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Reaction of N,N-dibenzyl- O-methylsulfonyl serine methyl ester with a variety of heteronucleophiles (sodium azide, sodium phthalimide, amines,
thiols) and carbanions (sodium malonate) gave, via an aziridinium intermediate, the corresponding -amino or o, B-diamino ester in good to
excellent yield. A short synthesis of orthogonally protected and enantiomerically pure 2,3-diamino propionate (Dap) is described.

The high density of functionalization associated with its ready the competitive-elimination process leading to racemic
availability in both enantiomerically pure forms have made adducts (Scheme 1)To avoid this undesired reaction, serine
serine an ideal starting material in organic syntheéSisveral

versatile serine-based synthons have been developed aIIowin_
regio- and stereoselective introduction of functional groups Scheme 1 g-Alanyl Cation Equivalent, Problem of

into the molecule. Among them, Garner's aldehydad B-Elimination

Jackson'g3-alanyl anion synthohare notable examples and

. . . PHN,_CO,M PHN, _CO,M
have been widely applied in the synthesis of complex natural \[ 2N PHN_ _CO.Me L“[ 2ve
products. On the other hand, earlier efforts aimed at X \W Nu
synthesizings-alanyl cation synthons for direct functional- 1 2 3
ization of serine have met with only limited success due to

TInstitut de Chimie des Substances Naturelles. derivatives with reduced-CH acidity have been synthesized.
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Scheme 2. Stereoselective Synthesis of Enantiomerically Pure
B-Amino or a,3-Diamino Esters

anN\[COZMe Nu Nu,, [COQMe

OMs NBn,

4 5
Nu = N5 phthalimide, CN, CHy(COOMe), R{R;NH

The ability of theN,N-dibenzyl group to shield the-CH

of a-amino acid from deprotection has been amply demon-

strated and a variety ofN,N-dibenzyl amino aldehydes,

Scheme 3. Synthesis of $)-a-Azido-3-N,N-dibenzylamino
Propionatesa
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including serinal® have been synthesized. We document S-elimination as well as from the formation of aziridiniurh.

herein thatN,N-dibenzyl-O-methylsulfonyl serine methyl
ester §) is a stablex,3-alanyl double cation synthon. It reacts
with a variety of heteronucleophiles (NgNodium phthal-

As a prototypical transformation, reaction4fvith sodium
azide was first examined (Scheme 3). Under optimized
conditions (MeCN/DMF= 4/1, 60°C), a single product was

imide, amine, thiol) and carbanions (sodium malonate) to isolated in 90% yield whose structure was determined to be

afford, via an aziridinium intermediate, the corresponding
pB-amino ester oo, 5-diamino esterg) in good to excellent
yield (Scheme 2).

Compoundbp-4 was obtained in 80% isolated yield by
mesylation of the readily available-N,N-dibenzyl serine
methyl ester)'®° under classic conditions (MsCl,4&t, CH,-

(9-methyla-azidof3-N,N-dibenzyl propionate5a). Methyl
N,N-dibenzyl$-azido alanate (7a) resulting from the formal
direct nucleophilic substitution of mesylate by azide was not
detected in the crude product By NMR analysis (Scheme
3). The formation ofN,N-dibenzyl aziridinium-2-carboxylate

8 followed by regioselective ring opening by an2process

Cl,, rt, Scheme 3). We stress that formation of the chloro could explain the formation da.

amine resulting from the attack of the chloride ion on the
mesylate4 was not observetf. Compoundp-4 in its pure

form is stable at room temperature and can be stored for

weeks in a refrigerator without detectable degradatidrhis
highly desirable stability can be ascribed to the bulky

N-protecting group that protects the compound from the
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The structure oba was determined by its transformation
to the known compoundil (Scheme 4). Staudinger reduction

Scheme 4. Structural Determination of Compourig
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of azide gave the diamin&in 83% yield. Protection of the
resulting primary amine asrt-butyloxycarbamate gavi.
The observed NH—CHcorrelation in the COSY spectrum
of 10is in accord with the structure &a. Finally, removal

of the N-benzyl group under hydrogenolysis conditions
afforded the knownS)-N,-Boc S-amino-alanine methyl ester.
To further confirm the assignment of the stereochemistry of
5a, both (S)- and (R)-O-methylmandelic acid derivatiV2s
and 13 were synthesized. The calculated chemical shift
differences Adarchnena2-13) = —0.09 ppMAJSdcommear-13—=
0.04 ppmp] were indicative of thé& configuration of
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Table 1. Synthesis of3-Amino Ester andy,3-Diamino Estet Scheme 5. Synthesis of Dipeptidd4

