
Comparative nitrosation of etintidine and cimetidine 
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Etintidinc (4). a new histamine H2-receptor antagonist. was cornparcd with cimctitlinc ( I )  for susceptibility to in vitro 
nitrosation at pH I ant1 pH 3. Each agcnt formccl two mono-N-nitrosopnitline derivatives: N-cyano-N '-(2-[(5-methyl- 

I H-imidazol-4-y1)1~ict1iyIthio]ct11yl)-u1iidnc (5 )  and N-cyano-N'-(2-[(5-methyl- l H-imidazol-4- 
yl)mcthyltl~io]cthyl)-N '-nitroso-Nu-(2-propynyl)guaniclinc (6) from ctinticlinc and N-cyano-N '-mctl1yl-N"-{2-[(5-mctl1yl- l H- 
i1niclazol-4-yl)mcthylthio]ctl1yl}-N'-nitrosoguanidinc (2)  and N-cyano-N'-methyl-Nu-(2-[(5-n~cthyl-I H-imidazol-4-yl)mcthyl- 
thiolcthylj-Nu-nitrosoguanidinc (11) from cimctidinc. The N-nitroso dcrivativc 5 born ctintidinc cyclizcd to 2-cyanoimino- 
3-(2-[(5-methyl-I H-imidazol-4-yl)mcthylthi~thyl}-4-mctl1ylcnc-I-nitroso-imidazolinc (7)  at neutral or basic pH's. Both 
agcnts were nitrosatcd less at pH 3 than at pH I ,  and at both pH's nitrosation of ctintidinc was considerably less than that of 
cimctidinc. At pH I .  with a nitrite conccntration about 150-500 times that expected in t'xsting human gastric juicc, formation 
of 5 and 6 from ctintidinc was barely dctcctablc (each <0.5%). Comments arc made on the standard WHO conditions for 
investigating nitrosation of drugs. 

THOMAS A. MONTZK,~, PETER F. JUBY, J ~ I I N  D. MATISKELLA. HENRY M. HOLAVA ct R.  R .  CRENSIIAW. Can. J. Chcm. 
61, 1771 (1983). 

On compare I'dtintidinc (4) .  un nouvcl antagonistc rdccptcur dc H2 dc l'histaminc. avcc la cirndtidinc (1)  tlu point dc vuc 
dc la scnsibilitd h la nitrosation in vitro h dcs pH dc I ct dc 3. Chaquc agcnt donnc dcux ddrivds de mono-N-nitrosoguanidinc: 
la N-cyano-Nf{[(mdthyl-5 imidazol I H-yl-4)mdthylthiol-2 ethyl}-Nu-nitroso-N" (propynyl-2) guanidinc (5) ct la N-cyano- 
Nf{l(mdthy1-5 imidazol I H-yl-4)1ndthylthio1-2 Cthyl}-N'-nitroso-Nu (propynyl-2) guanidinc (6)  h partir dc I'dtintidinc ct la 
N-cyano-N'-mdthyl-N" {[(n~tthyl-5 i~nidazol 1 H-yl-4)mCthylthiol-2 dthyl}-N'-nitrosoguanidinc (2) ct la N-cyano-Nf-rndthyl- 
N"{[(mdthyl-5 imidazol 1 H-ylL4)rnCthylthio]-2 dtliyl}-Nu-nitrosoguaniclinc (11 ) B partir dc la cimdtidinc. Lcs ddrivds nitroso 
5 provcnant dc I'dtintidinc se cycliscnt en cyanoimino-2{1(1nCthyl-5 imidazol 1 H-yI-4)mCtliylthio]-2 dthyl}-3 mdthyli-nc-4 
nitroso-l imidazolinc (7) i~ pH ncutrc ou basiquc. La nitrosation dcs deux agcnts cst plus faible B un pH dc 3 qu'h un pH de 
I ct aux dcux pH la nitrosation dc I'dtintidinc cst bcaucoup plus faible quc ccllc dc la cimktidine. On ddci-le rarernent la 
formation dcs produits 5 et 6 (chacun < 0 , 5 8 )  h partir de I'dtintidine pH dc I ct pour unc conccntration en nitrite d'environ 
150 B 500 fois plus grande cluc celle du suc gastriquc liumain h jefin. On fornlulc dcs comnientaires sur Ics conditions normales 
WHO d'ctude de la nitrosation des mddicilnicnts. 

[Traduit par Ic journal] 

The question has arisen as to whether long-term treatment of 
disorders of the e s o p h a g ~ ~ s ,  stornach, and duodenum with 
cimetidine ( I )  might lead to the eventual development of gas- 
tric cancer ( I ) .  At the root of this concern are a number of 
factors which include the susceptibility of cimetidine to N- 

. . 
nitrosation in vitro ( 3 ,  3 ) ,  the mutagenicity of N-nitroso- 

NCN 

HNCN 

2 

'Author to whom inquiries may be addressed 

cimctidine (4) ,  the carcinogenic properties of many N-nitroso 
compountis in animals (S), the structural similarities between 
N-nitrosocimetidine (2)  and the known animal carcinogen N- 
methyl-N'-nitro-N-nitrosog~~anidine (MNNG, 3) (1. 3). the 
presence of nitrosating species in the s ton~ach (6) .  and the 
possibility tor levels of nitrosating species and total extractable 
gastric N-nitroso compounds to rise ~ ~ n d e r  conditions of low- 
ered gastric acidity (7, 8). Speculation continues in spite of the 
findings that long-term studies of cimetidine in rats and dogs 
have revealed no signs of carcinogenesis (9), in vivo formation 
of N-nitrosocimetidine has not been reported, and there is no 
direct evidence to associate the development of cancer in man 
with exposure to N-nitroso compounds (6) .  

