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29. Cycloalkylations of N - ( o  -Halogenoalkyl)-substituted Macrocyclic Imides 

by Vassil I. Ognyanovl) and Manfred Hesse* 

Organisch-chemisches Institut der Universitgt Zurich, Winterthurerstrasse 190, CH-8057 Zurich 

(1 1 .XII.89) 

With w-halogenoalkyl isocyanates, 2-oxocyclododecane- 1 -carbonitrile is transformed under ring enlarge- 
ment to l-(w-halogenoalkyl)-2,14-dioxo- 1-azacyclotetradecane-3-carbonitriles. In the presence of base, these 
products undergo 0 - or C-alkylation leading to bicyclic compounds. The C-alkylation product 7 undergoes 
solvolysis to form a sixteen-membered ring compound. 

In [l], we have presented the preliminary results of the one-step ring enlargement of 
2-oxocycloalkane-1-carbonitriles and -1 -carboxylates into macrocyclic imides. As sub- 
strates, p-toluenesulfonyl, aryl, and vinyl isocyanates were used, since it is known that 
electron-attracting groups may enhance the reactivity of the azomethine moiety of the 
isocyanate towards nucleophilic reagents [2]. To expand the synthetic scope of this new 
ring-enlargement reaction, we were interested in investigating the reactivity of 'unacti- 
vated' alkyl isocyanates. 

We found that the sodium salt of 2-oxocyclododecane-1 -carbonitrile (1) [3] reacted 
with benzyl isocyanate (2a) or butyl isocyanate (2b) at 20" for 1 h to give, after acidic 
workup, the N-substituted cyclic imides 3a and 3b in 75 and 72% yield, respectively 
(Scheme I). Under the same conditions, 1 reacted chemoselectively with 3-chloropropyl 
isocyanate (4) to give the corresponding ring-enlarged product 5 in 74% yield. The ease of 
formation of the imides 3a, 3b, and 5 indicates that alkyl isocyanates are sufficiently 
reactive substrates in the ring-enlargement reaction of 2-oxocycloalkane- 1 -carbonitriles. 

It is known that cycloalkylation of o-halogenoalkyl-substituted active methylene 
compounds proceeds under basic conditions, and is a convenient method for the prepara- 
tion of carbo- and heterocycles [4-61. Thus, the presence of the chloroalkyl side chain in 
the imide 5 would allow the initially formed sodium enolate of 5 to undergo such an 
intramolecular nucleophilic substitution. However, we could not detect any cycloalkyla- 
tion products in the crude reaction mixture of 5, probably because of the short reaction 
time. Therefore, 5 was treated with excess K,CO, in DMSO [4] at 20" for 10 h, and the 
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expected products of 0- and C-alkylation 6 and 7 were obtained in 19 and 65% yield, 
respectively (Scheme 1 ) .  

On the other hand, when 1 was treated with the homologous 4-bromobutyl isocyanate 
(8) [7] at 20" for 1 h, 9 was obtained in 61 YO yield, together with small amounts of the 
0 -alkylation product 10 (Scheme 2). Unexpectedly, the cycloalkylation of 9 with K2C03 
in DMSO proceeded faster (3 h at 20") than in the case of 5, giving, however, only the 
0-alkylation product 10 in 79% yield. Similar selectivity was observed in the reaction of 
1 with the homologous 2-chloroethyl isocyanate (11). Under the ring-enlargement condi- 
tions, imide 12 and the 0-alkylation product 13 were obtained in 45 and 4 %  yield, 
respectively (Scheme 2). Further treatment of 12 with K2C0, in DMSO at 20" for 2 h 
gave again only 13 in 65 YO yield, without any traces of the corresponding C-alkylation 
product2). 

