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Fravious 0 the start of this Livestication other worters in tuls
laberutory had cheerved that nitriles of the type

®

R-q-czs
R

ad laving an effsctive six-wuder (L) ef 8 ¢ more eculd not be hydrolysed
%o ths aci? or amlla even wnder voery vigorcus eonditions (1,2,3). However,
reduction to the amine with 11thinn slumbmn hydride ecourved in every
cads sttanpted,

Tals study was undsiuican 0 pes AL these highly hindared nitriles
wvould resct with Grignard raagwts.

In evary case excert ona, rascticn cecurrud bebusem thesa nitriios
renging in affective slxemebar from 2 4o 11, and the sromtie Grigaxd
reagets axployed. This Indisatod & differvncs in e mode of the two
resctionse It appeared that the low ena'sy of sclvation of crgancasteallie
conpouncs with lydrocarbons as ecapared to that of ether was an important
factor confriuiing %0 the greater remctivity of these highly Mindored
trilas with Grigmxd reapontis,

Iirolysis of the Grigaud cagles prwdiced katones, kebindaes or
Fetirdne hydrochloridas, depanding upon ths effootive Sixurder of the
Andemndista ketimine which wms Jarzer by 3 and § yespectivaly than that







of the nitrils, with the addition of the o-tclyl and mesityl groups of
the Grignard reagents. In genersl, as the effective gix-mber of the
intermodiate ketimines increased, ths rroduet of the hydrolysis of the
&’lznni complex weut from keton; to ketivine to ketimine hydrochloride.
Yhea the effoctive eix-nurber wes 8 or largie the ketone was no longer
dutained,

Conversion of the less himiered keotimines or ketimine hydrochlorides
to aximes was possible. However, the relative reactivity of certain
kmwmmwoommmtmtdmﬂu
basls of gffective siz-muber. It arpeared that the substitution of a
mommﬁwlmbmﬂubmmbmoﬁordmmwuhwm
menbmmtdatmupntmm”aeom
increase in the effsctive sixenunber. The oxims eould not be cbtained
in ary case where the effective six-mizber of the ketimine was 1.

Starting nitrile was recovared in mny of the reacticns of nitriles
baving an alpha hydrogen atom. This appsared to be due to a
side reaction in which the orgenic redical of the Grignard reagent was
reduced by the labile hydrogen atom, followed by recovery of the nitrile
from the nitrile salt upon hydrolysis.

Ths reactions of 2e-phenylbutanenitrile with phanyl and owtalyle
magnesiun bromide indicated that the reaction conditions empiloyed had &
greator effect as the steric hindrunce increased.

. In the reactlon betwesu 2-phenyle2-gtiyyl-3enstiylpentanenitrile and
mesliyLinagnesiua brouide 83 psr osut of the starting nitrile was
w, There appeared to bs no resction.

vi
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TITROIUCTION

During the past ten years, the aliylation of hydmtropomitrile
(2-phanylropansnitrile) and 2-phmyldutansnitrile with the butyl snd
amyl halides in the presence of sodamide has resulted in the formation
of nitriles of the gmeral forwnla

>

Re0=CY

R¢
whaye R hat besn asdiyl or etipd end R' e of the uiyl o eyl grouyps
(10203)‘

Some of thees nitriles, such as thoee vhere R 1s metiyl and R i
iyl or isotmtyl, eould be hydrolysed to acids or amides. However,
e prester mmber of these nitriles much as those vheve R 19 methyl o»
othyl and R* is sec-butyl falled $o wndergo Mydralysis under wemsmally
severs oonditions. The failure of the latter group to wndergo kydrolysis
wms attriduted to sterio hindvance. These latter sterically hindered
triles were all chosrved S0 pousess en gffectiye six-masbey (L) of
sight or more. RBeduction of thess nitriles %o Ve primary sxine by
Ithioe alusires hydride cocurred in every ease. All other reactions
tried with the highly hindered nitriles falled.

IV 4s samonly known that Grigaad reagets react with nitrilss
to produse ketones, ketinines or ketiming hydrochlerides depsading wpom



the wrtent of hydrolywis. Kiarasch and Beimmih (5) state thet this
resotion was first investigated by Lliaies in 1901. These authore 1ist
mich of the work reported in the literature sinse that time regarding
the resction betwesn nitriles and Grignard reageis. Many of the
rescticns 1isted dnvclve nitriles which appess 4o be sterisally hindered.
The parpoes of the pressut Lavestigation was to determine whether
he highly Mndered nitriles cbtained in these lsborutories would resct
with aromatis Grigaard yeagents. If the sdditica of phenyl mmgnesinm
browide cocurred, the reaction was to be studied further with the more
sterically hindered artho talyl and mesityl magnesium bromides %0
detarmine at what point Grigoard addition %0 the oysno growp failed.



has erwiited the introduetion of tho conoept of sleiiec hindrence %o
Victer Xeyer and 7. Kehrmann. Neoun stated that as early as 1890
Kehrmarm had atiributed the decreased activity of ecertain guincmes
poesessing an ertho substitumt relative to the earbonyl group, o steric
hindrumes, Steward (7) las stated that in 1854 Viotor Meyer cdsexved
Ut smbetitation of methyl or nitro groups in the artho pomitiom of
bemmeis acid prevented ssterifisation of the acid with wethyl alechal.
These early antherw defined steric hindrance %0 be the retarding effeet
upor & reaction emised by the maseing of Wulky groups en the oarbon atoms
adjacemt S0 the reacting group.

Kadesch (8) stated recenily, however, thad steris hindrance is not
almys due to the classisal bulk effect of Meyer and Kehrmamm and thad
in some instances ortho subdstitution actually increased the mte of e
yeaction. He reported that in some cases the pressnce of oertain groups
may sterically hinder a resction Ly preventing he molecnle fyom attaine
ing & pavticular efigmation neceamary for yeaction, rether than
shisdlding the vmeting group.

Stewart (7) reported in 1507 that Bisehoff hed proposed some 1S
youre earlier that the carbon chain is qyolis ead that swbetituents in
the 1, 5 and 1, 6 position lis closer together in syase than substituente



in the 1, 3 or 1, L positioms. Bischoff moted that ascumlation of
substituents in the 1, 5 or 1, 6 positicn with regard to an active
gup would hinder a reaction. Although the evidense pressmted by
Blechoff and Steart to substantiate this comclusion is meager, it
woved 30 be & wlid comtridution %o ths study of steric hindvensd.
Sonvtat later tham this Soith (9) postulated a ring structure for
earbor chains and made two significant cbssrvations. The rate of
estorification of aclds dropped sharply when going from propimmis te
butyric scid, but the change in rate vhen going fram butyric acid %o
wlsrio or caprois acid was smll. Secondly, the mibstitution of a
metiyl group on carbon aton muber thres of butyris said
LW 3 2 1

c:.-gu-cx.-d?m
LY
B &
ssused & zmaller mte constant than the mbstitution of a methyl group
ot carbon atom muber two of proyionic acid.

3 21
P

CH

e
Sadth explained the increased hindramoe of mbstitution om the bete
carben stom on the bagis of & eciled strustuve for the moleculs. Vhem
the maleculs assumed a ring stawcture, the groups attached to thw beta
oarbon stom could shiald the rescting group



v

H
c—G-H
g B
move effectively than when they were attached to the alpha carbon atcm.
A similar cbservation was noted in recent investigations in this

lsboretory. In 1950 VWorkman (1) reported that it was possible to hydro-
1yse 2-phenyl-2-methylhexanenitrile

CHy~CHy~CHg=CHg=G~CN
CHy

and 2-phenyl-2,li~dimethylpentanenitrile

()

Clig~CHy=CHy~0~CN
CH;  COHy

to the acid by refluxing tem hours with potassium hydroxide in amyl
alochol. However, 2-phenyl-2,3-dimethylpsntanenitrile

e

CHgwCly=CH =(~CN
CHy CHy

could not be hydrolyzed, even under very severe conditions.
Holsschuch (3a) reported that he was unable to hydrolyse 2-phemyl-
Eestliydmli~ne iyl petaneni tails «



CHy»(HeCHy=CoCH
CH, (g
D
Hydratropoaitrile (2-pheylpropanenitrile) ca the other hand, was easily
hydrolysed. Jaocbs (2) reported that 2-rhanyl-2,5-dinethylhexanenitrile

()

N ~ie

ol J-pheny)~2,Li~dinsthylheaxanenitrile

>

CHy«CHy=CH-CHyG+CN
Chy CHy

wers essily hydrolyned to the acid with potassism hydyexide in etkylme
or butylens glyool at 200°%, Z<Fheyls2,d-dimsthyihemsnenitrile

CHoCH,
oould not be hydrolysed eves when hested ot 10° for 2L howrs with
potassizm hydroxide iz butyleme glyool. Vhen a asthyl sudetitution
ooourred cu & beta carbon atom in the compounds mentiocned the steris

kindrance becane great encugh to prevent hydrolysis of the oyamo group.



In 1950, M. S. Newmmsn (L) published & paper on & correlation of the
zate of esterification of asids. BHe cbserved that in going fxom asetie
seid to trimethylacetic acid the rete is decressed 26.8 fold. Im godng
from propionic asid 0 tert-butylacetio acid the rate is desreased 36
fold. In going from Wmiyris asid t0 neopmtylacetis acid the rete is
almost unchanged. He also noted the difference in ths effeet of etdyl
and methyl subetitution on the alpha sarbon. The rete of esterification
was twice as great with acetic avid as with propiamis asid. As the
mumm“mmmummarm
kcuvlmw;mmcmupmmdmmm:mm.
Yor amanmple, in going from trimethyl acetis aeid to tristhyl acetis
asid the rate is deareased Ly 230 fold. The mte of esterificatim of
2eothyle3, 3-dinethyllutyris acid was lower than the rute for 2,2,3,3-
Setranstiylbutyris acid, indicating that one etly]l group ea the alphe
oarhon had a grester effect than two metlpl groups. A definite eompari-~
scn was not possible as the mte of the latter was too slow %o be
measured,

AS & reml$ of this experimental evidense, Nemma yropesed the
e of aix or giz-muber conperh (L). Ee stated that *In resstions
Savolving addition to an wastarated funstion coteining a doudls bend
the greater the muber of atoms in the sixth position, the geater will
be the steric effect.” The cyano group was not originally imcimded dub
the oonoept has bem exbtended o reactions imwolving unmturated fumctions
in gmaml. The strvcture delow indicates why atoms in the sixih
position are affestive in yetarding a resction



w

ra’o\o »N
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T wm

SH

¥ha the moleculs assuxes & coiled structure, atoms in the sixth position
shield the cyano group from attack.

