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8. Behavior of fumaric and maleic acid towards fumiing hydro-
bromic acid. Fittig & DowusAnn. 188, p. 87.

9. Conv. of fumaric acid into wmalic by means of equeous sodium
hydroxide at 100f Loydl&Linnemann: Ann. 192.80.

10. Form. of crotonic acid by acticn of alcoholic potash on

monobrouwbutyric ethyl ester.
C. Hedl& F. Lauber;Ber. 7, 560-564.

VIII., X acetyl propionic, E acetyl propionic or levulinic, brom
phenylpropionic, phenyl lactic, glycerinic acids.

1. By action of sodium cabbonate sol. brom levulinic acid
gives B aceyl acrylic acid and B hyc}"x;oxyleﬁulinic acid:
gﬁé5;—‘2L—1%£’6Vﬂﬂﬁ-9¢£}§~ié%%qf——-6477/7ﬁ?6[%§L~
J g i
ok a— i O~ p At — Cos C—oory * i
2. Twc“homologues of acetopropionic acids
Bischoff& Wislicenus:Ann, 206,713,

3. A new synthesis of succinic acid with side formaticn of

P acetyl propioniec acid.
Noldecke& Wislicenus:Ann. 149,228,

4., A study of levulinic acid.
Grote& Tollens:Ber. 11,2177,

5. Acid and ketone splitting of aceto acetic ester.
Wislicenuss Ann. 206, 308,

o)}
.

Splitting of aceto succinic ethyl ester,
Conradé& Wislicenus: Ann. 158,218,

?. Synthesis of glycerinic acid by the action of silver cxide
on monochlorlactic acid. '
Franks Wislicenus: Amn, 206,338,

8. A study of the action of various reagents on monobrome
phenylpropionic acid bbtained by the action of bromine on
hydrocumagic acid. Glaser: Ann. 143,343,

9.Wper atrolactémaaure and phenylmilchsaure'
Fittig& Kasts Ann, 206,27.

IX. Action of various substituting reagents on organic halogen com-

pounds.

1. Chem. dynamics of the reactions between sod. thiosulphate
and organic halogen compounds.
Slator& Colaborators;J. Ch. Soc. 85, 1286,
J. Ch. Soc. 87, 481.
J. Ch. Soc.(Feh 1909) p. 93-103.

2. Reaction belween silver nitrate and organic halogen com-
pounds. Hans Fuler Ber. 39,2726-2734,
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3. Reactivity of the halogens in organic compounds.
George Senter ;Trans. L. Ch. Soc. 91,460,
Proc. L. Ch. Soc. (1908) 24.89
esp. PartIIl by same author J. L. Ch. Soc. Dec. 1909 p. 1827.
Reaction of bromoacetic,o¢ bromopropioric and xbromobutysic
acids and their sodium salts with water and with alkali.

4. Reactivity of alkyl haloids with silver nitrate.
Burkeé& Donnarz Trans. L. Ch. Soc. 1904p. 555

5. Conec. the speed of the action of alcoholic potash on the
halogen derivatives of the fatty hydrocarbgns.
Mejewr Wildermanns Zeit f#ir phys. Ch.8,661-€676,

6. Action of silver nitrate and other reagents on alkyl brom-
ides. Lengfeld: Amer. Ch. J. 17,p.54.

7. Prep. og olefimes Qx heating alkyl haloids with oxide of
lead at 220-225% G. wagner: Ber., 11,414,

8. Action of alcoholic potqgh, potassium acetate and silver
acetate resp. on n. propvl bromide a Zaaéquauéféﬂxfgaf

2 B W g s 2 b
/¢;ZZ%<%éf%§?p’t. 7

10. Relat active to corresp. dl amylalcdholé
Marckwaldé&vwolda:Ber. (JTune 1909) p. 1583,

X. Work of P. Walden of'Walden Inversion'.

iglic
Chlorsuccinic Ber. 28,1293 Ber, 32,1833,
Aspareginic Ber. 29,135 Ber, 32,1855,

Ber., 30,3147,
XI

Work of Purdie and Williamson on 'Walden Inversion'.
1. Conv. of dextrolactic into laevolactic by means of the
action of silver oxide on xchlorpropionic acid.
Trans. L. Ch. Soc. 1896 p. 838,

XII, ork of Emil Fisher on 'Walden Inversion.'!

Tectic Ber. 40,1061'Znr Kenntnis der Waldensche Umkehr-
ung.'

Brompropicnic Ber. 41,889, A study of cpt. active valin.

Alanin Ber. 41.2891 Proof of'double inversion'in the

case of opt. active valin.
Ber. 41,1286, A study of phenvlamino acetic acid
Ber. lay 1909 p. 1219 Yo inversion with B
Chlorbutyric.
Ber. Oct. 1909 A test of Cuye & Crum Brown's
hypothesis.
Propyl isopropyl cyan acetic acid
Ber. Jan. 1910 Acticn of calcium oxide and of
z%ngoggide en halogen fatty acids in water sol.
a .
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II. Work of MacKenzie on 'Walden Inversion.'
Mendelic +— 1. Ch. 80c./ Anomalous results with potassium hy-
droxide, silver oxide, etc.
PhenylchloraceticJ. L. Ch. Soc. Harmonizes some Af his results by
assuming en inversion with ammonia.
(Phenylamino acetic J. L. Ch. Soc.’ Yo inversion with opt. active B.
bror=rB. Phenylpropionic acid.

XIV. Excellent reviews of work on 'Walden Inversion.'

Annual Reportf of the Progress of Chemjstry E%?'1907 J. }ﬁﬁ Ch. Soc./7d&
L. H. Cone. Ch;ﬁzsr on Stereochemistiy.  (lere. CA. S0 1970,
/ ol 1

’@{dﬁaf;,£7

XV. An ingericus idea developed from cbservations on pinene as to
how phosphorus pentachloride may cause inversion.
H. E. Armstfong J. L. Ch. Soc. 69,1399.

XVI. f8symmetric synthesis.

1. McKenzie& Humphries:J. L. Ch. Soc. July 1909.
Neither acylaticn nor subsequent hydrolysis cause inversion.

2. Racemic phenomena during the hydrolysis of optically active
menthyl and bornyl esters by alkali.

XVII. ‘'Zur Sterecchemie der Kataly®e'.
G. Bredigirajens- Ber., 41,752.

XVIII. Influence of Solvent on the Rotation of
a‘terson& montgomeriesJ. L.

t. Active Comgounds.
oc. July 1¢ ,P.128
%gg; Action of verious reagents on complex halogen substituted acids

%Decomposition of bromcamphoric acid wit sodium car onate and with
0iling water.

¥ Kipping&ArmstronglJ. L. Ch. Soc.(1896) p. 65.

2. Some hydrocarbons obtained from the homologues of innamic
acid. W. H. Perkinf1877)J. L. Ch. 800.12?660.

3, Some derivatives of propionie, acrylic and glutaric acid.
Perkin:J. L. Ch. Soc. Trans. 1896 p. 1457.

XX. Conec. the rule for the addition of halogen compounds to unsatur-
ated acids. Wichagl J. Pr. Ch.)1899 vol. 10 p. 171.

XXI. Action of sodium alcoholate onpegbrom-fatty acid esters.
B Bischoff: Ber. 32, 1748.
Ber. 32, 1899.
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XXII. _Studies in Organic Acids.
e e: Hnn. Suppl. 1,129—138.
Ann. Suppl. 2,86.

XXIII._Studies of Unsaturated Acids.
reoc. Fittlg and Colaborators.
Decomposition of upstitution products of the lower fatty acids

with watern¢4‘4<

1. Studies in unsaturated acids.
Fittigs Ann. 200.21.

4

2. Tittig & ThomsenzAnn. 800,75,

3. Properties of methylacrylic acid.
Fittig & Engelhorn<Ann. 200,65,

4. 'Hydrosorbinsaure und sorbinsaure’',
Fittig, Stahljf, Landsberg, and EngelhornsAnn. 200, 42,

5. 'Brenzterebinsaure'.
Bredt&Fittig:s Ann. 200,58,

6. Conc. the addition products of cinnamic acid.
FittigéBinder: Ann. 195,132,

Y Phenylaminopropicnie acid.
Fittig&Posen; Ann. 195,143,

8. Phenyllactimid.
Posen: Ann. 200.97.

9. Addition of hydrogen bromide to 'brenzterebinsaure!.
Fittig&Geisler: Ann. 208,124,

10. Teracrylic acid and heptolactone.
Fittig&Kraft: Ann. 208, 86,

11. The crotonic acids resulting from citraconic and mesaconic

adids. Fitiig&Prehn+ Ann, 188,14z,
12. Alsc Ann. 188,87 Fittigéforn Classed under other
Ann. 143,343 Glaser divisidnss.

Ann. 206,27 Fittig&Kast
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REPORT OF WORK ON THE WALDEN INVERSION.

This investigation was undertaken at the suggestion and vnder
the guidance of Professor J. U. Nef with the purpose of obtaining
independent experiuental evidence in favor cf his idea that the
four valences of the carbon atom are not mutually equivalent but
only in pairsép Accordingly we should be able te prepare two
space~isomericread diazo propionic esters:

//
e e bt T et o4
d forn 1 form

'The first of these must give with water or haloid acid d lactic or
d halogen propionic acid whereas the second is necessarily converted
with evolution of nitrogen into the corresponding antipodes. It is
of course at once apparent that if the two valences of the carbon
bound to nitrogen in diazopropionic ester were equivalent, both
d and 1 alanin must give on treatuent with nitrous acid or nitrosvl
halides respectively equal amounts of the d and 1 derivatives
(i.e. racemates)--which is however not the case; consequently the
two diazopropionic esters which are the intermediate products in
the various reactions are not identical but isomers of space~- in
other words, the two valences of carbon joined to nitrogen in = o
) these compounds are not equivalentfﬁmThe preparation of thsé&fi?ﬁ‘“
451 ) fatty—acid esters is no easy matter-and besides it was necessary
first to become thoroughly familiar with the properties of the
optically active acids of the Cs series.

ggﬁically active alanin was prepared according to Fisher's
method&by resolution of benzoyl alanin by means of brucin in aqueous
solution. Benzoyl 1 alanin made in this way melted 147 - 149 de-
grees. The free base ( 1 alanin )was made from the henzovl deriva-
tivefaccording to the directions of Fisher and Raské”by hydrolysis
with dilute hydrochloric acid(l-ﬂby vol) at 100 degrees and sub-
sequent treatment of the amino acid hydrochloride with lead oxide.
12.93 g of pure 1 alanin was converted into dextrorotatory brom-
propionie acid by means of nitric oxide and bromine in.acid solution
according to the latest directions of Fisher and Rask#” who used
sulphurous acid in place of mercury to remove excess of bromine.
13.6 g of pure d brompropionic were obtained boiling constantly

109 - 110 degrees (22 = 25 mm.). Pure dl brompropionic acid
(Kahlbaum product) was found to boil constantly 105 - 106 degrees
(16 mm.). 1.5727 g of the above actilf-preparation dissolved in
22.7777 g of water at 29.5 degrees rotated Y 2.97 degrees in a 2 dem
tube; p5§1.020/{¢] 29.5 124,36 degrees. The rotation given by
Warburdéfor purest . Joroupropionic acid obtained by fractional
crystallization (20 times) of the chinchonin salt was- 26.7 degrees.

24.36 _ 91,24 % ;
i , ,/3/ /’/- ¥ % 29 4 i gﬁ%ﬁlg’p;//ﬂf“fﬂfﬁ
657 ' gkaﬂn,éilz4£4,L4Lem/wb¢fﬁ;ﬁ /TS 4 A / /

0 R W05 R AT
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v
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e YL g f@&@ﬂﬁuxﬁfbﬁéﬁl jf;fi é%u/9,27z
\;/ “3,5%?4"4” ,'/5452};3'2.2; Y54, ] L{,L 7 R YA Sl /jg/;,/LvI/R%/
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(2)

The above preparation of d brompropionic acid contains, therefore,
4.38% of the optical antipode as against 3% usually obtained by
Fisher.

