
AD/A-006 681

UNUSUAL METALLOPORPHYRINS

Minoru Tsutsui, et al
Texas A and M University

Prepared for: I
Office of Naval Research

1975

DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE



aw .Ve -.7

DOCUMENT CONTROL DATA! -. DAD % k I
(tv IVy 107s gf~t of title. 16ody of abstract and Indoxinig annotation must heenterdwhr ' ''rl enti l~ te

IORIGINATING A T VTY(oporato author) 20. REPORT SECURITY CLASSIFICA7 ION
Department of Chemistry ________________

Texas A&M University b

College Station, Texas 77843
ta~. REPORT TITLE

UNUSUAL METALLOPORPHYRINS

DESCRIPTIVE NOTES (Typo o1 tepot. and inclusive data@)

. Technical Report
S.AUIT OR(S) (FirstI name, middle Jinitial, 1ast name)

KMinoru Tsutsui and Chang-Po Hrung

[6 IiEPORT DATE 741. TOTAL. NO. OF PAGES j7b. NO. OF REFS -
19-CONTRACT OR GRANT NO. 90. ORIGINATOR'S REPORT UBR'p N0014-8-A-308-006Technical Report no. 8

16. PROJECT NO.

Ob. OTHER REPORT NOWS (Any other numbers that may be 84aaljnodI thla report)

10. DISTRIBUTION STTEEN

A pproved for public release; distribution unlimited.

.SUPLEMENTARY NOTESI IL SPONSORING M161TARY ACTIVITY

S Organotransition Metal Chemistry 1975 Office of Naval-Resear'ch .

'~Ipp. 355 Department of the flavy
~jPlenum Pub., Ed. Y. Ishii and M. Tsutsui Arlington, Virginia 22217

ABSRCV3. The chemilstry of unusual metalloporphyrins is reviewed.

Reproduced by
NATIONAL TECHNICAL
INFORMATION SERVICE

US Department of Commerce m 1
Sprinclield, VA. 22151 PIE UJ~ OCAA

FORMS1.SBJC O fA~
DDm If No 6111473



LINK A LINK 3j LIN C

Kay WOROSI 7 ,,!LE w T ROLE WT _pj- ~

Unusual metalloporphyrins ~

technetiurn organometal loporphyrins

* (H-MP)TcC)

mixed rhe~niurn technetiurn organometall1oporphyrin

(OC)3RePcCO)3

iP-Cmeso-tetraphenylporphiflatolbis~tricarbonyl -

rhe i um I)]

TPP(Re(C)]

sitting-atop complex''

hetero-di nuci ear organometall1oporphyri n

complexesI
monotechnetiuml porphyriin complex

monocarhonyl ruthenium( II) tetraphenyl porphine

TPPRuCO

dlnitrosylrutheflium(II) mesoporphyrin complex

A

Sefluriq~~I Mbalijutlr



""M IUSUAL METALLOPORPHYRINS
1

Minoru Tsutsui and C. P. Hrung

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

The use of metal carbonyls for the insertion of metal ions in-

to porphyrins was first introduced by Tsutsui and co-workers 2 , 3 in
1966. This method has developed itself to be a useful and unique
technique ir the synthesis of new metalloporphyrin complexes with-
in the last decade. in addition to a number of previously retorted
netalloporphyrins, the reaction of metal carbonyls and metal caz-
bonyl halides with neutral porphyrins has led to the synthesez of
new metalloporphyrin complexes of chromiuý7., molybdenum, technetium,
ruthenium, rhodium, rhenium, anel iridium.4 Zxcept for the ehrtrlnium
and molybderum porpnyrin cot.plexes, carbonyl groups are fetal: •i by
the metals :..n the new metalloporphyrin complexes.

