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An enantioselective synthesis of the Dendrobates alkaloid (-)-indolizidine 207A (1) is reported. 
The key intermediate in this synthesis is alcohol 6 (Scheme 11, prepared in four steps from geraniol 
with control of both relative and absolute configuration. 

The Dendrobatid poison frogs of Central America have 
been a rich source of pharmacologically potent and 
structurally novel alkaloids. Recently, an intriguing new 
class of these alkaloids, the 5-substituted 8-methylin- 
dolizidines, exemplified by indolizidine 207A (11, was 
reported.2 Although syntheses of 1 and related alkaloids 
have been de~cribed,~-~ none of these approaches allows 
the direct establishment of both the relative and the 
absolute configuration of this class of alkaloids. We 
report a straightforward solution to this problem, based 
on a retro-Mitsunobu cyclization8 to 2, followed by a retro- 
azide cycl~addition~-~l to 3. The key to this approach is 
the ready availablity of the acyclic azide. 
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We recently developed1 1 a procedure for reduction12 
of the Sharpless-derived epoxide14 of geraniol (4) (Scheme 
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11, to give 2-hydroxycitronellol (5). Exposure of 5 to 
p-toluenesulfonyl chloride in the presence of aqueous 
sodium hydroxide led to a mixture of the tosylate and 
the volatile oxirane. The mixture was converted to 6 with 
allylmagnesium bromide in THF. This reaction may in 
any case be proceeding via the oxirane intermediate. 
The symchira17 product 6, readily prepared in gram 
quantities, was diastereomerically homogeneous (13C 
NMR). 

Mesylation of 6 followed by addition of the crude 
mesylate to NaN3 in HMPA gave azide 7.  Both azide 7 
and the derived epoxide are prone to cyclize:-ll even 
at room temperature. Nevertheless, by working quickly 
it was possible to isolate reasonable yields of triol 8. 

Exposure of triol 8 to periodate gave the very unstable 
aldehyde 9. This decomposed on attempted purification. 
Fortunately, we found that the recently developed alter- 
native15 of NaI04 on silica gel gave a CHzClz solution of 
the aldehyde that was dry enough to carry on directly to 
the Wittig reaction. 
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As e~pected,~-ll thermolysis of azide 3 proceeded via 
dipolar azide cycloaddition and subsequent fragmenta- 
tion to give the cyclic imine. Selective reduction16 then 
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CC148 gave indolizidine 207A (11, [ah = -85 (c = 0.174, 
ethanol), identical ([ab, lH and  13C NMR, MS) with those 
r e p ~ r t e d . ~ "  

As one could start the synthesis with nerol12 rather 
than geraniol, it should be possible to use this approach 
to  specifically prepare each of the diastereomers of the 
8-methyl 5-alkylindolizidines, with control of both rela- 
tive and  absolute configuration. A key to this is the 
observation16 that the intermediate cyclic imine can be 
reduced to  give either relative configuration at C-5 
(indolizidine numbering). 

Experimental Section 
A general experimental procedure was recently published.12 
(5R,6R)-6,1O-Dimethylundeca-l,9-diend-ol(6). The di- 

01'2 (1.24 g, 7.2 mmol), 15 mL CHZC12, and 10 mL of 50% 
aqueous NaOH solution were stirred together for 15 min. The 
mixture was chilled in an ice-water bath, then p-toluene- 
sulfonyl chloride (1.37 g, 7.2 mmol) in 8 mL of CHzClz was 
added slowly. The reaction was stirred and allowed to come 
to rt overnight. Water (50 mL) was added. After an additional 
15 min of stirring, the reaction mixture was partitioned 
between CHzClz and water. The organic phase was dried (Naz- 
so4) and evaporated to  one-quarter of the original volume. 
THF was added, and evaporation to one-quarter of the original 
volume was repeated. 

