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INTRODUCTION

Most of the work on alkanclamines has been confined to
the preparatlions and reactions of the ethanolamines, The re-
sults reported herein deal wiih the reactions or-HZNG(OHQOH)3’
tris(hydroxymethyl )aminomethane, which is a beta-hydroxy
amine,

The aninoalcohols are prepared, in the majoritiy of
cases, by &) the reaction of amines with epoxides, and b)
the reaction between nitroparaffins and sldehydes, with sub=
gequent reduction of the nltiro groupy both of these prop~
arations give beta~aminoalcohols. Therefore, the reactions
of the aminoalcochols, especlally the ethanolamines and other
beta-aminoalecohols, have been studied to uncover any reac-
tions applicable to the tompound above, since thore is very
little information in the literature on the reactions of the
compound itself,
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HISTORICAL
REACTIONS OF ALKANOLAMINES

The reactions of alkanolamines may be divided into &) ad-
dition to form salts, b) decomposition with aclids, bases, or
oxidizing agents, c¢) reaction of the H atoms of the amino
group, d) reaction of the H atoms of the hydroxyl group, )
replacement of the amino group, f) replacement of the hydrox-
¥l group, and g) various miscellaneous reactions.

Mineral acid salts of amino aloohols form easily accord~
ing to the followlng equation, whioch 18 perfecily general, X
being any mineral acid residue:

HOCHQCHzﬁﬁa + HX —m———> HOOHZCHENH2~HX

The hydriodides are described in a patent (1l). It is clalumed
that the hydrogen chloride salts are formed most readily by
passing dry hydrogen chloride gas into a propyl alcohol solu-

tion of the amino alecohol (2), Krasuskil and Kosenko (3)

élg Fisk, US Pat. 2,128,741, aug. 30, 1938

2) Jones, J, ABs0c. Official Agr. Chem. 27, 467 (1944)

(3) Krasuskii and Kosenko, Ukrainskil Khem, Zhur, 4, Sci. Pt.,
199 (1929(

Notes Chemlical Abstract references are given in the bibliography.




desaribe hydrochlorides in which the amino alcohol holds more
than ~no equivalent of HC1l, a tertiary N forming & tri-hydro-
chlorlide, a secondary N forming a di-hydrochloride, and a pri-
mary N forming a monohydrochloride, However, these suthoreas
state that the tri~ and di~hydrochlorides decompose into the
normal monohydroshloride when heated in air or in vacuo,

The hydrobromides are mede by methods similar to those
desoribed for the hydrochlarides, They form also, when the
stoichlometric amount of HBr solution is added to a solutlon
of the amino aleohol and the resulting mixture is evaporated to
dryness,

Sulfurlec acid added to. an aleohol solutlon of the amino
alcohol will prectpltate the compounds as the hydrogen sul-
fates, The nitrate is not 80 easily made. To & solution of the
base in water, 364 nitric scid is asdded slowly with stirring
and cooling On removal of the waeter in vacuo, the hydrogen
nitrate is left (4). In much the same way, one obtains the
salts of various organic sclds, i.0., by mixing solutions of

the amino alecohol and the acld, and evaporating the resulting

'solutlon to dryness, keeping the temperature below that re-

quired to remove the elements of water and form an amide,.
Mono~ and di-ethanolamine react peculiarly with p-nltro-

benzolo aclid (5). By mixing diethanolamine and p-nitrobenzoic

(4) Barblere, Bull, soc, chim, 7, 621 (1940)
(5) Meltsner; Greenfield, and Rosenzwelg, J. Am, Chem, Soc. 62,
991 (1940)




acid in molar ratios and heating the mixture at 100° for four
hours, one obtains the salt of the amino slcohol. But heating
the same reactants for two hours at 180° results in the for-
metion of the di(diethanolamine) salt of szoxybenzolic acid,
the diethanolamine acting as a reducing agent, and partially
reducing the nitro group to one of azoxy functlon,
p~0pNCgHACOOH + (HOCHpCHp)oNH —(HOCH,CH ) pNHHOOCCEH,NO
p~0,NCgH4COOH ~+ (HOCH,CHR) NH — >
(HOCH,CHp ) oNH sHOOGCgH 451’—:(-31\105840003 *HIN( CHpCHL0H ) 5
Likewise, the aminoalcohols form salts with negatively
substituted rhenols, For example, 26.6 gms of 2,4-dinitro-6-~
cyclohexylphenol and 50 ml of benzene are heated to about 789,
at which temperature solution takes plece; then 13.3 gms of
ethyldiethanolamine in 10 ml of methyl alcohol are added over
a period of 15 minutes., After heating and stirring, followed
by cooling, the crude salt preclpltates, 1s flltered, washed
with cold benzene, and air dried, glving a crystalline product

ol

as shown,(6) S g
u_*}l ilﬁ \ NVo. o Uits Perizt
i, +  CpHeN(CHpCHOH)y o Jouenig
Noy vz { CHQCHQQH )2

Thioeyanic acld undergoes two reactions with alkanolamines,
rearrangement and addition to form substituted thiloureas, and

addltion to form salts. The first of these reactions will be

(6) Abbey, Brit. Pat. 600,082, Mar, 31, 1948



trested at a later stage in this manuscript. The thiocyanic
acid salts (7) are formed by mixing ons mole of ammonium thlo=-
cyanate and one mole of amino aleohol in water solution, hesat-
ing at 85+90° until ammonia evolution ceases, and then holding
the product at 50° until the water is ocompletely removed,
leaving the crystalline product. It is important to keep the
temperature low; to prevent the formation of thioureas men-
tioned above.

In general, the salts of the amino alcohols are easlly
formed, crystallize well, and have sharp, definlite melting
pointse In many instances, they c¢an be used as therapeutle
azents, especlally 1f the compounds contain important func-
tional groups other than the amino and hydroxy groupss

Salts of a quaternary nature are formed when alkanola-
mines are treated with alkyl halildes or alkylating agents (8).
For example, 30 parts of triethanolamine mixed slowly with 27
parts of dimethyl sulfate and heated at 160-70° for awhile
gives the water soluble quaternary ammonium salt.

A type of "polymer bond" exists in the polysulfides of
the aminoslcohols. There are many petents covering the con-
version of amino alcohols into thelr polysulfide derivatives.
Generally, this consists of heating an alkanolsmirs or mixture
containing it with sulfur and hydrogen sulfide (9}, if desired

-~ - A S e SV ot Bl Wty s, B S S

(;) Mathes, Stewart, end Bwedish, J. Am, Chem. Boe. TQ, 3455 (1948)
(8) FrenCh Fats 860 910, Jans 28, 1941 »
(9) Blank, French Pata 839,775, Apr. 12, 1939




with the addition of an appropriate diluent. ¥ater may be pro-
gent, but only in quantities such that no sulfur wlll separate
or otherwise interfere with the reaction. Products obtained in
this way have the formula (aminoaleochol)ySy, (x) usﬁally being
2 or 3.

Compounds of somewhat similar nature are the coordination
compounds of the amino alcohols. The hallide salts of the alka-
line earth metals form complex ions similar to those which
they form with the alcohols (10). They may be formed by treat-
ing the amino slcohol with the hallde of the metal in water or
alcohol with an alkall or alkaline earth metal hydroxide (11).
These compounds probably set up thaib auxiliaryAbonds between
the metal lon and both the alcohol and amine groups. However,
there is nu'evldénce to point to one of these bonds taking
'>preferenae ovar the other.

| Antimonyleatechol coordination compounds with anino al-
_cohols have been Investigated by Wheeler and Banks (12). Al~
though they have proposed structures for these compounds, 1t
18 not certain Just what their exact formulas might be, Cen-
erally, the antimony atom forms one covalent bond with one al-
.coholic;oxygén and donates a palir of electrons to another oxy-

gen to form a coordinate-covalent bond.

(10) Kropp, US Pat. 2,017,976, Oct. 22, 1935
(11) I. G. Farbenind A.~G., Ger. Pat. 606,400, Dec, 1, 1934
(12) Wheeler and Banks, J. Am., Chem. Soc, 70, 1266 (1948)




With cobalt, the amino alcohols form complex salts of the
general formula ({COzHgNp0)oCo)X (13). Breckenridge and Hodglins

assigh the following structure to the complex catlon:

?HE'NHQ\\ ,NHE~?HQ,
GH-0 R, L 0~0H

I PEER |
CHo=NHZ ~ T~ . NHo~CHp

These men &lso postulate the formulas below for salts with cop~

per and silver and claim that the zine salts do not have a sim-

ple formula.

The nitric acid salt of an amino alcohol is easily pre=

" pared (see p 3). By a ®lipht modificatlion of this procedure,

the ester 1s obtained,(14) 97% nitr1§ acld in excess 1s added
to the nitrate of the amino aléohol, the solution belng kept
below O° throughout. On removal of the excess nitric ecid in
vacuo, the ester is precipitated with ethyl ether at -10° and
may be recrystallized from a suitable solvent, This treatment
preserves, rather, fornms the salt 1f 1t 1s not present origl-
nally, but the I'ree amlnoalkyl nitrate may be obtalned from the
gsalt by the sotlon of sodium carbonate in the presence of ethyl
ether.
The presence of an esromatic group in the amino elcohol

causes yet another reaction to take place, the aromztlc group -

e S N G S A S G A S S iy S S G G D S R TR e S G SR e S W i N . S S Gre . S e S

(13) Breckenridge and Hodgins, Can. J. Research 17, B, 331 (1939)

(14) Barblere, Bull. soc. chim, 11, 470 (1944)



belng nitrated in addition to the ester and galt formation.

For example,

() CHLOHOH,OH ~+- HONS% > 0N (:)ca}gncxeomoa + 2Ho0
NHQ » HNOs ' NHE . HN03

The‘sulfuric.esterfis-forméd similarly. To assure a good
yleld, a 5reat exceas of sulfuric acid must be used (15). Too,
a‘better yield 1is obtaihed by reacting the components ln an
1nart Bolvent such a8 benzene and distilling the water-benzene
azeotroée as 1t 1z formed, Possibly a Sétter meth6d for get-
ting the sulfate 1s to ésterify'the‘alcohcl with Sﬁlfonyl
bhlori@e; alone or in an 1ndiffarent'solvent, but the neutral
ester iz obtalned at the same time,

Other esters are, formed in much the same way, including
the phosphates (16), phosprhotungstates (17), silicotungstates
(18), and vorates (19), which are reported in tﬁe»literature..

