
SYNTHESES OF A SERIES OF 15-KETOGLYCOLS AND 
15-KETO FATTY ACIDS FROM USTILIC ACID' 

ABSTRACT 

Reaction of the methyl ester of ustilic acid A (15,16-dihydroxypalmitic acid) 
with a methyl Grignard, oxidation of the glycol grouping, bromination, and 
hydrogenolysis produced 15-methylhesadecanoic acid. A serics of 15-keto acids 
resulted from reaction of the amide of ustilic acid -4 with the appropriate Grig- 
nard reagent followed by oxidation of the glycol grouping. Infrared absorption 
characteristics of these compounds are described. 

Ustilagic acid has been produced by fermentation using a culture of Ustilago 
zeae (2). Ustilic acid A (15,lG-clihyc1rox)~palmitic acid) ancl ustilic acid B 
(2,15,16-trihydroxypalmitic acid) are produced by hyclrolysis of ustilagic 
acid (4). These acids are easily separated from the remainder of the hyclrol\-sis 
proclucts and from one another and are potentially available in large quantities. 

The  ustilic acids possess a carbosyl group a t  one end of the molecule ancl 
an easily oxidizable glycol grouping a t  the other encl and as such sl~ould 
constitute valuable starting materials for the synthesis of various new and 
naturally occurring long chain con~pouncls. The  present investigation deals 
with the synthesis of 15-n~ethylhe?tadecanoic acid ancl a series of 15-lceto acids. 

A number of methyl branched fatty acids which are prinlaril>, concerned 
with the wool fats have been synthesized by a number of worlcers (1, 3, 7 ,  8, 9). 
These syntheses have involved thc preparation of appropriate iragments 
followed by chemical coupling or anodic syntheses. Weitlianlp (9) prcpared 
15-n~etl~yll~exadccanoic acicl from a lower homologue and Stcnhagcn et  al. 
synthesizecl the same acicl ( I ) .  Vstilic acicl ~1 is a convenient starting material 
for the s\.nthcsis of this acid bl- thc following series of reactions: 

CHZOH CH?OH 
I I 
CHOH CBOH COOH COOH COOH 
I I I I 

(CH?)13 (CH?) I~  (CH?)13 (CH?Il3 
I I I 

LOOCHI CHI-C-OH CHI-C-OH CHI-C-Br CHI-C-H 
I I I I 
CH3 CHI CH3 CHI 

I I I I11 I v v 

h3Iethyl ustilatc -A (I)  was converted in alillost theoretical yield into the 
tertiar!. alcohol 11, m.p. 55.3-3G.0° C., by using a large excess of n1eth)l- 
magnesium bromiclc. Reaction of methyl isopropylidcne ustilate ,A with the 
Grignard reagent follo~ved I>), rcmoval of the isopropylidene grouping with 

'~ l! funz~script  received ilJay 24 ,  195::. 
Coi~trlbzitlo?~ from the N(ztiona1 Research Cozlncil of Canada, Prairie Regional Laboratory, 

Saskr!too?z, Sask(~tchezrm?r. I s w e d  as  Paper No .  197 on the Uses of Plant Products a?zd as N.R.C. 
No. 3696. 
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CROSSLEY A N D  CRAIG: SYSTHESES FROM CSTILIC ACID 1427 

methanolic hydrochloric acid gave a very poor yielcl of 11. Oxidation of I1 with 
chromic oxide in acetic acid a t  low temperature gave 15-methyl-15-hydroxy- 
hexadecanoic acicl 111, m.p. 70.5-71.5' C., which yielded p-bromophenacyl 
derivative, m.p. 80.6-81.0" C. This oxidation was also carried out using lead 
tetraacetate and oxygen as described below. The hydroxy acid I11 was treated 
with hydrogen bromide in acetic acid to give the tertiary bromo derivative IV, 
m.p. 45-46' C., which, on treatment with hydrogen and Raney nicltel in 
ethanolic sodium hydroxide, gave 15-methylhexadecanoic acid V, m.p. 60.7- 
61.3" C. (reported m.p. 59.3-59.9" C. (1) and 60.2" C. (9)). 

