the crude product from water to give bright yellow platelets,
n.p. 164-167°.

Anal. Caled. for CyiHINO7: C, 42.0;
17.8. Found: C,42.0; H, 4.14; N, 18.1.

2,6-Diamino-3-nitro-4-pyridinol (VII).—FRifteen grams of
VI was added to 100 nil. of absolute ethianol saturated with
potassium hydroxide. The mixture was refluxed on a steam-
bath for 3 days. An insoluble red potassium salt was formed
as soon as the dicarbamate VI was added to the alcoliolic
alkali solution but, as thie reaction proceeded, the color of
the precipitate slowly changed to a yellowish-orange. The
cooled mixture was filtered, and the precipitate dissolved
i1 water. On neutralization with concentrated livdroclilo-
ric acid, a yellowish-orange precipitate was formed. After
filtering and washing with water, the product weighed 5.7 g.
A sample recrystallized from water gave fine yellowish-
orange platelets whicl decomposed at 256-258°.

Anal. Caled. for C;HgN:0;: C, 35.3; H, 3.55; N, 32.9.
Found: C, 35.0; H, 3.70; N, 32.8.

2,3,6-Triamino-4-pyridinol (VIII).—2,6-Diamino-3-nitro-
4-pyridinol (VII), 0.5 g., was dissolved in 25 ml. of 859

I, 4.49; N,
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ethanol and shaken for 3 hours with Raney nickel and hy-
drogen under 50 1b./sq. in. pressure. After tlie catalyst
liad been removed, thie solveut was evaporated under vacuum
to give solid 2,3,6-triainino-4-pyridinel (VIIT) which colored
rapidly on exposure to air. No attenipt was made to ana-
lyze the material.

5-Amino-7-hydroxy-imidazo{b|pyridine (IX).—7To the
2,3,6-triamino-4-pyridinol (VIII) obtained by the above
procedure was added 20 ml. of 989 formic acid. The solu-
tion was refluxed for 4 liours and thien evaporated to dry-
ness on the steam-batli.  Tlhe solid residue was thien lieated
to 270° for 3 liours at 1 imm. pressure. The residue from
this pyrolysis was extracted with boiling water. The solu-
tion was decolorized witlh Darco (G-60, filtered and allowed to
cool. Tle 5-amino-7-liydroxy-imidazo[b|pyridine (1X)sepa-
rated as featliery needles which did not mett below 300°; Aax
(in 959 ethanol), 264 mu. log ¢, 4.15; 282 my, log ¢, 4.15.
‘he product was dried at 110° for 4 hours for analysis.

Anal. Caled. for CsHN,O: C, 48.0); M, 1.02; X, 37.3.
TFound: C, 47.6; H, 3.98; N, 37.1.

AvusrtiN, TEXAS
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The Preparation of Polymeric and Cyclic Urethans and Ureas from Ethylene
Carbonate and Amines

By EL1ZABETH DYER AND HARVEY ScOTT!
REecEIVED AUcrusT 13, 1956

2-(Hydroxyethyl)-carbamates, obtained from primary amines and ethylene carbonate, lose ethylene glycol when subjected
to vacuum distillation with an alcohol in the presence of barium oxide or zinc borate as catalysts. The alcohol group may
te part of the 2-(hydroxyethyl)-carbamate or of a diol. Polyurethans were obtained from tlie reaction products of ethylene
carbonate with 1,6-hexanediamine, I,10-aminodecanol and 4-aminomethylbenzyl alcohol and also from the reaction of
bis-(2-hydroxyethyl)-1,6-hexanedicarbamate with two high-boiling diols. Cyclic urethans were prepared from tlhe reaction
of etliylene carbonate with 2-aminoethanol, the N-ethyl- and N-butyl-2-aminoethanols, 1,3-aminopropanol and 4-amino-
butan-2-ol. A polyurea was obtained from ethylene carbonate and N-isobutyl-1,6-hexanediamine. A cyelic nrea resulted
fromn ethylene carbonate and N-isopropyl-1,3-propanedianiine.

