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77 Tadahiro Iwashige : Studies on Acetylenic Compounds. XVIIL.D
Total Synthesis of d/-Lyxose and d/-Xylose.

(Takamine Research Laboratory, Sankyo Co., Ltd.*!)

It was reported in a previous paper? that dl/-ribose (V) and dl/-arabinose (IX) were
finally obtained by the cis-hydroxylation of dl/-cis-1,1-diethoxy-5-tetrahydropyran-2-yloxy-
pent-3-en-2-ol (IV), which was prepared by the catalytic hydrogenation of d/-1,1-diethoxy-
5-tetrahydropyran-2-yloxypent-3-yn-2-ol (II). If it is possible to obtain d/-trans-1,1-
diethoxy-5-tetrahydropyran-2-yloxypent-3-en-2-ol, it is expected that d/-lyxose and d/-
xylose could be analogously obtained as the final product by the cis-hydroxylation of the
trans-isomer or by the frams-hydroxylation of the cis-isomer (VI). Based on such assump-
tion, dl-lyxose and d/-xylose were finally synthesized by the procedure shown in Chart 1.
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Chart 1.

It is known that reduction by alkali metal in liquid ammonia is a routine organic
chemical procedure to obtain frans-ethylenes from acetylenes. However, a recently intro-
duced reagent provides further selectivity of reduction of triple bonds.” It has been
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shown that lithium aluminium hydride furnishes an excellent yield of frams-ethylene from
acetylene if the triple bond of the latter is adjacent to a propargylic hydroxyl group.
A plausible explanation of this selectivity involves the formation of an intermediate alu-
minium complex of the type (XX).
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Consequently, the reduction of d/-1,1-diethoxy-5-tetrahydropyran-2-yloxypent-3-yn-
2-ol (1) with lithium aluminium hydride in dry ether was tried and d/-trans-1,1-diethoxy-5-,
tetrahydropyran-2-yloxypent-3-en-2-ol (Xl[), b.p,.; 132~133°, was obtained in 60~70%
yield. The infrared spectrum of this ¢{rams-ethylene did not show the absorption due to
a double bond as in the case of cis-ethylene (IV) reported previously.” Therefore, in order
to confirm the structure, frans-ethylene (XI) was oxidized with manganese dioxide, follow-
ing the procedure described in the previous paper,” and it formed ¢rams-1,1-diethoxy-5-
tetrahydropyran-2-yloxypent-3-en-2-one (XVI), b.psxio-¢ 120~125°(bath temp.). The infra-
red spectrum of (XVIl) showed a strong absorption at 985 cm™, which was not observed in
the cis compounds and seemed to be due to the C-H out-of-plane vibration of a double
bond. The spectrum of the frans compound also showed absorptions at 1700(C-0) and
1630 cm™ (-C=C-).  The ultraviolet spectrum of (XVIl) showed a maximum absorption at
232 mp. From these experimental results, it became apparent that the ethylenic alcohols
(IVv and Xl) are cis-trans isomers and (XI) is the frans isomer. dl-trans-1,1-Diethoxy-5-
tetrahydropyran-2-yloxypent-3-en-2-ol (¥) was acetylated with acetic anhydride in pyrid-
ine to dIl-trans-1,1-diethoxy-2-acetoxy-5-tetrahydropyran-2-yloxypent-3-ene (X), b.po.;
132~135°, in a good yield. (XI) was treated analogously, following the procedure described
in the previous paper,” and the syrupy substance which appeared to be a mixture of di-
lyxose (XVI) and d/-xylose (XVI) was finally obtained. This substance showed only one spot
(Rf 0.29) on paper chromatogram, while d-lyxose, and d-xylose, and their mixture, used
as the control, all showed the same Rf value.*® Therefore, it is assumed that these sub-
stances overlapped as one spot by one-dimensional chromatography. This mixture was
chromatographed on a Dowex-1 column,® using aqueous potassium tetraborate solution as
the eluting agent and two fractions showing positive orcinol test were obtained, as shown
in Fig. 1.

