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Electrophilic reactions of 1,3-dimethyl-6-aminouracil lead to 5-substituted derivatives. The introduction of
a dialkylaminoalkylamino chain in the 6-position of 1,3-dimethyluracil modifies the regiospecificity of the
acylation reaction to give N-6 acylated compounds. This reversal in acylation is induced by an intramolecular
proton-transfer which introduces a change in the electron density of the enamine system. The cyclic transi-
tion state and the spatial conformation of the final products substantiate the proposed mechanism, on the

basis of X-ray and 'H nmr data.
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The enamine system may be regarded as a resonance
hybrid consisting of canonical forms (a) and (b). Hence,
electrophilic reagents may attack the system at either the
nitrogen atom to give the ammonium salt or, more fre-
quently, at the carbon 3 to the nitrogen to yield an imin-
ium salt [3].

Scheme 1
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Pyrimidines, unsubstituted at the 5-position and substi-
tuted by an amino group at the 6-position can be consider-
ed as cyclic enamines and theoretically react with electro-
philes as described above. In fact, electrophiles attack at
the 5-position [4] of 6-aminopyrimidines to give 5-substitu-
ted derivatives (4).

C-Acylation of 1,3-Dimethyl-6-aminouracil.

In the case of the 1,3-dimethyl-6-aminouracil 1, the re-
gioselective C-5 reactivity towards electrophilic reagents
has been widely established [5-9]. This compound can be
considered as a vinylogous amide and the reaction at ni-
trogen is less favorable than for enamines due to the elec-
tron withdrawal effect of the carbonyl. The regiospecifici-
ty of the C-5 site reactivity is easily explained by a deloca-
lization of the exocyclic nitrogen free doublet, inducing a
higher electronic density at the 5-position which becomes
a nucleophilic site.
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The delocalization of the nitrogen electrons lone pair is
substantiated by X-ray crystallographic data [10] which
shows that all the nitrogens of the molecule 1 are in an sp,
hybridization (although having three valence bonds). The
degree of p-m overlap between the free pair and the double
bond can also be evaluated by *H nmr, observing the che-
mical shift of the C-5 proton [7,8]. The greater the electron
density at the carbon atom, the greater the magnetic shiel-
ding of the vinylic proton [3,11,12]. Thus, for 1, the che-
mical shift of the olefinic proton is at significantly high
field (0 dimethylsulfoxide-d;, 4.7 ppm, s).

Among electrophilic substitutions, acylation of 1 at the
5-position has been well established [6-8]. Previously we
have described conditions which give S-acyl derivatives 2
in high yields using acyl chlorides in the presence of pyrid-
ine, and have found that these 5-acyl-6-aminouracils were
stabilized by strong hydrogen bonding [8]. This has been
demonstrated by X-ray crystallography [10].

The 'H nmr results are in accordance with X-ray crystal-
lographic data since the two protons of the exocyclic am-
ino group are not equivalent at room temperature when
the 5-position is substituted by an acyl group (6 dimethyl-
sulfoxide-ds average values for compounds 2: 11 ppm for
the proton engaged in the hydrogen bonding vs 8 ppm for
the other one). The downfield shift of the former is a re-
flection of the deshielding effect of the close carbonyl and
the different value of the latter indicates a restriction of
rotation around the C(6)-N(6) bond. This hydrogen bond-
ing is broken by heating the dimethylsulfoxide solution at
120°; in this case, both protons appear as a single peak at
9.5 ppm.

When R is a styryl group, the planar conformation and
the size of the extended conjugated system of molecule 2
are characteristic features for an antitumeor activity [13] as
most of the well established interacalating drugs [14].
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N-Acylation of 1,3-Dimethyl-6-(dialkylaminoalkyl)amino-
uracils.

In the course of a program aimed at providing new anti-
cancerous intercalating drugs [9a,10,15-18], we have inves-
tigated a series of 5-cinnamoyl-1,3-dimethyl-6-aminouracil
(NSC 290115). In order to induce a better activity we have
introduced on 1 a hydrophylic moiety as shown in Scheme
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With such a dialkylaminoalkyl side chain, acylation of 3
by cinnamoyl chloride in the presence of pyridine lead to a
mixture of C-5 and N-6 substituted derivatives [19]. Star-
ting from 3 as the free base and 0.5 equivalent of acyl
chloride, the N-6 substituted derivative 4 is obtained ex-
clusively, while using the hydrochloride of 3 with a stoichi-
ometric amount of acid chloride, only the C-5 substituted
derivative is produced. In the first case, N-acylation of 3
can be considered as a reversal of the electrophilic reac-
tion regiospecificity.

