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ABSTRACT

The 2, 3-iminobutanes react with acetic acid to give products
that are easily converted without isolation into 3-acetamido-2-
acetoxybutanes, Comparisons of the latter with samples of known

configuration demonstrate that ring opening occurs in a trans

manner,

Attempts to prepare 3-p-toluenesulfonamido-Z2-p-toluene-
sulfonoxybutane by reaction of 2, 3-iminobutane with p-toluenesulfonic
acid, followed by treatment with p-toluenesulfonyl chloride, have ;
failed. Under mild conditions the ring is not attacked, and under |
strenuous conditions elimination of ammonia occurs,

The ring of the N-ethyl-2, 3-iminobutanes, as well as that
of the simple 2, 3-iminobutanes, is opened by aqueous ammonia and
ethylamine at elevated temperatures to give products which demon-
strate that an inversion occurs, .Many new imines, amino alcohols,
and diamines have been synthesized, They are described, along
with some of their derivatives,

Both DL~ and naturally occurring threonine have been re-
duced to derivatives of the corresponding 2-amino-1, 3-butanediols,

Attempts to reduce the latter to derivatives of the 3-amino-2-butanols

have not yet succeeded,
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THE STEREOCHEMISTRY
OF THE OPENING OF THE IMINE RING

WITH VARIOUS REAGENTS
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INTRODUCTION

The ring of 2, 3=iminobutane has been found to open in a
trans mannef with water* and ammonia (1), but the effects of many
other reagents remain to be studied. This investigation was under~
taken to determine the stereochemical paths of the reactions with
acetic acid, aliphatic amines, and a representative strong oxygene
ated acid,

The choice for the lastenamed was p~toluenesulfonic acid,
mainly because of an advantage ‘it shared with acetic acid: the
normal products of ring opening should be transformed easily into
well characterized derivatives of the 3-aminow2=butanols; thus the
product from reaction with petoluenesulfonic acid could be made
to yield 3«p~toluenew2ep«toluenesulfonoxybutane, and that with
acetic acid to yield 3«acetamidoe~Z~acetoxybutane, Since a com~
plete set of the isomers of these end products is known (1), a direct

comparison would be possible,

* Cyclohexene imine has been found to behave in a similar manner
with water and hydrogen chloride (2).
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. A. ACETIC ACID AND THE IMINE RING*

DISCUSSION

Previous to the present work the reaction of cyclic imines
with acetic écid had been reported only once in the literature (4):
ethyleneimine was treated at dry ice temperature with twice its
molar quantity of glacial acetic acid to give a product isolated as
the oxalate, Isolation of the primary product itself was compli~
cated by the fact that it underwent an oxygenstosnitrogen acyl mie
gration when distilled, In addition, the oxalate analyzed excessively
high in nitrogen, undoubtedly due to compounds resulting from

further reaction of the primary product with ethyleneimine,

H H
HC~_ HC-NH,
CH4COOH + |/NH —_—
HC HC=-0COCH,
H H
H
HC_
| SmH
HC”
H
H H
H?-(MCHzcﬂz)nﬂHa HCwNH=CH pwCH o =ITH,
i -t -
H§-0000H3 HC~-0COCH,
H

P = 0 o e W e Bl e e o M e e e M e SR e e G SR M e e e S M S MM e e e E e e e e R e R G e G D = e S A e R em e b

* Published as contribution no. 1927 of the Gates and Crellin
Laboratories of the California Institute of Technology (3).
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lIn the present work two steps were taken to avoid these pit
falls: first, a high excess of acetic acid was employed to minimize
further reaction of product with 2, 3wiminobutane; and second, the
immédiate pfoduct, 3-amin_o-2-acetoxybutane, was converted withea
out isolation to 3wacetamidoe2«acetoxybutane by treatment with
acetic anhydride at room temperature. As shown in the following

table of physical constants, cise2, 3=iminobutane gave DLe«threo«3=

acetamido~2wacetoxybutane in essentially quantitative yield, Likee
wise L(~)~transe2, 3«iminobutane yielded L(=)~erythro=3eacetamido~

Zeacetoxybutane, demonstrating that in both cases an inversion tookg:'

¥
place, i.e. trans opening of the ring occurred,

ROTATIONS AND MELTING POINTS OF
3-ACETAMIDO~2-ACETOXYBUTANES

Melting Point (°C.,)

25

(ag D Pure

() Compound Mixture
1 DLw~erythro 0 51, 5«52, 8 1 and 5: softens 25
2 DLsthreo 0 73.3~74, 4 2 and 5: 73,4~74,5
3 L(w)=erythro -33,0 - 62,5-63.2 3 and 6: 62,6-64,3
4 L(-)~threo ~35,0 59,6-60,7 4 and 6: <2937
5 Product from

cis~imine 0 74, 3«74, 7

6 Product from
L{-)=imine ~30. 6 63, 3-63. 9
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i i
CH3C00~CH CH3C00~CH
?H3 HC-NH, H(ll-NHCOCH3
HC~_ CH3CO0H CH3  (cH,c0) 50 CH3
I /NH —— e — ]
HC|2 : CHj CHg
CHy HC-0COCH3 H:I:-OCOCH3
cis=243~ - NE~ ;
F27<99 HoN CI:H CH3CONH ?H ;
butane CHj : CHy
DL-threo=3=-Amino- DL=threo=3=-
2=acetoxybutane Acetamido-
2=acetoxybutane
CHj .
| CH, CH,
H-C7
I'm CH3COOH CHaCOC’-'CI’H (CH3C0),0 CHscOC’-(I"H
ZI HoN=CH CH3CONH~CH
C-H l |
| CHj CHy
CH
3 L-erythro-3- L(=)=erythro-
L{e)=trans— Amino=2=- 3-Acetamido=2-
243-Imino- acetoxybutane acetoxybutane

butane
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. EXPERIMENTAL (3)

The cis«2, 3=iminobutane and L(=)~trans~2, 3=iminobutane

were prepared from meso=2, 3-butanediol and D(«)-threo~2, 3-butane~

diol respectively, by methods previously employed (1), except that
in the preparation of the chlorohydrin (5) the reaction mixture was
saturated with hydrogen chloride at ca. -30°C.

Cis«2, 3=-Iminobutane and Acetic Acid

To 60 g. (1.0 mole) of glacial acetic acid, kept at a temper~
ature below 30°C., was added with stirring, 7.1 go (0,10 mole) of /
cisw2, 3=iminobutane over 30 minutes, After standing 2 days, theref
was added with stirring 20,4 g. (0,20 mole) of acetic anhydride (ree
distilled) over a period of 40 minutes, The temperature was kept
below 25°C. After standing another 2 days, the apparatus was
equipped for fractionation, and the excess acetic acid and acetic
anhydride distilled at 12 mm, pressure through an 8«inch column
of Raschig rings, until the pot temperature reached 60°C. It was
then subjected to a pressure of 1 mm, for 2 hours, with the tem=
perature kept at 60°C,

After cooling, the viscous material was placed in a vacuum
desiccator over potassium hydroxide and sulfuric acid (1 mm,. prese
sure), After 3 days a small amount was solidified in dry ice, and
used to seed the large portion. All quickly solidified to give 16,9 g.
(98%o0) of very light=colored material; m.p. 71,5~73.5°C. {cor.).

Recrystallization from dry diisopropyl ether gave 13,1 g.

(76%/0) of white prisms, m.p. 74s 3=74,7°C, (cor.).
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L(s)-tfans-z, 3wIminobutane and Acetic Acid

The reaction was carried oﬁt as for the inactive imine, but
on a smaller scale (0,05 mole of imine)s The diacetate solidified
readily without being seeded, even before being placed in a desic=
cator. A yield of 8,5 g. (98%0) resulted., Recrystallization from
dry diisopropyl ether gave 7.4 g. (850/0) of pure product, m.p.
63.3=63.9°C. (cor.).



-7-
B, P;.TOLUENESULF ONIC ACID AND THE IMINE RING

DISCUSSION

In order for a strained heterocycle to be opened chemically,
two rather obvious.requirements must be satisfied: first, the sube
strate itself must be susceptible to attack, and second, there must
be present a satisfactory assailant,

| Ethyleneimine homologs in general meet the first condition
stated above. Although a compound such as 2, 3«iminobutane has

only secondary carbons available (which are less vulnerable to nu-

4y
h

cleophilic attack than the primary), nevertheless it is reactive to av%
large collection of nucleophiles of varying strength, This is espec~
ially true when an acid is present, since quarternization of the ring
nitrogen weakens the system considerably. An example of this is
the reaction of hydrogen chloride with cyclohexeneimine (2). Even
such a weak nucleophile as chloride ion opens the ring under these
conditions,

It was hoped, therefore, that pstoluenesulfonic acid would
open the ring, with its strength as a protonating agent outweighing
the deficiencies of the anion. Trial experiments were performed
with cis~2, 3~iminobutane and an excess of p~toluenesulfonic acid,
with water, benzene, diethyl ether, diisopropyl ether and tetrahyw=
drofuran as solvents. In the case of the aliphatic ethers a second
phase formed immediately, and afforded upon treatment with p=tole
uenesulfonyl chloride in pyridiﬁe a crystalline solid which turned

out to be Nep«toluenesulfonylwcis=2, 3~iminobutane, identical to a

sample synthesized by the method of Bestian (6):
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('1H3 ' o CHs

HC_  (CHp) N HC

| 'NH + p-CH3C4HRS0,C1 ——=-"~p= | ~N=SO0,C¢HyCH3=p
HIC/ | ? | CeHg He”

CHj | | CH,
cig=2y3= Nep=Toluenesulfonyl-
Imino= ¢is=2,3=iminobutane
butane

Attention then turned to the usé of more strenuous condiw
tions: fused acid at elevated temperatures. But several hours at
40°C. gave the same result as when a solvent was employed, and
increase of the temperature to 100°C, did not improve the situa~ ;
tion, As it was evident from the imine's reluctance to react that
a large excess of acid was not necessary, a few experiments were
carried out for one week at IOOOC. + with an acid to imine molar
ratio of two. A high~melting solid separated from the dark reacw
tion mixture upon cooling. Treatment with p~toluenesulfonyl
chloride in pyridine gave a crystalline compound which later proved
to be p~toluenesulfonamide, The original crystals were undoubtedly
ammonium p=~toluenesulfonate, and as such represented a 42%0
yield, based on cis~2, 3eiminobutane,

In the forlorn hope that the concentration of p~toluenesulfo-
nate ion in the forementioned experiments could be raised, the
sodium, potassium, and lithium salts of the acid were prepared,
They proved to be almost insoluble in the fused anhydrous acid,

| Apparently ring opening will not occur under mild condi~
tions, due to the low nucleophilicity of the p~toluenesulfonate ion,

In this respect it resembles sulfate and perchlorate ions, The
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process by which elimination of ammonia occurs is as yet unknown,

EXPERIMENTAL

pe=Toluenesulfonic acid monohydrate was from Matheson,
Coleman and Bell. It was recrystallized from concentrated hydroe
chloric acid and dried in a vacuum desiccator over sodaelime until
free of chloride ion,

Pyridine was dried by refluxing over potassium hydroxide,
and then fractionating, discarding the forerun,

Triethylamine was from Matheson, Coleman and Bell, It
was dried over potassium hydroxide, then fractionated, ?

p=Toluenesulfonyl chloride was Eastman White Label materw
ial, recrystallized from hexane,

Diisopropyl ether was freed of peroxides with sodium sulfite
solution, washed, dried over calcium chloride and fractionated,
The fraction boiling above 67°C, (ca. 750 mm.) was collected,

All melting points are corrected, Microanalyses ma.rked
(E). are by A. Elek; those marked (S) by G. Swinehart,

Reaction of cis«Z2; 3=Iminobutane with p«Toluenesulfonic Acid

Twenty grams (0, 105 .mole) of p~toluenesulfonic acid mono=
hydrate was dried by the azeofroPic distillation of 300 ml, of dry
diisopropyl ether, leaving 150 ml. of reddish solution, This was
treated with Norit, filtered, cooled, and to it was added slowly 1.0
ge (0,014 mole) of cisw2, 3eiminobutane*, the temperature being

kept near 25°c, A milky oil formed upon the addition of each drop,

R R e G e e SN B R A e G WS P T e e G B B R e e O e e G M e M e e e e M A G e e e e W e e s mp am - P -

* See page 5, this thesis,
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collecting to a reddish oil at the bottom of the flask, This was re=
moved, cooled for several days, and then desiccated at 2 mm, pres«~
sure over sulfuric acid. Treatment with 7 ml, of pyridine caused
solidification of most of the material, but a further 7 ml, redissolved
this, It was then treated with 2,80 g. (0,015 mole) of pstoluenesul=
fonyl chloride and allowed to stand one day at room temperature,
Acidification at 0°C. with 6N hydrochloric acid gave a clear solution,
which was extracted 3 times wifh diethyl ether, Evaporation of the
ether gave 1,95 g. of almost white crystals. Recrystallization from

diisopropyl ether gave material of melting point 95,1=95, 9°c,

i
£
¥

Mixed melting point with DLnerythro-3-p-toluenesulfonamid6-
2=p~toluenesulfonoxybutane {m.p. 94.5-96.3°C.) (1): 69-77°C.

Mixed melting point with N~p«toluenesulfonylecis=2, 3=imino~
butane (m.p. 94.8-96,0°C,; see below): 94,4«95,5°C,

N«pwToluenesulfonylecise2, 3aiminobutane (6)

A 100-ml, 3~-necked flask, equipped with drying tube, sealed
stirrer and a dropping funnel, contained a solution of 2.4 g, (0.034
mole) of cis=2, 3=-iminobutane and 3.4 g. (0,034 mole) of triethylamine
in 20 ml, of dry benzene, This was cooled in an ice bath, and there
was added, over 45 minutes, a solution of 6,4 g. (0,034 mole) of
p~toluenesulfonyl chloride in 40 ml, of dry diethyl ether, The white
precipitate of triethylamiﬁe hydrochloride was filtered off, rinsed
with 100 ml, of benzene, and dried: 4.2 g. (910/0). The filtrate and
washings were evaporated under aspirator vacuum and the resulting
white solid dried under vacuum: 7.53 g. (98%o0).

Four recrystallizations f{rom diisopropyl ether gave colorless
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priSmé, mep. 94. é-96.10C. Calculated for CllHlsNSOZ: C 58,63,
H 6,71, N 6.22, S 14,22, Found (E): C 58,52, H 6,71, N 6.15, S
13,15,

Ne pn.T olﬁenésulfonyl-L&rans «2, 3«iminobutane

This was prepared exactly as the cis« isomer, using L(~)-
trans«2, 3=-iminobutane, Six recrystallizations from diisopropyl
ether gave colorless rods, m,p. 78.4=79.4°C. {a)°°D = 19.0°
(a = «0, 68°, c = 3,59, butanone).

Calculated for G, H,.NSO

11715 28
14,22, Found (S): C 58,83, H 6,99, N 6.58, S 14,27,

C 58,63, H6.71, N 6,22, S

T

NepeToluenesulfonylwl, 2eiminobutane

This was prepared in a similar manner from 1, 2-iminobutane,
920/0 of the theoretical yield of triethylamine hydrochloride being
isolated, The product failed to solidify until refrigerated at 5°C,
It remelted between 10 and 15°C, when allowed to come to room
temperature, Since its value as a derivative was therefore very
limited no further work was done with it,

p=Toluenesulfonamide from cise2, 3eIminobutane

A 3.80 g. (0.020 mole) sample of p~toluenesulfonic acid mono-
hydrate in a test tube was freed of water by being subjected to a 1 mm,
pressure at 120°C. for one-half hour. To it was added slowly, with
cooling, 0,71 g. (0.010 mole) of cis~2, 3=iminobutane, The tube was
almost sealed by being drawn to a capillary tip, and was placed in
an ampoule oven at 100°C, for 6 days. Upon cooling, the tube was
opened and the black tarry mixture it contained was extracted with

3-10 ml, portions of acetone, leaving behind 0,80 g, of almost-white
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crystais_.

A 0,35 g. sample of these crystals was treated in the cold
with 0, 46 g. (0.0024 mole) p~toluenesulfonyl chloride in 1 ml, of
pyridine, After standing 24 hours the solution was cooled to 0°c.
and acidified strongly with 6 N hydrochloric acid, The resulting
precipitate* was washed with hydrochloric acid and dried in a desice
cator, Seven recrystallizations from benzene gave a product with
melting point 136, 8«137, 8°C,

Mixed melting point with sample of pwtoluenesulfonamide

(m.p. 138,0-139,5°C.): 137.8-138,4°C.

