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The heterocyclization of N,N'-diarylformamidines with phosphorus trichloride to form 1,4,2,5-diazadiphosphorinanes was found
to proceed via the key stage of aliphatic electrophilic ylide substitution at the formamidine carbon atom.

The first examples of aliphatic electrophilic substitution at theamines and sulfur leading to a mixture of stable isorberhe
formamidine carbon atom in reactions with trivalent phosphorusdifference in solubility allows the separation of stable isomers
halides were found recenflyThere is no published data on 5a and 5a. X-ray analysis confirmed the structure 5&
similar reactions of formamidines with other electrophilic agents(Figure 1)%1Compoundba corresponds to theis isomer, and
C-Substitution in N,N,Ntrisubstituted formamidines is an the diazadiphosphorinane ring has a boat conformation in crystals.
extension of well-studied N-phopshorylationNif-amidines? The second isomésa is trans Both cis andtrans isomers
In this work, we report a novel approach KoN'-diaryl- are sterically hindered. Judging from very wide signals in the
formamidines as N,C-bifunctional compounds, in which classicatH NMR spectra corresponding to Ar bonded to endocyclic
substitution at the nitrogen atom is followed by the formation ohitrogen and amide moieties at phosphdiume can conclude
a bond with the formamidine carbon atom. This is a new featurthat the energy difference between conformers of each isomer
of using formamidines in syntheses of heterocyclic compoundshould be insignificant. This is not surprising, because the
Using a model reaction of the title compounds with phosphoru$,4,2,5-diazadiphosphorinane ring involvesagbons. Therefore,
trichloride, we implemented a new promising synthesis ofthere is a dynamic equilibrium between the conformers, instead
1,4,2,5-diazadiphosphoringhgcheme 1). of an excess of one of them, in contrast with less sterically
hindered phosphaheteroannelated cyclohexanes.

Ar Ar
‘ | T General method for the synthesis 8f 4a—c, 5aa': 0.005 mol of an
’T‘H ’I\“PCE amidine was dissolved in 10 ml of pyridine and 0.0125 mol of;NEt
CH + pCp —YNEs CH NE | next 0.005 mol of PGlwas added to this reaction mixture cooled to
| —NEg-HCI I —NEg-HCI —70°C. The reaction mixture was allowed to stand for 7 h at room
N N temperature. Next, (A) to prepare compoufishe reaction mixture
‘ | was filtered and evaporated to dryness. By-products were extracted with
Ar Ar dry acetonitrile (up to 100 ml). (B) To prepare compouddsc, 5a,
laC 2 0.015 mol of NE}{ was added to the reaction mixture, and, after cooling
to —50 °C, 0.006 mol of a secondary amine was added. The reaction
mixture was allowed to stand for 1 h, then 0.005 mol of S was added.
Cl S NR After standing for 2 h, the precipitate was filtrered off and washed three
Ar ||3 N/Ar Ar \\P/ N/Ar times with hot benzene; the solvent was evaporated to dryness in a
N7 Y i, RyNH, NEg SN vacuum, and by-products were extracted with acetonitrile (up to 100 ml).
N TS )\ N The solid residue was recrystallised from toluene (crystallisation from
N P” SAr ' N P SAr dioxane is also acceptable). To prepaag the acetonitrile extract was
Ar” | Ar” /\ evaporated to dryness, and the product was crystallised from octane and
Cl RN S ethyl acetate.
3ac 4ac, 5aa # 2b (R = Me):da1p = 152.3 ppm (Py)3b da1p, = 67.31 (prevailing isomer),

031p=67.61 (minor isomer), yield of the isomers mixture 42%. The
yields of isomers strongly depend on the temperature and the nature of
substituents at phosphorus and of aryl substituents at nitrogens.

™\ § To confirm the structure of isomets, 4b and5a, mass spectroscopy
4 RN=—N 0

aR=H (molecular desorption) was useth, 690+5 (calc. 686.48¥b, 747+5
b R =Me _/ (calc. 742.85)5a, 66015 (calc. 658.78). Elemental analysis corresponds
¢ R =Br 5 RN = EtN to the calculated data to within 0.25%.

