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Ring Cleavage of N-Acyl- and N-(Arylsulfonyl)histamines with Di-terz-butyl Dicarbonate.
A One-Pot Synthesis of 4-Acylamino- and 4-Arylsulfonylamino-1,2-diaminobutanes
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* Department of Organic Chemistry, The Weizmann Institute of Science, Rehovot 76100, Isracl
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The ring cleavage of N-acyl- and N-(arylsulfonyl)histamines with di-
tert-butyl dicarbonate in aqueous acetonitrile containing KOAc pro-
vides a one-pot synthesis of 4-acylamino- or 4-arylsulfonylamino-1,2-
bis(zert-butoxycarbonylamino)butanes. Removal of the Boc groups in
these protected triamines with trifluoroacetic acid or dry HClin MeOH,
followed by alkylation with benzyl bromoacetate, and then hydrogen-
ation leads to N*-acyl-1,2,4-butanetriamine-N' N, N2, N2-tetraacetic
acids and the N*-arylsulfonyl analogs, respectively.

Strong metal chelators, carrying a second functionality that
allows attachment to a biomacromolecule, are of considerable
interest in diagnostic and therapeutic applications.! ~® Simple
carboxymethylated amines, such as diethylenetriaminepen-
taacetic acid (DTPA) or various bifunctional ethylenediamine
tetraacetic acid (EDTA) derivatives have been exploited for
coupling of radioactive,! ~3:3 fluorescent,* or NMR-contrast-
ing® metal ions. EDTA-type molecules form very strong metal
complexes, and consequently bifunctional EDTA derivatives
with the EDTA center well separated from the functional
group intended for binding the proteins, are very desirable.
However, not many vicinal diamines with a third functionality
are available. Vicinal diamines may be prepared, for example,
from amides of tyrosine, alanine, and phenylalanine by reduc-
tion with diborane” or by the reductive C—C coupling of N-
alkylaldimines using low-valent titanium species.® The ring-
cleaving benzoylation of ethyl imidazole-4-propanoate, fol-
lowed by hydrogenation and hydrolysis affords 4,5-diaminop-
entanoic acid;® subsequent blocking of the vicinal diamine
functions as the N',N2-di-Boc derivative, amidation with N'-
benzyloxycarbonyl-1,3-propanediamine, removal of the Boc
groups, N-carboxymethylation, and removal of the benzyloxy-
carbonyl group leads to AN-(3-aminopropyl)-4,5-bis[bis(car-
boxymethyl)amino]pentanamide, an EDTA derivative with an
extra amine functionality and amide-type linker arm.'¢

An aiready known!! direct and facile route to vicinal diamines
having a third amine functionality from N-tosylhistamine via
ring cleavage with di-fers-butyl dicarbonate leads to the vic-
bis(Boc-amino) compounds via dibenzoyl intermediates and
then to the free vicinal diamines. The reaction conditions (8 fold
molecular excess of di-zers-butyl dicarbonate; 10 days) are a
limiting factor in the practical application of this procedure to
the synthesis of 5-amino-1,2-bis(Boc-amino)alkanes; a further
inconvenience is the interim chromatographic purification. We
now report a cne-pot method for converting N-acyl- and N-
(arylsulfonyl)histamines into 4-acylamino- or 4-(arylsulfonyl-
amino)-1,2-bis(tert-butoxycarbonylamino)butanes, respect-
ively.

N*-(2-Methylpropanoyl)-1.2,4-butanetriamine (7 a) was synthe-
sized by amidation of histamine (1) with 2-methylpropanoyl
chloride/triethylamine in chloroform to give N, N™-bis(2-
methylpropanoyl)histamine, the N*"-acyl group of which was
removed selectively by heating with methanol to give N-(2-
methylpropanoyl)histamine (2a) in 82% yield. Ring cleavage
under the conditions described for N-tosylhistamine!! (0.23 mol
di-tert-butyl dicarbonate per 0.05 mol of 2a in acetonitrile; 10
days) gave a mixture of N'- and N*-formyl-N!, N2-di-Boc-N*-(2-

methylpropanoyl)-1-butene-1,2.4-triamines 3a and 4a. The for-
myl group was removed by heating 3af4a in methanol!2 and the
resultant product was hydrogenated to N*,N*-di-Boc-N*-(2-
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methylpropanoyl)-1,2,4-butanetriamine (6a), which was then
chromatographed to remove polar impurities and traces of the
unsaturated analog 5a. The yields obtained from ring cleavage
of N-tosylhistamine (2b) and N-(2-methylpropanoylhistamine
(2a) are similar.

