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The tuthior wisines to e revs sincure eyyrecirtion
fur the iiely tendcred Ly Zfe i Ceo Tuston, witliout
which the wsork of this thesis would heve been imjHe

ossible.



I'TRODUCT ION



“he proilew of tuis thesis is en investizetion of the
reesons why a secondiry insterd of e tertiery slcohol ree
sulted frum the resction between chloroascetyl chloride and
Grimerd's reegent,

I'ucnh of the work of tliis lsborstory has deslt with the
condensetion of verious alcolrols with phenols, bezene and
other srometic hLydrocarbons. l'eny meth:ods of synthesis have
been used, o#nd tried, to prepure the meny elcohols needed.

One of the methods that wes used in stteunsting to pree
pere tertizcry slcohols w&s the resction between halozen acid
halides end Srigznerd's resgent. luston and Sperol utilized
ti:is method of sprthesis in ettemytinzy to prepsre di methyl
ethyl cerbinol. They reacled chloroscetyl chloride snd
excess methyl Gritnerdese It wes expected th:t the resction
would proceed &s follows:

A methyl zroup would relece both helogens &nd & third
methyl Griznerd would #dd et the cerbonyl groupe This ree
ection would be expected to yield di methyl ethyl cerbinol
on the hydrolysis of the osroduct. lowever, the Jsroduct éf
the reaction wes e secondery ®lcohol, methyl iso propyl
csrvinol.

The purpose of thuis thesis is an esttemyt to trece the
route of the reaction end to inveotizute the mechanism of
the re=-srroneiiente

In the &bove resction, the fir:t intermediete product
thet was foried wrs considered to be chlorecetones The work

of thgs thesils contirued the Lrotlem from thet »0int,



HISTORICAL



Thouzh the iniependent cleess reactions of either hel-
ogen compounds or ketones sre many, there hes been very
little work done on the reaction between alpha hslogen
alkyl ketones and Griinerd's reagent. The litersture didA
Yield the followinz useful reactions.

The secondery &lcohol, methyl 1iso proyyl cerbinol,
was prepsred in 1877 by Winogredowz by reaoting brume
scetyl bromide and excess zing methyle And in 17281 Eogzo-
moley3 cerried out the same reactions,

In 1507 Kenry4 synthesized the secondsry alcohol,
methyl iso proyyl cerbinol from both chloracetyl chloride
end chloracetone using three and two mols of iethyl Grige
nerd respectively. !le 8lso jreysre.: the secondary elcohol
from the reaction of isobutylene oxide end isobutyreldehe
yde with methyl Griznard.

In 1921 licXenzie &nd Boyle5 reacted phenyl slphe hele
ozen acid helides with Grizner 's rergent snd obtsined sn

uns¢ turcted alcohol, ie=
I. =phenyl

i cl R g
>c< + 3 L'Lyr—> ,c=c<
1. cocl R

R'

+
(the intermediste product (¥)]XJoIl
was thouzht to be a
ketene) 1\\ c:"/o_:;
—rs UV
__C=C=0 k

L
N
i

- &)
In 1951 /vy ,reyrrei some tertirry elcohols of the
follo iiny neture,
(1) -, c(on)-cio end (<) K, C(uf)-C"Cl,

by reacting Griyairl's rerzent end ethyl dichlororcct:te.



In 132 ilohler and Tishler rercted yhenyl el Lr hsle-
ozen ketones with methyl 5rimerd. ire reections ejerred

to 30 in the same genersl weye. ie-

9 .
(C6L5)4=CH-U(UGL5)-Lr-C-06L5'+ uﬁawtbr > 0 aT
(C.rg) = Cr=C(C M -

e mf¢na5 ?6 °
(CFPS)J J-CH(Céns)é-C“Vs
In 11 of these rerotions Kohler end Tishler found only
a simple reylecenent of & halogen by & hydrogen. The:
cerbonyl group entered the reection as an intermediste
enol addition product.

