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2-Isopropyl(trimethylsilyl)amino-143-phosphaalkyne 1 reacts with potassium tert-butoxide to form potassium 1-isopropyl-
1-aza-3/3-phospha-3-allenide (2). This compound was structurally characterized as the corresponding 18-crown-6
ether complex 3. The molecular structure of 1 was also determined in order to compare the bonding situation in
the anion and the neutral A3-phosphaalkyne. Compound 3 contains a nitrogen—carbon—phosphorus group for which
the parameters were shown by X-ray structural analysis and quantum chemical calculations to lie between the
extrema N-C=P and N=C=P, suggesting reactivity typical of an ambident anion. This is indeed the case, as
subsequent reaction of 2 with chlorotrimethylsilane at nitrogen regenerates the A%-phosphaalkyne 1; with
chlorotriphenylsilane the new derivative 4 is formed. In contrast, chlorotrimethylstannane reacts at phosphorus,
giving the 1-aza-3A3-phosphaallene isopropyliminomethylidene(trimethylstannyl)phosphane 5.

Introduction mally unstable (R= MesSif MesSi—0, F2 CI°) or
highly reactive (notably (dmg)i—O—C=P!°[(dme)Li] *-
[S—C=P]" 1), restricting the scope of the investigations
into their chemistry. Very recently the compounds {Ph
[(FsC)sB—C=P] and [PhP][(FsC)sB—C=As] have been
reportedt? their unusually high thermal stability will prob-
ably open a new chapter ins-phosphaalkyne ands-

Aarsaalkyne chemistry.

Since the synthesis of the thermally statdet-butyl-A3-
phosphaalkyne in 1981 the chemistry ofl3-phosphaal-
kynes R-C=P has become a well-developed fiél&ev-
eral other stable alkyl- and argf-phosphaalkynes, notably
where R= 1-adamanty?, 2,4,6-trimethylphenyl (Me$)and
2,4,6-tritert-butylphenyl (Mes*); have been subsequently
synthesized and their chemical properties investigated.

few heteroatom-substitute®-phosphaalkynes have also 1€ nitrogen-substituted heteiphosphaalkynes are
been obtained and characterized, but these are either ther"OWn 10 have a quite different reactivity when compared
to the alkyl- and aryl-substituted compounds due to the

* To whom correspondence should be addressed. E-mail: becker@ influence of the heteroatom lone pair on the charge distribu-

iac.uni-stuttgart.de. P H P 3,14
T Dedicated to Prof. Hubert Schmidbaur on the occasion of his 70th tion in the multiple bond:
birthday.
* Universita Stuttgart. (6) Appel, R.; Westerhaus, Aletrahedron Lett1981, 22, 2159.
8 Universitd Bonn. (7) (a) Heckmann, G.; Becker, G.; Kraft, iMagn. Reson. Chemi999
I'Universita MUnster. 37, 667. (b) Kraft, H. Dissertation, Universit&tuttgart, Germany,
(1) Becker, G.; Gresser, G.; Uhl, Vi. Naturforsch 1981, 36B, 16. 2000.
(2) (a) Regitz, M. InMultiple Bonds and Low Coordination in Phosphorus (8) Kroto, H. W.; Nixon, J. F.; Simmons, N. P. Q. Mol. Spectrosc.
Chemistry Regitz, M., Scherer, O. J., Eds.; Thieme: Stuttgart 1990; 198Q 82, 185.
p 58. (b) Dillon, K. B.; Mathey, F.; Nixon, J. FPhosphorus: The (9) Guillemin, J. C.; Janati, T.; Guenot, P.; Savignac, P.; Denis, J. M.
Carbon Copy— From Organophosphorus to Phospha-organic Chem- Angew. Chem., Int. Ed. Endl991, 30, 196.
istry; John Wiley and Sons: Chichester, U.K., 1998; p 40. (c) Mathey, (10) (a) Becker, G.; Schwarz, W.; Seidler, N.; Westerhauserz,.Mnorg.
F. Angew. Chem Int. Ed.2003 42, 1578. Allg. Chem 1992 612 72. (b) Becker, G.; Heckmann, G.; bler,
(3) Allspach, T.; Regitz, M.; Becker, G.; Becker, \Bynthesi4<986 31. K.; Schwarz, W.Z. Anorg. Allg. Chem1995 621, 34.
(4) Mack, A.; Pierron, E.; Allspach, T.; Bergssser, U.; Regitz, M. (11) Becker, G.; Hhler, K. Z. Anorg. Allg. Chem1994 620, 405.
Synthesis998 1305 (12) Finze, M.; Bernhardt, E.; Willner, H.; Lehmann, C. Ahgew. Chem.,
(5) Markl, G.; Sejpka, H.Tetrahedron Lett1986 27, 171. Int. Ed. 2004 43, 4160.
3080 Inorganic Chemistry, Vol. 44, No. 9, 2005 10.1021/ic048162+ CCC: $30.25  © 2005 American Chemical Society

