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Study of A -Nitroso Compounds which have NO-Release Ability

Shoko Sueyoshi, Masayuki Tanno* and Naoki Miyata

Nitric oxide (NO), which plays an important role in the vital functions of organisms, is gaseous and
labile molecule. Much attention has been paid to the stability and easily handling of NO donors, for careful
handling of NO is required during experimental work. We synthesized a series of aromatic N-nitrosoureas
and N-nitrosamides which efficiently liberates NO at room temperature. Generation of NO from the aro-
matic N-nitroso compounds was chemically confirmed by the trapping of NO as a nitrosyl complex of
tetraphenylporphyrinatocobalt (II) and spectrophotometrically quantified by means of the Griess reaction
using a newly designed test apparatus. 3, 3-Dibenzyl -1- (4-tolyl) - 1-nitrosourea showed the greatest NO
-generating ability among the synthesized N -nitroso compounds. Further, the NO-generating ability was
related to the reciprocal of the IDs value for growth inhibition of cultured L-5178Y cell by the aromatic &/

-nitroso compounds.
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CEL, ZOMFHHERE S AL ESNTERLY. &
W, NOWEBRRERTHIX—NR—FF L FToF VT
TahNV (O7) EERBLTHR—FFIFALAPFTA b
(ONOO-) #AML, TOLEWIEMRKICE > THEIE
BAtsewni@lEd by, ONOO IZRIT S d#mo
EEIZHBY, FORDIZNOHEHOMIELEAT, H
AoEBEEREDDLDETNOD_EHEFH O TY
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i, NORHWARIZBWT, Ky XTHE LD NO
HEOEERHES TR VA5 TH S, NO ORI
2-3MTITVINE LTREBHEELRELE2E W
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WiETH 5. NODSHRERIEHPHAL »IZRAIIONT,
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BICHET 2 & NODHERT A 2 /B LAY, &%,
N-NOEDT A NIRRT EWRTRI 5 LGS
NTWEYOT, REEO L ) ICHBE 2 L THSER
W, SIRE & v ) YA 2 ST T O NO Bk ROUG
BEHHELMATHo7/z. #2°T, N-= o VL&Y D NO
donor & L TOREEM R 2 b D& % A v /- HiE T
IZDWTHRRET Lz, 2O/E, IR N-= oV RHE
HOABEEOZEIIE, @F DNA KT 5TV F b=
HIWINEAL MMEDPERETH S ETHESIAFTLTY, ¥
TR N-Z PO VRETIE NO LT L A /ER AR Sk
LI ENbhho b,

AL TiE, NOdonor & LTHBIZER L FEHER N -
Z b a VLS ONEL T R R B L E B ICEND
OALEWH HEEET S NO D2 Fz s R L lEEE
THOTHE LR ERS, 3512, NODSEEREE
EWENE E OB ORI, HFEN-= ba v bEYo
NOdonor & L COHFHM L EET 5,

o
Y Y&
@.ﬁ_g_ﬁ-w = Y-
— ] |2 — i
X R X

1 (X=NO), 8 (X=H)

1a,8a:Y = 4-Me, R' = R? = CH,Ph
1b,8b:Y = 2-Me, R' = R? = CH,Ph
1¢,8¢:Y = 4-Me, R' = R? = Isopr
1d,8d:Y = 4-Me, R' = RZ = Et

16,86:Y = 2-Me, R' = RZ = Et

11,8f:Y = 4-Me, R' = Ma, R2 = CH,Ph
19.,8g:Y = 2-Ma, R' = Me, RZ = CH.Ph
1h,8h:Y = 4-Me, R' = Me, R? = CH,Py
1i,8i:Y = 2-Me, R' = Me, R? = CH,Py
1),81:Y = H, R' = R2 = CH,Ph

1k8kY =H, R' =R?= Et

11,81Y = 4-Cl, R' = R? = Et

1m,8m:Y = 4-COMe, R' = R? = Et
1n,8n:Y = 2,3-di-Me, R, R? = cyclo-(CHy)s

=/ |
NO H
4

4a:Y=H,R=Ph
4b: Y =4-Me, R=Bu'
4c:Y=H,R=Me
4d: Y = 4-NO,, R = Me

cr

4e NO

2a,9a:Y = 4-Me, R = CH,Ph
2b,9bY = 4-Me, R = Isopr
2c,9¢c:Y¥ =4-Me, R=Me
2d,9d:Y = 4-MeO, R = CH,Ph
2e,9e:Y = 4-MeO, R = Me
2f,9t.Y = 2-Me, R = CH,Ph
2g,99:Y = 2-Me, R = Me
2j,9:Y = 4-MeO, R = Isopr
2k,9k:Y = 2-Me, R = Isopr
21,9Y = H, R =1lsopr
2m,9m:Y = H, R=Me
2n,9n:Y = 4-Cl, R = Isopr
2p,9p: Y =4-Cl,R=Me

Yo Q
X N—C—N—R

5a:Y = 4-Me, R = CH,Ph
5b:Y = 4-Me, R = Isopr
5c:Y = 4-Me, R=Me

5d:Y = 4-Me0, R = CH,Ph
5e:Y =4-MeO, R = Me 7
5t.Y = 2-Me, R = CH,Ph

5g:Y =2-Ms, R=Me

5h:Y = 4-Me-2-NO,, R = CH,Ph
5iY = 4-Ma0-2-NO,, R = CH,Ph
5i.Y = 4-MeO, R = Isopr

5k:Y = 2-Me, R = Isopr

51:Y = H, R = Isopr

2. N-=braviLapoes

—fiz, N-= o LEWIE, MHATET I VRS
ravbTaZEicinfEohs,. = bavikoFEICE
YR OREPmO N, YT HEE (73, REH)
I3RS T CREMER S MY Y AoKRBET= ba Y
¥ 258", BET CEMBRIAT VT a VLT
FEY, NO, % NO; D& 9 REHFEWRL NOCID & ) &
= o EHIT= b v kT B HEOR RN TH S,