By reaction of dirhenium decacarbonyl, Re (CO) 1 0 , or dit Ihne-
tilzi decacarbonyl, -'~ ,(i th meso-porphyrin7X-
.- '_.,XDME, in refli•.i. ieclý; unjer arzzn, i .: - ers
-v::e successfully nretared two unusual rhenmium crr.:::.. -

.:yrins; r '',(i~Fe, .,d :!~eCy,,z. . ch-
..e.i.m organo.etall.oporpc.yrlns, (.., c.C, , a . .
S(C0) 3 ], IV, and a mixed rheniim technetium orgino,"eailoror -in,9

'OC)331OV, (Figure 1). A single crystal X-ray difý-. tion
ar.alysis of -[.-.es ra(henyl-orphinat*oab(stricarbcnylr*.enia(i)-
"]l0 'PP(7Re(CO)3T: VI, (Figure 2), has shown that each rheniu:, ion
Is bonded to threi nlrogen atoms and that two rhenium atoms are
bonded to one porphyrin on opposite sides of the plane of the ror-
Phyrin molecule.

The metal ions in these complexes, I-VI, sit out of the plane
of the porjýhyrin molecule. The monorhen•u•CWand monotechnetium or-
ganometalloi•orphyrin complexes, I and III, where the porphyrin moi-
ety acts as a tridentate ligand,"'resemM Fleischer's proposed "sit-

355



356 MINORU TSUTSUI AND C. P. HUNG
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Figure 1. Scbematic diagram of (OC)3 eMpTc(CO) The sub-
stituents on- the porphine ring were omitted for clarity.

ting-atop complex"11'12 and are good models for the intermediates
in the insertion of' a metal ion into porphyrin.13 The dirhenium,
ditechnet ium, and the mixed rhenium technetium organomet al lcporphyr.in
complexes, II, a, V, and V1, where the porphyrin moiety act s as a
hexadentate'ligand,^are exv" les of' the first isolated stable ho-ao-
and hetero-dinuclear organometalloporphyri.n complexes. 9 The mono-
rhentum porphyrin complex, I, reacts with Re2(CO)ln or Tc,(CO)l0 in
refluxing decalin to form rhenium porphyrin complex',5 11, aand the
mixed rhenium technetium porphyrin complex,9 V, respecýývely. Re-
placemert 0' th! pyrrolic proton (N-H) of' the"monorhe~ium porphy'rin
complex by other metal ions such as Ag+, Hg2+, and Pb' , has re-

44
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Figure 2. Coordination sphere showing bond distances arou.• the Be
atoms of TFP[(e(C0)3, I .

sulted in unstable complexes. 6

The temperature depepdent nmr spectra of (HMP)Tc(CO).,, (HMP)Re-
(CO)3 and (H-TPP)Re (CO)3

1 4 have been shown to exhibit fluRicnal be-
havior. The metal atoms migrate about the face of the porphyrin
ring via an intramolecular mechanism. This is the first example of
fluxional behavior of out-of-plane organometalloporphyrins reported.

The monotechnetium porphyrin complex, III, (Figure 3), behaves
in a different manner by disproportionating•t form a ditechnetium
porphyrin complex, I, and the free porphyrin, H2 NFIXDME, b.r heating

2A
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Figure 3. Disproportionation of (H-Mp)Tc(CO) 3 , III by heating.
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"Figure 4•. Reaction scheme for iridium porphyrin prepared -ia Ir-
(CO) 3 Cl.

8in refluxing decalin (Figure 4). This is also the first example
of unusual coordination phenomenon reported. Such a reaction was
not observed on heating monorhenium porphyrin complex, •, in re-

6<
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tfluxing lecal'an. 5 16 It seems that both the rhenium and technetium
dimetalloporphyrin complexes are thermodynamically more stable than
the monometalloporphyrin complexes, because a reverie reaction of
MPEM(CO) I to (H-NT)M(CO) , (M - Re or Ti), could not be detected
beten t O 3 0 a~ ~~ X,&2 in refluxing decalin ~ete
the rhenium or teot etium dimetalloporphyrin complexes. e

Two different methods were e'4loyed by Fleischer and co-workers
i 1967 in preparing the rhodium .nd iridium porphyrin complexes.1 5 ,

In one, the freshly prepared metal carbonyl halides, [Rh(CO) -

C11, and (Ir(CO)Cl], were allowed to react with the porphyrins in
1aeial acetic aOid solution to £orm the respective metalloporphyrins

(Figure 5). in the second method, the cycloottene complexes of rho-
dium and iridium were found to be reactive intermediates useful in
the metalloporphyrin formation (Figure 6). In both methods, incor-
poration of rhodium ii•to the porphyrin was more readily achieved
than was iridium. By the reaction of (Rh(CO) 2•cl] 2 with meso-tetra-
pheynylporphine, HTPP, in refluxing benzene, two stable organometal-
lo~orpvyrin derivatives of rhodium, RhIIICO(TPP) Cl and (c-phenyl)-
Rh Y(TFP),Cl, were separated hy chromatography on an alumina column
by Fleischer and co-workersl ,8 (Figure 7).

