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Regiospecific N-, N'-Monoalkylation of Ditertiary Diamine Compounds
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Abstract— N-monoalkylations of ditertiary diamines succeed best in nitromethane or ethanol at
low temperature, unsymmetrical piperazine and piperidine compounds react selectively under these
condition at the sterically less hindered nitrogen atom.

Keywords [ ] 4-(2-Hydroxyethyl)-1-methylpiperazine, 4-dimethylaminomethyl-1-methylpiperidine

Ditertiary diamine#2] monoalkyl3} 3}3&2 &
o) ghA),1"® 3kl 478 acetylcholinesterase bloc-
ker™® Hog tjokslAl Al4-slzm gl

agd o&
monoalkyl3} k8-l 2j3} quarternary ammonium
salts®] &A1-2- 3+ o}ul?] basicity ¥ steric hindra-
ncer} HFEAF e AR BH1YE glon}
ol gl wigt FAHo) L A H AF= HE 5o
WA wth olE #gEEe] $87FsAe) IAtke
AbA-g 7kelks]l 2 of unsymmetric diamine$-9) re-
giospecific monoalkyl3} ¥l-2-of °33F-g T+ nucleo-
phile 2 ) A-FZ(Raumerfuellung) #le]ol] gk &
= & Fu)7} dnh webA ditertiary diamine©.
ZHE] partial & regiospecific N-monoquarter-
nary-& 17] 918 AWM i Alekrfarg 9slke
ey} At ot

B A#o) 4] mono-and isomonoalkyld} wk3-&
olefjet 72 wiyjo g YAk AZYE BY CE
FA3h7] flsll A= Nle] N* Kol A vkgo] o] F
o] zjof glr). Coll 4 D& A 3l7) sl M= Bk 74
e 7el a7EY WA =d" s7h 2%

ditertiary diamine#2] regiospecific

Es

190

o

AAYVEHE Z& Fsok 3L hydrogenolysis'? el
s DellA EE A wf Exbo] o At ¥

$ol $AL WEobE folsin] AT,
s

Ak 9 Z|7| -8l A+ A]RFER Aldrich
chemical companyell4] 48t om & AlFE-2
dgAlebe AA s @ AHg-skgch TLCE 4
aluminium oxide 60F>(Type E) MerckZ coating®
alufolie plated AF8-3}1 2 w4 A]eko 2+ dragen-
dorff reagent(Munier and Machboeuf) -+ ninhy-
drin(0.3g ninhydrin, 10 m/ butanol-(1), 3 m/ glacial
acetic acid)& AHE3ldch. §3-e  Gallenkamp
MFB-600-630W& AH-8-3te] ZAsla wAst=] ot
t}. IR spectrum- Perkin Elmer Model 783 infrared
spectrometer & AF-4-8}ed KBr pellet2 2 &8t}
UV spectrum< Perkin Elmer Lambda 58 &3]3}
%t} '"H-NMR spectrum TMSE Z&EHE 3o
Bruker AMX-400 spectrometer& A}-4-3}o] 3]s}
oich. R14EAHd+= Carlo-Erba-EA 11088 143814
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Fig. 1— Synthetic Pathway

o}
4-(2-Hydroxyethyl)- 1-methylpiperazine( 1) £} —
4-(2-Hydroxyethyl)-1-piperazine 26.0g(0.2 mole) o
ice bathell#] 35% formaldehyde 37.7g(0.44 mole) 3}
85% formic acic® !¢ 54.1g(1.0 mole)& HF&}w 4
7}gF % oil bath’d 60T 4] 327 #7FA12) ¥ 6N
HCl 36 mi-E 7}3}le] pH3o2 & ¥ Az vh(70.4
g). th8- E3} NaOH £ 41 m/E 7}3}e] pH 1028
Hejgt ¥ o]7}5 T 33] benzene 30 mIE &3}
MgSO. & 7hsl a-2ng wAg 3 A#Hsla HAx
AZek AL Firetel FYHA(DE ok

£E.8 1 205g(71.4%)

bp : 74~78C(6 Torr)

IR(KBr,cm ') @ 3240(OH),1460(CH,), 1340(CH,)

'H-NMR(D,0) : & 3.65(t, 2H, J=5.7Hz, -CH,-),
2.48~2.57(m, 10H, -N'-CH,X 3, -N-CH,X2), 2.30(s,
3H, -N-CH»)

