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N, N’-Bis(p-tolylsulfonyl)-a,w-alkanediamine disodium salts (=3, 4, 5, 6, 7, 8, 9, 10) were subjected to mono-
pyridylmethylation by the reaction with 5’-deoxy-5"-chloro-~ or 5’-deoxy-2’-chloro-3,4’-O-isopropylidenepyridoxine

hydrochloride, accompanied by the corresponding bispyridylmethylation.
remarkable for longer methylene chains of the diamine.

Monopyridylmethylation became
Thus, introduction of an amino group protected by

a sulfonyl group at the end of either the C,- or the Cjs-side chains of pyridoxine derivatives was achieved.

Catalysis of coenzyme pyridoxal phosphate in the
enzyme system has been belived to be initiated through
transimination of the coenzyme originally bound to
an e-amino group of a lysine residue of the enzyme
to the amino group of a substrate amino acid.?? The
transimination of the coenzyme provides several orders
faster rate acceleration of the coenzyme catalysis in
the enzymic reaction, compared with the catalysis of
the direct imine formation of the coenzyme with a
substrate.) The biologically inherent properties of the
coenzyme process have become kinetically well un-
derstood® and the essential part of the chemical process
has been successfully applied to a solution of syn-
thetic problem in several cases.) The present work
was started, expecting that if a suitable three-dimen-
sional disposition of a primary amino group were in-
troduced into pyridoxal molecule, then the catalytic
potency would be remarkably increased through in-
tramolecular transimination. In this context, Fisher
and Metzler studied a cyclic imine derivative of py-
ridoxal,® demonstrating that the imine is catalytically
inactive, due to the formation of the stable six-mem-
bered ring; its electronic absorption spectrum is strik-
ingly similar to those of pyridoxal phosphate-contain-
ing enzymes.

The development of a general method for the syn-
thesis of diaza(2,5)pyridinophanes®) by the reaction of
dichloropyridoxine derivative with N,N'-bis(p-tolylsul-
fonyl)-a,w-alkanediamine disodium salts (4) encourag-
ed us to examine systematically the possibility of the
molecular construction of a ‘intramolecular trans-
imination model” system by the use of 2’- or 5'-pos-
ition of pyridoxal where the substituent is dispensable
for catalysis in the nonenzymic system.” The cou-
pling method was expected to be equally applicable
to the reaction of a monochloropyridoxine derivative
with the alkanediamine disodium salt, even though
the reaction will be accompanied by complete alkyla-
tion on two nucleophilic sites of the disodium salt.
Therefore, the syntheses of 5’-deoxy-5'-chloro- and 5'-
deoxy-2'-chloro-3,4’-O-isopropylidenepyridoxine, 1 and
2 respectively, were first examined; these were then
subjected to a coupling reaction with 4.

Results and Discussion

5'-Deoxy-5'-chloro-3,4'- O -isopropylidenepyridoxine
hydrochloride (1) was synthesized by the known meth-
od® from pyridoxine hydrochloride. For the syn-
thesis of 5'-deoxy-2'-chloro-3,4'-O-isopropylidenepyrid-

oxine hydrochloride (2), 1 was used as a starting
material; neutralization of 1 followed by catalytic hy-
drogenation afforded 5’-deoxy-3,4’-O-isopropylidenepy-
ridoxine (5) (929 vyield). This was then oxidized
to 5’-deoxy-3,4'-O-isopropylidenepyridoxine 1-oxide (6)
with m-chloroperbenzoic acid (87%, yield). The N-
oxide was converted to 5’-deoxy-2’-acetoxy-3,4'-O-iso-
propylidenepyridoxine (7) in acetic anhydride-chloro-
form in 919, yield. Treatment of 7 with sodium
methoxide afforded 5'-deoxy-2’-hydroxy-3,4’-O-isoprop-
ylidenepyridoxine (8) in 909, yield. This was sub-
jected to chlorination with thionyl chloride to give

2 in 959%, yield (Scheme 1).
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Scheme 1.