In compounds containing rings i% is neceseary %0 use the taxm
teffective” six-punber, which is defined as "the muber of atoms in the
sixth position eapable of ylalding & sciled structure.® In mtlssules
oomtaining a ring such as 2-phenylhexansnitrile  the two carben atoms 4n
the pheyl ring oocourying the sixth position from the nitrogem atm are
held rigidly and are not free to rotate and shield the cyane group (26).

They are not occunted.

cn.-cn.-g-cg.-cx-gn-
Therefore, the term gffective gix mumber is used and the compound showm
has e offectire gix-muber of five.

It has not beem known precisely what the steris effect of a phenyl
wing is upon the resstivity of cyano or carbenyl groupe attached to an
adjacentt eurbon atom. In a comparison of the results of a recmmt stady
ammmm;morwutm«bymmm
(3b) with & sixilar study by Tesi, iwa, and Newmn (10), the forser
have suggested that the effect of a rhenyl ring my be greater than hed






deen anticipated. The examination of Stuard models ssems %0 indicate
Mawmg_;mmuum;mm-umnmwm
relative to a cysno group has approximmtely the saxe steris effect as
nwm;pwpwpummmt&nmmm
omtribute a six-mmxber of six. On this basis, then it is important
that the Serm effective siz-puber be used in compoands conteixing rings.
Also, a comparisom of the resctiviiy of oyolis and nomecyelio hindered

. compounds my not de walid vhen based alone on the mmber of atoms in
the sixth position frem the double banded atom. |

In farther investigations Rewman gt al. (10) shewsd a definite
correlation betwemn the pereent of hydrolysis of hindered amides snd
their piyepuwber. Tristhyl acetanids with a gix-munber of mine was
50.h par sent hydralywed whem refluxed in etiylens glyool-alkali
mixtures. Di~isopworyl sestemide with a gizemuber of Wwelve was 16.7
por omt hydrolywed and 2«(tert-butyl)-2-isopropyl acetamide with o
gix-mder of 15 was 3 per oent hydroiysed vhem irested under the ssme
comditions.

Ons of the sarliest evidences of steris hindramee in the yeaction
betwean nitriles and Orisnerd reagenta was reporded by Kehler (11) in
1906. He cbesrved thad when 2,3-dirhenylefeethylpemianenitrile with an
sffective six-muber of ten was dodled with phemylmagnesium bromide for
& day, the original aitrile was recovered. The resction detween
2,3-dihenylpantenenitrile (effective six-mrher of 7) and pheuyle
magnesinn bromide gave the correspemding ketons. Eammrt-lLucas and



 Salmon-Legagneur (12) cbtained a 55 per cant yield of ketons fraa the

reaction of 2-rhemyl-2-methylbutansnitrile (effective gix-rmirer of 5)

with phenylmgnesiun bromide by refluxing in toluene a day and hydrolyse
ing with hydrobromic acid. Irodhag and Housar (13) reported a 9C par

oant yleld of the ketlmine hydrochloride after refiuxing rhemylnegneeinn
brodde with 2-phenylef-methylpantanenitrile in xylene for 12 hours and
then hydrolyzing with ammoninm ehloride.solution.

Cf special interest at the start of this investigation were the
reported resctions betwesn phenylmagnesium bromide and 2,2-diethylphenyle
mm(gﬂngmara). In 1528 Bamart-Lucas and
Salmc-iegageur (12) indicated that the ketimine hydrochlorise was
cbtained as the product. Brodhag and Hmuser also obtained this compound.
Both reactions were carried cut under similar conditions. In 1927
Ramart<lucas and Salmonelegagnsur (1L) listed their product as the ketome.

KM:MW&MHMWOI&QMMW
in the liteguture betwesn Griymad reegents and nitriles. Fart of
these referensss along with others of interest %o this study are listed
in Table X. |

Many of these nitriles have a labile hydrogen attached to the alrhe
oarbon atom. Heuser and Rurhlett (15) have investigated the reactions
of several nitriles cf this type (see reactions 1-7, 9 and 10, Table I)
and state that thess niiriles can underge reaction in two ways.



Ao
HOH
RCH.CH ke Re
.
RMgs B.
RCTCM we
o MH ¢ ECICNEY =SS28e RCHy(eCRH-CHN et LliigeC-CRTN
kHgX ¢

The course of the reaction was dependemnt upon the groupe R and k!,
These suthors cbserved that the amount of resction by course B increased
as the R group changed from ethyl to hydrogen to phayl. Propionitrile
reacted with n-anylmagnesium bronide to give a 61 per cent yleld of the
ketone. The reactim of phanylucetonitrile with Desaylmsgnesium
bromdde (reaction 6, Table I) yielded 51 per cent of the dimes of phenyle
acotnitrile and 31 per cent of condensed products. None of the katone
wms chtained. Theee workers also noted that in generul, aruvsatic Grignard
reagnts tended to resct more by course A, the normal reaction. For
«anpls, in resction 2, Table I etiylmagnesinm bromide reacted with
phenylacetonitrile o give 51 por cent of the bata ketonitrile, 36 per
cont other vondensation products and 10 per cent of recovered mitrile.
In resction 9, phenylacetanitrile reacted with phenylmagnesium brouide
40 yisld 33 per cent of the normal ketone and 15 par cent of the beta
ketonitrile. The amount of reacticn by course A decreased in rrocesding
fram phenyl 40 o=tulyl to mesitylmagnhesinm bromide. The reaction of
phenylacetonitrile with mesitylmegnesium dromide (reacticn 10, Table I)
@ave a LS par oent yield of the beta ketonitrile and L3 per cect of
other condensed products. As stated previcusly, this same nitrile



reasted with phenylacetonitrile to yleld 33 por cent of tius ketoms and
other products. Bary (10) reported that he obtained 35 por cent cf the
trimer, 30 par cant of the beta ininomitrile, and 10 par cent of the
nowmal ketone in addition to dirhayl, recovaered nitrile aand othar
procurts in the reaction of phayAacotondtriles with phanylmamesiua
bromide (reaction 8, Tadble I). Trorar and Zack (17) reportad only the
rormal ketons and diphanyl for tirls saie resstion (reactiom 7, Table I).

Ho references were found to the reaction of alpiu subsdituted
rhanylacebonitriles with o~tolylmngnosinn bromide or mesitylmegnesihmm
bromide cther than those reported sbove.
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Anhydrous ethere=Ccameraisl grade anhydrous ether was odtained from
the stockroom and éried over sodinm,
prectical grads ws redistilled tbrough a 3 x IO
om. column od with 3/16* glass helices. The frestion used
boiled 05'550 (22 no)' ﬁ.)a 1055680
Mgestiun shavings for Grigmrd Resstime-itheomm, Colemn and Ball.
MesitylonsenBastzan white ladel. Used us resedved.
Q-MMMOM WM&:;:M
Freactions useds
SSa (7 m.).nb 5-511 (‘l --),13'1.5539.
&Wmmm. Used as reoaived.
Fhoathorous oxychloride--Mallinkyodt. Used as reseived.
Sodium Cayboomteesd. T. Bakew Chaxical Company. Used a8 resaived.

Sodinm Sulfate, Anlydrong=~J. 7. Baker Chemicel Company. Used as
recsdived.

Tolhuens-~Cbtained from stoclaroon. Drisd over sodiua.
Othar rengents cbtained from stockroom and used as reseived.
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II. Preparation of Imtermediates

A. 2~Phaylbutaneniterile

The 2«thenylbutanenitrile wes yropared esemrtially as described by
Craz snd Allinger (23). To 198 g. (1.2 moles) of 2-jhenylbutananide
in a 2-1. Nlask was added 269 nl. (2.965 moles) of phosphorus oxyehleride,
The mixture vas reflured in an sl) glass apparetas on & stess bath for
four hour and then oooled at 0° 4n an 1ce bath. The ocld solution ws
poured sloly anto 2 1. of orecked ice and the mixrture stirved vigme
eurly until the organis layer ross to the surface. The oil was extrmoted
aix times with a bensene-ether nixtare consisting of aprroximately two
parts of ether %0 cne part of bonzons. The arganis layer ws them
wmahed soveral times with water and drisd over anhydreus sodinn salfate.
thmmmnmauwmwwnstu.
oclurm peciced with 344" plass holices. The Z2ephenyildutsnenit:ile was
then fracticnated at reduced ressure. There was cbtained 13 g. (83 per
mm)ormunmnnm‘os-.).ng-x.soao Five
grans of tar remined.

In two further prejarations from 1ike smoumis of starting msterisl
hers were cdbiained 154 g. (50 pew cent yisld) of pvodect, b. p. 119-122°
(4.5 m.), nf® 1.5065 and U9 g. (85 par cent yield) of producth, b. p
99-191°(5‘o)o’ﬁ' 1.5067.

Cran and Allinger report & b. p. of 122-121° (16 m.), nie
1..5070.
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3. Sromonssitylens

Bromomssdtylens was prepared as desoribed in Organie Syntheses (2U).
Frea 318 g. (2.65 moles) of mesitylens and LSO g. (2.8 meles) of trenine
there was cbtained 334 g. (63 per eent yldald) of desired product, b. p.
83-87° (5 ma.), nd® 1.5484. The bedling poind of broacesityleme is
reported to be 105-107° (1617 ma.).

C. Cther Nitriles
nummmnmagmn.nmtmm”.mw
pared provicus to the stert of this investigatiom in other areas of
m,wummm,uww. Therefore & detailed
descrirtion of the preparation of these nitriles will not be included
hore. The sourcs of each nitrile, a reference $o its method of preparetim,
and its physical oonstants are listed. Each of the mitriles had bemn
stored from cns to three years.