A new histamine H2-receptor antagonist etintidine (BL- 
5641. 4 ) ,  with a potency approximately twice that of cimc- 
tidine. was recently reported from these laboratories (10). 
Because of the structural similarity between cimetidine ( I )  and 
etintidine (4),  and because of a regulatory concern in the nitro- 
sation issue, we have compared etintidine with cimetidine for 
their susceptibilities to N-nitrosation in vitro. This paper de- 
scribes the results and our conclusions from this study. 

Chemistry 
The nitrosation of etintidine with excess soclium nitrite 

(4- 10 equivalents) in 2 N hydrochloric acid gave three prod- 
ucts (5, 6.  7 )  after neutralization and extraction as outlined in 
Scheme 1 .  The three products were separated and purified by 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
ni

ve
rs

ity
 o

f 
Q

ue
en

sl
an

d 
on

 1
1/

11
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



CAN.  .I .  CflEhl V O L .  61. 108.7 

NCN 

NaNOz 
HCI 

S C H E ~ ~ ~ E  I .  Nitrosation of ctinticlinc 

semipreparative hplc. The N1'-nitroso' compound 5 could not 
be obtained free from the imidazoline 7 except in acidic solu- 
tion owing to its facile cyclization to 7 at neutral or basic pH. 

The structllral assignment for 6 is supported by elemental 
analysis, weak maxima in the 380-420 nm region of the uv 
spectrum (N-NO, tl  + .rr:!') ( 1  1 ,  12), ancl consistent 'H and 
I3C nmr spectral data. In the ' H  nmr spectrum (see Table I), the 
chemical shifts of the protons of both methylene groups adja- 
cent to the guanidine nitrogens are shifted downfield compared 
to etintidine, with the methylene protons next to the Na-NO 
(CH; in Table I )  shifting further (0.73 ppm) than the propynyl 
methylene protons (CH?" in Table 1 )  (0.41 ppm). The propynyl 
methylene protons show as a sharp doublet resulting from 
coupling to the acetylenic hydrogen. No evidence of coupling 
to an N-H is seen, therefore we have assigned the tautomer 
as indicated by 6. In the case of etintidine, both the CH; and 
CHI" methylenes are coupled to adjacent NH's supporting the 
tautomer designated in 4. 

n or consistency and casc of specifying rclatcd products, wc havc 
labclcd the nitsogcns N, N". N" as indicated bclow: 

TABLE I .  'H nmr chcmicnl shifts 

'H  nmr 
chcmical shifts" 

R X Y Z  CH?" CH?" 

4 (Etintitlinc) CECH H H - 3.36 4.00 
5 C-CH - NO H 3.84 4.65 
6 C-CH NO - H 4.09 4.41 

1 (Cimctidinc) H H H -  3.37 1 .76  
2 H - NO H 3.72 3.25 

11 H NO - H 3.99 3.17 

"Thc nmr spectra wcrc run in DMSO-(I,,. Clicniic;~l shifts are ~ccordcd in ppm 
rclalivc to Mc,Si. 

The structural assignment of 7 is based on 'H nmr data 
(discussed below), elemental analysis, and I3C nmr and uv 
spectra. The structure of 5 is supported by 'H nmr data (see 
below) on a mixture of 5 and 7,  and by the ease of conversion 

k I 

Y of 5 to 7. The ' H  nmr (360 MHz) spectrum of 7 in DMSO-c16 
shows the absence of the acetylenic proton (3.3-3.5 ppm 

H 
R = H ,  -C-CH region) and the presence of two exocylic olefinic protons at 
X,Y,Z, seeTable1 4.82 ppm ( IH)  and 4.56 ppm (1H). On scale expansion these 
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HNCN 
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RI-N=CNCH~CECH 
I 
NO 

appear as narrow multiplets with small couplings to each other 
and very sm;~ll long-range coupling to the endocyclic methy- 
lene protons. The endocyclic mcthylene protons appear as a 
singlet at 4.54 ppm (ZH) which on scale expansion show as a 
very narrow multiplet due to long-range coupling to the olefinic 
protons. In the 'H nmr spectrum of the mixture of 5 and 7. the 
protons of both methylene groups adjacent to the guanidine 
group in 5 are shifted downfield compared to etintidine (see 
Table I )  with the mcthylene protons next to thc N1'-NO (CHI1' 
in Table 1 )  shifting further (0.65 ppm) than the rnethylene 
protons on the N"-nitrogen (0.48 ppm). 

The cyclization of 5 to 7 was demonstrated by hplc isolation 
and spiking expe~.iments. A pure fractic~n of 5 in solution was 
obtained from reverse phase hplc using an acetonitrile- 
water-phosphate buffered (pH 4.0) mobile phase. In this solu- 
tion (pH 4)  no evidence of cyclization of 5 to 7 was observed 
(up to 1.5 hours). When this solution was treated with sodium 
bicarbonate. the conversion of 5 to 7 was complete in less 
than one hour. This cyclization may occur via ;he allenc 8 
(Scheme 2) (13). The nitrosation of the N1'-guanidine nitrogen 
activates the propynyl methylene protons so that under neutral 
or basic conditions the reversible isomerization of 5 to 8 oc- 
curs. Cyclization of 8 to 7 follows. Although we have indicated 
the cyclization to have occurred on the N"-nitrogen (7), our data 
do not rule out the possibility of cyclization on the N-CN 
nitrogen to give 9. We have not observed an analogous cy- 
clization of either etintidine or 6. 

