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Calcd for Cz7H29N306'1/2C6H51 C, 6792; H, 604; N, 7.92. Found:
C, 67.69; H, 5.88; N, 7.79.

Reaction of the O-benzyloxime of benzoin (53, 2.5 mmol,
syn and anti isomers) with Ph;P-DIAD gave 300 mg (38%)
of the mono-0-benzyloxime of benzil (54, mp 59-62 °C), 300 mg
(37%) of syn-O-benzyloxime, and 250 mg (20%) of the adduct
with DIAD (55, R’ = Pr). 55: IR (film) 3550 (»(O—H)), 3420
(v(N—H)), 1760 (»(C=0)), 1710 (»(C=N)) em™}; NMR (CDCly)
6 1.0 (m, 6 H), 1.23 (d, 6 H, J = 6 Hz), 4.6 (m, 1 H), 5.0 (septet,
1H,J=6Hz),543(s,2H), 6.4 (brs, 1 H),6.66 (brd, 1 H,J
= 9 Hz), 7.33 (m, 15 H); MS, m/e 558 (M*), 503, 504, 376.

Reaction of the ethylene ketal of benzoin (56, 2 mmol) with
Ph,P-DIAD gave 170 mg (13%) of 58, 120 mg (24%) of 57, and
200 mg (38%) of unreacted substrate 21. 58: IR (film) 1750
(»(C=0)) em™; NMR (CDCl,) 6 1.17 (d, 12 H, J = 6 Hz), 3.86
(m, 8 H), 4.78 (septet, 2 H, J = 6 Hz), 5.87 (s, 2 H), 7.23 (m, 10
H). 57: IR (film) 1690 (»(C=0)) cm™; NMR (CDCl,) 6 4.22 (br
s, 4 H), 7.37 (m, 5 H), 7.6 (m, 3 H), 8.08 (m, 2 H); MS, m/e 254
(M),

Reaction of mandelonitrile (59, 5§ mmol) with Ph,P-DEAD
provided 400 mg (67%) of 61: IR (film) 2240 (»(C=N)), 1730
(#»(C=0)) cm™'; NMR (CDCl,) 5 6.66 (s, 1 H), 7.45 (m, 8 H), 8.07
(m, 2 H); MS, m/e 238 (M + 1), 237 (M*). Anal. Caled for
CysH 1 NOy: C, 75.95; H, 4.64; N, 5.90. Found: C, 76.17; H, 4.68;
N, 6.13. A small amount of another unidentified product was also
obtained: IR (film) 2240 (»(C=N)), 1760, 1725 (»(C=0)) cm™;
NMR (CDCl;) 6 1.33 (dt,6 H,J = 7,3 Hz),4.2 (2t,4 H,J =7
Hz), 7.5 (m, 3 H), 7.98 (m, 2 H); MS, m/e 345 (M + 1), 344 (M™),
245.

Reaction of atrolactic acid methyl ester (62, 2 mmol) with
Ph;P-DIAD gave 40 mg (4%) of 64, 60 mg (8%) of 63, and 280
mg (78%) of unreacted substrate. 64: IR (film) 1740 (»(C=0))
1760 (sh) em™; NMR (CDCl,) 6 1.27 (d, 12 H, J = 6 Hz), 1.95 (s,
3 H), 3.66 (s, 3 H), 4.9 (septet, 2 H, J = 6 Hz), 7.43 (m, 10 H).
63: IR (film) 3530 (»(N—H)), 1760, 1730 (»(C=0)) ecm™!; NMR
(CDCly) 6 1.27 (d, 12 H, J = 6 Hz), 1.76 (s, 3 H), 3.76 (s, 3 H),
5.1 (septet, 2 H, J = 6 Hz), 7.33 (m, 3 H), 7.56 (m, 2 H).
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N-Allyloxycarbonyl (Alloc) derivatives of amines and amino acids are quantitatively and very rapidly converted
to free amino compounds by palladium-catalyzed hydrostannolytic cleavage with tributyltin hydride in the presence
of a proton donor (acetic acid, p-nitrophenol, pyridinium acetate, water). A similar procedure can be used for
the deprotection of allyl (All) carboxylates and allyl aryl ethers. Deprotection experiments were performed on
various mixed N-Alloc and O-Bzl, N-Z and O-All, N-Alloc and O-t-Bu, and N-alloc- and N-Boc-protected amino
acid derivatives. The palladium-catalyzed hydrostannolytic cleavage is fully compatible with the Bzl and Z protecting
groups; furthermore the BOC and ¢-Bu groups and the Alloc and All groups appear to be orthogonal. The reliability
of the Alloc methodology for temporary protection of the a-amino functions is illustrated by the solid-phase synthesis

of the biologically active undecapeptide substance P.

There is always a constant need for new, easy to intro-
duce and selectively removable protecting groups in pep-
tide synthesis. This is especially true in solid-phase
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methodology where the design of protection schemes with
three independent dimensions of orthogonality for N¢
protection, permanent protection and anchoring linkage

© 1987 American Chemical Society



Selective Cleavage of Allyl and Allyloxycarbonyl Groups

is under active research.! In this connection, the allyl-
oxycarbonyl group, as well as other more sophisticated
protecting entities with a basic allylic structure, appears
to be very promising. The first studies? of the allyloxy-
carbonyl group (Alloc), with regard to protection of amino
and hydroxy functions, were carried out in the 1950s, but
the lack of specific or straightforward reactions for its
removal has for a long time considerably limited its use.’
Recently, however, following the development of w-allyl-
palladium chemistry,* which offers a new methodology of
deprotection, a new impetus has been given to the utili-
zation of allylic systems in protective group chemistry.

In all the newly proposed methods, the deprotection step
involves a palladium-catalyzed transfer of the allyl unit
to various nucleophiles (amines, carboxylates, stabilized
carbanions) according to general eq 1. Among these nu-

- Pd catalyst
Y NESR AT+ H — 2 v+ AT R
AH, A” = RaNH, (RCOX(R'COICH™, "H™”

cleophiles must be included formic acid, formate deriva-
tives, and tributyltin hydride which, in the presence of a
suitable palladium catalyst, act formally as hydride do-
nors.5®

Deprotection of allyloxycarbonyl or cinnamyloxy-
carbonyl derivatives of alcohols!®!! or amines!?'8 has been
carried out on various polyfunctional molecules including
sugars,'>!® amino acid derivatives,'®¢ and nucleotides!’
(eq 2).

Allyl carboxylates,'%% phenoxides,?'21¢ and phos-

(1) (a) Barany, G.; Albericio, F. J. Am. Chem. Soc. 1985, 107, 4936. (b)
Stewart, J. M.; Young, J. D. Solid Phase Peptide Synthesis, 2nd ed.;
Pierce Chemical Company: Rockford, IL, 1984. (¢) Merifield, R. B.
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such that each class of groups can be removed in any order and in the
presence of all other classes” (ref 1a).
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0
Il R
RXCO” NANp + A+ v —PA e By + cop +

catalyst
AN ()
X =0, NH; R’z H, Ph

phates?' have been similarly deprotected (eq 1, Y = RCO,",
ArO~, (RO),P(0)0").

The cleavage of 4-trimethylsilyl allyl esters?? is more
specifically based on the properties of trimethylsilyl-sub-
stituted w-allylpalladium species as evidenced by Trost.?
In this method, there is no need for any nucleophilic
species in the medium as the function to be freed acts as
its own deprotecting agent (eq 3).

i
RCO- N\ "_-SiMes

—_—
catalyst

Pd° + ANF
RCO~  MesSi 2. RCO,SiMes = RCOH (3)

o

tPd1*

Most of the processes mentioned above are rather slow.
As a result, competing allylamine formation in the de-
protection of allyl carbamates may occur due to attack of
the free amino function, instead of the trapping agent A~,
on the intermediate 7-allyl entity (eq 4).141517

N -
RNH- N\ E{H—z /I\ % AN (4
+

[+] o
Pd Pd Pd
R

Since we first proposed use of w-allylpalladium metho-
dology for removal of the allyloxycarbonyl group,'® our
efforts in this field have mainly focused on the use of
tributyltin hydride as the nucleophilic agent. Indeed,
tributyltin hydride appears to be a particularly suitable
allyl acceptor, both from the point of view of rapidity and
specificity, and the palladium-catalyzed hydrostannolytic
procedure has been successfully applied to the deprotection
of allyl carboxylates,?® phenoxides,'>!¢ carbonates,'? and
carbamates.’®

We present here a detailed study of the catalytic hy-
drostannolytic cleavage of allyl carbamates and its ap-
plications to the selective deprotection of various amino
acid derivatives. Finally, the reliability of the method is
illustrated by the solid-phase synthesis of an undeca-
peptide (substance P) which utilizes the allyloxycarbonyl
group for the temporary protection of the terminal a-amino
groups. Part of the results presented here have already
been briefly reported in a preliminary paper.1¢

Results and Discussion

Palladium-Catalyzed Hydrostannolytic Deprotec-
tion of Allyl Carbamates. In this study, the allylic
carbamate of benzylamine 1 was used as the model sub-
strate.

The addition of tributyltin hydride (1.2 equiv) to a so-
lution of 1 in various solvents in the presence of catalytic
amounts (2%) of tetrakis(triphenylphosphine)palladium(0)
or dichlorobis(triphenylphosphine)palladium(II) brings
about immediate gas evolution with concomitant formation

(21) Hayakawa, Y.; Uchiyama, M.; Kato, H.; Noyori, R. Tetrahedron
Lett. 1985, 26, 6505.

(22) Mastarlez, H. J. Org. Chem. 1984, 49, 4094,

(23) Trost, B. M,; Chan, D. M. T. J. Am. Chem. Soc. 1983, 105, 2315.
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of tributyltin carbamate 2 (voq 1640 em™, CCl,). However,
in contrast with what we observed in the case of allyl
carboxylates? or carbonates,!® reaction 5 was sometimes
not complete. Obviously and for reasons which have not

o)
Il Pd
QCHZNHCO/V + BusSnH catalyst
1
i
@—cmwcosmua + XTNH ()

2

been elucidated, competitive palladium-catalyzed decom-
position of tributyltin hydride into hexabutyldistannane®!?
(eq 6) may occur in some cases, leaving some of the starting
allyloxycarbonyl derivative 1 unreacted. The remaining

Pd catalyst

2Bu;SnH Bu;SnSnBu; + H, (6)

1 is then more slowly (a few hours) transformed into allyl
and diallylbenzylamine (eq 7) under the influence of the
palladium catalyst, as already reported.™

o CO;
” Pd turth
PRCHNHCO” NP —L PRCHaNH S —20
catalyst reaction

/V
PhCH32N (7)

~N

Similar results were observed with the allyloxycarbonyl
derivatives of isopropylamine and cyclohexylamine.

