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ORGANIC OXYGEI AUTISEPTICS

Introduction

It hos long been knovn that hydrogen psroxide
and certein of its derivetivee have stronz antiseptie
propertiss, The compoundg of this type so far Lnown,
find spprlication only for external usge., It would be
highly desiravle to »repare 2 nseroxide possessing the
same bactericidal sction but to = somewvhat lesser de-
or8g., Such a compound mizht lend weluasbls aid in com-
bating pathogenic organisms, espscially if it was suita-
bls for internal usse.

As tue result of attempte to prepare new oxyzen
antiseptics, an investigation hag besn nade of the ro-

action between gome tyrical orzaniec peroxides and ths

Grimmerd reacent.
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Theoretical

Reaction ﬁoes'not take place with every peroxide,
snd the rate of reaction varies appreciably with differ-
ent peroxidcs. The following is & geunersl expression of
the course of reaction:

ROOR + H'MgX ~~~— ROR' + ROMEX vicvevancnnnseees(I)

Wuyts (1) has reported an anclogous resction between
disulfides and the Grigmnsrd reagent. Studiecs have been
mede on the rezsction between hydrogen peroxide and orgsno-
megnesinm helides, 0dde (2) obtained & veriety of alco-
hols from the reaction dbetween = concentrsted hydrogen
reroxide solution in water and alkylmegnesium helides.
Durend and Naves (%) got an 80% yisld of phenylhydroxyl-
gmine from the resction between bromomsgnesium eniline
(CaHgHHMgBr) ané hydrogen peroxide. Inorganic peroxides
with vhenylmarnesium bromide give phenol in 2 yielé smaller
than that obtsined from dry oxygen (4).

With equivalent molecular quentities of dibenzoyl
peroxide and RUM2X compound the splitting reaction repre-

sented in (I) takes place. 'hen an excesg of CGrignard

l. Wuyts, Bull. soc. chim., 3L, 186 (190€). Fe voredicted
a like reaction with diselenides and s&lso drobably
with peroxides.

2. Q0ddo &nd Binaghi, Gazz. chim. itel., 51, ITI, 343 (1921).
Ce Ao 16, 1424 (1922).

Ze _Jurand and Neves, Compt. rend., 180, 21 (192&).

4+« Unpublished results of work done by Agnes Wooed.



reagent is used the phenyl benzoate that is first formed
undergoes the normal resction of esters snd RigX comoounds
and & tertizry alcohol (&) is formed, namely, triphenyl
caerbinol. Gelissen and Hermans (6) found recently that &
small amount of vhenyl benzoate in additicn to other com~
pounds is obtained when dibenzoyl veroxide ig heated in
benzene. However, &ll experiments in this work with diben-
zoyl peroxide were carried out at low temperestures (0° to
-5°%) because of the vigor of the rezction. Sienificeant
quentities of phenol were zlso obtained,
ccinic psroxide {7) underwent no reaction with pheny

megnesium bromide. This may be due in lorge part to the
insclubillity of this peroxide in solvents that sre insen-
gsitive towerds RMgX compounds. Attempts to force the re-
action at moderstely elevated temperstures inverisbly re-
sulted in repid deocompositions thet gpproximated mild ex-
plosions.
be Although good yilelds of tertiery alcohols gre obtain-

eble, the reactlon merits 1ittle considerstion from

¢ synthetic viewpoint. Un published results chow thet

acid chlorides, from which peroxides &re prepared
either directl; or indirecctly, give better ields of
tertiary elcohols when trested with RMgX compounds.
6. Gelissen end Fermens, Ser., 58, 285 (192%L)
7. The euthor w»izshess to expresgss hig sponrecisticn to
Fredcrick Stezrns and Co., of Jetroit for emple

plies of this compounds.

SU Do
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Triscetone peroxide with an excess of phenylmag-
nesiunm bromide gave, in addition to & large amount of
phenol, the tertiary alcohol that results from the re-
sction between scetone end phenylimagnesium bromide.

Diethyl peroxide underwent sn unusuel reaction in
the sense that lasrge amounts of diphenyl were formed.
However, the typicel splitting reaction (I) elso took
place. Diethyl peroxide is not to be confused with the
ether peroxide (CH,C(E)(OQ0H)(0C,%,)) described by Clover
(8) in his work on the sutoxidation of ether. This perox-
ide or its products of decomposition {(acetsldehyde, in
varticuler) give secondsry gleohois with Grignerd reagents
(4}

Triphenylmethyl peroxide does not react to sny ap-
preciable extent under ordinery conditions with phenyl-
magnesium bromide. Vhen the reaction is carried out et
elevated temperztures the triphenylmethyl peroxide under-
goes the known high temperasture rearrsngement tc tetra-
phenyl-sym-diphenoxyethane ((C Hg),C(0C.H;)-),. It is
interesting to recell in this connection thut ¥Wuyts (1},
in some preliminary experiments, found no reseticn be-

tween the Grignerd reagent and disuvlfides of high molec-

g. Clover, J. imer. Chem. foc., 44, 1107 (1922).
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ular weight like benzhydryl disulfide ({C,.Hg),CHSSCE
(CeHg)a) @nd bornyl disulfide.

It hes long been known that oxygen produces chemi-
luminescence with arylmagnesiunm halideg, in particuler (9).
Those peroxides (dibenzoyl, triscetone and diethyl) that
react wi th phenylmagnesium bromide elso give rise to the

phenomenon of chemiluminescence.

9. Zvens snd vufforda, ibid., €&, £785 (1%23); Lufferd,
Culvert and Nightingule, ibid., 40, 2008 (1923);
and, most recently, Jufford, Hightingsle and Celvert,

ibid., 47, 95 (192&).



In the experiments with benzoyl peroxide the
Crignerd reagent was added slowly to & solution of
the peroxide in benzene cooled to 0 to -5°. Reaction
took place &t once and the mixture was hydrolysed dby
dilute hydrochloric ecid. The ether-benzene layer wes
gseparated; woghed with dilute alkell to remove vhenol
rn@ benroic scid; dried over geodiuvm sulfate; concen.
trated by distilling most of the ether and benzene in
& vecuum; and the products were then worked up by crystal-
lization or vacuum distillaetion. The alksli wsashings
were ecidified to obtzin phenol and bennoic scid.

Varying conditions were used for the other perox-
idese.

L1l yields are bused on the original guantities of

peroxides.
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TABLE I.

REACTION OF PEROXIDES WITH GRIGHARD REAGENTS,

PEROXIVE MOLE RX COMPOUND MOLES® COLPOUNDS FORMED (YIELD &)
Dibenzoylb ° .416°'Bromobenzene ° .41°Phenyl benzoete (28%); Benzoic acid
. . Ao - - - - - c
vibenzoyl ' <416 Bromobenzene . .82 Fhenyl benzoate (Z.6%) ;Triphenyl carbinol(23%)

d

&

Dibenzoyl ' .2 ‘Fthyl bromide ° .25'Ethyl benzoate (10%)

Dibenzoyle ! L0863 n-Butyl bromide! .43:Di-n-butyl phenyl earbinol (72%)

. . . . ES
Dibenzoyl .04 Benzyl chloride’ .2 :Uibenzyl phenyl carbinol (73%)

' )

Suceinic . .2 .Bromobenzene ; «2 ; -------
Teriscetone ° .00 fBromobenzene f o8 ibimethyl phenyl corbinol (25%) Phenol (66%)
Jietnyl f oL EBromobenzene f .GSfPheﬂetole (54%); biphenyl (50‘}3)l
Iriphenyl- I _03 Bromobenzene * 0B - o« o - = -
nethyld : 2 M
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{ Footnotes for Teble I)

The quantity of RUgX used was approximately that sctu-
ally present (Gilman and McCracken, <. smaTe Chome
Soca, 4B, 2462 {(192B)).

The yleld of venzoic scid was 70 ge This kigh yield
is due undoubtedly to the hydrolysis of some unchanged
benzoyl peroxide.

In an earlier experiment there wes no evidence of
reaction when phenylmagnesium bromide wos #&éed to an
egquivalent of peroxide 1n benrzene-etiier zolution cool-
ed by immersion in carbon é&ioxide snow in etihwer.

In snother experiment, carried out «t zbout -57,
the precipitetec reaction produet in the rsdé cvolored
nedlum wus extruscted with benzene nrior to zydrolyeis.
Concentration of this bonzene soluvtion guve phenyl bene
zoste. The s0lid residue after coxtration with benzene
was pructically purc bromomegnesium benroste (C,E,C0,
¥glr}s This wes determined from the weight ofFf benzoic
acid obtained on acldification.

b0 g. or 98% of benzolic acidé was alsc obtuineéd, in sd-
dition to 1C g. or 28% of phenol. The nhenyl benseste
wes cbizined from am cil wnich might have contsined, in
sddition, Bome benzophenone.

L b0k yilelé of triphenyl curbinol wap obtained when
vhenyl venzoate was treated with % equivalenis of phensil-
magnesium bromide under the spproximate condltions of
the peroxide cxperiment.

In adédition some unchanzed benzoyl beroxide wid recover-
ede.

The peroxide in bennene wes added to the IRiimd comoound,
ené after stending over night thd mixiture wes rofiuxed
for en Lour. Bebl ge 0r 80% of benzole ucic wee &ls

cbteined.
oy 34 437 alvaAanerl - i s} . "y s : 23 41,
The di-n-butyl ghonyl corbincl wus compered wit
3
.

the procduct obtelned from the rezetion between etnyl
venzoate uné n-bulylmsgnesium bromide. Jhe constants
of the twglccmpounds agreed: b, 120~126 (7 rm.}; Ci,
0.93125 n5, l.4824. &%t room tempereturce the tertiexry
slcohol is & thick cclorless oile The denmvperstinres rIeé.
corded in this paper are uncorrected.
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The dibenzyl phenyl carbinol melted at 84-85° and
was confirmed by a mixed melting point determinstion
with the same compound prepared according to Xlages
and Heilmsnn, Ber., 37, 1456 (1904).

In one experiment, the reaction mixture was refluxed
in ether for 16 hours. The only product obteined was
2 very small amount of a&n alkeli soluble compound that
crystallized in long needles and melted at 90-94°.
This compound may have been the monophenyl ester of
guccinic secid. L repeat experiment wiherein refluxing
was carried out for 12 hours in benzene-ether gave no
golld product.

The ether was largely replaced by anisole in s
third experiment, and sfter heating for seversl hours
at 25° sudden decomposition took place. On working up
the s01id rezection preduct s smell amount of a solid
was obtsined that melted at 199° when recrystallized
from acetone. £ mixed melting point determination show-
ed this compount wes not «,8 -~dihydroxy-«,%,d,8-tetra-
phenyl butane ({CeHy),C{OH)CH,CH,C(0H)(CsEg)g)e It is
possible that the 19%° compound maey bde 2 dehydration
product of the dihydroxy butane: namely, tetraphenyl
butadiene that melts at 202e.

The obvious inertness of succinic peroxide in its
reaction with phenyimagnesium bromide is not to be con-
fused with its grest instability at elevated tempere.~
tures. In several expesriments a violent explosion took
place when the reaction mixture was hested beiween 110-
120°, even though the temperature was not permitted to
rise above 110°.

