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Ring opening of enantiopure N-(9-(9-phenylfluorenyl)serine-derived cyclic sulfamidates with f-keto esters, f-keto ketones, and dimethyl malonate
gave a variety of p-substituted amino acid analogues in racemic form. Investigation of the mechanism for racemization revealed that -elimination
occurred to form a dehydroalanine intermediate that underwent subsequent Michael addition.

In the context of our research in the fields of peptide  Serine-derived cyclic sulfamidates have been effectively
mimicry’ 2 and excitatory amino acid synthe$isje have used as fB-alanyl cation” synthons for the synthesis of
made extensive use of aminodicarboxylate-derigeceto o-amino acids because the cyclic sulfamidate can simulta-
esters:—® Previously,5-keto esters were obtained via acy- neously activate thg-position to nucleophilic attack and
lation of thew-enolate ofy-methylN-(PhF)glutamate deriva-  protect the amino group*® Several examples of nucleophilic
tives (PhF= 9-(9-phenylfluorenyl)}-8 Although this method
proved effective for synthesizing-keto esters on variable (9) Baldwin, J. E.; Spivey, A. C.; Schofield, C. Jetrahedron:
scales depending on the electrophile, an alternative approacﬁ?’%&"ﬁf&fﬁ?g%ﬁ?ﬂé, K. 3. Harwood, L. M.; McGregor, Aletrahe-
was sought that would be more amenable to large scaledron: Asymmetry1990,1, 877.

synthesis and library generation. We envisioned that a _ (11) Boulton, L. T.; Stock, H. T.; Raphy, J.; Horwell, D. @. Chem.

. . . . . Soc., Perkin Trans. 1999, 1421.
method based on ring opening of cyclic sulfamidates derived ~ (12) kim, B. M.; So, S. M.Tetrahedron Lett1998,39, 5381.

from serine could be used to prepare the degir&dto esters (13) White, G. J.; Garst, M. El. Org. Chem1991,56, 3178.
andﬂ-keto ketones (14) Aguilera, B.; Fernandez-Mayoralas, A.; Jaramillo,Tétrahedron
: 1997,53, 5863.
(15) Okuda, M.; Tomioka, KTetrahedron Lett1994,35, 4585.
(1) Beausoleil, E.; Lubell, W. DBiopolymers2000,53, 249. (16) (a) Andersen, K. K.; Bray, D. D.; Champradit, S.; Clark, M. E;
(2) Bééc, L.; Slaninova, J.; Lubell, W. D1. Med. Chem200Q 43, 1448. Habgood, G. J.; Hubbard, C. D.; Young, K, Nl. Org. Chem1991, 56,
(3) Halab, L.; Lubell, W. D.J. Org. Chem1999,64, 3312. 6508. (b) Andersen, K. K.; Kociolek, Ml. Org. Chem1995,60, 2003.
(4) Atfani, M.; Lubell, W. D.J. Org. Chem1995,60, 3184. (17) Van Dort, M. E.; Jung, Y. W.; Sherman, P. S.; Kilbourn, M. R,;
(5) lbrahim, H. H.; Lubell, W. DJ. Org, Chem1993,58, 6438. Wieland, D. M.J. Med. Chem1995, 38, 810.
(6) Beausoleil, E.; L’Archevéque, B.; Bélec, L.; Atfani, M.; Lubell, W. (18) Ok, D.; Fisher, M. H.; Wyvratt, M. J.; Meinke, P. Tetrahedron
D. J. Org. Chem1996,61, 9447. Lett. 1999,40, 3831.
(7) Lombart, H. G.; Lubell, W. DJ. Org. Chem1994,59, 6147. (19) Lyle, T. A.; Magill, C. A.; Pitzenberger, S. M. Am. Chem. Soc.
(8) Lombart, H. G.; Lubell, W. DJ. Org. Chem1996,61, 9437. 1987,109, 7890.
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ring opening of cyclic sulfamidates derived from serine have
been described with nitrogén!4 oxygen?111415sulfur 21114
and fluoridé*131"~®nucleophiles. On the other hand, ring-

periodate and catalytic ruthenium trichloride in acetonitrile
and water at °C afforded cyclic sulfamidatd in 86%
overall yield??

