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A very efficient synthesis of 39 and (5 3R)-4-ami-
nobutane-1,2,3-triol has been developed using either

Note

SCHEME 1. Synthesis of (R,3S)-4-Aminobutane-1,2,3-triol
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smoothly to afford3. Attempts to hydrolyze the benzylidene
with aqueous acid resulted in decomposition; however, Lewis
acid-catalyzed cleavage afforded thdr@5)-4-aminobutane-
1,2,3-triol4. Following the same proceduneglucose afforded
the enantiomer oé.

Initial attempts to convert the aldehydli¢o the corresponding
primary amine3 via reductive amination were unsuccessful on
several fronts. Although reductive amination with benzylamine

L-glucose as the starting material. A key step is the one-potafforded the corresponding benzyl-protected amine, all attempts
conversion of an aldehyde to an amide, the scope of whichto cleave the benzyl group by reductive removal faflédso,
has been extended to include other carbohydrate-derivedreductive amination with hydroxylamine led only to decomposi-

aldehydes.

A common mechanism of environmental toxins is alkylation
of DNA by oxidized metabolited.Investigation of the details
of the DNA adducts formed requires isomerically pure ami-
nopolyols, which can be coupled to halopurines by a post-
oligomerization strateg¥In order to synthesize adducts of the
oxidized metabolites of the toxin butadiene, an efficient
synthesis of the R,3S and 53R isomers of 4-aminobutane-
1,2,3-triol was required. It was envisioned that the isomers
would be prepared from either- or L-glucose. Synthesis of
the aminotriol (Scheme 1) began with the knomwglucose-
derived aldehyd@&, which was prepared by oxidative cleavage
of the 4,60-benzylidene ob-glucopyranosé? The aldehyde
was converted directly to the novel ami@using iodine,
aqueous ammonia, and peroxide.

There are only two reports of this direct conversion in the
literature, neither of which has been applied to carbohydrate-
derived aldehyde3® Reduction to the primary amine proceeded

(1) (@) Guengerich, F. FArch. Biochem. Biophy2005 433 369-378.

(b) Evans, D. C.; Watt, A. P.; Nicoll-Griffith, D. A.; Baillie, T. AChem.
Res. Toxicol2004 17, 3—16. (c) Lee, S. H.; Rindgen, D.; Bible, R. H.;
Hajdu, E.; Blair, . A.Chem. Res. Toxica200Q 13, 565-574. (d) Walker,
C. H. Toxicol. Lett.1992 64/65 527—533.

(2) (@) Carmical, J. R.; Kowalczyk, A.; Zou, Y.; Van, Houten, B.; Nechev,
L. V.; Harris, C. M.; Harris, T. M.; Lloyd, R. SJ. Biol. Chem200Q 275,
19482-19489. (b) Nechev, L. V.; Zhang, M.; Tsarouhtsis, D.; Tamura, P.
J.; Wilkinson, A. S.; Harris, C. M.; Harris, T. MChem. Res. Toxicd001
14, 379-388. (c) Cho, Y.-J.; Kozehov, I. D.; Harris, T. M.; Rizzo, C. J,;
Stone, M. PBiochem 2007, 46, 2608-2621.

(3) (&) zZhong, Y.-L.; Shing, T. K. MJ. Org. Chem1997, 62, 2622~
2625. (b) Baker, S. R.; Clissold, D. W.; McKillop, Aletrahedron Lett.
1988 29, 991-994. (c) Schmidt, R. R.; Zimmermann, Fetrahedron Lett.
1986 27, 481-484.

(4) (a) Barili, P. L.; Berti, B.; Catelani, G.; Cini, C.; D’Andrea, F.;
Mastrorilli, E. Carboydr. Res1995 278 43—57. (b) Patroni, J. J.; Stick,
R. V.; Skelton, B. W.; White, A. HAust. J. Chem1988 41, 91-102.

(5) Shie, J.-J.; Fang, J.-M. Org. Chem2003 68, 1158-1160.

(6) Sharghi, H.; Sarvari, M. HTetrahedron2002 58, 10323-10328.
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tion. Finally, direct reductive amination of aldehydewith
ammonia gas/sodium cyanoborohydride afforded only the novel
dimer 5 and none of the desired primary amine, as shown in
Scheme 2.

Lewis acid catalyzed cleavage of the benzylidene afforded
the dimeric secondary amire Dimers such a5 are generally
considered as unavoidable products of direct reductive amination
with ammonia; however, the chiral aminoalcohbland6 are
potentially useful for several applications, including utility as
chiral synthons and potential chiral ligands for organometallic
catalysis?®

Further investigation of the scope of Shie and Fang's
procedure shows that the process works well for several other
carbohydrate and amino acid-derived aldehydes. Table 1 shows
a few examples of the synthesis of synthetically useful amides.

