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A NEW SYNTHESIS OF BIOTIN 1’

Ph. Rossy‘, F.G.M. Vogel‘, W. Hoffmann, J. Paust and A. Nurrenbach
Hauptlaboratorium BASF AG, 6700 Ludwigshafen, Germany

Summary: (+)-Biotin is prepared starting from the new intermediate 3,4-diamino-
2-carbomethoxy-thiophene.

Biotin (1), one of the essential vitamins required for the human diet, is physio-
logically active only in one chiral form. The intricate chemistry necessary to

construct the all-cis-skeleton of 1 has found considerable attention in recent
2a, 2b
time ’ .

Nevertheless many of these synthetic schemes require a large number of steps, the
main disadvantage of the most important commercial processB. The number of opera-
tions could be obviously shortened by a synthesis starting from an aromatic pre-
cursor. However, strategies via aromatic intermediates have found little interest
in the pastl'L because of the inaccessibility of suitably functionalized diamino-

thiophenes and their corresponding hydrogenation products.

Our interest in thiophene chemistry5 led us to a new entry into 3,4-diamino-thio-
phenes which could be converted to 1 in only 7 steps. The starting material 2 was
synthesized in a two-step procedure6a from commercially available N-benzylidene
aminoacetonitrile, or alternatively by a more conventional approach7a starting

from 3-amino-Z-carbomethoxy-thiophene7b.

3,4-Diamino-2-carbomethoxy-thiophene (2) was transformed to the acylated derivative
3 with pyridine/benzoylchloride in chloroform in almost quantitative yield. With
lithium aluminium hydride in tetrahydrofuran under carefully controlled conditions
at 0°C a surprisingly selective reaction at the ester moiety occurred furnishing &4
in 75 % yield. The reduction of 3 with diisobutylaluminium hydride, sodium boro-
hydride/lithium bromide or several other commonly used reducing agents gave lower
yields because of competitive saponification of the labile benzamide group in

3-position or further reduction of the hydroxymethyl group. Oxidation with pyri-

3493



3494

dinium chlorochromate in methylene chloride gave the aldehyde 5 (80 % yield)
which underwent a smooth Wittig reaction with the required C4—synthons in toluene
to afford a cis/trans-mixture of 6 (91 % yield).

Now two routes to (+)-biotin are possible. Firstly hydrogenation of the side
chain in methanol over 5 - 10 % Pd/C afforded 7 in quantitative yield. Similar
to a literature procedureQd, 7 was saponified (without isolation of the very sen-
sitive diamino-intermediate) and carbonylated with phosgene to yield 70 % of
aromatic biotin 8. The hydrogenation of the N-acylated derivative 8 to give 1

in good yield was recently described9. On the other hand it was possible to
hydrogenate 6 via 7 in one step to 9 at 90 bar/lOOoC in acetic acid with the
same catalyst (5 % Pd/C). We isolated 9 in 60 % yield and could identify as
minor by-products a stereocisomer of 9, a 3,4-dihydrothiophene derivative and a
desulfurized product after chromatographic separation on silica gel. The conver-
sion of 9 to (+)-biotin was straight-forward. Saponification of 8 with barium
hydroxide in water (14 h, 140°C), followed by phosgenation afforded of 1 in 75 %
yield.

The relatively mild conditions required for the hydrogenation9 of 2 have encouraged
us to study the optimization of this important step.

As the cleavage of 1 into its enantiomers is an established processlO this com-

pletes a new alternative route to (+)-biotin.

Physical Data

All compounds exhibited satisfactory elemental analysis and spectra, typical data
are given below:

2: mp. 94-96°C; 3: mp. 149-151°C; 4: mp. 199-200°C; 5: mp. 179-181°C; & (cis-trans-
mixture): mp. 236-237°C, HNMR (DMSO): &= 10.1 (d, J = 8Hz, NH), 10.0 (d, J = 8Hz, NH)
8.2-7.8 (m, 5H, thiophene and benzene), 7.75-7.5 (m, éH, aromatic), 7.46 and 7.26
(2d, J = 10 and 16Hz, 1H, 6-H), 6.92-6.75 (m, 1H, B-H), 6.5-6.1 (m, 2H, X -H+ ¥-H),
3.73 and 3.69 (2s, 3H, OCH3); 7: mp. 149-151°C; 9: HNMR (DMS0): & = 7.9-7.1 (m, 11H,
aromatic, NH), 6.95 (d, J = 8Hz, 1 H, NH), 4.9-4.8 (m, H-2), 4.65-4.50 (m, H-3), 3.75
(dt, 3 = 7+5Hz, H-2), 3.62 (s, 3H, OCHB), 3.60 (t, J = 7Hz, HA-Q), 2.70 (t, J = 6Hz,
HB—4), 2.30 (t, 3 = 7Hz, 3H, CHZ-COZ), 1.9-1.1 (m, éH, CHZ)'
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