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MILD AND RAPID AZIDE- MEDIATED,

PALLADIUM CATALYZED CLEAVAGE OF
ALLYLESTER BASED PROTECTING GROUPS

Gideon Shapiro* and Dieter Buechler
Preclinical Research, Sandoz Pharma Lid., CH-4002 Basel, Switzerland
Summary: Under palladium catalysis various allylester protecting groups are rapidly cleaved in high

yield with the reagent 8:3 trimethylsilylazide/tetrabutylarnmonium fluoride. The efficiency of this
method makes it particularly useful for solid phase deprotections.

The development of the chemistry of w-allyl palladium complexes has led to a powerful and
increasingly applied protection strategy in organic synthesis.! Thus, allyl esters, carbamates?, carbonates® or
other functions with an acidic leaving group are readily cleaved using zero valent palladium (Pd®) catalyzed
transfer of the allyl moiety to an acceptor nucleophile via the corresponding zn-allyl palladium complex. Kunz
has introduced the allyloxycarbonyl (Alloc) based protection strategy for the a-amino group in solution phase
peptide synthesis,* and a few Alloc solid phase peptide syntheses (SPPS) have been described.2é-3 For the
solution phase peptide synthesis the standard nucleophilic acceptor agemts have been active C-H acids
(dimedone, N.N-dimethylbarbituric acid) or amines (eg. morpholine, N-methylaniline).. These agents were
found unsatisfactory in the case of SPPS for which an efficient rapid and side reaction free cleavage of the
o-amino allyloxycarbonyl group is essential2*S The use of a tributyltinhydride-acetic acid-Pd® mediated
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reductive cleavage of the allyloxycarbonyl-oi-amino protecting group was found to satisfy the above criteria in
the Alloc SPPS synthesis of substance P.24 In the coursc of our studics on the SPPS synthesis of serine
phosphopeptides we have experienced difficulties with this method. Therefore, we have developed a simple,
rapid and mild method for the cleavage of the Alloc-a-amino protecting group of a solid phase bound peptide
using azide as acceptor. The method also works well for the solid phase deprotection of altyl phosphonic acid
csters and appears 10 be quite general.

Serine phosphopeptides are base sensitive and are not amenable to preparation via standard
Fmoc-SPPS using a protected serine phosphate building block.” Although the Boc-SPPS of a serine
phmphopepidehsbemmwned,diﬁeﬂﬁuwmamunmdmmemmgwmcmmﬁdwp@ﬁk
from the resin which required optimization of the aryl phosphate ester protecting groups.® A general SPPS
building block method for synthesizing serine phosphopeptides is under investigation in our laboratories.? The
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Alloc strategy is very attractive in this regard due to the mild conditions employed. Indeed, an SPPS of
tetrapeptides 1 and 2 with Alloc-amino acids and the tributyltinhydride-Pd® deprotection method has
appeared.® The synthesis was performed on Wang resinl® using the building block Alloc-Seri-

H-Arg-Ser(PO3H,)-Leu-Asn-OH H-Arg-Leu-Ser(PO3H,)-Ile-OH
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P(OXOtBu),]-OH, 4, with t-butyl phosphate ester protection enabling resin cleavage and concomitant side
chain deprotection with trifluoroacetic acid (TFA). We desired to add an Alloc serine phosphate ester building
block to the tetrapeptide sequence H-Val-Ala-Ala-Glu(tBu)-Wang, 7,!! cleave the Alloc group and then extend
the chain by coupling an amino acid or a peptide fragment. Unfortunately, we were unable-to repeat the last
step in the described synthesis of 4 in which the nitrobenzyl ester 3, is reduced to the free acid 4. In our hands
the phosphate t-butyl ester functionality proved sensitive to the reduction conditions and was cleaved to a large
extent to the phosphonic acid. At this point we turned to the building block Alloc-SerfP(OXOBn),]-OH 6 with
the TFA removable benzyl phosphate ester protection.!? This compound was readily prepared using the method

