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Fig 6. Points of isotherms calculated by the ECP method and the best fit curve for 4-CD in System ! (a) and System 2 (b).
The bands profiles are presented in figure 3 and the isotherm parameters in table I.

constant, and AG, AH and AS are the change of the
Gibbs free energy, enthalpy and entropy, respectively,
caused by the mass transfer between phases. The final
form of the formula can be written as [32):

In k(0) = —AH/RT + AS/R+InE =a/T +b (1)

Assuming the invariability of the process of inter-
phase mass transfer and constant corresponding entropy
change in the studied temperature range, equation (1)
indicates constant a,b parameters and linear relation-
ship between In k(0) versus 1/7". Figure 7 experimen-
tally confirms this relationship for a-, 8- and y-CDs in
both systems. The parameters of the best fitted lines
obtained by the least-square method are presented in
table II. The slope of lines characterized by the param-
eter a corresponds to the enthalpy change AH caused
by the mass transfer between phases. AH can be in-
terpreted as an efficiency coefficient of this process. For
all analyzed CDs and both solvent systems a positive
slope is observed, demonstrating a negative enthalpy
change. The higher absolute value of the negative AH
corresponds to a stronger attractive CD-sorbent inter-
action, which is tantamount to a higher CD affinity for
the stationary phase. The slopes of the lines obtained
in System 1 are greater than in System 2 suggesting
a stronger interaction in System 1. Comparison of the
different CDs indicates similar behavior in both solvent
systems: rather similar values of AH for a- and 8-CD,
and a large difference for +-CD.

The slope of the lines and corresponding absolute
value of enthalpy change determined for 3-CD are
higher than related values obtained for the smaller
a-CD. This agrees with the solvophobic theory of re-
tention mechanism [33, 34] according to which, in a
fixed reversed-phase system, the molecules of the so-
lute with the higher hydrophobic surface area interact

more strongly with the stationary phase than the solute
molecules with the smaller size.
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Fig 7. Plot of In k(0) vs 1/T obtained for a-, 8- and ~-
CD in System 1 (a) and System 2 (b). The bands profiles
are presented in figures 1-3, the isotherm parameter k(0) in
table I, and the parameters of the best fitted straight line in
table II.
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Table II. Regresion parameters and corresponding enthalpy
change according to the Van’t Hoff equation (1) for a-, 3-
and -CD.

System CcD a AH b R?
[kcal/M]
1 @ 7485.5 —14.875  —23.260  0.999
B 7782.1 —15.465  —23.076  0.999
¥ 6457.2 -12.832  —20.005  0.999
2 o 6246.8 -12.414 —19.546  0.998
B 7000.3 -13.911 —20.504  0.997
5 5404.0 —-10.739  —16.467  0.994

For v-CD, the largest CD, the smallest absolute
AH value and a reverse relationship with respect to
the solvophobic theory have been noted. This result
is supported by the unexpectedly low retention of
~v-CD, in comparison to a- and [-CD, widely observed
in reversed-phase systems [22, 25, 35]. This anomalous
behavior of ¥-CD has been described in a previous pa-
per [22], where the possible variations in the retention
mechanism of natural CDs due to the different size
and symmetry of their molecules have been studied us-
ing both thermodynamic and molecular models. The
smallest enthalpy change obtained for 4-CD implies a
less effective v-CD-RP18 sorbent interaction. This con-
firms previous investigations and can be interpreted as
a result of two mutually related reasons. The first is
the unexpectedly strong attractive y-CD-water inter-
action compared with a- and 3-CD. According to the
solvophobic theory the retention in RP systems results
from a balance of two terms: the solvophobic solute—
sorbent interaction which causes the solute transfer to
the stationary phase; and the opposite effect of direct
solute-mobile phase attractive interactions which are
van der Waals and electrostatic in nature. Thus the
calculated enthalpy change must be interpreted as an
effective value resulting from the existence of these two
processes. Stronger attractive solute interaction with
water indicates a shift of the discussed balance towards
a less effective interaction with the stationary phase in
the systems with higher water contribution in mobile
phase.

The second reason results from the influence of the
CD size on its retention mechanism in reversed-phase
systems. It has been shown that retention mechanism of
CD should be analyzed in terms of structural organiza-
tion and consists of CD-stationary phase hydrocarbona-
ceous ligand complexes with widely differing structures
but very close energies [22]. Due to the different sizes
of a-, B- and v-CD, structurally different complexes
are more or less energetically preferable, thus changing
the molecular basis of the total retention mechanism.
The large difference between - and the other natu-
ral CDs has been observed by molecular modelling. In
contrast to the smaller CDs, v-CD tends to form com-
plexes involving interaction with more than one C18
ligand. Since the mean distance between ligands on the
surface of RP18 sorbent is 6 A the formation of a com-
plex between one CD molecule and two alkyl chains
requires that the free ends of the chains bend toward
each other. Here the ligands do not appear to thread
completely through the macrocyclic torus. This result
suggests that largest v-CD penetrates less deeply into

the RP18 sorbent surface and confirms the weaker in-
teraction with the stationary phase.