* In some cases no precipitate formed, a result due to the moder~
ate water solubility of the product, about which no such suspicion
had yet been entertained,
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C. ET_HYLAMINE AND AMMONIA AND THE IMINE RING

DISCUSSION

“Although occasionally used as a preparative method, only
onée (1) has the reaction between an ethyleneimine and ammonia
been studied stereochemically to determine the mechanism, That
work was done in this laboratory, and involved the reaction at
100°C, of 2,3~iminobutane with liquid ammonia in the presence
of large amounts of ammonium chloride, The present experiments
were undertaken with a two=fold aim: first, to determing possible
milder conditions under which ethylamine could be induced to open *
the imine ring in good yield, and second, to use the method devel«
oped to determine the stereochemical path of the reaction,

At about the time that this work was begun, there became
available from the Dow Chemical Company a product termed 'Buty-
lene Oxide, Mixed Isomers', consisting mostly of 1, 2-epoxybutane,
This was recognized as a valuable starting material for the prepa~
ration of 1, 2«iminobutane, with which it was intended to do prelimi«
nary experiments, The commercial material was later supplanted
by a 'Straight Chain Isomer' grade, from which it was found that
reasonably pure 1, 2=epoxybutane could be isolated by fractional
distillation, .

This purified material reacted with aqueous ammonia to
produce leaminowZ~butanol (7), and the latter was converted into

1, 2«iminobutane by the method previously used to synthesize the

2, 3w isomers (1):
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LEN H,CNH, Hz?ﬁﬁ3 HaG,
0 NH
B yu,  HCOH H,80,  HCOSO3  gom  HCY
HCI:H ‘ Hzlm ~Hp0 HCH H?H
CH, CHj CHj CHj
1,2=-Epoxy- 1-Amino- 1-Amino=-2- 1,2«
butane 2-butanol butyl Hydrogen Inino=
Sulfate butane

In addition, the same oxide was treated with aqueoué ethyl-
amine to obtain lw~ethylaminos2ebutanol, characterized by its cone #
version to the hydrochloride of l=diethylamino=2ebutanol*; and
comparison of the latter with a reference sample prepared from

l~amino«2«butanol:

'Hz?\\o HZ?NH02H5
1,2-Epoxy-  HC” ¢ HNH HCOH 1-Ethyl-
butane | 252 | amino-

H?H H?H 2-butanol
CH, \\\\ CH,
| C,H:Br
NH (C,H:) ,NH 275
Hz?Nﬂa \\\\ Hzclm(cgﬂg)2
1-Amino- HCOH HCOH 1-Diethyl~
2=-butanol _(2) CaHsBr o aminozl
HCH (2) o™ HCH 2-butanol
CH, CH,

* Diethylamine and 1, 2Zeepoxybutane also gave this compound.
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Apparently attack by these amines, like that by ammonia (7), is at
the primary carbon atom predbminantly, if not exclusively,

Little or no product was obtained when anhydrous ethylamine
was heated with 1, 2=iminobutane, Previous investigators (8, 9) have
used anhydrous aluminum chloride or amine hydrochloride in these
reactions, but a procedure was desired which would avoid the possie
bility of complication by chloride ion,

In an attempt to emulate the success attained with epoxybu=
tanes and excess aqueous amines or ammonia (1), and to obtain a
system with lower vapor pressure for reasons of safety and convens,
iencey; a sample of 1, 2eiminobutane was treated with a 20«molar f
excess of 70% aqueous ethylamine, a fortnight at 100°c. being ale
lowed out of respect for the lower réactivity of the imines versus
oxides, This procedure proved effective, resulting in a 45%0 yield
of diamine; this was increased to 78%0 by use of a still higher temw
perature (IZOOC. ) When water was present, even diethylamine

reacted with 1, 2eiminobutane at 100°C. to give a 34%0 yield of pro=

duct, uncharacterized but probably lediethylaminoe2«aminobutane:

HoC HoCN(C,Hg) ,
[ S
H(l: (CaHg) NH _ Hclmﬂa
H(I}H ‘ H(|3H
CHj CHj
1l,2~-Iminobutane 1-Diethylamino-

2=~aminobutane
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Anhydi'ous diethylamine, like anhydrous ethylamine, was ineffective
under the same conditions,
Application of this procedure to the reaction with 1, 2ewepoxy«
butane subsfantially increased the yield of lwethylaminoe2e«butanol,
The latter was now used to prepare, via the sulfate ester, Neethyle

1, 2eiminobutane (1, 2~diethylaziridine)s;

H,CNHC Hss H,ClH,C o Hs HG

| I | _N=CaHy
S —— |

HCH -H,0 H?H HCH

CH, CH, CHj
1-Ethylamino=- l-Ethylamino-2- N-Ethylel,2-
2-butanol butyl Hydrogen iminobutane

Sulfate

Good yields were obtained despite the fact that the sulfate ester could

not be obtained as a crystalline solid, drying instead to a glassy maw

terial,

The conditions employed with the simple imine and ethylamine
were applied in the case of this new imine, The result was a 55°/o

yield of 1, 2ebis=ethylaminobutane:

HaCn_ HoCNHC oH5
Hé”N-CZHs CoHslH, HéNH02H5
EéH H20 HéH

CHy CHj

N-Ethyl-1,2- 1,2-Bis-ethyl-

iminobutane aminobutane
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4The method was now available; it rema.inéd to apply it to the
~problem of greater import: ethylamine and the pure 2, 3=iminobu=
tanes,
When- cis=2, 3eepoxybutane and aqueous ethylamine were heated
together, yields of up to 850/0 of a 3wethylamino~2«butanol resulted,

This proved to be the DL«threo~ isomer when the 3ediethylamino=2e«

butanol derived from it was compared with that derived from DL=

threo~3eaminoe2ebutanol (1) and found to be identical:

cis-2,3- HC HC-OH HO-CH DL-threo- +
Epoxy— l:)c, MH; | [ 3=Amino-2=-
butane HC HoN=CH H?-NH 2 butanol

CH,4 CH,4 CH,

CgH;NHZI co3 \ (2) C,HsI

CH,4 CH,4 CH, CH,4

HC-OH HO~CH  CaoHsI, OH™ H?-OH HO-?H

02H5NH-?H HC-NHC Hg (Czﬂg)aﬂ-?ﬁ HC-N(C,Hs) »
CH,4 CH, CH, CH,
DL-threo~-3-Ethyl- DL-threo=3-Diethyl-

amino-2-butanol amino~2-butanol

Thus a trans opening of the oxide ring occurs with ethylamine, exactly
as with ammonia,

" In similar manner, L(+)=erythro«3~ethylaminoe2=butanol was
obtained from D(+})~-transe2, 3=epoxybutane and ethylamine, and linked

to the known L(+)=erythro-3~amino«2=butanol (1),
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'?H3' CHj

- D(+)-trans- <CH CoHgNH, HO-CH  L{+)-erythro
2,3-Epoxy= 4 e =3-Ethyl-
butane HED CoHsNH-CH  amino-2-
butanocl
CH3 CHj
NH31 OH™ 102551

CHj CH,
L{+)- HO-CH (2) CoH4I HO~CH  L{+)-erythro
erythro- | co= - | -3=Diethyl=
3-Amino- H,N-CH 3 (CoHs) ,N-CH amino-2-
2-butanol | | butanol

CHj CHj

These new secondary amino alcohols were used to prepare,

via the sulfate esters, two new imines: namely ciseNeethyle2, 3«

iminobutane from DL~threo«3eethylamino=Z2«butanol; and L(+)«trans=

Neecthyle2, 3wiminobutane from L(+)~erythro~3«ethylamino=2«butanol:

CH,
HC-OH

. CpHgNH-CH
ba,

CHj
HO-CH
Hé-NHCzﬂs

'éH3
DL-threo-3-

Ethylamino-
2-butanol

|
E?-oso;
czﬁ5ﬁH2-?H

CH
3 xom

H,S0,,
e e o] ey ]

~H0 i,
~0350-CH
HC-RH,C ,Hs
b,
DL~-threo-3-

Ethylamino-2-butyl
Hydrogen Sulfate

cis~-N-Ethyl~
243=imino-
butane
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CH, CH, s
Ho-cH H,80, ~0480-CH H
2 ﬁH KOH, N-C,Hg

CzHgNH-?H_ =-Ho0 02H5 2-?H éH

CHj CHj éHa
L(+)-erxthro- L-grythro-3- L{+)=transg=
3«-BEthylamino- Ethylamino-2-butyl N-Ethyi:2,3-
2=-butanol Hydrogen Sulfate iminobutane

In each case the sulfate intermediates turned out to be crystalline
solids, unlike that from leethylamino~2e«butanol,

A 49%o yield of product resulted when the cis N»ethyl imine
reacted with excess aqueous ethylamine at IZOOC. for two weeks;
this was identified by the analysis of derivatives as a 2, 3~bis~ethyle

aminobutane, To determine whether it had the DLe«threo or meso

configuration it was resolved with L(«)~dibenzoyltartaric acid; the
less soluble salt was purified and converted to a free base with a
specific rotation of +106,0° The residue from the mother liquor,
after decomposition and i)uriﬁcation as the hydrochloride, afforded
the enantiomorph, with rotation «103, 7°. This established the

original configuration as DLe«threo,

CHj CH, CHj

Hé\\ 2H5NHa HC-NHC,H; CoHsNH-CH
Hé"N-CZH5 Hz0 CoHsNH-CH HC-NHC,Hs

éH3 éH3 éH3
cis-N-Ethyl- DL-threo-2,3-Bis-

24 3-imino- ethylaminobutane

butane
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By ethylation of the p-tolueﬁesulfonyl derivative of L(+}~threo«Zz, 3«
butanediamine (1), the dextrorotatory form was shown to have the
L«threo configuration,

The active Nwethyl imine and ethylamine yielded a diamine
whose rotation was +0,48°, This was undoubtedly the meso isomer,
contaminated with about 0,5%o0 of active isomer; the petoluenesul=
fonyl and acetyl derivatives were both high«melting, as expected

for meso compounds, and optically inactive after purification,

?H3 CHg
HC ‘
] CoHsNH, HC-NHCHy
N-C,Hj .
ééH H0 H?-NHC oH 5
CHj CHj
L(+)~trans-N-Ethyl- mego-2,3-Bis-
-243=iminobutane ethylaminobutane

Aqueous ethylamine also opened the ring of the simple 2, 3~
iminobutanes, Thus cise2; 3=iminobutane gave DLw«threo~3=ethyl=
amino~2=aminobutane, identified by its ethylation with ethyl iodide

to the resoclvable DL~threo-2, 3=bis~ethylaminobutane:

CllH3 CH, CHj
H?\HH CoHsNH, HC-NH, HoN-CH
e e )
H?/ H,0 C,H,NH-CH HC-NHC ,H 5
CH; Hy CH,4
Cig=2,3~ : DL-threo-~
Imino~- 3-Ethylamino-

butane 2=aminobutane
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In’'addition, it proved possible by ethylation to obtain the diep=
toluenesulfonyl derivative of DL~threo=3~ethylamino~2~aminobutane
ffom that of DL~threo«2, 3wbutanediamine, and then further to ethylate

the former to the corresponding derivative of DL«threo=2, 3«bis~ethyl=

aminobutane:

?E3 CHy
H H?-ﬁ§0207H7-p p-C7H7SO§§-?H.ﬁ
\ .
p-C7H7302N-?H H?-N30207H7-p
CHg DL-threo=-2y3=Di- CHj
p=-toluenesulfon-
amidobutane
Cl’Ha l CI’Ha
C 2H5 H(I:—N\go zc 7H7np p-C 7H7 SO;/N—(I:H /C 2H5
CHj CHjs
DL-threoe

3-(N-Ethyl-p-toltenesulfonamido)-
2=p=toluenesulfonamidobutane

CHj CHs
CpHs HC=NS0,CpHyp=p = p=CoH,S0,N-CH /CgHs
p-C7H7SO>N-€I}H C,Hs CaoHg Hé-NS()gCo,H:,-p
(|3H3 (!3H3
DL-threo-

243~Bis~ (N~-ethyl-p~toluene=
sulfonamidgbutane

When L(=»)«transe2, 3~iminobutane reacted with ethylamine
an optically active dibasic amine, D(=}-erythro-3~ethylamino=2«

aminobutane resulted; it was ethylated to the internally compensated
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mesow2, 3«biswethylaminobutane with ethyl iodide:

. [
ﬁ-H CoHsNH, HC-NH,
Ly H20 HC-NHC pH3
CH, CHs
L(~)-trans- | D(~)-erythro-
243=Imino- 3-Bthylamino-2-
butane aminobutane

CoHyI
-———-—:——b

OH

CHjs
HC-NHC Hg
H(':-NHC 2Hsg

CHy
meso=2, 3~

Bis-ethyl-
aminobutane

It was recognized that if all the ring openings with amines

and ammonia occurred with inversion at the attacked carbon atom,

the scheme: active OXIDE to AMINO ALCOHOL to IMINE to DIA«

MINE would lead to one active diamine if the two amines used were

dissimilar, and to its enantiomorph if their order in the reaction

scheme were reversed, All the pertinent reactions except one

(that of active Nwethyl imine with ammonia) already having been

carried out, the missing experiment was performed (using aqueous

ammonia as reactant) to complete the reaction scheme given on

the following page.
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P i P
HO-CH HC H,N-CH
I S =) I;I-.C 2H 5 -—-——3—--
CZH‘.)—NH-('}H Z-(I:H H20 CZH5NH-(I3H
CH CH CH
cH, 3 3 3
I L{+)-erythro- L(+)-trans- L(+)-erythro-
CH 3~-Ethylamino- N-Ethyl-2,3- 3-EBthylamino-
o 2-butanol iminobutane 2-aminobutane
HC N
| 4
CH, (|'1H3 ?HB CHj
D(+)-trans- HO-CH HG C.H<NH, HC-NH,
2,3-Epoxy- | —— 3lm —2sl2,
butane Hzm-?a 61 Hp0 HC-NHC,Hg °
I
CHj CHj CH;
L(+)~-erythro- L{-)-trans- D(-)-erythro-
3-Amino-~ 243-Imino~ 3-Ethylamino-
2-butanol butane 2=~amninobutane

Both the free bases and their derivatives possessed physical proper«-
ties befitting enantiomorphs; the prediction was upheld, |

The use of aqueous ammonia to open rings was extended to
the case of the 2, 3~iminobutanes, where liquid ammonia without a
catalyst had failed and ammonium chloride catalysis in a bomb tube
had been resorted to (1), Yields of 67%0 and 71%o0 respectively, of
meso=2, 3~butanediamine from L(~)~trans«2, 3=iminobutane and DL«

threo~2, 3=butanediamine from cis«2, 3«iminobutane resulted after

two weeks reaction with an excess of concentrated ammonium hydrox-

ide at 100°C, This is another case of water catalysis,
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' Two general conclusions can be drawn from the following tables
of physical constants, They concern the optical rotatory powers of the
ethylamino and N-ethyl-p-toluenesulfonamido groups.

