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INTRODUCT ION

The phenomenon of apti&al aa#ﬁvi@y has been investigated
byeahkmiats from the time of its dissovery by Biot in 1812,
Two very luportent advences hﬁw@ resulted from this study, the
proposal of the "moleculer dissymmetry” theory by Pasteur in
1848, and the postulation of a tetrahedral structure for the
carbon atom by Le Bel and van't Hoff in 1874. These principles
are the foundation of modorn stersochemistry and serve ss a
besis for the prediction of all possible active types. They
do nai, however, give any indication of the structural feature
that 18 responeible. Work to this end hes resulted in the
secumulation of & grest mass of dsta, Much of this has been
of 1ittle value in the solutlon of the problem because many of
the verisbles involved in eny one measursment have not been
fully understood.

Within recent yesrs physicists have estsblished the the
aratiaai‘b§$ia for optical activity and have derived rotatory
dispsraion equations, These &re, however, of little use to
the chemist because they cennot be applied to simple moleecnles
that sre most easily handled experimentally, neither are they
expressed in terms of easily messurable propertles.

Optical rotatory power hes besn used 88 & means of detore
mining the structure of orgsniec compounds; sush &z, whether or

not double bonds are conjugated, It has slso been suggested
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HISTORICAL

A considereble part of the work on optical activity
since the time of Le Bel and van't Hoff has been done in an
attempt to correlste the optical rotatory power of compounds
with their chemlcel constitutions. While most of the results
neve been expressed in rather broed generslizations, an early
attempt was made to place the relstionship on & gquentitative
basis, In the case of the optical sctivity of & molecule
with one asaymmetric carbon #tam, Brown (1) ressoned thet there
must be & function K for each radicsl ettached to the asym-

metric carbon stom which e¢ould be expressed numerilcslly de~
pending on its composition, constitution, and the tempersture
of the substsnce. Since the rotation becomes gzero when any
two K'a are egqual, it must depend on & product of the differ=
ences. This principle has become known as the "product of
agymmetry” and may be expressed as

= {(a-b){a=c){a~d)(b-c){b=d)(b=c)
(a¥b+e+d )

where &, b, ¢, and 4 represent the values of K for the radicsls,
If any two groups &re Iintercharged 1t 13 evident that an odd
number of the differences change sigﬁ, and the sign of the ro~
tation is chenged although remaining the ssme Iin magnituds.

This conditlon, of course, exists In the caese of two enan

tiomorphic forma. Brown pointed out theit it should be de«



“7e

termined if possible whether this function & of a redieal
were & constent, or whether 1t wvarled, depending on what
other radlosls were present In the molegule. He did not suge
gest how this value of K could be esteblished but indicated
ﬁwww,ww could not be derived from the mess of the radical,

Previous to the psper by Brown, Guye (2) had proposed the
seme theory, but he eonsidered the meas end dlstence of &
radiesl from the asymmetric cerbon stom the determining factors
in 1ts effect on the rotatory power. In order to test this
theory Welden {3) esterified sctive malie scid in such & way
8s wé,wpyaw two rediesls of equal messes on the ssymmetric
cerbon stom. He found that aueh isomerie sompounds haed rether
high rotatory power, thus showing that mess was not the con=
trolliing factors: Soon so many such dilsorepancies were reported
that Ouye (4) wes Porced to state thet it was not the mmes but
rather the relative positions; the actions on esch other, the
Peonflguretion”, snd, finslly, the nature of the elements
ag&&aap@&n that determined the directlon and extent of the
@@wsww@a&

One of the moat atriking illustrations of the failure of
the mass to express a group's effect on the rotatory power wes
soon brought out by the prepsration of similisr compounds cone
teining dsomerle alkyl groups. The great differences in the
effects of these maegwa sennot be expleined by any of the
modern theories, In compering the rotations of nepropyl and
isopropyl secondery cerbinols, Mershall (5) considered that
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‘the higher polarity of the lsopropyl group may explain the
much grester effect it has on rotatory power, Stevens (6),
however, pointed out that the difference in polarity as
measured by scid dissocistion constants c¢emmot explain it, be~
gause the conatants for butyric and lsobutyriec are very nearly
the seme, Kuhn snd Freudenberg (7) believe that the diffevence
in the absorption bands in the uvltraeviclet may account for

the effect,

The difference in the effect of the ifsomeric alkyl groups
has dome much to discredit the product-of-ssymmetry theory, but
here th»lprinaipla 1tself 18 reslly not involved and hes never
been disproved, A few investigetors have attempted to solve
some of the problems sugpested by Brown, DBose and Willers (8)
exsmined the observed rotations of fortystwo compounds having
seventesn radicals in common, snd, by & series of approxie
metions, assigned arblirary constsants to the different groups.
They then caleulated the rotatlions for the series of sompounds
end compared them with the observed values, While many showed
fair sgreement, others varied as much es fifty percent.,
Walker, Bmiles, and Dover (9) used the same procedure with a
series of esters of lesetic and succinic sclds, mhgy\faﬁnﬁ mach
closer agreﬁm@mt between the caleulated and obaserved velues for
most of thelir compounds than hed Bose and Willers, but some of
theirs also varied é@ mueh &3 £ifty percent.

Although thess investigators did not consider thelr work

to be conolusive, their results certeinly do not indisate that
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axhihit& cirecular double refraction, the plane of pélafiaatien
iz roteted and in the sense of the component having the greater
velocity., Similiar to this phenomenon is the differential sbe
sorption of right and left airamzarly‘galsrizad waves, csusing
cireular dichrolem, This ceauses the phase ral&tiénahip to
| change 8o that the emergent rey 18 no longer plane polerized
but 1is alii@ﬁiﬁaily polarized. Thlas cccurs near the wave length
of an optically active absorptlion band and censes an inflection
iﬁ‘thm rotatory dilspersion curve. Cotton (11) found that if
the bend Furnished the mein eontribution to the rotatlon an
inversion of the rotetory dispersion curve taa& place at the
wave length of meximum elliptieity, whish ls approximately the
region of meximum absorption, Thess relstionships &re known &3
the Cotton Effect.

Prude {12) eontributed much to the development of the
theory of optiesl rotatory power by deriving the first eccu~
rate rotatory dispersion formulae. The simple form, whieh
ap§11a§ only to regions of complete transparency, is
= :—)-;ﬁi—;f , 7 being the rotation comstant end Ao the ais=
persion constent, These constants 74 and /), are cherescteristic
of the substence. The wvaluss ﬁr4ﬁ are usually expressed In
microns,

Theorstically Jaaaarxaayaada'ta a fundemental vibrational
frequency of ﬁhﬁ molecule and 18 approximately the wave length
of the center of an active absorption baénd. Teschugeeff was the
first to recognisze the importance of the ahsorption regions of
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& molecule on 1ts rotatory power. The oritical freguencies

for most compounds lie in the ultraeviolet or wisible psrt of
the spectrum. These compounds &lso have infra-red sbsorption
spectrs, but Condon (13) reported that the rotationsof aeveral
@amgaunﬁa'hava been m@nausa& out to £.14 microns and there were
no detectable irregulerities, This Iindicates that these ab=-
sorption bands contribute nothing to the rotstory power. Wood
and Nicholes fl&) also made quentitsative messurements on

methyl and ethyl tartrste derivetives end could find no justifi-
cetion for adding an Iinfre-rsd term to the dispersion eguation,

Lowry and Dickson (15) pointed out that the constent R
in Drude's @qnatiu# is 8 mesaurs of the molecular asymmetry
since it is not dependent on the dlaspersion, Thus when
,\.—./,ET , the rotation will be eguel to 7% , which they celled
the absolute rotatory power. They suggested that comparisons
of the rotatory power of different compounds would be velid
only when mede &t such & wave length., Little use hes been
made of this relationship except by Betti (16).

Lowry found thsat while the dispersion of most organiec
compounds could be expressed by one Drude term, meny required
two or more terms, Such compounds were seid to have complex
rotatory dispersion.,. Theoretlecally there should be as many
terms as there are active absorption bands in the molecule,

In the case of slmple rotatory dispersion, terms after the
first are probhsbly small end cancel esch akhag exuctly, It is

very Aifficult to determine experimentally the constants for
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any but the main contributionsy therefore, where the diapersion
i3 complex the lattsr terms mey be a sort of average of several
sontributions, In this cese Ao will have no physical signifi-
eance, sspecially 1f there are & number of active absorption
bendas in the same genersl region of the spectrum,

Some complex dlspsrasion curves exhibil anow

aliss, that is,
p&ss through & maximum end then change sign &t shorter wave
lengths, Tschugseff (17) was the first to distinguish clearly
bvetween the different types of anomslous dispersion. This
phenomenon mey be caunsed by: 3 mixture of two kinds of active
moleoules, the presence of an optieally active absorption bend,
the auperposition of two active centers in the same moleculs,
or the presence of two partial rotatlons srising from groups
attached to the ssme asymmetrie esrbon etom. In the cases
where two rotations are involved, they must be of opposite
sign end unequal dispersion te produce an &nomaly.