Finally, it is interesting to include the observations
obtained from the study of capacity factor and the
enthalpy change variation caused by solvent system
change. As has been noted above, the absolute values of
enthalpy change for all investigated CDs are higher in
System 1 than in System 2, suggesting a stronger CD—
sorbent interaction for methanol/water. Consequently,
higher capacity factors in System 1 should be observed.
The results presented in table I confirm this in the
whole studied temperature range for @-CD only. For 3-,
and 4-CD the opposite relationship, ie, higher capacity
factors in System 2, is observed at higher temperature.
The temperature at which this discrepancy appears
strongly depends on the size of the CD and decreases
from 30 °C for 5-CD to 20 °C for v-CD. Thus we can
conclude that this temperature decreases as the size of
the CD increases, suggesting that it will be higher than
35 °C for @-CD, which is outside the temperature range
studied.

This discrepancy and its dependence on the size of
the CD are interesting. It shows how the structural
interaction can have an effect on the global thermo-
dynamic results. More precisely, this implies a complex
retention mechanism for CDs in reversed-phase systems,
showing a strong dependence on structural CD—sorbent
interactions; such effects will be emphasized at higher
temperature. This confirms the results of previous in-
vestigations and the influence of the y-CD size on the
retention mechanism [22]. With only chromatographic
data and from a thermodynamic point of view it is not
possible to select more precisely the real influence of
these structural interactions on the retention mecha-
nism. This can be done by a different approach, where
the elementary processes leading to the CD-sorbent as-
sociations with different structure are separated and
analysed at the molecular level, eg, by molecular dy-
namics.

The analysis of entropy change AS is more compli-
cated. The parameter b, which defines the line intercept,
can be divided into two parts: one linked to mass trans-
fer between phases and is directly proportional to the
entropy change caused by this process; the other is equal
to the logarithm of the volume phase ratio of the sta-
tionary to the mobile phase. If we state that the phase
volume ratio, as a column parameter is independent of
the solute, and this constant absolute value is consid-
erably smaller (In ¥ = —0.85 [36]) compared to the
absolute b value, then the modifications of b are closely
related to the AS variation. The entropy change can be
interpreted as a probe of solute ordering change at the
point of its partition between the stationary and mobile
phases. A negative value of entropy change is systemati-
cally observed. This means that process of mass transfer
between phases decreases the CDs entropy value, which
is equivalent to the increase of the average ordering as
the CD molecules partitioned between the two phases.
The consequence of this is the conclusion that a higher
ordering of CDs occurs in the stationary phase com-
pared with the mobile phase.

For all CDs in both systems the classical relation-
ship between enthalpy and entropy changes is observed.
Comparing the different systems this conclusion can



be directly related to the CD ordering in the station-
ary phase, as we assume that solute interaction and
molecule ordering in the various mobile phases are sim-
ilar. Because of high aqueous proportion in the mobile
phases used it seems correct to suggest that CD-solvent
interaction is the same in both systems and can be
mainly interpreted as a CD interaction with water.

The entropy study confirms the analysis of the en-
thalpy change; for v-CD in the two systems the effec-
tively weaker solute-sorbent interaction leads to the
lower relative order of their molecules. It is interest-
ing to add that the similar entropy change obtained for
a- and (-CD suggests that the type of their molecular
ordering has the same ‘thermodynamic’ nature whilst,
as will be discussed in the next section, their isotherms
are fundamentally different.

Saturation capacities Qs and Q*

The study of overloading effect confirms the essential
differences in the retention mechanisms between o-CD
and (- and v-CD leading to the different forms for
their equilibrium isotherms. For a-CD, the isotherm has
a concave shape. According to the applied adsorption
model, the capacity parameter can be interpreted here
as a saturation concentration of @-CD in the mobile
phase. For all the studied temperatures, higher values
of Q* have been observed in System 2, suggesting a
higher miscibility of @-CD in this mobile phase. The
ratio Q7/Q3 of capacity values calculated in the two
systems hardly decreases during temperature increase.
Comparing two extreme temperatures, a small variation
between 1.78 and 1.50 has been observed, confirming
that in the two studied systems Q* depends on tem-
perature in the same way. In both eluents @Q* strongly
increases with temperature. An increase of more than
fourfold in the @Q* value is noted changing the tem-
perature from 15 to 35 °C. On the basis of general
considerations, the variation of capacity parameter can
be explained as arising from two independent reasons:
the discrepancy of real conditions from the ideal theo-
retical models; and natural changes in capacity which
can be observed during the temperature variations. The
first reason should be interpreted as the approximation
error and will be discussed in detail in the next part
of this paper. However, for a-CD and the interpreta-
tion of the capacity parameter in terms of saturation
concentration in the mobile phase, it seems that large
changes of Q* for a-CD, mainly result from the second
effect, which is the strong CD miscibility dependence
on temperature.

The effect of concentration overloading of 4-CD and
~-CD differs from a-CD as shown by the convex shape
of the equilibrium isotherm. In this case, assuming the
well-known Langmuir theory of adsorption [29], the ca-
pacity parameter Qs characterizes effects at the station-
ary phase and corresponds to the saturation capacity of
the adsorbent surface by a CD monolayer. Comparison
of the results obtained shows similar capacities for 3-
and 7-CD in both systems. A real difference in their
behavior has been confirmed by comparing Qs values
in two systems. On changing from methanol/water to
acetonitrile/water the monolayer capacity of stationary
phase decreases for 3-CD but considerably increases
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for y-CD. Limiting ourselves to a thermodynamic ap-
proach, we may only conclude that this observation con-
firms the differences between 3- and v-CD in their struc-
tural interaction with the non-polar stationary phase,
which exist in spite of the fact that their isotherms have
the same shape [22].