Previously, only one mono-N-nitrosated product of cime- 
tidine, an N"-nitroso derivative. appears to have been isolated 
and characterized (2. 3).  This was indicated to have the tau- 
tomeric structure 10 (2).  Because the nitrosation of etintidine 

NCN 
I1 

fNxcH2SCH2CH2NHCNCH3 I 
NO 

H CH3 

gave two mono-N-nitroso derivatives. wc rccxaminecl the nitro- 
sation of cimctidine. 

When cimctidinc was nitrosated under similar conditions 
used for etinticlinc, two mono-N-nitroso proclucts wcrc isolated 
as indicutcd in Scheme 3. Thcse products 2 auld 11 were iso- 
lated in approximatcly 7 :  1 ratio with the major product ap- 
parently the same as the previously describeel N1'-nitrosatcd 
compound 10 (2).  Compouncl 10 has been shown to bc a mctli- 
yluting agent, as would be expcctecl if nitrosation had occurrecl 
on the N"-nitrogen (2). The 'H nmr spectra of both 2 ancl 11 
show 21 downfielcl shift for the protons of the nicthyl and meth- 
ylene groups attachcd to the cyanoguanidine nitrogcns com- 
pared to cimetidine (see Table I) .  In tlic case of the N1'-nitroso 
compouncl 2, the methyl protons arc shiftcd further (0.49 ppm) 
than the Na-methylene protons (CH?'' in Table 1 )  (0.40 ppm), 
and in the N"-nitroso compound 11 the methylene protons 
(CH," in Table I )  are shifted further (0.67 ppm) than the methyl 
protons (0.41 ppm) relative to cirnctidine. Again. our tau- 
tomeric assignments arc based on 'H nmr. In 2 the CH," is a 
sharp triplet not coupled to an NH and in 11 the N1'-methyl is 
21 singlet. In the 'H nmr of cimctidine. both the CH2" and the 
N"-CH, are coupled to NH's. which is consistent with the 
tautomeric strl~cture indicated by 1. 

We have not seen any evidence of a clinitrosated pl.oduct, 
although recently a dinitrosated product has been reported 
when approximately 25 equivalents of NaNO, were used (14). 

Comparative nitrosation of cimetidine and etintidine 
I t  has been reported (3) that cimctidine was nitrosated 

<0.5% at pH 4 and 6% at pH 3 under the experimental condi- 
tions recommendcd ( 15) by a WHO study group for c~rnp;~ring 
nitrosatublc drugs ( 10 mmol/L compound: 40 n~lnol NaNO,; 
pH 3-4; 37°C; one and 4 hour reaction times). Whcn the 
nitrosation was carried out at pH 1 .  39-43% nitrosation 
occurred (3). 

Our initial compar;~tive nitrosation experiments were done in 
open reaction vessels at pH I using WHO recommendcd con- 
centrations and temperature. The products were annlyzccl by 
hplc using a variable wavelength detector set at 220 nrn (see 
Table 2).  We found cirnetidine was nitrosated rapidly, with 
peak nitrosation occurring in less th211n one hour (38% at 
1/2 hour). Analysis of the reaction at 4 hours showed a signifi- 
cant loss of the nitrosated cimetidines (4% compared to 38% at 
1/2 hour) and a corresponding increase in cimctidine (96% 
compared to 62% at 1/2 hour). Apparently the nitrosation of 
cimetidine is a reversible reaction, reversal occurring as nitro- 
sation species are lost to the atmosphere from an open vessel 
(16). Consequently all subsequent comparative nitrosations 
were carried out in closed vials. 

The nitrosation of cimetidine and etintidine was comparetl in 
closed vials, first using WHO recommcnded concentrations 
(10 mmol/L drug, 40 mmol/L NaNO?), temperature, and time 
intervals at both pH I and pH 3. The results are summarized in 
Tables 3 and 4. 

At pH I cimetidine was nitrosated 51 -54% (Table 3) to give 
both N-nitrosated products 2 and 11 with the Nt'-nitroso com- 
pound 2 predominant by a factor of 12 at one hour and 6 after 
4 hours. Etintidine at pH I was nitrosated 6- 13% (Table 3) to 
give both 5 and 6. About equal amounts of 5 and 6 were present 
after 4 hours. None of the cyclic material 7 was observed at this 
pH. The major difference was the amount of the N"-nitroso- 
etintidine 5 formed (4-8%) as opposed to the amount of 
Nh-nitrosocimetidine 2 forn~ed (45-48%). The N.'-nitrosated 
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TABLE 2. Nitrosation of cilnctidinc at pH I and 37-38°C (open rcac- 
tion vessel)" 

Analysis o f  ~.caction" 
'% Cimctidinc 

Time, h ~~nl.cactcd' 1 % 2  % I 1  

" I0 mmol/L cimctitlinc; 40 niniol/L NaNO,. 
"Relative pcrccnlagc of prutlucts In rcactio~~ mixture 
' Comparctl to peak height of rcro time hplc. 

derivatives ( 6 ,  11) appc~ucd to form about equally t h o ~ ~ g l i  again 
etinticline may possibly form lcss N"-nitroso product. 