There 1s little guestion from the physicsl stendpoint
about the general theory of optlcsl rotatory power. The ro-
tation is believed to arise from the same osclilletors that
producs refraction. By spplying the electromagnetic theory
of light to a set of hermonie oseillstors the existense of
circulayr doubles refrection csn be demonstrated, This method
has been used by & number of investigators who obteined snaloe
gous dispersion eyustions, BNy mesns of & guentum meehsnical
treatwent Rosenfeld (18) derived equations which Condon {13)

proved weare equivalent to those derived by the claasiesl
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subtrscted from that of the compound, the partisl rotation
eurve for the rest of the molecule was obtained, This showed
ai@p&a dispersion, 1. e., incressing rotations with decressing
'wﬂvm lengths with no irregularities near 2800A., This indicated
thet Kubnf's method of trestment was éorrect.
A comparison of the partisl rotetion curves shows that
the N, bénd eontributes sbout twenty percent of the Sotal
rotation in the visible. Since it furnishes only 1/100,000th
of the total absorptlon, it must be compearatively very sctive.
This iz shown slso by the vml@a for g whieh has been calsulated
to be 2 X 10"%, The pertisl rotation arising from this band
is not the only econtribution of the azido group Lo the rotation
of the compound. The group hes other strong ebsorpbion bands
further in the ultra~violet. These may &lso have snisotrople
factors and contribute something to the rotation in the visible.
The total effect of an absorption band on the rotation of
& molecule mey be considered, sccording to Kuln, as belng the
result of two sctions, The band brings into the moleculs &n
inactive anisotropy which may become active by eoupling with
some other band, If 1t does couple, becoming snisotrople,
this is ¢slled induced "anisotropy”, end it induces anisotropy
in the band with which 1t couples through its "vieinal sction”.
Whather or not coupling will occur between two bands sannot
be prediected, but from Xuhn's theoretical considerstions it is
evident thet the coupling is at & maximum when the vibrating

moments corresponding to the absorptlon bands are oriented at
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90%, while the anlsotropic factor 13 meximum when the vibre
tors are neerly antieparellel, The distance is sliso important,
but the limiting velues sare not known.

The functioning of the induced anisotropy and vicinal
setion of individuel ahsorption bands has bheen illustreted by
Kuhn {(26) by means of the dimethylsmide and methylester of
agidoproplonic scid, The compounds were configurationelly ree
isted since they were prepared from the seme active acld
ehloride, a vesction thet permits no Welden inversion. The
rotation of the ester wes found te be weskly positive, where-
88 thet of the smide wes strongly negative, Comparison of the
partial rmtatiéna showed that the contribution of the aszido
group wes the ssame in both compounds; that 18, its 1nduced an=
isotropy was the seme in both esses., In the cese of the ester,
the slign of the anisolropy of the group 1s determlined by the
srvangement of the H, Clyg, end COOCH, groups, while its megni~
tude is determined by their combined vieinal sctions, In the
same way the H, CHs, aﬁd ¢ﬁ§(Gﬁ$}$ groups determine the induced
anisotropy of the mzido group in the smide. Changing CO0CEs to
CON{CHy),, therefors, has very little effect. The exsmination
of mﬂmy’simili&r 0oses 1é#$‘ﬁnmﬁ to believe that the induced
ani%mtrapy of & group 1s relatively little affected by chemical
chenges 1in the m@igﬂbmring groups, This mesns that Brown's
funetion K 13 approximetely & constant for emch group regsrde-
lesa of where the group eppsers,

he rensinder of the rotations of the above moleenles is



i B

apparently due to the partiel rotations of the COOCHs and
CON{CH, ), groups sinee the carboxyl absorption vand s next
strongest to that of the agido group. The induced enisotropy
of sach group is the result of the vicinal action of the same
groups 3 nemely, H, ﬁﬁw? and Ny« Kahn found, however, that the
partial aanﬁribmsiana”ﬁare the reverse of each other, COOCH,
being positive and CON(CH,), negative. Thus, the induced
anisotropy of & substituent 18 wery sensitive to chemiesl
shenges within it even when the resulting group is of similiar
shemiesl charscter. Such changes nesd not be drastiec snough
to shift the charscteristic frequeney of the bsndy for,
geording to the accepted theory, small variations in the
distance or orientstlon of eoupled vibrators mey be sufficient
to csuse profound changes in rotsatory behavior.

This sensitivity of the slectron vibrator to its eviron-

ment serves as & convenient method of explaining the msrked

- effect of solvent and temperature on rctﬁtery power, Con-
pounds baving eomplex rotetory dispersion are muach more sensi-~
tive to changes in these conditions. In swch ceses & change
in temperature or solvent undoubtedly has opposite effects on
the Drude terms expressing the dlaspersionj thus, relatively
large changes in the total rotation might oecur, and a chenge
in sign could take plsce 1f the terms were of the same megni~
tude. Earlier theoriss attempted to explain such varisations
on the besis of the associetiopn of the solute or of the aélut»

and solvent. These reesctions undoubtedly have some effect for
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Rule (27) has found that the rotatlon of & compound in ®

geries of solvents decresses with ineressing polarity of the
solvent., It has been observed that in meny ceses dsoreasing
the @aﬁ@amtrutian of & polar solute in & non+polsy solvent
esuses an inorsase in the specific rotation, At least part of
this effect is due to the decresse in the polarity of the medi-
um and the reduction of the assoclation hetween the solute moe
levules, ?aw this resson, rotutions of poler liquids in non-
polar sclvents &re considered to more neerly represent the true
rotetory power than rotutions tsken on the pure liguids, Assow
clation 18 not alweys sccompenied by & decresse in rotation,
for Walden (28) found thet the dismyl ester of itaconic acid
ehanged from a_mmhila liguid to & bard, colorless glass due to
polymerization, but the rotetion through these chenges remsained
practically constent, Preundler (29) also found that, on change
Ing sclvents, tatra«auﬁaﬁiﬁuhad tartaric scid esters incressed
in rotation ea mssocisatlion incressed, sssoclation being measured
eryoscopliecally, These results Iindleate thet Rule was fortunste
in his cholece of motive compounds in order to obtein such e
regular change in rotation with polsrity.

The tempersature effect 1s slso varisble, as Pleokard and
Kenyon (30) found in & long series of systermatlc investigations
in which they meesured the rotations of meny compounds Ffrom
room tewmperature up to their bolling pointa., The change wes
rether smell, showing & regular ineresse or decrease with in=~

eressing tempersture, They worked with pure compounds and
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attributed the change to dissociationy they believed the ro=
tation at the boiling point represented that of the completely
dissoclated liquid, &till another source of variation due to
temperature mey srise in compounds heving restricted free ro-
tation, Wolf (31) found that at room temperature there 1s no
fres rotaetion of the halves of tartarle acid ester. He found
three probable poslitions of minimum potentisl energy in whiech
the molecule may becomé stationary; an incrssse in bemperature
would lesd to & gredual perfection of free rotetion with & re~
sulting chenge in rotetory power. Further understanding of the
effects of solvent, tempersturs, and conecentretion on rotatory
power await the experimental determinetion of their effects on
partial rotstions,
Some of the most Interesting results from the study of

from the investigetion of homolo~

optical sctivity have come
gous series, MNany yesrs ago Franklend predicted that anomelies
in physical properties might appesr in sush series at the fifth
carbon in & normal alkyl chain, since, when properly orilented,
the hydrocsrbon chain could form & complete spiral st this
point. In their esriier work on homologous Series, Plekard and
Renyon found that the rotatory power tended to vary regularly
with incressing moleculsr weight, However, when the r@taziona
of the methylen-alkylcarbinols were plotted ageinst the molecuw
lar welght, the propyl member wses found to be abnormslly high.
In meny other series (32) slso, such irrsgularities usuvelly

coanrred when an unbranched ehsin of carbon or carbon and oxygen
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stoms econtained five, or & multiple of five, members. These
irregularities were Intensified &t high temperstures and in
solvents. In series containing ester groups or branched chalns,
more irregularities occurred, but these could &1ﬁays be explaine
¢d az arising from the formstlion of some such spiral,

