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Abstract- A study of three direct methods for the synthesis of a-alkyl o-
amino acids has been applied to the prepesration of a-alkyltryptophan esters.
Reaction of N -benzylidene-L-tryptaphan methyl esters 3 with tetrabutyl-
ammonium hydrogen sulfate and methyl or ethyl iodide {(phase-transfer me-
thod} gives a-methyl and o-ethyltryptophan methyl esters &a,b in poor
yield with complete racemization. Reaction of L-tryptophan 1 with dimethyl-
formamide dimethyl or diethyl acetal followed by treatment of Ba,b with
LDA and methyl iodide (Fitt and Gschwend method)} gives rise to the forma-
t;en of u,Na~d1methyl—Nb—dimethylaminomethylenetryptophan methyl or ethyl
esters hydriodide 9 a,b . Treatment of 9a or 9b with aqueous acid, un-
der mild conditions, fails to hydroelyze the imine functionality. Reaction
of 3 with LDA and methyl or ethyl iodide (Bey and Vevert method) followed
by hydrolysis provides wa-methyl and o-ethyltryptophan methyl esters éa,b.
By carrying out this procedure with isopropyl, benzyl and mllyl iodide or

bromide the corresponding a-alkyl esters are not obtained.

In the course of a continuing study of the biolaogical effects of various types of
tryptophan derivatives we undertook the preparation of some a-alkyltryptophans,
which could conceivably act as serotaonin antagonistsl or as competitive i1nhibitors
of monoamine oxidasel by acting as precursors capable of crossing the blood-bra:n
barrier.

The only derivative of a-alkyltryptophans reported to date is o-methyltryptophan. Al-
though several techniques to synthesize this amino acid have been describedl_B, all
af these methaods start Ffrom either difficult to obtain or expensive chemicsl raw
materrals, such as gramines or other 3-indole derivatives. Recently, Schillkopf et
al.% have reported an the asymmetric synthesis of the methyl (R)-a-mehtyltryptopha-

nate via lithiated bislactim ethers. By this procedure these authors have described
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the asymmetric synthesis of several non-proteinogenic amino acid”.

On the other hand, Seebach et 31-6’? have developed a sterecselectived method of
a-alkylations of amino acids through heterocyclic enolates.

There are three direct metheds for the synthesis of a-alkyl a-amino acids in the
literature. The procedure reported by Bey and UevertB 1s based on the direct alky-
lation of the benzalimine methyl ester of the amino acid. The Fitt and Gschwentj9
method consists of the reaction between the amino acid and N,N-dimethylformamide
dimethyl acetal, followed by alkylation, via carbanion of the methyl ester of the
newly formed formamide and imine hydrolysis. The Fitt procedure, described by
0'Donnell and coworkers®, is based an the alkylation of a stable Schiff base of
a-amino acid esters by phase transfer reactions. Nevertheless, none of the above
menti1oned authors utilize their methods to synthesize a-alkyltryptophans.

In a previocus work we reportedll on the direct methylation of the lithium deriva-
tive of N-benzylidenetryptophan methyl ester. In this work we made the mistake of
expecting that the reaction would take place within change of configuration at the
chiral center-o-methyltryptophanate, [a}gnz -3.82 (¢ 0.7, CHEl}}. However, several

author34’6’12

have carried out our method and in their hands our procedure gave
essentially racemic material. Due to this discrepancy we have repeated the reaction
and we have found erratic values of @ which evidence that the reacticn proceeds
with 95% of racemization. In spite of the fact that the synthesis of a-methyltryp-
tophan methyl ester by using the Bey and Vevert methodB is not stereoespecific, it
is ainteresting due to the simplicity of the procedure.

We present in this paper a comparative study of the above menticned methods 1in or-
der to ascertain which of them could give the most satisfactory results for the
preparation of g-alkyltryptophans.

We first considered the utilization of the phase-transfer methndlu.

