Fatty Acids From the Scent Glands of the Louisiana Muskrat'
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HE scent glands of a typical North American

muskrat (Ondatre zibethicus rivalicius) contain

fats and complex esters of fatty acids. The un-
saponifiable or neutral fraction of these esters has
been investigated (1) and found to contain Cis Cis
Cyz, and €,y macrocyclic earbinols together with very
much smaller quantities of their corresponding eyelic
ketones. Simmons and Hills (2) have reported a
preliminary examination of the mixed fatty acids
present in these glands. The present investigation,
however, deals with the quantitative analysis of the
component fatty acids contained in the acid fraction
of the muskrat musk glands as a preliminary step
towards their identification.

While it is possible to account for the production
of macrocyclic ketones from monobasic acids using
biological processes, it would seem difficult now to
relate the acids found in muskrat scent glands to
macroeyeclic carbinols, which must be regarded as the
parents of the corresponding ketones. This analysis
gives no indication of the presence of macrocyelic
acids, which might possibly bear a close relationship
to the macrocyclic carbinols already identified in
muskrat scent glands.

The results of this analysis reveal that the esters
of myristie, palmitic, hexadecenoie, oleic, and linoleic
acids are present as major components in these
glands. It is significant that unsaturated acids of
the C,, and C,, series are also present to the extent
of 8.5% of the total fatty acids. The acids present to
less than 1%, which include decanoic, dodecanoic,
stearic, tetracosanoic, dodecenoic, and tetradecenoic
acids, are reported with some reluctance and only as
a consequence of the method of caleulation used.
Sinee linoleic acid is the only diethenoid fatty acid,
which has been identified as being present in appre-
ciable quantities in either plant or animal fats, a
more critical method of analysis of the fractions
containing these high molecular acids would wun-
doubtedly aid in giving a clearer picture of the true
composition of these higher fractions.

It is conceivable that some of these acids may be
progenitors of the macrocyclic compounds already
isolated and identified in these glands. In this con-
nection the similarity in strueture between palmitic
acid and muscone and between oleic acid and civetone
has already been pointed out by Ruzicka (3), and
various mechanisms for such transformations have
been suggested by Stevens (1).

(CHz);2 - CR - CHy (CHz)a2 - CH; - CHy

co CH, CHy ——— COOH
Kuscone Palmitic acid
ERCOIENG CH ~ (Ci1)q - CH,
=0
CH - (CHy), ~ CH ~ (CHp), - COOH

Civetone Oleic acid

IAbstrated from a dissertation submitted by Homer B. Hix to the
Faculty of Louisiana State University in partial fulfillment of the
requirements for the degree of Doctor of Philosophy, May, 1948.

2Ethyl Corporation Research Fellow, 1947. Present address: Mag-
nolia Petroleum Company, Field Research Laboratories, Dallas, Texas,
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There is nothing to indicate that it is possible to
synthesize macrocyclic ketones from saturated mono-
basic acids; however, if the biological processes of
beta oxidation (4) and omega oxidation (5) are ree-
ognized, the formation of large ring ketones from
these oxidation products ean be accounted for on the
basis of well known methods of organic chemical
synthesis.

It is obvious that beta oxidation of macrocyclic
carboxylic acids, if present, would lead to the beta-
keto cyclic acids, which readily lose carbon dioxide
to yield ketones.

(CHp),, - CH, (CH,),, - CHy
-~

oxid,
CHgz = CH - COOH €0 —— CH - COCH

—co, (fl:ﬂz)n - T{a
€0 — Cily

€. g., Fxaltone
Dihydro-civetone

G213
Aliphatic monobasic acids may undergo biological
omega oxidation in the following manner:

(CHy)p - CHy (Cilz)p - Ch=0 (CHg)y - COOH

—_—
CH, - CHy - COOH CHy —— CH, - COOH

——
CH, - CHp - COOH

omega oxidation
product

Palmitic acid {n = 12)
Stearic acid (n = 14)

peartial omega
oxidation product

An unsaturated acid, such as oleic acid, should un-
dergo these reactions also to yield corresponding
oxidation produets.

It is also conceivable that both beta and omega
oxidation may occur within the same monobasic acid.

(CH,), - CH=0
B ——
CO - CH, - COOH

(CHg)y - CHs (CHz)p = CHy

CH, - CH, - COOH CO - CHy - COOH

beta and omega
oxidation product

beta oxidation
product

Assuming the formation of these biological oxida-
tion produets, it is now possible to account for the
formation of ecyclotridecanone from myristic acid,
cyclopentadecanone (exaltone) from palmitic acid,
cycloheptadecanone (dihydro-civetone) from stearic
acid, and cycloheptadecenone (civetone) from oleic
acid in a variety of ways. Since 3-methyl-cyclopenta-
decanone (muscone) is found only in the glands of
the male musk deer, it is possible that it may be
formed in a different manner.

It is known from the work of Ruzicka (6) that
macrocyclic ketones may be obtained from the salts
of dibasic acids.

