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studies to date have thus far only revealed diene units coordinated 
in the usual cis fashion, whereas a diffraction study for Nb- 
(CsHS)(q8-Cl4H2,) has revealed that one of the diene units is 
present in the trans form (Figure l).8*14 Such coordination had 
previously been observed only for Zr(CSHJ2(q4-diene) and Mo- 
(C5H5)(NO)(q4-diene) compIexes? although we have also found 
trans-diene coordination in Ru(~~-diene)(acac)~ complexe~.'~ The 
niobium complex now provides the first opportunity to compare 
simultaneous q4-cis- and q4-trans-diene coordination modes to a 
single metal center. While the complex might appear to be a 
Nb(1) compound, it is quite common for diene coordination in 
"low valent" early metal complexes to possess significant butenediyl 
character (IV), as opposed to the normal diene form (V).* Such 

M M 

IV V 

coordination (IV) is generally manifested by a long-short-long 
carbon backbone and a short-long-long-short series of metal- 
carbon distances. In Nb(CSHs)(q8-C14H22), it is the q4-cis-diene 
portion which engages in butenediyl coordination (having C-C 
distances of 1.55 (3), 1.32 (2), and 1.52 (2) A, and Nb-C distances 
of 2.317 (14), 2.590 (20), 2.570 (15), and 2.366 (18) A), while 
the trans form engages in more of a diene coordination (having 
C-C distances of 1.37 (2), 1.47 (2), and 1.41 (2) A and Nb-C 
distances of 2.630 (15), 2.349 (16), 2.304 ( 1 3 ,  and 2.363 (12) 
A).'6 The greater favorability for the cis-diene to engage in 
butenediyl coordination is in accord with results on the zirconium 
and molybdenum species and agrees with theoretical studies in- 
dicating that the q4-trans-diene coordination is favored when the 
ligand - metal donor interaction is dominant.17 

In marked contrast, related reactions for Ta(C5H5)C14 lead to 
Ta(C5HS)2(pentadieny1) (pentadienyl = 2,3-C7Hll, 2,4-C7Hll) 
complexes. While the existence of M(CSH5)2(q3-allyl) com- 
pounds18 suggests that analogous M(CSH5)2(q3-pentadienyl) 
complexes should exist (M = Nb, Ta), spectroscopic features of 
the Ta(CSH5)2(pentadienyl) complexes were not in accord with 
such a formulation. Notably, a low value of J I%-~ (123 Hz) was 
observed for a terminal dienyl carbon atom, although a reasonable 
C-C stretching frequency for the free double bond was observed, 
1607 cm-'. 

A single crystal diffraction study for Ta(CSHs)2(2,3-C7Hll) 
revealed that q3 coordination by the dienyl fragment was indeed 
present14 but involved localized tantalum-alkyl and tantalum-olefin 
coordinati~n,'~ as in VI, which is an entirely new mode of q3-dienyl 
coordination. As a significant input of energy should be needed 
to convert a delocalized allyl anion to localized alkyl anion and 

(14) Crystals of Nb(C3H5)(Cl4H2,) are orthorhombic, space group Pcc2, 
with Z = 4 and a = 14.061 (3) A, b = 14.273 (3) A, c = 8.045 ( I )  A. 
Departures from mirror plane symmetry eliminate the space group Pccm. 
Data were collected at the University of Delaware out to 5 5 O  in 28, leading 
to 1621 unique, observed (Fa > 3a(F0)) reflections. Problems were encoun- 
tered in the structure refinement, possibly due to the pseudo-mirror plane 
symmetry. Final discrepancy indices of R = 0.073 and R,  = 0.088 were 
obtained. For Ta(C5H5)2(2 ~ - C ~ H I I ) ,  a monoclinic space group ( P Z , / c )  was 
found, with [I = 7.887 (2) A, b = 14.433 (3) A, c = 12.645 (3) A, and @ = 
97.93 (2)O, for Z = 4. Data were collected at the University of Utah out to 
28 = SIo, leading to 2034 unique, observed ( I  > 3a(T)) reflections. All 
non-hydrogen atoms were refined anisotropically, while hydrogen atoms were 
placed in the positions indicated by a difference Fourier map. Final dis- 
crepancy indices of R = 0.034 and R, = 0.038 were obtained. 