It has been demonstrated (1) with the 2, 3-disubstituted butanes
that a hydroxy or amino group with D- configuration in the 3- position
causes levorotation, the effect being stronger with the latter, Evident-
ly ethylation of the amino group intensifies this effect, since while
with L-erythro-3-amino-2-butancl the hydroxyl group all but cancels
the rotation due to the amino group, to give a rotation of +0, 850, the
L-erythro-3-ethylamino- and L-erythro-3-diethylamino-2-butanols;
have specific rotations of +31..20 and +95, 5° respectively, This is;
confirmed by all the diamines studied: the active threo-2, 3-bis-ethyl-
aminobutanes, in which the effects of each group should be complemen-
tary, rotate light in the same direction as but to a greater degree
(1060) than the simple diamines of like configuration (29, 50); and when
the rotations of the erythro-3-ethylamino-2-aminobutanes are mea-
sured, it is found that the effect of the ethylamino group outweighs
that of the amino group: Li-erythro-3-ethylamino-2-aminobutane has
a specific rotation of +37,. 20. The only exception to this rule occurs
in the 3-membered ring compounds (which are not, after all, com-
pletely analogous to the compounds with relatively free rotation be-
tween carbons 2 and 3): L-trans-N-ethyl-2, 3-iminobutane is dextro-
rotatory (+24. 70), while the simple Li-trans-imine has a specific ro-
tation of -102° and the trans<oxide would have a rotation of -59°,

Although p-toluenesulfonylation of the simple amino or hy-
droxyl groups completely reverses the sign of their rotation, (the

p-toluenesulfonyl derivatives of the dextrorotatory diols, simple



~ =25-

aminola_.lcohols and simple diamines are levorotatory) it simply de-
creases the magnitude of the effect of the ethylamino group. The
rotatory power of the resultant N-ethyl-p-toluenesulfonamido group
is 'w.eak (-6; 8° under thé assumption of simple algebraic addition of
the effect of two such groups in D(-)-threo-2, 3-bis-(N-ethyl-p-
toluenesulfonamido)-butane) but nevertheless it is sufficient to over=
come the effects of the otherwise strong p-toluenesulfonamido and
p-toluenesulfonoxy groups when in the same molecule, Thus while
the p-toluenesulfbnamido group would be expected from its high ro-
tation in L(-)-threo-2, 3-di-p-toluenesulfonamidobutane (-70, 30) to
cause dextrorotation in L-threo-3-(N-ethyl-p-toluenesulfonamido) j
2~p-toluenesulfonamidobutane, the compound is weakly dextrorota-
tory (+2.2°), as dictated by the ethylated group, Likewise the rota-
tions of the erythro-3-(N-ethyl-p-toluenesulfonamido)-2~-p-toluenesul-
fonamidobutanes and 3-(N-ethyl-p-toluenesulfonamido)-2~p-toluene-
sulfonoxybutanes, where the two groups would be expected to act in
conjunction, rather than in opposition, are surprisingly low, (+21, 3°
and +9, 2° respectively, for the L- isomers). All of this is probably
due to the spatial restrictions placed on the molecule by the addi~
tional ethyl groups.

Little has been gained from a study of the acetyl derivatives,

The behavior of the acetamido group is anomalous when ethylated,
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PHYSICAL CONSTANTS
OF SOME

2, 3=DISUBSTITUTED BUTANES*

*Those marked in this manner are taken from reference (1) and are
included for comparison purposes.
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MELTING POINTS AND SPECIFIC ROTATIONS OF
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p~TOLUENESULFONYL AND ACETYL DERIVATIVES

OF SOME 2, 3~DISUBSTITUTED BUTANES*

Groups in Position

2 3 Isomer
-OTs -NHTs DLi~threo*
-OTs -NEtTs DL~threo
 «OTs =OTs D(+)«threo*
-OTs ~NHTs D(+)~threo*
~OTs -~NHTs L(~)~erythro*
~OTs -NEtTs = L{+4)~erythro
NTs cis
NTs - L{~)~trans
«NHTs ~NHTs DL=threo¥
«NHTs «~NEtTs DL~threo
-NEtTs ~-NEtTs DL~threo
~NHTs «NHTs L(~)~threo¥*
~-NHTs «NEtTs L(+)~threo
«NEtTs ~NEtTs L(+)~threo
«~NEtTs <NEtTs D(~)~threo
~NHTs <~NHTs meso¥
-NHTs =NEtTs D{~)=erythro
~-NHTs «NEtTs L(+)~erythro
~NEtTs ~NEtTs meso
=NHAc «NHAc DL~threo*
~«NHAc «NEtAc DL~threo
~NEtAc ~NEtAc DL-~threo
~OAc ~0OAc D(+)#threo*
«OAc -NHAc D(+)~threo*
-OAc ~NHAc L(~)=erythro*
«NHAc «NHAc L(«)~threo*
~NEtAc ~NEtAc D(«)~threo
~NEtAc «NEtAc L(+)=threo
«NHAc =-NHAc meso¥
~NEtAc «NEtAc meso
~NHAc «NEtAc D{F)}~erythro
~-NHAc «NEtAc L(~)=erythro

M. P, OC, {cor.)

125,7=126,7
111,1-111.5

65, 1=65,5
140,1-141,0
104,2~105,2

94.9-96. 1
78.4-79, 4

179. 3"'180.7
150, 6«151,6
135,8«136,7

201,1-202,8
111,3-112,0
138,7«139,5
138,5~139,5

168,5~169.0
149,9-150,7
148,0~-148.8
241.8~243,3

178,6~178.9
80,4~-81,0
68.3~69, 6

25, T=25,9
59, 3-60, 5
62.3-63.3

199. 3"199- 7
72,0072, 7
71,0871, 7

277,9-280,0
76.5=77.3
93,6%94, 6
930 9“940 6

(a)st (o)

+37.2
+42,5
~7.14
+9.2

«19,0

~70.3
+2.2

+13,7
~13,3

«23,8
+21.3

+13. 7
+35,0
-33,0
«56, 8
w25
+30

+7.1
6,8

B G s e A S G e Em Em S S ER L T T GE WD e R e R W T e B S MR () e B A e m e e At e e M Ee e e bw B e s e e e e

*Taken from previous work and included for comparison

purposes (1, 10),
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EXPERIMENTAL

Acetic anhydride was from Baker and Adamson, with assay
' 90-950/0, and was fractionated at atmospheric pressure,

.Denatul.'ed ethanol consisted of approximately 85%o ethanol,
10%0 methanol, and 5%0 water.

L(«)=Dibenzoyltartaric acid was prepared by the method of
Butler and Cretscher (11).

Diethylamine was Matheson, Coleman and Bell material, It
was fractionated thrbugh a 15«inch column of Raschig rings, B.P.
54, 0«54, 8°/742 mm,

Diisopropyl ether was shaken with 10%o0 sodium sulfite soluw~
tion, then with water, dried over calcium chloride and fractionated.
The fraction boiling below 67°C, was discarded.

Diethylene glycol monobutyl ether was Eastman technical
grade, and was fractionated through a 15=inch column of Raschig
rings, the fraction boiling at 86, 6«87, 7°C. /3 mm. being collected.
B.P. 120,9°/20 mm.,

1, 2=Epoxybutane was isolated from 'Butylene Oxides, Straight
Chain Isomers' kindly supplied by the Dow Chemical Company. Dry=
ing over potassium carbonate and fractionation through a 40ecm,
column of helices afforded a central fraction, representing about
40%o of the total, B, P, 62,2=62,3°C. /743 mm.

Ethylamine was a 70%0 aqueous solution from Matheson, .
Coleman and Bell, It was used as supplied, Recovered ethylamine
- was distilled through a 40=cm, column of helices, using ice water

circulated by a centrifugal pump in the condensers, and then diluted
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with distiiled water to a 70%0 concentration by weight.

Ethyl bromide was fractionated Eastman White Label material,

Ethyl iodide was studenteprepared material, dried and distilled
through a 4.5-01-'11. column of Raschig rings, the fraction with boiling
point 69,2~69, 8°C, /744 mm, being collected.

p~Nitrobenzoyl chloride was from Matheson, Coleman and
‘Bell, and was recrystallized from carbon tetrachloride,

Oxalic acid \ﬁas reagent grade 'Oxalic Acid, Anhydrous Pow=
der' from Baker and Adamson,

~ Pyridine was technical material, refluxed over potassium hy-

droxide and then fractionated through a 15-inch column of Raschig
rings; a typical lot had boiling point 112,.5-113,0°C. /740 mm.

p=Toluenesulfonyl chloride was Eastman White Label material-
and was recrystallized from hexane,

Triethylamine was from Matheson, Coleman and Bell, and
was fractionated through a 60wcm, column of Raschig rings, B. P.
87, 7«87,8°C. /745 mm.,

cis~ and D(+)~transe2, 3-Epoxybutanes, DL~threo~ and L(+)~
erythro-3-amino-2-butanc;ls, cise and L(-)-Et_‘_ailiﬂz, 3=iminobutanes
were prepared according to the directions previously worked out in
these laboratories (1, 3, 5), with two exceptions: in the preparation
of the 3=chloro=2<butanols the saturation with hydrogen chloride was
carried out at ca a30°C., thereby increasing the yield in this step;
the L(+);-e rythro=3=amino~2«butanol was fractionated through a' col=
umn of Raschig rings, using a slow stream of cooling water in the

condenéer to prevent solidification, B.P. 87, 7«88, 3°/40 mm,
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The physical conStanté corresponded closely to those found
previously, except that the Li-trans«2, 3~iminobutane was found to
. 5ave a rotation of =83, 28°, (previous value =80, 37°%). In all cases
the compounds boiled over a very short range (0,3 to 1,0%).

L{«)~threo~2, 3~Di~petoluenesulfonamidobutane was synthe~
sized from L(+)~threo«2, 3=butanediamine according to the directions
of Dickey, Fickett and Lucas (1), The diamine was obtained from
a sample of its acid tartrate salt prepared by W, Fickett, The melt=
ing point was 201,4-202, 2°C, (lit,:201.1-202,8°C.) and the specific
rotation =69, 2° (lit,: =70, 39). |

All melting points are corrected. Microanalyses marked
(E) are by A, Elek, those marked {S) by G. Swinehart.

l«Amino=~2«butanol

Seventywetwo grams (1.0 mole) of 1, 2«epoxybutane was added
in 6 portions to a 4«pound bottle (30 moles) of reagent grade ammon«
ium hydroxide cooled to 5°C. It was then allowed to stand at room
temperature for 14 days. The ammonia was distilled off through a
15=inch column of Raschig rings until a pot temperature of 105°C,
was reached, Most of the water was then removed under a vacuum
of about 100 mm., to a pot temperature of 110°C, A still base (25
ml, of diethylene glycol monobutyl ether) was added and the material
fractionated through a 24minch column of Raschig rings., After a
10 g. forerun there was collected 58 g. (65%0) of l-amino-2=butanol,
B.P. 79.7-81,2°C./20 mm, Purification via the neutral oxalate
(see following paragraph) followed by decomposition with a slight

excess of barium hydroxide and fractionation as above yielded
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material with boiling point 82,0-83, 0°C. /20 mm., ;s n D 1,4482,

Neutral Oxalate of 1=Amino«2-butanol

To a solution of 25,0 g, (0,28 mole) of l~amino~2~butanol in
125 ml, of dry diethyl ether was added slowly with stirring a solution
of 12,8 go (0.142 mole) of anhydrous oxalic acid in 150 ml, of dry
diethyl ethgr. A white precipitate formed immediately, accompan~
ied by some heat. The product was filtered off and dried in a vac-
uum desiccator over sulfuric acid to yield 36 g, (1000/0) of white
solid, Two recrystallizations from ethanol-water gave 30 g, (830/0)
of shimmering water=soluble colorless plates, m.p. 195-196°C, ;
lit. (12): 196~200°C.

l1~«Benzamido=2«butanol

In a 20~ml. test tube was placed 10 ml, of 3N sodium hydrox-
ide solution and 1,78 g, (0,020 mole} of l1-amino~2~butanol; this was
cooled to 0°C. and there was added with stirring 3. 2 g. (0.023 mole)
of benzoyl chloride, The white precipitate which formed was allowed
to stand 3 hours, and then the mixture was acidified to pH 2 with 6N
hydrochloric acid, The solid was filtered off, desiccated over night
and recrystallized from 25 ml, of benzene to give 2,7 g. (700/0) of
l-benzamido~2~butanol, m.p. 112.1-113,1°C,; lit, (12): 112-113,5°C,

l-p~Nitrobenzamido~-2~p~nitrobenzoxybutane

A solution of 0,45 g; (0.0050 mole) of l«amino-2=butanol in
8 ml, of pyridine was treated at 0°C. with 1,87 g, (0,0100 mole) of
p~nitrobenzoyl chloride in 4 portions. The pale yellow precipitate
which formed was allowed to stand over night., After the addition of

10 ml, of water the mixture was acidified with 6N hydrochloric acid
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while codl_ing and stirring; 10 ml. of 1N sodium bicarbonate solution
was then added, and the material filtered and washed with 100 ml, of
v‘vater. Drying in a desiccator -gave 1,8 g. (93%o) of yellow powder,
Five recrystal'lizations from ethanol-water gave colorless needles,

m.p. 119,2-120, 2°C. Calculated for C, H,,N,O C 55,81,

1874173V 7°
H 4,42, N 10,85, Found (E): C 56,61, H 4.62, N 11,08,

l«Amino~2-butyl Hydrogen Sulfate

A solution of 47,0 g, (0.53 mole) of l1«aminoe2«butanol in 100
ml, of water was titrated to the methyl orange end point with 19, 8N
sulfuric acid: 27.5 ml, required, an assay of 103%0, A further 27, 5/
ml. of acid was added, and the water removed under aspirator vacu= '
um and steam heat to yield a pink solid, which was then dried to con=
stant weight at 1 mm, pressure and IOOOC. (13 hours were required,
exclusive of interruptions to grind lumps,) The white inner salt had

melting point 224-226°C, (bath preheated to 200°C, ).

1, 2«Iminobutane

A leliter 3«necked flask was equipped with 1) a Claisen head
attached to a Friedrichs condenser, and having a long=stem dropping
funnel running down its neck, 2) a mercury=sealed stirrer and 3) a
pot thermometer, In it was placed 85,9 g. (0,508 mole) of l=eamino=2«
butyl hydrogen sulfate and 350 ml, of water (incomplete solution),

With cooling to 0°C. there was added over 20 minutes a solution of
125 g, (2.2 moles) of potassium hydroxide in 125 ml, of water. Heatw
ing was then begun, At 100°C, mild boiling began, with the product

- distilling at 60.70°C, Heating was continued until the distilling teme=

perature reached 99°C, The distillate (100 ml. ) was saturated at
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0°c. with potassium hydroxide, The 'organic layer was separated,
dried over potassium hydroxide and then distilled through an 8-inch
column of helices to give 18,0 g. (50%0) of 1, 2~iminobutane, B, P.

87.6-88,5°C, /743 mm., n2>

D 1.4177, The yield could probably be
- improved by continued distillation from the original reaction mix-~
ture, which still smelled strongly ammoniacal,

l-Ethylamino-2-butanol

In a 600-ml, Pyrex glass ampoule* was placed 21,6 g. (0,300
mole) of 1, 2-epoxybutane and 450 ml, (ca., 6 moles) of 7'00/0 aqueous

§

ethylamine, It was sealed and kept at 100°C, in an electrically 5
heated oil bath for 5 days. The excess ethylamine was removed by
distillation through an 8-inch column of Raschig rings, to a pot tem-
perature of 96°C. Then most of the water was removed through a
longer column (60-cm,) at 100 mm, pressure (aspirator). Twenty-
five milliliters of diethylene glycol monobutyl ether was then added,
- and the product distilled at 20 mm, pressure (oil pump). A total
yield of 28,4 g. (810/0) reéulted, with a central cut boiling at 78, 0-
79.2°C,. /20 mm. The material solidified over night in the receiver:

m.p. 30-33,5°C,

1-(N-Ethyl-p~toluenesulfonamido)-2-p-toluenesulfonoxybutane

A solution of 0,58 g. (0.0050 mole) of 1-ethylamino-2~butanol
in 2 ml, of pyridine was treated at 0°C, with a solution of 1,91 g.
(0. 100 mole) of p-toluenesulfonyl chloride in 6 ml. of pyridine, The

resulting solution acquired a dark color as it stood over night at
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*After use of this type of vessel for many experiments, one exploded
with considerable damage to the surroundings, The final few reace
tions with 70% aqueous ethylamine were therefore carried out in

+ 220-ml, stainless steel reaction tubes, with threaded caps and Tefe
lon gaskets, Heat was applied in an ampoule oven,
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room terﬁperature. . It was then acidified at 0°C, with 6N hydrochlc;ric
acid, to give an oil which solidified upon scratching, The yellow solid
- was filtered off, washed several times with water, and dried: 1,95 g.
(920/0).. Five fecrystallizé,tions from 95%o ethanol gave colorless

L

needles, m,p. 98.2«99, 1°C. Calculated for C20 27'NS-205: C 56,44,
H 6.40, N 3,29, S 15,07, Found (E): C 56.00, H 6,23, N 3.28, S

14,78,

l=Diethylamino=2=butanol from lwAmino=2~butanol (I3)