Inasmuch as nearly all of the experiments where an inversion
wes observed had been carried out in water solution, we set out to
deternine whether or not the same inversion could be obtained in
non-aqueous solution. In order to establish first of all the influe
ence of the solvent and to avoid also the presence of any possible
trace of free base, Dr. Nef suggested making a careful study of the

-, action of silver acetate on d broupropionic acid in absolute ether
\ solution.

{

N éét cetate (1 mol) on d brompropionic acid (1 mol) in abs. ether
°\~?* action, carried out nere at ordinary temperature with 10 g
* of the acid, was slow to start but after short period of induction
. gave considerable heat evolution and rapid separation of silver

bromide. - Silver bromide had to all appearances separated out

«, quantitatively in «-60 minutes but flask was allowed to stand at

¢ room temperature for 24 hours in order to be sure of couplete

5 reacti Examination of the silver residue according to Miss
Deniutﬂdirectiona proved that it consisted almost entirely of silver
bromide and contained only the slightest trace of metallic silver.

From the standpoint of metalepsis, we shOuld expect, to obtai
in the ethereal filtrate x acetyl propionic acid. QA“F

S ooF/
Action I %%ﬂ,z ﬁﬂd%/——r A/C"/ﬁ—*C'/
b &

d brompropionic 4 __acetyl. propioniC‘
(i? which would have the structure as given “if no i yersion accompanies (?§\

%‘m

the change. Such an acid according to Bischoffidoes not exist but
. § | would lose carbon dioxide spontaneously, just as <§ayto acetic acid ~\3
\ does, and would Jield‘gggg1g_gi&gl_gg&gz\iﬁ&égijéi» )which would X
then ‘be subsequently hydrolvz%ﬁ to give acetic acid. ’g

P

f) ; however, < acetyl ptopionic acid is capable of existence,
\ ¥ “as8 much as B‘EE€?§I—§fE§IEHI§TEEIu (lasvulinic) prepared
“ udd studied by Tollens and othera1 we should obtain by hydrolysis
?3 “of the active form the corresponding lactic acid since it has been
*”.j‘ shown repeatedly that no inversion of optical activity occurs in

the process of hydrolysia.,

N \‘ Still another action il possible here- lilver acetate may
__> pull off hydrogen bromide giving silver bromide and setting Tree

y wcetic acid.
/thﬂ?/ CovoH
Action II /c&/ . ? GOCCH, =7 Gt §/&¢ e H, Cort!
v

i / @//

.» s ol /’
L/77’ 734@“ “\“"4(7 el L/Q }’A/»
N D S
‘\j/ ‘D/«s,(fd)_\- el piid, N7 ﬂ/@ f/j 3 :
> £ 1 7 . 7 ed g / 9 &
) G 7/% o) Bes L R ,»e/{_/a&»&.aéwwcai 1, N2, //#5443(
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proceeds rapidly the

N'produc (carboxyethylidene) would rea
4® i acrylic acid (carboxyethylene). This
\\

ﬂ& P he » action
0

off from differe
accordance with

Pt

Glynsky and subs
bressure only a

the idea of Nef thatiﬁhe hydroge
/ £xom the saue carbon ator’and is enti

/

nt carbon atoms to gi
the ideas presented b

By carefully distilling of the e

equently heating fina
very small amoun

obtained from 10 g. of brompropionie.

is not the sole

acetic acid is obtai
reaction in +his case

\ looked that a sugll amount of acetice

quantity of free
\ \

of the acylated

If Action I
hydrolysis pure

eféﬁrolonged hea

as such or be co

product through heati

takes place almost e
lactic ( < hydroxypro

the ether and washing well with cold

sticking to the
agftég$e alcohol

silver bromide which
. This material gave

ey

unsaturated intermediante

rrange at oncesthe more stable
interpretationsin harmony

n and halogen alwavs come off

relv analogofis to the change

of ethylidene into ethylened” That hydrogen and bromine may split

ve acrylic acid directly, in

y Fittig7is not exclyded,

“hn e
ther frou a waﬂé;gZQh using
1ly to 100 degrees at 2 .
of free acetic acid/was

The fact tRat an appreciable
ned shows, however, that Action/.
; 8till, it is not to be over-
acid mav be frrmed by splitting
ng.

xclusively, we should get by
pionic) acid. Any acrylic acid

ting with water at 120 degrees would either remain
nverted into hydracrylic acid(” After filtering off

dry ether @.4g gum remained
was subsequently extracted with
in ab q

[ij = +9.5’After complete h¥drolx&§ the wain pertion, 6,25 2 '
0il soluble in ether, an ation of the water at reduceda ) g
préssure, there was obtained, instead

acid, 4.3 g, of

gum which dissolved i

mwobility. A portion of the hrdrolyze

0.83 g. acylated
foiilnd further co

material, which in a

of the ordinary syrupy lactic

n water but hed very little

d gun (0.7) gave after acylation |
bsolute aXcohol solution gave /

egrees. The lack of mobility of the hvdrolvzed gum /

nfirmation in the fac

t that when it was ti¥rated '/0

with 4 potassium hydroxide, only 507 of the guum behaved as a free
ccid emen after standing 46 Wours in‘gqla_water solution. o s Q‘

In contrast
subuit the follo
to 120 degrees,
lactic (the so ¢
tic acid for 3 n

to the anomalous beh
wing observations: By

avior noted above, I wish to Huvuk‘i
prolonged heating with water |

ordinary a&ilai;éc (Kahlbaum Q. P. product), ctyl

alled factic .méAvdri
ours at 120 =140 degr

lactic (the socalled oilv lactid desc

. by heating Z(lac

Y1) acid in the for

';‘»\ Pure :

A melting g

" prolonged heatin

' aecid. In short

hydrolysis of an
with that obtain
pionic acid were

\

The remaind
bgth for 18 hrs.

tic for 3 hrs. a2t 180
m of a mobile 0il whi
- lactid which is &
egrees and is delique
€ with water, accordi
all attempts to prepa
y of its siuple anhyd
ed by the action of a

of no avail.

er of the water solut
with zine carbonate,

de %§;ained by heating lac-
eesyras well as polylactyl

ribed in, the literature obtained
degrees)“all regeperate lactic
ch titrdtes over 907 in the cold
beautiful crvstalline body
scent, gives ulti ately by

ng to Wislicenws(’4’ dl lactic

re from dl lactie by heat.,ol~-
rides, a stiff gnum comparabl
cetate of silver on < broumpro=-

ion, heated in a boiling water
gave after filtration, evap-

oration etc. a very large crop of crystals which had Practicallvw

the same solubil

7)) Sarity, RN

ity in water as zinc

lactate. , The crystalline form
;;M/ ;
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**** (4)

was not examined under the microscope. A determination of the
water of hydration of sample frow Cropl gave 18.17% whereas

Zn. dl lactate.3 H,0 demands 18.18%. Because of this excellent
agreeument it was considered unnecessary at that time to make care-
ful determinations of zinc in the various crops. Later work on the
action of silver oxide on < broupropionic acid very probably gives
cowuplete information as to zinc content of these zinc salts. As
first crop, 3.63 g. of crystalling zinc salts were obtained having
all the appearance of zinc lactate.

1.0193 g. of the hydrated salt from Cropl dissolved by warmnin

in 23.7834 g. of water gave after cooling to room tempera 158 (27‘%
in 2 dem. tube an average rotation of +0.07% p=1.020;/x —

+0.835°. 1.0870 g. of the anhydrous zinc salt dissolved by Warming
in 32.4896 g. of water gave in a 4 dem. tube at 28° the following
very suall rotations, +0.08, +0.05, - 0,06, ,With instrument in
perfect adjustumnt[?élf for anhvd. salt +0.455, Some r&%&f@%% may
occur in drying salt.” If the crystalling zinc salt is reallv zinec
lactate, we have in CropI. _i§2§§; e ) 10.85% of 2Zn. lac=-
tate, mixed with 89.15% of 2Zn. ‘dl lactate. //

?j:)ﬂ\ The" mother liquor frowm Cropl gave, however, a very much larger
r

x&ﬂ”x; otation in the positive direction. 31.7%6 g. of solution gavgoin a
- 4 dem. tube an average rotation of £ 0.84° ; p=1.029 ,/x/[*C+337"
Jpe4of active material= L 4/\57?9/,
7

The total mother liquor from Cropl of crystalline zinc salts
was then evaporated to a very small voluue (8.7 g. of solntion). v
allowing to stand for several days, filtering and washing with 50
alcohol according to Purdie's directionsy’ a second crop of 0.8355 g.
hydrated zinc salts was obtained. Although this crop undoubtedly
contained a very large amonnt of active zinc salt, it gave 18,419
of water of hydration. 2n. dl lactate, 3 H,0 demands 13.187 of =
crystal-water, while Zn d or 1 lactate 2 H,0 requires only 12.76%.(7'

Assuning as others have done that lactic acid is formed here
P, and is the only product present, the rotations given above indicate
‘(| that as a result of the action in absolute ether of silver acetate
\ on d brompropionic acid and subsequent hvdrolysis with water at 120°

9. %
D

L1 i, there was formed 22.08 7of 1 lactic acid and 77.927of the dl foru.
i L Hence an inversion must have occurred to the extent of 61.04%

A 3\ while 38.96% of the 4 form is present in the racemic zinc salts.

% ~ 7% That silver acetate has a powerful racemising effect has 21so been
N observed by Marckwald(0Tt is of some interest to note further that

the anhydrotis potassium salt of the total acid product obtained in
this experiment, gave a mean positive rotation of 3.78° whereas the
mean rotation of the total hydrated zinc salts was only 1.70° which
corresponds to 2.08° for the anhydrous zinc salt.

An experiment carried out with 1.56 g. d brompropionic acid

> (1 wol.) av/V "afi@ 2:71'g: silver-acetate ( 1 mol.) in water solution
as a check grve an altogether similar result- much less racemation
accompanied the change. The filtrate from the silver bromide was
hydrolyzed as in the previous experiment and then heated at 100°

for 4 hrs. with zinc carbonate. 44.11 g. of the sclution containing

7 A

§ the soluble zinc salts gave in a 4 dem. tube at 28° a mean rotation
N of £+~ 0.46 @Z¢%§@1= L3 foesh This experiment gave therefore
N
% 28.39% d lactic 243
) 71.61% 1 lagtic '
,f\b 7% 171/ 4, Lt 7

&
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(5)

The percentage of active zinc salt present here is undoubtedly
8lightly higher than the value given since some loss of lactic must
occur by volatilization in distilling off the water at reduced
pressure. The solvent therefore causes a profound difference in
the amount of racemation accompanying the change, but, judging from
the sign of the rotation and other properties, does not alter the
character of the reaction products. _Hence although water alone
causes inversion,as Walden has shownSthis inversion, which is
assumed to take place with wvarious bases and salts in water solution,
must be attributed either to the specific action of the metal, as
would seem from the fact that we have purposely avoided any trace of
free™base in the experiment with silver acetate, It may be attribu-
ted even here, however, to the presence of silver, or hvdroxide zesp—
since silver acetate is continually dissociating in the presence of
light, water, etc., into silver oxide or silver hydroxide resp. and
acetic acid just as copper acetate, when it acts, for example, as an
oxidizing agent on the sugar%iﬁhd@, dissociates readily in the
presence of water giving cuoric hydroxide arnd acetic acid.

Action of potassium acetate in absolute alecohol sol.

