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Abstract—The derivatives of N-(alkylcarbamoyl) amino acid methyl ester, N-(2-chloroethylcarbamoyl)-
glycine methyl ester (7a), -valine methyl ester (8a), -phenylalanine methy! ester (9a), N-(N’-methylcarba-
moyl)-glycine methyl ester (7b),-valine methyl ester (8b), and-phenylalanine methyl ester (9b), were
prepared by reacting the corresponding free amino acid methyl ester (glycine-, valine-, phenylalanine-
methyl ester) with isocyanate (R—N=C=0-;R=Cl—CH,—CH;— or CHs—). The prepared N-(alkylcar-
bamoyl) amino acid methyl esters (7,8,9) were treated with NaNO,/98% HCOOH in order to obtain their
nitrosoated products, N-(alkyl-N’-nitrosocarbamoyl) amino acid methyl ester. The compound (7,8,9) gave
N-(2-chloroethyl-N’-nitrosocarbamoyl)-valine methyl ester (14a),-phenylalanine methyl ester (15a), N-
(N’-alkyl-N’-nitrosocarbamoyl) -glycine methyl ester (13b),-valine methyl ester. (14b), and-phenylalanine
methyl ester (15b) respectively under the nitrosoation. On the other hand, N-(2-chloroethylcarbamoyl)
glycine methyl ester produced N-(2-chloroethylcarbamoyl)-N-nitrosoglycine methyl ester (13a). The inhibi-
tory activity of the prepared N-(alkylcarbamoyl) amino acid methyl ester (7,8,9) and N-(alkyl-N’-
nitrosocarbamoyl) amino acid methyl ester (13,14,15) towards the growth of L1210 murine leukemia cells
were examined. Among them the compound (14a) and (15a) exhibit excellent activity having EDg to be
1.5u4g/ml and 3.0ug/ml respectively.
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3] Zoj EolA nitrosureaf A Eoll Hd F4EA FE&-E Montogomery? 7} LEZ F F ol
FgasE gl E %L nitrososourea FEAFo] FAEH A oF 504 F] AdAE A
oA A4xlz gvh. = 9 EA gl nitrosureaf- 3 F LA & N, N/-bis(2-chloroethyl) -N-nitro-
sourea (BCNU) (1), N-(2-chloroethyl)-N’-cyclohexyl-N-nitrosourea (CCNU) (2), N-(2-chlo-
roethyl) -N’- (trans-4-methyleyclohexyl) -N-nitrosourea (Me CCNU) (3) %] $l¢},
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N=0O H
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0
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2 Eoh dvetd AdAe] glow 2E FFAEY Ao A FFLoez Abgo] EIEH
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2§ nitrosourea &¢4A & wrEr] 9§ =# o7 alkyl ¥ 58S alkaloid®'V streoid!¥ uh4=3} &
F oolul AF Fog A7 ARE FFET] FA= ] 43T FEFLo] o] A
A BuEz gt o]F 53 olv|xd FEAE AW AxE Faded A Tk
dEE T F JdE olvix=rle ¢ BHIE A= FAY FEE A F ddx 47
HA}l ojzld AA Bt 2 Suami® e} Zeller'® 2 N-(2-chloroethyl-N’-nitrosocarbamoyl)
olul At FEAE FAst 259 FAFAAYN A FL AH4E dQLE musz Yk
A AFANAE o513 AR oE EdE 3o o]#}dt N-(2-chloroethylnitrosocarbamoyl)
amino acid § =4 E<] ol A& PUHT A5} 282 THFH R Bt Aol & 33
£ Fokd ALe 9T =8 02 c}&o A A= 359 N-(2-chloroethyl-N’-nitrosocarbamoyl) -
amino acid esster 3 ¢ES FAdo olF FHIFEEL L1210 leukemia cello] i3t TS

J. Pharm. Soc. Korea



N-(Alkyl-N’-nitrosocarbamoyl)-amino Acid Ester 199

AESE. 22z 99 3FEY chlorined] 93 Aol AT 7= E 2487 S8 2
o &) %3t N-(N’-methyl-N-nitrosocarbamoyl)-amino acid ester 3} F&% §A43o 25 942
AL A3t ob%e o] & N-(alkyl-N’-nitrosocarbamoyl) amino acid ester?] @4 F 7k 9l
N-(alkylcarbamoyl) amino acid®} ¢ = 2 =314 )