The synthesis of a series of 15-keto acids was carried out by the series of 
reactions given below. T o  favor the formation of the ltetoglycol rather than 
the tertiary alcohol derivative, the amide of ustilic acid A was used as a starting 
material in the Grignard reaction. The reaction of amides with Grignard 
reagents has been investigated by Whitmore et al. (10, 11). T o  increase solu- 
bility the isopropylidene derivative (VII) was used. Reaction of the latter 
with 1.1 moles of methylmagnesium bromide gave a poor yield of the ketone 
(VIII) (R = CH3), m.p. 40.0-41.0" C., semicarbazone m.p. 123.5-124.0" C., 
but the yield was increased by the use of 100% excess of the Grignard reagent. 
A small amount of the tertiary alcohol formed was separated on alumina. The  
corresponding ethyl, propyl, and butyl homologues (VIII) were also prepared 
by using the appropriate Grignard reagents. These had melting points, re- 
spectively, of 37" C. (R = C&), 43" C. (R = C3H7), and 48.5" C. (R = C4H9). 
Removal of the isopropylidene group afforded the free ltetoglycols ( I S )  ~ i~h ich  
are described in Table I. Purification of the latter compounds was greatly 
facilitated by a treatment with warm alcoholic alltali before crystallization 
from benzene. 

TABLE I 

~ ~ E L T I N G  POINTS AND ELhYENT.ZL I N d L Y S I S  O F  ICETOGLYCOLS .\KD ICETO .1CIDS 

Found Calculated 
Compound Formula M.p., -- 

" C. C (Yo) H (%) C ( C - / b )  I3 ((/D) 

, -- .- - 
15-1<etd11exadeca110ic acid;' CicH3003 82.3 70.86 11.10 71.07 11.18 
15-Iietohcptadecanoic acid CiiHzOa 85.7-86.1 51.73 11.44 71.78 11.34 
15-Iietooctadecanoic acid C18H3.103 83.4 72.44 11.51 72.43 11.48 
15-I<ctononadcca11oic acid CigHa6Oa 85.7 73.38 11.59 73.03 11.61 

*Senzicnrhnrojze, n1.p. 13R.fio C. (C, 63.57; H, 10.22; AT, 1B.8270. Cnlc. for C~iFI3303N3: 
C, 62.35; fI, 10.16; iV, 1B.83C/&.) 

These lcctoglycols ( I S )  were converted to 15-lceto fatty acids (S) by sin~ul- 
taneous oxidation with lead tetraacetate and oxygen a t  50" C .  according t o  
the method of hIendel and Coops (6). The oxidation products were purified 
by clistillation and crystallization from alcohol. The melting points of thesc 
four, hithe1 to unprepared, lceto fatt). acids are given in Table I .  
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CH,O\ 
I C(CH,)? 
CHO / 

CH2OH 
I 
CHOH 
I 

(CH2)ia 
I 
CO-R 

I X 

COOH 
I 

(CH2)13 
I 
CO-R 

X 

I 
(CHn)u 

I 
CO-R 

VIII 

Infrarecl absorption determinations \yere made on all the compounds with 
a Perltin-Elmer Model 21 instrument equippecl with a sodium chloride prism, 
and the crystalline samples \\rere mouilted in I<Br. T h e  15-methyl-15-hydroxy- 
hexadecanoic acid showed OH absorption bands a t  3440 and 1152 an.-', 
and also several poorly resolved bands between 1300 and 1300 tin-' which 
might be caused by the (CH&C- group. T h e  15-methylhexadecanoic acicl 
showed two clearly resolved bancls a t  1385 and 1365 cm.-I ~vhich are character- 
istic for branched methyl groups. These bands were absent in the spectrum of 
pure hexadecanoic acid. T h e  1,2-dihydroxy-15-keto compounds sho\ved the 
expected hydroxyl band between 3400 and 3200 c~n.-l a i d  also two absorption 
bands a t  1100 and 1082 cn1.-' which could be assignecl to  a secondary and a 
primary hyclroxyl group respectively. They also showecl the lcetoilic carbonyl 
absorption between 1710 ailcl 1705 cm.-l. T h e  corresponding 15-keto acids 
showecl absorptions in the 1700 cn1.-' and the 900-700 cm.-I regions character- 
istic for carboxylic acicls. Resolutions of the carboxyl C=O and ketone C=O 
were achieved in the 1.720-1700 cm.-I region for 15-lcetol~exadecanoic and 
15-ltetoheptadecanoic acids but not for 15-1:etooctadecanoic and 15-1:eto- 
nonadecanoic acids. T h e  C=O absorption bancl in the latter was much wicler 
than for the corresponding 15-lceto-1,2-dihydroxy-nonadecane ancl -eicosane. 

