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A DETAILED INVESTIGATION OF THE PREPARATION OF
2,7-DIAMINOSUBERIC ACID AND 2,5-DIAMINOADIPIC ACID
DERIVATIVES USING KOLBE ELECTROLYSIS
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Abstract: The yield of protected 2,7- diaminosuberic acid (DAS) prepared by Kolbe reaction of N-
protected a-glutamic acid esters is dependent on solvent, temperature, concentration of carboxylate
anion, and protecting groups. The highest yield of protected L,L-2,7-diaminosuberic acid is obtained
with Boc-Glu-OMe as starting material using MeOH/pyridine/NaOMe as electrolyte,

© 1998 Elsevier Science Lid. All nights reserved.

Scheme 1) is an
formally by replacing the suifur atoms of cystine 2 by methylene groups. Diaminodicarboxylic acid 1 has been
used as replacement for cystine in the peptide hormone oxytocin' and in an analogue of somatostatin.” The

resulting dicarba analogues of these peptides have shown high biological activity and

-

chemicai stability due to the absence of reducible disuifide linkages.
Recently compound 3 (SK&F 107647, see Scheme 1), a nonapeptide with hematoregulatory activity,
d

.
.. . . . . 4 N S
has demonstrated significant protection in animal models of bacterial’, fungal” and viral® diseases and bone
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marrow transpiantation.” Compound 3 1s the dicarba analoguc of the aimer ol the hemorcgulatory peplide 4

(HP-3b, see Scheme 1) isolated by Laerum and Paukovits from mature human leukocytes.®
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The 2.7-L,L-diaminosuberic acid used for structure-activity-relationship studies” of 3 was synthesized by

AT [ RSP = . - ca e -
either Kolbe electrolysis ~ of Boe-Glu-OBn (5) or by alkylation of a chiral bislactimether (Schollkopf
)21

technology in almost the same overall yield.]4 We decided to further evaluate the synthesis of protected

2,7-diaminosuberic acid by the Kolbe electrolysis of Boc-Glu-OBn (5). This electrochemical reaction allows
Lo oal o o
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the preparation of diaminodicarboxylic acids bearing the required protecting groups

peptides (e.g. 3) in just one step from an appropriate protected amino acid. This is a big
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advantage over the Schdollkopf route”® and other multi-step synthetic routes.”> Diaminodicarboxylic acid

derivatives have been used recently as peptidomin

two amino and two carboxylic groups they are interesting new buiiding biocks for combinatorial chemisiry.

In this paper we present a detailed investigation of the Kolbe electrolysis of Boc-Glu-OBn. We

investigated the influence of temperature, solvent, concentration of the carboxylate anion and of the protecting
groups on the yield. For the first time the main side producis were isolated and characterized. The results

obtained for 2,7-diaminosuberic acid can be useful for the preparation of other diaminodicarboxylic acids by

Kolbe Plpotrnlvqm
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1 X= CHZ’ DAS
2 X =S§, cystine NH,

3 X =CH,, SK&F 107647
4 X=S8, HP-5b

Mechanism of the Kolibe reaction of Boc-Glu-OBn
The moderate isolated yield (20%) of di-Boc-DAS-di-OBn (7) by the Kolbe reaction of Boc-Glu-OBn

forced us 1o isolate and characterize the main side products. The formation of the main side products 8, 9, 10

and 11 can be explained by the different reaction possibilities o
mechanism of the electrolysis of Boc-Glu-OBn (5) is shown in Scheme 2.

(5)i
In the presence of NaOCHj the anion A of Boc-Glu-OBn (5) is formed. This is oxidized at the anode to

L L R S S, g M

the carboxyl radical which fragments into c:
reaction paths of radical intermediate 6 are possible.

@) Dimerization. Combination of two radicals 6 gives the desired diaminosuberic acid derivative 7 (di-Boc-

M am n ou S S Py AT
DAS-di-OBn). In our hands 7 we

% yield after recrystallization.
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b) Abstraction of a hydrogen atom. Abstraction of a hydrogen atom from another molecule, e.g. solvent or
other reaction component, results in the formation of a saturated side chain. The protected 2-aminobutyric acid
derivative 8 is formed when Boc-Glu-OBn (5) is the starting material. The yield of this side product was
approximately 25% (HPLC).

¢) Formation of a double bond. Further oxidation of the intermediate radical 6 results in the corresponding
cation which undergoes rearrangement to the more stable B-carbenium ion. Deprotonation yields the
unsaturated derivative of 2-acylaminocrotonate derivative 9 in ca. 25% (HPLC) yield. The Z-configuration of
the double bond was determined by comparison with literature 'H NMR data.'®

d) Transesterification. In addition to 2-aminobutane carboxylic acid derivatives (8 and 9) we isolated
monomethyl ester 10 (up to 15% yield (HPLC) depending on the reaction conditions) and dimethyl ester 11
(up to 3% yicld (HPLC)) bearing the skeleton of 2,7-diaminosuberic acid whose formation can be explained

by transesterification.
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Scheme 2: Mechanism and side products of the Kolbe electrolysis of Boc-Glu-OBn

The ratio of these products (7, 8, 9, 10, 11) depends on the reaction conditions (temperature, solvent,

concentration of carboxylate anion, electrode surface arca, and material of the electrodes). The highest yields
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of the Kolbe product 7 were obtained under the following conditions: a) using platinum gauze electrodes; b)

rlmning the

clectrolysis in

o

mixture of methanol / pyridine (3 / 1) containing a 10% solution of the
carboxylate anion formed by addition of sodium methoxide to the reaction mixture; ¢) keeping the temperature
between 18-24°C. Higher concentration of the anion of Boc-Glu-OBn, a higher temperature or using methanol
as solvent increased the am
Boc-DAS-di-OBn) but also made the purification more difficult. The isolated yield of pure 7 was 20%. The
cleavage of the benzyl esters of 7 by hydrogenolysis in the presence of Pd/C yielded di-Boc-DAS-di-OH (12)
in 90%. The overall yield in the conversion of Boc-Glu-OBn (5) to 12 was 18%.

