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Reactions of hexafluoroacetone dialkoxyphosphorylimines with NH-, PH-, and CH- 
nucleophiles, trimethyl phosphite, and N,N-dimethylaniline, and [2+4]-eyeloaddition reac- 
tion have been studied. 
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Previously, t -3  we developed convenient methods for 
the synthesis of hexafluoroaeetone alkoxycarbonylimines 
and studied their transformations in reactions with nu- 
cleophiles and in cyeloaddition reactions. 

In a continuation of our studies of the synthesis and 
reactivity of N-substituted hexafluoroacetone imines con- 
taining electron-withdrawing groups at the N atom, in 
the present work, we report on the synthesis and reac- 
tions of hexafluoroacetone dialkoxyphosphorylimines. 

O,O-Dialkyl N-hexafluoroisopropylidenephosp hor- 
amidates (2a,b) were synthesized by a method that 
differed from that described previously 4 and included 
preparation of chloro derivatives la ,b  and subsequent 
dehydrochlorination (Scheme i) 
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It was found that  the act ive CI a tom in compounds  3c Et 4,6-dimethoxy- 3j Pr i Bu s 
l a ,b  can be replaced by an a ry lam ino  group (Scheme 2). pyrimidin-2-yl 4a Et Ph 

Compounds 2a,b, which are hygroscopic liquids, 3d El 2-CIC6H4CH 2 4b Et PriO 
react w i th  N H -  and PH-nuc leoph i l es  under  m i ld  cond i -  3e Et 4-MeC6H4SO2NH 4c Pr i Ph 
tions, like hexafluoroacetone alkoxycarbonylimines Lz and 3f Et PhNH 4d Pr' EtO 

3g Et PhNHC(S)NH 5a Et Me 
acylimines, s,6 but more vigorously, to give the products 3h Et Bu �9 5b Et EtO 
of addition at the C=N bond (Scheme 3, compounds 3i Et 4-FC4H6CH 2 
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3c-- j ,  4a--d).  However, the electrophilic properties of  
the azomethine group are obviously insufficient for reac- 
tions with weak bases, for example, CH-nuclcophiles.  
The addition of  acetylacetone and ethyl malonate to 
imine 2b could be accomplished only in the presence of  
triethylamine; this gave C-alkylation products 5a,b in 
high yields (see Scheme 3). 

Like hexafluoroacetone acylimines ~ and alkoxy- 
carbonylimines, 3 compounds 2a,b proved to be active 
dienophiles. Their  reactions with cyclopentadiene at 
room temperature afford stable [2+4]-cycloadducts,  
N-phosphoryl-2-azabicyclo[2.2.1 ]hept-5-enes (6a,b), in 
high yields (77--82%) (Scheme 4). 
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Substituted imines of  hexafluoroacetone are known s 
to form [ I +41-cycloadducts with trialkyl phosphites. We 
found that ,  as in the case o f  hexaf luoroace tone  
ethoxycarbonylimine, 9 imine 2b reacts with trimethyl 
phosphite according to an abnormal pathway resulting 
in the formation of  N-phosphorylated enamine (7) rather 
than [l+41-eycloaddition products (Scheme 5). 
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Unlike alkoxycarbonylimines,  hexafluoroacetone 
d i i sopropoxyphosphoryl imine  2b alkylates N , N - d i -  
methylaniline on heating in the presence of TsOH 
into the para-posit ion to give phosphoramidate (8) 
(Scheme 6). 
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The structures of  compounds 1--8 were confirmed 
by the tH, 19F, and 31p N M R  spectra (Table 1). The 
yields, physicochemical properties, and the data of  el- 
emental analysis of  the compounds  obtained are pre- 
sented in Table 2. 

Thus, the variety of  t r ans fo rmat ions  o f  hexa-  
fluoroacetone N-dialkoxyphosphorylimines points to an 
increased electrophilicity of  these compounds compared 
to that of  hexafluoroacetone perfluoroacylimines. 