Based on reported'® observations on the ring cleavage of
imidazole with diethy! dicarbonate in phosphate buffer, we
modified our experimental procedure by increasing the con-
centration of the N-acylhistamine 2a and of di-terz-butyl dicar-
bonate and decreasing the amount of potassium acetate. In the
one-pot synthesis, the ring cleavage is performed under two-
phase conditions (acetonitrile/aqueous potassium acetate) with
vigorous stirring for 24--48 hours to afford 6a in 15-20%
overall yield from 2a. Froduct 6a can be separated from starting
material 2a (recovered in 25--40 % yield) due te the insolubility
of 2a in ethyl acetate, and because in the partition between
aqueous hydrochloric acid and chloroform, product 6a readily
goes into the chloroform phase. The hydrogenation of 5ato 6ais
performed with the crude reaction mixture obtained from the
conversion 2a — S5a; however, for batches larger than 10 g,
hydrogenation remains incomplete and must be repeated after
washing the reaction mixture with aqueous hydrochloric acid.
The R; value of compounds 5a and 6a are almost identical
(silica, EtOAc or EtOAc/hexane); the reduction of 5a — 6a is
complete when the TLC spot of 6a invisible under UV light, but
becomes visible upon development with ninhydrin. Removal of
the Boc groups from 6a with triftuoroacetic acid leads to 7a (as
the trifluoroacetic acid salt).

The analogous one-pct synthesis of the previously described
N' N2-di-Boc-N*-tosyl-1,2,4-butanetriamine (6b)' ! proceeds in
19 % overall yield and wih 41 % recovery of N-tosylhistamine
(2b). Similarly, the one-pot synthesis of N' ,N2-di-Boc-N*-
dansyl-1,2,4-butanetriamine (6¢) proceeds in 28 % overall yield
and with 18 % recoverv o the starting N-dansylhistamine (2¢).

SYNTHESIS

1,2-Diamino-4-(2-methylpropanoylamino)butane (7a) may be
tetraalkylated with 4 equivalents of bromoacetic acid to give
2N*-(2-methylpropanoyl)-1,2,4-butanetriamine-N', N*, N2, N
tetraacetic acid (9a). The route requires the isolation of watur-
soluble products from the aqueous medium and their separation
from inorganic salts in excess. For these reasons, the hydro-
phobic tetrabenzyl esters 8a and 8b were prepared and purified
by column chromatography or preparative TLC (and character-
ized by NMR). The benzyl groups were removed by hydrogena-
tion to 9a and 9b, respectively.

Structural assignment of the synthesized compounds by 'H-
NMR is somewhat limited and usually difficult due to the
presence of highly labile protons of the amino and carboxy
groups and also of hydration water. *C-NMR spectrometry
was therefore an important tool in the structural assignment.
Complete '3C-NMR data for the tosyl series (compounds 2b,
5b, 6b, 8b, 9b) are given in the Table; these data relate to the *C
assignments via four groups: skeletal, tosyl, t-Boc, and benzyl-
oxycarbonylmethy! groups.

In summary, the ring cleavage of N-acyl- and N-sulfonylhist-
amines with di-feri-butyl dicarbonate in the twophase system
KOAc/H,0/MeCN, followed by deformylation with methanol
and hydrogenation, provides a convenient onepot synthesis of
N*acyl- and N*-arylsulfonyl-N*,N?-di-Boc-1,2.4-butanetri-
amines 6a, b, ¢ in 20-30% overall yields and with 10-40%
recovery of starting material. The protected triamines 6a, b, ¢
are useful intermediates for the synthesis of substituted EDTA
derivatives. The present method will also be applicable to N-acyl
and N-sulfonyl derivatives of 4-(3- and 4-aminoalkyl)imid-
azoles.

Sources of reagents: di-fert-butyl dicarbonate (Fluka), N,N,N'.N'-
tetramethyl-1,8-naphthalenediamine (Sigma), palladium black (Fluka),
benzy! bromoacetate (Sigma), 5-dimethylaminenaphthalene-1-sulfornyl

Table. '*C-NMR Data of N-Tosyl Compounds 2b, b, 6b, 8b, 9b: Assignments of Chemical Shifts 5