Based on this careful investigation we realized that the use of Boc-Glu-OMe (13) should avoid these
problems. Transesterification still takes place but the resulting products are identical with the desired product

di-Boc-DAS-di-OMe (11). We were pleased to obtain the diaminosuberic acid derivative 11 in 34% vield

trom the Kolbe reaction of Boc-Glu-OMe (13). Compound 11 was transformed into di-Boc-DAS-di-OH (12)
by hydrolysis with LiOI1 in 80% yield. This gave an overall yield for 12 of 27% starting with Boc-Glu-OMe
(13). This was more than 50% higher compared to the analogous conversion using Boc-Glu-OBn (5) as the
starting material.

The formation of side product 10 during the electrolysis of Boc-Glu-OBn (5) demonstrates that the
sclection of the protecting groups is important. The results obtained with other protecting groupsw are
summarized in Table 1. In general the yield of the Kolbe electrolysis of Glu-derivatives bearing a benzyl ester
or a benzyloxycarbonyl protecting group is lower compared with those having a methyl, or tert-butyl ester or

tert.-butyloxycarbonyl group. The reason is the sensitivity of the benzyl groups to electrochemical oxidation.

H o
H 0O N M R2
._" e R2 R~ N \/\ 0 -
P Kolbe :
H > (
electrolysis ~
0 OH i R
R 7 [¢] \ﬂ/\ N -
o H
5 R!'=Boc¢, R2=Bn 7 R!'=Bec, R2=Bn, R*=Bn
13 R' = Boe, R? = Me 10 R'=Boc, R?=Bn, R*=Me
14 R! = Boc, R2=tBu 11 R'= Boc, R = Me, R = Me
17 R' = Boc, R* = EtTos 12 R*=Bo¢, R*=H,R*=H
19 Ri=Z, R:=Bn i5 R!=Boc, R?=tBu, R’ =tBu
22 Ri=7. Ri=Me 18 R!' = Boc¢, R: = EtTos, R* = EtTos

4 iy

20 R'=Z,R:=Bn, R =Bn
21 Ri=Z,R:=H,R =H
23 R'=7,R:=Me, R"=Me

Scheme 3: Synthesis of 2,7-diaminosuberic acid derivatives by Kolbe electrolysis
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Starting material Electrolsis product Yield (%) Comments

Boc-Glu-OBn (5) di-Boe-DAS-di-OBn (7) 20 18% overall yield from 5 to
di-Boc-DAS-di-OH (12)

Boc-Glu-OMe (13) di-Boc-DAS-di-OMe (11) 34 27% overall yield from 13 o
di-Boc-DAS-di-OH (12)

Boc-Glu-OtBu (14) di-Boc-DAS-di-OtBu (15) 38 isolated by HPLC

Boc-Glu-OEtTos (17) | di-Boe-DAS-di-OFtTos (18) 17 -

Z-Glu-OBn (19) di-Z-DAS-di-OBn (20) ii 9% overall yield from 19 to
di-Z-DAS-di-OH (21)

Z-Glu-OMe (22) di-Z-DAS-di-OMe (23) 18 15% overall vield from 22 to
di-Z-DAS-di-OH (21)

Boc-D-Glu-OBn di-Boc-D,D-DAS-di-OBn (29) 20 -

Z-D-Glu-OBn di-Z-D,D-DAS-di-OBn (36) 11 -

Kolbe reaction of Boc-Asp-OBn (24)

Bhatnagar

r et _/ showed that

of 2,7-L,L-diaminosuberic acid is more potent than 3. 2,5-Diaminoadipic acid derivatives are not available by

dialkylation of Schﬁllkopf’s bislactimether with dibromoethane.”

cted 2,5-diamino

"3

¥r 11 1 i 1 M £ A Ty
KOlDe elecirolysis o1 Boc-AsSp-upn (<4

pic acid derivative di-Boc-DAA-di-OBn

e VA 1m0/

1% yield

11 Y7

We also isolated the corresponding monomet'nyi ester

In contrast to the Schollkopf route the

(26

=

essfully

could be succ

prepared by

di-Boc-DAA-OBn-OMe (27) as side product. Starting with Z-Asp-OMe (25) we isolated di-Z-DAA-di-OMe

1

should give the highest yields of protected 2,5-diaminoadipic acid derivatives.

% yield. Based on the results obtained in the glutamic acid series we would expect that Boc-Asp-

H O s
H O R? . \/11 R
RN \).L 0 Kolbe o’
Ow/é > /
i electroiysis .0 \n/\ R
OH R N
o W
24 R'=Boc, R?=Bn 26 R!=Boc, R?=Bn, R*=Bn
25 Ri=Z R:=Me 27 R =Boc, R? = Bn, R? = Me
28 Ri=Z,R*=Me, R* = Me

Scheme 4: Synthesis of 2,5-diaminoadipic acid derivatives by Kolbe electrolysis
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Optical purity of di-Boc-L,L-DAS-di-OH (12) and di-Z-L,L-DAS-di-OH (21)
i d b

cleavage of the benzyl ester of the Kolbe product di-Boc-D,D-DAS-di-OBn (29) by hydrogenolysis. An
analytical sample containing the mixture of the three stereoisomers [di-Boc-Z,.-DAS-di-OH (12), di-Boc-

s0-DAS-di-OH (35), and di-Boc-D,D-DAS-di-OH (30)] was available in a ratio of 1 : 2 : | from
inactive di-Boc-DAS-di-OMe (34) by saponification with LiOH. Optically inactive compound 34 was
obtained from subcric acid as shown in Scheme 5. The corresponding di-Z-D,D-DAS-di-OH (37) was
prepared by Kolbe electrolysis of Z-D-Glu-OBn follow
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DAS-di-OBn (36) with LiOH, The corresponding analytical sample containin

H ng
stereoisomers [di-Z-L,L-DAS-di-OH (21), di-Z-meso-DAS-di-OH (39), and di-Z-D,D-DAS-di-OH (37)] i
p .

ratio of 1 : 2 : | was obtained
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Scheme 5: Preaparation of optically inactive 2,7-diaminosuberic acid derivatives: a) SOCl,, reflux, 1.5h;

1 g Qs

b} i) Br,, 45-30°C,

A NTT \\7 T 1 vr 1 IR V70 N L S & PN
)1 5, PA/C, dioxane: e) (Boc¢),O,

n1 MR XA MNTT ~ L1 < 1 "1 AN
un; 1) ivieuri; ¢ aiNs, vieur, reiux, 1/n; a)

W

dioxane/water; f) benzyloxycarbonyl chloride, NaHCO;, dioxane/water.

