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Coupled bis-heterocycles are of considerable interest both theore
tically and in practice.1–7 Representatives containing phosphorus 
atoms in various coordination states, such as biphospholes or 
biphosphinines,8–12 are less studied than their nitrogen analogues. 
Bis-heterocycles based on systems with Pii and Piii atoms can 
serve as ligands with coordination sites of different degrees of 
hardness13 and as possible substrates for cascade reactions.

On treatment with highly electrophilic chloral or hexafluoro
acetone, 1,2,3-diazaphospholes having Pii atom react at C(4b) atom 
of the heterocyclic system,14,15 whereas 2-R-4H-1,3,2-benzo
dioxaphosphinin-4-ones being Piii derivatives afford seven-mem
bered benzo-1,4,2- or benzo-1,3,2-dioxaphosphepines.16,17

Herein, we studied reaction of 2-(5-methyl-2-phenyl-2H-
1,2,3-diazaphosphol-4-yl)-4H-1,3,2-benzodioxaphosphinin-

4‑one 1,† containing two different phosphorus atoms in each 
heterocyclic moiety, with chloral and hexafluoroacetone. In fact, 
the reaction occurred exclusively at Piii atom of 1,3,2-dioxa
phosphorine cycle (Schemes 1 and 2). The fact that the reaction 

Reactions of 2-(5-methyl-2-phenyl-2H-1,2,3-diazaphosphol-4-yl)- 
4H-1,3,2-benzodioxaphosphinin-4-one with chloral and hexafluoroacetone

Vladimir F. Mironov,*a,b Gulnara A. Ivkova,b Liliya M. Abdrakhmanova,a  
Ekaterina V. Mironova,a Dmitry B. Krivolapova and Irina V. Konovalovab

a	A. E. Arbuzov Institute of Organic and Physical Chemistry, Kazan Scientific Centre of the Russian Academy 
of Sciences, 420088 Kazan, Russian Federation. Fax: +7 843 273 1872; e-mail: mironov@iopc.knc.ru

b	A. M. Butlerov Chemical Institute, Kazan (Volga Region) Federal University, 420008 Kazan,  
Russian Federation. E-mail: ivkova@ksu.ru

09.018DOI: 10.1016/j.mencom.2011.

Reaction of 2-(5-methyl-2-phenyl-2H-1,2,3-diazaphosphol-4-yl)-4H-1,3,2-benzodioxaphosphinin-4-one with chloral occurs at Piii 
atom of the 1,3,2-dioxaphosphinine cycle giving mostly 2-chlorocarbonylphenyl 2,2-dichlorovinyl (5-methyl-2-phenyl-2H-1,2,3-diaza
phosphol-4-yl)phosphonate, whereas hexafluoroacetone incorporates into the 1,3,2-dioxaphosphorine cycle affording the corresponding 
1,3,2-benzodioxaphosphepine.

