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tide III afforded an A chain, IV, containing the Ai_6 

loop and two differentially protected cysteine residues.2 

The stepwise formation of the two interchain disulfide 
bridges in VIII was conducted under conditions pre­
viously shown to avoid disulfide interchange.3 ,4 The 
sulfenyl thiocyanate VI was generated from the corre­
sponding thiol6 V and allowed to react with IV at 0° in a 
mixture of ethyl acetate and acetic acid. The biscystine 
peptide derivative VII was obtained as a crystalline 
solid in 7 6 % yield:6 mp 151-152°; [a]uD - 2 8 . 0 ° (c 
0.47, D M F ) ; mol wt (calcd) 2214, (found) 2220 (os-
mometric in o-chlorophenol); amino acid analysis after 
performic acid oxidation and acid hydrolysis: Cy-
SO3H6.0Gly7.7Phe2.oVall.o. The symmetrical disulfide 
resulting from oxidation of the B chain, V, was not ob­
served in the thin layer chromatogram of the reaction 
mixture. 

Selective oxidation of the two remaining S-protected 
cysteine residues (A2, B5) was accomplished by the action 
of thiocyanogen on VII. The cyclization was conducted 
in dilute solution (1O - 4 M) in a trifluoroacetic acid-
acetic acid (1:3 v/v) solvent at 0° . The triscystine pep­
tide derivative, VIII, was obtained in 7 5 % yield; mp 
230-236° dec; [a]25D - 3 7 . 5 ° (c 0.16, D M F ) ; mol wt 
(calcd) 1938, (found) 1765 (osmometric in o-chloro­
phenol); amino acid analysis after performic acid oxi­
dation and hydrolysis: CySO3H6.5Gly7.5Val1.3Phe2.2-

These data demonstrate that multiple sulfur-sulfur 
bonds can be selectively introduced into reasonably 
complicated polypeptides. Degradative experiments, 
designed to verify by chemical means the apparent lo­
cation of the sulfur-sulfur bonds in a triscystine deriva­
tive related to VIII, are currently in progress. 
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Nonunique Ordering of Solute Molecules in Nematic 
Solvents. Electron Spin Resonance Observation of 
Coexisting Modes of Solute Alignment 

Sir: 

We have observed superposition of distinguishable 
patterns of solute ordering in nematic solvents1 - 4 

by means of esr spectroscopy of nitroxide radicals6 - 9 

(Figure 1). This finding supports the hypothesis that 
the most stable pattern of solute ordering is that of 
densest packing,10 but challenges the generality of 
the uniqueness of,this ordering, tacitly assumed in the 
interpretation of high resolution n m r , 1 - 3 uv,10 and ir 
spectra in nematic solvents. 

The nitroxide g roups 1 1 - 1 4 are located on roughly 
planar piperidine-derived rings.16 The principal axes 
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(15) The names of radicals I-IV, the synthesis of which will be 
described in a forthcoming work, are: I = N-4-(2,2,6,6-tetramethyl)-
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0Gly7.7Phe2.oV
5Gly7.5Val1.3Phe2.2-


of the g and nitrogen hyperfine tensors are collinear 
and are simply related to the molecular geometry.16 

The crucial difference between I and H-IV is in the 
volume of the group bonded to C4 of the piperidine 
ring. In I the single proton does not hinder the chair 
;=± boat equilibrium. "•18 Thus the average plane of the 
ring practically coincides with the x-y plane, and the 
x axis is collinear with the long molecular axis.6-9 In 
II-IV, the carboxylic residue on C4

19 constrains the 
ring into a boat configuration; as a result the x axis 
is nearly perpendicular to the long molecular axis. 

In partially ordered systems the esr lines occur at 
positions which are linearly interpolated1-'4-9 between 
the isotropic values and the single crystal16 values. 
Spectra of radicals in which one of the principal axes 
is partially aligned parallel to H0 are designated x, y, 
and z, corresponding to the largest positive diagonal 
element, S44,1-4'9 of the order parameter matrix (Figure 
1, right). 

Esr spectra were obtained with a Varian Model E-3 
spectrometer equipped with a temperature controller. 
The solvent, 4-(4-ethoxyphenylazo)-phenyl hexanoate 
(PEPH, Eastman Organic Chemicals No. 10537), is 
isotropic above 130°, nematic down to 70°, and super­
cooled to 65°. Traces of the radicals were mixed with 
the nematogen and sealed in evacuated tubes after 
freeze-pump-thaw cycling. 

In the isotropic phase (Figure 1, top) the spectra of 
all the radicals are similar. In the nematic phase, I 
shows only x alignment.5-9 II shows predominantly z 
alignment and, in addition, a very weak y subspectrum 
which cannot be removed by thermal cycling. Ill dis­
plays simultaneously y and z subspectra. Though it is 
not quantitatively reproduced, the relative intensity of 
the y subspectrum is enhanced by lowering the temper­
ature slowly through the nematic range. Molecule IV 
reveals the coexistence of all x, y, z subspectra. 