No reaction taskes place in ether &nd the peroxide is re-
covered. In one experiment, benrene was added to the
reaction mixture &nd before most of the ether hsd been
removed by distillation vioclent decomposition set in.

In a third experiment the ether was replsced in
large pzrt by anisole. To this solution of the RMgX
compound there was added gn snisole solution of the per-
oxide. The veroxide was gdded slowly with stirring be:
ganse of the vigor of tha remction. Subsequent to ecid
hydrolysis and alkali extrsctions to remove phenol, the
ether layer was vacuum distilled.

The peroxide wes added slowly with rapid stirring endé
at room tempereture to the ether solution of phenylmag-
nesium bromide. In addition to vhenetole and diphenyl,
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less than one-half a gram of phenol was obtsined.
Phenetole was identified by its boiling poini, densi-
ty, refractive index and & mixed melting point with
p-nitrophenetole.

In enother experiment where 0.3 moles of perox-
ide and 0.67 moles of phenylmegnesium bromide wag used,
7% of phenetolo and 18% of diphenyl were obtezined.
Divhenyl was identified in both experiments by mixed
melting peint determinetions.

fter refluxin" in an ether-benzene mixture et sbout
76° for © hours, 85% of the triphenylmethyl peroxide
was recovered. In addition, a smell guantity of e
dark red 0il wss obtained.
A second experiment was carried out in boiling
toluene for four hours. The chief product obtsained
&fter hydrolysis was tetravhenyl-sym-dinnenoryethane.
his was identified by & mixed melting pcint with the
came compound prepared sccording to Wielsnd, Ber., 44,
2850 (1911). “The residusgl red oll in the fl* t run
verv probably contsined this compound.
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Several formules have been proposed Tor hydrogen
peroxide. Closely releteé to these are the formulas
suggested for organlc peroxicdes. In hig study of the
reaction between hydrogen peroxide and KilgX compounds,
0ddo (2) hes considered the following formulas for hydro-
gen peroxide:

A-0-0-H T 02 0-11 0=0=H,

(A) (B) (C)
O0ddo admits that no decisive snswer concerning the con-
stitution of hydrogen peroxide can be mzde &s yet. On the
basis of his work he inclines towarés formulas (B) and (C).
He postulates with (B) and one molecule of RMgX compound
the following hypothetical addition compound:

(MgX)HO=CH(R)

In this connection, Gelissen and Hermans (10) heve
directed sttention vexry recently to some znslogies between
organic peroxides and azo compounds. Their correlations
would probably support formulas {(4) and (B), and becuuse of
the unsaturated nature of the azo grouping preference might
be given to (3).

The only peroxide in the present study that mzy be in-

terpreted as hsving formule (B) is diethyl peroxide. The

10. Geliscen and Hermans, Ber., 58, 984 (1925).
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unusual quantities of diphenyl formed in the reaction bew
tween diethyl peroxide and phenylmegmesium dbromide suggest-
ed at once that an anslogy misght truly exist between perox-
ides and azo compounds (11}, Gilman and Pickens (12) found
that ths following reaction takes place between arnobdenzene
and phenylmagnesium bromide:

CelgN = HC Hg + 2C H MgBr —— C HN(Mg3r)i(¥gBriCsily +
CulgeCgHgoevooeeeononnnsaes|II)

If we a2dmit the correctness of Oddo's conjecture that
addition of RUMgX may take plzce to hydrogen peroxide, snd
if we admit zlso the correctness of the snaiogy between per-
0xides and azs comuonas madse vy Gelissen ené Iermans, then

n digthyl peroxids

)
]

the fellowing rezction may occcur betw
and phenylmegnesium bromide:
C,Hg020C,H; + 2C4HgMgBr —— C 2Hs0 = 0-Cofl; + CyfleeCullgon(I11)
MgBr lHgir
Certaln it is that diethyl peroxide behaves differently
towerds RMgX compounds then the other peroxides. The forma-
tion of phenctole shows that some of the splitting recection
of (I) occurs. However, none of the cther peroxides gave
1l. Porter and Steel, J. imer. Chem. Soc., 42, 26500 {1%20),
found that the qusntity of diphenyl present in the pre-
paratlion of phenylmagnesiwn bromide is not sltered by

pessing oxygen through the ether solution
12. Gilman and Pickens, unpublished work.
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any more than the usuael gusntities of divhenyl founé in

an ordinary vrepsration of phenylmasnesium bromide. Fur-
thermore, the guantity of phenol obtrined in the experi-
ments with diethyl peroxide is that normally found in the
customary preparation of phenylmegnesiws bromide (4,11},
Dibenzoyl ené triascetomne reroxides gave decidedly signifi-
cent quantities of vhenol. - The formation of vhenol from
these two peroxides is very probabl; due in large part to
the reaction betveen phenylmsenesium bronmlée &né the inters
mediate compcunds contzining the phenoxy (-004H;) group,
such g8 phenyl benzoste when dibenzorl perowide 1s uged.
The sbsence of any coi
dation of RNgX compounde {such asg is observed when oxyzen

or air ig uged) would militate agsinst formulse {C) {1Z).

HIAR

The following reaction takes plece between peroxides

end the Grignard reagent: ROOR + R'MgX —— RORY + ROMgX.

The unusual quentities of diphenyl forme& in the reaction
vetween diethyl peroxide and phenylmagnesium bromide suggest
& correspondence in gtructuvre between this veroxide and &zo

compounds.

The possible importance of new peroxzides as antiseptics

hes been discugeed.

loe £n gid to the solution of this problem may be found in
the studies now in progress on the rezction between sul-
fenic esters (R-3S-0-R) and the Grignerd reagent.




PART II.

TOE CONSTIRNgRION on ALIPHATIC

2IAZ0 COpTROuNDR

Intxoduction.

1

The flrst member of the series known &8 Lliphatic

Jiazo Compounds and naving the generzl formulsa R,C = I

wae preparesd by Schiff and ieissen (1) in 1881; nemely, di-

azo0 camphor from cazmphorimide., They did not aopreciute the
true nature of the compound, so it remained Tor Curtius
to demonstrate the existence of this very interesting class

of compounds.

-

zotizing tne einyl

[N
f

In 1867 Curtius {2) succeeded in
egster of glycocoll, obtesining the now well Xnown diazoacetic

of

O]

ester, Leter he prepared ¢ number of other derivative

. this new cluss of compounds, and hac been one of the nrinci.

' pal workers in this field.

throw 1isht on the generszl structure and mech

Immediatelr following the discover: of diazo wcecetic es-
ter by Curtius, & number of other investigetors turned their
asttention to this new clzsgss of compounds in an atfempt to

a

eniasm of re-

c of thiese muny iluvesilgellcollr OUTr KAow-

=4

action. /8 & recu

ledge of this apecial field of orgrnic chemistry has been

1. Schiff end eissen, Gezz. chim. itel., £, 171 (1lg8l)
Calin, The Cueuiutr and Tecinology of the 1a70-CGO0M-
pounds {1920), ». 120.

2. Curtius, 3Ber., 16, 2230 {(lze3}




greatly increased.
so far cerried out,

in doubt.

However, in spite of the

the

guestion of structure

many resesrcihes

still remains




Historical
Curtius showed that the two nitrogen atoms of diazo
ecotic ester sre atteched to the carbon, by tresting the
compound with free iodine, obteining a ,x,diiodo scetic
ester and nitrogen, &né by reduction to obtzin the originsl
glycoeoll and ammonie.

CoHg-0-CO-CE-H, + I, = CyH,-0-CO0-CHI, + X,

i

.F J{'r

0,HguO-CO-CH-N, + 5E = C,5,-0-CO-CHE-NT,

“+

Since both nitrogens were linked to a single carbon he suz-

gested the following configuration (4):

R\C/ﬁ
R \x

Angeli (B) in 19207 gnd Thiele (6) in 1911 vroncsed as a

' more probable structure, one in vwhich the nitrogen stcome

~are in a streight chein with one of them pentsvalent, thus:

R
Ne = N
R/

il
4
R}

i.).
O

One of the most I;pical rezctions of zliphatic &

- compounds ig that in which free nitrogen is eliminsted.

38, 401 (1gsg&)
39, 107 (1&8%)

Curtius, J. prekt. Chem. ),

)

(2). 16, 790 (1607)
1)

(
Curtius, J. prakt. Chem. {
e ifngeli, Atti gcceac. aincel
e Thiele, BQr., 44, 2822 (19

“ b 07
»> -
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This tekes place, in genercl, if a member of the series is
treated with water, acidg, slgohols, zmines, snd hualogens
(3), for exampla:

R,C=N, + H,0 = R;=CHOH + #,

ReC=N, + HX = R,=CHX + Iy

R,C=N, + ROH = R,=CHOR

Bither structure explazivy the gbove resctions provided
the assumptions concerning ipltérmediate compound formation
sre sllowed, The reactions wyy be exXplained by the Curtius

formula in three nossible wayy!

\ N 1
1. R O R ~INE R )
C + HX = C_ 1 = G + i,
27 \xy 2~ Nger BT NI
2. R i R R H
e . ~ N Np”
¢l w + HT = Cels WX = c + N, (7).
SN R 37 Nx
Z. R N R R B i
Nely = Nel - Ny 4 ‘\C: + BE = ‘\C’/
R/ \N -3 R/ }2/ N

The ingeli-Thiele formulg mey heve gddition take place
at elther of the twe unsaturglegd linkeges, but it hos been
considered to take nlece at thg ultimete and ante-penulti.

i-

mate (8) pos tion. ‘’lgo dissQeligtion into nitrogen sné ¢
valent cerbon, followed by &dl{ition, may be assumed &s in

7. Stesudinger end Goule, Ber., 49
8. SBtgudinger, Felvetica Chin, /
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the cage of the cyclic formulsa:

1. R R R H

C=NEN + H,0 =  SC.N=d-O0F = >¢{ o+ I,
): 3 R H R~ Sor

2. R R R R_ _H
Noosn = Np” - . ~Np7 - ~
SC=Ns¥ = R/C + H, ; R/c\+ H,0 = /C\o

The resctions with ethylenic und scetvlenic compounds
to form pyrezolines (9)(10)(11l) &nd pyrezoles (12){(1%)(14)

{15) meay also be explasined by both siructures:

R N R_ _N=N N-IH
Sels o+ moEecmR = ¢ |E = ReZ |
H” N 5 \c-c\ s CEE
- 7" R 'R H R

.l:'i\ .
C=HiH§ + RCH=CHR
1 CE T

The reaction with scetylenic compounds is interpreted
anslogously.
From the sbove discussion it 1s seen thet any re-
sction that cen be explained by ultimate snd ente-venulti-
mate addition is of little use in choosing between one or
the other of the structures so far mentioned.
€. Buchner and Iiegsauer, Ber., 26, 2b8 (1&937)
10. Buchner and Feide, ihigd., %4, %45 (1901)
11. Darapsky, ibid., 43, 1095 (1910)
12. Buchner, Pritsch, PapendiecL end Witter, Ann., 272,226(18C3%)

2. Von Pechmenn, Ber., ¢1l, 295L0 (1808)
14. Von Pechmann,snd 3urkard ibiL., ©3, 26%4 (1900)

1£. Buchner gné Tehmann, igig,, 3, Zb (19¢2)
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Aliphatic diazo compounds sre easily and smoothly
reduced to the corresponding hydrazones (1l6). There

geems to be little doubt but thet the structure,

R
R>c=‘\:.z-1:~:,,

is the correct one (17) rather than the hydrazi configura.

tion,
N1
R\ C/-LI" -t
R T™NiLm

If we are to interpret the reaction assuming the
cyelic structure for diazo compounds it is necessary to

hi

congider the formation of the hydraezi form as the most

+h

probable intermediaste compound followed by a resrrange-
ment to the hydrazone, thus:

& -7

Norv o mm = el - e
S0 v+ 2H = Pl = 0=n-1H,
R N R N-H R

Teking the straight chein formula for the diuzo com-
po:inds, the reaction is very simply and sstisfactorily ex-
plained by the reduction of the triple bonded nitrogen in

thie menner,

R R R
NC=N=N = SC=N=F =  >C=IIH,
- R

[§

s

16+ Stzudinger, Helvetica Chim. iActe, 4, 212
17. Staudinger end lupfer, Ber. 44, 2202 (1911




The intermediste hydrezi Fform has never been show
to exist though attempts heve been made to esteblish its
presence during the reaction (16). From that evidence
the Angeli-Thiele structure seems the more probable, be-
czuse it has the same C=N linkage ss the resulting hydra-
zones.

