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Synthesis of [lO]Heterophanes Using 
Reaction 

a Ring Enlargement 

Ferrid Hadj-Abo,’ Stefan Bienz, and Manfred Hesse* 

Abstract: The ring enhugcmaaof 2-nkwyclododccanone (1, n = 1) to methyl 2-hyd~oxy-5-ni~mcyclo~ 
carboxyiate (4, n = 1) via 12-hydroxy-l-nit&iiyslo[9.3.l]pcnmdccaw-12-one (2. n = 1) delivcaed after fintha tmns- 
fcnmations in good yield cycle 1 Pdione (12). Treatment of this compound with paw-toluew sulfonic acid 
et a Dean-stark wata hap affonw [lOl(2J)furanophane (2O).Inpmsalceofa orofaprimalyamine.then- 
spective [10](25)pyrrolophanes 15-19 wit obtained. The azresponding ppiuation of [101(2,5)tbiopbenopbene 
(21) by action of sevaal sulfuring reagents on 12. however. was less succe&id. 0nly small amounts of impme 21 
wcaeobtaiwd. 

INTRODUCTION 

In our preceding investigations towards the syntheses of (*)-muscone and macmcyclic lactone antibiotic 

A26771B3 we utilized a novel nhg enlargement reaction intmduced by Larr’nzi-Riatsch et ul~s(Scheme I). Mi- 

chael addition of the 2-nitmcycloalkanones’l tb acrylic aldehyde or crotonic aldehyde, respectively, followed by 

base cat&& intramolecular aldol reaction afforded the bicyclic compounds 2 or 3. the tnatment of which with 

sodium methoxide in methanol delivered iq good to excellent yields the [x1+2] ring-enlarged macmcyclic bhyd- 

roxy-enitro carboxylic acid derivatives 4 and 5. These compounds gave after further modification rise to 7-ni- 

troketones: For instance, fmm the macrocyclic substrates 4 the compounds 6 were obtained by an oxidation/ 

methylation sequence. In the c&se of o& attempts to transfer the C!HN@ unit of 6 into a carbonyl group using 

a reductive variation of the Nef maction (MeONa followed by TiCl36>. we found that comiderable amounts of 

the pyn~lophanes 8 (up to 16%) were formed in addition to the desired l&+tones 7. The former arose pro- 

bably from imine inmtes by dehydration. Analogously, the furanophanes 7 (13%) wem found as dehy- 

dration side products in the acid-catalyzed mono-acetalization of 6 performed as a subsequent step towards the 

lactone antibiotic A26771B’. 

The synthesis of some hetemphanes via cycloalkan~ Wdiones is already described in litnature: Nozaki 

and his coworkers have succ.c&uUy ,pqared [8](2,5)pyrrolo-, [8](2,S)furano-, and [8](2,S)thiophenophane*~ 

as well as [8](3,6)pyrk%b~qhsm?~ using cycle 1,4dione as the starting matuial (for reviews on he- 

terophanes see1*-13 , for more recent syntheses of functional&d and strained hetemphanes1c18, and for phan- 

nomenclatum19-21 ). The latter arose from cyclc&decanone on a rather tedious synthetic path=, which is fur- 

thermore not flexible concerning the variation of substitution patterns on the cycloaUram1 &dione framework. 
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We would like to show with the example of the synthesis of cycloterradecane-1,4dione I2 and with the sub- 

sequent conversion of this compound to the [lO]heterophanes 15-21 (cf. Scheme 2) that the [n+2]-ring en- 

largement reaction described above provides a more efficient and flexible entry into cycloalkane-l&diones and 

finally into cyclophanes. 

1 ml.2 2 R=H. n=l,2 4 R=H, x1=1,2 
3 R=Me,n=1,2 5 R=hb,n= 1.2 

The synthesis of the cycloJkane- l&dione 12 starts with the easily accessible cyclomt&zcane carboxylic 

acid derivative 4 already described earlier4 (Scheme 2). Oxidation of the alcoholic moiety of this compound with 

Jones reagent23 delivered in 84% yield the B-ketoester 10, which gave rise to the demethoxycarbonylated @ 

trocycloallcanone 11 in almost quantitative yield (97%) upon acid catalyzed hydrolysis in water/methanol solu- 

tion. Earlier attempts to obtain 11 by a base catalyzed hydrolysis/decarboxylation sequence were unsuccessful: 

For example, treatment of 11 with potassium hydroxide in ethanol at reflux for several hours resulted in a com- 

plex mixture of products which contained in addition to diketone 12 and oxime 13 only a number of further 

compounds lacking the nitro group (JR evidence). 