Utilizing a newly developed method,® normalized
reaction conditions were set up for the coupling re-
action of monochloropyridoxine derivative hydrochlo-
ride with 4, using N,N’-bis(p-tolylsulfonyl)-1,6-hexane-
diamine disodium salt (4d) as a representative coun-
terpart; to a stirred suspension of 4d in N, N-dimethyl-
formaminde (DMF), which was prepared by the re-
action of 3d with sodium ethoxide, a solution of 1 or 2
in DMF?) was added dropwise (Scheme 2). Two prod-
ucts were detected on TLC; these were chromato-
graphed to give N-[2,2,8-trimethyl-4H-[1,3]dioxino-
[4,5-c]pyridin-5-ylmethyl]-N, N'-bis( p-tolylsulfonyl)-1,6-
hexanediamine (9d) and N,N’-bis[2,2,8-trimethyl-
4H-[1,3]dioxino[4,5-¢] pyridin-5-ylmethyl]- N, N'-bis( -
tolylsulfonyl)-1,6-hexanediamine (10d), when 1 was
used. On the other hand, when 2 was used, detected
and isolated products were N-[2,2,5-trimethyl-4H-[1,3]-
dioxino[4,5-¢] pyridin-8-ylmethyl]- N, N'-bis(p-tolylsul-
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TapLe 1. REACTION OF 5’-DEOXY-5’-CHLORO-3,4"-O- TasLE 3. H NMR SPECTRA OF PYRIDOXINE
ISOPROPYLIDENEPYRIDOXINE HYDROCHLORIDE (1) witH DERIVATIVES 6, 7, anD 82
N, N’-BIS( p-TOLYLSULFONYL)-&,(0~-ALKANEDIAMINE " " ” " -
DISODIUM SALT (4) IN EQUIVALENT MOLAR RATIO R X H H H H C(CH,),
— 6 H O 2.40 4.74 2.11 7.82 1.59
. . Product yield/% Ratio 7 OAc — 5.18 4.74 2.14 7.97 1.58
9 10 Total 9/10 8 OH — 4.71 4.79 2.18 7.97 1.60
a 3 33 30 63 1.1 a) Chemical shift in ¢, in CDCl,.
b 4 39 30 69 1.3
c 5 49 28 77 1.8 trend is obvious for the ratio of the yield of 11 to that
d 6 39 27 66 1.4 of 12 as well (Table 2).
e 7 43 27 70 1.6 The ratio was not linearly correlated with the meth-
£ 8 44 18 62 2.4 ylene chain length. The qualitative change in the
g 9 48 17 65 2.8 ratios is interpreted as follows: in the shorter meth-
h 10 44 18 62 2.4 ylene chains (n=3—05), one pyridylmethyl group bound

TaBLE 2. REACTION OF 5'-DEOXY-2’-CHLORO-3,4'-O-
ISOPROPYLIDENEPYRIDOXINE HYDROCHLORIDE (2) WITH
N, N’-B1s( p-TOLYLSULFONYL)-&,()~ALKANEDIAMINE
DISODIUM SALT (4) IN EQUIVALENT MOLAR RATIO

Product yield/%,

co fis
11 12 Total
a 3 41 22 63 1.9
b 4 36 20 56 1.8
c 5 36 20 56 1.8
d 6 41 18 59 2.3
e 7 46 19 65 2.4
f 8 35 12 47 2.9
g 9 51 13 64 3.9
h 10 51 15 66 3.4

fonyl)-1,6-hexanediamine (11d) and N,N’-bis[2,2,5-tri-
methyl-4H-[1,3]dioxino[4,5-¢]pyridin-8-ylmethyl]-N,N'-
bis ( p-tolylsulfonyl) - 1,6 - hexanediamine (12d). All
other series of reactions were carried out as similarly
as possible to those of 4d. The results obtained are
summarized in Tables 1 and 2. They demonstrate
several features of the pyridylmethylation reaction;
total yield of products lies in the range from 62 to
729%, for 1, and from 47 to 609%, for 2. It is quite
interesting, however, to note that the ratio of the
yield of 9 to that of 10 clearly increases as the meth-
ylene chain becomes longer (Table 1). A similar