The existence of optically active sliphstic diazo-
compoundsg, as shown by lsrvel and Noyes(l8), Chiles end
Hoyes (19), and Levene and liikeska (20), lends little
2id in deciding between tihese two possible structures, for
elther one may be written so as to show the absence of a

plane of symmetry:

R. N R -4
S or Ce- =1l
1: S R

Assuming the electronic conception of velence, in both
cuses there are four unlike valences attached to carbon,
and the necessary condition for opticsl sctivity is ful-
filled.

Zvidence from gbsorption spectra {21) seems to indi-
cate that both nitrogens of the dizzo group are trivelent.
18. larvel and Noyes, J. 4mer. Chem. Soc., 42, 2259 (1%20)

1¢. Chiles ané loyes, ibig, 44, 1798 (1922

20. Levene and llikesksz, J. Biol. Chem., 52, 485 (1922);
B4, 101 (1922); &, 795 (192%)

21. Fantzseh and Lifechitz, Ber., 4L, 3022 (1912)
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This is directly against the Thiele formula, which hes
one nitrogen pentavalent, and suoports the Curtius struc-

ture.

Aside from sbsorpticn spectrs evidence tne Thiele

formuls has veen opnosed on the ground that since it con.
taine a pentevelent nitrogen, the sliphstic diszo com-
pounds snould be highly ionized, a&s is the case with other
compounds containing pentevelent nitrogen, with the ex-
ception of certain nitro compounds. The sliphatic diazo

¢ anpounds are nonpolar.

Forster and Cardwell (22) trested diszo camphor and
diazodesoxybenzoin with Grignardé reagents obtazining the
corresponding hydrezones. Their work led¢ them to favor

the streight chein formule. Thelr work appesrs to be

little more convincing than other evidence advenced in
support of thst structure because of the precgence of &
mobile hydrogen after hydrolysis. The resction might take

place as follows, depending on which structure is assumed:

R R
“SC=¥=l + RUeX N0=N=1-R
: R HgX
R R
SCeJ=I-R o+ H,0 = S0=J=I-R
R MgX R H

22 Porster snd

ardwell, J. Chem. Zcc., 10T,



R B _R
/c=§f=ILR* - C=ll-N
R R” ~y
or,
R R

C=N=K + RMgX = >G-NeI-R
R R™ legX
R )

> ~N=N-R + EOH = >C.-N=H-P.
R HgX R H
N HeN-R = R‘\C:::.:I/R
R I R g

Taking the cyclic structure ss the more orobable one,

the mechaniem might be considered to be tnis,

R il R j-R
> O /" + m;ig.ﬂ. = >C< !
R \Hm R N-MgX
¥-R R N-R
e, + H,0 = Se 0+ ug(om)x
R \H-ligX 2”7 Nu.m
R\C/J-.R _ R\C-—L R
R Sn-m R ~p

or this in which rings splitting tskes plesce 2t once,

R il R_

Nelv o+ Ruex = >6- U=t F

R NN R lig

R R_

SC-IUR ¢ HO = G.N=I-R + Mz(0H)X

R He g7 %

R n

\ b o

/ H‘:iI R = > _“/
R H R Sy
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In the same yeny Lerner (27) onudblished the reoults

.

of & similar resezrceh in which he sttempted te cogide bew

tween the two vrpeosed structuros. Zerner storted tre
worik In the lLove that e mizht be sble 1o isclsnte the

intermediete cowmnound,

ras :{“'Ia
\C /'1
R’/ \\ﬁ-ﬁ if the Curitive Tormuls vwas

the correct onc. He wug unsuccegsPul, belns ooy able T

obtain the nycru~ones from the diiferent Grignerd resronts

7

né diszo compounds useds £ a reculi hie sork wes no o
sirnilicent , one way or the othcsr, then trheotl of Forotery

r ~ - SR . PR U [
o I'}'.}b.f t‘v‘( .LL( ' LG Lol v oe .'0»’{“‘: VL a Lt

[l
;j
jatl
Cx
e
3
%]
1
O
o
[
[3
[

srobebly both the Turtius ond the inscliathiecle formuize
were Incorreci. Insternd of the crelle structure, or the
gtralsnt chain gtructure with nentnvelent ond triv lent

nitrogens, he nronosed tne confisuretion
"'v

J‘= J-—- .5.]

N
7~

33

J«

—in
M
o

in wrich the penultimate nltrogen i trivelont and 1o

altinete nitrogen io monevelont,

In 1910 Foreter nd Limmerlil (24) oroooged & nochnn

pra it S A

AIl

7 ak - N -
2¢e  TZerner, lenatshoeite, ¥4, Lont, L0
2te  Forster =nd Limeerli, J. Cnene Hove, 07,
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n

ism for the formetion of digze compounds from hycrazone
by oxidation with mercuric oxide in which they vostulsted
the formule later suggested by lerner se¢ an intermediate
nroduct, &s follows:

R R - R Pl

~N -
R : R R \y

i
/

>

P

I;-,_',’

i
/

o

They evidently did not believe such an arrangement woul 4
be a stable one for they still regarded the structure of
Curtius to be the fom in which slivhatic diszo compounds
existed In the free state.

The Zerner formuls explains very simply the sction of
the Grignard reagent by heving sddéition teske place at the
end nitrogen, snd meking unnecessary eny sssumption of re-

arrangement whatever.

B_ R_ _R
c=N-u] + RMgX = O 1T
R n Nien
R R R R
Ne=n-1" + H,0 = Nce=nn' o+ rx(0E)X
3 N s * R’ Ng ‘

It also explains very well the scticn of trisubsti-
tuted phosvphines to form phosphsizines which has been in-
ectigated by Staudinger end co-workers (2£).

2L.  Bteudinger ené lcyer, Felvetica Chim. scta, 2, 619
(lo1le)
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There is notning in ZYerner's work to give his prooosed
formule preference over the other two discussed, for they
willsexplain the reasction with the Grignard reagent just
28 well if & resrrengement is sllowed.

From the behavior of relsted comnounds thig assumpticn
of resrrengement is very well founded. Fischer (26) ad
Bemberger and Zemsel (27) found that shenylazoethene re-
arrznges easily to ascetszldenydephenyihydrazone,

CoHyN=li-CH,-CH, IC€BITs ¢ [ ¥H-N=CE-CH,
end other casses of resrrengement of azo compounic have been
observed {28) (29) (Z20).

Staudinger (8) is of the opinicn thet the Thiele formu-
la should be thne preferreé one. Accordin: to his point of
view there are two pointe of reactivity in the molecule dew.
pending upon the kindé of resgent witk wnhich it is trezted.
One voint is the ultimate-zntencnultimate position and the
other the ultimate nitrozen aloane:

&

H kB
>C N=l and > NENL
7 R h

26. Pischer, Ber., 29, 794 (18986)

27, Bemberger and Pemsel, ihid., 46, L6 {190Z)
28, Thiele, Liebig's Anx., E7¢, 229 {19210)
2¢. Jepp s&ndéd Kiingemznn, Rer., 20, 3298 (1887)

z0. leyer, ikid., 24, 1241 (1€91)
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Ee bases this concenticn on the effect of cther groﬁps in
the molecule on the degree of resctivity. Acids, scid
chioriﬁes, alcohols, ete. are considered to recct at the
ultimgte-cntepenultimate position becsuse the r:te of re-
action with different &linhatic diszo compounds varies
depending upon what kind of group is astteched to the car-
bon at the cntevenultimete positicn. With phosvhines,
Grignerd reegents and nascent hydrogen the point of re-
gctivity is considered to be at the ultimzte nitrogen
because no matter whet group mey be attached to the car-
bon the reactions prcceed with equal ease.

4lthough tris is & plausible explsnation, tne possi-
bility of sddition teking vlace &t the sewme position, no
matter what the rezgent used, is not necesssrily rejected,
The influence of other groups in the molecule may have &
nore marked affect on the resction rate with one type of
reagent than with anotrer, &nd still have preliminary
addition tzke pnlsce in the Seme manner.

This interpretation by Steudinger snd the other inter-
nretationeg of structure and mechaniesm of reaction so far
proposed, have not been too convincing because no resl cvi-

¢.nce of intermediate compound formetion has been obtzined.
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In 1893 irmstrong (31) suggested the structure,
N
R - ]’ 4]
N>
for azoimides, althoug  he advenced no particulser evidence
in supgort of it. This suggests enother possivle formula
for aliphstic dlazo compounds, since tkey have much in com-
non with azoimides.
N
r7 o>

This research was underteken with the eim to throw
more light on the natnre of the intermediate comvounds
formed in the reasctions of aliphstic diazo ccmpounds, &nd
if possible tr decide beitween the different structures
thet have bveen proncsed.

The resction with the Grignard rezgent wes selected as
being the one w ich might yield the most positive regults
necessery for such s proof of structure. The sction of
the Grignard recgent in genersl 1s one of zdcition and
is undoubtedl: such with alivhetic diaszo compnoundés. IT

ey e AARAAIET A
v b AV S I W
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be in & better vosition to make more definite coneclusions
concerning the structure of slinhatic diszo ccmpounde than

has been possible with the evidence so for sceumulsted.

3l. ‘rmstrong, Chem. News, 67, 153 (1892)
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The difficulty in interpreting the reaction heretofore
has been that the -MgX group which, from its behsvior in
other compounds Goes not generally rearrange (32), is re-
placed on hydrolysis by & hydrogen atom which resrrangec
easily. That fact has made the products of hydrolysis of
very limited value in determining how the adaition of
RMgX occurs.