The optical purity di-Boc-Z,L-DAS-di-OH (12) and di-Z-L,L-DAS-di-OH (21) was determined by

chiral capillary electrophoresis. In all cases no racemization was detectable.
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preparation of protected 2,7-diaminosuberic acid. The results of this study are of general importance for the

synthesis of other diaminodicarboxylics acids by Kolbe electrolysis. The highest yields were obtained with N-

methoxide.
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EXPERIMENTAL PROCEDURES

General
Protected amino acids were purchased from Bachem Feinchemikalien AG, Bubendorf,

Chemi G, Dielsdorf, Switzerland. 2-[(4- methylphenyl)sulfony

p—

]etha_nnlzz‘ 23 (

from Loba Feinchemie AG, Fischamend, Austria. Rotary evaporations were performed at 30-35°C and 20 torr.
Melting points were obtained on a Kofler apparatus and are uncorrected. NMR spectra were recorded on a

Bruker ARX 400 spectrometer at 400MHz for 'H and 100 MHz BC. All chemical shifts

=

> reported in

Y o~

parts per million (ppm, d) downfield from tetramethyisilane. Mass spectra were obtained on a Hewlett Packard
5989A mass spectrometer at 70eV using 59987A clectrospray unit. Optical rotations were measured with a

Perkin-Elmer 341 polarimeter in a 1 dm cell, Elemental analysis was performed at Chemserv, Linz, Austria.

Fes o BV ARV nN1o T

Thin layer chromatography (TLC) was performed on silica gel KG60p,545 precoated plates or RP18p554¢ (E.
Merck). Visualization was done by spraying with ninhydrin solution (0.5g ninhydrin, 1.5 mL glacial acetic
acid, 12.5 mL water, 236mL n—butanol) or Hannessian’s dip (12.5g H,;Mo;N;0,,.411,0, 5g Ce(S0O,),, 28 mL
conc. H,S0, and topped it up to 500 mL with water) and heating to 250°C. Product purities were analyzed on

Hewlett Packard 1050 or 1090 HPLC systems. The Kolbe electrolysis was performed with a power supply
SM120-25D from Delta Electronika. Capillary electrophoresis (CE) was done with a P/ACE 2000 from

AAAAAA Ton cbzeiisnn mnba 717 A A Lo #las P et gt L g T™NAQ 1 NIT /19,
DCLKHldH INSHUMENLS. U L-MEINOAd A JOF 11e investigaiion oy ine [) L puruy U/ ul'DU(.-L, L LIAN-AI-UJIT (1 4).

Capillary: fused silica untreated, 56 cm; inside diameter: 50pm. Column temperature: 15°C. Puffer:

Phosphoric acid (100mM, adjusted with NaOH to pH 6.0), hydroxypropyl-b-cyclodextrine (25 mmol);

Detection: UV 200nm. CE-Method B for the investigation of the optical purity of di-Z-L, L-DAS-di-OH (21):
Capillar_y: fused silica untreated, 56 cm; inside diameter: 50um. Column temperature: 10°C. Puffer:
v adincetad woith NN+, LT
LEHVL, dUjusivl Wil INdUIL1D W0 pri U,

methanol (5%v/v). Separation: constant voltage. Electric field: 470V/em. Injection: 20 mbar, 10.0 sec.

Detection: UV 205nm.

General method for Kolbe electrolysis

CAUTION: The electrolysis has to be carried out under an N, atmosphere! The starting material (1250 mmol)

with the feed to the electrolysis cell being shut off. The reaction solution was transferred to the electrolysis

cell. The electrolysis cell was filled with MeOH until the gauze electrodes (arranged in cylinder form) were

sreed. Then 6 mL of NaOCH

M. LRIVIL U MRS UL 18Ol Uaag

(30 % in MeOH) was added and the feed to the electrolysis cell

v /0 111 1Y ily Al [ wiwie ) ..\ (881w

£

was opened. When the reaction solution reached 15°C the power supply was turned on. The reaction
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temperature was recorded initially about every 15min, later every 30min. The reaction temperature was kept
between +18°C and +24°C by temperature regulation with the cryostat. The reaction was monitored by TLC
(RP18, acctonitrile/water = 4/1). After 8h the reaction was finished, the reaction solution was transferred to
two 2-L round-bottom flasks, the reaction vessel and the electrodes were rinsed thoroughly with MeOH and
this was combined with the reaction solution. This solution was rotary evaporated at 40°C. The residuc was
dissolved in 1000 mL of ethyl acetate and transferred to a separatory funnel. The organic phasc was washed
first with HCl solution (60mL of conc. HCI was diluted with water to 600 mL), with saturated NaHCO; (600
mL) and than washed to neutral with brine (several times 200 mL). The organic phase was dried with Na,SO,,
filtered, the filtrate was concentrated and degassed. The residue was then filtered through silica gel (1400g KG
60F 254, 20-45u, toluene/ethyl acetate = 30/1). The fractions were pooled on the basis of TLC and

concentrated. The crude material was purified by crystallization or flash chromatography.

Di-Boc-L,L-DAS-di-OBn (7)

Starting material: Boc-Glu-OBn. Yield: 20%. mp 104-105°C (cyclohexane/petroleum ether = 1/1); [a]*’p =
-3.2° (5% in CHCI3). lH NMR(CDCl3, 400MIiz): 1.15-1.38(m, 4, 2 CHp), 1.43(s, 18, 2 C(CH3)3), 1.58(m,
2, CHp), 1.72(m, 2, CH»), 4.29(br s, 2, 2 CH), 4.98(br s, 2, 2 NH), 5.15(AB system, 4, J = 12.3Hz, 2 benzyl-
CHp), 7.33(m, 10, aromatic-H). 3¢ NMR(CDCl3, 100MHz): 24.83, 28.32, 32.48. 53.40, 66.96, 79.87,

128.31, 128.42, 128.59, 135.48, 155.31,

O, 1

[—

72.55. Anal. (C320H44N2Og, MW: 584.708): Calculated: C 65.73;

J. Anal. Haal M uiated: ¢
4

H 7.58:N 4.79; Found: C 65.8; H 7.5;N 4.7.