ITI. Ganerml Information

The preraration of all Griznerd reagents unless ctherwise stated
was carried cut 1n a 500 ml. throe-nscked flask equipped with a dropping
furnel, stirrer, reflax condenser, and inlet tube for mitrogm. The
dropping fumsl and yefiux condenser wore fitted with calsinn chloride
drying tubes. After the titmtiom of the Grigmard reagsat, a moasured
portion (0.395 mole Origmard to 0.25 mols of nitrile) was trensferred
to another 500 nl. threewnecked flask fitted with a thermometer in
addition to the sguipment steted above. All glass reaction vescels






When Mads When Used Made By
ydratroponitrile 1.5053 1.5060 Titus”
1.5004 1.5080 Jaccbs (2a)
2-Fhayl -2-sthylhaxanes
nitrile 1.1960=1.1972 1.l973 Goerner and
1.1975-1.1976 Holsscimb (3)
> pitrile ol 3.503} 1.5039 Cirrian and
1.5028 1.5053 Povlock
2eIhanyl-2vethyls3-aotiyl
pentananitrile 1.5¢28+1,5042 1.5037

1.5038«1.5047 1.5041=1.50L8 Boluclmh (3)
1.5038=1.50h0 1.5038+1.504L2

o NS p—
*Procedure of Jaochbs and Woriomn was used.

"ede 1n gredunte caurce in organic preparaticns by procedure
described by Cope and Henecock (32).

ware air dried and then stared in an oven at 50° for 12 howrs previows
%o use. A dry nitrogen atmosphere was maintained in the flask throughout
the procodure. After the addition of the nitrile the resction flazk was
heted for the required period of time. The mixture was then hydrolyzed
hy pauring onto ice snd ecncemtrated lydrochloric acid. The yrincips)
products obtained in these rescticns were ketones, ketinines, or
ketimine hydroshloridas. Many times the ketimine hydrochloride seramstad
a8 & 5olid layer immediately after Mydralysis snd vas recovered by






filtmtion. In othar oases, tho solid ketimine hydrochleride preoipde
tated cub of the water layer after standing for ssversl hours. The
organis layer was fracticnsted throuzh ane of three colnmms equipped
with & fraction-cutting head, or throagh a fraction cutting hesd cnly.
Those colurms were as follows: A, & 3 x LO ca. colwm packed with 3/16*
glass halisess B, & 2 x 20 cm. column pecked with 3/45* glass helices
and C, a § inch Vigreux eclwm. All subsoguent referenss to thess
eclwms shall be made accerding to this designatiom.

The distillates were axamined for starting nitrile, ketons or
ketimine, The mitrile was identified by its boiling point vengs,
refractive 4ndex and by & eomparison of the infre~=red spectra of the
starting nitrile and the fraction being fdemtified. ALl the ketimines
boiled 4a the rengs of 170 to 210° (S ma.). Thay wers Light yallow,
visoous, stiuky liquids. Tie rafrective indices of the ketimines were
abors 1.55 and sowstimes were 30 indistinot ¥imé & reading omld not be
mede. ALl the ketones eventually sclidified. The boiling point of the
ketonos was in gemerel betwean that of the nitriles and ketimines. The
yiclds have been caloulated cn the basis of the ancunt of starting
nitrile. |

The ketanes and loss hindared ketimines and ketimine hydrochlorides
weredarivatiszed a9 cximes. Generally, the more hindered corpounds required
more vigorous oonditicns to obtain the axime. The highly hindered
kotimines and ketimine hydrochloridss were derivatized cnly as the pderate.
The procedure used for the remration of these deriwatives is givem in



Section VI of this thesis, 4ill dorivatives ware recrystallised from
arpecas ethanol wntil & oawtant melting point was resched. ALl walte
ing points, unless otherwise stated, wars takem in eapillary tubes.

IV, Premaration of Grignard Reagants

A, Thanylmgnesim Browmide.

To 12.2 g« {0.5 mole) of magnesiun in a 500 sil. three-necked flask
equirped with a stirver, inlat tube for dry nitrogen and a dropping
fumdl and reflux condanser protacted with calcium chloride drying tubes
w8 added a saluticn of 8 g. of broacbenzene in L0 =ml. of anyrous
etaer. Vhen the reacticn began, the stirrer was started and an additioml
72.5 . of brancbengens (a total of 0.5 mole) in 160 ml. of anhydrous
ether was addad bty means of a dropping fwmel over a period of one-half
hour. The flask was coolad by immrsion in cold water to prevenl tie
reaction from becoming too vigorous. The solution was stirred for
three-quartors of an hour after the final addition of the bromcbenzens
and then tditwatad,

B. o~Tolylm mesina Bromide

o=-Tolylmgnesima bromide (25) was premared in the sane marmer as
the phenylmesnesina drordde with the following excepticns. It was
necasaary %0 inttiate the resction by heating geatly o= a stean bath.
During the addition of the hrumide, the reaction wma eontrolled by
wrapping & towel around the top of the flask and ylacing ice on top of
the flasc inside the towel. 4 totel of 85.5 g. (0.5 mole) of



o=bromotolnens in 200 ml. of anhydrous ether was added to 12.2 g. of
mgnesinme Aftar the addition of the o-bromciclumms the mixture was
refluxed gently with stirring on a stemm bdath for 20 mimutes.

C. lMssitylmagnesinun Bremide

The same general procedurs was used for mesitylmagnesium bromide
(26) as in the preparmtion of phenylmagnesinn bromide. The following
axceptions should be noted. Initiation of the reaction was attempted by
the addition of a small crystal of iodine to the reaction flask and
gentle heating over a stean bath. This proved to be unsuccessful.,
It was found necessary t¢ place &8 small amount of the bdromide in ether
in a test tube emtaining a fow shavings of magnesium and grind the
magnasium vizorously with a sharp glass rod. After the reaction had bean
initisted end had yroceeded for 10 to 13 mimutes, the contents of the
test tube were added to the reastion flask. A total of 100 g. (0.5 nole)
of brommesitylene in 200 ml. of ether was added %0 12.2 g. (0.5 mole)
magestim. ifier addition was comrlete, the flask was heated with
stirring until 211 evidence of reaction had ceased (2 to S hours was
required).

V. Reastion of the Grigwrd Reagent with the Xitrile

The resction of 2-phanyldutansnitrile with rhenylmagneshm bromicde
and os=tolylmagnesium bromide was Lrwestigated initially in arder to
dotarmine the optimm sonditions for the resction of ths nitriles with

Origard reagents. The experimental work of Brodhag and Hauser (13)



and Ramart-Lucas and Salmon-Loza maur (12) was used as a model for this
investization. Refluxing in Soluene for sixteen hours with eontimous
stirring was found to glve bettier yialds of prodnct than either hesting
at 90° for the sams length of tims or refluxing for a shorter paricd of
time. The more vigorous reaction eonditions, with slight modificatioms,
were used throughous the investigation. The rescticn between o-tolyle
magnosiun bramids and 2-phanyle2estiylhamansnitrile described below is
8 tyricdl reaction.

After the preraration of the o-tol;lma-nesium dbromida, the stirrer
wag turned off to allow settling of the me;nssium particles, The flow
of nitrogen was increaged to insurs an atmcaphere of dry rdtrogon gas.
Tvo 2 nl. aliguots of the Crisnerd reagent were remcved from the flask
by means of wvolumetric pipettas and were placed in two 1C0 nl. beakers
(27). Arrrozimately S ml. of distillad water was added to each beaksr to
hycrolyze the Grignard resgant followed by 42.07 ml. of 0.1078 K. hydro=
chloric acid (& known excess). The bhoakare were heated on a steam bath
until the basic magnesium oxide was dissolved. Titmtica Yo & phenoe
Fitalein end point required 11.07 ile of 0.1153 K sodiunm hydrexide
loht;lcn. The calculation to dotermine the volume of Orignard resgat
required in oxder to msintain a ratio of 1.5 noles of Griguard reagent
to one mole of mitrile is as followws

Total milliequivalents of acid » 42.07 x 0.1C7T8 N = 4.535

Total mdlliequivalanta of base » 11.07 x 0.1143 N = 1,287

Hilliequivalents of acid/2 ml. Grignard reagent 3.20



Mlisquivalenta/ml. of Grignard reagmt » 3.21,8/2 » 1.62)
The dllilisers of Grignard resgent necessary to have the reguired 0.3715
mole per 0.25 mels of nitriles goFliBSiy o 23

The condenser was yemoved from the resstion flask and the Grignaxd
reagurt ws filtered guickly threugh glass wool ia & fumel imto s 250
. gredaated aylinder. The desired amount of Grignard resget ws
then trunsferved to another 500 nl. three-necked flask eguipped with gas
sddition tude, 250 ml. &ropping finmel, stirrer, thermometer and reflnx
sondeser. The 2-thanyl-2-etiylhamanenitrile (50.25 g., 0.25 mols) in
100 ml. of anhydrous tolaene was added by means of a dropping fuxmel over
& pariod of 20 iutes. The mterial ws stiryed for 15«20 ximmtes.
he eondemser was yemoved and the sther evaporuted over & shean dath.
he Jatter required from LS nimtes to one heur. The eondenser was
replaced, a heating mantle wvas sabstituted for 4he stesn bath, and the
renstion mixture refluxed for 15 hours with stirring. A% the ed of the
16 hour period, the renstien flask was allowed to eocl for § te 10
mimtes, after vhich the scntents ware poured over 300 ml. of ewasked
400 in 100 nl. of conoentreted hydrochloris asid. Vhem Rydrolysis wms
M.hmnm.;uwmwbynm
lagery The 9o lsyures were separaded. The aguesus Yhase was extructed
with ether, and the extructs added 4o the ergmic layer which wus washed
vith mter, a sodinn carbomats solniica and again with mater. The wter
layer ms saved. From ihis wter layer ave gradually sepasated ower a
poriod of severnl howre & total of £3.2 g. (28.2 par omat) of ketimine
hydroodlaride.






