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Tasre 11
KNowN CoMPOUNDS
Anti-
inflamn-
—~———L Dyt ——— CNxb tnatory?® —————FEndocrine effects—————
No. Structure Forinula Po Ip activity activity T T C B wt L
25 CFJCH(OH)J CoH;F;0,7 600 600 l)epl‘ession X 56 60 P K4
26 CF;CH(OH)(OCHs) CsHF502° 750 550 Depression X 46 H4 .
27 CF;CH(OH)(OC,H;) CH:F;05 600 600 Depression 73 45 e 77
28 CF;CH(OC,H;)» CsH, 1 F304° >1000 600 Depression X
20 C.F;CH(OH), C;H;F;057 600 600 Depression X
30 C.F;CH (OH)(OC,H;) CyH-F;04 1200 800 Depression X
31 CF;3(CF,)CH(OH ), CsH;Fy;:057 >1000 >800 Depression X
32 CFaCH(OCOCHa )2 (3(51_171‘13()48 > 1000 > 1000 X

« The L1);, was determined i mice. » CNS effects were observed in normal mice. © Figures refer to the per cent reduction it edema,
induced by carrageenin, relative to controls.? ¢ Endocrine tests were performed on rats given 12 daily doses of 50 mg/kg subent:
T = testes: Th = thymus; C = cholesterol levels; B wt = body weight; L = liver; x = results not available; ... = not sig-
nificantly different from controls. Figures refer to per cent wt relative to controls.

(50 ml). H,O (1.8 g, 0.1 mole) was collected in a Dean—Stark Method E. Methyl 2-Trifluoromethyl-4,4-dimethylthiazoli-

trap in 2 hr. Excess CsHs 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 trifinoroacetaldehyde hydrate (12 g,
0.104 mole) were refluxed in CgHs (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 rednced pressure leaving an oil,
which was dissolved in CHCl; and chromatographed on neutral
ALO;. Conen of the elnted 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:-0.3H.0, and this strncture was
supported by nmr and mass spectral meastirements.

Method D. 2-Trifluoromethyl-4-ethyloxazolidine (11).—Tri-
finoroacetaldehyde hydrate (13.0 g, 0.11 mole) and 2-amino-1-
butanol (8.9 g, 0.1 mole) in C4Hg (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. CgsHg was
removed by evapn under rediced pressnre and the oily residne
dissolved in CHCl; was purified by passage through a short
neutral AL O; column. The purified solution was coned to give
att oil which was distd to give a colorless oil (10.65 g, 639,), bp
145-153°.

dine-5-carboxylate (18).—Trifliioroacetaldehyde 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 nnder 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).—Trifinoroacetic 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 nnder 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 $4° (15.0 g, 719).

Acknowledgment.—We wish to express our apprecia-
tion to members of our Spectroscopy Laboratory for
the determination of physicochemical properties and
to many members of our Biology Department for
carrying out the biological tests reported in this paper.

Perfluoroalkyl Carbonyl Compounds. 2.

Derivatives of Hexafluoroacetone
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Seventeeen derivatives of hexafluoroacetone (HFA), 9 of them novel compounds, have been synthesized and

stibjected to chemical and biological study. Some iuteresting 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 whomn correspondence sliould be addressed.
(1) G. Crank, D, R, K, Harding, and 8. 8. Szinai, J. Med. Chem.. 13,
1212 (1970).

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

The systems chosen for study were (1) X(CH,),YC-
L J

(CF3); where X or Y = 0,8, NH and (b) (CF,).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 H,O 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



1216  Jowrnal of

Noven CoMrPorNDs

1:

Tanne

Ante-

inflam-

Antitrypanosomal

Te:ts®

- Fandovrine e

matory

effect?

LDy -

Oral

B wt

SOV

effects?

Ip effect”

47

Oral

Ip

300

Analyses

1“or aeeela

ot

109--111

-

Structare

NHC(CF; .- HO

N

o
XL

633

B4

60

Depression and

13

65

300

H, 4, N

-

(

{
ol

N1

"o

[GRIP

59

~
)

’

HNC

87

60

37

Denression

12

4%

85

260

300

1, I N

C,

- H,0

Callgleg

N.

