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of the substeance Iin & nonepolsr sslivent, vhere there iz a
limear relation with eoncentration, orovided sasotistion
effeots are sbsent, whioh also allows the oaloulation of J.
This thesis is concerned with the solutliwm mathnd,
Ualoulstlion of 4 may be wade by mesns of egustions
which failow. Thess wers ceveloped emlefly by ‘ebye.
The solar solarigatlion of & sizture of ten Couwnonants s
siven by:

o = €,-/ Aﬁ;bﬁfwM&AALzz /?A£'+ff/bé ,

Blje 1. e E,,+2

2

whore the subserint 12 ?ﬁf@?ﬁrﬁé the golution, ana , 1isa
tbe molar polarization of the solutiom, €, end &,, itm
gisleeirio constant aud denalty, @, and », sre the mnlaculer
wolyhts »f the sslvent and solnte, and ¥, and ¥ are their
male fraetiong, Yvidently the solerigation of the asiutiosn
i &n addltive groperty »f the polarization tismes the oone
eentration oY the individual species in the soslutiaon,

The nelarisation of the solvent 2ay be determiney from

the reletion of Clausiue il Sngottly

EGe Be AR

where ths terzs have the seme gignilisenee For the golvent
B8 thowe In Hge 1 &9 for the solution. Yhis equetion wee

derived withaut takin: iabts socount molecwiser intersetion

andd is ennseguently rigorcsue only for the gae heass where

interaction 1s asmall enough to be npegzlected, Havever, it

is found %0 be applleable to nonepolsr golvents where the

maleculer intersatlion 1s swall. From "ge 1 1% Pollows thmi:



72 - 1=/
fqe 8a  R= 12 P'A(, 2)
2.

If 7, is destermined by measuring dielectiric sonstants snd
densitisa for seversl ovwentration reanges al sonsbant
terperature, then, since ", sen e dstermine. Fram Yig. 2,

* will glen be Geternined &bt those sonsenteationg, £ slob

2
of the 7, values va, ¥, mey be extrepolated to the infinitely

dillute solution to obleln the guentity . , which is the

mrlar nolarization of the solute 1o & sonditisn where aolute
molsoules ars fap enouph sovart 6o that they should corresw
pord to the ges ~hnse, L.8. Do asscelabion effects should
be sresent, ‘Then the esgustion of Tebye Lor the solaricee
€lon of & ges should Be apslicable:

“Ge e P= LT g+ LT Wty + LT Wta”

, 7
or written @lnplyt FERZ+R+E o where e wn€ U are the conirie

J

butions made to the =moler polarisatiosn by electironie and
stoxie shifts in the fleld end ’, is ths sonbribution made
Ly the arientetion of the morzgnent dipoele in the fleld,

fedlasing ¥ Ly Ff ¢ “3e & may Do solved fovy u to osbbalin:

ine B = 0,0/273 x10~'* l/z};"‘.— 2+ 7T
whieh le the equatisn ueed Tor the saloulstion af p.
Ypoand U, mey be deterwined Ilrom sessurermats o1 the pre-
fractive index of the commound, or fram the sum of the
afonle refractims for the moledcule which meyr he obtalned
from tables.

Moole momants obteined from solutisy messuressents do

not usuwelly sgree with those abteined from gas phase



reasure-eniss ‘This ls attributed to interseilon of the
salvent solegules with those »f the golube undsr Lthe senerasl
terz “aolvation effecte,.,” Various empiricel egustions heve
beon develsped to aitenpt o bring the twn %ﬁthﬁﬁs into
azreenant with only partial aus&aa;: neager end Yirke
Vﬂﬁﬁbhﬁﬁﬁ developsd an equstion whileh shows thut solubion
mensurenenis should nnt e ezpested to agres with . us
rhase sessuressnts but should lead to Migher velues o p.
S0, tie solutiosn melthsd 1s subject to sore uncertainty.
in splie 2f this, & gonsiderable body of expevrimental
ﬁa%ﬁ hes been Built us for soalution measurements whioch
ghows that the wvelue 28 & I8 thw veclor sws of all tiw
band sosgnts in 2 moleeule, and conkequently il velues
for bond mosmnts and thelr angles can De assligned Lrow
solution messurements then p should be sapable of votlinge
tilon for e supposed sirucsture af & moleoule., Cowparlson
of this sstizated moment with that determined ezrerimente
s#ily, thereforée offers & means of determlinetion ¢ the
strusture of solecules,., The method heas worked out very
sali for maleculss wherde angles and bond 20ments csn Le
sstisnted 91th & Falr degres o8 srobibility. lovevaer,

11 many essas unswblgusus structures are nont necessariliy
sarlisneblie Lo 8 molegule, snd the sstlizstion of the
€lpole wovent way be »eie mord complex by suoh oconsidere
atlong a8 res roatetion af groups snd oarts of mnieoules

about 8lsgle bonda, restrioted rotation dus o a variety



of causes, various kinds of tautomerlism, hydrogen bonding,
and resonsnce, IAatireted moments may be expected to asgree
with measured moments in these ocases to a degree depending
on how completely and guantitetively the varisus effects
which give rise to complexity may be treated. A dlsocusaion
of the theory of sueh of these effects ss may be annlleable
to the compounds messured in this work wlll follow.

e INTL BOWLLATINI: If e group of stoms in & molecule may

be nresumed able to rotate freely about & single bond,
then by cansideratlon of the magnitude and direction of
the vectors assoclated with the grouns, approoriste
mathewmstlcal tresbtment should efford equations whieh should
accuraitely nredlict the measured dipole moments 1f sueh
rotation is roelly free, 7Thls should be trus vrovided
that this is the only ¢ffect necessary to be consldered
and that the mowent sstimated from Ires rotation is
differont within the limite of experimental error from
that walch might be estlmmited from any reasonsble sonfige
uration of the gsroups concorned, or corbinetlons thorenf.
48 an example, conslder s wmolecule which might ve
deacrived by two veetors of egual magnitude which make tha

same angle with an axis

-~ end whieli are both able o
VA
?ﬂ(;tﬁ\ e rotate freely throuzh ao

azimuthel angle of 360,

as indieeted in Fig. 1.



if the vsotors are resolvaed into thelr somponente along
the axlis and verpendioulesr to 1%, the commanents along the
axis cunsel, &nd 1t ls only nseessary to consider the
sompaments rotetling 1o the »lsnes poysendloulsr ks the
axis. If one oomponent is held fined, and the othep
sllowed to rotate thraugh 3@@3 the possible rarge »f angles
betwesn the vectors is 1$@P&ﬁ§ &1l sngles are egunlly
probables The egquutism glving the sverage sjusre »omsnt
for this model hes been éiigvmﬁtg to be:
“he Be = AulswlO
where m le the sertlial or grouwp moment end 6 is the angle
its resultent veotor makes with the axis of rotetion,.
This =sodel has LHeen aﬁ@i&aé?z@ sthylens dlokloride
end & value oF 1,80 #es found in benzers solution. This
value i8 lower than that caloulsted fo free rotatlion
{2,177, o“robably dus to interactlon™ of the strong Te0l
baond moments whieh sauses thes to sssune poaltionns such
thet they sre genersally in opposition, (It 1z understood
that this rotation is due o thersel motion snd 18 slow
ensugh 89 that the slternating fleld will "ster™ the nole-
anles 82 that the avers; ¢ moment will e, in the ldesl
sane, the result of a statisticsl dlistrivutlian of vestors

throush &ll passible angles, )

W
intersstion of gartisl mosents in a molecule will be
sonslaered more eowplotely in s later seckion.



This equadliyn wez alsoe np lled to pexyliylene dishloride
(00,00 S 3,0H,01), which should vehave llke ethylens
diehloride without tempercture Jependence becsuse tha -UR, 01
grouns are now 8o {er asperd that intsrection 18 unliilely.
The saléuvliated valus 18 .80 whioh 18 in gstriking s regzent
with an sbserved "i”’ﬁl‘ﬁ%ﬁ" af Beide

Lae & applies to & limited caze of free rotatinn wmhere
the axes of rotation of the graups ere at an sngle »f 180°
to sne snother, in which cese elil apngles in the whnls
rangs sre sgualliy srobabls, “here the sngle Letween the

o
axsg of rotation 18 different fron L0, all engles sare not

egquslily probeble, as will be shown 1o the fallowing svelyals .
Tonslder the canee of two vegtors of sguel seanitude
whioh sake the saxe angle with theily ressvative axes of
rotation, which axes sre at any angled aifferent Irow 130°
or O as $llustreted in Fige B
et 1t ve assumed further for
parposes of alyplifiestlion
thet the sngles ehich the
veoltors mave with theolr axes
of rotution sare %ﬁf&nﬁ that
the engle 4 18 607 In this

osne, the vestors sey be

y represented as robating in
fZg.Z

tes airsulsyr nlanss whioh

(%4
waie 8o angle of 60 with each ntheyr s Lllustrsted in Fige Ba



it 18 at once evident it theres are oniy e rositions
asch o2ut of en infinite
boo wanber whiah wili aliow the
\ veetors to be at angles of 6°
ar 180°ts ench asthepr, e that
the probablliiy of the field
satehing any moleoculss in
suth positions is vanishingly
F:.-'/ L3 amall, and thereisre those
masiitions will contribute slzost nothing to the sversye
moment »f the wwlesoule. 8 sn les grealer than C‘»‘o ar iess
than l@a‘"&oam gosaldered Yhnelr orabebllity increaases.
{The distribution of probesbilitiss for this maiel hapn't
baan eorked H»ul with gerteinty, tut »robebly resches eguaasl
wexine 8% 60 snd 1207 with e minlwum &t 90). The wodel
ulmy Indicsten that Dor the sewe limitalions wiere the
angls /5:1200 the sane aversge wmoment wosuld be vredisted,
Trws mn.1es ﬁ 260%r(20°a0d A=70° were selussisy Legauss Lhess
coamditiong resresent to & very oo anproxisation the csse
af the ortho and »ebts dihydroxy bensene moledunlss shere o
te eztimated tn Le aboud ;@3 They will be discusased in
greslor {dotall later.
{t I8 now praposed to sréssal & vestariel c;’mrimm;m%

of an esguatian based »n the model of Fige B

"_T{hz,a derivetion was =ade Jor us Ly Joun RedArpsoN »f the lsll
Teleohone aborstarles, Turrmy Hill, Hede Thw ssws syuabing
neg been derived previously by snslytical melhods. Fuohs,
‘8tt e fTup ‘2"‘3’@139 i0%ie e e 24. S48 gi‘rﬁglés



Tl toatel tnntante:
mament 18 27 724+ ur
— =S — == —
A= e -/H?=/u,’- f-Z,u?gu,_ f-/u;?_‘
2

—z —2
s = _uz = e

— = =
o, =y

- = e
glnee M, and PR, sre indesencent.

a;, =4, mcos @ a8uwnin: {ree

robatlosn, ana the sase hoalds

3 - -
for )i,. I, and 1

. are the unlt vestors lndicstsd 1o the
e P - " [ b - - -2
e rem. ootz 2 ([ L0 1, eos?o ) J ceadl

. et = 2w (/ # @058 605> ).

mblon ia generel for salstules sonbainlis, two
Loentlioel orovos wnleh have o Ilxed angle beiwgan thelr
zoss of roteblar, It 18 easlly extended to inelude molecules

m

where ths coouos gre Aifferent, resaliting In veontars »f
dtffaront maonltude hoaving Qi flerent angles a4, and A, with
Eneir saes of rotationg

ik B = M T+ 2 by, @03 oS, @05,y

it should Lo eapuadble U aqstensiaon o the ssye wiere A
varias, l.u. for =sledules baving three degrsee »7 Uresdos
ol rotatlon. % oredioks Ehat 15 the roteblng vestors

Bs

[~
lme alose Lo U wiih thelr asxes of rotsilon, then

e

Ehe #aleoulaes gondal log fhers wlll show evera;e moeenis

wiich sre very olose btogether in segndtode re srilsss of
Bhe vaige of /g s bopuuses 28 Lhe s pesreogs »f eoso In

the sedond fersm in the psyenibosss. This is the owss



existing in the disls. It ie sles evident thst wiwie 5-/50°

“iqe 7 reduces to Tg. €.

Tre soplication of the freo rotatli:n pringinle hHes Dean
mnééoﬁa the ortho, »eta, and pars isosers of the dimsthoxy
derivativns »f henzerne by Fuths srnd "olfs They used the
sgustions:

for orthot %= wel+ it + wd, wty COSY Eos Yy

For mebatr > = w, "+, — we, wl, oS ¢, cos ¢

fapr HOrat /;E- = we,t+ ulz_z'—Z_tu, wty, sy, CoS Dy
wire K, and W, are the meynltudes of the pesrtiel roseunia
and ¢, axd o, sre the angles the veators mare with thelp
exes 3L rotatlisan. These ejusbtlsns cen easlly be shown to
e srecisl csses of the genevel Torat g. 8. vince cns ¢
for the UNCH; groun 18 elose to zers { ¥=75, by their
estinate ﬁﬁ# eelouiated values will be sxpeoted to be
sapraxinstely the asavw snd aprer 1,77, 1.71, and 1.6 far
the ortho, mete, snd para lacsers respectiively, These mey
e eoroered with the expvoerimental ?&iuﬁé; Lod%, 1.8, and
1,81 In the zewme order. There ig vessonably good spreampnt
for the sets and Grs 18x0rs, Yut 2uor s reament Dov the
artho. Yareover, the smpnitudes lnoresse in asooostise
dlrectiong. 7The ortho case might b exslalaed cualitativew
1y by sterie hindrance o dipolar intersotlon elthepr
whish should ftend to weep the dipoles in & gecerally
apsosed sondidion.

Zusiiostion o8 the esustiong of Puochs and 811 wea

/&
wade to outeshoal, resorelisnsl, and hydroquinsne. is

0



¥ §

mentionsd previously, the eguation for Cree roetstion nree
dists in these cases that the mapnitedes of the moments
galoulated on the besia »f frees rotatlisn should be sbout
the sane, bhased on sn engle 4 of ﬁ@f The cmloulated valus
is 2.21e The saserisntal vealues were ressestively 2.08,
2,07, and l.d. Apsarently free rotation 18 not orereting
here wuHieh agelin vay e due st loast in the ortho and meta
tBses, to intersetlion of grouns,. In the ease »f esxtachol
however, intramsleculsr hydrogen bomding ssy ve &ﬁ&%n@LB
end in all cssen rsgonmnon whioh tende Lo waks the bong
heve partial double bond eharacier ey Ho actling o bead
to kesp the H stoms in the plase of the rlng.

