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DEPARTMENT AND ORGANIZATION NAME POSITION TITLE 

Lawrence A. Bottomley 

Jean-Noel Gorce 

James S. Quick 

Frank L. Neely 

Grant N. Holder 

Associate Professor 

Research Assistant 

Research Assistant 

Research Assistant 

Research Assistant 

School of Chemistry 
Georgia Institute of Technoloc 

SECTION I (continued) 

SUMMARY OF PROPOSED WORK 

GRANT NUMBER 

HL 33734-02 

KEY PROFESSIONAL PERSONNEL ENGAGED ON PROJECT 

Give a brief summary of plans for the next year of support, including the objectives and specific aims as well as the methodology to be used to achieve 
these aims. DO NOT EXCEED THE SPACE PROVIDED. 

The global objective of the research program is the complete characterization of 
synthetic compounds which are models for the oxygen carrying hemoproteins. The specific 
class of synthetic compounds under investigation ("capped" porphyrins) possess a very 
high degree of steric encumberance built onto only one side of the porphyrin. The 
specific objectives during second year of the grant are: 	1) to investigate the redox 
reactivities of iron, ruthenium and osmium derivatives of the "capped" porphyrin. These 
compounds were prepared during the first year of the grant; 2) to react each of these 
compounds with nitrogen containing bases (similar to those found at the active site of 
in vivo  hemoproteins) forming pentacoordinate complexes and 3) to react each of the 
pentacoordinate complexes with dioxygen, CO, CS and CSe to form six-coordinate metal-
loporphyrins in which the diatomic ligand resides under the - cap inside its hydrophobic 
cavity. These reactions will be carried out in organic media and monitored both 
spectrally and electrochemically. 

VERTEBRATE ANIMALS INVOLVED it NO ❑ YES If "YES," identify by common names and underline primates. 
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SECTION II 

NEXT BUDGET PERIOD 
Follow instructions carefully 

FROM 

09/15/86 
THROUGH 

09/14/87 
GRANT NUMBER 

HL 33734-02 

A. ITEMIZE DIRECT COSTS REQUESTED FOR NEXT BUDGET PERIOD DOLLAR AMOUNT REQUESTED (Omit cents) 

PERSONNEL (Applicant organization only) (See instructions) TIME/EFFORT 

SALARY FRINGE 
BENEFITS 

TOTALS 
NAME TITLE OF POSITION % Hours per 

Week 

Lawrence A. Bottomley Principal Investigator Summer Salar12,167 2,871  

_,.. 	..._ 
James S. Quick Research Assistant 50 11,000 - 

Frank L. 	Neely Research Assistant 25 5,500 ,_ 

Grant N. Holder Research Assistant 25 5,500 - 

SUBTOTALS------0- 34,167 2,871 37,038 
CONSULTANT COSTS (See instructions) 

EQUIPMENT (Itemize) 

SUPPLIES (Itemize by category) 

Glassware 
Chemicals 

6,000 

TRAVEL 
pomEsTicTrip to Gordon Research Conference 503 
FOREIGN 

PATIENT CARE COSTS 
INPATIENT 

OUTPATIENT 

ALTERATIONS AND RENOVATIONS (Itemize by category) 
. 

CONSORTIUM/CONTRACTUAL COSTS (See instructions) 

OTHER EXPENSES (Itemize by category) 

Publication costs (page charges and reprints) 
Charges for use of departmental 	instrumentation 
Elemental Analyses (external) 

200 
300 
200 

TOTAL DIRECT COST (Enter on Page 1, Item 10) 44,241 

INDIRECT 
COST 

(See instructions) 

% s&w• 
'If this is a special rate 	 Date oKINIXPIX 	:0 Not requested 
kit off-site) explain 	 agreement ONR 	in •1_, Under negotiation with: 

1 July 1984 
1 Modified 

%TDC• 63.5 
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GRANT NUMBER 
SECTION II (continued) 

NEXT BUDGET PERIOD 
	

HL 33734-02 

B. Supplemental information regarding ITEMS in the proposed budget for the next period which require explanation or justification. (See instructions) 

The summer salary of the principal investigator has increased over previously 

budgeted amount due to promotion and pay raises. This value will be prorated in the 

event of other grants. Research Assistant stipends have increased $1,500 each. The 

value listed is the minimum amount approved by the School of Chemistry. ,As a result 

of these increases in personnel costs, the travel budget and other expenses categories 

have been reduced by over 50%. The supplies category has also been diminished by 

over 30%. 
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SECTION III 
FROM THROUGH GRANT NUMBER 

CURRENT BUDGET PERIOD 09/15/85 09/14/86 HL 33734-02 

The following pertains to your CURRENT PHS budget. Do not include cost sharing funds. This information in conjunction with that provided on 
Page 2 will be used in determining the amount of support for the NEXT budget period. 

