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Synthesis of 1-(N-carbobenzoxythiazolidinyl)-2-hydroxy-3-
ethoxycarbonyl-1,2,3,4-tetrahydro-p-carboline
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Pictet-Spengler reaction of the N-hydroxytryptophan ethyl ester (4) with N-protected thiazolidine aldehyde (8) has
been carried out. The product, compound (9b), might be a possible precursor for the eudistomins C, E, K, and

L.

Introduction

Eudistomins C, E, K, and L have been isolated from the
colonial tunicate Eudistoma olivaceum, one of marine species
assayed during the 1978 Alpha Helix Carribean Expedition
(AHCE 1978), and were reported to inhibit the growth of
Herpes simplex virus, type 1 (HSV-DL

Since their unique structures containing the condensed
oxathiazepine ring were reported®® in 1984 (Figure 1), a va-
riety of approaches to the synthesis of eudistomins have
been attempted*~?. Most of them were focused on forming
oxathiazepine ring rather than introducing substituents to
the benzene ring of 1,2,34-tetrahydro-p-carboline. Recently,
Plate ¢t al.* proposed that a possible precursor for the syn-
thesis of the eudistomins C, E, K, and L should be derived
from Pictet-Spengler reaction of N-hydroxytryptophan ethyl
ester with a cysteinal derivative. In this reaction, a mixture
of cis/trans stereoisomers was obtained, and the chirality of
N-hydroxytryptophan ethyl ester was used to control the
stereochemistry at C, of the 1,2,34-tetrahydro-p-carboline
ring. The ethoxycarbonyl group, having fulfilled its function,
was removed with easy.

In the present study, we have tried to obtain a precursor
for synthesis of eudistomins C, E, K, and L by the expansion
of the five-membered thiazolidine ring to a seven-membered
oxathiazepine ring.

Results and Discussion

Our retro-synthetic plan is shown is Scheme 1.

First, we have synthesized two derivatives of N-hydroxy-
tryptophan ester. When bromo-oxime (1) was reacted with
indole or 5-bromoindele in alkaline solution by the proce-
dure of Gilchrist ef al®, indole oximes (2, 3) were obtained
in 62% and 65% yield, respectively. Reduction of indole ox-
imes (2, 3) with trimethylamine-borane compiex gave N-hy-
droxytryptophan esters (4, 5) (Scheme 2).

The thiazolidine carboxylic acid methyl ester (6) was also
prepared in 66% yield from (R)-(— )-thiazolidine-4-carboxylic
acid. The reactive amino group of methyl ester (6) was pro-
tected with bulky carbobenzoxy (Cbz) group to increase steric
hindrance, and reduced with diisobutylaluminiumhydride
(DIBAL) in dry toluene at isopropyl alcohol-dry ice bath
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(—70%) to give N-protected aldehyde (8) in 38% yield. In
a 'H-NMR spectrum the signal for proton of aldehyde appea-
red at § 9.80 ppm {Scheme 3).

Pictet-Spengler reaction of N-protected aldehyde (8) with
ethyl 2-hydroxyamino-3-(indol-3-yl)propanoate (4) was per-
formed in the presence of CF;COOH and, as expected, a
mixture of diastereomers were obtained. Three spots on TLC
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(silica gel, benzene/ethyl acetate=85/15) were obtained.
These diastereomers 9a, 9b, and 9c were separated by pre-
parative HPLC with the product ratio of 2:1:1. Their polari-
ties were 9a, 9b, and 9¢ in increasing order. Their relative
stereochemistry was assigned on the basis of “C-NMR data.
The structure of compound (9a) having the greatest chernical
shift values for the Cy) and Cy was assigned to the cfs iso-
mers, considering the compression effect resulting from 1,3-
diaxial interaction. The structure of the frans isomer showing
more shielded Cq) and Cg carbon atoms was assigned to
compound (9b), which was expected to show a bit greater
compression effect than the compound (9¢). The specific ro-

L R

Cbz N\/s
tation of compound (9a) or the mixture of compound (9b)
and (9¢) was zero, indicating that the aldehyde racemized
under the conditions of its preparation.

The Pictet-Spengler reaction of N-protected aldehyde (8)
with ethyl 2-hydroxyamino-3-(5-bromoindol-3-yl)propanocate
(85) was also carried out, but the similar three products would
not be identified due to some unidentifiable peaks on their
NMR spectra.

