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Studies on the Derivatives of a Leukomogenic 1-Nitroso-1-butylurea®
(II) On the Decomposition of 1-Nitroso-1-butyl-3,3-dimethylurea
(DM-NBU) in the Buffer Solutions* (Part I)

Misono Fukui, Reiko Takirant and Keizo Tapa
(Received October 1, 1980)

The decomposition of 1-nitroso-1-butyl-3,3-dimethylurea (DM-NBU), which was
found to have both leukomogenic and vaginatumorigenic activities on female rats,?
was studied in the buffer solutions of various pH values from 2 to 12 at 37°C. It was
found that the decomposition velocity of DM-NBU was lowest in the neutral medium
and increased as pH values either increased or decreased from 7, and the velocity
was generally much lower than that of 1-nitroso-1-butylurea (NBU).» The effect of
the concentration of DM-NBU on the velocity has not yet been examined in detail,
but it has been found that lower concentrations resulted in more rapid decomposition
than higher ones did in the range of pH examined only except at pH 10.

The main decomposition products of DM-NBU were carbondioxide, dimethyl-
amine, 1-butanol and 2-butanol. Although the above two isomers of butanol were
also detected and determined in the case of NBU and their total amounts were almost
equal at each pH values of 2, 7 and 12,** in the case of DM-NBU, they were almost
equal in the range of pH values from 12 to 6 but they fell suddenly at pH 5 and, there-
after, gradually decreased as pH values decreased. The ratio of the amount of 1-
butanol to that of 2-butanol was 1.8—2 in the range of pH tested.

The determination of the residual amounts of DM-NBU was made absorption-
spectrophotometrically and that of the butanols was carried out gaschromatographical-
ly after the decomposition proceeded completely.

DM-NBU 13835, /NHE, £H%1 X - T Donryu S » bichis b OERTHIMF R X O
BEEEZFRTLEXMLATWEYLAY T, EHLR 1-= = V- 1-F 7 A RFEWLF NBU
ET5) BT A —EHOBRY 0—HE LT, ZOHWED in vitro [ kit 5 0RO EZIT,
DIRRER LODRERD ORI ONT, HIBREOMALBLOTI ZIKlET5, ks
NBU o732\ Th iR W TR 2 5t/ TH T, H LV AR %E T\w52, DM-NBU
SREOHEZPLE LTROBSICED Z it L,

) %13k %H, BN, BAK% K 19, 35 (1974)

* ZO—MITAAREFE HOOFES (197948 ) RE

2) A. Maekawa, S.Odashima, K. Tada et al., J. Natl. Cancer Inst., 56, 1177 (1976)

3)-a Y.Hashimoto and K. Tada : Proceedings of the 2nd Internatioal Symposium of the Princes Takam-
atsu Cancer Research Fund, 501 (1972)

b %M, &, BAE: K, 15, 48 (1970)
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DM-NBU: 4 Vo7 VBzF LA ATAELEKRKD AFAT I VIDER LK 1I-75F1-3.3-2
AFVRBEREWEF LV 7 A LEHBET, N-=bte Vb, vV AFXAAS a2 b s
57, -2k hEERIL, 95% EtOH %% ¢ 241 nm % X 0% 389nm o132 WKE X b #iE 4
check U7:V, KA

buffer solution

pH2 (N/5 BEE+M/5 LA Vv L)

pH3~4 (N/10 EREE+M/20 EEEEF Y 7 &)

pH5~6 (N/5 KEE{LF F VY 2a+M/G5 7 2 AEEKFES YV 7 &)

pH7~8 (M/30 vV vEEZKEHV 7 2+M/30 YV VEEKFZEF L V¥ L)

pH9~10 (N/5 kEfb+ bV 7 &4 +M/5 R vEE+M/5 /LA V) ¥ &)

pH11~12 (N/10 kFEgfb7 F vV 2 A +M/10 ¥ vEEKEF + V) ¥ &)

EFEEL T

B & 7 € — s eRENEE R UV-200
BE@yare<t 7357 GC-4CM
By Arr=tb-ty, 72 C-RIA
i Digetal pH # — % — 10B
L ik
(EBRFIE & HR]