Resently, Tumler snd ;.%@;'—mz}.mf 4&@;:»\3. ied the iree ratatiom
aspinsicles to the intersretailion »f the experizental
moments of sterals and sadrostane derivetives. They were
able %o sehieve only & linmited interuretstion, however,
thelir work ls indioctive o8 the range of eprlieation of
the free wmtation prineiple in snslysing snleculsr sone
fizurations,.

In gensral, It 18 expested that moments of snlecules
af the tyses conslidered ehould be espable of sstimstion
unieas the ratation ie sreventsd or inhiblited by sterie
hindrance, dipeole intersotion, hydrogen bdonding, »sritlee
ulariy in the artho gase, - where sther comslieaking

fuctors suoh &8 regsonnce =y snter in.



. Ly o RO vl e muon ye P semy aba % M x HEF o
he g 2% i Ey FA RIS A5 I S ST AL in

woletules containing two >r more solsyr groups whlich slight
e sxsected to rotate Irsely In the abszence »f aterie
hindranes, the Iresdon »f roatetion might be inhidvited by
the flelds of fares Lhey sxert on 990 another. The mean
reiative oplentation of sush yyo 8 wonld then denend on
thelr «utual sotentisl ensryy.

%ﬁgaéshﬁﬁ pasd this oonsiderstion Lo Jevelan, faw
the orientatisn solarizetisn of a seserus =molecule,

lo = =3 SkT
shish may ve sompered ta ‘sbye's exprezalon:
- *
/9; “#aa/ . AL i
e 73 &7
In Seger's equati e m 18 the nesn poment in the Jivestiom

R, i, z p 2
Fae © 2. HdaV 2uiswo L(r-x)

5f the fleld, & 18 the sn:le between the momoni veebor

ol 1%8 szxle of rotetlion, and 2 48 2 compnlern functli-n of
the faotare whieh determing the »mitual potentiel L the
dinnles and depends osn the yesmetry of the =slecule.

¥ is oonsidered to Lo negligibly axkll when the sotentlal
energy between two dinnles 18 less then 1/10 kv, If the
ensrgy ia of the srder T (vt room Lerjperaturs &7 4 2 ;mﬁﬂL
ers. por molesule) then the resultant soment =wmy e sxsscted
to »e merizusly reduced. Tha mobuel ssbential gnercv of
two moxents m, and m, 2t & divtenoe® d Is about =, mzfﬁ3
and eonsequently the ener:y 18 abosut eqguel ts =7 when o,
@na mz1 x 10 @n6 ¢ =5 x 10 om. This means that 1f the
gletanse belresn the serbisl momeunis I8 sueh rester than

-8 — ¥
3z 10 or if the moesents sre wush less than I % 10 , =

i



ey Le neglected end in g ¥, s’ pepomes BUUL TR~
lent o u° in Tebys's excressinn, 4lso x deeresses with
tnoreasing tsvpereture so Lthat et hizgh tesperstures
Yeyer'ts exvyression aporaschas Tedbye's es 8 lislting case,
For ler er m, and m, , the sepsratlion must be yrester in
arder that -alsrizeation may not e elffected. Thus If
m, and m, ere ¥ x 1§Jytmw seseration must be betwsen 4 and
B x lﬁq Gy

foplisatlon of these osonelusions by %ﬁy&ﬁfﬁm hydisrgw
guinone dizethyl ether whers the seperation of tlw dinnles
18 about & % 10 d om, and Lthelr megnitudes aboul 1.,EB% x 143 o
resulted in &8 mutusl notential eneryy of the dlinoles smell
ensuyh €0 adeit owmnletely free rotation. Thias ia
spparently justified by the s resment of the messured
morent with that celaclsted by Uge. € ms previously
wontioned,

Thus, an eatizetisn of the megnltude of the mutual

patentlial energy Letwesn two dipoles in a mnleculs by the
favegolng mathod sifers & gualitative mesns of Tudping
whether or not rotati-mn of these srousrs should bve free ap
1ahiblted by dinole interastion,

Te piilip HImiwan Ve Jterie hindrancs mey be ezrected to

heve sn effect on the sowent vhen 1€ blooke {ree rotatlion,
The effect »1ll not be general and sonseguently sush cnree
wauld have o be exsmlined Lndalviduslly for 1ts efiect on

the sommnt, Uonsideratim of sterico hlindrance mmy even
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e sounevhet wseless iU the groupe sonserned have large
morsnte and are al:se tagether, because in sush & cuse
the intersetlon vasrgy shouid be sulflclient 4o srevent
freec ratatime

For sur oses oI this paper, only & gualitative essatinele
of the joeslblilty of Iree rotatisn 18 desired and sitarig

effevrs shall e ludged by mearns of Flgsherelerzield modsis,.

bk Ve AT gMEMESTE T SREEON A G BT R M QU g SRR T TR Py mER freghar
A PR A Y RPN PRI LA L ol ¥ s :
gRH AR 4 4 AN & e I s Ld M g
a8 " + TEAE Tt A% }%‘ R

maiels, could exist in two coufipguretlions, a "ehalr” and
& "bost™ forwm, a8 1llustrsted in Figs 4. For sye senrs
the presenge H»r abesnss of
ths tws gaenfijuratin wes

“ ., subject to sontraveray. The

C )
HAIR FoRm fact that lsoreprs wove naver

ignlasasd sven led to the

pastulation of 6 raid Ltaubts
" p asperliss betesen the two forws
BeaT Form

w#hloh would give the »oiseulse

an avera;e flet forme. In

Fy. #

roggent yours slsetrrn diffe
rastion m&@aﬁwﬁm¢m§§§ s Lrossonie ﬂ@&é: infraered aLESPD-
tlon ﬁmat?g, antd eslorlinetrie ssihodas in oonluneti m with
spectroacnpie ﬁ&%&yhﬁva shiown that svbetantieally all of
the wmaledules exist In the ohaler fove even st ordinery

tensvaratures,



Fram o atudy of the infre-red spactyum of eyslshexane,
CLleger, 6le &gf’hﬁﬁﬁ veti-ated that wibretion o0 the bonds
whieh sllaw ~esseys of the ehelr fore to the basl form
javolves & »oatential snergy maxismus of 14 koal,, while
that tyre of vibretlion whieh alliows the shair fore %o
peae through 8 vlaner gonfliguratlon ianto the ouposite
ghalr form involives an energy aep of 31 yresl. Tumler
st irnteod thet the bont form should have o bigher enevyy
than the ohsiy for:m by absut T=10 woal, Thus, two klade
of tautomerlss are poesible in the syolohexane moleounle:
ehalir 22 aheir and cralir= unat, although the amaunt of
ot forsm suat be very gwall, Sumler sstimetes abould
G001k an the basis of the ensrgy diflerense zat roum
temevrature.

f'it:wr/: fallowing sn analyeie due o §§mw‘.{f developud
the sonuoguenges that =hy b9 exrested sz & result of (he
chalir = olwlr tautomorisz and his songluslme, sxpleined
and smlified, will be discussed snd sp;plied o this wory
ir the following sages. The boat form wili be eonsldered
to enntribute neglizible elflfects,

With thes ayclohwaane molsoule in the shair farm the
hyderagen abome in eyelohezang muy be divided into two L7pes
enlled zelar and egustarial. If the sarbon ring 18 viswed
as harizontsl there are three nolsr hydrogens marksdly

alove andl theee warkedly below the ring while six hydrogen

16
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stoms Lle 1m an eauetrrial belt around the cserborns. °F
the bwoe hydrsgen stoms on kel Sardsn, one 18 olayr asnd
the sthey equatarlisl, IF the malesule nasssa fram sne
chelir farm to anotber, all ooler hydrogens becons esustors
ial and vioe versa, ‘# lonw e all sre identisel hwdrogen
atosg nathing new la stbslined by such taubtomeriss, byt
wlith ane 41fferent nueleus op groupn attsahed, tautovera
Hegoms Hoarlibly shwere the two forms wmy have the sube
484tuent in elther the olar or eqguatorial sositian,
Ly studyling models of =methylevelohexene “itzer Cound that
due bt sherlie interackinn the colar Forsm hes an enary
af Trom le€ to B.4 wasl,./male highsy thes the eaustoerial
fore, the walus belny sunnorted by axnerimentel reowults,

i moletulss sre gsonsidered whioh heve teo substituent
aroust, tavtomeriss e stlll scoseible and in sddition ao
is ciselrens issompriss and Sowwbtimes optleel sotivity,.
Zor exennle, the 1,8 subetituents could have the Orllowing
noseibiliticsr ome, Doth substituents naler (n): twoa, both
substitusnts sguatorial ‘&3 three, substitusnt one oalar
up wiih two eguatoriel: sngd four, substituent ons esustorial
wgitn two solar down, Unses sne a#ﬁ two represent troasg
formg of the moleeule, while sanes three and four are both
gie Loarwes. Uhelr> shalr teuloowrigs will eonvert ore
trans form Lo the other trans fore end one els fore Lo the

ather cls form.



In the followln, disoussion the ols and trans {oreas
of 1,2 sng 1,4 dleuvbstlitated oyelobexend will e consldersd
in greatey dobtall snd the diseussion will be 1ixited to
the cese where the substituentz sre the sanw.

In Pilge B all
sagslivle eonfipuretisne

Far the ehalyr form of

' the als 1,2 case apre

T (e, ’1’) T (le, /1',) tllustratec, {(In these

2 Tautomer: st d and Lfollowing drawings,

the dotted iinea indigate

polar down substituents,
m : #olld lines -ointing

toward the tor of the

. b
IL (le,ly) v (le,l4)
(te, 4 )T pRge revresent noler

Fig. 5 un groups, while the
others représent equstorisl groups.) 1t csn Le seesn that
I ang L1 are Lfdenticnl sa are 11X and IV, ehile I and IIX
are sirror fwe. 98 snd nencs ostical lsowers., Yhese two
confipguretions will result in the sewe disole wmament.

in the onse of trone 1,2 the situetion 18 somewhat
different, Uelerense to Flg., 6 in whieh all »soasible
configurations are jllustrated will show thwt none ~f thew
sre ldenticel. The tautowmr oF I 18 the mirvor image of

11 pnd the tautomer of 11 i3 the mirror fus.e of 1.

A7
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I (bottp) T (bothe)
t{ Tautomerism A4

su b ituants

Y Ge i e

! ns anre L omrd TiT, with
T (botep) I (bothe)
#ry Tiutomevism T4

wrgslile,y 8o thalt toang
a—m—o M- ;Q’% Slgaintt buabod LTy FThE 1
L]

T (tothe) I (botte )
F,g 7.




Hoth of these may heve to be sonslidered in mmking disole
monent estlustes,

X =lgtrofyogyelohaxasnone San Ge treated in the seve
fnahion as will be sbown in the discussione The 1,8
¢yolohoxnnedlone moleoule has optissl isomsra in tautow
werio equilibeluwn 1f 1t existe in & riz1d chalr fors,
The sneryy of Doth eontizurstions should ve ldentiesl
in this case,.

The geometry o»f ths eysliohexane ring s 4iffisult
when 1€ comne to flguring the engles betwesen the dinole

mowant veetore of the substituted groups, sven if the nolew

eule is comsiderec o be held In a riglid chelr form, 48
en aporoximetlion the angles sould be sstimated o the
wmodels allowing sultable limita for ervor. Necsurement

of moments of compouns where only ome alowie nuelsus is
carmected to s ring C {(no vos2ibility of free rotstion
somplisating the calonlations) would allow an estisste

af the anzles betwesn the nairs of Ue-substltuent bonds

in the molecules, end thesé valuee could bs uwmed for
sompounds wheore res robation is sossible., lowever, where
mare than one ¢onfiguratiosn 18 possible & knowledce of the

distrivution of the swlecules awong the eonii uretions

would be neceasary in order Lo use such & schome. Far
the esse of dinydroxy derivatives the astimstion of
nowents ressrdless of the wmmber of eonfliguratisns is

soneiderably alwplified for fres rotution bLoseuse “g. 7
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predicts that for dihpdraxy caupounds where the ancle 4

is fized the megnitude of the moments shonld be very slose,
Fupthermare, for the trans 1,3 (both u) and the trans

1.4 ivoth », or boath &) the models indiocate thed the

anzles between the axes of (he © atemd of the rlog

o
the attaohed nuelel arv slose ta L. In sush a ocuse,

if the veotars »f the subatli

buent grouss 1lle slong the

fegubatitusnt bond, the resuliant moments wohuld be very
close to zero, ir & pisid ehalr fors for the erelshezane
nuelens can e sssumed. Thus, msasursmzents of the trans

1,4 dlehloro sompound, Ior exsmnle, should zive 8 resuliant

ment elose Lo meras I such were found to ve the suee,
then the madel adosted euld reasonsbly be semuxed to he

gualitatively sorreat, ang measuressnies of the 1,2 trans

sampound should ennble the distyribution of this oomnaound
betwoon 108 teos conligpuwretlions to Le ealouleted, indeed,
a nowledge of this distrivution should enables an estimate
to e mede of the differenss in energles Tetween the teo
sonfisuwrations,

“itzer and eoewsriere have {found that polar methyl
syelohiesone hes & higher energy than the sgustorial form
by from le& » Zod ¥oealls/=ole, 20 this besls they show
that for the Jdimethyl substlituted syelohexanes those teut-
omers aeontalning poler JPoups have hlglwy snergles by
swounte whieh may range se high a8 L.4 xoul./s0le in one

enes, Sn gnargy difference of such & magnitude woyuld
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vepult Iin 8 s201) nercentage of the higher emeryy form
a2t the lower demperadurss. Top example, Numler has Osle
wlnted 99,3068 af the shelr form of eyolohexane at 328G,
for an snergy Aiffersoce »f 7 to 10 wosl./nole betwesn
tae boat and cshalr forse,

Thus the gsaleulation of moments foar the Jdisubstituted
syoloheiene @ﬂr&w&tiw%@ ia rendered Giff'lieult by the ring
tovtonariss in =08t cases, esven 1L &4 kaowledze of the
anor:tes of the different configurations were avallable,
it wmight be exzvoated that those eonliguratisns having

nolayr substituents would exlat to & sesller extent than

those having equatorisl substiteents. i:81in, sesh cese

past ke exswined Individually for these eifects on the
Sinnle morent,

G TERPBLY e N
¥ I Mt £g

5050t The hyerogen bond, in whish the

hyéragen ebton nerves 88 & 1lia: batweesn twpy other atoms,

18 <ifferent Irom other bonds in megnitude 1L not in
esaense. The wmture »f the {orces invalved heve not been
dafinitely ssaertained, but may be adegueiely exmslalined
by elsatrastatlie Interaatisn sand coanmeguently, the bond

1s expeohed o e formed Letwesn strony ¢leoironsetive
seaus® where one fontalinsg & sovaslantly bonded hwdrspen
atome The enorgles »f hiydrogen bonde sre astimated to

be from & ko 10 keal, per mole, Pxlstenee »f the hydrogen

bond between strong elestronegative grouns 18 indlicsted



by studies of assoclati xn, solubllity, spectrs, and otherp
?P@ﬁ&?ti&ﬁf'

Two genersl tyces of hydrogen bonding may ocour:
intermoleguler, whieh 1s respsnsible for sssoacistion in
alenhols, weter, and aclds; sand intrawoleoular, where
the bond exists bDetween two atowms within & molecule. 7The
latter tyre may lead to & supression of the ocharecteristics
whioh are denendent on the hydrazxyl or ather groun carrying
2 bonded hydrogen atom; for exemsle, the solublility of
ortho lassmers are Inorsssed in nonepoler golvents and molee
cular assoglation mey be decreased or inhibited, leading

increased volaetility. tVany other sxeamples of these
sifects have been @,m@%ﬁf"

e of the moat frultful experimental methods {or
studylng hydrogen bandling bee veen the study of the inirae
red sbgosrstion of wmoleculses., In the following dlsoussion,
this type of bLondling stall be limlted to rolesulss gontaine
Ing hydroxyl groups. “hensl and other aloobols exhiblit e

_ -
strong, ahsrp avssrotion peal et about 7100 om. {(wave nNoS.).

