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bond formation is most nearly complete at the transition
state in the reaction of cis-stilbene with acid; C-H
bond formation is substantially less complete in the
case of the reaction of c¢is-4,4’-dimethoxystilbene with
acid. Further variation of isotope effects with struc-
ture is under active investigation.

Correlation of the isomerization rates for eleven
mono- and disubstituted cis-stilbenes with substituent
constants gives a reaction constant p = —3.19, cor-
relation coefficient 0.995.

From these data and consideration of other solvolytic
mechanism studies,® the transition state for the acid-
catalyzed isomerization of cis-stilbene would appear to
be best depicted by the following
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It is clear that the suggested scheme of Gandini
and Plesch* does not apply in aqueous media; it is
unlikely that their suggested scheme will have any
generality in polar solvents.
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The Comparison of Protein Structure in the Crystal and
in Solution Using Tritium-Hydrogen Exchange!
Sir:

We have measured the exchange rate of tritium for the
labile hydrogen atoms of insulin in the crystal and in
solution; the data bear upon structural differences be-
tween the protein in the two phases.

Recent successes in determining the crystal structure
of proteins?? have greatly deepened our understanding
of them, but since it is the molecule in solution which is
generally of chemical and physiological interest, some
assessment must be made of changes in structure pos-
sibly attending crystallization. In several recent re-
ports?~—® specific reactions of the crystalline protein have
been used for comparisons made with this problem in
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mind. A method is needed, however, which can rapidly
scan a number of crystal-solution systems and which
reflects the over-all structure of the molecule rather than
a single region of it. Tritium-hydrogen exchange is a
technique suitable in both of the above respects.

Eli Lilly crystalline beef zinc insulin was dissolved at
high pH and recrystallized at pH 6 to 7. The salt
introduced in changing the pH was removed by washing
five times with deionized water. To start the exchange,
tritiated water was added to an aliquot of the crystal
suspension after adjustment of the pH to 7.1. Solu-
tions of insulin were prepared for reaction by dissolving
crystals at pH 10 to 11, adjusting the pH to 7.1, and
adding tritiated water. Because of the kinetics of
crystal formation, both solution and crystal were stable
at pH 7.1 for the duration of the experiment. The
exchange was measured by the method of Leach and
Hill™ For calculation of the hydrogen exchanged a
molecular weight of 5733 was used, and protein concen-
trations were determined using an extinction coefficient,
Eleo mu 8.65.

Table I shows the number of hydrogens exchanged in
crystalline and dissolved insulin at pH 7.1 and 0°, at
times from mixing to 2 days. Significant differences

TABLE 1

Tr1TIUM-HYDROGEN EXCHANGE OF INSULIN IN THE CRYSTAL
AND SOLUTION

Time, hr, Crystals Solution
0 50 61
5 61 75
26 64 82
49 66 84

between the crystal and solution were observed in the
number of both instantaneously and nonexchanging
hydrogens (11 and 18, respectively, of a total of approxi-
mately 84 hydrogens potentially exchangeable at this
pH). These differences must be ascribed tof: (1)
intermolecular interactions in the crystal which result in
immobilization of labile hydrogens; (2) a greater flexi-
bility of the structure in solution, permitting more
rapid exchange of slowly exchanging hydrogens; or
(3) a fundamental structural difference. An immobili-
zation of 10 to 20 hydrogens by new intermolecular
interactions in the crystal is unlikely in view of the few
contacts of this type found in crystalline myoglobin (five
to ten interactions involving polar groups,? in a protein
three times larger than insulin). The differences are
then likely to reflect an altered structure in the crystal,
which may be either one of decreased flexibility (a dif-
ferent effective or time-average conformation) or one
with basically different folding. Preliminary work
has shown that the exchange behavior of insulin in
an amorphous precipitate is like that of dissolved in-
sulin, suggesting that the exchange differences between
crystal and solution are the result of differences in
folding, and not in flexibility or intermolecular in-
teractions. Also of interest in this regard will be
the results of exchange studies on myoglobin, which
should be compatible with an unambiguous and de-
tailed interpretation, since the hydrogens involved in
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drogens, in view of the instantaneous and reversible titration of the ionizable
groups of crystalline hemoglobin.®
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specific inter- and intramolecular interactions are known
for crystals of this protein. Several other systems of
crystallographic interest are being considered, in par-
ticular ribonuclease, lysozyme, and carboxypeptidase.
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The Synthesis of 2’,3’-Dideoxyadenosine from
2’-Deoxyadenosine
Sir:

We wish to report the first preparation of the unusual
purine nucleoside 2’,3’-dideoxyadenosine (IV). The
present synthesis utilizes the first recorded successful
acidic removal of the 5’-triphenylmethyl (trityl) block-
ing group from a derivative of 2’-deoxyadenosine. The
reaction scheme also employs the displacement of a
secondary tosylate by alkyl mercaptide and emphasizes
this reaction as a powerful new synthetic tool in the
preparation of deoxynucleosides.

