis of azobenzene as a side product are gb-



tained but thiis has Ddeexn suown Lo resulv from the exposure o

the Tigk To oxidation under

-20-

b

¢

case. Small zmounts ol heve teen ob-

'
@
'
-2

in eac

deen shown that nivrcsobenzene rceacts with three eguivae-

-~

of phenyimegnesium bromide; furthermore that (Cgilsip

foraing (CgisionllE3r which is the compowid resulting

L

also fronm the action of one egquivalent of CgZgisfr on Cgiizhd,

and the secondé and third eguivalenits going to form {Cgigleliil

onsegquently, the following course of the resction as
1

suggesbed by wieland and Roseeu~ does not appear rlausidle:
RETS 1igBr d=0-1gBr oy TREET o

-

Tnis scheme reacts only two moles of Cgislig3s

t0— 30 L500+0

/gCE /iﬁ CH
oo sa Q

L N

.3
1
’.Jn
ct
—
'
[&]
13
(o]
[&]
+y

CilsN0; it makes no provision for the large gquaniiity o di-

phenyl isolated in every case; and th

vy
[¢/]
2
i
5
(32
WD
cr
o)
(2]
k)
9
o
(e}
(]
=)
1]
[6)
|

fron the reactiorn mixture is no more than occurs in a
ran from the phenylmagnesiux dromide without using the

nitrosobenzene. Furihermore, Giphenylhydroxylamine which is

the procduct of the first step in the reaction reacts with

taree

-e oq

equivalents of ucuségzr 2orming diphenylanine ané ciphenyl.
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zsroup, orienting, on nhalogenaticon and nitravion, Vo the orino
o sia b5} . ¢ - - PR
ant rarz positicnsY. roxz bthis we nizghv write the structure

e -

LT npo anvs o -‘\"’U R P S dnm PR

QI NLuwXIl0SC Cpnz-.l‘, a8 + in waltn voie ni ufu.&'e:’. a%Ci

A ""’"‘71'

PrATSN N oy

Np¥iigé-ISr - | HE
OV 986 06 = 6o

In diphenylamine the nitrogen avom no coubi has a2 nege-
tive valence c¢f three {(-IZj. Thea in the transforaation of
nitroscbenzene o (ipnenylanine the niirogen aton shows a

n

’Jv

Erop in valence of four from {-if) %o (-E=j. 1In br

5. lageolé, J. em. 3oc. 127, 515 (1825;.

6. In this connection it 15 noted that Stieglitz and Curme,
Ser. 46, 211-20 (1513 ard Jurme, J. Au. Cchent. Soc., 39,
1143-75 {1213} have postulated the racdical PhK and its
concéensation ve Phk=JPh.
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igsr
(:) forming consumes O
g3

s
2 (:) form .nrc:)() consumes 4

o oA sl 2B N Y - -——qv:,\ T-q AT

Maal el vy U-A‘--“u DRETEYDANILINE ANT

PHESYIZIAGETSIUNL 3ROMITE

Pirst Dun. In orcer to try & Cdifferent and more siable

nitrosc compound with Rigi, p-nitroso-dimethylaniline
{p={Ciz)on-0gHali=C) was treated with phenylmugnesiur bronice
{CgliatizaT).

p-ritroso-dimethylaniliine {15 g., 0.1 mole) was ftreated
in the usual way with phenylmagnesium dromide. 7The reactiion

nmixture gave no test for excess Rigl afier Tthe addition of

uivalents tut after 3 equivalents continued to give a

(\.)"

2
test even after 48 hours.

The reaction mixbure was decomposed with ail. %C1l, the
ether layer senarated, the water {acid) layer then treated with
5EaCl and RHyCH and then extracted with ether which exiract was
addéed to the first ether layer. This combined ether layer was
then extracted with [ali in order U0 remove the phenol. The
phenolic extract was lost by aceidant.

The ether layer was then dried with $az304 and dry 1
passed in whereupon g large precipitate of emine hydrochloride

came Cown. The precipitate was black and tarry. The ether

was poured off from this precipitate and evaporatved, leaving



2iphenyl, m.p. 0S5-707.

(]

H

Ine precipivate of smine nydrochloricde was Sreated with
LalX colution, extracted with ether, wnhich wes evaporated off
ant the residue vacuuxm distilled:

Py -~ 220-230°/10 wmi. ~= 3.6 z. {terry)
2

I% was believed that Traction 1 containel the anine,
-(U“J)2E<:>Cﬁi<:>; it wes left in an ice box {temperature
-1°%) for one weex but Qi@ noi erystallize. It zave the fol-

lowing coloxr tests for the anine:

(1) (Cip)end) e D-zc1 _¥eCl3y Blue

-3

-

\ ﬂv-v'_ fal a4 ~ ﬂ':
(2,’ v .o\_'/u 23 vozo va3 (2543 - VIL3
-
o S~ a~C1 e P
Q0= & =5 Q
Y _______.__9
e k1 '_,,H.

O red -.\Cl 8
Yellow~red

Attempts at erystellization from various solvents have not

et yielded the matverial irn & crystallire forn.

Al
L
&
+3
-

0N OF p-NITROSO=-DIMETHYLARILILE AN
- PHERYIXULGRESIUL SRCNMIDE

Second Run. (At the Xoiling Point of Tther;. Due to the

Fisher and Valker, Zer. 21, 2612
8. Piccard, Jean, Zer. 46, 1845 (19



-

cially cdesired %o determine vwheviaer any considerable amount
02 phenol was formeé)] 2 second ran was made. ~L1sc, &ue to the
low yield of the cdiphenyl (£4.7.) and to the character of the

emine fraction it was believeé that the reaction had nct gone

ct
(0]

iTteen grams {0.1 nmole) of tue nitroso compound were
treated with 2 equivalends of TgHsligBr and refluxed in ether
for 40 hours. The rezction mixbture showed excess Rigll present.
The mixture was Cecomposed with waver, the ether layer separai-
el anC extracted with (‘ali %o remove the pherol whick was sepa-
ated as tribromorhencl yielding 1.0l g., equivalent ic .29 Ze
phenol. This amount ol phenol compares wivh the amount origi-

nelly present iz the Higl showing that phexol is not a reactiion

——————

vrocuct.
The ether layer was dried over night with 382504 end dry
HC1 passed in whereupon bthe solution was very pirnx at firss.

A blaek, terry precipitate of amine hydrochloride came down.
The ether layer was poured off and the diphenyl obtained from
it emounted %o 4.2 g. (27.3. yield, m.p. 68-9°, b.p. 250-5°).
The amine hydrochloride was treatveé with JalZ, extracted
with ether and sublimation attempted but this failed. Steanm
Gistillation was next tried but this also failed. The entire
product was then vacuum distilled boiling at 190-2900/3 mn.

dissolved in Cpiiz0H and crystallization awaived. Tp vo the

present time the material has produced only an intractable oil.



TAAMTATT AT rTmMDACA T TR R A ™
RCACTICH OF p=nITR0S0~ DIVETHYLINILIRTD AND

P

T e~y oy

EATYIIAGHESIUL BROUIDE

ol tae H-1=0 compound were Treaved with Two eguivalenvs of
CgilsiigBr in ether. The reaction nixiture gave ro iest Icr excess
Tigx. & third eguivalent of CgHgig3r was then added aanld the
evher poiled off on a steamn bath and then 200 cc. of 4ry utoluene
adcded ané refluxed for & rhours. The reasctiion mixiure then gave
no testv for excess Rigi. 1t was cecomposed with iis0, the btolu-

end extracted with IlalH 1o remove the phenol

(o]}

ene lsyer separate
wnich was separatel as the tribromopnenol giving 2.5 z. equiva-
lent %o .71 g. phenol.

iith 1:4 £EC1 to renove

ot

The toluene layer was then extractied
the amine. The solution turnel very red, indicative of the
amine, p-(CHy)oi-CgHa-KECgiis. 4 btarry substance separated in
the btottom of the HCl extracv. This was perhaps amine hydrochlo-
ride and was treaved with Nall ané extracted with ether, the

ther evaporated and alcohol added in the hnope of obiaining ery-
stalline anine but the material gave only a thick oil.

The red HEC1 layer was btreated with iced lalE solutioca. &
compounG separsted and was filtered outv. It gave z red color
on treatment with ICl; it wes wvery black, varry and leather-like.

sttempits av crystallization from various solvenis procuced only

tarry maverial.
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- - - —~ . h o~ 2o : - -~ /\,\
Jielded T.4 gz. (2Z%) of diphenyl, melting at 62-7C0°.

s My - T Ty o - .o Ay
Hoie Dol Of D- iL-RQ 4...;..4-.1.4. Sl ‘JJI-n._z AT P'l 1:1 -

T ASTIICITIT S

Llasioniuc Ll BAs\J&..
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i

equivalents (0.4 mole; oF Cgizigdr endé stirred fer & hours.
The reaction mixture was then Cecomposed with iHpl, The toluen
layer sepzratec aend exiracted with 25% ¥CE to remeve the phenol
wrich was separated as the tribremophencl, 15.4 g. ecuivalent
to 4.4 z. (47.9%) phenol, teing obtained.

"ne toluene lerer was then extracted wish three 100 cc.
tortions of 1:1 Zl1l. 4 large anmount of black, Tarry nmaverial

e sicde

[ 2%

n
O

separated and stuck to © T tne flasiz. This was sepa-
rated, c¢issolved in and washed from the flask with acetone, the
acetone evaporated, the residue treated with rali, extracied

the ether evaporated and the residue vacuwn Gistill-

=
e
ct
o2
(4]
ct
Y

lexr

-

ed, boiling &t 210—630/3 mn. The cistillate weighed 5.6

g.

‘.Jc

e
ct
ct
[0}
3]
ct
n
N
ct
Q
%
al
14)]
<k
fo
[ B
'_l
[y
N
34
ct
|
Q
3
jay

have yielded only an intractable
Thne acid extrzct was neutralized with ali whereupon a2
precipitate of perhaps p~(Tigipk-Cgiy-IHlgHs came down. It was
filtereéd out and unsuccessful attempis made to cerystallize it.

The toluene layer was then evaporated and 5 g. (32.55) of

diphenyl, CgHs-IsCg, b.p. 250-55°, obtained.
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STIZIERY OF ZPERIDNTS O p-IITrROSO-IINETHYLALILIDE AED p-RNITRO-
SDEPEYIANILING
TARIE II
Fo.: : Crams ¢ Products Ccbtained
& : Compound Used : and :loles of: anG Yields
Ig.: : Zoles :lgligigRr: : :
: :0f Comp.: :Calls0E:Anine :UgH55E504
1 :p-(SI?g)gI:-Cs@-H-O: 15. g. : «d : lost ¢ 5.63;: 5.8
22 {in ether) :.1 mole : i -~ :126.4%: 24.7%
2 ip-(Ciiz)gli-Cgilg.k=0: ™ . % . ,290 ;. 8. 4.2
23 . (in B b ;
d : (in boiling ether)k : 1 ==Y 5 == 27.5%
3 p-{CHz)on.Cgilg-I=0: L N A -
= - . - A
25 ifin boiling tolpene): : : = i —— 1 22.1%
. B - H . M H e:
1 oip-{0E5)oh-Calig H0g: 1646 go: 4 1 4L :5.6>% 5.
26 : {in tolueze) : .1 nmole: 1£7.9% 1 == 32.5%
NOTZS OX TABLID II
2. Believed 1o be p-({Cig)gli-Cgiy-Tilghs Irom color reactions

but has not yjev crystallized.

