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INTRODUCTION AND HISTORICAL BACKGROUND
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By virtus of theid weaotivity towsrd elnost any resagent, end
the meny conditions Peasible for $hely pedetionis, ethylene oxide
and’ subsituted sthylend oxidss Have provided & fruitful field for
the investigations ot thooretinal ofganic chemistyys

- Bronmgteédy KtTpetyislk, ahd Kilpatriek (1), ix:the classical

y #1614 detionEtRated that, by ‘proper dontrol of
experiviental sonditictis; any 0ns’ 6P four Béparate tedctions could be
1solated i the réagtion of ‘éthylens oxide in an-aqueous solution of
& Lewls base -sich i&gﬁnhloridé' don:

Ta  Hy0 + CHpCHy % H0 w» HO™ 4 HOCHiGHpOH + H*

I, 5,0 + Cipily + " - HO® + HOGH;CRGL

IIT; Hy0'+ C5pCH, + B0 Hy0 + HOCH,CHOH + HY

iv. 1130*, t:HgQGHQ + 017 - 10 4 HOBHacnéiﬁg.f

Swain (8) has shown that, in addifion to the¢-above wesctions,
a separate reaction is dapablé of occurring with ‘6a0h -gombination
of electrophilic and nucleophilic reagents preseit in the reaction
modium, In addition, his sorrelation of -reaction rates msakes
possible the extrapolation of the available data so that' the
importence of any specifi¢ set of nucleophiliec and electrophilie
reagenta i1 determining the products ¢an be evaluated.

Dther noteworthy investigations of the kinsties of ring

ing reactions e the wopk of “Smith (3)"end Hansson(4)
on the reaction of epoxddes with amines, of Ross {5) on the



reactivities of various epoxides toward thiosulfate jon, and of -
towsrd ‘ethylens: and propylené’ oxidess

Walden inversinn in the wing opening of epoxides hus besy estabe
11shed Lo 11t o alumi min hydrias {7); hydrogen eh1or1as;" P-toluens=

nethanol ;- malonid: datar, aid ‘hahy other reagents (8).

sulfonie aeid; water,
With the- elucidation of mechenimis in this Fie1d, 1t id surprising
that only redently hag:sufficient orfentation ‘data besn obtained to per-
mit even a fragmentary understanding of the fundamsrtel factors which
determine thé divection of ‘¥ing cpening, ‘although the potential of this
field of study is af’ great ea that of the study of orishtation in aroe

matie substitution, Perheps thé rerson f£or the ‘slow progress 18 to be

found in the ldek'of mathods for enalysis ‘of mixtures of ve

1gomers ‘and 1n $h8 ldok of methods 6f Preperation of the pure iscmers
without question of: vearrangement by ﬁéﬁgﬁﬁbri’ﬁé”f@'ﬁéﬁﬁ?’éfi‘éo‘tgﬁ‘(Q) or
intermediate formation of the epoxidaﬁaeir.m\maofinrmred analy-
sis tpon isomerie mixbures hes shown itself to be surprisingly appli-
oablé, the prime dimadvantege being the high vost joft equlpient and lack

studles on preparative uses of lithium’ alwmimim hyd#ide'(10) have pro=
vided en exceptionally uaefultoo:!. %o‘iff"tﬁ"?o".“*i‘:"i'ép’araﬁdﬁ;-f'b‘f'-'f‘isin'-‘e 1somers
of'bhiétype,aconolnaionsﬁ‘ﬁstantiatedbythapraswtinv‘eatigation
In géneral, the information needed for propey evaluation of
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the elative importenss of thé many factors affecting orientation
of ring opening avei
(1) Studies of the efPect 6F substitution of epoxides in ocases

where’ stebic fastors ave’ elther aliminated op vompensated,

‘{2 ‘Studiss, inder siuiler’eonditions, 6f the effect of the
“gtvengthi ‘of ‘iie" abtasking
“(B)"StudLes ol the ‘efrect of ‘the  stréngth of the elestrophilie

‘base,

“épécies 1nvolved 1 -the’ pencbioh; and

~(4) - Sridied of the ‘eftéet of experime

ibal‘donditions; partioulerly

Poldstedn (I1) lias:investigatad the efteot o2 ubstitution where

sterlo effests iay be $otally absent in His studies on +the reactions

‘of pata substituted ‘stilbone’oxides with Lithiun' aluminum hydrides
When the para sibstituent was & methyl group, ‘attack of the hydride
‘was 5lightly greater ab:the sarbon adjacent’ 46 the: p-msthylphenyl
group, giving Yiphenyls2~(p-msthylphenyl) ethanol. -When the para
substitusnt was chlorine, the direction of attsck was reversed
‘and the major product wes 1-(p-chlorophényl-g-phienylethanol.

Gues ‘(12) ‘hiag shown ‘that in thé resotiofi of ‘substituted
styrene oxided with ‘wodlum phenioxide and’ phenol, the emount
of gecondary attack inorenses with & para-msthoxy group, and
‘deoreases with a nitro group in any position of the ring, Fuchs
(13) hag found & simils¥ order ‘in’ 1ithium borohydrids redudtion of°
substituted styrene oxidess

snithand skyls {14) have studies the Feastions of hydroshlorie
and hydrobromis acids with epoxides and found thaet with hydroschlorie
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e0id the percentage of primary attack of halogen on epiohlorce
hydwin was 100%, on glyeidel, 90%, on propylens oxids, 75%, end on
igobutylons oxide, 45% With hydrobromie aeid, epichlorohydrin gave
100% primary attack end glycidol 904, the sams ratios as with hydro-
chlorio ecids’

Halperin, nogahos',ﬁfﬁléinbarg* ‘and Yanderder? {15), i1 one of
the fow systenstie etudles on the effect of the attecking base in-
which both icomsrs were cbtained, found that 1,R-opéxybutens
rescted with hydroshiorley hydrobramie, and hydrlodis aeids to

........

give £5, 64, and 81% primevy attack of halide, respectively.

The regults, based on low pressure frastionation of isomers

boiling only two to thiee degrees apart are not £0 be considered

of grast apcuracy, but 13 1 to be expested that the onder o
sorrests Thase data eve in disagreanant with the findinga of Smith
and Skyle, ebove, that epichlorohydrin end glysidol give the nemo
sompoaition of 4smors with hydrobromis es with hydrochklopde estd,
‘tut these deta -are diffieult Yo employ 4n a eomparison of 'ﬁ'agaa,
gince the emount of escondary attask 4s very sisll,-and n@xgigdioation
of tho preoision 4s given. Eothk investigations ere slightly enbignous
in the sense thet 1% 44 impossible to tall whether the shift, if i%
cocurs st all, ‘44 due to the difforences fn steric ¥oquivements,

band strength of the attasking buse; oy bothy

Meny good examples of $he shift toward ‘settndary atiack under

acld conditions have boen observed, perbaps the most olear of which



are the datd of Chitwood and Freurs {16) ot the diveéction of

of sodiwn Hethoxidey total ‘prins

o ‘Propylons s Vith mEtHAHGLS “In the presence

jiatack wad obestred; whersas

the uncetalyzed vesdtioh gave 174 ‘sevondary attack; with silfurie
a61d ‘or boroi $rifluoride catelysla this ‘ancunt inureased t¢ 40-55%

1007 ; this wab Horeased to: 4%« 10k tHa basts '0f thid, end other:
‘vedetionsy e postulated a mile’ that s inorase  in fempératuze
‘will cause ‘an ineréase: in the emount of thet’ isomer whick is formed
in lowest gquentity. - Hammgtt (16) hds dhowm that'this 1g demsrided
by the absolute resctlon Pate theory; drovided the sntropy of
‘sctivation 18 esseitially thedema’ Loy both seactionis,

‘Guss (19}, in stodying-the reastion of styréne cxide with phenol
ahd podium methoxlde' showed that in-phenok: ad solvent; the smoints
of primevy atteck at’ 24;:/70,°100, 138, 'and: 190% v Were 8, 1L, 12,
21, and 34% cespeetivelys’ “This Was Interpreted’ as ov!
unimoledulas” iy opening, althitugh 1t ‘shows oily that the secondery

derids for &

prodist

product 1s'favoped by aotivaticn ensigy over the! primsiy
In ‘studying the sfTeoti of ‘dolvent on’ thegamereaatim‘ ]

found that 4he Emowit-of primary attack’ inersasad-ii the solvent "

order phenol < water < folusne < nitrobenzens < methiariol < ethanol <

acetal < @6ishe < tebrahydroturan’ Those  rAuLYs woks! Lnterproted”

in ‘terms of ‘hydroged ‘bonding betwesn phencl, or water, and the “solvent

and epoxide, The assumption is that phenol and water may hydrogen bond



%o the ‘epoxids ‘oxygen ¥o'uld in-wing opening; whils the alachols
end ‘ethers competewiththe epoﬁdaomganfor ‘il extens phenol

presen*b. Itmay’beno%edthat,th ‘porhaps’ the" bxcop‘l%ions of

n&trobenzeue ‘and’ f.oluene, the ordep df secondary ‘§tbEdk Lncreases

With ‘the “Lonlzing power® of ‘the Solvent {20)s th itiverpretation

of these veultd as"inatonting s tdndIeouLAF F15E cpening begore
“if the 11ght of

the attack of he Incoming group Le unseassary

Swaln? 8 ‘svidende thet ‘suckFeactions hiy e gxpectsd for be Yoy

moletulary aid hay’ %ﬁa&y%’é’3-%%31»3?55*&1525%%&65%ﬁ?di‘-faci‘%-‘?i"d&ff“éél%iysae
reaotions ‘ovel ‘though & ‘¢onderted’ ‘meohant s in opérative. In the
zol mef;hanolyais ‘of B, A~

