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T HE scent glands of a typical North American 
muskrat (Ondatra zibethicus rivalicius) contain 
fats and complex esters of fat ty acids. The un- 

saponifiable or neutral fraction of these esters has 
been investigated (1) and found to contain C~3, C~5, 
C~7, and C~9 macrocyclic carbinols together with very 
much smaller quantities of their corresponding cyclic 
ketones. Simmons and Hills (2) have reported a 
preliminary examination of the mixed fat ty acids 
present in these glands. The present investigation, 
however, deals with the quantitative analysis of the 
component fat ty 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 
macrocyclic carbinols, which must be regarded as the 
parents of the corresponding ketones. This analysis 
gives no indication of the presence of maerocyclic 
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 myristic, palmitic, hexadecenoic, oleic, and linoleic 
acids are present as major components in these 
glands. I t  is significant that unsaturated acids of 
the C24 and C26 series are also present to the extent 
of 8.5% of the total fat ty 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 calculation used. 
Since linoleic acid is the only diethenoid fat ty 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 un- 
doubtedly aid in giving a clearer picture of the true 
composition of these higher fractions. 

I t  is conceivable that some of these acids may be 
progenitors of the macroeycIic compounds already 
isolated and identified in these glands. In this con- 
nection the similarity in structure 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). 

CO = CHs CH~ -- COOH 

~uscone palmitic acid 

cH = (c~), ~ ca - (cx'.,), - cH, 
II II 
CH (CH2)7 ~ - CH ~ (CHa) v - COOH 

Civetone Olelc acid 
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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 rec- 
ognized, the formation of large ring ketones from 
these oxidation products can 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. 

- Cn, (c~) n - (CHs)" _ CH 2 

CH a ~ CH - COOH CO -- CH - COCH CO -- CH~ 

e. g., Fxaltone = I: 
Aliphatic monobasic acids may undergo biological 

omega oxidation in the following manner: 

(i~>, _ 6,. (iH.). - c~o (cH.>. - cooH 

CH s - CH s - COOH CH~ -- CH s - COOH C~ 2 - CH 2 - COOH 

Palmitic acid (n = 12) partial omega omega oxidation 
Stea~ic acid (n = 14) oxidation product product 

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

I t  is also conceivable that both beta and omega 
oxidation may occur within the same monobasie acid. 

(C~) n - Cgs (CHs) n - CH s (CH2) n - CH=O 

I .I .I 
CH a - CH s - COOH CO - CH s - COOH CO - CH a - COOH 

b e t a  o x i d a t i o n  b e t a  and omega 
produc t  o x i d a t i o ~  produc% 

Assuming the formation of these biological oxida- 
tion products, it is now possible to account for the 
formation of cyclotridecanone 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. 

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

~a - (c~.)a " coo, ~. - CC~.)a~ 
L | /c~ 

CH a - (CHz)n - CCOH C~z (CHa) a 

D~J~iro-civetone (n 7) 

In a similar way it is conceivable that an omega- 
aldehyde-ester can undergo the aldol condensation at 
high dilution and cyclize according to the equations 
below. At this point it is perhaps necessary to men- 
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tion tha t  the acids p robab ly  occur in nature  as the 
glycerides or esters. 

CH s - CH a - COOR CH s -- CH - COOR CH s -- CH - COOR 

l hydrolysis 
-CO 2 

(iHs)n - ~0 I : 
CH 2 -- CH~ 

e .  g.~ Exaltone (n = 12) 
Dihyd~o-civetone (n = 14) 

A be ta -ke to-omega-a ldehydo-es te r ,  by  similar reac- 
tions, may  also yield a maerocyclic ketone as shown 
below. 

(CHz) n - CH=O 

CO - Ctt~ - COOR 

(CH2) n J  _ c ioH - CHOH 
I hydrolysis I 

-COs 
CO - - -  CH - COOR CO - - - -  CH~ 

I-H20 

- CHs (~li~) n - 

CO -- CH 2 CO --- CH 

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

CH - (os2)~, - CH s 

II 
CH - (CH~) 6 - CH z - COOR 

CH - (0H2)7 - c . m  

I1 I 
CH - (CH2) e - CH - CCOR 

hydrolysis 

CH - (CH2) ~ - C=O 

II l 
CH - (Cg~)e - CH - COOH 

CH - ( ~ ) ~ ,  - CH=O 

omega ' [ I  
oxidation 

CH - (CH2) 6 - CH 2 - COOR 

l aldol condensation 

CH - (CH~) v - CHOH 

CH - (CH2)e - CH - COOR 

c~ - (CH2)7 - c = o  

CH - (CH2)~ - CHa 

Civetone 

The utilization of olcic acid for  the product ion of 
dihydrocivetone may  be accounted for  by  assuming, 

f i r s t ,  its hydrogenat ion to stearic acid before under-  
going the t ransformat ion  suggested above. I f  this be 
the case, stearic acid might  be expected present  in 
larger  amounts  than  a f ract ion of 1% of the total  
f a t ty  acids unless it is assumed essentially all of the 
stearic acid has been used in the t rans format ion  to 
dihydro-civetone. 

