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reduced pressure. The residue was chromatographed on a column
containing 400 g of neutral alumina (Woelm) using increasing
percentages of ethyl acetate in benzene for development. The
fractions containing material absorbing at 283 nm were combined
to give a yield of 2.7 g of 178-hydroxyestra-4,6-diene-3,17-dione
(1c) based on uv analysis. This material was purified further by
preparative tle using benzene-acetone (9:1, v/v). The A4S
product and a less polar material were eluted. The mass spec-
trum of the latter showed highest mass peaks of equal intensity
at m/e 298 and 300. The infrared spectrum was similar to that
of the 3-methyl ether of estradiol-178 and glc analysis indicated
the presence of two compounds of approximately equal amounts.
However, these could not be separated on several thin layer and
paper systems and the problem was not investigated further.
1t appeared that they were ethyl ethers of estradiol-173 and the
corresponding A% compound,

Preparation of Catalyst.—A solution of 1 g of rhodium chloride
trihydrate and 6 g of triphenylphosphine in 120 ml of ethanol was
refluxed for 30 min.® TUpon cooling, the precipitated tris{tri-
phenylphosphine)rhodium(I) chloride was collected, washed with
cold ethanol and ether, and then stored at 4° in a stoppered vial.

Preparation of 6,7-Labeled 178-Hydroxyestr-4-en-3-one (1b).
A. Tritium Labeling.—A solution of 27,2 and 14 mg of tris(tri-
phenylphosphine)rhodium(I) chloride in 2 ml of dioxane was
stirred under 1 mol equiv of tritium gas. There was an apparent
3.5-Ciuptakein 7 days, After removal of tritium gas and solvent,
the residue was chromatographed on silver nitrate impregnated
silica gel plates as detailed above using chloroform-methanol
(98:2, v/v). A radioscan of a small sample chromatographed in
a similar fashion showed major radioactive peaks at the origin
and in the area corresponding in mobility to 178-hydroxyestr-4-
en-3-one (1b). Material in this zone was eluted to give 273 mCi
(7.7% yield based on tritium uptake). A portion was diluted
with 4-14C-labeled and unlabeled testosterone and was crystallized
from benzene-hexane to constant specific activity. This was
diluted further with carrier and then was acetylated with 509,
acetic anhydride in pyridine at room temperature for 3 hr. After
tle and crystallization, analysis for #H and C again was carried
out on weighed crystals. Another portion of the double-labeled
testosterone was refluxed with 29, KOH in methanol-water
(L:1, v/v), and was analyzed by scintillation counting after
purification by tle as described previously.* The results are in
Table I.

B. Deuterium Labeling.—A dioxane solution containing 2.5 g
of 178-hydroxyestr-4,6-dien-3-one (1¢) and 1.25 g of the rhodium
catalyst was stirred in a deuterium atmosphere 16 hr at ambient
temperature and pressure. The residue from evaporation was
chromatographed on 400 g of silica gel using benzene-ethyl
acetate mixtures. 178-Hydroxyestr-4-en-3-one (1b) came off the
column with a 9:1 mixture and was purified further by prepara-
tive plate chromatography in benzene—ethyl acetate (9:1 and
then 8:2, v/v) to give a material which was homogeneous on
gas chromatographic analysis (QF-1): mp 172-173°; Amax 241
nm; mass spectrometric analysis of the molecular ion (dy = 274)
do (39 ), & (49), da (939). Oxidation with Jones reagent?! gave
estr-4-ene-3,17-dione: nmr 8 0.94 (s, 3 H, 18-methyl), 5.%9
(d,J = 1.7 Hz, 1 H, 4-H).

Preparation of 7-Labeled Estrenedione.—6,7-Labeled 178-
hydroxyestr-4-en-3-one (1b) was refluxed with base and was
purified by tlc in benzene-ethyl acetate (3:1, v/v). Oxidation
with Jones reagent?' gave 7-labeled estr-4-ene-3,17-dione (la).
Material which had been tritiated was diluted with estr-4-ene-
3,17-dione-4-4C and was crystallized repeatedly. There was an
insignificant change in the *H/“Cratio. Similarly, the deuterated
product, after dilution with carrier (1:1), isolation, and ecrystal-
lization showed one peak on gas chromatography [do (31%), d;
(3%), d» (479%)]. Mass spectrometric analysis of the molecular
ion showed only do and d; species [do (519)].