FE N-= bavibEY (Fig.1,1-4) D&% HHHE
S THEMEE T M) 2 A0RETIT) L, BO=}
OVEPRONGZVWGEFSVI P brol. £2
T,99% ¥ EEF CHMEET U Aol EKEMATS b
vALL, soaf VA CHBT5HERY, Fhidrun
RV LAERPCTEMEREA V7 INMLEEBTHVEVWS b
OVLEOEZRA L. SOFETH, ERTA25EE=
FavibEdl (1-3) PESBLLTVWOT, GHEL

0 Y 0
3 4
Cfn ROt
H

NO

2 (X=NO), 9 (X=H) 3

3a'Y =4-Me
3bY = 4-MeO
3c:Y = 2-Me

0]
1] < >
R—riJ—C—N

NO
6a: R = Isopr
6b: R = Me

NO

5

Y R'
— N2

7a:Y = 4-Me, R' = R? = CH,Ph
7b: Y = 4-Me, R' = R? = Isopr
7¢: Y =4-Me, R' = R% = Et

7d:Y =2-Me,R"=R?=Et

7e:Y = 4-Me, R' = Isopr, R?=H
7£Y =4-Me,R'=Me, R®=H

5m:Y =H, R=Me
5n:Y = 4-Cl, R = Isopr
5p: Y =4-Cl, R=Me

Fig.1.

Structure of N -Nitroso Compounds and Related Derivatives
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FIRL7A 9 28R HCTRRTI B M T 7 4 — %47
W, HO= b v Bl L7, ST ToOkEG LT
BIEO n-~FH - FVRBIAEWEE»L, &
AL T O RS2 B v/, £/, MERE
D726 D X LT ER D KL T TITo 2%, AL
S roVREE (la-n) RUO-@EHR= POV REE
(2a-p) OHEILE% Table 1 & Table 2 {2 F R FhiLHK
L7.

Xgrh, TMAEEF P 7 A0BREKET WL FETRES
(8) #=buVMbLT 2, BTAFMEEE) EVHR
REWRIBTR S, CQMTW#WM“FDVWKW
N RLICAR Y DN EERFFOREN (8af) TOARRI S
RFEH (8af) x=ruaviLkds e, N fuds= buavit
Shizlafofbic, NN IR 7T VF A= o v{bok
Sl PO vRRE (5a) #RIELER, VT
R4V TUENETEZIORINIRILLZVDT, 2
OHTRERTHETVEMETHEI TN F VT VHE
GRS, TEBREFTE (9) o= boviETiE, N
-~z huvik (2) RUN-= buo vtk (5) o 28HED
oV ESREKESEZ B (Table2)., 7TAFNVEELTY
—WIEEATATEIRE (9) o= buVLRIETHR%E
Hwizie, KGO Tiz7 ) —vilo= o vik(2)
HERL T THEAMEI L) = e vkl 3-mfi R
PR D, BRELTARNDFENIIEEL T VX IVEIO N-
b vk (5) OARVPELS, F7-, ARG BT
A7 INO=bavikizonwTid, ANV VEEA VT
INHMRORIEZ BT B OIS BRUT T17) 13

Table 1. Nitrosation of Ureas (8) by Various Methods
Urea®) Method") Yield (%) of
Nitrosourea ( 1)
8a 4-Tol-NHCON (Bn), B 42
8b 2-Tol-NHCON (Bn). B 30
8¢ 4 -Tol-NHCON (lsopr), B 20
8d 4 -Tol-NHCON (Et), B 53
8e 2-Tol-NHCON (Et), B 44
8f 4 -Tol-NHCON (Bn)Me B 60
8g 2-Tol-NHCON (Bn)Me B 30
8h 4 -Tol-NHCON (Py)Me A 46
8i 2-Tol-NHCON (Py)Me A 44
8j Ph-NHCON (Bn) ; B 30
8k Ph-NHCON (Et) . B 35
81 4 -CI-Ph-NHCON (Et) ; B 67
8m 4-MeCO-Ph-NHCON (Et), C 13
8n 2,3-diMe-Ph-NHCO-Pip B 10

a) Tol = methylphenyl, Bn = benzyl, Ph = phenyl, Py = pyridyl, Pip =
piperidino

b) A:10% HCI-NaNO., B:99% HCO.H-NaNOQ. C:/so-Amyl Nitrite-
CHCl;

Table 2. Nitrosation of Ureas (9 ) by Various Methods

Urea” Method” Yield (%) of Nitrosourea
N'-nitroso N*-nitroso

(2) (5)

9a 4 -Tol-NHCONH (Bn) C 10 80
9b 4 -Tol-NHCONH (Isopr) B 15 37
C 56 9
9¢ 4 -Tol-NHCONH (Me) B — 97
C 2 95
9d 4 -MeO-Ph-NHCONH (Bn) C 10 65
9e 4-MeO-Ph-NHCONH (Me) B — 92
C 77 10
9f 2-Tol-NHCONH (Bn) C 12 70
9g 2-Tol-NHCONH (Me) B 90
C 2 87
9j 4 -MeO-Ph-NHCONH (Isopr) B 26 27
C 57 1
9k 2-Tol-NHCONH (Isopr) B 65 18
C 76 15
91 Ph-NHCONH (Isopr) B - 78
C 36 17
9m Ph-NHCONH (Me) B - 95
C 1 85
9n 4 -Cl-Ph-NHCONH (Isopr) B — 40
C 27 2
9p 4 -Cl-Ph-NHCONH (Me) B - 95
C 1 93

a) Tol = methylphenyl, Bn =benzyl, Ph = phenyl.
b) B:99% HCO:H = NaNO,, C: iso-Amyl Nitrite- CHCL:

IME . PRI, ZEIRRE (9b) DOEMERS VT 3

&= b vik®x 5-100C TITH & ZbEi(beﬁféE
KA. —F, TORIEEZERTIT o 7256 [T HEEEE A
v73wwﬁ%ﬁ¢tt4/7:»7»:—»&5b#ﬁ
ILTHELZ4-MI VI LUNI VEL VT IV FLER
WMTHbH, ZORIRKIERIBREZICCATFIZRLZ L
WX o THIRITE 5.