In conclusion, we have synthesized the probable eudisto-
mins C, E, K, and L intermediate (9b) according to Scheme

9a

1. The chirality of tryptophan ester (4) was exploited to se-
parate the frans isomers (9a and 9b) from the c¢is products
(92). In the meantime, ring transformation with compound
(%) in aqueous acetic acid was attempted to form oxathiaze-
pine ring, but we were not able to obtain any identifiable
products. We are currently investigating other conditions.

Experimental

Infrared spectra were recorded with Shimadzu IR-440
spectrometer. All NMR spectra were taken on a bruker 300
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MHz spectrometer using TMS as an internal standard. Mass
spectra were obtained by use of a thermospray interface of
HP 1090 A HPLC and HP 5988 A Mass (Hewlett Packard).
Optical rotations were measured by Jasco DIP-360 polarime-
ter. Analytical thin layer chromatography was performed on
a silica gel platé (025 mm, 60F-254, E. Merck). All solvents
and liquids were distilled before use.

Ethyl 2-hydroxyimino-3-(indol-3-yl)propancate (2).

Ethyl bromopyruvate 2-oxime (10.5 g, 0.05 mol) was dissol-
ved in dry CH,Cl, (100 m¥) with indole (234 g 0.20 mol).
Anhydrous Na;COs; (424 g, 0.20 mol) was then added and
the suspension was stirred for 25 h at room temperature,
The solution was fiitered through celite, and the solvent re-
moved under reduced pressure. The column chromatogra-
phic separation (CHClz/n-Hexane=1 . 1) gave hydroxyimine
(2, 76 g 62%): mp. 155-157C (Lit.® 156-157C)

Ethyl 2-hydroxyimino-3-(5-bromeindol-3-yl)propa-
noate (3). Ethyl bromopyruvate 2-oxime (210 g, 0.1 mol)
was dissolved in dry CH;Cl: (250 m{) with 5-bromoindole
(196 g 0.1 mol). Anhydrous Na;CO; (11.7 g 0.11 mol) was
thent added and the suspension was stirred for 10 h at room
temperature. The solution was filtered through celite, and
the solvent removed under reduced pressure. The column
chromatographic purification (CH,Cl/CH;0H=99/1) gave hy-
droxyimine (3, 21.1 g, €5%): mp. 149-150C; 'H-NMR (DMSO-
dg) & 7.95-7.21 (m, 4k, indole CpH and Cy-CrH), 4.21 {q,
2H, CH.CHy), 403 (s, 2H, CCH), 1.24 (t, 3H, CH.CH,); MS
m/fe 344, 342 (MNH;, 92), 327, 325 (MH*, 26), 297, 295 (6),
210, 208 (7); IR (KBr) 3410, 3251 (br), 3018, 2982 cm~?

Ethyl 2-hydroxyamino-3-(indol-3-yl)propanoate (4).

To a stirred solution of ethyl 2-hydroxyimino-3-(indol-3-y)
propancate (2, 0.8 g, 74 mmol) and (CH5);N-BH; {Tokyo
Kasei, 0.6 g, 80 mmol) in ethanol (200 m/) was added drop-
wise a solution of HCI in ethanol (12 mi of a 7 N solution)
at room temperature under dry N; atmosphere. The mixture
was stirred for 5 h, concentrated to dryness, and the residue
was dissolved in CH.CL. The solution was treated with a
large excess of NaHCQ,, filtered, washed with 0.1 N HCl,
dried over anhydrous Na,SQ,, filtered and concentrated. Co-
lumn chromatographic separation (CH,CL/CH3;OH=94/6)
gave hydroxyamine (4, 0.58 g, 32%): mp. 117-118TC (Lit.’ 118-
119C)