These abnorm&lities may be interpreted as being the result
of & space effect, The existence of such an effect hes been
further confirmed by lLowry (33). He mesaured the optical proper-
tles of the amcetatss of the open ehain aldehydic M=-forms of
glucose, galsctose, ard arallnose prepsred by Wolfrom. From
the absorption spectrum and rotutory dlspersion, Lowry found
that the total rotstions of these compounds were made up of an
l-rotation, due to the induced dissymnetry of the aldehyde
group, and & {ixed d-rotution, ﬁue to the rest of the molecule.
The partial rotutlion of the aldehyde group 1s more than doubled
by the change in configurstion of the fourth carbon in going
from the glucose derivetive to that of galactose, and this ro-
tation 18 decressed by one~fourth in the eliminsation of the
agymmetry of the f£ifth cerbon on passing from the galectose dew
rivative to that of arabinose, In comparing these results with
those obtained from cyclie sugsrs, Lowry found thet the effects
were much grenter than one would expect for changes in the con-
figuration of relaﬁiéaly distant carbon atoras, He concluded
that the dissymmetric fleld of the asymmetric carbons must act
directly across space inataaﬁ of through the caerbon chein, and

thet the sldehyde group must be oriented in such & way that 1t
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is nearer to the fourth and fifth cerbons than one wonld ex~
pect from the straight chain formls,

The most extensive atudy of roteatory power in homologous |
series hes been conducted by Levene (34)., He and his assocl~
ates have prepared many series of configuratlonally relsted
compounds of the genersl formmla

CH,

n»%»(m@mx

-(?ﬁa )xfm

R
where X 18 & chromophoriec group, and R may be & methyl or
chromophoric group.- g% vmry;ng‘nl he was able to show how the
rotatory power eh&ngéé‘ﬁithkﬁﬁé distance of the chromophorie
group from the asymmetrle cerbon atom. When n, equals four,
the effect of sueh groups 1s usually reduced to thet of an
alkyl group. In g number of such serles he obsorved an "alter~
neting induced polarity® effect that csused alternate members
to have ebnormally high rotetions.

48 has been indleated, the most dAifficult problem in the
correlation of rotetory power with chemical constitution is
that of finding some essily messurahle property of & group that
can be used to express its relative effect on rotstory power,
The mass of & group has been shown to be irrelevant, except,
as noted by Levene (35), in the case of normel alkyl groups,
Several investlgators have used the refractivity of & group to

express 1its effeect on this property, but the two phenomens are



-~ R&-

fundsmentally ﬁiffarant'in some raspa&ta,~un& there 18 congidepr.
able question 88 to whether sueh & method is Justified. Boys
{24) ueed the effective radii of the groups in hiszs esleulstion
of optieal rotetion, but this has not been generally sccepted.
The electronegativity of & group hes been compered with its
effect on robutory power in & number of serles of compounds,
Good correletion hes been obtained, but the use of this properw
ty is limibted becsause it cennot be expressed exscily, The rela~
tivayﬁlaatr&n¢gativ1ty of & series of redicals may be determined
from apecific inﬁﬁ@tiviﬁy gmpaaiﬁiaa, or from the dissoeiation
eonstants of aﬁ}&&, amines, or phenols, The different methods
do not alwayaagive the same order of the radicals, but there

is general sgreement between thern, |

Bettl (18) condensed msctive B-naphthol phenyleminomethane
with & lsrge number of @u@g@iﬁuﬁgﬁ bengaldehydes to g&va COm™
pounds of the typs: CHs=~ ¢ - N=$<R . He found that the mo-
lecular rotation veried wigﬁﬁtﬁgigﬁgaa@i&ﬁisn eonstant of the
scid RCOOH

Rule {36) preparsd & number of lementhyl and l-ootyl esters
of monosubstituted acetiec soids and found that the rotetions
inereased with the electronegativily of the radicsl subatituted
in the acid.

Levers (57) has studled the effect of polarity on rotatory
power in & simpler series of compounds. He prepared & number
.@faéiivw"d»n«alkfkyrayiénie soids and, by & seriss of re-
agtions, veried the polarity of the carboxyl group. He found
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that in esch series, the polarity of tharr&dieal end the ro-
tation of the compound decrezsed in the order: C=N, COOCH,,
COOR, GOWH,, COCl, CH.80,H, CHaX, CH.SH, CH,OH, CH.NH,. He
believed that, in the light of the newer theories, suech & ree
lation existed only in the aliphstic series, If another polar
group were introduced, 1ts effect could not be predicted,

Another correlation between electronegstivity snd ro-
tatory power has recently been observed by Plgman and Ishell
{38) who prepared & large number nff3~d~gluccaidaa. They
found thet, with one exceptlion, the molecular rotation incressed
with the electronegativity of the sromatic aglucon &8 messured
by its dissoccistion constant, The smaller rotetions of the
aliphatic Bed~glucosides and P~d-glucose also showed & quali-
tative relationship to electronegativity, since the dissocis~
ation constants of alcohols and water and considersbly sgaller
than those of the phenols. Pigmen and Isbell justified the use
of these compounds for this comparison by showing that the moe
lecular rat&tiah_varie& with the rotatory contribution of the
firat carbon, so the effect 1s as 1f the molecule had only one
saymmetric earbon,. |

It is generally agreed that theoretlcally there should be
a definite relatiaﬂship between polerity and opticel rotatory
power, but the rwl&tinnship mey not be &8 simple &3 the above
results indlcate, It 1s claimed that the orlentstion in space
88 well a8 the polsrity should be considered, Furthermore, if

8 chromophorie group 1s introduced into & molecule, the &b~
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sorption bands present may alfect 1ts rotatory contribution to
such an extent thait the polerity effect 1s negligible.

W¥eny investigators heve attempted to explein the chemical
and physlcal properties of crganic molecules in terms of the
electronegativity of the radicals present, Hixon and Johns (39)
have arrenged organic r&diaﬁlﬁ\in the order of thelr electro~
negetivities uvsing an sarbitrary scale of units termed the
electron-gharing abilities (edbbr, E., 8, 4.). The order of the
redicels is determined by the dlasocliation constents of the
e&rraéyemﬁing scids, and 1t hss been shown that the same order
exists 1f the redicals are pleced by the dlssociatlion constants
of the smines, This property has been correlsted with the |
chemicsl and physicel properties of & number of series of come
pounds ,

Burch (40) examined the rotstions of some alpha-substituted
ethylemines and Pulbrook (41) the rotatioms of some salphee
substituted pyrreoiidines. In esch series s qualitative re-
lationship wes found between the E, 3., A, of the radicsl subw
stituted and the rotsetory power of the resulting compound,

Naps and Johns (42) measured the rotations of & number of sube
stituted sucelinic scilds arnd the compounds obtalned by ring
closure of & number of thelr derivatives., With these compounds
the effects were too complex to corrslete the rotatory power

with the B. 8. 4.%8 of the groups present.
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STATEMENT OF THF PROBLEM

Assuming that the optical rotetory powsr of & molecule
having ana'&aymmﬁtri@ carbon gtom depends on the radlcals
present sccording to the principrl of the producteof=
ssymmetry, and, assuming that the group constants mey be de-
rived from their electron-shering &bilitles, it is spperent
that if the rsdicels have wldely sepmrated F. S, A.'s and the
highest 1s cepable of being varied throughont the entire range
with retention of configuration, the rotation .7 the molecule
will change in the following m&ﬁm&ré It wlll decresse to zero
ag the ¥, S, A, of the varied group approsches that of the next
highest group, then change sign, Incresse through a maximum,
and decrease to zero &s 1t approeches thet of the next group, etc.

lieny such esses of inversion of sign with retentlon of
configuration have been reported in the literature, sspeclelly
in & number of Levene’s homologous series, FHowever, these
tsnleted cases, involving groups of limited range of B, S. 4.,
do not provide enough date for an adaguate test of the theory.

