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Part Il.t Some Ketimines prepared by Decarboxylation

of a-Amino-acids in the Presence of Ketones and their Reaction and that
of Aldimines with Phenyl Isocyanate

By A. F. Al-Sayyab, A. Lawson,* and J. O. Stevens, Department of Chemistry, Royal Free Hospital School of

Medicine, London W.C.1

Some ketimines prepared by thermal decarboxylation of amino-acids in the presence of aromatic ketones, or directly

from the corresponding amines, are described.
Aromatic ketimines derived from o-hydroxyacetophenone react with phenyl isocyanate to
Aldimines prepared from o- and p-hydroxy- and -methoxy-substituted benzaldehydes

give oxazolidines.
give coumarin derivatives.

In the case of B-hydroxy-amines, ring closure takes place to

react with phenyl isocyanate to give s-triazine derivatives.

WHEN oa-amino-acids are heated with carbonyl com-
pounds the first formed carboxylated Schiff bases under-
go decarboxylation to give the Schiff bases or ketimines
of the corresponding amines. We have prepared a
number of these derived from aromatic ketones, directly
from the amino-acids and also from the corresponding
amines. In many cases it was advantageous to start
with the amino-acid, since the reaction temperatures
when amines were used were above the boiling points of
the amines.

These Schiff bases were very weak bases, and gave
neither hydrochlorides nor picrates in all but a few cases.
With the exception of the compound obtained from 2,2'-
dimethoxybenzophenone and phenylalanine, only those
from o-hydroxyacetophenone and benzophenones with
an o-hydroxy-substituent were obtained crystalline.
The u.v. absorption spectra of these were comparable
with those of the acetophenone derivatives previously
described ! and showed maxima in the range 2540—
3900 A which were absent in the spectra of the secondary
amines prepared from them by hydrogenation of the
C=N bond. Lysine, as expected, gave the di-Schiff
base and showed anomalous behaviour in its u.v.
absorption spectrum, as did the Schiff bases derived from
2,4-dihydroxybenzophenone (Table 1).

The i.r. absorption spectra showed broad maxima at
about 2500 cm.l, which, according to Heinert and
Martell 2 are due to intermolecular hydrogen bonding
as shown in (I). This absorption band was absent in the

CHzR[

30 QOND

R' CHZ
(1) 1)
spectra of the corresponding O-methylated compounds,
most of which were non-crystalline oils at room tempera-
ture, and in those of the copper co-ordination complexes
(I1).

The C=N absorption band in thei.r. spectra normally to

t Part I, A. F. Al-Sayyab and A. Lawson, preceding Paper.

1 M. Abella, R. P. Ossorio, and V. Sanchez del Olmo, A#nales
veal Soc. espafi. Fis. Quim., 1964, 60, 17 (Chem. Abs., 1964, 61,
10,569).

2 D. Heinert and A. E. Martell, J. Amer. Chem. Soc.,
84, 3257.

1962,

be found 3 in the range 1690—1635 cm.™ occurred at
1600—1620 cm.™®. This shift may have been caused by
conjugation with the aromatic ring.2

The p-hydroxy-amino-acids, serine, phenylserine and
threonine, when decarboxylated in the presence of
aromatic ketones, gave crystalline products which
yielded picrates and unstable hydrochlorides. These
substances were also obtainable from the corresponding
amines. Their u.v. absorption spectra had no distinct
band in the 2600 A region analogous to that shown by the
derivatives of non-hydroxylated amino-acids, but showed
a plateau at about 2300—2650 A. The i.r. spectra indi-
cated no intermolecular hydrogen bonding, but intra-
molecular bonding was suggested by the absorption band
at 3200 cm.”t, There was no indication of alcoholic
OH absorption normally to be expected at 3625 cm.™.
Their lower Rp values on silica gel confirmed their
basicity to be greater than that of the corresponding
derivatives from non-hydroxylated amino-acids. They
were also much more resistant to hydrogenation.
Taking these factors into consideration we have proposed
for them oxazolidine structures (III; R = H, Me, or Ph,
R? = Me or Ph, R® = H or OMe, X = 0). Analogous
compounds have been obtained from ethanolamine by
use of aliphatic ketones* and substituted benzalde-
hydes,® but the proposed oxazolidine structure was later
questioned.®

HZ(I:—-(IZHR' Hz('Z—CHR‘
!
N XH HN
N\ N
C=R

A\
Cc—R?
R3©OH R? @OH

Hydrolysis of these oxazolidines readily gave the
corresponding hydroxy-amines and ketones. Under
mild conditions, cysteine behaved in an analogous
manner with acetophenone and o-methoxyacetophenone
and gave the thiazolidines (III; X = S). With 24-
dihydroxyacetophenone, oxidation took place to give
the di-Schiff base corresponding to cystine.