*) An analogous selective formation of 0- or C-cycloalkylation products, depending on the length of the 
w-halogenoalkyl side chain, was observed in the case of other enolizeahle active methylene compounds [4]. 
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The reactivity of 2-oxocyclododecane- 1 -carbonitrile (1) towards w -halogeno-substi- 
tuted alkyl isocyanates has some resemblances to the so-called 'Michael-initiated ring 
closure' principle [8] which represents a conjugate addition of a nucleophile to an a,j3-un- 
saturated ester or ketone, followed by intramolecular alkylation of the intermediate 
enolate. In our case, the ring closure is preceeded by a ring enlargement induced by 
nucleophilic addition of 1 to the imino moiety of the isocyanate which forms the corre- 
sponding enolate (see Scheme I ) .  The observed reaction path could be explained with the 
faster formation of a four-membered cyclic intermediate (cf. Scheme I) leading to ring 
enlargement as compared to the competitive intramolecular alkylation of the initially 
formed adduct of 1 and isocyanate. 

The smooth preparation of the bicyclic compound 7, possessing an imide function, 
prompted us to investigate its behavior towards nucleophilic reagents. Nucleophilic 
addition to the C=O group of the bridge could induce cleavage of the N-CO bond with 
formation of the ring-enlarged product [9]. Indeed, in a preliminary experiment, we found 
that the solvolysis [lo] of 7 with absolute EtOH gave the 16-membered (ethoxycarbony1)- 
substituted lactam 14 in 63 YO yield (Scheme 1). 

The results presented above show that the ring enlargement of 2-oxocycloalkane-l- 
carbonitriles into macrocyclic imides is not restricted to a specific structure of the 
isocyanate and may have more general synthetic application. 

The support of this work by the Schweizerischer Nationalfonds zur Forderung der wissenschuftlichen Forschung 
is thankfully acknowledged. 
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General. See [I]. 
1. Reaction of 2-Oxocyclododecane-I-carbonitrile (1) with the Alkyl Isocyanates 2a, 2b, 4, 8, or 11. To a 

suspension of NaH (6 mmol) in dry THF (50 mi) 1 (5 mmol) was added under stirring in small portions and the 
resulting mixture was stirred at 20" for 30 min. After dropwise addition of 2a, Zb, 4,8, or 11 (6 mmol), stirring was 
continued for 1 h at 20", and the solvent evaporated. The residue was dissolved in H,O (100 ml), extracted with 
Et20 (3 x 30 mi) and the combined org. layers separated. The alkaline H,O phase was acidified with dil. HCI and 
extracted with CH2C12 (3 x 30 ml). The combined org. extracts were washed with H20,  dried, evaporated, and the 
residue was crystallized from a suitable solvent to give 3a, 3b, 5, 9, or 12, resp. Column chromatography 
(Et20/hexane 1: 1) of the combined Et20 extracts before acidic workup of 9 or 12 gave 10 or 13, resp. 

I-Benzyl-2,14-dioxo-I-azaeyelotetrudecune-3-curbonitrile (3a). Yield 75 %. M.p. 67-69" (EtOH). IR:  2254, 
1704, 1498. 'H-NMR: 7.50-7.10 (m, 5 arom. H); 5.09,4.85 (AB, J = 17,2 H-C(1')); 5.03 (dd, J = 9, 5, H-C(3)); 

C(2)); 170.3 (s, C(14)); 136.0 (s, 1 arom. C); 129.0, 127.9, 126.5 (3 d, 5 arom. C); 117.2 (s, CN); 48.0 (t. C(1')); 40.4 
(d, C(3)); 35.6,30.0 (2 CH,); 25.8 (2 t ) ;  25.7,25.1,24.4,24.1,24.0,23.6 (6 CH,). CI-MS: 341 ( [ M  + I]+). Anal. calc. 
for C2,H2,N2O2 (340.46): C 74.08, H 8.29, N 8.23; found: C 74.06, H 8.12, N 8.23. 

l-Butyl-2,14-dioxo-l-azacyclotetradecane-3-carbonitrile (3b). Yield 72 %. M.p. 50-5 1" (hexane). IR: 2250, 
1692. 'H-NMR: 4.93 (dd, J = 8, 5, H-C(3)); 3.67 (t, J = 8, 2 H-C(1')); 2.80-2.40 (m,  2 H-C(13)); 2.30-1.20 (m, 
22 H); 0.96 (t. J = 7, CH3). 13C-NMR: 176.9 (s, C(2)); 169.8 (3, C(14)); 117.3 (3. CN); 45.1 (t, C(1')); 40.3 (d, C(3)); 

M + ) ,  251 (12), 209 (15), 153 (16), 142 (20), 112 (29,  98 @I),  83 (30, 55 (98), 41 (100). Anal. calc. for C,,H,,N,O, 
(306.45):C70.55,H9.87,N9.14;found: C70.43,H9.86,N9.30. 