The experimentsl procedurs involved in chenging the
electronegativity of 2 group over & wide renge becomes very
difficult becsuse such groups ere not readily sveilable, The
furyl group can be changed in & llmited number of steps over &
wide rsnge of E, 5, &, It 18 relatively electronegative, the

tetrahydrofuryl group is less electronegetlive, and the n-~bubtyl
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group is relatively electropositive, 8uch & series, of course,
will not show the result of & gradual chenge in ¥, 8, 4., but
may show two Inversions of sign if the other groups are properly
chosen. One of the groups must &llow resolution of the insctive
compound; the carboxyl group is sultable for this purpose,
Alphaegubstituted scids are not sstisfactory compounds for
this study for several ressons, Flrst, these acids, if they
possess & hydrogen atom on the alpha carbon (asymmetric), under-
£0 r&cgmizatiau easily during meny of thelr resci’ s, Second,
the cerboxyl group is stramgly‘influamce& by solvent and temper-
ature; comsequently, if it 18 directly attached to the asymmes
tric cerbon atom these influences will merkedly affect the
rotatory power of the compounds, Third, these aclds offer
many synthetic difficulties. For these ressons, & series of
betaw-substituted acids wes chosen. A few of these sclds have
been reported, and Levene hes prepsred s number of configu=
rationally related B-n-butyl acids such as would be obtained
from such & series on complete reduction of the furyl group.
This series has & number of 1imitatiaﬁa. The most serious
from the exp&ri#&nt&l side 1s thet cetalytic hydrogenetion of
the furyl group in &n actlive molecule may introduce & second
active center through a&ymm@trie addition of hydrogen under the
inflvence of the first active cerbon atom, This mesns that an
optically pure compound must be used for the hydrogenestion snd
the pré&uct completely resolved so thet the rotatlon of the come

pound with an Insctive t@tr&hydrafuryl graup'é&n be caleulated,
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If this is not possible, the sign of rotstion of the first
sctive carbon willl be in doubt. Thes second 4difficulty is that
there is & hydrogen on the asymmetrle carbon. Bose and Walker
in assigning arbltrary constants to the various groups for the
calculation of rotatory power gave hydrogen & rether high vslue.
Those who believe thet the effect of & group depends entlirely

on its absorption bands spparently assume thet hydrogen has very
little effect. On the other hend, 1f its effect depends on its
electronegetivity, hydrogen should be intermedliate between the
electropositive alkyl groups and the more elactronagativé
groups. In view of this uncertainty the problem would be
gimplified if compounds could be studled that contalined a tetraw
substituted asymmetric carbon atom. Synthetle difficulties
prevent this in the proposed serles. In splte of this limi~
tation it waes felt thet preliminsry to & more exhavstive in-
vestigation of the comnectlion between al&atroﬁegétivity and

the producte-of-agymmetry, the prepsratlion of such & series of
eompounds would be helpful,

After & eansiﬁar&tgsﬁ of &il of the sbove factors, it was
?rﬁpé&@& to pursue the following studys first, to prepsre and
resalva/gL(d~f&ryl)*ﬁ71§han31§rspianig scid, ﬁl%«kfury1)~valeric
acid, anﬂ>ﬁﬂﬁwhfurgl);eépraic}acid; second, to hydrogenate the
furyl group in esach compound to the tetrahydrofuryl group;
third, to remove the oxygen from the ring, changing the
tetrahydrofuryl group to the nebutyl group; a&nd, fourth, to

meesure the rotatory power and dispersion of esch of the sbove
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compounds end to ¢ompsre the signs of the rotations with whet
one would expect 1f the product-of-ssymmetry theory 1s walid
when the E. 8. 4.'s of the groups are used &s thelr rotation

gonatanta,



«30=

EXPERINENTAL

Preparsation and Resolution of

lgmﬁuhgtiﬁat&d Propionie Aclds

Preparation of ,B - (Xefuryl)evaleric acid

The dlethyl furfurylidenemalonste used in these prep-
arations was made by a modiflestion of Marckwald's {(43) method,
Winety~-six grams (one mole) of furfural were condensed with
160 grams {(one mole) of dlethyl melonate by means of 153 grams
(1.5 moles) of mcetic anhydride, The mixture was hested in a
bath under a 15 inch fractionating column for 14 hours. The
bath tempersture was held at 135° during the rirst six hours

which caused gentle refluxing. The tempersture was gradusally

~ ralsed to 175° during the last eight hours. Slightly mors then

\ggé‘%heoratiaal emount of scetic acld dilstilled over during the
latter hesting perlod. Fortlons of the resulting thick, blsek
liquid were transfered %o .& Claisen flesk and distilled under
reduced pressure, Practically all of the lower bolling fraction
was acetic anhydride; a totel of 35 greams was collected., The
produect distilled over at 165-170°/10mm. and amounted to 212
grams (0,89 moles), 89 percent of the theoretical. Another
gimilier run resulted In & 87.5 percent yleld, The ester, &

pale yellow, wiscous liguid, gresdually turned a very dark
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reddish-brown color after stending for seversal months, This
d1d not appreclably affect its resctivity.

A frignard reagent was prepared in the usual manner from
0,0 grams (0,37 moles) of magnesium and 46 grams (0.42 moles)
of ethyl bromide. The ether solution wes cooled and = dry
ether solution of dlethyl furfurylidenemelonste wes added
slowly with the temperature kept below 10°, The reaction
mixture was raflﬁx&é four hours, allowed to stand overnight,
end then hydrolyzed with 10 percent acetic acid, The ether
layer was separsted and the water layer thoroughly extracted
with several portions of ether. The combined ether extracts
were sheken with sodium bicsrbonste solution and then dried
over anhydrous sodium sulphate, The ether was removed from
the drled solutlion on & water bsth, and the residue wss fraction-
8lly distilled under reduced pressure. The product distilled
at 136=140°/8mm, and amounted to 74 grams which is 73.8 per-
cent of the theoreticel based on the weight of eater used.
Other smaller runs yialé&ﬁ 73 and 79,5 percent of the theow
retlcal,

one hundred and ten grems {(0.41 moles) of the substituted
melonic ester were added to & 35 percent soclutlon of 46 grams
{0.82 moles) of potsssium hydroxide. The mixture was refluzxed
two ﬁaﬁrs, 30 grams of & 50 percent sclutlion of potassiom
hydroxide were ﬁdﬁad, and the refluxing was continued for one
hour., Portions of the ester hydrolyzed less drastically cone-

tained gome of the monow~eater which, after decarboxylation,
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could not be separsted from the ,gw(dwfm'l}wvalemic acid by
distillation, The solution of the hydrolyzed ester was diluted
with &n equal volume of water, and this smount of liquid was
then distilled off to remove the alcohol, The residue was
conled, mede mcid to Congo red, snd extracted thoroughly with
ether, The solution of the dibesic acild was dried over an-
hydrous sodium sulphate, the ether distlilled off, end the scid
decerboxylated by heating slowly to 190°, The residue was
distilled yvielding 58 grsems of fB=(~furyl)=-valeric scid (b.p.
113~119°/3mm. ) which is 85 percent of the theoreticel; nj®
1.47603 4F® 1.088.

Haxim end Zugraveseu (44) prepared this scid by hydrolysis
of its diphenylamide. They rapémm & boiling point of
145°% /1.

Resolution of Be((~furyl)-valeric secid

#lthongh no general rules can be applled, mono~bssie scids
have been most esslly resolved by mesns of guinine. Levene
used gquinine and cinchonine to resolve the ﬁ-submitm@ﬁ
propionic scids that he prepsred., The first attewmpts to re~
solve B-((~furyl)-valeric acid with guinine were not very
encouraging so & number of other sctlve beses were tested.

Eguivalent smounte of strychnine and scid were Msaélmd
in boiling dilute &imh@lﬁ The solution was decolorigzed with
cerbon and filtered., JSpontaneous evaporation of the solvent

cansed the sepsration of an olly layer thet could not be ine



duced to erystallize by cooling or by dissolving snd re-
preciplitating from the common orgsnlie solvents,

Rguivelent amounnts of cinchonine end scld were disczolved
in 96 percent salcchol and the aalmﬁian #llowed to evaporate,

The addition of scetone to the concenitrated solutlon cansed the
sepsrstion of & few crystals, m.p., 158-193°, The rest of the
8elt could not be erystalllzed, The yield wes so low that thils
method was saheandoned.

