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Total Synthesis of the Didemnins; I11. — Synthesis of Protected (2R,35)-Alloisoleucine and
(35,4R,55)-Isostatine Derivatives — Amino Acids from Hydroxy Acids'

Ulrich Schmidt,* Matthias Kroner, Helmut Griesser

institut fiir organische Chemie, Biochemie und Isotopenforschung der Universitdt Stuttgart, Pfaffenwaldring 55, D-7000 Stuttgart 80, Federal

Republic of Germany

(25,35)-2-Acetoxy-3-methyivaleric acid (3) is prepared from L-isoleuci-
ne (2) with 96 % retention of configuration. Compound 3 is converted
1o optically pure methyl p-alloisoleucinate (7) as its hydrochloride salt,
via the methanesulfonate 5 and the azide 6 with 76 % yield anc 99.9%
inversion. Subsequent protection-saponification-activation of 7. fol-
iowed by reaction with the lithium enolate of methyl trimethylsilyl
malonate and reduction, yvields (35.4R,55)-N-(9-fluorenylmethoxycar-
sonyl)isostatine (12). (35.4R,58)-Isostatine is a characteristic unit of the
Jdidemnines 1.

The cyclic depsipeptide didemnines 1 were isolated from tuni-
cate Trididemnum solidum in 1981 by Rinehart et al.> The
original structure proposed for these compounds has since
undergone revision many times. Unfortunately the majority of
these were published in literature which is not easily accessed.
A brief summary of these publications follows:

- the configuration of N-methylleucine in the side chain has
been identified® as R;

- Joullie et al. established the (2S,45)-configuration for the
(hydroxyisovaleryl)propionic acid (Hip);* in a symposium
paper® Rinehart formulated the 25,4S-configuration for Hip
but without explanation of how and when this correct
configuration was elucidated;

- by means of NMR investigations Castro et al.’ demonstrated
that isostatine and not statine is a ring component but
formulated the enantiomeric (3R,4S,5R)-configuration. At
the same symposiumn Rinehart® published the correct isosta-
tine structure but without specifying configuration. A reliable
elucidation of the structure and configuration was recently
achieved by X-ray crystallography’ and total synthesis® (ring
closure at the nitrogen atom of isostatine in 18 % yicld).

Furthermore the synthesis of a didemnin A epimer containing
statine as a building block was reported by Shioiri et al.”
(formation of the statine-Hip-ester bond and ring closure at the
nitrogen atom of N,O-dimethyltyrosine in 39 % yield).

MeO—7 \ N \ ;
—_ Me
1
R = [H-p-Meleu: Didemnir A

H-L-Lac-L-Pro-p-Meleu. Didemaun B
H-L-Lac-p-Meley: Dicemnin C

After completing a synthesis of the didemnin epimer containing
statine, we learned of the corrected didemnin structure. A
preliminary report'® of our synthesis of the isostatine containing
didemnin ring with the Z-protecting group and the total syn-
thesis of the didemnins A-C and prolyldidemnin A was given.'!
Our methods for the construction of the linear substrate and for
the ring closure (at the nitrogen atora of preline in 70% yield)
are completely different from the methods used by Rinehart.

Herein we report the preparation of (2R,3S5)-alloisoleucine and
(35.,4R,58)-isostatine.'* The expensive (2K.3S)-alloisoleucine
was obtained from commercially available (25,35)-isoleucine by
convarsion to the acetoxy acid with retention, and its conversion
over two steps to the amino acid with inversion. Since similar
reactions are often used and our compounds have two stereoge-
nic centers, the stereoselectivity of these reactions can easily be
checked by estimation of the diastercoisomers,
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Reaction of (25,3S)-isoleucine 2 and isoamyl nitrite in acetic
acid gave (28,35)-2-acetoxy-3-methylvaleric acid (3). Trans-
esterification with methanol produced methyl (25.35)-2-
hydroxy-3-methylvalerate 4. Following these steps without pur-
ification or accumulating one diastereoisomer, the methanesul-
fonate was formed, the GC analysis of which revealed a
diastereoisomeric ratio of 96:4 (25,3S/2R,3S). Therefore the
conversion of the amino acid into the hydroxy acid proceeded
with 96% retention and 4% inversion of the configuration.
Transformation of optically active a-hydroxy acids into a-amino
acids via aminolysis of the sulfonic esters is a well known
procedure. The reaction of the triflates with primary and
secondary amines is especially advantageous and
stereoselective.'> 3. To our knowledge the substitution of
optically active a-methylsulfonyloxy esters with azides has not
hereto been reported.