3 A. D. Cross, ‘ Practical Infra-Red Spectroscopy,’
worth, London, 1960.

¢ A. C. Cope and E. M. Hancock, J. Amer. Chem. Soc.,
64, 1503.

5 1. H. Goodson and H. Christopher, J. Amer. Chem. Soc.,
1949, 71, 1117,

¢ G. E. McCasland and E. C. Horswill, J. Amer. Chem. Soc.,
1951, 78, 3923.

(11

Butter-
1942,
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Decarb-
oxylation

Ketone temp.

o-Hydroxy-  215°
aceto-
phenone
o-Hydroxy- 220
benzo-
phenone
2,2’-Dihydr-
oxybenzo-
phenone
2,4-Dihydr-
oxybenzo-
phenone

o-Hydroxy- 210
aceto-
phenone

2,2’-Dihydr-
oxybenzo-
phenone

2,4-Dihydr-
oxybenzo-
phenone

2,2’-Dimeth-
oxybenzo-
pheaone

190

160

o-Hydroxy- 220
benzo-
phenone

2,2’-Dihydr-
oxybenzo-
phenone

220

2,2’-Dihydr-
oxybenzo-
phenone

230

o-Hydroxy-
aceto-
phenone

o-Hydroxy-n-
butyro-
phenone

2,2’-Dihydr-
oxybenzo-
phenone

2, 2’-Dihydr-
oxybenzo-
phenone

200

o-Hydroxy- 180
aceto-

phenone

o-Hydroxy- 210
aceto-

phenone

TaBLE 1

J. Chem. Soc.

Schiff bases obtained by decarboxylation of amino-acids with ketones

Yield
AL p. (%)
125 80
78 78
192 75
218 70
142 80
185 81
235 75
104 60
245 70
260 67
187 50
117 80
120 75
187 78
160 65
115 60
111 75

Required (%)

Found (°5)

pE———

C H N
80-4 66

4-8
794 57
793 59 45
69-3 6-6
78-8 59
4-3

79:8  6-7
79-2 61 4-4
7529 582 4-23
72-1 56 10-4
7752 6-72
77-8 73
77-83 59 76
67-38 6-02
745 80
76-0 93

Is

C H N Formula
pL-Phenylglycine
80-0  6-7 CisH;;NO

4-8 C,oH,;NO

792 56 CyoH,,NO,
792 56 4-6 CyH,,NO,

nL-B-Phenylalanine

69-6 65

795 59 C, H,NO,
44 CyyH,,NO,

800 67 CyyH,,NO,

L-Tyrosine

795 59 45 CuH,NO,
757 57 42 CyuH,NO,

1L-Histidine

703 53 136 C,oH, N0,

prL-Tryptophan

7769 647 CysHsNO,
784 718 CaoH,uNO,
776 56 T-9 CpuHypN,0,

pL-Methionine

67-77 63 C,;H s NO,S
L-Lysine

74-6 77 Cy HyeN,O,
L-Leucine

761 93 C,3H NO

7\max.
Schiff base (A)
N-{1-(o-Hydroxyphenyl)- 2540
ethylidene]benzyl-
amine *
N-[a-(0-Hydroxyphenyl)- 2600
benzylidene]benzyl-
amine
N-[o-Hydroxy-a-(o-hydr- 2600
oxyphenyl)benzyl-
idene]benzylamine *
N-[a-(2,4-Dihydroxy- 3100
phenyl)benzylidene]-
benzylamine