In the last few years the preparation of various
2-hydroxyethyl carbamates from ethylene carbon-
ate and amines has been reported”?

RNH: + GCH.CH,0CO — RNHCOOCH.CH:0H
I —

It occurred to the authors that polyurethans
might be prepared from 2-(hydroxyvetlyl)-car-
bamates by elimination of ethylene glycol as is done
in the commercial preparation of polyethylene
terephthalate.? Such a procedure would avoid
the need for chemically sensitive diisocyanates,
which are the most common starting materials for
the preparation of polyurethans.*

The following types of reactions were investigated

HOCH,CH,OCONH(CH,);NHCOOCH,CH,OH —>~
HOCH,CH,0H + (1)
I 11

[—OCH,CILOCONH(CH, ) NHICO—],
111

(1) From the Ph.D. Thesis, 1956, of Harvey Scott, Armstrong Cork
Co. Research Fellow, 1953-1953.

(2) (a) F. Strain, U. S. Patent 2 441,298 (May 11, 1948); (b) R.
Delaby, A. Sekera, P. Chabrier and P. Piganiol, Bull, soc. chim. France,
392 (1951); (c) R. Delaby, P, Chabrier and H. Najer, Compt. rend., 234,
2374 (1952); (d) R. Delaby, P. Chabrier and H. Najer, ibid., 236,
376 (1952); (e) M. J. Viard, British Patent 689,705 (April 1, 1953);
(f) W. Kern and W. Thoma, Makromol. Chem,, 11, 10 (1953).

(3) J. R. Whinfield and J. T. Dickson, British Patent 578,079
(June 14, 1948).

(4) (a) O. Bayer, Angew. Chem., 59, 257 (1947); (b) C. S. Marvel
and J. H. Johnson, THIS JoURNAL, 72, 1674 (1950); (c) J. H. Brewster,
ibid., 18, 368 (1951); (d) E. Dyer and G. W. Bartels, ¢bid., 76, 591
(1954).

I + HOROH —>
2 11 + [—OROCONH(CH,),NHCO—],  (2)
v \%
IVaand Va, R = (CH2CH20C5H4)2C(CH3>2-[>
1Vb and Vb, R = (CH,CH.OC:H,):80,-p
| S
VI
[HOR’NHCOOCH,CH,OH] (3)

}

(CHa)io IT + [—OR'NHCO—],
CH2C5H4CH2‘P \—II

A polyurethan III was obtained readily by sub-
jecting bis-(2-hydroxyethyl)-1,6-hexanedicarbain-
ate?® (I), to vacuum distillation at 150° in the
presence of a catalvtic amount of barium oxide.
This polymer was shown by analysis and infrared
absorption to have the same composition as the
polyurethan obtained by Brewster’ from 1,6-
hexane diisocyanate and ethylene glycol. At-
tempts to apply this synthesis to the preparation of
N-substituted polvurethans, by starting with
secondary diamines, were unsuccessful.

In order to extend this type of reaction to the
preparation of polyurethans other than tliose de-
rived from ethylene glycol, reaction 2 was investi-
gated. Appreciable transesterification was not
accomplished by the reaction of I with 1,4-butane-
diol, p-xylylenediol, 1,4-bis-(2-hydroxyethoxy)-ber-
zene or 1,5-bis-(2-hydroxyethoxy)-naphthalene, be-

VIa and VIIa, R’
VIb and VIIb, R’
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cause these diols volatilized along with the ethyl-
ene glycol and escaped from the reaction. Poly-
urethans were obtained, however, by treatment of
I with either of two high-boiling diols: 2,2-bis-
(4-8-hydroxyethoxyphenyl)-propane (IVa) and
4 4'-bis-(2-hydroxyethoxy)-phenyl sulfone (IVb).
Analyses showed that these polyurethans were not
simple representatives of polymer V, but that they
could be considered copolymers containing from 5
to 229, by weight of units of type III along with a
major quantity of units of type V.