IT the hydroxyl group 18 loosted in & malecule where 14 may
ve Donded theough 8 hydrosen stoes to ansthsr nuolsus either
within or outside the moleosuvie, the sbaorption peslk will

o shifted to lowor wave nuwbers. The magnitude »f the
shift 18 & messure of thoe strongth of the bonding, while
the helght o8 the seak iz a messure of the amouwnt »f bonde

fnge For sxample In & molecsule sueh s catechol whieh

a2



sontaine two hyiroayle, one of which may Le bonded to the
other, two pesks sre sbaorved: one st sbout 7LO0 @&:L the
other shifted o & lower wave number, with both nes-s
having ejunl megnituce. 7This ls in@@r@rah¢§3@§ weanling
thet astechol exists in s configuretion such that one
hydroxyl 18 free while the other 1s comsletely bonded

to the oxygen atom of the ree hydroxyl., Yvidence for
this confliguretion hes recently been obtained froo a

ent of catechols If the
internel bonding is comnlete, only & 8ingle shilted nesk

maasurenent of the diosle noy

sguel in magnitude to the u&u&l seak should be abtalned,
Sethoehlorophensl elssely approsches this tyne. The infra-
recé sbsorption sseotrum »f this molecule shows & neal of
low mepnitude a2t the usual sosltion and 8 strong veak
shifted to & lower weve number., This is interpreted se
meaning thet the compound exlists in solution with most
moleoules exhibiting intramclecular hydrogen bonding.

In molecules contelining twy hydroxyls iocated on
ad jagent carbon mtonms thore may be gowe wuestisn as Lo
whethor o1 noat the bonding is iantra or intersolesulsr,
The guestion may be sertlelly resolved by studying the
&bﬁﬁ?@tiaﬁ spectyrun versus dilutisn, whers the emount of
absoration will Jdesresse with dilatlion 1f the bonding ie
parely intersolesular, 7The method would brese down 1
association were 20 strong thet 1t poreisted to 4ilut] ns

telow the i1i-it o messuresent, or i1f intramolecular
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bonding were 85 3tvong 8 to exolude sssueiation, or if
sssogiation existed, but at lowsr 4llutione s asroaletion
beecrrme less complets the intramolesculsr bonding taea over,
These ¢ases o not necessarlliy correspond to eany real tyrnes,
wut are only postulsted sas noseibililtlies where a constant
amount of bomiing should be Imdiested by the abeoration
aspsoctrur, unless the atrengths »f the intra amnd inter

boruis were aon different se to pive Aifferent absorstion
penke, whish Is guite rosslble. In these csses, measuree
zants of the =molseular welights at higher soncentratisns
aiasht provide & gualitative criterion for the bond tyre,
Jor examnle, 1 sesooiation were founkd st high conoene
trations by molegulsar welght methods and decressed within
the 11 its ol soncentreation by thet method, while &t
eonsiderably lower comdentratione the Infra-red abasrstion
speeirum showed a8 coustent smount of vonding, 1t might
rosennably be concluded that the bonding is of the intrae
molegular type et the lower eoneentrations. n the other
herki, oxitremely strong bonding of the intersoleeulsr tyre
might possibly nst be ahown up by elther method,

A further dlstinotion might be sade on the basis of
amount of bonding se determined Ly the infra-red snootrun,
For exumnle, the woleculsr wei bt method would not indicate
in the cese of the dihypdroxy o:mpounds how rmmny of the
grouns are boust in the assogliatinon, 7n the other hand,

i 813 grours w=ere bound in & "loek and ey’ sonfizurstion,



&
&

tne {nfra-red srestrum should show Lall free hydvorxgls
anc il bonted s ovidencsed by the oaltion of the oouncs
and thely sgusl ma nitudes, wille 1P one moleocule were
agssolated to the other Lhrowh one hydroxyl only, thw
sbsorption spsotres ahould ahow three unbound hyaraxsls
to one bound es evidenced by twos seaks, the one heviag
thres tivwe the helght »f the othor.

From the arevious dlsguselon, 1t cean be seen Lhat
the infrae-red 0thod evuld bBe & sowerful tool in dotere
sining the eonliguwration »f the types of molesules
goneidered,

Fyuroven bomils, should have an effest on the dinsle
woment of these zinds of molegules beceuse 1t would e
exrected to inhdblit the Ires rotation of these [rouss and
hold the hydrogen in & rather fized positlion in the
rolesule. Tnis of sourse, would lead to & Fixatlon of the
T ovectaor ln 8pece, 8o that its angle with ressect to
gther vedtors 1in the mnlecule Gould be oaleulsied with
som@ degree of ~robability, which should melke sstisation
of the disole moments of such moleoules o.nslicerenly
airpler. 7Thie would be true for molecules with cornlete
intramoleculer hydrogen bLonding. JTonaseguently, a.reement
bpetween the estimated velue and that Jdetermined experimenw
tally sould be sonsldered ac evidence for thwt tyse of
hydrogen bonding, »rovided thet the moment 30 ostinaled
ls different within experimentel error from that estimated

from any other reasonable sonfliguretion,



If ssaosistion securs, the siltuatisn mlight Le
consliderebly more Somplex, depending on whather or not
the Clmer would be &ngmtﬁiami.v it sywmotriosal, the
resulting g&a%urggrggzulﬁ be elosw to zerop if otherwise,
the mozent aizht taze on & value lxpossible to aheck
ecruase of the varisty »f soseible econfisurations., In
this reyard however, 1 the amsunt of essocistin oha:. s
1a the range of concentretisns wherein ths woment s
messured, the result should Yo 8 none-linsar Jdsnendence of
the solute volarization on concentration, The nnture
and extent of this varistisn =i:ht [lve & elue a8 o the
gonfiguration of the dimer. VPor example, 1§ 1t eere such
thet the ' values decressed with es.centration, then the
ssaneletion would protably e tending toward & ayrmeliricsl
dimer, or st lesst & Simer with & lower avers,s moment.
Howavwer, 1t 18 unlikely that & dirxer of higher avers: e
morent woula be Torwed,.

in gensral, 1t may be consliuded that recsurement of
mordnte for solecules of tynes Jeseribsd wdove, wesy -lve
more or less delinite Indlicstinas of the erxnfllisuretions
of the molesules, where the éxtent »f nrobabllilty mssi ned
to the eonfigurations aay depend on several factors in
sach Sifferent sase, & thal eseh cgre must be decided
individumliliy, 1f 5t is ossible &% all, with the hels
of sugch avsllsble evidencs as may b obtained rom

excerimental worik af sther traes,
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Teutousrisn ia that osroperty of & moleocule whereby 1t say
pasy froaw sue Sondligurstlon of 1tes atomlie nuecleil o anotiwer,
These may Le axpressed By differeat strucstural forsules
when the tautoxerism is »& that ¢ od known aa srototyny

ar anlonatrapy and is to be distingulshed frow thet wind
proeviously oonsidered ar the oyciobexane ring. n this
instance, the migretion of a :meleus [rom sne nosition

af attaghment in the molecule to another is involvad.

The existence of s wind 5 teutomerlsm wmy bHe
inferrsd fran the chenicel properties of molecules which
show 1t, but it may be Jdemonstretsd ¢onciusively by the
fafre~red sbsosrption spestrum of Uhw sucstances, whoere
the ansatrum will show neris ahwrscteristlao of the differs
ent forms. Uome indisation of the distribution of the
substance emong the forms should e obtalnsble {'ros the
anplituds of Lthe peeus ohereacteristic of sach [orm,

The reason for tautomeriswm (wmet lie in the similarity
of enorgles of the different forwms; 1f thelr megnitudes
grs ocloze together, then the distribution should be avout
the sane, neglsoting other effects,., Iif the energics are
sonsiderebly ¢ifferent, then the distributisn should be
nreferentialiy to that fara baving the lowest ener;y snd
sansaquently the gprestest intrinsic stability. However,

the positlion of eguilibrivs may be slfested by such lactors

a:%
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Gl resonance, hydrogen bonding, and, if in asluilan, the
arturd of the solventi.

This thesls is erticularly concesrned with the tyve
Ynows us Keto esnol” tsubtorerism wnigh ~ay be exressed
1o the general Jashiosn: S>e-¢=o &= >C =€ —oH,
whers s hydrogen atow has =i reted from sn adlacent carbon
to the ozxygeny of the carbonyl, esteblisnking a dmible band
between caruons Jduring the »ogess, 5 goad example of
this tyse exists in the scetylscelone molesuile, which
may e respresented by the formulee:
Qﬁaﬁﬁﬁﬁlﬁ*fﬁ3 sl ﬁﬁ,?{?ﬁ}:=ﬁﬂ$t$ﬁ,. This substsnee is
foumd o ex1s8t Lo the estent of Hl«353% snol in the pas
phmae, the enol fore prouebly belng stesilimed by hyupagen
Doading and reson&knaos. The /3 ~filvetones and /B -e tanlo
osters orovide the best <nown examnlies of xelbowensl toautoe
werism, however, the phenomencsn 18 weli-estsblilsghed in
the case af « -e%iika%mazf aspeoisll;y 1f they mave & eoyolie
gtructurae. |

If the subsranced 8 in ga3lutiom, the ssylvent wmey have
an important effect 20 Tts Jlstributim between bthe Toprrs,
The equilibriun eosnglent {7) may be defined as the ratlo
ol the ssngentration of the enal Torm to thet of the veto,
Yaiuas of T Qe acetylecetons rence Irom 0,84 in water to
De7 in benzene and 12,0 In hoxand, Y can khus bde roughly

sorrelstad with the poldarlby of the aolvent, the ebn form



e lay, fnavored in sirongliy rolar salventa,

Hesonancs has been disgussed asomplebely in varis.s
mw-’z«wztam‘i more recently in the pasers of :‘;s;mgfé;hi7 it wili
be sulficlent here to noint out that resonance in ooon juwe
suted double bomis will in jensral De etapected Lo unnirie
bute to the ateblility of strustures by amounts rangling
From @ o © vomle por soles, sl consgguently resonsace of
thia ty»e may e su ilwortant lecbor in determialo. Whw
distributlisn Detween the kats and enol lovms,

Hegleotin:g the pesonence effect [or the monent, let
us eonsider what effect the etuwsnol teultomerism stwould
buve on the 4l ole woment. It 18 evideul That since the
morent associsted with & hydrosyl group {(ebouk L.%; i
cons tdersroly smaller than thet for & cerbonyl (about C.8)
the esiloct should be epyrecieble. In spite of this csrhaps
0o sore than o gquelitstive estisate of tiw effect may bve
wade ln sny csse becsuse the estiuetion might devend osn a
knowied,e of the distribublon of the subztunse Leilween
the two fovse, o0 the conliguretion o8 the molecule iu
aneh of these two forms, s the povsliullity of diserizew
tlon as disgussed oreviously fer the dlals, Jerialin
simnlifylng effects might possibly exlisi; fovw example, a
gyellic X «dlketons =ight 26 szpocted Lo eilet in a none
palay solvent with ows wetone grour $ully saollzed Lssause

ell turee o the effects srevisusly considered would favor



thet form. In sueh & cese then, hydrogen bonding might
e gipscted to il the rosuldant veetor »f the U0 group
with rssnect $o the T=0 jrous vechor £ thet s Cefinite
estizale of the woment ooule be made, LAgreersnt wliis
exparisent wxald e strong evidence for the ensl forx
end the bonded gsallpuratlaon, provided g 2imllar nousnt
cannet Le setinmted for any other reassnsble configuration,
in the above eéxewsle, the Jlcture 1z further comnlie
onted by the effect »f rosonance ou the Jipole moment,
el re Rowever, a ressdmalble estisate nmight still be wede
by aliding the effeel Cue to meonance to the result
already calevlated, "he resousnoe contributison nizhi be
&&%ig&t&ﬁ by comperison wlth sinilesy moleculer wlere the
efffect Ins been svalusted, For esrample, o,4 uwbsctursted
sldehrdes and ketones uweuslily glve e wmoment of sbout 0,30
unit higher then the corrvesvonfling setureted csownounds 18
the wvoetor representing the flonle contribution o»f vessoance
i arproxinetely in full sunsort of the ketune vectar,
Yor exewple, eorotonpldehyde (CH,CH =0H CHEDN] hers a womeunt
af 2,870, while satureated ketones run at:oul R.89. This
explanatisn of ine affect of revorence of this tyre s
supportsd by the momenis of J,8 dissthyloyelohexasnone and
ralegone. For the former nolecule, the resonsnce form
surports the U= 7 group sorent, while in the latter ccse

1t 48 =more nearly neutral, ag; shown Iin Mie. 8, “he movente
# £
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complete

areé .79 snd 2,98 for

55 dizethyloyelnhexenone

antl sulegone, resosctively.
It may be concleled

that the eatimutism of

maments of coswounds

whleoh involve enoligation
and resonsnoe of this
type should in ge.ersl be
diffionult, and 1t 1o
axpgicted that little more
then 8 quelitative
ploture can e »btained

unless the system 1@

simplified by enscllzatlion of one or bDoth grouns, if a

definite moment could be assigned to the forme and omilgurae

tions poseibles and 1f anly two need be gonsidered, then a

dlatribution »f the subsdance btetween the ons)l and! weto

forms counld e ealoulsted {roxm the messured momdnits, Jush

would not be expested to be the .enerel case.

infraered

absorotion studles should beo 8 poweriul tool in alucidating

the atyructuresg of these moleoulss.