CH, - (CHg), - COOH I CHy - (mz)n\@
CHy - (CHp), - COOH CH, -~ (CHg)yp
e. g., Exaltone gn = 6)
Dihydro-civetone (n = 7)

In a similar way it is conceivable that an omega-
aldehydo-ester can undergo the aldol condensatior} at
high dilution and cyclize according to the equations
below. At this point it is perhaps necessary to men-
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tion that the acids probably occur in nature as the
glycerides or esters.

(CHz),, - CH=0 (CHz)pn — CHOH (CHy)p - C=0
—_— —
CHy - CH; - COOR CH, — CH - COOR CHp = CH = COOR
hydrolysis
~COo.
<T{3)n - C=0 :
CHy —- CH,

e, g., Fxaltone {n = 12)
Dihydro-civetons {n = 14)

A beta-keto-omega-aldehydo-ester, by similar reac-
tions, may also yield a macrocy che ketone as shown
below.

(CH,),, - CHOH - CHOH

(CH,), - CH=O
- . I l hzurolzﬂs |
~CO.
€O - CHy - COOR CO —— CH - COOR SO CHZ
l ~Hz0
(CHp), - CH (CHz), ~ CH
(1)
CQ —— CHp O —-- CH

Civetone from oleic esters may also be accounted
for by similar mechanisms as shown below.

CH - (CHp)y - CHy CH - (CH;),; - CH=0

omega
oxidation

CH - (CHp)e — CHp — COOR CH - (CHp)e - CHz - GOOR

aldol
condensation

CH - (CHp), - C=0 CH - (CHp) - CHOH

)
CH - (CHp)e - CH - COOR CH - (CHz)e - CH - COOR

l hydrolysis

CH - (CHg)s - C=0 CH - (CHz), - C=0
I — |
CH - (CHp)e ~ CH - COOH CH - {CHp)e - CHp

Civetone

The utilization of oleiec acid for the production of
~dihydrocivetone may be accounted for by assuming,
first, its hydrogenation to stearic acid before under-
going the transformation suggested above. If this be
the case, stearic acid might be expected present in
larger amounts than a fraction of 19 of the total
fatty acids unless it is assumed essentially all of the
stearic acid has been used in the transformation to
dihydro-civetone,

The preceding discussion which pertains to the
possible relation existing between fatty acids and
macrocyclic compounds has been limited to possible
mechanisms which relate fatty acids to macrocyeclic
ketones. Sinece macrocyclic compounds found in
muskrat scent glands have been found to contain
Cis, Cis Cyr, and C,, maerocyclic carbinols together
with much smaller quantltles of their corresponding
cyelic ketones (1), it is perhaps necessary to indi-
cate a possible relationship between these two classes
of compounds.

CHp ~ (CHz)n\ ‘iﬁéﬂc‘"ﬁiﬁ’ CHy - (GH2) N
- CHOH
CHp - (Cﬂg)n/ oxidation CHp ~ (caz)n/

(n=5,60rT7)

This possible mechanism assumes an equilibrium be-
tween these macrocyclic ketones and carbinols in the
presence of enzymes with the equilibrium far to the
right. It is questionable, however, that any living cell
can be said to be in a state of true equilibrium;
therefore, it would seem best to consider the above
mechanism as the attainment of a steady state.

The presence of the three lower members of this
series of eyclic carbinols, which include cyelotri-
deeanol, cyclopentadecanol, cycloheptadecanol and
eyelononadecanol, found in the muskrat scent glands,
may be accounted for on the basis of the proposed
mechanisms. The presence of cyclononadecanol in
this mixture of carbinols, however, cannot be ac-
counted for on the basis of this analysis as no eico-
sanoic acid was found present.

Experimental

The ester fractionation method of analysis as out-
lined by Hilditech (7) was used in this investigation.
Traces of unsaponifiable matter were removed from
the mixed fatty acids by extraction of an aqueous-
alcoholie solution of the potassium salts with ether.
The methyl esters were then prepared and distilled
from a Claisen flask. The residual non-volatile esters
were left unanalyzed while the volatile esters were
converted to the lead salts of the fatty acids which
were further separated by fractional crystallization
from alcohol. In this way the lead salts of the fatty
acids were separated into three fractions. The 1-S
fraction was insoluble in hot aleohol while the 2-S
fraction was soluble. The L fraction was soluble in
alecohol at 15°C. The lead salt fractions were con-
verted to methyl esters and separated further by
fractional distillation. The resulting fractions were
then analyzed by determining the iodine number and
mean molecular weight (saponification equivlent).

Removal of Unsaponifiable Matter. Muskrat scent
glands, upon extraction with petroleum ether, yield
a fat and complex esters, which yield upon saponifi-
cation a neutral fraction containing macrocyclic car-
binols and an acid fraction consisting of salts of
fatty acids. The fatty acids may be liberated from
these salts upon treatment with 40% sulfuric acid.