a huatuvlaveacarhangl)
Ei.-DUty10XyCaroonys)

Compound 8 was isolated as an oil from the mother liquor of 7 by chromatography (silica gel, eluent:
petroleum ether / ethyl acetate = 10 / 1). [a]”, = -9.4° (5% in CHCl3, content: 89.8 arca% by HPLC). 1H

NMR(CDCl3, 400MHz): 0.90(t, 3, J = 7.6Hz, CH3), 1.43(s, 9, C(CH3)3), 1.68 and 1.85(m, 1, CH5), 4.29(br

(Z)-2-(tert. Butyioxycarbonylamino)-but-2-enoic acid benzyiester (9)
Compound 9 was isolated from the mother liquor of 7 by chromatography (silica gel, cluent: petroleum ether /

2T I1=7727Hy»
3,4 f.4 M2,
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CH3), 5.20(s, 2, benzyl-CH»p), 5.98(br s, 1, NH), 6.720(q, 1, J = 7.2 Hz, CH), 7.30(m, 5, aromatic-H). 3¢

ATy P

NMR(CDCl3, 100M

-

¥,

N
\D

z): 14.20, 28.17, 66.96, 80.41, 126.79, 128.17, 128.25, 128.52, 132.40, 135.71, 133.11,

164.68. Anal. (Cy1gH7NOg, MW: 291.346): Calculated: C 65.96; H 7.26; N 4.81, Found: C 66.0; H 7.2;

i

Compound 10 was isolaied by chromatography from the motherliquor of 7. First the desired compound was

enriched using silica gel (eluent: petroleum ether / ethyl acetate = 10 / 1). The f{ractions containing the desired

compound were pooled and the resulting residue was purified by r

7

acetonitrile / water = 4 / 1 (Rf (7) =0.2; Rf (10) =0.3). mp 55-59
111 NMR(CDCl3, 400Ml1z): 1.20-1.40(m, 4, 2 Cll5), 1.43 and 1.44(s, 9, C(CH3)3), 1.60(m, 2. CH>), 1.75(m,

CHp). 3.72(s, 3, OCHj3), 4.26(br s, 1, CH), 4.32{br s, 1, C 2 NH)

), 5.00(br s, 2, 2 NH), 5.17(AB system, 2,

[\]

J=12.3Hz, benzyl-CH»), 7.32(m, S, aromatic-H). 13C NMR(CDCl3, 100MHz): 24.82, 28.31, 32.49, 32.54,

52.18, 53.38, 66.99, 79.89, 128.31, 128.42, 128.59, 135.46, 155.32, 172.57, 173.20. Anal. (CogHaoN>Og.

MW: 508.610): Calculated: C 61.40; 1 7.93;N 5.51;Found: C 61.0; H 7.7; N 5.4,
Di-Boc-L,L-DAS-di-OMe (11)
Starting material: Boc-Glu-OMe. Yield: 34%, mp 65-68°C; MS: 433(M+1); [a]*’, = +18.6° (5% in CHCI3).

IH NMR(CDCl3, 400MHz): 1.32(m, 4, 2 CHp), 1.43(s, 18, 2 C(CH3)3), 1.59(m, 2, CH»), 1.76(m, 2, CHy),

.72(s, 6,2 OCHy), 4.27(br s, 2, 2 NH), 4.99(br s, 2, 2CH). 13CN MR(CDCI3. 100MHz): 24.86, 28.30, 32.53,

L
[N

52.17, 53.29, 79.87, 155.31, 173.20. Anal. (CogH3gN20g, MW: 432.513): Calculated: C 55.54; H 7.97; N

6.92: Found: C 55.1; H 8.4; N 6.5.

Di-Boe-L,L-DAS-di-OH (12)
Method A: Hydrogenolysis of 7. Di-Boc-DAS-di-OBn (7, 21.22 g, 36.29 mmol) was dissolved in 200mL
methanol, treated with 2,1 g Norit and stirred for 15 min. The solution was filtered, the residue was washed

with 20 mL methanol. 2,12 g 10 % Pd/C (type K-0225) was added to the solution under a nitrogen

< <L v VL) wWas a0 e SUINLION Uil

Lt e

atmosphere. The solution was hydrogenated in a Parr apparatus at 4bar at ambicnt temperature for 3 h. TLC
(acetonitrile/water 1 : 1, RP-18, ninhydrin) showed complete reaction. The solution was filtered from the

catalyst by suction, the catalyst was washed with 50 mL methanol and the filtrate was concentrated. The

T

residue was crysiallized from 85mL acetonitrile yielding 1

18% calculated on Boc-Glu-OBn.
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Method B: Saponification of 11: Compound 12 was obtained in 80% yield using method B described for
compound 21 with di-Boc-DAS-di-OMe (11) as starting material. This gives an overall yield of 27% starting

T N a0

. 8. 4 CHp), 1.38(s, 18, 2 C(CH3)3), 3.82(br s, 2

CH), 6.95(br s,

|\
[N

2 NH).

b

13¢ NMR(dg-DMSO, 100MHz): 25.30, 28.32, 30.79, 53.51, 78.02, 155.69, 174.25. Anal. (CjgH37N>0g,
MW: 404.459): Calculated: C 53.45; H 7.97; N 6.92; Found: C 53.9;H 7.9;N 6.9.

Di-Boc-L,L-DAS-di-OtBu (15)
Starting material: Boc-Glu-OtBu (14). The product 15 was isolated by HPLC. Yield: 38.5%; mp 68-70°C;

)y = +14.3° (3% in CHCly). 'H NMR(CDCl3, 400MHz): 1.23-1.47(m, 4, 2 CH»), 1.43 and 1.45(s, 9, 2

C(CH3)3), 1.58(m, 2, ClIp). 1.72(m, 2, CHp), 4.13(br s, 2, 2 NH), 4.980br s, 2, 2CH).

- 2401 2
L. 71, 4

ce
o
—

72 21
£06.33,

w

D 74 £
L 4O JI.
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7Q 55 Q1 £Q 14
1, /%5.33, 61.0Y%,10

wh
—

A 1
4.1, s s i.

