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. IDENI‘I]’ICATION "AND CONSTITWION OF THE BRANCEED CEAIN
ACI.!B F’ROM TEE I'ISCHER-GATSCH FATTY ACI[B

‘ §Z£1_°M ECE TR
In ea.rlier work: there-has. been reported the contonte, proportﬁonal -

- ‘smount &nd distribution of the normal and branched chain pa.ra.ffin acidsx from
F1scher Gatsch, Riebeck para.ffin and T. 'I' H. oxidation prod.ucts

s

Among the pa.ra.ffin ‘acids the—branched chain. e.cids are singular beu- ’
'__,_cause they lead to undesirsble products in the 'biological deccmpoeition of - .
fatty acide and aleo, especially the lover ones, mpart an undesirable odor
to aoapu :

: : In epite of their 1mporta.nce there 1s little lmovn concorning the
constitution of these fatty acids. ‘ » ) : R

In\ the following vork Fischer-Gatech fatty acid fractions containw
ing acids of 10-11 carbon atoms and rich in branched chein acids have been
taken, a decomposition and separation effected, and the constitution of the ‘

: bra.nched che.in acidas contained therein detemined :

- ‘rhrough ‘the extensive work which will be deecribed a suitable
analyticel method of doccanpoaition vas evolved and employed..

It hes been found that' . _
(1) In the acid fraction of 10 cerbon atoms aeeocio.ted. vith decanoic
them vwere only small amounts of 2-meth,71 a.nd 3-mothyl none.noic acids.

(2) In the acid. fraction of 11 cgr_‘gg‘n,,atoms there was asgociated with_._
hendecanoic (undecylic acid) 2 methyl-, 3 methyl-, and 4 methyl
decanoic acids. Besldes these there were more camplicated branched
chain acids present dbut the emounts of these latter substances were
too mmall to a.rfcrd work to cla.rify their conatitution

In the literature there are a series-of decoanposition reactions
given vhich permits the- determination of the acid chain length ‘by yield.lng —
the acid noxt lovor in the series.

It served our purposo to-check this msthod and finally thmugh )
the objective employment of the data of Mendel(1) to evolve a method which.

would a.frord information permitting the \'ld.entification and structuro to be -

- -

1939, p. 1133

: (l) Mondol and J. (bops, Rec. Trav., chim. Pqe-Bae 53,:




S In the ana.lyuo mk the chocking of ‘the othar methoda vill erepOIted
ina folloving ‘paper.  This -work concerns itself only-with the final practical
analytic docam:s)osition and 1te prod.nota vhno tha.t 1n Report 1666 d.ea.ls with their

: recognition. ) ‘ e :

N

E According to Msndel's method. tho acide are brcmina.ted. aml convorted
T‘° their respectiv brom-aclds end then these are esterified to theii_'"__~math;yl ‘
~esters. . By treating the methyl esters with agueous KOI thep{ iydroxy acids are
-produced. These are ‘then reacted according to.Criegee with lead tetra-acetate
- while: blowing air. ‘through the mixture. A" aplitting occurs and. a carbon atcan
_about one pa.rt oxidizes to aldshydo ant then to a: shorter acia. L

-cza'fcoon .._m.Br B- ca c °H3°3m R ca'-co

| ae®
Toasy _~” R'CH ¢ R°C~OH
'“ N [}
[N 3 eotc L o

: * Mendel had enly degre.aaa' .m.raight chain acids to the next lower ons
in series. ' _ ’ : , —.

