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Figure 2. The acid-catalyzed exchange of the hydroxyl oxygen of zers-butyl
alcohol as measured by 13C isotope shift NMR. 180-Labeled rerz-butyl
alcohol was dissolved in 0.16 N HCI solution made up using normal
[160]water. The loss of 80 from the C-1 position of the alcohol was
measured as a function of time. By 810 min no further change was
measureable. The !3C spectra were recorded on a Varian CFT-20 in-
strument at 65 £ 2 °C.

time, 45° pulse angle, and 8K data block were used to record
the spectra in the Fourier transform mode. The exponential
weighting for the free induction decay was 1.0 Hz and the
resolution was 0.50 Hz. The shift separation was verified on
Nicolet 150-MHz and Nicolet 360-MHz NMR instruments.
Figure 1 illustrates the '#0O-isotope effect on the hydroxyl
carbon resonance position. It shows '80-labeled terz-butyl
alcohol diluted with known amounts of [!®O]-zert-butyl al-
cohol. The upfield shift is 0.035 ppm in water. The separation
of the '3C resonance positions was 0.7 Hzat 20 MHz, 1.32 Hz
at 37.7 MHz, and 3.17 Hz at 90 MHz.

The utility of the '80-isotope shift effect on carbon was
demonstrated by following the kinetics of the loss of label from
a sample of ['80]-tert-butyl alcohol. The reaction mixture for
the exchange experiment contained 0.16 N HCl and 1.88 M
['80]-tert-butyl alcohol in 3.3-mL total volume. The vari-
able-temperature probe on the CFT-20 was equilibrated at 65
+ 2 °C for | h, while ['8O]-zerz-butyl alcohol and glass-dis-
tilled water made acidic with HCI were equilibrated separately
in a water bath at 65 °C for 30 min, The reaction was begun
by addition of the ['80]-tert-butyl alcohol to the acid solution.
Figure 2 shows the '3C NMR spectra of the hydroxyl carbon
at five times during the course of the reaction. The disap-
pearance of the '30-labeled signal is readily detectable and
quantitative changes are easily measured.

13C NMR spectra such as those shown in Figure 2 were
resolved using a Du Pont 310 curve resolver set for Lorentzian
curves. A kinetic plot of quantitative data for the exchange
experiment gave a pseudo-first-order rate constant of 5.18 X
10=3s~!, in excellent agreement with the literature value!? of
5.33 X 10—3 s~ ! obtained by conventional mass spectrometric
methods.

Thus, we have demonstrated the '80-isotope shift upon '3C
NMR spectra and provided an example of its use. The tech-
nique should be widely applicable. The present study employed
natural abundance spectra and a Fourier transform instrument
operating at 20 MHz for '3C, so that instruments of very high
magnetic field strength are not necessary for kinetic studies
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providing that curve resolution or electronic integration are
employed, However, since the quantitative data obtained from
the resolved spectra closely approximated those obtainable by
peak-height measurements, it seems probable that the greater
separation available with instruments of higher field strength
should permit even more convenient quantitation. Further
gains in sensitivity (thus providing in effect the possibility of
following more rapid exchange reactions) can be achieved by
measurements with !3C-enriched compounds. Typical among
the uses to which these procedures should be applicable may
be mentioned the measurement of oxygen exchange accom-
panying both enzymatic and nonenzyme-catalyzed reactions
of carbonyl and carboxy! group derivatives.
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Synthesis of Thymosin a;
Sir:

Thymosin @, an acetyl octacosapeptide, isolated from calf
thymus gland by Goldstein et al.! was reported to exhibit bi-
ological activities that are important for the development of
thymus-dependent lymphocytes (T cells) in man and in ani-
mals.? Its amino acid sequence was determined to be’ Ac-
Ser-Asp-Ala-Ala-Val-Asp-Thr-Ser-Ser-Glu-Ile-Thr-Thr-
Lys-Asp-Leu-Lys-Glu-Lys-Lys-Glu-Val-Val-Glu-Glu-Ala-
Glu-Asn. In this communication, a solution synthesis* of
thymosin «, is described. The synthetic product was found to
be identical with the natural material. confirming the proposed
structure of the polypeptide hormone.

As outlined in Scheme I, Boc-lIle-Thr(Bzl)-Thr(Bzl)-
Lys(Z)-OH (3) was treated with 4 N HCl in THF to remove
the Boc group and the ensuing tetrapeptide hydrochloride salt
was coupled with Boc-Val-Asp(OBzl)-Thr(Bgl)-Ser(Bzl)-
Ser(Bzl)-Glu(OBzl)-HNNH; (2) by the azide method® to give
the protected decapeptide Boc-Val-Asp(OBzl)-Thr(Bzl)-
Ser(Bzl)-Ser(Bzl)-Glu(OBzl)-1le-Thr(Bzl)-Thr(Bzl)-Lys-
(Z)-OH (7), 76.2%; mp 268-271 °C. Anal. C|06H|33N||034.
C, H,N. Amino Acid Anal. Asp) os, Ser| gz, Glu| go, Thrz 3.
Valg.os, lle| g1, Lys, 06. Azide coupling between Ac-Ser(Bzl)-
Asp(OBzl)-Ala-Ala-HNNH; (1) and 7 after removal of Boc
group from 7 with TFA provided the protected N-terminal
acetyl tetradecapeptide Ac-Ser(Bzl)-Asp(OBzl)-Ala-Ala-
Val-Asp(OBzl)-Thr(Bzl)-Ser(Bzl)-Ser(Bzl)-Glu(OBzl)-
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Scheme I. Synthesis of Thymosin «,
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lle-Thr(Bzl)-Thr(Bzl)-Lys(Z)-OH (8): 89.4%; mp 297-298
OC; [C(]ZSD +6.37° (C 1, MCZSO) Anal. C|30H |59N |5030, C,
H, N. Amino Acid Anal. Asp, g7, Seragq, Glu,gs, Alajgs,
Valg .90, Ileg 97, Lys| gz, Thrs gs.