Naturally, if the retention mechanism is in to-
tal agreement with the assumed model, a constant,
temperature-independent value of Qs should be ex-
pected. As can be seen from experimental results ob-
tained in both systems, @5 increases with temperature.
The capacity variation in the studied range of temper-
ature is about 25% which is significantly smaller com-
pared to the differences of Q* obtained for a-CD. Qq
variations result from the divergence of the real system
from the simple theoretical models used in the ECP
method, during isotherm determination.

Accuracy of capacity parameters determination Qs and Q™

The capacity parameters Qs and Q* always increase
with temperature. Analyzing the dependence obtained,
it is important first to evaluate the complex problem of
the accuracy of isotherm parameter as determined by
the ECP method. The procedure of isotherm param-
eter estimation should be divided into two parts: the
determination of isotherm points from the points of the
appropriate band boundary (ECP method); and the es-
timation of the isotherm parameters by the best fit of
the obtained points to the equation, according to the
assumed model of the process of mass transfer between
phases (fitting procedure). Thus, from a simplistic point
of view and not taking into account errors in data acqui-
sition, the final error of isotherm parameter determina-
tion depends on a disagreement between the conditions
of a real chromatographic system and the assumptions
of theoretical models which have been applied in both
the used methods: ECP and the fitting procedure.

The main assumption of the ECP method is the con-
dition of ‘ideal chromatography’. This takes no account
of dispersive processes during band migration and corre-
sponds to use of an ideal column with an infinite number
of theoretical plates. Therefore, dispersive processes,
which always accompany band migration through the
real chromatographic column, change the band profile
and introduce errors into the isotherm estimation by
the ECP method. It is important to note that the error
will vary as the temperature changes. For example, slow
kinetics of mass transfer between phases, compared with
the flow velocity, will have an effect on band dispersion
and the resulting peak profile in different ways at differ-
ent temperatures. However, Bechtold [19] suggests that
the influence of dispersive processes on the chromato-
graphic result could be avoided by a simple graphical
correction of peak profile, but this method is imprecise
and makes additional approximations. It assumes that
effect of dispersion is the same for all points inside the
peak, which is not true, particularly if the peak is broad.

In the case of the fitting procedure, we are deal-
ing with two approximations which lead to the pos-
sible errors in the determined values of the isotherm
parameters. The first is the error in the mathemati-
cal algorithms used to fit isotherm points by the theo-
retical curve. This algorithm can be chosen from the
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various methods of non-linear regression to the conven-
tional least-squares method depending on the assumed
isotherm curve. In the case of the least-squares method,
we must linearize the isotherm equation, which can also
be carried out in several ways. Obviously the size and
nature of the observed error will depend on the method
used.

The second approximation arises from the point at
which we assume that the mathematical curve fits the
experimental isotherm points. This error results from
the disagreements between the theoretical formula used
and the ‘true’ isotherm arising from the process of mass
transfer between phases occurring in the experimental
system. This approximation seems to play a major role
in the total accuracy of isotherm parameter determina-
tion.

The analysis of total error of the ECP method is more
complicated and has been investigated in other papers
[20, 21]. The main reason for the complications is that
all the approximations discussed above occur simulta-
neously. It has been shown [21] that even if we are deal-
ing with the Langmuir adsorption in the real chromato-
graphic column, the dispersion effect results in isotherm
points as determined by the ECP method which will
not exactly correspond to the Langmuir curve. There-
fore, an additional error in fitting procedure should be
expected.

In the case of both @Q* and Qs, the capacity param-
eter variations depend more or less on the sum of the
errors. For a-CD it seems that a large variation in Q*
is expected and mainly results from the natural de-
pendence of CD solubility on temperature. For - and
~4-CD, variation of Qs results from the discussed ac-
curacy of the isotherm determination. On the basis of
the data presented here it is not possible to estimate
the exact contributions of the approximations to the to-
tal error in isotherm determination. However, it seems
that the disagreement between the assumed Langmuir
isotherm and more complex retention mechanism pre-
viously suggested [22] for CD in reversed-phase systems
is the main reason for the variation in the values of the
capacity parameter Q*.

Conclusion

We have shown that there exist strong temperature-
dependent effects on the elution properties of CDs. The
analysis of the isotherms differ, with a-CD interpreted
in terms of solvent saturation, and - and y-CD inter-
preted in terms of Langmuir adsorption. At a molecular
level the different mechanism of the interaction between
~4-CD and the stationary phase versus that of a- and
B-CD is apparent. Analysis of the entropy contribution
to the isotherms has suggested higher ordering when the
CDs are bound to the column. Finally an analysis of the
errors in the methodology used has been undertaken.
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Summary — Synthesis of F-alkylated 5,6-dihydro-2-uracils. In this work we describe a two-step synthesis of new
F-alkylated dihydrouracils by reacting a 3-aminopropanoic derivative with 2-(F-alkyl)ethyl isocyanates and treating the
resulting product with catalytic amounts of hydrochloric acid. The treatment of 3-[2-(F-alkyl)ethylamino]propanoic derivatives
with benzoyl isocyanate followed by the acid-catalyzed cyclization gives F-alkylated dihydrouracils.