opened products have rarely been synthesized with carbon Ring opening of sulfamidatewas examined under various

nucleophile&? other than cyanid@!'13163An exception to
this trend was the ring opening of$¥tert-butyl 2,2-dioxo-
3-benzyl-1,2,3-oxathiazolidine-4-carboxylate with diethyl
malonate which producetért-butyl N-benzyl-4-ethoxycar-
bonyl pyroglutamate as well as a dehydroalanine side
product? Attempting to extend this reactivity with carbon
nucleophiles, we have studiétt(PhF)serine-derived cyclic
sulfamidatel and have discoveredelimination/Michael
addition pathway that furnished racenpisubstituted amino
acid products.

(49)-Methyl 2,2-dioxo-3-PhF-1,2,3-oxathiazolidine-4-car-
boxylate (1) was synthesized in two steps frovn(PhF)-
serine methyl esteB (Scheme 1¥° Treatment of serin@

Scheme 1. Synthesis oiN-(PhF)Serine-Derived Cyclic
Sulfamidatel

NalOy4, RuCl
OH O SOCIZ, EtsN, Q 4, 3,
oM imidazole, 0°C _Ods*f\/’\}_cone Hy0/CH3CN.
e ——————— {
87%
NHPhF 99% PhF b
3 4

o)
o §\/N>*COQMe
O 'PhF
1

with thionyl chloride, triethylamine, and imidazole in dichlo-
romethane furnished quantitatively a 1:2 mixture of diaste-
reoisomeric sulfamidites4 that could be separated by
chromatography on silica gel using an eluent of EtOAc in
hexané&! Subsequent oxidation of sufamiditésvith sodium

(20) Lubell, W. D.; Rapoport, HJ. Org. Chem1989,54, 3824.

(21) (2R,49)-Methyl 2-Oxo-3-(PhF)-1,2,3-oxathiazolidine-4-carboxy-
late ((2R)-4) and (35,4S)-Methyl 2-Oxo-3-(PhF)-1,2,3-oxathiazolidine-
4-carboxylate ((2S)-4).A solution of N-PhF+-serine methyl ester §)-3,
3.57 g, 10 mmol, prepared according to ref 20) in 150 mL of dichlo-
romethane was cooled to €, treated with imidazole (2.7 g, 40 mmol)
followed by triethylamine (2.8 mL, 20 mmol), stirred for 10 min, and then
treated with thionyl chloride (0.8 mL, 11 mmol). After stirring an additional

conditions using enolates derived frgivketo esters3-keto
ketones, and dimethyl malonate as nucleophiles (Scheme 2).

Scheme 2. Synthesis ofy-Acyl Amino Acids 2 by Ring
Opening of Cyclic Sulfamidaté&
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We found that the desired amino acid derivatiZwere
best prepared on treatment of sulfamidhteith a premixed
solution containing 400 mol % of-keto ester oi3-keto
ketone and 220 mol % of sodium hydride in DME, followed
by heating at 60C for 18 h and cooling to room temperature
before hydrolysis of the reaction mixture wit M KH,PO,
and chromatography (Table £)Dehydroalanin& was also
encountered as a significant side product.