The 'H nmr data of compounds 3, 4 and 5 bring interes-
ting information about the three-dimensional structure
and the electronic density of the molecules. The deshiel-
ding of the C-5 protons of compounds 4 (§ = 5.9 ppm, di-
methylsulfoxide-dg) vs C-5 protons of compounds 3 (6 =
4.8 ppm, dimethylsulfoxide-ds) is the consequence of a
lower electronic density on the C-5 site of N-acyl substitu-
ted derivatives 4. The downfield shift of the N-6 proton of
5 (6 = 11 ppm) against the N-6 proton of 3 (6 = 7 ppm) in-
dicates that it is involved in a hydrogen bond.

X-Ray crystallographic data of 4a are in accordance
with 'H nmr data. The exocyclic nitrogen is in a sp, hybri-
dization, but its lone pair overlap the cinnamoyl group =
cloud in a plane perpendicular to the aromatic uracil ring,
involving a lower electronic density on the C-5. The com-
puter generated picture of Sb establishes that the chlorine
atom draws back the two exocyclic diamino-chain NH’s.
This disrupts the planarity of the molecule. The stabiliz-
ing hydrogen bonding between the N-6 proton and the C-5
carbonyl does not exist any more and the downfield shift
of this proton in the 'H nmr spectrum cannot be attributed
to the anisotropic deshielding effect of the C-5 carbonyl. It
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can be explained however by the establishment of a hydro-
gen bond with the chlorine atom. It is noteworthy that two
electron pairs of this chlorine atom are involved in a
hydrogen bonding with two different protons.

Figure 1. View of 4a drawn by PLUTO. Crystal data are
as follows: mol wt: C, H,,N,0, 398.46, monoclinic space
group P;, a = 10.833 (7) A, b = 10.465 () A and ¢ =
11.725(6) A, a = 98.02 (5)°, B = 123.54 (4)°, v = 93.62
(4)°,V = 1081.84 A% Z =2D (caled) = 1.21, D (measd)
= 1.17 Mgm™, (MoKa) = 0.7107 A, and R = 0.049 for
2155 reflections considered as observed F > 60(F).

Figure 2. View of 5b drawn by PLUTO. Crystal data are
as follows: mol wt: C,,H,,CIN,0, 434.92, orthorhombic
space group Pcba, a = 24.635(9) A, b = 14.463 (3) A, ¢
=12.147(6) A, = 8 = v = 90.0°, V = 4327.92 A3 Z
= 8, D (caled) = 1.32, D (measd) = 1.33 Mgm™, (CuK«)
= 1.5418 A, and R = 0.049 for 1423 reflections consider-
ed as observed F > 64(F).

Mechanism of the N-Acylation.

Three mechanisms can be postulated to explain the re-
versal in the regiospecificity of this electrophilic substitu-
tion.

First, the acid chloride could react on the basic (morph-
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oline) nitrogen to give a labile intermediate with powerful
acylating properties. Then, through an intramolecular
trans-acylation process, the N-acyl derivative would be
formed. Such an acyl transfer has been proposed for the
N-6 acylation of N-1 unsubstituted-6-aminouracils [7], but
in our case, even if N-6 acylation was slightly favored vs
C-5 owing to stereochemical considerations, the C-5 posi-
tion remains the better nucleophilic site considering the
electron density of the molecule. Such a mechanism would
probably give rise to a mixture of 4 and 3.

A proton-transfer between the C-5 proton and the basic
nitrogen, leading to a higher electronic density on the N-6
atom, can be envisaged. Structural requirements for such
an intramolecular proton-transfer have been well establi-
shed [21,22]. In the initial state, four of the atoms, which
are going to be part of the cyclic transition state are copla-
nar and three of them remain coplanar in the final pro-
duct. This fact together with the fact that the bond of the
proton which is transferred has to lie in a perpendicular
plane, and that a linear N-H-C bond must be formed, in-
duce certain steric restrictions on the transition state.