1D DM-NBU OB & B OIER

&/ L7z DM-NBU o UV Bz 2= 7 + 143, 95% EtOH #%i#% <, 241 nm (e=5510), 303 nm
(e=101), ¥ X0 389nm (¢=83) ix v — 7 #/” 3P, DM-NBU 3K C#pizo©, NBU
DB LAk, EtOH iF &, To—MEBEKE ik buffer THRNT 5 HEER -7 £
OO UV-RIRA R 2 F M3+ _XTRAERAETH- T, LROSEOY -2 Fh £
#1238 nm (6=5930), 303nm (¢=89) L L 370nm (=78 ITh-~Tco £ THHEKTERL
WD 370nm, OREES 50 y/ml~7.25 mg/ml OHFEHTRIE LA, I EH L
D otc, (Fig. 1) (EF=4.42) X » T DM-NBU 0BFBEOEECREREEYH B2 L2 L
2o

2) NIREEOFE

BENNR ORI 2EOBRERORCHAE Lz, ik, HOHOBKD BE X, NBU o
SIROERC TS LIERBR Ui,

EEEE CITFA®E3 ConC. &4 2%) DM-NBU # 1.6,~1.7,2 #8# L, 95% EtOH
25ml wEfEse, o 10ml %&b, Zhicsg pH o buffer #mnzT100ml L L, 2»5< 3E
E% L7-o DM-NBU 0 F i1 6.6 mg~7.2mg/ml (3.8~4.1x102& /D) ¢, &%+ % EtOH
3#9% ThBo

FHHBK UUTFTBEzadil £35)

DM-NBU #1g ¥ L, 95% EtOH 10ml 25 &, £ 0.3ml #%& pH o buffer 30
ml Nz 7zo DM-NBU 01z, 0.92~1.08mg/ml (5.3~6.2x10"%= /) T, &H T %

EtOH 18 1% TH %,
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optical
density

3.5~

3.0r
2.5

2.0

vof /

Fig.1 at 389nm

Table I EZX at O-Time in various buffer solutions

PH A B
2 4.32; 4,50,
3 4.500 4, 254
4 4. 363 4. 475
5 4.43 4.545
6 4.38 4.54;
7 4.65, 4. 46,
8 4,434 4.57,
9 4. 40g 4.12,4
10 4.60q 4,363
11 4.43; 4. 35
12 4.23 4,425
S Bz 4. 43, 4.47;

EZ =4.45

3) O-Time 0O BIGEE

SRRAMER, 370 nm TRXE ZHE (A #iX buffer T3 EHRE) L, O-Time o &
B L Lico % pH o buffer %o O-Time iz 3siF % EZ% 1x Table I iw;7+@ b ¢, BRO#E
DIEBIEBRWT X —FKE B, FOEHE4.45 1 2BRKE FVG -8k o EX 4.42 L7 © —%
L7
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D HEEBEFROGHE

A, B i¥# 37°C T incubate 35, & DB H, HEERL CO; AEMES, = —AFTA
Yy PP FIREETI S, CO, RENIEE - e bERY LTEEETCKET 2, 2
MR L e ro—EM Y 370nm THREELZHAE L, O-Time OFEE TH L7c{EXx100 %
Eﬁ%(%) &L,

PH
14T
A solutions (conc.)
12 \
\ X~ PHI2
PHII x x
107 00— PH10
PH 9o x —
X ey T s — % -
o _.’l;’-, PH7
l_‘_x_,,_x-xﬁiis———;:z_—_——"*‘——«”‘—',_/x-—
o3 D P ———
o
L"‘”/
6—1 PH5
XX Xme X X X XX X:
. I PH4
| x
T_, e PH3
2 VS— v PH2 .
! 1 ! ! 1 !
0 5 10 15 20 25 30 DAYS

Fig. 2-a Retention of PH during the decomposition of DM-NBU

PH B solutions (dil.)
12l Y . . N PH12X
' PHI1
10>|<~x‘x:&,¢_v X ‘ N PHIO0
Xt N x X e PH9
y PHS8
8 oo X, > X
==X N x PH7 x
PH6
6 K X o X e X e X = K X X X: X X: X-
KX = X=X X =X X X X— PHS X
x N PH4
4 A A\’ 2al X
PH3
KKK ) e XX =X
2 X=X . X —_— X PH 2 x
1 L ! 1 I |
0 5 10 15 20 25 30 DAYS

