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Peptides containing a-substituted-o-amino acids may
have special bioactivitives, owing to their tendency to
favor specific conformations! and dramatic increases in
their resistance to hydrolysis.2 For this reason, the
asymmetric synthesis of a-substituted-a-amino acids has
recently attracted much attention.?+*

In a recent synthetic program, we required optically
pure (R)-a-methyltryptophan derivatives 5 and 6. Sev-
eral literature methods are available for the asymmetric
synthesis of o-methyltryptophan.® One of the more
attractive is Seebach's “chiral self-reproduction” pro-
cedure.®® However, this synthesis utilizes 1-(tert-butoxy-
carbonyl)-3-(bromomethyl)indole which is commercially
unavailable. Another approach was reported by Crich
and co-workers.> This method uses tryptophan deriva-
tives as the original source of chirality, but requires
several steps including protection and deprotection of the
indole nitrogen. In this paper, we describe a new, simpler
method for the asymmetric synthesis of a-methyltryp-
tophan. We take advantage of Seebach’s principle® of
“self-reproduction of chirality”, using readily available
tryptophan as starting material. In this procedure, the
protection on the indole moiety is not necessary. The
synthetic route is outlined in Scheme 1.

The first step in the synthetic scheme is the synthesis
of oxazolidinone 3. Following Seebach’s general proce-
dure for preparation of oxazolidinone derivatives,” the
sodium salt of D-tryptophan was condensed with pivala-
ldehyde in methylene chloride with azeotropic removal
of water to give the Schiff base 2, which was then cyclized
by treatment with ethyl chloroformate at or below room
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¢ Reagents: (a) NaOH/MesCCHO/MeOH/4 A molecular sieves,
20 °C, or NaOH/Me3sCCHO/CH;Cly, reflux; (b) CICO2Et/CH:Cly, 0
to 20 °C; (¢) 2 equiv of LDA/1 equiv of Me/THF, —78 °C; (d)
LiOH-H2O/MeOH, 40 °C; (e) LIOH:H0/MeOH/H;0, 45 °C; (f) 6 N
HCI, reflux.

temperature. Oxazolidinone 3 was obtained in 35% yield
and 96:4 stereoselectivity.! The major isomer was as-
signed as cis by NOE measurement. This assignment
was further confirmed by the measurement of the specific
rotation of final product a-methyltryptophan (7). The
major byproduct of the reaction was identified as N°-
(ethoxycarbonyl)tryptophan. We reasoned that the
byproduct was the result of incomplete conversion of
tryptophan into Schiff base 2 because of the low solubility
of the sodium salt of tryptophan in methylene chloride.?
To solve this problem, methanol instead of methylene
chloride was used as solvent in the first step and water
generated from this reaction was removed with 4
molecular sieves. After removal of methanol, the dried
Schiff base 2 was then treated with ethyl chloroformate
in methylene chloride to give 8 in 67% yield, maintaining
the same degree of stereoselectivity.

Direct methylation of 3 was successfully achieved by
treatment of 3 with 2 equiv of LDA followed by 1
equivalent of iodomethane in THF at —78 °C. No
protection of the indole moiety was required.’® The first
equivalent of LDA deprotonated the indole NH to give a

(8) The ratio of cis:trans was determined by 'H NMR analysis.

(9) While triethylamine was used as the base, the yield was
increased to 57% and further increased to 77% using THF as the
solvent; however, the stereoselectivity (cis:trans) decreased to 70:30
and 67:33, respectively. The two isomers can be separated by careful
chromatography on silica gel.

(10) Attempt at direct methylation of Crich’s5 intermediate A was
unsuccessful. Treatment of A with LDA resulted in ring opening
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nitrogen anion which was inert to iodomethane at —78
°C. The second equivalent of LDA then deprotonated the
a-carbon to generate an enolate which quickly reacted
with iodomethane to give 4 in good yield (79%). The
reaction is highly stereoselective with the approach of
the iodomethane from the opposite face of the tert-butyl
group,’ resulting in compound 4 with the cis configura-
tion (cis:trans > 99:1).

o-Methyltryptophan derivatives 5 and 6 were easily
obtained in high yield by treatment of 4 with LiOH in
MeOH and MeOH/H.O respectively.