The -MgZ group attached to nitrogen, carbon or sul-
fur is readily replaced before hydrolysis by the ethy
group using diethyl sulfate (33} and by the benzoyl group
using benzoyl chloride. Such groups o not rearrange
readily end the position of the substitutec group in tue

compound obtained after hydrolysls estavlishes the position.

32. The reaction between benzylmagnesium chloride and

trioxymethylene results in the formetion of p-tolyl
carbinol instezd of the expected benzyl alcohol.
(Tiffeneau and Delange, Compt. Rend., 137, 573 (1203)
The mechanism of this reaction is not well under-
stood, but a resrrangement of the -}igX group may occur.
A rearrengement of -3gX may slso take place with
triphenylmethylmagnesium chloride in certein reactions.
(Sehmidlin. Ber., 41, 426 (1908)
33. Gilman and Foyle, J. /‘mer. Chem. Soc., 44, 2261 (1922)
Jo E. Xirby, working in this laborstory, hes shown
that the -M¥gX group in benzylmagnesivm chloride, which
may rearrange, is repleced normally with various re-
placing reagents. He has indications that the ssme is
true with triphenylmethylmagnesium chloride, but to-
date the investigetion has not been completed.




of the -IigX group and thus the momnmer in which adcition
took place.

The procedure was to treat some aliphatic diazo
compound with the Grignard resgent, end treet the addi-
tion compouné formed with different reagents capable of
replacing ~M¥gX; nydrolyse, isolate the compound fcrmed

ond determine the vosition of the group snbestituted.

In addition to the revlscing reagents menticned abvove
S e faty y

dinnenylcarbemine chloride, and vhenyl isocyanste were
found to be very setisfzctor; compounds for reactions of
thet tyve.

The c¢iszc ccompound selected for studr was diphenyl-

diazomethane. It was chosen bececuse it contsins nc other

reactive group, no eazily reasrrangeshle hydrogen, also

becauge o0f the relstive ease of prensrstion; and becsuse
it hzs been usged in many studles &g & tpicsl &linhetic

diazo compound.
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biscussion of Results.

Diphenyldiazomethane was treated with an eguimolecu-
lar smount of vhenylmagnesium bromide, ané hydrolysed,
bsnzophenoneohenylhydirazone being ovtained a2s was expect-
ed from the work of Zerner (23) and Forster end Cardwell

(22) on other aliphatic diazo compounds.

o CLE _CLH
ENCH, + C.HgMgBr =  >C=I-F )
0B Calig” “NMeBr
0 oHg CoHg CoHs. C.H
NC=N-1" + H,0 = Ne=n-nT 0 4 -
C.H \1gBr C H g
Mg{CH)B=,

The resction was then repeated except that diphenyl-
carbamine chloride was added to the veaction mixture of the
phenylmaegnesium bromide end diphenyldiazometheare before
hydrolysis. The reaction flask wes kept in an ice bath
during both the sddition of the Grigmerd rezgent to the ¢i.
az0 compound and the addition of dip&eﬁylcarbamine chloriée,
in order to heve the lesast avbrablc conditione For any re-
arrengement. On hydrolysis in the cold a yellow crystalline
< t was

o~ me o ™ PR I | T
COompound was Oviginied. I

might have taken plsce in this manner:




C,H CoH ¢, H
"SoN, + C,Fghr = N\Ne=mn”
CoHy CoHe™ N MgBr
C,H C4H VO
T>cenn " s TS mcoecn =
C i, MgBr CoHs””
CoHs G,

\C=N-1)T-CO-N\ + Mg3rGl

Ceg”  CoHlg  ~Coly

If that mechanism is the correct one the intermedlate
compound, (C4Hg)gC=N-N(HgBr)C,Hy;, should be the same as
that formed when benzophenonephenylhydrazone ig treazted

with phenylmegnesium bromide ,for the hydrazone contsins an

active hydrogen which wonld be replaced by -Mgi, as follows:
~ ¢=8-§ + C,H,MgBr = NC=H-1" + CoHg-
- ~ ¥ Vel AN
C,.H, H CoHa igBr

This intermediate compound should give the same final
product when treated with diphenylesrbamine chloride. This
was found to be the case, the compounds were identicel.

That the compound obteined in both reactions was benzophe-
none-2,4,4'-triphenylsenmicarbezone was further estsblished
by an analysis and by hydrolysis to benzophenone and 2,4,4'-
triphenyisemicarpazide.
carbazide, which wes also uninown, was proven by enalyeis,

and its ease of formetion of & semicarbazone with




benzcldrhyde. The ldentity of the hencophenonse-2,4,4 -
triphenyleemicerbazone wes further established by sinthegis
in & different menner. Zenuncophencneshenylijirazene wes

~

troated with sodamiée Torming the sodlum derivative, wh

73

on trestment with dciphenylesrbumine cnloride geve nenzo.
pienone-Z & 4 '~ trinhenylaemicsrbezone.
Calig Cqg

gy ST by " v
SOl Gy 4+ Halll, = (Ualgia0=k3

c o / e
alig e

/ - -
(C"Ass) 03;«-}::\ + ‘CG*‘S)ZLLCL‘}‘G}‘ =
Ha
S (SR =

N Call C,7. + Hafl.
/ .

Jivhenyldiazoncthene wes next trected with benzylerse
negium ¢hloride to seoe if séiition took nlace In the suane

menney with & different type of Crignsrdé resment. TYhe rew

x—..;

setion product wes trected with diprenylesrbomine ¢ loride

before hzdrcivels, under the same conditione ss when the
phenyimammesium bromide wee used. o well defined crystel.
line compound wee obtuined. I the resction procseded in
the same ws 2 when nhenyimsrmesium bromide wes uped the

compound suould be tiie Sewvenzile i, d-Ginlonvizerigoricozone

of benszopnencns.

-.
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CH, CoHy
‘CSHs)gc=r§.g < C '1501"3 ag‘, (C 15) C"\I—H
MgCl
CHoC 4ty 0T, 0,7,
(CqHg) o C=N-J ¥ (CoHg),H0001 = (€ Eg)o0=N-11
HgCl So-11(¢,m,

+ MéCla-
senzophenone-2-benz;yl-4,4'-diphenyleenicarbazone wos

synthesized from the known compound, benzophenone-4,47'-di-

phenylsemicorbazone (34), by replecing the active hydrogoen

by -lgX snd treszting that compouné with venzyl bromide.

:;c_a.i-g-m\ + C,H.gBr = ~ e e e O3
C,Hs 1 0 e ot & AT
JgBr
H L Hy 0.5 3
8°8 84 a-lzg
;>c_u;n;co.v + C HgCH,Br = ‘;:c=r;m;co~:
CBHS f{ Dr \CBHS Cg:ws EIRCG}:B\CGH'i

A mixed melting point of the two compounds showed them
to be the same. Benzophenone-2-benzyl-i,4'-diphenylsemi-
carbszone 1s not described in the literature, co its idontity
waes esteblisheé by an snelysis, and by hydrolysis to benzo-
phenone and 2-benuyl-4,4'-diphenylsemicurbazide. The identi-
ty of the 2-benzyl-4,4'-diphenylsemicarbanide wrs established
by an snslysis end the formation of =z semicsarbazone with benz-
aldehyde.

The evidcnce just given shows thet BligX edds to one

nitrogen only, unless we make the very improbable assumption

.

24, Toschi end ‘ngzlioleni, fazz. chiw. itel., (1), 48, 205
(1915); C. A., @, 2388 (1915)
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that the entering (C.H.),N-C0- group hes rearranged. Heavy
groups of thet neture do not reerrenge easily which would
have to be the czse under the conditions in wnich the re-
actions were carried out. Xowever, to further substantiste
the belief that no rearrsngement took plece, the RNgX ad-
dition compound was treated with other reagents, capable of
replacing ~iigX. If the different groups substituted should
show the seme positions in the several compounds obteined
it should be very strong evidence in favor of no rearrange-
ment.

Vien diphenyldlazomethene was treated with nhenylmag-

nesium bromide, end the resulting =addition compound zctad

on by phenyl isocyenate as the replacing reazent, the re-
action proceeded snalcogously to thet when Giphenvlcer rbamine
chloride was used, benzophenone-2,4-diphenylsemicarbazone

being formed.

C.Ke ol Ol
N =N, + C.E.ledr = > o=1-11"

;P C ol N3y

C o Eq C.H, 5 .He Cal,
>C-H—N\/\ + O H,H=C=0 = >C=qi- H-G=1C 4 F,

CoE, MgBT 5 WEg e

0 H, s Caks e
>c =N-H-C=N-C.H, + H,0 = S C=N-N-CO-NECL.Hy

Collg OHegX C.as"




Benzoyl chloride did not prove to be as good & replac-
ing reagent for -MgX in this work as diphenylcerbamine
chloride and phenyl isocyanate o0ily by-products being form-
ed. However replacement did take place, showing the same
position for-lgX &s did the other replacing reagents des-
cribed above. From the reaction mixture of diphenyldiazo-
methene, phenylmasnesium bromide and benzoyl chloride there

was obteined benzophenonephenylbenzoylhydrazone, together

with some benzoylphenylhydrzzine hydrobromide.

CoH, CoH, C,Hy
NC=N, + C,H,MgBr = ~Sce=n-u0

CH ’ P N gRr

CoHs C,Hy C o H, € o
>C=N-H/ N c,,'asg_ 0l = SC=R-X

CoHg \HeBr C,H, \5:(.c3,Hs

The formation of the benzoylphenylhydrszine aydrodro-
mide was undoubtedly due to hydrolysis in working uv the
reaction mixture. Benzophenonebenzoylvhenrliuvirsazone was
not known, so it was identified by preperingz benzoylphenyl-

ydrezine and condensing it with benzophenone. The two

mann hyr & miwraA AT+ 33
bo the seme oy & OIALSC NMEeaTiilZ

The lest types of replacing resgents useé were &i~

methyl and diethyl sulphztes. In the beginning of this
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vart of the wrk dimethyl sulphate weas selected in com-
binetion with phenylmegnesium bromide because it ought to
give a8 & fingl product the known metiylphenylhidrazone

of benzophenone, as follows:

C.H CLE C.H
"NGaN, + CuHeMegBr =  >0=Hmn”
- - 8 sligllf .- N
CoHsq Colis MgBr
CGHS CGHB 03;1'5 C }}.u
~Soamy” + (CH,),S0, = Se=n-n o+
CeEy NigBr c.2.~" CH,

CE MgS0, .
The resction product wes an oil from which no crystal-

ven sftar

(o))

line benzophenonemethylphenylhvdraezone geparated
long gtending in the cold. Zfforts were made to get some
crystels for seed to start crysteallization, by condensing
benzophenone end methylphenylhydrazine, but wihtout success.
The condensetion was tried umder various conéitions but zl-
ways an c¢il resulted.

