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acid derivatives (Scheme 1). These compounds may be di-

Abstract: An efficient synthesis of selectively protectedSg2 rectly used for the preparation of heterocyclic compounds.

1,2,4-triaminobutane from-glutamic acid via (8)-N*-benzyloxy-

carbonyl-2,4-diaminobutanamid is described. (29-N*-benzyloxycarbonyl-2,4-diaminobutanoic acj (
Key words: amides, amines, amino acids, protecting groups, révas obtained directly from+Glu (1) by a modification of
ductions the reported procedures applying Schmidt rearrangement

condition$**® and copper complexes methd® In the
second step of the reaction, there was no need to use the

Vicinal diamines are important ligands for metapure (8)-2,4—diaminobutanoic acid. In order to avoid the
complexe&™ and useful substrates for heterocyclic comiaborious isolation of (3-2,4-diaminobutanoic acid, a
pound synthesi® 1,2 4-Triaminobutane derivativescrude mixture of (8)-2,4-diaminobutanoic acid and
were previously applied for preparation of dicarboxyliélu was converted into copper complexes and reacted
acids bis(1,2,4-triaminebutaddamides with two vici- With benzyl chloroformate. Puizwas precipitated from
nal diamines. These compounds were used for synthel§ig reaction mixture after decomposition of the copper
of bis[platinum(ll)] complexes capable of interstrandcomplexes with EDTA in 1 M HCtwhen pH was adjust-
DNA binding®2 It is known, however, that only one€d to 4-5. (3)-N*-Benzyloxycarbonyl-2,4-diaminobu-
method for chiral and selectively protected 1,2,4-triamtanoic acid methyl estérwas prepared under standard
nobutane has been reporfett. The final products were reaction conditions and converted intdSg*-benzyl-
obtained as a result of multi-step synthesis frororp-  0xycarbonyl-2,4-diaminobutanamid®)(applying the re-
pyroglutamic acid methyl ester via or D-(5-hydroxy- ported amino acids amides preparation mettothen,
methyl)-2-pyrrolidone and- or b-4,5-diaminopentanoic (2S)-N*-benzyloxycarbonyl-2,4-diaminobutanamides) (
acid derivatives. was reduced with diborane in THF (diborane selectively

Natural a-amino acids with one functional group in thereduces amidés>>*n the presence of alkoxycarbonyl
group roups?2y vyielding the selectivelyN*-protected (&)-

side chain may be regarded as a useful source for the %ﬁA-triaminobutane derivative The diborane reduction

thesis of 1,2-diamines bearing a third functiong ; : .
group$613 We have developed a novel method for thOf 3, however under reported amino acids reductions con

preparation of selectively protectedS(aL,2,4-triamino- itions,/® gave a complex mixture of various reaction
butane starting from-glutamic acid as a source of chiral-prOdUCts' In fact, the amide was reduced but also a signif-

ity via (23-N4-benzyloxycarbonyl-2,4-diaminobutanoic'Cant loss of the benzyloxycarbonyl protecting group was

