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Ahbncf-A new N-nitropyrrole. IzCdinitwZ-methylpyrrole, has been ix&ted end identified as one of the active 

pmducts of the acidic renction mixture of sorbic rcid and sodium nitrite in the nc-essay and growth inhibition tests 
on bacteria. The various spectral data that led to the proposed stroctw. and some of its chemical properties are 
derribed. 

Kada has previousfy shown that a strong DNA damaging 
activity on bacteria is developed when a mixture of 

a pyrroie ring, and the NMR s&ah are consistent with 

sorbic acid and sodium nitrite is heated on a boiling 
those known for pyrrok derivatives.” If 1 is assumed to 

water bath.’ Bthyhitrolic acid (ENA) is poss~hly one of 
bc a Me-substituted pyrrole, the facts that no appreciable 

the active products ill the mixture? When the rcactioo 
chaugc was observed in the ‘H NMR signals by tbc 

was car&d out without pH control (initial pH 4.3; final 
addition of 40 or a trace of pip&dim’ to the CDC13 

pH 6.0). a marked dependence of the processes as well 
soiution of 1 at room temperature, and that the absorp 
tion band around 34llO-3XKhxn-’ is absent in the IR 

as the yields of the active apents on tbc pH of the 
reaction was noted. Whik the yield of ENA was maxi- 

spectrum, suggest the absence of a pyrrole N-H group. 

mum when the pH was controlkd at pH 4.2, the growth 
hfo*ver, the fact that 1 was positive to Bhrlich’s 

inhiiitory activity was greatest at a reaction of pH 3.5. 
reagent‘ but became negative when treated with 

The present paper is conccrucd witb the isolation of a 
dhzomethane to give 3 seems to mean at one a-position 

new product, ~,~ni~Z-~~ylp~k, from the rcac- 
of the pyrrok ring of 1 is free or potentially free. Two 

tion and its structural elucidation mainly based upon 
signals of aromatic mctbinc groups at 8, 124.3; S, 8.88 

various spectroscopic studies. 
and 8, 113.2; & 7.91 (assigacd by the ‘H singk- 
frequency off resonance decoupled spectra), are very 

w\cc/H 
H’ “>~~oo, 

+ NaNO, - cJ--j I 
Y 

I ‘w* + “yNot4 .t etc. 

J, 4N 
Sorbic acid I ENA 

wnably interpreted as a ~rnb~~n of the N&. NO, 
3.5, @xpcrirnental) yielded after purification by 

different from each other in the chemical shifts, espcci- 

chromatography a crystaUinc product, (1) m.p. 136-137”. 
ally in ‘% NMR, and are assigned to two methinc groups 

Bkmentai analysis of 1 was consistent with the for- 
at u and &positions, respectively. T&ese data reasonably 

muk C,H,O,N,, and high resohioa mass spectrum of 1 
lead to the assumption that 1 is an N,a,~-~su~ti~t~ 

gave a mokcukr ion peak at m/c 171.0284 corresponding 
pyrrole cuntaiuing one Me group. 

to C,H,O,N, (m/c 171.0219). 
The unass&tcd part of the fords N& -Y b~ 

The ‘H NMR spectrum of 1 io CM3 showed an 
rcsonabiy interpreted as a combination of the NOs, NO. 

AB-type sigaal with two aromatic protons at 7.91 (d. 1H. 
ON%, and ON0 groups. However, ON0 and ON4 

J = 2.93 Hz) and 8.88 (d, IH, J = 2.93 Hz) and one Me 
groups can be eliminated baud on tbc absence of 
characteristic IR bands. The nitroao group must ah be 

Q oup absorptioa peak at 2.65 (s. 3H). Furthermore, the 
C FT Nh#R spectrum of 1 in CIXX3 exhibited four 

absent because 1 did not absorb at 76@-77Onm. which is 

aromatic ‘% signals, two doubkts and two siugkts in the 
characteristic for aromatic nitroso compounds, and also 

off-rcsonancs decoupkd spectrum, in tbc region of 11% 
it was negative to the color reaction with dipbenylamine- 
PdCl, for detection of nitrosamincs. These results in- 

141 and one Me signal at 19.1.1 was positive to the pine 
splinter test giving a red color hdicatiog t&c pnscna of 

dicate the absence of the functional group NO in the 
mokctie of 1. 
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On the other hand, IR absorption bands situated at 
1525 and 1580 cm-’ (CHCI,) seem to be attriiutable to V, 
C-NO, and u, N-N4, respectively. Since the ‘H 
chemical shit of the Me proton of N-mcthylpyrroles is 
usually huger than 3.5, whiIe that of 1 was 2.65, 1 is 
probably a N-&o rather than N-Me pyrrole. Con- 
squently, the structtn~ of I was presumed to be one of 
the following. 