N-Disubstituted-(aminopropyl) or -(aminoethyl)-6-amino-
uracils are good candidates for a cyclic transition state
containing a seven or eight membered ring. Meanwhile, it

supposes that the C-5 atom would be tetrahedral. The ket-
imine form of molecule 3 is not favored since this tautome-
ric form would disrupt the aromaticity of the uracil ring.
Furthermore, this canonical form has never been pointed
out by 'H nmr spectroscopy.
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A more probable mechanism is proposed [23,24]. After
puckering of the diamino side chain, a proton-transfer bet-
ween the exocyclic N-6 and the basic side chain nitrogen
may occur introducing a higher electronic density on the
N-6 which becomes a nucleophilic site (Scheme 5). Starting
from the hydrochloride of 3, such a H-transfer is no more
possible and in this case, the classical mechanism leading
to a 5-substituted derivative takes place.
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Figure 3. View of 3d. Crystal data as follows: mol wt:
C,,H,,N,0, 240.30, space group P;,a = 8.813(3) A,b =
8.75(2) A, c = 8463 (4) A, o = 95.60 (5)°, 8 = 100.63
@)°, v = 92.64 (3)°, V = 637.05 A3 Z = 2, D (caled) =
1.25, D (measd) = 1.23 Mgm™, (MoKa) = 0.7107 A and
R = 0.050 for 2164 reflections considered as observed F >
60(F).

The X-ray data of 3d (Tables I and II) account for this
proposal. The steric view (Figure 3) yields information
about the conformation of the side chain which appears
puckered in such a way that the exocyclic basic nitrogen
and the N-6 atom are forced to be rather close (2.70 A). A
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hydrogen bonding cannot be involved (N(6)-H...N(15) =
2.115 A) but a through space interaction is imposed by
the side chain nitrogen lone-pair on the N-6 proton. The
exocyclic nitrogen lone-pair orbital is found to be coplanar
with the N(6)}-H bond with an angle of 148°. All these con-
straints allow a H-transfer process with a six-membered
transition state involving a bent conformation as depicted
in Scheme 6.

Scheme 6
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Table I

Interatomic Distances (A)

Bond Length Bond Length
C,—N, 1.3844) C,,—H 1.08(3)
C;—N, 1.386(4) —H 0.85(3)
C,o—N, 1.463(4) —H 1.01(3)
C,—O0, 1.213(4) C,—H 0.78(4)
C;—N, 1.371(4) —H 0.97(3)
N,—C,¢ 1.463(5) —H 1.05(3)
N,—C, 1.409(4) C,—H 0.83(3)
C,—0, 1.229(4) C,—H 1.02(3)
C,—C, 1.405(5) —H 1.07(3)
C,—C, 1.366(4) C,;—H 0.89(3)
C,—N, 1.335(4) —H 1.07(3)
N.—C,, 1.456{(4) C,,—H 0.95(3)
C,,—Ci, 1.519(5) —H 0.95(3)
C,—C,, 1.515(4) C,—H 0.96(3)
C,,—N 1.466(4) —H 0.92(3)
N;s;—Cys 1.449(4) —H 0.87(3)
N,;—Cs 1.461(5) C,,—H 0.92(4)
—H 1.04(3)

—H 0.94(4)

N,.—H 0.74(4)

Such a mechanism, in which a nonlinear H-transfer oc-
curs at an angle of 148° would be in accordance with the
calculations of Kwart et al. [25] who estimated for a (1,5)
sigmatropic hydrogen-transfer the angle to be of approxi-
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mately 145° [26].

The above proposed H-transfer would arise from the
presence of an electrophilic agent such as cinnamoyl
chloride. The acyl agent attacks on the N-6 electrons lone
pair concomitantly with a hydrogen migration. Due to the
position of the acceptor N-6 lone pair molecular orbital
and of the released one, the substitution occurs according
to obvious constraints. In the ultimate state, the cinnamoyl
group would be in a plane perpendicular to the uracil ring
and its orbitals may be envisioned to overlap with the N-6
lone pair molecular orbital.

This is substantiated by the X-ray structure of 4a where
the geometry of the molecule and the sp, state of the N-6
atom are clearly shown. The C-5 proton deshielding on the
'H nmr spectrum of all final compounds 4 indicates that
the N-6 electrons lone pair orbital no longer overlaps with
the uracil ring orbitals, which is in accordance with the
proposed mechanism.

