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Introduction

The high reactivity of many coordinatively unsaturated Rh(l)

complexes opens a possibility that in a course of a synthetic
transformation where such an intermediate forms the solvent
can become an unintended substrate. Several (chloromethyl)

rhodium(lll) compounds have been inadvertently obtained by
carrying out ligand substitution reactions in .1 Similar

species have been deliberately synthesized by reaction betwee

Rh(l) complexes and Ci€l,.23 Halomethyl derivatives are
thought to be involved in a number of catalytic cycles, which

explains the current interest in synthesis and chemistry of such

species. Chloroalkyl complexes are particularly interesting
because activation of the relatively inert-Cl bond is more
challenging than that of the €Br and C-1 bonds? These

species can also be suitable precursors for Schrock type

metallocarbenégand hydroxymethyP and methylene-bridgégl
complexes, all of which are plausible intermediates in diverse
catalytic reactions. For example, porphyrinatorhoditaarbene
intermediates have been implicated in catalytic (including
asymmetric) cyclopropanation of olefins and carbene insertion
into O—H bonds® More thorough mechanistic work in this area
is, however, complicated by the lack of synthetic routes to
Rh(por)-carbene complexesindeed, only a single example
of such species has so far been prepéred.
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Among the Rh(I) compounds that activate £Hp, the neutral
and cationic complexes react with dichloromethane to yield
octahedral Rh(lll) derivatives, with the GBI and Cl fragments
usually in a cis arrangemehtln contrast, anionic Rh(l)
complexes of rigid, multidentate ligands produce five-coordinate
square-pyramidal derivatives, wherein only the CHgroup
enters the coordination spherin all such transformations the
metal undergoes a one-step, two-electron oxidation, so high-
energy Rh(Il) intermediates are avoided. A few reactions that
were originally thought to involve one-electron processes were
later explained by more conventional mechanisms. For ex-
ample, formation of the trichloride RRCI; (L = phosphine)
from RhlsCl and CHCIl, was originally proposé#c? to
proceed by two consecutive chlorine atom abstraction steps via
RW'LsCl,. Later, the trichloride was showhto be formed by
hydrolysis of the rhodiumchloromethyl complex in the pres-

ence of adventitious protic sources. Likewise, generation of

Rh(por)(CHCI) complexes upon electrochemical reduction of
RK!"(por)*" in dichloromethane was at first suggested occur

Mia an 2 reaction between Hfpor) and CHCI,, yielding a
Rh(IV) complex, which subsequently underwent reduction by
solvent. A recent mechanism propodseapid disproportionation

of the initially generated Ripor) into RH'(por)" and the
reactive nucleophile Rfpor)~. Indeed, the only other examples
of chloromethyt-metalloporphyrin complexes, Co(por)(gE),12
have been synthesized by reaction betwee(poo~ and
CHCl,. Herein we report that Rh(TPP)(GEl) is formed from
Rh(TPP)I(CO) and excess alkoxide in dichloromethane under
CO. The transformation likely proceeds via ag2Seaction
between RTPP) and CHCI,, and no evidence suggesting
one-electron processes has been observed.

Results and Discussion

Whereas addition of sodium ethoxide to a solution of
Rh(TPP)CI(CO) in CHCI, produces Rh(TPP)(C@&t),:2 the
iodide analogue yields exclusively the chloromethyl complex,
Rh(TPP)(CHCI). The latter reaction requires an excess of both
the base and CO and also proceeds with NaOMe but not with
KOH or KOBuU as a base. Thus, addition of up to 35 equiv of
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Figure 1. Proposed reaction sequence accounting for production of
Rh(TPP)(CHCI) in CHCI, solutions of Rh(TPP)I in the presence of
an alkoxide (R= H, CHz) and CO. Two possible pathways for
generation of the reactive nucleophile, Rh(TRRYe (1) & elimination

and (2)3-hydride elimination/deprotonation. HRh(TPP) and Rh(TPP)
have not been observed experimentally in the reaction mixtures.

