78 THE JOURNAL OF THE AMERICAN OIL CHEMISTS' SOCIETY

for the 20-g. sample r = —0.96. Although there is a
slight decrease in the correlation coefficient from a
20-g. to a 10-g. sample, it is not significant and a
10-g. sample would appear suitable for routine de-
terminations.

Since the moisture content of the seed will affect
the observed weight for a given number of seeds and
consequently the density of these seeds, the moisture
contents must be considered in the density determina-
tion. The effect of seed moisture content on the cor-
relation between oil content and seed density was
determined by measuring the volume of a dried
10-g. sample from each of the 10 varieties. The cor-
relation coefficient was r = —0.96, which is the same
as that of the undried seeds. This indicates that, as
long as the seed samples are of equivalent moisture
content, a reliable correlation between the two vari-
ables exists. If seed samples are stored in a constant
environment for four or five days, their moisture
contents will all be very close (3). Thus, in deter-
mining the density, it is necessary to allow the seed
to equilibrate for this period before measurements
are taken. Alternatively one may first dry the seeds
in an oven and, on removal, allow them to equilibrate
with the atmospheric moisture. By this procedure,
along with the use of a check sample, the comparative
oil contents of different varieties of flax can be
estimated.

The use of seed density as a measure of an absolute
o1l content is more involved. Before one can say that
a seed sample with a given density has a certain oil
content, several factors must be considered, the most
important of which is moisture content. Since the
moisture content will affect the seed weight and seed
volume, one must know the regression equation for
oil content on seed density with seed samples of vary-
ing moisture contents. The difference between the
regression lines obtained with moisture-free seed and
with seed containing 5.4% moisture is shown in
Fig. 2. The regression line for the moisture-free acid
was drawn from the regression equation ¥ = 194.06 —
136.10X. It seems likely that a family of regression
lines could be determined for different seed moisture
contents. Such data would allow the determination
of oil content by reference to the particular regres-
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sion equation corresponding to the moisture content
of the seed. In this case a periodic check of the mois-
ture content of seed samples would be necessary to
determine the proper regression equation to be used.
In addition to moisture content, the maturity of the
seed when harvested, and possibly other factors, may
affect the density of the seed. The nature of these
effects and the determination of regression lines for
varying moisture contents will constltute further
work in this area. The most significant feature of
this method is that a eomparatne estimate of oil con-
tent can be obtained in a few minutes. In addition,
the sample is neither destroyed nor harmed in any
way and may be used for other analytical tests or for
breeding purposes.

Studles of the correlation between seed density and
oil content in other oilseeds are presently being in-
vestigated with the use of the air pyenometer.
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Search for New Industrial Oils. VL Seed Oils of the

Genus Lesquerella’

K.IL. MIKOLAJCZAK, F.R. EARLE, and I.A. WOLFF, Northern Regional Research Laboratory,” Peoria, Illinois

Fatty acid composition of seed oil from 14 species of the
genus Lesquerella has been determined by gas-lignid chro-
matography. All but two species contain hydroxyeicosenoic
acid in amounts ranging from 45 to 749%. The remaining
two speeies contain about 50% C, hydroxy acids, but none
of the C, hydroxy acid.

OLLOWING THE DISCOVERY that oils from seeds of
Lesquerella indhevmerw and L. lasiocarpa con-
tain large amounts of hydroxyeicosenoic acid (4,

5), special attention was given (a) to the determina-
tion of the structure of this new hydroxy acid (les-
1 Presented at_the spring meeting of the American Oil Chemists’ So-
mety, St. Louis, Missouri, May 1-3, 1961.
2A laboratory of the Northern Utilization Research and Develop-

ment Division, Agricultural Research Service, UJ. 8. Department of
Agriculture.

querolic) and (b) to the collection by the U. S. De-
partment of Agriculture’s Crops Research Division of
seeds from related species in the genus in order to
ascertain whether this unique compound is charac-
teristic of all available members. The structure was
shown to be 14-hydroxy-cis-11-eicosenoic acid (5). In
1960, samples of 14 species were collected from the
wild for analysis. This paper reports the composition
of these previously uninvestigated oils.

The genus Lesquerella, of the family Cruciferae, is
native chiefly to the arid parts of western North
America from east central Mexico to Alberta and
Saskatchewan. Representatives also occur in limited
areas of South America, Alabama, Kentucky, and



79
VL

S.