‘“mis amount of pheznol comnares with that orizinally pres
so'that none cane from the reactvion.

This larger amount of Cghgli is probably due o refluxing in
toluere.

Compouné was not very soluble in ether.

Does not inelude 21l fraetions

DISCUSSION
411 of tunese runs give rather unsatisfzctory results in
- the following sense:
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{1) The amine {if {ormed] is aprerentl;
together with mueh tarry side reaction or decomposition
product. Ihe amine7 g

ligroin, m.D. 130°.

{2) The yield of ciphenyl is much lower than that obitained
from nitrosobenzene.

However, the results 4o show that prenol is not a reaction
produet from the niitroso group and that the nitrec group zives
phenol ecuivalent to only one of its oxyzgen atoms. Altho ok
anines from both the p-nitro- aznd p-nitreso-&imethylaniline
have not yet cerystallized they are of the same charzcter. The
anount of Ciphenyl is also about the same in each oX these cases. .

It is again noted that the only apparent difference bde-
tween the nitroso and ritro group is that the nitro grour yields
in eddition phencl equivalent to one of ivs oxyzen atoms.

If an explanation is sought for the difference in reaction
between nitrcsobenzene ané p-rnitroso-dimethylaniline it must be
remembered that (1) nitrosobenzene is rather unsiable (Z2) is
very easily oxicized ‘o nitrobenzene (3] is not formed Irom ni-
trous acid and (4) shows peculiar orientation. 7The different
properties of p-nitroso-dimethylaniline make it possidle that

its difference may be due to its different nivrosoc group. This

Gifference mizht be expressed thus:

-E3=0



pre— SANAMTAN ATA ATMA AN CANTDCTITS TTAT T T r D
THZ REACTI0N 0F CREAWCUACGHESIUN ZAT.IiZhs UVITH ARG~

I7IC ITRO-COLPOUSNIS

Comperztively few stufies have been made on the ection of
the Grignard reagentv on nivro-compounds, and in those which have
beer nmade consideratle dilference in the end products and in The
course of the reaction has been reported.

ouree’ obbained @- @-dle thylhydroxylamine by the action

(o]

5
f ethylmagnesiunm iodide on amyl nitrife and nitroethane. Zewead

3 e

édes on niv-

(a3
H'

oC

| aatd

tucied the act

473
ct

on of aikxylzinc and alkylmegrecium
rous a2cid esvers and on aitro-parafifins., e found that the zine
alkyl usually employed in the preparation of @ -dial¥yihycroxyl~
anines can be acdvantageously replaced by zinc or megnesiun alkyl
icdides when nitrous acid esters are used bui not when nluroparaf-
fins are useé. With the nitro-paraffins the reaciion follows Two
courses, the gl adling 1o the enclic form of the nitro~compound
in two ways, producing in each case a (3 -dialkylhydroxylaminre,
the one conteining only one alkyl group derived from tThe RigX
used, the other coanvaining two.

Iocitsch 11 treated phenyleaceiylenenagnesium bromide with
nitrovenzerne in ethereal solution and found that & compound was
formed which, when decomposeé with water, yielded a hyérccarbon
of <he formula 516310 and melting at 87-88.5°. The constitution

of the hydrocarbon was not cetermined. Iie have rezeated thils

S. ioureuw, Compbv. rend. 132, 837 (1S01). T
10. Bewad, Ber. 40, 3065 ZI°OV
11. IOOltSCn, Ce ?uss. Phys. Chen. Soc. 35, 553 (1903);.
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. experiment and founé that the hydrocarbon was, ro deudt, Gi-

dhenyl-di-acetylene, CgistsC-C=C-CgHs, m.p. 88°.

Gd&olz investigated the action of ethylmagnesium iocdide on

nistrobenzene. Ile found that uporn the cautious a2ddéition 02 ni-

vrovenzene to a well cooled ether soluition of ethylmegresium
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with water, gave ethylaniline and a red uncrystallizable oil,

with an odor suggestive of almonds. This oil was not investigat-
b

eyonlé separabtirg it into three fractions.

. - 13

Piexard ang Xenyon in a short note give the results of

. some preliminery experiments on the action of orgenomagnesium

" kralides on aromatic nitro-compounds. They state that p-nitro-

toluene reacts very vigorously witn organomagnesium halides in
. ether solution formirzg an indefiniie amorphous yellow compound

- wnich, when trested with acids, yields principaily p-nitrosotolu-

f ene, p-tolylhydroxylamine, p-p'-azoxytoluene (probably by the

interaction of the two former compounis), ané p-toluidine. This

. phenylmagnesium bromide and the additive product decomposed wit

. note nas rever beern followed with The details.

Hitrosyl ehloridel® (z0C1) vapors on being passed into

be!
bk

12. Cdcéo, Atbi. R. Accad. Lincei 1904 (V) 12 ii 220. J. Chen.
Soc. 1904, I, 862. '—'

15. Pickard and ienyon, rro. Chem. Soc. 23, 153 (1907).

14. 0déo, Gazz. chim. ital. 39, I, 659-6I. <. i. 3, 686 (1911).
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. water yielded ritrosobenzene. The most obvious represeniation,

TN

YR -

I0CL 4+ O;‘.'.E)a-s — O e 4 »53xC 1

[
o

of this reaction, and as given by Jdde, is probably net the
correct one because the nitrosobenzene as formed would Treacy
readily with the wmsed phenylmagnesium bromide. rerhads the

mechanism may be expressed in this manner:

a1ar=n kg2 Cleliml-lipmr HCI flel-ci 50 uo 7T
(VRS V) -{— O . __._) U=y~ 808 - ’i .al""k-"'u.‘_'a‘_? 0 + Luv (‘L)

in this connection also it may be noted that zitroxyl chlo-
ride {ii0pCl;} and ritroxyl bromideld (ii0g3r] reacting with phenyl-
negneziun tromide dc not yield nitrobenzene as might be expected
by reasoning from analogy to LOCl thru reaction I. IT ylelded,
kowever, Eiphenyl and chlcrobtenzene, or bromobenzene.

Titric oxidel® on being passel ianto phenylﬁagnesium bromide
foras an additive product and zppears to act as if 1t were di-
rmolecular, Iglg, rieldirg afier decomposition with water, B-

prenylnitroschydroxyleanine thus:
5ple 4 Ph gBr ~y OR-I{Ph)-0-igsr H2¥, on-i{pn)-ox

Ritrogen dioxicel? (0g) yielded 3B-3-diethylhydroxylamine
{{CgHp)oilL | with ethylmaegnesium iocdide but with phenylmegnesium
bromide &id not yield the expected diphenylhydroxylamine PholOH
but yielded phenol and unidenvified material.

15. Zuskine, 3ull. soc. chim. 37, 187 (1925). C. x. 18, 12845 (1925).

16. Sané ané Singer, ann. 329, 190-4 (1903).
17. Wieland, 3er. 36, 2315-19 (1503).
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ilore recently Hepworthls has invesiizeied the action of

-mevhylimaznesium lodide anl ethylmagnesiuvm bronmide on the simple

nononitro-~aromatic compounds: nitrobenzene, o~ and p-nitrotolu-

enes, ani a-nitronapthalene. In his experinents, the Crignard

cozapourli was not preparel separaiely, dut 2 mixture of nitro-

(0]

compound aad alkxyl hzlide, diiuted with evher, was alded drop Dy

drop to well cooled ether contvaeining magnesium powcer, the rate

of sddition of megnesium powder beinz such 25 Vo Xeep ithe magnes-~
ium ir excess throughout the reaction. In this way iv was Touud

i that the rate of the reaction between trhe nitro-compouands and

- the COrignaré reagenis could be controlled fairly easily, provided

‘\
O (2

which the reacbion was carried out was cooled
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Hepworth, using nitrobenzene and methylmagnesium iolide or

L) 1

Ti¥gl, confirmed the existence of compounds correspoxnling wisth
" the compound, O=i{Ph){E%)0-1zI, reported by Cdfo {loe. cit.].
éIt is said that tkese compounds are pele yellow anl are dest

' formeé when the ratio of nitro-compound To alkylmagnesium halide
?is about two to three; oxn keeping for a few hours they becone
 dark brown especially if? the temperaiure is allowed o rise. On
‘decomposing the yellow additive compound with watver, methylani-
line {or ethylaniline), ané azobenzene, together with unchanged

nitrobenzene were reported to be the principal producis oI reac-

tion.

18. Hepworth, J. Chem. Soe. 117, 1004 {1¢20).
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Iv was alsc found thet ethylmagnesiun bromide and nmethyl-
- magnesiun icdide reacted in = similar wey wisth p-nisrosoluene,
with the Tormatvicn of ethyl- ané methyl p-toluidine and 4:4'-~
azdtoluene, “ith o-nitrotoluene the analogous o-cerivative

Jith a-nitronaphtizalene moCerate guanitities of

were formed.
nevhyl- ané evhyl-c-napavhylanines and small gquantities of a-z2'-
the conditions of these ex-
pexriments the formation of nitroso conpounts, hydéroxylanine
cerivetives 2né azoxy compounds was not cbserved.

3ééo {loc. cit.; has sugzested a possitle mode of reaction
vo0 zecount for the Zormation o ethylaniline from nitrodenzene.

sccoxrding to nis wiew, the drimary rescition may be written as

iollows:
&ii5liCe 4= IZtigl — (giz=B=0 + 120
LA W >
no O-¥gl
T\
(4.)
Ceis CeHd ot Criie
v6 '3\7'.'0 {-EzO '8 5\12 vH -Ho0 ~6 \7‘3-""
7S —_ . FXE a3
s’ ox o o T oy =
(11) (111) (IV)
Heodworth btaxes exception to the above mechanism vwriting: “The
P g

experimental evidence which Qddo bdbrings forward, andé has now
been coxnfirmed, certainly justifies the formulation ol compound
I, but the formation of ethylaniline (IV) by the intermediate
formetion of III is open to cuestion. There seens to bte no ob-
jection to postulating that compournd II loses oxygen directily

with the formation of ethylaniline (I¥V). o compound anslogous



to II is xrown, so i{ is inpossible ¢ spealr with any degree
of certeiniy as o 1its behavicr. At the same itime, the loss
of oxygen Irom such 2 compound is no nore renarkavie IThan the

loss of carbon dioxide in the conversion of ithe simple nmonocear-

toxylie acid into the correspondling nydrocarbon, vhe more so i

v}

one accevvs, wnadv is
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10se water. In either case compound II must lose oxXygen zrior
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"It is now necessary o account Ior the Tormation of azo-
compounds without postulating the formation of nitirosso-cormpounds

or nyéroxylanine derdivatives during the course of the reaction.

-
[ at hey
e

c*‘

c connecticn it is interestins Lo compare the action of
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execess cf Gr
boxylic acids and with the aromatiec nitro-compounds. In the

forzser case the course of the reaciicn is as follows:
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*In the case o the arcmatic nitro-compounds, the rescilon

may be represented as Iollows:

- Y - AT
~ /Q: ‘2"‘ /G“{g‘\‘ s VL
DT -7 - — :
R=h f“ R'uzX R=i=2! R'tgy . R=R=R!? R-E=-R!'
== N —E ety -
S e Mo oz
R‘ It 1

(11) (II1) (Iv)
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"Iwo molecules of III may be condensed with the primary
production of one molecule of an zzo-compounl an€ four mole-
cules of ’g{JR)3r, or, oxn the addition of water, a compound of
the Type IV may be momentarily Zormed, two molecules of which
lose four meclecules of aleconrol to give an azo-commound. 4t the
sane time, the intermediate formetion of a compound such as the
latter would be expecteld Vo give rise eventually to a dialkyl-
aniline oxide.”™

ileither of these »roposed mecharisms ¢ the reaction a2p-
vears oo represent the entire course of the reactiocn because:
(1) The mecxhanisnm for the formation of the base represents oaly

- .

one molecule of KIgX reacting with one molecule of nitro-
conpound to Iform the amine; and represents only two mole-
cules of XgZ rezetins with one of nidfro~compound to form
azo-conpount. Zhen under condéisions ixn which both anine
and azo-conpoundé are formed, one mole of nitrobenzene would
always consune less than wwo zmoles of HigX. Ixperimental
evidence shows that four moles of igX react with one o
nitro-compound.

