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High selectivity of cleavage and general applicability to all commonly occurring amino
acids are important criteria in choosing useful combinations of main chain and side chain pro-
tecting groups in peptide synthesis. The most selective procedure available to date has been
catalytic hydrogenolysisl of Nu-benzyloxycarbonyl (Z)2 groups in peptides whose sidé chain
functions have been protected by feri-butyl ester (OBut)a, tert-butyl ether (But)a, and/or
tert-butyloxycarbonyl (Boc)5 gro;ps which completely resist hydrogenolysis. However, this ex-
cellent system has not been generally applicable since catalytic hydrogenolysis failed with
cysteine- or methionine containing peptides due to catalyst poisoning. Attempts to overcome
this restriction by addition of tertiary base6 or of boron trifluoride etherate7 to hydrogen-
olysis mixtures, or by the use of the Nu-l,1—dimethy1-2—propynyloxycarbonyl group8 which may
by hydrogenolized with partially poisoned catalysts have, as yet, found limited application.

We wish to report that palladium-catalyzed hydrogenation effects quantitative cleavage of
Nu-benzyloxycarbonyl groups from methionine- and S-benzylcysteine-containing peptides when 1i-
quid ammonia is used as a solvent. Liquid ammonia was shown by du Vigneaud et al.9 to be a
powerful solvent for many amino acid derivatives and protected peptides, some of which possess
low solubility in commonly used organic solvents. The efficacy for peptide synthesis of cata-
lytic hydrogenolysis in liquid ammonia of -z groups from S-benzylcysteine-containing pepti-
des was demonstrated by a successful synthesis of oxytocin, which will be reported elsewhere}0

We describe herein the cleavage or resistance of some frequently used protecting groups
when representative amino acid derivatives were subjected to palladium-catalyzed hydrogenation

in refluxing liquid ammonia (approx. -33°C). All glagsware was thoroughly dried. Anhydrous
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ammonia (Matheson) was passed over KOH pellets and condensed in a three-neck round bottom
flask immersed in dry ice~acetone and fitted with drying tube and dry ice reflux condenser.
In a typical experiment 1 mmol of protected amino acid or peptide was dissolved in 50 to 150

ml of 1iquid NH, with magnetic stirring. Freshly prepared palladium black11 (0.2-0.5 g; Pd

3
on charcoal was less effective), freed from water by thorough washing with anhydrous ethanol,
was added in methanol-wet form under a nitrogen barrier. A stream of dried (conc. H2804) hy-
drogen was continuously passed .hrough the stirred refluxing solution until thin layer chrom-
atography showed complete reaction (3-8 hours). Stability tests were conducted for similar
periods of time. Evaporation of the ammonia was aided by a stream of dry nitrogen. Residues
were dissolved in dimethylformamide, methanol, or water, the catalyst removed by filtration
and the solvent evaporated to give products that were mostly homogeneous in thin layer chrom-
atography and were crystallized, some as dicyclohexylammonium salts.12 Results are summar—
ized in Table I. Yields given are those of isolated pfoducta.

Completely rleaved were benzyl ester, benzyl ether, 2,6~dichlorobenzyl ether, N-benzyl-
oxycarbonyl, N-2-bromobenzyloxycarbonyl, N-4-methoxybenzyloxycarbonyl and the nitro group of
nitroarginine. Complete stability toward hydrogenolysis in liquid ammonia was shown by -
butyl ester, t~butyl ether, N-i-butyloxycarbonyl, N-p-toluenesulfonyl, and by S-benzyl and S-
acetamidomethyll5 groups.

The results indicate (a) that the ideal protecting group combination25 using N%benzyl-
oxycarbonyl along with t-butyl derived side chain protection can be applied to synthesis of

cysteine- and methionine-containing peptides if catalytic hydrogenolysis is conducted in 1i-
quid ammonia, and (b) that liquid ammonia might be a useful solvent for hydrogenating protec~
ted peptides that possess poor solubility in other suitable solvents.
Acknowledgment - We thank Dr. R. Hirschman (Merck, Sharp and Dohme) for a sample of Cys(Acm),
Dr. C. H. Li (University of California) for Boc-Lys(BrZ) and Boc—Tyr(Clszl), and Dr. V.
Madison (Harvard Medical School) for [q]D measurements. Supported by Research Grants C-6516
from the National Cancer Institute, and RR-05526 from the Division of Research Facilities and
Resources, National Institutes of Health.
1. M. Bergmamm and L. Zervas, Ber. Dtsch. Chem. Ges. 65b, 1192 (1932).
2. Abbreviations: Acm, acetamidomethyl; Boc, tert-butyloxycarbonyl; BrZ, 2-bromobenzyloxy-