Published on Web 04/07/2005



KT['PrN=C=P]~, A 1-Aza-33-phospha-3-allenide

2-(2,2,6,6-Tetramethylpiperidino}*phosphaalkyneX)*®
and the thermally unstable 2-(diisopropylamindj-phos-

phaalkyne B)*¢ have both been structurally characterized.
No reactions, however, have been reported for the former,
whereas several products of the latter are known: Grobe et I

al. treatedPrL,N—C=P with diazo compound¥;*”and Hahn
and co-workers treated it with Arduengo carbéaés give
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Appel and Poppé During our studies we have observed

five-membered heterocycles. Furthermore, Grobe et al. i the elimination of hexamethyldisiloxane using catalytic

reacted'PL,N—C=P with RC—P=CF, to furnish a 1,2-
dihydro-123,313-diphosphete via [22] cycloaddition; they
also studied the methylation of ttié-phosphaalkyne as well

as reactions with chalcogens and with several metal com-

plexes!® In contrast, although 2-isopropyl(trimethylsilyl)-
amino-13-phosphaalkyné shows a remarkably high thermal

stability'° to our knowledge, only three investigations by

amounts of powdered sodium hydroxide in tetraethylene
glycol dimethyl ether (tetraglyme) leads to variable yields
for this step (between 4 and 45%); for this reason other
potential elimination catalysts, such as tetrbutylammo-

nium fluoride® or aluminum trichloridé were investigated.

Anhydrous zinc chloride was finally chosen, which results
in reproducible yields for this step of about 50% and avoids

Niecke, Streubel and co-workers into the chemistry of this o need to use a solvent (Scheme 2).

compound have been carried out to date; typical reactions

are shown in Scheme?.
The lack of intensive studies infiois surprising, especially

when considering the additional possibility of modifying one

of the substituents of thé&3-phosphaalkyne itselihamely

the trimethylsilyl group. Here we present the crystal structure

of 1, the synthesis and reactivity of the 1-azZ&-Bhospha-
3-allenide anior? formed by reaction ofl with potassium

tert-butoxide, the structure of the corresponding 18-crown-6

ether complex3, and the preparation of the triphenylsilyl
derivative4.2!

Results and Discussion

2-Isopropyl(trimethylsilyl)amino-1 A3-phosphaalkyne (1).
The synthesis of compountl was originally reported by

(13) (a) Hahn, F. E.; Wittenbacher, L.; Le Van, D.; Rifioh, R.; Wibbeling,
B. Angew. Chem., Int. ER00Q 39, 2307. (b) Hahn, F. E.; Le Van,
D.; Moyes, M. C.; von Fehren, T.; Fntich, R.; Wiuthwein, E.-U.
Angew. Chem., Int. EQ001, 40, 3144.

(14) Grobe, J.; Le Van, D.; Hegemann M.; Krebs, B:geaM. Chem.
Ber. 1992 125 411.

(15) (a) Markovskii, L. N.; Koidan, G. N.; Marchenko, A. P.; Romanenko,

V. D.; Povolotskii, M. I.; Pinchuk, A. M.J. Gen. Chem. USSF989

59, 1912. (b) Chernega, A. N.; Koidan, G. N.; Marchenko, A. P.;

Korkin, A. A. Heteroatom Chenil993 4, 365.

(16) (a) Grobe, J.; Le Van, D.;'lth, B.; Hegemann, MChem. Ber199Q
123 2317. (b) Becker, G.; Buinger, M.; Gleiter, R.; Pfeifer, K.-H.;
Grobe, J.; Le Van, D.; Hegemann, i@hem. Ber1994 127, 1041.

(17) Grobe, J.; Le Van, D.; Immel, F.; Krebs, B.;d& M. Chem. Ber
1996 129 1271.

(18) (a) Grobe, J.; Le Van, D.; Broschk, B.; Hegemann, M:th,B.;
Becker, G.; Baringer, M.; Wuthwein, E.-U.J. Organomet. Chem

1997 529 177. (b) Grobe, J.; Le Van, D.; Hegemann, M.; Krebs, B.;

L&age, M. Heteroatom Chemil994 5, 337. (c) Grobe, J.; Le Van, D.;
Pohimeyer, T.; Immel, F.; Pucknat, H.; Krebs, B.; Kuchinke, Jgd,a
M. Tetrahedron200Q 56, 27. (d) Grobe, J.; Le Van, D.; Immel, F.;
Hegemann, M.; Krebs, B.; lge, M.Z. Anorg. Allg. Chem1996 622,
24. (e) Grobe, J.; Le Van, D.; Hegemann, M.; Krebs, B.g&aM.
Chem. Ber1993 126, 63. (f) Grobe, J.; Le Van, D.; Hegemann, M.;
Krebs, B.; Lge, M. Angew. Chem., Int. Ed. Engl992 31, 95.

(19) Appel, R.; Poppe, MAngew. Chem., Int. Ed. Endgl989 28, 53.

