
This article was downloaded by: [The University of Manchester Library]
On: 10 October 2014, At: 04:34
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

Regiocontrolled C-8 Acylation
of Castanospermine
Nelson G. Landmesser a , Hon-Chung Tsui b , Chi-Hsin
R. King a & Leo A. Paquette b
a Hoechst Marion Roussel, Inc. , 2110 East Galbraith
Road, Cincinnati, Ohio, 45215
b Evans Chemical Laboratories, The Ohio State
University , Columbus, Ohio, 43210
Published online: 21 Aug 2006.

To cite this article: Nelson G. Landmesser , Hon-Chung Tsui , Chi-Hsin R. King & Leo
A. Paquette (1996) Regiocontrolled C-8 Acylation of Castanospermine, Synthetic
Communications: An International Journal for Rapid Communication of Synthetic
Organic Chemistry, 26:11, 2213-2221, DOI: 10.1080/00397919608003581

To link to this article:  http://dx.doi.org/10.1080/00397919608003581

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.
However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with

http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397919608003581
http://dx.doi.org/10.1080/00397919608003581


primary sources of information. Taylor and Francis shall not be liable for any
losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

T
he

 U
ni

ve
rs

ity
 o

f 
M

an
ch

es
te

r 
L

ib
ra

ry
] 

at
 0

4:
34

 1
0 

O
ct

ob
er

 2
01

4 

http://www.tandfonline.com/page/terms-and-conditions


SYNTHETIC COMMUNICATIONS, 26(1 l), 2213-2221 (1996) 

REGIOCONTROLLED C-8 ACYLATION OF CASTANOSPERMINE 

Nelson G. Landmesser,*a Hon-Chung Tsui,b Chi-Hsin R. King,a 
and Leo A. Paquetteb 

aHoechst Marion Roussel, Inc., 21 10 East Galbraith Road, Cincinnati, Ohio 
45215 and bEvans Chemical Laboratories, The Ohio State University, Columbus, 

Ohio 43210 

Abstract: A convenient route to previously unknown 8-acylated castanosper- 
mines is illustrated by synthesis of the butyryl derivative. 

The indolizidine alkaloid castanospermine (1)' is recognized to be a potent 

inhibitor of several important glucosidase enzymes.2 The possibility of exploit- 

ing this biological activity for human health maintenance, most notably in the 

cancer,3 AIDS? and diabetes areas? has prompted considerable interest in the 

preparation of more lipid soluble derivatives6 Particular attention has been paid 

to esters derived by controlled 0-acylation at C-l,7 C-6899 and C-78 (e.g., 2, 3, 

and 4, respectively). 

*To whom correspondence should be addressed. 
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Copyright 8 1996 by Marcel Dekker, Inc. 
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H O a o  ' oH  O y R  r a  Ho H OH R y O S  

OHO..* 
HCI HCI 

R 0 +* 
HO ..*' 

HCI 
2 3 4 

Since castanospermine is constituted of four quite similar secondary 

hydroxyl groups, direct monoacylation at a specific site is not universally 

possible. While 2 is available by regioselective enzyme-catalyzed acylation of 1? 

arrival at 3 and 4 is possible only by the implementation of selective protection/ 

deprotection protocols. To the present time, no viable route to 8-acylated 

castanospexmines has yet been uncovered. 

BnO "' 
HCI . 

5 6 

Although 5 is a simple positional isomer of the 6-butyryl derivative, an 

isomerization approach has not evolved into a viable synthesis of 5.10 A single 

literature report describes the preparation of a 1,6,7-protected castanospermine 

(the tribenzyl derivative 6),11 a potentially serviceable precursor to 5 .  When 

repetition of this work could not be accomplished successfully, this strategy was 

abandoned. 

An alternative approach based upon differentially protected hydroxylated 

regions within 1 was next considered. Upon acid hydrolysis, compound 7'2 

underwent chemoselective loss of its isopropylidene group to deliver 8 (56%, 

Scheme 1). This diol was caused to react with slightly more than one molar 
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CASTANOSPERMINE 2215 

7 

+ 
CbzO" CbzO '*' 

9 10 

Scheme 1 

equivalent of Cbz chloride in the presence of triethylamine and DMAP. 