In order to disprove Walden's idea that the inversion takes &=
place only with silver hydroxide, water and analagous wealk hases and
never with bas?s or salts derived from the metals, (e. g. sodium,

potassium, etecJ, whose action on water gives rise to the strong
bases, the following exp ent was carried out: 2.52 g. of 4 brom=
propionic acid (1l mol.) treated with 1.6 g. of potessium acetate
in absolute aleohol solution (25cc¢). The mixture was allowed to
stand at room temperature for 25 days in which time only a small
amount of potassium bromide had separated out. It was then rinsed
into larger flask with 50 c.c. more absolute alecohol and heated in
0il bath at 95-97°under reflux condenser for 33 hrs. Distilled off
alcohol at reduced pressure and extracted the salt residue thorough-
ly with 100 ec.c. dry ether/ heating under reflux,, The salt residue
(2.0 graimns) titrates rapidly withﬁyz silver nitrate solution,using
potassium chromate as indicator, showed the presence of 1.659 g.
potassium bromide(85.5% theory). 2.04 g of material were obtained
after distillin 'f ethereal g%&r t finally at reduced pressure.
This gum gave /o in absolut@.solution =~+20.56°and was diff-
icultly soluble 4n water. After complete hydrolysis with water
0.92 g. of stiff gum wgfcrecovered, which was converted into zinc
salt by boiling for 4 hrs. with an excess of zinc carbonate. By
concentrating to a very small volume (3.43 g. of solution) etec.,
washing finally with SQ% alcohol, 0.7575 g. of air-dried zinc salts
were obtained. This material lost after drying 100%115° 0.1781 g.
of water (23,5%). All of this anhydrous Zn. saltdissolved in
29.4718 water gave in 4 dem. tube at 24°a wean rotation of
_+0.2392éﬁ.:431ﬁ3?The mother liquor from the first crop of zine
salts was”evaporated on the boiling watex bath to get rid of al-

cohol. Dissolved then in hot water an ilter obtaing solution
of total weight 31.13 g, In 4 dcm. tube at 26°g mean rotation of
+0.16° was observed[&/¥— #, £4°. The geometrical mean of the

two rotations observed’ is 2.37° (cale'd for the anhyd. salt) which
corresponds.to 27.15 % Zn. 1 lactate, 72,857 Zn d1 lactate, or

63.58% 1 lactaCd, and 36.427 d lactic. Just as in the previous
experiment with silver acetaté in absolute ether, a very consider- . :
able amount of racemation apparently takes place. We have howeveizﬂaaf
as conclusive evidence that an inversion occurs with potassium saltts

as Walden and Fisher have brought forth to prove that it takes

place with silver salts. E§z>ffﬁ// i
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Action of very dilute sodium hydroxﬁgga(o.lﬂ) in water solution on
d brompropionic acid. A5
1.5727 gT’ETB?EEpropionicé&; =+2%3(]dissolved in 88c.c. of
water ¥&® treated with 0.42 g. (14&01.) sodifm hydroxide (97.1%)
dissolved in 312 c.c. of water. This mixture was allowed to stand
22 days to gitow the reaction to become complete. A sweet ethereal
odor was observed on opening and the soluticn gave a decided acid
reaction towards litmus. The water was then distilled off at re-
duced pressure (25-30 mm.,) and salt residue thus obtained was thor-
oughly extracted with 100 c.c. of dry ether. The turbid ether ex-
tract gave by addition of water to the o0il obtained after distilling
off ether on the water bath a globule of oil insoluble in water.
The total o0il thus cbtained (0.55 g.) was converted inte zinc salt
by boiling for 3 hrs. with excess of zinec carbonate. The total zinc
salts gave, when dissolved in 32.72 gramg of wate;,in a 4 dcm. t::ZZZZZZ:

at 24°a mean rotation of 0.29¢° . /a [R¥_ 12 6L° 266 _ 5%;g§ﬁr ,
/(::Z%/ E75 "~ 62537 70 e

L
Titration of the salt residue rapidly with 4/, silver nitrate us=-
ing pot. chromate as indicator as in previous experiment, showed
58.5% sodium bromide and 41.50/unchanged sodium brompropionate. The
remainder of the water solution of the salt residu% concentrated by
distillation at redyced pressure,6 gave in a 4 dem. fube at 27°a mean

rotation 0f0.25:A/7Z 7 TFrom this deta we might also calculate . L%
/;£§“§p _%gg%ggr ntgge of %Q&P ed sodiun brcmpropionate%&sfyéwwuwvé
/dairly s ble towards cokd water d very dilute alkali, which i
contrary to the statement given in BeilsteinK’ The velocity of this
reaction has been studied by Senterand cowpared with that of silver
nitrate on « brompropionic acid. A repdtition of the above experi-
ment, using very dilnte potassium or sodium hydroxide in absolute
alcohol solution, must show whether the inversion obtained here is

due to the action of water on sodium brompropicnate to give sodium
bromide and free lactic acid or to the action of a trace of scdium
hydroxide on free broupropionic acid. The latter action is much

more likely since sodium brompropionate is being constantly dissoc-
jated in water solution to give scdium hydroxide and the correspond-

ing free acid. Since very dilute sodium hydroxide has much stronger
basic reaction than pure water, we should expect the alkali to cause

the splitting here rather than water and thus force the action ac-

cording to the following scheme: cH3 Ckﬁﬁﬁéi:%*ﬁgéj

CH,
oot 513 Cov? + NadF LIS Sy B VRO

/ VS

lietallic s aiuﬁy%r, as I have shown fhter, finely powdered sod-
jum hydroxide when brought in contact with an equivalent amount of
~broumpropionic acid in absolute etheg,ﬁdbﬁ give readily and quanti=-
tatively the scdium salt of the halogén fatty acid. There is little
doubt, therefores that when the stronger bases act on o< brompropion=-
i a fairly stable metallic salt is first formed as intermediate
product which slowly splits by weans of water, alkesli, acid, heat,
etc. When the brom. acid is treated with more concentrated aqueous
soclutions of sqgium or potassium hydroxide we should naturally ex-
pect to obtnin‘especially by boilin%/sodium bromide and lactic acid
or sodium lactate resp. in a perfegctly normal manner«’ With silver
hydroxide, water, etc., no such salt is formed, the action must take
place as result of splitting the free acid.

The previous work just reported, was done at the Kent Chemical
Laboratory in the summer of 1908 and, if we assume,as everyone else
has assumed, that lactic acid is the ultimate product formed and
interpret the amount of racemation from this point of view,as I have
dowe, it may be considered a complete and important contribution to
our knowledge of the "Walden Inversion".
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(7)
Part 2.

iz;actic acid the only sursTitwstion product formed by the
action of Bilver oxide in water solution On c~ brompropionic acid
and, if so, are any intermediate products formed when en inversion
occurs?

The acid guu,obtained by nydifolysis when d brompropionic was
treated with silver acetate in absolte ether, possessed very little
mobility and titrated onmyrsg% as a free acid - it gave, however, a

icultly soluble crystalline zinc salt havgZall the appearance
and properties 4f zinc lactate. Furthe : ments were made,
therefore, during the summer and fall iﬁhgﬁgist to prove that this
hydrolyzed gum was either totally different from lactic acid or was
an intermediate condensaticn product of lactone character which would
give lactic only by hydrolysis with strong alkali. This phase of
the work is nearing completicn but in view of the fact that it must
be interrupted for several months, it was deemed advisable to subnit
here a couplete report of the results already obtained although
final data is unfortunately not at hand. Careful examination of the

Q \ acid gum, obtained by hydrolys%p,shows properties entirely foreign to
T those of ordinary lactic acid/ Can simple boiling with zinc car-
bonate convert this material into the zine salt of lactic acid where
prolonged beiling with water or even with sodinm carbonate has une
doubtedly failed to give lactic acid or sodium lactate resp? We
must have scwmething more upon which to base our statement that an
! absolute turning about of the configuration of = compound takes
place as the result of a simple change than the fact that the zinrc
selt of lactic "appens to rotate opposite to the free acid. and
V”?WL’ happens to give figures for water of hydration, percentage of zinc
I

and solubility in water very similar to those observed for zinc salt
of our crude hydrolyzed acid gum.

?L Further experiments will be carried out along ‘he following
jpm-- lines: The acid material(bbtained by the action of silver oxide on
q dl brompropionic acid in water sol.Jrecovered from the brucin, zinc
%rfj, \and phenyl hydrazine salts as well as from the product obtained by
“1.A"heating the crude gum with 33% sodium hydroxide for 8 hrs. will be
Ll heated in water solution to 120°for six hours to determiné whether (/<
/xw same stiff gum soluble in water, titrating only SQ% a8 free acid is
recovered. Results obtained by drying zinc salf 140-160 will be
carefully noted since,according to Wislicenu ¢zinc dl lactate,after
drying at 100%can be ﬁeated to 200°without decomposition. Molecular
weight determinations by the freezing and boiling point methods will
be tried with ‘he crudqgum obtained from the actions in water
: absolute ether solution resp. to determinsfrom the crude acid pro
4wt whether a condensation product is pres . irther attempts
~3 will also be made to prepare pure lactic ethyl este Very little

\37" remains to be done to have complete information on this whole sub-
< ject.; the work already done indicates very strongly that achaged-
X zing

B

‘blundep-has begen made - if it turns out, however, that the zinc 5 7(
'Salt obtained is really zinc lactate, as has been assumed on all :

| [sides, we have at any rate isolated here the intermediate product | (/
ﬁ} which is responsible for the inversion taking place when mild bases

are used to replace the halogen in halogen fatty acids.

Another point of difference, not previously mentioned, was that :
the crude (acylated?) product, obtained from the action of silver f

acetate on d brompropionic acid in absolute ether, waa,beforzgﬁvv i |
( P\\ drolysis ;almost completely insoluble in water. Acetyl lactic=lh 335

~ %
\

q o\ ) el —found, dissolves readily
(| in water; both crystallizéd lactid and the body previously described
as polylactyl lactic, although insoluble in water, give by hydroly=-

— d 4
P
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sis with water mobile syrupy lactic acid.
cAeylation of dl lactic acid with acetic anhydride.
The crudp aeylated gum ( 33.0 g, ),obtained by treating dl

lactic(§5.5g with acetic anhydride;dissolves readily in water, and
-all but one very small fraction obthined by fractional distillation
/ dissolve with the greatest ease in water-even that fraction dis-

Solves in an equal volume of water by shaking for two-three minutes.

The main reaction product is undoubtedly acetyl lactic although it

does not boil constantly. Eve efractionating several times, no

constant boiling material coul /gg gbtained. But by allowing the

higher boiling fractioq,4.76 /199

=175°mainly 162-168° (18mm. ),

to stand for several hours in water solution, distilling off water

at reduced pressure and again fractionating at reduced pressure,

it gives 4.68 g. Boiling constantly 140%148°mainly 140> 452(18mm.)

for acetyl lactic. 6.7 g. of lower boiling fraction 146=160°

7 mainly 1492151° (23um. )streated similarly with water etc., gave

‘§ 5.84 g. boiling constantly 142%143°(22um.). 4.0 g. of another
fraction/boiling at 138%158° (19um. ), treated similarly with water

§§ etc., gave 3.55 g. boiling nicely Without decomposition at 138%145°

s
s

(21mm. ) mainly 142%2144% All of these fractions were easily soluble
> in water. I have observed also that acetyl lactic can be shaken
‘ out with dilute soda from ether solution and recovered without
a preciable decomposition. To make pure acetyl lactic,free from
traces of acetic and lactic acid,this method may be of}cnnsiderablc
use. 5.84 g. of acetyl lactic/ rectified with water as above and
boiling 142‘143°(22mm.%lby treatment with soda, neutralizing the
soda solution with a s8light excess of standard dilute hydrochloric
acid, distillation of water at reduced pressure, extraction with
dry ether, etca,gavg€é¢§8 g. unchanged acetyl lactic, of syrupy

B

0

it

consistency similar tic acid,boiling constantIy 138°(18mm.).
My preparation has theérefore allgéﬁe properties of acetyl lactic,a s
prepared by Amsehutz and Bertrand”from dl lactic acid and acetyI’

