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INTRODUCTION

In general, techniques of resolution depend on erystal
structure or on adsorption phenomena., The former is utilized
in three types of procedure: (1) a supersaturated solution
of a racemate may be seeded with one pure crystalline anti-
pode; (2) the wirror-image crystals may occasionally be
separated by tweezers, as did Pasteur; or (3) more reliably,
dlastereomers having different equilibrium solubllitles nmay
be prepared, by covalent bonding or by salt linkage, with a
foreign asymmetric molecule of one configuration only.
Crystallinlty may be of less importance for covalent disstereo-
mers. Under adsorption phenomena could be included enzymie

methode a8 well as chromatographic resolution.

The most common procedures for reaolutien of amino
acids have lnvolved preparation of N-acylated derivatives
sultable for selective enzymlec reactions or for dlastereo~
meric salt formation. These derivatives must subsequently
be split to recover the amino aclid, making three steps in
all., The purpose of this investigation was to evaluate new
procedures which might eliminate one or two steps in the

resolution of monoamino monocarboxyllc acids.

There are six general lines of attack which have been,

or could be adopted in an effort towards simplificatlon.



(a) Seeding techniques have & chance of success if
some form of, or solution of, the amino acid can
be found not characterized by a less-soluble
racgemic compound.,

{p) rﬁuaa@aﬁful chromatographic separation would af-
ford a one-step method,

{(¢) An attractive possibility, from a th@érstical
point of view, would be the formation of carbamino
salts in the presence of asymmetric bases., Al-
though additlon of carbon dloxide to nitrogen in an
smino acld constitutes derivatization, the forma-
tion and subsequent decomposition of this inter-
mediate might be made spontaneous enough that the

scheme could be classed as simplified reszolution.

A discussion of paaaibilitiaﬁ (da), (e), and (f) re-
quires consideration of the problem of forcing an amino acid
dipolar lon to acquire & net elegtric charge. The mono=-
apinomonocarboxylic varlety, whose lack of basic anmino or
acldlc carboxyl groups offers the greatest challenge, possesses
a pK; value in the region of 9.5, due to the RﬁﬂB* portion (1).
Since common aliphatic amines have pKg's in the reglion 3.5

to 4.5 simple calculation shows that zwilibtter lons might be

(1) Cohn and Edsall, Proteins, amino Acids, and Peptldes.
ps 84, Hew York, Reinhold Publishing Corp. 1943,
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expected to surrender about half of thelr protons to an amine
to form a negative ion, but any salt so formed would be

metastable at best.

Another pK, commonly given for amino acids, but
actually referring to hydrochlorides, ls in tné range 2-2.5,
due to the COOH group. From the point of view of the pure
zwitter ion, this gives the CUOO™ group a pKg of 14 - 2,5 =
11.5, making it even weaker than aniline, Even a rslatively
strong carboxylie acid such as d(+)tartaric acid cannot be
expected to force protons on a zwitter ion completely enough

for salt-formation.

{(d) One way to deal with the zwitter lon problem
might be to avold it altogether. The amino aecid
iteelfl might be aynﬁh&éizeﬁ by a&ch a procedure
that & resolution might be performed on an inter-
mediate; the final step in manufacture would

yield an optically active product.

Finally, & more direet approach for laboratory purposes
is the use of optically active aclds or bases strong enough
t0 react completely with the CO0™ or RNHB* groups, respectively,

of a zwitter ion.

(e} Various sulfonic acids have been used, with or
without success, for resolution.

(f) A large part of the present work is devoted to
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an investlgation of a number of optlcally active
strong bases in an attempt to produce crystalline

salts of the types illustrated.
s £ wen -] .
[ren(ugrooo] [usst (any), |
, ; Y L }
[ ien(any)co0 ] [ﬁmgmc(ﬁﬁamiﬂ;_]

Some of the alkalolds are easilly converted to quaternary
hydroxides. Consideratlion was also glven to the problem of
preparing strong bases from carbohydrates, amino acids,
terpenes, sterole, and miscellaneous products of fermenta-
tion or chemicsl synthesis. Of these, only derlvatives of

(=)2-aminobutan-l-0l, d(+)2-dimethylaminobutean~l-ol, and

d-gamphor were prepared.
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HISTORICAL

Ordinary Salt-forming Procedures

The basle principles of resclution were laid down in
1860 in a classlic series of lectures by Louls Fasteur (2).
They are also classified and summarized in a review by

Elehwald (3).

The most generally appllied chemical resolution methods
for amino acide, orlginated by Zmil Fischer (4, S, 6) near
the turn of the century, have required destruction or modera-
tion of basic character in the smino group. The free carboxyl
group can then react with bases as weak &8 ordinary amines
or alkalolde. Noderation of amino group basleity has been

brought about by introduction of such asoyl groups as formyl

(2) Pasteur. Researches on Holscular Asymmetry. Aleumble
Glub Reprints No. 14. London, Simpkin, Marshsll,
Hamilton, Kent, & Co., Lte. 1897.

{(3) Eichwald, in Abderhalden's Handbuch der Biochemischen
Arbelitsmethoden. Vol. 9, 645, Berlin, Urban and
Schwarzenberg. 1919.

(4) Filecher, Ber., 32, 2451 (1839).

(5) Fischer, 1bid., 33, 2370 (1900).

(6) Fischer and louneyrat, ibid., 33, 2383 (1900).

4
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(7, 84 9, 10, 11, 12, 13), benzoyl (4, 5, 6, 14, 15), m-
or pe-nitrobenzoyl (16, 17, 18, 19, 20), acetyl (21, 22),

chloroacetyl (23), phenylearbamido (24), nitroso (25), and

benzenesulfonyl (26, 27). Sugasawa (28) dehydrated DL~

Glutamic acid to pyrrolidonecarboxylic acid, through a sort

of self-acylatlon, for resolution with quinine. although

formaldehyde effectively decreases amino group basiclity, it

does not appear to have been applied to resolutlion.

Flagner and Schoeller, 4 . ﬁﬁz, 1 (1907 ).

(7)

(8) wWest and Carter, de ., 122, 51l {1938).

(9) Windus and Marvel, J. Am. Chem. So¢., s 3490 (1931).
{10) buffin and ﬁilkinaon, Brit sh ratent 58° 413 (1947).

; Abstracted In G. A., L, 4175 (1947).

(11) %bﬁer?&léen,aa "lelses » &+ physiol. Ghem., 195, 121

(1931).

(12} Weod and du Vigneaud, & @;g& ﬂ ‘, 109 (1939).
(13) Yaglinuma, Haysakawa, and Aral, @ « S0Cs Ja an,
8, 599 (1932). original not aaen. betra et“a"in

26, 5073 (1952)‘

(14) Pacsu and kullen, de Biol. Chem., 136, 335 (19#&).

(15) ?;un?, zﬁ?&darﬂ, Rubing and | 13, Mi w« s m;
241 (1943).

16) Colles and Gibson, » ‘ + DOCs, 279 (1931}-

(17; Winter, ﬁ_q &« ; m%‘ m‘l’ 3%6 (19“4‘@).

(18) Arnstein, MNature, s+ 361 949).

(19) %ambi?e, peretz, and Howe, J. am. Chem. Sog., 71, 2541
1949).
(20) Fischer and Jagcobs, Bel., 32, 2942 (1906).

21) du Vigneaud and Sealock, J. “;m;. s 26, 511 (1932).
(22) Shabica and Tishler, J. AB. Chem %”, "3251 (1949).
(23) Abderhalden and Schmlitz, B e»nvn* g,, 21 158 (1929).
(24) Leuchs and Bormamn, BgT., 5 086 (1919)

Kenner and lacks tu :1‘¢ 909 (19&6).

Gibson and Lavinf’ » Ghenl, %~~t, 2754 (1929).
Berlingozzl and Naldl, %?%g acead. Lincel, Clagse sgl
£is., mat. ¢ nab., 23, OV T%%@;

Sugasawa, J OCe k , 934 (1926).
Abstracted mig %,ﬁﬁ 2381557
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Incorporation of an extra acidle group has been used
by Levene and Schormuller (29) who resolved serine by
esterification of the hydroxyl with phosphoric acid, and

preparation of the brucine salt,

Flscher's original resolutions made use of most of
the alkaloids, including morphine, quinidine, éinchanina, and
brucine. Other bases used in salt formation have ineluded
strychnine (14, 15, 17), a-phenylethylamine (9, 21, 23),
ephedrine (10}, quinine (16, 18, 20, 30}, and nor-pseudoephedrin
{26}, No method has been uniformly applied to all amino
aclds, but brucine salts of fbrmylat@d am&na‘aeids have
seen wide &gplie&tiaﬁ*p Howe and Sletzinger (31) have used

nitrobenzoyl-l~glutamlic acid to resolve isomethadon.

Conversely, esterifleation of tha carboxyl group
frees the amino group to react with common acids such as
tartaric. This prineiple has not been exploited signifi-
cantly, although Linnell and Smith {32) used 1t for resolu-

tion of a paaamia al&nﬁn& d@rivaﬁiv&.‘

In the case of amino acids with axtr& acldic or @asi@g

groups, bthe zwitter &an‘p@rtimn can bé 1gu9ra&; and the

* See all references glven on formylated amino aclds.

) Levene and Schormuller, J. Biol. Chem., 106, 595 (1934).
) Gibson, Johnson, and Levin, J. Chem. $50¢., 479 (1929).

) Howe and Sletzinger, J. aAm. Chem, Soc., 71, 2835 (1949).
Linnell and Smith, Nature, 162, 735 (1948).
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amino acld resolved without substitution. This has been
applied by Berg (33)‘ta the resolution of lysine by cam~
phoric acld, and by Pyman (34) to the resolution of nistidine
by tartaric acid, Arginine, with a zwittar ion involving
guanidine and carboxyl groups, is left with & free amino
group which accounts for the use of arginine itself as a
resolving agent for blotin (35; 36). The diastereomeric
amino acld salts were reviewed by Dunn and Rockland (37).

Enzymic Resolutions

The literature on enzymlc, or biologleal, resolu-
tions 1ls very extensive, but they may be classified into
three types. Type one involves simple destruction or other
metabolism of one antipode. Hlany of these applications are
discussed in an early review by Ehrlich (38). For example
g&-alanina, according to Benrens (39) and Duschinsky and
Jeannerat (40), yields only L-alanine upon trestment with
g»amino acld oxidase. Stumpf and Green (41) found in

(33) Berg, J. Biol. Chem., , 9 (1936).
(35) Wolf, Nozingo, Harris, aAnderson, and Folkers, J. Am,

Chem. Sog., 67, 2100 (1945).
(36) Baker, Querry, Safin, and Bernstein, J. Qrg. Chem.,
12, 138 (1947).
(37) Dunn and Rockland, in Anson and Edsall, Advancee 1in Fro-
‘tein Chemistry, Vol., III, New York, aicademlec Press. 1947.
(38) E&hrlich, in Abderhalden's Handbuck der Blochemlschen
Arbeitsmethoden, Vol. 2, 559. Berlin, Urgan and
Schwarzenberg. 1910, 141 465 (1941)
Behrens, J. Biol. Ghem., s 5 .
Quschinsk% and Jeannerat, compt. rend., 208, 1359 (1939).
Stumpf and Green, J. Biol. Chem., 153, 387 (1944}.

M.v‘s(;
B X
e8¢
R
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£. vylgaris an L~anlno acid oxidase which allowed separation
of the D-forms.

The sucegessful use of yeast in a sugar-containing
medium was established early in this field by Abﬁ@rhalﬁon‘
{42) and by Enrlien (43), who reported production of D~
glubtamic acld, grhiazidine, and g;iaalauaina, but unsatis~
factory results with zspartic accid, tyrosine and proline
- {44). Later, tyrosine was satisfactorily resolved (45).
Kore recently, Kocher and Vogler (46) obtained grmathicnine
by the use of yeast. Among other organisms used in resolue
tion are Qidium lagtig for production of g«tyraaine (47),
£ gol) to yield D-tryptophan (48), and certain fungi (49,
50). Hdlbacher has obtained g;hiatiains {51) and D-aspartle
acid (52) from urine of rabbiﬁa injected with the racemic
form, although such a method would not seenm practical on a

large scale.

(#2) ﬁb&&f‘hﬁlﬁ@ﬂg * QL » wy LI, 205 (1933)‘

(43) &nhrlich, §$Q§§§§, % oy % %%%&{IQ%Q%

(44) Hhrlich and Zamkow, ‘;%%%*, %% 379 (1914).

(45) 4hrlich, ibid., éégb

(46) Kocher and Vogler, ﬁg;*. Chi 1, 352 (1948).
(47) Chlkeno, %. phys . w - Shem. @ 9"‘9) .

(48) uajima, , 25

(49) Ulpiani and con }%%& » 382 (1900).
(ﬁag Pringsheim, Z. ) ’ (19 )

(51) ZEdlbagher and Baur, Ve ﬁ;;f « 8gh §ﬁ¥%%%%"
_ L8y 21 (1941)1. A%ﬁtr&ﬁ 8@ 1 ; &b* 5? ,).
(52) Tdlbacher and Schmid, Helv. Chim. Agts, 28, 1079

(1945).
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- A second type of enzymie reastion is the asymmetrie
hydrolysis of & peptide or other bond to yleld a free é~
amino aclid and an unchanged gydarivahivs. Some of thel
pi@near work of this type was done by Abderhalden's group.
By means of yeast, natural slanine and leucins bearing
free amino groups were split from racemic peptides (53).,
Enzyﬁ&c hydrolyses were not limited to peptides; Abderhalden
and Schweltzer ussd other types of Ne-substitution requiring
garboxypeptidase aetiegj theif ﬁryﬁainmkinaae hydrolyzed a
ehlcraaylegfpn@nyialﬁniﬁe but not ﬁhe D-isomer (54). The
enzymic specificity aldo extended to an asymmetric acyl
group, 1in the case of ‘f~a~bramaeagroylegntyras1na which was
hydrolyzed faster than d~a~br&mwaaproylfé¢tyraa1ne (55).

Operating on the carboxyl end, & pancreablc extract
hydrolyzed L=tyrosine ethyl ester preferentially (56).
Brenner and co-workers (57) have also applisd chymotrypsin
to tryptophan methyl ester. An elegant method of this type,
using the isopropyl ester of phenylalanine, has recently

(53) gg@er?&l&an and Singer, Fermentfc Wy
25} : ‘
(54) 4bderhazlden and Schweitzer, Fermentforschung, 11,
224 (1930).
2553 isbderhalden and Bahn, P g, 11, 399 (19:50)..
56) Abderhalden, Sickel, an mentforschur "
91 (1923).
(57) Brenner, Sailer, and Kocher, Helv. Chim. Acta, 31,
1908 (1948).




been developed by Wretlind (58). Intestinal enzymes were
early applisd to leucinamide and alaninamide by Bergell and
co=workers (59, 60).

ssymmetric removal of Ne-acyl groups, originated by
Abderhalden, has been most thoroughly developed in recent
years by COreenstein's group. A4t first they used hog kidney
on acetyl-Dh~alanine at pH 7.9 (61); their procedure was
later improved by the use of chlorocacetyl derivatives of
several amlno aclds (62), and by use of pure pancreatiec
carboxypeptidase (63) in place of hog kidney. Separation
of the unhydrolyzed chloroacetyl-D-amino acld was based
on 1t solubility in ethyl acetate. A patent was recently
granted for & very high-ylelding varlation of this process
(64)s In the case of histldine, eystine, and proline,
however, 1t was necessary to start wlth the gguammiaa and
use elither mushroom extract, or manganese-activated hog

liver or kidney (65).

Other engzymes used in removal of acyl groups are

2

Wr@tlim, * MQ WQ’

% 3 11 Boh, 5 T, 97 (1910)
59) Bergell and srugsch, Z. physlol. Chem. ‘ .
(60) Bergell and von Wulfing, ibid., 64, 348 %%m),.

(61) Fodor, Price, and Greenstein, Jg. Biol. Ghem., 178,

503 (1949). |
{(62) %rizas Gilbert, and CGreenstein, ibid., 179, 1169
1949) .,
(63) Gilbert, Price, and Greenstein, ibid., 180, 473 (1949).
(64) nNeuberg and Wandl. United States Patent 2,511,867
(1.950). Abstracted in Qw ﬁgg ﬁ, 33}65 {l§5ﬂ}«
(65) i.«av%nww,j Price, and Oreenstein, J. Biol. Chem., 184,
55 (1950).



Taka dliastase (66, 67) and histozyme (68).