Group C-Atem Compound (Solvent/Reference)
2 sh 6b 8b 9
(CDC1,/TMS) (CDCL,/TMS) (CDCL,/TMS) (CDCL/TMS) (D,O/CH,0H)
butane 0 136.01 - — -
skeleton 1 117.55 118.30 44.24 57.74 56.54
2 135.84 118.87 49.61 58.45 56.38
3 28.44 3377 33.42 29.30 27.98
4 43.99 40.80 39.76 41.22 44.80
% 5 138.88 132.08 137.40 137.03 140.41
PN 6 127.98 127.10 127.03 127.18 127.09
A 7 130.65 129.72 129.63 129.37 130.10
TG 8 144.51 143.35 143.05 142.54 142,71
9 21.94 21.51 21.49 21.46 21.14
0 ww 10 - 152.24 157.12 - -
LGk 10’ - 152.63 157.12 . :
N . ° 1 £0.96 79.70 -
R 1" - £0.69 79.78 -
CicHs):
N 12 28.25 2828 - -
12’ : 28.19 28.32 -
, 9 ) 13 (13 52.04 (52.25) 55.01 (59.73)
N AN B e 14 (14 170.55 (171.65) 180.43 (180.17)
K U 15 (15) 66.48 (66.70)
" 16 (1€ 135.40 (135.52
f \ 17 (17) 128.41 (128.41)

N B 18 (189
' Aﬂ@‘ﬂ 19 (16

128.57 (128.70)
128.40 (128.40)
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chloride (dansyl chloride) (Sigma). TLC was performed cn Merck
Kieselgel 60F 254 plates using the cluents CHCly and CHCl;/MeOH
(95:5); reagents used for visualization were alkaline aqucous 1%
KMnQ, solution and ethanolic 0.2% ninhydrin solution. Flash
Chromatography was carried out on 40-63 pm silica gel (Merck No.
9385 and EtOAc or CHCl,/1 % MeOH as eluents. Melting points were
determined on a gallenkamp apparatus and are corrected. IR spectra
were obtained on a Matteson CYGNUS 25 FTIR spectrophotometer.
'"H-NMR spectra were recorded at 80 MHz on a Varian FT80A
spectrometer and **C-NMR spectra at 75.5 MHz on a Bruker AM-300
spectrometer, using TMS as internal reference for CDCI, solutions and
MeOH (6 = 49.5) for D,0 solutions. The assignments were aided by
multiplicities and *3C x 'H correlations resulting from off-resonance
decoupled spectra.

N-(2-Methylpropanoyl)histamine (2a):

Freshly distilled 2-methylpropanoyl chloride (isobutyryl chloride;
11.7 g, 110 mmotl) and histamine - 2HCL (1 - 2HCI; 7.6 ¢, 54 mmol) are
added to a stirred solution of Et;N (25.7g, 250 mmol) in CHCIl,
(800 mL) at 0°C. After 2 h, the temperature is raised to 20°C. Stirring is
continued for 20h, the Et;N-HCI then filtered off, the solvent
evaporated, the residue dissolved in MeOH (100 mL), and this solution
heated to boiling for 2h to remove the N'™-acyl group. The solvent is
then evaporated and the residue is crystallized from EtOAc; yield:
16.3g (82)%; mp 139-140°C; TLC (silica, EtOAc/MeOH, 10:1):
R, =0.2.

CoH, N3O cale. C359.66 H 828 N 2320

(181.2) found 59.76 8.40 22.90

"H-NMR (CD;0OD/TMS): § = 0.87 (d, 6 H. J = 8 Hz, 2CH,); 2.13 (q,
1H,J =8 Hz, CH); 2.48 (t,2H,J = 8 Hz, CH,); 3.12 (. 2H, J = 8 Hz,
CH,); 6.63 (s, 1 H, CHNH); 7.37 (s, 1 H, CHHNH).
N',N?-Di-Boc-N*-(2-methylpropanoyl)- 1-butene-1,2,4-triamine (5a):
Mixture of N*- and N*-Formyl-N',N*-di-Boc-N*-( 2-methylpropanoyl )-
I-butene-1,2 4-triamines (3a+4a): To a stirred solution of N-(2-
methylpropanoyl)histamine (2a: 7.85g, 43.3mmol) in  MeCN
(700 mL) +aq. 10% KOAc (395 mL) is added di-tert-butyl dicarbonate
(34.92 g, 160 mmol) and stirring at room temperature is continued for
10 days. The oily product thus obtained gives 2 spots on TLC {silica gel.
EtOAcj); it is coiumn-chromatographed on silica gel using EtOAc/
MeOH (98:2) as eluent to give the mixture 3a+4a as a solid which
shows only one spot on TLC (silica gel, hexane/EtOAc 1:1): yield: 7.4 g
(43%).

