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ated by inenbation of a 25-ml solution, containing 1.5 mg of
enzyme preparation ‘ml, with 25 ml of a 2 X 107 3/ solution of
Sarin in a 6.6 X 107% M barbital-Na* buffer at 0° (pH 9.0)
for T min.  The excess of Sarin was removed by three extractions
with 80-ml portions of ether (xaturated with water). Reactiva-
tion was started by incubation of 40 ml of the remaining solution
with 10 mlof a 5 X 107% 3/ solution of the oxime in a4 X 102
M phosphate buffer at 23° (pH 7.5).  Enzyme activity was deter-
mined at hourly intervals, in 2-ml samples, by means of an auto-
mated pH-Stat procedure® wsing 3 X 107% M acetylcholine
chloride ax a substrate.  Blanks for enzyme, enzyme with oxime,
and inhibited enzyme were run simultaneously.

B. Hydrolysis of Sarin in the Presence of Oximes.-—Into
Smlof a 1072 37 =olution of oxime in aq 0.1 M KCI, equilibrated
at pH 7.6 and 25°, was introduced 5.5 wpl of a solution of Sarin in
~PrOH.  The final concentration of Sarin was approximately
1073 3. The reaction rates were determined from the uptake
of standard alkali by the reaction mixture, maintained at pH 7.6
by means of a Radiometer Autotitrator. A ~ufficient excess of
oxime was used in order to provide first-order kineties.  Plots
of log 1V, — V) es. time gave the preudo-first-order rate con-
stants. Vo and 1 are the amounts of alkali taken up at time ¢
and after complete hydrolysis (after at leaxt N half-livesi, re-
=pectively.  The rate of spontaneous hyvdroly=is of Narin is neg-
ligible compared with the rate of reaction.

Pharmacological Procedures.—--Female I/ generation mice
from a =train of our Laboratory, weighing 1822 g, and female
albino rats (Wistar), weighing 150-170 g, were used.  Sarin and

(30) ). H. Keijer, AAnal. Blochem.. in pres= (1470
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Puaraoxon were administered subcutaneously i aq =olution (mice,
10 ml/kg of body weight; rats,2.5ml/kgof bodvweight ). Atrepine
=ulfate  was  administered ip, 1.5 min alter intoxieation.
in aq =olwtion (mice, 10 ml/kg of body weight; rats. 1 ml

kg of body weighti.  The oximes were also administered
ip. immediately after atropine =ulfate.  Due o the low
<olubility of (Z)-1¢ in .0, thiz oxime was adminiztered in 1.0-
DNSO [miee, 10 ml/ kg, 69, tvav) DNRSO rats, 2 mlzkg, 30°0
(v v) DAROJ. The oxime 2a was administered in aqg =<ohuion
to mice (10 ml kgy. Nee Table II (footnote o) for the adminis-
tered doses of atropine sulfate, (Z)-le, and 2a. LD. values
were determined on 6 groups of 8 animalx each and were ealeu-
luted according (o the method of Litehfield and Wilcoxon, !
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Ax part of a search for biological activity in compounds containing strong electron-withdrawing groups direetly
attached to C=0, a seriex of derivatives of perfluoroalkyl aldehydes and perfluoroalkyl acids were subjected to

biological evaluation.

in contrast, derivatives of longer chain fluorinated aldehydes and acids showed little activity.

Interesting and diverse activities were found in derivatives of trifluoroacetaldehyde:

The active com-

pounds which, it is suggested, may act by releasing CF;CHO in the body of the test animal have effects on the

endocrine glands and the CNS and reduce inflammation induced by carrageenin.

but temporary, antifertility activity in male rats,

Carbonyl derivatives of S-membered heteroeyelic
rings, substituted with strong clectron-withdrawing
groups, have been the subject of numerous publications.!
Usually the electron-withdrawing entity has been NO,,
but compounds containing other electron-withdrawing
substituents have also been studied. Recently Bam-
bury, ef al.,® have prepared a series of furfural deriva-
tives containing the CF, group, and have found some
anticoceidial activity in chickens.

As a result of our interest in this field, and considera-
tion of unpublished work done in our own laboratories.*
we came to the conclusion that the heterocyelic ring in
such svstems might not alwavs be necessary, and that
certain biological activity might be obtained in com-
pounds where the electron-withdrawing group was
directly attached to the carbonyl group.

The first series of such compounds investigated was
the perfluoroalkyl aldehydes, such as trifluoroacetalde-

* To whom correspondence should be addressed.

(1) Tor references see 1.. Doub, Annu. Rep. Med. Chem., 1967, 106 (1968).