Subsequent flash chromatography on silica gel gave only relatively minor 

amounts of the 1,6,7-tri-Cbz derivative 9 (4%) and its 6,7,8-tri-Cbz isomer 10 

(13%). The dominant product was the tetraester, which was accompanied by 

unreacted 8. While this route did not provide a useful means for securing 5, the 

9/10 ratio was construed to be an indicator of the relative nucleophilic reactivity 

of the 1-OH and 8-OH substituents in a 6,7-diprotected castanospermine. 

Armed with this information, we proceeded to prepare 6,7-di-Cbz 

castanospermine by direct derivatization of 1 and to acylate this amine with 

butyryl chloride in conventional fashion. A complex mixture of products resulted 

in the first step, leading to a 19% isolated yield of 8 as the free amine. Direct 

chromatography after esterification then furnished 11 in 76% yield (Scheme 2). 

On a 75 g scale, the purification of 11 was simply accomplished by plug filtration. 

Removal of the Cbz protecting groups by catalytic hydrogenation provided the 

amino trio1 which was converted into the hydrochloride salt 5. Although early 

attempts to effect hydrochloride formation proved problematic and resulted in the 

production of oils, it was subsequently determined that dropwise addition of an 
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2216 LANDMESSER ET AL. 

1. Hz, PdC, 1. CbrCl 
py, -15°C -) R 

2. HCI, 
CbzO "*' EtOH, Et20 

* HCI 
5 

1 

Et3N, DMAP 11 
CH2C12 

Scheme 2 

ethanolic solution of the hydrochloride to ether with rapid stirring gave rise to a 

white flocculent solid. This hygroscopic material was dissolved in water and 

isolated by freeze-drying. 

With a feasible route to 5 now in hand, numerous other 8-substituted 

derivatives emerge as possible options for synthesis. The protocol outlined here 

should serve reliably in most of these contexts. 

Experimental Section 

General. NMR spectra were recorded on a Varian XL 300 andfor Varian 

GEMINI-300 spectrometers at 300 MHz, and at 75 MHz for 13C, or UNITY 400 

spectrometer at 400 MHz for 'H, and at 100 MHz for 13C. All chemical shifts are 

reported in  parts per million (ppm, 6)  relative to TMS standard. Mass spectra 

were obtained on a Finnigan MAT TSQ 700 spectrometer at 120 eV. Elemental 

analyses were performed by the Analytical and Structural Sciences Department, 

Marion Merrell Dow Research Institute, Cincinnati Center. Thin layer 

chromatography (TLC) was performed on silica gel 60 precoated plates (0.23 mm, 

Merck). 

6,7-Di-O-carbobenzyloxycastanosperrnine Hydrochloride (8). Amine 7 

(40.5 g, 0.0815 mmol) was dissolved in  CH30H (150 mL) and treated with 

saturated HCl in ether (150 mL). The mixture was allowed to stir at rt overnight 
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CASTANOSPERMINE 2217 

and cooled to 0 "C. The white solid precipitate was collected by filtration, 

washed with Et20, allowed to air-dry, and dried in vucuo (25 Torr) to provide 

22.5 g (56%) of 8. A small amount of the salt was neutralized to the free amine 

for analysis. 1H NMR (CDC1-j) 6 7.34 (m, 10 H), 5.13 (s, 2 H), 5.08 (dd, J = 7.5, 

7.5 Hz, 2 H), 4.84 (m, 2 H), 4.34 (br s, 2 H), 4.20 (br s, 1 H), 3.90 (apparent t ,  J = 

7 Hz, 1 H), 3.45 (br s, 1 H), 3.35 (dd, J = 11, 5 Hz, 2 H), 3.07 (apparent t, J = 7 

Hz, 1 H), 2.28-2.12 (m, 1 H), 2.06 (m, 2 H), 1.98 (dd, J = 7.5, 7.5 Hz, 1 H), 1.78 

(m, 1 H); 13C NMR (CDCl3) 6 155.3, 154.3, 135.1, 135.0, 128.6, 128.5, 128.4, 

128.3, 128.2, 81.4,74.1,71.7,70.2,69.9,69.8,68.0,52.9, 51.8,33.8; MS (EI) mlz 

(rel. intensity) 456 (lo%), 419 (21), 369 (47), 331 (42). 317 (54), 287 (33), 267 

( l o ) ,  236 (68), 212 (90). 