Many proceduros are available for the esterification of
amino alcohols with organic aclds. Direot esterifiéation of -
the anino alechol with the acild proceeds with ease, as the
following equation showss
 RCOOH + HXsHpN-CHpCHpOH ——————> RCOOCHaCHpNHp eHX ™
A gobd,illustration lends 1tself from the procadure for tne de-

termination of the number of hydroxyl groups in a glven

(15) saunders, J. Chem. Soc. 121, 2667 (1922)

(16) Ralston ard Harwood, US Pat. 2,229,307, Jan, 21, 1941

(17 & 18) Kahane and Kehane, Bull,.soc. chem. (5), 3, 621 (1936)
(19) Gilmann, US Pat. 2,441,063, Apr. 4, 1948




compound.(20) The amino alcohol 1s reacted with a large excess
of acetic acld, insuring completeness of reéotion,‘and the wa-
ter formed in the reaction is titrated with Karl Fischer rea-
gent, the possible caloulations giving the number of alcoholic
hydroxyl groups in the starting compound. Conversely, the meth~
oq may be used to determine the number of carboxyl groups in
the molecule., Usually an esterification catalyst, an acidie
substance, is present,

A patented process for the esterification of the alcohol
group involves the mixing and heating of the reactants at a
temperature which will eliminate the water formed in the re-
action (21). Many processes entail using & solvent, though
this 18 not abaoclutely necessary.

A good method for the esterificatlion, though indirect,
1nvblvee»elim1nation of a molecule of hydrogen halide by re-
action of an aoid hallide and an amino aléohol‘ For example,

RCOOL + HOCHACHoNH+HX > ROOOCHoCHoNHp*HX + HC1

2,2-diphenylbutanoyl chloride and dimethylaminoethanol in the
ratio 132 are refluxed in benzene for 10 hours (22). After
heating, the mixture is made alkaline with 10% sodium hydro-
xide and extracted with benzene, The benzene extraots are
washed with water, concentrated at the water pump, the resi~

due taken up in dry ethyl ether, and the hydrochloride of the

(20) Smith, Mitchell, and Hawkins, J. Am. Chem. Soc. 66, 715 (1944)
(21) Young and Rubenstein, US Pat. 2,429,445, Oct, 21, 1947
(22) Larsen, et al., Je Am. Chem. Soc. 71;1532,~(19§95
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basle ester 1s precipltated with alecoholic HCl, The presipl-
tate 1s washed with ether and recrystallized twice from ethyl~
acetate:to éive 574 of the product, MP 164-~165°,

Should the hydrohalide of the amino alcohol be used as a
startingimaterial. it is only necessary to. use alightly mofa
\gaﬁpnoEﬁVﬁglﬁﬁgiﬂ?hﬁf@%ﬁg?ﬁifto one mole of the acid chloride,
since one~half of the amino alcohol used above reacted with
the’hydrogen chlorlde produced in,.the reaction, forming the
selts

The ester may be formed by the interaction of haloalkyl=
amino gompounds with the salts of substltuted fatty acids,(23)

RCOONa. + CQlCHoCHpNHy ————> RGOQCHLCHoNHs + NaCl
(R is any subs 1tute fatty acid resig

Examples of other than aliphatic acids being}used'in this re-
action have escaped this writers attention,.

If desired, the acid may be used with the halo-compound
directly.(24) For example (25), 9.65 gms of l-naphthyl-butyr-
1¢ ecid and 6.1 gms of diethylaminnethyl chloride in 50 ml of
anhydrous: isopropyl alcohol are refluxed 14 hours, the solu-
tién evaporated, and the residue recrystallized from anhydrous
.etnyl acotate to give 13.1 gms of 2-diethylaminoethyl-l-naph~
thalene butyrate hydrochloride. The volatllity permitting, the
compound maey bé”purified)by distillation in vacuo.

iAo - iy L g W Sl R N0 e QUG TR R G e -’“0“”““““‘-“””

(23) Blankart, US Pata 1,987,546, Jans 8; 1935
(24; Hoffman and Schellenberg, Helv. Chim Acta 30, 292 (1947)
(25 Blicke, US Pat. 2,415,079, Feb. 4, 1947
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The ester may also be formed by transesterification,
using an alkall catalyst, an example being: 1 gm of sodium in
3 gm=-mols of dlethylaminoethanol and 2 gm-mols of ethyl p-amie
nobenzoate 1s refluxed with & water cooled condenser with &
vacuum of 5 mm, the displaced ethyl aloohol condensing in &
trap cooled to ~20°, The resction is complete in 15 minutes,
after which the pressure is lowered to 1‘mm; the excess amino
alcohol removed, end the dlethylaminoethyl p;aminobenzoate pu-
rified by known processes (26). Similar procedures employ so~
dium ethylate or sodtum.methylateninéteaa of the sodium metal
(27), and the results are equally as good,

- Another prepapaticn involves additlion of the amino alco-
hol tq a substltuted ketene. Diethyléminoethyl phenylacetate

( 0555)QG=Q=0 + (CgHeg)aNCHaCHa0H —>( CgHi ) oCHOOOCHCHaN( OpH ) 2
is formed when diphenylkatene_ia treated with a solution of
dlethylaﬁihoethénol in benzene.(28)

Legerlotz, in 1933;,c1a1méd‘that, through acylation and
saponificatioﬁ} optically active amino alcohols show an in-
version of their effect of plane_polérizea 1ight.)(29) HowF
evéﬁ, very littie has been done a8 regards further investige~
tion of ﬁhis property. |

In certain instances, salts may rearrange to glve esters,

§26; Meade, Brit. Pats 588,032, May 13, 1947

27) Meade, Brit., Pat. 587,534, Apr. 29, 1947

(28) Boc, pour 1'ind, chim. & BBlQ, Ger, Pat. 653;778. Dec. 2’ 1937
- (29) Legerlotz, Fr. Pat. 763,428, Apr. 30, 1934 -
Ger, Pat., 585,164, Sept. 29, 1933
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Trimethylbromoethylammonium bromide is dissolved in water and
treated with silver lactate "(30), After a ghort time there is
no 1lonized bromine pfgggnt. 81lver bromlde is flltered off and
the solution cancentréﬁéa until a sirupy residue is left. The
residue is allowed to stand and is then eorystallized from bu~
tyl alcohols The product is the bromide of the choline ester

of lactic acid, The equations follow.

CH3?HCOOAg-+ BrCHQGHEN(GﬁgggBrw—AaAgBr-+ CHB?HCOON(GH3)BGHQCHQBr

OH -~ o .~ oH
CHB?HCOOI‘}( CHz ) 5CHCHoBY > CH3CHOOOCHCHpN(CHz )3BY
OH - OHf'

The esters of the amino alcohols are very important ther-
apeuticélly both as their‘free basesvand,as ﬁheir salts. The
free bases are usually, though not always, oils which are rath-
er insoluble in water or other polar liquids, end as such find
limited &pplication in medicines, Howe#er;vthe hydrohalide
salts are soluble in the type liqulds deseribed and ere com-
monly used in this form for injection purposes.

There are few other reaétions of the hydroxyl group. By
treating the amino alcohol with thionyl chloride {31), pref-
erably at a low temperature, and in an iner£ solvent such as

HOGH,CHpHpsHX + 8001y ——> C1CHLCHLNHpoHX + Hy0 + 805

benzene or chloroform, the hydroxyl may be replaced with

. G GO B A G W - G YO YA S0 iy Ay WO A

(30; Horenstein and Pahlicke, Ger. Pat. 673,841, Mar. 30, 1939
(31) Pyman and Levene, Brit. Pat. 402,159, Hov. 30, 1933
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chlorine, This compound may be used asvén~;ntermediate in the
preparation of other compounds, for'exampie, etheré. The ether
may be produced from the amino chloride by condensing 1t with
& metal alcoholate in the usuasl Williamson synthesls.

. Conversely, the ethér may be formed by making the alcohole
‘ate of thé amino aleohol and traating:this molecule with an hal-
ogen compound. This 1s best accomplished by treating the ami-
no élcehol with less than the calculated amount of alkall me-
tul, édding the ﬁalogen compound, adding more sodlum, then
more halogen compdund;'etc., until all the amino alcohol has
been converted into the desired ether (32), For example, sodium
in small portions is added to tr1athano1am1ne at 105° under.re*
flux, the product 1s cooled to 75° and butyl chloride added
with heating to.105°,'mbre_sodium i added, followed by more
butyl cnlorlde, the process repeated}aé ofiaﬁ a8 necessary or
until, the desiréd}amount 6f sther has been formed.

A patent claims that the alcoholate of the amino alcohol
may be formed by reacting the amino alcohol with a strong al~
kall hydﬁoxide soluticﬁ (33). After forming the alcoholates,
they are'freed frem the mother liquor ahd caused to react, at
an alévated temperature, with the requisite asmount of an high
molecular welght alkyl halide to glve the ether,

ThelFried61&Crafts reaction is applicable to amino

A e WO W I B D

- - - e

(32) Schwarz, et al., Brit, Pat. 508,525, Jul. 3, 1939
(33) Bertsch and Kogl, Ger. Pat. 742,148, Oct. 14, 1943
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alcohols.(34), 2,2~Dinethyl-2-phenylethylamine is prepared by
edding 17.8 gns of 2,2-dimethyl-2-hydroxyethylemine to a
cooled, stirred mixture of 80 gms of anhydrous aluminum chlo-
ride and 78 gme of benzene. The resulting mixture is refluxed
»3:hours‘andithen allowed to stend overnight. The mixture 1s
poured on ice and, after & short time, the two layers are sep-
arateds« The benzene layer 1s washed with dilute hydrochlorio
acid, the sold washings are combined with the aqﬁeons layer,
and the resulting solutlion 1s made alkaline to liberate the
aﬁine, which 1s taken up in ethyl ether end distilled after
removing the ether.

The amlno group can be alkylate& easlly. If the dialkyl
sulfate 1s avallable, it can be used to introduce one or two
alkyl groups into the moleculs, according to the following
eqﬁationz

HOGHpCHpNHp + Rp80y ———> HO=CHoCHNHR + RHSO,
HOGHEGHéNEIR + R3S0, HOCHpCHpNRR' ~+ R'HSO,

One mole of the monoalkylolamine ls treated with one mole of

thé dialkyl‘éulfate (35), the resulting mixture‘is neutrelized
with alkall‘and:a seccnd.mole of dlalkyl sulfate 1s introduced
into the mixture, The dialkylamlinoalcchol 1is liberated by
treatment with alkall, the temperature being below 100°,'the
préduot is takeh up in ether and purified by distillation in

(34; Suter, US Pat. 2,443,205, June 15, 1948
(35) Perkins and Furse, Oan.. Pat. 370,083, Nov. 23, 1937
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vacuo or recrystallizetion from & sulteble solvent.

