
isocyanates and isothiocyanate structure was found for dialkylarsine cyanates and thio- 
cyanates, respectively. 

1. 
2. 
3. 

4. 
5. 
6. 
7. 

8. 

9. 

LITERATURE CITED 

N. Camerman and J. Trotter, Can. J. Chem., 41, 460 (1963). 
R. D. Gigauri and T. M. Gogiashvili, Soobshch. Akad. Nauk Gruz. SSR, 104, 345 (1981). 
R. D. Gigauri, V. D. Chernokal'skii, N. I. Gurgenidze, et al., Zh. Obshch. Khim., 
5__0_0, 69 (1980).  
N. Nagasawa and T. Totsuka, Herbic. lhara Agr. Chem. Co. Jpn., 12, 949 (1960). 
I. J. Goldsworthy, N. H. Hook, J. A. John, et al., J. Chem. Soc., 2208 (1948). 
R. Radeglia, W. Storek, G. Engelhard, et al., Org. Magn. Reson., 5, 419 (1973). 
G. Levy and G. Nelson, Carbon-13 Nuclear Magnetic Resonance Spectroscopy for Organic 
Chemists, Wiley, New York (1972), 
H. Budzikiewicz, C. Djerassi, and D. Williams, Interpretation of Mass Spectra of 
Organic Compounds, Holden-Day, San Francisco (1967), 
S. F. Mason, Quart. Rev., 15, 287 (1961). 

REACTIONS OF METHYL 2-IMINO-3,3,3-TRIFLUOROPROPIONATES 

WITH CH- AND PH-ACIDS 

S. N. Osipov, V. B. Sokolov, A. F. Kolomets, 
I. V. Martynov, and A. V. F~kin 

UDC 542.91:547.415.3'161: 
547.484:547.1'118 

Perfluoroacyliminesand sulfonylimines of hexafluoroacetone are among the strongest 
n-acids as seen in their reactions with O-, N- and P-nucleophiles [I] and in a number of cases, 
with CH-acids [2]. In the present work, we examined the behavior of methyl esters of 2- 
benzenesulfonylimino- and 2-trifluoroacetylimino-3,3,3-trifluoropropionates (I) and (II) 
which are analogs of the corresponding hexafluoroacetone derivatives, in which the CF 3 is 
replaced by a carbomethoxyl group, toward CH- and PH-acids. 

Benzenesulfonylimine (I) in CH2CI 2 undergoes an equilibrium reaction with diethyl 
malonate and acetylacetone at 20~ to give the C-alkylation products (III) and (IV) in 20-30% 
yield. The equilibrium is attained more rapidly upon heating but its position is virtually 
unaltered. 

0 

MeOC 
\ 

C=NSO2Ph -~ 
/ 

CF8 

0 0 0 
I! II It 

RI--C MeOC C--HI 
\ \ / 
CH2 ~ C--CH 

R2__C / CF~// \ C O R  2 
H NHSO~Ph 

(1) O (III), (IV) 
R~ = R2 = EtO(III), R 1 = R~ =Me(IV). 

The reaction of imine (II) with diethyl malonate is even more difficult and the C- 
alkylation product (V) may be obtained in 30% yield only upon acid catalysis. On the other 
hand, imine (II) reacts with acetylacetone and ethyl acetoacetate at 20~ to give adducts (VI) 
and (VII) in high yield, which is likely due to a strong shift in the equilibrium as a result 
of the stabilization of their enol forms, 
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o o O 

MeOC R1C O CR 1 

\ C = N C O C F 3  + \ C H 2  ~ MeOC ~ CH / 
/ / \ , /  ' \  

CF~ R~C C CR a 
I[ / I II 
0 CF~ [NHCOCF 0 

( i i )  (v) - ( v i i )  
R ~ = R ~ = Et0(V);  PJ = R~ = Me(VI); R 1 = M e ,  R~ = E g o ( v I I )  �9 

This is indicated by the facile iactonization of (VII) upon heating. 

CF3 COOEg 
(VII)  a _ _ ~  CF~CONH \ / 

~ / ' M e .  
0 

( v i i i )  

However, it is not excluded that acetylacetone and ethyl acetoacetate react with imine 
(II) in the enol form through an as?~ametrical (2~ + 2~) transition state. 

In contrast to CH-acids, PH-acids uniformly react readily with imines (I) and (II) al- 
most quantitatively to form phosphonates (IX)-(XII). 

O 

MeOC 0 0 COOCHs 
" \  II il 1 

C = N R  + (R~O)zPH - -  ( R z O ) P - - C - - N H N  
/ i 

CPs CFa 
(I), (II)  (IX) - -  (X l I )  

R = PhSO2, R 1 = Me(IX); R = PhSO2, R z = Et(X);  R = CF3CO, 1~ = C~H~(XI);  

R = CF3C0, RI = P h ( X I I ) .  

