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Abstract — BenzaldehydeN,N-dimethylhydrazone with 4-oxo-2-pentafluorophenoxy-5,6-benzo-1,3,2-dioxa-
phosphorinane is capable to yield with high stereoselectivity a product of the phosphorus heterocycle expan-
sion: unstable to hydrolysis 4-dimethylamino-2,5-dioxo-2-pentafluorophenoxy-3-phenyldihydro-6,7-benzo-
1,4,2-oxazaphosphepine. The configuration of the prevailing isomer of the latter was determined by X-ray
diffraction study.

Reactions of 2-R-4-0x0-5,6-benzo-1,3,2-dioxa-at the phosphorus atom did not react with tNe
phosphorinanes (mixed cyclic anhydrides of salicylicmethylbenzalimine under similar conditions [8].
and phosphorous acids, or salicyl phosphites) witlBasing on these fact it was presumed that occurred a
compounds containing activated heteroatomic multinucleophilic attack of imine on the electrophilic
ple bonds is a promising approach to preparation afarbon in the salicyl phosphite.
functionally-substituted seven-membered heterocycles, .
6,7-benzo-1,3,2- and 6,7-benzo-1,4,2-diheterophos- In order to test the presur_nable _capabll!ty of the
phepines. Actually, as we demonstrated before, thnine bond in hydrazones to insert into a dioxaphos-
reaction of salicyl phosphites with activated ketone®horinane ring we studied for the first time the re-
and aldehydes, and also witN-methylbenzalimine action —of ~2-methoxy-4-oxo-5,6-benzo-1,3,2-dioxa-
occurred with high regio and stereoselectivity affordPhosphorinanelg) and 4-oxo-2-pentafluorophenoxy-
ing in fairly good yields the corresponding phos->:8-Penzo-1,3,2-dioxaphosphorinanéb)( with the
phepine derivatives [B]. It seemed promising to easily available benzaldehydé&N-dimethylhydrazone

extend this approach to the other types compounddl) Which did not contain any NH bonds that also

containing C=N bonds, e.g. hydrazones. The comQOUId cleave the anhydride fragment'FO-C(O)

pounds possess an electrophilic site, the carbon atomrellmmary communication see [10]).

of the C=N bond, and two nucleophilic sites, amine phosphitela does not show any signs of reacting
and imine nitrogen atoms. Therefore they are capablgith hydrazonell at least within 6 months, whereas
to behave as electrophile or nucleophile toward thgompoundib in this period reacts with hydrazore
salicyl phosphites. It should be noted that dependingy dichloromethane solution to afford lemon-yellow
on the character of the substituents attached to thgiduct of 1:1 composition giving a signal in t )
carbon and the amine nitrogen the order of basicityMR spectrum atdp 22.3 ppm corresponding to a
and consequently of nucleophilicity of the nitrogensphosphonate structure. In théP NMR spectrum of

in the hydrazone moiety can vary [9]. We showedhe filtrate after separation of the precipitate alongside
formerly that theN-methylbenzalimine unlike benzal- the signal ats, 22.3 ppm is observed also a weak
dehyde that contained a more polarized multiple bongeak ats, 21.9 ppm that we believe to belong to the
readily reacted with the salicyl phosphites possessingecond stereoisomer. This isomer was not isolated for
an exocyclic acceptor substituent at the phosphorugs quantity was too small. A similar pattern of the
atom. The salicyl phosphites with a donor substituenprocess was observed in the reaction of fluoroalkoxy-
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salicyl phosphites withN-methylbenzalimine [8]. In lower reactivity toward phosphitdhh as compared to
the IR spectrum of the crystalline product is present &-methylbenzalimine [8], and the data on the effect
strong absorption band at 1662 Tnbelonging to the of the substituent character in the phosphorus frag-
amide carbonyl group. In théH NMR spectrum of ment, of the two possible routes of phosphepitie
the major isomer appears a proton sigiéab (85 ppm,  formation @, b) the second one should be preferred.
d, “Jpcy 10.9 Hz) indicating the presence of a fragmentrhe first path assumes primary attack of phosphorus
P(0)-CH-N. In keeping with these findings the struc- atom on the multiple bond N=C (rout resulting in
ture  of 4-dimethylamino-2,5-dioxo-2-pentafluoro- pinolar jonA; the subsequent intramolecular attack of
phenoxy-3-phenyldihydro-6,7-benzo-1,4,2-0xazaphoSgye N-anion within the structuré on the carbon atom
phepine (i) was assigned to the product. Thus itos the carhonyl group affords the final produtit .
may be concluded that the reaction of COMPOUIS Ayemative path presumes a nucleophilic attack of
and Il occurs with high regio and stereoselectivity;nine nitrogen of compoundl on the carbon of the
ensuring the prevailing formation of 1,4,2-oxazapho-Carbonyl group in phosphitéy (routeb) providing an
sphepinelll . intermediateB with tetrahedral carbon atom stabilized

Taking into account the features of the electronidy formation of a PC bond, of phosphoryl and car-
structure of the original hydrazon#, its notably bonyl groups.

