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ABSTRACT

1,1,1,4,5,5,5-Heptafluoro-4-(trifluoromethyl)-2, 3-pen-
tanedione reacted with A3a3-phosphorus compounds,
PR'R?R3 (R = CF;, R? = R’ = Me, iPr, NEt,, R’ =
NCO, R? = R? = OMe, OEt, R>—R?> = OCH,CH,0,
OCMe,CMe,O; R' = OSiMe, R? = R = OEf; R =
NEt, R? = R = OCH,CF; R' = R? = EtN, R® =
OCH,CF,, OCH(CF;),, OCH,Ph, OC/F) to give new
1,3,2)305-dioxaphospholenes. The first 2°a° phosphor-
anes with an OCN group bonded to phosphorus were
obtained. © 1998 John Wiley & Sons, Inc. Hetero-
atom Chem 9:109-113, 1998

INTRODUCTION

Several examples of the oxidative addition of
1,1,1,4,4,4-hexafluoro-2,3-butanedione to phospho-
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rus(III) derivatives, such as (MeO),P [1], PhOPR,
(R = Me, Et, iPr [2]), Me,POCH(CF,), [3], Et,NPF,
[4], and Me,SiN =PN(SiMe,), [5], are known to fur-
nish 1,3,245¢5-dioxaphospholenes. Less information
is available for the reaction of 1,1,1,4,5,5,5-hep-
tafluoro-4-(trifluoromethyl)-2,3-pentanedione  [6],
which has been reacted with phosphites (RO),P (R
= Et, Ph [7]), 1,3,2-benzoxazaphosphininones [7],
1,3,5,2-triazaphosphininane-diones [8], and 1,3,2-
diazaphosphininanones [8]. However, a systematic
study has not been carried out yet as to how substit-
uents at phosphorus influence product formation
and stability. Since hexafluoroacetone and phos-
phites (RO),PNCO (R = Me, Et; R-R = CH,CH,,
CMe,CMe,) are known to have undergone reactions
to give 1,3,24%¢*-oxazaphospholenes [9,10] or bicy-
clic 2°g>-phosphoranes [9,11], it was of interest to
study and compare the corresponding properties
of 1,1,1,4,5,5,5-heptafluoro-4-(trifluoromethyl)-2,3-
pentanedione. The investigation undertaken now
also includes descriptions of the reactions of a num-
ber of A363P derivatives containing CF;, Et,N, and RO
moieties.
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RESULTS AND DISCUSSION

The phosphorus(III) compounds, PR'R?R?, 1 (R! =
CF,, R? = R? = Me (1a) [12], iPr (1b) [13], NEt, (1¢)
[14]; R! = NCO, R? = R? = OMe (1d), OEt (1e)[15],
R>-R* = OCH,CH,O (1f), OCMe,CMe,0 (1g) [16]; R!
— OSiMe,, R? = R® = OEt (1h) [17]; R! = NEb,,
R? = R* = OCH,CF, (1i) [18]; R! = R> = EtN,
R = OCH,CF, (1j) [19], OCH(CF,), (1k) [20],
OCH,Ph (11) [21], OC/Fs (1m) [19]) were reacted
with  1,1,1,4,5,5,5-heptafluoro-4-(trifluoromethyl)-
2,3-pentanedione (2) to yield 1,3,2/%¢°-dioxaphos-
pholenes 3a-m, mainly colorless liquids but solids in
the case of 3f, 3g, and 3m (Scheme 1). There was no
interaction of the isocyanato group in 1d-g with the
diketone observed, unlike the corresponding reac-
tion with hexafluoracetone [9-11] (Table 1).

