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Abstract

The reaction of 2-R-benzo[d]-1,3,2-dioxaphosphorin-4-ones with arylidenemalonic acid diethyl-
and bis(2,2,3,3-tetrafluoropropyl) esters has been found to give 2-aryl-2-R-benzo[d]-1,2-
oxaphosphophepin-2,5-diones with high stereoselectivity under soft conditions. In all cases pref-
erable diastereoisomers were isolated and the configuration of some of them was established by
single crystal X-ray diffraction.

Keywords:  Arylidenemalonic acid esters, 2-R-benzo[d]-1,3,2-dioxaphosphorin-4-ones,
benzo[d]-1,2-oxaphosphophepine derivatives, stereoselective formation, crystal structure, quan-
tum chemistry calculations

Introduction

Phosphorylated derivatives of salicylic acid (benzo[d]-1,3,2-dioxaphosphorin-4-ones or “salicyl-
phosphites™) obtained by Anshiitz! more than one hundred years ago are of interest from several
points of view. First, being the mixed anhydrides of phosphorous and carbonic acids they are at-
tractive in the synthesis of the new types of organic phosphorus compounds.? Second, they as
well as salicylic acid demonstrate versatile biological activity.® Third, they can be used in poly-
mer chemistry.® And at last, salicylphosphites have considerable promise in biochemistry as
phosphorylating reagents for introducing the phosphite moiety to the complex natural com-
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pounds.® Salicylphosphites have an interesting structural feature, namely, they are acylphosphites
comprising a labile endocyclic fragment P-O-C(O). The presence of nucleophilic phosphorus
atom and electrophilic carbonyl group in the same molecule leads to the appearance of unusual
reactivity that is the possibility to react easily with both electrophiles and nucleophiles.

The presence of an essential positive charge on the carbon and phosphorus atoms has been
shown by MNDO method for salicylﬂuorophosphite.6 The first two ionization potentials deter-
mined by photoelectron spectroscopy method have been established to belong to two m-orbitals
of a benzene ring and only the third potential corresponds to the lone electron pair of phospho-
rus’. The last potential is rather high, that is salicylphosphites are weaker nucleophiles than
acyclic phosphites. Taking into consideration the photoelectron data it is easy to account for the
reasons why the half-wave potentials E,;, of the first oxidation wave for salicylphosphites are
practically not affected by the nature of the exocyclic substituent at phosphorus.” The removing
of an electron proceeds from the m;-orbital of the benzene ring and not from the phosphorus one.

The peculiarities of the electronic structure of salicylphosphites and their great ability to open
a phosphorinane cycle under the attacks of electrophiles and nucleophiles are in accordance with
their reactions with carbonyl compounds and imines. So, such electrophiles as hexafluoroace-
tone,® fluorinated ()L,B—diketones,9 pyruvic acid methyl ester,’® mezoxalic acid diethyl ester,™
trifluoroacetone, tetrachloro—on‘ho—quinone,13 alkylcarbonylphosphonates,** hexafluoroacetone
imine,™ trifluoropyruvic acid methyl ester™ easily react with salicylphosphites as nucleophiles.
In these reactions the expansion of the phosphorinane cycle proceeds and the regio- and stercose-
lective formation of 6,7-benzo-1,3,2- and 6,7-benzo-1,4,2-dioxaphosphepines, 6,7-benzo-1,3,2-
and 6,7-benzo-1,4,2-oxazaphosphepines (I, I1) takes place.

O
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The reaction of 2-RO-5,6-benzophosphorin-4-ones containing the acceptor fluorinated exo-
cyclic substituent R with aromatic aldimines proceeds via nucleophilic attack of the latter on the
phosphorinone carbonyl group and leads to formation of 6,7-benzo-1,4,2-oxazaphosphepines
with high regio- and stereoselectivity.'’

It is necessary to note also that salicylphosphites contain a chiral phosphorus atom and are
convenient substrates for investigation of the reactions with the prochiral carbonyl compounds,
imines and alkenes.

Here we for the first time demonstrate that salicylphosphites and -phosphonites are also ca-
pable to react with activated alkenes such as arylidenemalonic acids diethyl- and bis(2,2,3,3-
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tetrafluoropropyl) esters to yield seven-membered heterocycles, 2-aryl-2-R-benzo[d]-1,2-
oxaphosphepin-2,5-diones, with high regio- and stereoselectivity.

Results and Discussion

The interaction of the usual acyclic P(III) derivatives with alkylidene malonic acid esters leads to
formation of 1,2-oxaphospholenes, containing pentacoordinated phosphorus atom.'® We have
found that 2-R-benzo[d]-1,3,2-dioxaphosphorin-4-ones 1 easily react with arylidenemalonic acid
diethyl- and bis(2,2,3,3-tetrafluoropropyl) esters 2 via two directions. The first direction includes
the formation of seven-membered heterocycles, 2-aryl-2-R-benzo[d]-1,2-oxaphosphepin-2,5-
diones 3 (90-95 %) and the second one involves the usual formation of phosphorane derivatives
4 (5-10 %).

The second pathway is reversible and compounds 4 are converted to phosphepines 3 under
light heating. The compound 1a reacts faster than 1b, c. Fluorinated derivatives 2b-d exhibit
higher reactivity than ethyl ester 2a. These observations and literature data'® indicate the nucleo-
philic attack of phosphorus on carbon-carbon bond and probable formation of intermediate bipo-
lar ion A. Its further stabilization involves the intramolecular attack of anionic moiety on endo-
cyclic carbonyl group and the formation of final compounds 3 (pathway 1). Owing to the pres-
ence of two electron-withdrawing substituents COOR and delocalization of the negative charge
the nucleophilic attack of oxygen on phosphorus atom can also take place (pathway 2). This di-
rection leads to formation of minor compounds 4, which have characteristic signals in *'P NMR
spectra (op —22 + —24 ppm).
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R = Ph (1a), OMe (1b), OEt (lc);

X, R’ = H, Et (2a); R’ = OCH,CF,CHF,, X = H (2b), 4-Cl (2c), 2-CI (2d), 4-Br (2e);

R, X, R’ = Ph, H, Bt (3a); R” = OCH,CF,CHF,, R = OMe, X = H (3b), 4-Cl (3¢), 2-Cl (3d),
R = OEt, X = H (3¢), 4-C1 (3f), 2-Cl (3g), 4-Br (3h), R = Ph, X = H (3i), 4-Cl (3j), 4-Br (3k)

The formation of phosphepines 3 is remarkable for its high regio- (100 %) and stereoselectiv-
ity (93-97 %). The reasons of this phenomenon are incomprehensible and are the subject of
quantum chemical calculations being carried out at present. Now it may be only said that prefer-
able diastereoisomer of compound (3f) has higher energy than minor one (see figure 1). This un-
expected result can indicate the kinetic reasons of high stereoselectivity. In all cases the preferred
diastereoisomers are isolated. Its structure was confirmed by 4, ¥, F, *'P NMR and IR spec-
troscopy.
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Figure 1. Structure and relative energy (kcal-mol™) of conformers for two diastereoisomers of
compound (3f). (1) d; (PxCg), twist-boat, (OEt)eq, (CICsHa)eq; (2) di (PsCs), boat, O'C**C*C°C*
planar fragment, (OEt)ax, (CICsHa)ax; (3) d2 (PsCr), twist-boat, (OEt)ax, (C1CcH4)eq; (4) da (PrCs),
boat, O'C*C?C’C* planar fragment, (OEt)eq, (ClC¢Hs)w:; (5) da (PxCs), boat, (OFEt)e,
(CICsHy)eq; (6) da (PsCr), boat, P°0'C™C>*C° planar fragment, (OEt)ay, (C1C¢H4)ay; (7) di (PsCs),
boat, P*0'C*C*C’ planar fragment, (OEt),y, (CIC¢Hs)eq; (8) di (PzCr), boat, P*0'C*C*C’ pla-
nar fragment, (OEt).q, (C1CsHa)ax (di — main diastereoisomer, d, — minor one).
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NMR data

The signals with 6p 17.5-20.5 and 6p 38.5-38.9 ppm belong to compounds (3b-h) and (3a, 3i-k)
respectively and are consistent with the phosphorus atom nature (coordination number and the
presence of one or two P—C bonds). The *C NMR data of phosphepines (7) recorded in two sol-
vents (acetone-D¢ and CDCl3) at various frequencies (150.9 and 100.6 MHz) are given in ex-
perimental part. In the up-field region of the >C NMR spectra there is a doublet of doublets with
characteristic values of the 1Jpc and 1JHC one-bond couplings (82.1-132.5 and 127.6-129.1 Hz
respectively). In low-field region of the ?C NMR spectra there are a singlet and two doublets
that can be assigned to two types of carbonyl groups, namely C (8¢ 186-188 ppm) and C', C*
(162-166 ppm). The chemical shift value of the latter carbons depends on the nature of substitu-
ents at P* and C°, and also on the solvent. Figure 2 demonstrates these evidences for two solvents
(acetone-Dg and CDCls). The solvent influence is caused by the alteration of the seven-
membered heterocycle conformation (this problem requires a separate investigation). According
to Karplus equations19'20 the small values of the *Jpc three-bond couplings (3Jpc3c4cl6,20 10-12
Hz) correspond to dihedral angle PC’C*C'%* of 40-60°, and values of 16-18 Hz are in agreement
with the dihedral angle of 160-180°. This interpretation is confirmed by X-ray diffraction (see
below). Other carbons in fluoroalkoxylic substituents are also non-equivalent in >C NMR spec-
tra. The attention should be also drawn to the broadening of ortho-carbons (C'"'®) in aryl sub-
stituent connected with dynamic process in molecules (3) (it may be hindered rotation about the
C’—C'"" bond). It is interesting that the signals of C'"""” are clearly revealed in ortho-chlorophenyl
substituent. The full interpretation of the spectra was made using the literature data for salicylic
acid®! and its phosphorylated derivatives,®'* '*'7 and also 2D NMR (COSY, HETCOR HMBC
and HSQC) experiments. Made assignment is in good agreement with quantum chemical calcu-
lations (GIAO DFT) of carbon and proton chemical shifts. In all cases correlation coefficients lie
within 0.96-0.98 (for boat conformations). Different shielding of fluoroalkoxylic substituents is
manifested in 'H and '°F NMR spectra, where almost all nuclei are non-equivalent.

ISSN 1424-6376 Page 100 ®ARKAT USA, Inc



Issue in Honor of Prof. Alexander I. Konovalov ARKIVOC 2004 (xii) 95-127

3e
b a
3f
b a
3b
b a
3d
b a
3
b a
3k
b a
I | | 1
165.8 165.2 164.6 164.0 8c ppm

Figure 2. Low-field region of C-{H} NMR spectra of compounds (3e, f, b, d, j, k) recorded in
CD3;COCD; (150.9 MHz) (a) and in CDCl; (100.6 MHz) (b).

Mass-spectrometry data

The structure of compounds (3b-j) was confirmed by high-resolution mass-spectrometry (elec-
tron impact). Mass-spectra of all compounds (3b-j) contain the molecular ion peaks [M]™* (Tabl.
1). The cleavage of the C*-C(X) bond and elimination of X (X = C(O)OCH,CF,CHF,) leading
to formation of ions [M-X]" are the common fragmentation pathway for these molecules. An-
other fragmentation pathway is connected with the formation of ions [M — R]™ (R=
OCH,CF,CHF,). The process is accompanied with breaking of C—O bonds. Compounds (3f, g,
h) containing ethoxy group at phosphorus give the ions [M — OEt]" and [M — C,H,4]". Com-
pounds (3¢, d, f, g, h, j) containing halogen in aryl substituent at C* show the intensive peaks
relating to ion [M — Hal]". Further the ion [M — C,H,]" can lose halogen in case of compounds
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(3f, g, h, j) to yield the ion [M — C,H, — Hal]". The most intensive peak with m/z 120 belongs to
the ion C;H40,, which is formed in result of the P—-C> and C*~C° bonds cleavage.

Table 1. Mass-spectra of compounds (3b, ¢, d, f-J)

Ion m/z (Letar, %0)*
3b 3c 3d 3f
M]™ 618(6.2) 652(1.1) 652(0.30) 666(1.4)
[M — OEt]" - - - 621(0.04)
[M-R] 487(6.0) 521(1.0) 521(0.64) 535(1.4)
M -X]" 459(10.9) 493(1.7) 493(0.80) 507(1.5)
[M — CoHy]" - - - 638(0.04)
[M — Hal]" - 617(1.8) 617(13.2) 631(1.7)
[M—-CHy— X]" - - 479(0.18) 479(0.45)
[M — C,H, — Hal]" - - - 603(0.16)
[C;H40,] " 120(100.0) 120(100.0) 120(100.0) 120(100.0)
Ton m/z (Lelar, %0)*
3g 3h 3i 3j
[M]™ 666(0.17) 710(5.3) 664(3.1) 698 (4.1)
[M — OEt]" 621(0.06) 665(0.1) - -
[M-R]" 535(0.97) 579(5.1) 533(2.8) 567(5.5)
M-X]" 507(0.49) 551(4.9) 505(1.3) 539(4.3)
[M — C,H,]" 638(0.01) 682(0.18) - -
[M — Hal]" 631(13.3)  631(12.5) - 663 (5.9)
M- CoHs — X]" - 523(5.8) - -
[M — C,H,; — Hal]” 603(3.1) 603(2.3) - -
[C;H,0,] " 120(100)  120(100.0) 120(11.8) 120(18.5)

*The values of m/z are given for ions containing the most widespread isotopes;, X =
C(O)OCH,CF,CHF,, R = OCH,CF,CHF,; Hal = CI.