Further hydrolysis of 5 or 6 in refluxing 6 N HCl gave
the final product (R)-a-methyltryptophan (7) in good
yield. Direct hydrolysis of 4 in refluxing 6 N HCI also
gave 7 in good yield. The enantiomeric excess of 7 was
92% as determined by 1°F NMR analysis of its Mosher
amide.!! This is the highest value expected from the 96:4
mixture of 3.

In conclusion, a-methyltryptophan and its derivatives
can be easily obtained in high yield and good enantio-
meric purity from readily available starting materials in
three steps.

Experimental Section

1H NMR and 13C NMR spectra were measured at 300 MHz.
All reagents and solvents were used without further purification.
Melting points are uncorrected. The HPLC was performed on
a Whatman Partisil 5 Cs column, using HyO/CH3CN contained
0.2% HCOzH as the mobile phase in the gradient elution.

(2R,4R)-2-(tert-Butyl)-3-(ethoxycarbonyl)-4-(indol-3-yl-
methyl)-1, 3-oxazolidin-5-one (3). D-Tryptophan (5.1 g, 25.0
mmol), pivalaldehyde (3.2 g, 37.5 mmol), and 4 A molecular
sieves (10 g) were added to a solution of NaOH (1.0 g, 25.0 mmol)
in anhydrous MeOH (60 mL). The mixture was stirred at 20
°C for 6 h. After removal of molecular sieves by filtration under
N,, the filtrate was evaporated under reduced pressure to give
a solid, which was further dried under vacuum for 6 h to give
Schiff base 2 as an off-white solid: 'H NMR (DMSO-dg) 6 0.73
(s, 9H), 2.90 (dd, J = 8.6, 12.0 Hz, 1H), 3.22 (dd, J = 3.4, 12.0
Hz, 1H), 3.58 (dd, J = 3.4, 8.6 Hz, 1H), 6.80—7.0 (m, 4H), 7,28
(d, J = 7.8 Hz, 1H), 7.50 (4, J = 7.8 Hz, 1H), 10.9 (s, 1H); 13C
NMR (DMSO-ds) 6 27.1, 30.6, 36.0, 78.6, 111.7, 112.8, 118.3,
119.3, 121.0, 124.1, 128.4, 136.7, 176.9; IR (Nujol) 3409, 3223,
1657, 1588 cm™1L.

Anhydrous CH;Cl; (200 mL) was added to the Schiff base 2
under N;. The mixture was cooled to 0 °C with an ice—water
bath and treated with ethyl chloroformate (3.3 g, 30.0 mmol).
The resulting mixture was stirred at 0 °C for 6 h and then at 20
°C overnight. After removal of the precipitate by filtration, the
filtrate was concentrated and the residue was purified by
chromatography on silica gel to give 3 (5.76 g, 67%, cis:trans =
96:4)12 as a gum: [a]2p = +13.9 (¢ = 1.23, CHClg); 'H NMR
(CDCla) 6 cis-isomer 1.05 (s, 9H), 1.14 (¢, J = 7.0 Hz, 3H), 3.38
(4, J = 6.6 Hz, 2H), 4.12 (q, J = 7.0 Hz, 2H), 4.62 (t, J = 6.6 Hz,
1H), 5.58 (s, 1H), 7.08—7.20 (m, 3H), 7.28 (d, J = 7.8 Hz, 1H),
7.74 (4, J = 8.0 Hz, 1H), 8.28 (s, 1H); trans-isomer 0.91 (s, 9H),
1.22 (br s, 3H), 3.41 (br 4, J = 16 Hz, 2H), 4.18 (br s, 2H), 4.48
(dd, J = 5.0, 2.0 Hz, 1H), 5.22 (br s, 1H), 7.08—7.38 (m, 4H),
7.65 (d, J = 7.5 Hz, 1H), 8.30 (s, 1H); 13C NMR (CDCls) 6 cis-
isomer 14.0, 24.9, 29.1, 36.9, 57.5, 62.4, 96.0, 110.4, 111.2, 118.5,
119.3,121.8,123.6,127.3,136.1, 156.1, 172.3; trans-isomer 14.2,
24.7,28.5, 39.4, 58.4, 62.0, 95.0, 107.8, 110.9, 118.5,119.3, 121.8,
123.6, 127.5, 135.9, 156.1, 173.2; MS (m/z) 345 (M* + 1); IR
(neat) 3406, 1793, 1705 cm~1. Anal. Caled for CigH24NgOy4
1,Ho0: C, 64.57; H,7.13; N, 7.93. Found: C, 64.83; H, 7.12; N,
7.38.