In a 500-m1.. round bottom flask were placed 17,8 g, (0,200

mole) of l~amino=2~butanol, 44 g. (0.40 mole) of ethyl bromide, and
§

a solution of 45 g, (0, 41 mole) of sodium carbonate in 150 ml, of water.,
Refluxing was carried out for 8 hours, using a Friedrichs condenser
with ice water circulated by a centrifugal pump. After cooling the
aqueous (more dense) layer was full of white crystals, Both liquid
layers were decanted, saturated with potassium hydroxide pellets,
and filtered through coarse sintered glass. The layers were sepa=
rated and the aqueous phase extracted 3 times with 60-ml, portions
of diethyl ether previously used to rinse the inorganic crystals in the
reaction flask, The combined extracts were dried over potassium
hydroxide, filtered, and the ether distilled off at atmospheric pres=
sure, /After the addition of 10 ml. of diethylene glycol monobutyl
ether vacuum fractionation through an 8«inch column of helices gave,
~after a small forerun, 9.0 g. (31010) of lediethylamino~2~butanol,
B.P. 71.8x72.5°C. /20 mm., n°°D 1. 4279,

Hydrochloride of 1-Diethylamino-2«butanol

Attempted preparation of the p~nitrobenzoate ester, hydro«

chloride of l-diethylaminow~2~butanol by mixing diethyl ether
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solutions of equivalent amounts of the- amino alcohol and pw=nitrobenzoyl
chloride led to the isolation of the simple hydrochloride, m,p. 150, 6~
151. 8°c. (froxﬁ ethyl acetate), -

l1«Diethylamino~2~butanol from l-Ethylamino=2~butanol

There were weighed into a 200~ml, Erlenmevyer flask 23,4 g.
(0..200 mole) of leethylamino=-2ebutanol and 21,8 ge (0,200 mole) of
ethyl bromide. The resulting' solution was cooled in an ice bath and
stirred with the exclusion of moisture, After 3 hours a pasty white
mass had formed., This was treated, with cooling and stirring, with
60 ml, of 50% sodium hy;droxide solution in 8 portions, The resulting
layers were separated and the aqueous phase extracted with 25 ml, off
diethyl ether. Cloudiness resulted when this was combined with the
original organic phase, but it disappeared when potassium hydroxide
pellets were added to dry the solution, Filtration (Whatman no. 50)
was performed into a 100~ml, 3enecked flask, and the ether distilled
through/an 8=inch column of helices, to a pot temperature of 108°C.
A still base (15 ml. of diethylene glycol monobutyl ether) was added,
and the material vacuum distilled at 20 mm, pressure, After a 2.6 g.
forerun, 18.5 g. (640/0) of l-diethylamino~2~butanol was obtained,
B, P, 71,5=72.4°C. /20 mm., n°°D 1. 4281,

The hydrochloride, when prepared in the same manner as that
of lediethylamino~2~butanol, had melting point 150, 6-151,0°C, This
was not lowered when mixed with a sample of the latter,

l-Diethylamino«Z2wbutanol from 1, 2eEpoxybutane

An ampoule (see footnote, p. 34) containing 12 g. (0. 167 mole)

of 1, 2»~epoxybutane, together with 170 ml, (120 g., 1.67 mole) of



w37w

diethylamine, was sealed and heated at 100°C, for one week, The
diethylamine was distilled off through a 45«cm, column of Raschig
rings; to é pot temperature of .110°C., the residue transferred to a
srnalier flask, and 12,5 ml, of diethylene glycol monobutyl ether
added, Vacuum fractionation through an 8~inch column of helices
gave, after a small forerun, 23.3 g. (950/0) of lediethylaminowZe«
butanol, B.P. 71.8=72.4°/20 mm., n>°D 1.4271,

The hydrochloride, when prepared as above, had melting point
150, 6-151.1°C., This was not lowered when mixed with a sample pre=

4

pared from l~diethylamino~2~butanol from l-amino=2«butanoi. ;

l«Ethylamino~2~butyl Hydrogen Sulfate*

A solution of 58,7 g. (0.50 mole) of leethylamino=2«butanol
in 100 ml, of water was titrated to the methyl orange end point with
33,07 ml, of 14. 7N sulfuric acid (97%0 assay), A further 33 ml. was
added and the water removed at aspirator vacuum on a steam bath,
Five days at 1 mm, pressure and 120°C., (0il bath, resistance wire)
were required to obtain a constant weight of glassy orange product,

NeEthyl«1l, 2~iminobutane

In a 500eml, apparatus similar to that used for 1, 2«imino=
butane was placed 98 g, (0.50 mole) of l«ethylamino~2«butyl hydrogen
sulfate and 150 ml. of water, At 0°C. there was added over 20 min=
utes a solution of 100 g, (l. 75 mole) of potassium hydroxide in 100
ml, of water. Stirring was continued at room temperature for one~
half hour and then heat was applied by means of an electric mantle;
stirring was necessary to prevent bumping when boiling commenced
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*The pure material was prepared by G. Dudek, according to the
following directions by the author,
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at 85°C, and solid .potassiu.m.sulfate began to form, Distillation was
continued to'a pot témperature of 100°C, s to collect 49 g. of distillate,
which was then saturated with potassium hydroxide to give 2 phases,
The much greater organic layer was separated and distilled through
an 8~inch column of helices to give 29,9 g. (600/0) of ammoniacal
liciuid, B.P. 91.0+92.1°C. /741 mm., 1125D 1.4010.

1, 2«Biswethylaminobutane

A 225eml, ampoule (see footnote, p. 34) containing 12,0 g,
(0. 12 mole) of N~ethyl~1l, 2eiminobutane and 180 ml, (ca. 2.4 moles)
of 70%0 aqueous ethylamine was sealed and heated at 120°C. for 16
days. The ethylamine was removed by distillation through a 45«cm, ‘
column of Raschig rings to a pot temperature of 99, 5°C, Two phases
resulted in the residue when hot, but they coalesced upon cooling,
The solution was saturated with potassium hydroxide at 0°c. s the
organic layer (15.2 g.) separated, and the aqueous phase extracted
with two 50-ml, portions of diethyl ether, The combined extracts
were transferred to a 200~ml. flask and the ether distilled through
an 8~inch column of helices until the pot temperature reached 110°C,
A still base was added (10 ml, of diethylene glycol monobutyl ether)
and vacuum fractionation at 20 mm, pressure gave 9,5 g. (55%0) of

1, 2=bis=ethylaminobutane, B.P. 73.0=73,8°C. /20 mm, nZ>
y 1

D 1,4316.
At least one more gram remained in the still base,

1, 2-Bisw=(N=ethylmpstoluenesulfonamido)~butane

In a 25eml, Erlenmeyer flask were placed 0,72 g, (0,0050
mole)of 1, 2 bis~ethylaminobutane and 10 ml, of triethylamine, After

cooling to 0°C. there was added in 5 portions, with stirring, 1.91 g,
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(0.0100 mole) of p~toluenesulfonyl chloride, A white precipitate
formed immediately, The reaction mixture was allowed to stand
for 36 hours and was then acidified, with cooling and stirring, using
6N hydrochloric acid, A tan oil resulted, from which the aqueous
layer was decanted, The oil was washed with fresh 6N hydrochloric
acid and dried at 1 mm, pressure over sulfuric acid and potassium
hydroxide, After several weeks it formed a tan solid, Seven re~
crystallizations from denatured ethanol gave colorless prisms,

m.p. 87.8-88,6°C, Calculated for C,,H,,N,S,0,: C 58,38, H 7,13,

22713222 2Y4°
N 6,19, S 14,17, Found (E): C 58,53, H7,03, N 6,17, S 13,60,

Neutral Oxalate of DL«threos3« Amino~2«butanol

A solution of 0,85 g, (0.095 mole) of anhydrous oxalic acid
in 20 ml, of dry diethyl ether was added slowly to a cooled solution
of 1,65 gs (0. 190 mole) of DL~threo=3~amino~2~butanol in 10 ml, of
dry diethyl ether., The white precipitate which immediately formed
was removed and dried in a vacuum desiccator, Seven recrystalli«
zations from denatured ethanol gave colorless plates, m, p. 190, 0~
191.1°C. Calculated for C,oH,,N,0,: C 44,76, H 9,02, N 10. 44,
Found (E): C 44,71, H 8.83, N 10,13,

Neutral Oxalate of L(+)werythro=3=Amino~2«butanol

This was prepared exactly as the DL«threo isomer, Four

recrystallizations from 950/0 ethanol gave very thin flat colorless
plates, m.p. 202,7-203, 3°C. Calculated for C10H24N206: C 44,76,
H 9.02, N 10,44, Found (E): C 45,40, H 8,90, N 11.13,

DL~threo~3~Diethylamino~2~butanol from DL-threo~3«Amino=2«butanol

‘In a 300-ml, round-bottomed flask were placed 8,9 g. (0,100

mole) of DL~threo~3eamino«2~butanol, 31,2 g, (0.200 mole) of ethyl
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iédide and a solution of 25 g. (0,24 mole) of sodium carbonate in 100
ml. of wé.ter. Thebtwo-phase system was refluxed for 7 hours, Upon
‘ éooling the organic phase was less dense than the aqueous, which con«
tained white crystals, The layers were separated and the organic
' layer (7.5 g.) was augrﬁented with two 75-ml, portions of diethyl ether
used to extract the aqueous phase, After the solution was dried over
potassium hydroxide the ether was distilled off through an 8-inch cole
- umn of helices to a pot temperature of 110°C. Fourteen milliliters
of diethylene glycol monobutyl ether was added, and fractionation at
20 mm, pressure gave a 9,6 g. total yield, of which 7,5 g, (53%) wag
a central fraction of DL~threo~3~diethylamino«Z<butanol, B, P, 71, Oj

71,2°C. /20 mm., n°°D 1. 4240, 4°°

0. 843,

Hydrochloride of DL~threo«3«Diethylamino~2~butanol

To an ice~cold solution of 0,40 g. (0,0028 mole) of DLwthreo=
3ediethylaminoe2«butanol in 10 mi, of dry benzene was added, with
stirring, 10 ml. of 0,276M hydrogen chloride in benzene, A white
precipitate resulted, After standing over night the solid was filtered
off, rinsed with 20 ml, of dry benzene, and dried in a desiccator to
give 0,45 g, (900/0) of hydrochloride. After 3 recrystallizations from
butanone it attained a constant melting point of 149, 4«150, 4°C, Calcuw
lated for CSHZONCIO: C 52,88, H1ll1l.,10, N 7,71, C1 19,51, Found
(S): C 53,37, H 11,11, N 8,22, Cl 20,43,

L(+)=erythro«3-Diethylamino=2=butanol from L(+)«erythro»3~Amino~
.- Zebutanol

This was prepared from L(+}~erythro~3~amino~2=sbutanol in

the same manner as the DL~threo isomer, except that the organic

layer which formed after refluxing was very small., As a result the



agqueous phase was saturated with potassium hydroxide before separa=

tion and extraction, After a considerable forerun 5,1 g. (350/0) of

~ product was obtained, B, P, 83, 7-84.9°C./20 mm., 112'5

25

D 1,4377,
d%° 0,861, (a)°D +95.5° (a = +82. 3°, pure liquid).

Hydrochloride of L(+)=erythro=3«Diethylamino«2«butanol

This was prepared exactly as the DL«threo isomer, Fifteen
minutes passed before the hydrochloride began to crystallize from
the ether solution, Three recrystallizations from butanone gave 60%0

of pure compound, m.p. 130,4=131,2°C. Calculated for C_H, NC10:

87720

C 52,88, H11,10, N 7,71, Cl 19,51, Found (S): C 52.94, H 10.87,:,;
§

N 7.70, C1 19,71,

DLe~threo=3=Ethylamino«2ebutanol

A stainless steel reaction tube containing 21 g, (0,29 mole)
of cis-2, 3=epoxybutane and 360 ml. (ca. 5 moles) of 70%o aqueous
ethylamine was heated at 100°C, for 7 days. The excess ethylamine
was distilled through a 40=cm. column of Raschig rings, using ice
water circulated by a centrifugal pump in the condensers, When the
pot temperature reached 98°C, the distillation was stopped, and
after cooling to 0°C. the residue was saturated with potassium hy-
droxide, The organic layer (33 g.) was removed and combined with
60 ml. of diethyl ether used to extract the aqueous phase, The ether
was distilled off through a 40=cm, column of Raschig rings to a pot
temperature of 160°C. Then ld ml, of diethylene glycol monobutyl
ether was added and fractionation continued at reduced pressure, A
29.0 g. (85%0) fraction was collected, B, P, 69,3=70,2°C, /20 mm.,

n?°D 1.4366, a%° 0,879, :
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DL«thr er;t-_- 3w«(NeEthyl-p«toluenesulfonamido)«2«p~toluenesulfonoxybutane

A cold solution of 1,17 gs (0,0100 mole) of DL~threo«3«ethyl-
amino~2«butanol in 8 ml, of pyridine was treated with 4,0 g. (0,021
mole) 6f p«to.lﬁenesulfonyl chloride. The resulting red solution dar«
kened considerably upon standing for 24 hours, Acidification with 6N
hydrochloric acid gave an oil which slowly solidified, The aqueous
solution was poured off and the solid allowed to stand over 3N hydro-
chloric acid for 2 days, then filtered, washed and dried: 2.8 g, (660/0).
Four recrystallizatiozgs from 950/0 ethanol, after treatment with Norit,

. o
gave white rods, m.p. 111.1=111,5"C, Calculated for C20H27N5205 ‘

C 56,44, H 6,40, N 3,29, S 15,07, Found (E): C 56,48, H 6,29,

R Skl

N 3.27, S 14,97,

DL=-threo=3~(N~Ethylepenitrobenzamido)=2«penitrobenzoxybutane

To a solution of 0,58 g. (0.,0050 mole) of DL«~threo=3~ethylamino=-
2ebutanol in 10 ml, of pyridine was added in portions 1,85 g, (0,0100
mole) of p~nitrobenzoyl chloride., The light yellow precipitate which
formed was allowed to stand over night in the reaction mixture. Acidie=
fication with 6N hydrochloric acid gave over 1,5 g. (75%) of a pale
yellow solid. Four recrystallizations from acetone gave very fine pale

yvellow needles, m,p. 167,2-167,9°C, Calculated for C,.H, N,O

20021V3V7°
C 57.82, H5.,10, N 10,12, Found (E): C 57,81, H 5,21, N 10, 34,

DL~threo~3~Diethylamino=2«butanol from 3~Ethylamino«2~butanol

Seven and one~half grams (0, 064 mole) of DLethreo~3w=ethyle
amino-2«butanol was stirred at 0°C, with 10, 5 ge (0,067 mole) of ethyl
iodide, Two phases formed, so the reaction mixture was refluxed for

8 hours, Upon cooling a pink solid formed, After some abortive
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attemptslto purify this solid, there was added to it 5 ml. of water
and 15 g. (0, 26 mole? of potassium hydroxide, Two phases resﬁlted,
the lower one cloudy with precipitated potassium iodide, The organic
layer was sepé,rated, added to 13 ml, of diethylene glycol monobutyl
ether and fractionated through an 8«inch column of helices. Without
any forerun 7.4 g. (80%0) of product was obtained: B,P. 68,9-70,0°C,/
20 mm,, nst 1. 4243,

Hydrochloride of DL«threo=~3eDiethylamino~2«butanol above

This was prepared as previously described, m.p. 149, 5«
150, 6°C, Mixed melting point with reference sample {(m,p. 149,44~
150, 4°C.): 149, 1-150,2°C.