At pH 3 (Table 4 )  both cimcticline ancl ctintidine wcrc nitro- 
sated considerably less than at pH I.  Only 4% of the major 
nitrosation product 2 of cinieticlinc was f'ornlccl while the 
minor isomer 11 was barely detectable (0.6%) at 4 h o ~ ~ r s .  
Both N-nitroso proclucts of etintidine wcre barely detectable 
(<0 .5%) .  

When. however. the concentlxtion of nitrite at pH I was 
reduced to 2 mmol/L and that of cimetidine or etintidine to 
0 . 5  mmol/L. thus retaining the recommended 4 :  1 drug/nitrite 
molar ratio. the niononitroso products 2 and 11 of cimetidine 
were formed in only 4.5 and 0 .9% yiclcls, respectively 
(Table 3) .  The mononitroso products 5 nncl 6 of etintidine 
were barely detectable (each <0.5%, Table 3 )  at this lower 
concentration. 

Discussion and conclusions 
At pH I and 3 etintidine and cimetidine each formed two 

mono-N-nitrosog~~anidine derivatives in vitro. Our results con- 
firm that nitrosation of cinietidine decreases as the pH is raised 
(3) and show a similar effect of pH on nitrosation of etintidine. 

At both pH I and 3 etintidine was nitrosated considerably 
less than cinietidine, and the extent of nitrosation of both com- 
pounds was dependent on the concentration of nitrite. Thus at 
pH I ,  with the WHO recommended concentration of nitrite 

(40 mmol/L). nitrosation of etintidine was 6- 13% conlpared 
to 51 -54% for cimetidine. This nitrite concentration, how- 
ever, is npproxinlately 3 000- I0000  times that to be expected 
in fasting normal human gastric juice (17. 18) and about 140 
times that after a nitrite rich meal (17) .  Reducing the nitrite 
concentration at pH I to a more reasonable level of 2 mmol/L. 
which is still about 150-500 times that to be expected in 
fasting normal hunian gastric juice (17. 18) and about 7 times 
that after a nitrite rich meal (17). total nitrosation of etintidine 
was less than 1 % (barely detectable) compared to 5 %  for cinie- 
tidinc. At pH 3 with 40 mniol/L nitrite. total nitrosation of 
etintidine was less than 1% compared to 1-576 cinietidine. 
Clearly, the extent of in vitro nitrosation of etintidine at both 
pH I and 3 under normal physiological nitrite concentrations 
w o ~ ~ l d  be small indeed and beyond our present limits of de- 
tection. 

At pH I and 3 both etintidine and cirnetidine were nitrosnted 
on the N;'-cyanoguanidine nitrogen to a similar (small) extent. 
as might be predicted based on the similarity of environment. 
Etintidine was nitrosated on the Nh-cyanoguanidine nitrogen 
considerably less than cimetidine. probably the result of the 
greater electronic withdrawing and steric hindrance propelties 
of the propynyl cornpared to the methyl group. 

Standard WHO conditions for comparing nitrosatable drugs 
in vitro include a recommended pH range of 3-4. which, it is 
suggested, is optimal for niost nitrosation reactions (15) .  This 
may be the case for secondary aniines. but is not the case for 
cimetidine and etintidine, and may well not be the case for 
other aniide, urea. or cyanoguanidine type conipounds (6,  12). 
The pH range for testing should be extended down to I .  the 
lower limit being within the pH range of the hunian stomach 
(19). 

Since N-nitrosation can be a readily reversible reaction (6) as 
has been shown for cinietidine, standardization (or statement) 
of reaction vessel conditions (open or closed) is important. 
Judging from the reasonably con~parable percentage conver- 
sions of cimetidinc to N-nitrosocimetidine attained by Bavin 
pr 01. (3)  and ourselves, the former workers' experiments pre- 
suniably were conducted in closed vessels/cells. Finally. per- 
haps the difficulties which have apparently been experienced in 
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TAB[-E 3. Comparativc nitrosation at pH I and 37-38°C 

N"-NO N"-NO 
Compountl Time, h product (2 protluct 56 

40 rnniol/L NnNO, 

Cimctidiric ( I0 mmol/L) I 2 47.5 I 1  4 
4 2 45.3 11 8 

Etintidinc (0.5 mmol/L) 

T,IBLE 4.  Comparative nitrosation at pH 3 anti 37-38°C 

N"-NO N"-NO 
Conlpountl Time, 11 product 7c  product C / c  

40 rnrnol/L NaNO? 
Cimctidinc ( I0 ~nrnol/L) I 2 1.3 11 <0.5 

4 2 4.2 11 <0.6 
Etintidinc ( I 0  mmol/L) I 5 <0.5 6 c 0 . 5  

4 5 <0.5 6 <0.5 

attempts to isolate or identify N-nitrosocimetidine from the 
gastric juices of subjects receiving cimetidine (20) may have 
been conlpounded by this reversibility potential. 