F-alkylated dihydrouracil / 2-F-alkylethyl isocyanate / 2-F-alkylethylamine / F-alkylated urea

Résumé — Nous décrivons dans ce travail une synthése en deux étapes de nouveaux dihydrouraciles F-alkylés : réaction d’un
isocyanate de 2-(F-alkyl)éthyle sur un dérivé 3-aminopropanoique et traitement catalytique de Padduit obtenu par I'acide
chlorhydrique. De méme le traitement d’un dérivé 3-[2-(F-alkyl)éthylamino|propanoique par Iisocyanate de benzoyle, suivi
d’une cyclisation acidocatalysée, conduit a des dihydrouraciles F-alkylés.

dihydrouracile F-alkylé / isocyanate de 2-F-alkyléthyle / 2-F-alkyléthylamine / urée F-alkylée

Introduction

L’introduction d’une chaine hydrocarbonée lipophile
dans une molécule présentant une activité biologique
ou pharmacologique induit parfois une modification de
cette activité, l'intensité de celle-ci devenant fonction
du nombre d’atomes de carbone constituant la chaine
hydrocarbonée [1, 2]. On peut observer le méme type
de comportement en série F-alkylée [3].

Depuis quelques années, la modification de nucléo-
sides ou de bases pyrimidiques par I'introduction d’une
chaine hydrocarbonée ou d’un groupement trifluoro-
méthyle est une technique qui tend a se développer
[4-9]; cette modification est généralement effectuée afin
de conférer & ces molécules un caractére lipophile ou
amphipathique.

Dans un travail précédent, nous avions pu accéder,
avec des rendements satisfaisants, a des nucléosides
F-alkylés par action des isocyanates de 2-F-alkyléthyle
sur la fonction hydroxyle placée en position 6 de plu-
sieurs nucléosides [10, 11].

En revanche, introduire une chaine F-alkylée dans
une structure hétérocyclique est habituellement un tra-
vail peu aisé pour le chimiste organicien en raison de
la difficulté d’accés aux composés F-alkylés fonctionna-
lisés adéquats.

Dans ce travail qui a été breveté [12], nous rapportons
une voie de synthése aisée de nouveaux dihydrouraciles
F-alkylés.

* Correspondance et tirés a part

Résultats et discussion

On trouve dans la littérature une grande variété de
méthodes pour préparer les uraciles et les thiouraciles
[13-19] en raison de leur intérét biomédical. Parmi
celles-ci, une méthode tres attractive conduit en deux
étapes aux dihydro-2-thiouraciles par réaction d’un iso-
thiocyanate sur un $-(alkylamino)propanenitrile suivie
d’une cyclisation intramoléculaire [19]. Dans des tra-
vaux précédents nous avions reporté la synthese de nou-
veaux intermédiaires F-alkylés a partir des iodures de
2-F-alkyléthyle [20] : les isocyanates de 2- F-alkyléthyle,
obtenus selon la figure 1. Ceux-ci, lorsqu’ils sont mis en
ceuvre dans un schéma réactionnel dérivé de la méthode
évoquée précédemment, conduisent a de bons résultats.

c 1) Mg/ CO,
RyC,H, I — RgC,H,NCO
rlalkly DPC) FLaHyg
3) NaN; ou Me;SiN; 1-3
HA
Fig 1

La premiére étape consiste donc a faire réagir un
isocyanate de 2-F-alkyléthyle 1-3 avec un 3-(alkyl-
amino)propanenitrile 4-8 de fagon & obtenir les 3-(2-F-
alkyléthyl)-1-alkyl-1-(cyanoéthyl) urées intermédiaires
9-17 selon la figure 2. La réaction s’effectue trés bien
en deux heures dans ’éther éthylique, & température
ambiante, avec un rapport steechiométrique des réactifs.
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18-25 (Rdt %: 54-68)
Fig 2

La deuxieme étape consiste en une hydrolyse acido-
catalysée du groupement cyano de lurée obtenue
précédemment, suivie d’une cyclisation intramolécu-
laire. Celle-ci conduit aux 5,6-dihydrouraciles F-alkylés
18-25 selon la figure 2. La réaction a lieu au reflux
de l'acétone, en présence d’une quantité catalytique
d’acide chlorhydrique.

Comme la réaction est acidocatalysée, il devrait
étre possible d’améliorer le temps de réaction, voire
le rendement de la réaction en diminuant le nom-
bre d’étapes dans la phase d’hydrolyse. En effet, se-
lon notre hypothése, la réaction doit conduire a des
intermédiaires réactionnels de type amide puis acide
avant que la cyclisation n’ait lieu. C’est ce que nous
avons tenté en utilisant non plus un 3-(alkylamino)-
propanenitrile comme produit initial, mais un acide
3-(alkylamino)propanoique. La réaction a bien lieu,
mais la sélectivité est mauvaise, probablement & cause
des isocyanates de 2-F-alkyléthyle qui peuvent réa-
gir aussi bien avec la fonction amine qu’avec la fonc-
tion acide de l'aminoacide dans la premiére étape,
et conduire & des mélanges complexes; les résultats
sont cependant du méme ordre avec les esters des
acides 3-(alkylamino)propanoiques. Nous avons alors
tenté la réaction avec un 3-(alkylamino)propanamide.
Les résultats sont meilleurs : on observe un temps
de réaction bien plus court (36 heures au lieu de
72) et un rendement comparable (65 au lieu de
63%), la différence observée entre les deux rendements
n’étant pas significative. Comme précédemment avec les
3-(alkylamino)propanenitriles, la réaction s’effectue
sans formation de produits secondaires.

