
34O THE JOURNAL OF ANTIBIOTICS MAY 1968

 SYNTHESIS OF TETRA-N-PHENYLALKYLKANAMYCINS
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 (Received for publication January 31, 1968)

 Sixteen N, N', N", N'^-tetraphenylalkylkanamycins (hereafter simply

 written as tetra-N-phenylalkylkanamycins) were prepared, and their anti

microbial activities in vitro were determined. They were less active against

 most strains tested than kanamycin. But one of them, tetra-N-4-chlorobenzyl
kanamycin (XI) was slightly more active against Ps. aeruginosa than kanamycin.It was suggested that their activities relate with their lipophilicity. Seven of
kanamycin derivatives were found active against kanamycin-resistant Escheri-
chia coli and Staphylococcus aureus as well as sensitive strains.

N-Substituted kanamycin derivatives so far reported may be classified into two

 groups according to their antimicrobial activities in vitro. The N-acylkanamycins1?2>3)

 exhibit weak or no antimicrobial activity. The N-methanesulfonates4), N-substituted

methanesulfonates5), N-methanesulfinate6) of kanamycin and Schiff's bases of

 k;anamycin3) exhibit strong activity in vitro. The compounds of the former group

 are stable under physiological conditions, while the latter are rather unstable, liberate

 the substituents gradually and then exhibit activity5). Umezawa et al.7) reported that

 kanamycin-6r-acetamide was produced by the reaction of an enzyme which was

 à"obtained from E. coli CS-2 (R-5) carrying R factor resistant to kanamycin. This

 inactivated compound belongs to the first group above.In this paper, the synthesis and antimicrobial activities of tetra-N-phenylalkyl

kanamycins are reported. Although these derivatives are considered to be stable,

 some of these are active in vitro against Gram-positive, Gram-negative bacteria and

 mycobacteria. Therefore, these derivatives belong to neither of the above two

 groups. Moreover, it is interesting that these compounds are active against kanamycin

resistant E. coli and S. aureus.
Synthesis and Isolation of Tetra-N-phenylalkylkanamycins

The tetra-N-phenylalkylkanamycins described in Table 1 were synthesized by

 reduction with sodium borohydride of the Schiff's base derived from the appropriate

 aldehyde and kanamycin A.
KM-fNH2)4 + 4 R-CH0 ->- KM-fN=CH-R)4 » KM-fNH-CH2-R)4
KM-(-NH2)4 : kanamycin A
Kanamycin A base and a small excess of adequate aldehyde were mixed and

 stirred in aqueous methanol and ethanol to afford a clear solution of the Schiff's

 * Present address : Research Laboratory, Nippon Kayaku Co. Ltd., Shimo, Kita-ku, Tokyo
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Table 1. Structure of tetra-N-phenylalkylkanamycins
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KM-fNH-CH2-R) 4

Tetra-N-benzylkanamycin

Tetra-N-phenylethylkanamycin

Tetra-N-phenylpropylkanamycin

Tetra-N-cinnamylkanamycin

Tetra-N-2-hydroxybenzylkanamycin à"Na2

Tetra-N-3-hydroxybenzylkanamycin

Tetra-N-2-methoxybenzylkanamycin

Tetra-N-4-methoxybenzylkanamycin

Tetra-N-2,4-dimethoxybenzylkanamycin

Tetra-N-2-chlorobenzylkanamycin

Tetra-N-4-chlorobenzylkanamycin

Tetra-N-2,4-dichlorobenzylkanamycin

Tetra-N-4-methylbenzylkanamycin

Tetra-N-4-isopropylbenzylkanamycin

Tetra-N-3-nitrobenzylkanamycin

Tetra-N-2-hydroxy-3-methoxybenzylkanamycin à"Na2

base. The Schiff's base was then reduced by adding excess sodium borohydride to

 the reaction mixture affording the tetra-N-phenylalkylkanamycin as the main

 product. The resulting tetra-N-phenylalkylkanamycin was extracted with chloroform

 or precipitated from the alkaline reaction mixture by the addition of water. The

 crude powder obtained from the chloroform extract or the precipitate was purified
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 Table 2. Properties aud analytical data of tetra-N-phenylalkylkanamycins, KM-fNH-CH2-R)4
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 7.10
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 5.53
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24. 591

(S)
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to give one spot on the thin-layer chromatograms (Table 4) by reprecipitation and/or

 recrystallization. The crude tetra-N-cinnamylkanamycin (IV) was purified by counter

current distribution as shown in Fig. 1.
Ultraviolet and infrared absorption spectra indicate successful N-phenylalkylation

 as shown in Table 3. Van Slyke nitrogen determination83 data (Table 2) show the

 absence of primary amine and elemental analysis data (Table 2) coincide with the

 theoretical values for the tetra-N-phenylalkylkanamycins. Accordingly the compounds

 isolated must have the structure, KM-fNH-CH2-R)4 as shown in Table 1. The Rf
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Van
Slyke
 N(%)
Found

0.3!

