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SYNTHESIS OF A SPERMIDINE-DERIVED CONJUGATING AGENT.
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Abstract : a short synthesis of a spermidine conjugating agent is presented.

Spermidine, 1, is implicated in diverse physiological processes that share as a common
thread a close relationship to cell proliferation and growth; in particular, it associates with
polyanions such as DNA and RNAs . Spermidine derivatives are usually accessible by way of
multi-step elongation of lower homologues 12 . The recent announcement 3 of the selective
protection of spermidine primary amino groups, resulting in the preparation of a spermidine
conjugate, prompted us to disclose herein our own results in this area.

Various procedures for selective reactions of terminal nitrogen atoms of spermidine have
been disclosed 49, but none of them is directly applicable to transient protection ; however,
adirect N1 N8 acetylation process, based on a ruthenium-catalysed chemoselective amidation
10. has been achieved ; to obtain this diacetamide for the present work, the recently described
1 (and experimentally more convenient) selective acetylation by means of N-
methoxydiacetamide has been applied to 1. The efficiency of this procedure is shown by the
fact that a single product, 2, is formed, which could be isolated in 91 % yield .

Although 2 could be further reacted at its unprotected secondary amino group to introduce a
pendant side chain, subsequent removal of the N-acetyl groups could not be achieved in a
satisfactory manner 12. Therefore another selective protection / deprotection sequence had to
be used.

Triphenylmethy! (trityl) protecting groups 13 have been extensively used for the protection
of alcohols , in particular during oligonucleotides syntheses, but, to the best of our knowledge,
they have received limited attention for the selective protection of amino groups 14. In this
work, the p-methoxy derivative 15-18 has been used, due to its more facile cleavage when
deprotection is needed 17. Thus, upon reaction with 2.5 equivalents of p-methoxy trityl chloride
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in the presence of 4-dimethylaminopyridine 18, 1 gave the bis(tritylated) derivative 3 in 50 - 65
% isolated yield. Alkylation of the remaining central secondary amino group (trityl groups did
indeed shield their neighbouring amino groups from alkylation) couid then be achieved from 3,
in this case with bromoester 4.

R-NH-(CHy)3-N(R')-(CHp)4-NH-R

:R=R=H

:R=CH3CO,R =H

:R =p-CH3z0-CgHy-(CgH5)2C-, R =H

R =p-CH30-CgHy-(CgH5)oC-, R = -(CH2)3-COOC(CHg)3
:R=H,R =-(CH5)3-COOH

N =

o kn ko

Br-(CHp)3-COOH [Br-(CH2)3-CO-O-CO-CF3J Br-(CH5)3-COOC(CHg)3
(CF3C0)50 (CHg3)3C-OH

Preparation of the latter deserves comment as introduction of the tert-butyl group
from commercially available 4-bromobutyric acid was carried out by way of the tert-butanol
cleavage of an jn situ -formed mixed anhydride 19 . This procedure avoids the classical use of
isobutene and conipetes favorably with literature methods as 4 20-22 could be obtained in
over 80 % yield. Alkylation of 3 to give 5 was then performed under conventional conditions.
That the central secondary amino group of 3 had indeed been alkylated was revealed by the
presence in the carbon-13 spectrum of three resonances between 52 and 54 ppm, {wo of them
being shifted downfield when compared with the spectrum of 3. Final, simultaneous
deprotection of both amine and carboxylic acid protecting groups under acidic conditions
afforded 8, the desired spermidine conjugating 23 agent in good yield .

The whole scheme is straightforward and it is hoped that the two particular procedures

presented here (selective protection of amino groups and "mixed anhydride” introduction of a t-
buty! ester) will find other useful synthetic applications.
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Experimental

Except for tetrahydrofuran which was distilled on sodium, other solvents were dried with
molecular sieves. The spectra were recorded on Bruker instrument at the field and in the
solvent indicated for each compound. Standard abbreviations were used for nmr description.
Microanalyses were performed by the Service Central d’Analyses du CNRS, Vernaison
(France).

N'.N8 -bis (p-methoxytrityl) spermidine 3.

Under argon, spermidine { 145 mg - 1 mmol) was dissolved in a mixture of dry dichloromethane
{(2mL) and dry pyridine ( 1 mL) at 4° C. After addition of a crystal of 4-dimethylaminopyridine,
4-methoxytrityl chloride (772 mg - 2.5 mmol) was added and stirring of the deep red-orange
solution was continued at room temperature for 2 days.The mixture was quenched with ice and
extraction was performed with dichloromethane. The organic layer was washed with water, and
dried (sodium sulfate) and the volatiles were removed under reduced pressure without heating.
Column chromatography of the crude residue was performed on silica gel 60 starting with
dichloromethane with increasing amounts of methanol; elution with dichloromethane-methanol
90 - 10 afforded pure 3 as a white foam { 480 mg - 67 %).

Alternatively, for a shorter reaction time, this reaction was conducted as follows : under
argon, spermidine (1.45 g - 10 mmol) was dissolved in a mixture of dichioromethane (15 mL)
and pyridine (10 mL) and this solution was stirred while 4-methoxytrityl chloride (7.72 g - 25
mmol) was added in 3 portions followed by triethylamine (3.5 mL - 25 mmol). After 4 hours
stirring, the reaction mixture was processed as above. MPLC 24 purification (on silica gel 60
H, same eluant ) which is more convenient on this scale, afforded 3 (3.68 g - 50 %).

Anal. for3-1.5H50. 25 Calc. C:78.74, H:7.59; N:5.86.

