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Abstract—The isomeric intermediates, 3a-and 33-amino-5a-cholestane required for the synthesis of
N-nitrosoureas, N-(2-chloroethyl)-N-nitrosocarbamoyl-3a-amino-5a-cholestane (9), N-methyl-N-nitroso-
carbamoyl~3a-amino- 5 a-cholestane (10), N-(2-chloroethyl)~ N -nitrosocarbamoyl-38-amino-5a-cholestane
(7), and N-methyl-N-nitrosocarbamoyl-35-amino-5a-cholestane (8) were obtained through the LiAlH,
reduction of 5a-cholestan-3-one oxime, followed by the chromatographic separation: the assignment of the
stereochemistry of both isomers were based on the shape and chemical shift of Cs-proton resonances on
their NMR spectra and on the elution mobility on the TLC. The urea intermediates, N-(2-chloroethyl)
carbamoyl-3a-amino-5a-cholestane (13), N-methylcarbamoyl- 3« ~amino- 5e -cholestane (14), N-(2-chloroe-
thyl) carbamoyl-38-amino-5a-cholestane (11) and N-methyl-3f-amino-5a-cholestane (12) were prepared
by the treatment of each isomers (3a-amino-and 38-amino-5a-cholestane) with alkyl isocyanates in anhy-
drous CHCls, and the corresponding nitrosoureas, 7~10 were obtained by the nitrosation of the ureas,
11~14, with AcOH (or HCOOH)/NaNQ, in ice-cold condition. The inhibitory activity of the nitrosoureas,
7~10, and their intermediates, 12~14 towards the growth of L1210 murine leukemia cells, were examined.
Among them, the compounds 9 and 10 exhibited high activity having EDs to be 5.5 g/ml and 6. 1g/ml,
respectively.

g AzeA e A dEA FFEA L RIEIEES GAIAS At mH R =
ZeRozA ZH 400zt YAFAEZ2E, A 52 E(progesting), WA E 2-E (androgens)
g o] Q5 2 E (estrogens)-& o] Eu} § 2 E-2| & ¢k (hormone-dependent tumors)®] F4& 7 74|
717] 415te] Atgsted o3 gth Y AEA = FH e cytotoxicityd] 2|3t oA & AR &
FHel Aoz g#A gt HZE Erp o Holio] F IIAE wES 3t zmlEol=
FE2Ee oA AR AL A70t ARH AT ET 2 oA AR o3 E dFE
B &eugt ASE FAZYU. ohuk gl AT FAFEETe] dA4TAE o Fo AREAwt
3 FAFgdL YegidAes Baseo] glth. N-(2-chloroethyl)-N-(3, 17-dihydroxy estra-1,3,5
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(10)-triene-17-yl) methyl-nitrosourea (1), Phenesterin (2), Estradiol mustard (3), Estracyt (4),
Leo 1031 (5), =.#]3 Homoaza steroid ester(6) %o} =z o|tt. o] FHFEEL LAZFAZA
2-chlorcethylnitrosoureido groups} bis(2-chloroethyl) amino groupe] steroide] 3-zk=]o] glr}.
# & 2-chloroethylureas} methylnitrosourea #3&Eo] QATH o2 F83 & FF2A
Q45 Yk o HFEEY FAWYS AAHelA Fslstd H45E 2-chlorocthyldiazo
hydroxide =% methyldiazo hydroxide S3 7 78 AAAA I FA X FA3ey] A F
d Aoz gdA Yok E AFedAE og A#E Edzstd A 24 2-chloroethyl-
ureido groups} methylureido groupe] £-2 cholestane §- =4 59 g FA ] N A E} FFA o
23 6 §43 A2 FEA ALE 98 th&o] dA% 4%F2] N-nitrosoureido cholestane
£z 9] N-(2-choroethyl)-N-nitrosocarbamoyl-38-amino-5a-cholestane (7), N-methyl-N-nit-
rosocarbamoyl- 38- amino- 5a- cholestane, N-(2-chloroethyl)-N-nitrosocarbamoyl- 3a- amino-5a-
cholestane, N-methyl-N-nitrosocarbamoyl-3a-amino-5a-cholestane 3 & 58 3Agsle ol & 3
FEE9 L1210 leukemia cello] g 4L AEF ). oFgw] 7,8, 9, 10 4 F4A 4
ureido cholestane -f- .4} 91 N-(2-chloroethyl)-carbamoyl-38-amino-5a-cholestane (11), N-methyl-
carbamoyl-3-amino- 5 a-cholestane (1), N-(2-chloroethyl)-carbamoyl- 3 a-amino- 5a -cholestane
(13), N-methylcarbamoyl-3a-amino-5a-cholestane(14) %9} FJ4FAAx AE3gd. <335
£ ba-cholestan-3-one (15)¢ ZFLEAE 3o ohg WgAolA 2.9 A= Tt
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‘R=-CH, , 3X-amino
L NaNO:
AcOHor HCOOH {
HN H 7:R=-CH,CH,Cl, 3p-amino
\C_N_R 8:R=-CH,, 3p-amino
/ | 9:R=-CH,CH,Cl, 3o{-amino
O NO