O\P/OC6H5 0w, -OC6Hs
b Ps
@[ ) + (CH3);N-N=CHPh ——> @[ c N
ﬁ I _/(')\,C'\Ji(]\;CHPh
|
b NMe,
B
o)
0O ~OCls o {L/OC6H5
@[ Gl CHPh — cHph
%\QN/ %_N\/NM
(&
O “NMe, O 2
A I

It is also interesting that in the reaction of alkyl-fore one more reaction pathway assuming primary
salicyl phosphites with hexafluoroacetonimine whoseucleophilic attack of amine nitrogen from hydrazone
reactive center is activated by acceptor substituents on the carbonyl group in the phosphite is hardly
[11] the phosphites behave as nucleophiles, angrobable. The pathwap with the primary attack of
salicyl phosphitela reacts notably faster than analo-the imine nitrogen is also thermodynamically favo-
gous fluoroalkyl-containing salicyl phosphites. In therable since it results in formation of the most feasible
reaction with hydrazondl the higher reactivity of reaction product, phosphonatd .
pentafluorophenyl phosphite Ib than that of methyl
phosphite la is more likely to correspond to the The configuration of the isolated prevailing dia-
nucleophilic attack of hydrazone on the carbonyistereomer of phosphepindl was established by
group of phosphitdb, i.e. routeb. It should be also means of X-ray diffraction analysis. In Tables4lare
noted that the tertiary amines do not form acyliumgiven the main geometrical parameters, and on Fig. 1
salts with salicyl phosphites (usually in the synthesiss presented the spatial structure of the molecule of
of the latter is applied an excess triethylamine). Thergghosphepinelll in a crystal.
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Table 1. Coordinates of atoms in the structure of phospheflineequivalent isotropic temperature factors of nonhydro-

MIRONOV et al.

3 3 . .
gen atomsB = 4/3X X (a a]-)B(i, i) (A9, and isotropic temperature factors of hydrogen atoBg, (A?)
i=1j=1