The NMR data of the phosphoranes were con-
sistent with the constitutions proposed. The J, values
were in the expected range [22]. The '°F resonances
for the 4-trifluoromethyl-5-[1',2",2",2'-tetrafluoro-1'-
(trifluoromethyl) ethyl]-1,3,2 A5¢5-dioxaphospholene-
(4) ring system were observed atd = —62.1 + —69.1
for the 4-CF, group, split into a doublet 5/, 27.9 +
38.4 Hz) of septuplets (/g 1.9 + 1.6 Hz, not found
in the case of 3a—c and 3h),6 = —75.9 + —82.0 and
—185.4 + —190.8 for the 5-(CF,),CF moiety (dou-
blet of quatruplets for the two CF, groups with 3/,
5.6 = 9.1 Hz, and a quatruplet of septuplets for the

CF unit). The surprisingly large coupling °J¢, not ob-
served in similar phosphoranes [7] and in the start-
ing diketone, is probably due to the double bond
formed that renders a rotation around the C-C im-
possible and accounts for a possible “through-space”
interaction because of closer contacts between the
CF, and the (CF,),CF substituents. The (CF,),CF res-
onance was shifted to high field compared to the CF,
signal, opposite to the findings in the starting dike-
tone [6]. The ground-state structure of the phos-
phoranes 3a—c have the P-CF, group probably in the
axial position of a trigonal bipyramid [23,24]. The
OCN ligand in the spirophosphoranes 3f and 3g pre-
sumably occupies an equatorial position.

EXPERIMENTAL

The appropriate precautions in handling moisture-
and oxygen-sensitive compounds were observed
throughout this work. Elemental analysis: Mikroan-
alytisches Laboratorium Beller, Géttingen. MS: MAT
8222 (EI, electron energy 70 eV). NMR: AC 80, op-
erating at 80.13 MHz ('H, internal standard TMS),
75.39 MHz ('°F, internal standard CCLF), and 32.44
MHz ('P, external standard 85% H,PO,). Com-
pounds 1a [12], 1b [13], 1c [14], 1d and 1e [15], 1f
and 1g[16], 1h[17], 1i[18], 1j [19], 1k [20], 11[21],
1m [19], and 2 [6] were prepared according to lit-
erature procedures.

CF3
N CF(CF3),
o. CF;
p — R 1‘3 """ ©
lijl """" . | \R3 + | \Rz
RrR? O CF(CF3), R
la-m 2 3a-m
Rl R2 R3 Rl RZ R3
a CF; Me Me h EtO EtO Me;SiO
b CF; iPr iPr i CF;CH;0 CF;CH;O Et;N
¢ CF; Et:N Et;N j CFs;CH;0O Et;N Et,N
d MeO MeO OCN k (CF;),CHO Et;N Et;N
EtO EtO OCN 1 PhCH,0O Et,N Et;N
f OCH,CH,0O OCN m Ce¢FsO Et;N Et;N
g OCMe,CMe,0 OCN

SCHEME 1



TABLE 1 *H, **F, and 3P NMR Data? of the Phosphoranes
3a-3m (Jis given in Hz)
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TABLE 2 Experimental Details for the Preparation of Com-
pounds 3a-3m

Compound oF CF; (°Jg, 6Je:) OF C(CF,), (3Js) CF op

3ab —64.2 (31.6, -) —-76.8(7.1) —186.8 —18.8
3be —-69.1 (27.9, -) -759(7.1) -186.1 —-9.1
3cd —64.1 (314, -) —-76.2(7.1) —-1854 —-27.2
3de —-67.2(30.3,1.6) —79.7(9.2) —190.0 —535
3ef -67.8(30.3,1.6) —775(9.1) —190.8 —51.2
3fa —-67.2(30.3,14) —79.7(7.0) —190.3 —32.6
39" -67.9(30.9,15) —80.1(6.8) —190.3 —38.6
3h’ —64.5(38.4, -) —-795(74) —-187.0 -7.0
3i/ -68.5(31.2,1.5) —80.2(7.8) —189.0 —47.8
3j« —-67.5(3.1,1.6) —79.0(7.6) —189.5 —38.2
3k’ —-67.5(30.6,14) —77.0(7.7) —189.0 —37.2
3 -62.5(36.2,16) —775(.5) —-187.0 -3.2
3m~ —-68.5(30.9,1.3) —-82.0(5.6) —189.5 —38.2
2High field shifts from TMS, CCI,F, and 85% H,PO, were given neg-
ative signs.

b0y = 1.34 (CH,, d, 2Jpy = 12.3); 0. = —77.9 (CF—P, d, 3F, 2J. =
51.8).