Aeld sufflcient to form the sclt wes &dded to s holling
alcorolic solution of brucine, The solubtion wus bholled with
esrhon and filtersed. After eveporsation to & smell volome the
residue solildified. The crystals were extremely soluble in
8ll the common orgenic solvents except ether snd hexune.
Combinatio s of solvents 414 not yileld any éfyatallime rroduets,
& bolling eﬁhér extract of the above reslidue deposited white
eryetals that melted up to 65°, Hepesied extraetion sesmed to
separate the crude crystals into & low meliing fruction,
81ltehtly soluble in ether, oand & less soluble higher melting
frection, The solubility of the first fraction wes so low, how=
ever, that this method of seperation wes not practicel, Nelther
of these typs8 of crvstels induced eryst:llizetion of any of the
syrups obtalned previously. The syrup thet precipitsted from &
dilute s8lecoholic solution of the selt dercsited cryvstels after
standing for seversl we ks, They could not be completely
separsted frow the non-erystelline materlsl becuuse of thelr

grest solubility. Crystals sepearated mechsnically (mep. 88-05°)
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conld not be recrystallized any more readily than the original
sslt,

A number of aynthﬁti@ bases have been used in the re-
solution of scids, Bettl recommended the use of Senaphthol
phenylaminomethine as a'r@aalving agenty therefore, some of
this base was prepared (45) and resolved (46) aceording to his
directlions. The d-bsse was reuadlly obtained but preparation
of the l-base &3 & resolving agent was not practical because
of the instabllity of the elcoholie solution of the lehase«d-
tartrate, Evaporaetion of the soclution even at very low pressures
caused almost complete decompositlion of the amine. Egquivalent
smounts of the de-smine end B={Kk~furyl)~valeric acld were dis=
solved in warm &cetone. After standing overnlight the solution
hed deposited crystals, which, after several recrystasllizstions,
melted at 151~153°, When egquivalent amounts of the acid and
base were dissolved in aleohol, ecrystals were obtalned that,
after recrystallization, melted at 160-162°, Bolling elther
of these compounds with hydrochlorie ascild produced some of the
amine hydrochloride, but they were not affected by warming with
alkali, Thus, they were not salts, They were found to be
condensation products of the amine with acetons and benzaldehyde
respectively. The benzaldehyde sarose from é&cmmpbsitioﬂ of
part of the amine, It was found possible to form a salt by
mixing cold ethyl acetate solutlions of the amine and secid and
gllawing the resulting solution to evaporate at room tempersature,

The salt became discolored and smelled strongly of the free acid
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after stendling for & few hours, Obviously this base is too
wenk to form stable galts wlith tﬁis acid.

The sctive Xephenylethylemines hsve besn used in the
resolution of some scids., Some of the emine wes prepered and
resolved by Ingersoll's (47) directions. Some of the amine,
from freahly decomposed lemglate-d~smine, was dissolved in 95
percent aleohol comteining sn equivelent amount of the scid.
Bvaporation of some of the swlv&ﬁt ceused precipiteion of all
of the sult presents This melted at 93-96° and wes spnsrently
the ds~base-dl-ucld sglt. It wos very solvble in most organic
solvents, and any cowbinsilon of solvents that ellowed re«
‘erystsllizetion produced the sume salt., &n sttempt wrs made
to resolve the scld with this amine by the esquilibrium method
of Pope and Pesehy (43). Some of the seld was dissol.sed in
éilwta eleohol snd enough of the amine sdded to form the s:1t
of ore isomer. The rest of the ucid wes neutralized by the
careful sddlition of amwonia, The oil ﬁhﬁt‘aep&r&teﬁ on #low
eveporetlon of this solution could not be crystellized,

S’nee thess methods fulled to resolve the ssid, further
attewpta were mede to elfeect this by means of Q#inim@. In the
firat tests made with this slkslold, wixy crystsls were dew-
poalited from agueous methyl and ethyl sleohoel solutions of the
selt, 9They were very soluble in all orgenle solvents end could
not be purified very esslly. Vhen they were unsed to seed &
very eold sgueous scetons soliution ol the quinine sslt,

ecrystellization cccurred readlily. Forty«four grems of scid
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were dissolved In 250 co. of boliling scetones and 90 grems of
guinine added. The solution wes diluted with 75 c¢. of water,
decolorized, and flltered, It wss cooled to 10%, and water

was sdded till & faint turbidlity persisted., After being seeded,
the solution wes kept at 10° for two days when nearly 90 per=-
cent of the toteal sslt had erystallized, This could be resdily
recrystallized by dissolving in somewhst more dilute scetone,
seeding, end eooling in the lecebox., ALfter systematlc re-
cry&t&lliz&tiﬁn,'thm purest fraction, 8 grams after six re-
erystellizations, melted st 79<86°, Thorough drying raised

the melting point to 82-39°,

Analysis

Calculated for ¢, H, O ¥ _ 1 ¥, 5.68

2956 6 @°
Pound: N, 5.48

The salt was decomposed by warming with dilute hydrochloric
acld. The acid wes extreeted wlth ether, and the ether sulution
dried over anhydrous sodium sulphate. Two grems of the seid
were obteined (b, p. 132-133%/10mm.) having the rotation,
cxé“ +10.50°%, )

The most scluble fraction of the quinine salt was de«~
composed end 10 grams of acid obtained (b, p. 130-133°/10mm,)

~4,22%, Since cinchonine meny times crystellizes

for which, &2°

D
out with the lsomer thst forms the most soluble salt with
guinine, the impure l-scid wes combined with 17.5 grams of this
alkalolid in dilute s&lcohol. The oll that separated from this

solution ecould not be crystallized., HSince the l-scld cannot be
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obtainred optically pure, there is no way of checking the purity
of the d-acid obtained, so the recrystellization of the de-scid
quinine salt wag not continued sny further. Acld recovered
from the most soluble guinine aalt was used in the dispersion
meesurements (b.p. 106-110%/2mm,. ).

Determination of rotstory dispersion

\<X§? «3.44° E@g’ w3 17
X§Fa0 =B.5T° [od81,, ~3.20°
X876y ~4.10° . (dalay -3.77°
Aiise =7.48° @(ﬁgw -8 ,39°

QAp® =0.20° (benzene, e = 5.75)f(3¢ -3.43°
Dispersion ratio, Nasse/ Wosey =1,.83

A1l m&ﬁsuraméntﬁ were made using & ong decimeter micro

galﬁriacapa tube in the Sehmidt snd Heensch polariscope resding
to .ﬁl“.’ A 110 volt aaﬁiumﬁlamp was used for 1lluminstion to
read the sodlum D line. For the mercury lines a c&nili&ry,
85 watt, high Intensity wmercury vapor lamp was used. '(his was
mounted inside & brass protective shield in which.n small'lsﬂs
(1 1/4 in. dlem,) was held to foecus the light into the polear=
iscope.

To isolate the mercury yellow lines (57694 and 57904),
Corning filters numbers 348 and 430 were used. For the green
line (54614), numbers 351, 512} snd 430 were useds, For the
hlue line (435B34), & pilece of cobalt glass w&é nsed. Thess
filters were tested spectroscoplesally to be sure theat in esch

cege all undesiravle lines were removed,
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Preparstion grlg*ﬁfoﬁryl)maapraia aold

The preparation of this was carried out sa in the case
mﬁ/?»FKufuryl)*v&lﬁria ecld, A Orignard reagent wes pre-
‘pﬁreﬁ from 6,34 grems (0.26 moles) of magnesium and 32 grams
(0.26 moles) of ne~propyl dbromide, To thils reasgent wes added
57 grams (0,24 moles) of diethyl furfurylidenemnlonste., The
yield of substituted m&iomia sster was 53 grems {(b.p. 150=-
183°/8mm, ), representing 74.6 percent of the theoreticsl,
snother smeller run resulted in a 75 percent yield,

one hundred and five grams (0.372 moles) of fe(Xefuryl)s
n~butylmslonic ester were hydrolyged and decarboxylated. The
residue was distilled ét reduced pressure and 60,8 grams
(90 nercent) of ﬁw(dwi‘urgl)weapraia scid obtained, b,p., 148°/
1lmms n}‘gf" 1.4740; 43° 1,089,

Maxim end Zugrevescu (44) prepered this acid (b.p. 148°/

émm) by hydroiysis of its diphenylewmide.

Reaplution of Bw(«ufmryl)ac&mam aeld

The strychnine and cinchonine aslts of this acid could not
be crystallized, The brucin@/sﬁlt erystallized from sn scetone
solution after ewsporation to a very smell volume, but it eould
not bve purified from this soclvent. It wes very soluble in all
organic solvents except ether and hexene, and combinstions of
these solvents ylelded only syrups.