In 1953 KHawk end Ycilvoiﬂscrrried out some Griznerd

reactions with ethyl benzoyl bromo scetite. ie-

. 9 Q | Y 9
C I «8-CllBr=C=0=C 1T + Clllizr —» C 1l ={=CH C-0-C ¥
69 <9 i 6 5 “~ < 5

From the products of the reaciion they concluded thet e
helozen &tom proximste to en oxyzen msy asoperr in tk Lypo-
bromite strte or the proximity mmy cause en enol-keto re=-

arrcnzement,
'T)r

0
oGO e Ce el ¥
e—7 O/ ;C=Ci=C-0-C ¥y

Q 2
c r_C-CHLr-C-0-C ¥,
© o ) S

AP
n o
cdns =CIr=-C-0=C_ T,
The reactivity of thie resultiny molecule must be due to
the unssturstion,.
In 140 "dezler snd Connor® strted thrt the resctivity

of ¢ halojen proxincte to e cerhonyl zrou) mey be duc prrtly



to the effect af the oxyjen indirectly on thie corbon-hrle-
ozen 1lin- (loosening it) mmd slso to the polerity of the
0y zen. The result miiht be en ung: tursted molecule die to
8 h+lozen shift, es steted by Iesk znq iecllvein,

In 1940 Huston end Opero reacted chlorscetyl chloride
end clilorecetone with exceus methyl Zriznerd end &l.cys
obteincd the secun.iiry alcuhl, methiyl isv prooyl cerbvinol
es the main product,

This represents practicelly ell of the work enslezous

to thet of this thesis found.
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A8 stnted beifore, thie srnthienviu of & tertirry slcohol
dimethyl e.i'wl carcinol was ettenpted in this leborrtory

in the followinz way,

ClCI"..CoC1 + C.,:lir ——;731371303764'C33;37r
“ < <

H

o QTIzTr
(Ve YUY t\vv b o '\1‘ ne
cr C C'\_‘_Oé_ﬁ _,:__)‘r -+ 213 Z'v 015
il
3

T
T"he procuct wes, huwever, the seconi:sry #lcohol, methyl iso

2ro ¥yl cervin.sl.

et YT

N S A

cll C1 ? CIL,
) o ¢

.t

3

This obvioue re-srrontement hsas had seversl scturl
ettenpts 8t an e plenstion end in eddition there fre severel

souieJniat enelegous rerctions thet we cen drew from.

Probebly the first ettempt et &n explenstion wes thet
ty the l.ussien, \irezrcdow in 1877 in his enelegous work
s srepnring methyl iso propyyl errbinol from chlorsccectyl
chloride #nd excess zinc mcthy... Kaachirukylo sugzested
to hiim thet tlie resson for furming e sccondary &nd not a

tertiery &lcohol mi it be &s follows.

o Ao cl
o1er_cuel + TalS,), — 5 c10 Q075 4+ zn(Crs)y

_ Q. LN
01..mCalll e T’ c--c-ﬂwﬂ



ius tile re=;rrrngeisnt wes sugiested to be aue Lo the mo-
merite oy existence of isobalylene oxide.

Henry cerried out the gtove rerctions in 1507 using
methyl Griznerd instesd of “inc rmethyl. The results we-e
trhre same, but in s£idition Tenry rcercied isobatylere ovide
with methyl Zrirnerd end obtsined tre secondsry £lcohol,
methyl 1so pro .yl corvinol. iovever, thare was left the
rucestion, 88 to whethier the Grisnrrd s#ddition prodnet to
chhiloracetone re-rrrenzes to tihie oxide,

iohler snd Tishiler steted tiv-b €11 elolin kelo ton
Xetones,, provided thet the crrbonyl srouy 1s reletively
inrctive, reacted in the ssue wiye. his stetenent chould
be corrected to szy thet &1l el Yrlojen phenyl ketones
mey reect in this wey, If the remcticns of this tresis
were to undero tie geme senerrl se uzsnce 8 those rewrte
ed vy Kohler &#nc ‘ishler the followinz wonld he sper,