The o0ily resction »nroduct from the divnhenyldéiazomethane,
phenylmegnesium bromice end dimethyl sulfste was then dis-
tillecé under vecuum in an sttempt to icolzate the methyl

Iy

punenylhydrazone of benzophenone. A1 1

~
]

0180 =t & mm. trie-

¢
ot
|
L
-
Q<‘
b

phen:lmethane distilled over. 'The nresence of triphenyl-
methsne might seem to indicete the addition of the phenyl

group of phenylmegnesium bromide to the methylene carbon of
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avad that such z conclu-

pede

diprhenyldiszomethene. It is bel

¢}

sion is not Jjustified since the formstion of triphenyl-
methane was undoubtedly due to decompocsition during the
distillation. At such & nigh tempersture rearrangement
might teke place very eassily.

After meeting with nc success with dimethyl sulfute
&s the replacing resgent, diethyl sulfate wze used instesd.
It proved to be no better, for only a non-cryst:-llizable
0il wes obtained. .In order to get something definite from
the reaction product, it wss decided to hydrolyse the oil

ovtained, &nd identify the benzophenone and ethylohenyl-

- hydrazine g5 the products of hydrolysis which should be

formed if the ethylphenylhydrazone of benzophenone was
present. Vhen the oil was treated with 50% sulfuric acia,
it cither rezcted with the acid to form = compound or com-
pounds, other than those looked for, or else s rearrange-
ment of some sort occurred, for no ethylprenylhydrzzine ¢r
benzovhenone was found.

Believing thet the reaction observed with the sulfuric
acid wes probebly due to the influence of tne phenyl group
atteched to nitrogen, the use of phenylmaznesium bromide

in conjunction with diecthyl sulfete was abendoned. Insteszd

ethylmegnesium bromidec wes selected as the Grignerd reagent,
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and diethyl sulfete ss the ~MgX replacing reasgent. The
diethyl hydrezone of benzophenone which shkould be obtained
gs the product of reaction was unknown, but the plan was

to hydrolyse the rescticn product and identify the known
éiethyl hy nine, and benzophencne. This would show

whether or not the -MgX ves in the sszme position as demon-
strated by the other replacing reagenis used. This was done,
the hydrolysis with qu gsulfuric acic tsking place very
smoothly, to the formation of bpenzophenone and diethylhydrsa-
zine. The diethylhydrazine was ldentlified in water solution
by preparing ite derivetive 1,1 dietnylsemicurbezide {3L).

-

The color of the solutions of the addéition orcdéucts of

[a]

the Grignard reagents snd diphenylciszomethsne were rether
interesting. Yhen phenylmagnesium bromide was added to di-~
phenyldiazomethane, the solution chaneged from & purple red
to & deep blood red. With bvenzylmegnesium chloride end
ethrlimegnesium bromide the solutions obtoined were yellow.
Just what significasnce, if any, the cclor of these
solutiong has on the problem has not been definitely deter-
mined. It is velieved that the difference in color is due

to the nsture of the R groups of the Grismnard reagents,

35. Fischer, Ann. 199, 312 {1879)
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rather than to & difference of position in the sduition

compoundc.

The results obteined in this work throw out the Curtius
cyclic formula entirely, for there &re only two ways in
which addition mey teke place and neither satisfieS the

products obtained. These two possibvle @ddition products,

R, _I-R R
e + CaN=N-lgX
R SmMgx  R7E

should give:
-R R

Np ~ .
C. or - N=H-R
B NILR R R

depending upon which mode of addéition took plsce. Both the
hydrazi (36) and the azo types of compounds are known and
it is reasonable to believe ithat they would have been stable
enough for identification under the conéitions of exneriment,
if formed.

The most logical mechenism of resction from the ingeli-
Thiele formula would involve additior at the ultimete pen-
ultimate or the antepenultimate-ultimste vositions. Such g

an

2l mnem mamd 4o
Lululr Qduw gueo

PORa—. - o]

mechanism 1s untenable For ad

Yy

26. Corneliuns, Ber., 20, Register 49 (1887)
Cornelius snd Homolke, ibid., 1%, 2239 (188&6)
Rassow ené Burmeister, J. prekt. chem. 84, 249 (1911)
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one nitrogen only. /iddition may be represented ss taking
place at the end nitrogen using that structure, as cuggest-
ed by Staudinger,

R\C=N§N + RMgX = R\c-:w—.n/ ®

: 5 3 N lMeX
but in that case the nitrogen would have to increasse its
velence from three to five (37). Tnat iz not in accord with
the facte for the finel product after replacing the -iigX
group is & compound in which both nitrogens gre trivelent.
The Zerner formules explsins the facts more rationazlly in
our opinion.

R

ho]

-\

o)
Se=m-nl+ RHgX = _ >C=f-n]
R SHegX

2y

fGdition takes place at the end uwnsaturated monovalent ni.

trogen increesing its valence to three, which is in perfect
accord with the fscts owntazined.
To be sure the Lrmstrong formuls setisfies the ad-

dition of the Grignard to one nitrogen sgs well ag thet of

37. VWhen pyridine and guinoline are treated with phenyl-
megnesium bromide, the phenyl and -lgBr zroups adc to
the ring nitrogen incressing their valsnce from three
to five. Qddo, 2Atti. accad. Linceil (& 16, I, 5Z8

(1907); J. Chem. S0c. ibeo. 92, H4S (18

),
07)
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Zerner, but it is re Jected vecsuse & rearrangement is

necessary to give the hydrazone.

The question might be

provable staebility ¢f such

reised, however, about the

en arrengemsnt sz the ferner

strueture demsndc.

Highly unstable intermedizte ¢ompounds

.ception that monovelent nitvrogen cannot exist in a

in which nitrogen is monovslent have been vostulsted in
certain chemicel reactions, but to-date they have not been

too reactive to

]

isolated {28). That monovalent nitrogen ic

be isolated in the free state, is the view held by most

workers in this Tield. £ similsr view was £8l1s0 helé cone

cerning the velence of csrbon before the existence of di-

valent and trivelent carbon was demonstratec. It 1ig believed

that the facts obtoined warrsnt the abandonment of the con-

stable com-

pound.
%8. Stieglitz, ‘mer. Chem. J., 18, TEL (1895)
Stieglitz and Stzgmner, J. imer, Chem. Soc., 78, 2048

{1916)

Wieland, Ber., 42, 4207 (1909
L. Wo Jones, ‘mer. Chem. J.,
(121%)



Intexpretation of Other Reasctions.

The resctlions of acids, weter, amines and elcohols
with aliphatic diazo compounds are explained by the Lerner

Tormuls s follows, using nydérochloric scld as & type re=-

agent:
R R z
> C=N-NX+ HCL = €= i
R R o1
Seamy?’ . = el o+ N,
R ~Ne1 R~ o1

pe 1]
)

»y
e
fe]
3
o)
)
[©]
et

In cases of reduction, the end nitrogen 2dd
increasing ite valence from one to three.

R\\ . R\\

C=N-N, + B8H = C=N-NH; .

3 R i

The mechanism of reaction of aliphatic diszo comvounds
with unsatuvratedé linkeges, does not epnear to be so sacily
interpreted at first sight beesusge we start with two
straight chain compounds, and obtain one which is consideor.
ed to contain & five membered ring. The mechanism proposed

ERPUaE N R -
LS LA, WUoil Jiuo©

R-CH=N-N{ + BR-CH=CH-R DNe&Ly  >C=p.X
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CHE R i=1
-~ 1H further \C/I lf
H/‘ \\\CHR negting 7 \\C CY¥R
¥R
I1I.

=J e N
R\\c I f YOETT R-C//J i
H” ™S (C-CHR ~

C-CER
7 R R

Iv.

The “Zerner configuration predicts the formation of (I)
rather than (IV). The isolstion of (IV) instesd of (I) as
the finsl product is explained by the ketszine-liie struc-
ture of (I) and the temperature at which the reaction is

-

carried out. Curiius and Foersterling (39) have shown that
dimethylketazine rearranges readily into Zemethyl.b-dimethyl.
pyrazoline. Certein unseturated hjydrazones a&lso resrrange

to form pyrezolines (40). With these very pertinent fects,
the %erner formula explains pyrezolines and pyrazoles from
ethylenic snd scetylenic compounds very satisfzctorily. The
suggestion izs been made that the so-cslled prrarolines ob-
tained are not pyrazolines &t ell vut compounde with the

structure (I) (41). However, that view has recelved little

%9. Curtius snd Feersterling, Ber., 27, 770 (1824)

40, B suer and vieterle, ihii., 4 2697 (1911)

41, Dulow, ihid., 44, 2710 (1911): 45, 528 (1912);
45 3349 (1912)
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if any, suoport,

The resctions of dizzo compounds with sldehydes and

ecid halides may be looked uoon as vroceeding in this menner,

{X = H, or lalogen}.

% - nd
R-C=0 + R C=N-NI = R i.H=C-R,
I.
X ~ AR
R-Cwl-11=CR, = R-C C=E, = R-C-ClR:
0 % & \x
II. IIi.

o

(I} {42), which is unsteble and loses nitrogen tc form
the methylene oxide derivetive {II). Commound {(II) by

splitting goes over the ketone (III) (43).

42. Thig configuration resembles the one, C Hg l.CHC,I,
wiich has been zseribed to the resction O
product of benzeldehyde znd vhenylhydrox lamine.

By analogy it vwouléd be expected that formuls I ough
to be & rather stable srrangement. Fowever, there
geems to be come quection concerning the structure
of the hydroxylemine derivative. Instecc¢ of the
cyelic formula, the following stvucture hao been zu

v

gested by some investigetors: C, H; g— 0,

Auwers, Ber. LB

, 790 (1289); Forster snc Tolmes, ¢
Chem. Soec., 9% ; &
i

id (19083 St
ota. o bod (161¢)

VIt ~ 9 = 3 = -

oo
}*—

>
(@]
=
o)
=
]
o]
]
0
s':
o]
o
o
L
}J-
Ha!
[0}

have shown that.“OCGM4CH-uuu43,rcarfanoe" t
o
ROCGL_L,&"' -‘LP-CO“‘UL.,, b’“’ _1ea‘tlﬂ1 \‘t 000-_u,oh

udinger =snd liescher

C"‘.m

nesu, Compt. rené., 141, 852 (180L),
o
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In 2 recent publicction Tewis, Iiierenstein and Rich
(44) proposed a mechanism for the reaction with acid hal-
ides to explein the formetion of 1,4-cdioxene derivetives
whiclhi are produced along with the ketones. The mechanism
outlined by them is similer to the one given here excepnt
the first intermediaste compound (I), whichk they consider
tc be,

X

™~
C-O—-"
5 o éi

> 49

N
I R

The compound (II) by fission may cither form the di-

cxene by the unicn of twe recidves,
R o
2 C-C=R, = g N
x” 0 x~ No-cry

or go oveY to the ketone IIf.

44, ILewis, Hierenstein, ané ZRich, J. LZmer. Chem. T0C.
: * » *
47, 1728 (1925)
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For the preparation of the diphenyldiazomethane used
in this investigation a modificstion of the method worﬁéd
out by Stsudinger (45) was adepted. Mechanical stirrlng
instezd of shaking during the oxidation of the benzopne-
nonehydrazone was found to be more convenient. 'The yields

iy

obtained were & little lower (75—85%) than those recorded
by Stzudinger (85-98%) but the resetion tire was shorier,
making possible the preparation and use of the diazo com-
pound the sgme day. With sheking the time for complete oxi-

ring “~4 nours

o~

Iy

dation was 6-9 hourg, With efficient sti
wag found to be sufficient.

