


are too polar to  be absorbed, were converted into try- 
cyclic orthoesters4 (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 arid acetals \\.ere prepared 
by standard  method^.^ Schiff bases were synthesized 
by the action of amines on the aldehyde hydrate in 
C6H6. These compounds were all hydrolyzed fairly 
readily to the aldehyde hydrate. The Schiff bases were 
the least stable, being completely hydrolyzed by H,O 
a t  20' in a few minutes. Efforts to  isolate intermediate 
C,F2,+ 1CH(OH)NHR by careful hydrolysis using 1 
mole of H20 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, C2E',CH(OEt) (OTs), was much more stable 
than the others. 

The imidazolidines were prepared by treatment of 
the aldehyde hydrate with 1 mole of H,SCH2CH&H2 
in refluxing CGH,. They were susceptible to hydrolysis 
under mild conditions and decomposed when treated 
with HC1 gas in dry EtzO. Attempts to prepare deriva- 
tives of the S H  of the imidazolidine ring failed, the 
ring fragmented and N-acyl derivatives of ethylene- 
diamine were obtained. 

Oxazolidiries were prepared by refluxing in C6H6 
equimolar quantities of an a-amino alcohol and the 
aldehyde hydrate. The oxazolidines prepared were 

H$-CH> + C,F,,,,CH(OH), - 
1 1 -  

OH NH2 

H"c,F,,,, 

sho\vn 1. ) ) .  nmr syect,roscopy to be tautomeric mixtures 
of oxazolidine arid Schiff Base.G The proportion of iso- 
mers present at' equilibrium in each compound is de- 
tailed in Table I. 

The oxazolidines had chemical propert,ies similar to 
the imidazolidines, were easily hydrolyzed, did riot give 
stable HC1 salts, and decomposed on attempted alkyla- 
tion or acylation. 

One example of a thiazolidirie was prepared by treat'- 
ing penicillamine methyl ester wit'h trifluoroacetalde- 
h>.de hydrate (18, Table I). 

Trycyclic ortho esters were formed when the per- 
fluorocarboxylic acid was refluxed with triols in C6H6 or 
Phhle.4 

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

( 5 )  A .  H. .Ihlhrecht, U. S. Patent 2,681,370 (1954); Chem. A b s t r . ,  49, 

(6) E. D. Uergmann. Cliem. Reu.., 63, 309 (1953). 

(1962). 

699lf (1955). 
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CnFzn+i COOH + IIC(CH20H)r + C,F*,+I C(OCH1)3Clt 

The ortho esters are volatile compounds, insoluble in 
H20, but soluble in organic solvents. They mere 
rapidly hydrolyzed to the acid in a few minutes by 
treatment with H20-Et20. Slow hydrolysis also took 
place in moist air. 

Biological Activity.-The obberved biological activi- 
ties of novel compounds are deicribed in Table I, and 
the known compourids in Table 11. '-' 

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, arid 16) contain the CF3 group, 
and can release CF3CH0. Compounds containing 
CSFj and C3F, 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 arid 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. 1lal.e rat. dosed with these com- 
pounds at  daily 30 and 25 mg/kg for 4 weeks became 
infertile, but 2-3 months after the doiage was discon- 
tinued, fertility was regained. Histological examina- 
tion showed total suppression of spermatogenesis but 
there was no evidence of damage to testicular tissues. 

JIost of the compounds exerted depressant effects on 
the CXS. Some compounds also showed activity on 
the carrageenin-induced edema test; a repreqentative 
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 rePponse on the carrageenin 
screen. 

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. N o  activity mas shown against 
any of these organisms i?i vitro or irz vivo. 

Experimental Section 
?\Iicroanalytical figures for novel compounds given in Table I 

agree with the theoretical values to within dz0.47'. The struc- 
tures of all compouflds in Table I were confirmed by ir and nmr 
spectroscopy. Known cornpounds mentioned in Table I1 were 
prepared by established methods. Melting points are uncorrected 
and were measured bn a Kofler microscope hot stage. 

Some representative preparations are det,ailed. 
Method A. 2,2,3,3,3-Pentafluoro-l-ethoxy-l-tosyloxypropane 

(1).-Pentafluoropropionaldehyde hemiacetal (3.9 g, 0.02 mole) 
was dissolved in dioxane (20 ml). p-TosC1 (4.0 g, 0.022 mole) 
and Et3K ( 2 . 2  g, 0.022 mole) were dissolved in another port,ion 
of dioxane (20 ml), t'he two solutions were mixed and left for 18 
hr a t  23'. Et&.HCl x a s  removed by filtration, and the filtrate 
was concd to give an oil which was distd to give a clear oil (2.0 g, 
29%), bp 104-106" ( 2  mm). 

Method B. 2,2,2-Trifluoroethylidonecyclohexylamine (2).- 
Trifluoroacetaldehyde monohydrate (5.8 g, 0.05 mole) and cyclq- 
hexylamine (5 .5 g, 0.055 mole) were heated together ill CsH, 

(7) Compounds supplied by Pierce Chemical Company. 
(8) A. H. Ahlbrecht and  D. R. Husted, US. Patent 2,568,501 (1951); 

(9) D. Evans, K. S. Hallmood, C. H. Cashin, and H. Jackson, J .  M e d .  
Chem. Ahstr.. 46, 4562a (1952). 