10:R=-CH;, 3d-amino
S L

MeF & J|7|—8 AYol A ALF A gZFel ba-cholestan-3-onee- BDHA &, 2-chloroethyl
isocyanate9} methyl isocyanatel:= %734 A&, =& =2 LiAlH,= Aldrich4 & A}gstg . TLC
%2 silica-gel G (type 60 Merck) 35g8 CHCl; : CH,OH (2:1 v/v)o &£38n] 100mle] &5
EEF Semx12me] $2 %ol FA o 0. 2mmeA W] AgSPod o WA
AN ge &9 A(CeHy: CH,OH=80:20 v/v) &+l B (CHCl;:CH;O0H:NH,OH=85:14:1 v/v)
2+ g} C (CHCl; : CHOH=90: 10 v/v)9] 37}x] &wi& A}1-&3l¢irt. Column chromatography
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N-Alkyl-N-Nitrosocarbamoyl-3a-Amino-2} 38-Amino-5z-Cholestane f %3] 5 65

o Ab83} silica-gel-2& Merck#] (No 7729 mesh 230) & Ar&3tg om columng =] E-o] 4cm, Z
ol 7} 60cmel A-g A&dtRxz &v] BE AMEl=Z AEsgch. m.pE Bichi melting point
apparatus® ZAslg o 2 Z2AXE 2ANA g4t IR A#f 82 perkin-Elmer 710 IR
spectrophotometer& A}-g-3lo] gz NMRA#H EHL CDCl,g &2, TMSE ZEFEAZE AMS-
8l Varian EM-360A H-NMR spectrophotometer& Al-g-3}o] dgich, =3 4 E3}A A A
¢4l = murine leukemic lymphoblast L 12102 Wisconsin o 8 Perman A Ao 4 A&
screw-capped tubes (20X 150mm) of o} 37°Cell A ul o} A]#A AL-&-§)| o= Fishers powder medium
€ GIBCO &1+4 (Grand Island New York, USA)o A <3 AL AHL3ch Gy 4%
¥ vl2 500ml A F) el AAT AL 247 A= Ao FHHI S2A 7T 5, 000rpm
NA YAREst AAAGE —20°Ce BAAA At =3 A ESE Coulter Electronic
particle Counter (Electrozone Cellosope, particle Data, Inc, Elmhust USA) 2 27 3}¢ .

&4 —1. 5a-cholestan-3-one oxime(18) 10g (0.026 mole)9] S5Sa-cholestan-3-oneg 600ml
o dekgo] SalAz F 7.2g (0.1 mole)®] NH,OH-HCI, 4g¢] K,CO;¢} H,O 100mlE 7}3lo
147 308 B¢ #AFAZAGDG. zgz A F9 oF4ste] 9.68 (92%)9] 5a-cholestan-3-one
oxime (18)& <%t}

Rf; 0.81(A), 0.9(B) m.p; 200~201°C (£& #]'® 199~201°C)

IR; 3270(0OH), 2950, 1650 (CC=N), 1470, 1440, 1380, 950, 840, 750, 680.

