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The Staudinger reaction of N(CH,CH,NR)sP [R = Me (1), Pr (2)] with 1 equiv of N3SO,CeHsMe-4 gave the ionic

1 )
phosphazides [N(CH,CH,NR)sPN3][SO,CsH4Me-4] [R = Me (3), R = 'Pr (5a)], and the same reaction of 2 with
N3SO,CsH,Mes-2,4,6 gave the corresponding aryl sulfinite 5b. On the other hand, the reaction of 1 with 0.5 equiv
of N3SOAr (Ar = CgH,Me-4) furnished the novel ionic phosphazide { [N(CH,CH,NMe)sPl,(-N3)} [SO2A(] (6). Data
that shed light on the mechanistic pathway leading to 3 were obtained by low temperature 3P NMR spectroscopy.

A crystal and molecular structure analysis of the phosphazide sulfonate [N(CH,CH,NMe)sPN3][SOsCeHsMe-4] (4),
obtained by atmospheric oxidation of 3, indicated an ionic structure, the cationic part of which is stabilized by a
transannular P=N bond. A crystal and molecular structure analysis of 6 also indicated an ionic structure in which
the cation features two untransannulated N(CH,CH,NMe)sP cages bridged by an azido group in an #*%u:* fashion.
The reaction of P(NMey)s with N3SO,Ar (Ar = CgH;Me-4) in a 1:0.5 molar ratio furnished {[(Me;N)sP]2(e-N3)} [SO2-
Ar] (11) in quantitative yield. On the other hand, the same reaction involving a 1:1 molar ratio of P(NMe,); and
N3SO-Ar produced a mixture of 11, [(Me;N)sPNs][SO2Ar] (12), and the iminophosphorane (Me;N)sP=NSO,Ar (10).
In contrast, the bicyclic tris(amino)phosphines MeC(CH,NMe)sP (7) and O=P(CH,NMe)3P (8) reacted with N3SO,-
Ar (Ar = CgHsMe-4) to give the iminophosphorane MeC(CH,NMe)sP=NSO,Ar (14) (structured by X-ray means)
and O=P(CH,NMe)sP=NSO,Ar (16) via the intermediate phosphazides MeC(CH,NMe)3sPN3SO,Ar (13) and O=
P(CH,NMe)sPN3SO,Ar (15), respectively. The variety of products obtained from the reactions of arylsulfonyl azides
with proazaphosphatranes (1 and 2), acyclic P(NMe;)s, bicyclic tris(amino)phosphines 7 and 8 are rationalized in
terms of steric and basicity variations among the phosphorus reagents.

Introduction using enolestersHerein we report the interesting products
3—6 obtained in a study of the reactions bfand 2 with
N3SO,R' which was originally aimed at preparing imino-
phosphoranes of the type N(@EH,NR);P=NR' (R =
Me, 'Pr; R = SQAr, SiMes). We also compare and con-
trast our results with those obtained with the bicyclic tris-

We have been exploring the synthesis and the wide-rang-
ing chemistry of proazaphosphatrariésand 22 including
reactions ofl with organic azides RNto form the imino-
phosphoranes N(C&H,NMe);P=NR' (R' = Ph, CHPh)3

(\ Ve (\NR Me M (amino)phosphineg® and8” and with the acyclic analogue
\ M iy P(NMe)s.
A _?l)N} SO, Ar \P Na_%’ & | sosar (NMe)s
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223 1-44. (b) Liu, X.; Verkade, J. Gnorg. Chem1998 37, 5189
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Iminophosphoranes prepared by the classical Staudinger,

reaction involve the combination of a trivalent phosphorus
compound with an organic azide. This reaction has been
shown to be a two-step process involving the initial elec-
trophilic addition of an azide to a P(lll) lone pair followed
by dinitrogen elimination from the intermediate phosphazide
A giving the iminophosphoran@.?

RsP + NjR' — R;P=N—N=N—R — R;P=N—R + N,
A B
1)

In numerous instances, the intermediate neutral phos-
phazideA can be isolated,and in a few cases, it has been
shown to exist as ionic speci€s that contains the azi-
dophosphonium ion.

[R;P=N—N=N]R’
C

Thus, the unusual ionic salt [(PBMu-PBU,)][(Me2N).CH]
was reported to form in the reaction of BR—CH(NMe,),
with 2 equiv of PhN.° The novel salt [P¥PNsC(NH,)ClI
was described as a product of the reaction ofFPhand
[C(NH,)2N3]CI.2° The ionic compounds [RRN;][SbCl,] and
[(PhgP)(«-N3)][SbCls] were synthesized from PRhand
SbCLNz in 1:1 and 1:0.5 molar ratios, respectivélyThe
cationic moieties in these compounds are isostructural with
those observed i13, 4, 5a, 5b, and 6, respectively. The
reaction of P(NMg); with Br, in the presence of KRfwas
reported to give [(MgN)sPBr]PF, which on subsequent
reaction with NaN produced [(MeN)sPNs]PFs.12 [(MeaN)s-
PN;]Cl was shown to form in the reaction of P(NKg CCl,
and trimethylsilyl azidé3 Azidophosphonium salts can also
be synthesized by alkylation of neutral phosphazidesat
the terminal nitrogen atom with EDBF, in a regiospecific
mannerit* The X-ray structure for one such salt, namely
[(R2N)sP—N=N—N(Et)Ar]BF, [R; = —(CH,).0(CH,).—; Ar

= CgH2(NO,)s-2,4,6], has been reportétd.

(8) (a) Gololobov, Y. GTetrahedrornl992 48, 1353-1406 and references
therein. (b) Gololobov, Y. G.; Zhmurova, |. N.; Kasukhin, L. F.
Tetrahedron1981, 37, 437—72 and references therein. (c) Widauer,
C.; Griizmacher, H.; Shevchenko, I.; Gramlich, Zur. J. Inorg.
Chem.1999 1659-64.

(9) Shevchenko, I. V.; Furmanova, M. V.; Kukhar, V. P.; Kolodyazhnyi,
O. I. Zh. Obshch. Khim1989 59, 2206-11.

(10) Buder, W.; Schmidt, AZ. Naturforsch.1975 30B, 503-05.

(11) Wiberg, N.; Schmid, K. HAngew. Chem., Int. Ed., Engl967, 6,
953-54.

(12) (a) Castro, B.; Dormoy, J. Reetrahedron Lett1973 35, 3243-46.

(b) Castro, B.; Dormoy, J. Rletrahedron Lett1972 47, 4747-50.
(c) Castro, B.; Dormoy, J. RBull. Soc. Chim. Fr1973 3359-61.

(13) Marchenko, A. P.; Shaposhnikov, S. I.; Koidan, G. N.; Kharchenko,
A. V.; Pinchuk, A. M.Zh. Obshch. Khim1988 58, 2230-37.

