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Table I. Sulfur 2p Binding Energies" 

Oxidized cytochrome c 
Cyanocytochrome c 
Lyophilized cytochrome c 
Methionine 

167.8 
— 
— 
— 

163.0 
162.8 
162.5 
162.2 

a Cytochrome c concentration was 10 mg/ml in 0.01 M phosphate 
buffer pH 6.9. For the cyano derivative, a sufficient amount of a 
neutralized KCN solution was added to make a final CN- concentra­
tion of 0.08 M. Because of the inherent assymetry of the sulfur 2p 
peaks all binding energy values are +0.5 eV. 

suited in the formation of a thick layer of ice on the surface 
of the protein thus increasing the time required for data ac­
quisition. 

The lyophilized sample was prepared by examining the 
sample at 190 K. Examination of the sample after analysis 
indicated that lyophilization had occurred. Another sample 
was studied at room temperature and gave an analogous 
spectrum. Between 2 and 3 hr of running time was required 
for each spectrum. 

The XPS spectrum of a frozen (173 K), concentrated 
aqueous solution of oxidized horse heart cytochrome c 
clearly shows two peaks in the sulfur 2p region, differing in 
energy by 3.8 eV (see Table I). The one at lower binding 
energy (163.0 eV) corresponds closely with that of free me­
thionine, and agrees with the literature value for a thioeth-
er.4 The peak at higher binding energy must be due to the 
coordinate methionine sulfur which, because of its electron 
donation to the Fe(III), would be expected to show a higher 
binding energy. This seemingly large shift is reasonable in 
light of the recent work of Solomon et al. with plastocyanin, 
a "blue" copper protein.5 In addition, if a shift of 5.2 eV 
corresponds to a one-electron transfer,6 then, in the case of 
cytochrome c, 0.7 electron is transferred from the bound 
methionine sulfur to the iron. 

Evidence that the peak at higher binding energy is actu­
ally the bound methionine comes from the x-ray photoelec-
tron spectrum of the cyano derivative of cytochrome c, for 
which only one sulfur 2p peak is observed. The binding en­
ergy of this peak is 162.8 eV which corresponds to the peak 
of lower binding energy in the spectrum of native cyto­
chrome c. This is consistent with the fact that C N - replaces 
the coordinated methionine sulfur.7 Furthermore, lyophili­
zation of cytochrome c also resulted in the disappearance of 
the peak at high binding energy which is in accord with the 
belief that lyophilization causes the rupture of this bond.8 

The absorption spectrum of cytochrome c after x-ray irra­
diation showed no evidence of any structural alteration of 
the native protein. 

We conclude that XPS is a valuable tool in determining 
the integrity of the Fe-S bond in cytochrome c. In addition, 
XPS may be of potential use in determining whether sulfur 
is liganded to the metals of various other metalloproteins. 
These include cytochrome/,9 cytochrome p-450,10 and the 
copper "blue" proteins.1' 

Acknowledgments. One of us (A.D.B.) is grateful to the 
Research Foundation of the City University of New York 
for the provision of a grant through its Faculty Award Pro­
gram. We also gratefully acknowledge the assistance of Dr. 
J. Sibert, of Yale University, in enabling us to have access 
to the x-ray photoelectron spectrometer used in these stud­
ies. 

References and Notes 

(1) M. A. Brisk, Ph.D. Thesis, City University of New York, New York, N.Y., 
1975. 

(2) E. Margoliach and A. Schejter, Adv. Protein Chem., 21, 113 (1966). 
(3) E. Dickerson, T. Takano, D. Eisenbery, O. B. Kallai, L. Samson, A. Cop­

per, and E. Margoliash, J. Biol. Chem., 246, 1511 (1971). 
(4) A. D. Baker and D. Betteridge, "Photoelectron Spectroscopy", Perga-

mon Press, London, 1972, p 121. 
(5) E. I. Solomon, P. J. Clendening, H. B. Gray, and F. J. Grunthaner, J. Am. 

