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This research was cuggested by Prof. H. Jo Lucass and Dpre. Saul

Yinstein, who found that vhen the erythro 3 brose 2 butanol was

w

treated with Duming hydeoim. acidy the product is the meso

2ye3=dibromobutane, anc thot in the same mammer the tiweo Lromo-
hyderin yielded the dl diby.aiildes
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Lo determine whetber tuc correguond~
ing chloride anslogs inh the same series behave in the sune way,

Lle@ey wo0es the erythro S-chloro-S-butunocl resct, say with Duuing

hydrochlorde acid to give the meso dichloride? It was Lound
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cal properties alone, since the lsomers have the same chemical
properiies.

The next siep wis Lo prepsre and characterize the isomeric

»

S=ghlore~2 butanols, and {roo these isomers prepare dichiorides,
whose physicel propertieg were then conpured with the properiiss

of the pure isomerle dichlorides.

The lomeric 2,3 dicklorebulanes
The incctive dsom.rs vere prepared frua the pure Z-bulenes:
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CH CH cl, |
3 3 2 e -~
4 CH~C—cCc—CH CH c-C~CH
\/C:C\ — HSIC % 3 F 00 3
H H H CI c|i H
L - S
vis Z-butene al 2,3-cichlorobutane

And:

’-‘\ CH3 C'Z. C,' f"

L=Cc_ e CHz;—C-C—CHj
CH3 H | |
H H

Transg 2-butene meso 2,%-dichlorobutane

These foymulations assume trans additicn of the halogen to the olew
Timic bond, in accordance with fThe goneral rule. That tiis asswpe
t..cm ig correct in this case 11 . beon estublished beyond doublt by
another gynthesis (sce page 7, of a 4l dichiloride having optical
activitys

The chlorinatione Ladicated above presented some experiaental
ditflcultye The apperatus is shown in figure 2. The experimental

cunditl vns weres  temperatures of -209C, dim artilicial light,

e

ilphity contimial excess of chlorine over olefinme Yields wers
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The endenser readings were enough different 1o
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1 1s a plot of condenser reading ag weight percent

composition of dicnlowide mixiures.
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parent oxide —
boiling point/80 s | 53412 Ce 52.0° e
bolling Lolnt/745 L 13544 © Co 13048° C.
=y Let 397 144387

s
~y ° 0
melre 0L 2,0 dimitro benzouie 9.4 -721 C 79.9— 1006 C

Action of HCL, HCl + ZnCls, PCLls and 30Cly on the erythro chioro
hydriie

)

The thweo Lsomer was not used for these experiments because of

it scarcity. But we asiuwme that the threo chlorobydrin resd

the erythro form in chemicul propertisse This recsonalble

aosumption will be tested in the future.

o

HCL and HC1 + ZnClz: erythao chlorohydrin was distolved in 42 %

HC1 in & sealed amupc Afber two weoeks slanding at room tempera-

ture the only evidence ol reuction wits & davkening of the solutione

No dicnloride phuise wus Lormeds The HUleZnlly reagent, discussed

by Lucasywas tried. Chlow hydrin was digsolved in the reagent;
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i@ S L8 CORLEALLALE WL mixture was sealed and heated at 100

Lor Lour hours.e Sn oil phase separated which wos com osed of f /5



dlchloro dibutyl ether, and a very high bolling material which

gould not be clobiiled.
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HCleZnCl, reagent and n-

-

4 of n-butyl

70 % yie

cl*mw‘ue with almost no side reactiongss divutyl etlier was

noticesble by odor wlone.