The mixed fatty acids (supplied through the cour-
tesy of Givaudan-Delawanna, Inc., New York) were
dissolved in 109 alcoholic potassium hydroxide and
refluxed for three hours. This solution was then
diluted with water and extracted repeatedly with
ether to remove traces of unsaponifiable matter. The
soap solution was then cooled, and the fatty acids
were liberated from their potassium salts with 40%
sulfuric acid. The fatty acids were then extracted
with ether and the ether removed by distillation.

Preliminary Separation of Mixed Fatty Acids.
Preliminary work had shown that 209 of the methyl
esters did not distill through an efficient 100-em. frac-
tionating column as the boiling point of the residual
esters was extremely high (above 200°C. under a
pressure of 1-2 mm. of Hg.). To eliminate this large
residue in the subsequent fractional distillation of
the methyl esters, the mixed fatty acids were con-
verted into methyl esters (732 g.) by the usual pro-
cedure and distilled from a Claisen flask at a reduced
pressure of 1-2 mm. of Hg. A residue of 139 grams
(19%) of the original methyl esters remained undis-
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tilled and was not analyzed. The distilled methyl
esters (593 g.) were then converted into the acids
by saponification and acidification as described above.

Lead Salt-Alcohol Procedure. In view of the com-
plexity of the mixture of fatty acids under investi-
gation it was necessary to subject the mixture of acids
to the lead salt-alcohol procedure which resulted in
the subsequent production of three distinet fraetions.
The mixed fatty acids, obtained from 593 grams of
methyl esters, were dissolved in 2800 ml. of 95%
alcohol and mixed with a boiling solution of the
following composition: lead acetate (395 g.) and
2800 ml. of 95% aleohol containing 1.5% glacial
acetic acid. The lead salts were allowed to crystallize
at 15°C. for 12 hours, and the solid acid salts were
collected by filtration and then recrystallized from
aleohol. The first fractional erystallization of the lead
salts yielded a mixture of white and yellow ecrystals.
These crystals were filtered from the solution of un-
saturated lead salts (Li fraction) and placed in a
volume of boiling aleohol equal to the volume used
for the first crystallization. The yellow lead salts
(1-S fraction) of this mixture were found to be in-
soluble in hot alcohol and formed a separate liquid
phase at the bottom of the hot solution.

Upon decanting this solution of saturated lead salts
(2-S fraction), the insoluble yellow salts solidified
and remained on the walls of the flask. This per-
mitted a clean separation of the two saturated frac-
tions. The decanted solution was then cooled and
the white saturated lead salts were again erystallized
at 15°C. for 12 hours and filtered from the alcoholic
solution. This solution was then combined with the
other aleoholic solution which contained the unsatu-
rated acid salts. The acids of each fraction were
liberated separately from the salts with 6 N hydro-
chloric acid and converted to methyl esters by the
usual procedure.

Preparation of the Methyl Esters. Bach group of
acids, which resulted from the lead salt-aleohol pro-
cedure, was dissolved in four times its weight of
methyl aleohol and the acids converted to their
methyl esters by refluxing for three hours in the
presence of 2% sulfuric acid. After the esterifica-
tion was completed, 70-80% of the solvent methyl
aleohol was distilled from the esters. They were then
dissolved in ether and extracted repeatedly with
potassium carbonate solution. The unesterified acids
were recovered, converted to methyl esters, and eom-
bined with the main fraction. The ether was then
distilled, leaving the pure neutral esters, which were
ready for fractional distillation.

Ester Fractionation. The 1-S esters (185.24 g.),
2-8 esters (128.83 g.), and L esters (276.13 g.) were
distilled under reduced pressure through an ‘‘E. H.
P. Column,”’ similar to the one deseribed by Longe-
necker (8), into 15, 14, and 21 fractions, respectively.
Each fraction was analyzed by determination of the
iodine number (Hanus) and mean molecular weight
(saponification equivalent). The distillation and ana-
Iytical data are recorded in Tables I, IT, and III.

Calculations

Charnley (9) has given equations relating total
iodine number and equivalents of mixtures of esters
of the fatty acids to those of the individual esters;
however, the method of calculation used in this work
is essentially the method used by Hilditeh (7). Ap-
plication of the method of determinants for solution
of three simultaneous equations, however, greatly
simplifies the calculations necessary in this type of
work. The assumption was made that any one distil-
lation fraction contains not more than three esters of
the following types:

1, Two edjacent homologous saturated esters and one unsaturated
ester of the same carbon series as the higher saturated ester, e. g.,

636 Cls and Cle.

2. Two adjacent homologous saturated esters and one unsaturated
ester of a higher series, e. €., Cia, Cyo &nd Cha.

3, One saturated ester and two adjacent homologous unsaturated
esters, the lower member of which is of the same carbon series as the
gaturated ester, & 8 Cfa, 0:115 and C‘:s.