(20) (a) Niecke, E.; Streubel, R.; Nieger, M.; Stalke, Ahgew. Chem.,
Int. Ed. Engl.1989 28, 1673. (b) Streubel, R.; Frost, M.; Nieger, M.;
Niecke, E.Bull. Soc. Chim. Fr1993 130, 642. (c) Streubel, R.; Ernst,
L.; Jeske, J.; Jones, P. G.Chem. Soc., Chem. Comm@@95 2113.

Scheme 2. Synthesis ofl
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The structure ofi3-phosphaalkyné was then determined
by X-ray diffraction (Experimental Section, Table 2) using
a single crystal that had been prepared by zone-melting the
compound (mp—42 £ 2 °C) in a 0.3-mm capillary? The
molecule is characterized by a crystallographically imposed
mirror plane containing the-PC—N group and the atoms
C1, Si, and C21 (Figure 1). The linearity of the-8—N
group (178.68(10) compares well with that of 2-(2,2,6,6-
tetramethylpiperidino)-2>-phosphaalkyneX) (178.9(1y)°
and diisopropylamino-E-phosphaalkyneR) (179.2(2)).16°
This is also true of the P,C bond length (1.5578(4) A, cf.
1.559(2), 1.552(2) A), but the distance is longer than that of
Bu—C=P (1.536(2), 1.542(2) A% Similarly, the neighbor-
ing C,N bond length (1.315(2) A) compares well with those
of the other two structurally characterized amino-substituted
A3-phosphaalkynes (1.316(2) and 1.312(3) A), but is drasti-
cally shortened with respect to the standard value corrected
for Cs—Nsp (1.40 A)24 This lengthening of the P,C triple

(21) These results have been partially presented as poster P60 Jat the
European Silicon DaysMunich, 6 September 2001, which was
subsequently published as: Becker, G.; Ditten, G.; Horner, S.; Maulitz,
A. H.; Wirthwein, E.-U. InOrganosilicon Chemistry /- From
Molecules to Materials Auner, N., Weis, J., Eds.; Wiley-VCH:
Weinheim, Germany, 2003; p 307.

(22) Simon, A.; Deiseroth, H.-J.; Westerbeck, E.; Hilléettkn B.Z. Anorg.
Allg. Chem 1976 423 203.

(23) (a) Oberhammer, H.; Becker, G.; Gresser,JGMol. Struct 1981,

75, 283. (b) Chernega, A. N.; Antipin, M. Y.; Struchkov, Y. T.;
Meidine, M. F.; Nixon, J. FHeteroatom Cheml99], 2, 665.
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Figure 1. Molecular structure of the heteroatom-substitutephos-
phaalkynel (30% probability ellipsoids). Selected bond lengths and angles
are presented in Table 1.

bond and a shortening of the neighboring C,N single bond
along with the trigonal planar environment of the nitrogen
atom (sum of angles 36C0)Qindicates a strong electronic
interaction of the nitrogen lone pair with thesystem of
the G=P group. Without doubt, this interaction contributes
considerably to the thermal stability of compouhdt seems

to be much higher than ii3-phosphaalkynés, and, in our
opinion, might be further attributed to steric and electronic
effects of the trimethylsilyl substituent at nitrogen {$i
1.7738(11) A).

Potassium 1-Isopropyl-1-aza-33-phospha-3-allenide (2)
and the 18-Crown-6 Complex 3.Compound2 was syn-
thesized quantitatively by dropwise addition #¥phos-
phaalkynel to a solution of one equiv of potassiutert-
butoxide in dry, oxygen-free THF at50 °C under argon
(Scheme 3). The reaction mixture was allowed to warm to
room-temperature overnight; after removal of solvent and
volatile tert-butoxytrimethylsilane under vacuum, the product
could be isolated as a yellow powder and characterized by
NMR spectroscopy.

Scheme 3. Synthesis and Reactions of KPrN=C=P]~ (2)
+ KOBu
; — Me,;SiOBu 2
PI'\ —_— Pr\ 1=
N-czp = N=C=P ' K*
Me,Si + Me,SiCl
1 —Kcl
+ KOBu + Ph,SiCl
—Ph,SiOBu — KCI
i Pr
N-C=P
/7
Ph,Si
4

The conversion of compountito the anion2 is accom-
panied by a large upfield shift of th&P{'H} signal from
—137.6 (GDg)?® to —228.4 ppm (THFdg), indicating an at
least partial localization of negative charge at phosphorus.
In our opinion the electronic situation resembles that of
2-amino-143-phosphaalkene$.Whereas the P,@ bond of

(24) Pauling, L.The Nature of the Chemical Bond and the Structure of
Molecules and Crystaj<Cornell University Press: Ithaca, NY, 1960;
p 228.

(25) Heckmann, G.; Becker, G.; Horner, S.; Richard, H.; Kraft, H.;
Dvortsak, P.Z. Naturforsch. B2001, 56, 146.

3082 Inorganic Chemistry, Vol. 44, No. 9, 2005

Becker et al.