2y R. E. Bambury, H. K. Yaktin and K. K. Wyckoff., J. Heterocyel.
Chem., B, 95 (1868).

(3) Mr. R. Sherlock of this Research Centre, is thanked for making
available his unpublished results.

some of these show potent,

hyde.  Most of the compounds deseribed here are
novel, and have been found to have unusual chemical
and biological properties.  However, we have included
a few known compounds also, because these too have
shown interesting biological activities which, to our
knowledge, have not been described elsewhere,

The primary objective was to investigate the biologi-
cal effects of the free CO compounds; however, the
polar nature of these molecules (usually present as hy-
drates) could impair their absorption, and transport in
the body to possible active sites.  We felt that it was
necessary to improve the biologieal transport of these
compounds by masking the polarity of the CO group.
Presumably thix would inerease fat solubility at the
same time. 1t was also considered important that such
derivatives should be of limited chemical stability so
that they could be expected to revert to the free CO
compounds under physiological conditions. These
considerations led us to synthesize acetals and hemi-
acetals, Schiff bases, imidazolidines, thiazolidines,
oxazolidines, and similar ring systems.

We were also interested in the biological effects of
perfluoroalky] earboxylic acids.  The free acids, which
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are too polar to be absorbed, were converted into try-
cyelic orthoesters* (19-24, Table I) which are nonpolar
fat-soluble molecules, and should be readily absorbed
following either oral or ip administration. We have
found that these compounds are easily hydrolyzed,
under mild conditions, to the free acids.

Chemistry.—Hemiacetals and acetals were prepared
by standard methods.5 Schiff bases were synthesized
by the action of amines on the aldehyde hydrate in
CeHs. These compounds were all hydrolyzed fairly
readily to the aldehyde hydrate. The Schiff bases were
the least stable, being completely hydrolyzed by H,O
at 20° in a few minutes. Efforts to isolate intermediate
C,Fo+ :CH(OH)NHR by careful hydrolysis using 1
mole of H,O in dry dioxane failed, in each case the only
products recognized being the amine and the aldehyde
hydrate.

The acetals and hemiacetals, while more stable than
the Schiff bases, could still be hydrolyzed to the alde-
hyde hydrate, under relatively mild conditions. One
compound, C.F;CH(OEt)(OTs), was much more stable
than the others. ,

The imidazolidines were prepared by treatment of
the aldehyde hydrate with 1 mole of HyNCH,CH,NH,
in refluxing C¢Hg. They were susceptible to hydrolysis
under mild conditions and decomposed when treated
with HCl gas in dry Et,0. Attempts to prepare deriva-
tives of the NH of the imidazolidine ring failed, the
ring fragmented and N-acyl derivatives of ethylene-
diamine were obtained.

Oxazolidines were prepared by refluxing in CgHs
equimolar quantities of an a-amino aleohol and the
aldehyde hydrate. The oxazolidines prepared were

HC—CH, + C,F,,,,CHOH), —

OH NH,
H,C—CH,
(l) 1'\1 g = CaFunCH=NCHCH,0H
H><anW

shown by nmr spectroscopy to be tautomeric mixtures
of oxazolidine and Schiff Base.® The proportion of iso-
mers present at equilibrium in each compound is de-
tailed in Table I,

The oxazolidines had chemical properties similar to
the imidazolidines, were easily hydrolyzed, did not give
stable HCl salts, and decomposed on attempted alkyla-
tion or acyvlation.

One example of a thiazolidine was prepared by treat-
ing penicillamine methyl ester with trifluoroacetalde-
hyde hydrate (18, Table I).

MeOZC\ /Me MeOQC\C__C /Me
~C—C__ + CF,CHOH), — HY ] | > Me
H | “Me AN\ S
HN SH aN
H CF,

Trycyelic ortho esters were formed when the per-
fluorocarboxylic acid was refluxed with triols in C¢Hg or
PhMe.*

(4) R. A. Barnes, G. Doyle, and J. A. Hoffman, J. Org. Chem., 27, 90
(1962).

(5) A. H. Ahlbrecht, U. 8. Patent 2,681,370 (1954); Chem. Abstr., 49,
6991f (1955).

(6) E. D. Bergmann, Chem. Rev., 5§83, 309 (1953).
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C.Fany COOH + RC(CHOH); —> CriF2ai1 C(OCH:):CR

The ortho esters are volatile compounds, insoluble in
H,O, but soluble in organic solvents. They were
rapidly hydrolyzed to the acid in a few minutes by
treatment with H,O-Et.0. Slow hydrolysis also took
place in moist air.