La méthode que nous venons de décrire per-
met d’accéder & tous les types de 5,6-dihydrouraciles
N,N’-disubstitués, cependant elle ne permet pas d’ob-
tenir les dihydrouraciles monosubstitués. Parmi les nou-
veaux intermédiaires F-alkylés que nous avions obte-
nus dans des travaux précédents [20-26], nous avions
décrit les 2-(F-alkyl)éthylamines 26-28 [22, 26]. Ceux-
ci, mis & réagir avec 'acrylonitrile, conduisent a des
3-(alkylamino)propanenitrile 29-33 qui peuvent & leur
tour étre mis a réagir avec l'isocyanate de benzoyle. La
réaction s’effectue a température ambiante et conduit &
d’excellents rendements. Les urées 34-35 obtenues avec
des rendements comparables a ceux reportés précédem-
ment sont cyclisées avec perte du groupement ben-
zoyle pour conduire & un 5,6-dihydrouracile mono-
substitué 36 (fig 3). La aussi, on observe un temps de

E1OH
RpC,H NH, + CH,=CHX RyC,H NHC,H,X

1°C ambiante

26-28 29-33 (Rdt %: 65-82)
R, X = C/Fy, C(F 4, CgF4/CN (29,30,31) CgHsCONCO | t°C ambiante
C'F s, CoF CONE, B233) *EL0 2 heures
(o] ~
R G / CHiCHX
HN N Acétone / H,0/ HCI
—2 e~ RgC,H-N
A
o C-NHCOC Hs
o)
36 (Rdt %: 76-81) 34.35 (Rdt %: 65-82)
R, X = C¢F3/CN (34)
CF 5/ CONH, (35)
Fig 3

cyclisation plus court lorsqu’on utilise un 3-[2-{ F-alkyl)-
éthylamino|propanamide au lieu de 3-[(2- F-alkyléthyl)-
amino|propanenitrile.

Conclusion

Dans ce travail nous avons montré qu’il est possible
d’introduire une chaine F-alkylée dans une structure
5,6-dihydrouracile avec des rendements satisfaisants et
selon une méthode simple & mettre en ceuvre. Nous
avons de plus montré que les urées intermédiaires se cy-
clisent plus facilement lorsqu’elles portent une fonction
amide au lieu d’une fonction nitrile.

Ces 5,6-dihydrouraciles font actuellement 1’objet
d’études pharmacologiques dans le domaine antitumo-
ral.

Partie expérimentale

3-[2- (F-Alkyl)éthyl]-1-alkyl-1- (2- (cyanoéthyl Jurées 9-16
et 1-alkyl-3-[2-(F-alkyl)éthyl/-1-(2-carbamoyléthyl)-
urée 17

Dans un ballon rodé, équipé d’un réfrigérant, d’une am-
poule & brome et d'une agitation magnétique, on introduit,
sous atmosphere d’azote, un 3-(alkylamino)propanenitrile 4-
7 ou un 3-(alkylamino)propanamide 8 (10 mmol) en so-
lution dans I'éther éthylique anhydre (30 mL). On addi-
tionne ensuite pendant 30 min, goutte & goutte et sous agi-
tation, un isocyanate de 2-(F-alkyl)éthyle 1-3 fraichement
distillé (10 mmol), en solution dans I'éther anhydre (5 mL).
Le mélange réactionnel est ensuite agité a température
ambiante jusqu’a disparition totale de Iisocyanate de
2-(F-alkyl)éthyle en chromatographie sur couche mince
(éluant : CHCl3/éther éthylique dans un rapport 8/2).
La réaction terminée (environ 2 h), on évapore le sol-
vant; le résidu est alors trituré & froid dans Péther de
pétrole puis séché. Le produit obtenu est recristallisé dans
un mélange éthanol/eau (1:1). Les rendements ainsi que
les caractéristiques des composés obtenus sont les sui-
vants (CnFny1, R, X, Rdt %, F °C) : 9 (CsF13, CHg,
CN, 79, 50), 10 (CsFy7, CHs, CN, 88, 74), 11 (C4F,
CH3CH,, CN, 72, 53), 12 (CsFy7, CH3CH,, CN, 83,
67), 183 (CeF13, CH3CH,CH;, CN, 93, 83), 14 (CsFi7,
CH3CH,CH,, CN, 81, 76), 15 (C4Fy, CH3CH,CH,CH,,
CN, 85, 61), 16 (CsFy17, CH3CH;CH2CH,, CN, 89, 79),
17 (CsF17, CH3CH20H2, CONHQ, 92, 88) Nous donnons
a titre d’exemple les résultats analytiques obtenus pour les
produits 9, 14 et 17.



