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Syntheses of 6-Aminonicotinamide Derivatives and Their Biological Activities
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Ten derivatives of 6-aminonicotinamide (6-ANA, I), 6-methylamino-(II), 6-ethyl-
amino-(III), 6-isopropylamino-(IV), 6-cyclohexylamino-(V), 6-benzylamino-(VI), 6-di-
methylamino-(VII), 6-diethylamino-(VIII), 6-piperidino-(IX), 6-morpholino-(X) and 6-
pyrrolidino-nicotinamide (XI) were synthesized, and their biological activities were ex-
amined. Similar to I, intraperitoneal administration of IT to XI to male mice of ddY
strain produced acute toxicity, and the main symptoms were paralysis of hind legs and
diarrhea. However, simultaneous administration of nicotinamide prevented appearance
of toxic symptoms. LD, increased in the order of I, IV, VIII, III, II, VI, V, VII, XI,
IX, and X. Effect of these compounds on Lactobacillus arabinosus 17—5 (ATCC 8014),
which requires nicotinamide was examined. In the incubation medium containing
T and IX showed strong and weak inhibitory effect, respectively, on the growth of this micro

* organism, but other compounds did not show any inhibitory effect, or rather showed addi-
tive growth-promoting activity. These compounds, except I, IX, and X, could generally
replace nicotinamide and prometed bacillary growth in the incubation medium which
lacked nicotinamide. The substituted derivatives of primary amines showed greater
replacing activity than the secondary amine derivatives, and in the former, replacing
activity decreased in the order of IV, VI, IT, and V. However, this activity was rather
small and the strongest IV showed only 0.0003 times as much activity as nicotinamide.

Johnson 5? % 6-aminonicotinamide (I) ¢ nicotinamide (NAA) T AMEHERAZRE L. 2
“C McColl 53 % (I) 3% v + @ Walker carcinoma 256 &) L, ‘Shapiro 5Y 13~ A © adenocarcinoma
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Chart 1

1) Location: a) Mitahora, Gifu; b) Tsurumai-cho, Showa-ku, Nagoya.

2) W.J. Johnson, J.D. McColl, Science, 122, 834 (1955).

3) J.D. McColl, W.B. Rice, Can. J. Biochem. Physiol., 35, 795 (1957).

4) D.M. Shapiro, L.S. Dietrich, Cancer Research, 17, 600 (1957).

5) K. Sngiura, C.C. Stock, Acta Unio. Intern. Contra. Cancrum., 16, 780 (1960).
6) L.R. Lewis, C.C. Cheng, J. Med. Chem., 15, 849 (1972).

7) J.H. Boyer, W. Schoen, “Organic Syntheses,” Coll. Vol. IV, 1963, p. 532
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TasrLe I. 6-Substituted Nicotinamides
- Analysis (9)
Appearance . Calcd. @)
Compd. Yield LD,
R- mp (°C) (recryst. Formula (Found)
No. solvt.) (%) — (mg/kg)
' C H N
white prisms \ 52.54 5.15 30.64 :
I HN- 241—242 5y S GHON, 50 (10 (osz) 0O
CH3\ . . .
white needles 55.61 6.00 27.80
It g BT pengenet om0 CHEONs  (55736) (5109) (7i92) 900
Callo, white pri -
_ L prisms 58.16 6.71 25.44
111 H/N 211—213 (H,0) 31.2 CgH,,0ON, (57.70) (6.70) (24.93) 57.5
iso-CsHr, white needles | 60.31 7.31 23.45 o o
v w1 (benzene) 17.0 CHuONy - (g0'38) (7.28) (23.54) -8
v @ N- 183184 White leaflets 359 C.H.ON. 0972 7.81 19.16 45 ¢
S (benzene) : 1 ONs 65748y (7.75) (18.77) 1<
< >- O le7_1ge Whiteneedles oo o o g on. 68.70 577 18.49 o o
- b= (H,0) . 150N (g3791) (5.78) (18.37) :
VI CHS\N s20gaon White PrsmS oo o oo, 5816 671 2544 oo
CHY — (H,0) : sHuONs (57703) (6.70) (25.26) :
- CoHs white leaflets 62.15 7.82 21.75 .
Vi Csz/N— 125127 (L0 o) 32.4  CuHyuONs (@ 01y (7776) (1.60) 54.2-
N white needles . 64.36  7.37  20.47 ‘
IX (HN- 185186 ' 50.0  CuFheONs  (gy'38) (7'36) (30.41) 530-0
ST . white needles 57.96 6.32 20.28
X O\E/N— 210 (H,0) 70.0  C,H,30,N, (57.43) (6.70) (20.13) 983.3
1) white leaflets 62.80 6.85 21.98
X1 HN- 252253 gt 50.0  CiHiONs (55 (3'g3) (a1.87) P29-2

o' measured b.y Behrens-Kaerber method b) lit. 224—226°%)