B-Keto esters2a and 2c were respectively converted to
5-methylproliné*2>and d-keto a-amino este6cf an inter-
mediate in the synthesis M-BOC-5+ert-butylproline 8c
(Scheme 3)Hydrolysis and decarboxylation gfketo esters

(22) (49-Methyl 2,2-Dioxo-3-PhF-1,2,3-oxathiazolidine-4-carboxylate
(1). A solution of 2-oxo0-1,2,3-oxathiazoliding(1.25 g, 3.1 mmol) in 100
mL of acetonitrile was cooled to TC, treated with ruthenium(lll) chloride
monhydrate (10 mg) followed by sodium periodate (1.28 g, 6 mmol), stirred
for 10 min, and quenched with water (100 mL). After stirring for 4 h, the
reaction mixture was diluted with ether (100 mL) and the phases were
separated. The aqueous phase was extracted with ethe6@BmL). The
combined organic fractions were washed with saturated aqueous sodium
bicarbonate (100 mL) and brine (50 mL), dried, filtered, and evaporated to
a residue that was purified by chromatography on silica gel with an eluant

45 min, water (100 mL) was added and the phases were separated. Theof 0—20% EtOAc in hexane. Evaporation of the collected fractions provided

aqueous phase was extracted with dichloromethane $® mL), and the
combined organic fractions were washed with watex(80 mL), dried,
filitered, and evaporated. The residue was normally used without purification
in the next reaction. Purification of the residue by chromatography on silica
gel with an eluant of 2630% EtOAc in hexane provided 4 g (99%) of a
1:2 mixture of diastereomers,2-4and (2S)-4. First to elute wasR2-4:

TLC R = 0.54 (30% EtOAc in hexanes); mp 83—8€; [a]*% 121° (¢

0.14, CHCH); *H NMR (400 MHz, CDC}) 6 3.42 (s, 3 H), 3.51 (dd, 1 H,
J=1.4,71),4.41 (dd, 1 H) = 1.4, 9.4), 475 (dd, 1 H) = 7.1, 9.4),
7.17-8.17 (m, 13 H){13C NMR (75 MHz, CDC}) ¢ 52.1, 59.0, 72.2, 75.2,
171.4; HRMS calcd for @H2004NS (MH") 406.1113, found 406.1130.
Next to elute was (2S)-4: TL®& = 0.37 (30% EtOAc in hexanes); mp
71-72°C; [0]?°p 243° (c 0.38, CHCH); *H NMR (400 MHz, CDC}) 6

337 (t1HJ=7.9),357(s,3H),432(, 1H=7.9),4.95( 1HJ
=7.9), 7.19-7.77 (m, 13 H)3C NMR (75 MHz, CDC}) 6 52.5, 61.3,
73.5, 76.2, 170.3; HRMS calcd for,@1140.NS (M) 405.1035, found
405.1046. Stereochemistry was ascertained by a combination of NMR
spectroscopy and X-ray crystallography experiments to be reported in a
forthcoming manuscript in preparation.
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1.14 g (87%) ofL.: mp 155—156'C; [a]?% 244°(c 0.1, CHC}); *H NMR
(400 MHz, CDC}) 6 3.64 (dd, 1 HJ = 4.0, 8.2), 3.69 (s, 3 H), 4.02 (dd,
1H,J=28.2,8.7), 4.38 (dd, 1 Hl = 4.0, 8.7), 7.19-8.22 (m, 13 H);}3C
NMR (75 MHz, CDCE§) (52.9, 58.8, 66.8, 77.9, 169.2; HRMS calcd for
Ca3H1905NS (M) 421.0984, found 421.0997.

(23) General Procedure for Ring Opening of Five-Membered Cyclic
Sulfamidates with f-Keto Esters, fi-Keto Ketones, and Dimethyl
Malonate. A solution of sodium hydride (prewashed with hexane, 60 wt
% in oil, 85 mg, 2.1 mmol) in DME (15 mL) was treated with the respective
[-keto esterS-keto ketone, or dimethyl malonate (3.6 mmol), stirred for
10 min, treated with (8)-methyl 2,2-dioxo-3-PhF-1,2,3-oxathiazolidine-4-
carboxylate (1, 380 mg, 0.9 mmol), heated at°60for 18 h, cooled to
room temperature, and pouredant M NaH,PO, (50 mL). The mixture
was extracted with EtOAc (X 50 mL). The combined organic phases
were washed with brine (& 30 mL), dried, filtered, and evaporated to a
residue. Isolation protocols as well as spectral characterization d&ta-fér
are presented in the Supporting Information.