4-(2-Hydroxyethyl)-1,1-dimethylpiperaziniumiodide
(1a)2] B —4-(2-Hydroxyethyl)-l-methylpiperazine
(1) 0.72g(5 mmole) ¥ methyliodide 0.71g(5 mmole)
£ nitromethane " 12 m/ell &34A17 A2 7
A7 kA7l F whgslel WA (la) & Lok

SEg 1 120g(84.6%)

mp © 141C

UV AM9nm © 2186

IR(KBr,cm ) : 3420(OH),2860(CH),2820(CH,),
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1480(CH,), 1370(CH;)

'H-NMR(D,0) : § 3.73(t, 2H, J=5.7Hz, -CH,-),
3.48(t, 4H, J=4.0Hz, -N-CH, X 2), 3.20(s, 6H, -N-CH,
X2), 2.92~298(m, 4H, -N'-CH,x2), 2.72(t, 2H,
J=5.7Hz, -N'-CH,)

Anal, Calced for CgH1oN,OI(m, w, 285.98) : C 33.57,
H 664, N 9.79

Found : C 34.07, H 683, N 991

4-Methyl-4-(2-hydroxyethyl)-1, 1-dimethylpiprazi-
niumdiiodide(1b)2|  #H4 —4-(2-Hydroxyethyl)-1-
methylpiperazine(1) 0.72g(5 mmole) 2} methylio-
dide 2.84g(20 mmole)-& nitromethane 12m/o]| &
A1 70T A 8AIZE wb-EAlA]l F ubfate] s
AXR(1b)& L}

SE8 0 1.98g(925%)

mp . 275C

IR(KBr, cm 1) © 3460(0OH), 2960(CH,, CH3), 1480
(CH,), 1350(CHy)

'H-NMR(D,0) : & 3.84~4.01(m, 6H, -N'-CH,-N-
CH;X2), 3.74~3.81(m, 2H, -CH;-), 3.59(s, 9H, -N-
CH;X2, -N'-CHj), 3.35~3.37(m, 4H, -N'-CH,x2)

Anal, Calced for CoH:N.OI(m, w, 427.89) . C 25.26,
H 514, N 6.54

Found : C 2586, H 532, N 6.75

4-(2-Hydroxyethyl)-1-benzyl-1-methylpiperaziniu-
mbromide(1¢)2] £ —4-(2-Hydroxyethyl)-1-meth-
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ylpiperazine(1) 0.72g(5 mmole)3} benzylbromide
0.85g(5 mmole)-% nitromethane 12 miol| $-3}4]#
Aol A 22417 vkgA17) F o 72 Ehedvh(2.42
g). v|&A fFAHE-218 8m/ nitromethane . Z 2]
st WA (10)S AYrh

458 1 1.359(85.9%)

mp : 167C

UV AY9%nm : 204.5, 2545, 2615, 268.3

IR(KBr, cm ') : 3340(OH), 2900(CH,, CH,), 1480
(CHy), 1360(CHy), 770,720(arom.)

'H-NMR(D,0) : & 7.56~7.61(m, 5H, arom.), 4.61
(s, 2H, benzyl-CH,), 3.75(t, 2H, J=5.7Hz, -CH;-),
3.55~3.58(m, 4H, -N-CH» X 2), 3.05(s, 3H, -N-CH.),
2.74~3.07(m, 4H, -N'-CH,x2), 2.73(t, 2H, J=57
Hz, -N'-CH.)

Anal, Calced for C;sHy3NoOBr(m, w, 315.04) : C
53.33, H 7.37, N 8.89

Found : C 53.14, H 7.43, N 893

4-Methyl-4-(2-hydroxyethyl)-1-benzyl-1-methylpi-
peraziniumbromideiodide(1d)2] %A —4-(2-Hydrox-
vethyl)-1-benzyl-1-methylpiperaziniumbromide (1¢)
1.575g(5 mmole) 3} methyliodide 2.84g(20 mmole)
- nitromethane 95 miol] &38)A]# 70Tl 4 1747}
MW-&-A17 3 whgste] w3 A (1d) S ok

PR 1.99g(87.0%)

mn . 196C

IR(KBr,cm ') © 3360(0OH), 2980(CH,, CH3), 1470
{CH.,), 1360(CH,), 760,710(arom.)