NH, NH, NH,
: 1. H,SO,, NaN,, CHCI, H 1. MeOH/HCI :
HooC COOH 2. Cu(OAc),, CbzCl  HN COOH 2. MeOH/NH, thl CONH,
H,O/dioxane
1 2 2 3
26% Coz 70% Chz
67% | THF/BH,
Boc Boc
\NH \NH NH,
z H H, 5% Pd/C z H Boc,0, MeOH =
A N - /\/:\/N - /\/:\/NH
HZN/\/\/ \BOC MeOH, HOAc HN \BOC HITI z
6 95% Cbz 5 70% Cbz 4
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unavoidable. Ultimately, it was found that reaction time (81 NMR (500 MHz, DMSOés—TFA): § = 1.82-2.00 (m, 2 H,
h) and slightly lowered temperature (55 °C) were suffcHCH,), 3.15 (dddJ, = 7.4 Hz,J, = 13.7 Hz,J, = 8.3 Hz, 2 H,
cient for completion of this reaction. Due to a good solzHzCH2). 3.92 (ddJ, = 5.3 Hz,J, = 10.9 Hz, 1 H, CLCH), 5.05
bility of the free diamine in the aqueous phas€)-{F- : §|:|,+)CHZPh), 7.28-7.33 (m, 6 H,¢8s, NH), 8.08-8.17 (br s, 3
benzyloxycarbonyl-1,2,4-triaminobutar® (vas extract- ' S L
ed with E3O from saturated NaCl solution. The free ami-lzgl’\éMfsgzgol'\?”'gi' 'fgl‘lFlA;f‘l‘ 32.7,39.1,53.2,70.0, 130.6,
no groups i were protected withert-butoxycarbonyl I A e
groups using dtert-butoxycarbonyldicarbonate (Bg@) Anal. Calcd for GH;¢N,O,: C, 57.13; H, 6.39; N, 11.10. Found: C,
yielding  (29-N*benzyloxycarbonyNLN2-di-tert-but- 2704 H. 6.43; N, 10.97.
oxycarbonyl-1,2,4-triaminobutan&)( The product was (25)-N“-Benzyloxycar bonyl-2,4-diaminobutanamide (3)
finally purified by column chromatography. The benzy'(28)-N4-Benzy|oxycarbony|-2,4-diaminobutanoic aci?, 6.13 g,
oxycarbonyl group was removed by hydrogenolysis (5% mmol) was dissolved in 5.7 M absolute MeOH-HCI (27 mL) and
Pd/C) to afford (8)-N*,N?-di-tert-butoxycarbonyl-1,2,4- absolute MeOH (15 mL). The reaction mixture was kept for 48 h at
triaminobutane®). r.t. The volatiles were evaporated under reduced pressure. The res-
. i idue was dissolved in CHLI(200 mL) and washed with sat.

In conclusion, we have developed a five-step method fQE,cq, solution to adjust pH of the water to about 9. The organic
the preparation of selectively protecte®)(2,2,4-triami- phase was separated, dried (MgBénd evaporated yielding an
nobutane derivatives fromglutamic acid which is short- oily ester (4.07 g, 75%). Thal was dissolved in 24% MeOH-NH
er than the reported method starting froqyroglutamic (40 mL) and kept for 72 h at r.t. under TLC control. The volatiles
acid methyl estet:11 The total yield of the selectively pro- Were evaporated under reduced pressure yielding a white precipitate
tected triamine synthesis was 13% in comparison to t [%tze agl'g/e','t Walslczryfﬁl'[,zed Eﬂoﬂ'\é’eo_"';ﬁérgﬁane' Yield:
reported 27%. The yield was mainly limited by the first g (94%); mp 112- @]b™ +4.3 €= 2, EOH).
reaction (Schmidt rearrangement) but commercialrlyfH NMR (500 MHz, DMSOd-TFA): 5 = 1.80-1.92 (m, 2 H,
available selectively protectedS)22,4-diaminobutanoic J'gﬁ'_f)’ 3.03-3.17 (m, 2 H, Cj&H,), 3.72 (dd), = 5.8 Hz J, =

. - OF .8 Hz, 1 H, CKCH), 5.03 (s, 2 H, 6,Ph), 6.95 (s, 1 H, NH),
acid derivatives could be used as well. Moreover, the r'gng_7 39 m, 5 H, &), 7.61 (s, 1 H, NH), 7.87 (br s, 1 H, NH),
action conditions can be easily adapted to the preparat@m (s, 3 H, Ni).

(R)-isomer in large quantities. 128.6, 137.5, 156.4, 177.6. S

Anal. Calcd for G,H,;N;O4: C, 57.36; H, 6.82; N, 16.72. Found: C,
'H NMR spectra were recorded on Varian Unity Plus 500 MH27.23; H, 6.70; N, 16.65.
spectrometer:3C NMR spectra were recorded on a Varian Gemini
200 MHz spectrometer. The optical rotations were measured o1(2%)-N*-Benzyloxycar bonyl-1,2,4-triaminobutane (4)
POLAMAT A Carl Zeiss Jena Polarimeter. Microanalyses wer&S)-N*Benzyloxycarbonyl-2,4-diaminobutanamide, (2.09 g,
performed on a Carlo Erba CHNS-O-EA1180 instrument for C, H8.33 mmol) was added to anhyd THF (48 mL). The reaction flask