05 97

60

N

HCTy)

1H3)NH(

Y

11((C

Y

H,(

Rl
Y

2

HN(

Depression

38

el

500 2H0 89

L, F

(

"GN‘[' “ZA‘)

il

103 -112

30

»
-y

HN(CH s COCTFy - 11,0

69

I Depression

41

39

300 300 5

, N

15-117  CALFNS- HLO C, 1, t

Al

——
===

H.CH.NHC(CTF),- HyO

+
v

SC

1

LCILSH

F3),C(OIDHNIICIH

(C
(CsHL,)OC(C

TINCGEH(C

500

200

‘6

NO-ILO

Codlad

116

y~

.
_—

5 - 1,0

A

JFy)

4
Y

Rl
Y

A

113)C

¢, N

L

IL)YCH(OIHCI L

'
M

11

P COMNHCHLCHLOH

F2),C(OH)NTIC

(C

0
16

15

0

N.0)

-
L=
<

109

107

Gl

i
’

((

6

Depression

Depre
Dep

1%

Call(VsN

Hj)e

HLCHL W NIT- L0

t
"

LN((

ERTY
st

OH)NHCIH,

(CF3000
((

40

¢, 1, N

- 1LY

155

1:405-148  CuFe

B

4%
2

ol
M

FLCLOTIN(C

T3 COTHNIT
“The LD:w was determined in mice.

uf 0.2 of the ip 1.4, by the ip ron

carrageenin relative to controls.

days to Wi

ol
Y

Dep

|

Bl
ooh

NO-1.5H) (

anan (v’

1-nd

Ad =

»

Ad- 15110

©

0

uly doses of 100 mg kg

< The fignres refc
served in monse |

;. weight relative to contr

were 4 d

ompol

“C

Medicinal Chemistry, 1570, Vol. 13, Na. 6

thavior test.

Doses were 100 mg kg ((

results not avail

nily dif-

X not signi

ible;

v weight:

SV, = semis

sbes:

x

T = 1«

-
FLaN

star rats weighing 80

=
=
o
<
&

CraNk, Harpino, axp SziNa

two forms A and B existed. and that in polar =olvents
(DO, CDOD) the ring form A was predominad
(>99% ) whereas in nonpolar =olvent (CCL) the open
chain form B was predominant 1>99¢ )

HNCHLCHLNTTCCF, 5 + L0 ===

A

P RCIOTINNTTCTLOHLN L
B

Compounds 1. 2, and 3 were found to be stable g
solutions between pH 1 -9 for up to 24 hr. However, in
the presence of cleetrophitie reagents they rapidly de-
composed to HI'A and substituted cthylenediamine,
e.g., acylation or alkylation eaused this breakdowi.
Compounds 4 and 5 displayed similar properties but in
these easex the equilibrium between the two =truetural
forms contained appreeiable amounts of both somers,
Compound 6 was present entirely i the noneyelie 1so-
mer.

A few examples (6, 7, 8, 9) of the structural type
(CFe=COH)(N<) were made by action of HFA on
amines.?  These compounds, while more stable than
the cyelie compounds, were also reconverted into HIWA
fairly readily. In order to obtain more complete bio-
logical data we prepared some known derivatives of the
type (CI7)y-=COHY(CH<) by reaction of HIPA with
the appropriate earbanion (pyridine as solvent).? It is
an mteresting feature of these compounds that when
pyridine is used as solvent they wre obtained ws the
pyridine complex.  The required products were formed
by treating the complexes with HCL