Por all experiments, the diphenyldéiczomethane Wa&S pre-
pared &g described above, in low boiling (30-40¢) petroleum
ether. it the completion of the oxidstion, the solution
waes filtered from the mercury sludge; driec¢ by shaking with
snhydrous sodium sulfate; and the petroleum cther distillead
under & vacvum In & weighed three necked flausk.

The residusl £0lid obtoined wes considered to be 100%

4
(0]
'y

45. ©Staudinger, Anthes, and enninger, 3Ber., 46, 1928 (1%1¢)
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it mey have been sl ightly impure. If any unchanged benzo-
phenonehydreazone remsined sfter the oxidetion with mercuric
oxide, the amount going through in the filtrate with the di-
2z0 compound w&ulﬁ be very small due to its slight solubili-
ty in petroleum ether. Iliphenylketzzine which is formed as
a by-product of the oxidation, is also insoluble in petro-
leum ether and would be filtered out along with the mercury
aludge, On standing st room temperature &iphenyldiszometh-
ane goes over glowly to diphenylketazine, After filtration
from the mercury residue, the solution was kent cold while
being dried, z=nd szlso during the eveporation of the solvent
under vacuum. After weighing up the solid diazo compound,
the flask was kKept in an ice vath until ready to be used.
Low tempersture is very unfavorable for ketazine formation.

To the solid diphenyldiazomethene was scded dry ether,
previously cooled in en ice bath.and the resc¢tion with the
particular Grignerd resgent being usedé carried out in the
gseme flask.

The Grignard resagents were always added very slowly by

48

the react

jate

>
L

by

T mamnd 4
nCpPpe av

(.f 2

"
LE

]

means of a dropoing funnel, and 01
0° to -5° in order to be sure that no decomvnosition of the

diazo compound took place due to the heat of reaction. 3If-



ficient mechaenicel stirring wae algc usged.

! stenderdé sclution of phenyvlmagnesium bromide (sbvout
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pipetteé cut fo3 osch experiment. Thic wae fouad Lo be &g

ageurate us indilvidual sroparetions of shonylmagnes ivm LI O
mide for esch experiment, orovided th
1y stoppered when not in use. The othoer Cripnerd rezgentyg
cegeribec were vrepsred just previouvs to thelr usss

Jhe Jetion of Fhepylisgnesivg 3romide

netbane. 28 gre (14 moles) of diphenyidian

treated with 2L.L gr. {«14 moles) of phenylimmmmcsivom bromide.

amoninesl arooniue cnlorids =olntlon. Toneliow oxoas

end & nixed veliting point with benzophenciacsienr il érioone

- b - g st s AN vt e 1 ] e Y R - i «\,
he other leywer wss wegned well wilh weier, dzisd over

~ - gy I S « "} e 4 s over Y T vy - - e o pen ey T e
shoydrouvs zodlum pulfate and evaporsted Gowr onn o stesm nlata

avande 3T ammmmaT e 2T T el b b oman dar T e mmn cheie S g PR Cien
v2e HDSCYLY zaa T2 L€ CGuniol Sou Sen UXLTaEn 011 sy

40. Gilmen znd

Gilmen, Vilikinoon,
Cheme Z0Ce, 4L, 1i0
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more benzophenonephenylhydrazone sepsreted. The mother
liguor was not further investigested. The totsl yield of ben-
zophenonephenylhydrazone was 27 gr. (70‘7&)°

| The feiion of Jivhenylcarvemine Chloride on the .ddition
Product of Bivhenvlidigzomethsane and Phenylmespesium Bromigde.
13 gr. (.07 moles) of diphenyldiezomethene in 50ce. of dry
ebher was trested with 12 gr. (.07 moles) of phenylmsgnesium
bromide, Stirring waes continued for one hslf hour after com-
plete addition, and then 16 gr. (.07 moles) of diphenylcerba-
mine chloride in 72 cc of ether wes slowly added. - dark pre-

¢ increesse in

(7]
o

cipitate begsn to Fform at once and centinued
amount during the sdéition. The resgetion mixture was szllowed

to stend at room tempersture for two hours, and was then hydro-

lysed with dilute hydrochloric scid in the colid. & yellow

solid, 2,4,4'-triphenylsemicerbazone of benzophenone precipi-
tated. It was filtered, dried, and weighed; weignt 1% gr.
After two recrystallizetions from alconol the compcund melted
&t 160-16lo.

The ether lsyer was washed with water, dried over anhvdrous
sodium sulfate, and the ether distilled off, leaviag en 0il &s
& residue. OCn stesnding over night the residue changed to en

0ily crystalline mess. The go0lid wag filtered off and proved.

to be more benzophenone-2,%4,4'-trirvhenylsemicarbazone; weight
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1 gr. The total yield of benzophenone.Z2,4,4'-triphenyl-
semicarbezone was 14 gr. (44%). The compound is slightly
soluble in ether, and cold alcohol; more soluble in Lot

slcohol; &nd soluble in benzeue.

"mﬁl. C&lc. fOl‘ CzaHasOIIz: II. 8!99' Founé: 9.40.

carbazone from Benzophenonephenyvlhydrezone, Phenylmagnesium
smine Chloride, & gr. (.Cl8 moles)

of benzophenonephenylhydrezone in ether was treated with 3.4

gr. (.018 moles) of phenylmagnesium bromide, to replace the
hydrogen by the -MgBr group. 7To this was &dded an ether
gsoiution of 4.2 gr. {.0L8 molss) of divhenylcarbamine chloxr-
ide, producing a hesvy precipitate on the sides of the flssk.

The resction mixture was hydrolysed witn dilute hydrochloric

acid, causing a light vellow precipitate to come down, which

cn recrystallization from alcohol melted at 160°, end by
mixed melting point proved to be 1ldentical with the benzophe-
none-2,4,4'-triphenylsemicarbazone obtained in the previous
experiment. The yield was 4 gr. (47%).

The Svnthesis of Benzoptenone-2.4.4'-triohenvisemicar-

e 0.0 "‘o.....”Q .‘nAMQMA%O\mV\~~1

hvdrszone. 1L gr. (.055 moles) of bvenzophenonephenylhydra-

zone end 3 gr. (.07 moles) of sodamide were intimestely



mixed by grinding qguickly in z mortesr. The mixture was
transferred to a luO cg, distilling flack znd heated gently
in & streem of dxy hydrogen. Only enough heat was applied
to keep up & slow evolution of ammonia, which wae driven

off in ehout one hour. On cocling, the sodiumbenzophenone-
vhenylhydrazone solidified to & hard red mess. The flask was
then broken under dry ether in s mortar, ground up guickly,
and transferred to a 500 ce three necked flusk with encugh
ether to make 2 volume of about 150 cec. To this mixture,
under vigorous stirring, was added 1& gr, (.064 moles) of

dipnenylcarbamine chloride in small portions. In & short

jodo

&m
time the solut

0
1%

1 begen to warm up, and & yellow precipitate

$:

begen to Form which incressed in quentity until a1l of the

divhenylecarbamine chloride nhad been added. The reaction miz-

ture was stirred for one hslf hour longer, znd then 100 cc
of weter added to dissolve the sodium chloride formed. The
yellow solid was filtered off and recrystsllized from alco-
hol; weight 8 gvr., The melting pcint wasg 156-15L8°, and 2
mixed melting point with the benzophesnone-?2,4,4'-triphenyl-
semicarvazone obtained¢ in the two previcusg e¥periments show-
ed it to be thie scme compound.

2 gr. mors of tue compound wae obtsined from the ether

layer. fThe tetal yield wes 10 gr. (39%).
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Hydrolysis of Benzovhenone-2,4,4'-friphenylsemicaibs-
zZone. 2. gr. {.000 moles) of bennophenonetriphenylsemi-
carbazone was refluxed with stirring in 85 gr. of 20%
hydrochloric acid for one half hour. The solution was co0l-
ed; extracted with ether; end the dried ether layer was ¢vap-

ated to &n 0il on o stesm bath. Vien seedcd vwith & crys-
tal of benzovhenone it solicdified to & crystall
winich was shown to be bDenzophenone uy mixed melting point;
weight 8 gr. (88%).

The scid weter layer was made alkaline with godium by
droxide, exiracted with ether, the drisd ethe
rated down until the sther wes driven off, ané 10 cc of
elcohol added. On cooling, the white crystelline-2,4,47-
triphenylsemicerbazide separated. The crystels were filter-
ed snd washed three times with smell portions of alcohol;
weight .5 gr. (33%). It melted &t 124.125°. The coupound
is slightly soluble in ether ené cold alcohcl, ané very

soluble in hot alcchol,
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The hydrolysis wae repeated us
benzophenone-2,4,4'-triphenylsemnicarbazone {.034& molesj. £

70% yield of the 2,4,4'.iriphenylsemicarbazide wes obtuined.

Anal. Csle. for g1b 0z T, lZ.56. TFound: 14.27
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When warmed on a steam buath for five minutes in aleohol
2,4,4'-triphenylsemicerbszide condenses with benzaldehyde to
form s crystalline compound, probebly the benzaldehyde~2,4,
4'.triphenylsemicarbazone. ~After recrystullizing twice from
elcchol, it melted sharply at 1£8-1E9°,

The fsetion of Dbiphenvlcarvamlne Chioride on the /fddition
Product of Benzylmagnesiwm Chloride and Diphenyldiszomethane.
& gr. (.041 moles) of diohenyldizgzomethane was trested with
B¢t gre (042 moles) of benzylmagnesium chloride. To the Te-
action mixture was added 8.8 gr. (.04 moles) of diphenyl-
cerbamine chloride, csusing a precipitate to form.

. . , . . . .
The reaction mixture wes hydroiysed with emmoniym chlor.

nylsemicerbazone which formed, was Tiltered off, dried, &nd

weighed; weight 8 gr. The melting point wus 118-125°., ifter

two recrystellizations from alcohoi it melteé at 137-139°,
The ether layer from the filtraste wac evaporated down
to & red o0il, 15 cc. of slcohol added, &nd the solution a2llow-

ed to stend in the cold. # crop of crystals came down:

[¢}]

weight 1 gr. /fter recryctallizing from zlcohol they melted

th ¢j
L= o

ct
+

2n0® . . . N i
60" . 4 mixed melting peint wi

[

it to be the same comvound.
The mother lijuor from the diphenylketszzine was evapo-

rated down further, yielding 1.L gr. more of benzophenone-
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2-benzyl-4,4'-diphenylsemicarbazone and meking & totsl
vield of 9.5 gr. (49%).
Angl. Csle. for Csﬁ§70Ns= ¥, 8.7, TFound: 9.0
~nalysis by 4. Vheeler Ralston.
pnenylsemi=
carbszone from Benzophenope-4,4-diphenylsemicarbszone. 4 gr.