9, = 1.10 (CH,, dd, 12H, 3Jy, = 7.1, 3Js, = 21.1), 2.10-2.50 (CH,
m, 2H); . = —66.0 (CF,—P, d, 3F, 2J,- = 68.1).

%, = 0.83 (CH,, t, 12H, 3J,, = 7.0), 2.84 (CH,, dq, 8H, 3y, = 11.3);
S = —60.2 (CFiP, d, 3F, 2J,r = 72.4).

%y = 3.90 (CH,, d, 3Jp, = 16.1)

8, = 1.30 (CHs, t, 6H, 3,4y = 7.0), 4.20 (CH,, dg, 4H, 3J,,, = 15.1).

%, = 4.00-4.20 (CH,, m, 4H).

1y = 0.12 (CHy).

B, = 0.30 (CH,, s, 9H), 0.72 (CHj, t, 6H, 3J,, = 7.0), 3.57 (CH,, dg,
4H, 20, = 12.9).

B3y = 0.90 (CHy, t, 6H, 3J,, = 7.0), 2.90 (CH,, g, 4H), 3.70 (CH,CF,
q, 4H, 2J.,, = 8.4); 6, = —80.1 (CF,CH,, t, 6F, *J,r = 5.9).

#,, = 1.00 (CHs, t, 12H, 3J,, = 6.2), 2.80 (CH,, g, 8H), 3.90 (CH,CF,,
q, 2H, 2J,, = 8.7); 6, = —80.0 (CF,CH,, t, 3F, *J,r = 6.0).

B, = 0.90 (CH,, t, 12H, 2J,,, = 6.9), 2.90 (CH,, q, 8H), 4.40 (CH, sep,
1H, 3J,, = 6.2); 6 = —80.1 (CF, d, 6F, *Jor = 9.2).

ms,, = 1.10 (CH,, t, 12H, 3J,,, = 6.6), 3.10 (CH,, q, 8H), 4.70 (CH,Ph,
2H, 2J,,, = 7.6), 6.8-7.7 (Ph, m, 5H).

"y = 1.0 (CHy, t, 12H, 3J,,, = 6.7), 3.00 (CH,, g, 8H); . = —159.1
+ —160.2 (CqFs, 0-F, m, 2F), —169.0 = —170.6 (C4Fs, p-F, m, 1F),
—171.0 + —172.0 (C4Fs, m-F, m, 2F).

General Method for the Synthesis of
Phosphoranes 3a-3m (see Table 2)

A stoichiometric amount of each phosphorus deriv-
ative 1 was added dropwise to a solution of com-
pound 2 in 10 mL of diethyl ether at —10°C, stirred
for 1 hour and then allowed to react at ambient tem-
perature for 2 hours. The volatile materials were re-
moved in vacuo. Each remaining colorless liquid or
solid was analytically pure, unless indicated
otherwise.

2, 2-Dimethyl-2,4-bis(trifluoromethyl )-5-[1',2',2’,
2'-tetrafluoro-1'- (trifluoromethyl ) ethyl]-1, 3,2 3 o>-di-
oxaphospholene-(4) (3a). MS (50 °C): m1/z(%): 424
(M+, 30),405 (M* — F, 35),355 (M* — CF,, 90), 305
(M* — GF., 12), 286 (M* — 2 CF,, 10), 130
(Me,PCFy, 100), 69 (CF5, 18), and other fragments.

