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In an ea r l i e r  repor t  we descr ibed a biogenet ic- l ike synthesis of the fl-bioti n (vitamin N) b iop recur -  
so t s ,  7 -ke to-8-aminopela rgonic  acid hydrochlor ide (X) and fl-dehydrodesthiobiotin (XIII), with c~-alanine 
and pimelic acid as the s t a r t e r  mate r ia l s  [1]. 

In this repor t ,  we used the same procedure  to obtain potential p r e c u r s o r s  of the c~-biotin hydrochlo-  
ride of 2 - i sop ropy l -4 -ke to -5 -aminocapro ic  acid (IX) and ~-dehydrodesthiobiot in (XI), as well as thioana- 
logs of c~- and f i-dehydrodesthiobiotin (XIV) and (XV). Treat ing the diethyl es te r  of isopropylsuccinic  acid 
(I) with an alkal i-alcohol  solution yielded the monoethyl es ter  of isopropylsuccinic  acid (II) which was also 
formed by alkaline hydrolysis  of the tr iethyl es te r  of 2 -ca rboxy-3- i sopropy lsuce in ic  acid (IV) and subse-  
quent decarboxylat ion of the ( isopropylcarbethoxymethyl)malinic acid (V) 

C=HsOOCCtt=CH (i-C3H7) COOC2Hs (C2H~00C)2 CHCH (i-Call,) COOC=H5 
v~-OH (I) ~-OH (IV) 

HOOCCH~CH (i-C3H7) C00C2H5 ~ ~ (HOOC)2 CHCH (i-C3117) C00C2H5 
(II) (V) 

C2HsOOCCH2CH (i-C3H7) COOH HOOC (C~H500C) CHCH (i-C3H7) COOH 
(III) (VI) 

Methylethyl esters prepared by reacting diazomethane with both forms of the monoester (II) yielded basically 
of peak on the gas-liquid chromatogram (GLC), which points to the high selectivity of (I) and (IV) saponifi- 
cation~ In choosing between two possible structures, (II) or (III) and (V) or (VI), we decidedin favor of (II) 
and (V), in consideration of the spatial hindrance presented by the isopropyl group with respect to the ad- 
jacent COOCxH 5 group. This was confirmed by transformation of (If) into o~-dehydrodesthiobiotin (XI) 

CHzCH (NHCOC6H~)COOH + RCH.~COCI pyridin_q 

CHaCH (NHCOC6HD COCH2R HCl. H,O 

(VII), II = CII(i-CaHT)COOC~H~ (VIII). II = CII (i-C3HT)COOC~.H5 
0 
II KCNO (~ 

-* CH3CH (NH2. HCI) COCH211 ~ HN NH 

/--\ 
C Hs CH~II 

(IX), II = CH (i-CaHT)COOH 
K C N S  

(X), 1t = (CH2hC00H 

/ \ 
CHa CH211 

(xI), R = CH (i-CsHT)COOH 
(XII), R = CH (i-C3HT)C00C2H~ 
(XlII), R = (CH2)4COOH 

(XIV), tt = CH (i-CaHT)eOOH 
(XV), R = (CH2)4COOH 

The isopropylsuccinic  acid monoethyl es te r  acid chloride (VII) was introduced into a Dakin--West react ion 
with c~-benzoylalanine in pyrtdine and yielded the ~-benzamidoketone (VIII) which was hydrolyzed with hy- 
drochlor ic  acid to the c~-aminoketone hydrochlor ide (IX). In react ion with KCNO and KCNS, the ketone (IX) 
gave the corresponding c~-dehydrodesthiobiotin (XI) and its thioanalog (XIV). 
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TABLE i 

Compound 

Pimelic acid + ~-alanine 
Hydrochloride of 7-keto-8-amino- 
pelargonic acid 

fi -Dehydrode sthiobiotin (XIII) 
~ -Thiodehydrode sthiobiotin (XV) 
Hydrochloride of 2-isopropyl-4- 
keto-5-aminoeaproic acid (IX) 

~-Dehydrodesthiobiotin (XI) 
e~-Thiodehydrodesthiobiotin (XIV) 

*In 0.i-i ng/4 ml concentrations. 
Tin 600 ng/4 ml concentrations. 

m 

Activity in % 
of that of 

fi-d-biotin* 

0~ 

i00 

i0 

loo# 
0 

By reacting KCNS with the hydrochloride of 7- 

keto-8-aminopelargonie acid (X) we synthesized in 
the same way ~-thiodehydrodesthJobiotin (XV)o The 
structure of (XI) was shown by inverse synthesis, i.e., 
by hydrolysis of the ester (XII) described in the liter- 
ature [2]. The structure of the thioanalogs of a- and 
p-dehydrodesthiobiotin (XIV) and (XV) was confirmed 
by comparing their IR spectra with the spectrum of 
the known dimethylimidazolethione [3]. 