to one end of the diamine brings another pyridyl-
methyl group toward the other end of the diamine
through an inductive effect such as stacking between
the two aromatic rings. When the methylene chain
becomes longer (more than seven), it is difficult for
such an inductive effect to occur and, thus, the re-
action favors monopyridylmethylation over bispyridyl-
methylation. Decreases in yields of 10 or 12 com-
pared to increases in those of 9 or 11 without reduc-
tion in total yield as the chain length becomes longer,
support the interpretation as well. Furthermore, a
comparison of both ratios suggests that such a definite
interactive distance between the aromatic rings will
be longer in 5’-chloro derivatives (1) than in 2’-chloro
derivatives (2) at the reactive points, probably due
to spatial substituent interaction. In other words,
monopyridylmethylation is more likely to occur in 2'-
chloro derivatives (2) than in 5’-chloro derivatives
(1).

'H NMR spectral data are summarized in Table
3 for 6, 7, and 8, Fig. 1 for 9 and 10, and Fig. 2 for
11 and 12, in which chemical shifts are correlated
with the chain length. Although it is difficult to dis-
tinguish the effects of intermolecular and/or intramo-
lecular interactions on the chemical shift changes, cer-
tain features are noteworthy. In general, it is seen
that proton chemical shifts move to lower field as
the methylene chain becomes longer. A linear cor-
relation is apparent for CgH, pyr—¥CH,-O, pyr—
CHy-N, and C(CH,), in 9, and for pyr-%CH,-N,
CeH, pyr-¥CH,-O, % C-N-CH,-C, and C(CH,), in 10
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in the order of the slope magnitude, respectively, in
contrast to nonlinear correlation of —NHTs, ' C-N-
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Fig. 1. Correlation of chemical shifts with the meth-
ylene chain length in H NMR spectra of (a) 9 and
(b) 10, in CDCl,.
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Fig. 2. Correlation of chemical shifts with the meth-
ylene chain length in 1H NMR spectra of (a) 11 and
(b) 12, in CDCI,.
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CH,-C (triplet), and HN-CH,—C (quartet) in 9, and
the other ~CH,~ in 9 and 10. A constant chemical
shift is shown for C,-CH; and -SO,CH,~CH, in
both 9 and 10. As for 11 and 12, no proton chemical
shift in 11 is linearly correlated with the chain length
except for the constant signals of C;—CH; and —SO,C-
H,~CH,, although pyr-?CH,-N, CsH, C(CH,),, and
pyr—¥*CH,-O in 12 have a linear correlation in the
order of slope magnitude.

The drastic chemical shift change for amino proton
(triplet) and methylene protons (quartet) contiguous
to the amino proton in both 9 and 11 suggests that
intermolecular and/or intramolecular interaction is in-
volved in the molecule through N-H--N or N-H---
O hydrogen-bonding. It is very significant that the
change becomes rather little when the methylene chain
becomes longer than around six.

Experimental

The *H NMR spectra were recorded on a Varian HA-
100D apparatus, with TMS as the internal standard in
chloroform-d; the chemical shift and coupling constant are
presented in ppm and Hz, respectively. Merck silica gel
60 (Art. 7734, 0.063—0.20 mm) was used for the column
chromatography and Wakogel B-5 FM (Wako pure and
Chem. Co., Ltd.) for the thin layer chromatography (TLC),
in which products were visualized in an iodine-vapor bath.
DMF was dried over molecular sieve (type-4A) and the
supernatant was used directly for the reaction. The un-
corrected mp were measured in a bilayered cover glass (18
m/m) with a micro melting point apparatus (Yanagimoto
Seisakusho, serial No. 2647). For column chromatography
and TLC analysis, benzene—ethyl acetate (3:2 v/v) (solvent
A) was used as an eluent. 5’-Deoxy-5'-chloro-3,4"-0-iso~
propylidenepyridoxine hydrochloride (1) was prepared by
a known method® from pyridoxine hydrochloride.

