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Biotin. II.

Synthesis of Biotin

By StanNTON A. Harris, DonaLp E. WoLr, RALPH MoziNGo, R. CHRISTIAN ANDERSON, GLEN E.
ArTH, NELSON R. EastoN,! DoroTHEA HEYL, ANDREW N. WILSON AND KARL FOLKERS

Comparison of synthetic biotin? with natural

biotin verified earlier conclusions®-4® that biotin

has structure XII.

HO,CCH,SCH;CHCO:H BzCl RO:CCH.SCH.CHCO:R The reactions used for synthesis of
NH, then NHCOCSH, biotin are summarized below. The de-
CH;0H (R = CH;) tails of this synthesis, the relationship
I HCl of the various isomeric forms and the
lNaOR side reactions encountered are de-
scribed in accompanying® papers and
Il\IHCOCeHs NHCOCH; other papers to follow.

- . C_ON The starting materials for this syn-
?H——?_O HCI, H.O C;:H % ONa thesis are l-cystine, chloroacetic acid
| é T HOAc i f and glutaric acid. The /-cystine was
CH, CH, CH: CCOR reduced in liquid ammonia with so-

S/ \ dium and then coupled with chloro-
v 11 acetic acid to give S-(carboxymethyl-

Pd
OCH (CHz)aCOzCHa (I’_I—‘ CICO (CH2)3C02CH3
2

mercapto)-alanine, I.7 Subsequent
benzoylation and esterification yielded
the dimethyl ester of N-benzoyl-s-
(carboxymethylmercapto)-alanine, II.

V1 v : i
) ] The diethyl ester was obtained by con-
W‘f{ilﬁ%&é\ densing thioglycolic ester with the
ethyl ester of N-benzoyl-g-chloro-
NHCOCsH; NHCOCsH;s alanine, XIV, derived from N-benzoyl-
serine,® XIII, by esterification and
J Qo= — C=NOH o . X ;
9H C=0 NH:0H CH——C=NO chlorination with thionyl chloride.
1 —
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XI XII

XIV + NaSCH2C02C2H5—-—> I1 (R = CgHs)

The dimethyl ester, 1I, was treated
with sodium methoxide in methanol to
give the sodium salt of 4-benzamido-3-
ketotetrahydro -2-thiophenecarboxylic
acid methyl ester, III. Racemization
occurred during this reaction. The
sodium- salt was hydrolyzed and de-
carboxylated in an aqueous acetic acid-
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hydrochloric acid solution to give 4-benzamido-3-
ketotetrahydrothiophene, IV.

The valeric acid side chain was introduced by
means of an aldehyde prepared from glutaric
acid.® The acid was converted in turn to glu-
taric anhydride, glutaric acid monomethyl ester,
y-carbomethoxybutyryl chloride,® V, and finally
to methyl vy-formylbutyrate by a Rosenmund
reduction.!!

The aldehyde ester, VI, condensed with the
ketone, IV, when piperidine acetate was used as
the catalyst, to yield the methyl ester of 4-
benzamido - 3 - keto - A?.? - tetrahydro - 2 - thio -
phenevaleric acid, VII, m. p. 116° (4nal. Calcd.
for CyHNOS: C, 61.24; H, 5.74; N, 4.20.
Found: C, 61.37; H, 6.05; N, 4.17). This un-
saturated ketone, VII, reacted with hydroxyla-
mine hydrochloride in pyridine to yield the methyl
ester of 4-benzamido-3-oximino-A%3-tetrahydro-
2-thiophenevaleric acid, VIII. The unsaturated
oxime, VIII, was reduced in an acetic acid-acetic
anhydride mixture with zinc dust. Two dehydro
compounds were obtained, m. p.. 185-186° and
m. p. 162-163°. One of these, m. p. 185-186°,
is the methyl ester of 3-acetamido-4-benzamido-
4,5-dihydro-2-thiophenevaleric acid, IX (4dnal.
Caled. for C19H24N204SI C, 60.61; H, 6.42;

(9) "Organic Syntheses,” Coll. Vol. I, 2nd ed,, p. 289 (1941),

(10) Clutterbuck and Raper, Biockem. J., 19, 385 (1925),
(11) "Organic Syntheses,” 21, 84 (1941).
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N, 7.43; S, 852. Found: C, 60.79; H, 6.33;
N, 7.45; S, 886). The position of the double
bond in this compound will be discussed in a later
paper.

This dehydro compound, IX, was hydrogen-
ated over a palladium catalyst. By fractional
crystallization of the products, two racemates,
m. p. 153-154° (Anal. Caled. for CiyHaN20,S:
C, 60.29; H, 6.92; N, 7.43. Found: C, 60.40;
H, 6.92; N, 7.32) and m. p. 172-173°, of the
methyl ester of 3-acetamido-4-benzamidotetra-
hydro-2-thiophenevaleric acid, X, were obtained.
After hydrolysis of each of these diamido esters,
X, with barium hydroxide, as was done with bio-
tin,!? and subsequent treatment with sulfuric
acid, the corresponding sulfates of the 3,4-dia-
minotetrahydro-2-thiophenevaleric acids were
obtained. Treatment of these diamino acids,
XI, with phosgene!® yielded two racemates of
hexahydro - 2 - oxo - 1 - thieno[3, 4]imidazole - 4 -
valeric acid, XII, which will be called d/-biotin,
m. p. 232° and dl-allobiotin, m. p. 194-196°,
dl-Biotin was derived from the diamido ester, X,
melting at 153-154°. dl-Biotin was resolved
through its esters with /l-mandelic acid to give
biotin.?
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Biotin.

IV. Synthesis of 4-Benzamido-3-ketotetrahydrothiophene

By StanTtoN A. HarriS, NELsSON R. EastoN, DoroTHEA HEYL, ANDREW N. WiLsoN AND KARL
FOLKERS

A summary of the reactions used in the total

synthesis of biotin was given in a previous com--

munication.! The synthesis of the 4-
benzamido - 3 - ketotetrahydrothiophene,

After a few seconds, the crystallization of the so-
dium salt, VI, commenced and the reaction was

I

whiqh is a key in.termediate in this Syn-  NaSCH,;CHCO;Na + CICH,CO;Na
thesis, was obtained by the reactions I iu
described in this paper.
I-Cystine, or l-cysteine, and chloroacetic = NHCOCsHs I|‘IH2
acid are the primary starting materials (yco,u C,H,COCl CHCO.H
for this synthesis. /-Cysteine and chloro- | —l
acetic acid were condensed previously? CH: CH.COH CH; CH,CO.H
in alkaline solution to give B-(carboxy-
methylmercapto)-alanine, III. The ben- v I
zoylation and esterification to compounds
IV and V were accomplished without lléoslé
racemization. The ring closure of the Chad
ester, V, was a very facile reaction, since NHCOCeH; I|\IHCOC9H5 NHCOCH;
it took place in methanol at room tem-
) : : : CHCO:R NaOR CH——C—ONa HOAc CH—C==
perature by adding sodmm methoxide. > I T — | |
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