Experimental 

IH, lgF, and 31p NMR spectra were recorded on a Bruker 
CXP-200 spectrometer (200, 188, and 81 MHz, respectively) 
(relative to internal tetramethylsilane and external CF3COOH 
and 85% H3PO4) in CDCI 3 for compounds 1, 2, 3a--d, 3g, 
3h, 3j, and 4--8 and in CD3CN for 3e, 3t, and 3i. Melting 
points were determined in a glass capillary. 

O,O-Dieth~ N- [ t-(trifluoromethyl)-Z,2,2-trifluoro- l -  
chloroethyt)]phospheramidate (la). A mixture of O,O-dicthyl- 
N-(I -hydroxy- 1 -trifluoromethyl- 2,2,2-trif]uoroethyl)phosphor- 
amidate 4 (31.9 g, 0.1 moo and SOCI 2 (16.7 g, 0.14 tool) was 
heated at reflux until the weight of the reaction mixture no 
longer changed. The excess of SOCI 2 was distilled off, and the 
residue was fractionated Ot vacuo to give 27.7 g of compound la. 

Compound lb was prepared in a similar way. 
O,O-Diethyl N- (l~xafl uoroisopropylidene) phesphoramidate 

(2a). A solution of pyridine (4.74 g, 0.06 mo O in 12 mL of 
anhydrous ether was added dropwise with stirring at 20 *C to a 
solution of la (20.2 g, 0.06 moo in 60 mL of anhydrous ether. 
The reaction mixture was stirred for 6 h, the precipitate was 
filtered off, the ether was evaporated, and the residue was 
fractionated /n vacuo to give 14.1 g of  compound 2,a. 

Compound 2b was prepared in a similar way. 
O,O-Diethyl N-{ I-[(5-methylisoxazol-3-yl)amino]- l -  

trifluoromethyl-2,2,2-trifluoroethyl}phos0hortmidate (3a). A 
solution of 3-amino-5-methylisoxazole (0.39 g, 4 retool) in 12 
mL of anhydrous ether was added dropwise with stirring at 20 
*C to a solution of ia (0.68 g, 2 retool) in 20 mL of anhydrous 
ether. The reaction mixture was stirred for 3 h, the precipitate 
was filtered off, the ether was evaporated, and the residue was 
recrystallized from hexane to give 0.70 g of compound 3a. 

Compound 3b was prepared in a similar way. 
O,O-Diethyt N- { 1- [ (4,6 - dimethox2cpyrimidiu- 2-yl)amino ]- 

l-trifluoromethyl-2,2,2-trifluorocthyl}phosphoramidate (3e). A 
solution of 2a (I.17 g, 3.9 mmol) in 10 mL of anhydrous ether 
was added dropwise with stirring to a cooled solution of 
2-amino-4,6-dimethoxypyrimidine (0.6 g, 3.9 retool) in 15 mL 
of anhydrous ether. After 4 h, the ether was evaporated and the 
residue was recrystallized from hexane to give 1.28 g of 
compound 3c. 

Compounds 3d--j* were prepared in a similar way. 
O, O-Diethyl N-[ l-(diphenylphosphoryl)- I-trilhmromethyl- 

2,2,2-trifluoroethyl]phosphoramidate (4a). A solution of 2a 
(0.6 g, 2 mmol) in 10 mL of anhydrous ether was added with 
stirring to a solution of diphenylphosphinous acid in 40 mL of 
anhydrous ether. After 24 h, the reaction mixture was concen- 
trated, and the residue was recrystallized from hexane to give 
0.91 g of compound 4a. 