M1lisquivalente/nl. of Grignard reagent » 3.2,8/2 » 1.62)
The xillilisers of Grignard reagent nesessary o have the required 0.375
mole pey 0.25 male of mitrile s ¢oflBfiy o 231

The condemser Was romoved from the resstion flask and the Gedignaxd
reaget ms filtered guickly through glass wool ia a fwmmal into a 250
. greduated cylinder. The desired amcunt of Grignard reaget was
then transferved to another 500 al. three-necked flask equipped with gas
addition tudbe, 250 ml. dropping fuxmel, stirrer, thermometer and reflmx
sondmser. The 2-rhayl-2-ethylhexanenitrile (50.25 g., 0.25 mols) in
100 =ml. of snhydrous Soluens was added by means of a dropping Sunael over
a paricd of 20 xiimtes. The mterial ws stirred for 15-20 ximmtes.
The eondenser was yemoved and the sther evaporuted over & stean bath.
The latter required fyom i§ mimates to ane heur. The sondenser was
seplaced, a heating mantls was sudatituted for the stean bath, and the
reastion mixtare yefluxed for 15 hours with stirring. A¢ e end of the
16 hour pariod, the reastien flask wms allowed %o ecol for § to 10
nimmtes, after vhich the ecnients were poured over 300 ml. of evesked
400 in 100 al. of cencentyated hydrochloris asid. Vhem hydrolyeis wms
eonglste, e layers appeared, &4 wter layer suymounted by an organio
lvn; e o layurs vere sepambed. The aguesus rhase was axtrusted
with ether, and the extracts added $e the ergmic layer vhish wms washed
with mter, a sodimn sarbemte sclntion and again with mater. The wber
layer was seved. From Shis wster layer Adere gradually separeted over a
poried of severnl hours & Sotnl of 83.2 g. (20.2 per ommt) of ketimine
Rydroedlaride.






Millisquivalenta/ul. of Grignard resgmt » 3.248/2 » 1.62)
The millilisers of Grignard resgent necessary to have the reguired 0.375
mole par 0.25 mole of nitrile s ¢odlSBSy o 2

The eondenser was removed from the resstion flask and the Grignaxrd
reagt ms filtered quickly through glass wool in a fwmmael into & 250
. greduated eylinder. The desired amaunt of Grignaxd reagmt was
then transferred to another 500 nl. three-necked flask equipped with gas
addition tudbe, 250 ml. dropping fumnel, stirrer, thermemeter end reflnx
sondenoer. The 2-phenyle-2-stiylhemnenitrile (50.25 g., 0.25 mols) in
100 nl. of snhydrous Soluens was added by means of & dvopping fumel over
a pariod of 20 imtes. The mterial ws stirred for 15-20 xdmates.
The ecndenser was yemoved and the sthaw evaporuted over a sbean bdath.
The latter requived fyom LS mimmtes to one hour. The scndenser wms
mrleced, a heating maxtle was sudstituted for the stesn dath, and the
renstion mixture refluxed for 15 hours with stirring. A% te end of the
16 hour pariod, the resstion flask wms allowed 4o evol for § to 10
nimmtes, after vhich the ecnbents were poured over 300 ml. of swasked
400 in 100 al. of eencentmted hydrochloris asid. Vhea hydrolyeis wme
songilste, twe layers appeared, a wter layer surmounted by an organis
lvu'; s %o layers vere separwbed. The agrecus rhese wms extrested
with ether, snd the extwacts added $o the ergmic layer shish was washed
with wtier;, a codizn carbemate sclaticm and again with wmter. The wmter
layer was seved. TFrom this mter layer thars gradaally sepamted over a
poriod of severnl houre & Sotal of £3.2 g. (28.2 per omt) of ketinine
hydroadloridc.






The organis layer mas dried over anhydrous sodinm salfate. %The
othar wms stripped through an aspirator and the tclnens distilled ad
stuoepheric messure throcugh colusm A. The remining msterial was
fracticoated st reduced presmire through the same colum. The frase
tions obtained sre showm delow.

TABLE IXX
DISTIILATION OF KITIMINE OF 1«( mrm.u)-z-mm-mm&m

Frastion 3.P.,%. (5 m.) Grans nje
3 60-90 3.95 3.508
2 90=120 1.30 1.5140
3 120150 J5 1.5233
h 150-188 45 1.5277
5 182-187 2.1 1.5L66
é 187-193 3.8 1.5552
H 191-193 9.85 1.5562
8 191193 8.30 1.5568
9 193-199 3.75 1.5568 (wgne)

10 199-220 1.85

The rweidne and solumm holdup amasnted to ene gmm. Faotion 7 gave a
positive test for nitrogm. JFrestioms § through 9 were sssumed %o be
the ketinine. These amounted to 25.8 g. or a yleld of 35 per emmk.
e coubined yield of ketixine and ketimine hydroshloride amcunted $o
63 par oext. Vhen dry Nydrogen chloride gas was bubbled through en
otheml solution of the keAimine, the hydrochloride presipitated.
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The axime of the ecrresponding ketone was prepared from the ketimine
kydrochloride by wo methods. In cne the hydrochloride salt was come
Bined with & mixture of Sodium sostate and hydroxylanine Mpdroshloride in
ethancl snd perwitted to stand at rocs texpemture for seveml days.

In the other, the ketimine hydrochloride was refluxed with hydroxylamine
hydrochloride in an ethancl-pyridine solvens for 22 hours. The oxime
oculd be prepared by the latter method in aboud 70 per oemt yield.

After repeated recrystallization the axime of le{o=taolyl)<2-rhenyle2e
otylhmcan-leone, CHC(Cglie)(Cols)C(0-CHyCoRy JoNCH, malted at 131-1032.:5°.
Anals Calo'd for Ca HeyNOs N, L.53. Pounds X, L.L7.

In an attenpt to pretare the ketone, apmroeximtaly 1 g. of the
ketinine hydrochloride was refimxed for 2l hours in 12 N hydrochloris
acid and 95 per ot ethancl. The erganis layer was extmmeted with ether
and the latier removed by evaporation over a stesn dath. A smll amannd
of thick ol remained which did not exystallise after standing for
seveml dsys. The material was transferred 4o & 50 ml. saetion flask and
mintained at aboub 20 ma. pressure for i hours, and then at 23 mm,
fressure for | houre with gentle heating. Crystallisation was wiill nod
effected. A oompariscn of the infrered spsetre of the resction material
with tha infrared spectre of the starting ketimine indicated that scme
of the latter had been hydrolysed to the ketons. A definite pesk had
appeared at 5.95 microns and the peek at 6.5 microns charecteristis of
kotinines had decressed.



A« Resotion of Rydmtroponitrils

Rydretroponiterile (0.25 mole) was parmitted to react with 0.375
mole of ench of the three (Grignard reagemts. The ketimine hydrochloride
oculd not be isclated from the three resction mixtures, either at the
$ine of hydrolysis or from the wter layer after standing for L8 howrs.

eolurn B gave 28 g, of Jroduct bofling et 11.5-151° (S me.). The ketone
sclicdified while being distilled and uron repeated recrystallizaticn from
aquecus ethamol melted at 56°. Msthyldesaxybensodm, CE,CH(CoRg)COCHs,

18 repovted to melt ab 58° (36). The axime, prepared by the ethamole
pyridine method with five hour reflnx, melted st 115-119° after resrystels
AMiaiicn from squecns ethancl. The axise is reported to melt at 120°
(36).

Sllylmpeniun bromide. Distillatioa of the arganic layer
Swough solm B gave the following DHectiomss

B R o (S ) e s

1. 25«56 3.6 1.4928
2. 56=79 2.2 1.502
3 79-91 S.9 1018
k. 9l 2.8 l.5211
S. 13136 0.8 1.5500
6=l 136-182 19.3 1.502«
1.57157

12« 1824235 3.8
Residue 34
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Fractions 1 and 2 appeared to be wostly toluens. Comparison of
mh&'&eﬁwinduoftmcﬁMBﬂththwmeofnﬁ‘
1.5090 suggested that this fraction might be recovered hydratroponitrile.
Although the boiling point appeared low when campared to 114-114° (19
ma.) (2a), allowing for difference in [wressure, the infrared spsctrun
tended to pwove that hydretroponitrile wes indesd recoversd. The infree
red gracirum of this liguid showed the charucteristio ebsorption of the
oyano gronp at koS microns and in eddition was sisilar to the infrared
sbsorplion spectrus of & knowvn sanpls of hydretroponitrile in the
region of 2 to 6 microns. Fraction 3 corresponds %0 8 15 per eent
Teoovery of wmreadted nitrile. Pwotion 4 may alse eomtain some nitrile
in additdon to higher boiling material.

Fractions 6 through 11 formed & eoft solid after standing severel
days. The salid was eepsreted by filtewticn to give 11.6 g. (20.6 per
cent yidld) of the ketone. The melting poind of l-{e=talyl)=d-phenyle
Fropan<lecus, CHuCH(C¢s)CO{0wCHgCel,), was 5u~5L.50. Anal. Galotd.
for CgeHys08 Oy 85.675 K, 7.19. Mounds O, 85.85; B, 7.13.

The oxime was prepared by the othanal~pyridine methed by eight
howrs reflux. After repeatad recrystallisation fyom aquecus ethancl it
malted at 126% Anal. Calotd. for o llyiOt N, 5.85. Founds N, 6.05.

The £1%reie from fractions 6 through 11 wvas redistilled. A amll)
fraction distilling at 173-198° (5 m.), the armroximate bolling range
of the ketixines, would not form the picmate. Thess Lxwsticns and
-frestion 12 were apparently condensed products yemulting from the side
roaction cxused by am setive alpha hydrogms.



Healtylmapnesiun bromids. After hydrolysis of the reaction mixture
the water layer was seramated and extructed with toluene. Distillatiom

of the organiec layer thraugh columm B ylelded the following fractionss

« Pop ° EMe Grems ,‘_n':

1. L3.5-59 6.1 1.9l
2, 5368 5.7 1.1993
3. 1,8-84 1.2 1.5010
L. 84-93 9.9 1.5137
S. 93169 0.7 1.5367
8. 149182 15.1 1.585Y
Te 177-185 2.4 1.5860
8. 185=-209 i1l 1.5800
Residue 4.8

A comparison of the boiling point and refrective index of frections
1 and 2 with the boiling point of 66° (22 ma.) and n8%+8 11958 of
mesitylene (3L) suggested that these fractiocns were recovered mesitylene
remalting from the hydrolysis of unreacted mesitylmsgnesinm bromide.
That this ligquid was mesitylene was oonfirmed by comparing its infrered
absorption spectium with that of a knmcam sanple mesitylens.