The third general type of enzymic resolution origi-
nated with Bergmann and Fraenkel-Conrat in 1937 (69) when
they observed the precipitation of aarbmbengoxyﬁéwamino
acld anilides by the actlon of HCN~- or sulfhydryl-activated
papain on mixtures of carbobenzoxy-pL-amino aclde and
anlline. The acylated L-amino acild was recovered from the
flltrate. The antipodal specificity 1s not always satis~-
factory (70, T1); ylelds over 50% of product from N
carboallyloxy-p-leucine (72) and as high as 83% from
acetyl-p-phenylalanine (73) have been obtalned using
phenylhydrazine in place of aniline. Thls effect was be-
lieved to be due to the acyl group rather than the phenyle
hydrazine. Hydrolysls of the anilides cccasionally leads
to racemization (74) or decomposition (75).

#hen benzoyl derivatives are used, the unnatural

(66} HNeuberg and Linhar&t, %10%%a§¢ Zes 14T, 372 (1524).

(67) Hoppert, ibld., “wﬁ, 24).,

(68) ©Smorodintzev, J. Russ. fhys. me 500+, 51, 156
(1939). Abstracted in GQ .éh, 1,{102 (1921‘“)

(69) aarg%&nn ?nﬁ Fraenksl-Conrat, Ef’ 8iol. Chem., 119,
707 (1937},

(70) Fruton, Irving, and Bergmann, 1ibid., 133, 703 (1940).

(71) Bennett and Niemann, J. 4. ggg . $9¢., JQ, 2

(1948) .
(72) iiilne and Stevens, d., 12, 1742 (1950).
(73) Bennett and Niemann, ., Zg, 1798 (1950).
(74) Doherty and ropenoe, J. B Chem., 189, 447 (1951).
(75) Hanson and Qmitb, 101&:, __19_’ 31'5 (1949 .
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seylated D~amino aeld is very difficult to obtain pure, due
to smaller solubllity of the racemlc compound formed with
any of the natural L-isomer (76). A survey of acylated
amino aslds during the present research indicated that, in
general, benzoylated amino acids tend to form racemic comw
pounds, with higher melting points, while acetyl- and formyl-
anino acids most often do not. Thus both forms of S-
benzylhomooysteine have been successfully obtained by this
method etarting with the acetyl dsrivative (77).

The influence of various soyl groups on anilide
yield has been reported by Doherty and Popenoe (T74). The
effectsof variations in the aromatiec amine on yleld also

have been studied (78, 79).

Resolution by Adsorption

| If adsorptive resolution 18 to be used as a pre=-
parative tool, an adsorbent of high capaciby is desirable.
Ratlos of the weight of adsorbed material to that of ade
sorbent varied from 10'5 to 1071 in & great variety of

papers reviewed in Zechmeister's book (80). With good

Dekker and Fruton, J. %;g$ v 173, &?1 (1948).
Reed, Kidwail, anﬁ’&é v gnaa.uﬁ i

d B de Am. Ghem ges % %gl(%gi?)‘
Huang an SMAI, 4 . ‘“‘%l ¥ 4 .
aaz.?mnmjm-nexw and Kuhn, Z. W Unem., 285,

23 {1950

(80) zachmaiat;r and Cholnoky. Principles and Practice of
¢hromatography. HNew York, Wiley and Sons. 1938.

A, g P,

76)
77
76
79,

o
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inorganic adsorbents, a ratio of one part adsorbate to 100
parts adsorbent is common., Activated charcoal possesses
axnaptionélly high absorptive power for amino acids (81) as
well as for other eomp@uﬁﬂa (82, 83). Ghosh and Khan (84)
reported 96% adsorption of quinine by only twice its weight

of charcoals

However, the use of high-powered adsorbents such as
Fuller's earth or charcoal for resolution would still neces~-
sltate prior formation of dlastereomers. A few attempts at
separation of diastereomers on such adsorbents have been
made (85, 86); the p»rocess was successful in the case of
the alkaloid mandelates on charcoal (87, 88), and N-
methylvaline, as the %ru—bramaisavalﬁryl derivative on
alumina (89). Paper partition ahrmmat?graphy was used
recently (90) to separate an aumine tartrate diastereomer
and, more important, the dlastereomsrs of Bephenylserine (91).

Partial separation of diastereomsrs has been effected on

Schaaf and Reinhard, Ber., 76, 1171 §l9§2§.
Koschara, Z. physiol. Chem., » 55 (19 .
Sahun, Unié@d States Patent 2,416,956 (1947). Ab=-
stracted in Q. A., 41, 3491 (1947).
Ghosh and Khan, J. Indien Chem. Soc., 23, 344 (1946).
Jamison and Turner, J. Chem. Sog., 611 (1942).
Hase, DeVries, and Jaffe, J. Am. Chem. Soc., 65,
1486 (1943).
Ammon and Fischgold, Blochem. Z., 234, 39 (1931).
Erlen?ayar and hoffmann, nelv. Chim. Acta, 15, 1140
(1932) ,
ook, Cox, and Farmer, ﬁﬁ&g&g,ig%g, 61 (1948).

Ly

n i

Bonino and Carassitl, Nature, 569 (1951).
Shaw and Fox, unpubllished work his laboratory.
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activated carbon from the vapor phase (92).

Garhahydr&%aa,aueh as powﬁarad gcellulose (93), have
found some application as a&sarbanﬁa. Although paper can
be considered an optically aaiiv& aﬁaorbant, no record of a
resolution prior to 1951 by this agent alone was found, in
gpite of the wide use of paper chromatography in amino acid
chemistry., 4n attempt by Flood gt al. (94) to resolve BL-~
arabinose by paper partition chromatography, using optleally

agtive organie phases, was unsucgcessiul.

It has been stated that no difference exists between
the behavior of P- and L~amino aclds on a starch column (95)
or on paper (96). Although Dent observed two spots with
glutamic aei&, he did not interpret this as resolution#®,
although glﬁ%amia agid, incapable of géecampound formation,
would be the most likely possibility for chromatographic
resolution. Very recently a small difference between the Rep
values for D- and L-glutamic acld has actually been ob-
served (97)« These same workers also accomplished the
fiﬁst actual ahrwmatagragnie asp&raiian of &mino‘aaia

antipodes by r@aalvina‘gkftyraaina~§~aulfonia acld on a

_{ﬂg., 5@& 28 (1946).

{92) Xsam and Hunt, J. £hys. Ghs

{93) Peterson and Reinwcke, J. Biol. them., 181, 95 (1949),
(94) Flood, Hirst, and Jones, J. Ghem. Soc., 1679 (1948).
(95) Stein and Moore, J. Blol. Oh 170, 337 (1948).

{(96) Dvent, Bigchem. J., 43 2) s |

(97) kotake, Sakan, Nakamura, and Senoh, J. Am. Chem. Soc.,

73, 2975 (1951).

* This paper did not state whether active or racemle
glutamic acld was used,
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chromatopile.

Henderson and Rule (98) made extensive investigations
of asyumetric adsorbents such as calcium lactate, emulsin,
glucose, and lactose., They abtﬁinﬁd'rasolutian only with
lactose. 48 adsorbate th@y‘ahOS% Qpphanylen&bisu[§~1m1nooampho#]
for its extremely high specific rotation of 1500°, and re-
golved 1t completely. However, the sepszaration of milligram
quantities of the antipodes required eight liters of solvent
and 10 kilograms of adsorbent, an adsorbate-adsorbent ratio
of 10'7. Prelog and Wieland (99) and Havings (100) reported

regsolutions with 400 parte lactose to one of adsorbate,

Carbohydrates have low absorptive capacity. FPre=-
sumably this could be increased by substlitution for hydroxyl
hydrogens by acidie¢ or basic radicals, to yleld ion-exchange
types of adsorbents. 4 considerable number of such de~-
rivatives are known, such as cellulose trisulfate (101),
cellulose phosphate (102), sulfosthylecellulose (103), car-
boxyme thylecellulose (104, 105), aminocellulose (106},

{98) Henderson and Rule, Jde c s 50Ce, 1568 (1959)

{99) Prelog and Wieland, H n m‘ acta s 1127 (1944),

(100) Havings, Chem. Weekblad, (10477

(101) Traube, Blaser, &nd Lindamann, @g&., §§§, 603 (1932).

(102) Reid and 4azzeno, Ind. Eng. C .,; 1, 2828 (1949).

(103) Timell, Svensk Fa perstidn., g; (1948). Ab=-
stracted in C. 4., 43, 596 (1 9.

(104) Klug and Tinﬁlmy, British Patent 623,276 {1949},
Abstracted in C. 4., 43, 7685 (1949).

(105) Oeleu. Chemis=~Werk A.-G., Swies Fatent 247,440
(1947). Abstracted in C. A., 43, 4854 (1949)‘

(106) Scherer snd Feldl, Rayon Textil %@nth%* 607
( 1943-) . ﬁbﬁﬁr&@t;d L Ku M Eg -5%
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aminoalkylcellulose (107), and p-aminobenzylcellulose (108).
They have not been investigated for chromatographie resolu-

tion purposes however. In some cases thelr solubility mignt

prove ob jectlionable,

Fractions with very small rotations were produced
by Tesucnldo, Xobaysashi, and Hakamura (109} by adsorption
éf asymmetric octahedral cobalt campl&xas'an optlcally
active guartz pawdar. Karagunis and asumouloa‘(llﬁ), using
&~ or érqpartz, also obtained small rotations with a cobalt

complex having sepecific rotation of 3000°,

Although Willstatter's original attempts to resoclve
racemic alkaloids on wool were unsuccessful (111), Porter
and Ibrig (112) reported about one per cent resolution of a
dye on only two and a half parts wool by welght., Hartin
and Kuhn (113) obtalned rotations as high as 1° by "multi-
plied" partition of DLe-mandelic acid on a wool belt. Kogel
et g;; cbserved no difference In tlssue-stalning by dyea

(107) Hardy, United States Patent Q,l;é,@@ﬁ (1959). Abe-
stracted in . 4., 33, 1495 (1939)*
(108) Panciralll, Bg gggﬁgﬁg &

*g%gg ) e Libre exotall, 32,
(1% %; Aha%raa o in ' . 7 T)e
(109} Eauchiﬁa, Kobayashi, and Nakamura, Bull. Chem. $o¢.

Japan, 1l, 38 (1936).
(110) Karagunis *and Goumauloa. Nature, 142, 162 (1938).
{111) willstatter, %%QK » 3758 “*O |
(112) Porter and Ihrig, é&&- 5, 1990 (1923).,

(113) uartin snd Kuhn, _.;,g.'ﬁ%ggmxégegaﬁ., 47,7516 (1941).
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derived fram,@- or Lecamphorquinone (114). Ingersoll con-
cluded that crystalline adsorbente are better than amorphous
ones, but that chromatographic adsorption requires unrea-
sonable quantities of adsorbent (11%). The subject has also
been reviewed by Zechmeister (116, 117) and by Lederer (118).

Types of Diastereomers Other Than Salts

The ldea of using optically active moletles in co-
valent connection has ocgurred to a number of investiga-
tors. This might eliminate salt formatlon or enzyme re-
a@tiané entirely, although 1t daas’not constlitute a very
great 6§er~al1 simplification. On the amino nitfogen, the
introduction of a menthoxyacelyl group enabled Holmes and
Adams to resolve alanine, valine, and phenylglyeine (119).
Berlingozzl and Lenocl tried unsuccessfully to use the

a=-bromoisovaleryl radleal (120).

Although &gren (121) found no difference between

natural and unnatural cysteine in 1its reaction with sugar,

(114) %ég@l, Faber and deBoer, Rec. Lrav. chim., 69, 482
1950) . | '
(115) 1Ingersoll. Organlc Reactlons. Vol. II, p. 389.

s Hew York, Wiley and Sons. 194g§$ k3, 220 (1948)
(116) Zechmelster, Ann. N. Y. sAgad. S¢l., 49, .
(117) Zechmeist&ri Progress in Chromatography 1938-1947.

New York, Wiley and Sons. 1950.
(118) Lederer. Ffrogres recents de la Chromatographlie
Paris, Hermann., 1949,
(119) Holmes and Adams, J. am. Chem. $0c., 56, 2093 (1934).
(120) %erléngozmi and Lenoci, Gazz. . ital., 68, 721
1938).
(121) égren, Acta Physiol. Seand., X, 105 (1940).
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Haurer snd Schiedt were able to prepare ether-soluble Ne
‘glucosides by reasction with acetobromoglucose (122) and
later resolved phenylglycine in thie manner. In other
cases no orystalline products could be obtained (123).
Kynuranine, an aromatic aumino acid, hus been resolved ag a

molecular complex with sucrose (124),

Apparently no attempis have been made to esterify
the carboxyl of amino aclds with optically active algohols;
attempls to use menthol In this laboratory were unsuccessful.
Bergmann gt &i. resolved phenylalanine by chemical prepara-
tion of aaetylphﬂnylal&nylfé~glutamia acid (125).

Uther Unusual Methods of Separatling Diastereomers

8. W. Bergmann (126) made a study of solubility
theory applied to diastereomers. Assuming lon affinity and
the energy of lon solvation to be the same for two dise~
solved dlastereomers, he concluded that the only difference
between them 1s in solid lattice energy, and therefore

separation of ionic diastereomers necessitates crystal

(122) %inraf and Sehledt, 2. QQXM§Q; Ghem., 206, 125
932) .
(123) saurer and Schiedt, 1bid., 213, 110 (1932).
(124) Butenandt and Welchert, o g@;, 122 (1944).
(125) Bergmann, Stern, and Wittﬁs ﬁ‘d-, 449, 277 (1926).
{3.26) Bergnany, mt 2&%. i 2 X4 s lwg, g, Ho« 42 (l925).
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production. He devised a simple equation for the difference
'in solubility between two dlastereomers involving chiefly
the difference in specific gravitles of the s0lid salts.
Bxperimente in which the dense diastersomer crystal was
always the more difficulty soluble, substantiated this
formula. An apparent exception to Bergmann's prapsaiﬁion
was noted by Hollander and du Vigneaud (127); when the
diacetylcystine salt of brucine was crystallized from water
or methanol, the dextro anion appeared in the precipitate,
but with less polar alcohols, the first fractions contalined \
levo~-diacetyleystine. However, this might have been due

to two different erysital habits of one ﬁiastaraaﬁer, dif-
ferent solvates, or simply to the rate of crystal formatlon,
which is often a more determining factor than solubility.
Stewart and Allen (128) studied such a phenomenon at -70°,

where rates of erystallization would be slow,

A more significant exceptlion to the assumption éf
equal affinity of lons In a dlastereomeric palr is the
finding of Shapiro and Hewton that brucine salts could be
partially separated by counter current partition between
water and chloroform (129). The ion affinity assumption

does not apply to covalent dlastersomers, which have been

(127) i(ieui?ae# and du Vignesud, J. Blol. Chem., 94, 243
1931). ‘

(128) ?ﬁewaﬁt and Allen, J. 4m. Chem. $9g., 54, 4027
1932). '

(129) ©Shapiro and Newton, ibid., 65, 777 (1943).
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partially separated by fractional distillation (130).

Raéaluﬁian ﬁf xnﬁermaéiatés in Synthesls |

A8 stated in the inbtroduction, the resolution of
intermediates in the preparation of amino acids could avoid
tiie necessity for derivatizing the amino acids. The resolu-
tion of axnino alcohols by tartarie agld is easy; oxidation
of the alcohol should yleld an optically active amino acid,
Although thils has not been applisd to optleally active )
anino aclds, 1t bas been possible by careful cooling to
produce glyecine, in 50% yleld, from unsubstituted ethanol-
anine sulfate by the use of KunOy (131). Or, amlnonitriles
could be resolved, then hydrolyzed.

A process in which formylaminomalonlic ester is used
ag starting material for a series of amnino aside has been
patented by Hoche Produets, Ltd., The side chains are in-
troduced as halldes in the usual fashlon, and after de-
garboxylation of the a=formylaminodicarboxylic acld, an
ordinary ovrucine resolution ylelds the active formylamino
acid. A whole series of resolved amino ac¢lds can thus be

prepared, without having to formylate each one individually (132).

