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UNUSUAL METALLOPORPHYRINST

. »
Minoru Tsutsui eand C. P, Hrung

Department of Chemistry, Texas A&M University, College
Station, Texas 77843

A

The use of metal carbonyls for the insertion of metal ions in-
to porphyrins was first introduced by Tsutsui and co-workerss3 in
1966. This method has developed itself to be a useful and unique
technique ir the synthesis of new metelloporphyrin complexes with-
in the last decade. In addition to a number of previously rerorted
netalloporphyrins, the reaction of metal carbonyls and metal czi-
bonyl halides with neutral porphyrins has led to the syntheses of
new metalloporphyrin complexes of chromiu;, molybdenum, technmetium,
ruthenium, rhodium, rheniwm, an”® iridium,” xcept for the zhriaium
and molybderum porphyrin cohplexes, carbonyl groups are ratair:d by
the metals :.n the new metalloporphyrin complexes.

By reaction of dirhenium decacarbonyl, ReZ(CO)lg, or 4i4 -hne=
<ium decacarbonxl Tcg\"o),ﬂ, with mesoporphyrin X Al el ner,
HOPIXDUE, in refluxing ecal_. unisr arscn - <ers
;Eve su ccess*ul¢, rerared two unusual rhe -

Lyring”? @, \H-Iu,aef.C):, iy apd "PLRe(CC zr  2¢h-

i'. 3

1

tedoy o
hesium orsanometalloporpiyrins, 9 (H-P:T2(CT) ., té;;, ant ‘
(CO) ) y 1V, and a mlxed “han*um +echnet:.u.m orngOﬂe callcvert vin, 5
WoC) 3ReJPmm co) 3 s (Figure 1), A single crystal X-ray diifr:ction
ana.ysis of - [resg-tet*a"neny_norphinavo]bxs[trxca.bory;-.en-.n( )=
Ji0 , TPP[Re(CO) Jo’ VI, (Figure 2), has shcwn that each rheniu: ion
is bonded to three n?t rogen atoms and that two rhenium atcms are
bonded to one porphyrin on opposite sides of the plane of the ror-
phyrin molecule,

D

The metal ions in these complexes, I-VI, sit out of the plane
of the porphyrin molecule. The monorhen>un ‘and monotechnetiun ore
ganometalloporphyrin complexes, I and III, where the porphyrin moi-
ety acts as a tridentate ligand, resembf@ Fleischei''s proposed "sit-
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356 ' MINORU TSUTSUI AND C. P, HRUNG

Figure 1. Schematic diagram of (0C).ReMpTc(CO),, ¥; The ali-l sub-
stituents on-the porphine ring were omitted for clarity.

ting-atop complex"ll’12 and are good models for the intermediates

in the insertion of a metal ion into porphyrin.l3 The dirheaium,
ditechnetivm, and the mixed rhenium technetium organometallcporphyrin
complexes, II, , X, and X£, where the porphyrin moiety ac%is as &
hexadentatewyigand, are examples of the first isolated stable hono-
and hetero-dinuclear organometalloporphyrin complexes.” The mono-
rhentum porphyrin complex, I, reacts with Re,y(COjiq or Tcz(co)lo in
refluxing decalin to form rhHenium porphyrin cemplex,® 1I,°and the
mixed rhenium technetium porphyrin complex,’ V, respectively. Re=-
placement o” th: pyrrolic proton (N-H) of thewmonorhegium porphyrin
eomplex by other metal ions such as Ag*, Hget, and Pb¢*, has re-
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Figure 2. Coordination sphere showing bond distances aroun. the Re
stoms of TPP[Re(CO) ]2, vI.

sulted in unétable complexes.6

The temperature depeﬁdent nmr spectra of (HMP)Tc(CO),, (HMP)Re-
(C0), and (H-TPP)Re(CO) have been shown to exhibit flakicnal be-
havidor. The metal atom3 migrate about the face of the porphyrin
ring via an intramolecular mechanism. This is the first example of
fluxional behavior of out-of-plane organcmetalloporphyrins reported.

The monotechnetium porphyrin complex, III, (Figure 3), behaves
in a different manner by disproportionatingw%o form a ditechnetium
porphyrin complex, £x and the free porphyrin, HZMPIXDME by heating
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Figure 3. Disproporticnation of (H-Mp)Tc(co)3. II1, by hesting.
hmo&m
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80IL ' HSO‘ ' Ac™)
OM
OH,

