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ABSTRACT: N-acetyl OxazoWM derivatives ofseriM and threoniflll OTe readily converted inJo reactive acid chlorides thai
condense ejfl£iently with various C-protected aminoacids. even poorly fludeoplU/ic OMS.

In connection with synthetic studies on Juzopcptins2 and congeners, a need arose to couple the C·terminus of
serine with the inner N atom of the remarkable hydrazonoacid, PCA,3 or one of its precursors. This seemingly
trivial reaction was anempted under many standard peptide fonning conditions,3,4 and by the use of numerous
permutations of blocking groups on the serine uniL In all cases, we observed only destruction of the serine and/or
of the exceedingly sensitive PCA or of its forerunners. Evidently, the abnormally low nucIeophilicity of the N
atom destined to accept the serinyl group (much less nucleophilic than a secondary alcohol),3 and the insufficient
degree of electrophilicity of common activated forms of serine, were conspiring to undermine the feasibility of the
desired operation. Analogous problems have been observed by other researchers in systems similar to ours.S.6

In light of earlier observations,3,s.6 it became clear that an acyl chloride derivative of serine would have to be
engaged in the desired acylation step. Known serinyl chlorides' proved to be unsuitable for our purpose. First,
chlorides of (protected) aminoacids generally seem to work best in acylation reactions carried out in biphasic
aqueous-organic media,8 but with our receptors we observed no significant acylation under such conditions.6b

Use of such acid chlorides in homogeneous organic solutions may be problematic.8 In our case, ~-elimination
and polymerization of the resulting dehydroalanine, even under the influence of the mildly basic agents (N.

methylmorpholine; 2,6-lutidine) customarily employed in acylation reactions, effectively competed with acylation
of the poorly nucleophilic acceptors.

We wish to describe a protection scheme for serine and threonine that allows preparation of highly reactive,
yet well-behaved, acid chloride derivatives. These condensed readily and efficiently with a variety of receptors,
even notoriously unreactive ones. Crucial to the success of this effort was the initial conversion of the free
aminoacids into derivatives 1 and 2, wherein ~limination is strongly retarded on stereoelectronic grounds.9

D-Serine - 1 I,Thrcaninc - %
An improved protocol for the preparation of the known10 oxazolone derivative 3 of serine was developed as

follows. Phosgene (CAUTlON)lI gas was bubbled through. water (ISO mIl solution of serine (lOg, 1eq.; the
D-antipode was employed in this case), NaOH (l eq.) and K2CO] (l.s eq.). while the temperature of the mixture
was maintained at ~25°C. When the pH dropped to S, bubbling was stopped. aspirator vacuum was briefly
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applied (removal of phosgene),1l and the the solution was concentrated ill vacuo. The syrupy residue was
acidified to pH =2 with cone. HO. then it was vacuum-<:oncentrated to a thick mass. The residue was extracted
with three lro.mL portions of methanol (removal of salts).12 Vacuum concentration of the extracts left crude 3.
thick mass, which was advanced to the next step without further purification. A 0.5 M acetone solution of this
material (some warming is necessary to effect dissolution of3) was treated with triethylamine (1.S eq.) and benzyl
bromide (1.2 eq.) and stirred at 250 C overnight The white precipitate of Et3N·HBr was fIltered off and rinsed
with ethyl acetate. The combined organic phases were concentrated, the residue was diluted with ethyl acetate
(PpL of more Et3N·HBr). the solution was fl1tered again, the filtrate was vacuum-<:oncentrated, and the crude
product was chromatographed (silica gel. gradient 40.-+60 % EtOAc/hexanes) to afford pure 4, mp. 80-80.50 C.
[a]o25 =+ 16.90 (c=O.115. CH2CI2). in 65-7S % yield. The same procedure afforded the analogous L-threonine
derivative 7, thick syrup, in 74 % yield, [a]D2S = + 7.70 (c=O.49, CH202).

It was not possible to directly convert intermediates of the type 3 to acid chlorides with (COOh, as the
reagent also condensed with the oxazolone NH group. Reaction of 3 with 5002 did produce an unstable acid
chloride, but this fragile material decomposed readily even under mildly basic conditions. On the other hand, N•
blocking of3 was troublesome. due to the presence of a free COOH. These technical diffICulties necessitated the
preparation of benzyl esters 4 and 7 prior to subsequent operations.

1,.Threonine

HH HB····HCOCI c-e ····HcooBna-b
O)(Ny - O)(NH •
000

8 7
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e 'R-CI
(a) COCI2. NaOH. K2CO). water. 25° C; (b) BnBr. Et3N. acetone. 25° C; 65-75 %a-b; (c) Ac20. cat. OMAP. Et]N. CH2C12.00 C.
98 %; (d) 10 % Pd(C). MeOH, 25° C. 98 %; (e) (COCl>2. CH2CI2. cat. OMF (text). 25° C.