' Crystallographic data for5a. A crystal of compoundba as a
transparent prism (crystal dimensions 0.16x0.34x0.62 mm) was grown
from ethyl acetate, £H,NgP,S,, M = 658.80, monoclinica = 8.723(3),

The first step of the reaction leads to N-phosphorytatedb =38.29(1), c = 10.938(5) ﬁ,ﬁz 109.06(3)°,V =3453.4 8 (by the
amidines2. Compoundg are transformed int8 only in a basic  least-squares refinement of the setting angles for 24 automatically
medium (a mixture of pyridine and Nt This fact suggests centered reflections), space gro#@,, Z=4, D.=1.27gcm3, u =
that the transformation occumsa the ylide mechanisfnof ~ =2.70 cm. ‘Enraf-Nonius CAD4’ diffractometer was useal/2 scan
electrophilic C-substitution at the HCXY moiety (X, Y = NR, Mode with thes scan width 0.71 + 0.34 » scan speed 1.7-6.7 © min

: e i . graphite-monochromated MaKradiation { = 0.71069 A), 6338 reflec-
glr']dsbhogscghg?;?;ggglflgggggounds and is similar to aCylmlontions were measured (26<< 30°), 5473 unique (merging=0.017),

h f . P i b i . db giving 4044 withl > 30(1). The structure was solved using direct methods,
The transformation o2 into 3 can be easily monitored by - |_matrix least-squares refinement agafstith all non-hydrogen atoms

1P NMR. This process is considerably slower than the formatiof, anisotropic approximation (793 variables, observationsivariables = 5.1).
of 2 from amidine and PGl The 3P NMR spectrum of3 All crystallographic calculations were carried out using the CRYSTALS
exhibits two signals as a result of two possible isomer3. of program package. Atomic coordinates, bond lengths, bond angles and
These isomers are interconvertable in solution; it is likely thathermal parameters have been deposited at the Cambridge Crystallographic
this conversion is caused by the presence of tracefacids. Data Centre. For details, sktendeleev Communissue 1, 1999. Any

The mixture of isomer$ reacts smoothly with secondary requestto the CCDC for data should quote the full literature citation and
the reference number 1135/37.
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Figure 1 Crystal structure of 1,4,2,5-diazadiphosphorin&ae Selected

bond lengths (A): P(1)-S(1) 1.924(3), P(2)-S(2) 1.915(3), P(1)-N(1)

1.643(7), P(1)-N(2) 1.712(6), P(2)-N(4) 1.706(6), P(2)-N(6) 1.638(7),

P(1)-C(5) 1.856(8), P(2)—-C(6) 1.828(8); selected bond angles (°): N(2)—

P(1)-C(5) 101.1(3), N(4)-P(2)-C(6) 102.0(3), C(5)-N(3)-C(13) 122.2(7),
C(6)-N(5)-C(25) 125.9(7). The C(5)-P(1)-N(2)-C(6) and C(5)-N(4)-
P(2)-C(6) groups are planar to within 0.06
between these planes is 39.5°.
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3b (prevailing isomer)iH NMR (CgDg) 6: 7.43 (d, 4Ha, Iy, 7.2 HZ),
6.76-6.92 (m, 12H3yd), 1.96 (s, 12Hgt, Me).

4a yield 56%, mp 302—-303 °GH NMR (CyDg¢) 6: 7.45 (br. s, 4Hq),
7.015 (d, 4HB, Jg5 7.5 Hz), 6.90 (t, 4H), 6.70 (t, 2H, J;5 7.2 Hz),
6.63 (br. s, 6Hye), 3.36, 3.08 and 2.72 (br. s, 16H, Y = JRIP NMR
(pyridine)d: 67.2.

4b: yield 49%, mp 295-296 °GH NMR (C4Dg) 5: 7.45 (br. s, 4Hq),
7.06 (d, 4HP, Jg5 8.1 Hz), 6.77 (d, 4HD), 6.62 (br. s, 4Hy), 3,40, 3.16
and 2.83 (br.s, 16H, Y =NJR 2.00 and 1.84 (s, 12H). 3P NMR
(pyridine)d: 68.4.

4c: yield 37%, mp > 350 °CtH NMR (C;Dg) 6: 7.29 and 7.10 (br. s,
8H, ay), 7.22 and 6.62 (d, 8H5, Jg; 7.8 Hz), 3.37, 3.21 and 3.06
(br. s, 16H, Y = NB). 31P NMR (benzene): 57.3.

5a (trang): yield 48%, mp 260-262 °GH NMR (CyD¢) o: 7.52 and
7.43 (br. s, 4Ha), 7.07 (d, 4HB, Jg5 7.2 Hz), 6.91 (t, 4HD, J5 7.2 Hz),
6.8-6.6 (br. s, 8HyeT), 3.39 and 3.18 [br. s, 8H, Y = NRCH,)], 0.58
[br. s, 12H, Y = NB:(Me)]. 31P NMR (G,Dy) o: 61.42.

5a (cis): yield 12%, mp 208-209 °GH NMR (CyDg) 0: 7.72 (br. s,
4H,0), 6.9-7.2 (br. s, 6H), 6.99 (t, 4HP), 6.82 (t, 2H7, J.5 7.5 HZ),
6.40 (d, 4HB, Jg; 6.8 Hz), 3.42 [br. s, 8H, Y = NRCH,)], 1.15 [br. s,
12H, Y = NR;:(Me)]. 31P NMR (MeCN)d: 60.72.

, and the dihedral angle
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