A definite improvement was obtained by carrying out
the hydrostannolytic cleavage in the presence of a weakly
acidic species (1-1.5 equiv) such as acetic acid, p-nitro-
phenol, or pyridinium acetate. By this procedure, complete
removal of the allyl group together with in situ protolysis
and decarboxylation of the intermediate tin carbamate was
always observed (eq 8). This almost instantaneous re-

0
Il
PRCHNHCO- 2 + BuzSnH —

———— =~ PhCHaNHp +
Pd catalyst

COp + XK + BuzSnx (8)

HX=AcOH,OzN—-©—OH, AcO™ PyH"

action was performed in a great variety of solvents in-
cluding benzene, toluene, diethyl ether, THF, dichloro-
methane, acetone, ethyl acetate, and DMF. It was also
observed that, in dichloromethane, water could be used,
instead of the more acidic species listed above, as the
proton donor. Acetonitrile is not a suitable medium for
the reaction, due to the insolubility of tributyltin hydride
in this solvent.

Probable reaction pathways for the deprotection of allyl
carbamates as well as for the competitive formation of
allylamines are outlined in Scheme I. As generally as-
sumed for most palladium-catalyzed allylic alkylation re-
actions, the true catalytic species is believed to be the
coordinatively unsaturated bis(triphenylphosphine)palla-
dium(0) complex 3, which is formed either by ligand dis-
sociation® from tetrakis(triphenylphosphine)palladium(0)
or upon reduction by tributyltin hydride of dichlorobis-
(triphenylphosphine)palladium(II). In the catalytic cycle,

(24) Ugo, R. Coordination Chemistry Review, 1968, 3, 319. Hartley,
F. R. The Chemistry of Platinum and Palladium; Applied Science
Publishers; London, 1973; pp 30-44.
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Scheme I

Pa°PPh3)y = 2PPhy + "Pd%PPhal” or P ICIyPPhy), +
3
2Bu3SnH — "PJ°(PPhg)2” + 2BusSnCl + Hz
3

RNH- N 4+ [RNHCO,HI + "PdL,”

RNH2% . RNHz + CO:

RNHCOZ™ /Pd*\L — AT Nk chy + "edly”
L

s
/

RNHCO,” N BusSnH
4
AN
S~ “P<:3L2" Ny
RNHCO2SnBuj
6

i

BuzSnX + RNHCOsH —= RNH; + €O
7
L= PPhs

Pd%(PPhy), reacts with the allyl carbamate 4 to give the
w-allylpalladium(II) complex 5; 5 further reacts with tri-
butyltin hydride to produce the tributyltin carbamate 6
and propene with regeneration of the catalyst 3. Proto-
nolysis and decarboxylation of 6 yields the free amino
compound 7. As already pointed out,” tributyltin hydride
is, by itself, a very poor nucleophile. The reduction of the
w-allyl entity to propene must therefore also involve some
activation of the tin-hydrogen bond by the palladium atom
{not specified on Scheme I), possibly through the formation
of a transient hydridopalladium species.

The formation of allylamine may result either from
unimolecular decomposition of the w-allyl complex 5 or
from nucleophilic attack of this complex by the free amine
which forms in the medium. The hydrostannolytic pro-
cess, however, is sufficiently rapid to avoid such side
reactions, and some allylamine can be formed only if some
allyl carbamate is left unreacted at the end of the hydro-
stannolytic process, i.e., only if palladium-catalyzed de-
composition of tributyltin hydride (eq 6) competes with
palladium-catalyzed hydrostannolytic cleavage of the allyl
carbamate. The reason why the presence of protonic
species in the medium efficiently and reproducibly pre-
vents such a possibility is not clear to us at the moment.
It should be noted, however, that a similar effect is ob-
served in the related palladium-catalyzed hydrostannation
of a-enones with tributyltin hydride.!??

Selective Deprotection of Allyl and Allyloxy-
carbonyl Derivatives of Amino Acids. The results
concerning the hydrostannolytic cleavage of various rep-
resentative allyl and allyloxycarbonyl derivatives of amino
acids are summarized to Table I. The reactions were

(25) Keinan, E.; Gleize, P. A. Tetrahedron Lett. 1982, 23, 477.
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Table I. Hydrostannolytic Deprotection of Allyl and Allyloxycarbonyl Derivatives of Amino Acids

entry protected amino acids® solv/proton donor systems’  deprotected amino acids yields® %
1 Alloe-Gly-OH, Alloc-Leu-OH A Gly, Leu 90-100
Alloc-Phe-OH, Alloc-Met-OH Phe, Met
Alloc-Ser-OH Ser
2 Alloc-Gln-OH, Alloc-Pro-OH B Gln, Pro 90-100
Alloc-Arg(Ts)-OH Arg(Ts)
Alloc-Lys(Z)-OH, Alloc-Trp-OH Lys(Z), Trp
3 Alloc-His(Alloc)-OH C His 95-100¢
4 Alloc-Cys(Alloc)-OH B Cys 95-100¢
5 Alloc-Tyr(Alloc)-OH AD Tyr 100
6 Alloc-Tyr(All)-OH B Tyr 100
7 Alloc-Phe-0-Bzl A H-Phe-0-Bzl 77¢
8 Z-Phe-0-All A Z-Phe-OH 90/
9 Alloc-Ser(t-Bu)-0O-t-Bu E H-Ser(t-Bu)-O-t-Bu 70
10 Alloc-Lys(BOC)-OH A Lys(BOC) 73
11 Boc-Lys(Alloc)-OH A BOC(Lys) 95
12 Alloc-His(BOC)-OH# B His" 95-100/
13 Alloc-His(BOC)-OH# E His(BOC) 90-100¢

o, Series: Alloe, allyloxycarbonyl; All, allyl; Z, carbobenzyloxy; Bzl, benzyl; BOC, tert-butoxycarbonyl. ®A, CH,Cl,/H,0; B, CH,Cl,/
AcOH; C, DMF/AcOH; D, AcOEt/AcOH; E, CH,Cl,/4-nitrophenol. ¢Isolated yields unless otherwise specified. Crude reactions mixtures
were always found, by NMR, IR, and TLC standard, to be free from starting material and from amino acid compounds other than the
expected one. ?Analytical yield (NMR in CF,CO,H, anisole as the reference). ¢Isolated as its p-toluenesulfonate salt. /Analytical yield
(NMR). See Experimental Section. #Performed on its dicyclohexylammonium salt. See Experimental Section. »After further treatment
with CF;CO,H/CH,Cl,. ‘Contaminated with dicyclohexylamine and p-nitrophenol. See Experimental Section.
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Figure 1. HPLC of crude SP: u-Bondapak C-1'8 column;
isocratic mode 22.2% CH,CN in 0.25 M triethylammonium
phosphate buffer, pH 3.0; injection, 10 ug; flow rate, 1.5 mL/min.

usually run in dichloromethane in the presence of water
or acetic acid and under inert atmosphere.® PdCl,(PPhy),
was selected as the catalyst, rather than Pd(PPhj),, for two
reasons: first, it is more readily available and indefinitely
air stable; second, unlike the zerovalent Pd(PPhj),, the
divalent PdCl,(PPhy),, prior to reduction by tributyltin
hydride, does not catalyze the decarboxylative rearrange-
ment of allyl carbamates into allylamines (eq 7).

Simple N¢-allyloxycarbonyl-protected amino acids were
prepared by using allyl chloroformate under Schotten—
Baumann conditions as already described.?2 Other allyl
or allyloxycarbonyl derivatives of plurifunctional com-
pounds were prepared by using standard procedures (see
Experimental Section).

The hydrostannolytic cleavage of carboxy free N*-ally-
loxycarbonyl-protected amino acids in moist dichloro-
methane resulted in the immediate precipitation of the free
amino acids. If necessary, most of the dichloromethane
was evaporated at the end of the reaction and replaced
with moist diethyl ether to ensure complete precipitation
of the product. The byproducts of the reaction (hexa-

butyldistannane, bis(tributyltin) oxide, tributyltin acetate,
...), which are highly or freely soluble in nonpolar solvents,
are easy to eliminate. Quasi-quantitative recovery of free
analytically pure amino acids was thus obtained from the
N=-allyloxycarbonyl derivatives of glycine, leucine, me-
thionine, phenylalanine, serine, proline, glutamine, tryp-
tophan, N*(benzyloxycarbonyl)lysine and tosylarginine
(entries 1 and 2). With 2 equiv of tributyltin hydride,
complete deprotection of N*N™-his(allyloxycarbonyl)-.
histidine, of N%,S-bis(allyloxycarbonyl)cysteine, of N,O-
bis(allyloxycarbonyl)tyrosine, and of N=-(allyloxy-
carbonyl)tyrosine O-allyl ether was also observed (entries
3-6). In the latter case however the presence of a rather
strong acidic species (acetic acid) is necessary to ensure
complete removal of the phenolic allyl group. The pres-
ence of the thio groups in methionine and in N2,S-bis-
(allyloxycarbonyl)cysteine did not result in any poisoning
of the catalyst.

The deprotection reaction of carboxy-free N*-allyloxy-
carbonyl amino acid derivatives in the presence of water
may be represented by eq 9. The ease of hydrolysis of

~ N
i !
NX""NOCNHCHCOZH + BuaSnH pa catatyst /)
o R R cos

o1 I
BuzSnOCNHCHCOzH == HO2CNHCHCOZSnBus .

BuzSnO Vs Hz0 NHz COH
> =0 =27, ~cH” + %Bu3zSnOSnBug (9)
HaNCH |
R
R
8

the hypothetic intermediate tributyltin amino ester 8 is
at first sight surprising but is probably the result of a
labilization of the tin-oxygen bond through solvation of
the tin atom by the neighboring a-amino group, as already
suggested.?’

The hydrostannolytic cleavage of carboxy protected
Ne-allyloxycarbonyl amino acid derivatives in moist di-
chloromethane gives the corresponding tributyltin carba-
mates (vog 1640 cm™, CHCl;). Conversion to the free

(26) This precaution is not really necessary but avoid the formation
of black palladium at the end of the reaction.

(27) Frankel, M.; Gertner, D.; Wagner, D.; Zilkha, A. J. Org. Chem.
1965, 30, 1596.
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amino compounds is immediate upon treatment with acetic
acid, p-nitrophenol, or pyridinium acetate. Allyl esters are
converted to tributyltin carboxylates (voo 1650 cm™,
CHC],), which upon protolysis (TsOH, HC]) yield the free
carboxylic acids. N?[((Tributylstannyl)oxy)carbonyl]-
phenylalanine benzyl ester and N*-(benzyloxycarbonyl)-
phenylalanine tributyltin ester have been isolated by
column chromatography and characterized by 'H NMR
and infrared spectroscopy.