O1L

L

TSTRIA

{DUST

; IxD

NEW

For NE
CH

: SEAR

AL.:

ET

AK

JCZ

OLA

Mik

4_)62

RUARY, 1!
Pz

e
les in thiS
ecl  as
ly 50 Sé)o far abeen
imate N 1s. ever
0X11 \ua s
pr ani has at
f ap O e ilable
0 d re la T
Out _thir lesque a aval's casto
s Ehout “of the etable Optitieshlis oil in
y ines
Tenus, anone 0 ted ‘e%cial gu:‘d by t Coanﬂ]gag
ﬁnown’ted' hvdrox‘vl: ‘comnlse att'al%teetlvzests t:ge
. r ¥
= ltiva Iy hy larg rtan ing p Sugbhe ran X
~c\1"’%‘° e on e t‘her ‘mpo ludlnc 3 teS7 d t d 1m
28 ey The in ra ial 1 ine edia ten fin e
R nt in ustrial ns, 11 term ex and vag
grgaa rese ind ieatio ; nt may nd clea ily
Eoaon g D! The pli hetic eids pou le, eadil
:ocgmw w = 11_ < ap Nt d a com amp t r
9% SR - omgrenE ﬁume.rzu and dsl?oxyla‘(fvpe of For dei};tes 1o re.
3 T 3 cs, hy his t Ty. e S, e pre
823 820 RPN lasti al hy f this dustry term rees. ar
S 3 Pt p ition oL ndi n sou cles
S5 e & ddi o ir de her €
G ean s ©o a ful e avi ot 14 sp
e PRI 3] fmoo use sage pr il or in
oL L e 0 : e Of . te u ld 01 Ies 1
é§’§ b i‘QHﬁg e med;?ons Sh?llll east%% samp ana-
&% @ = ¢ fro f d a
= ® a 0O N
:; 3 3nmumas re,ailable alyses : imental ared, anries (2,
g | SRET as The anTable ’ Experim q prepg this se re pre-
§ in ine s 0 Towe n
g ted tain av hy rst, .
n b n 1y -
g se S Parts T a1 atograp cata quali
W Par om 1 as . to re
. 188 ln chr HC -uon we R
53 ed Samgribed for gas 1sing In a‘dd?ls two posi-
o% S is.
@ - Se?i as di esteriolvslsyo 97%f the Oii;a%e tl:fp and
<o > A hd .
. omeeog lyz Methy metha m 91 ation o fo udica gro
8 Tee 3). ] by . fro ma red rdroxsy
é‘i o pared E[nglngd exam illfrathe hy
. R [ ad N S T rare ear reen
I canon® eanws yw!(?e inf{i the n betwee in
e ®e n¥zRaes tativ ined l.ollshlp sion contain
E’ 5'5 bvong‘]N examl relatgolld' d Discus ]ﬂ.lyz?dof rete_r;
€ smanzs * tiona ble an il ar basis alysis,
E p iR o doul ults lla o the ic an ths
et g S 383 ke the Res re On . hle ng .
3 w8 3 < ne ids. rap in le e
g 5% Sarmmes of Lesiv a'elds()matogt. chain querOhf
gk manae mples f hydro gas Chruiv'?‘len tain 163 011(53
2 QNNmNN 11 sa nts o 7 by e S eq les con 3ee 1 I
o unts. 1es as 1€§ from bl
HIE R o amfa,etefﬁtpressed 14 species e tadecenois
2 ’ - g cha Ly expresse torized by ox""ctF%- ;-
&) -« ' t1 renier 12 ch a rize hydr N to 7 I Zeé
- o mes ons (4), su acterl a up d L. 1i-
g 55 Srerrma ¢ CL) 74% d char ntain trace wle and 1 inc
% i REERER (Ed (45“230 fes also o from i deﬂsép mate“axyocta'
A 2 S o aey ocar cies ging {1 s, L. o dro lumn
- ssincerpa anging fron 0% (oF st column
= g ety cama L. 1 12 ts r Sp Iy 5 be a 446 co fra
5 IR Saee hese oun g two s tely to 2R mir:
0% - ini na an C-2 oxvl in
