
Hence this provides the direct observation of the ir-al-
lyl-hydride exchange mechanism proposed for 1,3 hydride 
shifts found in many metal catalyzed olefin reactions. 
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Electron-Transfer Reactions in Metalloporphyrins 

Sir: 

This report describes some experiments concerning elec
tron-transfer reactions with metalloporphyrins that demon
strate that the path of electron transfer to the metal ion 
center can be via the porphyrin 7r-cloud and not via the fifth 
and sixth metalloporphyrin ligand positions.1-4 

The reduction of the water-soluble tetra[p-sulfonato-
phenyl]porphinatocobalt(III), Co(III)-TPPS,5-7 by chro-
mous ion leads to the below rate law which is similar to the 
previously observed rate laws for the reduction of metallo
porphyrins.1,2'8 

rate of reduction = 
jfci/[H+] + Zt2[Cl-] + / t3[SCN-] | [Cr2+][Co111TPPS] 

The rate constants in the above equation evaluated at 30° 
and an ionic strength of 0.25 (NaClCU) are k\ = 4.9 sec - 1 , 
k2 = 2.9 X 104 M'1 sec - 1 , and Jc3 = I J X 106 M~2 sec - 1 . 
The results are valid between pH 1.0 and 5.O.9 

Since the rate of Co111TPPS-SCN formation is slower 
than the electron transfer10-11 a bridged C o ( I I I ) - N - C - S -
Cr(II) reaction pathway can be ruled out. This is in agree
ment with the studies of Pasternack and Sutin.2 

To further probe the mechanism of this reaction a prod
uct study was carried out which demonstrates that the reac
tion products have the Cr(III) bound to the Co(II)-TPPS 
moiety. This was verified by carrying out the reaction under 
stoichiometric conditions employing 51Cr as a tracer12 and 
using cation exchange columns to separate the products.14 

We infer that the Cr(III) is attached to the sulfonate 
group as shown in structure I. These experiments imply that 

"SO3 SO3
--Cr'"" 

I 

the electron-transfer goes via the porphyrin 7r-cloud and not 
via the fifth and sixth position15 and also clearly demon
strate that the anion effects in these metalloporphyrin re
ductions are due to nonbridging ligand effects. 

Acknowledgment. This work was supported by a Grant 
from the National Science Foundation. 

References and Notes 

(1) P. Hambright and E. B. Fleischer, lnorg. Chem., 4, 912 (1965). 
(2) R. F. Pasternack and N. Sutin, lnorg. Chem., 13, 1956 (1974). 
(3) C. E. Castro, J. Theor. Biol., 33, 475 (1971). 
(4) L. E. Bennett, Prog, lnorg. Chem., 18, 1 (1973). 
(5) E. B. Fleischer, J. M. Palmer, T. S. Srivastava, and A. B. Chatterjee, J. 

Am. Chem. Soc, 93, 3162 (1971). 
(6) E. B. Fleischer and M. Krishnamurthy, J. Coord. Chem., 2, 89 (1972). 
(7) E. B. Fleischer and M. Krishnamurthy, J. Am. Chem. Soc, 94, 1382 

(1972). 
(8) Our rate does differ in one respect from that of Sutin and Pasternack in 

that we have a zero intercept in the plot of /<0bsd/[Cr2+] vs. 1/[H+]. 
(9) The reactions were run under pseudo-first-order conditions in a Durrum-

Gibson stopped-flow machine with Co(III)-TPPS concentration about 1 
X 10 - 5 /Wand [Cr2+] at (3-6) X 1O-3 M. The wavelengths at both 427 
and 411 nms were employed to follow the course of the reaction. 

(10) E. B. Fleischer and M. Krishnamurthy, Ann. N.Y. Acad. ScI., 206, 32 
(1973). 

(11) The rate constant /V3 is the same whether the SCN is placed with the 
Co(III)-TPPS solution or the Cr2+ solution. 

(12) The chromium was also analyzed spectrally with the diphenylcarbohy-
drazide method.13 

(13) E. B. Sandell, "Colorimetric Determination of Traces of Metals", Inter-
science, New York, N.Y., 1959, p 392. 