Table 1. Selected Experimental and Calculated Bond Lengths (A) and
Angles (deg)

1exp Llead 3exp [i Pr—N=C= P]_ b

C—P 1.558(1) 1.5721 1.603(3) 1.6256
N—-C 1.315(2) 1.3261 1.248(5) 1.2638
C1-N 1.499(2) 1.5036 1.490(6) 1.4574
Si—N 1.7738(11) 1.8038

N—-C—P 178.68(10) 179.70 174.8(3) 177.95
C1-N-C 117.01(10) 118.14 119.3(4) 121.17
C-N-Si  123.48(9)  121.75

aB3LYP/6-31+G(d,p), —962.04041 au.®B3LYP/6-3LG(d,p),

—552.77259 au.

the parent compound HP=CH, has been shown by
guantum chemical methods to be essentially nonpolar, the
m electron density of the amino-substituted derivative
H~P=C(H)NH, was calculated to be inverted with a
substantial negative charge at phosphorus and a positive one
at nitrogen. For this class of®-phosphaalkenes, upfield
shifted3'P{'H} signals are also typical.

To obtain crystals for further structural characterization,
one equiv of 18-crown-6 was added to a THF solution of
2; after cooling to 5°C for one week, yellow tablets of
complex3 had deposited. Th&'P{'H}, **C{H}, and'H
chemical shifts and corresponding coupling constants are
almost identical to those of the crown ether-free product
2. Extremely large isotope shifts are characteristic for
A%-phosphaalkynes; to verify this for compoun@snd 3,
detailed NMR experiments have already been carried out
and published along with those of thg-phosphaalkyne
(dme)K—O—C=P2?

As shown by an X-ray structural analysis on compBx
the potassium cation and the=\C=P unit lie on a mirror
plane which dissects the isopropyl group and the 18-crown-6
ligand at atoms O1 and O4. The potassium ion is found 0.589
A above the average plane of the oxygen atoms of the crown
ether. The R=C=P unit lies such that both the=NC and
C=P bonds can interact in aj¥ fashion with the potassium
cation and is slightly tilted by 69with respect to the plane
of the crown ether. The NCP angle (174.8]3} less than
the 180 expected for cumulative double bonds. Since the
nitrogen and phosphorus atoms are both characterized by
relatively high negative partial charges (see below) and
nonbonding electron pairs, the observed deviation from
linearity might be a consequence of Coulomb interactions
between cation and anion. However, as this deviation from
linearity is slight, it is expected to be far too small as to
affect the bonding situation. Further bond lengths and angles
are summarized in Table 1.

The bonding situation in the anion can be best described
as lying between two extrema, namely a (phosphanetriyl-
methyl)amide and an iminomethylidenephosphanide (1-aza-
34%-phospha-3-allenide), depending on the formal localization
of the negative charge at either nitrogen or phosphorus
(Figure 3). From a very elementary viewpoint, the mesomeric
amide form is favored by the higher electronegativity of
nitrogen (N, 3.07, P, 2.06Y, but is disadvantageous with

(26) Weber, L.Eur. J. Inorg. Chem200Q 2425.
(27) Allred, A. L.; Rochow, E. GJ. Inorg. Nucl. Chem1958 5, 264.
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Scheme 4. Modes of Stabilizing 1-Aza-8-phosphaallenes
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Figure 2. Molecular structure of comple8 (30% probability ellip- . Mqlecqles_contalnlng a NC=P unit norma”y stabilize
soids, hydrogen atoms omitted for clarity). For bond distances and Via dimerization of the &P bond (Scheme #)unless bulky

angles see '{a)ble 1. Select(zd)contact distargc;es and an?k)eb"&a\lm?(@, groups are preseﬁQ.The anion2 is, however, remarkably
C-+K 3.041(4), P--K 3.404(1), k+-O 2.818(2) to 2.898(2) A; PC---K . -

: ' : stable as the monomer; no significant change was observed
88.7(1), G-P-*K 63.3(1), G-N--K 71.1(2), O--K---O 58.76(4) to ; ' : )
58.57(5). in 31P{*H} NMR spectra obtained over a period of many

months, and the compound only decomposes at temperatures
\ N above 168°C. This stability is due in part to the negative
@lN‘CE” - \N=C=F}® charge preventing oligomerization, which has also been
_ o _ _ observed for the compounds (drig)-O—C=P¥ and
Ecl)gr#‘r)%uisn.dzMesomerlc amide and phosphanide forms of the anion of [(dme);Li]*[S—CEP]fll and very recently for the anions
' [(FsC);B—C=P]  and [(RC);B—C=As] .12

respect to the formation of a phosphorasrbon triple bond. Quantum Chemical Calculations for 2. To further
In contrast, the phosphanide form is characterized by the confirm the nature of thé>-phosphaalkynel and of the
conversion of a nitrogencarbon single bond (average bond [Pr=N=C=P]" anion derived from it, structural param-
energy 72.80 kcal mot) to an energetically more stable eters in the gas phase were calculated by complete geom-
double bond (147 kcal moh?® and a reduction of the €ty optimizatiops utilizing the DFT method BSLYE’/
phosphorus carbon bond order. In the case of the (18-crown- 6-31+G(d,p) as implemented in the GAUSSIANOS series
6)-potassium complex, the major IR band is found at of programs®? Both structures observed in the solid state
1734 cntl, which lies between values determined for (Figures 1 and 2) correspond to minima on the potential
RRN—C=P (15881 160815 16426 cm1) and energy surface calculated for the gas phase. The theoretical
RN=C=PR molecules (1830 to 1915 cr#).2° All these data compare well with the parameters determined in the
frequencies have been assigned to the asymmetric-NP X-ray struptural analyses, and are also summarized in Table
stretch2® 1. For the [Pr—N=C=P]~ anion a gauche conformation with

