
Tetrahedron Letters, Vol. 33, No. 8, pp. 1025.1028, 1992 
Printed in Great Britain 

MMO-4039/92 $3.00 + .oO 
Pcrgamon Press plc 

INTRAMOLECULAR AMINO DELIVERY REACTIONS 
FOR THE SYNTHESIS OF VALIENAMINE AND ANALOGUES 

Spencer Knapp,* Andrew B. J. Naughton, and T. G. Murali Dhar 

Department of Chemistry, Rutgers The State University of New Jersey 
New Rmnswick, New Jersey 08903 USA 

F&Y war&. carbonimidothioates: iodozycli7ation; [?,?I rearrangement; glucosidase inhibitors; pseudo-disaccharides 

Abstract: louixyclization and [3.3/ sigmcrrroyic renrrongement reaction7 of N-substituted carbonimidothioates ore used 
to prepare valtenamine (Zl, 7-nor- valicnamitzs (8), and rhe vcrlienamme-based pseudo-dirncchzride 12. 

The fermentation-derived aminocyclitol valienamine (1)’ and several close analogues2 exhibit a- 
glucosidase inhibitory activity by virtue of a protonated amino group aptly positioned where a protonated 

interpyranosidic oxygen might bind in the enzyme active site.3 Valienamine-based pseudo-oligosaccharides 

such as acarbose (2),4 adiposin-1 (3),5 and trestatin A6 show enhanced a-glycosidase inhibition, presumably 

because two or more pseudo-sugar units bind more strongly than one. 4 Even simple aLky1 substitution (e. g. 2- 

phenethyl or fi-hydroxyphenethyl) on the nitrogen of 1 enhances inhibition of porcine maltase and sucrase.7 

Despite extensive investigations into the synthesis of N-substituted derivatives of 1, there is no generally 

efficient coupling method for forming either C-N bond. Halide displacements8 and reductive aminationsg give 

poor yields, and epoxide aminolysis methods l* suffer from regioselectivity problems. Our earlier work with 

O-allyI-carbonimidothioate rearrangements and iodocyclizations l1 in simple models suggested that 
intramolecular formation of the cyclitol carbon-nitrogen bond might be possible, even with bulky and/or 

functionalized N-substituents. We undertook the synthesis of 1 and some analogues to test this notion 

1: valienamine 2: acarbose 3: adiposin-1 

A route to N-substituted-7-nor-valienamine analogues (valienamine numbering used throughout) was 

developed based on [3,3]-sigmatropic rearrangements of N-substituted carbonimidothioates derived from the 

allylic alcohol 5 (mp 50-51 “C), which was prepared from D-glucose 12 as shown below. Condensation of the 

sodium salt of 5 with p-methoxybenzylisothiocyanate, followed by quenching with benzyl bromide, led to the 

carbonimidothioate 6, which underwent rearrangement in refluxing toluene to give the thiocarbamate 7. The 

analogous N-benzylL and N-(3,4-dimethoxybenzyl)-carbonimidothioates also rearranged smoothly, hence 
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other simple N-alkyl substituents should probably also survive the rearrangement. Removal of the N-Q- 

methoxybenzyl) group, followed by exhaustive debenzylation, provided 7-nor-valienamine 8, isolated as its 

peracetate 9.13 To our knowledge this represents the first synthesis of this potentially useful aminocyclitol. 

7 steps 
D-glucose ___Lc 

see ref. 12 

BnS Ar 

0 1. NaBH4, CeCls, MeOH 
2. PhCOzH, DEAD, Ph3P 

QH 1. NaH, THF 
2. ArCH2NCS 

3. 3. BnBr aq KOH, MeOH, 60°C 
- 

71% overall 

Ar = p(MeO)CsHd 
4 5 

&NJ l.TFA,2h 
toluene 2. Na. NH3, THF, -55 “C, 3 min 

reflux, 46 h 

“N K,Bn 

3. Ac20, pyr, DMAP, 12 h 

p En0 
‘*NHR 

62% overall 
;Bn kAr 

62% overall 
from 5 

6:R=H 
6 7 9:R=Ac 

An analogous sequence using the glucose-derived isothiocyanate 10 l4 led to a carbonimidothioate that 
rearranged to 11 (52% overall). Exhaustive debenzylation gave the pseudo-a-D-Glcp(1 -+6)-D-Glcp 

disaccharide 12, isolated and characterized as its peracetate 13 (80% overall, two amide rotamers, 5:1).13 The 

pseudn-disaccharide 12 structurally resembles the linkage cleaved by a glycogen (l-th)debranching 

enzyme.15 A rearrangement was attempted with the carbonimidothioate derived from the 4- 

isothiocyanatoglucopyranoside 14,14 but only fragmentation leading to 15 and 16 was observed. No 

improvement was realized under conditions of mercury or palladiumt6 promotion, or 13 Kbar pressure, 
signifying that 14 may represent the steric limit for Wsubstituents in this rearrangement. 