The product (a mixture of tosylate and epoxide) was diluted 
to a total volume of 36 mL with THF and stirred in an ice- 

~ ~~~~ ~ 

(16) Maruoka, K.; Miyazaki, T.; Ando, M.; Matsumura, Y.; Sakane, 
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water bath. Allylmagnesium chloride (2.0 M, 18 mL, 36 mmol) 
was added slowly. The reaction was stirred and allowed to 
come to rt overnight and then partioned between ether and, 
sequentially, 5% aqueous HC1, saturated aqueous NaHC03, 
and saturated aqueous NaC1. The organic extract was dried 
(NazSOd), concentrated, and chromatographed to give the 
secondary alcohol 6 as a colorless oil (1.17 g, 87% from diol). 
lH NMR: 5.8 (m, lH), 5.0 (m, 2H), 3.53 (m, lH), 1.2-2.3 (m, 
9H), 1.68 (s, 3H), 1.60 (s, 3H), 0.88 (d, J = 6.6 Hz, 3H). 13C 
NMR: up 131.4, 114.6, 33.5, 33.3, 30.6, 25.7; down 138.6, 
124.5, 74.5, 37.8, 25.6, 17.8, 13.5. IR (cm-l): 3381 (broad), 
3078,2973,2924,2868,1644,1447,1377,1117,1082. MS (ml 
2): 196 (171,163 (7); 153 (51,125 (loo), 113 (53).  ID = +12.75 
(c = 0.298, ethanol). 
(SS,6R)-5-Azido-6,10-dimethylundeca-l,9-diene (7). Dry 

EtaN (3.4 mL, 24.3 mmol) in Et20 (5 mL) was added dropwise 
at 0 "C to  alcohol 6 (1.59 g, 8.11 mmol) and methanesulfonyl 
chloride (1.26 mL, 16.2 mmol, 2 equiv) in Et20 (20 mL). After 
stiring for 3 h, the mixture was partioned between saturated 
aqueous NaCl solution and EtzO. The combined organic 
extracts were dried (NazS04) and evaporated. 

The residual oil was taken up in HMPA (8 mL) and NaN3 
(2.6 g, 40 mmol, 5 eq) was added. After 4.5 h at 40 "C, the 
mixture was partioned between saturated aqueous NaCl and 
EtzO. The combined organic extacts were dried (Na~S04) and 
concentrated. The residual oil was chromatographed to  yield 
7 as a colorless oil (868 mg, 55% yield from 6). TLC Rf (3% 
EtOAdpetroleum ether) = 0.74. lH NMR: 5.8 (m, lH), 5.1 
(m, 2H), 3.22 (m, lH), 1.4-2.3 (m, 8H), 1.70 (s, 3H), 1.60 (s, 
3H), 1.20 (m, lH), 0.93 (d, J = 8.3 Hz, 3H). 13C NMR: up 
131.6, 115.4,32.5,30.7,29.8,25.5 down 137.5, 124.1,67.3,36.7, 
25.6, 17.5, 15.6. IR(cm-l): 3077, 2101, 1643. 
(3RS,&R,7S)-7-Azido-2,6-dimethyldecane-2,3,lO-triol(8). 

Azide 7 (382 mg, 1.73 mmol) was added to m-chloroperoxy- 
benzoic acid (324 mg, 1.88 mmol) in CHzClz (10 mL) at -10 
"C. After 50 min, the mixture was filtered, and the volume 
was brought back to  10 mL with CH2C12. The solution was 
transferred to a gas bubbler, MeOH (10 mL) and Sudan I11 
indicator (5 mg) were added, and the mixture was chilled to 
-78 "C. Ozone-containing oxygen was bubbled through the 
solution until the red indicator color was discharged (2.3 min). 
The solution was purged with Nz, NaBH4 (132 mg, 3.48 mmol) 
was added, and the mixture was allowed to come to  room 
temperature. 

