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Abstract. N-Nitroso and N-nitro derivatives of Iactams, from 2-p~lidinone to 15pentadeca- 
nelactam, have been character&d by IH NMR, 1SC NMR, and IR spectroscopy. The conver- 
sion of these nitrosolactams and nitrolactams to lactones has been systematically (re)investigated. 

It is known that the decomposition of nitrosoarnides can afford esters.1 The mechanism of this reaction was 

studied by Huisgen et al.,2 Hey et al .,3 and White et al.495 A similar mechanism was proposed for the thermal 

decomposition of nitroamides to esters and N20.5 The decomposition of a few nitrosolactams was reported in 

the fifties,6 and some authors7 took advantage, more recently, of this reaction to convert seven-membered lactam 
rings (contained in a steroid, triterpenoid, or hetetocyclic system) into lactones. 

Our interest in the chemistry of nitrosoamides and nitroamides,8 including ~lynitrosat~g and 
~lyni~t~ peptides, led us to review the lactam-t~lactone ~~sfo~ation just intone. To our knowledge, 

the only systematic report is that of Huisgen and ReinertshoferP who studied the effect of the ring size on the 
rearrangement rate of nitrosolactams (from N-nitroso-2-pyrrolidinone to N-nitroso-lo-decanelactam) by 

measuring the nitrogen evolved, as well as the reaction products arising from heating of these nitrosolactams in 
benzene or benzene derivatives; according to these authors, polyesters were mainly obtained in most cases, 
except for N-nitroso-2-pyrrolidinone and N-nitroso-2-piperidone. 

Starting from a larger set of lactams (_I), we have investigated the decomposition reaction of nitroso- 
lactams 2 and nitrolactams 3 under different conditions. Furthermore, the corresponding lactams, nitroso- 
lactams, and nitrolactams have been characterised by current spectroscopic techniques. 

Most lactams used in this work have been obtained from the corresponding cyclic ketones via the Beck- 
mann rearrangement of their oximes. Cyclodecanone was prepared from cycloundecanone, which we had 
obtained from commercial cyclcdodecanone; also by a ring-contraction process, we prepared cyclotetradecanone 

from cyclopentadecanone.10~11 On the other hand, cyclotridecanone was synthesised by ring enlargement using 

the method of Taguchi et a1.12 (ueatment with CH~BQ and lithium dicyclohexylamide, followed by isolation of 

the alcohol and addition of an excess of BuLi); other attempted routes were much less successful.” 

863 



864 N. TORRA et ul. 

Lactams 1 were submitted to quite standard nitrosation conditions (N2O~~c0, in CH2Cl2 at -10 ‘C 

for ea. 1 h)l3 and nitration conditions ~O~Ac20 in cold, for 15 h to 72 h)t4 to afford ni~sola~~s 2 and 
nitrolactams 5 respectiveiy (see Table I). N-Nitroso-8octanelactam (2, n=7) could not be isolated, as 

reportede since during the preparation and workup, even at 0 “C, it decomposed spontaneously to give mainly 
& n=7. A similar fact took place with the corresponding nitro derivative Q n=7). In general, the results 
shown in Table I were expected: macrolactams, if not all lactams, should behave almost like open-chain 

carboxamides, for which the nitration yields are usually lower than the nitrosation ones.*v15,16 

Table I. Yields of N-Nitrosation and N-Nitration of Lactams 1 under Standard Conditions 

n= 3 4 5 6 7 8 9 10 11 12 13 14 

1-2 100% 100% 100% 100% -= 30%b 924bb 94%b 95Qb 90Qb 90%b 100% 

l-3 80% 73% 70% 45% = 50%c 40% 52% 67% 45% 50% 75% 

a It decomposed, with babbtes, even at 0 T. b 100% using pyridine instead of ??aAcO. c After 4 days of reaction at 0 *C. 