{2) ileither mechanism takes into consideration the formetion of
R-R compounc which is always cbttained fronm the reactior in
large cuantity whether an aliphnatic or aromatic Grignerd
compound is used. Iior can the presence of this R-X compound

te atiributed %o its formation as a side product in the Grig-i

-]

naré reactiorn altho a small guantity is so formed. The Grig-

nard reagent was prepareld separately and the guanitity of R-2
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as well as the gl oresent in it Geternined. The gquan-
o X

vy obtzined from %the reaction nmixiture is many itimes as

|.u

(0]
13
ot
| i

maeh as isg pres n the Grignard reagent solulion. Iz

those reactions in which the R-X ccmpount is a gas large

X!

cuantities are evolved Curing the course of the reaction

with the nivro-compound.

0ctdo's mechanism makes no provision for the formation of

(9}
.

ROH=~alicchol or pnenol as the case mey vde. Hepworih's

mechanism links iits formaticn with the Iormation of azo-

compound. large guantities ol TOE

o

(]
L
(]

founc when the cuan-

tity of ezo-compound is cuite small.

The reaction of phenylmagnesium bromide on nitrobenzene
ant subseguent treating with water may be summarized in the fol-

lowing way:

n0g “20 Qi na
7\
siEetel O+ &5« 00
J

This, no cdoubt, in this case &nd in similer cases represents
the main course of the reaciion altho some side products are
Tormed. Iiowever with different UigiX compounds consicerable dif-
ference is noted. ZIor example with benzylmagnesium chlorice
L-l'-Gi-benzyl-i-I'-di-rhenyl-hydrazine, (Cgilg-CHo){Cgls) N-I-

(35H5)(03335H5),'is formed.
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&

It also appears that the reaction doe

cefined steps producing intermediates which are increasingly re-

sistant to attack by RigX dut cn the contrary these intermediates

are more susceptitle o atiack than the niitro-compound. Then en
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insufficient anount of Rgil to cow*leue the react is added
tc a cuaniity of nitro conpound, small amounts of all c¢f the

end nroducts of the reaction are isolated together with uwnet-

tacized nitro compound.

It shoulé te remembered that the conditions both as to
tenperature and quantity of reacting constituents used by 0Cddo
and by Ilepworth are differexnt from those used in these experi-

ments which fact may nov entirely exclude the possibility of

the correctnsss of the Zormer.
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The nitrobenzene (24.6 g., 0.2 mole) was dissolved in

200 ce. of dry ether in & 1-1. three-necked flasx fitted with
e mechanical stirrer, a reflux condenser and a &ropping funnel.
Phenylmagnesiun bromide, CgizligBr, in ether solution was adled
Cropwise with stirrirng ancd the reaction =mixture was cooled with
rurning wabter. Four-tenths (0.4] moles of CgHls¥gBr were added
7ithin one hour after which.a small portion of the reaction
mnixiture when removed gave no testl? for Rifz¥; C.2 moles more
CgHsiigBr (making. three equivalents) were added and the reaction
nizxture zave no test for RgX for 5 hours; U.1 mole more was

added@ and the reacition mixture then showed no excess CgHzrgBr

after 12 hours; another 0.1 mole was added and this reacted

13. Gilman and Schulze, J. Am. Chem. Soc. 47, 2002 (1925].
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within 24 hours. The totel guaniity of Ceadslig2r added was

aprrcxinately J.8 noles, 4 ecuivalents, and the tctal time of

tre reaciion was 42 hours. 2revious exgeriments had shown

thet the addition of more (gizlizBr than this amount produced an

excess which always remained.

The reaciion mixture was then decomposel by the additiorn
of 3V0 cc. of 1:1 ill. The ether layer was separaied anc ex-
tracted with two 100 cc. poriiozms of 105 Xa03 in order %o remocve
vhe phenol. The conmbired llalZ layer was acidified with 1 and
vhe phenol extracted with ether and distilled, 15.5 g. (76.75)
boiling at 180-2°, beinz obtained.

The evher layer was then dried Ifor J hours with lap304, fil-
tered ant Cry HC1l pessed into it in order tc precipitate the éi-
ther;lamine as the hyéroehloride. The crude hydrochloride was
filtered out aznd the amine set free by treaitment with Kaldi solu-
tion. The anire was ithen extracted witn ether and puriiied by

kG s s o . o)

vacuun distillaetion, boiling at 176-8"/20 mn. and melting at 507.

tthen mixed with pure diphenylamine the material melted at 52°.

The vield was 1%9.5 g. (57.7%).

20. The nuaver of grams listed is the total number of grams iso-
lated from the reaction mixture. The percentvage yield how-
ever is not calculated on this listed number of grams because
the CgHsiig2r solution used convalned approximately 0.6 g.
diphenyl and 0.15 g. phenol per 0.1 mole Riig¥. These amountis,
both of diphenyl and phenol, per 0.1 mole of RigX useld were
Geducted from the total number of grams isolated before cal-
culating the perceantage yield. The yields were calculaved

on the basis of the following relation:
RROg 4 4 R'UgX —7 (R)(R")8H 4 R'CH -+ LR'-R?

o sd s
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| The ether Ziltrate from the hydrochloride precipitate,

containing the dipkenyl, etc., was then eveporated and the re-

' sidue distilled:

Treetion I -- 240-73° -~ 25.5 e. p. 63-7°
Fraction II -~ 275°/740 om. %o 250°/30 mn.  $.2 g.
Resicdue L., £«

; Praction I was redistilled and the diphenyl boiling at
f252-6° collected. CThis fraction weighed 21 g. and nelied at
569-700. Tne resicéue was added to Tractiorn II both dissolved in
{
fbenzene and &ry 01 again passed into the solution to make sure
éthat the anine was completely removed. o precipitate cane cown.

?he benzene was evapcrated and the residue vacuum cistilled:

Traction I -- 120-60°/7 mm. -- 4.5 g.
Freetion II -- 160-200°/ 7 mm. -- 8.2 g.
Fraction I on crystallization from a2lcohol yielded 3 crops”

. of Giphenyl whickh together weighed Z g. Fractioz II on crysial-
l

| lization from a2lcohol yielded 1 g. of p-phenylbiphenyl, p-CgHs*
| CgEg°CgHs, meD. 203. The residues Iron these crysiallizatioas

were combined and fractionally steam distilled whereupon 1.5 3.

of diphenyl were obtained. The total gquantity of diphenyl,

v5h5 HsCg, obtained was 24.5 g. (64.ﬂ)20
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DiID RCACTION OF o-NITROTCIUINE VITH PEERYIFAGEESICYI BROMID

A reaction analogous o this one has been carried out by
Kepworthls who treaved the ortho and para ritrotoluenes with
ethylmegnesium dbromicde (the ethylmasnesium bromide being pre-
pared in the presence of tThe nitrsioluene however; ané obitained
ethyl toluidine (approxinaiely 205 yield) and azotcluene.

In the present experiment the phenylmagnesium bromide was
prepared separately and iTs sirengch esitiimaved and then a kaown

&

guantity added to the nitro compound with stirrinz and reflux-

m

irg. The following producis, with Thelr percentage yield, were
ootained: o-tolyl-phenyl-anine 59.ﬁ, diphenyl 72.7§, pherol

74.5%, p-dhenyl-diphenyil .5 g., (2né a residue, very tarry and

»1

not distillable under 300° at & mm., 5.4 g.).

~he o-nitrotoluene {13.7 g., O.1 mole) wes placed in e
three~-neczed flask fitted with a stirrer, dropping Twmel, and
reflux condenser, and 100 cc. of dry ether added. The etiher
solution of phenylmagnesiunm bromide was added dropwise and atb
the same time the air was kept swept out of the flask by a2 cur-
rent of pure dry hydrogen. The addition of the Grignard reagent
produced @ vigorous reaction giving sufficient heat to Doil the
ether rapidly. However, after thevadaition of wwo molar eguiva-
lenis the reactibn wasS no longer vigorous nor was much heat pro-

duced. Durins its addition small amounts of the reaction nix-

ture were removeld 2t intervals and {ested for the presence of

excess phenylmegnesiunm bromide.

!



After vhe addition of approximately Iour mclar ecuiva-

lents (0.4 molej it did not show an execess 0f phenylnaznesiun

3

)

tromide but alter the additicn oF .5 mole and at the end of 48
hours an excess was present. The ether was thea evaporzted off
and replaced with benzene which was then refluxed For Z4 hours
but 2t the end o2 this fime the reaction mixture still jielided

2 test for excess phenylmagnesium bronide.

(

The reaction mixture was then decomposel with 260 ce. of

1:1 101 and extracted with ether. The ether lzyer was then ex-

tracted with 200 cc. of 10,5 lalX to remove the phenol. 7This
IalE extract was acidified and brominated whereupon 27.8 . of

tribromopkenol, eguivalent to 7.9 g. of phencl, were obtained.
vie1629, 74.54.
The ether layer was then dried with RNapSCOs, vhe ether and

benzene evanorated and the residue vacuum distilled.

Fraction I -- 125-50°/3 nm. (most et 125°) 24. a.

Fraction II =-- 150-2259/3 mn. 4.3 g.
Fraction III -~ 225-90°/3 mm. 2. g.
Resictue 5.4 z.

Traction 1 was disseclved in alcohol ané about 1id g. of

Giphenyl crystaliized out. The mother liguors were oily and

would not yield more crysiels even on cooling with ice. The
elcohol was evaporated off and repleced with dry ether znd then

&ry hydrogen chloride budbled invo this whereupon about 10 sg.
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of o-tolyl-phenyl-amine hycdrochloride precipitated. This

was filtered out, the ether evaporated oi2 and the small re-

ck

siGue distilled. It was 2lmosy entvirely éiphenyl.

Fraction II on crystallizinz from z2lcohol rielded 0.5 g.
of p-vhenylbiphenyl melting after two cxrystallizations at 203°
(205%;. The alcohol wes replaced witk &ry ether and &ry xC
tubbled into the solution in oxder to precipitate the amine
aydrochloride, whick was filtered ouv, and then the filtrate
addéet to Irection III.

Traction III dissoclved in ether, was trezived with L1 as
above and a small 2déitionel zmount of the amine hydrochloride
obtained. Tue mother liquor was evaporated and abonit 2 g£. of
gn intreeitsble 0il remained.

The combined precipitates of amine hydrochloride were

treated with FalX solutvion, the free phenyl-o-tolylamine ex-

[

)

tracted with ether, dried with NaplflOz and vacuum distilled boil-
ing at 204°9/15 mn. Yield 10.8 z. (5%.%).

The itotal guantity of diphenyl odbiairned was 14.8 g. whieh
after deducting 3.6 grams originally preseat in the rhenylmaz-

nesium bromide solution is a yield of 72.7%.

