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of the /U-N2 of 2 is observed, an indication that the terminal 
dinitrogen ligands are playing roles beyond that of mere 
spectators in the reaction of 1 with HCl. 

The data require a reaction sequence mediated by a sym
metric species in which one terminal N2 and the ^-N2 have 
become equivalent.9 While a number of mechanisms satisfying 
this requirement could be formulated, we favor one involving 
protonation of a terminal dinitrogen of 1, loss of the other 
terminal N2, and generation of the symmetric reaction inter
mediate (C5Me5)2Zr(N2H)2 (3).10 Consistent with the la
beling experiments, 3 would then lead to 1 mol each OfN2 and 
N2H4 (eq 3). 

(C5Me5)2Zr(N2H)2 4- 2HCl — (C5Me5)2ZrCl2 + N2 

+ N2H4 (3) 

Generation of the neutral, monomeric species 3 from 1 
would require a formal two-electron transfer to the N2-bearing 
Zr accompanied by release of the other zirconium in the fully 
oxidized state, i.e., as (CsMeS)2ZrCl2. Strong electronic 
coupling of the two Zr(II) centers through the ^-N2 of 1 as 
suggested by its structural features, ir, and visible spectra 
should facilitate such a Zr-to-Zr charge transfer. 
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A New Measurement of Surface Charge in Model and 
Biological Lipid Membranes 

Sir: 

We report that the distribution of charged, amphiphilic spin 
labels,1 1 and 2, between lipid membranes and buffered salt 
solutions is related quantitatively to the surface charge density 
of the membrane. Previous measurements of conductance 
across model bilayer membranes2 and of surface potentials of 
lipid monolayers3 demonstrated that the relation between 
surface charge density and binding of electrolytes at the 
lipid-water interface is described to a first approximation by 
the Gouy-Chapman double layer analysis.4'5 The principal 
aims of the study reported here are to develop a technique 
whereby changes in surface potential may be measured under 
similar conditions in both model and biological membranes and 
at the same time to detect changes in lipid fluidity. This ap
proach should also be useful in assessing the bilayer free energy 
in a lipid phase separation.6 

r\ 
O N-O R = - C H 2 N ( C H 3 ) 3 ( I ) 

C H 3 ( C H 2 I 7 - C - (CH2)6— R 
= -COO" (2) 

Two overlapping paramagnetic resonance signals are evident 
in Figure 1. A sharp, three-line spectrum (indicated by arrows) 
arises from label 1 tumbling rapidly in aqueous solution. The 
portion of label bound to membranes contributes the broad 
signal. The relative intensities of the two signals are a function 
of lipid surface charge density, total lipid concentration, and 
lipid fluidity. 

In typical measurements, samples initially containing 1O-4 

M label and 1O-2 M multilayered lipid liposomes7 in buffer 
(0.1 M NaCl, 0.05 M Tris, pH 8.0) are diluted with buffer and 
allowed to equilibrate overnight. Quantitative determination 
of sharp signal intensity is made by comparison of lipid samples 
with a standard containing only label and buffer. Figure 2 
shows that the distribution of label 1 between lipid and aqueous 
solution is linear over a 20-fold lipid concentration range, and 
increases as the fraction of lipid bearing a net negative charge 
increases. 

At low ratios of label to lipid, the relation between binding 
of label and membrane surface potential, \I>, is 

label bound/label free = k exp(±F*//?r) (1) 

Assuming that the lipid suspensions contain large particles 
(~1000 A diameter7) so they may be treated as flat diffusely 
charged layers, the Gouy-Chapman analysis may be applied: 

Figure 1. Typical EPR signal of label 1 in 1% (w/w) aqueous, lipid dis
persion. 
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LIPID CONCENTRATION (PERCENTBY WEIGHT) 

Figure 2. Binding at 27 0C of 1 vs. lipid concentration for egg lecithin plus 
0% (•) , 5 mol % (O), and 10 mol % cardiolipin (A). Cardiolipin bears two 
negative charges/molecule. 
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Figure 3. Normalized slopes of the type of plot shown in Figure 2 vs. a2, 
for label 1 (closed circles) and label 2 (open circles). Data are corrected 
for surface charge imparted by bound label. Dashed line is binding cal
culated for 60 A2/molecule. 