VIR A7y
cr=c-cr. @
=)

C1C7, GICH - CH, g7 T--» ¢, ¢y~ @

Tl.e prvuuct of this resction wes not ecetone,

Tileiler rne Connor offer 8 fucury fur £a 8l iz hinluzen
kctone re-rrrengaient, Thoy steted tiri the cirvonyl rroup
incroesed the rercuivity or resonince of the halogen of the

ketonies 1e=

ClCT":-lz:O _ﬁ- T’ac ——Q-CT Ry
: rd ~T

O

“he rerctivity of tne moleciile would trhen Te due to the

rerctivity of the una:s turrted pointe “owcver, witlhuut



theoriziny ferther, Kohlerll stetes thet Griznerdsree tents
do not add 8t 1:2 double bonds.

If the iclenzie-Boyle mechaonism were to teke place
then the reactions of this thesis would be &s follows.

H_ fFl TiQ
,C 2 ClI LZr ——p ,£=C=0

/ E'm'. . I. q-r

Yo oilglr
Ce=

/\

’ Iy/ \

“3
There wes no eviderce shrtooever 01 8 ketere being an
intermedirte. or wes the finzl product unsrtiureted, since
the finel product wes methyl iso proyl cartbinol,

I do not think thet the phenyl el hs helozen ketones
ctn be gZenereslly cunsidered #&nelfgous to chlorecctone in
Griznerd reactions of this type. I'y louvkingy closely &t the
Zounler=Tisliler recctents end comyeriny them to chloracetone

the reeson will 8p,ear obvious,

¥ Celly w N Q
(1) CuH. -Q--Q.EOCCH:)-{» 13T —» (Cc¥5) 6 = C-C-Cq™5

Tr

65

30

Cr3
(<) €l =C=CIT_C1l + CHa.lzir —¥ CU -8 -Cr.C1

P]

In (1) the hrlozen is terticry snd essily repleced, in (z)
it is primiry #nd not ss reasctive; the benzene nuclel in
(1) are theuselves unreecuive end cuite lerze in comprrise
on to the swall rerctive hydroien stoms, For these few
rers.ns alone I do not telieve the two different molecules

cen be exsected to zive, zencrelly, enelrzous reections



with Jrisuerd's ree zente
From the work of this thesis #nd frow etrlics worl,

the evideice points to the followiny route of reaction.

Cl3II_C3Cl+ G .I ;o =¥ (L3I ,CucH

‘3
I 05 o
C1lCit Cogii, + Cl .37 =7 Cllh @=- 'CHS
F'A ‘5 “ATT
. . 3
Q. 3Tr resrrentes in
Clll (}--C".5 sregsence 0F ht. Q
<G end e7¢ £38 II.)C-C-CI-;'3
S rirerd to- < b
Q ; Qu 5
1T {{ 2 e b4 hb. > Yr».': ‘ﬂ'o rnry
ISR oL JOL 20N oL . ¥ PRV 2V 22
< . 3 gl l i L R :
e, ® ere., B
QK V1L ¥
I.C=C=(7T.. —+-C” “,-r-—:> cv. C C c oy
T 9 ? c‘v
) 3

The resusons for believing thit the rerction tikes LlLe &buve
are 85 folluwe.(.lm essumption wrs first mede that the first
product of the retclion between cliloracetyl chloride &nd
methyl Jrijnerd is chloracetone)

(1) Chlorscetone on reeotiﬁg with Grizneri's resent

yields isobutylene chlorohydrin in a €17 yicld.