The methanesulfonate § was reacted with sodium azide in
dimethylformamide at 50°C to give the a-azido ester 6 com-
pletely stereoselectively. Catalytic hydrogenation of the prod-
uct, containing small amounts of dimethylformamide, in the
presence of hydrogen chloride gave the methyl (2R.3S5)-
alloisoleucinate hydrochloride 7. After one recrystallization a
76% yield of optically pure product 7 was obtained from the
unpurified methanesulfonate 5. The absolute configuration of 7
was confirmed by conversion to the known3* N-Boc-p-
allisoleucine. The amino acid ester 7 was transformed into the 9-
fluorenylmethoxycarbonyl-amino ester (Fmoc-amino ester) 8
and the Fmoc-amino acid 9.
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To determine the extent of racemization in the substitution
reaction of mesylate § with azide, the crude hydrogenation
product 7 was reacted with 9-fluorenylmethyl chloroformate to
give the methyl N-Fmoc-p-alloisoleucine ester 8. A diastereoiso-
mer ratio of 96:4 (2R,35/25,3S) was determined by HPLC and
showed that transformation of the methanesuifonate diastereo-
isomeric mixture (96:4) into the amino acid derivative is
completely stereospecific.
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Many syntheses of statme and other 7-substituted y-amino-f-
hydroxy acids have been described in the last few years (Ref.
14- 24 and literature cited therein). Two main types can be
recognized:

- acylation of ester enolates with acylamino acid derivatives W
give p-keto esters and following stereoselective reduc-
‘ion.14.16,18.20.21

- stereoselective aldol condensation of ester enolates and a-
acylamino aldehydes.!*-22:23

Syntheses via the latter suffer from potential racemization,
especially in basic medium, of the sensitive and not easily
accessible acylamino aldehydes.

In our preliminary communication we described the construc-
tion of isostatine and Hip by acylation reactions of malonic acid
trimethylsilyl esters, which were introduced by us twenty years
ago,2* and proved to be very useful.

HaBiH, /EtVELOH NHFmoc NHFmoc
20°C, 15 min
e et i A~
n - “coMe * 7 CO:Me
OH OH
12a 847 12b 5%
1,071 1IN HadH, 3000 2h
dioxane NHFmoc 2 Bog¥ditxane
12 156°C, 100 207 20
& T ¥ CH 9% %
OH
13
NHBoc
- " COH
Fmos = §-fluurenylmethoxyzarhonyt OH
Boc = f-butoxycarbonyl 14

Attempts to acylate the lithium enolate of methyl trimethylsilyl
malonate with N-Z-L-leucyl chloride were very successful,>® but
failed with N-Z-pD-alloisoleucyl chloride.  N-Fmoc-p-
alloisoleucy! chloride (10), which is configurationally stable?’
and very easily obtained from the acid 9, proved to be the v-
alloisoleucyl derivative of choice. The f-keto ester 11 was
formed in a 95% yield. An initial reduction with sodium
cyanoborohydride gave a 71:29 mixture of diastereoisomers
12a/12b (35,4R,55/3R4R,5S). Later we found that reduction
with sodium borohydride resulted in a diastereoisomeric mix-
ture 12a/12b (90: 10) containing even more of the desired isomer
12a, despite the extreme base sensitivity of the Fmoc group.
Acid hydrolysis of the methyl ester gave Fmoc-(354R.55)-
isostatine 13. One recrystallization of the Fmoc-ester 12a/12b
gave optically pure Fmoc-isostatine 13, with an overall yield
from 9 of 70%. Transformation iato the tert-butoxycarbons !
(Bov) ester 14 was performed under standard conditions. The
use of the Fmoc protecting group in this synthesis is advaa-
tageous as all the intermediates are crystalline. The configur-
ation of the isostatine derivatives 12a and 12b i assigned by
saponification, deprotection of the amine and formation of the
oxazolidinones with phosgenec. Examination of the NMR spec-
trum for the coupling constants of the protons in 4 and 5 position
enables 12a and 12b to be identitied,?® 2 [cis-oxazolidinone
from 12a: 0 = 505 (1H, HS J, s = 7.5Hz); trans-
oxazolidinone from 12b: § = 4.6 (1 H, H-5) /, ; = 4.3 Hz].