(@)
BnoN._CO,Me BnoNy_-COMe
2 \[ 2! NuH Nu'»»[COZMe 2 \[ z O/\I K/N/u CO,Me

+
OMs  MeGN, 80°C NBn, Nu K,N/‘,[COZMe a) Pd/C, Hy, 2.5 bar, MeOH s L H
4 5 7 b) L-N-Cbz Phe ala, EDC,
NBNz  HOB, Et;N, CH,Clp 90% O)\._/\Ph
/\ NHCbz
NuH= HN © 5b 92%2 7b? 5b 14
-/
HN  NBn 5¢ 71% 7c 8%C

—/ dibenzyl aziridinium precursof$;!’ it is interesting to note
N\ that compound! was notably absent from these literature

HN\_/S 5d84% 7d 10%° reportst® Encouraged by these results, the reactios wfth
N 56 37% morpholine was next examined. Gratifyingly, simply heating
an acetonitrile solution of morpholine witdh to 80 °C
HN afforded5b in 92% yield (Table 1). The structure 6b was
,O 5f75% 7"’ determined by its transformation to the dipeptidgScheme
MeO2C 5). The NH-CH; correlation in the COSY spectrum G#
,—Ph ) clearly indicated the structural identity 6b. Moreover, the
HN Ph 59 86% 9 de of 14, hence the ee &b, was determined to be higher
than 95%.
HN\__ 5h 509%¢ 7h 16% ¢ The reaction of4 with other amines was next examined
— as a means for the syntheses of diversely substituted chiral
HZN% 51 41% 7i0 diamines!® Although the degree of regioselectivity is sensi-
tive to the nature of nucleophiles, the reaction is uniformly
NN 5j 23%¢ 7j 23%¢ a—se]eptive with a variety of cyclip as W.e||. as acyclic amines
\=/ providing compound as the major regioisomer (Table 1).
Q Whereagert-butylamine reacted with to afford5i as a sole
KNi\’j@ 5K 56% isolable regioisomer in moderate yield, other sterically less
encumbered primary amines were poor substrates for this
o reaction due to the occurrence of a double alkylation reaction
HSCH,COOMe 5142% (results not shown). Imidazole also participated in this
HSCOMe 5m 50% reaction to afford two regioisomers in a one-to-one ratio.

) _ Reaction of4 with phthalimide anion worked under the
a|solated yield.? Not observed in théH NMR spectrum of the crude

product.¢ Determined from théH NMR spectrum of the crude product. !dentlcal 90”0““0”_5 to prpwde the Corr?SpondMgeg'o'_
dInseparable mixture of two diastereoisomers. isomer5k in 56% yield. Thiols are also suitable nucleophiles.

Thus reaction oft with methyl thioglycolate or the potassium
salt of thiolacetic acid (MeCN, 80C) afforded5l and5m
compoundsal* Thus the configuration of the-center was in yields of 42% and 50%, respectively. Due to the inherent
reversed in the course of this reaction. In addition, analysis

f IH NMR ra of com n nd13indi h (16) (a) Gmeiner, PTetrahedron Lett199Q 31, 57175720. (b) Dieter,
0 spectra of compou di2 and13 .d cated that R. K.; Deo, N.; Lagu, B.; Dieter, J. WI. Org. Chem1992,57, 1663—
the de of12and13, and hence the ee of their precurSey 1671. (c) Cossy, J.; Dumas, C.; Gomez Parddz. J. Org. Chem1999
was higher than 95%. It is interesting to note that the 1233;3‘1189?-)(cg\éveberbK.;TKukllnslﬁ, %; gmelgehrﬂgbldgtggoggf,

: : : - . (e ‘Brien, P.; Towers, T. D. rg. em s , -
transformanon shown in Schgme_4 repre;ents anew synthe5| 07. (f) Graham, M. A : Wadsworth, A. H.. Zahid, A.: Rayner, C. fg.
of selectively protected 2,3-diamino propionate (Dap), which Biomol. Chem2003,1, 834—849. (g) McKay, C.; Wilson, R. J.; Rayner,

i it i C. M. Chem. Commur2004, 1080—1081. (h) Couty, F.; Evano, G.; Prim,
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Besides being shorter than other recently reported routes, (17) For interesting examples of ring opening of aziridine by a vicinal
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(14) (a) Trost, B. M.; Bunt, R. C.; Pulley, S. B. Org. Chem1994,59, Shanzer, AJ. Am. Chem. S0d.982,104, 5836—5837. (b) Nagle, A. S.;
4202—4205. Salvatore, R. N.; Chong, B.-D.; Jung, K. Wetrahedron Lett2000,41,
(15) Recent synthesis, see: (a) Otsuka, M.; Kittaka, A.; liomori, T.; 3011—3014.
Yamashita, H.; Kobayashi, S.; Ohno, hem. Pharm. Bull1985, 33, (19) (a) Lucet, D.; Le Gall, T.; Mioskowski, GAngew. ChemInt. Ed.