Atom X y z B or Atom X y z B or
Biso Biso
P2 0.2378 | 0.16779(5] 0.0884 | 3.74(1) |cY’ 0.0913(6) 0.1513(2) | 0.2705(2) 4.76(8)
F13 0.0267(5) 0.3000(1) | 0.1604(1) 7.23(6) |cC!8 0.5114(6) 0.0588(2) | 0.1247(2) 3.79(6)
F14 | -0.3138(5) 0.3113(1) | 0.2406(2) 8.31(7) |[C° 0.3371(6) 0.0180(2) | 0.1326(2) 5.07(8)
F15 | —0.3888(4) 0.2164(2) | 0.3398(2) 8.26(7) |[C2° 0.3783(8) -0.0372(2) | 0.1811(2) 6.21(9)
F16 | —0.1251(5) 0.1099(2) | 0.3591(2) 8.24(7) |c*t 0.5838(9) -0.0493(2) | 0.2208(2) 6.3(1)
= 0.2202(5) 0.0988(1) | 0.2802(1) 6.85(6) |[C?2 0.7559(8) -0.0091(2) | 0.2113(3) 6.8(1)
o! 0.2560(4) 0.2299(1) | 0.0367(1) 4.48(5) |C?3 0.7184(7) 0.0451(2) | 0.1643(2) 5.05(8)
02 0.0196(4) 0.1391(1) | 0.0709(1) 4.66(5) [C?° 0.1885(9) 0.0558(3) | -0.0953(3) 7.7(1)
o° 0.5537(5) 0.1446(1) | -0.1220(1) 5.51(6) |[C2® 0.560(1) | 0.0074(2) | -0.0572(3) 7.3(1)
02 | 0.2975(4) 0.1933(1) | 0.1766(1) 4.42(5) |H3 0.595(4) | 0.149(2) | 0.088(2) | 3.2(6)
N* 0.4680(4) 0.1106(1) | -0.0080(1) 3.71(5) |H® 0.408(4) | 0.342(1) | 0.062(2) | 3.0(6)
N24 | 0.3851(5) 0.0489(1) | -0.0359(2) 4.92(7) [H® 0.718(7) | 0.391(2) | 0.031(3) | 7(1)
c3 0.4794(5) 0.1208(2) | 0.0761(2) 3.44(6) ||HO 0.953(8) | 0.338(3) | -0.042(3) | 9(1)
c® 0.5353(6) 0.1565(2) | -0.0554(2) 4.03(7) [H! 0.857(5) | 0.219(2) | -0.076(2) | 4.6(7)
ct 0.5839(6) 0.2239(2) | -0.0233(2) 3.84(6) |[H1® 0.192(5) | 0.030(2) 0.105(2) | 4.0(7)
c’ 0.4517(5) 0.2578(2) | 0.0198(2) 4.02(7) ||H% 0.262(7) | -0.057(2) | 0.194(2) | 7(1)
c8 0.4950(7) 0.3220(2) | 0.0413(2) 5.37(9) |[H?L 0.58(1) | -0.092(3) | 0.256(3) [11(2)
co 0.6759(7) 0.3530(2) | 0.0190(3) 6.3(1) [[H?2 0.926(9) | -0.024(3) | 0.247(3) [11(2)
cto 0.8081(7) 0.3203(2) | -0.0243(2) 5.50(9) [[H23 0.840(9) | 0.060(3) 0.155(3) [10(1)
clt 0.7635(6) 0.2572(2) | —0.0454(2) 4.55(7) 251 0.124(7) | 0.013(2) | -0.105(3) | 7(1)
ct? 0.1278(6) 0.1996(2) | 0.2193(2) 4.14(7) ||H?52 0.206(8) | 0.097(3) | -0.137(3) [10(1)
c® | —0.0075(6) 0.2532(2) | 0.2101(2) 4.87(8) [H2>3 0.04(1) 0.071(3) | -0.073(3) |11(2)
cl* | -0.1820(7) 0.2593(2) | 0.2506(2) 5.72(9) [H251 0.502(6) | -0.037(2) | -0.065(2) | 6.0(9)
cl® | -0.2179(6) 0.2112(2) | 0.3005(2) 5.41(9) [H252 0.618(7) | 0.031(2) | -0.105(3) | 8(1)
cl6 | —0.0844(7) 0.1573(2) | 0.3108(2) 5.48(9) |HZ283 0.68(1) | -0.013(4) | -0.003(4) |13(2)

As seen from Fig. 1 in the molecule of the isolated Conformation of the seven-membered heterocycle
diastereomer of phosphepifié the phenyl and penta- in these molecules is determined mainly by the
fluorophenoxy groups are located in trans-positiorpresence in the heterocyclic part of a planar fragment
with respect to PC bond [configuratior§:S (RoR:)].  O'C’C8C® fused with benzene substituent [the cor-

responding torsion angle is equal to 0.0{6)The

The conformation of the seven-membered hetercsther atoms of the heterocycle in phosphepliie
cycle in moleculelll is the distorted (asymmetrical) molecule deviate from this plane {fby -1.1537(3),
boat similar to that in the related structures previousC3 by —1.925(3) and N by -0.851(2)A] to the same
ly studied by us: 2-RO-2,5-dioxo-3,3-bis(trifluoro- side but by different distances. Thus arises a conforma-
methyl)-1,2-dihydro-6,7-benzo-1,4,2-oxazaphos-  tion of distortedboat The phosphoryl group and the
phepines IV, V). phenyl substituent at Catom take a pseudoequatorial
position, and aryloxy group and dimethylamino group

?/OR attached to N atom are in pseudoaxial position.
O‘P\C/CFg Analogous pseudoaxial position of an alkoxy sub-
C.N— > CR stituent due to anomeric effect is also observed in the
I ~H molecules we have previously studied: in 3-methyl-
O Vv 2,5-dioxo-2-(2,2,3,3-tetrafluoropropoxy)-3-trifluoro-

methyl-6,7-benzo-1,4,2-dioxaphosphepine [6] and in
2-methoxy-2,5-dioxo-3-trichloromethyl-6,7-benzo-

R = Me (V), CH,CFR,CHF, (V). 1,4,2-dioxaphosphepine [7] whereas in oxazaphos-
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Table 2. Bond lengths @, A) in the structure of phos- and 1.574(2)A respectively] is due to this interaction.