The acld was partislly resolved by means of quinine,



Forty~three grums of &cid were added to 20 grems of guinine in
300 cc, of bolling scetone. The solution waa decolorized,
diluted with 200 ce¢, of water, and flltered, It wes then cooled
to 10% snd diluted with water till turbld, After stending for
24 hours, most cf the salt had crystallized. It was recrystal -
1lzed from sbout six parts of 40 percent ngueous sacetone by
ecooling to 20°., It wes recrystallized four times more in the

!

s8me way, m.p. 56-92°,
Anelysis B
Celoulated for CpeHseOsNa: ¥, 5.54
Pound: N, 5.48
A amsll amaunt‘of the salt wes decomposed and the scid re-
covered (b,p. 110~111%/2mm.) for which, 0(374»4.83"’. This was
probably not opticslly pure, but since the opposits isomer could
not be erystallized to check this, the resolution was not
corried any farther. Less pure frsections of the sslt were
combined (19,9 grams) snd the scid freed., B51x and ons«tenth
srams were obtsined (Depe 110=-113°/3mm, ),

Determinatlon of rotstory ﬁiéyersian

oAp® +2469° [QJ;;” +2.54°

qgg&ﬁ +2.81° [dﬁg% +2.66°

Asses *B.27° {offsees +3.12°
22, +6.00° oS se +5.75°

«gs +0,30° (benzene, ¢ = V,g)[«]gs +4.,00°
Dispersion retio, %sse/ Meey = 1+86
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Preparation of HM=(«(«~furyl)-F-phenvipropionic acid

& Grignerd resgent wes prepsred from 5.35 greme (0.22 moles)
of megnesium and 34.5 grams (0.22 moles) of brombenzense.
Forty=elght grems (0,20 moles) of diethyl furfurylidenemalonate
were sdded es in the preperstion of f=(A~furyl)-valeric acid,
and the rest of the procedure carried out., The suhstituted
malonie ester wes & thick yellow oil (b.p. 193«1979/8rm. ) The
vield wes 26.3 grems, 74.8 parmamf of the theoretiesl, Anocther
similiar run gave aboult the same yield, Wexim and Georgescu
(49) prepzred the ester in the seme way and reported & yield of
77 percent of & product boiling st 203°/1l4pm,

Fifby-two grams (a.l? moles ) of the ester were added to a
35 percent solution of 24 grams (0.43 moles) of potasalum
hydroxide. & few grams of ethyl alcohol were added, and the
mixture reflmﬁ@ﬁ gently for three hours. The dibssic zecid was
libersted, separated, and decarboxyleted, The monobasic scid |
wes not distlilled because 0@ excesslve decomposition &t the
high tamy@raturé, The residue was dissolved in hot dilute
aleohol, decolorized, and crystellized. The pale yellow,
fluffy eryastels welghed £7.9 grams (78.5 percent) and melted at

101-104°, #axim end Georgescu reported & melting point of 1059,

Resolution of A-(x~furyl)-Sphenylproplonic scid

Two grams of &cid were =added to 3.85 grems of brucine in
scetone, The syrup thaet separsted on psrtirl eveporation of

the solvent could not be crystallized., A preliminary test showed
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that the quinine salt cerystellized easlly. Fiftyw-seven grams
of guinine were dissolved in 1285 ce, of hot 35 percent aleohol
and 15.5 grems of acld added, The solution was diluted with
25 cc of water and sllowed to atsnd for & few hours, At the
end of this time & mess of crystels had been deposited. The
salt wes easlly cryatallized from agueous acetone but still
melted over & wlde renge aftera number of recrystsllizations,
Ethyl scetate seemed to sepsrate the lsomers somewhat better,
but after several recrystellizations from this solvent, the
salt still melted over & wide range. Seventeen grems were
recovered, [o‘(]g" ~15,0° (ethanol, ¢ = 5.0).

Three grama of the dl-acid in 30 percent alcohol were
treated with one~hslf the eguivalent amount (0.90 grams) of
d-X-phenylethylemine, &nd the excess acid wes ecuarefnlly
neutralized with smmonie. Fine, needle~llke crystals were de~
posited while standing overnight {m.p. 163=167°}, A small
amount of the scid {m.ps 98-100°) freed from the salt had the
rotation [d]g? ~13.4° (ethenol),

¥ine grams of the l- end dle-sclds recovered from the
attempted resolution with quinine were dissolved 1n 756 cec. of
860 percent sleoshol, and sufficlent d-o{~phenylethylamine
(2.7 grars) sdded to react with &1l of the l-sacid, The
excess acld wss neutralized with smmonle and the 321t allowed
to crystellize., The melting point of the selt resched a

meximum (1668=173°) after the thirg Fecrystellization, but the

rotation of the scild libersted from the selt rose stesdily
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unt1l after the seventh recrystallization. it w&atxgﬁ w1l ,53°
(ethanol, ¢ = 3,7) ,éﬁﬂgﬁ ~56.3%, 'Two more recrystallizations
of the salt 4i1d not change the rotation of the acid. (m.p. 85~
37®, from ascetic acid)., The sslt was not very stable and
conalderable decomposition took place during the recrystel -
lizetions, The total yleld was only 2.7 grams from whieh 1,7
grems of active acld were recovered,
Thﬁ guinine and ammonium sslts Irom the above flltrates
 were decomposed and 7.1 grems of d« and dl-scid recovered.
This was combined with 2.65 grams of l-dephenylethylamine,
the esmount calculated to resct with the d-scid as determined
by the rotatory power., The 60 percent slcohol solutlon of the
mixture was neutralized with smmonisa, and the salt crystellized.
An ocld of meximum rotation was obtalned from the selt after
gix recryatallizations., Two grams of s&lt yielded 1.2 grams of
acid, m.p. 85°, after recrystalllzetlion from scetie acid,
Anelysis
Caloulated for C,,H,,0.N : N, 4.15
Found: N, 3.98
Calculated for CigH,,0: C, 72.20 H,
Found: €, 78.30 H,

Determinatlion of rotutory power

:;;‘ +0,76% (benzene, ¢ = 0.89) Mgﬁ +85 47

KF® +0.90° (ethanol, ¢ = 1.3) pR° +60,1°
o285, +1.07° (ethenol, e = 1.3) [X[35s, +79.6°

«
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N5eey +1.26° (ethenocl, ¢ = 1.3) @(iﬁaa +24,4°
ﬁgm 'PQ,@@& (@tm:ﬁ@l, 0= 1*5) [xﬁgga "'1@{}0?

Dispersion ratio, o sos/ Kopay = 1:70

Getalytie Hydrogenetion of 5-—5;%@ tituted

Proplonie Acids

Catalytic hydrogenstion of [F-(X~furyl)-vaieriec acid

& number of catalysts heve been used for the reduction of
the furyl group to the tetrahydrofuryl group. Adkins descriles
Reney nleckel 88 being ¢ specific catalyst for this reduction.
However, he used rather hligh tempersiures for his reductions
which would be &n undesirsble condition for an optically sctive
compound. Palladous oxide as prepared by Shriner and iAdems (50)
has been used to reduce the furyl group in & number of compounds.
4 triel run with this cetalyst showed absorption of only 80
y@roant of the calculated smount of hydrogen In 30 hours, Adams
(51) platinum oxide ceatalyst reduces the furyl group readily
snd also opens the ring, but 1t ig cleimed that the Tirst re-~
action goes quantitatively before any of the second oceurs, In
a trisl run this ecatalyst caused ﬁm{dwfuryl)wﬁ}.eric seid to take
up the reguired amount of hydrogen in a few hours.

The snparatus veed 1in the kydrogenation eonsisted of =
25 ce,. bulb mounted so thet 1t could be ahtken vigorously, end
constructed so that neither sclvent or catalyst could come in

contact with anything but glass. This was connected to &
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stationary, greduated reservolr that could be filled with
hydrogen sstursted with the solvent used.

The scid, 4.35 gr&ma,c(g?ws.éaﬁ, was reduced in four
portions of approximetely one pram esch. Ninety=flve percent
alcohol was used &s the solvent, &nd 40 mg. of fresh
catalyst was used for esch of the reductions. The regquired
emount of hydrogen wes taken up 1n ebout five hours, It was
still being ebsorbed steadlly when the sheker wes astopped, The
catalyst was [lltered off, and the solvent was distilled at re-
duced pressure. An eguel vwlwwéE@f dry benzene wes sdded to
the resldue snd eveporsted ai‘axmﬁﬁﬁhariﬁa pressure to remove
any weter present. The residue was distllled at reduced pressure,
end two m&in fractions were obtained. The filrst, 1.3 gruma,
ceme over at 97-112%/2mm., It conteined considerable non-
acldic meterisl, &3 shown by the neutral eguivalent, and was
probebly the lectone with some unreduced gcld. This mesns
thet some of the furan ring was odpened beéfore all of 1t was
reduced, and the Yy -hydroxy acid wes decomposed by distillation,
The constants were: (3% «1.56°, ng“ 1,4502, and a%® 0,998,

The second fraction, 2.1 grems, distilled at 118-184°/
gom., nf® 1.4661, 4€° 1.063.