4. Ope saturated ester and {wo unsaturated esters of the next
higher series, e, g., 3o, C‘z‘s and C35.

5. Three unsaturated esters, two of which belong to the same
carbon series and the other belongs to either a higher or a lower series,

u au u 2u . AU
2+ 84 Cyes Tlp and Caqy or Czq, Cas and Cgee

The composition of fractions of these types was
calculated directly from their mean molecular weight
and iodine number by use of the following equations:

x + ¥y + z
x/Bx + /By + 2/Ey

xI, + ny + zI,

(1)
(2)
(3)

non o
“F

A

where x, v, and z are the respective weights of the
component esters in a fraction of weight w, I, E,,
and E, are the corresponding theoretical molecular
weights and E the observed mean molecular weight
of the fraction; I, I,, and I, are the corresponding
theoretical iodine numbers and I, the observed iodine
number of the fraction.

Using determinants for the solution of the above
system of equations, the expressions yielding values
of x/w, y/w, and z/w are as follows:

st = S/B) * (/%) + (L/%) = (L)) - (1/%) - (1/%) @
(I/5) + (I/E) + (Ty/Bx) - (Iy/E) - (1/Ex) - (L/Ey)
CAL/E) + (L/5) + (1/8) - (1/5) - (1/5) - (1/8)

Y o) ¥ (o) ¥ () =~ (L,/8,) = (18] = (L5

[£3)

o/ = (L/Ey) + (I/By) + (I/Ey) - (L/E,) - (I/E) - (I/E)
(/R + (L/E) + (L/5) - (Iy/E,) - (1,/8) - (L/E)

()

The denominator of equations (4), (5), and (6) is
the same for the calculation of any one combination
of esters.