In a similar fashion, the enantiomer of 8 was prepared from
L-tryptophan.
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2543.
(12) This reaction generally gave 8 in 52—75% yield.

Notes

(2R,4R)-2-(tert-Butyl)-3-(ethoxycarbonyl)-4-(indol-3-yl-
methyl]-4-methyl-1,3-oxazolidin-5-one (4). A solution of 3
(3.1 g, 9.0 mmol) in anhydrous THF (50 mL) was treated with a
solution of LDA (10 mL, 2 N) in THF at —78 °C under Ny, After
0.5 h, a solution of Mel (1.56 g, 11.0 mmol) in anhydrous THF
was added. The resulting reaction mixture was stirred at —78
°C for 2 h. The reaction was quenched with AcOH (1.2 g, 20.0
mmol) at —78 °C. The reaction mixture was concentrated and
then the residue was purified by chromatography on silica gel
to give 4 (2.55 g, 78.9%) as white solid: mp 107-108 °C. [a]*p
= —50.2 (c = 1.24, CHCly); 'H NMR (CDCl3) 6 0.51 (s, 9H), 1.30
(t,JJ = 7.2 Hz, 3H), 1.58 (s, 3H), 3.42 (d, J = 12.0 Hz, 1H), 3.50
(d,J = 12.0 Hz, 1H), 4.22 (q, J = 7.2 Hz, 2H), 5.42 (s, 1H), 7.02—
7.15 (m, 3H), 7.28 (d, J = 7.8 Hz, 1H), 7.68 (d, J = 8.0 Hz, 1H),
8.04 (br s, 1H); 13C NMR (CDCl;) 6 14.5, 24.2, 32.6, 37.7, 62.1,
65.2, 72.2, 94.5, 110.5, 111.1, 119.3, 119.6, 121.9, 124.7, 129.0,
135.9, 156.1, 175.4. MS (m/z) 359 (M* + 1); IR (neat) 3409,
1790, 1714 cm~1. Anal. Caled for CooH2sN20O4: C, 67.02; H, 7.31;
N, 7.82. Found: C, 66.83; H, 7.33; N, 7.70.

(R)-N°-(Methoxycarbonyl)-a-methyltryptophan Methyl
Ester (5). Oxazolidinone 4 (0.80 g, 2.23 mmol) was mixed with
a solution of LiOH-H20 (0.15 g, 3.57 mmol) in MeOH (20 mL)
and stirred at 40 °C. The reaction was monitored by HPLC until
it was complete (about 6 h). MeOH was removed under reduced
pressure. The residue was diluted with HoO (20 mL) and
extracted with Et20 (3 x 30 mL). Organic phase was dried over
MgSQ,4. After removal of Et;0, the residue was crystallized
from CHCly/hexane to give 5 (0.65 g, 95.7%) as a white solid:
mp 96.0-98.0 °C; [a]®p = —42.3 (¢ = 0.70, CHCl3); ‘H NMR
(CDCl;) 6 1.24 (t,JJ = 7.2 Hz, 3H), 1.68 (s, 3H), 3.38 (d, J = 14.0
Hz, 1H), 3.45 (d, J = 14.0 Hz, 1H), 3.68 (s, 3H), 4.14 (q, J = 7.2
Hz, 2H), 5.45 (br s, 1H), 6.92 (s, 1H), 7.08—7.20 (m, 2H), 7.30
(d, J = 7.8 Hz, 1H), 7.58 (d, J = 8.0 Hz, 1H), 8.58 (br s, 1H);
13C NMR (CDCls) & 17.4, 23.7, 32.8, 52.7, 60.7, 60.9, 109.8,
111.4,118.9,119.6,122.0,123.8,128.2,136.1, 155.5,174.9.; MS
(m/z) 305 M* + 1); IR (Nujol) 3360, 1700 em~1. Anal. Caled
for ClsH20N204'1/2H201 C, 61.31; H, 6.75; N, 8.93. Found: C,
61.31; H, 6.67; N, 8.80.