Qu‘.
CH.,C0CI. Cl*C" II370r —7 C7,=«C=C"" C1 B, t 1:5=-12 7 C
9 ) cv 2

2
A. T.2t. in Leilstein 1.5-1.7°C

iy
T

2
Be CIf,={=Cli Cl4 TolH—=p¥ . C=G=CH  B.7t. 52 C
C(v & 2 C1y [

Ve svove . ruuuct (1) reocted in this wey aw
ol:ted by liency.
Q l’
Se OL..=&a0r StE 0, (d11.)—» Cr, = 2=CF Ot
v oCni, cv

Te Ot. 170°C ¢s in the litersture(Fen:y)



(2) Isobatylene clloronydrir eould rerct with Irize
rexvi's ror yont on tediny Lertel to yicld in order,
1. Tsobutrlere oxicde, k. JToobutyrelcenyde, &3
..ethyl is0 uroyyl cerbinol, The ebove rezction
was cgrried out £nd the fuollosinz dstermin:d.

A. Isotutyreldehyde wes isvleted &8 one of the
products ¢f the resctiuvn ¢nd e deriv:tive
wes pregerede

Be lethiyl 1s0 pro syl cerbvinol was fournd to be
the rrin product end e derivetive wrsg repe
ered,

Yest must be £y .1licd over & feirly lonz neriod

RE-
of time to meke the srrenzement tslke place,
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Lateriels Used

Liner - UdTels  Dried over Sodiua.

raznesium turnings-

l.etLhyl Alcoliol - Prect.- lerck

Chlorucetone - Gtebilized - Commerciel Solvents Co.
S0dium Yromide - Teci,

SuIfuric Acid - C.” =« Conc.

T80ll « Tech.

Acetone « C." - lerck

Sodium

Celcium Chloride - Tech.

Nazso4

<94 Dinitro phenylnydrezine = lesjent - Zestmen
095 Dinitro tenzoyl chloride " "
wthyl Alcohol -« C.?, - Yerck

naécos - Tech.

Iromine

KMno

Gluciel Acetic Acid - C. 2.

HCl = Co2%



Jresuretion of lleectents

_rovecetones ReF 13

In a 5 litcer, O necckx fle ok £re pleced & corndenver
slycerine sesled stirrer, & trnermoweter, end a 500ce dropo=-
in; funnele In the fleck 18 pleced 15J0ce HZO, 500cc ecetone,
end S7<cec of zleciel ecetic ecide The stirrer is sterted,
the flesk pleced in e weter beith et 7)=20 C end S4cce Irz
cercfully &ddeds ~hen the rerction mixture decolorizes in
1-2 hours, &dd 800cc of cold rzo, cool to 10 C, &nd neut=-
relize to Conzo red with s&bout 1000 7ms raucos. The oil
wnich separates out 1s trken off, dried over I's 004 end
frectioneted, The frectionm tdilinz betveen 28 &nd 48 st
1oyup pressure is saved &nd on refractionstion thet bvoilins
between 40 end 42 C ¢t 15 mm is used. Fromecetone is best

stored cold ¢nd & little hydrocuinone added to prevent ox-

idetion &nd polymerizetion. Yield between 420 end 439 guis.

ethyl Grignerds RsF I%
The methyl Griznerds wsere £ll presered in

the same wey. A three¢ mol run vill te fop exrmple. All thre
vsrecoutions for en enhydrous preprretion ere used,

First, & metliyl bromide 3zenerstor is set up.
A 5 liter round bottom flesk is pleced in & send bath with
a reflux condenscr in it ¢nd a celivery tube letdingy froa
the condenscr to e scrics of I' 00,-1", 0 dryiny end wesliing
bottl.s(< B304 2070, £nd 3 safety tottles) To cherse for
@ 45 mol run-plrce in tiie flesk a?dcc of VMO, 220Cgms VZQO4

end 1760ce of metiyl slc.(tem. Feot Yelow 70 C)



Jiien <0G pes O Telr ere #iced, the gosrretus is serlod enl
tie Leth i8 hetted slishtlye The g o is evolved fumedictely
eni. 19 pessed into-