For most nitrosolactams, smooth heating of dilute solutions of 2 in anhydrous CC14 for 6 h afforded 

substantial yields of lactones 4, as shown by MS, 200 MHz 1H NMR, 50.3 MHz 13C NMR, and 

chromatographic comparison with authentic samples prepared by means of the Baeyer-Villiger oxidation of the 
appropriate ketones. For N-nitroso-7-heptanelactam (2, n=6) and N-nitroso-6-hexanelactam (2, n=5) stirring 
of the solution at r.t. was sufficient. As mentioned above, 21 n=7, gave directly 4, n=7. below 0 ‘C. In sharp 
contrast, N-nitroso-2-pyrrolidinone (& n=3) was recovered unchanged after refluxing either in CC4 or toluene 
for 3 days. N-Nitroso-2-piperidone (2, n=4) underwent partial denitrosation in refluxing CC14 but no 
conversion to lactone at all. The yields of 4 for all the series are collected in the first row of Table II. In 
addition, some minor impu~ties were detected in the crude products and were sometimes isolated as wefl. Thus, 

in all the cases small amounts of unsaturated carboxylic acids were clearly observed in the 1H and 13C NMR 
spectra of the residues. Furthermore, for the larger members of the series, the spectra of the crudes showed 
duplicate signals. Separation of these mixtures by flash chromatography afforded Fist the monolactones and then 

the products that caused these additional peaks; these products appeared to be the corresponding diolides, aa 
shown by MS and mp comparison with literature data. 

Table II. YieIds of Lactones 4, in Refluxing CC14 (unless otherwise Indicated) for 6 h (2-9) or 12 h Q-4> 

n= 3 4 5 6 7 8 9 10 11 12 13 14 

2-4 0% 0% 82%a 80%= 75%b 85%c 80% 82% 72% 78% 80% 76% 

9-4 0% 0% O%d 82%= 73%h 85% 88% 84% 78% 85% 85% 80% 

a At r.t. b Overall yields for nitrosationlnitration and rearrangement. C At 40 T. d 84% in refluxing chlorobenzene. 

As far as the transformation of nitrolactams 3 into lactones 4 is concerned, we proceeded as with the 
nitrosoamides, with similar results (see the second row of Table II), although longer reaction times were 

usually needed. The main impurities observed in the 13C NMR spectra of the reaction residues were again 
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unfits carboxylic acids and, for the bigger rings, the diolides. On the other hand, ~-ni~~2-p~olidin~e 
(3, n&S) and ~-ni~2-pi~~~ne t3, n=4) did not react at alt. 

The most significant features of 1H NMR, 13C NMR, and IR spectra of 2 and 3 are summarised in 
TabIe HI. For the sake of comparison, as well as to gain insight into possible configurational or conformational 
changes, spectral data of the parent lactams are included. 

Table III. Summary of Spectral Data of 1-J 

n= 3 4 5 6 8 9 10 11 I2 13 14 

1 
6~CH2CO) 2 

9 

1 
WO) 

; 

1 
WH2W 2 

3 

I 

%o 2 

3 

a The sample decomposes. 

2.31 2.30 2.47 2.43 2.25 2.22 2.23 2.20 2.22 2.23 
2.82 2.86 2.89 2.86 3.15 3.17 3.10 3.20 3.17 3.21 
2.66 2.68 2.71 2.65 3.13 3.06 3.05 3.02 3.00 2.99 

3.41 3.30 3.21 3.34 3.34 3.32 3.25 3.29 3.31 3.32 
3.70 3.59 3.84 3.89 3.87 3.83 3.83 3.85 3.83 3.87 
4.03 4.15 4.21 4.23 4.34 4.16 4.2% 4.23 4.22 4.20 

179.7 172.9 179.6 178.1 174.3 174.2 173.7 173.6 173.1 173.9 
173.3 170.1 174.7 -a 180.0 179.6 178.2 178.2 177.9 177.7 
167.8 167.2 170.5 172.1 176.0 174.7 174.3 173.2 173.2 173.1 

30.4 31.5 36.8 32.1 37.6 37.6 36.4 36.9 36.2 36.5 
30.8 33.9 37.8 -a 36.7 35.6 35.2 34.8 34.5 34.1 
30.9 35.3 37.9 36.4 39.1 37.4 38.3 37.9 37.7 37.6 

42.5 42.1 42.8 41.7 40.6 39.7 39.4 39.1 38.1 38.9 
42.7 43.5 38.9 -a 38.6 39.1 37.4 38.4 38.5 38.6 
47.7 51.1 49.6 48.4 48.5 46.7 47.9 47.0 46.8 46.7 