EXPERIMENTAL 

The iH and 19F NMR spectra (6, ppm) were taken on a Bruker CXP-200 spectrometer in 
(CD3)2CO for (III)-(V!II), (Xi), and (XII) and in CDCI 3 for (IX) and (X) relative to TMS 
as an internal standard and CF3CO2H as an external standard. The IR spectra were taken on a 
UR-20 spectrometer. 

~ i  2-trifluoromethyl-2-benzenesulfamido-3-carboethoxysuccinate (III)o A solution 
of 1.3 g diethyl malonate in 5 ml CH2CI 2 was added at 20~ to a solution of 2.2 g imine (I) 
in 5 ml CH2CI 2. The mixture was maintained for 48 h and the crystalline precipitate was 
filtered off and washed with hexane to give 0.8 g (22%) ester (IIl), mp 82-84~ PMR spec- 
trum ]_.22 t (6H, 2CH3, 2JH_ H = 7.0 Hz), 3.86 s (3H, CHsO) , 4.10 m (4H, CH20), 7.40-7.98 m 
(6H, Ph, NH). iSF NMR spectrum: -9.3 s (CF3). Found: C, 44.56; H, 4.02; N, 3.33%. 
Calculated for CITH20F3NOsS: C, 44.83; H, 4.39; N, 3.08%. 

Ester (III) was obtained in 20, 22 and 21% yields after three, four and five days, 
respectively. 

--~Methyl 2-Trifluoromethyl-2-benzenesulfamido-3-acety_l-4-one-___ - .... _ pentanoate . . . .  (IV),~.,. A mixture 
of 2.3 g imine (I) and 3 ml acetylacetone was heated for 4 h at 90~ and cooled. The crystal- 
line precipitate was filtered off and washed with CCI 4 to give 0.9 g (30%) ester (IV), mp 
84-86~ PMR spectrum: 2.53 s (6H, 2CH3) , 3.83 s (3H, OCH3) , 5.07 s (IH, CH), 7.3-8.00 m 
(6H, C6Hs, NH). 19F NMR spectrum: --9.7 s (CF3). Found: C, 45.44; H, 4.17; H, 3.52%. 
Calculated for CI~HI6F3NO6S: C, 45.56; H, 4.05; N, 3.54%. 

Ester (IV) was obtained in 29 and 30% yield after 8 and 16 h, respectively. 

Methyl 2-Trifluoromethyl-2-trifluoroacetylamino-3-carboethoxysuccinate (V). A mixture 
of 5.0 g imine (II), 3.1 g diethyl ma!onate and 0.03 g p-toluenesulfonic acid was heated for 
3 h at 90~ and fractionated to give 2.7 g (30%) ether (V), bp I03~ (i mm Hg), nD 25 1.3950. 
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PMR spectrum: 1.27 m (6H, 2CH3), 3.82 s (3H, OCH3), 4.19 s (IH, CH), 4.24 m (4H, OCH=), 
8.68 s (IH, NH). 19F NMR spectrum: -8.68 s (CF3), -1.51 s (CF3). Found: C, 37.83; H, 
3.26; N, 3.67%. Calculated for CIsHI~F6NOT: C, 37.95; H, 3.64; N, 3.40%. 

Methyl 2-Trifluoromethyl-2-trifluorOacetylamino-3-acetyl-4-one-pentanoate (VI), A 
mixture of 5.0 g imine (II)and 2.0 g acetylacetone was maintained for 24 h at 20~ The 
solid product was crystallized from CC14 to give 6.5 g (92%) ester (VI), mp 97-98~ PMR 
spectrum: 2.34 s (3H, CH3) , 2.37 s (3H, CH3), 3.80 s (3H, OCH3), 5.02 s (IH, CH), 9.25 br. s 
(IH, NH). 19F NMR spectrum: -1.7 s (CF3), -8.4 s (CF3). Found: C, 37.48; H, 3.50; N, 
4.20%. Calculated for CIIHIIF6NOs: C, 37.60; H, 3.13; N, 3.98%. 

Methyl 2-Trifluoromethyl-2-trifluoroacetylamino-3-acetylsuccinate (VII). By analogy 
to (VI), 4.3 g imine (II) and 2.4 g ethyl acetoacetate gave 5.6 g (78%) ester (VII), bp 
100~ (I mm Hg), nD 25 1.3993. PMR spectrum: 1.25 t and 1.26 t (3H, CH3, 2JH- H = 7.0 Hz), 
2.26 s and 2.27 s (3H, CH3), 3.80 s and 3.81 s (3H, OCH3), 4.20 m (2H, OCH2), 4.55 s and 
4.57 s (IH, CH), 8.50 s and 8.70 s (IH, NH). 19F NMR spectrum: -8.16 s and -7.04 s (CF3), 
-1.59 s and -1.55 s (CF3). Found: C, 37.50; H, 3.20; N, 3.89%. Calculated for C12H!3F6NO6: 
C, 37.79; H, 3.41; N, 3.67%. 