4 a: R=—H, R'=—CH,—CH—Cl
b: R=—H, R’=—CH,

H O=N oH
R—CH- N C— N’ ° & R=—CH<gy] R'=—CH,~CH,~Cl
i
N\ c o b: R =—CH<gﬁ§ R'=—CH,
7\ TN
O OCH3 6 a: R =—CH2_\O/ R,——__CHZ—‘CHz_Cl

b: R:—CH2—<O > R=—CH,

Az 33t oAl Awe g A® A g N-(2-chloroethyl-N’-nitrosocarbamoyl) amino
acid ester F-=4 @ N-(N’-methyl-N’nitrosocarbamoyl) amino acid ester §% | (4b-6b)= ami-
no acid methyl ester-HClE, L-glycine methylester-HCl (10), L-valine methyl ester-HCI(11),
L-phenylanine methyl ester-HCI(12) & 2w EA 2 3o o}& uh-SAo]A 943 £42 A5
%}, (Scheme 1)

/NHs@Cle NH,
R—CH _K_Ol:li_, R—Cﬁ 7 a:R=—H, R’=—CH,—CH,—Cl
\C.——OCH MeOH b:R:—H, R/_.:_CH3
7 ? C-—OCH; CH
o g 8 a: R=—CH<G®
R/= _CHz——CHz—Cl
10~12 NH-—C —NH—R’ . CH,
R-N=C=0 , p ¢ § bt R=—CH<cy, R'=—CHs
_R—N= - .
MeOH N 9a: R=—CH—( O
C—OCH; NE/
v R’=—CH,—CH,—Cl
0 7a,b~9a, b =
0= -
}11 I\|I 10: R=—H
J— — —R/
/N C—N—R 1 R=~<8§2
R—CH =
NaNO, R N 12: R==CH—{0 >
9895 HCOOH (F-7) C—O0OCH, —
a
o)
13 8,b~15a,b
Scheme I,
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amino acid methyl esters] HCl 92 methanolgr] o4 KOH=Z A2 3te] free amino acid
methyl ester2 43437 &% isocyante (R—N=C=0; R=CI—CH,—3%-& CH,—) %} A& (0~3°C)
ol A ub&AA ¥ Euk&o aglel & FE7A el N-(alkylcarbamoyl) amino acid methyl ester
(7a,b~9a,b) £ FEZ At ol F AW F 74 (7a,b~9a,b)9] 72+& IR proton NMR
spectral datao] A3t} A3 AAL F YAk o] F9 IR spectrac] A} 1730~1740cm™ o]
ester®] C=0 stretching band, 1620~1640cm~! A}o]o]| urea?] C=O streching bands} 3= 3
3380~3390cm~lo] NH stretching band9} 1520~1590cm~'c)] NH bending band-} EZJPQ o2 #
Z s2R o] T8 #5719 EA U= A 22 o] F9 proton NMRE o] & 31%E
o Fz9 kA3 YASE F49 59 coupling patterng Mo Fu UH(APF ’f}?x‘-).

o]59 E#S ¥w F45 urea 7|9 29 NH Z&Eo] §5.98~6.41 Alolo] o AxHE=
splitting patterne 2 J}elyt ool NH—CH,—CH,—Cl9] 2719 methylenes]= o As& ulso} 2
o] A,B,X type] splitting pattern®] peak= =a-= 9t}

zelz 2719 NH peaks D,0A A o] 93] Alebdch ol & AWd N-(alkylcarbamoyl)
amino acid methyl ester (7a,b~09a,b) 52 2] o] EA & N-(alkyl-N’-nitroso-carbamoyl)
amino acid methyl ester -§-%x) (13a,b~15a,b)5 <1793 98% HCOOHZo]| 4 NaNO,z uk
£ A A nitrosoft, A7}, o] nitrosoft, ut-2-o) A] N-(alkylcarbamoyl) amino acid methyl ester %
23 & 7aE A 9@ TE L5 (7b, 8a,b, 9a,b)Eo)A] £ So| EAslE uls}ge] N-39 §
Ao} nitrosofbr} AFA o2 dolpor o & wh-EE sl 2544 E(13b, 14a,b, 15a,b) & =i