9 : IR (KBr), v (cm™!) : 3302, 2248, 1642, 1653, 1 300-
1100.

RMN F (CDCl;/CFCls, 200 MHz) 6 (ppm) : —114,1 (m,
9F); —122,4 (m, 2F); —1234 & ~124 (m, 4F); —126,7
(m, 2F); —81,3 (3F).

RMN 'H (CDCls/TMS, 200 MHz) é (ppm) : 4,06 (tl,
1H); 3,57 (q, J° = 6,4 Hz, 4H); 3,24 (s, 3H); 2,88 (t,
J® = 6,4 Hz, 2H); 2,45 (m, 2H).

Spectrométrie de masse (m/z, formule) : 473 (M*"); 111;
44,

Anal calc pour Ci3H12F13NsO : C 32,99; H 2,55; F 52,19;
N 8,87. Tr : C 33,05; H 2,53; F 52,25; N 8,82.

14 : IR (KBr), v (cm™") : 3327, 2241, 1650, 1300-1 100.

RMN F (CDCl;/CFCls, 200 MHz) § (ppm) : —114,7 (m,
9F); —122,4 (m, 2F); —123.4 4 —124,2 (m, 8F); —126,7
(m, 2F); —81,5 (3F).

RMN 'H (CDCls/TMS, 200 MHz) § (ppm) : 4,86 (t], 1H);
3,6 (q, J® = 6,4 Hz, 4H); 3,3 (m, 2H) ; 2,7 (t, J* = 6,5 Hz,
2H); 2,4 (m, 2H); 1,67 (m, 2H); 0,92 (t, J° = 4,9 Hz,
3H).

Spectrométrie de masse (m/z, formule) : 601 (M*"), 560, 83,
72.

Anal calc pour C17H16F17N3O : C 33,95; H 2,68; F 53,71;
N 6,98. Tr : C 34,09; H 2,71; F 53,86; N 7,01.

17 : IR (KBr), » (cm™!) : 3387, 3284, 3209, 1670-1602,
1300-1 100.

RMN '¥F (acétone dg/CFCls, 200 MHz) 6 (ppm) : —113,8
(m, 2F), —1215 (m, 2F), —1224 (m, 8F), ~125,9 (m,
2F), —80,8 (3F).

RMN 'H (acétone ds/TMS, 200 MHz) é (ppm) : 7,10 (s,
1H); 6,55 (t, J® = 5,2 Hz, 1H); 6,45 (s, 1H); 3,49 (m,
4H); 3,21 (t, 2H, J® = 7,6 Hz); 2,48 (m, 4H); 1,56 (q,
2H, J* = 7,6 Hz); 0,84 (t, J* = 4,9 Hz, 3H).

Spectrométrie de masse (m/z, formule) : 619 (M™"), 129,
112, 101, 84, 72, 70, 69.

Anal calc pour C17H15F17N3O2 : C 32,96; H 2,92; F 52,14
N 6,78. Tr : C 33,05; H 2,89; F 52,21; N 6,85.

1-Alkyl-3- [2- (F-alkyl)éthyl]-5, 6-dihydrouraciles 18-25

Dans un ballon rodé, équipé d’un réfrigérant, d'une am-
poule & brome et d’une agitation magnétique, on in-
troduit une 3-[2-(F-alkyl)éthyl]-1-alkyl-1-(cyanoéthyl) urée
9-16 en solution dans un mélange acétone/HC! concen-
tré (45 mL/0,5 mL) ou une 3-[2-(F-alkyl)éthyl]-1-alkyl-
1-(2-carbamoyléthyl) urée 17 (4 mmol) en présence de quel-
ques gouttes d’acide sulfurique concentré. On porte alors
& la température du reflux sous agitation dans le cas des
composés 9-16, 4 110 °C dans le cas de 'urée 17, jus-
qu’a la disparition de l'urée de départ en chromatogra-
phie sur couche mince (éluant/éther éthylique). La réac-
tion terminée (environ 72 h pour les urées portant un grou-
pement nitrile, 36 h pour celles portant un groupement
amide), on évapore l'acétone s’il y a lieu, on dilue & l'eau
(100 mL), puis on extrait & Pacétate d’éthyle ou au chloro-
forme. On lave la phase organique avec une solution saturée
de NayCOjz (environ 5 mL). On séche la phase organique
avec NagSQy4 et on évapore le solvant. Le résidu obtenu est
purifié sur colonne de silice (éluant/acétate d’éthyle). Les
rendements ainsi que les caractéristiques des composés obte-
nus sont les suivants (C,Frn41, R, Rdt %, F °C) : 18 (CgF13,
CHa, 65, pateux), 19 (CsFuir, 57, 68), 20 (C4Fs, CH3CHa,
55, visqueux), 21 (CgFl'r, CHgCHz, 66, 67), 22 (C6F13,
CH3CH20H2, 54, visqueux), 23 (08F17, CHgCHzCHz, 63,
47), 24 (C4F9, CH3CH,CH2CHz, 59, pateux), 25 (CgF17,
CH;CH,CH,CH., 68, 53). Nous donnons & titre d’exemple
les résultats analytiques obtenus pour les produits 18 et 23.
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18 : IR (KBr), v (em™") : 1728-1680, 1300-1 100.