NMR: 6H (steroid) 0.63~2.33 6H (C,0rC,) near 3.0

2. 3a-amino-5a-cholestane(16) 5g (0.0124 mole)?] (18)-¢ 500mle] Fof Blojg 2o =
9l % 1.5g (0.04 mole)9] LIAIH& ¥ 3 30417 3FAZ. zejzviA &89 HO0=4 wut
%9 LIAIHE #8472 F993stdet. 34 LiAlHE CHCLez Az =2 42 48 o
of 2} ghete] T4 MgSO2H 2447 AzA7 ¥ AdEFaAs. z AFEE oMEoR A
A Btete] 4.258 (84%)9 a, f-isomer EFEE AUt o] TFEE &) BE A2 column
chromatography (2] & 4cm, o] 60cm)el] 93te] 1.3g (30%)9 (16)- A=k, Rf: 0.08(A),
0.5(B). m.p: 69~71°C IR: 3370 (NH) 2930, 1580, 1460, 1380, 1160, 840 NMR: sH(C,) 3.2,
SH (steroid) 0.63~2.0, 6NH, 1.5

3. 38-amino-5a-cholestane(17) (16)9] ¥AAAF FUL FHA L AAA 2.958(64%)9 17
<+ dgich. Rf: 0.05(A), 0.38(B) m.p: 101~103°C IR: 3400(NH), 2930, 1580, 1465, 1380,
1160. NMR: 6H(C3) 2.6 6H (steroid) 0.63~2.0, 6NH,1.7

4, N-(2-chloroethyl) carbamoyl-3a-amino-5a-cholestane(13) 0.6g (1.5mmole)2] 16%
15mle] CHClzol 831 A 715 0.26ml (3mmole)®] 2-chloroethylisocyanateg 7}3le] 247+ 30%
F wheAR Y. ez 2dEEsld A A4S ARk o] AAE dREE AAA IS
0.57g (77%)9) 13& 24tk Rf: 0.27(A) 0.85(B) m.p: 224~226°C IR: 3350(NH), 2930, 1620
(urea >C=0) 1560, 1460, 1380, 1250 NMR: sH (CH,CH.Cl) 3.6~3.9, 8H (steroid) 0.63~
2.0 6NH 4.9

5. N-(2-chloroethyl) nitrosocarbamoyl- 3 a-amino- 5 a-cholestane(9) 0.5g (immole)2]
NaNO, & oA =& 71k F A-&oAA 247 308 F¢t db-SAZF T 2] o] g &3
¢ ¢ NaOH #8402 F34A72 £33l 243 & dAr}. o] ZA L k&2 A4
REled 0.52 (93%)9 9€ At 0.92(C) m.p: 94~96°C IR: 3420(NH) 2950, 1720 (urea
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>C=0) 1530, 1495, 1380, 1165, 1080, 960 NMR (COCl,y): 6H(CH,-Cl), 4.05~4.18, 6H(-N-
CH,) 3.38~3.61 8H(steroid) 0.63~2.0

6. N-methylcarbamoyl- 3 a-amino- 5 a-cholestane(14) 0.5g (1.3mmole)2] 162 15mle}
CHClso) €8] A 3 ¥ 0.2ml (3.4mmole)2] methyl isocyanated 7}3fo AF-&oA] 2417 FoF utb
SAZT. 28z A o] whg ERES FAY FH3E AA L Aok o] AL R E=R
AAAES 0.52 (86%)9] 145 k. Rf: 0.43(A), 0.9(C) m.p: 274~277°C IR: 3350 (NH)
2950, 1640 (urea >C=O0), 1580, 1465, 1380, 1265, 1, 170 NMR (CDCly) :6H (N-CHj;) 2.8 6H
(steroid) 0.65~2.0, SH(NH) 4.7

7. N-methylnitrosocarbamoyl-3a-amino-5a-cholestane(10) 0.5g (1.26mmole)2] 14% 3}
ZAbe] S A7l £ —5°Coll 4 0.4g (5.8mmole)e] NaNO, & U= 7T A4 24
ZE wgAFE T 2 zvA o] Hkg EREES FS NaOH 890z A7z 4 4
el AL At o] AA L vtz AAA s 0.48(75%) 9 10 4k Rf: 0.85(A),
0.95(B) m.p: 101~102°C IR: 3350(NH), 2950, 1700 (urea >C=O0) 1525, 1480, 1380, 1160,
980 NMR (CDCly): SH(N-CH;)3.2 8H(steroid) 0.62~2.0