Acetimide 5 was obtained upon reaction of 4 with AczO I cat DMAP I Et2N in CHZ02. at 00 C for I h. The
imide underwent smooth hydrogenolysis to 1. thick syrup. [a]o25 = + 74.70 (c=O.22. 0I2CI2). which formed
the expected acid chloride 6 upon treatment with 2 eq. (COCl)z in 0I202, at room temperature. in the presence
of a catalytic amount of DMF.13 Evaporation of the solvent left a dark syrupy residue ofcrude acid chloride. In a
like fashion, chloride 8 was made from L-threonine.

The acid chlorides. reactive materials that are not readily purified, were not thoroughly characterized at this
stage. However, they efficiently condensed with various receptors. Representative coupling examples are shown
in Table 1. Noteworthy is the facile merger of 6 and 8 with pipecolinate esters, which are notoriously unreactive
under standard peptide-forming conditions. We note that the diminished yields of entries 9 and 10 are attributable
to the a combination of water solubility and significant polarity. which caused problems during aqueous workup
and chromatography. By contrast, the considerably more lipophilic n-octylamide derivative 11 was much easier
to handle and purify, and it was obtained in much higher yield. Water solubility and polarity problems were
greatly reduced in the pipecolinic ester series. Compounds 12 and 13 were thus obtained in excellent
chromatographed yield.

Proton and 13C NMR spectra of 9 - 13 revealed that threonine derivatives exist substantially as a single
rotamer, while serine derivatives appear as a pair of slowly interconverting rotamers. These seem to arise through
retarded rotation about the peptide bond (tertiary amide), and not through rotation of the oxazolone N-acetyl
group, as rotamers were not evident in the NMR spectra of compounds 1. 5-6 and 8. In 9, the ratio of rotamers
was roughly 1.2:1; in 12, 1.5:1. IH and l3C spectra of 9 - 13 showed no evidence that diastereomers of the the
expected product had formed, suggesting that negligible. ifany, racemization had occurred.
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Table 1: Representative coupling reactions of acid chlOOdes 6 and 8

clIbide n:cqu product* entry [aJD25 II " yield"

t;'tCOO~
k, f ~Mc

_102.3od6 N- (}H 9 70o=< N0

k:t <OO>k
, .

8 o=<N.. OH 10 -36.6°· 72o .
H
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' : H
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H
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8 0=<:", 0 13 _5O.r b 95

H

aTypical coupling procedure: a solution ofcrude acid chloride (1.3 cq.) in CH2Cl2 was added slowly 10 a CH2Cl2 solution ofreceptor
(1 cq.) and collidine (2.3 eq.) at 0" C. After stirring at 0" C for 2 hrs, the cooling bath was removed and the mixture was stirred at
room temperature overnighL The reaction mixture was partitioned between CH2Cl2 and dilute aq. HO. The organic layer was further
washed with watet and vacuum concentrated. The residue was chromatographed. All products except 13 were obtained as thick,
hygroscopic syrups that did not cryslallize. bAlI rocations were measured in CH202 solutionS. CCbromatographed (silica scI; elhyl
acetatelhexanes mixtures) d cz=O.lIO; e c=O.046; f CI'O.l3O; g c=O.041; b e-O.ol9; m.p. 142.5·143.0" C.

Oxazolone cleavage was readily accomplished through the Kunieda procedure,14 As shown below, N•
deacetylation was best conducted through reaction of 9 or 11 with pyrrolidine in MeCN. Free oxazolones of the
type 14.15 were extremely polar; therefore they were not purified or extensively characterized. N-Derivatization
with BOC20/cat. DMAP provided 17, mp. 177.0-177.5 (effervescence; reer. EtOH),15 and 16, thick oil,
[a]o25 =-62.7° (c=O.063, 0I2Cl2), in 85 % and 72 % yield, respectively. Cleavage proper was effected with
CS2C0 3in MeOH to fonn N-BOC dipeptides 18,16 oil, 77%, [a]o25 ... -35.1° (c=O.078, 0I2C12), and 19. oil,
79 %, [a]o25 =-57.5° (co=O.057, CH2CIV. NMR spectra of 18 and 19 (IH and 13C) showed no evidence of

l:-90r 11

z 0 co-y

~ O~N:CO
o R

~
14 Z. H; R. II; Y • OMc

b 15 Z. II; R • Me; Y • NH-Oct-ll
( 16 Z. BOC; R • Me; Y • NH-Oct-II

17 Z. BOC; R. H; Y .0Me

. 1. CO-Y

BOCHNXD6
no R

18 R s II; Y• OMe
19 R. Me; Y • NH-Oct·"

(a) Pyrrolidine (1.3 eq.), MeCN. 250 C. 12 hrs, lhen remove solvents and advance crude material 10 next step; (b) BOC20 (1.1 eq.).
caL OMAP, Et3N (1.2 eq.), CH2C12. 0" C. 30 min. 8S " (17) and 72% (16) a-b; (c) MeOH, CS2C03. 250 C, 3 hrs, 71% (18) and

79 " (19) chromatographed.
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erosion of stereochemical integrity of the aminoacid units; moreover. they revealed that 18 exists as a 4:1 mixture
of rotamers. while in 19 the rotamer ratio is ca. 15:1.

The methodology described in this Letter has already proven to be successful for the attachment of a serine
fragment to aPCA precursor. Details of the application of the present protocols to the luzopeptin problem will be
described in due course.
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