Ine & liter, 3 nccr, round bottom fleok is plcc-
el & 3lycerine seerled stirrer, & condenser, e thernometer
&ndi a 3less entry tube for the gos(lrrze sisze to .revent
2luzcing) In the flesk is ylvceﬁ 77 s of ..z turninis end
#00cc of rrhydrous ether. The flrsk is cooled in & srlt -
ice beth to «5 Ce The Btirrcr is strrted, 8 few crystrls
of I mdaded ¢nd the CI'.Ir is led into the mixture st such
a r«te the ether refluxea aently in the condenser.. he
addition thould teke frow ¢ to 6 livurs to compgletely
uce uy €1l of the .3 in & d mul run, The Grignerd rs8se-

un:es 8 deey blecrx color,



R

Zeactions Jroper

Preperetion of isobutylene chloroliydring

Three molis oi enhydrous chloracetone dizsolved in
70Ccc of enhycdrous ether is slowly sided to 3 mols of &
stirred end cooled methyl Grignrrd{through a-drop.in- funnelo
(the coolinz is dons bty meens of e srlie=ice toth) Bhe set-up
is the seuie for this rerction e#g for the Hreperrticn of
metryl Gril:inard exccest tihet a8 530c¢c droouiny funnel reyleces
the gas delivery tute. The addltion is rept at such atrate
thiet ths tempersrtrzs does not zet rvove 5 Co The £ddition
should ve comllcte in 5 to € hoﬁrs end the mixture should
be #llosed to rise to room temoersture, It is then lydroly-
zed 7ith ecid &nd ice, extrected, collected &nd distilled
et 17 of pressure. "lee fraétion btoilinz between . rnd
45 ¢ should te keyt, dried over Tadﬁ04 end refrectivonsted
Thet boilinz between 41 and 45 C &t 17 rma is used, The
yicld should be ghout 1963 s or €1 e It 18 best to rdd the
chilorccetone to tre Frimerd to revent ecxecszss clilorec.tone
from rerctiny +ith itself end &ny other products snich mry

te Lrew-nt to form reuinous 18 G

Gince the foldowinz reaction. ere mrinly ell elive
I shell descrire one rnd merely tell the veried conditions
in tle othuerse. They ere the reesctions betwveen isobtutyloene
chlorchydrin end Cfsfgﬁr. "he condiijons were veried to

try to estrblivie st et terersrture the re-rrreipomont



tekos plzce froor cnlorohydrin to isoruaiylene oride, to isv-
tutyrelderhyde ¢nd finrlly to metkyl 180 »Hro yl erriinol. The

rerction is crrried out in exce:s ! etkyl Sri-nsrd.

serction Cf Isobutylene Cilorohydrin &nd I'ethyl Grignerd et
0 to 5°C.

In & 5%0cc round bottom, 3 neck fleek conteining
& condeneer, glycerine Berled stirrer, end & thermouster
was made one helf of » mol o Cﬁvﬁg*r. To this mechfnice
elly stirred &nd couvled Zrimerd wes edded 50 mms of.chl-
orohydrin in <5Ccec of enhydrous ether, "he addition weas
done 80 that the tomp. did not rise e#rove 5°C. The oroduct
#88 immedistely hydrolyzed, extrscted, dried and fractione
&teds The LJroduct wes chlor.hydrin, s»owiny that no resgte

ion took plece £t this low temnerature,

Iicaction of Isobutylene Chlorohydrin enéd Yethyl Griznsrd
et 28 to 32°C.
Tlie reection wis cerried out es sbove, excet thet
LR

the tempereture wve3 Yept betaeen .2 rnd - Ce L2zin there

wes no reection. 10 cerbinol was formead,

i.eaction of Icobutylene Chlorohycdrin erd I‘ethyl Zrirnerd
4 F %A
et ¢5 to S C.
The ecdition of chlorohydrin .ses crrrie’ out st
ro.v tem ser: ture tnlther the rerction mivture wes »rced
in # veter beth, the etrer distilled off erd tte wviccous

X _ .o
trosm miees resmeininy ves ket et 47 to 52 C fow -, hwurse



“he product wes difficult to isolrte bectuse it polymerized
in the prescnce of Lert tnd lydrolyzinz #ci’s, lowever, 3 to
4 cc's of isorutyreldelyce were is0lfr ned £nd e . ,4 divitro

Jdienyliydrezone derivietive aegs pre.cred.