The synthesis
(Scheme 1) commenced with the preparation of L-tryptophan methyl ester 2 from L-
tryptophan 1 by esterification in methanolic HC1l. Treatment of 2 with benzaldehyde

11,14

in a basic medium provides the Nb—benzylidene-L—tryptophan methyl ester 3 In

this way, no formation of the 55 and RS diastereomers of methyl l-phenyl-1,2,3,4-

tetrahydro-g-carboline-3-carbhoxylate 514’15

can be chromatographically detected as
a bypraduct. Only 4 15 formed in an acidic medium. The alkylation of 3 is accom-
plished in a two-phase solvent system (EHZCIZ/IO% aqueous KOH) with tetrabutyl-

ammonium hydrogen sulfate as the phase-transfer reagent and methyl or ethyl iodide

as the alkylating agents. The alkylated Schiff base products 5a,b are not isolated
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but are hydrolyzed under mild conditicns to the g-methy! and a-ethyltryptophan me-

thyl esters 6a,b in poor yield (procedure A).
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We then considered the Fitt and Gschwend procedure9 which permits g-alkylation of
the o-amino acid in three steps: {a) simultaneous protection of acid and amine
groups with dimethylformamide dialkyl acetal, (b) a-alkylation, and (c) acidic hy-
drolysis.

Reaction of L-tryptophan 1 with dimethylformamide dimethyl or diethyl acetal J7a,b
leads to the formation aof Nb-dimethylaminomethylene—L—tryptuphan methyl or ethyl
esters Ba,b. The treatment of this intermediates with lithium diisopropylamide
(LDA) and methyl iodide gives rise to the formation of a,N_-dimethyl-N -dimethyla-
minomethylenetryptophan methyl or ethyl esters hydrogen iodides 9a,b. No g-methyl-
Nb-dimethylaminomethyIenetryptophans esters 10a,b are formed (Scheme 2). Mi1ld aci-
dic hydrolysis of 9a,b does not lead cleavage of the imine to release the amine

functionality.
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Finally, we have carried out the method described by Bey and Vevert® {Scheme 3).
The reactions of Nb—benzylidene—L—tryptophan methyl ester 3 which LDA in THf and
methyl or ethyl iodide as alkylating agents provide the intermediates lla,b. The
a-methyl and a-ethyltryptophan methyl esters 6a,b are obtained in good yield from

lla,b via mild acidic hydrolysis (procedure B).
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Because of the promising results obtained in the synthesis of 6a,b by using the Bey
VYevert method, other reactions have been carried out in order to prepare the a-iso-
propyl, a-benzyl and a-allyltryptophan methyl esters. However, in the reaction of

3 with LDA and isopropyl iodide or bromide, the L-tryptophan methyl ester 2 is re-
covered after treatment with aqueous hydrachloric acid. This is presumably due to
the tendency of the i1sopropyl iodide or bramide to undergo elimination productslé.
Treatment of 3 with LDA and benzyl bromide provides a-(1,2Z-diphenylethyl)tryptophan
methyl ester (48%). No a-benzyltryptophan methyl ester is formed {Scheme 4). The
formation of 12 could be explained considering the large difference in pKa values

17 18

between the indolic and benzylic hydrogens { ~16 for acidic NH and ~35 for

methylene). Bases such as LDA with high pK, values act under kinetic coentrol,

b

without discrimination of relative acidities.
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Treatment of 3 with LDA and allyl bromide affords 3-allyl-3-metoxycarbonyl-l-phe-

nyl-1,2,3,4-tetrahydro-g-carboline 14 via intramolecular cyclization of the inter-

mediate 13

tryptophan

methyl ester is formed in this reaction.
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EXPERIMENTAL

Melting points were determined or a Biichi apparatus i1n open capillaries and are
uncorrected. Ir spectra were measured on a Perkin-Elmer 781 spectrophotometer. lH
nmr spectra were recorded on a Varian T-60A (60 MHz) and Varian XL-300 (300 MHz)
spectrometers using MeaSi as an internal standard-lBC nmr spectra were obtained on
a Varian FT-80A spectrometer. Mass spectra were determined on a Varian MAT-711
spectrometer. The elemental analyses were performed by "Centro Nacional de Quimica

Organica", Madrid.