†	 NMR spectra were recorded on Bruker MSL-400 (31P, 162.0 MHz) and 
Bruker Avance-400 (1H, 400 MHz; 13C, 100.6 MHz) instruments in CDCl3 
with the use of HMDS (1H) or the signals of the solvent (13C) as the 
internal standard and H3PO4 (31P) as the external standard. The IR spectra 
were measured on a Bruker Vector-22 instrument in KBr pellets. The EI 
mass spectra were obtained on a DFS Thermo Electron Corporation 
instrument (USA); the ionizing electron energy was 70 eV; the ion source 
temperature was 290 °C. A direct inlet system was used. The evaporator 
tube temperature was programmed from 100 to 350 °C. The processing of 
mass spectral data was performed using the Xcalibur software.
	 2-(5-Methyl-2-phenyl-2H-1,2,3-diazaphosphol-4-yl)-4H-1,3,2-benzo
dioxaphosphinin-4-one 1. At first, 4-dichlorophosphino-5-methyl-2-phenyl-
2H-1,2,3-diazaphosphole was synthesized analogously to 4-dichlorophos
phino-2,5-dimethyl-2H-1,2,3-diazaphosphole,18,19 bp 125–127 °C/0.02 Torr, 
yield 60%. 31P NMR, d: 241.8 (br. d, Pii, 2JPiiiCPii 78.0 Hz), 157.0 (d, PIII, 
2JPiiCPiii 78.0 Hz). Then, a mixture of thus obtained 4-dichlorophosphino-
5-methyl-2-phenyl-2H-1,2,3-diazaphosphole (2.77 g, 0.010 mol) and tri
methylsilyl 2-trimethylsiloxybenzoate (2.82 g, 0.013 mol) was kept under 
argon for 6 days. The reaction mixture was then evaporated (1.5 Torr) to 
afford a light-yellow powder of compound 1, mp 97–98 °C, yield 73%. 
MS, m/z: 342 [M]+·. IR (n/cm–1): 1206, 1153, 1129, 1070, 1043, 1014, 960, 
930, 904, 880, 869, 787, 767, 754, 748, 686, 656, 632, 586, 543, 527, 
496, 473. 1H NMR, d: 8.05 (dd, 1H, H5, 3JHCCH 8.0 Hz, 4JHCCCH 1.9 Hz), 
7.66 (dd, 1H, H7b, 3JHCCH 8.5 Hz, 4JPNCCH 1.6 Hz), 7.59 (ddd, 1H, H7, 
3JHCCH 7.6 Hz, 3JHCCH 8.3 Hz, 4JHCCCH 1.6 Hz), 7.38 (dd, 1H, H8b, 3JHCCH 
8.6 Hz, 3JHCCH 6.7 Hz), 7.30 (dd, 1H, H6, 3JHCCH 7.6 Hz, 3JHCCH 6.6 Hz), 
7.20 (td, 1H, H9b, 3JHCCH 7.6 Hz, 4JHCCCH 2.0 Hz), 7.10 (d, 1H, H8, 3JHCCH 
8.2 Hz), 2.69 (s, 1H, H10b). 13C NMR, d: 162.28 [dd (br. s), C4, 2JPOC 8.5 Hz, 
3JHCCC 8.4 Hz], 158.38 [ddq (dd), C5b, 2JPCC 23.8 Hz, 2JPCC 5.5 Hz, 2JHCC 
6.4 Hz], 157.68 [m (d), C8a, 2JPOC 8.0 Hz], 155.43 [m (d), C6b, 2JPNC 7.3 Hz], 

148.48 [ddq (dd), C4b, 1JPC 63.5 Hz, 1JPC 56.1 Hz, 3JHCCC 2.5 Hz], 136.87 
[ddd (s), C8, 1JHC 161.8 Hz, 3JHCCC 9.1 Hz, 2JHCC 1.9 Hz], 131.53 [ddd 
(br. s), C6, 1JHC 166.4 Hz, 3JHCCC 8.4 Hz, 2JHCC 2.1 Hz], 129.55 [dd (s), 
C8b, 1JHC 161.0 Hz, 3JHCCC 8.0 Hz]. 127.78 [dt (s), C9b, 1JHC 162.5 Hz, 
3JHCCC 7.3 Hz], 124.58 [dd (s), C5, 1JHC 164.7 Hz, 3JHCCC 7.7 Hz], 120.55 
[ddd (d), C7b, 1JHC 161.8 Hz, 3JPNCC 9.5 Hz, 3JHCCC 7.3 Hz], 120.27 [ddd 
(s), C7, 1JHC 159.0 Hz, 3JHCCC 7.7 Hz, 2JHCC 1.4 Hz], 116.10 [dd (m), C4a, 
3JPOCC 11.7 Hz, 5JPCPOCC 3.3 Hz], 15.41 [qd (d), C10b, 1JHC 128.8 Hz, 
3JPCCC 8.4 Hz]. 31P NMR, d: 238.5 (br. d, Pii, 2JPiiiCPii 16.6 Hz), 156.3 (d, 
Piii, 2JPiiCPiii 16.6 Hz).
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between 1,2,3-diazaphosphole cycle of compound 1 and these elec
trophiles does not proceed can be simply explained by the pres
ence of substituents at C(4b) in this moiety. Additionally, steric 
hindrance at Pii prevents any type of cycloaddition leading to 
compounds with tetra- and hexacoordinated phosphorus, which 
are usually inherent in heterophospholes.20–22

In the reaction with chloral (20 °C), two products 2 and 3 (9:1) 
were obtained (Scheme 1).‡ Product 2 is of dichlorovinyl phos
phonate chemotype and results from the Perkow reaction. The 
minor cycloexpansion product 3 is 1,4,2-benzodioxaphosphepine 
derivative [a 2:1 mixture of two diastereoisomers, dP 246.1 (br. d), 
26.0 (d, 2JPiiCPiv 65.7 Hz); 246.1 (br. d), 29.6 (d, 2JPiiCPiv 68.1 Hz)]. 
Note that previously studied 2-R-4H-1,3,2-benzodioxaphosphinin-
4-ones in reactions with chloral gave exclusively 1,4,2-dioxa
phosphepines.16

