Journal of the Pharmaceutical, Society of Korea
13, 139 (1969)

Nitrogen Mustaid 32| &0l RSt BT
£ R £ - T ;X F.oEE

(Received Dec. 26, 1969)
Dong Kyu Chae, Moon Woo Chun, Kun Chae; Studies on
the Synthesis of Nitrogen Mustard Derivatives

In order to diminish the side effects of nitrogen mustard on cancerthe
rapy, alkyl and heterocyclic radicals were introduced to nitrogen mustard
base. The prepared new nitrogen mustard derivatives are N-bis(a-chloro-
ethyl)-2-furamide, 5-nitro-N-bis(8-chloroethyl)-2-furamide and N-bis(-
chloroethyl) ortamide hydrochloride.
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AR Bel A Zb FA G RS shbel el ARl Biste) W BiEEe] B
ste] e @Sl ub BfEbA 4 Al HEAIEA = alkyl {6, ABHSDHE, FdpE 2
hormone FJ&5o] 9l ow] ool A #:3] alkyl (bl MMl fEMAste BoEe Hibstz
ML SRS HRARSA M S Hikshe BB =4 nitrogen mustard & o] of Jg@gtet.

nitrogen mustard &M= HECBRERIFAA ZH3 ol A4S 2 = screening test
b B 2 Yot RS R [iMEk BUEEARS L BIfERC] #ste] pyrimidine f% 3}
2 heterocycle & #hifystel HER-S WdA7IE BiEst #ES Yok 45 Az
Alkylating agents 24 JAfo] A5+ uracil mustard)i= uracilo] fEg RSl AMEC] A
A ES IS MiE St mustard & ket S HEPERS #7810 [AB¥e] mustard o)
BRI WA 2l eks @idisl 2 Qob.? olel gl Bisol BBRS #ifo]l Hol Fur wBo
uracil BT SRS Qo).

#5552 heterocyclic {bAPrel A ##3) HURiTEACl BH St H5D furan A o
B ste] el actz ME uracil o §AAYQ)  uracil-6-carboxylic acid i orotic
acid & nitrogen mustard & mask @ 2 BAS T A 28 {LEBELEIZA HURBIEAS
Hif#ske] nitrogen mustard o] furan FE#E 2 uracil FWA S ARl o).

B bis(8-chloroethyl) group & 2-furoic acid, 5-nitro-2-furoic acid @ ortic acid 2] amideo]]
REAl % BiEE 71Al N-bis(B—chloroethyl)-2-furamide (), 5-nitro- —-N-bis(p-chloroethyl)-
2-furamide(J]) @ N-bis(8-chloroethyl)-ortamide hydrochloride (Jj)-& Rkl ek, (Scheme
[,1,ID
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x &
I. Bis(8-chloroethyl)amine( V[)2| &5t

1) Diethanolamine hydrochloride([V)&] &5 :
Diethanolamine 35g (0.33 mole)o] #fpefn ol HT5RRS HEEE 40g & AHA 7=

B KIS kol Al WIS KAe s22d KEsw  EikEyEel  diethanolamine
hydrochloride([¥) 47g ¢ o+

2) Bis(B-chloroethyl) amine hydrochloride(N)_J s, A

IV 47g o 3 {%A%9 thionyl chloride 190g & A &= #WEpst=A ok WIKTH %
Hne] BT RS SR A —ABGES ] RS ¥ 75 KT RS thionyl
chloride & #3:81% bis(f-chloroethyl) amine hydrochloride & [yfaitsl-e- 3=c}. alcohol
& DBEAT acetone 0¥ FEHIC. UkE 568(85%) m.p. 216~218°C

3) Bis(B-chloroethyl) amine(V[)¢] &Y :

V 36g(0.02 mole)-& AKie] Fol sty BHIF % 4N--NaOH o & rifnshs il
Bt=] = bis(B-chloroethyl) amine(V[)-& benzene 30m! & HHislz 2 #EE:csle] ok
e Bked® vz ohfRe Rt