1ight of the' kingt1e ‘detd on‘seld dataly
epoxy-l-butens (21), 10 ok thy Fate of vl
upon methencl dotivdntration, such s wilholesulad $ing opening seems
furthes’ improbebles

Ons ‘of ‘the purposes” O ‘the‘present investigatioh was to" show

ng-opering which'is

opéning .i.a -dependent

the effects of solvent wid teipesabiive o
urique st onably & ‘dotiderted proveasy U Brotisted ; KiIpabrick, and

Kilpatrick (1) have hiown “thist" the ‘esction’ of Hidroohlorln’ aetd
with éthyieﬁa?‘-*bﬂae;-:sr’:éﬁiaﬁlé"““ yarih; ¢ and gryeidel 14 thivd erder,

date ae ‘Por ¢hses Wherd' thE Ettack 14 alnost entirely-at the
‘primeyy carbon-(LHol the dets of it th ‘and- Skyle montioned above)

end one might Guestion ths’coneluston’ that ‘attack ke 4H4  secondasy
derbon will $ollow the “same pathy " Lovene shd Waltl:(22) tave shown
that aoid oabalyZed Hydiolystd ¥ dextrarotatory propylens oxide
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gave-a weakly dextrarotetory propylens glycol, sorresponding

t0 & et inversioniiFromths ditdrof Chitwood ‘and’ Freuve ‘(16)
on ‘ving opertnig with mebhanol under aimiler sondttions, attack et
the ‘secondsry darbon’ (lesad
‘be only slAghtly Paster thad dttank ‘et the’ v

%o Yetention)y Hhat abtask aotually osours st the' secondary carbon,

g "t0" Luverion) would be sxpected to
. :-f_. r-darbon (leading

“$hepofore, Mist tale plage with total, o at least very nearly
total fnverstony”

‘Many ‘atbempts’ at explandtion Yave been offered for observed
orientations; somo o Wik 'ave &t Gomplets’ veriance with
availeble information: Many other attampts to explain the ‘nature
of the results huve presented’ tetiable hypotheses twhich‘,: ‘however,
@0 Dot go. far Enotgh ¢ provide-adéquate’ tnderstanding of the
pleturs,

~Sterle eflecti Havs ‘bedn ored1tea a8 i major Pactor 1n
many ‘vesults {25) and 1ndasd mist play ‘an finportant role, Judging
from' tid large ‘predominancs of ‘primary atteok obtained in almost

any serles of daté: ' THe ‘feaction i fax’ too-damplex, howsver, to
be explained on ‘the basis of sberle factors alons, a8 ig shown by
camparison of $he: substituted styrens ‘oxides or of ‘epichlorchydrin,
glyoidol; and propylene oxidé guoted ebove, whepe steris factors
ghould be similers”

Ropulsion’ ensrgios din the-sttsck of tHelndgative base, lealing

%o’ & preferencs’ Loriattask et “the hore positive edrbon stom have



been propossd es en explanation of ‘ortentation (16)« ‘This

theory would predict that:the subgtitution ot an’eléestron withdrawing
group ag in epichlorchydrin should produce’ greater secondary attack
than in propyléne-oxides: The Taverds 1s Poind tobe trus (14):
Swarn, Billen, end Knight'(24) have proposed: that the pre-
dominent factor in detérmining orientation s the ‘&vargth 6f" the
carbon to:oxygen bondss - Thigy ‘eplehlopahydrin should be ettacked

more ‘ab the pilusry derbon, sinde the sléctron withivawal of'the

substituent ‘khould caliss’ the vedondary daFbon 46 bond HHove' tightly
to the oxygeni Unfortunately; this theory by L14s61f would predict
thet the strengthening of bonds in-spiehlorohydris would lead 0 a
decrease in ‘Yate of ‘attack of & bay rg@u&ﬁé-fggwamﬁaé=k-1-6ﬁ~, as
compered to ethylene oxide:  The reveirds is found $6 be. trug (1),

Feldstein (11} has proposed ‘en iterésting coutiterbalance of
the relative effacta of bond! mtrength and repulsion enerey,
“following ‘the Hihshelwood: troatment (25):

Baﬁtlé’tﬁvi‘ﬁéﬁdéﬁﬁoﬂé‘fi(ﬁ?B‘)‘*-fffﬁévfé?‘*'W§§Bea"’%I_iéﬁ""réﬁdﬁa;wé?ﬁihf"the"'
transition “stabe may be the  prineipal’fadtor in determining ordient=
ation trends,  'This if-genersl would lead $othe’sams’predictions
as. the bond strength ergunent menticned abovs; ‘and would have the
same wesknegsos

It would sedm-desireble to-gongider separately the purely
elestrostatid effeyts upon the vaté produced By s change in
charge oF the séat of substitikion (25); 02 by-dipole effects of
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of 1;1;3--trans:.ttonﬁstate;:_ This ey bd}:_:;ahomnﬁ-rschmtically in Figure
I, vhere the hypothetioal  intermsdists Hias the miclear positions
of the transition state, but ‘the electronis configuvation of the
initial states’ (Figs 1 -on sepavate pages)

The energy of -the ‘tirst’ step may bé' ‘ealoulated from purely

slectrostatic considevations, assumin ‘that ‘the'spéeles involved
are point chargés and that the dlelectric’ constaiit of the medium
is effectively unity. Irom {he pringiples of:electrostatics (28),
the energy of two charges dompared 46 dnfinite separstion im ex=
presged by the product of thé two charges divides by the distance
-betwoen them, Fox simplifidation; & proportionality constent
which ghould bé used to convert to appropriate unita has been
omitted, If the unlt of Gharge is taken ed the electron, the
unit of distance the Atigstvom; ths ‘énergles expressed as kilo=
galories per mols, the' tumerical valde of the ‘constant is 331,8.

By this metﬁoé,; the energy of the transition state configuration
of nuelei, with reference to the initial state, is:

() E-S2Se - Cas (V). ek
(I) E Y'AB Yac (Yﬁc Yac W

there rwistheaistanceinthetranniﬁonmtdhemen xend gy
%° 4a the initlel state distence, &; is the charge on a species i,
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and W 15 ‘& oonstant-vhieh ‘vopresents the non=slectrostatic

enérgies intheprdcessIfsubstitutionisasmme ified ‘o0 ‘affect ‘only

the cheargs’ ohi'the §6at of bubstitution; s>, thei tho  chenge in
detivetion energy upon substitution will -.be':'-»

(a) 4k - %'ﬁs - Y;,c.(r\?‘,:c -‘)] § 2

Having eliminated slectrostatle ‘factors of this nature from
the electronic snbrey; the réscnnve ‘effect of ‘a substituent
wlll depend-only upon the §tabilizZation’of charge, not upon the
ensrgles of the A-B and B~0 honds; ¥o a £ivst approximations The
transition state may be deseribed in goneral torms as a hybrid of
three structures:
. A4 ¢
I‘g B—ijl‘g % e,TJIA —8 .ec;,
-where only structurs II will beé éxpectad to-show appreciable
stebilization by means of subatitutions
In a normal’ dl8placerivht of“the Sy -type™ (29), structure II
ghould have very little cdontritution to’the transition state,
sinoe 1t contalng nb ‘Bopds from Earbon:to either’ of the' strong
bases Ar and C:; and “since it shows a high- degres of charge
separations. - Oné may expssty thetiy; ‘that the influénce of eleatro-
statie foreas will determiné ‘the sflfeot ‘0f a mibstituent, and an
‘electron relenalng isubstitusit sholild decréage the rate of reastion,



13

ag Hinshelwood has predicted from equation {(2).- Thie corres-
ponds to-a positive: value ‘6f gho in the Haimiett ‘squation {18) and
will be termsd: & Mpopltive™ substituent sfféctii
As the cligwze ‘of ‘the' attecking base ‘decresses, or-as the

trensition mtate ‘distencss’ increass dueto-the attack of a

woaker base, equatioh (2} would predict & shift toward a

negative substituent-efféot, possibly veaching the point of reé
versal, At the ‘seins %ims, ‘the above factord will tend to increase
the contribution of structurs 1T’ to-the tranaition ‘state, also
effecting a shift toward & more négative or les positive sub-
stituent effeet. In the limit of an Shl type (29) Hesdtion, whers
the sttdoking base in nonexiatent, o¥ only & weak dipole as the
theories of Swain (30) would suggdst, both factors are operative
to produce a negative gubstituent effects As the data collected
by Swain olearly show, this is in agreement with the observed results.