The reaction takes place equally well wlth alkyl halldes,
or any-other reactive halidee. Some compounds which react read-
11y are alkylidene halides (36), ethyl carbonate(37), halohy~\
drins (38), arylmethyl halides (39), aﬁd}dichlorldes (40} of
diverse natures; One example shoulé sﬁffice for these compounds.
A mixture of 242 gms of tris(hydroxymethyl)aminomethane, 92.5
gns of eplchlorohyérin, and 200 ce of 95% ethyl aleohol is
heated on a water bath for £ hours and aclidified with iCO cc
of conceﬁtfated_ﬁcl‘(él)‘zn‘this mannér; oné obteins a white
precipitate of 190 gms (51%) of t(ﬁocﬁa)3GRH652]20H0H02501.

 The halogeﬁ atoms in sromatic nuclel wmay be replaced if
they are sufficlently active. The helonitrobenzenes haﬁe been
atﬁdied rather thoroughly to determine their actlon on alka=
noiamineé; If molar quantities of amino slcohol and &n o- or
p-chloronitrobenzene are refluxed in the presence of 2 molar
quantities of anhydrous sodium carbonate for 6-8 hours (42),
and the mixture steam distllled to remove ﬁnreacted chloronl=-
trovenzene and reduction products of the raaétidh{ the con=

densation products settle out as oils and‘solidif5'on cooling.

(36; I. G+ Farbenind A.~G., Fr. Pat. 801,121, Jul, 28, 1943
}37 Hodgine and Hovey, US Fat. 2,215,038, Sept. 17, 1940
38) Kartaschoff, US Pat. 2,149,527, Mar. 7, 1939

(39) Eilsleb, US Pat. 1,949,247, Feb, 27, 1834

(40) Kremer and Bendich, J. Am. Chem. Soc. 61, 2658 (1939)
E ) Flerce and Wotliz, US Pat. 2,408,096, Sept, 24, 1946

41 ,
42) Kremer, J, Am, Chem, Soc, 61, 1321 (1939)
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They may be crystallized from a sultable solvent, for exampie,
benzene.yLonger heating than 8 hours tends to produce tars.
The use cof sodium carbonste is optional, though 1r the opera-
tion 18 carried out in its absence, there are obtalned fewer
reduction products and products of other side reactions. How=
ever, in the absence of sodlum carbonzte, one must use two
moles of the amino aleohol to one mole of the aromatic com-
pound,. Evidence proves that the condensatlon depends on the
| activation of the halogen atom, those compounda in which the
halogen is meta to the nitro group not condensing readlily.
V_Thls last statement is further proved by the condensa~
tion of ethanolamine with 1,3,4 6~ﬁrinitrotoluene(‘gamma TNT).
The reaction with the aymmetrical TNT will not take ploce, but
vith the ‘gamms=TNT the nltro group In the 3~ position is re-
placed by the ethanolamine residue, the resulting compound (43)
beling a Substitutad‘tﬁluidine. Only monoethanclanine will re-
act in thls way, the d1~ and tri«ethanolamlnes giving additlion
products with the gamma-TNT, The equationﬁaand formules follow,
ol A;—;,»z MQNOmOROR - INHOH,CH 0 +  HONO
k > ;‘2(}:365512(1‘402 )s *EN(CHpCHoO0H) 2
>CH305H2 ( NOs )3211 (CHaCHR0H)3

CHBCgﬁg(HOg )3 + HH( CHECHQOH )2

CH305H2( HOQ )3 + N( GHngQOH )5 —
3 Anfearly reference on amlde: formation w;th alkanolamlnes

claime th#tvthe anly method insuring amidec with no eatera f

h“*hﬂ -0-09’-aoGn“'-“ﬂ-\b““-‘“0-0'—““"-““&-.-&“-&“

43 Raociu Atti accad. sei. Torino, Classe sBci. fis., mat.
(43) ! "nat. 69, 364 (193h)
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being’fdrmad entells the use of aroyl polysulfides (44), such
as benzoyl dlsulfide.
CgH5COS8C0CEHS + 2 HOCHZCHNH, —>2 OgHgCONHGHACHOH + HpS + 8

: ‘The’SQhatten~Baumann reaction applies as well to amino alw-
cohols as 1t does to amines alone. Fourneau (45) claims that
thé hydrole groups are not.effeoted 1ﬁ this reactlion, even
with a large'excess of acyl chlorlde. The amino alcohol is dis-
solved in a strongly basle éelution of sodium hydroxide, and
the acyl chloride is added in small portions with_ehéking. In
the case of aromatic acid chlofides. the resction is more eas=
ily controlled, so the acyl chloride may be added in one batch.

A patent (46) describes the preparation of amldes from
secondary amino alcohols, Acylaﬁioﬁbbf |
(HOCoHy, ) 5N ( CoH 4NH ) o€ oH N CoH,0H )5
or e dimer or trimer thereof may be effected by ricinoleic
acid in 4-10 hours at 150-175° or until the product gives a
cléar Bb1tt1on,in acetic acid., As stated before, the acyl rad-
1céilénters the molecule at the aecnhdary amino group. | |
‘Varith‘afomatia'aulfcnamides have been'prepared, the

preparaﬁioﬁ beihg essentially that of the Schotten-Baumsnn re-
actioﬁ{(#?}'Two moles of amino aieoﬁol in a solution of 10~20%
potassium'hyércxide and pyridine added to one mole of

Py e peoy pony

{ -2 E;;g;ann Ulpts and Camacho, Ber 55B, 2796 (1922)
g") Fourneau: Je ph;rm‘ cnime, (7)s 25 397
(47)

De Groote, US Pat. 2,395,400, Febs 26, 1946
47) aAdams, Long and Johanson, J. Am. Chem. Soc, 61, 2342 (1939)
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p-acetaminobenzenesulfonylohloride gives the expected amide, If

the p-~amino group 1s not substituted, it is the usual practice

to use & ﬂgrge excess of aqueous ammonia also in the reactlion

flask, The equation follows.

GH3GONH653480201-+ (HOCHQ)30KH2———»GH3GGNH66H4802NHQ(GHQOH)Bﬁ-HGl
Garelli and Racciu (48) produce bveta~hydroxyphthalimide by

the actlon of ethanolamine on o-phthalic anhydrdde. The compo-

nents are refluxed in ebsolute ethyl: alcohol at 100-10° for a

shdrt time and the imide crystallizgs on coolinge.

Oég, + HoNCH,CH,OH ~————>OZ>ZNCHQGHZOH + HOH
The same compound may be prepared in quantitative yleld by
heating the components without a solvent for about 30 minutes
at”210°, the produoct solidifying on cooling; The product may
be reorystalliaeﬁ‘from‘uatgr.opvfrom an anhydrous solvent if
inorganic impurities happen to be present (49).

A slmilar preparaiion involves the use of oxallic acid and
ethanolamine-(50).‘EQu1ma1ar guantities of the reactants are
mixed and evaporated mbgéryneeé. After heating. at 110° for five
minutes, the s0lid is recrystallized from 794 alcohol. The pro=
- duct so obtaihed is the,diaubstituted anmoniun salt of the oxalic
acid and is soluble in water, dbut insoluble in sbsolute
alcohol‘or concentrated acetle aclid, If this salt 1is heated ra-
pldly past its melting point to approximately 2220, a brisk

(48) Garelli and Racclu, Atti. accad. scl. Torino. Classe sci,
. o ’ fisn, mat, nate 69, 358 (1934)

(49) Wenker, J. Am, Chem, Soc. 59, 422 (1937)

(50) Kelser, Ind, Eng. Chem,, Anal, Ed., 12, 284 (1940)

L X 2 T 1 2 T 1 1 2
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boiling takes place with the formation of N,N'-bis-{2-hydroxy-
othyl)~oxamide (51).

COOH o ‘ - COONH=CH,CHR0H

|  + 2 HpNCHpCHpOH —w—s

COOH ' COONH5CHCHo0H

GOONH»CHACHAOH CONHCHpCHAO0H .

| 5 | 272"+ 2 How

'COONHxCHRCHROH - CONHCHCHaOH |

The amides undergo the following reaction (52),
06HSCOOGH20HGH2NHCOG6H5 - > 06550000H2?HGH2NH2

H 00006H5

This may be effected by bolillng the amide with concentrated hy=-
‘drochloric or sulfuric acid (53).

Eiprianov end Kusner (5#), investigaiing the poasibility
- of amind acld formation from gmino alcohols, refluxed benzalde-
hyde, malonie acld, and ethanolamine in aloohol and thus ob~
tained 61% of dinnamic acid and none of the expected amino acids,
On stending overnight,-thefanly change in the product was
the formation of the cinnamic aeid salt of the amino élco~ 
hol used. Apparently, the amino alcohol acts as a basic cata-
1ystﬂfor'the}canaenaaigon of the benzaldehyde and‘ﬂha;malonlc

‘acid, Equations fol}oﬁa
HoNCHACHROH g :
06H50H0 + Hzc(coori)a 2acviavig >CgHCH= CHCOOH + €O,

>

C6HSGH= CHCOOH + H2N0H2QH2‘0I{ —>0 GH SGH = CHCOONHBGHECHEOH

A G s A AT G W Gl T - S A A A D U AR S e RO G A S D Bt S Bk WY Bek B S S B e W

(51) See Ref. #50.