THY T CVRIVEATAL BBTHW
4 hoterodyne hest appsretus wes used to messure the
dleleatrie constants, This apzeratus and the methods
and teshniqgues have been deseribed in detall %ﬁﬁ@w@gw%m@no
Zolesular welghts were determined by the Hest method.”
The ianfra-red absorption spectra wors obtalned by

methods whioh have alresdy been assorived,’
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GHATEO ARL UNIVICATIONG Y uaTERIAIG.
iengene: The weti ad ol purlffecatlon of venzene hes alresdy
2%,29
beon described,

cige gned transe 1,7 oyslohezanediol: “The erude mixture of

taomers was urerarec: Ly hydrogen&atin: catechol in ethanol
over laney nickel et siout 1$ﬁ~§mé??. The orude mixture
melied at ?ﬁa?ﬁoi. The trans Iarm wos erystalliszsed nicely
from the umixture in bengens solution by sliow coolin, snd
re=oval of successive axnounts ol the solild until the meliing
point began to drop sharsly. Yhis solid materiel was re-
erystelliged severel times {rom vensene t2 a constant
melting molnt of lﬁ&miﬁ&o$, LuneorP, .« This wvalue checks a
litersture value of 104 Co

“he remmining solution was reorysialiized sbout ten
times from benzens® eccording to A method gvuviaunly.aaﬁéfz
The resultin, sslid had s constent meliing waink for the
laet feow recrystalligations of 98.0 to &g.u O lancorr. i,
whioh may e compared with a literature value of ﬁéugg “32”53

fposuse the melting point of catechol is 1a&a1$
and thoee of the lesosers 1lie so close to.ether, mlxed reit-
ing polntes were deternined for all combinations, using &
ravghly 50-50 pixture. All pave large depressinns: the

o
cig~trans n.Xture melted at T2-78 £ the trans-ogstechol

TTHE &re LinUeDLos LO VATIouS members o) (he Lhemietry
Ispertsent for au,eatisxna, digousaions and assistance in
the srensration of some of these gompounds,. e nartioularly
wiah to acknowledye Lhe ald [ fvenm by Dre s e Trake, Ur,
;1dnﬁy “alﬁmaﬁ, Tie Vs TQQVE, P, 6. F. ©a00a, Al SPe %o (s

“TSne bateh 5f tnia Sruds WALeFIAL was TOOEred RY Te e s
Hos of the Haval Yessaraeh _asboratory to whom we ere duly
srateful.,




mixture melted mt 72-78 °: the cls-catechol =ixture softensd
durin; sixing %5 the axtent that 1% could not be introdusced
ints the melting »olint tude,

cis- and trang .4 cyclobexmnediosl: Hydrogulnone in sthanol

was hydrojensted aver Maney nlskel &t s texpereture of l?éoﬂ.
Toe orule material, siter prewgval of the solvent wnder
vasus, melted at %ﬁwiﬁﬁoﬁ. The trans 1somer sas serarated
by slow recrystalilzation from e 60-80 benzene-ace tone
mixture. The [irst recrystelllsaion guve & solid malting
et aboutl l@ﬁoﬁ. Tao or three more reorysiallizations were
suiflelent %o Lring thics metarial %o a comatant meliing

noint of 1%1~141.3°$. [unoorPeie This is comparacle to a
1iterature value of 12 c.””

The ols isover was origloally psrepsred by makin: the
diacetaltes ol the cles-rloh diol mixture, seraratin: oul ae
saoh ol the trans form es podsitle by redrystalliszstion
from ether, then recrystallising te cla-rich discetate
mizxture 0 & melting polnt of 33°%. This was trans
esterifiied welin: a 1C mole exsess of rethyl aleoohol. After
reflusing for threse hours the methyl acotate was slowly
fraotionsted off. Aiter removal of the solvent, the
procust was veouws distilled ( B, . 128°C.). ihe distilla-
tisn product wee recrystallized four times to & oonstant
melting nolint of 113*11206, (ansorr.ie. This wmay bLe

pared with literature valuse of 1&?o$:¢
112.4-112.8° 0.7

Ve

om.’
o 112 0, , and

B34



Two subsejuent nreparations were made mnd thelir
dipole moments messured, DHoth were carried through the
diacetate separation. Ulis«discetate melting at ﬁéoﬁ.,
upon Ba{M), hydrolysis yielded an Iimpure diol with melte
ing voint range 103-105 0., whieh could not be reised by
rectystallication from scetone or vensens, Ither was
emnloyed in the sensration 2f the dlacetates and when a
cis~rich mixture was slowly sveporated, very lerge crystale
of the ¢ls isomer wers fomed, Those were piceked sut by
hand and recrystallized to & mesliing point of 5§o$. Sal{n),
hydrolysis ylelded the cls dlol, whiech upon recrystaliliza-
tion from asetons gave a constant meltling point of
lﬁﬁmlﬁﬁoﬂ.

36

The recent work o»f “errine and White indlicates that
the cls-discetats must have a melting point of élgﬁé?ﬂ.
to zive a diol aompnletely free of the trans isomer, The
trens-diol content of cis-rich material melting st 109 C,
may e roughly estimated to be 5~7%, based on their work.
1,2 Cyoelohexaned] : This compound was obtalned from . Frade
riek ‘mith of the University of Illinois. It wes »ropvared
by the oxldation of oyelohezannne using fed,. [t was
marked of unseortain purity and had & yellow to osran e

e

eolor. It was fractionated” into four narts throush s

“vie are indsbted to 'r. «. leaver of the Hevel lesearoh
Laboratory for these prepsrations,
w#ie are indebted to ir. v, Reeve for this fractiomnsiion.
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smell column:

Fraction  B.3C, ‘ress.(m: M) velght (g m )
1 63~67 19 3.06
2 82-83 19 4.38
3 534*5"‘85 1{3.5 6.66
4 85 18.75 1.43

411 fractions hed a greonish eolor. Fractions 2 and 3

were mixed and refrsctlionated:

1 79 ,5=81 19.5 1.42
2 3l.5-83 19.25 7280
S 19.2% l.23

Fraction #2 was used for the dipole moment measurements,
It had & pale green tint and when poured into a welighing
bottle a slushy white so0lid was formed. This was warmed
over a very low flame to ligulfy 1t for welgshing vurnosea.

Fraction #2 was anslyged for earbon and hydrogen:

Found Theoretical for C H,0_
c H C H
1 62.56 7.88 64.28 T+19
2 62.38 7.13

A _~Hydroxyeyelohexanone Preparation #l: This materlal
WES prm;»araé’ ?b:; chlorinating freshly distilled c¢yeclohexa~
none using 57, Cland hydrolyzing the product in strong
Kasﬁasalutian. The hydrolysls was carried out immedistely,
using efficlent ztirring. 7The cream-colored, waxy
hydrolysis product was filtered, leached with water,
tritursted with ether, and filtered. Hepeated crystalli-

zations from benzene with large losses brought the white

70 are inuebted To WiSe L. /erD16 8nd 1rd. llis Aldricge
of the Chemistry Depariment, University of Maryland, for
these and subseguent analyses.
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o
substance to & constant welling polint of L37.8«135.8 <,
{unsorr.). This may be compared with litersture veluss of:

- 37 #O
90°sna 113°2, » 12&3?.0{;,,, end 8 vecuuwr dlstilled ~rodusnt,
o ., #

¥e'a 130 O, This reterisl wes analysed to glve:
Found Theoretleal for O H 93

t-
G ﬁ ¢ U
1 63,11 8,00 63413 3,83
2 63.24 8450

It was alliowed to stand in two bottles Ior & year,
one glsas-stospered, the sther with a sorew-tos with a
tin-foll l&ning, At the end of thils ti.e, the ;lass
stonpered bottle had s definite yellow golor at the bottom
and an odor like that of the 1,2 oyelohexanediones, %o
oolor was observed in the sthar bottle, althousk the odor
wa8 sresent. The melting soint of the materisl in the
second bottle had dronved to 112+114°C, 1ne recrystalilie
zation from bDengens brouvght it up to Iﬂl—lﬁﬁfa. This was
subsequently allowed top stand in air. 4iter btwo months,
the melting point hed drooped back to 112114 C. ¥o odor
wes nresent,. The materieal in the sec.nd bottle was

re~tnalyzed after dryinsg in a stresm of ale:

¥ound Thearetieal for & A ”, 0“}_\
'+ B E 8
1 3,08 B475 063,15 B4 53

2 62,90 Be76



The first two runs o7 those preported were nade on

the solid melting st 112-114°C.

4 noew OrEnaDae

tion was mede by ehlorinating eyolohexenone w»ith chlorine
a8, in zgzlaolial socetic acld. The reasction mixture wss
fractionated and the product taken off st 85=100 .

{1¢ mm . }a This wes combined with fractions from sther
runs and refresctionate: to give & product bolling at
7§~%ﬁ9&t Gmm,  Aflber standing et low temporsture overnight,
this meterial wes hydrolysed in strong %gﬁﬁgasxutian.

4 wexy white spllid wee obtalined which melted at 87733,
This substance waa vaeuum distilled, 4 wmstery fore-run
ceme over at 42°C, {19 mm.’. A second fraction came over
at ﬁ%~%&oﬁ. (13«18 mm.js This may be cowpared with a
liters ture value of &%wﬁé?}é m) {Bolid, 136 0.}. This
clear, culorless 1iguld wes used lwmedlately for the
dipole roment measuremsnts {(Bun #3)., After stending faor
a few hours in & glass vial, the distillation arodust
bhesame wmilky, and after a few days 1t Lecame completely
s0lid. Both the lizuild and the solid had the srarascteristio
odor previcusly nsted. This solid melted osver the wilde
ren;e: ilﬁ~1§$°$¢ cxtracting with boiling ether narrowed
the range but did not ralse the top linmit. The 1iquid
from the distillation was guite soluble in voth water and

benzens, The benzene solutions from the disnole worent

38
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meagurements were allowed to stand in glassg-stovsered
flasks and sfter a few days a yellow 8ollid wus precinlitated
whioh melted at 148-152 C.

After standing one day in a tightly stonpered boittle,
at which time it wes in a semie-sollid conddition, ths meterial

from the dilstlliation was snslyzed to ive:

found Theoretlesl for T i 0,
¢ E G i
1 62.59 8480
2 £2.18 H.88 63413 He 58

Apoarently the substsnce wse somewhat ispure, although
there 1a some guestion about the analysis Lecsuse the
semnle lost welght during the welghing orocedure,

Attempts were made to purify this material by other
means. First, the semi«snlld osbtained fron the originsl
distilliation was re-distilled et about 1 mm. nressure,
where 1t came over st %2*&a°c. and so0lldifled in the dis-
tillstion apparatus, It is believed that the not must be
maintained st sbout 140 C. and the substance dlstilled
fairly hotewith no $0lid in the condensing spverstus-and
cau-ht in & gooled receiver in order to get the material
in the liguid aanﬁitian.% second, the crude material was
sxtracted with water and ether and dissolved in benzene and
the benzens~-waier azsotrore dilatilled off until no =more
water was nprosent, This was erystelliszed from the benzene

¢
and vsouur deszdosted for 48 hours to zive a substance

“These wers the conditions for the original distilistion
which gave a8 completely liguld product,.



molting &t 100~103 C. Further sttempts to recryetellize
this from benzene were abandoned because of the paior vield,
the length of time 1t took to get even a smell amount af
a0lid aut, and becsuse the meliting point wes relesed only
very aslightly. @hirﬁ, an attempt to purify by sublimation
in & molesular still, usin; the vacuum desiCoated solfd
(re”y 100-103°C.) resulted in a waxy solid which welted
at 98-1047 This was dried under vacuum asvernisht st &
temperature of 78°C. and melted at 102.8-104.8°%.
Evicdently, melting pointe siven in the litersture for
this comnound are at consliderable veriance, as indeed sro
sur own, sl the diffleulties engountered in the arepara-
tion and purifiocation of this substance lesd to doubt ebout
the nature and the purity of this compound, 4&n attemnt
will be =ade %o explain thia later in the theeis.



Ca DUl eTINE: ﬂ?{ﬁ DATA

The disole momonts weore ocelcoulated using the pertinent
ejquations in the general theory, These caleulations are
amply desarlived slsewhere., Uomatimes an extrapslated velue
for the dlelsciris sonstant for the »ure solvent was used
inetead of the weassured vealue, as has Lesn done »reviously.
in these cases the messured valuse of € , and the ° vsiue
saloulsted from 1t are glven in thelr usual position in
the tables while the extranolated values of € snd * arve
siven below the table proper. Tiw A values w»ere osloulated
uaing the extranolated € velue. An aversging proocess eas
uned to obtein the ¥, values at infinlibte dilutions, exospt
in the csse of the trans 1,2 syolohexane diol beeause
polarizetisn for this combound showed & slight upwerd
slope with ineressing dilation.

Densities were rwt determined for every solution due
to the amount of time involved. Two ar three solutions
wore messursd and the density velues for the others deter-
mined from the curve., The latter are in psrentheses in
the tables,

The polarligstion va, mole frection curves [or the
trans 1,2 eyelchexane dionl are shown.

Cinole moment dats l2 also included for the comnmound:
monabromodiethylealonate, which was furnished by Dr.

Telw Amos of Loulsisna “tate University. It bolled over

41
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a range 131 teo 13&‘&. st 33 ome This was fractisnsted
and & feaotion bolling over tiw reange lﬁﬁ~léﬁ?§- {(uncorr.j
was used for the dipnole moment messuresenis. This cowmcound
wes mensured only for 1ts dlaole moment and there will be
no discussinsn eoncernin: it.

A teble is shown presenting the apparent molsculsr
wolyght of sose of these sompounds in camohor as thely
concentration 18 echanged,

e infra-red absorption aspectrs for olis~1,2 syolow
hezene diol, trans«l,2 ocyclohexans diol, and satechol in
the K.8 micron reglon 18 shown, and & table ia uresented
glving the positions of sbaorption veaks, for all the
comaounkis studied, which are pertinent to this word,

Ustinmates of the moments bwsed on (ree rotation wore

made using egqustions 7 or 8, wherein the value for the
resultant veector of the OO group 18 conslidered to be the
sane 8 that for eyolohexanol (1.7}, end the an le it
maires with the C-) boné 1s estimeted to be 568, on the
basis of & bond mo
for the ‘el Lo,

pant of 0,70 for the -0 bond and 1,80

To determine gualitatively the povsibllity »of free
rotation both the wmodels and a esloulstion of intersation
snoryy for the eouple wes satinmated from the eaxsressioa
agg{ﬁf 2,3 was used for the group moment of C=19 and 1,7
for CMis d wos aonsidered ss the distance from the csrbon

in 8=0 o the oxyyen in 0% in the hydroxy ketane molsoule.