- Biological Activity.—The observed biological activi-
ties of novel compounds are described in Table I, and
the known compounds in Table II. 7~*

Effects on testes and thymus weight were noted in
some of the compounds, and it is clear that the most
active ones (7, 10, 12, and 16) contain the CI group,
and can release CF;CHO. Compounds containing
CF; and CsI7; groups which can release the higher per-
fluoroaldehydes were much less active (8, 9, 15). To
test this hypothesis CF;CH(OH); and some of its hemi-
acetals were examined and these compounds (25, 26,
27) were found to have a marked effect. Longer chain
perfluoroaldehydes and their acetals (29, 30, 31) were
inactive. Compounds 26 and 27 were found to be male
antifertility agents. Male rats dosed with these com-
pounds at daily 50 and 25 mg/kg for 4 weeks became
infertile, but 2-3 months after the dosage was discon-
tinued, fertility was regained. Histological examina-
tion showed total suppression of spermatogenesis but
there was no evidence of damage to testicular tissues.

Most of the compounds exerted depressant effects on
the CNS. Some compounds also showed activity on
the carrageenin-induced edema test; a representative
member of the series, 13, when submitted to the adju-
vant-induced arthritis test, produced no useful effect.
The derivatives of perfluoroalkyl acids were mostly in-
active apart from some response on the carrageenin
sereen.

All the compounds described in this paper were tested
in vitro using standard screening methods, against a
range of fungi and typical Gram-positive and Gram-
negative bacteria. They were also tested for activity
against experimental infections of schistosomiasis,
amoebiasis, trypanosomiasis, and trichomoniasis in
laboratory animals. No activity was shown against
any of these organisms in vitro or in vivo.

Experimental Section

Mieroanalytical figures for novel compounds given in Table T
agree with the theoretical values to within =0.49,. The struc-
tures of all compounds in Table I were confirmed by ir and nmr
spectroscopy. Known compounds mentioned in Table II were
prepared by established methods. Melting points are uncorrected
and were measured on a Kofler microscope hot stage.

Some representative preparations are detailed.

Method A. 2,2,3,3,3-Pentafluoro-1-ethoxy-1-tosyloxypropane
(1).—Pentafluoropropionaldehyde hemiacetal (3.9 g, 0.02 mole)
was dissolved in dioxane (20 ml). p-TosCl (4.0 g, 0.022 mole)
and Et;N (2.2 g, 0.022 mole) were dissolved in another portion
of dioxane (20 ml), the two solutions were mixed and left for 18
hr at 25°. Et;N-HCI was removed by filtration, and the filtrate
was concd to give an oil which was distd to give a clear oil (2.0 g,
299), bp 104-106° (2 mm).

Method B. 2,2,2-Trifluoroethylidonecyclohexylamine (2).—
Trifluoroacetaldehyde monohydrate (5.8 g, 0.05 mole) and cyclo-
hexylamine (5.5 g, 0.055 mole) were heated together in C¢Hs

(7) Compounds supplied by Pierce Chemical Company,

(8) A. H. Ahlbrecht and D. R. Husted, U.S. Patent 2,568,501 (1951);
Chem. Abstr., 46, 4562a (1952).

(9) D. Evans, K. 8. Hallwood, C. H. Cashin, and H. Jackson, J. Med.
Chem., 10, 428 (1967).
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TasLe 11
Know~ CoMPOUNDS
Anti-
inflam-
———L Dyt CNsb matory® —————Endocrine effectsf——————

No. Structure Formula Po Ip activity activity T Th C B wt L
25 CFJCH(OH); CzH3F3027 600 600 I)epression X 36 60 AN 84
26 CF;CH(OH)(OCHs) C:H;F305° 750 550 Depression X 46 H4 .
27 CF,CH(OH)(OC;H;) C,H-F;0,® 600 600 Depression 73 45 . 77
28 CFaCH(OCzHJ)z Ce,HuFaOzs > 1000 600 Depression X
29 CgF)CH (OH); CaH3F5027 600 600 Depression X
30 CzF,CH (()H )(OCQHQ) C:,H','Fdo‘f 1200 800 Depression X
31 CF;3(CF;)iCH(OH ), CsH3F ;047 >1000 >800 Depression X
32 CFsCH(OCOCHS )2 C(;H'zF;;O48 > 1000 > 1000 X

@ The LD;, was determined in mice.
induced by carrageenin, relative to controls.?

b CNS effects were observed in normal mice.

¢ Figures refer to the per cent reduction in edema,

¢ Endocrine tests were performed on rats given 12 daily doses of 30 mg/kg subcut:

T = testes; Th = thymus; C = cholesterol levels; B wt = body weight; L = liver; x = results not available; ... = not sig-

nificantly different from controls.