1,6,7-Tri-0-carbobenzyloxycastanospermine (9) and 6,7,8-Tri-0 

carbobenzyloxycastanospermine (10). Diol 8 (2.47 g, 5.40 mmol) was 

dissolved in CH2C12 (60 mL) under N2, treated with triethylamine (1.1 g, 11 

mmol) and DMAP (20 mg), and cooled to 0 "C. CbzCl (0.94 g, 5.5 mmol) was 

added with stirring over 0.5 h and the reaction mixture was allowed to warm to R 

overnight prior to being quenched with saturated NaHC03 solution (40 mL). The 

separated organic layer was washed with saturated NaHC03 solution (20 mL) and 

brine (30 mL), dried over Na2S04. and filtered to remove inorganics. The solvent 

was removed in vacuo (42 W 3 5  Torr) to leave an oil, flash chromatography of 

which on silica gel (10% EtOAc/90% hexane as eluent) provided 100 mg (4%) of 

9 and 350 mg (13%) of 10. IH NMR of 9 (CDCl3) 6 7.34 (m, 15 H), 5.3-5.0 (m. 

7 H), 4.84 (m, 2 H), 3.70 (apparent t, J = 7 Hz, 1 H), 3.42 (dd, J = 11.5 Hz, 1 H), 

3.18 (t, J = 8 Hz, 1 H), 3.13 (br s, 1 H), 2.4-1.9 (m, 5 H); 1% NMR of 9 (CDC13) 

6 155.7, 155.1, 154.1, 135.0, 134.9, 134.8, 128.7, 128.63, 128.58, 128.55, 128.51, 

128.4, 128.3, 128.2.80.6, 77.3,77.2,71.2,70.2,70.0,69.8,67.9,52.7, 51.3, 30.9. 

1H NMR of 10 (CDC13) 6 7.34 (m, 15 H), 5.24-5.02 (m, 7 H), 4.99-4.85 (m, 2 H), 
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2218 LANDMESSER ET AL. 

4.10 (br s, 1 H), 3.48 (br s, 1 H), 3.45 (dd, J = 1 1 ,  5 Hz, 1 H), 3.22 (t, J = 8 Hz, 1 

H), 2.30-2.08 (m, 5 H), 1.90 (m, 1 H); 13C NMR of 10 (CDC13) 6 155.6, 154.5, 

154.0, 135.0, 134.9, 134.6, 128.8, 128.7, 128.6, 128.55, 128.5, 128.4, 128.3, 

128.25, 128.2, 128.1, 78.3, 73.8, 73.7, 70.5, 70.3, 70.0, 69.9, 69.8, 52.4, 51.2, 

32.1. 

6,7-Di-O-carbobenzyloxy-8-~-butyrylcastanospermine (1 1). Castano- 

spermine (55 g, 0.29 mol) in pyridine (350 mL) was stirred at -15 to -10 "C under 

N2 while CbzCl (100 g, 0.59 mol) was slowly introduced. The mixture was 

allowed to warm to rt and stirred for 24 h. Water (150 mL) was added and the 

mixture was stirred at rt for 2 h. Solvents were removed in vucuo to leave a 

yellow oil. Ethyl acetate (200 mL) and water (100 mL) were added to this oil and 

the organic phase was separated. The aqueous layer was extracted with ethyl 

acetate (100 mL). Solvent evaporation from the combined organics gave a yellow 

oil, chromatography of which on silica gel (elution with 5:1 ethyl acetate- 

petroleum ether) afforded 25 g (19%) of 6,7-di-Cbz castanospermine. The 

spectral data of this material are identical to the data of the free amine of 

compound 8. 

The above amine (75.0 g, 164 mmol) was dissolved in CH2C12 (1.5 L) 

under N2, treated with Et3N (48.2 g, 477 mmol) and DMAP (900 mg), and cooled 

to 0 'C. Butyryl chloride (20.0 g, 188 mmol) was added with stirring over 0.5 h 

and the mixture was allowed to stir at 0 "C for 8 h, then allowed to warm to rt 

overnight before being quenched with saturated NaHC03 solution (300 mL). The 

separated organic layer was washed with saturated NaHCO3 solution (250 mL) 

and brine (100 mL), then dried over Na2S04, and filtered to remove inorganics. 