The solution was filtered, the solvent was evaporated, and 
the residue was taken up in THF (24 mL) containing 5% 
aqueous HC104 (20 mL). After 20 min, the pH of the reaction 
mixture was adjusted to 10 with 5% aqueous NaOH. The 
mixture was then diluted with half-saturated aqueous NaCl 
and extracted with ethyl acetate. The combined organic 
extract was dried (NazS04) and concentrated. The residue was 
chromatographed on 60-200 mesh silica gel with 40160 
acetone/CHzClz to  give 8 as a thick oil (406 mg, 90% from 7). 
TLC Rf (30% acetone/CHzClz)= 0.23, as a 1:l mixture of 
diastereomers. 'H NMR (6): 3.64 (bs, 2H), 3.34 (m, 2H), 2.4- 
2.9 (broad, 3H), 1.3-1.9 (m, 9H), 1.20 (s, 3H), 1.17 (s, 3H), 
0.97 (d, J = 8.2 Hz, 1H); 0.95 (d, J = 7.9 Hz, 2H). 13C NMR 
(6): 79.1,78.2, 73.1,68.2,67.6,62.3,62.1,37.4,36.9,29.8,29.5, 
29.3, 28.9, 27.2, 26.7, 26.5, 23.3, 15.9, 15.7. IR (cm-'): 3416 
(broad), 2973,2875,2530,2361,2101,1728,1461,1384,1250. 
MS (mlz): 198 (6), 181 (111, 154 (221, 142 (18), 128 (36), 114 
(100). 

[ 1-(4-Pentenyl)]triphenylphosphonium Bromide (10). 
A mixture of 1-bromo-4-pentene (1.0 g, 6.66 mmol) and 
triphenylphosphine (1.8 g, 8.66 mmol) was heated to melting 
and then maintained at that temperature ( ~ 1 1 0  "C) for 10 min. 
The resulting cloudy oil was poured into petroleum ether in a 
mortar and ground under petroleum ether to a white powder. 
This powder was washed three times with petroleum ether, 
sucked dry, and further dried in a desiccator to give a free- 
flowing white powder (1.45 g, 53% from bromide), mp = 191- 
192 "C. 'H NMR (6): 7.7-7.9 (m, XH), 5.7 (m, lH), 5.05 (d, 
J = 16.2 Hz, lH), 5.00 (d, J = 9.0 Hz, lH), 3.8 (m, 2H), 2.44 
(dd, J = 6.9, 7.0 Hz, 2H), 2.44 (m, 2H), 1.74 (m, 2H). I3C NMR 
(6): 136.4, 135.0, 133.8, 133.6, 130.5, 130.4, 119.1,118.2,116.8, 
33.9, 33.6, 22.5, 22.0, 21.7. 
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(4S,5R)-4-Azido-5-methyltrideca-8,12-dien-l-o1(3). Fol- 
lowing the procedure of Vo-Quang,15 1.85 mL of a 0.65 M 
aqueous solution of NaI04 was added dropwise to a slurry of 
60-200 mesh silica gel (1.8 g) in CHzClz (12 mL). Triol 8 (135 
mg, 0.52 mmol) in EtOAc (2 mL) and CHzClz (6.5 mL) was 
then added dropwise. After 1 h, the mixture was filtered, and 
the solid was washed with 40 mL of 25% EtOAc/petroleum 
ether. One half of the combined filtrates was concentrated to 
3 mL and then added to a solution prepared by adding BuLi 
(0.60 mL, 2.26 M in hexane) to  phosphonium salt 10 (448 mg, 
1.09 mmol) in THF (5.5 mL) at  -78 "C. After 5 min, the cooling 
bath was removed. After the mixture had reached rt, it was 
partioned between saturated aqueous NH4Cl and EtzO. The 
combined organic extracts were dried (Na~S04) and concen- 
trated. The residual oil was taken up in CH30H (5 mL) 
containing K2CO3 (100 mg). After 20 min, the mixture was 
concentrated and directly chromatographed to  give alcohol 3 
(37 mg, 0.15 mmol, 57% yield from 8 )  as a colorless oil, TLC 
Rf (40% EtOAc/petroleum ether) = 0.56. 'H NMR: 5.85 (m, 
lH),  5.38 (m, 2H), 5.05 (d, J = 17.9 Hz, lH), 4.96 (d, J = 11.9 
Hz, lH), 3.69 (t, J = 9.5 Hz, 2H), 3.23 (m, lH), 2.10 (bs, 4H), 
1.4-1.8 (m, 6H), 1.2 (m, lH), 0.95 (d, J = 8.9 Hz, 3H). I3C 
NMR up 114.8, 62.2, 33.1, 31.0, 27.9, 25.7, 24.9, 23.2; down 
138.1, 129.8, 129.7, 67.1, 36.7, 15.0. IR(cm-l): 3386(broad), 
2954,2876,2096,1717. MS (mlz): 205 (261,192 (lo), 178 (191, 
169 (1001, 164 (661, 151 (73), 136 (34), 125 (13). 