Compounds 4b--d were prepared in a similar way. 
O,O-Diethyl N-|2-acetyl-3-oxo- 1, l-bis(trifluoromethyl)- 

butyl]phosphoramidate (Sa). A solution of acetylacetone 

* Compounds M-- i  were synthesized in benzene solutions. 
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Table 1. tH, tgF, and ~lp NMR spectra of compounds 1--8 

Com- 
pound I H 

(S/Hz) 
/9 F 31p 

la 1.36 (t, 6 H, Me); 4.11 (m, 4 H, OCH2); 7.16 (d, I H, NH, .l~l,p = 3.2) 0.70 (s) 
lb 1.22 (d, 12 H, Me); 4.55 (m, 2 H, OCH); 6.38 (d, 1 H, NH, JH,P = 3.2) 0.96 (s) 
2a 1.39 (t, 6 H, Me); 4.29 (m, 4 H, OCH 2) 7.20 (s) 
2b 1.30 (d, 6 H, Me); !.36 (d, 6 H, Me); 4.81 (m, 2 H, OCH) 7.57 (s) 
3a !.32 (t, 6 H, Me); 2.33 (s, 3 H, Me); 4.13 (m, 4 H, OCH2); 3.20 (s) 

4.50 (br.s, 1 H, NH--P);  5.84 (s, I H, CH=); 6.03 (s, I H, NH) 
3b !.27 (d, 12 H, Me); 3.41 (br.s, 1 H, NH); 4+75 (m. 2 H, OCH); 

5.52 (s, 1 H, NH); 6_83 (t, 2 H, C6H4); 7.12 (m, 2 H, C6H4) 

3<: 1.36 (t, 6 H, Me); 3.94 (s, 6 H, OMe); 4.14 (m, 4 H, OCH2); 
5.46 (s, I H, CH); 5.74 (br.s, I H, NH); 7.50 (br.s, I H, NH) 

3d 1.30 (t, 6 H, Me); 3.18 (t, I H, NI't--CH 2, JH,ri = 6.0); 1.50 (s) 
4.13 (m, 7 H, 2 0 C H  z + CH 2 + NH); 7.26 (m, 3 H, C6H4); 
7.54 (m, ! H, C6H 4) 

3e 1.38 (t, 6 H, Me); 2.44 (s, 3 H, MeC6H4); 4.03 (q, 4 H, OCH2); 3.40 (s) 
4.94 (br.s, 1 H, NH); 5.41 (br.s, ! H, NH); 7.40 (d, 2 H, C6H4); 
7.60 (br.s, I H, NH--SO2); 7.72 (d, 2 H, C-,6H4) 

3f 1.30 (t, 6 H, Me); 4.12 (q, 4 H, OCH2); 4.96 (d, i H, NH--P); 2.90 (s) 
5.41 (br.s, I H, NH); 6.51 (br.s, 1 H, NH); 6.76 (t, 1 H, Ph); 
6.92 (d, 2 H, Ph); 7.16 (t, 2 H, Ph) 

3g 1.41 (t, 6 H, Me); 3.98 (d, ! H, NH); 4.24 (q, 4 H, OCH2); 1.40 (s) 
5.78 (br.s, 1 H, NH--P); 7.28 (m, 3 H, Ph); 7.60 (d, 2 H, PI~); 
8.05 (br.s, I H, NH--C=S); 9.12 (br.s, 1 H, NH--C=S) 

3h 1.08 (t, 3 H, CHiMe); 1.31 (d, 3 H, CHMe, Jlt,H = 7.0); 1.53 (t, 6 H, 
OCH2Me); 1.67 (m, 2 H, .~d.zMe); 2.99 (d, I H, NH, JH,H = 6.0); 
3.30 (m, I H, CH); 4.11 Or.s, I H, NH--P); 4.32 (m, 4 H, 2 0 C H  2) 

3i 1.24 (t, 6 H, Me); 3.44 (t, i H, NH--CH 2, JH.rl = 6.0); 4.00 (d, 2 H, 
CH2, JH,tl = 6.0); 4.16 (m, 4 H, 20CH2);  4.90 (br.s, 1 H, NH--P); 
7.10 (m, 2 H, C6H4); 7.48 (t, 2 H, C-~H4) 