Fig. 1. Separation of a Mixture of d/-Lyxose
and dl-Xylose

0.06 M-K,B,0,

N\——0.03)K,B.0,

Exchanger, 9cm?x 19 cm. Dowex-1, borate form;
Eluting agent, K;B,0;, as shown at flow rate of
1.1 cc./min.
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#2 Toyo Roshi No. 50. Solvent : BuOH-H,0-AcOH (4:5:1). Temperature: 21°. Detection agent:
Partridge reagent. Time: 16 hr. Product (Rf 0.29). Control (Rf): Mixture of d-lyxose and
d-xylose (0.29), d-lyxose (0.29), d-xylose (0.29).

3) J.X. Khym, L.P. Zill: J. Am. Chem. Soc., 74, 2090 (1952); K. Mori, M. Nakamura : Nippon
Nogei-Kagaku Kaishi, 34, No. 4, A5 (1960).
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The residue obtained from the initial fraction was propionated, as described in the
preceding paper” and the tetrapropionate formed, which gave identical infrared spectrum
as that of d-lyxose tetrapropionate, as shown in'Fig. 2. Thus, the residue obtained from
the first fraction was confirmed as dl/-lyxose.
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The residue obtained from the second fraction was analogously propionated to a tetra-
propionate which also gave infrared spectrum identical with that of d-xylose tetrapropionate,
as shown in Fig. 3. Consequently, it became apparent, from these experimental results,
that the reaction proceeded stereospecifically as was expected, and produced d/-lyxose and
dl-xylose.
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The epoxidation of d/-cis-1,1-diethoxy-5-tetrahydropyran-2-yloxypent-3-en-2-ol (IV)
with perbenzoic acid was carried out and gave an 0il (XIX), b.DPo.ooos 142~143°.  (XIX) gave
a negative tetranitromethane test, in contrast to the positive reaction of (Iv), although
there was no marked difference in the infrared spectrum between (XIX) and (IV). There-
fore, it is considered that (XIX) is dl-cis-1,1-diethoxy-3,4-epoxy-5-tetrahydropyran-2-yloxy-
pentan-2-ol from these experimental results and analytical data. (XIX) was heated with
10% sulfuric acid at 90° for 15 minutes, followed by deacidification with Amberlite IR-4B.
The aqueous solution thus obtained was subjected to paper partition chromatography and
the chromatogram showed only one spot (Rf 0.29) as before. Consequently, it is expected
that dl-lyxose (XVI) and d/-xylose (XVI) would also be obtained by the frams-hydroxylation
of cis-ethylenic isomer (IV).

Experimental

dl-trans-1,1-Diethoxy~5-tetrahydropyran-2-yloxypent-3-en-2-ol (XII)—To 2.92g. of LiAlH, in
170 cc. of dehyd. Et;0, a solution of 2.71g. of di-1,1-diethoxy-5-tetrahydropyran-2-yloxypent-3-
yn-2-ol in 270 cc. of dehyd. Et,;O was added slowly with ice cooling and the mixture was refluxed
for 3hr. After cooling and adding AcOEt to decompose the excess LiAlH,, the Li-Al complex of
the reaction product was decomposed with cold saturated aqueous solution of NH,Cl and the Et;O
layer was separated, dried over Na,SOy, and evaporated off. The residue was distilled in vacuo to
leave 17 g. of a colorless viscous oil, b.py,3 132~133°, 72 1.4633, dy; 1.0532. Anal. Calcd. for Ci HygOs:
C, 61.30; H, 9.49. Found: C, 61.34; H, 9.52. MR*? Calcd.: 72.29. Found: 71.70. IR p&% cm~*:
3400~3500 (OH), 900~1150 (C-O-C).

5 - 21 m
*3 = n_..* ).
MR (molecular refractivity) ( ) )( )
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trans-1,1-Diethoxy-5-tetrahydropyran-2-yloxypent-3-en-2-one (XVIII)—To a solution of 1.56
g. of dl-trans-1,1-diethoxy-5-tetrahydropyran-2-yloxypent-3-en-2-ol (XI) in 140 cc. of petr. ether,
13.8g. of MnQO,; was added and the mixture was stirred at room temperature for 7 hr. MnO,; was
filtered off and washed several times with a small amount of petr. ether. The combined petr. ether
solution was evaporated and the residue was distilled iz vacuo to leave 0.8 g.of an oil, b.psxio~* 120~
125°(bath temp.), ## 1.4652, dy3 1.0550. Anal. Calcd. for C;,HyO;: C, 61.80; H, 8.84. Found: C,
61.68; H, 8.99. MR Calcd. : 70.78. Found: 71.30. IR 284 cm™: 1700(CO), 1630 (-C=C-), 985 (-CH=
C-).. UV : aAlon 232 mp(log & 3.89).