_N02 ,CHs 

w 
NO2 

I 

III IV 

Treatment of 1 with diazomethane gave the methylatcd 
derivative 3 as yellow needles, m-p. 160-1619 The ‘H 
and “C NMR spectra of 3 were devoid of signak cor- 
responding to the a-methinc group, instead showing new 
signak due to a Me group (6, 15.7; 6, 2.83). an in- 
dication that the a-methinc group of the pyrrole was 
mcthyktcd during the treatment. ‘Ihc ‘H chcmicaI shift 
of the Me signaI of 3 was downfield with respect to that 
of the original, but the opposite was true for the “C 
chemical shift. The original Me group in the u&coupled 
“C NMR spectrum of 3 showed long-range coupling (d, 
J = 3.1 Hz) identical with that of 1 but the new one 

showed no long-range couphng. It was thus concluded 
that structure I is the most rcasonabk one for 1. 

Based on the structure 3, it seems likely that 
appcarancc of the “C chemical shift of the new Me 
group at a higher geld than that of the originaI might 
have been caused by a stcric compression in the stntc- 
ture. Moreover the two Quarternary ring carbons thus 
formed at a-carbons of the pyrrok ring rest& in the 
same v&k for the chemical shift of the “C NMR sign& 

Consequently, the ‘H and “C NMR spectra of 1 and 3 
were assigned as shown in Tabk I. 

H H3C 

640, 

s Ne, 
. 

D 
‘N 0CD3 

NO2 

lo 
2 

3 4 

The ‘H NMR signaI of the a-proton of 1 in CDCI, or 
DMSO-d, showed no significant change with the addition 
of 40. but it disappeared completely when a pyridine~ 
solution of 1 was left for 2 days in an ice box after the 
addition of &O. Moreover, when 1 was dissolved in 40 
by heating, the signai that appeared at 9.36 (HQ) as 
doublet in the initial stage disappeared almost completely 

Table 1. ‘H and ‘t NMR data’ of I and 3 

Position Nob 

1 3 

6H 6C 6H 6C 

2 140.6 (seemingly 
broad q 6.7) 

3 7.91 (d 2.93) 113.2 (d 180.7, d 
4.3. q 4.3) 

4 

5 

136.2 (seemingly 
broad d 3.7) 

8.88 fd 2.93) 124.3 (d 209.2, d 
5.5) 

2-Me 2.65 ( s ) 19.1 '9s ;;I.,, d 

5-m 

138.4 ( - )" 

7.74 ( s ) 113.1 (d 177.0, 
q 4.3) 

137.4 ( - )c 

138.4 ( -)= 

2.61 ( s ) '18.6 (q 132.4, 
d 3.1) 

2.83 ( J ) 15.7 (q 134.3) 

‘Solvent : CDCIJ ( JarCH of 1 ves measured in lJMSO-d6 ), 6 : ppm from TM * 

me figures in parentheses relate to coupling constant in HZ. 
b %o esrignmsnt because of the overlap of 

R-H 
113C 

1: 2,4. end 5 signals 
3 : R-W3 
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after 2hr, while the one that appeared at 8.36 
(H/3) as a mixture of singlet and doublet collapsed 
into a singlet. No sign&ant change was observed in 40 
acidified with DCI. That a nitropyrrole easily undergoes a 
base-catalyzed hydrogen exchange at the ix-position has 
been reported,’ but the present case is of interest be- 
cause of the highly reactive o-proton proved exchange- 
able without addition of a base catalyst. This also 
explains the fact that the a-position of I was easily 
methylatcd by treatment with CH,NI. 

Addition of an equivalent amount of methanol& 
sodium methoxide to a DMSO-d+, solution of 1 readily 
colored brown, along with the sign&ant changes in the ‘H 
NMR spectrum. Immediately after the addition, all proton 
signals due to 1 disappeared and two singlets at 2.00 and 
6.93 (3H; IH), which may be assigned to Meisenheimet- 
type adduct 4,’ appeared together with other u~dent~ed 
signals probably related to decom~si~n products. 
Prolonged reaction seemed to lead to ~rn~~on of 4 
along with complete disappearance of the two singlets. No 
hydrogen exchange reaction was observed, probably being 
obscured by the formation of Meisenheimer-type adduct. 
Failure to observe an a-proton signal of the adduct might 
indicate a sticiently rapid hydrogen exchange reaction at 
the a-position along with the addition reaction. 