Oz 1O T id in am nmg OX1¥ Tun LA en yl
3 g e eid mal Pr L co he in th rdrox ike
°’ aw i a re in ap n ¥ the m hy d li
[55] 0t £ ig The tan 1€Z0 d b" tion the Oon 10-
. © : i, con Ap reale rp t le b si0
3 R o 0, ¢ he / eve bso tha b la
3 23 curie, by t id but r A reals dou n L. ral
5 °3 ted b cid nents. rev ta to a from ruetu e
3 P ca olc a npo 88 It . be_“ cid St r. Th
— § Doz S: g decen two OOIand 27@plla’ 1S noic a.d (6). r way 35%>
9 3 e owgﬁg%?g‘f«’ 323 g to bet 2.761 L. dens yeicos(feic e luldébout-d but
A% S cxl‘ﬁ"b'*"{vf"f' = S a m L. Aroxy el 0 S ar ic aci -
g 5 : o ﬂ§§§§§?§33”””H : iﬁgoﬂjkﬁw hédnl‘”ﬂﬁwnﬁﬁinwgﬁ;demiixymﬁl
& e 555 i = in n co ter rie hydr )
i " §55 155 i 2 i t i a two rea of S 5%
E 3 535S Ll ¥ o - . tha (5) ¢ TWo g se a 2-15
X gégq ‘“HH b‘”gm : g’,,_,' B theS nt in thO f()r (1
2 as¥ - BREL 2% carps of ese: rom ted ent aone
£l a e Bomne 853 dies t pr t f ec on in 1 7
31 288 S ta ent | ren exp omp . tam 0
AhE é ﬁ(goaﬁ TE 8 on daffe hose r e N % Con . rlty
iz oo S o 8 =0 compo L N t othe. cid. uri ajo f a
£ - 222 oia &2 EC ting the ic a lesc m, [0
gl g S92 % bebel I ima; £, ieinole L. the ts f
K EZz Rodn . has 1ma id; ino d to oun e 0
R o E Qo xR 0X. ac e m hos .
) Tk SaagZa §§:: Ppros 01¢ of r pila an on 1 a ike t nila
,: S e o83 P ap ien se P2 I smal like It
S = egpag Q@ cad . tho dens id eo i sn isties dens ic
= - pedadadady @ =5 de ike . a6l tain 1st1 . 161
2 £ 3 RASRER RU8RIS E’ég ECI.JISI fl'omhfdroxybut Conharac?(frfroln g eicose
g g 8 SESRARAR 238 01 20 1LY ted, ion ¢l 01 ie an to
S ke SERBRESS ol of the Cexam-?h retelfie aeéd'arachld ih rega‘rdand
o« s . . -
[ - H,_(%;NN = cles w1l cerl s} Wi 5 ,'/l(l
g a ggg;“,ﬁ“‘ ,,m“z“ff,i:” szlpoundyhexad;;nouﬂts o notedL de’)fe-sfl’pacid (eg
2 . N PRI o drox all thos m L. itic ecl
3 © e 22552 hy sm n ilg fro alm la sp -
g RS . a ins tha Oils e p rel cees
& e oo o nta ther inor. mor sque th a t
g LegRenmee g cor } e aTe min itely r Les nd bo oun
o g pREEEE g acvgisﬁer engids arien deﬁn){the O§hs(zfurr i, msma‘u ilcnid’ 3
= . a ta m e ith a e te
Z ¢ TOXY i1 comn N fr() . L. il wi ieno or
g g5 . hyd CUrii n oils S@pda’ in oil decadi tly rep H0p<
g1 L 1887) tha L. den contal hexa t recen and
_ SS3 nd 7% ) diflora 'ke.bu. Im
: Bz nd 2%). difl I ils sho
PN a ith BOL le o Chi
S 1an L. grond E tab by
: regetab. 3
l ie@% <-0nS of id wi in veg yriaca
TR si ac Te Dias sy
pind @ f an t ra Zel)@a
% : 2 = ) mpollenn_l ASC
g AL iz co il fro
@ : T iR ses in ol
: s%zg;§§§§§éé§ kins (1).
= ga&,kssﬁ“?sf\a‘ £
: = 2% = s
g : :ﬁzgg L gsi;g §§ gg’ggg
& % -5 §:Eg°’§rg§";§§3:§“
% 2 [ g AN 33 1 g8 33 . L3
3 §é§§g55“§§g’§‘s;§“ﬁgquqq
=TI IR Bae DS
§§§§§§%§aﬁssd~~““
SoPg ST
ek
o




