the second moment contributions of each particular
nuclear species. Equations 2b and 2c are for natural
abundance ?*Mg and eq 2d applies to 999 enriched
2%Mg. Because g anisotropy typically broadens lines
asymmetrically, and even in spectra of fully deuterated
algae,!s which give very narrow Gaussian esr lines, the
spectrum is highly symmetric, we assume g anisotropy
is negligible here. With this premise, and using the
AH,, values of H and 'H Chl a-* of 4.2 and 9.3 G,'?
respectively, solution of eq 1, 2a, 2b, and 2c yields a
value of about 159 for the contribution to the line
width from sources other than protons.

We expect an increase in line width for highly en-
riched 2°Mg Chl if the unpaired electron of the free
radical interacts with Mg. An increase of 0.5 G in line
width would be detectable. Since the line shape of
Chl a-+ is Gaussian and we have only a single *»Mg
atom per unpaired spin, second moment theory can be
applied rigorously to determine the minimum coupling
constant observable for »*Mg. By definition the sec-
ond moment for a stick spectrum of 2*Mg (spin ¥/;) is

<AH2>25Mg = 35/121‘125Mg2 (3)

where A2 is the root-mean-square 2*Mg hyperfine
coupling constant. We assume that the minimum
line-width change that we could reliably detect would
result in a 9.8-G line width, i.e., (AH%ota1, 11 1S 1/4(9.3
G)? and (AH?otal, 21, wue 18 /4(9.8 G)2.  Thus, eq 1,
2¢, 2d, and 3 indicate that an increase of 0.5 G in line
width would be produced by a 0.9-G **Mg hyperfine
coupling constant.

We have grown Phormidium luridum on a medium in
which the magnesium (obtained from Oak Ridge
National Laboratory) was 999, »Mg, according to the
procedures of DaBoll, et a/.** Chlorophyll was ex-
tracted by the method of Strain and Svec.'®* Prepara-
tion of chlorophyll samples for esr was performed as
previously described.'® Spectra were recorded on a
Varian E9 spectrometer with 100-kHz modulation and
a maximum modulation amplitude of one-third of the
line width in a TE;. mode cavity equipped with a low-
temperature quartz dewar insert. Microwave power
was 2 mW. Calibration procedures were those of
Norris, et al.*®* For increased precision, data were
acquired with a Fabritek time-averaging device (Model
1072) on-line to the Argonne Chemistry Division central
Sigma V computer.

Esr spectra of monomeric Chl a oxidized with I; in
CH;OH-CH.Cl; (1:1) at both room temperature and
—160° consisted of single Gaussian lines, whether the
chlorophyll contained %*Mg or **Mg. At —160°, the
line width for [2*Mg]Chl a was found to be 9.3 % 0.5
G. [**Mg]Chl a yields a line width of 9.3 = 0.3 G at
that temperature. 1?

Esr spectra of aggregated Chl a hydrates®-2! con-
taining **Mg or Mg were also found to be indistin-
guishable. [**Mg](Chl a:-H;0), oxidized by exposure
to red light or chemically with I, has a line width of

(18) H. F. DaBoll, H. L. Crespi, and J. J. Katz, Biotechnol. Bioeng.,
4,281 (1962).

(19) H. H. Strain and W, A. Svec in “The Chlorophylls,” L. P,
Vernon and G. R. Seely, Ed., Academic Press, New York, N. Y., 1966
Chapter 2, pp 21-66.

(20) K. Ballschmiter and J. J. Katz, Biochim. Biophys. Acta, 256,
307 (1972).

(21) J. J. Katz, K, Ballschmiter, M. Garcia-Morin, H. H. Strain, and
R. A. Uphaus, Proc. Nat. Acad. Sci. U. S., 60, 100 (1968).
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~1.2 G (based on two determinations). [2*Mg](Chl
a-H,0), under the same conditions has the same line
width for the photosignal.