L(+)=erythro=3~Ethylamino=2«butanol

This was prepared from D(+)~trans«2, 3wepoxybutane in the

same manner as the DL~threo isomer, yields of up to 840/0 being ob-

tained, B.P. 69,2=69,5°C, /20 mm., 70.3=70,7°CJ21 mm., 7°°D

5

1,4386, a2 0,888, m.p. 18-19°, (u)ZSD +31.2° (e = +27,73°%; pure
1lquid)o

L({+)=erythroe3«(N-Ethyl«p~toluenesulfonamido)=2«p=toluenesulfon~
oxybutane

All attempts to prepare this derivative as a crystalline solid
failed, When 0,58 g. (0,0050 mole) of L(+)=erythro=3wethylamino-
Z~butanol in 1,5 ml, of triethylamiﬁe was treated with 1,91 g,(0,0100
mole) of pstoluenesulfonyl chloride, allowed to stand over night and
then acidified, a pale amber oil resulted which could not be induced

25

to crystallize. (a)“’D +9.2° (a = +0, 2.10, c = 2,26, butanone),
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L(=)werythro=3=(N~Ethylepwnitrobenzamido)«2«penitrobenzoxybutane

This was prepared from L{+)=erythro~3w«ethylamino=2~butanol

.exactly as was the DL«threoc isomer, 6 recrystallizations from 95%o0

ethanol giving small colorless rods; mope 117,0=117, 6°C., (3)25 D
~24,3° (a = =0,52°% c = 2, 14, butanone), Calculated for C, H, N,O.:
C 57,82, H5,10, N 10,12, Found (E): C 57,85, H 5,27, N 9,79,

L(+)werythro=3«Diethylamino=2=butanol from 3=-Ethylamino-2=butanol

Five grams (0,043 mole) of L(+)~erythro=3=ethylamino~2-
butanol and 7.0 g. (0,045 mole) of ethyl iodide were refluxed together
for 90 minutes, and then worked up as described for the DL~threo
isomer. A yield of 3,5 g. {56°/o) resulted: B.P. 81,8-83,0°C./20 mm.,

25 25

n“°D 1. 4378, o“°D = +78.99°,

Hydrochloride of L(+)~erythro~3«Diethylamino«2ebutanol above

This was preparéd as previously described: m.p. 130,2«
131,2°C. Mixed melting point with reference sample (m.,p. 130, 4«
131.2°C.): 130.3-131.1°C,

DL«~threo~3=Ethylamino~2~butyl Hydrogen Sulfate

A solution of 21,3 g. (0.182 mole) of DL~threo-3~ethylamino-
2«butanol in 50 ml., of water was titrated to the methyl orange end
point with 19, 8N sulfuric acid; 9.15 ml, was required, for an assay
of 99,5%, A further 9.15 _ml. was added, the water removed at ase
pirator vacuum on a steam bath, and the resulting syrup was subjected
to a 1 mm. vacuum at 120°C. (oil bath heated by resistance wire),
The removal of water, accompanied by crystallization, occurred
slowly, and after 48 hours the solid was ground in a mortar, re~

placed in the drying apparatus, and brought to constant weight, A
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white powder resulted, m,p, 197=199°C, (bath preheated to 190°C. ).

CciseN«Ethyl=2, 3«iminobutane

In an apparatus identical to that used for Nwethylwl, 2uimino=
butane was placed a solution of 58,0 g. (0. 294 mole) of DL~threo~3~
ethylamino-?.-butyl hydrogen sulfate in 125 ml. of water, With the
solution kept at 5.10°C, by means of an ice bath, a solution of 75 g,
(1. 3 mole) of potassium hydroxide in 40 ml, of water was added,
The stirring was continued and heat applied. At 75°C. crystallizaw
tion of potassium sulfate began, quickly followed by distillation (com-=
plicated at first by foaming), Heating was continued until the pot
temperature reached 104°C, The distillate was saturated with po=-
tassium hydroxide at 0°c. » the organic layer separated and frace
tionated through a 24-inch column of helices, After a small forerun,
16,0 go of cig=N~ethyle2, 3=iminobutane was collected, B, P, 81,0m
81.8°C. /746 mm, The addition of 10 ml, of fractionated xylene
allowed the collection of a further 5,0 g,, B, P. 81,882, 0°C. . Total
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yvield 21,0 g, (72%), n2°D 1.3968, d°° 0, 743.

L-erythro~3~Ethylamino~2=butyl Hydrogen Sulfate

This was prepared exactly as the DL~threo isomer, Ina
typical run, 20,6 g. (0,176 mole) of L~erythro~3«ethylamino«2e=
butanol (101%o as say by titration) gave a constant weight of 33,9 g.
(98%0) of dry salt, m.p. 246,5~249°C. (dec.) (bath preheated to
190°c. ).

L(+)«trans«N«Ethyle2, 3«iminobutane

Application of the standard procedure to 33,5 g, (0,170 mole)

of L~erythro=3~ethylamino~2~butyl hydrogen sulfate gave 12,7 g
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(73%) of L(+)~1_:£:ais_~N&ethyi~2, 3-iminobutane, B.P., 91,0-91,8°/
745 mm. %, 125D 1. 4042, a25 0,760, (a)2°D +24,7° (a = + 18.75, pure
liquid), (a)>°D +26.8° (a = +0,92°, c = 3.43, hexane),

DL~threo~2, 3-Bis-ethylaminobutane from cis«N«Ethyl=2, 3wiminobutane

A sealed ampoule (see footnote, p. 34) containing 5.5 g, {0,056
mole) of cis-N~ethyl-2, 3=iminobutane in 90 mi. (ca. 1.2 moles) of 70%
aqueous ethylamine was heated at 120°C. for 3 weeks, The contents
were transferred to a 200~m]. flask and the ethylamine distilled through
a 45«=cm, column of Raschig rings to a pot temperature of 100°C. Ssatu-
ration of the distillate with potassium hydroxide at 0°C. led to the fqr-—
mation of 6,5 g, of an ammoniacal organic layer, which was augmengted
by 50 ml, of diethyl ether used to extract the aqueous phase, The ether
was removed through an 8~inch column of helices, 10 ml, of diethylene
glycol monobutyl ether added, and the fractionation continued at re~
duced pressure, Without any forerun, a fraction with boiling point
64.6-65,8°C, /20 mm. was collected: 3.9 g. (48%), n°°D 1. 4299,

25

d"~ 0,809,

DL~threo-2, 3«-Bis-(N~ethylacetamido)butane

A solution of 1,44 g, (0,0100 mole) of DL~threo=2, 3-bis=ethyl-
aminobutane in 5 ml, of pyridine was treated at 0°C. with 3,5 g, (0.034
mole) of acetic anhydride a.nci allowed to stand over night at room tem-
perature., After several days in a vacuum desiccator over potassium
hydroxide and sulfuric acid the material solidified, The amber solid

was ground in a mortar and then redesiccated, togive 1,67 g. (739/0)

*It apparently forms an azeotrope with water, B, P, 81,9~82,2 /
746 mm,
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of drylproduct. Treatment with Norit and 3 recrystallizations from
diisopropyl ether gave a white product, m.p. 68,3=69,6°C. Calcu-

lated for C;,H, O,: C 63,12, H10,60, N 12,27, Found (S):

12H24N,0;:
C 63,00, H 10,80, N 12. 56,

DLe«threo«2, 3«Bis«(Nesthylep«toluenesulfonamido)butane

A solution of 0,72 g, (0,0050 mole) of DL«threow2, 3=bis=
ethylaminobutane in 4 ml, of triethylamine was treated with 2,0 g,
(0.0105 mole) of pwtoluenesulfonyl chloride and the undissolved
solid triturated, A further 3 ml, of triethylamine was added and
the reaction mixture allowed to stand over night, The resulting
gelatinous precipitate and liquid were spooned into 25 ml, of water
and acidified carefully with 6N hydrochloric acid, filtered, and
dried over potassium hydroxide, Recrystallization of this 2,2 o
(97%0) of solid from denatured ethanol gave flat colorless plates,
m,p. 135,8~136,7°C, Calculated for C,,H;,N,5,0,: C 58,38,
H 7,13, N 6,19, 5 14,17. Found (S): C 58.53, H 7,08, N 6, 26,

S 14,64,

L(+)=threo=3«(N«Ethylepstoluenesulfonamidge2=petoluenesulfon=-
amidobutane

A 0,40 g, (0,0010 molé) sample of L(")"EIEEP_'Z’ 3«diepe
toluenesulfonamidobutane was dissolved in a solution of 0, 5 ge
(0. 01 mole) of potassium hydroxide in 10 ml, of 95%0 ethanol, To
this solution was added 0,80 ml, (1.5 ges 0.01 mole) of ethyl io=
dide and the resulting solution refluxed for 4 hours, Another 1 ml,

of ethyl iodide was then added, and refluxing was continued for a

further 5 hours, The solvents were removed under aspirator
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vacuufn and the pale ?ellow dry residue treated with 10 ml., of water
and 2 ml, of 4N potassium hydroxide solution, Twenty milliliters
of diethyl ether was then added to dissolve the remaining solid, the
layers were separated, and the ether phase was washed with 10 ml,
of 1N potassium hydroxide and then with 5 ml. of dilute sodium thio~
sulfate solution, The ether was boiled from the resulting water=
white solution and the solid residue recrystallized 6 times from
denatured ethanol: m.p. 111,0-112.0°C., (0)2°D +2.2° (a = 40. 0259,
c = 1,13, butanone), Calculated for C20H28N25204: C 56,57, H
6.65, N 6,60, S 15,10, Found (E): C 58,11, H 7,04, N 6,51, S 14. 76,

The analysis would seem to indicate contamination with 2, 3-;
bis~(N=ethylepstoluenesulfonamido)butane, Nevertheless further
treatment with ethyl iodide ‘a,nd potassium hydroxide failed to ethy-
late the remaining p~toluenesulfonamido group, but led instead to
the recovery of starting material, The nonreactivity of the remaine
ing group is probably due to its low acidity: L(+)~-threo=3«(N~ethyl-
p~toluenesulfonamidok2epnatoluene sulféna.mido butane is practically

insoluble in aqueous strong bases,

L(+)~threo«2, 3-Bise(N=ethylep«toluenesulfonamido)butane

To a solution of 0,1 gs {0,004 mole) of sodium metal in 10
mil, of absolute ethanol was added 0,20 g, (0.00050 mole) of L{+)=
threoe3=(N=ethyl=petoluenesulfonamide)=2~petoluenesulfonamidobutane,
The solvent was removed under vacuum and the solid residue dried
to a white powder in a vacuum desiccator over sulfuric acid, This
powder was added to 12 ml, (23 ge; 0.15 mole) of ethyl iodide in

a 75eml, test tube, which was then placed in a stainless steel cylinder,
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sealed; and heated at 100°C. (steam bath) for 8 hours, After the

- mixture had cooled a white solid and yellow liquid remained, The
solid was filtered off and washed with 15 ml, of ethyl iodide, It
proved to be completely soluble in water (sodium iodide), The ethyl
iodide was removed from the filtrate under aspirator vacuum, to
leave 0,23 g, (1000/0) of a yellow solid, Recrystallization from
denatured ethanol, after treatment with Norit, gave 0,13 g, (60%0)
of L{+)«2, 3wbis«(N=ethylepstoluenesulfonamido)butane, m,p, 138, 4=
139.0°C., (0)?°D +12.1° (a = 40,55, c = 4, 56, butanone).

The Resolution of DL~threo«2, 3«Bisesethylaminobutane

To a leliter flask containing a solution of 24,0 g, (0, 0638
mole) of L(~)~dibenzoyltartaric acid in 350 ml, of commercial
absolute ethanol was added a solution of 4,55 g (0.0316 mole) of
DL~threo=2, 3»bis=ethylaminobutane in 100 ml. of absolute ethanol.
The resulting solution had a rotation of =4, 47°, Crystals began to
form after 30 minutes, They were left undisturbed for 12 hours,
then filtered off and washed with 300 ml. of ethanol to yield 8.0 g,
(500/0 of the total) of white rods*, Calculated for neutral salt
(C26H34N208): N 5,57, Calculated for acid salt (C44H48N2016):
N 3.25, Found (E): N 5,43, Cooling the mother liquor and wash=

ings at 5°C. over night led to the formation of a further 0,1 g, of

*It is interesting to note that the neutral salt (acid:base = 1:1) of
one enantiomer of the base separated when solutions of L(«)wdi=
benzoyltartaric acid and DLe«threo=2, 3~biswethylaminobutane in
in a2 2:1 molar ratio were mixed. However, when the two reace
tants were mixed in a 1:1 molar ratio, two different crystalline
forms (rods and almost spherical clusters of very small crystals)
were evident, and they amounted to practically all of the solid
material present,
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salt, wh_ich was filtered off, Reducing the mother liquor to a volume
of 150 ml, and allowing it to sfa.nd caused the further formation of an
| insignificant amount of solid,
The 8.0 g. of salt, with a specific rotation of -89° (a = <0, 390,
c = 0,44, water), was recrystallized from 1.3 liter of methanol to
yield 6,6 g, of colorless rods, with specific rotation «68° (a = =0,25°,
c = 0,367, water), The rotation was unchanged after a second re~
crystallization, and a v-vo.rk up of the methanolic mother liquor yielded
0.5 g. of crystals with specific rotation «69° (a = «0,27°%, ¢ = 0,398,
water)., All portions with specific rotation «69° + 1° were combinedé
dissolved in 45 ml, of water, and treated at 0°c. with a solution of :
30 g, of potassium hydroxide in 40 ml, of water, An oily layer
(1.8 g.) developed which was separated and then combined with 75
‘ml, of peroxide«free diethyl ether used to extract the agqueous phase
in 3 portions. The solution was dried over potassium hydroxide,
filtered, and the ether distilled off as the solution was added to a 20~
ml. round bottomed flask, Distillation of the pale yellow residue at
reduced pressure gave, with no forerun, 1,3 g. (570/0) of ammonie
acal liquid, B.P, 65,0~65,8°/20 mm,, 1°° 25

(0.)25

D 1.,4302, 47 0, 781,
D +106,0° (a = +82,75, pure liquid),

The original mother liquor was filtered and stripped to dry=
ness, first at aspirator vacuum on a steam bath, and then at 1 mm,
pressure in a desiccator over sulfuric acid. The gummy residue
was transformed by the latter treatment into 19.0 g, of dry solid,

which was ground to a powder and treated with four 250 ml, portions

of sodium=dried diethyl ether to dissolve most of the excess free
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acid. 'This leit 14. 8 g. of insoluble residue with a specific rotation
~of -88° (a = -0, 41, c = 0,468, water), This was treated at 0°C.
with a solution of 40 g, of potassium hydroxide in 100 ml, of water,
and the resulting slurry .was extracted with four 50 ml, portions of
peroxide~free diethyl ether, The combined extracts were dried
over potassium hydroxide and then added to 25 ml, of 2M hydrogen
chloride in diethyl ether, The white precipitate which formed was
.allowed to stand for 3 hours and then the solvent was drawn off
through a filter sticke Drying in a vacuum desiccator gave 2,8 g.
(80%0) of white solid, probably dihydrochloride, which was recryse
tallized twice from methanol, to obtain 1.7 g. of white prisms,
with specific rotation =8,1° ( a = «0,205°%, c = 2,52, water). This
was dissolved in 25 ml. of water and treated at 0°C, with 20 ge
of potassium hydroxide, leading to the formation of a water~white
oil, as well as some suspended potassium chloride, The o0il was
separated and then combined with 60 ml, of peroxide=free diethyl
ether used to extract the aqueous phase, The ether was distilled
off during addition to a 20eml. round bottomed flask, until a water
bath temperature of 60°C, was reached. Distillation at reduced
pressure then gave 0.7 g. (65%o0) of a water=white ammoniacal liq~

250 1. 4299, @23

uid, B. P. 64. 9"65. Zoco /20 MIYl,e 2 T]
25
(@)

c = 2,57, hexane),

0.781,

D =103,7° (a = =80,97, pure liquid), (a)?°D -109° (o = ~2.80°,

L{+)= and D(=)wthreo=2, 3Bis~(N~ethylacetamido)butanes

These were prepared in the same manner as the DL~threo

isomer, That from L(+)»threo=2, 3«bismethylaminobutane, after

recrystallization from diisopropyl ether, had melting point
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71.0-71.7°C., (a)?5D + 30° (a = +0.39, c = 1,30, butanone), That
from D(~)-threo-2, 3-bis-ethyiaminobutane had melting point 72,0~
 72.79C., (0)2°D -25° (q = =0. 36, c = 1.43, butanone).