T
N—C—N—R/
1 2 3
R—C-H

C—OCH,

/

0]

& o £§(70~85%)F AUt 21} glycine methyl ester2 ¥ 9.2 N-(2-chloroethyl-
carbamoyl) glycine methyl ester:= 722 zZAol4 (NaNO,/HCOOH) t}& regioisomer, N-]o
nitrosoft.7b 2 A A Eo] EHoldlA AA= ). (¥4 2)

H O H 0
[ va
__NaNO, | Lo
H—C—H 989 HCOOH N—C—N—CH,CH,—Cl
/1 2 3
C—OCH, CH,
4 N
o C—OCH;  (ut54 2)
7
0
(84%) 16

o] gt glycinefr 4] (7a)o] A 323 nitrosofk9] regioisomerd] Y- o]A4g AT Bo)
1} o] A valinef =) (8) ¢} phenylalanine f=4] (9)7F N-19] axtzlel zz 4A1H o7t
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£ isopropylr] & benzylz] & s}x]3 9 A3 Montgomery'” 2] nitrosoftiol 4 A FZ e 2
@ regioselectivity Wstol 43 A% BDE 24T o %3 Awe] A¥sh olF nitroso
# BAE F2AA 9 regioisomer 7 IR} proton NMR spectral datas}l A4 & 4o g
339 5N

Nitrosoft, & A A = nitrosourea§- =] (13b, 14a,b, 15a, b, 16)9] IR spectrag F7}AQl urea
f =4} (7a,b~0a,b)¢] IR spectras} u|izs] 2wl urea-3 X (7a, b~09a, b)oj .42 urea C=0 peak
7} 1620~1640cm o] A} FZg ulw (9% amineslo] &% F= &), nitrosofkF urea C=0
peake] 90~100cm~'4 = higher frequencyZ o 2 shift® & 23 ¢}. o] 5L NO»|9 inductive
38 v Ee] 32 amines| 9] resonance Z 9 7tz Ago] ¥uw ofge NH stretching
o] 9% F4u)(3480~3500cmY), NO»| o] stretchingo] <& &< (1500~1580em™), L& 5
ester C=0 stretchinge] 2% &) (1730~1750cm™1) 9] FA-2 nitrosor] 7} X 33 urea %)
o ester 79| ZAE A ok

28]z o] E9 proton NHR spectral data& Z7td] urea § 53| (7a, b~9a,b)9] Azt vz o]
$27} AR nitroso ureaf =AY FEE AR HPA Yok o F vwE 2R ke

O
&3 2t} ureaf =3 (7a,b~0a,b) 9] 85.16~6.6601 A tebrd N—‘(I:—Nal 27} &8 peak
HooH

£ NO79 Moz A#sx & NHEL 1717} 88.12~9.15 Alo]e] A3 ARG A e
AL b3} #o] 6-membered ring F2E B8 F4 Ao AT Aoz Audc

COOCH, H---0

N N
R—CH—N

N
/s
C—N—CH,—CH,—Cl

N N

0

Nitrosourea} 315, 14a%} 15a8] NMR spectrag o] 3 33l urea §53 8a9l 9ae] NMR

spectra®} ¥ m3tw §§%= N—CH,—CH,—Cl groupe] ¢l3] el 2719 methylr]| 9] peak:
H
N—H7| 9}9] couplinge & A,B,X typee] splitting patterng »}& ul=] nitrosoft, ¥ o] peak:
A;B; type splitting pattern!®%.2 7}x] 3 chemical shift® No} A 335 NOz}9 inductive &=}
2 Q3] N—CHy—x 083.92—4.10 dgoA 80.4~0.5 A5 AAAo|A tripletez 1Jelin
H

CH,-Cls tt& AAAEOo 7 0|53l §3.37~3.62¢] triplete @ ey}, o)#lgk N—CH,—
CH,—Cle] 27} 2] methylene peak?] coupling patterne] w3} (A;B;X~—A,B,) ¢} chemical shifte]
AARAZ 0 29 o]FL nitrosoft ukZo] lojAe] YA= regioisomerd] (N-3 A}2]o] nitrosoft,
9) FEAR AAA SHo] Feh 2oz N=02 5 2 N—He peak(ds. 12~
9.15)+ DON=l A m¥oe g Aztgdh. = ubd glycine uread) A 35 $% 3 urea, 7a$] nitroso
£ % A48 AA4E9 proton NMR spectral datas} 7a¢] A3 w2 @ = 14as} 1529t gl
2-chloroethyl>] 8} 4= peaks] splitting pattern® 7a¢] patterns} {218k AB,X9] typeql uiwl
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Table I-Antitumor activities of the synthesized compounds.