In the dlols the dlistance 4 was taken as that between
oxygen atoms. When possible, thess distances were eslou~
lated using bond distances given by Pauling, otherwise they
were estizsted from the molscular models. |
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Hun JY at 48.88 a..

TR
W, a

— OeB4URT

2.2416 x 1072 {0,84990)

4,4624 { 0. 85046 }

5 L B800 {0.58008)

&.,0111 (O,88008)

6 2200 0485054

7 326 (005180 )
mﬂﬁgwbt J=R.226%8 !
T 145,82 3,5

I 3 ﬁt@&?&ﬂ

1.7%44 X 10~ () $ 36202

3.,0709 0.B6227

4,6322 (.88273 )

_mbuvg mw‘mwgg

7 5504 (0.58341 )
{extrap. ) = 2.B280 .
7 1e4.751.7

1.B308 x 1073
3.1074
&.6154
€. 5287
T7.3118

(oRErBp. ) = 2o2208
L
» 141X 1

2

(2.2877)
2.2427
242501
242674
2.2690

208813

¥
12

{2€.708)
26 4 348
27.2089
27 « 540
27.375

27 580

» {using ° extrap. ) =R 630

p 2411 0,030
Pun ‘2 at 44 C.

{2.2856)
£.2368
2,24080
L2604
22687
242310

(2¢.891)
86 809
G, 968
27.144
27.894
27 459

° lueing e extrap,) =2€.507

\oﬂ = ﬂi.ﬂmw r Gitat:

fun 43 at ﬁum Te

D.BBR16
{0, uB28H )
{0.25501)
{0638543 )

J,BE38H
{0.05417)

1

o

(2.2503)

2.2411
242816
2.BERO
2eB7SH
BJB80¢

{ 26 4657
26,330
27.170
27,343
27,454

r {using @ extrap.) =2C.649

J=8.36% 0,010

BVE . Vu. =R2,38%X 0,085

44

-

i)
=

142
143

lél

141
134

2 0 52,896
€ A

143
143
143

141

—

140
139
139
13¢
137



Hore

G B

DA

@

SR W ©

A

0,.,82u4
22,0726
4.2345

avg. F

—

0.7811X 103

1.55698
17005
2.3038
33784

2

0I8=1,2 CYCLMIFHAREDINL

Fun 71 &t 36.3 C.

a

0.85018
{0.868042 )
(0.26080})
O.i38144

10

2.2397
2.2460
2205586
2.2691

= m?i & }2: = goﬁ@l Q. 07D

o
Run #2 &% 44 C,

0.05214
(0.%$2§$;
{(0.06262
{0.,35268)
{0.c8270)

. 535298

{extran.) =2.2310

BV -‘z

-

2,1982 X 103

2.5991
3.5146
4,5424
6.3790

BYZ.

v
Z

1352 @

(2.,2319)

{

2,236
2.2417
2.2431
22473
2.,2542

Ya
20,581
26,6850
26,786
27 008

A

{26,652)

26,7806
26,5341
26.862
20,930
27.041

45

148
i3}
135

P P = ER2.256

——

1358
138
141
140
157

{using ¢ extran, ) = 26.668

Hun #3 at 44 C.

aVE e F :3’32;’; ‘3.%?3

0,86213 2.22097
{0.8B271) 2.2444
{0,86288) 2.2508
(0.B5311) 2.2567
0,.55345 2.2638
(0.85373) 2.2732
=137t 8 J=2.35220,080

27,344

134
140
157
137
136
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TR G4 UYCLOANAREDIOL

§ i O
fun F1 at 46.1 T,

5D B, a e B .
0 - g, 9.85018  (2,2287) (26.694) —
1 1,7082X10° (0.080286) 2.2391 26,700 99
2  3.2578 088030 2.2207 28.710 24
8 4.7700 (Q.35089) 2.2308 264717 37
3 & . 4B 30 o . 55048 @,ﬁﬁm B 752 )]

. ] ?:2'1 ”A= 3‘%@%’3
(using e extrap,)=26.008

M= 1,772 0,080

fun 48 st 46.1 C.

@ {axtran. )= 2,2253

~—

BVgEe 7,7 98371 3

o , 0.66078  2.8868  20.642 —
1 1.6377X 10~ (0,88077) 8.2871  26.653 0%
2 &.THT0 {0.85083) 2.2283 EE7S R
4 VPN L 153 3HOGY 22297 26,608 @3
avg. ,S 267 2 271,82 20,03
BVEe 4 = 1.80 % 0,03
CIiel 4 OYCLOHERAREDLINL
, &% o
Fun J1 at 48,1 €.
2 - o 388024 (Eaﬁﬁ.’?“,}) {2€.877) T
1 S.080b4 x 107 {GL,a8068) 2..2839 26,71 159
2 4 o 3704 £ 04535044 ) 2 2309 26 726 fiﬂ
3 G WE347 2, 58060 22324 BE, 760 1586
4 T 54186 {ﬂc%%ﬁ} 223586 BE,.768 158
H 11,7840 {0,85070) 22368 B& ,518 155

PEFPA= 3. &7

(using e, extrap.)= 26.06€
X= 2,801 0,080

e (oxtrap.)= 2.2270 ?
Bvg. ,T1B312

~

¥ o '
HaePe = 111 C,



5, [+
Run #2°%st 46.1 O,

Koa B, a o 2 5
=N 2
o , 0.08026 (2.2268) (26.689) —
1 1.6079 x W07 (0.85038) 2.2283 26,885 147
8 4.8917 {0.88047) 2,830 26,728 142
3 2341193 {0.86061) 2.3331 28,758 142
4 10.0254 {C.85068) 2.2544 206,779 140
8 12.8482 G 86080 22,2367 2¢,.814 144
o, {extrap.) = 2.2270 £ {using 6 extran.)= 26.666
evg. 2,7 1431 2 N =2.39 T o.0%

Run #3%%%g¢ 46,1 C.

v] . ,0.88038  (2.2868) (26.868) —

1 2.4983 x 1077 (0.B5046) 2.2286 26,687 126

2 4.1220 (0.88088) 2.2208 26 707 153

3 6.8087 (0.,85080) 2.2310 26,7256 128

4 9.0627 G.85071  2,.2333 26,761 126

5 13,9375 {0.85086) 2.2359 86,808 126
e, (extrap. )= 2.227} ? (using e, extrap.) =26,:83
avg. > 12812 M =8.83 10,02

fat -3 ¢
MeP. = 108-109 C.
R e e = 103-108°C,
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1 s 2 OYOLOHEXANTDIONE
I~
Run #1 at 46.1 C.

?ﬁ ki N I”i ﬁ - o iy

o~ e P’
o — 5 ©.88014 22871 26,671 —
1 B.7626 = 107 0,.,88176 2, 2835 27 546 179
2 7.B756 (0.88244) 2.,3054 27,343 181
B B.2218 {0,86863) 23115 27268 1534
4 11.2410 0, 35362 2,3421 23,420 132
dlone structure: 07 [=29.12 {p= 2,50 0,020)
avg. ¢ 181 2 mono enol ¥ : " 29.17 (p =2.8501 0,080
41 enol s " 31,32 (p=8.781 0,02D)
Run #2%at 46.1°0.
] - 3 o ﬁ%{}?ﬂ 2 JR2TH BG .65 -
1 1.1133 x 107 (0.88107) 2 42376 26,816 168
2  2.5287 0 ,88158 2.28510 27,028 171
3 4.4313 (0.852828) 2.2889 27.294 1790
& 5.6007 0. 35271 2.2809 27,474 172
avg. = 17011 n (dione structure )= 2,701 G,01D

avge. M =878 7 0,080

“This run was made about 1} years after the firet run on
the same material which had become slizhtly darker in color,
The first run is probably =more relisble.
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oK =EYTRILYOYO LAREXARINE

fun #1°at 46.1°C.

Hoe B a ® P :
2 / K
o — 4 G.uBOaB  (2,28¢8) (28.045) 2
i 2,.9037 x 10 {0, 3H083 ) 2.2872 26,653 1586
2 1.7208 {0,05083) 2.2877 26,680 135
) 2,4278 {0.C8084) 2.2288 B LL78 188
4 $.2368 (0.B85088) 2.2291 26,083 157
5 4.0221 0. u5087 242287 26 .63 1586
s, {extrav.) =2.22¢5H 7 (using ° extrap.)=26.641 71 7,=30.71
Run ;‘%«"2&&& 46.3.':@.
o 4 0.85071  2.2882 26,670
1 4.7872 x 107 {0.835086) 22330 26,746 158
2 7.181¢ 0.85088 2.2360 28 .T93 198
3 P «BT66 {0,58101) 222380 26 .,822 186
4 14,3680 0,85121 2.2443 RE,918 200
avg. 719276 B =2,88% 0,080
Run #3% at 26.5 C. (2,50 8285 °C)
0 0B7210 (2.2653) (26.421) —
12,9820 x 1073 (0.87285) 2,2855 26,830 207
2 5.,4020 {0.57345) 2..3181 287321 208
3 B43712 U.87412 2.3822 27,369 2u8
4 10.4982 {0.57468) 23761 Bi.214 205
° {extran. )= 2800 #, {using e, extrap.)= 25.342
avg. ;5807 1/ JA= 2,02 L0010

avg. 1 2,872 0.2

*Runs 1 % 2 on mabtorial H.%. 112-»114 Ce
“%Run 3 on vae, 4ist. liguid.
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fan 71 at
Kae l‘al ;]
0 2206023
1 % 1073 {0.36183)
2 5 (0.806310)
3 L4584
4 UeBETLIE
avge "= 202 2
2 .
Run “2%at
0 3 U4 836058
1 1.4706 x 10~ {O.8E208)
2 2.0817 {0.u6268)
3 2.,39580 {UB6898)
4 Seiud U.864408
5 74704 0,.869186
avg. = 2883

o
Sﬁla {:‘3 »

e
e
2.2486 26,683
2,2643 26,965
R.B300  27.225
2.8092 27,588
2.3263  27.977

53030{.’:’

B.B466 26,645
2,2637 26,057
2.8718 av7.,0me
B.2762  27.151
BJEBLIY 27,408
2.3544 28.124

P = s'w‘t gt@ﬁ

avge = 295 1 0,067

21
214
218
2185

228

258
250
22¢
225

Be

L ‘ ’ V
Run +2 made on same materisl as Run #1 about 1; ysars later.,
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POL ARIZATION vs. CONGENTRATION

TRANS-12 CYCLOHE XANEDIOL

F 3
Pr144.7 RUN 2
- o 0 0
S 0
© 140
4 " O
= B 1453
z o .
9— O O o R.UN i
 »d
< o)
N
m o
< B:14 §.0
< %
o 14 O @ (o} RUN 3
O
(@)
130
| 2 4 5 6 7 8

3
MOLE FRAGTION ( nyx 10°)

T FLvid
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Vele U@ f’%“??lfﬁ? - 1% " £} OC
17655 —a
1886 .8
P "
1 GL.2122 1.0869 176 B i3l 4
8 D213 1.0801 174.4 L IR 4
3 00407 046109 164.0  0.006
4 Jelingl D HACH 149.0 (e 168
ﬁ;@ a&i 2 ﬁi&ﬂ; {He% s 11l e8)
150648 17240 DeB1
L«258) 171.7 Q4057
1.0808 166.7 0,053
0.5818 181.6 0,108
{ 5 ¢°§ - },’gﬁ Cg }
i 3 .@15?«?3 3 L2808 195 .9 0,014
b PB4l 1.2800U8 178 .9 W OR4
3 Deidfl4 149081 18%,.4 D47
4 o BBBG V0804 1B8,6 Jalid

U8 1,4 Giol (Yeh, 116.8)

i UeUL46
2 00870
5 HelBR2L
4 Geigl

UeTUBl
16810
LeliE®

i FaUBLH
2 Veddl
et UG 18
% (oG 43

1.1084
o wrss ()
i} « HERO
dedksdl

tei'e BIP O

1750
18,7
LB o7
1E2 .8

Helle 114)

176.8
1EL o5
159.0
ib4.0

(6 PRS- 103
0.,0824
04,0468
O40u8

.05

a2
144
140
166

204

R

v

190
e

208

e -
“wﬁuﬂﬁ i aaﬁ 2 on %&%@?ﬁ&i mﬁltiﬁ% st 115«1&%°*.
4 and ¢ on meterial fron vecunm distillstion (o

UL OB 210
D187 214
Ueddd 2345

21 RIS

"o’y 112«130°C

51
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Compound Condition of ‘asition of Crrueture
Heasn't spgorne Boand {microns)! & NHerarks

Getenhal LC1, anlue 2767 free hydroxyl ) o veriatisn
L 2,747 internally sf intensity
bound hopdrozyl with
gausentration
.94 Intermoleculsrly bound
hydronyd

Trensel,d Glol CC1, salu. 2.767 Iree hgﬁr&xgi
: + 2.884 intermalesularly bound
hydroexyl: Iantensity varies
wlith eoncentratlsn.

is=1,2 Glol GU1  solu. BeT¢7 free hydroxyl | no variastion
¢ 2,757 internaliy af intensity
bound hydroxyl) with qone
sentration.

Trans-l,% Glol eolld 3408 bound hydroxyl
¢C1, solu. 8,768 free hydroxyl

(18«1,4 dionl solid 3.08 DBound hydraoxyly
3,10 bound hydroxyl

anedlone liguid 2.82 Dbound hydroxyl
Be89 searvony
€.£2 oarbon double bond carbon
Q$14 B8olu. 220 wstrong, intercally bound
‘Thydaroxyl
Ge  wery weak, intersolecularly
bound hydroxyl!

A = FIPOX T
cyeiohezanone selid
({¥.7%¢ 118«134) 2488 bound hydroxyl
L8 wery weak carbonyl vond

8,86, intensity with dilution
weak, bound hyiroigl:
He¥2 Dbound hydraxylv, apparent
inereass of intenwity with
Gilution.