6 DIC-HOBt
H-Val-Ala-Ala-Glu(tBu)-Wang ————— »  Alloc-Ser{P(OXOBn),]-Val-Ala-Ala-Glu(tBu)-Wang

7 DMF 8 |

1. 20% Pd(PPhy), GHyCl, 8eq TMSN, : 3eq BuNF(3H,0)
2. CF3COOH-H0 85:5 i

CFgCOOH-HO 85:5 l l CFyCOOH-H,0O

10 H-Ser(PO,Hj;)-Val-Ala-Ala-Glu-OH 9 Alloc-Ser(PO;3H,)-Val-Ala-Ala-Glu-OH

described for 4 and could be stored indefinitely. Diisopropylcarbodiimide-hydroxybenzotriazole (DIC-HOBt)
mediated coupling of & onto 7 was performed and checked by TFA cleavage of the peptide from the resin
which gave Alloc-Ser(PO3H,)-Val-Ala-Ala-Glu-OH 9 as the major product. Alloc group cleavage from 8 was
performed using the described Bu;SnH-HOAc-Pd® protocol, followed by peptide liberation with TFA:H,O
95:5. HPLC analysis of the crude reaction mixture indicated incomplete reaction to give 10, 9 and an
unsatisfactory array of products.!3 This result could not be significantly improved by manipulation of the
reaction corditions and led us to develop our own Alloc-cleavage method.



5423

‘We reasoned that for rapid solid phase allyl cleavage, a nucleophile which is highly reactive, but
also small would be desirable. These criteria are fulfilled by the azide anion. In addition electrophilic
activation'* could be achieved by using a conjugate Lewis acid of azide ideally from which the azide anion
could be readily gencrated namely trimethylsilyl azide. Indeed, we have found that a 8:3 mixture of
TMSNy/BuNF is a superior reagent for the rapid and clean Pd® catalyzed removal of allyl ester protecting
groups. Treatment of 1mol equivalent of 8 with premixed 8eq.:3eq. TMSNy/Bu,NF(3H,0) and 20mol%
Pd(PPh,), in dichioromethane at room temperature under argon for 30min resulted in quantitative cleavage of
the Alloc group. After standard resin washing and TFA cleavage, 10 was the major product which was readily
isolated by HPL.C. At this point it was clear that an excellent method for removing allyl ester protecting groups
had been achieved.

It was of further interest to us to establish the generality and scope for this method with regard to
solid phase deprotections. We have established the utility of the method for the liberation of Boc-Phe-Hycram
1113 and Abu[P(OXOCH,CH=CH),}! containing peptides. The use of peptide allyl resin linkers is of use for
preparing peptide fragments, but a straightforward, efficient cleavage method is desirable.!” When 11 was
cleaved under our standard conditions (vide supra), Boc-Phe-OH was obtained with excellent recovery.!® For
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the deprotection of allyl phosphate or phosphonate esters Noyori has developed particular conditions:
butylamine(deq):formic acid(16eq) in tetrahydrofuran for several hours at 50°C.!° We have successfully
employed the Noyori mwthod in the preparation of several phosphonopeptide isosteres of serine
phosphopeptides.!® However; complete deprotection typically required reaction for several hours at 50°C as
well as 20mol% Pd(PPh,),. Using our standard TMSNy/Bu,NF and 20mol% Pd(PPh,), method with 30min
reaction time followed by standard resin washing, the previously described phosphono-hexapeptide 131% was
isolated in high yield from precursor 12 after cleavage from the Wang resin.20

In summary an efficient and apparently general method for the cleavage of allyl based éster
groups has been developed which is particularly useful for solid phase spplications. The method may be useful
as a global side chain deprotection strategy in SPPS. Recently the potential danger of using azide in
dichioromethane ascribed to the formation of diazidomethane which can explode upon concentration has been
reported and should be kept in mind.?! In the solid phase application where the product remains bound to the
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solid phase, there should be little danger of using the TMSN3/Buy/NF rcagent in dichloromethane since it is
discarded in dilute solution with the standard resin washing procedures.
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