A polyurethan of the exact composition of Va,
prepared in the conventional manner from the
diol IVa and 1,6-hexane diisocyanate, had approxi-
mately the same infrared absorption as the 95-3
copolymer from the diol IVa and I. The former
polymer had a slightly higher melting point and
greater toughness than the polymer formed by
transesterification. Some evidence for the pos-
sibility of copolymer formation by alcoholysis is
the fact that the homopolymer I1I was shown to
react with the diol IVb with the evolution of
ethylene glycol.

The preparation of polyurethans by method 3
has the advantages of avoiding the formation of
copolymers and of thermally unstable ethylene
glycol units.** Polyurethans of the expected com-
position (VII) were obtained by treating 10-amino-
1-decanol (VIa) and 4-aminomethylbenzyl alcohol
(VIb) with ethylene carbonate and subjecting the
products to vacuum distillation in the presence of
barium oxide and zinc borate.

Amino alcohols of short chain length, when
treated with ethylene carbonate and the product
distilled, gave cyclic urethans.

RNHCH,CH,OH + OCH.CH,0CO —>
RO
RNCH:CH.0 + HOCH,CH,OH

\—CO

Thus 2-aminoethanol and ethylene carbonate
vielded 2-oxazolidone? and the 2-N-ethyl- and
2-N-butylaminoethanol gave the corresponding
N-substituted 2-oxazolidones, previously obtained
by other methods.?$

Six-membered cyclic urethans were obtained in
over 709, yield from the action of ethylene car-
bonate on 4-amino-2-butanol and on 3-amino-1-
propanol.

NH.CH.CH,CH(R)OH 4 OCH:CH:0CO —>
 S——

HNCH.CH.CH(R)O + HOCH.CH.OH

|
co

This good method of preparing simple 2-pentox-
azolidones” (tetrahydro-2H-1,3-oxazine-2-ones) is
of interest in view of the scarcity of such methods.
Neither of the six-membered cyclic urethans could
be homopolymerized by heat alone or by heating
with potassium carbonate, sodium ethoxide or
boron trifluoride,

(5) (a) S. Gabriel, Ber., 21, 569 (1888); (b) P. Vidles and J. Seguin,
Bull. soc. chim. France, 287 (1953); (c¢) A. H. Homeyer, U. S. Patent
2,399,118 (Apr. 23, 1946).

(6) J. R. Caldwell, U. S. Patent 2,656,328 (Oct, 20, 1953).

(7) See G. Y. Lesher and A. R. Surrey, THIS JoUrRNAL, T7, 636
(1955). for a summary of the literature.
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No carbamate products could be obtained from
the reaction of ethylene carbonate with N,N’-
dimethyl-1,2-ethanediamine or with N,N’- diethyl-
1,6-hexanediamine. Carbon dioxide was evolved:
this might indicate a hydroxyethylation reaction
as was observed with dibutylamine and ethylene
carbonate.®

The reactions of ethylene carbonate giving either
a carbamate (by attack of an amine at a carbonyl
group) or a hydroxyethylation product (by attack
of an amine at a methylene group) are parallel to
the reactions of 8-propiolactone with nucleophilic
reagents under various conditions.® It is probable
that attack of an amine at the carbonyl group of
ethylene carbonate is made difficult by the low
basicity of the amine or by the presence of bulky
groups on the nitrogen. The ease of formation of
carbamates from ethylene carbonate and pipera-
zine® or morpholine! in contrast to the difficulty
of formation from N,N’-diethyl-1,6-hexanediamine
could be attributed to a more favorable steric
arrangement in the case of the former compounds.

The applicability of the glycol elimination reac-
tion to the preparation of cyclic and polymeric
ureas was shown by the examples

|

BaO
product —>

HOCH,CH:0H + (CH:):CHN(CH,),NHCO
(CH;):CHCH,NH(CH,)iNH, + OCH,CH,0CO —>
|

BaO
product —>

HOCH,CH:0OH + [(CH;).CHCH;N(CH,){NHCO],
O |

In both of these preparations, as in most of the
other glycol elimination reactions, the effect of the
catalyst was pronounced. No significant amount
of glycol was formed until a catalytic amount of
barium oxide or zinc borate (or both) was added.

Experimentall!