carbonyl; But, tert-butyl ether; Bzl, benzyl; ClZle, 2,6-dichlorobenzyl ether; DMF, di-

methylformamide; MeOZ, 4-methoxybenzyloxycarbonyl; OBzl, benzyl ester; OBut, tert-butyl



No. 37 3261

10.

11.

12.

13.

14.

16.
17.
18.
19.

20.

21.

ester; Tos, p-toluenesulfonyl; Z, benzyloxycarbonyl.
R. W. Roeske, Chem. & Ind. 1121 (1959); G. W. Anderson and F. M. Callahan, J. Amer.
Chem. Soc. 82, 3359 (1960).

H. C. Beyerman and J. S. Bontekoe, Proc. Chem. Soc. 249 (1961): Rec. Trav. Chim. Pays-

Bas 81, 691, 699 (1962).

G. W. Anderson and A. C. McGregor, J. Amer. Chem. Soc. 79, 6180 (1957); F. C. McKay and

N. F. Albertson, J. Amer. Chem. Soc. 79, 4686 (1957).

H. Medzihradszky-Schweiger and K. Medzihradszky, Acta Chim. Acad. Sci. Hung. 44, 15

(1965); 50, 339 (1966).
H. Yajima, K. Kawasaki, Y. Kinomura, T. Oshima, S. Kimoto, and M. Okamato, Chem. Pharm.
Bull. 16, 1342 (1968).

G. L. Southard, B. R. Zaborowsky, and J. M. Pettee, J. Amer. Chem. Soc. 93, 3302 (1971).

V. du Vigneaud, L. F. Audrieth, and H. S. Loring, J. Amer. Chem. Soc. 52, 4500 (1930);

V. du Vigneaud, C. Ressler, J. M. Swan, C. W. Roberts, P. G. Katsoyannis, and S. Gordom,

J. Amer. Chem. Soc. 75, 4879 (1953).

K. Kuromizu and J. Meienhofer, J. Amer. Chem. Soc. 1in press.

H. Willstatter and E. Waldschmidt-Leitz, Ber. Dtsch. Chem. Ges. 54, 113 (1921); H.

Wieland, Ber. Dtsch. Chem. Ges. 45, 484 (1912).

E. Klieger, E. Schrgder, and H. Gibian, Liebigs Ann. Chem. 640, 157 (1961).

J. P. Greenstein and M. Winitz, "Chemistry of the Amino Acids", Wiley, New York, 1961,
Vol. 3, p 1819.

W. B. Lutz, C. Ressler, D. E. Nettleton, Jr., and V. du Vigneaud, J. Amer. Chem. Soc.

81, 167 (1959).

D. F. Veber, J. D. Milkowski, S. L. Varga, R. G. Denkewalter, and R. Hirschman, J. Amer.
Chem. Soc. 94, 5456 (1972).

Ref. 13, p 2125,

J. Meienhofer, Z. Naturforsch. 19b, 114 (1964).

E. Winsch and J. Jentsch, Chem. Ber. 97, 2490 (1967).

H. Arold, H. Feist, and K. Wilding, J. Prakt. Chem. 311, 511 (1969).

E. Schnabel, H. Herzog, P. Hoffmann, E. Klauke, and I. Ugi, Liebigs Ann. Chem. 716, 175

(1968) .

K. Hofmann, R. Schmiechen, R.D. Wells, Y. Wolman, and N. Yanaihara,



3262

J. Amer. Chem. Soc. 87, 611 (1965).
22. E. Schrider and E. Klieger, Liebigs Ann. Chem. 673,
23. E. Schrdder and E. Klieger, Liebigs Ann. Chem. 673,

24, T.

Oseki, Nippon Kagaku Zasshi 41,

Helv. Chim. Acta 36,

875 (1953).

8 (1920);

208 (1964).

196 (1964).

