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Hexafluoroacetone dialkoxyphosphorylimines
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Reactions of hexafluoroacetone dialkoxyphosphorylimines with NH-, PH-, and CH-
nucleophiles, trimethyl phosphite, and N, N-dimethyianiline, and [2+4]-cycloaddition reac-

tion have been studied.
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Previously,!—3 we developed convenient methods for
the synthesis of hexafluoroacetone alkoxycarbonylimines
and studied their transformations in reactions with nu-
cleophiles and in cycloaddition 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.

0,0-Dialkyl N-hexafluoroisopropylidenephosphor-
amidates (2a,b) were synthesized by a method that
differed from that described previously* and included
preparation of chloro derivatives la,b and subsequent
dehydrochlorination (Scheme 1)

Scheme 1

it
(RO),P—NH, + (CF;},C=0 —=

(0] CFy
] SQCt,
~—=  (RO),P—~NH ¥ [——— S
CF,
(0] CF,
it Py Il
— (RO),P—NH Cl ——= (RO),P—N=C(CF,),
CFq
ta,b 2a,b

R = Et (a), Pr' (b)

It was found that the active Cl atom in compounds
1a,b can be replaced by an arylamino group (Scheme 2).

Compounds 2a,b, which are hygroscopic liquids,
react with NH- and PH-nucleophiles under mild condi-
tions, like hexafluoroacetone alkoxycarbonylimines!2 and
acylimines, 5 but more vigorously, to give the products
of addition at the C=N bond (Scheme 3, compounds
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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-nucleophiles.
The addition of acetylacetone and ethyl malonate to
imine 2b could be accomplished only in the presence of
tricthylamine; 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 [244]-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?®
to form [1+4]-cycloadducts with trialkyl phosphites. We
found that, as in the case of hexafluoroacetone
ethoxycarbonylimine,? imine 2b reacts with trimethyl
phosphite according to an abnormal pathway resulting
in the formation of N-phosphorylated enamine (7) rather
than [1+4]-cycloaddition products (Scheme 5).
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Unlike alkoxycarbenylimines, hexafluoroacetone
diisopropoxyphosphorylimine 2b alkylates N,N-di-
methylaniline on heating in the presence of TsOH
into the para-position to give phosphoramidate (8)
(Scheme 6).
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The structures of compounds I—8 were confirmed
by the 'H, !%F, and 3'P NMR 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 transformations of hexa-
fluoroacetone N-dialkoxyphosphorylimines points to an
increased clectrophilicity of these compounds compared
to that of hexafluoroacetone perfluoroacylimines.

Experimental

'H, IF, and 3'P NMR spectra were recorded on a Bruker
CXP-200 spectrometer (200, 188, and 81 MHz, respectively)
(relative to internal tetramethylsilane and external CF;COOH
and 85% H;PQ,) in CDCl; for compounds 1, 2, 3a—d, 3g,
3h, 3j, and 4—8 and in CD;CN for 3e, 3f, and 3i. Melting
points were determined in a glass capillary.

0,0-Diethyl N-[1-(trifluoromethyl)-2,2,2-trifluoro-1-
chloroethyl) phosphoramidate (I2). A mixture of O,0-diethyl-
N-(1-hydroxy- | -triflucromethyl-2,2, 2-trifluoroethyt)phosphor-
amidate* (31.9 g, 0.1 mol) and SOCl, (16.7 g, 0.14 mol) was
heated at reflux until the weight of the reaction mixture no
longer changed. The excess of SOCl, was distilled off, and the
residue was fractionated in vacuo to give 27.7 g of compound 1a.

Compound 1b was prepared in a similar way.

0,0-Diethyl N-(hexafluoroisopropylidene)phosphoramidate
(2a). A solution of pyridine (4.74 g, 0.06 mol) in 2 mL of
anhydrous ether was added dropwise with stirring at 20 °C to a
solution of 1a (20.2 g, 0.06 mol) in 60 mL of anhydrous cther.
The reaction mixture was stirred for 6 h, the precipitate was
filtered off, the ether was evaporated, and the residue was
fractionated in vacuo 1o give 14.1 g of compound 2a.

Compound 2b was prepared in a similar way.

0,0-Diethyl N-{1-[(5-methylisoxazol-3-yl)amino]-1-
trifluoromethyl-2,2,2-trifluoroethyl}phosphoramidate (3a). A
solution of 3-amino-5-methylisoxazole (0.39 g, 4 mmol) in 12
mL of anhydrous ether was added dropwise with stirring at 20
°C 1o a solution of 1a (0.68 g, 2 mmol) 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,

0,0-Diethyl N-{1-{(4,6-dimethoxypyrimidia-2-yl)amino]-
I-trifluoromethyl-2,2,2-trifluoroethyl} phasphoramidate (3¢c). A
solution of 2a (1.17 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 mmol) 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.