NaOMe (as a methanol solution) to a @ solution of
Rh(TPP)I(CO) or Rh(TPP)I under)denerates a second species
with the UV—vis spectrum identical to that of Rh(TPP)(OMe),

prepared via an independent route (see Supporting Information).

No further changes are observed over 2 days. However, if CO
is introduced into the solution, Rh(TPP)(gH) is rapidly
formed. Likewise, no reaction occurs if less than 2 equiv of an
alkoxide is added to a Ci&l, solution of Rh(TPP)I(CO) under

a CO atmosphere.

One of the easiest synthetic routes to (portkyl deriva-
tives is an |2 reaction between an alkyl halitfe@nd Ri(por).
Rh(TPP)(CHCI) is quite likely produced via a similar pathway
(Figure 1). The most plausible source of' RiPP)” appears to
be elimination of an aldehyde from the alkoxo complex
Rh(TPP)(OCHR).1> While the M—O(R) bond strengths are
comparable to those of MC(sp) for late transition metal&
the corresponding alkoxo complexes are much less gfable
because of their susceptibility to MO bond heterolysis or
presumedS-H elimination!® Indeed, 5-H elimination from
Rh(TPP)(OCHR) would generate Rh(TPP)H, which is known
to undergo facile deprotonation, yielding Rh(TPPJ While
porphyrin complexes of late transition metals lack adjacent open
coordination sites, which are usually thought necessary for
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reactions have been observed for 24 h upon exposure to 1 atm of CO.
This excludes WGSR as a source of Rh(TPP)H in our system.
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[B-hydride elimination, several reactions of Rh(por) are believed
to proceed via such a mechanism or its microscopic revérse.
Alternatively, alkoxide-assisted;Eelimination would produce
Rh(TPPJ directly 2! Although such mechanism has not, to our
knowledge, been invoked in decomposition of transition metal
alkoxo complexes, dehydrogenation of alcohols on Al-doped
MgO surfaces is believed to proceed via a process similar to
E, elimination??

To test this hypothesis (Figure 1), we have examined reactions
of Rh(TPP)(OMe). This species is prepared by addition of a
slight excess of NaOMe to a GBI, solution of Rh(TPP)(P§
under anhydrous and anaerobic conditions followed by rapid
removal of the solvent and extraction of the product ingbl&C
Whereas the complex is stable in hydrocarbon solvents, it reacts
slowly with CH,Cl, under N in the presence of excess NaOMe,
yielding Rh(TPP)(CHCI).23 In contrast, Rh(TPP)(C4LI) is not
generated, within a week, upon addition of up to 100-fold excess
of KO'Bu to a Rh(TPP)(P§ solution in CHCl,, even though
formation of the correspondingrt-butoxo complex is observed
under such conditions.

Remarkably, the presence of CO dramatically accelerates
decomposition of Rh(TPP)(OMe). This seems to favor an E
mechanism. CO should enhance the reactivity of (CO)Rh(TPP)-
(OMe) toward E elimination by stabilizing the transition state
via delocalization of the developing negative charge on the
metalloporphyrin moiety from Rh onto CO. In contrast, such
an adduct would be expected to be less reactive toward
p-hydride elimination because coordination of the second axial
ligand usually decreases displacement of Rh from the plane of
the coordinating nitrogens, thus making the required vacant cis
coordination site less accessiBfewithin this mechanism, the
stability of Rh(TPP)(OX) (X= H, 'Bu) toward CHCI is due
to their inability to undergo reductive elimination. A slow

(18) Decomposition of only a limited number of transition metalkoxo
complexes is mechanistically characterized. (a) Blum, O.; Milstein,
D. J. Am. Chem. Sod.995 117, 4582-4594. (b) Hoffman, D. M;
Lappas, D.; Wierda, D. Al. Am. Chem. S04989 111, 1531-1532.
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metals are known: ref 18a (refs 5 and 6 therein). (e) Bernard, K. A,;

Rees, W. M.; Atwood, J. DOrganometallics1986 5, 390—-391.