Our interpretation, based on the densest packing 
hypothesis,10 was assisted by reference to space-filling 
CPK models of the solute and solvent molecules. The 
long axes of II and III align in a unique pattern parallel 
to the long axes of the host nematogen. The observed 
y and z subspectra arise then from two coexistence 
conformers of II and III. 

This interpretation is not adequate for IV, which 
yields an x subspectrum in addition to the y, z sub­
spectra. Densest packing of L-shaped molecules may 
be realized in two stable patterns in which either one of 
the arms of the L substitutes for a nematogen molecule. 
The rate of the 90° jumps between the two roughly iso-
energetic states is assumed to equal the 106 sec -1 flip rate 
of the long axes of the host molecules.3'20-2 3 

piperidyl-N '-4( 1 -oxyl-2,2,6,6-tetramethyl)piperidyl terephthalamide; II 
= l-oxyl-2,2,6,6-tetramethyl-4-(/>-octyloxybenzoyl)amino-4-carboxy-
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amino-4-carbamidopiperidine; IV = l-oxyl-2,2,6,6-tetramethyl-4-
(/>-carbethoxybenzoyl)amino-4-carboxypiperidine. 
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Figure 1. Second derivative esr spectra of nitroxide radicals I-IV 
in the isotropic and nematic phases of PEPH. On the left are 
shown the structural formulas, the prinicpal axes of the spin-
Hamiltonian tensors, and amide bonds about which hindered 
rotations occur. The spectra shown in the center column are 
grouped into subspectra, denoted by their preferentially aligned 
principal axes. The y subspectra arise from a 90 ° twist of the amide 
bond while the x subspectra result from an alternative mode of 
solute ordering. On the right are listed the diagonal elements of 
the order parameter tensors pertaining to the respective subspectra. 

In its most plausible configuration, molecule IV is 
L-shaped and conceivably assumes two patterns of 
nematic ordering. On the frequency scale set by the 
14N hyperfine splitting of the esr spectrum (~50 
MHz) the residence time of 10~6 sec in each state is very 
long. If we set the width of the narrowest component 
line of the observed esr spectrum (~1 MHz) as an 
upper bound on lifetime broadening, the agreement 
with the estimated residence time of ~ 1 ,usee is reason­
able. This jump rate is, however, very rapid on the 
frequency scale of nmr in nematic solvents, and one 
would expect a unique anisotropic nmr spectrum1'1 of 
diamagnetic solute analogs of molecule IV. 

We thus ascribe the x subspectrum of IV to a pattern 
of ordering in which the x axis is parallel to the axis of 
nematic alignment. The y and z subspectra are as­
signed to another ordering pattern in which the x axis 
is perpendicular to the axis of nematic alignment. 

The L-shape may change into another configuration 
for which unique ordering is preferred. After 5 hr 
at 140°, a proton superhyperfine structure appeared in 
the isotropic phase and the z subspectrum no longer 
appeared in the nematic phase. The complete dis­
solution of the heat-treated sample of IV in acetone 
and its subsequent drying failed to restore the z sub­
spectrum of the initial material. 

x alignment is limited neither to radical IV nor to the 
PEPH solvent, and has been observed in a number of 
analogous systems. 
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Di-7r-cyclooctatetraenethorium 

Sir: 

The relative stability of the recently synthesized di-x-
cyclooctatetraeneuranium from cyclooctatetraene 
(COT) dianion and uranium tetrachloride suggests that 
significant stabilization is afforded by overlap of the 
highest occupied (E2) molecular orbitals of the two rings 
with vacant f orbitals (fXVi&(x'-v>)) ° f t n e central metal.1 

It is clearly important to compare the chemistry of sim­
ilar complexes with other actinide and with lanthanide 
rare-earth metals. We report here the preparation and 
some of the chemistry of the thorium analog. 

A suspension of dry thorium tetrachloride in tetra-
hydrofuran was added to 2 equiv of K2COT in THF 
cooled to Dry Ice temperature. The mixture was al­
lowed to warm to room temperature with stirring over­
night. The solvent was evaporated from the yellow re­
action mixture and the residue was sublimed at 0.01 
Torr and 160° to produce the product as fine bright 
yellow crystals. The mass spectrum showed a parent 
peak at m/e 440 (Th(COT)2) with important fragment 
peaks at m/e 336 (ThCOT), 111 and 109 (unassigned), 
and 104 (COT). Resublimation gave crystals suitable 
for X-ray analysis. The compound is isomorphous 
with di-7r-cyclooctatetraeneuranium2 (uranocene), and 
the thorium compound therefore also has the D8h sand­
wich structure.3 