Cyeclic Urethans.-—A mixture of 0.3 mole of ethylene car-
bonatel? and 0.3 mole of the amino alcohol!® was treated as
indicated in Table I. The product was usually diluted
with a suitable solvent and passed through Amberlite IR
120-H to remove unchanged amine. The solvent was
stripped from the eluate and the product distilled at 1 mm.
before crystallization. The infrared absorption band at
6.5 p, which occurs in the spectra of open-chain monosub-
stituted urethans, is missing or extremely weak in the cyclic
urethans.

Diols and Amino Alcohols.—Table IT shows the prepara-
tion of diols and amino alcohols, four of which are new com-
pounds, indicated by analyses. The remaining compounds,
except for the last two on the list, were prepared by methods
different from those described in the literature.

(8) W.W. Carlson, U. S. Patent 2,448,767 (Sept. 7, 1948),

(9) T. L. Gresham, J. E. Jansen, F. W. Shaver, J. T. Gregory and
W. L. Beears, THis JOURNAL, 70, 1004 (1948).

(10) Technical Bulletin, “Ethylene Carbonate,”” Jefferson Chemical
Co., Inc., New York, N, ¥, p. 7.

(11) Melting points are corrected.

(12) Kindly supplied by the Jefferson Chemical Co.

(13) Samples of 2-(N-ethylamino)-ethanol were kindly supplied by
Carbide and Carbon Chemicals Corporation, of 4-amino-2-butanol
by Sharples Chemicals, Inc., of 3-amino-1-propanol and N-isopropyl-
1,3-propanediamine by American Cyanamid Co,
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TaBLE I

Cyecric UReTHANS AND A CvcLic UREA FROM ETHVYLENE CARBONATE AND AMINO COMPOUNDS

Yield, M.op.orb.p., 2C.
Cyeclic compounds T (inm.)
2-Oxazolidone? 46°  88-89"
3-Ethyl-2-oxazolidone® 619 95-05.5 (1.1)

3-Butyl-2-oxazolidone™ 67¢

Tetrahydro-2H-1,3-oxazin-2-one 73 80
Tetrahydro-6-methyl-2-H-1,3-oxazin-

2-o1e? 76" 1007
1-Isopropyl-hexahydro-2-oxo-pyrimi-

dine® 627 150-151

¢ From reaction at 45° for 12 hours with 20 ml. of methanol as solvent.
¢ Analyzed because F, Strain, U. S. Patent 2,441,298 (May 11, 1948), reported the product to be
4 Reactants kept for one hour in ice-bath, then for 7 days at rooin temperature (an essential

ether or n-butyl acetate.
an open-chain carbamate,.

step), then refluxed for 12 to 24 hours after adding toluene and dioxane as needed to make a liomogeneous solution.
/ Recrystallized from 1-nitropropane.
Weickmann, German Patent 858,402 (Dec. 8, 1952), by a different method.
ture, mixture was heated at 1 mm. to remove material boiling at 55-57°.
/ Reaction mixture warmed until homogeneous, allowed to stand 30 minutes

tion mixture heated on steam-bath for 2 days.

0.2 mole of N-isopropyl-1,3-propanediamine.

at room temperature, treated with 0.01 g. of barium oxide and distilled.

from 1:1 n-butyl acetate—-di-n-butyl ether.

Analyses, %

98.2-99.3 (0.3)

Calculated TFound
Formula C H N (& H ~N
C3HENO, 41.88° 5.79 16.09 41.35 5.82 15.90
CH:NO, 47.52 6.98 13.85 47.57  7.03 13.80
C:H¢NO, 52,16 7.88 12.17 32.62  7.95 12.06
CGHuNyO  39.12 9.92 19.70 59.17 10.10 19.62

b Recrystallized from ethylene glycol dimethyl

¢ Reac-
¢ Obtained in 469 vield by A.
& After exothermic reaction at room tempera-
* Obtained from 0.2 mole of etliylene carbonate and