Incubation with B. malorum.—Estrenedione-7-3H,4-1C (MC
sp act., 2700 dpm/mg; 3H/MC ratio, 28.6) was incubated with
respiring cultures of B. malorum for 20 hr and the 78-hydroxy-
estrenedione product was isolated as described® and the acetate
derivative was crystallized from benzene-hexane three times.
Loss of tritium as judged by decrease in the *H/C ratio was
98%. The product from the 78-deuterated substrate [d; (349,)]
was analyzed by mass spectrometry directly as the aleohol,

(20) A.J. Birch and K. A, M. Walker, J. Chem. Soc. C, 1894 (1966).
(21) K. Bowden, I. M. Heilbron, E, R. H, Jones, and B. E. L. Weedon,
J. Chem. Soc., 39 (1946).
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since the highest m/e value for the acetate was 270 M+ — 60).
There was no detectable amount of deuterium on mass spectro-
metric analysis of the 78-hydroxy product after three crystalliza-
tions from ethyl acetate.

Registry No.—la, 13209-45-5; la (7-T, 4-1‘C),
31031-84-8; 1b (6-T, 4-14C), 35140-96-6; 1b (7-T, 4-14C)
35140-97-7; 1b (6-D), 35140-98-8; 1b (7-D), 35140-
99-9; lc, 14531-84-1.
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Merrifield solid-phase peptide synthesis?~—5 procedure
is useful for the synthesis of peptides in high yield.
However, several cases have been reported of incomplete
couplings (for examples see ref 6-10). As work con-
tinues with the synthesis of larger peptides and proteins,
the need for quick accurate analysis is becoming more
important.

During the last 4 years we have been using anaerobice
and aerobic propionic acid~hydrochloric acid (HCI)
hydrolysis as an analytical tool. Our previous report!!
showed that blocked amino acids could be hydrolyzed
easily from the resin used in Merrifield synthesis using
this technique. This communication reports the re-
sults of 70 peptides hydrolyzed by these procedures, as
compared to hydrogen fluoride-anisole cleavage from
the resin, followed by constant boiling HCl hydrolysis.*?

Table I gives the ratios, R, of moles of amino acids
obtained from peptide resins hydrolyzed by 1:1 pro-
pionic acid-12 N HCI at 130° for 2 hr, and the moles of
amino aecids obtained from peptide resins treated with
hydrogen fluoride-anisole!®! and then hydrolyzed by

(1) (a) Correspondence concerning this article should be addressed to
Fred C. Westall, The Salk Institute for Biological Studies, P. O. Box 1809,
San Diego, California 92112; (b) Postdoctoral Research Fellow of the
National Multiple Sclerosis Society.

(2) R. B. Merrifield, J. Amer. Chem. Soc., 86, 304 (1964).

(8) G. R. Marshall and R. B. Merrifield, Biochemistry, 4, 2394 (1965).

(4) A. Marglin and R. B. Merrifield, J. Amer. Chem. Soc., 88, 5051
(1966).

(6) J. M. Stewart and J. D. Young, *“Solid Phase Peptide Synthesis,”
W. H, Freeman, New York, N. Y., 1969,

(8) F. C. Westall and A. B. Robinson, J. Org. Chem., 35, 2842 (1970).

(7) R. B. Merrifield, Recent Progr. Horm. Res., 28, 460 (1967).

(8) R. Colescott, private communication.

(9) A. B, Robinson, Thesig, University of California at San Diego (1967).

(10) J. J. Sharp, Thesis, University of California at San Diego (1971).

(11) J. Scotchler, R. Lozier and A. B, Robinson, J. Org. Chem., 88, 3151
(1970).

(12) C, H. W. Hirs, W. H. Stein, and 8. Moore, J. Biol. Chem., 211, 941
(1954).

(18) A. Sakakibara, Y. Shmonishi, Y. Kishida, M. Okada, and H. Sugi-
hora, Bull. Chem. Soe. Jap., 40, 2164 (1967).