Experimental 
Melting points wcrc dctcrminctl on a Fisher-Johns mclting point 

apparatus and are uncorrected. Ultraviolet spcct1.a wcrc rccordctl on a 
Varian-Cary niodcl 219 spcctrophotomctcr ovcr the range 01' 
350-450 nm using 95%- EtOH as solvent. The ' H  and "C nmr spectra 
wcrc rccordcd on a Varian XLl00 instrument or, when indicatcd. on 
a Brukcr 360 MHz instrumcnt. Chemical shifts wcrc recorded in parts 
per million (6) relative to Mc,Si as internal standard. 

High pressure liquid chroniatography (hplc) was performed using a 
Waters Associates M6000 pump and U6K loop injector and a LDC 
variable wavelength uv detector. The following columns. mobile 
phases, and wavelengths wcrc uscd: (A) Alltcch RSil ClxHL ( I0 p) 
(250 X 4.6 mm). 3 : 2 HZO-McCN, 220 nm: ( B )  Whatnian Mag 9 
Partisil-I0 silica gel (500 X 9 mm). 20: 1 McCN - 95% EtOH. 
254 nm: (C) Alltcch KSil ClxHL (10 k) (250 X 4.6 ninl). 2 :  1 
HLO-McCN. 0.01 molar in adjusted to pH 4.0 with 20% 
NaOH, 220 nm; (D) Watcrs pPorasil silica gel (300 X 3.9 mm). 
200: 10: I CH2CI2 - 95% EtOH - conc. NH,OH. 235 nm: (E) Waters 
pBondapak CI ,  (10 k) (300 X 3.9 ~ n m ) .  8 :  1 HZO-McCN, 0.01 
molar in HIPO, adjusted to pH 4.0 with 20%' NaOH. 220 nm. 

For the compirativc nitrosation studies. the solutions wcre analyzed 
by hplc (5.0- 10.0 FL injections) using peak height conlparisons to 
known mixtures of starting materials and products. The data in Tables 
3 and 4 arc the averagc of 3 or more hplc dctcrminations. Because the 
Nh-nitrosoctintidinc (5) was not obtained pure, thc valuc for 5 was 
determincd assuming a similar uv rcsponsc (220 nm) for 5 and 6 and 
this accounts for the rangcs (csti~natcd) givcn in Table 3. 

Nitrosntiorl qf'etirrtitlirre (EL-5641) (4) 
A solution of 4 (1.6 g, 5.8 mmol) in 50 mL HZO and 10 n1L 

conccntratcd HCI was treated in portions with NaN02 (3.5 g, 
50 mmol) ovcr a period of 10 min. This solution was stirred 30 min 
at 20°C and then addcd to a stirred mixture of EtOAc (100 mL), 
NaHCO? ( I5  g), and H 2 0  (60 mL). The two layers wcrc separatcd and 
the aqueous layer cxtractcd furthcr with EtOAc (2 x 75 mL). Thc 
dried (NaLSO,) extracts wcre concentrated to lcavc an amorphous 

foam (1.8 g) .  The hplc (A) analysis of this material indicatcd thrcc 
products. 5 ( k '  4.3). 6 ( k t  2.7). 7 ( k '  3.6). and starting matcrial 4 ( k '  
2.6). Thcsc materials wcrc separatcd by semi-preparative hplc ( B )  and 
characterized as indicatcd bclow. 

N-C~tr1ro-N'-{2-((5-11r~~tlyl-l H-ir~ricltr~ol-4-~l)111~~tI1~lthio]ethj~l}-N'- 
rritroso-N"-(2-l)1~o~~~11yI)g1~~111ilir (6) 

The first material off the hplc was identified as 6 and was obtaincd 
as a viscous oil containing McCN (0.25 ~nol) :  uv A :  390 nnl (shoul- 
der), A,,,.,,: 402 (E 155). A 420 (shoulder): ' H  nlnr (McZSO-d,,) 6: 7.57 
(s, IH, i~nidazolc H), 4.41 (d, 2H, N-CHZ-C=), 4.09 ( t ,  2H. 
CHZ-CH2-NNO). 3.73 (s, 2H. imidazolc CHZ-S). 3.44 ( t ,  IH, 
=CH). 2.60 (appears to be triplet for S-CHZ-CHZ undcr Me,SO 
peaks). 2.24 (s. 3H. imidazolc CH3). 2.17 (s. 0.75 H, CHICN); "C 
nrnr (Mc,SO-tl,,) 6: 155.5 (N-C(=N)-N), 133.2 (C-2 imidazole), 
129.3 and 124.8 (C-4 and C-5 imidazolc), 113.7 (C=N), 78.7 
(CHZ-C=C). 74.8 (C?CH), 42.2 (imidazole CHZ-S). 32.0, 
26.8, 25.9 (N-CHZCH2S and N-CHZ-C=). 9.6 (imidazole 
CH2). A~rcrl. calcd. for Cl2HI5N70S.0.25(C2H1N): C 47.46, H 5.03, 
N 32.18: found: C 47.13, H 5.40. N 31.89. 