Apparently, the reaction starts with [1+2] cycloaddition of 
Piii atom at carbonyl group of chloral, leading to the intermediate 
spirophosphorane A (cf. ref. 23). It undergoes three-membered 
ring opening and chloride elimination in line with the Perkow 
reaction mechanism (see Scheme 1, pathway 1), giving thus 
quasiphosphonium salt B, the nearest precursor to the final pro
duct 2. The second direction (pathway 2) involves the conversion 
of intermediate A through a betaine-like transition state C into 
the cycloexpansion product 3.

Benzodioxaphosphepine 3 gradually crystallizes from the reac
tion mixture and thus can be isolated. Compound 2 containing 
reactive functional groups was obtained as a non-distilled oil after 
separation from compound 3. Its 31P NMR spectrum manifests 
signals at dP 251.86 (br. d) and 11.3 (d, 2JPiiCPiv 84.5 Hz), which 
confirms that 1,2,3-diazaphosphole fragment remained intact in 
the product.

The major diastereoisomer of 1,4,2-benzodioxaphosphepine 3 
was obtained individual by crystallization and its structure was 
established by NMR and XRD.§ An asymmetric part of the unit 

cell contains one independent molecule of compound 3 (space 
group P21/n, monoclinic). The geometry of the molecule in a 
crystal is shown in Figure 1. Conformation of its 1,4,2-dioxa
phosphepine ring is distorted asymmetrical boat. Diazaphosphole 
substituent occupies pseudoaxial position while trichloromethyl 
group and the phosphoryl oxygen are in pseudoequatorial sets. 
Atoms P(2), C(3) and O(4) are deviated from the plane O(1)–
C(5a)–C(9a)–C(5) [which is planar within 0.010 (2) Å] on one side 
with various distances [–1.1531(5), –1.853(2) and –0.744(2) Å, 
respectively]. The O(5) atom of the carbonyl group noticeably 
deviates from the plane O(1)–C(9a)–C(5a)–C(5) [O(5)–C(5)– 
C(5a)–C(6) torsion angle is 37.4(4)°]. 1,2,3-Diazaphosphole 
heterocycle of the molecule 3 is planar within 0.000(2) Å, its 
phenyl substituent is slightly turned relatively to this plane [N(1b)–
N(2b)–C(6b)–C(11b) torsion angle is 14.8(2)°]. Phosphorus atom 
has a distorted tetrahedral configuration. Relative configurations 
of the P(2) and C(3) atoms are R*,S*.

Reaction of compound 1 with hexafluoroacetone leads to 
1,3,2-benzodioxaphosphepine derivative 4 (Scheme 2). In this 

‡	 2-(5-Methyl-2-phenyl-2H-1,2,3-diazaphosphol-4-yl)-2,5-dioxo-3-tri
chloromethyl-2,3-dihydro-5H-1,4,2-benzodioxaphosphepine 3. A mix
ture of compound 1 (2.58 g, 0.008 mol), CH2Cl2 (10 ml), diethyl ether 
(10 ml), and chloral (1.11 g, 0.008 mol) was kept for 5 days, during which 
a crystalline precipitate gradually formed. The precipitate was filtered 
off, washed with hexane and dried in vacuo (0.1 Torr) to afford com
pound 3 as colourless crystals, mp 169–170 °C, yield 9%. MS, m/z: 488 
(C18H13