2. N-Bis(j-chloroethyl)-2-furamide( [ )2 &

1) 2-Furoic acid(VD& &5 :

MRS, RERE BEBEE = % s00ml o] =35 flask rheo] A2 i3 furfural 100g
(1.02 mole)& Yz @A Kinel A 5~6°C 2 BHlstz KREYel 20°C & dx 4x
E #EH3l A 33.3% NaOH ¥k 82.52(2.06 mole)& #1443 gt oh8 & 185 #re
HEigera 2-furoic acid Na 9o IstiREftol Hriideh. KEWe S|E/AX KBSz o &5
o 5&HEEY E(33m))-& fnetx ether 150ml & 2-furfuryl alcohol & #ijHHigF oh-8 #HhHIs%
o TKIEHE 40% EBEGY 4d0cc) e fne] Eriko 2 st (Congo red) ¥tk #Foz M
2-Furoic acid(VID & WB1H:ET . o2 HiEAETT. KEE 382(76%)m.p. 132~134°C

2) 2~-Furoyl chloride(VD& 4r5%®

VI 22.4g(0.2 mole)o] 5{%&e] thionyl chloride 119g(1.0 mole)& fnalx ki kol A & 2
el reflux gk 4% @%S] thionyl chlorid & stz (b.p. 79°C) #&@sle] 170~174°C o A
2-Furoyl chloride(VD9) EOEBS vt KEE 22.42(86%) b.p. 173°C

3) N-Bis(B-chloroethyl)-2-furamide( [ )9] &% :

VE 13g(0.1 mole)o] V[ 28.4g(0.2 mole)9] benzene k-2 fnsta N-bis(s-chloroethyl)-2—
furamide( [ )9] HEKERC] Hrdde. ol R MEElz 2 %ﬁl@i”] bis(-chloroethyl)
amine BRI -S- BRLQE BT ether oF il ether = FHEHe. WEE 18.92(80%
m.p. 95~96°C

Anal. caled. for CoHy,O,NCl,: C, 45.79; H, 4.70; N, 5.93; Cl, 30.03. found: C, 45. 49;
H, 4.80; N, 5.95; Cl, 29.77.
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3. 5-Nitro-N-bis(g-chloroethyD)-2-furamide( [ )2| & &%

1) 5-Nitro-2—furfural([{)” & 5-Nitro-2-furoic acid(X )9

B, ErAIEY EEEHES KEY RE 500ml o) =% flask o] 5-Nitro-2-furfural
diacetate 29g(0.12 mole), ZKWE/K 120m/ H ##E 60g(0.61 mole) & W FpstAA Kt
Lol A 80~90°C 2 # 30 HHf KHEAI 71 M@ ke 5-Nitro-2-furfural(I{Do] AmRd
ol REYS SRo R AXRHE Bl H-REEARd A 35% HO, 11.7mi(0.12 mole)
& AN %% ek W 1SN @EE% MiEsa 5-Nitro-2-furoic acid(XD #
O] HiHdh. ol iR Bk wRI. oz EHRIH. KRE 13.18
(70%) m.p. 182~184°C

2) 5-Nitro-2—-furoyl chloride(Y[)¢] &5K? :

CaCl, -2 =t} reflux condenser & #iH3 2 #gs N 100ml o flask of X 7g(0.44
mole)3l PCls 9.4g(0.45 moled-& fush= sKift kol A 4 1R fnzatad RS Eufel 2
oh. O] ¥EH-E oil bath(180°C LI F)el A ilsZ# sl b.p. 154~160°/50mm o] 5-Nitro-2-
furoyl chloride(X[D9] ff# e WRIES d&ut. o MikpE-¢(isshd Hokkes 4ot
W38 5.32(68%) m.p. 37~38°C

3) 5-Nitro-N-bis(8-chloroethyl)-2-furamide( [[ )&

X 5.32(0.3 mole)e] VI 8.2g(0.6 mole)] benzene ¥uk-S- Hnslwl Bis(B-chloroethyl)amine
hydrochloride o] Hafiftol Hridteh. oIS B HRFT % benzene AW S BiESH
benzene & BEFEslH 5-Nitro-N-bis(8-chloroethyD)-2—-furamide( [ )¢} @RS 9=,
acetone 0 2 HEFERT . WEE 68(75%) m.p. 57~59°C

Anal. caled. for GgH,(O,N,Cly: C, 38.44; H, 3.56; N, 9.97; Cl, 25.27. found: C, 38.10;
H, 3.43; N, 9.95; Cl, 25.32.