'H-NMR(D;0) : 6 7.54~7.65(m. 5H, arom.), 4.93
~4.95(s, 2H, benzyl-CH,), 3.90~3.95(m, 2H, -CH:-),
3.61(s, 3H, -N'-CHj), 3.53~3.79(m, 4H, -N-CH, X 2),
3.45~3.48(m, 6H, -N'-CH, X 3), 3.16(s, 3H, -N-CH3)

Anal, Calced for CisHysN:OBrl(m, w, 456.95) . C
3940, H 5.74, N 6.13

Found : C 3942, H 5.62, N 6.18

4-Methyl-4-(2-hydroxyethyl)-1-methylpiperaziniu-
mchloride(1g)2| £ --4-Methyl-4-(2-hydroxyethyl)
-1-benzyl-1-methylpiperaziniumbromideiodide(1d)
0.457g(1 mmole)-& & 20 m/ol| G317 F Fol
2F5%] column® (anion exchange II, Fa, Merck
4766, E)ol A F A2AA FH fFAEH 4
methyl-4-(2-hydroxyethyl)-1-benzyl-1-methylpipe-
raziniumdichloride(le) & <%t}

58 1 0.315g(98.4%)

IR(KBr, cm ') : 3360(OH), 2980(CH,, CH3), 1470
(CH3), 1360(CHj), 770,720(arom.)

'"H-NMR(D,0) : 8 7.57~7.65(m, 5H, arom.), 4.85
~487(s, 2H, benzyl-CH,), 3.85~4.16(m, 6H, -N-
CH, X2, -CH;-), 347(s, 3H, -N'-CH3), 3.46~3.89(m,
6H, -N'-CH,x3), 3.26(s, 3H, -N-CHy)

Hh-S- A A E- 0.320g(1 mmole)& F% EtOH 30 m/
o g8lA]# Pd/C 5% 150 mg % H, gasZ hydroge-
nolysis®? A7) ¥ oj=}slx 7zsle] w]HA 4-me-
thyl-4-(2-hydroxyethyl) -1-methylpiperaziniumhyd-
rodichloride(1f) 0.22g% A%t 24 E(1) 0.22
g% & 3mlo £314]7]5L 2N NaOH 3 miE 7}shed

J. Pharm. Soc. Korea
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pH10e.2 & F 71z2zich ¥4 EtOH 7 miell A
NZ@A sk w8y 1A (19E At

SEg :0.191g(98.4%)

UV AeMnm © 202

IR(KBr,cm ') : 3420(OH),2960(CH,),2820(CH,),
1450(CH,), 1360(CH;)

H-NMR(D.0) : 8 3.63~3.68(m, 9H, -N'-CH, -N'-
CH,X3), 348~3.63(m, 2H, -CH.,-), 3.42(s, 3H, -N'-
CHy), 2.27~250(m, 4H, -N-CH,x2), 2.25(s, 3H,
-N-CH;)

4-Dimethylaminomethyl-1-methylpiperidine(2)2|
MM —4-Aminomethylpiperidine 22.81g(0.2 mole) &
ice bathell 4] 35% formaldehyde 58.5g(0.66 mole) ¥}
85% formic acid 81.16g(15 mole) - aikatw 4] 7}t
# oil bathell 4] 80CZ 2147 3741915 6 N HCI
54 miE 7}3ted pH3C & 3 F 71747 c}(64.28g).
Azl AR-Eoll 50% NaOH £} 2 g} pH
1002 & ¥ o37sle] 23] ether 20 ml & F-%8}o]
Az ¥ FHac

T 1 15.43g(49.4%)

bp : 64~66C(12 Torr)

UV A%nm : 206.2

IR(KBr, cm 1) : 2910(CH.,
1460(CH,), 1380(CH;)

'H-NMR(DMSO-d.) : § 1.87~2.82(m, 4H, -N'-
CH,x2), 2.10(s, 3H, -N'-CH3), 2.07(s, 6H, -N-CHs
X2), 0.87~187(m, TH, -CH, X3, -CH)

4-Trimethylammoniummethyl-1-methylpiperidi-
neiodide(2a)2] $ —4-Dimethylaminomethyl-1-me-
thylpiperidine(2) 0.78¢(5 mmole)#} methyliodide
0.71g(5 mmole)-% nitromethane 15 m/ol] £-3 A #
Aol A 15417k kg Al F whyahod A 2 2] (2a)
+ 4k

