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ABSTRACT
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The naturally occurring sweetener Monatin, a diastereomer of Monatin, and a phenyl analogue of Monatin have been prepared and isolated
in their enantiomerically pure forms.

The sweet, naturally occurring, unusual amino acid Monatin

[1, (2S49-4-hydroxy-4-(indol-3-ylmethyl)glutamic acid] was Scheme 1. Strategy for the Synthesis of Monatif){
isolated in South Africa fronschlerochiton ilicifolius' This

small molecule exhibits a potent sweet taste, i.e., about 1000
times sweeter than sucrose on a weight Baaixl is an N o) N
e —

0

attractive target to synthesize as a molecule exhibiting a sweet 25 “OH \/}éko

taste. The syntheses of racemates and an analogue of Monatin sl OH, j’w‘oﬁ<

have been reportedin this Letter, we report the synthesis HoN Pa-\

of optically pure Monatin ). For this undertaking, we © )YO

utilized the strategy outlined in Scheme 1. In the retrosyn- Monatin (1) /

thetic analysis shown, a bond is formed between a derivative Ogy - H o

of indolelactic acid 2) and an optically active protected pg\Nj: 4 ) .

oxazolidine 4. These reactants are readily formed from )Yo HN 0 2

commercially available racemic indolelactic acig) (and U H éf

L-serine (5), respectively. OH 0 4
Monatin contains two asymmetric centers at C2 and C4. \LI(OH 5 WOH

The C4 center has am-proton which is easily epimerized HN 0 HN /W

under basic conditions. Therefore, we employed the highly

reactive Garner aldehydd)(to react with the enolate of apg = protecting group.

compound?, thus avoiding epimerization of aldehydiewith

one asymmetng center f|x§d and the removal of the heroxyI separation of the final intermediai®afrom its diastereomer
at C3, we obtained two diastereomers in our synthesis. Thelgb was readily accomplished

Before we undertook the synthesis of Monati), (we

T Research Fellow of the Japan Society for the Promotion of Science. applied the strategy to the preparation of the phenyl ana|0gue
1) Vleggaar, R.; Ackerman, L. G. J.; Steyn, PJSChem. Soc., Perkin. . . . . :
Trén)s. 11%%2’22’ 3095—3098. Y 13 in which a phenyl ring replaces the indole group. This

19&) éi)(yzt;lzgfgz?l. %é\ll\i.;g)S?bofbﬁrgerB KE; OAIivier, Synth-SC%mSmlll:n- enantioselective route began with commercially available
, s - . ushanab, E.; Arumugam, S. U.S. Patent : :
5,004 550, November 30 1999. (o) Holzapfel, C. W.. Olviersygnth.  D-Phenyllactic acid§, Scheme 2). In 1984, Seebach reported

Commun.1993,23(18), 2511—2526. the enantiospecific alkylations of several 1,3-dioxolanones
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Scheme 2. Synthesis of a Phenyl Analogue of Monatit3)
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a(a) (CHs)sCCHO (1.2 equiv), BEFFEt,0 (1.2 equiv), EIO, —20
°C, 2 h; (b) 7(1.0 equiv),8 (1.1 equiv), LDA (1.2 equiv), THF,
—78°C, 2 h; (c) NaH (3.0 equiv), THF-15°C — rt, 40 min, C$
(3.0 equiv), °C, 20 min, Mel (3.0 equiv), rt, 30 min; (d}-BusSnH
(6.0 equiv), AIBN (3.0 equiv), Ph-CH A, 2 h, Ar; (e) PPTS (1.0
equiv x 3), EtOH/H0 (95:5),A, 6 h; (f) PDC (6.0 equiv), DMF,
rt, 24 h; (g) 0.1 N HCI/HC@H, A, 3 h. LDA = lithium
diisopropylamide, AIBN= 2,2'-azobis(isobutyronitrile), PPTS
pyridinium p-toluenesulfonate, PDG pyridinium dichromate,
DMF = N,N’'-dimethylformamide.

prepared fronw-hydroxycarboxylic acids and pivalaldehyde
through the Li-enolaté.This reaction has been applied to
many total synthese¢/sWe used this method as a key step in
the synthesis of a phenyl analogue of Monatii8)( The
optically purecis-dioxolanoner was obtained in 95% yieltl.
Alkylation at thea-carbon of compound@ was unsuccessful

using iodoalanine derivatives. We believe that the sterically

hindered enolate of compouriccannot react with the bulky
iodoalanine derivatives in a displacement reactiorhe

(3) (@) Seebach, D.; Naef, Rdelv. Chim. Actal981, 64, 2704. (b)
Seebach, D.; Naef, R.; Calderari, Getrahedron984,40(8), 1313-1324.
(4) (a) Hiwa, H.; Ogawa, T.; Yamada, Bull. Chem. Soc. Jpril990,

63, 3707—3709. (b) Boeckman, R. K., Jr.; Yoon, S. K.; Heckendorn, D. K.