The benzyl and benzyloxycarbonyl groups as well as the
tert-butyl and tert-butoxycarbonyl groups are perfectly
stable under the conditions of the hydrostannolytic
cleavage as shown by the selective deprotection of Ne-
carbobenzyloxyphenylalanine allyl ester (entry 8), N=-
carboallyloxyphenylalanine benzyl ester (entry 7), Ne-
carboallyloxy-N¢-carbobenzyloxylysine (entry 2), N*-
carboallyloxy-O-tert-butylserine tert-butyl ester (entry 9),
N¢-carboallyloxy-N*(tert-butoxycarbonyl)lysine (entry 10),
N2-(tert-butoxycarbonyl)-N¢-carboallyloxylysine (entry 11),
and N (allyloxycarbonyl)-N™-(tert-butyloxycarbonyl)-
histidine (entry 13). Conversely the tert-butyl and tert-
butyloxycarbonyl groups in the four latter derivatives could
be selectively removed (CF;CO,H-CH,Cl,) without af-
fecting the allyloxycarbonyl groups. Treatment of (ally-
loxycarbonyl)benzylamine with CF;CO,H-CH,Cl, (1/1)
for 48 h did not result in any loss (GC analysis) of the
allyloxycarbonyl group. Therefore, the tert-butyl and
tert-butyloxycarbonyl groups and the allyl and allyloxy-
carbonyl groups appear to be orthogonal. A similar ob-
servation has been made by Kuntz and co-workers'? on
different substrates.

The stability of allyl carboxylates or carbamates under
various hydrolytic conditions has not yet been investigated
but should not be very different from that of benzyl esters.
Particularly, as shown by E. Ingold and C. Ingold as early
as in 1932,” hydrolysis through cleavage of the oxygen-
allyl bond is not likely to occur, unless under strongly
acidic conditions.

The possibility of racemization at the chiral center
during coupling of N*-allyloxycarbonyl-protected amino
acid and during hydrostannolytic deprotection has also
been investigated. The absence of racemization during the
deprotection of N*-(allyloxycarbonyl)-L-methionine was
thoroughly checked by gas chromatography analysis on a
chiral column after appropriate derivatization? of the
deprotected amino acid.

Likewise, the dipeptide BOC-L-Leu-L-Met-NH; (9) ob-
tained via the sequence in eq 10 was found to be diaste-
reoisomerically pure (HPLC, comparison with authentic
samples of 9 and of BOC-L-Leu-DL-Met-NH,).

(1) i-BuOCOCI/Et;N

(2) NH;/H,0
All Met-NH (1) BugSnH/Pd
oc-L-Met 2 (2) BOC-L-Leu-OSu

BOC-L-Leu-L-Met-NH, (10)
9

Synthesis of an Undecapeptide, Substance P (SP):
Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-NH,,
In order to check the validity of the N*-allyloxycarbonyl
protection strategy, a bioactive peptide, substance P (SP),%
has been synthetized by solid-phase methodology.’! The
synthesis of SP has been carried out manually starting

Alloc-L-Met

(28) Ingold, E. H.; Ingold, C. K. J. Chem. Soc. 1932, 756.

(29) El Baba, S.; Poulin, J. C.; Kagan, H. B. Tetrahedron 1984, 40,
4275.

(30) Von Euler, U. 8.; Gaddum, J. H. J. Physiol. (London) 1931, 72,
74.

(31) Merrifield, R. B. J. Am. Chem. Soc. 1963, 85, 2149.
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from a methylbenzhydrylamine resin®® according to a
procedure described previously.?® A fourfold excess of
Ne-allyloxycarbonyl-protected amino acids has been used
throughout the synthesis. The amino acids were activated
by dicyclohexylcarbodiimide-1-hydroxybenzotriazole,
with the exception of the two glutamine residues which
were introduced as their p-nitrophenyl esters. The qua-
si-instantaneous hydrostannolytic cleavage of the tempo-
rary N%-allyloxycarbony! protecting group was accom-
plished in dichloromethane in the presence of Bu;SnH (3.0
equiv), a catalytic amount of PdC1,PPh, (0.04 equiv), and
3.5 equiv of acetic acid as the proton donor, per mmole of
amino group.®® After removal of the last N*-allyloxy-
carbonyl group the peptide was cleaved from the solid
support with concomitant removal of the remaining side-
chain protecting groups by reacting the peptide resin with
hydrogen fluoride. The HPLC profile of the crude SP,
reproduced in Figure 1, shows that the only significant
impurity seems to be the methionine sulfoxide derivative
(SP/SP(S0) = ca. 82/18). After a two-step purification
(exchange chromatography on carboxymethylcellulose and
partition chromatography) pure SP was obtained in 25%
overall yield starting from the amino substitution onto the
resin.® Its physical parameters, [«]®p, R; on TLC, HPLC,
FAB mass spectrum, and 250-MHz 'H NMR? spectrum,
as well as its potencies on isolated guinea pig ileum3® and
on a rat brain synaptosinal preparation® were identical
with those observed for SP synthesized by using the tra-
ditional Ne-tert-butyloxycarbony! strategy. Tin content
of the peptide after first chromatographic purification, as
determined by a very sensitive method involving hydride
generation coupled with ICP plasma emission spectros-
copy*? was found not to exceed 1 ppm (£0.5 ppm). A tin
content of 7 ppm was found in the crude peptide, before
any purification.

Conclusion

Allyloxycarbonyl derivatives of amines are deprotected
in a highly selective and straightforward manner through
palladium-catalyzed hydrostannolytic cleavage of the allyl
group.

The specificity of this reaction stems from the fact that
tributyltin hydride palladium-catalyzed reduction of or-
ganic substrates in general requires a simultaneous acti-
vation of both the reducing agent and the electrophile. As
a result, only substrates which strongly interact with
palladium(0) complexes (essentially acyl chlorides,? allyl
esters,>%% and unhindered conjugated enones!??) are
susceptible to reaction under these conditions. Toward
other substrates, Bu;SnH remains virtually unreactive at

(32) Stewart, J. M. In Peptides 1976, Proceedings of the 14th Euro-
pean Peptide Symposium; Loffet, A., Ed.; Editions de 'Université de
Bruxelles: Brussels, 1977; p 285,

(33) Poujade, C.; Lavielle, S.; Chassaing, G.; Marquet, A. Biochem.
Biophys. Res. Commun. 1983, 114, 1109.

(34) Konig, W.; Geiger, R. Chem. Ber. 1970, 103, 788.

(35) We had previously established that such conditions led to the
model tripeptide, Gly-Leu-Met-NH,, with a satisfactory yield, after
cleavage from the methylbenzydrylamine resin and purification.

(36) This yield is substantially lower than those obtained by use of
BOC Ne protection® (37%) or FMOC N¢ protection (47% after reduction
of the SP sulfoxidde byproduct to SP by dithiothreitol. Arshady, R.;
Atherton, E,; Clive, D. L. J.; Sheppard, R. C. J. Chem. Soc., Perkin Trans
11981, 538). Optimization of Alloc strategy is currently under work in
our laboratories.

(37) Chassaing, G.; Convert, O.; Lavielle, S. Eur. J. Biochem. 1986, 154,

-

7.

(38) Poujade, C.; Lavielle, S.; Torrens, Y.; Marquet, A. Int. J. Peptide
Protein Res. 1983, 21, 254,

(39) Viger, A.; Beaujouan, J.-C.; Torrens, Y.; Glowinski, J. J. Neuro-
chem. 19883, 40, 1030.

(40) Tin analysis was performed by the “Service Central d’Analyse de
Vernaison (CNRS)".
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room temperature; furthermore, in the presence of the
palladium-catalyst, any excess tributyltin hydride is rapidly
decomposed (a few minutes) into the completely inert
hexabutyldistannane.

In our view, such a specificity strongly recommends the
use of the allyloxycarbonyl group and its removal through
palladium-catalyzed hydrostannolytic cleavage for the
protection—deprotection of amino groups during peptide
synthesis. The advantages of this method may be sum-
marized as follows: (1) The allyloxycarbonyl group is easy
to introduce by means of the readily available and inex-
pensive allyl chloroformate. (2) The presence of the al-
lyloxycarbonyl groups on the a-amino function does not
induce a special susceptibility to epimerization of the
a-chiral center. Apparently, no racemization occurs either
during coupling processes or during hydrostannolytic
cleavage. (3) Tributyltin hydride is commercially available
or may be readily prepared by simple distillation of a
mixture of inexpensive polymethylhydrosiloxane and
bis(tributyltin) oxides.*! (4) The catalytic hydro-
stannolysis of allyl carbamate is a very fast process. The
possibility of a competing catalytic conversion of the
carbamate into allylamine!* may thus be confidently dis-
missed. The fastness of the hydrostannolytic cleavage
could also be of interest, should the reaction be used in
an automated process. (5) The amount of catalyst needed
for the hydrostannolytic process is low (typically 0.02-0.04
equiv) and the reaction tolerates a wide range of solvent
including CH,Cl, and DMF. The byproducts of the re-
action (hexabutyldistannane, bis(tributyltin) oxide, tri-
butyltin acetate or p-nitrobenzoate) are highly or freely
soluble in nonpolar solvents and are thus easy to eliminate.
(6) The catalytic reaction is not inhibited by the presence
of thio functionalities. (7) The hydrostannolytic removal
of allyl and allyloxycarbonyl groups is compatible with the
presence of the benzyl, benzyloxycarbonyl, tert-butyl, and
tert-butoxycarbonyl groups. Conversely, the tert-butyl and
tert-butoxycarbonyl groups can be removed under stand-
ard conditions without affecting the allyl or allyloxy-
carbonyl groups.

The reliability of the method has been demonstrated by
the solid-phase synthesis of the bioactive undecapeptide
substance P, in which the allyloxycarbonyl group has been
repeatedly used for temporary protection of the a-amino
functions.

Further uses of the allyloxycarbonyl and allyl groups,
particularly in combination with the orthogonal tert-butyl
and tert-butyloxycarbonyl groups, are currently being in-
vestigated in our laboratories. The design of new linking
agents for use in solid-phase peptide synthesis, whose
breaking would be based on a palladium-catalyzed cleavage
reaction, is also under active research.