(52) Bergmenn and Brand, Ber S6B, 1280 (1923)

53) Bettzieche, Z. physiol Chem, 146, 227 (1925) ‘
(54) Kiprianov and Kuener, J. Gen. Chem. (USSR) 6, 641 (1936)
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Gomez and Fermin in 1941 (55) investignted the condensa=-
tion products of ethanolamine and formaldehyde in the prosence
of a third compound. To O.1 mole of ethylresorcinol dissolved
in 17 cc of methyl alachol cooled to =5 to ~90, 0.1 mole of for-
maldehyde is ndded élowly and then 0,1 mole of ethanoclemine is
added, On standing for 16-249 hours, various condenzetion pro=-
duats are-ohtalnod;as the time of stending is inoreased it 1is
found that the products &re harder and more insoluble, Follow=
'1ng are two poséible formulaes for the 93 hoﬁr product, neither

of which may be correot,

CHe. ¢ H

CaHe( O n _0__&@5
O SCHCHpCHoNH,  AND f‘"T;)
Calg(C 0" CH S NHCH ,CH 0

. Earlier, iess éhd Uibrlg (56), experimenting with mixtures
of aldehydes and aminc alcohola only, concluded that the two
re&ctants formed>a Schiff>baseﬂor thet the aidehyde used;formed
an alkylol groﬁp attaohed to the nltrogen atom.:

g933)2?c32?3633«+zﬂcno .—~——-—<>(ca3)2?oﬁgqsfﬁj’-+ HOH
NH, OH N=Ctp OH -
(033)2?GH2?HGHB'+rHCHO ——4—~——4>(CH3)2?032g§CH3
NHy OH NHOH y0H
"It is also known that low temperatures favor the first reaction
and higher temperatures favor the second,
Other investigators clalm that the Schiff bases are formed

when the sldehydes concerned are hindered or exist in chelate

{5 ; Gomez and Fermin, Univ. Pgil. Nat. and Applied Sci., Bull, 8,
56) Hess and Uibrig, Ber. 48, 1974 (1915) 287, (1941)
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form, and that simpler aldehydes form other types of products.
The amino alcohols form anides and eaters of carbamic acid

in addition to the organic aclids mentioned in the preceding

pages, These compounds, called, respectively, ureas and urethanes,

often have unususal medicinal.propertias.'Saundera and 5lo=

‘combe (57), claim that in the absence of protection for ei=

‘ther the aleohol or the amino group, that the amino graﬂp reacts

faster than the alcohol group towards the lsocyanates, though

both reactions talke place simultaneously.

06H5H00 + HaﬁGHECHEOH - >-06§5NHGOHHGH20H20H
Gsﬂsﬂcﬂ + HOGHQCHQHHSCl : *i—CSHSNHGOOGHQGHENHBGl

If the urethan ia desired, it may veo prepared by seturating a
solution of the amino alcoﬁol 1n,chlbroform with d:y.ﬁcl>(58),
treating thisfsolution wvith the isocyanate in chloroforn,
cooling the solution to 0° for 45 minutes, and tnen heating

the solution at 50° for 40 hours, The product.is purified by
removing“the sclvént in vacuo, making.thevraéidue alkaline,
extréctiug the product with ether, and precipitating the salt
of»thevurethan by passing dry HCl gas into the ethereal solu~
tion. Further purification may be affectéd by reérystallization

- from scetone.

The urea-is formed by simllar methods using unprotected

amino alcohols,

' 257§ Saunders and Slocombe, Chem, Revs. 43, 203

58) Cope and Hancock, J. Am. Chem. Soe. 66, 1448 (1944)
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The substituted ureas may &1s0 be prepared though the use
of nitroures, by edding & slight excess of nitroures to a con=

centrated agueous q*'alcoholiﬁ solution of the proper amino 8l-

‘cohol and allowing the reaction mixture to stand until reaction
‘18 complete. The solution 18 concentrated on the steam bath and

“the crude uress are recrystallized from water, alcohol, or

dloxane. The equations are§
uéxconoaa-———;——e>nxco +  HNOy
HNGO —+ nzncagcnaoaaoﬁ L HNO2 g Ncouacazaazcneox
The preparation of the thinureaa and thiourathans is sim-
ilar to- the proparation of the oxygen analogs givan above,

thoush ‘the thio compounﬁaAform more easily since the isothlo=-

cyanates are insensitive to water and aloohols, where the iso-

‘cyanates are not.

Chlorel mixed with'(QHB)éxcHéG(OHB)(OQHS)OH evolves a
large quantity of heat (59). The product decomposes on vacuum
distillation and recombines 1ln the receiver for form (P). How= .
ever, when chloral is treated with (Q), the product obtained

oz %
(033)2N0Héc---0§30013 - (cns)zncﬂ??cooazas
(® - CgHg OH Q) OH
48 a ring compound of the formule (OH ) NGH GeeQmm UHOO 0
“: °°13

(59) Fournean and Brydownn. Bull, Soce Ghim. 43, 1023 (1928)
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Certaln alkanolamines condenea with themselves in the pre-
gence of catalysts to form piperazina darivativas (60). By mix-
ing two moles of N~oyclohexylethanolamine with 25 gms ofa Cr-Cu
oxide éatélyét in 600 ml of dioxane, heating the batch at 250
2700 and ahék1ng the mixture for BQA hours in a hydrogen atmos~
phere at 34 stmospheres pressurs, one obtains 207 of '1,4~dl~
eyclohexyl piperazinaa Similarly, diethanolamine glves pipera~
zyl-l,h—bis»batanethanol {61)+

2 (HOGH,CH,)oNH 4—-————e>aocaacnaﬂ il > NCHCHOH
| “CHRCHZ
, Rin&fugz and Harnaek (62) in 1920 prepared tetrahydroquin=-
oline by refluxing 90 gms of 3«phenylaminopropanol for one hour
in 125 co of xylene with 40 gms of phosphofua pentoxide, ob-
tainins 17~8 gms of the expected product. the equation beinsg
| NHGH,, GH ,CH,,0H —— ‘z‘ +  HOH

A recent patent (63) claims the formation of oxazolines

from beta-aminoaloohols through oyclization of the amides of
the amino sleoholss For example, the gradusl heating of 120
parts of tris(hydroxymethyl)aminomethans with 50 parts of ace~-
tic anhydride in the abaenca ofhcondensing agents to 2300. un=
t11 approxirately 27 parts of water distil and are collected
in a water aeparator, glves 2~mathy1~#,4~bis(hydroxymethyl)

(60) Bain and‘ 1’011&2'&, Ju MQ ‘Chem, 000. 61’ 270& (1939)
{61; Bain and Pollard, J. Am, Chem. Soc, 61, 532 (1939

62) Rindfusz and Harnack, J. Am. Chem, Soc. 42, 1720 31920)
63) Valco, US Pats 2,416,552, Feb. 25, 1947 :



oxazoline,
(HOOHQ)Q?*%-4Hh2-+ (CH3G0)g0 ——>(HOCH ) pCmem=e=NH
CHoOH CHOH OCCHy
'(HOGHQ)E?*«—*~~H_ (30632)2?-«~~-§
cgs\ ;/pOH3 < G ?633
0 OH ° HO

Another oxazole derivative may be prepared by cyclizing
urethans to form oxazolidones. For example, thé urethan obtained
by the action of phosgene on ethyiane c¢hlorohydrin (64), and
this product condensed with aniline, giving CgHgNHCOOCH,CHaCL,
is cyeliﬁed by treatment with alkali, Treatment éf the oxazol=-
idone with excees concentrated alkali results in the formation
of N~arjlam1na.alcahols,_whioh may also be obtained directly
from the urethan by'treatins’it;with.a large excess of congen=
trated alkal&.
csaswncoocaaoaaol.___?csﬂ NGOOCH CH,, —eXeess OH_

} excéss OH. > cénsﬁﬁqﬁadﬁQOH

The oxazoliddnea'may also be‘prepared'as f0116w$;'thé ani-
‘no aleochol is condensed with a dialkyl carbonate accordins to
the equation below,
RNHG(R)zc(R)QGH + RéGO3 —> 2 R'0OH + RNG(R)EG(R)QO
co-

giving the oyclio.oompoundf(GS)av61 gns of ethanolamine, 150 ml

P - e ool - e e i PR
o o e e o - day. g

(643 Adams and Segur, Sclence 52, 185 (1920)
(65) Homeyer, US Pate. .399.118. Apr. 23, 1946
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of diathyloéﬁbonata; éﬂd‘O.S'gma"df’sbdluﬁ‘methyiaté'aré heated
in an 01l bath with stirring. After 112 ml of ethyl alcohol are
fractionated off, the reaiﬁue-efystallizes on cooling and i
récryatallizad from 100 ml of chloroform %o give B57% of
2-oxazolidone,

‘Other oxazole derivatives are the oxazolldines: These may
be prepared a number of ways. The work of Hess and Ulbrig, page
'20,~1a diacﬁssed by Kohn, who c¢lalms that their corpounds
ghould be aasigned cyclie structures {66) instead of the Schiff
base formulas given them in the earliler reference, According
‘to Kohn, -these oompounds would'assumé an oxazoliﬂzne configura=
- tion,

Knorr and Mathes (67) in 1901 prepared oxazolidines by
heatling equi#alent‘ambunta of amino alcohol and aldehyde in .
ether solution over potassium carbonaﬁe for 6he hour, removing
the ether, and distilling the preducts‘in vaaﬁo.

CHo»~NHy CHy=~NH

l + OHOR —> | ~ SCHR + HOH
CHp==0H B CHg=~0 S

The same type of preparation i1s used by Meltsner, Waldman, and
Kramer (68), who form aryl substituted oxazolidines by refluxw
ing aromatic aldehydes and amino aleohols in bﬁtyl alcohol or

butyl'alcaholébutyl ether mixtures for approximately four hours,

(66) Kohn, Ber, 49, 250 (1916)

(67) Knorr and Mathes; Ber. 34, 1484 (1901)

(68) Meltesner, Waldman, and Kremer, J. Am. Chem. SO0»~62,(3§2§)
: 19
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On cooling, the expected products separate from the solvent in
the resction flask, and can be recrystallized from solvents
"similar to those umed during refluxingu

|  ‘Senkus (69) extended the work on oxazolidines to include
the oxazolidines of polyhydric alcohol amines unsubstituted at
at the nitrogen. As expected, the monocyclic oxazolidine is ob-
tained when the reactants are mixed in molar ameuﬁ£9wVHowever,
when two moles of aldehyde are used to ane.molé of ‘the amino
alcohol, & bleyelic oxazolidine, an 1~azaw3,7ﬂdiéxabicycia~
(3.3.0)octans, is obtained.

- ZQHAOH | - CHpwwmm=0
| 2 | e i,
HOCH,C==NH, + 2HCHO ————>  HOCH,CweweweuN
2| 2 : 2‘ Seq
CH,OH Cligmmnme0”" il

The followingvprcdedura exemplifies Senkus' methods,

The amino alecchol 1s put into benzene and the'éi&ehyde, one
or two moles, depending on the product desired, is added. The
mixture is refluxed, using a Dean and Stark (70) moisture trap,
unti) the requisite amount of water has been collected in the
'trap, when the reaction is assumed to be complete., The benzene
18 removed with a vacuum and the products are distilled in va-
cuo or crystallized from a sultable solvent.