Each of the mass spectra of 1 (M’ 171). 2 (M’ 172) 
and 3 (hi+ 185) exhibited M-16 (M-O) and M-30 (M-NO) 
ion peaks indicating the presence of Nd groups, though 
there was no peak at M-46 (M-NO& 1 Rave a base peak 
at mlc 39 (pebbly cyclopro~nyl ion), and this peak 
was also very strong in the mass spectrum of 3. The 
formation of cyclopropenyl ion as the base peak of 
pyrroks has well been known’ but the formation path- 
way may not be the same for unusually substituted 
pyrroles such as 1 and 3. 

The addition of an alkali markedly changed the UV 
spectrum of 1. At pH 9.9 (p10 t I N NaOH) the 
absorption maxima at 229 and 27Onm underwent 
hypochromic change, while those at 328 and W?nm 
s&red hyperchromic red shift and hyperchromic blue 
shift, respectively. Since these changes were not rever- 
sed by neu~~tion with HCI, the addition of NaOH 
must have caused rapid decomposition of 1 in an irre- 
versible manner. In the case of the methylatcd com- 
pound 3, no significant change in the UV spectrum was 
observed with alkali addition. All absorption maxima of I 
and 3 showed a blue shift in polar solvents. The UV 
spectrum of 3 in 2 M HISO. remained unchanged even 
after the compound was left at 600 for 24hr. Extraction 
from this solution recovered unaltered 3 which showed 
no shit of absorption by alkali. These facts may also 
evidence the absence of ON0 and ON4 groups in the 
molecules of 3 and 1. 

In conclusion, various spectral data reasonably lead to 
identification of the newly isolated product 1 as a new 
N-nitropyrrok, 1.4 - dinitro - 2 - methylpyrrole. The 
machanism of formation of 1 is interesting but not much 
can be said about it at this stage except that the pyrrole 
ring skeleton is probably derived from sorbic acid by 
nitration or nitrosation followed by decarboxylation. 

All materials and other reagents used were of ~utmntccd 
gnde. 

M.p. were determined by a Yanagimoto micro m.p. apparatus 
and are uncorrcctcd. UV spectra were recorded on a Hitachi 

EPS-3T recording spectrometer. IR spectra were recorded on a 
JASCO Model IRG grab spcctrophotometerer. ‘H NMR rpectra 
were mainly obtained with a JNM-MH-100 and partly on JNM- 
FX 60 and JNM-FX 100 suectrumeten. “C NMR socctra were 
recordsd with JNM-FX t&-an4 JNM-FX I00 spectro&ers. The 
chemical shifts (8) were cakuktcd on the basis of TMS as an 
internal standard unkss otherwise noted. Mass spectra were 
recorded on JM~DI~ and JMSOISG-2 spectrometers operated 
at ?SeV. PH control of reaction mixtu~ was done by use of a 
Radiometer Tiitor TIT-2 pH stat with diI. H,SO,. Ruorcsant 
silica gel (Wakql B-SPM) was used for TLC and spots on TLC 
plates were usually detected by irradiation with a PAN-UV- 
Lamp PUV-I. 