«* | —chloride,who found that it mélted at 57-60% boiled at 127°(11mm. )

and was readily soluble in water. The boiling poing seems to agree
i E%Zever, more nearly with that observed by (/ 3 /éiZZ”QZﬁZ%%% 105D
zae /3 }2 4 /{;’WM«)/, : ; 7
/// Just how the water causes such a trawsformation, as notdﬁ;z:

above, is hard to explain since very little acid material is swept /1
over in the volatile distillate when the water added is distilled
off at reduced pressure~ this negates the idea that acetyl lactic
acetate is formed as the first product. That acetyl lactic may
form a higher boiling condensation product,Just as lactic does
which readily gives in the presence of water free acetyl lactic

is quite plausible. It is pot out of the question also that, in the
presence of acetic anhydride which acts as a strong dehydrating
agent, lactyl lactic is formed from dl lactic at a lower temperature
(8021000 than is required to transform dl lactic when alone (120¢°
-140)- the lactyl lactic ,thus formed,would then be ul{imately
transformed into polylactyl lactic(insoluble in water. That such
an intermediate formation of lactyl lactic does not fake place in
the presence of acetic anhydride is excluded by the fact that the
crude acylated gum dissolves readily in water and gives by decom=

position with water prag&igg}gi nothing but pure acetyl lactic,
Z%%Sf nt

There wa ained & verv amo of oil (4.1 g.) boiling =zbove 180¢
(20mm.) dnd £3.5 g.¥ non<nolatile thick gum, partly insoluble in
water, as a result of fractionating the 33.0 g. crude acylated gum.
The fraction,boiling above 1807is the one which requires several
minutes shaking to become soluble in water. Both ¢ hese high boil-
ingffactions, which might be attributed to the secfridrecticn, could

ok o S S B ) ey SO
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also be accpunted for by the amount of lactvl lac*yé?g;e nt in the
lacticra result of standing. If acetic anhydride’ replaces the
alcohél hydroxyl (OQH ) group in lactic acid, we should expect acv-
lated lactic to have formulal c) "

., ok

// g e ———

An experiment carried ol v "’” rompropicnic acic%! p
(10.0g) and (1% mols.) silver acdtate (17.72g.) in sbsolute ether ~~ *4{:
gave after distilling off ethereal filtrate with Glynsky 6.55 g.
crude gum and . 0.4g. acetic acid. This 6.55g.ltroated with 13ec.c.
')' 90! cold water and shaken for 10-15 minutes, gave 3.6g. stiff gum )
! ngglnhl§ in water, 2.85g. soluble. The insoluble gum, shaggg/nut/%%?”‘&d§
4? Vwith s¥de from ether solution, gave 3.25g. stiff acid gum:  The sol- '
oo uble guwm, as proved by a later experiment, gave by distillatic t, re—
duced pressure with much decompositicn only about 0.6g. of matérie)
boiling 146°152° (19um. ) for aceyvl lactic: the main portion boilédgﬁénwé‘
1522190° (19mu. ) mainly 17¢0=180% Having established that the mai
reaction product in thés experiment ' was mot acylated lectic acid, “
|las we should expect Ly simple metalepsis, and that ap-arently verv
little free acetic acid was formed, nothing further was done with
( this material. Itis a questicn, however, whether or not consider-
ably more acetic acid was actually present than this experiment
showed where, after distilling off the dry ether carefully from a
water~bath using Glynsky, the acid material was heated for a long
time at the temperature of *the boiling water bath(20mm.) to drive
over the acetic. The following experiment will serve as an illug®
tration: 25.5g. dl 1actic}troated in the usual manner with acetic
anhydride,gave by distillation as ebove at 100%20mm.) 36.05g. crude
acylated gum. 32.5g. of this material,heated further over metal
‘bath 140%160°gave 2.8lg. of acetic actﬁ and acetic anhydride of B.pt
| 64272° (18-20mm. )=odor and mobility of acetic acid. Thus it is seen
i | that very considerable amount of acetic acid always remains sticking
gﬁ,, to the crude acylated gum which can_gnly be removed by heating highes
N 140450° (20mm.) or by sweeping ovef;ﬁ%ter in case the acylated gum #7)
does not split readily with water, as is the case with acetyl lacticd”/
Action offfﬁlver cxide on dl bromprovionic acid in abs. ether.
In order to study more carefully the nature of thne acid
guu obtained by hydrolysis, it was deemed advisable for—simpiicity
to carry out tke experiment in absolute ether not as angijjzgi/'

adlver acetate but with oxide of silver oL
After a short pericd of induction, as in the previous exper-
iment with silver acetate, 7.68g. silver oxide ($mol.) pulls off hv=
drogen bromide from 10.13 dl brompropionic acid(l mol.) dissolved in
dry ether giving considerable heat evoluticn and to all appearances
a complete separation of silver bromide inside of one hour. ZExamine-
ation of the silver residue,obtained by filtration,showed noc metall=-
ic silver which indicated tﬂat no appreciable amount of oxidation
had taken place. 5.6g. of gum were obtained from the ethereal fil-
Yy trate. This gum, by standing for a short time, became sltogether
\ (7\ non=-mobile and, to all appearances, was the same as that obtained
\\ by the action of silver acetate on dl brompropionic as well as d

\‘\\ broupropionic in absolute ether. This gum (200c.c.ethef) was shaken
. lout with soda (100c.c.5% soda soluticn) from ether ¥,

@/



e e ()
arfd nt toedexd di‘osl Ivtosal Yo Invoms odt vd 0% badnuopos od oels
et ssoalqet eblibyrins olieos ¥I .aalbnsts To 3fuveetr 4 Bs DIltosl
-ros toagxe blvode ew ,blos oitosl ot quoxy (-HD) Lyxorbvd Iodoois

. DN : i salingrot evad o olioasl betal
] [ y | i %“ . @ 4 N *\‘ - i
\ i A BN -
' % A L » o %
\ ) : o L W A e BN )
P T I N gt o A
3 P S L e €N

bios olmotqorqmotd b (.Low L) d3iw 2uo belitiss rneuleegxe nA \

i Nl Tw,“’_il[l“d:q (59 4 (.gﬂ'.\‘l) otateoas tevile (.8fom é'" m ‘80-01) t
.9 32,8 vienyId dtiw otexdllY L[sexedle 1Yo aynilflialb 19318 ovey
.0.08f rtlw bedaers .303.d aldT .blos oitess .3».0 bns mvy ebuid |

~nl meg Trite .30.2 ovay .eefunmim CL-0L 10T nedada bus getaw bloo Y0,

W ey

VSN
o

-foa odT .mvy blos Yiita .388.0 eway ,nollwlom Terite woxY abde dliw
81 feiolinlllzalh ¢d evay ,tnoul-tegxe xetal & ¢d bevorq as w3y eldu
r;f?étam 10 .38.0 Jwods ywIno n-itieoquooeb doumu friw e1veseIy bLsoub
Sty baftod nolfroq niam ed? zottoal,xqtnaqgsoi(.nsﬁl}‘Sexﬁblﬁaakxtod
Wiam eft tadt bedatldsres mulval ,08L-0V1 vinisa (.cwff) "00L8CL
N blon oltonl betslyos Payr @aw tnswivsyxs e ni Yowboxy nollosex
veey vitnets o8 fedt bns ,alsgelstem ofquie v/ roegqxes bluors ew ea!
f3lw erob asw tarttwy ynidton ,bewrdY saw bHios olieoas 991 ofiiil |
~goblanoo torr T0 voadterdw ,tevewor . nmolteewp s 8iil  .Lsivetaw elnd
trremltogqre eirlt nadt fnesexy vilsutos saw bios olteos exom gIdh’f
8 ottt viluterso xerse yrb edd Yo yniffitald 1eite ,eredw bewods
ansl 8 0% belaer eavw [slietan blos edy ,vieavid pnier Aradezslsw
avith of (.mO8)<tad tetew gniilod ed' To exvisreqme? ed! 28 suis
daull: ns am oviea [[Llw triomizeque aniwolloY odT .oitesas ed! <tevo
oltteos dtlw reanan [eway edl nl bestset? oltoal Ib .38.28 iaollatd
obirto 080,88 (.om08S00L te ovoeds as moliefiltalb vd evay ebitbvina
Iatam teve torttut bersed [slretam sldt To .38.88 .mug belalvos
#q.9 o eblzbvins olteos bns blos olieocs Yo .3I8.8 evey 0VIL[~0M disd
" nese at %! audT .bios olteos Yo wilitdom bns tobo=(.mwu08-8L) "8TEHd
gntiotts axismetr avawis bloa oiteos Yo Fnvoms eldstoblenmoo yiev fads
varfabl aoMfsed vd bevomet ed vin: nso dol-w muy beisfvos ebuio oft o

‘ nem beisfvos eft saso ni yeataw. tevo yutgeews vd To (.mmOS) 02 £0b1 [ |

TR tue nedada oy sfduloant odT .eldufoe .308.8 ,votaw nli 9 nloqgjp

ottosl [vteoa itiw seso et al @s ,Tetew ftitw viifbset *ifqa fon asob |

rorlte .eds ni btoa olnotu oxd £b no eblixo <teviie, Yo noifoA / ./

. bios en’ Yo rwgan oﬂrzﬂ%mo ®1om vbui8 oFf 1obto 0 :
wediolfgmia 10t sldselvbs bemeeb saw i  sleviorbvd vd benisido awy
ad#&m\ovodl es_ ton terte etufoeds ni fmewlieqgxe 93 Juo YITEo of
VAL SN e el b g rovile Yo obixo dilw jud erateos 1zovids

~10qx® Buoly 1% et ni as ,moltoubni %0 boleeg #rorde & 121

vl T¥o eff :. Yablxo teviia .388.7 ,e2sieos teviles diiw &t
nt beviosaltb (.fom I[)blos olnolqoxquoxd Lb E£L.0f mo1Y eblimoxd meyoth
goonatseqys [ls ot bns nolulove 2uned sldsxoblerco zyulviy tedie vib
erntmax® ,quod eno Yo eblenit eblumotd xevilia 0 nolistages stelquod s
«{Istem on beworda noliax?llY vd benlatdc evbiesr xeviie edt 0 nolilds
motisbixo Yo #nwoms efdaloexqaa o0n Jarld belsolbni doldw 1oviie ot
«[1% fasvedte ond moxY benladdo exew muy Y0 .35.8 .00a8lq nedsd bad
trerftenoils emsoed ,eult $rore 8 10Y znibnste yvd ,muy eiAT .eisxd

benitsido 28+t as suse 94+t asw ,8sonsxeequs [Is ot ,bns slldow=non
b as [few as o&,m.&%;'zq |
nedade asw (ner19.0,0008) uuy aldT .t1erds stulomds nt otmolqorquozd
( 7 Taedde moxY (moldufos sboa RE.0.000f) sboe Nilw fuo’

[0/
motd Lb mo eisteos <weviie o nol'os edd wd '/




g

(10) _
(OL)
solution (IQPd.R\LteMN). The slightly alkeline soda solution
was heated at 100°for 5% hrs; then treated with slight excess of

standard dilute hydrochloric acid, distilled off water at reduced
pressure, extracted with dry ether etc.- there was obtained thus
4.25 g. of a gum which had only very slight mobility and which
titrated only 47.0% z2s a free acid, 3.1 g. of lactyl lactic, treated
in a similar way with soda and heatsd in alkaline solutions at 100°
for six hours etc., gave 2.55 g. of fairly moblie gum which titrated
78.5% as a free acid. 10.35 g. crude lactyl lactic, prepared by
heating dl lactic 120=140°for 3 hra.)dissolved readily in 30.5 c.c.
of acetic anhydride. When this mixture was heated 74 hrs. 80%909

it gave, after distilling off acetic =cid and excess of acetic
aphydride at 25 mm. (heating finally to 100°for 4 hr.), 13.0g. crude
acylated product. By treatment with 13 c.c. cold water, this mater-
ial gave 7.05 g. gum insoluble in water and 4.85 g. soluble in water
(free from acetic). 49 g. of the insoluble gum gave, after complete
hydrolysis with water, 4.95 g. mobile 0il which titrated 29.1% as a
free acid and 94.57 after standing in water solution for 64 hrs.

Action of silver oxide in water soluti n on dl brompropionic
acid.