co

HSO,

?1g?re L, Reaction scheme for iridium porphyrin prepared -ia Ir-
€0).Cl1. .
3

in refluxing decalin8 (Figure 4). This is also the first example
of unusual coordination phencmenon repqorted. Such a resaction was
not observed on heating monorhenium porphyrin complex, I, in re-
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o fluxing decalin,”® It geens that both the rhenium and technetium
' dimetalloporphyrin complexes are thermodynamically more stable than
the monometalloporphyrin complexes, hecause a reverss reaction of
MP[M(CO) to (HeMP) w(co) (M = Re or Te), could not be detacted
vetieen BPE M(Co;5) and K QPlﬂﬁME in refluxing decalin gog either
the rhenium ar tecgnetium dimetalloporphyrin complexes.
Two different methods were cuployed by Fleischer and co-workers
ig 1967 in preparing the rhodium und iridium porphyrin complexes.15
In one, the freshly prepared metal carbonyl halides, [Rh(CO)
. C1]; and [Ir(C0),Cl], were alloved to react with the porphyrins in
: luciul acetic a?id solution to f{orm the respective metalloporphyrins
Figure 5). In the second method, the cyclooctene complexes of rho-
diun and iridium were found to be rasctive intermediates useful in
tke metalloporphyrin formation (Figure 6). In both methods, incor=
poraticn of rhodium iuto the porphyrin was more readily achieved
than vas iridium. By the reaction of [Rh(C0),Cl], with meso~tetra-
phenylporphine, H,TPP, in refluxing benzene, two s.able organometal-
1o§vrphyrm derivatives of rhodiuxn. RRIIICO(TPP) C1 and (o-phenyl)-
(TPP)+Cl, vere separate bX chromatography on an alumina column
by Fleischer and co-workers:l (Figure 7).

Recently, Yoshida and co~workers were able to pre are two novel
dinuclear rhodium(l) organcmetalloporphyrin complexesl m££ and

Cieteyen, 1],
ETHANOL

[n’[eyco],(cmcn]

PH, ESTER

PYR|= WEAK
f ; DINE f ; NGON h!m

CYCLOOCTENE

ch‘\p’ lnc; NaoK // Hel

c0

cl

Figure 5. Reaction schene for iridium porphyrin prepared via iridi-
um cyclooctene complex.
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(slgure 8), by m??i ing Fleischa:'s reaction onditiona tfor
preparation of Ru***CO(TPP)+Cl and (v-phenyl)RH (”PP)‘Cl in re-

‘fluxing benzene 1711 Octaethylporphyrin, OEPH,, or (-methyl) oce

taethylporihyrin rescts with (Rh CO)QCI] in benzene solution at
room tenperatury under nitrogen utmosphore to produce ?II and VI
From the spectral data and the oxper;mently determined ‘niclecula
veight, VII vas formulated as an acid, HY[OEP. Hha(co)hCIJ'. which

N N
[Rhtcon, cij TeeH, e / \n‘“" /
.,,/”’:K\

N————-'-—N

Ct

Figure 6. Prepacation of new metalloporphyrin complexes of rhcdium
in refluxing benzene,

Figure 7. Two unusual metalloporphyrin complexes of rhodiuvm pre-
pared in benzene at room temperature.
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UNUSUAL METALLOPORPHYRINS 361

eontains a Rh-Cl-Rh bridge.ao The proton nmr and infrared spectral
data indicate that the [Rh(C0),Cl], molety is maintained end the =
H and N-CH. bonds exist in VIIE. ginc. the Rh=Rh diatance in [Rhe
(C0),C1], Ras been raported i3 ve 3.1.2 X, and the aistan-e betvee
the twn udjacepg nitrogsn atoms of planar porphyrin is about 2.9 A,
it vas assumed*’ that the two Rh atoms of the [Rh(CO).Cl], molety
are bonded to the two adjacent nitrogen atoms of tho'iorpgyrinutc
eore of Xé%é' as shown in Figure 8. Xe-ray analysie of X%%. however,
showed the atoms to lie above and below the porphyrin ring and off
of the 8, axis normal to the porphyrin plane (Figure 9).~ Upon ex=
posure to air, VII wag slowly oxid%zed to form e rhodium({III) chlore
complex of octadtiylporphyrin, RhILIC1(OEP) 2H.0, which can further
react with alkyl lithium to give an alkyl-rhodium complex. However,
X£é£ behaves in a different manner to give the identical alkylerhee
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dium complex elther Ly gentle heatiiz in chloroform or chreomatogra-
phy on silica gel (Figure 8). This phenomenon of alkyl migration
from & nitrogen atom to a matal jon is reported for the first time.
The alkyl migration may proceed concertedly with oxidatiun of rhow
dium(I) to rhodium(iII). The N=-CH, bond flssion seems to be facili-
tated by the aid of a low-valent rhodiwm ion.l? The reaction of
(N-cthyl)oetae hylporphyrin with [Rh(C0),Cil, yields & rhodium(I)
iex aimiler to VIII, vhich is also easily oxidized to CH CH .
(OEP). The medMdism of metal oxidation and alkyl migritisn

iz still unknown.
/ / + Ry,lCO),

(mn,

BENZENE

e 3 °

/j:_\s/_]NIMIDAZOLE // '\ / // /
o ;

Figure 9. Resction schems for ruthenium(II) porphyrin.