£Eg 1 1.19g(79.8%)

mp : 194C

UV AMnm : 2137

IR(KBr,cm™!) : 2940, 2820( CH,, CH;), 1460(CH,,),
1410(CH,, CHyp

"H-NMR(DMSO-d.) : 83.11~3.49(m. 6H. -N-CH.,
-N'-CH,x2), 3.14, 3.19(s, 9H, -N-CH;Xx3), 231~
2.33(m, 1H, -CH), 2.18(s, 3H, -N'-CH.), 1.61~1.92
(m, 4H, -CH,X2)

CH:{), 276()(CH;),

Vol. 35, No. 3, 1991

Anal, Calced for CioHaNoI(m, w, 298.02) : C 40.30,
H 7.72, N 940

Fonnd : C 3947 H 6.88 N 8.89

4-Trimethylammoniummethyl-1,1-dimethylpiperi-
diniumdiiodide(2b)2| £ —4-Dimethylaminomethyl-
1-methylpiperidine(2) 0.78g(5 mmole) 3} methylio-
dide 2.84g(20 mmole)-S& nitromethane 15 m/ell £
s A1AH 60T 4] 16A]17F ub-g-A7] F= vhya]# 844
2 (2b) & d3dch

FEF 1 1.90g(86.7%)

mp - 279C

IR(KBr, c¢m™') : 2940(CH, CHa),
1410(CH,, CHy)

'"H-NMR(DMSO-ds) : 8 3.40~3.57(m, 6H, -N-CH,,
-N"-CH. X 2), 3.19(s, 9H, -N-CH;X3), 3.12(s, 6H, -N'
-CH3x2), 2.38~240(m, 1H, -CH), 1.94~2.14(m,
4H, -CH,x2)

Anal, Calced for C;;H6NoI.(m, w, 439.93) : C 30.03,
H 591, N 6.37

Found : C 2992, H 630, N 6.29

4-Benzyl-dimethylammoniummethy!- 1-methylpipe-
ridinebromide(2¢)2| £} —4-Dimethylaminomethyl-
1-methylpiperidine(2) 1.56g(10 mmole) ¥} benzylb-
romide 171g(10 mmole)-S nitromethane 20 m/ol|
S A A Aol A 24A17F HEEA 7] F- Sul] 5 miel] 4]
HAMAH(20)& Aot

PG 2.740(83.7%)

mp - 154C

UV AV "nm @ 204.0, 257.0, 2614, 267.5

IR(KBr, c¢m ') :2940(CH,, CH), 1460(CH,),
1380(CHy), 770,710(arom.)

'TH-NMR(D,0) : § 7.57(s, 5H, arom.), 4.52, 4.56
(s. 2H, benzyl-CH,), 3.14~348(6H, m, -N'-CH, X2,
-N-CH,), 2.94, 2.99(s, 6H, -N-CH;X2), 2.30~2.41
(m, 1H, -CH), 2.20(s, 3H, -N'-CH;), 1.46~2.20(m,
4H, -CH,x2)

Anal, Calced for CisHyNBrH.0(m, w, 345.08) :
C 5563, H 840, N 8.11

Found . C 55.16, H 837, N 8.09

4-Benzyl-dimethylammoniummethyl-1,1-dimethyl-
piperidiniumbromideiodide(2d)2] &4 —(2c) 1.635¢
(5 mmole) ¥} methyliodide 1.42g(10 mmole)-& nit-

1480(CH,),
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romethane 20 mloll £Nx]|A 60To|A 2447 FF
A7) & AzAA B3 oilate] EAC)E fAdh

5% 1 2.13g(90.8%)

IR(KBr, cm™") : 2940(CH,,
770,710(arom.)

'H-NMR(D,0) : & 7.57(s, 5H, arom.), 4.57, 4.62
(s, 2H, benzyl-CH,), 3.40~3.55(6H, m, -N'-CH;X2-
N-CH,), 2.98, 3.04(s, 6H, -N'-CH3X2), 3.19, 3.24(s,
6H, -N-CH;Xx2), 2.32~260(m, 1H, -CH), 176~
2.32(m, 4H, -CH,X2)

Anal, Calced for Ci;HzN.BrIH,O(m, w, 486.99)
:C 4188, H 657, N 5.74

Found : C 4144, H 648, N 5.65

4-Dimethylaminomethyl-1,1-dimethylpiperidinium-
chloride(2g)2| #14d —(2d) 2.345g(5 mmole) & & 40
miol] &slAlA oFdIA Seol& wstpA I, Fa,
Merck No. 47662 2 ]2t 7z 7 34 oil4te) B4
4-benzyl-dimethylammonium  methyl-1,1-dimethy!
piperidiniumdichloride(2e) 3 14t}

58 1 1.62g(98.1%)

IR(KBr, cm™!') : 2940(CH,,
770,710(arom.)