509—-514. (b) Batt, D. G.; Houghton, G. C.; Daneker, W. F.; Jadhav, P. K. 1998,37, 2580—2627. (b) Rondot, C.; Zhu,Org. Lett.2005,7, 1641—

J. Org. Chem.2000, 65, 8100—8104. (c) Englund, E. A.; Gopi, H. N.; 1644. (c) Cabello, N.; Kizirian, J.-C.; Gille, S.; Alexakis, A.; Bernardinelli,
Appella, D. H.Org. Lett.2004,6, 213-215. Ring opening of 2-carboxylate ~ G.; Pinchard, L.; Caille, J.-CEur. J. Org. Chem2005, 4835—4842. (d)

azirdine: (d) Kim, Y.; Ha, H.-J.; Han, K.; Ko, S. W.; Yun, H.; Yoon, H. Mossé, S.; Alexakis, AOrg. Lett 2005 7, 4361-4364 and references
J.; Kim, M. S.; Lee, W. K.Tetrahedron Lett2005,46, 4407—4409. therein.
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Scheme 6. Reaction of Malonate Anion witlh Scheme 7. One-Pot Synthesis & from Alcohol 6
BnoN,_COMe DMF, 100 °C BroNo COMe  Ms,0, EtsN, MeCN Nu,, CO.Me
\[ + NaHC(COOMe), \[ [
OMs 67% OH then Nucleophile NBn,
6 5
Somte MeO,G,  COMe
2 34 Nucleophile= NaN 5a 74%
Pd/C, H, MeOH ! 3
MeO,C ~CO:Me 2 Ve 0Ny Nucleophile = morpholine 5b 77%
NB 1t, 90% Bn
N2 J H3-H4 = 8.8 Hz
5n 15 The vyield of this one-pot process was actually higher than

the overall yield of the two-step process.

In summary, we demonstrated that optically pd¥gN-
dibenzylO-methylsulfonyl serine methyl estet)(is a stable
precursor ofN,N-dibenzyl aziridinium-2-carboxylate (8). It
reacts with a variety of heteronucleophiles (Naslodium
phthalimide, amine, thiol) and carbanions (sodium malonate)
to afford the corresponding-amino ester ox,3-diamino
ester (5) in good to excellent yield. Ring opening occurred
preferentially at the sterically more hindereg fisition with
inversion of configuration. A short synthesis of an important
nonproteinogenic amino acid, tiN-Boc-2,3-diamino pro-
pionate (Dap), has been developed.

basicity of the malonate anion, its reaction wjtkalanyl
cation synthon usually led to the formation of racemic adduct
via a sequence gf-elimination/Michael additiod? We were
thus glad to observe that the reaction ofwith sodium
dimethyl malonate (DMF, 100C) provided cleanly the
a-substituted produdin in 67% yield. The structure dn
was fully established by detailed spectroscopic studies and
its chemical transformation to pyrrolidinod. It is interest-

ing to note that the lactamization displayed high group
selectivity’! to afford the 3,4 trans isomer as the only isolable
product.

Finally, we found that could be synthesized in a one-
pot fashion fromN,N-dibenzyl serine methyl ester without
isolation of the mesylaté. Thus mesylation o6 with Ms,O
in MeCN in the presence of g at room temperature
followed by addition of NaNand heating to 60C afforded
5a in 74% isolated yield (Scheme 7). Similar§b was Supporting Information Available: Experimental de-

prepared in 77% yield by using morpholine as a nucleophile. tails, physical data, and copies #1 and**C NMR spectra
of compounds#t, 6, 5a—n, 9—13, and15. This material is
(20) Wei, L.; Lubell, W. D.Org. Lett.200Q 2, 2595-2598 and references ~ available free of charge via the Internet at http:/pubs.acs.org.

therein.
(21) Poss, C. S.; Schreiber, S. Acc. Chem. Red994,27, 9-17. OL060700U
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