phepine IlI As it is also observed the increase in the bond angle
O'P?0'? [105.4(1)] compared to angles B?C® and
Bond d Bond d O'2P°C3 [103.0(1) and 102.9(%) in agreement with
expected alterations in the geometrical parameters
p2-o! 1574(2) || c’-c? 1.377(5) caused by the anomeric effect. Along the-@ bond
P?-0? 1.443(2) cec? 1.384(6) is realized the preferred twist conformation, and the
P2-0!2 1.618(2) CcoH8 0.80(3) length of the bond [1.801(3}] corresponds to the
Pigcsls 1.801(3) Cz—C:O 1.368(6) statistical average for the bond lengths of-&(sp’)
F=C 1.333(5) C-H 0.83(5) [1.800(15) A] [12]. Note that the conformation
Flacld 1.328(5) | ctocht 1.357(5) existing along the exocyclic’PO'? bond is favorable
Flecls 1.343(5) ClO_H10 1.05(5) for the reversed anomeric effect.s’, the interaction
Fig’—cig’ 1.335(5) CE—HE 1.14(3) of the lone electron pair of the *® atom with the
F’-C 1.326(5) | C*C 1.365(5) antibonding orbital of the O bond (see the
o’-c’ 1.398(4) ctzct? 1.375(5) Newman projections). Apparently these effects de-
0>-C° 1217(4) | ct-ct 1.376(6)  termine theﬁpj-hybridization of the ®and d? atoms
ol2_cl12 1.378(4) clacls 1.358(6) (Table 3).
NA-N24 1.416(4) cto_c16 1.364(6)
N4-C3 1.481(4) cté_ct’ 1.381(6) The conformation of the pentafluorophenoxy group
N4_C® 1.359(4) cls_clo 1.376(5) at the phosphorus atom along the'?0O'? bond is
N24-c25 1.465(5) cl8 23 1.370(5) common for the compounds of pentavalent four-
N24-C26 1.455(6) ctoc20 1.412(5) coordinate phosphorus atom excluding the conjuga-
c3-cls 1.522(4) Cl9 {19 0.97(3) tion in this moiety: the angle(P?0*?C!?C!3)is equal
c3-H3 0.92(3) c20_c2t 1.356(6) to —79.9(4¥. Presumably this conformation of the
c>-c$ 1.498(5) Cc20_H20 0.87(4) aryloxy groups in the phosphorus compounds depends
cé-_c’ 1.378(5) c?lc?2 1.364(7) on the above mentioned hyperconjugation interactions
cé_cll 1.397(5) c?lpy2l 1.07(6) of the lone electron pair of oxygen with the antibond-
c?2c?3 1.378(6) C?5_H253 | 1.08(7) ing orbitals of the phosphorus bonds preventing the
Cc22H22 1.17(5) Cc26_H261 0.97(4) conjugation with the aromatic system.
c23 H23 0.84(6) Cc26_H262 1.07(5)
Cc25 {251 0.96(4) C26_H263 1.18(6)
C?5_H252 1.14(6)

pheneslV, V the alkoxy substituents are in pseudo-
equatorial position because of steric hindrances from
two trifluoromethyl groups in position 3.

The phosphorus atom in moleculdl has a
common distorted tetrahedral coordination gTabIe 3);

conformation along the bonds?f0!, P>-0'?, and
P?-C® is shown below on the Newman projections.
3 1 1
C O L2 @] 3
Ckggoz Egoz N4\Eg012
12 3 2 18
@] C o C o5
p>ot P>0ot2 P>-C3

Therewith the conformation along the endocyclic
P-O bond is favorable for hyperconjugation interac-
tion of the lone pair of ® atom with the antibonding
orbital of the exocyclic B-O*? bond (anomeric effect).
Presumably the observed elongation of the exocyclic Fig. 1. Spatial arrangement of phosphepiile molecule
P-O bond compared to the endocyclic one [1.618(2) in a crystal.
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Table 3. Bond anglesd, deg) in molecule of phosphepine [@(O°C°CC!Y) —39.0(57]. As a result the oxygen