In applying & similar trestment to ring ‘opening resctions’ of

epoxides, 1t becomss nscesssry t6. consider  several ‘changess ‘The
- adnplifying -aséunption will ‘b mads that vesohance stebilization
at the primary earbon 48 neglibibley *The ‘slectrostatie equeation
‘betomes considerably more domplicated, dus to the sdded prosence
of an adjacent darbon which ‘also"shares: Inductivelyy but to a
leaser extent, the olisnge In charge produced by substitution. The
presende of an-electrophilic :eeagent “attasking the ‘epoxide oxygen
18 move evident :(30) end should be 1n61uded s +he' Sqnations, Onms
furthepr complication is the modification of bond distances produced
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by bénding the oxygen $o the'adjacent gerbon, Whick san have the
‘thie" a1 stands ‘ot withirkul Btbelsiod 1n
Tha* two" bransitioi states are shown in

effect only of deére i
4hé transition statey
Figure IT. " ﬁ‘ollowinsthemet"hoﬁgiwan:oi“oalculatianot energies

£or normal displesarent Fesstions; Hgaii  absining that dlstdnoes

ars unaffected by substitution, thé difrersncs 1n eérgy between
the two transition ‘states; the slsctrostatic driving force” of
ordentation will be expressed by the equationt

Yac

- %: (Y‘co - )](Sec gec‘)

Qonaldering thé significsnos of ‘the tesms Lnvolved, it may be
It
deduced that the" coa:tﬁoient ‘of OE sl than the corréesponding

térm for & -gimpls- aisplacemant- "peEEtLI0n; and the termeo slightly

(3) AE -4F' = %\c (l \’&c) ('_ Yee )

less; dus to ‘Eﬁé‘"?i'ff&’iﬁg“‘"““’éifféé”c’-"-"Sf’*ﬁieﬁf‘ﬁﬂﬁféﬁé"n‘* ‘bond to.'the
adjacent carbbny” “Tha "repulsian ‘enisrgieRm of 'thé attacking ‘base
and ’aléatfoﬁﬁilio-'"reagenﬁ:'--ahonld ‘be’relatively lesn effective
gompared %o tha"bondatrength"tenﬁthanforaoomparable benzyl
halide aisplacement« In" addition, ‘tHe" ofract of: tha substituent as

measured in changes-in chivgs will be 1658 since the »~quapt1ty in-

volved is ‘the d1fference’ in ‘cherge Detwsen' tha uajatént Bnd farther
carbons The net result as related to electrostatic enmergies, then,
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should be- ta"deereass the Haghitudé’ of 'y~ efroct and to shift

$hs value liphtly towird ‘&°tore Hegative siibstituent effect,
The ‘assi guisnt of Hiisr1sal  valied o8 sny &dtuiacy 56 tHe
quantifies 14 thead equstiohs Secns Mgy dublous et ‘this
time, although-Cortain natural 11mits nay be imposed from
conatdsrations 62 bod’ distanses’ did' the oHarged that would be
avallable Erén t6taL Lonizetich of covalent bondss:

The  pesonancs’ ploture veraing ek’ $he ‘sams a8 for the Lallde
41 splabenent ‘Foactiond. ‘One may reasonably’ cxpeot that, dus o
iined ‘Fiag Vouds, $he" trenattion state will

the ‘weskness of the" gt
more nearly approseh the carbonium ion ehapadter, which will predict
a gredter resonance ‘stabilization then for otlier didplacement re~
actions,

1£ the ebove ‘considorations are correct; then the follewing
predictions nay Ve made conseriing the efféot of substitution on
othylene oxidess

{1) The influenses of substitution upen’oyfentation will be
shifted Youard ‘d négative efPact) both by changss in olectro-
stetio conslderations;  and by incrensed tesonants’ stabilization
of the transitiofn’ statés’ <Ring opening of styrens oxides with
sodium phoholata  (12), ‘for example, ‘Hibwa o marked regative
sub&tituent s8fdet]’ although tHe sinis’ Feagstit: would be expected
{444 gplaoetisis

to’ slGw d PORTELV SDET et BEeaY i KA
(2) THe» st 6 sibatitution Wipon the Fate at the terminel
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earbon, where ‘pogonahce-6ffecta ave prastically nil; should ‘be

emally but ‘probably parallsl to
mont reactionss. Thiéiacogsiateﬁtwiththe kinstic -data mentioned
concerning ¥ing opening Yeastions ot dpichlorohydrin, glyeidol,

“LPests GhaeTVad 1 a1 splace=

sthylene ‘oxide; &nd propylens cxlde; 14 Ot sonkidets only base
satalyzed Fing bpenivigs; but for tHa"réabtions’ with hydrogen’ halides,

epichlorohydsin bodomes proportionatsly slower as Gompared to ethylens

oxide, since the slectron withdvawing power of tlé substituent des

creases ‘the ‘attraction of the oxide £o1’a protons: * The ‘éffest upon
the rate of reastion at ‘the substitiuted carbon Will bé move Gompliw
cated, involving both Pesonsnde &xd eléctrostatic effects. The
rate mist, at any rate ‘show a more negative substituent effect
than the Pate’at thé primary carbon.

{3) an‘increass ‘41 “the “basé ‘strength oF dherga of the attacking

roagent should decrease the Fesonende effect; and produce a more
positive ‘substituent ‘affect trom elestrostativ "66:‘1‘351'&65;%1&1“5,: ‘both
of thepé operating in-the 'sems” directiony This point has been
verified by the present experimental worki’

(4) s increase in the Etrength of the slactrophilic ‘reagent,
such as in thé trensition to aoid datalysis, shtuld greatly increase
the yemonence éffect by giving the transition "}éﬁizé’ groater car=
bonium ion chavaeter, but siculd have & smdll; opposite éffect from
electrostatio oohssderationss” Winstéin ‘snd Henderson (8) have pointed
out thab acld Gatalyzed reattions generally glte &' greater amouit of
secondary attadk, end this investigation sdds fuither e"v'id.‘éxfca i1 this

direction.
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(5) The &ffect of golvent will dspend upon several factors.
The dielestsie costant’ of this nsdtin’ siould play very 1ittle;
1t any role, #ince ‘the 'diffevences between'bhetwo alternate
trensition hfatab~"ebﬁé‘épon&*éB‘é‘en*&fms“ $o- ;1ﬁitamolécular
differonces in distribution of charess I ths; solvent ‘acts
a8 eithor-electrophilic or nucleophilic reagent y, 18 Hiain
effect should be due o thig sharacter. Othérwlse; observed
d4fferences. should bs predictable’ from thy effett of ‘solvation
on the reacting ‘spsclesy * From thé diffuse tatire of ‘the tran=-
sition state, 1t would seem probeble. that ‘Solvdtion’ should usually
be more important in the 1nitis) stated’ -If ihis is 4rus, greater
snexgy should be réquired for readtion, and, by’ the reasoning of
Hinchelwood; Zredter bond ‘dlatandes 'sheiild be attained’ in'hhe

trensition states In ‘suck a ehse, greater cerhonin character
and less electrostatie;diftorente betwost the ring carbons is to
expectéd, lesding fo ths prediction that & strongly. solvating
golvent will'produce s tore negative sibstituent  efteots A
compatd son -of -epoxide opening’ invraterandether #iith ’hydroéén.
helides, and ‘of ‘positive halopen addition’to ‘olefing. 1n ether
-and- shloroform presented in the eéxperimental. section would seem
to bear out thia predictions

M axteraiol 6P ithe Hbove TLatUsBLoN BaY Feadily ba made ¥o' pres.
VIR the HaR o e posﬂ;iva,'

“diet" breentation il Foaptians i

halogen adaaltan $0 @« doudble bond, or to the consumation of: a
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neightioring ‘group Feadtion (). T£ +he positive halogen adaition

occurs by Pormaticn of ‘ax'Spen Halo-Carbonfin:ion; tie aftect of'

stmcturs shnuldhéthesameasfortheadditionofhydrogenhandea
to olefins, smd Madeoimikorts wile shoula Holdy “If; howsver, the
yeaotion prosseds through a'éyelie Mistonium* oK a8 Hes been postus
lated (15), with sn intermedlate such as IV, followed by attack of
®
ol O =

en anion upon this spa¢ies in'a “peaction formally efialogous +9 en epoxide
ring opening, oiientation shiould bé predictsbls on the basis of the above
trestment; with hé added genéralization thst the halogens should show a
greater carboniui don character than the sorresponding oxonivum compound.
Evidence for such a ¢yclic ion consists of thé experimentsl observation
(31) of trans eddition in suck reactions.

A summavy of sixty-four of the'more pertinent vases 6f ring
opéning reactions of ‘epoxides, where structure proofs’ are avails
able, ‘and reasonable ‘examination’of ‘reaétion produdts have been

made (32) reveals no particular contradictions tothe above pre~

dictiones In the’cese of poaitive | alogen ‘roactions, very 1ittle
evidence 18 availablej ‘&ome of the older work is wirélisble; end hence
10 aystematio discussion of previois work may bé nads at this tire,
Soms of the ‘avallable data will be presented in the’discussion of the

experimental results.