CioHa3N;3;Og cale. € 5712 H 832 N 10.51

(399.5) found  57.03 8.22 10.02

Deformylated Compound 5a: The mixture 3a +4a (7.4 g, 18.5 mmol) is
dissolved in MeOH (200 mL) and this solution is allowed to stand at r.t.
for 48 h [IR and 'H-NMR spectrometry then indicate the disappear-
ance of the formyl group (v = 1730cm™'; § = 9.5)]. The solution is
evaporated; yield: 6,9 g (100 %, based on 3a + 4a; 43 % based on 2a);
mp 132~133°C.

CigH3aN;05 cale. € 5820 N 886 N 1131 0O 21.54

(371.5) found 5786 872 10.02

'H-NMR (CDCl,/TMS): 6 = 1.12 (d, 6 H, J = 9 Hz, 2CH,); 1.45 [s,
9H, C(CHj3),); 1.47 [s, 9H, C(CH;);]: 2.25 (i, 2H, J=8Hz,
CH,CH,); 2.93 [q, 1 H, CH(CH,),]: 3.12-3.16 (m, 2 H, CH,NH); 6.02
(br s, t H, NH); 6.2t (d, 1 H, J = 12 Hz, CH=C).
N',N*-Di-Boc-N*-(2-methylpropanoyl)-1,2,4-butanetriamine (6a) (from
Sa):

A solution of compound 5a (1.02 g, 2.7 mmol) in MeOH (25mL) is
hydrogenated in the presence of 10% Pd-C (0.4 g) in a Parr apparatus
at 5.6 bar and 50°C for 15 h. The catalyst is then filtered off, the solvent
evaporated, and the residue crystallized from EtOAc/hexane; yield:
0.252 (24%);, mp 129-130°C.

CigHisN3O5 cale. C57.88 H9.44 N 11.25

(373.4) found 57.62 9.26 10.96

"H-NMR (CDCI,/TMS): § = 1.15 (d, 6 H, J = 8 Hz, 2CH,); 1.43 [s,
18H, 2C(CHj;);]); 2.12-2.53 (m, 2H, CH,CH,); 2.74- 3.17 [m, 1 H,
CH(CH;),1; 3.17 (t, 4H, J =8 Hz, 2CH,NH); 3.39-3.68 (m, 1H,
CHNH); 4.72~5.29 (m, 2H, 2NH); 6.59 (br s, 1 H, NH).

N*-(2-Methylpropanoyl)-1,2,4-triaminobutane Bis(trifluoroacetic Acid)
Salt (7a):

The di-Boc compound 6a (830 mg, 2.2 mmol) is added to trifluoroacetic
acid (5 mL). This mixture is stirred at 0°C for 2 h and then worked up
by one of the following two methods:
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Work-up A: The trifluoroacetic acid is removed under reduced pres-
sure (10mm Hg). Then, CCl, (2mL) is added and the solvents are
removed at 1 Torr and r.t. To the residue, Et,0 (20 mL) is added, the
resultant precipitate is isolated by filtration and triturated with E(,O
(30 mL). The solid product is isolated by suction and dissolved in
MeOH (50 mL). This solution is treated with active charcoal (1 g).
filiered, and evaporated to leave 7a; yield: 0.54 g (61°0).

Work-up B: Addition of Et,O (25 mL) to the mixture gives a liquid
and an oily phase. The liquid phase is decanted and the ol is triturated
with Et,0 (3 x 25 mL). The insoluble product is isolated by suction and
dissolved in EtOAc (5 mL). This solution is allowed to stand at 4°C tor
20h. The precipitated product is isolated by suction; vield: 780 mg
(89 %); mp 149-150°C.

C,H,, FgN;O5 cale. € 3591 HS5.27 N 1047

(401.3) found  36.20 5.21 10.21

'H-NMR (D,0/CH;0H): ¢ =1.10 (d, 6H, 2CH,) 196 (q, 2H.
CH,CH,); 249-270 (m, 1H, CH); 3.19-36§ (m, S5SH.
CH,NH,; + CHNH, + CH,NH).