Preparation of 5'-Deoxy-3,4’-O-isopropylidenepyridoxine 7-Oxide
(6). - To 1021 g (0.053 mol) of 5’-deoxy-3,4’-O-iso-
propylidenepyridoxine (5), which was prepared by the known
method® from pyridoxine hydrochloride, in 150 ml of chloro-
form, 10.94 g (1.2 mol equiv. as 859, purity) of m-chloro-
perbenzoic acid was added at ambient temperature. After
the mixture was stirred for ca. 3 h, it was neutralized with
2.55 g of sodium hydroxide and then extracted with chloro-
form. The extract was washed with water, dried over
MgSO,, and then evaporated to dryness to give a colorless
powder; this was recryst. from acetone—diisopropyl ether
to afford 9.67 g of 6 (879, yield); mp 157—158 °C. Found:
C, 63.07; H, 7.27; N, 6.69%. Calcd for C;;H;;0,N: C,
63.14, H, 7.23; N, 6.69%,.

Preparation of 5’-Deoxy-2’-acetoxy-3,4’-O-isopropylidenepyridoxine
(7). The mixture of 9.67g of 6 in 20 ml of acetic
anhydride and 30 ml of chloroform was refluxed for 2h
in an oil-bath. Solvents were evaporated under reduced
pressure and the residue was chromatographed on a silica
gel (250 g) column eluted with solvent A to give 10.58 g
of 7 (919, yield) as a viscous liquid; R; 0.43 (solvent A).
Found: C, 61.97; H, 6.70; N, 5.509%,. Calcd for C;;H,,O,N:
C, 62.14; H, 6.82; N, 5.57%.

Preparation of 5'-Deoxy-2"-hydroxy-3,4’-O-isopropylidenepyridoxine
(8). To sodium methoxide in 200 ml of methanol, pre-
pared by addition of 0.97 g of metal sodium, 10.08 g of 7
in 50 ml of methanol was added dropwise and the mixture
was stirred for 1 h at ambient temperature; the reaction
was completed instantly, monitored on TLC (R; 0.3 (solvent
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A)). The mixture was neutralized with the occasional ad-
dition of pieces of solid carbon dioxide, and then evaporated
to dryness. The residue was triturated several times with
chloroform and filtered through Celite (No. 545). The
filtrate was evaporated to dryness and the residue was re-
crystallized from benzene (minor)-hexane (major) to give
7.51 g of 8 (899 yield), as colorless crystals; mp 125—126
°C. Found: C, 63.22; H, 7.16; N, 6.629%. Calcd for
C;H;5O;3N: G, 63.14; H, 7.23; N, 6.69%. IR (KBr disk):
v 3180, 2990, 1600, 1570, 1450, 1405, 1387, 1377, 1350,
1292, 1280, 1270, 1252, 1196, 1140, 1050, 935, 855, 770,
732, 670, and 570 cm~! as relatively strong characteristic
bands.