3. NO £k DOmEE™

3,3-VXFN-1-(4-PYN)-1-= b VRHE (1d)
PREOGHBERIEIT L, = bovik (8d) 254
BLRyEyRE= bofbEn 3,3-VFN-1-(2-
—ha-4-bYN) REFERT S, T/, 3,3-VR0Y
WEER (la) & AN -ZF L VYR ()Y Fo4
M) BERICERSE NOs-#E (BBREE, Mass
my/z 338 M CuHuFeN:Qs) SHLHEE M52, Z ofifkid
NN-ZFUVYER (FJI)Fr L3I+ ) 8 NOKH
ADRIGIZ L D onifb& e —B L. BORicL s



Kb | —BRILBRCERET D VN-= o VLYo 43

Y .
2 \
X Fe'(NO,)(salen)
AN—NO or Co'(NOY(TPP)

path b X /
l—’ >No + eNO z

Y

X = aromatic ring
Y = -CONRR' or -CONHR
R, R = alky!

X
~N
path a [/N NO

Y

Z = (Fe"(salen)),0
or Co"(TPP)

Chart 1. Possible Pathways for Production of NO- or NOs-

Complex by the Reaction of Aromatic N-
Nitrosourea with Metal Complex in Chloroform.

S NORDERE, BREEKIC X B NOs- DRI, N-
VLAY NOVEHTAZ L ERLTWA, L
L, STRORRIBHEPTNO 2R L TELERLZDT
Chart 1 @ path a % #%MH L CEMEMER LTS BF
TERW?, 22T, BELEZNOWB T VI YERETT
HAERNE&E L TRICAINDORL 7 41) v as)b MRS
B A0 ) I DL P 0 NI N & V0 -7 Do o St
& o THEFE L 72, ML 722554K13, CullsCoNsO M HLEL
b ORBEOBEKT, FIRILARS IV T1685cm™
12, THRERINA RS P VT 414 3 L UF 538 nm 124
MR ER Lz, 8, TVIYEESAFTTHERD NO
HAERVTIA4 Y /a7 oaRVABRIZE LT
Rinsg, = o uRER T EICER L. Hlgs
Rl ek N-mruvibdIvEosns
RO HEFENF— 53— L, N-=bavitath
5 NODHEHT A (path b) Z EAGEBI S N7z,

4, N-ZpOVEAHHLSEL T NO REBOFFHE"™

4.1 MERENO AEEBORME™Y

NO ZMii L, BT AHIEL LTIHESREY, +V
RN =V BEAKERIC L ARG 2 FIE L2t
FEEEDO LD ZILEWEM R EHE LRI T2 FENM
BRTWaA, T/, KREBHBICBESNZ DL LT, ¥
BhBEmE AV ESRAAFNEER ) - AEEND
L. Y —AFEIE, NOx oL/ NO WAV T 7=
BEFI7FATIVERIGERTT VEFEIZL,520 nm
HEORKEZAEL TN, 2 EETHHETHL. L
EICBIT MO BEE I HREED L TRRE L DD,
BHE L FETHY, TOFEERBLZYLVY ik
FEREAZIBI D2 REPOBEFBRAIOWUEICH O
TW5, TREOFERVTNORESR Y LEETAH
PELIBEERETADIDTH A, E612, HHOLE
Y6 0 NO S % FEFICIET 513w d REy
Thot. #IT, EELBERBELAKRBLEOT S T
ERTEET, L2dhEiliic NOEEL2NETES

I Fig 2 WRLA L) RBEELEERLZY. ZOXE
OFEBIIZ) - AEZBALEZODOTH S, NO EHLE

10 mm

vessel b —» I I

-«— Griess reagent

O-ring —J’] .
KF film
vessel a

reaction mixture

Apparatus Used for the Evaluation of NO-
Generating Ability

Fig.2.

Wh o 54E L7z NO 2 RAHOBRFEIC L Y IRIEL TNO L
L7ztk, NO, %271 —ARFEICEL L, AFEPoKEK
JELTNOS W% b, #2°C, AR LANO %2271 — AR
HIZIWERZELLDOTHD. EiFiL vessel 2 (KIEsR)
& ovessel b (RHEGR) 5% D, W vessel FIZREDOH %
Wy EE (BIML8 KP-film, L& 0.24) AT 5.

B D vessel a ITBW LAY OERGHTHELZNO I,

vessel 2 DEMHPOMEFE T NO, ICELEn, 7Y —ARK
W (4-TIIRVEVANVKVBEBION-F7F 1T
FLUIT I VOFHBBIBE) & ANT vessel b 1ZiE R
N5, HEWTNO; X vessel b FHOBEMRTHIAERIEL
TNO WA, EHIENO XY —AREE B LER
T4, ERLAZYT VLAY D 546 nm IS BIT HRIGE
FIEICL D NO DS SN BA, TONO, ZBEIZHF VY=
VREEETAZ EICE > T NOBAFIHETES.

