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COMMUNICATIONS TO THE EDITOR

N,N’-CARBONYLDIIMIDAZOLE, A NEW REAGENT
FOR PEPTIDE SYNTHESIS

Sir:

Wieland and Schneider! showed in 1953 that pep-
tide derivatives could be synthesized via acylation
of the imidazole ring of methyl N-benzoyl-L-
histidinate, but their procedure was not suitable for
general use. In seeking a simple method for mak-
ing N-acylimidazoles, it occurred to us that N,N’-
carbonyldiimidazole should be ideal, since elim-
ination of carbon dioxide would be a driving force
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Staab? has shown recently that N,N’-carbonyl-
diimidazole is highly reactive to amines and alco-
hols. We now have found that this compound re-
acts readily with carboxylic acids to form acyl
imidazoles, and subsequent reaction with amines to
form amides goes smoothly. Application to pep-
tide synthesis has been highly successful. We en-
countered difficulties in following Staab’s proce-
dure for the preparation of the reagent. These
were overcome by preparing the reagent from phos-
gene and imidazole in rigorously dried benzene.
The crude reagent was assayed for carbon dioxide
on hydrolysis; the purity was usually 98-1009
and the m.p. 113-115°. Adjusting the quantity
to give 0.10 mole, the reagent was added to 0.10
mole of an acylamino acid in dry tetrahydrofuran
(THF) at room temperature. When the efferves-
cence stopped, the desired amino acid or peptide es-
ter in 0.010 mole quantity then was added, and the
reaction was allowed to proceed for 15 minutes or
more at room temperature. The product was iso-
lated by removal of the solvent under vacuum fol-
lowed by washing with NV acid, saturated bicar-
bonate and water. Ester hydrochlorides may be
used in this reaction as may aqueous solutions of
amino acid salts. In the latter case the yields are
lower. Examples are ethyl carbobenzoxyglycyl-
L-tyrosinate,®* obtained in 83%, yield (recrys-
tallized) m.p. 126-127°, [a]®D +18 +1.0° (¢ 5,
EtOH); ethyl ¢-butyloxycarbonyl-L-phenylalanyl-
glycinate® 7879, yield, m.p. 88-89.5°, [a]¥D —4.2
+1.2° (¢ 2, EtOH); carbobenzoxyglycyl-L-leuci-
nate, via ethyl r-leucinate hydrochloride followed
by saponification of the peptide ester (an oil), 687,
over-all yield, m.p. 103-104° [a«]®D> —18.2 %0.5°
(¢ 5, N NaOH); carbobenzoxyglycyl-L-phenyl-
alanine via the sodium salt of phenylalanine, 409,
yield, m.p. 126.5-127.5° [a]®D -40.7 *£1.7° (c
3, EtOH); ethyl carbobenzoxy-L-alanylglycinate,
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65% yield, m.p. 98-99° [a]®D —21.7 £0.5° (¢
5, EtOH).¢

Possible racemization was investigated in the re-
action of carbobenzoxyglycyl-L-phenylalanine with
ethyl glycinate, a sensitive case.” The acylimida-
zole was formed at —10° in dimethylformamide
(a better solvent than THF at low temperatures)
in order to minimize racemization, and the reaction
solution was allowed to warm to room temperature
after the addition of ethyl glycinate. A crude
yield of 969, of tripeptide, m.p. 115.5-117°, was
obtained and recrystallization from a 2%, solution
in absolute ethanol gave 0.5, containing some DL
form, m.p. 119-133.5°, and 879, of the L form, m.p.
119.8-120.3°, [a]®p —12.2 %1.25° (¢ 2, ethanol).
Approximately 59, of pL form was obtained wheun
both reactions were carried out at room temperature
in THF.
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STEROIDS. CIII.! A NEW CLASS OF POTENT
CORTICAL HORMONES, 62-FLUOROCORTICOIDS

Sir:

We wish to report the synthesis of a series of 6a-
fluorocortical hormones which we have found to be
powerful corticoids.