(14) (a) Kukhar, V. P.; Kasukhin, L. F.; Ponomarchuk, M. P.; Chernega,
A. N.; Antipin, M. Yu.; Struchkov, Yu. TPhosphorus, Sulfur, Silicon
Relat. Elem1989 44, 149-53. (b) Chernega, A. N.; Antipin, M. Yu;
Struchkov, Yu. T.; Bodeskul, I. E.; Ponmarchuk, M. P.; Kasukhin, L.
F.; Kukhar, V. P.Zzh. Obshch. Khim1988 58, 284-91.
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Experimental Section

All reactions were carried out under argon. Solvents were distilled
by standard procedures prior to d8@nd the following compounds
were prepared by published methods: P(NMgCH,)3N (1),3°
P(NPICH,CH,)3N (2),2 MeC(CH.NMe)zP (7),5 O=P(CH,NMe);P
(8),” 4-toluenesulfonyl azid®,2,4,6-trimethylbenzenesulfonyl azitle,
and the triamine MeC(CH\MeH); 18 that was used to prepatre
It may be noted that and?2 are available from Aldrich. Melting
points were measured on a Thomas-Hoover apparatus and are
uncorrected. Electrospray ionization (ESI) and electron impact (El)
ionization mass spectral analyses were performed on a Finnigan
TSQ700 triple quadrupole mass spectrometer fitted with a Finnigan
ESl interface or Finnigan EI/CI ion source. Elemental analyses were
performed in the Instrument Services Laboratory of the Chemistry
Department at lowa State University. It may be noted that the carbon
analyses foB, 4, and6 are somewhat low, but attempts to improve
these analyses by further purification were not successful. We have
had the same problem with carbon analyses of other phosphorus
azide compound$H and*3C{H} NMR spectra were recorded on
a Varian VXR 400 or a VXR 300 NMR spectrometétP{1H}

NMR spectra were recorded on a Bruker WM-200 or a VXR 400
NMR spectrometer using 85% 3P0, as the external standard.
X-ray data collections and structure solutions were conducted at
the lowa State Molecular Structure Laboratory. Refinement calcula-
tions were performed on a Digital Equipment Micro VAX 3100
computer using SHELXTL-Plus and SHELXL-93 programs.

Synthesis of [N(CHCH:NMe)3PN;][SO.Ce¢Me-4] (3). 4-Tolu-
enesulfonyl azide (1.11 g, 5.62 mmol) was dissolved in acetonitrile
(10 mL). To this solution was added dropwise an acetonitrile (20
mL) solution of freshly sublimedl (1.11 g, 5.11 mmol). The
reaction mixture was allowed to stir for 5 h, and then, solvent was
removed under reduced pressure to give a white solid contaminated
with a small amount of 4-toluenesulfonyl azide. Diethyl ether (10
mL) was added to the mixture, which was then stirred and filtered.
The ether-insoluble colorless material was dried under reduced
pressure to giv8 in quantitative yield. Mp 126121°C. 3P NMR
(CDsCN): 0 —32.2 (s).*H NMR (CD3CN): 6 2.30 (s, GH4CHs-

4,3 H), 2.84 (d, Els, 3J(PH) = 12.8 Hz, 9 H), 3.13 (M, B:Na

6 H), 3.20 (M, G1Neq 6 H), 7.26 (M, GH4, 4 H).3C NMR (CDs-

CN): 6 21.19 (s, GH4CHz-4, 1 C), 37.87 (dCHj3, 2J(PC)= 3.5

Hz, 3 C), 46.14 (dCHyN,y 2J(PC) = 8.30 Hz, 3 C), 46.41 (d,

CH;Ngg 2J(PC)= 9.70 Hz, 3 C), 125.25, 129.23, 138.01, 159.26

(s,CsHa, 6 C). ESI-MS (W2): 257.9 (cation oB), 155.9 (anion of

3). Anal. Calcd for GeH2sN7/O,PSH,0: C, 44.54; H, 7.01; N,

22.72; S, 7.43. Found: C, 43.92; H, 7.29; N, 22.56; S, 7.48%.
3IP NMR Detection of 3. To a solution ofl (0.02 mmol) in

CDsCN (0.7 mL) n a 5 mm NMRtube at—30°C was added excess

4-toluenesulfonyl azide (0.06 mmol). After briefly shaking the NMR

tube, five sets of 18'P NMR spectral scans were taken-30 °C

at the following time intervals. The first 10 spectra were acquired

at 60 s intervals, the second set at 300 s intervals, the third set at

600 s intervals, the fourth at 1200 s intervals, and the fifth at

1800 s intervals. Three hundred seconds were required to acquire

each3P NMR spectrum.

Synthesis of [N(CHCH-NMe)sPN3][SOsCeHsMe-4] (4). Slow
diffusion of diethyl ether into an acetonitrile solution ®fover a

(15) Amerego, W. L. F.; Perrin, D. DRurification of Laboratory Chemicals
4th ed; Butterworth and Heinemann: Oxford, 1996.

(16) Regitz, M.; Hocker, JOrg. Synth.1968 48, 36—37.

(17) Abramovitch, R. A.; Chellathurai, T.; Holcomb, W. D.; McMaster, .
T.: Vanderpool, D. PJ. Org. Chem1977, 42, 2920-26.

(18) Gade, L. H.; Mahr, NJ. Chem. Soc., Dalton Tran$993 489-94.
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period of two weeks in the presence of atmospheric oxygen gave 137.81, 159.78 (C¢H4, 6 C). ESI-MS (W2): 474 (cation of6),

4 in gquantitative yield. Mp 135136 °C. 3P NMR (CD;CN): ¢ 155 (anion of6). Anal. Calcd for GsHsgN110,P,S: C, 47.68; H,
—32.1 (s)."H NMR (CDsCN): 6 2.31 (s, GH4CH3-4, 3 H), 2.83 7.84; N, 24.47; S, 5.09. Found: C, 46.79; H, 8.05; N, 24.56; S,
(d, CHg, 3J(PH) = 13.2 Hz, 9 H), 3.11 (m, B,N4, 6 H), 3.19 (m, 5.11%.

CH2Neg 6 H), 7.35 (M, GHa, 4 H). °C NMR (CD;CN): 6 20.30 Synthesis of{ [(Me2N)sP](u-N3)} [SO.CeHaMe-4] (11). P(NMey)s

(s, GH4CHz-4, 1 C), 36.97 (dCHs, 2J(PC)= 3.7 Hz, 3 C), 45.22  (0.340 g, 2.08 mmol) was slowly added to 4-toluenesulfonyl azide
(d, CH2Nay, 2J(PC) = 8.20 Hz, 3 C), 45.50 (dCHzNeg, *J(PC) = (0.210 g, 1.04 mmol) which had been dissolved in acetonitrile (10
9.20 Hz, 3 C), 125.72, 128.28, 138.39, 146.1538,, 6 C). ESI- mL). The reaction mixture was stirred for 5 h, and then, acetonitrile

MS (m/z): 258.1 (cation o#), 171.9 (anion o#). Anal. Calcd for was removed under reduced pressure to diteas an oil in
Ci6H2eN70sPS: C, 44.75; H, 6.57; N, 22.83; S, 7.47. Found: C, quantitative yield 3P NMR (CsD¢): 6 42.0 (s).*H NMR (CDs-
44.28; H, 7.00; N, 22.12; S, 7.44%. CN): 6 2.30 (5, GH.CHz4, 3 H), 2.68 (d, Gy, 2J(PH) = 9.32
1 1 .
Synthesis of [N(CHCHNPF)sPN:J[SO,CeHaMe-4] (5a). Com gzﬁ ngH_) " 71'25) (27' g;“(' d“cﬂ) : zj(cpg)M:Rz(g?sz)ifSlfzi (g{;
pound 2 (1.34 g, 4.46 mmol) and 900 mg (4.56 mmol) of o 43" ~hr » ) ; PN

- : - . 129.75, 138.38, 160.0 (€¢H4, 6 C). ESI-MS: 368 (cation of1),
4-toluenesulfonyl azide were dissolved in diethyl ether (30 mL) in . . .
separate flasks. The ether solution of the azide was added to ther22 (@nion ofL1). Anal. Calcd for GeHagNeOP,S(1/3) HO: C,

. . . . . . 43.09; H, 8.31; N, 23.80. Found. C, 42.66; H, 8.40; N, 23.16%.
ether solution oR, which resulted in the immediate formation of ) ) B
a white precipitate. The reaction mixture was stirred for an  Although the reaction of P(NMgs with NsSOAr (Ar = CeH-

additional 12 h, and then, the precipitate was filtered off, washed M&-4) was relp;orted to give (MB)sPNsSQA (9) and (MeN)sP=
with pentane (5 mL), and dried under reduced pressure tofgive ~ NSQAT (10),° we repeated this reaction on an NMR scale using
in 68% yield (1.50 g, 3.01 mmol). Mp 165L06°C. 3P NMR: & CD:CN as the'solvent. The GON (0.5 mL) splutlon of 4-tolu-
—26.4 (CDCN), —33.0 (GD¢), —30.8 (THF),—26.0 (CDOD) all enesulfonyl azide (67.0 mg, 340nol) was syringed into a Ch
singlets.'H NMR (CDsCN): 6 1.16 (d, Gs, 3J(HH) = 6.72 Hz, ~ CN (0.5 mL) solution of P(NMgs (49.0 mg, 30Qumol), and the

