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The isolation of stable crystalline carbefighas led to a
renaissance in the chemistry of these interesting compounds. A
number of new and interesting adducts of these carbenes have
been recently reportéd. These carbenes represent carbon
compounds in oxidation state 1l and as such are good reducingFigure 1. KANVAS? drawing of the X-ray structure d.
agents. In a reflection of this reducing potential most of the _ . . .
imidazol-2-ylidene adducts that have been isolated so far are_h 962£76 l;"zt)h w:glc:h bsu%gests a decreas? o}_’m _tl_hhe i;'grb'tal
derived from oxidatively stable or low oxidation state element character (.)Q € onds (k?lnt g}ﬂazg% 3 T 821 04
centers €.g, P(l), S(0), I(I), Ni(0),etc). We now report the rHesongll_Ecelslc (l)\lcl\?lllj?rs as al fou € o 05 i6467PF_ s
synthesis and structure of the first carbene complex of a 2). e signal for G of 2 ( -7) appears
phosphorus(V) centeR). Perphosphoranide)is formed in ppM upfield fiom the free ca(r}g)ené_elgj) as a dou_blet of
quantitative yield by the direct reaction of the stable imidazol- quintets {Jep = 305.79 Hz andier = 71.92 Hz). Theipso

: . : bon of the phenyl is the only other carbon that is directly
2-ylidene1® with phenyltetrafluorophosphorane in thf (tetrahy- car . .
drofuran) solution (eq 13. attached to phosphorus and show&*@ chemical shift ofo

149.8 with couplings t6P (Jcp = 292.36 Hz) and®F (CJcr
= 41.99 Hz). The two-boné°F spin-coupling observed at,C

. N]/vles F N/Mes F is almost twice that observed to the pheipdo-carbon but the
) "‘*1')—@ W, ’2>_,|,L® | one-bond phosphorus couplings are similar for these two carbons
| > T F| 3/ o that are directly attached to phosphorus. For comparison, the
\ ¥ N oF value oftJpcin CeHsPF, is 265.14 Hz. ThéH NMR spectrum
Mes Mes = 1-(2,4,6-mesityl) Mes of 2 (thf-dg) shows a doublet for the 44 imidazole ring protons
1 2 atd 7.26 ¢Jyp = 2.31 Hz). This signal is shifted downfield

from the corresponding resonancelifdé 7.02)5 In the 15N

Compound? is a stable colorless solid, melting at 14849 NMR of 2, a doublet of quintets is observeddat-191.2 EJyp
°C. The®!P NMR spectrum shows a quintet@at-141.06 with = 7.94 Hz and®)cr = 1.42 Hz) upfield of the resonance in
1Jpr=860.70 Hz. This$P shiftis 91 ppm upfield of gHsPF, (6 —178.9).
(6 —50.0 CDOCl,) consistent with the 6-coordinate perphos- Crystals of2 suitable for X-ray crystallographic studies were
phoranide center. A smaller average one-boneFPspin- obtained from a CkCl, /toluene solution (1:4) at 23C8 The
coupling is observed fd@ compared with that for §HsPF, (1Jpr X-ray crystal structure of is illustrated by the KANVAS
drawing in Figure 1. Selected bond lengths and angles are given
in Table 1. Two crystallographically uniqgue molecules2of

(1) DuPont Science and Engineering Laboratory.
(2) Technische UniversitaBraunschweig.

(3) DuPont Contribution No. 7513. are found in the X-ray structure but these molecules are
19£()4) lAlrdu,gg%O. A. J., lll; Harlow, R. L.; Kline, MJ. Am. Chem. Soc.  essentially identical. In subsequent discussion the structural data
(é') Arguengb A J_ Il Dias. H. V. R.: Harlow. R. L Kline M. Am. from the second molecule appear in square brackets.
Chem. Soc1992 114 5530. ' ’ ' ’ The structure oR shows the expected octahedral geometry

(6) (a) Arduengo, A. J., lll; Kline, M.; Calabrese, J. C.; Davidson) F. at the phosphorus center. The—-P bond distance (191.0