EXPERIMEK'TAL 

NOTE: All melting points are correctecl and determinations have been made 
in each case in the usual manner ancl also on a heating stage microscope. 

Separation of the Ustilic Acids 
A ustilic acid mixture (158 gm.), preparecl by hyclrolysis of ustilagic acid (4), 

was shaken for four hours with 1 liter of dry acetone containing 1% sulphuric 
acicl. A small amount of inorganic material remained insoluble and the solution 
\vas filtered into a separator): funnel containing 3 liters of ice-cold water. 
T h e  solution was extractecl with 1.6 liters of petroleum ether (b.p. GO-SO0 C.) 
and the mother liquor was extracted with a further 1 liter. T h e  combinecl 
petroleum ether extracts were washecl three times with water. A cold solution 
of 60 grn. of potassium hydroxicle in 420 ml. of water was then adcled ancl after 
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one minute's shaliing, -150 ml. of 40% aqueous ethanol was aclcletl ancl the 
aqueous layer run off. The petroleum ether extract was then washecl urith 
,500 1111. of 3% aqueous potassium hydroxide and three times with 30% aqueous 
ethanol. The f v e  aqueous ethanol washings were combined and diluted mith 
1 liter of water and re-extracted with 400 ml. petroleum ether, the extract 
being aclded to the main bulk of petroleum ether solution. The aqueous extract 
was aciclified with sulphuric acid and extracted with chloroform to yield 
163 gm. of crude isopropplidene ustilic acid A which was recrystallized from 
acetone to  m.p. 64-65'C. The petroleum extracts gave 12 gnl. of diisopro- 
pylidene ustilate B, m.p. 42-43' C., reported m.p. 42.5-43' C. (5). 

The proportions of the ustilic acids in the mixture have been found to vary 
slightly and the present mixture represents the highest proportion of ustilic 
acid A which has been found. The amount may fall to  about 70y0 of the 
mixture of acicls. 

ilRethy1 Isopropyl idene Ustilate A 
Isopropylidene ustilate A (154 gm.) was estel-ified mith cliazon~ethane in 

dry ether to  yield 160 gm. of the crude product as outlined in the procedure of 
Lelnieux (5). Two crystallizations from acetone a t  4' C. gave the pure methj.1 
ester, m.p. 46.3-46.7" C., reported m.p. 46-47' C. (5). 

Methyl  Ustilate A 
Isopropylidene ustilic acid A (20 gm.) was boiled under reflux with 4% 

methanolic HCI for two hours as outlined by Lemieux (5). The solution was 
poured into water and extracted with cl~loroform to give 16.2 gm. of crude 
methyl ~lstilate A, which after three crystallizations from ethanol had 
n1.p 85.2-86.1' C., reported m.p. 85.5-86.0' C. (5). 

1,2,16-Trilzydroxy-IG-metlzylheptadecane 

Methyl ustilate A (10 gm.) in 200 ml. of dry ether mas added during one 
hour, with rapid stirring, to 23.5 gnl. of methylmagnesium ioclicle in 300 ml. of 
ether, the mixture being allowed to reflux continuously during the addition. 
The semisolid reaction mixture was boiled under reflux for 10 hr. and was then 
decomposed with water and acetic acid. The crude tertiary alcohol, 10.1 gm., 
m.p. 54.0-55.0' C., was extracted with chloroform. The 1,2,16-trihydroxy- 
16-methylheptadecane purified by one crystallization from acetone had a 
m.p. 55.5-56.0' C. Calc. for C18H3803: C,  71.50; H ,  12.60%. Found: C ,  71.33; 
H ,  12.50%. 

15-llydroxy-15-metl~yll~exadecanoic A c i d  
The above tertiary alcohol (5.0 gm.) was dissolved in 140 ml. of acetic acid 

containing 7.0 gm. of chromic oxide and the solution allowed to stand for 
12 hr. a t  3' C., when it  was diluted with ice-cold water (1 liter) and extracted 
with benzene. The benzene solution was mashed with water ~ ~ n t i l  neutral and 
the benzene evaporated. The crude hydroxj. acid was then talcen up in 100 ml. 
of ether and the ether washed twice mith 5y0 aqueous po tass i~~m hydrouide, 
and twice with mater. The combinecl xvashings were acidified with su lph~~r i c  
acid and extracted with ether to  yield 2.63 gm. of 15-hydroxy-15-metllyl- 
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hexadecanoic acid, which was purified by three crystallizations from acetone 
and crystallized as colorless needles, m.p. 70.5-71.5'C. Calc. for CliH3403: 
C,  72.10; H,  ll.95y0. Founcl: C ,  72.45y0; H ,  12.06y0. 