(24) Ho, T. L.; Gopalan, B.; Nestor, J.J.0rg. Chem1986,51, 2405.

(25) Mauger, A. B.; Witkop, BChem. Rev1966,66, 47.
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merico-methylbenzylamideSa, which were synthesized by
coupling cis-N-(BOC)-5-methylproline8a to L- and p-a-
methylbenzylamine followed by removal of the BOC group
with 10% TFA in CHCl, (Scheme 3). In théH NMR
spectra ofx-methylbenzylamideSa, the disteromeric methyl
doublet peaks were resolved and came at 1.50 and 1.49 ppm,

Table 1. Synthesis ofy-Acyl Amino Acids 2 by Ring Opening
of Cyclic Sulfamidatel with Enolates ofp-Keto Ester,3-Keto
Ketone, and Dimethyl Malonate

nucleophile

entry R' R conditions 2% (%) 5 (%) as well as at 1.46 and 1.42 ppm. Integration of these doublets
a Me OMe K,COs, DMF, rt, 3d 100¢ indicated thaBa was of only 10% diasteromeric excess.
Me  OMe KyCOs THF, rt, 3d 300 d Racemization had evidently occurred during the synthesis
Me  OMe Cs,COs THF,rt,5d 100¢ of cis-N-(BOC)-5-methylprolin8a. The cause of this loss
Me  OMe K3PO,4 DME, rt, 18 h 43P d

of configurational integrity was narrowed down to the ring-
opening step by subsequent investigation of the purity of
heptanoatéc. Measurement of the specific rotationdketo
o-amino este6c showed a considerable drop in optical purity
([e]?%5 —1.2° (c 0.8, CHC}); lit.5 [a]?%p —137.7° (c 1,
MeOH)). Because hydrolysis and decarboxylatiop-teto
ester 2c, prepared from a route featuring acylation of
N-(PhF)glutamatg-methyl estef,produced enantiopui@c
([o]?% —139.2°(c 0.8, MeOH)), we considered that race-
mization occurred prior to or during the nucleophilic addition
to cyclic sulfamidatel and not at the hydrolysis and
decarboxylation steps. In addition, the low specific rotation
2aand2cwith sodium hydroxide in ethanol heated at a reflux Value ([aF% —9.0° (c 0.15, CHCY)) for glutamate2f also
provided their respectivé-oxo-o-N-(PhF)amino acids that sgggested loss of conflgur.atlonal |n.tegr|ty during additon of
were esterified with iodomethane and potassium carbonatedimethyl malonate to cyclic sulfamidate

in acetonitrile to provide respectively methyl 5-oxo#2-[ _ Because d_ehydroal_anlne |ntermed|a_tes were _detected dur-
(PhF)amino]hexanoat€4) and methyl 6,6-dimethyl-5-oxo- N9 the reactions of five-member cyclic sulfamiddtewe
2-[N-(PhF)amino]heptanoatéd) ¢ Hydrogenation of-oxo- synt.heS|zed _dehydroalamﬁeby ,B—el|m|nat|on induced with
heptanoatesa with palladium-on-carbon and dért-butyl sodium hydride as a poor nucleophile (Scheme 4). We next
dicarbonate in methanol proceeded by cleavage of the PhF

protection N-acylation, imine formation, and hydrogenation _

to furnishN-(BOC)-5-methylproline methyl est&ia as the Scheme 4. Michael Addition of Methyl Acetoacetate Enolate
cis-diastereomer. Hydrolysis of methyl estes-7a with to Dehydroalanine Sulfamic Acidl0

potassium trimethylsilanolate in £ furnishedN-(BOC)- o 0O

5-methylprolinecis-8ain 96% yield. Osg’ 1 NaH, DME, i, | "NaO.¢7 MOMe
The enantiomeric purity afis-N-(BOC)-5-methylproline ~ © B €O2Me S P o