35Cl3N2O4P2) [M]+·, 372 [M – CCl3], 330 [M – CCl3 – N=CCH2], 
295 [M – CCl3 – C6H4]. IR (n/cm–1): 3421, 3411, 3397, 2884, 1741, 1602, 
1591, 1578, 1490, 1478, 1454, 1430, 1382, 1343, 1288, 1266, 1254, 1236, 
1214, 1158, 1133, 1112, 1080, 1057, 1040, 1015, 953, 931, 911, 872, 
846, 808, 783, 772, 755, 743, 706, 689, 666, 639, 606, 585, 549, 521, 
509. 1H NMR, d: 8.02 (dd, H6, 3JH7CCH6 7.8 Hz, 4JH8CCCH6 1.8 Hz), 7.75 
(m, H7b), 7.68 (dddd, H8, 3JH9CCH8 8.3 Hz, 3JH7CCH8 7.4–7.5 Hz, 4JH6CCCH8 
1.8 Hz, 5JPOCCCH8 1.0 Hz), 7.48 (m, H8b), 7.40 (m, H7, overlapped with 
H9b), 7.40 (m, H9b, overlapped with H7), 7.07 (ddd, H9, 3JH8CCH9 8.3 Hz, 
4JH7CCCH9 1.2 Hz, 4JPOCCH9 1.0 Hz), 5.11 (d, H3, 2JPMe 2.8 Hz), 2.82 (s, H10b). 
13C NMR, d: 163.66 [br. d (d), C5, 3JHC6CC5 6.0 Hz], 159.67 [m (dd), C5b, 
2JPiiCC5b 7.8 Hz, 3JPivCC5b 4.3 Hz], 142.59 [m (d), C6b, 1JPiiNC6b 11.1 Hz], 
136.13 [ddd (s), C8, 1JHC8 165.6 Hz, 3JHC6CC8 8.4 Hz, 2JHC9C8 1.3 Hz], 
133.88 [br. dd (d), C6, 1JHC6 166.3 Hz, 3JHC8CC6 8.7 Hz], 132.97 [ddq (dd), 
C4b, 1JPiiC4b 201.6 Hz, 1JPivC4b 48.6 Hz, 3JHC10CC4b 3.0–4.0 Hz], 129.89 [dd (s), 
C8b, 1JHC8b 161.8 Hz, 3JHC8b'CC8b 8.0 Hz], 128.77 [br. dt (d), C9b, 1JHC9b 
162.6 Hz, 3JHC7bCC9b 7.8 Hz, 5JPiiNCCCC9b 1.2 Hz], 127.62 [br. dd (d), C7, 
1JHC7 166.0 Hz, 3JHC9CC7 7.8 Hz], 126.33 [m (d), C5a, 3JPOCC5a 6.2 Hz], 
123.66 [br. ddd (d), C9, 1JHC9 165.0–166.0 Hz, 3JHC7CC9 8.5 Hz, 3JPOCC9 
3.9 Hz], 120.76 [ddm (d), C7b, 1JHC7b 161.1 Hz, 3JPiiNCC7b 9.8 Hz], 93.53 [dd 
(d), C10, 2JPC3C10 6.5 Hz, 2JHC3C10 6.5 Hz], 85.95 [ddd (dd), C3, 1JHC3 146.2 Hz, 
1JPC3 104.5 Hz, 3JPiiCPC3 2.9 Hz], 16.59 [q (s), C10b, 1JHC10b 130.0 Hz].
	 2-Chlorocarbonylphenyl 2,2-dichlorovinyl (5-methyl-2-phenyl-2H-1,2,3-
diazaphosphol-4-yl)phosphonate 2 was obtained after filtering precipitate 
3 off, the filtrate was evaporated (0.1 Torr) affording a colourless oil, 
yield 88%. For spectral characteristics of compound 2, see Online Sup
plementary Materials.

