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Abstract

By using a DMAP catalysed reaction of B-hydroxyamino acid derivatives with rerr-butylpyrocarbonate, the
corresponding dehydroamino acid derivatives were obtained in high yields. © 1998 Elsevier Science Ltd. All rights
reserved.
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introduction

Naturally occurring compounds containing &, 3-dehydroamino acid residues are frequently
encountered in many DlOlOglC&ily important peptides, mciuamg the class of polycyclic peptide
antibiotics known as lantibiotics (viz. nisin, epidermin, subtilin) and also several enzymes from
plant and bacterial sources. Since they affect both chemical reactivity and conformation,
dehydroamino acids have also been introduced into peptides for structure-activity relationship
studies | 1-4].

Several methods have been developed for the synthesis of dehydroamino acids [1,2,5] but -
elimination has been the main approach to the synthesis of dehydroalanine (AAla) and
Aahuvdraaminanhnturie acid (A Ak YD 1TAT Q1 Althnanoh thic ronte ac the advantagse nf
uhll_yUlUullllllUUuL LIV AUlU (AU [ &a0, Uy Fal, 2. MUAUIVUESRL LD 1UVULLY 11A0 wiibv duvanage vl

starting from readily available serine and threonine derivatives, respectively, most of the [-
elimination procedures described in the literature are accompanied by side reactions that may
lead to complex mixtures, difficuit purifications and poor yieids. In the case of
dehydroaminobutyric acid, the methyl group at the S-carbon atom gives rise to two geometrical
isomers, E and Z, the latter being the only one found in nature; this fturther complicates
isolation and purification of the product required and leaves place for investigation of the
possibility of obtaining conditions for stereoselective or even stereospecific dehydration.

2. Results and discussion

In previous work [10], we found that treatment of serine derivatives with benzyl
chloroformate, DMAP and triethylamine in DMSO gives the corresponding dehydroalanine
derivatives in fairly good yields (51-76%). However, when attempting to use this method with
threonine derivatives, a complex reaction mixture was obtained, failing to give any pure
product. It was found by Nugent [11] that it was possible to dehydrate B-hydroxyamino acids

by treatment with an excess of Ac2QO in the presence of base. However, the yields were only
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the nitrocen atom of the B-hvdroxvamino acid in order to facilitate B-elimination and thuc
LA Illb.ué‘—lll CaLLriiL IR AELINs rl IIJ “AE \II\J LAR1L11AN/ W ivs ix1i A S ] LA v AVAVRLiLLRALW V WAAAARRARARACVINSRE G211N\3 RiiNMAD
irmnrnauvae tha roasticn inlde Hanra whan raanting N M onrntoctad goarina thranoina ~e R
HIprove (nc reaction yicias. nence, wneil reaclnig v, -proiecitna serine, niconiie of -

hydroxyphenylalanine derivatives in dry acetonitrile with tert-butylpyrocarbonate in the
presence of DMAP as catalyst, the only product isolated was the corresponding AAla, AAbu or
dehydrophenylalanine (APhe) derivative (II, scheme 1). As shown in Table 1, in all cases but
one, the starting material was previously protected with one of the following groups: tert-
butyloxycarbonyl (Boc), benzyloxycarbonyl (Z), p-nitrobenzyloxycarbonyl [Z(NO3)],
diphenylphosphinyl (Dpp), p-toluenesulfonyl (Tos).
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Scheme 1

Table 1
Results obtained in the synthesis of dehydroamino acid derivatives

Reageni Product Yield / %2
Boc-Ser-OMe Boc-AAla(N-Boe)-OMe 92
7-Ser-OMe Z-AAla(N-Boc)-OM 85
Z(NO2)-Ser-OMe Z(NO2)-AAla(N-Boc)-OMe 93
Dpp-Ser-OMe Dpp-AAla(N-Boc)-OMe 88
Tos-Ser-OMe Tos-AAla(N-Boc)-OMe 99
Boc-Ser-OH Boc-AAla(N-Boc)-OrBu 73
2-Ser-OH Z-AAla(N-Boc)-OrBu 65
H-Ser-OMe Boc-AAla(N-Boc)-OMe 82
Boc-Thr-OMe Boc-AAbu(N-Boc)-OMeb 87
Z(NO7)-Thr-OMe Z(NO2)AAbu(N-Boc)-OMeP 92
Tos-Thr-OMe Tos-AAbu(N-Boc)-OMeP 87
Boc-Thr-OH Boc-AAbu(N-Boc)-OBuP 73
Z(NO2)-Phe(B-OH)-OMe  Z(NO2)-APhe(N-Boc)-OMeb 93

4 yield of pure material.
b Z-isomer.

An attempt to apply this methodology to an Fmoc derivative of serine failed to give Fmoc-
AAla(N-Boc)-OMe due to base induced cleavage of Fmoc by the catalyst (DMAP); this group
was substituted by a further Boc group and, thus, the only product obtained was Boc-AAla(N-
Boc)-OMe. In the case of N-tr 1tyl serine methyl ester the only product obtained was Trt-Ser(O-

in this case does not

up in this case does n
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-carbon atom.
Z(NOz) la(N-Boc)-OMe, it was tound that the reaction proceeds through a three-step
pattern, starting with binding of a rerr-butyloxycarbonyl group at the amine function, followed
by carboxylation of the hydroxyl group to give the corresponding tert-butylcarbonate, which

?

undergoes [-elimination to the final product.