{130} Bailey and Hass, J. Am. Chew. Bog. 1969 {1941).
(131) ﬁil%m&z,)?arkm’: L g.%&if%ﬁ,@;, 18
29 (1949).
{132) Cohen, Hughes, and 3ilk, British Patent 621,706
(1949). Abstracted in Q. A., 44, 2017 (1950).
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The a-bromo aclds are a logical cholce for another
type of resolutlon of intermediates. Levorotary norleucine
has been prepared from resolved a=-bromocaproic acid (133).
Acecording to Filscher and Carl (134), amination of the bromo
acld resulte in nine per cent racemization. However, a
alden inversion has been used in preparation of O-methyl-
R-tyrosine from the bromo acid, derived from the é—antiyode
by trestment with nitrosyl bromide (135). Some of these
methods are perhaps more sulted to manufacturing processes

than to laboratory resolution.

Some Simplified Resolutions Not Involving Derivatives

The seeding of optlecally active amino acids from
supersaturated sclutions 1s made difficult by the fact that
g&-compounds of most amino acids are less soluble than pure
isomers, in a few cases by a factor of over two (136).
Dalton and Schmidt found only glutamic aeclid lacking the
property of racemic compound formation (137). Thus, as

mlght be expected, pure L- and g-glutamie acld hydrochlorides

(133) Levene and Mardashew, J. Blol. Che » TOT (1937).
(1%4) Fischer and Carl, Bara. » J99 906

(135) rRivers and Lerman, ga. rinol., 5, 223 (1948).

(136) Cohn and Edsall. ?rataima, Amino Aclds, and Peptides,

p. 190. New York, HRelnhold Publishing Corp. 1943,
(137) Dalton and Schmidt, J. Blol. Chem., 103, 549 (1933).
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have been seeded from 20% HOl (138). Similarly, taking
sdvantage of the fact that §é~hist1ﬁine hydroehloride is
not stable as a racemic compound above 40°, ﬁuabhlnsky
started with & mixture of L- and pL-histidine HCL; by
wnrkin& rapidly he wae able ﬁo»filﬁér off somewhat more L- |
‘igomer than the original excess. After removal of much of
the g& compound, he then obtalined some of the grianmar from
the filtrate (139).

Ri~Compound formation means also that an asino acid
of less than a certain optleal purity cannot be recrystal-
lized to a 100% 4 or g;anﬁiyeaa, barring some unpredictable
supersaturation. Wood and Gutmann, in resolving radio-
active banﬁyl~g&¢aysﬁaine, used about 65 parts of unlabelled
%mantipeﬁa for coprecipitation, resulting of course in dilu-
tion of the radloactivity (140).

surification of optical isomers from partially re-
golved mixtures can also be accomplished in & "reverse"
manner, by taking advantage of the exaggerated difference
in solubility petween active and ragemic forms of aamino
acid salts of Vogler's acid. In the case of the phenylw
alanine salt of his 2-nitro-4'-chlorodiphenylamine=-4-

(138) Kogl, Halberstadt, and Barendregt, Reg. trav. ghim.
68, 387 (1949). ’ = ’

(139) Duschinsky, Chemistry ;gwﬁgffz
(1&0) Wood and Gu%mann, d. B B o o
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sulfonic secld (pot an asymmetric acid), the racemic form
was only 1/250 as soluble a8 the L-lsomer (141). Removal
of the DL form from a partially racemic mixture allowed

eventual purifiecation of Le~phenylalanine.

The question of solubility of antipodes ln aptlaally
active solvents has received some limited study. Ebert and
Kart#m, as well ag many others, concluded that there was no
difference in solubility (142). &light separations of
mandellc acld antipodes have been noted however, on parti-
tion between ether and a water solution of levulose (143)
and between water and carvone (1l44). Attempts to adsorb
histidine and leuecine from suspension in optically active
solvente have indicated slight differences between antipodes
at liquid interfaces (145)., Use of optieally active sol~
venta in & chromatographic experiment referred to earlier

(97, p. 14), was completely without effect on Rp values.

Compounds lacking suffleciently strong acidlc or
basle functlions sometimes form grystalline addition products

with relatively complex molecules. Brown and Hammick (146)

(141) Vogler and K@ﬁntg, Helv. ghim.
(142) Ebert and Kortim, Ber., @45
(143) Tolloozko, Ziuschr. sipsiﬁxﬂ,gggg., 2@, “412 (1896).

(144) schroer, Ber., 966 (1952) «
(145) Karagunis and Nikclaiais, Ea;lagdv%., 08, 112 (1944).
(146) Brown and Hammiek, J. Chem. So0g., 1395 (1948).
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attempted without success to use a tetranitrodiphenic aeid
derivative (asymmetric due to hindrance) to resolve hydro-
carbone. Sobotka (147) has had some success with desoxychollc
~acid complexes for resolution. None of the common amino

acld complexing agents are optically aetive, although an
additlon product with dioxane has recently improved separa-

tion of dlastereomeric p-phenylserines (91).

Use of the Acidlc or Baslec Properties of Unsubstituted
Amino Acids

rrzyleckl et al. have studied the stability of salis
of unsubstituted monoaminomonocarboxyliec acids with amines
or carboxylic acids. FPrecipitates from solutions of amino
aglds with volatlle amines were analyzed for nitrogen content
to determine to what extent the amine was retalned by amino
aecld, Although in most cases analysis indicated the residue
was mostly free amino acid, that from leucine and dimethyl-
amine bordered on & true salt, or at least & l:l complex
(148).

n, 19, 595 (1931).
and Rafalowska, Blochem.

(147) ©Sobotka, Natux engchaf
(148) Przylecki, Cichocka, Hofer,
Loy 299, 230 (1938).
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The most difficult problem is with monoaminomono=-
e&rbmkylza aclde. The use of strong sulfonic aclds would be
inﬁiaat@& here. 4As early as 1913, Colombano g al., at~
tenpted the preparation of camphorsulfonates and bromno-
camphorsulfonstes of alanine, leucine, and tyrosine, but
were not able to resolve any of &h@&# (149). Berlingozzi
(150) obtained only scluble ecompounds with camphorsulfonic
acld.s Although Triem also reported excesslively soluble
bromocamphorsulfonic acid derivatives, he was able com~
pletely to resolve leucine with cholestenonesulfonic acid
by crystalllzation from absolute aleohol, in 40% yleld
{(151). 1Ingersoll and his group (152) have been éueceaaful
in resolving a~am1nq~ph@nylaaatie acld with érnamphursulfonic
scid. |

ihe ilonizatlion constants of alkylamines are some-
what greater than that of acetic acid, However, when the
two are “combined" in one amino acid molecule the resulting
a~pubstitution has a weakenlng effect on the baslocity of
amino groups, while the acldity of the carboxyl group ls

(149) Colombano and Sanns, A;,‘g @ggﬁg. Lincel

{150) ﬁerlingazzi and Baﬂwag:, 3%0 « 8
pura &gg;igagﬁ . ’
in ga Bey s BWQI.QE?}*

(151) Triem, Ber., 7iB, 1522 {1938).

(152) 1Ingersoll, J. Am. Ghem. S50g., 47, 1168 (1925).
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greatly increased (153). From the zwitter ion point of
view, the Rﬂﬂ3* should then be soméwhat more capable of
losing a proton than 1s the C00” of aceepting one. Salt
formation with dimethylamine has alraady been mentioned, and

stronger bases react readily with the zwitter ion.

Although heavy metal salts of amino aclds are well
known, investigation of the literature ylelds varying
statements on the difficuliy of preparation of alkall metal
salts of amino aclds, Voss and Guttmann (154) attempted
the preparatlion of sodlium glycinate by use of sodium
ethylate 1n aleohol, but found it difficult, as did Curtius
{155}, to obtain the pure anhydrous salt, either because of
decarboxylation or anhydride formation. However, when the
preparation was carried out in liquid ammonia with sodium
metal, the product was a crystelline powder. On the other
hand, sodium salts of leucine and alanine were prepared from
sodiun ethoxide, Sples and Chambers (156) stated that pure
tryptophan is stable in 5N alkali at 185° in the absence of
oxygen, and required two hours even for r&eemi%ation under

such conditions. Evidently the alkall metal salts are

(153) Srthner and He 11’1, 13 4.0 G 2L . . 26 » 461 (1933 ) .
(154) vVoss and &ut%mann,,;@;‘;'éjg, 1 (1930} «

(155) Ccurtius, d. E&%&& ] 26, 160 (1883).
(156) sples and Chambers, ;gﬁ& Ghem., 21, 1249 (1949).
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‘reasonably stable, and soluble in ethanol as well as water
(157, 158). The salts of glyeine, cystine (157), leucine
(159), alanine, phenylalanine (154), and histidine (160)
have been characterlzed. 4 patent has been granted for a
preparation of sodium salts éf amino ac¢ids by the action of
sodlium ayahid@ and an amine on aldehydes (161). GSodium
salts have been used to separate isoleucine from alloiso-
leucine (162). Strong base resins such a8 Dowex 2 have
been used to separate leucine, methionine and glutamlc aecid

from each other (163).

For resolution purposes it would be necessary to
induce a stable, non-acidlc, asymmebtric cabtion to precipi-
tate with the anlon of amino acid. The two most common
types of catlon are the qu&hernary anmonium and guanidinium
loneg. Prior to this work no amino aoclds had ever been re-
salvéd by this means, although quinine methohydroxide and

¢inchonine methohydroxide have been used in resolutions of

(157) Toennles and Lavine, J. Biol. Chem., 390, 203 (1931).

(158) Greenberg. Amino Aclds and Proteins, p, 28. Spring-
field, Charles C. Thomas. 1951.

(159) fvaeg)and Weltzmann, Z. physiol. Chem., 1%, 290

{161) ﬁarﬁwar%h,"%niﬁe Stﬁﬁgk Patent 2,387,735 (1945).
Abstracted in C. A., 40, 1171 (1946).

{162) sShabics, United States FPatent 2,456,742 (1948).

(163) Davia?, Hughes, and Partridge, J. Chem. Sog., 2285

, (1850). \
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stronger carboxylic acids (164, 165), in particular panto-
thenle acid, which can be considered anacylated amino acid
(166).

Formation of Carbamino declds

another approach to resolution which haayapparen&ly
not been tried is the formation of carbamino acid salts by
slmple introduction of COp into an alkaline amino acid
solution., 4&lthough esters with free amino groups easlly
vield the carbamino anion in eold, dry ether (167), the
reaction with an unsubstituted amino acid occurs only at
very high pH; however, the rate of the reaction in a cold
solution 1s greater than that of carbonate formation (168).
Thus of the two competing reactions below (in which u*

represents a blvalent cation), (a) is favored. This has

NH 5 |
; _~NHCGOO™
(a) B** 4 ROHCOO™ # $0p mmmwd RCH + utt 4 BY
\ -
co0
(v) W** 4 GO, # OH™ wemwy NGOy + H'

(164) Wolf, &oalngm, Harria, Andarsonu and Folkers, J. Am.

(165) kajﬁg)a Finkelatain, Je Am. Chem. S0ce, 03, l§66
19 .

(166) stiller and wiley, .,“gg, 123? (1941).

(167} wranxal and Kotenalak d.. “ﬁ, 1670 (1943).

(168) stadle and 0'8r1wn,‘gq Chem., 112, 723 (1936).
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been made the basis for some amlino acld separations (169,
170), The above reactions would suggest that absence of
hydroxyl ion should favor reaction (a).

 The attempted application of this idea to resolu-

tion is treated in the experimental section.

Use of Asymmetric Cations

Both of the latter methods (with or without carbamino
anion formation) require the preparation of asymmetrie
quaternary ammonium, or guanidinium cations., One type of
asymmetric quaternary catlon, extenslvely investlgated by
wedekind, contalas four different radicals attached to
nitrogen. Some of these have bsen resolved by tedlous
fractional erystallization (171, 172, 173), but their
ready autoracemizatlion makes them unsuitable for use (172,
174). iiore stable are those derived from alkaléi&s, and

others discussed in the experimental section.

Although all guaternary lons are perfectly inert

from an acid-base point of view, some of the guanidinium

(169) ?ig%fgied and Schutt, Z. nggég& g&g&.,“w;, 260
(170) Heuwberg and Kreh,‘h~J; o . g, . 498 (1912}.
(171) Frohlich and Wedekind Eo, 1646 (1907).
(172) Wedekind and ?rehliah, 1 ., 4&3? (1908) .
(173) Jones, Er camb. Phil. 50¢., Z 376,

(174) wedekin 2£“&§ Far. ggg.i 10, 6 (1914).
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lons are unsultable for the purpose. According to Davis
and Elderfield (17%), phenylguanidine base has an loniza-
tion constant of only 5.9 x 104,  Thus aromatic guanldine
b&aas would be too weak to produce & stable salt conslisting
of guanidinium cuatlion and amino acid anion. The same is
true of any asymmetrlically disubstituted guanidine. The

symmetrical trialkyl guanldines are agaln strong bases,

(175) %ivis)anﬁ Elderfield, J. Am. Chem, Soc., 54, 1499
932}
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BAPERIMENTALW

The followlng approaches to simplified resolution
were undertaken: |

1, Séading and use of optically active solvents.

2. Asymmetrie adsorption.

3. Use of strong organic bases combined with amino

aclds or carbamino acids.

All of these 1ldeas have thelr counterparts in experiments
reported in the literature in other connections, or in
flelds other than amino acld chemistry. The third has ap-

parently never been applled, ocutside of this laboratory,

to the resolution of any unsubstituted amino acid, as far as

the literature search could reveal, The nature of the
problem thus called for an exploratory approach, in which
any suggestion of success would be followed by development
of improved conditions. Another objective was constantly
kept in mind; the method should be simple and rapid, once

the proper reagents hud been secured.

# All melting points reported hereln were corrected.
Nitrogen analyses were run by the macro £ Jeldahl method,

except for some micro K jeldahl figures followed by (miK).

Halogen enalyses were run by the Volhard titratlion and
sulfate snalyses in the usual gravimetric manner, cal-
culated as per cent sulfur. Per cent water in hydrates
wag based on loss in welight from heating in vacuo below

the melting point. The neutral eguivalents of Dbloxalates

and bltartrates were determined by tltration with NaOH
to the brom thymol blue end point; amines were titrated
with HC1l to the methyl red end point.



- 33 =
seeding and Use of Optlcally Aective Solvents

There are very few optically active solvents which
are readlly avallable. Leucine hydrochloride was found to
be 3.2% soluble in secondary butanol, an inexpensive gol-
vent. Hawavér, the resolution of secondary butanol by
the procedure of rlckard and Kaﬂyen‘(l76) proved too cufi~
bersowme Lo merit systematic investlgation. Gammeralai
85% L{+)lactlc acld (syrupy) of at least Y4% optical purity

was btherefore used.

Acidie solvents

attempted resolution of DL-leucine hydroahléride

from L{s)lactic acid. Pure D- and L-leucine hydrochlorides
were made from recrystallized leucines for geeding purposes.
A solutlon of 33 g. of racemic leucine hydrochloride and
four drops of concentrated HCL in 26 ml. of 85% L(+)lactilc
acld was prepared and filtered while warm. The clear
flltrate was divided into two paerts. To one was added a
few sesds of g-leucina hydrochloride and to the other L-
leucine hydrochloride. As soon &g the precipitates were
appreciable, they were gulckly filtered off, in tha‘hopa
that the opposite form of the hydrochloride would not have

(176) Pickard and Kenyon, J. Chem. S9c., 103, 1923 (1913).
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crystallized as rapildly. +he precipltated samples were dis-
golved in a small amount of water, treated with ammonia to a
pH of apboul five or six, filtered, and washed free of lac~

tate. The residues proved to be racemic in both cases,

Attemptad resolution of géflauaine hydrochloride

from Hgl. Hydrochloric ucid was used by Kogl et al. (138)
in a resolution of glutamlc acid hydrochloride by seeding.
LL~Leucine (14 Zey o11 mole) was dissolved in 60 ml. of
T+5 HCL with warming. OCooling of the supersaturated solu-
tion and sseding with a small crystal of the pure L-isomer

hydrochloride, gave pL-leucine hydrochloride only.

eryetal acﬁive

methionine, and valine from L{+)lsctle scid. DL~
Phenylalanine (10 g.) was dissolved with heating in 22 ml.

of syrupy 85% L(+)lactic acid. After two days the precipi-
tate which gradually formed was flltered through a coarse
gintered-glass crucible and washed with alcohol., The pre-
cipitate had an observed optlcal rotation of +.05°, which

was not significant considering the reading error.