(14) A stock solution of 51Cr111IH2O)6
3+ (1949 (counts/min)/10 ml of 9 X 

1O-5 M solution) was employed in these experiments. If 10.0 ml of the 
above solution was passed through an ion exchange column of Dowex 
50W-X8 (9 X 1 in.) the eluent collected had an activity of 249 counts/ 
min. A blank water solution had a counting rate of 236 counts/min. Thus 
the ion exchange resin caught 99% of the Cr(H2O)6

3+. If an equimolar 
mixture of 51Cr(H2O)6

3+ and Co(III)-TPPS was passed through the col
umn the porphyrin containing eluent had a counting rate of 267 counts/ 
min. On the other hand, when an equimolar mixture of 51Cr(H2O)6

2+ 

(produced by Zn(Hg) reduction of the radioactive chromic solution) and 
Co(III)-TPPS was passed through the column the porphyrin containing 
eluent now had a counting-rate of 1951 counts/min. Thus the products 
of the reaction of chromous ion with the cobaltic porphyrin (chromic and 
cobaltous porphyrin) were completely eluted off the column. This dem
onstrates that the chromic ion is bound to the metalloporphyrin via the 
electron-transfer reaction. Interestingly, one can reoxidize the Cr(III)-
Co(II)-TPPS with ferricyanide to the Cr(III)-Co(III)-TPPS and rereduce 
(with a different rate) the Co(III) center with Cr(H2O)6

2+ and isolate a 
[Cr(III)] 2-Co(II)-TPPS product. 

(15) A case for an anion-bridged transition state has been demonstrated by 
Cohen in another metalloporphyrin reduction study. I. A. Cohen, C. Jung, 
and T. Governo, J. Am. Chem. Soc, 94, 3003 (1972). 

E. B. Fleischer,* M. Krishnamurthy, S. K. Cheung 
Department of Chemistry, University of California 

Irvine, California 92664 
Received November 20, 1974 

Nickel-Promoted Synthesis of Cyclic Biphenyls. Total 
Synthesis of Alnusone Dimethyl Ether 

Sir: 

Organotransition metal complexes are appearing with in
creasing frequency in synthetic methodology and in com-
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plex synthesis. Important advantages include the formation 
of carbon-carbon bonds selectively in the presence of a vari
ety of functional groups and the formation of carbocyclic 
rings.1 We have been concerned with the activation of aryl 
halides toward coupling with carbon units using transition 
metals2 '3 and were impressed with the high functional 
group compatibility of zerovalent nickel-promoted biphenyl 
synthesis.3 At the same time, the set of naturally occurring 
bridged biphenyls has grown larger recently, including in
teresting structures4 '5 and exciting biological activity.6 We 
wish to report that tetrakis(triphenylphosphine)nickel(0) is 
particularly effective in promoting the ring closure of l,w-
bis(iodoaryl)alkanes to form a variety of carbocyclic rings 
(bridged biphenyls). The method is successful for function-
alized rings including a key intermediate in the synthesis of 
alnusone, a natural meta-bridged biphenyl.5c 

The classic copper-promoted coupling of aryl halides is 
useful for intermolecular coupling of simple aryl halides but 
requires vigorous conditions and fails for rings larger than 
seven.7 Electrooxidative phenol ether coupling is a promis
ing new alternative but appears to require at least two alk-
oxy substituents on each arene ring, and the functional 
group compatibility has not been established.8 

To test the ring size limitations on the formation of 
ortho-bridged biphenyls by aryl iodide coupling with zero
valent nickel, we prepared the l,«-bis(iodoaryl)alkanes 1-5 
and the 14-membered ring precursor, 6, using conventional 
methodology.9 Treatment of 1 with 1.0 mol equivalent of 
bis(l,5-cyclooctadiene)nickel10 in DMF under argon failed 
to give dihydrophenanthrene 7 in more than 15-20% yield; 
generally, the Ni(O) reagent suffered side reactions and left 
the bulk of diiodide 1 unreacted. Addition of 1 or 2 mol 
equivalents of a phosphine (Et3P, Ph3P, diphos, etc.) failed 
to give significant improvement in conversion. However, 
tetrakis(triphenylphosphine)nickel(0)u reacted with I at 
55° over 20 hr in DMF to produce 7 as colorless crystals 
after preparative layer chromatography, 81% yield. 

Under identical conditions (Ni(Ph3P)4 , 44-45°, DMF), 
the higher homologs of 1 were converted to the cyclic prod
ucts 8, 9, 10, and 11 in yields of 83, 76, 85, and 35-45%, re
spectively. The reactions proceeded smoothly and reprodu-
cibly except for the case where n = 6 (5 —• 11). For di
iodide 5, complete conversion was generally observed, but 
the yields were variable over seemingly identical experi
ments. The concentration in these reactions was about 2.6 
mM; no attempt was made to consider higher dilution con
ditions. The bisbenzocycloheptane 8 was also obtained effi
ciently (74% yield) by heating 2 at 240° with copper bronze 
(no solvent), but larger rings could not be obtained (yields 
<20%) by this technique. 