L(+)§- and D(~)=threo=2, 3-Bis-(Nuethyl-p-toluenesulfonamido)butane

These were prepared in good yield exactly as the DL~threo
isomer, and were recrystallized from denatured ethanol to give
colorless rods with constant melting point. The isomer from
.L(+)-£I_1ir_§2-2, 3-bis=ethylaminobutane had melting point 138, 7=139.5°C.,
(o,)25

with L(4+)«threo«2, 3abis«(N~ethyl~pstoluenesulfonamido)butane

D +13,7° (a = +1.20°, ¢ = 8,75, butanone); mixed melting point

(m,p. 138,4«139,0°C), p, 48: 137,7-138.8°C, The isomer from

D(=)~threo=2, 3=-bis~ethylaminobutane had melting point 138, 5=139, 5°C. R
25

(a)

with L(+)~threo«2, 3»bis«(N~ethylep«toluenesulfonamido)butane:

D ~13,3° (a = =1.16%, c = 8,60, butanone); mixed melting point

126=136°C. Calculated for C,,H,.,N,S,0,: C 58,38, H 7. 13,

22732292 Y4¢
N 6,19, S 14,17, Found (E): C 58,49, H 7.12, N 6,19, S 14.13.

D(«)~threo«2, 3«Bis=ethylaminobutane and Zinc Chloride

To a solution of 0,034 g, (0,00024 mole) of D(~)=threo=2, 3=
bis~ethylaminobutane in 2,0 ml, of 95%0 ethanol (o = =1,63°) was
added 0,10 ml. of 2,5M zinc chloride (0.00025 mole) in 95%0 etha=
nol. The crystals which began to form after a short time were
allowed to stand over night, The mother liquor (a = -0, 250)' was
removed and the crystals were rinsed with two 0,5 ml, portions of
95%0 ethanol and then dried, to give 0,0426 g, of colorless prisms,
(a)st «71° (o= =0,56° c =0, 790, N, N-dimethylformamide);

they are soluble in N, N~dimethylformamide and dilute nitric acid,
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but przictically insoluble in water and most organic solvents, Cal«
~ culated for ZnCSHZONZCIZ (ZnGl2 + one 2, 3e«biseethylaminobutane):
Chloride ion 25,3, Found by method of Swift (14): 26.0.

mesow2, 3=Bis~ethylaminobutane from L(+)~trans=Nw~Ethyle2, 3«
iminobutane

This was prepared in the same manner as the DL~threo

isomer, 12,4 g. {0.125 mole) of L(+)~trans«Neethylw2, 3=imino~
butane and 225 ml. (ca. 3 moles) of 70%o0 aqueous ethylamine giving

14.7 g. of crude product. Fractionation gave, after a forerun of

/

2,0 gey 9.2 g. (51%0) of meso~2, 3=bis~ethylaminobutane, B.P.

25 5 5

63.8=64.5°C. /20 mm., o2°D +0.48°, d%° 0,806, 1°°D 1. 4297,

mesonZ, 3«Bis«(N=~cthylacetamido)butane

To a cold solution of 0,72 g, (0.0050 mole) of meso=2, 3~
biseethylaminobutane in 2 ml, of pyridine was added slowly 1,55 g.
(0.0150 mole) of acetic anhydride. After standing for 6 hours the
container was placed in a vacuum desiccator over sulfuric acid
and potassium hydroxide, which was then evacuated to 1 mm,. pres=-
sure. In 3 days a white solid had formed, 1.1 g, (97%0) in weight,
which in 7 recrystallizations from diisopropyl ether attained a
melting point of 76, 577, 3°C., a®°D 0,00 (chloroform), Calcue
lated for C12H24N202: C 63,12, H10,60, N 12,27, Found (S):
C 63,60, H 10,90, N 12, 10,

meso=2Z, 3=-Bis»(N~ethylepetoluenesulfonamido)butane

- This was prepared in the same manner as the DL~threo

isomer, .'The reaction mixture formed a hard cake which was triw
turated with 6N hydrochloric acid until acidic, then filtered and

washed to give after desiccation 100%0 of white product, Six
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recrystallizations from ethylene dichloride were required to attain

25

" a constant melting point of 241, 8+243, 3°C., a“’D 0,00, Calculated

22H32N'252.04: C 58,38, H7.13, N 6,19, S 14,17, Found (S):

C 58,60, H 7.20, N 6,39, S 14,26,

fc‘>r C

meso=2, 3=-Butanediamine

| A solution of 14,2 g. (0. 20 mole) of L{~)~trans=2, 3=-imino-
butane in 350 ml. (5.. 6 moles) of 15M ammonium hydroxide was
sealed in an ampoule (see footnote, p. 34) and heated at 100°C, for
2 weeks. The ammonia was distilled off to a pot temperature of
98°C., the aqueous residue saturated at 0°C. with potassium hy-
droxide, and the organic layer separated (15.7 g.). It was combined
with 40 ml., of diethyl ether used to extract the aqueous phase and
dried over potassium hydroxide, The ether was removed through
a 40~cm, column of Raschig rings, to a pot temperature of 102°C. ;
after the addition of 12.5 ml, of diethylene glycol monobutyl ether
fractionation was continued at reduced pressure. A yield of 11.7 g.

2513 1. 4438. Water

(67%o0) resulted, B.P, 56.1«60.5°C. /60 mm., n
was undoubtedly the major contaminant, as judged from the known

hygroscopic property of the diamines (1),

DL -threo=-2, 3-Butanediamine

This was prepared from cis«2, 3=iminobutane in exactly the

same manner as the meso isomer was prepared from the L~trans=

imine. A vyield of 12,5 g. (71°/o) resulted, B, P. 55,3~59, 3°%C./

25

60 mm,, n° "D 1, 4428,

DLe=threo«2,3 -Di-p-toluenesulfonamidobufane

This was prepared from DL~threo~2, 3~butanediamine by
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the knc;wn procedure (1). After 2 recrystallizations from 2-propanol
. it had melting point 177,3~178, 6°C. Lit,: 179,3-180,7°C, (after 6
recrystallizations).

DL-threo=3 ~(N=-Ethyl=p=toluenesulfonamido)~2=p=toluenesulfonamido=-
butane from the Preceding

Forty one~hundredths of one gram (0.0010 mole) of DL~threo~
2, 3=di=pe-toluenesulfonamidobutane was dissolved in a solution of
0.50 g. (0.0080 mole) of potassium hydroxide in 10 ml, of 95% etha=
nol, Five=tenths of one milliliter (0.9 g., 0,006 mole) of ethyl
jodide was added and the solution refluxed for 5 hours, at the end of
which time a further 0.5 ml., of ethyl iodide was added and refluxing
‘was continued for 4 hours, The solvents were removed at aspirator
vacuum and the pale yellow solid residue was partially dissolved in
12 ml, of 1N sodium hydroxide solution. The addition of 30 ml, of
benzene dissolved the remainder, the layers were separated, and
the organic layer dried over magnesium sulfate, Removal of the
benzene under vacuum, followed by crystallization of the residue

from ethanol=water gave colorless needles, m.p. 150,2-150, 6°C.

DL~threo=2, 3-Bis~=(N=~ethylep~toluenesulfonamido)butane from the
Preceding '

This was prepared exactly as was the L(+)-threo isomer
from L(+)-£h__§_§2-3-(Neethyl-p-toluenesulfonamido)-Z-p-toluene-
sulfonamidobutane, The product in this case was insoluble in the
excess ethyl iodide, and was separated from the sodium iodide by
treatment with water and extraction with benzene. The organic
layer was dried over magnesium sulfate, evaporated, and the resi=-

due recrystallized from denatured ethanol to give a 53% yvield of
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DL-threo=2, 3=bis~(N~ethyl-p=toluenesulfonamido)butane, m.p.
134,8-135.7°C. Mixed melting point with DL~threow2, 3=bis=({N=
et\hyl-pnfoluenesulfonamido)lsutane from DL~threo=2, 3~bisrethyl~
aminobutane (m.p. 135.8-136.7°C.), p. 47: 134,5-135,6°C.

DL«threo~3~Ethylamino«2eaminobutane

An ampoule (see footnote, p. 34) containing 20 g, (0.28
mole) of cis=2, 3—irﬁinobutane and 400 ml. (ca. 6 moles) of 70%
aqueous ethylamine was sealed and kept at 120° for 3 weeks,
The ethylamine was removed by distillation through a 45~cm. col=
umn of heliées, and the agqueous pot residue saturated with potase
sium hydroxide at 0°C. The yellow organic layer (18,2 g.) was
‘separated and augmented by 50 ml, of diethyl ether used to ex=
tract the aqueous phase, .The solution was dried over potassium
hydroxide and the ether removed at atmospheric pressure through
an 8«inch column of helices, The addition of 7 ml, of diethylene
glycol monobutyl ether and fractionation through t.he same column
at reduced pressure gave, after a forerun amounting to 3 grams,
13.5 g. (47%0) of DL~threo=-3=ethylamino-2~aminobutane, B. P.

25 25

82,1-83,3°C. /100 mm., n“°D 1.4328, d“> 0,816,

DL~-threo=3«(N~Ethylacetamido)~2=acetamidobutane

To a cold solution of 1,16 g. {0, 0100 mole) of DL~threo=3-
ethylamino=2~aminobutane in 4 ml, of pyridine was added slowly
3.06 g, (0.0300 mole) of acetic anhydride, After standing at room
temperature for several hours the reaction mixture was placed in

a vacuum desiccator over potassium hydroxide and sulfuric acid,



=57=
which ;;vas then evacué.ted to 1 mm. pressure, After several days
~ a light-colored solid formed, which was ground in a mortar and
replaced in the desiccator until free of all odor: 1.9 g. (95%0).
FiVe.Vrecrysfallization‘s from diisopropyl ether gave small white
crystals, m.p. 80, 4*81. O‘OC. Calculated for C

H,.N,O

10720 2%2¢
C 59,97, H 10,07, N 13,99, Found (S): C 60,37, H 10,40, N
13,94,

DL~threo«3~(N=Ethyl-p=toluenesulfonamido)-2~p~toluenesulfon~
amidobutane ~

Fifty-eight hundredths of a gram (0.0050 mole) of DL-threo
3wvethylamino~2-aminobutane was treated in the cold with 1,91 g.
(0. 0100 mole) of p~toluenesulfonyl chloride and 15 ml. of triethyl=
amine, After standing over night the white precipitate which
formed was filtered off, washed with 20 ml, of water, and dried,
to give 1.8 g. (85%0) of white product, Four recrystallizations
from denatured ethanol gave colorless needles, m.p, 150, 6~
151, 6°C. Mixed melting point with DL-threo=3«(N-ethyl-p=toluene=~
sulfonamido)~2epw»toluenesulfonamidobutane from the ethylation of
DL-threo-2, 3~di~p~toluenesulfonamidobutane (m.p., 150,2-150,6°C,)
p. 55: 150,5-151.0°C. Calculated for G, H N,S,0

20728 4°
H 6,65, N 6,60, S 15,10, Found (E): C 56,72, H 6,65, N 6,71,

C 564,57,

S 15, 14,

-DL=threo~2, 3-Bis~ethylaminobutane from DL~threo=3-Ethylamino-
Z»aminobutane '

A solution of 3,5 g, (0,030 mole) of DLethreo=3=ethylamino-
Zeaminobutane and 5,0 g, (0,032 mole) of ethyl iodide in 40 ml, of

diisopropyl ether developed cloudiness after 20 minutes, to form
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ad oil which increased in amount for several days, and finally

" ‘crystallized in part, The ether was removed by decantation and
the oil was dried in a desiccator over sulfuric acid at 1 mm, pres=

. sure., When the amount of solid did not appreciably increase, it
was treated with a solution of 10 g. of potassium hydroxide in 20
ml. of water. The resultant red oil was separated and combined
Wifh 50 ml, of dietﬁyl ether used to extract the aqueous phase,
Most of the ether was removed on a steam bath, 50 ml, of ben=
zene was added, and the solution was refluxed over Norit for 30
minutes, Filtration by gravity (S and S no., 576) gave a yellow
solution which was dried over potassium carbonate,

This solution was added slowly to a cooled excess of 2M
hydrogen chloride in diethyl ether, The ether was decanted from
the pasty mass formed, which was then dried in a desiccator and
recrystallized from methanol after treatment with Norit: white
prisms, m.p. 270°C. (dec,)

Treatment of 0,630 g, (0,0029 mole, as dihydrochloride)
of this material with 0,900 g. (0.015 mole) of potassium hydroxide
in 1 ml, of water led to the formation of a yellow oil, augmented
by two 5 ml, portions of diethyl ether used to extract the pasty
inorganic phase, After drying over potassium carbonate the ether
was boiled off on a water bath to yield 0,460 g, of pale yellow oil,

DLwthreo=2 s 3=Bis«(N~sthyl=p~toluenesulfonamido)butane from the
Preceding ‘

After an unsuccessful attempt to prepare this derivative

directly from the hydrochloride, 0.460 g. (ca. 0.0029 mole) of
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the crude DL-threo-2, 3—bis—ethy1aminbbutane was dissolved in 2
ml, of triethylamine and treated at 0°C. with 1,14 g, (0,0060 mole)
of p-_-tolﬁene_sulfonyl chlqridé. A thick ivory~colored precipitate
formed, along with some heat, when the reaction mixture was ale
lowed to come to room temperature, Cooling was reapplied and
a further 3 ml, of triethylamine added. After standing for 5 hours
the mixture was warmed to 60°C, and treated with 2 ml, of water,
then acidified with dilute hydrochloric acid and stirred to break
up the lumps of solid, The white solid was filtered off, washed
with water, and dried to give 1.1 g. (850/0) of product, Two res
crystallizations from denatured ethanol gave colorless plates,
m,p. 135.5-136,3°C. Mixed melting point with DL=threo=2, 3=
bis~(N~ethyl-p-toluenesulfonamido)~butane (m.p. 135.8=136, 7°C.),
p. 47: 135,6-136,5°C.

D(=)=erythro=3«Ethylamino=2eaminobutane

An ampoule (see footnote, p. 34) containing 21.3 g. (0,30
mole) of L(~)«trans-2, 3=simincbutane and 500 ml. (ca, 6 moles) of
70%0 aqueous ethylamine was sealed and heated at 120°C, for 16
days. The ethylamine was removed by distillation through a 45«
cm, column of Raschig rings to a pot temperature of 100°C., and
the residual aqueous solution saturated with potassium hydroxide.
The organic layer (37 g.) which formed was augmented by two
50 ml. portions of diethyl ether used to extract the aqueous phase,
The ether was distilled off through an 8~inch column of helices,

10 ml, of diethylene glycol monobutyl ether added, and the product

distilled at reduced pressure to yield 23,0 g. (66%0) of product,
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25D 1. 4347, (2)2°D -36, 7°

‘B. P, 85.1=85.7°C, /100 mm., 425 0,823, ¢
(o = =30, 24°%, pure liquid),

D(+) nerythro» 3«(N=Ethylacetamido)=2=acetamidobutane

The slow addition of 1,16 g, (0.0100 mole) of D(e)=erythro-
3~ethylamino=2~aminobutane to a cold solution of 4,1 g. (0.040 mole)
of acetic anhydride in 6 ml, of pyridine led to a red oil, It was
allowed to stand for 24 hours, and was then desiccated at 1 mm.
pressure over sulfuric acid and sodaelime., After 2 days solidifie
cation occurred, and the brown solid was ground in a mortar and
redesiccated until odorless: 2.0 g. (100%0). Treatment with Norit,
followed by 5 recrystallizations from 10% benzene in diisopropyl
ether gave colorless prisms, soluble in water and most organic sol-
vents: m.p. 93.6-94,6°C., ‘(a)ZSD +7.1° (a = +0,24%, ¢ = 3, 40,
butanone), Calculated for clO 20N O C 59,97, H10,07, N 13,99,
Found (E): C 60,51, H 10,04, N 14,12,

D(«)=erythro=3~(N-Ethyl=p~toluenesulfonamido)= Z-p-toluenesulfon-
amidobutane

A solution of 0.58 g. (0,0050 mole) of D(»)=erythro=3=
ethylamino=2«aminobutane in 15 ml, of triethylamine was treated
at 0°C. with 1,91 g. (0,0100 mole) of petoluenesulfonyl chloride,
\After 3 days the liquid and gummy solid were treated with 10 ml. of
water and then acidified with 6N hydrochloric acid to give, after
filtration and drying, 1.67 g. (80%0) of white solid, Eight recrys-
tallizations from ethanol~water gave colorless prisms, m.p. 149, 9«
150, 7°C., (a)®°D 23.8° (a = =1.19°, c = 5.04, butanone). Calcu~

lated for C,H, N,S,0,: C 56,57, H 6,65, N 6,60, S 15, 10,
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+ Found (E): C 56,50, H 6,69, N 6.95, S 14, 77.