"The above was repeated with 9.5 g. of DL-methionine
in 40 ml. of L(+)lactic acid, and with seven g. of DL-valine

in 30 ml. of L{+)lactic acid, with similar results.
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Some optically actlve amine solvents

A gearch for conveniently avallable amines which
might be produced in apﬁieally active form led to investi-
gatibn of the followlng:

sec~-Butylamine
Fenchylamine (from fenchone)
3-aminoheptane (from 3-heptanone)

2wsminobutan-l-0l

Some preliminary experiments on salt-forming tendency.
A few preliminary experiments, similar to those of Przylecki
et al. (148), were performed to learn whether the affinity
of amino aclids for an asymmetric amine such as seg-
butyl&mina might be sufficient to produce a precipltate
consisting at least partially of amino acld-amine salt.
Although 1t might seem desirable to use pure amines, or
amine-alcohol mixtures, small proportions ofwater were ab-
solutely essentlal for solvent action. The dQ-ﬁgﬁ-

butylasmine was used at {irst,

DL-Phenylalanine (1.8 g.) was dissolved in a mix-
ture of eight ml. of pure df—gggwhutylamina and one ml, of
water, then cooled in dry ice, DL-Valine (1.1 g.) was
similarly dissolved in 20 ml. of 85% segc~butylamine, In
no case was there any praaiyiﬁata on overnight cooling to
-80°, although the solutions were close to saturation be-

fore cooling.
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To each solution was then added about 25 to 30% of
its volume of pure acetone. BSwmall precipitates were ob~-
tained. The one from the phenylalanine experlment was
filtered and washed with ether. It was then dissolved in
warm wator and titrated with +OO9N HpS0,; to the methyl
orange end polint. A4ssuming that the ether washing removed
all physically adnering amine, this indicated the chemically
bound auzine (.216 millimole) amounted to about 60% of
theoretical.

The valine experiment indlcated similarly that TO0%
of the theoretical amine was held by valine in the pre-

cipitate. This 1is essentially in agreement with Przylecki
et al. (148).

Because of the volatility of gee~butylamine, 1t
seemed preferable first to investigate the active antipodes
of the other amlnes listed. Ketones served as starting

materials for two of these.

Products from ketones. Lastman fenchone was found

to have a low specific rotation, even when fractionated,
The oxime was prepared from this product by the procedurs
of wallach (177) in the hope that recrystallization of it

would increase ithe optical puriliy so that reduction would

(177) wallach, Ann., 3215, 278 (1901).



vield a sutlelactory fenchylamine. However, recrystale
lizatlon lessened the rotution, suggesiting RL~compound

formation.

J=~aminoheptane was prepared in 67% yield from Easte
man praetical butyl ethyl ketone by the usual Leuskart
reactlon, except that a Dean~3tark trap was used to sepaw
rate water formed by the reaction. An attempt to resolve
this anine with (+)tartaric acld in aleohol gave a partially
80lld salt in the refrigerator, which melted to an oll at

room temperature,

Commerclial Solvents Co. 2-aminobutan-l-ol was found
to be very conveniently resclved by (+)tartaric acid, and

80 was used in this worke.

Resolution ol nobutan-l-0l. Baker and Adamson
(+)tartaric acid (930 g., 6.2 moles) was diseolved in 1500
ml., of distilled water. To this was added, with cooling,
Commercial Solvents technlical 2-aminobutan-leol (553 g.,
6.2 moles)., The warm solution was cocoled in the refrigera-
tor to yleld 400 g. of orystals, washed with alecohol, in
which the corystals were only l,5%soluble. A red~-brown
color was removed by the aleohol. The solld was recrystal-
lized from 220 ml. of water to give 378 g. of pure (-)2-
aminobutan~l-ol (+)bitartrate monohydrate, m.p. lOE-}Q.

[§]§6‘5 = +10.5° ¢ 0.,2° (5% in water)
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Anal. Caléd. for 68H1797ﬁ-ﬁgez Ny 5.4; neut. equiv.,
257; HEO, ?CO.
Found: N, 5.3; neut., equiv., 259; HaO, T.0.

The filtrate was used to recrystallize another crop
obtained by evaporation of the original filtrate. Another
212 g. were thuse obtained., The total yileld was 590 g. (2.3
moles), Since the technical grade amine was only about 75%
pure, this represented about 85 to 904 yield., (-)2-
Aminobutan-l-ol (+)bitartrate appears to be a new compound,
previous resolutions of 2-amlnobutan-l-ol having been ac-

complished indlrectly by way of the N-benzyl derivative (178).

The (-)2~aminobutan-leol (+)bitartrate (590 g., 2.3 moles
for a monohydrate) was almost all dissolved in 1500 ml. of
water, It was then treated with successive small portions
of caleium hydroxide powder, with stirring, until about
230 g« had been added. The caloclum tartrate was filltered
and washed with 100 ml. of water. The pH was noted with
allzarin yellow indicator; 20 more g. of calcium hydroxide
wag added and the solid filtered. The filtrate gave the
same alizarin yellow color, and had a pH of 10.6 according

t0 the pH-meter. The aqueous amine was fractlionated from

(178) Stoll, Peyer, and Hofmann, Helv. Chim. Acta, 26, 929
(1943).
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water and gave 138 g. (1.5% mole, 68% of theory) of pure
(~)2-aminobutan-l-ol; b.p. 80°/13 mm., or 549/1.5 M.,
a3%+1 = .0.9390, ana []20 = -9.92° ¢ .01° for tne pure
compound. The literature value is +9,8° for the other
antipode (178). The product forms an azeotrope with water
(when distilled at water-pump pressure), which contains |
about 2% amine. Therefore higher yleld could probably be
had by use of less water, or by use of alcohols, in which
cage the solid ecalcilum hydroxide and amine bitartrete would

have to be very thoroughly stirred.

do not dissolve moel amino aclds, a few prellminary ex-

periments were run to determine the maximum proportion of
2=aminobutan~l=0l to water for dlssolving phenylalanine.
Then pL-phenylalanine (549 gep 0.035 mole) was dissolved
with heating in 15 ml. of (=-)2~amincbutan-leol and five ml.
of water. Aftér overnight cooling, a preciplitate was ob-
tainad‘and treated with 16% acetic acid in alcohol to pro-
duce free ph$nylaian1na. Subsequent washing with aleohol
removed the amine acetate. The remaining amino acld was

gcompletely inactive.

llization of sctive
valine from (=~ )gwamiugbgtanngwc%. A mixture of 21 ml. of

(=)2=aminobutan~-l=0l and 11 ml. of water was heated to
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dlssolve 5.7 g of DL-valine. After overnight cooling,

the @ragigiﬁate which was obtalined was acidified as before
with aleohollie acetic acid, and washed with alcohol to |
yield three g. of valine. When this latter was dissolved
in 25 ml. of dilute hydrochloric acid, it showed no rota-
tlon of light, although in this case full resolution would
have given an éb&arvad rotation of 5%, so that even a small

degree of resolution could have been detected.

Asymmetrie Adsorption

A small column was made from an ordinary test tube,
with a narrow extension on the bottom. A4 glass wool plug
wag inserted as a supoort, then a suspension of ten g. of
eholie acid in water was slowly poured on top of the plug.
When 125 ml. of water hzd been poured through, the column
was consldered ready for use (at no tlume did solvent drop
below the top of the e¢holie aeclid), Another glass wool
plug on top prevented disturbance of the surface. Five ml,
of D-phenylalanine solution {1%) was placed on top of the
¢olumn, then the passage of water threugh the column was
resused for development of a llquid chromatogram. A drop-
ping funnel mnytcg of the column provided a ressrvolr asg
well as & hydrostatic pressure. Suaaeaaive ssven to elght

ml. fractions were taken and analyzed for amino acld by
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th® ninhydrin test. The second fraction gave a very strong
test, and the third a weaker test, No amino acid was de-
tected in the following fractions.

The experiment wase duplicuted wlth.érphanylalanina.
with the ldentical results. The rapld appearance of amino
acld at the bottom of the column proved that no signifi~
cant adsorption took place in either case from a water

solution.

Use of nitroceliulose

A new column was made from a 30 cm. length of tube
Joined tightly to a microfilter funnel with a short 1angth
of rubber, This was gradually filled with & suspension of
somewhat fibrous nitrocellulose (Hercules Powder (o.) in a
solvent composed of 6.5 parte of p~butanol and one part
water. When the solvent level had dropped almost to the
top of the adsorbent 1n the usual washing procedure, one
wl, of 0.1% D-phenylalanine was placed on top and a liquid
chromatogram developed with the same butanol-water mixture

used in making up the volumn and the amino acld solutlon.

Successive five ml, portions of filltrate were taken,
with the ald of slight vacuun and the hydrostatic head of
a dropping funnel of solvent on top of the column in the
usual fashlon., 4 ninhydrin test showed the presence of

amino acid mostly in fraction five, and some in slx. Again



the identlcal result was noted using érphﬁnylalanina. Thus
there was no dlfference in adsorptlon tendency between
antipodes, with this partlcular solventeadgorbent combina-

tion.

Use of casein

saturated aqueous solutions of ggfprclina, phenyl-
alanine, leucine, and methionine were shaken five hours with
glass beads and with ten times the solute welght of Pfanstiehl
Co. pure caseln, then allowed to stand for 72 hours (except
for 12 hours in the case of leucine). They wers then
filtered, charcoaled, and refilltered. As a blank, a 1%
solutlion of glycine was treated in the same manner. All
sclutions, when compared with that of glyeine, showed a
differential rotation. However, the "blank" rotation in
the glycine solution was significantly different from the
instrument blank, suggesbing that caseln was being dls~
solved o an extent which might cast doubt upon the sup-
posed resolutions of other amino acids. Positive bluret
tests confirmed the presence of casein in all solutions.
In view of an excessive rotation in the methionine solu-
tion, samples were evaporated to dryness both before and
after the experiment, It was found that the sclute econtent
had inereased, rather than decreased. Obviocusly this in-
dicated that the solubilization of caéseln accounted far

much of the reading, if not all.



Phogphorylated cotton was prepared by the mathbé of
Jurgens et al. (179). 4According to those authors, the
lon~exchangs capacity of the product is one equivalent per
kge Therefore saturated solutions of Bi-methlonine, DL-
phenylalanine, DL-tryptophan, andsg&yvalina, and a 5% solu~-
tion of DL-proline were shaken with half the theoretiocal
welght of cellulose phosphate on that basis and allowed
to stand 24 to 56 hours. Thaey were then drailned from
adsorbent. Exaszinatlion of the filtrates after charcoal
treatment (to improve reading aaaur&éy) gave no rotation

reading at all.

Repetition of the above with DL-phenylalanine by
chromatographie technique in & golumn likewlse gave no

significant observed rotation in a series of fractions.

Organic Salts of Unsubstituted Amine Aclds, or of HNe
garboxyamino 4cids

This section of the investigaitlon was organized
into three phases:

1. The search for convenlent asymmetrie bases not

(179) Jurgens, Reid, and Guthrie, Textile Rsch. Journal
18, 42 (1948). ’ Rseh. Journsl,
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reguiring elaborate fractionation for resolution.
| 2. rProduction® of D- and g»ant;padaa‘af some amino
agld to be used as a test substance,
3« Exploratory work directed toward production of
sryanallihe salts with the amino acid, or N-carboxyamino

aaid.

Th@kalkalmids are a logleal starting point froan
wnich guaternary salts are usually easy to obtailn. Both
the sterold and terpene groups contaln aleohols and ke~
tones, ?rap&ragima of amines from the ketones through
reduction of oxlmes produces an additlional ssymmetrie carbon
atom, with consequent lowering of ylelds due to tedious
fragtional crystallization in obtalning pure diastersomers.
The alcohols might be utilized without thls difficulty by
substitution, for alecoholie hydrogen, of a convenilent
radlcal having on itavather end a bromine atom or dimethyl-
amino group, elther of which could then be converted to

quaternary salts.

Some consideration was glven to the advisability
of making racemic guanldines or quaternary bases from
syanthetlc produets such as 3-aminoheptane or 2-iodooctane,

However, the liberation, resolution, and re-liberation of

# The method actually used for this was itsell a new
resolution.



- 45 -

these compounds did not seem worth pursulng, until more
eagily pr@paréd regsolving agents had bheen tried first. The
resolution of 2-aminobutan~l-o0l was described earlier. The
Williamson reactionpermitted easy preparatlon of oxygene
substituted derlvatives of {hig resolved anine, from which
a serles of optlcally sactlive quaternary lons was readlly
obtained, Thus most of the preparations are derilvatives

of 2~aminobutan~l-o0l, or of alkaloids.
perivatives of (+) and (-)2-aminobutan-l~ol and of ethanolamine

(#)2-Guanidinobutan~leol sulfate. Thls was made by

a varlation of the procedure of Faden and MelLean (180) from

(~)2~aminobutan~l-0l by using sulfuric acid (8 g+y 0.16
squivalent) in 50 ml. of 95% alcohol, (=-)2-aminobutan-l-ol
(16 g+, 0.18 mole}, and Hastman reagent grade cyanamide

(10 ., almost 0.25 mole). The slight excess of (-)2-
aminobuten~leol produced a desirable alkaline pH. Drying
of the resulting syrup by azeotrople distillation of molis~
ture with 25 ml. of iaoamyl alcohol at TQ\mm. pressure gave
crystals welghing (after absolute alcohol-ether wash) 19 g.,
or about two-thirds of the theoretical yleld; m.p. 138-141°,
The product was not hygroscopic. Recrystalllzatlon from

water-alcohol gave 14.5 g. (50% over-all yleld); m.p. 183-4°,

(180) paden and Melean, United States Patent 2,425,341
(1&47)c Abstracted in Qt f};t, &3;, 74114‘ (194?)0
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[ajgg‘ﬁ = 33,1 ¢ 2° (27 in water)

anal. Caled, for ﬁlgﬁggﬁéﬁéﬁz S, 8.93; H, 23.5.
| Found: S, 8.90; N, 23.5. |

Azle=E : lne ic _ Literature methods for
the preparation of quaternary salis directly from primary
amines 1nvalva the use of alkall to remove hydrogen iodide

&8 1% is formed according to the following reaction:

RilHiy + 30H,I + 2KOH —mwp RN'(CHgy) X7 4 2KT 4 20,0,

(=)a=sthylcholine iodide was prepared from (~)2-aminobutan-
1-0l according to the above &quaﬁia&, by the proecedurs of
Trier (181). The product was obtained in potassium~free
erystalline form only'with some difficulty. It ls believed
that water formed in the reaction, as well as potassium
lodide impurity, mads orystallization of this compound
somewhat more tedious than it ought to be, Some consldera-
tion was given to the possibllity of eliminating the alkali

metal lon from this preparation.

In efforts to find bases to remove hydrogen lodide
by production of more insoluble iodides, (=-)2-aminobutan=-l-
ol, at least a two tO one axcaé& of methyl lodlde, and

excess lead monoxide (or lead carbonate) were shaken in

{181) Trier, Lo WQ Ghem., ﬁg_‘ 409 (1912);
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aleohol at room temperature for three days., The lead com-
pound seemed to adsorb most of the product, since filtration
and complete evaporation of the solvent ylelded less than

25% of the expected welght.

The reaction was repeated with purified ailver
oxlide, leading to the quaternary base direstly, in 85%
yield, based on titration. However, there was evidence
that the preparation still contalined eomplexed silver lon.
Finally the nydroxide wss made In good yleld and free of
metal lons by starting with the following reaction:
CHQOH
BULCH(NHR)CHL,OH + 3CH3I 4 Ca(OH)p ) Etfﬁ§(3H3)3I" + Cal,.

% 2H 50
2
After overnight shaking of (=)2-aminobutan~l-ol (0.9 g.,

0,01 mole) in methanol with about 100% excess of methyl
iodide and 100% excess of calcium hydroxide, the filtered
reaction mixture was treated with excess sllver hydroxide,
%0 yleld (~)a~sthylcholine (hydroxide), the soluble calcium
ion being removed a8 the hydroxide (with silver iodide).
As proof of the yleld of (~ja-ethylcholine, the iodide was
then prepared by addition of hydriodiec acld to the quater-
nary hydroxide and evaporation of solvent. Recrystalliza-
tion of the residue from seg-butenol gave g,bod‘ erystals

of the pure but very hygroscoplc lodide, m.p. 226° (for
physlcal constants and analysis, see the sectlion on the

antipode)
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The drawback to all the foregoling methods is the
necess ity of uslng large quantltles of somewhat expensive
methyl lodide and silver oxide. It proved much simpler to
dimethylate (n)zuaginobutanwl-al by the Eachwailar«ﬁiarke
method (182); Thus all derivatives were t@rtiary amines,
from which quatarnary salts could be prepared by simple
addition of only one mole of methyl iodide.