The preceding discussion which pertains  to the 
possible relation existing between f a t t y  acids and 
macrocyelic compounds has been l imited to possible 
mechanisms which relate f a t t y  acids to macrocyclic 
ketones. Since m a c r o c y c l i c  compounds found  in 
muskra t  scent glands have been found to contain 
C~, C~, C~7, and C~9 macrocyclic carbinols together 
with much smaller quanti t ies of their  corresponding 
cyclic ketones (1), it is perhaps  necessary to indi- 
cate a possible relationship between these two classes 
of compounds. 

I /C=O reduction " I /CHOH 

C~ 2 - (CHs) n" o~da'-tion CH 2 (CH2)  n 

( n = 5 ,  6 o r  7) . 

This possible mechanism assumes an equil ibrium be- 
tween these maerocyclie ketones and carbinols in the 
presence of enzymes with the equil ibrium fa r  to the 
right. I t  is questionable, however, that  any  living cell 
can be said to be in a state of t rue equi l ibr ium; 
therefore, it would seem best to consider the above 
mechanism as the a t ta inment  of a s teady state. 

The presence of the three lower members  of this 
series of cyclic carbinols, which include cyelotri- 
decanol, eyelopentadecanol,  eycloheptadecanol and  
cyelononadecanol, found in the muskra t  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 fract ionat ion method of analysis as out- 

lined by  t t i ld i tch (7) was used in this investigation. 
Traces of unsaponifiable mat te r  were removed f rom 
the mixed f a t t y  acids by  extraction of an aqueous- 
alcoholic solution of the potassium salts with ether. 
The methyl  esters were then p repa red  and distilled 
f rom a Claisen flask. The residual non-volatile esters 
were left  unanalyzed while the volatile esters were 
converted to the lead salts of the f a t t y  acids which 
were fu r the r  separated by  fract ional  crystallization 
f rom alcohol. In  this way the lead salts of the f a t t y  
acids were separated into three fractions. The 1-S 
f ract ion was insoluble in hot alcohol while the 2-S 
fract ion was soluble. The L fract ion was soluble in 
alcohol at  15~ The lead salt f ract ions were con- 
ver ted  to methyl  esters and separated fu r the r  by  
fract ional  distillation. The result ing fract ions were 
then analyzed by  determining the iodine number  and 
mean molecular weight (saponification equivlent) .  

Removal of U~saponifiable Matter. Muskrat  scent 
glands, upon extract ion with petroleum ether, yield 
a fa t  and complex esters, which yield upon saponifi- 
cation a neutra l  f ract ion containing macrocyclic car- 
binols and an acid f ract ion consisting of salts of 
f a t t y  acids. The f a t t y  acids may  be l iberated f rom 
these salts upon t rea tment  with 40% sulfuric acid. 

The mixed f a t t y  acids (supplied through the cour- 
tesy o f  Givaudan-Delawanna ,  Inc., New York)  were 
dissolved in 10% 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 f a t t y  acids 
were l iberated f rom their  potassium salts with 40% 
sulfuric acid. The f a t t y  acids were then extracted 
with ether and the ether removed by  distillation. 

Prelim~;nary Separation of Mixed Fatty Acids. 
Pre l iminary  work had shown that  20% of the methyl  
esters did not distill through an efficient 100-cm. frac-  
t ionating column as the boiling point  of the residual 
esters was extremely high (above 200~ under  a 
pressure of 1-2 ram. of Hg.) .  To eliminate this large 
residue in the subsequent fract ional  distillation of 
the methyl  esters, the mixed f a t t y  acids were con- 
ver ted into methyl  esters (732 g.) by  the usual pro- 
cedure and distilled f rom a Claisen flask at a reduced 
pressure of 1-2 ram. 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 f a t ty  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 distinct fractions. 
The mixed fa t ty  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% alcohol containing 1.5% glacial 
acetic acid. The lead salts were allowed to crystallize 
at 15~ for  12 hours, and the solid acid salts were 
collected by  filtration and then recrystallized from 
alcohol. The first fractional crystallization of the lead 
salts yielded a mixture  of white and yellow crystals. 
These crystals were filtered from the solution of un- 
saturated lead salts (L fract ion)  and placed in a 
volume of boiling alcohol equal to the volume used 
for the first crystallization. The yellow lead salts 
(1-S fract ion) 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 fract ion) ,  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 crystallized 
at 15~ for 12 hours and filtered fronl the alcoholic 
solution. This solution was then combined with the 
other alcoholic solution which contained the unsatu- 
rated acid salts. The acids of each fract ion were 
l iberated separately from the salts with 6 N hydro- 
chloric acid and converted to methyl  esters by  the 
usual procedure. 