OCH3 

CH1O 
CH1O 

M Ni(Ph3P)1 
4 

55° 
(CHa)„ 

OCH3 
1, n = 2 
2, n = 3 
3, n = 4 
4, n = 5 
5, n — 6 

The bis(iodoaryl)alkane 6 was obtained by Wittig con
densation of l,6-bis(triphenylphosphonium)hexane diiodide 
with (4,5-methylenedioxyphenyl)acetaldehyde, hydrogena-

7, 
8, 
9, 

10, 
11, 

n 
n 
n 
n 
n 

= 
= 
= 
= 
= 

2, 
3, 
4, 
5, 
6. 

81% 
83% 
76% 
85% 
38% 

tion of the resulting diene, and iodination with silver trifluo-
roacetate-iodine.12 As before, tetrakis(triphenylphos-
phine)nickel(O) converts 6 to the macrocyclic biphenyl 12; 
the colorless crystalline product (mp 112-113.5°) was ob-

/ - 0 

tained in 58% yield. The general functional group compati
bility of the nickel reactions3 allows efficient cyclizations of 
functionalized substrates. For example, ketone 14 was ob
tained from the benzyl bromide 13 (via coupling-carbony-
lation with nickel carbonyl13 and iodination as before12) 
and converted to the bisbenzocycloheptanone 15 (80% 
yield) using any of several nickel(0)-phosphine combina
tions. 

OMe 

CH3O 
MeO' 
MeO 

OMe 
15 

Alnusone (16), along with its close relatives alnusonol 
and alnusoxide, appears in the wood of Alnus japonica 
Steud5 and shares the skeleton of several other plant con
stituents.5 The pseudo-symmetry of the alnusones (as indi
cated in 16) suggests a simple strategy for total synthesis 
where the intramolecular coupling of aryl halide units (i.e., 
in 17) is a key step. The enone 17 is viewed as two (methox-
yphenyl)propyl units linked by a single carbon, and 3-{p-
methoxyphenyl)propanol (18)14 serves as precursor to both 
aryl units. The carbon link is added by formation of epoxide 
19,15 and the units are joined by attack of the anion16 from 
dithiane 20. Conventional hydrolysis17 of the dithiane unit 

16,R = H 
2 2 , R = CH3 
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produces 21, which is converted in three steps'8 to the enone 
17. Then reaction with tetrakis(triphenylphosphine)nick-
el(0) in DMF at 50° for 40 hr produces the dimethyl ether 
(22) of alnusone (16), which is isolated as a colorless solid 
in high purity (52% yield).19 The product is identical in 
comparison of ir, mass, and 1H NMR spectral data, and 
TLC behavior with a sample of 22 prepared by 0,0-di-
methylation of alnusone (16) from natural sources.24 

Hindered aryl halides provide the most important general 
limitation on the method. Direct approaches to the bisben-
zocyclooctadienone structures as in steganone (23)20 have 
not succeeded. For example, the related system 24 reacts 
with zerovalent nickel reagents at 40-50° to give rapid in
sertion into the aryl-bromide bond followed by slower inser
tion into the aryl-iodide bond. However, no aryl-aryl cou
pling is observed either inter- or intramolecularly; the prod
ucts from hydrogen substitution for halogen (i.e., 25 and 
26) are obtained in yields of 39 and 24%, respectively. Te-
trahydrofuran as solvent produces 25 in 93% yield; addition 
of D2SO4-D2O during isolation leads to unlabeled 25.21 

The failure to achieve aryl-aryl coupling is general for com
pounds with serious steric hindrance around the aryl iodide 
substituent. For example, aryl iodide 27 gave only the re
duction product 28 when treated with zerovalent nickel 
(70-100% yield, depending on solvent and phosphine lig-
ands). Further definition of the ring size and steric limita
tions on biaryl coupling with nickel(O) reagents will be pre
sented in the full paper describing this work. 

MeO OMe OMe 
2 3 24, X = Br; Y = I 

25, X = H; Y = I 
26, X = H; Y = H 

OMe 
27,X = I 
28,X = H 
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Specific Enrichment with 13C of the Methionine 
Methyl Groups of Sperm Whale Myoglobin1 

Sir: 

The value of 13C NMR spectroscopy to the study of pro
tein structure and mobility is substantially increased when 
single carbon resonances can be observed; under favorable 
conditions such resonances from proteins have been studied 
at natural abundance.2 Efforts to enrich protein samples 
with respect to 13C have facilitated the study of a number of 
proteins.3,4 We report here a selective method to enrich in 
13C the methyl group of the two methionyl residues, 55 and 
131, in covalently intact sperm whale myoglobin. In the 13C 
NMR spectrum of this protein sample, which possessed in 
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