4.2 NO OREEBORE

ISR NO JlE2sE (Fig.2) MW IKEHEO N-=+ 1
ke (1-4) RO 'NOdonor & LTHREN TS S
-=hEY-N-TEFNV-DL-R=T I (SNAP) L4
K AHNOELHE L. #LEYDrnORL LGRS
BIEREFE D vessel a IZAN3STC THRELAHZ, 77— A
I F AT vessel b DBICOWTIRIE &g L7,
37°C, 2B I SR IZ B S D NOy o 2 EE 6 3L s
o> NO %258 (NO Generating Ability) & L7z, —#%iZ,
NO donor 2* 547 % NO T 721Z NO; & i NO donor #
100mM 24 ) TRENDBIHZ VDT, AFHETH NO &
LAY D100 mM B ) DFEARICIRE L, 512, SNAP
PHERKT S NO, BHFEMIZLA. T4bH, SNAP I
TERE LB ETR—FHTTERELCEZIRLRY
S L7z $EBAE Table3 2R L TH 5.
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E&EWIZX ) NOBERIZENR LN, FERN-=
uvRE (1,2), FERN-=bOVTIF (3) itk
BENO 2T 525, FEBEN-=PEVT IV (4)
TREVWEEETH o7 BIE V-= o v{t& 65, 6)

Table 3. NO-Generating Ability of & -Nitroso Compounds

NO-Generating

Compd” Ability®
la  4-Tol-N (NO)CON (Bn). 4.79 (8.63)
1b  2-Tol-N (NO)CON (Bn). 2.12 (3.85)
lc  4-Tol-N (NO)CON (Isopr). 0.60 (1.09)
1d  4-Tol-N (NO)CON (Et). 0.35 (0.63)
le  2-Tol-N (NO)CON (Et), 0.22 (0.39)°
2a  4-Tol-N (NO)CONHBn 1.06 (1.92)
2¢  4-Tol-N (NO)CONHMe 1.07 (1.93)
2f  4-MeO-Ph-N (NO) CONHMe 2.52 (4.55)
3a  4-Tol-N (NO)COMe 0.87 (1.56)
3b  4-MeO-Ph-N (NO)COMe 0.75 (1.36)
3¢ 2-Tol-N (NO)COMe 0.07 (0.12)
4a  Ph-N (NO)-Ph 0.02 (0.03)
4b  4-Tol-N (NO)-Bu¢ 0.00 (0.00)
4c  Ph-N(NO)-Me 0.01 (0.02)®
4d  4-NOs~Ph-N (NO)-Me 0.11 (0.20)®
4e N -Nitrosoindoline 0.03 (0.05)°
S5ai  Alkyl-N (NO)CONH-Aryl 0.00 (0.00)®
6a  Isopr-N (NO)CON (CH.)s 0.00 (0.00)®
6b  Me-N (NO)CON (CH,)s 0.00 (0.00)®
SNAP 0.55 (1.00)

a) Concentration of each N -nitroso compound and SNAP for thermal
decomposition in chloroform solution was 1-10 x 107 M. Reactions
were carried out at 37°C for 2 h. The values are amounts (mM) of
NO: generated vz NO from the 100 mM chloroform solution of
the compound, and those in parenthesis are the ratio to SNAP.

b) Tol = methylphenyl, Bn = benzyl. ¢) Reacted for 4 h. d) Reacted for
7h

3L, 37°C, 2RI D RIS S CTIZ NO 2 gk L 22 2o 7.

/e, FEBEN-=PuVRE (1,2) RUGEREN-=
favy73F (3
le) ZB\WT, SNAP L[5S L {ZFSELL LD NO %
EREEA L, BRC, UNVIUNERET L EERSEIRR
# (la) i3, SNAP D 8.6f5TNO & 54ET 5 Z &2
Lol E61C, {bEWONT B (1a,1d,3a)
LRSI B A0 MEHME (1b,1e,3c) T EFNFREEL
ol &, NTEEKITE OV MEBRKL D D NOENL W,

Zhid, A MERETCES b v RESHTA AL MER
HEDONAREED /2D, NIBIRICHRGEFERO R EN
SNOD R RUNRZBRIZHL. Sz, 5
BR& N-NO AR —FHE 2B 23V T BT, N
BREROo BT LHZL, EREMLMTIZLIZLIYN
NOMEEDBAREIL L LD L, FI FEEYRO N'-52

) &, VI FOVEREFEER (1d R

ZEoBFRFEE LT a v EELTY
Ll kEZONDL, T2, LLIINASERKTHLEE
Btk (la) L ZEHRAK (22) 2B LAE &, N
DERIEICI LI VvEOTDY)OTABEED DI
ladN-NOKEEF2aDFN L) YT AN NO
DERLMML-EHfEE L.

W, ZTHEOVPERLAE—EO N-= ravikEY ok
T, BPAREYE Y ONOBEEFRDIKEVDIIZEER
N-Z b VREREK (la) THAHIEHIHBH L.

4.3 NO donor O RE®

N-= 1 a VA bEWEOHR TR D NO DRAERENENT
WhEFER=ZERE N-Z b VREE (la) &—fEIZEH
ENRTWABHFED NO donor (NOC-18, SNAP, SIN-1, NOR-
4,SNP) 122w T, 37°C, 20 D&M T TO NO #f= %

HiR L 72f 5T NO i EdE & « Flv TR L7z, NO donor
DEIT Fig.3 IRLTH A,
Me Me
[0}
O,N OH ’\7
NHg NHS O 'z‘ N\ "
\) i ”/\>_NH
NHJ‘\(ﬁ N\O HCI
L/
N
NOC-18 NOR-4 SIN-1
NO SNO
Na, hﬂ""-pe-"‘“‘“m\' Me—C—CHCOH
NC I Yen Me NHAc
CN
SNP SNAP
Fig.3. Structure of NO Donors
Table 4. NO-Generating Ability of Aromatic
N -Nitrosourea (1a) and Usual NO Donors
NO Donor NO-Generating
Ability?
1a” 0.45 (0.90)
NOC-18 0.95 (1.90)
NOR-4"Y 0.11 (0.22)*
SIN- 1 0.38 (0.76)
SNP 0.04 (0.08)
SNP® 0.71 (1.42)
SNAPY 0.50 (1.00)

a) Each compound (1. 6x10® M) was reacted in Krebs buffer (pH 7.4)
at 37C for 2h and NO was detected as NO,  using the Griess
method. The values are amounts (mM) of NO,™ generated from 100
mM of la or NO donors, and those in parenthesis are the ratio to
SNAP.

b) Reaction in the mixture of DMSQ-Krebs buffer (1:9). c¢)Reaction in
H:0(pH 6.4). d) Data for 3 h.
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(1/Dgg) x 105

0.0 3 ' ' : )
o 1 2 3 4 5

[NO," from Compd. 1-6]/ [NO,” from SNAP]

Fig. 4. Relationship between NO Generation and Cytotoxic Activity

The figure shows the NO-generating ability per 2 h and 1/IDs from
Tables 1 and 2, except for the data for 1 a. The NO-generating abili-
ties of le and4a were converted into values per 2h. The symbol # in

the figure shows the datafor 4 b, 5 a-c,e,f,iand 6 a, b.

