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cerning the formation and reactions of 1 are currently in
progress.
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A New Approach to the Preparation of
Tetrathiafulvalenium Salts
Sir:

Salts of 1,4,5,8-tetrathiafulvalene (TTF) exhibit unusual
temperature dependent electric!~? and magnetic*-¢ proper-
ties. These salts were prepared by direct oxidation of TTF
(1) by an acceptor (e.g., Cl! I} TCNQ,? TCM,
TNAPS®). Such an approach precludes the preparation of
TTF salts containing anions which are not derived from
strong oxidizing agents (e.g., SCN™). A logical approach to
a more general preparation of TTF salts can be based on
the metathetical reaction

1
TTFX + MZ — TTFZ + MX (0

Table Ia
%

Compound Yield R()b o2t em™t)
(TTF),(BF ), 60  >10° ,
(TTF), (NCS), 70 2-6 250 (310)/
(TTF), (NCSe), ¢ 45 7 15
(TTF), 1,9 28 0.5 365
(TTF), I ,c.¢ 37 4.5
(TTF),l,, ¢.f 75 55
(TTF),Pt(CN), 92 >10°
(TTF),Cu(Mnt), £ 60 >10°
(TTF),Co(Mnt), & 69 >108
(TTF),Ni(Mnt), 70 >108
(TTF),Pt(Mnt), & 70 >10°
TTF Pt(Mnt),&h 94 >10¢

a All elemental analyses based on C, H, and N.*® dDetermined at
room temperature on ca, 0.1 mg compressed in a glass capillary be-
tween two steel pistons of 2 mm diameter. ¢ Corresponds to “(TTF),
(NCS)”. This and other compounds below exhibit “nonstoichio-
metric”’ elemental analyses which are best described (within 0.1~
0.05% of experimental) by the formulas given in the table. d This
compound is also known as “TTF,L,” it was prepared from (TTF),-
(BF,), and Bu,N*1,- and forms hollow needles. € Corresponds to
TTF,-%,1,, Prepared from (TTF),(BF,), and Bu,N*I,- It has the
appearance of silver wool. f Corresponds exactly to TTFl, ,. Also

-prepared from Bu,N*1,~and (TTF),(BF,),. & Prepared from (TTF),

(BF ), and (Bu,N),M(mnt),, where mnt = maleonitriledithiolato
(N=CC(S ")==C(§™)C==N) and M = Cu, Co, Ni, Pt, etc. # Pre-

pared from Bu,NPt(mnt), and (TTF),(BF,),. f o} = conductivity
determined on the long axis of the crystal via a four-probe tech
nique.?/ oy at 220°K.

provided, of course, TTFX, MZ, and MX are soluble in a
particular solvent and TTFZ is not.

We expected TTF salts of BFs~, PFs~, SbFe~, and
PhsB~ to be soluble in solvents such as tetrahydrofuran or
acetonitrile, Here we describe an efficient preparation of a
fluoroborate salt and its use in metathetical syntheses.

At first we tried to prepare the fluoroborate salt from sil-
ver fluoroborate and TTF but could not separate the prod-
uct efficiently from colloidal silver, We discovered reaction
2 to be a convenient method for the preparation of a soluble
TTF salt.?

CHZCN
3TTF + 2HBF, + H,0, — TTF,(BF,), + 2H,0 (2)

I

The fluoroborate I is a purple, crystalline solid,!° soluble
in warm acetonitrile, but sparingly soluble in cold acetoni-
trile, acetone, methyl acetate. As shown in Table I, it is
quite useful in the synthesis of new TTF salts.!! These prep-
arations were surprisingly simple. High dilutions were nec-
essary to obtain large single crystals. When more concen-
trated solutions were employed, higher yields of microcrys-
talline powders were obtained.

Previously, a number of “onium” salts of TCNQ were
prepared via metathesis.'? We found Et;NH(TCNQ); to
be best suited for metathesis in acetonitrile, The
TTF(TCNQ) thus obtained consisted of small, poorly de-
fined crystals. It appears that in this case the direct, redox
synthesis affords the largest crystals.

When an excess of tetrabutylammonium selenocyanate
was used in the above metathesis, the reaction mixture was
bleached to light orange color, When this solution was al-
lowed to stand at room temperature overnight, black nee-
dles of “(TTF),(SeCN)” formed, One may infer from this
that reversible redox of TTF* and SeCN~ may be occur-
ring.