. Frcm the a’bove equatimm 1t 19 evident that in this case when two
hydrogens are attached to the secondary cerbon atom that only one acid can be.
produced. If there is an a.lbl group on the sscondary carbon atam then by

" blowing with air not only 1s an acid produced but elso a, keotons, so far as the’
last Criegee has not been folloved and thiu he.s been tho case in the experi- °
ments rolloving

Thia is the. macri‘bod. mothod for the determination of the branched
chain in a certain acid. o .
A ketone also aypears overytimo in the mcovemd producta of the de~
- camposition vhere only cmes carbon has been split.off. We can infer the posi-
tion of the branching from the numbor of times the docomposition has deon ro-’
peated aml Yields a Imtono . ‘

“When mixturee of branch chain acid.m :g-o takon varioua katcnoa appea.r
in the decomposition proa.ucta. _
- Ao

: Let us take two: acid.a ’ for oxample on® of vhich hag the bra.nohing .

in the 3 position and the other in the 5 position. In the first caco a ketono
is produced through two decompositions succossively; this indicates the 3

position. In the second cauo a kotane m pa-odncod ropoatedly ‘through 3

d.ecompoaitions B
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; The exact dascription of .this degradation pgoceas ie giwn in tho
'following below n LT R S
o _' 1.'mwtimorthenromamr &
RCHgCOOB+ p+7m- ———u- ch-co+ 2HBr+ POBr3
el B Broocoo
RCB'CO+GK3OK'—-—& ch-co+mar
Br .

_-138‘ S L BrOCH3 :

S

iIn an apparatus with au grouml glaes Jointa ons mol of the parti-

-cular acid and one mol of phosphorus is heated to 58°.under reflux and” “stirring,
.and four mols of bromine (Blight excess) are gradually added dropwieea The — ..

tempereture 1s gradually raised until HBr 15 evolvsd at-‘a good rate. The.

*temporature 18- “then raissd to- 7o° B0 g.'“of acid“take “about’ 6-7 hours "t Toast.

Lo - At the eml of the reaction the bminated product 1s separated from
. phosphorus oxybrcms.da and ellowed to slowly run into methanol. After standing

overnight the excess methanol is distilled off, the residue taken up methgr ’

‘and’washed with bisulphite solution, and f£inally with water until noutral.
- The pure bromester is obtainsd by distillation. . The yleld is about 82% of
. theoretical» . . ’ : :

e 2. Proparation or'th Acid
R-CH°COOCB3 +2 xon-_w.n CE- COCK +. KBr
R ' oR_ _+ cn3on

R CH~com+ HC1 —amn cxcooiu- ECl
. OH .
OH.
v - \ - ,
o On.o mol of tho broamsster is aaponiriod with somewhat mom than two

.mols of KOH in & 10% solution at boiling temperature under reflux for two .
hours. This solution is then diluted with water, eny unsaponifiable mttor
removed by chaking with potroloum other ‘and the hydroxy acids are liberated
by ac1difying tho separated alkaline solution. Tho uberatod ‘acids are taken
up in potroleum ether, the othor washed free of minaral acid, then dried and
the other distilled ot‘r. . The yiold. 10 100% calculated from tho bmutor. ‘

‘3. Splitting vith Iaad M-Mota‘bo

R-CH COOR + o——.m-n-c?’ + COp+ B0
x

0 0
RC . 4 O-—pmRCT
' . _K_. — \OK___
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Apparatus for the
cxidation and oplitting of uolda vl.th
lead totm-ncetaw.
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- For'the- euccese-of 'the reaction 1t 18 imporbant that the mixture’ be
-woll etirred while at the eame “tims a repid ‘stresm of &ir is bubbled through.

" The yeaction- is ca.rried out 1n the apocified apparatue as ehovn 'in the d.iagram ‘

(Figure 1). g . S

s : It coneiste of a cylind.rical vessel with a neck rroun the“eidas of

--which are eupported two other nacks. . All are fitted with ground. glaas Joints.:

i One:-small neck serves as.a means of £111ing with lead tetra.-acetate uhile the

_»»other ama.n neck connecte to a reflux cond.enser. S g e e :

T, IR Through the top neck a atirrer enters and. a etream of . e.ir 18 pa.ssed “
through the hollow axle into the reaction mixture. At the top of ‘the con-"
denser there is a calcium chloride tube. - The ‘whole apparatus 18 placed in a
vater batlh tha.t is heated to 50-60 . . ’ S IR