0.50

 0.63

0. 07|

0.25

 0.00

 0.13

 0. 00

0. 34|

0.00

0. 24

0.18

 0.00

 0.00

 0.52

 0.58

9.55

m.p. (°C)

 (Decomp.)

(above 188)

120-125
(above 207)

114-124
(above 210)

101-103
 (178-220)

(above 189)

115-146
 (186-192)

 118-125
(above 180)

(189-202)

 99-102
 (192-213)

 105-114
 (180-190)

 101-105
 (186-236)
 103-109
^above 192)

102-109
(180-189)
 98-105
 (180-191)

 113-122
 (173-181)

(175-180)

 >bove 268)

Table 3. Ultraviolet and infrared absorption spectra of
 tetra-N-phenylalkylkanamycins

in dioxane,
 (c=) t

+75° (2.0) 23

 +64° (2.0) 23

 +62° (2.0) 23

 +66° (1.0) 22

 +75° (2.0) 23

 +70° (1.0) 23

 +71° (2.0) 23

 +71° (1.0) 23

 +59°(0.85) 23

 +63° (2.0) 21

 +63° (1.0) 23

 +53° (2.0) 21

 +74° (2.0) 21

 +66° (2.0) 21
+66° (1.0) 20

+65° (1.0) 19

+121°(1.0) 23*

Com-
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 X
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XII

XIII
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XVI

Ultraviolet absorption
 Amax: my. (e)

248(780), 253(830),
258(880), 264(650)
248(1,170), 253(1,200),
259(1,200), 264(970),
268 (760)
248(620), 254(770),
259(860), 262(860),
264(680), 268(670)
252(71,200), 285(6, 640),
293(4, 750)

215(25, 700), 276(9, 100)

239(33,700), 293(13, 900)

217(22,200), 276(7,300)

240(32,700), 293(10, 900)

220(shoulder), 273(8, 100),
 277(7, 800)
 226(43,700), 275(5, 600),
 281 (shoulder)
 228(42,200), 278(10, 600),
 282(9, 800)
 258(850) , 266(890) , 273(620)
 221(39, 900), 254(890),
 261(1,000),268(1, 100),
 276 (780)
 258(1,600), 266(1,600),
 273(1,800), 281(1,400)
 260(shoulder), 265(1, 100)
 273 (850)
 251, 257(shoulder),
 263(1,200), 272(860)
 262(27, 500)

 220(26, 600), 282(10,700)

 244(28, 100), 294(16, 100)

Solvent

MeOH

MeOH

MeOH

MeOH

0.1 n HC1-
dioxane
0.1 n NaOH
dioxane
 0.1 n HC1
dioxane
 0.1 n NaOH
dioxane

 MeOH

 MeOH

 MeOH

 MeOH

 MeOH

dioxane

Infrared absorp
tion 8'CH. in
 aromatic ring
 (950-650 cm-1)
 KBr

740, 695

745, 698

745, 698

745, 692

754

864, 788, 694

 751

 812

 930, 830

 750

 803

M e O H 8 6 5 , 8 18

M e O H 8 0 4

M e O H 8 1 7

M e O H

0 .1 n H C l-

d io x a n e

0 .1 n N a O H -

9 1 0 , 8 0 2 , 6 9 0

7 7 0 7 3D

values of tetra-N-phenylalkylkanamycins on thin-layer chromatography and paper

 chromatography are shown in Tables 4 and 5 respectively.
Tetra-N-phenylalkylkanamycins thus obtained are scarcely soluble in alkaline

 water, slightly soluble in acidic and neutral water, soluble in alcohols, dimethyl

sulfoxide, dimethylformamide, dioxane, and chloroform, slightly soluble in benzene,

 ethyl acetate, ether and acetone, and insoluble in n-hexane and petroleum ether.Thus, these derivatives are rather lipophilic in contrast to kanamycin.
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Table 4. Thin-layer chromatography
 of tetra-N-phenylalkylkanamycins
C o m p o u n d s R f R fr