Simultaneously with our preliminary report'® two syntheses of
(3S.4R,58)-isostatine from D-alloisoleucine, with similar yields.
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have been described.'*:'¢ Another method has also been pub-
lished, giving 30% of a diastereoisomeric mixture (3S4R,
58/3R,4R,58).%° Very recently syntheses of didemin,*! and of
nordidemin®* (containing norisostatine), have been published.

"H-NMR spectra were recorded on a Bruker Spectrospin 80 MHz
spectrometer. Optical rotations were determined with a Perkin-Elmer
241-polarimeter. Melting points (Reichert microscope) are uncorrected.
Petroleum ether used has bp 40--60°C. TLC was done on silica gel
(Merck silica 60F, 5, sheets) and medium pressure column chroma-
tography used Merck Lichroprep Si 60 (1525 ym). HPLC was done
with a LKB instrument and a chiral column (Baker-bond DNBPG).
Carlo Erba instrument equipped with a capillary column (OV 1701,
20 m) was used for GC.

(25,35)-2-Acetoxy-3-methylvaleric Acid (3):

To a stirred solution of L-isoleucine 2 (144.3 g, 1.1 mol) and sodium
acetate (90 g, 1.1 mol, freshly melted) in AcOH (1.5L) cooled to 15°C,
isoamyl nitrite (167mL, 1.25mol) is added over a period of 3.5 h. The
mixture is kept at 15°C for 48 h. AcOH is evaporated at reduced
pressure. The residue is partitioned between Et,0 (100mL) and water
(100 mL). After acidification with conc. HCI (100 mL), the organic layer
is separated, washed with water (5 x Z0mL) and extracted exhaustively
with sat. aq. KHCO;. The alkaline sclution is acidified with conc. HCI
to pH 1 and extracted with Et,0 (2x 150mL). The residue obtained
after evaporation of solvent is distilled under reduced pressure o give
the acetoxy acid 3; yield: 105g (55%); bp 100°C/0.07 mbar; [«]3°
~14.9° (¢ = 1.2, CHCly), (£.5)/(R.S) = 96:4.

CeH,,0, cale. C55.16 H8.10

(174.2) found  55.11 8.11

"H-NMR (CDCL,/TMS) § = 0.96 (t, 3H,J = 7Hz); 1.02 (d, 3H, J =
7Hz); 1.42 (m, 2H); 2.00 (m, 1H); 2.15 (s, 3H); 498 (d, 1H, J =
4.5Hz); 11.10 (br s, 1 H).

Methyl (25,35)-2-Hydroxy-3-methylvalerate (4):

A solution of 3 (25 g, 0.144 mol) in MeOH saturated with HC1 (100 mL)
is kept at r.t. for 2 days. After evaporation of the solvent, the residue is
dissolved in CHCIl; (100mL) and washed with brine (20rl), dried
(MgSO,) and reduced in vacuo. Distillation under reduced pressure
affords the hydroxy methyl ester 4; yield: 18.0 g (86%); bp 70°C/
16mbar; [0]3° +28.5° (¢ = 0.95, CHCly), (S,S)/(R,S) = 96:4.