0, 0-Diethyl N-[1-(dipheaylphosphioryl)-1-triftuoromethyl-
2,2,2-trifluorcethyl] phosphoramidate (4a). A solution of 2a
(0.6 g, 2 mmol) in 10 mL of anhydrous e¢ther was added with
stirring to a solution of diphenyiphosphinous acid in 40 mL of
anhydrous ether. After 24 h, the reaction mixturc 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.

0,0-Diethyl N-[2-acetyl-3-oxo0-1,1-bis(trifluoromethyl)-
butyl]phosphoramidate (5a). A solution of acetylacctone

* Compounds 3f—i were synthesized in benzene solutions.
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Table 1. 'H, '9F, and 2'P NMR spectra of compounds 1—8

Com- §_(J/Hz)
pound H f iTp
la  1.36 (t, 6 H, Me); 4.11 (m, 4 H, OCH,); 7.16 (d, | H, NH, Jyp=132) 0.70 () —0.10 (s)
b 1.22(d, 12 H, Me); 4.55 (m, 2 H, OCH); 6.38 (d, | H, NH, Jyp =3.2) 0.96 (s) —1.70 (brs)
22 1.39(t, 6 H, Me); 4.29 (m, 4 H, OCH,) 7.20 (s) —5.70 (s)
2b  1.30 (d, 6 H, Me); 1.36 (d, 6 H, Me); 481 (m, 2 H, OCH) 7.57 (s) -7.62 (s)
32 1.32(t, 6 H, Me); 2.33 (s, 3 H, Me); 4.13 (m, 4 H, OCH,); 3.20 (s) 1.66 (br.s)
4.50 (br.s, | H, NH~P); 5.84 (s, | H, CH=); 6.03 (s, | H, NH)
3b 1.27 (d, 12 H, Mc); 3.41 (brs, 1 H, NH); 4.75 {m, 2 H, OCH); —40.45 (brs, 1 F, 0.7t (5)
5.52 (s, 1 H, NH); 6.83 (¢, 2 H, CgHy); 7.12 (m, 2 H, C4H,) FC¢Hy); 2.59 (s,
6 F, 2 CFy)
3¢ 1.36(t, 6 H, Me); 3.94 (s, 6 H, OMe); 4.14 (m, 4 H, OCH,); 1.80 (s) 0.51 (s)
5.46 (s, 1 H, CH); 5.74 (borss, | H, NH); 7.50 (brs, | H, NH)
3d 130 (t, 6 H, Me); 3.18 (t, I H, NH—CH,, Jy y = 6.0); 1.50 (s) 2.40 (brs)
4.13 (m, 7 H, 2 OCH; + CH, + NH); 7.26 (m, 3 H, C¢H,);
7.54 (m, | H, C¢HY)
3e  1.38(t, 6 H, Me); 2.44 (s, 3 H, MeC¢H,); 4.03 (q, 4 H, OCH,); 3.40 (s) 2.65 (br.s)
4.94 {brs, 1 H, NH); 5.41 (brs, | H, NH); 7.40 (d, 2 H, C4H,);
7.60 (brs, 1 H, NH—S0,); 7.72 (d, 2 H, C¢Hy)
3 1.30 @, 6 H, Me); 4.12 (q, 4 H, OCH,;); 4.96 (d, | H, NH--P); 2.90 (s) 3.16 (s)
5.41 (brs, 1 H, NH); 6.5t (brs, | H, NH); 6.76 (t, { H, Ph);
6.92 (4, 2 H, Ph); 7.16 (1, 2 H, Ph)
3g  1.41 (1, 6 H, Me); 398 (d, 1 H, NH); 4.24 (q, 4 H, OCH;); 1.40 (s) 2.14 (s)
5.78 (brs, | H, NH—P); 7.28 (m, 3 H, Ph); 7.60 (d, 2 H, P);
8.05 (brs, 1 H, NH—-C=S8); 9.12 (brs, | H, NH-C=5)
3b 1.08(t, 3 H, CH;Me); 1.31 (d, 3 H, CHMe, Juyyy =7.0); 1.53(, 6 H,  1.06 (q, 3 F, CFy); 2.68 (s)
OCH; Me); 1.67 {m, 2 H, CH;Me); 2.99 (d, | H, NH, Jy ;1 = 6.0); 1.24 (q, 3 F, CF,,
3.30 {m, ! H, CH); 4.11 (brs, | H, NH—P); 432 (m, 4 H, 2 OCH)) Jep=8.5)