Nitrosourea EDso Urea EDsgo Nitrosurea EDs Urea EDso

compound (pg/mb) compound (ug/ml) compound (ug/ml) compound (ug/mD
16 24 7a 7.4 13b ~ 7b 47.2
14a 1.5 8a >20 14b 29 8b >20
15a 3.0 9a >20 15b 15 9b 30

fau

ester?] a-methylene®] F 4249 splitting pattero] doublet (7a)7} singleto 2 ®3 = Ao
B ol 7a9] nitrosofk-S- 8a9} 9a9] nitrosoflio] A & }E regioisomer(N—10] N=0& x3HE
QAR Aol Fsteh. zelx 289 IR datagl v B} 23 & o 7a9] nitrosoft A EL 16
o F&E kA Aoz Eo

A8k N-(alkylcarmoyl) amino acid methyl ester& (7a, b~9a, b)3} N-(alkyl-N’-mitrosocar-
bamoyl) amino acid methyl esterE-(14a,b, 15a,b, 16)¢] murine leukemia lymphoblast, 11210
FAZ AAAA AEE FH5o o) F FYINES dotrgtvh. 2 Az Table 1o g ks o
Ak o] Aol B ulel o] YA Z nitroso S1FES FLBA RS} urea HFERCE A
F3 o] nitroso 3}3E% N-(2-chloroethyl-N’-nitrosocarbamoyl) valine methyl ester (14a)}
N-(2-chloroethyl-N’-nitrosocarbamoyl) phenylalanine methylester (15a)¢] &4 == o] & 7
A NCI 433 @A 1.7~7.7 (pg/mD) W llo] Eoirbe EDse@t e 713 Aoz Yoz 4
A FAEAE Hob B A g deE aagch

d g s

A9 A 2% Ezl: KBr pellet® utEo] Perkin-Elmer 710B2 243 od, #zry] THaHE
2= DMSO-d6& &£vlz TMSE internal standard® A}&3}e] Varian EM-360A% £3 ¥}
(s; singlet, d; doublet, t; triplet, q; quartet)

TLC-& silicagel G Type 60(Merk) 2 wt-5o] Algsls I, A vzt UV lamp2 813},
w3 QJEsA A¥o)A ¢A £ murine leukemic lymphoblast, L1210 Winsconsind] & Perman
AP Ao A A& A& screw-capped tubes(20x150mm)e] oy 37°CollA] wlFAA AgF o
Fisher’s powder medium-& GIBCO4 +4 (Grand Island, New York, USA)o]| 4 T3 A& A
4or YEHL =A% T utz 500ml GALE Do AT AL 24 Ax ALE F
Actrl SAH 5,000rpmel] A PR EE st FAA-E —20°Ce] BAAA AHGPct. =T A
X2 4E Coulter Electronic Particle Counter (Electrozone Cellosope, Particle Data, Inc, Elmhurst,
. USA) 71712 &A 34

(1) N-(2-Chloroethylcarbamoyl)-amino Acid Esters (7a, 8a, 9a)2| g4 —N-(2-chloroe-
thylcarbamoyl) -amino acid ester (7a,8a,9a)% Z}zte] $] 3= L-amino acid esterZ 2-chloro-
ethyl isocyanates} w24 # <l g}, L-phenylalanine-2 methyl ester-HCl 4, 3g (19.9mmole) &
# 4=k methanole] £33 % methanolic KOH (1.12g, 20mmol) &8 E§slx auisle
free L-phenyalanine methyl ester® =&z oju} 4 A=+ KCl A7 oA3ste AAsA)
2. o]d o]l 2-chloroethyl isocyanate (2. 1ml, 24, 3mmole)-& =ulatad A 208 7te] A 0°Coll A
@ 9ed A4 T 247 302 5¢ ASAA ey 439 APHEE TLC(EA L)
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N-(Alkyl-N’-nitrosocarbamoyl)-amino Acid Ester 203