1680 1660 1650 1650 1630 1640 1640 1640 1650 1640 
1765 1730 1735 1730 1725 1730 1730 1730 1730 1720 
1775 1735 1740 1720 1720 1720 1720 1730 1730 1720 

2.18 
3.20 
2.96 

3.32 
3.89 
4.19 

173.3 
177.7 
173.5 

36.7 
34.0 
37.9 

39.0 
38.4 
47.0 

1640 
1725 
1725 

Some points of Table III are worthy of mention: (i) in comparing the a(CH2CO) values for l-3, it is seen 

that a close parallelism does exist for n=3-6 (nitrosation shifts these protons 0.4-0.6 ppm downfield and 
nitration shifts them only 0.2-0.4 ppm downfield); the relationship among 1-3 with n=8-14 is also evident, but 
the changes are larger than those observed for n=3-6 (ni~~tion of the larger rings moves such protons ea. 1 
ppm to lower fieId and ni~tion ea. 0.8 ppm also to lower field); (ii) analogous differences are detected for the 
chemical shifts of the carbonyl carbon atoms, since for n=3-6 the s(CO) values are shifted to higher field after 
nitrosation and even more after nitration, whereas for n=8-14 the @CO) values are shifted J-6 ppm to lower 
field after nitrosation but do not practically change after nitration. It is obvious that for ~3-6 the nittosolactams 
and nitrolactams must be cis (see 9, like their parent lactams. On the other hand, comparison of the SH and M3 

changes, due to the nitrosation and nitration, observed for n=8-14 with those repotted for acyclic amides89 

indicates that the carbonyl oxygen and NOx group are tram (see 6). Thus, the borderline between the two 
different sets of lactams is very likely 8-octanelactam (n=7), which “curiously” affords only rearranged products 
when its nitrosation and nitration am attempted. Molecular models of 1-J. n=7, show that, owing to the size of 
the ring, the preferred conformation of the nitrosoamide and nitroamide (with a OCCN dihedral angle larger than 

for n=6 but no so close to 180’ as for n=8-9) is especially prone to rearrange.17 
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In conclusion, in spite of the unstability of many nitrosoamides and nitroamides, the spectroscopic 
properties of most nitrosolactams and nitrolactams have been obtained and compared, affording relevant insight 
into their stereochemistry. Furthermore, is is clear that nitrosation of lactams, which can be performed rapidly 
and quantitatively, constitutes a good route to medium-sized and large-sized lactones.18 In this connection, the 
route through the nitro derivatives is at present less promising. 

EXPERIMENTAL 
The NMR spectra were obtained in d~~~~hlo~fo~ on Varlan XL-200 and ~~hi”P~-El~ R-24B 

spectrometers; chemical shifts are reported in ppm with respect to internal te~~ylsil~ in all the cases, and 
J values are given in hertz. The IR spectra were record& as films or in chloroform solutions with a Perkin- 
Elmer 681 instrument; only the most significant absorptions (in cm-l) are listed. Mass spectra were recorded on a 
Hewlett-Packard 598819 spectrometer. CC analyses were performed on a Hewlett-Packard 571OA (3% SE-52 on 
chromosorb). Melting points were determined on a Kofler apparatus and are uncorrected. Elemental analyses 
were performed with a Perkin-Elmer 240 analyser, at the Instituto de Qufmica Organica Biol6gica, CSIC, 
Barcelona. The lactams used in this work were known19 and have been prepared from the corresponding cyclic 
ketones through their oximes, with the exceptions of 6-caprolactam and 2-pyrrolidinone that are available 
commercial products. 

N-Nitra. Lactams t in amounts of 100-400 mg, were dissolved in JO-100 ml of dichloro- 
methane and 1 .O-1.5 g of anhydrous sodium acetate were added.13 Through the stirred suspension, maintained 
at -10 “C, a stream of nitrogen dioxide8 was bubbled with the aid of an air stream for ca. 1 h. After the usual 
workup,8pure yellow oils, generally in excellent yields, were obtained (see Table I). One hundred mg of 
lactams 1, n=8-13, were also nitrosated in 50 ml of di~hlorometh~e and 10 ml of pyridine; then, ~~hlo~~- 
thane was added and the usual workup was followed, quan~~tive yields of 2, n&13, being obtained. 