The esr spectra of oxidized Chl a with natural abun-
dance Mg and those of 999 [2*Mg]Chl a are thus in-
distinguishable. If significant spin density were in the
magnesium 3s orbital, a difference in spectra from the
two isotopic species should have been observed. Our
data indicate that the ?*Mg coupling constant is less
than 1 G; how much less is not known. The free ion
coupling constant of »»Mg(II) is 247.2 G.2? Thus, our
data indicate that the unpaired electron spin has little
magnesium s character (less than 1/250). To relate
this figure to another example of an unpaired electron
interacting with 2°Mg, we note that the isotropic cou-
pling constant in F centers with Mg (4 G)*? is con-
sistent with an electron with very little s character
(~1/60). Our data confirm the = nature of the Chl a
free radical, and are thus consistent with conclusions
arrived at in other recent studies on porphyrin = cations
of biochemical significance.?*

(22) M. F. Crawford, F. M. Kelly, A. L. Schawlou, and W. M. Gray,
Phys. Rev.,, 76, 1527 (1949).

(23) W. P. Unruh and J. W. Culvahouse, ibid., 154, 861 (1967).

(24) D. Dolphin and R. H. Felton, Accounts Chem. Res., in press.

(25) Presidential intern.
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Chemistry Division, Argonne National Laboratory
Argonne, Illinois 60439
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Nuclear Magnetic Resonance Studies of a Polypeptide
in a Nonprotonating Solvent System
Sir:

Many polypeptides undergo a helix to coil transition
as the solvent composition is varied, and trifluoroacetic
or dichloroacetic acids (TFA, DCA) are the most com-
monly used helix breakers for inducing the transition.
A strong solvation of the peptide groups by hydrogen
bonding with acid in the coil form is the usual explana-
tion offered for breakdown of the helix.! However, it
has been proposed that the acid protonates the amide
groups and the resulting electrostatic repulsions result in
helix breakdown? and a coil form at least partially
protonated. Nmr spectra in this journal and else-
where?® have been adduced as supporting protonation,
although the spectral interpretations have been ques-
tioned.* The evidence opposing the idea of protona-
tion is considerable.l®* However, none has been un-
equivocal and this communication presents nmr data
that prove beyond doubt that protonation is not an
essential step in helix breakdown.

It is now well established® that for low molecular

(1) (a) W. E. Stewart, L. Mandelkern, and R. E. Glick, Biochemistry,
6, 143 (1967); (b) F. A. Bovey, Pure Appl. Chem., 16, 417 (1968).

(2) (a) S. Hanlon and 1. M. Klotz, Biochemisiry, 4, 37 (1965); (b)
J. H. Bradbury and M. D. Fenn, Aust. J. Chem., 22, 357 (1969).

(3) (2)J. W, O. Tam and 1. M. Klotz, J. Amer. Chem. Soc., 93, 1313
(1971); (b) J. H. Bradbury, M. D. Fenn, and A. G. Moritz, Aust. J.
Chem., 22, 2443 (1969).

(4) E. M. Bradbury, P. D. Cary, C. Crane-Robinson, L. Paolillo,
T. Tancredi, and P, A. Temussi, J. Amer. Chem. Soc., 93, 5916 (1971).

(5) (a) F. Quadrifoglio and D. W, Urry, J. Phys. Chem., 71, 2364
(1967); (b) J. Steigman, A, Silvio, C. Montagner, and L. Strasorier,
J. Amer. Chem, Soc., 91, 1829 (1969).

(6) (a) ]. A. Ferretti, Chem. Commun., 1030 (1967); (b) E. M. Brad-

bury, C. Crane-Robinson, and H. W. E. Rattle, Polymer, 11, 277
(1970).
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Figure 1. 100-MHz spectra, «-CH region, of poly--benzyl-L-
aspartate in CDCl;~-Me:SOQ-d;; RC = random coil, LH = left-
handed helix.

weight polypeptide samples the helix—coil transition is
manifested in the nmr by the characteristic double-peak
a-CH and amide NH resonances. If the two compo-
nents of the main-chain doublets are well separated then
in the case of the «-CH the up-field resonance may be
assigned to helix and the low field to coil on the basis of
constancy of total area*and a good correlation of peak
areas with b7 The shift difference between the peaks
Apjc(a-CH) is solvent dependent? and therefore repre-
sents the sum of a solvation effect (which might or might
not be a result of protonation) and an intrinsic con-
formational effect.