CH 4,0, cale. C57.51 H9.65

(146.2) found 57.59 9.76

'H-NMR (CDCl,/TMS): é = 0.90 (t, 3H,J = 6Hz); 0.97 (d,3H,J =
6.5 Hz); 1.32 (m, 2 H); 1.80 (m, 1 H); 2.97 (s, 1 H); 3.77 (s, 3H); 4.10 (d,
1H, J = 4.5Hz):

Methyl (25,35)-2-Methylsulfonyloxy-3-methylvalerate (5):

To a stirred solution of 4 (15.8 g, 0.108 mol) and pyridine (12.1mL,
0.15mol) in CH,Cl, (30mL) at 10°C, methanesulfonyl chloride
(10mL, 0.13 mol) is added over a perind of 15 min. The reaction is kept
atr.t. for 12h and at 40°C for 1 h. After evaporation of CH,Cl,. the
residue is dissolved in EtOAc (50 mL) and washed with 1N aq. H,S0,
(50mL)and 1N aq. KHCO; (30 mL), dried (MgSO,) and evaporated in
vacuo. Kugelrohr distillation of the crude product under reduced pres-
sure gives the mesylate S; yield: 22.6 g (93 %); bp 80°C;0.001 mbar;
[2]3° —30.0° (¢ = 2.0, CH,CLy), (S.5)/(R,S) = 96:4. GC (40-300°C,
5°C/min).

Riyg 35 = 18.85 min (4 %); Rty 35 = 19.23 min (96 %)

CyH 4048 cale. C42.84 H 719 S 14.30

(224.3) found 4271 720 1447

"H-NMR (CDCly/TMS): § = 1.00 (t, 3H, J = 6 Hz); 1.05 (d. 3H, J =
6.5 Hz); 1.42 (m, 2H); 2.03 (m, 1 H); 3.13 (s, 3 H); 3.81 (s, 3H); 4.93 (d,
1H, J=4.5Hz).

b-Alloisoleucine Hydrochloride Methyl Ester (7):

To a stirred solution of 4 (22 g, 0.098 mol) in DMF (50mL) is added
NaN; (7.8 g, 0.12 mol) and the solution kept at 50°C for 30 h. The
mixture is partitioned between EtOAc (100mL) and H,O (100 mL). The
aqueous layer is separated and extracted with EtOAc (3 x 50mL). The
combined organic layers are dried (MgSO,) and concentrated in vacuo
(16 mbar, bath temperature 25°C). Distillation (bp 40°C/0.1 mbar) of
the residue into a cooling trap (— 50°C) gives 6 containing small
amounts of DMF. A solution of the crude azide 6 and 10N aq. HC1
(11mL) in EtOH (100 mL}) is hydrogenated at r.t. in the presence of Pd
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~C (1 g/5%) at 3bar for 12 h. After filtration and evaporation of the
solvent the residue is repeatedly dissolved in tolucne, (30mL) and
evaporated in vacuo. The crude product is recrystallized from EtOAc to
give 7 as colorless needies; yield: 13.5g (76%); m.p.123°C; [a]2°
—22.5 (¢ = 0.75, H,0).

C,H (NO,Cl cale. C4628 H8& N7.71

(181.7) found  46.20 8.87 7.74

"H-NMR (CDCI/TMS): & = 0.97 (1, 3H, H = 7THz); 1.10(d, 3
7Hz); 1.10--2.00 (m, ZH); 2.18 (m, 1 H); 3.83 (s, 3H): 4.05 (d, 1
3.5Hz); 8.85 (br s, 3H).