Sample Calculation. The caleulation of Fraction
L-07 (Tables Va and Vb) vields positive values when
calculated as palmitic, hexadecenoic and oleic esters.
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TABLE I
Fraction Analysis Data
Fraction B'ZP;;.OC' e 1. No. "°:fh" R cle s e g ¢y, c:‘: Coe c:: Residue
1-8-01 136-149 2476 11.72 2,06 1.61 0619 | ==ee 0425 o—ae —— c——— ——— -——- ——
1-8-02 149149 26444 4.63 24,92 5494 17.61 one= —— 1.37 -—— —— e ———— ——
1-5-03 149-151 264.4 6481 22,09 5408 15425 | ==e- ——— 1.76 —— —— ———— ——— ——
1-5-04 151-154 26945 13,92 24,03 3.89 16,46 P - 3,88 . aven [P, ———- ———
1-8-05 154-185 270.8 16,70 26.88 4,42 1797 | «=-- [— 4,49 JE— f— — ——a— ————
1-5-06 155-159 271.8 19,25 28460 3.60 18.57 —— —nee 8443 ———— ——— ———— -——— ————
1-8-07 159-165 274,7 28,73 19.24 2.32 10649 | === cene 6.43 ———— — —— ———— ——
1-8-08 165-186 282,2 48,64 2.08 0.11 0e8¢ | =--- e 1.13 ———- -e—- e -—-- -——
1-5-09 186-192 292,71 56439 3495 ——— 0.57 | 0.78 cnae 2.60 ———— — ——— —— R
1-5-10 192-204 304.6 61,31 1,31 coen - | 0.34 ——— 0.82 0.15 ——— ——— -~ ——
1-5-11 204-214 342.8 72,68 1.34 ——— eem= | 0,52 ——- ——- 0.18 0.64 — J— ————
1-5-12 214-230 380,1 79476 5456 = —ewe | 0,01 m——- - 4047 1,08 ——— m——- ———
1=8-12 230-240 40045 81492 9,78 oo came | weae -——— ———— . 2449 6496 0e34 ———
1-5-14 240-244 403.1 8l.76 5424 —— come | - w——- —— - 0487 3,63 0.74 ———
1-3-15 244 408,4 80453 1.41 . e e g o= ——— ———- 121 0420 ——-
Residue m———— m—eoe -—-- 6,76 ——— ———. | e—a- amme ——— -——- —— e -—— 8,76
Total 185424 2—6:7_ 97,95 | 1.66 0,25 | 28451 4.80 5,08 |11,78 1.28 6,76
Woight per cent 14,45 52,88 | 0.89 0,18 (15,61 2,59 2,74 8.37 0,69 3.5
TABLE 11
Fraction Analysis Data
Fraction B.zp:;jc. o I. No, Torgnt ¢, | s | cae | ol | i | che | o6 | Restdus
2-8-01 121-139 25247 15.63 5049 4,09 0.359 ———— 1,01 — .——— — ———
2-8-02 139-142 267.1 10.64 20,73 4,15 13497 | -=-- 2,61 ——— ———— ——- ——
2-5-03 142-145 268.1 12.49 21,74 4,05 14,53 ——— 3.16 —— R ——— anee
2-5-04 145-152 27245 26460 16417 2,75 8.42 R 5400 —— RO P ———
2=8-05 152-159 281,.6 53,08 19.81 2455 4,94 | =--- 12,32 ———— _——- JR—— [
2-8-08 159-164 28845 72,00 13,36 1,37 0483 ———— 11,66 ~——— J— ———- ————
2=807 164~190 297,2 74,44 5,67 ——— 034 0040 4,93 ——— -———— L ————
2-5-08 190-211 309.7 72,08 2,48 ———- aeee= | 042 2,01 0405 ——— ——— -
2-5-09 211-215 38049 98,21 1.64 JR— - 0440 -—-- 1.16 0.08 - -
245=10 215-216 38446 98,96 1.65 L ——— 0425 cane 1,08 032 —nma ——
2+5-11 216-224 389.4 99427 1,82 ———- ———— 0.11 - 1,04 0067 - RO,
2e8-12 224-227 394.6 100463 5464 P— ——- cvm- P 2462 2,48 0.84 comn
2-3-13 227227 40641 101,50 6463 e P e cnne 0.40 2,12 3011 -
2-S-14 227 401.6 100.46 1,63 ——— o= m——- ———- 0631 0463 0469 ———we
Residue “trmeee ——— ———— 4,97 ———— ———e —— ——— —— ———- ———— 4497
M 128,83 18,96 43,42 1.58 42,70 6456 6,30 4.32 4,97
W_e_i_sl_:_t_ per cent 14,72 33,70 1.23 38,14 5,09 4.89 3437 S.86
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TABLE III
Fraction Analysis Data
Be pt. °C Mol Weight s (] s s u u u u 2u u 2u u 2u
Fractlon | "% | wy, | Ie oo 2. o Cz2| C4 ) %6 | C12| C14] C16] Ci18 | Cis | 24 | C24 | C26 | Czg | Residue
1-01 82-98 238.4 | 39,07 1076 | ween | 0076 | 0027 | moce | mece | eaeoa | 0,78 | cnnm | come | come | cman | caee [ @ cone
1-02 98-121 | 195.4 | 43,04 279 | 1071 | 0609 | eman | ecce | 0099 | moae | coee | mame | wean | ceen | ceoe | coee | cmmm P
L-03 121-141 | 21641 | 59474 2,89 | —==c | 1413 | 0632 | cocc | 1o#4 | mevn | woce| eeee [ cocn | cooe [ meon | ceen | ceee ————