 Senkus gives this mechanism for the éondenagtion between

the sldehyde and the amino slcchol, although none of the

o

(69) Senkus, J. Am, Chem. S0G. 67, 1515 (1945)
(70) Dean and Stark, Ind, Eng. Chem, 12, 486 (1920)
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intermediates have yet béen isolated.

CH=N T wﬁcan ~NH

e RCHO ——— H2 éﬂa _GHR + HOH

CHy=OH T GHQOH T Hpm0"

‘Regently, 1948 (71), imino derivatives of oxazolidines have
" been prepared through the use of cyanogen chloridea o

.
HOCHACHy, _HocHpOHp. caa~u 4y
SNH + 10N — " No=N C=NH

Oty Oag’ °H2 =07 |

One mole of butylethanolamine is mixed with 3.8 moles of hex=
ane and. to'thié”mixture 15 ndded one mole of oyanogen chloride
in 2,25 molee of benzene; The resulting mixture 18 stirred 45,
minutes ‘at room temperature and 20 minutes at &0~50 » when an-
oil'saparates which is extracted with water. The pH is adjusted
to 9-10 with 10% sodium hydroxide and the solution extracted
with5ethy1;ether. Removal of the ether and distillation gives
il%*qf 2«imino=3«butyloxazollidine. The hydrochloride is formed
by passing dry HGC1 gas through a benzene solution of the.
oxazolidine,

Care must be exercised that the amlino aleohols are not
decomposed during the course of a reacﬁion; This decomposition
occurs readlly under acldic, neutral, or Easic conditions.

Kraauskii‘(?&) found that by heating an amino alcbhol with
dilute scids 1t can be decomposed into a‘quatern&ryrammonium

‘salt and an aldehyde or ketones

(71; Abramovitch, US Pat. 2,443,062, Jun. 8, 1948
(72) Krasuskii, Ukrainskil Khem. Zhurs 4, Sci. Pt., 61 (1929)
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Z(CH3)2?;~?3033
COH NHzC1
Forﬁy-eight'par cent hydrobronmic aoid.dehydrates the ami~

> (cn;)acac’/ga3 + NHpC1

no aléohols(73)s leaving ‘an unsaturated amine~which'is'immedi~
ately hydrolyzed to glve a secondary amine and an al&ehyde or
?ketone. For exampla, RQNGHEG(OH)Arz is dehydrated by warming
with HBr to give an amine, Rgﬁcﬁf-cﬁra, which is 1mmediately :
hydrolyzed ia'give RQNH'andHGZgHArQ. The foraulas may be as<
sumed to'be'parfeétly general, If Ar is replaced by R, dehye~
dration may be effected by the aation of phdabhorus pentachlo=~
ride in ethyl ether and the reaction has two pbsaible soursess
1) the reaction:glves the products above, and 2) the reaction

gives an alpha=beta unsaturated aﬁine*which is not hydrolyzable,

Colig
l
(02H5)2?0H21(0235)2\€Q%GH303 =CN(Czlg)a —_H' 5 no reaction
OH (caas)ac— CHN(CpHg) o —H s (C2tig) 2CHCHO

Bettziedhe (74) ¢laims that the alkall cleavage of amino
aloohols follows both of two possible courses, Hydrolysis QC>
curs when the amino teftiéﬁy alcohols are heated to 160-220°
' in a sealed tube with 2N NaOH, thé mein products being a ke=
tone and an amine, though some ammonia is formed in the side
reaction, The main reaction for\thé'deeémﬁosition is,

CH ca(rma)c(on)(caas)a——?cnjcxanaa + (Ggﬁ )2c 0

o

%73; Sou, Bull. faculte scl. univ; franco»chinoise Peiping 1935,
T4 Bettzieche. Z. physiol. Chem. 172, 69 (1927) No 5, 1
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while the secondary reaction taking place 1ls
/9
» CHBG‘I(NHQ)G{GH)(GEH )o -———»0530/ OH(CpHg), + NHs
The main reaction gives about 98% or the amine and T70-90% of
the ketone while the secondary reaotion 5ivea only 0.5-0,92%
ketone and 0.3~1.8% of ammonisa,

More recently it has been found that the alkall oleavage

'of the amino alcohols in many cases gives amino aclds among

other produéts of the-réaction;‘a~patent held by the Carbide
and carbcn Chemicale Corporation (75) claims that 61 gme of-
ethanolamine - and 112 gms of 85% agueous potassium hydroxide eo-
lution nee.ted at 210° for 60 hours givea 34,9% of glyoine, .
23,5% of recovered amino 81coNol, ‘and 10,3% of potassiun oxa-
late, the other products of the reaction not being identified
to date,
| It 1s not'neceesary to have ecid or alkalifpreseat to de«

compcse tha amino alcohol, since tertiary amino alecohols . underw
g0 cleavage 1nto ketone and amline when heated (76) in a sealed
tube with water at comparatively high temperaturea(120~200°)¢
Dry heating at 150-180° gives a smaller yield of 11ke natures.

CgHgCH(NHa )0(0H) (Cgtig)y ~— Gsﬁscﬁaﬁﬁa -+ 65H50006H

Deamination is eae;1y~eff9cte&rby treating_g:solution of
the amino aleohol in aeid at;0°.w1th an aqueous solution of 80~
dium nitrite iﬁ the uSual aiazctizatidn reaction.‘There are two

Om&cqu—oqﬂmﬂmﬂkvﬂbnaﬂo”wﬁu-wauﬂu»n“uﬁﬂau&

ETS; Carbide ‘and Carbon Chem. Corp., Brit. Pat. 601,816, May 13, 1948
T6 Bettzieche .and Ehrlich, Z, phyeiol. Chem, 150, 191 (1925) ,
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ways the reaction may procede, both gplitting out ammonla with
tha hydrogen atom of the alcohol groups

‘CgHy0(CH3 )CHy 0 |
| | CHxO-CHCgHr + NHsz (77)
oH T, > VU3 a¥6ts T A03 !
C;HaCH —CF ! , o o
I le > caﬁgcﬁdfn -+ NHz (78)
NHy ‘OH o TIR :

The exact mechanism of the reaction is'unknoﬁng»After,removal»
of ammonia, the compound may assume &n -epoxide ccnfigur§tion.t
and then rearrange torrormithefalﬁehyda‘or ketones Or the re-
arrangement may t&kelplacefbefare-the oxygenfvaiéﬁcesvhave been
even tempérarily £illed.

There mayrbg-bearrangement of the various groups within-
the molecule, In the equations above, there is migration of the.
phenyl group, but no migration of the butyl group. Piaoticglly,
migration is limited to aromatic radicals, heavier radicals
‘tending ta‘migrate £irst.{79).

GGHB H
CHxCgH
3 :;;\ GHZMQ — 053500611265114053 , + NHs

The amino alcchols’ will also &ecompose unﬁer the action of

ozone and oxldizing agents, Ogone- dacompeses ‘some alkanolaminea

o A P D S

(77) Tlffenaau and Oahmann, Bull, soc. chim (5) 2, 1876 (1935)
(78; Kenao and Ysguchi, J. Pharms Soc, Japan 48, 252 (1928)
(79) Orekhoff and Roger, Compte rend. 180, 70 (1925)
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into formaldehyde and other products of indefinite nature,

 (OH ) ,0(NH,, )CH 0 —————>HCHO +  1indefinite produocts

' The oxidation of amino alcohols with lead tetraacetate (80)

proceeds rapidly with the: formatlon of an amine, The<in§aéti*'
gators, Leomard and Rebenstorf, oxidized ethanolamine, 2~di-
ethylamino~2-propanol, 1~61ethylgmiqoaa-meﬁhy1~2~prnpanol;'énd
2-(1=piperidyl)ethanol. With the first three compounds, they
1solat6d,diéthylamine, and from the last compound, pilperidine.
In all cases, the other product 1solatéd-proved to be glyoxal.
On the basis of these facte and the structure of the reagent,
the following mechanism. is postulated.

4444

>Pb + 4 CH5CO0 -

(cgﬁg)ggncaéqggoﬁ “+ OH3000 ——>(0,Hi5) NOHCH0H -+ - CH3COOH

Fb(00CCHs)

(czﬁg?jgﬁ?mﬁéo& + CHz000 > (Gfi5)pNOHORRO0H
OGOGH3‘
( GoHg ) SNCHCHLOI:
R 5(0,Hg)sNH + CH3COOH + OHOCH,OH
000CH5 -- RN s

. Oxldation with periocdic aaid_yiélde formaldehyde and other
products, aaéardins'to Jones (81), but Nicolet and Shinn (82),
working with diethanolamine, isolated formic acid from the re=
action mixture,*Equatienaifdr'both reactions followa
. HN(GHQCHEOH )2+g HIO, —— > 4 HCHO -.fi-“%.;HHB' b 2 H:05

gao) ‘Leonard and Rebenstorf, J. Am.

81; Jonecs, J« Assocs Official Agr. Chem. 27, 462 (1944)
(82) Nicolet and Shimn, J« Ame Chem,.Soc. 61 1615 (1939)
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HN(GHQCHQOH)2>-+ HIOA
In addition to being oxidized by the usual oxidizing

>4 HCOOH + mixture

agents, tﬁe alkanolamines themselves exhibit an‘oxidizins abll~-
1t§f(83).yay refluxing dry diethenolamine with benzonitrile
for 48 hours, one obtains 52% of benzolc acid, In the same Way,
phenylacetonitrile gives 77% of phenylécatic acid, The water
required for hydrolysls apparently is supplied by a cyolic\den
hydration of dlethanolamine to form 1,4~piperazinﬂaiathanol.
* CHuOH,,
;>HOGH2032ﬁ Ncﬁacﬁaoﬂ -+ 2 HOH
“CH,CHS
> CGHZCOOH + NHj

2 (Hocaacng)aua

iGSHSQH + 2 HOH
The amino alecohols also exhibit a,réaueing property. The
best exampléé ot thls are the reductions of the nitrobenzenes
and substituted nitrobenzenes to give the azo pompguhds and the
aniline compounds. For example (84), three moles of the amino

| OgHgNO, + HoNGH,CHLOH

>CgHgN=NCgHz + CgHgNH
alcohol are mixed with one mole of nitrobenzene and the mix-
ture 1s refluxed in an oil bath at 180° for five hours. The re-
action mixture 1s then steam distilled, giving(both a 80l1lid and
an 01l in the distillate., The solid is flltered and‘,’éftar
recrystallization from alcohol, proved io“bérazobenzene‘ The
oil is aktraeted with ether and dried. On removal of the ether

and‘diatilligg the residue, one obtaiha aniiine; The use of

D A S 400 S A A i N A S AU T W D T o P

{83) Rauscher, et al, J. Am, Ghem, 300, 71, 358 (1949)
{84) Kremer and Kress, J. Am. Chem. So00. 60, 1031 (1938)
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sodium hydroxide during the reaction markedly increases the
yield of the azo compound and decreases the yleld of the ani=
line derivatives It has been found that the amiﬁo alcohol de= -
composes. into ammonia and an aldehydé-during the reaction,
which decomposition is necessary for the reduction to take
place.