N-Nitroso-2-pyrrolidinone or N-nitroso-4-butyrolactam (& n=3): yellow oil;6 1H NMR 62.19 (m, 
W), 2.82 (t, 7.9, 2H), 3.70 (m, 2H); 13C NMRs 15.8, 30.8, 42.7, 173.3; IR 1765, 1490, MS 114 (M+). IV- 
Nitroso-2-piperidone (2, n=4): yellow oil, *e 1H NMR b 1.8-2.0 (m, 4H), 2.86 (m, 2H), 3.59 (m, 2H); 13C 
NMR ~20.1, 21.4, 33.9, 43.5, 170.1; IR 1730, 1500, MS 128 (M+). N-Nitroso-6-caprolactam (2, n=5): 
yellow oil;6 IH NMR sl.O-2.0 (m, 6H), 2.89 (m, 2H), 3.84 (m, 2H); 13C NMR ~23.6, 27.6, 28.3, 37.8, 
38.9, 174.7; IR 1735, 15oO,8 MS 142 (M+). N-Nitroso-7-heptanelactam (21 n=6): yellow oike 1H NMR 6 
1.3-2.1 (m, 8H), 2.86 (m, 2H), 3.89 (m, 2H); IR 1730, 1500. iV-Nitroso-9-nonanelactam (2, n=S): yellow 
oihe 1H NMR 6 0.8-2-O (m, 12H), 3.15 (m, 2H), 3.87 (m, 2H); 13C NMR 822.1-24.5 (six peaks), 36.7, 

38.6, 180.0; IR 1725, 1490. N-Nitroso-lo-decanelactam Q n=9): yellow oil;6 1H NMR s 1.0-2.0 (m, 14H), 
3.17 (m, 2H), 3.83 {m, 2H); 13C NMR 523.2-25.9 (seven peaks), 35.6, 39.1, 179.6; IR 1730, 1500. N- 

Nitroso-11-und~anela~~m (J, n=lO): yellow oil; 1H NMR s 1.0-2.0 (m, 16H), 3.10 (m, 2H), 3.83 (m, W); 
13C NMR ~22.6-25.6 (eight peaks), 35.2, 37.4, 178.2; IR 1730, 1510. ~-Ni~so-l2-d~e~anelactam (2L 
n=ll): yellow oii; 1H NMR 6 1.0-2.1 (m, 18H), 3.20 (m, 2H), 3.85 (t, 6.5.2H); l3C NMR 524.2-26.6 (nine 
peaks), 34.8, 38.4, 178.2; IR 1730, 1500;8 MS(C1) 227 (M+l+). Anal. Calcd for CI2H22N2@ C, 63.68; H, 
9.80; N, 12.38. Found: C, 63.48; H, 9.81; N, 12.05. N-Nitroso-I3-tridecanelactam V, n=12): yellow oil; 1H 
NMR 90.9-1.9 (m, 20H), 3.17 (m, 2H), 3.83 (m, 2H); 13C NMR ~24.5-27.2 (ten peaks), 34.5, 38.5, 177.9; 
IR 1730, 1510. N-Nitroso-14-tetradecanelactam a, n=13): yellow oil; 1H NMR s 1.0-1.9 (m, 22H), 3.21 
(m, 2H), 3.87 (m, 2H); 13C NMR 624.7-27.4 (eleven peaks), 34.1, 38.6, 177.7; IR 1720, 1510. Anal. Calcd 
for Cl4H26N202: C, 66.11; H, 10.30; N, 11.01. Found: C, 65.85; H, 9.97; N, 11.00. N-Nitroso-15- 
pentadecanelactam (2. n=14): yellow oil; 1H NMR 6 LO-l.9 (m, 24H), 3.20 (t, 6.5, 2H), 3.89 (t, 6.5, 2H); 
13C NMR S 24.8-27.6 (twelve peaks), 34.0, 38.4, 177.7; IR 1725, 1510; MS 268 (M+). Anal. Calcd for 
Cl5H28N202: C, 67.13; H, 10.52; N, 10.44. Found: C, 66.96; H, 10.85; N, 10.25. 
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N. Lactams 1, in amounts of lOO-300 mg, were added to stirred s0lutiOnS of 4 ml of acetic _ . 

anhydride and 2 ml of nitric acid at -15 T. I4 Then, the reactions were maintained at 0 “C for 15 h to 72 h 
(depending on the case). After pouring the final solutions in 50 ml of cold water, the organic produt% were 
extracted with dichloromethane. The extracts were washed with aqueous sodium hydrogencarbonate and water, 
dried over anhydrous sodium sulphate, and evaporated in vacua to afford mixtures of the starting amides and 
nitro derivatives, which were separated by flash chromatography (silica gel, dichloromethane). Nitrolactams are 
colourless oils or solids of low melting point. 