SEQTLON IT
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Ai Preparaticns and Andlygesy

deterniineds From the 1hfrabed spestra’of the ¢

analyticalmethodshavebaandevelopedforaachpair of 'i~somera¢'>~
. “Hing Opening of Trbpyleis Oxids vith Hytrogen Halldesi
The Féaction of propylens oxide with  hiydrogen halide may
be expected %6 give $wo 1fomsrs i proportic’ to bhe rate constants
for ring opening ab either sarbon of the epoxide ying, as shown
below:

k, . CHCH = Gy « X {A)

kg\> mslf - G, » OH (B)

0
0,CH ~ M, + FX

(4) and ()/(B) = Xp/iey

Following the ‘depivation ‘given’ by Hemnett (18); ‘thé relations
ship between the two ratesiand the ‘entropies and "‘e*h'lih_aipiéb‘ -of
activation im given by the equation:

O m . x . ag®- Ast - anT - An
) g ‘kg ’ B BT

vhere A8 * 14 the entrvopy ot ‘setivation, s A H:t “{lig enthalpy
of activation, R the ‘{déal gad oonatanty andg'theabsolutetemper-‘
atures 4 plot of ‘the ‘logarithmic Tatio of ‘prodtcts against reoip-
rocal temperatire in‘the Tashion of & vapod’ prassux*e plot ghotld”
enable the determination . of the éntropy and”’ anthalpy Yorma,



B .:=. L‘

‘provided ‘thay are velatively tonpbant over the temperature
range émployedy ' This Ha' been-dons foi the Teastions of
Hydrogen chloride;  bromid;*and  £081ds 1" water, and for’

";"335‘6’1"@@611»>~¢h3:6i‘~’ira’é'=:fz?ékid%ifbé’féﬁabﬂi‘fﬂ%?‘%"é}iféii‘“ﬁtm:bfbi?ylene‘ oxidos
The thembdyn&micpropertiesaooﬂoulated Prom 'the least
squeres 1ines through™the experimental points in Figures IIT.
and IV are given in Table I..-

SPABLR Y
Differences in Enmpyand ‘Enthalpy of fetivation:

APsfeal/ mor A% koal/mol
LIRS a‘aohas (..0’55
0,32 w118
-2.8 «1,54
=20 ~1,56 ¥

(% Data from only ‘two determinations.)

G “The Efféct of Reaction Conditions:

‘The reacticns’ 0f propylete ¢xide with sodiusi bromide in ‘ax
acetatesacetic ‘acid Giffer,’ vith dmuoniim bromide 1¥ en’ ammoniums
ammonia buffery &nd éwifth‘:maéhébﬁiﬁf‘ﬁi'dmm&“étha'ra%a 4o give mixs
tures of bromohiydrins have-been ‘studiedy The Patioc: of isomers 1s
indicated in 4He’eolunn haaded MEBFT 4n Peble 1T Wiile the corres-
ponding retio for the: reantion with KEr widerithe saie ‘condttions.
18 giveii fop’ roforences: miadatahas‘beaninterpolateabatween
temperatures by meaus. of Figuves III and IV,
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Figure Il

Van't Hoff Plot, Propylene Oxide + HX, Aqueous

1.0
0.8} @ "
06
(2) "&
0.4+
) HClI
0.2 — M
O
0 | ! | | ! !
2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0

‘Reciprocal Temperature,

1000/ T °K.
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Figure 1V

Van't Hoff Plot, Propylene Oxide + HX, Ether

04 ! L l ! l ]

32 34 36 3.8 40 4.2 4.4 4.6

Reciprocal Temperature,
1000/ T °K



TABLE IX
“The Effect of Catalysis:

"Gatelyst®, MEw (4)/(3), MEe (8)/(B), HBY
Sodiun Bromide " oesfs 75/25
Ammonitm Bromide 77/23 74/26
Magnesium Bromide’

‘atherate: 84,16 .83/17"

As may be seen from the Table; amionlum and magnesium
bromides give roughly the dame composition of Lsomérs as the
corrasponding peactions with HBr, while sodium bromide glves
a marked shift toward greator primary attack,:
Ds The Addition of Positive Halogen Balts $0 l-Propene:

The addition of positive halogen salts of 3,5-dinitrobenzoie

acid to l-propene by the reaction:
03303-'—‘-632 4 Ag(OINB) + 12 - Gﬁsgﬂm; ‘0&2 X ) OHS;H - 0520]118 + AgX

where X is ohlorine, bromine, ox iodine, and (ODNB) 1s 3,5-dinitro-
benzoate has been studied and the velative amounts of (C) and (D)
determined. At dry foe Yempsratures;’ only the-1l-helo=igopropyl
ester, (0), was obtatned. At dce températuve, with Bromine,
spproximately 10% of the {scmer; (D), wee vbtainsd in ether
solution, 257 in ehloroforin molutions No peroxide effect was

obgerved.



SECTION IXX

DISOUSSION OF EXPERIMENTAL RESULTS
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& *Preparationst

The preparations of-the purse
iy Lt el v BpasLas
eompounds bj hSthoAs" provicisly dessribad 1 the Iiterature

il6rohydving nd bromoliydring

dustion ‘of appropriate carbonyl.

foy ‘analogous preparations Hag heer - found Yo be-satisfactory.
The preparation 6£:1<chloro«25propanol by ‘ths nsthod ‘of Dewael
(35) was  found o e Batiafavtony; althouph veported yields
-eould not b duplicatedy - The PrepaFaticn of ‘1ibromo=2<propanol
by & ‘almilar procedurs was Poudd to" glve poorér ylelds of a
product ‘whickh wak s mizture ContalNLNE H ALY amount of tha
isomeric 2—bramn~1~propanol, I8 the indiel Etep inthe addition
of ‘anagid to 'd ‘double~bond id the: formation of & “earboniud

ion; as ig generalls aéaumsd(Z?);onemightexpect “that ‘the

daxrbonium $on ‘formed in this case might Yesrtangs o' & 6yolia
bromonium dony; in
onium 4 N @

don may opeir’ 14 aLthes 1 two- dlractichay ALY srAtIVely; the cams
ayetic ton might b Prodided dn the  Hydrolysis o the sulrate ester,

which 1s an’intérmediate {0 the veastion; 1n:which osse; ‘& neighboring

g6 with thé correspond~
ing bromohydrind 48 1ntéresting 1 HHUY tus HipEY expest & nelghboring

group effact, but none ossurs, since the produsts obtained ave
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igomerisally pures.
‘The physical propsrties of the chloroliydrins ave i

factory agreement mhvameemomammmemm, sxsept
the physical propertiss  reported by ayles id Waddls (54)
prepared: by ehlorination of propyl
Felcal ‘propeftiss ‘of ‘the bromohydrins

for 2~ohloyo-L-propansly

4riohloposcetate s The'
are in egreement with the lirited amount 62 dabe avallable,:
and the boiling points of ‘the fodchydrdfis ave in agraambnt with
that found by Markownikoff {35) for ‘the produst of the wemction
of propylene oxlde’with hydriodic acids
The melting pointa of the ohlorohydrin 3;5<dindtrobenzoates

ave in good -agreemont wiih those peported by Raimond (36).
The melting point ‘of 1-brono=1s6propyl-3,5+dinitrobenzoate
found herd s higher than’ that ‘reported’ by either’ Bachtle

(37) oy Buston and Bostwiek'(38)4 'The work reported in this
thests hasdhicwii *that  preparation by 4he nethod used by elther:

of these investigations ‘should lead to & mixture of isomers,.
and the qislitetiva obasivation has been'made by:-this suthor
that separation of isamers by recrystallization fzom heptane
18 very slights
By Anelyses:”

It 46 n0% appavent vy $He solubility nethods ot enalystis
vhich weve 1nvertigated Tailed o pive ibHs precise Pesulta,

Pogsible explenations might be the presence of verying amounts
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tedious, thensbhe’ PapLd anil: Hore  Fel able in
developedy
alytical u“mhﬁﬁniaatbaa ¥ PR A2 0o

Sk By Febe | Eha prdcstnre  La Lai more
pafed mation

moeng of estimting’tli pirity Of e’ £dactions 1 obtalneds
Consldering ‘the 616seKsss: 0F the boiling poLrits of the izomarde

‘halohydrivia,: Lt 1§ vensrkable’ that 4o good  agroenant ‘as’ was

obgerved wes- obtainedy “Agein, the prédedure’ 18 far more tadious
‘then tha infraredmthod‘\
Cu” Thsﬂeactionﬁe’cwaen?répyleneﬁﬂdeand Hydwogen Halidest-

As Bemmett-goint & ot {18); unlesn thg etitroples of activation
are sasontially the- sans Lo¥ tho Teastiony 40" be campared, 1t 1s
not ebrictly corpect to Sommpare the enthalpy difterences or rate
‘@ifferencos in toviis oL s1ettronid’ factors. The differencen ob~
)Y da o ss oLtéd by him' as suitable

served have: owsver ‘are s i
vages Tor sonpaiAon; " for tedstions suski as benzoytation of subs
ghituted dnilines; bydrolyais of substitutéd benzyl halides end

benzoateestara,amtﬂelikm aringtt had &lsb-pointed out thet
variattonsofanmpywithenthnlpyof -aotivetion ave mnally if

existing ‘af ally”/In 1ight of these tonsiderations; it is hard to
rationalize the magiitudes ound Por thé enthalpy ana entropy of
aotivation, sl thicugh 4t w11 be"show’ et the  Sliknged {n these

tormis are whab would be expected on the basls of steric donsiderations



and the theory advanesd heres -

In oaph 0ise tHs Wrtropy A1t eareey Pouid 1a nogative,
6 enithalpy toth Wiske- Hogligtble;  there would be

