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TASLE Iv
CH,0.
| /CHR
1-AzA<2,8 DIALK YL S-HYDROXYMETHYL-3, 7-DION ABI1CYCLO(3.3. 1 OCTANES, HOCHz—C---N{
! *CHR
CH.0-
Yield, Bop. funcor Nitrogen, ¢ Carbon, €, Hydrogen, %
R o L AMin, Caled. Fonnd Caled, Fouad Caled. Pound
H* 77 59-6(°
n-CyHy? 75 112.5-113.5 0.2 6.11 .10
n-CsHpy &t 216-217 32 4.4l 5.00 67.37 7.35 10,87 10.68
151-153 .53
CeHs" 85 B¥3-95 4,71 4,92 72,72 72,90 6,39 6,50
CH;CH, 56 238-210 1.0 +.31 +.38 73.84 73.61 7.07 7.10
¢ In one case, R is phenyl. ° First prepared by Senkus.® ¢ M.p. ¢ To u mixture of 12.1 g. (0.1 1ole) of (A) and 80 ml .

of benzene was added 14.4 g. (0.2 mole) of s#-butyraldehyde. The mixture was refluxed for 6 hours under a water separator
while 3.6 ml. of water was collected. The benzene was removed on a water-bath under vacuum and the residuc was vacuum
distilled. The product, 1-aza-5-hydroxymethyl-2,8-di-»-propyl-3,7-dioxabicyclo(3.3.0)octane boiled at 179.5-182° (32mm.):
yield 17.2 g., 769, of theory. ¢ Recrystallized from butyl ether and from cyclohexane. 1-Aza-5-hydroxymethyl-2,8-
diphenyl-3,7-dioxabicyclo(3.3.0)octane was precipitated as the hydrochloride by solution of the free base in ether and addition

of alcoholic hydrogen chloride.
tation with ether; m.p. 130~-131°.
benzaldehyde was pronounced. Anal.

The hydrochloride was purified to constant melting point by solution in alcohol and precipi-
On exposure of a freshly purified sample for 10 minutes on a clay plate, the odor of
Caled. for CisHxCINO;: Cl, 10.70.  Found: Cl, 10.81.

(A).5 By loss of two moles of water between two aza - 2,8 - dipropyl - 5 - hydroxymethyl - 3,7-

moles of an aldehyde and one mole of (A)%" 1-aza- CH20\>

3,7-dioxabicyclo(3.3.0)octanes are formed: Thus, ;oo 10001033 0)-octane HOCHO-»--([:....xy CHGC,H;

equimolar quantities of #n-butyraldehyde and (A) g ’ T T }*CHCSH
CH,O

vield 2-propyl-4,4-bis- (hydroxymethyl)-oxazoli-

Purification nay be effected by vacuum distilla-

, {MOCH);C ~NHy while two moles of t \ Su
dine, ' . *CHC s, tion in most cases. The crystalline oxazolidines
CHyO—"

n-butyraldehyde and one mole of (A} yield 1-

i) Senkus, THIS JOURNAL, 67, 1515 (1945).
(7) American Cyanamid Co., British Putent 584,506 11044).

and bicyclic compounds prepared in this study are
purified by recrystallization from acetone, butyl
ether, hexane or cyclohexane.
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Tris-(hydroxymethyl)-aminomethane Derivatives.

IV. Substituted

4-Hydroxymethyloxazolidines; Ester and Amide Interchange'’

By J. Stanrtox Pierce axp Cari D. LUNsvorD

Monoacyl] derivatives of tris-(hydroxymethyl)-aminomethane (I) have been prepured by the hydrolysis of monoacyl de-
rivatives of l-aza-5-hydroxymethyl-2,8-diphenyl-3,7-dioxabicyclo(3.3.0)octane (II), and by the hydrolysis of 4,4-bis.

(hydroxymethyl)-2-substituted oxazolines (IX).
of (I) and the intermediate substituted oxazolidines.

Controlled monoacylation of tris-(hydroxy-
methyl)-aminomethane (I) is very difficult, due to
the plurality of functional groups, the resultant
high polarity and low solubility in inert solvents.
This work was undertaken to prepare monoacyl
derivatives of (I) by the use of cyclic intermediates
in which two or more of the functional groups are
in combination.  {-Aza-5-hydroxymethyl-2,8-di-
phenyl-3,7-dioxabicyclo(3.3.0)octane (II) and 4,1-
bis-(hydroxymethyl)-2-substituted oxazolines (IX)
proved to be the most useful intermediates for this
purpose. These compounds, (II) and (IX), are
prepared by heating (I) with two moles of benz-
aldehyde? and with an equimolar amount of an
organic acid,® respectively.