(1 5)  (a) Melendez, E.; Stahl, L.; Ziegler, M. L.; Emst, R. D. Unpublished 
results. (b) We have recently learned of other Ru(I1) compounds with q4- 
trans-diene coordination.'" (c) Fagan, P. J.  Private communication. 

(16) The asymmetry in the terminal Nt-C bonds may be the result of 
geometric constraints that are imposed by q*-coordination of the decatetraene. 

(17) Hunter, A. D.; Legzdins, P.; Einstein, F. W. B.; Willis, A. C.; Bursten, 
B. E.; Gatter, M. G. J .  Am. Chem. SOC. 1986, 108, 3843. 

(18) van Baalen, A,; Groenenboom, C. J.; De Liefde Meijer, H. J. J .  
Organomet. Chem. 1974, 74,  245. 

( I  9) (a) The Ta-C distances are similar to those in related ~ m p l e x e s . ' ~ ~ . ~  
(b) Guggenberger, L. J.; Schrock, R. R. J .  Am. Chem. Soc. 1975,97,6578. 
(c) Schultz, A. J.; Brown, R. K.; Williams, J. M.; Schrock, R. R. Ibid. 1981, 
103, 169. 

VI 

olefin units, the avoidance of q3-allyl coordination suggests that 
the Ta(C5H5), coordination sphere has a strong preference for 
the more localized, in-plane interactions. Interestingly, however, 
variable temperature N M R  studies for Ta(C5H5)2(2,4-C7Hll) 
reveal that the two ends of the C7Hl l  ligand may become 
equivalent, with AG' = 10.7 f 0.2 kcal/mol. Similarly the two 
CsH5 ligands may become equivalent, with AG* = 10.4 f 0.2 
kcal/mol. For Ta(CSH5)2(2,3-C7Hll), the two CSH5 ligand 
resonances were not observed to undergo coalescence, perhaps an 
indication that the 2,4-C7Hll group adopts more of a U than S 
(sickle) conformation. For the former complex, it is not clear 
whether the intermediate in the equilibration is a 16-electron 
species such as Ta(C5H5)2(q1-2,4-C7Hll) (bound through the 
central pentadienyl carbon atom) or an 18-electron Ta(q5- 
CSHs)(q3-C5H5)(q5-2,4-C7H1 I )  species. 

The above results reveal some unexpected and subtle differences 
in favorabilities for niobium- and tantalum-dienyl bonding. The 
products observed in both reactions are each unusual in themselves. 
It is first clear that trans-q4-diene coordination should be sig- 
nificantly more common than previously expected, even occurring 
for late metals. Additionally, the pentadienyl ligands have now 
revealed a new mode of q3-coordination, one which demonstrates 
that q3-dienyl bonding has available to it a dimension and ver- 
satility unknown for its $-allyl analogues. 
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The development of metallaborane and metallacarborane 
chemistry during the past 20 years has provided the chemical 
community with some of the most interesting and diverse mo- 
lecular clusters known.' Incorporation of transition metals into 
the later main-group clusters, such as the stannides [Sn9", Sn;-],z3 
plumbides [Pbs2-],3 antimonides [Sb73-],4 and arsenides   AS^^-, 
Asl13,  AS^^^],^^ has received much less attention but should prove 

( I )  For review, see: Comprehensive Organometallic Chemistry-Vol 1; 
Wilkinson, G.; Stone, F. G. A.; Abel, E. W., Us.; Pergamon Press: Oxford, 
England, 1982; pp 459-542, and references therein. 

(2) Corbett, J. D.; Edwards, P. A. J .  Chem. SOC., Chem. Commun. 1975, 
984. 