Procedure for the Spl ;bﬁi_gg i

- To the dry flask there k) ad,dsd. one mol’ of the lvdroxy e.cid and
:about én equal volums of benzine (B.P. 60-70°) and the solution is wermed
to 50-60°. A mixture-of 1/8 mol of the hydroxy acid and scmswhat more than
'1/4 mol of lead tetra-acetate ’fh gradually added over a period of about ons
hour. , At the start a gentle streem of drled air is led JAnto_the reaction .
mixture. Small amounte of benzine are lost through the air stream and there-
. fore the benzine must be replenished from time to time. After the addition
"~ of ‘all reagent_the mixture is heated with constant stirring for four more
hours. = At the ond the excess lead tetra-acetate 38 removed by the addition
. of glycol which dissolves 1t and. fome a'viscous la.yer under the bentine.

The bénzine solution 1s decanted from the viscous Tower leyer and
the latter 1s diluted with water and extracted with more benzine...The ben-

. zine solutions are combined. They contain all the acids which have been
dograded ons carbon atom, and resp. small amounte of their leed salts, soms -
lead tetra-acetate, some remsining aldehydes, ketones, and scms of the de- -
8ired 'bra.nched chdin' ecids from the original materia.l.

g ‘The removal of the_water eoluble lead sa.lte (1sad tetm-acetate)
is next effected by washing.with vater several timss. To remove the water
insoluble lead salts the benzine solution is extracted with 60.-cc of 70%
acetic ecid for overy mol of lmlrox: acid. prreaent. -

The benzine 19 ca.refully diatillod. ofr and the remaining acetic
acid_which contains the decomposition product 1s refluxed for ons hour. This
—1s next extracted with ether, the separated ether erbractione vaahed with
va.ter, then dried and the ether distilled off.

- In the roaidue remaining there are those acids vhich have been de -
gﬁod ons carbon atcun, scms remaining aldehyde and also soms ketons.

The sopardtion of aldehyde and ketons is effected by sha.king vigor-
* ously with cold barium hydroxide solution until red to phenolphthalein (spot
test) and then the solution 1s heated to the bolling point and Jjust enough



© - barium hydroxide solution ‘added. so that ‘the ‘pink’ color remeins, (Barium Saly T
.. 'The solution is made faintly acid with one: drop of acetic acid-and in a suiteble
vessel the carbonyl compounds. are steam distilled out under reduced pressure
» In’order to ‘prevent loss: through volatility of ‘the acids it is necessary to use :

- cars and good €00ling. ' Fram the aqueous distillate the carbonyl compounda are
. extracted with ether: the ether dried and then carefully ‘distilied off. . -

Aldehydes and in this case also ketones Temain behind, ' ST

A

i 'To seperate these. two-from ons enother, the aldehyde is' oxidized to -
~ the corresponding acid by blowing with oxygen at T0° for eight hours, the . ey
[ ketone-acid mirturé neutralized with Ba(OH)5 and stemvdqu o repeated in
- the sems mamner as described above. (Barium Salt IT)s~ '
e -7, 7 Then the. recovered ketone 1is separated from non-ketons impurities by .
“'the msthod of ‘Girard and identified by suitable means. - - - :

v

.The 1dentification of thep!, methyl ketons which_appears.when. &-methyl-
~group 18-a-chain branch 15 tested ;or by ‘the salicylaldehyds msthod. which has
Proviously been found reliable.(3) e IR

The recovery of the acids obtained from the decomposition process is
offected through the phosphoric acid decomposition of Barium Selts I & IT" The :
liberated acids are extracted by ether, and after isolation of the acids on
evaporating the -ether, the acid resldue 18 esteriffed with methyl alcohol (5% -
B3SO0y as a catalyst) ‘and the pure ester obtainsd by fractional distillation. -
With the 'ester.fractiox; ‘the:process is repeated. e :

: The yield of the acid which 4hhs"'ﬁéen'§;eg.~aded ons carbon etam from
. . & semple, that for example, contains C10-C11 acids 1s about £0-70% of the
= theorgtical.’ .With acids.of lower chains the yield is somewhat better.