(50 ml). H,O (1.8 g, 0.1 mole) was collected in a Dean-Stark
trap in 2 hr. Excess C¢Hs was removed by evapn and the residual
oil was distd to give a colorless oil (5.0 g, 569;), bp 144-146°.

Method C. 2-Trifluoromethylimidazolidine (7).—Ethylenedi-
amine (6.0 g, 0.1 mole) and trifluoroacetaldehyde hydrate (12 g,
0.104 mole) were refluxed in CgHg (100 ml) for 2 hr. H,O (2.5
ml) was collected in a Dean—Stark trap during this time. Solvent
was removed by evapn under reduced pressure leaving an oil,
which was dissolved in CHCL; and chromatographed on neutral
ALO;. Concn of the eluted material gave 7 as a white crystalline
solid (11.8 g, 799), mp 72-75°. Elemental analyses corresponded
to a hemihydrate C.H;F;N.-0.5H,0, and this structure was
supported by nmr and mass spectral measurements.

Method D. 2-Trifluoromethyl-4-ethyloxazolidine (11).—Tri-
fluoroacetaldehyde hydrate (13.0 g, 0.11 mole) and 2-amino-1-
butanol (8.9 g, 0.1 mole) in C¢Hs (100 ml) were heated under
reflux for 1.5 hr. A Dean-Stark trap was connected and the
reaction was allowed to proceed until H,O no longer collected in
the trap. H:0 (3.6 g, 0.2 mole) was collected in 24 hr. C¢Hs was
removed by evapn under reduced pressure and the oily residue
dissolved in CHCl; was purified by passage through a short
neutral Al;O; column. The purified solution was coned to give
an oil which was distd to give a colorless oil (10.65 g, 63%), bp
148-153°.

Figures refer to per cent wt relative to controls.

Method E. Methyl 2-Trifluoromethyl-4,4-dimethylthiazoli-
dine-5-carboxylate (18).—Trifluoroacetaldehyde hydrate (12 g,
0.104 mole) and penicillamine Me ester (16.3 g, 0.1 mole) in CsHs
(150 ml) were refluxed for 18 hr under a Dean-Stark trap.
Solvent was removed by evapn to leave an oil which was distd
to give a colorless oil (10.6 g, 449), bp 68-72° (30 mm).

Method F. 1-Trifluoromethyl-4-ethyl-2,6,7-trioxabicyclo-
[2.2.2]octane (19).—Trifluoroacetic acid (12 g, 0.105 mole) and
2-ethyl-2-hydroxymethylpropane-1,3-diol (13.4 g, 0.1 mole) in
p-xylene (100 ml) were refluxed together under a Dean-Stark
trap for 6 hr. Xylene was removed by evaporation under re-
duced pressure and the residue in CHCl; was purified by passage
through neutral Al,O;, The CHCI; soln was then coned to give
a solid which was recrystd from petr ether (40-60°). Compd 19
was obtained as a white crystalline solid, mp 84° (15.0 g, 71%).
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Derivatives of Hexafluoroacetone
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Seventeeen derivatives of hexafluoroacetone (HFA), 9 of them novel compounds, have been synthesized and

subjected to chemical and biological study. Some interesting chemical properties of these compounds are
described. Significant activity against the parasite Trypanosome rhodesiense was found for HFA and some of

its simple derivatives.
to the release of HFA in situ.

Following our work on the perfluoroalkyl aldehydes!
we now present a study of hexafluoroacetone. The
objective was the examination of the biological proper-
ties of masked hexafluoroacetone (HFA), and as a con-
sequence some simple derivatives of the ketone, with
limited stability have been synthesised. The argu-
ments presented in part 1! for this approach are also
relevant to the present study.

* To whom correspondence should be addressed.
(1) G. Crank, D. R. K. Harding, and S. 8. Szinai, J. Med. Chem., 183,
1212 (1970).

It is suggested that HFA is the active agent, and that its derivatives owe their activity
Other biological activities were also observed.

The systems chosen for study were (a) X(CH,),YC-
L J

(CI's); where X or Y = 0, 8, NH and (b) (CF4,C(OH)R
where R = N< or CH<

Chemistry.—The imidazolidines 1 and 2 (Table I)
were prepared by the reaction of the diamine with
hexafluoroacetone or with hexafluoroacetone sesqui-
hydrate (HFAS). They were isolated as crystalline
solids with 1 mole of HyO firmly bound. This could not
be removed by drying or by sublimation in vacuo. An
nmr study of 1 showed that an equilibrium between the