C,eH,;NO,HCl N-T1-(o-Hydroxyphenyl)- 2720

ethylidene]phenethyl-
amine, HCI
N-[Di-(o-hydroxyphenyl)- 2600
methylene]phenethyl-
amine
N-{«-(2,4-Dihydroxy-
phenyl)benzylidene]-
phenethylamine
N-[Di-(0-methoxy-
phenyl)methylene;-
phenethylamine

3100

2580

N-[a-(0-Hydroxyphenyl)- 2600
benzylidene]-p-hydr-
oxyphenethylamine

N-[Di-(o-hydroxyphenyl)- 2600
methylene]-p-hydroxy-
phenethylamine

N-[Di-(o-hydroxyphenyl)- 2600
methylenelhistamine

N-[1-(o-hydroxyphenyl)- 2750
ethylidene]tryptamine

N-[1-{o-Hydroxyphenyl)- 2800
butylidene]tryptamine

N-[Di-(0-hydroxyphenyl)- 2800
methylene]tryptamine

N-{o-Hydroxy-«-(o-hydr- 2580
oxyphenyl)benzylidene]-
3-methylthiopropyl-
amine

N'N’-Bis-[1-(o-hydroxy-
phenyljethylidene]-
pentane-1,5-diamine

3900

N-[1-(o-Hydroxyphenyl)- —
ethylidenelisopentyl-

amine

(C), 1968

Log z vmax.

373 2490

1610
563

41 2500

1605

4-1

4-0
4-84
4-01

3-94

3-99

375

4-44

4-46

3-18

3-91

373

* The same compounds were prepared directly from the amine corresponding to the amino-acid and the ketone.
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TABLE 2
Oxazolidines formed by decarboxylation of a-amino-8- hydroxy-acids in the presence of aromatic ketones

Yield M. p.of LFound (%) Reqd. (%)

Ketone Amino-acid (%) product C H C H Formula Oxazolidine
o-Hydroxyacetophenone bpL-Serine 52 97° 67:3 74 670 73 C,,H;;NO, 2-(o-Hydroxyphenyl)-2-methyloxazol-
idine
o-Hydroxyacetophenone DL-Serine 165 467 3-8 47-0 39 C,;H,;(N,0, 2-(o-Hydroxyphenyl)-2-methyloxazol-
idine picrate
o-Hydroxy-p-methoxy- DL-Serine 60 178 53-1 4.2 528 4.0 C,,H,N,O,, 2-(0-Hydroxy-p-methoxyphenyl)-2-
acetophenone phenyloxazolidine picrate
o-Hydroxyacetophenone bpL-B8-Phenyl- 50 115 756 6-8 753 67 CH,;;NO, 2-(o-Hydroxyphenyl)-2-methyl-5-
serine phenyloxazolidine
o-Hydroxyacetophenone bprL-Threonine 75 103 684 79 684 7-8 C;H,;NO, 2-(o-Hydroxyphenyl)-2,5-dimethyi-
oxazolidine
o-Hydroxyacetophenone pL-Threonine 136 485 4-3 483 43 C,,H N,O, 2-(o-Hydroxyphenyl)-2,5-dimethyl-
oxazolidine picrate
TABLE 3

N N’-Diphenylmalonamide ketimines (V)

Found (%)

Required (9
Yield ot _Required (%)