Another experiment with (4 mol.) silver oxide (7.68) and
(1 mol.) d1 broupropionic (10.2 g. ) in 100 e¢.ec. water gave{ after
short period of induction (10-15 minutes), rapid separation ofésgg-(
ver bromide together with considerable heat evolution which w&¥< v
means of ice-water—complete reaction inside of one hour. ¥No metall-
ic silver was found on examination of the silver residue with 40%
potassium cyanide solution. By distilling off the aqueous filtrate
at reduced pressure, a fairly mobile acid gum ( 4.95 g.) was obtained
which was completely soluble in water. This, gum was shaken out
with 100 c.c. 5% soda solution from ether (200 c.c.);the soda
s@lution wzs then heated at 100°for 53 hrs. By treating with very
slight excess of standard dilute hydrochloric acid, distilling off
water at reduced pressure, extraction with drv ether, etc., 3.65 g.
of & fairly s'iff gum was obtained which titrated only 55.0% asafree
acid. Thetremainder of the water solution, as well as that left
from the experiment with silver oxide in absolute ether solution,
was converted into zinc salts by boiling with excess of zire
carbonate and gave difficultly soluble, crystalline, zinc salts
which have properties similar in every respect to those of zinec
lactate. Analysis of two crops obtained from the experiment with
silver oxide in water soluticn gave

Crop 1. Crop 2. Calc'd value

% Water of hydration 17.85 18.13 18.,16(2n.d1 lactateﬁ&%qy
% Zn. in anhyd. salt 26.96 26, 39 26.89(Zn.dl lactate

irst crop, 0.7423 econd crop, and only 0.30 g. remained.
Both crops, as analyzZed, contained a trace of basic zinc salt ine
soluble even in hot water and hence the above results are a shade
high for percentage of zinc. 2.38 g. of anhydrous zinc salt(of croplzé
43 left from analysis, required 200 e¢.c. of cold water for complete
sclution by shaking violently =at frequent intervals during three
hours. It is to be noted that the percentage of ginc is low rather

\_—-\4

.0g. of pum gave thus Ly, treatment with zinc carbonate ete, 3.60 g{é*—d*
el //
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' W;:/ high which indicates very strongly that acrylic acid, dilactic acid
\‘/// as well as other similar conde nsaticn products) are not presgnt.
‘ ) When the zinc salts are dried, however, at 150°in place of 100°it
may turn out that the percentage of zinc will run far zbove that
\ | demanded for zinc lactate. After the zinc was precipitated in boile
ing solution with hydrogen sulphide, 1.6 g. of fairly mobile acid
A gum were cbtained which on treatment with an equal volume of phenyl
lwvﬁz;ﬁﬂt hydrazirc andcabsolute alechol crystallized completely in fifteen
AL

minutes. This is very strong evidence that the acid product is
homogeneous. After filtering off, washing well with ether and
drying on clay plate 2.02 g. of crude phenyl hydrazine compound were
btained melting at 105%115] When 5c.c. dl lactic (88.1%) or the
'Product (obtained after heating dl lactic in water solution at 120°foR
7six hours and subsequently distilling off water zt reduced presaurg}
//is treated in a similar manner with an equal volume of phenvyl hvdra-
! zine and absolute alcohol,_t e was a very considerable formaticn
of crude phenyl hydrazin cﬁﬂ;&ind-in fifteen minutes, After filter-
ing, washing well with ether and drying on clay plate, the crude
salt weighed 9.12 g. and mélted at 100%114°with gas evelution.
An attempt to recrystallize the crude salt from hot acetic ethvl
ester failed in as much as considerable loss of material tock place.
The experiment showedthat only about one quarter of the material is
thus recovered and the melting point is not improved. Simple wash-
ing with ether gives, hcwever, & preduct in almost quantitative
vield which has only a very slight yellow color. The phenyl hydra=-
zine derivetive uay therefore be of considerable use for identifi-
cation of pure lactic acid~ to separate lactic acid from a mixture,
however, the phenyl hydrazine derivative will undoubtedly be of no
more use than it is for the separaticn of other similar ox Vv acids
derived from the sugars, as Nef has repeatedly found(JF~?

by

/

In order to make a wore complete study of the ac*ion of silver
oxide on brompropionic acid, two more experiments were carried out
under exactly the same conditions, one in water solution, and the
other in absolute ether. 10.2 g. dl brompropionic acid ( 1 mol.)
treated with 7.73 g. silver oxide (4 mol) in 100 c.c. absolute ether
gave 5.2 g. crude acid gum which becomes absolutely non-mobile when
c0ld«4.85 g. of this materisl, shaken for ten min tes with 9.7 c.c.
of yater, gave 3.65 g. gum insoluble in water =znd onla 0.95 g. that

soluble. And what is more, the soluble ;um here Yitrated only
”) 38.5% a8 a free acid. The 3.6 g. insoluble gum, hydrolyzed twice
with five parts of water at 110-1209 gave an acid solution which
( when cold, titrated 97.0% as a free acid. After distilling off the
\ \! remainder of the water solution at reduced pressure (25 mm.), 3.2 g,
of stiff gum were cbtained which titrated only 53.37 as a free acid.
0.85 g. of this materia ,neated in water solution With zinc carbone
ate, gave a difficultly soluble crystalline zinec salt having all the
properties of zinc lactate. 5c.c¢. dl lactic (88.1% Kahlbaum producj
titr-ted 80.2% as o free acid; whewm another 5c.c., wa8 dissolved in °
50 c.c. of water ,after distilling off water gt reduced pressure,
g 5.1 g. of pgbile syrup which titrated 81.5% as o free acid./a—ﬁz,ﬂ_w
11. 5c.c. lactic (88.1% Kahlbsum product) sheated for four hrs.
902100° (20mm. ), some Réa#¥s, anhydride formation takes place but it
takes place only very slowly and to a very slight extent.
In another experiment 11.65 g. dl lactic (88.1%'Kah1.prod.)
was heated for 6 hrs. with 50 c.e. water in r#n o0il bath kept at 110°
<1207 | The solution, thus obtained,when cold titr-ted 93.67 as a free
acid.7§he;rdmaéqggr of thergggfdion ave, after again distilling off
. s T
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water st reduced pressure, 9.45 g. mobile o0il. By heating with 3
pts. of acetic anhydride 802100° for 7 hrs. and distilling off acetic
acid and excess of zcetic ahvdride at reduced pressure (20mm. )
eating fihally to 100 for % hr.,12.9 g. mobile acylated oil were
btained. This crude oil dissclves completely bggggaking for five
minutes with 25e¢.c. ccld water. By sweeping overx ter end revain-
ing acetic acid at reduced pressure, 12.45 g. of acylated gum were !
left. This gave by fractional distillation ;#6.83 g. of B. pt.
1332137° (18mu. ) mainly 134%6%acetyl 1actig@@4.0 g. boiling 1372180°
(18mm. ) mainly 140%160°,00.4 g. (pract. nothing) higher boiling was
left in distilling flask. This experiment with dl lactic showa that
a decided gain (31.75%) n yt. takes place when heated with acetic
anhydride which indicat ja ormal acylation has taken place. The
acylated product is completely soluble in water, and gives practical
ly nothing but acetyl lactic and condensed acetyl lactic. If the
acylated gum had been allowed to stand several hours in water solu-
tion, considerable more free acetyl lactic boiling 134%136° (18mm.)
would undoubtedly have been obtained.

To revert now to ‘he experiment with silver oxide in absolute
ether solution. After sampling out hewmuch for the experiment with
zinc carbonate, the remainder of the water solution, distilled off =
at reduced pressure, gave 2.3 g. of very stiff gum almost non-mobile
(which according to the prev .ous titraticn contained only about 50%
of free ascid). This material was heated for 7 hrs. 80290°with 3 pts
of acetic anhydride and gave after distillation of acetic acid and
excess of acetic anhydride at reduced pressure, 2.65 g. of mobile
gum. This gave,by shaking for ten minutes with two parts of cold
water,1.35 g. gum insoluble in water and 1.15 g. soluble. The oil,
soluble in water, again acylated,gave 1.27 g. crude acylated gum
which on shaking with two parts of water for ten minutes gave 0. 9.
insoluble and left thus finally onl+ 0.37 g. mategial soluble in
water. The matefial (2.25 g.§ total)insoluble in water, was hydrol=
yvzed twicetwith water in oil bath kept#{110%120° and was then heated
in water solution with 10.0 g. brucin. The results of examination
of the brucin salts will be best considered a little later.

Bction of silver oxide on dl brompropionic ncid in water so=-

lution ( Eipt.Zl.

10.0g dl brompropionic zcid treated with 7.57 6. silver oxide
in 200c.c. water and allowed to stand far twenty hours, gave a solu=-
tion of total volume 345 c.c. This solution titrated (1/14 of sol.
used for titration) only 754% as a free acid. After distilling , , L uaid
water at reduced pressure, and extraction with'e egfgave»5.4 g. }/U£ ‘
A N /4

mobile gum which titrated (1/10 of ether sol. used for titration)
The anhvdride or lactone formed here does not seem fo open readily
in cold water aznd hence the amount of free acid was presumably not
increased much by standing 20 hrs. in cold water over that formed as
direct reaction product. By distilling off ether finally at reduced
pressure, 4.6 g. mobile gum(of mobility just like that of lactic)
were obtained. 4.25 g. of this matericl were. heated for 4 hrs.
with 10 pts. of wateq under reflux condenser Z#AXpil bathrkept at
at 110%120° After distilling off water at reduced pressure, heating
finally BULQqZ?i hr., 3.88 g. of gum were obtained which possessed
very little mobility. This material titrated o 9

acid. By distilling off the remainder of the solution at re

pressure, 3.3g stiff gum were recovered which became much more mo=-
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(13)
bile on standing several days. This material was then heated
with 3 pts. of acetic anhydride 8090° 7 hrs., and gave, after
distilling off acetic acid and excess of acetic anh dride at
reduced pressure(ZOmm.)[ﬁeating finally at 100°% hr., 4.00 g.
mobile gum smelling strongly of acetic anhydride. On shaking
this gum for ten minutes with 2 pts. of water, it gave 2.95 g.
gum insoluble and 0.95g. scluble in water. The 0.95g. soluble
in water, again treated with acetic anhydride as before,
gave, after distillation at reduced pressure (heating to 109},
1.05g. residue which, by shaking with 2 pts. of water for ten
minutes, gave 0.82g. insoluble in water, leaving thus finally
only 0.23g. material s luble in water. The 2.95g. insoluble
gum gave by hydrolysis and subsequent distillation of water
at reduced pressure 2.72fstiff mm 5/6 of the s tion
(cont. 3.1 g. acid) obtdined by hyérolysia of thé&. soluble
gumg, were heated with 13.6 g. bruein. Before discussing the
results obtained with brucin, it will be of interest to consider
several other experiments. If the hydrolyzed acid product ob-
tained by the action of silver oxide on dl brompropionic acid
in water or absolute ether solution were suobile 0il, titrated
over 90% as a free acid and gave on treatment with acetic an=-
hydride ,in place of a gum Insoluble in water,an acvlated gum
having all the properties of acylated lactic, we could easily
formulate both of these actions in terms of lactic, lactyl
lactic, and condensed or polylactyl lactic (insoluble in water).
Although it gives to all appearances the same zinc salt and
phenyl hy¢rzz . compound as lactic, the hedroiyzed acid ob
tained hé%%%ﬁ%% properties totally different from M mobile .

syrupy lactig ac /a4x4qiilt‘44ﬂiquﬂg”{ZZZ$;;

A el T %

3order to repeat/ exdctly the experiment of Fisher and

W ldeﬂgzs.lg. dl brempropionic acid(l mwol.) were treated in 52c.c.
water with 4.6g. dry silver carbonate (% mol.) TFisher and Walden
used an excess of silver carbonate over that required to

remove all the halogen and therefore were compelled to decom-
pose subsequently the silver salts obtained. Lively efferves~
cence of carbon dioxide and rapid separation of silver bromide
took place-action was apparently complete in one hour. The mix-
ture was allowed to stand, however, 29 hrs. to be sure of com-
plete reaction. No metallic silver was found in the silver
residue. The filtrate, heated for seven hours 110%120°under
reflux condenser, gave, aftec distilling off water at reduced

pressure (20mn. ) Neating finally 80%90° § hr/ eomé 2.05 g. stiff g - z'r
A

w ich titrsted only 59.9% as ee acid. After distillin

z gff water at reduced pressure (20mm.)/Reating finally 80-90 % hr./

A

.58 g. stiff gum from which nothing crvstallized out on stand=

/ 'ing for two months. (Absence of dilactic). On treatment

with an equal volume of phenyl hydrazine and absolute alcohol,
only 1.19 g. phenyl hydrazine compound were obtained (well valhed{
with ether and dried on clay plate) of m. pt. 952102°with gas
evolution. Silver carbonate in water sclution therefore gives
exactly the same result as silver oxide.
B o