11,14

L-Tryptophan Methyl Esterl3 2 and N 3

-Benzylidene-L-tryptophan Methyl Ester

b

Both compounds {2,3) were obtained according to literature methods,

Methyl 1-Phenyl-1,2,3,4-tetrahydro-f-carboline-3-carboxylate 4

This compound was obtained i1n 33% yield according to the reported methodls. mp 190-

192 oC {ethanol-water).
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General Procedures for the Preparation of @-Alkyltryptophans

Procedure A

A mixture of 3 (3g, 0.01 mol), tetrabutylammonium hydrogen sulfate {(3.99q, 0.012
mol), alkyl iodide (0.04 mol) 1in methylene chloride (25 ml) and 10% aqueous po-
tassium hydroxide (25 ml) was stirred at 50 2C for 4 h. The layers were separated
and the organic layer was washed with saturated aquecus NaCl and dried (MgSUa). The
solvent .was removed under reduced pressure and the resulting o0il was treated with
IN-hydrochloric acid (25 mi) for 1 h at room temperature. The reaction mixture was

washed with ethyl ether, and the aqueous phase was made basic with NaHCOD extrac-

37
ted with chloroform and dried (MgSDa). The solvent was evaporated under reduced
pressure providing an oil. Trituration with ethyl ether gave the compounds.
Procedure B

A mixture of diisopropylamine (1.3g, 0.013 mol) in dry THF (20 ml) was cooled to
-78 9C in a nitrogen atmosphere. Methyl lithium (6.5 ml, 0,013 mol) in THF (20 ml)
was added and the mixture was stirred for 0.5 h. A solution of 3 (4g, 0.013 mol)
in THF (30 ml) was added and stirred for an additional 0.5 h. Alkyl iodide (0.013
mol) was then added and the mixture was left overnight at room temperature. The
lithium 1o0dide was filtered and the solvent was evaporated under reduced pressure.
The resulting oil was treated with 1IN-hydrochloric acid (2% ml) for 1 h at room
temperature. The reaction mixture was washed with ethyl ether, and the agqueous pha-

se was made basic with NaHCO extracted with chloroform and dried (MgSDQ). The

3!
solvent was evaporated under reduced pressure providing an oil. Trituration with

ethyl ether gave the compounds.

a-Methyltryptophan Methyl Ester 6a

Procedure A. {0.5q, 16%). Procedure B. (2g, 66%); mp 135-137 2C (cyclohexane); 1r
(v, cm_l) (KBr): 3340, 3290 (NHZ)’ 3140 (MNH), 1720 (C=0), 1590 (ArC=z=C); lH nmr

(Coc1,) (& pmm): 1.4 (s, 3H, CHy), 1.9 (s, ZH, NH;), 2.7 (part A, AB system, J,p=

14 Hz, 1H, CH,), 3.1 (part B, AB system, J o= 14 Hz, 1H, CH,), 3.5 (s, 3H, DCH3),

AB
6.7-7.2 (m, SH, ArH), 7.9 (s, 1H, NH); 1°C nmr (CDC1;) (8, ppm): 26.8 (CH,), 36.5

(a—CH3), 52.1 (OCHB), 59.2 (Cq), 110.8, 111.1, 119.2, 119.5, 122.0, 123.3, 128.2,

136.1 (indole), 178.0 (C=0); M5 m/z (rel. intensity %): 232 (M*, 0.2), 230 (M* -Hy,
+
7)y 173 (M7 -C,H30,, 5), 130 (M" -C,HgND,, 100), 102 (M* -CgHgN, 17); Anal. Calcd.

far CISHIENZOZ: €, 67.21; H, 6.94; N, 12.06. Found: C, 66.93; H, 6.72; N, 11.99.

