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Note

Synthesis of 2-amino-1,2-dideoxy-p-galactitol hydrochloride
and 5-amino-1,4-anhydro-5,6-dideoxy-L-galactitol
hvdrochloride

Kim Adelhorst and George M. Whitesides
Department of Chemistry, Harvard University, Cambridge, Massachusetts 02138 (USA)

(Received October 12th, 1990; accepted in final form November Ist. 1991)

2-Acetamido-1,2-dideoxy-p-galactitol (4) was preparcd in connection with our
work on the synthesis of carbohydrates using enzymes '. It was found that. when 5
was exposed to concentrated hydrochloric acid, it sclectively dchydrates to give
S-amino-1,4-anhydro-5,6-didcoxy-1.-galactitol hydrochloride (7). Compound 5 was
previously reported by Dills and Covey © as an intermediate in the synthesis of
I-deoxy-p-tagatose starting from 2-amino-2-deoxy-n-galactose hydrochloride (1).
The compound was not, however. isolated in pure form. and the only physical data
given for it were R, values. Since our aim was to purify cach intermediate in the
synthesis of 5. fully protected derivatives were used rather than the procedure of
Dills and Covey -. Several amino-protecting groups were tested. but only the
acctamido group was stable enough to survive the Rancy nickel reduction. Two
syntheses  of  2-acetamido-3.,4,5,6-tctra-O-acetvl-2-deoxy-p-galactose  dicthyl
dithioacctal (2) have been reported **. However. we tound that in one of these
syntheses * the compound described as 2 is. instead. a side product. cthyl 2-
acetamido-3.4.6-tri-O-acetyl-2-deoxy- 1-thio-B-p-galactopyranoside  (3). Reduction
of 2 with Rancy nickel gave. as expected, 2-acetamido-3.4,5.6-tetra-O-acetyl-1,2-di-
deoxy-p-galactitol (4). Compound 4 could be deprotected quantitatively with dilute
hydrochloric acid to give the desired 2-amino-1,2-dideoxy-p-galactitol hydrochlor-
ide (5). If 4 was deprotected by refluxing with concentrated hydrochloric acid the
intermediate § was dehydrated to give 5-amino-1,4-anhydro-5.6-didcoxy-1.-galacti-
tol hydrochloride (7). Compound 7 could be obtained from 5 in quantitative yicld
by prolonged heating.

Compound 5 was tested as a substrate for galactose oxidase (p-galactosc : oxygen
oxidoreductase, EC 1.1.3.9), since oxidation at C-6 of 5§ would give easy access to
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the know a-L-fucosidase inhibitor “. 1.3-didcoxy-1.5-imino-L-fucitol ™ (6). No

conversion of 5 to the corresponding aldchyde could be detected after three days;
under similar conditions. complete oxidation of methyl B-p-galactopyranoside to
methyl B-p-galacto-hexodialdo-1.5-pvranoside was observed within cight hours.
Protecting the amino group of 5§ as the N-rert-butoxycarbonyl derivative did not
improve its suitability as a substrate tor the enzyme.

* 1,5-Dideoxy-1,5-iminoalditols and their related 5-amino-5-deoxyaldoses and lactams are potentially
uscful as antiviral agents =" and antincoplastic agents ™",
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EXPERIMENTAL

General - methods.—2-Amino-2-deoxy-p-galactose  hydrochloride and Raney
nickel were purchased from Aldrich, galactose oxidase was purchased from US
Biochemical Co. and catalase from Sigma Chemical Co. 'H-NMR spectra were
recorded at 400 MHz; 'H shifts in CDClI, are referenced to internal Me,Si (6
0.00): and "H shifts in D,O to the signal of HDO (8 4.75). *C-NMR spectra were
recorded at 100 MHz (Bruker AM-400): '“C shifts in CDCI are referenced to the
center of the CDCl; peaks (6 77.0): '*C shifts in D,O are referenced to an
external dioxane (8 67.4). TLC plates (EM Science) were coated with Silica Gel
F.o, (Merck: 0.2 mm). For column chromatography Silica Gel 60 (0.040-0.064 mm.
230-400 mesh ASTM, EM Science) was used.