X-ray diffraction data

In view of the fact that the reliable assignment of the configuration to phosphepines 3 is impossi-
ble using only NMR we have studied the structure of the isolated preferable diastereoisomers by
single-crystal X-ray diffraction. The geometry of molecules 3a, ¢, d, g, j is shown in figures 3-8,
as well as their selected bond lengths, bond and torsion angles. The primary diastereoisomers of
the compounds have the configuration RpRc (SpSc) (33, C, g, ), RpSc (SpRc) (3d). The cycle con-
formation may be described as asymmetrical (distorted) boat. The O'C**C*C°0°C* fragment is
planar within 0.085(6) A (3a), 0.073(3) A (3¢, A), 0.044(2) A (3¢, B), 0.085(6) A (3d), 0.064(2) A
(3g) and 0.026(3) A (3j). Deviations of the P?, C* atoms from this plane are equal to 1.193(3),
1.312(8) A (3a), —1.361(1), —1.243(4) A (3c, A), —1.3524(9), —-1.263(3) A (3c, B), 1.193(3),
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1.312(8) A (3d), 1.2255(9), 1.348(3) A (3g), 1.2505(9) and 1.310(3) A (3j), that is, the two atoms
are on the one side of the plane and at different distances from it. Atom O” occupies pseudoaxial
position (its deviation from this plane is 2.448(6) A (3a), —2.649(3) A (3c, A), —2.598(2) A (3c,
B), 2.448(6) A (3d), 2.461(3) A (3g), 2.529(2) A (3j)). Aryl group at C* and alkoxyl or phenyl
substituent at P* are pseudoequatorial (deviation of C'* from plane O'C*C*C°0°C* is equal to
1.883(8) A (3a), —1.695(4) A (3c, A), —1.648(4) A (3c, B), 1.883(8) A (3d), 1.953(3) A (30),
1.935(3) A (3j); deviation of O® from the same plane is equal to —0.932(3) A (3¢, A), —0.978(2) A
(3¢, B), 0.657(3) A (3g)). It is interesting to note that 2-chlorophenyl substituent in molecules
(3d, g) has a conformation, in which chlorine and proton at C* are in cis-orientation and ap-
proximately in one plane (dihedral angle H’C’C'°C" is 11.9(3)° (3d), 19.8(3)° (3g)). Moreover
there is a hydrogen bond between Cl and H? (C3—H3..‘C11, C-H® 1.06 A, H..Cll 244 A,
C..Cl' 3.084(3) A, 118 (3d); C*-H>...Cl', C*-H’ 1.13 A, H’..CI' 2.45 A, C*...CI' 3.079(4) A,
C’H’CI' 114 (3g)). Such arrangement is not likely to be accidental and can be connected with
reaction mechanism. The molecules have also a fragment O'P*C’C* which is planar within
0.09(8) A (3a), 0.03(4) A (3c, A), 0.02(8) A (3c, B), 0.10(3) A (3d), 0.09(3) A (3g) and 0.08(4) A
(3j). Atoms C°, C** and C”* deviate from this plane on the one side and by different distances (—
1.22(8), —1.84(1), —1.28(1) A (3a), —1.353(4), —1.797(4), —1.173(5) A (3c, A), —1.352(4), —
1.831(3), —1.194(4) A (3c, B), —1.271(3), —1.870(3), —1.305(3) A (3d), 1.263(4), 1.872(4),
1.322(3) A (3g), 1.289(4), 1.850(4) and 1.280(4) A (3j)). The deviations of numerated atoms on
the one side from two planes (0'C**C**C’0°C* and O'P’C’C?) are characteristic for boat con-
formation. The dihedral angles between planes O'C*C>*C°0°C* and O'P’C’C* are equal to
122.0(4)° (3a), 119.4(2)° (3c, A), 119.2(2)° (3¢, B), 119.1(1)° (3d), 119.5(1)° (3g), 119.0(2)° (3)).
The carbons C'® (3a, 3c, A, B, 3d, 3j) or C*° (3g) of equatorial fluoroalkoxylic groups are situ-
ated practically in six-atomic planar fragment 0'C*C?*C°0°C* (deviations are 0.20(1) A (3a),
0.174(4) A (3c, A), 0.152(4) A (3c, B), —0.066(4) A (3d), 0.089(4) A (39), 0.003(3) A (3j)). The
fluoroalkoxylic substituents at C* have different conformation in these molecules. So, along C'’—
C'" (C*'-C?*) bond in axial group the synclinal conformation in molecules (3¢, j) and anti-
periplanar in molecules (3d, g) are realized. Equatorial group in theses molecules has synclinal
conformation in molecules (3c, d, g) and antiperiplanar one only in molecule (3j). Such variety
may be connected with crystal packing for these compounds. It should be noted also that some of
fluoroalkoxylic substituents have rather long planar moiety (C*C0"0"CC*F!, + 0.02(6) A
(3d), + 0.04(8) A (3¢, A); C*'C*°(0*)0O*' C*'C¥FS, + 0.09(6) A (3g), + 0.09(6) A (3¢, A).

The superposition of molecules (3a, J) is shown in fig. 8a, b. It is obvious that the molecules
have the same conformation of heterocycles. There are the differences concerning the fluorocar-
boxylic substituens conformation. The superposition of heterocyclic moiety of molecules (3c, d,
g) is shown in fig. 9. One can see that molecules (3d, g) have more folded conformation than (3c,
A, B).
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Figure 8. Superposition of molecules (3a — green) and (3] — blue). Hydrogen atoms are omitted
(a — heterocyclic parts of molecules, b — full molecules).

Figure 9. Superposition of heterocyclic parts of molecules (3g — green) and (3d — yellow), (3¢ —
two independent molecules — red and blue). Hydrogen atoms are omitted.

The view of a fragment of the crystal structure of (3a) along Oc and 0a axis is shown in fig.
10a, b. The C-H...O contacts of the methylene (H'"?) and methyl (H'®?) H-atoms with carboxyl
oxygen (O° and O'®) unite molecules into continuous layers along 0a axis. Parameters of the H-
bonds are as follows: distance H'"%...0° 2.56 A < C-H'.0" 122°, distance H'®..0'% 2.64
A, < C®-H"™..0' 139°. (“ =1/2 + x, 1/2 — y, —z). The layers are united into a 3D framework
due to the contacts of bridging H'> and H*’ atoms with carboxyl oxygen O*° and phosphoryl
oxygen O respectively, distance H'2...0%" 2.50 A, < C'*-H"..0*" 157° (" =12 +x, y, 1/2 - 2),
distance H*...0% 2.48 A, < C-H¥..0*" 166°. (> =3/2 — x, -y, 1/2 + z). In the crystal of (3])
intermolecular C—H...O interactions combine molecules into 3D frame. Hydrogen bonds parame-
ters are listed in Table 2.

ISSN 1424-6376 Page 104 ®ARKAT USA, Inc



Issue in Honor of Prof. Alexander I. Konovalov ARKIVOC 2004 (xii) 95-127

Figure 10. View of a fragment of the crystal structure of (3a) along Oc axis (a). View along Oa
axis (b). Hydrogen atoms, which do not participated in intermolecular contacts, are omitted for
clarity.

Table 2. Hydrogen bonds for (3j) (A and deg.)

D-H..A d(D-H) dH..A) d([D..A) <DHA
Cc-H"..0? (*) 0.98 232 3.180(7) 146
c-H'"..0% (*) 0.97 2.58 3.370(7) 138

C-H'..0° (**%) 0.97 2.49 3.349(7) 148
C*-H?"..0% (**%) 0.97 2.32 3.257(6) 161

Equivalent positions: (*) 1 -x, 1 =y, 1 —z; (**) —x, 1 =y, 1 —z; (***) -1 +x, y, z.
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Intermolecular interactions in the crystal of (3c) are shown in figure 11. The independent
molecules A and B form the similar supramolecular motifs by C—H...n-interactions. These motifs
are formed either by molecules A, or by molecules B. Parameters of the H-bonds are as follows
(Cgl — center of gravity of benzene ring C***C***AC*** Cg2 — center of gravity of benzene ring
CBaCOBIBCB). C12B_H. .Cg2’ (1 — x, 1 — y, —z), distance H...Cg2’ 3.11 A, distance from H to
plane Cg2’ 2.80 A, < C'*®-H...Cg2’ 135°, distance C'*2...Cg2’ 3.823(5) A; C"**-H...Cgl” (~x, —
y, 1 —z), distance H...Cgl1” 3.06 A, distance from H to plane Cgl” 2.76 A, < C'**~H...Cg1” 137°,
distance C'**...Cgl1” 3.800(6). Centrosymmetric dimers, formed by C—H...n-interactions, consti-
tute the lamellar motifs by C—H...O interactions (Figure 12).

Figure 11. Intermolecular interactions in the crystal of (3c). View along Oc axis. Hydrogen at-
oms, which do not participated in intermolecular contacts, are omitted for clarity.

Figure 12. Crystal packing diagram in the crystal of (3c, A, B). View along 0Oa axis. Molecules
(3c, A) are blue and ones (3c, B) are green.
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Crystal packing of compound (3d) have 3D supramolecular structure (as in crystal of com-
pound 3a) determined by C—H...O- and C-H...F-interactions. The localization of fluorine atoms
in the small volumes (see fig. 13) is observed.

Figure 13. Crystal packing diagram in the crystal of (3d). View along Oa axis. Fluorine atoms
are shown as space-filled.

Fig. 14a, b demonstrates the intermolecular interactions in the crystal of (3g). The pairs of C—
H...O contacts between methylene H*'' atoms and oxygen O’ atoms combine two molecules into
centrosymmetrical dimers, which are, in turn, combined into continuous layers along [110] crys-
tallographic direction due to symmetric C'°~H'"...0” contacts between dimers. Parameters of the
H-bonds are as following: distance H*'..0°2.35 A < 1?07 154° (‘=1-x,—y ,—=2); dis-
tance H'...0% 2.53 A, < (C"-H"...0%) 126° (“ = —x, 1 — y, —z). The layers are combined into 3D
frame by the weaker n—m-contacts.
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Figure 14. Intermolecular interactions in the crystal of (3g) — (a) view along Oc axis (diagonal
a0b), (b) top view along [110] on the layers. Hydrogen atoms, which do not participated in in-
termolecular contacts, are omitted for clarity.

Experimental Section

General Procedures. Solvents and commercially available reagents were purified by conven-
tional methods before use. All experiments were performed under an atmosphere of dry argon.
Melting points are uncorrected. Measurements involved “Boetius” melting point apparatus
(manufacturing of DDR). NMR spectra were recorded on Varian Unity-300 (300 MHz, 'H;
121.4 MHz, *'P; 282.0 MHz, "°F), Bruker MSL-400 (100.6 MHz, °C), Bruker Avance-600 (600
MHz, 'H; 150.9 MHz, " C) spectrometers. The dp values were determined relative to external
standard (H3PO,). The d¢ and oy values were determined relative to internal standard (HMDS).
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The Or values were determined relative to internal standard Cg¢Fg and then recalculated relative to
CFCl;. Infrared spectra were registered on a Specord M-80 spectrometer in Nujol between KBr
plates. The EI mass spectra were obtained on a MAT-212 (Finnigan) instrument; the energy of
ionizing electrons was 70 eV. The masses were precisely determined by fitting to the reference
peaks of perfluorokerosene. The temperature of the ion source was 120 °C. The samples were
introduced into the ion source using a direct inlet system. The temperature of the evaporator tube
was 100°C. The mass-spectrometric data were processed using the MASPEC 2 system program.
The starting 2-RO-5,6-benzophosphorin-4-ones were prepared as described previously®?.

X-ray crystallography. The X-Ray diffraction data for the crystals of (3a, c, d, g, J) were col-
lected on a CAD4 Enraf-Nonius automatic diffractometer using graphite monochromatic radia-
tion. The stability of crystals and experimental conditions was checked every 2 hours using three
control reflections, while the orientation was monitored every 200 reflections by centering two
standards. No significant decay was observed. Corrections for Lorentz and polarization effects
were applied. Absorption correction was applied for (3¢, d, g, j). The structure was solved by
direct method using the SIR® program and refined by full-matrix least squares using
SHELXL97% program. All non-hydrogen atoms were refined with anisotropic atomic displace-
ment parameters and hydrogen atoms bonded to carbon were inserted at calculated positions us-
ing a riding model. All calculations were performed on a PC using WinGX® set of programs.
Data collection and data reduction were performed on Alpha Station 200 computer using
MoLEN? program. A summary of the crystal data, data collection and refinement procedures are
given in Table 3.
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3a 3c 3d 39 3j
Empirical formula C27H2507P C24H18C1F808P C24H18C1F808P CstzoCngOgP C29H19C1F807P
Empirical formula
. 492.47 652.80 652.82 666.85 697.88
weight
Temperature (K) 293(2)
Wavelength (A) 0.71073 1.54180 1.54180 1.54180 1.54180
Crystal system Orthorhombic Triclinic Triclinic Monoclinic Triclinic
Space group Pbca P-1 P-1 P2,/c P-1
Unit cell dimensions
a®) 9.536(2) 11.770(2) 9.639(2) 9.847(9) 9.10(1)
bR 33.148(2) 12.304(3) 11.918(2) 12.332(9) 13.00(1)
c (A 15.85(4) 19.865(3) 12.502(3) 23.24(2) 13.97(2)
o (deg) 90.00 93.65(2) 102.68(1) 90.00 75.4(1)
B (deg) 90.00 90.70(1) 90.80(2) 99.83(3) 89.0(1)
v (deg) 90.00 105.84(1) 101.15(2) 90.00 73.9(1)
Volume (A%) 5008(3) 2760.4(9) 1372.5(5) 2780(4) 1535(4)
Z 8 2 2 4 2
Density (calculated)
; 1.305 1.571 1.580 1.593 1.513
Mg/m’)
Absorption coefficient
o 1.54 27.10 27.26 27.04 24.57
(cm™)
F(000) 2064 1320 660 1352 708
Crystal size (mm) 04x04x04 03x03x02 04x03x02 02x02x02 02x0.2x0.15
Scan mode ®-scan ®/20-scan ®/26-scan ®/26-scan ®-scan
Theta range for data
) 3.82t022.70  4.22to 74.12 3.88 to 64.92 3.86 to 74.27 3.27 to 74.30
collection (deg)
-10<h<0, -13<h<7, 0<h<l1l, -4<h<12, 0<h<9,
Index ranges 0<k<32, -14<k< 14, -13<k<12, -15<k <0, -12<k<9,
0<1<1s —24<1<24 -13<1<14 -29<1<28 -13<1<13
Reflections collected 2528 9709 4103 5993 4425
Independent reflec- 2527 [R(int)= 6522 [R(int)= 3565 [R(int)= 5611 [R(int) = 3500 [R(int) =
tions 0.1081] 0.0751] 0.0251] 0.0352] 0.1815]
Refinement method Full-matrix least-squares on F*
Data / restraints / pa-
2527/0/341 9709/12/809  4103/0/396 5611/0/409 4425/0/416
rameters
Goodness-of-fit on F
5 1.035 1.025 1.042 1.028 1.061
Final R indices [[>2  R1=10.0632 R1=0.0632 R1=0.0544 R1=0.0770 R1=0.0747
sigma (1)] wR2=0.1453 wR2=0.1678 wR2=0.1519 wR2=0.2104 wR2 =0.2023
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Table 3. Continued

R1=0.1996 R1=0.1052 R1=0.0624 R1=0.1089 R1=0.0747

R indices (all data)
wR2=0.2108 wR2=0.1959 wR2=0.1604  wR2=0.2479 wR2 =0.2023
Extinction coefficient 0.00 0.00 0.00 0.0133(11) 0.032(3)
Largest diff. peak and 0.30 and 0.58 and 0.56 and
3 0.62 and -0.46  0.47 and —0.44
hole (e-A™) —0.40 —0.52 -0.38

Ab initio quantum calculations were carried out using the GAUSSIAN98 program package?’
on a computer cluster at the A.E.Arbuzov Institute of Organic and Physical Chemistry of the Ka-
zan Research Center of the Russian Academy of Sciences consisting of nine Compaq Alpha
DS10L workstations (Alpha-264-466MHz/256 Mb/10 Gb) and an Alpha DS20E workstation
(2*Alpha-264-667MHz/512 Mb/20 Gb) with 100 Mbps Fast Ethernet system. All molecular ge-
ometries were optimized at the HF/6-31G level of theory. The absolute values of shielding were
calculated by the DFT/GIAO (density functional theory/gauge including atomic orbital) method
with the 6-31G(d) basis set and the B3LYP functional. All data were referred to TMS chemical
shifts that were calculated in the same conditions. Calculations were carried out for the isolated
molecule in the gas phase without regard for the solvent effects.

Malonic acid bis(2,2,3,3-tetrafluoropropyl) ester was prepared by refluxing the benzene solu-
tion of a malonic acid with a double equivalent amount of 2,2,3,3-tetrafluoropropanol in the
presence of a catalytic amount of p-toluenesulfonic acid. Yield 92 %, b. p. 132°C (15 mmHg).

General procedure for preparation of malonates (2b-e)

The mixture of malonic acid bis(2,2,3,3-tetrafluoropropyl) ester (22 g, 66 mmol) and equimolar
amount of aldehyde was refluxed in 25 mL of benzene in the presence of catalytic amount of
piperidine for 4 hours in a Dean and Stark apparatus. After the reaction was completed and
cooled to 20°C, 10 mL of C¢Hg was added. The reaction mixture washed with 20 mL H,O, 20
mL IM HCI and then 20 mL solution of Na,COs. The organic phase was separated and dried
with Na,SO, overnight. The solvent was removed by distillation and the residue was distilled in
vacuo.