Deblocking of Boc group with TFA from Boc-Glu(OBzl)-
Val-Val-Glu(OBzl)-Glu(OBzl)-Ala-Glu(OBzl)-Asn-OBzl
(6) provided the corresponding TFA octapeptide salt which
was then condensed with Boc-Glu(OBzl)-Lys(Z)-Lys(Z)-
HNNH),; (5) via azide procedure to afford the protected un-
decapeptide Boc-Glu(OBzl)-Lys(Z)-Lys(Z)-Glu(OBzl)-
Val-Val-Glu(OBzl)-Glu(OBzl)-Ala-Glu(OBzl)-Asn-OBzl
(9) in good yield: 91.6%; mp 312-314 °C; [«]?°p —13.68° (¢
I, Me>SO). Anal. C7H 46N 14026, C, H, N. Amino Acid
Anal. Asp| oo, Glus 2, Alay o3, Val| 55, Lys| 9g. Treatment of
9 with TFA and coupling of the resultant undecapeptide TFA
salt with the tripeptide azide derived from Boc-Asp(OBzl)-
Leu-Lys(Z)-HNNH- (4) yielded the protected C-terminal
tetradecapeptide Boc-Asp(OBzl)-Leu-Lys(Z)-Glu(OBzl)-
Lys(Z)-Lys(Z)-Glu(OBzl)-Val-Val-Glu(OBzl)-Glu(OBzl)-
Ala-Glu(OBzl)-Asn-OBzl (10): 87.4%; mp 326-327 °C;
[(Y]zs[) —15.71° (C 1, MCQSO) Anal. C |43H lg(,N |80367 C, H,
N. Amino Acid Anal. Asp oo, Glus 1o, Alay oo, Val| o3, Leu, o3,
LySQ‘xg.

The final coupling of N-terminal tetradecapeptide 8 and
C-terminal tetradecapeptide 10 was achieved by the DCC-
HOBT procedure.® Thus 10 was treated with TFA for removal
of Boc group from the a-amino function and the tetradeca-
peptide TFA salt (69.35 g) obtained was allowed to react with
the acetyl tetradecapeptide active ester derived from the re-
action of 8 (59.27 g) with DCC and HOBT in a solvent mixture
of DMF and Me,SO. The fully protected acetyl octacosa-
peptide Ac-Ser(Bzl)-Asp(OBzl)-Ala-Ala-Val-Asp(OBzl)-
Thr(Bzl)-Ser(Bzl)-Ser(Bzl)-Glu(OBzl)-1le-Thr(Bzl)-Thr-
(Bz1)-Lys(Z)-Asp(OBzl)-Leu-Lys(Z)-Glu(OBzl)-Lys(Z)-
Lys(Z)-Glu(OBzl)-Val-Val-Glu(OBzl)-Glu(OBzl)-Ala-
Glu(OBzl)-Asn-OBzl (11) was obtained in satisfactory yield:
96.7 g (77.3%); mp 330 °C dec. Anal. C373H335N33063, C, H,
N. Amino Acid Anal. Aspg s, Thraga, Sera g7, Glug, (2, Alas g,
Vals gy, lleg.os, Leugor, Lyss o

The fully protected thymosin o) (11) was then treated with
anhydrous HF in the presence of anisole’ to remove all the
protecting groups. Typically, 10 g of 11 was mixed with |5 mL
of anisole and stirred with 100 mL of HF at 0 °C for 30 min.
The crude material obtained was then purified on a DEAE-
Sephadex A-25 column (0.05 M Tris-HCI buffer, pH 8.0,
linear gradient of NaCl 0-0.35 M) followed by gel filtration
on a Scphadex G-10 column to give thymosin « (12) as a white
amorphous powder: 0.56 g (9.2%).* Amino Acid Anal. Aspa s,

0002-7863/79/1501-0254%01.00/0

Thrs 90, Sers g5, Glus g7, Alas o, Vala.os. Ileg.gs, Leuy.o, Lysaoz
(average recovery, 95%). The product migrated as a single
spot? on acrylamide gel isoelectric focusing (pH 3.5-9.5) and
on high voltage silica gel thin-layer electrophoresis (pH 1.9 and
pH 5.6), indistinguishable from the natural thymosin «,. The
tryptic peptide maps'® from synthetic and natural thymosin
ay were also identical. Synthetic 12 shows activities equivalent
to the natural compound in the MIF (macrophage migration
inhibitory factor),! E-Rosette,! and other assays.
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Synthesis and Chemistry of
cis- and frans-2,3-Divinylthiirane
Sir:

In recent years, there has been a considerable interest in the
thermal rearrangements of divinylcyclopropanes and their
heteroanalogues. Next to cis-1.2-divinylcyclopropane,!the
Cope rearrangement of c¢is-2,3-divinyloxirane? and ¢is-2,3-
divinylaziridine? (eq 1) has been investigated in detail. Simi-
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