RMN *F (CDCl;/CFCl3, 200 MHz) § (ppm) : —113,9 (m,
2F); —122,4 (m, 2F); —123,5 4 124 (m, 4F); —126,7 (m,
2F); —81,9 (3F).

RMN 'H (CDCl3/TMS, 200 MHz) § (ppm) : 4,58 (t,
J? = 6,3 Hz, 2H); 3,51 (m, 5H); 2,80 (t, J° = 6,5 Hz,
2H); 2,53 (m, 2H).

Spectrométrie de masse (m/z, formule) : 474 (M + 1]7),
555, 84, 42.

Anal cale pour Ci13H11F13N202 : C 32,92; H 2,33; F 52,08;
N 5,90. Tr : C 33,02; H 2,37; F 52,13; N 5,87.

23 : IR (KBr), v (cm™!) : 1725-1 686, 1 300-1 100.

RMN '*F (CDCls/CFCls, 200 MHz) 6 (ppm) : —114,4 (m,
2F); —122,4 (m, 2F); —123,2 a —124,1 (m, 8F); ~126,6
(m, 2F); —81,3 (3F).

RMN 'H (CDCl3/TMS, 200 MHz) § (ppm) : 4,17 (¢,
J3 = 6,4 Hz, 2H); 3,43 (m, 4H); 2,80 (t, J® = 6,5 Hz,
= 4,8 Hz,

2H); 2,50 (m, 2H); 1,84 (m, 2H); 0,97 (t, J°®
3H).

Spectrométrie de masse (m/z, formule) : 602 (M), 573, 84,
42.

Anal calc pour Ci17H15F17N202 : C 33,90; H 2,51; I 53,62;
N 4,65. Tr : C 33,95; H 2,53; F 53,71; N 4,68.

3-{[2- (F-Alkyl)éthyl]amino} propanenitrile 29-31
et 3-{[2-(F-alkyl)éthyljamino} propanamides 32-33

Dans un ballon rodé, équipé d’un réfrigérant, d’une ampoule

a brome et d’une agitation magnétique, on introduit une

2-(F-alkyl)éthylamine 26-28 (50,2 mmol, 1,1 equiv) en so-

lution dans I’éthanol (50 mL). On additionne ensuite goutte

a goutte pendant 1 h et sous agitation, de ’acrylonitrile ou

de Iacrylamide (45,6 mmol, 1 equiv) en solution dans I’étha-

nol (10 mL). Le mélange réactionnel est alors abandonné 6 h

lorsqu’on utilise I’acrylonitrile, 96 h lorsqu’on utilise 'acryl-

amide, & température ambiante en maintenant l'agitation.

On chauffe alors & 50 °C pendant 30 min. On laisse décan-

ter, et on distille sous pression réduite la phase organique

ou on filtre les cristaux obtenus qui sont séchés sur Biichner

(recristallisation : éther de pétrole). Les rendements ainsi

que les caractéristiques des composés obtenus sont les sui-

vants (CnFrt1, X, Rdt %, E °C/mm Hg, F °C) : 29 (C4F9,

CN, 74,60/0,5, -), 30 (CsF13, CN, 82, 112/10, -), 31 (CsF17,

CN, 65, -, 40), 32 (CeF13, CONHa, 78, -, 43-45), 38 (CsF17,

CONHg, 80, -, 101-102). Nous donnons a titre d’exemple les

résultats analytiques obtenus pour les produits 30 et 32.

30 : IR (KBr), v (em™") : 3340, 2 260, 1 250-1 100.

RMN *F (CDCl3/CFCls, 200 MHz) 6 (ppm) : —113,9 (m,
2F); —122,3 (m, 2F); —123,7 (m, 4F); —126,5 (m, 2F);
—81,2 (3F).

RMN 'H (CDCls/TMS, 200 MHz) é (ppm) : 3,08 (m, 4H);
1,95-2,77 (m, 4H); 1,45 (s, 1H).

Spectrométrie de masse (m/z, formule) : 417 (M + 17F),
376, 362, 83, 56.

Anal calc pour C11HoF13Ns : C 31,74; H 2)17; F 59,34; N
6,73. Tr : C 31,79; H 2,22; F 59,42; N 6,75.

32 : IR (KBr), v (cm™') : 3400-3 309, 1680, 1300-1 100.

RMN °F (CDCl3/CFCls, 200 MHz) § (ppm) : —114,8 (m,
2F); —122,6 (m, 2F); —123,7 (m, 4F); —126,7 (m, 2F);
—-81,5 (3F).

RMN 'H (CDCl3/TMS, 200 MHz) é (ppm) : 6,99-6,57 (sl
1H): 6,21-5,53 (sl, 1H); 3,25-2,84 (m, 4H); 2,65-2,24 (m,
4H); 1,87 (s, 1H).

Spectrométrie de masse (m/z, formule) : 435 (M + 117),
377, 362, 87, 56.