8. N-(2-chloroethyl) carbamoyl- 3 8- 5 a-cholestane(11) 1g (2.6mmole)2] 175 20mle]
CHClyol €314 713 0.4ml (5mmole)2] 2-chloroethylisocyanated 7}ste] A.L2olA 24 7F 304
o AT g auA AdEEd 24 Ao o AR L AREE AAAs
0.9g (7029 26& Asich. Rf: 0.56(A), 0.91(B) m.p: 228~230°C IR: 3350(NH), 2950,
1630 (urea >C=0) 1580, 1470, 1380, 1275, 1030 NMR (CDCl,): sH(CH,CH,Cl) 3.30~3.70,
8H (steroid) 0.65~2.0 dH(NH) 5.3

9. N-(2-chloroethyl) nitrosocarbamoyl-38-amino-5a-cholestane(7) 0.7g (1.4mmole)2}
11 F52 &4 30mle] £8A71 £ —5°CelA NaNO, 0.6g (8.7mmole) & AIH = 73
F 347 Bk At 442 AR £ A4H4F F 2 AAsAG o 2F & Hw
22 AAAsS 0.6 (87%)9 72 A4k, Rf: 0.87(A), 0.97(C) m.p: 129~130°C IR: 3390
(NH), 2950, 1715 (urea >C=0), 1520, 1480, 1380, 1160, 1080, 980 NMR: SH(CH,-CD) 4.0
~4.2, SH(N-CH,) 3.3~3.9 dH(steroid) 0.63~2.0

10. N-methylcarbamoyl-38-amino-5a-cholestane(12) 1g (2.6mmole)$] 174 15mle] CHCl
of £&8lA%] 3 0.3ml (5.1mmole)2] methylisocyanated 713l A-2o]A 247k wb-&-A 7o},
e nA ZEEEAA 448 AAE AREE AAAs 0.958@3%) 9 12% A% RE:
0.7(A), 0.75(B) m.p: 260~263°C IR: 3350(NH), 2950, 1635 (urea >C=0), 1580, 1460,
1380, 1260 NMR (CDCly): dH(N-CH;) 2.5~2.65, 8H(steroid) 0.6~2.0 SH(NH) 4.6~5.0

11. N-methylnitrosocarbamoyl-38-amino-5a-cholestane(8) 0.8g (1.8mmole)] 12& 4}
24 40mle] &3] 4170 3 —5°Cell A 0.7g (0.0lmole) 9] NaNO, & ARSI 2 717 & LA
247k Bt v Azt 2 F& NaOH 8oz F347 £ FYoA3dste A&
a9k o] AL wWEEE AAARsA 0.79g 82%)9 8& At Rf: 0.92(A), 0.96(B)
m.p: 139~141°C IR: 3380(NH), 2950, 1725, (urea >C=0) 1540, 1490, 1380, 1330, 1240,
1170, 1050, 1000, 980, 780, NMR (CDCly): sH(N-CH,) 8.2, SH(NH) 6.7, 6H(steroid) 0.6
~2.0

MESHN stot 8T MH—AKE nitrosourea FEH] (7~10)¢} ureaf=A (11~14)e] 2§
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Table I-Antitumor activities of the synthesized compounds.

Nitrosourea compound EDsy (pg/mD urea compound EDso (ug/ml)
8.7 11 20.2
9.5 12 17. 4
5.5 13 12.7
10 6.1 14 10.9

murine leukemia lymphoblast L1210 Al 2o AF oA T § oln] Bzy yylbog 233l
EDs%-& NCI 940 whe} A 4kst g ot (Table I)