Preparation of the Methyl Esters. Each group of 
acids, which resulted from the lead salt-alcohol pro- 
cedure, was dissolved in four  times its weight of 
methyl alcohol and the acids converted to their  
methyl esters by  refluxing for three hours in the 
presence of 2% sulfuric acid. Af ter  the cstcrifiea- 
tion was completed, 70-80% of the solvent methyl 
alcohol was distilled from the esters. They were r 
dissolved in ether and extracted repeatedly with 
potassium carbonate solution. The uncsterified acids 
were recovered, converted to methyl  esters, and com- 
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-S 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 described by  Longs- 
necker (8), into 15, 14, and 21 fractions, respectively. 
Each fract ion was analyzed by  determination of the 
iodine number  (Hanus)  and mean molecular weight 
(saponification equivalent).  The distillation and ana- 
lytical data are recorded in Tables I, II ,  and III .  

Calculations 
Charnley (9) has given equations relating total 

iodine number  and equivalents of mixtures of esters 
of the f a t ty  acids to those of the individual esters; 
however, the method of calculation used in this work 
is essentially the method used by  Hilditch (7). Ap- 
plication of the method of determinants for  solution 
of three simultaneous equations, however, great ly 
simplifies the calculations necessary in this type of 
work. The assumption was made that  any one distil- 
lation fract ion contains not more than three esters of 
the following types:  

l ,  Two a d j a c e n t  homologous saturated esters  a~d one ~J~r 

ester o f  the same carbon series as the higher saturated e~ter~ _e. ~, 

cs~, CxSs and cUe. 

2. Two adjacent homologou~ saturated ester~ and one unsaturated 

3, One saturated ester and two adjacent homologous unsaturated 

esters~ the lower member of which is of the same carbon series as the 

s u u 
saturated ester, e ,  g_., C~e , C~e and Czs. 

4. One saturated ester and two unsatUrated e~teYs of the next 

s u su higher series, e.. g.,, C~e ~ CIS and CIe. 

5. ~1~ree unsaturated esters~ two o~ r which belong to the s~me 

carbon serles and the other belongs to either a higher or a lower series~ 

u su u c~U u - ~u e~ go~ cls ~ Cle and C~4 ~ or S4, Cse an~ C2e. 

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

x + Ir + z = . ( 1 )  

x / ~  + y / ~  + z/E~ = . /~ ,  (23 

where x, y, and z arc the respective weights of the 
component esters in a fract ion of weight w, E ,  Ey, 
and Ez are the corresponding theoretical molecular 
weights and E,,. the observed mean molecular weight 
of the f ract ion;  I~, I.,., and L. are the corresponding 
theoretical iodine numbers and Iw 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: 

~ / .  = ( i / ~ , )  + ( 4 / E = )  + (1w/%) - ( ~ / z = )  - (~= /%)  _ ( ~ , / ~ )  

( W ~ )  + ( I~ /E=)  + ( i y / ~ )  - ( Iy /~=}  - ( Iz /~=> - ( i ~ / ~ )  

y/~ = (i/~) + (I/E~)., (i/%~) - (%../E=) - (i/~) - (i/r~) 

(W~) + (WE=) § (L/~) - (~J4) - {W4) - (~/%) 

(~=/~)  + r  + r  - (~y/E=) - r  - ( ~ / ~ )  

( * )  

(6) 

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

Sample Calculation. The calculation of Fract ion 
L-07 (Tables Va and Vb) yields positive values when 
calculated as palmitie, hexadecenoic and oleic esters. 
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Fraot lon B. p t ,  ~ 
2 mmo 