5.27 g. 4l brompropionic acid, dissolped in 53c.c. of water,
were treated with 5.8 g. dry silver acetate(l mol.). Separation
of yellew silver broemide was apparent after 10-15 minutes
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without appreciable heat evolution. Reaction was allowed to pro=
ceed for 293 hrs. There was obtained , after two hydrolysem of the
filtrate at 110%120° 2.00 g. of a fairly stiff gum. This pum
however, titrated 93.7% as a free acid. Distillation of rema hder
of solution at reduced pressure gave 1.7 g. of stiff gum which tier
trated 87.0% as a free acid. Distillation of water from solution
at reduced pressure gave 1.26 g. stiff gum which titrated only
75.6% as a free acid. The remainder of the solution gave 1.07 g.
fairly stiff gum,which, on treéatment with phenyl hydrazine in absolw
ute alcohol, gave 0.73 g. crude phenyl hydrazine compound (dried
over 4/U;) which decomposed at 98%103% It was necessary in this
experiment to separate here from time ‘o time from colloidal
silver. The results obtained here are somewhat anemalous compared
to those in all of my her experiments wi‘h silver oxide znd
silver salts as well as silver acetate in absolute ether since
the gum, obtained here by hydrolysis wifh water although it
possesses only very slight degree of mobility titrates almost
entirely as free acid. That it is different from lactic however

¥ is shown by the fact that it is readily converted into lactone
~ or anhydride by sweeping over with water. A repetition of
this experiment may be advisable. 9;

From the results obtaina&, 1t fs;very evident that the product' ;
of the action of silver oxide as well as silver sSalts on brompro=-
pionic acid is not lactic acid but a product which by simnly

2127—*T%§heatinf in water solution at 120°forms an acid which readily,even
A g{ g dis%iiiation at reduced pressure/jgoes over into its corresponding
O 7 anhydride or lacfone., This lactone=-like body is completely transe-
formed by treatuent with acetic anhydride without gain in weight
into a non-mobile condensation product inscluble in ter. dl
lactic_by heating in dry form at 12011403 but not, M water solution
at 120°/gives an anhydride lactyl lactic,{which by analagous
treatment with acetic anhydridegives quantitatively a condensation
product insoluble in waterf. 1In this connectiop, it may be said
that the work of'W§£%%gg ussin regard to the anhvdrides of lactic
acid“was confirméééw h e*exception of the statement that crvstal-
line lactéd is formed in large vield by drawing 2 repid air stream
through dl lectic acid at 150> this experiment was not tried. By
heating dl lactic at 120%140° for 3 hrs., the acid is transformed
almost gquantatatively into lactyl lactic(lactic anhvd.) as shown
by compariscn of the results of titraticn of the material(soluble
in water) in the cold and on the boiling waterebath. A small
amount (1/3 of total wt.) of the dl lactic acid is thus condensed
further into polylactyl lactic acid(insoluble in waterbut readily
® luble in dilute soda solution). Lactyl lactic-acid, by heating for
8ix hours in water solution at 1209 is split almost quantitatively
giving mobile syrupy lactic acid.’ That free dl lactic is thus
obtained is shown not only by th mobility and the fact that the
hydrcl sed gum titrates over 90% as a free acid, but this was also
checked by acvlation with acetic anhydride. The hvdrolysis of
lactyl lactic was found to proceed Just as well at the temperature
of the boiling water-bath. It was found also to be a distinct time
reacticn similar to the hydrolvsis of acetyl lactic as shown by
a titration of the materizl after heatingin water solution only
one hour on the boiling water-bath.

VZi

lr (7

R e
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By heating dl lactic acid to 180°for 3 hrs. (20mm. ), e con513££;hﬂﬂ7
able amount of material distills over;gnt¥e the resid%%;t%ateria%
consisted entirely of laqk%g acid condensation producft podylacty
1acticLEPsoluble in wategﬁ ntainin%,a small amount of¢solnb1e
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mondmolecular lactyl lactic. The same insoluble condensation
product is obtained by heating lactyl lactic 80%100°with acetic
arnhydride. To my knowledge, thi- cbservation has never been previous
ly recorded in the literature. By hydrolysis of polylactyl lactic
with 5 pts. of water =t 120i1301 it is necessary to heat for 8 hrs.
to get oil completely into solution, by heating fu ther for 6 hrs.
at }20: dl lactic was regenerated as a mocbile svrup, This obser-
vation was checked by titration, as well as bv acylati-n with acetie
&1 hydride.

Crystalling lactid(of m. pt. 12I$124?%?ﬁrepared according to
the method of Bischoff and Walder by dry distillation of sodium
brompropionate, was found to be totally different froum polylactvl
lactic, obtained as above. The statement in theX literature that
lactid is formed simply be heating dl lactic to 180%as therefore
found to be incoreect. Polylactyl lactic dissolves readily in ether,
is non-volatile at 3009ROmm.)and showsabsolutely no tendency to '
crystallize. Lactid(of m.pt. 125), when recrvstallized from
absolute alcohol, is a beautiful body crystallizing in transparent
square plates which require according to my observation, 100 pts.
of cold ether for completeolution. It boils at 255°at ordinary
pressure ¥/ These two bodiés are similar only in the respect that
they are insoluble in water and both are condensation products of
lactyl lactic as well as of dl lactic acid. From its structure,
we should expect crystalline lacted to behave =28 a neutral body but}
surprisingly, it gogs readily into dilute soda from ether solution.
When this soda solution was heated to 100° for six hours, it gave
by hydrolysis a mobile acid gum having all the appearance of dl
lactic acid. Unfortunately no titratioh was made of this hydrole
ized material but all of it was converted into crystalling zine salt
difficultly soluble in water. The non-mobile gum insoluble in water,
ocbtained by the action of silver oxide or silver acetate on dl
brompropionic acid in absolute ether, goes readily from ether into
dilute soda solution. The crude acid product obtained by heating
dl lactic to 180°when dissolved in efther and shaken out with 5%
soda solution gives & very small amount of neutral material,
some disscolves in the soda while a considerable amount was precipi-
tatedby addition of the dilute soda solution and required a very
large amcunt of ether to bring it back into solutiocn. It mnay be
added here that in the dry distillation of sodium brompropionate
the -ield of cryst. lacted was not quantitative, as Bischoff and
Walden': statement would indicate, but was onlv 20% of the theory.
Furthermore, although the salt apparently decomposed completely givin
large amount of oil at 25023009 it was necessarv to heat with
naked flame(400%) in order to drive over the oily distillate. The
lacted should have distilled here at about 180°since the distille
ation was carried out at reduced pressure(18mm.). Examination of
the remaining oily materigl(3.0g.) by shaking out with socda from
ether solution gave 0.95q8. neutral (probably o0ily lactid) insole
uble in water, and 1.75g. stiff gum soluble in water%4cid towards &
soda. This materisl titrated only 67.0%7 as a free acid even after
heating soda solution 4% hrs. to 1007 Both the neutral and the
acid gum here gave after hydrolysis cryst. zinc salts difficultly
soluble in water very similar to zinc loctate. The zcid gunm,
obtained here, has all the properties of the acid material obtained
by the action of silver oxide on brompropionic acid. Inasmuch as *
this is the only case where exactly comparsble material was obtained
a repdtition of thedq;y digtillation of sodium brompropionate will
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ve carried out with this modification that,after heating for con-
siderable time as before at 2502300$ the acid material will be re-
covered not by distillation at reduced pressure but by thorough z#x—
traction of the salt residue with ether. A careful study will also
be made of the products obtained by the action of heat on dl brom-
propionic acid in dry form as well as in water solution, Prelim=
inary experiment showed that hydrogen bromide was split off
readil when the acid was heated for several hours at 1802 no at=-
tempt was made, however, to examine the residue.

Examination of the scid material with brucin.

The non-mobile gums, (nscluble in water(from the action of
silver oxide on dl brompropicnic in water and in absolute ether
solution) gave,after hydrolysis and treatment with bruciny as in-
dicated above, almost quantitative separation of exactly similar
brucin salts in tkree or four crops from absolute glcohol. The
brucin salts thus obtained melted sb&mepiviat = 2002912°main1y
208%211°. Brucin dl lactate melts @ sharply’212%ptt always cry-
stallizes in cubesswhile the salts,obtained herejcrvstallized out in
the form of large, beaytiful, transparent flat slesbs made up of
plates when they came out slowly, or in the form of fine needles by
separating rapidly. A sample from cro ;I(Agp +4Br prop. acid in
water solution) melting 200%21I’gavgéjp 29/, 36° The remainder
af this cropll dissolved clearly in water. This water sclution was
now extracted once with fresh chloroform and was re-dissolved in
hot absolutg alcohol after distilling off water at reduced pressure.
By standing pver night it gave a large crop which melted 205-213°
and had — — 29,02° Brucin dl lectate gives/xJf="2fo sam-

(bl\\s_ple from dgopIII(Agp r prop. acid in abs. ether) melting at 205°

7 el

-211°dissolved clearly in water(no free Brucin) and gavqﬁi{?@i-,ia7ﬁ/
43 e i
Homogeneity of the crude acid product.

That the acid product obtained by the action of silver oxide
on brompropionic acid is homogeneous (consists practically entiralgaﬁL
of one body) is established by the fact that the phenyl hydrazin
£ the zinc salt and the brucin salt crystallize cut com=- _ 9/
pletely.” Several observatiohs seem to afforgd conclusive»eviaence7 )/
that lactic acid is therefore the only reaction product; we have, ),
owever, just as conclusive evidence thatithe Yyedgtion product—> v/,
ormed h quitfe different frog lactic. That this acid material

Tnot acryl ac is proved by analysis and difficult solubility
f the zinc salt @ he latter property also rigidly exclvdes the
resence of hydracrylic acid(p hydroxypropioniqg

Looking at thés acticn from a theoretical Qtandpoint, it is
seen that both of these bogies might easily be formed under the
onditions of the experimen . A rylic acid,ﬁgrmia as given before,

invglves lcss of H Br and, by means of rapid action, rearrangement
rboxyethylene égﬁrylic acid). The acrylic acid formed might?féw

afterwards add wate ut,if it did, it would form g§plusive1y the
~\_ B substituted propionic ac D %3 :

If the action takes place through intermediater-formation of
carboxyethylidene, it does not seew reasonable that this in water
solution would not add water to form dl lactic acidgs/
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Wher 'ggﬁgzgion is carried ouy&n absolute ether, the water
forméﬁ??ﬁ&%ﬁ préSence of the large”amount of diluent,may add to the
unsaturated intermediate product in only a very small measure
as the main reaction we should expect either a formation,§¥y rear-
rangement, of acrylic acid or some condensation product of acryvlic
acid or that the intermediate product (carboxyethylidene) wovld

condense with itself or with unchanged brompropionic acid. As a
result of the last idea, we should get readily a structural isomer

of dilactic acid. cro P
CooH — O
S o A 2R
: ST )
+ : L77T/ —_— M"ﬁ/—'g*—‘ C/é/? (
7 corsd e +(57 &

Prep. of dilactic acid
As a result of a simple metalepsis, we might expect to get in ab-
solute ether solution dilactic acid which has been studied by
Jungfleish@fé/y