18 H), 2.37 (s, GHsCHx-4, 3 H), 2.94 (M, El,Nay 6 H), 3.08 (m, mixture was briefly shakgn. The NMRP, H, and*3C) spectro-
CH,Neg 6 H), 3.96 (M, ©1, 3 H), 7.34 (M, GHg, 4 H). 13C NMR scopic data for the reaction mixture showed three species, namely,
(CDsCN): ¢ 21.96 (S, GH4CHa-4, 1 C), 22.13 (dCH3, 3J(PC) = (Me:N)sP=NSOQAr (10), (M&;N)3P(u-N3)P(NMe)s]O,SAr (11),

4.27 Hz, 6 C), 37.20 (dCH.N4, 2J(PC) = 8.81 Hz, 3 C), 49.15 and [(MeN)sPN;]SO.Ar (12) (see Results and Discussion section).
(d, CHoNeg 3J(PC)= 10.14 Hz, 3 C), 50.78 (NGH, 3 C), 128.96,  Froton-coupled’® NMR and*!P—!H COSY NMR spectra were

130.41, 139.94, 143.78 (€Ha, 6 C). ESI-MS (2): 342 (cation ;Jltilized to assign !Jnambiguously the peak ppsitions]fbrlz.
of 5a), 155 (anion of5a). Several attempts to obtain satisfactory P NMR (CD3C_:N)' 0 25.8, 38.7, and 42.5 (singlets fao, 12,
elemental analysis values were unsuccessful. and11, respectively):H NMR (CDsCN): 0 2.37 (s, GH.CHz4,

—_— 9 H, 10, 11 and12), 2.56 (d, G, 3J(PH) = 9.32 Hz, 18 H,10),

Synthesis of [N(CHCHN'Pr)sPN5][SO.CeH, Me3-2,4,6] (5b). 2.69 (d, GHs, 3J(PH) = 9.30 Hz, 36 H,11), 2.78 (d, GH3, 3J(PH)
This compound was prepared fréh(1.05 g, 3.48 mmol) and 2,4,6- = 11.00 Hz, 18 H,12), 7.32 (m, GH4, 12 H, 10, 11, 12). The
trimethylbenzenesulfonyl azide (0.792 g, 3.51 mmol) by a procedure intensity ratio of10:11:12 was 0.86:0.46:1.003C NMR (CDs-
analogous to that used f6g. Yield: 76% (1.40 g). Mp 149150 CN): 6 21.55 (s, GH4CH3-4, 3 C, 10, 11, 12), 37.11, 37.22, 37.37
°C. 3P NMR (CD;CN): 6 —21.9 (s).!H NMR (CDsCN): 06 1.17 (br,CHs, 24 C,10, 11, 12), 128.39, 128.52, 128.61, 129.91, 130.01,
(d, CH3, 3J(HH) = 6.72 Hz, 18 H), 2.17 (s, §#14CHs-4, 3 H), 2.54 130.55, 131.33, 137.24, 139.58, 143.31(gH,4, 10, 11, 12). To
(s, GH2(CH3)2-2,6, 6 H), 2.96 (M, G12Nay 6 H), 3.09 (M, GHoNeg, this reaction mixture was added a solution of 4-toluenesulfonyl azide
6 H), 3.97 (m, &1, 3 H), 6.63 (s, GH2, 2 H).13C NMR (CD;CN): (53.0 mg, 27Qummol) in CD;CN (0.5 mL), and the mixture was
0 18.81 (s, GH»(CH3)»-2,6, 2 C), 21.03 (s, §,CH3-4, 1 C), 21.73 briefly shaken. ThéP NMR spectrum of the NMR tube contents
(d, CHs, 3J(PC)=5.05 Hz, 6 C), 36.79 (dCH,N4y, 2J(PC)= 8.42 showed an increase in the intensity of a peak correspondifid to
Hz, 3 C), 48.63 (dCH2Negq 2J(PC) = 10.11 Hz, 3 C), 50.42 (s, (42.5 ppm) with complete disappearance of the peak corresponding
CH, 3 C), 130.38, 131.12, 135.81, 136.92(sH,, 6 C). ESI-MS to 12 (38.7 ppm). The intensity of the peak correspondind.@o
(m/2): 342 (cation of5b), 184 (anion of5b). Several attempts to  (25.8 ppm) remained unaffected. The origin of a new peak at 62.95
obtain satisfactory elemental analysis values were unsuccessful. ppm remains unclear at this time.

Synthesis of [N(CH ;CH,NMe)3P1a(1-N3)} [SO.CeHsMe-4] (6). Synthesis of MeC(CHNMe)sPNsSO.C¢HsMe-4 (13).Separate
Freshly sublimed. (1.38 g, 6.39 mmol) was dissolved in acetonitrile  solutions of7 (305 mg, 1.63 mmol) and 4-toluenesulfonyl azide
(10 mL). To this solution was slowly added an acetonitrile (20 mL) (340 mg, 1.72 mmol) dissolved in diethyl ether (15 mL) were made.
solution of 4-toluenesulfonyl azide (0.630 g, 3.18 mmol), and then, The ether solution of the azide was added to the ether solution of
the reaction mixture was stirred for 5 h. The solvent was removed 7 |eading to the immediate formation of a white precipitate. The
under reduced pressure to give an oily material that was further reaction mixture was stirred for an additional 12 h, and then, the
dried under reduced pressure for 12 h to give a foamy solid. The precipitate was filtered off, washed with pentane (5 mL), and dried
solid was transferred into another flask containing diethyl ether (10 under reduced pressure to git8in quantitative yield. Mp 109
mL), and the mixture was stirred. Diethyl-ether-soluble material 110°C. 3P NMR (CDCk): 6 34.9 (s).'H NMR (CDCly): 6 0.96
was removed by filtration, and the insoluble material was dried (s, GyiggeneadCHa, 3 H), 2.39 (s, GH4CH3-4, 3 H), 2.47 (d, €3,
under reduced pressure to giein 73% vyield (1.47 g). A 3J(PH) = 12.0 Hz, 9 H), 3.12 (d, 85, 3)(PH) = 6.04 Hz, 6 H),
spectroscopically pure sample was obtained by vapor diffusion of 7.51 (m, GHa, 4 H). 13C NMR (CDCk): 6 20.68 (S, Griggeneaa
ether or pentane into an acetone solutior6oMp 132—133 °C. CHs, 1 C), 21.51 (s, €H4CH3-4, 1 C), 36.17 (dChriggehead *J(PC)
3P NMR (CDiCN): 6 37.5 (s).*H NMR (CDsCN): 6 2.29 (s, = 30.33 Hz, 1 C), 36.74 (dCHs, 2J(PC) = 2.65 Hz, 3 C), 63.03
CsH4CH3-4, 3 H), 2.65 (d, €3, 2J(PH) = 8.4 Hz, 18 H), 2.77 (m, (d, CH,, 2J(PC) = 1.13 Hz, 3 C), 128.51, 129.09, 136.01, and
CH2Nay, 6 H), 2.92 (M, GiNeg 6 H), 7.25 (M, GH,, 4 H). 1°C
NMR (CDsCN): 6 21.27 (s, @HiCHz-4, 1 C), 35.65 (SCHs, 6 (19) Martin, G. J.; Sanchez, M.; Marre, M.-Retrahedron Lett1983 24,

C), 50.25 (SCH2Nay, 6 C), 51.69 (SCH2Neq, 6 C), 125.32, 129.22, 4989-92.
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143.26 (s,CsHs, 6 C). Anal. Calcd for GH2sNeO.PS: C, 46.87;
H, 6.55; N, 21.86; S, 8.34. Found: C, 46.53; H, 6.95; N, 21.56; S,
8.47%.