IA-f&&u-3-metliylpyrruk 1. A soln of NaNO, (82.8g) was 
added to a partklly suspcndcd soln of sorbic acid (16.8& in 
distilled watti (1.5 lj. Kccpiqt the pH of the mixture cons& at 
3.5 with dil. H,SO,. the mixture was scirrcd at W for 2hr. The 
mixture was e~tra&d with three SW ml portions of CH& The 
combined extracts were washed with water, dried over N+O, 
and evaporated to dryness in ffucffo to give 3.5 g of residue. The 
residue was ChromatographuJ on a silii ~1 column with CHCI,. 
and fractions wen monitored by TLC (CHCl&feOH, 97:3). 
The fractions that gave a single yellow spot of 1 were colkctcd 
and concentrated k ouruo to 8ivc appro&atcly 1 g of I, yellow 
nccdks (from CHW. m.p. 13&13P (Found: C. 35.62: H. 2.97; 
N. 24.86. Calc. for CiHIN;O,. C. 35.09: H. 2.95; i. 24.56%): UV 
A, (H,O) 2lOnm 00s c 4.031, 229 (4.20). 270 (4.101, 329 (3.91). 
386 (3.23): Aur. (H,O + IN NaOH. pH 9.9, abut 2Omin after the 
addition) 299 nm (log t 4.08). 345 (4.01); A, (EtOH) 212 nm (log 
c 4.02). 234 (4.19). 275 (4.11). 336 (3&i), 398 (3.28); A, (n- 
hcxanc) 237 nm, 282.2B8 (I). 340 (sh). 354t. 3% (sh). 409.428; IR 
(KBr) 3080 (pyrrok tins UCH), 3050 (pynok ring VCH), 1590 
(N-NO2 v,, NO& 1550 (sh) (C-NO2 v, NO& 1530 (C-N% v,, 
NO& 1470 (i&, CH& 1420.1389.I380. I345 (v, NO& 1122.1098, 
1030,%3,910,800.750.565 cm-‘: IR (CHCI,) 3100 (pyrrok ring 
VCH). 1603 (pyrrole ring Vc = Cl. 1580 (N-NO1 v,, NO*). 1540 
(sh) K-NO2 v,, N&I, 1525 (C-N& v, NO& 1473 (6, CH,). 
1425, 1386. 1342 (v, NO& 1121. 1093.968. 865. cm-‘: ‘H NMR 
(CDW see Table I; ‘h NMR (DMSO-d.1 2.49 ls. 3H1. 8.36 (d, 
iH. J ; 2.44 HZ), 9.38 (d. IH. J = 2.44 Hz){ ‘H Nh& (p&idinc& 
2.46 (s. 3H), 8.14 d. IH. J = 2.9 Hz). 9.67 Id. IH. J = 2.9 Hz): ‘H 
NMR (E&d+ DCI, 6 from DSS )2.6i~(sSHj. 8.33 id. IH, J = i.931. 
9.34 (d, iH, J = 2.93): 13C NMR (CDCI,) see Table I: “C NMR 
(DMSOd) 18.0 (off-nsunance al. 114.0 Id), 123.2 (d). IX.7 fs1. 
140.9 (s); -MS m/r (relative intcn&y) 27 (m, 28 (C&N’, 64):s 
(5). 30 (NO’. 9th 32 (14). 37 (7). 38 (221.39 (C3H;. IO&, 40(16), 41 
ICzH3N’. 20). 42 (16). 43 (39). U (IO), SO (8). 51 (II), 52 (12). 53 
(9). 54 (6). 55 (I I), 57 (13). 62 (13). 62 (91.63 (24). 64 (181.65 (45). 
66 (11). 67 (6). 68 (5). 69 0). 71 0). 79 (5). 82 (8). 83 (5). 85 (5). 94 
(6). 124 W-HNO,. 5). I41 (W-NO. 6). I55 (M’-O, 6). I71 (M+, 
60). MW; Cak. for C,H,N,O,: 171.02&1. Found (high-resolution 
MS): 171.0284. Both the pine splinter test by the use of match- 
wood moistened with cont. HCI and color reaction with Ehrliich’s 
reagent were positive. This compound was negative to the 
diphcnylaminc-palladium chloride reagent for detection of 
nitrosamines. 

l.C~irro-~mnhylpy~~c-S-d 2.1 was dissolved in 40 with 
he-at& and allowed to stand ovrmigtrt. After a hydrogen 
exchpnee had hem conkmcd from the ‘H NMR spectrum, the 
SoIn was extra&i with CHCI,. dried over Na$O, and 
evaporated to dryness ti u(leuo to give 2: ‘H NMR (CDCI,) 2.63 
(t. 3H1t7.94 is, IH); ‘H NMR t&O, 2.62 (t, 3H), 8.36 (s, IH); MS 
m/r (relative intensity) 27 (19). 28 (CHIN’, 45),29 (6), 30 (NO’. 
100). 32 (8). 37 0). 38 (13). 39 (C,H;. 72). 40 (C,DH;. 72). 41 
(C&N’. 19). 42 (II). 43 (49). U (IS). SO (II). 51 (lo), 52 (13). 53 
(12). 54 (17), 55 (91, 56 (5). 57 (9). 62 (7). 63 (16). 64 (291.65 (241. 
66 (63). 67 (I I). 68 (7), 69 (5). 72 (9). ti (6). 82 (9). 9i (7). n~(Sj, 
110 (61, 124 (M+-DNO,. 5). 142 (M+-NO. 16). 156 (M.-O. 81.172 . 
(M’, 85). 