(1) (a) This research was supported by a grant from the Office of
Naval Research; (b) acknowledgment is made to Dr. Bmmet Reid,
Research Adviser to the Chemistry Department of the University of
IRichmond, for his advice in this work.

.2y T.8. Pierce, C. D. Lunsford, R. \W. Ruiford, }. L. Rush and D. W
Wiley, THIS JoURNAL, T8, 2505 (1451).

3) J. I Billnian and 15, 10, Parker, #bid., 67, 1050 (1915).

Ester-amide interchauge has been studied with the monoacyl derivatives

The series of reactions involved in this study is
given in Fig. 1. Each reaction was completed with
one or more acyl groups.

On treatment of (II) with acid chlorides, usually
gummy masses are formed. However, from the
reaction of p-nitrobenzoyl chloride and (II) there
was isolated crystalline, hygroscopic 1-aza-5-p-
uitrobenzoyloxymethyl-2,8-diphenyl-3,7-dioxabicy-
clo - (3.3.0)octane hydrochloride.

The 4 - acyloxymethyl - 4 - hydroxymethyl - 2-
phenyloxazolidine hydrochloride (IV) was obtained
by the hydrolysis of the reaction product of II
and an acid chloride. Addition of nitrate ion to a
water solution of IV readily converted the hydro-
chloride to the corresponding nitrate V. All of
the nitrates isolated were relatively insoluble in
water.

By making an aqueous solution of the 4-acyloxy-
methylhydroxymethyl-2-phenyloxazolidine hydro-
chloride basic with sodium hydroxide or sodium
carbonate, the 3-acyl-4,4-bis-(hydroxymethyl)-2-
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phenyloxazolidine (VI) was obtained as a
heavy precipitate. In this operation an
intermediate alkali-soluble substance was
formed in some cases. This was indicated
by precipitation when the base was first
added, followed by momentary solution and
finally precipitation of the crystalline N-acyl
oxazolidine. This solubility apparently sup-
ports the mechanism for the O—N acyl mi-
gration presented by Fodor and Kiss.* The
N-acyl oxazolidine (VI) also was obtained
by making basic a solution of the oxazolidine
nitrate (V).

This O—N acyl migration also extends the
generality of the reaction to -aminoalcohols
having the nitrogen as a member of a hetero-
cyclic ring. The shift occurred rapidly for
cases in which the acyl group was acetyl,
phenoxyacetyl and p-nitrobenzoyl. When
the acyl group was caproyl, addition of al-
kali liberated the free base of the ester as
an oil readily soluble in dilute acid but which
on standing for three days, followed by re-
crystallization from cyclohexane, gave a
729, yield of the acid insoluble amide.
When the acyl group was benzoyl, the migra-
tion could not be demonstrated conclusively.

Treatment of VI with alcoholic hydrogen
chloride resulted in the cleavage of the oxa-
zolidine ring and the formation of 2-amino-
3-hydroxy-2-hydroxymethylpropyl ester hy-
drochlorides VII, the acyl group having mi-
grated back to oxygen. The latter trans-
formation was accomplished when the acyl
group was p-nitrobenzoyl and phenoxyacetyl. The
latter ester hydrochloride was readily converted to
the corresponding N-[2-hydroxy-1,1-bis-(hydroxy-
methyl)-ethyl] amide (VIII), on making the aque-
ous solution basic. :

Where R is phenyl or phenoxyiethyl, the ester
hydrochloride VII was prepared from the corre-
sponding 4,4-bis-(hydroxymethyl) 2-substituted ox-
azoline (IX), which in turn was prepared from (A)
and the acid, RCOOH.

Experimental?

5-Acyloxymethyl-1-aza-2,8-diphenyl-3,7-dioxabicyclo-
(3.3.0)octane Hydrochlorides® (III).—A benzene solution
of equimolar quantities of 1-aza-5-hydroxymethyl-2,8-
diphenyl-3,7-dioxabicyclo(3.3.0)octane and p-nitrobenzoyl
chloride was refluxed for five hours. The oil which sepa-
rated, on cooling, was converted to a crystalline, hygroscopic
solid, by stirring with dry ether. Without purification,
this product gave a chloride analysis corresponding to that
required for 1-aza-5-p-nitrobenzoyloxymethyl-2,8-diphenyl-
3,7-dioxabicyclo(3.3.0)octane hydrochloride,

(4) G. Fodor and ]. Kiss, THIs JOURNAL, 73, 3495 (1950).

(8) We wish to express acknowledgment to Dr. R. S. Murphey for
his suggestions and to Mr. J. L. Rush and Mr. Theodore Katz for the
preparation of starting compounds and for analytical work.