! ‘ 23 This was prepared by
a variation of the Eschweller-Clarke method (182)., (=-)2-
Aminobutan-l-ol (+)bitartrate (394 g., 1.53 moles), prepared
as described previously, was treated directly with 90%
formic acid (340 ml., 7 moles) and U.8.P. formalin solution
(270 nl,., containing 3.3 to 3.5 moles of formaldehyde). (It
was not necessary to isolate free (-)2-aminobutan~l-ol
beforehand.) After overnight stending, the mixture was re-
fluxed for six hours, and freed of formic ac¢id with the aid
of @xbra water and evaporation under reduced pressure. 7To
the resélting syrup was aaaéd potassium hydroxide pellets
(330 Ges 5.3 moles) with cooling. The solld potassium
tartrate was allowed t@»a@ttl@, 80 that the two liquié
layers could be deganted and separated. The agusous ;ayer
and the solid were extractsd twice with ether, then all

organic solutions were dried with potassium carbonate and

(182) Clarke, Gillesple, and Welcshaus, J. Am. Chem. 508.,
55, 4571 (1933).
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fractionated through a 40 om. Vigreux column to yield
(=)2-dimethylaminobutan-1-01l, b.p., 61°9/15 mm., Yield 163 g.,
91% of theory. Further description of the produet appears
below under the preparation Qf the (+)antipode.

nobutar bioxalate. Filtrates
from the (-)2-aminobutan~l-ol and (+)bitartrate preparation,
containing mostly the (+) amine, were combined and partially
evaporated to yleld 740 g. of impure amine salt which was
filtered from & dark colored mother liquor., The latter

was easlly miscible with ether, a proof that all amine

salt had been removed, (It was calculated from this that
the original Commercial Solvents technical 2-aminobutan-l-ol

was only about 75% pure.)

The Eschweller~Clarke dimethylation was run as be-
fore, with this salt (740 g., 2.8 moles), 90% formic acid
(630 ml., 13 moles), and U.S.P. formalin solution (500 ml.,
containing about 6.3 moles of formaldehyde)., In this
preparsation, after liberatlion of free amine, the ether ex-
tracts of theagueous phase were individually evaporated to
- compare the amounts of amine therein. This indicated that
the ether extraction had been reasonably complete, since
the second extraction gave only 30 g. of amine compared with
90 g. for the first one. The combined amine samples were
"flashed" away from inorganiec residue by rapid non-

fractionating vacuum dlstillation, then re~fractionated
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through & 60 cm. glass helix column to give a 97 g. fraction
with an equivalent welght of 119 (theory 117) and a 109 g.
fraction with an eguivalent weight of 121, another 40 g.
was somewhat less pure., The total crude yleld of 246 g. was

2.1 moles, or 75% of theory; b.p. = 93°/73 mm.

This was combined with oxalic acld dihydrate (265 g.,
2.1 moles) and crystallized from 420 ml. of 95% ethanol to
yield 142 g. of pure (+)2-dimethylaminobutan-l-ol bloxalate.
Further fractional crystalligation brought the total yleld
0 174 ge, 0.84 mole. The original dimethylated amine had
consisted of 82% (+)antipode; thus the yield could be con~
sidered as about 49% on this basis. The melting point is

117°.
[ﬂ] §6 = *20.50 + GSQ {lué}fé in W&t&r‘)

Anal. Caled. for Ggﬂlvﬁsﬁz N, 6.75; neut. equiv,,
207,
Found:s N, 6.64(miK); neut. equiv,, 205,

All subsequent fractions, regardless of recrystal-
lization, had rotations of +9° to +10° (corresponding to
56% racemic and 44% optically active ealt). It was con-
eluded that, with an optlieally inactlve zcid like oxalic,

the amine forms a g&»eampaund.

gw2g»nim@ggzl&mimgbgﬁag~l~9;, From the bloxalate
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(155 Zey 0475 mole) in a slurry with 100 ml, of water, the
amine was liberated in the usual fashion by potassium hy-
droxide with the ald of two ether extractions. after drying
with potassium carbonate, the product was distilled at re-
duced pressure Lo glve 85 g., 96% yield, of pure (+)2-
dimethylaminobutan-l-0l; b.p. 92°/68 mm., dzo = ,8805,

il = 1,4460.

50
[512 = 45,2 ¢ .1° (104 in water)

anal. Caled. for Géﬁl5ﬁﬁz ﬁaut. equiv., 117.2.

Found: neut., eguiv., 119.

sgethiodide., Hygroscopic, bipyramidal prisme
(recrystallized from dry acetons); mep. 2280.

28.5

[=],

anal. Coled. for OgH,gONI: K, 5.4; I, 49.0.
Found: N, %.3; I, 48.7.

= 4,49 + .2° (4% in water)

sost of the following compounds could also be con-
sldered derivatives of (¢)2~dimethylaminobutan-l-ol, which
is thus adequately characterized. The above methiodide 1s

also called (+)a~-ethylcholine ilodide.

(+)zvvim@thylaminaﬁg»butyl benzyl ether, (4)2-

Dimethylaminobutan=l=ol (23.4 g., 0.2 mole)} and potassium
metal (8 g., C.2 ﬁale) were added to one liter of dry
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dioxane and refluxed for about four hours with stirring to
speed the solution of metal. After solution of the metal,
benzyl chloride (25.3 g., 0.2 mole) was added dropwise over
a two~hour period, followed by four hours more reflux. The
precipitated potassium chloride was filﬁared off and washed
with a little ether. The filtrate was fractionated through
a 60 om. glass helix column to yileld four g. of product,
10% of theory; be.p. 92-98°/<1 mm. A4 later preparation of
the antipode was much more satisfactory hbwavar, and can

be consulted for physical constants and analysis.

igthiodide. Recrystallized from butanol and
acetone®, Ma.D. 1#2Q5‘143Qn

[u]§7 = +11.9° % .59 (1.5% in water)

-

Since the above rotation reading remained unchanged
after ten hours, 1t was assumed that these quaternary salis

would not racemize on standing in solution.

Anal, Caled. for,ﬂl4ﬁageﬁ1: N, 4.0; I, 36.4,
Found s ﬁ, Btg(miﬂ)i I' 36-31

In order to study ways to improve the yleld of ether,
a few experiments were run with cheap inactive amino aleco-
hols. Due to pharmacologlcal interest in the ether deriva-
tives of N-substituted ethanolamines, the patent literature

on these compounds 1s too extensive to list here. Among
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several other synthetic methods found, the Willlamson re-
action has been used often, with the amino group on either
the aleohol or alkyl halide portion, and with a variety of
conditvions. Wright et al. (183) reported ylelds ranging
18-67% from N,N-dimethyl-p-chlorcethylamine. Of those
prepared in thia‘lﬁbaratary, p-dimethylaminoethyl butyl

- ether and B-dliethylaminoethyl benzyl ether have previously
been reported, without characterization, in antihistamine

ressarch papers.

This compound was prepared in the same way as the previous
example, except Lhat & more concentrated solution of re-

actants was employed. The yleld was 33% with b.p. = 63°/17 mm,

Bioxalate. Flakes from butanol and ether, m.p.
108"90;
Anal. Caled. for amﬁalgﬁﬂi neut« aquivu 235&5;
l‘%, 509#'
Found: neub. equiv., 237; N, 5.95(miK).

8., Recrystallized from acetone-ether,

Bepe T5%

(183) %’?r'ight. Kolloff, and Hunter, J. Am. Chem. 50¢., 70,
3098 (1948).

{184) L@vyz Kah%ar, and Justin-Besancon, Compt. Rend., 200,
259 (1935).

(185} %xngt}an& Kohler, Compt. rend. sog. biol., 135, 345

1941).

(186) 1Illg and Smolinski, Rocznikl Chem., 23, 418 (1949).

sbstracted in C. A., 45, 2888 (1951)%
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Anal. Caled. for 09}2220%1: i, M.Q; Ny 4,88,
Found: I, 43.9; N, 4.91(miK).

slthough high concentration of alkoxide is desirable
in the #illlamson reactlon, there is a limit imposed by the
aoiuﬂillty of this alkoxide., Lithium mﬁtaluwas found un~-
sultable here, and the slightly increased solubility of
potassium derlvatives was not enough to warrant use of this
dangerous and expensive metal. Stirring was, of course,
very essentlal to keep the melal dispersed with larger

surface area in the initial phase of reaction.

The remaining reactlons were run with sodlium, in as
little solvent as possible, for higher conecentrations. As
the following preparatlons indlcate, the solubilities of
sodium derivatives of amino alcohols depend greatly upon the
individual compound, the solvent, and the temperature., The
sodium salt of dlethylamincethanol was very soluble in
trioxane, while that of (-)2-dimethylaminobutan-l-ol was
quite insoluble in the same solvent. However, the latter

dlesolved readily in xylene.

For the best ylelds the most important consldera-
tion of all was found to be a long reaction time, at least
12 hours well above 1000, aven though separation of sodium
hallde began almost immedlately. Alkyl chlorides were too

unreactive for convenlent use; 1t wae also profitable to



«55*

use some excess of the alkoxide to minimize addition of

hialide to the nitrogen atom toward the end of the reaction.

g-Diethylaminoethyl amyl ether. Some techniques

of operating with molten trioxane were 1llustrated here,

although phia solvent is not particularly recommended.
Redistilled ?wﬁi&ﬁhylaminaath&nél (88 gay 0.75 mole) and
sodium metal (17.2 g., O0.75 mole) were mixed in 200 g. of
molten trioxane, stirred and refluxed with air passing
through the condenser, this cooling being sufficlent to
condense trioxane without freezing it. When & clear solu-~
tion wag obtained, n-amyl bromide (73 g., 0.48 mole) was
added dropwlse with more stirring and reflux for a total of

four hours' heating.

‘ About 300 ml. of Skelly D was added, and the mixture
was stirred and cooled. Host of the trloxane crystalllzed,
80 that the petroleum could be decanted. The process was
repeated with fresh Skelly D. A titration on each petroleunm
extract of the trioxane proved that two sxtractlions were
sufficient. Here the combined petrolsum solutions were
washed with water, removing a little trioxane and inorgan&ﬂ
content. Fractionation then gave some unreacbed f-
diethylaminoethanol, and finally a pure fraction of -
diathyl&mina&thyl amyl ether, Yield 45 g., 50% based on
the amyl bromide; b.p. 102°/16 ma., dﬁg = 812, n56‘5 =

1.4254.,
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Anal., Caled. for C13HpsON: neut. equiv., 187.1
Found: neut. equiv., 187.5.

Bioxalate. m.p. 85-86°,
Anal. Caled. for 313H2?$5E: neut. equiv., 277;
Ny 5406, ’
Found: neut. equiv., 275; N, 4.98.

Ethiodide. m.p. 108°,
fs.nalc Galeﬁ. for Clz,ﬁy}ﬁﬁf: I, 3?00{ ﬁ' 1%.09«
Found: I, 36.8; N, 4.16(miK).

f-biethylaminoethyl allyl ether. p-Dlethylaminoethanol
(46 gog Qo4 mole), sodium metal (9.2 g., 0.4 mole), and

allyl bromide (42 gey 0.35 mole) were used in a preparation
simllar to the previous one. The crude, drled amine ﬁas
treated with sodium to remove unreacted amino ai&ahal(whiah
would otherwiese be difficult to fraaticn&ta f?am the Qro«
duct. Fractionation then gave 27 g. of amine, 50% based on

the allyl bromide; b.p. 67%/15 mm, no0 = 1.4337.

Anal, Galed, for cgalgﬁﬂ:» neut. equliv,, 157¢‘
Found: neut. equiv,, 158,

sthiodide. Reorystallized from acetons, M.pe.
90-90.5°,
anal. Calod. for CijH,,ONI: I, 40.6; N, 4.48.
Found: I, 40,8; K, 4.52.



‘ : : ) : ’ ~ The previous type
of experiment was repeated with sodium (17.2 g., 0.75 mole),
p~dlethylaminoethanol (88 g,, 0.75 mole), and benzyl
chloride (63 g., 0.5 mole). After the first four hours'
reflux most of the trioxane was fractionated directly from
the reaction flask to coneentrate the reagents; the tempers-
of the reaction mixture reached 173° during this distil-
lation. The reaction must have been greatly favored by

this treatment, as the large yield indicates. After re-
moval of trioxane, water (200 ml.) was added to the cooled
flask, and stirred to dissolve solid residue. The résulting
two layers were separated and the top phase extracted again
with water. All water solutions were extracted with ether.
The combined and potasslium carbonate~dried organie solution
was fractionated with water-pump vacuum up to 134°, when
the product began coming over steadlly; then a Hyvaec pump
was used, and the amine distilled, iiald 92 g., 89%,

pased on the benzyl chloride; b.p.'9?~1099/ 05 mm,,

aig = .930,.

4nal. Oaled. for Gl3ﬁa1@Nz neut. equiv., 90?.
Found: neut., equiv., 207,

Gthiocdide. m.p. 103-103.5°,

anal. Caled. for Glﬁﬁgﬁgﬁxi I, 35.0; H, 3086.
Found: I, 35.2; N, 3.98(miK).
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Bioxalate. m.pe. 102,5~103°,

Ansl. Caled. for clgﬁgjﬁﬁﬁz, neut. equiv., 297;
N, 472, | |
Found: neut. equiv., 296; N, 4.76.

\=lg-pinethylanino-n-butyl benzyl ether. (-)2-
Dimethylaminobutan=-1«0l (41 g., 0.35 mole) and sodium metal
(8 gy 0.35 mole) were allowed to react at reflux in 250 g.
of trioxane, but here the sodium derivative was very in-
soluble. Addition of an equal volume of dloxane cleared
up the mixture enough for a satisfactory reaction. After
the sodium had dissolved, benzyl chloride (38 g., 0.3 mole)
was added dropwlse and the ligquid wae refluxed six houre,
The solventswere then distilled off untll the pot tempera-
ture reached 155°, The remainder was stirred with 100 ml.,
of water and separated in a separatory funnel. The top
layer was extracted with 40 ml, of water containing a little
potassium hydroxide. It was then dried with potassium
hydroxide pellets and fractlonated to yleld 45.5 g., 0.22
mole, 73% of theory; b.p. 136%/17 mn. or 117°/4 mm.,

n2® = 1.4936, aZ° = 0.9279.

[&Jga = 4,85 % .(35;3{3 (3% in sbsolute alcohol)

Anal. Caled. for CysHp10N: neut. equiv., 2073,
Found: neut. equiv., 208,
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Bloxalate. In order to check whether any
racemizatlion had oceurred during this procedure, a sample
of the amine (1.45 g., 6.98 millimoles) was combined with
oxalle acid (880 mg., 6.98 millimoles) in T76% aleohol amd
read lmmediately in the polarimeter. The specific rota-
tion was caleulated as -14.1% for this bloxalate. When
the pure bloxalate wasg preparsd in isvamyl aleohol and
precipitated with ether, then recrystallized from alechole
ether, the crystals obtained melted sharply at 81.5-8%9.

[q]ﬁa = ~14.§° + .959 (1n the same golvent)

anal., Caled. for algﬁ2365ﬁ§ neut. equiv,, 297;
Ny 4.T71.
Foundi neut. ﬁ'quivq’ 3943 ﬂ, &.7?!

Since the purified bioxalate had practieally the sanme
rotation as that ¢aleculated from the unpurified mixture,

it is believed that the distillate was reasonably pure even
before bioxalate formation, and did not represent any ex-~

tensive racemization.

Nethiodide. Recrystallized from ethanol and
acetone, m.p. L41-2°, See previous description of the

{(+)enantiomer.,

Reorystalllized

from alecoholeether, m.p. 1249,
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L)
[m]§ = +4,5% ,1° (5.5% in 95% ethanol)

Anal. Caled., for ﬁmﬂaaﬁﬁﬁri Br, 2l.1; N, 3.7.
Found: Br, 20.9; N, 3.6.

Dimethylaminobutan-l«o0l i#l Eey 0a35 mole) and sodium (8 g.,
0.35 mole) reacted together in about 350 ml, of a solvent
consisting of 50% dloxane and 50% trioxane. After five
hours' reflux the sodium dissolved, and n-butyl bromide
(32.2 ml., 0.3 mole) was added dropwlse, After refluxing
for eight hours, most éf the solvent was then fractlonated
from the product and éodium chloride; the latter was then
extracted with water in two portions. The organiec layer,
after drylng with potassium hydroxide pellets, was frac-
tionated through a 60 cm. glags helix column to give 26.5 g.

purs product, 527 of theory; b.p. 87.5°/17 mm, dﬁs = L8185,
n§9 = 1l.4218.