§	 X-ray diffraction analysis. Crystals of 3 (C18H13Cl3N2O4P2, M = 489.59) 
are monoclinic, space group P21/n. At 293 K: a = 5.5566(9), b = 26.838 
(4) and c = 13.963(2) Å, b = 98.674(2)°, V = 2058.5(6) Å3, Z = 4, dcalc = 
= 1.580 g cm–3, m = 6.29 cm–1, F(000) = 992. Data were collected on a 
Bruker Smart APEX II CCD automatic diffractometer [graphite mono
chromator, l(MoKa) = 0.71073 Å, w-scanning], 2q < 54°, Rint = 0.0243. 
16 584 reflections were measured, 4475 of them were independent, the 
number of observed reflections with I > 2s(I) were 3513, R = 0.0395, 
Rw = 0.0924, GOF = 1.055, the number of refined parameters is 303. An 
absorption correction was performed using SADABS program.24 The 
structure was solved by direct method using SIR program25 and refined 
by the full matrix least-squares using SHELXL-97 program.26 All non-
hydrogen atoms were refined anisotropically. All hydrogen atoms except 
H(121), H(122) and H(123) were located from the difference Fourier 
synthesis and refined isotropically. The atoms H(121), H(122) and H(123) 
were placed into the geometrically calculated positions and refined as 
riding atoms. All calculations were performed using WinGX27 and APEX228 
programs. All the figures and analysis of intermolecular interactions were 
performed using PLATON29 and ORTEP30 programs.
	 CCDC 837574 contains the supplementary crystallographic data for 
this paper. These data can be obtained free of charge from The Cambridge 
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 
For details, see ‘Notice to Authors’, Mendeleev Commun., Issue 1, 2011.
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C(4b)–C(5b) 1.423(3), C(5a)–C(9a) 1.380(4), C(5)–C(5a) 1.483(4), O(1)–
P(2)–O(2) 110.6(1), O(1)–P(2)–C(3) 98.2(1), O(1)–P(2)–C(4b) 105.8(1), 
O(2)–P(2)–C(3) 114.7(1), O(2)–P(2)–C(4b) 115.7(1), C(3)–P(2)–C(4b) 110.0(1), 
N(2b)–P(3b)–C(4b) 88.7(1), N(2b)–N(1b)–C(5b) 109.3(2), P(3b)–N(2b)–
N(1b) 117.1(2), P(3b)–N(2b)–C(6b) 125.3(2), N(1b)– N(2b)–C(6b) 117.6(2), 
P(3b)–C(4b)–C(5b) 109.9(2), O(2)–P(2)–O(1)–C(9a) 152.3(2), O(1)–P(2)–
C(3)–O(4) 56.0(2), O(2)–P(2)–C(3)–O(4) –61.3(2), C(7b)–C(6b)–N(2b)–P(3b) 
15.7(4), O(2)–P(2)–C(4b)–P(3b) 149.5(2), O(2)– P(2)–C(3)–C(10) 56.9(2).
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case, contrary to chloral, a possible oxaphosphirane intermediate 
D, being the product of the cheletropic reaction of Piii atom 
with carbonyl group, turns into 1,3,2-dioxaphosphepine 4 via a 
betaine-like transition state E. The structure of compound 4 was 
confirmed by the NMR and IR spectra.¶ The 13C-{1H} NMR 
spectrum contains characteristic signals of carbon atoms C(4) and 
C(5) (dC 83.63 and 185.45 ppm), relating to the seven-membered 
cycle, which unambiguously confirm the 1,3,2-dioxaphosphepine 
structure. The appearance of characteristic doublet at dP 252.9 ppm 
(2JPiiCPiv 82.8 Hz) in the 31P-{1H} NMR spectrum indicates that 
Pii-containing fragment of the molecule remained unaffected in 
spite of hexafluoroacetone excess and a long reaction duration. 

In summary, 2-(5-methyl-2-phenyl-2H-1,2,3-diazaphosphol-
4-yl)-4H-1,3,2-benzodioxaphosphinin-4-one reacts with only 
one molecule of carbonyl compound at more active Piii atom of 
dioxaphosphinine cycle, while atom Pii of diazaphosphole frag
ment remains unaffected.

The work was supported by the Russian Foundation for Basic 
Research (grant no. 10-03-00525). 
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12th April 2011; Com. 11/3717Received: 