N-7-(tert-Butoxycarbonyl)-p-alloisoleucine:

A solution of 7 (660 mg, 3.65 mmol) is dissolved in water (10 mL) and
1N NaOH (7.3 mL) and stirred at r.t. for 2 d. To the stirred mixture at
0°C is added di-fert-butyl dicarbonate (810 mg, 3.7 mmol) in dioxane
(20 mL). After 12h the dioxane is evaporated, the aqueous residue
washed with Et,0 (20 mL), mixed with EtOAc (20 mL), and the rapidly
stirred mixture is acidified with 2N H,SO, at 0°C. Evaporation of the
organic layer gives oily N-Boc-D-alloisoleucine; yield: 800 mg (95%);
(S)-o-phenylethylamine salt: mp 142--145°C; [a]3° —14.7 (c = 1.3,
EtOH) [Lit** mp 144-145°C; [«]3° — 14.2 (c = 2, EtOH)).

N-(9-Fluorenylmethoxycarbonyl)-p-alloisoleucine Methyl Ester (8):

To a stirred solution of 7 (10.5g, 57.8 mmol) and 9-fluorenylmethyl
chloroformate (15.5 g, 60 mmol) in EtOAc (100mL) cooled to 0°C, is
added 1N aq. KHCO, (150 mL) over a period of 10 min. The mixture is
stirred 15 min at 0°C and 15 min at r.t. The aqueous layer is separated
and extracted with EtOAc (3 x30mL). The organic layers are com-
bined, dried (MgSO,) and evaporated in vacuo. Recrystallization of the
residue from EtOAc/petroleum ether affords the Fmoc methyl ester 8:
yield: 1853 (87%); mp 86-87°C; [«]3" —3.4° (c= 09, CHCL,).
HPLC (hexane/2-propanol 98.5:1.5, 2mL/min), Rt= 9.85min
(100 %).

CyHysNO, cale. C7191 H 686 N 3.81

(367.5) found 71.93 6.86 3.74

"H-NMR (CDCl,/TMS): § = 0.85(d, 3H,J = 7Hz); 0.92 (t,3H,J =
7Hz), 1.28 (m, 2H); 1.92 (m, 1 H); 3.75 (s, 3 H); 4.22 (dd, 1 H, J = 5Hz,
J' = 9Hz); 4.45 (m, 3H); 5.32 (br d, 1 H, J = 9 Hz); 7.20-7.95 (m., & H).
To determire the degree of racemization in course of the mesylate azide
substitution reaction, the crude hvdrogenation product is reacted with
9-fluorenylmethyl chloroformate. The resulting Fmoc methyl ester 8
can be examined by HPLC (hexane/2-propanol 98.5:1.5, 2mL/min);
Rt pas = 9.85min (96%). Rtyg 35 = 10.87 min (4 %).

N-(9-Fluorenylmethoxycarbonyl)-D-alloisoleucine (9):

A stirred solution of 8 (14.4 g, 39.2 mmol), in 25% aq. HCl (10 mL),
water (30mL) and dioxane (200mL) is hzated to 100°C for 2 days.
After evaporation the residue is dissolved in Et,O (100mL), washed
with water (30 mL) and extracted with 1 N aq. KHCO, (3 x 40ml.). The
combined aqueous layer is carefully acidified with SN aq. H,SO,
(30mL) and extracted with EtOAc (3 x 50 mL). The combined organic
extracts are dried (MgSO,) and the solvent evaporated in vacuo. 1he
residue is recrystallized from EtOAc/petroleum ether to give the Fmoc
acid 9; vield: 12.5 g (90%); mp 140°C; [«];° — 12.7° (¢ = 0.5, CHCl,).
CyH;3NO, cale. C71.37 H6.56 N 3.96

(353.4) found 7128 657 385

"H-NMR (CDCl,/TMS): é = 0.91 (d, 3H,J = 7THz); 095 (t, 3H, J =
7Hz); 1.30 (m, 2H); 2.02 (m, 1 H); 4.25 (dd. 1 H, J = SHz, J = 9 Ha);
4.47 (m, 3H), 5.30 (brd. 1 H, J = 9Hz); 7.20-7.95 (m, 8 H); 8.35 {br s,
1H).