(14) J. Lenard and A. B, Robinson, J. Amer. Chem. Soc., 88, 181 (1967).
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TasLe [
Side chain Number of 95% confidence 95% confidence
Amino acid blocking group residues used!® Raerobic? level? R anaerobie® level

Alanine 29 1.00 0.023 1.01 0.018
Arginine Nitro 18 0.99 0.025 0.99 0.015
Aspartic O-Benzyl 2 0.95 0.381 0.96 0.597
Cysteine Methoxybenzyl 1 0.97 0.98

Glutamic O-Benzyl 17 0.99 0.015 1.01 0.013
Glycine 46 1.00 0.008 1.00 0.006
Histidine Dinitrophenyl 7 0.81 0.076 0.98 0.047
Isoleucine 10 0.99 0.045 0.99 0.027
Leucine 14 1700 0.019 0.99 0.011
Lysine Carbobenzoxy 9 1.00 0.030 0.98 0.032
Methionine 3 0.94 0.133 0.98 0.120
Phenylalanine 19 1.01 0.017 1.00 0.021
Serine 0-Benzyl 54 0.73 0.018 0.85 0.014
Threonine 0-Benzyl 10 0.94 0.050 0.95 0.016
Tyrosine 0O-Benzyl 8 0.80 0.061 0.90 0.045
Valine 13 0.99 0.024 0.99 0.009
Asparagine 15 0.97 0.051 1.01 0.041
Glutamine 15 1.00 0.017 1.00 0.013
Proline 3 0.93 0.013 0.97 0.022

@ R is the average of the ratios of moles of amino acids obtained from resin peptides hydrolyzed by 1:1 propionic acid-12 N HCI at
130° for 2 hr to the moles of amino acids obtained from resin peptides by using hydrogen fluoride~anisole followed by HCI: H,O hydroly-
sis at 100° for 24 hr. The ratios used for the caleulation of R are normalized to the expected ratios in the synthetic peptide. No as-
sumption about absolute yield of the peptide from the resin is used in the calculation. * The error limits for R were calculated using the

Student’s t distribution of s = V' Z(R — R;)2/n(n ~ 1) for n — 1 degrees of freedom and 95% confidence of the value R, where R is the
mean value of the individual value R;. These error limits, therefore, include errors in the single amino acid analyses, as well as all

other random errors in our experiments.

1:1 H,0:12 N HCI at 100° for 24 hr. A wide variety
of peptides were hydrolyzed in these experiments.’® As
would be expected, anaerobic propioniec-HCI acid hy-
drolysis gives better results than aerobie hydrolysis.
However, the aerobic procedure certainly can be used
with excellent results. The only amino acids giving
low recoveries by our procedure are serine, tryptophan,
tyrosine, and threonine—all of which give low values
with 6 N HCI hydrolysis. Tryptophan is, of course,
completely destroyed by acid hydrolysis. The serine
value seems to be quite temperature dependent.

The histidine values reported in Table I are rather
uncertain. Several of the peptide resins examined con-