Peracid oxidation of Al-pregnene-38,17a,21-triol-
20-one-17,21-diacetate (I)? gave the 5a,6x-epoxide
(II) (m.p. 198-200°, [a]p —54°)® which underwent
fission with boron trifluoride? to the corresponding
Sa-hydroxy-68-fluoro compound (III) (m.p. 176—
178°, [a]p —10°). Oxidation of III gave the cor-
responding 3-ketofluorohydrin (IV) (m.p. 227-
228°, [a]p £0°) whence acid catalyzed dehydration
and concomitant inversion of the fluorine atom,
vielded 6a-fluoro compound “S” 17,21-diacetate
(V) (m.p. 241-242°, [@]D +53°; Amax 236 my, log
¢ 4.17). Under milder conditions the principal
product was 66-fluoro *'S" diacetate (VI) (m.p.
187-189° [a]p —14°; Amax 233 mp, log e 4.05).
Selenium dioxide oxidation®s.Ped of V led to the A!
derivative (VII) (m.p. 247-249° [a]D #0° Mmax

(1) Paper CII, J. S. Mills, H, J. Ringold and C. Djerassi, THIS
JournaL, 80, Oct, (1958).

(2) H.J.Ringold, G. Rosenkranz and F. Sondheimer, ibid., 78, 820
(1956).

(3) All new compounds described had correct analytical data,
Unless stated otherwise rotations were measured in chloroform and
ultraviolet spectra in 96% ethanol.

(4) (a) H. B. Henbest and T. I. Wrigley, J. Chem, Soc., 4765 (1957).
(b) A. Bowers and H., J. Ringold, Tetrahedron, 8, 14 (1958).

(5) (a) H. J. Ringold, G. Rosenkranz and F. Sondheimer, J. Org.
Chem., 31, 239 (1956). (b) Ch. Meystre, H. Frey, W. Voser and A.
Wettstein, Hely. Chim. Acia, 38, 734 (1956). (c) 8. A. Szpilfogel,
T. A, P. Posthumus, M. S. De Winter and D. A, Van Dorp, Rec. Trav.
Chim., 78, 475 (1956). (d) K. Florey and A. R. Restivo, J, Org. Chent.
22, 406 (1957).



4424

242 muy, log € 4.23). Mild alkaline hydrolysis of
V, VI and VII afforded 6a-fluoro compound *'S”
(VII) (m.p. 203-205°, [a]D +135° Amax 236 my,
log € 4.21), 68-fluoro compound “S” (IX) (m.p.
222-224° lalp +14° Amax 234 my, log ¢ 4.09)
and A'-dehydro-6a-fluoro compound 87 (X)
(m.p. 210-212° [a]D +66° Amax 241 my, log e
4.22), respectively.

Adrenal incubation® of both VIII and X followed
by monoacetylation at C-21 gave, in good yield,
be-fluorohydrocortisone acetate (XI) (m.p. 215-
217°, [a]p +149° (diox.), Amax 237 my, log € 4.23)
and Ga-fluoroprednisolone acetate (XII) (n1.p. 235—
237° [a]D +114° (dioxX.), Amax 242 ni, log € 4.25),
respectively. Seleniuni dioxide oxidation® of XI
gave XII. Chromic acid oxidation of XI and XII
provided Ga-fluorocortisone acetate (XIII) (m.p.
215-216°, [a]p +190° Amax 233 mu, log € 4.21)
and 6a-fluoroprednisone acetate (XIV) (m.p. 228-
230° [a]p +-142° (di0x.), Amax 237 mu, log ¢ 4.23).