I 0 .8 3 1 .0 3

IT 0 .8 2 1 .0 2

Ill 0 .8 1 1 .0 1

IV 0 .8 0 1 .0 0

c r u d e p o w d e r 0 .8 0 , 0 .6 7 1 .0 0 , 0 .8 3 8

o f IV * * 0 .3 8 , 0 .1 9 0 . 4 7 5 ,0 . 2 38

V 0 .8 5 1 .0 5

V I 0 .8 5 1 .0 5

V II 0 .8 4 1 .0 4

V III 0 .7 8 0 . 97 2

IX 0 . 7 7 0 . 9 6 1

X 0 .8 6 1 . 0 7

X T 0 .8 2 1 . 0 2

X II 0 .8 4 1 . 0 4

X TTI 0 .8 5 1 . 0 6

X TV 0 . 8 3 1 . 0 3

X V 0 . 8 0 0 . 9 9 5

X V I 0 . 6 5 0 . 8 0 9

K a n a m y c in A 0 . 0 3 0 . 0 4 3

Fig. 1. Counter-current distribution of tetra
N-cinnamyl-kanamycin.
Tube number 1~98 : mobile and stationary

 phase remaining in tubes.
/0O~7O : mobile phase withdrawn from the
 last tube.
Solvent system : w-butanol-w-hexane-0.1 n
 hydrochloric acid (2 : 1 : 3 v/v)
 Each volume of upper and lowerlayer : 10ml
 Sample (300 mg) was charged equally into
 the initial 5 tubes.Temperature : 21~23°C

0,D. af 285mp
70r

40

-Mobile phase

-Stationary phase
-Theoretical curve (K= 1.20)

Plate : Silica gel G
Detection: 10% H2SO4 spray and

heating.
System : Methanol-water-cone. NH4-

OH (20 : 4 : 1) freshly prepared.
* Relative Rf value when the value

of IV is taken as 1.00.
** All tetra-N-phenylalkylkanamy-

cins were differentiated from cor-
responding mono-, di-, and tri-N-
phenylalkylkanamycins, showing

smaller Kf values.

Antimicrobial Activity

The antimicrobial activities of tetra-N-phenylalkylkanamycins, determined by

 the agar-streak method on nutrient agar plates (Gram-positive and Gram-negative

 bacteria) or glycerine-nutrient agar plates (Mycobacteria), are shown in Table 6. All

 the derivatives tested are less active than kanamycin, against all the tested strains

 except Pseudomonas aeruginosa and Sartina lutea. But some differences in the extent

 of the dimunition in activity are observed among the derivatives and strains.In tetra-N-phenylethylkanamycin (II), tetra-N-phenylpropylkanamycin (III),

 tetra-N-cinnamylkanamycin (IV), tetra-N-2-chlorobenzylkanamycin (X), tetra-N-4

chlorobenzylkanamycin (XI) and tetra-N-4-methylbenzylkanamycin (XIII), the dimu

nition in activity against all the tested strains is small. In particular, tetra-N-4

chlorobenzylkanamycin (XI) is a little more active against P. aeruginosa than

 kanamycin. In tetra-N-3-hydroxybenzylkanamycin (VI), tetra-N-2,4-dichlorobenzyl

kanamycin (XII), tetra-N-4-isopropylbenzylkanamycin (XIV), tetra-N-3-nitrobenzyl

kanamycin (XV), tetra-N-2,4-dimethoxybenzylkanamycin (IX) and tetra-N-2-hydroxy

3-methoxybenzylkanamycin (XVI), the dimunition in activity against all the tested

 strains is large. In others, tetra-N-benzylkanamycin (I), tetra-N-2-hydroxybenzyl

kanamycin (V), tetra-N-2-methoxybenzylkanamycin (VII) and tetra-N-4-methoxy-
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T a b le 5 . P a p er c h ro m a to g r a p h y o f te tr a - N -p h e n y la lk y lk a n a m y c in s

C o m p o u n d s
a b

R f R f l ｫr R f R f r

e

R f R fr R f R f r R f R f r

I 0 . 8 5 8 0 . 9 6 6 0 . 8 4 5 0 . 8 4 5 0 . 7 6 0 0 . 7 7 7 0 . 1 7 5 0 . 8 0 2 0 . 5 4 5 0 . 8 1 2

IT 0 . 8 8 9 1 .0 0 1 .0 0 1 .0 0 0 . 9 6 4 0 . 9 8 6 0 . 2 8 6 1 . 3 1 0 . 7 1 0 1 . 0 5

in 0 . 9 1 0 1 .0 3 1 .0 0 1 .0 0 0 . 97 4 0 . 9 9 6 0 . 2 5 2 1 . 1 6 0 . 7 6 1 1 . 1 3