F^/IRT = sinrr1 x (x = VahFJltRTYjc'M monovalent 
electrolytes of concentration c,v a = surface charge density; 
e = dielectric constant of medium). With sinh-1 x = In (x + 
Vx2 + 1) eq 1 becomes: 

label bound/label free = k(x + Vx
2+ 1)±2 (2) 

For negatively charged lipid, the positive exponent applies to 
label 1 and the negative exponent to label 2. 

Figure 3 shows that the distribution of label 1 vs. a2 (filled 
circles) agrees well (within the limits of uncertainty of area/ 
molecule) with binding calculated from eq 2 for a bilayer with 
60 A2/molecule (dashed line). Label 2 binding falls below the 
theoretical curve and may indicate that the labels are not 
completely ionized in the membranes. (Label 2, unlike 1, does 
not give linear plots of the type shown in Figure 2 until buffer 
concentration >0.05 M.) 

As predicted in eq 2, the binding of 1 to red blood cell ghosts 
is linear with 1/£,-£•,• over a 20-fold concentration range. Lipid 
fluidity affects A: in eq 2 in the same direction for both labels:8 

rigidity imparted by cholesterol decreases the bound/free ratio 
and sonication produces a slightly enhanced ratio. 
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Stereospecific Synthesis of Penicillins. Conversion 
from a Peptide Precursor 

Sir: 

The antibiotic penicillin 1' is a remarkable substance, both 
therapeutically and chemically. One of the more notable as
pects of its chemistry, which is perhaps less well recognized, 
is the paucity of successful total syntheses of this molecule. At 
present the literature contains four claims,2-4 none of which 
represents a stereocontrolled synthesis.5 On the other hand, 
the less strained cephalosporin molecule and its derivatives 
have been the target of a number of successful stereospecific 
syntheses.6-11 The existence of this situation undoubtedly re
sults from the coincidence within the penicillin molecule of 
both ring strain and a very high concentration of functionality. 
We now present the first stereocontrolled total synthesis of a 
penicillin system. 

Recently we described a stereospecific conversion of a di-
peptide into /3-lactam systems, for example 2.12 An extension 
of the original scheme12 has now enabled conversion of a di-
peptide into a penicillin, as follows. In order to close the thia
zolidine ring in derivatives of 2 we required a suitably func-
tionalized valine unit. We chose D-isodehydrovaline (3), which 
was readily obtained from methyl 2-nitrodimethylacrylate by 
deconjugation of the potassium salt (potassium hydride, THF, 
0°) with aqueous hydrochloric acid to the /3,y-unsaturated 
ester 4 (at 0°, bp 115-116° (24 mm), 96%)13 which was re
duced with tin/hydrochloric acid at 95° to racemic 3 (mp 
206-208° dec, 74%). Resolution of the chloroacetyl derivative 
of 3 with hog acylase 1, (Sigma Chemical Co.), gave, after 
hydrolysis (hot aqueous HCl) D-isodehydrovaline (3) (mp 
202-205° dec, [a]27D -104.7° (c 3, H2O) 60%).,4 This was 
coupled, as its methyl ester, with the thiazolidine acid 512 

(EEDQ, quinoline, CH2Cl2, 0°) to the dipeptide 6 (X = H, mp 
185-186°, [a]27D -177.3 (c 1.1, CHCl3), 28%). Stereospecific 
functionalization a to the sulfur atom was achieved with 
benzoyl peroxide (carbon tetrachloride, reflux) to the benzoate 
6 (X = OCOPh, mp. 179-181°, 40%), which on treatment 
with hydrogen chloride (CH2Cl2, 0°) gave the chloride 6 (X 
= Cl, mp 137-138° dec, [a]28D -39.2 (c 1.2, CHCl3), 94%). 
The stereochemistry of this series was proved by the NMR 
spectra. For example, in 6 (X = Cl) the coupling constant 
between the two vicinal thiazolidine protons was 0 Hz; a ra
tionale for this has been previously presented.12 

Closure of 6 (X = Cl) to the 0-lactam was achieved 
smoothly with NaH in CH2C12/DMF at 0° yielding 7 (oil, 
purified by chromatography on silica gel; 82%, [a]27D -309° 
(c 2.6, CHCl3); NMR 5 5.53 and 5.73 (2 H, AB quartet, J = 
5 Hz); J W (CHCl3) 1769,1740, 1655 cm"1), which was ox-
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