N. Melting points are uncorrected. was flushed with Ar and cooled in an ice bath. Next 2.8 M THF—
BH; (15 mL, 42 mmol) was slowly added. The reaction mixture was
(25)-N*-Benzyloxycar bonyl-2,4-diaminobutanoic Acid (2) warmed in 55 °C for 5 h. The solution was cooled in an ice bath and

L-Glu (1, 12.5g, 85 mmol) was dissolved in cong®g, (43 mL) absolute MeOH (15 mL) was added. The mixture was kept at r.t.
and CHCJ (26 mL) was added. To the stirred solution of amino acidvernight. Next 5.7 M absolute MeOH-HCI (3.7 mL) was added
NaN; (6.8 g, 105 mmol) was added in small portions over 3 h. Trand the volatiles were evaporated under reduced pressure. The oily
obtained solution was warmed for 5-6 h at 50-60 °C. After coolirrgsidue was dissolved in absolute MeOH (15 mL) and evaporated.
the reaction mixture was poured on ice and the organic phase W last action was repeated three times to remove the volatile bo-
removed. The water phase was neutralized with hot saturated sahn compounds. The residue was dissolved,@ 0 mL), acidi-
tion of Ba(OH). The precipitate of BaSQwas filtered, washed fied to pH = 2 with concd HCI and washed with@&{(3x 5 mL).
with water and the filtrate was concentrated to ca. 50 mL. Coplext the water phase was saturated with NaCl, alkalized with 10 M
per(ll) acetate (10 g, 50 mmol) was added and the solution was N&OH and extracted with 2 (8x 15 mL). The ethereal phase was
fluxed for 1 h and then cooled to r.t. The deep blue solution wesied with NgCO, and evaporated under reduced pressure yielding
neutralized to pH = 7.4 and filtered. The filtrate was mixed with dan oil of crude (8)-N*-benzyloxycarbonyl-1,2,4-triaminobutane
oxane (50 mL) and benzyl chloroformate (6.3 mL, 44 mmol) wad.32 g, 67%). The product was pure enough for further step of the
added followed by solid NaOH (to adjust the pH to 9). The mixturgynthesis. It was stored as dichloride salt. Small samples of the
was stirred for 24 h at r.t. The blue precipitate of amino acids copg#oduct (tens to hundreds mg) were purified by ion exchange chro-
complexes was filtered and washed with water, EtOH ay@. Ehe  matography (Amberlit IRC 50/NH in a gradient of EN (0.005—
blue solid was dissolved in a solution of EDTA (6.32 g, 17 mmol).4 M). The product was also separated by column chromatography
in 1 M HCI (100 mL). The insoluble residue was removed by filtra¢(Sephadex LH-20, MeOH)a],%4 -3.4 € = 2, EtOH).
tion. The pH _of the filtrate was adjL_Jsted to 5-6 V\_/ith 10M N_aOHH NMR (500 MHz, DMSO€;—TFA): 5 = 1.68-1.82 (m, 2 H,
and the s_ol_utlon Was_kept in a refrlgerator_ overnight. The s“ghtb;‘HCHz), 3.02-3.07 (m, 2 H, B,CH), 3.12-3.17 (m, 2 H,
blue precipitate was filtered and the operation of copper comple><@§_|ZCH2)’ 3.34-3.43 (m, 1 H, CJ&H), 5.05 (s, 2 H, &,Ph), 7.25—
decomposition Wlt'h EDT_A (1.5 9,4 mmol) |n_1_M HCI (70 mL) wasy 40 (m, 6 H, GHs, NH), 7.83-8.25 (br s, 6 H,22NH,").
repeated. The white solid product was precipitated when pH of the
solution was again adjusted to 4-5. Yield: 5.65 g (26.4%); mp 225-C NMR (200 MHz, DMSOd): § = 30.7, 36.5, 41.1, 47.3, 65.7,
227 °C (Lit2® mp 223 °C). 128.0, 128.7, 137.3, 156.4.