~ Other compounds elmilarly reduced-by Meltsner (85) and his
go~workers 1nolude anthraquinone to anthranol, acetone to 1so=-
propyl 8l eohol, azobenzane to aniline, and chrysoidine to
1.2,4~tr1aminobenzenef
N N
oy cHy

In!the main, the reactlions of the alkanolamines have been

covéred‘535Wever,qthere;are & large.number of references in the
litératuré dealing w;th rsactions of the amino aleohols which
cannot be easlily put: down in %hé~£9rm—o£4an eqﬁation.\Thesa~
referencéavare mainly patents obtained 6n commercial'proceasés*
and-as sﬁdhrara‘somawhat-vague‘aa‘to the exact nature of the
pfoduets;jThey have been . ineluded'1n‘the'b1bliography and noth-
ing more will be sald of them here, axoept that all of them, 1if
studied narefully, will fall under one or more of the claaaifi~

cations given hereina

(85) Meltaner, Hohlbarg, and Kleiner; J. Am. Chemg Soc? =7,)2254
1035
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APPLICATIONS OF ALKANOLAMINE REACTION PRODUCTS

Easters of amino alcohols find extended use as medicinale
and tharapeutic preparations. To date, the eaﬁeré of dimethy1~
amino- and diethylaminoethanol have been found best as local
enesthetlcs, though esters of other aminoalcéhola; a8 yet un=~
developed, nmay bé Just aé good. Salts of coumarin~3-carboxylilc
acld are useful for increasing respiration or blood pressure
 (86), and ethanolamine mendelate can be used orally in the
treatment of infections of the urinary tract (87).

.~ Products such as that obtained by esterifying triethanol-
amine trihydroxyéthyl ether with stearlc acld are good disin-
fectants and maj~be*used also as fungiocides (88).'Aminoalcohcls
contalining halogen atoms are aleo effective diszinfectants (89).
The tertiary’ggihd AIQOth‘sglta“of,dinitro« (90) and

. ois

e - bl B

{85; Merck, Ger, P&tp 612'592’ ﬁay11' 1935

87 -Schonle, US -Pate 2,2}13,247’ Dec,. 24’ 1946 v

(88) I, G. Farbenind A.-G., Ger., Pat. 642,744, Maxr, 23, 1937
(89) Maler-Bode, Ger. Pat, 696,346, Aug. 15, 1940

(90) Smith and Hansen, US Pat. 2,328,505, dug. 31, 1943
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polyhalophenols (91) are very good in fungicidal dispersions
end Insecticldal sprays, But, the mono~, di-, and tri-ethanole-
amine salts of alpha~-naphthylacetlc acid are sultable for stim-
ulating root growth on plant cuttings (92).

By coating finely divided: particles of insoluble organia
coloring matter with the esters of higher aliphatlc acids, e. g.
 leurie acld, and polyalkenolamines, one,obtains.pigment powders
which may be used in paints and lacquers (93)s Untreated fosail
resins, when heated directly with amino alcohols to form amides
or amido esters are subsequently useful as varnish resins (94).
Ester amldes of simpler structure can be used as solvents or
plasticizers for film forming msterials, since these compounds
exhiblt a marked activity as surface-~active materials (949,
‘Esters,of unsaturated acids}may be polymerized to form films
andmplésticé;%Addition s8z1lts of alpha~alkyl-alpha-methylene
‘earboxylic Acids and tertlary amino alcohols may be polymerized
by héating'ﬂtth water.an&~benzoy1:perox1deute'pra&uce hard, ale-
most colorless films (95), Beta-hydroxyalkylammonium aaita'may
be used as softeners for polymers of polyvinyl aleohol (96), :
and find appliocations in wrapping films. Resins from ureass and

rolyhydroxyalkylamines are hard, glosgsy films, and are useful

91) Coleman, US Pat. 2,386,037, Oct. 2, 1945

92) Smith and Hansen, US Pat, 2,278,499, Apr. 7, 1942
93) Detrick and Lang, US Pat, .2,305,379, Dec 15, 1941
94) weber, US Pat. 2,382,838, Aug 14, 1045

g#a) Tryon, US Fat. 2,410,318, Oct. 29, 1946

9

5) Hermon, US Pat. 2,138,762, Nov, 29, 1938

(
(
2
( 6) watklnﬂ, Us Pat. 2;271’468' _Jan. 279 1942
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as stabilizers for rubbérs, dyestuffs, and plastic compounds (97).
The salts of the aminoalcohols are widely used in the tex=

tile industry as preparative treatments in oleansing, dyeing,
bleaching (98), and softening processes. They can be used in
soft or hard water and may be used alone or in combination with
dressing and sizing materials (99). ‘A patent of Seymour and
Brooks (100) deseribes a conditioning‘agéntxfor~f1bera‘and_fil—
aments of cellulose derivatives whiéh improves their suscepti~
bility to textile operations. The)cdmpound is formed by reacting
a mineral oil, a fatty acid, a vegétabla»oil;vand fuming sulfu=
ri¢ acid, and adding to the reaction product an alkali, an al-
kanolamine, end water. The whole resulting compound is stabi-
lized, preserved against oxldation, and given en enhanced cove
ering power by the additlon of alkylated phenol- or other
spreading or penetrating agents,

~Wood pulp, treated with a small amount of a cation active
agent, such as an alkylhydroxyalkylanmine, bfeaks down readily
in subsequent shredding or comminution, and is therseby more
reactive to the xanthate or any similar trestment (101): Dyeing
is facellitated by mixing the dye with a product resulting from
the saponification of a higher fatty,acid end a glyceride with

97) Burke, US Pat, ,374.077. Apr. 17. 1945 ‘ :

98; Ulrich and Nusslein, US Pat. 2,206,928, Jul, 9, 1940

99) Ulrich, Nusaslein, and SQholler, Gar. Pat. 699,110, Oct. 24, 1940
100; Seymour and Brooks, US Pat., 2,406,408, Aug. 27, 1946

(101) Schlosser and Gray, US Pat. 2,432,126, Decs 9, 1947
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an alkylolamine (102). Dispersants for the dyes in organic sol=
‘vents are made by condensing alkylol amines and amides (103),
Alkyldlamine-copper complexes, when added to solutions of

eellulosic materials, modify the properties of the‘maﬁériaia ,
{104)« The treatment, if carried out after scouring or bleaching,
diminishes the luster, but increases the firmnesa of the treated
goods, Chromium complexes of polynuclear compounds énﬁ/athanblﬁ
amines harden sheet glass and aid in the conversion of raw -
hides into leather (105), The leather, howe?er,'ﬁndergoaa cons
slderable shrinkage by heat and a1s80 has the blue coloratlon of
the ethanolamine complex.

| Hydroxyalkylammonium polysulfides find use in dyeing, for
protecting pléﬁté:againat dlsease, -and for‘vulcanizins-rubbei*
(106), Soft wulcanized rubber may be reclaimed by"heating‘1t 
with alkanolamine at a temperature ebove 200°F, when 1t will
become plastic (107). A patent &escrlbee'a'iubrlcantifar ™Mb~
. ber which is an aqueous emulsion oontatning a fatty acid, an
'aminohydroxy compound in great excesa,‘bentonite, and colloi~
 del grephite, The aminoalcohol is 1sobutanolamine,»triethanol~
amine,'tris(hydroxymethyl)aminométhane, aaamlnéaz-metﬁyi~14 3
propanol, or aaaminpwzfmethylfl.34prqpanediol (108);‘

L b ot

Kern»a;d Sale, US Pat. 1 ,799,821, Apr. Ty 1931

102)

21033 Gﬂodman.' us Pat, ,323,391. Jule 6; 19 43

(104 Whiﬁner, U3S Pats 2, 446582' Auge. 104 1948

(105) Brintzinger and Hesse, Z. anorg, chem. 252, 293 (1944)
(106 Blank; Fr. Pat, 839,775, Apri 12, 1939

5107 Dasher, US Pat, 2,304,548, Dec. 8, 1942

108) Johnson, US Pat. 2,389,855, Nov. 27, 1945
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Antioxidantas for.rubber, hydrocarbon mixtures contalining -
aulfur, gasoline in contact with metals (1039), or organic une
satureted compounds (110), are compounds formed by the reaction
of aldehydes with aminoalcchola;fthe':esulting-admpound-bains
in the form of a‘Schiff'basea
' Esters of amino alcohols derived from unsaturated fatty
ecids -having 18 carbon atoms, fOr:example,‘ricinoleid acid,
added to the conventional doetor solution of elementary sulfur
and an alkaline solution of sodium plumbite, affects its prop=
‘erties as a Bweetener of hydroearbon distillates (111). They
“spoedY the organic breakdown and reducey the amount'of’éﬁlfur'
necessary in the treatment, The soaps of the fatty acide added
to detergent lubricating oils act.as agglomerates for impuri~
ties and thus aid in their removel by filtration (112). These
salts are very desirable for this’purpose.sinca théy have a
1imited 80lubility in mineral oils.‘Tha'eglts'also’aid by the
dispersion of the oil in water, permitting better washing (113).
Triethanolamine sulfonate is used as an oil emulelifylng agent,
5;:‘1n small poﬁtioné, for improving the emulsifying cepacity
of various oil aolublé sodlum sulfonates (114).