— 2146 —




HETERQCYCLES, Vol. 26, No 8, 1987

g-Ethyltryptophan Methyl Ester eb

frocedure A. (0.45g, 14%). Procedure B. (1.45g, 45%); mp 105-106 °C {(cyclohexane);
ir (v, cn™l) (KBr): 3340, 3300 (NH,), 316D (NH), 1720 (C=0), 1600 (ArC=C); 'H ame

(00013) (&,ppm): 0.9 (t, 3H, CH3), 1.4-2.3 {m, 4H, CH NH,), 2.9 (part A, AB sys-

27

tem, J,o= 14 Hz, IH, CHZ)’ 3.3 (part B, AB system, J,,= 14 Hz, 1H, CHZ)’ 3.7 (s,

AB AB
3H, OCHy), 6.9-7.5 (m, 5H, ArH), 8.5 (s, 1H, NH); B¢ amr (CDC1,3(8, pmm): 8.6
(CH,), 33.2 (CH,), 35.4 (u-CH,), 52.0 (0CH;), 63.0 (Cy), 110.2, 111.2, 119.0, 119.4,
121.9, 123.4, 128.1, 136.1 (indole), 177.5 (C=0); Anal. Caled. for Cj,H gN.0.: C,
68.26; H, 7.36; N, LL.37. Found: C, 67.97; H, 7.53: N, 11.12.

N —Dimethylaﬁinomethylene—L—tryptuphan Methyl Ester Ba

b
A suspension of L-tryptophan 1 (4g, 0.02 mol) in dimethylformamide dimethyl acetal
7a {30 ml) was refluxed under NZ for 6 h. Methancl was removed by distillation and
the reflux continued for an additional 1 h. Excess reagent was distilled and the
resldue was evaporated under reduced pressure te dryness. Column chromatagraphy

(ethyl ether) afforded 8a (4.2g, 78%); mp 112-115 2C (ethyl ether); ar (v, cm_l)
(KBr): 3340 (NH), 1730 (C=0), 1640 (C=N); M nmr (CDC13)(6. pmm): 2.6 (s, &H,

N(CH3),), 2.9-3.3 (m, 2H, CH,), 3.5 (s, 3H, OCHy), 3.7-4.0 (m, 1H, CH}, 6.7-7.5
(m, 6H, 5ArH, N=CH), 8.2 (s, 1H, NH); ¢ nmr (cnc13)(a, ppm): 30.B (CH,}, 37,1
(NCHB), 51.7 (UCHB), 69.3 (CH), 111.3, 111.8, 118.8, 118.9, 121.4, 123.4, 127.6,

136.3 (indole), 156.5 (CH=N), 174.7 (C=0); Anal. Caled. for € C, 65.91;

15M19N305¢
H, 7.01; N, 15.37. Found: C, 66.06; H, 7.14; N, 15.43.

ﬂb-Dlmethylaminomethylene-L—tryptophan tthyl Ester 8b

A suspension of L-tryptophan 1 (4g, 0.062 mol) in dimethylformamide diethyl acetal

7b (30 ml) was refluxed under N2 for 6 h. Ethanol was removed by distillation and

the reflux continued for an additional 1 h. Excess reagent was distilled and the

residue was evaporated under reduced pressure to dryness. Column chromatography

1

{ethyl ether) afforded 8b {4.7g, 84%); mp 112-114 °C {ethyl acetate); ir (v, cm )

(KBr): 3140 (NH), 1720 (C=DB}, 1640 (C=N); Ly e (€pr13)(8, ppm}s 1.2 {(t, 3H, CHy),
2.7 (s, 6H, N(CH3),), 3.1-3.4 (m, 2H, CH,}, 3.9-6.4 (m, 3H, OCH,, CH), 6.9-7.7 {(m,