T ' The yleld of ketone from a branched.c}ié_in aciad, toi' example
Qf ~methyl lauric acid 1s ebout ™ 80% of the theoretical: L
. , o :

.. out on suitable acid mixtures from Pischer-Gatach fatty acids. Through care-
ful fractional distillation there can be ohtained one.actd ‘fraction with Cie
end another with C11. TUpon each of the actd mixtures the degradetion decom-
Position can be worked and from the constitution of the—branched chain acids
obtained from each, information of the original acids can Ye-obtalned. -

Through degradation decompositions this enalysis can now be car.zj;ed'

1: Décomposition of the Acid Mixture of the 'C-” mc'tion from. .
F‘ischt}rocatech Fatty Acids ’

" . From treatment of two portions of 52.3 grems each of the mixture of
€11 acids with bromine and rhosphorus followed by adding msthanol to the reac-
tion mixture, theey, bramester was prepared. The yleld 6f the raw ester was
about 143.grama. (979 of theoretical). By vacuum distillation 120 'g. of the
pure ester (80% of theoretical) wes obtained with the yroper bramine content
of 28.6% (Theo: 1s 28.65%). : R S e

— . .
(3) Report 1666, Dr. Melm’-,.E?;.ﬂ?i,,s,?',ff"’



Frczm the last 5 92 g of theOChyd.ron acid vas prepared by tream.sm,
»Vith 10$ KOH,. and 84.5 g. of this was oxidized end. eplit by. lead tetrawacetace, .
. The crude oxidation product fram the “above ‘was. 76 Be o P
S Mo separate the ca.rbon;l co;;ounds from the crud.e acids 1t is
. neutn'alized with Ba(OH), and the carbonyl compounds stesm distilled over Froun“'
‘the distillate 5 8 g of carbom'l com:pounds vers obta:lned. RS R .

i

: acids prod.uced there‘by wore separated ag barium salts leaving 3 7 g. -of- pure’
~'ketone. ° St T » )
z 'In purifying uit.h the ald of Gira.rd's Reagent severe.l ketone reac-

" tions all sf.rongly ‘positive were shown.  The - salicylaldehyde test was parti-:
cularly good. . By the separation of theadmethyl ketone from the deccmposition
degradetion of the originalw.cid mixture the presence of 2-methy1 decanoic ecid
18 ascertained., - )

- . 2

g h‘om the cormbined bartum selts (from the acids of deccmpoaition) “the
Clo acid wee isolated; end.this was freed from impurities by conversion to the
mothyl ester end distillation. The ester glves the proper Sap. No. of 301.3;
‘however the M.P. 18 far under that of the normal Cjp acid ester.” This indi- -
- cetes the presence of esters of other- branched cha.in acids in the mixture.
F*urhher separation is neceas&ry :

The Decamgosition Repeated

Forty (L40) grams of the mjrture of C10 acids are as usua.l converted
to the oCbrom mothyl ester and purified by distillation. The yleld of pure
ester was 56.4 g. (82% of theoretical). By treatment of KOB solution 39.5 g.
of the hydroxy acid was recovered end this geve 32.5 g. of crude oxidation IIo-
duct after treahnent uith lead tetra—acetate . —

L Froun the oxidation prod.uct 8 g. of' ca.rbon:l conrpound.s were
.separated. This when blown with oxygen and the resulting acids further.
separated as barium salts gave 5.4 g. of pure ketons. This ketone, purif:.ed.
by Girard’s method, exhibited all the ketona reactions and tested very well
with the salicylaldehyde_reagent. :

- Through the sepa.ra.tion ofel methyl ketone from the decompoeition

products of the Cip acids, the presence of€( methyl nonenoic acid in the acid
mixture is inferred.

Therefore from only one acid in the original mixture of Cyj acids

‘cen oC.msthyl nonanoic acid originate and 1te appeerance proves the presence
of 3-methyl decanoic acid in the original m:!.xtm .