1-04 1412148 | 260.6 | 75.48 16418 | =me= | wmec | 3438 | ccce | acee | 1442 12438 | ecee | cece | ecee | ccon | aeee | ecee ——ee
L-05 148-158 269.8 | 78491 18.37 aven | emce | emme [ 2095 | cese | sve- [14481 | 0e6)l | mvce | ccme | meee | cece | ecce ———
L-06 158-162 28le4 | 87,24 38461 comn | wome | wece | 1417 | emce | cmee [18.88 | 18478 | weme | coce | covee | cnve [ evea ————
L-07 162-166 282.2 | 88,54 29,19 camm | wcee | wmoe | 0435 | wene | weme (1347115413 | wece | ccen | oeee | cene | aee- ——
L-08 166-167 | 288.0 | 90.66 29451 | ommm | come | cmme | 8480 | cmen | cmem |owem [ 11424 | 9487 | econ | cmee [ coma | ceem ——
L-09 167-168 | 289.0 | 91.96 28,95 | wowe | wmeo [ coen | 7419 [ ceee | meee |owee [ 12465 | 9011 | comm | oo | emee [ coee ——
1-10 168-169 | 292.2 | 93.45 29,76 | wmem | cmee | caea | 3,405 | eace | ccee [eeen [19,02 | 7069 | mmme | ween | cone [ caee -
L-11 169=171 29242 | 94433 21,60 cwve | wmen | emem | 2415 | ewee | emea |ewwe | 13,59 | 54868 | wew= | emce | acwa | awen —
L-12 171183 28948 | 93,74 9.59 cvsn | mene | wooe | 2,10 | emve | cove |vaue 4e54 | 2495 | mmme | mwee | esan | coee .
L=13 183=-185 294.2 | 90.47 2,08 e | mane | cwae | 0406 | cee= | ceee |eeee 183 | 0019 | wowme | mema | cves | cece ————
L=14 185-187 30548 | 96.94 7661 wvvn | wmew | ecee | ccve | cnve | cccs |[ccee 536 | 1421 | 1404 | wmon | evca | wwee ——ea
L-15 187191 | 319.7 | 92,27 2439 | wewe | weme | comem | eeee | cove | wene |oace | 1423 | 0036 | 0680 | emee | oo | <oee ——
L-16 191-197 33442 |102,33 2.37 enwe | ecne | anve | come | cona | ecaa [caaa 0042 | 0072 | 1423 | mwae | moce | oeea ———
L=17 197-208 34646 {111.22 1.83 cosa | cone | vome | ecne | cvee | coce |ocee emme | 0054 | 0486 | 0423 | eeve | cve= ————
L=-18 208=218 38344 (114,46 3.47 wnee | enee | occe | ccen | cone | cace [acee avee [ 0453 | 1430 | 1464 | ccen | cane J——
=19 218-224 389.1 (117.19 7487 wave | even | ccce | cesn | cove | meee |owe- onvve | eone | ccae | 4490 | 1466 | 1.31 ———
Le20 224-229 | 389,1 (113,74 4026 | cvem | avme | cuce [ cmee | come [ mmee [ewew | @ses | moae | coen (2465 [ 1415 | 0,45 ——
L-21 229 382.0 [107.78 1,78 e | ceee | cone | come | snen | cmne |ceee amee | woee | vwam | 1413 | 0¢85 | ee== ———e-
Residue | -coccer | ecvcce [omce- - 13.48 come | mcce | coce | ccee | emce | memm |ome- R [ e e 13.48
Total 276013 | 1o71 | 1,98 | 3,97 [27.42 | 2443 | 1442 |59.29 104,40 [39.03 | 5.25 [10.66 | 3.46 | 176 | 13.48
Weight per cent 0062 | 0472 | 1o44 | 9483 | 0488 | 051 |21,47 | 37,81 (14414 | 1,89 | 3.82 | 1425 | 0.64 4.88
TABLE IV
Fraction Analysis Summary
Aoid wt, eater wt, ester wt, ester wt, aoid wte 8oid wt, soid Total wt, wt, per cent
1.8 2-§ L 1.8 2-8 L acid acid
Cio 0 0 1.7 [} 0 1.58 1.58 0.25
3, 0 0 1.98 0 0 1.86 1.85 0427
c;4 26477 18496 3,97 28.22 17.86 3,74 46,82 6,76
°;s 97495 43,42 27,42 92,87 41,17 26400 160,04 23,10
cls 1.65 0 0 1.57 (3 0 1.57 0.23
€34 ) 1.58 0 0 1.62 0 1.52 0.22
cle o 0 2,43 0 s} 2,27 2.27 0433
Cls 0 0 1.42 0 0 1.34 1.34 0.19
cle 0425 0 59429 0424 0 66419 56443 8.14
c‘l‘8 28,91 42,70 104,40 27.54 40.68 99,46 167,68 24,20
Coa 4.80 0 5423 .62 0 5.04 9466 1.39
[ 11,79 6430 3.48 11,39 6,08 3434 20,481 3,00
c";‘; 0 o 39,03 0 o 37,17 37.17 5437
cg‘; 5408 6456 10,56 4489 8432 10.16 21,37 3,08
cg‘; 1.28 4,34 1,78 1.24 4,19 1.70 7135 1,03
Residue 6,76 4.97 13,48 6,49 4,77 12,94 24,20 3449
Unenelyzed ——— —— —— ——— —— ——— 131443 18497
Total 185.24 128,85 276,18 176,07 122.59 262,78 892,87 100400