L(+)werythro~3~Ethylamino«2=aminobutane

A solution of 8,7 g, (0,088 mole) of L(+)=trans=N-ethyl=2, 3=
irhinobutané in 170 ml, (2.7 moles) of concentrated ammonium hy=-
droxide was sealed in an ampoule (see footnote, p. 34) and heated
at 100°C, for 3 weeks, The ammonia was distilled off to a pot
temperature of 99°¢C, s and the residual aqueous solution was satue
rated with potassium hydroxide. The organic layer (8.7 g.) was
removed and combined with 50 ml, of diethyl ether used to extract
the aqueous phase, The ether was distilled off through an 8~inch
column of helices to a pot temperature of 100°C, Ten milliliters
of diethylene glycol monobutyl ether was then added, and the pro=-
duct distilled at reduced pressure, A total of 7.6 g. of water-white
ammoniacal liquid, of which 5,2 g. (510/0) was a central cut, was
collected: B.P. 84.1-85,0°C, /100 mm., n°°D 1.4340, d2° 0,823,

,(G)ZSD +37.2° (o = +30.58, pure liquid).

L(«)=erythro-3«{N=Ethylacetamido)=2=acetamidobutane

This was prepared in the same manner as the D(+)=erythro
isomer., There was obtained after 4 recrystallizations from 10%o
benzene in diisopropyl ether almost colorless prisms, m,p. 93.9=-
94.6°C., (0)2°D -6.8° (o = «0,20°% c = 2,94, butanone).

L(+)werythrow3«(N-Ethyl-p~toluenesulfonamido)=2«p~toluenesulfon~
amidobutane

This was prepared exactly as was the D(~)~erythro isomer,
0.58 g. (0.0050 mole) of L(+)-erythro-—3-e_:thy1amin0nZ-aminobu-tane
giving 2,05 g. (97%0) of solid derivative. Five recrystallizations

from ethanol-water gave colorless prisms, m.p. 148,0~148, 8°C.,
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(a)""D + 21,3° {a = 40, 640, c= 2,99, butanone).

meso=~2, 3«Biseethylaminobutane from D(~)werythros3«Ethylamino~
Ze=aminobutane '

This was prepared in the same manner as the DL~threo iso-

mer was prepared from DL-ﬂl_r_g_t_)_-3-ethylé.mino-Z-aminobutane,
except that the hydrochloride was not purified, but simply treated
with excess potassium hydroxide, Five and eightetenths grams
(0,050 mole) of D(~)werythro«3«ethylamino=2~aminobutane gave
2.9 g. (400/0) of meso~2, 3~bis-ethylaminobutane, B. P. 64,5
66,0°C. /20 mm.

meso=2, 3«Bis~(N~ethylep~toluene sulfonamido)butane from the
Preceding

This was prepared by the method previously used, 0,72 g.
(0.0050 mole) of amine yielding 2,05 g, (910/0) of derivative, Two
recrystallizations from ethylene dichloride, after treatment with
Norit, gave colorless needles, m.p. 240,3~241.8°C. Mixed melt=
ing point with meso=2, 3~bis=(N=~ethyl-p~toluenesulfonamido)butane

(m.p. 241,8-243,3°C.), p. 53: 240, 6-242,0°C.
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THE ATTEMPTED REDUCTION
OF NATURALLY OCCURRING THREONINE

TO 3-AMINO-2«BUTANOL
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e INTRODUCTION

The configuration of the essential amino acid L=threonine

(D~threo~2-amino-3~hydroxybutanoic acid) has been established

as threo by X-ray diffraction methods (15), and as L.~ at the 2~
position by its reduction to Li-2~aminobutanoic acid (16). A direct
connection between naturally occurring threonine and one of the

threo~3~amino~2~butanols, whose configurations are known with

near certainty (1), would be satisfying,

CHj CHj
HD-éH" HO-CH
HC-NH, HC-NH,
COOH Hy
L-Threonine D-threo-
3~Amino-2-butanol

The problem in essence involves the reduction of a carboxyl
group to a methyl group, and at first it was thought that a scheme
of reactions involving the aldehyde as an intermediate could be used

to effect this:
RC OOH ———= RCOC l=———sp= RCHO o RCH(SR")Z —= RCH,

Some preliminary experiments along this line with phenylalanine
were in fact carried out, but experience with and reflection upon the
difficulties of preparing acid chlorides and aldehydes with two
proximate functional groups caused the abandonment of this approach,

Attention then turned to the method utilized by Karrer and
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coworkers (17, 18) for the complete reduction of the carboxyl groups

of other amino acids:

COOH | COOH COOC 5 Hy
HaN;-(l:H — p-C7H7302EH-(|§H — p-C-;H-;SOzNH-(l}H.
a g i
LiAlH,
CH,080,CHq=p CHp0H
p—C.;K?SOzNH-(!:H. ~——  p=C;H,80,NH-CH
B :
LiAlH,
CH,
p=C,Hyp S0, NE-CH
B

In order to be applied to a hydroxy amino acid, this pro=
cedure required modifications, so that the hydroxyl group on the
3« position would be unaffected by the treatment used to reduce
the one derived from the carboxyl group. In the case of threonine
this evidgntly had to be done by taking advantage of differences
in the reactivit‘y of the primary and secondary alcohol functions,

a fact which necessitated that preliminary investigations involve
a compound with the appropriate functional groups; DL«threonine
was the most convenient substance available,

At first a commercial mixture of DL~threonine and DL~

allothreonine was employed, to yield by p~toluenesulfonylation
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under S_chottenuBauménn conditions (19), followéd by esterification,
~ an ethyl ester of N-p~toluenesulfonylthreonine; this later turned
out to be, by a process of elimination, the derivative from DL~

allothreonine, i.,e.,, the erythro isomer,

COOC o H5 . COOC,H;
p-CH3C ¢Hy, 50 2NH‘-.-(!}H mI-NESQ 2C¢HyCH3~p
HO-!.!:H HII}-OH
CHy CI:E3
N-p=Toluenesulfonyl-
DL-allothreonine

Bthyl Ester

No crystalline product was isolable from the reduction of this
compound with lithium aluminum hydride, In fact the isolation
of pure N=p=~toluenesulfonyleDL~allothreonine ethyl ester was
apparently a fortunate accident, as in subsequent preparations

the product could not be freed of the DL~threo isomer,

It was then decided to synthesize pure DL~threonine,
and this was done, according to the method of Pfister (20), Treat=
ment of DL~threonine with potolﬁenesulfonyl chloride, esterifi-
cation, and reduction with lithium aluminum hydride by the
methbd of Karrer (17, 18) gave DL~threo~2-p-toluenesulfon-
amido~1l, 3«butanediol as a brown o0il which after several months

solidified, An attempt to p-toluenesulfonylate exclusively the
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CH,O0H CH,0H
p=CH3C ¢ Hy, SO NH-CH Eé-ﬁﬂﬁﬁzcsﬂhCHg-p
Héaﬁﬂ? Hb-éﬁ
éﬁg éHg
DL-threo~

p=Toluenesulfonamido-
1,3~butanediol

primary hydroxyl group of this compound failed, and it was decided
to try to make the final reduction into the structurally specific step,
by preparing DL~threo=2«p-toluenesulfonamido=l, 3=diep~toluenec=-

sulfonoxybutane and treating it with lithium aluminum hydride:

?Ha080207ﬂg-p CHj;
p=C 7H7 80 QNH-?B p-Co;E? S0 QNE‘-?E
HG-080,CH7-p B?-680207H7-p
CH; CHj
LiAlMh,
-—-——-—-'—-—-—>
P“C7Eb392@?§é ?E§
HC-NHS0,C o Hy=p HC-NHS0,C o Hy~p
p-C 7H7 S0 20-'?3 p-C 7H7 S0 20*?}{
CH, CHy
~ DL-threo- DL-threo-
2—p-quugnesu1fonamido- 3=-p=-Toluenesulfonamido=-
" 1y3-di-p-toluene- 2-p=toluene-

sulfonoxybutane sulfonoxybutane
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l Lithium alumiﬁum hydride has been found by workers with
carbohydrates (21) to reduce primary arylsulfonates specifically,
with the secondary groups being unaffected, or at worst, hydro=-

lyzed to the alcohol:

CH,0802Ar CH, CH,

.A.rsezmz—c::ﬂ —— ArSO'gNH-C:ZH —— Arsozm-clzﬁ
HC-080,Ar HC-080,Ar HC-OH

e, b, b,

Despite several attempts employing different reaction conditions,
no solid product was obtained from this procedure, either before

or after treatment with p~toluenesulfonyl chloride to re-esterify
any free hydroxyl groups formed. Since the oils produced under -
went no change when seeded with DL-M—3-p-toiuenesulfonamido-
2«p~toluenesulfonoxybutane, it was evident that the reaction did

not proceed in the expected manner.

Another reaction which is generally specific for primary
groups as opposed to secondary is the reaction of sodium iodide
in acetone with arylsu]_fonate. esters (22). Since the tri-p~toluene=-
sulfonyl derivative had already been prepared for use in the fore-
going experiments, its reaction with sodium iodide in acetone was

investigated:



CH2030267H7-§ CH,I

p-c7H7soznn;éH - p-C7H3802NH-éH
Hé-OSOZC7Hb-p HC-080,CoHy=p
ba, Gty

Nal, CH,COCH:
) 3 3,

CHp080,CHy=p ?H@I
H?-NHEOZC7E7-p H?-NH502C7H7"P
p-C7H78020-?H p-G7H§SOZO-?E
CHj CHy
DI~threo- DL-threo-1-Iodo=-
2—p-Teluenesulfon&mido- 2-p=toluenesulfonamido-
143=di-p=toluene~ 3~p-toluene-
sulfonoxybutane sulfonoxybutane

A glassy solid resulted, which upon hydrogenation over Raney
nickel in weakly alkaline solution gave an uncrystallizable oil,
Simultaneously with these last experiments D(-)~threo-
2«p=toluenesulfonamido=1l, 3«butanediol was prepared from
natuaral L threonine by the same series of reactions used with
the DL~ isomers, Once again the attempts to mono=p=~toluene«
sulfonylate this compound failed to give a crystalline product,
so the experiments were repeated and concluded by treatment
of the reaction mixture with benzoyl chloride, hoping in this
manner to increase the molecular weight sufficiently to obtain

a crystalline product,
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C|3Hi20H | ?HgOSOchHuCH3-p
- p-CH3C4Hy S0, NH-CH .p-CH306Hg802NH-fH
H(-IJ-OH S, H?-OH
CH; CHj
D(-)-threo-2~ D-threo-l-p-
p=-Toluenesulfonamido~ Toluenesulfonoxy-
1,3-butanediol 2-p~-toluene-
' sulfonamido-
3=-butanol
CH2080205H1,.CH3-13
p=CH3C ¢ Hy SO, NH~CH
H?-ococéﬁg
CHy
D-threo-
- l=-p=-Toluenesulfonoxy=-
2-p=-toluenesulfonamido-
3=-benzoxybutane

A solid was obtained in only one case, and it proved to be D(~)-
threo-2-p~toluenesulfonamido~1, 3=dibenzoxybutane, The coms=
pletely p~toluenesulfonylated derivative, D-threo-Z~p~toluene~
sulfonamido-1, 3~-toluenesulfonoxybutane was then prepared, and
treated with sodium iodide in acetone. As in the case of the DL~
isomer, a glassy solid was obtained.

All of the experiments with sodium iodide gave evidence
which seems to indicate that a reaction occurred. On this basis
and without evidence to the contrary, it is probable that reac=-
tion proéeeded in the expected manner, but that time~consuming

purifications are required, Unfortunately the necessary time

was not available,



-Tle
EXPERIMENTAL

Chloroform was freed of alcohol by being shaken 3 times
with concentrated sulfufic acid, then with water, and finally was
dried over powdered anhydrous calcium chloride,

Pyridine was dried by refluxing over potassium hydroxide
and then fractionated, the forerun being discarded, It was stored
ovef potassium hydroxide or barium oxide,

Tetfahydrofuran was dried by refluxing over sodium and
then distilled from sodium. A final drying with lithium aluminum
hydride (to the end of effervescence) was performed just before
use,

Impure DL~threonine was 'DL«Threonine, with Allothreo~
nine', a product of the Dow Chemical Company.,

DL~-Threonine hemihydrate was prepared in 30% overall
yield according to the method of Pfister and coworkers (20). 1Its
melting point was 230-231°C. (lit.: 229.230°C.).

L(+)=Threonine was obtained from the California Founda=
tion for Biochemical Research, Its specific rotation was stated
to be +28,1° (c = 2, water),

p=Toluenesulfonyl chloride was Eastman White Label ma~
terial, recrystallized from hexane.

N-p=Toluenesulfonyl«DIL ~phenylalanine was prepared by
the method of McChesney and Swann (19) from DLe~phenylalanine
prepared .in the undergraduate laboratory course. Its melting

point was 133-134°C, (lit.: 134-135°C,).
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C=72-

All melting points are corrected, Microanalyses are by

A. Elek,

N-p=Toluenesulfonyl-DL-phenylalanine Ethyl Ester (Ethyl DL-2«
p»Toluenesulfonamido«3«phenylpropanoate)

A solution of 15,0 g. (0,043 mole) of Nwp~toluenesulfonyl-
DLephenylalanine in 200 ml, of absolute ethanol was saturated
with dry hydrogen chloride at room temperature, It was heated
‘to 50°C. for a short time, ana then allowed to stand at room teme
peraturé for 3 days, during which time crystallization occurred,
The volume was reduced to 60 ml. under aspirator vacuum and
the solid filtered off and dried. Recrystallization from 95% etha-
nol gave 12 g. (74%/o) of colorless needles, m.p., 117-118°C.
Calculated for C, H, NSO

18721
C 62,28, H 6,14, N 4,02,

4 C 62,23, H6,09, N 4,03, Found:

Impure N-p~ToluenesulionyleDL-allothreonine (3-Hydroxy-2«~p-
toluenesulfonamidobutanoic Acid)

Twelve grams (0,10 mole) of commercial impure threo-
nine was dissolved in a solution of 8,3 g. (0,21 mole) of sodium
hydroxide in 25 ml. of water. This was shaken mechanically for
4 hours with a solution of 20 g, (0.105 mole) of p«toluenesulfonyl
chloride in 60 ml, of diethyl ether, The layers were separated
and the aqueous phase acidified to congo red with dilute hydro-
chloric acid. When the solution was allowed to stand over night
15,4 g. (560/0) of white solid precipitated, Melting point after one
recrystallization from water: 185-189°C., ; lit. (23): melting
point of DL~threo isomer, 180°C. s of DL=~erythro isomer (from

DL-~allothreonine), 198-199°C.
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N-p=Toluenesulfonyl=DLwallothreonine Ethyl Ester (Ethyl DL~erythro-
3-Hydroxy-2-p~toluenesulfonamidobutanoate)

A solution of 8,3 g, (0.030 mole) of impure N-p~toluenesul-
fonyl-DL-—a.l_lothreonine in 120 ml, of absolute ethanol was saturated
wifh gaseous hydrogen chloride at room temperature, The solvent
was removed under aspirator vacuum on a steam bath, and the re-
sultiﬁg solid recrystallized from dry diisopropyl ether to give 8,4
ge (920/0) of producf. Three recrystallizations gave a pure product
as short needles, m.p. 70, 3.71.0°C. Mixed melting point with N«
p~toluenesulfonyleDI.-threonine ethyl ester (m.,p. 83.6-84, 6°C. ):
70-74°C. (softens 64°C.). Calculated for C,3H;gNSO,: C 51.81,
H 6,35, N 4,65, S 10,64, Found: C 51,90, H 6.28, N 4,68, S
10,51,

N~p=Toluenesulfonyl-DL~threonine (DL~threo=3=-Hydroxy=2«p-
toluenesultonamidobutanoic Acid)

A solution of 6,4 g. (0. 050 mole) of DL~threonine hemihy=
drate in 50 ml., of 2,5M sodium hydroxide solution was shaken
mechanically for 6 hours with a solution of 10,5 g. (0.055 mole)
of p~toluenesulfonyl chloride in 85 ml, of diethyl ether, The lay~
ers were separated and the aqueous layer acidified to pH 2 with 6N
hydrochloric acid, The resulting precipitate was filtered, washed
and dried to give 10,4 g. (74%0) of product.