‘That la, 4f -
more attaclk ‘at ths secondary ‘earbon that ‘et the pri

possible explanation of this, kindly Suggedted by Dr. We Jo
Avgovsinger, 15 that) s un {NeoHit lig Proup dpproashes onb
‘carbon atam; $he oX1d8 oxyEEn 15’ Howng clogsr to the ottor
side Of the ring; snd psvhaps mEsts' with gréater hindranee
4°by & group ‘s ‘4" s Hialids don approaching

than is sndourters
to transitiol Etate dlstancs of ths davbon, T Ihis "Peverse™
steple effect nipht be sufficlantly sieat $o produce the negative

entropy difféenices Found hote; ‘bt esibainly would be' neglie

glble if the attacking baseé were of fuch Lavgey klzes Anothar
possible explanation might be Found i gctisl aifrepences in
heat cepasitidn op vibrationsl levels, as mentioned by Hammett:

In both “aquects ‘and sthed exveriiwnts, ths snttopy ifference
becomes move neaply positive in progressling £rom ehlorids to bramide
{$o Joaids) i Mhld 14 $he cxpestelli veruly ol dhoredslng 416 size of

1 mdet inorensingly greator steric

the 4nsomirg grotpy itifoh il
hindvances. - Tn sther, “tlie entiopy aiffefence 14 far'tiore negative

than v watess This oould consuivably be due 4y Hydvation and an
inoreate in “the Eizé of ‘e halfde 1ons 1 watey although 1t may

Vb 6iias bt viakes e Skt 6Dy Al frerense

be ‘dus ‘Pathen to Hlatsve:

negabive in emoh sase.
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~fhe enthalipy torm ‘dn 4achidase g also- negative, which
'  abbadty ‘vathor’ than ihe reverss,
65, 1% W14  Gppsar that there
1 & ‘Andreasd dn the maghituds: 62 kY5 sfreot 14 progresaing
Prom ehLorids  £or bromtds §6-$6d des L MRk 14 the bider .of ine
~ereanling basd strength; b inbbitbea; by ‘the Biaitl 'correlation
(2), ind-the “érder’18; 4hiat iexpected from decieasing Fesanance
Bta‘bilizaﬁ@n Gl

indieaten a TAVSHNE oL P

‘whiehis trie of entop:

ef'poaitive charge aajacent ‘46 the methyl

‘betwesn chiloride ’f“a'nd;»*bz"bnl‘ide'- 8 wallwithin ei;‘pérmentar‘errorg;
although both: ahow 6 graataz ‘effect than in- water. This ig the
rosult: predicted ‘on the-basid of Pesonanse” energiea and ‘sole
vation energie presented in Section Ti.

fPHé -axpérimar b5l dbsetvation that thsi order of prirary
‘attaok incressss in progresaing fr i ehLordds to “Lodide might
[+-4671h Hgreationt with the obserw

o-expaoted Lo by ganem
vation ‘of “Halperin, Dondhoé, Klain‘oerg.‘ ‘énd VanderWert (15)

-!m +the reactiona ‘of 1,2-epozybutane, ‘and 1% the rasult prediated
generally £rom the theory glvens

The: bbsesvation thiat 4’ s‘kronglysolvatingsolventlike

-watey gives'a’ greater aiiount’ 61 Sedondary dttdor agreed with

"th‘e"’fi"iridiné‘*6,5‘_:’?311@‘3%?(&2_)""fiifl'-'1uflie"f‘r£1¥ééétidzi.=:‘j6£t‘fé’byj:;‘e’né “oxide’ with
phenolate fon,aid sghinl; may Feasoiably b Hipposed to e genarel,
‘ab- least where'the sebondary produst is that’ predicted from resonance

congiderations.
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Dy The Effeet of Hallds Salts o the Ring Operlug of Propylens
‘Oxidey
- godiim VromL ey s tound 60" ghva  fa BreateT Prinds

sy abtdot”
13 the Ting opeiing ‘o propylens ‘oxlds thai Hydrodon’ bronids

Lot GoHd It ona. Mook Hlie "tUSorY oF podoriance. stable

1ization, $h1s 19 56 e expevted; ‘sines’ the acid catalyzed '+
rosotion ‘BHOULA Have" tas groator barbonlin don eharacter than:
the vaaction 14 the' sbdsied: 6f ‘aold’ datalysty It 18 interesting
to' niobe’ biak - fiagie st ahd eimoniun-bronided glve pradticdlly

n6 sifh of thid-vatirey’ Fro the ¥eady £omiation of indoluble

gonoy molevule, 4t Reers ¥eadonable 6 Aippsss’ thixt a ‘similaw

dination oBeiFs hord) s

‘ginge ‘Swaln:{B0) e showh’ thati the ¥ing opening of epoxides
‘La & oase of ‘gandrel dotd  oatalysis.

i The.Addition 6f Posttive Halogst Salts’of 3,5-Ditiltrobenzols
~Apid 6 L-Propens?

T4 hes been showii s, In coitrast 4o ths data of Halpewin'
etialy; $he addition 6f positive tislogen Halts of 5,5-aifittrobenzole
o644 o propylens: ider ‘ins donAtions §ives mostly $he Markownikors
AYY atiount Of - theiacmsrie" sbmpounids 1L the reaction
ogy with epoxide ring

product, tut & ‘m
£0tually prodeedd thiroush a "haloniun® ‘Loi; ‘Hxs
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oponinsmuldleadonstoexpeat at loast & amall emount of prinaxy

atbadls by ‘théinseining snlen;

ol haa Yeer veriPied, -

Wo. perorids ‘affedt was Obesrved vhei ths redetioti wad carried

out in & relatively non-pélassolvent: (chlorofsym) in'the presence
of dibenzoyl peroxides  This dces not:justify the tonelusion that
no radical yeactlon eould cdovnsin 4thia systam, but would suggest

that 1t will ot ordinarily be epprecisble, and does not sccount

for ‘the veverss produst obtained herey
Fy Misoellaneous Obssrvationss
The wnreadtivity 6f 1;2itenloropropans ‘Ebserred 1y in’ agress
ment with Ehis-Pindings o2 Petrenko-Kritohenko and Opotakil (39)
‘The veductioh 62 piehloro
réasonebls & ayutlishic Hethodof obtals

énd; 1f 50, would avoid héndling the ‘extremsly lachyymatory chloro-

ity anid Tioas “(108) -
hyddn might' pextiaps afford as

tig 156h16m6~B-propariol,

scebone; “The réastion should Provide Interesting tifosnation. aonw
Gorning the elative’ Paastivity of ‘halogans ‘ahd spoxides o 1ithium

bl Bydride; ' end h8 etims $f ‘the’ reastich,



SECTION 1V
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Ay Preparauon of ‘Pure’ Halopropanol Tgamers:

101 4 LiA].H4——> 4 cascn:oncnzcl (1}

3.6 moles 113504 44%

1The prepavation’ 6F 11 by ‘this method has besn previcusly deseribed

by Pidkett, Garner; snd Licds (104}, b ohlowoadetons and

bramopropionyl brotids weis otintere Ll productds Chloropropionyl
chlopide wad Obtdlned ‘Prom ths g1d by redstion with thionyl
chlorides ‘Thé bramvaceteons used was the' drude product boiling
at 43-53° 4% 181y, a8 Yeseribted i Orgatile Synthesis (40)s
{nation 6F physisal

Rach 1goiner was pedistilled for tha detern
propertiss, ‘and 1% 'is the boiling point found on-redistillation
“that 18 veported in‘the ‘tabisy

' e ied ot Lnt the  following mannsis

A welghed: quaktity 6f Lithivhi dluminm hydide was placed in
& thres-nsoksd Plask P1tted with & neekisniesl’ atirror,
~gfeielent reflux ‘donderser,” end an -additioH ‘tunnsl ‘exter

nearly £6-$hé Bottom 62 h Eiasky’ Mrenty nil 1111 ters’ of ethes
per gram of Hydrids' wews’ slisd tHrough’ the add 1t 16n Sinnel,

The solution was refluxed £or &t least an hous and then eooled



Tabls TIT Properation of Helohydring by Lithiuwm Aluninum Hydride Reductlon

Compound Holes Iioles I.iAlBy Product ‘!’i de Boiling Point, Pressure
Reduced” B R % © mme Hge
Chloroscetons 35,6 1.28 I 1-Chloro~ 44%  50.6-50,8° 30
‘2-properol |
ol Lhioro-  1.62 1,28  II-z-Chloro-  82%(%) 53.0-55.6° 29
propionyl chloride “I=-propanocl )

Broamoasetone 0.96 0.47 IIT l1-Bromo- 294  62,0~62.2° 26
2-propanol

c(-'-ﬁmmopropionyl

‘ . -
Bromide 1.00 0.59 IV g-Bromo- - 84% 62,8+64.0 23,5-24.0
' l«propanol

{a) Flckett, Gerner, end Iucas Report 79{ yield
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in an ice bath; whils the indlcatsd quantity of halogen campound

was added G¥Gpilss over & Poiiod GrabSUL & Houre  THe Foastion

mixbure was ‘@llowed ‘¥o Ebatid Loy half aii'tour  begore devompo=

146 With i Eal L sHobnt of waters

sition of the ‘sxcend hyds

Sufficient Toip nopdsl’ sulfuric- acid whs “ther ‘added to give

a separsble filxhires  The dther Layer was dechnted; and’ the
t

squsctis’ Layer was ‘extracted with: thi eoqualportions ‘of ether
whose ‘tobal Volume s approxiately that-6£/3He originel ether
solntion.  The ‘colibined §théy layers were driedy first over
sodium mlfats, then’ 6vér megnesiim ‘sulfates The ether was
vemovad on & stéen bathy and the remhining 1iquid.was distilled