A CDCl; (0.5 mL) solution of 4-toluenesulfonyl azide (25.0 mg,
0.127 mmol) was syringed into an NMR tube containing a GDCI
(0.5 mL) solution of7 (52.0 mg, 0.28 mmol). The tube was briefly
shaken and kept at room temperature for 12 h. ¥ NMR
spectrum indicated the presence of unreadteshd formation of
MeC(CHNMe);P=NSO,CsHsMe-4 (14) (see next paragraph).

Synthesis of MeC(CHNMe)3sP=NSO,CsH,Me-4 (14). Com-
pound13(0.200 g, 0.520 mmol) was dissolved in dichloromethane
(5 mL), and the solution was allowed to stir for 12 h. The solvent
was removed under reduced pressure to @#as a white solid in
guantitative yield. Single crystals were grown by slow diffusion of
pentane into a dichloromethane solution lef over a period of
several days. Mp 148C. 3P NMR (CDCE): 6 16.7 (s).'H NMR
(CDCl): 6 0.91 (S, Gyridgeneaa CHs, 3 H), 2.38 (s, @HsCH3z-4, 3
H), 2.71 (d, G5, 3J(PH) = 13.2 Hz, 9 H), 3.08 (d, B,, 3J(PH) =
6.84 Hz, 6 H), 7.53 (m, g4, 4 H). 13C NMR (CDCk): ¢ 20.96
(d, Goridgeheaa~CH3, 4J(PC)= 1.52 Hz, 1 C), 21.38 (s, 81sCH3-4,

1 C), 35.20 (dChridgenead *J(PC)= 31.85 Hz, 1 C), 37.18 (d7Hs,
2J(PC)=1.51Hz, 3 C), 63.14 (£ H,, 3 C), 125.64, 128.85, 142.98,
and 143.06 (2eH4, 6 C). EI-MS: 356 (molecular ion). Anal. Calcd
for C1sH2sN4O,PS: C, 50.55; H, 7.07; N, 15.72; S, 9.00. Found,
C, 50.33; H, 7.11; N, 15.60; S, 8.99%.

Preparation of O=P(CH,NMe)3sP=NSO.,C¢HsMe-4 (16).So-
lutions of 8 (87.0 mg, 420umol) and 87.0 mg (44Q:mol) of
4-toluenesulfonyl azide in CITN (1.0 mL) were created in separate
NMR tubes. The CBCN solution of 4-toluenesulfonyl azide
was slowly added to the GIGN solution of 8. The 3P NMR
spectrum recorded immediately after mixing showed complete
disappearance of signals due8pand new peaks appeareddat
33.0 (d, GP=0, 3J(PP)= 116.6 Hz) and 26.19 [d, (WPN3,2J(PP)

Thirupathi et al.

beam using a video camera. Crystal evaluation and data collection
were performed on a Bruker CCD-1000 diffractometer with a
diffractometer-to-crystal distance of 5.08 cm. The crysted ofas
mounted directly and was centered in the X-ray beam using a video
camera. Crystal evaluation and data collection for this crystal were
performed on a Bruker CCD-1000 diffractometer with a diffrac-
tometer-to-crystal distance of 5.08 cm. The initial cell constants
for crystals of4 and6 were obtained from three series@fscans

at different starting angles. Each series consisted of 20 frames at
intervals of 0.3 in a 6 range aboui with an exposure time of 20
and 10 s per frame, respectively. For the crystal§,ahe initial

cell constants were obtained from three serigs s€ans at different
starting angles. Each series consisted of 30 frames at intervals of
0.3 in a 10 range abouty with an exposure time of 10 s per
frame. The reflections were successfully indexed by an automated
indexing routine built into the SMART program. The final cell
constants were calculated from a set of 668), 6528 €), and
4640 (14) strong reflections from the actual data collection.

The data were collected using the hemisphere data collection
routine, and the data sets were corrected for Lorentz and polarization
effects. The absorption correction was based on fitting a function
to the empirical transmission surface as sampled by multiple
equivalent measuremeri&?! A summary of crystallographic data
(including unit cells and refinement data for each of the structure
analyses) appears in Table 1.

Results and Discussion

Reactions of Proazaphosphatranes with Arysulfonyl
Azides. Reactions ofl with N3SOGAr (Ar = 4-tolyl)
produced3 in quantitative yield, while2 with N3SGAr (Ar
= 4-tolyl or mesityl) gaveba and5b in 68% and 76% yield,
respectively (Scheme 1). These compounds are stable to air

= 116.6 Hz]. These signals are presumably due to the phosphazidednd moisture for brief periods. However, prolonged exposure

O=P(CH,NMe)3;PN;:SO,CsHsMe-4 (15). Slow precipitation was

to solvents that were not deaerated causes oxidation of the

noticed after ca. 0.5 h, and so, the reaction mixture was occasionallycounter anion SEAr~ to SQAr~— as can be seen from the

shaken and monitored BYP NMR spectroscopy while storing at
ambient temperature. The formation 1 was complete after ca.
3 days. The solid was filtered, washed with diethyl ether, and dried
under reduced pressure to give iminophosphora@en 61% yield
(96.0 mg). Analytically pure material was obtained by vapor
diffusion of ether into a chloroform solution df6. Mp 263-264
°C. 3P NMR (CD;CN): ¢ 3.07 (d, NP=N, 3)J(PP)= 114.6 Hz),
33.10 (d, GP=0, 3J(PP)= 114.6 Hz).*H NMR (CDCIy/CDsCN):

0 2.28 (s, GH4CH3z-4, 3 H), 2.75 (dd, €3, 3J(PH) = 4.60 Hz;
4J(HH) = 0.95 Hz, 9 H), 3.48 (dd, B,, 2J(PH) = 9.52 Hz;
3J(PH) = 8.32 Hz, 6 H), 7.39 (MCsH3, 4 H). 13C NMR (CDChk/
CDsCN): 6 21.02 (s, GH4CHs-4, 1 C), 38.69 (sCHj3, 3 C), 49.08
(d, NCHp, 1J(PC)= 60.28 Hz, 3 C), 125.17, 128.83, 141.30, and
142.23 (s,C¢H4, 6 C). ESI-MS: 37716 + H)*. Anal. Calcd for
CigH2:N4O3P,S: C, 41.48; H, 5.89; N, 14.89; S, 8.52. Found: C,
41.33; H, 5.94; N, 14.85; S, 8.50%.

The deuterio-acetonitrile-soluble material showed the presence _s3nec two

of two compounds by!P NMR spectroscopy. However, complete

characterization of these decomposition products was not carried

out. 31 NMR (CD;CN): ¢ 30.0, 7.35 [d,3J(PP)= 112.31 Hz,
major component], 32.3, 4.00 [¢J(PP) = 112.31 Hz, minor
component].

X-ray Crystallographic Determinations. Crystals of4 and14

were selected from oil under ambient conditions whereas a crystal
of 6 was selected under ambient conditions. The former crystals
were attached to the tip of a glass capillary and were mounted in

a stream of cold nitrogen at 173(2) K and centered in the X-ray
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formation of4 from 3. Compoundba did not lose dinitrogen

in toluene even under reflux conditions, and it decomposed
into unidentified products upon heating a neat sample at 170
°C. It is interesting to note that the structurally related
phosphazide PHR(NMeCHCH,);N decomposed to the
iminophosphorane PiNP(NMeCH.CH,)sN on prolonged
heating®® From our aforementioned observations, we believe
compounds3, 4, 5a and 5b are ionic species that are
thermally stable owing to the presence of a transannutar P
N bond for which evidence will be presented.