Preparation of 5’-Deoxy-2'-chloro-3,4’-O-isopropylidenepyridoxine
Hpydrochloride (2). To a stirred suspension of 2g of
8 in 40 ml of benzene, 0.7 ml (1 mol equiv.) of thionyl chlo-
ride in 10ml of benzene was added dropwise at ambient
temperature, resulting in an immediate clear solution and
then in a precipitate. The precipitation was promoted by
addition of 50 ml of dry diethyl ether. The colorless pre-
cipitate was collected by filtration, washed several times
with dry diethyl ether, and then recryst. from acetone to
give 2.39g of 2 (959 yield) as colorless crystals; mp 140
°C (starts to become brown) and at 148 °C (darkening).
Found: C, 50.13; H, 5.68; N, 5.36; Cl, 26.30%,. Calcd
for C;;H,;;O,NCl,: C, 50.01; H, 5.72; N, 5.30; Cl, 26.85%,.
IR (KBr disk): » 3060, 3010, 2970, 2320, 2025, 1552, 1480,
1465, 1445, 1420, 1385, 1370, 1310, 1278, 1260, 1204, 1125,
1078, 1060, 867, 831, 770, 651, 582, and 560 cm~! as re-
latively strong characteristic bands.

Preparation of N,N’-Bis(p-tolylsulfonyl)-o,c0-alkanediamines (3)
(n=3, 4, 5,6,7,8,9, 10). To a a,w-alkanediamine
in pyridine, three molar equivalents of p-toluenesulfonyl
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90 °C for 0.5—1h. The mixture was poured into water;
after cooling, a precipitate resulted. This was collected
by filtration and recryst. from ethanol. All the elemental
analyses for C, H, N, and S (omitted) were coincident with
those calculated. Mp 134—136 °C (3a), 125—126 °C (3b),
137—138 °C (3¢), 155—156 °C (3d), 144.5—145.5 °C (3e),
151—152 °G (3f), 93.5—94 °C (3g), and 128—129 °C (3h).
Preparation of N,N’-Bis(p-tolylsulfonyl )-a,co-alkanediamine Diso-
dium Salts (4) (n=3, 4,5, 6,7, 8,9, 10) and Its Reaction with
1 and 2. To a stirred sodium ethoxide solution, pre-
pared by addition of three gram-atom equivalents of metal
sodium to ethanol (e.g., 30 ml), one molar equivalent of
3 (e.g., 0.5g) was added. The mixture was refluxed for
1h, followed by complete evaporation of ethanol under
reduced pressure. DMF (e.g., 50 ml) was readded to the
resulting powder (4); to this a solution® of one molar equiv-
alent of 1 or 2 in DMF (e.g., 15 ml) was added dropwise
with stirring at around 90 °C over the period of 2—3h.
After cooling, the brown mixture was poured into water
(¢.g., 700 ml). Precipitation was promoted by addition of
sodium chloride (e.g., 10g) (salting out effect). The pre-
cipitate was collected by filtration. Thus, by silica gel
chromatography of the precipitate eluted with solvent A,
the following were isolated: N-[2,2,8-trimethyl-4H-[1,3]di-
oxino[4,5-¢]pyridin-5-ylmethyl]- N, N’-bis( p-tolylsulfonyl) - o, -
alkanediamine (9) and N,N’-bis[2,2,8-trimethyl-4H-[1,3]di-
oxino[4,5-¢]pyridin-5-ylmethyl]-N, N’-bis( p-tolylsulfonyl) - &, -
alkanediamine (10) prepared from 1, or N-[2,2,5-trimethyl-
4H-[1,3]dioxino [4,5-¢]pyridin-8-ylmethyl]- N, N'-bis( p-tolyl-
sulfonyl)-a,w-alkanediamine (11) and N,N’-bis[2,2,5-trimeth-
yl-4H-[1,3] dioxino [4,5-¢] pyridin-8-ylmethyl]-N, N'-bis(p-tol-
ylsulfonyl)-a,w-alkanediamine (12) prepared from 2.