Benzylidenmalonic acid bis(2,2,3,3-tetrafluoropropyl) ester (2b). Yield 21 g (88 %), b. p.
130°C (0.03 mmHg). '"H NMR (CDCls, 300 MHz, & ppm, J Hz): 7.93 s (CH, /H); 7.43 m (C¢Hs,
5H); 5.88 t. t (CHF,, 1H, *Jucr 53.0, *Jrccn 3.5-3.7); 5.69 t. t (CHF», 1H, “Tucr 52.9, *Jecen 4.2);
4.65 t. t (OCHa, 2H, *Juccr 12.6, *Teccen 1.3); 4.63 t. t (OCHy, 2H, *Juccr 12.7, *Teccen 1.5).
4-Chlorobenzylidenmalonic acid bis(2,2,3,3-tetrafluoropropyl) ester (2c). Yield 17 g (78 %),
b. p. 138°C (0.02 mmHg). *C NMR (acetone-dg, 150.9 MHz, 8 ppm, J Hz) (description of a sig-
nal in C-{'"H} NMR spectrum is in parentheses): 164.57 two d. t (s) (COO-cis, *Juccc 4.4,
Thcoc 2.9; COO-trans *Tucee 9.8, *Tucoc 2.9); 144.86 br. d. t (s) (CH=, 'Jyc 157.4, *Tucocc 4.4);
136.26 t. t (s) (C7, *Jnocccp 10.8, 2Tuemep 3.3); 132. 2 t.d (s) (C', *Jumecci 7.0, *Jucoci 7.0); 129.12
d.dd (S) (Co, 1JHCO 161.9, 2JHcmco 6.6, 3JHCCC0 5.6); 128.8 d. d (S), (Cm, 1JHcm 167.3, 2JHcocm
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5.1); 116.63 br. s (s) (C=); 114.06 t. t. d. t (t. t) (CFa, 'Jrc 249.7, *Jpce 27.5, “Tnce 4.1, *Tuce 3.0);
109.75 t. d. t (t. t) (HCF, 'Tec 250.0, 'Tc 193.1, *Jree 36.0); 59.3 t. t (t) (CHa, 'Tyc 150.6, *Trcc
29.0).

2-Chlorobenzylidenmalonic acid bis(2,2,3,3-tetrafluoropropyl) ester (2d). Yield 18 g (79 %),
b. p. 138 °C (0.02 mmHg). NMR 'H (CDCls, 300 MHz, & ppm, J Hz): 8.23 s (CH, /H); 7.34-
7.52 m (CeHa, 4H); 5.97 t. t (CHF,, 1H, *Jucr 53.0, *Jecen 3.6); 5.71 t. t (CHF,, 1H, *Jucr 52.9,
Jrecn 4.0); 4.73 t. t (OCH,, 2H, *Tucer 12.6, *Trceen 1.3); 4.60 t. t (OCH,, 2H, *Jucer 12.6,
Trcecn 1.4).

4-Bromobenzylidenmalonic acid bis(2,2,3,3-tetrafluoropropyl) ester (2e). Yield 18 g (82 %),
b. p. 140 °C (0.03 mmHg). NMR 'H (CDCl;, 300 MHz, & ppm, J Hz): 7.96 s (CH, /H); 7.66 and
7.42 two m (C¢Hs, 4H); 6.01 t. t (CHF,, 1H, “Jucr 53.0, *Jrccu 3.4); 5.91 t. t (CHF,, 1H, *Jucr
53.0, *Jrcen 3.9); 4.76 br. t (OCH,, 2H, *Juccr 12.6-13.0); 4.72 br. t (OCH,, 2H, *Juccr 12.6-
13.0).