J. Am. Chem. S0d.991,113, 9682—9684. (c) Bojack, G.; Bornowski, H.
Tetrahedron1991,47(44), 9179—9186. (d) McPherson, D. W.; Knapp, F.
F., Jr.J. Org. Chem1996,61, 8335—8337. (e) Visser, T. J.; Waarde, A.
V.; Jansen, T. J. H.; Visser, G. M.; Mark, T. W. V. D.; Kraan, J.; Ensing,
K.; Vaalburg, W.J. Med. Chem1997,40, 117—-124.

(5) (a) Farines, M.; Soulier, Bull. Soc. Chim. Fr1970, 332. (b) Hoye,
T. R.; Peterson, B. H.; Miller, J. DJ. Org. Chem.1987,52, 1351. (c)
Pearson, W. H.; Cheng, M. J. Org. Chem1987,52, 1353. (d) Ortholand,
J. Y.; Greiner, AJ. Bull. Soc. Chim. Fr1993,130,133. (e) Nicos, A. P.;
Shao-Po, LJ. Am. Chem. S0d.995,117, 6394—6395.
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Garner aldehyde8)’ derived fromL-serine did react with
the enolate of compountigenerated with LDA at-78 °C

to produce condensation prod@fThis molecule possesses
a f-hydroxyl group which was removed by Barton deox-
genatiofi® to provide the deoxygenated produb® with
excellent diastereoselectivity (17:3) as determined'Hy
NMR spectroscopy. Selective deprotection with PPTS in
refluxing ethandl afforded the Boc-protectegi-amino
alcohol 11 in good vyield. The primary alcoholl was
oxidized to carboxylic acid.2 with PDC without epimer-
ization at the C4 positioh.Compound12 and the small
amount of diastereomer were separable, and optically pure
product12 was obtained. We established by NMR spectros-
copy that the major produci2 possessed the $£24R)
configuration® Final deprotection of the Boc and pivalidene
protections of compound?2 was afforded by allowing the
reaction to reflux in 0.1 N HCI/HC@H for 3 h. Subsequent
purification provided the (4R phenyl analogue of Monatin
(13) which did not possess a sweet taste.

Since separation of the diastereomers of the phenyl
analoguel2 was successful, we applied this strategy to the
preparation of Monatin i, Scheme 3). This synthesis
commences with commercially available racemic indolelactic
acid ). The pivalidene derivativeawere obtained in good
yield by following the same procedure as that reported above
for the preparation of compourtd Reaction of the appropri-
ate enantiomer of the Garner aldehydd)(with the enolates
of intermediate® produced compoundkb. In this reaction,
dimerization of intermediate® can readily occur. To avoid
this side reaction, it was necessary to maintain the reaction
temperature below-76 °C. Deoxygenation of isomerk5
produced the diastereomeric paB1° Deprotection of the
pivalidene group gave the hydroxymethylene molecilés
and17b'* which were readily oxidized to the carboxylic acid
structuresl8a and 18b*? using PDC. These reactions were
successfully carried out using reaction conditions similar to
those described above for the preparation of a phenyl
analogue of Monatin, compouriB.

The final deprotection steps used for the phenyl analogue
could not be applied to Monatiri) because decomposition
of the indole group occurs under the acidic conditions
employed. Compound4d8a and 18b were successfully
converted to the diastereomeric mixture of lactaifia and

(6) (a) Forsyth, C. J.; Sabes, S. F.; Urbanek, RJAAm. Chem. Soc.
1997,119, 8381—8382. (b) Sabes, S. F.; Urbanek, R. A.; Forsyth, €. J.
Am. Chem. S0d 998,120, 2534—2542.

(7) (a) Garner, P.; Park, J. M. Org. Chem1987,52, 2361. (b) Garner,

P.; Park, J. MOrg. Synth.1991,70, 18.

(8) Barton, D. H. R.; McCombie,S. WI. Chem. Soc., Perkin Trans. 1
1975, 1574.

(9) (a) Jako, I.; Uiber, P.; Mann, A.; Wermuth, C.-G.; Boulanger, T.;

Norberg, B.; Evard, G.; Durand, B. Org. Chem1991, 56, 5729. (b) Muller,
M.; Mann, A.; Taddei, MTetrahedron Lett1993 34, 3289. (c) D’'Aniello,
F.; Mann, A.; Taddei, M.; Wermuth, C.-Gletrahedron Lett1994,42,
7775. (d) D'Aniello, F.; Falorni, M.; Mann, A.; Taddei, Mletrahedron:
Asymmetryl996,7(4), 1217—1226.