Wayland, B. B.; Van Voorhees, S. L.; Wilker, Borg. Chem1986

25, 4039-4042.

WGSR: (a) Reference 15. (b) Wayland, B. B.; Woods, B. A.; Pierce,

R.J. Am. Chem. So&982 104, 302—303. Olefin insertion into RhH

bond in Rh(OEP)H and related 1,2-alkyl shift of Rh(por) alkyls: (c)

Paonessa, R. S.; Thomas, N. C.; Halperd, Am. Chem. S0d985

107, 4333-4335. (d) Mak, K. W.; Chan, K. SJ. Am. Chem. Soc.

1998 120, 9686-9687. () Mak, K. W.; Xue, F.; Mak, T. C. W.;

Chan, K. SJ. Chem. Soc., Dalton Trans999 3333-3334. Aldehyde

insertion into the RR-H bond of Rh(por)H species: (f) Wayland, B.

B. Polyhedron 1988 7, 1545-1555. (g) Wayland, B. B.; Van

Voorhees, S. L.; Wilker, Clnorg. Chem.1986 25, 4039-4042.

Possibly decomposition of Rh(porf€Q)R to Rh(por)R: (h) Abey-

sekera, A. M.; Grigg, R.; Trocha-Grimshaw, J.; Viswanatha,JV.

Chem. Soc., Perkin Tran4977 1395-1403.

(21) A possibility of E elimination in our system was suggested by a
referee.

(22) Di Cosimo, J. I.; Apesteguia, C. R.; Gines, M. J. L.; IglesiaJE.
Catal. 200Q 190, 261—275.

(23) Other stable metalloporphyrimethoxo complexes are known. An-
tipas, A.; Buchler, J. W.; Gouterman, M.; Smith, P.DAm. Chem.
Soc.1978 100, 3015-3024.

(24) Coordination of an axial imidazole to alkylcobalamines was reported
to promote-hydride elimination despite the increase in the steric
congestion around the metal. Cross, R. JThe Chemistry of the
Metal-Carbon BongHartley, F. R., Patai, S., Eds.; Wiley: New York,
1985; p 570. We are aware of only one study of the effect of axial
ligation on the facility of a reaction that is presumed to proceed via
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decomposition of Rh(TPP)(OMe) in the absence of CO may 37
result from relatively poor leaving capabilities of Rh(TPP)
When such alkoxo intermediates are generated in the Rh(TPP)I/ “* (& ) o
Na(OCHR) (R = H, Me) mixtures, competition from~ for ) : 3
Rh results in only a very small concentration of Rh(TPP)- e
(OCH;R), which, together with its relatively high stability in
the absence of CO, makes the subsequent transformations too
slow to be observed. Finally, since CO adducts of!'Rior)
derivatives are unstable toward dissociation of CO in solution,
excess CO is likely required to build up sufficient concentration
of the more reactive six-coordinate intermediate (CO)Rh(TPP)-
(OCHR) (R = H, Me).

Two other mechanisms yielding metallohydride via decom-
position of a methoxo complex are conceivaliiga) homolysis
of the Rh—0O bond followed by hydrogen atom abstraction from
the resulting methoxo radical GB* or methanol cosolvent by
a d Rh'(TPP) complex?® (b) heterolysis of the RRO bond 05 QY d
followed by hydride abstraction from GO~ by Rh"(TPP)". o o)
While RH!'(por) species are known to activate-8 bonds?® Figure 2. ORTEP view of Rh(TPP)(CKCI) (50% probability thermal
such an intermediate should generate, via chlorine atom abstracellipsoids) showing the numbering scheme and the disordering of the
tion from CH,Cl,, a Rh(TPP)CI byproduct. Neither this complex ~CH:Cl unit. CI(1) and CI(2) represent the Cl positions with occupancies
nor possible products of its further transformations (such as °f 8% and 32%.
Rh(TPP)(CGEt)) were detected in the reaction mixtures, Taple 1. Crystallographic Data for Rh(TPP)(GEl)
suggesting against the RI® bond homolysis as a major re-

action pathway. Likewise, the hydride abstraction by Rh(TPP) :Ar;n pirical formula 7223'3545'_'30
is not consistent with the stability of Rh(TPP)(OMe) in relatively cryst size (mm) 0.26< 0.30x 0.25
polar CHCl, in the absence of NaOM&. a(d) 12.1012(6)