An alternative completely chemical route to the
G-fluoro corticoids proceeded from cortisone ace-
tate 3-monoketal (XV).” Acetylation of XV at
C-17 and peracid epoxidation of the resulting 17,21-
diacetate (XVI) (m.p. 180-182° [a]p —20°) af-
forded the 5a,6a-epoxide (XVII) (m.p. 233-234°,
[a]D —18°). Boron trifluoride opening of XVII
gave the corresponding Sa-hydroxy-68-fluoro-3-
ketal (XVIII) (m.p. 231-232° [a]p —9°) which
was directly converted by acid treatment to Ga-
fluorocortisone 17,21-diacetate (XIX) (m.p. 270-
272° [a]p 4+108°, Amax 233 my, log € 1.20). Alka-
line hydrolysis of XIX and subsequeut mono-
acetylation gave XIII. Milder acid treatment of
XVIII afforded 63-fluorocortisone 17,21-diacetate
(XX) (m.p. 212--213°, [a]D +62°, Amax 230 my, log
€ 4.09).

In the anti-inflammatory and thymolytic as-
says,’ Oa-fluorocortisone acetate (XIII), Ga-fluoro-
hydrocortisone acetate (XI), 6a-fluoro-prednisolone
acetate (XII) and Ga-fluoroprednisone acetate
(XIV) had respective activities of (10,6), (10,8),
(20.62), (20,23) times that of hydrocortisone ace-
tate. In the adrenalectomized nonsalt loaded
rat XI, XII and XIV promoted sodium excretion.®

The details of this work together with the syn-
theses of other 6-fluoro steroid hormones*®. 1 will be
described in future publications.
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TRANSPARENT BaFe;;0;; AND SrFe;:0;4
Sir.

By a solid state reaction of barium fluoride and
ferric oxide in the ratio 1:6, under oxygen, a red,
transparent, single crystalline form of BaFe;Oge
was obtained. The hexagonal platelets, approxi-
mately 50 microns thick and up to 2 nun. in dia-
meter, are perfectly suitable for the observation
and study of Weiss domains, which in the virgin
state are about 1 wmicron wide. As an alternate
technique, the reaction of ferric oxide in molten
barium chloride or strontium chloride under oxy-
gen, also yielded transparent platelets of BaFe:Oy
and SrFe;;0;5. The compositions of the reaction
products were established by chemical analysis and
single crystal X-ray studies. An apparently similar
form of BaFe;Os was described recently by C.
Kooy,! without indicating thie method of prep-
aration.

(1) C. Kooy, Philips Technical Review, 19, 286 (1958).
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THE RADIOLYTIC SYNTHESIS OF THE cis- AND
trans-ISOMERS OF 1,2-DICHLOROETHYLENE OXIDE

Str:

In the course of some investigations on the
radiation chemistry of the symmetrical dichloro-
ethylenes, the cis and frans forms of 1,2-dichloro-
ethylene oxide have been produced. These com-
pounds have not been reported previously, and in
view of the current interest in radiation utilization,
we are presenting preliminary data on the radiolytic
synthesis and physical properties of these com-
pounds.

The ¢is and #ans forms of 1,2-dichloroethylene
were irradiated in glass cells iz vacuo with 40-Mev.
helium ions impingent on the liquid. After irradi-
ation, the low-boiling products plus the bulk of the
1,2-dichloroethylene were stored in glass-stoppered
bottles in the preseuce of air after preliminary
analysis for high-boiling products. In samples that
had stood several months, two peaks were found in
GLP chromatograms (nonyl phthalate columnu)
that were mnot present in samples chromato-
grammed immediately after irradiation. These
peaks were concentrated in the pot liquid by distilla-
tion through a small Vigreux column and were fur
ther concentrated and purified by running repeat
GLP chromatograms of the pot liquid, collecting the
respective peaks each time. By this means sau-
ples of 1 g. and 0.2 g. of the two respective peak
materials were isolated in relatively pure form.
These are referred to as dichloroethylene oxide I
and dichloroethylene oxide II according to their
respective GLP chromatographic emergence times.

The relative yield of oxide I to oxide II from
trans-1,2-dichloroethylene was about 4.6:1. The
tatio from irradiated cis-1,2-dichloroethylene was
smaller but has not been well determined becausc
of the much lower yield from this isomer.

The compounds 1solated have been characterized
as the ¢is and frans isomers of 1,2-dichloroethylene