Experimental Section

General Methods. Melting points were taken on a Reichert
Microscop and are uncorrected. Infrared spectra were recorded
on a Perkin-Elmer Model 457 instrument. 'H NMR spectra were
obtained at 250 MHz with a Bruker AM 250 instrument and at
90 MHz with a Perkin-Elmer R 32 or a Bruker WM 250 instru-
ment. When necessary, unambiguous assignments were made by
decoupling experiments. Chemical shifts are reported in ppm
units, by reference to Me,Si unless otherwise specified. Thin-layer
chromatography was carried out on precoated silica gel plates
(Merck F-254), usually with the following solvent systems (v/v):
eluent A, hexane/pyridine (2/1); eluent B, n-BuOH/AcOH /5%
ammonia/H,0 (6/1/1/2); eluent C, n-BuOH/AcOH/pyridine-
/H,0 (15/3/10/12). Spots on TLC chromatograms were detected

(41) Hayashi, K.; Iyada, J.; Shuara, 1. J. Organomet. Chem. 1967, 10,
81.
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by UV, iodine, and ninhydrin and by the chlorine/o-tolidine
reaction. Optical rotations were measured with a Perkin-Elmer
Model 241 instrument.

Materials. The DMF for use in peptide synthesis was distilled
in the presence of ninhydrin. For other experiments, commercial
pure solvents were used without any further purification.

Tributyltin hydride was prepared from polymethylhydro-
siloxane (Fluka) and bis(tri-n-butyltin) oxide*! [bp 78-82 °C (0.04
mmHg)]. It was stored at 5 °C under inert atmosphere in a
thoroughly washed vessel as recommended by Kochi.*> In this
way, BugSnH could be kept for several months without any ap-
preciable decomposition. The purity of BuzSnH may easily be
verified in a semiquantitative way (ca. £10%) by comparison of
the relative infrared intensities of the CH bands around 2.900
cm™ and of the Sn-H band at 1810 cm™! (neat, CaF, plates).

Tetrakis(triphenylphosphine)palladium(0) was prepared as
already described.? Dichlorobis(triphenylphosphine)palladium(II)
was prepared by dropwise addition of a methanolic solution of
Na,PdCl,2 to a magnetically stirred saturated solution of tri-
phenylphosphine (2.2 equiv) in 96% EtOH. The yellow precipitate
formed was filtered, washed with water, absolute ethanol, and
ether, and dried in vacuo. The yield of PdCly(PPh), was almost
quantitative: IR (Nujol mull, ICs plates) 358 cm™ (Pd-Cl).

All the amino acids derivatives used in this study were of L
configuration. Simple N*-allyloxycarbonyl-protected amino acids
were prepared from the free amino acids by reaction with allyl
chloroformate under Schotten-Baumann conditions as already
described.2 N%-Alloc-N*¢-Z-Lys, N2-Alloc-N-BOC-Lys, N¢-
BOC-N=Alloc-Lys, and Ne-Alloc-N¥-Tos-Arg were similarly
prepared from NZ-Lys, NBOC-Lys, N*-BOC-Lys, and N*-
Tos-Arg trifluoroacetate (obtained by trifluoroacetolysis in CH,Cl,
of N*-BOC-Nv-Tos-Arg).

The procedure used for the etherification of tyrosine (CuSO,,
NaOH, allyl bromide in MeOH) was similar to the one described
for the obtention of tyrosine 0-2,6-dichlorobenzyl ether.** The
crude tyrosine O-allyl ether thus obtained was directly converted
to N*-Alloc-Tyr O-allyl ether. The overall yield was rather low
(ca. 20%), but no effort was made to improve the conditions. The
preparation of N*Alloc-O-Alloc-Tyr and N*-Alloc-Lys has already
been described.?2 N*-Alloc-Trp, N*,S-Alloc,-Cys, N*-Alloc-His,
and N2, Nm_Alloc,-His were prepared by use of allyl chloroformate,
following procedures similar to those described for the preparation
of N*-Z-Trp,** N*,8-Z,-Cys,*® N-Z-His,* and N*,N'®.Z,-His.*6
Most allyloxycarbonyl amino acid derivatives are noncrystalline
products and were purified and characterized as their dicyclo-
hexylammonium (DCHA) salts.*’

NeAlloc-N'=-BOC-His. To a solution of 6.9 g (29 mmol) of
the sodium salt of N*-Alloc-His in 80 mL of H,0 (pH 8.3-8.4)
was slowly added NaOH (4 M) to adjust the pH to 9.5-9.6 (pH
meter). Sodium hydrogen carbonate (1.4 g, 16.6 mmol) was then
added followed by 45 mL of tert-butyl alcohol and 8 mL (7.6 g,
34 mmol) of di-tert-butyl dicarbonate (BOC,). The reaction
mixture was magnetically stirred for 2 h at room temperature,
upon which it was twice extracted with pentane. The aqueous
phase (pH 8.3-8.4) was then acidified to pH 3.3-3.4 with 4 M
aqueous citric acid and extracted twice with ethyl acetate. The
organic phase was dried over MgSQ,, the solvent evaporated on
a Rotavap and the residue dried under vacuum (0.1 mmHg) to
give 6.39 g (65%) of Alloc-His(BOC)-OH as a white noncrystalline
powder. The crude product was directly converted to its di-
cyclohexylammonium salt in the usual manner.4?

Physical and Spectroscopic Characteristics of Alloc
Derivatives. Unless otherwise reported, DCHA derivatives were
recrystallized from CHCl;/Et,0. All compounds were found to
be free (TLC) of other amino acid derivatives. 'H NMR reso-
nances of the DCHA moiety are not reported except for the DCHA
salt of Alloc-Gly.

(42) Klinger, R. J.; Mochida, K.; Kochi, J. K. J. Am. Chem. Soc. 1979,
101, 6626.

(43) Yamashiro, D.; Li, C. H. J. Am. Chem. Soc. 1973, 95, 1310.

(44) Smith, E. L. J. Biol. Chem. 1948, 175, 39.

(45) Berger, A.; Noguchi, J.; Katchalski, E. J. Am. Chem. Soc. 1956,
78, 4483.

(46) Patchornik, A.; Berger, A.; Katchalski, E. J. Am. Chem. Soc. 1957,
79, 6418.

(47) Matsuda, F.; Itoh, S.; Hattori, N. Tetrahedron 1985, 41, 3625.
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Alloc-Gly DCHA salt: mp 120-120.5 °C; IR (CHCly) 1710
cm!, (Nujol mull) 3260 (NH), 1715 (CONH), 1640 em™ (COy);
TH NMR (90 MHz, CDCl,) 6 [allyl group resonances] 6.05-5.55
(m, 1 H, internal, vinylic H), 5.30-4.95 (m, 2 H, terminal vinylic
H), 4.44 (brd, J = 6 Hz, 2 H, allylic H), [other resonances]} 5.35
(br peak, 1 H, NH), 3.57 (d, 2 H, J = 7 Hz, «-CH,), 3.00-2.6 (m,
2 H), and 2.0-1.0 (m, 20 H, dicyclohexylammonium CH). Anal.
Caled for C;gHgoN,0,: C, 63.50; H, 9.45; N, 8.23. Found: C, 63.55;
H, 9.26; N, 8.27.

Alloc-Leu DCHA salt: mp 124-126 °C; [a]*’p -2.14° (¢ 2.0,
CHCl;); 'H NMR (90 MHz, CDCly) 6 [allyl group resonances]
6.10-5.65 (m, 1 H), 5.4-5.0 (m, 2 H), 4.50 (d, 2 H, J = 6 Hz), [other
resonances] 5.50 (v br d, 1 H, NH), 4.1-3.95 (m, 1 H, «-CH), 0.90
and 0.82 (2 d, J = 7 Hz, 6 H, methyl groups) [other resonances
masked by DCHA]. Anal. Calced for CoHy N0y C, 66.63; H,
10.17; N, 7.06. Found: C, 66.56; H, 10.00; N, 7.15.

Alloc-Ser DCHA salt: mp 138-139 °C; [«]® +12.3° (¢ 1.0,
CHCL,;); 'H NMR (250 MHz, CDCly) é [allyl group resonances]
6.02-5.83 (m (ddt centered at 5.93 ppm), 1 H, internal vinylic H),
5.32 (dd, Jyrans = 17 Hz, J o, = 0.5-1 Hz, 1 H, Z terminal vinylic
H), 5.22 (dd, J 4 = 10 Hz, J., = 0.5~1 Hz, 1 H, E terminal vinylic
H) [other resonances] ca. 5.8 (br, 1 H, NH), 4.08 (br q, 1 H, o-CH),
3.94 (dd, 1 H), and 3.72 (br dd, 1 H, diastereotopic methylene
protons HLH?, J,,,, = 11 Hz, Jy; y, = 56 Hz, Jyp ., = ca. 10 Hz).

Alloc-Met DCHA salt: mp 120-120.5 °C; [«]®p +27.0° (c
1.0, CHCly); *H NMR (256 MHz, CDCl,) § [allyl group resonances)
6.05-5.84 (m, 1 H), 5.33 (dd, Jyrane = 17 Hz, J,, = 0.5-1 Hz, 1
H), 5.22 (dd, J 4 = 10 Hz, Jy,, = 0.5-1 Hz, 1 H), 4.6 (d,J = 5
Hz, 2 H), [other resonances] 5.8 (d, J = 7 Hz, NH), 4.5 (br q, 1
H, «-CH), 3.1-2.8 (m, 2 H, CH,S), 2.6-2.3 (m, CH,), 2.5 (s, 3 H,
SCHj). Anal. Caled for CyHgsN,0,S: C, 60.83; H, 9.24; N, 6.54.
Found: C, 60.73; H, 8.98; N, 6.78.

Alloc-Phe DCHA salt: mp 133-134 °C; [«]®°p +42.4° (c 1.0,
CHCl,); 'H NMR (90 MHz, CDCI,) $ [allyl group resonances)
6.15-5.7 (m, 1 H), 5.4-5.1 (m, 2 H), 4.55 (d, J = 6 Hz, 2 H), [other
resonances) 7.3-7.2 (m, 5 H), 5.55 (br d, 1 H, NH), 4.3 (q, J =
7Hz,1H, a-CH), 3.2 (d, J = 7T Hz, 2 H, benzylic H). Anal. Caled
for Cy5HN,O4: C, 69.74; H, 8.90; N, 6.51. Found: C, 69.73; H,
8.88; N, 6.64.

Alloc-Pro DCHA salt: mp 122-123 °C; [«]®p —34.6° (¢ 1.0,
CHCl;); 'H NMR (90 MHz, CDCly) ¢ {allyl group resonances]
6.2-5.65 (m, 1 H), 5.45-5.0 {m, 2 H), 4.55 (br d, J = 6 Hz, 2 H),
[other resonances] 4.2 (v br t, 1 H, a-CH), 3.65-3.45 (m, 2 H,
8-CH,) [other resonances masked by DCHA]. Anal. Caled for
Co HggN,Oy: C, 66.28; H, 9.54; N, 7.36. Found: C, 66.59; H, 9.33;
N, 7.73.