3i 124 (1, 6 H, Me); 3.44 (1, | H, NH—CH,, Jy iy = 6.0); 400 (d, 2 H, ~3821 ¢, | F, 2.86 (s)
CHy, Jyy = 6.0); 4.16 (m, 4 H, 2 OCH,); 4.90 (brs, 1| H, NH-—-P); FCgHy); 2.65 (s,
7.10 (m, 2 H, CgHy); 7.48 (¢, 2 H, C¢HY) 6 F, 2CFy)
3 0.84(t,3 H, CHMe); 1.07(d, 3 H, CHMe, Jyy =6.2); 1.23(d,6 H, 1.23 (q, 3 F, CF;3); 0.75 (s)
OCHMegy); 1.28 (d, 6 H, OCHMg,); 1.45 (m, 2 H, CH,Me); 2.86 (d, 1.53 (q, 3 F, CF3,
I H, NH, Jy i = 6.7); 3.05 (m, | H, CH); 3.28 (brs, | H, NH—P); Jep =85)
4.64 (m, 2 H, 2 OCH)
da 132 (1, 6 H, Me); 4.12 (m, 4 H, OCH,); 5.36 (dd, 1 H, NH, 2.IHy = 13.76 (s) 1.83(d, 1 P, P—NH);
6.0, 3Jy p = 10.0); 7.50—7.74 (m, 6 H, 2 Ph); 8.06 (m, 4 H, 2 Ph) 31.62(d, 1 P, P—Ph,
Jop =225
4  1.30—1.45(m, 18 H, 2 OCH,Me + 2 OCHM_gz); 11.37 (s) ISS (d, ! P, P—NH);
4.10 (m, 5 H, 2 OCH, + NH); 490 (m, 2 H, OCH) 9.49 (4, 1 P, P—C,
Jpp = 34.8)
d4c  1.24(d, 12 H, Me); 4.55 (m. 2 H, CH): 5.19 (dd, | H, NH, 13.0 (s) 0.40 (d, 1 P, P—NH);
Uy p = 6.0, Uy p = 100); 7.40—7.65 (m, 6 H, Ph); 8.00 (m, 4 H, Ph) 31.58 (d, | P, P—Ph,
Jpp=23.0)
44 1.18—1.36 (m, IS H, 2 OCH,;Me + 2 OCHMe,); 3.97 (4, | H, NH, 11.26 (s) -0.30 (d, | P, P—NH);
Jyp = 14.0); 427 (m, 4 H, OCH,). 4.60 (m, 2 H, OCH) 11.50 (d, 1| P, P—C.
‘/P,P = 342)
52 1.32(1, 6 H, Me); 2.42 (s, 6 H, Me); 4.12 (q, 4 H, OCH,); 8.50 (s) 0.66 (brs)
458 (d, L H, CH, Jyp =56, Wy c = 137.7); 5.76 (brs, 1 H, NH)
5b  1.32 (m, 12 H, Me); 4.14 (m, 5 H, 2 CH,0--P + CH); 7.19 (s) 0.63 (s)
4.28 (m, 4 H, 2 CH,0--C); 5.62 (brs, | H, NH)
6a 1.31 (m, 6 H, Me); 1.52 (d, 1 H, C(MH, J=10.0); 2.16 (d, | H, C(7)H, 8.3I (q, 3 F, CF;); 3.56 (s)
J = 10.0); 3.69 (br.s, I H, C(4)H); 4.05 (m, 4 H, OCH,;); 4.51 (brs, 16.25 (q, 3 F, CF;,
1 H, C()H); 6.33 (brs, | H, C(5)H); 6.69 (m, | H, C(6)H) Jpp = 10.6)
6b 124 (m, 12 H, Me); 1.44 (d, | H, C(TH, /=8.0); 205 (d, | H, C(MHH, 8.04 (q. I F, CFy); 1.5 (s)
J=18.0); 3.59 (brs, | H, C(4)H; 438 (brs, | H, C(1)H); 4.52 (m, 16.67 (q, 3 F, CF;,
2 H, OCH); 6.23 (d, 1 H, C(HH); 6.63 (m, | H, C(6)H) Jep=102)
7 1.254(d, 12 H, Mc); 2.77 (d, 3 H, Mc, Ay p = 88}, -342 (m, | F, CF,y); 3.13 (brs)
456 (m, 2 H, OCH) ~1.57 (m, 1 F, CFy);
13.27 (dd, 3 F, CF;.
4.,[:": =935, AJF_F = 220)
8 1.20 (d, 6 H. Me); 1.30 (d. 6 H, Me): 2.96 (s, 6 H, Mcej; 592 (s) 0.27 (5)

458 (m, 2 H, OCH): 6.70 (d. 2 H, CgHy); 7.54 (d. 2 H. CoHy)
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Table 2. Yields, physicochemical characteristics, and data of elemental analysis of compounds 1—8