U
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{ OF p-NITROTOIUZNE VWITH PHENYLITAGERESIUZI BRCUITH

One-tenth mole (14.7 g.} of p-nitrotocluene was treated as
in the previous experiment with an excess (.6 mole) of zhenyl-
magnesium bromide in ether solution with stirring, and during

the latter part of the reaction, with heating on a steam dath.
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The reaction nixture was fecomposed by the adéition of
300 ce. of 1:1 :i01, the ether layer separatel and exiracted
with naCll soluiion to remove the phencl. This extract was zaci-
¢ified znd the phenol brominated and separated as Iribromophenocl,
27.8 g. ecguivalent to 7.9 5. dhencl, being obtained. Y1e1d23
T4.5%.

The ether layer was thexn (ried with IlapSlz and dry il
passeé in tc precipitate the phenyl-p-toluidirne nydérochloride
but it came down in such a tarry condition that it seemed inad-
visable to separate it. Conseguently the free amire was libe-
rated by the =2ddition of lialHi solution and the ether layer sepa-

rated, dried and, after removal of the evher, vacuum distilled.

Traction I up bo 1400/5 Me eeesel8.0 2. mep. about 62°
Froction II 140-200°/3 ma. .......20.3 Z. @.p. 2boub 80-3° |
Fraction III 200-230°/3 mm. ceve... 1.8 3. ;

Fraction IV ResidUE ceeeeccsccces Dol go

Fractvion I was dissolved in ether and IC1 passed into it. %
A small anmount of amine hydrochloride precipitaved and was fil- .
tered out. The filtrate was evaporatved znd yielded 16.6 g. of
diphenyl. Yield, after deducting 3.6 g. originally present and
acding 1 g. obtained later on was 14 g. (90.9%).

Traction II was dissolved in ether and 1 passed in as
above. 4 large amount of amine hydrochloride was precipitatved.

This was filitered out and added to that obtained from fraction

I, the two weighing 11.6 g. This wes treated with Ila0Hd solution
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ant the free amine extracied with 23
boilinz av 2¢o°/¢b mn. 3G nelting a
. =1
é’a (47.3}0}-
The ether filtrate from the hyérochloride »recijitate was

was Gis-

(]

evaporated and left & residue of sbout 2 gzranms. Thi
tilled ané ) gram of dipkenyl odbitained. The residue was zdded
to fraction IIT which was dissolved in ether and dry L1 passed
in but orly a very small amount {.2 5.) of amine hydrochloride
was thrown down which was very black and terry aadé was dis-
carded. The ether wes evaporated and replaced with alcohol,
Irom which about 1 gram of p-phenyldéiphenyl crysitallizeéd which

after a second erystallization melted at 203°.

tx3

TZ5 REACRICH OF o-NITROTOLUZNE WITH AX IRSUFFICIENT GQUAIITITY OF

PEESHYIXAGRESTULY BRCMIDE

In a2n effort o isolate, i possible, intermediate pro-

ucts in the reaction of the Grignard reagent uwpon nitro com-.
sundg, o-nitrotoluene was allowed to react with insufi'icient
yeantities of phenylmaznesium bromide %o carxry the reaction to
normal completion. o way was found nossible to stop the reae-
tion st 2n interzediate stage.

It seens ﬁhat cnce a2 nivro-compound molecule is atitacked
the reaction ¢on txzis proceeds %o completion basiore another
nitro group is attacked. As the guantity of Rigi was decreased

2ll of the reaction proféucts continued to. be produced zliko in

decreasing emount, and the quantity of unattacked nitro com-
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sound iacreamsed. lowever, theres was a rziher sharp Gecrease
in the guantivy of diphenyl

Jne-tenth mole {1Z.7 g.) peortions of o-nitretsluene were
ellowed to react in tkhe usual way with .8 mole, with .2 mole
anf@ wish .1 mole ¢of pnenylmagnesiun bromide ant the reaction

mixture worked up in the customary manner. The gquanitities of

the products isolated in each case are listed in the following

S

REACTICH OF o-NITROTOIUNERY WITH VARYIUNG AXQUNTS OF ZEINVIIIAG-

l‘ ..JD IU;.L Baxaa -ID:

}oles of
CgisiisBr Used

(&)
L]
W)

ifoles of
0~CE3.0pis 1002

Grams of

0~0iz-CgHa"N02
Recovered

ubtalned Grams
and % CgHg0E

0-CIz-CgEg-NH Cgis

o0 00 60 so)loe se 00 oofar 0 s 00 snfes or 00 rlse o s w0
o

80 90 00 000 or s P l0b P0 P2 20 G JO0 00 e B0 JNP et Y BN
o

69 a8 0 o9 ]oe e¢ o9 sslav % B0 0t o lo6 es e e2]00 0 s

o¢ o0 o0 ssfes o0 a0 sofer 00 oc o5 o les 09 2o B ]es o0 2s
)
Ri

D 1e.8, i 47 i BT
Cels-Cels : 72.7% : 18.8% 16.2%
p-Cgi5-Cola+CeE5 : 5 1 .1 = :
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The experimenvs of Hepworthls or the reaciicn oI 23yl
bromide {and methyl iocide end magnesium on nitrobexnzene were
carried out at low temperatures, the Grigrard compound teing
Torned in the presence of the nitro compound and Fielding The i
seconéary amine {CgiglH Cpliz) and azobenzene.

Gur recent experiments in which the orzanomagnesium ha-

ct

lide was prepared separately and adcded o the nitrs compound

k3

without external cooling €id not yield azobenzene. JLccordingly,
it was undertaken to determine whether this was due 0 the for-
mation of the X in thre dresence of the nivro compound.

Three attempis were made to cgrry out the present reaction
in the eolé (-13°) as iepworin dié with nitrobenzene, ethyl
bronide and magnesium but in all cases (even with acuivated

magnesium; the reaction dil nct proceed after being cooled.

(o

This mey be due to the lesser activity of bromobenzene wis
magnesium ant to the pecuwliar sensitiveness of the reaciion.
The low temperature conGitions haviagz failed the reaction was
consequently carried out without cooling under which condition
i% proceeded smoothly.

Zight-tenths (0.8) moles of bromobenzene and 0.8 moles of
magnesium reacting on 0.2 moles of nitrobenzene produced 2.5 z.
(28.1%) of diphenylamine, 8.8 z. (46.8i5) of phemnol, 19.7 g.
(64.%) of &iphenyl, .5 g. of p-phenyldiphenyl, and .5 g. of

aniline, but no azobenzene.
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L three-necked flask was ecuippeld with a siirrer, reflux

}-e

cocndensexr, Gropp
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nydrogen thru the Xlask. Thers was nleaced in the flask 15.4 g.
nagnesium, Then about 25 e¢c. of dry ether zud 5 ot. 07 bronmo-
benzene were added and the Griznard reaction starited. The re-
wainler--afier removing the above mentioned 5 cec.--0f ihe

125.6 z. (0.8 mole) of bromobenzene was nixec with 24.5 z.

{0.2 mole) of nitrobenzene arnd 400 cc. of dry ether and added
dropwise. 4 Vigorous rexction ensued causing refluxinz of the
ether. 7The nixture of bromobenzene, nitrobenzene and e¢ther was
added within shree hours an@ the corntents of the flasx then re-
fluxed for vwo hours and finzlly decomposed with 420 ce. cof

saturatel H4C1 solution. The ether layer was separated and

(&)

extraeted with 1iall soluiion to remove ithe phenol which was
broninated %o tribromophensl yielding 31.1 g. eguivalent vo
8.8 g. pherol.

The ether loyer was then drield with xagS0s4 and ZCl gas
passed in whereupon an abuncant precipivate of hydrocihloride
was thrown down. The ether solution was poured off from vhis
and the precipitate treatec with ilalE solution ani the Free d4i-
chenylanine extracted with ether and vacuum distilled. After

removal of the ether,

[t}

Fraction up %o 140°/2 m. ....... .3 g. (lig.)
Fraction II 140-800/2 M. O.'Q'.;.l. 9. g- mop- 50-10
Traction III 180-225°/2 mm. e.eveeee. 1.3 g. (barTy)

fraction IV ReSiGUE cececccenscscess 0.2 3.
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Fracivion I yielded the color tesi for arniline with Cadlls

but nc ferivative was prepared. IFraction II was practically

o : - - PN ~
:“actlon 4 - .LlO"OO /l Ole ececoccsse 18.7 €o !'3-'_?. 07"90
- . - - 0 ~

Fraction II -~ 130-2007/1 mm. ....... S.1 5. barry
Fr&CtiOfL III - :eSidue e e s s csc0000ca 13.8 go

Traction I was pracivically purs diphenyl. IFresciion II

on erysuvallizavion Irom zlcokdl yielded ar additiosal 1 granm of

. . C =0
. 0f p~phenyl-dizhenyl meliing at 2037.

Giphenyl and aboubt .3

m

411 solutvions throughoub were very bdlack and tarry incéicat-

ing decomposition products perhaps (Czis)ghCH and its decomposi-~ ;

tion and condensation products. !

This mevhod of carryiang ouv the reacvion possesses sone

inherent Glsadvantages which make 1V unsatisl

actory. It is not

4

possible te tell Jjus®t nhow much orgenonagnesium halide takes ;

parv in the recaction nor hiow muech Giphenyl is formed in the

-

Grignard reaction alone under these conditions. Also the finely

divided megnesium may have some reducing acvion.

-~

It should be noted here that nc uwunchanged nitrobenzene was

-

recovereC while Hepworth reports the recovery of unchanged nitro
Pl

compound. XHowever he usually used only from 13 to 2 moles of

= per mole of nivro compound.
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Tnis experimeni was made as an application of the reac-
tion 1o the preparavion of certain seconfery anmines. It is
believec that this method compares Tavorably with the oiher
methods of preyar

Priedlander®~ prspared phenyl-a-na phvhylanine by heating
for ¢ hours at 280°, a-naphihol {1 mole), aniline {2 moles) and
Callg {1 molej. 2=xze reacticn mass was treated with dilute :C1,
extracted with Ilz20r, steanm distilled and the disvillate erystal-
lized Zrom petroleun ether and vhen 2rom zleohol. Zae yield

was 26.3%, 2.p. 60°.

Girard anc Togtzz preparel the product b heating s-zaph-
. an cm - . o . 23
voylacine with ariline hydrochlorice av 240 Streif prepared

it by heating s-naphthylamine hydrochloride with aniline; Xnoe-
venabel“- used ioCine as a catalyst in its preparaiion from a-

K3 > g ~ L >, r
napathylianine, anilire anc 1oa1ne2°.

- 26 . s Cs s - 21
Yavayana , in working over the metvhods of Friedlander
and of Streiffzo with a view ©v0 ilaproving the yield, found
Friedl¥dnier's the Ttetter of the two. e Tound that by heating

the materia1° 2or 10 nours at 300° irn an autoclave a-naphihyl-

phenylamine was produced in 64, yield. iis improved nethod

r'edlander, Zer, 16, 2077 (".883}.

reiff, Ann. 20%, 132.

.novenape;, J. fur Prakit. Ckem. (2} 8¢, &, 14, 17, 20,
¢, 1914 I, 892. -

25. . 2. . 2£18583. (¢, 112 1, 178.

26. . Tatayane, J. Chem. Ind. Tokyo 20, 355 (1817;.