Tue JourNaL oF THE AMEiricanN O CueMists’ Sociery, DECEMBER, 1943

w=29.19 g. TABLE VI
0.3189+0.2986+0.3351—0 3190—0.3033—0.3299 Analysis of Fatty Acids From Muskrat Scent Glands
x/w =
o 0.3189+0+0.3497—_—O.3190-—-0.3166—0
0.0004 Carbop content HName of acid per cent
=_ " = 0.0121 {calculated)
0.0330 3o Decanoic 0.2
Then, sz Dodecanoic 0.5
x= x/w-w=0.0121-29.19 = 0.35 g. C3e Myristic 6.8
c3e Paluitic 25.1
.
Similarly, 3o Stearic 0.2
0.3033+04-0.3274—0.2986—0.3166—0 8 s
y/w= Caq Tetracosanoic 0.2
0.0330 .
Ciz Dodecenoic 0,3
0.0155 u N
=—— = 0.4697 Cla Tetradecenoic 0.2
0.0330 .
Cia Hexadecencic 8.1
Then, % Oleic 24.2
y=y/w'w=0.4697-29.19 = 13.71 g. &, Tetracosenoic 1
. G‘;Q Hexacosenoic 3,0
Similarly, o Lo o
- c inoleic .
0.3299+0+0.3497—0.3351—0.3274—0 18
Z/W— au N N
0.0330 Cza Tetracosadienoic 3.1
2u .
Cze Hexacosadienoic 1.0
_ 00111 5189 -
0.0330 Residue .
Unanalysed 19.0
Then,
7z =z/w-w==0.5182-29.19 = 15.13 g. Lotal 100.0
TABLE Va
Calculation Data
Fraction Component Esters w Ix 1y Iz Iw Ex Ey Ez Ew
8 8 u
1-01 s Ca O 1.76 0 0 94.57 39.07 214.3 242.4 26844 23844
L-02 gy G2 O 2,79 0 0 119,56 43,04 18643 214,3 212.3 195.4
u
L-03 4, 4. o, 2.89 0 o 119.56 59474 214.3 242.4 212.3 216.1
1-04¢ S 9, % 16,18 0 105.60 94,57 75448 242.4 240.4 ‘268.4 26046
1~06 de % 9s 18.37 0 94.57 85.50 78491 270.4 26844 29645 26946
1-06 ds % s 38461 0 94.57 85.60 87.24 27044 26844 29645 281.4
. n u
1-07 de %6 Qs 29.19 0 94.57 85460 88.54 27044 268.4 29645 282,2
n . . 288.0
L-08 ds ds Ya 29.51 0 85,60 172,41 90466 270.4 29645 294.5
u . ot 296 294,5 289.0
L-09 (fis dl’e 8 28,95 0 85,60 172,41 91.96 270 o5
110 cle c‘l‘8 ci‘; 29,76 0 85460 172.41 93445 270.4 296.5 294.5 292.2
1-11 cle cls ci‘s‘ 21460 0 85.60 172.41 94433 270.4 296.5 294.5 292,2
112 C;e g ci‘e‘ 9459 0 85.60 172,41 93,74 270.4 296,56 294.5 289.8
L-13 gs Cig o33 2.08 0 85460 172.41 90,47 242.4 296.5 294.5 294.2
L-14 oy Con ch, 7461 85.60 172.41 66468 96494 2965 294.5 38046 305.3
1-15 clg ci‘g c‘2‘4 2,39 85,60 172,41 66,68 92,27 29645 294.5 38046 319.7
1-16 c‘l’8 cig c‘,;4 2,37 86460 172,84 66468 102433 296.5 294,5 38046 334,2
1-17 c"ig ¢G5y °§: 1,63 | 172.41 66.68 134,09 111.22 294.5 38046 37846 346,6
118 cf‘; cg4 cg‘; 3447 172,41 66468 134,09 114446 294,65 380.6 37846 363.4
L-19 cg‘; e cg‘é 7.87 134,09 61.80 124,84 117.19 37846 08,7 406.7 38941
L-20 cgz Coe cg‘; 4,25 134,09 61.80 124.84 113,74 37846 408.7 408.7 3891
=21 ci‘; Cog 1,78 134,09 61,80 . 107.78 37846 408.7 ————— 382,0
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The calculations are easily checked from the data
tables at this point either by summing the values of
x/w, y/w, and z/w, which should equal 1.0000, or by
summing the weights of x, y, and z, which should
equal w (Table Vb).

If this fraction is calculated for combinations of
esters, other than the one above, negative values re-
sult in equations (4),.(5), or (6), indicating that
such combinations cannot correspond to the analyti-
cal data obtained. The following combinations of
esters give negative values when calculated to frac-
tion L-07:

1. hexadecenoie, oleic, and linoleic esters

2. palmitic, oleic, and linoleic esters.

All other fractions were calculated in a similar
manner. The boiling point, iodine number, and mean
molecular weight of each fraction served as guides in
the choice of the combination of esters present in any
one fraction. In the event that two different combina-
tions of esters give positive values for any one frac-
tion, the combination corresponding to the preceding
fraction is chosen. The caleulated weights of esters
present in each fraction are recorded in Tables I,
1I, and III.

It should be pointed out that fourth decimal accu-
racy of the I/E ratios is essential to obtain consistent
results for the calculations using any one set of I
and E values. A Friden Automatic Calculator was
used in this work for all calculations.

The weights of each component ester in the 1-8,
2-S, and L fractions were converted to the weights
of corresponding acids present in the original mix-
ture of fatty acids. From these weights of individual
acids the percentage composition of each component
acid was calculated. These results are recorded in
Tables IV and VI.

453

Other equations containing the refractive index,
thiocyanogen number, and other measurable physical
properties of the esters may be substituted for equa-
tions (2) or (3) and used in this method of calcula-
tion of the composition of fatty acid ester mixtures.

Summary

1. The mixture of fatty acids from muskrat scent
glands has been analyzed by the ester fractionation
method.

2. The esters of myristie, palmitic, hexadecenoie,
oleic, and linoleic acids were found present as major
components in these glands. Unsaturated acids of
the C,, and C,, series are also present to the extent
of 8.5% of the total fatty acids. Acids present to less
than 1% each include decanoie, dodecanoic. stearie,
tetracosanoic, dodecenoic, and tetradecenoic acids.

3. Application of determinants for the solution
of simultaneous equations has been presented as a
method which greatly simplifies and facilitates the
calculations necessary to this type of work.