Alloc-L-Gln (recrystallized from AcOEt): mp 96~97 °C; [«]%
-17.15° (¢ 1.0, DMF); IR (Nujol mull) 3445, 3345, 3222 (NH), 1725,
1695 cm™ (C=0); 'H NMR (250 MHz, CDCl;/DMSO-d, (1/1))
& [allyl group resonances] 5.81-5.61 (m, 1 H), 5.30 (dd, Ji;ans =
17 Hz, e = 0.5-1 Hz, 1 H), 5.19 (dd, J, = 10 Hz, J, = 0.5-1
Hz, 1 H), 4.54 (d, J = 5 Hz, 2 H), [other resonances] 7.03 and 6.22
(2s,(1+1)H,NH,),6.71 (brd, J ~ 8 Hz, 1 H, o-NH), 4.15 (br
sext, 1 H, a-CH), 2.30 (t, J = 8.5 Hz, 2 H, v-CH,), 2.2-2.1 (m,
1 H), and 2.1-1.9 (m, 1 H, diastereotopic 3-methylene protons).
Anal. Caled for CgH y\N,05: C, 46.95; H, 6.13; N, 12.6. Found:
C, 46.85; H, 6.41; N, 12.01.

Alloc-Trp (recrystallized from CH,Cly): mp 120-121 °C; [a]®p
-34.2° (¢ 1.0, DMF); 'H NMR (250 MHz, DMSO-d,;/CDCl; (1/1))
6 [allyl group resonances] 6.00-5.80 (m, 1 H), 5.30 (dd, J,..pe =
17 Hz, J,., = 0.5-1 Hz, 1 H), 5.20 (dd, Jy, = 10 Hz, J,, = 0.5
Hz 1 H), 4.46 (d, J = 5.5 Hz, 2 H), [other resonances] 7.59 (d,
J =15Hz, 1 H, indolyl H%, 7.39 (d, J = 7.5 Hz, 1 H, indolyl H"),
6.96-7.21 (m, 4 H, indolyl H', H?, H?, H®), 4.4 (apparent sext, ddt,
J, = dJy~ 8 Hz, Jy = 4.5 Hz, 1 H, a-CH), 3.30 (dd) and 3.15 (dd)
(ABX system, JAB =14 HZ, JAX =4 HZ, JBX =8 HZ, 1+ 1) H,
diastereotopic 3-methylene H). Anal. Caled for CisH;gN,O4 C,
62.49; H, 5.60; N, 9.72. Found: C, 62.23; H, 5.65; N, 9.43.

Alloc-Cys(Alloc) DCHA salt (recrystallized from AcOEt/
pentane): mp 105-107 °C; [«]® —0.13 (¢ 3.0, CHCl,); IR (CHCly)
1722 (C==0, amide and thiocarbonate), 1633 cm™ (CO,7); 'TH NMR
(250 MHz, CDCly) ¢ [allyl groups resonances] 6.06-5.79 (m, 2 H,
internal vinylic H), 5.42-5.12 (m, (4 peaks), 4 H, terminal vinylic
H), 4.64 (brd, J = 5 Hz, 2 H) and 4.58 (v br d, 2 H, allylic H),
[other resonances] ca. 5.85 (br, 1 H, NH), 4.30 (br, 1 H, «-CH),
3.65 (br dd) and 3.38 (br dd) {(1 + 1) H, ABX system, JJ,g = 12
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Hz, J,x and Jpx undetermined, diastereotopic S-methylene H).
Anal. Caled for Co3HgeN,06S: C, 58.70; H, 8.14; N, 5.95. Found:
C, 58.77; H, 8.02; N, 5.74.

Alloc-His(BOC) DCHA salt (recrystallization from
AcOEt/pentane): mp 126-127 °C; [a]®p +25.5° (¢ 1.5, CHCly);
IR (CHCly) 1750 (C==0, BOC), 1710 {(C=0, Alloc), 1630 cm™
(COy); 'H NMR (250 MHz, CDCl,) 6 [allyl group resonances]
6.02-5.8 (m, 1 H), 5.30 (d, Ji;ans = 17 Hz, 1 H), 5.18 (d, J 4 = 10
Hz, 1 H), 4.58 (d, J = 5 Hz, 2 H), [other resonances] 7.95 (s, 1
H, imidazolyl H?), 7.2 (s, 1 H, imidazolyl H4), ca. 5.94 (br peak,
NH), 4.33 (m (apparent q), 1 H, «-CH), 3.20 (dd) and 3.07 (dd)
(ABX system, JAB =15 HZ, JAX =~ JBX ~9 HZ, (1 + 1) H, dia-
stereotopic methylene H), 1.62 (s, 9 H, ¢t-Bu). Anal. Calcd for
CyHuN,Og C,62.28; H, 8.52; N, 10.76. Found: C, 62.24; H, 8.68;
N, 10.83.

Alloc-His(Alloc) (recrystallized from benzene/pentane): mp
89-90 °C; [@]?p +125.0° (¢ 1.1, CHCL,); IR (CHCly) 1770 (C=O0,
N=.Alloc), 1710 em™ (C=0, CO,H, and N*-Alloc); 'H NMR (25
MHz, CDCly) 6 [allyl groups resonances] 6.07-5.87 (m, 2 H, in-
ternal vinylic H), 5.55-5.18 (m (6 peaks), 4 H, terminal vinylic
H), 4.89 (d, J = 6 Hz, 2 H, presumably allylic H of N™-Alloc),
4.60 (d, J = 5.5 Hz, 2 H, presumably allylic H of N*-Alloc), [other
resonances] 8.30 (s, 1 H, imidazolyl H2), 7.30 (s, 1 H imidazolyl
H4), 5.65 (br d, J = 6 Hz, 1 H, NH), ca. 4.6 («-CH, masked by
allylic H), 3.36 (dd) and 3.22 (dd) (ABX system, J,g = 15 Hz,
Jax = 4 Hz, Jpx = 5 Hz, (1 + 1) H, diastereotopic 3-methylene
H). Anal. Caled for C;H;N3Oq: C, 52.01; H, 5.30; N, 13.00.
Found: C, 52.13; H, 5.42; N, 12.83.

Alloc-Tyr(Alloc) (recrystallized from EtOH/H,0): mp
105-106 °C; [a]®p +54.12° (¢ 1.1, CHCly); IR (CHCl,) 1750, 1710
cm™}; 'H NMR (250 MHz, CDC),) 6 [allyl group resonances] (a)
6.08-5.92 (m (ddt centered at 6.05 ppm) 1 H), 5.43 (dd, Jyyaps =
17 Hz, Jg., = 0.5-1 Hz, 1 H), 5.35 (dd, J 4 = 10 Hz, J,,,, = 0.5-1
Hz, 1 H), 4.75 (d, J = 6 Hz, 2 H), (b) 5.98-5.81 (m (ddt centered
at 5.9 ppm), 1 H), 5.35-5.18 (m, 2 H, terminal vinylic H), 4.58
(d, J = 5 Hz, 2 H), [other resonances] 7.2 (A;B, system, J 5 =
8 Hz, 4 H), ca. 5.85 (br, NH), 4.70 (br q, 1 H, o-CH), 3.18 (ABX
system Jp = 12 Hz, Jyx = Jpx = 7 Hz, 2 H, benzylic H). Anal.
Caled for CH;(NO-: C, 58.44; H, 5.48; N, 4.01. Found: C, 58.54;
H, 5.67; N, 4.10.

Alloc-Tyr(All) (recrystallized from EtOH/H,0): mp 97-97.5
°C; [a]®p +60.25° (c 0.8, CHCly); IR (CHCl,) 1710 em™; '"H NMR
(250 MHz, CDCly) é [allyl group resonances] (a) 6.13-5.97 (m (ddt
centered at 6.05 ppm), 1 H), 5.41 (dd, Jys = 18 Hz, J,,,, = 0.5-1.0
Hz, 1 H), 5.29 (dd, J;, = 10 Hg, J,,, = 0.5-1.0 Hz, 1 H), 4.65 (d,
J = 5 Hz, 2 H), (b) 5.96-5.77 (m (ddt centered at 5.87 ppm), 1
H), 5.34-5.12 (m, 2 H), 4.56 (d, J = 5 Hz, 2 H), [other resonances]
7.08 (d,J = 8.5 Hz, 2 H) and 6.85 (d, J = 8.5 Hz, 2 H, Ar H), ca.
5.85 (br s, NH), 4.63 (br q, 1 H, «-CH), 3.09 (ABX system, J,p
= 11 Hz, Jsx = Jax = 8 Hz, 2 H, benzylic CH,). Anal. Caled
for C;sHgNO;s: C, 62.94; H, 6.27; N, 4.59. Found: C, 62.66; H,
6.33; N, 4.55.

Alloc-Lys(Z) DCHA salt: mp 121-122 °C; [«]®y +7.55° (¢
2.0, CHCly); IR (CHCIL;) 1712 em™, (Nujol mull). 3345, 3245, 1705,
1695, 1628 cm™; 'H NMR (250 MHz, CDCl5) § [allyl group res-
onances] 6.0-5.82 (m, 1 H), 5.30 (br d, J.ns = 17 Hz, 1 H), 5.19
(d, J = 10 Hz, 1 H), 4.58 (d, J = 5 Hz, 2 H), [other resonances]
7.4-7.22 (m, 5 H, Ar), 5.75 (br d, J = 6-7 Hz, NH Alloc), 5.1 (s,
2 H, CH,Ph), ca. 5.0 (v br, 1 H, NH-Z), 4.01 (br q, 1 H, «-CH),
3.15 (br q, 2 H, ¢-CHy). Anal. Caled for C4oH/N3Og: C, 66.04;
H, 8.68; N, 7.70. Found: C, 65.90; H, 8.06; N, 7.94.

BOC-Lys(Alloc) DCHA salt (recrystallized from AcOEt/
hexane): mp 114.5-116 °C; [«]®p +8.21° (¢ 2.0, CHCly); IR
(CHCI3) 1705 em™ br; 'TH NMR (250 MHz, CDCly) § [allyl group
resonances) 6.01-5.82 (m, 1 H), 5.30 (br d, J;;4,s = 18 Hz, 1 H),
5.20 (br d, J 4, = 10 Hz, 1 H), 4.55 (br d, J = 5 Hz, 2 H), [other
resonances] 5.52 (d, J = 7 Hz, 1 H, NHBoc), ca. 5.18 (v br,
NHAlloc), 3.94 (br q, 1 H, «-CH), 3.17 (br q, 2 H, «CH,), 1.47
(s, 9 H, t-Bu). Anal. Caled for CyyH N304 C, 63.37; H, 9.65;
N, 8.21. Found: C, 62.96; H, 9.57; N, 8.18.