)
Rt R? R3 M. p. (%) C H N Formula C H N Mmax. (&)
Pro p-MeO-CH, H 173° 41 727 6-1 9-9 CyeHy NgOy 72-7 6-3 9-8
P 0-HO-CgH, Me 140 60 72-8 6-4 — CoeHy:N3Oq * 72-7 6-3 9-8
Pro 0-HO-CgH, H 137 67 72-1 6-3 9-9 CysH s NGOy * 72-3 60 10-1 2410
Pro 0-HO-CgH, Me 167 65 72-4 6-4 9-4 CyeH, N3Oy 726 6-3 9-8
Pre 0-HO-CH, Et 140 75 73-0 6-7 9-5 CyHygN3Oy 731 6-5 9-5
PhCH, o0-HO-CiH, H 150 70 74-8 55 94 C,Hy N0y 751 54 9-1
PhCH, p-HO-CH, H 157 30 750 57 — 29 303 75-1 54 2700, 3240
PhCH, o0-MeO-CgH, H 175 40 756 55 87 30H 27 N304 754 57 88 2800, 3220
PhCH, o0-HO-CgH, Me 159 50 756 5-9 — CyoH,: N0y 754 57
* vmax. 2950 (OH), 1965 (C=0) (cm.™).
TasLE 4
Hexahydro-1,3,5-triazines formed from aldimines and phenyl isocyanate
Found (%) Required (%
Aldehyde Amine M. p. C H N C H N Formula Triazine umas. (A) Log ¢
Salicylalde- Methyl- 187 70-3 51 11-4 707 49 11-4 C,H,,N,0, 1-Methyl-3,5-diphenyl-6-(o-
hyde amine phenylcarbamoyloxy)phenyl-
hexahydro-1,3,5-triazine-2,4-
dione
Salicylalde- Ethyl- 173 70-9 54 10-8 71-1 51 11-0 C4H,N,O, 1-Ethyl-3,5-diphenyl-6-(o- 2350—2500 4-53
hyde amine phenylcarbamoyloxy)phenyl-
hexahydro-1,3,5-triazine-2,4-
dione
Salicylalde- n-Propyl- 175 718 55 108 71-6 54 108 C,;H,N,0, 3,5-Diphenyl-6-(o-phenylcarb-  2350—-2400 4-55
hyde amine amoyloxy)phenyl-1-n-propyl-
hexahydro-1,3,5-triazine-2,4-
dione
Salicylalde- Benzyl- 211 * 9-9 9-9 C,;;H,N,0, 1-Benzyl-3,5-diphenyl-6-(o- 2360-—2370 4-53
hyde amine (decomp.) phenylcarbamoyloxy)phenyl-
hexahydro-1,3,5-triazine-2,4-
dione
p-Hydroxy- Benzyl- 143 74-3 53 740 49 CysH, 6N, O, 1-Benzyl-3,5-diphenyl-6-(p- 2375—2400 4-90
benzalde- amine (decomp.) phenylcarbamoyloxy)phenyl-
hyde 1 hexahydro-1,3,5-triazine-2,4-
dione
p-Methoxy- Propyl- 88 72:2 6-2 102 723 6-0 10-1 C,;H,;;N;O; 6-(p-Methoxyphenyl)-3,5-di-
benzalde- amine phenyl-1-propylhexahydro-
hyde 1,3,5-triazine-2,4-dione

* Crystallised from dimethylformamide.
C,,H,3NO requires C, 79-6; H, 6-2%).

t The intermediate aldimine had m. p. 204° (from ethanol) (Found: C, 79-6; H, 6-2

Moszew and Inasinki? investigated the reaction of
anils of acetophenone with isocyanates. By use of
vigorous conditions they obtained the monoamides
(IV; R'=R?= Ph or p-MeCsH,) and the diamides
(V; R'=Ph or p-MeCH,, R2= Ph or p-MeCiH,,
R3 = H). We have found that Schiff bases prepared

from «-amino-acids or the corresponding amines and o-
and p-hydroxy- and -methoxy-substituted aryl alkyl
ketones react exothermically with phenyl isocyanate at
room temperature to give the NN’-diphenylmalonamide

7 J. Moszew and A. Inasinki, Zestyty nauk., Uniw. [agiel.,
Ser. Nauk. chem., 1962, 7, 121 (Chem. Abs., 1965, 83, 11,290).
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derivatives (V; R!=alkyl or CH,Ph, R?=0- or
$p-HO-CgH,, or -MeO'CgH,, R® = H or alkyl) (Table 4).
These substances on hydrolysis gave the original ketones,
the corresponding alkylphenylureas and aniline. Under
the same conditions the Schiff bases from m-hydroxy
and -methoxyacetophenone, like those from the un-
substituted acetophenone, reacted only to produce the
original ketones and the NN’-disubstituted ureas.

CONHPh
RI—N=C—CH,"CO*NHPh RI—N=C—CR?
Re R2 “\CONHPh
Ivy )

The products obtained with the o-hydroxy-ketones
were unstable to heat. The propiophenone and butyro-
phenone derivatives decomposed to give diphenylurea
and the original ketones. On the other hand, the
acetophenone derivatives. when heated at 90—100°
cyclised with formation of the N-alkyl-N’-phenylureas
to give 2-phenyliminochroman-4-one (VI) which could
be obtained in higher yield directly without isolation of
the diamide, possibly by cyclisation of the intermediate

monoamide. Hydrogenation of (VI) gave a dihydro-
derivative.