Frection | was shown to be hydratroponitrile as in the previcus
reaction. It corresponds to & 30 per cent recovery of unreasted nitrils.

Frections 6 and 7 were assumed to be the ketimine. These amounted
%0 28.5 g« or a yield of }5.5 per omt. The ketimine was derivatised
as the oxime and piomate.

t™he oxime was prepared by the ethancl-pyridine method by 22 hours
reflux. The oxime of l-uestiyl-2.rhenyliropan=leons, CH,CH(CGHs)C[2,k,6
(CHy)5Colg J=NOH, malted at 139.5°. Amal, Calotd. for CyHa,NO» N, 5.2L.
Found: X, 5.33.
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The piorate of l-mesityl-2«chaylrropan-i=ene ixmine, CH,CH(C.H,)C
ﬂ.h.é(ﬂﬂ;),cgl!‘m'mgxg(ma)” melted at 1&4-890500 Amal. Calotd.
for OW‘O,I '. 11.66. Founds N, 11.85.

B. Remction of 2-Fhenylbutanenitriie

As 8 yreliminary experiment to determine the reactivity of 2ephanyl
butanenitrile with Grignaxd reagents, the resction was rua with both
rommyl and owtolylmgnesium bromide st 90° for 17 hours. The resstim
mixiure was stirred for only 5 hours of this time. In the first run with
each Grigmard, 0.5 male of the nitrile was pormitted to remct with 0.75
male of Grignard reagent. The ssound reaction was carried oxt acecrding
0 the adopted procedure as givem for 2ephenyl-Q-sthylhaxanenitrile at
the start of this sectiom.

Pheylmpgnepiug bromide. First resction. Distillation through

colunm A gwve the following freotionas
o

Be Po,  Ce ., Qrave :i'_
1. 17445 5 14756
2. S0-79 1.3 1.1932
3. 85-101 3.8 1.5260
Le 101~103 16.0 1.5254
Se 103125 1.6 1.5%5%0
. 119159 1.9 1.5648
Te 1811052 £8.0 1.5709
8. 150=150=5 25.5 1.571
Residue 9.5

Fractiona 1 through 3 appeared to be largely tolnens.
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The boiling point of fraction L corrared favorably with the bailing
poing §9«101° (5 mm.) of 2epherylbutanenitrils. The infrared spectiunm
of thls 1ipid exhibited the claracturistic absorption of ths cyano
groap at LoLS micrans and in addition wms similar to the infrered absorpe
tion epsctrum of & lmown sanls of 2~hayibutansnitrile in the reglon
of 2 t0 5 ricrens. Frrctiom L rejresanted a 22 per cent recovery of
unreacted nitrile.

Fractlon 6, 7 and 8 solidified whils taking refrsctive indices and
after two recrystallizations from agisous sthancl melted at SL°.
Ethyldesacybensoin, OylaCH(Cos)C00.Hs, 18 reported o melt at 53° (35).

Second reaction. The orgunis layer wus frectiomatsd throaugh
colum & and & distillaticn pattem similar to the one imueciately above
vis chtained, The lower frections arpeared to be mainly toluens. The
fraction (2.8 g, 7.7 por cant rocovery) distilling at 118120° (4-1S
m.) coapared favorsbly with e b. p. of 122-124% (15 mn.) reporied by
Cran and Allinger (23) for 2-phenylutanendtrils, It was further come
firmed as the nitrile by its infrered spectrum.

The ethyl: desoxyhenzoln, & total of 33.h g., 56 par cent yield,
distilling 3’6 170=182° (14«13 mm.) s01ldified upom coeling and upon
yepated recrystallisation frem aquocus ethancl nelted at 55°., The
‘oxime was premared by the ethanoleryriding method by 25 hours reflnx
and uron repeated recrystallization from aguecus ethanol melted at
129+130°%. ‘Tho oxime i repartad to mels ad 129+130° (35).

S-Tolymgneninn bpowids. First reaction. Upca hydrolysis 3 layers

semmrated. The solid layer was recovwred by filtwstion to give 25.4 g.






(18.4 per cemd yleld) of the ketimine hydrochloride. Distillatiom of
the organie phase through coluxm A gave the following frections:

L Be . Grang e

1. 25-26 L.6 1.1918
2. 25 5.2 10920
3. 25-33 1.2 14172
e 33-74 1.0 1.h504
5. Th-113 3 1.l992
6. 113=127 7.9 1.5
T 127 12.8 1.5058
8. 127-042 3.2 1.5110
, ] 1&2-178 01 1.5329
Besidue 10.

Fractions 1 and £ appmred $o Yo largely tclnems.

Fraotions 6 aad 7 were shomn %0 be mostly unreasted nitrile by a
conparisea of the boiling point, yefrestive index and infraved abscrptiom
speotrva of this liguid with thad of R-theyibutanemitrile a8 in the
rescticn with pheylmagnesinn bromide. Fractions 6 and 7 sorresponded
%o & 29 per esub yecovery of wnressted nitrile. |

I8 410 possible thed the residue sonbained scme ketinime since the
Mghest beiling point of the distillate is below the usmal boiling
peint of 4he ketimines.

Second resstion. Upom hydrolysis, 3 layers appeared. The solid
layer ms sepamted by filtmtion %o give 38.5 g. (56.3 per eent yisld)
of the ketinine Mptreshloride. The crguxis rhase was distilled threugh
celom A. ‘






33

As in the previcus resction, the distillate contained mainly
unrescted nitrile and toluene. The unreacted nitrile, distilling at
306011% (13 mm.), n3® 1.5085, weighed L.8 g. (13.5 per cent recovery).

™he oxine was prerared fron the ketimine hydrochloride by the
Sodium scetate methed and by the ethanclepyridine method with 22 hours
refinx. The latter gave & &5 per cent yleld of the axiwe of l={c-4clyl)=
2phenyltuten-l-one, CHCHCoHs)0{ 0=CH,Colly)ol0H, which melted at 127«
128.5° After repmated recrystallisaticn from aquecus ethancl. Anal.
Calotd. for 0. R, 008 K, 5.52, Founds K, 5.53.

Besl\imgmeien bronide. Rrdrolyeis jeoduced thres layers. The

%0144 ws sspareted by filtrmtion and amcunted to 55 g. (71.5 per eant
yield) of the kelinine hydrochloride. The crganio phase, distilled
through cclum C gave largely wnreasted nitrile and mesityiens, which
vere ideniifiad as before.

The cxime of the ketinine hydrochleride could mot be jrepared by
the etbanol~pyridine method with 22 hours reflux. Only & stisky, vissous
1i4uid chareeteristis of ketinines remained after the veflux pericd.

The pemte of l-mesity)--pharylbutan-l-cne imine, OgH.CH(CoHg)0
(2,1, 6(0Ny ) 20 oHa JE HOCHy(NOs)5, A8 [rerared from the ketimine hydroe
ehloride and melted &% 180.5-182°. Anal. Cale'd. for Caglae Oyt
¥, 11.33. Fomd: N, 11.15.

Ce Resction of 2<Pheryle@~eihylhexanenitrile
2+Fhenyl 2-ethylhexanenitrile (0.25 mols) was permitted o resst
with 0.379 mole of sech Grignard reagmt. The mixture of this aitrile
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hours of refluxing without stirring.

Pomyimgosiun broxide. Hydrolysis prodiosd 3 layers. The salid
was semrated by filtration %0 give LS g. (Gl per ot ylald) of the
ketimine hydrochloride. Distillation of the erganic phase through a
frestiommcutting hesd yislded cme main frastism boiling st 175-183° and
2j® 1.55U6-1.5604. This fraction, welghing 13.6 g. (16.4 yield) ws
assuned to be the ketinine. The ketimine hydrochloride formed whem dry
Mydrogen ohloride was bubbled through an etherel solutios of this light
yailow, sticky ligquid.

The axime of 1,2-dirhenyl-2-etiylhexan-1eons, CoNa0(Colly){Colle)0(Coly)m
WOH, was yrepared by the sodinn acetate nothed from the ketimine hydree
chloride and melted ad 159-160° after repsated recrystallimtiom from
aqrecus ethanal. Amal. Cale'd. for Ceoflys¥Os C, 81.31) K, 8.53; ¥,
Loh. Founds €, 81.313 W, 8.533 ¥, L4.7h.

S-folymamegins bremide. Ihis resetion was desorided in detalil &t
the begiming of this seetiom.

Nositylmgnesinn bromide. Two layers formed upem hydrelysis.
Distillation of the crganic phase tirough oolum C gave the following
frections






35

B, PoCo (5 mm, Oruns 2’3

1. 3«38 2.0 1.1887
2. 3840 10.8 1.1976
3. Lo=h2 5.9 1.1953
L. 4280 1.5 1.195%
5 . M hoo 1-9-&9
é. 9195 2.9 1.5175
7. 95110 3.4 1.5155
8. 110-126 1.5 1.5104
9. 126-137 1.6 1.5100
0. 137200 3a - 1.5270
11. 200-210 1.8 1.5537
12. 206‘& 16 .0 105563
3. fn2-as 18.0 1.55h2
ik as-a8 L.8 1.5506
15. 20.8-252 2.9 1.5u68
Reaictue é.5

Frections 1 through 3 vere shown to be mesitylens as in the resotion
of hydratropomitrile.

A ocuparison of the dofling point and yefyestive indices of frase
time S through 7 with the bedling point of 125° (S mm.) and nf® 1.9
of S-rheyl-2-otbylhexsnenitrile (3a) indicated these frections were
not recovered nitrile. This materisl was nod idemtified.

Fractions 11 through 1l were asmmed to ba the ketixine. These
sanurt $0 L5.4 g. or & ylald of €5 per cent. The ketixine would mot
form when dry lydrogen chloride gas was passed inte an etheresl soluticn
of this liguid.