Fig. 2-b Retention of PH during the decomposition of DM-NBU
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Table II - Residual percent of DM-NBU in Buffer solutions of various
PHs (measured at 370 nm in water containing EtOH)

} PH 2
time(hrs)
solution

B

PH 3
solution

B

) PH 4
time(hrs)
so$

B

pH 5
solution

B

e) PH 6

time(hrs)
solution
A

B

PH 7
solution

B

pH 8
solution

B

1 3 5 8 24 48 72 120 240
96.8 82.9 74.3 65.1 42.3 24.2 19.4 12.3 5.10
96.4 74.9 56.1 37.8 10.8
1 2 4 6 24 48 72 144 168
98.1 95.3 88.4 82.9 56.4 42.4 33.7 18.0 15.3
96.7 91.6 81.6 69.7 27.3 15.0 10.0 7.99 6.76
3 5 7 24 48 72 9 120 240 504
99.0 98.1 96.2 81.6 63.3 53.0 45.6 39.4 21.0 6.71
95.3 94.8 92.2 72.9 52.0 40.4 30.9 25.1 11.7 6.50
1 2 4 6 24 48 72 144 240 480
97.7 98.6 99.5 98.4 92.3 84.4 76.9 59.5 43.7 23.5
100.0 100.0 98.8 98.1 92.4 77.5 66.4 46.9 30.8 16.4
1 2 4 6 24 48 96 120 240 480
100.0 99.0 99.4 99.6 96.3 89.8 82.0 78.9 62.6 42.4
98.8 99.5 98.0 97.8 92.7 84.8 74.6 70.4 52.6 36.2
3 5 8 24 48 120 240 480 720
99.5 99.6 99.5 96.2 92.0 81.9 68.9 40.3 27.8
99.0 98.3 97.1 93.0 88.3 77.6 40.8 25.9
1 2 4 7 24 48 120 264 480 648
99.6 99.3 98.9 96.8 96.6 92.0 77.8 56.2 39.2 28.1
99.4 97.3 97.3 96.7 94.3 87.1 73.6 55.9 39.8 28.5

— 53 —

Change of PH

2.03—1.77
1.98—1.87

3.14-2.97
2.82—3.01

4.12—4.01
3.98—3.93

5.35—5.48
5.07—5.06

6.38—9.29
6.08—6. 15

7.03—8.43
7.06—7.35

8.18—9.42
8.03—8.47
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h) PH 9
time (hrs)
sm 1 2 4 7 24 48 120 264 480 648 Change of PH
A 99.9 99.7 99.2 97.8 95.2 87.3 71.6 47.7 28.9 19.1 9.26— 9.16
B 100.0 99.6 97.3 98.4 95.2 86.4 69.3 49.6 31.6 22.3 9.09— 8.96
i) PH 10
time(hrs)
W 3 5 7 24 48 72 120 240 504 720
A 93.3 92.6 90.7 82.1 72.2 63.7 48.8 27.5 10.5 6.33 10.17— 9.53
B 97.8 96.9 95.3 86.4 75.7 68.7 50.5 29.2 9.35 5.61 9.95— 9.78
j) PH 11
time(hrs)
W 1 2 4 6 24 48 72 144 240 480
A 97.8 94.8 92.5 90.1 79.6 68.5 60.9 42.9 29.7 15.3 11.01—9.34
B 99.4 92.7 89.3 85.4 64.1 49.0 38.9 22.4 6.02 6.24 10.94—9.25
k) PH 12
time(hrs)
@ 3 5 8 24 48 120 240 480 720
A 68.8 60.4 54.9 35.3 22.0 12.1 291 1.78 1.51 12.08—10. 28
B 42.2 27.5 18.0 3.60 12.03—11.65

Residual Percent

A solutions (conc.)

x

\:\\;\\’H 6

“~pry—_FH3

X me- PH 9

——
%‘ﬁ

T
20

25 30 DAYS

Fig. 3-a Decomposition curve of DM-NBU in various PH

5) pH OfREFZAL

buffer fERA B 5030 X %40 pH BELT5 2 L2 FHELT,
pH % pH # — % —CHIE L1z £D#EE% Fig. 2-3,

— 54 —
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Residual Percent B solutions (dil.)