IV 0 . 8 8 9 1 .0 0 1 .0 0 1 .0 0 0 . 9 7 6 1 . 0 0 0 . 2 1 8 1 . 0 0 0 . 6 7 1 1 . 0 0

V 0 . 8 1 5 0 . 9 1 8 0 . 6 9 5 0 . 6 9 5 0 . 64 6 0 . 6 6 2 0 . 0 3 0 0 . 1 3 8 0 . 3 5 5 0 . 5 2 9

V I 0 . 7 3 7 0 . 8 3 0 0 . 4 2 3 0 . 4 2 3 0 . 5 4 4 0 . 5 5 6 0 . 0 3 8 0 . 1 7 4 0 . 0 2 0 0 . 0 3 0

V II 0 . 8 6 8 0 . 9 7 7 0 . 8 5 9 0 . 8 5 9 0 . 7 0 4 0 . 7 2 0 0 . 1 0 7 0 . 4 9 1 0 . 3 6 0 0 . 5 3 7

V III 0 . 8 4 3 0 . 9 4 9 0 . 6 4 8 0 . 64 8 0 . 6 8 7 0 . 7 0 3 0 . 0 6 8 0 . 4 9 1 0 . 1 3 9 0 . 2 0 7

IX 0 . 8 6 8 0 . 9 7 6 0 .9 1 6 0 .9 16 0 . 8 3 2 0 . 8 5 2 0 . 0 7 7 0 . 3 5 3 0 . 2 9 6 0 . 4 4 1

X 0 . 8 6 4 0 . 9 7 2 1 .0 0 1 .0 0 0 . 7 6 9 0 . 7 8 6 0 . 7 2 7 3 . 3 4 0 . 7 0 7 1 . 0 5

X I 0 . 8 8 4 0 . 9 9 5 1 .0 0 1 .0 0 0 . 9 6 6 0 . 9 8 8 0 . 4 8 9 2 . 2 4 0 . 6 8 8 1 . 0 2

X II 0 . 9 0 2 1 . 0 1 1 .0 0 1 .0 0 0 . 9 6 2 0 . 9 8 6 0 . 9 8 7 4 . 5 3 0 . 7 0 5 1 . 0 5

X III 0 . 9 0 0 1 .0 1 0 . 9 2 0 0 . 9 2 0 0 . 9 5 4 0 . 9 7 5 0 . 3 1 6 1 . 4 5 0 . 7 2 5 1 . 0 8

X IV 0 . 9 4 2 1 .0 6 1 .0 0 1 .0 0 0 . 9 7 4 0 . 9 9 5 0 . 4 9 6 2 . 2 7 0 . 8 0 1 1 . 1 9

X V 0 . 7 7 9 0 . 8 7 6 0 . 6 3 6 0 . 63 6 0 . 7 0 4 0 . 7 2 0 0 . 0 8 4 0 . 3 8 5 0 . 0 5 5 0 . 0 8 2

X V I 0 . 6 7 4 0 . 7 5 8 0 .3 16 0 .3 1 6 0 . 5 8 8 0 . 6 0 2 0 . 0 8 4 0 . 3 8 5 0 . 1 0 5 0 . 1 5 6

K a n a m y cin A 0 . 0 7 9 0 . 0 8 9 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

Rfr Relative Rf value when the value of IV-is taken as 1.00.
Solvent systems : (a) ethanol-cone. NH4OH-water (8 : 1 : 1 v/v)
(b) w-butanol-cone. NH4OH-water (8 : 1 : 1 v/v)
(c) n-butanol-acetic acid-water (4 : 1 : 4 upper layer)
(d) n-butanol-pH 7.0, m/15 phosphate buffer (3 : 1 upper layer)
 Filter paper was treated with the buffer.
(e) w-octanol-water-cone. NH4OH (5 : 4 : 1 upper layer)
Development : ascending method using Toyo-roshi No. 51 at room temperature.
Detection : autobiography using Bac. subtilis PCI-219 and ultraviolet absorption.