The different reactivities of the related complexes Rh(TPP)X- b (A) 12.6451(6)

- . P . c(A) 12.8335(7)

(CO) (X=ClI, I):3 are likely the result of a kinetic competition a (deg) 0.605(1)
between ligand metathesis (and subsequent reactions) and 3 (deg) 88.848(1)
nucleophilic attack on coordinated C&Compared to chloride, y (deg) 65.654(1)
I~ is both a better leaving group, which favors ligand substitu- V(A9 1672.0(1)
tion, and a more basic ligand, which decreases the electrophi- ;pace group 51 (No.2)
licity of the trans-bound C®? The irreversible formation of Deatc (g/cn?) 1.520
Rh(TPP)(CHCI) provides the overall driving force for the Rh- R (4341 refins) > 30(1)) 0.040
based reactivity, as opposed to the C-based reactivity of the wR2 0.092
chloro complex. goodness of fit indicator 1.63

Whereas the CCl moiety in a related complex, Rh(dmgH)  [(Tpp)RHY = CHyJ* by electron-withdrawing TPP may account
(PPQ)(CHzC') (dmgH= dimethylglyoxime), undergoes facile for the increased stability of Rh(TPP)(GEl).
methanolysis yielding Rh(dmgk{(PPh)(CH,OMe)**Rh(TPP)- The solid-state structure of Rh(TPP)(gH) was studied
(CH.CI) is stable toward alkoxides. Since methanolysis likely - crystallographically (Figure 2, Table 1). Its most conspicuous
proceeds via an mechanism, destabilization of the higher  featyre is an unusually large “saddle” distortion of the porphyrin
formal oxidation state of the metal in the carbenoid intermediate, (Figure 3) wherein the pyrrole rings are alternately displaced
above and below the mean plane of the core. The maximum
(25) Decomposition of alkoxo complexes via homolysis of the ®(R) deviation of 0.484 A for a porphyrin-core atom from the

bond has been reported: Whitesides, G. M.; Sadowski, J. S.; Lilburn, i - _ i
3.0 Am. Chem. S0d974 96, 2829- 2835, corresponding 24-atom least-squares plane is even larger than

(26) (a) Zhang, X.-X.; Wayland, B. B.. Am. Chem. S0&994 116, 7897 tha_t in Ni(TPP) (0.46 '530 and Fé(TPP) (0.40 Aﬁl c_omplexes_,
7898. (b) Wayland, B. B.; Ba, S.; Sherry, A. . Am. Chem. Soc. ~ Which are often considered some of the most distorted simple
1991, 113 5305-5311. (c) Del Rossi, K. J.; Wayland, B. B. Am. metalloporphyrins. The origin of this distortion is not clear.

Chem. Soc1985 107, 7941-7944. . . S .
(27) A referee suggested an alternative mechanism for generation of Peripheral crowding, which is sometimes regarded as a cause

Rh(TPPY in the Rh(TPP)I/NaOMe/CHCl,/CO system. The initially ~ Of nonplanarity?® is not present in Rh(TPP)(GBI). The
formed Rh(TPP)(CECH;) undergoes any® substitution at the C¢l nonbonding CI2-N2 distance of 3.080 A is shorter than the

group by I, generating the unstable Rh(TPP)(CPDand, subse- ; i 32
quently, Rh(TPP) (+C0O). Although this may constitute a parallel sum of the respective van der Waals radii (l_.80_-,51.55 A)'
reaction, and such a possibility was not examined, the observed However, the value of the RIC—CI angle is in the range

decomposition of Rh(TPP)(OMe) in GBI, in the presence of only normally observed for other chloromethylrhodium species. The