4. N-bis(s-chloroethyl) ortamide hydrochloride 2| &5

1) Orotyl chloride(YID¥ 2 &% :

i Orotyl acid monohydrate & oven r1o] 4} 125°C 2 fEifko] o 74x) #4847 anhydrous
orotic acid & 4t BBE, HHHRY HRRIE EEY KE 500ml 9 three necked flask
o] anhydrous orotic acid 15.6g(0.10 mole), dry thiophen-free benzene 150m! % N,N-
dimethylformamide 0.5m! 2 Estm 7kis Lol A fn#h, 27 iafestd @BeA ETESL
2Y-E] %3] thionyl chloride 40g(0.33 mole)-& fndeh. W T5ETHRIE B EibslelA
¥ 1R VR A 2 ok Kol Ebel IR R BHIA Y] 2 glass filter 2 5| 3EEE o
-& thionyl chloride, benzene & Jl§o 2 pi¥dt = vacuum desicator FHo] A FZERA 7 o}, WG
W, AR 16.88(96%).

2) N-bis(S-chloroethyl) ortamide hydrochloride( [[)¢] &

YI 3.5g(0.02 mole)-g pyridine 50ml o 7 71 32 PGB, JEikol V@ benzene k&
B ER FEEAA sk sG] il FiHideh. stz e &Y 30ml 7R #EEE
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A1A £ RS BER, 94 E&I a0 #E% acetone 50m! & sl 545 FAK
BEFR, HEE Y 2. #BEe MRERER. BUER 2.18(33.3%) m.p. 174~
176°C

Anal. caled for CgH,,0,N3Clye N, 13.27 found: N, 13.32

% =

1. Furoic acid(V[)<e #uisRs furfural & E# KMnO, & Eg{b3ty Jjikxch Cannizzaro X
Jgol k3l Aol yield 7} F.

2. 5~Nitro-2-furfural([{)-& 35% H,0, & fg{k3le] 5-nitro-2-furoic acid(X)E #fiks 5-
Nitro-2-furfural & Zy#fA1 70 fhol B{bA 7] 5-Nitro-2-furfural o] TFzggsle] kol HWe
22 HEE A-—REERNA A 1733w

3. 5-Nitro-2-furoyl chloride(Y[)¢} bis(S-chloroethyl) amine(V[)<] benzene 12 K
rpe) WEOR MR BIEWE sk bis(B-chloroethyl) amine hydrochloride o] {4 (fufihn-& 3
wele] 2235 BRrEI % HOW 5-Ntro-N-bis(3-chloroethyl)~2-furamide & @& 4 A%
t}.
4. Bis(f-chloroethyl) amine hydrochloride( V) #4ils YAliE SEAA oz B thionyl
chloride 2 chlorinationd] 7] & kol i GHARRT Kigo] »h2w ZKEE 0.

5. Orotyl chloride $4&RF orotic acid monohydrate & @Hfs] = [T #Baos HEAE,
anhydrous orotic acid & HAsbH #i(=2 orotyl chloride & 4 + A

5

B

HWErERS AR BIfERY #EE Hifisted A 22 nitrogen mustard FEME ORI
Hiyo = furoyl chloride, 5-nitro-2-furoyl chloride ¥ orotyl chloride & bis(3-chloroethyl)
amine 7 &4 71224 N-bis(f-chloroethyl)-2-furamide, 5-nitro-N-bis(#-chloroethyl)-2-
furamide = N-bis(8-chloroethyl) ortamide hydrochloride & &%3}3i oF.
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