SCL, molu, 24778 Iree mi&rmxylt, ny chenge of
[



GtS-1,2CYCLOHEXANEDIOL

W

2.76 7/*

\

2.787 40 2.767 4

HYDROXYL ABSORPTION

TRANS-1,2CYC LOHEXANEDIOL

1

2.884 0

PLATELL
CATEGHOL

v

2.94

[\

2767 . 2.797
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The rmoleeular wei-ht data determined by thes Tast
a8 indlosted by the aheak runs on bonzoell, Thare mare
then ome ran 1e Snvolves it may e sBsvewhat Letier, The
nocuruny Sbtalnable by 4hls method 18 certeinl: iood
encush o ghow the pressnoe »f sssooiatian,

“he surves whileh are slotted fron the dete show that
pzaoolation in cambor solublon s atrong iIn 2l) casec
for soncentratiorse above ¥~ 0.l. This =2troug associatisn
perslista to lower concentratisng forA =hypdroxyoyrelshorfle
one, the trans 1,2 dlol and the ele 1,6 dlol, "he cis 1,2
10l shows 8 Jdefinite inflection indiceting that the assoo=
jation s becanmling rapidly smaller in exient 28 somsrentraw
tione below M= 0,08 sre anproached. The trans-l, 4 4isl
has & 2l) _hter tendendoy towsrd ssaoeliastlion than soy of
the ather cormpunds, and the assneiation falls off -reduslly
with desreasing concentration,.

s, the tendency of these gom-punts toward aszoclae
fon 18 oulite strang {or the relativaely =ars consentroted
aoluntias In cemshor, 76 might be sxpedted from the date,

that the oiszs 1,8 4lsl end the trans 1,4 diol shoulsd ba
gubstuntisally wonomerio ia the Yonzens solutimns used fop
the messuressnt of the moments 1T they were to act in
bonzend s they Jdo in semphbor. Mo sonclusion ecan e

drewn =8 to the satent of anssocistion in benpene 2 the

5



other compounde.

“he inlrs r»ed sbearstion speatrum »f catechol and
58 81l the conwrounds etwiled here mave been recorded under
sertain soniltions and la certaln rengee of the spociruwm
ian an attempt to detercing the exlatence of hydra en
bonding and/or ensleketo tautomerism. The results osbtained
far sach comnound ape gsliven below,.

The data were obteined for catechnl, ¢isw-l,2 gyolow
nezansdiol, and trassel,2 oyoelohesanediol in the 2.3
migran () reglon in oarbon tetrachloride solutions of
dliferent cnncentratlon fo deterwine the exiulsnce and
type 2f hydrogen bonlling. For sach of these sompounds
the concentration wes warled from about 0,1 Lo 1,0 gw./ L.
in selils Trom © Lo &0 mev. in thioclneas and the efieet
of congentration on the intensity of the bonis was studied,
clate I3 shows the absorption bonds at one concentrstion
for sach compound. Ho attemol has been »ade to indlcsle
the change in intensities of the Donds with concentration
but such cehames will e Jeseribed gualltatively balow,

Gateahiol glvea sbsorption maxime at B.,767, R.7:7,
and 2494 p. The 2,767 vond is due Yo Iree hydroxyl while
thw Z,757 Lond mmy Lo asorlided o intramolecularly bound
hydraxyl, vocesuse its inteneity doss not change with
agoncentratiw. Thig intervreietiosn 18 4in soresment with

e 3 -
that of “sullags “he change 1o intenslity of the 2,04

S4



J bond was not detersisanle Leosuse Lw Lond was tao
wenl Lo gtudy the gilution silect, wub the Lo may Le
Cug o Intermolecularly bound hypdrozyls se discunsed oy
the treonmasl,2 dlol below.

Trang=1,% oyolohexanndlol sxuiblis & slogle mnoarp
sbhenrotim peak at 2W707 p and & such weeier, Lroader
seky ab Ze4u84& p which varies 1 lnleusity with dsucentiue
tlon, The Z.767 p peak is thw norsal feee hydronyl Loand,
while the 2.834 peekx has cesn ascribed to rabercolegulsriy
bowsd Wydroxnyle besause of the vardstlon fu intenslity with
soncenbration, slthou h there 18 somp Soult abowbl tuis
Inser retatiosn. 1If gnrcvect, however, It indicates Lhai
sonm nezoclatlion bnues slooe, Ho intremoleculsr hydrogen
bording is indlceted,

C1l8-1,8 oyelobexsne dlel shows & Lroed band wilieh 18
harely resplved Into oguael marxiva st BT and 2,707 kL,
the inteansities »f whioh Jo not ap ear to change with
conasontration, Indlonting 8 nkigh degree of internal bLonding.
This bDond has a shouloer towsrd the higher wavelengihs
whioh may be an unresslvad paximie dug to Interswleculerly
bound Lydrozyl preouss. If this 31s po, then sorne zssotistion
38 »resent In this cree sleo,

The trens-l,4 dinl wes investiseted Loth In the s0lid

state and in solubtlion, The epllid sxhibited a aingle

“yivate communication Irom Tre Tele cmith of the <2vael
Ress&r&h faboratory.



sbeorption vear at J.08 u, indicating Ehat a1l rydpsx-le
are strongly bound. ¢ saturated solution of this substance
showed a single shery szbeorption nesr at 2,768, indlesting
ng Byuragen bomdlng of slithter tyre, conseguerily no
dilution studies were run,

130 slsel,d d151 wos luvestigsted In the s01id siate
and showed abpoppbion peals st D10 g end J5.08 pe The
latter pesk wes sfsoribed Lo wound hydroxyis.s b is su gosted
that the iormer 18 also due to bowld hydraxsie. Teo sele
mishi Le expecisd Detsuse the Ihgdrozyl couff jurati-ng cies

Sfferent in this gomusund, provided the shalir fopm im
melutelined in the solid.e In the cesa of (hs trangel,4
diol Loth hydroxyls sre the same, 1 ths solecule retains
somnletely elther the 8p or the 2e confMguration, the

dutter Golog more oeousble on eneryy srounds. The soludlon
gtudy on the els-l,4 Jlsl hesn't veor run dus 4 instrucente
1 diiligulties,.

Por the 1,2 aysliohexenedlone & sunpogedly ~urs san-le
wus aaaﬁ.% Thig nmeterial sxlats as £ yellowisheehiite,
2oildeliguid wlzxture. Toma of ths 1ilguld wes pinetlad »ffF
and abaorpilon maxlme were found at R.U8, D00, snd €.22 n,

gon,

Crnene nasltlons are duwe Lo Sonded hydraxyl, the 0="7 . poan,

-

and ths O =0 group resuedbively. The lobenslitier = 1he

Babk and Ue¥U¥ B peskE wore Suoh as Lo indicnte thatb

This sampie eu:olled by Tre Ve Toaver.

&€



erpraximately hull of the Yelone orouss were snolied.
T™He ‘g naft tanamsiztent wiliith g oo lote mounsesnolized
foare, bt eould corresntnd a8 rixture of dimme, MoODO-
enn)inznd, and Aleenallved foras, & solublon siudy on

this orewnyme ghowed & 2%rong pess 88 200 fa and & wery

vant moel ot W00 4. The formgr showed no change Iin
fntensity with €11uti n whille the latier exhlbited @
glight decrssrt wlth Inorsasling eoneenbration. “hils uay

b Intercreted ag Indloetlng that almost 21l hydroxgls

3

2]

&
3

ent ars bound Internally, with & srell fractisn la

4

er asgoasintad eonditli-n.,. The intersal hydrogen banding

7Y

>

n this cese may Lo gnlte atrong 4 the posliti of the
bound hyxdrazxelsg esn be sormared with those of the 1,2
tiols.

A wiiydpaxgeyel-hezansne wes run in bath the solld
condtitim and 1n very dilute solutisn. The 52118 mmterial
shoee. o 2ingle zheor dlon oeel o8 J.08 p and & very vesk
C=" peoel indlcating that the so1id is almost somnlately
enalized and thet all hrdroxyls sre bound, Ta 0L, eale
utliosn, the =" akgar-tion o8k beonrm oulie =ivong, SLose
in: thet & eosneldersdls smount of the ketonlie Torm e
nresent, Absoprstion cesks were slso found et 2,778, B.08,
and LLU2 ). The former showed no changs with dlliublon,
The latter iners-ged in Intenalty. This 18 en sneewlous

shenomenon, and may b dus to {he Tact that the aolublility

87
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ransa e 8o fllubte that 1% was warklng very ¢lsze $o Lhe
ennatanty of the Inetrument, ny atiernt &% intzrorots
gtion of Lhess resulls Ry Le ousetlonablic, bul 17 fthe D770
neay 10 due %o Iree hydraxyl, then the sthoer $w» may Le of
tea different bond ty es snd gulite & mizture of Loves nng
gandizvrstions may be oresent. This sompound should be
studted further. The asectrur of $0w freshlry Jdlatiliad
ligudd erl 1%s chan.s on azling, the zpectrum »f varl e
dilutions of the freahly d4iatilled substanse snd thetr
ehan e on aglag, and studles of the volids with veriue
selting polinte are suggseted.

& oomplete anslyeis of the Jebye oguatin for the
effect of errors In the verisue msapured (uantities hes
alrencdy been made and avﬁxs¢ém$:@ sxtreneply dllute solutions
saueh o8 have baen rospured In thia ework, It Indiontes thst
morents ssesured 1o this spder of 4ilution §$&=ia‘ata 3@’*)
&re reglise 21 (5,10 nr bebtter. "he regulte sbhitained here
show >recision well within these Linits, exgent In the
gare ofA =hydronyoyelobexanons, where the first run {sace
in very clilute salutimnmsg) issds €9 a valus about U.40 less
than he other two Puns.

it will now U8 of intoreat to attemnt to deternline
the strunture snd/or osonfli juratisn »f these =maleoules
feom tis dirole moadnt, infre-red, and mnisculsr weight

date, Ln the 1ight of the theory whioh bas been presented.



in order to faellitate tiw discussiac ¢ tanle lae Leen
arawn un o oressent &t 8 clange Lhe louformstion shich cen
pe obtained by examinstion of the %&ahsr«ﬂ&ygfeiﬁé&ﬁﬁels
any oslouisbtlion of Interscotion energies. iwo types of
sterie hindirancs are endountered in tﬁ&sa moleeuies:
interisrense of nydroxyl hydrogens, and luterlierence ad
nolar hyasroxyl hydrogens with polar nyurogene sitoohed
to caerbona twice removed f{yom the hyiroxyk csrboin. .he
lattor 18 indlonted =8 C2H in the bteble. 1% orololexaiike
dione and ehyiroxyoyslohexanond have not boen ngiuded
in the tables., Sueh ol thess charscieristics s &rv Oie
tinent to timase molecules will be includes in the lscussion.
Pl L
GCampound Gonfig. internsl iteris g mom Jja
I Bondling Hindranoe
‘oasibler Lype.
wise=i,8 dlold it gdP RY 1-3 soth 2editr a&xla-”;rﬁ.

Yranfel ,&3 Glol Ze X T 3?&1*@3,} 3 ot8 Zei 13

&

 £5] Y 54 SeR
Gim=l,4 ¢lol  ie,dlP  ua % 48 3
Yrand=le4 uiod L& N N el Lad

B L3 w B Sels &

interensletilier RFUIrogen vomilayg I8 possioie Lop

ali thene COmMPOUNUS.



in the following dlascussion the angles Letween the
Cwt bonds have been cstliated f'rom the models of Lhe
molegulaoz. This 12 sossible Deceud® Che model 0 CyGiow
hexane ludlcctes thad the chelr form of the risg is &
falrly rigld atructure., If 1% were necsssary to consider
bost foroma thlis angle would nat Le fizxed becsuse there 18
aennsiderable {reedom of rotation ebout the Cel bonds,

Considering the 1,3 diols, tekling the ois lsouer
first, there are bwo osslble esanfiguretiong, onsh with
a0e hydrexyl groun olar and one eguatorial. (hese are
optical igomers 8o that they both lave the sene I nls
wambnts The stepic hindranse encruntered in Lhls woleeule
probably nesd not be sonsidered since the valus of m W ja’
is o larie, veing sbout three t! es the value st whioh
interactlon say D8 sxpacted to serisusly reduce the Ifreedom
of rotetion,. loreover, the model indiostes the . oasibility
of hydrogen bonding. Thic sctuslly exists, ss sunwn by
the infreered specetrun and e »f the some typs as a&%&&h@lgs
which i considered Lo exist in & ols-nlansar structure with
almost complete intramoleculsy hycrogen Londing.

L the hydroxyl grouss may be considered o be iocked
in the ceteshol sunfiguration then the angle bolweean the
regultant veotors for the C0H grouss sy o eoxbimated from

- O

the wiael to be 30T 37 ‘rbitrerily asssizning ii ts of

: o s
T 10 o this sngle, the resuitant i (hess two veotsrs
»
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The messured moment 18 about Q.1 T unit Higher than
el caloulated on the Lasls of Iroe rofati o (2,21 - as
mgntimed In the thesry, all these dihyireny ¢ommoinds
abould bhave & worent close Bo #.21 LT the angle aluwsap
the axss 5 rolotlon ts Dized, aeslecting bthe smll sifesis
due to hgdrogens attechasd o errbonsel  Povided tue viieot
afl Tell Donds ebioh nust 00 Gondldered L& &sall, rosaanasle
agrevapnt might be olnl-ed espedlaliy s.nge Ilntersctlon
11t Bhis oase should lewd to 8 moment higner then thut
seloulsied Lor Jree roletion, Gowsdor, Lfree rotubtion is
not posalble Ln $hls caso as 18 showa uy the lnira-red
dato and fnalsated by tow Ligh vwwlue ol the luterastiun
GREE T -

wn the suse of Lhe trans-l,8 diol, twwn of Lthe fow
ragalble conliguratlisns mush be consldsred, Une ea woth
nyoreayle o polar poasltiont, the sthes Lse ooih Lu el
Lorisl sounltionss Vihese are 1o teuvtomsrle eguiliurlau.
Frexdnablon of the model for the gaufliguestionm wiiln the
ajuetorial hypiroasyls abows the o8slblllily o mpdrogen
Bordiinge o faot, the dlastsnees and sngles coneoried srs
peectlioslly bthe csed 8 In Lhe cone ol Bl Qlo=1,8 dlszi.
The hydrogeas to be gonslidered for this seniijwrztion are
the @ usatorial hgdrogonse 20 0arbons sorragpyaniing o the
hydrscysl carbarg ab the oupoaite end o the molecula,

L0 this cose, the hydrogons osan e estisnted with & felp

vegree »f sreslsion to have no zore effect then a *t .1 U

B



o

unit on tie womsnbe Lonsoguently, i Lole condiwvration

P
can o8 said Lo b easell, snalogous (lewe rigloly uvound
hyciroayis i o the olasel @ Giqel, then the seoge Jor the