Interest in 2’,3’-dideoxyadenosine (IV) arises from
the fact that such a compound (as a 5'-phosphate
derivative) should inhibit biosynthesis of DNA by act-
ing as a polynucleotide chain terminator due to the

’I\-OCH,O B HOCHg0 B
—_—
TsO TsO
I II
B =9-adenyl
NH,
NN HOCH:
ko OjN' -— R
N
HOCH. IIT
o R=C,H,
v

absence of the 3’-hydroxyl group. A related nucleoside
antibiotic cordecypin!~? has recently been shown to be
identical with 3’-deoxyadenosine.% The action of
cordecypin on nucleic acid synthesis appears to be due
to the accumulation of phosphorylated derivatives of
the antibiotic’® which are not able to substitute for
structurally related adenosine phosphates due to the
missing 3’-hydroxyl. . There is also good evidence that
such a pool of the purine 3’-deoxynucleotide acts as a
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specific inhibitor of purine nucleotide biosynthesis.*10
Although 3’-deoxyadenosine is an inhibitor of both
DNA and RNA synthesis,!1? 2’ 3’-dideoxyadenosine
would be expected to exert selective inhibition of DNA
biosynthesis.

The synthesis and biological activity of 9-(tetrahy-
dro-2-furyl)adenine!®!* suggested some time ago that
2’,3’-dideoxyadenosine would be a compound of con-
siderable biochemical interest due to its closer struc-
tural relationship to 2’-deoxyadenosine. In the present
study 5'-O-trityl-2’-deoxyadenosine'® was treated with
p-toluenesulfonyl chloride in pyridine to yield 5’-O-
trityl-3’-O-tosyl-2’-deoxyadenosine (I) which was puri-
fied on alumina to give a chromatographically homo-
geneous foam in 659 vyield. A4nal. Caled. for
CasHasN;05S: C, 66.8; H, 5.14; N, 10.8. Found: C,
66.8; H, 5.43; N, 10.7. Spectral data showed: AMOH
259 mu (e 15,500), Ameoner 226 mu (e 24,400) ; infrared
band 705 (OTr) and 1170 ecm.—! (OTs). Previous de-
tritylations of purine 2’-deoxyribofuranoside derivatives
have met with very limited success. 5~

Khorana and co-workers!® have recently made use of
the more acid labile tris(p-anisyl)methyl group in order
to circumvent simultaneous cleavage of the purine base
during deblocking. The study of this problem in our
laboratory revealed that the 3’-tosyl function (I) con-
tributed significantly to the stability of the glycosidic
linkage.!® Thus 5’-O-trityl-3’-O-tosyl-2’-deoxyadeno-
sine (I) was heated for 12 min. at 100° in 809 acetic
acid to give an essentially quantitative yield of 3’-O-
tosyl-2’-deoxyadenosine (II) which was recrystallized
from an ethanol-ether mixture to give fine needles,
m.p. 184-184.5°. Amal. Caled. for CyyHysN:O:S: C,
50.4; H,4.70; N, 17.3. Found: C, 50.6; H, 4.59; N,
17.3. Spectral data showed: AMeP® 259 and 228 mu
(¢ 15,900 and 13,500); strong infrared band at 1170
cm.~!, band at 705 cm.~! absent. This would appear
to provide a general synthetic route to a variety of pre-
viously inaccessible 3’-substituted derivatives of purine
2’-deoxynucleosides by replacement of the tosylate
group. Nucleophilic displacement of the :osylate of
3’-O-tosyl-2’-deoxyadenosine (II, 6.5 g.) with ethyl
mercaptide in a sodium ethoxide—ethanol solution at
80° yielded 1.2 g. (26%) of 6-amino-9-(3’-S-ethyl-3’-
thio-2’,3’-dideoxy-B-D-threo-pentofuranosyl) purine (III)
by an assumed Walden inversion.” III crystallized
from ethanol in colorless needles, m.p. 210-212°.  Anal.
Caled. for CoHi7Ns;O,S: C, 48.8; H, 5.76; N, 23.7.
Found: C, 48.7; H, 5.72; N, 23.6. Spectral data
showed: Aysl® 259 mu (e 15,600). Sponge nickel? de-
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