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Synthesis of 3-fluoroalkyl-2-aziridinyl ketones 
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Simple and efficient methods for the synthesis of trans-3-fluoroalkyl-2-aziridinyl ketones 
from polyfluorinated a,13-enones have been developed. 
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Aziridinyl ketones and their derivatives are widely 
known pharmacophores used in the development of 
anticancer and antileukemia drugs, t However, fluori- 
nated aziridines are little studied because there have not 
been efficient methods for their preparation. Fluori- 
nated aziridines have been synthesized by addition of 
diazomethane at a C=N bond followed by photolysis of 
the resulting fluorinated 1,2,3-triazolines, 2,3 as well as NH2R.f 
by nucleophilic elimination of fluoroolefins. 4 The first RF ~ /Ph 
use of the Gabriel reaction for the synthesis of flnori- v / ' ~  EtOH 
nated aziridines was published only in 1986. 5 Later, the 
preparation of N-substituted 3-fluoromethyl-2-aziridinyl t 
ketones by rearrangement of 3-fluoromethyl-4-isoxa- 
zolines that are difficult to obtain was reported. 6 

In the present work we developed versatile and effi- 
cient methods for the synthesis of 3-fluoroalkyl-2- 
aziridinyl ketones based on fluorine-containing 
c~,13-enones. We found that the method for building the 
epoxide ring by iodination--dehydroiodination of fluo- 
rine-containing 13-hydroxyketones proposed by us previ- 
ously 7 can also be applied to the construction of the 
aziridine ring from 13-aminoketones (2).* 

N-Unsubstituted [3-aminoketones 2 (Scheme 1) re- 
act with 12 in the presence of K2CO 3 to give N-unsubsti- 
tuted aziridinyl ketones (3) in 67--83 % yields (Tab- 3a 
le t). N-Alkyl substituted 13-aminoketones are unstable 3b 
and decompose into the starting compounds upon at- 3c 
tempted isolation. However, when ethanol was used as 3d 
the solvent, instead of n-hexane, N-alkyl substituted 3e 
aziridinyl ketones 3 could be obtained directly from a 3f 
mixture of c~,13-enone (1), amine, and 12, i.e., without 3g 

3h 
isolation of intermediate 13-aminoketones 2. N-Pheuyl 3i 
substituted 13-aminoketones 2 do not react with 12. Re- 3j 
placement of 12 by Br 2 only results in bromination of the 
N-phenyl ring rather than in the formation of the three- 
membered ring (see Scheme 1). 

* For the previous communication, see Ref. 8. 
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Table 1. Characteristics of 2-fluoroalkyl-2-aziridinyl ketones 3 

Compound R F R ] M.p. Yield (%) 
/~ (method) 

CF 3 n-C6HI3 Oil 68(D) 
CF 3 (CH2)2OH Oil 72(D) 
CF 3 CH2C6H 5 55--56 83(D) 
CF 3 C8H 5 119--120 87(E) 
C6F13 n-C4H 9 Oil 74(D) 
C8F17 H 91--92 76(D) 
C8F17 CH 3 57--58 79(B) 
H(CF2) 4 (CH2)2OH Oil 67(C) 
H(CF2) 6 H 53--54 83(A) 
H(CF2)6 n-C6H t3 Oil 72(C) 

A more versatile synthetic method, which makes it 
possible to vary the substituents at the N atom of the 
aziridine ring over a wide range, is the reaction of 
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a-bromo-a ,13-enones  (5) with N H  3 and amines. Com-  
pound 5 can be genera ted  in situ from 1 or c~,13-di- 
b romoke tone  4. The  sequence of  the reactions is given 
ill Scheme 2. Bromina t ion  of  compound  1 and dehy-  
d robromina t ion  of  4 have been described ill detail  previ- 
ously, lz These react ions are carried out  in an inert 
solvent (n-hexane) .  However,  the stage in which the 

Table 2. Spectroscopic characteristics of aziridinyl ketones 3 

aziridine ring is formed (aminat ion  of  5) requires a 
protic solvent ( M e O H  or EtOH).  When  an aprotic 
solvent is used at this stage, the process stops at com-  
pound 5, and the ring closure does not  occur. 

Reactions of  aromat ic  amines with both c~-bromo- 
ch,13-enones 5 and c~,13-dibromoketones 4 result  in the 
resinification of  the  react ion mixture.  Nevertheless ,  
N-phenyl  substituted aziridinyl ketones 3 were success- 
fully prepared with the aid of  a modif ied  procedure:  by 
boiling a mixture of  compound 5, Et3N, and an arylamine 
ill MeOH.  

The IR spectra  of  azir idinyl  ketones 3 exhibit  a band 
o f  the  C = O  s t r e t ch ing  v ib ra t i ons  in the  reg ion  
1700--1760 cm -1 (Table 2). The spectra of  N-unsubst i -  
tuted aziridinyl ketones 3 display as welt a band at 
3300 cm -1 (v(NH)) .  The iH N M R  spectra  of  3 exhibit 
a mult iplet  for H(13) at 2.25--3.00 ppm and a signal for 
H(a)  at 3.8--4.0 ppm,  which is a doublet  in the  case of  
N-substi tuted azir idinylketones and a double  doublet  for 
N-unsubst i tuted aziridinyl ketones. The la t ter  collapses 
into the doublet  upon the addi t ion of  C D 3 C O O D .  In 
contrast  to nonfluor inated analogs, which are formed as 
mixtures of  cis- and trans-isomers, 9 3-f luoroalkyl-2-  
aziridinyl ketones 3 are produced exclusively in the 
trans-form, which is indicated by the magni tude  of  the 