Ethyl 2-hydroxyamino-3-(5-bromoindol-3-ylpropa-
noate (5). A solution of HCl in ethanol (80 m{ of 2 7 N
solution) was added dropwise to a stirred solution of hydrox-
yimine (3, 16.2 g, 50 mmol) and {CH;%;N-BH; (Tokyo Kasei,
4.0 g 55 mmol) in ethanol (200 m/) at rcom temperature
under dry N, atmosphere. The mixture was stirred for 3
h, concentrated to dryness, and the residue was dissolved
in CH,Cl,. The solution was treated with a large excess of
NaHCO,, filtered, washed with 0.1 N HC), dried over anhyd-
rous Na,SO,, filtered, and concentrated. Column chromatog-
raphic separation (CH;Cl,/CH;OH=94/6) gave hydroxyamine
(5, 136 g 42%): mp. 122T (dec); 'H-NMR (DMSO-dy) &
7.73-7.10 (m, 4H, indole CoH and Cu-CoH), 434 (q. 2H,
CH,CH,), 4.07 (1H, indole C3CH,CH), 328 and 3.26 (2H,
indole CCH,CH), 1.25 ¢, 3H, CH.CH,); MS m/e 329, 327
(MH*, 93), 311, 309(50), 297, 295(25), 254, 252(4), 242, 240(4),
210, 208 (5); IR (KBr) 3315 (br), 3223, 2917, 1719 c¢m™!,

N-Carbobenzoxythiazolidine-4-carboxylic acid me-
thyl ester (7). To a suspension of thiazolidine-4-carboxylic
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acid methyl ester (6, 14.7 g, 0.1 mol) and NaOH (4.0 g 0.1
mol) in dry CH;Cl; (40 m/) was added dropwise carboben-
zoxy chloride (17.1 g 0.1 mol) slowly at room temperature
with constant stirring and then aliowed to stand overnight.
The solvent was removed under reduced pressure. Column
chromatographic separation (CHCl/CH;OH=99/1) gave N-
protected methyl ester (7, 20.0 g, 71%); 'H-NMR (CDCls)
8 740 (s, 5H, C¢Hs), 5.19 (s, 2H, OCH,), 4.83 (m, 1H, NCH),
4.76 (q, 2H, NCH,), 3.81 (s, 3H, OCH;), 3.30 (dd, 2H, SCH:
CH); MS m/e 299 (MNHI, 95), 282 (MH*, 10), 238(10); IR
(NaCl) 3442, 3004, 2910, 1701 cm™",

N-Carbobenzoxythiazolidine aldehyde (8). To a
cooled (—70C) and stirred solution of N-protected methyl
ester (7, 14.1 g, 50 mmol) in dry toluene (200 m/) was added
dropwise diisobutylaluminium hydride (37 m/, 1 M solution
in n-hexane, Fluka) over a period of 1 h in an dry N, atmos-
phere. After the mixture was stirred for another 1 h at ~70
C, the excess of reagent was decomposed by careful addition
of a mixture of ethanol/concentrated aqueous HCI(20 m/, 10/
1, v/v). Water was added (500 mi) and the organic layer
was washed with brine, dried over anhydrous Na,SO,, filte-
red, and evaporated to give yellow viscous liquid (8, 4.8 g,
38%): 'H-NMR (CDCl;) 8 9.80 (s, 1H, CHOQ), 740 (s, SH,
CeHs), 534 (s, 2H, CH,C;Hs), 5.01 (m, 1H, NCH), 4.78 (q,
2H, NCH,), 3.32 {dd, 2H, SCH,CH); MS m/e 269 (MNH;,
94), 252 (MH*, 42), 208(11); IR (NaCl) 3402, 3001, 2970, 1703
cm™

1-N-Carbobenzoxythiazolidinyl-2-hydroxy-3-ethoxy-
carbonyl-1,2,3 4-tetrahydro-p-carboline (9). To a stir-
red solution of aldehyde (8, 1.3 g, 5 mmol) and hydroxyamine
(4, 1.2 g, 5 mmol) in dry CH,Clx(15 md) was added dropwise
CF;CO0H (23 g 20 mmol) at room temperature in a dry
N, atmosphere. After overnight, the reaction mixture was
concentrated to dryness and the residue was dissolved in
CH.Cl. (250 mi). The resulting solution was washed with
water, dried over anhydrous MgSO,, filtered, and concentra-
ted to dryness to give a yellow oil consisting mainly of three
compounds, which were separated by means of preparative
HPLC (silica gel, benzene/ethylacetate =85/15). The product
ratio of 9a, 9, and 9¢ determined by analytical HPLC was
2:1:1; 0.75 g of 9a (31%, Rf 045), 0.34 g of 9b (14%, Rf
041), 031 g of 9¢ (13%, Rf 0.36).