The directed conversion of the nitro compound 11 to the diketone 12 was performed by the well ap- 

proved Nef type reaction aheady mentioned above: Depmtonation of 11 by action of sodium methoxide and 

subsequent reduction of the nitro-aci form of the starting compound with titanium trichloride afforded the de- 

sired diketone in 80% yield. A small amount of oxime 13 and, as in the case of the analogous reaction with 6 

(see above), a small quantity of the corresponding pyrrolophane 15 were formed together with some further 

minor side products. Whereas the oxime 13 is proposed as an inmrmediate in the reductive Nef type reaction6 

and originates most probably from incomplete reduction of the aci-nitro group, the pyrrol derivative 15 was 
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different behavior of cy~o~~~e-l,4~~e (12) compared to cy~~l,~~ in respect of the 
~ophen~h~e f~on is unclear. We do not recognize unfavorable steric or &%ronic factors pmventing 

snlfuration of our l&diketone. 

The [lOJhetemphanes exhibit chamcteristic specnal behavior. Their rH and 1% NMR spectra are, due to 
the symmetry of the molcct&s, not too complex: They exhibit for the hcterophane ~halfthenumber 
of signals in respect to the responsive gtoups. Characteristic absorptions for the aromatic protons am fkumd in 

the 1H NMR spectra for both the pyrmlo- and hopes in the region of 5.8 ppm, whereas the cormspon- 
ding signal for the ~iophenoph~e is detected at 6.64 ppm. The 13C NMR spectra of the several he@mphmes 
are very simihu, too. The chemical shifts of the signals deriving from the ammatic mrthuy carbon nuclei am de- 

tected at 104.9 ppm for the ~-~u~ti~~ pyrrol derivative, at crustily lower &Id as compamd with 
.L_ ---_-___>I__ _t__,_ _& ,e%E * tnr, L ___ .._z_f__ &..._ .I.,. ** ̂ ._L”&h.*_.J _._,__+rrar *_ ____ me corrcspolumtg slgnlus LIL Iu0.Fl”I.o ppIl, UUslng ltvua UIG ‘*‘D”“s~I”Lu& yx”“aT-**. il‘G wiiuiryvrr- 

ding signal of the ~oph~ is recorded at 105.8 ppm and the oue of the ~iophen~h~ ~~tic~y at 

124.4 ppm. The signals for the qu~rn~ atomatic carbons appear at 132.8-130.4 ppm for the p~~~~, 
at 154.7 ppm for the furanophane, and at 142.9 ppm for the thiophenophane. 

Of special diagnostic value is the mass spectml behavior of the hetcrophanes upon eIectmn impact ioniza- 
tion. The spectm of all three types of heterophanes, the pyrrolo-, furano-, as well as the thiophenophanes, ex- 

hibit a series of signa& corresponding by mass to fragments of the composition fC7H7X + (C!H3Iu)I+ with X = 
NR, 0, or S for the respective het~~es and n = 0, 1.2, etc. up to 6. The exact structures of these &ag- 
ments as well as the me&a&m of their formation is not known yet. 

CONCUJSION 

We have shown with the syn~e~ of the diketone 12 and with its ~~~ti~ into the compounds 
G-21 that 2-nitrocycloalltanones of the type I are vepatile starting tnamials for the pmpamim of a variety of 

heterophane derivatives. With the potential to bring about heternphanes spec%cahy substitnted on the carbon 
skeIeton of the aromatic moiety or of the polymethylene bridge - either by using appmpriately substituted a& 
unsatnrated aldehydes for the construction of the bicylic ring etdargement precursors or by deMttization of the 

2-nitroketone precursors or the ring enlarged &ketoester detivatives - the preseuted method to prepare hetero- 

phanes is mom flexible than former published synthetic paths. This newly gamed flexibiity is imporumt in m- 
spect to the design of heterophane derivatives potentially acting as host molecules in supmmokcuhir chemistry. 