4. The possible relationship existing between fatty
acids and macrocyelic carbinols has been considered
and possible mechanisms for such transformations
have been presented.
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of XNatural Fats, New

TABLE Vb
Calculation Data

Fraction| Ix/By Ix/Ez Ix/Ew | Iy/Ex Iy/Ez Iy/Ew 1z/Bx Iz/By | Tz/Bw | Iw/Bx 1w/Ey Iw/Ez x/w y/n t/w x ¥y z
1-01 [} 0 0 [} [} 0 002413 | 043901 | 0,3967 | 0.1823 | 0,1612 | 0.1456 | 0,4336 | 0.1543 | 0,4121 | 0.76] 0s27| 073
L-02 4] 4] o] [} 0 [} 06428 | 045579 | 046119 | 0.,2310 | 0.2008 | 042027 | 0.6137 [ 0,0306 | 043557 | 1,71 | 0.09] 0,99
L=03 0 0 o o} o] o] 045579 | 044932 | 05533 | 0.2788 | 042465 | 0.2814 | 0,3895 | 0,1113 | 044992 | 1,13| 0,32 | 1.44
L-04 o} 0 [} 044256 | 0.3934 | 0.4052 | 0.3901 | 0.3934 | 0.3629 | 043124 | 0,3140 | 0.2812 | 0,2088 | 0.0879 | 0,7033 | 3.38| 1.42 |11.38
L-05 o] o} o] 003497 | 043190 | 0.3508 | 0.3166 | 0.3189 | 0.3175 | 0.2918 | 0,2940 | 0.2661 | 0.1606 | 0,8061 | 0,0333 | 2,95|14481 | 0461
L-06 o] ] 0 003497 | 0.3190 | 043361 | 03166 | 0,3189 | 0.3042 | 0,3226 | 0.3250 | 042943 | 0.0304 | 0.4833 | 0,4863 | 1,17 (18466 [18478
1-07 [} 0 o 043497 | 043190 | 043351 | 043166 | 043189 | 0.3033 | 043274 | 0.3299 | 0,2986 | 0.0121 | D.4697 | 0.5182 | 0435]13471 [15413
L-08 0 0 [} 043166 | 0e2907 | 042972 | 0.6376 | 0.5815 | 045986 | 0.3353 | 0.3058 | 0,3078 | 0.2848 | 0,3808 | 0.3344 | 8,40|11.24 | 9,87
L=09 0 o] o] 043166 | 042907 | 0.2962 | 0.8376 | 0.5815 | 0.5966 | 0.3401 | 0,3102 | 0,5123 | 0,2483 | 0,4371 | 0,3146 | 7,19{12.65| 9.11
L-10 0 0 ) 043166 | 042907 | 042940 | 0.6376 | 0.5815 | 0.5900 | 0.3456 | 043152 | 043173 | 0,1026 | 0,6391 | 0,2583 | 3405 19,02 | 7.69
L-11 o} [} 0 043166 | 042907 | 0.,2940 | 0,6376 | 0,5815 | 0,5900 | 0.3489 | 0,3181 | 0,3203 | 0.0993 | 0.5291 | 0,2715 | 2,15|13.59 | 5486
1-12 0 [} [} 043166 | 042907 | 0.2954 | 0.6376 | 0.5815 | 0.5949 | 0.3467 | 0,3162 | 0,3183 | 0.2185 | 0,4735 | 0,3079 | 2,10| 4.54| 2495
L~13 0 o o 043531 | 0,2907 | 0.2910 | 047113 | 0.5815 | 0.5860 | 043732 | 0.3051 [ 0,3072 | 0.0312 | 048798 | 0.0890 | 0,06| 2433 | 0s19
L-14 0.2907 | 0.2249 | 0,2804 | 0.5815 | 0.4530 | 0.5647 | 0.2249 | 0.2264 | 0.2184 | 0,3269 | 0,3292 | 0.2547 | 0.7040 | 0,1588 | 0,1371 | 5,36, 1e21| 1404
L=-15 002907 | 042249 | 042678 | 0.5815 | 044530 | 0.5393 | 042249 | 042264 | 0.2086 | 0,3112 | 0.3133 | 042424 | 045171 | 0,1495 | 03334 | 1.23| 0436 | 0480
L-16 042907 | 042249 | 042561 | 0.5815 | 044530 | 045159 | 02249 | 0.2264 | 0,1995 | 043451 | 043475 | 0,2689 | 0.1745 | 0,3053 | 0,5202 | 042 | 0,72 1.23
L=17 044530 | 044554 | 04974 | 042264 | 0,1761 | 0.1924 { 044553 043523 | 0.3869 | 0,3777 | 0.2922 02938 | 043320 | 0.5268 | 041412 | 0,54 086 [ 0423
L-18 044530 | 044554 | 0,4744 | 042264 | 041761 | 041835 | 0.4563 | 0.3523 | 0.3690 | 0.3887 | 0,3007 | 043023 [ 01531 0,3757 | 0.4712 | 0453 | 1430 1.64
L-19 0.3281 | 043297 | 0.3446 | 0.1632 041520 | 0.1588 | 043297 | 0.3055 | 0.3208 | 0.3095 | 0,2867 | 0,2881 | 0.6228| 0,2105 | 0,1667 | 4,90 1.66 | 1.31
L-20 043281 | 043297 | 0.3446 | 0.1632 | 0,1520 | 0.1588 | 0.3297 | 0.3055 | 0.3208 | 0.3004 | 0.2783 | 0.2797 | 0.6228| 0,2719 | 0,1053 | 2.65| 1415 ] 0,46
L-21 046348 | 0,3652 1.13| 0.65