The plerate of 1-mesityl-2-phanyl~S~otkylhenan<l-cne imine,
CeBeC(CaBo) (Collg)C (2,4, 6(CHy ) 5Colig InHH-HICHg(NO,) , WaS prepared from
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the ketimine and melted at 108-159.5°, Anal, Calotd. for CapHsNeOy!
” ]DJ.B. Founds " 10.23-

De Reaction of 2-rhenyle3-methylpantananitrile

2-Fhenyle3-aethyl pentananitrile (0.25 ncle) was perxitied to resst
with 0.375 mole of each of the three Grignaxd reagents.

Poazim outun bromide. Upom bydrolyeis, 3 leyers famsd, The
sclid layer was separeted hy filtration %o give 43.6 g. (67 per cont
yield) of the ketimine hydrechloride. Distillaticom of the organic phase
threugh scluam G gave the following frectionss

Be Be%Ce {5 m) Orang =
1. 26110 1.3 1.5120
2e 110 ' "1 1.5409
(s02id and
liguid)
3e 1C8«116 ba
(salid)
ke 112-016 2.5 1.5423
(s0lid and
1ignid)
Se N6 5.0 1.5310
6 N7 2.9 1.5366
7 173-205 ( 33
2008 ’ﬂ]ﬁ
molid)
Roaidue 2.0

The sclid was separated from fructions 2, 3, e &k by flitredicom
and after yecrystallisetion melted at 6%, Buvtress and Mallikea (33)
¢ive & melting yoint of 70° for dirheryl and alse state that Miphenyl
@ives & blme solor with alusimm chloride in carbom Setrwchloride.



31

A sazple of the sclid gave & blue oclor with these reagents, hense 1%
1s assmed to be birhenyl.

Fractions 1, 5 and §, and the filtrate from the sbovs separstions
. were combined and redistilled through colurm 0 to give L frections
(15 g.) ranging in boiling point from 26 te 165° (5 ma.). The distillate
did not appear to contain any separete frections. |

The oxime of the ketimine hydrochloride could not be prepared either
by the sodium acetate method or the ethanolepyridine method with 22 houre
reflux. Only a sticky, visoous 1iquid charesteristis of ketimines
remined after the reflux period.

The pisrate of 1,2-diphenyle~J-methylpsntan-lecns imine, CgH.CH(CH,)
CH(C,H3)C(C offg JuMH - HOCaHa(H0s) 5, Wae prepared from the ketinine hydroe
chloride and after repsated recrystallisation froz aquecus ethanol melted
at 150-151.5% Anal. Caletd. for CpgiaM(Oyt X, 11.66. Founds N, 11.78.

Jelyim gnesiun brouide. Three layers formed upon hydrolysis.

The #olid was serareted by filtration to give 59 g. (78 per oems) of
the ketinine hydrochloride. The organic rhass was distilled shrough
colum C. The distillate appeared to contain cnly toluene and uaressted
nitrile. The boiling poimt, 123-119° (5 ms.) and n3® 1.5080 of frastion
3 compared favorsbly with the boiling point 120° (5 m.) and nfS 1.5039
of 2-pheryl~3-netiylpeotenenitrile.® The infrared absorrdion spectrun
of this 1iquid exhibited the charectaristio absorption of the eyano

SRR PR

oconstants of the starting nitrile. This nitrile is not
reported in the litemmture.



38

gwp and In addition was similar ia the reglon of 2 to 6 zlcrons to
the infrured absorption specirum of the 1-phawl-3-mtm§enhmitrih
used in this reacticn.

The oxiae ef the ketindne hydrochlarids cemld mot be pepared by
sither the sodiunm scstate o by ths ethanclepyridine mothod with 22
hours reflux. A sticky, viscous liquid remined afSer the reflux period.

An attenpt was made to prepare the 'plorato of 1=(o=tolyl)=2-phenyl=
J-methylpentansl=ons imine, C J15Cr(CH, JCR(CyWs)C(0=CH;CqH, N {-HOCoH,
(1:0g)se A dark yallow solid formed slowly, and after severul rscrystale
lisations from aquecus ethanol melted at 253-255° em & melting point
dlock. Anal. Cale'd. for CarMagN Oyt N, 11.33. Pound N; 22.93.

mmwmmmmuﬂnmm 22.67 per
ommt nitrogen. Other plorates or plcris acid (18.3 per oent nitrogen)
were excluded by the high mitrogen snalyeis.

Meaitylmaonesium b 6. Hydrolysis gave two layers. Distillation
of ths organic phase through column C gave the following fractionss

B. 2.,.%. (5 m.) Grans =y
1. 39=l2 5.7 1.4893
2. Lo=4k 13.4 1.l942
e L2<51 4.0 1.L957
k. 51-209 2.7 1.5092
5. 109121 3.8 1.5127
6 121129 1.2 1.5216
1. 12913 i.h 1520
8. 143-187 2.9 1.5362

9. 186-193 22.8 1.5607






104 138«193 18.6 1.5637
1n. 193-201 h.2 1.5638
12. 201250 h.2 1.5652
Residue 5.9
Fructions 1 through 3 were identifisd as meeitylene as described
previcusly.

Fraction §, which correspunds to an 8.5 per oemt recovery of
unreactcd nitrile, wes idantified as before.

Fractions 8 through 11 were assumed to ts the ketimine. Tusse
amcunted to L5.L g. or a ylald of &l per cent, fhoeximcouldnof.ba
prepared by the ethanclepyridine xethod with 22 hours reflux.

The plerate of l-nmesityle-2«Thenyl=3-nstlylrenten<lecne imine,
CaflgCH(CH, )CH(CoH3)C (2,1, 6(CH, ) 3CoRa Jod BOC Hp(1504) 3, WB8 prepared
from the ketimine and after repeated recrystallisation from aquecus
ethanol nelted at 191-192°. anal. Calo'd, for CpyHooN, Oyt N, 10.72.
Pounds W, 10.95.

E. Resotion of 2+Fhemyl=2-o¥iyle3<tethylpemtaneitrils
2=Fhenyle2eethyle3-nethylpartanenitrile (0.45 mole) was permittad
to resct with 0.375 male of each Orignard resgent. In an sdditional
experiment, 0.343 mole of this nitrile was allowed to resct with 0.375
mole cof o~tolylmagnesiua bromide. -
In ssch rescticn, hydrolysis produced cnly two layers.

Preylragnegium bramide. Distillation of the organis phase tirough
& fractiomecutiing head yieldad one main fraction boiling as 183=193°
(S m.). (The refrestive index was not distinot emough to be resd.)



This fractiion was assumed 40 be the ketimine and amounted to L9 g.
(71 per cent yield). The ketimine hydrechloride formed when dry hydrogen
chloride gas wvas bubbled through an ethereal solution of this ketimine.
An atbempt to preyare the axime by the sthanclepyridine method with 22
hours reflux ylelded only a sticky, viscous liquid.

The picrete of 1,2-diphenyle2wethyl«l-methylpentan-l=coe imine,
C gHgCH(CH, )C(Cglly ) (Colig)C(CoHg JRH+BUCoHg(HOp) 3, Was prepared from the
ketimins gnd after repested rearystallisations from aguecus sthanol,
molted at 220.5-221.5°. Anal. Galo'd. for CpelagNeOyt 1§, 11.07.
Found: K, 10.93.

o=Tolylmsnesinm bromide. Distdllation of the organic rhase through
column C gave the following fractionss

B, P.,°C, nm, Grans _"3_3:

1. 2867 2.4 1.5208
2. 67+113 3.4 1.5137
3. 113-12) 2.3 1.5081
ke 115-126 L.0 1.5063
<. 120128 10.5 1.5053
6. 126~128 10.8 1.5051
128-136 3. 1.5075
8. 136-183 i.2 1.5370
e 163-196 6.7 1.5568

10. 195«20C 8.0 1.565L

. 200+236 1.8

Resitne 2.4

Fractions 1 through 3 appeared to be largsly toluems. The boiling
range and refrective indices of frastioms L through 7 compared favorebly
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with the boiling polnt 123-127° ( S m.) and n2% 1.5038 of 2-phenyl-g-
etiyle3emsthylpantananitrile (3a). The infrared spectruvam of this
liquid sxhibitod ths clarecteristis absorptiocn of the cyano group ad
L5 micrans and was similar to the infrared spectrum of a known samyle
of 2ephaylez=ethyle3emstiiylpentanmitrile. Fractions L through 7
ancunted to a 5% per cent recovery of unreactad nitrils.

Iractions 9 and 10 were assunad to be the ketimine and amounted to
& 20 por cent yjilcld., Aa atteapt to premmre the oxime by the ctiancle
ryriains method wita 22 hours reflux gave cnly a sticky, viscous liguid.

The Picrata of le{o=tolyl)-2eetiyle3-ustiylpontansleone imins.
CilglH(CHp )O(C gl ) (Callg JO{ 0mCligl glle Nl - HUC ¢fin(W0g) 5, WAS prejared from
the kstimine and malisd ab 2034204° Acad. Calo'de 0 Cgyllyci Oyt
N, 10.73, Founds M, 10.73.

In the reaction betwesn U.3u3 mole of this nitrile and C.375 mole
of o=tolylwugneeinn bromide, the orgamds pwee ws distilled through a
fractiocn=cutiing head %0 yidld two main fractiond as before.

The firet fraction (LO g., 58 per et recovery) distilling st
108-125° (34 mm.) 028 1.5055-1.506) was shown o be warescted 2-rhamyle
f=otiyl=3-nethyl panrtansnitrile as in the mevione reastiomn.

The fracticn (6.5 g., 9.5 per ot yiaiAd) dolling ad 188-206°
(5 mn.) wan assumed t0 b the ketimine,

hsgitylmagmesing broaide. Distillstion of the crganis phase through
coluwn A ylelded two main fresticns.

The fireb frection, distilling ab 37-3° (5 m.), nd® 1.l5ko-1.L94L,
was identified a8 mesitylene as in tie reectica of hydratroponitrile.



The second frwotion (L1.7 g., 03 per cent recovery) distilling at
120-132° (S mm.) snd n3% 1.5042<1.5070, was idmtified as R-rhenyle
eothyl=3-methyl petanenitrile as before.