N-C~trrlo-N'-{2-((5-r11etIz~I-I H - i r r~ i t l t r : o l - 4 -~ I~11~~~ t l r j ~ l t t r i ~1 ]e f l ~~ l } -N " -  
1rirr-o.so-N"-(2-pro~~~1zyl)~~1~1rzit/irr (5) 

The second material off the hplc was identified as 5. Very careful 
fraction cutting was required to separate 5 from thc starting material 
4 which came off the hplc in~~nediatcly aftcr 5. Matcrial 5 was ob- 
tained free of starting matcrial, but was not obtaincd frce from 7 since 
conccntration of the hplc fractions of 5 always rcsultcd in partial 
cyclization of 5 to 7 (see below); 'H nmr (on mixture of 5 and 7)  
(Me,SO-d6) 6: 7.47 (s, imidazole H (5 and 7)), 4.83 (m, one of =CHz 
(7)).  4.65 (d, N(NO)CH?C= (5)). 4.55 (d. othcr =CH2 and endo- 
cyclic CHZ (7)),  3.84 (2 overlapping t. CHZ-CH2-N (5 and 7)), 
3.75 (s, imidazole CHI-S (7)), '3.76 (s, irnidazolc CHZS (5)), 3.32 
(t, -CH (5)). 2.81 and 2.73 (2 overlapping t. S-CHI-CH2 (5 and 
7)). 2.18 and 2.19 (ss, imidazolc CH3 (5 and 7)1. 

2-Cynr~oir~rir1o-3-{2-((5-r,zeti1~I- I H-ir17idrr:ol4-~l),,lrtl1io]efh~~l}- 
4-11~et/~~lerre-l-11ifro.~0iri~i~I~1~oli1e (7) 

The fourth matcrial isolated from thc semi-preparative hplc was an 
amorphous solid idcntificd as 7: uv A ,,,;,,: 400 nm (E 252). A,,,:,,: 418 
(E 178): ' H  nmr (pyridine-ds) 6: 7.88 (s. IH, imidazole H). 5.02 (q, 
lH,  one of =CHI), 4.59 (d, 3H, othcr =CH2 and endocyclic CHZ), 
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4.06 (s) and 4.02 ( t )  (4H. imidazolc CH,-S and CH,CH,-N), 2.98 
( t .  2H. S-CH2-CH,). 2.38 (s. 3H. irnidazolc CH3): ' H  nnlr (Bru- 
kcr: Mc,SO-t/,,) 6: 7.52 (s ,  1H. inlidazolc H), 4.82 (m. 1 H. onc of 
=CHI), 4.56 (m. IH, othcr =CH,), 4.54 (s,  2H (narrow rnultiplct 
on scalc expansion). cndocyclic CH,). 3.85 ( t .  2H. CH,CH,N). 3.74 
(s, 2H. ilnidazolc CHIS). 2.72 ( t ,  2H. S-CH,-CH,). 2.18 (s,  3H. 
imidazolc CHI): '.'C nlnr (Brukcr; Mc?SO-(I,.) 6: 151.7 (s. 
N-C(=N)-N). 136.1 (s. N-C(=CH,)-). 133.2 (d .  C-2 im- 
idazolc). 129.7 and 126.0 (ss. C-4 and C-5 imidazolc). 113.0 
(C-N), 88.0 ( t .  C=CH,). 47.0 ( t ,  cndocyclic CH,). 41.5 ( t .  im- 
idazolc CHI-S). 26.7 ( t t ,  S-CHICH2-N). 9.76 (q. CH,). Arrcrl. 
calcd. for ClIHlsN70S: C 47.20. H 4.95. N 32.1 I; found: C 46.84. 
H 4.90. N 32.34. 

Cyc~liztr/iorr 01.5 trrrtl 7 (analytical hplc dctcction) 
A. Thc mixturc of 5 and 7 from abovc was dissolved in Mc2S0 + 

McCN and trcatcd with 2 tlrops of dilutc NitHC03. Thc rcaction was 
followcd by hplc (C) .  The hplc indicatcd complctc conversion of thc 
5 to 7 within 1 h. 

B. A purc fraction (in solution) of 5 was isolatcd from thc itnitlytical 
hplc (C) .  Rcanalysis of a portion of this solution both immcdiatcly and 
aftcr 1.5 h showcd only 5.  Trcatmcnt of this purc fraction with a fcw 
drops of dilute NaHCO, convcrted 5 complctcly to 7 within I h 
(identity by hplc spiking). 

Ni!roscr/iorr 01' c~irrre/itlirre (I)  
A solution of 1 ( 1.26 g. 5 mmol) in watcr (50 nlL) and conccntratcd 

HCI (10 mL) was trcatcd in portions with NaN0, (3.5 g. 50 nilnol) 
over 10 min. Thc rcaction was stirrcd I'or 0 .5  h at soom tcmpcraturc 
(20°C). Thc rcaction was dilutcd with watcr (60 mL). laycrcd with 
EtOAc (I00 mL), and ncutralizcd with NnHCO (15 g) .  Thc layers 
wcrc scpar~ttcd and thc aqucous laycr was cxtractcd with additional 
EtOAc (2  x 75 mL). 'rhc EtOAc cxtracts wcrc dricd (Na,SO,) ancl 
conccntratcd to a ycllow gum (1.3 g). Thc hplc (0) analysis indicntcd 
two products (2  ( k '  I .0)  and 11 ( k '  1.43): 7 :  1 ratio) and some starting 
material ( k '  3.43). Thcsc products wcrc scparatcd by prcparntivc hplc 
(Watcrs Associates Prcp LC 500A: onc PrcpPAK-500/silica column; 
clution with 200:2: 1 CH2C12 - 95% EtOH - conc. NH,OH: 200 
mL/minutc) and charactcrizcd as indicatcd bclow. 