Angle ® Angle ®
OP20? 110.7(1) |[N*cdc8 117.6(3)
olpP2012 105.4(1) ||c>céc? 124.8(3)
olP2cs 103.0(1) ||c>céclt 117.4(3)
0°P?01? 113.2(1) [c’céctt 117.5(3)
0%pP2C3 120.2(1) [olc’cs 120.4(3)
ol2p2cs 102.9(1) |[olc’c 117.5(3)
p2olc’ 126.4(2) ||cbc’c® 121.8(3)
P2ol2cl2 118.5(2) ||c’c8c? 119.0(4)
N24N4C3 115.3(2) [c’cqH8 119(2)
N24N4C 121.9(2) [c2cqH8 121(2)
C3NACP 122.9(3) ||c8cocto 120.1(4)
N*N24c25 111.5(3) [C8C®H® 125(3)
N*N24c26 111.8(3) ||ctocH? 115(3)
C?5N24c?6 115.1(3) [c°cioctt 120.4(4)
P2C3N4 106.6(2) ||c2clOH10 127(3)
p2c3cle 114.2(2) |ctictoy1o 113(3)
P2C3H3 105(2) céclicto 121.3(4)
N4c3cte 115.0(2) ||céclinit 106(2)
N4C3H3 103(2) clocliyit 133(2)
cléc3p3 112(2) oteclects 120.2(3)
O°C°oN* 122.3(3) [otectect? 120.2(3)
0°Coc’ 120.1(3) ||ctectecl? 119.6(3)
Fl3ciscl2 119.8(3) |[ct9c20H20 116(3)
Fl3clscl4 119.2(4) ||c?1c20H20 121(3)
cleciscl4 121.0(4) |[c?0c?ic22 119.6(4)
Flaclacls 120.5(4) ||c?0c?iq2t 111(3)
Flaclacls 120.4(4) ||c?2cHq2t 130(3)
cl3clicts 119.1(4) |[c?ic?3c23 120.0(4)
FLoclocl4 119.5(4) [c?ic?2H22 114(3)
Floclsclé 119.5(4) ||Cc?3c?2H?2 126(3)
cl4clscle 120.9(4) |[cl8c?3c22 121.3(4)
FLéclécls 120.1(4) [ ct8c?3H23 127(3)
Fléclecl? 120.0(4) ||c?2c?3H23 110(4)
clsclsct? 119.9(4) |[N%4C25H251 | 108(2)
Flicticl2 120.6(3) |[NZ4C25H252 | 112(2)
Fl7clicle 119.9(3) [[N?4C?5H?53 | 114(3)
cleclicle 119.5(4) ||[H251C25H252 | 130(4)
c3clécto 121.9(3) ||[H251C25H253 | 89(4)
c3cl8c?3 118.7(3) [[H252C?%H253 | 101(4)
cloc1sc23 119.4(3) |[N%4C25H261 | 108(2)
cl8cloc?0 118.6(3) |[N24C25H262 | 106(3)
cl8cloy1o 118(2) N24C264263 | 113(3)
Cc20cioH1e 124(2) H261C264262 | 118(3)
cl9c20¢c2t 121.1(4) |[H261C26263 88(4)
H262c26p4263 122(4)

atom of the carbonyl group deviates from the base
plane of the heterocycle to the opposite side from the
atoms B, C3, N*. This deviation of the oxygen from
the (O'C®C’C®) plane precludes the conjugation of
the C=0° with the fused benzene ring. It is interest-
ing to note that here the deviation of the &om of
the carbonyl group from the plane!@’C®C® is even
greater than analogous deviation of this group from
the plane in the related moleculBs, V [by —-32.9(20)
and-29.2(3Y respectively] and is the maximal in the
series of 1,3,2- and 1,4,2-dioxaphosphepines we have
studied [5-7, 11]. This may be due to greater delo-
calization in the electronic system of the amide
fragment 3=C°-N* in moleculelll than in the ester
fragments of moleculedV and V. The fragment
O°C°N*N?* is virtually planar [the corresponding
torsion anglep is equal t0-9.1(5¥], and the O atom

is located symmetrically with respect to the methyl
groups of the dimethylamine moiety. Thé* Mtom is

in planar-trigonal coordination (the sum of bond
angles at the nitrogen is 380 therefore the conjuga-
tion of its lone electron pair with the C=0 bond is
favored. The length of bond NC® [1.359(4) A] is
considerably shorter than that of the unconjugated
bond N-C(sp) (1.452 A) [12,13]. Presumably the
energy gain from conjugation in the amide fragment
significantly weakens the conjugation of thebond
C°=0° with the fused benzene ring, and this permits
the turn of the &=0° group along the &-C° bond to
such notable angle.