Vi. Prepamtion of Derivatives

Oxines
Sodium acetate method (13). The ketimine hydrochloride gave the
oxine when a solution of 2 g. (0.C1 mole) of the salt in ethancl was
ocmdined with an aguecus otlumlu‘nlm of 1.5 g. (0.02 mole) of
hydroxylaxine hydrochloride and 2.5 g. (0.03 mole) sediun acetats., The
mmmmrm. (With the less hindered
nitriles the oxime forwed with/a few mizmtes after combination.)

Ethanol-tyridine method (28). From the ketones 2 g. of the ketene
and 2 g. of hydroxylamine hydrochloride were refluxed in 6 xl. of
absolute ethancl and 6 ml. of pyridine over a steanm bath.

From the ketimine and ketimine hydroghloride: 3 g. of the ketimine
and 3 g. of hydroxylamine hydrochloride were refluxed in 15 sd. of
abeclute ethancl and 25 ml. of pyridine over a stesn dath.

After refinxing, the solvexrts were ewaporuted in a sirean of air.
The mixture was triturated with mter and the solid wms separeted by
£ tration. WthMM

Plombe. About 0.5 g. of the ketimine or ketimine hydrochloride
in 10 xd. of adsclute ethancl was combined with 10 sl. of a ssturated,






The second frection (L1.7 g., 83 per cend recovery) distilling ad
120-132° (5 mm.) and 028 1.5042-1.5070, was identified as Rephemyle
2esthyl-3-methyl patanenitrils as bafore.

Vi. Prepamtion of Derivwatives

Oxines
Sodinm scetate method (13). The ketimine hydrochloride gave the
axine when a sclution of 2 g. (0.01 mole) of the salt in ethancl was
ocmbined with an aquecus sthanclis sclwtion of 1.5 g. (0.02 mole) of
hydraxylaxine hydrochloride and 2.5 g. (0.03 mole) sodiun aoetate. The
mmnmmmm-jgmm. (With the less hindered
nitriles the oxime formed with/a few ninstes after cosbination.)

Ethanolepyridine method (28). From the ketomes 2 g. of the ketone
aad 2 g. of hydroxylamine hydrechloride were refluxed in 6 nl. of
absolute ethenol and 6 ml. of pyridine over & stean bath.

Fron the ketimine and ketimins Rydrochlorides 3 g. of the ketimine
and 3 g. of hydroxylanine kydrechloride were refluxed in 15 xl. of
absolute ethancl and 25 ml. of pyridine over a stesn deth.

After refluxing, the sclvents were ewaporeted in a strean of air,
he mixture was tritursted with wmter and the sclid was sspareted by
filtratiom. Wﬁmumﬁhm othaz..i.

Plomabe. Abowt 0.5 g. of the ketimine or ketimine hydrochloride
in 10 xl. of abeolute ethancl was combined with 10 l. of & saturated,






ethanclic solniion of ploric ssid. The plcrate crystallised from

solution upon standing. The picrates were recrystallised from aguecus
ethanol .



DISCUSSION

Previcus to the start of this study, other workers had cheerved
that nitriles with an effestive siz-mnber (ses page 7 for the definiticn
of this tern) of 8 or more oculd not be hydrelysed even under very
vigorous sonditions (1, 2, 3). This Lrwestigation was underiaken $o see
1£ these highly hindered nitriles womld reset with Orignard resgmts.

A seriss of nitriles of the Yype

IIO?-O!

R

were chosen with an effective gix-muwber renging from 2 %o 11, %o ses if
any correlation existed betwem the resstion of these nitriles with
Grigoard yeagents and theiy cheerved yesistense %o Mydrolysis. The
structures of the five nitriles used ave shom in Figare I. Nitriles IIX
and ¥V contain an oA grewp em the alpha carbon in addition Vo the alkyl
and phenyl substituents. Nitriles IV and ¥ heve & methyl greup cn the
bets earbon. Al) of these nitriles reacted with the Grigoard reagents
explayed. Only the resction of nitrile V with mesitylmgnesins bromide
failed.

Royals (29) and Khavesoh and Betnemth (S) saggest that the reaction
betwosn nitriles and Grignard reagents yroceeds asecrding to the
mechanisn proyposed by Swmaia (37). The resction between n-butylmegnesins



FIGURE I
STRUCTURE OF NITRILES USED IN THIS STUDY

Effeotive
Six-RBuber
ﬁx@ 2

CHy —=—CH —=— CH
Eydretroponitrile

Be
QH-Q-E'-OH. —e—CH ~=—CHN 5

2-Fhanylbutanenitrile

. L

-oa.-g‘vfn-—cn ——CH 8

L

2-Phenyl=-3-sgthylpentanmitrile
N

™ l/u

|
acn.-»g;-—c,m—-—- H —e— CX n

R~
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Atoms in the sixth position from nitrogen are starred.
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bromide and bensonitrile was studied in detail and found to be second
order. Ths reaction may be rerresented as followss

*

Bt.o‘ tBuC-R ?'
Mi"”l;‘-{v——-b x:l;rX"Em-“ m:rx
B0 Et 0 Et0

In the firat step, the nitrile coordimates with the magnesinm atom
repilacing an ether molecule. Neuman (5) states that the ease of this
coardinative axchangs depsnds upon the relative electron~donsting power
of the two coordinating groups. In instances where the attacking group
is weskly electron-domating or highly hindered, reeotion may nct ococur.
In such & case, it is found to be halpful ¢o replase the ether with a
solvenrh such as talmene or benzene. The prinsipal sdvantage of sweh a
solvant 18 not dus to 1%e higher boiling temperature, but rether %o the
suall heat of solvation of crgancestallio cempounds with these solvents
as ocmpared to that of ether.

In the second step, the rete dstemining step, an imtramolecular
rearrangenent occurs in which the radical attached to the magnesium
atom migratos to the cyanoc carbon. 7This is them followed by hydrolysis.
The posaibility that the second step takes place through attack of the
coordimation eomplex by & sescnd molecule of the Grignard reaged followed
by an infeemolecular trensfer of the organis graup has been ruled out

since such a process would involvs third order kinetics. Also, a mechanism

involving the slow solvolytic icuisstion of the Grignard reagant as the
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rate determining step is eliminated since it would require firs$ order
kinstics.

The fact that hydrolyeis of the nitriles does not comr in memy
oases indicates a difference in the mode of the two resctimme. Ieyals
(29) mggests the following mechanisa fur the acidic hydrolyeis of
mitriles.

ACH e B e et Be [ ] <EEe meoo-xn, o KO

Initially the nitrile is attackod by a proton leaving a positive charge
cn ths cyano cardon which is in tum attacked by a macleophilis greup.
It i3 not knom exactly what this group is dut it sesms reasomable that
it may be a solvated ion or molecule. If this is the case, attack ab
the cyano carbon could be yetarded by a highly hindered nitrile.

In the basia hydrolysis of s nitrile, Noller (30) rerresents the

initial attack of a hydroxide 4m
(999 fex™)

o QEREDARY WSt Dl : R et B 0 Ao e, 50t

*OR WH $01 W0 0

which again my be solvated. Sush an ion again would be retarded in ite
attack ocn & hindered nitrile.

The increased reactivity of the nitrile toward Grignard reagmnts
uay be due to one or all of the following factores
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(1) The size of the attacking molacule or specice may be smller.
Mahtmmdhmmytmemmmotwmmhm
since these could not form axemium ecomplexes with the Grignerd resgmt.
lblnnz(é)lmulinﬁuntod1mtblqdrm:uh«nluﬂsilullhalcnkrlaull
coxplaxos with arganometallic compounds since suoh solvents give only
mmll heats of solvatiom.

(2) T™he close proxinmity of this redical snd the eyamo sarbon which
mst exist in the Qrignard complex. |

{3) The greater mclecrhilis charester of the erganis rediesl
sttached 40 the mgnesiun stom a8 conpared to the attacking speciss in
the nitrile hydrolywis.

Upon hydrelysis of the Grignard intermediate A, the ketone, ketimine
or ketixine hydrochloride will be rreduced. In every instence exsept
ons, the reaction procesded at least $o the ketimine, B.

A B. c.

Et0
) A
IWM ..:m.—-. a.z:o

‘ "
B3l “HC1
R

Eowever, hydrolysis of the ketimine to the ketene O cocurred in anly
three reactions. These imvolved the less hindered nitriles. (See
Figure II)

An emximtion of the structure of the ketinine (B) reveals first,
et e noleculs ecnteins the double-bonded funstion OeNH, and,
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as such, its reactions should ha influcnced by the mushor of atoms in
the slxih rositicn from the nitrozen, as dafined by Newmsn (L).

' Socandly, the addition of the o-tolyl or mesityl groupe to the ketimine
carbon incresses the gffsctive six mrbar by 3 and 6, respsctively.

E»
» wH-botie
g*g@
Thus, the addition of the o~tolyl group or mesityl group to the imino
oarbon would bs exrected to retard the reaction of the imino group.

From an examination of the following fignres, it is arparemt that
there exists a relationship datween the effactive siz-muder of the
ketinine and the ease with which the C=!M group will reast.

Figues 1I, IIT, IVa axd IVb ghow the structure of each ketimine or
ketlimine hydrochloride cbtained in this work and its gffective sir-nunber.
These are arrenged acoording to the case of hydrolysis and ultimately
oxine formation. The ketimines showm in Pigive IT were not actuslly
isclated, bu$ are included to illustrate the effsct of the effective sixe
prber on the final product. A

In Figare II are shown tha intermeciate ketinines which yielded
ketones when the (rignard complex was hydrolysed under the conditicms
used in this study. These arose from the reacticn betwsen hydratropo.
nitrile and phenyl and @«tolylnaznosium dromdde, and detween 2-rhenyle
ummmmmm These ketomes all formed






as such, its reactions should be influenced dy the mumber of atoms in
the sixth pomiticn frem the nitrogen, as dafimed by Newsa (L).

' Sesendly, the additien of the 0-t0lyl or mesityl groups %o the etinine
carbon incresses the gffeotive iz mwber W 3 and 6, respectively.