(%)
100

80

60

’ 4
x PH7
PH3
PH9 PHE

\ x
40—" *\
% %
20 x\ ) —~~ x. PH4
PH 2™ \
\ PH3 X

PHI2 * x < x
0 ¥ ! 1 ! ! 1 ! ! ) !
1 2 3 4 5 6 7 8 9 10 DAYS

Fig. 3-b Decomposition curve of DM-NBU in various PH

B\ T pH DA E Ay, Flelldbo TLELTH B, AKX, PH2~5 X 09T
1XFE EE A e DI, FOMOERIIAE DERL, 50 pH6~11 Hifili & B#kE ST
PHOI~93 T D Z LA EH I h 5,

6) BEROHERRE

A, B o4 pH iwki} % DM-NBU 0B GFROZBE/LOSIEE Table II (a~k) 1225
W, ## Fig.3-a,b 0735 7 THEFEb L.

ZhE X b, DM-NBU o5 fEE X, A, BEEBEIK, pPH7T CEWTHRL/NEL, Thid
PH 288 72 BT RMEVKEL B T Eiibd ot PHER X2 0MEEDK X2 X0
JER 1z A ¥%© pH 12>pH 2>pH 3>pH 4 >pH 10~11>pH 5>pH 9 >pH 8 >pH 6 >pH 7 T % »
720 B ¥ Ci% pH 12>>pH 2>pH 3> pH 4~11>pH 5~10>pH 9 >pH 6 >pH8>pH 7 Th - 720
¥M U PH Rk 52 BEZOHFEB T AHEZ, REFMCOLWTRFOBELS S,
EBRL A BogErkuwtk, BizAoi1/708E) Table II % Fig. 3, 5\ iz, &
BlrohZR o H L THE L Fig. 4 264005 X 5 pH10 2\ T BREOH D EEE
MEAENT EN, Fh, KECWHEEERYRTPHICKITZ13E A B EickEihEzvxrnic
iRy YR

Il HRERY

(D #HEEHBEORME

TEEREOREL, B pH HECEVWTOXR, Y » PRKCEGEETIZEIRE ST
EVRICHEE Lico 7 pH2~5 DT, €= -1 EXEBCEFELTIREN DD, Z Dk
CO, LISt DIERM DB ORER T H 7, Jlo v =—18T0COoRERKE LIEKEOCH o
B o e EEE DT E 7o, EtOH R (U THRICHERE V5 20Tk (2)(3) % 30
Al i7c - TiT it - 2o

(2 vrAFALT I vVOER

DIREER L OBERICAWT, = b7l Yy FF I T AELT 2 7ATF e FIREBE2T

— 55 —
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Residual Percent ——ca.7.2 mg/ml

(%) ----ca.l.0 mg/ml
1004

80

60+

407

20

Fig. 4 Comparison betwween Decompositon curve of DM-NBU in the
concentration of ca. 1 mg/ml and ca. 7.2 mg/ml.

I VORBRIG X D ERETT R oo BRI, SR OWTix pH ftE~7 17 V EEIRT
RIS e b, BMEERTLEMEER L, BRI O\ COEERIGIE, ERikHRK
TR DI MRE LT, 747 VHEROBETLIL - T VERTAICHEHDL L -1

(3) HAZm=br57 4 —XbHERE

Ao 80ml # & b, AEX AN, PHERNEEmESREHEY, =—7 1 100ml T 6 i
Hc Lier — 7 o iiE CATFRICHERE V) BIOBERCOWTROEHTH A7
v b5 7 4 - EBEEERTS R