2,5-Dioxo-2,3-diphenyl-4,4-bis(ethoxycarbonyl)-6,7-benzo-1,2-oxaphosphepine (3a). was ob-
tained by heating the mixture of salicylphosphonite (1a) (5.0 g) with benzylidenmalonic acid di-
ethyl ester (2a) (5.02 g) and 10 mL CH,Cl, under reflux (5 h) in argon atmosphere with the fol-
lowing precipitation of reaction mixture into ether. Yield 70 %, m. p. 166°C. Anal. Calcd for
Cy7H,504P: C 65.85; H 5.08; P 6.30. Found: C 65.48; H 4.94; P 6.10. IR (cmﬁl): 1740 and 1770
(CO0), 1690 (C=0), 1610, 1575, 1500, 1480, 1395, 1287 (P=0), 1246, 1212, 1195, 1165, 1125,
1100, 1070, 1040, 923, 890, 865, 840, 825, 770, 746, 700, 640, 620, 605, 565, 545, 509, 463. 'H
NMR (CDCls, & ppm, J Hz): 4.47 d (H?, *Jpcy 27.5), 4.29 and 4.14 two m (OCHHg, A- and B-
parts of ABX;z-spectrum, JHgCCHx 7.0, *JHaCCHx 7.0, “JHaCHp 10.8), 3.79 and 3.84 two m
(OCHaHsp, A- and B-parts of ABX3-spectrum, 3JHACCHX 7.1, 3JHBCCHX 7.1, 2JHACHB 10.7), 1.50
and 0.74 two t (CHs, two X;3-parts of ABX3-spectra, 3JHA,BCCHX 7.0, 3JHA,BCCHX 7.1]. BC NMR
(CDCls, 100.6 MHz, 8 ppm, J Hz) (here and below the description of a signal in C-{'H} NMR
spectrum is given in parentheses): 188.05 d. d. d (d) (CS, 3 Jpcce 0.96, 3 Tcce 5.8-5.9, 3Jucce 4.6-
4.8); 165.80 d. t (d) (COO, *Tpcce 14.1, *Tucoc 3.1, *Tucsee 0); 165.79 d. d. t (d) (COO, *Tuc3ec
9.3, 3Jpccc 66, 3JHCOC 36), 148.74 d. d. d. d. d (d) (Cga, 2Jpoc9a 8.1, 3JHCCC93 9.7-9.8, 3JHCCC93
9.7-9.8, “Jucoc9a 4.0, *Tucicccoa 1.8); 136.13 d. d. d. d. d (d) (C®, 'Jucs 160.3, *Tucoccs 9.3,
Tucocs 1.5, Tuc7cs 1.5, *Tpocees 1.4); 132.51 d. m (d) (C*, 'Tuc27 164.6, *Tpc24ccc2? 2.9); 132.48
t. d. d (d) (C', *Tuc12.14cc10 7.9, 2Tucsc10 7.9, 2Tpcaclo 2.7); 132.34 d. m (br. d) (C°, 'Tycs 166.4,
Tpocecs 1.4); 132.31 d. m (d) (C*, 'Tycas 164.5, 2Tpc24¢25 9.3); 130.41 very br. d. m (very br. s)
(C'); 128.43 br. d. d. m (d) (C'%, 'Tyc12 160.3, *Tyctaccl2 8.4, *Tpciccc12 2.9); 127.61 d. m. d (d)
(C", "Tnc13 160.5-161.0, *Tuct1,15¢c17 7.5, Tpcdceceld 3.2); 127.37 d. m (d) (C*, 'pc2s 141.6);
127.19 d. m (d) (C*®, 'Juc26 160.0-161.0, *Tpc24cc26 13.8, *Tuc28cc26 6.6-6.7); 126.49 d. d. d. d (d)
(C7, 'Tue7 163.2, *Tucocer 8.4, “Troccec? 2.4, 2Tuce? 1.4); 126.41 m (d) (C*, *Jpocvacsa 1.5);
124.17 d. d. d. d (d) (C°, "Tuco 165.4, *Tucrcco 7.7, *Tpoc9aco 3.2, “Tucsco 1.5); 50.84 d. d. t (d)
(C?, 'Tpe3 84.2, 'Ties 126.9, *Tuctices 4.4), 74.58 d. d (d) (C*, 2Tpcca 1.8, *Tyccs 5.4), 62.71 and
62.17 two t. q (s) (OCH,, Jc 148.8, *Juce 4.5), 13.59 and 13.06 two t. q (s) (CHs, 'Tyc 127.5,
Tnce 2.6).
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Typical procedure for the synthesis of compounds (3b-k). Malonic derivative (2b) (756 mg,
18 mmol) was added to a stirring solution of compound (1b) (372 mg, 18 mmol) in CH,Cl,
(10 ml) at room temperature under argon. After addition the mixture was stirred for 1 h to yield
colorless solution and stand at room temperature for two months (for 3b-h ) and 7 days (for 3i-
k). After solvent removal, the residue was recrystallized from diethyl ether/pentane (1 : 1) to
yield (3b-K) as colorless crystalline solid. Individual crystals for X-ray diffraction were obtained
by crystallization from acetone.
4,4-Bis(2,2,3,3-tetrafluoropropoxycarbonyl)-2-methoxy-2,5-dioxo-3-phenylbenzo[f]-1,2-
oxaphosphepine (3b). Yield 92 % (102.2 mg, 16 mmol), m. p. 76-78°C. Anal. Calcd for
Ca4H9FsOgP: C, 46.60; H, 3.07; P, 5.02. Found: C, 46.54; H, 3.09; P, 5.01. IR (Nujol): 1784,
1752, 1684, 1608, 1460, 1376, 1280, 1256,1232, 1224, 1192, 1108, 1076, 1064, 920, 896, 840,
792, 768, 680 cm™'. '"H NMR (CDCls, 300 MHz) &: 8.20 d. d (H®, 1H, *Jusccn? 8.0, *Tuscecns
1.75); 7.72 d. d. d. d (H®, 1H, *Juscend 8.2, *Turccus 7.3, “Tusceens 1.75, “Troccens 0.8); 7.61 b. m
(H“, ]H); 744 d.d. d. d (H7, ]H, 3JH6CCH7 80, 3JH7CCH8 7.3, 4JH7CCCH9 1.2-1.3, 6JP0CCCCH7 1.2);
7.34-7.35 m (H'2, H”, 3H); 7.29 d. d. d (H’, IH, *Jusccnd 8.2, *Twocen 1.3, *Trocemo 1.3); 5.56 t.
t (CHF,, 1H, “Jucr 52.9, *Jrccn 4.1); 5.43 t. t (CHF,, 1H, *Jucr 52.8-52.9, *Jrcen 4.3); 4.63 and
4.55 two m (OCHaHp, 2H, AB-part of ABM3N, spectrum, ZJHAHB 12.5, 3JFCCHA 12.4-12.5,
SJrccug 12.4-12.5, *Tecceny 1.4-1.3, *Jrccens 1.4-1.3); 4.45 d (PCH, 1H, *Jpcn 26.2); 4.39 q. t
(OCHg, IH, B-part of ABM;3N, spectrum, “Jugccr 12.3, Juachg 12.3, *Jugceer 1.4); 4.10 q. t
(OCHa, 1H, A-part of ABM;N, spectrum, “Juaccr 12.3, *Juacug 12.3, *Juaccer 1.4-1.3); 3.49 d
(OCHs, 3H, *Jpocn 11.2). 'H NMR (acetone-Ds, 600 MHz) &: 8.18 d. d (H®, 1H, *Ju6ccu? 8.0,
4JH8CCCH6 1.7); 7.84d.d.d.d (Hg, ]H, 3JH8CCH9 83, 3JH7CCH8 7.4, 4JHSCCCH6 1.7, SJPOCCCHS 08),
7.70 br. d (H", 1H, *Tu2centl 7.0-8.0); 7.55 d. d. d. d (H', 1H, *Jusccu7 8.0, *Turccns 7.4,
utccend 1.2, Teocceen? 1.2); 7.39-7.37 m (H", HY, 3H); 7.37 d. d. d (H’, 1H, *Jusccnd 8.3,
Tpoccro 1.6, “Tuocen? 1.2); 6.08 t. t (CHF,, 1H, “Jucr 52.6, *Jrccn 4.9); 6.16 t. t (CHF,, 1H, *Jycr
52.1, *Jrcen 5.4); 4.85 d (PCH, IH, *Tpcy 26.7); 4.83 br. d. t. t (OCHg, 1H, B-part of ABM;N,
spectrum, “Jugccr 13.1-13.5, *Tuang 13.1-13.5, *Jagcecr 1.3); 4.73 br. d. t (OCH,, /H, A-part of
ABM;N; spectrum, 2Juaccr 13.1-13.5, *Juang 13.1-13.5, *Juaccer 1.3); 4.56 br. d. t (OCHg, /H,
Juanp 12.8, *Jugccr 11.0, *Jugceer 2.0); 4.09 d. t. d (OCH,, 1H, A-part of ABM;N, spectrum,
3JHacc 12.6-12.7, 2Juanp 12.6-12.7, *Tuaccce 1.9); 3.52 d (OCH3, 3H, “Jpocu 11.2). °C NMR
(CDCls, 100.6 MHz) &: 186.98 br. d. d (s) (C°, *Juc6ccs 4.6, *Jucsces 4.6); 164.31 br. d. t (d)
(COO, *Tpc3ce 16.3, *Tucoc 2.7-2.8, *Tucice 0-0.5); 164.0 d. d. t (d) (COO, *Tpccac 10.3, *Tuciec
9.2, *Jucoc 2.8-2.9); 149.01 m (d) (C*, *Tpoc9a 5.2); 137.24 d. d. d. d (s) (C¥, 'Jucs 162.8,
3ncsees 9.4, 2Tncocs 1.7, 2uctes 1.7); 132.24 d. d (s) (C°, 'Tncs 166.1, *Tucsecs 7.9); 130.89 d. d.
t (d) (C", *Juc12cc1o 7.8, 2Tucsc1o 7.8, 2pcac1o 7.5); 130.30 d. m (d) (C"', Tuct1 161.3, *Jpc3ccll
4.6); 129.19 br. d. d (d) (C'2, 'Tuc12 161.4, *Juciscel2 8.0, *Tpcacect2 2.3); 128.62 d. t. d (d) (C,
et 161.1, *Tuctice1s 7.5, *Tpcdcccels 2.7); 127.07 d. d (s) (C7, 'Tue7 164.0, *Tucocc7 7.8);
125.40 m (d) (C*, *Tpoc9acsa 2.7); 123.82 d. m (d) (C°, 'Thco 165.8, *Tuc7cco 7.7, *Tpoc9aco 3.4);
113.68 t. t. d. t (t. t) (CFa, Jrc 250.6, “Trce 28.0, “Tyce 4.1-4.2, *Tyee 4.1-4.2); 113.49 t. t. d. t (t. 1)
(CF,, 'Tec 250.6, “Tece 28.0, Tnce 4.1-4.2, 2Tuce 4.1-4.2); 108.94 t. d. t. t (t. t) (CHFa, Jpc 250.6,
he 193.5, Hrce 36.0, *Tucee 2.1-2.2); 108.83 t. d. t. t (t. t) (CHF,, Jec 250.5, Juc 192.8, *Jgce
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35.0, *Jhcce 2.1-2.2); 74.01 d. d (d) (C*, Tuc3ca 5.4, 2Tpcaca 1.4); 61.34 t. t (t) (OCH,, 'Tye 152.0,
Jree 30.5); 62.0 t. t (t) (OCH,, Tie 152.6, *Trcee 30.5); 55.10 q. d (d) (OCHa, *Juc 150.0, 2Jpoc
6.7); 46.16 d. d. t (d) (C°, 'Tpe3 131.5, 'Tues 127.5, *Tuclices 4.2). °C NMR (acetone-Dg, 150.9
MHz) &: 187.20 br. d. d (s) (C°, *Juc3ccs 4.3-4.5, *Tucéees 3.9-4.0); 164.51 d. d. t (d) (COO,
3Jpc3cc 16.2, 3JHCOC 2.7, 3JHC3C4C 0); 164.20 d. d. t (d) (COO, 3Jpcc4c 10.5, 3JHC3CC 9.0, 3JHCOC
2.6-2.7); 149.10 m (d) (C*, *Jpoc9a 5.2); 137.04 d. d. d. d (d) (C*, "Jucs 163.8, *Juc6ces 9.3,
Thueocs 1.6, 2Tuc7cs 1.6); 131.82 br. d. d (d) (C°, 'Tucs 166.0, *Trcsecs 8.4, *Tpocces 1.5); 131.70
d. d. t (d) (C", *Tuci2cc1o 7.6, 2Tucsclo 7.6, “Tpcaclo 7.4); 130.51 br. d. m (br. d) (C", Tyl
160.5, *Juciscell 5.4-5.8, *Tuclccll 5.4-5.8, *Tpcaccll 4.7); 128.72 br. d. d (d) (C', 'Tyc12 160.5,
3JHC14CC12 7.4, 4JPC3CCC12 26), 128.17 d. t. d (d) (C13, lJHC13 161.3, 3JHcllccB 7.8, 5]pc3cccc13
3.2); 126.81 br. d. d (d) (C7, 'Tuc7 164.9, *Jucocc 8.1, *Tpovacce? 1.8); 125.75 m (d) (C*?, *Tucccs
5.2-5.3, *Tucoccsa 5.2-5.3, *Teocvacsa 2.7-2.8); 123.86 d. d. d. d. d (d) (C°, 'Tuc9 166.4, *Tuc7cco
7.8, *Tpoc9ac 3.4, “Tucsco 1.5, *Tucoccco 1.5); 114.10 t. t. d. t (t. t) (CFa, 'Jre 250.0, *Jpec 27.5,
Thee 3.0, Thee 3.0); 113.92 t. t. d. t (t. t) (CFa, Jrc 249.6, *Jrce 26.3, “Tuce 3.0, *Tuce 3.0);
109.27 br. t. d. t (t. t) (CHF», 'Trc 248.8, 'Tuc 195.4, *Trce 33.8); 108.96 br. t. d. t (t. t) (CHF,,
ec 248.4, 'Tuc 196.3, 2Jpce 32.1); 74.06 d. d (d) (C*, Tuc3cs 5.4, 2Tpcaca 1.8); 61.52 br. d. d. d
(d. d. t) (OCHa, 'Tuc 152.3, 2Tece 32.5, *Tece 29.6, *Jrcce 1.2); 61.50 br. t. t (t. t) (OCH,, 'Tuc
152.6, *Jece 28.5, *Jrece 1.2); 54.15 q. d (d) (OCH3, 'Tuc 149.8, *Jpoc 6.8); 45.24 d. d. t (d) (C°,
Tpe3 130.6, 'Tues 127.8, *Tuctices 3.8). F NMR, (CDCls) 8p: —125.22 t. d. t (CF,, 2F, *Jucer
12.2, 3JHCCF 4.0, 3JFCCF 35), —-125.47 m (CFz, ZF, 3JHXCCF 13.5, 3JHACCF 12.2, 3JHCCF 4.2, 3JFCCF
3.8); —139.28 d. m (CHF,, 2F, *Jyr 53.0, *Jrccr 3.8); —139.49 d. m (CHF,, 2F, *Jur 53.0, *Jrccr
3.5-3.6). >'P-{'"H} NMR (CH,CL,), 8p: 20.4 ppm.
3-(4-Chlorophenyl)-4,4-bis(2,2,3,3-tetrafluoropropoxycarbonyl)-2-methoxy-2-oxobenzo[f]-
1,2-oxaphosphepine (3c). Yield 91% (106.9 mg, 16 mmol), m. p. 88-90°C. Anal. Calcd for