General Procedures. Where not remarked ~f~dy: all reactions were carried out under a blanket of 
inert gas. During the workup, all extracts are dried ovg d&odium sulfate p&r to evaporation of the sokent in 
vacua. Chromatography was performed on Merck Kieselgel60 (23&400 mesh). Infmred spectra (IR) were 
taken on a Perkin-am 297 or 781 (frequencies given in cm-l), rH (200 or SO0 MHz) and 13C NMR (SO.4 

MHz) on a Bruker AM-300 or a Varian XL-200 in CRC13 as the solvent (Sin ppm relative to the solventt & 
(cIICi3) = 7.26, &J (U3U3) = 77.0; coupling constants (J) in Hertz, muhiplicities of the 13(: NMR signals 
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25.4, 21.7 (at, 12 CH2); EI-MS: 224 (12, M +‘). 206 (4). 181 (lo), 153 (12). 139 (lo), 127 (30), 111 (91), 

98 (46). 83 (46). 71 (89). 55 (100). 41(99); Anal Calcd. for Cl&2402 (224.35): C 74.95, H 10.78. Found: 

C 74.90, H 10.80. Data for 13: m.p. (amorphous): 143-148’C; IR (CHC13): 3590,3010,2930,2860, 1710, 

1615, 1465, 1450, 1410, 1370, 1345, 1325, 1300. 1270, 1240, 1190, 1175, 1150, 1130, 1090, 1050, 1010, 

960,940, 710, 660; 1H NMR: 8.07 (s, NOH, exchanged with DzO), 2.78-2.72 (m, 2 H). 2.65-2.59 (m, 

2 H), 2.44-2.39 (m, 2 H), 2.20 (t, J = 7.1, 2 H), 1.74-1.64 (m, 2 H), 1.53-1.46 (m, 2 II), 1.361.22 (m, 

12 H); 13C NMR 210.6 (s, C=O), 161.0 (s, C=NOH), 42.5, 37.3, 33.7, 26.4, 26.3, 26.1, 26.0, 25.7, 24.8, 

23.8,21.1 (1 It, 12 CH2); CI-MS: 240 [M + ll+, 222 [M - OH]+; Anal. Cal& for Cl4H25NOg (239.36): C 

70.25, H 10.53, N 5.85. Found: C 70.18, H 10.32, N 5.62. Data for 15 see below. 

[10](2,5)Pyrrolophane24 (15-azabicyclo[lO.2.l]pentadecane-12,14(l)-diene, 15): Into a soln. of 

135.0 mg ( 0.6 mmol) of 12 in 15.0 ml of ethanol and 10 ml of cont. aqueous NH3 soln. was introduced a 

small quantity of Coz (gas) and the resulting mixture was heated at reflux for 6 h. It was allowed to cool slowly 

to 23% and after standing at -5’C for 3-4 d, the precipitated solid was collected by filtration and was mcrystall- 

ized to give 7.95 g (30.7 mmol, 96%) of 15 as colorless needles: m.p. (MeOH/NHsOH): 132133“C. IR 

(CHC13): 3470, 3000, 2930, 2860, 1585, 1510, 1460, 1445, 1420, 1350, 1330, 1290. 1230, 1200, 1175, 

1085, 1040, 1020, 975, 710, 680, 670, 660; lH NMR: 7.65 ($1 NH), 5.78 (d. J = 2.7, H-C(13), H-C(14)), 

2.62-2.58 (m, 4 H), 1.64-1.55 (m, 4 H), 1.36-1.27 (m, 4 H), 1.17-1.10 (m. 4 H), 1.06-0.98 (m. 4 I-I); I3C 

NMR (d+DMSO): 130.4 (s, C(l), C(12)). 104.9 (d, C(13), C(14)), 27.7, 27.9, 27.2, 26.9, 26.4 (5~. 10 

CH2); EI-MS: 205 (78. M +‘), 204 (24). 176 (29). 162 (24) 148 (24). 134 (35). 120 (18). 107 (18), 106 

(100). 94 (29). 93 (51). 84 (25). 80 (30). 65 (26); Anal. Calcd. for Cl4H23N (205.35): C 81.89, H 11.29, N 