In conclusion, a proton-transfer due to a neighboring
group participation has been pointed out. The steric re-
quirements of this process have been well defined from ga-
thering 'H nmr and X-ray data. A cyclic transition state is
involved leading to an important change in the electronic
density of the enamine system. Electrophilic substitutions
such as acylation reactions are modified and N-6-substitu-
ted uracils have been obtained instead of the usual C-5-de-
rivatives.

Table 11
Bond Angles (°)

Bonds Angle

C;—N,—C, 122.1(.2)
C,0—N,—C, 120.2(.2)
C,o—N,—C, 117.7(.2)
N,—C,—N, 116.2(.3)
N,—C,—0, 121.6(.3)
0,—C,—N, 116.2(.3)
C,—N,—C, 125.0(.3)
Cs_Nz_Cxa 116.4(.3)
Cye—N,—C, 118.6(.3)
N,—C,—0, 118.5(.3)
N,—C,—C, 115.1(.3)
0,—C,—C, 126.4(.3)
C,—C,~C, 121.9(.3)
C,—C,—N, 119.6(.3)
C,—C,—N, 124.2(.3)
N,—C,—N, 116.1(.3)
C,—N—-C,, 123.7(.3)
N—C,,—C,, 109.3(.3)
C,—C;;—C, 113.5(.3)
CIB_CN_NIS 112.4—(.3)
Cu_le_Cn 118.8(.2)
C,—N;;—C,, 112.3(.3)
Ci—N;s—Cy 109.7(.3)
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EXPERIMENTAL

The 'H nmr spectra were recorded on a Perkin-Elmer 90 MHz spectro-
meter using dimethylsulfoxide-ds as solvent and TMS as an internal refe-
rence. Melting points were taken on a Tottoli melting-point apparatus
and are uncorrected. Infrared-spectra were recorded with a Perkin-Elmer
177 infrared-spectrometer using potassium bromide pellets.

Electron impact mass spectra were obtained with a quadrupole mass
spectrometer (Ribermag R10-10, combined with Riber 400 data system)
at 70 ev by using direct insertion. X-Ray diffraction data were collected
on a Philips PW 1100 diffractometer.

1,3-Dimethyl-5-acyl-6-aminouracil (2).

To a solution of 1,3-dimethyl-6-aminouracit 1 (5] (15.5 g, 0.1 mole) in
pyridine (100 ml), was added 0.1 mole of acid chloride. This mixture was
stirred and heated under reflux for 2 hours. The solvent was then evapo-
rated in vacuo. The residue was washed by water to give 2 as a crude pow-
der which was filtered and dried.

1,3-Dimethyl-5-cinnamoyl-6-aminouracil (2a).

This compound was obtained as light yellow crystals (88%), mp 245°;
ir: 3360, 1730 cm™; nmr (dimethylsulfoxide-ds): 6 3.30, 3.46 (s, 2 x 3H
N-CH,), 8.50 (d, 1H, J = 16 Hz), 7.65 (d, 1H, ] = 16 Hz, ethylenic CH),
7.60 (m, 5H, arom CH), 11.52 (s, 1H, NH bonded), 8.35 (s, 1H, second NH
proton, 20°), or after heating, 9.75 (s, 2H, NH,, 130°); ms: m/e 285 (M*).

Anal. Caled. for C,H,N,0,: C, 63.14; H, 5.30; N, 14.73. Found:
C, 63.17; H, 5.28; N, 14.67.

By the above general procedure compound 3a was prepared (81 %), mp
138°; ir: 3250, 3100, 2950, 2840, 1700 cm™'; nmr (dimethylsulfoxide-ds): 6
3.1,3.3(s, 2 x 3H, N-CH,), 4.8 (s, 1H, CH), 7.0 (1, 1H,J = 6.6 Hz, NH),
3.1-4.2 (m, 12H, morpholinoethyl CH,); ms: m/e 268 (M*).

Anal. Caled. for C,,H,(N,0,: C, 53.72; H, 7.51; N, 20.88. Found:
C, 53.77; H, 7.56; N, 20.93.

1,3-Dimethyl-6{2-morpholinopropyl)aminouracil (3b).