Co4H 5CIF3OsP: C, 44.14; H, 2.76; P, 4.75; Cl 5.44. Found: C, 44.17; H, 2.79; P, 4.76; Cl, 5.43.
IR (Nujol): 1776, 1708, 1688, 1600, 1576, 1496, 1488, 1456, 1376, 1288, 1168, 1108, 976, 940,
824, 800, 776, 680, 664, 544 cm™'. '"H NMR (CDCls, 300 MHz) &: 8.18 d. d (H®, 1H, *Ju6ccu?
8.0, 4JHSCCCH6 1.7-1.8); 771 d.d. d. d (HS, ]H, 3JH8CCH9 8.2, 3JH7CCH8 7.3, 4JHSCCCH6 1.6-1.7,
*Troccus 0.8-0.9); 7.56 br. d and 7.31 m (H'', H", 2H, AA’XX’ spectrum, *Jax 8.9, *Jax: 8.9);
7.44d.d.d. d (H7, ]H, 3JH6CCH7 8.0, 3JH7CCH8 7.3, 4JH7CCCH9 1.3, GJPOCCCCH7 1.2); 7.28d.d.d (Hg,
1H, *Tusceno 8.2, *Tuoccen 1.3, *Tpoccnd 1.2); 5.64 t. t (CHF,, 1H, “Tucr 52.9, *Jrccn 3.8-3.9);
5.58 t. t (CHF,, 1H, *Tucr 52.9, *Jrccn 3.8-3.9); 4.63 and 4.53 two br. m. (OCHAHg, 2H, AB-
parts of ABX; spectrum, *Juaccr = *Juang 12.5 and *Jugcecr = “Juang 12.5); 4.45 d (PCH, IH,
pcn 26.2); 4.44 and 4.13 two br. t. d (OCHxHg, 2H, AB-parts of ABX; spectrum, *JHaccF =
2JHangp 12.6, *Jupccr = “Tuang 12.6); 3.58 d (OCHs, 3H, *Jpocu 11.3). *C NMR (CDCls, 100.6
MHz) &: 186.86 br. d. d (s) (C°, *Tuc3ccs 3.8-4.0, *Tucéccs 3.8-4.0); 164.07 br. d. t (d) (COO,
pcdce 16.5, *Tucoc 2.8-2.5, *Tucee 0-0.5); 163.97 d. d. t (d) (COO, *Tpccde 10.2, *Tucsee 8.8-
9.0, *Thcoc 3.1-3.2); 148.85 m (d) (C™, *Jpoc9a 5.3); 137.32 d. d (s) (C®, "Tucs 163.2, *Tcéecs
9.3); 134.94 t. t. d (d) (C", *Juciicets 10.7, *Tpc3ceccls 3.6, 2Tuci2c13 3.5-3.6); 132.28 d. d (s)
(C®, "Tuco 165.9, *Jucsces 8.5); 131.92 br. d. d. d. d (d) (C", "Tuct1 163.4, *Tycisectt 5.7-6.0,
Tucscell 5.7-6.0, *Tpcacetl 5.1); 129.40 d. d. t (d) (C'°, *Tpcsc10 8.1, *Tuci2ec1o 8.1, 2Tucsclo 8.1);
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129.31 br. d. m (d) (C%, 'Tyc12 166.2, *Tuctaccl2 4.6-4.8, *Tecdcec12 2.4); 127.19 d. d (s) (C',
Ther 164.2, Tucoce? 8.1); 125.40 m (d) (C™, *Tpoc9acsa 2.2); 123.72 br. d. d. d (d) (C°, 'Tyco
166.0, *Jic7ceo 7.0, *Tpocoacy 3.5); 113.68 t. t. t. d (t. t) (CFa, 'Jrc 250.8, “Tece 28.3, “Tuce 2.9-3.1,
Jipce 2.9-3.1); 113.54 t. t. t. d (t. t) (CFa, "Tre 250.5, 2Trce 28.2, “nce 2.9-3.1, *Jce 2.9-3.1);
109.05 t. d. t. t (t. t) (CHFa, Jrc 250.4, 'Tuc 192.5, 2Jpce 35.8, “mcce 2.2); 109.03 t. d. t. t (t. 1)
(CHF2, 'Jc 250.4, 'Tue 192.5, 2Trce 35.9, 2Tincce 2.2); 73.90 br. d (br. s) (C*, 2Tuc3cs 5.2); 61.69
t. t (t) (OCHa, 'The 152.5, 2Jrce 29.7); 61.40 t. t (t) (OCH,, 'Tue 153.0, 2Jrec 29.7); 55.16 q. d (d)
(POCH3, 'Tic 150.0, 2Tpoc 6.9); 45.59 d. d. t (d) (C°, 'Tpe3 132.4, 'Tues 128.4, *Jyclices 4.6). °F
NMR (CDCl3) 8g: —124.89 br. m (CF,, 2F); —138.70 and —139.0 two m (CHF,, 2F, 2 AB spec-
trum). *'P-{'"H} NMR (CH,Cl,) &p: 17.2 ppm.
3-(2-Chlorophenyl)-4,4-bis(2,2,3,3-tetrafluoropropoxycarbonyl)-2-methoxy-2-oxobenzo[f]-
1,2-oxaphosphepine (3d). Yield 92 % (108.1 mg, 16 mmol), m. p. 96-98°C. Anal. Calcd for
Co4H 5CIF3OsP: C, 44.14; H, 2.76; P, 4.75; Cl 5.44. Found: C, 44.19; H, 2.78; P, 4.76; Cl, 5.43.
IR (Nujol): 1784, 1756, 1680, 1604, 1480, 1472, 1456, 1408, 1284, 1200, 1176, 1108, 1064, 936,
772 ecm ™. "TH NMR (CDCls, 300 MHz) &: 8.15 d. d (H®, 1H, *Ju6ccn7 8.0, *Tuscecn6 1.7); 7.98 m
(Hls, IH, 3JHISCCHM 6.9-7.0, 4JHISCCCHI3 3.4, 5JHISCCCCHIZ 2.5); 7.67d.d.d. d (Hg, ]H, 3JH8CCH9
8.1—8.2, 3JH7CCH8 7.4, 4JH8CCCH6 1.7, SJPOCCCHS 0.8); 741d.d.d. d (H7, ]H, 3JH6CCH7 8.0, 3JH7CCH8
7.4, 4JH7CCCH9 1.2, GJPOCCCCH7 1.2); 7.39 m (le, ]H); 7.25d.d.d (Hg, IH, 3JH8CCH9 8.2, 4JPOCCH9
1.4, *Tuocen7 1.2); 7.21-7.22 m (H", H, 2H); 5.66 t. t (CHF,, 1H, *Jyucr 52.8, *Jrcen 4.4); 5.53 t.
t (CHF,, IH, *Jucr 52.9, *Jecen 4.1); 5.29 d (PCH, 1H, *Jpcn 26.9); 4.57 and 4.50 two m
(OCHaHg, 2H, AB-part of ABX3Y, spectrum, 2JHAHB 12.5, 3JFCCHA = 3JFCCHB 12.5, 4JFCCCHA =
*Jrcceng 1.6); 4.40 and 4.10 two br. d. t (OCHAHg, 2H, AB-part of ABXj3 spectrum, 3JFCCHA
12.0-12.2, *Jrccuy 12.0-12.2, 2Tuanx 12.2); 3.59 d (OCHs, 3H, “Jpocu 11.3). 'H NMR (acetone-
D, 600 MHz) &: 8.19 d. d (H®, IH, *Ju6ccu7 8.0, *Tuscecusé 1.7); 7.92 br. d. d. d (H", I1H,
Tuiscent4 7.6, *Tuisceentd 1.6-1.7, *T peccnts 1.6-1.7); 7.86 d. d. d. d (H®, 1H, *Jusccmo 8.2,
3JH7CCH8 7.4, 4JH8CCCH6 1.7, SJPOCCCHS 08), 757d.d.d. d (H7, ]H, 3JH6CCH7 80, 3JH7CCH8 7.4,
4JH7CCCH9 1.2, 6JP0CCCCH7 1.2); 752 br. d. d. d (le, IH, 3JHIZCCHIS 7.5-7.6, 4JH14CCCH12 1.1,
SJPCCCCHIZ 07), 741d.d.d (Hg, IH, 3JH8CCH9 8.2, 4JH9CCH7 1.2, 4Jp0CCH9 1.2); 737d.d.d. d (H13,
IH, *Tatacents 7.5, *Tutzcents 7.5, “Tutsceents 1.7, Spcccecnts 1.7); 7.34 d. d. d (HY, 1H,
Sutsccnld 7.5, Tutscents 7.5-7.6, *Tutzceents 1.2); 6.21 t. t (CHF,, 1H, *Jucr 52.3, *Jecen 5.0-
5.1); 6.10 t. t (CHF,, 1H, *Jucr 52.4, *Jrcen 4.7); 5.42 d (PCH, 1H, *Jpcy 27.1); 4.78 and 4.74 two
br. m (OCHaHp, 2H, AB-part of ABX3 spectrum, 2 JHACCF 13.1-13.2, 3JHAHX 13.1-13.2, 3Jrccng
13.1-13.2); 4.62 and 4.33 two br. d. t (OCHaHg, 2H, AB-part of ABXj; spectrum, 2 Jugecr 12.5-
12.6, *Juang 12.5-12.6, *Jrccng 12.5-12.6); 3.62 d (OCH3, 3H, *Jpocn 11.4). *C NMR (CDCl;,
100.6 MHz) &: 187.35 m (s) (C°, *Tuc3ccs 6.0, *Juceees 4.7-4.8, *Tucicees 1.6); 164.12 d. t (d)
(COO, *Jpcsce 13.4, *Tucoce 2.8, *Tucsce 0); 164.83 d. d. t (d) (COO, “Teccac 12.5, *Tucsee 7.8,
Thcoe 3.2); 148.81 m (d) (C*, *Jpocoa 5.7); 137.15 br. d. d (s) (C%, 'Tucs 162.5, *Tucsccs 9.7);
135.87 m (d) (C", *Jpc3cell 7.5); 132.15 br. d. d (s) (C°, 'Tucs 166.0, *Trcsccs 8.6); 131.03 d. m
(d) (C”, Tucts 162.6, *Tpecels 4.1); 13023 d. d. d. d (d) (C", 'Tuc12 163.0, *Tyclaccl2 6.4,
Tncldcl2 5.6-5.7, Ypcccct2 2.1); 129.75 br. d. d. d (d) (C%, 'Tuc13 165.9, *Juclsccls 8.6,
STpc3ceccld 2.7); 129.32 m (d) (C'°, 2Jpc3cl0 6.7); 127.45 d. d. d (d) (C**, 'Tuc14 166.7, *Tuci2cc14
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7.9, *Tecacccld 2.6); 127.02 br. d. d (s) (C7, 'Tue7 164.7, *Tucocc? 7.6); 123.52 d. d. d. d. d (d) (C°,
lJHc9 166.3, 3JHC7CC9 7.4, 3Jpoc9ac9 3.7, 2]}[c8c9 1.8, 4JHC6CCC9 1.8); 125.71 m (bl’ S) (CSa’
3JHC7CC53 6.0-7.0, 3J}[C9cc5a 6.0-7.0, 2JHc6c5a 2.0, 3JHC3CC53 1.6); 113.59 t. t. m (t. t) (CF, lJFc
250.8, “Jpce 28.0); 113.44 t. t. m (t. t) (CFa, Jrc 250.8, “Jpce 28.0); 108.91 t. d. t. t (t. t) (CHF,,
Tec 250.5, 2Tece 35.3, *Tmcce 1.6-1.7); 108.85 t. d. t. t (t. t) (CHFa, 'Tec 250.7, “Jrce 35.0, *Tiscee
1.6-1.7); 73.87 d (s) (C*, *Juc3ca 5.8); 61.48 t. t (t) (OCHy, 'Tuc 152.7, 2Tece 30.7); 61.46 t. t (1)
(OCHa, 'Tyc 152.7, *Jrce 30.7); 54.77 q. d (d) (OCHs, 'Tye 150.3, *Jpoc 6.9); 41.23 d. d. d (d) (C°,
Upe3 133.4, 'Tnes 127.4, *Tuclsees 3.0). °C NMR (acetone-Dg, 151.0 MHz) 8: 187.99 br. m (br.
S) (CS, 3JHC3CC5 6.2, 3JHc6cc5 5.1, 4JHC7CCC5 1.5); 164.82 d. d. t (d) (COO, 3Jpcc4c 14.1, 3JHC3CC
7.0, 3JHCOC 33-35), 16427 d.t. d (d) (COO, 3Jpc3cc 11.6, SJHCOC 30, 3JHC3CC 13), 148.97 m (d)
(C*, 2Tpocoa 5.9); 137.16 d. d. d. d (d) (C®, 'Tucs 164.0, *Tucoces 9.3, *Trocvaccs 1.6-1.7, 2Tucocs
1.6-1.7); 135.59 m (d) (C"", *Jpc3cell 7.5); 131.87 br. d. d (d) (C°, Juce 166.0, *Jucsces 8.4,
pocvaces 1.5); 131.09 d. m (d) (C", 'Tucts 160.6, *Tuciccls 6.6, *Tpcccls 4.2); 130.04 d. m (d)
(Clz, 1JHC12 165.2, 3JHC14CC12 7.7, 2]1{c13c12 3.1, 4Jpc3cccl2 2.4); 129.79 br. d. d. d (d) (C13, 1JHcl3
162.9, *Juciscels 8.7, *Ipcdceccls 2.8); 129.76 d. d. d. d (d) (C'"°, *Tuci2.14¢c10 6.7-6.8, “Tyc3clo
6.7-6.8, “Tpc3c10 6.5); 127.46 d. d. d (d) (C", 'Juc14 163.5, *Juciaccis 8.1, “Tpcscect4 2.8); 126.95
br. d. d (d) (C7, 'Tue7 165.3, *Tucoce? 8.1, *Tpocvacee 1.2); 126.26 m (br. d) (C**, *Tpoc9acsa 2.7);
123.60 d. d. d. d. d (d) (C°, "Tuco 166.6, *Tuc7ccd 7.7, *Tpocoacd 3.7, *Tucsco 1.3, *Tucécceo 1.3);
114.04 t. t. t. d (t. t) (CFa, 'Trc 249.7, 2Trce 27.3, Tnce 2.9-3.0, “Tiace 2.9-3.0); 113.88 t. t. t. d (t.
t) (CFa, 'Tre 249.9, “Trce 26.9, *Tuce 2.9-3.0, Tmce 2.9-3.0); 109.3 t. d. t. t (t. t) (CHF,, 'Jrc
248.7, 'Tuc 195.4, *Tincee 1.6-1.7); 109.17 t. d. t. t (. t) (CHF», 'Tec 248.7, 'Tuc 197.5, *Tinccc
1.6-1.7); 73.63 br. d (s) (C*, *Juc3c4 6.1); 61.60 br. t. t (t) (OCH,, 'Tuce 153.0, Jgce 29.6); 61.59
br. t. t (t) (OCH,, 'Tuc 152.7, 2Tece 28.3); 54.23 q. d (d) (OCHs, 'Jue 150.2, 2Jpoc 6.9); 41.57 d. d.
d (d) (C, Tpc3 132.9, 'Tucs 127.5, *Juctsces 4.0). F NMR (CDCls) &: —125.16 m (CF,, 2F,
Treen 124, *Trcen 4.0, *Trecr 3.6); —125.39 m (B-part of AB spectrum, “Jearg 276.9, *Jupccrg
13.6, 3 JHACCFR 12.0, 3 Juccrg 4.1, 3Jrccrp 3.8); —125.71 m (A-part, 2JEAFR 276.9, 3JHCCFA 12.0,
3Juccra 4.1, *Teccry 3.8); =139 15 br. d. m (CHFa, 2F, *Jpcn 52.8); —139.35 br. m (A-part of AB
spectrum, 2Jeackg 304.4, 2Jeach 52.9, *Jeccra 3.6-3.7). *'P NMR (CDCls) 8p (ppm): 18.6 br. d. q
(Ipcn 26.9, *Teocn 11.3).
2-Ethoxy-4,4-bis(2,2,3,3-tetrafluoropropoxycarbonyl)-2-oxo-3-phenylbenzo[f]-1,2-oxaphos-
phepine (3e). Yield 87 % (989.0 mg, 15 mmol), m. p. 72-74°C. Anal. Calcd for C,sHy FsOgP: C,
47.47; H, 3.32; P, 4.91. Found: C, 46.51; H, 3.36; P, 4.92. IR (Nujol): 1784, 1768, 1744, 1680,
1600, 1456, 1332, 1100, 932, 848, 792, 768, 640, 608, 536 cm '. "H NMR (CDCls, 300 MHz) :