15-Bromo-16-methylhexadecanoic Acid  
The hydroxy acid (1.39 gm.) was clissolvecl in 10 ml. of a 50% solution of 

hydrobromic acid in acetic acid and left for 14 hr. a t  22' C. The solution was 
then diluted with 100 ml. of ice-cold water and the product estractecl with 
benzene. Yielcl, 1.71 gm.; m.p. 45.0-46.5' C. Calc. for C17Hts0yBr: Br, 22.6%. 
Founcl: Br, 22.5y0. 

15-ibIethylhexadeca?zoiG Acid  

The 15-bromo-15-n~ethylhexaclecanoic acid (1.65 gm.) was dissolved in 
25 ml. of ethanol, and 50 ml. of ethanol containing 5 1111. of 4 N sodium 
hydroxide adcled, together with a small amount of Ranel7 nicliel. The nlixture 
was shake11 with hydrogen under a pressure of 25 p.s.i. for 14 hr. a t  25' C. 
The solution was filtered, pourecl into dilute sulphuric acicl, and the product 
extracted with ether. Unexpectedly this material contained a large proportion 
of unsaturated material (iodine value 40) and it was therefore h>.drogenated, 
in a similar medium to that previously used, but a t  a temperature of 80' C. 
and a pressure of 800 p.s.i. of hydrogen, for four hours. The product was 
saturated (iodine value O), and was purified by distillation followed b>- three 
crystallizations from ethanol. The pure 15-methylhexadecanoic acid had 
m.p. 60.7-61.3' C. (reported m.p. 59.3-5'3.9' C. ( I )  and 60.2" C. (9)). Calc. 
for C17I-I~~O2: C,  75.56; I-I, 12.59%. Found: C, 75.45; 13, 12.727,. The p-broino- 
phenacyl derivative had a m.p. 83.1-83.6' C. Calc. for C35He903Br: C, 64.23; 
H .  8.41; Br, 17.1y0. Found: C,  63.61; H, 8.64; Br, 17.4y0. 

Isopropylidene Ustilamide A 
Methyl isopropylidene ustilate A (70 gm.), together with 1500 gm. of a 

25y0 ((wt.) solution of ammonia in inethanol (prepared and kept below 0' C.), 
was heated to 180' C. in a sealed bomb for six and one-half hours. The product 
was poured into 3000 nil. of ice-cold water and the precipitated amide filtered 
off and washed with 1000 inl. of cold water. This material was dried ancl then 
boiled with 500 ml. of ether, and the slurry cooled to 5' C. when it was filtered. 
The precipitate was washed with 300 ml. of cold ether. Thirteen grams of 
unchanged methyl isopropylidene ustilate A were recovered from the ethereal 
filtrate and 55 gm. of crucle amide were obtained, which crystallized from 
methanol as colorless plates, m.p. 99.7-100.3" C. Calc. for ClgH3;0~1: C,  69.67; 
H ,  11.30; N, 4.15%. Found: C, 69.62; H ,  11.32; N ,  4.17%. 