Anal cale pour Cy1H11F13N20 : C 30,42; H 2,55; F 56,88;
N 6,45. Tr : C 30,51; H 2,58; F 57,10; N 6,39.
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1-[2-(F-Alkyléthyl/-3-benzoyl-1- (2-cyanoéthyl) urée 34
et 1-[2-(F-alkyl)éthyl]-3-benzoyl-1- (2-carbamoyléthyl)
urée 35

Dans un ballon rodé, équipé d’un réfrigérant, d’'une ampoule
a brome et d’une agitation magnétique, on introduit, sous
atmosphere d’azote, le 3-{[2-(F-alkyl)éthyl]amino}propane-
nitrile 30 ou le 3-{[2-(F-alkyl)éthyl]amino}propanamide
32 (10 mmol) en solution dans I’éther éthylique anhy-
dre (30 mL). On additionne ensuite pendant 30 min,
goutte & goutte et sous agitation, de l'isocyanate de ben-
zoyle (10 mmol), en solution dans 1'éther anhydre (5 mL).
Le mélange réactionnel est ensuite agité a température
ambiante jusqu’a disparition totale de lisocyanate de
2-(F-alkyl)éthyle en chromatographie sur couche mince
(éluant/acétate d’éthyle). La réaction terminée (environ
2 h), on évapore le solvant, le résidu est alors lavé a P’éther
de pétrole puis séché. Le produit obtenu est recristallisé
dans un mélange éthanol/eau (1:1). Les rendements ainsi
que les caractéristiques des composés obtenus sont les sui-
vants (CnFn+1, X, Rdt %, F OC) 1 34 (CeFlg, C].\I7 81, 131),
35 (CsF13, CONHg, 76, 134-136). Nous donnons les résul-
tats analytiques obtenus pour les produits 34 et 35.

34 : IR (KBr), v (cm™") : 3363, 2252, 1700-1638 , 1300-
1100.

RMN *F (CDCl;/CFCls, 200 MHz) § (ppm) : —114,1 (m,
9F); —122,9 (m, 2F); —123,7 (m, 4F); —126,7 (m, 2F);
~80,8 (3F).

RMN 'H (CDCl3/TMS, 200 MHz) 6 (ppm) : 11,30-10,70 (tl,
1H): 8,10-7,60 (m, 5H) ; 4,50-3,80 (m, 4H); 3,30-2,40 (m,
4H).

Spectrométrie de masse (m/z, formule) : 563 (M*'); 443;
44.

Anal calc pour C19H14F13N302 : C 40,51; H 2,50; F 43,84;
N 7,45. Tr : C 40,58 ; H 2,53; F 44,01; N 7,39.

35 : IR (KBr), v (em™!) : 3450-3 360, 1720, 1680, 1 300-
1100.

RMN !°F (acétone dg/CFCls, 200 MHz) § (ppm) : —114,3
(m, 2F); —122,7 (m, 2F); —123,9 (m, 4F); -126,8 (m,
2F); —81,1 (3F).

RMN 'H (acétone ds/ TMS, 200 MHz) § (ppm) : 11,30-10,72
(t1, 1H); 8,07-7,57 (m, 5H); 7,3-7,2 (2s, 2H); 4,45-3,80
(m, 4H); 3,31-2,44 (m, 4H).

Spectrométrie de masse (m/z, formule) : 581 (M*1'); 522;
447; 435; 390; 377; 362; 147, 105; 77.

Anal calc pour C1gH16F13N303 : C 39,25; H 2,77; F 42,48;
N 7,22. Tr : C 39,38; H 2,81; [ 42,58; N 7,27.

4-N-[2-(F-Alkyl)éthyl]-5,6-dihydrouraciles 36

Dans un ballon rodé, équipé d’un réfrigérant, d’'une am-
poule & brome et d’une agitation magnétique, on introduit
les urées 34 et 35 (4 mmol), en solution dans un mélange
acétone/HCl concentré (45 mL/0,5 mL). On porte alors a la
température du reflux sous agitation, jusqu’a la disparition
de l'urée de départ en chromatographie sur couche mince
(éluant : éther éthylique). La réaction terminée (environ 72 h
pour les urées portant un groupement nitrile, 36 h pour celles
portant un groupement amide), on évapore ’acétone, on di-
lue & eau (100 mL), puis on extrait & l'acétate d’éthyle.
On séche la phase organique avec Na2SO4 et on évapore le
solvant. Le résidu obtenu est purifié sur colonne de silice
(éluant : acétate d’éthyle). Les rendements ainsi que les ca-
ractéristiques du composé obtenu sont les suivants (CnFn41,
Rdt % quand X = CN, Rdt % quand X = CONHy, F °C) :

36 (CeF13, 58, 60, 140). Nous donnons les résultats analy-

tiques obtenus pour le produit 36 :

IR (KBr), v (cm™!) : 1 700-1 638, 1 300-1 100.

RMN '°F (CDCl3/CFCls, 200 MHz) 6 (ppm) : —114,8 (m,
2F); —122,4 (m, 2F); —123,7 (m, 4F); —126,6 (m, 2F);
—81,4 (3F).

RMN 'H (CDCl;/TMS, 200 MHz) 6 (ppm) : 8,20 (s, 1H);
3,66-4,12 (m, 4H); 2,83 (t, J® = 6,5 Hz, 2H); 2,50 (m,
2H).

Spectrométrie de masse (m/z, formule) : 460 (M), 375, 55,
42.

Anal calc pour C12HgF13N20, : C 31,32; H 1,97; F 53,66;
N 6,08. Tr : C 31,47; H 1,99; F 36,94; N 5,98.
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