(C26H48N203, MW: 516.674): Calculated: C 60.44; H 9.36; N 5.42; Found: C 60.3: 1 9.2;: N 5.1.

Boc-Glu-(OBn)-OEtTos (16)
Boc-Glu-(OBn)-OH (407.24g, 1200mmol) and 2-[(4-methylphenyl)sulfonyl]ethanol** >* (HOEtTos, 250.86g,

1250mmol) were dissolved in pyridine (2L) and cooled to 0°C (ice-bath). A solution of dicyclohexyl
carbodiimide (260.01g, 1250mmol) in pyridine (1L) was added in such a way to keep the temperature below
5°C. The reaction was kept at 0°C for lh. Then the ice bath was removed and the reaction was stirred
mechanically at ambient temperature overnight. The precipitated urea was filtered off and the filtrate was
concentrated. The residue was dissolved in ethyl acetate (500 mL) and stored at 4°C for 30min. The
precipitated urea was filtered off and the filtrate was washed with diluted HCI solution (10% in water),
saturated NaHCO, solution and finally with brine until neutral. The organic phasc was dricd with Na,SQO,,

filtered and the filtrate was concentrated. The residue was crystallized from petroleum ether /ethyl acetate = 1/
5 to yield 470g (75%) of 16. mp 82-85°C; [a]*",, = +2.0° (5% in CHCI3). 1H NMR(CDCl3, 400MHz): 1.42(s,

9. (CH3)3C), 1.82 and 2.03(m, 1, CHp), 2.38(m, 2, CHj). 2.44(s, 3, tolyl-CH3), 3.42(m. 2,
7S0>C7H7), 4.11(m, 1, CH), 4.44(m, 2, OCH»CH2S02C7H7), 4.96(br s, 1, NH). 5.11(s, 2, henzyl-

CHy). 7.29-7.39(m, 7. 5 phenyl-H, 2 tolyl-H), 7.78(d, 2, J = 8.2Hz, 2 tolyl-H). 13C NMR(CDCl3. 100MHz):
21.60,27.20. 28.29, 30.13, 52.79, 54.93, 58.49, 66.50, 80.12, 128.13, 128.26, 128.31, 128.59, 130.08, 135.78,

136.31, 145.24, 155.25, 171.50, 172.37. Anal. (CoH33NOgS, MW: 519.38): Calculated: C 65.73;: H 7.58;

N 4.79; Found: C 65.8; H 7.5;N 4.7.
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Boc-Glu-OEtTos (17)
Compound 16 (20g, 38.5mmol) was dissolved in MeOH (200mL

| as dissolved in | 1 mL). 10%

nitrogen atmosphere and hydrogenated in a Parr apparatus at 4bar at room temperature for 3h. The catalyst

was filtered, the filtrate was concentrated and the product was crystallized from diisopropyl ether to yield

13240 (80%) of 17. mp 96-100°C: Ta1?0 = 11 .6° (5% in CIIClaY. 111 NMR(CDCla 400MHZ7Y 1 44(s

P LT \O7uy Ay A4y HHQT ZT Y N, L\LJ D LI BPA Y ) \ / i ktll\_:]._)] F g .L‘dlvll.\\\_/u\_/l_), -TUUXVIIIL} l."?"\b, 7
(CH3)3C), 1.83 and 2.05(m, 1, CHp), 2.40(m, 2, CHp), 2.46(s, 3, tolyl-CH3), 3.45(t, 2, J = 6.1Hz,
OYCOHALTTACOYAC =AY A 147 1 CTIN A AT D O ACOHAQCOAC-H-)Y &S NA(le ¢ 1 NEIY 72Q/4 2 T —
U\/lll\,l! L)U‘,_)’\_ /ll/}, TrLaTTi L, 1, bly, TST/\L, 4Ly WA L:llz{uuz\alll/} -’.U'?\Ul o, by l‘llj, I.JO\U, Ly Jd

8.1Hz, 2 tolyl-H), 7.80(d. 2. 2 tolyl-H). 13C NMR(CDCl3, 100MHz): 21.61, 27.09, 28.26, 29.88, 52.67,

54.90, S58.51, 80.33, 127.75, 128.12, 129.84, 130.10, 136.21, 14531, 15543, 171.47, 177.33. Anal.

(C19H27NOgS, M

O

29.488): Calculated: C 53.14; H 6.37; N 3.26; Found: C 53.4:H 6.4;N 3.3.

Di-Boc-L,L-DAS-di-OEtTos (18)
Starting material: Boc-Glu-OEtTos (17). Yield: 17%; mp 94-96°C; [a] p=14.3° (3% in CHCIy).

TH NMR(CDCl3, 400MHz): 1.24(m, 4, 2 CHp), 1.49 and 1.64(m, 2, CHp), 2.43(s, 6, 2 tolyl-CH3), 3.41(dt, 4,

£7 14 A0S £Q7A4 7005 179 N0 179 14 114 NQ 173£ 177 1ALD1 188799 177179 Awal 0 IT AN AN AQA
22,10, 04.79, 30.44, /7.70, 140.U7, 140.19, 1JV.UD, 120.04, 140.41, 100.40, 1 /24.14. ANdAlL. (L3HMS2INIVIT 0D
MW: 768.941): Calculated: C 56.23; H 6.82; N 3.64; Found: C 56.5; H7.0; N 3.7

Di-Z-L,L-DAS-di-OBn (20)

Starting material: Z-Glu-OBn (19). . Yield: 11% of 20. mp 107-109°C (MeOH); [ct]*’, =-1.2° (5% in CHCI3).
iy NMR(CDCl3, 400MHz): 1.21 and 1.30(m, 2, CHp), 1.60 and 1.74(m, 2, CHp), 4.38(m, 2, 2 CH), 5.10(s,
4, 2 benzyl-CH»), 5.16(AB-system, 4, J = 12.2Hz, 2 benzyl-CH»), 5.28(m, 2, 2 NII), 7.26-7.44(m, 20, phenyl-

H). 13¢C NMR(CDCl3, 100MHz): 24.66, 32.42, 53.81, 67.03, 67.15, 128.11, 128.19, 128.36, 128.52, 128.54,

17Q A
1£40.U

t.ll
-

MTY A

Di-Z-L,1-DAS-di-OH (21)
Method A: Hydrolysis of 20: Di-Z-L,[-DAS-di-OBn (20) (10.06g, 15.41mmol) was dissolved in a mixture of
dioxane (108mlL) and water (30mI.). 2N LiOH solution (19.23mL, 38.47mmol, 1.25 equivalents) was added.