N*-(2-Methylpropanoyl)-1,2,4-butanetriamine-N',N',N* ,N*-tetraacetic

Acid (9a):

Method A, directly from 7a: A solution of bromoacetic acid (550 mg.
3.75 mmol) in H,O (10 mL)) is cooled to 0°C and 1 N ag. KOH is added
dropwise until pH7.0 is reached. Then, compound 7a (300 mg,
0.75 mmol) is added and the pH adjusted to 11.0. the mixture is warmed
at S0°C for 24 h, the pH being adjusted to 10--11 after 1 h by the
addition of 1 N aq. KOH,; this adjustment is repeated after 3 h and after
6h. After 48 h, 6 N aq. HCl is added to pH 2 and the mixture
liophilized. The residue is exiracted with EtOH (3 x 10 mL) to remove
excess bromoacetic acid and glycolic acid. The remaining product 9a is
a white powder; yield: 130 mg (43 %); mp 165°C.

Method B, from 7a via 8a:

Tetrabenzyl ~ N*-(2-Methylpropanoyl)-1.2 4-butanetriamine-N' N* N?,
N2 tetraacetate (8a). To a solution of the free diamine 7a (0.20 g.
1.2mmol) in MeOH (10 mL) are added N,N,N N'-tetramethyl-1.8-
naphthalenediamine (1.60 g, 7.1 mmol) and Nal (0.10 g, 0.7 mmol),
followed by benzyl bromoacetate (1.2 mL, 7.1 mmol). and the mixture
is refluxed for 22h under N,. It is then allowed to cool, CHCI,
(100 mL) is added, and the solids are filtered off. The solvents are
removed under reduced pressure and the oily residue is washed with
EtOAc/hexane (11:9) and dried under high vacuum to give 0.86 g of a
brown oil. This crude product is flash-chromatographec on silica gel
and eluted with CHCl,/hexane (4: 1) to give pure 8a; yield: 0.2 g (22%):
yellow-brown oil.

CaaHsiN3Og cale. € 69.00 H6.71 N 549

(765.9) found 68.71 6.46 5.60

'"H-NMR (CDCIl,/TMS): é = 1.08, 1.10 (2d, 6 H, 2CH;); 1.45--1.75
(m, 2H, CH,CH,); 2.30 [q, 2H, CH(CH;),]: 2.50--3.00 (m. 3H.
CH,N + CHN); 3.15-3.40 (m, 2H, CH,NH); 3.50. 3.55 (2s. &H,
4NCH,CO,); 5.07, 5.09 (25, 8H, 4 CH e p00); 7-30, 7.31 (25, 20H, ).
N*-{ 2-Methylpropanoyi j-1,2 4-butanetriamine-N' ,N' N> N*-tetraacetic
Acid (9a): A solution of the tetraester 82 (0.095 g, 0.12 mmol) in 95%
MeOH (6.5 mL) containing AcOH (0.16 mL) is hydrogenated over Pd
black (100 mg) at 5.2 bar and ~ 15°C for 45 h. The resultant mixture is
slightly milky. After addition of H,O (5 mL) and mild heating. a clear
solution is obtained. The Pd is filtered off and the solvents are removed
under reduced pressure. The residue is washed with MeOH to give 9a as
a white powder; yield: 0.0325 g (67%); mp 165°C.

C,eH,, N30y cale. € 4740 H 671 N 10.36

{405.4) found  46.95 6.52 10.15

'H-NMR  (D,0/CH;O0H): §=1.17 (d. 6H, J=9Hz. 2CH,)
1.80--2.20 (q, 2H, CHC H,); 2.52 [m, 1 H, CH(CH3;), ]: 3.10-3.60 {m,
5H. CH,;N + CHN + CH,NHCO); 3.77-3.80 (2s. 4 H, CH,CO,); 4.07
(s, 4H, CH,CO,).

N',N?-Di-Boc-N*-(2-methylpropanoyl)-1,2,4-butanetriamine (6a);
One-Pot Synthesis from 2a:

[n a 3000 mL, three-neck round-bottom flask with stirrer are placed N-
(2-methylpropanoyl)histamine (2a; 18 g. 99.5 mmol), di-terr-butyl dic-
arbonate (87 g, 0.4mol), MeCN (750mL), and 10% aq. KOAc
(300 mL). The two-phase mixture is thoroughly stirred at r.t. for 24 h.
Then, the solvents are cvaporated almost to dryness and MeOH
(250 mL) is added to the oily residue. This solution is refluxed until
TLC shows almost complete disappearance of the formyl products
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3aj4a, and appearance of a major spot of 6a (8 h)>. The MeOH is
cvaporated under reduced pressure to a residual volume of 170 m1. and
the mixture is hydrogenated over 10% Pd-C (2¢g) at 5.6 bar and
40-50"C for 40 h. Fresh catalyst (2 g) is added and the hydrogenation
continued for 23 h. The cata yst is filtered off and MeOH is evaporated
to dryness under reduced pressure. Then, brine (200 mL) is added
slowly to the residue :nd this mixture is extracted with EtOAc
(3x200mL). The extract is dried (Na,SO,) and concentrated 1o a
volume of 375 mL. Upon refrigeration, colorless crystals of the starting
material 2a precipitate and are isolated by suction; yield: 4.3 g (24%).
The filtrate is concentrated to a voluminous white solid, a mixture of 2a
and 6a: yield: 17.2g (43%). This mixture is dissolved in CHCI;®
(500 mL) and the solution cxtracted with 10% aq. HCI (2 x 350 mL)
and with brine (100 mL). dried (Na,SO,) and the solvent evaporated
under reduced pressure to give 14.5 g of a solid. A solution of this solid
in MeOH (160 mL) is hydrcgenated over 10% Pd-C (2 g) at 5.60 bar
and 25°C for 41 h. The solvent is removed and the residue (11.4 g)
dissolved in CHCl, (100 mL) this solution washed with 10% aq. HCI.¢
dried (Na,S0y,), and evaporated under reduced pressure to leave pure
6a; yield: 6.4 g (15%); mp 129°C.

* Note: Compounds Sa znd 6a have identical R; values. On silica gel
(EtOAC), compound 5a is visible under UV light whereas compound 6a
is invisible but becomes visible on spraying with ninhydrin.

" Note: The reason for changing solvents from EtOAc to CHCl, is that
2 can be completely extracted from CHCl, into aq. HCL

¢ Note: Rapidly and cold to avoid cleavage of the Boc groups. Another
procedure for purifying 6a is flash chromatography on silica gel using
EtOAc/hexane (1:1) as ¢ uent.

Bis(trifluoroacetic Acid) Salt of N*-(5-Dimethylaminonaphthalen-1-
yisulfonyl)-1,2,4-butanetriamine (/V*-Dansyl-1,2,4-butanetriamine) (7¢):
N.N™_Didansylhistamine {2¢). Histamine dihydrochloride (1-2HCL;
1.7 g, 9mmol) and Et;N (10 mL, 74 mmol) are dissolved in CH,Cl,
(dried with molecular sieves; 200 mL) and dansyl chloride (Sg,
18 mmol) is added with stirring at 0“C. The mixture is stirred at 0°C for
1h and at r.t. for 20 h, ther evaporated under reduced pressure. The
residue is dissolved in EtOAc (200 mL), Et;N - HCl is filtered off, and
the solvent is evaporated urder reduced pressure. The residue is dis-
solved in CH,Cl, (100 mL). "his solution is washed with H,0 (100 mL)
and brine (100 mL), dried (MgSO,), and cvaporated under reduced
pressure to leave product 2¢ as a white powder; 5.4 g (100%).

CyoH3 N;O,S, cale. € 60.31 H 537 N1213 S11.09

(577.7) found  60.43 5.57 11.86 1046

IR (CHCl,): v = 1323; 1157 cm ™' (SO,).

'H-NMR (CDCl,/TMS) § =248, 2.56 (d, 2H, CH,CH); 2.87 [s,
12H, N(CH,),]; 3.10, 3.18 (d, 2H, CH,NH); 5.52 (1, 1 H, NHSO,);
6.84 (9, 1 H;,); 7.69-7.73, 8.14-8.64 (2m, 12 Hy,p); 7.90 (d. 1H;,,).
N-Dansylhistamine (2¢c): N,N™-Didansylhistamine (5.4 g, 9 mmol) is
stirred in EtOH (450 mL) + and 3% Na,CO; solution (200 mL) for 2
days at r.t. The mixture is then evaporated under reduced pressure and
the residue is extracted with EtOAc (3 x 50 mL). The organic layer is
washed with 5% aq. HCl (50 mL) and 5% NaHCO, solution (50 mL),
dried (MgSO,); and evaporated under reduced pressure. The residue is
flash-chromatographed on silica get using CH,Cl,/MeOH (97:3) as
eluent to give 2¢ as a hygroscopic yellow solid; yield: 2.87 g (90%).
C7H,0N,0,8 cale. € 5928 H 585 Ni627 §9.31

(344.9) found  58.96 5.99 1570 893

TH-NMR (CDCl,): ¢ = 2.6% (1, 2H, CH,CH); 2.87 s, 6 H. N(CHj),;
319 (1, 2H, CH,NH); €.65 (br s, 1 H, CH,,); 7.09-7.68, 8.17-8.56
(zma 7 H, 8 Hddnsyl + ClIx1)