1-(3'-Chloropropyl)-2.I4-dioxo-l-azacy~lotetradecane-3-carbonitrile (5).  Yield 74%. M.p. 64-66" (CH,CI,/ 
EtOH). IR: 2250, 1704. 'H-NMR: 4.94 (dd, J = 8 ,  4, H-C(3)); 3.86 (t, J = 8, 2 H-C(1')); 3.61 (t, J = 6, 
2 H-C(3')); 2.80 (ddd, J = 16, 10, 3, 1 H-C(13)); 2.57 (ddd, J = 16, 6, 3, 1 H-C(13)); 2.20-1.00 (m, 20 H). 
I3C-NMR: 176.7 (s ,  C(2)); 170.0 (s, C(14)); 117.1 (s, CN); 43.1, 42.0 (2 CH,); 40.2 (d, C(3)); 35.2, 31.6, 29.8, 25.8, 
25.7, 25.5, 25.1, 24.3, 24.0, 23.9, 23.7 (11 CH,). CI-MS: 329, 327 ( [ M  + 1]+), 291 ( [ M  - Cl]'). Anal. calc. for 
Cl~H,,CIN,02 (326.86): C 62.47, H 8.33, N 8.57; found: C 62.34, H 8.39, N 8.71. 

I-(4-Bromobutyl)-2,I4-dioxo-I-azacyclotetradecane-3-carbonitrile (9). Yield 61 %. M.p. 62-64" (Et,O/hex- 
ane). IR: 2255, 1698. 'H-NMR: 4.93 (dd, J = 8 ,  5 ,  H-C(3)); 3.71 (t. J = 8, 2 H-C(1')); 3.44 (t, J = 6, 2 H-C(4')); 
2.74 (ddd, J = 14, 10, 3, 1 H-C(13)); 2.52 (ddd, J = 16, 8 , 3 ,  1 H-C(13)); 2.10-1.10 (m. 22 H). 'IC-NMR: 176.7 (s, 
C(2)); 169.9(s,C(14)); 117.2(s,CN);44.2(t,C(1'));40.3(d,C(3));35.2,32.7,29.9,29.6,27.7,25.9,25.8,25.7,25.1, 
24.4,24.0,23.9,23.8(13CH2).EI-MS:386,384(8,8,Mf'),306(48,[M -Br]+), 127(28), 113(42),99(98),83(38), 
70 (28), 56 (loo), 42 (81). Anal. calc. for C18H29BrN202 (385.34): C 56.1 1, H 7.59, N 7.27; found: C 56.33, H 7.72, 
N 7.38. 

1- (2-Chloroethyl)-2,14-dioxo-l-azacyclotetradecane-3-carbonitrile (12). Yield 45 %. M.p. 98-99O 
(CH,CI,/EtOH). IR: 2255, 1702. 'H-NMR: 4.96 (dd, J = 9,4, H-C(3)); 4.04 (t, J = 6,2 H-C(1')); 3.75 ( t .  J = 6, 
2 H-C(2')); 2.90 (ddd, J = 16, 10, 3, 1 H-C(13)); 2.62 (ddd, J = 16, 6, 3, 1 H-C(13)); 2.10-1.10 (m, 18 H). 
"C-NMR: 176.7 (s, C(2)); 170.3 (s, C(14)); 117.0 (s,  CN); 46.5, 41.7 (2 CH,); 40.3 (d, C(3)); 35.3, 30.0, 26.0, 25.8, 
25.7, 25.0.24.4 (7 CH,); 24.0 (2 CH,); 23.5 (CH,). EI-MS: 314/312 (1/4, M " ) ,  277 (4, [M - C1]+), 188 (14). 149 
(14), 126 (14), 112 (30), 98 (loo), 84 (23). 69 (25). 56 (63), 42 (76). Anal. calc. for C16H2,CIN20, (312.84): C 61.43, 
H 8.06, N 8.96; found: C 61.44, H 7.86, N 8.98. 