Chem. Soc, 97, 3878 (1975). 
(6) G. R. Ginnard, R. S. Swingle, and B. M. Monroe, J. Electron Spectrosc, 

Relat. Phenom.. 6, 77 (1975). 
(7) B. R. Sreenathan and C. P. S. Taylor, Biochem. Biophys. Res. Com-

mun.,42, 1122(1971). 
(8) I. Aviram and A. Schejter, Biopolymers, 11, 2141 (1972). 
(9) G. Ben-Hayyim and A. Schejter, Eur. J. Biochem., 46, 569 (1974). 

(10) R. Tsai, C. A. Yu, I. C. Gunsalus, J. Peisach, W. Blumberg, W. H. Orme-
Johnson, and H. Beinert, Proc. Nat. Acad. Sci. U.S.A., 66, 1157 (1970). 

(11) M. T. Graziani, A. F. Argo, G. Rotilio, D. Barra, and B. Mondoui, Bio­
chemistry, 13, 804 (1974). 

(12) Ph.D. Program in Biochemistry, City University of New York. 

Yisrael A. Isaacson,12 Zenowij Majuk,12 Marion A. Brisk 
Martin E. Gellender, Arthur D. Baker* 

City University of New York 
Department of Chemistry, Queens College 

Flushing, New York 11367 
Received July 28, 1975 

Acylation of Acetylenes. I. Observation of an 
Intramolecular 1,5-Hydride Shift in a Vinyl 
Cation Intermediate1 

Sir: 

We recently reported a new and unusual reaction leading 
to the formation of cyclopent-2-enones via alkyne acylation 
with acyl tetrafluoroborates in a nonnucleophilic solvent.2 

The purpose of the present communication is to report yet a 
different reaction pathway that predominates in the acyla­
tion of alkynes with the cycloacyl tetrafluoroborate 4? 

a C*% 
*o 

BF4" 

The formation of the previously reported cyclic substitu­
tion products2 is unusual in that it necessarily involves the 
saturated chain of the acyl residue. The results can be ra­
tionalized in terms of the reactive vinyl cation intermediate 
A with subsequent conversion, via transition state B, either 
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Table I. Hydride Shifted Products in the Acylation of Alkynes 
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Fluoride obsda>b 

1H NMR spectra^ 
Ir,d 

HA HB H, 

Uv̂  
(*max)> nm 

00 
O H2 

H 8 C 

B H, 

A 
CH3CH2CH2CH2 HA 

T2 

406Hz 
dt 

/AB = 16-1 
/A1X = 6-8 

361 Hz 
dd 

/AB = 16.1 
/B,X = 1 

272Hz 
m 

/ H ^ F = 50 / 
/H 1H, ~ 1 » 

160Hz 
m 

/H1H2 ~ 13* 

1695 
167Ci 
1628 

228 
(11700) 

O H2 

CH3 C 

Il H1 
C 

/ \ 
CH3 HA 

403Hz 
q 

/ A X = 6.7/ 
(/allylic < 1) 

276Hz 
m 

/H21F = 49 / 
- JH 1 H, ~ l 3 g 

187Hz 
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O H2 

HB C 

Y 
« H, 

A 
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/AB = 15.5 
/AX = 6.5/ 
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/BX = I 
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J H 1 1 H , ~ 1 » 

165 Hz 
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/ H 1 H 2 - I ^ 

1698 
1675" 
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a Microanalysis confirmed by mass spectral analysis. * Isolated yields, after preparative GLC and TLC, were about 20% in each instance. An 
analytical GLC of the crude products showed products 5a—c to be clearly the major ones (at least 50%) and the low isolated yields reflect the 
narrow bands that were taken to get pure products. C 'H NMR spectra recorded with Varian DL-60 with the internal standard HMDS. dIr 
spectra recorded for CCl4 solutions. 6Uv spectra obtained with ethanol solutions. /The presence of fluorine is confirmed by "F magnetic 
resonance where / ^ p is again observed. £"The trans diaxial coupling is confirmed by saturation of H1 and observing a collapse of about 13 
Hz in the width of the components of H2.

 h The twin carbonyl absorption, of roughly equal intensities, is attributed to the syn and anti con­
formations of the a,/3-unsaturated system. 'As in 5c except carbonyl absorption at 1680 cm"' is of greater intensity./This interaction is 
further confirmed by double resonance. 

directly into the substitution product or to the intermediate 
carbenium ion C via a hydride shift. The involvement of a 
triangular transition state such as B is consistent with re­
cently developed concepts on electrophilic substitution at 
saturated carbon.4-6 

The possibility of obtaining the carbenium ion intermedi­
ate C, which corresponds to a novel 1,5-intramolecular hy­
dride shift of an intermediate vinyl cation,7 prompted us to 
examine the acylation of alkynes with cyclohexylcarbonyl 
cation (4). It was felt that cyclization leading to the forma­
tion of the fused ring system would be accompanied by 
some strain and therefore that the probability of observing 
products derived from the hydride shifted intermediate C 
would be enhanced. 