NCH,R

) ?

C =N

“CH, — CH,
(‘:O NHPh ,C=NPh
0 O
H (VD)

The chromanone (VI) can obviously exist in a ¢is- or a
trans-form depending on the configuration about the
C=N bond. The n.m.r. spectrum indicated that the
compound isolated was that with the frans-configuration.
The protons of the methylene group in the heterocyclic
ring showed a difference in chemical shift of 1-03 p.p.m.
(J = ca. 2 c.fsec.). This large difference is explicable in
terms of a marked deshielding of that proton which lies
nearer to the plane of the =NPh group than the other and
hence is more under the influence of the aromatic ring
current. These considerations require the =NPh group
to be trans with respect to the oxygen of the heterocyclic
ring.

s-Triazines are formed® when phenyl isocyanate is
heated under pressure with aldimines such as N-benzyl-
idene-ethylamine. Because of practical difficulties and
poor yield this method of preparing triazines has been
little used. In contrast, the reaction between p-
methoxybenzylidene alkylamines with phenyl isocyanate
takes place exothermically at room temperature to give
the corresponding triazines, e.g., (X; R = alkyl or Ph).
Under the same conditions analogous Schiff bases derived
from m-hydroxy-, m-methoxy-, and o-, -, and m-nitro-
benzaldehydes did not react. The mechanism [(VII) —»-
(X); R =alkyl or Ph] is proposed. The charges in
intermediate (VIII) can be neutralised either internally

8 N. A. Lange, J. Amer. Chem. Soc., 1926, 48, 2440.

J. Chem. Soc. (C), 1968

to give a (strained) four-membered ring or externally
by addition of another isocyanate molecule to give (X),
by the mechanism indicated (IX).

These triazines showed a broad band in the region
2350—2500 A in their u.v. spectra. Hydrolysis of
(X; R =alkyl or Ph) gave p-methoxybenzaldehyde,
aniline, and the corresponding amine.

Ph Ph
| i
N N No
§C=O \C_O_
.. |
CH,R N-CH,R
A5 Nt
HC HC
g
N
AT NI
Cor tor ¢
%NCO
Ph
|
NG Y N
ome VX 0=c” c=0
I |
PhN H_N-CH,R —> PhN_H_N-CH.R
"SC C
<
N X
+fo& OR (X)

The reaction of Schiff bases derived from salicylalde-
hyde with phenyl isocyanate (three molecules in this
case) again took place readily to give the corresponding
s-triazines with a phenylcarbamoyloxy-substituent. In
these compounds hydrolysis of the triazine ring did not
take place so readily, but the carbamoyloxy-group
could be cleaved to give the corresponding o-hydroxy-
phenyl-s-triazine.

EXPERIMENTAL

Preparation of Schiff bases.—(a) By decarboxylation of
amino-acids. The amino-acid (10 mmoles) was mixed with
the ketone (20 mmoles) and heated under a stream of
nitrogen at the minimum temperature required for decarb-
oxylation. The course of the reaction was followed by pass-
ing the gas stream through a solution of calcium hydroxide,
and the resulting material was taken up in ethanol. The
bases obtained crystalline are described in Table 1.

(b) By condensation of the amine with the ketone.—The
amine (10 mmoles) was mixed with the ketone (20 mmoles)
in dry toluene and the mixture was refluxed under a water
separator till the reaction was complete. In some cases a
catalytic amount of the amine hydrochloride was added to
promote the reaction. After removal of the toluene the
product was distilled or recrystallised from ethanol.