HES- A A & 1.665g(5 mmole)& abs. ethanol 20
m/oll &-aiA]z)l F Pd/C 5% 600 mgs 7}3ki H,
gasZ hydrogenolysis A]Z] t}-5 oi#Ae] sz A
FA1A #3124 4-dimethylammoniummethyl-hy-
dro-1,1-dimethylpiperidiniumdichloride (2) 2- i}

TE§ 1 1.20g(98.7%)

CH,), 1470(CHy),

CHj), 1470(CH,),

IR(KBr, cm!) ! 2920(CH,;, CH;), 2690(-N-H),
1470(CHz)

uhe- AP AE 1.215g(5 mmole)& & 2mioll 284
7)1 2N NaOH 3miZ #e]sle] pH10o2 & F
#AzA ) oS £ EtOH 5mig A FR st 1)
4 1420 E Aok

251 0.994g(96.3%)

mp : 127C

UV AMeOtnm @ 202.2

IR(KBr, cm ') : 2960(CH,,
1380(CH,)

'H-NMR(C,0) : & 3.13(s, 6H, -N'-CH;X2), 2.75
~3.28(m, 4H, -N'-CH, X 2), 2.18(s, 6H, -N-CH3X2),
2.04~2.18(m, 1H, -CH), 1.33~1.56(m, 6H, -CH,X3)

Anal, Calced for CyoHsN,Cl(m, w, 206.57) : C58.14,
H 11.13, N 13.56

Found : C 58.14, H 11.13, N 1356

CH;), 1460(CH,),

o o 0@

4-(2-Hydroxyethyl)-1-methylpiperazine(1) % 4-
Dimethylaminomethyl-1-methylpiperidine(2)2| mono
U dialkyl®} @2 — (1) % (2) 3}¢E-2] monoalkyl3}
ul2-2 Scheme 1, 20 XA|%F w9} zbo] nitrome-
thane &7l FolA] ek methyliodide 2 422}
ukg- 273}l A] o] Foix ubEAAE (la), (2a)7}
7tz A= e #}eke] methyliodidest B} 7H&F
uk-g- 2719 60Tl 41+ N,N'-dialkylstgHE<l (1b) ¥

J. Pharm. Soc. Korea
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(2b) 33Ee] A=Atk mono- ¥ dialkyls} ub
22 methyliodide®] moler]2} v} %7} Hh-2o
A F USE 4 7 Utk YA E-S NMR,
g o8 Falslsin)

4-(2-Hydroxyethyl)-1-methylpiperazine(1) % 4-
Dimethylaminomethyl-1-methylpiperidine(2)2] N'-
monoalkyl 3} 2+S— (1) % (2) #3E-<] N'-monoal-
kyl# 8] A2 Scheme 1, 20l FA}%F v}e} 32o) nit-
romethane o4 A&l 4] t}2k2] benzylbromide &
g3t $4 N 235715 =03 ¥ (1c, 20), ¥ H
74t kg 27se) A #eEe] methyliodideZ A2
3ted 70Tl A (1d), 60TANA (2d)E ztzh et

5 E371E AAA77] a4 $4 anion ex-
changeE AF&-3}e] bromide, iodideF chloride2 X
)70 & (le, 2e) hydrogenolysis A17] 2 (1f, 2f)
oG] #2)E sled N'-monoalkylst 313HE(1g, 2g)
£ Aok WA F ovlwH AgE vkl A
FeF2] methyliodide2 471 =¥ of dA =
HdE benzyl?]7} A#HAAY AAHE QAL B F
1912, hydrogenolysis A1 o B57]|8 £9]A])71
benzylZ]%t AA=HGU s }E 7] moleculed F
Ae WA wsiol WRSAAES NMR, 1AEA e
s Zzk gl

g £

Basicityt} steric hindrance7} 4+e]¥F unsymmetric
tertiary diamine 3}3H29] 4-(2-hydroxyethyl)-1-me-
thylpiperazine 2 4-dimethylaminomethyl-1-methyl-
piperidineoll =A1-8-vll nitromethaneoll4] methy-
liodide & uF-A1#H Alg)x4 22 N-monoquarter(la,
2a) ¥ N'-monoquarter(lg, 2g) & z+7z} §Adstelc).
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