Wk A v i TR L & KI5 X9 6-chloronicotinic acid chloride &7 1,9 Ny VAR CEER7 v
& =7 H A% EA LT 6-chloronicotinamide X, BEIT =D 1 =L LERBT 3 vORKEA L REEF TR
B, HEY#ED Z L0k, 8RR KY Chart 1 1, Boh b8¥% Table I &, FhFEhR L.

VN

£ B o #

& 6-Chloronicotinamide 1 mole =% L, 5mole OFEK7 3+ v 50% KBEWEML, ZOREESY

TG T, WR 150—160° MBI 5—6 BRINE L T, EE‘J%’!\:@%Lé\Eﬁ“é ENMTER., ZORT
methylamino E#utk (II), isopropyl BE#atk (IV) 2k, RIEREHEE7 v Fs7e<tenld, 7xbv-=
27 =AEE (4:1) YHAVTERE, BREL, SohcEBarESEL L CHMRE2Ex. 26y II-XI) i,
VTR ARE L CHELBCEBETH . KLY ORSE, MR, B, TRA/VEL Table I R L 7.

LD, A% &2 HEHEE ddY RiEOMHE 20g Ao~ v A& 5B, HERN 1 HEH L &0
LD;, % Behrens-Kaerber ¥z X » 3k, TableI ik Lz, B 10 BRI & L. Eiay (D
‘Aldrich Chemical Co. S # A LTHH L., BRAECYUEOFER Y N BEME, EHAEKTHERL pH'
7.0 RRAELTEHALL.

Lactobacillus arabinosus (TS DHMEMFEHOBRTT I X UOZEL08KRLE II—XI o 11 #Hfkic o
W, =25+ v (NA) RXWP=axvEE7 I F (NAA) oBBCHAW bR 298 E Lactobacillus arvabinosus:
17—5 (ATCC 8014) =X 2 MEYIBEELHRE Lic. 2056, NAA FEEFMER L NAA ZEEMOTH
oW T, SREOEEETHRE Lic. BRRE, EMEROMK, BERROAE, BELHow Tk, K

8) W.H. Mills, S.T. Widdows, J. Chem. Soc., 93, 1379 (1907).
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# 14 7 (1950) 5l 0 kI HEML LR, ﬁﬁ*—’.&%i‘%ﬁﬁﬁoiﬂﬂibi *BHEH (=rv2tr=222x 20 2FEAL,
JEE 600 my OFWRE LB L1, :

2 B & R

LD;, P LB MEEEHE ,

Table I B2 b2l 5K, BE—K7 v, BK/7 s vBERE (II—VIIL) CL_BR7 ¢ vEHRE
{IX—XI) OFjdt LDs EAKTH o AHBEERE Lf-ﬂ£m&ﬂ&@ﬁﬁﬁ§%a{?&), TR, MR, &, &
BRI EVBEIR, 3—T7 BB L. BR 7 s VE
L TIIES 30 2 DIPICBER LR 2 g3 0 2 Mo
A, ZOERIE—BECBHRIER LTk sy
LRARBRE LS LB NAA ZEEAEE L TR,
WERE e & D QM BIERE RS 5 W IINE - B 2 &N
R,

6-ANA ZFEIKD Lactobcillus arabinosus [T+ B2 HET
{REER
© 6-ANA FHilifkiz NAA & BB CTH 555, 3 6-ANA
CEREA NAA LHEU U Lactobacillus avabinosus I %3
LRBERERELB THIENEHEN L. COBRNTHERTF
NAA %@ ¥, BxOWRED 6-ANA (I) ¥ X
- % 6-ANA HaEfk (II—XI) Z Ut Lacsobacillus avabi-

T %
30t

- mosus 17-5 (ATCC 8014) % #:fE, 24 BrEBBOBE » X% 1000 4b 8’0]2‘0 2(‘)0 400mcg/ml
B CHIRL, F0kE% Table IT %1 ¢ Fig. 1 it R Concentration of 6~ substxtuted mcotmamides
Lz, 024 10 20 : 40 ng/m)