1-8-01 138-149 

1-S-02 143.149 

1-8-03 149-181 

1-8-04 15~-!54 

1.,.8-05 154-155 

1-8-06  156-159 

1-8-07 159-165 

1-,,S-08 165-186 

1-5-09  186-192 

1-8 -10  192-204 

1-8-11 204-214 

1-8-12 214-230 

1-8-15 230-240 

1-8-14 240-244 

1-8-15 244 

Residue 

T A B L E  I 

F r a c t i o n  Ana lys i s  D a t a  

Tota l  

u u 
Mol. I .  No. Weight C;4 C;8 C;8 C19 016 

247,6 11.72 2,08 1,61 0 ,19 0,25 

264.4 4.63 24.92 5.94 17.61 1.37 

264.4  6.81 22.09 5,08 15,25 . . . . . . .  1 ,76 

289.5 13,92 24,03 3 ,69 16,46 . . . .  3 ,98  

270.8 16.70 26.88 4.42 17.97 4.49 

271.8 19.25 28.60 3 ,60  18.57 8.43 

274.7 28.73 19,24 2.52 10.49 6.43 

282.2 48.64 2.08 0 . I I  0.84 1.13 

292.7 56,39 3 ,95  . . . .  0 .57  0 .78  2 .60 

304.6 61.31 1 .31 . . . . . . .  0 .34  0 .82 

342.8 72.68 1 ,54 . . . . .  0 ,52 . . . . .  

580 , ]  79.76 5,56 . . . . . . .  0 ,01  . . . .  

400.~ 81.92 9.78 . . . . . . . . . . . .  

403,1 81,78 8.24 . . . . . . . . .  

408.4 80.53 1.41 . . . . . . . . . .  

6.76 . . . . . . .  

185.24 26,77 97.98 1.95 0.25 

14.45 r:~?.88 0.89 0.15 

u 2u u ~ u  Residue C24 C24 028 8 

0.15 

0.18 

4.47 

0.64 ~ 

1.08 . . . . .  

2.49 6,95 0.54 

0.87 3.63 0.74 

1,~21 0.20 

28,91 4.80 5.08 11.79 1,28 

15.61 2.59 2.74 8.37 0.89 

N W ~  

N . .  

w .  

u . .  

8,76 

6.76 

5.65 

T A B L E  I I  

F r a c t i o n  Ana lys i s  D a t a  

F r a c t i o n  I .  NO. W e i g h t  
g* 

2 4 - 0 1  

2 4 - O 2  

2 - 8 - O 3  

2 - 8 - 0 4  

2 - 8 - O 5  

2 - 8 - O 6  

2 4 - 0 7  

2 - 8 - 0 8  

2 -S -O9  

2 - 8 - 1 0  

2 - 8 - 1 1  

2 - S - 1 2  

2 - 8 - 1 3  

2 - 8 - 1 4  

R e s i d u e  

B. p c .  ~  R e l .  
2 ~ Wt.  

121-139 2 5 2 . 7  

139-142 2 6 7 . 1  

142-146 268 .1  

1 4 5 - 1 5 2  2 7 2 , 5  

1 5 2 - 1 6 9  2 8 1 , 6  

159-164  2 8 8 , 5  

1 6 4 - 1 9 0  297 .2  

190-211 3 0 9 . 7  

211-215  3 6 0 , 9  

2 1 5 - 2 1 6  3 8 4 . 6  

216 - 224  3 8 9 . 4  

224-227  3 9 4 . 6  

227.,227 405 .1  

227 401 .8  

T o t a l  

U e i g h t p e r e e n t  

18 .63  

1 0 . 6 4  

12 .49  

2 6 . 6 0  

63 .08  

72 .00  

74 .44  

72 ,08  

98 .21  

98 .96  

9 9 , 2 7  

100 ,68  

101 ,50  

1 0 0 . 4 8  

8 . 4 9  

20 ,73  

2 1 , 7 4  

18 ,17  

19 .81  

13 ,86  

6 , 6 7  

2 , 4 8  

1 . 6 4  

1 .65  

1 .82  

5 , 8 4  

5 . 6 3  

1 .63  

4 . 9 7  

128 .83  

c;4 ~ ~ 
4 ,09  0 , 5 9  . . . .  

4 , 1 5  13 ,97  

4 . 0 5  14 .53  

2 , 7 5  8 , 4 2  ~ - -  

2 . 5 5  4 . 9 4  

1 . 3 7  0 . 8 3  . . . .  