8.20d.d (Hé, ]H, 3JH6CCH7 80, 4JH8CCCH6 1.6-1.7); 7.73d.d.d. d (Hg, ]H, 3JH8CCH9 8.1, 3JH7CCH8
7.4, *Tuscecus 1.6, *Jpoccens 1.0); 7.62 br. d. m (H", 1H); 7.45 d. d. d. d (H', 1H, *Jué6ccu7 8.0,
Tuteens 7.4, Turceend 1.2, Teocceen? 1.2); 7.34-7.35 m (H'?, H”, 3H, ABB’-spectrum); 7.31 d.
d. d (H, IH, *Jusceno 8.1, *Tpocend 1.4, *Twocen? 1.2); 5.57 t. t (CHFa, 1H, “Tucr 52.9, *Jrccn 4.1-
4.2); 5.43 t. t (CHF,, 1H, *Tucr 52.8, *Jpccn 4.3-4.4); 4.63 d. t. t (CHg, B-part of ABM;N, spec-
trum, “Juang 12.3-12.4, *Jeccng 12.3-12.4, *Tecccng 1.3); 4.54 d. t. t (OCH,, 2H, A-part of
ABM;N; spectrum, “Juang 12.3-12.4, *Jrccua 12.3-12.4, *Tecceng 1.3), 4.45 d (PCH, 1H, “Jpcn
26.2); 4.39 br. d. t (OCHg, /H, B-part of ABM;N, spectrum, *Jiang 12.2-12.5, *Jugccer 12.2-12.5,
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*Jugcecr 1.5); 4.09 br. d. t. t (OCH,, 1H, A-part of ABM;N, spectrum, “Juatx 12.0-12.3, *Juacce
12.0-12.3, *Juacccr 1.5); 4.04 d. d. t (POCHg, /H, B-part of ABX; spectrum, “Juang 10.0,
Jpochg 9.5, Tucen 7.0); 3.80 d. d. t (POCH,, /H, A-part of ABX; spectrum, “Juang 10.0,
3Jpoca 10.0, *Jucen 7.0); 1.07 q (CCHs, 3H, “Tucen 7.0). 'H NMR (DMSO-Dg, 600 MHz) &
8.15 d. d (H®, 1H, *Jusccu7 8.0, *Tuscecus 1.7); 7.65 br. d (H", 1H, *Tuticent2 7.7); 7.83 d. d. d
(H®, 1H, *Juscend 8.1, *Tucens 7.4, *Tuscecns 1.7); 7.32-7.35 m (H'?, HY); 7.38 d. d. d (H’, 1H,
Tuscend 8.1, *Juzccend 1.1, *Tpoceno 1.3); 6.33 t. t (CHF,, 1H, *Jucr 52.0, *Jrcen 5.5); 6.28 t. t
(CHF,, 1H, *Jucr 52.5, *Jrcen 4.8); 5.04 d (PCH, IH, *Jpcy 26.7); 4.85 and 4.69 two br. d. t
(OCHaHg, 2H, A- and B-parts of ABXj3 spectrum, 3Jrccnp = “JHaHp 13.0, 3Jrccng = 2JHaHp 13.0);
4.52 and 4.09 two br. d. t (OCHsHy, 2H, A- and M-parts of AMX;3 spectrum, 3JrccHp = 2JHaHyM
12.5-12.6, “Jrcciy = Jany 12.5-12.6); 3.99 d. d. q (POCHy;, M-part of AMX; spectrum,
3JHACOP 8.6, 2JHAHM 10.3, 3Jun 7.0); 3.79 d. d. q (POCHa\, A-part of AMX; spectrum, 3JHMCOP 9.6,
Juanm 10.3, *Jucen 7.0); 1.01 t (CHs, 3H, *Tucen 7.0-7.1). °C NMR (DMSO-de, 100.6 MHz,
45°C) &: 187.81 br. d (s) (C°, *Juc3ces 6.0, *Tucéees 3.8); 165.06 d. t (d) (COO, *Tpc3ce 16.5,
Thcoc 2.7, *Tucsee 0); 164.88 d. d. t (d) (COO, *Jpecac 10.2, *Tucsce 9.8, *Tucoc 2.7); 149.47 m
(d) (C*, *Tpoc9a 5.1); 137.91 br. d. d (s) (C*, 'Tucs 164.0, *Jucoccs 9.1); 132.55 br. d. d (s) (C°,
Thee 164.7, 3Jucsces 8.1); 132.49 d. d. t (d) (C'°, *Jpc3c1o 7.6, *Tucizecto 7.5, “Tucaclo 7.5);
131.16 d. m (d) (C", Juct1 160.3, *Jpc3cell 5.1); 129.27 br. d. d (br. s) (C'2, Juc12 163.4,
Tnclace12 6.1); 128.77 d. t. d (d) (C, 'Tie13 160.8, *Tuclicels 7.6, “Tpcdcecels 4.0); 127.61 br. d.
d (br. s) (C', "The7 165.7, *Tueoce? 7.1); 126.24 br. s (m) (C**); 124.60 br. d. d. d (br. d) (C°, 'Tyeo
166.0, *Trc7ccd 8.3, *Tpocvaco 2.2); 114.76 t. t. m (t. t) (CFa, 'Tre 249.5, *Trce 27.5, “Tuce 3.5-3.6,
Jipce 3.5-3.6); 114.60 t. t. m (t. t) (CFa, Jrc 250.5, 2Jpce 27.0, Tnce 2.5-3.0, “Tince 2.5-3.0);
109.88 br. t. d. t (t. t) (CHFa, 'Tec 248.0, 'Juc 197.5, 2Jece 33.1); 109.55 br. t. d. t (t. t) (CHF,,
rc 248.0, 'Tue 198.4, 2rce 29.3); 72.52 br. d (s) (C*, *Juc3cs 4.8); 65.34 t. d. q (d) (POCH,, 'Jic
150.0, *Jpoc 6.4, “Tuce 4.6); 62.32 t. t (t) (OCH,, Ty 153.3, Jree 30.3); 62.20 t. t (t) (OCHa, 'Tic
152.6, 2Trce 26.0); 45.34 d. d. t (d) (C°, 'Tpe3 132.4, 'Ties 128.8, *Tuclices 3.4); 16.42 q. d. t (d)
(CCH3, 'Tyc 127.3, *Troce 5.1, 2Tuce 2.5). "’F NMR (CDCl3) 8p: —125.17 t. d. t (CF,, 2F, *Tuccr
12.2, *Tuccr 4.1, *Jecer 3.4); —=125.46 br. d. d. d. t (CF,, 2F, *Jugccr 15.1, *Juaccr 11.9, *Jucecr 4.3,
Jkccr 3.5-3.4); —139.29 br. d. m (CHF,, 2F, “Jur 52.9, *Jrccr 3.4); —139.50 br. d. m (CHF,, 2F,
Jur 52.9, *Teccr 3.5). *'P-{'"H} NMR (CDCls), 8p: 19.3 ppm.
3-(4-Chlorophenyl)-2-ethoxy-2-ox0-4,4-bis(2,2,3,3-tetrafluoropropoxycarbonyl)benzo-[f]-
1,2-oxaphosphepine (3f). Yield 92 % (110.4 mg, 16 mmol), m. p. 105-107°C. Anal. Calcd for
CasHaoCIFsOsP: C, 45.01; H, 3.00; P, 4.65; Cl, 5.44. Found: C, 45.13; H, 3.11; P, 4.64; Cl, 5.41.
IR (Nujol): 1780, 1752, 1688, 1608, 1480, 1472, 1460, 1376, 1304, 1284, 1204, 1156, 1096,
1044, 928, 896, 832, 784, 768, 736, 696 cm . '"H NMR (CDCls, 300 MHz) &: 8.60 d. d (H, 1H,
Tuscen? 8.0, *Tusceens 1.6-1.7); 8.28 d. d. d. d (H®, 1H, *Juscend 8.1, *Ju7cens 7.4, *Tuscecus 1.7,
*Jpoccens 0.7); 8.15 br. d. d (H'"°, 1H, XX -part of AA’XX spectrum, “Jy12ccntl 8.6, *Tpecenl!
2.2); 798d.d.d.d (H7, IH, 3JH6CCH7 80, 3JH7CCH8 7.4, 4JH7CCCH9 1.2, 6JP0CCCCH7 1.2); 7.85 br. d.
m (H'*', 1H, AA’-part of AA’XX’ spectrum, *Jyl1ccnl2 8.6); 7.80 d. d. d (H, 1H, *Jusccnd 8.1,
4JPOCCH9 1.4; 4JH9CCCH7 1.2); 6.72t.t.d (CHFQ, ]H, 2JHCF 52.5, 3JFCCH 6.0-6.1, 3JHCCF 5.1-5.2);
6.54 t. t (CHF,, 1H, *Jucr 52.4, *Juccr 4.8); 5.33 d (PCH, 1H, *Jpcn 26.7); 5.29 d. t. t (OCHAHx,
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1H, B-part of ABX5Y> spectrum, “Juatg = “Jrcccg 13.2-14.4, *Trccen 1.4); 5.16 d. t. t (OCHg,
1H, A-part of ABX3Y, spectrum, 2Juang = “Jrccup 13.7-14.4, *Jrcccnp 1.4); 5.03 br. d. t. m
(OCHwm, /H, M-part of AMX3Y, spectrum, 2JHAHM 12.4, 3JFCCHM 12.8-13.5, 4JHCCCHM 1.4,
*Jreccny 0.8); 4.60 br. d. t. m (OCHj,, /H, A-part of AMX;3Y, spectrum,zJHAHM = 3Jrceny 12.4,
4JHCCCHA 1.4, 4JFCCCHA 0.8); 4.53 and 4.36 two d. d. t (POCHsHg, 2H, A- and B-parts of ABX;
spectrum, 2JHaHg = “JPOCHA 10.0, 3JpocHp 8.5, 3Jneen 7.0-7.1, 3Jncen 7.0); 1.55 t. d (OCHs, 3H,
Tncen 7.0, Trocen 0.7). "H NMR (acetone-Dg, 600 MHz) §: 8.17 d. d (H®, 1H, *Juéccu7 8.0,
4JH8CCCH6 1.7); 7.84br.d. d. d (HS, IH, 3JH8CCH9 7.8, 3JH7CCH8 7.5, 4JH8CCCH6 1.7); 7.72 and 7.42
two br. d (CeH4Cl, 4H, AA’XX’ spectrum, “Juatx 8.2, “Juaux 8.2); 7.55 br. d. d (H, IH,
u6cen? 8.0, *Tuicens 7.5); 7.37 br. d (H’, 1H, *Jusccnd 7.8); 6.27 t. t (CHF,, 1H, *Tucr 52.3,
Jkcen 5.5); 6.10 t. t (CHF,, 1H, “Tucr 52.5, *Tecen 4.7); 4.89 d (PCH, 1H, *Jpcy 25.8); 4.87 br. d.
t (OCHaHg, B-part of ABXj spectrum, /H, 3Jnpecr = 2Juang 13.7); 4.73 br. d. t (OCHAH3g, A-
part of ABX; spectrum, /H, *Juaccr = “Juang 13.7); 4.59 br. d. t. d (OCHy, M-part of AMX;
spectrum, 1H, *Juany 12.2, *Jrccay 12.5, *Tuccemy 1.8); 4.19 br. d. t (OCH,, A-part of AMX;
spectrum, 1H, *Juaty = *Jeccha 12.2); 4.09 d. d. @ (POCHAHy, M-part of AMQsX spectrum, /H,
Juany 10.0, *Jrocty 8.5, *Tucen 7.0); 3.93 d. d. @ (POCHAHy;, A-part of AMQ;X spectrum, /H,
JHaim 10.0, *Teoca 8.5, *Tuccn 7.0); 1.13 t (CHs, 3H, *Juccu 7.0). °C NMR (acetone-dg, 150.9
MHz) &: 188.82 br d. d. d (s) (C°, *Juc3ccs 5.8, *Tucéees 4.2, “Tucicees 1.6); 166.0 d. t (d) (COO,
pc3ee 16.0, *Tucoc 2.7, *Tucace 0); 165.77 d. d. t (d) (COO, *Jpc3ce 10.4, *Tucsee 8.7-9.0, *Tucoc
3.0); 150.79 m (d) (C*, 2Tpoc™® 5.4), 138.67 d. d. d. d (d) (C®, 'Tics 163.7, *Tucoecs 8.8, *Tpocoaccs
1.6, “Tuces 1.6); 135.44 t. d. t (d) (C°, *Tuci15¢c13 10.8, Tpcdccecld 3.4, “Tucl2,14c13 3.3-3.4);
133.98 br. d. d. d. d (br. d) (C"', "Tuc11 162.6, *Juc3cell 5.1-6.0, *Juciscctl 5.1-6.0, *Tpcccll 5.5);
133.42 d. d. d. d (d) (C®, Juc6 166.0, *Tucsccs 8.4, *Tpocoaccs 1.4, *Tuc7ce 1.4); 132.58 t. d. d (d)
(C", *Tuc12,14¢c10 7.8, 2Tucaclo 7.8, 2Tpcsc1o 7.4); 130.27 d. d. d (d) (C'%, 'Tuc12 166.4, *Tuctaccl2
5.3, *Tpc3cccl2 2.5); 128.40 br. d. d (d) (C7, 7 164.9, *Tucoce 7.9-8.0, *Tpocdacce 1.6); 127.39
m (d) (C*, *Tucoccsa 6.6-7.0, *Tuctcesa 6.6-7.0, *Tpocoacsa 2.4); 125.49 d. d. d. d. d (d) (C°, 'Tyco
166.6, 3JHC7CC9 7.7, 3Jpoc9ac9 3.6, 2JHc8c9 1.3, 4JHC6CCC9 13), 11570 t. t. d. t (t. t) (CFZ, lJFc
250.4, *Jrcc 26.8, Tnce 3.2-3.3, Tice 3.2-3.3); 115.58 t. t. d. t (t. t) (CFa, 'Tec 250.1, 2Jpce 27.0,
Tuce 3.2-3.4, Tmee 3.2-3.4); 110.90 t. d. t. t (t. t) (CHF,, 'Tec 248.7, Juc 194.4, *Jece 34.1,
Jimcce 1.8); 110.65 t. d. d. d. t (t. d. d) (CHFa, 'Jpc 248.1, 'Juc 195.1, Jpce 31.7, 2Tpce 32.9,
Jicee 1.8); 75.56 d. d (d) (C*, Tuc3cs 5.4, ZTpcaca 1.8); 66.38 t. d. q (d) (POCH,, 'Tyc 150.3,
Jpoc 7.0-7.1, ZTyce 4.5); 61.24 t. d. d (d. d) (OCHa, 'Tyc 153.3, “Jrce 31.8, 2Trce 30.6); 63.11 t. t
(t) (OCHa, 'The 153.3, Zrce 28.2); 46.35 d. d. t (d) (C°, 'Tpe3 131.7, 'Tyes 128.0, *Tuclices 3.7-
3.8); 11.04 q. d. t (d) (CCH3, 'Juc 127.5, *Trocc 5.5, “Tuce 2.6). F NMR (CDCls) 85 —124.09 t.
t. d (CFy, 2F, *Twccr 13.3, *Juccr 4.8, *Jrccr 4.6); —125.47 m (CF,, A’-part of spectrum
A'B'MyX,Y, “Jeprs 277.6-278.0); —124.73 m (CF,, B -part of spectrum A’B’M,X,Y, “Jrap
277.6-278.0); —=137.95 d. m (CHFa, 2F, “Jrcn 52.3, *Jrccr 4.5-4.6, *Tmccer 1.5-1.7); —139.45 d. m
(CHF,, B-part of ABMM’XY, spectrum, 2JFAFB 302.6, 2JFCH 52.0, 3JFA’CCF}3 8.5, 3JFB’CCFB 2.0,
Jmcccrg 1.5); —140.20 m (A-part of ABMM’XY, spectrum, “Jearg 302.6, “Jren 52.0, *Jrg'ccea
8.1-8.2, *JeaccEa 2.3-2.5, *Jmycecra 1.5). *'P-{'"H} NMR (CH,CL) 8p: 19.0 ppm.
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3-(2-Chlorophenyl)-2-ethoxy-4,4-bis(2,2,3,3-tetrafluoropropoxycarbonyl)-2-oxo-benzo[f]-