3j 0.84 (t, 3 !t, CH2M.r 1.07 (d, 3 H, CHlh~Le_, JH.H = 6.2); 1.23 (d, 6 H, 
OCHh~r 1.28 (d, 6 H, OCHMr 1.45 (m, 2 H, CH2Me); 2.86 (d, 
I H, NH, J't-l,rl = 6.7); 3.05 (m, 1 H, CH); 3.28 (br.s, ! H, NH--P); 
4.64 (m, 2 H, 2 0 C H )  

4a 1.32 (t, 6 H, Me); 4.12 (m, 4 H, OCH2); 5.36 (dd, 1 H, NH, 2JH, p = 13.76 (s) 
6.0, 3JH. P = 10.0); 7.50--7.74 (m, 6 H, 2 Ph); 8.06 ( m, 4 H, 2 Ph) 

4b 1+30--1.45 (m, 18 H, 20Clt2_M_g + 20CHhtg2); 11.37 (s) 
4.10 (m, 5 H, 2 0 C H  2 + NH); 4.90 (m, 2 H, OCH) 

4c 1.24 (d, 12 H, Me); 4.55 (m, 2 H, CH): 5.19 (rid, I H, NH, 13.0 (s) 
2JH, P = 6.0, 3JH. P = 10.0); 7.40--7.65 (m, 6 H, Ph); 8.00 (m, 4 H, Ph) 

4(I 1.18--1.36 ( m, 18 H, 20CH2Me + 20CHM.~ge2); 397 (d, I H, NH, 11.26 (s) 
�9 /H,P = 14.0); 4.27 (m, 4 H, OCH2); 4.60 (m, 2 H, OCH) 

5a 1.32 (t, 6 H, Me); 2.42 (s, 6 H, Me); 4.12 (q, 4 H, OCH2): 8,50 (s) 
4.58 (d, 1 H, CH, JH+p = 5.6, tltt,c = 137.7); 5.76 (br.s, 1 It, NH) 

5b 1.32 (m, 12 H, Me); 4.14 (m, 5 H, 2 CH20--P + CH); 7.19 (s) 
4.28 (m, 4 H, 2 CH20--C); 5.62 (br.s, 1 H, NH) 

6a 1.31 (m, 6 H, Me); 1.52 (d, I H, C(7)H, I = 10.0); 2.16 (d, I H, C(7)H, 
d = 10.0); 3.69 (br.s, I H, C(4)H); 4.05 (m, 4 H, OCH2); 4.51 (br.s, 
I H+ C(I)H); 6.33 (bt.s, I H, C(5)H); 6.69 (m, I H+ C(6)H) 

6b 1.24 (m, 12 H, Me); 1.44 (d, I H, C(7)H+ J =  8.0); 2.05 (d, I H, C(7)H, 
�9 / = 8.0); 3.59 (br.s, I tt, C(4)H; 4.38 (br.s, 1 H, C(1)H); 4_52 (m, 
2 H, OCH); 6.23 (d, I H, C(5)H); 6.63 (m, 1 H, C(6)H) 

7 1.25 (d, 12 H, Me); 2.77 (d, 3 H, Me, JH.P = 8.8); 
4.56 (m, 2 H, OCH) 

1.20 (d, 6 I|. Me); 1.30 (d, 6 H, Me); 2.96 (s, 6 H, Me); 
4.58 (m, 2 H, OCH): 6.70 (d, 2 H, C6H4); 7.54 (d, 2 H. C61t4) 

--40.45 (br.s, 1 F, 
FC6H4); 2.59 (s, 
6 F, 2 CF 3) 
1.80 (s) 