Anelysis

Celeulated for CoHyglu: WNe Euy 172
Found: N. E., 174
Determination of rotatory dispersion

df}f +0 .86 ® [&‘x]? +0,24°
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KEGeo +0.28° Es,, +o.26°
A 5561 +0.36° [d]ggﬁl +0,.34°
oLilss ¥0.79° 3se +0.74°

Dispersion ratlo, K, upe/ Olseey =2+19

Cetalytic hydrogenatlon of [F-(~furyl)-caproic acid

This acid, 4.2 grems oL3%+2,60°, was reduced in the same

D

way 8s f-(X-furyl)-valeric acid., The dried product was
frectionated. The first fractlon, 1.2 grams, was collected

at 99-112°/lmm,., end was probably unreduced acid and lactone,

n§“ 1.4514, a%s §.§81,0(35+2¢51”.

The main fraction, 2.1 grams, distllled et 125-130°/2mm.,

nge 1.4614, a7® 1.036,

isnﬁ}.zs is

Calculated for C, H,g0,t N. E., 186,
Found: ¥. E., 187.

Determination of rotatory dispersion

«{® -0,50° Ig® -0.48°

Ag2e0 =0452° (5760 =0450°
AGesy ~0.59° [‘x]::ax =0.57°
K28 s -1.38° [{fe3se =1.38°

Dispersion retio,Xsse / Besy =234

Catalytic hydrogenstion of fB-(X~furyl)-A-phenylpropionic acild

One and one~half grams of ,8«- (o¢~furyl)=F~phenylpropionic

aecld, m.p. 100-1025 @‘]ﬁs*m,«o*’ {ethsnol, ¢ = 1), were shaken

with 50 mg. of pletinum oxlide in 95 percent alcohol until the
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calenlated amount of hydrogen hed been taken up. The re-
duction of this scid was sormewhset slower than the others. The
solution was flltered and then concentreted &t reduced pressure.
The reslidue was recerved for the reduction with hydrogen io-
dide.
one and fifteen-hundredths Zrems ef/§L$X~furyl}19a
phenylpropionic acid, m.p. 85°, é%]ga +69,1° (ethanol,
¢ = 1.0), were shaken with 60 mg. of platinum oxide. The
hydrogenation was stopped after 12 hours although only 90 per=-
cent of the required amount of hydrogen had been taken up.
The solution was freed from the catelyst, concentrated, and
dried as before, The reslidue was fractionsted at reduced
preasure ylelding 0.3 grams of a8 low bolling fraction and 0,35
grams having the boiling point, 158-162°/2mm. The last fraction
was & pale yellow syrup which was extremely viscous.
Anslysis
Caleculated for 63331303£ ¥. E., 220,
Found: N. E., 224,

Determination of rotatory disversion

@(]g‘ +35,9° {benzene, ¢ = 3.2)
2%, ., +37.7° (benzene, ¢ = 3.2)
3%, ., +44.4° (benzene, ¢ = 3.2)
@Kﬁ;sa +78,1° (bengene, ¢ = 3.2)
Dispersion ratio, %.se /%Sesy =1+76
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Reductlon of the Tetrahydrofuryl Group to
the n~Butyl Group

Reduction of [F-({X«~tetranydrofuryl)-veleric acid to

fB={n-butyl)=-valeric scid

The tetrahydrofuryl group wss reduced to the n«butyl
group in two steps., The oxygen was first removed by trest-
ment with liguid hydrogen iodide at room temperature, and the
lodine was then removed from the resulting compound by shaking
with zine and hydroehloric ecid. The hydrogen iodide was
generated by dropping hydriodic acid (sp. gr. 1.50) on phos-
phorus pentoxide. The gas was passed through a érying-ﬁube
containing wore of the oxide and was then condensed in & hath
of scetone &nd solid carbon dloxide.

One and one-tenths grams of [=-X=tetrahydrofuryl)-valerie
acid,c(§5 +0,26°, were aéﬁe@jté two times 1ts volume of liguid
hydrogen lodide in a pyrex tube. The tube was sealed snd
allowed to werm up graduslly. Considersble heat wes evolved
a3 the llgulds mixed. The tube was allowed to stand for thres
days, coocled, and opened. The sieasa hydrogen lodide wus
evaporated off, and the thiek liquid, bleck with iodine, wes
washed out of the tube with bengene. The solution was washed
with water to remove most of thelimdina and then shaken with
dilute thiosulphate solution to remove the rest, The benzene
wes evaporated off, and the lodo-acld waes shaken vigorously

with an excess of 20 mesh zinec and hydrecchlorie scid for



15 hours. The aecid was added very slowly at the first of
the reaction so that the mixture never became warm. This
was to make sure that there was =as 1i§tia formation of the
lsctone as pasaibia, The product was extracted, dried, and -
fractionated. The meiln part, 0.5 grams, distilled at 140~
1%29/29mm.o(g“ ~2.70°, Levens snd Marker (52) reported ﬁ.p.
132°/12mm. for ﬂ-(n~buty1}~‘~prcpienic acld, The scid obtained
contained no lodine, but the neutral equivalent showed the
presence of considerabls non-acidic materisl, A dilute
alcoholic solubtion of the acld was cerefully neutraliged, and
snough sllver nitrate was added to precipitate the silver
salt,
Analysis 7
Caleulated for Gqﬁ;qﬁgég: Ag, 42.33.
Found: 4g, 42.06.
The silver salt wea decomposed by warming with dilute
hydrochloric scid, The acld wes extracted, dried, end con-
centrated.

Determination of rotatory power

dga -0.23° (benzene, ¢ = 33.0) @(];35 -0 ,70°
The lower bolling fruction obteined from the catalytic
reduction of B-x-furyl)-valeric aeiﬁ,cgga ~1.56°, was reduced
end purified by precipitation of the silver salt (4ig, 41.86
percent ). The acid obtained had the rotation, Z?gg* ~-0.54°

(venzene, ¢ = 12}.
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Reduction of [3-(x-tetrahydrofuryl)-caproic &cid te
(3-(n-butyl)- caproic acid

One gram aflgwﬂx&t@tr&ﬁyérofuryl}~c&§réic &Giﬁsc(§“ -0,50°,
was trested with liguid hydrogen iodide and then with zinc and
; hyéraghlerie ecid. The product wes purified by precipitation
of the silver salt.

Analysis

Caleulated for C, H,905Ag: Ag, 38.65.

Found: Ag, 38.80.

The silver salt was decomposed, and the scid wes extracted
&nﬁ concentrated,

ﬂstermlnétion of rotstory power

ofp° d0.07° {venzene, ¢ = 25}[ oo *0.28°
The lower bolling fraction obtained from the catalytic
hydrogenation of ﬁ-—(a(-*furylineagrraic ecid wes reduced and tﬁan
purified by precipitstion of the silver salt (Ag, 38.95 per-
cent)., The atid freed from the selt had the rotstion,
[04;6 +1,07° (b&nzéﬂa; c = 31),

Reduction of fF~x-tetrahydrofuryl )-Aphenylpropionic acid to
/j-{n-butgl):ﬁuphenglprgpionie scid |

The ﬂ-{o@te-tr&h’,\mrafwl}ﬁph«anyl;;ropwnic acid obteined
by cetelytic hydrogenation of B-(x-furyl)=-fphenylpropioniec
acid, 1.5 grems, @jg* +10.° {ethenol), wes treated with
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hydrogen lodide and then with zinc and hydrochlorie acid.
" Phe acid was extracted, dried, and distilled.. The first
fraction (0.2 grems) dlstilled over below 120°/lmm. The
higher mumg fraction came over st 140%/lmm.; ng‘" 1.5041,
a% 0,999. Levene and Merker (53) reported, b.p. 165°/4mm.,
a2® 0,996 for [-{n~butyl)-phenylpropioniec secid.
Analysis ’ |
Calculeted for C,3H,e 0, : H. E., 208.
Found: . B., 210,
Determination of rotatory power

x 2% +1.30 (benzene, ¢ = 39.4) Mga +3.30°,

D
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DISCUSSION OF HESULTS

Since none of the perent scids were completely resolved,
the megnitude of the rotstions between the different series
cannot bs compared, Such a aomparisﬁn would be guestionable
even 1T optleslly pure acids had been used becsusé of the
 evidence of -racemizstion Guring the aeursalaf the experlimental
work. In every case where an sctive acld econtasining the furyl
group was distilled the rotation was decressed. There must be
racemization &8lso during the reductions becsuse the ratationa'
oflﬁk(nubutyl}~aagraie acida reduced by different routes do
not agree. There 1s fair sgreement between the rotstions of
t;(n~butyl)*v&1aric scids; thus, the degree of racemizetion
must depend on the conditions rather than on the action of seny
particular reagent. |

The date on rotatory power have been summarized in Teble 1.
The dispersion ratios very over s wide range, £ valus of about
1.70 hes been found normal for some aliphatic &cids, but un-
saturseted scids mey have higher ratios and still exhibit normsl
rotstory dispersion. T@gs,ﬁ?~k%4k&§1}~valerie\&nd =caproic
acids with velues of 1.83 and 1.86 may have normal dispersions,
but those of the corresponding tetrahydrofuryl scids are
distinctly complex. All of the acids containing the furyl
group are very slightly yellow when freshly prepsred. This
cnlor 18 greatly intenaified when viewed through the polar~



1s¢npa tube, but the dlapersion ratios show that there are
no anomelies in thelir dispersion curves in the range of the
spectrum examined.