(2S,3R,6R)-3-Methyl-6-( l-pent-4-eny1)-2-piperidinepro- 
panol(2). Diene 3 (90.5 mg, 0.36 mmol) in o-dichlorobenzene 
(3 mL) in a 5 mL reactivial was stirred at 160 "C for 6 h. After 
the mixture was allowed to cool, the solvent was removed by 
bulb-to-bulb distillation. The residue was taken up in CH2- 
Cl2 (6 mL) and cooled to -65 "C, then DIBAL (2.3 mL, 1.0 M 
in CH2C12) was added. The mixture was held sequentially a t  
-65 "C (30 min), -45 "C (1 h), -20 "C (1 h), and 0 "C (1 h). 
Et20 (20 mL) was added, followed by solid NaF (400 mg). 
Water (132 pL) was added, and stirring was continued for 25 
min. The mixture was filtered with ether containing 5% 
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triethylamine, dried (Na2S04), and chromatographed to  yield 
2 as a colorless oil (51.5 mg, 63% from 3). TLC Rf  (10% 
diethylamine/petroleum ether) = 0.27. 'H NMR (6): 5.76 (m, 
1H) ,4 .97(d ,J=  17.7Hz,lH),4.92(d, J= l l .OHz , lH) ,3 .55  
(m, 2H), 2.51 (bs, lH), 2.2 (bs, lH), 2.05 (bs, 2H), 1.05-1.8 
(m, 13H), 0.85 (d, J = 8.5 Hz, 3H). I3C NMR (6): up 114.6, 
62.7, 36.2, 33.8, 33.7, 32.9, 32.5, 29.3, 25.1; down 138.5, 62.3, 
56.6,34.6,18.5. IR (cm-I): 3388,3275,3078,2924,2846,1637, 
1454. MS (mlz): 225 (3), 182 (91,166 (931,156 (100),138 (24), 
124 (5). 

Alkaloid 207A (1). Piperidine 2 (26.8 mg, 0.119 mmol), 
triphenylphosphine (48.3 mg, 0.184 mmol), triethylamine (25.9 
pL, 0.184 mmol), CC14 (17.7pL, 0.184 mmol), and CH3CN (126 
pL) were combined in a 1 mL reactivial. After 32 h at room 
temperature, the mixture was concentrated and then chro- 
matographed directly. The crude chromatographed oil was 
distilled bulb-to-bulb (0.5 mm, bath x 110 "C) to give indolizi- 
dine 1 as a colorless oil (17.4 mg, 71%). TLC Rf (10% 
diethylamine/petroleum ether) = 0.68. 'H NMR 5.8 (m, lH), 
5.00 (d, J = 17.0 Hz, lH), 4.94 (d, J = 9.9 Hz, lH), 3.26 (bt, J 
= 8.6 Hz, lH), 1.2-2.1 (m, 18H), 0.86 (d, J = 6.4 Hz, 3H). I3C 
NMR(6): up 114.4,51.8,34.1,33.7,31.3,29.1,25.1,20.4; down 
138.8, 71.4, 63.4, 36.5, 18.8. MS: 207 (221, 164 (10.81, 151 
(50.3), 138 (100). [ a ] ~  = -85.25' (c = 0.174, ethanol). 
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