Fluoride and tetraphenylboride (as the EtyN* and Na*
salts, respectively) react irreversibly (bleaching) with
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(TTF)3:BF,. The products of these reactions were not iden-
tified,

The single-crystal electrical conductivities and ESR spec-
tra of these and other TTF salts are currently being deter-
mined'3 and will be the subject of future publications.
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Kinetic Isotope Effects for the Chymotrypsin
Catalyzed Hydrolysis of Ethoxyl-'30 Labeled
Specific Ester Substrates!

Sir:

We wish to report the results of oxygen-18 kinetic isotope
effect measurements for the chymotrypsin-catalyzed hy-
drolysis of two esters, /V-acetyl-L-tryptophan ethyl ester-

ethoxyl-'80 (I) and N-carbomethoxy-L-tryptophan ethyl
ester-ethoxyl-'80 (I1). Kinetic isotope effect studies utiliz-

I I
CH,C—1—Trp—'?0C,H; CH,0C—L—Trp—'°0C,H;
I i}

ing elements other than hydrogen are a relatively little used
tool for the elucidation of enzyme mechanisms?? and yet
offer unique insights into the nature of the transition state
of many reactions. In a previous investigation with chymo-
trypsin, for example, O’Leary has determined a 5N kinetic
isotope effect of 1.006-1.010 for the chymotrypsin cata-
lyzed hydrolysis /V-acetyl-L-tryptophanamide, similar to
the value 1.004-1.006 observed for the alkaline hydrolysis
of amides.2b

The accepted mechanism? for the chymotrypsin-cata-
lyzed hydrolysis of esters proceeds by the initial rapid equi-

1963

/
0.010} / , 2 l

0.00s}- [

Log 100 E*/E,*Log 100 E/E,

I | I n
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Figure 1. Oxygen-18 kinetic isotope effects for the chymotrypsin-cata-
lyzed hydrolysis of ethoxyl-labeled N-acetyl-L-tryptophan ethyl ester:
(0), (1) at S = 0.1 mM, pH 6.8 in 0.01 M potassium phosphate buffer
(a), (1) So = 1.0 mM, pH 6.8 in 0.05 M potassium phosphate buffer;
(@, A) (IT) at Sg = 0.5 mM, separate experiments at pH 6.8 in 0.05 M
potassium phosphate buffer. The data are plotted according to eq 2,
where the slope is 1 — (k2/k»*). A horizontal line, therefore is indica-
tive of no kinetic isotope effect, and the dashed line, given for refer-
ence, represents the isotope effect of 1.066 observed for hydrazinolysis
of both esters under conditions of rate-determining breakdown of the
tetrahedral intermediate, corresponding to a very late transition state
with respect to the scission of the acyl-ethoxyl bond.

librium formation of the Michaelis complex, followed by
acylation of the enzyme with release of alcohol, and finally
by deacylation to give the N-acylamino acid and the free
enzyme. This pathway, when applied to a mixture of the
180- and !%O-labeled forms of I or II is shown in eq 1,
where ES and ES* are the Michaelis complexes with unla-
beled and labeled substrate, AE is the acyl enzyme, and P is
the N-acylamino acid. The kinetic isotope effect arising

ES
I“orlI''%0 —Et'*OH
KS k2
AE 25 4P @

E

K* k
Ior %0 ~Et"*0H

ES*
from this mechanism in a competitive experiment is deter-
mined solely by the relative rates of formation of the acyl
enzyme, even though the rate determining step is deacyla-
tion, a step not involving the isotope. With the assumption

v
A== B*K,

that the binding constant, K, is the same for '80 and 'O
substrates, A = ka/ko*.4

Ethanol-'80 was prepared as previously described.5 L-
Tryptophan ethyl ester hydrochloride-ethoxy!-'80 was pre-
pared by the reaction of L-tryptophanyl chloride hydrochlo-
ride® with ethanol-'30 (65 atom %) in glyme, and N-acylat-
ed (in ethyl acetate over aqueous sodium carbonate) with
acetic anhydride to give I, or with methyl chloroformate to
give II. Racemization, as determined by measuring the un-
reacted substrate after chymotryptic hydrolysis, was less
than 0.1%.

Enzymatic hydrolyses were done at pH 6.8 in potassium
phosphate buffer, 0.05 M (or 0.0l M when [Sg] = 0.1
mAf), at 25°. The reaction was followed spectrophotometri-
cally at 298 nm (or 265 nm when [Sp] = 0.1 mM). Sub-
strates used contained 10 or 25 atom % !30 in the ethoxyl
position. Aliquots were taken at preselected fractions of the
complete reaction and quenched by extraction with methy-
lene chloride. The substrate recovered from the organic
layer was purified by preparative TLC on silica (ethyl ace-
tate). For isotopic analysis, a substrate sample of 1-5 mg
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