Chem., 10, 428 (1967). 





Journo l  of Mcdicinol  Chemistry ,  1970, Vol. 14, *Yo. 6 1215 

No. 
2 .i 
26 
27 
28 
29 
30 
:3 1 
32 

btructure 

CFjCH(0H)J 
CF1CH(OH)(OCHa) 
CFaCH(OH)(OCgH,) 
CFaCH(OCgH,)l 
C?F,CH(OH), 
CIF,CH(OH)(OCgH,) 
CFa(CFz)sCH(OH)2 
CF&H(OCOCHa)* 

7 - L  u m - 7  
P O  IIJ 

600 600 
7.50 .h,0 
600 600 

> 1000 600 
600 600 

1200 800 
>lo00 >800 
>lo00 >lo00 

_ -  

CNSh 
activity 

Ihpressioii 
Depression 
Depression 
Depression 
Depression 
Depression 
Depression 

.inti- 
intiam- 
inatoryC 
activity 

X 

X 

7 3  
X 

X 

X 

X 

Y 

----Endocrine effectsd----- 
T TII c n w t  L 
.i6 60 . 84 . . .  
46 .i4 . . . . . .  , . .  

4 .i . .  77 . . .  . .  

. . .  . . .  . . .  . . .  . . .  

. . .  , . .  . . .  . . .  . . .  

16 The LDao was determined in mice. CNH effeck were observed in normal mice. Figures refer to the per cent reduction iii edema, 
induced by carrageenin, relative to controls.9 Endocrine tests were performed 011 rats given 12 daily doses of 30 mg,/kg subcut : 
T = tesks;  Th  = thymus; C = cholest'erol levels; B wt = body weight,; L = liver; x = results not, available; , . . = not sig- 
iiificantly different from controls. Figures refer to per cent wt relative to controls. 

(50 ml). H,O (l.X g, 0.1 mole) was collected in  a Dean-Stark 
trap iri 2 hr. Excess C6H6 was removed by evapn arid the residual 
oil was distd to give a colorless oil (5.0 g, 5676), bp 144-146'. 

Method C. 2-Trifluoromethylimidazolidine (7).-Ethglenedi- 
amine (6.0 g, 0.1 mole) and trifluoroacetaldehyde hydrate (12 g, 
0.104 mole) were refluxed in C6H6 (100 ml) for ? hr. HgO (?.> 
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 CHC1, and chromat,ographed on neutral 
A1203. Concn of the elrited material gave 7 as a white crystalline 
solid ( 11.8 g, 79%), mp 72-75". Elemental analyses corresponded 
to a hemihydrate C4HTFaNg .O.,iH,O, and this st,ructure was 
snpport,ed by nmr arid mass spectral measurements. 

Method D. 2-Trifluoromethyl-4-ethyloxazolidine (11 ).-Tri- 
fluoroacet,aldehyde hydrate (13.0 g, 0.11 mole) and 2-amino-l- 
butanol (8.9 g, 0.1 mole) in CeHs (100 ml) were heated under 
reflux for 1.5 hr. A Dean-Stark trap was connected and the 
reaction was allowed to proceed until H20 no longer collected in 
the trap. H 2 0  (3.6 g, 0.2 mole) was collect,ed in 24 hr. CsHe was 
removed by evapn under reduced pressure and the oily residue 
dissolved in CHC1, was purified by passage t,hrough a short 
neutral Al2O3 column. The purified solutiori was concd t.o give 
at1 oil which was distd t,o give a colorless oil (10.6.; g, 63Cj,), bp 
148-153'. 

Method E. Methyl 2-Trifluoromethyl-4,4-dimethylthiazoli- 
dine-5-carboxylate (18).-Triflrioroacetaldehyde hydrate (12 g, 
0.104 mole) and penicillamine >le ester (16.3 g, 0.1 mole) in CsH6 
(150 ml) were reflnxed for 18 hr under a Dean-Stark t'rap. 
Solvent was removed by evapn to leave an oil which was distd 
to give a colorless oil (10.6 g, 447,), bp 6X-72' (30 mm). 

Method F. l-Trifluoromethyl-4-ethyl-2,6,7-trioxabicyclo- 
12.2.21octane (19).-Trifluoroacetic acid (12 g, 0.105 mole) arid 
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 pressnre and the residue in CHC13 was prirified by passage 
through neutral The CHC1, sohi was then coricd 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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Seventeeen derivatives of hexafluoroacetone (HFA), 9 of them novel compounds, have beeti synthesized and 
Some interesting chemical properties of these compounds are 

Significant activity against the parasite Trypanosonbe rhodcsicnsc was found for HFA and some of 
I t  is suggested that HFA is t,he active agent, and t,hat its derivatives owe their activity 

subject,ed to  chemical and biological study. 
described. 
its simple derivatives. 
to  the release of HFA in si tu .  Other biological activities were also observed. 

E'ollowing 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. 

* T o  vhom correspondence sliould be addressed. 
(1) G. Cranh, D. K .  K. Harding and S S. Siinai. J .  .lied. Chem., 19, 

1212 (1 'diO).  

The systems chosen for study were (a) X(CHz),YC- 

(CF,), whereX or T = 0, S, S H  and (b) (CF&C(OH)R 
where R = K< or CH< 

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