Am. Chem. Sod 991, 113 9704. (b) Arduengo, A. J., lll; Dias, H. V. R;; i iqi ideri __ 31
Calabrese, J. C.: Davidson, B. Am. Chem. Socl992 114, 9724. (c) [191.0] pm) is surprisingly long considering the large—*'P
Arduengo, A. J., lll; Dias, H. V. R.; Calabrese, J. C.; Davidsoninerg. spin-coupling observed in the NMR spectrum. TheRbond
Chem.1993 32, 1541. (d) Arduengo, A. J., lll; Dias, H. V. R.; Davidson,  to theipso-carbon of the phenyl substituent (184.2 [184.3] pm)
F.; Harlow, R. L.J. Organomet. Chenl993 462 13. (e) Arduengo, A. J.,
Ill; Dias, H. V. R.; Calabrese, J. C.; Davidson, Brganometallics1993 (7) In a drybox, a 50 mL flask was charged with 400 mg (1.31 mmol)
12, 3405. (f) Kuhn, N.; Bohnen, H.; Kreutzberg, J.;"Bé&, D.; Boese, R. of 1,3-dimesitylimidazol-2-ylidene and 25 mL of thf. To this solution was
J. Chem. Soc., Chem. Commi893 1136. (g) Kuhn, N.; Kratz, T.; Henkel, added 290 mg (1.31 mmol) phenyltetrafluorophosphorane. The reaction

G.J. Chem. Soc., Chem. Comma893 1778. (h) Kuhn, N.; Henkel, G.; mixture was stirred for 5 min. The solvent and volatiles were remawed
Kratz, T.Chem. Ber1993 126, 2047. (i) Kuhn, N.; Henkel, G.; Kratz, T.; vacuoto give the crude produ@ as a pale yellow solid (640 mg, 100%
Kreutzberg, J.; Boese, R.; Maulitz, A. i@hem. Ber1993 126, 2041. (j) yield). The crude product was recrystallized from dichloromethane/toluene
Arduengo, A. J., lll; Tamm, M.; Calabrese, J. £.Am. Chem. S0d.994 (1:4) to give the pure product as colorless crystals: (mp-148 °C); H

116, 3625. (k) Arduengo, A. J., Ill; Gamper, S. F.; Calabrese, J. C.; NMR (thf-dg) 0 2.12 (s, 12 Hp-CHj3), 2.27 (s, 6 Hp-CH3), 6.90 (m, 3 H,
Davidson, FJ. Am. Chem. S0d.994 116, 4391. (I) Arduengo, A. J., IlI; PhHs49, 6.93 (s, 4 H, Medd3 ), 7.26 (d, 2 HAJup = 2.31 Hz, ImHa,9),

Tamm, M.; McLain, S. J.; Calabrese, J. C.; Davidson, F.; Marshall, W. J. 7.24-7.33 (dm, 2 H, PH;6); 19F{*H} NMR (thf-dg) 6 —42.55 (d,*Jrp =

J. Am. Chem. Socl994 116 7927. (m) Schumann, H.; Glanz, M.;  861.04 Hz);13C{1H} NMR (thf-dg)  17.95 (quint8Jcr = 1.86 Hz,0-CHy),

Winterfeld, J.; Hemling, H.; Kuhn, N.; Kratz, TAngew. Chem., Int. Ed. 21.14 (s,p-CH3), 123.78 (d,2Jcp = 8.54 Hz, ImCys), 126.65 (d,3Jcp =

Engl. 1994 33, 1733. (n) Kuhn, N.; Bohnen, H.; Bdar, D.; Boese, R; 20.18 Hz, PhCgs), 126.96 (d,"Jcp = 3.70 Hz, PhCs), 129.24 (s, Mes
Maulitz, A. H. J. Chem. Soc., Chem. Comm@894 2283. (0) Arduengo, Css), 131.53 (dquintZJcp = 10.99 Hz,3)cr = 3.66 Hz, PhCy6), 135.90
A. J., lll; Gamper, S. F.; Tamm, M.; Calabrese, J. C.; Davidson, F.; Craig, (s, MesCzg), 137.23 (s, Me£;), 139.32 (s, Me<£,), 149.84 (dquintXJcp