I IX. X Concentration of nicotinamide (NAA)
COBRERS LD L5, LIX, X e, —# Fig. 1. Growth Curve of Lactobacillus

CRERICHEA L7 6-ANA B #id Lactobacillus ambz’nosus arabinosus in the Presence of Nicotin-
JCH URBE O2IXD 500 NAA 1 RIB3 5 85 24 ba0s (L 18 amide or 6-Substituted Nicotinamides

TasrLe II. Growth of Lactobacillus avabinosus in the »Presence of Nicotinamide
(NAA) or 6-Substituted Nicotinamides

Transmission percentage

Compd. Concentration of NAA Concentration of test compds.
No. (ng/ml) (meg/ml)
0 2 4 10 20 40 0 40 80 120 200 400
NAA 100 89 83 65 48 39 — —_ = — — —
I — —_ — — — — 100 100 © 100 100 100 100
II — — —_ — _— - 100 81 75 74 70 59
111 — — —_ - — — 100 83 78 75 7271
v —_— = = == 100 60 44 38 32 27
v o — — — — — — 100 82 77 74 69 64
VI — S — — — — 100 78 73 69 60 53
VII —_— —_ — —_ — — 100 82 82 82 92 80
VIII —_ = — S — — 100 88 87 83 82 81
IX J— —_ — — —_ — 100 100 . 100 100 100 100
X S _ — S 100 100 100 100 100 100

X1 _ - = - = 100 8 8 90 8 80

9 WRENS, N8, 4F—%, 3HKsk 85,1071 (1965).
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/

M%ER Ui, C0 NAA REBRINE 7 « vERESHZRT ¢ VEREL ) K s@em L. Tk
B 7 3 vBRERORTIE isopropyl (IV) ﬁi%j:f‘, benzyl (VI), methyl (II), cyclohexyl (V) D JE /N &
7o ot Loy L ORBIHE—ABC/NT, BAD isopropyl B#ifA T3 NAA OJiffix 1 & LR LIcRIIC
1/3300-(0.0003) 158 X 7ahs» 7.

6-ANA F/BHO NAA [CHT DHEHER

NAA 2 ng/ml 35X 0 4 ng/ml OFLETHEEHIC, Bax DR, cBED 6-ANA (I) X0 6-ANA FHE (&
(II—XI) Z¥RML T B, Lactobacillus arabinosus 17-5 (ATCC 8014) % #AEREH L, 24 R OWEL KR
H@EsCHlET A B L v, 6-ANA FHEAD NAA i+ 5EIIERAOREY TR Lic. ZOBRELR &
H% Table 111, Fig. 2 3 X 0¥ Table IV, Fig. 3 KR L7z, Thi R5 &bs L5, F{LaY 6-ANA (I) &
Db ORFEREC IS & NAA 1L LI ERIFAS R L. $hbs NAA 2 ng/ml £77554 T 1 © 200 meg/

TaBLE III. Effect of 6-Substituted Nicotinamides on the Growth of
Lactobacillus arabinosus coexist with NAA (2 ng/ml)

Transmission percentage

Compd. - Concentration of test compd. (mcg/ml) added to NAA (2 ng/ml)
No.
0 40 80 120 200 .. 400
I 82 83 86 . 91 . 100 100
II 82 87 73 70 68 65
11T 82 82 77 75 73 ' 69
v 82 61 52 45 40 34
A 82 80 77 74 68 65
VI » 82 72 67 65 59 55
VII 82 . 91 85 83 82 74
VIII 82 83 78 77 76 75
IX 82 78 75 69 75 89
X 82 83 88 85 82 72
X1 : 82 " 86 81 78 77 73
T ‘% T 9:7 _—___;#’——f‘ XV-
30; 30 5
40| 49
-V
50 50 I
./‘ I
- A
60 60 ﬁ il
7 VI
70 I . X
. 70 7 _-,‘______‘_ﬁ_v?.___ﬁf_._,gﬁ:_XLNAA
N\ 4ng/ml
80y 80
go ) 90‘ o .\
100 i L I\AI : ! 100 L) I i 1 I
40 80120 200 ' 400meg/ml 2040 100 200 400 mcg/ml
Concentration ‘of 6-substituted nicotinamides Concentration of 6-substituted nicotinamides.
Fig. 2. Effect of 6-Substituted Nicotin- Fig. 3. Effect of 6-Substituted Nicotin-
amides on the Growth Curve of Lacto- amides on the Growth Curve of Lacto-
bacillus avabinosus coexist with NAA bacillus avabinosus coexist with NAA
(2 ng/ml) | (4 ng/ml) | |
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“TasrLe IV. Effect of 6-Substituted Niéotinamides on the Growth of
Lactobacillus arabinosus coexist with NAA (4 ng/ml)