Appearently the chloviue atom already present in the chloros
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PCL,. iw chloroform: The erythro chlorohydr.n v added to a
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saturated rellwang solution ol E>C15 in chilorofcrmes The dicliloride
product of thwe resgtion pocgesssd the folloving propexrties:

bu}-/ﬁ() = D08 © to 53° ":f, I};:“'; = 7 ]’ ¢ onaens ey

These valuep (see Table I and Fige. 1) correspond to a dichloride

mixture cuaposed ol B omen Racemization,

iegey porvial sterecmubtabion
80Clgs  The reuction product of the er,thro chlorchytrin and

20Cly peocoessed the followiiy properties: Dape/ B0 48e5H = 48.0° Cy.
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S0C1,; and pyridines The reaction product of the erytihwo chloros

i : " s . A NN e E poe % S
& & dichloridey, Dsp« /80 = 530 10 53,2° (4y n°° =

hyderin w

o " AT ST epry am e R ~ e " oo e 3 o P
condenser eI 1vee SPOHE T LUTE 1 and Table I i1 is

that the diehloride ic cied & Gle Renction was Q0 G T

ied by one cumplete Lasden Inversloll

Asgigrungnt ol dicudoride contigurationss

In the secticn on the 2,-~3=dlcnlorobutanes, the conriguration
of the high bLolling dichloyide preparved from the pure cis S-butene,
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o be dl. The dichloride fyom trans Lutene wig then

b

Lhe meso lsomers The assunption Tiss been confirmed by converting

optically active eryihro chlorchydrine to dichlorides

weglerts mebiiody, puartial acet,lation of the
wesence of brucine dlupgolived in chiloroform, woes used to obiain
an eryibro chlorolydrin with a rotation (1 dem) of + 0.82°, The

3 cihdoro 2 L rotation (1 dem) of =3.37%.

active chi

with thionyl chloride, g.ve a diciuloride
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ing 1641, & ‘("'3: Gemy ~ 0+07°.  This chloride wos therefore

eogentially mesoy, and its small rotation is not significant.

Another sample of the asctive chlovobydrin was chlorinated with

thionyl chloride and yridine. The redigbilled reuction product had

B
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Deiel 80 2 5360 = 53,2, n°% *= 1404, condenser reading 17v.4,
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q (1 dem) - 3.80° Thiz dickloride must be the d1 isomer
An dnteresting problem le ralsed by the dielectric constmbe of -

the deyd=diciiloriues. The 4l isomer has a higher diek ctric congtant
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It wos found that best yields of 2,«3-dichloride depend

.t’"

upon low reactor temperatures, abtence ol

o nbinval excess of chloirinGe

o give £2.1

LEs]

Cie Bebubene, ll.2 2. was reacted In two hours
oe 0F crude dichloride vhilch woe washed repeatedly with 1.0 f
KaC0g solutien until neutral to litmis, dried over g0z and
distiiled through & Veston columm. 92 % of the waghed, dried
reaction product distilled from O2.5 1o 54.0 at 80 mme pressure.

Yield of digbilled chlopyide wag 3060 0 Dased on bulenec useds

The dichloride was redistilled untll the bepsy, relractive incex,

o Fy o e I Y I A e B h e o TP B R N
and condenger reading did not diange after the fourth and Iilth

A v 3 TE Y eyl
iptiilationss

Kego Zy-3-dichlorobutanesy Be78 ge o trans Z-butene ylelded

1261 g of distilled meso dichlopride, Depe 42.0 to 50.6° C at

80 mme  Yieldd 63 Yo Thic was likewise subjected to five dige
tiilloticons in all.  The wiling point, refractive index L Gsienser
vesdng did not choange from the Louwrth to the Jifth distillatione

The experimental procedure ils the sane as that given above

for the preparation ol the 4l dichlorides

o W—— g By ” E o ; e e p - P gyl I
dl eryihyo 3 chlovo 2 butanols Two mole, 144 mey ol purilied

trane 2,8 epoxybutane was ad.ed dropuise to 250 mle (3 wols)

0f CePe Concentrated Ivdroe leople scide The acid was kept well

asitabed by an air siirrer. The tesperslure ol the reaction

mixbure was neveyr alilovee Lo excead 5% (.

by lmmercing the rewctlion Liask in an loesl
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The acdition of oxide wms coumplete in two hours. The sdxiture
was then allowed to atir for 40 minutes more.

of crlorohydrin was poured over solid

KaCOpy giving a paste and an oile  The oll was separated; the
paste wos Iilbereds The polid wap wasched with isopropyl ether
and the filtrate w.s exbracied with 3 succecsive portiocus, 40 ml.
gady , of isopropyl ether. The ¢il phace and etlier exlracls were
comblned, dried by shaking with ¥EuCOz.