1.06 (q, 3 F, CF3); 
1.24 (q, 3 F, CF3, 
.,rr,.~ -- 8.5) 
-38.21 (s, 1 F, 
FC.6H4); 2.65 (s, 
6 F, 2 CF 3) 
1.23 (q, 3 F, CF3); 
1.53 (q, 3 F, CF3, 
J'F,F = 8.5) 

--0.10 (s) 
- 1.70 (br.s) 
-5.70 (s) 
-7.62 (s) 
1.66 (br.s) 

0.71 (s) 

0.51 (s) 

2.40 (br.s) 

2.65 (br.s) 

3.16 (s) 

2.14 (s) 

2.68 (s) 

2.86 (s) 

0.75 (s) 

1.83 (d, 1 P, P--NH); 
31.62 (d, I P, P--Ph, 
JP, P = 22.5) 
1.54 (d, 1 P, P--NH); 
9.49 (d, I P, P--C, 
Je.p = 34.8) 
0.40 (d, l P, P--NH); 
31.58 (d, I P, P--Ph, 
Jp.p = 23.0) 
-0.30 (d, t P, P--NH); 
11.50 (d, I P, P--C. 
Jp, p = 34.2)  
0.66 (br.s) 

0.63 (s) 

8.31 (q, 3 F, CF3); 3.56 (s) 
16.25 (q, 3 F, CF3, 
JF,F = 10.6) 
8.04 (q, 3 F, CF3); 1.5 (s) 
16.67 (q, 3 F, CF 3, 
J~.v = 10.2) 
-342  (m, 1 F, CF2); 3.13 (br.s) 
-1.57 (m, I F, CF2); 
13.27 (dd, 3 F, CF 3, 
4JF. F = 9.5. 4JF. F = 22.0) 
5.92 (s) 0.27 (s) 
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Table 2. Yields, physicochemical characteristics, and data of elemental analysis of  compounds  1--8 

Corn- Yield B.p./*C nD 2~ l=ound ( % )  