Compound 3b was obtained in a manner similar to compound 3a
(77%), mp 124°; ir: 3240, 3100, 2980, 2840, 1700 cm™'; nmr (dimethyl-
sulfoxide-dg): 6 3.1, 3.3 (s, 2 x 3H, N-CH,), 4.6 (s, 1H, CH), 6.6 (t, IH,] =
5.25 Hz, NH), 1.8-4.1 (m, 14H, morpholinopropyl CH,); ms: m/e 282 (M*).

Anal. Caled. for C,,H,,N,0.: C, 55.30; H, 7.85; N, 19.34. Found:
C, 55.34; H, 7.84; N, 19.81.

1,3-Dimethyl-6(2-dimethylaminoethyl)aminouracil (3c).

Compound 3c was obtained in a manner similar to compound 3a
(87%), mp 101°; ir: 3500, 3250, 2990, 2850, 2800, 1710 cm™'; nmr (deute-
riochloroform): § 3.25, 3.35 (s, 2 x 3H, N-CH,), 2.25 (s, 6H, N(CH,),), 4.8
(s, 1H, CH), 5.55 (d, 1H, NH), 3.10 (dt, 2H, NH-CH,), 2.55 (t, 2H,
CH,-CH,); ms: m/e 226 (M").

Anal. Caled. for C,,H,,N,0,: C, 53.08; H, 8.01; N, 24.76. Found:
C, 53.12; H, 8.10; N, 24.85.

1,3-Dimethyl-6{dimethylaminopropyl)aminouracil (3d).

Compound 3d was prepared in a manner similar to compound 3a
(83%), mp 102°; ir: 3500, 3150, 2990, 2850, 2800, 1700 cm™*; nmr (deute-
riochloroform): & 3.30, 3.35 (s, 2 x 3H, N-CH,), 2.25 (s, 6H, N(CH,),), 3.20
(dt, 2H, NH-CH,), 1.80 (m, 2H, CH,-CH,-CH,), 2.55 (m, 2H, CH,-N(CH,),),
8.40 (d, 1H, NH); ms: m/e 240 (M*).

Anal. Caled. for C,,H,N,0,: C, 54.98; H, 8.39; N, 23.32. Found:
C, 54.84; H, 8.45; N, 23.30.

1,3-Dimethyl-5{3',4",5"-trimethoxycinnamoyl}-6-aminouracil 2b).

Compound 6b was prepared in a manner similar to the preparation of
compound 2a as yellow crystals (83 %), mp 240°; ir: 3320, 1705 em™; nmr
(dimethylsulfoxide-ds): 8 3.25, 3.40 (s, 2 x 3H, N-CH,), 3.95 (s, 9H,
0-CH,), 8.45 (d, 2H, J = 16 Hz), 7.60 (d, 2H, J = 16 Hz, ethylenic pro-
tons), 7.10 (s, 2H arom protons), 11.80 (s, 1H, NH bonded), 8.37 (s, 1H,
other NH proton, 20°), or 9.90 (s, 2H, NH,, 130°); ms: m/e 375 (M*).

Anal. Caled. for C, H, N,0;: C, 57.59; H, 5.64; N, 11.19. Found:
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C, 57.62; H, 5.58; N, 11.18.
1,3-Dimethyl-5{4"-methoxycinnamoyl}-6-aminouracil (2c).

Compound 2¢ was prepared in a manner similar to the preparation of
compound 2a as yellow crystals (79%), mp 178°; ir: 3340, 1710 em™; nmr
(dimethylsulfoxide-de): & 3.16, 3.32 (s, 2 x 3H, NCH,), 2.80 (t,2H,J = 3
Hz), 2.70 (1, 2H, J = 3 Hz, CH,), 7.36 (s, 5H, H arom), 11.50 (s, 1H, NH
bonded), 8.38 (s, 1H, other NH 20°) or 9.68 (s, 2H, NH,, 135°); ms: m/e
287 (M").

Anal. Caled. for C;H,N,0;: C, 62.70; H, 5.96; N, 14.62. Found:
C, 62.75; H, 4.06; N, 14.60.

1,3-Dimethyl-6{dialkylaminoalkyl)aminouracil (3).