424;—//———CL¢#¢¥ | C>4§ —~f§fi—czr#¢/
4 ST } i g

— oo C’fé*g/// Covp

Dilactic acid was prepared according to the late-t methé%tby
the action of sodium ethyl lactate on dl broupropionic ethvl ester
in absolute ether solution. Dilactic diethyl ester, thus obtained
boiled at 121%-136124mn) and gave when hydrolyzed with alcoholic
scdiumhydroxide, a sodium salt which crystallized in large quantity
from absolute alcohol. There was no difficulty in getting dilactic
acid in solid form but it was difficult to find a suitable solvent
from which to purify it. Water, alcohol, ether and acetic ethyl
ester dissolve the acid too easilv to be used as recrvstallizing
solvents. The acid dissolves fairly readily in hot benzol, but
comes out partly gummy on cooling. On stending, however, withou
solvent the free acid seems to crystallize completely. The bruci
salt of dilactic aéid crystallizes readily and fairly completely
from an equal volume of absolute alcohol in the form of beautiful

listening, transparent, long needles melting from 110%138° 10,5 g.
grucin salts gave 2&27g. Cropl?(aiﬂ-dry) of dec.pt. 1251332 The )/
dried salt gave[?ﬂ“::—r32.167 clear solution in water(no brucin). [/
1.65 g. (air-dry) were obtained as CropII of d'ept. 1192125° Sample
from thiscrop gave clear solution in cold water and 32.08, e
filtrate from this second crop distilled off at reduced pressure gave
6.17 g. salts which when dissolved in an equal volume and allowed to
stand several days without seeding gave only a very small amount of
crystalline umaterial. This observation seemed to favor the idea that
& resolutiocn had occurred here with brucin in alecohol solution.
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Such a resolution frequently takes place readily in water solution;y
but from absolute alcohol the brucin salt tends to, come out rather
in the dl(racemate)form. That resolution occurre , Wa&s made doubte
ful, however, from the fact that by standing for two months longer,
a heavy crop of soft disks made up of small needles was formed which .
finally took the shape of beautiful heavy rectangular slabs made up
of plates. 2.45 g.(air-dry) were obtained which(ﬁried over H,80,in
vacuug)gave 2.4 g. of d'ept. 1101237, A sample of this cropIIl dise
solved clearly in water and gave%fo@—jzﬁﬂApparently a very slight
resolution takes place with brucin in absolute alcohol solution.
Crops I and II consisted of beautiful long slender prisms. The fact /
that dilactic acid is obtained crystalling with the greatest ease ‘7,
and that the brucin salt of dilactic acid has d'cpt. varving from (
1102138% instead of 200%-213°and gives/&j¥=—32,16° instead of — 29,02° /
proves conclusively that this body is %ot present in appreciable
mmount in the products of the action of silver oxide on brompropion
ic acid.Further work on the properties and resolution of dilactic
acid by Junqéeiuh and Godchot will be welcomed as a confirmation
of these results.

Prep. of the ester from the crude acid gum,

19.95 g. dl Brompropionic acid, treated with 15.14 g. silver
oxide in 420 c.c. of water, gave 11.95 g. mobile 0il after distillin
off ethereal filtrate finally at reduced pressure. Aftef dissolvi
0il in 12c.c. absolute alcohol, & continual stream of dry
was passed into solution for 4 hrs.-allowed to stand oneY
in the ice-chest- then passed in H LT gas for 63 hrs. longer and,
again allowed to stand over night as before., Solution was now L7
saturated with hydrogen chloride. Added 300c.c. of water but only
small amount 3-4 g. of o0il separated out. There was then added

in small portions 13.6 g. dry sodium carbonate which gave finally . -
a slightly alkaline sﬁi%%gﬁﬁ. Thes aldishtIraicniine se&u#éanﬂ»b?aéiag
w racted six times with ether using about 150c.e, ether each

time. The ether solution after being dried twice with cholride
of calcium was distilled off finally at reduced pressure (20mm),
heating only to 50%60%° 11.65 g. crude oil were thus obtained. By
fractional distillation this gave:

8.4740f Bipt. 58%62114mm). -

1.8 g. of B.pt 1085140(12ums). .

0.35 g. non=-yolatile. M@
Bract@8.4% of B. pt. 5562114um. )jgav:ére)sd,istillati n 8. 2% 0f B.pt S5 5]y
0

6.5 g. of fract. afboiling at 55=57(15 treated with 7 ¢.c. of
water, gave by shaking 3.1 c.c. insoluble 1 which on redistillation
gave 2.55g. boiling constantly 52253(15mm.) To recover the ester
soluble in.water, the water solutioh was extracted three times with
ether etcy«gave finally 2.2 g. of B. Bt. 55%58715mm.) mainly 56%57°
This ester when boiled with alcoholid sodium hydroxide gives fair
amount of silver chloride by subsequent treatment with silver
nitrate. It gave a stron irritating odor and red-brown color
exactly like that of crofonaldehyde resin when it was heated with

8trong aqueous sodium hydroxide. This same obServation has beer
previously made when acrole 8 heated with strong aqueocus sodium
/4
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hydroxide and therefore points strongly to the fact that acrylic
acid or one of its condensatioh rpoducts be present here. Lac-—
tic ethyl ester, which is soluble in water’and which was found to
give with same thermometer boiling point 54257(14-15mm.), dissolves
when heated with strong aqueous sodium hydroxide without any notice=-
able odor or coloration.

[15mm., a¥p odor affecting the eyes and nose after heating with
alcohoch odium hydroxide; it gave a very large amount of silver
chloride by subsequent treatment with silver nitrate-clear solution
and no odor of crotonaldehyde on heating with aqueous sodium hydrox-
ide. ,

T?zgﬁi%ﬁ obtained above, insoluble in water of B.pt. 52253°

The high=boiling 4;68114O°(12mm.) ester was found to e insol-
uble in water and gave only traces of silver chloride by heating with
alcoholic sodium hyaroxide and subsequent treatment with gilver
nitrate. A sharp odorrunlike that of crotonaldehyde no browns=
red resin was ohtained by heating with aqueous sodium hydroxide.[;6;
distillation of4ethyl lactat (Kahlbaum productl,a very small amoun
was found to have B.pt. 100214 (°(14~15mm.) but dissolved readilyv in
an equal volume of water./ The main product had B.pt. of 52%53%15mm)-
and was insoluble in water, and therefore hadﬁggl the properties of
ok or B chlorpropionic ethyl ester(B.pt. 2 The ester soluble in
water of B.pt. 5525&(15mm. ), which is also formed in large amount
and which has same solubility in water and exactly the same boiling
pount as lactic ethyl ester,differs from the latter in that it ap—
pears to contain a fair amount of halogen and gives a characteristic
red resin when heated with strong aqueous alkali. In view of the
fact that in this experiment lactic ethyl este;,first formeq,might
be transformed with fuming hydrochloric acid into chlorpropionic

ster or to its derivatives, this esterificationésgz iment may to
advantage be repeated under different conditions? ‘%%g only 1li ed
small anount ofME£ZE gas according to Fisher's lates? direction®,shy
heating the crude acid in sealed tube with alsolute alcohol alone~ -’
or in the presence of a trace of sulphuric acid.
Other possibilities of interprediation.

Lactic acid first formed might by auto-alkylation in the pres-
ence of silver oxide, acting as contact = ent, form readily lactyl
lactic(an ester) as well as polylactyl lactic or cryst. lactid.

But lactyl lactic, pélylactyllactic(cbtained by heating dl lactic to
1809 and crystalline lactid of m.pt 125%2ll give mobile syrupy dl
lactic acid by hydrolysis. The hydrolysis of lactyl lactic with
boiling water,which is practically complete in six hours, gives a
very interesting comparison to that of the corresponding ester,
acetyl lacti he hydrolysis of which,with water is still very ine
complete after boiling with—water forrhours. Having ascertained
that the hydrolyzed product had properties @#ifferent from those of
dl lactic, the three bodies mentioned above dde to auto=-alkylation
of lactic acid first formed are removed from consideration. Dilac-
tic acid has also been rigidly exclugd®. There are, however,; a number
of other condensations possible depending on the intermediate fore-

'mation of carboxyethylidene which may condense with octher material

as such or may first give active acrylic acid which is alsc capable
of adding variocus reagents. It is not at all improbeble that
carboxyethylidene ds the result of a rapid action may rearrange

tq carboxethylene(active acrylic acid) just as ethylidene rear-

&% | kg

57 9 I
(& 7 G



=

(er)

olfvios lsrt rosY et of ywiznorta s¥nioq ex1o0lerond bns ebixoxbyd
-oat .eror inomexq od yam 8iosrbogr Molisansbnoo &l Yo enmc 10 blos
. ot bnwot ssw olrw bns xetaw ni o dufoe al dolrdw ,Tetae I[yile ol
asovioealb ,(.oumELl=df)VE2D2 #nlogq un. ' lod xetemonrmer’ suse riiw eviy
wanlton yns ruodilw ebixoxbyd nwiboz awoeups nnorde fiw beised nmedw
, .noldstoleo 10 10bo oldas

“Ea=828 .#q.8 Yo retaw ml slduloanmi ,evoda bontstdo [lo edT
ditw gniisers 1e3ts saon bus meve ed? 3niioeYis xobo grsde . (.mudf)
covile Yo Invoms oyrsl yiev s svany i ,ebixoxbyd muibos oiforicols

notdufoe taelo~etaxdin wevilie dtlw frenigserd Inewpoedus yd eblxoldo
-xothyd mribos suoeups rdiw gpnlserd mo ebhydeblsnoioro Yo 10bo on bis
.8bl

-fommt 8 0t bavet ssw votee |(.ouS L) “0dL=BOL | ynillod=dgid edT

d#itw natised vd eblyoldo teviia 10 eaeos1t vimo eva; bns telsw ul eoldw

toviin rtlw $nemiserd Imeupeedua bns eblxo<tiud mwibos ollorools
—_=rrword or ¥l ebvieblsnototTo Y0 isdd edifmir wobo grarde A .eisiiln
n0 \ Jeblxotbyd muiboe aswoeups rilw 3ntﬁqu vd benistdo assw nlasx bex
fruwons [lams viev 8 (fowborq miadfdad)$ssosl ILydte’ o moliaffiislb
.t vIibset bevioeeib #ud (.mnEledI)0 DISOOL .+q.& ovaerd of bruweY asw
(@ LYEASCE Y0 ¥q.€ bad tovborg nism oAT \.,xefaw Yo emufov ILsupe ns
To astreqoxg ot [Is bad exoYered? bns ,xotaw ni elduvloani essw bas
nt ofdvfoe tetes ofdT . Jdq.@)astee Lydde oimolgorqrolio § 10 &
$rroms onrsl nt beuxot oefs el doldw ((.w@L)B2-82 .#q.d9 o Toisw
gntllod smsa odd yltonxe bns xedsw nt vililduloe emses asd folrdw bns
—qs 3t tar? obf weisal erld worY 8x=IYLD vetee I[yrte olioal as tnwoq
otinlvetostaro 8 seviy bns nmeyolsd Yo uoms 18t 8 nistnoo of etseq
orft Yo wolv nl .iladfse suoeups amotde nilw betrser nerw nlaex bex
toigko berrroY a1l xedee Iysdse olrosl imemivtoqxe 8ird nl sid tos?
otrotqoxqrofdo odnt blos olyolrooxbyd ynlurt dAdlw bemxotansitd od

0} van Jnem1@§2§&vnol:aottttotae alrft ,sevitsvizeb el oi 10 TetBR |
e \

o *\\\" \ A\
A
e

betimif vimo nAlal. ,smoldibnoo frersYIib 1ebny betseqer ed ojnsinsvba
vds, anottostth feetsal a'xedal™ ot znibrooos 8sy 10 Hi%to $nwous [lsus
anvola fodools edulosfla rtlw odud belaee nl blos obuto eorld zunilaed
.bios olxrdglue Yo sos1t 8 Yo sonssety ey ni x0