8 modiPied Clalsen ‘apparatuss

at reduced préssive throug
1«Todo=2propancl (V) war prepared: by £hé ‘sction of ‘sodiun

10a1de" in “adetons on  this dorresponding bionohydrin - (TIT) by:

the following procedurse: 26+8 g« (0¥20:mo18) of bromohydrin,
3045 g (0.205 mole )"f;‘bf?"-*sddiﬁxdfiddidé»;f'~'~~éhd:ﬁ156?'~=ﬁle~ff‘of- enhydrous
aeetone Weye placed in'd flask ahd sllowed to' reflux for ten
hourss The Bdetone was removed by evacuation with 'an aspirator
to ‘s pressure of approximately’100 mm on’y water bath at: 359,

The halohydrin''was ¥aked up ii' 76 #le Of ‘ether, filtered to

remove the précibiteted ‘goditm bicnldey and ‘the ‘ethes removed
under’ redused presaure; after which ths resldue was distilled

thronghi ‘& mod1£1ed CLaLSe ‘apparatusy Aproxiristely 87,5 g¢

{749 yield) of pure material} bipi 59-637 at 0'um,s, and en
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‘adaitional’ 4.5 g (12%) o Lond puré ‘tore ‘end end fractions
‘were obteineds

y:l.eld

2-Todg~lxpiopancl M)m ‘propared from 2-bromo~l-propanol,
(1), ‘by the: proveduse’ dbacribed; aiovey T A £oRty hour Peflux’
tims wae allowed fop 4ls: loaw Teattive sétonidary halide. The
product- (25508, 678 Y114} botled &t 742795 4520 mim. and
e BLIghELY aoTorad whkh #1 {ng, o Ed st akton ‘4t 9 may
Posulted Lit firthes ‘decotposition snd was fiot effective in
Pemovel of Lodiney Ty 1 domes gguy ‘of ¥y’ énd VI is assumed
Pion Hhe’ tntpared 'spodtra aescrihea‘:-wer (Figures IX and'X).
The 5,B-dtvi¥trobenzoates of Gack ‘6t 4§ Halohydring wes
prepared by heatlng 0:01-0,015 mole of haldiyarin with a slight
{6-104) exoase of B,5-dinitiobeiizoyl chioride at 70" t0 100°

“fhe peaction’miturd’ Wad kel ip 1d-shlororom, washed with

“sbALin darbonite’ (hd AN {idaIITate  Solition in the case of the

Jado cOmpomaa'i ‘HoTuttor’ A’ Ye" chlcrdfom evapﬂfatea Wnder ‘a stream
of dry aire ‘Thé orude material thus obtained was recrystallized
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seversl timss from technioal hieptens which had been sheken with

concentrated sl shod Wi th ‘water;: and dfetilled over

sodium, The malting pointd wepe' takan usihg ‘8’ themameter with

0030 -@ivigions \‘ﬂliﬁhh&a
thermomstesa; ‘and sbe oor

:‘calibrated agams‘b Buresit’ o: ‘Stendands
Fctio:»;a' ‘have best applieds
ime preperation and properties’ of the' dinitrobenzostes ave
reported in Table IV, o
S ‘Propertisss
‘Densty end pefvastive dndex were dternined fistng Gonventional

pyencmsters and an Abbe refractometér ‘Temperatue: for these
mmremantswaemammeabymaana oF & conatent temparaturebath
“whoge tamperature was: meaaured 'by a Bureau of standa.t'de ealibrated
$hermomster. af: 50405 = 0,05°.0,

Mnlar refraction ey eaiculatéd Prom thé ‘above data 'by tha
mathod deaeribe&i‘in Dantel 41)

Neu'brélizationz -’?‘equi?alen a,waﬁef‘i’detemﬂneo. by waighins ‘ginall
smounta of halohydrina %6 - glaas ‘gboppered bottles,, adding __a 10%
exoags of sbandariized 0,1 nofma

I sodium hydroxida, heating} I e

stoan- bn‘bh foi’ half'an hour; ‘and baek” titrating the axcas base
with standard ‘acid, using’ thymol ‘blus as; indicator-‘
The' ~;:physi.o§;lsq; diits ‘of 4He’ halohydﬂna are ‘1sted in
Table Te
O+ Infraved Spectre sid Analysisi
The spectra of 1l the Gompounds described in this thesis
have been detormined using a Perkin<Elmews Model 2 In:f.‘rareﬁ
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Propared

{a),
(b) biet

(@)
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%
x
x

PIE LSbromndR-prbpaniol -
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ira‘bar‘.lried
Il—chlo:*o—-é-rl.‘OPanOi

IV DLrbioLLEpropanel 2

PTOSTT 9
T 984592.9
RetR
¥ Islodosgipropatol’  UUYERTY B0.6-83.8

{a)
(b)
“{e)
(a)
o)

VI 2-iode~lepropancl g 199v4<100:5 (2}

‘ :% N 8042,

oloangosnr, Cales % 0'36.0, %H 270, 4N 8.2,

Y Found. "='~-f35»9 259 85

OO, Calos $ O'BLS, %E 2.5, %37.40,

Fpund. 34&3 Ril5 R PV

Oalds % c 31.5, 48 z.ss. %N 7,40,
~Found 321 2,87 7240

8055 iy ‘~,

%I 5.4

% Br 24,0
2349

4 By 24,0
23,9
33.1

41 2334
3343



Talbls V.. Physical Propertiss of Propylens Halohydring

' 2-propamcl

1T 2-Ghlowo~
l~propenol

IIT 1-Bromow

2-propanol.

IV 2-Bramow

14_..3 TO oL

V 1-Todow
' Z~propanol

VI 2-Jodo-
1-propanol

31,4356

14762
“LJA785 "

15365 1.8999"

1.5392

~.50° ¢,
21008

1.0905

1,5585

1.8902

22,56
25,17
25.38
80,54

30.83

'Demsity,” ‘Molar'-Refraction:
Found Caloulated

22,45

5'-35."35"“

0,87

Found

94,6

9.9

138.9°

185.2

181.5

i

autralization Equivalemt
' Caloulated

94,54

94,64
139:0
139,0
186.0°

186.0
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spaotrophotom%er» Po
z‘»a v ‘30 IVIQ

hera ag B

Spebtra of the solid

with aaimilaremptyaell ; j""i'erenceo

dinitrO‘benzoates‘m&.‘et coi ﬁﬁﬁiﬁ?ﬁ&iﬁﬂonq of. 150" mgs’ of

ainitrobenzodte: Per mlLitites f elleororotm; 1% 0505 mi

soatun oblord db-cblls withia 4l Yar 611 o pirre’ solventi
fop referents;’

Baoh of'thessconddry’ aldctola; T 11T} and ¥, gave'a’
poskc in the' regton”of 975 40 940-6n"Y, ana sueh of “the: primkry

alcohols.u.xv,and WIj-gave o poek dn’thel region: of" 970’

to9856m"1y?fra11minarye indietion" of $16: Bpectra of knovm

mixtives ‘of YH6REFLG’ palrs Hiowed’ “tHat thede lives obeysd:

Besr!a L, exdept ‘£or ilis vhiy Lovitbatsnt s on range, tut
the data; given a6 Tables: VI, VIT) g vIIT ware ‘caleilated
in terms -of theé" ratio ‘of: the Bet ght s of those’ poukil, metsured

beWaen themy TE mig.ht“ba ;xpec-bed that this

*t:.-om e mindu

thres pairs of halohydrins eppear as $igures XVII, ¥VIII, and XIX.
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FIGURE VI
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FIGURE VII
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FIGURE VIII
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FIGURE IX
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FIGURE X
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FIGURE XI
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FIGURE XII
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FIGURE XIII
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FIGURE XIV
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FIGURE XV
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“PABLE VI

Calibration Deta for Infrared Analysis of Chlorohydrins:

1

100

RS

w4

8146

49:9
‘388
2546
1248

0,0

%11

Hoight, 981 e
“8v6!
‘2048°
31-6
8845"
4438
537
5P

e B
~Helght, 938 em ™

7364
il G
6045°
G567
12732
TG
> S

2.2

B/A A/B

- 0.0

04148
= 0,348
1.59° 04558
1:33 0,755

-04915-1,098
"0.620 14608
04368 2,00

0.03 -
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Calibration Data for Infrarved Anelysis of Bromohydrins

it ‘F’ei@fk,B’QS‘?‘&é“l S

100 040 041 -5948 0.002
895 1045 44 635 0.069 =
8l.4 “18.6 9,6+ 589 0.166 &
68:9 8Ll L “55G 0,814 3,19
615 88,5 gLE 5340 0407 2,453
50305050 290" dgpen e 04589 1,700
41,6 58.4 3247 S Ky g8 0775 1.290
20.4 79186 2049 P58 1,615  0.619

0.0 100.0 BB 0.8+ @ 0,015
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A/B