Levene found that in several homologous gerles of
P-substituted acids the ethyl member rotated in the opposite
direction %o the propyl. Thus, he and Harker (54) have ghown
that é13~(5~huty3}~eaprnie acld is configurationally related
to 17g~€a~hut313-valerig acid. The acide from which thege are
derived by reductlon are also related. Table 1 shows that the
relation observed by Levene also holds in these serlies; for,
in each step the acld contalning the ethyl group is opposite
in sign to the one having the propyl group. It is surprising
to find that the configurationally related acldes do not form
the least soluble saltes with quinine. One would sxpect that
configuration and solubllity would be more closely related in
sompoundes g0 nearly alike in structure. This illustrates the
fact that configurational relationshipe must be accepted with
extreme caution except when establlished by chemical methods
under conditions where there 1s no poseliblility of inversion.
There may be some doubt about comparing the configurations
of the ethyl and propyl acide contalning the tetrsghydro-
furyl group, but it 1s probable that the ssymmetriec addition
of hydragan,waala take place in the same way under the
influense of the ethyl group as for the propyl group. The
aign of the rotation of the first asymmetrie carbon in this come
“pound 1ls in doubt since the sign of rotation of the entire
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Teble 1

Rotatory Power of ﬂ-(o(m?uryl)-—prayianm Acids and their
Heduction Products

&
: : oL ] :Dispersion
Acids L;L Jl} [ J D C ]B
s :(bengene ):{ethanol): ratio
fg-(ot-Furyl)-veleric ~3,17°  =3.48° : 1.83%
- {A-uryl ) ~caproic +2.54 +4,00° 1.36%
{X=Furyl)-B~-phenyl~
&pra;{;:{anic ﬂh +85.4° - 69,1° 1.70°¢
{at~-Tetrahydrofuryl )«
valeric +0,24° 2.19
B (od=Tetrahydrofuryl) -
caproic | =-0,48% 2.34
{X=Tetrahydrofuryl)-
-phenylpropionic +35.9° . 1.76
B-(n-Butyl)-valeric ~0.70°
ﬁ- {n=-Butyl)=-caproic +0,28°
(n-Butyl)~B-phenyl~ ;
ﬁ.prsp jonie -ﬂ _ . +23.1°P 1.64
BHomogeneous

brhis value has been calculsted. It 1s the rotstion that would
have been obtained 1f the scid of maximum rotatory power had
been used in the reductions.

CEthanol
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molecule may be controlled by thet of the second asymmetrilc
carbon. Thus, there can be no comparisons made between the
sign of the firat carbon in this compound with 1ts sign in
the unreduced or completely reduced acids in sny of the serles
studled. |

If in & series of sctive compounds there are three con~
stent redicals snd one that 1s varisble, the sasymmetry product
for the ser;es mey be written

o= fa=bl(ae)(d=c) f(a-x)(®-x)(c-x)]

{a+b+o+x )2
where &, b, and ¢ represent the group aoast&nts of the unaltered

redicels, end x represents the group constent of the rediecal
that 1s veried. This shows that if the rotetion 1s plotted
against the group constants it will be zero when x is equal
to &, b, or ¢. Curves showing the change in the sign of
rotation with chenge in x a&re glven in Greph 1 wherse the group
constants are represented by the eleciron-sharing-ablilities
of the fadieal&. Ho attempt has been meds to indicsate the
magnitude of the rotatlion, neither have the ¥, 8, A.'s of the
radicals been placed secording to their relative velues but
merely in the order determined by the dlasociation constants
a3 given in Teble 2. The value of H 1s from the dissocliation
constant of smmonis; the wvalues for the other r&dicaiﬁ'ara
from the dissccistion canstanﬁs of the corresponding acids.
Curve I shows that if the furyl group in 1-B-{q-furyl)-
vaeleric scld 1s replaced by any group intermedicte between

CHgCOOH and B in E. S, A, the sign of the rotstion should
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remein unchenged. Experimentally it was found that the

sign of rotstion changes when the furyl group is replaced by
the tstrahydrafuryllgraupg but, &8s has been pointed out the
sign of this member of the series 1s in doubt. In the next

Table 2
Dissocistion Constants Showing the Order of the Electron~-
Shering~Abilities of the HRediecals in Greph 1

e At
- v o

i

Hedicels K(H,0)
CH,COOH l.6x107°%
CeHal 7.6x10° ¢
CeHeO 1.4x107*
Cslls ~ 7.0x1078
H 1.76x1078
CH 1.56x107%
CouHy 1.50x10°%

CoHg 1.32x107°

" atep, however, there ia no doubt about the sign or the con-
figuration. There 18 only one ssymmeiric ecarbon and the con-
figuration must be the same 83 the original aclild. According
to the theory any group replacing the furyl group having an
" E. S. 4. intermediste between Cabsand H should have & positive
rotatlion whereas the opposite waa found experimentelly. The
acid eontaiﬁiné the n~-butyl was negative.

Curve II shows the effect of varying the furyl group in
d-3-(efuryl)~caproic acid. The experimental results exactly
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parallel those obtalned with ﬁ-(c(wfuryl)*-vaiaric scid, The
sign of rotation of esch of the reduced scids is opposite to
what would be expscted from the ?rspossd theory.

| The ecourse of changes in rotatsr& power to be expected
by varying the furyl group 1n-dqﬁ#&%~furyl}ﬂea?hanylyrepimnic
acid has been shown in Gnrve III. This shows that the cor -

responding eclds hgving'the furyl, tetrahydrofuryl, and n-~butyl
groups should have the seme sign. Thls 1a what was found
exg&riment#lly. The fect that reduction of the furyl group
to the tetrshydrofuryl group does not change the sign as in
the sliphstic scids may be because the phenyl group glves the
first ssymmetric carbon & high enocugh rotstion so that it
controls the rotetion of the moleecule.

Assuming that the groduéthf«asymﬁﬂtry theory 1s vslid,
there are two possible explenations of its failure to predict
the asigns of the rotations of B—(n»butyl,}-vaierm end =-caprolc
scids, Since dissociatlion constants do not always place the
lower alkyl groups in the seme order, 1t mey be that the values
used here do not express ths effect of these groups on the
rotetory power. This does not seem llikely since Levene has
shown that the effect of the n-&lkyl groups vary with their
molecular welghts which 1s the order used in this study. The
other explanation is that hydrogen is out of plsace. if the
%. S. A.'s of the radicals in Graph 1 ere in the proper order,
it can only be concluded that the producte-ef-ssymmetry theory’

does not hold or thet the X, &, é.‘sf'a group does not express
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ita effect on the rotatory power,
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SUMMARY

1. [F-((-Furyl)-valeric scid has been prepared &and
pertisally resolved,
2. [B-(of-Furyl)-caproic scld hes been prepsred and
partially resoclved.
3, ﬁ?{aﬁ@nryi)76L§h$nylyyagianic acid has been prepsred
and partially resolved.
4, The furyl group of the (substituted propionic acids
has been reduced stepwise to the n~butyl group.
5, Reduction of the furyl group in B-substituted propionic
scids hes been shown to cause some racemlzations
6. Catalytlie hydrogenation of the furyl group in
ﬁb@ubatitutad propionic acids in the presence af'platinum
oxide hes been shown to ceuse some opening of the furan ring
before it 1s completely hydrogensted.
7. The effect of reduction on the rotstory power of
ﬁ}{x%furyl376L§hﬁny1§rapianic 2cid indicstes that the product -
of ~asymmebtry can be applied when the R.3.8.'s of radicala are

used as group constants,.
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