(cis-8a) was ascertained by spectral analysis of its diastero- 1

Me OMe NaH, THF, 60 °C, 6 h 51
Me OMe NaH, DME, 60 °C, 4 h 67°
Me OMe NaH, DME, 60 °C, 18 h 86P
Et OEt NaH, DME, 60 °C, 18 h 82
t-Bu OEt NaH, DME, 60 °C, 18 h 63
Me Me NaH, DME, 60 °C, 18 h 66° d
Ph Me NaH, DME, 60 °C, 18 h 45
OMe OMe NaH, DME, 60 °C, 18 h 65°

- ® O O T

a]solated yield? Caculated yield from an isolated mixture @afand
B-dicarbonyl starting materiaf.Determined by'H NMR spectroscopy.
dObserved by TLC.

10

Scheme 3. Synthesis and Enantiomeric Purity of

5-Alkylprolines 8
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R? 2 2. Mel, KCO3, CH3CN R 1 M KH,PO,
COMe COyMe 87%
NHPhF NHPhF OMe
2a:R'=R?=Me 6a: R? = Me 1) PhFHNJﬁ(OMe
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BOC
cis-7a: R = Me

H
RZ’FNLCOQH 1. R- and S-PhCH(CH3)NH; Rz%N .

tried to determine if the presumed dehydroalanine intermedi-
ate 10 could serve as a Michael acceptor for the formation

. TBTU, CH3CN T \IM/Ph of racemicf-keto ester. Sulfamidatewas treated with 300
iB:':C' RZ=Me 2. 10% TEA. CHACI TFAH © mol % of sodium hydride in DME to form the elimination
;::I;=t-;u © 2 10 IFA LRk, 9a: R = Me product10. Treatment ofl0 with a premixed solution of

dr=1.1:1 methyl acetoacetate (300 mol %) and NaH (400 mol %) in
DME, heating at 60C for 18 h, followed by hydrolysis of
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Scheme 5. Proposed Mechanism for the Ring Opening of Sulfamidatéth $-Keto Ester
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the polar sulfamic acid intermediate Witlt M KH,PO,,
furnished (5RS)-methyl-PhF-2-methyl-3-(methyloxy)car-
bonyl-A2-pyrroline (L1) in 87% yield (Scheme 4). Previously,
we encountered pyrrolingl in the direct ring opening of
sulfamidatel with the preformed enolate of methyl aceto-

with elimination. Preliminary experiments indicate that
elimination may be induced by residual base or by the enolate
itself. Enolate may then attadO by a Michael addition to
furnish after workups-keto ester2 (Scheme 5%¢ Further
investigations are now in progress to define the scope and

acetate when the hot reaction mixture was quenched with 1|imitations of N-(PhF)serine-derived sulfamidates as con-

M KH,PO,. Although formation ofll can be avoided by

cooling the reaction mixture to room temperature prior to

hydrolysis of the sulfamic acid, we elected to fodt in

this sequence because it was easier to characterize. The

formation of 11 demonstrated thus that dehydroalanirte

could serve as a prochiral intermediate for the formation of

racemic2. To verify if sulfamidatel racemized prior to ring

opening, we removed aliquots of the reaction mixture
containingl and the preformed sodium enolate of methyl

acetoacetate in DME at 6TC. No loss of configurational
integrity of sulfamidatel was observed after 1 dr2 h of

figurationally labile chiral educts.
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after isolation by chromatography. Heneedeprotonation
triggersp-elimination prior to reprotonation and racemization
of 1.

A mechanism that may explain the cause of this racem-

ization involvesa-proton removal to trigger ring opening
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