H. A. J. Am. Chem. So4995 117, 572. (p) Arduengo, A. J., Ill; Calabrese, = 292.36 Hz 2Jcr = 41.99 Hz, PIC;), 164.73 (dquint’Jcp = 305.79 Hz,
J. C.; Cowley, A. H.; Dias, H. V. R.; Goerlich, J. R.; Marshall, W. J.; Riegel, 2Jcr = 71.92 Hz, ImCy); 3P{1H} NMR (thf-dg) 6 —141.06 (quintlJpr =

B. Inorg. Chem, In Press. (q) Arduengo, A. J., lll; Dias, H. V. R.;  860.40 Hz);>N{!H} NMR (thf-dg) 0 —191.28 (dquint2Jxp = 9.6 Hz,

Calabrese, J. @Chem. Lett1997, 143. 3Jvr = 1.3 Hz). Anal. (GiH29FsN2P) C, H, N, P, F.
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Table 1. Selected Bond Lengths (pm) and Angles (deg®iand Related Structures

property THCIP 1c 2 3
r (C,—P) 191.0(4) [191.0(4)] 176.3(6)
r (P—Cpheny) 184.2(4) [184.3(4)] 183.9(5)
r (C;—Ny) 133.2(5), 131.9(5) 136.5(4), 137.1(4) 135.1(4), 135.5(4) [135.5(4), 135.1(4)] 136.9(7), 137.8(7)
r (Ca—Cs) 135.3(6) 133.1(5) 131.7(6) [130.8(5)] 131.8(9)
r (N1~ Cs(a) 138.5(5), 138.2(5) 138.1(4), 137.8(4) 137.5(5), 138.8(5) [138.3(4), 137.9(5)] 139.3(8), 139.1(8)
r (N1z—Chwies) 145.6(5), 144.5(5) 144.1(4), 144.2(4) 145.1(4), 144.6(4) [145.0(4), 145.7(4)] 144.0(7), 144.7(7)
0 (Co—P—Cereny) 177.2(2) [178.4(3)] 99.9(3)
6 (N;—C—Ny) 108.7(4) 101.4(2) 105.0(3) [105.1(3)] 104.0(5)
6 (N1z—Co—P) 128.9(3), 126.1(3) [127.0(3), 127.8(3)] 123.2(5), 132.8(5)

0 (Cs4y~N15—C2)
6 (N1(3)~Csa—Ca)
6 (Co—N1z—Chmes)

109.0(4), 108.7(4)
106.1(4), 107.5(4)
125.8(4), 127.1(4)

112.8(3), 112.8(3)
106.5(3), 106.5(3)
121.8(2), 122.6(2)

110.1(4), 109.9(3) [109.5(3), 110.0(3)]
108.0(4), 107.0(4) [107.8(4), 107.6(4)]
130.0(3), 131.2(3) [130.9(3), 130.9(3)]

110.4(5), 110.2(5)
107.7(7), 107.7(7)
125.2(5), 127.0(5)

2The numbering scheme for all compounds is as indicate@.f8See ref 60° See ref 5.

resembles a normaHT single bond. The £-P—Cyhenyiangle
is 177.2 [178.£4]. The four fluorines form a good plane with
no fluorine deviating more than 0.5 [0.2] pm. The phosphorus
center is only 6.1 [6.3] pm out of the plane of the four fluorines
and is displaced toward the phenyl substituent. The imidazole
ring is planar to within 0.1 [0.5] pm. Both nitrogens are also
essentially planar with Nbeing 3.5 [0.4] pm out of the plane
of its three attached atoms ang bking 0.1 [6.3] pm out of the
plane of its three attached atoms. The-G—N angle at the
former carbene center (108.0105.1°)) is intermediate between
those in the free carberie(101.4) and 1,3-dimesitylimidazo-
lium chloride (:HCI, 108.7).6°