A ) VS SN [RIRRR AP S SRR RN (N, | PR B
1015 WAS SUTTCA 4l dITIDICHL ICHperatdic 101 41 1

r
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starting material was consumed. The solution was concentrated to 1/3 of the volume and 5% KHSO, solution

was added under stirring till pI I=2-3. The precipitate was filtered and stirred with ethyl acetate (250mL). The

70
A rnmalkiaaAd o _: o s Al T LTl NT QM Vil A 1
1e combined organic phases were dried with Na,SO,, filtered
and concentrated. The resulting residue was crystallized from CH;CN (125mlL) to yield 6.63g (91%) of 21.
The overall yield calculated on Z-Glu-OBn was 9%.
D. e 1? P R Y PYis Is ANVis W A ~MN rono fam s e
VIUH'IUH D, H}/“!Ul_ybt') U/ l. L L L 1LJAD-UI-UIVIC (&40) (£}, 4IIIIIO1I) Was Ll S‘\UIVEU mn da 11xturt: Ul wdlcr

(6mL) and MeOH (15mL). 2N LiOH solution (SmL, 10mmol, 1.25 equivalents) was added followed by

MeOH (4mL) to obtain a clear solution. This reaction mixture was stirred at ambient temperature ovemight.

was extracted with ethyl acetate (3x 50mL), the organic phase was dried with Na,SO,. filtered and

concentrated. The resulting residue was crystallized from CH;CN (10mL) to yield 1.6g (84%) of 21. The

overall yield calculated on Z-Glu-OMe was 15% mp 152-154°C,
[@]"p = -9.8° (5% in DMF) NMR (dg-DMSO, 400 MHz): 1.30(m, 4 7). 1.60(m, 4, 2 CH»), 3.28
{br s. 2, Dy0-exchangeable, 2 COCH), 3.92(m, 2, 2 CH), 5.02(s, 4, 2 benzyl-CH»), 7.28-7.40(m, 10,

aromatic-H), 7.50(d, 2, J = 7.9Hz, 2 NH). 13C NMR (dg-DMSO, 100 MHz): 24.53, 30.05, 53.21, 64.79,

61.00; H 597, N 5.93; Found: C 60.8;H 6.0; N 6.0.

Di-Z-L,L-DAS-di-OMe (23)
Starting matcrial: Z-Glu-OMe (22). Yield: 18% mp 72-78°C; [a]’, = +14.6° (5% in CHCI3).

IH NMR (CDCI3, 400 MHz): 1.30(m, 4, 2 CH), 1.64 and 1.80(m, 2, CHp), 3.73(s, 6, 2 OMc). 4.35(br s, 2, 2

Di-Boc-L,L-DAA-di-OBn (26)

forts o o S A - a1, 120 e OHCTS
Starting material: Boc-Asp-OBn (24). Yield: C. [u]"p = +9.7° (0.8% in CHCly).

IH NMR (CDClx. 400MHz): 1.42(s, 18, 2 C(CH3)3), 1.58(m, 2, CHp), 1.89(m, 2, CHp), 4.32(br s, 2, 2 CH).

4.95(br d, 2. 2NH), 5.13(AB-system, 4, J = 12.7Hz, 2 benzyl-CHj), 7.32(m, 10, aromatic-H). 13¢ NMR

(O TOOMTTZY- 2R 2§ 67 S3I01 A7.11 7008 12831 128446 128 60 13528 155.26. 172.07. Anal.
L LAvd g, LVUIVILLA ). £0.20 u iy JIULy Uledly 1 7070y LLUJ 1y 1&U,TU, 1&LU. UV, 10740, Ao d by 2740V is

(C30HgoN20g. MW: 556.665): Calculated: C 64.73; H 7.24; N 5.03; Found: C 64.5; H 7.1; N 4.9.
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Di-Boc-L,L-DAA-OMe-OBn (27)

Compound 27 was isolated as a side product by chromatography from the mother liquor of 26 using the
method described for 10, mp 94-99°C. [a]”’, = +12.1° (5% in CHCl). H NMR(CDClj3, 400MHz): 1.43(s. 9.
C(CH3)3), 1.42(s, 9. 2 C(CH3)3), 1.57 and 1.68(m, 1, CH»), 1.90(m. 2, CH»), 3.69(s, 3, OCHjy), 4.28(br s, 1.

CH). 4.37(br s. 1, CH), 4.95(br s, 1, NH), 5.10(br s, 1, NH), 5.15(AB-system, 2. J = 12.2Hz. benzyi-CH»).
7.35(m. 5, aromatic-H). 13C NMR (CDCl3, 100MHz): 28.27, 28.66, 28.73, 52.26, 52.96. 67.14. 79.98,
128.33. 128.47, 128.61, 135.33, 155.29, 172.13, 172.75. Anal. (Co4H3gN2Og, MW: 480.557): Calculated: C

59.99; H 7.55; N 5.83; Found: C 60.0;H 7.2; N 5.9,

Di-Z-L,L-DAA-di-OMe (28)
Starting material: Z-Asp-OMe (25). Yield: 23%. mp 111-112°C (MeOH); [a]*’p = +21.4° (5% in CHCI,).

1.60-1.72(m, 2, CH,), 1.93(m, 2, CH,), 3.71(s, 6, OCH,), 4.37(m. 2

.38(m, 10, aromatic-H).

Di-Boc-D,D-DAS-di-OBn (29)

Qs

~ o ™ M MY
NEE n'ung material: Boc-D-Glu-OBn.

Y T

(2% in CHCI3).

Anal. (C372Hq4N>Og, MW: 584.708): Calculated: C 65.73; H 7.58; N 4.79; Found: C 65.8:H 7.4;: N 4.7

Di-Boc-D,D-DAS-di-OH (30)

Compound 30 was prepared in the same manner as described for 12 with 29 as starting material. Yield: 80%.