N N2-Di-Boc-N*-dansyl- 1,2 4-butanetriamine (6¢): To a solution of -
dansylhistamine (2¢; 3 g, 9 mmol) in MeCN (175 mL) are added 10%
aq. KOAc solution (150 mL, 150 mmol) and di-terz-butyl dicarbonate
(7.5 g, 35 mmol) and the mixture is stirred at r.t. for 20 h. (two phases
are formed). Then, a further portion of di-tert-butyl dicarbonate (5 g,
23 mmol) is added and stirriag is continued for 70 h. TLC on silica gel
(EtOAc) then shows disappearance of 2¢ (R; = 0) and appearance of
two major products (3¢ +4c; R[0.85 and 0.69]. respectively) and a
minor product (R; = 0.21). The phases are separated, the aqueous
phase is extracted with EtDAc (3 x 50 mL), the extract is combined with
the organic phase, and this solution is evaporated to dryness under
reduced pressure. The residue is refluxed in MeOH (100 mL) for 6 h
until complecte disappearance of the formyl group as evidenced by IR
and "H-NMR analysis (cf. 5a). McOH is evaporated and the residue is
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dissolved in absolute MeOH (50 mL) and hydrogenated over 1¢%
Pd-C (1.5g) at 5.40 bar and 40--50°C for 34 h. The catalyst is then
removed and the solution evaporated to dryness under reduced pres-
sure. The residue is flash-chromatographed with hexane/EtQAc (3:1;
1000 mL), hexane/EtOAc (2: 1; 500 mL), hexane/EtOAc (1:1; 500 mL),
EtOAc (200 mL), and EtOAc/MeOH (19:1; 100 mL) to give product 6¢
[vield: 0.844 g (28 %), oil] and the starting material 2e [yield: 1.1 g
(18.3%)].

CieHyoN4OS caic. C58.19 H7.51 N 1044 S§597

(536.7) found 58.45 7.20 1015 6.03

'H-NMR (CDCL/TMS): & =1.32, 1.41 [d, 18H, 2C(CH,),]; 287
[sm, 6 H, N(CH3),}; 2.96 (m, 2H, CH,NH); 4.49 (br s, 1 H, NH); 4.09
(br s, 1 H, NH); 6.18 (br s, 1 H, NH-S0,); 7.09--7.58, 8.16~-8.56 (2 m,
6Hnaphlh)'

N',N2-Di-Boc-N*-tosyl-1,2 4-butanetriamine (6b); One-Pot Synthesis
from 2b:

To a solution of A-tosylhistamine (2b; 13.25¢, 50 mmol) in MeCN
(750 mL) are added 10 % aq. KOAc solution (600 mL) and di-rers-butyl
dicarbonate (43.5 g, 200 mmol) and the mixture is stirred at r.t. for 7¢ h.
The organic layer is separated (the aqueous layer is saved) and
evaporated under reduced pressure, MeOH (300 mL) is added to the
residue, and this solution is stirred at 70°C for 2 h. The solvents ure
removed under reduced pressure to give an orange oil (21.3g) ('H-
NMR analysis shows the absence of the signal of the formyl hydrogen
at ¢ = 9.5). The oil is dissolved in MecOH (200 mL) and this solution is
hydrogenated over 10% Pd-C (2 g) in a Parr apparatus at 5.6 bar and
S0°C. After 52 h, an additional amount of 10% Pd-C (2 g) is added.
After 94 h, the catalyst is filtered off, the solvent is removed under
reduced pressure, and CHCl; (125 mL) is added to the residue. This
sotution is washed with 1% agq. HCI (50 mL) and brine (50 mL), dried
(Na,S0,), and evaperated under reduced pressure. The residue (9 g is
flash-chromatographed on silica gel using hexane/EtOAc (60:40) as
cluent to give product 6b as colorless crystals; yield: 4.4 g (19%); mp
120--121°C.

Cy1H35N306S cale. C55.14 H7.66 N9.19

(457.6) found 55.26 7.80 9.01

'H-NMR (CDCL;/TMS): 6 =1.36 [s, 9H, C(CH;);]; 1.43 [s, 9H,
C(CH;);3]; 1.55-1.90 (m, 2H, CH,); 2.40 (s, 3H, CH;); 2.85~3.25 (m,
4H, 2CH,NH); 3.40--3.85 (m, 1 H, CH); 3.60-4.20 (m, 2H, 2NH):
593 (br s, 1H, NH): 7.26 (d, 2H, J=10Hz, Ts); 7.74 (d, 2H,
J =10 Hz, Ts).

