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(II) with potassium permanganate in aqueous and
in pyridine solution did not result in the formation
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of the corresponding phosphine oxide. This result
is not surprising in view of the well-known resist-
ance of aromatic phosphines toward oxidation.

p-Trimethylsilylphenylmagnesium bromide (I)
when treated with phosphorus oxychloride yields
"both the phosphine oxide (IV) as well as the di-
phosphonic acid (V). The procedure was essen-
tially that of Kosolapoff.?

Experimental

p-Trimethylsilylphenylmagnesium bromide (I) was pre-
pared from 12.2 g. of magnesium turnings, 114.5 g. of p-
bromophenyltrimethylsilane and 550 cc. of anhydrous ether,
The reaction was initiated by means of a small amount of
ethylmagnesium bromide.

Tris-( p-trunethylsxlylphenyl)-phosphme (II). (A).—Ina
three-necked flask, equipped with stirrer, reflux condenser
and dropping funnel were placed 34.4 g. of phosphorus tri-
chloride and 100 cc. of ether. Half of the above prepared
Grignard solution was added gradually through a dropping
funnel. Afterwards the mixture was refluxed for three
hours. The inorganic precipitate was filtered off and washed
with ether. The solvent was then removed from the filtrate.
The weight of the residual material was 68.1 g, On standing
in the refrigerator, crystals formed which were recrystallized
fron; alcohol, yielding colorless needles, m.p. 95-96° (un-
cor.).

B.—Half of the above described Grignard solution was
added slowly to a solution of 52.1 g. of phosphorus penta-
chloride in 100 cc. of ether. The product was worked up
in the same way as described in A. The residual material
weighed 63 g. It was vacuum distilled. Tns-(op -trimethyl-
silylphenyl)-phosphine (II) distilled at 112-117° at 31 mm.
It was recrystallized from alcohol, yielding colorless needles,
m.p. 95-96° (uncor.). A mixed melting point taken with
the products obtained by procedures A and B showed no
depression, establishing thereby the identity of the two
materials. The yields of the pure product ranged from
35-45%,.

Anal. Caled. for CyHyuPSi;:
Si, 17.2; P, 6.8.

In the above distillation, another fraction was isolated,
distilling at 72° at 43 mm. as a colorless liquid.

Anal. Caled. for C;sHyCIPSip: Si, 15.4; P, 8.5. Found:
Si, 13.1; P, 8.9.

While this compound evidently was not pure, it probably
contained bis-(p-trimethylsilylpheny! )-chlorophosphine (I1I).
The presence of chlorine was proven by means of a qualita-
tive test.

Tris-(p-trimethylsilylphenyl )-phosphine Oxide (IV).—p-
Trimethylsilylphenylmagnesium bromide, prepared from 57
g. of p-bromophenyltrimethylsilane, was added gradually to
a solution of 38 g. of phosphorus oxychloride in 300 cc. of
ether which was brought to reflux before the addition.
The reaction mixture was then refluxed for 15 hours. After
cooling, the yellow liquid was decanted from the residual
solid. The solid was hydrolyzed in ice-water forming a

(2) Q. M. Kosolapoff, Tuis JourNaL, §4, 2982 (1942).

Si, 17.6; P, 6.5. Found:
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white precipitate. The yellow liquid was concentrated on
the steam-bath and formed a yellowish-white solid. Both
the white precipitate and the residual solid obtained from
the liquid portion of the reaction mixture were combined
and washed first with dilute sodium hydroxide and then with
water. The residual product was extracted with ether and
the ether extract dried over anhydrous sodium sulfate, After
removal of the ether, the remaining solid was recrystallized
from alcohol, yielding a colorless, crystalline product, m.p.
259° (uncor.). The yield was 309%,.

Anal. Caled. for CHg,OPSi;: Si, 17. O P, 6.3. Found:

Si, 17.4 P 6.8.

Bls-(p -trimethylsilyl-
henyl)-phosphonic ~ Acid
?V).—The sodium hydrox-
ide extract from the coms-
bined solid products of the
reaction of p-trimethylsilyl-
phenylmagnesium bromide
and phosphorus oxychloride
was acidified with dilute hydrochloric acid, resulting in a
colorless, crystalline product, m.p. 213-214.5° (uncor.).
The yield was 15%.