cthylacetate: methanol/1: D2 ZAlstglon] uhgo] 90% o4 Agd ¥ 2 weLAe Ay
2 A3 £ A FF42 34 A% N-(chloroethylcarbamoyl) -phenylalanine methyl ester
(92) 3.1g (54%)°} M AA ¢ 4k o] 2L A 2 FHFAN AAAsS 58 24
< dol A&38t9d. 2 4 N-(chloroethyl carbamoyl) amino acid ester (7a,8a)% 7r-S- uh
o2 9o 325+ L-amino acid methyl ester-HClE A}83to] dlglel. o] & AP E9 EilA
34, spectral data 3 FABAEE oS3 2t
N-(2-Chloroethylcarbamoyl)-phenylalanine Methyl Ester (98)—m.p=96~97°, IR
(KBr): 1730cm™ (ester C=O stretching), 1620cm™! (urea C=O stretching), 3396cm™’
(NH stretching), 1520cm™ (N—H bending) 'HNMR (DMSO-dg): 86.32 =23 6.40(2s, 2H,

—NH-—-C-—-NH—), 3.50 (s,3H, —OCH;) 4.36 (q, 1H, J=7Hz, —CH—), 2.94 (d, 2H, J=
Il
0

7Hz, benzylic CHy), 7.20 (br. s, 5H, phenyl), 3.22~3.59 (m, 4H, —CH,—CH,—Cl) 3¢
A% ED; 30pg/ml

N-(2-Chloroethylcarbamoyl)-glycine Methyl Ester (78)—60% yield, mp=105~106°,
IR(KBr): 1740cm™! (ester C=O stretching), 1620cm™' (urea C=0 stretching), 3, 390cm™*
(NH stretching), 1,590cm™' (NH bending). 'HNMR (DMSO-dg): 66.34 (br. s, 2H

—NH—C--NH—), 3.50 (s, 3H, OCHj;), 3.69 (d, 2H J=6Hz, III—CH2—~C02CH3), 3.19~

It
(0] H

3.51(m, 4H, N—CH,—CH,—Cl). & ¢34 = : ED;;=47. 2ug/ml
N-(2-Chloroethylcavbamoyl)-valine Methyl Ester (8a)—(56% yield), m.p=103~103.5°,

IR (KBr): 1,740cm™ (ester C=O stretching), 1,630cm™! (urea C=0 stretching), 3,390cm™!

(NH stretching), 1,560cm™' (NH Bending). 'HNMR (DMSO-dy): 86.32 (d, 1H, J=6Hz,

—C—NH—CH—), 5.98~6.47 (br. s, 1H, CH,—NH-—C—), 3.56 (s, 3H, OCH,), 4.10
| it
o 0

(d of d, 1H, J=7 and 6Hz, a-methine), 3.28~3.69 (m, 4H, N—CH,—CH,—Cl), 1.93 (sept,
1H, J=7Hz, isopropyl methine), 0.90 (d, 6H, gem-dimethyl). & ¢& 4 x: EDg>20ug/ml

(2) N-(Methylcarbamoyl) amino Acid Esters (7b, 8b, 9b)2] 2t —N-(methylcarbamoyl)
amine acid ester (7b, 8b, 9b)+= 3} F3}+ amino acid methyl esters} methylisocyanates}t uh-g ]
N-(2-chloroethylcarbamoyl) amino acid methyl ester (7a,8a,92)2] Fudzt ZA3 Koz
At ol AAEL] E24 44, spectral datal FFVAYEE o} &5} o)

N-(Methylcarbamoyl)-phenylalanine methylester (9b)—(64% yield), m.p =140~140.9°
IR(KBr) 1,720cm™ (ester C=0 stretching), 1,620cm ! (urea C=O stretching), 3,400cm™!
(NH stretching), 1,580cm~ (NH bending), 'HNMR (DMSO-d,): 87.5 (br. s, 5H, phenyl), 6.4
(d, 1H, J=8Hz, (”:—NH—CH<), 5.80 (¢, 1H, ﬁ_NH—CHa)’ 4.39 (d of t, 1H, J=7Hz =