Optical rotations of the amides in Table 1 are consistent with
those reported in the literature and indicate that no racemization
occurred® Amides 8 and 10 have been used both in the
synthesis of natural products and as peptide precutstialso,

(7) (a) Kocienski, P. JProtecting GroupsThieme: Stuttgart, 1004. (b)
Greene, T. W.; Nuts, P. G. MProtective Groups in Organic Synthesis
3rd ed.; J. Wiley: New York, 1999. (c) Talukdar, S.; Nayak, S. K.; Banerji,
A. J. Org. Chem1998 63, 4925-4929.

(8) (&) Ager, D. J.; Prakash, |.; Schaad, D.Ghem. Re. 1996 835—
875. (b) Reiners, I.; Martens, Jetrahedron: Asymmetry997, 8, 277—
281.

(9) (a) Cai, J.; Ling, C.-C.; Bundle, D. ROrg. Biomol. Chem2006 4,
1140-1146. (b) Palomo, C.; Aizpurua, J. M.; Urchegui, R.; Garcia, J. M.
J. Org. Chem 1993 58, 1646-1648. (c) Baxter, E. W.; Reitz, A. Bl.
Org. Chem 1994 59, 3175-3185.

(10) (a) lwadare, KBull. Chem. Soc. Jpn1939 14, 131-134. (b)
Weidman, H.; Oberwalder, H. W.; Wildschek, E.; Schwarz Mtinatsch.
Chem 1972 103 210-217. (c) Nozaki, S.; Muramatsu,Bull. Chem. Soc.
Japan1988 61, 2647-2648.

(11) (a) Sone, H.; Kondo, T.; Kiryu, M.; Ishiwata, H.; Ojika, M.; Yamada,
K. J. Org. Chem1995 60, 4774-4781. (b) Du, J.; Qu, F.; Lee, D. -W.;
Newton, M. G.; Chu, C. KTetrahedron Lett1995 36, 8167-8170.

(12) Kunz, H.; Kullmann, RTetrahedron Lett1992 33, 6115-6118.

10.1021/jo702647n CCC: $40.75 © 2008 American Chemical Society
Published on Web 03/01/2008



JOCNote

TABLE 1. Application of One-Step Aldehyde to Amide brine, dried over anhydrous magnesium sulfate, and filtered.
Conversion to Carbohydrate and Amino Acid Derived Aldehydes Evaporation afforded 408 mg (86%) of a white solid which was
Diol Aldehyde Amide % Yield used in the next step without further purification: mp 48dec;
[a]p = +8.1 (€ 0.014 g/mL, acetone); IR (CH§I3657 (NH), 3392
P B2 0 a PO on b PO\ on (OH), 1643 (G=0) cnt!; H NMR (acetoneds) 6 7.51 (m, 2H,

Ho OHOH% Oé/o —_— ° 76% aryl), 7.35 (m, 3H, aryl), 5.67 (s, 1H, acetal), 4.61 (1H, OH), 4.20
4,6-0-benzylidens- H Hzgl (dd, 1H,J=10.3, 5.1 Hz, C6lg,), 4.10 (d, 1HJ = 9.16 Hz, C4H),
D-glucopyranose 3.78 (m, 1H, C5H), 3.63 (app § = 10.31 Hz, CR); 3C NMR

OH o] o] (acetoneds) 6 173.6 (CG=0), 128.89 (aryl), 128.0 (aryl), 126.5-

o~ M a 0/\.)LH b o/\)LNH2 70% (aryl), 101.0 (acetal), 78.8 (C4), 70.5 (C6), 64.4 (C5); HRMS (FAB)
ké A.fé ﬁzé calcd for GiH14/NO4 (M + H) 224.0923, found 224.0912.

Q (2S,4S,5S)-5-Hydroxy-2-phenyl-1,3-dioxane-4-carboxam-
1,2:5,6-dilsopropylidene- 7 8 ide: [a]p = —8.3 (€ 0.02 g/mL, acetone); all other data were
D-mannitol identical to those for theR4R,5R isomer.