(.01 moles) of benzophenone-4,4-diphenylsemicarbazone, pre-

2V]-4 . 4@

pared according to the method given by Toschi (34), was
trested with 2.4 gr. {.018 molies) of phenylmagnesium bromide

in 25 cc., of dry ether to replace the active hydrogen with

[§15]

~-HgBr. To the resulting resction mixture was addcd 6 gZr.

2
<

n
Q

2, 0f drv benzane wes

¢

{ »047 woles) oF benzyl chloride.
then added ond the ether distilled off. The solution was re-
fluxed for one hour, cooled, and hylroiysed with dilute nydro-
chloric acid. The benzene layer wes washed with water, dried
over enhydrous sodium sulfcte, and evaporated to 2 smell voli-
ume. ~ibsolute zlcohol was then addcd, &né the solution evep~
orated down agaein to remove the remgining bvenzene. Cn stand-
ing in the cold & small crop of crystsls came out; m.p.l2i-

1%20°. /fter two recrystsllizations from alcohol they melted

.
- LR s 70
ALl M

~3
T L

at 136-187°. . mixe t nt with the bhenzophe

e w

cu
’-Jo

benzyl-4,4'-diphenylsemicarbazone obteined in the preceding
experiment showed them to be identicsl. The yileld was &L gr.

(10%) .



Hydrolysis of Benzophenone.2-benzyl-%,4'-diphenyl-
semicarhazone, - & gr. (.0l moles) of benzophenone-2-benzyl-
4,4'-diphenylsemicarbazone wes refluxed for one hour with
80 gr. of 20 hydrochloric acid. The cold solutilon wes ex-
tracted with ether, and the washed and dried ether soclution
evaporated down to an o0il, which on stending solidified to
crystalline benzophenone. The acid water layer wzsg made
alkaline with sodium hydroxide, and again extrscted with
ether. The washed snd dried ether solution was evuporated
until neerly all of the sther had been driven off. 10 cc.
of alecohkol were added and the solution cooled, ceusing
Z-venzyler,<'=diphenylsemicarvazice to separate.

The crystals were weshed twice with small portions

: LY
5 ) e

[

of alecchol; m.p. 109-110°. The yisld wes 1l.5LH gr. |

" The compound is slishtly soluble in ether and cold alcohol,

and more soluble in hot glcohol.
Ansl. Cale. for CSSLIOH—- ¥, 1%.7. Found: 14.00.
Vhen wermed with benzaldehyde in slcohol for five min.
utes, the cold solution yields fine white nezdles 07 benz-

0
°

1

C‘)

~
LUK

aldehyde-2~benzyl-4 4 '~ diphenylcemicerbazong; mep. 157-

mn. E | n ! IE::""JJEIE on IIQE (‘(‘iiJQ QQI DO1 n:

of Diphenvldiazomethane and Phenvimagnesivm Bromide. From
14 gr. {072 moles) of diphenyldizzomethane, 17 zr. (.094

moles) of phenylmagnesium bromide end 1Z gr. (.11 moles)



of phenyl isocyenate was obtzined 18 gr. of crude benso-
phenone~2,4.~diphenyleemicerbezone. & fractionel crystal-
liaztion of the crude meteriel vielded some benzanilide
end & smell smount of a white alcohol insoluble compound
melting at 180°, which was not identified, as well ag the
benzophenone- 2,4~ diphenylsemicarbazone. The pure benzo-

phenone-2,4-divhenylsemicarbszone melts at 166-167°. It

forms fine pele yellow needles, insoluble in cold slconol,

A,
ners

13

a
~

more easlily in hot, and slightly soluble in et
total yield was 9.4 gr. (26%).

2nel. Cele. for CpaH,,0H,: N, 10.74. Pound: 11.24.

The Ravnlacement of .HzBy in tie Reaction Product of
Dipvhenyldiszomethane and 2henyipacnesium Bromide by Zenzoyl
ghloride, 11.5 gr. (063 moles] of phenyimegnesium bromide

- was slowly added to 12 gr. (+061 moles) of diphenyldiazo-

methane in 100 ce of ether, the reaction mixture being well
gtirred, and cooled in &n ice bath. The benzoyl chloride

wos edded slowly, the reaction flask still being kopt colg,
and efter complete adcition allowed to come to room temper-

ature and then stand for two hours. The reaction mixture

was thon eocled sgain in an ice beth, hydrolvsed with am-

monium chloride solution, the ether igyer wached, dried over

anhydrous sodium sulfate, and eveporated to =z smell volume.
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To this residue wes added 10 cc of glcohol and the solution
was heeted until &1l of the ether was driven off. After
cooling and stznding for severzl hours & crop of crystals
separated. These were filtered, washed with seversl small
portions of ether; m.p. 188-190° with sas evoliution. A
mixed melting point with benzoylphenylhydrszine hydrocbromide
(4£7) showed it to be the same compound.

The mother liguor from the henzoylphenylhydrazine hydro-
bromide on further standing threw down another crop of crys-
telsy weight .5 gr. {2.2% yield). After recrystallizing from
alcohol the melting point wass 143.144°, This compouné proved
to be benzophenone bhenzoylphenylhydrazone, by & mized melting
point. This hydrazone wricn is not described in the litera-
ture was made by heating the known venzeylphenylhydrazine with
benzophenone in 3lacial acetic acid. It was found to crysotal-

lize with some difficulty, requiring about 24 hours standing

in the cold.,

Lttempts to Replsge the ~lgBr Group of the Resciiom.

2roduct of iphenyldiszomethane and Shenylmagnesium Bromide
with Zenzyl Chloride snd 3Benzryl 3romide. 7.5 gr. (.038 moles)

of diphenyldiazomethane was treated with 6.9 gr. (.038 moles)

47, 1lichaelis end Schmidt, 3er., 20, 43 (1287)
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or phenylmagnesium bromide and £ gr. (.03 moles) of benzyl
chloride in ether added. 7The resction mixture was then
refluxed for four hours. No resction avpeared to take place,
s0 the ether was replaced by dry benzene, ané refluxed

sgein for five hours. Xore ether was then added, and the
golution hydrolysed with diluse hydrochloric acid. The wash-
ed and dried ether benzene lesyer was then evaporated to a
small volume, and enough alcohol added to make the volume
gbout 25 ce. The solution was seedcd with & crystel of ben-
zophenonebenzylphenylhydrazone and allowed to stand in the
cold over night but no crystals appesred. It wag then
evaeporated to as small 2 volume as possible on ¢ octozm pl
leaving a dark o031l as & residue. Thie was left in the cold
for several weeks but still 1o s01id appeared. It wes then
treated with more sleohol boiled with bone black, filtered,
and the filtrate allowed to stand for seversal weeks longer,
put still no bennoohenonebenzylphnenylhyérazone appeared.

Y

Other runs were msde with benzmyl bromids ins

or

ead of

benzyl chloride, and under the seme conditions but no bven-

‘1nvdrazone could be isoclated, only non-

crystaellizeble o0ils being obt:ined.



The sotion of Dimethyl Sulphete on the 4ddition
2roduct of Diovhenyldiszomethane and Fhenylmeguesium Bro-
pide. 19.5 gr. (.1 moles) of diphenyldiaszomethane was
treated with 25.8 gre (.13 moles) of phenylmagnesium bro-
mide. To this solution was added 20 gr. {.16 moles) of
dimethyl sulfate, and the resulting reaction product
allowed to werm up to room temperzature. It was stirred
continuously for twe hours and then hydrolysed with dilute
hydrocunloric acid in the celd. The ether layer was sepsa-
rated, washed with weter, ammcnium hydroxide, with water
agein, driled over anhydrous sodinm sulfete and eveporasted
down to & thick red-brown oil. On stending & crop of crys-
tels came down wiich proved to be benzophenonephenylihvdéra-
zone vy mixed melting polnt. The o0ily mother liguor stood
for two months, but nc further crystelliization took nlace.
tn attempt was then made to purify the ¢il by distillstion
undsr reducedé pressure. vuring the distillation decompo-
sition apoeared to tzke pvlace. At 160-180° et 4 mm. &
small smount of distillate came over. AFobout one Zrem was

- ~ -

o~ b ~L
i aGClurniv OL

stillatlon wes stonpel

¢/]
fo]
poda
Co
)

collected when th

solid clogging the side arm of the distillation flask. The

o

distillate obtained was recrystellized from alcohol, eiving

fine white needles; m.p. 91-.92°. ! mixed melting point
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showed it to be triphenylmethane. The tsrrs residue left
in the flesk was not further distilled.

The action of Diethyl Julfate on the Addition Product
of Divnepyvldiszomethane snd Prepvimagnesium Bromide. 1& gr.
(077 moles) of diphenyldiazometihane wag treated with 18 gr.
{«1 moles) of phenylmagnesium bromide, and 20 gr. (.12 moles)
of diethyl sulfate in ether zdded slowly &nd with stirring
to the resction mixture. The solution was stirred at room
temperature for two hours and tuen hydrolysed with ammenium
chloride solution. The lisht yellow ether legyer wes wasghed
well with water, dried over anhydrous sodium sulfate, and
evaporated down until the tempereture of the solution was

gbout 50°. On stending = smell guentity of & crystslline

=3
w0

‘his wag Tiltered o0ff, il wacshed three

scild separated oute.
times with small portions of alcohol; m.p. 162-167°, The
welght was less then .5 zr. Its identity was not determined.
The mother liguor was heated to &0° under vescuum to
drive off the lazct portion of the solvent, ané sallowed to
stand over night. o so0lid phase appesrsd. It wasg then

~nd 3T A
SV LLT

4

pe

Asn ©
(SRR 133

A
“

n

Al
<A

o

(]
33
K3
(AT
‘.h

b
late, probably =z mixture of ethyl benzene esnd bpivhenyl.
There was no deccomposition during the distillation eg far

as could be determined. The regidue in the distillstion
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flask was taken up with ether, dried, and evaporated down
to é small volume on & steam plste. Vhen cool the residue
became a thick yellow oil.
in attempt was then made to hydrolyse the 01l by re-

fluxing it in 60 gr. of 50% sulfuric seid (48) for one snd
one half hours. As soon as the acid was added to the oil
e reaction of same kind began to take plece, the solution
turning elmost bleck. The cooled reaction mixture was ex-

-

huole e

tracted with ether ggain. 3oth acié and ther €Xw
trects were washed, dried, and evaporated %o as small vol-
umeg a8 possible on & steasm plate. The alksline extract
gave s trace of derk brown oil. This was taken un in ether
egain and dry hydrochloric acid gas pessed in, giving =2
cnococlate colored precipitate. Thig weg filtered, disgolved
in a 1little &lcohol, and reprecipitated with ether, the
so0lid being still dsxk in color, snd when filtered was cb.-
trined as 2 sticky mess. The residue from the scldé exirsct
was dark red in color, and appeared to be of nearly equel
weight to that of the original oll trezted with the sul-
furic acid. That seemed to indicate, along with the slight

monnt n¥ racidua Prom the slkeoline aovwtrzet thoat 1ittln
o] ¢t 01 Treg:l g JT¥rom Lthne g lrXalline XTrLeT tnat LiACTL
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if eny hydrolysis had ta.en vnlace.