(3) Edwards, P. A.; Corbett, J .  D. Inorg. Chem. 1977, 16, 903. 
(4) Adolphson, D. G.; Corbett, J .  D.; Merryman, D. J .  J .  Am. Chem. Soc. 

1976, 98, 1234. 
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needles in ca. 25% yield (based on Sn) according to the equation 
below.16 The compound has been characterized by microprobe 
analysis, elemental analysis, IR spectroscopy, and single-crystal 
X-ray diffraction. The IT9Sn N M R  data will be discussed in a 
future publication. 

Cr(CO),(mes) + K,Sn9 + 4crypt - en/toluene 

( K ~ r y p t ) ~ S n & r ( C O ) ~  + mes 

The X-ray structure1' of ( K - ~ r y p t ) ~ S n ~ C r ( C O ) ~  reveals the 
virtually undistorted bicapped square antiprismatic cluster, Figure 
1, which is isoelectronic and isostructural with BloHlo2-18 and 
[(CSHS)NiB9H9] ,-.I9 There are two crystallographically inde- 
pendent anions in the unit cell that are structurally identical within 
experimental error. The formation of 1 can be viewed as the 
insertion of a neutral Cr(C0)3 fragment into the open square face 
of a n id~-Sn,~-  ion producing a closo-10-atom 22-electron del- 
tahedral complex. The cluster has virtual C, symmetry in solution 
but no crystallographic symmetry (C, )  in the solid state. The 
Cr(C0)3 fragment of 1 occupies a capping position in the bicapped 
square antiprism with Cr-Sn contacts of 2.88 (2) A (av). The 
Sn-Sn distances within the square lane defined by Sn(2), Sn(3), 

within the other square plane average 3.16 (3) A. The contacts 
between the two square planes average 2.99 (2) A. Structurally, 
the Sn9 core of 1 is locally distorted by the addition of the Cr(CO)3 
fragment as illustrated by the following: The Sn-Sn distances 
within the Sn capped square faces of (1) [3.16 (3)  A (av)] and 
nido-Sn9' [3.24 (6) A (av)] are equivalent, whereas the Sn-Sn 
distances within the Cr(CO), capped square face of 1 [3.06 (2) 
A (av)] are slightly elongated from those in the open square face 
of nido-Sn$- [2.96 (2) 8, ( a ~ ) ] . ~  The carbonyl ligands of 1 have 
short Cr-C bonds [1.65 (7) A], long C-O bonds [1.29 (4) A] and 
low-energy CO bands in the IR spectrum [1809 and 1703 cm-l 
(KI pellet)] relative to the Cr(CO),($-arene) precursors. For 
comparison, Cr(C0)3($%6Me6) and Cr(CO)3($-C6H6) have 
Cr-C (carbonyl) distances of 1.814 and 1.842 A (av) and C-0 
distances of 1.163 A (av) and 1.145 A (av), respectively.20 These 
data indicate a significant buildup of negative charge on the Cr 
atom in 1 that, in turn, is stabilized by metal-to-CO a* back- 
bonding. 

The Cr(C0)3 fragment in 1 contributes zero electrons to cluster 
bonding thus transforming the 22-electron nido-Snge cluster into 
a 22-electron closo-Sn9Cr(C0),4- polyhedron in accord with 
Wade's rules.21 It is not clear whether reactions of n i d ~ - S n ~ ~ -  
with metal-ligand fragments that donate two electrons to cluster 