The reaction ofl with 4-toluenesulfonyl azide was
monitored in a low temperatuf& NMR experiment to gain
some insight on the nature of the intermediate produced
during the formation o8. When compound. was allowed
to react with excess of 4-toluenesulfonyl azide inCN at
3P NMR resonances)[*'P 37.5 (major) and
—32.2 (minor)] were observed with no evidence of the
resonance correspondingtoThe intensity of the resonance
at 37.5 ppm decreased over time with a concomitant increase
in the intensity of the peak at32.2 ppm. Upon completion
of the reaction, only the-32.2 ppm resonance was observed,

(20) Blessing, R. HActa Crystallogr.1995 A51, 33—38.

(21) All software and sources of the scattering factors are contained in the
SHELXTL (version 5.1) program library (G. Sheldrick, Bruker
Analytical X-ray Systems, Madison, WI).



Tris(amino)phosphines with Arylsulfonyl Azides

Table 1. Crystal Data and Structure Refinement 16, and14

empirical formula QGH29N703,5PS @) C25H49N1102P2$ (6) C15H25N402PS 0.4)
fw 438.49 629.75 356.42
T 173(2) K 173(2) K 173(2) K
wavelength 0.71073 A 0.71073 A 0.71073 A
cryst syst triclinic monoclinic monoclinic
space group P1 P2i/c P2i/c
unit cell a=10.7246(5) A a=16.2643(8) A a=12.6710(6) A
dimensions b=13.0474(6) A b=13.5572(7) A b=10.6922(5) A
c=15.5374(7) A c=13.9512(7) A c=13.3279(7) A
o= 73.3363(10) f=91.7620(10) B =105.3497(10)
= 84.5807(10)
y = 85.4542(10)
\% 2070.40(16) & 3074.8(3) R 1741.26(15) A
z 4 4 4
density (calcd) 1.407 Mg/fn 1.360 Mg/n? 1.360 Mg/n?
abs coeff 0.270 mmt 0.254 mnrt 0.293 mnt?
F(000) 932 1352 760
cryst size, mr 0.50x 0.50x 0.10 0.2x 0.3x 0.6 0.50x 0.40x 0.40
6 range for data 1.37-26.37 1.96-28.27 2.48-26.37
collection
index ranges —-13<h=<13, —21<h=<21, —15< h <15,
—15=< k=16, —15=< k=17, 0=<k=13,
0=<1=<19 —18=<1=<15 0=<1=<16
reflns collected 18192 24643 15353
indep reflns 8043R(int) = 7150 R(int) = 3562 [R(int) =
0.0287] 0.0372] 0.0190]
completeness to 99.1% 93.9% 99.9%
6 =26.37
abs correction empirical with empirical empirical with
DIFABS SADABS
max and min trans 0.9735 and 0.8770 1and0.88 0.8920 and 0.8675

refinement full-matrix least- full-matrix least- full-matrix least-
method squares offr2 squares offr? squares offr?
data/restraints/ 8043/2/530 7150/0/377 3562/0/213
params
GOF onF?2 1.061 0.947 1.014
final Rindices R1=0.0420, R1=0.0435, R1=0.0381,
[1 >20(1)] wR2=0.1187 wR2=0.1059 wR2=0.1006
Rindices R1=0.0595, R1=0.0758, R1=10.0417,
(all data) wR2=0.1267 wR2=0.1151 wR2=0.1032
largest diff. 0.419 and 1.024 and 0.350 and
peak and hole —0.336e A3 —0.365e A3 —0.487 e A3
Scheme 1 The ESI-MS technique has been shown to be a valuable
(\N.R NS tool for detecting transient intermediates in reactions of
. o o
Lorg NSOAr A W atye bond 3orSa.5b phosphineg? and the ionic nature 68, 4, 5a and5b was
MeCN N4 cleavage ol supported by these spectra. Thus, compo@atsl4 showed
AR 4 1
ot MeCN/EGO a peak atm/iz = 258 for the [N(CHCH,NMe)sPNs]*

i . , i fragment and atm/z = 155.9 and 171.9 for the [SAr]~
the upfield position of which suggests that the final product _ 4 [SQAM~ (Ar = CeHiMe-4) fragments, respectively.

3 possesses a five-coordinate transannulated Str“CtureCompoundSSaandSb showed a peak at/z = 342 for the
The presence of a transannulatedtNP bond in 4 was

I ——
subsequently confirmed by X-ray means (see below). The [N(CH,CH:N'PrPN;] ™ fragment andwz = 155 and 184
reaction between and 4toluenesulfonyl azide at ambient for the [SQC¢HsMe-4]" and [SQC¢H,Mes-2,4,6] frag-
temperature is complete within 5 min. Only &80 °C is ments, respectively. Th&P NMR spectra o3, 4, 5a, and

this process sulfficiently slow foP NMR monitoring, and 5b displayed strongly upfield shifted signals §*P —20 to
from these experiments, it is reasonable to conclude that the—32 in CD;CN) indicating the strong possibility of -FN

31p resonance at 37.5 ppm represents the structure of thd@ransannular bonding. Interestingl$a showed a rather
intermediate3’ in Scheme 1. Thi§’P NMR chemical shift  solvent dependeritP NMR chemical shiftd 3P —26.0 in

is comparable to those assigned to BR{feNCHCH,)sN CD;0OD, —26.4 in CxCN, —30.8 in THF, and—33.0 in

(0 3P 38.1¥° and (MeN)sPNsSO,CeHsMe-4 9, 6 3P 36.2, CsDg). 'H and3C NMR data for the cation o8 and4 are

see laterf? The downfield position of the3!P NMR very close to those observed for the cation in transannulated
resonance fo' is also consistent with the absence of a [NmPCI][OzPCIZ].“’ The IH NMR spectrum

transannular PN bond in this species. The formation 8f for the anion of3 and4 exhibited a singlet and a multiplet

from 3 is believed to result from & transannular attack of .
the bridgehead nitrogen lone pair on the phosphorus ac—for CHs and the ary! protons, respectively. Both téand

companied by subsequent cleavage of the-S\bond (22) Wilson, S. R.; Perez, J.; Pasternak, AAt. Chem. Sod993 115
(Scheme 1). 1994-97.
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Figure 2. Computer drawing of the molecular structureGofThe anionic
part is not shown, and hydrogen atoms have been omitted for clarity.

Figure 1. Computer drawing of the molecular structure 4f Two Scheme 2
molecules per asymmetric unit have been shown, and hydrogen atoms have

B : 0.5 equiv N3SOAr 1.0 equiv 1, MeCN
been omitted for clarity. 1 > 6 <

MeCN, 73.0% 50.0%

Table 2. Pertinent Bond Distances (A) and Bond Angles (deg)&or

(angle sum= 351.97) while those of N1 and N2 are quite

molecule 1 molecule 2

P(1)-N(2) 1.662(2)
P(1)-N(1) 1.665(2)
P(1)-N(3) 1.675(2)
P(1)-N(5) 1.767(2)
P(1)-N(4) 1.940(2)
N(5)—N(6) 1.225(2)
N(6)—N(7) 1.134(3)
N(2)—P(1)-N(1) 121.35(9)
N(2)—P(1)-N(3) 118.97(9)
N(1)—P(1)-N(3) 118.67(9)
N(2)—P(1)-N(5) 90.80(8)
N(1)—P(1)-N(5) 93.49(8)
N(3)—P(1)-N(5) 95.76(9)
N(2)—P(1)-N(4) 86.98(8)
N(1)—P(1)-N(4) 85.68(7)
N(3)—P(1)-N(4) 87.37(8)
N(5)—P(1)-N(4) 176.77(8)
C(3)-N(4)—P(1) 107.4(1)
C(9)-N(4)—P(1) 106.1(1)
C(6)-N(4)—P(1) 106.6(1)
N(6)—N(5)—P(1) 124.3(2)
N(7)—N(6)—N(5) 173.8(2)