Poly-B-benzyl-L-aspartate (PBLA) is random coil in
dimethyl sulfoxide (Me,SO)® and addition of chloro-
form induces transition to the left-handed (LH) helical
form. The transition midpoint lies at about 429
Me.SO-dg.  Figure 1 shows the PBLA «-CH spectrum
at 100 MHz which is seen to exhibit the characteristic
“double-peak” phenomenon. The LH helix shift is
4.30 ppm (with respect to internal TMS) as previously
reported!® and the coil shift in 56 %, Me.SO-ds (and in
pure Me;SO-d;) is 4.64 ppm. When TFA is used as the

(7) E. M. Bradbury, C. Crane-Robinson, H. Goldman, and H. W, E.
Rattle, Narure (London), 217, 812 (1968).

(8) E. M. Bradbury, B. G. Carpenter, C. Crane-Robinson, and
H. W. E. Rattle, ibid., 220, 69 (1968).

(9) E. M. Bradbury, C. Crane-Robinson, V. Giancotti, and R. M.
Stephens, Polymer, 13, 33 (1972).

(10) E. M. Bradbury, B. G. Carpenter, C. Crane-Robinson, and H.
Go'dman, Macromolecules, 4, 557 (1971).

random coil inducing solvent, the coil shift in CDCls-
59, TFA is 4.80 ppm.# This difference of 0.16 ppm in
the coil shifts illustrates the importance of solvation in
the a-CH helix—coil shift difference Ag;c(a-CH).

Now MeSO-dg, which in this experiment simply re-
places TFA as the coil-inducing solvent, is not acidic
and has no exchangeable protons. In the presence of
fairly strong acids it even acts as a weak Lewis base.
There can therefore be no protonation at all of the
amide groups by Me,SO-d; and it follows that protona-
tion is not essential either for inducing the helix to coil
transition or for the observation of different and char-
acteristic helix and coil shifts for the main chain protons
in the spectra of polypeptides.

PBLA is an atypical polypeptide in that it forms LH
helices in chloroform. We have obtained similar
results to the above using right-handed poly-y-benzyl-
L-glutamate (PBLG) samples of several molecular
weights and also a number of PBLG-PBLA copoly-
mers. The conclusions therefore appear general for
this solvent system. An account of the complete series
of studies will appear elsewhere.
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Characterization and X-Ray Structure of
(Me;SiOC).Fe,(CO);
Sir:

An unusual product assigned the dimeric formula
[(Me;S1).Fe(CO),), has been obtained from the reaction
of Me;Sil with NaFe(CO)s in tetrahydrofuran.!?
An interesting structure based on an Fe;C, tetrahedron
was proposed,? and it appeared that the reaction
provided a further example of the sometimes unexpected
course of reactions between organosilicon halides and
metal carbonyl anions.

An anomalous feature of the reported (Me;Si).Fe-
(CO)s compound was the observation in its mass spec-
trum of peaks due to [(Me;Si)Fex(CO)s]* and [(Mes-
Si).Fex(CO)yo]* in greater abundance than those of the
presumed molecular ion. The earlier assignment? of
these peaks as (P + CO) and (P + 2CO) seemed im-
probable,? and we considered it more likely that the

(1) M. A. Nasta and A. G. MacDiarmid, J. Amer. Chem. Soc., 93,
2813 (1971).

(2) M. A, Nasta and A. G. MacDiarmid, ibid., 94, 2449 (1972).

(3) The only other report known to us of a “(P + 2CO)” peakina
metal carbonyl molecule is by D. 8. Fields and M, J. Newlands, J.
Organometal. Chem., 27, 213 (1971), for the compound CsHi(OC):~
FeSnCl:Ce¢Hs. This report is incorrect. The mass spectrum of a
sample of this compound prepared several years ago in our laboratory
(by Dr. J. K. Hoyano) showed the parent peak at m/e 444 with higher
peaks at 460, 480, 508, and 536, none corresponding to (P + CO) or
(P 4 2CO). We attribute these peaks to impurities or to thermal de-
composition during measurement,
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