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Summary: Application of the Mitsunobu reagent to the cyclization of 1,4- and 1,5-amino 
alcohols provided an assortment of azacycles in good to excellent yield. 

As part of a project directed toward the synthesis of polyhydroxylated azacycles, 

we required a mild, convenient procedure for the cyclization of a series of amino 

alcohols. Previously, the tiitsunobu reagent1 (Ph3P/DEAD) has been used to produce 

aziridines from 1,2-amino alcohols2 and azetidines from 1,3-amino alcohols3 but to our 

knowledge this procedure had not been applied to the synthesis of larger azacycles.4 

Recently, we described the cyclization of a pair of 1,4-amino alcohols under Mitsunobu 

conditions to give 2-vinyl pyrrolidines.3 k‘e report here that treatment of a variety of 

1,4- and 1,5-amino alcohols with Ph3P/DEAD affords pyrrolidines, piperidines and related 

multicyclic systems in good to excellent yields (equation 1). 
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bNR 

(eq. 1) 

The general procedure for cyc lization involved treatment of a 0.05-0.2H anhydrous 

tetrahydrofuran or dichloromethane solution of the amino alcohol with 1.0 or more 

equivalents of Ph3P followed by an equimolar portion of DEAD. The reactions were carried 

out at room temperature under nitrogen and were monitored by TLC for disappearance of 

starting material. Addition of water and extrartive workup with dichloromethane followed 

by purification of the crude product by flash chromatography6 gave the desired azacycles 

in yields ranging from 71) to 95%. The substrates, conditions, and results are summarized 

in Table I. 
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The procedure was f.irst applied to the synthesis of pyrrolidJnea from 1,4-amJno 

alcohols. As prey o.siy reported, 5 the cyclization of a]lylic alcohol I (where R = 

C}{2Ph ) cleanly produced 2-vinyl p?'rrol[dine Ii while its hydroxy epimer _2 produced 

pyrrolidJne 12. These results are consistent with the usually observed I SN2 displace- 

ment of the hydroxyl group in the Mitsunobu reaction, at least in the case of these 

ailylic alcohols~ 7 The process was also high].y regioselective since .~lo azepine products 

from SN2' attack on the terminal a]kene were observed with either I or --2. Using the less 

actdw-lted~ but still h inde~e<] N-pheaz]-5-amfno-2-peptano] 3 as substrata provided an 

excellent yield of pyrroliline 13, ip.dicati.qg that aryl as well as alkyl amines can be 

1:sed in the cyclJzation. 8 

The methodo].egy was extended to <he syitthesis of substituted piperidJnes which 

yesemhle the potent a]pha-g]unosidase inhibitor l-deoxynojiri~:yein 22, 9 CyelJzation of 

I_]-oglucose derived _4 under Mitsenobu <oaditicns gave achiral tribenzy!oxypiperidine i~. 

OH OH 
= H 

".,:hen the carbon bearing the nitrogen was substituted by an ally] group, ring formation 

still proceeded readily. Thus, ~'hen a 40:60 mixture of diastereomerJc amino alcohols 5, 

derived from treatment of the hemiaminai of 2,3,4-tri O--benzyl L xyiose with aliyl- 

magnesium chloride, was treated ,~ith Fh3p.' )EAD a similar but separable 40.60 mixture of 

a!lyl substituted piperidJnes .1_5 and ]6 was isolated. (These piperidines were used as 

the precursors for 6 and -7, respectively.) 

Similar conditions ~,ere used to form fused tin Z systems with bridgehead nitrogen 

atoms. Both i deoxy-6,7,9-tri-O-benzylcastanospermine _[__7 and its 9-epimer 188 were 

prepared by treatment of the appropriate 3-hydroxypropylsubstJtated piperidines 6_ and 7 

with Fh%P/DEAD. lO These two compounds are related to the Jndo]~zid~ne alkaloid castano- 

spermine 2__33, II a very potent inhibitor of certain a]Dha-glueosidases. Beta-carbo!ine 8 

was reedJ ly cyalized to afford tetracy(:] J c 1__9 no product from displacement of the 

hydroxyl group by the indo]e pAtroge[~ <.las isolated.. Similar!y, the one carbon homolog 

% le~ t: 9 was converted to 20 in good "" ~ ~ using this method 

Finally, we art erupted to extend this approach to the synthesis of azepines by 

treatment of 1,6-amino alcohol 10 with Ph~P/DEAD, but were unable to isolate any of the 

desired sevez~_-.me~.hered ring 2], even using more dilute condJ tions which might have 

favored an iatramolecular reaction. !2 

In sumiiary, the treatment n+~. i,~/' and ] ,5-amino alcohols with Ph3P/DEAD resulted in 

good to excellent yields of substituted asacyc!es including pyrrolidines, pJperidines, 

~gnd a variety of :,ulticyclic systems. 
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SUBSTRATE a 

HO k-& ..R 
R 0 .k...-,--"X'-~ 

1 OR 

H O ' ~  NHR 

OR 

OH 

~ N H P  CH3 h 

__3 

HO 

OR _4 

TABLE I 
EQUIV. EACH TIME % 
DEAD + Ph3P SOLVENT (I: !OURS) YIELD b 

1.7 THF 2.5 95 

1.1 CH2CI 2 18 d 94 
1.1 THF 2 83 

1.1 CHRCI 2 3 80 

1,1 OH2CI 2 2 82 

R O ~  NtIR 
R O ~  OH 

H 

2.0 CH2CI 2 15 d 

OR 

Z ~ O H  

89 

1.! THF 1.5 95 

1.0 THF 15 d 70 

PROD UCT(S) a,c 

ROaR 
RO 

_'13. 

RO 4R 
RO 12 

NPh OH3 

1._~3 

OR 14 

NH fOH .8 n= l  1.1 CH2CI 2 3 78 
_(CH2)n ~. n=2 1.1 CH2CI 2 1 85 

H 

15 OR 

- '  Roar 
_ / , '  OR 

,,.,. 

17 OR 

HO ~ NHR 1.1 CHzCI 2 24 d 

1_0 

aR = CH2Ph byieids are for chromatographically pure compounds. 

1H NMR (300 MHz), 13C NMR (75 MHz), CIMS, and IR spectra. 

~8 L.P~ 

N ~  

H 19n=1 
20n=2 

o ~_____/NR 
21 

CAll products gave satisfactory 

dOvernight reaction. 
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