Reaction of Isopropylidene listilnmide A wi th  Grignard Reage?zts 

A solution of methylmagnesium bromicle was prepared by slow addition of 
236 gm. of a 17y0 solution of methyl bromide in clry ether (preparecl bj. passing 
methyl bromicle gas into clry ether a t  0' C.) to 10.0 gm. of magnesium in 
300 ml. ether. The Grignard reagent mas allowecl to  settle, clecantecl, and its 
strength cletermined by titration. 
X solution of methylmagnesium bromide in 440 ml. ether containing 47.5 gm. 
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(I.!) times theoretical) of the I-eagent was aclclecl to a solution of 33.9 gm. of 
isopropyliclene ustilamicle A,  dissolved in 1500 ml. of a mixture of eclual 
volumes of clr); benzene ancl dry ether, with stirring, the solution being allowed 
to  reflus cluring the aclclition. The solution was heated under reflux for a 
further eight hours, and the procluct was isolated in the usual manner. I t  was 
then clissolvecl in 50 1111. of ether ancl a small amount of unchangecl anlicle was 
filterecl off. The  crude ltetone (32.79 gm.) xvas clissolved in a small amount of 
benzene, transferred t o  an alumina column (14 cm. X 5 cm.), ancl eluted with 
benzene. 'l'he material in the first 150 ml. of eluate (0.3 gm.) was cliscarded 
and the pure ltetone (25.0 gm.) was isolated from the next 8000 1111. of eluate. 
The  isopropyliclene ether of 1,2-clihyclroxy-16-lrntoheptadecane had m.p. 40.0- 
40.5" C. Calc. for C20H3s03: C ,  74.12; H ,  11.74y0. Found : C,  73.0; H, 1 l.85y0. 
I ts  semicarbazone had m.p. 123.5-124.0" C. Calc. for C21H.i103N3: C,  65.75; 
H ,  10.77; N,  10.96%. 1;ound: C,  65.70; H ,  10.71; N,  l l .OO"/b .  Three homologous 
ketones were prepared in a similar manner by using ethyl-, propyl-, ancl butyl- 
magnesium bromide GI-ignarcl reagents. These were purified by recrystal- 
lization and the melting points were respectively 37.0" C.  (R = C?HS), 43.0" C. 
(R = C3H7), and 48.5" C. (R = C4H9). 

1 ,2-Dihydroxy-16-ketoIzeptadecane 

The  1,2-isopropylidene ether of 16-ltetoheptaclecane (8.0 gm.) was clissolved 
in 70 ml. of chloroform and the solution cooled to  5" C. Thirty nlilliliters of a 
20y0 (wt.) solution of hydrochloric acid in 85% aqueous methanol was added 
and the solution allowed to stand a t  20" C.  for two hours. Water (100 ml.) 
was aclcled and the product (m.p. 72-76" C.) extracted with chloroform. I t  
was then clissolved in 50 ml. of 3% alcoholic potassiu~n hydroxicle solution 
and kept a t  30' C. for 20 min. The  solution was poured into 300 ml. of cold 
water and the meth\-l ltetoglycol, 5.5 gm., 1n.p. 78-61" C., was filterecl off and 
recrystallized three times from benzene, the pure procluct having n1.p. 83.0- 
83.7" C. The  products from the reaction of the ethyl, prop1.1, and but! l GI-ig- 
nards \Irere treated in a similar manner to prepare the three other ho11lologues 
whose constants are given in Table I. 

15-I<etohesadecanoic A c i d  

Lead tetraacetate (300 mgm.) was dissolved in 25 ml. of dry benzene in a 
50 1111. three-neclted flask fitted ~v i t h  a stirrer, clropping funnel, and a con- 
denser through which a glass tube passed and projected below the surface of 
the solution in the flask. 1,2-Dihydroxy-16-ketoheptadecane (500 mgm.) 
dissolvecl in 10 ml. of benzene (solution was maintaineel by the use of an 
infrared lamp) was added over a period of six hours from a dropping funnel. 
During aclclition the reaction mixture was stirred ancl maintained a t  a tempera- 
ture of 50" C. and a stream of dried oxygen saturated with benzene was passed 
through the solution. At intervals of 45 min. 450 mgm. of lead tetraacetate 
was aclclecl to the solution. After the addition of ketoglycol was complete, the 
mixture was maintained a t  50" C. with stirring for a further one and one-half 
hours, when 100 mgm. of ethylene glycol was added. After a further 10 min. 
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the warm solution was filtered and 10 ml. 30% acetic acid and then 100 ml. of 
water was added to  the filtrate and the product extracted with benzene. 

The bcnzerle layer was washed once with water and the washings discarded. 
The  lceto acid was then extracted from the benzene layer by one washing with 
50 ml. of 10% aqueous potassium hyclroxicle solution ancl two washes with 
water, clisregarding emulsions formed owing t o  the rather low solubility of the 
potassium salt. The  combined aqueous washings were acidified with sulphuric 
acid and extracted with benzene to  ~ i e l d  310 mgm. of the crude l<etohexa- 
clecanoic acid. This was purified by conversion t o  its methyl ester, which was 
distilled and then reconverted to the free acid, which was crystallized four 
times from 95% methanol. 

The  ethyl, propyl, and butyl keto acids (Table I) were prepared similarly 
except that  it was found unnecessary to  convert to  the methyl ester for the 
distillation of the crude product. The  yield was found to decrease slightly as  
the molecular weight of the product increased. 
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