Transmission percentage

Colzrnpd. Concentration of test compds. (mcg/ml) added to NAA (4 ng/ml)
o.
0 20 40 100 200 400

I 72 72 74 77 89 99
11 72 72 61 67 69 51
I1I 72 70 68 65 63 61/
v 72 64 50 31 26 25
v i 72 65 64 61 55 46
VI 72 : 76 65 39 33 32
VII 72 67 - 63 63 59 ’ 58
VIII 72 69 68 65 62 61
IX 72 65 59 61 57 - 67
X - " 72 67 65 - 63 59 54

X1 72 76 74 75 72 71

ml, NAA 4 ng/ml 4454 C I @ 400 meg/ml 2%, ThZhEERFBEMHELRL, HHEALRE 1:10° ©
Boiz. Lnadie T OEELUMLEY OFT, piperidino Biifk (IX) W HAEYENHIER "R D b
DK T, Mo 9 D 6-ANA FHfk CIEBMBAMEIITRA SRD ST, M NAA i LI ek Y
[EFASRD bRk, cO NAA RE(EAOESIE NAA 2&F iRV CRE Lic NAA REBMEARE 0
REREBEPTL, H—RT 3 ‘/ﬁ@ﬁ:ﬁik'@% D, H—T 3 VBB O F TLX isopropyl (IV) 2R KT,
benzyl (VI), methyl (1I), cyclohexyl (V) DIEFFIC/INE 55 7.

% £

DB = 2 F VERRETAEY ©5 b, 6-ANA(I) I©onTE, r%}—i%ﬁ%mﬁ@%ﬁaﬂ 3 VIER & LCEREY)
BT B R, EREBCH T ABEAETER Sh, MEMERC OV TS T DIMENE S
Mote., LHAREIRDO Y 51l I oA BE Lactobacillus avabinosus % 3 HBEFEMGHWERE AR B
T DIZERL D 5. v

LB EZLOS Lz 10 o 6-ANA SHFltk (II—XI) 13, I & oSSR S 53, NAA
fERsH ¢ piperidino Btk (IX) WCHGHIEIIHIER AT DRI T, NAA G % W08 70 ) fF R 1%
B ERDSRT, BIRETIE NAA T 2 BEYREIREFER 2R bhi, i NAA R& K ©IX
6-ANA (I), piperidino (IX), morpholino (X) TIIF®D bR L » 722, T OMOLAY Tlr— R FIRE T
NAA BT 5 MAEMRE REFANED bR, -0 NAA R COREREEROREX NAA &%
B © NAA AT 5 REREFROBBOFII & BIEFHTL, F—H7 3 vEBHE 25 J) T, isopropyl
(IV) 73% » & b k& <, benzyl (VI), methyl (II), cyclohexyl (V) DJEIC/AINE 7o » e, TTHREES DO AR Lic
10 #ED 6-ANA FEMKIZFR/LAY 6-ANA (I) LR~ v ADEBENEE X O TEREY X8 & T 588F
MEERE R L, LDs RFEMEY () 233 » & & /& {, isopropyl (IV), diethyl (VIII), ethyl (III), methyl
(IT), benzyl (VI), cyclohexyl (V), dimethyl (VII) DJERF I AE Y, BIR7 3 vERGAC 2 X BbRKE
ot FEMRELERE NAA RREHEC X DIRES, HARI®LZ EVAHK D 6-ANA(I) 8L O 6-ANA
Stk (II—XI) 0= a5 VEHEGFAE LTOBESERBEEEL bRhD. ZRICH LT Lactobacilius avabinosus
XL, I 238, IX 23880, FREPRBEENGFIEALRLCOAT, Mo 6-ANA FEAII—RIC R BR
EEAYR LA S, BEEWEBREYE CT= a7 VEBERADORTHRE D LSXESFERORTK B 2R
NhdHldEELZLND.

10) R.M. Hochster, J.H. Quaster, ““Metabolic Inhibitors,” Academic Press,- New York & London, 1963,
Vol. I, pp. 466-—468, Vol. II, pp. 12—15.
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