NaOI_\k/I)F suggﬁsts that reductive aldehyde elimination is the simplest ¢|osest Rkr+Rh separation in the crystal lattice is 5.319 A with

possible mechanism. Lo - 4

(28) Rh(TPP)(CGEY) is also generated from RIDEP) in the presence @ f@Spective interporphyrin separation of 3.670 A. These values
of CO and ethanol. Miller, R. G.; Kyle, J. A.; Coates, G. W.; Anderson,
D. J.; Fanwick, P. EOrganometallics1993 12, 1161-1166. The (30) Scheidt, W. R. InThe Porphyirn Handbogkkadish, K. M., Smith,

reaction, however, proceeds via a radical pathway (Zhang, X.-X.; K. M., Guilard, R., Eds.; Academic Press: San Diego, CA, 2000; Vol.
Parks, G. F.; Wayland, B. Bl. Am. Chem. S0d.997, 119, 7938~ 3, pp 49-112.

7944) and is therefore mechanistically different from the transformation (31) Collman, J. P.; Hoard, J. L.; Kim, N.; Lang, G.; Reed, CJAAm.
found in the present work. Chem. Socl1975 97, 2676-2681.

(29) The CO stretch is at 2108 and 2100 @énin the chloride and the (32) Book of Datarevised edition; Ellis, H., Ed.; Longman: Harlow, U.K.,
iodide complexes, respectively. 1984; p 49.
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Figure 3. (A) Side view of Rh(TPP)(CELI) showing the distortion of the porphyrin core (50% thermal ellipsoids). (B) Displacement (pm) of the

atoms of the porphyrin core and Rh from the 24-atom least-squares plane (excluding Rh) and the absolute values of the angles between the 5-atom

least-squares planes of the pyrrole rings and the 24-atom least-squares plane of the porphyrin core.

Table 2. Select Bond Distances (A) and Angles (deg) for
Rh(TPP)(CHCI) and Related Complexes

Rh(TPP)- [Rh]—CHCI & Rh(por)-CP
(CHCI) range range
Rh—-C 2.010(4) 2.050(#2.161(2) 1.896(6)2.078(5)
C—-Cl¢ 1.708(6) 1.688(6)1.803(8)
Rh—N,/ 2.020 2.023-2.035
Rh—Ng 0.018 0.024-0.096
Rh—C-ClI 116.1 115.3(45120.0(3)

2In the complexes containing the RIEH.Cl moiety.?In the
complexes containing the (por)RIC moiety.¢ Of the chloromethyl
group.d Average of the four RRN bonds in the Rh(por) moiety.
¢ Displacement of Rh atom from the least-squares plane of the four N
atoms of the porphyrin core.

are similar to those found in phase A of Ni(OEP) {NNi
separation of 7.62 A and interporphyrin separation of 3.48A),
suggesting weak—x interactions in pairs of Rh(TPP)(GBI)
molecules.

(33) Brennan, T. D.; Scheidt, W. R.; Shelnutt, J. A.Am. Chem. Soc.
1988 110, 3919-3924.

The nonplanarity of the core is accompanied by shortening
of the Rh—N bonds (Table 2), which is usual. On the other
hand, Rh(TPP)(CKCI) manifests a remarkably small displace-
ment of Rh from the plane of the coordinating nitrogens. Finally,
although the Rk C distance in Rh(TPP)(CJ&I) is comparable
to other organometallic Rh(por) derivatives, it is the shortest
among the chloromethylrhodium complexes whose crystal
structures have been reported (Table 2). Shortening of theCRh
bond in porphyrin derivatives, compared to the non-porphyrin
analogues, is normally observed.
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