Compound I R,3,/cm-1 
C=O NR 1 H(a) 

tH NMR (8, d/Hz) 

H(13) R l 

3a 1673 --  3.82 (d, Jl = 2.3) 2.95--3.25 m 

3b 1655 3450 3.86 d 3.04--3.30 m 

3e 1670 --  3.79--3.87 (m, +CH 2) 3.28 d.q 

3d 1675 --  4.35 (d, J~ = 2.3) 3.67 d.q 

3e 1675 --  3.89 (d, Jl = 2.3) 3.05--3.22 m 

3f 1667 3207 3.87 (br.d, JH(~INH = 3.5) 2.62--2.87 m 

3g 1670 --  3.88 (d, Jz = 2.3) 2:5--2.83 m 

3h 1680 3390 3.62--4.02 (m, +CH2OH) 3.02--3.40 m 

3i 1680 3215 3.79 (d.d, d l = 2.5, 2.25--3.00 (m, 
JH(=)NH = 8.75) 2 H, +NH) 

3j 1676 --  3.87 (d, d t =  2.58) 3.12 (t.d, gl = 2.58, 
JH(13)CF2 = 10.8) 

0.83--2.59(m, 12 H, C6H13) 

2.77 (t, JCH2CH2 = 5.1, 
2 H, CH2OH) 
3.66 (t, d = 5.1, 
2 H, NCH2) 

3.83 (q, J~ = 2.3, 
JH(~)CF3 = 4.92, H, CH2) 
6.74--7.24 (m, arl = 2.3, 
JH(~)CF 3 = 4.9, 5 H, Ph) 

2.67 (t, JCH2CH2 = 6.8, 
2 H, CH2N) 

0.90 (t, JCH3CH2 = 6.7, 
3 H, CH3) 
1.24 (m, 4 H, C2H8) 
2.17--2.55 (m, 1 H, NH) 

2.68 (c, 3 H, CH3) 

2.85 (t, "/CH2CH2 = 4.0, 
2 H, CH2N) 
2.67--2.95 (1 H, OH) 

2.25--3.00 (1 H, OH) 

0.82--2.64 (m, n-C6HI3) 

Notes. Ph gives a multiplet at 8 7.30--8.22. The signals for H(CF2) 2 and H(CF2) 4 are exhibited at 5 5.99--6.12 as a triplet of triplets 
with 2JH, F = 51+53 and 3Jtt,F = 4.9+6.1 Hz. 
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spin coup l ing  cons t an t  o f  t he  ring p ro tons ,  wh ich  is 
equa l  to  2 .3 - -2 .5  Hz.  l~ 

Experimental 

cql3-Enones 1 and 13-aminoketones 2 were prepared by the 
known procedure; 11 a,[3-dibromoketones 5 and c~-bromo-c~,[3- 
enones 6 were synthesized as described in Ref. 12. 

I R spectra were recorded on a Specord-75-IR spectropho- 
tometer for liquid samples as 5 ~ films and for solid samples as 
pastes with vaseline oil. IH N M R  spectra were obtained on a 
Tesla-BS-567A spectrometer (100 MHz) with TMS as the 
internal standard. Chromatography was performed on a co- 
lumn packed with L 100/250 silica gel, CHC13 was used as the 
eluent. 

Synthesis of 3-fluoroalkyl-2-aziridinyl ketones 3 (General 
procedure). A. From [3-aminoketones 2. A mixture of equimolar 
amounts of a 13-aminoketone 2, K2CO3, I2, and a solvent 
(saturated hydrocarbons, Freon- 113) was stirred at 20 ~ until 
decolorized, filtered, and cooled. The precipitated crystals 
were filtered off and reprecipitated from an ethereal solution 
with n-hexane. 

B. From a,!3-enones 1, amines, and 12. An equimolar 
amount of 12 and a threefold molar excess of  an amine were 
added to a solution of  1 in benzene. The reaction mixture was 
kept until decolorized, washed with water and a solution of 
Na2S203, dried with MgSO 4, and concentrated. The residue 
was chromatographed or recrystallized from n-hexane. 

C. From ct-bromo-cq[3-enones 5. a-Bromo-cq[3-enone 5 
was dissolved in 96 % EtOH, and a twofold molar excess of 
NH 3 or a primary amine was added with stirring. (Liquids 
were added dropwise and gases were bubbled.) The mixture 
was kept for 2--3 h at 20 ~ EtOH was evaporated, and the 
residue was diluted with ether. Tile undissolved precipitate of 
amine hydrobromide was filtered off and the ether was evapo- 
rated. The residue was recrystallized from n-hexane or 
chromatographed. 

D. From a,13-enones 1, Br2, and amines. An equimolar 
amount of Br 2 was added dropwise to a stirred solution of 1 in 
n-hexane, the mixture was kept until decolorized and concen- 
trated. The residue was dissolved in methanol, a threefold molar 
excess of  amine was added, and the mixture was kept for 24 h 
at 20 ~ The solvent was evaporated, the residue was dis- 
solved in ether, and the solution was washed with water. The 
ethereal layer was separated, dried with MgSO4, and the ether 

was evaporated. The residue was recrystallized or chromato- 
graphed. 

E. Synthesis of N-phenyl substituted 3 from c~,13-dibromoke- 
tones 4. A mixture of 4, a twofold molar excess of  Et3N , and 
an equimolar amount of aniline in MeOH was boiled for 3 h 
and kept for 24 h at 20 ~ The precipitate was filtered off, 
washed with water, and recrystallized from n-hexane. 
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