1,3-Dimethyi-6-chlorouracil (6a) (17.6 g, 0.1 mole) was treated by an
equimolar amount of N-aminoalkylmorpholine (0.1 mole) in the presence
of sodium carbonate (28.6 g, 0.1 mole). The mixture was stirred and heat-
ed under reflux for 24 hours. After elimination of the precipitate of sod-
jum chloride, the filtrate was concentrated in vacuo to dryness. The resi-
dual solid was taken up with acetone and recrystallized twice from this
solvent to give white crystals.

1,3-Dimethyl-6-N-cinnamoyl-N"dialkylaminoalkyl)aminouracil (4).

1,3-Dimethyl-6-N{dialkylaminoalkyllaminouracil 3 (0.2 mole) was
heated under reflux with cinnamoyl chloride (16.6 g, 0.1 mole) in dry
acetone for 6 hours. After cooling, a precipitate of hydrochloride 3 was
separated by filtration. The filtrate was evaporated in vacuo. The residue
was triturated with ether to give 4 as a crude powder which can be recrys-
tallized from ethanol.

1,3-Dimethyl-6-N-cinnamoyl{2-morpholinoethyl)aminouracil (4a).

By the above general procedure compound 4a was prepared (75%), mp
131°; ir: 3580, 3120, 2980, 2880, 2830, 1730 cm™"; nmr (dimethylsulfox-
ide-d.): & 3.2, 3.25 (s, 2 * 3H, N-CH,), 5.85 (s, 1H, CH), 2.5-4.0 (m, 12H,
morpholinoethyl CH,), 7.25-7.75 (m, 7TH, ethylenic and arom protons); ms:
m/e 398 (M*).

Anal. Caled. for C,H, N0, C, 63.30; H, 6.58; N, 14.06. Found:
C, 63.42; H, 6.63; N, 13.89.

1,3-Dimethyl-6-N-cinnamoyl{2-morpholinopropyl)aminouracil (4b).

Compound 4b was obtained in a manner similar to compound 4a
(53%), mp 158°; ir: 3600, 3140, 2960, 2870, 2820, 1720 cm™; nmr (di-
methylsulfoxide-d,): 6 3.18, 3.22 (s, 2 x 3H, N-CH,), 5.8 (s, 1H, CH),
1.6-4.0 (m, 14H, morpholinopropyl CH,), 7.2-7.8 (m, 7H, ethylenic and
arom CH); ms: mfe 412 (M*).

Anal. Caled. for C,,H,,N,0,:-C, 64.06; H, 6.84; N, 13.58. Found:
C, 63.87; H, 6.95; N, 13.70.

1,3-Dimethyl-6-N-cinnamoyl-N"dialkylaminoalkyl)aminouracil (4c).

Compound 4c¢ was prepared in a manner similar to compound 4a
(61%), mp 142°; ir: 3460, 3050, 2960, 2700, 1710, 1660 cm™*; nmr (deute-
riochloroform): 8 3.30, 3.35 (s, 2 x 3H, N-CH,), 2.30 (s, 6H, N(CH,),), 5.85
(s, 1H, CH), 3.45 (t, 2H, N-CH,), 2.75 (t, 2H, CH,N(CH,),), 7.20-7.60 (m,
7H, ethylenic and arom protons); ms: m/e 356 (M*).

Anal. Caled. for C,,H, N0, C, 64.03; H, 6.79; N, 15.72. Found:
C, 64.22; H, 6.87; N, 15.57.

1,3-Dimethyl-6-N-cinnamoyl{2-diethylaminopropyl)aminouracil (4d).

Compound 4d was prepared in a manner similar to compound 4a
(57%), mp 148°; ir: 3450, 3060, 2960, 2700, 1720, 1670 cm™*; nmr (deute-
riochloroform): § 3.30, 3.35 (s, 2 x 3H, N-CH,), 2.90 (s, 6H, N(CH,),),
2.00, 3.50 (m, 6H, propyl CH,), 6.00 (s, 1H, CH), 7.20, 7.80 (m, 7H, ethyl-
enic and arom protons); ms: mle 370 (M*).

Anal. Caled. for C,H, N0, C, 64.84; H, 7.07; N, 15.12. Found:
C, 64.72; H, 7.21; N, 15.13.

1,3-Dimethyl-5-cinnamoyl-6{morpholinoethyl)aminouracil (5).