I\
LAV
L3
LU L)
ot l-"

n
>

raré and Vogi,conesbericht , 1871, 718, Sull. soc.. chir.1g,€§



is: ezt g-napninosl (1 mole;, aniline (€ mcles) and calciunm

chloridée {1 mols) in arn =zutoeclave at 300° Zor 10 hours. freat

remove the aniline, with lalZ to remove ithe a-znadhthol and
vacuun Gistill the crude product in a current of Hg or GO

By the reacvion of phenyrlmagnesiun bronide on a-nitro-
naphthalenq, phenyl-a-naphithylamine was obbained in a 33.05
rielé, melving point 60 . 4ltho this
could be greatly imnroved and the zroduct obieined is guite

zoo4G.
Procedure

a-Libtronaphthalerne {17.% ., C.1 mole, was dissolved in

108 ce. 2f &ry ether convained in a ithree-necked flask Titted
with a stirrer, reflux condlenser anéd a dropyning funnel, rfhenyl-
nagnesiun bromide (.7 mole} was added taru the cropping ITunnel
wivhin the course of 1.5 hours. The reaction mixture bseanme
verﬁ cark. I?{ was allowed U0 svand overzizht and then decomposed
by the addition o7 a small amount of water. The ether layer was

separaied, dried with ap304 and dry HC1l passed inte the soluvion

wahereupor l4.5 g. of amine hydrochloride were precipivatved. This
was filtered out, treated with HaCH solution, extracted with
ether, the ether evavorated and the amine vacuum Gistilled, Toil-
ing a%t 240°/23 mm. Lifter erystallization from petroleum ether a

beautiful product was obitained melting at 60°, Yieléd 7.8 g.,

33480



TISCUSSION OF Ti% REACTION I LITROZELZTHD
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@¢ifTerence in tre exc cucts cvbalined Irox nitrcsovenzere
an nitrodenzene is that ine nitro compound yrields pherol
gcuivalent Yo cne oxygen atom from the nitro oup. The
viel€s o7 amine and Ciphenyl are pracuvically the same in each

case. ZIrom this anté Irom the cloge relationship of the znitro
rcur 1V appeared that the nitro group whesn re-
acting with Tigil night pass thru vhe nitreso (or oventizl
vempts have veen pade o obiain
trosos compound from nitro dut so far without sueccess. How-

ever, iue experiments have not been exhaustive. In this con-

sL5HgBr yiclds nitrosobenzenel4 while 105Gl with CglisiigDr

- . . 1
coes not yield nisrobenzenet®

5]
(o)
ct
Ty
(]
a

but yielés
benzene.
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of nivrobenzene was treated with

ot
m
L ]

Jne-half mole (61.:
one mole of Jglizigir. 7The rescilon nixture was decomposed with
Gilute HC1 and the ether layer separsieé and extractved with
Tali %o remove the phexncl of whieh 17.7 g. were obiained.

The ether was then evajporated and the residue subjected

to stean distillation whereupoz 18 g. ci unchangel nitrobenzene
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early swvaze oz

Tuns were nade Do

tenperature.

Afver the slow addlition ¢i ine
was cdeconposed with diluve C1

tilled. In no case was the Zre
served butv In one

green cclor.

attenpted to prepare a

iline. p-Zitrodiane
benzene soluiion was ireated
The reaction mixture
ing very reé, the ether-benzerne
with ZalI %o renove the phenol.
in ao ice-selt bath

changel p-nitro-dinethylaniline
f) -

tilled

20Xe

tn ebther.

n exsracted with ¢ilubte ZCl in

reacivion.

to obtain nitrosobenzen

trobenzene To izl and also the

thout cooling.

1T

CgligiizDr the reactlon nixvure
65~

andé tThe entire amount steam dis-

en vapor of nitrosobenzene ob-

~

over nad a fains

o+

0 obtein nitroso commoundé ney

instability of ni

Jo

t“roso oenzene we

svable one, namely, »-nitro-

thylaniline {16.8 g., 0.1 nole;

with one-tenth mole of CpizlszBr
was cdecomposed with I20, turzn-
layer separated ant extracved

The ether-benzene ;a"er 1S

whereupon 7.3 z. (475) of wur

crystallized out. The mother
. The orzanic matier was ex-

This etrer soluvion

orier to separate the



nivroso compounc, if preseni, {rom tiie diphenyl. on treatings

tnis acid exiract widh JadX solution &nd crysvallizing the

srecipitated product only p-nitrcdimetvhylaniline was otoained.
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Iociftseh (loe. cit.; treated phenylacetylenemasznesiun bro-
nide with nitrotenzene znG reporied the Zormation of an uniden-

-

on of the Icrmula Cqyglyp welting at 37-

’Jn
y
fu
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H
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8
Jdis experiment was reveatel with only the express object
of showinz that ithis compound was, no Gouwbit, Gi-phenyl-di-
acetylene, CgH50=0-0=C-Cgiis.

-

Thenylacevylene, Cglin0=Ci, was prepared by
- - - ATTaNTT 2 A A v '727 ~Y -
bromostyrene, Cpisli=CH~-3r, with solid 0H™'. The phenyleaceir-
lene (10.2 z., 0.1 mole) wes run slowly with warning ané siir-
nto 3.1 mole of CoXzligl in crder to Iorm the phenylacety-
lene icdide. 7The ethane was given off slowly anéd atv the end of
the rezction there were two leyers. Then nlitrobenzene {12.9 3.,
0.1 mole) was rurn slowly into thris with stirring for five hours.
The reaction mixiure was then decomposed with ailute 01, ex-
racveld with ether and the ether lajer steam~distilled. The

ether passed over cuickly zac then 8.8 . (weighed alter subse-

nj of unchenged nitrobenzene aad then 1 5.

e
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13
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of CgHsCI=CHI (m.p. 76°). (Identified by mixed melting point

27. Zessler, . fr2. Chem. Soc. 44, 425-6 (1922}
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inz %o the method of

-~

o an euthentic specimen prepared aceor

feratoner . This laiter compound was prodGucet Irox the

EaV]
oW

snall excess 57 phenylaceitylene that renazined z2nd the ilcdine
presenv cue o fecomposition. Fron vhe residue which now re-

o ~ z

neined in vhe distilling Iiask vhere was crysvaliized Irono

-

Ciluve alconol about 2 g. o CGi-prenyl-cGi-acevylene, O

2C-Cgds, m.p. 88°. Tais compound was ifentified by the pic-

DT AGTAIT AT YTYNDARTEI ST SITMIT TR VT 8 A T Y T LRt
REACTION OF NITROBEHLZINE WITH BRUNZIVIIACHISITH CIHILORIDE

Since tvne reaction of nitrobenzene with phenylnmagnesiun
bronide had yieldel@ phenol, diphenylanine and Giphenyl it was
believed thalt the reaction of anitrobenzene with benzylmagnesiunm
chloride, Cglizlioligll, vovld yield bdenzyl aleohol, Cgilplilpli,
benzylaniline, CgistilHeCgHs, anld Gibenzyl, CgiisliisCisCgisz.
Zowever, the reacivion, a2t least under ithe concditicns used, did
not appear to proceed in a manner exacily analagous ic the reac-
ticon of nitrobenzerne and phenylmagnesium bromide. Anong the

3

products & large amount oI benzaldehyde was procduced £or which

Tered. It was

)

at first no satisfactory explanation coulcd be o

(¢]

on %o an ¢oxicdizing action of
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the nitrobenzene. .aiccordingly, iv was proposed that the use of

2 tertiary compouné, ter-butylmagnesium tromide, (Ciiz)zC-lg3r,

Hy

would avoid the pessibility of ithis oxidizing actvion, and thab

the seconéary amine, ter-butylaniline, would then be obtained.

-

28. Peratoner, Gazz. chim. ital. 22 (2] 69. . Chem. Soc. o4,
(1) 18 {18%23;.



o

owever, The resulis o0f the reacticn of nitrodenzene with

-

(CiizizC-iigBr threw no 1iight at ail on the Zormation of benz-

O

cldehyGe because even in this case ver-dbutylanilize was nov

then pronosed oo deternine whether anitrovenzene aciing on isc-

propylmaznesiun bromide would produce the cxidavion product,

acetone. .cectone was rot produced znd it was then coacluded

FRy

that the explicetion of the fornmation of benzaldehvie must be
sought in some cther toinit. .ork was then resumed on. the reac-

+i robenzene. fter some
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experiments it was determined thai along with the ouch tarry,
decomposition and condensation procucts the ravher unstadle sub-
stance, I-E'-&ibengyl-L-lf-diphenyl hyérazine, ({Cgiig)(CgizCZs) . |
%-3(CE2CgH5){Cells) was produced axnd that this under dhe condi-
tions of woriing up bthe reaciion nixvure, reacved witk water to
produce the benzaldehyde, aniline and bengzylaniline.

Tollowing is a Gescription of these experimenis made and
werkeG up in a manner in accordance with the delief that denzrl

&ivenzyl would be produced. Tollow-

AY -

alecnol, bengrleniline

o
(e}

AN
ing these is an experiment in which the vetra-sutsitivuted hydra-
zine was odbvained and in which it was showxn that this hyérazine
reecving with watver was producing the benzaldenyfde whose pre-

sense in the Zormer experiments was unexplained.
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cc. oL ether, cooled with cn ice-salt nixture and 1.1 moles

~ - N lal

Jpisliplizll added slowly wiih stirrins over £ lLiours. The re-

action x2ixture was then stirred for an additionsal nour. The
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nenzallehyde.

Pop layer (etherj. Jil passed over hevins the céoar oFf

iédle layer {shouzht to be amine-l}. Tzris was stean-~

dictilleld from vhe acié netium ond a saall amount

over. 1V was uhen mede alxaline with a0l ané the

villation contirued but only z small amount o oil passed over.

water larer. .as nade alkalin

a small amounv of oil passed over.
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Tracticn III -~ 185 to 245
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r2t appeared and smelled like btenzal-

rectvion II boiled mostly ot 170-80° and smelled like ben-

-

zaléehyce. It gave a color with Schiff's reagent

sioly Denzyl alcohol, ancé &ibenzyl.



411 steam distillate fractions which appeareé like diben-

Second Zxperiment. iitrobenzene with 3Benzylmagnesium Chioride.

Xitrobenzene (4%.2 z., C.4 mole) was ireated with 1.6
noles of CgisCligiigCl. The reactlion mizibure was cooled with
running water. ifter © hours ithne mixture was decomposed with
water, the ether layer separated, dried with napS0s4 and dry IC1

recinitate cane

-

passed in 1o precipitate the amine. L tarry

U3

down. The ether layer wés poured off end petroleum ether (Db.p.
20-60°) added %o it whereupon nore barry precipitate, thought
to be amine hydrochloride, came {own. lXiore ICl was then passad
in, ané the ether-petroleun ether layer poured ofZ.

The supposed amine hydrochlorides were treaved with NalX j

and extracted with ether, the ether evapcrated and the residue §

vaecuun cdistilled:

2]

Frection -- 100-150°/20 mm. -- 18.4 gz.

Fraction II -~ 150/20-200/12 mn. -- 192.7

tq

. (possibly .
CelsliECHoCgHs ).

Fraction III -- 200/12-260/4 nn. -- 24.6 g.
Fracvtion IV -- Resicdue -- 3%.5 5.
Frzetion I was redistilled and the portion boiling at 194~

214° collected {13.8 g.). Trom this boiling point it was thought -
that this fraction might contain some benzyl alcochol carried
down with the hydrochloride precipitate. A portion on oxidation

with KinCg yielded benzoic acid; however on treaiment with phe-



nylisocyanate, CgisllC, no eatirely satisfactory derivaitive

could te ostitzired.