[a]i? = +.47° ¢ .1° (84 in absolute ethanol)

Anal. Sal@d.ﬁfor Glgﬁ236ﬂs neut. equiv., 173.

Found: neub. ecuiv., 172.4.

g;gﬁﬁ&ﬁﬁg, In view of the low rotation, the
bioxalate was again used to check for racemization as be-
fore; that From the distillate without recrystallization
had [a]gs = «-8,03° 4 .19 (94 in 767 ethanol).

~



- 61 -

The pure bloxalate was recrystallized from ethanol with
ether, m.p. 77-78°.

[“]ﬁﬁ = «~7,9° % .1° (in the same solvent)

Anal. (aled. for 313ﬁ3505N3 neut. equiv., 263;
Found: neut, equiv., 262; N, 5.25,.

iévidently no racemization had ocecurred in the preparation.

Methlodide. Lxtremely hygroscopic crystals
from ethanolesther, m.p. 110-1129,

[a]28 = -10.4% ,2° (6.5% in 95% ethanol)

Bven alfter drying over phosphorus pentoxide in a vacuum

deslecator, the material was still somewhat pasty and moist.,

anal, Caled. for 811}{2_,60241: Ny #c'&*i I, 1‘3‘0'3-
Foum; iﬁ' Ii'.f)cmm)i X, %Qgi

(=)2-Dimethylamino-n~butyl g-chlorobenzyl ether.

Sodium 8 ge, 035 mole) was dissolved in a solution of
(=)2~dimethylaminobutan=l~ol (41 g., 0.35 mols) in 700 nl.
of & 1:1 mixture of dloxane and trioxane. After several
hours of stirring and reflux, the sodlum was all dissolved;
the stirred mixture was treated dropwlse with Zastman

reagent grade g-chlorobenzyl chloride (48.3 Zep 0.3 mole).
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after six hours' reflux, the solvent was partially dis-
tilled off, thus furthering the reaction as discussed in
previous sectlions, After five more hours of reflux, more
solvent was distilled off, and 100 ml., of water was added
and stirred to dlissplve sodium chloride, Separation of
layers gave a top organic layer, the density of which was
near to that of water, so that a second extraction with
water required addition of Skelly B to faecllitate separa=-
tion of layers. Fractionation through a 20 cm. Vigreux
gave 55 g. of amine, 0.228 mole, 767 based on the o=
chlorobenzyl chloride; b.p. 122-127°/<1 ma,., n%ﬁ = L.50%0,

24 ‘
(14 = 1,0199.

[a]ié = «3,40° + .05° (10% in absolute ethanol)

20(3%@1: neut. equiv., 241.5.

Found: neut. equiv., 241.0,

Anale Caled. for 613}3%

Bioxalate, The possibility of racemlzation was
again checked by preparation of the bloxalate, which had
m.pe 103%and [u]is = «10.8% .19 (104 in 79% ethanol).
That prepared directly in solution from the distillate had
[a]%ﬁ = -10,4° ¢ 1% (under the same conditions),

Anal, ¢Caled., for cmﬁ‘%&smlz neut. equiv., 331;
N, 4.23.
Found: neut. equiv., 329; N, 4.15.
Thus very little, if any, racemization took place during



the reaction.

Wethiodide. Recrystallized from alcohol, m.p.
167.5%.
[2]2° = -8.8° 4 .2° (2.5% in 80% ethanol)

QsOﬁﬁliz I; 3323 N, j'ﬁﬁn
Pound: I, 33.5; N, 3.64(miK).

Anal, Caled. for 314H

Benzyl bromide addition product. Recrystal-

1ized from alaahalwathar,‘m,p. 124°,
24 ° 0
[«] ) = +4.54° £ .1° (5.5% in 950 ethanol)

Anal. Calcd. fﬁ?’Ggaﬁg7GK513r3 Br, 19.3; N, 3¢4&
Found: Br, 19:2; ﬁy 3»3&

(=)2-Dimethylamino-n~butyl p=-chlorobenzyl ether.

(~)2-pimethylaninobutan~l-0l (33 g., 0.28 mole) was dis~
solved in 500 ml. of xylene., Sodium metal (6.5 g., 0.28
mole) was added, and dissolved with etirring and reflux,
to & glear solution, thus demonstrating the superiority

of xylene as a solvent in this case. The orystals in a
sample of Eastman practical p-chlorobenzyl were flltered
from molten impurity and washed with & 1ittle Skelly A.
Then the crystals (40.2 g«, 0.25 mole) were dissolved in a
small amount of xylene and added dropwise to the above
stirred, refluxing solution. After six hours of reflux,

most of the solvent wase fractionated off, involving another
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elght hours of increased heating. Titratlons indicated
only & negliglible amount of amine co-dlstilled.

At the end of this period, about 90 ml. of water
was added and stirred. The organie layer was washed once
more with 60 ml. of water, during whlch addition of hexane
wag necessary for’gnoé geparation. Fraation&tian yiéldéd
50.5 g. of product, 0,207 mole, 83% of theory based on the
p~chlorobenzyl chloride; b.p. 127°/1 mm., d§5 = 1,0256,
23 = 1.5058.

)
: 28 o 0 . )
1[73]8\ = «he5 4 o2 (5% in sbeolute ethanol)
Anal. Caled. for Cl3ﬁgaaﬂclz neut. equiv., 242..
Found: neut. equiv,., 244,
Crystallized from alcohol, m.p.
158°,

(«]27 = «11,1° ¢ .2° (74 in 75% ethanol)

Anal. Caled. for ﬁlﬁﬂagﬁﬁclls I, 33.2; H, 3.66.
Found: I, 33.4; N, 3.65(miK).

1 _product. Reerystal-

lized from dry acetone, Mm.p. 132.53.
26 220 o 50 (4
[q]ﬁ = 6,659 £.2Y (4% in 95% ethanol)

4nal. Caled. for C,gH,»ONCIBr: Br, 19.4; N, 3.40.
Found: Br, 1?‘55 N, Be35«



d-Camphoroxime, HEastman reagent grade d-camphor
(500 g., 3.3 moles) was dissolved in about two liters of

methanol. Hydroxylamine hydrochloride (500 g., T.2 moles)
was then added, with the ald of another liter of methanol,
While this mixture was being stirred mechanically, sodium
hydroxide pellets were gradually added, causing liberation
of considerable heat. The flask was aurrounded by cool
water, and more sodium hydroxide wae added, to total 750 g.
(18.5 moles), by whioch time the mixture had heated almost
t0 bolling, After standing overnight, most of the methanol
was distllled coff with stirring; then three liters of water
wag added to produce & clear solution. This technigue dif-
fers somewhat from that of Angeli and Rimini (187). The
free oxime was llberated by addition of glacial &catié

acid (1200 g., 20 moles). The preclpitate was washoed free
of ehloride lon, then dried to weigh 545 g., 99% of theory,
m.pe. 1189, 4 melting point of 120° was reported by Angeli
and Rimini (187). The appareat predominance of one ge-
ometrical lsomer is remarkable here, o effort was made

to recrystallize the product, which was satisfactory for

the following step.s

(187) %mg?%égg?d Rimini, Gazzetta ghim. Ital., 26 1I,
; 5 - .
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d-Bornylamine hydrochloride. The following variation

of Forster's procedure (188) was used: d-camphoroxime

(300 g+y 1.8 moles) was dlesolved in 1.5 liters of n-butanol.
Wnille this was stirred and heated, small portions of sodium
were added untll precipitation of aodium butoxide made
further additlon inconvenlent. A total of 190 g. (8.2
moles) had been added at this stage. (This was only a
&llgnt‘excaas over the theoretlcal 7.2 moles,) The alurry
wag separated from a few small @all@ta of unreacted sodium
by pourling through a large Buchner funnel without [ilter
paper. To the filtrate waz added one liter of water. After
shaking, the aqueous layer was found to be free of camphor-
oxime {(sodium salt). To the organlc phase was added one-
nalf liter of 6N hydrochloric acid. It is remarkable

that the amino hydrochloride remalned entirely in the
organic phase at this polnt, even upon addition of xylens.
The entire mixture was bolled to remove most of the sol-
vent, avaporation of added water helped to remove or-
ganic solvent. OSystematic fractional crystallization of
the residue from water gave 30 g, of product, 15% of theory
based on a statement by Forster (188) that the reduction
produces bornyl- &nd neobornyl amines in a 3:2 ratlo;

[@]gﬁ = +22,7° ¢ .3° (4% in absolute ethanol). A specific

rotation of +22.7° (4% in absolute ethanol) was reported by

(188) Forster, J. Chem. Sog., I3, 386 (18%8).



Forater (188). A further 21 g. crop was obtalned with
[a]§7 = +21.0° ¢ ,3% (4% in absolute ethanol). Both frac-
tions sublimed without decomposition at 360°., From this,
as well as an smino-cholestene preparation made similarly
but not reported, 1t was concluded that tedious fractiona-
tion is necessary to secure & good yleld of optlcally pure

amine disstereomer from oxime reductlion.

Before the preparation of d-bornylguanidine sulfate
was attempted, some general methods of guanidine synthesis

were investigated.

f-Butylguanidine sulfate, gince cyanamide is an

expensive reagent, soune axyarimanﬁa were directed toward
evaluating cheaper methods, using the synthesis of p-
butylguanidine a8 a test reaction to conserve valuable
asymmetric starting materlials. Although dimethyleyanamide
is mugh cheaper, the resulting guanidine, substituted on

two of the nitrogens, 1is not a strong base.

In the course of attempts to use technieal calcium
eyana&zde in guaniain@‘synmhesis*‘a rough analysis was
made on this reagent:

garbon (imsoluble in HOAe) 16.7%
ng no other Ca compounds) T7%

Slightest traces of other soluble

cations, sonme Pe.



Experiments (using an excess of this material) in-
volved liberation of free cyanamide with oxalic acid, water,
and carbon dioxide. 1In each case the aminium sulfate w&ﬁ'
present so that it could react simultaneously with cyana-
mide. Oaly.the carbon dloxide mathaa was successful, to

give 29% of the n-butyl derivative, m.p. 215°.

Singe the chief impurity in guanidine preparations
ia likely to be the aminium sulfate, a titration was de-
.* in the presence of

>
guanidine salts. .The unknown was brought to the alizarin

vised to determine (approximately) RNH

yellow end point (pH 12) with ,2N sodium hydroxide. Only
the aminium sulfate, 1f any, was titrated. An imnediate
end point was considered to be an indication of freedom from

aainium sulfate.

In view of the unpleasant mercaptan odors from the
use of S-methylisothiourea sulfate, and favorable reports
of the efficiency of O-methylisourea (189}, some effort
ﬁaﬁ devoted to ﬁyﬁtheaié of this reagent. The sulfate was

easlly prepared by way of the bisulfate.

The reaction of methyl

sulfate with urea was described by Werner (190) as being
g0 highly exothermlc that 1t could be performed convenliently

(189) §apf2?mmar and Muller, Ze physiol. Chem., 225, 1
1934) . ,
( 190) Wax‘mr; ie m. mﬂ M m' 927 (1914) .



only in small test-tube batches. However in one variation
of this method, draa (60 g., one mole) wae shaken gradually
into dimethyl sulfate (126 g,, one mole) malntained at
110-115°, with stirring, The monomethyl sulfate salt of
mebthy lisoures was produced 35 an oil. Liberation (with
calelun hydroxide) of free methylisourea base was not con-
venlent at this point because the highly soluble calelium
methylsulfate interfered with distillation.

An amount of sulfuric acld calculated to displace
methylsulfuric acid wges dissolved in ether (slowly with
¢ooling) and added to the oll from the reaction, along with
about the same volume of acetone. When cooled and shaken
80 a8 to distribute the initial sesds, 58 g., or a 35%
yield of methylisourea bisulfate was obtalned, after washing
with acetone; m.p, 115-118°, A melting point of 119-120°
was reported by Hughes et al. (191)., The acetone condensed
to dark red compounds in the acld solutlon, but did not

affect the yleld, as shown by comparison with other methods,

In a preparation on a larger scale, urea (300 g.,
5 moles) and dimethyl sulfate (630 g., 5 moles) were placed
in a flask, covered with a layer of c¢yclohexane and heated

eautiously. At 80°, the reagents under the cyclohexane

(191) Hughes, Saroff, and Carney, J. Am. Chem. Soc., Tl,
2476 (1949).
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were not completely miscibls, bub, when stlrred, reacted
satisfactorily, Previously 105% had been claimed as neces~
sary Tor this reaction (192). The refluxing cyclohexane
prevented the temperature from going mueh above 80%; no
external heating was necessary, After less than an hour
the three. phases became two (cyclohexane was always im=-
misclble), and soon the temperature dropped, no longer
sustained by an exothermic reaction. The reaction was not
self-sustaining below 75%, in spite of five varied "cata-
lysts™ tried. An attempt was made to crystallize the
normal sulfate, by adding the proper amount of sulfurice
acld without success.¥ However, an excess af‘aulfurie

acid wae added slowly, then the mixture was very cautiously
extracted three times with ether (heat was produced when
the first portion of ether was added). ?1na11y, addition
of an egqual volume of p-butancl and cooling gave good
erystals of the vlsulfate, which were washed with butanol
and finally with acetone. Drying gave 249 g., a 29% yleld.

The typleal 30% yield was not due to isolation dif-
ficulty since the preoduct was highly insoluble in butanol
and acetone and easily eryﬁtallizaé.“ All other reaction
methods, with higher temperatures, and additlon of reagents

gradually in both possible orders, gave the same yield (30

# This could have been due to lagk of seeds.

(192) 2n@%§ya8§rana. £rogc. Roy. 50C. §gg zealand, 77,
10 (1948).



-7l -

to 35%). Methylisourea bisulfate (327 g.) from several pre-
parations was recrystalllized from one liter of methanol by

additlon of 2.5 liters of ether, to yield 274 g., m.p. 119°,

Hethylisourea bisulfate (192

gep 1.12 equivalents) was dissolved in water and cooled by
an lce bath.

2CH30C(NHp) gHSO0), + Ba(OH) g wmm CH30C(NHp)p 50y

+ BaSOy + 20,0

The bisulfate lon was nsutralized by 572 ml. of 1.95N barium
hydroxide solution.#* (Centrifugation gave a clear solution.
Evaporation of water at reduced pressure was ailded toward
the end by addition of butancl., After addition of acetone
the crystals were filtered and washed with acetone, ylelding
119 g., with m.p. of 159-60°., Recrystallization from 200 ml.
of water by addition of 800 ml. of acetone ylelded 96 g« of
the pure salt (70% yleld), with m.p, 171-2°.

Found: S, 12.9; N, 22.6(miK).

Although many other salts of methylisourea have been
;eaaribad, the normal sulfate seems not to have been pre-

viocusly reported,

p-Butylguanidine sulfate. MNethylisourea sulfate

(6.15 ge, 50 milllequivalents) and p-butylamine (3.65 g.,

50 milliequivalents) were combined in 30 ml., of water,

# This concentration was achieved at 60°.
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CH30C(NHp) (50,/2) + CyHONHy e CyHoNHC(NH) 2(804/2) +
CH z0H

As the equatlon indicates, complete reaction is ac~
companied by disappearance of titratable base. Titrations
on small allquots showed that after five minutes' reflux
the reaction was 88% finished. After one-halfl hour the
solution was evaporated to near~dryness in vacuo to yleld
& wnhite solld. Addltion of 25 ml. of absclute alechol,
then evaporation to about 20 ml. and addition of 20 ml.
isoamyl alcohol gave four g. of product, which was washsd
with ether. This one erop was 50% of theoretical, m.p.
210-211°, 4 melting polnt of 206° was reported by Davis
and Elderfield (175).

The melting point of recrystallized butyl guanlidine
sulfate of higher purity from a previous preparation was
215°, This large effect of impurities on the melting
point was also noticed in the case of the derivative from
2-aminobutan~l-ol, the melting point of which was ralsed

45% 1n one recrystallization.

I 2. Mlethyllisourea
sulfate (6,15 g., 50 milllequivalents) and morpholine (7.5 g.,
86 milliequivalents) were mixed in 30 ml. of 50% methanol.
After standing at 25-30° for 36 hours, 3.3 g. of prisms

separated. The solution was evaporated
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and alcohol added to yisld three more grams, Total yleld
643 8., TO% of theory. Decomposition point 306°.