H.J =
H,J =

Methyl (45,55)-4-(9-Fluorenylmethoxycarhonylamino)-5-methyl-3-0x0-
heptanoate (11):

(48,58 )-4-(9-Fluorenylmethoxycarbonylamine )-5-methyl-3-oxoheptan-
oyl Chloride (10)

To a stirred solution of 9 (12 g, 34 mmol) in CH,Cl, (50 mL) is added
thionyl chloride (25mL, 0.34 mol} and the mixture kept at r.t. for 2h
and then for 2 h at 40°C until gas evolution ceases. After evaporation of
the solvent the residue is recrystallized from petroleum ether to give the
chloride 10; yield 12.2 g (96 %).

Conversion of 10 to 11

A solution of the acid chloride 10 (11.5 g, 30.9 mmol) in anhydrous THF
(50mL) is added at — 70°C over a period of 10 rain to a solution of the
lithium enolate of methyl trimethylsilyl malenate (60 mmol; formed from
methyl trimethylsilyl malonate in anhydrcus THF (50 mL) and 1.7N
BulLi in hexane (37.4mL, 58 mmol) at — 70°C). The mixture is slowly

Downloaded by: University of Pennsylvania Libraries. Copyrighted material.



November 1989

warmed to r.1. stirring well and kept at this temperature for 1.5h. The
mixture is partitioned between Et,O (200mL) and IN aq. H,S0O,
(30mL). The aqueous layer is separated and extracted with Et,O
(3x30mL). The combined organic layers are washed with 1N aqg.
KHCO, (30mL), dried (MgSO,) and evaporated. The residue is cry-
stallized from petroleum ether/EtoAc affording the f-keto ester 11; yield:
13.2¢ (95% from 9); Ry = 0.8 (petroleum ether/EtOAc, 7:3); mp
82-84°C; [2]3° +4.8° (¢ = 2.7, EtOAc).

C,.H,7NO; cale. C7040 H6.65 N3.42

(409.5) found  70.26 6.61 3.32

'H-NMR (CDCl;/TMS): 6 = 0.77(d, 3H,J = THz);0.95(brt,3H,J =
7Hz); 1.30 (m, 2 H); 1.98 (m, 1 H); 3.50 (br s, 2 H); 3.73 (s, 3 H); 4.20 (dd.
1H,J = 5Hz,J = 9Hz); 4.30-5.20 (m, 3H); 540 (brd, 1 H;J = 9 Hz),
7.20--7.90 (m, 8 H).

(35,4R,55)-N-(9-Fluorenylmethoxycarbonyl)isostatine Methyl Ester
(12a):

To a stirred solution of 11 (12.0g, 29.3 mmol) in E1,0 (45mL) and
EtOH (105mlL) at - 20°C, is added over a period of 15min NaBH,
(1.11 g, 29.3 mmol). The reaction mixture is stirred 15 min at —20°C
and then poured into ice water (S0mL). After extraction with EtOAc
(3x50mL), the combined organic extracts are dried (MgSO,) and
evaporated. The residue is recrystallized from EtOAc/petroleum ether
to give pure (3S,4R,5S)-isomer 12a (8.4 g). The filtrate, containing both
erythro (3S,4R,55)-12a and threo (3R4R,55)-12b, is purified by
medium  pressure  chromatography  (petroleum  ether/EtOAc/
2-propanol, 60:35:5) to give threo 12b; yield: 1.1g (9%); Ry = 0.55
(petroleumn ether/EtOAc/2-propanol, 7:2.5:0.5) and ervthro 122 1.7 g;
total erythro 12a yield; 10.1g (84%); Ry= 049 (petroleum
ether/EtOAc/2-propanol, 7:2.5:0.5).

erythro-12a: mp 108--109°C; [2J3° —4.1° (¢ = (.58, CHCl,)
CogHoNOg cale. C70.05 H7.10 N340

(411.5) found  69.93 7.23 3.36

'H-NMR (CDCl;/TMS): 8 = 0.85(d, 3H, J = 7Hz); 0.90 (t, 3H, J =
7Hz); 1.20 (m, 2H); 1.87 (m, 1 H); 2.50 (br d, 2H, J = 5Hz); 3.22 (m,
1H); 3.70 (s, 3H); 3.50-4.10 (m, 2 H); 4.22 (m, 1H): 4.40-4.90 (m,
3H); 7.20-7.95 (m. 8 H).