2-Oxo-15-oxa-I-azahicyclo[12.S.O]nonadec-13-ene-I3-carbonitrile (10). Yield 17%. M.p. 81-83" (hexane). 
IR: 2210, 1688, 1682, 1640. 'H-NMR: 4.72 (d-like m, 1 H); 4.38-4.20 (d-like m, 1 H); 3.86 (t. J = 12, 1 H); 

88.2(s.C(13));69.8(~.C(16));46.9(t,C(19));31.8,28.5,26.7,26.6,26.2,25.3,25.2,25.1,24.6,23.4(10CH2);23.1 
(2 CH,). CI-MS: 305 ( [M +I]+). Anal. calc. for C18H2,N202 (304.43): C 71.02, H 9.27, N 9.20; found: C 71.22, 
H 9.34, N 9.19. 

2-Oxo-I5-ox~-I-azabicyclo[l2.3.O]heptadec-13-ene-13-carhonitrile (13). Yield 4%. M.p. 90-92" (Et20/hex- 
ane). IR: 2205, 1698, 1658. 'H-NMR: 4.68 (ddd, J = 12, 8, 1.4, 0.5 H); 4.33 (dt, J = 8 ,  1.4, 1 H); 4.06-3.88 (m, 
0.5 H); 3.84-3.36 (m, 1.5 H); 3.12 (dt, J = 14.6, 8.3, 0.5 H); 2.66-2.38 (m, 1 H-C(3)); 2.34-2.16 (m, 1 H-C(3)); 
2.10-1.00 (m, 18 H). l3C-NMR: 172.7 ( s ,  C(2)); 158.9 (s, C(14)); 119.2 ( s ,  CN); 75.4 (s ,  C(13)); 65.9 (t, C(16)); 45.8 

2.74 (ddd, J = 16, 10,3, 1 H-C(13)); 2.38 (ddd, J = 16, 7, 3, 1 H-C(13)); 2.00-1.10 (m, 18 H). "C-NMR: 177.2 (s ,  

35.1, 31.3,29.9 (3 CH2); 25.9 (2 CH,); 25.7,25.1,24.3,24.1, 24.0, 23.8, 20.0 (7 CHI); 13.6 (4, CH,). EI-MS: 306 (8, 

2.80-2.34(m,4H);2.20-2.02(m, 1 H);2.00-1.10(20H). I3C-NMR: 172.2(~, C(2)); 160.8(s,C(14)); 118.6(s,CN); 

(t,C(17));31.5,26.1,26.0,25.3,25.1,24.0,23.7,23.1,23.0,22.6(10CH2).EI-MS:276(10,M~'),207(6),193(4), 
179 (26), 165 (1 l), 152 (9), 123 (loo), 110 (14), 98 (70), 80 (22), 56 (21), 42 (33). Anal. calc. for C,,H,,N,O, (276.38): 
C69.53,H8.75,N10.14;found:C69.42,H8.89,N 10.19. 
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2. General Procedure for Cycloalkylation of the Imides 5 9 ,  or 12 to the Bicyclic Compounds 6,7,10, and 13. A 
mixture of 5,9, or 12 (2 mmol), finely powdered anh. K2C03 (8 mmol), and DMSO (2 ml) was stirred at 20" for the 
required time, and H2O (50 ml) was added. The mixture was extracted with CH2C1, (3 x 10 ml), the combined org. 
phases were washed with H20, dried, and evaporated. The residue was purified by column chromatography or 
crystallized from a suitable solvent. 