(R)-Ne-(Methoxycarbonyl)-a-methyltryptophan (6). Ox-
azolidinone 4 (0.80 g, 2.23 mmol) was mixed with a solution of
LiOH-H0 (0.20 g, 4.76 mmol) in MeOH/H;0 (3:1, 20 mL) and
stirred at 45 °C. The reaction was monitored by HPLC until it
was complete (about 4 h). After removal of MeOH, to the residue
was added aqueous HC1 (1 N, 10 mL), and it was extracted with
Et20 (4 x 30 mL). The organic phase was dried over MgSO,.
After removal of Et20, the residue was crystallized from CH,-
Clo/hexane to give 6 (0.61 g, 94.3%) as a white solid: mp 68.0—
70.0 °C; [a]2%p = —9.3 (c = 1.0, CHCl3); ‘H NMR (CDCly) 6 1.20
(t, J = 7.0 Hz, 3H), 1.66 (br s, 3H), 3.38 (d, J = 13.0 Hz, 1H),
3.40 (d, J = 13.0 Hz, 1H), 4.10 (q, J = 7.0 Hz, 2H), 5.40 (br s,
2H), 6.90 (s, 1H), 7.02—-7.18 (m, 2H), 7.28 (d, J = 7.8 Hz, 1H),
7.55 (d, J = 8.0 Hz, 1H), 8.17 (s, 1H); 3C NMR (CDCly) 6 18.1,
23.5, 32.6, 60.7, 61.1, 109.6, 111.4, 118.9, 119.5, 121.9, 124.2,
128.4, 136.1, 156.0, 178.2; MS (m/z) 291 (M* + 1); IR (Nujol)
3420, 1699 em™!. Anal. Caled for C15H1sN2O4Y/H0: C, 61.11;
H, 6.32; N, 9.50. Found: C, 61.16; H, 6.25; N, 9.16.

(R)-0-Methyltryptophan (7). Compound 5 (0.40 g, 1.3
mmol) was refluxed in aqueous HCI (6 N, 10 mL) for 16 h. The
reaction mixture was cooled to room temperature and washed
with CH:Cl; (2 x 10 mL) and then concentrated to give crude
THCI1 . Pure 7 (0.25 g, 87%, 92% ee) was obtained by cation-
exchange chromatography on a Dowex 50 x 8—200 ion-exchange
resin (eluted with 3% aqueous NHj): mp 233-235 °C [lit.5¢ 233
°Cl; [a]2%p = +11.6 (¢ = 1.1, H20) [lit.5* (S): —10.6 (¢ = 0.9, H20)]
or [a]?%p = +15.5 (c = 0.95, MeOH) {lit.5 (R): +16 (¢ = 1.0,
MeOH)l; TH NMR (D;0) 6 1.53 (s, 3H), 3.16 (d, J = 15.6 Hzg,
1H), 3.38 (d, J = 15.6 Hz, 1H), 4.70 (s, H20), 7.10—7.25 (m, 3H),
7.46 (d, J = 7.8 Hz, 1H), 7.65 (d, J = 8.0 Hz, 1H); 3C NMR
(D:0) 6 24.5, 34.7, 64.6, 109.2, 114.0, 120.9, 121.7, 124.2, 127.6,
129.6, 138.2, 179.1; MS (m/z) 219 (M* + 1); IR (Nujol) 3200,
1622 cm~!. 7 was obtained in about 85% yield (determined by
HPLC) from 4 under the same conditions.
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