N-Nitro-2-pyrrolidinone (3. n=3): mp 54-56 T (lit. m55.5 “C); lH IWR 62.06 (m, 2H), 2.66 (m, 2H), 
4.03 (t, 7.1, 2H); ISC NMR s 14.7, 30.9, 47.7, 167.8; IR 1775. 1575, 1275; MS 13O (M+). N-Nitro-2-piperi- 
done Q n=4): mp 30-32 “C! (lit.15 29.5-32.5 “C); IH NMR 8 1.8-2.1 (m, 4H), 2.68 (t, 6.5, 2H), 4.15 (t. 5.0, 
2H); 1% NMR ~21.1, 23.3, 35.3, 51.1, 167.2; IR 1735, 1565, 1280; MS 144 (M+). N-Nitro-6-caprolactam 
(J, n=S): mp 26-28 “C; IH NMR 6 1.5-1.9 (m, 6H), 2.71 (m, 2H), 4.21 (m, 2H); 1%~ ~~~523.0, 27.5, 28.8, 
37.9, 49.6, 170.5; IR 1740, 1590, 128O;S MS 158 (M+). A&. Calcd for QjHlON2O3: C, 45.57; H, 6.37; N, 
17.71. Found: C, 45.76; H, 6.38: N, 17.84. N-Nitro-7-heptanelactam (& n=6): oil; II-I IWR a 1.5-1.9 (m, 

8H), 2.65 (m, 2H), 4.23 (t, 6.0, 2H); I3c NMR623.6, 26.0, 28.7, 28.8, 36.4, 48.4, 172.1; IR 1720, 1580, 
1280. N-Nitro-9-nonanelactam (3, n=8): oil; IH NMR s 1.3-2.0 (m, 12H), 3.13 (m, 2H), 4.34 (t, 5.6, 2H); 
13~ NMR 6 22.8-25.1 (six peaks), 39.1, 48.5, 176.0; IR 1720, 1565, 1290. N-Nitro-lo-decanelactam (J, 
n=9): oil; IH NMR s 1.2-1.9 (m, 14H), 3.06 (m, 2H), 4.16 (t, 5.8, 2H); 1% NMR s 22.0-24.9 (seven peaks), 
37.4, 46.7, 174.7; IR 1720, 1565, 1290. N-Nitro-11-undecanelactam Q n=lO): oil; IH NMRS 1.2-1.8 (m, 
16H), 3.05 (m, 2H), 4.28 (m, 2H); ISC NMR623.8-26.5 (eight peaks), 38.3, 47.9, 174.3; IR 1720, 1565, 
1290. Anal. Calcd for CllH2ON203: C, 57.87; H, 8.83; N, 12.27. Found: C, 58.01; H, 8.95; N, 12.01. N- 

Nitro-12-dodecanelactam Q, ndl): mp 20 OC, IH NMR s 1.2-1.8 (m, 18H); 3.02 (m, 2H), 4.23 (m, 2H); 1% 
NMR ~24.0-26.8 (nine peaks), 37.9, 47.0, 173.2; IR 1730, 1560, 1290, MS(CI) 243 (M+l+). Anal. Calcd for 
Cl2H22N203: C, 59.48; H, 9.15; N, 11.56. Found: C, 59.19; H. 9.18; N, 11.56.8 N-Nitro-13-tridecanelac- 
tam Q n=12): mp 30-32 T; IH NMR 6 1.2-1.9 (m, 20H), 3.00 (m, 2H), 4.22 (m, 2H); ISC NMR 624.0-27.2 
(ten peaks), 37.7, 46.8, 173.2; IR 1730, 1560, 1290. Anal. Calcd for Cl3H24N203: C, 60.91; H, 9.44; N, 
10.93. Found: C, 61.13; H, 9.50; N, 10.68. N-Nitro-14-tetradecanelactam Q n=13): mp 38-39 “C, 1H NMR 6 