The product, b.p. 110° at 2 mm., was recrystallized

TaBLE 11

PREPARATION OF D10LS AND AMINO ALCOHOLS

Compound

1,4-Bis-(2-hydroxyethoxy)-benzene®
1,5-Bis-(2-hydroxyethoxy)-naphthalene®
2,2-Bis-(4-8-hydroxyethoxyphenyl)-propane?
4 4’-Bis-(2-hydroxyethoxy)-phenyl sulfone’
4,4’-Bis-(2-hydroxyethoxv)-benzophenone?
10-Amino-1-decanol*
p-Xylylene diol®/
4-Aminomethylbenzyl alcoliol®

Diacetyl derivative’

2-Hydroxyethyl ester of 4-hydroxymethylbenzyl carbamate

Bis-(2-hydroxyethyl)-1,6-hexane dicarbamate™
Bis-(2-hydroxyethyl)-1,4-piperazine dicarboxylate”

@ Methods A, B and C are described in the Experimental.

toluene, B = l-butanol, H = tetrahydrofuran, M = methanol, N = l-nitropropane, E = ethiyl acetate.
4 G. H. Coleman, B. C. Hadler and R. W. Sapp, U. S. Patent 2,359,-

and J. Lincoln, British Patent 678,264 (Sept. 3, 1952).
622 (Oct. 3, 1944), m.p. “approx. 112°.”
56.79; H, 5.36; S,9.47. Found: C, 56.51; H, 5.07,
C, 67.46; H, 5.82.
1944), using sodium, got a 329 yield.
rend., 159, 213 (1914), and W. Low, Ann., 231, 374 (1885).
Caled. for C2Hy;sNO;: C, 65.14; H, 6.83; N, 6.33. Found:

¢ Containing a small amount of ethanol.
S, 9.44.
» Prepared by reduction of 9-cyvanononanoic acid.
¢ By reduction of dimethyl tereplithalate.
k Prepared by reduction of methyl terephthalamate.

Yield, Solventsb for M.p..
Method® 9, Reacn. Recryst. °C.
A 24 D T 103-104
A 39 D B 179-180
A 51 D T 110.5¢
A 58 x D 180
A 36 G D 168
C 74 H T 72
C 59 H BE, 1:2 116
C 25 D+ H T+ M 82-83
T 94-95
ki 31 Noue E T1-72
B 80 None MT, 1:4 94-95
B 74 None N 110

D = dioxane, G = diethylene glycol dimethyl ether, T =
¢ J. W. Fisher

/ Anal Caled. for Clego(;SI C,

Caled. for C;;His05: C, 67.54; H, 6.00. Found:
W. S. Bishop, U. S. Patent 2,300,107 (Sept. 21,
7 E. Bourquelot and A. Ludwig, Compt.
L Anal.
= Prepared by heating 0.149

¢ Anal.

C, 65.52; H, 6.86; N, 6.17.

mole of 4-aminomethylbenzyl alcohol and 0.165 mole of ethylene carbonate at 80° for 24 hours, followed by passage of a

methanol solution through a cation exchange resin. Anal.

C, 58.23; H, 6.90; N, 6.16.

Caled. for CyH5NO,: C, 38.65; H, 6.71; N, 6.22.
» Reported2dt m,p. 93.5 and 95-97°.

Found:

? Reported? m.p. 103-104°. Attemnpts to polymerize

this di-carbamate by glycol elimination gave only dark, soft resins.

(A) Hydroxyethylation of Diphenols.—A mixture of 0.4
mole of the diphenol, !t 0.8 mole of ethvlene carbonate, 3 ml.
of a 409, solution of benzyltrimethylammonium hydroxide
in methanol and 100-200 ml. of purified dioxane or diethyl-
ene glycol dimethyl ether was refluxed during stirring until
the evolution of carbon dioxide ceased (usually after 2
days). The product was precipitated by pouring it into a
stirred mixture of ice and dilute base, filtered and washed
with base, water, acid and then water. After decolorizing
with Norit in methanol or mixtures containing tetrahydro-
furan, the product was recrystallized.