0 0
2] 1 8Hz, a-methine), 3,56(s, 3H, OCH,), 2.86 (d,2H, J=7Hz, benzylic CH,), 2.50 (d, 3H,
J=8Hz, N-—CHjy), %84 % ; EDs>20pg/ml
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N-(Methylcarbamoyl)-glycine Methyl Ester (7b)—(45% yield), m.p=87°, IR (KBr) 1, 740
cm~! (ester C=0 stretching), 1,580cm™! (NH bending), 1,640cm™! (urea C=O stretching),
H H

| |
3,380cm~! (NH stretching), 'HNHR (DMSO-dy): 5.72~6.39 (m, 2H, N—C—N), 3.70 (d,
I

O
ZH, JZGHZ, —CHZ—), 3. 58 (S, 3H, OCH;;), 2. 50 (d, 3H, J=4HZ, NﬁCH:;), %%%‘é}}_: EDso
=7, 4ug/ml.
N-(Methylcarbamoyl)-valine Methyl Ester (8b)—(45% yield), mp=103~103.5°, IR
(KBr) 1,740cm~ (ester C=0 stretching), 1,640cm™! (urea C=O stretching), 3,380cm™' (NH,
stretching), 1,580cm™' (NH, bending), 'HNHR (DMSO-dy): & 6.10 (d, 1H, J=7Hz,

ﬁ—ll\l——CH<), 5.80(q, 1H, J=5Hz, NH—CH,), 3.97 (d of d, 1H, J=7Hz and 7Hz, a-me-
O H

thine), 3.52 (s, 3H, OCHy), 2.54(d, 3H, J=5Hz, N—CH;), 1.92 (m, 1H, isopropyl methin),
0.90 (d, 6H, J=7Hz, gem-dimethyl). 3}¢t&4 =: EDg>20ug/ml.

(8) N-(Alkylcarbamoyl) amino Acid Methyl Ester (7,8,9)E2| LIEZAS HI2—(a)
N-(Alkyl-N/-nitrosocarbamoyl) amino Acid Methyl Ester (13b, 14a,b, 15a,b): 77t & 3
=] & N-(alkyl carbamoyl) amino acid methyl ester (7a, 8a,b, 9a,b) & NaNO,/HCOOH = (°Coj 4]
A 2] 8t} N-(alkyl-N’-nitrosocarbamoyl) amino acid methylester (13b, 14a, b, 15a, b)E ol ¢},

N-(2-Chloroethylcarmoyl) -pheny! alanine methylester (9a) 1.2g (4.2mmol)& 342k
HCOOHsj| g3&] A171% 0°Cell A mul sbdA] 0.43g (7.6 mmol)e] NaNO,& & zk4 203 71o A
A slehx 30¥EQ ik sgleh wgol APHe] we wggalo] wAMow A WA
=& TLC (100% CHCL)Z Ao ugFEF uhg44& 3} NaHCO; o2 F34
7% (pH 8) CHCLZ %3¢t} CHCLLZ 298 A2 NaSO2 AZshm 72 % silica gel
column chromatography (100% CHCl) 2 A A3t xatA =48 N-(2-chloroethyl-N’-nitroso-
carbamoyl) phenylalanine methyl ester (15a) 1.02g(85%)& d4ith. =% N-(alkyl-N-nitroso-
carbamoyl) amino acid methyl ester (13b, 14a,b)E TU3 Wy oz A o] & HAE9
spectral data ¥ F¢IFF =L L7 gt

N-(2-Chloroethyl-N’-nitrosocarbamoyl) phenylalanine Methyl Ester (152)—IR(KBr):
3, 430cm~! (NH stretching), 1, 730cm™! (ester C=0 stretching), 1, 720cm~!(urea C=0 stretching),
1,520cm™! (NH bending), 1,500cm™! (N=0O stretching), 'HNMR (DMSO-d¢): 89. 00(d, 1H, J=
8Hz, —NH-—), 7.25 (br. s, 5H, phenyl), 4.69(d of t, 1H, J=8Hz and 8Hz, a-methine), 4,01