Reactants Yield
Compound [g (mmol)] [9(%)]
3a2 la: 1.3 (10), 2: 2.9 (10) 3.6 (87)
3ba 1b: 1.9 (10), 2: 2.9 (10) 3.9 (82)
3ca 1c: 2.4 (10), 2: 2.9 (10) 5.0 (94)
3d 1d: 0.3 (2.4), 2: 0.7 (2.4) 1.0 (100)
3e le: 0.6 (3.5), 2: 1.0 (3.5) 1.1 (70)
3fb 1f: 0.3 (2.4), 2: 0.7 (56) 1.0 (100)
3g¢ 1g: 0.7 (3.5), 2: 1.0 (35) 1.7 (100)
3h? 1f: 1.8 (10), 2: 2.9 (10) 4.7 (100)
3ie li: 0.7 (2.4), 2: 0.7 (2.4) 1.4 (100)
3jf 1j: 0.7 (2.4), 2: 0.7 (2.4) 1.4 (100)
3k9 1k: 0.8 (2.4), 2: 0.7 (2.4) 1.5 (100)
3In 11: 0.7 (2.4), 2: 0.7 (2.4) 1.4 (100)
3m’ 1m: 0.9 (2.4), 2: 0.7 (2.4) 1.6 (100)
aDecomposition upon distillation.
bMp 35°C.
“Mp 38°C.
9Bp 63 — 64°C/0.01 Torr.
eBp 35°C/0.001 Torr.
'Bp 33°C/0.001 Torr.
9Bp 35°C/0.001 Torr.
"Bp 32°C/0.001 Torr.
iMp 42°C.
Precision mass determination for m/z = 424

(C,HF,,0,P): 423.98967 (found), 423.98978 (calcd).

2,2-Bis(1'-methylethyl )-2,4-bis (trifluoromethyl ) -
5-[1',2',2', 2'- tetrafluoro -1'- (trifluoromethyl ) ethyl]-
1,3,2)%a%-dioxaphospholene-(4) (3b). MS (50°C): m/
2(%): 480 (M*, 7), 461 (M* — F, 10),411 (M* — CF,,
25), 369 (M* — CF, — C;H,, 5), 186 (iPr,PCF+, 8),
69 (CFy, 12), 43 (C,;H;, 100), and other fragments.

Precision mass determination for wm/z = 480
(C,;H,,F,;O,P): 480.05145 (found), 480.05240
(calced).

2, 2-Bis(diethylamino)-2,4-bis(trifluoromethyl )-5-
[1,2',2', 2'-tetrafluoro-1'-(trifluoromethyl )ethyl]-1,3,
2/3a%-dioxaphospholene-(4) (3¢). MS (50 °C): m/
2(%): 538 (M+, <1), 519 (M+ — F, 16), 469 (M+ —
CF,, 29), 466 (M* — EL,N, 63), 416 (M* — Et,N —
CF,, 50), 398 (M* — CF, — C,HN, 41), 69 (CF;,
100), and other fragments. Precision mass determi-
nation for m/z = 519 (C,sH,,F,,N,O,P): 519.10706

(found), 519.10714 (calcd); for m/z = 469
(C,,H,,F,\N,O,P): 469.11026 (found), 469.10980
(calcd).

2, 2-Dimethoxy- 2-isocyanato-4-trifluoromethyl-5-
[1,2',2', 2'-tetrafluoro-1'-(trifluoromethyl ethyl]-1, 3,
223a%-dioxaphospholene-(4) (3d). MS (26 °C): m/
2(%): 429 (M+, 1), 207 (M* — C,F, — NCO — HF,
20), 107 (C,F,0+, (Me0),PO*, 100), 69 (CF;, 4), and
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other fragments. Anal. caled for CyH(F,,NO.P
(429.11): C, 25.19; H, 1.41; F, 44.27; P, 7.22. Found:
C, 25.12; H, 1.57; F, 44.40; P, 7.17.