(15) Gly-GIn-Tyr-Ser-Trp-Ile-Ile-Asn-Qly-Ile-Glu-Trp-Ala-Ile-Ala-Asn-
Asn-Met-Asp-Val; Asn-Ser-His-Gly-Thr-His-Val-Ala-Gly-Thr-Val-Ala-Ala-
Leu-Asn-Asn-Ser-Ile-Gly;  Ser-Met-Ala-Ser-Pro-His-Val-Ala-Gly-Ala-Ala-
Ala-Leu-Ile-Leu-Ser-Lys-His-Pro; Asn-Trp-Thr-Asn-Thr-Gln-Val-Arg-Ser-
Ser-Leu-Gln-Asn-Thr-Thr-Thr; Ser-Arg-Phe-Ser-Phe-Gly-Ala-Glu-Gly-Gin-
Lys; Ser-Arg-Val-Ser-Trp-Gly-Ala-Glu-Gly-Gln-Lys;  Ser~-Arg-Phe-Ala-
Trp-Gly-Ala-Glu-Gly-Gln-Lys; Ser-Arg-Phe-Ser-Trp-Gly-Ala-Glu-Gly-Gln-
Arg; Ser-Arg-Phe-Ser-Trp-Gly-Ala-Glu-Gly-lle-Lys; Ser-Arg-Phe-Gly-Ser-
Trp-Gly-Ala-Giu-Gly-Gln; Ser-Arg-Phe-Ser-Trp-Gly-Ala-Glu-Gly-Gln-Ile;
Ser-Arg-Phe-Ser-Trp-Gly-Ala-Ile-Gly-Gln-Lys;  Ser-Arg-Phe-Ser-Val-Gly-
Ala-Glu-Gly-Gln-Lys; Ser-Arg-Phe-Ser-Trp~Gly-Ala-Glu-Gly-Gln-Lys;
Ber-Arg-Phe-Ser-Trp-Gly-Ala-Glu-Gly-Gln; Glu-Trp-Ala-Ile-Ala-Asn-Asn-
Met-Asp-Val; Phe-Ser-Trp-Gly-Ala-Glu-Gly-Gln-Gly-Arg; Phe-8er-Trp-
Gly-Ala-Glu-Gly-Gly-Glin-Arg; Phe-Ser-Trp-Ala-Ala-Glu-Gly-Gln-Arg: Gly-
Ser-Trp-Gly-Ala-Glu-Gly-Gln-Arg; Phe-8er-Trp-Gly-Ala-Glu-Gly-Glu-
Arg;  Act-Ser-Trp-Gly-Ala-Glu-Gly-Gln-Arg; Phe-Gly-Trp-Gly-Gly-Gly-
Gly-Gln-Arg; Gly-Gly-Trp-Gly-Gly-Gly-Gly-Gln-Arg; Ser-Thr-Gly-Ser-
Ser-Ser-Thr-Val-Gly; Ser-Arg-Phe-Ser-Trp-Gly-Ala-Glu-Gly; Phe-Ser-Trp-
Gly-Ala-Glu-Gly-Gln;  Ser-Arg-Phe-Gly-Ser-Trp-Gly-Ala;  Thr-Ser-Ala-
Ala-Ser-Ser-Ser-Asn; Arg-Ala-Ser-Phe-Ser-Ser-Val-Gly; Ser-Trp-Gly-Ala-
Glu-Gly-Gln-Arg; Gly-Trp-Gly-Gly-Gly-Gly-Gin-Arg; Phe-Ser-Tyr-Ala-
Glu-Gly-Gln-Arg;  Ser-Arg-Phe-Ser-Trp-Gly-Ala-Glu;  Phe-Ser-His-Ala-
Glu-Gly-Gln-Arg; Trp-Gly-Ala-Glu-Gly-Gln-Arg; Ser-Arg-Phe-Ser-Trp-
Gly-Ala; Pro-Gly-Asn-Lys-Tyr-Gly; Ala-Ala-Ser-Ser-Ser-Asn; Val-Glu-
Gly-Leu-Tyr-Leu; Glu-Ala-Leu-Tyr-Leu-Val; Ser-Arg-Phe-Gly-Ser-Trp;
Gly-Ala-Gln-His-Gly; Gly-Ala-Gln-Gly-Gly; Gly-Gly-Gln-Lys-Gly; Gly-
Lys~Gln-Ile-Gly; Gly-Lys-Gln-Ala-Gly; Gly-Gly-Gln-Ser-Gly; Gly-Ser-
Gln-Arg-Gly; Gly-Asp-Gln-Pro-Gly; Gly-Pro-Gln-Asp-Gly; Gly-Gln-Asn-
Lys-Gly; Phe-Ser-Trp-Gly-Ala-Glu; Ser-Arg-Phe-S8er-Trp; Phe-Ser-Trp-
Gly-Ala; Val-Glu-Gly-Leu-Tyr; Glu-Gly-Leu-Tyr-Leu; Asn-Gln-Ala-Ser-
Phe; Gly-Gly-Leu~-Tyr; Ala-Asp-Cys-Ser; Gly-Leu-Tyr; Leu-Gly-Glu;
His-Gly; His-Glu; Pro-Glu; Tyr-His; His-Arg; Glu-His; Glu-Pro;
Glu-Gly.

tained incompletely coupled histidine. Some of the
peptide molecules on these resins, therefore, contain
histidine and some do not. It is known!® that hydrogen
fluoride-anisole will not cleave sterically hindered resin
peptide molecules, whereas the propionic acid-HCl
procedure cleaves all resin peptide molecules completely.
The peptide molecules lacking histidine are expected to
be those in the most sterically hindered positions on the
resin and, therefore, the inaceuracy in the histidine
values is understandable.

Hyrolysis of propionic acid-HCI at 130° facilitates
quick, reliable analysis. The peptide doesn’t require
prior cleavage from the resin, and the preparation for
amino acid analysis requires only 2 hr.