N=-p»Toluenesulfonyl-DL=~threonine Ethyl Ester (Ethyl DL~threo
3~Hydroxy=-Zep~toluenesulionamidobutanoate)

A solution of 6.0 g. (0.022 mole) of N-p~toluenesulfonyl=
DL~threonine in 100 ml, of absolute ethanol was saturated with
gaseous hydrogen chloride at 0°C. After the solution had stood

for 2 days at room temperature the ethanol, water, and hydrogen
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chloride‘, were removed under aspirator vacuum‘at 60°C. The resi-
due solidified upon cooling and was evacuated in a desiccator over
potassium hydroxide., Three recrystallizations from dry diisopropyl
ether gave 4.1 g. (62°f0) of colorless needles, m. p. 83.6-84,6°C,
An additional 0.9 g, (140/0) was obtained from the mother liquors.
Calculated for Cl3H19NSO C 51.81, H 6.35, N 4,65, S 10, 64,
Found: C 52,23, H 6,30, N 4,80, S 10, 63,

DLe~threo~2~p«Toluenesulfonamido~1, 3-butanediol

To a slurry-solution of 9.5 g. (0.25 mole) of lithium alumi-
num hydride in 150 ml. of dry tetrahydrofuran was added with stir-
ring a solution of 7,2 g. (0,024 mole) of N~p~toluenesulfonyl=DL.~
threonine ethyl ester in 50 ml, of dry tetrahydrofuran, The tem=
perature was kept near 25°C., during the addition and then the reac-
tion mixture was refluxed for 24 hours, About two=thirds of the
solvent was removed by distillation, and then.75 ml, of ethyl ace=~
tate was added slowly, followed by 150 ml, of 6N hydrochloric acid,
The two-phase system was allowed to stand over night, and then
was filtered by gravéty (Whatman no., 1), The aqueous phase after
separation was extracted with two 100 ml, portions of ethyl ace-
tate, The combined extracts were dried over sodium sulfate, fil=
tered, and then most of the solvent was removed under aspirator
vacuum at 60°C. To the resulting 50 ml, of solution was added

slowly 200 ml, of hexane, along with some seed crystals¥*, The

*These were obtained from a preliminary experiment performed
in much the same manner, except that the combined extracts were
freed of as much solvent as possible, to give a brown oil which
after several months desiccation and refrigeration solidified at
room temperature,
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resulting 4.0 g. (64_0/0)- of crystalline solid was washed with hexane
and recrystallized from etflyl acetate several times to give white
prisms, m.p. 122,5-123,5°C, Calculated for C,,H;7NSO,: C 50,94,
H 6,61, N 5,40, S 12.37; Found: C 50,38, H 6,84, N 5,54, S 12,59,

DL-threo~2«p~Toluenesulfonamido=~l, 3-di-p~toluenesulfonoxybutane

To a cooled solution of 0,52 g, {0.0020 mole) of DL~threo~
2 «p=toluenesulfonamido=l, 3«butanediol in 0.9 ml. of pyridine was
added in 10 portions 0,80 g, (0.0042 mole) of patoluenesulfonyl chlo=
ride., Precipitation began within 15 minutes, and the reaction mix«
ture, after standing over night, was treated with 2 ml, of water and
then acidified with 6N hydrochloric acid, The resultaht solid, after
being filtered and dried, weighed 1,05 g, (§3°/o). Its melting point
after several recrystallizations from benzene was 137,1-137, 6°C.

Calculated for C NS308: C 52.89, H5,15, N 2,47, S 16,95,

25t29
Found: C 55,39, H 5,25, N 2,41, S 15,34, The analysis would

seem to indicate benzene of crystallization.,

The Attempted Reduction of DL.ethreo~2-p=-Toluenesulfonamido~1, 3-
di-p=~toluenesulionoxybutane with Lithium Aluminum Hydride

These attempted reductions were all run in refluxing tetra-
hydrofuran, followed by destruction of the excess reagent with ethyl
acetate and extraction of the product, The results are tabulated,

Molar Ratio

LiAlH 4 to Tritosylate Time Result
0.5to 1 (THEORETICAL)
0.7to 1 9 hrs, Starting material
1.25t0 1 8 hrs, . Oil
5 tol 1 hr, Oil
12 tol 6 hrs, Oil, after treatment

with pwtoluenesulfonyl
chloride
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The Reaction of DL~threo«2~p~Toluenesulfonamido=1; 3=di=p~tol-
uenesulionoxybutane with Sodium lodide

An acetone solution containing 0,412 g, (0,00073 mole) of
DL-M - pr-toluene sqlfonémido =1, 3=di~p=toluenesulfonoxybutane
and 0,115 g, (0.00077 mole) of sodium iodide in 30 ml, was re=
fluxed for 24 hours, The precipitated sodium p~toluenesulfonate
wa.s filtered off (0,12 g., 80-—900/0) and the filtrate was stripped of
acetone under aspirator vacuum, to give a mixture of solid and oil.
This was extracted with dry diethyl ether, which left the solid un~
dissolved. (The tritosylate was found to be practically insoluble
in ether.) The ether was boiled from the extract and the residue
desiccated at 1 mm, pressure over sulfuric acid and potassium
hydroxide. A puffed-up biscuit of dry yellow solid resulted,

This was dissolved in dilute ethanolic sodium acetate and
hydrogenated over Raney nickel for 45 minutes (36 p.s.i.). The
mixture was filtered, the catalyst rinsed with ethanol, and the fil~
trate stripped of solvent under aspirator vacuum, The residue
was extracted with benzene and the extracts freed of color by being
shaken with sodium thiosulfate solution, then dried over magnesium
sulfate and evaporated. None of the expected DL~threo~3~p=tolu~
enesulfonamido~2~p«toluenesulfonoxybutane could be isolated from
the resulting oil, although the latter gave a negative test for halo-
gen after sodium fusion.

N-p=~Toluenesulfonyl=L~threonine (D(+)~threo-3-Hydroxy=2~p=
toluenesulfonamidobutanoic Acid)

This was prepared exactly as was the DL~ isomer, 5.0 g.
(0,042 mole) of L(+)=threonine yielding 7.7 g. (67%0) of N-p=tolu~

enesulfonyl-L{+)-threonine, m.p. 135-136°C., (a)°D +10,9°
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(a = +0.51, c = 4,69, butanone), Lit. (24): m.p. 136=137°C.

N-p~Toluenesulfonyl=L{+)~threonine Ethyl Ester (Ethyl D(+)~threo-
3«Hydroxy=~2~p=toluenesulfonamidobutanocate)

This was prepared exactly as was the DL« isomer, to give
after recrystallization from dry diisopropyl ether an 80% yield of
colorless needles, The melting point after 2 more recrystalliza-
tions was 107.5-108,1°C. (a)®°D =10.6° (a = =1.22°, c = 11.6,
'bufanone). Calculated for CI3H19NSO C 51.81, H 6.35, N 4,65,
S 10, 64.‘ Found: C 51,98, H 6,50, N 4.89, S 9,75,

D{-)=threo~2-p=Toluenesulfonamido~1, 3~-butanediol

This was prepared in the same manner as was the DL«threo

isomer, 6,3 g. (0, 0209 mole) of N~p=toluenesulfonyleL{+)~threonine
ethyl ester being reduced with 8.3 g. (0.22 mole) of lithium alumi-
num hydride to give 5.2 g. (96%/0) of brown oil, which required
several weeks to solidify partially, and which was very difficult

to purify, Eight recrystallizations from ethyl acetate after treat-
ment with Norit were required to raise the melting point over 30

25

degrees to 97.5-98.3°C. (a)*°D =17° (a = -0.25°, c = 1,48, buta-

none), Calculated for C, 1Hl_‘,NSO 4°

12,37, Found: C 50,77, H6.69, N 5,36, S 11.82,

C 50.94, H 6,61, N 5,40, S

It was later found that a convenient method of purifying the
crude material was to form the potassium salt, which is sparingly
soluble in 4N potassium hydroxide, and then to filter it and redis=-
solve it iﬁ pure water, Acidification of the solution was followed
by extraction with chloroform, in which the free compound is quite
soluble, Evaporétion of this extract then led to the solid product
(60-750/0) in condition suitable for final purification by recrystalli-

zation,



Attempted Mono-np-toluene sulfonylation of D(-~ )-threo-Z-pw-Tol-
uenesulionamido~1, 3~butanediol

Th1s was attempted in pyridine or triethylamine, excesses
of from 1 to 15 %o of p-toluenesulfonyl chloride being employed.
The latter reagent was added either as a solid or as a chloroform
solution. Some experiments were run at 0°C. , Some at room tems=
perat.ure, and still others at 50°C. In most cases the reaction so-
lution was divided into 2 portions, one of which was then worked
up with water and hydrochloric acid while the other was treated
with excess benzoyl chloride, allowed to stand for several hours,
and then worked up in similar manner, On the one occasion when
a solid was obtained it proved to be D(«~)~threo~2-p-toluenesulfon~
amido«1, 3-dibenzoxybutane, colorless needles from ethanol, m, p.
160, 4-160. 9%C. , (a)?°D -41° (a = -0.16°, c = 0, 39, butanone).
Calcullated for C25H25N506.: C 64.22, H5,39, N 3,00, S 6,86,
Found: C 64,21, H 5.41, N 3,02, S 6,37,

D-~threoe=2<pwToluenesulfonamido=~1, 3~di~p~toluenesulfonoxybutane

Application of the method employed for the DL-threo isomer

to the preparation of this compound from D(-)«threo=2-p~toluene~
sulfonamido=-1, 3-butanediol led to the isolation of a quantitative
yield of crude product upon acidification of the reaction mixture.
The material proved very soluble in most organic solvents, how=
ever, and had to be recrystallized from chloroforme«carbon tetra=
chloride. Due to poor recovery and ease of oil formation this was
not a very satisfactory system. The white solid had melting point

107, 5-109°C. after one recrystallization,
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The Reaction of D~threo~2~psToluenesulfonamido=1, 3«di-p=tol-
uenesulfonoxybutane with Sodium lodide

A solution of 0,351 g, (0.00062 mole) of D-threo=2-patol.
uenesulfonamido-1, 3-di~p~toluenesulfonoxybutane and 0. 103 g,
(0..00069 mole) of sodium iodide in 15 ml, of acetone was refluxed
for 3 hours. The sodium p~toluenesulfonate, which had begun to
precipitate even before heat was applied, was removed, and it was
observed that continued refluxing had no further effect, The ace=~
tone was boiled off on a steam bath and the residue extracted with
benzene, leaving behind salts which were dissolved in water and
extracted with benzene. The combined benzene extracts were
treated with dilute sodium thiosulfate solution to remove the pink
color, dried over magnesium sulfate and the solvent removed under
aspirator vacuum, Two days over sulfuric acid, potassium hy-
droxide, and paraffin chips at 1 mm, pressure gave a biscuit of

powdery solid, along with some sticky varnish~like material,
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PROPOSITIONS

Weizmann and coworkers (1) investigated the reaction
of chloretone (2~trichlor6methy1—Z-prOpanol) with alkoxides
to give 2~alkoxy~2-methylpropanoic acids, A mechanism was
suggested, but a second possibility, though discounted, was
not disproved, '

It is propbsed that studies be undertaken using an opti~
cally active isomer of 2-trichloromethyl~-2-butanol to deter-
mine which mechanism is the correct one,

The catalytic hydrogenation of ethyl a~acetamido-aceto~
acetate to ethyl a-acetamido~f~hydroxybutyrate gives this
product in nearly quantitative yield (2) However, the iso~-
mer corresponding to DL-allothreonine predominates to the
extent of 80-85%0 of the total,

It is proposed that the reaction involves cis addition
of hydrogen to the enolic‘ double bond of ring structures re-
sulting from hydrogen bonding between the oxygen and nitro-
gen atoms of the substrate or its anion.

A cyclic transition state (b-membered ring) is proposed
for the addition reaction of phenylacetaldehyde to q, f~unsatu=~
rated carbonyl compounds (3).

It is proposed that the journal Chemical and Engineer=

ing News be relegated to the status of a trade journal, and
that a new official organ for the American Chemical Society

be published,
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It is pr.oposéd that the general term ‘é,lkylimino-' (methyl-
imino-, ethylimino-, etc,) be accepted for the group R-N= ,
whether it be doubly bonded to a single atom (as in a Schiff
base) 01; to a pair of atoms on a chain (thereby forming a hetero-
cycle),

It is proposed that all normal reactions involving the
opening of an ethyleneimine ring by a nucleophile (see this
thesis, part I) involve attack upon an ethyleneimmonium ion,
and that this explains the catalysis of such reactions by sub-
stances able to quaternize the ring nitrogen, i.e. Lewis acids,

It is proposed that the reaction of ethyleneimine com-
pounds and ammonia or amines in the presence of chloride
ion (4, 5) may occur via two steps: first, ring opening by the
chloride ion {6), and second, displacement of chlorine by
the ammonia or amine,

It is further proposed that a study of this reaction be
made, using L(-)-trans-2, 3-iminobutane and aqueous ammonia
in one case, anhydrous ammonia and ammonium chloride in
the second, The proposed reaction should make its presence
known by a greater dextrorotation of the product of the reac-
tion involving chloride ion,

It is proposed that N-p-toluenesulfonyl-cis-2, 3-imino-
butane and N-p-toluenesulfonyl-L-trans-2, 3-iminobutane
(see this thesis, pp. 10, 11) be studied crystallographically,

and it is further proposed that the former may show prefer-

‘ence for an arrangement in the crystal which involves only



9.

10,

11,

w84~
oﬁe of the two poésible configurations at the nitrogen atom,

It has been reported (7) that acetaldehyde and ethyl
chloroacetate undergo a glycidic ester condensation, although
the ‘yielld was not stated, Contradictions have appeared in
the literature concerning the mode of attack upon simple ali-
phatic glycidic esters by amines (8).

It is proposed that under conditions favoring SNZ re-
actions nucleophilic attack by amines will be at the 2~ position
of ethyl 2, 3-epoxybutanoate, and that this constitutes a
promising path to the preparation of pure DL~threonine
and DL-allothreonine and some of their simple derivatives,

It has been found (9) that no ring opening occurs when
the simple 2, 3«iminobutanes are treated with lithium alumi=
num hydride.

It is proposed that this is due to the formation of the
anion by extraction of the proton from the nitrogen by hy-
dride or aluminohydride ion., The anion is then not only
unattractive to the nucleophiles present, but slightly less
strained than the imine itself,

It is further proposed that if the N~ethyle2, 3=imino~
butanes be treated with lithium aluminum hydride they will
undergo ring opening as do the epoxides, and give a direct
path to the stereochemically pure N~alkyl»2~aminobutanes,

Nitrosyl chloride has been demonstrated to add to

some representative alkenes (10, 11),
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It is propoéed that these nitroso chloro compounds
will form ethyleneimines upon reduction in strongly basic
media, and that this will constitute the most direct manner
of obta.ihing imines ‘from_ the corresponding alkenes,

12, A new method, primarily applicable to automatic titrime
eters, is proposed for the estimation of the end point of poten-
tiometric titrations, It involves the determination of titers
corresponding to a series of potential values of uniform sepa-
ration. The ‘density of these titer values increases near the
inflection point, and describes a continuous distribution which
proves to be the first derivative of the original plot. The
mode of this distribution is the best estimator for the end
point titer, but in the more special case of a potential curve
with an axis of symmetry through the inflection point {e. g.
the titration of strong base with strong acid), the mean of
the distribution is identical with the mode., The reliability
of this estimator improves as the increment of potential
difference between readings is decreased, and if readings
distant from the end point are discarded. The latter opera-
tion also increases the applicability to less symmetric plots.

13, The methods used to collect all the combined oxygen
of mineral samples into some form suitable for isotopi¢
analysis have involved replacement by fluorine (12, 13) or
reduction with graphite to form carbon monoxide (14), The
former requires use of fluorine, while the latter is not uni-

versally applicable,
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It is proposed thét high temperature treatment with
magnesium_hoids promise since magnesium is able to re-
duce silica and transition metal oxides; only group I and II
oxides remaining, The reaction with carbon tetrachloride
to form carbon monoxide and the metal chlorides could
then be used (15).

14, The most specific reagents for the precipitation of
zirconium are mandelic acid and some of its substituted
derivatives (16)., However, the method gives generally poor
quantitative results when the precipitate is dried and weighed,
necessitating ignition to ZrOZ. It is proposed that some
easily reducible derivatives, such as psp'-azomandelic acid
be investigated as precipitating agents, since they can be
determined volumetrically (17).

15, Optically active adsorbents have occasionally been
used for the resolution of racemic compounds (18}, Opti-
cally active developers have also been mentioned (19). It
is proposed that the two treatments be combined into one
method, since theoretically, if the enantiomorph which is
less adsorbed is more soluble in the available form of the
developer, the separation will be improved, The ethers
and esters of active amyl alcohol and l-menthol, as. well as
the alcohols themselves, would constitute a useful set of

solvents,
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