benzylkanamycin (VIII), the dimunition in

 activity is small against Mycobacteria, but

 large against other strains tested.
The decrease in activity seems to

 correlate with Rf values of paper chromato

graphy described in Table 5. The deri

vatives showing a small decrease in activity

 have relatively large Rf values except for

 the derivatives with molecular weights

 above 1,000 (Fig. 2). Therefore, it is sug

gested that the extent of dimunition in

 activity is related to the lipophilicity of the

 derivatives.
The antimicrobial activities of several

 tetra-N-phenylalkylkanamycins such as II,

 III, IV, X, XI, XIII and VII against kana

mycin-resistant E. coli and Staph. aureus

 were determined by the agar-streak method

 on nutrient agar plate as shown in

 Table 7. A strain of E. coli K-12, CS-2

Fig. 2. Relations among antimicrobial
 activities, RfIV and molecular weight.
* A expresses a concentration at
 more than 100 mcg/ml.
** Solvent system: (e) shown in
 Table 5.

mcg/ml Staph.aureus209±
IOO{

/ // ///IV VI VII VIIIIX X XI XII XIII XIVXVXVIKM
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T able 6. A ntibacterial spectra of tetra-N -phenylalkylkanam ycins (M IC : m cg/m l)

C om pounds

aa im itfuKiiiisi II III IV V I V II V III

S taphylococcus aureus 209P 50 12.5 12.5 12.5 50 > 100 100 100

B acillus subtilis PCI 219 50 12.5 12.5 6.25 6.25 > 100 6.25 25

Sarcina lutea A T C C 9341 100 50 25 25 100 > 100 100 > 100

E scherichia coli 100 50 25 25 > 100 > 100 > 100 > 100

S alm onella enteritidis 1891 50 100 100 50 100 > 100 > 100 > 100

P seudom onas aerug inosa A 3 > 100 > 100 > 100

P seudom onas aeruginosa N o. 4 > 100 > 100 > 100

Pseudom onas aeruginosa N o. 12 > 100 > 100 100

Pseudom onas aerug inosa N o. 44 > 100 > 100 > 100

Pseudom onas aerug inosa N o. 48 50 100 100

M ycobacterium 607 12.5 6.25 6.25 12.5 12.5 100 6.25 12.5

M ycobacterium phlei 12.5 12.5 12.5 12.5 12.5 > 100 6.25 12.5

Table 7. Antimicrobial activities of tetra-N-phenylalkylkanamycins against
 drug-resistant E. coli and Staph. aureus (MIC : mcg/ml)

T e s t o rg a n is m s

C o m p o u n d s

IT Ill IV V II X X I X III K M

E . co li* 5 0 2 5 2 5 > 10 0 10 0 2 5 2 5 6 .2 5

E . co li K - 12 , C S - 2 9> 1 0 0 5 0 1 0 0 > 10 0 10 0 2 5 2 5 3 . 12

E . c o li K - 1 2 , C S - 2 (R - 5 )9) 1 0 0 5 0 5 0 > 10 0 5 0 2 5 2 5 5 0

E . co li K - 12 , M L - 1 6 2 9 10>n ) 1 0 0 5 0 5 0 > 10 0 1 0 0 2 5 5 0 > 1 , 0 0 0

S ta p h . a u r e u s 2 0 9 P * 2 5 6 .2 5 6 .2 5 5 0 1 2 .5 6 .2 5 1 2 .5 3 .1 2

S tap h . a u r e u s 3 - B -2 2 * * 6 .2 5 6 .2 5 6 .2 5 5 0 1 2 .5 6 .2 5 1 2 .5 > l , 0 0 0

S tap h . a u r e u s 3 -B - 2 9 * * 1 2 .5 1 2 . 5 6 .2 5 1 0 0 1 2 .5 6 .2 5 1 2 .5 > 1 . 0 0 0

S tap h . a u r e u s 3 - B - 4 4 * * 1 2 . 5 6 . 2 5 6 . 2 5 5 0 1 2 . 5 6 .2 5 6 .2 5 > 1 , 0 0 0

S ta p h . a u r e u s 3 -B -7 5 * * 6 . 2 5 6 . 2 5 6 . 2 5 5 0 1 2 . 5 6 .2 5 6 .2 5 > l , 0 0 0

S ta p h . a u r e u s 3 - B -7 8 * * 6 . 2 5 1 2 . 5 6 . 2 5 5 0 1 2 . 5 6 . 2 5 1 2 .5 > 1 , 0 0 0