To a suspension of 1,3-dimethyl-6{morpholinoalkyl)aminouracil hydro-
chloride 3 (0.10 mole) in pyridine (100 ml), was added cinnamoyl chloride
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(16.6 g, 0.10 mole). The mixture was heated at 115° for 3 hours. After
cooling the resulting precipitate was filtered and washed with water to
give 5 as a crude yellow powder.

1,3-Dimethyl-5-cinnamoyl-6{morpholinoethyl)aminouracil (3a).

By the above general procedure, compound 5a was prepared (83 %),
mp 202°; ir: 3230, 3100, 3080, 3030, 2980, 2900, 2440, 1720 cm™; nmr
(dimethylsulfoxide-dy): & 3.25, 3.45 (s, 2 x 3H, N-CH;), 9.75 (t, 1H, ] =
3.5 Hz, NH), 7.50 (d, 1H, J = 15 Hz)and 8.25(d, 1H, ] = 15 Hz, ethylen-
ic CH), 7.50 (m, 5H, arom CH), 2.8, 4.0 (m, 12H, morpholinoethyl CH,);
ms: m/e 398 (M*).

Anal. Caled. for C, H,(N,O,-HCL: C, 57.99; H, 6.26; N, 12.88. Found:
57.92; H, 6.18; N, 12.96.

1,3-Dimethyl-5-cinnamoyl-6{morpholinopropyl)aminouracil (5b).

Compound Sb was obtained in a manner similar to compound 5a
(76 %), mp 164°; ir: 3280, 3140, 3060, 3020, 2980, 2880, 2460, 1740 cm™";
nmr (dimethylsulfoxide-d,): 6 3.20, 3.45 (s, 2 x 3H,N-CH,), 11.45(t, 1H, J
= 3 He, NH), 8.20 (d, 2H,J = 15 Hz) and 7.50 (d, 2H, ] = 15 Hz, ethyl-
enic CH), 7.45 (m, 5H, arom protons), 1.8, 4.2 (m, 14 H, morpholinopropy!
CH,); ms: m/e 412 (M*).

Anal. Caled. for C,,H,,N,0,-HCI: C, 58.86; H, 6.51; N, 12.48. Found:
C, 58.72; H, 6.60; N, 12.45.

Acknowledgment.

Thanks are due to Professor P. W. Hickmott, University of Salford and
to Doctor Y. Plancke, California Institute of Technology for helpful dis-
cussions. The work was supported by the ‘‘Institut National de la Santé
et de la Recherche Médicale’” (CRL INSERM N° 823023).

REFERENCES AND NOTES

{1] INSERM U-16.

{2] CNRS ERA 465.

[3a] A. G. Cooke, ““Enamines: Their Synthesis, Structure and
Reactions”, M. Dekker, ed, New York, 1969, and references cited
therein; [b] S. F. Dyke, “"The Chemistry of Enamines’’, Cambridge
University Press, Cambridge, UK, 1973.

[4] For a detailed discussion of pyrimidine chemistry see: [a] D.
J. Brown, ““The Pyrimidines’’, Vol XVI in the series ““The Chemistry
of Heterocyclic Compounds”, A. Weissberger and E. C. Taylor,
eds, Wiley-Interscience, New York, 1962; [b] D. J. Brown, “The
Pyrimidines’’, Supplement 1, 1970, in the same series.

[5] F. F. Blicke and H. C. Godt, Jr., J. 4m. Chem. Soc., 76,
2798 (1954).

[6] W. Pfleiderer and K. H. Schiindehiitte, Ann. Chem., 612,
158 (1958).

{71 J. L. Shim, R. Niess and A. D. Broom, J. Org. Chem., 37,
578 (1972).

[8] J. L. Bernier, A. Lefebvre, J. P. Hénichart, R. Houssin and
C. Lespagnol, Bull. Soc. Chim. France, 616 (1976).