2-Acetamido-3,4,5,6-tetra-O-acetyl-2-deoxy-p-galactose diethyl dithioacetal (2).—
2-Amino-2-deoxy-p-galactose (1, 2.0 g, 9.3 mmol) was mixed with ethanethiol (10
mL) and concd HCI (17 mL). and stirred for 2 days at room temperature. The
mixture was diluted with water and the acid neutralized with 2PhCO . - Pb(OH)..
The precipitate was separated by filtration and the filtrate concentrated. The
resulting solid was suspended in hot EtOH and filtered. The filtrate was concen-
trated and the remaining solvent cocvaporated with pyridine twice. The residue
was acctylated with acetic anhydride (25 mL) in pyridine (40 mL) by stirring
overnight at room temperature. The solution was poured onto ice and extracted
with CH.Cl,. The organic phase was successively washed with 4 M HCI and satd
NaHCO. solution, dried (MgSO,), concentrated, and purified on a silica gel
column with 1:1 - 1:10 EtOAc-hexanc as cluant to give 2 (2.64 g, 737) as a
solid: it could be recrystallized from EtOAc—petroleum ether; mp 133°. [a],, —5.6°
(¢ 1.0 CHCL: Tt ™ mp 137-139°, [a];, — 17% "H-NMR (CDCI,): 6 5.89 (d. 1 H.
o 103 Hzo NH), 584 (dd, 1 H, J,5 1.5, /4, 9.1 Hz. H-3). 5.20 (ddd. | H. Jys
22, J5,47. 72 Hz. H-5), 5.16 (dd, 1 H, J,, 9.1, J, . 2.2 Hz. H-4). +.58 (ddd. | H,
Ji5 S8 J.1 160 T,y 102 Hz, H-2), 4.33 (dd. | H. J,,, 4.7 Hz J,,, 12.0 Hz,
H-6a), 3.83 (d. 1 H. J,, 5.8 Hz, H-1), 3.35 (dd, | H, Jso 1.3, Joyon 11.9 Hz, H-6b),
2.69-2.61 (m. 4+ H. 2 -SCH,~), 1.26 (t, 3H, J 7.3 Hz, CH;),and 1.24(t.3H,J 74
Hz, CH,): “C-NMR (CDCLL): 6 170.5, 1704, 169.8, 169.7, 169.2 (5 C=0). 68.8
(C-3), 68.2, 67.4 (C-4.5). 62.5 (C-6), 53.8 (C-1), 50.0 (C-2), 26.0. 25.9 (2 =SCH ,=),
23.2,21.3, 20.8. 20.7. (4 CH,CO), and 14.4, 14.2 (2 CH»).

Anal. Caled for C, H :NO,S,: C, 48.47; H, 6.71; S, 12.94. Found: C, 48.26: H,
6.73; S, 12.99.

Ethyl 2-acetamido-3.4.6-tri-O-acetyl-2-deoxy- I-thio-B-p-galactopyranoside (3).—
This was isolated from the second fraction of the chromatography and crystallized
from EtOAc; mp 182° [a], —35° (¢ 1.2, CHCl,), lit. ¥ mp 184°, [al, —22%
'"H-NMR (CDCl,): 6 5.46 (bd. 1 H. Jnia 95 Hz, NH), 539 (dd, 1 H, J5, 3.2, J, 5
0.9 Hz, H-4), 5.16 (dd, 1 H, J, 10.9, J;, 3.3 Hz, H-3), 4.65 (d, 1 H, J, > 10.3 Hz,
H-1),4.24 (brq, 1 H, J, 5, Jos Jony 10 Hz, H-2), 417 (dd, 1 H, Js, 6.6, J,, , 11.5
Hz, H-6a), 4.11 (dd, 1 H, Js, 6.5, J,, , 11.3 Hz, H-6b), 3.93 (dt, | H, Ji5 09, Jq .
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6.6 Hz. H-5). 2.82-2.64 (m. 4 H, 2 -SCH.-). 2.17. 2.05. 2.01. 1.98 (s, 12 H, 4
CH,CO). and 1.28 (t. 3 H, CH;); "C-NMR (CDCl.): & 84.9 (C-1), 74.4, 71.2
(C-3.4). 66.9 (C-3), 61.6 (C-6), 49.7 (C-2), 244 (-SCH.-). 234 20.7, 20.7 (3
CH;CO-). and 14.8 (CH ).