1,2-oxaphosphepine (3g). Yield 92 % (110.4 mg, 16 mmol), m. p. 101-102°C. Anal. Calcd for
CasHaoCIFsOsP: C, 45.01; H, 3.00; P, 4.65; Cl, 5.44. Found: C, 45.06; H, 3.27; P, 4.77; Cl, 5.63.
IR (Nujol): 1776, 1768, 1724, 1600, 1476, 1356, 1272, 1252, 1232, 1104, 976, 840, 752, 684,
656, 612, 536 cm™'. "H NMR (CDCls, 300 MHz) &: 8.31 d. d (H®, 1H, *Juéccn? 8.0, *Tuscecns
1.7); 8.13 d. d. d (H", 1H, *Jut4cculs 6.9-7.0, *Tuizcccnts 3.5, *Tpeccnts 2.8); 7.83 d. d. d. d (H,
IH, *Tuscend 8.1, “Turcens 7.4, *Tuscecns 1.7, *Tpoceen 1.0); 7.57 d. d. d. d (H', IH, *Juscen? 8.0,
3JH7CCH8 7.4, 4JH7CCCH9 1.2, 6JPOCCCCH7 10), 7.56 m (le, IH); 741d.d.d (H9, IH, 3JH8CCH9 8.1,
Troccro 1.4, Tuoccen? 1.2); 7.35-7.39 m (H', H”, 2H, AB-part of ABMX spectrum); 5.81 t. t
(CHF,, IH, *Jucr 52.5, *Jrcen 4.3-4.4); 5.68 t. t (CHF,, 1H, “Jucr 52.9-53.0, *Jrccn 4.1); 5.43 d
(PCH, IH, 2JPCH 26.9); 4.72 and 4.64 two d. t. t (OCHaHg, 2H, A- and B-parts of ABX3Y spec-
trum, “Juag 12.3-12.5, *Jrccenp 12.3-12.5, *Tuceens 1.4 and *Jrcccna 12.3-12.5, *Jeccca 1.5);
4.56 and 4.25 two br. d. t. d (OCHAHg, 2H, A- and B-parts of ABMX3 spectrum, 2JHAHB =
3Jrccnp = SJrccup 12.3-12.5, *Jucceng 1.6-1.7, *Tucccna 1.6-1.7); 4.24 and 4.07 two t. t. d
(POCHaHp, 2H, A- and B-parts of ABM;3;X spectrum, 2JHAHB 10.1, 3JPOCHA 9.5, 3JPOCHB 8.5,
3Juccna = *Juceny 7.1); 1.25 t. d (CHs, 3H, *Juccn 7.0, *Troccn 0.6-0.7). "H NMR (acetone-De,
600 MHz) &: 8.20 d. d (H®, 1H, *Juéccn? 8.0, *Tuscecus 1.6-1.7); 7.96 br. d (H, 1H, *Julacculs
7.0-7.1); 7.78 d. d. d (H®, 1H, *Tuscerd 8.2, *Tutcens 7.4, *Tusccens 1.6); 7.49-7.50 and 7.30-7.31
two m (H', H'2, H”, H'); 7.37 br. d (H’, IH, *Jusccno 8.2); 6.14 t. t (CHF,, 1H, “Tycr 52.3,
Jrecn 4.8); 6.03 t. t (CHF,, 1H, *Jucr 52.5, *Trcen 4.5); 5.47 d (PCH, 1H, *Jpcy 27.0); 4.76 and
4.72 two br. m (OCHxHg, 2H, A- and B-parts of ABX3 spectrum, 3JFCCHA = 2JHAHB 12.7-13.0,
3Jrcenp = 2JHaHp 12.7-13.0); 4.61 and 4.33 two br. d. t (OCHsHg, 2H, A- and B-parts of ABXj3
spectrum, 3JFCCHA = ZJHAHB 12.7, 3JFCCHB = 2JHAHB 12.7); 4.09 t. t. q (POCHsp, [H, B-part of
ABM;X spectrum, 3JHBCOP 9.8, 2JHAHB 9.8, 3 Jucen 7.2); 3.97 t. t. ¢ (POCHa, A-part of ABM3X
spectrum, “Juacop 8.4, *Juang 9.8, “Juccu 7.2); 1.08 t (CHs, 3H, *Tucen 7.2). °C NMR (CDCl;,
100.6 MHz) &: 186.27 br. d. d (s) (C°, *Tuc3ces 5.5, Tucéecs 4.3); 162.88 d. t (d) (COO, *Tpc3cc
12.8, *Jucoc 2.8); 162.45 d. d. t (d) (COO, *Tpccac 13.0, *Tucsee 7.5, *Tucoc 2.8-3.0); 147.62 m
(d) (C*, 2Tpoc9a 5.9); 135.70 br. d. d (br. s) (C¥, 'Tucs 162.4, *Juc6ccs 9.2); 134.38 br. m (d) (C',
STpcscell 7.5, *Tucsecll 6.5-7.0, *Tucisecll 6.7, *Tuctsell 6.7); 130.63 br. d. d (s) (C°, 'Tucs 163.8,
3Tucsccs 8.3); 129.84 br. d. m (br. s) (C, 'Juc1s 163.0); 128.72 br. d. m (s) (C", 'Tuc13 163.4,
Tnclscels 9.6); 128.34 d. d. d (d) (C", Zpc3clo 6.8-7.0, *Tuc3clo 6.8-7.0, “Tuclacclo 6.8-7.0);
128.31 br. d. d (s) (C", *Tuc12 164.8, *Tycldce12 8.3); 125.90 br. d. d (s) (C", 'Tyc14 163.2,
Thcl2eeld 7.8); 12552 d. d (s) (C7, 'The7 164.6, *Tucoce? 7.8-7.9); 124.52 m (br. s) (C%); 122.14
br. d. d (br. d) (C°, "Tuco 165.9, *Tucrcco 7.6, Troc9aco 2.2); 112.28 br. t. t. m (t. t) (CFa, Jrc
250.9, “Tece 27.7, *Tuce 3.6-3.8, “Tince 3.6-3.8); 112.14 br. t. t. m (t. t) (CFa, 'Tec 250.7, 2Jpce
27.1, *Juce 3.6-4.0, “ince 3.6); 107.57 br. t. d. tt. (t. t) (CHFa, 'Tee 253.2, 'Tuc 193.5, 2Tecc 35.5);
107.52 br. t. d. t (t. t) (CHF, 'Jpc 251.3, 'Tne 193.1, Zpee 31.9); 72.47 br. d (s) (C*, Tuc3cs 5.9);
63.87 t. d. q (d) (POCHa, 'Tuc 150.2, 2Tpoc 6.6, “Tuce 4.3); 60.12 t. t (t) (OCHa, 'Tyc 152.8, *Jrcc
30.5); 60.03 br. t. t (br. t) (OCHa, Jc 152.9, *Jpcee 30.5); 41.21 d. d. d (d) (C°, 'Tpe3 133.2, 'Tyes
128.1, *Juclices 2.5); 14.35 q. d. t (d) (CCHs, 'Juc 125.1, *Teoce 5.6, “Tuce 2.6-2.7). PC-{'H}
NMR (acetone-dg, 150.9 MHz) &: 187.97 s (C°); 164.26 d (COO, *Jpc3ce 11.5); 163.79 d (COO,
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pccac 14.1); 149.05 d (C, 2Tpocoa 5.9); 137.05 s (C*); 135.57 d (C", *Tpc3cclt 7.5); 131.79 d
(C®, *Tpocvaccs 1.2); 131.21 d (C", *Trcaects 3.9); 129.95 d (C'°, 2Ipcaclo 6.4); 129.92 d (CP,
Tpcdceeels 1.8); 129.64 d (C'2, *Tpc3cect2 2.6); 127.24 d (CY, *Tpc3cecis 2.6); 126.82 s (C7);
123.54 d (C°, *Jpoc9aco 3.7); 126.19 br. d (C*, *Jpoc9accsa 2.0); 113.92 t. t (CFa, Jrc 250.3, Jrcc
27.2); 113.78 t. t (CFa, Jc 250.2, 2Jece 27.1); 109.19 t. t (CHF,, 'Jrc 249.3, *Jrcc 33.8); 109.08
t. t (CHF,, 'Jpc 248.2, 2rcc 33.4); 73.65 s (CY); 64.95 d (POCHa, “Jpoc 7.0); 61.53 br. t (OCH,,
ke 30.4); 61.50 br. t (OCH,, *Jrec 28.7); 41.51 d (C°, 'Jpes 132.5); 15.36 d (CCHs, *Jpoce 5.6).
"F NMR (CDCls) 8p: —124.87 m (CF,, 2F); —125.39 + —125.44 m (CF,, AB part of ABMNXY,
spectrum); —138.87 br. d. m (CHF,, 2F, 2JHCF 52.0-53.0); —139.18 + —139.47 two br. m (AB-part
of ABMNXY5 spectrum, “Jycr 52.5-53.0). *'P-{'H} NMR (CH,Cl,) &p: 20.1 ppm.
3-(4-Bromophenyl)-2-ethoxy-4,4-bis(2,2,3,3-tetrafluoropropoxycarbonyl)-2-oxobenzol[f]-
1,2-oxaphosphepine (3h). Yield 86 % (110.0 mg, 15 mmol), m. p. 103—105°C. Anal. Calcd for
CasHaoBrFsOgP: C, 42.20; H, 2.81; P, 4.36; Br, 11.24. Found: C, 42.31; H, 2.97; P, 4.22; Br,
11.09. IR (Nujol): 1776, 1764, 1752, 1688, 1452, 1400, 1284, 1224, 1200, 1152, 1100, 1056,
1040, 976, 928, 896, 768, 688, 536 cm . '"H NMR (CDCls, acetone-Dg, 300 MHz) &: 8.08 d. d
(H6, ]H, 3JH6CCH7 80, 4JH8CCCH6 1.7-1.8); 7.70d.d.d. d (Hg, IH, 3JH8CCH9 8.1-8.2, 3JH7CCH8 7.4,
Tuscecns 1.8, *Trocccns 0.8); 7.51 and 7.42 two m (H“, le, 2H, AA’BB’ spectrum, 3JHAHR 8.6,
Jhaup 8.6, *Tpccen 2.0); 742 d. d. d. d (H', 1H, *Tuéccn? 8.0, *Turcens 7.4, “Tutccend 1.7,
Spoccecn? 0.8); 7.24 d. d. d (B, 1H, *Jusceno 8.1-8.2, *Tnoccen? 1.7-1.8, *Tpoccno 1.4); 6.01 t. t
(CHF,, 1H, *Tucr 52.5, *Juccr 4.5-4.6); 5.83 t. t (CHFa, IH, *Jucr 52.6, *Tuccr 4.5-4.6); 4.73 d
(PCH, 1H, *Jpcy 26.5); 4.69 d. t. t (OCHg, 1H, B-part of ABX3Y, spectrum, “Juang = >Jeccn 13.0,
rceen 1.4); 4.56 d. t. t (OCHa, 1H, A-part of ABX3Y> spectrum, “Juatg = “Jecen 13.0, *Trecen
1.4); 4.45 and 4.05 two m (OCHaHw, 2H, A- and M-parts of AMX3Y, spectrum, 2JHAHM 12.4-
12.7, *Jrccny 12.5-13.0, *Jrccny 12.5-13.0, *Tucecr 1.7); 4.02 d. d. q¢ (POCHg, /H, B-part of
ABM;X spectrum,*Juang 10.1, *Jeoctg 8.4, *Jucen 7.1); 3.85 d. d. ¢ (POCH,, 1H, A-part of
ABM3X spectrum, 3JHCCH 7.1, 2JHAHB 10.1, 3JPOCHA 10.1, 3JHCCH 7.1); 1.06t.d (CH3, 3H, 3JHCCH
7.1, *Tocen 0.6). °C NMR (CDCls, 100.6 MHz) &: 187.05 d. d. d (d) (C°, *Juc6ccs 4.8-4.9,
3Tncdecs 4.8, *Jpc3ces 0.8); 164.14 d. d. t (d) (COO, *Tecace 13.9, *Tucoc 2.6-2.7, *Tucice 2.5-2.6);
163.91 d. d. t (d) (COO, *Tpccac 10.6, *Tucsce 8.8, *Tucoc 2.8-2.9); 149.0 m (d) (C™, *Jpoc9a 5.3);
137.24 d. d. d. d (s) (C*, 'Tucs 162.8, *Tucéees 9.2, “Tuccs 1.8, 2Tuccs 1.5); 132.28 d. d (s) (CS,
'Thes 163.3, *Tucsecs 8.2); 132.21 d. m (d) (C", Tnett 167.8, *Tpcaccll 7.8-8.0); 132.17 d. m (s)
(C"%, 'Tyc12 167.9); 130.28 d. t. d (d) (C'°, *Tpc3c10 8.0, *Tucl2cclo 7.6, 2Tucaclo 7.6); 127.09 d. d
(s) (C7, 'Tuc7 166.4, *Tucoce 8.2); 125.53 m (s) (C*); 123.75 br. d. d. d (d) (C°, 'Tuco 165.9,
Tncrccd 7.7, *Trocoaco 4.0); 122.98 m (d) (C", “Jpcscccct3 4.0); 113.70 t. t. m (t. t) (CFa, 'Jrc
250.8, “Tecc 28.5, “mce 4.0, 2Tuce 4.0-4.2); 113.55 t. t. m (t. t) (CFa, 'Jre 250.8, *Jecc 28.5, 2Tuce
4.0, *Jnce 4.0-4.2); 109.05 t. d. t. t (t. t) (CHF,, 'Jrc 250.8, Jue 193.0, 2Tece 35.8, *Tscce 1.7-
1.8); 109.03 t. d. t. t (t. t) (CHFa, 'Jrc 250.8, 'Juc 192.6, *Jrce 35.8, *Tincee 1.7-1.8); 73.86 d. d
(d) (C*, 2Tucacs 6.3, 2Tpcaca 1.0); 65.71 t. d. q (d) (POCH,, 'Tic 150.3, “Tpoc 8.0, “Thce 4.2); 61.66
t (t. t) (OCHa, “Tyc 152.8, *Jrece 30.5); 61.42 t. t (t) (OCH,, Tic 153.4, 2Jpce 30.5); 45.80 d. d. t
(d) (C3, Tpc3 132.7, Tucs 127.9, *Tuctices 3.8); 15.99 q. d. t (d) (CCHs, Jyuc 127.6, *Jpoce 5.5,
ZJHCC 2.6). F NMR (CDCls, acetone-Dg) op: —124.86 m (CF», 2F, As-part of A,M,X,Y system,
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Theer 12.5-13.0, *Trcen 4.3, *Jrecr 4.3); =126.20 m (CF,, A-part of spectrum ABMNX,Y, Jrsrg
277.0, *Jraccn 12.5, *Teaccn 4.5, *Jraccryn 5.5-5.6); —125.1 m (CF,, B-part of spectrum
ABM,X,Y, 2Jrarg 277.0, *Jrgccn 12.5-12.8, 3Trgecry 6.5, *Trgccn = *Jrgcecen 4.5); -138.80 br. d. t
(CHF,, 2F, 2JHcp 52.6, 3Jpccp 4.2-4.3); —140.4 br. m (CHF,, M-part of spectrum ABM,X,Y,
“Jrmen 303.1, ZTrven 52.3, *Jeccr 5.5, Tkccr 4.5); —139.80 br. m (CHF,, N-part of spectrum
ABMNX,Y, 2Jruex 303.1, 2Jench 52.3, *Teaccey 5.5, *Jesccey 4.5). *'P NMR (CH,Cly) 8p: 17.5
ppm.
4,4-Bis(2,2,3,3-tetrafluoropropoxycarbonyl)-2-oxo-2,3-diphenylbenzo([f]-1,2-oxaphosphep-
ine (3i). Yield 93 % (111.1 mg, 16 mmol), m. p. 124-125°C. Anal. Calcd for Co9Hy FsO-P: C,
52.41; H, 3.16; P, 4.67. Found: C, 52.27; H, 3.39; P, 4.90. IR (Nujol): 1784, 1724, 1692, 1600,
1456, 1376, 1368, 1360, 1276, 1108, 1032, 920, 836, 776, 752, 696 cm . "H NMR (CDCls, 300
MHz) &: 8.25 d. d. d (H®, 1H, *Ju6ccu7 8.0, *Tuscecus 1.6, “Teocecns 1.4); 7.76 d. d. d. d (H®, 1H,
Tuscen9 8.1, *Turcens 7.4, *Tuscecns 1.6, Tpoccens 1.2); 7.53 m (HY, 1H, *Tiz6cen27 7.4); 7.51
br. d. d. d (H', IH, *Tuéccu? 8.0, *Tu7cens 7.4, Tuiceeno 1.2); 7.26-7.38 m (H''™", H®, H*, H*,
6H); 5.55 br. t. t (CHF,, 1H, *Tucr 53.0, *Jrcen 4.4); 5.45 br. t. t (CHF,, 1H, *JTucr 52.8, *Jrecn
4.1); 4.77 d. t. d. t (OCHg, 1H, B-part of ABX3Y, spectrum, “Juang 12.5, *Jugcce 12.5, *Tucccn
1.1, *Teceen 1.1); 4.56 d (PCH, 1H, *Jpcyu 26.8); 4.50 d. t. d. t (OCH,, 1H, A-part of ABX3Y>
spectrum, “Juanx 12.5, *Juaccn 12.5, *Tuceen 1.1, “Teccn 1.1); 4.43 t. d. t. d (OCHg, 1H, B-part of
ABX;Y, spectrum, “Juang 12.3, *Jeceng 12.3, *Tuceeng 1.5, *Tecccng 1.3); 4.14 t. d. t. d (OCH,,
1H, A-part of ABX3Y> spectrum,zJHAHB 12.3, 3JFCCHA 12.3, 4JHCCCH 1.5, 4JFCCCH 1.3). BC NMR
(CDCl3, 100.6 MHz) &: 188.10 br. d. d. d (s) (C’, *Tuc3ces 5.3, Jucéees 4.4, *Tucicees 1.3);
164.53 d. t (d) (COO, *Jpcace 12.8, *Tucoc 3.0, *Tucdce 0); 164.43 d. d. t (d) (COO, *Jucace 8.8,
3Jpcc4c 8.3, 3JHCOC 3.2); 148.55d.d. d. d. d (d) (Cga, 3JHCCC93 10.3, 3JHCCC93 8.7, 2Jpoc9a 8.2,
Jucocoa 4.2, Tuctcccva 1.7); 136.81 d. d (s) (C¥, 'Tucs 162.6, *Jucéees 9.3); 133.15 d. t. d (d)
(C*, 27 161.1, *Tuc2scc2r 8.4, *pc2accc2r 2.9); 132.60 br. d. d (s) (C°, 'Tucs 164.5, *Tucsccs
8.4); 132.50 d. m (d) (C*, 'Tuc2s 164.1, *Tpc24c25 9.5, *Tuc29cc2s 6.9-7.0, *Tucarcc2s 6.9-7.0,
The26c25 2.0); 131.81 m (d) (C'°, *Jpc3c10 3.2); 130.24 very br. m (very br. s) (C'', 'Tyc11 163.0-
165.0); 129.01 d. d. d (d) (C"2, "Tuc12 161.0, *Tuctaccl2 6.6, “Tecaccci2 2.5); 128.36 d. t. d (d)
(C", Tuc13 161.5, *Tuctice1s 7.3, “Teccccet3 3.1); 128.31 m (d) (C'°, 2Tpc3c10 3.2); 127.73 d. d. d
(d) (C*, 'Tuc26 161.0, *Tpc24cc26 13.8, *Tuc2scc26 6.2-6.3); 126.92 m (d) (C*, *Jpocoacsa 2.3);
126.88 d. d (s) (C7, 'Tuc7 163.6, *Tucoce? 7.7); 126.84 d. t (d) (C*, 'Tpc24 142.6, *Tuc26cc24 7.7);
12427 d. d. d. d. d (d) (Cg, 1JHC9 1660, 3JHC7CC9 7.6, 3Jpoc9ac9 3.4, 2JHc8c9 1.5, 4JHC6CCC9 1.5);
113.63 t. t. d. t (t. t) (CFa, 'Tpc 250.8, “Trce 28.2, “Tuce 4.8-5.0, *Tince 4.0-4.2); 113.53 t. t. d. t (t.
t) (CFa, 'Trc 250.7, 2Jrce 27.2, 2Tuce 4.8-5.0, “Jince 4.0-4.2); 108.93 t. d. t. t (t. t) (CHF,, 'Jrc
250.6, 'Tuc 192.6, *Jrce 35.6, *Ticce 1.0); 108.85 t. d. t. t (t. t) (CHF,, 'Jrc 250.4, 'Tuc 192.5,
Jkce 35.0, *Tiscce 1.0); 74.72 d. d (d) (C*, 2Tucscs 4.8, 2pcaca 1.2); 61.48 t. t (t) (OCH,, 'Juc
152.6, 2Trce 30.5); (C,); 61.36 t. t (t) (OCHa, 'Tue 152.6, “Jrce 30.4); 51.07 d. d. t (d) (C°, 'Tyc
127.7, 'Tpc 83.1, *Tuctices 4.1). F NMR (CDCl3) &: —125.26 t. t. d (CFa, 2F, *Tuccr 12.5, *Trccr
5.5, *Tucer 4.0); —125.75 t. t. d (CFa, 2F, *Tucer 12.5, *Jecce 6.3, *Tecen 4.5); —138.72 br. d. m
(CHF,, 2F, “Jearg 305.0, “Jeacu 52.8); —138.85 br. d. m (CHF,, *Jrars 305.0, “Jrgcn 52.8);
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~139.25 br. m (CHF,, “Jract 53.0); —139.27 br. m (CHF,, *Jegcn 53.0). *'P-{'H} NMR (CH,Cl,)
op: 38.5 ppm.
3-(4-Chlorophenyl)-4,4-bis(2,2,3,3-tetrafluoropropoxycarbonyl)-2-oxo-2-phenylbenzo[f]-
1,2-oxaphosphepine (3j). Yield 93 % (116.9 mg, 16 mmol), m. p. 120-122°C. Caled for
CaoHaoCIF3O-P: C, 49.82; H, 2.86; P, 4.44; Cl, 5.08. Found: C, 49.65; H, 2.92; P, 4.24; Cl, 5.11.
IR (Nujol): 1776, 1760, 1680, 1456, 1376, 1312, 1280, 1236, 1184, 1160, 1112, 1064, 928 cm .
"H NMR (CDCls, 300 MHz) &: 8.20 d. d (H®, 1H, *Ju6ccu7 8.0, *Jusccens 1.7); 7.73 d. d. d. d (H®,
IH, 3JH8CCH9 8.1, 3JH7CCH8 7.4, 4JH8CCCH6 1.8, SJPOCCCH 07), 7.54 m (H27, IH, 3JH26CCH27 7.2,
4JH25CCCH27 2.3, SJPCCCCH27 1.3); 748 d.d.d. d (H7, IH, 3JH6CCH7 80, 3JH7CCH8 7.4, 4JH7CCCH9 1.0,
Spoccecn 1.0); 7.28-7.32 and 7.19 two br. m (H'2, H"', H®, H*, 5H); 5.64 t. t (CHF,, 1H, *Jyucr
52.9, *Jrcen 4.0); 5.53 t. t (CHF,, 1H, *Tucr 52.9, *Jrcen 4.0); 5.55 d (PCH, 1H, *Jpcn 25.9); 4.74
br. d. t. t (OCHg, B-part of ABX3Y, spectrum, /H, 3JHBCCF 13.6, 2JHAHB 13.6, 4JFCCCHB 1.4); 4.46
b. d. t. t (OCH,, A-part of ABX3Y, spectrum, 1H, *Tuaccr 13.6, *Juang 13.6, *Jecccua 1.4); 4.74
d. t. t (OCHy, M-part of AMX;Y> spectrum, /H, *Juvccr 12.7, *Tuany 12.7, *Tecccny 1.3); 4.11
d. t. t (OCHa, A-part of AMX;Y> spectrum, IH, *Juacce 12.7, “Juany 12.7, *Tecccua 1.3). 'H
NMR (acetone-Dg, 600 MHz) &: 8.20 d. d (H®, 1H, *Jusccu7 8.0, “Tusccens 1.7); 7.82 d. d. d (H®,
IH, *Tuscerd 8.0, *Turcens 7.4); 7.59 m (HY, 1H); 7.55 br. d. d (H', 1H, *Juscen? 8.0, *Ju7ccns
7.4); 7.39 br. d (H’, 1H, *Jusccno 8.0); 7.39-7.44 and 7.27 two br. m (H'?, H", H, H*®, 5H);
6.29 br. t. d. d (CHF», 2F, “Jucr 52.3, *Juccr 5.5, “Jucer 5.2-5.3); 6.07 t. t (CHF», 1H, “Jycr 52.4,
Jrecn 4.5); 4.98 d (PCH, 1H, *Tpcy 25.8); 4.94 t. d (OCHy, /H, M-part of AMX; spectrum,
3Javcce = JHaby 13.3); 4.73 t. d (OCHa, 1H, A-part of AMX; spectrum, *Juaccr = “Juaty 13.3);
4.59 br. t. d (OCHy, /H, M-part of AMX;3 spectrum, 3JupmccF = 2THaly 12.3-12.5); 424 br. t. d
(OCHa, 1H, A-part of AMX; spectrum, “Juacce = “Juaty 12.3-12.5). *C NMR (CDCls, 100.6
MHz) &: 187.83 br. d. d (s) (C°, *Juc3ces 4.0-5.0, *Juc6ces 3.4-3.5); 164.48 d. d. t (d) (COO,
Tpccac 8.0, *Tucdee 7.8-8.0, *Tucoc 3.5); 164.28 d. t (d) (COO, *Jpc3ce 13.0, *Tucoc 2.5, *Tuc3ec
0); 148.46 m (d) (C™, *Jrcccva 10.8-11.0, *Trcccva 10.0-10.5, Tpoca 8.3, “Thcoc9a 3.6); 136.99 br.
d. d (s) (C®, "Tucs 162.8, *Tucoees 9.5); 134.71 t. d. t (d) (C", *Tucin15ccl3 7.3-7.5, *Tpc3ccccl3
3.8, 2Jucl2,l4cl3 3.5-3.6); 133.50 d. t. d (d) (C7, Inc27 161.8, *Juc2s5.29cc27 7.8, “Tpc2dccc2? 2.7);
132.66 d. d (s) (C°, "Tuc6 166.2, *Tucsccs 8.2); 132.61 br. d. m (d) (CZ, 'Tuc2s 165.3, *Tpc24c2s
9.7); 131.72 very br. d (very br. s) (C", 'Tuc11 165.0-166.0); 130.37 t. d. d (d) (C"°, *Juc12.14cc10
8.0, “Thc3c10 8.0, 2Jpc3c10 3.1); 129.17 br. d. d. d (d) (C'2, 'Tyc12 164.4, *Juclacci2 4.0, Tpc3ccct2
2.4); 127.96 d. d. m (d) (C*, 'Tuc26 161.4, *Tpc24cc26 13.6, *Tuc2scc26 5.0-6.0, *Tuc25c26 3.4,
The27¢26 3.4); 127.07 br. d. d (br. s) (C7, 'Tuc7 164.1, *Tucoce? 8.0); 126.77 m (d) (C, *Tpoc9acsa
2.3); 126.46 br. d. m (d) (C**, "Jpc24 143.0, *Juc26,28cc24 7.9, *Tucapc24 4.8-5.0); 124.30 d. d. d (d)
(C°, 'Tuco 167.5, *Tuciceo 7.9, *Tpoc9acy 3.3); 113.57 t. t. m (t. t) (CFa, 'Tec 248.0, “Jece 27.5);
113.63 t. t. m (t. t) (CFa, Jrc 248.1, *Jpcc 27.5); 109.0 t. d. t. t (t. t) (CHFa, 'Tee 251.1, 'Tue 192.7,
Jree 36.0, *Tmcce 3.2); 109.07 t. d. t. t (t. t) (CHF,, 'Jre 250.1, 'The 192.6, 2Trce 36.0, *Tcce
3.2); 74.66 br. d (s) (C*, *Tuc3ca 5.2); 61.40 t. t (t) (OCHa, 'Tice 152.4, *Trce 30.0); 61.55 t. t (1)
(OCHa, 'Tue 152.5, *Jrcee 30.0); 50.59 d. d. t (d) (C°, 'Tues 127.7, 'Tpes 83.0, *Tuctices 3.5). P°C
NMR (acetone-de, 150.9 MHz) &: 188.27 br. d. d. d (s) (C°, *Juc3ces 5.0, *Tucéees 4.6, *Tucicees
1.7); 164.62 d. d. t (d) (COO, *Jpccac 8.7, *Tucsce 8.7, *Tucoc 3.3); 164.53 d. t (d) (COO, *Jpc3ce
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12.3, *Tucoc 2.8, *Tucace 0); 148.52 d. d. d. d. d (d) (C*, *Jucccoa 10.5, *Tucccoa 8.7, 2Tpoca 8.1,
Jhe9c9a 4.2, *TucTcecoa 1.8); 136.77 br. d. d (s) (C*, 'Tucs 169.9, *Tuceecs 9.0); 133.83 t. d. t (d)
(C", *TuciL15cc13 8.5, *Tpc3ccect3 3.6, ZTncl214c13 3.5-3.6); 133.26 d. t. d (d) (C, 'Tuc27 161.5,
3JHC27CC25 7.8, 4Jpc24ccc27 28), 13254 d. d. d. d (d) (C25, 1J]-{CZS 1656, 2Jp024c25 9.5, 3JHC29CC25
7.2-7.3, *Tuc27cc25 7.2); 132.32 br. d. d (d) (C, 'Tucs 166.8, *Tucsccs 8.4, *Tpocvaccs 0.6); 132.30
very br. d (very br. s) (C", 2Juc11 165.0-166.0); 131.37 d. t. d (d) (C'°, *Tuc12,14c¢10 8.1, 2Tuc3clo
8.1, 2Tpc3cl0 3.3); 128.72 d. d. d (d) (C'%, 'Tuc12 166.4, *Tuclacc12 5.4, *Tpc3cccl2 2.5); 127.87 br.
d. d. d (d) (C*, "Tuc26 163.0, *Tpc24cc26 13.7, *Tuc28cc26 6.9-7.0); 127.19 m br. (s) (C**); 126.79
br. d. d (d) (C7, 'Tuc7 164.4, *Tucoce? 8.4, *Trocvacce? 0.9); 126.79 br. d. t (d) (C**, 'Tpc24 141.9,
3Tnc26.28cc24 7.3-7.4); 124.30 d. d. d. d. d (d) (C°, 'Tuco 166.3, *Jucrcco 7.9-8.0, *Jpocoaco 3.3,
Tuesco 1.2, Tucseeeo 1.2); 115.66 t. t. m (t. t) (CFa, Jre 250.2, 2pec 26.7); 115.70 t. t. m (t. t)
(CF,, 'Tre 250.2, 2Jpce 26.6); 109.31 t. d. t. t (t. t) (CHF,, 'Jpc 248.8, 'Tuc 195.2, “Jpce 34.3,
Jicee 2.0-2.1); 109.11 t. d. d. d. t (t. d. d) (CHFa, 'Jrc 251.2, 'Tye 195.0, 2Jpce 32.7, 2Trce 32.7,
Jipcee 2.0-2.1); 74.49 br. d (d) (C*, 2Tuc3cs 5.3, 2Tpcacs 1.2); 61.65 br. t. t (t) (OCH,, Ty 152.6,
Jree 28.2); 61.68 d. br. t. d. d (d) (OCHa, 'Jic 152.9, *Trce 31.4, “Tree 30.2); 49.69 d. d. t (d) (C°,
pc3 82.6, 'Tues 129.1, *Juclices 4.0-4.1). F NMR (CDCls) 8p: —124.92 and —124.97 two m
(CF,, 2F, *Juccr 12.5-13.5, *Juccr 4.0); —139.05 and —138.84 two br. m (CHFa, 2F, “Jecn 53.0);
~139.05 and —138.70 two br. m (CHF,, 2F, *Jgcu 53.0). *'P-{'"H} NMR (CDCl;) &p: 38.9 ppm.