Furthermore, the intermediate bonding situation is also "eSPect to the NC1 bond (torsional angle €N—C1-H
clearly reflected in the P,C and N,C distances of the anion. 40.03) is calculated to be more stable than @structure
As can be seen in Table 1, the P,C bond of compex DY 1.72 kcal mot™.
(1.603(3) A) is elongated with respect to the P,C triple bond ~ Additionally, calculated natural population analysis
in the A>-phosphaalkyné (1.558(1) A), and shortened with ~ charge®’ were determined fori*-phosphaalkynel and
respect to the corresponding P,C distances of the 1-#%za-3

Pr iPr
AN

(31) (a) Wentrup, C.; Briehl, H.; Becker, G.; Uhl, G.; Wessely, H.-J.;

phosphaallenes Mes*N=C=P—Ph (1.651(3) A}® and Maquestiau, A.; Flammang, R. Am. Chem. Sod.983 105 7194.
Mes*—N=C=P—CgH4-4-Cl (1.642(5) A)3°c Correspond- (b) Becker, G.; Becker, W.; Uhl, G.; Uhl, W.; Wessely, H.-J.
ingly, the situation is reversed for the C,N bond: the carbon \F;\?ec’sss‘gl‘;rﬁj;!f%ngoﬁg_1/3]; : ((:‘f])eﬁfl‘gkgeé' 5G3';1 %’feéaﬁplézll' \év

nitrogen bond in3 (1.248(5) A) is shorter than that df Behnke, CZ. Anorg. Allg. Chem1987, 555, 23.

eskl=C= (32) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
(1'315(2) A) and Ionger than those of M C=P—Ph M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr.;

(1.209(4) A) and Mes*N=C=P—C¢H,-4-Cl (1.214(6) A). Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels,
The above data thus clearly show a bonding situation lying C- %: qui’\r/ll, KéN-: StraRin, ,Olfl C; Farléas,PO.; Tlclgmési,AJd; Baroee,
— _ .; Cossi, M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.;
between N-C=P and N=C=P forms. Clifford, S.; Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.;
Morokuma, K.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.;
(28) King, R. B., Ed.Encyclopedia of Inorganic Chemistryohn Wiley Foresman, J. B.; Cioslowski, J.; Ortiz, J. V.; Stefanov, B. B.; Liu, G.;
and Sons: Chichester, U.K., 1994; Vol. 1, p 304. Liashenko, A.; Piskorz, P.; Komaromi, I.; Gomperts, R.; Martin, R.
(29) Escudie J.; Ranaivonjatovo, H.; Rigon, lChem. Re. 2000 100, L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara,
3639. A.; Gonzalez, C.; Challacombe, M.; Gill, P. M. W.; Johnson, B. G.;
(30) See for example (a) Kolodiazhnyi, O.Tletrahedron Lett1982 23, Chen, W.; Wong, M. W.; Andres, J. L.; Head-Gordon, M.; Replogle,
4933. (b) Yoshifuji, M.; Niitsu, T.; Toyota, K.; Inamoto, N.; Hirotsu, E. S.; Pople, J. A.Gaussian 98 revision A.6; Gaussian, Inc.:
K.; Odagaki, Y.; Higuchi, T.; Nagase, Bolyhedron1988 7, 2213. Pittsburgh, PA, 1998.
(c) Zhou, X.-G.; Zhang, L.-B.; Cai, R.-F.; Wu, Q.-J.; Weng, L.-H.;  (33) Glendening, E. D.; Reed, A. E.; Carpenter, J. E.; WeinholtBO,
Huang, Z.-EJ. Organomet. Chen200Q 604, 260. Version 3.1 as implemented in G98.
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possibility that the silyl group attacks at phosphorus first and
then rapidly migrates to nitrogen in order to form the
energetically favored3-phosphaalkyne (Scheme 4) is con-
sidered unlikely but cannot be discounted.