20 .14nn TR AT A

5.6 (M+1). [a] " p = +14.0° (5% in DMF). Anal. (CgH32N>0Og,

- 147 & 144
mp 14>5.0-144.

°C 39N MW: 404.459):

LW I8
LMD T 4

wn

Calculated: C 33.45; 1 7.97: N 6.92; Found: C 53.0: H 8.0: N 6.9.

(£)-2,7-Dibromosuberic acid dimethyl ester (31)

31 was prepared as described in the literature® for 2.5-dibromoadipic acid diethyl ester with suberic acid as

reflux. After 30min a clear solution was obtained and reflux was maintained for an additional 0.5h. Then the
w

solvent was evaporated at the water jet pump, the residue was treated once with 25mL chloroform and again

229 63mm

1 I
J3 381 . ildkuy LisZ O M11a1d
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min.) and the solution was stirred at 45 - 50°C for 7h whereafter additional 2mL bromine was added and
heating to 45 - 50°C was continued for further 43h. (Note: To avoid problems in the following steps it is
important that no monobromosuberic acid is present in the reaction mixture. In our hands no monobromo
compound was detectable by '"H NMR spectroscopy after S0h of treatment with bromine). Then 100mL
mcthanol was cautiously dropped in at this temperature (ca. 25min). After complete addition the resulting dark

brown solution was hcated to reflux for 20min. The solvent was evaporated and degassed. Yield: 16.66g

orange-red oil (80.5 %). 1H NMR(CDCl3, 400MHz): 1.50(m, 4, 2 CHp), 2.01(m, 4, 2 CH»). 3.79(s, 6, 2

>
=t
_
)
}

'
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o.uUnd4, £ \ri).

Sl s n. r\, A ;'1//\/\,1’\\ r11 Ve, 3. 4% N /.
Anal. (L 10 16Dr2 J4, VWL O0UU42)0 Lalcuiated: U 55,50

(£)-2,7-Diazidosuberic acid dimethyl ester (32)
Ester 31 (15.00g, 41.655mmol) and sodium azide (5.96g, 91.605mmol) were refluxed in 150mL methanol for

17h. Th
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deionized water, extracted three times each with 50mL ethyl acetate, the combined organic layers were
washed once with 250mL deionized water, dried over sodium sulfate with addition of activated charcoal,

filtered an

nd evaporated to dryness. The residue was degassed a
(86% of theory) brownish oil. The resulting crude product can be used directly for the next step. An analytical
sample was obtained by chromatography (silica gel, petroleum ether/ethyl acetate = 10/1). |H NMR( CDCl3,
400Mliz): 1.37(m, 4, 2 Clip), 1.72(m, 4, 2 CIlp), 3.72(s, 6, 2 OMe), 3.78(dd, 2, J = 5.3Hz, J = 8.2Hz, 2 CH).

Anal. (C1gH16NgO4, MW: 284.274): Calculated: C 42.25; H 5.67; N 29.56; Found: C 42.3; H 5.7; N 30.0.

stirred with activated carbon (Norit, 0.5g) for i0min. The soiution was fiitered and the activated carbon was
washed with dioxane (2x10mL). Pd/C (10%, 3.9g) was added to the solution under an atmosphere of

nitrogene. The mixture was hydrogenated in a Parr

1 S 10 TIIIALLTE Wds DI yaluyg na

T apparatus at 4bar for 2h at ambient tem

1]

diamino derivative 33. TLC conirol (petroleum ether / ethyl acetae = 2 / 1, detection ninhydrin) showed no
remaining starting material. The catalyst was removed by filtration. Water (50mL) was addded to the filtrate

ollowed by Boc-

ydride (16.9g, 77.40mmol). The solution was stirred at ambient temperature overnight.

Y7 /1

Then the reaction was concenirated. Water (100mL) was added.

T

he resuiting mixture was exiracted with

ethyl acetate (3x50mL). The combined organic phases were dried (NapS0Oy4), filtered and concentrated to yield
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16.44g of an oil which was crystallized from 30mL of acetonitrile to yield 5.7g of 34. mp 110-122°C. Anal.

A Ad M S 2. ONLNT £ 0
oufnd. © 55.0. 101 o.U; N 0.Y.
Di-Z-D,D-DAS-di-OBn (36)

Starting material: Z-D-Glu-OBn. Yield: 12%. mp 84-87 p = +1.1° (5% in CHCI3). Anal.

(C3gH40N2Og, MW: 652.742): Calculated: C 69.92; H 6.18; N 4.29; Found: C 69.7; H 6.3; N 4.2.

Di-Z-D,D-DAS-di-OH (37)
Compound 37 was prepared in the same manner as described for 30 with 36 as starting material. Yield 85%
o 20 _ 1670 (5% in DMF) . .

C. [a] " p=+9.7° (5% in DMF). Anal. (Co4HpgN2Og, MW: 472.499): Caiculated: C 61.00; H

5.97:N 5.93; Found: C 61.1; H 6.0; N 6.0.

(+)-2,7-Bis-(benzyloxycarbonylamino)-suberic acid dimethyl ester (38)

(%)-2,7-Diazidosuberic acid dimethyl ester 32 (8.97g, 31.554mmol) was dissolved in dioxane (100mL) and
was transformed into the diamino compound 33 as decribed above (see 34). The catalyst was removed by
filtration. Water (50mL) and NaHCO; (2g) was added to the filtrate followed by benzyloxycarbonyl chloride
(12mL). The solution was stirred at ambient temperaturc overnight. More water (1000mL) was added and the
product was extracted with ethyl acetate (3x150mL). The combined organic phases were dried with sodium
sulfate, filtered and the filtrate was concentrated. The residue was crystallized from 100mL diisopropyl cther

to yield 6.2g of 38. mp 93-133°C. Anal. (CpgH32N7Og, MW: 500.548): Calculated: C 62.38; H 6.44; N
5.60; Found: C 62.5;H 6.6;N 5.8.
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Dr. Peter Punk for helpful discussions on the design of the electrodes and Dr, Walter Welz for MS analysis.