The nitrogen atom of dimethylamino group has
trigonal-pyramidal coordination (sum of the bond
angles is here 338 and along the Kf-N* bond is
realized the sterically preferred conformation with
virtually orthogonal lone electron pairs of the nitrogen
atoms (pyy —83°).

N24_N4

A similar turn along the NN bond is observed
both in unsubstituted hydrazine and 1,1-dimethyl-
hydrazine [14, 15] and in more complicated hydrazine
derivatives, e.g., in 1,2-diacyl-1-arylhydrazines [16].
The degree of pyramidal character of the nitrogen in
the dimethylamino group calculated in keeping with

Similar to the structure studied before, in thedata from [17] amounts to 0.545. The length of the

molecule of compoundll the fragments of the struc- N-N bond
ture are considerably turned along thé C® bond

id in the molecule of compoundll
[1.416(4) A] is in agreement with the statistical mean
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Table 4. Torsion angles ¢, deg) in phosphepinéll molecule

Angle P Angle ®

o?P2olc? -158.82(0.24) CoNAC3H3 -28.12(1.93)
ol2p2olc’ 78.49(0.26) N24N4CP0P -9.06(0.50)
c3p?olc? ~29.07(0.27) N24N4C5Ch 169.92(0.29)
olP2ot2cl2 106.49(0.24) C3NACPOP 169.83(0.31)
02P201%c12 -14.60(0.28) C3NA4cPch -11.20(0.45)
c3plolect? ~145.87(0.24) N*N24C25H251 ~169.57(2.74)
OlP?C3N4 -55.45(0.22) N4N24C25H252 41.45(2.93)
olp?cicle 176.35(0.21) N*N24C25H253 —72.74(3.37)
OP2C3H3 53.68(1.84) C26N24Cc25H251 61.72(2.76)
OP?C3N4 68.20(0.24) C2ON24C25H252 -87.27(2.93)
O?P2C3cl18 -59.99(0.26) C26N24C25H253 158.54(3.36)
0°P?C3H3 177.33(1.83) N*N24C2614261 167.97(2.29)
Ol2P2C3N* -164.91(0.19) N*N24C2614262 —64.59(2.66)
o'2p2c3cts 66.89(0.23) N*N24C26H263 72.28(3.65)
ol2P2C3H3 —55.78(1.84) C?5N24C26H261 ~63.45(2.32)
polc’ct 65.49(0.37) C25N24C26262 63.99(2.67)
polc’ce -120.49(0.31) C25N24C264263 -159.14(3.64)
p2ol2ctecls -79.87(0.37) p2c3ctéclo 42.91(0.38)
p2ot2ctecly 99.02(0.33) p2c3cléc2s -134.18(0.28)
C3N*N24c25 121.62(0.32) N4c3clécto -80.87(0.39)
C3N*N24c26 -107.96(0.32) N4c3cléc?3 102.04(0.34)
CON*N24C25 -59.42(0.42) H3c3cl8clo 161.43(1.93)
CoN*N24c26 71.00(0.39) H3c3clec23 -15.65(1.95)
N24N4C3P2 -99.28(0.26) 0°cocée? 134.01(0.36)
N24N4c3cls 28.43(0.38) o0°cocécll -38.98(0.47)
N24N4C3H3 150.83(1.91) N4c>céc? -44.99(0.46)
CON“4C3P? 81.77(0.32) N4cocéctt 142.02(0.32)
CoNA4c3cl18 -150.52(0.30) cocéc’ot 0.03(0.61)