. ‘From the combined bariim salts. (which originated from the decomp. )
the 09 acid was isolated, converted to its methyl ester and purified by dis-

tillation. The ester showed the proper Sap. No. but the M.P. "of the ester was
lower in this case also than that of the ester of the normal Co acid. This
indicated the presence of other “branched chain ecids and. nade 1t _pecessary. to

~repout the degradation cnce. more.—— - -



. . -5- .
: 16 6 8- Of the mixture 01' the c9 acide were converted to their ‘bram
'mathyl estérs in ‘the usual vay and purified’ by vacuun distiliation. “‘The yield
“of ‘pure ester with the proper bromine content was 22 g., Through treatment’ vith
KUH, 16.6 g. of the o hydroxy acid was recovered ‘and this through oxidation
vith lead tetra-acotate yielded 12..5 g. of tho crude oxidation pcroduct.

: ‘Erom—t.hismxidation produc'b 1 92 . of carbongl ccmpotmd.s wore :
seperated and these after blowing with. oxygen' gave 1. 46 g. ‘of crude ketono, o

’ ’I'he ketono roaotioma ere good., the aalicylaldehyde roaction particula.rly strong
: - 'l'hrough the sepe.ration ofo(.methyl ketone rroun the d.ec(mposition

- m-oducts of the 09 a.cids, the presence of. 2-methyl octa.noic ecid’ in the mixture s
'is inferred. - .

: - " ’I'hererore from only ‘one.-acid in the original mixture, of 011 acids '
can 2-moth,y1 octanoic acid originate and this ia L-mathyl decenoic aoid. Thia
provee the- presence of h-mthyl decanoic acid in the origi.na.l mixture. B

- “Prom the combined barlia salts the cg’ a.cids ‘were separated ‘and through
distillation their methyl esters were purified. The ester showed ‘the correct .
Sap. Ho. but again the M.P. was lower than that of the ester of the normal acid.
This indicated the rresence of esters of still other branched chain acids. :
- Heve, because-of lack of ma.toriel, the substance was not sub:]ected to further
dogradation.. . :

, In the mixtm of Cn acids, besldes the normal acid there has been
identified. 2-, 3- and l4-methyl d.ocanoic acids.

Ay o v

2. Docmaition of the Acid Mixture or the Cip F.mction from the

= Fischer-Gatsch Fatty Aclds

200 g. of the m.irtm of crude C]_o acids vas brominatod and through
treatment of the brominated products with methanol; the<$brom methyl ester
.vag prepared. By vacuum distillation 258 g. of tho pure ester wa.s obtained.
(80% of Theo). , -

“Through treatment vith KOE solution 256 g. of thoo(brom methyl
ester produced 182 g. of crude Czhydroxy acid, wvhich vhen subJected to the
oxidation splitting in two portions with lead ‘botra-acetate, yielded 150 g. of
tho crude oxidation product. '

\

- The separation of the carbonyl campounds was errected by the st.oam
distillation of the solution after frixing the acids produced fram the above as
their barium salts. 11 g.-of carbonyl compounds wore ceparated frorm the die-

-tillate. N :

‘ In the carbonyl mixture froam above by oxidizing the aldehydoa to
acida and sepa.rating then by distillation -3z of crude l:etone was recovorod

- The k'etono vaa puri_t‘ied by use of ths Girard reagent and as- uaual
'strong ]mtono roactions wore observod.. The a&licylaldohmle test was stmngly
- positive. :



'l‘hrough the eeparation of thod methql kotone by decounposition or t‘he"

[

. Fram thé ccitbined barium salts the acid ie 1solated. and a.f“ter corrveru" o
.sior. to “the methyl ester thia 15 pur:lﬁed by distillation, e et

e Wndle’ the ‘Sap. Bo. agreed with tho accepted value, ‘the M«P. faaa BRI
as compared with'~36° of the normal Cg nwthyl ester. This indicated. that there‘f -
‘jao're other branohod cha:lns jn'esent._ R '"”‘f_‘f“\ : : '

‘ The Dacwsition Remated Once Moro |

. -In two portions 75 g..of the Cg a.cids vag convefﬁod to thedbr&n‘ ,
ester ix): the ueual mermer. - The: yield of crud.e eeter vas 18 g. (97$ of theo- _
retical : o :