In tests [4] with yeasts (Saceharomyees cere- 
visiae), the biopreeursors of ~-biotin and p-thiodehy- 
drodesthiobiotin (XV) exhibited biotin activity (Table 
I). The most interesting compounds are 7-keto-8- 
aminopelargonic acid hydrochloride (X) and 13-thiode- 
hydrodesthiobiotin (XV) whose growth stimulatory ef- 
fect approximately equals that of natural biotin. In 
growing the yeasts under semiindustrial conditions on 
molasses [4], the activity of (X) decreased to 68% of 
the natural biotin~ 

The potential precursors of (~-biotin (IX) and (XI) as well as ~-thiodehydrodesthiobiotin (XIV) proved 

inactive. 

EXPERIMENTAL 

Monoethyl Ester of Isopropylsuecinic Acid (II). Amixtureofl2gdiethylesterofiso- 
propylsuecinic acid (I) (bp 126-130~ at 18 ram; nD TM 1.4250) [5] and 3 g KOH in 150 ml alcohol were boiled 
for 4 h. After removing the alcohol, the residue was washed with water and the nonreacted (I) was extracted 
with ether. The aqueous layer was acidified with hydrochloric acid (Congo indicator), and 6 g (68%) of (II) 
were extracted with chloroform, bp 133-135~ (2 ram); nD 18 1.4378; Rf 0.53. Now and later we used thin- 
layer chromatography on silica gel G, system CHCl3-acetone 9 : i, and treated the spots with iodine. Found 
%: C 57.67, 57.56; H 8.42, 8.33~ CgHIGO~ Calculated %: C 57.43; H 8.37~ 

A mixture of 80 g triethyl ester of 2-carboxy-3-isopropylsuccinic acid (IV) with bp 170-173~ (18 ram) 
[6] and 37.2 g KOH in 350 ml alcohol wasleft to stand for 12 h at ~20~ The K-salt precipitate was then 
filtered off, treated with an excess of diluted hydrochloric acid, and 66 g of (is0propylcarbethoxymethyl) 
malonie acid (V) were extracted with chloroform. Under vacuum distillation, the latter was subjected to 
decarboxylation and transformed into (II). Yield of (II)was 25 g (48%); bp 133-135 ~ (2 ram); nD 18 1.4378; Rf 
0.53. The methyl esters prepared by treatment of the above described (If) specimens with diazomethane 
gave identical peaks on the GLC [7]. 

Acid Chloride of the Monoethyl Ester of Isopropylsuccinic Acid (VII). A mix- 
ture of 18 g (II) and 36 ml SOCI 2 was boiled for ! h. After removal of the excess SOCI2, the residue was 
vacuum-distilled. We obtained 14 g (70%) of (VII) with bp 96-97 ~ (7 ram); nD ~8 1.4470. Found %: C 52.10, 
52~ H 7.01, 7.05; Cl 17.30, 17.39. C9H1303CI. Calculated %: C 52.24; H 7.31; Cl 17.16. 

A nili d e (II). A solution of 0.45 g aniline in 2 ml benzene is added dropwise with a solution of 0~ g 
of (VII) in 2 ml benzene. After washing with water, 0~ g (78%) of the anilide (If) is isolated from the ben- 
zene solution; bp 60-62~ (washed with a mixture of ether and heptane). Found %: N 5.50, 5.34. C15H2103N. 
Calculated %: N 5.30. 

Ethyl Ester of 2-1sopropyl-4-keto-5-benzamidocaproic Acid (VIII)._ A solution 
of 2.84 g ~-benzoylalanine in 50 ml pyridine is added dropwise with 6.4 g (VII). The reaction mixture is 
heated in a water bath for i h, then evaporated under vacuum. The residue is treated with a saturated solu- 
tion of NaHCO3, the reaction product is isolated with benzene and subjected to chromatography on Al203 
(active III). A mixture of benzene-ethylacetate, 4 : i, served to elute 3.8 g (80%) of (VIII), as a viscid fatty 
substance, Rf 0.58 (system benzene-ethylacetate, 3:2). IR spectrum: 1720, 1645 em-1.* 

*Here and later IR spectra were taken on the UR-10 in a pellet with KBr. 
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Hydrochloride of 2-Isopropyl-4-keto-5-amiaocaproic Acid (IX). A mixtureof 
2.4 g (VIII) and 45 ml concentrated HCI are boiled for 2 h. After cooling, the precipitated benzoic acid is 
filtered off, and the mother liquor is evaporated under vacuum. The residue is treated with 5 ml water, 
benzoic acid residues are removed, and the solution is again evaporated under vacuum to dryness. The (IX) 
obtained as a fatty mass (1.5 g) is purified by chromatography on SiO 2 (50-100 mesh). A mixture acetone- 
water (4 : I) served to elute 1.2 g (75%) (IX) with Rf 0.63 (system acetone-water, 4 : i). 