Leaction of Isobutylene Zhlorohydrin end I'ethyl Frisnerd
et 55 to €5 C.

“he seme techni.ue wwas followed &s in the .revious
exeriment but tre hestins wes crrried out for 5tofé hours
st 55 to €5 C. “he product .es rmrinly rethyl iso pro.yl
cerbinol, 7 or 8 cc's were isolrteds A 2,5 dinitro benz-

oate ester wes mrde of the crrbirol.

Keaction of Isobutylene Chlurohydrin tnd :ethyl Arisnrerd
ot €5 to 70 C.

ine seme tecrni. um wes used £#8 before tut tle cond-
ivtion., were chtnzed to ® tempereture of 65 to 70 C for
€hourse The product wes meinly methyl iso prooyl crrbinol.
Lbout 6 s of cerbinul were isolrted end in esddition
tbout < cc's of isobutyreldelyde were slso isoleted. A
phenyl urethene derivetive wrs preorred of the certinol
gend & £,4 dinitro ghenylhydrazone cderivetive &8s preper-

e: 0f the eldel:yre.



roof Of Ttructure

Isobutylene Chlorohydrin:

184
T/ e Pame TN
Clf ==C==Cl_C1
1‘3
fepte=lo5 to 1.7°C &8t 760 mm
" 4. to 42°C at 17 mm
oQr ~ O
Ciigm==C==C" C1# P07 ——C7 ==feall,
Cﬁb N eiaty
Tept==52°0C
01
TT é\ T e ] Lht ¢ T T
Cli = «Cli + ¥ _50,(cdil)—=pC',==C==CH BY
Ciu. - “ v o <
) "3
Bept==170°C

These boilinz points ere ell verified by Iienry4
exceypt that of 42 to i5°C &t 17 wu for the chloro-
hydrin. This wes determined duriny the work of

tx:is8 thecis,

Isobutyreldelydes

3
T wCe=CliO
15 C C

C.'.3

o
E.;)t---C?} to 4 C(

- 15
thrines end Tuson

Derivetive-<,4 dinitro phenylhydrczine
oot=180%C (15)



Lethyl Isooropyl Crriinol:

¥oo
C:‘_'"--C-- ",-- ‘. o
v} ~re s )

e da

~TY

[

L.pt==110 to 114°Z (Spero 1)
I prosered tvo derivetives of the crr¥incl,
the 2,5 dinitro benzoyl e.ter (k. t 70°C)
snd the yhenyl urethene(.,ot 72°C)

(Sperolfor the estcr)



Conclusions:

(1) Prom the work of thkis thesis snd previous work
the indications sre thet the route of the rezction

is g8 follows.

Qe zir
C1CH GUCHz #-CII IigiT —7 C1C ==QeeCl
< 0 “==fn, 9
(VERED I't end erycess
C1CH =={==Cll, > _O
& b, © Cl..l z¥r Y
3. N fo g,. 3
3
Ft. end H
< v Cil Nz Ci .
o "‘ \)
n Non y QH
CY Los 0 + Cl',I'gBr — CI'y L(c (3 cr.,
,.6 H,j f.

(2)Thet the best wey to prepsre ivobutylere culorvhyd-
rin ia to &dd the chlorrecetone to methyl 73ri-n:rd,.

It eleminesdes numerous side reactions end increrses

the yield.

() ™het elyhr heloren 5 iyl Fetones end chlorfcetone
ere not snelevous In t ¢ir rerctions with “risnerd's

reszent,

(4) Inopreperiny isobutylene chlorohydrin it is best
to distill the Jroduct £t reduced pressurcs to

prevent polymericition.
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]
~
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