Com- Yield B.p./°C np2 Eound __ Molecular formula
pound (%) (p/Torr) Calculated
[M.p./°C] C H P

1a 820 71 (1) 1.3858 2474 3139 924 C7H CIFgNO;P
2490 328  9.17

11 90.4 75 (0.7) 1.3870 2973 429 839 CyHsCIFgNO;P
29. 414 847

22 78.3 56—57 (1) 1.3629 2766 349 1032 C,H (FgNO5P
2792 335 10328

2b 747  107—109 (10)  1.3694 3263 440 949 CgH ,FgNO;P
3284 429  94]

3a 87.1 {108—109] - 3327 388 186 Ci HgFgNyO4P
33.09 404 776

3 86.0 {85—86] - 410 412 11U CsHyFyN,O4P
40.91 458  7.03

3c 72.3 [48—49] - 3400 445 6J1 Cy3HgFgN,OsP
3422 420 6.79 .

3d 84.3 {54—55] - 3812 4.13 6.94 C4H gCIFgN;05P
3798 410  7.00

3e 88.2 [94—95] - 3436 430 630 Ci4H39FgN;O5PS
3450 414  6.36

k1 85.3 {83—85] - 3811 455 158 C3H gFgN;O5P
38.15 443 7157 .

3g 91.0 [114——]‘6] - .16_03 4_@ ﬁll. C|4H|9F6N4O3PS
3590 409 6.6l

3h 73.8 108 (1) 1.3980 3543 378 &S CiiHFgN,O3P

’ 35.3 566 828

3i 839 {45—46] - 3925 420 132 CiqH gF7N,O;P
3944 426 127

3j 89.4 {3436} - 39.04 6.20 172 Ci3HsFgN,O3P
38.81 626 170

4a 91.0 [122—124] - 4551 412 1243 C19H FsNO4P,
4534 421 1231

4b 88.4 {60—61] - 3327 523 133 Ci3HasFgNOgP,
33.41 539  13.26

4c 87.8 {98—100] - 4722 489 1Ls2Z CyHysFgNOLP,
47. 474 1166

4d 86.7 [59—61] - 33.63 382 131s Ci3HysFgNOg P,
33. 539 13.26

Sa 85.6 [92——94] - M 4.33 1,63 C|2H |8F6N05P
35. 452 172

5p* 88.2 - 1.4059 3667 499 681 Ci4H2:FgNO,P
36. 481 6.71

62 81.7 93 (1) 1.4178 3900 45 830 CiHgFgNO;P
39. 439 843

6b 771 126127 (1.5) 14154 4 491 795 C1sHyFgNO3P
42. 510 7.84

7 38.4 63—64 (1) 1.3881 37.11 513 96! CioH 7FsNO;P
3693 527 952

8 74.4 7677 — 45,51 564 697 C7HysFgN,O;P
4533 560  6.88

* Compound 5b was isolated in a pure state without fractionation of the reaction mixture

(0.62 g, 6.2 mol) in 6 mL of anhydrous ether was added to a
solution of 2a (1.88 g, 6.2 mmol) in 18 mL of anhydrous ether.
After that, a catalytic quantity of triethylamine was added with
stirring and cooling. After 24 h, a small amount of the
precipitate was filtered off, the filtrate was concentrated, and
the residue was reerystallized from hexane to give 2.14 g of
compound 5a.
Compound 5b was prepared in a similar way.

2-Diethoxyphosphoryl-3,3-bis(trifluoramethyl)-2-
azabicyclo[2.2.1]hept-5-ene (62). A solution of 2a (4.88 g,
16.2 mmot) in 40 mL of anhydrous ether was added dropwise
with stirring at 20 °C to a solution of cyclopentadiene (1.5 g,
22.7 mmot) in 30 mL of anhydrous ether. The reaction mixture
was stirred for 4 h, the cther was evaporated, and the residue
wus fractionated to give 4.86 g of compound 6a.

Compound 6b was prepared in a similar way.
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0,0-Diisopropyl N-methyl- N-(pentafluoroisopropenyl)-
phosphoramidate (7). A solution of 2b (3.97 g, 12 mmol) in 15
mL of CH;Cl; was added dropwise with stirring at 0 °C under
argon aver a period of | h to a solution of trimethyl phosphite
(1.36 g, L1 mmol) in 10 mL of CH,Cl,. The reaction mixture
was warmed to room temperature with stirring and washed
with water (4x10 mL). The organic layer was dried with
Na,S0,, the solvent was evaporated, and the residue was
fractionated to give 1.37 g of compound 7.

0,0-Diisoprapyl N-{1-(4-dimethylaminopheny!)- I -trif-
luoromethyi-2,2,2-triflucroethyl Jphosphoramidate (8). A mix-
ture of 2b (0.63 g, 1.9 mmol) 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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