7H, SArH, N=CH, NH); 1°

C nmr (CDC13)(6, pmm): 14.1 (CHB)’ 30.8 (CHZ)’ 37.0 (NCHB},
60.5 (DCHZ). 69.3 (CH), 111.3, 111.8, 118.7, 118.9, 121.3, 123.4, 127.7, 136.3 (in-

dole), 156.4 {CH=N), 174.3 (C=0); Anal. Caled. for C N.0

16H21 30, C, 66.87; H, 7.31;

N, 14.26. Found: C, 66.67; H, 7.56; N, 14.44,
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N ~Dimethyl-N -dimethylaminomethylenetryptophan Methyl Ester Hydriodide 9a
o L ~

A mixture of diisopropylamine (1.3g, 0.013 mol) in dry THF (20 ml) was cooled to
-78 2C under NZ' Methyl lithium {6.5 ml, 0,013 mol) in THF (20 ml) was added and
stirred for 0.5 h. A soclution of Ba (3.15g, 0.013 mol} in THF (30 ml) was added and
stirred for an additional 0.5 h. Methyl iodide (1.8g, 0.013 mol} was then added and
the mixture was left overnight at room temperature. The lithium 1o0dide was removed
by filtration and the solvent wes evaporated under reduced pressure. The resulting
0il was treated with lN-hydrochloric acid (25 ml) for 1 h at room temperature. The
mixture was neutralized with NaHED}, extracted with chloroform and dried over MgSUa.
The solvent was evaporated under reduced pressure providing an oil. Traituration
with chloroform gave %a (0.89g, 18%); mp 150-151 2C (methanol-ethyl ether); ir { v,
en 1)(KBr): 1730 (C=0), 1690 (C=N), 1610 (ArC=C); 'H nmr (CDC15) (6, ppm): 2.0 (s,
3H, a-CH3), 2.8 (s, 3H, NCHJ), 3.1 (s, 3H, NCH3), 3.3 (s, 2H, CHZ), 3.7 (s, 3H,

MCH;-indole), 3.8 (s, 3H, DCH,), 6.8-7.9 (m, 6W, SArH, N=CH); 17

C nmr (CDClj)( &,
ppm): 24.9 (EHZJ, 33.3, 35.2, 38.8 (N(CH3)2 and u—CH3), 44,1 (NCH3-indale), 53,7
(0CHy), 65.7 (Cg4}, 106.8, 109.7, 119.0, 119.7, 122.1, 128.2, 12B.9, 136.7 (indale),
156.1 {CH=N), 172.8 {C=0)3; M$ m/z {rel. intensity %) : 301 (M™ -IH, 2), 242 (M* -

CH,0,E, 15), 157 (M* - ¢ NI, 43), 144 {(M" - CcoH,,N,0.I, 100), 130 (M* -

77147272
I: C, 47.55; H, 5.59; N, 9.79. Found:

lGHll

CgHygNz0,1 28); Anal. Calcd. for €14

C, 47.75; H, 5.81; N, 9.81.

N HagN30,

giﬂu-Dimethyl—Nb-dimethylam1nomethylenetryptnphan Ethyl Ester Hydriodide 9b

A mixture of diisopropylamine (1.3g, 0.013 mol) in dry THF (20 ml} was cooled to
-78 °oC under NZ' Methyl lithium (6.5 ml, 0.013 mol) in THF (20 ml) was added and
stirred far 0.5 h. A solutian of 8b (3:79, 0.013 mol) 1n THF (30 ml) was added and
stirred for an additienal 0.5 h. Methyl rodide (1.8g, 0.013 mol) was then added and
the mixture was left overnight at room temperature. The lithium iodide was removed
by filtration and the solvent was evaporated under reduced pressure. The resulting
0il was treated with IN-hydrochloric acid (25 ml) for lh at room temperature. The
mixture was neutralized with NaHC03, extracted with chloroform and dried over MgSGa.
The sovlvent was evaporated under reduced pressure providing 9b (2.1g, 37%); mp 156-
158 2C (methanol-ethyl acetate); ir (v, cmql)(KBr}: 1740 (c=0), 1700 (C=N), 1600
(Ar€=C); 'H nmr (MBZSD—dé)(ﬁ, ppm): 1.2 {t, 3H, CHB)’ 1.9 (s, 3H, a-CH3), 3.0 (s,