Biological Activity.—The most interesting biological
activity observed for the HFA derivatives was their
effect on the parnsitic infection caused by Trypanasame
rhodesiense.  The aetivity was highly specifie for this
particular organism. other species of irypattosomes
being unaffected.  From the patiern of activity it is
considered that the compounds were acting by releasiig
HEFA. which we postulate to be the aetive agent. For
activity 1t seemed necessary (o fulfil twa conditions,
(1) the dertvatives of HEA nuist be fat-soluble, mad.
(2) the dertvatives must not be too stable. TTFAR wis
therefore submitted for testing and found 1o be signifi-
eantly active when dosed by the 1p route bart barvely
active when given orally. This fact i~ probably due 1o
HEF'AS being a highly polir molecule, which would be
poorly absorbed orally and 1s therefore unhikely 1o reach
the parasites. Mot of our active dertvatives, which
show approaximately equal activity by both dosage
route, are fat-soluble molecules, and readily absorbed.
Our hypothesis is further strengthened by the finding
that some of the more chemically stable dertvitives of
HI'A (11. 13, 16) were inactive.  These compounds,
although likely to be ensily absorbed and trausported
are less likely to release HIFAL

Other activitios were also ob=erved.  SNonre members
of the series showed modernte response on the anti-
mflammatory sereen. In ratse 12-day treatment with
selected compoundx caused marked reduction i growth
rate suggesting =ome toxic effeets and there was redue-
tion in the =ize of certain endoerine organs.,

2y LG,
(1967,

Krespan wad W b Muldbeton, Flueryne Chen, ffee 10 505
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Tasre I1
KnxowN CoMPOUNDS
Antitry- Anti-
panosomal inflamn-
——LDg"—— effect? matory CNS ~—Endocrine effects®—
No. Structure Formula Oral Ip Oral Ip effect® effects? T Th 8S.V. Bwt
10 (CF3),C=0-1.5H,0 CF0 - 1.3H,0/ 300 250 50 21 Depression 81 77 53 8%
11 (CF;3),C(OCH,;), C;HsFsOy >800 >R800 0 0 Depression X X X X
12 (CF.)_.(‘(OH)N<:>< HO CHLFNOHLOY 300 300 37 40 Depression
13 (CFa);C(OH)CH(COOCzHJ)z Conx-_rFeO:,i 1600 800 0 0 0 .\[lld depres— -
ston
14 (CF;).C(OH)CH(COCH;)COOC,H; C.H;FeO¢ 800 500 68 66 0 Depression
15 (CF;),C(OH)CH(COCH;), CsHFsOy 400 300 5> 87 0 Depression ... ... ... ..
16  (CF;).C(OH)CH.COOH C;HF:0y° 1600 600 0 O 22 Depression X X X X
17 (CF;)2,CHOH C3H,Fs07 600 300 0 O 0 Depression  x X X X

¢ The LD, was determined in mice.

survival of the animals—controls have 09} survival.
relative to controls.

» Componnds were tested agalust Trypanosoma rhodestense infection in mice.
daily doses of 100 mg/kg by the oral ronte and 4 daily doses of 0.2 of the ip LD;o by the ip route.
¢ The figures refer to the per cent reduction of edema produced by carrageenin
Doses were 100 mg/kg (0.3 and 2 hr before carrageenin) in the rat.

Doses were 4
Figures given refer to the per cent

4 CNS effects were observed in mouse behavior

test. ¢ 30 mg/kg per day given sc for 12 days to Wistar rats weighing 80 g: T = testes; S.V. = seminal vesicles; Th = thymus;

B wt = body weight; 9 weight relative to controls; ...
¢ J. J. Drysdale, U. S. Patent, 2,901,514 (1959);

P. Gambaryan, V. Khim. Obshchest. D. 1., M., 5, 112 (1960);

results not available; x ot significantly different from control.
Chem. Abstr. 54, 13201 (1960).
Cheng, Ching-Yuu, and 1. L. Knnnyants, Angew. Chem. Int. Ed. Engl., 5, 947 (1966).
Chem. Abstr., 54, 20872g (1960).