Alloc-Lys(BOC) DCHA salt: mp 136 °C; []?°; +9.46° (c
1.5, CHCly); IR (CHCl,) 1712 ecm™ br s; 'H NMR (250 MHz,
CDCly) 6 [allyl group resonances} 6.03-5.85 (m, 1 H), 5.32 (dd,
Jians = 18 Hz, J,,, 0.5-1.0 Hz, 1 H), 5.18 (dd, J s = 10 Hz, J,,,,
= (.5-1.0 Hz, 1 H), 4.56 (d, J = 6 Hz, 2 H), [other resonances]
578 (br d, J ~ 6-7 Hz, 1 H, NHAlloc), 4.72 (br peak, 1 H, NHBoc),
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4.02 (br q,1 H, -CH), 3.12 (br q, 2 H, «CH,), 1.46 (s, 9 H, ¢-Bu).
Anal. Caled for Cp;H,N;Og: C, 63.37; H, 9.65; N, 8.21. Found:
C, 63.33; H, 9.59; N, 8.17.

Lys(Alloc) (recrystallized from H,0): mp 230 °C dec; [2]%p
+9.0 (c 1.0, H,0/CO;K; 8%); 'H NMR (250 MHz, DMSO-dy) &
[allyl group resonances] 6.00-5.80 (m, 1 H), 5.27 (d, Jiyans = 16
Hz, 1 H),5.15 (d, J4 = 10 Hz, 1 H), 4.43 (d, J = 5 Hz, 2 H), [other
resonances] 7.20 (v br t, 1 H, NH), 3.08 (br t, 1 H, «-CH), 2.94
(br q,J = 7 Hz, e-CH,), 1.69 (m, 1 H), 1.57 (m, 1 H), 1.6-0.8 (m,
4 H). Anal. Calcd for C,qH;sN,O. C, 52.16; H, 7.88; N, 12.17.
Found: C, 52.42; H, 7.94; N, 11.93.

Alloc-Arg(Ts) DCHA salt: mp 116 °C; [a®p +4.4° (¢ 0.5,
CHCl,); 'H NMR (250 MHz, CDCly) 6 [allyl group resonances]
5.98-5.78 (m, 1 H), 5.30 (br d, /,;un, = 17 Hz, 1 H), 5.18 (br d, J
= 10 Hz, 1 H), 4.53 (d, J = 5 Hz, 2 H), [other resonances] 7.73
(d, J =7.5Hz, 2 H) and 7.23 (d, J = 7.5 Hz, 2 H) (Ar H), 3.18
(m, 2 H, 5-CHj,), 2.42 (s, 3 H, CH;); TLC R; (B) 0.69, R{C) 0.68.

N<2Alloc-Phe Benzyl Ester. This derivative was obtained
by esterification with benzyl alcohol of the DCHA salt of N*-
Alloc-Phe following essentially the recent procedure of Matsuda*’
and co-workers for the synthesis of amides from carbozxylic acids.

To a stirred solution of Alloc-Phe DCHA salt (430 mg, 1.0
mmol) and pyridine (102 mg, 1.3 mmol) in CH,Cl, (2 mL) was
added SOCl, (143 mg, 1.2 mmol) at room temperature under argon
atmosphere. The reaction mixture was stirred at room temper-
ature for 1 min. A solution of 185 mg of (dimethylamino)pyridine
(1.5 mmol) and 97 mg (0.90 mmol) of benzyl alcohol was then
added to the mixture, which was further stirred at room tem-
perature for 45 min. After brine had been added to the mixture,
the product was extracted with AcOEt. The organic layer was
washed successively with HC1 (3 N) and NaOH (1 N) and dried
over SO,Mg. Evaporation of the solvent in vacuo gave a crude
product, which was purified by flash chromatography on silica
(hexane/AcOEt (3/1)). 260 mg of N*-Alloc-Phe benzyl ester (yield
76%) was thus obtained as a colorless oil. N*-Alloc-Phe-O-Bzl:
IR (CCl,) 1740~1725 v br s, 1645 cm™ vw (C=C); 'H NMR (250
MHz, CDCly) § [allyl group resonances] 6.00-5.80 (m, 1 H),
5.35-5.12 (m, 2 H), 4.55 (d, J = 5 Hz, 2 H), [other resonances]
7.42-7.18 (m, 10 H), ca. 5.2 (br peak, 1 H, NH), 5.15 (s, 2 H,
OCH,Ph), 4.71 (br q, J = 7 Hz, 1 H, o-CH), 3.11 (d, J = 7 Hz,
2 H, «-CCH,Ph). Anal. Calcd for C,;H;NO,: C, 70.76; H, 6.24;
N, 4.13. Found: C, 70.32; H, 6.46; N, 4.13.

N<=Z-Phe Allyl Ester. By the same procedure, 7.5 g (74%
yield) of crude N*-Z-Phe allyl ester was obtained from 9 g (30
mmol) of N%-Z-Phe and 2.09 g (36 mmol) of dry allyl alcohol.
Recrystallization from EtOH/H,0 gave 5.2 g (51% yield) of pure
compound as white crystals. N*Z-Phe-O-All: mp 60-60.5 °C;
IR (CCl,) 1727 br, 1650 cm™ vw (C=C); 'H NMR (250 MHz,
CDCl3) 6 [allyl group resonances] 6.0-5.75 (m, 1 H), 5.36-5.18 (m,
2 H), 4.55 (4, J = 5 Hz, 2 H), [other resonances] 7.45-7.20 (m,
10 H), 5.10 (s, 2 H, OCH,Ph), 4.70 (br q, J = 7 Hz, 1 H, a-CH),
3.13 (m, 2 H, CCH,Ph). Anal. Caled for C,yHy;yNO,: C, 70.76;
H, 6.24; N, 4.13. Found: C, 70.76; H, 6.46; N, 4.13.

Ne=-Alloc-Ser(t-Bu) tert-Butyl Ester. N*-Alloc-Ser(t-
Bu)-0-t-Bu was prepared from N®-Alloc-Ser by following the
tert-butylation procedure of Schroder.#® In a flask fitted with
a rubber septum, 2.3 g of Alloc-Ser (12.2 mmol) was dissolved in
20 mL of CH,Cl, under argon atmosphere. The solution was
cooled at —10 °C. H,SO, (0.2 mL, 3.7 mmoles) was added, followed
by 20 mL of isobutylene, added in four portions with a syringe
prechilled at -30 °C. Care was taken to exclude moisture during
all these operations.

The reaction mixture was stirred for 1 h at =10 °C and then
kept at 0 °C overnight. The reaction mixture was then poured
into 100 mL of ca. 1 N aqueous citric acid partially neutralized
with 1.15 mL of NaOH (4 N, 4.6 mmol). The organic layer was
decanted and the aqueous phase reextracted once with CH,Cl,.
After drying over MgSQO, and evaporation of the solvent, the crude
product was purified by flash chromatography on silica
(AcOEt/hexane (1/8)) to yield 2.4 g (67% yield) of pure oily
Alloc-Ser(t-Bu)-O-t-Bu: [a]®p +13.0° (¢ 1.0, CHCly); IR (CHCly)
1715 s, 1645 cm™ w; 'H NMR (250 MHz, CDCl,) 6 [allyl group
resonances] 6.02-5.84 (m, 1 H), 5.31 (d, Jya = 17 Hz, 1 H), 5.21

(48) Shroder, E. Justus Liebigs Ann. Chem. 1936, 670, 127.
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(d, J4 = 10.5 Hz, 1 H), 4.58 (d, J = 6 Hz, 2 H), [other resonances]
5.6 (vbrd, 1 H, NH), 4.38-4.33 (br m, 1 H, «-CH), 3.78 (dd, 1
H) and 3.54 (dd, 1 H, diastereotopic methylene H1,H2, ., =
9.5 Hz, Jy; 5., = 3.5 Hz, Jusu, = 4 Hz), 1.45 (s, 9 H, CO,-t-Bu),
1.13 (s, 9 H, O-t-Bu). Anal. Caled for C;;H,,NO;: C, 59.77; H,
9.03; N, 4.75. Found: C, 59.53; H, 8.95; N, 4.75.

Palladium-Catalyzed Hydrostannolysis of (Allylloxy-
carbonyl)benzylamine. In a Schlenk tube equipped with a
magnetic bar and fitted with a rubber septum, 190 mg of (ally-
loxycarbonyl)benzylamine (1 mmol), 14 mg of PdCl,(PPh,), (0.02
mmol), and 135 pL of acetic acid (2.4 mmol) were dissolved in
20 mL of CH,C), under argon atmosphere. The pale lemon yellow
color of the solution was then characteristic of the presence of
the palladium(II) complex. With a syringe, 300 xL of BugSnH
(ca. 1.1 mmol) was then rapidly and in one portion added to the
stirred solution. A slightly exothermic reaction with vigorous gas
evolution immediately ensued.

At the end of the reaction (a few minutes) the golden yellow
color of the reaction mixture is typical of the presence of palla-
dium(0) species in the medium (on standing in oxygen-containing
atmosphere, formation of black palladium gradually occurs). An
aliquot portion of the solution was diluted in CCl,, the CCl,
solution extracted with aqueous sodium hydrogen carbonate to
eliminate any acetic acid in excess and dried. IR analysis showed
a complete disappearance of the carbonyl band at 1720 cm™ and
its replacement by the strong carbonyl absorption of tributyltin
acetate at 1740 cm™.

After evaporation of the solvent, 'H NMR analysis (CDCl,
containing a small amount of acetic acid for better resolution)
of the crude reaction products indicated a quantitative yield in
benzylamine acetate (based on the integration of benzylic protons
at 4.0 ppm, anisole as the reference). Similar results were obtained
in the following solvent~proton donor systems: benzene/AcOH,
AcOEt/AcOH, DMF/AcOH, DMF/AcO"PyH*, CH,Cl,/H,0.

Palladium-Catalyzed Hydrostannolysis of Simple N°-
Allyloxycarbonyl Derivatives of Amino Acids. In a typical
experiment, 349 mg (1 mmol) of N*-Alloc-O-Alloc-Tyr in 20 mL
of CH,Cl; was treated as described above, with 600 uL (ca. 2.2
mmol) of BusSnH in the presence of 14 mg of PdCly(PPh;), and
100 uL of H,0 with vigorous magnetic stirring. Unprotected
tyrosine immediately precipitated out of the solution.

The reaction mixture was concentrated to about one-third of
its volume; the precipitate was collected by filtration, washed with
several portions of ether, and dried. A quantitative yield of
analytically pure tyrosine was obtained. A similar procedure (using
1.1-1.2 equiv of Bu;SnH per allyl group to be cleaved) was followed
for the deprotection of other N*-allyloxycarbony! protected amino
acids. In some cases CH;,Cl; was evaporated at the end of the
reaction and replaced by wet diethyl ether to ensure complete
precipitation of the free amino acid.