3H, NEH3), 3.1 (s, 3H, NCHy), 3.3-3.5 (m, 2H, CH,), 3.7 (s, 3H, NCHz-indole), 4.2

I3

3

(q, 2H, OCH,), 7.0-8.1 (m, 6H, 5ArH, N=CH); € nmr (Me,50-d,) (8, ppm): 13.8 (CHsD,
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27.4 (CHZ), 36.4, 41.6, 42.8 (N(CH3)2 and a-CHy), 44.8 (NCH -indole), 60.1 (DCHZ),

3
61.4 (Cu)’ 108.3, 111.4, 118.0, 118.5, 121.1, 124.1, 125.9, 136.0 (indole), 156.3
(CH=N}, 170.0 (C=0); MS m/z (rel. intensity %}: 315 (Mt -IH, 2), 156 (m* _CllHlaNI’
-+ +
100), laa (M _CSHlﬁNZDZI’ 3), 130 (M -C9H18N2021,
C, 48.76; H, 5.91; N, 9.47. Found: C, 48.55; H, 5.65; N, 9.73.

14}; Anal. Calecd. for €, gHg N0, 1t

a-(1,2-Diphenylethyl)tryptophan Methyl Ester 12

A mixture of diisopropylamine (1.3g, 0.013 molj in dry THF (20 ml) was cooled ta
-78 9C under NZ' Methyl lithium (6.5 ml, 0.013 mel) in THF (20 ml) was added and
stirred for 0.5 h. A solution of 3 (4g, 0.013 mol) in THF (30 ml) was added and
stirred for an additional 0.5 h. Benzyl bromide (2.23g, 0.013 mol} was then added
and the mixture was left overnight at room temperature. The mixture was evaporated
under reduced pressure and the residue was dissolved in chloroform, washed with H20
twice, dried over MgSUa, and evaporated to yield an o1l which, was treated with 1N-
hydrochloric acid (25 ml) for 1 h at room temperature. The reaction mixture was wa-
shed with ethyl ether, and the agqueous phase was neutralized with NaHCDJ, extracted
with chloroform and dried over MgSUq. The solvent was evaporated under reduced
pressure providing an oil. Trituration with ethyl acetate-carbon tetrachloride ga-
ve 12 (2.5g, 4B%); mp 176-178 C (ethyl acetate); ir (v, om™1)(KBr): 3400, 3320

1

(NH,), 1720 (C=0}, 1590 (ArC=C); "H nmr (CDC14)(8, ppm): 2.4 (s, 2H, NH,}, 2.8-3.3

(m, GH, 2CH,), 3.4 (s, 3H, DCHy), 5.3 (m, 1H, CH), 6.8-7.7 (m, 16H, LSATH, NH). e
nmr (EDC13) (& ppm): 29.8 (t, CH,), 47.2 (t, CHy-C Hg), 51.5 (g, CHy), 55.4 (d, CH),
64.0 (s, C ), 107.3 {(s), 110.6 (d), 118.1 (d), 119.0 {d), 121.4 (d), 126.8 (d),
126.9 (d), 127.9 {(d), 128.2 (d}, 128.4 (d), 128.5 (dj, 129.7 (d), 134.1 (s}, 135.5
(s), 136.2 (s), 142.3 (s)(aromatics), 175.2 (s, C=0); MS m/z (rel. intensity %):
398 (M, 40), 339 (M+—C2H302, 18), 307 (M+-C7H7, 100), 247 {M+~C9H1102, 29), 218

+ + :
_CIQHIZ’ 48), 169 (M _CllH7ND’ 34), 91 (M —C19H19N202, 24); Anal. Cacld. for

CogHagNo0,: T, 78.30; H, 6.58; N, 7.03. Found: C, 78.29; H, 6.25; N, 7.05.