VI

CH:0
CH.CH,CsH, ; CH,
(6) A similar compound, CH, C—COOCH:C——N-H(},
CH.CH, E clm
CH,0

was prepared by C. H. Tilford, M. G, Van Campen, Jr.,, and R. S.
Shelton, Tais JournaL, 69, 2906 (1947),

SUBSTITUTED 4-HYDROXYMETHYLOXAZOLIDINES

HOCH,C—-

RCON
| |
CeH;—CH CH,

!
RCOOCH.CNH-HCI

RCONHC(CH:0H),

RCOOH + H:NC(CH.0H);

CH,0\ CH,0
! RCOCI

CH Cst. |
N ————> RCOOCH,C—N .
| CHCeH, l Y CHC¢Hs
CH: CH:O

In III

C(CH;OH); CH.0H
| | OH- K
RCOOCHzJC-—x"H-HCI
AN | !
o/ CH, CHCH;
AN
! g 1
‘LNOr
CH,0H
RCOOCHZ?———I]\'H-HI\'O:,
CH, CHCeHs
N .
0 v

HCl
OH~

CH:0H

CH.OH
VII

HCl
L

(HOCHz)zcl:—‘\l“
CH; lC—R
IX \O/

.

for CgstsOeNgCl :

VIII

Fig. 1.

Anal. Caled. 7.34. Yound:

Cl, 6.91.

In all other preparations in this study, the 5-acyloxy-
methyl-1-aza -2,8 - dipheny!-3,7 - dioxabicyclo(3.3.0)octane
hydrochlorides were obtained as gums.

4-Acyloxymethyl-4-hydroxymethyl-2-phenyloxazolidine
Hydrochlorides (IV).—To a solution of 0.10 mole of 1-
aza-5-hydroxymethyl-2,8 -diphenyl - 3,7 -dioxabicyclo(8.3.-
0)octane in 50 ml. of benzene was added 0.10 mole of acid
chloride. The solution was heated or allowed to stand, de-
pending on the acid chloride, as indicated in Table I.
After cooling, enough dry ether was added to cause complete
separation of a heavy oil which in most cases came out of the
benzene solution. The solvents were decanted and the oil
was stirred with several portions of dry ether. The prepa-
ration was completed according to one of the following
methods.

Method (A).—The oi] was added to 100 ml. of water and
the mixture heated on the steam-bath for 30 minutes, after
which it was cooled and extracted with ether. The ex-

al,

TABLE I

CH,0H
4-ACYLOXYMETHYL-4-HYDROXY- RCOOCHzc——NH -HCI

METHVYL-2-PHENYLOXAZOLI1-

DINE HYDROCHLORIDES CH, éHC;Hs
NS
M.p., °C. Yield, Chlorine, %

R Method (uncor,) % Caled. Found
CH, B 170-171° 49 12,832 12.14
C:H," B 134-135° 28 10.81 10.24
CeHe® B 188-18Y 17 10.13 9.94
£-0,NCeH,* B 158-159° 19 8.98 8.57
C¢H;OCH.* A 150-152 27 9.34 9.09

¢ After recrystallization from absolute ethanol. » Refluxed
2.5hours. ¢ After recrystallization from acetone-petroleum
ether mixture. < Refluxed 5 hours. °Refluxed 1 hour.
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traction was repeated, the agueous layer being made basic
after the ether was added. The ether layer in some cases
immediately began to yield crystalline 3-acyl-4,4-bis-
(hydroxymethyl)-2-phenyloxazolidine. The precipitate was
removed by filtration and the filtrate was allowed to pass
into ethereal or alcoholic hydrogen chloride, thus yielding
the crystalline hydrochloride.

Method (B).—The oil was dissolved in a minimum quau-
tity of cold acetone. Two nil, of water was added aud the
solution was allowed to stand. The crystalline product
separated from solution within 30 minutes.

Purification was effected by recrystallization from eth-
anol, butanol, or an acetone-petroleum ether mixture.

4-Acyloxymethyl-4-hydroxymethyl-2-phenyloxazolidine
Nitrates (V).—To an aqueous solution of the 4-acyloxy-
methyl-4-hydroxymethyl-2-phenyloxazolidine  hydrochlo-
ride was added 1:1 nitric acid until no further precipitation
occurred. The white crystalline ozazolidine nitrates were
recrystallized from ethyl alcohol.

TasLe 11
CH.OH
$-ACYLOXYMETHYL-4-11Y-  RCOOCH,C~—NH-HNO,
DPROXYMETHYL-2-PHENYL.- i

l a)
OXAZOLIDINE NITRATES CHy CHC4H;
Ve

™ S
(0]
M.p, °C.%  Yicld, Nitrogen, ¢,
R (uncor.) % Caled. Fouuad
CH, 158-160 73 8.91 9.10
C:Hy, 144-145 11 7.56 7.60
$-0.NCeH, 179-181 78 9.97 9.92
CeH;OCH, 166-167 81 6.89 7.20

e After recrystallization from ethyl alcohol.