Found. C: 78.73, H:7.55; N:5.88.
TH (300 MHz, QDQIal :7.1-75(severalm,24H:0,m,pando’); 6.8(d, J=8.4,4H :m');
3.74 and 3.73 (s, 3H each : OCHg); 2.80, 2.65, 2.26 and 2.15 (t, J=7.0,7.0,6.3and 6.7
respectively, 2H each : 1,3, 5and 8); 1.8, 1.65 and 1.5 (m, 2H each : 2,6 and 7).
13Q (75 MHz, QDQI3): 157.9 :p’;146.4 :1;138.4 :i"; 129.7 :0;128.5:0; 127.7 : m; 126.1 : p;
113.0 : m’; 70.3 : C(Ar)3; 55.1 : OCHg; 49.4 and 48.4 : 3 and 5; 43.4 and 42.1 : 1 and 8; 30.6,
28.6and22.7:2,6 and 7.

Tert-butyl 4-bromobutyrate 4.

To a stirred solution of 4-bromaobutyric acid (3.34 g - 20 mmol) in dry tetrahydrofuran (30 mL)
at -40° C under argon was added dropwise trifluoroacetic anhydride (6 mL - 42.5 mmol) ; the
temperature was maintained at -40 °C for 30 minutes; an excess of tert-butyl alcohol (25 mL) in
dry tetrahydrofuran (5 mL) was then slowly added. The cooling bath was then removed and the
reaction mixture was stirred overnight. It was then slowly poured into cold aqueous sodium
bicarbonate (foaming) and then extracted with diethyl ether. After having been washed with
water, the organic layer was dried (sodium sulfate) and volatiles were removed under reduced
pressure. The residue was submitted to bulb to bulb distillation (Eb. 4 3 = ca. 50 °C (oven

temperature) ; litt. : Eb. ; =65-67 °C 22) to afford pure 4 (3.30 g - 81 %).

Asits 13 C nmr cannot be found in the literature 2022, these data are now given .

13C (50 MHz, CDClg) : 171.5:1;80.5: C(CHg)g ; 33.5and 32.6 : 2 and 4;27.9:C(CHa)g ;
278: 3.
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N'.N8-bis(p-methoxytrityl) N4 -(t.-butyloxycarbonylpropyl) spermidine 5.

To a solution of 3 (3.0 g - 2.39 mmol) in dry acetonitrile (20 mL) at 4°C under argon, viere
added successively with stirring, potassium carbonate (875 mg 6.34 mmol, 2.65 eq.), sodium
iodide (955 mg, 6.36 mmotf , 2.66 eq.), acetone (250 uL) and freshly distilled 4 ( 1.42 g, 6.36
mmol , 2.66 eq.). The cooling bath was removed and the mixture was stirred overnight at 70°C.
The cooled mixture was filtered and the residue was abundantly washed with acetonitrile. The
volatiles were removed under reduced pressure without heating and the residue was
chromatographed by MPLC on silica gel 60 H 24 to afford, using dichloromethane - methanol
(100 : 0 to 98 :2) as the eluant, pure 5 as an hygroscopic oil (1.98g - 55 %).

Anal. for§-1.5H50. 25 Calc. C: 76.89, H:7.63; N:4.89.

Found. C: 76.96, H:8.05; N:4.89.
IR (film)1720cm™1 : C=0.
1_H_(299_M1jz,_C_D_QI3) :7.1-75(M,24H :0,m,pand 0’); 6.8 (twod , J= 8.9, 4H : m’); 3.75
and 3.74 (s, 3H each : OCHg), 1.3-2.5 (M with s at 1.45 (C(CHg)3), 20 H: all other protons
except for NH’s whiceh are not seen in the spectrum).

m
] ol w’
{ , v ¢
NH- C OCH
CH3() _NH/\/\NN\/ 3
0
1
CH;—C—-CH;
]
CHy

13C (50 MHz. CDCI3):173.0: C=0;157.7 : p’; 146.5 : i; 138.5 : 1, 129.7 : 0’; 128.5 : 0; 127.7 :
m; 126.0 : p; 113.0 : m’; 80.0 : C(CHg)3;70.3 : C(Ar)3;55.1 : OCHg ; 53.9,52.9 and 52.5: 3, 5
and a; 44.0 and 42.3 : 1 and 8; 33.3,29.7, 28.8,24.9 and 22,3 : 2, 6, 7, p and v, 28.1 : C(CH3)3.

N4 (-carboxypropy!l) spermidine 6.

To a solution of 5 ( 1.98 g - 2.3 mmol ) in tetrahydrofuran (40 mL) was added hydrochioric acid
(200 mL of an 0.5 M agueous solution). The mixture was stirred at 70 °C for 2 hours and cooled
to room temperature. The pH was then adjusted to 7.0 with diluted aqueous sodium hydroxide
and the mixture concentrated to half volume. It was then extracted twice with diethyl ether and
the aqueous layer was evaporated under reduced pressure to dryness. The product was taken
up in methanol, the salts filtered and washed with methanol; concentration of the methanolic
solution gave pure 6 (0.47 g - 88 %) as a very hygroscopic solid 26 .

1 H (300 MHz, CD40D) : 2.5-2.9 (M, 10H : 1,3,5,8 and ); 1.9-2.1 (m, 2H,) v; 1.1-1.8 (M, 8H :
2,6,7 and B).

13 ¢ (75 MHz. CD30QD) : 180.9 : CO; 55.8, 53.6 and 51.3 : 3, 5 and o; 40.1, 38.3 and 36.5 : 1,
8 and vy, 25.7,236,22.5and 21.8 : 2,4, 6 and B.
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