(B) Preparation of Bis-(2-hydroxyethyl)-dicarbamates.—
The diamine and ethylene carbonate (1:2 molar ratio) were
mixed, cooled to moderate the exothermic reaction, then
lreated at 90-110° for 12 hours. Purification was effected

(14) The 4,4’-dihydroxydiphenyl sulfone was kindly supplied by
Monsanto Chemical Company and the 4,4’-dihydroxybenzophenone
by the Dow Chemical Company.

by passage of a methanol solution through a cation ex-
chiange resin followed by recrystallization.

(C) Diols and Amino Alcohols by Reduction.——Reduc-
tions were done with a slurry of lithium aluminun hydride
in refluxing tetrahydrofuran (Table II). The excess hy-
dride was decomposed with methanol and the alumina dis-
solved with acid. After adding excess base, the organic
product was separated by extraction with 1-butanol, dis-
tilled at a pressure of 0.3 to 0.8 mm. and recrystal-
lized.

Methyl Terephthalamate.—Crude methyl hydrogen tere-
phthalate was recrystallized fromn a 1:1 mixture of xylene
and methanol containing a small amount of Methyl Carbi-
tol to a melting point of 210-215° (1it.15 ““about 230°'’).
A mixture of 2 ml. of triethylamine, 100 g. (0.56 mole) of
niethyl hydrogen tereplthalate and 400 g. of distilled

(15) J. B. Cohen and H. 8. Pennington, J. Chem. Soc., 113, 63
(1918).
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TaBLE III
PREPARATION OF POLYURETHANS
Analyses, %

Poly- Softening Sol- Rel. Caled. Found
mers? Catalystb temp., °C. vent®¢ viscos.d Formulas C H N C H N
111 Ba 164-169° P 1.19,C  CyoHi;sN2O, 12.17 12.12
Va’ None? 90 D 1.22,F  CoH3N206 66.92 7.45 5.78 66.80 7.54 5.76
Va® Zn 84-93° P 1.07F i 66.18 7.47 6.10 66.42 7.17 6.27
Vb* Ba 112-136 P 1.06,F b 55.30 6.40 6.99' 56.90 6.57 7.14
Vb™ Ba + Zn 117-135 P m 56.30 6.21 6.36" 57.30 6.60 6.74
VI1la Ba 4+ Zn  145-147 D 1.21,C  CyHyNO, 66.29 10.62 7.03 66.67 10.67 7.02
VIIb Ba 4+ Zn  208-215 P 1.12,C  CgHyNO; 66.24 5.56 8.58 65.91 5.80 8.82

@ Numbers refer to labeled compounds in equations. ? Ba = barium oxide, Zn = zinc borate. ¢ Solvent for the polymer.
P = N-methyl-2-pyrrolidone, D = dioxane. ¢ Relative viscosity in m-cresol (C) or dimethylformamide (F). ¢ Reported

m.p.%* for polyurethan from 1,6-hexanediisocyanate and ethylene glycol, 170°.
7 Bulk polymerization at 170-180°.

ethoxyphenyl)-propane and 1,6-hexanediisocyanate.

hydroxyethoxyphenyl)-propane and bis-(2-hydroxyethyl)-1,6-hexanedicarbamate.
from 18 to 50 hours changed m.p. to 88-103°, btut did not affect the composition of the polymer,
k Polymer prepared by heating 4,4’-bis-(2-hydroxyethoxy)-phenyl sulfone and bis-(2-
Caled. for 22% C10H13N204 and 78% C24H30N2038.

N;Og (Va) and 5% CioHisN,0, (I11).
hydroxyethyl)-1,6-hexanedicarbamate for 8 hours.
4.94. Found: S, 4.90.
and 875% C24H30N20\;S.

thionyl chloride was stirred and refluxed for 3 hours.}® Then
excess thionvl chloride was distilled off, the residue dis-
solved in a small volume of dioxane and the solution added
dropwise to 2 1. of coned. ammonium hydroxide during stir-
ring and cooling. The resulting methyl terephthalamate
melted at 204-206° (lit.17 201°) after recrystallization from
water containing Methyl Carbitol.