P(2)-N(9) 1.661(2)
P(2)-N(10) 1.672(2)
P(2N(8) 1.681(2)
P(2XN(12) 1.764(2)
P(2N(11) 1.945(2)
N(12-N(13) 1.229(2)\
N(13}-N(14) 1.138(2)
N(9)-P(2)-N(10) 119.85(9)
N(9)-P(2)-N(8) 121.59(9)
N(10}-P(2)-N(8) 117.50(9)
N(9)-P(2)~N(12) 95.03(9)
N(10)-P(2)~N(12) 90.66(8)
N(8)-P(2)~N(12) 94.51(8)
N(9)-P(2)-N(11) 85.80(8)
N(10)-P(2)-N(11) 87.55(8)
N(8)-P(2)~N(11) 84.40(8)
N(12}-P(2)-N(11) 178.21(8)
C(23)yN(10)—P(2) 124.0(2)
C(19yN(11)—P(2) 106.5(1)
C(25yN(11)—P(2) 105.5(1)
C(22yN(11)~P(2) 107.4(1)
N(13)-N(12)-P(2) 123.2(2)

planar (angle sums= 358.48 and 359.59, respectively).
However, in molecule 2, N9 maintains a planar geometry
(angle sum= 359.87) while those at N8 and N10 deviate
slightly from planarity (angle sums 353.56 and 353.75,
respectively). The azido fragment is nearly linear in both
molecules 1 and 2. The torsion angle involving P1, N5, N6,
and N7 in molecule 1 is 5% and in molecule 2, it is
—178.5.

Compound3 upon reaction with 1 equiv ofl gave
{[N(CH2CH2NM9)3P]2(/A-N3)}[302C5H4Me'4] (6) in 50%
yield (Scheme 2). Compoun@l can be prepared in higher
yield (73%) by the reaction ofl with 0.5 equiv of
4-toluenesulfonyl azide (Scheme 2). Compouéds a
hygroscopic yellow solid, soluble in acetone and acetonitrile,
but insoluble in hexanes and diethyl ether. ESI-MS data for
6 indicate that the structure is ionic with peaksvdt = 474
and 155 attributable to[N(CH,CH,NMe)sP]»(u-N3)} * and

N(14)-N(13)—-N(12) 173.8(2) [SO.CeHiMe-4]~ fragments, respectively. Th&P NMR
13C NMR data for compoundsa andSh are also consistent spectrum of6 showed a resonance at 37.5 ppm which is
with transannulated structures. comparable to those observed f@fMe:N)sPL(u-Na)}-
The molecular structure of is shown in Figure 1, and ~ [SO:CeHaMe-4] (11, 6 *P 42.0, see later) and the tris-
selected bond lengths and angles are given in Table 2. The(aZIdophosphlne)cyclohexy!ldenvat;/as-_l,3,5X3C6H9—
cation consists of a phosphorus center with a distorted X = N3P(MeNCHCH;)N, o P 37.1) which was r(icently
trigonal bipyramidal geometry. The azido group and the axial "ePorted from our laboratories. Notsllmexpectegﬁl)ﬁ, P for
ring nitrogen N4 (or N11 in molecule 2) occupy apical 6 is shifted upfield relative tdl (6 **P 120.8) but the
positions while the ring nitrogens N1, N2, and N3 (or N8, substantially positive magnitude of the chemical shift@or
N9, and N10 in molecule 2) occupy equatorial positions. The IS consistent with the absence of a transannutaNmond
geometry at N4 (or N11 in molecule 2) is quite tetrahedral, Which was confirmed by X-ray means, as we now discuss.
which is consistent with a transannular-R bond (1.943- The molecular structure d is shown in Figure 2, and
(2) A, the average of this length in molecules 1 and 2). As selected bond lengths and angles are given in Table 3. To
expected from previous studies of azaphosphatranes, the?ur knowledge, this structure represents the first structured
apical P-N distances are longer than the equatoriaiNP example of an az_ido-bridged-bis-tri_alkylaminophosphonium
bond lengths, and these distances in the phosphatrane cagg@ll. The cationic fragment consists of two N (-
s NMe)sP units with an azido group bridging the phosphorus
of 4 are comparable to those found in [N(@FH.NMe);PCl}- atoms in amX;u:x* fashion. The geometry at the phosphorus
[PClg).1r The N5—N6 distance ird [1.223(2) A] is closer to

a N=N distance (1.171.25 A) while the N6-N7 distance ,
Butterworth and Heinenmann: Oxford, 1998.

[1.134(3) A]is c!oser to an &N di;tance _(1.0976 A¥ The _ (24) Liu, X.; Zhang, G.; Verkade, J. Getrahedron Lett2001, 42, 4449~
geometry at N3 in molecule 1 deviates slightly from planarity 51.

(23) Greenwood, N. N.; Earnshaw, &hemistry of the Element&nd ed;
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Table 3. Pertinent Bond Distances (A) and Bond Angles (deg)&or

P(1)-N(2) 1.630(2)
P(1)-N(3) 1.635(2)
P(1)-N(1) 1.643(2)
P(1)-N(5) 1.649(2)
P(2)-N(9) 1.631(2)
P(1)-N(4) 1.940(2)
N(2)—P(1)-N(3) 111.42(9)
N(2)—P(1)-N(1) 110.64(9)
N(3)—P(1)-N(1) 110.30(9)
N(2)—P(1)-N(5) 102.19(8)
N(3)—P(1)-N(5) 112.68(9)
N(1)—P(1)-P(5) 109.36(9)
N(9)—P(2)-N(10) 113.28(9)
N(9)—P(2)-N(8) 112.16(9)
N(10)—P(2)-N(8) 111.29(9)
N(9)~P(2)-N(7) 111.85(9)
N(10)—P(2)-N(7) 101.68(8)
N(8)~P(2)-N(7) 105.88(9)
C(1)—P(1)-N(1) 119.30(1)

P(2)N(4) 1.945(2)
P(2)-N(10) 1.636(2)
P(2)-N(8) 1.638(2)
P(2)N(7) 1.669(2)
N(5>-N(6) 1.322(2)
N(6%-N(7) 1.298(2)
C(6YN(2)—P(1) 121.3(1)
C(3¥N(2)—P(1) 121.4(1)
C(2N(3)-P(1) 119.6(1)
C(5¥N(3)—P(1) 122.5(1)
N(6-N(5)—P(1) 117.1(1)
N(7¥N(6)—N(5) 111.5(2)
N(6%N(7)—P(2) 117.8(1)
C(10yN(8)—P(2) 119.1(1)
C(13)N(8)—P(2) 121.3(1)
C(11yN(9)—P(2) 120.5(1)
C(14yN(9)—P(2) 121.2(1)
C(15yN(10)-P(2) 120.9(1)
C(12yN(10)-P(2) 120.8(1)