Compound 9a: mp. 76-77C; UV (MeOH) 224, 280 (A...),
246 (Amin); ®'C-NMR (75 MHz, CDCly) 8 1725 (C(O)OCH.CHy),
1655 (C(O)N), 1388 (Cen) 1371 (Cea), 1361, 1302,
130.2, 1284, 1284, 127.9 (C¢Hs), 126.5 (Ciay), 1220 (Cyry), 1198
(Ce), 1178 (Cgy), 1112 (Cip)), 1080 (Cua), 67.8 (CHCeHs),
714 (Cyy), 63.1 (Cyy), 625 (NCHCH,), 61.8 (NCH,S), 61.5 (CH,
CHa), 214 (Cw), 14.5 (CH,CHz); 'H-NMR (CDCl3) & 8.72 (brs,
1H, NoH), 7.58-7.19 (m, 9H, Cy-CeH and CsHs), 621 (s,
1H, NOH), 5.28 (s, 2H, CH.C¢Hs), 5.04 (m, 1H, NCH), 4.86
(d, 1H, CyH), 4.27 (q, 2H, OCH,CHs), 3.84 (s, 2H, SCH,N),
343 (t, 1H, CyH), 321 (d, 2H, SCH.,CH), 3.00 (d, 2H, C,H,),
1.13 (t, 3H, OCH,CHa); MS m/e 482 (MH*, 76). 464(18), 330
(35), 267(30), 243(88).

Compound 9b: mp. 161C; UV (MeOH) 224, 280 (A, 246
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(Ain); BC-NMR (CDCly) § 1726 (C(O)OCH,CH3), 165.5 (C(O)
N), 1385 (Cuy), 137.2 (Ce,y) 136.5, 130.3, 130.3, 1284, 1284,
127.8 (CeHs), 126.7 (Cuw), 1220 (Ci), 1204 (Cg), 118.1 (Cis)),
1113 (Cw), 1081 (Cuy), 68.1 (CH:CeH:), 632 (Cy), 625
(NCHCHy), 624 (Cqy), 617 (NCH;S), 615 (CH.CHy), 211
(C{;)). 14.5 (CHzCH:;), IH'NMR (CDCls) & 8.08 (bl’S. IH, N(Q)H),
7.50-7.09 (m, 9H, Cy-CeH and CsHs), 6.35 (s, 1H, NOH),
5.22 (s, 2H, CH;CsHs), 5.02 (m, 1H, NCH), 4.87 (d. 1H, CH).
423 (q, 2H, OCH,CH3), 410 (s, 2H, SCH;N), 3.73 (t. 1H,
CoH), 328 (d, 2H, SCH.CH), 2.80 (d, 2H, CH,), 1.13 (t,
3H, OCH,CH;); MS m/e 482 (MH*, 82), 464(43), 374(12),
356(31), 267(96), 241(68), 215(41).

Compound 9¢: mp. 164C; UV (MeOH) 224, 280 (A,...), 246
(wein); BC-NMR (CDCl3) § 1726 (CIOYOCH,CH,), 1655 (C(O)
N), 1385 (Caa). 137.2 (Cyy), 1365, 130.3, 130.3, 1284, 1284,
127.8 (CeHs), 126.7(Ciapy), 1220 (Cr)), 1204 (Cg). 1181 (Cys),
1113 (Cw), 1081 (Cyy), 68.1 (CH,CeHs), 651 (Cn), 625
{NCHCH,), 624 (Cy), 617 (NCH,S), 615 (CH.CHa),
22.0 (Cy)), 14.5 (CH,CH,); 'H-NMR (CDCl3) & 7.97 (brs, 1H,
NgH), 7.48-7.06 (m, 9H, Cs-CoH and CsHs), 6.20 (s, 1H,
NOH), 523 (s, 2H, CH,C¢Hg), 501 (m, 1H, NCH), 4.87 (d,
1H, Co)H), 4.23 (g, 2H, OCH.CHa), 4.17 (s, 2H, SCH,N), 3.61
(t, 1H, C3H), 3.16 (4, 2H, SCH,CH), 2.82 (d, 2H, CH),
1.13 {t, 3H, OCH,CH;); MS m/e 482 (MH", 93), 466(67), 330
(11), 267(58), 241(62).
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