Both ruthenium ¢ rharyl, Ru;(co\,a, and ruthernium . b ‘1 ha=

b
lide, [Ru’C0},Cl,],, react with etran‘=nylvorhnirﬂ ¢ v he i=
den%ical preodlcs, Toncearbonyl rutaenium(:l; tetragianiir..y ne,e-'

23 TPPRuCO, IX. It was found that IX crystallizes with a mo.:cule

of either al¥dhol or water, and that ‘these weakly bound m~lecules

are trans tc the crr’ onyl roup. - <3 Regently, a single crystul X-ray
diffraction ana¢ysis~-a3h cenfirmed this itructure., [midazo.: and
sinilar organic bases complex imrediately st room temperature with
TPPRUCQ upon mixing in venzene.25,26 However, as expected for a low=
spin d° system, substitution reactions of th: monccarbonylrutienium=
(II) complex take place slowly and under severe conditions to replace
the carbonyl group. 23 Irradiation of degassed benzene or pyridine
solutions of monocarbonyl ruthenium(II) aetioporphyrin-I pyridinate
with visible or ulta-viclet light leads quantitatively to a ruthe-
nium(II) porphyrin photodimer with a metal-metal bond.2T It is of
interest that MPRUCO in benzene solutinon reacts smoothly with excess
nitric oxide to form a dinitrosylruthe ‘.um(II) mesoporphyrin complex@ ad
(Figure 10).
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Figure 11. Structure of U(IV)bis-phthalocyanine.
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364 MINORU TSUTSUI AND C. P. KRUIG

From the X-ray crystal structure analysis of both rhenium and
rhodium out-of-plane metalloporphyrin complexes, 10,21 yI and VII,
it would appear that the metal carbonyl moieties pre;ef”to cod¥di-
nate to adjacent nitrogen atoms rather than al“ernate nitrogen a-
toms of the porrhyrin ring, causing the metal atoms to lie off the
8, axis normal to the porpghyrin plane, It is of interest that in
these unusual metalloporphyrins complexes (Re, T¢, Rh), the por-
phyrins act as di-, tri-, or hexadentate ligands which are consider-
ed to be nonclassical ccordination numbers for them. The coordina-~
tion of each out-of-plane metal atom to two or three nitrogens of

the porphyrin ring is predicted by 6he éa-electron rule with the me=-
tal in a low oxidation state (+1;

Further use of "unusual' synthetic metalloporphyring is expect-
ed in eiucidating the geoma2tries which axial ligands can assume. One
approach would be to examine the metalloporphyrin complexes of metals
known to exhibit coordination numbers greater than six. Scandium
porphyrin29’77 forms complexes in which exially coordinated acetate
or acetylace: :nate acts 8s a bidentate ligand, Considering the size
and electronic structure of the retal and the steric requirement of
the ligands, it is to be expected that the scandium ic situated above
the porphyrin plare. Zireenium(IV) and nafnium(IV) ferm perphyrin
complexe529 each containing two bidentate acetate ligands. It :z=as
been proposed31,32 that the meta) atoms are also cut of the porzayrin
plane, thus coordinating both acetates on the same side of the por-
payrin (Figure 11).

X-ray crystal structure analﬁsis of both uranium(TV), and <in=

() rhthelocysnine comnlexes have shown that tcth comrlar s

are sandwich type compounds with the metal atems sitsin: 32
exis and out of sre rhihalsevinine plane (Figure 127, ° a-
nide(III), (lLa, Ze, ﬂd, Zu, Er, (o) phthalocyanine ccny B

elso prepared end proposed to nave similar sandwica st .
These out-of-vrlane metallc-vnthalocyanine ccmplexes eare clicte v
lated examples of the sbove reported nunusual metalloporphjyrins.

Recently, a tr‘p1 decker sandwich" type polynuclear mercuric
porphyrin ccmplex3 has besn prepered which illustrates anotaer type
of out-of-plane metallcporphyrin complex. This compound Illustirates
the possibility of forming more extensive stacked polymers of metal-

‘loporphyrin (Figure 13).
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0:CO-CHy

Proposed structure of triple decker mercury porphyrin.
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Figure 13.

Proposed structure for stacked polymers of porphyrins.

Caye

SRR e

S

PONITREN

PRPTRENY} . WL AR

: i
B R R TN .ﬁj



N
b
[
e
i

SR e I VU SN 3

UNUSUAL METALLOPORPHYRILS
REFZRENCT.