Experimental Section

The peptides were synthesized on chloromethylated copoly-
styrene crosslinked with 2¢7 divinyl benzene resin by the proce-
dure of Merrifield,2~* with occasional small modifications.® The
resin was substituted with 0.2-0.5 mmol/g of the carboxyl
terminal amino acid. The « amino groups of the amino acids
were blocked by the tert-butoxyearboxyl groups, and the side
chain groups were blocked as shown in Table I. One milliliter
of propionic acid and 1 ml of 12 N HCI were placed in a small
test tube with 1-3 umol of the rexin peptide, and the test tube
was sealed. For anaerobic propionic-HCl acid hydrolysis, the
acid mixture was frozen and thawed under vacuum three times,
and then sealed under vacuum. The tube was later placed in
either a heating block or a thermostated oil bath for 2 hr at 130°.
The tubes were cooled and opened, and the samples were dried
by rotary evaporation in 100-ml round-bottomed flasks at 40°.
Amino acid analyses were then performed.’® In separate ex-
periments the same peptides were removed from the resin using
anhydrous hydrogen fluoride and anisole.!®!*  After freeze
drying, the peptides were hydrolyzed anaerobically with constant
boiling HCI and analyzed. For aerobic hydrolysis the experi-
mental procedure was the same, except that the tubes were sealed
in air without exposure to vacuum.

(16) Amino acid analyses were performed by Mrs. R. M. Smith; see K.
Dus, 8. Lindroth, R. Pabst, and R. M. Smith, Anal. Biochem., 14, 41 (1966).
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acid, 7647-01-0.
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The mass spectra of many 16- and 17-keto steroids
contain ions [M — 56]-*+, the formation of which has
been aseribed to cleavages of the bonds C-13/17 and
C-14/15. These ions are often accompanied by ions
[M - 71]* formed by subsequent loss of a methyl
radical? (Scheme I). During a survey of the mass
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spectra of trimethylsilyl (TMS) ethers of a number of
As-3B-hydroxy steroids it was found that [M — 56] +
ions, unaccompanied by [M — 71]* ions, were present
in the spectra of 16 and 17 ketones. It has been demon-
strated that these [M — 56]-+ ions are formed by
electron-impact-induced rearrangement, and not by
D-ring cleavage.

(1) G, von Unruh and G. Spiteller, Tetrahedron, 26, 3289 (1970), and
references cited therein.

(2) L. Tékés, R. T. LaLonde, and C. Djerassi, J, Org. Chem., 32, 1012
(19867).
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The first indication of a duality of mechanisms for
the formation of such ions was the presence of [M —
56]-* ions in the spectra of the TMS ethers of 15,15,
17,17-d-3B-hydroxyandrost-5-en-16-one,  16,16-d,-38-
hydroxyandrost-5-en-17-one, and 9,12,12,16,16-d:-33-
hydroxyandrost-5-ene-11,17-dione.? When the 17-oxo
group of the TMS ether of 38-hydroxyandrost-5-en-17-
one (dehydroepiandrostereone, DHEA) was selectively
replaced* by 80, this atom was found to be retained in
the [M — 56]-* ion. All nine deuterium atoms of the
de-TMS ether’ of DHEA were also retained in the
IM — 56]-+ ion.

High resolution mass measurement, carried out on
the spectrum of the TMS ether of DHEA, showed that
the particle eliminated had the composition C;H,O
(found for ion of nominal m/e 304, 304.2198; caled for
C1oH3:08i, 304.2222). The oxygen atom must, there-
fore, originate from the 3 position, and it seems likely
that the [M — 56].* ions of these steroids are formed
by a mechanism similar to that proposed for the forma-
tion of the [M — 129]* ion, but with initial transfer of
the TMS group. This may proceed via a double (silyl
and conventional) MecLafferty-type rearrangement, as
in Scheme II. Because of the relatively large separation
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of C-3 and C-6, the silyl rearrangement is presumed to
take place in a stepwise manner.

It should be noted that the TMS ethers of the satu-
rated steroid 38-hydroxy-5e-androstan-17-one and its
16,16-d, analog give rise, respectively, to ions [M —
56]-+ and [M ~ 58]-t, indicating that such ions are
formed by D-ring cleavage as illustrated in Scheme
Is

(3) These deuterated analogs were prepared by in transitu labeling during
GC-M8: G, M. Anthony and C. J. W. Brooks, Chem. Commun.,, 200
(1970).

(4) A. M, Lawson, F. A. J. M. Leemans, and J. A, McCloskey, Steroids,
14, 603 (1969).

(8) J. A, McCloskey, R. N. Stillwell, and A. M. Lawson, Anal, Chem.,
40, 233 (1968).
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