dl-trans-1,1-Diethoxy-2-acetoxy-5-tetrahydropyran-2-yloxypent-3-ene (XIII)—A solution of 8
g. of dl-trans-1,1-diethoxy-5-tetrahydropyran-2-yloxypent-3-en-2-ol (Xi) and 32g. of Ac,O dissolved
in 80 cc. of dehyd pyridine was refluxed for 2.5 hr. After cool, excess pyridine and Ac,O were
removed in a reduced pressure on a steam bath and the residue was poured into ice-water. An oil
that separated was extracted with Et;O and the Et,0 solution was dried over N2a,SO, and evaporated.
The residue was distilled in vacuo to leave 7.5g. of a yellow viscous oil, b.pgs 132~135°, n% 1.4554,
ds7 1.0594. Anal. Caled. for C;gHysOs: C, 60.75; H, 8.86. Found: C, 60.73; H, 8.76. MR. Calcd.:
81.66. Found: 81.00. IR wSC cm~!: 1240, 1750 (OAc), 900~1150 (C-O-C).

2-0-Acetyl-5-O-tetrahydropyran-2-yl-di-lyxose Diethylacetal (XIV) and 2-O-Acetyl-5-O-tetra-
hydropyran-2-yl-di-xylose Diethylacetal (XV)——To 8.7 g. of dl-trans-1,1-diethoxy-2-acetoxy-5-tetra-
hydropyran-2-yloxypent-3-ene (Xll) suspended in 200 cc. of H,0, a solution of 3.46 g. of KMnO, in 150
cc. of H,O was added slowly during 1 hr. with stirring and ice-cooling. CO; gas was introduced into
the reaction mixture and the temperature was controlled at 1~3° during the addition. After all
KMnO, was added, the reaction mixture was left at room temperature for 30 min. to solidify the
colloidal MnO,, which was filtered, and washed with H;O. The combined aqueous solution was passed
through a column of Amberlite IRC-50 and the effluent was concentrated at room temperature in a
reduced pressure to leave 6.7g. of a red-brown syrup which gave a positive HIO,~AgNQO; test,
showing the presence of a-glycol group, and a negative Benedict reaction.

di-Lyxose (XVI) and dl-Xylose (XVII)——A solution of 6.7g. of a crude mixture of (XIV) and (XV)
dissolved in 130 cc. of 4% HCIl solution was left at room temperature for 4 days. The reaction
mixture was passed through a column of Amberlite IR-4B for deacidification and the efiluent was
concentrated at room temperature in a reduced pressure to leave 1.27 g. of a syrup which gave a positive
Benedict reaction showing the presence of a reducing aldehyde group. A solution of this syrup in
50 cc. of 0.18 M K,B,0; was adsorbed on a column (9 cm? x 19 cm.) of Dowex-1 (200~400 mesh), converted
to the borate form by the procedure described by Khym and Zill,» and the column was eluted with
0.03 M KyB,0;.

After the first fraction showing a positive orcinol test was obtained, elution agent was changed
to 0.06 M K;B,O;. The distribution of pentoses in the efluent is shown in Fig. 1. The first fraction
showing a positive orcinol test was treated with Dowex-50 and concentrated in vacxo at room tem-
perature. The residue was dissolved in 600 cc. of MeOH, concentrated iz vacuo at room temperature
to remove H;BO; as volatile (MeO);B, and 0.42 g. of a syrupy residue was obtained.

This syrupy residue was treated with 2.1g. of propionic anhydride and 2.9g. of pyridine, fol-
lowing the procedure described in the preceding paper,” and 0.75g. of a very viscous o0il, b.psxio—¢
150~160° (bath temp.), was finally obtained. ‘The infrared spectrum of this oil in CHCl; solution
was identical with that of d-lyxose tetrapropionate prepared analogously from d-lyxose. Anal. Caled.
for C17H2609: C, 54.60; H, 6.95. Found : C, 54.36; H, 6.90.