pound (%) Lo/Torr) Calculated 

IM.p./~ C H P 

Molecular formula 

l a  82.0 71 (1) 1.3858 24.74 3.39 9.24 C7HI jCIF6NOjP 
24.90 3.28 9.17 

lb 90.4 75 (0.7) 1.3870 29.73 4.29 8,39 CgHIsCIF6NO3P 
29.57 4.14 8.47 

2a 78.3 56--57 (1) 1.3629 27.66 3-49 10.32 CTH loF6NO3P 
27.92 3.35 10.28 

2b 74.7 107--109 (10) 1.3694 32.63 4,40 9.49 CoH 14F6NO3P 
32.84 4.29 9.41 

3a 87.1 [108--109] -- 33.27 :L88 7.86 CIIHI6F6N304P 
33.09 4.04 7.76 

3b 86.0 I85--861 -- 41,10 4,72 7,11 CI 5H20FTN203P 
40.91 4.58 7.03 

3c 72.3 [48--49] --  34.00 4.45 6.71 CI3HIgF6N4OsP 
34.22 4.20 6.79 

3d 84.3 [54--551 -- 38.t~ 4,13 6,94 CI4H IscIF6N203P 
37.98 4.10 7.00 

3e 88.2 [94-951 - 34,36 4,30 6.30 Ct4H20F6N3OsPS 
34.50 4.14 6.36 

3f 85.3 [83--851 -- 38.11 4.55 7 , ,5~ CI3HIsF6N303P 
38.15 4.43 7.57 

3g 91.0 [114--1161 -- ~6.03 4.00 6r71 CvIH 19F6~q403PS 
35.90 4.09 6.61 

3b 73.8 108 (1) 1.3980 35,43 5,78 LLS. Ct tH21F6N203P 
35.30 5.66 8.28 

3i 83.9 [45--46] --  39.25 4,20 7,32 CI4HtsFTN203P 
39.44 4.26 7.27 

3j 89.4 [34--36] --  39.04 6.20 7,72 CI3H25F6N203P 
38.81 6.26 7.70 

4a 91.0 [122--124] - -  45.51 4.12 12,43 CtgH2tF6NO4P2 
45.34 4.21 12.31 

4b 88.4 [60~611 -- 33,27 5.23 13.35 Ct3H25F6NO6P2 
33.41 5.39 13.26 

4c 87.8 [98-- 100l -- 47.22 4.89 11.52 C2tH25F6NO4P 2 
47.46 4.74 11.66 

4d 86.7 [59--61t -- ~3.63 5r5~ 13.15 CnH25F6NO6P 2 
33.41 5.39 13.26 

5a 85.6 [92--94] -- 36.16 4.33 7,6~ CI2H IsF6NO:/P 
35.92 4.52 7.72 

5b* 88.2 -- 1.4059 36.67 4,99 6.8 t Ct4H2,_F6NOTP 
36.45 4.81 6.71 

6a 81.7 93 (I)  1.4178 39.0O 4,~6 g3_q Ct2H t6F6NO3P 
39.24 4.39 8.43 

6b 77.1 126--127 (I.5) 1.4154 42,34 4._,49_! 7.95 CI4H2oF6NO3P 
42.54 5.10 7.84 

7 38.4 63--64 (1) 1.3881 ~7,11 g_l_.3_ ~ C�91 tTFsNO3P 
36.93 5.27 9.52 

8 74.4 76--77 -- 45.51 5,64 6.97 CtTH25F6N203P 
45.33 5.60 6.88 

"Compound  5h was isolated in a pure state without fractionation of  the reaction mixture 

(0.62 g, 6.2 tool) in 6 mL of anhydrous ether was added to a 
sohttion of Za (I.88 g, 6.2 retool) in 18 mL of anhydrous ether. 
After that, a c~talytic quantity of triethylamine was added with 
stirring and cooling. After 24 h, a small amount of tile 
precipitate was filtered off, the filtrate was concentrated, and 
the residue was recrystallized from hexane to give 2.14 g of 
compotmd 5a. 

Conq:~ound 5b was prepared in a similar way. 

2- Diethoxyphosphoryl -3 ,3-bi  s ( tr i f luoromethyl)  -2- 
azabicyclo[2.Z.l]hept-5-ene (6a). A solution of 2a (4.88 g, 
16.2 retool) in 40 mL of anhydrous e the r  was added dropwisc 
with stirring at 20 ~ to a solution o f  cyclopentadiene (1.5 g, 
22.7 retool) in 30 mL of anhydrous ether.  The reaction mixture 
was stirred for 4 h, the ether was evaporated,  and the residue 
was fractionated to give 4.86 g of compound  6a. 

Compound 6b wJs prepared in a similar way. 
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O, O- Diisopropyl N-methyl- N- (pentafluoroisopropenyl)- 
phosphoramidate (7). A solution of  2b (3.97 g, 12 retool) in 15 
mL of CH2CI 2 was added dropwise with stirring at 0 *C under 
argon over a period of  ! h to a solution of  trimethyl phosphite 
(I.36 g, 11 mmol) in 10 mL of CH2CI 2. The reaction mixture 
was warmed to room temperature with stirring and washed 
with water (4x i0  mL). The organic layer was dried with 
Na2SO4, the solvent was evaporated, and the residue was 
fractionated to give 1.37 g of  compound 7. 

O,O-Diisopropyl N-[ l-(4-dimethylaminophenyl)- l-trif- 
luoromethyi-2,2,2-trifluoroethyi]phospboramidate (8). A mix- 
ture of  2b (0.63 g, 1.9 retool) and N,N-dimethylaniline (0.23 g, 
1.9 mmol) in 7 mL of anhydrous benzene was heated at 100 *C 
with a catalytic amount of TsOH in a sealed tube for 18 h. The 
solvent was evaporated and the residue was recrystallized from 
hexane to give 0.64 g of  compound 8. 
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