. . . .  0 . 3 4  0 . 4 0  

. . . .  0,4.2 

. . . . . . . .  0 , 4 0  

. . . . . .  0 . 2 5  

. . . . . .  0 . 1 1  

. . . .  o . . .  . . - -  

18 .96  43 ,42  1 , 5 8  

14 .72  33 .70  1 . 2 3  

u 2u u 2u 
C18 C24 C26 C28 R e s i d u e  

t . 0 1  . . . . . . . . . . . . .  

2 . 6 1  . . . . . . . . . . . . . . . .  

3 . 1 6  . . . . . . . . . . . . . . .  

5 . 0 0  . . . . . . . . .  

. . . . . .  12.32  . . . . . . . . . . . . . . .  

11,66  . . . . . . . . . . . .  

4 .93  . . . . . . . . . .  

2 . 0 1  0 , 0 6  . . . . . . . . .  

. . . .  1 . 1 6  0 . 0 8  . . . . . . . .  

. . . .  1 . 0 8  0 . 3 2  . . . . . . . .  

. . . .  1 , 0 4  0 . 6 7  . . . . . . .  

. . . .  2 . 5 2  2 . 4 8  0 . 6 4  . . . .  

- - ~  0 . 4 0  2 . 1 2  3 . 1 1  . . . .  

~ -  0 , 3 1  0 , 6 3  0 . 5 9  ~ N  

. . . .  4 , 9 7  

42 .70  6 . 5 6  6 , 3 0  4 . 8 4  4 . 9 7  

3 3 , 1 4  5,0.9 4 . 8 9  3 , 3 7  3 , 8 6  
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F rac t ion  

L-Ol 

L-02 
I,-03 

L-04 

L-05 

L-06 
b-07 
I,-O8 
L-09 
IP10 

L-11 
L-12 
IP15 
L-14 
L-15 
IP16 
IP17 
L-18 
L-19 
L.20 

L-21 

Residue 

B. p t .  ~ Mol. 
2 ~ .  ~ .  I .  NO. 

82-98 238.4 39.07 

98-121 195.4 43.04 
121-141 216.1 59.74 

141-148 260.6 75.48 
148~158 269.6 78.91 

158-162 281.4 87,24 
162-166 282.2 88.54 
166-167 288.0 90,66 
167-168 289.0 91,96 
168-169 292.2 93.45 
169-171 292.2 94.33 
171-183 289.8 93.74 
183-185 294.2 90.47 
185-187 305.3 96.94 
187-191 319.7 92.27 
191-197 334.2 102.33 
197-208 346.6 111.22 
208-218 368.4 114.46 
218-224 589.1 117.19 
224-229 389.1 113.74 

229 382.0 107,78 

Tota l  

Weight per eent 

T A B L E  I I I  

F rac t ion  Analys is  Da ta  

u u u u 2u 2u u 2u 
0;4 0;8 012 014 c16 018 018 c24 c26 . , a id -  Weight 

go 

1.76 . . . .  0,76 0,27 0.73 

2.79 1,71 0.09 0.99 
2.89 . . . . . .  1.13 0.32 . . . .  1.44 . . . . . . . . . . . . . . . . . . .  

16.18 5.38 1,42 11.38 
18.37 2.95 14.81 0.61 

58.61 1,17 18,68 18.78 
29,19 0.35 . . . . . . .  13.71 15.13 
29.51 
28.95 
29.78 

21,60 . . . .  
9.59 
2,08 
7,61 
2,39 
2.37 . . . . . . . . . . .  
1,63 
3.47 
7,87 
4.25 . . . . . . . . . . . . . . .  

1.78 

13.48 

8,40 ---- 
7.19 . . . .  

5,05 . . . . .  
2.15 
2.10 
0.06 

O ~ Q  

N g ~  

11,24 9.87 
12.65 9.11 - - - -  
19.02 7.69 . . . .  

13.59 5,86 . . . . . . . . .  
4.54 2.98 - ~  
1.83 0.19 . . . .  
5.36 1,21 1,04 . . . . . .  
1,23 0,36 0,80 . . . . .  
0,42 0.72 1.23 . . . . . . . . .  

. . . .  0 .84 0,86 0.23 ~ - -  

. . . . .  0,53 1,30 1.64 ~ - -  
~ - -  4.90 1066 1.31 . . . .  

2.85 1,15 0,45 - - - -  

1.13 0.65 . . . . . . . .  