0U005.
040118
0.0386
0,107
0.278



Transmittance Ratio

Figure I Calibration Curves for Infrared Analysis
of I-chloro-2-propanol 4+ 2-chloro-
|- propanol.
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Figure II Calibration Curves for Infrared Analysis

of I-Bromo- 2- propanol + 2-Bromo-I|-propanol
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Transmittance Ratio
Transmittance 98lcm ™'/ Transmittance 93icm

59

Figure IIT Calibration Curves for Infrared Analysis
of I-iodo-2-propanol and 2-iodo—I-propanol
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As & chedk on ‘the analytical method, severalexperimental
‘mixtures  of ‘chlovohydring Ctital ‘had ‘been “enalysed were diluted -

“with § measured amount o -1, 86 &g Ho*bring ‘the composition
““to approximately’ 50%, dnd the ‘eompositicn redetermined. The
results; in Table IX-balow, are dn indisation of the accuraey

of the mathod,

Conpihatory MHElystsa of Propylets  Chlotohyaring

Originel Wxture Synthetic Mixture Error
% I found % 1@ found ‘caléulated %

25.5 48.3 50,1 1.5
19.7 50,2 48.3 1.9
11.0 48,6 49,9 13
Average:. ' 1.5

Analyais’of niktuses of dlnitrobenzoates o be obtained
Toom’ poHLEIYS halogen AddLEISH Fonstions ere Derforted 1n &
semiquentitative Pashivn, Tha chlore-and 16do products showed
no %race of a peak given by thé correspondilg vrimary eeter,.
and' hence ‘Were assunsd ‘o gontain hondy - The ‘bromopropyl
dinitrobenzoated werd anslyzed by visual' comparison of the
helight of ‘the peakiat 972 ¢n™* wlth spectia of synthetis nixtures
of 0, 25, 50, 75, ‘and 100% composition’ of the' two, esterss
The aceursey: is very low onthene v"éﬁéii‘sjr‘&és*;é"i:}i‘obﬁblf ‘0f the.:
order of 10%, although the ‘orderis inmmigtakebls Prom the

curves.
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D Ring Opening Rshotions 6f Propyléne Oxidei:
Propylenis oxtde was allowsd 4o ¥eaot With Hydrogen chloride,

Hydrogeri bromlds; os hydrogen 100t ey a varisty of cons:
ditions and thS WalGHyAring so ovvalned weve analyzed by the
infraved ‘progedive” to detorniie the " Lsomerte conposttions “The
resotion conditions werer

11511%6rs* (0V7LE ¥ib1é) "2  propylene oxide-

(a) Pitty @i
was edded %o e Holition Dreparsd from 56 g (1 mole) “of sodium
ohlopids, ‘200 WYV 6f 'fe‘é;ﬁ%éﬁ?c‘*:‘é%}éj&fHydiv“d&hl‘éﬂ'd ‘asid, anhd 200
ml. ‘of water, ‘héld at - ‘a‘specified temperatire; 'The reaction
mixture wis dooied, extracted with.Pou¥ ¥00:'#l: portions of
ether ‘wifch wers combinsd ] dried ‘over dodiunm sulfate; ‘then .oter
megaesiun bulPdte, teated on’a#team bath o remove ether,

‘and dlatilled thedugh & Lorty 1nsH Tighedir olamm,:.

(b) Fifty mil1111ters ‘of ‘propylens oxids ‘and hydrogen
chloride were ‘added simultareously o ‘400"mli’ of ether hald
at 8 specified “tampersature and tontalning ‘4 Bnall amount of’
thymol blue. 'The Pelative rates of #ddition wers adjusted
80 theb the solution wes nesr the yellow-to<red’¢clor charge
‘of the indicator (pH 2~ In waber)i  The solubtion was conrevted’
$0 an asplrator $6'panove the dxdess hydrogen’ chioside added

at the end of the yeaotion " and aldo the dolvent, and the mix~

“Hiure was QLEEALIEE HE 1 (ayi

(6) Fifty mil1111%6rd of ‘propyléns oxids and anhydrous:
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hydrogen broride were allowed to romet e@ in {b). The excess

hirdrogen branids”and StheT Were Werioved on 4 ntéan bath rather

e

then ‘unde# GhpLration; aid s Pesiltiig bronshyarin contalnsd

‘d1eeiaulsly ‘deparable Lipurttiss; probably ths aibronide.

(@) PPty miTii1iters o2 propyTens o5y s added slowly
6 125 ml, ‘of corientiated liydrobromis sola at a ‘specitied
temperatures  The reaction mixture was théen ‘sdaturated with
godiws chleride and '*é“ic‘fi‘&dte&"'ﬁflt%hi'aé~ '100-n1, “portions of

J(e) ‘I‘wén-bymina Jgvams” (0,50 mole) "of"'PrOP?léné ‘oxide”
was added slowly $0'a golution of '100'ml; ‘of concentrated
hydriodisa aeidanﬁlmmlorwater,ataapeciﬁedtemperature
The reaction ititure yes satirated With ‘sodivii ehloride; ex<
tpacted with $hres 504ily portions of éther; ‘whish were dom-
‘bined and d¥ied-bver dodium snd wagnesium sulfates, heated on
& stoan bath o Femove the ether, and dlstilled through a
modified OlaYsen appavatus &b vedissd pressires

12) o a solution of 145 ‘ge(1s5'moles) 6f amionium bromide,
50.0-ml (0,715 mioLen). Of ‘propylens oxide, and & trace of methyl
orange 11 300 ml. of wabteF, doncentrated dquécis’ hydrobromis:.
-atid was aadéd‘"*‘afﬁ""éii&ﬁ““a tate as to matntain the solution
&t ‘the {ndicstop eliangey The product was {dolated as ni(a)

{2) To the twWo phdsemiEturs ‘Femalting froi the vescbion’

SRR

'jngs and 807 go

betwaen 15 g (0.615 male)’ ‘of ‘magneaiun®
(0+50 mole) of bromine in 400 ml, of dry ether was added
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1040 ks {10 1OLE) OF pLoPyLeny; oxtdes “THE precipitate’ vas-
filtered; pressed dry} did Hydrolyzed with 500 mls of two
n6ymal sulfumieacid. s veaebion mixtirs was  worked up as in
(a)«

(u) “Exscbly 400°gy 6f odium Hronids ) 50.0"ml. of propylene
oxide, snd:twé" drops of tHymol Blus indicator ‘were 'dipsolved inm
600 mle of wHtor,’ Aguecus Hootic motd (4% was aiasd at such @
vate-hs t6 kesp ¥he soluticn iat ‘the ‘6olor thange. ('8 in water)
of the indicato®, “Thé product was lsolated &s’in {a).

The results of the analyges’of dhéBe produsts ‘are given in
Table Xi-

To test the popsibilities that a"éhangs in ‘compdésition migant.
occur by furthér redetion of -one’ isomer under the reaction
‘sonditions oF by ‘distillation, op that {scderization of ons
‘gompound to. the other might oacuw, the ‘Following experiménts
were performed:

(1) Cotmeroial propylers ehlérchydrin’ (Eastman Kodak,
infrared annlysis, 75% I) was distilled {hsough the Tigresux
columt uged i isolation of ‘helohydring’ fiom spoxide reactions.
An 86% recovery of pure ‘chlorohydring was found to have a
caimposition of 6% T--

{2) Arpimpls of camiereial’ Shlovohydria {5000 g, was sub~
gtituted Por ‘spoxide in’ proceduve(a) aboves ‘A50% recovery of
ohlorohydsins Goiitaining 754 I was obtaineds



TABLE VIIT RING OPENING READTIONS OF PROFYLENE OXIDE

Resgent  Solvent

o Percent Percent
“procedurs

i B

8
28
7.
B8’
et L 18
15
26
;29,
is
23.
12
18

‘ mi L

Neutrelization Produe-ts

.Acatone (b}
HBxy *“*‘bhem(e)

"’Hater(d)'
oy

.

"
MgBry- Ether(g)
NH,Br* Water(f). 1::
-NaBr Water(h) s L4754
HI I’Iater(e): «10 5. e
HE 65 75 +

41.4754.—
1.4756.

¥ Caloulated, OgHpOCL, 94.5; OgHyOBr, 139:0; CgHpOI, 186.0
# Impure products (CzHgBrs or iodine)
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{8) Anixture of commersial ehlovohydrin, 103 gy of sodium
bromide, end 0L
two houra without ‘golventy'  Ths /olution #idy r11tered and distilled

“Hod i Loatas  #ere Hented ‘o4 stean bath’Tor

a5 befors, in 884 Tetovery o ailoroliydmins with & composition of

7654 T was miads

{4y Fiftygx‘atnsQtcommeroialchlérohydrihwasheatedwith
1,0°gs of ptasstul hydrogei  sil fate  at 80% for 47 Hourss Direct
d1stillation gave 5040 g of ‘cliloroliydrin ‘with ‘a composition of
6% Iu

(5) <Seventy-elx gréins of bronohydrin having’ & éomposition of
-B83,5% ITT vias substituted: fop époxide’ “1n-prodédiire ‘(o) There was
obtatned 810" & '0f DProdust {*106 % y1elan) whish ‘appedréd to.be cons
“taminated, probably with dibyoilde; ahalyzing for BL.5% III.