80 THE JOURNAL oF THE AMERICAN O CHEMISTS' SOCIETY

The variation in linolenie acid content from 1 to
14% may influence the selection of species for certain
uses.

Variations in oil content from 11% (possibly not
fully mature) to 39% and in hydroxy acid content
from 45% to T4% suggest that the development or
selection of plant types suitable for present produec-
tion and harvesting methods is feasible.
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The Oxyethylation of 9, 10-Octadecanediols and
9, 10-Dihydroxystearonitrile. Nonionic Soaps’

A. N. WRIGLEY, F. D. SMITH, and A. J. STIRTON, Eastern Regional Research Laboratory,? Philadelphia, Pa.

The alkali-catalyzed reaction of ethylene oxide with the
meso- and dl-forms of 9,10-octadecanediol and with threo-
9,10-dihydroxystearonitrile was carried out in an apparatus
that was equipped with automatic controls for temperature
and pressure.

The earlier consumption found for the dl-form compared
to the meso is attributed to intramolecular hydrogen bond-
ing. A characteristic constant for the distribution of prod-
ucts is caleulated.

The produets formed are nonionic surface-active agents
with the hydrophilic portion at the middle rather than at
the end of the hydrophobic chain. Properties were prima-
rily determined by the value of n, the average number of
oxyethyl groups. Optimum emulsifying properties were
found at n = 4; optimum wetting at n =12,

The oxyethylated nitriles were hydrolyzed to the corre-
sponding ‘“nonionic soaps,” which have typical nonionie
characteristics; unlike soap they are not easily precipitated
by hard water or various metal ions.

HE REACTION of ethylene oxide with mono- or di-

hydroxystearic acids under the usual conditions

of alkaline catalysis seems to ocecur exclusively
at the carboxyl group (1,17), and the product is a
mixture of monoesters, diesters, and polyethylene gly-
cols (6,19). This appears to be true even with the
corresponding methyl esters; in each case there is
practically no reaction of ethylene oxide at the sec-
ondary hydroxyl groups.

To avoid the presence of competing groups, meso-
and dl-9,10-octadecanediols were used as model com-
pounds to investigate the alkali-catalyzed reaction of
ethylene oxide with fat-based secondary glycols.

The meso- and di-9,10-octadecanediols were oxy-
ethylated under controlled conditions (1.4 atms. pres-
sure of ethylene oxide, 160°, 4 mole % KOH) to a
selected average number, n, of oxyethyl groups (n =
4,8,12,16):

CHg(CHy)7-CH [oH] -cH [on] -(chy)qchy

n CHy - CHy

\ /
0

CHg(CHy)p-CH [(ocznu)xou] cH [(ocznu)yon] (CHy),CHg

X +y =n

threo-9,10-Dihydroxystearonitrile was oxyethylated
in a similar manner (n =4,6,8) and hydrolyzed to
the corresponding nonionie soap:

OLEONITRILE threo-9, 10-DIHYDROXYSTEARIC ACID

H90, HCOLH
H
H 0

threo-CH3(CH2)7-C —C-( CH2)7CN
0 H
H

CHoCHo0
J"IZ 2

CH3(CHp)7CH [(ocznu)xouj CH [(oczuu)yon:] -(CHig) 7CN

CH3(CHp)7CH [(ocznu)xou:l CH [(ocznu)yon] -(CHg)7C0Na

Nonionic Soap

9,10-Octadecanediols

meso-9,10-Octadecanediol, m.p. 129.4-130.5° and di-
9,10-octadecanediol, m.p. 78.5-79.4°, were made from
nonyloin (19). The ditosylate of the meso-glycol,
n.p. 56.2-57.0°, was found to melt lower than the
ditosylate of the dl-glycol, m.p. 64.6-65.6°; this is an
anomalous relationship though not without parallel
(14). The ditosylates were reconvertible in high yield
to the original glycols by means of potassium acetate,
followed by hydrolysis.

threo-9,10-Dihydroxystearonitrile

Commercial oleonitrile was redistilled; and middle
fractions, b.p. 140-145°/0.05 mm., n¥ 1.4564-1.4568
[reported (7) 1.4566], iodine value 96.2 (calcd. 96.3)
were used for hydroxylation. Oleonitrile was treated
with 98% formic acid and 30% hydrogen peroxide
(12) to give the hydroxy-formate, hydrolyzed under
mild conditions to threo-9,10-dihydroxystearonitrile,
m.p. 74.7-75.7°, yield 45-50%. To prove structure a
sample was hydrolyzed with 10% aqueous alcoholie

1 Presented at the Annual Meeting, American Oil Chemists’ Society,
St. Louis, Mo.,, May 1-3, 1961. . .

2 Eastern Utilization Research and Development Division, Agricul-
tural Research Service, U. S. Department of Agriculture.