Anal. Caled for C, (H,;NOS: C, 49.10: H. 6.44: S. ~.19. Found: C. 49.18; H,
6.49; S, 8.40.

2-Acetamido-3,4,5,6-tetra-O-acetyl-1,2-dideoxy-v-culactitol (4. —The  dithioac-
etal 2 (550 mg, 1.1 mmol) was added to a suspension of curctully washed. activated
Raney Ni in EtOH (50 mL), and heated at reflux tor 20 h. The catalyst was
removed by filtration and washed with hot pyridine and FtOH. The combined
filtrate was concentrated and the residuc stirred overnich: with acctic anhydride
(10 mL) in pyridine (20 mL). The acetylation was done us .« precaution. because
decacetylation was sometimes observed during the reduction tihe catalist may be
basic). The mixture was pourcd onto icc and extracted with CH (1., and the
organic solution was successively washed with 4 M HCl ane ~od NaHCO L. then
dried (MgSQO,), and concentrated. Although the product shon oo only one spot in
TLC, it was passed through a silica gel column (10 cm) and ¢ieios with EtOAc to
give 4 (230 mg. 55%); '"H-NMR (CDCl,): & 5.74 (d. 1 H. /. 0tz NHD. 3.28
(br dd, I H. /., 8 Hz, 5 Hz, H-5). 5.20 (s, 2 H. H-3.4), 22300~ oD HL /L 68,
Jony 107 Hz, H-2). 434 (dd. | H. Js, 4007, 12,0 HeoHeron 381 dds 1 HL
Jown 79 Hz. J,, ., 11.9 Hz. H-6). 2.16, 2.12. 2.10. 2.02. 1 v o 25 11 3 CHL.CO).
and 1.05 (d. 3 H. J,, 6.8 Hz. H-1): "C-NMR (CDCI 5 17020 1703 1097, 169.5.
169.4, (5 C=0), 71.3 (C-3). 68.2. 67.8 C-4. C-3). 626 (C-r. 23] (C-2). 2301, 20.6,
20.5, 20.5, 20.5 (5 CH;CO), and 18.1 (C-1): FABMS: ;- 376 1614 (cale. 376.1608)
(M™).

2-Amino-1,2-dideoxy-p-galactitol hydrochloride (5 --Compound 4 (350 mg. 1.0
mmol) was suspended in M HCI (30 mL) and heated at st for 16 h. The mixture
was then concentrated and the product passed through a Sephadex G-10 column
with water as eluant to give 5 (176 mg. 96"/ ) u~ & svrup: -H-NMR (D,O. pD 2.3): §
383 (dt, t H, J,5 2.0, Jo,, 0.3 Hze H-3) 373 0dd. | HL Joy 28, J5, 7.9 Hz, H-3),
3.66 (dq, 1 H, J;, 7.0. J,; 28 Hz. H-2) 3603 «dd. 1 H. J5, 7.8, J,5 2.0 Hzo H-4),
3.61 (d, 2 H, Jg¢ 6.3 Hz. H-6a). and 1.31 «d. 3 H. J,, 7.0 Hz, H-1): ""C-NMR
(D,0, pD 2.5): 6 71.5. 71.2. 709 (C-3.4.3). 63.7 (C-6), 49.6 (C-2). 16.0 (C-1);
FABMS: m /z 166.1083 (calc. 166.1079) (M — CI] 7).