All elemental analyses are tabulated in Table 4 for 9,

chloride were added and the mixture was stirred at 80— Table 5 for 10, and Table 6 for 11 and 12. *H NMR spec-
TABLE 4. ELEMENTAL ANALYSES OF 9
Calcd(%) Found(%)
State
C H N S C H N S
9a am?® 58.61 6.15 7.32 11.18 59.20 6.24 7.51 10.90
9b lig» 59.26 6.35 7.15 10.91 59.27 6.45 6.96 10.85
9¢c lig 59.87 6.53 6.98 10.66 59.81 6.45 6.91 10.51
9d am 60.46 6.71 6.82 10.41 60.35 6.74 6.62 10.45
9e am 61.02 6.88 6.67 10.18 60.98 6.92 6.62 10.10
of am 61.56 7.05 6.53 9.96 61.38 6.91 6.48 10.15
9g am 62.07 7.20 6.39 9.75 62.23 7.27 6.29 9.74
9h lig 62.56 7.35 6.25 9.54 62.36 7.13 6.19 9.65
a) Amorphous powder. b) Liquid.
TaBLE 5. ELEMENTAL ANALYSES OF 10
Caled(%) Found(9%)
State
C H N S C H N S

10a lig® 61.23 6.33 7.33 8.38 60.70 6.21 7.21 8.36
10b amP) 61.67 6.47 7.19 8.23 61.40 6.33 7.23 8.10
10c c) 62.10 6.61 7.07 8.09 62.76 6.67 7.34 7.88
10d d) 62.50 6.74 6.94 7-95 62.10 6.69 6.67 7.97
10e am 62.90 6.88 6.82 7.81 62.75 6.94 6.90 7.70
10f am 63.28 7.00 6.71 7.68 63.41 7.10 6.82 7.52
10g am 63.65 7.12 6.60 7.55 63.41 7.25 6.41 7.60
10h e) 64.01 7.24 6.49 7.43 64.09 7.30 6.15 7.50

a) Liquid. b) Amorphous powder.

c) Mp 161—162°C. d) Mp 217—218.5 °C.

e¢) Mp 169—171 °C.
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TaBLE 6. ELEMENTAL ANALYSES OF 11 anD 12
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11a®, Found (%)

12, Found (%)

State State
C H N S C H N S
a c) 58.55 6.17 7.32 11.18 lig 60.93 6.38 7.10 8.23
b lig® 58.93 6.39 6.97 10.95 lig 61.32 6.49 7.07 8.02
c lig 59.77 6.60 6.74 10.70 am®) 61.89 6.66 6.79 8.01
d liq 60.05 6.72 6.56 10.28 lig 62.31 6.82 6.68 7.90
e liq 61.03 6.95 6.55 10.20 lig 63.40 7.02 6.42 7.71
f lig 61.46 7.10 6.40 9.78 liq 63.15 7.07 6.49 7.60
g liq 62.07 7.23 6.32 9.72 liq 63.59 7.12 6.52 7.71
h lig 62.30 7.33 6.10 9.58 liqg 63.81 7.30 6.35 7.21

a) Calcd 9, values correspond to those for 9 in Table 4. b) Calcd % values correspond to those for 10 in Table

5. ¢) Mp 135—136°C. d) Liquid.

tral data are illustrated in Figs. 1 and 2. IR, as common
relatively strong bands through 9a to 9h, 3280, 2930, 1600,
1570, 1410, 1390, 1378, 1330, 1160, 1090, 1064, 860, 813,
655, and 548 cm™!; as common relatively strong bands
through 10a to 10h, 2930, 1600, 1570, 1450, 1407, 1385,
1372, 1340, 1159, 856, 653, 568, and 545 cm~!; as common
relatively strong bands through 1la to 11h, 3270, 2990,
2930, 2850, 1600, 1570, 1450, 1400, 1375, 1330, 1290, 1153,
858, 810, and 650 cm1; as common relatively strong bands
through 12a to 12h, 2990, 2940, 2850, 1600, 1570, 1450,
1405, 1385, 1375, 1335, 1292, 1152, 1065, 855, 810, 710,
650, and 540 cm™1.

The authors are grateful to Dr. Haruo Homma
and his staff for performing elemental analyses, and
to Dr. Jun Uzawa and Mrs. Tamiko Chijimatsu for
TH NMR spectra measurements.
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