dEEn ¥ 1nF

Sa-cholestan-3-one (15) % NH,OH-HCl =8| 3 K,CO& wet&s} E2o] £-&uoA 2FA
7 oximation A]#H A Sa-cholestan-3-one oxime 188 dgirt. IR AF EgoA 252 (15)0]
ol Aud o= (1, 712em™) b gelAx oximed) SC=N sje|zst OHsjolzst 72
1,650cm™¢} 3,270cm™'o] A} tEbikeh. oxime 189 LiAlH, 342 qAd oz ol & HAwe
hydride 24 o] f-face (axial¥}gk)z F73}o] p-isomer (equatorial) 7} R|wfz oz o] A A=
Atk o] f& A hydride reduction®] JA g de] FEEAHE AME wormz kP A
ol 4el & 7tA & f-isomers} Aoz A=At EAE faminor|E AP E A+E oA
Bl ol 4] oxime®] -O-Al salti= ¢1 A g equatorial-4 238 & Ho]x glem = torsional strain
o] FAo}x i a-aminor| 7%= o] Ale o)A eclipsed conformationg >}=} = & torsional strain
ol AR FEAH 2D st 449 a-S 36-amino-5a-cholestanes] A4 ulo] of F& F
A, 2 Ao A 38-amino isomer (17) ¢} 3a-amino isomer (16)2] A8+ <F 2: 1o] gt}
IR 29 Edq o)A 2wEAd 9gl® oximesd] >C=N 3]o] = (1, 650cm™1) & OHyjo) = (3, 270cm™1)
7} A7+ glel A 3 3,400cm™te] NHsjo] =7} vpelyte}l, 221} a-amino isomer®} S-amino isomer
o 7o IRa#"EHo2NE A9 ErSdgx NMR =#E8 0254 a2 f-isomerd F2
£ #lstdrh. NMR =9 EZ o4 NH; o]jze] &l oefornz G protong] »jof=9
295} chemical shift2 A =z F2% Fsgdxz TLCY Riglezs kA<l #qlo] 753t
k. A, Fojze Rgo g a-9} B-isomerE T3}, a-isomer He-2 47]¢] He} vicinal
9] FAd glon 779 dihedral angle2 60°0)n] p-isomere] 4] Hal 4719 H¢} vicinal 37
o 1z 274 ¢tE 180°, ohE 2709 60°9] dihedral angleg 7} 3 glch. webA B-isomery
isomer Xt} £ coupling constantE 7[R 22 B-isomer?] C;o] Hat a-isomer?] C;o] Hex o}
broaddl s o]=2E el Zo]|BE a-amino isomer?} S-amino isomerE ¥ 4 ).
A &, a-amino isomer$} f-amino isomer?] C;9} proton?] chemical shift= 83.29} 62.6¢14 2
z+e] molzy} vebukel. o]2]d 0.6ppm A X2 chemical shifte] x}o]i= rigidgl six membered
ringol A] equatorial protone| axial proton® c} v deshieldingsl t}&= Hlo] Al sz} 0 o) ke
1 Cy~C,¢} Ci~Ceoll A 9] equatorial protons} axial proton2 EFL3F Ao QA vk Co~Cy A
3 2o C~Cq A7) coned] 9leJA &= equatorial protono] deshielding zones]| E-o]7}7] o &
o]vt, 2 AFo A E Cyaxial protono] 82,604 t}Erstst Cy-equatorial protone] 83,231 0.6ppm

mi & R
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A= down fieldol 4 epdg 2 & Alvh AMZ, a-9 prisomer:s TLCHelA = F4¢)
Fol24 FUE %+ sl TLCAGIA a-sh f-isomer: 34 RE o] 23 2e F 719 7
o2 vepyieh o] & Zo]) a-amino isomergld] A2 a-aminor]y} axial $F ¢ e
D2 AAE axial F4o] ot YA A E o] wor==z S0 FAAFE FAE5
B-isomer® t} v ojZr}, = m=E elution oA B} wE £x = elution ¥A Hr=z &
Rzt 7HAA "k ol o9 o] 2 f-isomer: a-isomerdch -2 Rfglg 7AA =