H 5 A DIOP 20% WAWDNCS 60/80 Mesh

O = FID-4C Carrier Gas %%

InEE B initial 100°C

final 130°C
inj. Temp, Detec. Temp, 150°C

B SWT, £ pH R T ELEEB LTV ie=2 7 — (Rt 1.7V'~1.76") =—F 1
147 ofbe, A chs 1-7x, —1 (Rt 6.33'~6.77) &, 2-7% 7 —1 (Rt 3.94'~
419 F BB Lz, BERDOF A7 v<+ 75 a3 pH2~5 12 k0T, Rt 0.98'®, 1.05'~1.10'®
1.24'~1.26', 3 X0 151'~153 P D 4 rifich v, FpH6 U ETIX EED S B E -7 (0)
RO I - 272D ONT, THEDOE — 7 XA RENIWE -2 THBEN, £TD5HD
PH2~5 i RAohhb -7 @OQOA—FAEL, €—-7ORchicRk\E, The—2(D)
BHEBEP AT EHERLTLEIE—ITHhD, ¥—27@ BBEDLEZAL o7 V75 vickk
R E—=7ThABEHELT VB, B, Werner o /Y 12X b, NBU = -5 13ET, 0°C
T65% KOH THfB L THB LY 7 V7R vD= —F AVEKICOWT, FROLGTH A7 R
RETTT 4 =TT H, 098 EITHNE -2 AL Edbh ot X b IKEERO
et vzoe—27nBAo L, FeehiE 754 Rt10.25) ov—27 BHET2 2 & b
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b, BRDA T A&HTTIE, 098 SELOE -2 o7 V72 v Th5 EHEELTLETHEDL
THHIN, TFEEHERISECHED, i pPH2~5 PR bhs € — 7@, &/ i,
2o pH AKX €= - A ERT L BECI LI HBROEEEY B L2 b0 Bbhs s, H
EDLZH, fioe—20),(d Lkimurnk AR LT LD THELTHTH B,

W HARIZe= 2574 -RIBTE) —LDER

MR D 1-7 27 -0, 2-75% ) —LOERY, 7 INTA2 —ARRREENBEL LTY
AR bIIT7 4 - VT otc, BiL, LESEOT A2 AR TR ERE 15mg 30
WL, =—=74%mz 10ml b7cL, 20 1pl #EALTZr< -y 7 C-RIA tHBRY
oy P LAHE, Rbl= -7 AR 10ml, 7 A7 42 — A 13mg™®, 14 mg™®, 15 mg®
EEREFRBER LTI ERESOWTHAZa< F 257 4 —% Tl (A), (B), (O o 33k
IO\ T E 7 —AOBOVHERL - T, AREME & L, HEHEIL, BuviDM-
NBU 0&#Hn 0 BLTT 2 —AeBbbbDs LTHEELLESED mg KrBEHELL, &
DETRES NI 2D 75 / —Lomg FrBLTI00E Lb ok, ThThOERS EL
oo ORI FIg. S WWRTHEY TH D, b, 1-72 /7 -1 & 2-7 27 —AOEFHAEREL,
PH6~pH 12 122 B#HB D 50~55% Tz LA EEbL Lot L, pHS ik Tal
#9252 wEAd L, PHRBAT 312N T, BiL-»TFDAERELRD L, pH2 o TidfEn
% BETBENR G L, 1-7% ) —ADAREL, 2-72 7 —LOEREDHIZ, %4 pH
BURE B CTHREENTL, FOHEIFH2:1TH- 10

(B) e EEo TLC & UVBINA~<27 F

SEER SR I 4 pH oo @kic o, Kiesel G(Type 60) #@EEH & L< TLC % 17 7¢
> 120 BEHEHEIEEE= 71, WL UV & Ehrlich REXY 7o F0kEHE pH2~6 = T
AILRHEH RS 24, F24EL, PpH7~1212 %\ T, Ed& i Ehrlich © pH7, pHS Tit¥a
pPHY, pHI11 TizEBOAH, r2H L, ThmscsMIns pH2, 12 oo UV
WILA N7 » & BlET S &, DM-NBU w444 % 238 nm, 303nm, 370nm o ¥ — 7 % {4
LT DR MR TH B A, Hiac 210~216 nm (e==247) i ¥ — 7 3Bl ht, DY — 713,

(ii)) PR : 1-BuOH
[ :2-BuoH
80
i - =1 =]
40
20 %
L= A % /
2 3 4 5 6 7 8 T Py T

Fig. 5. Determination of 1-BuOH and 2-BuOH produced by
Gas-chromatograpy using C-RIA chromatopac
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DM-NBU 7\fi= + » V(LI R TTEB S Litigly, 1-7F1-3,3-0 2 # L R5E (203nm iz v
— 7 B) Tz EHFER LI,

