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Synthesis of rf-Biotin via Dehydrobiotin 

Sir: 

The synthesis1 of </-biotin (6) reported here avoids the 
problem of diastereomer formation by maintaining two of the 
three chiral carbons in a prochiral form until a late stage. Its 
success also depends on several other critical features: (1) a new 
carbon-carbon bond-forming reaction leading to an a-nitro 
ketone; (2) easy resolution of a-nitro ketone 3 or its precursor 
acid 2a; and (3) a virtually stereospecific, economic catalytic 
hydrogenation of a derivative of dehydrobiotin 5b. 

The bulk of the molecule is rapidly assembled by sequential 
treatment of adipaldehydic acid methyl ester2 (1) in dimeth-
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ylformamide with nitromethane (1.4 equiv), magnesium sul
fate (1.6 equiv), piperidine (1.1 equiv), and thioglycolic acid 
(1.0 equiv) at 3 0C. Acidification with 2 N sulfuric acid and 
extraction with toluene gives 6-carboxymethylthio-7-nitro-
heptanoic acid methyl ester (2a) as an oil, characterized as its 
dicyclohexylamine (DCA) salt, 2b, mp 100-105 0C,3 in 90% 
yield. A salt of the S enantiomer of 2a, appropriate to the 
synthesis of c/-biotin, is obtained by its treatment with (+)-
a-methylbenzylamine ((+)-a-MBA) in ethyl acetate followed 

by dilution with ether. Two recrystallizations from ethyl ace
tate give 2c in 30% yield (from dl-2a) with >97% ee,4 mp 
88-89 0C, [a]25

365 155.0° (c 1.55, CHCl3). 
The final carbon-carbon bond is formed by first converting 

2c to enantiomerically pure 2b.5 Treatment of 2b with phenol, 
thionyl chloride, and a catalytic amount of pyridine overnight 
at room temperature yields the oily phenyl ester 2d in 95% 
crude yield. Mixing of this oil with (—)-a-methylbenzylamine 
in ethyl acetate at 3 °C gives crude 5-(2,5-dihydro-4-hy-
droxy-3-nitrothien-2-yl)pentanoic acid methyl ester (—)-a-
MBA salt (3a),6'10 which is purified by acidification followed 
by reprecipitation with (—)-a-MBA to give 3a in 75% yield, 
mp 138-139 0C, [a]25

589 -252° (c 0.595, 95% ethanol, >97% 
ee1'). Alternatively, the racemic nitro ketone obtained anal
ogously (characterized as dl-3b, mp 157-159 0C dec, UV max 
348 nm (e 15 800)) may be resolved by treatment of an ether 
solution with (—)-a-MBA (0.5 equiv) to give crude 3a in 40% 
yield (based on dl-3b). 

Construction of the remaining heterocyclic ring commences 
by the low-pressure hydrogenation of the nitro group over 10% 
Pd/C in ~8:1 mixture of acetic acid and 3 N hydrochloric acid. 
The reaction is complete in 3 h at room temperature. The un-
characterized amino ketone hydrochloride is reacted with 
aqueous potassium cyanate at pH 5-6. Treatment with sodium 
hydroxide and then acidification leads to hexahydro-6a-hy-
droxy-2-oxo-l//-thieno[3,4-d]imidazole-4-pentanoic acid (4) 
(dl-4, mp 192-200 0C). Dehydration of 4 takes place in acetic 
acid by continuous stripping at 55 0C, yielding 2,3,4,6-tetra-
hydro-2-oxo-l#-thieno[3,4-d]imidazole-4-pentanoic acid 
(5a)12 (mp 210-214 0C, [a]25

5g9 -76.5° (c 1.00, 0.1 N 
NaOH)). Acid-catalyzed reaction with refluxing methanol 
for 8 h adds methanol to the double bond and produces a 
mixture of methoxybiotin methyl esters. After neutralization 
with sodium bicarbonate and removal of methanol, the mixture 
is treated with acetic anhydride for 6 h at 110 0C. Filtration 
of an ether solution of the crude product through silica gel and 
recrystallization from 2-propanol gives enantiomerically pure 
1,3-diacetyl-2,3,4,6-tetrahydro-2-oxo-1 H-thieno[3,4-d] im-
idazole-4-pentanoic acid methyl ester (5b)13 (mp 89 0C, 
[a]253S9-113° (c 1.00, CH2Cl2)) in 42% yield from 3a. 