/ See ref 2.
® N. P. Gambaryan, E. M. Rokhlin, Yu, V. Ziefman,
1. L. Knunyauts, Tsin-Yuu Chev, and N.
i I. K. Knunyauts and M. P. Kras-

uskaya, U.S.S.R. Patent 138,604 (1960), Chem. Abstr., 56, 8563g (1962).

Experimental Section

Microanalytical figures for new componnds given in Table 1
agree with theoretical values to within 0.4¢7. The structures of
all new compounds were confirmed by ir and nmr spectroscopy.
Known compounds listed in Table IT were prepared by established
methods. Melting points are uitcorrected and were measured in
sealed capillary tubes. All compounds were prepared by similar
methods, two representative preparations are given below.

2,2-Bis(trifluoromethyl)imidazolidine Monohydrate (1).—
HFAS (5.8 g, 0.03 mole) and ethylenediamine (1.8 g, 0.03 mole)
were mixed in CsHg (1530 ml). The mixture was refluxed for 0.5
hr, then for 6 hr nnder a Dean-Stark trap. During this period
1 ml of HyO was collected. The CsHs was removed by evapn
leaving a white solid which was recrystd from Et,0. The ma-
terial was further purified by sublimation at 0.5 mm. The
produtct, 4.0 g (39%), was a white crystalline solid, mp 109-111°.

2,2-Bis(trifluoromethyl)thiazolidine Monohydrate (4).—2-
Mercaptoethylamine - HCI (10 g, 0.088 mole) in EtOH (100 ml)
was deoxygenated by passage of dry N,. The solution was
nentralized by NaOEt. HFAS (17 g, 0.088 mole) was added and
the mixture was boiled for 2 hr with passage of N,. Solvent was
removed and the residne was extracted with dry Et,O. The
ethereal extract was conced to give a erystalline solid, which was
purified by reerystn from Et;O. The produect, 10.9 g (31%),
was a white crystalline solid, mp 113-117°.

Acknowledgment.—We wish to express our apprecia-
tion to members of our Spectroscopy Laboratory for the
determination of physicochemical properties and to
many members of our Biology Department for carrying
out the biological tests reported in this paper.

Structure-Taste Relationships of Aspartic Acid Amides
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It has been discovered that many a-amides of L-aspartic acid are sweet.

The most potent products are de-

rived from L~-1-methyl-2-snbstituted-ethylamines where the substituent is Ph, eyelohexyl, n-Pr, n-Bu, or +~Bu.

During the synthesis of gastrin C-terminal tetra-
peptide, tryptophylmethionylaspartylphenylalanin-
amide, one of us (J. M. S.) discovered that an interme-
diate, rL-Asp-L-Phe \le ester, was intensely sweet.!
Subsequent organoleptic evaluation has shown that the
compound is 100-150 times as sweet as sucrose and free
of unpleasant aftertaste.? Structural variations! in
the Asp, Phe, and Me ester parts of the molecule were
made. The presence of both the free, unsubstituted
NH, and one COH of Asp as well as the distance be-

* To whom eorrespondence should be addressed.

(1) R. H. Mazur, J. M. Schlatter, and A. H. Goldkamp, J. Amer. Chem,
Soc., 91, 2684 (1969).

(2) R, H. Mazur, J. M. Schlatter, and L. Jokay, Program of the Institute
of Food Technologists 20th Meeting, Chicago, Il1., May 1969, p 58.

tween them and the absolute configuration of the asym-
metric C were completely critical for sweetness; the
requirement of absolute 1L configuration also held for
Phe. Sweetness fell off rapidly with increasing size of
the ester radical. For example, the n-Pr ester had
about 19, the potency of the Met ester. It was also
found that Phe could be replaced by Met or Tyr to give
dipeptide esters retaining substantial sweetening power.

At the present time the phenomenon of taste seems
best explained by selective adsorption of chemical com-
pounds onto a taste receptor.? The receptor is prob-
ably a site on the surface of a cell and is therefore a

(3) L. M, Beidler, Advan. Chem. Ser., 86, 1 (1966). We wotld like to
thank a referee for calling our attention to Dr, Beidler's work,
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