As deduced from quantum chemical calculations, soft
electrophiles such as chlorotriorganylstannanes are expected
to attack at phosphorus. Indeed, the reaction of compound
2 with chlorotrimethylstannane in THF at50 °C fur-

- { the'p | c nished isopropyliminomethylidene(trimethylstannyl)phos-
Figure 4. Depiction of the HOMO of the 'PrN=C=P]~ anion Cs iPr—N=C=Pp— 31pf 1 _
stgucture, RHF/p6-31 G*) generated with the program Titan (ref 35). E’:;ni)l(af:ibli;ls E(I:Sirl?gl(inal\t/lﬁé?é :;Bren ;écgr}npl)\la'\r/:llz dSkF));i)ne
the [Pr—N=C=P]" anion. Whereas for compound set of119%Sn and'’Sn satellites. The influence of tin can be

values of—0.887 at N—0.306 at C. and-0.306 at P reflect  S€€n in the considerable upfield shifting of the signal relative
the electronegativity of the elements involved, in the ©Otherknown RN:C;PR compoijndsf99 to—135 ppm,
[[Pr—N=C=P]~ anion a charge distribution of0.665 at R, R = alkyl, aryl). Th.e largeJesn c;ouplmg constant
N, —0.156 at C, and-0.274 at P suggests that it may be (719.5 Hz) proves the existence of a direct phosphetins

regarded as an ambident anion. Thus, whereas hard electrobond’ and strong, broad bands at 1908 and 1879"ém

philes would be expected to attack preferentially at the _the lR_ spgctru_m are_typ?cal for a=P\_C=P gr(_)up2.9 Further
nitrogen center, the largest HOMO coefficient of the anion investigations into this highly reactive species as well as the
is found at phosphorus (Figure 4), and along with a isolation and crystal structure of the homologous triphenyl-
significant negative charge at this atom, the possibility of stannyl derivative, which is stabilized by rapid dimerization

the anion also reacting with soft electrophiles via attack at 2ccording to Scheme 4, will be the subject of a future
phosphorus is also conceivaBfe. publication.

Reactivity of 2. To establish the chemical behavior of the th IT%urfpm'O%’ thhe reshultssdtTls cr.lged ag\;‘e clfagly indicate
1-aza-33-phospha-3-allenid, reactions with hard electro- atthe 1-aza-s-phospha-s-afienide aniciinas to be con-

philes such as chlorotriorganylsilanes were carried out. sidered as the gonnectlng ||nk between wo classes of com-
Addition of one equiv of chlorotrimethylsilane in THF, pound, namely iminomethylidenephosphanes and 2-amino-
followed by removal of solvent in vacuo, extraction into 14%-phosphaalkynes. Interestingly, the close relationship
hexane, and filtration to remove potassium chloride leads gsg’:ﬁf:] ;Egl?neicglisalZl(jlgtic:ﬁg%r:qﬂ%/hebﬁsgrot;%rrrlotfgrris;s/ ets’?’
back to compound, as confirmed by comparing spectro- ’

: pe y paning sp the two parent compoundsHP=C=N—H and F=C—NH,
scopic data with those of an authentic sample. This result

agrees very well with the quantum chemical calculations. differ in energy by merely 0.27 keal mdi*®

Similarly, chlorotriphenylsilane reacts with compouRd  Conclusions
to form the analogou&®-phosphaalkynd. This is converted
back to the 1-aza/3-phospha-3-allenid2 when treated with
an equimolar amount of potassiutart-butoxide, as ex-
pected (Scheme 3). As described in detail for compotind
in the Experimental Section, after filtration and removal of
the solvent cyclopentane, an oil remained, which was
subsequently used for NMR spectroscopic studies. Cooling
a solution of the oil in hexane t&5 °C for 5 days, however,
resulted in the precipitation of a yellow powder. The
NMR spectrum and an elementary analysis showed this
powder to contain 2-isopropyl(triphenylsilyl)amin@®lphos-
phaalkyne4 which had cocrystallized with two and a half
equiv of hexane.

To confirm that the triphenylsilyl substituent is bound to
nitrogen and not phosphorus requires a comparison of the
pertinent NMR data of derivativel with those of the
trimethylsilyl compound1?® (in brackets):3'P{*H} —129.5 Experimental Section

- 3Jpe = 13071

ppm ¢ 1-37'6)’ Jpsi = 3.1 Hz (3.5),“C{*H} 154.1 ppm Solvents were dried with sodium/benzophenone (THF) or lithium

(153.9),"9cp = 21.4 Hz (13-2?- FU"_thermore' the position of  gluminum hydride (cyclopentane;hexane) and distilled under

the IR band at 1588 cm is identical to that reported for  argon; other chemicals were used as received and all reactions

1.1 Thus 1-aza-&-phospha-3-allenid2 indeed reacts with

i N (35) Titan, version 1.05. Wavefunction, Inc.: Irvine, CA and Sdimger,

hard electrophiles to form amint-phosphaalkynes. The Inc.: Portiand, OR. 1099 2000,

(36) Cheng, X.; Zhao, Y.; Li, L.; Tao, XJ. Mol. Struct. (THEOCHEM)

(34) Pearson, R. GChemical Hardnes3dyiley-VCH: Weinheim, Germany, 2004 682 137. See also: Nguyen, M. T.; Hegarty, A. -.Chem.
1997. Pearson, R. G.; Songstad).JAm. Chem. So04967, 89, 1827. Soc., Perkin Trans. 2985 2005.