Recently, Yoshida and co-workers were able to prepare two novel
dinuclear rhodium(l) organometalloporphyrin complexes 199,20, and

El(trcycl C)31ETHAM0L -j Th40

P HI ESTER

CO CO CO
PYRI- WZ

CYCLOOCTENE ON

MCIo

CO

Figure 5. Reaction scheae for iridium porphyrin prepared via iridi-
um cyclooctene complex.
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360 MIZIORU TSUTSUI AND C. P. MUNG

y; ; (dlgure 8), by m2jying Fleilsh-:.'l reaction gonditions for
U preparation of RhP' C0(TPP),Cl and (a.phenyl)RHtV(TP1)'C3 in re-
fluxing benze.ne,17,1 Octaethylporphyrin, OEPH2 , or (i-methyl) oc-
taetbylporlhyrin reacts with [Rh(CO) 2 CI] 2 in benzene solution at
room teraperaturýý under nitrogen -Atmosphere to produce 71I and VIII,
Trom the spectral data and the experimently determined Mlecu"'
weight, VtI was formulated as an acid, H+[OEP.1(h2(CO)4Cl], which2

N N

,Rh(CO), Ct]1+ TPPH. C.Hg

C1

Figure 6. Prepa.zation of new m*talloporphyrin complexes of rhodium
in refluxing benzene.

Oft C'0

I%%

VI! I •L

VIIC

:• Figure 7. Two unusual metalloporphyrin complexes of rhodium pre-

v ~pared in benzenie at room temperature.
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_UNUSUAL MEALLOPORPHYRINS 6

contains a Rh-Cl-Rh bridge. 2 0 The proton nmr and infrared cpeotral
data indicate that the :Rh(CO) C1] moiety in maintained and the N-
K and N-CH{ bonds exist in VIZ. iince the Rh-Rh distance in tRh-
(CO) C1i las been reported'Wbe 3.12 , and the distanie b*vween

• the llv adjace• nitrogen atoms of planar porphyrin is about 2.9 A,
it was assumed• that the two Rh atoms of the [Rh(COI:ClI] moiety
are bonded to the two adjacent nitrogen atoms of the iorp~yrinatocore of ,as shown in Figure 8. X-ray analysis of VII, however,
showed the atoms t.o lie above and below the porphyrin riqand off
of the S2 axis normal to the porphyrin plane (Figure 9).1 Upon ex- IL
posure to air, VII wva slowly oxid zed to form r rhodiumfIII) chloro
complex of octaCylporphyrin, RhI'l(OE?).2H•0, which can further
react with alkyl lithium to give an alkyl-rhodKum complex. However,

behaves in a different manner to give the identical alkyl-rhe-

o, c
uCO o

at

Figure 8. Structiire of [Rh(CO)2] porphyrin.

-~ 2<



362 MINORU TSUTSUI AND C. P. HRUNG,

dium complex either by gentle heati.g iin chloroform or chromatogra.
phy on silica gel (Figure 8). This phenomenon of alkyl migration
from a nitrogen atom to a metal ion Is reported for the first time.
The alkyl migration may proaeed conctrtedly with oxidation of rho-
dium(I) to rhodium(STI). The N-CH bond fission seems to be facili-
tated by the aid of a lov-valent r~odium ion. 1 9 The reaction of
(N-etVIl)octaethylporphyrin with (Rh(CO),,C'I,. yields a rhodium(I)
aoqlex similtr toVIZZ, vhich in also eisily oxidized to CH CH

h..L(OEP), The me *kism of metal oxidation and alkyl migrition
is still unknown.