N-Cyc~~1o-N'-tr~~tl1y/-N"-{2-[(5-1~~c~tl~yl- I H - i ~ ~ 1 i ~ l ~ ~ ~ o l 4 - y l ) t t ~ t ~ t l 1 ~ ~ l t l z i o ~ -  
e t h y l } - N ' - ~ r i t r o s o ~ q ~ ~ ~ r ~ ~ i ~ I i ~ ~ t ~  ( 2 )  

Thc first matcrial clutcd was thc major product, idcntificd as 2. rnp 
112-1 14°C dcc. (from McCN) ( l i t .  ( 2 )  mp 112- 113°C); uv A: 
385 nm (shouldcr). A,,,~,,: 397 ( E  200). A: 414 (shouldcr). 'H nmr 
(Mc,SO-(I,,) 6: 7.42 (s ,  1 H. imidazolc H), 3.72 (s and t. 4H. imidazolc 
CH,-S and CH,CHIN). 3.25 (s. 3H, N-CHI). 2.78 ( t ,  2H. 
S-CH?-CH,). 2.14 (s. 3H. imidazolc CHI): 'IC nmr (Mc,SO-(1,) 
6: 156.1 (N-C(=N)-N). 133.2 (C-2 in~idazolc). 129.4 and 125.0 
(C-4 and C-5 imidazolc). 114.2 (C-N). 42.3 (imidazolc CHL-S). 
31.0 (N-CH,). 29.7 and 26.3 (S-CHICHZ-N). 9.7 (imidazolc 
CH,). Atltrl. calcd. t'orCl,,H,N70S: C 42.69. H 5.37. N 34.85; found: 
C 42.68. H 5.36, N 34.73. 

N-Cy~1t1o-N'-ti~t~t11y/-N"-{2-[(5-t~re111~~1-1 H-iti~it/c~zo/4-y1)~~1et/ry/t11io]- 
etlrylj-Nu-rritro.sogrrtrtridit~t~ (11) 

The sccond material clutcd was thc minor product. idcntificd as 11, 
mp 128- 131°C dcc. (from McCN): uv A: 385 nm (shouldcr). A,,,,,,: 
402 (E 163). A: 418 (shouldcr); 'H nmr (Me,SO-(I(,) 6: 7.60 (s. 1H. 
imidazolc H), 3.99 ( t ,  2H. CHICHI-NNO), 3.68 (s,  2H. imidazolc 
CH,-S). 3.17 (s,  3H, N-CHI), 2.5 (appcars to bc triplct for 
S-CH,-CH2 undcr McISO pcaks), 2.18 (s ,  3H. imidazole CH,); 
"C nmr (Mc,SO-d,) 6: 155.9 (N-C(=N)N). 133.2 (C-2 imidazolc). 
129.2 and 124.8 (C-4 and C-5 imid:tzolc). 114.2 (C-N), 41.9 (im- 
idazole CHI-S). 29.4 (N-CH,), 26.9 and 26.0 (S-CH2CHI-N), 
9.7 (imidazolc CH,). Atlnl. calcd. for CIOHICN70S: C 42.69. H 5.37, 
N 34.85; found: C 42.86, H 5.08, N 34.95. 

Nitrostrtiot~ qf cit?retiditle (11 pH I (ope11 retrc,tiorl vessel) 
A suspension of 1 (139 mg, 0.55 mmol) in 50 mL H,O was adjustcd 

to pH I .O with concentrated HCI. Thc final volume was adjusted to 
55 mL with H,O. This solution was warmed to 36°C and 5.0 mL 

withdrawn 1'01. rcfcrcncc hplc sitriiplc. Tlic rcmaining solution was 
trcatcd with NaNO? (138 mg, 2.0 mmol). Tlic tcml)craturc was liclcl 
constant at 36-37'C. Tllc pH fell to 0.93 tllrring thc first hour ol' 
rcaction and was scadjustctl to I .O with 20i;/( NnOH. No furthcr atljust- 
mcnt was nccdcd (pH rangc 0.98- 1.0). Tlic reaction was :tnulyzctl by 
hplc (E)  at 0.5 11. I 11. and 4 h (5.0 mL rcaction solution tlilutccl to 50.0 
mL with H,O for analysis). 'l'hc results arc summiu.izctl in I'ablc 2. 

E/irrlirlirr~ (4) (40 r~rtr~o//L N(rN02) 
A solution of 4 hytlrochloridc ( 172 mg. 0.55 mniol) in 50 mL H20 

was adjustcd to pH I .O with 3 N HCI (about 4.5 mL scquirctl). 
Additional H?O was atldcti to obtain a volumc of 55 mL. This solution 
was wasmctl to 3SoC and 5.0 mL was witlicl~.awn for rcfcrcncc hplc 
siumplcs.3 'l'hc scmaining solution was trcatcd with NnN0, (134 mg, 
2.0 mmol). Tlic pH rcrnnincd at I .O so that no ac!justrncnt was ncces- 
sitry. Two samplc vials wcrc fillctl. sc:~lccl. and hcntctl in an oil bath 
maintaincd itt 37-38°C. At I 11. 2.6 mL of one of  thc vials was tlilutctl 
to 25.0 mL with H 2 0  and analyzctl by hplc (C) .  At 4 11. 2.0 mL of thc 
othcr vial w ~ s  dilutcd to 25.0 mL with H,O and analyzccl by hplc. The 
rcsults arc summasizctl in Tablc 3. 