Through va.cumn dietmation 91 g. .of. tho p'ure ester ‘was obtained.
This wae as usual converted to the hydroxy acid and 60 g. of this was split
“and” oxidiged with lead- tetra-acetate:" This yielded 59 g.-of t.he crudn -axida~.-
tion product. . ;

, L Im’ £y aimilar manner aa before 6 58a. of car'bonyl compoumls were .
separated from the above.  These carbonyl compounds after oxidatlon and.
separation of the acids yilelded a crude ketone. This ketone after purifica-
tion by distillation gave & carbon-hydrogen analysis as determined by combus=
tion as follows: C,-Th.5%; H,-12.32%. The theoretical values for CgHy40 are
c- Th. 9% end E- 12. b - The salicylaldehyde test is Btrongly poai'bive.

. In the course of decomposition of Cg acid, an L' methyl ketonse has
been separated and its source inferred as 2-methyl octanoic acid. This acid
could have had its source only-in-2-methyl nonanoic acid 1n the degradation -
of the original mixture of Clo ‘acids.

Therefore 2-msthyl nona.noic acid has been 1d.entified :(n the mix*ure
of Clo acids. -, : : ST

Frdm the combined barium salts originating from the decmpos:.tion, o
_the C8 acids were isolated. These acide vere converted to the methyl ester
end purified by distillation "Agmall fraction first ceams over of lower B.P.
but the main fraction distilled at & constant temperature of 92° at 19 mm o

1

It had the measumd values of:

Sap. NFo. 35k 1? P. -42® to -41° . C -67.84% E-11.619°

_ This 1s\compared with- the values for the mothyl ester of octanoic
acid- ) R o
Sap. Nc',, 354 F.P. -hz' to.41° c - 67.8h$ E - 11.b¢

end therefore there is closge egreemcnt.

'Frmnmo a‘bovo 1t ia soen that the met.hyl ester or octanmc acid 1a -




.'In the mizture of scids recovered £ram the oxid.ahon of ‘the- Co
f’raction of Flacher~Gatach fatty acide there s Pound’ decanoic acid and besides
ema.u eunounts of amthyl nonanoic end 3-methy1’ nonenoic acid.s a8 mmzritios.

Tl

: o the pmmt work a mothod 18 shoun which 18- suitable for the de- _
temination of the constitution ct_pa.ra.ffinio acids and espeoially ‘those ™ vith
bra.noh@d chaims - :

= “The ac1d 16 converted to theey, bray Bothyl oster, the%'hydroxy aotd
prod.ucoa from this, and the. latter unxlargoee a splittingand oxidation by lead-
tetra-acetate while blom vith air.

: Iﬁ'om atraight ohain a.oida the- acid. next lover in series 19 prod.uced
in thie mamner. - -

When an quranched. acid 19 treated»in thie manner a ketons 18 pro-—
duced among -the d.eccmpoeition producte. : .. 5

| Hhen the recovemd. daccmpoeition products are again subJected to an’
oxidation and. splitting and & ketond egain sppeare in the decompositim ;prod.ucts
_then the position of the bramhing cen de d.etemined..‘ ‘

=== fThig dacompoaition analyam vas “nsed on Fiecher-oatsch fattpacids
in fractions with rosp 10 and 11 carbon atams and which were rich in branched
chains. . ] . -~

Thero‘byithaabéenfcund; | S .’ NRS

‘In the Cyp acid 1 rraction bosides docanolé acid there 13as been

1d.ent1fied. a:nd found -only emall amounta of” 2-mthyl- and 3-methyl nonanoic
acids. ’ .

" In the Cy3 acid. fraction besides hendecanoic acid there has been -
identified and fourd 2-methyl-, 3-methyl- and Le-msthyl decanoic acids. Be-

aides these acids there was evidence of still other branched chain acide but
becauee of lack of material their comstitution could not be determined. -

This work mm do_ﬁe between mid-Fé,bruary o

and mid-August (19%2) with other work

An-the Ammonia Laboratory. in IDr. Jahrstorfer B
group. .

Bignoed:
Mslan

8/12/u6
—=Trens+—¥: E. Pr}ce S

Wolsse