The ether solution was fractionated through a 60 cme column
of glase helices, and total roilux dletiilation head. 181 ge of
hlordhydrin was collected at EisD to £81 al 30 mme pre:surg.

Yield 82.5 % of theory.
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For determinaticn ol {hysical pronerties, 20 g, of this

7

chlorohydrin wias redistillk & twice through the VWeston columms The

buedling podute anu reiractive indices were the same after the irst

5 & 54 .. '3 o e o onile
s Begond real i. illations.e

dl threo 2 ¢hloro 2 bubtanol: This chlorolydrin was prepared by
the method above from 18 g« (0.25 mol) of ;ure cip 2,3~cpoxylutanc,

L3

Yield 2048 gy 77 % of chlorohydrin bepe 5140 t0 5241 at 30 uue

This material wau redlstilled three times tlroush the Wesiton coluiane

The boiling points and refrictive indices Gid no"&; wnge from the

o

second to the third redistiilation.
Purtial Resoluticon oi Gl erytlwo 3 chloro 2 butanols

e ¥

86 g (0070 mol) of chlox ohydrin was adoed to 8 golution of
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of Herck brucine tnd 7.2 mi (d 9 mol) of Ifreshly diebilled
acetic amhydride in 200 mle of UiS.F. chiloroforme The mixture
warmed wp spoptaneously bo U0° e The mixture wac kept at that

tenperature Lor five hourss

with

The chloroform solution was cooled, washed/H successive
portions, 125 ml. eaclhy of ¢ ¥. HCl, until a small test portion

oF the acid vasihings shoved onliy traces of yrucine. These

18 were combined, exwbtr.icted with 2 porticns, 150 mle each,
of isopropyl etier Lo recover any chlérohy 1 ins
The chiloroiors and ether zolubtions were cumbined, washed
with 8 guall smount of water, and dried Ly shaking with EsCOsz.
The chilorohydrin wus isolated in the wmanner Gescribed above
for the Gistillation ol this mabteriale

o

The recovery oi unacebylated chlorohydrin was 3.8 Zey S e
The active eryviiwo & chloro 2 acetoxybutane ancunted to 45 gy Depe
TO=T3 © Cuo at 30 e Rotations were taken uron o halfeghadow Lipplick

polorimeter, with the ldquid in a2 1 dome 1.0 mle capacity Wbe. The

CREL
e - A o QR G T R - o td 4w " 4 N T O, U, A e
readings were good within + 0.01°. O 5 (1 dem) of chlorobydr.n

g‘:)

[ ™ B ;
+ Qe&l @ X ‘}(l acny 0L acebate «3.07%,

&Jm

Conversion 0:5“ chlor sohydrin o dichloride with E?G&ﬁﬁ

2Le7 Ee (0al 'mm of 61 erythro chlorohydrin wae adled dropwile
1o & refliuxiung solubion of 140 {Ov?m mok) of CePe PQJ,J in 400 mle
OF WeZeFa ChlOoroforiie The addition took 35 mimatess Then whe
mixture wae refliuxed for two hours more, covoled and {iltered to

remove the excess selid ;i'NC}ILE,3 which erystallized outs. The L£iltrate

FaX

evaporated o 125 mle by slowly distilling off the chloroform tiarough



an efficient colum, then cooled, and more PUL; filtered off, ilore
solvent wa. removed by distillation, and then the boiler residue
was poured onbo 180 g. of dce and stirred vigorwusly with an aly