18.48 

276,13 1.71 1.98 3.97 !7.42 2,43 le42 59,29 104,40 39.03 8,23 I0.55 3.46 1.78 13.48 

0,62 0,72 1.44 9.93 0.88 0.81 21.47 37.81 14,14 1.89 3.82 1,25 0.64 4.88 

T A B L E  I V  

F r a c t i o n  Analys i s  S u m m a r y  

~Id 

s 
C i0 
s 

C12 

c;4 
s 

C18 

c~9 
c~4 
C u 12 
u 

C 14 
u 

C16 
u 

C 18 
u 

C24 

0~6 
2u 

C 18 
2u 

C24 
2u 

C26 

Residue 

Unanalysec 

Tota l  

Wt, e ~/GeF 
1--8 

0 

0 

26,77 

97,95 

1.65 

0 

0 

0 

0 .25  

28.91 

"wt, esteF 
2.-8 

0 

0 

18.96 

43.42 

0 

1.58 

0 

0 

0 

42.70 

4 . 8 0  

11,79 

0 

5.08 

1.28 

6,76 

1 8 5 , 2 4  

0 

6.30 

0 

6,56 

4 .34  

4 .97  

128.8~ 

w't;, | 
L 

1,71 

1,98 

3,97 

27,42 

0 

0 

2.43 

1,42 

59,29 

104.40 

5,23 

3.46 

39.03 

10.55 

1.78 

13,48 

2 7 6 . i 3  

w t ,  ao id  
1-8 

0 

0 

25.22 

92.87 

wt.  ao id  
2-8 

0 

0 

17.86 

41e17 

wto aoid  
L 

1 . 3 8  

1,85 

3,74 

26.00 

T o t a l S ,  
ao id  

1 .58  

1,85 

46.82 

180.04 

1 .57  

0 

0 

0 

0 .24  

27 .34  

0 

1.52 

0 

0 

0 

0 

2 ,27  

1 .34  

0 

40.88 

58.19 

99,46 

l e57  

1.52 

2 .27  

1 .34  

56.43 

167e68 

4 . 8 2  

1 1 . 3 9  

0 

4 . 8 9  

1 . 2 4  

6 . 4 9  

176.07 

0 

8.08 

0 

8,32 

4,19 

4.77 

5 ,04  

3 ,34  

37,17 

10.16 

1o70 

12 ,94  

122.59 262,78 

9.88 

20.81 

37.17 

21.37 

9 1 3  

24o20 

131.43 

892.87 

wt ,  per  cen t  
ao ld  

0.25 

0 .27  

8,76 

28 .10  

0,23 

0.22 

0,33 

0 .19  

8 .14  

24.20 

le39 

3.00 

5.37 

3,08 

1,03 

3,49 

18.97 

100.00 
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w ~  29.19 g. 

0 . 3 1 8 9 + 0 . 2 9 8 6 + 0 . 3 3 5 1 - - 0 . 3 1 9 0 - - 0 . 3 0 3 3 - - 0 . 3 2 9 9  

x / w ~ -  0 . 3 1 8 9 + 0 + 0 . 3 4 9 7 - - 0 . 3 1 9 0 - - 0 . 3 1 6 6 - - 0  

0.0004 
- -  - - 0 . 0 1 2 1  

0.0330 

T h e n ,  

x ~ x / w . w  ~ 0 .0121 .29 .19  ~ 0.35 g.  

Similarly, 
0 .3033-1 -0 -~ -0 .3274- -0 .2986- -0 .3166- -0  

y/w-- 
0.0330 

0.0155 
- - - - - - 0 . 4 6 9 7  

0.0330 

Then, 
y ~ y / w ' w ~ 0 . 4 6 9 7 " 2 9 . 1 9 - - 1 3 . 7 1 g .  

Similarly, 
0 . 3 2 9 9 + 0 - { - 0 . 3 4 9 7 - - 0 . 3 3 5 1 - - 0 . 3 2 7 4 - - 0  

z / w  - -  
0.0330 

0.0171 
- - - - - - 0 . 5 1 8 2  

0.0330 

Then, 
z = z / w ' w  ~ 0 .5182"29.19  ~ 15.13 g. 

TABLE VI 

Analysis of Fatty Acids From Muskrat Scent Glands 

C~rbop content Nueofacid Wel~htuerc_~ 
(calcuE~ted) 