Scheme 3

1.0 equiv N3SO,Ar
22 (MeyN)sPN;SOLAT + [MeyN)P(u-No) P(NMe )50, SAr
CD,CN 9 1

l N-S bond -N,
(Me;N),P cleavage

[(Me,N);PN;]SO,Ar  (Me)N)sP=NSO,Ar
12 10

11

0.5 equiv N3SOAr .
CD;CN

angles which are indicative of 3phonding at the PN
nitrogens. The 111.5(2pond angle at the central nitrogen
seems somewhat unexpectedly narrow, however.
Reactions of P(NMg)swith 4-Toluenesulfonyl Azide.In
the previous section, we proposed that compo8rwbuld
be formed from3' by cleavage of an NS bond assisted by

the formation of a transannularfN bond which stabilizes
the N; fragment in3. If this hypothesis is correct, then the
acyclic analogue ofl, P(NMe&)s;, upon reaction with a
stoichiometric amount of }QAr (Ar = CsHsMe-4), could
be expected to give the covalent phosphazide, [ Ns-
SGAr (9, 6 3P 36.2) which would lose Nto give the
iminophosphorane (M#&l)sP=NSOQAr (10, ¢ 3P 25.3) as
was reported by othef8. However, when we reacted
P(NMe)s; with 1 equiv of 4-toluenesulfonyl azide, we
obtained an oil whosé'P NMR spectrum showed three
'singlets § 3P 42.5, 38.7, and 25.8) which we assign to
{[(Me2N)3PL(u-N3)} [SOAI (11), [(Me2N)sPNs][SO-AT]
(12), and (MeN)sP=NSQGAr (10), respectively (Scheme 3).
The assignments of these resonances are based on proton-
coupled®’P and®'P—H COSY NMR measurements, as well
as on their reactivity with added P(NMe Thus, when
another equivalent of P(NMg was added to the reaction
mixture containing10, 11, and 12, the intensity of the
resonance correspondinglaincreased, the intensity of the
peak assigned td2 decreased, and the intensity of the
resonance corresponding 10 remained unaffected. Thus,
it can be concluded thatl and the intermediat® were
'formed initially, although the latter compound was not

atoms is distorted tetrahedral while the geometries at the
bridgehead nitrogens N4 (angle sum359.80) and N11
(angle sum= 358.2F) are nearly planar as is also the case
at the remaining ring nitrogens N1 (357°05N2 (359.80),
N3 (357.52), N8 (356.88), N9 (356.73), and N10 (356.69.
The average ring PN distance [1.635(2) A] is slightly
longer than that observed in theNR—P moieties in
[(R2N)sP—N=N—N(Et)Ar]BF4 [R2 = —(CH,):0(CH,)>—;
Ar = CsHx(NO,)s-2,4,6; av distance= 1.619(1) A} but
shorter than the corresponding distance [1.667(2) and 1.671
(2) A for molecules 1 and 2, respectively] observeddin
The PE-N5 distance ir6 of 1.649(2) A is slightly shorter
than the P2-N7 distance [1.669(2) A]. Interestingly, no
transannular PN bond [P1-N4 = 2.964(2) A; P2-N11
= 2.835(2) A] was observed within the cage moietie$.of
Because the solutioflP NMR spectrum o6 exhibited
only one peak and the NGHind the NCH fragments from
both cages showed identici and**C NMR signals, the
cage moieties are likely to be in the same untransannulated
conformation in solution as they are in the solid state. The
PNsP fragment of6 adops a W shape as expected on the
basis of its Lewis structure and the bond angles at N5, N6

and N7[117.1(1), 111.5(2), and 117.8¢Iespectively]. The detected. Compoundl was independently prepared in

P1—N5—N6—N7 and P2-N7—N6—N5 torsion angles are - . . X .
179.0 and 177.8, respectively, with a mean plane between quantitative yield by. reacting P(NMjg with 0.5 equiv of
4-toluenesulfonyl azide (Scheme 3).

these aforementioned torsion angles that suggests near It may be noted that th&P chemical shift ofi2 (5 3P
planarity of the PP f’raz\;\gment. The NSN6 [1.322(2) Al 38.7) is comparable to that observed for [M&PN;]Cl
a_nd NG-N7 [1.298(2) A] distances are shorter than &N (6 3P 37.8¥° but is much further downfield relative t8
single bond (1.431.75 A) but longer than a &N double (6 3P —32.2). This large difference is clearly due to the

bond (1.171.25 A)2 Because the PAN5 and P2-N7 : )

) . . S ... . absence of an opportunity for transannulunaiNPbonding
distances involving the exocyclic nitrogens are within . . . .

. . X . in 12. CompoundL1is a hygroscopic yellow oil whose ESI-

experimental error of their respective-R bond distances _
) . S . mass spectrum featured peaksréz = 368 and 155 for the
involving the endocyclic nitrogens, and as just noted the N {[(MesN)sPh(u-N2)} + and [SQCsHMe-4] fragments, re
N distances in the azido moiety are somewhat shorter thanspectizvelsy AT or g ’

N—N single bond, the resonance str_uctures showid and Reactions of YX(CH,NMe)sP with 4-Toluenesulfonyl
E would appear to be the major contributors. These resonance, _. . : . :
Azide. It is apparent that for tris(amino)phosphines, the

- e o, - formation of a transannularN bond is not a requirement
R;?/N\g/N\§R3 Rg/N\EéN\?RS for stabilizing an azidophosphonium ion. We therefore

D PR~ 1 E suspected that the basicities of untransannulatesd 2,
and of acyclic P(NMgs, are sufficiently similar to permit
structures are consistent with the bond lengths in thePPN  N—S bond cleavage i8 and9 to give 3 and12, respectively.

framework and also with the aforementioned PNN bond Hence, we decided to react 4-toluenesulfonyl azide with tris-
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Scheme 4
Ml\\e Me
/ N3SO,Ar N,
p 227, PN;SOAr ————————>
N\—N"F Ey0; YX = MeC N7 CH}CL; YX = MeC
Me$  CD{CN; YX=OP Mes CD:CN; YX = OP
Me Me
7, YX = MeC 13, YX = MeC; Ar = CgH Me-4
8,YX =OP 15, YX = OP; Ar = C¢H,Me-4
X
/S
=NSO,Ar
N/§P 0,
Mes
N

14, YX = MeC; Ar = CgH,Me-4
16, YX = OP; Ar = CgH,Me-4

(amino)phosphineg and 8 in Scheme 4 which have no
possibility for transannular bonding, possess a bicyclic
structure akin tol and 2, and, yet, contain less basic
tricoordinate phosphorus sit&sReaction of7 with 4-tolu-
enesulfonyl azide in diethyl either instantly gave the covalent
intermediate phosphazide MeC(@#Me);PNsSO,CeHsMe-4

(13) as a white solid in quantitative yield (Scheme 4). A
CH,CI; solution of13 upon stirring at ambient temperature
for 12 h gave iminophosphorariet in quantitative yield.
Phosphazidd 3 is soluble in CHCGJ and CHCl,, but it is

Thirupathi et al.

Figure 3. Computer drawing of the molecular structureldf Hydrogen
atoms have been omitted for clarity.

Table 4. Pertinent Bond Distances (A) and Bond Angles (deg)ér

P—N(4) 1.570(1) P-N(3) 1.651(1)
P—N(1) 1.640(1) C(I¥N()-P 124.4(1)
P-N(2) 1.645(1) C(¥N(1)-P 112.9(1)
N(4)—P-N(1) 115.62(8) C(3¥N(@2)-P 120.0(1)
N(4)—P-N(2) 116.71(8) C(4¥N(2)-P 111.3(1)
N(1)~P-N(2) 105.10(7) C(5)N(3)-P 120.9(1)
N(4)—P-N(3) 109.90(8) C(6yN(3)-P 110.8(1)
N(1)—P-N(3) 104.63(7) P-N(4)-S 131.6(1)
N(2)—P-N(3) 103.58(7)

insoluble in ether and pentane and decomposed into uniden-

tified species upon storing in an GEN solution. Bicyclic
aminophosphin@ reacted within 30 min of mixing with 1
equiv of 4-toluenesulfonyl azide in GDON to give the
covalent intermediate phosphazidé as detected by'P
NMR spectroscopy (see below). PhosphaZilevas trans-
formed to the corresponding iminophosphorditen 69%
yield after 3 days in CBCN, from which 16 precipitated
(Scheme 4). The more sluggish rate of decompositiohbof
to its corresponding iminophosphorathé compared with
that of 13 to 14 may be attributed to the lower basicity of
the bicyclic phosphorus moiety ih5 as a consequence of