1.2-1.8 (m, 22H), 2.99 (m, 2H), 4.20 (t, 6.0, 2H); ISC NMR 6 24.1-27.5 (eleven peaks), 37.6, 46.7, 173.1; IR 

1720, 1570, 1290; MS(C1) 271 (M+l+). Anal. Calcd for Cl4H26N203: C, 62.20; H, 9.69; N, 10.36. Found: 
C, 61.90; H, 9.45; N, 10.10. N-Nitro-15pentadecanelactam (J,, n=14): oil; IH NMR ti 1.2-1.7 (m, 24H), 2.96 

(t, 6.4, 2H), 4.19 (t, 6.4, 2H); 3% NMR ~24.3-27.7 (twelve peaks), 37.9, 47.0, 173.5; IR 1725, 1570, 1290. 
Anal. Calcd for Cl5H28N203: C, 63.35; H. 9.92; N, 9.85. Found: C, 63.12; H, 9.87; N, 9.43. 

Lactones. N-Nitrosolactams 2, n=9-14, in amounts of ca. 100 mg, were refluxed in 100 ml of 
anhydrous carbon tetrachloride for 6 h, then, the solvent was removed to afford the crude lactones, which were 
separated from unsaturated acids and lactone dimers by flash chromatography on silica gel (hexane/ethyl acetate 
9:l). Alternatively, 100 mg of nitrosolactams 2 in ca. 30 ml of carbon tetrachloride were added dropwise (5 h) to 
100 ml of refluxing carbon tetrachloride; heating was maintained for a further hour, the solvent was eliminated, 
and the lactones were purified as above. (In general, the monomer/dimer ratio increased from 3: 1 or 2: 1, 
depending on the case, to about 5: 1 or 4: 1, when the addition was performed dropwise, under higher dilution 
conditions. Table II shows the yields of the pure monomers under these last conditions.) 

Solutions of 100 mg of 2, n=6, and 2, n=S, in 100 ml of carbon tetrachloride were stirred at r.t. for 4-6 
h, whereas similar solutions of 2, n=S, were heated at 40 T for ca. 6 h. Separation of the desired lactones from 
small amounts of unsaturated acids was performed by filtration through a short column of silica gel, with 
dichlommetbane as the eluent. 

All the lactones obtained in this way are known compounds.21 Physical data, IR spectra (band at 1745- 
1730 cm-I), and NMR spectra (CH2OCO at S4.OzkO.1, CH2OCO at ~64.3fo.3, and COO at 6 174.Mo.5) 
agree with those reported or expected. In some cases (dhexanolide, 12-dodecanolide, and 15pentadecanolide), 
reaction samples were compared by GC and TLC with the lactones arising from the Baeyer-Villiger oxidation of 
cyclohexanone, cyclododecanone, and cyclopentadecanone, respectively, with the expected result. Apart from 
the mass spectra, lactone dimers can be distinguished from monomers by NMR, as the dimer CH2OCO signals 
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appear 0.10 ppm at higher field, their CH2OCO signals are shifted 0.3&o. 1 ppm at higher field as well, and their 
CO0 peaks ca. 0.2 ppm at higher field too. Physical data for diiers also agree with those found in the 
literature.~ 

N-Nitroiactams & n=S-14, in amounts of ca. 100 mg, were heated for 12 h in 100 ml of anhydrous 
carbon tetrachloride. Alternatively, the same amounts were added dropwise (10-12 h) to the refluxing solvent. 
Workup as above gave the cortesponding lactones in good yields, as shown in Table II (yields given under the 
last conditions, in which the monomer/dimer ratios were slightly higher). Solutions of 100 mg of & n=6, in 
100 ml of carbon tetrachloride were left to decompose at r.t., overnight. Compound 5 n=J, required an 
overnight reflux in chlorobenzene. Compounds 3, n=3. and 3, n=4, wm recovered unchanged after heating in 
carbon tetrachloride for several days or in toluene for 3 days. 
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