C•xo 

c~o 
c"=. 
c~4 

c~s 
c~  
cL 
c~, 

u 
Cs4 

cL 
~u 

618 

Ca u ~4 

c:, u 
Residue 

Unazmlyzed 

Decanoic 

Dodecanoic 

Myristic 

Pa.L'citic 

Stearic 

Tetracosa~oic 

Dodecenoic 

Tetradece~oic 

Hexadecenoic 

Oleic 

Tetracosenoic 

Hexacosenoic 

Liuoleic 

Tetracosadienoic 

Hexacosadienolc 

To%aA 

0.s 

0.5 

6.8 

25.1 

0.2 

0.2 

0.5 

0.2 

8.1 

24.2 

1.4 

5.0 

5.4 

5.1 

1.0 

5.5 

l~.O 

i00.0 

F r a c t i o n  

UOl c~2 
I,-02 ~ 0  

L-03 4 2  

~o4 4 ;  

lP06 4 6  

L-06 ~6 

~ 48 
L-08 ~6 

L-09 ~6 

L-IO C16 

L-II C16 
8 

L-I-" C16 
s 

I,-13 C16 
1/ 

L-14 C18 

L-15 C;8 

L-16 C;8 
2u 

L-17 C18 

2u 
L-18 C18 

~-19 o~ 
~-2o ~i; 
L-21 

Component Esters w 

c~4 c~8 1.78 
~2 ~2 2.79 
44 c~2 2.8, 
~4 ~6 16.18 
~6 ~8 18.37 
~6 ~8 38.81 
~6 ~8 29.19 
~8 4; 29.51 

u 2u 29,76 C18 C18 
u 2u 

C18 C18 21.60 
u 2u 

C18 C18 9,59 
u 2u 

C18 C18 2.08 
2u u 

C18 C24 7.61 
2u u 
C18 C24 2,39 

2u u 2.37 C18 C24 

c;4 c~; 1.63 
u 2u 3,47 C24 C24 

c;6 c~; 7.87 
u 2u 

C26 C26 4.25 
2u u 

C24 C26 1.78 

TABLE Va 

Calculation Data 

Ix ly Iz Iw Ex Ey E= ~ 

0 

0 

105,60 

94.57 

94.57 

94.57 

85.60 

85.50 

85,60 

85.60 

85.60 

85,60 

172.41 

172.41 

172,41 

66.68 

66=68 

61=80 

61,80 

61.80 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

85.60 

85.60 

85,60 

172.41 

172,41 

134.09 

134.09 

134.09 

94.57 

119.56 

119.58 

94.57 

85.60 

39.07 

43.04 

59.74 

75.48 

214.3 

186.3 

214.~ 

242.4 

242.4 

214.3 

242.4 

240.4 

78.91 270.4 2 6 8 . 4  

268,4 

212.3 

212,3 

268,4 

296.5 

85.60 

85,60 

172,41 

172.41 

172.41 

172.41 

172.41 

172.41 

66,68 

66=68 

66.68 

154,09 

134,09 

124.84 

124,84 

87,24 

88.54 

90.66 

91.96 

95.45 

94,33 

93.74 

90,47 

96.94 

92,27 

102,33 

111.22 

114.46 

117,19 

113874 

107.78 

270,4 

270.4 

270.4 

270.4 

270.4 

270.4 

270.4 

242.4 

296,5 

296.5 

296.5 

294.5 

294,5 

378.6 

378,6 

378.6 

268=4 

268.4 

296,5 

296,5 

296.5 

296.5 

296.5 

296.5 

294.5 

294.5 

294,5 

380,6 

380.6 

408.7 

408,7 

408.7 

296~ 

296,5 

294.5 

294.5 

294,5 

294,5 

294.5 

294,5 

380.6 

380,6 

380.6 

378.6 

378.8 

406.7 

406.7 

258.4 

195,~ 

216.1 

260,6 

269,6 

281.4 

282,2 

288.0 

289.0 

292,2 

292.2 

289.8 

294.2 

305.5 

319,7 

334,2 

346,6 

565,4 

389.1 

3 8 9 , 1  

882.0 
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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. hexadecenoic, 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 calculated weights of esters 
present in each fraction are recorded in Tables I, 
II, and IIL 

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 l-S, 
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. 

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 myristic, palmitic, hexadecenoic, 
oleic, and linoleic acids were found present as major 
components in these glands. Unsaturated acids of 
the C.o4 and C~6 series are also present to the extent 
of 8.5% of the total fatty acids. Acids present to less 
than 1% each include dceanoic, dodecanoic, stearic, 
tetracosanoic, dodecenoic, and tetradecenoie acids. 