S ta p h . a u r eu s 3 - B - 10 2 * * 1 2 . 5 1 2 . 5 1 2 . 5 1 0 0 5 0 6 . 2 5 1 2 . 5 > 1 , 0 0 0

S ta p h . a u r eu s 3 - B - 1 1 6* * 1 2 . 5 6 . 2 5 6 . 2 5 5 0 2 5 3 . 1 2 1 2 . 5 5 0 0

S ta p h . a u r eu s 3 - B - 13 5 * * 1 2 . 5 6 . 2 5 1 2 . 5 1 0 0 1 2 . 5 6 . 2 5 1 2 . 5 1 , 0 0 0

* sensitive to kanamycin. KM : kanamycin monosulfate monohydrate
** isolated from patients (in the Hospital of Tokyo University)

(R-5) was shown to inactivate kanamycin9'10) and Umezawa et al.7) found that the

 inactivated form is kanamycin-6'-acetamide. Another strain of E. coli K-12, ML

162910) was proved to inactivate kanamycin by transforming it into kanamycin-3'

0-phosphaten). Both strains of E. coli have R-factor capable of transferring drug

resistance to chloramphenicol, tetracycline, streptomycin, kanamycin and sulfa-drugs.
The tested kanamycin-resistant Staph. aureus strains were isolated from patients in

 the Hospital of Tokyo University.
The derivatives tested against these resistant strains have activities practically

 equal to those against sensitive strains. Okamoto et al.9) reported that the inactiva

tion mechanism in E. coli having R-factor play an important part in drug-resistance

 mechanisms. Therefore, the derivatives tested are considered to exhibit activity

 without inactivation by the organisms, probably because the derivatives have substi

tuents bulky enough to prevent inactivating enzymes from forming a complex with
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I X X X I X II X I II X I V X V X V I K M

1 0 0 12 . 5 12 . 5 2 5 1 2 . 5 2 5 1 0 0 > 10 0 3 . 12

2 5 12 . 5 6 . 2 5 2 5 6 . 2 5 6 . 2 5 5 0 1 0 0 < 1 .5 6

10 0 1 0 0 2 5 > 1 0 0 5 0 5 0 > 1 0 0 > 10 0 2 5

> 10 0 50 2 5 > 1 0 0 1 0 0 > 1 0 0 > 1 0 0 > 1 0 0 1 2 .5

> 10 0 5 0 2 5 > 1 0 0 5 0 > 1 0 0 1 0 0 > 1 0 0 1 2 .5

> 1 0 0 1 0 0 1 0 0 > 1 0 0

> 10 0 5 0 1 0 0 > 1 0 0

> 10 0 5 0 1 0 0 > 1 0 0

> 1 0 0 5 0 1 0 0 > 1 0 0

> 10 0 2 5 1 0 0 5 0

5 0 12 . 5 6 . 2 5 > 1 0 0 6 . 2 5 5 0 2 5 1 0 0 3 . 1 2

2 5 12 . 5 1 2 . 5 > 1 0 0 1 2 . 5 1 0 0 5 0 5 0 3 . 1 2

the kanamycin molecule.

Similarly the bulky substi

tuents must have a "hin

drance effect" on cell wall

 permeability and complex

 formation with the site of

 action, that is, ribosome

mRNA complex. The di

munition in activity a

gainst sensitive strains due

 to N-substitution can be ex

plained by the "hindrance

 effect" mentioned above.Experimental

Melting point are not corrected. Ultraviolet absorption spectra (Table 3) were taken

 with a Hitachi recording spectrometer EPS-2U. Infrared absorption spectra (Table 3)

 were taken in KBr tablet with a Hitachi infrared spectrophotometer EPI-S2. Primary

 amine nitrogen determination (Table 2) by Van Slyke methodu) was carried out by
 deaminating the derivatives (0.025 mmole) in a mixture of 30% sodium nitrite (15 ml)

 and glacial acetic acid (25 ml) for 5 minutes. Elemental analysis data, optical rotation and

 melting points are shown in Table 2.Tetra-N-benzylkanamycin (I) : To a solution containing 300 mg (0.620 m mole) of
 kanamycin A base, 400mg (3.76m mole) of benzaldehyde, 3ml of methanol and 0.3ml

 of distilled water, 150 mg of sodium borohydride was slowly added. The reaction mixture

 was allowed to stand at room temperature for 1 hour and poured into 50ml of water.Resulting precipitate was filtered and washed with water to obtain 728 mg of the crude