Anal. Calcd for G,H,,CILN;0,: C, 46.46; H, 6.82; N, 13.55. Found:

C, 46.50; H, 6.74; N, 13.67.
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(29)-N*-Benzyloxycar bonyl-N*,N2-di-tert-butoxycar bonyl- Acknowledgment

1,2,4-triaminobutane (5) . .
(29-N*-Benzyloxycarbonyl-1,2,4-triaminobutand, (1.55 g, 6.5 'I_'he authors are indebted to Dr Zgoda Ch_emlcal Rese_arch_ConsuI-
mmol) was dissolved in MeOH (30 mL) andtsit-butyldicarbon-  ting & Production and the Faculty of Chemistry, GslaUniversity

ate (2.85 g, 13.1 mmol) was added, followed byNEL.8 mL, 13.1  ©f Technology for financial support.

mmol). The reaction mixture was stirred for 24 h atr.t. The volatiles

were evaporated under reduced pressure and the residue was4i

solved iantOAc (100 mL) and Wr:l)shed with 1 M KHS@ x 30 Refer ences

mL). The organic phase was dried (Mg@nd evaporated under (1) Sundberg, M. WJ. Med. Chem. 1974, 17, 1304.

reduced pressure yielding a white precipitate. The product was pu{2) Yeh, S. M.; Sherman, D. G.; Meares, CARal. Biochem.
rified by column chromatography (silica gel, EtOAc—petroleum 1979, 100, 152.

ether, 1:1,5) and crystallized from EtOAc-hexane. Yield: 1.99 g (3) Kung, H. F.; Guo, Y.-Z.; Yu, C.-C.; Billings, J.;

(70%); mp 118-120 °C (L#2mp 122-123 °C);f,** -23.9 €= 2, Subramanyam, V.; Calabrese, JJQVled. Chem. 1989, 32,
EtOH) {Lit.1° [a]52®—23.8, ¢ = 2, EtOH)}. 433.
IH NMR (500 MHz, CDCJ): = 1.40 [s, 9 H, (CHsC], 1.42 [s, 9 (4) Gustavson, L. M.; Rao, T. N.; Jones, D. S.; Fritzberg, A. R ;
H, (CHy),C] 1.65-1.74 (m, 2 H, CHE,), 2.95-3.04 (m, 1 H, Srinivasan, A.'I'etrahedron Lett. 1991, 32, 5485. _
CH,CH,), 3.08-3.27 (m, 2 H, B,CH), 3.44-354 (m, 1 H, (5 Cox, J.P.L.; Craig, A.S.; Helps, .M, Jankoyvskl, K. J;
CH,CH,), 3.63-3.72 (m, 1 H, C}€H), 4.76-4.85 (br s, 1 H, NH), Parker, D.; Eaton, M. A. W.; Millican, A. T.; Millar, K.;
4.96-5.03 (br s, 1 H, NH), 5.1 (AB systein= 12.2 Hz J, = 23.4 Beeley, N. R. A.; Boyce, B. Al. Chem. Soc., Perkin Trans.
Hz, 2 H, (H,Ph), 5.63-6.71 (br s, 1 H, NH), 7.28-7.38 (m, 5 H, 11990, 2567.
CeHy). (6) 5D(;Jln?n P. J.; Haner, R.; Rapoport JHOrg. Chem. 1990, 55,
1*C NMR (200 MHz, MeOD)5 = 29.1, 33.9, 39.1, 45.7, 50.3, 67.7, (7) Hsu, F.-L.; Hamada, A.; Booher, M. E.; Fuder, H.; Patil, P.
80.4, 129.1, 129.2, 129.7, 138.7, 158.7, 158.9, 159.0. N.: Miller, D. D. J. Med. Chem, 1980, 23, 1232.
Anal. Calcd for GH3sN;O4: C, 60.39; H, 8.06; N, 9.60. Found: C, (8) Miller, D. D.; Hsu, F.-L.; Ruffolo, R. R.; Patil, P. N.Med.
60.24; H, 8.00; N, 9.71. Chem. 1976, 19, 1382.