The removal of the trimethylsilyl group of th&-phos-
phaalkynel with potassiuntert-butoxide provides a facile
route to the 1-azaA3-phospha-3-allenide ania?y the first
representative of this type of compound to be characterized.
It contains a nitrogencarbon-phosphorus group for which
the parameters were shown by X-ray structural analysis and
guantum chemical calculations to lie between the extrema
N—C=P and N=C=P; this suggests the possibility of dual
modes of reactivity. Indeed, reaction with hard electrophiles
at nitrogen opens the way to new heteroatom substituted
A3-phosphaalkynes such as derivatide whereas with
softer electrophiles, attack at phosphorus leads to 1-aza-
34%-phosphaallenes. Investigations into the latter are currently
underway with trialkyl- and triaryltin chlorides and will be
published in due course.
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KT'PrN=C=P]~, A 1-Aza-33-phospha-3-allenide

were carried out under argon using standard Schlenk techniquesTable 2. Crystallographic Data fot and 3
NMR spectra were recorded on Bruker AM 200, AC 250, and

AM 400 MHz spectrometers, elementary analyses were carried out — ! - >
using a Perkin-Elmer Series Il Analyzer 2400, IR spectra were ﬁqn;mﬁz{rf%gga (;1';136255' Cl%?:’,)lﬁ’;oep
obtained with a Perkin-Elmer Paragon 1000 PC IR spectropho-  temp/k 173(2) 173(2)
tometer, and the Raman spectrum was recorded on a Dilor ISA space group P2:/m Pmr2;
XY 500 instrument. Melting points (uncorrected) were determined ~ &A 7.285(3) 14.3655(19)
' - : : L b/A 10.067(4) 8.8715(12)
using a Behi apparatus, with samples sealed in capillaries under oA 8.103(2) 8.4647(16)
argon. B Ideg 112.21(2)
Synthesis of 1.PrNCO (9.5 mL, 96.7 mmol) and (M8i):P F(0(3JO) 188 432
(25 mL, 86.1 mmol) were combined in diethyl ether (30 mL) under V;ém,l (5)53063(3) 3038178'88(3)
argon, resulting in a slight cooling of the pale yellow solution. After /;calcclg o3 1.046 1.242
the mixture had been stirred at room temperature for 5 days, the z 2 2
solvent was removed under vacuum and the product was distilled ~crystal dimensions/mm 20380.4 0.4x0.4x 04
(54-55 °C/ 5103 mmHg) to give a slightly yellow- or green- 6 range for data collection/deg 2+30.02 2.36-29.99
; Lo L ; . . GOF 1.083 1.029
tinged liquid (29-31 mL, 6) consisting of the isomer®r(Me;Si)- No. of reflections 3887 4133
NC(O)P(SiMg), andiPrN=C(OSiMe&)P(SiMe),). ZnCk (2 g) was unique reflectionsNo) 1689 2027
then heated to 1260C under vacuum (I mmHg) far 2 h in a No. of parameters\y) 89 124
two-necked 100-mL round-bottomed flask fitted with a pressure- FR%Q 8-8282 8-8229
equalizing dropping funnel and a Claisen condenser leading to a Wle (> 20(1))° 0.0858 00817

Schlenk tube followed by a cold trap cooled with liquid nitrogen.
After the ZnC} had cooled to room temperature, liq@avas then Cw;SOF[E(\[NZ(fEV(“?F ol _|F| TZC)Q)Z//(ZI\(‘SV (‘F 1\21);2)]]152 bWRl :1(/%|2F(t)'l ;) |Ec|())/( %)‘f 0J|r
. . . . . = — c : = O
added dropwise via the dropping funnel, resulting in a yellow yP. whereP — (CI’:OZ 2R3 K= 8_0557’}/ — 0.0442 (L‘)’; X = 0.0551,
coloration that darkened with time. After 12 to 18 h the solution y = 0.0559 g).
was dark yellow to orange-red; (M®i),O was then distilled into
the cold trap (46-60 °C/2—5 mmHg) followed byPr(MeSi)NCP m, 1468 s, 1270 s, 1145 m, 1138 m, 1071 w, 978 m, 870 s, 829 m,
(2) into the Schlenk tube (78C/0.6 mmHg; total yield based on 549 s.

(Me3Si)sP: 5.6 g, 38%). Synthesis ofPr(PhsSi)NCP (4). Dropwise addition of a 2.517
Synthesis of K[PrNCP] (2). Compound2 was synthesized by ~ Mol L™* solution (1.00 mL) of potassium 1-isopropyl-1-az&3
dropwise addition ofl (1 mL, 0.872 g, 5.033 mmol) to a stirred  Phospha-3-allenide] to a stirred solution of chlorotriphenylsilane

solution of one equiv of potassiutert-butoxide (0.565 g, 5.035 (742 mg, 2.517 mmol) in THF (30 mL) under argon-a50 °C

mmol) in dry, oxygen-free THF (20 mL) at-50 °C under resulted in a color change from dark to bright yellow. This solution
argon. The solution then darkened and was allowed to warm to Was allowed to warm to room temperature overnight; after removal
room-temperature overnight. The solvent ateft-butoxytri- of solvent in vacuo a yellow glassy solid remained. Cyclopentane

methylsilane formed were removed under vacuum to give po- (?5 mL) was then added and the resylting suspension was stirred,
tassium 1-isopropyl-1aza3phospha-3-allenide@ quantitatively filtered to remove potassium chloride, and then concentrated,
as a yellow powder, mp 168 (dec). Solutions of the productin ~ Whereupon the remaining potassium chloride separated. After further