The experiment wes then repeated with the same
quaentities of starting materiels, and the characteristic
vellow oil was again obteined after nydrciysis e&nd the
evaporation of the ether layer. /sn attempt was then made
to hydérolyse the o0il with 1bO cc. of concentrated hydGro-
chloric scia instesd of 50% sulfuric scid. -g before, the
solution turned dari in color. The mixture wss refluxed

B -7
0

for three hours, ond worked up in the stre way as wnen 0%

Pae]

sulfuric acid was used, with the seme results., There wes

only ¢ trace of acid soluble mate:ial, from which no ethyl
vhenylihyérazine could be isoleted (49). The acid ether
extract as before, yielded a dark red cil. 7This o0il was
teken up with 150 cc. of zlcohol and beiled for three hours
with bone blaci to get rid of any terry meterial present.
The solution was then filtered wikile hot} the filtrate come
ing through a derk red.

The Tiltrate was stirrecd for twelve hours with 20 gr.

of zinc dust ené 40 gr. of acetic acid, ond filtered agsin,

49. A dry ether solution with dry hydrogeun chloride gave
g gunny maes, from which no ethylphenylhvérazine
hydrochloride could be cbtel ned. ﬁttempts to form

the ethylphenylhydrazone of benzalidehyde by refluxing
the residue with benzsldchyde in glcchol also gsve
negetive results.
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vielding & 1ight filtrste. This filtrate was set on

£

€

H

& hot plate to eveporate, buf rapidly turned & dark
again as soon ss i1 becsme warm, so the zinc and acetic
ecld treatment was then repeated for five hours more
cihanging the color of the solution back to yellow. The
solution was filtered and the filtrate poured into watler
vyielding &n olly 1light yellow precipitate. This was ex-
tracted with ether, the ether layer separsted, washed
ceveral times with water, dried over calcium chloride,
and evaporated down on & steem plate.
g8 the eveporation proceeded, the solution greduslly

darkened in color agein, being very daxk red when neerly
all of the ether had been driven off. /# little more than
an egual volume of a2lcohol wee then added, and the solu-
tion allowed to boil down agsin. 4s the evaporztion pro-
ceeded the red color graduslly faded until the solution
was yellow. VWhen nearly all of the aleohol had evaporat-
ed off the solution was a2llowed to etund over night, rield.
ing & crop of needle-like crystgls. ifter two wecrystsl-
lizations from alcohol, the s0lid melted sharply at 178
176%°. 'The identity of the compound was not determined.

The mother liquors from the two recrystullizations

were evaporated down, yielding enother crop of crystsls
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which on two more crystellizations melted at 175.176°.
The combined mother liquors of the second crop of 175~

o ~ o .
176  melting compound was further eveporated down until

o)

s of

£

nearly &1l of the slcohol wag driven off. L ms

02

vellow crystals formed on cooling. These were filtered,
and recrystsilized three times from es small amounts of
aleohol &s possible; men. 90-92°., A mixed melting point
with triphenylmethane showed no depression. The mother
liguor was not further investigated,

The Action of Diethyl Sulphste on the Reasegtion
Sxoduct of Diphenyldiaszomethane and ithylmesnesium Bro-
nide. Ethylmegnesium bromide made from 4.& gr, (+19
moles) of magnesium and 18 gr. (.16 moles) of etiyl bro~
mide was added to en ether solution of 1i gr. {.077 m¢lecg)
of diphenylcéiezomecthane.

During the addition of the Grignerd reagent the pur-
ple red color of the solutiom gracuslly chenged to yellow.
In thst respect the resction nixture was different than

P>

when phenylmsgnesium bromide weg used, for it gove & deep

blood-red s0lullioile

&6 moles) of diethyl sulfefe wes then zdded

-_—
L3
.
~
i)

26 gr.

in the coléd but no resction apvesred to take place. The

ice bath was removed and in about five minutes a white
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or & light yellow precipitste began to form, a&nd the solu.
tion warmed up enough to start the ether refluxing. The
regetion flask was cooled down enough to stop the reflux.
ing anéd then stirred st room tempersture for three gnd s
half hours. The reaciion mixture was nydrolysed wi

ammonium c:.loride in the c¢oldé, the light yeilow ether leyer

separated, washed well with water, dried over cslcium chlor-

ide, and evaporated down until the temperature of the solu-
tion was 50-58°. The residue was & dright yellow oil.

On stending over night, no solid rhase appeared. o

attempt was mede to isolate the unknown benzophencnediethyl-

hydrazone, but instezd the o0il wes uyaroLyseld
four hours with 120 gr. of £§0% sulfuric zecid. The result.

ing soluticn was treated with more water cfiter cooling and

extrascted with ether. The acid layer wes then mede alkaline
a

with sodium hydroxide end steam distilled until the volume
of the distillate wags 00 cc. The distillate was mede acid
with hydrochloric acid and evaporsted down to a tuick, &l
most colorless o0il on & gteam pnlate.

to be diethylhydrazine

1%
LS 43

hydrochloride by vreparing its znown derivsitive 1,1-di-
ethylesemicarbuzide by boiling an alkaline solution of it

with potsssium cyanate, according to the method of Fischer.
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(z5). TPine white needles were obtained; m.p. 146-148°.

5)

~

£ mixed melilng point with 1,l-8iethylsomicarbezide (

(¢X]

made from known diethylhydérezine showed no depression.

1. It has been proven that the Grignerd reagent adds

to 2 single nitrogen atem in dipnhenyldiszomethane,

which supports the Zerner Fformulse for the generel struc~
ture of gliphetic diazo compounds.

2. Interpretatiocns of other reactions of zlivhatic
¢iaz0 compounds on the basis of the 7Zerner structure,
have heen provosed.

&« AL new method for the synthesis of substituted semi.

carbazides hes been deseribed.

L
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Midgley (1) has shown that lead tetraethyl exeris &
very marked sntiknock action in internsl combustion engines.
This éiscovery by liidgley is of specisl importance in con-

nection with the development of high compression automobile

engines.

This work was undcrtaeken to obtein the unknown lead
tetra-2llyl and leszd tetrabenzyl and to ¢iscover whether or
not they possessed any antlknock properties.

Lead tetra-21lyl was selected for prrneration, becsuse
it would contein unseturated linkages in additicn to an ctom
of lead. Gesolines which have 2 high percentage of unsatur-
eted compounds do not have as greut = “endency to "knock”
as those which contein e smaller~au pt”ty; On thet ground

it was thought thet leau tntra~&l Jl ght show antiknock

action superior to lead tetraeth“l‘

3

1. idgley, J. EZng. Chem., 14, 089,

£4o,

£94 (1922)
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Allylmegnesium bromide &nd benzylmagnesium chloride
were treated under various conditions with lead chiloride
(2). In no case was any definite compound isclated.

The results obtained from the attempts to prepare
lead tetra-sllyl were so discouraging that it was decided
to congult the literature cohuerning the allyl compounds
of other metals which may heve & valence of four. It wes
found thet no &llyl compound anelogzous to lead tetra-allyl
was known. On account of the ncgative recults obtained,
snd the fzct that no other enslogous metellic comvounds
were known, it was decided as highly probable that the lead
tetra-allyl, if formed, was unsteble.

Nc explanation has been found for the failure to ob-
tain lesd tetrsbenzyl. It may be that the purticular con-
ditions necessary for its formation were not zonlied, though
thet seems improvsable.

2« The general method followed was that described for

the preperation of lead tetraphnenyl by Ffeiffer and
Trugkier, Ber., 37, 1125 (1904)

e —
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Experimental.

Attempts to Prevare lead Teirs-allyl. €045 gr. (.5
moles) of allyl bromide in dry ether was slowly dropped in-
to = suspension of 12 gr. (.E moleg) of magnesium, =nd 48
gre {.17 moles) of lead chloride in dry ether. Vigorous
mechanical stirring wes used during the eddition. 4 very
vigorous resction took plece. After the completion of the
acddition of the allyl bromide, the mixture was stirred for
fifteen minutes longer, the reaction flask cooled in an ice
bath, and then hydrolysed with dilute nhydrochloric acid.

There wass & d&rk mass of insoluble material in the
flesk, after decanting the etner and watler lsyers. Thils
residue was weshed several times with benzene, and the wagh-
ings sdded to the ether layer. The resulting ether-benzene
solution was washed with water, dried over anhycrcous sodium
sulfate, and heated to dryness on a steambplate. %o residue
remeined, showing the ebsence of eny orgenic lesdé compcund
in the solution.

The experiment was then repested, using the same molecu-~
lar quantities but having the rezction flask immersed in a
freezing beth &t -10°. Vhen all of the allyl bromide had
been added, the freezing beth was removed, and the reaction

mixzture refluxed for twenty minutes. |
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The mixture wes hydrolysed with dilute hydrochloric
ecid, and the Washed.and dried ether layer distilled. fTwo
fractions were collected, 25-40° and 40.50°. A very smell
emount of liguid, in which was suspended & slight, yellow
precipitete remeined in the distilletion flask. The liquid
burned completely, leaving no residue, when ignited. The
dried yellow precipitate would not burn.

The residue from the reaction f£lssk was then dried,
and extrscted with benzene for severzl hours, using =
Sorhlet extrector. No residue remained after evaporating
of the benzene.

Another run was mede using the same molesular guanti-
ties, but instead of ether &s a solvent, 200 cec, of dry
toluene and 25 oc¢., of dry ether were used. The addition of
the ellyl bromide was very slow, taking sbout four houis
for completion. The rezction flask was kept at 90.95°,

ittempts 1o Prepaxe Lead Tetrgbenzyl- Benzylmagnesium
chloride was prepared in the usual manner, with stirring,

Prom 80 gr. (.67 moles) of benzyl chloride and 18 gr. {«75
mcles) of magnesium. To this solution with repid stirring
was added 70 gr. (.2% moles) of lead chloride in small
portions. With the addition of the first bit of lead chlor-

ide the solution turned dsrk and considerable heet weas
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evolved. After the addition of &11 of the lead chloride,
250 cc of benzene were added; and the ether distilled
off. The resulting benzene solution was then refluxcd
for five hours, cocled, and hydrolysed with dilute hydro-
chloric acid. A residue remained in the bottom of the
flask which appesred to be metallic lead.

The benzene layer wes separated, washed with wster,
dried, and eveporatsd to a small volume. 7This residue
was steam distilled until all of the benzene endéd diben-
zyl were driven over. Some yellow amorphous appearing
material was left behind . The amount was vary small,
less than .5 gr. On ignition the dry residue dburned to
& metallic looking residue, which might have been lezd.

inother run wes made under the seme conditions, ex-
cept that an equsl quantity of toluene was added with the
benzene in replacing the ether zs the solvent. It wes
hoped that thic attempt would yield more of & yellow
materiel, which might be lead tetrabenzyl. To that end
the reaction mixture was refluxed twice as long (8 hrs.),
end then workeé up in the same way ¢ before. The result
was the same, cnly a trace of the yellow materizl bveing

obteginedg.



Unsuccessful sttempts have been made to prepare
lead tetrs-sallyl and lead tetrabenzyl. Thelir possible
use &8 asntiimock compounds for automobile engines has

been dlscussed.
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