BIFFRICBIT S N-= b VbW RICEERETH S
7280, BRMIZAED DMSO IZED U721, pH 7.4 @ Krebs
BERYMACHRLCABRE Lz, NOR-4 B L

SNAP & 10%DMSO # & & pH 7.4 Krebs #2712 &2
L, flix pH 7.4 Krebs S EIZER L7-. #521E Table
4R L7z, 6 FEDILEWICOWT, NODFAERER
845 & NOC-18>SNAP> 1 a>SIN- 1 >NOR- 4 >SNP
DJETHY, NOC-18I3 NOE% 2MHALTWVENDT,la
R SNAP O# 2 5D %R %R L7z, SNP I3, WO
PEHBEOBEIINO 2 ERELRLTWI Lbhro/, N-
ZhBEVEE (la) 3ARTD SNAP L FFRED NO &
HEBE L7275, BAFEIZI1Z SNAP ®° 1a i310% @ DMSO 2 &t
KRATHARTWD, b ObE LB L TKiEL
EWMS T, EWiEEE S B NO L 5LE&Y
ELTHRBR T EEZ LS.

5. N-Z hOVLEHOMREMEREER"

FARBIERERREVE L, JEEMRaTd 5 L-5178Y Br &M
ez VT, 20EFLHET LR EHLHETHT-
2. N-= bFavitsii, 10%DMSO % &4 1 % PBS #%
EHACE» L CRRER L, HMIHEZ0%MET % EE (Do)
K7z, Table5 IR L& )12, FHKR=ZIR V-
ZhavR#E (lae) RUFEHR_BRN-= PO VIR
# (2a-g) DDy IEHIO°MTHY, FEEN-=IO
V7 3IF (3ab) bEBEEDEERLE. —J, EHE
N-=+a VR (5a-i,6ab) TiE, WINOFEKRD Dy

Table5. Cytotoxic Activity Against L-5178 Y Cell Line® of & -Nitroso and Relative Compounds

IDso Dy

Compd. ¥ pg/ml - X107°M Compd.” pg/ml X107°M
la 4-Tol-N(NO)CON(Bn), 6.3 1.8 5b Isopr-N(NO)CONH (4 -Tol) 75.0 33.9
1b 2-Tol-N(NO)CON{Bn), 3.6 1.0 5¢ Me-N(NO)CONH ( 4 -Tol) 57.0 29.3
1c 4-Tol-N(NO)CON (Isopr). 1.0 4.1 5d Bn-N(NO)CONH( 4 -MeO-Ph) 29.0 10.0
1d 4-Tol-N(NO)CON(Et), 11.0 4.8 5e Me-N(NO)CONH( 4 -MeO-Ph) 51.0 24.5
le 2-Tol-N(NO)CON(Et), 12.0 5.2 5f Bn-N(NO)CONH(2 -Tol) >100.0 >37.1
2a 4-Tol-N(NO)CONHBn 20.0 7.6 5g Me-N(NO)CONH( 2 -Tol) 25.0 13.0
2b 4-Tol-N(NO)CONH (Isopr) 15.0 6.6 5h Bn-N(NO)CONH( 2 -NO:- 4 -Tol) >100.0 >10.0
2¢ 4-Tol-N(NO)CONHMe 17.0 8.6 5i Bn-N(NO)CONH( 2 -NO,- 4 -MeO-Ph) >100.0 >30.3
2d 4-MeO-Ph-N(NO)CONHBn 17.0 6.0 6a Isopr-N(NO)CON(CH.)s >100.0 >50.2
2e 4-MeO-Ph-N{(NO)CONH (Isopr) 4.0 1.6 6b Me-N(NO)CON(CH,)s 71.0 42.3
2f 4-MeO-Ph-N(NO)CONHMe 3.0 1.4 7a 4-Tol-N=N-N(Bn). >100.0 >37.1
2g 2-Tol-N(NO)CONHBn 16.0 6.1 7b 4-Tol-N=N-N{Isopr), 21.0 9.5
3a 4-Tol-N(NO)COMe 2.4 1.4 7¢ 4-Tol-N=N-N(Et), 5.0 2.6
3b 4-MeO-Ph-N(NO)COMe 4.0 2.1 7d 2-Tol-N=N-N(Et), >100.0 >18.2
4a (Ph),NNO 2.5 6.3 7e 4-Tol-N=N-NH (Isopr) 31.0 17.7
4b 4-Tol-N(NO)-Bu¢ 70.5 36.7 7f 4-Tol-N=N-NHMe 27.0 18.2
5a Bn-N(NO)CONH (4-Tol) >100.0 >37.1

a) L-5178 Y Leukemia cells were cultured in a stoppered tube in RPMI-1640 medium supplemented with 10% fetal bovine serum at 37C.
The growth inhibitory effect was determined as the ratio of cell numbers, which were counted visually with a microscope in treated and control
groups (%, treated/control) after incubation of 10° cells/ml for 48 h with various concentrations of each sample. To express the results, the IDs (50