Compounds15 and 16 showed large®J(PP) spin-spin
couplings of 116.6 and 114.6 Hz, respectively, due to the
coupling with the P=O phosphorus. These values are much
higher than that observed fd& [3J(PP) = 14.03 Hz]’
Interestingly, théJ(PC) couplings involving the bridgehead
carbon of13 and14 are 30.33 and 31.85 Hz, respectively.
A similarly large 3J(PC) value was also observed for
structurally related compounds of the type MeCgNIes)s-

PX [X = lone pair (25.9 Hz), X= O (30.8 Hz), S (25.4
Hz), and Se (24.4 HZA} and also for the tris(iminophos-
phine)cyclohexyl derivativegis-1,3,5-GHgX3 [X = N=

the presence of the OP group which is expected to be moreP(NMeCH,)sCMe; 2J(PC) = 26.97 Hz]?’ These substantial

electron withdrawing than the MeC groupiB. Compound
16 is a colorless crystalline material, soluble in CH@hd
CH,CI;, but insoluble in CRCN. Attempts to synthesize
[(R3P)(u-N3)][SO.CeHsMe-4] (RsP = 7 or 8), a structural
analogue of6 and 11, were not successful. For example,
compound? upon reaction with 0.5 equiv of 4-toluenesulfo-
nyl azide in diethyl ether gavd3 in 50% yield with
unreacted7 remaining in solution. Compoun@ upon
reaction with 0.5 equiv of 4-toluenesulfonyl azide in £D
CN produced a complex mixture.

The ESI-mass spectrum &8 showed peaks atVz = 357
and 356 corresponding to the iminophosphorate+{ H
and14) indicating a rapid decomposition @f3 to 14 under
mass spectral conditions. Compoub@ showed a peak at
m/z = 377 corresponding tole + H)*. The 3P NMR
spectrum of13 showed a singlet at 34.87 ppm which is
comparable to that observed for MeC(H/e);sPNsPh (©
31p 33.7)%® On the other hand, compountb showed a
doublet at 26.19 ppm for th&{)sPNs; moiety due to coupling
with the O=PG; phosphorus. Thé&'P NMR chemical shift
for 14 (6 3P 16.7) compares well with that reported for the
iminophosphorane MeC(GNMe);P=NPh © 3P 11.5)?°

(25) Kroshefsky, R. D.; Verkade, J. Giorg. Chem1975 14, 3090-95.
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3J(PC) couplings observed fdt3 and 14 and the3J(PP)
couplings observed foit5 and 16 can be associated with
their bicyclic structures which provide three through-bond
coupling pathways for the bridgehead atoms.

The molecular structure df4 is shown in Figure 3, and
selected bond lengths and angles are given in Table 4. The
geometry at the phosphorus atom is distorted tetrahedral with
NPN angles varying from 103.58(7}0 116.71(8). The
average P-N distance involving the cage nitrogens [1.645-
(1) A] is comparable to that observed in (AsP=NH (av
P—N = 1.666(1) A but is significantly longer than that
observed in MeC(CENMes3),P=0 (av P-N = 1.590(8)
A).29 The exocyclic P-N4 distance in14 [1.570(1) A] is
also comparable with that observed for the=NP link in
(Me;N)sP=NH [P—N = 1.557(1) A]?2® The degree of
deviation from planarity for the cage nitrogens 14 is
perhaps somewhat more pronounced (angle sums around N1,

(26) Kroshefsky, R. D.; Verkade, J. ®hosphorus Sulfur Relat. Elem.
1979 6, 397—-403.

(27) Liu, X.; Thirupathi, N.; Zhang, G.; Guzei, I. A.; Verkade, J. G. To be
published.

(28) Mitzel, N. W.; Lustig, CJ. Chem. Soc., Dalton Tran$999 3177
83.

(29) Clardy, J. C.; Kolpa, R. L.; Verkade, J. Bhosphorus Relat. Group
V Elem.1974 4, 133-41.



Tris(amino)phosphines with Arylsulfonyl Azides

Scheme 5

(ON);P+N;S0,Ar —L = (3N),PN,SOAr

§

v
[(>N)3PN3P (N )31" SO,Ar <=———— [(ON);PN3]* SOAr
(ON);P

I

(SN);P=NSO,Ar + N,

N2, N3=352.3, 345.4, and 346.0, respectively) compared
with those observed in (MBl);P=NH (angle sums around
Me,N nitrogens= 343.5, 358.3, 3570 and in MeC(CH-
NMe);P=0 (angle sums around nitrogers358.4, 355.4,
and 357.4).2°

Conclusions.In their reactions with arylsufonyl azides,
proazaphosphatrangésnd2 as well as the acyclic analogue
P(NMe); are sufficiently basic to promote NS bond
cleavage in the neutral arylsulfonyl azide Staudinger inter-

tion. (Steric stabilization to Nelimination of such azido
intermediates formed from trialkyl phosphines has been noted
by others®) However,7 and8 are not sufficiently basic to
completely complement steric hindrance in stabilizing these
neutral intermediates to Melimination. (Thus, in addition
to steric bulk, increased phosphine basicity has also been
noted to stabilize such intermediates tpellmination®) The
lower basicity of8 compared with7 (owing to the electron
withdrawing nature power of the-€P group in6) may be
responsible for the substantially slower decomposition rate
of the neutral intermediate f&formed in path | of Scheme
5. The lower basicity of botff and8 compared withl, 2,
and (MeN)sP is in all likelihood also responsible for our
failure to stabilize the cation formed via path IV, indicating
that equilibrium Il in Scheme 5 lies strongly in favor of the
neutral intermediate in the cases®&nd8.

The leaving group properties of the arylsulfonyl group in

mediate to permit azidophosphonium ion formation as our study affords an alternate decomposition pathway from
depicted in Scheme 5 via paths | and Il. In the case of the the usual N elimination route observed with Staudinger

proazaphosphatranes, however, the azidophosphonium catiomtermediates. Thus, a sufficiently basic phosphine [tris-
is stabilized by transannular bonding in the cage (confirmed (amino)phosphines in our work], in the presence of an azide
by a molecular structure determination) whereas the analo-reagent, allowed observation for only the second time (see
gous acyclic azidophosphonium cation formed from {N)eP Introduction) the formation of an azidophosphonium and an
is not. Hence, the acyclic arylsulfonyl azide intermediate has azido-bis-phosphonium salt. Noteworthy is the recent report
the additional option of decomposing to the corresponding by other$! that the reaction of alkylsulfonyl azides with

acyclic iminophosphorane represented in pathway Il in arylphosphines readily leads to the corresponding imino-
Scheme 5 via equilibrium 1I. Azidophosphonium cations phosphine, rather than affording stable intermediate neutral

formed from proazaphosphatrans2, and (MeN)sP can
also be stabilized as azido-bis-phosphonium cations upon
reaction with an additional molecule of tris(amino)phosphine
(path IV in Scheme 5). In this transformation, the azi-
doproazaphosphatrane cations lose their transannulated co
figuration owing to the presence of a second phosphorus to
which the positive charge can be delocalized.

The bicylic tris(amino)phosphines representedtand8
are less basic than either proazaphosphatraresd 2 or
(MezN)sP, although they are not significantly less sterically
hindered. Their decreased basicity stems from constraint

in the cage framework which cause a decrease in the PNC

angles upon bond formation of the phosphorus with a Lewis
acid resulting in rehybridization of the N from % sp.%°

Because of this decreased basicity, the corresponding neutraf

Staudinger intermediates formed frofrand 8 in path | of
Scheme 5 are less prone to form the corresponding azi-
dophosphonium salts via equilibrium pathway Il. Compounds
7 and 8 are apparently sufficiently sterically hindered,
however, that their corresponding neutral Staudinger inter-
mediates are somewhat stabilized with respecttelixhina-

or cationic azido phosphines.
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