NO NO

{ |
(t, 2H, J=6.5Hz, —N—CH,), 3.49 (t, 2H, J=6.5Hz, N—CH,—CH,—Cl), 3.20 (d, 2H, J=
8Hz, benzylic CH,). ¥ ¢34 x; EDs=10pg/ml.
N-(2-Chloroethyl-N/-nitrosocarbamoyl) valine Methyl Ester (14a)— (839 yield), IR(KBr)
3,500cm™! (NH stretching), 1,740cm™! (ester C=0O stretching), 1,730cm™! curea C=O stre-
tching), 1,520cm™! (NH bending), 1,500cm™! (N=O stretching), 'HNMR (DOMSO-d): 48.55
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(d, 1H, J=8Hz, —NH—), 3.66 (s, 3H, —OCHjy), 4.26 (d of d, 1H, J=5Hz and 4Hz, a-
NO

methine), 4.03 (t, 2H, J=5Hz, I\IIACHZ—), 3.56 (t, 2H, J=6Hz, —CH,CD, 2.24 (sept, 1H,
J=6.58Hz, isopropyl methine), 0.91 (d, 6H, gem-dimethyl).
N-(Methyl-N’-nitrosocarbamoyl)-phenylanine Methyl Ester (15b)—(74% yield); IR (KBr):
3,340cm™! (NH stretching), 1,720 cm™! (urea C=O stretching), 1,520cm™! (NH bending),
1500cm™! (N=0O stretching), THNMR (DHSO-d¢): 88.62 (d, 1H, J=8 Hz, —NH—), 7.20 (s, 5H,
NO

phenyl), 3.68 (s, 3H, —OCH,), 3.29 (d, 2H, J=5Hz, benzylic CH,), 3.05 (s, 3H, II\I——CH3).

N-(Methyl-N-nitrosocarbomyl)-glycine Methyl Ester (13h)—(84% yicld), IR (KBr): 3,480

em™! (NH stretching), 1,740cm™! (ester C=O stretching), 1,730cm™! (urea C=O stretching),

1,580cm™! (NH bending), 1,520cm~! (N==O stretching), 'HNMR (DMSO-d;): 88.95 (br. s,
NO

1H, NH—). 3.63 (s, 3H, —OCH,), 3.56 (d, 2H, J=6Hz, —CH,), 3.05 (s, 3H, ——I|\I—CH3).

N-(methyl-N’-nitrosocarbamoyl) waline methylester (14b) (75% yield); IR (KBr) 3,500
em~! (NH stretching), 1,740cm™! (ester C=O0 stretching), 1,730cm™! (urea C=O stretching),
1,520cm ! (NH bending), 1,490cm~! (N=0O stretching), 'HNMR (DMSO-dy): 86.4 (d, 1H,
J=8Hz, —NH), 4.24 (t, 1H, J=8Hz, a-methine), 3.68(s, 3H, —OCH,), 3.10 (s, 3H,
NO

IL—CH;Q, 2.30 (sept, 1H, J=7Hz, isopropylmethine), 0.99 (d, 6H, gem-dimethyl).

(b) N-(2-Chloroethyl)-N-nitrosonamino Acid Methyl Ester (13a)2| M4 : N-(2-chloro-
ethylcarbomoyl) glycine methyl ester (7a) 1.0lg (5.2mnol)-& N-(alkyl-N’-nitroso carbamoyl)
amino acid methyl estere] 4wz T d3lA A, A= AHd

o] A& EHAA, spectra data ¥ FFTH =& thg3 2k

N-(2-Chloroethyl)-N-nitroso-glycine Methyl Ester (13a8)—(73% yield), mp=6.7~68.5°,
IR(KBr): 3,490cm~! (NH stretching), 1, 750cm™" (ester C=0 stretching), 1, 710cm™! (urea C=0
stretching), 1,530cm™! (NH bending), 1, 500cm™* (N=0 stretching), 'HNHR (DMSO-dy): 88.97
(br, s, 1H, —NH), 4.50 (s, 2H, —CH,—), 3.52~3.72 (m, 4H, —CH,CH,Cl), 3.58 (s, 3H,
—OCH;). I4#4 5: EDs=24pg/ml

(4) MESHH g YT MY —HWI nitrosourea FEA (13~15) ¢} ureaf A (7~9)ol 9
3} murine leukemia lymphoblast L1210 Al 2] A A oA AEE o|n] Huy wyozg &4
ste] EDg 3t¢ NCInpAle] whet Al Astgdch, = EDs g 7 3389 ARl =g 243R9
Eel 44 % spectral datas} @A 7] sl AUrh(APY ARH F=2).
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