0y o o

gbirrer fopr an DOU. During this time small porvions ol solid
1300z were added unbil the odl yhase wag neubral o liumis. The
chloroform~Gichloride phase wad washed, drled over KgCOg, then
'”ract.wm.tw tiwough the Weston columme  1ll.1 g of Giclloride was

collected Depe 51T Lo G340 ot BO may, yield 43.7 %e iaterial

Cwas veaistilicd Lepe C0ed ~ D300 8% 80 e ny” # 1e4401 Condenger

{“,

Feuding 17le0

Conversion of Chlorolydrin to dichkiloride with S0Clas

3267 8o (03 meol) of di erytizo 2 chilore 2 butanol was added

dropwice 1o 5345 (0645 mol) of refiwding thionyl chloride Depe. 7.5

«75e0PC « {uncoryected) The addition took 80 mianules. Soluticn

Feny gy e i e o o 7 PR " Nt v Y O P . e o v, g BB .
was refiuxed for three hours, then heated on & steun bath for ancther

three hours, Lo complete e decop.usition ol the (HaeCHCI-CHCIg

C1-5-0
{,i}

formed as the Lirsedt siey in the resctiche

hen no more sulivy dioxice was pobiceable the mixiture wos
Ve
poured onto 10U g ofics, neutralized with solid
!

e

KaCOg, washed, dried

{ 7

and digtilled through the Veston colurm. S0l grame of dichloride .
wags colliected Debtwesn 48, b and 50.0% Co at 80 e Yield 10 4.

The dichloride was redistililed twice, Deps 40,0 » 40,8 at 80 ma,

115:3

; I3
fod
*

.
e
£2
[

¥,

B

conenser reading 10l.4.
When 21.7 go (002 mol) of the active erythro chloychydring

L= T 0e82°, was converted by the method above to dichiloride, the

redistilled product, .90 ge had the Lollowing propertiess



Depe 4Ued = 48,7 al G2 P ng = L4286, condenser reading 184.0,

A “(1 dem) » 0.08°, Dichloride yield in this experiment wie

3

Conversion oi Chloroiydrin Lo Gicliloride with B0Cly and myridine.
32.7 ge (023 mol) of the Gl erythro chlorohydrin was dlsgolved
in 53 g e {Oqu‘? ::410.3. 0-& Herchk @%CVL{: ,ﬂ‘;f"‘"’ihﬁ Dl e L1lEeD to 116° Ca

To tanide solution wos added dro i g (08 mol) of thiomyl

chlorides The resction mixture was kept well aglitated with mechunie
cal stizying to break uy the solid mass of pyridine hydrocliloride
ag fast ag it dormed. Biirring was contimued for 20 minutes alter

Ca Tie nizture was placed wpon a stew

3 hours. After ztanding overnight, the oil

I PN ¢t N ey (gL ] : § 5 3L OIS .. - i ey e wan Nt AP R N
PORES WIS DepEPi £eC e 248 DFPRGAIIC DOASE WD QUL UGEC WANAL WA Vf,.i";_

extracted twice wilh lsupro, yl ellexry

The oil phace and elawr extaocts were combined, woosed 4 tines

b

with © e HCL to reumove any pyricloe, washed wiil waber, dried

sith BpCOp and distillede U348 ge of dichloride was collicied,
Lepe Oded=iled at 80 mae Yield 63 4o After tw redistillations
tids dichiloride hadthe propexrticsy Deps £53.0 to £3.8 © C at 80 m,
= 164410, condenser reading 170U.5.

When 108 ge (0e1 mol) of the active erythre chlorolydrin,y =

+ 0e8d?, was wuverted ©0 dichloride Iy the method above, tle dichloride

7R
PR

had Depe HE42 =~ 5342 al 80 nun, n; = Le4403, condenser readling

-'&3 o 5 vy
170 ey C( (1 dem) - 3.80°. Sichloride yield here wap 43.2 He
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SUIRTYs

The stereochemicul relatiovnghips of the 3 chlowro 2 butanols
and the 2,3 dichlorobutanes have been studieds Chlorination of the
chlorchydrin with thionyl chileoride proceeds with zero or itwo Walden
inversiony chlorination with thiomyl chloride and pyridine involves
one Vialden Imversiony FClg as a halogenating agent gives mixtures of
dichloridesy and hydvociloric acld does not react u..’cn the chiloros
hydeing to give d;i.chisrié‘eg

The propertics of the 2,3 dichlorides and 3 chloro 2 butanols are

reporbed for the Tirst time.
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