Sn(4), and Sn(6) average 3.06 (2) x , whereas the Sn-Sn contacts 

Figure 1. C h e ~ n - X ~ ~  ball-and-stick representations of the Sn9Cr(CO)3' 
ion as viewed (a) side-on and (b) down the Cr-Sn(7) vector showing the 
highly regular cluster geometry (carbonyl ligands omitted for clarity). 
Pertinent distances (A) and angles (deg) [averaged where appropriate]: 
Cr(1)-Sn(3) = 2.890 (6), Cr(1)-Sn(6) = 2.859 (6), Cr(1)-Sn(2) = 
2.867 (6), Cr(1)-Sn(4) = 2.869 (6), Cr( l ) -C( l )  = 1.71 (3), Cr(l)-C(2) 
= 1.66 (4), Cr(1)-C(3) = 1.71 (4), C(1)-0(1) = 1.27 (4), C(2)-0(2) 
= 1.26 (4), C(3)-0(3) = 1.29 (5), Sn(7)-Sn(1,5,8,9) = 2.94 (2), Sn- 
(3)-Sn(6) = 4.35 (2), Sn(2)-Sn(4) = 4.33 (2), Sn(8)-Sn(5) = 4.43 (2), 
Sn(9)-Sn(l) = 4.49 (2), Cr( l ) -C(1)4(1)  = 173 (3), Cr( l )C(2) -0(2)  
= 170 (3), C r ( l ) - C ( 3 ) 4 ( 3 )  = 176 (3). 

to be equally interesting. Recently, some mixed d-block main- 
group compounds have been prepared, namely NbTelo3-,8 
Mo4Te16( b [Hg2Tes2-] , lo  b[K2Au4Te42-.4solvent] ,I1 
KAu9Te7&,11 and b[Rb-NbAs8z-].'2 These compounds have 
unprecedented structures and are potentially useful precursors 
to metastable s01ids.I~ Although no clusters containing transition 
metals and tin or lead have previously been isolated, Rudolph and 
co-workers14 described N M R  experiments in 1983 involving re- 
actions between Pt(PPh3)4 and M9" ions [where M = Sn or Pb] 
in ethylenediamine (en), but the resulting products were highly 
fluxional and the lack of single crystals prevented compositional 
analysis or structure determination. We report here the synthesis 
and characterization of c l o ~ o - S n ~ C r ( C 0 ) ~ ~  (1)-the first bo- 
ron-free transition-metal main-group deltahedral cluster struc- 
turally characterized to date. 

The title compound was prepared by slowly adding a toluene 
solution of excess Cr(CO)3(mes) [mes = q6-1,3,5-C6Me3H3] to 
a deep-red en extract of K4Sn9. After mixing, 4 equiv of crypt" 
were added causing a rapid color change from red to green to 
brown (total reaction time = 5 s). No apparent reaction occurred 
before the addition of crypt. The tetrapotassium cryptate salt of 
1 was isolated as extremely air-sensitive, well-formed brown 

( 5 )  von Schnering, H . 4 .  In Rings, Clusters, and Polymers of the Main 
Group Elements; Cowley, A., Ed.; ACS Symposium Series 232; American 
Chemical Society: Washington, DC, 1983; p 69. 

(6) Belin, C. H. E. J. Am. Chem. Soc. 1980, 102, 6036. 
(7) Haushalter, R. C.; Eichhorn, E. W.; Rheingold, A. L.; Geib, S. J. J .  

Chem. Soc., Chem. Commun. 1988, 1027. 
(8) Flomer, W. A.; Kolis, J. W. J. Am. Chem. SOC. 1988, 110, 3682. 
(9) Eichhorn, E. W.; Haushalter, R. C.; Cotton, F. A.; Wilson, E. Inorg. 

(10) Haushalter, R. C. Angew. Chem., Int. Ed. Engl. 1985, 24, 433. 
(11) Haushalter, R. C. Angew. Chem., Inr.  Ed. Engl. 1985, 24, 432. 
(12) von Schnering, H.-G.; Wolf, J.; Weber, D.; Ramirez, R.; Meyer, T. 

Angew. Chem., Int .  Ed. Engl. 1986, 25, 353. 
(13) Haushalter, R. C.; OConner, C. M.; Haushalter, J. P.; Umarji, A. 