Fo. 37

R. A. Boissonnas and G. Preitner,

25. R. Schwyzer and P. Sieber, Nature 199, 172 (1963); R. Schwyzer, Naturwisgenschaften
53, 189 (1966).
TABLE I. Palladium-catalyzed Hydrogenation of Protected Amino Acids and Peptides in Refluxing Liquid Ammonia
Tp ) Optical Rotation
oc 21
Product Isol.
Seartink Time  (Crystallie. Yiela  t1c® Found {a];, Found
Material {hr] Solvent) {z] [RE] Lit. Lit.
Z2-Ala-0H 3 H-Ala~OH 93 0,20(C) - +15.0°§C0.5. 6 N HCl)
(95X ethanol) +13.0 (c2, 5N HC1)
Z-Cys(Bzl) -OH 5 H-Cya(Bzl) -OH 76 0.43(C) 222 14 +25.8°§c1! 1N n-onu
(Hzo-ethlnol) 221-222.5 +24,59(cl, 1 N NaOH
Z-Cyn (Acm)-OH 3 H-Cys (Acm) -OH 83 0.12(C) 189-190. -33.90(&:1, HZO)
(Hzo-cthnnol) 187 dec m
Z-Met-OH 5 H-Met -0l 82 0.15(B) - +34.1° cl, 5N HC1 16
(ﬂzo-utlunol) +34.65$c1, SN HCI%
2-Cys(Bz1)-Gly-NH, 6 B-Cys (Bz1)-Gly-Nd, - 0.05(B) - -
Z-Leu-Tyr-Leu-Val- 3 H-Leu-//-Cys(Bzl)- 64 0.62(C) 188-189 -
Cys(Bz1)-Gly-0B17 Gly-OH (§,0-ethanol) -
Z-Asp(0Bu®) -0 2 H-Asp (OBu") 08 © - 0.15(8) - -
z-Tyr(su®)-0n - H-Tyr (3u’)-0H 8 0.14(B) 199-201 ¢ -23.0°(c0.6, H,0)
248-249 25,890, 6,0
MHe0Z-Val-OH 4 A-Val-OH 91 0.32(C) - +28.8°=c1. 6 N HC1)
(ugo) +33.16(c1, 5N HC1) ®
Boc-Lys(BrZ)-OH 4 Boc~Lys-OH 92 0.18(A) 201-20219 -
(ethanol-ether) 0.55(C) 202-203
Boc-Tyr (Bz1)-0H 3 Boc-Tyr-OH x DCHA 73 0.08(A) a2 . +23.6°(cl, DMF)
(ether) 0.69(C) 211-212 [°]§‘7,8+26'5°(°1' W)ZO
Boc-'l‘yr(Clzllzl)-oﬂ 4 Boc-Tyr-OH x DCHA 87 0.43(B) 212 20 +23.6°$cl, IMF)
(ether) 0.69(C) 211-212 [a]§28+26.5(c1’ l»’!,)20
Boc-Thr (Bz1) -0 7 Boc-Thr-OH x DCHA 95 0.22(B) 153—15421 410.2%(c1, methanol 21’
(ethyl acetate-hexane) 154-155 +11.b5§c1, methanol)
Boc-Asp(0Bz1)-OH 4 Boc-Asp-CH x 2 DCHAS 99 0.50(B) 177-177.5 +10.5°(cl, methanol)
v (methanol-ether) 176-1772% +10.9(c1, methanol)??
Boc-Glu(0Bz1)-OH 4 Boc-Glu~OH x 2 DCHAE 98 0.18(A) 176-176.5 +10,3%(el, M&j
(ethyl acetate-ether) 171-17223 +9.1°(c1, nethanol)
Boc»Arg(NOz)-Oﬂ 8 Boc-Arg-UH - 0.3(8) - -
Tos-Gly-0H 3 Tos-Gly-OH 92 0,18(A) 169—1502‘ -
0.55(8) 149-150

s Abbreviations, see Ref. 2.
acetic acid [8:1:1); (C) n-butanol-acetic acid-water [3:1:1].

after a 5 hr reaction period.

b Silica gel. Solvent systems: (A) chloroform-methanol [5:1]; (B) chloroform-methanol-

¢ Pure product by NMR spectrometry.

¢ No asparagine was detected by amino acid analysis
No glutamine detectable.
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