The solvent was removed in vacuo (42 "(735 Torr) to give an oil (101 g) which 

was combined with the product from a smaller run (35 g) and purified by plug 

filtration in two equal batches. Flash chromatography on silica gel (10% 
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C ASTANOSPERMINE 2219 

EtOAc/90% hexane as eluent) provided 66 g (76%) of 11. IH NMR (DMSO) 6 

7.34(m,lOH),5.14(rn, l H ) , 5 . 1 3 ( ~ , 2 H ) , 5 . 0 8 ( d d , J = 7 . 5 , 7 S H z , 2 H ) , 4 . 8 4  

(dd, J = 10, 10 Hz, 1 H), 4.75 (rn, 1 H), 4.65 (d, J = 7 Hz, 1 H), 4.02 (m, 1 H), 

3.29 (dd, J = 11,5 Hz, 2 H), 3.03 (apparent t, J = 7 Hz, 1 H), 2.21-2.00 (m, 6 H), 

1.59 (m, 1 H), 1.42 (dt, J = 7, 7 Hz, 2 H), 0.81 (t, J = 7 Hz, 3 H); 13C NMR 

(DMSO) 6 171.2, 154.1, 153.6, 135.2, 135.1, 128.5, 128.4, 128.3, 128.0, 127.8, 

79.6, 73.6, 69.3, 69.1, 68.8, 68.6, 68.1, 51.8, 51.2, 35.3, 33.9, 17.8, 13.2; MS 

(CUNH3) mlz (rel. intensity) 528 (M+H+, 100), 500 (4), 452 (12), 439 (3, 394 

(36), 318 (3), 287 (4), 149 (4), 125 (2); Calcd for C28H33NOg: C, 63.75; H, 6.30; 

N, 2.65. Found C. 63.35; H, 6.1 1; N, 2.40. 

SO-Butyrylcastanospermine Hydrochloride (5). Butyrate 11 (5.0 g, 

9.5 mmol) was dissolved in EtOH (100 mL) and placed in a Pam bottle, treated 

with 5% Pd/C catalyst, and hydrogenated on a Parr shaker (50 psi, rt) overnight. 

The mixture was filtered, ethanolic HC1 (2.4 mL, 4 M) was introduced with 

stimng, the EtOH was removed in vucuo (30 "C/15 Torr), and the residue was 

dissolved in EtOH (10 mL). The ethanolic solution was added dropwise to 

rapidly stimng Et20 to give a white solid, which was collected on a Biichner 

funnel, quickly transferred to a vacuum oven (RT, 30 Torr) and stored over the 

weekend. When the solid was removed from the vacuum oven, it turned into a 

gum. This gum was dissolved in H20 (75 rnL) and freeze-dried over the weekend 

to give 2.2 g (78%) of 5. IH NMR (D20) 6 5.16 (dd, J = 10, 10 Hz, 1 H), 4.50 

(m, 1 H), 3.92 (m, 1 H), 3.87-3.73 (m, 3 H), 3.50 (dd, J = 11,3 Hz, 1 H), 3.26 (m, 

1 H), 3.06 (t, J = 12 Hz, 1 H), 2.52 (m, 1 H), 2.47 (t. J = 7.5 Hz, 2 H), 2.08 (m, 1 

H), 1.65 (dt, J = 7.5, 7.5 Hz, 2 H), 0.93 (t, J = 7.5 Hz, 3 H); 13C NMR (D20) 6 

178.2,77.4,72.0,70.0,69.9, 55.2, 54.5,38.4,34.3,20.7, 15.5; MS (CVNH3) mlz 

(rel. intensity) 260 (M+H+, 100), 188 (l), 171 (24), 154 (8), 128 (4), 99 (l), 86 
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2220 LANDMESSER ET AL. 

(1); K.F. = 7.3% H20; Calcd for C12H21NOyHCI-1.3 H20:  C, 45.17; H, 7.77; 

N, 4.39. Found: C. 44.76; H, 7.54; N, 4.39. 
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