M.; Shenoy, G. K. Angew. Chem., Inr. Ed. Engl. 1984, 23, 169. 
(14) Teixidor, F.; Luetkens, M. L.; Rudolph, R. W. J. Am. Chem. SOC. 

1983,105, 149. The authors mention in a footnote that the addition of crypt 
to the reaction mixture resulted in "H2 evolution" and 'analysis of the crystals 
results show them to be closo in nature". No structural data, analytical data, 
or description of the "crystals" were iven or has been published since. Our 

lution. 
(15) Crypt is an abbreviation for 4,7,13,16,21,24-hexaoxa-l,l0-diazatri- 

cyclo[8.8.8]hexacosane. 

Chem. 1988, 27, xxx. 

experiments with Pt(PPh3), and Sn, 5 in en showed no evidence for H2 evo- 

(16) Experimental procedure: Cr(CO),(mes) (30 mg, 0.12 mmol) was 
dissolved in toluene (ca. 1 .O mL). The resulting pale yellow solution was added 
dropwise to a dark red en extract (ca. 2 mL) of a melt of nominal composition 
K4Sn9 (ca. 100 mg). No apparent color change occurred. Crypt (4 equiv, 
120 mg, 0.32 mmol) was added as a solid. A rapid color change from red to 
green to brown occurred as the crypt dissolved. The brown mixture was 
filtered twice and left a t  25 "C. After 48 h. 5 5  me of brown needles were 
isolated by filtration. Anal. Calcd for &Sn9CrlC75kl14N8027: C, 31.42; H,  
5.06; N, 3.91. Found C, 30.92; H, 6.36; N, 3.52. 

(17). Crystallographic data for (K.crypt)4Sn Cr(CO),: black needles, 
monoclinic space group P 2 , / c ,  a = 20.398 (4 1, b = 49.705 (1 1) A, c = 

= 1.56 g/cm3, ~ ( M o  Ku) = 20.89 cm-l (correction factors: 0.82/1.00). Of 
the 20 763 reflections measured (Nicolet R3mV, ambient temperature), using 
w-scans (1.4O) and a fixed scanning speed (7.32O/min), 19646 were unique 
(Rh, = 0.069) and 11 003 with I > 3 4  were used for solution and refinement 
(SHELXTL). Final refinement, carried out in blocks, with hydrocarbon atoms 
isotropic and other atoms anisotropic, resulted in final residuals of R = 0.0732, 
R,  = 0.1016, and S = 2.48. Due to the extremely long b axis, an w scanning 
mode was used to take advantage of the greater resolution available by holding 
the detector stationary. Scans were made over the narrowest range possible 
to avoid overlap. A profile analysis of the measured reflections was performed, 
and corrections were applied. The final difference Fourier showed a few peaks 
of 1.94 e-/A' or less that were not within bonding distance of the anions. 
These peaks may be due to disordered solvent molecules in the lattice. 

(18) Schwalbe, C. H.; Lipscomb, W. N. Inorg. Chem. 1971, 10, 160. 
(19) Leyden, R. N.; Sullivan, B. P.; Baker, R. T.; Hawthorne, M. F. J.  Am. 

Chem. SOC. 1978, 100, 3758. 
(20) Mills, 0. S. Pure Appl. Chem. 1969, 20, 117. IR data for Cr- 

(CO),(mes) (KI pellet): [v (CO)] 1970, 1894 cm-'. 
(21) Wade, K. J. Chem. Soc., Chem. Commun. 1971, 792. 

24.108 (4) A, @ = 91.55 (2)". V =  24433 (10) A ', Z = 8, M, = 2866.88, d,, 
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bonding, such as Fe(C0)3 or Pt(PPh3),, will yield the predicted14 
nido-Sn9ML," structures. Main-group polyhedral clusters, such 
as the 22-electron c10so-Bi~~' ion, clearly violate traditional cluster 
electron counting rules,22 and distortions to alternate geometries 
are known to be low-energy processes.23 Our attempts to isolate 
Rudolph's proposed nido-Sn9Pt(PPh3),4- have been unsuccessful 
thus far.14 

Supplementary Material Available: Experimental data and 
tables of crystal data, atomic coordinates and isotropic thermal 
parameters, bond lengths and bond angles, and anisotropic thermal 
parameters (23 pages); table of observed and calculated structure 
factors (70 pages). Ordering information is given on any current 
masthead page. 