0

TBms, the addition of the o+tolyl group or mesityl group be the imine
esarbon wald be expected $o retard the resction of dhe imimo growp.
Trom an somination of the following figares, it is apparest thet
there axists & relationship between the gffective six-masber of the
ketinine and the ease with which the OsH group will resst.
Figwes II, III, IVa and ITD show the structure of each kebimine eor

ketinine hydroshloride cbiained in this work emd its gffective sip-eaber.
T™hees are arramged acecrding to the ease of Mydrolysis sad ultimstely
oxtme formation. The ketinines shom 13 Pigore IX were not actoally
isclated, Mt are inaluded to {llusirate the effest of the effective sixe
SEher o %he fimal predest. |

In Figavre II are showm the fxtermediste ketimines which yielded
kebtones vhen the Origmard coryilex was Mydrolysed under the oonditicns
used in this study. These aroce from the reacticn betwesn hydratropo:
nitrile and phagl and eetolylmagnesium bresdde, and betwesn 2-rhemyle
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ESTIMDIES FORMING KETCNES BY HYDROCHLORIC ACID HYDROLYSIS
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aximes under relatively mild conditions. Ketimines IT and IIXI, with an
sffoctive sixemuber of 5, exhibited siailar properties even though the
original reactants were hydretroponitrile and 2-rhanylbutenenitrile with
sffective six-mavbers of 2 and 5 respsctively. The steric hindrance
arpeared to be approximately the same whather the methyl radioal wes
attached to the phenyl group as in ketinine IT or o the chain portion
of the nitrile as in ketimine ITX.

In Figure IIT are shown the ketimines snd ketimine hydrochlorides
vhich were isoclated aftsr hydralysis of the Grignard complex. These
ultimately ylelded cximes. Ketimines IV, ¥ and VI with an gffective eix-
maa,mwmumz,n,mm(mnum
an effective six-mber of 2, 5 and 8 respactively. This again shows
msmm.rtmu.pmm;uamm«m.mvu
the sixth position are derived from sither the nitrile or the OGrignard
reagant. An examination of Figures IIX and IV shows that in no case
wms it possidle to hydrolyse any ketimins cr ketimine hydrochloride with
an effective six-muzber of 8 or more and to isclate the ketcne therefrom.
However, it wvas possible to premmre the oximes from the ketimines or
ketimine hydrochlorides shown in Figure III, and this oxime formation
fresummbly would procesd through the ketons stage. FPartial hydrolysis
of ketinine hydrochloride VIXI to the ketane after 24 hour reflux was
demonstreted by the. infrared absorption epectrum of the oil cbtained.

n the basis of the above evidence it appears that when the

sffective gix-ruber 48 8 or greatert (1) hydrolysis (with ice and acid)
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of the Grignard ocuplex to the ketone failsj (2) hydrolysis of the

ketinine or ketimine hydrochlorids becomes very difficuly or impossible.
All of the ketimines in Pigure III, including ketimine VII with an

effective gixugumber of 11 were ecmverted to cximes by refluxing with

hydroxylamine kydrochloride in an ethancle-pyridine sclution for 22
hours. In embrest to this, ketlmine XII, Figare IVb, with an sffeckive

Eiz=mmber of 8 would not forn the axime when treated under similar
conditiong. In this instance the correlation between the resctivity of
& moleculs and its effective six-rurbar did mot hold.

Xetimines VI and XIY remulted from the reastiom of phenylmsgnestinm
bromide with nitriles with the seme effective gix-mnuber. Examinatiom
of thelr structures shows thal ketimine VI has an ethyl redical subetie
tuted on the alfha carbon while ketimins XIT has & metlyl substituemt on
the beta carben. From this, it appears that a second methyl substituent
on the beta carbon aton more affectively retards resction of the imine
mmmwmmm&m-mpmpmmnmm.
Dxasiration of Staard modals supports this belief.

Vhen an isomopyl er sec-butyl group is & ssbetituent on the alpha
oaxbn atom of cne of the ketixines under sonsideretion, rotation of
the entire group to rweove oné aetiyl brunch from the visinity of the
inine group ommses the second methyl (or ethyl) branch to eome inte
position so that 1% affectively shialds the iminoe gromp.

An offect sinilay $o that described adove was cbserved with
mmm@mmwum
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Also, emparism of ketimins VII with the less reactive ketimine VITI
indicate that an ethyl group cn the alrha carbon does not hinder
resctions as mich as 8 second methyl redical im the ortho position of
the Origard reagent.

Finally, from & casparison of ketimine IV and XIT it appears that
sudstitution of two alkyl groups on the beta oarbon atom of the nitrile
derived frugaant prevents resstion of the imine group more effectively
$han the two metlyl groupe on the ortho positions of the Grignard derived
fragoent.

From thess observations it appsars that the order of incresasing
staris hindrence is as followss

CHy
o)
R —CH
P
p.

Methyl substitution at beta yrime < methyl substitution at the second
ortho position of the Grignard reagent < metiyl substitution at beta.
The effective six-numbsr is the sams in each case.

It is also of interest to cbzarve that in generwl as the bulkiness
of the Grigmard reagent increased, the tendency for the formaticon of the
ketimine hydrochlorids decreassd. This must be dus %o either the
slectrical effect or the bulkiness of the additicmal methyl groups.
Any electrical effect that these groups may contribute would tend to
mke the ketimine more basic, favoring ketimine hydrochloride formtion




with inoressing methyl substitution. This was not found to be trus.
Thwis, the tread from ketimine $o ketimine hydrochloride as the bulkiness
of the Grignard reagent increassd mst be due to steric hindrance.

The reactione of nitriles I, IX and IV, having an alpha
wmgmammmmwmmﬁhummm.
It appears that this may be due to the following resction which 4s
similar to cne mggested by Noller {X) for ketcnes. '

R-NgBr ¢ "'%f'""‘"" 1 e [:ﬂlﬁf]’m% !'-i-clow

The hydrogen on the alyha carbon conliines with the organic redical
from the Orignand veagent giving the hydrooasbon and lesving the hale-
magnosium el of the nitrile. Upom hydrolysis of the halomagnesium salt,
the nitrils is regmarsted. As the bulk of the Grignard reagwt increases
%0 sach an extent that migration %o the nitrile carbon besomes hindered
this ocxpeting resction beocmes more fuvoreble. IS wal alse noted that
the ylalds of diners and sondensation produsts for the resstions of these
nitriles wers amll as conpared to the eorresponding resctions of pheyle
acetanitrile. This was evidmce that the alyha substituted alkyl groups
had decreased the soidity of the labile Mydrogen atom thereby decreasing
the side reastiom causing the formation of these products (15).

Althoagh there was inmfficiemt evidenge to establish a trend, the
reactions of 2-phenylbutenenitrile showed that the rescticn ecnditions
bad & definide effect upon the yield. When o-tolylmagnesium bromide was
permitted 0 Yeact with this mitrile for 17 hours st 90° without stirring,
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the ketimine hydrochloride was obtained in 18 per eent yleld. Recovered
mtrile anunted to 29 par cent. ¥han the sane reaction wvas carvried eut
.tuo%wmmumnmummo:kmmw

increased to 55 per eent and the recovered nitrile amoumted to 1. per

osnt. However, in ths reaction of 2«phenylbutaneniterile with the less

hindered rhaylmagnesium bromide, ths more vipgorous reastion sonditions
had very little effect. The yiald of ketons incressed from 50.8 to 56
yer cent under the more vigorous conditions.

Figure ¥ illustrates the effect of increasing steris hkindrence of
the nitrile and of the Grignard reagent upom the course of the resstion.
As ane goes from the top left in the chart toward the bottom right, the
direction of incressing hindrance, the rroducts go in gmeral, from
ketone $0 ketimine hydrochloride t0 ketimine to *no yesstion.®* When
the effective giz-rmunber of the ketimina axceeded 5 the hydrclytis eone
ditions used in this study no longor gave the ketons. When it exceeded
8, with the exception of ketimine VII, it was no longer possible to
cbtain the oxime by refluxing for 22 hours with hydroxylamine hydroe
chloride in an ethancl-pyridine solutiom. Ths reactions of kstimines
VII and XII are ancmlous since the ane with higher sffective six-mrber
forms the oxine and the cne of lower effective six-mmber does not.
The staric hindrance of a methyl group varied with 448 location oa the
molecule sven though the effoctive sit-mmber was wunchangsd. Starting
nitrile vas recovered in seven of the nine reactions involving nitriles
with an alrha hydrogen atom. The starting nitrile recovered
in the two reacticns at the bottom right was due to the steric hindrance

in the nitrile and Grigoaxd reagent.
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CONCLUSICRG

1. Highly hindared nitriles which eculd not be hydrolyzed by other
workers in this laboretory react with aromatio Grigoard reagents to give
good ylalds of ketimines and ketimine hydrochlorides.

2. In goneral, the products of the reactions go from ketone to
ketinine to ketimine hydrochlorids as the effective pix-muber of the
intermediate ketimines increases. |

3. When the affective gixemwbar of the ketimine is 8 or larger,
the ketone is no longer cbtained. |

L. Conversion of the less hindered ketimines and ketimine hydroe
chlorides to oximes is possible. However, the relative reactivity of
certain ketimine or ketimine hydrochlorides varies from that expected cn
the basis of effective six~muber. The substitution of the second methyl
group on & beta carbon appears to offer a greater steric hindranse than
when substituted at other positions which give a corresponding increase
in the gffective six-rmrber. The axime could not be cbtained in any case
Where the effective pix-mumber of the ketiaine was L.

S+ In most of the resctions of nitriles having an alpha .
hydrogen atom, starting nitrile was recovered. 7This is believed to be
due to the resuction of the organio redical of the Grignaxd reagemt by
the labile lydrogen, followed Ly recovery of the nitrile from the

nitrile salt wpon hydrolysis.



6. From the reactions of 2-phenylbutanenitrils with rhenyl and
o=tolylmagnesium bromide, it sppesrs that the reaction canditions used
have a greater effect as the steris hindrence increasss.

7. Reactiom does mot ooour between 2-Thenyle2eethyle3-methyle
pentanenitrile and mesitylasgnesinn bromide undsr the resction conditions
used in this study.
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