Ho  OH H NH; (2R,4S,5R)-4-(Aminomethyl)-2-phenyl-1,3-dioxan-5-ol (3)The
\/3/\0) L_Oaj/\o} b Oto) 65% amide (254 mg, 1.2 mmol) was dissolved in 4 mL of anhydrous
Ho™ 0 HO” mo T Ho” . "0 tetrahydrofuran and added to a suspension of lithium aluminum
"o/% o ’o)T hydride (0.22 g, 5.8mmol) in 12 mL of anhydrous tetrahydrofuran
1,2-isopropylidene- 9 10 under an argon atmosphere af©. The mixture was stirred at
D-glucofuranose room temperature fol h and then at reflux for 5 h. The mixture
was cooled to 0C, and 0.5 mL of water was added dropwise to
BOCNH/YO L BQCNH/\fO 76% destroy excess lithium aluminum hydride. The resulting mixture
H NH, was filtered through Celite and washed with ether. The ether
BOC-D-alanal BOC-D-alamide solution was dried with anhydrous magnesium sulfate, filtered, and
aNalO; on silica gel.? 1., NH,OH followed by HO;. evaporated. The crude product was purified by flash column

chromatography on silica gel, eluting with 85:8:7 acetonitrile/water/
NH4OH to afford 186 mg (77%) of the aminea]p, = —9.0 (€
amide2 is a potential synthon in the synthesis of natural products 0.0032 g/mL, acetone); IR (CHgI3379, 3300 cm’; 'H NMR
such as swainsonine and castanosperine. (CD3OD) 6 7.48 (m, 2H, aryl), 7.32 (m, 3H, aryl), 5.51 (s, 1H,
In conclusion, a very efficient synthesis of several novel chiral acetal H), 4.17 (dd, 1H) = 5.1, 10.3 Hz, C6H), 3.55 (m, 3H,
aminoalcohols has been developed from inexpensive, readinCGH’ C5H, C4H), 3.08 (dd, 1H) = 2.3, 13.2 Hz, CHN), 2.79

! . : (dd, 1H,J = 6.9, 13.4 Hz, CHN)XC NMR (CD:OD) 6 138.2
available starting materials. Both theS@R) and (R3S o /y"155 5 (i) 128.0 (aryl), 126.0 (aryl), 101.0 (acetal), 82.8

enantiomers of 4-aminobutane-1,2,3-triol have been prepared,(C4) 70.6 (C6), 63.1 (C5), 47.4 (GN); HRMS (FAB) calcd for
as well as two novel dimeric amino alcohols. In addition, the ¢ Y, NO, (M + H) 210.1130, found 210.1146.

scope of a direct aldehyde to amide conversion has been (2R,35)-4-Aminobutane-1,2,3-triol (4). The benzyliden@ (186

extended to carbohydrate-derived aldehydes. mg, 0.9mmol) was dissolved in 6.0 mL of anhydrous dichlo-
romethane and cooled to78 °C under an argon atmosphere. A
Experimental Section solution of boron trichloride in dichloromethane was added (1.1

mmol o a 1 M solution). The resulting mixture was stirred-a78

(2R,4R,5R)-5-Hydroxy-2-phenyl-1,3-dioxane-4-carbalde- o oy 1 5h, poured into water, and extracted with dichloromethane.
hyde (1). To a suspension of 4,6-benzylidenes-glucopyranose e grganic layer was washed once with water, and the aqueous

(600 mg, 2.2mmol) in 16 mL of dichloromethane was added freshly 1,256 \as lyophilized to afford a tan solid. The crude product was

prepared sodium periodate on silica gel: sodium periodate (700 purified by flash column chromatography on C18 reverse-phase
mg, 1.3 mmol of Nal@) was dissolved in 1.5 mL of hot 4 and silica gel, eluting with water and then 86:9:5 acetonitrile/water/

then mixed with 2.6 g of silica gel. The resulting suspension was ny.0H. Lyophilizati fforded 105 75%) of th inotriol:
stirred at 25°C for 2 h, filtered, and washed with ethyl acetate, [ot]s _ ;Syg E)Céléazéog/r?mohg). 1H NT/IgR((ng)% 3 gla(rrr:]ln‘cl);lo '
and the solvent was removed to afford 425 mg (91%) of aldehyde > c3H ClH) 3.16 (n’1 1H C4H), 2.90 (m 1H C4’H§C’