(22) (a) Hershaft. A.; Corbett, J. D. Inorg. Chem. 1963, 2, 979. (b) 
Friedman, R. M.; Corbett, J. D. Inorg. Chim. Acta 1973, 7 ,  525. 

(23) For discussions, see: (a) Burns, R. C.; Gillespie, R. J.; Barnes, J. A.; 
McGlinchey, M. J. Inorg. Chem. 1982,21,799. (b) Corbett, J. D. Chem. Reu. 
1985, 85, 383. 

(24) Chem-X, developed and distributed by Chemical Design Ltd, Oxford, 
England. 
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Several alkyliron porphyrin complexes have been synthesized 
and well characterized,'S2 but we are aware of no reported prep- 
aration of silyliron porphyrin species. Two possible reasons can 
be offered for the absence of silyliron porphyrin studies. The first 
is the lack of a general method for preparation of transition-metal 
silyl complexes. Each metal silyl complex requires a different 
synthetic route. Secondly, as is described here, the silyliron 
porphyrin products tend to be much less stable than their alkyl 
analogues. 

The first silyliron porphyrin complexes, paramagnetic tri- 
methylsilyliron( 111) tetraphenylporphyrin, and the corresponding 
diamagnetic silyliron(I1) porphyrin anion are reported. Interest 
in silyliron porphyrins is not limited to porphyrin chemistry, but 
the synthesis of these derivatives provides a new class of para- 
magnetic organometallic compounds. The highly reactive silyliron 
porphyrin complexes are generated in situ along with other 
products and are characterized by proton and deuterium NMR 
spectroscopy. It is also shown that propylene oxide is inserted 
into the ironsilicon bond of the silyliron(II1) porphyrin derivative, 
as is the case with other transition-metal silyl complexe~.~  

The lithium silyl reagent was generated in hexamethyl- 
phosphoramide (HMPA) solution by cleavage of hexamethyl- 
disilane by lithium methyl at 0 OC.4 All reactions were performed 
in an inert argon atmosphere. The silyliron(II1) tetraphenyl- 
porphyrin complex was prepared by combination at  room tem- 
perature of a stoichiometric amount of the lithium silyl in HMPA 
with a toluene solution of chloroiron(II1) tetraphenylporphyrin 
(TPPFeCl) at a concentration of 1.0-5.0 mM. In order to identify 
the various products, it was most convenient to utilize TPPFeCl 
deuteriated at the pyrrole position. Formation of the silyl complex 
was monitored by deuterium N M R  spectroscopy, in which case 
the pyrrole deuterium signal at 79.5 ppm for high-spin TPPFeCl 
was converted to a unique new signal at -21.7 ppm. A relatively 
sharp pyrrole deuteron (proton) signal in this region is charac- 
teristic of a low spin iron(II1) porphyrin ~ o m p l e x . ~  Pyrrole 

( I )  Brothers, P. J.; Collman, J. P. Arc. Chem. Res. 1986, 19, 209. 
(2) Cocolios, P.; Lagrange, G.; Guilard, R. J .  Organomel. Chem. 1983, 

(3) Gladysz, J. A. Acc. Chem. Res. 1984, 17, 326 and references therein. 
(4) Still, W. C. J. Org. Chem. 1976, 41,  3063. 