(10) The diastereomeric ratio was not established.

(11) The ratio of diastereomers was approximately 3:2 as determined
by IH NMR spectroscopy.

(12) The ratio of diastereomers was approximately 4:3 as determined
by HPLC.
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Scheme 3. Synthesis of Monatin1()?
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a(a) (CHs)sCCHO (1.2 equiv), BEFEt,0 (1.2 equiv), EIO, —20
°C, 2 h; (b)2 (1.2 equiv)14 (1.0 equiv), LDA (1.3 equiv), THF,
—78°C, 2 h; (c) (Boc)O (1.1 equiv), DMAP (0.1 equiv), C4CN,
rt; (d) NaH (5.0 equiv), THF-15°C — rt, 40 min, CS (5.0 equiv),
0 °C, 20 min; (e)n-BusSnH (10.0 equiv), AIBN (5.0 equiv), Ph-
CHgs, A, 2 h, Ar; (f) PPTS (0.8 equiwk 4), EtOH/H,0 (95:5),A,
6 h; (g) PDC (6.0 equiv), DMF, rt, 24 h; (h) 0.1 N HCI/HGB),
rt, 3 h; (i) 3 N KOH (10 equiv), °C, 1 min; (j) 3 N NaOH (5
equiv), EtOH,A, 3 h; (k) HCIl. DMAP = 4-(dimethylamino)pyri-
dine.

19b'2 by treatment with 0.1 N HCI/HCEH at room tem-
perature for 3 h followed by 3 N KOH at @ for 1 min. In
this reaction, only lactam formation was observed with no
ring-opened products detected.

Diastereomergd9aand19b were easily separated by RP-
HPLC using a C18 column. Optically pure lactd®awhich
possessed the same asymmetric configuration as Modgtin (
was refluxed in the presence of 3 N NaOH in ethanol. No

1.00 | ML Peak Results
Natura é Purtty | Purit
5 0.804 o RT | Angié | Thresnota | % Areal % Height
2
o5 1]11.830| 1385 | 1787 | 044 | o078
60+
2|13635| 0492 1.010 | 9956 | s9ze
0.401
[=3
0.20 2
0.00 v 2
0.407 IS _Peak Results
Synthetic 8 Purity | Puri
] y .
0.30] o 3 AT | Angle | Thresnota | % Areal % Height
111697 0583 | 1940 | 168 | 244
0.207 2/13600] 0.151| 1034 | 9832 | 97.56
Z 0.10]
0.00 1 ' Foar
B D B A e B B A L R S B
2.00 6.00 10.00 14.00 18.00 22,00 26.00 30.00

minutes
Processed Channel Descr. PDA 220.7 nm

Figure 1. HPLC charts of natural and synthetic Monatir).(The
original scans are shown.

epimerization at C4 was detected by HPLC. The ring opening
of lactam 19a after acidification led directly to synthetic
Monatin () which chromatographed identically with natural
Monatin (Figure 1). In addition, th&H NMR spectrum of
naturally isolated Monatin is identical to the spectrum of
synthetic Monatin1, Figure 2), and HRMALDI established
that the synthetic product possesses the same formula as
natural Monatin. Last, the optical rotationaff%) of
synthetic Monatin is consistent with that reported for natural
Monatin [— 7.6 (lit.) vs — 8.8 (experimentally determined
under the same conditions)]. Indeed, synthetic Mondi)jn (
exhibits a sweet potency equal to that of the natural product.
The diastereomer of Monatin, compou2@ obtained in this
synthesis exhibits a slightly sweet taste which may be due
to the presence of a trace amount of Monatl). Were

Natural

N
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T T T T T T T T T

.0 7.0 6.0 5.0 4.0 3.0 2.0
ppm

| Il

Synthetic

Figure 2. 500 MHz 'H NMR spectra of natural and synthetic

(13) The ratio of diastereomers was approximately 4:3 as determined Monatin (1).

by product yields.
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optically pure p-indolelactic acid available, only pure physical data, and useful discussions. We are also grateful
synthetic Monatin (1) would have been produced. to Dr. Louis Ackerman for a sample of natural Monatin. This

In conclusion, we have reported the total synthesis of work was supported, in part, by Ajinomoto Co., Inc.
Monatin (1), the diastereomer of Monati2Q) and a phenyl

analogue of Monatin13). The syntheses of these target

molecules will prove to be most useful in our studies of the Supporti.ng Information Available: Experimental pro-
molecular basis of the sweet taste. cedures with spectroscopic data for compouhdss, 19a,

and 19b. This material is available free of charge via the
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