S-Amino-1,4-anhydro-3,6-dideoxv-1 -quluctitol  hvdrochloride (7).—Compound 4
(230 mg, 0.6 mmol) was suspended in coned HCT(20 mL) and heated at reflux for 2
days. The mixture was concentrated and passed through a Sephadex G-10 column
with water as cluant to give 7 (110 mg, 98%) as a crystalline solid that was
recrystallized from EtOH: mp 213-214° "H-NMR (D,O. pD 3) 4 422 (dd. | H.
J12 4.0, J55 20 Hz. H-2). 4.07 (br s. 1 H. H-3), 400 (dd, 1 H. /J, ., 10.2./, - 40
Hz, H-1a), 3.89 (br d. 1 H. J,,,, 10.2 Hz, H-1b), 3.70 (dd. | H. /., 2.5. J,. 8.9 Hz.
H-4), 3.50 (br dq, 1 H, J,< 9. J<,, 7 Hz, H-5), and 1.32 (d. 3 H. J,, 7 Hz. H-6);

S.6a
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BCNMR (D,0. pD 3) 6 87.0 (C-4), 79.7 (C-3), 77.6 (C-2). 74.3 (C-1), 50.1 (C-2),
and 15.6 (C-6): FABMS m /z 148.0972 (caled 148.0974) [M - CI]*.

Enzvmic assay.—Compound 5 (45 mg) was dissolved in 0.05 M phosphate buffer
(I mL. pH 7.00). Catalase (9900 units) and galactose oxidase (50 units) were
added. and the mixture was vigorously stirred for 3 days under a flow of 0O,.
'"H-NMR and “C-NMR spectroscopy of the lyophilized mixture showed only
Starting material.

ACKNOWLEDGMENTS

This work was supported by grant GM-30367 of the National Institutes of
Health. K.A. was supported by the Danish Technical Research Council.

REFERENCES

I EJ. Toone. E.S. Simon. M.D. Bednarski. and G.M. Whitesides. Tetrahedron. 45 (1989) 5365-5422.
2 W.L. Dills. Jr. and T.R. Covey. Carbohydr. Res., 89 (1981) 338-341.

3 MW, Whitehouse, P.W. Kent. and C.A. Pasternak, J. Chem. Soc.. (1954) 2315-2317.

4 M.L. Wolfrom and K. Onodera. J. -m. Chem. Soc., 79 (1957) 4737-4740.

5 G.W.J. Fleet. AN. Shaw. S.V. Evans. and L.E. Fellows, J. Chem. Soc., Chem. Commun.. (1985)

S41-842,

H. Paulsen and M. Matzke. Justus Lichigs Ann. Chem.., (1988) 1121-1126.

7 R.AL Gruters. J.J. Neefjes. M. Termette. REY. de Goede, A. Tulp. H.G. Huisman. F. Miedema,

and HL.L. Ploegh, Nature (London). 330 (1987) 74-77.

G.W.J. Fleet. A. Karpas, R.A. Dwek. LE. Fellows. AS. Tyms. S. Petursson. S.N. Namgoong. N.G.

Ramsden. P.W. Smith, J.C. Son. F. Wilson. D.R. Witty. G.S. Jacoh. and T.W. Rademacher. FERS

Letr.. 237 (1988) 128-132.

9 A. Karpus. G.W.J. Fleet, R.A. Dwek, S. Petursson. S.K. Namgoong. N.G. Ramsden. .S, JTacob. and
TW. Rademacher. Proc. Natl. Acad. Sci. U.S. 4.0 83 (1988) 92299233,

10 B. Winchester, C. Barker, S. Baines. G.S. Jacob. S.K. Numgoong. and G.W.J. Fleet. Biochem. J. 265
(199(h 277-281.

I M.J. Humphries, K. Matsumoto. S.L. White, and K. Olden. Proc. Natl. Acad Sci. 1.5 4.0 83 (1986)
1752- 1730,

>

x



	334(1).PDF
	334(2).PDF
	334(3).PDF
	334(4).PDF
	334(5).PDF