© - Other uses of the‘salts of the higher faity acida*aré'

e 2t gow W el B s gy, G i WP D s D U D N ””-“”*

(109) White and Waltera, US: Pats 2,300,998, Nov. 3, 1942
{110) Gublemenn, US Pat,. 2,381,952, Aug. 14, 1945 .
(111) Worris, US Pat.. 2,366,545, Jan, 2, 1945

112) Bray and nussell, US Pat. 2,435,734, Feb, 10, 1948
113) Wampur, US Pat, 2,359,066, Sept. 26. 1944

114 Stelk' US Pete.- 2,204;326, Jun, .11, 1940
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found in insecticldes, dlsinfectants, oreams, inks, orchard
sprays, lotions, and polishes, When soaps are mixed with ale
kylolamine salis of acids (115), other than soep forming acids
and thelr sulfonation products, the soaps are stebllized and
the latﬁsrlng propértles are much improved,

Oxazolidines and 1~aza~3,7~dloxab1cyclo(3.3.0)octanea_
have excellent drying properties (116). However, by reaction
of these compounds with fatty acids of the linseed or soybean
01l type, much better drying agénta are obtalned.(117).

anawﬂnq‘&«ﬁnnn#ohﬁb--" Sk i o

(115) Leben and Ormul Producka Ltd., Brit‘ Pat. 41&,077,

Jul » 23, 193#
§116) Amer, Cyan. Ga., Brit. Pat. 564,506, Octe 2, 1944
117) Johnston, US Pats 2 448,890. Septe Ty 1948 v



EXPERIMENTAL

1~aza~-5-hydroxymethyl-3,T-dloxableyclo(3.3.0)octane (118)

" CHp— 0
! 2 ::)Cﬁg
HOCHy © —— N\\\ ‘
| CHg
CHp— 0~

Reactantss HCHO and H2N0(6H20H)3

Procedure: {a) To & mixture of 40 gms {0.3 mol) of
tria(hydroxymethyl)aminomathane (a) waa.addeé 100 gus of
354 formelin solution contalning 35 gms (1.16 mol) of for-
maidehyde@ The resulting mixture was refluxed ten hours un-
der a Dean and Stark molsture trap {(119), while 87 cc of
water colleocted, The benzene was removed on the water bath
and the product distilled in vacuo. Yield-~ 33§§ gns, TO0%,
BP 173-6‘;7 qme On 60oling, the distillate sol1dified and
was recrystallized from ethyl ether, MP 59~60°,

(b) Sixty grams (2 mol) of paraformaldehyde

(118) Also p;epared bngenius; see J, Am, Chem. Boc. 67, 1518
(119) Dean and Stark, Ind. Eng. Chem. 12, 486 (1920) ,(1945)
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was decomposed on an oil bath, and the vapors passed through
a mixture of 40 gms (0.3 mol) of (A) and 100 cc of benzene
over & period of ten hours, Water formed durins‘the reaction
collected in a water trap and amounted to 14 cc (3 ce too
many)s The benzene was removed with a water bath and vaouum
and the residue distilled in vacuo, Yield~- 37 gus, 75.58,
BP 150-33, . s On cooling, the distillate solldified, MP 56-97

1—aza~2;8~d1~n¥propyl~5~hydroxymeth31*3.7~dibxabioyalo—"
(3.3.0)octane
?Ha §\\\GHGH20320H3
HodTe ? -——H\GHGfiaGHzCH
CHp—0 3
Reaotantss n~c3a7cao and H2NC(0520H)3 (A)
Procedurss To a mixture of 12, 1 gme (0.1 mol) of (A)
and 80 ce of benrene was addad~1k.4 gns (0.2 mol) of bu=-
tyraldehyde‘ The raeulting mixture was refluxed for six
'hcura under a water separator while 3.6 oo of water collected.
The benzene was. removed with a water bath and vacuum and
the residue distilled in vacuos Yleld=- 172 gus, TSe4%,
BP 179.5-18232 '
1~aza~2.8~d1~n~amyl~5—hydroxymethyl~3,?*dioxablcyclo(B.S.O)-
ooctane GHa——~
HOCH» c————N
AHQ-——O

>GHCH2€H20H20H2033
CHGHQCHQCHQCHQCH3
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Reactants: OHEGH§GH20H2GHQCHO and 32H0(0320H)3 (a)

Procedure: To & mixture'of‘lz.lvgms (0.1 mol)IOf'(A)
and 80 cc dr benzéna was addedgao gus (9,2 mdl)'df‘capr0~ N
aldehyde, The resulttngfmixture‘was.rafluxéd for four hours
under & water separator while 3.6 cc of water coliected.
The solution was treated with 80 cc of acetone and filtered,
Volatile material wasvfemoved with a water bath and vacuum
and .the residue distilled in vééuo.\xield~~ 23.9 gﬁs,‘8§¢1%.
BP 216-735 pne

1~aza=2,8-diphenyl=5=hydroxynethyl=3,7=dloxabicyclo(3.3.0)=

octane
CH,— O
s ~>CHOgGH;
HOCHp c-;——-n\\\
[ _>CHCgHg
GHa-——O

Reaetants: csxspﬂo and HENG(GHEOH)B (a)
Procedures To a mixture of 36.3 gns (0.3 mol) of (A)
and 130 ml of benzene was added 5646 gns (o.sﬁ mol) of ben~
zaldehyde. The resulting mixture was refluxed under & water
trap for 20 hours while 11 oc of water collected. The ben=-
zone was removed with a water bath and vacuum and the resi~
. due diasolved 1ﬁ ethyl alcohol, Thé addltioh of water to
the aleoholic solution threw ocut the product as an oil’
which orystallized on étirrlng; This was purified by reoryse~
talliéétion from cyclohexane and hexane. Yield=~ T4.,3 gms. 85.3%.

Recrystallized from (a) cyclohexane, MP 77-8° (b) hexane, MP T7~T7.5
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2~propyl-4, 4~dihydroxymethyloxazolidine
?H{‘O\GHCH CH,,CH
(HOCH,), ¢ ——N-" 273
Regotanta: CHyCHACH,O0HO and HQNG(GHEOH)B(A)
Procedure‘ To & nlxture of 12,1 gns (0s1 mol) of :(4)
and 80 ml of benzene was added Ti2 gme (0.1 mol) of bu~
tyraldehyde. The resulting mixture wes refluxed elght hours
(overnight) under a water separator while approximately
2 cc of water ooilecteda To the reaction mixture was added
50 oo of acetone and the unreacted (A) filtered éut. The
acetone and benzene were”removed with a water bath and va=-
cuum and the residue distilled in vaocuo, Yield-- 4,7 gms,
45,2%, BP 195-20624 — On standing 1n'a deslocator, the 1li-

quid became very pasiy.

2*pheny1~4,h»dihydroxymethyloxazolidine

Ve >cchH5
( hOGHa )2 ¢—N
Reactants: GSH5GH0 and H2N0(0H20ﬂ)3 (A)
Procedure: Benzaldehyde and (4) were.reaete¢ &3 in the
precéding example to give 2-phenyl=#,4~dihydroxymethyl-

oxazolidine.
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2nisopropy1~4,4~d1hydroxymethylcxazolidine

CH
t:;oncu 3
(HOCHp)p C——N “CHs

Reactantas (033)2CHcao}aqafﬂaac(CHaoH)j (4)

- CHyg—

‘Procedure: To a mixture of 12.1 gms (0.1 mol) of (&)
and 80 cc of xylene was added 14.4 gms (0.2 mol) of iso- |
butyraldehyde. The resulting mixture was refluxe@,eix hours -
under & waterlseparaﬁor while 3.6 ¢c of w@ter-coliected.‘On‘
cooling;‘the reaction mixture partislly sollidified, The xy-‘
lene was renoved with a water bath and vacuun, Acétene was
added to:the reeidﬁe and solution took place on heating the
mixture. The gsolution was filtered while hot and the ace-
tone was removed with the water bath and vacuuns The residue
solidifled on cooling and was crystalllzed twice from cyc1q~
hexane. Yield-- 8.3 gme, 4T.4%, MP 103.F~105.

2~spiro(eyclohexyl)~4,4~ﬁ1hydroxymethyloxazolid1né
GHé—“—O\\ /Cﬁacﬂa\

N Gﬁ
PN 2
(HOCH, ), C——K CH5CHS
HaCHa0H,

Procedure: To & mixture of 12,1 gus (0.1 mol) of (4)
and 75 cc of xylene was a&ded 20 gms (0.2 mo‘) of cyc10~v
hexanone« The~reeu1ting mixture was,refluxed 22 hours with(

& water separator while 2 cc of water collected. To the hot
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eolution,waa added 150 ca of acétone, the whole heated to
boiling and filtered while hot. On cooling the filtrate,
erystals separated from the solution. These were filtered
and reerystallized from anhydrous acetone. Yleld~= 12,6 gms,
62.7%, MP 118,1-120°, |

Ethyl acetoscetate and tris(hydrdxymethyl)gmindmethane
were reacted by methods similar to those above, 4 definite
compound was isolated, yleld-- 17,1 gms, BP 136»7?7 am?
anal. for N-~ 8,86%, which corresponded to neither the ex-
pected azmethyloa-carbethoxymethyl-4,4~d1h?droxymethyloxa—
z0lidiné nor to l=aza~2,8~dimethyl=-2,8~dicarbethoxymethyl«
5-hydroxymethyl~3.7~dioxabioyclo(3.3.O)OOtane. Further study
6f the compound is being made.

N-phenyl~N'=~tris(hydroxymethyl )methyl~thiourea
‘GSHSNHCSNHc(cﬁaou)B

Reactantss G6HSNGS and H2N0(0H20H)3 (A)

Procedures A mixture of 6 gms (0,05 mol) of (A) and
20 oo (17.5 gme, 0.13 mol) of phenylisothiocyanate was
‘heated sentiy until & homogeneous solution resulted. On
cooling, the feaotion mixture set to qfhard,‘yellowiah gunl,
This was broken up in 75 cc of 50% ethylfalcohol and boiled
in that solvent for 20 minutes. After cooling the solution,

orystalline material was filtered and recrystallized twice
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from 95% ethyl alcohol, Yield-~ 7.3 gms, 57%, MP 153~4%,

N-phenyl=H'~tris(hydroxymethyl )methyl-urea
| 06H5NHCONHG(CH20H)3

Reactantss CgHLNCO and H,NC(CHy0H)5 (A)

Procedures: A mixture of 3 gus (0,025 mol) of (A) and
3 gos (0.025 moly) of phenylisocyanate was refluxed 20 min-
utes in chloroforn { 50 co). After cooling,the mixture was.
filtered and the filtrate discarded. The residue was re-
crystallized three times from absoclute alcohol, Yieldw~

4,2 gms, 70%, MP 191.4~191.6°.

N~0-tolyl~N'-tris(hyéroxymethyl )methyl-urea
0=CHxOgH ,NHCONHC ( CH,0H ) 5

Reactants: 06GH306H4ﬂGO and HQNC(CH20H)3. (5)4

Procedure: & mixture of 3 gme (0.025 mol) of (4) and
4ods gms.(c‘oasvmol) of o~tolylisocyanate was heated in an
open flame until reaction tooklplnca. After cool;ng,,tha
reaction was broken up in chloroform and filteredf;?he prod-
uct was reerystallized four tlméa ffom'alcoﬁolnwétér mix-

tures. Yield--4.1 gms, 64.5%, MP 190.5-191.4%.