3-(4-Bromophenyl)-4,4-bis(2,2,3,3-tetrafluoropropoxycarbonyl)-2-oxo-2-phenylbenzo|[f]-

1,2-oxaphosphepine (3k). Yield 90 % (120.3 mg, 16 mmol), m. p. 115-117°C. Calcd for
CooHy0BrFsO4P: C, 46.84; H, 2.69; P, 4.17; Br, 10.76. Found: C, 46.72; H, 2.88; P, 4.21; Br,
10.55. IR (Nujol): 1776, 1704, 1684, 1600, 1576, 1456, 1392, 1384, 1376, 1280, 1264, 1236,
1168, 1136, 1008, 968, 928, 896, 864, 848, 816, 768, 748, 692, 656, 536, 512 cm . '"H NMR
(CDCls, 300 MHz) &: 8.23 d. d (H®, 1H, *Juéccu7 8.0, *Tusceens 1.7); 7.75 d. d. d (H®, 1H,
Tuscen9 8.1, *Turcens 7.3, *Tuscecns 1.7); 7.58 m (HY, IH, *Ju26ccw27 7.1, *Tuasceen2? 1.7,
SJPCCCCH27 1.6); 7.50d.d.d. d (H7, JH, 3JH6CCH7 80, 3JH7CCH8 7.3, 4JH7CCCH9 1.1, 6JPQCCCCH7 1.1);
7.38-7.33 m (H'2, H'!, H®, H*®, 4H); 7.26 d. d. d (H’, IH, *Jusccnd 8.1, *Teocc 1.3; *Tnocen?
1.1); 5.68 t. t (CHF2, 1H, *Jucr 52.9, *Jrcen 3.9); 5.58 t. t (CHF., 1H, “Tucr 52.9, *Jrccn 3.9); 4.60
d (PCH, IH, *Jpcu 25.9); 4.77 br. d. t. t (OCHsg, /H, B-part of ABX5Y, spectrum, “Jugccr 12.5,
2JHAHB 12.5, 4JFCCCHB 1.3); 4.49 br. d. t. t (OCHa, IH, A-part of ABX3Y, spectrum, 3JHACCF =
Juanp 12.5, *Jrcocu, 1.3); 4.48 d. t. t (OCHg, 1H, B-part of ABX5Y> spectrum,’Jugccr = “JHaHp
12.3, *Jrcccng 1.3); 4.15 d. t. t (OCHy, 1H, A-part of ABX3Y, spectrum, *Juacck = “Juang 12.3,
*Jrceena 1.3). '"H NMR (acetone-Ds, 600 MHz) 8: 8.18 d. d (H®, 1H, *Ju6cen? 8.0, *Tuscecn6 1.6-
1.7); 7.83 d. d. d (H®, 1H, *Jusceno 8.0, *Turccns 7.4, “Tusceens 1.7-1.8); 7.60 m (H*', 1H); 7.56 d.
d.dd (H7, ]H, 3JH6CCH7 8.0, 3JH7CCH8 7.4, 4JH7CCCH9 1.0, 6JPOCCCCH7 0.8—1.0); 7.36d.d.d (Hg,
1H, *Juscend 8.0, *Trocend 1.6, *Tuzcecno 1.0); 7.39-7.42 m (H'2, H'', H?, H*, 4H); 6.29 br. t. t
(CHF,, 2F, *Jucr 52.3, *Juccr 5.5-5.6, *Tuccr 5.1-5.2); 6.07 t. t (CHFa, 1H, *Tucr 52.5, *Jrcen 4.6-
4.7); 4.94 d (PCH, IH, 2 Joch 25.5); 492 br. t. d (OCHAHy, /H, M-part of AMX3 spectrum,
3Jumccr = 2THalm 13.1); 4.72 br. t. d (CHa, [/H, A-part of AMX3 spectrum, 3JHACCF = “JHaHM
13.1); 4.58 and 4.23 two br. d. t. d (OCHAHwy, 2H, A- and M-parts of AMNX;3Y, spectrum,
3JHaccr = “Tayeck 12.6, 2Tuany 12.6-12.8, *Tuceen 1.8, *Teccen 0.8-0.9). *C NMR (CDCls, 100.6
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MHz) §: 187.82 br. d. d (s) (C°, *Juc3ces 5.0, *Tucéecs 4.5,); 164.40 d. d. t (d) (COO, *Tyucice 8.5,
Tpc3ce 8.2, *Thcoc 3.3); 164.20 d. t (d) (COO, *Tpccac 13.1, *Thcoc 2.7); 148.34 d. d. d. d. d (d)
(C™, *Tucccoa 11.1, *Tucceva 8.2, *Tpocoa 8.2, *Tucocva 4.0); 136.90 br. d. d (s) (C¥, 'Tcs 163.0,
Tnc6ees 9.3); 133.43 d. t. d (d) (C¥, Tnc27 161.5, *Tucascc27 8.6, “Tpc2accc27 2.8); 132.55 br. d. d
(s) (C°, 'Tuc6 166.2, *Tucsccs 7.6); 132.53 d. m (d) (C, 'Tuc2s 164.0, 2Tpc24c25 9.7); 132.04 d. d.
d (d) (C", Tuc12 165.7, *Tuctacc12 5.2, *Tecdcect2 2.5); 131.99 very br. d. m (very br. s) (C',
Thell 165.0-166.0); 130.88 d. t. d (d) (C'°, “Tucaclo 7.8-7.9, *Jucizcclo 7.8-7.9, “Ipc3clo 3.1);
127.88 d. d. m (d) (C*, 'Tuc26 161.3, *Tpc2dcc26 13.8, *Tuc2scc2s 5.8); 126.97 br. d. d (s) (C/,
The 164.1, *Tucoce? 7.9); 126.71 m (s) (C*); 126.36 br. d. m (d) (C*, 'Tpc24 142.9, *Tpic26.280c24
6.3, *Tuc3pc24 5.4); 124.18 br. d. d. d (d) (C°, 'Tnco 165.6, *Tuc7cco 7.4, *Tpocoaco 3.4); 122.68 t. d.
t (d) (C", *Juciicet3 10.6, “Tecdceceld 4.1, *Tuclacel3 3.6-3.7); 113.56 t. t. d. t (t. t) (CFa, 'Jgc
251.0, “Tece 28.3, uce 4.2-4.3, 2Tince 3.2); 113.50 t. t. d. t (t. t) (CFa, 'Tee 250.6, “Jpce 27.6,
Thee 4.2-4.3, “Tnee 3.2); 108.99 t. d. t. t (. t) (CHFa, Jre 250.3, 'Tue 193.0, 2rce 35.8, *Tnccc
1.1-1.2); 108.92 t. d. t. t (. t) (CHF,, 'Jpc 250.5, 'Tyc 192.6, “Trce 36.0, *Tincce 1.1-1.2); 74.51 br.
d (s) (C*, 2Tucaca 5.1); 61.46 t. t (t) (OCHa, 'Tyc 151.9, 2Teee 30.2); 61.32 t. t (t) (OCHa, 'Tic
152.7, 2Jpcc 29.8); 50.58 d. d. t (d) (C°, 'Tucs 127.6, 'Tpc3 82.9, *Juciices 3.1). °C NMR (ace-
tone-ds, 150.9 MHz) &: 188.34 br. d. d (s) (C°, *Juc3ces 5.6-5.8, *Tucéccs 4.5,); 164.58 d. d. t (d)
(COO, *Jpcsce 8.9, *Tucsee 8.9, *Jucoc 3.0-3.1); 164.50 br. d. t (d) (COO, *Jpccdc 12.5, *Tucoc
2.5); 148.48 d. d. d. d. d (d) (C™, *Tuccc9a 11.3, *Tnceeoa 9.1, *Tpocoa 8.1 ; 2Thcscoa 3.6, *Tu7cccoa
1.6); 136.69 br. d. d (s) (C*, "Tucs 164.1, *Tucéces 9.3); 133.22 d. t. d (d) (C¥, 'Tuc27 159.6,
The25cc27 8.6, *Tpc24ccc27 3.0); 132.31 br. d. d (d) (C°, 'Tices 166.0, *Tucsccs 8.4, *Tpocvaccs 0.9);
132.56 d. d. d. d. d. d (d) (C* "Juc2s 164.2, 2pc24c25 9.3, *Tuc2s5cc29 8.2 ;5 *Inc27cc2s 5.5 ;
Tuc26c25 1.6 5 *Tucasceces 1.6); 131.92 m (d) (C'°, 2Tpc3c1o 3.3); 131.68 d. d. d (d) (C'%, 'Juc12
168.3, *Juclaccl2 5.3-5.4, *Tecacect2 2.7); 131.5-132.5 very br. d. m (very br. s) (C'); 127.85 d.
d. d (d) (C*, 'Tuc26 162.8, *Tpoc24cc26 13.7, *Tuc26cc2s 5.4); 126.75 br. d. d (d) (C7, 'Tye7 164.9,
Theoce? 8.1 5 “Tpocdacee 1.0); 127.29 m (s) (C**); 127.25 d (d. d. t) (C**, 'Tpc24 141.9, *Tic3pc2s
4.7-4.8, *Tuc26cc24 4.5-4.6); 124.28 d. d. d. d. d (d) (C°, 'Tuc9 166.9, *Tuc7cco 7.8, *Troc9aco 3.3,
Jnesco 1.6, Tucsceco 1.6); 121.91 t. d. t (d) (C°, *Jucticets 10.8, “Tpcaccce!3 4.0, *Tuci2cel3 3.5-
3.6); 114.04 t. t. d. t (t. t) (CFa, Jrc 250.1, *Jpcc 27.5, 2Tuce 4.0-4.2, *Timee 3.0-3.2); 114.0t.t. d. t
(t. t) (CFa, 'Tec 250.1, 2pcc 27.5, 2Tuce 4.0-4.2, *Tisee 3.0-3.2); 109.29 t. d. t (t. t) (CHFa, 'Tec
249.0, 'Tuc 195.4, 2Trce 34.2); 109.08 t. d. t (t. t) (CHFa, 'Tpe 248.2, 'The 196.1, *Jpcc 32.4); 74.38
br. d (d) (C*, *Tuc3cs 5.4, *Tpc3ca 1.2); 61.68 t. t (t) (OCHa, 'Tie 152.9, *Trcc 30.8); 61.64 t. t (1)
(OCHa, 'The 152.7, Zpce 28.2); 49.75 d. d. t (d) (C, 'Tucs 129.1, 'Tpe3 82.1, *Jyclicees 3.0-3.1).
F NMR (CDCl;) &: —124.95 and —124.90 two m (2CF,, 4F, *Jrccn 12.5-13.0, *Jecen 3.9);
—139.10 and —138.80 two m (2CHF,, 4F, two AB-parts of ABMN,X, systems, 2JHCF 52.9-53.0).
3p-{'"H} NMR (CDCl;) &p: 38.9 ppm.
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Supplementary Materials Available

Crystallographic data (excluding structural factors) for the structures (3a, ¢, d, g, j) reported in
this paper have been deposited with the Cambridge Crystallographic Data Center as supplemen-
tary publication numbers CCDC 251677-251681 — respectively. Copies of the data can be ob-
tained, free of charge, on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK [fax:
+44(0) 1223-336033 or e-mail: deposit@ccdc.cam.ac.uk]. See Page 170
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