a-amino isomer®] —NH, proton$- 81.50] A }etxt o f-amino isomer®] —NH, proton& <F
7 down field shiftdl oL7ol4 vebde ¥ 4 Yotk oA YolA 4@ Hash Hespel
#A o} YA B 4 90T F equatorial —NH,»} axial —~NH,® ¢} <7} down field= shifts]
At 4= olefg aminor| 9 proton YA E FrimFosd FAF £ UUrt 3a-
amino-2} 3B-amino-5a-cholestane&-& F4= Abeje] CHCl; £ o Al isocyanate (R—N=C=0,
R=CH; ¢ CH,CH.CD)$} wt£A1A 8 Fur-go] 33 glo] ¥4 7149l N-alkylcarbamoyl-3a-
amino- % N-alkylearbamoyl-38-amino-5a-cholestane (11~14) ¢ £ €2 4}l ol %
A EY +=2 AAL IR7} proton NMRY] spectral datad] 9] A3l A3 AA% + AAo.
o] &2 IR spectrac] 4] 1620~1640cm™! A}o] ol 4] urea®] >C=O stretching band~} 3=z 3350
~3420cm™lo] A/ NH stretching band’} Ex "oz FAHz o|F9 g Lo A7 &
2 F9eh. 22 % o] 59 proton NMRE o S 5§89 F29 48 Ase a9 o
coupling patterng HelFz YchH(APY F2). o5 TR Hw FHd urearl9 2749
NH4E0] 8§5.98~6.41 Alo]o] o] A5 &= splitting patterne & elytow] —NH-CH,CH,Cle]
2719 methylenes]| &= o] 45 &= ul9} 7ro] A,B,xtype?] splitting pattern®] peakz 3 = ol o},
2212 28] NH pesks DO H214 3ol sl ek

o] & A = urea FT A 11~145 $a8] So] E43lE N-alkyl-N-nitrosocarbamoyl-3a-amino-
4 N-alkyl-N-nitrosocarbamoyl-38-amino-5a-cholestane (7~10)-& <794 CH,COOH 2o A
NaNO,& x3#4 A7 314 nitrosationA] 7 t}. nitrosatione N-13 N-39]H o] sssinz &
‘regioisomer?] A Aol o] A} o] 7] A= N-3 §] 3o nitrosation® 3} 7~102-L A ol
© N-1o] 44 ez & cholestane moietys} Holglo =g ¢lxa oz 22 N-3 £ A o1} nitro-
sationo] o] £ty Relzxlcl. #FAAE N-nitrosourea- 53] 7~109 IR spectral 271
gl urea §-=H 11~149] IR spectra®} w]m 3] B urea FE| 11~140] 4] urea >C=0 peak
7} %% aminer|o] 2|3 Fo Fabe] 9slA 1620~1640cm o] 4] =32 wlwl nitrosationd. .
peak7} 1700~1725cm™'2 80~85cm~ 4 £ higher frequencyZo 2 shiftx} & =3t o=
NO719] 72# 3} inductive E ool 9]3le] &2 amine 7|9 ¥ &7 7487 =8 Aoz
Ao, 283 o] £2] proton NMR spectral datao] Al & 744 ¢l ureafxd] 11~149 A3 2
o &) 338l N-nitrosourea § %3 7T~10%53% wlz3ls -NH-CH2CH2Cl groupe] <& Jehus
271 8} methylenes] 2] peak NHe}e] couplinge 2 A,B,xtype9] splitting patterng >}z ubwml
nitrosation§9] peak¥ A,B, type¢] splitting pattern!®:!”-2- s}x] 5 chemical shift= Noj 35
NO~| 9] inductive &3}z <l&) NO-lTI—CHZCHz—CIQI -N-CH,-2 03.33~3.90 g 9ol A <7k A

Ao A triplete 2 vielvbe] -CHClE otk ARA Foz ol 53l §4.00~4.209 A triplete
2 vepykrh. o] 2§ N-CH,CH,-Cle] 2719 methylene peake] coupling patterne] # 3 (A,B,X
—A,B,) 9} chemical shifte] A x}3 Z o =9 o]%.2 nitrosation HM-Lo] o] 4 e N-3 =}a]o)

J. Pharm. Soc. Korea
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nitrosation=] o] 4§45 regioisomere] FZ AAo] AR A Il ulA o] A, 28z N=0=z 7
# AL N-He| peak: D,0 A4 moz Atz FAY uead i 11~1453 N-
nitroso urea =4 7~10 59 FIVHEE Folusl Aste] o HFEHol 9 murine leu-
kemia lymphoblast, L1210 ¢4 29 434 =& A dct. = AsE Table Id] 893}
% th. N-nitroso urea 4549 FAFIEE =2 F73 2l urea FE=A 2}l 4 =, N-nitroso
urea f %4 & N-(2-chloroethyl)-N-nitrosocarbamoyl-3a-amino-5a-cholestane (9) 7% N-methyl-
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