With threonine and B-hydroxyphenylalanine derivatives (threo type) the reaction was
stereoselective, giving only the naturally occurring Z-isomer as shown by NMR spectroscopy.
This selectivity seems to result from the bulkiness of the groups bound to the nitrogen atom,
which would force and thus facilitate a trans Ep-climination. This is in agreement with results

nhtainad hy Qrinivacan ot Al T1I2T whan wwe rannrtad that haca indunerad R aliminatinn nf I\I_nr\‘rl_
uuealtiea vy IHIIYAsAdll ©F UL, | Lo WU 1lHtavue lle\Jll-\.z\l LiidL vUddu iuuvueyg V—Ullllllllall\}ll VL Y a\.«'yx
YT Tl /) T o) YA (b dxrama) smss il A trmine e alimaimatinie +a viva tha 7 icnmos 1
PJL- T W-10O5)-UVIC (UHCL LYPC) PLOCCCUS VIid d rany )-CHHIINAUOLL 1O ZIVE UIC L~ lbUlIlCI 1[1 a
70% yield

Having in mind to simplify our procedure by saving one of the two required protection steps,
the use of derivatives of serine and threonine bearing only one protecting group either at the N-
or the C-terminus was investigated. When a derivative with a free carboxyl function was used
as startino material, it underwent a DMAP catalysed esterification with dicarbonate as

j=n

treatment with TFA, as demonstrated in the cleavage of Z(NO3)-AAbu(N-Boc)-OMe to give

FZANTIY N A AL A ~Adis A [ P

L(NUQ}-/_\ADU OMe 1n an 85% lelQ t[le pfOUUL tll,lb UDldlIlCU was then bclpOﬂlIlﬁ{l y U.ﬁg
78% of Z(NO2)-AAbu-OH; finally this N-protected dehydroamino acid was coupled with
glycine methyl ester with the aid of DCC in a 74% yield.

The conditions usually required to cleave the Tos and Z(NO2) groups by standard
procedures are possibly too drastic to be applied to dehydroamino acid derivatives. However,
these groups were used as we wanted to investigate their cleavage from dehydroamino acids by

the use of mild electrolysis, according to procedures previously developed in our laboratory

[14.15]. Thus, Tos and Z(NO2) could be selectively removed by electrolysis at controlled

natantia ¥ a racnective dehvdraa nahntvurie acid derivativec to oive Rac-AAhii-OMe in
lJ\I AdELIA TULIL LI Tedpluil VO ULHL Y W UALHIIVUZUL Y THL AU ULLLIVAUIVLO LU 2l ve DULTAOMAUUTL/LVIL 1t
iial A AL TQUL it OU0) cmcmpntiuel

ylLth O6 /070 dlQ 7370, ICSPCLLIVCLY.

The applicability of our methodology to the dehydration of peptides containing [-
hydroxyamino acids was also investigated. The dipeptides Boc-Ala-Ser-OMe, Boc-Ala-Thr-
OMe and Boc-Phe-Phe(B-OH)-OMe were prepared and reacted under the conditions described
previously to give Boc-Ala(N-Boc)-AAla(N-Boc)-OMe, Boc-Ala(N-Boc)-AAbu(N-Boc)-OMe
and Boc-Phe(N-Boc)-APhe(N-Boc)-OMe with yields of 91, 84 and 91% respectively. Again,
the reaction of the dipeptides containing a B-hydroxyamino acid residue was stereoselective,
the product containing only the Z-isomer. Further investigation concerning dehydration of di-

and tripeptides i1s under way.
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naturaily occurring species. Selective cleavage of either Boc or Tos and Z({NO3) from the fuily

protected compounds was achieved in good yields to give the corresponding monoprotected
esters. Our results make us believe that this is a general and stereoselective method for the
preparation of the Z-isomer of derivatives, including peptides, of known or new o,B-
dehydroamino acids as obtained from direct dehydration of the corresponding B-hydroxy
compounds. Such peptides would be of appreciable importance for pharmacological screening.

4. General experimental procedure (example)

Preparation of Tos-AAla(N-Boc)-OMe: To a solution of Tos-Ser-OMe (5 mmol) in dry
acetonitrile (5 ml), was added DMAP (0.5 mmol) followed by tert—butylpyrocarbonate (12.5

mmol) under ranid stirrin

........ S o LA A 1S

hu t 1+ (athul ather-havana 1Y Fuannratinn at radncad nracenra rauvn o racidne that wac
Lol.L, (UL Y T CUIVL LT AALIG, Lj. LVAPUIGUULL dl I0UULLU pICOSUIL Zave 4 (USIUuUL udidl wdadd

PO B MUY A TS RN T4 TA TS AUV I v B SOV YR B N SRVAL VA VA RIS B UL e o) My [ T S
PCUUU( ea Detweei Clyl CUICh {£LUu 111) dild [Nr1ov4 1 ivi (1VuU 11 ). 110 k",gd e pll'dbC wWdd
thoroughiy washed with KHSO4 1 M, NaHCO3 1 M and saturated brine (3 x 50 mi each), and

dried over MgSQO4. Removal of the solvent atforded the required product. After crystallization
(ethyl ether/hexane) a white solid was obtained in a 99% yield: m.p. 129-130°C; IH NMR
(300 MHz) 6 (CDClI3): 1.3 (9H, s, CH3 Boc); 2.4 (3H, s, CH3 Tos); 3.7 (3H, s, CH3 OMe): 6.1
and 6.7 (2H, 2s, =CHp»); 7.3 and 7.9 (4H., 2d J=8.6Hz, ArH Tos).; Anal. Calc. for CooH21NOgS
(355.41): C 54.07: H5.96; N 3.94; § 9.02, Found: C 54.34, H6.11, N 3.93, S 8.86.
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