A. BUDGET 

CURRENT 
BUDGET 

les approved by 

(1) 

ACTUAL 
EXPENDITURES 

THRU (insert doe): 

6/30/86 
(2) 

a vartling Unit) 

ESTIMATED ADDITIONAL 
EXPENDITURES AND 
OBLIGATIONS FOR 

REMAINDER OF 
CURRENT BUDGET  

PERIOD 

(3) 

TOTAL ESTIMATED 
EXPENDITURES AND 

OBLIGATIONS 
(Col 2 plus Col. 31 

(4) 

ESTIMATED 
UNDBLIGATED 

BALANCE 
(Subrrscr Cot 4 from 

Col. 1) 

(5) 

TAL DIRECT COSTS 49,737 22,786 26,957 49,737 	- —0— 

DIRECT COSTS (as provided) 26,503 7,446 19,057 26,503 —0— 

)TALS • 76,240 30,232 46,008 76,240 -0- 

I. THROUGH F. 
instructions and provide the information required in items B. through F. Use this page and continuation pages as necessary. 

em B. 	Professional 	Personnel 

me 	 Title Category Less than 25% 

iwrence A. Bottomley Associate Professor 1 

Imes S. 	Quick Research Assistant 3 * 

san-Noel Gorce Research Assistant 3 

-.rant N. 	Holder Research Assistant 3 * 

;rank L. 	Neely Research Assistant 3 * 

_ohn Helfrick Research Assistant 3 * 

tem C. Equipment 

A PARC Model 273 Potentiostat/Galvanostat was purchased during the first quarter of the 
rant year. 

tem D. Travel 

Two trips were funded from the grant during the first year. The first trip was in 
lanuary. The P.I. attended the Gordon Conference on Electrochemistry in Santa Barbara, 
A. The second trip will be the week of Sept. 7-14th. The P.I. will present the group 
-esearch findings at the National American Chemical Society meeting in Anaheim, CA. 

Item F. Other Support 

None 
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GRANT NUMBER 

HL 33734-02 
SECTION IV 

PROGRESS REPORT SUMMARY 

PERIOD COVERED BY THIS REPORT PRINCIPAL INVESTIGATOR OR PROGRAM DIRECTOR 

Bottomley, Lawrence A. FROM 

09/15/85 
THROUGH 

09/14/86 NAME OF ORGANIZATION 

Georgia Institute of Technology 
TITLE (Repeat title shown in item I on first page) 

Electrochemical Studies of Capped Metalloporphyrins 
(SEE INSTRUCTIONS) 

PUSLICAII4NE 

a) Published during the first year of the grant: 

"Oxidative Electrochemistry of Iron-Selenocarbonyl Porphyrins" by 
J.-N. Gorce and L. A. Bottomley InoLg, Chem. 1985, 24 1431. 

"Spectroelectrochemistry of a u-Nitrido-Bridged Iron Phthalo-
cyanine Dimer" by L. A. Bottomley, J.-N. Gorce, V. L. Goedken and 
C. Ercolani, InoLg, Chem. 1985, 24, 3733. 

"The Electroreduction of Several Metallo-Octakis(methylthio)- 
tetraazaporphyrins" by L. A. Bottomley and W. J. H. Chiou, a, 
ElgcLuangl, Chem. 1986, 198, 331. 

"Spectroelectrochemistry of (u-Oxo)bis[(phthalocyaninato)iron- 
(Urn" by L. A. Bottomley, C. Ercolani, J.-N. Gorce, G. Pennesi 
and G. Rossi, jaorg, Chem. 1986, 25, 2338. 

• "Spectroelectrochemistry of Cobalt 'Capped' Porphyrins" by L. A. 
Bottomley, J.-N. Gorce and W. M. Davis, 51, EitgiLgantil, Chap. 
1986, 212, 111. 

b) Accepted for publication during the first year of the grant: 

• "Spectroelectrochemistry of a Urea-Linked Oxo-Bridged Iron 
Porphyrin Dimer" by L. A. Bottomley, J.-N. Gorce and J. T. 
Landrum, IhoLg, Chian Arta, 1986, 181, 0000. 

c‘ Submitted for publication during the first year of the grant: 

• "Mononuclear and Binuclear Thiocarbonyl Iron Porphyrins" by J.-N. 
Gorce and L. A. Bottomley, submitted for publication in L  Am, 
Chem EQg. 

• "The Electrochemistry of Thiocarbonyl and Selenocarbonyl Iron 
Octaethylporphyrins" by L. A. Bottomley and J.-N. Gorce, submitted 
for publication in Ingig, Chtm. 

* denotes work supported by this grant. 
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PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR OR AWARD CANDIDATE (Last, first, middle) 

Bottomley, Lawrence A. 
	 HL 33734-02 

1. Qaala 12L I1I tatmiQua 

The research goals for the first year of the grant were: 

a) to complete preliminary studies on the cobalt derivative of 
the "capped" porphyrin; 

b) to complete our investigation of sterically unencumbered 
chalcocarbonyl iron porphyrins in preparation for studies with 
the analogous "capped" porphyrin derivatives; and 

c) to synthesize Fe, Ru, and Os derivatives of the "capped" 
porphyrin; 