for the N-N bonds with one nitrogen in trigonal- that of pentafluorophenoxy group (dihedral angle
planar, the other in pyramidal coordinationbetween their planes 1lthe distance between the
[1.420(15) A] [12]. centroids 4.14A, the distance between the planes 3.28,
the angle between the normal to the plane and the line
The aromatic fragments in compoutitl molecule connecting the centroids 27;7Fig. 2). The para-
are of common geometry. A short intramoleculameters of the hydrogen bonds are as follow&-&---
contact of N* atom with the benzene ring ¥ 0% (x, -y, 1/2 +2), C*%-H 1.07(6) GL..0° 3.405(4),
should be noted: the distancé®&N?*is 2.808(5)A, H.--O° 2.43(5) A, angle CGY-H..0° 152(4):
the nitrogen atom deviates from the plane of the ringc?>-H---0% (1 + x, y, 2), C>*-H 0.84(6), G3..0°
by 2.15(2)A. Therewith the lone electron pair of the 3.271(5), H-O* 2.55(6) A, angle CG°-H...0%
nitrogen is directed to the ring (Fig.1). The bond anglel45(4y. In compoundlll molecule is observed a
NZ“N*C® [115.3(2¥] is smaller than the RfN*C®  short contact &-H.-O? interpreted by PLATON
angle [121.9(2)]. Apparently in the molecule of routine as an intramolecular hydrogen bond with the
compoundlll occurs an attractive interaction of the following parameters: &-H 0.97(3), C°%..0?
n-n -type between the exocyclic nitrogen atom and3.219(5), H--O? 2.50(3) A, angle G°-H..-0? 131(2).
the phenyl substituent at theGatom.
An interesting feature of phosphepirid is its
The packing of compoundll molecules in a instability against hydrolysis. Already during dissolu-
crystal is determined by van der Waals contacts, weaton in acetone or DMF if the air moisture is not
hydrogen bonds of €H---O type, andn-= interac- excluded compoundll hydrolyzis to afford pyro-
tions between the parallel benzene ringds@! and phosphonat&/Il . This compound readily precipitates
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Fig. 2. Hydrogen bonds system in phosphepiie crystal.

even from DMF. In the IR spectrum of the crystallineglass-like substance. THEC NMR spectrum of the
specimen are lacking the absorption bands of OHbtter is presented in Table 5. First interesting fact
groups or of any internal salts with the hydrazide partconsists in the presence in the upfield region of a
and in the!®>F NMR spectrum are no fluorine signals. distinct doublet §c 59.0 ppm) from the carbon atom
These facts are consistent with the easy cleavage of the fragment P(O)C H that evidences the exis-
the pentafluorophenol from moleculd effected by tence of a single isomer. It is clear since the phos-
water, and with fast reaction of the intermediatelyphorus atom in the course of hydrolysis becomes
formed acidVI with initial phosphepindll to yield achiral. An additional proof of pyrophosphonaidl
compoundVII . hydrolysis is the lack of additional spin-spin couglmg
that should have appeared along the chai@®-HP-C”.

? OH The S|gnal from carbons of the dimethylamino group
H,0 9 2 0P 3 in the 3C NMR spectrum is very broadAf,(5c)
I —non’ @:5 CHPh ~80-90 Hz] probably due to the exchange of proton
e W4~CNT between the nitrogen of the dimethylamino group and
1o L "NMe; the oxygen attached to phosphorus. Finally, it should

be noted, that in the IR spectrum of hydrolysis
product VI appear strong bands in 28&100 cm
region that also indicate the presence of a hydroxy
group linked to phosphorus.

EXPERIMENTAL

1] @:O_ ~

~CgH5OH C-NZ
o 2 IR spectra were recorded on Specord M-80 spec-
trophotometer from mulls in mineral oil.

However in DMF or DMSO in the presence of
water traces compoundll can slowly hydrolyze to NMR spectra were glstered on mstruments
acid VI. Thus after two recrystallizations and sub- Bruker MSL-400 £C, 3c{*H}, 100.6 MHz; 3p-
sequent dissolution in a moist DMF compour®l  {H}, 162.0 MHz), Bruker WM-250 {H, 250 MHz)
lost the ability to crystallize and transformed into aVarian Unity-300 t9F, 282.16 MHz), Varian Gemini
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200 (H, 200 MHz) related to internal referencesTable 5. 3P and 3C NMR spectra of compound/I
HMDS or G and external reference;FQ,; the (DMF-d;) (the same numbering of carbon atoms as
fluorine chemical shifts were recalculated with respecin Fig. 1)

to CFCL.

X-ray analysis of compound Iil. Crystals mono- AtoM o ppm J, Hz
clinic. At 20°C a 6.103(2),b 20.422(8),c 17.552(5)
A; B'99.21(3), V 2159(1)A°, Z 4, dey 1.53 glom, Py 1350 d 13.3 (P%"?) s
space groupC.. Unit cell parameters and intensities C” {59.0 d (br.d.d) 142.8 (PC), 141.0 (HC)

of 2332 reflections (1790 among them with> 35) ~ C [166.62 s (br.s)
were measured on an automatic four-circle diffracto- &, 128.33 br.s (br.m) -
meter Enraf-Nonius CAD-4 at 2C (MoK -iradia- € [148.75 d (br.m) 8.0 (POC)
tion, graphite monochromatorp/20-scanning,6 < ¢ [121.08 d (br.d.d.d)|163.7 (H®), 75