3-Acyl-4,4-bis- (hydroxymethyl) -2-phenyloxazolidines
(VI).—An aqueous solution of the 4-acyloxymethyl-4-
liydroxymethyl-2-phenyloxazolidine hydrochloride was made
basic with sodium carbonate solution. When the acyl
group was phenoxyacetyl, p-nitrobenzoyl or acetyl, pre-
cipitation occurred immediately or on stirring the solution.
In some cases the initial precipitation was followed by mo-
mentary solution and then by reprecipitation.
When the acyl group was caproyl, the basic solution was

TaABLE III

3-AcvL-4,4-BIs-(HYDROXY- RCON—C(CH,0H).
METHYL)-2-PHENYL- | |

OXAZOLIDINES CH;:CH CH:
NS
0
M.p., °C. Yield, Nitrogen, %
R (uncor.) % aled. Found
CH, 120-122° 68 5.58 5.66
CsHy, 118-119° 72 4.56° 4,51
$-0:NCeH, 132-134° 80 7.82 8.10
C:H;OCH, 143-145° 74 4,08  4.13

¢ After recrystallization from butanol. ¢ After recrys-
tallization from cyclohexane. ¢ Anal. Caled. for CyyHys-
ON: C, 66.45; H, 8.13. Tound: C, 66.20; H, 8.17.
4 Anal. Caled. for CyH»OsN: C, 66.47; H,6.12. Found:
C, 66.32; H, 6.40.

J. StantoN Pirrce anp Care D. LuNsrorp
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extracted with ether and the ether evaporated. The oily
residue was readily soluble in dilute acid but after standing
three days, yielded some crystalline solid, insoluble in acid.
The mixture, oil and solid, on solution in hot cyclohexane
and cooling, yielded the crystalline amide, which was fil-
tered off. On evaporation of the filtrate and allowing it to
stand, more crystalline amide was formed.

2-Amino-3-hydroxy-2-hydroxymethylpropyl Ester Hy-
drochlorides (VII). Method (A).—To a solution of 0.05
mole of 4,4-bis-(hydroxymethyl)-2-substituted oxazoline
in 150 ml. of absolute alcohol was added 10 ml. of concen-
trated hydrochloric acid and the solution was allowed to
stand for one-half hour. Addition of dry ether caused the
precipitation of crystalline ester hydrochloride VII in some
cases. In other cases the solution was heated on the hot-
plate for 15 minutes and then evaporated to low volume un-
der vacuum; the residue then was taken up in hot butanol
which yielded a crystalline product on cooling.

Method (B).—A solution of the 3-acyl-4,4-bis-(hydroxy-
methyl)-2-phenyloxazolidine in alcoholic hydrogen chlo-
ride was formed by warming the mixture. The solution
was allowed to stand about two hours. The crystalline
product was isolated either by addition of dry ether, which
caused precipitation of the product, or by evaporation of
the solution to low volume under reduced pressure and
treatment of the residue with ether, whicl caused crystalli-
zation.

TABLE IV
2-AMINO-3-HYDROXY-2-HYDROX Y- CH,OH
METHYLPROPYL ESTERS (AS RCOOCH;;CNH,.-H(Cl
HYDROCHLORIDES) CH:0OH
M.p., °C. Yield, Chlorine, %

R Method (uncor.) %% alc Found
CeHs A 200-202° 37 13.55 13.42
C¢H;OCH; A 170-173° 69 12.15 11.78

B 87
$-0,NCgH, B 205-207° 95 11.56 11.54

o After recrystallization from ethanol. ? After recrys-

tallization from butanol.

N-[2-Hydroxy-1,1-bis-(hydroxymethyl) -ethyl] -phenoxy-
acetamide ( ).—A solution of 2-amino-3-hydroxy-2-
hydroxymethylpropyl phenoxyacetate hydrochloride was
made basic with sodium hydroxide. On stirring the solu-
tion for less than three minutes the amide formed as a heavy
precipitate, and was recrystallized from butanol; m.p. 141-
143°; yield 527%,.

5Anal. Caled. for CHyOsN: N, 5.49.
5.58.
4,4-Bis-(hydroxymethyl)-2-substituted Ozxazoline.—A
mixture of one mole of the acid and one mole of (A) in 1000
ml. of xylene was refluxed until the required amount of
water was removed with a water trap. Cooling of the re-
sulting solution caused separation of the product, usually
an oil which crystallized on cooling further. Recrystalliza-
tion was effected from ethanol or acetone, The 2-phenyl
derivative® and the 2-phenoxymethyl derivative were pre-
pared. The latter was recrystallized from ethaiol; m.p.
139-140°; yield 53%,.

Anal. Caled. for CmeO;NZ N, 5.91.
5.84.
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