2,2-Diethoxy-2-isocyanato-4-trifluoromethyl-5-

[1',2",2',2"-tetrafluoro-1'-(trifluoromethyl )ethylJ-
1,3,2)°a>-dioxaphospholene-(4) (3e). MS (26°C): m/
2(%): 457 (M+*, 6), 359 (M* — NCO — 2 C,H,, 40),
208 (M+* — NCO - 2 C,H, — C,F, — H, 58), 152
(C.F,0+, 60), 124 (C,F;, 100), 69 (CFy, 31), and
other fragments. Anal. caled for C,H,,F,,NO.P
(457.16): C, 28.90; H, 2.20; F, 41.56; P, 6.78. Found:
C, 29.01; H, 2.15; F, 41.85; P, 6.80.

2-Isocyanato-4-trifluoromethyl-5-[1',2',2',2'-tet-
rafluoro-1'-(trifluoromethyl )ethyl]-spiro-[1',3",2' 1>
o’>-dioxaphospholane-2,2'-[1,3,2°6°]-dioxaphospho-
len-(4)] (3f). MS (55 °C): m/z(%): 427 (M+, 80), 408
(M+, — F, 40), 385 (M* — NCO, 25), 367 (M* —
C,H,0,, 10), 358 (M+ — CF;, 100), 133 (OCNPOCH-
LCH,0+, 40), 91 (POCH,CH,0+, 39), 69 (CF3, 20), 43
(C,H,0+, 40), and other fragments. Anal. calcd for
C,H,F,,\NO.P (427.09): C, 25.31; H, 0.94; F, 44.48; P,
7.25. Found: C, 25.10; H, 0.98; F, 44.60; P, 7.24.

2-Isocyanato-4-trifluoromethyl-5-[1',2',2',2'-tet-
rafluoro-1'-(trifluoromethyl )ethyl]-4',4',5',5'-tetra-
methyl-spiro-[1',3',2' 23a>-dioxaphospholane-2,2'-
[1,3,2)36%]-dioxaphospholene-(4)] (3g). MS (55°C):
miz(%): 483 (M*, 6), 468 (M+ — CH;, 3), 425 (M+ —
C,H,0, 6), 367 (M+ — C,(CH,),0,, 30), 83 (CiH;,
100), 57 (C;H,O+, 20), and other fragments. Anal.
calcd for C,;H,,F,,NO.P (483.20): C, 33.31; H, 2.50;
F, 39.32; P, 6.41. Found: C, 33.39; H, 2.77; F, 39.50;
P, 6.25.

2,2-Diethoxy-2-trimethylsiloxy-4-trifluoromethyl-
5-[1',2',2",2'-tetrafluoro-1'-(trifluoromethyl )ethyl]-
1,3,2°a>-dioxaphospholene-(4) (3h). MS (200°C):
m/lz(%): 505 (M+ + H, 10), 461 (M* — C,H,0, 18),
433 (M+ — C,H,Si, 38),405 (M* + H — CF,CF,, 67),
377 (M* + H — CF,CF, — C,H,, 79), 307 (M* + H
- C,F, — C,H,, 58), 197 (C,F,0+, 63), 109 (C,F,0~,
100), 81 (C,F;, 61), 73 (Me,Si+, 18), 69 (CFy, 16),
and other fragments. Anal. calcd for C,;H,,F,,0-PSi
(504.33): C, 30.96; H, 3.80; F, 37.67; P, 6.14. Found:
C, 29.82; H, 3.68; F, 37.20; P, 6.17.

2-Diethylamino-2,2-bis(2',2',2'-trifluoroethoxy)-
4-trifluoromethyl-5-[1',2',2',2'-tetrafluoro-1'-(trifluo-
romethyl )ethyl]-1,3,2 3a>-dioxaphospholene-(4)
(3i). MS (150°C): m/z(%): 595 (M*, 8), 526 (M*+ —
CF, 14), 523 (M* — EtN, 100), 496 (M* -
OCHLCF,, 80), 397 (M* — 2 OCH,CF,, 32), 325 (M+
— 2 OCH,CF, — Et,N, 30), 99 (CF,CH,0*, 8), 72

(Et,N+, 12), 69 (CF;, 50), and other fragments. Anal.
calcd for C,,H,,F,\NO,P (595.22): C, 28.25; H, 2.37;
F, 51.07; P, 5.20. Found: C, 28.25; H, 2.44; F, 51.00;
P, 5.17.