(3R,4R,58 }-N-{9-fluorenylmethoxycarbonyl)isostatine  Methyl ~ Ester
(12b): mp 103-105°C; [«]3° + 34.5 (¢ = 0.37, CHCl,).

CyHygNOg cale. C70.05 H7.10 N 3.40

(411.5) found 69,92 7.11 3.22

'H-NMR (CDCl,/TMS): ¢ = 0.93 (m, 6 H); 1.00-1.90 (m, 3 H); 2.48
(d,2H, J = 7THz), 3.20-3.55 (m, 2H); 4.73 (s, 3H); 4.10-4.70 (m, 4 H);
5.10 (br d, 1H, J = 9Hz); 7.25-7.90 (m, 8 H).
(35,4R,55)-N-(9-Fluorenylmethoxycarbonyl) isostatine (13):

A stirred solution of 12a (9 g, 21.9 mmol), 25 % aq. HC1 (10 mL), water
(30mL) and dioxane (200mL) is heated to 100°C for 10 h. After
evaporation of the solvent, the residue is dissolved in Et,O (100mL);
washed with water (30mL) and then extracted with 1N aq. KHCO,
(3 x30mL). The combined aqueous layer is careful acidified with SN
aq. H,S0, (30mL) and extracted with EtOAc (3 x 50mL). The com-
bined organic extracts are dried (MgSO,) and the solvent evaporated in
vacuo. The residue is dissolved in EtOAc (20mk) and triturated with
pentane to give N-Fmoc-isostatine 13; yield 8.1g (93%); mp
129-131°C; [2]2° — 5.5 (¢ = 0.42, CHCl,).

Cy3H,NO, cale. C69.50 H6.85 N 3.52

(397.5) found 69.54 6.89 3.54

'H-NMR (CDCl,/TMS): 6 = 0.83 (d,3H, J = 7Hz); 0.88 (¢, 3H, J =
7Hz); 1.22 (m, 2 H); 1.85 (m, 1 H); 2.50 (br d, 2H, J = §Hz): 3.50--4.00
(m, 2H); 424 (d, 1 H, J = 6Hz); 4.40-4.90 (1, 3 H): 6.30 (br, 2H);
7.20--7.95 (m, 8 H).

(35,4R,55)-N-(tert-Butoxycarbonyl)isostatine (14):
(3R,4R,55)-N-Fmoc-isostatine 13 (3.5 g, 8.8 mmol) is dissolved in water
(60mL) and 1N ag. NaOH (19.4mL) and stirred at 50°C for 2h. A
white solid is formed. The mixture is cooled to 0°C, and di-zert-butyl
dicarbonate (2.12 g, 9.7 mmol) in dioxane (100mL) is added. The
reaction is kept at r.1. for 2d. After evaporation of the dioxane, the
agueous residue is washed with water, mixed with EtOAc (50 mL) and
the rapidly stirred mixture is acidified with 2N aq H,SO, at 0°C. The
aqueous layer is separated and extracted with EtOAc (2 x S0mL). The
combined organic extracts are dried (MgSO,), the solvent is evaporated
and the residue is dried in vacue (0.001 mbar) to give N-Boc-1sostatine
14 as a colorless foam; yield: 2.25g (93%); [a]3® —8.7 (c = 2.4,
CHCly).
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C;3H,sNOg  cale. € 5670 H9.15 N 5.09

(275.4) found  56.13 8.99 4.86

'H-NMR (CDCl;/TMS): 6 = 0.9 (m, 6 H): 1.4 (m, 2 H)e 1.4 (5. 9H); 1.9
(m, 1 H); 2.5 (m, 2H); 3.6 (m, 1 H); 3.9 (m, LH): 6.0(d. 1 H,J = 10Hz)
7.8 (brs, 2H).
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