Copper Complexes of Schiff Bases—The Schiff base (10
mmoles) in ethanol (60 ml.) was added to an aqueous ethano-
lic solution (50 ml.) of copper acetate (5 mmoles) and
sodium acetate (10 mmoles). The dark coloured precipi-
tate was filtered off, washed with alcohol and ether, and
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recrystallised from dimethylformamide-ethanol. Bis-
{-[N-1-(0-hydroxyphenyl)ethylidenelbenzylaminato}copper had
m. p. 210° (decomp.) (Found: C, 70-1; H, 5-5; Cu, 12-3.
CyoH,CuN,0, requires C, 70-4; H, 55; Cu, 12:49%,),
Aoy, 2680 A (log £ 4-36). Bis-{N-[a-(0-hydroxy-p-methoxy)-
benszylidenelbenzylaminato}copper had m. p. 190° (decomp.)
(Found: C, 72-1; H, 5'5; Cu, 9-1. C,,H,;,CuN,O, requires
C, 72:5; H, 52; Cu, 9-1%), A, 29202060 A (log e
4-48). Bis-{N-[di-(o-hydroxyphenyl)methylenelbenzyl-
aminato}copper had m. p. 170° (decomp.) (Found: Cu, 9-8.
CyoH3,CuN,0, requires Cu, 9:5%), A, 2708 A (log ¢ 3-93).

Hyadrogenation of Schiff Bases.—The Schiff base (5 mmoles)
was dissolved in glacial acetic acid (25 ml.) and shaken with
platinum oxide (0-1 g.) under hydrogen at atmospheric
pressure. When hydrogenation was complete (3 hr.),
the filtered solution was evaporated under reduced pressure
and the residue was crystallised from ethanol-ether.
N-{1-(o-Hydroxyphenyl)ethyllbenzylamine acetate had m. p.
125° (Found: C, 70-8; H, 7-3. C,;H,;NO; requires C,
71-1; H, 7-3%). In the case of the derivative from o-
hydroxyacetophenone and tryptamine, the hydrogenated
product was benzoylated to give N-benzoyl-N-[1-(o-kydroxy-
phenyl)ethylitryptamine, m. p. 180° (Found: C, 78-4; H,
6-2. C,yHyN,O, requires C, 78-2; H, 6-3%,).

Prepavation of Oxazolidines from Schiff Bases—The a-
amino-B-hydroxy-acids (10 mmoles) were mixed with the
ketone and heated under nitrogen to the minimum tempera-
ture required for decarboxylation (ca. 200°). The dark
coloured residue was taken up in ethanol and the filtered
solution was decolourised with charcoal, concentrated and
cooled. The product (Table 2) if crystalline was recrystall-
ised from ethanol. In some cases the oxazolidine was
isolated as the picrate, which was recrystallised from
ethanol.

Hydrolysis of Oxazolidines.-——Hydrolysis was effected by
boiling with concentrated hydrochloric acid under reflux;
the solution was extracted with benzene to remove the
ketone, and the hydroxy-amine hydrochloride was isolated
after evaporation of the aqueous layer.

Preparation of Thiazolidines from Cysteine.—Cysteine (20
mmoles) was decarboxylated by heating with acetophenone
(40 mmoles) under nitrogen for 18 hr. The product was
taken up in toluene and the solution was filtered and
evaporated under reduced pressure. The oily residue dis-
solved in cold ether was treated with a cold ethereal solution
of hydrogen chloride to give 2-methyi-2-phenylihiazolidine
hydrochlovide (259%), m. p. 182° (from ethanol) (Found:
C, 55-6; H, 6-6. C,,H,;NS,HCl requires C, 55-7; H, 6:59%,.
By the same procedure o-methoxyacetophenone and
cysteine  gave  2-(o-methoxyphenyl)-2-methylthiazolidine
hydvochioride, m. p. 175° (from ethanol-ether) (Found:
C, 53-6; H, 6-5; N, 57. C,;H,;NOSHCI] requires C,
53:8; H, 6-5; N, 5:7%), A, 2740 A (log € 3-52).

NN'Bis-[a-(2,4-dihydvoxyphenyl)benzylidene]-2,2’-
dithiodi(ethylamine).—When  2,4-dihydroxybenzophenone
was used with cysteine in the above reaction, the only
product isolated was the di-Schiff base corresponding to
cystine, m. p. 242° (decomp.) (Found: C, 65-9; H, 5-5.
C;oH,N,0,S, requires C, 66-2; H, 5-29,).

Preparation of the NN'-Diphenylmalonamide Derivatives.—
The Schiff bases produced from the ketones and amines (or
the corresponding amino-acids) (10 mmoles) were mixed
with phenyl isocyanate (20 mmoles) at room temperature.
When the exothermic reaction had subsided the mixture
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was heated on a steam-bath for a few min., and the product
was crystallised from ethanol (Table 3).