3. A p p l i c a t i o n  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 macrocyclic carbinols has been considered 
and possible mechanisms for such transformations 
have been presented. 
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l~raotion I x / ~  Ix/Ez 

L-Of 0 0 

L-02 0 0 

L-05 0 0 

L-04 0 0 

L-O5 0 0 

L-06 0 0 

L-07 0 0 

Ip08 0 0 

L, 09 0 0 

L-IO 0 0 

L-If 0 0 

I,-12 0 0 

L-15 0 0 

L-14 0.2907 0.2249 

L-15 0.2907 0.2249 

I.-16 0.2907 0.2249 

L-17 0.4530 0.4554 

L-18 0.4530 0,4554 

I.-19 0.5281 0.3297 

L-20 0.5281 0.5297 

L-21 

Ix/~ Iy/Ex IM/E= Iy/Ew 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0.4Z56 0.3934 0.4052 

0 0.5497 0.5190 0.3508 

0 0.5497 0.5190 0.3361 

0 0.5497 0.3190 0.5351 

0 0.5185 0.2807 0.2972 

0 0.5166 0.2907 0.2962 

0 0,5165 0 ,2907 0.29d0 

0 0.5166 0.2907 0,2940 

0 0.3166 0.2907 0.2954 

0 0.3551 0.2907 0.2910 

0,2804 0.5815 0.4530 0,5647 

0.2578 0.5815 0.4530 0.5595 

0,2561 0.5815 0.4530 0.5159 

0.4974 0.2254 0.1761 0.1924 

0.4744 0.2264 0.1751 0.1835 

0.5448 0.1632 0.1520 0.1588 

0.3446 0,1652 0,1520 0,1588 

I 

TABLE Vb 

Calculation Data  

Iz /Ex I z /E  F Iz /~w Iw/Ex Iw/EM Iw/E, x/w 

0.4415 0.5901 0.5987 0.1825 0.1812 0.1456 0.4356 

0.6428 0,5579 0.8119 0.2510 0.2008 0.2027 0.8137 

0.5579 0.4932 0.5535 0.2758 0.2465 0.2814 0.3895 

0.3901 0.3934 0,3629 0.3124 0.3140 0.2812 0.2088 

0.3185 0.3189 0.5175 0.2918 0.2940 0.2881 0.1508 

0.3155 0,5189 0.3042 0,5226 0,3250 0.2945 0.0504 

0,3186 0,3189 0,3033 0.3274 0.3299 0.;2986 0.0121 

0,6,376 0.5815 0.5988 0.5353 0,3058 0,5078 0.2848 

0,6576 0,5815 0.5966 0,3401 0.5102 0,5125 0.2483 

0.6576 0,5815 0.5900 0.3456 0,3152 0,5175 0.1026 

0.67,76 0.5815 0.5900 0.5489 0.3181 0,5205 0.0995 

0.6.376 0.5815 0.5949 0.54~7 0.3162 0.3183 0.2185 

0.7115 0.5815 0.5980 0,5752 0.3051 0.3072 0.0512 

0,2249 0.2264 0.2184 0.5269 0,5292 0.2547 0.7040 

0.2249 0.2264 0.2085 0.5112 0.5155 0.2424 0.5171 

0.2249 0.2264 0,1985 0,5451 0.3475 0.2689 0.1745 

0.4553 0.5523 0.3869 0,3777 0.2922 0.2958 0.3520 

0,4555 0.3525 0.3690 0,5887 0,3007 0,3023 0,1531 

0,3297 0.3055 0,5208 0.3095 0,2867 0.2881 0,6228 

0.3297 0,3055 0.5208 0.5004 0.2785 0.2797 0.6228 

0,8348 

S/W X y S 

0.1543 0.4121 0.78 0,27 0,73 

0.0506 0.3557 1.71 0.08 0,99 

0.1113 0,4992 1,15 0,52 1.44 

0.0879 0.7055 5.35 1.42 11,58 

0.8061 0,0535 2.95 14.81 0.61 

! 0.4833 0,4865 1.17 18,88 18.78 

0.4697 0.5182 0.55 13.71 15.15 

0.5808 0.5544 8,10 11.24 9.87 

0,4371 0,5146 7.19 12.65 9.11 

0.6391 0.2585 5.05 19.02 7.69 

0.6291 0,2715 2.15 15=59 5.86 

0.4735 0.3079 2.10 4.54 2,95 

0.8798 0.0890 0,05 1,95 0,19 

0.1589 0.1371 5,56 1.21 1.04 

0,1495 0.3354 1.23 0.36 0.80 

0.3053 0,5202 0.42 0.72 1.23 

0.5268 0.1412 0.54 0.96 0.25 

0.3757 0.4712 0.53 1.30 1.54 

0.2105 0.1667 4.90 1.66 1.51 

0.2719 0.i055 2.65 1.15 0.45 

0,3652 I.I~ 0,65 