12: R = H 
13:R=Ac 

14 16 

BflS 

15 Bno be 

A complementary route based on the carbonimidothioate iodocyclization reaction was developed for the 

synthesis of valienamine (1) and N-substituted analogues. The requisite allylic alcohol 22 was prepared from 

resolved diol 1717 by the efficient sequence shown below, The hydroxyls of 17 were 0-benzylated, and the 

double bond epoxidized with 3.5 : 1 selectivity. I8 The major epoxide 18 was isomerized to allyhc alcohol 19 

by the Sharpless-Reich protocol,lY attack by PhSeNa occurring virtually exclusively at C-l because of steric 

hindrance to attack at C-2. Hydroxyl-directed epoxidation followed by 0-benzylation gave the epoxide 20, 

which was rearranged to the allylic alcohol 21 by another application of the Sharpless-Reich19 procedure. Here 

the observed 5 : 1 selectivity may be attributed to a more favorable trans-diaxial cyclohexane epoxide-opening 

conformation for attack at C-6, Inversion of the allylic hydroxyl was accomplished by a Mitsunobu sequence, 
giving the desired allylic alcohol substrate 22 in about 23% overall yield from 17. 
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1. BnBr, NaH 1. m-CPBA 

HO, THF, HMPA BnO, 1. PhSeNa, EtOH, THF BnO, CH$ZI,, 0 “c 

5 2. mCPBA 
= 

BnO, ’ 
2. mCPBA, CH,Ci*, -40 “C F 2. NaH, BnBr 

HO,,, ’ 
‘0 

CH&, -10 “C 

- r3 

3. 45 “C, toluene, i-Pr2EtN BnO&,. THF, HM PA 

\ 83% overall 
2 86% overall 

0 1 
HO 0 0. 82% overall 

17 18 (tk=3.5:1) 19 

BnO, 1. PhSeNa, &OH, THF BnO, BnO\ 
t 2. mCPBA, CH2C12, -40 “C E 

1. PhC02H, DEAD, PPh3 z 

BnO,,,. ’ 

Q 

3. 70 “C, toluene, i-PrzEtN BnO,,,. 2. KOH, THF, aq EtOH BnO,,.. ’ 
* 

BnO 74% overall 84% overall IO 
0 = Q 

BnO BnO 

OH AH 
20 21 22 

Condensation of the potassium salt of 22 with p-methoxybenzylisothiocyanate, followed by iodomethane 

quench, led to the carbonimidothioate 23, iodocyclization of which gave after aqueous sodium sulfite quench 

the iodo oxazolidinone 24. Although not yet investigated, other simple alkyl N-substituents should tolerate the 

iodocyclization as well. Oxidation of 24 to the corresponding iodoso compound 25 resulted in spontaneous 

syn elimination2u of HOI, with formation of the unsaturated oxazolidinone 26. Finally, oxidative removal of 

the N-p-methoxybenzyl group, basic hydrolysis of the oxazolidinone, and debenzylation gave valienamine 

(l), isolated and characterized as its known peracetate (+)-27.21 

1. KH, THF 

2. ArCH2NCS 
BnO, BnO, 

1 I. 12) THF, sieves f mCPBA, CH2Ci2 

2. aq NazS03 -10 “C, 2.5 d 
w w 

65% overall 71% 
Ar = p(MeO)C& from 22 

MeS Ar 

23 24 

BnO 1. CAN, SiOz, aq CHsCN RO 

2. KOH, aq MeOH, reflux 

3. Na, NH3, THF, -60 “C RO,, \ 
- HOI 

BrQ,. , 

- BnO b 

4. Ac20, pyr, DMAP 

.NT * RO b 

b+& Ar 

: “NHR 
47% overall dR 

0 1: R=H 

26 27: R = AC 

In summary, intramolecular formation of the C(h)-N bond of valienamine and 7-nnr-valienamine by an 

iodocyclization and [3,3]-sigmatropic rearrangement sequence, respectively, has been demonstrated. In the 

rearrangement, a primary but not secondary carbohydrate N-substituent is tolerated. Further extension of the 

iodocyclization sequence to complex N-substituents such as those represented by the isothiocyanates 10 and 
14 is under investigation, 
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