Hydprolysis of the NN'-Diphenyimalonamide Derivatives.—
These ketimines were hydrolysed by heating on a steam-
bath with concentrated hydrochloric acid for 3 hr. The
solution was diluted with water and extracted with ether;
the extracts were evaporated to give the original ketone,
identified as its 2,4-dinitrophenyl hydrazone, and the
corresponding alkylphenylurea. Aniline hydrochloride was
identified in the aqueous layer.

Preparation of 2-Phenyliminochvoman-4-one.—The Schiff
base from o-hydroxyacetophenone and the amine (10
mmoles) was mixed with phenyl isocyanate (40 mmoles)
and heated on a steam-bath for 3 hr. The product gave
2-phenyliminochroman-4-one (80%), m. p. 163° (from benz-
ene or ethanol) (Found: C, 75-8; H, 4-8; N, 58.
CysH,,NO, requires C, 76:0; H, 46; N, 5:9%), 3, 2380 A
(log & 4-4), v, (KCl) 1720 (C=0) and 1620 (C=N) cm.™,
© 517 and 6-18 (both d, J = 1—2 c./sec.). The mother-
liquor from this material when concentrated deposited the
corresponding N-alkyl-N’-phenylurea. The same sub-
stance was also obtained (509,) by heating the diamides
(above) obtained from o-hydroxyacetophenone on a steam-
bath for 2 hr. The substance was very readily hydrolysed
by dilute aqueous acid or alkali to the original hydroxy-
acetophenone, aniline, and carbon dioxide., When hydro-
genated in the presence of platinum oxide, hydrogen (1 mol.)
was taken up to give 2-phenylaminochroman-4-one, m. p.
135° (from ethanol) (Found: C, 72:2; H, 6:2; N, 4-9.
CsH13NO,,C,H;OH requires C, 71-6; H, 6-7; N, 4-9%),
Amax. 2670 and 2740 A, v . (KCl) 1720 (C=0), 3420 (NH),
and 1350 (C-N) cm.”®. The hydrogenated product gave a
dinitrophenylhydrazone, m. p. 200° (from ethanol (Found:
C, 59-8; H, 4¢1. C,H,,N;O; requires C, 60-1; H, 4-1%,).

Preparation of Hexahydro-1,3,5-tviazines—The aldehyde
(20 mmoles) was refluxed with an excess of the amine in
ethanol for 1 hr. The product left after removal of the
ethanol and the excess of amine was mixed at room tempera-
ture with phenyl isocyanate (40 mmoles). When the
exothermic reaction had subsided, the mixture was heated
on a water-bath for 1 hr. and crystallised from ethanol.
Yields were >859%,. The results are shown in Table 4.

Hydrolysis of Carbamoyloxy-groups.—The triazine (4-0
mmole) was vigorously stirred with 5n-hydrochloric acid
(30 ml.) for 30 min. at 70—75° and the solid product was
filtered off, washed, and recrystallised from ethanol.

1-Benzyi-6-(0-kydroxyphenyl)-3,5-diphenylhexahydro-1,3,5-
triazine-2,4-dione had m. p. 195° (Found: C, 74-9; H, 5-1;
N, 9-1. CyHyN;O, requires C, 74:8; H, 5-1; N, 9-49%),
Apax,  2370—2390 A (log e 44). 1-Benzyl-6-(p-hydroxy-
Dhenyl)-3,5-diphenylhexahydrotriazine-2,4-dione had m. p.
168° (Found: C, 74-5; H, 51; N, 9-8. C,H,.N,;0,
requires C, 74-8; H, 5:1; N, 9-4%), A, 2400 A (log ¢ 4-8).

Hydrolysis of Hexahydrotviazines—The material was
heated under reflux with concentrated hydrochloric acid for
2 hr. and the original aldehyde was identified in the steam
distillate of the hydrolysate as its 2,4-dinitrophenylhydr-
azone. Aniline and the original amine were identified as
hydrochlorides after evaporation of the hydrolysate to
dryness and fractional crystallisation from acetone-water.

We thank Dr. L. Philips of Imperial College for the n.m.r.
measurements and interpretation of the spectra.
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