 powder. The crude powder was reprecipitated from dioxane-water to give 387mg of

 pure amorphous powder I.Tetra-N-phenylethylkanamycin (II) : To a mixture of 600 mg (1.24 m mole) of kana

mycin A base and 816mg (6.73 m mole) of phenylacetaldehyde, 10ml of distilled water

 and 15 ml of ethanol were added. The mixture was stirred under cooling with ice-water
 for 45 minutes to give a clear solution, to which 700mg of sodium borohydride was

 added. The solution was allowed to stand at room temperature for 1 hour, kept in a

 refrigerator over night, and acidified to pH 2 to decompose the excess sodium borohydride.The reaction mixture was again adjusted to pH 10 with sodium hydroxide, made to 40 ml

 of total volume with water and extracted with four 20-ml portions of chloroform. The

 chloroform extract was concentrated to dryness under reduced pressure, giving 1.2 g of

 crude powder. The crude powder was purified by reprecipitation from benzene-petroleum

 ether, yielding 950 mg of pure amorphous colorless powder II.Tetra-N-phenylpropylkanamycin (III): To a mixture of 600mg (1.24m mole) of
 kanamycin A base and 1,000 mg (7.44 m mole) of phenylpropionaldehyde, 6 ml of methanol

 and l ml of distilled water were added. The mixture was stirred under cooling with

 ice-water for 30 minutes to give a clear solution, to which 450 mg of sodium borohydride

 was added. The reaction mixture was kept at room temperature for 3 hours. An isolation

 procedure similar to that used with II yielded 1.09 g of pure colorless amorphous powder III.Tetra-N-cinnamylkanamycin (IV) : To an aqueous solution (4.ml) containing 1.6 g
 (3.3m mole) of kanamycin A base, 8 ml of ethanol and 2g (15.2m mole) of cinnamalde
hyde (trans) were added. The mixture was stirred at room temperature for 1 hour and
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 32 ml of methanol was added to give a clear solution, to which 750 mg of sodium borohydride

 was added. The reaction mixture was kept at room temperature for 1 hour. A procedure

 similar to that used for I gave 2.77g of crude powder, which showed four spots on the

 thin-layer chromatogram (Table 4). This powder was purified by a counter-current
 distribution process. Three hundred mg of the crude powder dissolved in 50ml of the
 lower layer of the solvent system (Fig. 1) was charged equally into the initial five tubes

 of the Craig type apparatus having 98 tubes. Then 163 transfers were carried out. The
 fundamental procedure and upper layer single withdrawal procedure were applied to the
 initial 93 transfers and next 69 transfers respectively. The peak at Nos. 80^-98 and p 63~
 69 in the distribution curve (Fig. 1) contained tetra-N-cinnamylkanamycin, coincided well

 with the theoretical curve (K=1.20), and gave 118 mg of powder by the isolation procedure

 used for II. Crystallization from methanol gave 65 mg of needle crystals IV.
Tetra-N-2-hydroxybenzylkanamycin-2Na (V) : To a solution containing 300 mg (0.620 m

 mole) of kanamycin A base, 450mg (3.68 m mole) of salicylaldehyde, 3 ml of methanol and
 0.6 ml of distilled water, 200 mg of sodium borohydride was added. The reaction mixture

 was treated by the same procedure as I, giving 314 mg of colorless amorphous powder V.Tetra-N-3-hydroxybenzylkanamycin (VI) : To a solution containing 485 mg (1.0 m

 mole) of kanamycin A base, 634mg (5.2m mole) of m-hydroxybenzaldehyde, 3ml of

 methanol and 0.5ml of distilled water, 300mg of sodium borohydride was added. The

 reaction mixture was allowed to stand at room temperature for 5 hours, adjusted to pH
 8.8 and combined with 20ml of water. Resulting precipitate was filtered, washed with

 water, and reprecipitated from ethanol to give 370 mg of amorphous powder VI.Tetra-N-2-methoxybenzylkanamycin (VII) : To a solution containing 300 mg (0.620 m

 mole) of kanamycin A base, 500mg (3.67m mole) of o-methoxybenzaldehyde, 3 ml of

 methanol and 0.3 ml of distilled water, 200mg of sodium borohydride was added. The

 reaction mixture was kept at room temperature for 1 hour, and treated as described for
 I, yielding 490 mg of colorless amorphous powder VII.Tetra-N-4-methoxybenzylkanamycin (VIII) : To a solution containing 485 mg (1.0 m