1. Unusual Metalloporphyrins,

2. M. Tsutsui, M, Ichikawa, F. Vohwinkel, and K, 3uzuki, J. Amer,.
Chem. Soc., 88, 854 (1966).

3. M. Tsutsui, R. A. Velapoldi, K. Suzuki, F, Vohwinkel, M, Ichi-
kava, and T. Koyano, ibid., 91, 6262 (1969).

b. D, Ostfeld and . Tsutsui, Ace. of Chem. Res., 7, 52 (197h4).

. D, Ostfeid, M. Tsutsui, C. P, Hrung, and D, C. Conway, J. Amer,
Chem. Soc., 93 2548 (1971).

6. D. Ostfeld, M. Tsutsui, C. P. Hrung, end D. C. Conway, J. Coord.
Chem., 2, 101 (1972). ,

T. M. Tz utsui and C. P. Hrung, Crem. Lett., 941 (1973).

8. M. Tsutsui and C. P. Hrung, J. Coord. Chem,, 3, 193 (1973).

9

0

D. Cullen, E. Meyer, T. 5. Srivastava, and M. Tsuteui, ibid.,

94, 7603 (1972). -

11, E. B. Fleischer and J. H. Wang, ibid., 82, 3408 (1960).

12. E. B, Fleischer, E. I, Choi, P, Hambright, and A, Stone, Inorg.
Chem., 3, 1284 (196L).

13. ? thsropour and P. Hambright, J. Chem. Soc., Chem, Comm., 13

1972

14. M. Tsutsui and C. P. Hrung, J. Amer. Chem. Soc., 96, 2653 (1974).

15. E. B, Fleisch.r and N. Sadasivan, Chem. Cocmm., 159 (1967).
16, ?. gggasivan end E. B, Fleischer, J. Inorg. Nucl. Chem., 30, 591
1968).
17. ?. g.)Fleischer and D. Lavallee, J. Amer. Chem. Soc., 89, T.32
1969).
18. E. B, Fleischer, R. Thorp, and D. Venerable, Chem. Comm., L75
(1959).
19. J. Ogoshi, T. Omura, and Z. Yoshida, J. Amer. Chem. Soc., 9,
1666 (1973).
20, Z. Yoshida, H, Ogosni, T. Omura, E, Watanade, and T. Kurcs i,
Tetrahedron Lett., l.a., 1077 (1972).
21, A, Texenzka, ¥, Casada, T. Cmure, H. Cgoshi, and 2. Yacii:
, J, Caen. Soc., Chem. Comm., 792 (1973).
22, J, J. Bonret, S, S. Eaton, G. R. Eaton, R, H, Holnm,
Ivers, J. Amer. Chem, Soc., 95, 21kl (1973).
23. B, C. Chow and I. A. Cohen, Bioincrg. Chem., 1, 57 (1971).
24, D, Cullen, E, Meyer, Jr., T. S. Srivestava, and M. Tsutsul. J.
Chem, Soc¢., Chem. Comm., 584 (1972).

D
<4

25. M, Tsutsui, D. Ostfeld, and L. Hoffman, J. Amer. Chem. Soc.,

93, 1820 (1971).
26. 8. S, Eaton, G. R, Eaton, and R. H, Holm, J. Organcmetal. Chem.,
39, 179 (1972).
2T. 6. W, Sovocool, F. R. Hopf, and D, G. Whitten, J. Amer, Chenm,
8oc., 94, L4350 (1972).
28. %. S.)Srivastava, L. Hoffman, and M. Tsutsui, ibid., 94, 1385
1972).,

. M., Tsutsui and C. P. Hrung, J. Amer. Chem. Soc., 95, ST77 (1973).

. i

i
1
;

i



368
2.
30.
1.
32,
32,
3k,

35.
3%.

MINORU TSUTSUI AND C. P. HRUNG

J. W. Buchlef, 6. Eikelmann, J. Fuppe, K. Robtock. H. H. Schnee-

hage, and D, Weck, Justus Liebigs Ann. Chem., T45, 135 (1971).

{. W.‘Buchler and H, H. Schneehege, Tetrahedron Lett., 36, 3803
1972.. ’

¢. W. Buchler an® K. Rchbock, Inorg. llucl. Chem. Letters, 8,

1073 (1972). :

J. W. Buchier, L. Puppe, X. Roibock, and H. H. Schneehage, Ann.
N.Y. Accd. S2i., 206, 116 {1973).

A. Gierer ¢nd W. Hoype, Cuem. Comm., 413 (1971).

D. E, Broberg, Diss. Ahst.. Int. B, 08, 3204 (1968).

8. Misumi and X. Kasuga, Nippen Kagake Zasshi, 92, 335 (1¢T1).
M. F. Hudson.and K. ¥, Zmith, J. Chem. Soe., Chem. Comm., 515

(1973).

- I ARG TV g @ 1w e e = .

i

ey SRR g s e e b e

WA !