6.82 Found C 82.13, H 11.11, N6.62. 

N-Methyl[10](2,5)pyrrolophane24 (N-methyl-l5-azabicyclo[l0.2.l]pentadecane-12,14(1)-ditnc, 

16): Into a soln. of 225.0 mg (1.00 mmol) of I2 in 20 ml of ethanol was introduced at 23OC methylamine (gas) 

until the color of the mixture turned to deep yellow. It was stirred at 23°C for 3 h, the solvent was evaporated, 

and the residue chromatographed (CH2Cl2) to give 182.0 mg (0.83 mmol, 83%) of 16 as a colorless oil: IR 

(CHC13): 3090, 2990.2930,2860, 1505, 1460, 1445. 1435, 1410, 1350, 1325, 1300, 1230, 1200. 1075, 

1025, 1010. 910, 880,720, 710, 675, 66% lH NMR: 5.82 (s, H-C(13), H-C(l4)). 3.49 (8, NCH3), 2.65- 

2.61 (m. 4 H), 1.73-1.60 (m, 2 H). 1.57-1.44 (m. 2 H). 1.35-1.14 (m, 4 H), 1.09-0.98 (m. 2 I-I), 0.96- 

0.83 (m. 6H); 13C NMR: 132.8 (s. C(l), C(12)), 106.4 (d, C(13). C(14)). 31.1 (4, NCH3). 27.8, 27.3, 

26.5, 26.4, 25.9 (St, 10 CHg); ELMS: 219 (45, A4 +‘), 204 (5). 190 (30). 176 (8). 162 (19). 148 (38), 134 

(10). 120 (100). 107 (51). 94 (35). 41 (18); Anal. Calcd. for ClJIz5N (219.37): C 82.13, H 11.49, N 6.38. 

Found: C 81.92, H 11.26, N 6.29. 

N-Benzyl[10](2,S)pyrrolophane” (N-benzyl-l5-azabicyclo[l0.2.1]pentadecane-12,14(l)-diene, 

17): A soln. of 113.0 mg (0.50 mmol) of 12.64.3 mg (0.60 mmol) of benzylamine. and 0.5 ml of acetic acid 

in 4.0 ml of ethanol was heated at reflux for 7 h. The solvent was evaporated and the residue chromatographed 

(CH2Cl2) to give 144.0 mg (0.48 mmol, 96%) of 17 as colorless crystals: m.p. (CH2Cl2): 59-6l”C; IR (KBr): 

3090,3070,3030.2930,2860, 1700. 1605, 1500, 1455, 1440, 1420, 1390. 1350, 1330, 1300, 1250, 1210, 

1180, 1080, 1030,930.885,800,765,745.735.695,680,650; 1H NMR: 7.20-7.08 (m. 3 atom. H), 6.70 

(d. J = 6.9.2 atom. I-I), 5.84 (3. H-C(13), H-C(14)), 5.07 (3. NCH2). 2.55-2.34 (m, 4 I-I). 1.68-1.55 (m. 2 

H). 1.47-1.34 (m. 2 H), 1.31-1.12 (m. 4 H), 1.09-1.06 (m, 2 H), 0.96-0.87 (m, 6 I-I); 13C NMR: 139.3 (s, 
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(CH2Cl2) provided 121.0 mg of a mixture of products and a small fraction of pure 21: 1H NMR: 6.63 (s, H- 

(Cl2), H-C(13)), 2.79-2.75 (m, 4 H), 1.65-1.57 (m, 4 H), 1.44-1.26 (m, 4 H), 1.10-1.06 (m, 4 H), O.&Q- 

0.79 (m. 4 H); 13C NMR (relevant data from impure fraction): 142.9 (s, C(ll). C(14)). 124.4 (d, C(12), 

C(l3)), 30.2, 30.0, 27.9, 26.7.26.6 (St, 10 CH2); EI-MS: 222 (68, M +‘), 193 (11). 165 (lo), 151 (29). 123 

(73), 112 (24). 111(39), 110 (lOO), 97 (37), 91 (lo), 77 (lo), 55 (12). 45 (12), 41 (29), 39 (14). 
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