In striking contrast to many other sulfur-containing com
pounds including dehydrobiotin (5a), 5b is an excellent sub
strate for catalytic hydrogenation.14 The reduction is carried 
out in a 5-8% solution in acetic anhydride at 550 psi of hy
drogen pressure, 85 0C, 6 h, and a 10% loading of 5% Pd/C to 
give, after crystallization from 2-propanol, enantiomerically 
pure A'.N-diacetylbiotin methyl ester (mp 71-71.5 °C, [a]25

589 
-66.8° (c 1.00, CH2Cl2)). The palladium catalyst can be re
cycled a number of times. Basic hydrolysis of this substance 
in aqueous methanol and recrystallization from water give pure 
rf-biotin (mp 228-228.5 0C, [a]25

2S9 +91.3° (c 1.00, 0.1 N 
NaOH)) in 85% yield (from (5b)). The yield of rf-biotin can 
be made quantitative by using more catalyst and hydrogen 
pressures of >3000 psi. 

The above reduction justifies our planar strategy and com
pletes a synthesis which is ~90% stereoselective. The overall 
yield is 7.2% optically pure d-biotin from adipic acid half-
aldehyde. 
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A New Synthetic Method for Medium- and Large-
Membered Lactones by Intramolecular Alkylation of 
w-Haloalkyl Phenylthioacetates, and Its Application 
to the Syntheses of Recifeiolide and 9-Decanolide 
Using Butadiene Telomers Obtained by 
Palladium Catalyzed Telomerization 

Sir; 
Synthesis of macrolides is a current problem of intensive 

investigation.1 The most crucial problem inherent in the 
macrolide synthesis is the efficient method of cyclization which 
is easy to be operated and gives high yields of lactones. The 

most widely used method is intramolecular esterification of 
a>-hydroxy acids, and various methods for activation of acid 
derivatives have been devised for this purpose.2-8 Recently a 
new approach to this problem by intramolecular carbon-car
bon bond formation has attracted attention, and a few ac
ceptable methods are now known.9 

In this paper, we report a new method of lactone formation 
by carbon-carbon bond formation based on intramolecular 
alkylation of a carbanion generated from phenylthioacetate 
such as 1. Subsequent oxidative or reductive removal of the 
phenylthio group leads to unsaturated and saturated lactones. 
The present method of alkylation is rapid and irreversible, and 
hence requires short reaction time. 

At first, a 15-membered lactone was synthesized. The ester 
1 was readily prepared by the acylation of 12-iodododecanol 

with phenylthioacetyl chloride in dichloromethane. The ester 
1 (253 mg, 0.53 mmol) in THF (10 mL) was added slowly over 
2.5 h at 65 0C under a nitrogen atmosphere to potassium 
hexamethyldisilazane (0.8 mmol) in THF (25 mL). The re
action mixture was stirred for 20 min and quenched. The 
15-membered lactone 2 was isolated as an oil in 57% yield after 
chromatographic purification (silica gel): IR (film) 1730 cm-1; 
NMR (CCl4) b 4.0 (2 H, m, -CH2O), 3.5 (1 H, m, PhSCH). 
Similarly, a 13-membered lactone was prepared by the cycli
zation of 10-tosyldecyl phenylthioacetate in 49% yield by using 
sodium hydride in HMPA. The reductive elimination of 
phenylthio group from 2 by treatment with an excess of Raney 
nickel (W-2) in boiling ethanol gave 14-tetradecanolide (3) 
in 92% yield: IR 1735 cm"1; NMR (CCl4) 5 2.25 (2 H, m, 
CH2CO), 4.0 (2 H, m, CH2OCO); mass spectrum m/e 226 
(M+). The oxidation of 2 with sodium periodate10 and heating 
in toluene produced 2-tetradecen-14-olide (4) in 71% yield: IR 
1720 cm-1; NMR (CCl4) 5 6.8 (1 H, dt, J = 1 and 16 Hz, 
olefinic), 5.65 (1 H, d, J = 16 Hz, olefinic), 4.1 (2 H, t, J = 4 
Hz, CH2O); mass spectrum m/e 224 (M+). 

Then we prepared 10- and 12-membered lactones, which 
are generally regarded to be cyclized less efficiently than 
15-membered lactones.2d As a 12-membered lactone, we se
lected the naturally occurring recifeiolide (9) as a target. 
Several known syntheses of this lactone were achieved by the 
internal esterification of 1 l-hydroxy-r/-a«s-8-dodecenoic 
acid.11,12 We have reported the facile synthesis of this acid 
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