(9) Altman, J.; Ben-Ishai, Dretrahedron: Asymmetry 1993, 4,
(29)-N*,N2-Di-tert-butoxycar bonyl-1,2,4-triaminobutane (6) 91.
(29-N*-BenzyloxycarbonyN!,N?-di-tert-butoxycarbonyl-1,2,4- (10) Altman, J.; Ben-Ishai, D.; Beck, \Wetrahedron:

triaminobutaneq, 1.70 g, 3.89 mmol) was dissolved in MeOH (40 Asymmetry 1994, 5, 887.

mL) and AcOH (0.8 mL) was added. The solution was hydrogenat{11) Altman, J.; Beck, WTetrahedron 1995, 51, 13309.

ed for 5 h (5% Pd/C). When the reaction was finished, the catalygtl2) Schuhmann, E.; Altman, J.; Karaghiosoff, K.; Beck, W.
was filtered and the volatiles were evaporated under reduced pres- Inorg. Chem. 1995, 34, 2316.

sure. The residue was dissolved in 1 M KH#D mL) and washed (13) Kokotos, G.; Markidis, T.; Constantinou-Kokotou, V.
with Et,O (20 mL). The water phase was saturated with NaCl, alka- Synthesis 1996, 1223.

lized with 1 M NaOH and extracted with,Et (4 x 40 mL). The  (14) Adamson, D. WJ. Chem. Soc. 1939, 1564.

ethereal phase was dried (Mg3@nd evaporated under reduced (15) Hatano, M.; Yoneyama, M. Am. Chem. Soc. 1970, 92,
pressure yielding a white solid product (1.12 g, 95%); mp 75-77 °C 1392.

(Lit.*® mp 78-80 °C). The product was also turned into acetate byl6) Vogler, K.; Lanz, PHelv. Chim. Acta 1960, 43, 270.
dissolving in EfO and adding appropriate equivalent of AcOH. The (17) Fridecky, M. J.; McGregor, W. H. Med. Chem. 1966, 9,

(29-Nt,N2-di-tert-butoxycarbonyl-1,2,4-triaminobutane  acetate 255.

was precipitated as a white solid; mp 130-131 &{;?f —7.2 € = (18) Borthwick, A. D.; Angier, S. J.; Crame, A. J.; Exall, A. M.;
2, EtOH). Haley, T. M.; Hart, G. J.; Mason, A. M.; Pennell, A. M. K;
H NMR (500 MHz, CDCJ): § = 1.40 [s, 9 H, (CK),C], 1.43 [s, 9 Weingarten, G. GJ. Med. Chem. 2000, 43, 4452.

H. (CH),C], 1.52.1.58 (m. 1 H, CHE). 1.81.0.90 (m. 1 H (19) Kornet, M. J.; Thio, P. A.; Tan, SJ.Org. Chem. 1968, 33,
, , 1.52-1. , 1 H, , 1.81-1. LT 3637.

CHCH,), 2.00 (s, 3 H, CKCOO), 2.82-2.88 (m, 1 H, C}&H,),

S e o 5.3 C;ﬂ:Hli():, 3.15-3.30 (M, 2 H B,CH) 3.65- (20) Russ, P.L.; Caress, E. AOrg. Chem 1976, 41, 149.

3.78 1 H. CHCH). 4.95-5 20 (br s. 4 H. NH). 5.43-5.48 (br s. (2¢1) Northrop, R. C.; Russ, P. I.Org. Chem. 1977, 42, 4148.
TH .(JE) » CRER. (brs, 4 H, NH). (brs. (52) Lane, C. FChem. Rev. 1976, 76, 773.

L (23) Curran, W. V.; Angier, R. Bl. Org. Chem. 1966, 31, 3867.
°C NMR (200 MHz, MeOD)5 = 24.4, 29.0, 32.3, 38.3, 45.3, 49.3, (24) Sugano, Y.; Katzenellenbogen, JBhoorg. Med. Chem.

80.6, 80.8, 159.0, 180.4. Lett. 1996, 6, 361.
Anal. Calcd for GgHa3N;Og: C, 52.87; H, 9.15; N, 11.56. Found: C, (25) Harada, H.; Morie, T.; Suzuki, T.; Yoshida, T.; Kato, S.
52.90; H, 9.05; N, 11.48. Tetrahedron 1998, 54, 10671.
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