NN-N

+*I N I N Ru1I(CO)18

N- ---- N

(TPPHI)

ISENZENE

N -Ni• N"

_.N 7±7T_
IM1AZOLE NN

S 0

Figure 9. Reaction soheme for ruthenium(II) porphyrin.

Both ruthenium c - Ru (CC),,, and rutheniu• ' 1 ha-
lide, [RuCO,)Cl2'L., react ,•tih .etrab`-nylporphir.e, . ', he i-
dentical pro~ict, ,t.onocarbonyl rutnenium(i2 tetraei:. ne, 2 2 ,
23 TPPRuCO IX. It was found that IX crystallizes with a mo. -cule
of either a;,Nhol or water, and thaýtthese weakly bound mralecUles
are trans tc the c.r'onyl ;roup." 3 Recently, a single cryst,-. X-ray
ditfraction analysis'=2,-2 confirmed this ý.tructure. Imida=o-. and
similar organic bases complex imr.diately %t room temperature with
TPPRuC9 upon mixing in benzene.25,2 6 However, as expected for a low-
spin d2 system, substitution reactions of th- monocarbonylruthenium-
(II) complex take place slowly and under severe conditions to replace
the carbonyl group. 2 3 Irradiation of degassed benzene or pyridine
solutions of monocarbonyl ruthenium(II) aetioporphyrin-I pyrildinate
with visible or ulta-viclet light leads quantitatively to a ruthe-
nium(II) porphyrin photodimer with a meta-l-metal bond. 2 7 It is- of i
Interest that NRuCO in benzene solutio-n reacts smoothly with excess
nitric oxide to form a dinitrosylruthe*• =m(II) mesoporphyrin complex2• I

(Figure 10).

J10<
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Figure '0. Secwndium porphyrin.
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From the X-ray crystal structure analysis of both rhenium and
rhodium out-of-plane metalloporphyrin complexes,10,21 VI and VII,
it would appear that the metal carbonyl moieties prefeýýto co•ii-
nate to adjacent nitrogen atoms rather than alternate nitrogen a-
toms of the porphyrin ring, causing the metal atoms to lie off the

"S xis normal to the porphyrin plane. It is of interest that in
t~ese unuLiual metalloporphyrins complexes (Re, Tc, Rh), the por-
phyrins act as di-, tri-, or hexadentate ligands which are consider-

ed to be nonclassical coordination numbers for them. The coordina-
tion of each out-of-plane metal atom to two or three nitrogens ofthe porphyrin ring is predicted by ýhe 18-electron rule with the me-

tal in a low oxidation state (+1; d°, du).

Further use of "unusual" synthetic metalloporphyrins is expect-
ed in elucidating the geometries 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
porphyrin 2 9 ' forms complexes in Wh41ch axially coordinated acetate
or acetyla(ei-L.ate acts as a bidentate ligand. Considering the size
and electronic structure of the metal and the steric requirement of

the ligands, it is to be expected that the scandium is situated above
the porphyrin plane. Zirccnium(IV) and hafnium(IV) form porphyrin
complexes 2 9 each containing two bidentate acetate ligands. It has
been proposed3 1 , 3 2 that the metaJ atoms are also out of 'he porp .yrin
plane, thus coordinating both acetates on the same side of the pur-
piiyrin (Figure 11).

X-ray crystal structure analysis of both uranium(WV), and tin-

(IV) phthalocyanine complexes 3 3 ,3• have shown that bcth s Te:-"
are sandwich type co-pounds with the metal atoms sitti7. Cr h-:
axis and out of the rh:haizcYtn noe -l-ane (Fis,-e 12J. .a-
nide(III), (La, Ce, "d,, ur, Y'o) phthalocyan'ne cc:n'dlex: ire
also prepared and proposed to have similar sandwich 'u2::r's.
These out-of-plane metallc-phthalocyanine con.lexes are cc.e :--
lated examples of the above reported unusual metalloporphyrirns.

Recently, a "trip3-.- decker sandwich" type polynuclear .nerczric
porphyrin complex3 6 has oeen prepared which illustrates another type
of out-of-plane metalloporphyrin complex. This compound illustrates
the possibility of forming more extensive stacked polymers of metal-
'loporphyrin (Figure 13).
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