REFERENCES AND NOTES
1 Keller, O. Dissertation, E.T.H. Ztirich, 1974.
2 Nutt, R. F; Veber, D. F.; Saperstein, R. J. Am. Chem. Soc. 1980, 102, 6539-6545.
3 DeMarsh, P. L.; Wells, G. 1.; Lewandowski, I I.; Bhatnagar, P. K.; Ostovic, E. J. J. Infect. Dis. 1996,
173,205-211.
4 DeMarsh, P. L.: Sucoloski, 8. K.; Frey, C.1..; Koltin, Y.; Actor, P.; Bhatnagar, P. K_; Petteway, S. R

Immunopharmacol. 1994, 27, 199-206.



2074

N

~IJ

12

13

14

15
16

o0

O

)
N

J. Hiebl et al. / Tetrahedron 54 (1998) 2059-2074

,,,,, 11 de

DeMarsh, P. L.; Frey, C. L.; Sucoloski, S. K.; Henne, S. L.; Barney, S.; Bhatnagar, P. K.; Petteway, S.

R Ahcgtract in Praooram and Ahctracte of the 3 3rd Interscience Conference on Annm:/-rnlnn’ Aaonte ansd
I hstract 1
<. ADhS n rrogram and Apstracts of ne 33rd ce Lonference nICron! al Agenits and

(’Jhemolhempy, New Orleans, 1993, American Society of Microbiology, p. 395.

xr: .1 117 - I ITNLS 11
Vicby, O, P.; Olsen, W. M. Bone Marrow Transplant 1995, 12, 305-311.
Laerum, 0. D.; Sletvold, O.; Bjerknes, R.; Eriksen, I. A.; Johansen, J. H.; Schanche, J. S.; Tverteraas,

T.: Paukovits, W. R. Exp. [lematol. 1988, /6, 274-280.

Paukovits, W. R.; Laerum, O. D. Hoppe-Seylers Z. Physiol. Chem. 1984, 365, 303-311.

Bhatnagar, P. K.; Agner. E. K; Alberts, D.; Arbo, B. E.; Callahan, J. F.; Cuthbertson, A. S.; Engelsen, S
J.; Fjerdingstad, H.; Hartmann, M.; Heerding, D.; Hiebl, J.; Huffman, W. F.; Hysben, M.; King, A. G.;
Kremminger, P.; Kwon, C.; LoCastro, S.; Lovhaug, D.; Pelus, L. M.; Petteway, S.; Takata, J. S. J. Med.
Chem. 1996, 39, 3814-3819.

Reviews on the Kolbe elecirolysis: a) Schifer, H.-1. in Electrochemistry IV. Vol. 152 of Topics in
iirrant FMhanasoters TIEd B Qtanl-bhnm) CQorvdinagar UVarlag Daslin Haidalleansy 100N W Daizas A4 N
CWPECTHIL CIC llbl.ly LU, Lo, OLWCCALL 1}. OlJlll %Cl' VClldg DTl ILCIUCIUCIE 1774, 1)) DALLCL, [V1. 1V,
Tetrahedron 1984, 40, 935-969. ¢) Schiter, H.-J. Angew. Chem. 1981, 93, 978-1000; Angew. Chem.

Int. Ed. Engl 1981, 20, 911.

Mori, K. Nippon Kagaku Zasshi 1961, 82, 1375-1377.

Schollkopf, U.: Neubauer, J. Synthesis 1982, 11, 861-864.

a) Kremminger, P.; Undheim, K. Tetrahedron 1997, 53, 6925-6936. b) Undheim, K.: Kremminger, P.
PCT Int. Appl. WO 93 24,523; Chem. Abstracts 1995, 122, 10682a.

Di-Boc-L,L-DAS-di-OH (12) was obtained in 18% yield with the Kolbe electrolysis and with 20% yield
using the procedure described in ref. 13a. irans-1,4-Dibromo-2-butene was used for the dialkylation step

hecance nf hiocher diacterencelectivity commnured ta cie 1 A_dihramao-2-hntene 1 A_dihramahitane or 1 42
ULLVUUOL UL RIS IIMNT VAo lvI VU OV IV LL VL L MUIIIIJ“I WMLV LS 1, TTTMIVL VIV LT U R, a7 VULV UULALIN U 1,77
Aileencne ~ D) lidean Tha tonloéad PG U Do) U DU | P SR (S ~no AE()/ Lannsion maman ad
UIOTOINO-Z-DULYIIC. 1IIC 1501AtCU YICIU O1 UIC UidIKyidtiol TOUUCL Wadd 40 /0 uCLaude ICpCd a

1 e Y VA

crystaiiization was necessary to reach a diastereoselectivity >95%.

Williams, R. M.; Yuan, C..J. Org. Chem. 1992, 57, 6519-6527.

a) as replacement for cystine: see ref, 1; ref. 2; ref. 9; b) as replacement for bis-(homocysteine) to
stabilize a helical conformation: Andrews, M. J. 1.; Tabor, A. B. Tetrahedron Lett. 1997, 38, 3063-3066.
¢) as precursors for the preparation of rigid dipeptide mimetics: (i) Mueller, R.; Revesz, L. Tetrahedron
Leti. 1997, 38, 3063-3066. (ii) Lombart, H.-G.; T.ubell, W. D. J. Org. Chem. 1996, 61, 9437-9446 and
references therein.

Basu, B.; Freid, T. Acta Chem. Scand. 1996, 50), 316-322,

Qol, 2., DI, 2. J20000 L0, 0Ll FEy,

Srinivasan, A.; Richards, K. D.; Olsen. R. K.; Tetrahedron Lett. 1976, 12, 891-894.

M. g

117 ~ 7 A11 ~ I“.. PR
FImoc- Ulu UtDU. U U una

We¢ also investigated the Kolbe elecir esire
di-Fmoc-DAS-di-OtBu couid be isolated from the reaction mixture.

Bold, G.; Allmendinger, T.; Herold, P.; Moesch, L.; Schir. H.-P.; Duthaler, R. O. Helv. Chim. Acta
1992, 75, 865-882 (footnote on page 868).

Unfortunately, Boc-Asp-OMe is not commercially available at the moment.

Miller, A. W_; Stirling, J. M. J. Chem. Soc. (C), 1968, 2612-2617.

Ludescher. U.; Schwyzer, R. Helv. Chim. Acta 1972, 55, 2052-2060.

Guha, P. C.; Sankaran, D. K. Org. Synth. 3, 623-625.



