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which additional tetracyclic diene 2 (contaminated with
some A" jsomer) could be isolated by preparative
tle. A fraction with a lower R; than that containing 2
appeared, by nmr and ir analysis, to contain mainly
tricyclic material.

Treatment of the crude tetracyclic diene 2 with excess
osmium tetroxide in pyridine for 48 hr at 24° followed
by cleavage of the bisosmate with hydrogen sulfide in
dimethy! sulfoxide gave a solid tetraol which, without
purification, was treated with excess lead tetraacetate in
tetrahydrofuran at 0° for 15 min. The crude solid
product was then stirred with 2.5% aqueous potassium
hydroxide for 13 hr at 74°.7 Preparative tlc afforded, in
299 over-all yield, crystalline d/-16,17-dehydroproges-
terone, mp 182-184° after crystallization from ben-
zene-hexane (4nal. Found: C, 80.5; H, 9.0). The
nmr, solution ir, uv, and mass spectra of the synthetic
material were identical with the corresponding spectra
of authentic naturally derived material.

We wish to emphasize that, in view of the preliminary
nature of this work, considerable improvement in the
yields cited above may be anticipated as the study con-
tinues.
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A Solid-Phase Synthesis of [Lysine]-vasopressin
through a Crystalline Protected

Nonapeptide Intermediate?’ 2

Sir:

We wish to report the synthesis of the crystalline pro-
tected nonapeptide, S-benzyl-N-tosyl-L-cysteinyl-L-tyro-
syl-L-phenylalanyl-L - glutaminyl-L-asparaginyl-S-ben-
zyl-L-cysteinyl-L-prolyl-N*-tosyl-L-lysylglycinamide (I),2
by the solid-phase method developed by Merrifield.*
Highly active [lysine]-vasopressin was obtained from I
with excellent recovery. Recent reports about solid-
phase syntheses of deamino-oxytocin® and of oxytocin®”’
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vig protected nonapeptide intermediates prompt us to
communicate our studies.

The preparation of I was carried out according to the
general procedure described by Marshall and Merri-
field® for solid-phase syntheses, where a cycle for the
incorporation of each amino acid into the growing pep-
tide chain involved acidolytic cleavage of the N-pro-
tecting r-butyloxycarbonyl (Boc) group, treatment with
triethylamine, and peptide bond formation, with re-
peated washing operations in between. The starting
t-butyloxycarbonylglycyl resins contained 0.22-0.27
mmol of glycine/g? in several preparations. Dicyclo-
hexylcarbodiimide® was used as the coupling reagent
for Boc-Pro, Boc-Cys(Bzl), Boc-Phe, Boc-Tyr, and Tos-
Cys(Bzl). The lysine, asparagine, and glutamine
moieties were introduced into the growing peptide
chain by the p-nitrophenyl ester method!! using Boc-
Lys(Tos)-ONp,!? Boc-Asp(NH,)-ONp,!? and Boc-Glu-
(NH;)-ONp,# respectively. All protected amino acid
derivatives'® were repeatedly recrystallized until the
known criteria of purity compared favorably.

In order to evaluate the progress during the first three
cycles, crystalline benzyloxycarbonyl-L-prolyl-Ne-tosyl-
L-lysylglycinamide (II)?® was isolated by branching off
a part of the resin (1.5 g) after the second cycle and in-
troducing Z-Pro. Subsequent ammonolysis!® for 70
hr in a sealed flask at room temperature containing
absolute ethanol (35 m!) which had been saturated at 0°
with anhydrous ammonia afforded an oil which was
crystallized from ethyl acetate to give colorless prisms,
270 mg (98 %), mp 185-186°, [a]**D —32.5° (¢ 1,
dimethylformamide); lit.* mp 184-185°, [a]®D
—33.0° (¢ 1, dimethylformamide).