THF (typically ca. 2.5 mol L), can be stored at 5C for many filtration the solvent was stripped completely to give a yellow oil,
months without significant decomposition (controlled BR{ *H} which was then used for IR and NMR studies. When, however,
NMR). n-hexane was added and the solution was then cooledbttC, 4

precipitated as a yellow powder cocrystallizing with hexane (633
mg, 44%; mp 1623 °C). Anal. Calc. for G;H,,NPSF2.5GH14:

C, 77.30; H, 9.99; N, 2.44. Found: C, 77.44; H, 9.94; N, 1.93
(hexane was observed in aH NMR spectrum of the analytical
sample).

NMR data for2 (THF-dg): 3'P{'H} (161.995 MHz, 27°C) ¢
—228.4 ppm (s, br)*H (250.134 MHz, 25°C) 6 3.27 (sept, 1H,
3Juw= 6.4 Hz, (H(CHjy)); 1.06 ppm (d, 6H.2Juy = 6.4 Hz,
CH(CHg),). 3C{*H} (62.896 MHz, 27°C) ¢ 177.9 (d,%cp =
47.8 Hz,CP); 51.6 (d,"Jep = 9.9 Hz, CH(CHy)); 24.6 ppm (s, NMR data for4 (THF-dg): 31P{1H} (161.995 MHz, 27°C) 6
CH(CHy),). _ 1295 ppm (s)2°Si IH} (79.495 MHz, 27°C) 6 —9.27 ppm (d,

Synthesis of [(18-Crown-6)K][PrNCP] (3). One equivalent of 3Jpsi = 3.05 Hz).1H (250.134 MHz, 25°C) 6 7.1-7.9 (m, 15H,
18-crown-6 (665 mg, 2.516 mmol) was added to a 2.514 mél L PhsSi); 3.07 (dsept, 1 = 6.4 Hz,4Jpy = 1.1 Hz, GH(CHa),);
solution of2 (1.00 mL) diluted with THF to 10 mL under argon. 1 oq ppm (d, 6H3J4 = 6.7 Hz, CH(CH3),). 13C{H} (62.896 MHz,

After one week at 5°C, yellow tablets suitable for X-ray — p5°C) ¢ 154.1 (d,Ncp = 21.4 Hz,CP); 136.5 (s0-CeHs); 132.1
crystallographic analysis had deposited. Yield 771 mg (76%), Mp (g ipso-CgHs); 130.7 (s,p-CeHs): 128.3 (sm-CeHs); 50.0 (d,3Jcp

114 °C (dec). Anal. Calc. for gH3:KNOgP: C, 47.63; H, 7.74; = 6.6 Hz, CH(CHs),); 20.9 ppm (s, CHTH3),). IR (Nujol mull,

N, 3.47. Found: C, 47.35; H, 7.86; N, 3.24. NaCl plates, cm?): 1588 w, 1429 s, 1118 s, 1091 m, 890 w, 712
NMR data for3 (THF-dg): 3P{1H} (161.995 MHz, 27°C) 6 s, 703 s, 518 s.

—226.1 ppm (s)*H (250.134 MHz, 25°C) 6 3.67 (s, 24H, 18- X-ray Structure Determination. Crystals ofl were obtained

crown-6); 3.22 (sept, 1HJyy = 6.4 Hz, GH(CHy),); 1.04 ppm (d, by zone-melting the pale-yellow compound neat (F42 + 2 °C)

6H, 3Jyn = 6.4 Hz, CH(QH3),). 13C{H} (62.896 MHz, 25°C) ¢ in a 0.3-mm capillary, while X-ray quality crystals & were

178.8 (d,"Jcp = 45.8 Hz,CP); 71.0 (s, 18-crown-6); 51.9 (&)cp obtained from THF at 5C after a week as large yellow tablets

= 10.9 Hz,CH(CHa),); 24.9 ppm (s, CHCH3),). IR (Nujol mull, (Table 2). Reflections were obtained using a Siemens P4 four-circle

NaCl plates, cm'): 1714 s, 1694 s, 1463 s, 1353 s, 1345 s, 1283 diffractometer with Mo K radiation and a graphite monochromator.
m, 1247 m, 1228 m, 1163 m, 1105 s br, 963 s, 838 s, 737 m, 722 Structures were solved by direct methods and refined anisotropically
m, 578 w, 546 m, 527 w. Raman (crystal, cthh 1709 w, 1696 for all non-hydrogen atoms by full-matrix least-squares-8mith
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CIF format for1 and 3. This material is available free of charge
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