Tris{hydroxymethyl)aminomethane reacted with p-tolyl-
isocyenste, alphe-~naphthylisocyanate, and beta-naphthyliso-
cyanate by methods simllar to that directly preceding to
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yield, respectively, Nep-tolyl«N'-tris(hydroxymethyl)methyl~
urea, N~alpha-naphthyleN'-tris{hydroxymethyl)methylurea, and
N-betaenaphthyl-N'=~tris{hydroxynethyl )methylurea,

- p=Hydroxybenzaldehyde and furfural were reacted with
ftris(hydroxymethyl)aminomethahe but the products could not
be purified.

There was no evidence of reaction when tris(hydroxy-
methyl Jaminomethane and acetone were refluxed in ethyl ether

over potessium carbonate for seven hours.

There was no evidence of reaction when‘tria(hydroxy*
methyl Jaminomethane and ethylmethyl ketone were refluxed in
butyl alecohol for four hours.

Ethylmethyl ketone, methylisobutyl ketone, diisobutyl
ketone, and glyoxal gave no evidence of reaction with tris-
(nydroxymethyl Jaminomethane when the componente were re-

fluxed In benzone.

Methyliedbﬁtyl ketone and diisobutyl ketone gave no
evidence of reaction with tris(hydroxymethyl)aminomethane

‘when the components were refluxed in xylene.




TABULATED RESULTS

' RN Hitrogen
: M,P, Refr. Sp. 20° Analysis Yield
Formula - (B.P,) Ind, Gr.4o Exp. - Oal, Gus. %
| -  (Dayiightieee
1-AZA~3,7~DIOXABICYCLO( 3. 3.0)OCTARES
‘?Héo\ st
| . | | | ! )
HOGHac——R H2 ;9-60° wmee e e ame 3740 76,6
| cHy
, Qbﬁo_ﬂ. | \
HOCH c.j.»- S3T (179.5-182) 144641 1,040 6510 6411 1742 TS.4
o chH? ~at 32 mm .
cHzo 2T (112,5-3.5)
2t 2 mm
?Héo\ . |
1T CHCeHyy - . o |
RoGHG X S5l (236-T)zo 4 4641 ,9933 5.00 4491 23.9 84.1
. DHCeH1y (151~ - A
- GHis0 11 (151-3) 4
CH50,
| .5 BHOH | |
Hocaac——ﬁé 75 77-8 —mmm memm 4,92 4,71 Th.3 85,3
| - ,CHC6H5 ‘ '
CH30
OXAZOLIDINES
Ciiz0y o 1 _
2 JCHC, r@x,,(:ws—aos)ag —==- === 8,35 8.00 4.7 45.2

(HOCHa)aﬂ NH

S0l. on st
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‘ M2, Refr. Sp, ,0 Nltrogen Yield
Formula (B.P,.) Ind. Gr.%s Anslysis Gma. %
(ay ) ight)ygo EXpe Cale
" OXAZOLIDINES (CORT'D) S :
CH20 iso , ' o :
l /GH03H7 103 5"105 - - Radadad 8&21 8:00 8‘3 ‘4‘7.“‘
(HOCHQ) C—NH
GHéO\ ~ : - : :
| /CH05H5 ('185-9)‘ 5 1.5640 === 6,90 6,70 12,1 57.9
(HOGH,),C — FH » . - | -
' 0120 CHQGH ' ‘ ,
, BPH2118¢1-120 Te22 6497 12.6 62.7
(HOCHQ)QC NH GHQCHQ L :

. THIOUREA

SH : < ‘ J . ' oL

- 06H gg‘lC(CHgOﬂ)B 191&4“'1‘6 .-~ ——o 11086 11.57 402 70.0
o--cxzcsakihggc(caaozi)j190.S~ia4 e we= 11,31 11,02 4,?‘1, 64,5

HOH
p-CHBGGHAﬁgﬁG(CH 0H)3 184,6%185 w=~  w~~- 11,15 11,02 5,6 88,2

alphaHOH . . . SR ;
010H7ﬁGﬁG(CH20H)3 02,2-202,5 === === 9,68 9.65 4.7 64,0
C;.A &GP : R «

beta H ‘

cloﬂ7£vczxc(c520&)3 213-4 decomp, == === 10,03 9.65 7.0 96,7
| MISCELLANEOUS

HoNC(CH0H) 165-166 ==~  —== 11,89 11.57

CgHSNHCOCH, wwe === 10,60 10,36  Blank



50

DISCUSSION OF RESULTS

The tris(hydroxymethyl)am‘ncmethane (A) used as the
starting material for the work deacribed herein was the comp
merolal product of the Commercial SolVents Corporatlon;‘
Their publications 1ist the melting point as 171-2°, but
thls melting point 1a’obtained only after several reorys-
tallizétions of the technical préduct, which melts at 165-69

Practically, (A) is soluble in water, aleohol, pyri-
dine, and hot N,N-dlethylacetamide. (A) is soluble to the
extent of 80 parts in 100 parts of water andigpis high wa-
ter solubility is'uéeful~in purification~prdﬁg&ures, (a)
will dissolve in asbsolute alcohol read11y when'warmed, but
only 0.025 mole can be put into solution in 100 ce of cold
ethenol. (A) will not dissolve apprecisbly in cold pyridine,
but moy be put into solution warm and will not precipitate
on careful cooling. NyN=Disthylacetamide dissolves (4)
readily on heating, but much of the product comes out of

soiution on cooling.
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Although (A) 1s insoluble in the majority of organic
solvents, it wlll react with some reagents to give products
soluble in these solvents, For example, (A) is insoluble
in benzene but it reacts with aldehydes in the presence of
berizene to give benzene aolﬁble products,

Generally, the 1-aza~3,7~dioxab1cyclo(3-3.0)cctuﬁes
formed readily when a mixture of (A) and an aldehyde were
mixed in a 1:2 ratic and refluxed in benzene. The water formed
in the reaction was removed by using a modified Dean and
Stark moisture trap. Varlious sources claim that the time
necessary for completeness of raaotibn does not exceed one
hour, but in this laboratory the components were refluxed
at least three hours; in one case the‘reactlon was nod ,
complete until 70 hours of refluxing,

At the completion of the reaction, the reaction flask
contained no undissolved material and the necessary amount,
of water had collected In the water trap.\&rterkthe addition
of acetone, any unreacted (A) was removed by filtration,
volatile material was removed with a wdter bath and vacuunm,
and the products purified by distillation or recrystalliza~
tion,‘They can be readily recryétallized from solvents such
&8 hexane, cyclohexane, and petroleum ethere.

The oxazolidines were prepared by simlilar methods from
(A) and an aldehyde of ketone;‘Thése compounds showed &
greater tendency to orystallizevthan the l-aza~3,T~-dloxa-

bicyelo(B,}.O)ocfaness However, (A) would not react with
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‘cyclohexanone and isobutyraldehyde in benzene to give the
oxazolidines, no evidence of reaotion being obtained when
that solvent was used, A highér‘operatlng temperature was
obtained by using xylene #nd the’réaction readily took place
in that solvent. Purification of these products was similar
to that gifen above.

When (A) and'cyclohexanone were reacted, it was ex-
pected that the l-aza-3,7-dioxabloyelo(3.3.0)octane would
he_forqu. However, only one equlvalent of water was ob=-
talned, polnting to the formation of the oxazalidiﬁe‘ Anal~
yeis of the product proved that this assumption wasycorrect,
slnce the product analysed as the oxazolidine.

Anslogously, only the oxazolidine'was formed by the
reaction of (4) and isobutyraldehyde. In thls reaction two
equivalents of water were colleoted, though, pointing to
the formation of the l-aza-3,7~dioxabicyclo(3. B‘O)octane.
Only the analysls indlcates the formation. of the oxazolidine.

‘Tris(hydroxymethyl)aminopethane reacts with ethy1~ageto~
agetate to give. a.product boiling at 136-7?7mm.:rhg nitrogen
analysis of thils product corresponds to neither the oxa~
zolldine nor the 1~aza-3,7-dioxaﬁicyclo(3;3.0)ootane and
its exact structure is yet to be determined,

All efforts to date to form the oxazolidine from (A)
and caproaldehyde have been unsuocessful, the l-aza-3,7=

dioxabicyclo(3.3¢0)octane beingrformed in each attempt.
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One-half of the tria(hydroxyﬁethyl)aminomethana used in
these reactions was recovered in each attempt, although tha\
requlslte amount of water was oppained in each case.

The epeoifiﬁ synthesges rerehred to abgve are being
studied further in an attempt to determiné the factors
causing the déviationa from the expected reactions.

The thiourea from (A) and phenyllsothliocyanate was
prepared by the procedure recommended in maeny textbooks on
gualitative analysis. The reactants were mixzed in a small
baéker and heate& on an open flame untilla‘homogengoug 1i-
quid resulted, On cooling, & 80lid was obtained which was
broken up and boiled in 50% slcohol. On’recrystalliaation
from 95% alcohol, the pure product was obtalned.

- An excess of phenylisothiocyanate was used to insure .
completeness of reaction, since it is known thet the 1so« {
thiocyanates will not resct with alcoholic groups under.’
mild conditions.: The excess 1s easlly removed during the
purification, being soluble in alcohol.

Vhen (A) and phenylw~, o-tolyl=, p-tolyl-, alpha-naph=
thyle., or beta—naph@hyliaocyanate were mixed and warmned
gently, a reactlion took place. The products were crystale
lized to constant melting pointe from alcohol-water mix=-
tures, A8 stated previously, Hist. p 21, the‘aminq group
reacts with an 1socyanate before an a106h01 group, Since
the products formed in thls reaction are insoluble in adid,

this 1s further proof that the urea and not the urethan
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wae formed.

The analyses of the products described in the preceding
section were made using the Dumas method for nitrogen. All
of the analyses are high, including that of a known sample
of agetanilide, indicating that the analyses ars very
reilable.
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SUMMARY

Some derivatives of tris(hydroxymethyl )aminomethane are
described. These include four l-agza-3,7~dioxabicyclo(3.3.0)-
octanes, four oxazolidines, one thiourea, and flve ureas,
Background material for the experimental work ls included,
as 1s a section indicatlng uses of aminoalcohol feaction

products,
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