270-318° (thought tc be benzylaniline, CgdsRECESCsE5 (b.n. 298-
300%)) collected and put in petroleum ether io erysizllize bub

<

no crystalline material coull be obitained.

The ether layer containing the dibenzyl and supnosedly

the benzyl alcohol was then Gistilled ab ztmospheric pressure:

'x_‘
H
o
Q
(35
Jt
(o]
3
¥-4
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|

up t0 130 -- mostly petroleun etner
Fraction II -~ 150-240 -~ should contain CgilgCEgCE il present
Traction III ~- 240-290 -~ 35.7 z. (Givenzyl)

S o

Fraction IV -- 290-335 -~ 4, (unkzown) m.p. 75-80°

(o}
48]
.

Fraction ¥ ~-~ Residue - 4,

o
(02}
L]

FPractior II was redistilled and the portion Doiling near
200° collected. Tris agy have contvained some benzyl azleoshol.
The residue was adfed to fraction III which was {distilled and
the portion boilinz from 250-900 collected. Practically all
boiled at 272-5° (wmcor.). (Xnown dibenzyl toiled at 273°).
This portion weighed 31.8 g., m.p. 52°. ixed melting point
with Xnown didenzyl 52°. TYield 43.745.

Fraction IV, b.p. 290-335°, was combined with the residue
left after &istilling the Qibenzyl, and dissolved in petroleun
gther. Crystals separated which melted at 1100. Turther ex

stallization brought the melting point to 1159. L mixed melt-

~

'Jn

’-h

ng poiny showed the compound to te identical with the uniden-
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tified compound obiained in small amount By Silman and 3eaber™”

from practically all of the reacsticns of tenzylmagnesium chlo-
ride axnd alxyl esters of p-toluenesulfonic acid. Thisz comnound
o P L

is not p~benzyldibenzy1®

~

» D=Cgiizllp-CgE,-CHp-CHCpHy, which
would correspond to0 p-phenyldiprhenyl, p-Cpis-CleilnCpils, obtain-
e@ from the reaction of nitrovenzene and phenylmegnesiun bro-

ide. A mixed melting pointv also showed the compound 1o not be

]

g
p-aitolyl, p-p-Ciz-CgHa*Cpi,+CHs.
THEE RIACTICE COF LITRO3ZUZETE, 2INZIYL CHLORIDI AID IIAGEESILN

I ZTHER SOIUTION

The mazgnesium (1.6 mcles) was piaced in the 3-necked Llask
with bthe usual sev-up and about 5 cc. of benzyl chloride (taken
from 223 g., 1.6 moles) and 5 cc. of ether added and tne Grig~-
nard reaction a2llowed 50 start. The remainder of ithe ben zrl
chloride and 43.2 g. (0.4 mole) of nitrovenzene were mixed with
500 cc. of ether and run in slowly, 2t the same time the flask
being cooled with an ice-salt bath. The mixture of benzyl
cnhloride ané niirovenzene in ether was added over & pericd of
four nours and then allowed to stand overnight The reaction
nixbure then gave a very faint Test for RigX The small anount
of unused magnesium was filtered out and the reaction mixture

deconposed with dilute HC1. The whole was then steazm-distilled.

[
(Vo]
FaV]
(91}

2S. Gilman and Beaber, J. Am. Chem. Soc. 47, 523, note £
30. Tuson, J. An. Chem. Soc. 48, 2941 (1§Z’)
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After removal 5 She etlier an 0il nassed over zv Zirsy and

later a ssiid zeving the appearcnce of divenzgyl.
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"he prranic layers were exiractied
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te with ether, the ether evaporated and the resitue

Sreetion I -~ 180-209 -~ 30. z.
Fraction II =~- 190-240° -~ 10. g.

Fraction III -- 3Residue -~ (solid;} (Citernzyl}

Fracivions I ané II had the odor of Denzaldekryde and benzy

chloride. They were combinsd arné treated with 407 KalsSdp solu-

tion andé the addition nxroduct, CgEsCHU-NalSld3, precipitated,

17.5 g. equivalent %o S.8 z. benzaldehyde being obtained. The
benzyl chloride was éisvilled, yiclding 19 5. free Ifrom benzal-
Gehyte and benzyl alcohol.

The Cibenzyl Zracticons were digtilled:

Fraction I =-- 260-80° -- m.p. 45-50°

Traction II -~ 250-300° -~ m.p. 50-60°

Traction I was redistilled and collectel a

-

ct
[aV]
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e
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£. nelting a2t 51-2° teing obltaired. The residue was added to
fraction II ané dissolved in ligroin. Iarge long crrstials
separated which melted at 95-105° and after a secornd erystalli-
zation trought the meliing point fo 115-17°. 4 nmixed melting
voint showed the compound to be identical with the unidentvified

compound obtained in the previous experiment and by Gilman and

Beaber29., rFurther concentration of the mother liquor zave 2 g.



s2ained in the flasiz, ané was iascluble in the water. The mix-
ture was nadle a2lkaeline anl stean~distilled but cnly a small
aoouns of 0il passed over. The steanm disvillaticn was ziven
up as unsatisfactory and the material exitracted with ether,

which was evepcorated and the residue vacuum distilled:

Fraction I  -- up %0 100°/5 mm. -- 5. g.
Fraction II -- 100-200°/5 mm., -- 14. =
Fraction III -- 200-80°9/5 nm. -- 15.1 g.
residue ——————— ——mmmemmemee= 30, g

ether solution which melted at 185%; with bromine water a pre-~

id

Tracticn I on being cocleld zave a2 yet unidentified erystal-

line compouné melting at 110°.
The reaction did rot yielé a Ifraction whieh appeared pro-

-—ha

nising to yield bernzylaniline as was expecteld but gave a large



PO eMTAYT a7l -~ + AN MNP Y —rve - .
DPREPARATION ALUD ASTATYSIS U ter-35UT LUAGLESIUN 3RO IDW

(CEzi3-Celig3r

One hundred ithirty-seven grams {1 mole) of ter-butyl bro-
nide was mixed with 400 ce. o2 cry ether ané run witk stirring
onvo 24.3 g£. Mg (one-hall of which kel been activated]. The
reaction went vigcrouély ant was cocled with ice water. ri

vhe reactvion & gas was given oif which was passed iznto 3rg.CCla,

decolorizing it. 4 layer of liquid separsved at the bottom of

the 0Clg. O0On heating, the twe layers went intc sclution. 7The

001y wes fractiomated and about 5 z. liguid boiling et 145-153°
2‘.40/200

obtained, sp. g. 1.76 ¥ 1.5088. These constants check

those of {CHz)oCE-Br-CHoBr, namely: 3.p. 148-3/735 am., sp. g.
1.79814° 3 (caleulated) 1.503.

:Tter completica of the reaction the volume was brousht
up o 500 cc. with &ry ether, 3 cc. samples removed and vitrat-

ed for =T

50 ce. 101 -- .1068H -- 20.% ce. all, 1038u) Z24. Gp yield

50 cc. 21 -~ .1069L -- 27 ce.  Ha(H, 103SE) of (CHj)zCugBr

The unused Ilg recovered was 8 g. This yield agrees rea-

sonably well with that npreviously reported, 20.6%, by the authorsSI’

31. J. 31410 Chem. Soc o és-, ZA 2 (1925) .
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oy A FT ATS VTTAIDGRTIOTTTY p et L TITAIVT T ATTIICTTTIS DO AT
ZEACTION OF NITROBIHZIENT AUD Ver-ZUTYLIAGIISIUN EROLIIDIT,

Seven and four teaths grans (7.4 g.; of nitrchenzene were

the previous run was run in slowly--the reaciion nixture turn-
ed Gark--anc was allowed to stand overaisht. It was then Ce- ;
composed with 300 cc. 1l:1 ZC1, the acid lzyer separsted, made
alkaline with LH4CH and extracted with ether o remove the oily

leyer. The etaer was Aried with &pSls, evaporated and ithe

residue Gistilled:

Fraction I -- 200-225° ...... 1.5 g. (partly solid)

Praction II -- Zesidue

Fraction I upon erystallizaetion from ligroin (C.Dp. 60-80°} |
gave = small amcunt of an unidentified compound wikich melted at

148°. Since ier-butylaniline is & liquic boilinz a% 210° it is

(0]

s

evicent that it was rot produced in tihis reaction.

The ether leyer was then frzctiorpated tut did not yield
either ter-dbutyl alicohrol or di-ter-butyl, (CEx)
gave about 10 z. of material boiliﬁ: with decomposition at 40-

115° ané yieléing a strong Beilstein test for halogen.

RRACTICK OF NITROBENIELRE WITE i1so-PROPYLSAGHESIULL 3ROLIDE

One mole (123 g.) of iso-propyl bromide was converted to

the Grignard compound, (CHz)oliRIgBr. To tvhis was added 24.6 g.
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{0.2 nole} of nitrobsnzene. siter four hours the reaction mix-
Ture gave 2 Zaint test for excess Tigl bul 4id not afver stand-
inz overnight. #he reactiom aixture was then decomposed Uy the

aédition of water, the ether layer separztel anl Treated with

200 cc. of 40, HaiiSlg solution to remove any acebone, if pre-

-

sent; 1.7 g£. of sclid separated. If this were the addition pro-

duet, {Cllzigll.NeliS0g, it would ve eguivaleav 0 only .91 g.

treated with Hagflz and disvilled. The temperaiures rose gradu-
ally to 201° when distillation was stopped. This distillate wes

reGistilled and the temperature guickly passed 586° thus showing

no acetone present. There was a slight pause near 80° showing

< o

the possibility of isc-propyl alcohol.

“he evher solution conizining the amine, the di-iso-provyl,

\ .

{Cip)ol=Z-CH{CEg)p, and possibly some iso-propyl alecohol was

carefully fractionated:

Fraction I -- up 5 40% -~ sether
n i1 -= 40-50 -- possibly ether and éi-iso~-prepyl
n III == 50=-75 == " ] had B
" IV  -= 75-80 -- n iso-propyl alcohol
? k) ~- 80-200 -~ smpall amounv

n Vi ~-- 205-260
n vII -~ 260-260/25

It was believed that fraction TI would contain the anine,

CgHsRECLZ(Clizlg, b.p. 212-3%. It was redistilled and the frac-



tion boiling at 200-40° collected which in turn wes reGistill-

ec:
:‘-‘I‘&Ctlcn I - 230-200 R E R R E YN 5-4 So
1" T e o]
i)l = 24\)-40 ® e ® 000 0% 80000 o 4. :::.

Traction I was soluble in =01 and

p‘
©
H
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o
o
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<
o

bylamine test. It was tco impure 9 yield a zood
Fractions III ancd IV Delieveld o corvain the iso-propyrl
o

alcohol were combined with the aleohol fraction from the NaxSCl3

rivavive,
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v-nitrcbenzozte, m.p. O7°) was obtained. Tuis, no coubi, cane
Ifrom ithe ether usef in separating and extracting the orzanic

-

xiture.

£3
R

layer from the waver used 1in decomposing the reaction

FPraction II, page 64, btelieved to convain ether ané di-iso-
orodyl, (CHQ)Z“H-CL(GE }2, wes treated with concentraied ig3Cys '
%o separate the ether from it but The entire amount dissolved |
in the acid thus showing no Gi-iso-drovyl, v.p. 58°9.