N ;"2';*2 Vas used Without funner ggg'f'g%gﬁfl'\émRS(HCD;'ﬁ)) NMR (D;0) ¢ 73.0 (C3), 67.6 (C2), 62.2 (C1), 41.8 (C4); HRMS
5.30 (s, 11, acetal) 5.27 (m. 1H VCSH') 4,48 (dck 5.7 and f(l)é (FAB) caled for GHNO; (M + H) 122.0817, found 122.0816.
Hz), 1H, C-63H), 4.27 (dd,d = 1.7 and 9.7 Hz, 1H, C4H), 3.79  (2S3R)-4-Aminobutane-1,2,3-triol (4): [a]o = +6.6 (€ 0.025
(apﬁare’nt t) = 109 Hz. 1H C-.&H) 1.66 (br(,)ad s 1H ’OI.—|)' g/mL, HO); all other data were identical to those for thig, a5
13C NMR (CDCE) 6 196.6 (G=0), 159.4, 129.7, 1285, 126.3 'SOMe"" S . _
(aryl), 101.3 (acetal), 80.9 (C6), 67.6 (C5), 61.5 (C4). (2R,2.R,4S,4S,5R,5 R)-4,4-Azanediylbis(methylene)bis(2-phen-
(2R ,4R,5R)-5-Hydroxy-2-phenyl-1,3-dioxane-4-carboxam-  Yl-1,3-dioxan-5-ol). The aldehyde (374 mg, 1.8 mmol) was
ide (2). The aldehyde (441 mg, 12.1mmol) was dissolved in 1.0 dissolved in 50 mL of methanol and cooled t6@. Ammonia gas
mL of tetrahydrofuran. Aqueous ammonium hydroxide (13.0 mL Was bubbled into the solution for 5 min and stirring continued at
of 28% solution) was added, followed by iodine (591 mg, 2.3mmol). 25 °C for 1 h. Sodium cyanoborohydride (453 mg, 7.2mmol) was

The mixture was stirred at room temperature for 2 h, during which 2dded, and the resulting mixture was stirred at@3or 18 h. The
time the brown mixture turned colorless. After 2 h, hydrogen methanol was evaporated, and the residue was diluted with 10 mL

peroxide (1.3 mL of 35% solution) was added. Stirring was ©Of water and extracted twice with chloroform. The organic layer

continued for 2 h. The solution was extracted twice with dichlo- Was dried over anhydrous magnesium sulfate and filtered, and the

romethane, and the combined organic layers were washed withS0!vent evaporated to afford 220 mg (61%) of the amirep [=
—18.0 €0.017 g/mL, CHGJ): IR (CHCl;) 3657 (NH), 3392 (OH),
1092 (C-0 stretch) cm?; *H NMR (CDClg) 6 7.55-7.25 (m, 5H,

(13) (a) Pyne, S. GCurr. Org. Synth2005 2(1), 39—-57. (b) Pearson,

W. H.; HEbre, E. JJ. Org. Chem1996 61, 72177221. (c) Pandit, U, @I H), 5.49 (s, 1H, acetal), 4.27 (m, 2H, CE, 3.68 (m, 3H,

K.; Overkleeft, H. S.; Borer, B. C.; Bieraugel, H. EUr.Org. Chem1999 C4,4H, C5,8H, CHN), 3.07 (m, 1H, CHN)®C NMR (CDCk)

959-968. 0137.5,129.2, 128.4, 126.2 (aryl), 101.2 (acetal), 79.2 (GF5.1
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(C6,8), 69.7 (C4,4), 52.0 (CHN); HRMS (FAB) calcd for GoHag- C4,4H); 13C NMR (D,0) 673.1 (C3,3), 66.6 C2,2), 62.1 (C1,1),
NOs (M + H) 402.1917, found 402.1917. 49.9 (C4,4); HRMS (FAB) calcd for GHzNOg (M + H) 226.1291,
(2R,2R,35,35)-4,4-Azanediyldibutane-1,2,3-triol) (6). To a found 226.1301.

solution of benzylidenes (140 mg, 0.35 mmol) in 3 mL of
dichloromethane at 78 °C under an argon atmosphere was added Acknowledgment. NMR spectra were recorded on a spec-
a solution of boron trichloride in dichloromethane (1.0 mL, ftrometer purchased with a grant from the National Science
1.0mmol). The solution was stirred at78 °C for 1.5 h, diluted Foundation through the NSF-RUI program (no. 0321211).
with dichloromethane, and extracted twice with water. Lyophiliza-
tion of the aqueous phase afforded 90 mg (100%) of the HCI salt T
of 6: [a]p = —8.3 (¢ 0.015 g/mL, HO); *H NMR (D,0) 6 3.81-
(m, 1H, C2,2H), 3.62-3.48 (m, 4H, C3,3H, C1,1H), 3.25 (dd,
1H,J = 3.0, 12.9 Hz, C4/H), 3.04 (dd, 1H,J = 9.6, 12.9 Hz, JO702647N
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