Cirrrc~titlirre (1) (40 rrrrrrol/L NoNO?) 
A suspcnsion of 1 (141 mg. 0.55 mmol) in 50 mL H,O was ncljustctl 

to pH 1.0 with 3 N HCI (about 5 mL rc(]~~isc(I). 'I'llis solutioll \\.;IS 

wi~rmcd to 35°C ant1 5.0 mL was witliclrawn for scli.rcncc hplc 
sw11~1cs.~ Thc rcmaining solution was trc:ttctl with NaNO, ( 139 mg. 
2.0 mmol). The pH rcmaincd at I .O so t h ~ t  n o  acljustmcnt was rc- 
quirctl. Two sarnplc vials wcrc fillcd. scitlccl. iuntl hcatctl in an oil bnth 
maintnincd at 37-38OC. At I h. 2.6 mL of  onc vial was tlilutctl to 
25.0 mL with HIO iuncl analyzcd by hl~lc (El.  At 4 11. 2.6 IIIL o f  thc 
othcr vial was dilutcd to 25.0 mL and analyzctl by Ihplc. The results 
arc sunimiu.izcd in Tablc 3. 

Elirrtitlirrc (4) (2 trrrrrol/L NONO?) 
A solution of 4 hydrochloridc (156 mg. 0.5 mmol) in 990 mL H,O 

was adjustcd to pH I .O with conccntratcd HCI.' To this solution was 
acldcd NnNO2 (138 mg. 2.0 mrnol). Thc pH rcmainctl at 1 .O.  Two 
snrnplc vinls wcrc fillcd. scalcd, ant1 hcatcd in it11 oil bath maintained 
at 37-38°C. At 1 11, thc solution in onc ol'thc vials was iuialyzctl by 
hplc (C) .  At 4 11, thc solution in the othcr vial was analyzcd by liplc. 
The rcsults arc summarizcd in Titblc 3. 

Cirr~rticlirre (1) (2 ttr~trol/L NerNO?) 
A suspension of 1 (126 n ~ g .  0 .5  mmol) in 990 mL H,O was atljustcd 

to pH I .O with conccntratcd HCI.' To this solution was ndtlctl NnN0, 
(138 mg, 2.0 rnrnol). Thc pH rcmainctl at 1.0. Two samplc vinls wcrc 
fillctl, scalcd, and hcatcd in an oil bnth rnaintainccl at 37-38OC. At 
I h. thc solution in onc of thc vials was analyzctl by hplc (E ) .  At 4 11, 
thc solution in thc othcr viz~l was analyzcd. Thc scsults iwc summarized 
in Tablc 3. 

Cotrrl~crrtrti~'c~ rritro.scttiorr ~/'t~titrtiditie orrtl c.ittrctielirle trt 1)H 3 
Etitltiditre (4) 
A solution of 4 hydrochloridc (174 mg. 0.56 nlnlol) iund NaCI 

(128 mg, 2.19 mmol) in 55 mL 0.05 M H.,PO, was adjustctl to pH 3.0 
with 20% NaOH. This solution was warmcd to 35°C ant1 5.6 mL was 
withdrawn for rcfcrcncc hplc sit~mplcs.' Thc remaining solution was 
trcatcd with NaNO, (140 mg, 2.0 rnmol). Thc pH was rc;~djustcd to 
3.0 with 40% H,PO,. Two samplc vials wcrc Fillcd. scalcd. and hcntcd 
in :I oil bath maintnincd at 37-38°C. At I h. 2.6 mL ofonc of thc vinls 
was dilutcd to 25.0 mL with H 2 0  and analyzcd by hplc (C) .  At 4 h, 
2.6 mL of thc othcr vial was dilutcd to 25.0 mL with H20 and 
analyzcd by hplc. Thc rcsults arc summarizcd in Tablc 4. 

Cit~~etidirrt~ (1) 
A solution of 1 (140 mg, 0.55 rn~nol) and NaCl ( 164 mg. 2.8 mmol) 

"n all cascs thc starting solution was i~nalyzctl at zcro timc and aftcr 
hcating in a scalccl vial at 37°C for 4 h. Cimctitlinc was stnblc at both 
pH I and pH 3. Etintidine was stoblc at pH 3 but dccomposcd slightly 
(-5%) aftcr 4 h at pH I and 37°C. 
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in 55 mL 0.05 M H,PO, was a?justctl to pH 3.0 with 70% NnOH. 7'liis 
solution was wi~r~iiccl to 3S°C iuitl 5 .6  mL was \vitlitlrawn for rcfcrcncc 
hplc sarnplcs.' Tlic remaining solution was trcatctl with NaNO? 
( 140 mg, 2.0 mmol). Tlic pH was rcacljustcd to 3.0 with 40f/( HrPO,. 
Two snmplc vials wcrc fillctl. scaled, iuid heated in iui oil bath main- 
tained at 37-3X°C. At I 11. 7.6 mL of one of the vials was diluted to 
25.0 mL with H 2 0  ant1 analyzccl by hplc ( E ) .  At 4 11. 2.6 mL of the 
other vial was tlilutctl to 25.0 mL wit11 H,O ant1 analyzctl by hplc. Tlic 
results i~rc su~iiiiii~rizcd i n  Table 4 .  
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