% inhibiting) value was calculated by a probit diagraming analysis.
b) Tol=methylphenyl, Bn=benzyl.
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1210 MU ETH 0 iEMIFKRT Lz, FHHEEN-= b
OY73Y (4ab) EOHRTIE, N-=2+OvIPryz=)
TIv (4a) PNEENEL, N-=haQV-r-TFLV 7
ZNT IV (4b) DH6ETHoL. b DRI,
HHON-= Pu vt HFEYEELERT 20K
i, TNHOEICBWTHERICER L/ N-NO %
ETDIEDPYETHALEN)IEZR LTS, FHHEK
=B (1) LHFRZBR|RN-= PO VRE (2) BT
i, ZERENEETH Y, ZEREOFTEIRI IV
EXHTHFHFER (lab) OFPTZFLERIA VT
O VEEETBFHEK (1c-e) L DHRWIEMZRL .
¥, ZEBR- MO VREROTV T VERMICEDELS B
VTE VI, VI FUFEE (7o) RBRVwTwIRY
WEHEEAMED o 7.

S o VALEWICBIT B NO DRED LR§ & L EEM
R A3 2 B IR O B4R IO W TIE, NO, D iEhE
i (Table3 Tlkla Zkr<) & Dy {& (Table5) & DM
WCHIBIMREL 0.713 THEMMLAHBEELH L Z LS »
1% o7- (Fig.4). &k, BBtk N-= o VRFEHII,
RENCE DT TN HRL, & HICIERZRMIZT
WELHFF IR LIZOB DNA 2 7 V3 UL L T
WEHEHTLEEZONTEYD, DLLOHEREIE, = b
T VAbLEWH 5384 L2 NO F 7213 NO BRI & 251k
FOERETHLHEELZRL TN A,

L& lalconTiy, BRELSEITNZ. T, la
DSRBENIEFICKE VD, MR Uit 2 R
WZBE O NO BELb bR, EREMET 5 & H#
EENTz. ZORFRIZ, EWEHAZRETHE, BEICX
> TIFE4IZNO kil BT 2{LEYP AR TH D Z L &R
BLTwasbnEBEbhb, &K, NO donor i & % NO
DIEHERE e ZR L AL OSRCHBEMICES 2 B
WAL EW OFMEI B SN TWw 5P,

8. F&H

N-TVENELRRN-T)= Vb aVYT I (4) D
{LFBWRICETVT, ZiRSE TR L  NO &gk
BACBMOMEERET 6, FER N-= Fa v REFHEK
(1,2) RUFEFBRN-=+avY7 I FFEER (3) 55
N7z, NO ZEH LR T W N-= bavibe ok,
EEREMETLIHREBELLZN-NOEZATLILINTD
5. N2 LOBFHFFERD n BT &% LIERE
THEEN-NOKENFEY T4 v 7 ICHARE LR TV,
X512, N-NOEIZH VR VEDSBEETLE, DILE=
VORFRE = bV EOBREFHOBENRKIEIZL D N-NO
ERBAREEEZELONCLT (25, REFERIIBN
T, 7 A FON MOBEEDSIAENEN N-NOKE
DEFEMIHEL, VHRBEORE WHFRZERFEHK

(1) 7% X { NO %83 %. NOdonor & LCTHIB R
% SNAP® & NO AR % T 5 &, laid SNAP Ofy
8.6M5 D NOFstEfe R R L7z, & 612, BHREOME K
FTNODRAEDRERLT E2FHTEL Z LAFHL I
ol AETHEINLDLEWE, HRTRETHS
NO \Zftb 2 i NO #EBE LA & L THESTE TS
LrEZD.

NO donor 2* 583 2 NO B % HE T 5 i 5% NO il
EEBELERELLD, COEBOF R, AEEERKER
BEEMDT, SHEOEAYH LD NORERELREHT
WELHBT I ENTELILETHE. 1272, NOEK
TR & RN R CIREAEL, BELZNO O
EERERTERVEVIREDSH S, FRC, KREGHED
T NOANO W2 ) T, ARBEOLAE L ) RE
BVWKTTADT, SHRHAPLETDHS.

NOX, FVINHETDH B 7-DIERES EDRIDHEIR
BWwEHERShA, DNA WK L TREMEEORT I /
L2IzpE- L, 72, YVEATHERPL PO Y S3EERM
Faioxnt UTEARER LR T, MRoMMEICEET sHE40
BRI DICIEN LR F A — VR AT A DT, NO
FENS &L L CEERIETE 2 G S THIRE 25 &8
ITEHEINTVWEY, NOEELLEWELTDO N-=
kO VLA OB IZ DWW T DG IZEE S OB
WZiE v, NO #ERERE & ARRR BRI (e & ORI E R
BHBEZEFHLIho/zDT, N-= baviba&
DHEWNRT B VEHEREIC NO T 7213 NO sk oiE R IC
L AVERISHAE R ME A I LD TEBLEEZTVA.

%3, NOdonor {2 T 283X E - 72D TH D,
E 52X NOdonor 285 7:0IZETTH 5.

MEE ARFTEIL, JbRERZERIEMBEEL, BRI KEE
FBOEEL, ROTEARFILORARRE & OfF Tirw
FlL7, TTEHL, MR LLTES. 74, NOW
EFEBEEFERTHIIHE D KF film 7 TRV 72725087
fbFoAFEEZELEBEMEELICER#RLEST. &
B, FHFEO—IHEEZEEAEN IEERBRITFEE (B
7)) X oTHTo72b0TY., ZZICHETERLIT.