253, 65. 
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Figure 1. Proton N M R  spectrum of trimethylsilyliron(II1) tetra- 
phenylporphyrin, 360 MHz, 24 'C, toluene solution, T M S  reference. 
The pyrrole signals of silyliron(II1) porphyrin are denoted "pyrr", silyl 
group "x", and phenyl ring hydrogens "p-H". Pyrrole signals of the 
high-spin iron(I1) porphyrin HMPA complex are labeled 'h", fi-oxo- 
dimeric iron(II1) porphyrin "u", and methyliron(II1) porphyrin complex 
"m". 

deuteron signals for other byproducts and decomposition products 
could be associated with the following species: 43.0 ppm, high-spin 
iron(I1) HMPA complex? 13.5 ppm, oxoiron(II1) porphyrin dimer; 
and -1 6.5 ppm, methyliron(II1) porphyrin complex (from lithium 
methyl).' These additional products varied in quatity as a function 
of mixing procedure and time after mixing. The putative silyl- 
iron(II1) pyrrole signal a t  -21.7 ppm was converted to the iron(I1) 
HMPA signal with a half-life of approximately 30 min at  25 "C 
(The silyliron(II1) porphyrin was not particularly stabilized at  
lower temperature.). An analogous proton N M R  spectrum for 
a toluene-d8 solution recorded shortly after generation of the 
trimethylsilyliron(II1) porphyrin is shown in Figure 1. 

In order to assign the proton N M R  signal for the coordinated 
trimethylsilyl group, deuterium labeling of hexamethyldisilane 
was carried out by the reaction of hexachlorodisilane and methyl-d3 
magnesium iodide which was prepared from methyl-d3 iodide and 
magnesium in ether solution. The trimethylsilyliron(II1) porphyrin 
product prepared from this deuteriated material exhibited a 
deuterium NMR signal at -1.2 ppm. This resonance is also seen 
in the proton N M R  spectrum in Figure 1, and integration with 
the -21.7 ppm pyrrole signal yields the expected 9:8 proton in- 
tensity pattern. The -1.2 ppm coordinated trimethylsilyl signal 
vanishes in concert with the disappearance of the -21.7 ppm signal 
from homolytic decomposition. The coordinated trimethylsilyl 
proton signal at -1.2 ppm shows a surprisingly small paramagnetic 
shift when compared to the corresponding @-CH2-butyliron(III) 
porphyrin resonance at -64 ppm. Hence, unpaired spin transfer 
through the silicon atom is much less efficient as compared with 
the carbon analogue. 

The deuterium spectrum of pyrrole-deuteriated trimethyl- 
silyliron(II1) tetraphenylporphyrin was recorded from 218 to 3 13 
K. A plot of chemical shift vs 1 / T  was linear with an intercept 
of 12.4 f 1.5 ppm and a slope of -10400 f 390 ppm (K). This 
result confirms that the -21.7 ppm signal represents a single species 

( 5 )  (a) La Mar, G. N.; Walker, F. A. In The Porphyrins; Dolphin, D., Ed.; 
Academic Press: New York, 1979; Vol. IV, pp 61-157. (b) Goff, H. M. In 
Iron Porphyrins-Part I ;  Lever, A. B. P., Gray, H. B., Eds.; Addison-Wesley: 
Reading, MA, 1983; pp 237-281. 

(6) Assignment of the 43.0-ppm resonance to the high-spin iron(I1) HMPA 
complex was verified by examination of the deuterium NMR spectrum of 
TPPFe"-d,(HMPA). which was generated by addition of HMPA to 
TPPFe(II)-d8 in toluene. The position of the pyrrole deuteron resonance for 
the TPPFe-d8(HMPA) complex is consistent with the presence of iron(I1) on 
the basis of comparision with the known value for TPPFe" (2-methyl- 
imidazole) at 43.4 ppm; Goff, H. M.; La Mar, G. N. J .  Am. Chem. Soc. 1977, 
99, 6599. 

(7) Reaction of the toluene solution of TPPFeCI-d8 with lithium methyl 
in HMPA yielded a low-spin methyliron(II1) porphyrin complex which had 
only one pyrrole deuterium resonance at -16.5 ppm. 
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