Anal. Caled. for C,sHzO.PSis: Si, 156.5; P, 8.6. Found:
Si, 16.5; P, 8.9.
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An ethyl homolog of pyridoxine, 2-ethyl-3-
hydroxy-4,5-bis-(hydroxymethyl)-pyridine, was re-
ported previously.! Two higher homologs have
been prepared: the corresponding isobutyl and
n-amyl derivatives, These compounds were syn-
thesized in general by the sequence of reactions
which was used for preparation of the ethyl homo-
log, the main difference being that several of the
intermediates were not isolated. The compounds
actually isolated are represented by the formulas
I through V.

CH;0CH;COOCH,;
RCCH: —
CONH,
CH,<
RCHZCH,CHZCHgOCH; —_——
I
CH,0CH, CH,0CH;,
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CH,0CH, CH;0H
N| NCeN Pd, Ho. HC1 HO( \CH,0H
——
R! N/ Cl then HNO; R! N/ A R = {-CH,
then HCl B,R = n-CHy
v \'

2-Ethyl-3-hydroxy - 4,5 - bis - (hydroxymethyl)-
pyridine! was oxidized to 2-ethyl-3-hydroxy-
4-formyl-5-hydroxymethylpyridine, which was
isolated as the oxime VI. The latter was con-

(1) 8. A. Harris and A. N. Wilson, Tris JoorNaL, 68, 2526 (1941).
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verted to the monoethyl acetal VII. These re-
actions are analogous to those previously described
for the corresponding pyridoxal derivatives.??

OC,H;
HC-—O
CH=NOH : ;
1O/ N --CH,0H HO” \--CH,
! | i
CHl s CoHil S
VI Vi
Experimentalt

The reactions carried out for the preparations of 2-iso-
butyl-3-hydroxy-4,5-bis-(hydroxymethyl)-pyridine and 2-
n-amyl-3-hydroxy-4,5-bis-(hydroxymethyl)-pyridine  were
similar to reactions previously described.!* Only the physi-
cal properties of the intermediates and products are listed
here.

2-Isobutyl-4-methoxymethyl-5-cyano-6-hydroxypyridine
(ITA) was prepared from 1-methoxy-7-methyl-2,4-heptane-
dione (IA) (b.p. 113° (24 mm.), »%p 1.4596). After one
recrystallization from ethyl alcohol, the product melted at
204-205°.

Anal. Caled. for CuH]eNzOzZ C, 6543; H, 7.32; N,
12.72. Found: C, 65.68; H, 7.25; N, 12.71.

2-Isobutyl-3-nitro-4-methoxymethyl-5-cyano-6-hydroxy-
pyridine (IITIA) was purified by two recrystallizations from
ethyl alcohal, accompanied by decolorization with Darco;

m.p. 167-168°.
Anal. Caled. for C]zH]aNsOA: C, 5433; H, 570; N,
15.84. Found: C, 54.62; H, 5.50; N, 15.83.

2-Isobutyl-3-nitro-4-methoxymethyl-5-cyano-6-chloropy-
ridine (IVA) wus recrystallized three times from petroleun:
cther (b.p. 30-60°). It melted at 42-43°,
Anal. Caled. for C]QH“NsOsCl: C, 5080, I{, 4QG, N,
14.82. Found: C, 50.82; H, 5.12; N, 15.08.
2-Isobutyl-3-hydroxy-4,5-bis-(hydroxymethyl)-pyridine
hydrochloride (VA) was recrystallized from hot water, with
decolorization witl Darco; m.p. 213-214°.
Aneal. Caled. for C;iHisNOyCl: C, 53.33; H, 7.32; N,
5.66. Found: C, 33.35; H, 7.25; N, 5.90.
1-Methoxy-2,4-nonanedione (IB).—Condensation of
methyl methoxyacetate with methyl n-amyl ketone vielded

1-methoxy-2,4-nonanedione; bh.p. 138° (28 mm.), n¥p
1.4602,
Anal. Caled. for CoH ;5050 C, 64.48; H, 9.74. Found:

C, 64.50; H, 9.72.
2-n-Amyl-4-methoxymethyl-5-cyano-6-hydroxypyridine

(ITIB) was recrystallized twice fromt absolute alcohol;
m.p. 131-132°.
Anal. Caled. for CisHigN:Oq.: C, 66.64; H, 7.74; N,

11.96. Found: C, 66.74; H, 7.64; N, 12.05.
2-n-Amyl-3-nitro-4-methoxymethyl-5-cyano-6-hydroxy-
pyridine (IIIB) was recrystallized twice from alcohol and

once from dilute alcohol. It melted at 161-162°,

Anal. Caled. for C;3HiyN3;04: C, 55.90; H, 6.14; N,

15.05. Found: C, 56.25; H, 5.79; N, 15.24.
2-n-Amyl-3-nitro-4-methoxymethyl-5-cyano-6-chloropyri-
dine (IVB) was recrystallized twice from petroleum ether

(b.p. 3N-60°); m.p. 42-43°,
Anal. Caled. for CisHieN;0:Cl: C, 32.44; H, 5.42;
N, 14.11. Found: C, 52.16; H, 5.00; N, 14.20.