The second fraction showing a positive orcinol test was treated likewise to give 0.25g. of syrupy
residue. This residue was similarly propionated with 1.2g. of propionic anhydride and 1.7g. of
pyridine to yield 0.45 g. of an 0il, b.psxio—+ 155~165°(bath temp.). The infrared spectrum of this oil
in CHCI; solution was identical with that of d-xylose tetrapropionate analogously prepared form d-
xylose. Amnal. Calcd. for Ci;Hys04: C, 54.60; H, 6.95. Found : C, 54.38; H, 6.86.

dl-1,1-Diethoxy-3,4-epoxy-5-tetrahydropyran-2-yloxypentan-2-ol (X1X)——To a solution of 5g. of
dl-cis-1,1-diethoxy-5-tetrahydropyran-2-yloxypent-3-en-2-ol (IV) in 25 cc. of CHCIl;, 55.4 cc. of CHCI;
solution containing 2.8 g. of BZOOH*Y was added slowly, with chilling at —5’ to —10° and the mix-
ture was left at room temperature for one day. The reaction mixture was washed successively with
10% Na,CO; solution and H;0, and evaporated after drying over NaySO,. The residue was distilled
in vacuo to give 2.5g. of (XIX), b.psxio—¢ 142~143°, 78 1.4622, dys 1.1043, with 1.0g. of a low-boiling
distillate. (XIX) gave a negative tetranitromethane test. Anal. Calcd. for C;;HyOs : C, 57.95; H, 8.98.
Found : C, 57.99; H, 8.79. MR Calcd. : 72.20. Found: 72.22,

A mixture of 0.2 g. of (XIX) suspended in 10 cc. of 10% H;SO, was heated at 90° for 15 min. The
aqueous solution obtained by deacidification of this reaction mixture with Amberlite IR-4B gave a
positive orcinol and Benedict tests, and showed a spot at Rf 0.29 on paper chromatogram.

4) G. Braun: Org. Syntheses, Coll. Vol. I, 431 (1941).
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Summary

dl-Lyxose and dl-xylose were synthesized by the cis-hydroxylation of di-trans-1,1-
diethoxy-5-tetrahydropyran-2-yloxypent-3-en-2-ol (XI) and it was anticipated that they
would also be formed by the frans-hydroxylation of d/-cis-1,1-diethoxy-5-tetrahydropyran-
2-yloxypent-3-en-2-ol (IV).

(Received August 13, 1960)
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78 Mitsuko Asai, Toru Masuda, and Satoru Kuwada : Application of
Chromatography. XLI.*' Formation of Riboflavin by Enzyme
System from Leuco-type Strain of Eremothecium ashbyii.

(Research Laboratories, Takeda Chemical Industries, Lid.*®)

The mechanism? for synthesis of riboflavin by Eremothecium ashbyii presumed by the
authors was further investigated biochemically by Katagiri, ef @/.? and the present authors,”
and it was found that 6,7-dimethylribolumazine is an intermediate in the biosynthesis of
riboflavin. Korte, ef al. and Maley, et al.” also duplicated the experiment using "*C-
labeled 6,7-dimethylribolumazine and confirmed the above result.

It was later reported® that the action of crude enzyme solutions prepared from yellow-
type and leuco-type strain of Er. ashbyii on 4-ribitylamino-5-aminouracil and acetoin
produced both 6,7-dimethylribolumazine and riboflavin, and Katagiri, ef al.” also recognized
the result using an enzyme solution prepared from yellow-type Er. ashbyii.

The above-mentioned leuco-type strain was produced in the course of successive cul-
tivation of the yellow-type strain at the Fermentation Institute, Osaka, and it yielded only
200 v/g. (wet mycelium) of riboflavin after 88 hours of culture, whereas the ordinary yellow-
type strain produces about 8,800 v/g. after 63 hours of culture, but no remarkable difference
was found between the two strains in the amount of the mycelium produced.®

#1 Part XLI : This Bulletin, 8, 798 (1960).

*2  Juso-nishino-cho, Higashiyodogawa-ku, Osaka (iJF#ET, #WE =, ZFE ).
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