2-Oxo-15-oxa-l-azabicyclo[l2.4.O]octadec-l3-ene-l3-carbonitrile (6) and 2,7-Dioxo-l-azabicyclo(ll.3.I]- 
hepfadecane-13-carbonitrile (7). Reaction time 10 h. Column chromatography with Et20/hexane 1 :I (7 faster 
moving). 

Data of 6: Yield 19%. M.p. 61-63O (hexane). IR: 2210, 1688, 1644. 'H-NMR: 4.49 (dt, J = 13, 9, 1 H); 
4.34-4.18(m,1H);3.97(df,J=5,10,1H);3.30-3.12(m,1H);2.91(ddd,J= 14,10,7,1H);2.57(ddd,J=14,10, 
4, 1 H-C(3)); 2.38 (ddd, J = 14, 10, 4, 1 H-C(3)); 2.22-2.00 (m, 3 H); 2.00-1.06 (m, 16 H). l3C-NMR: 172.9 (s, 
C(2)); 158.7(s,C(14)); 118.7(s,CN);87.5(s,C(13));65.9(t,C(16));40.2(t,C(18));31.0,26.7,26.2,25.6,25.5,24.7, 
24.4,24.1,23.4,22.9,22.8 (1 1 CHI). CI-MS: 291 ( [ M  + I]'). Anal. calc. for Cl,H2,N202 (290.41): C 70.31, H 9.02, 
N9.65;found:C70.38, H9.06,N9.56. 

Dataof7: Yield 65%. M.p. 112-113°(EtOH). IR: 2240,1704. 'H-NMR: 3.86-3.62(m, 1 H-C(16)); 3.54-3.30 
(m, 1 H-C(16)); 2.60-2.30 (m, 1 H-C(3)); 2.241.80 (m, 3 H); 1.70-1.10 (m, 20 H). l3C-NMR: 176.9 (s, C(17)); 
169.8(s,C(2));120.0(s,CN);48.4(s,C(13));45.1,38.3,37.8,33.2,26.2,25.8(6CH2);25.5(2CH2);24.4,23.3,23.2, 
22.2, 19.3 (5 CHJ. CI-MS: 291 ( [M + I]+), 264 ( [M - CN]+). Anal. calc. for C,,H2,N202 (290.40): C 70.31, 
H 9.02, N 9.65; found: C 70.11, H 9.21,N9.56. 

Compound lofrom 9. Yield 79%. Identical with 10 from Exper. I (mixed m.p. without depression; spectra 
superimposable). 

Compound 13 from 12. Yield 65%. Identical with 13 from Exper. I (mixed m.p. without depression; spectra 
superimposable). 

3. Ethyl 5-Cyano-16-oxo-l-azacyclohexadecane-5-carboxylate (14). A soh. of 7 (1.16 g, 4 mmol) in dry EtOH 
(10 ml) was refluxed under N2 for 46 h. Evaporation and crystallization of the residue from Et20/hexane gave 14 
(0.85 g, 63%). M.p. 63-64". IR: 3210, 3090,2235, 1748, 1682. 'H-NMR: 6.68 (br. s, NH, exchangeable with D20); 
4.13 (q, J = 7, CH3CH20); 3.543.24 (m. 2 H); 2.40-1.20 (m. 27 H), therein t at 2.30 (J  = 7, 2 H) and t at 1.26 
( J  = 7, CH,). I3C-NMR: 173.8 (s, CO); 167.5 (s, CO); 120.6 (s, CN); 60.0 ( t ,  CH20); 43.7 (s, C(13)); 42.0, 36.1, 

( [M + 1]+), 291 ( [M - OEt]'). Anal. calc. for C,,H32N,0, (336.47): C 67.82, H 9.58, N 8.32; found: C 67.71, 
H 9.57, N 8.15. 

34.3, 30.5 (4 CH2); 29.3 (2 CH2); 29.2, 29.1, 29.0, 28.9, 24.9, 24.5, 19.1 (7 CH,); 14.2 (q, CH3). CI-MS: 337 
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