Th(COT)2 ("thoracene") is decomposed readily by 
water. It is unstable in air but does not enflame, as 
does uranocene; crystals of the thorium compound 
change in color from yellow to brown after a few min­
utes' exposure to air. The compound decomposes 
without melting at temperatures above 190° and ex­
plodes if heated to red-hot. Thoracene is insoluble in 
most organic solvents, e.g., CHCl3, CCl4, THF, benzene, 
acetone, etc.; it is soluble in DMSO, but the nmr spec­
trum of this solution shows a complex multiplet at 6.2 
ppm rather than the sharp singlet expected for a D8h sand­
wich structure. On exposure to air for several seconds 
the nmr spectrum changes to the sharp singlet of COT 
at 5.75 ppm. We suggest that thoracene forms a com­
plex with DMSO which destroys the symmetry of the 
rings and changes the structure to that of a diene-transi-
tion metal type. This chemistry may be rationalized 
as follows if bonding interaction with 5f orbitals is im­
portant in the di-7r-cyclooctatetraeneactinide structures. 
We have suggested1 that the two highest energy elec-

(1) A. Streitwieser, Jr., and U. Mliller-Westerhoff, / . Amer. Chem. 
Soc, 90, 7364(1968). 

(2) X-Ray analysis by K. N. Raymond. A complete X-ray structure 
determination is in progress to determine bond lengths. 

(3) A. Zalkin and K. N. Raymond, J. Amer. Chem. Soc, 91, 5667 
(1969). 

trons in uranocene are in a back-bonding Fx(Xi-W), 
f„(3i,«-z«)-E3u combination. These MO's are vacant in 
thoracene and could produce a Lewis acid capability 
that would lead to the observed reactions with Lewis 
bases such as DMSO and water. The extension of this 
chemistry to other actinides and to the lanthanide rare 
earths is in progress. 
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The Reaction of a Sulfonyl-Chymotrypsin 
with Hydrogen Peroxide. 
Generation of a Hydroperoxy Enzyme 

Sir: 

Generating a reactive free radical at a specific site on 
a protein and allowing the radical to react with its sur­
roundings would be useful as a chemical probe for 
three-dimensional structure in solution.1 The present 
work was designed to produce a peroxide moiety (which 
could then be decomposed by photolysis) at the active 
site of the serine protease chymotrypsin. In this report 
the preparation of an apparently catalytically active 
hydroperoxy enzyme is described. 

Benzylsulfonyl-chymotrypsin (modified at serine-195) 
was prepared according to the published procedure.2 

In all experiments it had less than 0.8% catalytic ac­
tivity. When incubated at pH 7 with H2O2 as shown in 
Figure 1, catalytic activity was fairly rapidly restored 
until deactivation of enzyme became a significantly com­
peting process (about 12 hr). As previously reported,2 

benzylsulfonyl-chymotrypsin was completely stable 
under the same conditions without H2O2. Native en­
zyme under the reaction conditions lost activity only 
very slowly, while the same reaction with the sulfonate 
and n-propyl hydroperoxide resulted in an extremely 
slow restoration of catalytic activity, probably due to 
H2O2 impurity.3 

Variation in pH of the reactivation mixture resulted 
in a regular increase in the rate of reactivation from pH 
4 to about pH 7 (the optimum). At much above pH 7 
activity was lost at a rate comparable to its restoration. 

The product of the H2O2 reaction was isolated by ex­
haustive dialysis (2 to 5 ml vs. two changes of 2 1. of 
1O-3 M HCl, then four changes of double distilled water) 
followed by lyophilization. Further experiments were 
performed on this hydrogen peroxide free material. 

From the simple organic system we would expect that 
the dominant process might be (1) by an SN2 displace-

E-CH2OSO2CH2C6H5 + ~OOH —*• 

E-CH2OOH + C6H6CH2SO3- (1) 

(1) A carbene approach to this problem has been taken by West-
heimer: J. Shafer, P. Baronowsky, R. Laursen, F. Finn, and F. H. 
Westheimer, J. Biol Chem., 241, 421 (1966); R. Vaughan and F. H. 
Westheimer, / . Am. Chem. Soc., 91, 217 (1969). 

(2) A. M. Gold and D. Fahrney, Biochemistry, 3, 783 (1964); 5, 
2911(1966). 

(3) n-Propyl hydroperoxide was prepared from /i-propyl methane-
sulfonate and H2O2: H. R. Williams and H, S. Mosher, J. Am. Chem. 
Soc, 76, 2984 (1954). After two distillations, analysis still showed 
/!-propyl alcohol and H2O2 impurities. Work is in progress to clearly 
define the alkyl hydroperoxide reaction. 
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