2,2-Bis(diethylamino)-2-(2',2’,2'-trifluoroethoxy)
-4-trifluoromethyl-5-[1',2',2',2'-tetrafluoro-1'-(tri-
fluoromethyl )ethyl]-1, 3,2 3c*>-dioxaphospholene-(4)
(3j). MS (150°C): m/z(%): 568 (M+, 14), 499 (M+ —
CF,, 10), 496 (M+* — EtN, 100), 469 (M+ -—
OCH,CF,, 22), 422 (M*+ — 2 Et,N, 24), 323 (M*+ —
OCH,CF, — 2 EtN, 8), 99 (CF,CH,0+, 12), 72
(Et,N+, 14), 69 (CF#, 60), and other fragments. Anal.
calcd for C,(H,,F,;N,O,P (568.32): C, 33.82; H, 3.90;
F, 43.46; P, 5.45. Found: C, 33.95; H, 3.95; F, 43.80;
P, 5.54.

2,2-Bis(diethylamino)-2-[1'-(trifluoromethyl )-2,
2',2'-trifluoroethoxyJ-4-trifluoro-methyl-5-[1',2’,
2',2'-tetrafluoro-1'-(trifluoromethyl Jethyl]-1,3,2 130°-
dioxaphospholene-(4) (3k). MS (150°C): m/z(%):
636 (M+, 8), 567 (M+ — CF,, 20), 565 (M*+ — Et,N,
100), 493 (M+ — 2 Et,N, 20), 469 (M* — OCH(CF,),,
95),325 (M* — OCH(CF,), — 2 Et,N, 24), 72 (Et,N*,
24), 69 (CFy, 40), and other fragments. Anal. calcd
for C,H,F,.N,0,P (636.31): C, 32.09: H, 3.33; F,
44.77; P, 4.87. Found: C, 32.99; H, 3.45; F, 45.70; P,
4.86.

2,2-Bis(diethylamino)-2-(phenylmethoxy)-4-tri-
fluoromethyl-5-[1',2',2',2'-tetrafluoro-1'-(trifluoro-
methyl)ethyl]-1,3,25c5-dioxaphospholene-(4)  (31).
MS (120°C): m/z(%): 576 (M*, 5), 504 (M* — Et,N,
100), 469 (M* — OCH,Ph, 48), 422 (M* — 2 Et,N,
12), 314 (M* — OCH,Ph — 2 Et,N, 10), 107
(PhCH,O", 12), 77 (Ph+, 12), 72 (Et,N*, 12), and
other fragments. Anal. caled for C,,H,,F,,N,O;P
(576.41): C, 43.76; H, 4.72; F, 32.96; P, 5.37. Found:
C, 44.58; H, 4.94; F, 31.20; P, 5.51.

2,2-Bis(diethylamino)-2-(pentafluorophenyloxy)-

4-trifluoromethyl-5-[1',2',2', 2" -tetrafluoro-1'-(trifluo-
romethyl )ethyl]-1,3,2 3a3-dioxaphospholene-(4)
(3m). MS (150°C): m/z(%): 652 (M+, 2), 580 (M*+ —
Et,N, 100), 469 (M+ — OCF, 35),508 (M* — 2 Et,N,
12), 183 (F.C,0*, 10), 167 (F.C+, 8), 72 (Et,N*, 15),
and other fragments. Anal. calcd for C,,H,,F,sN,O;P
(652.34): C, 36.82; H, 3.09; F, 43.69; P, 4.75. Found:
C, 37.58; H, 3.25; F, 42.20; P, 5.08.
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