2%). In the course of the recording was no intensity (Hc'%c?), 2.7 (POCE)
decrease observed for three control reflections. € [131.40 s (d.d) 161.6 (HC), 8.3
(HCHced)

The structure was solved by the direct method c10 |12328 s (br.d. m) |162.8 (HGO)
along SIR software [14] and was refined first in iso- Cll 12857 s (brdd) 161.0 (Hd‘l), 7.2
tropic and then in anisotropic approximation. All the (HCoccly
hydrogen atoms were revealed from electron density~18 | 135 08 prs (br.m) N
difference series and refined in isotropic approxima- ~19 13971 ¢ (br.d.m) |160.6 (HE3), 7.6
tion at the final stage. The final values of divergence (Pccdd) ’
factors areR 0.033,R,, 0.041 from 1721 independent 20 | 156 23 < (d.d) 162.3 (HA4), 5.0
reflections withF? > 3c. All calculations were carried ' ' (HCCC“) t
out with the use of program package MolEN [15] on -2 5
the computer Alpha Station 200. The analysis of C*! 12653 s (brdm) 1620 (HCY)
intermolecular contacts in the crystal was performed

along PLATON routine [20] crystals of 2-(4-dimethylamino-2,5-dioxo-3-phenyl-
Reaction of 4-oxo-2-pentafluorophenoxy-5,6- dihydro-6,7-benzo-1,4,2-azaphosphepin-2-yloxy)-4-
benzo-1,3,2-dioxaphosphorinane (Ib) with benzal- dimethylamino-2,5-dioxo-3-phenyldihydro-6,7-benzo-
dehyde N,N-dimethylhydrazone (Il). At long (over 1,4,2-oxazaphosphepin&/I(). Yield 81%, mp 200
6 month) storage of a reaction mixture containing201°C. IR spectrumy, cnit: 1650, 1600, 1345, 1300,
5.1 g of phosphorinane Ib, 2.2.g of hydrazdheand 1280 sh, 1205, 1150, 1100, 986, 970, 965, 950, 777,
25 ml of CH,Cl, was obtained a precipitate of large 760, 750, 695, 586, 538'P NMR spectrum (DMF):
lemon-yellow crystals, 4-dimethylamino-2,5-dioxo-2-8, 14.4 ppm Found, %: C 59.87; H 5.08; P 9.47.
pentafluorophenoxy-3-phenyldihydro-6,7-benzo-1,4,2€5,H3,N,0,P,. Calculated, %: C 59.44; H 4.95;
oxazaphosphepindlk). Yield 67%, mp 164166°C. P 9.59.
IR spectrumy, cn™: 1662 [C(O)N], 1615 (C=G,), _ _
1528 (GFs), 1480, 1332, 1315, 1287 (P=0), 1260, A short heating of compoundll in aqueous DMF
1218, 1149, 1102, 1050, 1032, 1010, 970, 830, 7840 100C followed by removing DMF in a vacuum
760, 706. NMR spectruntP—{1H} (DMF-d,): & afforded glass-like 2-hydroxy-4-dimethylamino-2,5-
22.3 ppm.*H NMR spectrum (400 MHz, acetorty- dIhOXQ-3-‘I3Ih)e?I)_qlﬂlnl\)ﬂ/gro-G,7t-ben€§écl),zl\1/l,a-ox§'\zﬂ%%103-
. . 11 phepine VI). spectrum z, +
?[%MSO% 82_81%)6 7”;? %’r g'é) (7%863Jbr.d 9%_;1)’ 30% acetoneky), 8, ppm @, Hz): 4.96 d (PCH2Jpcy,
HH (-0°C.4), [, d. HH (.O°0C.1)s . 10 411
4,33, 7.8.8.1), 5.85 d (H?, *Jycep 7.4-7.8), 7.17 br.d (8 °Jccy 8.3). H
745 br. m (K, 7.42 br.d (H, "), 7.8-8.1), 5. NMR spectrum (200 MHz, DMSO + 30% ethara),
ppm @, Hz): -159.81 t (F, 3JFpCC,:m 21.4), ’ S » YPCH 2=

~152.61 br.d (5 *J cor, 20.0),-162.01 br.d.d (F, ACKNOWLEDGMENTS

3JFpCC,:m 21.4,%) ¢ 20.0). Found, %: C 53.18; H
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