Anal., Caled. for aloﬂgé{)sﬁ&sg Sy 9,003 N, 2346.
Found: 5, 9.02; N, 23(miK).

ar ate. When this compound was
first prepared with stolchiometric quantitles under eondi-
tione similar to the above, the reaction was about 75%
complete in 12 hours, but the preciplitate contalned some
d-bornylamine sulfate, as indleated by titrstion to the
alizarin yellow end point, and conflirmed by a low nitrogen
content. It proved diffioult to remove this impurity, so

the resction was repeated, this time with excess methyl-
isourea as follows: d-bornylamine (3.5 g., 22.8 milli-
equivalents) in 30 ml. methanol was treated with methyl-
isourea sulfate (4.07 g., 33 milliequivalents), and enough
barium hydroxide solutlon to remove the 10 excess milli-
equivalents of sulfate ion. After a brief waraming, the
solution was filtered from barium sulfate and concentrated.
Cooling yielded 1.5 g. of precipitate which, after recrystal-
lization fr@m 9@%‘mathanal, gave no btitration to the alizarin
yellow end point, m.p. 326-30° (dec.). |

[612° = 421.4° 4 .6° (3.5% in 50% ethanol)

Anal. Caled. for C,gH,,0uRe3: B, 6.5; H, 17.2.
Found: 3, 6.4; N, 1T7.1.
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Derivatives of alkaloids

Brucine meth de. Recovered brucine (46 g., 0.10
mole) was dissolved in 200 ml, of warm 95% ethanol. To:
this was added, all at once, methyl lodide (27.5 g., .192
mole)s The precipltation of bruqlna methlodide was quan~-
titative, the yield being 61 g« (0«10 mole), meps 296°
(decs)» A melting point of 295°(dec.) was reported by
Gulland et al. (193).

Phenoxypropylbrucinjum bromide. Brucine (9.6 g.,
20 millimoles) and ;y~brmmopr@§y1 phenyl ether (4.5 g,
21 millimoles) were combined in 120 ml. of 95% ethyl al-
eohol, heated two hours, and cooleds The ylsld, after
washiﬁg wiﬁﬁ,alaahbx. wag 9.0 g.; meps 201% The product
on heating to 120° lost weight corresponding to a mono=
hydrate.

i%’ 4;1'“‘y' -
Found: Br, 12.62; H, 4.2

rhe thylbruciniws bromide. Brueine (23.3 g., 50
millimoles) and B-phenylethyl bromide (9.5 g., 50 milli-
moles) were combined in 200 ml. @f\?B% alcohol, and heated

(193) ?ulla?ﬁ, Perkin, and Robinson, J. Chem. Sog¢., 1627
1927).
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three hours. Cooling produced 24 g. of white crystals;
BeDo 215*20°(da3.}«

Anal, gCaled. for gﬁlﬁﬁﬁgaﬁﬂﬁr: Br, 13.8; By 4,8,
Found: Br, 13A8§; N, &.5§¢

sinchonine methilo d«; This wae prepared from
Flsher Scientific Co. cinchonine base (26.5 g., 0.09 mole)
and methyl 1odide (6.3 ml., 0.l mole) in two liters of 98%
aleohol. After standing one day, the solution was con-
centrated 1p vaguo %o yleld 22 g. of einchonine methlodide,
m.p. 268-272°(dec.). Since literature melting points for
the methiodide (269°) and free base (264°) are almost the

same (154), an icdide znalysis was run,

Anal. Galed. for aeaﬁeﬁaﬁais I, 26.2.
Found: I; 3946»

Of the various possible methods for evalusting the
usefulness of the asymmetrlc cations prepared, the best
seemed to be thelr direct comblnation with single anti-
podes of amino aclds., This method would eliminate the
necessity of starting with samples large enough to destect

partial resolution in the polarimeter. A deseription of

(194) Claus and kuller, Ber., 13, 2290 (1880).



the simple technlque used for evaluation will be found

later.

Some eflfort was devoted to obtaining pure samples of
R- and %u&ﬁtipﬁ&@ﬁ of some amino acld to be used as a test
substance, Acylated amino aclds were used mostly in this

part of the work.

Benzoyl-pL~tryptophan. RL-Tryptophan (Merek, 12 g.,

0.059 mole) was benzéylate& by the usual Sehotten-Baumann
procedure to yleld 17.4 g. (96%) with m.p. 196°. A melting
point of 194° was reported by Zlks ef al. (195).

Fsrmyl~§£fmazh19nine, Racemlc methionine was

formylated according to the procedure of du Vigneaud et al.
for the formylation of DL-cystine (196) with 70% yield,
m.p, 103°. A melting point of 100° was reported by Kolb
and Toennles (197).

?ormylﬁgé-ghanylalanin@. DL~-Phenylalanine was

formylated in two preparations in the same manner &g above
with 80% yleld, m.p. 168°. A melting point of 169° was
reported by Fischer and Schoeller (7).

(195) Elks, Elllott, and Hems, J §§%§ or 629 (1944).

(196) gg Vig?a?id e?arfm&nn, and Loring, J. Bigl. Chem.,
577 (193

(197) Kolb and Toennies, ibid., 144, 193 (1942).
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Formyl-DL-alanine, This was prepared exactly as

was farmylﬁg&*phaﬂylalanina, except that the crude product
was not washed with hydrnahlaric acid, but dissolved in
warm ethanol, filterad through glass wool, and c¢ooled to
give 65% of product, m.p. 143-4%, about 4° lower than that
reported by sillmamet al. (198).

Resoluticns of fcrmyleggfphanylalanine@ Although

rarmylﬁgkmphanylalanina can be resolved with brucine, the
following experiments gave satlisfactory samples of 2- and
g-pnenylalanina by a new progedure, perhaps not so ef-

fective as that with brucine, however.

Farmyl~£%~ph®nylalaﬁia& (10 giy 0405 mole) and (=)2-
aminaﬁutan~l-al (4.6 gey 0.05 mole) were dissolved together
in 70 ml. warm geg-butanol. After a day of walting, a crop
of orystals, A, welghling 1.22 g., wag deposlied from the
gooled solution. BEvaporation of the filtrate to about 40 ml.,
&nd,aaaling; yielded 4.2 g. of crop B« The washing of this
precipitate with geg~butanol increased the filtrate volume
to about 65 ml., again. Yet more crystals continued to form,
and were filtered to give 1l:31 g+ of crop €. The rotatlions
of these thnorougnly dried fractions were taken in 95%

ethanol, The ethanol was then evaporated off, and concentrated

(198) Biilmenn, Jensen and Jensen, Bull. soc¢. ghim., 1,
1661 {i?éﬁ)» Abstracted in’g. Aey %§? 29 {i935)-
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aqueous solutions of the residues were treated with exactly
the calculated amount of 5.3N hydrochloric acid, so as to
precipitate the free formylphenylalanine. The precipitates
were carefully washed with as small as pasaible successive
portlons of water, so that the free acid would be repre-
gentative of the optical proportions existing in the ori-
ginal salt. The rotations of the free acids were taken in

95% ethanol, Table 1 shows the data,

Table 1
Rotatlons and Antipodal Constitution

of (~)2-aminobutan~-l-ol Farmyiphenylalanina Fractions

dpecific Hotatlon Specific Rotation Optlcal

Frac- it in 95% of derived formyl- Propor-
tion 8o ethanol phenylalanine tion in
the sald
A 1.22 -47.5° | -66.5° 94, 2%
B th "150}. "’l&.& 61%"‘
¢ 1.3 +58,2 +63.0 91.8%+
i3] lol ‘43«6 89%"

The rssolution appeared to depend upon supersatura-
tioa rather than solubility difference. Proof for this ia‘
furnished in the next ssoction. Fraction B was recombined
with the filirate, and the solvent 2-butanol evaporated to
one-third volume., Fraction D was obtained with 89% (-)

formylphenylalanine combined with the amine, as before.

In & large-scale experiment, fsrmyl-g&»yhsnylalanine
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(165 g., 0.84 mole) was dissolved along with (~-)2-aminobutan-
1-01 (75 g., 0«84 mole) in 600 ml. n-butanol whiah was
charcoaled and filtered. Then 600 ml. each of benzene and
Skelly D were stirred in. This partidular proportion may
not be the best possible combination, but it worked well,

aﬁ indicated below. The mixture was seeded and stirred;

one c¢rop was removed after eix hours, another after over-
night standing. Both were practically pure (-)2-aminobutan-
1-0l formyl-D-phenylalanine salt, m.p. 128-129°, and
totalled 58 g., over 50% of theoretiecal.

Hecrystallization from about 200 ml. p~butanol gave
40 g, of pure (-)2-aminobutan-i-ol formylﬁgfphenylalanin@

salt, rosettes of needles, m.p. 129-30°.
29 , 50 o
]}JD = =52.5% ¢ ,2° (4,4% in 95% ethanol)

Anal, Caled. for Glaﬂaasamgﬁ N, 9053.
Found: N; 9-9?(1‘31&)0

To the filtrate was added another 1000 ml. of Skelly
D, whieh threw out & smpall amount of oil, leading to the
precipitation of 24 g, of 97% pure (-)2-aminobutan-l-ol

formyl-L=-phenylalanine salt.

Kecrystallization from 70 ml. of p-butanol plus
70 ml. benzene gave the pure salt, 20 g., m.p. 106-7°.
The resolidified sample melted again at 120-23°.
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‘ E§]§9 = 442,7° 4 .6° (1.6% in 95% ethanol)

Found: H, 9.96(niK).

Nelther form was a hydrate, since no weight was
lost from alr-dried samples on stronger heating. The yleld
of pure salt of furmyl~£-phenyla1&nina in this first
separation was 40% of theory; the yileld of the second
diastereomer was 17%. Héwavsr, the original filtrates,
when appropriately seeded, contlinued to deposit crops
which were recrystallized to yield another 1l g. of the
f@rmylfg-ghenylalanlne galt and 20 g. of the farmyljku
phenylalanine salt.

formyl:gr and gpphenylalamiﬁa. Tﬁe pure salts were shaken

with a mixture of equal volumes of butanol, benzene, and
Skelly D for three days. One set of flasks was brought up
to 30° in a constant-temperature bath, and tha‘othﬁr éaﬁ
was cooled to 30° from a higher temperature. Seven ml. of
filtrate in each case were evaporated to constant welight.
The golubility of the salt of formyl~%rphenylalan1na was
found to be 1.40 ¢ .01%, 1.56 & .02% for the dlastereomer
from fermylfé~phenylalan1na‘ Thege values indicate that
the success of the resolution depends on supersaturatlon

of the salt contalning farmyl<§~ph@ny1alan1na, and not upon
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solubility difference., Seeding should be done first with
the salt of fsrmyl»gfphenylalanin@, a8 this gives the more

effectlive separatlon.

Formyl-D-phenylalenine. To liberate the free formyl-

phenylalanine, (-}Q-aminebatan~l-al formyl-D-phenylalanine
salt (42.3 g« 0.15 mole) was dissolved in about 150 ml. of
water and treated with 30 ml, of %-6N hydrochloric acid to
give the free (~)formylvg-phenylalanine. which was washed
with water. A recrystallized sample had m.p. 168-9°,

[@]gg = =70.0° + .3° (2.5% in 95% ethanol)

A melting point of 167°, and [ﬁ]gﬂ = =75.4° (in aleohol),

were reported by Flscher and Schoeller (7).

g»?henylalanine. The crude product from above was

refluxed with about 500 ml. of 6§ hydrochloric acid for
five hours, then freed of the latter at water-pump preé-
sure, alded by an extra portion of water. The residue in
water wae partlally neutralized by sodium hydroxide, then
with sodium acetate to pH 6, filtered and washed to yleld
18 g. of the crude product, This was recrystallized from
250 ml. 20% ethanol to yleld 17 g. of D-phenylalanine (65%
of theory), found by microblologleal assay to be free from

the Leantipode.

For maximum rotation, another recrystalllization

gave 10 g. of pure D-phenylalanine (40% based on the salt).
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[6]2% = 435.1° + 1.0° (1% 1
D 1 % 1. n water)

Formyliﬁ-phanylalanine. The (-)2-aminobutan-l-ol

formylféeph@nylalanina salt (22 g., 0.078 mole) was treated
in the same manner to give & sharply melting (169“) (+)
farmyljérphenylalanina'

[@]gg"z +71,0° ¢+ 4% (3.5% in absolute ethanol)

4 melting point of 167° and [@]gﬁ = +75.2° (in absolute

alcohol) were reported by Fischer and Schoeller (7).

§~Phany1&1anina* Most of the formyl-L-phenylalanine

was hydrolyzed and tréatad as above to yleld 4 g., of L~
phenylalanine. o

[g]ga = -35.0° ¢ %¢Q° (1% in water)

In view of the success of the above procedure,
limited investlgations were ecarriled out on other acylated

anino acids, with (-)2-aminobutan-l-ol,

asttempted resolution of formyl-plL-vallne, Formyl-

gg—valiﬁa {613., 0.04 Qele) and {;)2~&minobutan»l~ol (3467 By
0.04 mole) were combined in about 12 ml. of geg-butyl
alcohol. When soratehing of the glass falled to start
erystallization, the solution was seeded with crystals
prepared from a pure farmyl-gfvaline antipode, Even with

this, the crystallization was extremely delayed. The
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resulting hygroscoplc solld wae dissolved in a very little
water, and treated with concentrated hydrochloric acid to
yield a precipltate of formylvaline, which was washed with
two one-cc, portions of water, with stirring, 8o as to get
the maximum beneflit from a small water volume, Hydrolysis
with eoncentrated hydrochloric gave DL-valine only. This
result would indicate that the two dlastereomers of (-)2-
aminobutan~-l-ol salt of formylvaline are of about equal

solubility.

Attempted resolution of banzeyl~g§¢m@thionine.

Equimol&rkportioﬁa of (-)eéamihabutan—1~a1 and bénzoylﬁg%
methlonine were mlxed together In a small volume of 2-
butanol. Crystals from this solution amounted to 20% of
the total welght, were treated wlﬁh & slight excess of
hydrochloric acid, and the liberated benzoylmethionine was

found to be completely inactive,.

agids. 4ll attempts to produce crystalline salts from
(=)2~aminobutan~l=ol and formyl-plL-alanine, formylfg%-‘
methionine and b&naayl~g§—tryptoph&n were unsuccessful, 1in
spite of the use of a varlety of aélven&a, including iso-
amyl alcohol, dioxane, ether, butanone, and ethyl acetate.

The salts were thrown out of most solutions by ether as olls.

ﬁanzayl1é-tryptophan anilide. Limited experiments
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on the banzoylwg%-trygtcphan, us ing the papain-anilide
procedure (199), gave 85% yield of anilide in optically
pure form. However, benzeyl~getryptaphan wasg not obtained
from the filirate, and hydrolysis éf the éraniliaa in an
atmosphere of carbon dioxlde led to some racemization, al-
though & T0% yield of tryptophan was obtalned without

serious decomposition.#

It is, of course, possible that the pronounced
tendency of the 2-aminobutan-l-0l salts to supersaturate
could be developed, with further effort, into resolutlons
gimilar to that of formylphenylalanine, However, the
samples of g- and g~phany1a1an1n@ were sufficient for the

main objective of the work.

New resolutlon of g&-glutamic acid., In view of the

extra carboxyl gr@up on glut&éia agid, 1t was of interest
to determine whether (n)ééaminebutan—luol could be used to
resolve this unacylated amino acid. A few preliminary
experiments were performed with pure %- and pure g;glutamic
acid in which only the salt of gfglutamic acid éryatalliaad.
Then gé~glutamia acld (7.3 g», 50 millimoles) and (=~)2-
aninobutan-1l-0l1 (4.#5 ey 50 millimoles) were mixed with

# Reerystallization of this product gave an equilibrium
mixture of DL~ with about 80% L-tryptophan, having the
same specifIé rotation as an artificlally prepared,
saturated solution of DL~ and %pvariatiea.

(199) Halverson, unpublished work in this laboratory.
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only two ml. of water to form a paste, whieh gradually
cleared up with heating to woout 70° on & hot water bath,
The almost clear syrup was dissolved in 100 ml. of absolute
ebthanol, and seeded with a 1little of the salt of g;glutamie
acld prepared from the pure antipode. After frequent
shaking and overnight standing, a coplous fine powdery
precipitate was obtalned, filtered, and washed with abso~
lute alcohol., It wae immedlately redissolved by heating
again with two ml. of water and reprecipitated as before

witn 100 ml. of absolute alcohol.