(m*

3-Allyl-3-methoxycarbonyl-1-phenyl-1,2,3,4-tetrahydro-B-carboline 14

A mixture of diisopropylamine (1l.3g, 0.013 mol) in dry THF {20 ml) was coocled to
-78 2C under N,. Methyl lithium {6.5 ml, D.013 mol} in THF (20 ml) was added and
stirred for 0.5 h. A solution of 3 (4g, 0.013 mol) in THF (30 ml) was added and
stirred for an additional 0.5 h. Allyl bromide (1.07g, 0.013 mol) was then added
and the mixture was left overnight at room temperature. The mixture was evaporated

under reduced pressure and the residue was dissolved in chloroform, washed with
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HZU twice, dried over MgS0 and evaporated to yield an o1l which, was treated with

4
1N-hydrochloric acid (25 ml) for 1 h at room temperature. The reaction mixture was
washed with ethyl ether, and the aqueous phase was neutralized with NaHCUB, extrac-
ted with chloroform and dried over Mg50,. The svlvent was evaporated under reduced

pressure providing an oil. Trituration with ethyl acetate-petroleum ether gave 14

(lg, 22%): mp 135-137 oC (ethyl acetate); 1r (v, cm_l)(KBr): 3220, 3160 (NH), 1700

(C=0), 1670 (C=C), 1590, 1550, 1520, 14B0 (ArC=C); “H nmr (CDCl5, 300 MHz) (8, ppm):
2.45 (m, lH, NH, overlaped with the signal at 2.47), 2.47 {q, 1lH, allyliec CH, J=

13.6 and 6.5 Hz), 2.67 (q, 1H, allylic CH, 3= 13.6 and 6.5 Hz), 2.88 (g, lH, Hyo

J= 15.2 and 2.5 Hz), 3.49 (g, 1lH, H J= 15.2 and 1.6 Hz), 3.57 (s, 3H, CH 5.13

b! 3)’
(d, 1H, H,, J= 11.4 Hz}, 5.14 (d, 1H, H., overlaped with the signal at 5.13, 3=

15.7 Hz), 5.36 (s, 1lH, CH-CGHS)’ 5.77 (m, 1H, Hd), 7.02-7.53 {(m, 10H, ArH, NH-indo-

13

lel; C nmr (CDElB)(G, ppml): 29.3 (t, Cé}’ 45.0 (t, allylic CHZ). 51.7 (q, CH

30
$5.4 (d, cl), 62.7 (s, CB), 107.4 (s, Caa)’ 110.6 (d, Ca), 118.0 (d, cs}, 119.0

(t, =CH2}, 119.3 (d, Eé), 121.4 (d, Ej), 126.8 (s, Csa),

128.4 (d), and 128.5 (4)(C_ and C -phenyl), 131.9 (g, =CH), 134.1 (s, Cy,), 136.2

127.9 (d, Cp-phenyl),

(s, Cgp)yr 142.2 (s, € -phenyl), 175.5 (s, C=0); MS m/z (rel. intensity %): 346 (m*,

+ + + +
78}, 305 (M _CBHS’ 94), 246 (M —CSHBUZ, 53}, 219 (M —CGHgNUZ, 64), 218 (M -C6H10

€, 76.27; H, 6.70; N, 8.0B.

NOZ’

100), 169 (M+—C11H15NU, 72); Anal. Caled. for C

Found: C, 76.46; H, 6.54; N, 7.96.
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