We wish here to report our results with the acylation of 
methylacetylene, dimethylacetylene, and «-butylacetylene 
with cyclohexanecarboxylic acid chloride (and bromide) 
and silver tetrafluoroborate in a nonnucleophilic solvent 
medium. In each case the major product was the fluoride 5 
with the indicated geometry about the olefinic center and 
also the trans configuration in the ring. These results are 
summarized in Table I. 

Significantly, no products corresponding to the cyclized 
substitution products 6 could be isolated and, if present at 
all, they must be there in exceedingly small amounts as an 
effort was made to identify minor components. The identi­
fied secondary products are trivial in that they corre­
sponded to allenic or /3-chlorovinyl ketones.8'9 These prod­
ucts vary in an expected fashion as the acetylation is 
changed. Thus with /i-butylacetylene the allenic compound 
7 was detected and with methylacetylene the (8-chlorovinyl 
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ketone 8 was identified. Furthermore small quantities of the 
furan 9 were observed in the acylation of n-butylacetylene, 
but 9 could be shown to arise from isomerization of the al-
lene 7. 

The somewhat surprising failure to isolate any of the sub­
stitution products 6 upon reaction with 4 suggests a signifi­
cant change in some energy parameter in going from the 
acyclic acyl to cycloacyl cations. While the enhanced strain 
in forming a fused ring system may be important, the fact 
that the intermediate carbenium ion C in the present case is 
secondary, whereas in the substitution reactions with the 
acyl tetrafluoroborates it would have to be primary, is also 
undoubtedly significant. Studies are presently underway to 
examine these various possibilities. 
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The following corrections should be made in Table III: 
z for H of PB-C(4) should be -0.016 rather than 0.157. 
z for PD-C(6) should be 0.5446 (12) rather than p.5446 

(12). 
y for H-C (2) should be -0.231 rather than 0.231. 
y for H-C(3) should be-0.111 rather than 0.111. 

Matrix Photolysis of 1,2,3-Thiadiazole. On the Possible In­
volvement of Thiirene [J. Am. Chem. Soc, 96, 6768 
(1974)]. By A. KRANTZ* and J. LAURENI, Department of 
Chemistry, State University of New York, Stony Brook, 
New York 11790. 

The sentence beginning on the sixth line in the left-hand 
column on page 6769 should read, "The assignment of these 
bands to a single species is most clearly evident upon irra­
diation with light of A >220 nm, which results in loss of the 
thioketene spectrum and the appearance of a band at 1520 
cm -1, perhaps due to a secondary product from carbon mo-
nosulfide." 

A Sensitive Probe for Double Layer Structure. Potential De­
pendent Competitive Cyanation and Methoxylation of 1,4-
Dimethoxybenzene [J. Am. Chem. Soc, 97, 1499 (1975)]. 
By N. L. WEINBERG,* D. H. MARR, and C. N. Wu, 
Hooker Chemical and Plastics Corporation, Research Cen­
ter, Grand Island, New York 14302. 

Page 1501 (under eq 4): A solution of 0.5 M NaCN/ 
CH3OH will actually contain approximately 0.48 M cya­
nide and 0.02 M methoxide ions. 

Page 1503 (left-hand column, line 4): Case II, ki/k* = 
1/40, and the ratio (CN-/CH3O-) at E = 1.35 V is 0.48/ 
0.02. Here an arbitrary potential is chosen midway in the 
potential region under consideration at which point the rel­
ative bulk concentration of nucleophiles is assumed to be 
equal to that available for reaction at the electrode. Signifi­
cantly, a potential less than about E = 1.15 V cannot be se-
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