N-Tosylhistamine (2b) is regenerated by evaporation of the aquecus
layer and flash chromatography of the residue on silica gel using
EtOAc/MeOH (4:1) as eluent; recovery: 5.4 g (41 %).

1,2-Diamino-4-tosylaminobutane (7b):

To a solution of N' N2-Di-Boc-N*-tosyl-1,2,4-butanetriamine (6b;
1.39 g, 3mmol) in absolute MeOH (11 mL) is added 18% aq. HCl
(15mlL) and the mixture is stirred for 3h at r.t. Then, dry Et,0
(200 mL) is added and the mixture is allowed to stand overnight. The
supernatant liquid is decanted, the solid residue is washed with Et,O
(3x), and 5% aq. KOH solution (8§ mL) and CHCIl; (200 mL) are
added. The mixture is vigorously shaken whereupon Na,50, (about
10 g) is added to the two phases. The mixture is then filtered by suction
and washed with CHCl, (3 x 50 mL)). The CHCI, phase is evaporaied to
give product 7b as a hygroscopic oil; yield: 0.74 g (95%).
C,HoN3S, cale. C51.33 H 744 N 16.32

(257.3) found  50.97 7.32 16.02

'H-NMR (CDCl;/TMS): § = 1.10-1.80 (m, 2H, CH,); 2.30-2.85 (m,
7H, CH,-CH, 2NH,); 2.40 (s, 3H, CHy); 2.85--3.30 (m, 2 H, CH,NH);
727 (d, 2H, J = 10 Hz, Ts); 7.73 (d. 2H. J = 10 Hz, Ts).

Tetrabenzyl N*-Tosyl-1,2.4-butanetriamine-N',N',N* N>-tetraacetate
(8b):

1,2-Diamino-4-tosylaminobutane (7h; 0.19 g, 0.74 mmol) is dissohved
in MeCN (1.7ml), N,N,N N-tetramethyl-1,8-naphthalenediamine
(0.99 g, 4.7mmol) and Nal (0.07 g, 0.46 mmol) arc added, and the
mixture is heated to give a clear solution. Then, benzyl bromoacetate
(0.74 mL, 4.6 mmol) is added, whereupon a white solid precipitates. The
mixture is refluxed for 44 h under N,, then cooled to r.t., and CHCI;
(S50 mL) is added. The solids are filtered off and the solvents are
removed under reduced pressure. The oily residue is washed with
hexane/EtOAc (9: 1; 3 x 50 mL) to remove excess benzyl bromoacetate.
The solvent is decanted and the residue dried under high vacuum to give
product 8b as a yellow-brown oil; yield: (.13 g (20 %).
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CarHo NGO4oS cale. € 6641 H6.05 H 4.94
(790.0) found 6602 548 501
TH-NMR (CDCly/TMS): & = 1.40-1.90 (m, 2H, CH,); 2.37 (s, 3H,
CH,); 2.45-3.25 (m, SH, CH,NH, CH,N CHN); 3.48 (25, 8 H); 3.44
(m, 2H, CH,CO,)]: 5.07 (s. 8 H, 4CH yp.p,,0): 7.28 (d. 2H, J = 10 Hz,
Ts): 7.30 (s, 20 H,,..); 7.76 (d. 2H, J = 10 Hz, Ts).

N*-Tosyl-1,2,4-butanetriamine-NV',N* ,N>,N*-tetraacetic Acid (9b):

A solution of the ester 8b (0.115 g, 0.14 mmol) in 95% MeOH (6 mL)
containing AcOH (0.2 mL) is hydrogenated over Pd black (100 mg) at
5.2 bar and 25°C overnight. The catalyst is then filiered off and washed
with hot H,O. The filtrate is evaporated to give product 9b as a white
solid; yield: 0.064 g (97 %); mp 180°C.

CyyH,2 N0 S cale. C46.62 H 556 N 8.58

(489.5) found  46.13 5.24 8.40

'"H-NMR (D,0/CH;0H): § = 1.50-2.35 (m, 2H, CH,); 2.64 (s, 3H,
CH3); 3.10-3.40 (m, 3 H, CH,N, CHN); 3.40--3.70 (m, 2H, CH,NH);
3.85 (s. 4H, CH,CO,H); 4.18 (s, 4H, CH,CO,H); 7.69 (d, 2H,
J=9Hz Ts); 7.98 (d, 2H, J = 9 Hz, Ts).
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