3-Trifluoromethyl-3-trifluoroacetylamino-4-carboethoxy-5-methylfuran-2-one (VIII). 
A mixture of 3.5 g imine (II) and 1.8 g ethyl acetoacetate was heated at 100~ for 6 h and 
cooled. The crystalline precipitate was washed with CCI 4 to give 1.5 g (31%) furanone (VIII), 
mp 128-129~ PMR spectrum: 1.15 m (3H, CH3), 2.50 m (3H, CH3), 4.11 m (2H, OCH2), 7.12 
m (IH, NH). iSF NMR spectrum: -8.21 s and -7.09 s (CF3), -1.70 s and -1.63 s (CF3). 
Found: C, 37.60; H, 2.16; N, 4.06%. Calculated for C11HgF6NOs: C, 37.82; H, 2.56; N, 4.01%. 

Methyl 2]benzenesulfamido-27dimethoxyphosphoryltrifluoropropionate (IX)~ A solution of 
1.2 g dimethyl phosphite in 5 ml CH2CI 2 was added to a solution of 3.0 g imine (I) in 5 ml 
CH2CI 2. The mixture was maintained for 24 h at 20~ The crystalline precipitate was 
filtered and washed twice with hexane to give 3.5 g (85%) ester (IX), mp 121~ PMR spec- 
trum: 3.75 m (6H, 2CH3), 3.80 s (3H, OCH3) , 7.66 m (3H, C6Hs), 7.98 m (2H, C~Hs), 8.10 br. s 
(IH, NH). ~SF NMR spectrum: 10.77 d (CF3, J = 5.0 Hz). Found: C, 35.77; H, 3.70; N, 
3.59%. Calculated for C12HIsF3NOTPS: C, 35.55; H, 3.70; N, 3.45%. 

Methyl 2-Benzenesulfamido-2-diethoxyphosphoryltrifluoropropionate (X). By analogy to 
the procedure for the preparation of (IX), 3.1 g imine (I) and 1.4 g diethyl phosphite gave 
3.8 g (80%) ester (X), mp 80-81~ PMR spectrum: 1.25 m (6H, 2CH3) , 3.75 s (3H, OCH3), 
4.18 m (4H, 2'CH2), 7.68 m (3H, C6Hs), 7.94 m (2H, C6Hs), 8.11 s (IH, N-H). IsF NMR spectrum: 
11.05 d (CF3, J = 5.0 Hz). Found: C, 38.69; H, 4.40; N, 3.18%. Calculated for C14HIsF3NO 7' 
PS: C, 38.79; H, 4.38; N, 3.23%. 

Methyl 2-Trifluoroacetamido-2-diamyloxyphosphoryltrifluoropropionate (XI). A solution of 
3.2 g imine (II) in 5 ml CH2C12 was added to a solution of 2,6 g diamyl phosphite in 5 
ml CH2CI=. The mixture was heated at reflux for 6 h and the solvent was removed 
in vacuum. The crystalline product was heated with pentane to give 3,1 g (51%) 
ester (XI), mp 53.55~ PMR spectrum: 0.93 m (6H, 2CH3), 1.33 m (8H, 2C2H4), 1.60 m (4H, 
2CH2) , 3.80 s (3H, OCH3), 4.16 m (4H, 2OCH2) , 8.55 m (IH, N-H). 19F NMR spectrum: -11.48 d 
(CF3, J = 4.8 Hz), -3.02 s (CF3). Found: C 40.37; H, 5.20; N, 3.02%. Calculated for 
C16H2~F6NO6P: C, 40.59; H, 5.49; N, 2.95%. 

Methyl 2-Trifluoroacetamido-2-diphenyloxyphosphoryltrifluoropropionate (XII). By analogy 
to the preparation of (XI), 2.0 g imine (II) and 1.6 g diphenyl phosphite gave 1.5 g (50%) 
ester (XII), mp 86-87~ PMR spectrum: 3.75 s (3H, OCH~), 7.25 m (10H, 2C6Hs), 7.60 m (IH, 
NH). 19F NMR spectrum: -11.93 d (CF3, J = 4.4 Hz), -2.72 s (CF3). Found: C, 44.81; H, 
2.50; N, 2.12%. Calculated for CIsHI4F6NO6P: C, 44.53; H, 2.06; N, 2.06%. 

CONCLUSION 

I. 2-1minotrifluoropropionates undergo equilibrium reactions with strong CH-acids. The 
position of the equilibrium is highly dependent on the structure of both the imine and the CH-acid. 

2. A mild, almost quantitative additibn of dialkyl and diaryl phosphites at the C=N bond 
of 2-iminotrifluoropropionates was developed. 
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