[9a] A. Broom, J. L. Shim and G. L. Anderson, J. Org. Chem.,
41, 1095 (1976); [b] G. L. Anderson and A. D. Broom, ibid., 42,
4159 (1977); [c] H. Ogura and M. Sakaguchi, Chem. Pharm. Bull,
21, 2014 (1973); [d] E. E. Garcia, Synth. Commun., 3, 397 (1973);
[e] R. C. Elderfield and M. Wharmby, J. Org. Chem., 32, 1638 (1967);

Vol. 21

[f] S. Senda and K. Hirota, Chem. Pharm. Bull, 22, 2921 (1971);
[g] Y. Furukawa, O. Miyashita and S. Shima, ibid., 24, 970 (1976);
fh] F. Yoneda, M. Higuchi and S. J. Matsumoto, J. Chem. Soc.,
Perkin Trans. 1, 1754 (1977); [i] E. Fahr and H. Lind, Angew. Chem.,
Int. Ed. Engl, $, 372 (1966); [j] E. C. Taylor and F. Sowinski, J.
Org. Chem., 39, 907 (1974); [k] G. B. Bennet and R. B. Mason,
ibid, 42, 1919 (1977); [I] Y. Tamura, T. Sakaguchi, T. Kawasaki
and Y. Kita, Heterocycles, 3, 183 (1975); [m] Y. Tamura, T. Saka-
guchi, T. Kawasaki and Y. Kita, Chem. Pharm. Bull, 24, 1160 (1976);
[n] K. Nagahara and A. Takada, Heterocycles, 9, 197 (1978); [o]
F. Yoneda, S. Matsumoto and Y. Sakuma, Chem. Pharm. Buil,
23, 2425 (1975); [p] F. Yoneda, M. Kawamura and S. Matsumoto,
J. Chem. Soc., Perkin Trans. I, 2285 (1977); [q] J. L. Bernier and
J. P. Hénichart, J. Org. Chem., 46, 4197 (1981).

[10] V. Warin, M. Foulon, F. Baert, J. L. Bernier and J. P. Hénichart
Acta Cryst., B36, 1721 (1980).

[11] E. J. Cone, R. H. Garner and A. W. Hayes, J. Org. Chem.,
37, 4436 (1972).

[12] W. D. Gurowitz, M. A. Joseph, J. Org. Chem., 32, 3289 (1967).

[13] Compound 2 has been tested by the National Cancer Institute,
NIH (Bethesda) (NSC 290 115). It has revealed a significative activity
against P-388 Leukemia.

[14a] L. S. Lerman, J. Mol. Biol, 3, 18 (1961); [b] E. F. Gale, E.
Cundliffe, P. E. Reynolds, M. H. Richmond and M. J. Waring, ““The
Molecular Basis of Antibiotic Action’’, John Wiley and Sons, London,
1972, p 173.

[15] J. P. Hénichart, J. L. Bernier, C. Vaccher, R. Houssin, V. Warin
and F. Baert, Tetrahedron Letters, 945 (1979).

[16] J. P. Hénichart, J. L. Bernier, C. Vaccher and R. Houssin,
Tetrahedron, 36, 3535 (1980).

{17] J. L. Bernier, J. P. Hénichart, C. Vaccher and R. Houssin, J. Org.
Chem., 45, 1493 (1980).

[18] J. L. Bernier, J. P. Hénichart and J. P. Catteau, Biochem. J.,
199, 479 (1981).

[19] Preliminary results have been published as a short communi-
cation: J. L. Bernier and J. P. Hénichart, Tetrahedron Letters, 1243
(1981).

[20] The atomic coordinates for all of the structures depicted in
this report are available from the authors upon request.

[21] J. Hine, M. S. Cholod and J. H. Jensen, J. Am. Chem. Soc.,
93, 2321 (1971).

[22] J. Hine, M. S. Cholod and R. A. King, ibid., 96, 835 (1974).

[23] W. P. Jencks and K. Salvesen, J. Chem. Soc., Chem. Commun.,
548 (1970).

[24] M. . Page, W. P."Jencks, J. Am. Chem. Soc., 94, 8818 (1972).

{25] H. Kwart, M. W. Brechbel, R. M. Acheson and D. C. Ward,
ihid., 104, 4671 (1982).

[26] The mechanism proposed by Kwart [25] is consistent with a
classical (1,5) sigmatropic hydrogen-transfer process which involves a six-
membered pericyclic transition state of three pairs of electrons, stabiliz-
ed by an optimal overlap of all orbitals and by the delocalization of six
electrons in a cycle. This is not the case for the cyclic transitions stated
here. Nevertheless, it is noteworthy that geometry of this pseudo-ring of-
fers the same characteristics as the bent conformation of the six-center
model of the common thermal pericyclic reactions.

)