2-n-Amyl-3-hydroxy-4,5-bis-(hydroxymethyl)-pyridine hy-
drochloride (VB) was recrvstallized from alcohol containing
a trace of liydrogen chloride. The product melted at 186-

187°.
Anal. Caled. for C]zHQoNOsClI C, 55.05, H, 770,
N, 5.35. Found: C, 54.93; H, 7.82; N, 5.47.

2y D, Heyl, {bid., 70, 3434 (1948).

(3) 8. A. Hatris, . Heyl and K. Folkers, ibid., 88, 2088 (1044),

(4) We are indebted to Mr, Richard Boos and his associates fof the
microanalyses.

(5) & A Harpis mand K. Polkers, THIS JOURNAL, §1, 1245, 34807
{1039,
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Oxime of 2-Ethyl-3-hydroxy-4-formyl-5-hydroxymethyl-
pyridine (VI).—2-Ethyl-3-hydroxy-4,5-bis-(hydroxymethyl)-
pyridine hydrochloride! (10.7 g.) was oxidized with
manganese dioxide and sulfuric acid in a manner exactly
analogous to the preparation of pyridoxal oxime.? The
vield of the oxime of 2-ethyl-3-hydroxy-4-formyl-5-hydroxy-
methylpyridine was 4.8 g. (509,). After one recrystalliza-
tion from water—alcohol and one from alcoho!, the oxime
melted at 225-226°.

Anal, Caled. for CHpN:Q;: C, 55.09; H, 6.17; XN,
14.28. Found: C, 55.22; H, 6.00; N, 14.12.

Monoethyl Acetal of 2-Ethyl-3-hydroxy-4-formyl-5-hy-
droxymethylpyridine Hydrochloride (VII).—Conversion of
3.4 g. of the oxime of 2-ethyl-3-hydroxy-4-formyl-5-hy-
droxymethylpyridine (VI) to the corresponding monoethyl
acetal was carried out in the manner previously described
for the conversion of pyridoxal oxime.® The vield of the
monoethyl] acetal of 2-ethyl-3-hydroxy-4-formyl-5-hydroxy-
methylpyridine hydrochloride was 1.66 g. (39%); m.p.
137.5-138.5°. After one recrystallization from alcohol-
ether containing a little hydrogen chloride and another re-
crystallization from alcohol containing a little hydrogen
chloride, the material melted at 132-133°.

Anal. Caled. for CiHisNOCl: C, 53.77; H, 6.56; N,
5.70. Found: C, 54.00; H, 6.29; N, 5.63.
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4-Desoxypyridoxine was shown to be a potent
vitamin Bs inhibitor.! Because of the biological
interest in this compound, the preparation of
homologs for further biological study was under-
taken. Three homologs, represented by structure
II1, in which the methyl group in position 2 of 4-
desoxypyridoxine has been replaced by ethyl, iso-
butyl and #-amyl groups, have now been prepared
by svnthesis through the intermediates I and II.

CHQOCHg CHzBr
- Pd-C
0N NCN H, H:NN\CH,NH, H,
f . L
R"N/ Cl then R NG then
HBr 2HBr HNO;
I 11
CH,
HO N\ CH,OH
R = CoH;, i-CiH,, #-CsHn (\' :
Ry~
N Hel
I

2-Ethyl-3-hydroxy-4- methyl- 5-hydroxymethylpy-
ridine hydrochloride and 2-isobutyl-3-hydroxy-
4 -methyl-5-hydroxymethylpyridine  hydrochlo-
ride have also been prepared by the direct hy-
drogenolysis of the 2-ethyl-3-hydroxy-4,5-bis-(hy-
droxymethyl)-pyridine hydrochloride? and 2-iso-
butyl - 3 - hydroxy - 4,5 - bis - (hydroxymethyl)-
pyridine hydrochloride.* Hydrogenolysis of pyrid-
oxine hydrochloride to form 4-desoxypyridoxine
hydrochloride was described previously.*

(1) W. H. Ott, Proc, Soc. Exp. Biol. Med,, 61, 125 (1946); W, W.
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