a-Dehydrodesthiobiotin (XI)o Amixture of l.lg(IX) in2 mlwater is added with 0.44gKCNO 
in 2 ml water and heated on a boiling water bath for 15 rain. After cooling, the reaction mixture is acidified 
with HCI and the precipitating fatty substance is extracted with CHCI 3. After removal of the solvent, the 
residue is chromatographed on SiO 2 (50-100 mesh). A semicrystalline product is eluted with acetone; after 
washing with ether this yields 0.i g (XI), Rf 0.41 (system acetone-water, 9 : i); mp 178-180~ Found %: 
C 54.10, 54.22; H 7.38, 7.37; N 12.74, 12.89. C10111603N2 �9 ~/21-120. Calculated %: C 54.30; H 7.00; N 12.67. 
IR spectrum: 3300, 2600, 1700, 1680, 1650 cm-lo 

A dehydrated sample of (XI) is obtained by drying the semihydrate over 1)205 at 140~ mp 231-233~ 
Found %: C 57.53, 56.98; H 7.63, 7.49; N 13.04, 13.19. CI0HI6OaN2. Calculated %: C 56.69; H 7.60; N 13.20. 

A mixture of 0.i g of the a-dehydrodesthiobiotin ethyl ester (XII) (rap I18-120~ [2] and i0 ml con- 
centrated HCI are boiled for i0 h. After evaporation under vacuum the residue is chromatographed on SiO 2 
(50-100 mesh). Product (XI) is eluted with acetone (rap 203-204~ Rf 0.41); no decrease of melting point 
was observed in a mixed sample with the above-described (XI), and both had the same IR spectrum. 

a-Thiodehydrodesthiobiotin (XIV). Amixtureof 0.43 g (IX) in iml water is added with 0.4 
g KCNS. The reaction mixture is heated in a boiling water bath for 2 h and left to stand for 12 h at above 
20~ The precipitate is then filtered off and washed with water. We obtained 0.15 g (30%) of (XIV) with mp 
280-282~ (from water); Rf~ 0.78 (system acetone--heptane, 4: i). Found %: C 50.91, 51.04; H 6.98, 6.76; S 
13.92, 14.06. CIoHIGN2SO2. ~/2 H20. Calculated %: C 50.67; H 6.79; S 13.52. IR spectrum: 3200-2900, 1705, 
1660, 1510, 1200, 800 cm -i. 

A dehydrated sample of (XIV) was obtained upon drying the semihydrate over 10205 at 140~ mp 290 to 
292~ Found %: C 51.96, 52.24~ H 7.02, 7.01; S 13.81, 14.42; N 12.35, 12.30. Ci0HI6N2SO2. Calculated %: 
C 52.60; H 7.06; S 14.06; N 12.28. IR spectrum of 4,5-dimethylimidazolethione [3]: 3200-2900, 1665, 1520, 
1210, 805 cm -I. 

fl-Thiodehydrodesthiobiotin (X-V). A solution of 0.6 gT-keto-8-aminopelargouic acidhy- 
drochloride (X) [i] in 3 ml water is added with 1.0 g KCNS. The reaction mixture is heated in a boiling 
water bath for 2 h and left to stand for 12 h at about 20 ~ The precipitate is then filtered off and washed 
with water. Yield is 0.ii g (17%) of (XV) with mp 183-184~ (from water); Rf 0.70 (system acetone-hep- 
tane, 4 : i). Found %: C 52.94, 50.91; H 7.30, 7.32; S 13.90, 13.94; N 12.28, 12.17. Ci0H~6N202S. Calculated%: 
C 52.61 H 7.06; S 14.02; N 12.28. IR spectrum: 3200-2900, 1720, 1655, 1520, 1190, 790 cm -I. 

The authors wish to thank I. 1). Yakovlev and T. A. 1)etrova for carrying out the spectrum investiga- 
tions. 

CONCLUSIONS 

i. A synthesis resembling that of biogenesis was conducted to obtain potential precursors of a-biotin, 
i.e., 2-isopropyl-4-keto-5-aminocaproic HCI and a-dehydrodesthiobiotin HCI. 

2. By reacting potassium rhodaaate with the hydrochlorides of 2-isopropyl-4-keto-5-aminocaproie 
acid and 7-keto-8-amiaopelargonie acid, we obtained the respective a- and fi-thiodehydrodesthiobiotins. 

3. Biologic tests with precursors and analogs of a- and fi-biotins revealed a high biotin activity in 
7-keto-8-aminopelargonic acid hydrocbloride and fi-thiodehydrodesthiobiotin. 
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