PUT BTAOTTON
?HIE RZACTIOH

|x_’

KITROBINZEXT WITH BEHIZYIMACGHFRIITII CEICRIDIZ 70

(@)

YIZLD syn-DIPiiNYIDIBLNZYIHYDRAZIRE

Cze nole of tenzylmegnesium chloridée was prevared fronm

~

136 =. {1.08 moles; of beanzylchloride and 26 z. of megnesium in
ether solution in the customary way. To this, 30.8 g. (0.25
mole] of nitrobenzene were addel Cropwise with stirring and
with cooling of the reaction flask by running water. The re-

ection nixture was allowed to stant overnighit ant was then de-



composed by the addition of 100 cec. ¢f water. The ether layer
was poureld orif from the solid tesic magnesium bromice aand the
ether evaporated by blowing air over it. L Cark oil remzined.
This had ne odor of benzaldehyie nor ¢id it zive 2 nrecipitete
with ghenylhydrazine, The o0il was vacuwn Gistilled:
Fraction I  -- up to 100/10 mm. ... 4.0 z. liguid
" II -- 100-130/10 e.eveveea..40.7 =. solig
" III == 150/10-200/3 eeeveees.12.2 z. licguic
" IV == 200-280/5 tiveceeeeasa2.7 3. ™
* V =~ RecSiCU€ .cieeecececses 7. S tarT
Tractiorz I contzined a small anmcunt of moisture ana afier
Grying over HagSQ0s was redistilled yielding £.5 g. boiling at
170-20°. <This material contained aniline as was shown by the

fact that iv gave a stronz carbylanine test and wi

th benzo;l

chloride gave benzanilide, m.p. 158-60°, and with p-nitrobenzoyl

loride zave p-nitrodenzanilide, m.n. 210° (204%;). The mate-
rizl Gid not contain benzaldehyde as was evideznced by its fai-
lure %o yield a precinitate in 305 acetic acid¢ with phenylhy-
drazine.

Praction II, the greater pari of which boiled a2t 135-435°/

10 mna., solidified on coolinz and consisted mostly of dibenzyl
It was dissolved in ary ether and dry Il passed in which pre-
cipitated a sma2ll amount (4 z.} of basic material. This was

fiitered out, the ether removed by evaporation and
ing dibensgyl distilled, boiling at 272-77° zné neli

the repain-
ing at 50-29.,
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The yield was 31.5 z. After deducting from this amount 5.2 z.

waich is the amount es
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Srignardé reacticn, the yicld fronm the reaction was 22.8 zZ.

in whereupon 4.5 z. {19, ecrude yield) of sym-iiphenyléibsnzyl-

hydrazine nydrochloride, (Cgils) (CgdsCis )Li-li{CslsCHa ) {Cakp)2 HCL, :
wvere precipitated. ifter erys

0

. . . . < v s . )
iéentity of this material was established by its melbting pointo@

1

213° (215°) ané by the Pfact that on relfluxing with dilute acid

L 4

it yielded9? benzeléehyde {ideniified by the phenylhydrazcne,

m.p. 155°;, aniline {identified by the itribromaniline, m.p. 119°)

and benzrlaniline {hydrcehloride, m.p. 190-5°). Altho the Iree

Fressel®?. ?
The ether-ill filtrate from the hydrazine hydrochloride was

evaporated and the residue distilled yielding 3 5. of material

3

boiling at 250-90°. aifter 6 crysbtallizations from aleohol this
vielded nmaterial melting at 1159 which was identical as shown Dy
a mized meltinz »oint, with %the corresponling materizl obtained
from the other runs with benzylmagnesium chloride.

The material in Fraction IV was apparentvly such a nixiure

of decomposition and condensation products of the hydrazine tThat

no compouné could be separated from iv.

32. Franzen ané Zimmermann, 3er. 33, 2567 {1906).
95, Lnn. 292, 150 (19iZ).
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ISR ALE ATT ATA TYTIMDATRTMTT TN It e T S ATTTAQ TITN S IS AT T
OACRICE COF LWITRO3ZNZET VITH SDUEVILIAGIES I 3RoliIDE

It was Dpelieved thai ethylmagnesium dremide reacting

with nitrobenzszae woull rroduce s;m-diethyl-&iphenyl hydrazine,
H5) (Colpili=H{Calsl (C585), since benzylmasznesium chloride
tinzg with nitrobenzene hal »rcducel sym-&iberzyl-diprenyl
hydrazine. This contvention was borae out Ty experiment. JTow-
ever the isolation of sym-diebhyl-Ciphenyl hydrazine was 2
rather Qifficult tasik on account of the ease with which ii de-
composes. 1% was necessary o vecuunm Gistill the material =
a pressure of 0.5 mm. or less and cven
acconpanied by much decomposition. Wieland
experienced this d&ifficulty ard reported the naterial as boil-
ing over a range and oviained only = snmell amount of pure mate-
rial boiling at% 141°/1 mm. Ue £iné the maberial o boil ab
118-23°/.5 mon. or less. The oreoduct on refluxing with dilute
HC1 yielcGed 2acetaliehyde, aniline anC ethylaniline &s reporie

he¥a vielané®% Yut would not yield the renorted color reactions.

<«

a+

This failure ney perhaps De explained by the fact that Jieland
prepared the hydrazirne Lfrom the corresponding tetrazine which
itsel? yields the reporied ccler reaciions.

Eepworth35 treatel nisrobenzene with ethyl bromide and
masmesium in ether in the cold and Tevorted the formation of
evhylaniline and azobenzene under these conditions. {n repeat-

ing this eXperiment we find vhat the alleged ethylaniiine boils

34. Viielend and ressel, ann, 322, 133 {1°12).
35. Hepworth, J. Ckem. Soc. 117, 1004 (1320]}.



over a wie range, 200-70°. This may be Cuec to ize yresence

4 ecuivalents (2 moles! of ethrlmagnesium bromide with stir-
ring 2t room veumperature for 4 nours. The reaction mixture

was Then Gecomposed with LHEsC1 solution, the ether layer sepa-
ANO TREN EVvAPOIRATED
ratednby tassing a strean of air over it. The 0ily residue s9

obtaine

oy
S
tn
ct
¢
D
3
M
ct
O
Q
™
]
[
Q
I3
%]
fel)
|
)]
ct
(¥
[
| S
(4]
fu
o
(S
Y]
o
}D
i
(o)
Q
&
o]
H
(0]
7]
[

sure, U.5 mm. or less.

Fraction I —= 80-1153° tiiiiieriiinnniae.. 14 5.
Freetion IT -- 115-25° (most 218-23°) .... 9 g.
Praction IIT == 125-63° ...viieeeeencncnees 5 2.
Residue -

Fraction II contained the hydrazine, (Cgils)(Cois)i-

2id5)(Cglis}, as was shown by the fact that on refluxing with

v
v

[
.
—_—
(@]

diluve IC1, acetvaldehyde (colored Schaiff's reagent, also sirong

-

odor; was evolvel anG the acid solution yieldGed 2 sircag car-

tylamine test showing the presence of aniline.
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UITROBEIZINE AND PEERYINAGHTSIW! BROVIDET

PS5 ]

Since benzylmagnesiun chioride
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had rielded hylrazines or reacting witkh nitrobenzene it was

unfertaken to Getermine whether under very careful procedure

tetra-phenyl nydrazine, (Cgligiph-X{CgHs), was Jormed znd could
te isclated from the reactioa of nitrobenzene zad prenylmazne-
siun bromide. <<n carelul Iractionzl crystalliizetion of the
nroductss of the reaction iic fraction was chitained iandicative
o vetra-phenyl hydrazine. !loveover the reaction mixture de-
Pore any crystvallization would not rielc the cclor itests for
the hydrazinev o6,

One-tenth mole (12.3 z.) of nitrobenzeae iz 100 ce. of
Gry ether was ireated siowly with pheaylmagnesium bromide (0.4
nole) with sitirring at room temperature. The reaction mixture

[

afver standing overnizht was decomposed with IXaCl solution

orier ©vo remove the phenocl.
The ether layer was then dried over 22SC0s4 and evepcrated

somewhat b

&y

- . i
did not give the color test?° (zreen to reddéish-viole: on treat-
nent with acetic acid ané heat)] for tetra-phenyl hydrazine. The

solution was tThen ccoled and crysials separated which were {il-

tered out. The mother licuor was then Ifurther concentrated and

’

ob6. iieland and Gambargan, Zer. 32, 1499 {1S06).
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s

a8 second cror of cI; Soa1S obtained. 7Thls zrocess was repeat-
ed until o different crops of cerystels were obtained. zach

0L Trese crops oI crystals melted Zower than the meliing point,
700, of divhenyl and upon recrystallization proved to be 2
nixture o Cipheryl axnd Giphenylamine. After obtiziring the 6
crons of cerystals an 01ly residue remained which would nosb

S sidue was %rezited in

| dd

rield more crystallire material. Th
tiie ¢o0ld with concentrated 49504 in order 1o rearrange36 any

tetra-phenyl hylrazine, if present, to Giphrenyl venczidine,

~

0 gHa O nHCgds which then counld be separated as the

Tt

Cgligl

nydrochlcride from the diphenyl tresent and could be easily

&

detected by its high melting point, 234°. ter neutralizing
he HpSO04 with Walll the organic meterial was extracted with

ether, the ether &ried ank C1 passed into it. 4 hydrochloride

zrecipitvaved which wken {iltered oult axnd freated with Ralli

yielded only CGiphenylamine anl notv Giphenylbenzidine, thus

showing that tetra-phenyl hydrazine was not present.

T Nal e > o~ - v A Tey T ATy e ronTD AT ve -
?LJZ;.[“.CAION [ 8 EI}-LJ‘&‘Y—JAL‘L.LJ.LL"E \:.‘: Uiy \’-‘?I =R\ "I\.A .;U,.I BRO.-.IDXL
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Dimethylaniline oxide, 3, was prepared according

to the method of Bamberger and Tschirnerd’. Two-teaiths mole

(27.4 £.} partially dissolved in 800 cc. of warm (40°) benzene

c®

was treaved with Cgiigigl3r, twe equivalents (0.4 mole) reacting.

-

The reactlon mixture was decomposeld with dilute IC1, the ether-

7. Ber. 32, 346 (18%%°

e



dbenzene lesyer separaved ané extracted with Hali to rezzove
i

pherol which was then isolated as the insolublie iritromophenol,

12.55 z. ecuivalent to 3.55 z. phenol, being oblained. Vield,

The ether-benzene layer alier ilie ZalZi extrsction was
evanoraited anri the residue distilled rieiding 8.5 g. Ciphenyl.

vield, (8.6

Gy
i:
+
§

The water laoryer was purrle. Avout 100 g. Tl was added i
$5 it =2nd then NE40H until alkaline. The purple color was
¢ischarged and a very small anount (2tout 1 gZ.) of a solid
gcompound separavel which wes easi

purple &oloxr. The alkaliine soiuvion was exiracted with ether,

e evher 4ried over lapgSls4 ard distilled yieldinz 2.5 g. of
9

. PR R = -
dimebtr;-leniline, b.p. 1%2. TYield, 8.15L.
i
H
i
T DMAAMTAT AT TATIYT. TTEATD AMTY CUTMY TR TIC A AT TIT ] SATTIVY Am :
THE RTACTION OF ZTIIYL NITRATE WITDI PITUYINIAGRESITCLI 3IRCIINS AT :

T AT MTT O L QTR
0T DEIPERATTRES

A

The reaction between ethyl zitrate and phenylmagnesiun

ronife was investigat with specia feren { v in-

bromié S stigated th special reference to determin
ing whether at very low temperatures (-60° to -100°) the first

stenr in the reaction was es follows:
CoazieBr + Ogis0-Lilg — Cgiiszkilp -4 CgisClisZr

The chief concern was wihether or not nitrobenzene was formed.