2. Lt1g11121101 al aiid.aigs goldugial during lizzi year. al iha gLaai. 

During the first quarter of this grant year, we focused our 
efforts on completing preliminary studies on the cobalt "capped" 
porphyrin (hereafter abbreviated CoCap). Through a combined 
voltammetric and spectroelectrochemical investigation, we learned 
several points of interest. Firstly, the potentials for 
electrooxidation of Co(II)Cap were not those predicted from 
consideration of the phenyl ring substituent effect alone. This 
suggested that the presence of the cap causes a significant change 
in solvation of the porphyrin as compared to other sterically 
unencumbered porphyrins. Secondly, the kinetics of the 
heterogeneous electron transfer of both the "capped" and 
unencumbered homologs were comparable in non-coordinating media. 
Thirdly, the cap prevented the formation of hexacoordinate 
porphyrin complexes. Fourthly, the oxidation of the 
Co(II)Cap(nitrogenous base) complexes proceeded reversibly whereas 
the oxidation of the unencumbered porphyrins did not. In the 
latter complexes, electron transfer occurred concomitantly with 
changes in the number of ligands coordinated to the Co center. In 
the former complex, only outer sphere electron transfer reactions 
were observed. Although our understanding of the redox reactivity 
of CoCap is far from complete, we submitted the work for 
publication. A reprint is included in the appendix of this 
application. 

For the next two quarters, our research efforts were devoted 
to completing our characterisation of iron porphyrins without 
steric encumbering groups attached to the porphyrin. Our 
objectives during this phase of the work were to understand the 
cis-trans effects operative for the chalcocarbonyl iron complexes 
and to investigate the possibility of forming novel binuclear iron 
porphyrin complexes. The porphyrins studied were the thiocarbonyl 
and selenocarbonyl adducts of 2,3,7,8,12,13,17,18-octaethyl- and 
5,10,15,20-tetraphenyl-porphyrins, hereafter abbreviated 
(OEP)FeCS, (OEP)FeCSe, (TPP)FeCS and (TPP)FeCSe, respectively. 
The redox reactivity of these compounds was investigated at Pt 
electrodes in nonaqueous media. All underwent a series of charge 
transfer reactions with complete retention of the diatomic ligand. 

PHS 398 f Rev. 5/82) 	 PAGE 



PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR OR AWARD CANDIDATE (Last, first, middle) 

Bottomley, Lawrence A. 
	 HL 33734-02 

As many as three electrooxidation and two electroreduction 
processes were observable within the potential limits of the 
halocarbon solvent/supporting electrolyte system. This reactivity 
is indeed unique. The isoelectronic (OEP)FeCO and (TPP)FeCO 
complexes both lose the diatomic concomitantly with charge 
transfer. 

Reaction of (OEP)FeCZ and (TPP)FeCZ (where Z = CS or 
CSe) with a series of monodentate nitrogenous bases (L), produced 
exceptionally stable six-coordinate mononuclear complexes. These 
adducts could be oxidized and reduced without loss of the diatomic 
axial ligand. The reaction of (OEP)FeCZ and (TPP)FeCZ with a 
series of exo-bidentate nitrogenous bases (L') also produced 
exceptionally stable six-coordinate complexes. However, this 
reaction produced either mononuclear or binuclear complexes in 
dynamic equilibrium. The equilibrium was readily monitored as 
each species gave distinctive proton NMR resonances. The 
predominant species in solution could be controlled by varying 
both the temperature and the relative concentration of base to 
porphyrin. 

The redox reactivity of (OEP)FeCZ(L') and (TPP)FeCZ(L') 
mirrored that observed when L' was replaced with L. The redox 
reactivity of the binuclear complexes was consistent only with two 
non-interacting metal centers. From this work we learned that the 
Fe-C bond in the chalcocarbonyl Fe porphyrins is exceptionally 
stable when compared to the bond strength found in carboxy or 
carbenoid Fe porphyrins. This bond is not broken in the presence 
of a large excess of secondary amines or by successive charge 
transfer reactions. Changes in the basicity of the porphyrin N 
core modifies the total electron density on the Fe atom, but does 
not alter the stability of the Fe-C bond. Two separate 
manuscripts describing our results during this phase of the 
research have been submitted for publication. Preprints are 
included in the appendix of this application. 

Efforts during the final quarter of the budget year were 
directed towards preparing gram quantities of the "capped" 
porphyrin. This is a five step time consuming process with an 
overall yield of less than 5%. We were successful in preparing 2 
grams of the porphyrin and have converted a portion to the Fe, Ru 
and Os derivatives. 

3. 5.2agilit tabitgiimaa 12r Iht upasming ytai: 

The research goals for the second year of the grant are: 

a) to investigate, in detail, the electrode reactions of Fe, Ru 
and Os "capped" porphyrins. Special emphasis will be placed 
on determining the identities of all species generated at the 
electrode. 
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PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR OR AWARD CANDIDATE (Lest, first, middle) 

Bottomley, Lawrence A. 
	 HL 33734-02 

b) to react each of these with a series of nitrogenous bases to 
form pentacoordinate complexes. 

c) to synthesize hexacoordinate Fe, Ru and Os "capped" porphyrin 
complexes with selected nitrogenous bases as the first axial 
ligand and either dioxygen, CO, CS or CSe as the second axial 
ligand coordinated to the central metal ion. 
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