Hydrostannolytic Deprotection of N<-(Allyloxy-
carbonyl)phenylalanine Benzyl Ester. N%-Alloc-Phe-0-Bzl
{260 mg, 0.77 mmol) in 8 mL of CH,Cl, was reacted in the usual
way with 220 uL of Buz;SnH (ca. 0.85 mmol) in the presence of
PA4Cl1,(PPhy), (11 mg, 0.016 mmol) and H,0 (80 uL). After 10
min, IR analysis (CCl,) of an aliquot showed the presence of two
strong carbonyl bands at 1728 (CO,Bzl) and 1638 cm™
(NHCO,SnBujy). Total conversion of the starting material was
evidenced by the absence of any residual absorption at 1700 cm™.
After evaporation of the solvent, no signals characteristic of allyl
groups could be detected by 'H NMR analysis of the crude re-
action mixture.

The crude product was purified by column chromatography
on silica gel. Various tin impurities were first eluted with cy-
clohexane/ether (80/20) and N@*-[((tributylstannyl)oxy)-
carbonyl]phenylalanine benzyl ester was collected, upon elution
with ethyl acetate, as an oil (330 mg, 74% yield): IR (CCl,) 1740
(CO,Bzl), 1640 cm™ (NHCO,SnBus); *H NMR (CDCl,, 250 MHz)
6 7.4-7.1 (m, 10 H), 5.1 (s, 2 H, OCH,Ph), 3.75 (br t, J = 8 Hz,
a-CH), 3.0 (ABX, Jug = 15 Hz, J,sx = Jgx = 7 Hz, 2 H, CCH,Ph),
2.6-0.9 (m, 27 H, Bu,Sn).

In another experiment, CH,Cl, was evaporated after completion
of the hydrostannolytic cleavage and the residue taken up in about
the same volume of diethyl ether. A saturated solution of p-
toluenesulfonic acid (2.1 equiv) in diethyl ether was then added,
upon which immediate gas evolution (CO;) and precipitation
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occurred. The ethereal mixture was concentrated to about half
of its volume, the precipitate was collected by filtration, washed
repeatedly with diethyl ether and identified by comparison with
an authentic sample as the tosylate of phenylalanine benzyl ester
(77% yield).

By TLC analysis only phenylalanine benzyl ester (R; = 0.77,
EtOH (96%)/NHz-H,0 (25%), 4/1) could be detected in the
filtrate.

Hydrostannolytic Deprotection of N*-(Benzyloxy-
carbonyl)phenylalanine Allyl Ester. To a magnetically stirred
solution of 338 mg (1 mmol) of Z-Phe-All and 14 mg (0.02 mmol)
of PdCl,(PPhy), in 10 mL of CH,Cl, under argon atmosphere,
300 uL (ca. 1.1 mmol) of tributyltin hydride was added with a
syringe over a period of about 2 min. After 10 min, IR analysis
(CCl,) of an aliquot showed two carbonyl bands at 1720 (NH-
CO,CH,Ph) and 1650 cm™ (CO,SnBu;); the absence of any re-
sidual absorption at 1750 em™ indicated a complete conversion
of starting material. No allyl '!H NMR signals were detected in
the crude reaction mixture.

. Column chromatography on silica using hexane and then diethyl
ether as the eluents yielded 420 mg (70% yield) of N*-(benzyl-
oxycarbonyl)phenylalanine tributyltin ester as a waxy solid: IR
(CCly 1723 (NH-CO,CH,Ph), 1652 em™! (CO,SnBuy,); 'H NMR
(90 MHz) 6 7.45-7.1 (m, 10 H), 5.38 (v br s, 1 H, NH), 5.1 (s, 2
H, OCH,Ph), 4.1 (br q, J = 8 Hz, a-CH), 3.13 (br d, J = 7 Hz,
2 H, a-CCH,Ph), 1.9-0.8 (m, 27 H, Bu,Sn).

In another experiment, the crude reaction mixture was twice
extracted with aqueous 10% HCI and both acidic washings
reextracted once with dichloromethane. The combined organic
fractions were dried over MgSO, and the solvent evaporated. An
analytical yield of 90% in N*-(benzyloxycarbonyl)phenylalanine
was determined by ‘H NMR spectroscopy (based on the inte-
gration of the benzylic protons of the benzyloxycarbonyl group,
anisole as the reference).

TLC analysis of the reaction mixture before or after extraction
with aqueous HCl did not allow the detection of amino acid
derivatives other than the expected N°-(benzyloxycarbonyl)-
phenylalanine (B/(A) 0.24) and its tributylstannyl ester.

Hydrostannolytic Deprotection of N<*-(Allyloxy-
carbonyl)-O -tert-butylserine tert-Butyl Ester. The hy-
drostannolytic cleavage was performed on 300 mg (1 mmol) of
Alloc-Ser (¢-Bu)-0-t-Bu, by using 14 mg (0.01 mmol) of PdCl,-
(PPhy),, 300 uL (ca. 1 mmol) of BugSnH in 25 mL of CH,Cl,
containing 280 mg (2 mmol) of p-nitrophenol as the proton donor.
After completion of the reaction, only one carbony! band at 1715
cm™ (CO,-t-Bu) was detected by IR analysis (CCly). As the two
carbonyl bands of starting material closely overlap, the total
conversion of starting material was verified by TLC analysis
[Alloc-Ser(t-(Bu)-O-t-Bu: R; = 0.55 (AcOEt/hexane, 1/4].

The organic phase was extracted by an aqueous solution of citric
acid (ca. 3 equiv). The aqueous phase was then brought to alkaline
pH (pH 9) with 4 N sodium hydroxide and extracted repeatedly
with diethyl ether. After drying over MgSO, and evaporation of
the solvent, 204 mg (70% yield) of analytically pure Ser(t-
Bu)-0-t-Bu* was obtained: TLC, R;0.27 (AcOEt/MeOH, 9/1);
IR (CCly) 1715 em™; 'H NMR (250 MHz, CDCly) 8 3.50 (ABX
pattern, J,g = 9 Hz, Jux = 5 Hz, Jpx = 4 Hz, 2 H, «-CCHy), 3.38
(br t, 1 H, «-CH), 1.82 (br s, NH,), 1.40 (s, 9 H), 1.10 (s, 9 H).

Trifluoroacetolysis of N*-(Allyloxycarbonyl)-O-tert-
butylserine tert-Butyl Ester. Alloc-Ser(¢-Bu)-0-¢t-Bu (300 mg,
1 mmol) was reacted with CFsCO.,H (25 mL) in CH,Cl, (25 mL)
for 6 h at room temperature. The solvent and trifluoroacetic acid
were evaporated first on a rotary evaporator and then under 0.1
mmHg for 30 min. Analytically pure Alloc-Ser was obtained
quantitatively: TLC, R{(B) 0.58, R/(C) 0.71.

Hydrostannolytic Deprotection of N<(Allyloxy-
carbonyl)-N*(tert-butyloxycarbonyl)lysine. The hydro-
stannolytic reaction was carried out in 25 mL of wet (100 xL of
H,0) CH,C], on 330 mg (1 mmol) of Alloc-Lys(BOC) with the
usual amount of BugSnH (1.1 equiv) and catalyst (0.02 equiv).
After evaporation of about */5 of the solvent, the precipitate
formed during the reaction was collected by filtration, washed
with a small volume of CH,Cl,, and dried. Crystalline N-BOC-Lys

(49) Callahan, F. H.; Anderson, G. W.; Paul, R.; Zimmerman, J. E. J.
Am. Chem. Soc. 1963, 85, 201.

Dangles et al.

(180 mg), identical with an authentic sample (Fluka), was obtained
(73% yield).

The filtrate was concentrated and analyzed by NMR and IR
spectroscopy. No allyl *H NMR signals were detected, but a weak
residual absorption at 1640 cm™ (tin carboxylate) was visible in
the infrared spectrum. N*BOC-Lys was the only amino acid
derivative detected by TLC analysis in the filtrate (the solvent
systems B and C instantly hydrolyze the corresponding tin ester).
TLC characteristics are reported in the paragraph dealing with
trifluoroacetolysis of BOC-Lys(Alloc).

Hydrostannolytic Deprotection of N<4-(tert-Butoxy-
carbonyl)-N¢-(allyloxycarbonyl)lysine. The experimental
procedure already used for the hydrostannolytic deprotection of
Ne-Alloc-N¢-BOC-Lys was followed. In the present case, however,
no precipitation occured during the reaction. After evaporation
of CH,Cl,, the oily residue was taken up in a mixture of ap-
proximately 1/1 (v/v) of CDCl; and DMSO-dg. No allylic signals
could be detected by 'H NMR spectroscopy.

Analytical yield of N>-BOC-Lys was found to be 95% (based
on the integration of the tert-butyl group protons, anisole as the
reference). Total and selective conversion of the starting material
to N®-BOC-Lys was confirmed by TLC analysis.

Trifluoroacetolysis of N*-(Allyloxycarbonyl)-N*-(tert-
butoxycarbonyl)lysine. N=*-Alloc-N-BOC-Lys (130 mg, 0.4
mmol) was reacted with 5 mL of trifluoroacetic acid in 5 mL of
CH,Cl,. After 2 h, complete and selective deprotection (TLC)
to Ne-Alloc-Lys had occurred. After elimination of the solvent
and of trifluoroacetic acid by evaporation on a rotary evaporator
and then under 0.05 mmHg of pressure for 12 h, N*-Alloc-Lysine
triflucroacetate was obtained as a very hygroscopic solid: [«]%p
+15.2° (¢ 1.0, H,0-Na,CO; (8%)); 'H NMR (250 MHz) [Alloc-Lys
CF3CO,H salt (CDClg)] § [allyl group resonances] 6.05-5.82 (m,
1 H), 56.32(d, Jyyuns = 17 Hz, 1 H) and 5.16 (d, J4 = 10 Hz, 1 H),
4.52 (d, J = 5 Hz, 2 H), [others resonances] 4.01 (v br sext, «-CH),
2.95-2.80 (m, 2 H, CH,NH;%), 1.8-1.0 (m, 6 H, internal CH,
groups), [Alloc-Lys (H,0/CO3K,)] é (by reference to DOH fre-
quency assumed to be at 4.60 ppm) [allyl group resonances]
5.9-5.65 (m, 1 H) 5.15 (d, Jysens = 17 Hz, 1 H) and 5.02 (d, J;, =
10 Hz, 1 H), 4.48 (d, J = 5 Hz, 2 H), [other resonances] 3.85-3.65
(m, 1 H, «-CH), 2.72 (t, J = 7.5 Hz, 2 H, CH,NH,), 1.65-1.35 (m,
4 H, 8-CH, and §-CHj,), 1.30-1.10 (m, 2 H, y-CHy,).