 mole) of kanamycinA base, 706mg (5.2m mole) of ^>-methoxybenzaldehyde, 3ml of

 methanol and 0.2ml of distilled water, 300mg of sodium borohydride was added. The

 reaction mixture was treated as described for I, yielding 1.07 g of crude powder. Recrystal
lization from chloroform-ethanol gave 460 mg of needle crystal VIII.Tetra-N-2,4-dimethoxybenzylkanamycin (IX) : To a solution containing 485 mg (1.0 m

 mole) of kanamycin A base, 781 mg (5.2 m mole) of 2,4-dimethoxybenzaldehyde, 10 ml of

 methanol and 2ml of distilled water, 300mg of sodium borohydride was added. The

 reaction mixture was treated as described for I, yielding 890 mg of crude powder. The

 crude powder was reprecipitated from ethanol-petroleum ether and ethanol successively,

 yielding 210 mg of pure amorphous powder IX.Tetra-N-2-chlorobenzylkanamycin (X) : Kanamycin A base (485 mg) and 732 mg (5.2 m

 mole) of o-chlorobenzaldehyde were treated by the same procedure as VIII, yielding 970 mg

 of crude powder. The crude powder was reprecipitated from methanol-water and chloro
form-petroleum ether successively, giving 680 mg of pure amorphous powder X.Tetra-N-4-chlorobenzylkanamycin (XI) : Kanamycin A base (485 mg) and 732 mg (5.2 m

 mole) of ^>-chlorobenzaldehyde was dissolved in a mixture of 50 ml of ethanol and 20 ml

 of water. To this solution, 500mg of sodium borohydride was added. The reaction

 mixture was kept at room temperature over night, concentrated to 10 ml under reduced

 pressure and combined with 30 ml of water. Resulting precipitate was filtered, washed

 with water, and reprecipitated from methanol-water, yielding 590 mg of crude powder.Recrystallization from ethanol gave 410 mg of needle crystal XL
Tetra-N-2,4-dichlorobenzylkanamycin (XII) : To a solution containing 485 mg (1.0 m

 mole) of kanamycin A base, 910 mg (5.2 m mole) of 2,4-dichlorobenzaldehyde, 22 ml of

 methanol arid 1 ml of distilled water, 300 mg of sodium borohydride was added. The reaction
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 mixture was kept at room temperature for 5 hours and treated as described for I, yielding
 1.04 g of crude powder. Recrystallization from ethanol gave 670 mg of needle crystal XII.
Tetra-N-4-methylbenzylkanamycin (XIII) : To a solution containing 485 mg (1.0 m

 mole) of kanamycin A base, 624mg (5.2m mole) of ^-methylbenzaldehyde, 5 ml of

 methanol and 0.2 ml of distilled water, 300mg of sodium borohydride was added. The

 reaction mixture was treated as described for XII, yielding 906 mg of crude powder. The

 crude powder was reprecipitated from methanol-water and chloroform-petroleum ether

 successively, giving 660 mg of pure amorphous powder XIII.Tetra-N-4-isopropylbenzylkanamycin (XIV) : Kanamycin A base (485 mg) and 769 mg
 (5.2 m mole) of ^-isopropylbenzaldehyde were treated by the same procedure as XIII, yielding
 710 mg of crude powder. The crude powder was reprecipitated from methanol-water and

 chloroform-petroleum ether succesively, giving 440 mg of pure amorphous powder XIV.
Tetra-N-3-nitrobenzylkanamycin (XV) : To a solution containing 485 mg (1.0 m mole)

 of kanamycin A base, 785 mg (5.2 m mole) of m-nitrobenzaldehyde, 20 ml of methanol and
 0.5 ml of distilled water, 300 mg of sodium borohydride was added. The reaction mixture

 was treated as described for XII, yielding 860mg of crude powder. The crude powder

 was reprecipitated from methanol-water and ethanol successively, giving 350 mg of pale

 yellow powder XV.Tetra-N-2-hydroxybenzylkanamycinà"2Na (XVI) : To a solution containing 485 mg
 (1.0 m mole) of kanamycin A base, 738 mg (5.2 m mole) of 2-hydroxy-3-methoxylbenz

aldehyde, 5ml of methanol and 1.5ml of water, 300mg of sodium borohydride was

 added. The reaction mixture was treated as described for XII, yielding 1.01 g of crude

 powder. The crude powder was reprecipitated from methanol-water and chloroform

petroleum ether successively, giving 785 mg of amorphous powder XVI.
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