&

—— . P Bon e A Y 2 v i g e
mpeeud Lo Lot LeTeled, sy&in, thw I ower

calenleied
Bialt I8 soout Ded wnlite auove Lle ewssripentsl velue
(ZedWl}e And the ssye qualitetive srgwwnbs 0 Lhs
lowoering ol the momsnt would apply here s were uollsda
15 Ghe Cldwi1,8 dinl vauc, ke tendensy oi toalis solecuie
tovers cimerizsiion 18 stronger then thot of hs olsei,2
dinl, #s mvidenesd by the molecular weight daia 1ln Se=ohop

%

wnere =ven at the ilosrest concentration cossible (u.01 %o
CeE mole Irastlon), the aprersnt moledulsyr wel ki 12 in
the ranze 180=200, ¥ince the renge ~f messurs=went > the
solutiong is not too xush below this (U007 o Oevil wole
traction; Jdizerigatlion would seen 0 e & 08iinite P68«
b1 itye Tn iniree-red sheaprptism spectrum sy indicsie
hydsogon Dol lng beteven soleculss in dilutious ¢o - cavavle
to thore weed for the <l ole momnt mespurements as wanle
{ome s spavisuely, At any rate, t¥ thers 18 an ejulilbelum
vetwesn moananer end dimer, the moment 18  recticeliy
fmoaswivie of sebization unlees ke dlisbribubtlon &ny ogne
fi uratiosn of the diver is known with certaisty, W
gnsgnce of intramolevulzy bonding 1n tnis moiecule «% ia
inflaontad for the Sis-1,2 disl is nurzling, since the
models are 2o sgerly alive ami the measured roments sre

82 nearliy ldenticsl, uniess the contribution of the 2u form



for the trans~i,2 18 sopresliable. lowover, 1o the Inirge
red spestrum ol Lthe 0Ls-4,2 diol, ne twoe nweip sre Darely

ragaived by Lhe lratruwmnt, Time, mly & wvoery sli - hily

waegaok Laud &8 might exilst in the ftrang-1,2 4isl (Ze-
might Jall 02 Lo resolved, but pevertheless Lo suillcoliently

Birsn, WO kespy biw ngurossryla n the calechol garnli urstione

intramslagular hygdvogen bonilag, free rotutlim s Llooisd
Ly the polar hydrogens on the ring, awand b in%@rﬁatiaa
ensrgy L8 avout ouble that st swhilch potation war s
gxoeGied Lo Le hindered o o sonsidoraile dsiree. 11 of
Lo nyurogens ablached Lo oarbons sre apposed in thils
Boledule and coasegueniiy oseod Ot Le copsldered, The
intersetion of the grsups in thlie configursatlion would nod

be sxieciec Lo Lo suth &z Lo csuse the resultant vesisrs

i Be GO GRoups o cosplestely sunport or complately sppose
woe ansther, vut srababkl; the anglss betwesn ther of _resler
then o would be fevored becuuse of the loeation oI the
grosns. -4 thle is seluslly the cuug, the moment should

be less than Seg. 8  Lizer's gencral stelement thwmi
Lavioneres Laving colse subsitituents heve nigher energles
theo toose with eguatorlial substituents 18 anslicslLlis hisre,
then the @ conllguwreaticn sbouvid be less fevored bhan the
B for this leower. If this esegy diifezence is o[ Loe
St order of SELNILWO ok exists In the dimelhyleyslow

bexene devivelives or Llglwr, then the 3¢ eonllzuratisn

i
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shouldé be sonslidersbly lavored,

If any conclusions =ay e drawn from this date and
the theory involvad, they are: first, free rotetion is
absent in the ols isomer and wvery improbsbdle for elther
of the soassible santigurstisns of the transs s—oannd, the
exiatense of sny appreciable amount of the 2n eonfizuratisn
nf the trans isomer at these temperaturcs ig unlively:
thimi, the =ast srobable configarsaticn for these lsoners
ars those similar to satechol, 7The moments may be lowered
due to libration of the hydroxyles through smell angles
asbout the rigldly bourkd positions, »r by the formation
of symmetrical dimers to & small extent.

1t should be pointed out that the value celoulated
for oatechol (B.71) was based on bond moments »f 0.7
for Ce3, l.¢ for 2%, apnd an sngle for the COE group of
112, where the hydrogens add about 0,1 unit to the calou~
ieted value. These Lond roments and this snsle lesd ¢t &

ront for oshenol of ebout 1,58 1, whileh is to be
eompared to & measursd value of 1.7, 1If Ol 1is #uhtraégd
from the phenol velue {or the para hydrogen, 1.0 18 obtained
faor the CMH group moment. Using this velue, catechol may
be caloulated to bave & mor@nt of RBW7¢ for the olseplansr
strusture, where the hydrogens to e oonsidered will ralse
this to B.856. ISlnece the measured value (2,58, is about

Ue3 unite lower, it 18 indicated that the method 1s



somewlmt in arror, or thet there is some departure from
the els-2lanay strucsture, or that soms symmetrical dimers
sre formeds i¥{ thwe formsr 1B the cess, then the values
calcoulated for the bonded strustures of the els~and] transe
1,2 diois way Lo too high by about the same wvalue, If this
correction 18 agplied, the lower range of the caloulated
valuea sy bDe reduaed 3o about R.4, which i3 in g0 8 reee
ment with the measured values,

for the oasa o the trans-l,4 diol, two sonfigurations
must De considered: 2p end Ze. These are in tautonerie
egullibrivse There 18 no wossibllity for intraroleculsy
hydrozen bonding in either csse, Free rotation is 2osaible
far the 26 configuration but is hindered by nolar hydrogens
far the 2p configuration. The molecular weipght dets
indleates that amsooliation would be very small, even at
much higher eonecéntrations than the solubility in vLenzene
would alliow. Yhe infreered spestrum shows no hydrogen
bondinge In each esafiguretlion all ring ﬁyﬁragﬂna are
9,:086d 80 that they need not be consldered,

For the 2p sonfiguretion sngles between the resultant
veotors of the G groups of from about 46" to 180° would
e allowed in the adsence of interaction, however, the
mubunl potential energy value indicates thet sone interw
astion is Yo be expected, ‘‘he dissosition of the hydeosxyls
ie again guite difficult to determine, although it say be
é@ﬁciﬂﬁaé that they should be gensrally onposed, lesding

46
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to an appreciable reduntion in the soment based an frees
ratation {(Re8l). #fzsain, 1f ‘itser's .eneral rale omwgerne
fag molar sonfigurations is ep-lieeble, the equatoprial
foru sbould be favorad,

For the sgustorisl configuration the sutual notentisl
aneriy 18 abosut e third the value for strons Intersetion,
but about three tizes as larse as the value st #hiliah interw
astisn may Ve considered neglizivle. Jonsesusatly, the
momant shnsld be so ewhed less than the ree rotatlion
value of 2,21, since interaction in this Gaus would e
definitely uniavorsble to nositions where the vectsrs
would be generslly sunnortinge. 7The moment of this easwnound
should Do tenporature senalitive and approsoh 2,21 e &
1imite The voasured value »f 1.31 I is in sus ort »f
theae argumants, it does not rule out the existense of
a8 poler emmfizuration, althmgh gquelitatively the oolar
sonfiguration should have & moment aowgwhalt less than the
enwatarial sceuse the intersotion 18 atponger, and the
prosence »f sterio hindrence may out down the avallablility
of the smaller angles with whieh the larger momonts are
sssonliated. Uraphieel integration »ver the ranss éﬂoﬁa 1@50
assuming all sn;les ejuslly probable, allows & maxlsxm
moment for the nalar configurstlion of about B,07 ¥, If
the moment eould be measured over & temperature renge and

wore found to apurosoh 2.2 #8 & limit, the sxistense of



any appreciable smount of the nolar esxnfiguretisn gauld
be raled mut, As yet, however, there 18 no Justificstion
for this sther than the general rule of Citreria.

it may be concluded that the moeent {8 in e reument

with reatpricted rotation theory, sven if both confi uraw
tions of this mnleculs are present.

in the ease of the cligel, 4 diol only one confliguration
is ~wasible with one hydroxyl ejqustorial end one »nolar,

The scustorial hydroxyl 18 free %o ?m&ats, but the olar
hydroxyl snosunters interference from nolar hyderoscens on
other csrbonm, One nolar and one enuatorial CeH hond
sontribute & resultant of sbout 0,570 to the total moment
rut the relation between this resultant sand the T vectors
is nuite dirffioult to estimate. The matual noatential
energy 18 large enough to account for oonsiderabie intersetion,
tut the effent an the dispositisn of O veostors is too
difficult Lo debermine, 8o that no adttemnt will be made to
ealoulate 8 moment for this moleecule. The [ree rotatian
valus is sbout 2.8, but the existance of free rotation

i zuite imarobable,

The best value of the mowent for this somoound 18 B8 Iy
if the mellliag »oints may be used as a eriterion., The
relatively larse value »f this moment smst indicste that the
hydiroxyl vectors are generally dleposed in sun ort »f osne
anonther, & »0esibllity whieh 18 not elininated by esxaminegtion
af the model, 7The model of the buat form of this molecule
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“he resultant bssed on this anjle is 3.8, Two hydrogous with
g resultant of abont 0,87 add almont gquantltatively to this
ta oring the momeunt o abomt 4.2. ven ellowing roor fop
en ervror in eztluatlion o the angle of iﬁowamiﬁ arly Lring
the total moment down to 5.7. Thia 12 in very oor & re@w
ment with the ewnerimentsl value oI 2,75, CUonseguently,
this form probably doce not exisl to any :rest extent in
solutlion unless 8o sort ol resosence phLnomend wtue Lo
gonlugstion of the curbonyl linezes a3 indicated In Pige 11
would work bowsrd redeeing the moment., Howevar, it ig
erx-ectad that eny such eftect would change the moyment very

little, Luopuse wat la
+o

o
% + - teken from one ;roup
— —= would be added to the

& e

other.

Fig. 1 The inire-red
adaorption snectrum
indleates that this

substencse in the liguid stele esxiste with sbout osne hell
the carbonyis enclized anv with the hydroxyl hydrosens
bonded., Ho distinetlon 1s made here betwesn Intra- and
intermclecular bondkiling, but the date ecould be exnlained
by aingle wolecules, singly snolized, and having the
hydroxyd hydrogen Lrid ed to the caruonyl oxymen within
the molescule, LT such & pleture would an~ly in dilute

bengens solution and ii the donding keeps the ring and
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end the wirent should he slose to that of csteehsl (R.53).
I¥ e o walue »f 1.7 18 uszed Doy the "F veetor the marent is
ealduleted to be L.94 and tes hydroens sct to udd o e-all
amsunt o this az in the esse o8 the trone~1,2 4151, This
velug sy Lo ¢onslidered bt be in falr ssresment «1th the
gxnerisental velue. Fesorance rossibilities »f the tyre
Indicated Ln ilge 18 would be zzpected to have a nentral
effeet sipce the molescule !z symretrios) and the two extvrene

slecironle coniipurationg
-H *
o-N 0

: QK should caneel,
0,0;' - L = Y, Mumers mizht Hoselbly
= + -

he farved o8 coneidared fap

the cese »f the 1,¢ ai-ls
Fﬁg.lz.

far alther of the ensl forms

coangidereld here, If 21l

sroupg ere Lound in 8 8

riesd structure ihe result should Le to decresse the moment,
I¥ they are not ayemsliviesl, then the e¢ifect on the woment
garnot e Jeternined., Tt 1s euggested thet, Leosuse the
oxyedn of the esrbonyl is strongly electronegetive and
rrobebly =ad@ gonaliderably more so Ly the resormunce elfeat,

a0 unusually strong Intrae-szolsculsyr hydrogen bord encid be

forewd 1o this case and sssoclatisn »ight therefore be
veristed,

“he stepong hydrogen bond end the resonsnce sffeot
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there 12 noy stabllisdas influence guch as rasonandse or

hydeazen bonding. S0 that the soment 18 mare nronchly

dus Lo an esuilirriue wixture »f the Slkstoane snd the

8in:ly engllined form,. Yensurerent of the Infreersd

hsorntiosn sarestrum ahawld hols emslderstly %o eluntlate

the strusture of this maleeuls.

If the siruoture of A <hzdroxyoyelatwmxanome g written

a8 the nave du geat, Sautomers s the same k' nd es gonslid-
eral for the diols Teoconme
noseldble, These ars indlosted

in Fly, 13. In one ceze, the

4 \\o < ‘

,,a

Iy hydraxyl srour 18 nolar and
) Q”) in the other sauatorial.
fineh »f thess hws a =irrop
FVQ-’3‘ imm:e, however, ths santical
agons lderadions are nnt Lfzvortant here. Tor the acustorisl
form, intrasoleculasr hydeagen bonding 18 pomaidble and
shonld be guite atronn, I the hrdragen »f the hydroxyl
la ri isly hold mas nesr the osorbonyl axygen az mossible,
the angle Letweoen the carbonyl vector and the resultent
veatar 38 the 7P sroan is iéﬁo&a eatimeted fry the madal.
Tiwe moyent lg celoulsted T2 e 1.9l The regultent of
thres ec:rbon-hydrogen bonds {V0.8) addas almnst commletely
to the sarivonyl vector snd shen this 1s sonsldered the
monent {8 raised to aboat 2.87. 2Ajalinm, allswing s L 10

range for error in the e:tlmated angle, the ranze »f the
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suloulate  moment 18 fsund to e 199 Lo Bedd, Thiz is
not connletent with the asvera e oxperimental value of Z.8.
The salay form lseds to e ealoulsted opment of ebaut

the smme range, praovided the interastion 18 strong en sy

to keep the two vectors in a rositlon of maximun oprosition,
sinse the esti ated angle for this conliguretion is 1&&?
interagtion should be gulte strong 1 this case due to the
proximity of the groups and thelr large magnltudes, it
should e greater than the valus for the traansel,2 <inl
(5. For both these configurstions sny libration o the
hydroxyl about the (=" bond 2ust glive rise to & higher
moment, since the positions ecsleulsted are thoze -0 mexle
s onsasition of the two veotore. it is sug,ested thed
the steullizing influence of the hydrogen bond shoold
favar predominance of the equatoriel coniligureation.

ree roltation in elther instance would predict s
moment of aboult Jede Hoaing 1t is not expeoied wscause
af the large wvalue of the rutual potentlisal ensryye.