Preparation of Polymers.—The polymerization chamber
was a heat-jacketed, 30 X 2.5 cm. test-tube attached by a
ground-glass joint to a plain distillation head. A fine
capillary through which nitrogen was admitted, produced
a stirring effect. Ethylene glycol was collected in a Dry
Ice trap.

A mixture of 0.1 mole of melted monomer, 0.01-0.02 g.
of barium oxide and frequently the same amount of zinc
borate was heated in the polymerization apparatus under a
pressure of 0.5-2 mm. at the lowest temperature at which
ethylene glycol would form. Then the temperature was
raised in successive stages to about 220°. Unless the
material solidified or discolored badly, the heating was
continued as long as the glycol was formed (up to 50 hours).
The ethylene glycol was obtained in yields of 80-90%.
The polvmer was purified by pouring a filtered solution of
it into a stirred non-solvent. Precipitation was repeated,
the product was dried ¢n vacuo and ground repeatedly and
often extracted in a continuous extractor with a solvent such
as methanol before drying for analysis.

» Also caled. for S, 5.54.

(16) The procedure and the ester were kindly furnished by E. I.
du Pont de Nemours and Co., Inc.
(17) P. Kattwinkel and R. Wolffenstein, Ber., 37, 3223 (1904).

7™ Polymer from same reactants as in note k2, heated for 30 hours.
Found: S, 5.86.

/ Prepared from 2,2-bis-[4-8-hydroxy-
» Prepared from 2,2-bis-(4-8-
t Increasing time of polyvmerization
i Calcd. for 95% C27H3s-

! Also caled. for S,
Caled. for 12,5% ClongNzoA

Dilute solution viscosities (7,) were done in an Ostwald
viscosimeter at 25°, using 0.4000 g. of polymer in 100 ml. of
dimethylformamide or 1.000 g. of polymer in 100 ml. of
m-cresol.

Polymers Va and Vb (Table III) formed weak films or
fibers; the others were brittle powders. All the polyure-
thans showed strong infrared absorption at approximately
6.00 and 6.54 y.4

Polyurea from N-Isobutyl-1,6-hexanediamine and Ethyl-
ene Carbonate.—A mixture of 0.2 mole of the diamine and
0.2 mole of ethylene carbonate was heated gently until an
exothermic reaction took place. After an interval of cooling
and standing, the glycol elimination reaction was carried
out in the usual way, using barium oxide. The product,
precipitated from N-methyl-2-pyrrolidone with ice, and
from methanol with water, softened at 81-96°. Weak fibers
could be drawn.

Anal. Calcd. for CangNgO: C, 6662, H, 1118, N,
14.13. Found: C, 65.77; H, 11.16; N, 13.95.
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An Example of a Ring Closure Yielding a 5-Methoxyoxazole in Preference to a
Dihydroisoquinoline

By WILKINS REEVE AND PHILIP J. PARE
RECE1IVED JULY 23, 1956

An example is given of a substituted a-benzamidohydrocinnamate ester (II) which, on treating with phosphorus oxy-
chloride under the usual Bischler-Napieralski conditions, cyclizes predominately to a 5-methoxyoxazole (III) instead of to a

dihydroisoquinoline (I).

The synthesis of 3,4-dihydro-6,7-methylenedioxy-
1-(3,4,5 -trimethoxyphenyl) - 3-isoquinolinecarbox-
vlic acid (free acid of I) was originally undertaken
because it has certain structural features of podo-
phyllotoxin, a tumor-damaging agent,! and be-

(1) M, G. Kelly and J. L. Hartwell, J. Nat. Cancer Inst., 14, 967
(1954); J. L. Hartwell and A, W, Schrecker, TH1s JoUrNAL, 73, 2909
(1951).

cause the corresponding dihydroisoquinoline with-
out the carboxylic acid group has been found to
have tumor-damaging properties. The synthesis
employed is of interest from the chemical stand-
point because one intermediate, methyl 3,4-
methylenedioxy - a- (3,4,5 - trimethoxybenzamido)-
hydrocinnamate (II), can cyclize either wvia the
classical Bischler-Napieralski reaction to the de-