.notisderqgretnt Yo seliilidiesog x8:30

egotq ot nt nmolislvile~otus vd fonbu bemryol texit bios oltoal
Ivtoal vItbset orioY ,ine = rosinoo es fuiitos ,9bixc reviie To eone
.biiosl ,jevio 10 oliosf [ydosalvioq es Lfew s (retee na)oiloal
o+ ottosf Ib aniiserd vd bentstd:)oltosflivioalvisdy .oltosfl [yvioal €
Ib vawtve sfidom eviy [Ls°3SL #q.u Yo bliosl enillatayio brns (08[
fttw olioal Lviosl Yo ataygloxbydl ofT .aleylfotbyd yd blos olioal
8 eoviy atworl xte nt otelqmoo viisoitosry &l doldw xedtsw znillod
(Iotes 3rlbrogaszyoo edt Yo fadi o moelisquoo gnlleersin. Yrev
eyt vrey Iflte 8l xetaw d¥iw.doldw Yo alevioxbyd sff sltosf [yioos
bontadrooes nilvaH .egiword-10Y seodgw-siw yntllod 12318 otolquoo
Yo secdt mott fnerettl® esliveqoxq bard foubexqg bezvioxbyd edy Fadd
notinlvila=otus o obb ovods bemoldrnem selbod eexrdt edt ,olfosl Ib
«ogli@ Jooliatoblenoo moxY bevomer o1s beuwrrot raxl? blos oliosl 10
codmn 8 1ovewod 813 exedT ,e8bsuloxs yviblizlt need ozls mad blos old
w10t aistbemrotnt ot mo zynibneqeb sldimaocq enoitaanebroo Tedio 1o
Iatroatan torddo fiiw sanebnoo vam dolrw enebllvifteyxodyss To nmoliam
sfdaqao oals ai rlolriw blos olfyros evitos evip farl? vam 10 dove as
et efdsdoxymt [fs 2o fox al 3I .a*neyser awolxav 3nlbbs Y0
eynaTIAeY vaw nolios bigeT 8 Yo Pluast ot al emebllvrlogxodiso
-tnet snebtlvite as tavi (bios oilvros svlitos)enelyitexodiso of




(20) . Y

ranges to ethylen or as oxvethylidene to oxyethylene (yinyl alco=
hol.) Gﬁm;ara:ﬁsﬂ%?pBefore going ahead on this basis, however, two
very plausible ideas already advanced remain to be tested out.
Carboxyethylidene first formed may polymerize:

eHy—Q — Cor i c’ﬁ_/;./;’—v:ﬂﬁf/
v i hy— &_ cooH
CHy & — eoor ahy— € —

which by the addition of water at the double bond may go over, in

part, intoc:ﬁs ié/y_ CooH c’/§~ é’f//aﬂ,f/
c/{;—W il c/{;———%-——-&rﬁf/

These same space isomeric bodies which are structurally isomeric

to dilactic acid(a true ether) may be formed directly, as already
indicated, by direct addition of unchanged brompropionic acid to
carboxvethylidene. We should expect these bodies to have properties
closely allied to those of dilactic as well as dl lactic acid.
Because of the presence of the alcohol group we should expect them
to be easily transforued into an«B or 1,2 lactone.

Action of silver oxide on dl1 brompropionic ethyl ester in
absolute ether solution.

Because of the fact that hydrolysis takes place when ﬁéimple
esters of brompropionic acid are treated with silver oxide in water
solution, Pisher was forced to establish the action of silvédr oxide
on the esters of halogen acids by means of an isclated case with a
complex ester optically active brompropionyl glycin. By use of
absolute éther, absolute alcoholf or other solvents different from
water, we are enabled to carry cut the action of silver oxide on
various esters without danger of hydrolysis. A remarkable differ-
ence was observed, however, between free brompropionic acid and its
corresponding ethyl ester. While the acid shows a tremendous activ-
ity toward silver oxide at ordinary temperature,the activity of the
ester under the same conditions is practically ngl. 20.75 dl
brompropionic ethyl ester of B. pt. 95%967(85-90/'Were treated with
13.28 g. of dry silver oxide in 100c.c. of absolute ether. After
allowing mixture to stand at ordinary temperature for 24 hrs. and
filtering, 13.07 g. brown silver oxide were recovered unchanged.

The ethereal filtrate gave 19.5 g. as residue which by fracticnal
distillation gave 18.99 g. of unchanged brompropionic ethyl ester of
B.pt. 68%707(23-27mm.) and 0.43 g. higher boiling.

By heating together dl brompropionic ethyl ester and silver o \
ide the main product is dilactic diethyl ester ' just as in the i
action of sodium ethyl lactate cn bromprepionic ester. 20.2 g. i
brompropionic ethyl ester, treated with 13.07 g. dry silver oxide
and heated for 3% hrs. 120%2259 gave after filtration, 18.98g. sil
ver bromide , silver oxid etallic silver. After treatment with
an excess(about (400:«in alljdilute ammonie (of sp.g.0.97) 16.83 g.
gilver bromide etallic §ilver were recovered, This shows that the
splitting off of hydrogen bromide is complete since practically no
silver oxide is recovered unchanged. By further treatment with 80c&-
28.6% potassium cyanide solution and washing with 40c.c. more of
solution of same strength, 0.88 g. metallic silver was obtained.
After distilling off ether, 11.11 g. of mobile cil(thecry for
dilactic diethyl ester=11.33 g.) were obtained which gave the
following fractions.

@42 g. 68%1007(21~23 mm.)
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#0.41 g. 1002115921 mm. )
@ 3.69 g. 1152140721 mm.)
A1-47 g. 1702215921 mn.)
z2)1.05 g. non-volatile.
By redistillation
Frz}c} 3.37 g. 63280720 mn.)mainly 65%-69°
Fraeé/.b c 2.99 g. 1152140720 mm.)

Frac%@éfwas not redistilled.

A simi{;r experiment,carried out with 28.59 g. brompropionic
ethyl ester and 18.3 g. dry silver oxide in 200 c.c. absolute ether
gave no action on standing in the cold for 183 hrs. By heating ag
120%130°for 10 hrs. (after distilling off ether), there was obtained,
after extraction with dry ether,27.85 g. silver bromide , silver
oxidgfﬁgfallic silver. By treatment with an excess(hbout 6 Oc.ci)
of dilute ammonia( sp.g. 0.97),24.62 g. of silver bromide“metallic
silver were recovered. By further treatment with 100 c.c. 28.@%
potassium cyanide and washing with 50c¢.c. more of cyanide solution
of same strength,0.82 g. metallicy silver remained undissolved.
16.15 g. of mobile gum were obtained by distilling off ethereal
filtrate finally at reduced pressurngating finally 50260 (20 mm.)
which gave by fractionation:

@L.22 g. 65%274° (25-30) Br. prop ethyl ester
#1.68 g. 742108725 mn. )
4,68 g. 108%=13¢(25 mm, )
0.83 g. 1382145925) :
2.68 g. 1702 220725mn. ) together with very slight decompos=
itiong.

1.5 g. non-volatile.

distillation; geve b
racts. a b (2.90 g),having slight stinging odo:, .
Br prop. etgyl ester, lactic ethyl ester, pyruvigﬁzzg;l ester
all would boil 60=801(206mm. )
- —1.87 g. 71%79125-27 nim, )
0.46 g. 80=11%(25 mm.)

Fracts.c 4 g 3
4.59 10021357123=25 mm.) mainly 12829°

Fract e
e 2.7;?158‘-’-228’(251@111.) mainly 1602200°0f phenol-like odor.

All three final fractions were completely insoluble in water-at

least to all appearances.

1.87 g. of the low boiling ester 71%=79(25-27 mm.)dissplved in ether
and shaken out with soda, gave back 1.8 g. mobiIe,671; 3.91 g. of es—
ter boiling at 128%25mm.5 2o /dilactic dieth—1 est%r, dissolved in

ether and shaken out with soda, gave 3.7 g. mobile neutral ester.
¢
By redist#llation thiW

0.30 g. of b. pt ©98%110%23 mm.)
2.59 g. of b, pt. 110~1267123um. )
0.55 g. higher boiling rest containing cryst. solid.
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In the preparation of dilactic dieth¥l ester according to Jung-
fleish and Godchots!’ method, the same three fractiocns are obtained
as in the above experiment only that the middle fraction contains
far more material than the other two. TFor example: 24.45 g. crude
ester made from dl bfoumpropionic ethyl ester by the action of sodium
ethyl lactate gave 3.47 g. 65¢70%25mm. )

0.74 g. %‘;125’&25m.)
19.13 g. 110~1407(22um. ) LM&Q‘Q

mainly 125%£130°mostly 128%9° d%(}&'% ,
3,12 g. 160-1901(22mm.) cont. consi c/m ek,
1.1 g. non=volatile.

Hydrolysis of the three fractions.

3.37 g. from Expt.I of B. pt. 63%80(20mn.), treated with an
excess of alcohelic sodium hydroxide for 3 hrs.,gave no separation
of sodium sglts from alcohol and finally 1.68 g, mobile 0il which
by distillation yielded 1.29 g. of b. pt. 58740 mm. .1l g. fore-
runner. Thefl.29 g. 0il dissolved readily in lc.c. of water without
any considerable heat evolution. When the aqueous solution was
treated with nitric acid and silver nitrate it gave a very large
amount of silver bromide precipitate. The free g%%gﬁggge is evident—
ly a brom.~acid of some sort,ext brompropionic ac cils at 110°
(20 mm.) and would presumably¢ lose its halogen on treatment with
alcocholic soda or potash.

2.67 g. of the high boiling ester 170%22¢(20mm.) gave by hydro-
lysis as &' ove considerable separation of sodium salt from alcohol
and finally 2.13 g. o0il possessing only fair degree of mobility.
TReatment with 10 pts. of water gave a small amount of insoluble
unchanged ester of sweet odor. The filtrate was heated for 6 hrs.
110-120°under reflux condenses and gave after distilling off water
at reduced pressure (25 mm.)le38-g. hon-mébile gum which-titrated--
91.6% as a free acid. The remainder of the solution distilled off
at reduced pressure gave 1.2 g. 8tiff gum from which no crystals
separated out on standing for three months. On treatment with 5.2 g
brucin,7.55 g. Br. salts were obtained which gave as first erop 4.57;
from absolute alcohol of de'pt. 115%130%not sharp). This fact and/
also the cbservation that a considerable amount of the sodium salt
obtained here separe tes out from absolute alcohol leads us to bhe=-
liefe that this high boiling ester is for the most part simply a
condensation product of dilactic diethyl ester.

5.58 g. of ester of b. pt. 115%-1407120-25 mm.),dilectic diethyl
ester, hydrolyzed as above with an excess of alcoholic sodium hydrox
ide, gave a very large separation of sodium salt from absolute alco=
hol and finally, a?ter treatment with standard dilute hydrochloric
acid etc., 3.85 g.” of mobile gum. By treatment with 10 ptd. of
water & small awocunt of uncharged ester of sweet cdor was recovered.
The filtrate was heated nder reflux condenser for six hours at 110%
120°and gave after distilling off water &t reduced pressure (25mn. )
2.36 g. non-mobile gum which gave considerable amount of cryvstalline
material by standing 2-3 days. Titraticn showed that 95% of mater-
ial was in the form of a free acid. By again distilling off water
at reduced pressure, 2.1 g. Stiff gum were obtained which again
gave crystals on standing. The crystals were very fine not like
the beautiful long needles of dilactic acid and besides about one-
half of the material remained gummy. It was therefore treated with
9.2 g, Brucin giwing 11.93 g. Brucin salts which, when crystallized
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in the usual way from absolute alcohol, gave as first crop large
amount of voluminous soft fine needles in cne hour after seeding
with dilectic Brucin. 2.75 g. brpcin salts (air-dry),obtained as
first crop, which yielded 2.55 g. (dried in vacuum over #/Csfhich
dissociate completely 11021287 Here and s8lso in fract III( high
beiling ester), given above, a very small second crop was obtained
melting also around 1109 The beiling point of the ester, the fact
that the sodium salt crystallizes almost completely from absolute
alcohol, the fact thet the free acid contains a large amount of
crystal needles and that the brucin salt has the same appearance
and decomposition point as dilactic brucin leaves very little doubt
that dilactic acid is one of the main products when brompropionic
ester is heated with silver oxide.
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