Another phosphorus adduct of the carbéres been recently
reported®® This adduct is the phenylphosphinidecarbene
adduct3. Compounds3 and?2 differ by the oxidation state at
phosphorus such thatis the formal addition product of 2 mol
of fluorine to 3. The two structures make an interesting
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The31P resonance il (6 —141.1) is at substantially higher
field than the value ir8 (6 —23.0), as expected for the change
from a 2-coordinate to a 6-coordinate phosphorus center. The
13C chemical shifts at the former carbene centers are similar
(2, 6 164.7;3, 6 170.0) but there is a difference in the one-
bond spin-couplings. The£P spin-coupling ir8 is only 102.8
Hz compared to the value of 305.9 Hz2n To the extent that
s-orbital character at the phosphorus centei3ad$ used to
stabilize the lone pair(s) of electrons at phosphorus, the
remaining P-C bonds would have a relatively large p-orbital
component from phosphorus. The higher one-bosd”Cspin-
coupling in 2 relative to 3 may indicate an increase in the
phosphorus s-orbital component of this bond through an

2 resonate ad 2.12 and those i are similar with a chemical
shift of 6 2.16. Thepara-methyls are slightly more differenti-
ated between2 and 3 with values of 6 2.27 and 2.17,
respectively.

The structures of and 3 differ quite substantially in the
vicinity of the phosphorus centers. Whereapossesses an
essentially linear €P—C arrangement at an octahedrally
coordinated phosphorus, the-€—C angle in3 is an acute
99.2. The G—P bond in2 (191.0 pm) is substantially longer
than observed i (176.3 pm). This increase in bond distance
to phosphorus is consistent with the increased coordination
number at phosphorus @relative to3 but it is somewhat at
odds with the correspondinfC—3!P spin-coupling which is
approximately three times larger tthan3. The P-C bonds
to the phenyl substituents thand3 are approximately the same
lengths, but this one-bordC—31P spin-coupling is about seven
times larger in2 than3 (42.3 Hz). This spin-coupling would
again favor the sp-hybridization description far The geom-
etries in the imidazole rings & and3 are similar but this ring
in 2 is more planar than i3. The nitrogens (especially i\
syn to the phenyl substituent) tend to be more pyramidd in
than2. The C-N bond distances also tend to be slightly shorter
in 2 than3.

As a whole this structural and NMR data suggest that the
imidazole moiety ir2 possesses more imidazolium-like character
while the imidazole ring in3 retains some of its carbene
character. The depiction of the valence bond structur as
zwitterionic (eq 1) is consistent with this trend. Further work
is in progress in our laboratories on other adducts of these
nucleophilic carbenes with high oxidation state element centers.
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Supporting Information Available: A complete description of the
X-ray crystallographic structure determination 2rincluding tables
of fractional coordinates, isotropic and anisotropic thermal parameters,
bond distances and angles, and an ORTEP drawing (14 pages). See

approximate sp-hybridizatiqn at phosphorus. In this arrange- any current masthead page for ordering and Internet access instructions.
ment, the two carbon substituents are bonded to phosphorus by

the sp-orbitals and the four fluorines are bonded by two JA964094H
orthogonal sets of 3-center, 4-electron bonds at phosphorus

utilizing the two remaining phosphorus p-orbitals. This ar-
rangement is consistent with both the-B and FP spin-
couplings.

The!N NMR resonance i3 occurs av —219.7, about 28.5
Hz upfield of the resonance & but shows a similar (7.3 Hz)
coupling to phosphorus. The imidazole ring protoniare
about 0.5 ppm further downfield than 81(60 6.69). ThisAd
would be indicative of more imidazolium ion characterdn
relative to3. Theortho-methyls of the mesityl substituents in

(8) Crystal data for 2 at-70 °C with Mo Ka radiation (Enraf-Nonius
CAD4 diffractometer):a = 1502.2(2),b = 2129.0(4), anat = 1728.0(4)
pm, 8 = 113.21(2), monoclinic,P2:/n, Z = 8, u(Mo) = 1.49 cnt?!, FW
= 488.52,V = 5079.2 B, Dc = 1.278. The finalR factors wereR =
0.043 andR, = 0.036. Error of fit= 1.22, maxA/c = 1.36, largest residual
density= 0.23 e/&. Further details of the crystal structure are available in
the Supporting Information.

(9) This drawing was made with th&ANVAS computer graphics
program. This program is based on the progia@HAKALof E. Keller
(Kristallographisches Institut der Univerditereiburg, Germany), which
was modified by A. J. Arduengo, Ill (E. I. du Pont de Nemours & Co.,
Wilmington, DE) to produce the back and shadowed planes.