It was not possible to use simple hot-to-cold re-
erystallization of the salt, due to its great insolubility
in hot alcohol. The tendency toward slow erystalllzation
was, however, admirably adapted to a throwlng-out method.
The dried, mildly hygroscopic (-)2-aminobutan-l-ol D- -
glutamate weighed four g., 70% of theory, m.p. 146-7°.

[q]gg = =35,2° ¢ 1% (5% in water)

4nal. GCaled. for 09H3005ﬁ2: N, 11.85.
Found: N, 11:?&(%11‘()‘

g-ﬁlub&mla Agid. The four g. of salt was dissolved

in 2% ml., of water and treated with the theoretical 3 ml. of
6N hydrochloric aclid. The precipitated glutamic acid was
washed with alcohol, and recrystallized from water to gilve

1.5 g. of pure g-glutamie acid, m.p. 218-5°,
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E{]gs z =30.,4° ¢ .2° (5.5% in 3N hydrochloric aecid)

L-Glutamlc acld. After somewhat more of the original

salt had preeibi&ate& from its dlastereomer, the filtrate
was treated with an insufficient amount of hydrochlorie
acid, plus an excess of chloroacetic aclid. The latter has
1ts pK near to the isocelectric point of glutamic acid, and
therefore a slight excess would result in a well-buffered
solution. The refrigerated mixture was filtered, and the
washed preclipitate recrystallized from 25 ml. of water to

yield 0.85 g. of Le-glutamic acid.
[glgﬁ = 4+29,7° ¢ 2% (6% in 3N hydrochlorie acid)

The over-all yleld of D-glutamic acid was 42%, while
that of the L-antipode was 23%. If this procedure were to
be used on & larger preparative scale, these ylelds could

undoubtedly be greatly increased.

The evaluation of strong orgar ages in salt formatio
with amino aclds or carbamino acids

lethod. The followlng general scheme was applied to
the quaternary hydroxldes wlth.gu and érphenylalanine and
some other amlno acilds.

(a) The asymmetric guaternary halide was dissolved
in methanol and vigorously shaken with carefully prepared

sodilum~and nitrate~free silver oxide until the precipitate
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acqulred the dark gray-brown color of excess oxide. (+)2-
Guanidinobutan~l-ol was liberated from the sulfate with
barium hydroxide., An aliquot of the c¢lear solution was
titrated to the brom thymol blue end point to determine its

normality.

In the case of methylbruciniﬁm hydroxide, 1t was
necessary to establish that the hydroxide ion would not
8plit an amide-type bond at another point in the molecule.
If this were the case, the resulting carboxyl group would
immediately neutralize hydroxide, leaving s betaine with no
basic groups stronger than an aromatie amine and a carboxyl

anlion.

Two lines of evidence indicated the methylbrucinium
hydroxide was satisfactorlly stable, at least in the cold.
Any weak basic groups suceh as those mentioned above should
be titrated in moving from pH 6.5 (brom thymol blue) to
pH 2.0 (thymol blue), The volume of hydrochloric acid
actually required for this transition was the same as in a
blank. The same weak bases should also make 1t impossible
to obtain a sharp methyl red end point (pH 5.0). Actually

the end point was sharp,

(b} Although some of the experiments were carried
out with géaphﬁnylalanin@, in most cases a pure anbtipode
was dissolved in the equivalent portion of the quaternary

hydroxide solution in & micro K jeldahl Flesk. In experiments
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on carbamine salt formation with carbon dioxide, the amino
acld was dissolved with two egquivalent portions of base,
glnce there are two acidic groupe in a aarbamiho acid. The
methanol was evaporated at wataﬁmpump pressure, Addition
and evaporation of dry dioxane alded the removal of small
amounts of water as azeotropes, If a precipitate was obe
tained here with only one amino acld antipode, it was con-

sldered a promising technique for resolution.

(e} 1In attempts to prepare carbamino salts, the
solutlion was then treated with Just enough isoamyl alcohol
to prevent solidiflcation of dioxane when cooled in 1ce;
then dry carbon dioxide was bubbled in. Agaln, the ap~
pearance of a preclpitate with only one antipode would be

& good indication of possible success in resolution.

Preliminary results. The above technique was used

on the following combinations with the result indicated.
(+)a=gthylcholine + %éfphenylalaninn 011 produced

(-)o=Chlorobenzyl ether of w-ethylcholine
+ D-phenylalanine No pptb.

(-)o=Chlorobenzyl ether of a-ethylcholine
+ %—ph&nyl&laaine No ppt.

#ethylbruecinium hydroxide 4+ ggphanylalanine No ppb.
ethylorucinium hydroxide + L~phenylalanine 4 few very
- small roseties
of needles
Methylbrucinium hydroxiue + g&ryhenylalaninu Ho ppt.

Methyleinchoninium hydroxide + ggftryptophan 01l produced
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liethyleinchoninium hydroxide + L-tryptophan
liethyleinchoninium hydroxide +

guphanylalanina No ppt.
iethyleinchoninium hydroxide + Coplous solid

D-phenylalanine " ppt. '
Wethylclinchoninium hydroxide 4+ 2-leucine S0lid ppt.
Methylcinchoninium hydroxide + L-leuclne Solid ppt.
(+)Dimethylaninobutan-l-ol (large excess®)

* g»phanylalanine + garbon dloxide Ppt et
(*)#wathylancline + L~phenylalanine

+ carbon dioxid® Ppt . e
(+)a~-Lthyleholine + D-phenylalanine

+ carbon dloxide Pphe
(=)a~athyl=N-benzylcholine

* g~phanylalan1ne + carbon dloxide Ppt.
{~)a~Ethyl-N-benzylecholine

+ L-phenylalanine + carbon dioxlde Ppt.
(#)o=Chlorobenzyl ether of N-benzylcholine
: + D-phenylalanine + carbon dloxide Ppt , ##
(+)o-Chlorobenzyl ether of Nebenzylcholine

4+ grphanylalanina + cgarbon dloxide Ppt.
dethylbrucinium hydroxide

* gfpnaﬂylalanins « carbon dioxlde Ppt .
lethylbrucinlium hydroxide

+ Lephenylalanine + carbon dloxide Ppt,uw

01l produced

#  Addition of two volumes of 60% alcohol was necessary

to dissolve the amino acild.

#% These preclipltates were lsolated and dissolved in hot
water, in which any carbamlino salt would be decomposed
to amino acld and the carbonate of the base. In all
five cases, titration to the methyl red end point in-
dleated too little base to support a carbamino salt
formula for the precipitates, which were evidently
phenylalanine in most cases.
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In none of the last nine combinations was any solid
preclipitate obtalned prior to carbon dloxide addition. The
olls obtalned with (+)a-ethylcholine and phenylalanine
antipodes were redissolved by treatment with a small pro-

portion of absolute alcohol before carbon dloxlide additlion.

Some experiments with amine solvents. Because of
the suggestion of success with methylbrucinium hydroxide,

a larger run was made with DL-phenylalanine (3.3 g., 0,02
mole) and the stolchlometric quantity of methylbrucinium
hydroxide. A new technigue was tried, based on the idea
that in an amine solvent, an amino aeid should display
somewhat better acld properties, and might form a better
preclplitate with the methylbruclinium lon. Thus the alcohol
solvent was evaporated and replaced with about 25-30 ml.

of anhydrous pyridine, Cooling at this point dld not yleld
any preciyiﬁ&ta, but the addition of about an equal volume
of p-butylamine gave, after overnight refrigeration, a
satlisfactory precipitate. The precipltate, washed with a
little pyridine, then with ether, proved to be extremely
hygrosecoplic and melted almost immedlately on exposure to
the alr, Addition of 1.5 cec. of water, then 0.5 ml, of
glaclal acetic acid, precipitated 900 mg. of phenylalanine
which, however, was completely inactlve. That the hygro-
scopic solid was actually a methylbruciniume~phenylalanine

galt was strongly indicated by & second preparation, from
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which DhL-phenylalanine (washed free of any brucine deriva-
tlves) was recovered in 68% yield, which 1is typical of
phenylalanine recoveries from salt solutions. Addition of
hydriodiec acid to the methylbrucinium acetate solution pre-
cipitated methylbrucinium iodide in 92% yield, m.p. 290°

(dec.). (See section on methylbrucinium iodide preparation.)

Wihen the pyridine~butylamine solvent combination was
tried on the (+)2-guanidinobutan-l-ol salt of pL-phenylalanine,

no precipitate was obtalned.

Resolution of unsubstituted g&-ph@nylalaninﬂ.‘ 2&-

Phenylalanine (38 g., 2% mole) was dlesolved in 720 ml. of
0.32l methyleinchoninium hydroxide solution (prepared from
the lodide and silver hydroxide in methanol. The methanol
was mostly av&paratgﬂ; then replaced by dloxane, which was
also partly evaporated to about 200 ml, volume, when the
methanol was belleved to be sufficlently removed. The preci-
pltate was flltered, and the filtrate was further evaporated
to yleld still more precipitate, which was combined with the
first crop, and dissolved in methanol. Recrystallization was
accomplished in the same manner with dloxane, glving, after
washing with dioxane, then with ether, 50 g. of methylecincho-
niniun D-phenylalanine salt# (theory 54 g.), me.p. 174°(dec.) or

% This particular sample was later found to contalin some
of the methylecinchoninium &»ph@nyl&lanina, which d4id not
affect the nsutral equivalént.
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above, depending on the rate of heating.

Anal., Caled. for Sagﬁasﬁﬁﬁ:ﬁ'ﬁam neut. equiv., 492;
Hzﬁ, 3.66,
Found: neut. equiv., 506; HZ0, 3.5.

The diastereomer wae further characterized by re-
covery of both phenylalanine and methyleinchoninium ilodide
&g described later.

The diastereomer (50 g., 0.1 mole) was dissolved
in 200 ml. of ethanol-methanol mixture, and treated with
oxallie acid dihydrate (6.7 g., 0.1 equivalent plus a slight
excess) dlssolved in aleohol. The precipitated phenyl-
alanine was washed practically free of oxalate ion, and
welghed 16.5 g. Recrystallization by repeated hot ex~
traction with 100 ml. of water, and final addition of two
volumes of alcohol gave 13.5 g. mf'gfpnenylalanins {(theory
16.5 g.)» However, this material had a specific rotation
of +29,9° ¢ 0.7° (in water), not much greater than that of
an equilibrium-saturated mixture of D- and g&-phenylalanina
(determined separately). Thus recrystallization of the
amino acid was not llkely to achleve optical purity.

However, the material was purified by recombination
with the resolving agent, since no other derivatization is
necessary. For this purpose, the aleohollc solution of

mshhylcinahﬂninium oxalate, resulting from liberatlion of



- 93 =

free D-phenylalanine, was shaken with successive (excess)
portions of pure calelum hydroxide. After each mhakiﬁg,
the base normallity increased and the oxalate test becanme
fainter, until after four portions had been added and
filtered, & solution was obtained completely free of both 
calciun and oxalate, and containing 90% of the original
methyleinchoniniun lon jJudging by titration of hydroxide.
Addition of hydriodic acld to a small sample precipltated
the origlnal cinchonine methiodide in 58% yield after re~
erystallization; this did not depress the melting point of

an &uthsntie sample on mixing.

‘The 13.5 g. of phenylalanine was redissolved in the
gcalculated amount of this solubion, plus about 5% excess,
and preciplitated, then recrystallized twice, all by the

same original technique., A 34 g. sample of dlastereomer

wag obtalned, [g]§7 = +163°, addition of an alechol
solution of oxallc acid dihydrate (4.4 g., 70 milllequiva-
lents} to a methanol-ethanol solution of the dlastereonmer
a8 before precipitated phenylalanine which, after two re-
erystallizations for the sake of optiecal purity, welghed
3.8 g. and had {ﬁ]gg = *35.5°‘(2% in water). Although
this over-all yleld is only 20% of theory (based on the
L-component of the original g&-phenylalanina), some im-
provements, &s brought out in the discussion section, are

aexpected to lmprove the process.
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The filtrate from the first preclipitation of the
methylelinchoninium gapnanylalanina salt, after some atﬁnﬁing,
deposited another four g. of salt; the filtrate wae checked,
by titration, for base content; then an alcoholic soclution
of éx&lic acld dihydrate (8.2 g., 130 milliequivalents)
was added to precipitate 1?.5 ge of crude L-phenylalanine
which, aflter recrystalli ation from water, welghed 13.5 g.,
and had [%]ga = -28.2% ¢+ .6° (1.6% in water). Thus it is
evident that, although the initial ylelde seemed practically
guantitative, the diastereomer separation is the step which
must be improved in order to obtaln optiecally pure free

amino acids,

An attempt was made to reaolva}g&~laun1na by a pro=-
cedure similar to thﬂ;abava. It was irdleated in the
preliminary trials that both diastereomers prscipitatesd
from dloxane. Although addition of about one per cent of
ethanol led to a difference between solublilities of the
pure diastereomers, application of this to the resolution

led only to the eventual recovery of DL-leucine.
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DISCUBGION AND CONCLUSIONS

The amlnes used In this work were not strong enough,
even 1n large excess, to form stoichiometric salts with
unsubstituted amino aclds or to break up the racemic di-~
polar ion. The quaternary hydroxides, however, were easlly
able to bring amino acide into methanol solution. Hany of
these salts were so soluble in organic media as to suggest
that they are unlikely ever to crystalllze conveniently,
at least for a “simplified" raaoluﬁion.

The reputation for crystallinity of alkalold deriva-
tives 1s well 1llustrated here, since only methylated

brucine and cinchonlne gave s0lid amino acid salts.

Two lmprovements in the methycinchonine method are
worth trying.' FPirst, tha waakneéa of amino acids might
lead to some solvolysis of the quaternary salt, leaving
some free amino ac¢lid, even with a stolchiometric quantity
of strong base., (The odor of hydrogen cyanids from sodium
cyanlde 18 a parallel situation.) Since this reaction
would probably precipitate the g&-aminm acid from organic
solution, imperfect resolutions could result. The use of

excess base should correct this situation.

Also there are many quaternary ions which will not

precipivate in any form with amino aclds. These could be



used in conjunction with the rather expensive methylein-
choninliun hydroxide so that only enough methylcinchoninium
lon to bring down the g»amins acld need ve used. The easy
recovery of the resolving agent with the oxallc acid-

calelum hydroxide method removes the objeetion of expense.

Apparently in those cases in which a carbamino salt
does not form, the free amino acid ls precipitated instead.
In view of the instability of carbamino salts (except for
the heavy metal salts) one would obtaln only the racemate

ag a final resuli.

In order to induce the 2-aminobutan~l-ol deriva-
tives to form crystalline precipltates, it would evidently
be necessary to substitute still larger groups on the
oxygen or nitrogen. Unfortunately some of the polar sub-~
atituantsywhiah tend to raise melting points would be un-

stable in the strong baslc solution.

In almost any amino acid rssolution the chief factor
one must keep in mind ies the smaller solubllity of racemic
compounds. The difficulty caused by this can be understood
by econsideration of phenylalanine, whose active antipodes
are about two and a halfl times a8 soluble Ain water as the
LL~compound (when both are present in the same solution).
If one attempied to recrystallize a crude sample of ;f

pb@nylalanina containing only 10%‘£~antipoda (actually 20%
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g&spheaylalanine), an amount of water sufficlent to retain
the 20% of racemate would also retaln two and a half times
this welght of the L-antipode. The yleld of the latter could

not be better than 30% at best, Jjust for the recrystallization
alone, On the other hand, the unlque lack of Di~compound

formation in the case of glutamic acid 1g largely responsible
for the ease with which the new resolution yielded optically

pure antipodes, as described in the experimental sectlon.
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SUMMARY

The literature has been reviewed for all existing
types of amino acld resolution as well as for many experi-
ments in other flelds which could have a direect or indirect
bearing on the problem of resclving unsubstituted amino

aclds.

Twelve miscellaneous new compounds have been char-

acterized for developmental purposes on synthetic methods.

Five new optically active amines and four of their

bloxalates have been c¢haracterized.

Ten new quaternsary halldes and two new substituted
guanidine sulfates (all optically active) have besen char-

acterized.

Three new resolutions of amino acids hzve been

described, involving four new dlastereomeric salts.

Twenty other strong organic base-amino acid combina-
tions also were investigated, as well as migscellaneocus
other methods including the use of optleally active solvents

or adsorbents; none of them resulted in resolution.
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