Trifluoroacetolysis of N*(tert-Butoxycarbonyl)-N:-
(allyloxycarbonyl)lysine. By the same procedure, N-Alloc-Lys
was selectively and quantitatively obtained as its trifluoroacetate
salt. Spectroscopic characteristics of N¢-Alloc-Lys has already
been described above (see Physical and Spectroscopic Charac-
teristics of Alloc Derivatives).

TLC data: N=-Alloc-N-BOC-Lysine, R{A) 0.31; N*~BOC-
Ne-Alloc-Lysine, R/(A) 0.25; N*-BOC-Lys, R/(B) 0.28, R,(C) 0.51;
N:-BOC-Lys, R{B) 0.36, R{C) 0.58; N*-Alloc-Lys R{B) 0.22, R{C)
0.44; N*-Alloc-Lysine, R(B) 0.30, R/(C) 0.54.

Hydrostannolytic Deprotection of the DCHA Salt of
N<2-(Allyloxycarbonyl)-N'=.(tert -butyloxycarbonyl)-
histidine. The hydrostannolytic deprotection was performed by
starting from 156 mg (0.31 mmol) of Alloc-His(BOC) DCHA salt
in CH,Cl, (7 mL) and by use of 120 uL of BusSnH (ca. 0.45 mmol),
40 uL of acetic acid (0.7 mmol), and 7 mg of PdCl,(PPhjy), (0.01
mmol).

After completion of the reaction, the solvent was evaporated,
and the residue was taken up in 6 mL of a mixture 1/1 (v/v) of
trifluoroacetic acid and fresh dichloromethane. After 3 h, complete
deprotection of the intermediate N'™=-BOC-His had occurred. An
analytical yield of 95-100% of histidine trifluoroacetate was
determined by 'H NMR spectroscopy in CF;CO,H after evapo-
ration of dichloromethane (based on the integration of imidazole
ring protons, anisole as the reference).

In another experiment, the hydrostannolytic procedure was
carried out as above except that p-nitrophenol (97 mg, 0.7 mmol)
was used instead of acetic acid as the proton donor. After com-
pletion of the reaction, IR analysis (CHCl;) of an aliquot showed
a complete disappearance of the carbonyl band of the Alloc moiety
(1710 c¢m™) while the carbonyl absorption at 1750 cm™ (BOC
moiety) was retained. After evaporation of the solvent, the residue
was washed with diethyl ether (2 X 5 mL). TLC analysis of the
yellow residual solid showed that N™-BOC-His was the only amino
acid derivative present, to the exclusion of histidine and of
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Ne-Alloc-N"=.BOC-His. No amino acid derivatives could be
detected in the ethereal washings.

TLC data: N=-BOC-His, R{B) 0.28, R/(C) 0.60; N*-Alloc-
N=-BOC-His, R{B) 0.55, R{C) 0.74; His, R{B) 0.04, R{C) 0.12;
DCHA R(B) 0.77, R{C) 0.76; p-nitrophenol, R(B) 0.93, R{C) 0.85.

By 'H NMR, the solid residue (110 mg) was found to contain
ca. 60% of N'™-BOC-His (97% of theoretical amount), 25% of
dicyclohexylamine, and 15% of p-nitrophenol (molar proportions).
No further purification was attempted.

His(BOC): 'H NMR (250 MHz, D;0, pD ca. 7.5) & (by reference
to DOH frequency assumed to be at 4.60 ppm) 8.00 (s, 1 H,
imidazolyl H2), 7.20 (s, 1 H, imidazolyl H4), 3.79 (dd, J, = 8 Hz,
Jy =5 Hz, 1 H, «-CH), 2.98 (dd, 1 H) and 2.84 (dd, 1 H) (ABX
system Jp = 15 Hz, Jx = 5 Hz, Jpx = 8 Hz), 1.48 (s, 9 H, t-Bu).
In this solution, N*™»-BOC-His is slowly hydrolyzed to histidine
and tert-butyl alcohol (¢, /5 ca. 120 min).

Hydrostannolytic l/)eprotection of N> (Allyloxy-
carbonyl)-L-methionine and Determination of Optical Pu-
rity. N*(Allyloxycarbonyl)methionine was hydrostannolyzed in
the usual way in wet dichloromethane. After completion of the
reaction, the organic layer was extracted with a small excess of
aqueous HCI (6 N). After evaporation of the aqueous phase under
0.5 mmHg, 4 mg of the solid residue was treated as follows in a
one-pot procedure:?® (1) 4 mL of {-PrOH/HCI (6%), 100 °C, 1
h; (2) vacuum-drying; (3) (CF3CO);0 (0.2 mL)/CH,Cl, (1 mL)
at room temperature for 1 h; (4) vacuum-drying and dissolution
in 1 mL of acetone.

Chiral GC analysis was performed on an Erba Science apparatus
equipped with a 50-m fused silica capillary column coated with
XE-60-(S)-valyl-(S)-a-phenylethylamide (Chrompack) with tem-
perature programming (100 °C + 5 °C/min). No D-methionine
derivative (<0.1%) could be detected on the chromatogram. Blank
analysis performed on DL-methionine and on the hydrostannolytic
products of N*-(allyloxycarbonyl)-DL-methionine showed equal
proportions of the two enantiomers.

Synthesis of BOC-Leu-L-Met-NH, and BOC-Leu-DL-
Met-NH, (9). Alloc-Met-NH, was synthesized from Alloc-Met
according to a procedure described for BOC-Met-NH,,%° Al-
loc-Met (160 mg, 0.69 mmol) was dissolved in 4 mL of anhydrous
tetrahydrofuran and cooled to —15 °C. To this solution were added
triethylamine (100 uL, 1 equiv) and then isobutyloxycarbonyl
chloride (95 uL, 1 equiv). After 2 min, 45 uL of 34% aqueous
ammonia (1.1 equiv) was added. After 1 h, the reaction mixture
was evaporated in vacuo. The residue was dissolved in CH,Cl,
and washed with 5% NaHCOj; and water. The extract was dried
over MgSO, and the solvent removed in vacuo to yield 100 mg
of Alloc-Met-NH,; as an oil (63%). The Alloc protecting group
was removed as described in a typical experiment. N*-BOC-
Leu-0-Suce (180 mg, 1.1 equiv) was coupled in DMF to the crude
Met-NH,. The mixture was stirred at room temperature for 15
h, after the pH had been adjusted to 8.0 with N-methylmorpholine.
Usual workup yielded crude BOC-Leu-Met-NH,, which was
compared with an authentic sample of BOC-Leu-Met-NH, ob-
tained by the BOC strategy®! (TLC, NMR, and HPLC). BOC-
Leu-pL-Met-NH, was obtained by the same procedure starting
from DL-Alloc-Met. The mixture of diastereoisomers was resolved
by HPLC (u-Bondapak C-18 column, iso 30% acetonitrile in 0.25
M triethylammonium phosphate buffer pH 3.0): ¢t 19.5 (LL) and
20.7 min (LD).

Synthesis of Substance P. Methylbenzhydrylamine resin®?
(1.85 g, substitution 0.40 mequiv/g of resin) was used as the solid
support. N%amino group and side-chain functional group pro-
tection consisted of allyloxycarbonyl for the N®-amino group and
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benzyloxycarbonyl for the Lys (Z) and tosyl for the guanidinium
of Arg(Tos). All the amino acids from the C-terminal pentapeptide
were activated by the dicyclohexylcarbodiimide-1-hydroxy-
benzotriazole (DCCI-1-HOBt%*) in dimethylformamide di-
chloromethane (1:9); the N*-Alloc-Gln residues were coupled as
their p-nitrophenyl ester in DMF. Finally, all the amino acids
from the N-terminal tetrapeptide were activated by the DCCI-
1-HOBt in dimethylformamide—dichloromethane (9:1). The
coupling efficiency was monitored by the Kaiser test.’> The
N=-alloc protective group was removed by adding to the pep-
tide-resin a solution of PdCl,(PPhj), (0.04 equiv) and 3.5
equiv/mmol of amino group linked to the resin, of CH;COOH
in dichloromethane (3 mL/g of resin). The deprotection was
completed in less than 5 min after addition of BusSnH (3 equiv).
The resin was then washed according to the following scheme:
(1) methylene chloride wash (3X); (2) 1:9 (v/v) triethylamine-
methylene chloride neutralization (2X); (3) methylene chloride
wash (2X); (4) methanol wash (3X); (5) methylene chloride wash
(3%). After removal of the last N*- protecting group, the resin
was dried in vacuo and the protected peptide resin was treated
with 1.5 mL of anisole, 0.25 mL of diethyl disulfide, and and 10
mL of hydrogen fluoride per gram of peptide resin for 0.5 h at
-20 °C and for 0.5 h at 0 °C. The resin was first washed with
1:1 diethyl ether—chloroform, and then the peptide was eluted
with 1:9 acetic acid—water. Lyophilization of the extract gave 625
mg of crude substance P containing, as estimated by HPLC, 60%
of SP and 13% of SP sulfoxide. The HPLC conditions were as
follows: u-Bondapak C-18 column; 0.25 M triethylammonium
phosphate buffer pH 3.0, 1.5 mL/min, isocratic 22.2% acetonitrile
in TEAP buffer, 13.5 min.

This crude product was purified by CM-32 carboxymethyl-
cellulose (Whatman) cation-exchange chromatography (1.5 cm
X 15 cm), using a linear gradient (400 mL of 1:1 0.01 M NH,OAc
(pH 4.5)-acetonitrile; 400 mL of 0.4 M NH,OAc (pH 6.5)); 320
mg yields 200 mg. Final purification was achieved by partition
chromatography on Sephadex G-25 F (Pharmacia) with the solvent
system 1-butanol-acetic acid-water, (4:1:5). The chromatographic
fractions were monitored by TLC and pooled to yield 110 mg of
SP and 17 mg of SP sulfoxide: TLC, R, 0.20 (1-butanol-pyri-
dine-acetic acid-water, (5:5:1:4)); [a]?®p -81° (¢ 1.0, 10% acetic
acid); HPLC (iso, 22.2% acetonitrile in TEAP buffer, 13.5 min,
minimum purity 99%). Anal. Found: Arg, 0.95; Pro, 1.98; Lys,
0.97; Glu, 2.05; Phe, 2.07; Gly, 1.00; Leu, 1.03; Met, 0.91. FAB
mass spectrometry, MH* m/z 1361; 250-MHz 'H NMR (dimethyl
sulfoxide).?

Biological Potencies of Substance P. The binding potency
of substance P was measured on rat brain synaptosomes as de-
scribed previously.®® The IC;, value was found to be identical
with that observed for substance P obtained by conventional
methods: 6.4 X 1071 M; this result is the mean of three inde-
pendent experiments run in triplicate. The bioactivity of sub-
stance P was estimated on the isolated guinea pig ileum bioassay,®
ED50 = 75X 10_10 M.
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