Zinke2d®8 nas previously siudied this reaction at ice

38. rinkead, R. V., Chem. Hews 122, 4-5 (1921); C. A. 15, 832.



tenperatures and hal reporied ke production of 2 viue so
tion, on exsvraction with CiClg, which had the properiies of
an indicator. The reaction of ethyl nitrate wi

compouncés had been svudield Ty ;evwo-UJgg wrho Zound that using
“Ig!gl there was produced ({Xgz)gilll and using CpHsliz3r,

(CoLs)oki0E was produced. The temperature was no lower than

Iv seemeC reasonable to believe that if The first step
in the reaction were the formation of nitrobenzene this might
be prover by using a large excess of ethyl nitrate and con-
ducting the reaction at a very low itemperature in order to
prevent reaction with the nitrobenzene Iformed. Iowever, the
orediction was not borne oud xrerimental evidence since

hkig
1 nc case was nitrotenzene obizined altho the temperature

| e
;:n

was exceedingly low (-100° 9j.

Phenylaegnesiun bromide (0.2 mole) in ether solution
waes run dropwise into 2.3 mole of evhyl nitrate wiitnh stirrizz.
The reaction flask was cooled¢ in a slush of so0lld COg ané ace-

tone. During the first minutes of the addition the reaction

)

mizture was dark colored and later a while »recipitate appear-

ed. it the end dilute :C1 was allel, vhe ether lasyer separated,

éried and vacuum_distilled.

The only products obtained were diphenyl and phenol which
are procucts of the reaction with nitrobenzene.

The water layer was mede alkaline and steam distilled bdbut

ncthing passed over.

39. Hepworth, J. Chem. Soc. 119, £51-60.
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4 second run was made dut with the sazme results. XFinX
was presentv ali the end oi one hour aiver z2dcition thus in-
troduciagz doubt as o wheiher vhe reaction hau goze at the

. . . . . e}
- - 1 YA g B o - o . v, + =
10w temperature. . tnird and fourith run was made at =15

R ~0 . - . .
ané at O respectively tut no aitrobenzene was forned.

SmJ?V ST SSYMT _ITITANSE ra (MY

:;'F
wlard Vv a2 2emrAvUiea. Sl LIlAall

THE PREPARATION OF TATRA-STYRYL 134D, {(Cpin-CH=0Z)4Pb.

In connection with a series of situdies being carried on
by Zr. . I. Sweengy ani Lr. Henry Jilman on the effect of
the sitruciure oY organo-lead compounds in suppressing the
Tknockx"™ in invernal combusvion engines, i% was deemed advis-
able to prepare tevra-siyryl lead (362—-CH-CH)4?b. This would
-give a compound from which the effect of unsaturation might be
dstermined.

Hidgley40 has shown that tetra-ethyl lead has a pronoun-
ced influence even iz very low coacentration in suppression of
gaseous Getvonavion. e proposes vhe Lollowing hypothesis for
the explanation ¢f the detonation: There exists a critical
pressure above which the combustiorn reaction proceeding tvhrough
the gas must travel at the velocity of sound. Fhen the {rans-

mission of chemical activilty reaches this velocity, a condition

called "detonation™ is produced.

40. ¥iégley, J. Zng. Chem. 14, 583, 845, 894 (1922).



is well Xxnown thabt 2ll flames are highly icnized-~thav is,
thery arc excelleant carriers of an electric current. 7This
neans thai the enerzy released in the reacticn of the hyfro-
carbor with oxygexn serves in pari o liberate elecirons Ironm
the reaciinz nclecules. The advance 02 electrons propelled
at nigh velocity from the flans fronv undoubtedly ionizes the
the flane. This

ion is tentatively regarded as the essential activation

ration of the flame. 4t 2igh temperatures and hich rressures,
suck as elways obiain when devonation is excessive, the velo-
r 0f the liberatecd electrons is xrizh o vheir exnergy
reelily absorved by the combustible gas. The rate of flame
propagation therefore becomes exitremely high. It is, then, i
the funcition ¢f the aatixznocx molecules or, more pariicularly
tue lead atoms present in the conmonest exanple of antiknock,
to atiract these electrons, thus Forminz hizhly charsed lead
ions and preventing the former ready ionization of the unburned
nyarocarbon.”

Subsegquently, Chareh, lack and Boord42 in an extensive
study of many ifferens organclead compounds as well as other
orzaronetallic Cderivatives suggest that the following points

are applicable:

41. .enét aal Irimm, J. 335. Chem. 16, 8°0 (1%24;.
42, Charch, Xack and Boord, ¢. Eng. Chem. 18, 334 (19256;.
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The antiknocz connpound should have an eciable

vapor pressure below 400°.

Snould cecompose quickly oz heaeting yieiding the

zetal {lead; in the Zorn of a very fine dust.

Tirnen The parvicles of g metal such ss leal zre
liberateld iz The hot oxidizing atmosphere ol the ‘
cylincder--Ior sxample, by the Geconmposition of lead E
tetraetinyl--they would tend o uncdergo almost inme-

Ciate oxidation. This imnediate oxidation of the

litergted metallic particles is assumed to ve the

vhird condition necessary to the Zunciloning of the

antiknock maverial. It is held that the navure of

the oxidation ol The arnitiknock nmaterizl under the

ccadivlions of 1its cperction and the influence of this :

oxidation upon vhat of ithe combustible cylinder cases i
|

are sufficient o account for its effect in causing a i
suppression of detonation of the fuel with which i3
is usec.

"The very fine particles {or vapor; of the anti-
xneex metal are concsived as uanterzoing such rapid
oxidation as to develop sufiicient xzeat S0 raise henm

momentarily much above The

burrced gases in which they

thus created at gefinite

-
(=1

& larze number of centers,

which there is »nroduced an

o

temperature of the yet un-

are presenti. There is
svaze in the engine cyrcle
in and very clgcse abouw

atrnormellr hizh tempera-



Ture. 3Such a concit
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vial cxication of the Zuel rather homogeneously
vire volume. The antiknoclr would

tnus funetion as & Xind of auxiliary ignition sys-

(%

compressed gases. These gzses uwiGer ouher condivions
would e chemically unchangad until the flame Zront
had passed snrough them, or until thelr pressure and
temperature hald tecome greail enough to cause their
detonation.”

Organolead compounGs can be prepared in several ways:
4!”

¢

(1) Reaction of metallic lead with alkyl iodi

a
/ clivm a17gws with orsanic halicesd4:
\ lead scdium- &lleys with organic halides®=;

N

ks
[4)
Ky

) resctior

13
Q
Yy

(

of Oriznard reagents with lead chloride4C.

j reactio

($3}

Tre Tirst of these methods yields only very small cuanii-

ties; the seconc is usel on an incdustrial scale; the third is

2 bit expensive and incenvenient and the fourth finds applica-

tion 2s an excellent laboratory method.

43. Cahours, Jomp%t. Rend. 36, 1001 (1853); rlan. chim. 122, 67
{1862].

&4, 1dwig, Jour. Frail. Chen. 60, 304 (1

43. Buekton, 2roc. Rory. Soc. I1X, 882 (1
(1853;.

46, Pfeiffer and Truskier, Zer. 37, 1125 {1904}.

Gi-ethyl zize and lead chlorideés; (4} reaction



-78~

TTITWMMAT
DEPERIITHTAL

g
m
1]

IS
H
(4]

k3
)
H
[{4]
o)
-4,
H
O
&}
f
(8]
i
O
+
(0]
¢

@
O
(s
O
+

L beta-~-bromosiyrene,

’

Co35CH:Ci3Br, and two moles {48.6 g.) of magnesiunm {estimated

~v

rield o2 RgX aboutbt 50%). The excess magnesium was filtered

fron the Griznard soluiion and then one-half ncle, (138.5 gZ.)
of ary, Tinely gzround bflg added in srmall biis to it with

stirring. L vigorous reactiion Tookx place and a2 dark »recijpi-
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tate separated. The reaction mixiur

i3

< p -3 el SR 4+ s e - . .
ht afver viieh i1t gave no tvest for Wizil. It was then

}re

Ceconzosed by pouringz into lced water and the ether iayer seje-

rated. Cn coancentration and cooling of the ether layer the

coupling rroduct of the Grigrard reaciion, diphenyibdbutadieze,

s
(4]
[47]
.
O
]

Z.0gHs , separated ia larse quantis
recrystailizaition 3C 5. were obiained melting at 147-8°. Tre
mobher licucr con further coacentration remained as a thieck oil

from which no more diphenrloutaliene would serarate. Avtenptls
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leal conpeount would guickly Gecompose with the nraduction of 2

very tlack material even when pressures telow U.S mnm. were

used. Zope oFf vacuum distilling the tetra-siyrrl lead was ea-
were

tirely siven up ané efforss/made o separate the lead compound

from the hydroecarton by the use of various solvenis. I1 ap-

pears taat the hydrocarbon, diphenylbuvadiene, is more solutle

v



in petxoleun ether Tthen The lead compounct zné whern the 2ix-
ture is exuvracted with this solvent a waxy residue is lefwd
which is guite rich in iebra-siryr-l lead.

testinz Tthe antiknock properity oi the

various conceniravions of teilra~-soyryl

L

#hile tetra-siyryl lead has not yet been obiained in
I K
1007 pure form the impure mixziure shows all the characieris-

tics of sucl: & lead compound. Un ignition the waxy naterial

guicXly becomes ver:y licuil shen Carxens somewnat ané as it

M < -

e

reaches a higher itempera
en@ with burning, yvielding a smoke of firnel;y Givided lead and

lesd oxide and leaving
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globules of netallic lead. It is fairly soluble in gasoline
and easily soluble in the common orzanic solvents. It dis-

solves easiliy in FTurfaral slso. It reacts with bronine in

-

acetic zcidé solution [ielding the lead as iead bromide.

-

Jork slongz ‘the general lines suggesvel Uy the eXperimenis

in this thesis is being continued. Inconmplete experiments
indicated that sym-Qimethryldéiphenyl hydrazine is Fornmed, as
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methylnasnesiun iocice ma;r o¢ tnal hyirazines result
£ -, -~ g b R T 4 N e
from Tthe reaction < nivrobenzene wilh &ll simple alXxylmasne-
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is no oxidizings acticn here resuliting in the Jormatvion of
either nphencl or diphenyl.
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nesiun bromide [ielding diphenylamine and dipheny
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nylhyiroxylamine, {Cgilleili0i reacts with three equi~
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ané alpha-niitronaphihalene, react witk four equivalenis of
phienylimarnesiun bromide rielding phencl, the corresponting

-
1

. . N . . e e ..
secondsyry anine a2c diphenylemine, o-tolylrhenyl aniae,

"

Benzylmagnesiun chloride and ethylmarsnesiun bronide reaci-

inz with aitrobenzene yield the corresponding teirs substi-
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nes, sym-CGibenzyldiphenyl rydrazine and sym-

o

ienyl hydrezine.

{4) Timethyrlaniline oxide reacting with phenylmagnesium bromide

-

+3

rields in snell =mount phenol, diphe

<

itrobenzene, 0- ané T-niutrovolucne

vl and aimeithrlaniline.



Lead tetra-styryl may e prepvared from styrylmagnesium
bronide and lead chloride., IV is belng used in conjunc-
tion with certain solvenss irn 2 study oz anti-Xnsck

zaterials.
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