¶	 2-(5-Methyl-2-phenyl-2H-1,2,3-diazaphosphol-4-yl)-2,5-dioxo-4,4-
bis(trifluoromethyl)-4,5-dihydro-1,3,2-benzodioxaphosphepine 4. Hexa
fluoroacetone (1.99 g, 0.012 mol) was condensed into a solution of com
pound 1 (4.0 g, 0.012 mol) in CCl4 (10 ml) and CH2Cl2 (10 ml) at –40 °C. 
The reaction mixture was slowly (8–10 h) warmed to 20 °C and kept at 
this temperature for one day, during which crystals of compound 4 were 
formed. The crystals were filtered off, washed with CCl4/CH2Cl2 mixture 
and dried in vacuo to give colourless crystals, mp 173–175 °C, yield 91%. 
MS, m/z: 481 [MH – CO]+. IR (n/cm–1): 3436, 3103, 3035, 2998, 2926, 
2853, 1708, 1693, 1602, 1573, 1493, 1481, 1448, 1427, 1383, 1357, 1277, 
1247, 1234, 1210, 1173, 1151, 1124, 1066, 1036, 1020, 980, 945, 931, 
891, 878, 849, 786, 767, 754, 739, 712, 677, 651, 602, 579, 565, 543, 
517, 500, 481, 457. 1H NMR, d: 7.82 (dd, H6, 1H, 3JH7CCH6 7.9 Hz, 
4JH8CCCH6 1.6 Hz), 7.77 (m, 2H, H7b, 3JH8bCCH7b 7.7–8.0 Hz), 7.64 (dddd, 
1H, H8, 3JH9CCH8 8.2 Hz, 3JH7CCH8 7.4 Hz, 4JH6CCCH8 1.6 Hz, 5JPOCCCH8 
1.1 Hz), 7.47 (m, 2H, H8b, 3JH7bCCH8b 7.7 Hz, 3JH9bCCH8b 7.4 Hz), 7.40 (br. m, 
H9b, 1H, 3JH8bCCH9b 7.4 Hz), 7.38 (br. m, 1H, H7, 3JH6CCH7 7.9–8.0 Hz, 
3JH8CCH7 7.4 Hz), 7.08 (br. d, H9, 1H, 3JH8CCH9 8.2 Hz), 2.76 (s, 3H, H10b). 
13C NMR, d: 185.45 [ddd (d), C5, 3JHC6CC5 4.3 Hz, 3JPOCC5 1.9 Hz, 
4JHCCCC5 1.7 Hz], 159.15 [ddq (dd), C5b, 2JPiiCC5b 10.5 Hz, 2JPivCC5b 4.4 Hz, 
2JHC10bC5b 4.2 Hz], 147.95 [ddddd (d), C9a, 3JHC8CC9a 10.4 Hz, 3JHC6CC9a 
9.0 Hz, 2JPOC9a 8.2 Hz, 2JHC9C9a 4.1 Hz, 4JHC7CCC9a 1.7 Hz], 142.69 [dtt (d), 
C6b, 2JPiiNC6b 11.1 Hz, 3JHC8bCC6b 8.5–9.0 Hz, 2JHC7bC6b 2.7 Hz], 136.81 [ddd (s), 
C8, 1JHC8 163.3 Hz, 3JHC6CC8 9.0 Hz, 2JHC9C8 2.1 Hz], 132.36 [ddddd (d), 
C6, 1JHC6 166.4 Hz, 3JHC8CC6 8.3 Hz, 2JHC7C6 2.6 Hz, 4JPOCCCC6 1.2 Hz, 
4JHC9CCC6 1.2 Hz], 130.07 [ddq (dd), C4b, 1JPiiC4b 204.9 Hz, 1JPivC4b 49.0 Hz, 
3JHC10bCC4b 2.8 Hz], 129.82 [ddd (s), C8b, 1JHC8b 162.6 Hz, 3JHC8bCC8b 7.5 Hz, 
2JHCC8b 1.2 Hz], 128.65 [dtd (d), C9b, 1JHC9b 162.5 Hz, 3JHC7bCC9b 7.6 Hz, 
5JPiiNCCCC9b 1.6 Hz], 127.99 [br. m (br. s), C5a], 126.52 [dddd (d), C7, 1JHC7 
165.2 Hz, 3JHC9CC7 8.1 Hz, 2JHC8C7 1.1 Hz, 4JPOCCC7 1.1 Hz], 121.65 
[ddddd (d), C9, 1JHC9 165.8 Hz, 3JPOCC9 8.1 Hz, 3JHC7CC9 8.0 Hz, 2JHC8C9 
1.2 Hz, 4JHC6CCC9 1.2 Hz], 120.91 [dm (d), C7b, 1JHC7b 162.2 Hz, 3JPiiNCC7b 
9.6 Hz, 3JHC7bCC7b 6.5–7.5 Hz, 3JHC9bCC7b 6.5–7.5 Hz], 120.13 [qdq (qdq), 
C10, 1JFC10 288.3 Hz, 3JPOCC10 3.0 Hz, 4JFC11CC10 1.1 Hz], 120.05 [qdq (qdq), 
C11, 1JFC11 290.0 Hz, 3JPOCC11 10.0 Hz, 4JFC10CC11 1.3 Hz], 83.63 [sept. d 
(sept. d), C4, 2JFCC4 30.3 Hz, 2JPOC4 7.6 Hz],  15.56 [q (s), C10b, 1JHC 129.6 Hz]. 
31P NMR (36.46 MHz, CDCl3) d: 253.20 (br. d, 2JPiiCPiv 82.8 Hz), 15.8 (d, 
2JPiiCPiv 82.8 Hz).
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