The faot that this cosmpound 1s capable of encllization
is shown by the infre-red spoctrun »f the solid which
ahows only & very weaslk carbonyl sbsorption peakce The
ensl {orm would De exvestad to bave a moment sormenlece
betweon that of cstechol 2.53) and the els-l,2 dlol
(2.58), since intre molecular hydrogen bonding 58 mezible
in this forz. The estlmate: angle between the resultanis
af the hydroxyl groups ls 6ﬁoi£ they are ilooked in the



cateshsl omfiguration, ‘ore Motation abosut Je7 bonds is
sonelble and the maxinus oossible angle Letwoen the o
sultants 18 sbout @93 THtle woauld lead o B westenin of
the nydrage:n bond howsver, s $hat the wigle wir» 1d ve
moare speuably Lo he renge: gﬂﬁslﬂ, and the -orent ¢aloye
inted €9 Do D =340, The tws hpxdrsgens o be sonzlildeored
would heve only & ver; smell e&llect s in the ceee of the
trensel, ;& diasle Free rotation leado to a moment o8 & out
Bedl, but I not iIikely to exlst,

Timerisation in goslutlion 18 guite »ossibie in view
ol the xoleoulsr weipght dete. Again, 1f 4t resclte o

wmiriesl sonliguratl na, the mnosent should bhe lowered,

whlle i the divers weve mt sysretrisal ne eliect axild
be estirmteds Tn wview %f’%h&kliﬁﬁaﬁ relstion osbhtained

for the nolarigation va, ¥, dala, diverization ie -rabably
gmmll in extent,

The hydrozre-kebone should e steblliged in sslution by
the ptromnger intremolecuisr bhond, The messured valiue of
the ~owant 18 oongintent with this ploture 1if some 1lihrae
tion 2f the bhrdrsxyl soeurs, although 1t dosen't rule sut
ths wosalbllity »f gulite lerge smounts of the enol forw
which should be favora:dy by the low dielectric oanstant
af the bensene solvent,

b ba® resn mentionsd that the melbing s:intes osbialined
Lor this eowpound am 1ts sgtlon i bangens soludion are
peoudinPes lor example, the white sollid which oryeteiilzed
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fyom the veouwn Jistiiled groduct melts over & ergs
o |
1i2 o 130 C. This 1z an wnsuelly large range even Iop

g Daoure Bulsiance sud iy

nd reauld from thy e ioeansl
ggullivbrlieu and dimorisatisn between sevorel forms In

the solid, The wecuuw disiilied 1Liguid is zrobobly i
ketoine fors, wille the shilte 8olid melting over & ona
Gogree rangs at iﬁﬁo:a s urobably Al erlzed. The solue
LLii%y dats is prouwedly ¢omalistent wilth this slohwra,

Sy relatively long relluxing the 80lld ean be braught 1nte
peanzene solublon Lo Qquite large conceniratiosns. “noe in
solutlion the substance reslste recrystallisation, coming
out only after lung periods ol tl e, and then with gulite
large losvses. This ~ight lakiloate thet the long refluxing
tize iz aocessary to vresk down enalle dimers and also
£li v s ablit io fthe suulilibrlum toward the ketonls form

to take plase, allowing wsore of the ensl form to gy into
solution. ‘n the other hand the enolis Lfovm should ne
Favored by the low dleleotrie oonatant bubt if the shifl
towers this formm 18 slow at low temperaturss the recrystalle
ilzetion would be accoowpanlisd Dy tlwe delay sand lear e Losses.
The lalrva-red absaryblon apeotrun $igs Iln these nr o uments
nloely sinee 1t shows the presenses ol only vary szall amounts
af certonyl in the a80iid, bubt ancreelable smounts 1 the
1iguid.

it mey be Goncluded (hmit this gompound salsts in
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benzene soluiion ss & »ixucre of lssners with & tendensy

toward the enolie foHrm

e o dirole monent dnta Ones oot
aliow a ahaige bebtween wolar end enuvetorial forme o the
hydroxy vetone hesguzs they should glive ebout the save
moment, slthaagh the sgustorial form 18 orabsbdly 2tabillized
by nydrosen honding.

he dinole maoment »f cerin (2,39) hed heon wessured
ava?iauglﬁg;nﬁ wes amsidered €y be inconsistent with the
A =nydrony wetone sirusture based on & oxlenlated =woant
of BaiT.  The moment mrevisualy ealenlated 1s gulis wrang
hawever, and If cerin 'wis the HL«hydrony retsns siructure
it should have adout The some moment as saleulated hore
far sdipolne In cerin, of eourae, the tautomors bheooure
stavls isomers hHegsuss the confi uratisa o8 the priss and
a mixtare »f lasymers wee uroabably msasured. Yowaver, as
has been shown, ths lsoners orobably should heve aboutg
the same morent and, I the corpound dosan't enolize to
any anprecisbls axtent in benzene solutiom, seweration
and messurement »f the ‘sosmers of coerin or a8 81niler Oome
nouand ahould onable ennfirmetion or stherviss, »7 tnle
enalrsis,

Yinally, 1% may be stated that the dipols —oments
mesgored Tor these co-mounde are nnt eameble of sny simnle
or gusatitative inter retation, even in erxshmetisng with
the infrea-red and moledular welght date whish hes heen
prasented, suggestions are made below for work which might
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Further elescify the sitructures and genfigurstions of these
mdleculss.

it ey o ooselbly Lo obialn wore definiie !niorration
shout e conliguretions oF the disubsiituled syolohexanes
by owadulring bthe assente of Chw dichlioro derlvalives,
{ince only ous olsel,k confizurstion 16 oosslible, the mnomend
should enubile a caloulation of the engle belbtween the (U
Goands. Lhis angle eould Lhen Le employed in e receleulas-
tlon ol the moment for the oldel,2 diocl. veasurszent ¥

the moment for the tranaei,2 dlichlors cospound signt

2 definite Zndlestion »f the presencs or sbsence »i the

Br esndlguration, bevsiuss the angle between the J-1 bonde
. p s . I 0 e &

Iin the 23 csae would e ecloss o 18U, The sresanes of

3

popreclable anounts of this osnliguration should ree:lt
thereiore in @ considersiis reduction of the zezsured
moment {rom g velue based an an anproxixats angle of s
{a for the Re conilgurstion). if the 2p enfiguratio
wore abseant in thie cese the messured mouwab shiuuid be
guite elnller to that of the ¢is-1,2 clshloro asrivative,
ke moment Doy the glis~l,4 dishloro comvound ghould
ennlle & more s.act estiosmtion - the angle butween GGl
bonda, wiloh sgein eould e arplied in other cases. 1w
monant for the trense! & dleblore sompownkd sho.ld be very
Glove Lo sera, re saprdizss ol the oregence or absence 31 the
2 poenfliouratlon, and henes should not esnable sny Geocision

to b2 swde asbout the oler configuration in tils csse,



The effect »f pssoclatlsn in solution might be

B berml;

wed by running all these substances in dloxans
solution, where sonsliderably greatsr conventretions sre
rossible. For exenmnle, the formatlon of symmelrical diwmers
should result 1o e rarked decrerse 1ln the slope o0 the
polarization curves with higher soncentrations,

fmiler darivetives of deealin where the fused rings
gnovld resulit in rigld asructures, wiith uo pomslibiiley
of chelr & chalr tautorerism, atould produse isomers
eanrnble of ssrevation. The mpmenits of those sho lo be
move easily interpretod in terms of the existing theory
and =l:0% help conslderably in the Intsrpretsation i the
structures of the conxpounds eoncerned here. This might
be particularly intercsting in the csse of the X «hydiraxy
ketone sompound. However, the ilsomerism of decslin ituelfl
would ~ake the task of nreparation, separsilon, and idene

tifieatl » of lsomers one of cousiderelle comilexitye
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if the samrmt s boat Santomer -8 certain di-substle
tuted dariveasrives 20 cyslohezeng =4y e gongidersd o ue
vary gmall at low fsmnaratures, then linlied conelieions
a8 o the form and/or oenfiguratism of these coymooinds
in benzene solutiom gsn be dvawa on the basia of sanerel
theory snd the exnerimentasl woriz whilch has bheon nresentsd,

free rotution of hydeaxyl grouns aboul the T and
in any dibhwiraxy esmoound where the ancle betwsoen the
Cwd bomdt ta fized would e expected ton lead to o rweseured
momsnt af 2,2, where smwll varistions ayre rosslibles due to
the dlzoasition of J=7 bonds In the moleoule, Hueh Iree
rotation 18 not enrectsd in any of the cosmounds enserned
here tgcause estlirsilnx of the rutual potential oenerles
botwesn prouns ahow thet In every onse the velue s high
ancsusl: to result In oryour interasctione Murtherwmors,
exsest in the care »f the trenn«), 2 dlol, wherever the
molecular madels indicnte the possidility »f hpdrogen
bontiing , sueh has veen found to be the sase, "hile the
infra-red dante do not always indiczte which type »f
bondiing exlsts, moleounisr weighl detersinatione in comabop
and linesr colevigetlon curves indisste that In gensral,
asaoccistion dosa not wersist to any grest eartent In sush
high ¢llutions se sare emiloyed here, “oreaver, eovsarison

of caloulated smoments besed on ifatrsmnleculsr Bonding



%

iive reassumble guelitative cshecks with the experisental
moments .

there ketoe-enol tasutomerism is posaible, the Infrae
red absorption apectra shows that 1¢ does exist, slthough
the dipole moment data does not slluw &8 choliee betwesn
forms nor an eatimation of thelr siatributlion.

Gonsidering each oomnoulxl separeately, the osnclusions
88 to structure follow below,

Zia«1,2 dihydroxvoyclohezane hes only one confi ura-
tion whieh contributes ts the moment., In dilute solutions
the hydrogen of one hyuroaxyl is bonded intramolecularly
to the osaysen of the other, although the value »f the
dicole moment Indicates the »o8sibility of libration of
the hydroxyls {or at lesst the unbonded hydroxyl) sbout
the Ce0 Dond, or some sasooliatlion into ayemetrical diwers.

If the 2p sonfigurstion for trans-l,2 dihydroxyeyelow
hexane should heave a higher energy value than the Zeé ocone
fizuration by seversl kilocalories per mole, then the latter
should be present in (reater stundence, ipledtular wodels
0f the 2e¢ oaniiguration show that hydrogen bonding similar
to that ocouring in the ¢is~1,2 diol ean seour, iiroup
intsruotion in the ¢trans-1,2 dlol can be guite sbtrong and
should lead to & eonfisuration similar to the ois, and
becsuse tho messured wmoments are almost identiscsl, it is

eoneluded that the econfi urstions &re similar,



Yo definlte conelusion ean be reached regarding the
ganlizuration 2f the hydraxyl groups in the ois-i,4 alsl,
althouzh the high value of the moment indicetes that thelir
rasultant vectors are generally supporting rather than
otherwise.

The Z2p conliguratinn for trans~l,4 dlhydroxyerclsheaxsne
is not sliminated froo e-nslideration by the dioole moment
deta, Dut 1L 1t gan e ruled osut on energy . rounds, the
measured moment of 1,81 I 18 guelitatively in e sreevent
with restricted rotetion thenry for the Be confi uretlon.

Comparison of the wmessured moment for 1,2 cyolohexanew
dione with those osloulated on the besils of all nossible
forma Indicates that a singly enolized form with the hydroxyl
hydrogen bound gulte riz1dly to the sarbonyl oxysen robably
exists to a large extent in benrene solution.,. Resonance of

the resulting sonjugstsd double nonds may contribute about

0.8% unlt to the value »f the totel mowent. The infra-
red abesorption spectrum of the 1liquid is not in dlsae reew-
moent with this interosretation.

Fato~enol tautomerism 18 poselble In the KX «hydroxye
¢ olohexane maleoule. The solid form e shown by infre-red
date to be the ensl form, while in very dllute cariontetrae
shloride solution soms retonle form exists, The hydroaxyls
are indlosted to e bonded internally in bLoth casesn.
Hydrogen bonding should astebllize the egunatorial configurae
tion of the ketone form. The meeasured moment 18 most

conslatent with the enol fors, but may correspond %o an



egquilibrium mixture of the m._.



LUMMARY
The dipole moments of certain Gisubstituted derivativea
af evolohwians have been weasured. langes »f morents have
beon estimmted for various forss and confliguretions {rowm
the Fisher-ilersfeld models of the molecules, or fros the
frae rotetion eguetisn, The mesults are tabulated below.

Compound “gastd Unment Jonfig. eand Tale'd “oment
Cisel ,2 dihydsonge Le32 5,080 bonded- h.%aﬁ.ﬁ
arelishexans . free rotatixn 2.
Trang-1,2 dihydroxye 2.59 10,03 2o, borkiedw Lo Tl
gsyelshexane 28, {reec rotatinne @2
gif}, froe rotstinne .1
Cle~=1l,4 dihydroxye 23,50 free rotatlioneeeees 2,8
ayelohoxane boat {ormebnnded== J.4
Trans=1,4 dihyiroxye~ 1.,80X 0,08 26, reatricted
s7elobexane rotationeeveens { 2,8

20, restrioted
PotALL Nemenne 2,1
free roatatiolivenes 2,8

1,2 Cyelohexenes o ReTH dgaaa..*ﬁ‘---w---- HeTmd ol
‘dione singly enovlired,

Y TLE B e s avcinic s i i n o w0 on v ﬁ .;:_,}
ain§13 enolized,
froe rotetion of
doubly enolized,
tonded - Zelinl a0
doubly enolized,
free rotatinsn of
voth hodronylfewes 2.2

o wiigdpoxyeyelos A B.8 wetone, equstorisl '
heranone hydroRyle= B,0e2,.8

ketone, - olar _
hydroey Lew "

ketone, iree ro=

tation of hydroxyl 3.3

anol, LoNG@lwemuwe 30,0

anol, free rotation 2.2



The infre-red absorstiosn spectra of these compounds
under sertaln sonditions have been recorded in the hydrozyl
ﬁnﬁ_@ﬁrﬁﬂnyl ranges and the results interpreted in terus
of eonfigurations and molecular structure,

| Ynleeular welghts for all sowpounds except 1,2 cyelo-
hexanedione have been measured by the Kast method, OLtrong
agsocistion at the higher concentrations 1 generally
indiceted,

The meesured valne obtelined previously for cerin
{(2.32) does not check the walue abtained for «L -hydroxy-
cyelohexanone (A~ R.3). The velue for cerin l1s consistent
with the caloulated value for the o~ -hydiroxyetone structure
azsuming intremslegular hydrogen bonding.

4 guslitative explanation for the moment o»f 1,4

nynimnaxanaﬂiaaa is offered,
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