Ammonolysis of the peptide resin (3.7 g, correspond-
ing to 2.4 g of Boc-Gly-resin of 0.27 Gly equivalents)
after the completion of all nine cycles was carried out as
described above except that a mixture (1:1) of absolute
ethanol and dimethylformamide was used. Evapora-
tion of the solvents afforded a crude oil. It was dis-
solved in dimethylformamide. Addition of water pre-
cipitated an amorphous solid (1.0 g) which was treated
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repeatedly with boiling methanol to constant weight.
The remaining solid (0.42 g, 429'") was crystallized
from dimethylformamide containing 1%; formic acid to
give I as colorless needles, 260 mg (26 %), mp 229~
231°, [a]**D —24.2° (¢ 2, dimethylformamide); lit.* mp
228-230°, [a]®D —24.0° (¢ 2, dimethylformamide).
A mixture melting point with authentic material®!®
showed no depression. A sample for analysis was
recrystallized from dimethylformamide~formic acid
(99:1) with 9597 recovery, mp 230-231°, [«]**D —24.7°
(¢ 2, dimethylformamide); lit.* mp 231-232°, [«]%%D
—24.5° (¢ 2, dimethylformamide). Arnal. Caled for
C74H5,045N 158 (mol wt 1546.8): C, 57.5; H, 5.93; N,
11.8. Found: C, 57.2; H, 580; N, 11.5. The in-
frared spectra of I and of authentic material were identi-
cal.

Amino acid analysis® of I gave the expected ratios
of the constituent amino acids. Similar correct ratios
were obtained from amino acid analyses of all fractions
prior to crystallization, and even of the crude oil. This
indicated that data obtained from amino acid analyses
might be misleading if used by themselves as criteria of
purity for peptides prepared by the solid phase method.

Conversion of I to [lysine]-vasopressin was carried out
as described previously.® Thus treatment of I (50
mg) with sodium in liquid ammonia to remove all pro-
tecting groups, oxidative cyclization, desalting, and
lyophilization gave a powder (37 mg, 95%) exhibiting
approximately 250 units of pressor activity?! per mg.
Amino acid analysis of a sample which had been oxi-
dized by performic acid?? gave: CySO;H, 1.90; Asp,
1.01; Glu, 1.00; Pro, 0.97; Gly, 1.00; Tyr, 0.95; Phe,
1.00; Lys, 1.03; NH,, 3.01. Further purification?® by
ion-exchange chromatography afforded with 709} re-
covery [lysine]-vasopressin possessing a pressor activity
of 308 £ 14 units/mg.
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Substituent Effects in the M — 42 Rearrangement
of n-Butylbenzenes!

Sir:
The electron impact induced decomposition of »-
butylbenzene requiring hydrogen transfer with benzylic
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cleavage yields an M — 42 fragment ion and competes
with formal, simple benzylic cleavage for the major
fraction of the fragment total ion current.?~* Earlier
observations render doubtful the participation of a
route which involves hydrogen transfer to benzylic
carbon and support the McLafferty rearrangement.?5
Our data (Table I) also support these conclusions
and argue against rearranged structures similar to those
postulated to account for the behavior of substituted
phenetoles, which have nearly identical Z/Z, values for
meta and para isomers with the same substituent.5?

Table I. Substituent Effects on the Abundance
Of M — 42 Ions from [XC5H4CH2CH2CH2CH3]‘+
X Z|Zs, 12 eV Z|Z,, 70 eV
H 1.00 1.00
p-NH, 0.06 0.09
m-NH, 0.47 1.15
p-OH 0.06 0.07
m-OH 0.84 1.15
p-OCH; 0.03 0.05
m-OCH; 0.76 1.15
p-F 0.15 0.19
m-F 1.05 1.24
pl 0.09 0.05
m-I 0.52 0.27
p-CH; 0.17 0.17
m-CH;, 0.73 0.81
p-COOCH; 0.73 0.56
m-COOCH; 0.90 0.73
p-COOH 1.02 0.64
m-COOH 1.22 0.94
p-CN 0.70¢b 1.75
m-CN 1.45 1.88
p-NO. 1.05 0.94
m-NO, 1.48 1.15
e Z = [XCHq]-*/[XCH,CH.CH:CH:CH;]- *. *? Value at 14 eV
is 1,32,

In the McLafferty rearrangement there are basically
two processes which might be influenced by substitu-
ents: hydrogen transfer to the benzene ring and car-
bon-carbon bond cleavage.® If the carbon-carbon
bond breaking here parallels the behavior observed in
the M — 43 decomposition, 2 all meta substituents would
be expected to exert a substantial effect in reducing
Z/Z, ratios to similar small values, whereas para elec-
tron-donating groups (— X) should tend to enhance the
relative rates of decomposition and give comparatively
larger Z/Z, values. That these are not observed can
be attributed to a considerable substituent effect on the
transfer site or, without excluding this possibility, to a
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