X 8

1) Palmer, R. M. ], Ferrige, A. G. and Moncada, S.: Ni-
tric oxide release accounts for the biological activity of
endothelium derived relaxing factor. Nature, 327, 524~
526 (1987)

2) KBZEW . —#{baEF & AT A, Modification of Cellular
Substances by Nitric Oxide : Especially from the View-
point of Carcinogenesis. Cancer Research and Clinics, #
IIESE, B, pp.794~800 (1993)

3) a) Pronai, L, Ichimori, K, Nozaki, H, Nakazawa, H.
Okino, H.,, Carmichael, A. ]. and Arroyo C. M.: Investi-



FEL L ~RRILBRZEET L V-2 b u Ve oRist 47

4)

5)

6)

8)

9)

gation of the existence and biological role of L- arginine /
nitric oxide pathway in human platelets by spin trapping
/ EPR studies. Eur. J Biochem., 202, 923~930 (1991)
b) Kikuchi, K, Nagano, T. Hayakawa, H., Hirata, Y.
and Hirobe M.: Detection of nitric oxide production
from a perfused organ by a luminol H:O. system. Anal/
Chem, 65, 1794~1799 (1993) c) Green, L. C, Wag-
ner, D. A, Glogowski, ], Skipper, P. L., Wishnok, J. S.
and Tannernbaum S. R.: Analysis of nitrate, nitrite, and
[*N] nitrate in biological fluids. Anal Biochem., 126, 131
~138 (1992) d) Ishida, Y., Hashimoto, M, Fukushima,
S, Masumura, S, Sasaki, T, Nakayama, K, Tamura, K,
Murakami, E., Isokawa, S. and Momose, K.: A Nitric
Oxide-Sensitive Electrode: Requirement of Lower Oxy-
gen Concentration for Detecting Nitric Oxide From the
Tissue. J £ M, 35, 19~24(1995)e) Saltzman, B.E. and
Mendenhall, A. L. Jr.: Design Parameters and Perform-
ance of a Mini-aturized Colorimetric Recording Air Ana-
lyzer. Anal Chem., 36, 1300~1304 (1964).

a) Leaf, C. etal.: Endogenous incorporation of nitric ox-

ide from L-arginine into A -nitrosomorpholine stimulated
by Escherichia coli lipopolysaccharide in the rat. Carcino-
genesis, 12, 537~539 (1991) b) Liy, R. H. etal.: Ele-
vated formation of nitrate and A -nitrosodimethylamine
in woodchucks (Marmota monax) associated with
chronic woodchuck hepatitis virus infection. Cancer Kes,
51, 3925~3929 (1991)

EHEAT, AR B AREERIES. W - B¥o
$HAHNO DTRT (CEHAEEMR - M), EhREZELR,
pp. 41~47 (1996)

KWEE © NOS Dk & Ak,
*+4t, pp.29~41 (1996)
HHEE I NO LA LEREEEYFNERT Vv v,
I L 5 TURRE-. NO L A== F U F (3
EIEHE - i), HERT 22y a7 -,
pp. 10~18 (1995)

a) DeMaster, E. G. et al.: Reaction of nitric oxide with
the free sulfhydryl group of human serum albumin yields
a sulfenic acid and nitrous oxide. Biochemistry, 34, 11494
~11499 (1995) b) Kharitonov, V. G. et al.: Kinetics
of nitrosation of thiols by nitric oxide in the presence of
oxygen. /[ Biol Chem, 270, 28158~28164 (1995)
Akaike, T, Yoshida, M. and Miyamoto, Y.: Antagonistic
action of imidazolineoxyl & -oxides against endothelium-
derived relaxing factor / NO through a radical reaction.
Biochemistry, 32, 827~832 (1993)

NO T ¥4 VDR,

10) a) FHEFHESE, RERTF, HHEM D NO EE{La.

b4 - NO-fb & &4y (KRE—BF - fbif), ¥&
Wi+~ % —, pp.53~62(1996)b) Wang, Y. X., Zhou,
T. and Pang, C. C. Y.: A comparison of the inhibitory
effects of sodium nitroprusside, pinacidil and nifedipine
on pressor response to /V®-nitro-L-arginine. Ar. / Phar-
macol, 108, 398~404 (1993) c¢) Campbell, J. M, McCrae,
F., Reglinski, ], Wilson, R., Smith, W. E. and Sturrock,
R. D.: The interaction of sodium nitroprusside with pe-
ripheral white blood cells in vitro. Biochim. Biophys.
Acta, 1156, 327~333 (1993) d) Stowe, D.F. Baban,
M. and Kampine, J. P.: Reperfusion with adenosine and
nitroprusside improves preservation of isolated guinea
pig hearts after 22 hours of cold perfusion with 2, 3-
butanedione monoxime. J Cardiovasc. Pharmacol, 21,

11)

12)

13)

14)

15)

16)
17)

18)

19)

20)

578~586 (1993) e) Salvemini, D., Mollace, A. and Pistell,
A.: Metabolism of glyceryl trinitrate to nitric oxide by
endothelial cells and smooth muscle cells and its induc-
tion by lipopolysaccharide. Proc. Natl Acad Sci USA,
89 982~986 (1992) f) Noack, E. and Feelisch, M.: Mo-
lecular aspects underlying the vasodilator action of mol-
sidomine. /| Cardiovasc. Pharmacol, 14 (Suppl. 11),S1
S5 (1989) g) Ivanova, K, Schaefer, M, Drummer, C.
and Gerzer, R.: Effects of nitric oxide-containing com-
pounds on increases in cytosolic ionized Ca** and on ag-
gregation of human platelets. Fur. J Pharmacol. Mol.
Pharmacol, 244, 37~47 (1993) h) Maragos, C. M., Mor-
ley, D., Wink, D. A, Dunams, T. M, Saavedra, ]. E.,
Hoffman, A, Bove, A. A, Isaac, L. Hrabie, ]. A. and Keefer
L. K.: Complexes of NO with Nucleophiles as Agents for
the Controlled Biological Release of Nitric Oxide. Vasore-
laxant Effects. J Med Chem ., 34, 3242~3247 (1991)

a) Moncada, C., Lekieffre, D, Arvin, B. and Meldrum,
B.: Effect of nitric oxide synthase inhibition on NMDA-
and ischemia-induced hippocampal lesions. NeuroKe-
ports, 3, 530~532 (1992) b) Siegfried, M. R, Erhardt,
J., Rider, T., Ma. X. L. and Lefer, A. M.: Cardiopro-
tection and attenuation of endothelial dysfunction by or-
ganic nitric oxide donors in myocardial iscchemia-
reperfusion. / Pharmacol Exp. Ther, 260, 668 ~ 675
(1992) c)Woditsch, I. Strobach, H. and Schroer, K.: Oral
cicaprost protecs from hyperecholesterolas mia-induced
impairment of coronary vasodilation. Agents Actions
Suppl, 37, 297~304, (1992)