U-LX&o-2, Wimethylpynu~e 3. A soln of diuomethane in 
ethyl ether GOOml) and MeOH (1 ml) was added to a soln of 1 
(0.6 g) in CHCI, (200 mf). The soln was allowed to stand for I I hr 
et 0” and then for II hr at room temp. TLC of the mixture 
showed two main spot3. &,-vtlucs 1.1 and 0.58 (relative lo tbpt 
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of 1. with CHCl,-MeOH 19:l). which &owed up purpk xxi 
rcddirh brown under UV Ii&t (PAN-UV-hp). xnd yellow utd 
cobrlcu uader vixibk light, mpcctivcly. There wxs oo spot 
detected for 1. Tbc mixture was evqorual to dryaeu in wcuo. 
The miduc w8s chromatagmphcd on 8 tilia pl column. Tbc 
Yellow m8in product 3 (4, 1.1) xrnl xnother product (4, 0.58) 
were eluted with CHCI, xnd CHCI,-&OH (% : 2). respectively. 
3 (9Omg). m.p. 161-162’. wu obuiacd u yellow needks. 
(rccrystxllked from CHCl,-a-hcxuw). (Fotmd: C. 38.68: H. 3.83: 
N, 22-74. Cxk. for C,H,O,N,: C. 38.92: H. 3.81; N. 22.70%): UV 
A, (H*O) 217~1 (I) (lo6 c 4.07). 234 (4.U). 268 (4.03). 323 
(3.82). 378 (sb) (3.71): Au (EtOH) m, am (I) (lw c 4.05) 237 
(4.24). 275 (4.03). 332 (3.80). 3% (3.21): A, (n-hcxanc) 222nm 
(I). 240.267 (tb). 281. 286 (sh). 317 (th). 337 (sh). 346.410; IR 
(KBr) 300 (pyrrok rins VCH). 1562 (N-N& V, NO&. 1530 
(C-N& v, NO& 1470 (8, CH,). 1457. 1429. 1405. 1375. 1355. 
1340.1312, 1154. 1057. 1039.885.860.778,760.730.561 cm-‘: IR 
(CHCI,) 3090 @yrrok 6118 dH). I582 (N-NO, v, N&) 1534 
(C-NO, L NO,). 1485 (6, CH,). 1458. 1420. 1389. 1380. 1355. 
1339. fil< 1130: 1030.103& 8701840 cm-‘: ‘H NMR (CDCI,) xcc 
Txbk I: ‘H NMR (RO) 2.53 Is. 3H). 2.72 Is. 3H). 8.01 Is. IH): 
"C NMR (CDCI,) -4 &bk i:.hlS& (&t&~intens&). i7 
(47). 28 0.29 (6j, 30 (NO*, 81). 37 (8). 38 (II). 39 (C,H;. 63). 40 
(16). 41 (23). 42 (23). 43 (39). SO (36). 51 (SO). 52 (SO). 53 (52). 54 _ 
(10). 55 (14). 57 (i3): 63 (i5);64 (7). 65 (8). 66 (42). 67 (22). 68 (II), 
69 (7). 7l(6). 74 (8). 75 (5). 76 (5). 77 (100). 78 (36). 79 (12). 80 (6). 
81 (6), 82 (I I). 83 (6). 84 (6). 85 (8). 86 (5). 92 (a), 93 (8). 108 (II), 
l@ (6), 123 (15). I38 (M+-HN&. 8). IS4 (3). I55 (M+-NO. 17). 
I69 (M’-O. 3). I85 (m’. 51). 

Tbc piac splinter test on 3 wxx positive (red) and Ehrlicb’r test 
WWk. The compound wxs treated with 2 M H#O, at 65’ for 2 
dry,. Tht sob~ wu cxtrxctcd with CH2C&. d&d over N+SO, 

8nd evaporated to drynus In wcuo. The extract gave only one 
spot of 3 on TLC. The UV spectrum (H,O) of tbc cxtrxct wxs 
ideatial to thxt of 3 and wxs not altered by the xddition of 
NxOH. 

Meisenheimer-type adduct of 1.4. An cquivxknt unount of 3 M 
mcthxnolk NxOMe wu nddcd to x 0.33 M soln of 1 in DMSOd,. 
Tk ‘H NMR spectrum was recorded at regular intcrvxls xfter 
tk addith ‘H NMR data -ted the formation of a 
Meiscnbeiier-tvtx adduct: ‘H NMR (immcdiatcl~ after the 
a&ion ) 1.5-e (4H. excluded 3H of r xt 2.00). i.00 (s. 3H). 
3.6-4.3 (broxd. Cx. IIH). 6.93 (s. IH). 
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