ES 23

(1) A¥o pH 0%#

A2 pH IR X » Tkt e W BB Lo, MR buffer (AN AXBL R TH B, 2 DX
R b b TERE LTAETRbEMADR, £RT52MEREDS D Vi HCO;m, CO2, &
CAFAT I VOHEETNLRHRTHES D, L, BERIEDTHGETHH, BEIhE
BEOMIDEHETHD, FLATER, BETIXINLARFTAL LTHEETIORL, HEIT,
7 AR Y EERC ST 37°C TR CERETRNCEHET A &%, FhFnERT X
RICHERIN T\ 5, Z ORRISHERD - THR/EBIAE DT v AL » 7o pH (B KEHKITE]
ETHLDLEXONBRTHHH, TOELFHTIE, F—ic, pH2~5 DK TcA KD pH {H
PR EBNILEVWIEEOFRBENRLLS O L, B EH pH10~12 12kiF% pH o
KT%, BOTHCRBERDORBNTHDEHPTHONR, YAFALT I VEFEELERLTHE
FLTVDEWSEHETTIE, BOTEETHS 5, B, AIMIFELIMLEEOERTIDS
2, PHIZ X o THEDAERTAHNE(CEALIZL 1 THA)VHEET DD, HBWITLERFD
WBEOERICIBZLDTHD EELIHHER G, BEDEZAEBREEYS pH &ifich»
TABERNCHBEHESD F— 2 —134EL, SBOBEETH %,

(2 pH2~5 2 COFERDOH ML PH6 LI EOFEHOHR L T OB IZ- & VRFIEhb &
HWET D, TORWIIKROEY TH 5,

1) T~ rekkic, pHECEBZNRbhity,

r) T2 —AOEREIMUERD TR ESTIHEF KL, 222 pH OET &3ty f# &
Eon& #cAREREIT 5,

») E=— L EREOERTLIHEEMEMELAREL, HOBERDO ¥AI/== /AT
fiio pH I Rbhicw € — 2 3FET %,

=) 540 TLC s\, UV, Ehrlich Tiz—2d Ax, F 2R I hizly,

o3, o PH RO TR LR B H% & BELO AL,

1) HWEBOHAIv= NS AT, OT7TV T2V O~ BMELRLED LR,

r) 1-7%7 —n&2-727 —AOEREN, BISEALCTHD,

) SEHBEO UV BIRA 7 b T 210~216 nm RN D 5 5 PEDERNPED bhT
W,

Q) ofEspETRLEL, PH OB 1 xmcEL eb & &, HEEEN H L OH-
OBRAC L - TEMINDZ EERL TV D,

@ PBORIERECDOWCTIRIEHE TELERE T/, BRATEL B &, A
WiT2o\T, 27e ) OFERFEEANC S\ CREME TI— RIS EIE—KT 201 LT
PH oA S 2 v ixlime e 1 RRIGCHEE Lis e, 3/2RECIX2ZRRICE HES % H
BMAHTERD EWSFETH D,

(5) HEEREOBENIBRECRIETHRCOVTUL B, ELERFHOERD 5 23,
BRIEDOKRH T, pHY, 10 LISt o pH FHIR T, FHEBERDOSTVBEBE L W RVEGE VI HE
b0 pH OF LB IR TE LD DTIIROFETHERIDH S,
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4) pH2~57T, A, BH®® pH ZLXEREEVIHLT, BoOosEEEIADL
hEIOKTHD,

w) pH7 T, B Cix pH 0F 2 FEEL, ATRIHATS0T, pH OWAKRIRKIG EE %
HWNXB3FEERERBIETHROR, A BEBERIZEALENE , TLA, BOFRENLLD
FBRVBEN BWTH D,

) pHI11 T, A, B3R UM pH 042D v iR, K93 Licics s, HREE
i, BOBFRXBELIRKE L,

IO A BEEOECIINBEEECEDERY, pH OFLoFEZOZKRDS & &ik
WSk BT LT\ b, 27 pHY, 10 @B\ Tik, &4 RER RS, pHI T2, A, B #i2
PH OZEEX R L&D, HEEIL IS B2 T BOFRAKRTH BN, TOMKRIL, Ehlendbi
B35, ¥ pHI0 T, #ELRETILSN, BiET 5,

% &

1D DM-NBU o4& E 1z pH s\ TEK /&<, pH oFXF 2B I~ T £DE
AT 5, ¥4 NBU o leXT, 2B BEEIL/ &V,

2 DEERMELT, BILRE, CAFAT IV, 1-Tx ) =0, BIO 2-F % 7 =

BN, FhHARAIr= 57 4 YT VT2 VAR ERT,
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