Sueyoshi, S. and Tanno, M.: Preparation and proper-
ties of 3,3-dilkyl-l-arylnitrosoureas and related Com-
pounds. Chem. Pharm. Bull, 33, 488~491 (1985)

a) Tam, J. N, Yip, R. W. and Chow, Y. L.: Chemistry
of Amido Radicals. Flash Photolysis of N -Nitroso-/V-
Alky-lacetamides. /[ Am. Chem. Soc, 96, 4543 ~ 4554
(1974) b) Welzel, P.: Die thermische Spaltung einiger
Diarylnitrosamine und-nitramine. Chem. Ber, 104, 808
~821 (1971)

Gnewuch, C. T. and Sosnovsky, G.: A Critical Ap-
praisal of the Evolution of & -Nitrosoureas as Anticancer
Drugs. Chem. Rev, 97, 829~1013 (1997)

Tanno, M., Sueyoshi, S., Miyata, N. and Umehara K.:
Characterization of the Cytotoxic Activity of Nitric Oxide
Generating /N -Nitroso Compounds. Chem. Pharm. Bull,
45, 595~598 (1997)

Hatt, H. H.: Org Synth, 11, 211 (1943)

Semon, W. L. and Damerell, V. R.: Org Synth, 11, 204
(1943)

Challis, B. C. and Kyrtopoulos, S. A.: The Chemistry of
Nitroso Compounds. Part12. The Mechanism of Nitrosa-
tion and Nitration of Aqueous Piperidine by Gaseous
Dinitrogen Tetraoxide and Dinitrogen Trioxide in Aque-
ous Alkaline Solutions. Evidence for the Existence of Mo-
lecular Isomers of Dinitrogen Tetraoxide and Dinitrogen
Trioxide. / Chem. Soc, Perkin Trans. 11, 1978, 1296~
1302

Tanno, M. S, Sueyoshi, S. and Kamiya, S.: Thermoly-
sis of N-Aryl-/V -nitrosoureas to Afford Ary Isocyanates
and Nitrosamines via O -Nitrosoisourea Intermediates.
Chem. Pharm. Bull, 38, 2644-2649 (1990)

a) Tanno, M. and Sueyoshi, S.: Preparation and Prop-



48

BEvEZELRAEMEBEEFRETRE

#115% (1997)

21)

22)

erties of 3 -Alkyl-1-arylnitrosoureas and Related Com-
pounds. Chem. Pharm. Bull, 35, 1360-1371 (1987) b)
Tanno, M., Sueyoshi, S. and Kamiya, S.: 1, 3-Nitroso
Rearrangement and Transnitrosation of 1-Aryl- 3 -benzyl-
1-nitrosoureas which Decompose to Liberate Nitrosyl
Radical under Mild Conditions. Chem. Pharm. Bull, 38,
49~54 (1990)

Yamaguchi, K, Matsumura, G, Tanno, M, Sueyoshi, S.
and Miyata, N.: Structure of A -Aryl-/V -nitrosoureas.
Acta Cryst, C48, 1051~1054 (1992)

a) Tanno, M, Sueyoshi, S. and Miyata, N.: Nitric oxide
generation from aromatic /N -nitrosoureas at ambient
temperature. Chem. Pharm. Bull, 35, 1849~1852
(1996) b) FHEPHESE, KEHT, THES, HE
H, I —BMtEZ (NO) BEROWR () BERAE
L&D & NO MIMEEAILEY, BRIk LE
%, 7,227~229 (1996)

23) Croisy, A. F., Fanning, ]. C, Keefer, L. K, Slavin, B. W.

24)

and Uhm, S. -J.: Metal complexes as promoters of V-
nitrosation reaction. /ARC. Sci Publ, 31, 83~93 (1980)
a) Scheidt, W. R. and Hoard, J. L.: Stereochemistry of

25)

Low-Spin Cobalt Porphyrins. 1. Structure and Bonding in
a Nitrosylcobalt Porphyrin and Their Bearing on One Ra-
tional Model for the Oxygenated Protoheme. /. Am.
Chem. Soc., 103, 8281~8288 (1973) b) Wayland, B.
B., Minkiewicz, ]. V. and Abd-Elmageed, M. E.: Reactions
of Nitric Oxide with Cobalt(I) Tetraphenylporphyrin: A
Unique Bis Nitric Oxide Complex. [ Chem. Soc, Chem.
Commun, 1976, 1015~1016

Ramamurthi, A. and Lewis, R. S.: Measurement and
modeling of nitric oxide release rates for nitric oxide do-
nors. Chem. Res. Toxicol, 10, 408~413 (1997)

26) deRojas-Walker, T, Tamir, S, Ji, H, Wishnok, J. S. and Tan-

27)

nenbaum, S. R.: Nitric Oxide Induces Oxidative Damage
in Addition to Deamination in Macrophage DNA. Chem.
Res. Toxicol, 8, 473~477 (1995)

Keller], R, Bassetti, S, Keistl, R, Mulsch, A. and Klauser,
S.: Induction of Nitric Oxide Synthese is a Necessary
Precondition for Expression of Tumor Necrosis Factor-
Independent Tumoricidal Activity by Activated Macro-
phages. Biochem. & Biophys. Res. Commun, 184, 1364
~1371 (1992)