‘Ol $he" baEly of theds ekperiments; it Seeny dafs ‘to assume that

formad by the reactions involveds:
B+ Addition of Fositive Halogen Salts of 3;5-Dinitrobenzoic Aoid
40 L-Propenes’
{a)y To'd LU SR 160 g (o,oso 1616} of §1¥ved B;6-aini tro-
benzoate' 1n" 200 il Of anhydrous” sthery 556 1l <(0;1"Hol8) o2 ehlorine
wis added whilé the mixtive

10es ~After a 10-minute shaking peried; comisreial ‘Propylens was

was sooled i d hush of éhlorofoin and dry

bubbled in’ until e’ 6doi of chiorine 'disnppearads  The resetion

mixtue was allowsd o watm $o voom Semperatuve, Tiltercd, and the
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‘other evaporated in & strean af alry ~The vomilting solid was
taken up’ ing iindvn 0L shlorotom: {1’ ‘ﬁhié&;‘5i-amitrobenzo1c acid
16" quite ingolible) and agaln‘svaporated’ to- dryness. : There was
Obtaindd 2.36! gy (16444 y1s1a) of ride material which ehowsd no
twade of the  prinary ester; VIII, '
' 11zed fyotn-teptand Fo yield & product melting

ot Antrared ‘anslysisy: This orude

mol) “in plade of fhia“ehlorines’ ‘The oride aterial fxom ‘evaporetion

ofor welghed 1387 gl (124 yield)i - Again; Hio trace of the
rimary estely, By Wes'found o ‘Anfrared analyels.” Reerystallization
£rom hiepbasis BAVE & $rodust HLEng at 75,8-76:8% O . Mixed melting

‘polng with TX e 72457744 Gy

(0} ' Bkpevinient (4} was ropsatéd; using thves ml. of bromine and
oooliiig the iixkiie ‘(i i '1es Bath, ¥athes thar $he dry loe end chloro-
" o:mccoli.usm

voy ‘The 2,8 g4 of erude  prodict (174 yle1d) showsd,
- on - infraved: analysis} a ‘peak ‘4t 978 mn"l”hal:f “as-high' (from the base
1ine) as-that’ Y8 e o E 85 ¥-and 758 IX# AL ber péeryatallie
sation from Heéptane; $He compbattion o2 & dinitrobenzoata appeared
‘unchanged, §nd’ths Produet slted 4t 5739-61:6% 0y Micture with IX
gave & meltit pointiof 62ve<r2i?% Gy WE X, & rilxed melting point
“of *52,2480,5 was ‘obbtaineds
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{4) Bxperiment (6] Was Tepssted naltig onb-halt ¥he quentity
of ‘eschi renetant ANy FERLECNE thi? StHER By 100" fils" 6F  chloroform,

6d 4,48 gy (B 'yLala ) of “oruds Agterial in which

composition; giving e product heliing #t 5948614 0. e mixed

meYting podnt it IX wig+595-86:2% ¢, "and X wes 59,5+63,6° ¢,

substituted Dor ‘ether aida solution of O1'g« of benzoyl peroxide

L) g oL

0t (o) was Yepeatsd vtk 200 ml, of shloroform

in 25 nil. chléroform added 4o the slufry “just previous to the
addition of the propylenes A totel 6L 5.91 g (364 yileld) of exude

1y8i5 apreared bo heve-exactly the

maberial, vhich By fnfrared ‘and
gams domposition” as ‘(d) was obtaineds “The melting point after re~-
erystallization vae 69,5-82,22 ¢ “Mxturs with IX gave a molting

point o 59iBEB7LI% N Ba With K Bave 4 TEltiNg Folnt of 59,5+64,5°0,

APY - Bxperlnetit () “was repeated taing 05085 mole’ of silver ‘salt
and of ‘odine . T’ product obteinsd (5.,187g, , 64% yield) appeared cm
the basls of ita intrared’ spoctrun €0 eontain vo XIT, ‘The melting
‘point ‘after recrystallization was' 69,5-75;0°, and the rixed relting
point-with XT was '68,0-77,0%..

71 - WiseelLansbus Bxerinentsi «

1 4CHToro~2~propancl (1) was jrepareﬁbythomthbdorbewaal
183} by ‘the’ silfurie Hold-oatelyzed hydratisn of aliyl chlorides
Verylng amdunts’of product mmobtmea,withoompemgfmfmon ot
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tarad  No ‘!;race 6 461 dams L6 1T couid b6 dateoteds
ilemg’—‘-'e%nwp‘ano];f%.‘(xJ:I;;I)’*:Wuaéepreparea;:~byt‘-:i);heiragme method 1u
“EnelYELE of Pl Broduct, which' hed been

114 yields "Tafrarsd

allowsd o' Htand Fox several months; ‘Lidicated that it was & mize
1rig 91 TIT 765 9% o 4he Lsorer; TV

- Anatbéuipt was Hads: £ prepare T by Lithiin aluninum hyaride
‘yoduotion ‘of ‘epichloroliydriia, -Small amounts 6f impure chloroe
‘hydedn were Obtained bt e reaction Wixture was too complex to
‘warrent fﬁ:r’%héﬁ:fiﬂ.ﬂiré'é{iié&ﬂoh*ﬁé'*'T?(“'ii‘tééi‘héfﬁﬁte procedures

1;8-Piehlovopropatie Wes héated 1M a seled bubs with silver
3,5-dindtrobenizoats Tof verying ‘periods: oftime,hut ‘all.attempte
40 isolate ‘any ‘halohydrin estexr wépe unsuccessfuly Similar rosults
wore Obtained with the ‘godium salts

1;2-Diuhlogopropans viad Heatsd to 405607 Lo bver a-sonth with
' & mall smbukt 6P odiun 10a1ds, but no

0,1 normial bass Eontatiiin
‘decrease in the :amount of ingsoluble’ dihalide was noteds
G Utisucesssful nalytieal: ‘ﬂatho&s(

o © solubion 6f 5.0 Ml ST Ghlorohydrin in 10500 Hils of water
was added a sufficient:quantity of Venzoic acid (abouttwograms) to

saturate the solutiony: ‘Under these dorditions; two liquid layers

wove formed in addition Ho-the rvamainivg-dolid benzolc éolde After
equilibrating the" mixtwre for:about Half”ah Houw'if 16 ‘conatant
tamperative ‘bathy. % sample ‘of the" watar-rich: upper 1ayer Was ~amavea,

welghed, end titrated in the cold with 0.1 normsl base 6 the first
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end point with thyiol ‘blie {ndleator. ThS Solubility of ben-
2016 acid if -this! phads s

semsd 6 vary Gonsiderably, ahd en
abtenpt was hiads Vo’ deV1s an’ anelytisal method’ fn: Bhis way.
In Pable Xiars”given e’ detérad
end"in Table XIT are’ glven Soms &

cheoksd, by #hé infeared msthods

igtiohs used tor calibration,

2 X

rGed which fsze later

TABLE %I
Calibration of Solubility Anslysis Method
%1 I .-Weleht % 0gH000H

100 0 2458
75 £5 2.21
50 50 1497
25 25 1.78

0 100 1,51

Ohdols'of " 5o1ubil1ty Anelysis
Ut % GGHEGOM Wa%ﬁ%qn,, Solys Oc‘mgpéét;on,, Truae

3,19 100 100 (a)
2,869 lo8 a9 (bg
2,67 105 87 (a

' 84 83 (b)

81 75 (b)
.8 75 (b)
S BB 63 .(a)

{a) 'True somposition détermined by synthesis’ from pure isomerss
(v} True composition determined by infraved anslysise
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This néthod was ‘bandoned, du to the  drratic results obe

tained, ‘and-the developisnt”

LETEEESS
Anadyticel aitillation wad abtempted di-6rdest to determine

the “Bemposl blor o it KoL Lonsry Dy hytrogen skloride gas

was passed -irito” 470" g (8,10 moles ) “of propylene 6x1de until no

From 30 to. \"59.6'»: Ovy and thé tobal gain in'Welghit Was' 256 gss (742
moles, ‘as HOL): ' Prélimina
vesgel gave 570 gi (75% ¥leld) of ‘erude’ ehltrohydring; which were dls-
tii1ed throuph s Jacketad freetionation” eoLutin "four foot in length end

A48t et Lol a1 ¥6otly Lrom the reastion

packed Tith glass Helishky At e piéssiré‘of'60723 nid.,  the distile
lation data plotted in Fiaive Xr; and if dffersntial forn in Meure
XXI, wes obteinedy *Oaloilation 68 perdentages of: Lsomsrs indicated
dred 634 T, 374 II, which 1s

that ‘the ehlorohydfins a0 obtalried Gonte
not unreasonabley in’ view of themoreaceuratomrkbyinrrared ‘analy«
glss Redistillation 6f tha"ceiter Tragtion-of ths Lowss boiling
matepial ylolded d Drodust whilel Tated InPrared-snalysts indicated
oontained 5<7% 6£ITi" Under $Hene bondTbons, "t Sedis tivlss. to
expeot the results of distillation data o be very relisble,
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Temperature

Figure XX

Distillation Curve, Propylene Chlorohydrins

Pressure = 607 £ 3 mm. Hg
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Figure XXI

Differential Curve, Propylene Chlorohydrins

Data from Figure XX
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