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Ahab-act - The Baylis-Hillman reaction of dialdehydes with methyl acrylate, followed by 

acetylation of the malting dials gave diace&tes 3.14.16 and 20. Treated with ammonia, 

these diaceWx afkrded new cyclophaoes and the corresponding macmbicyclic cryptophanes. 

Conformational analysis of the cyclophsnes was described. 

Introduction 

Much interest currently attache8 to the 8yINheSiS and structural study of cyclophane amkcules 1. 

Cyclophanes with large cavities are well known 23, but the synthesis of macrobicyclic compounds presents a 
considerable challenge to the chemist. We report here a new synthesis and the conformational behavior of the 
p,7] cyclophanes and the corresponding macrobicyclic cryptophanes and of the [5,7] orthocyclophanes. 

Results and discussion 

The strategy for the synthesis of cyclophanes is based on the Baylis-Hillman reaction 4,5. 
Dialdehydes 1 were reacted with methyl acrylate in the presence of diazabicyclooctane (DABCO) or 3- 
quinuclidinol for 1-14 days, at room temperature to give one diastereomer 2. Acetylation (AcCl-NEt$ of the 
alcohol8 2 afforded allylic acetates 3. Treated with a solution of ammonia in methanol, the acetates 3 were 
submitted to a nucleophilic substitution with allylic rearrangement to give the cyclophanes 4. the cryptophanes 
5 and polymeric material. Compounds 4 and 5 were purified by crystallisation or by chromatography on silica 
gel (scheme 1). 

Thus, the acetate 3a was converted to cyclophane 4a (28 %). Treatment of 4a with 3a. in 
acetonitrile at high dilution at reflux temperature, afforded cryptophane Sa in 95 96 yield 6. The high dilution 
reactions of 3b and 3c with ammonia gave the corresponding cryptophanes Sb (15 %) and SC (23 %). The 
81OW addition of ammonia into a dilute solution of 3d in dichloromethane affoxded the cyclophane 4d (6 %) 
and the cryptophane Sd (30 %), which can be separated by chromatography on siliia gel. Spectral data support 
the structures 4 and 5. The E configuration of the carbon-carbon double bond was confumed by tH NMR 
spectra : the signal of the vinylic proton, deshielded by the neighbouring cis carbonyl group, was at 6 7.5-8.0 

ppm, according to the literature 7. The long range 13C-H coupling constant between carbon of the carbonyl 
group and vinylic proton were about 5 Hz, mg to the E-configuration 8. The dissymetric cryptophanes 
6b-k were prepared in 40-50 % yields by the reaction of cyclophane 4a with the corresponding acetates 3b- 
3e in acetoniaile at reflux temperature. 
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N-substituted paracyclophanes 7,g and 9. can be prepared. The treatmept of 3a with 
isopropylamine, at room tetnp&tture, gave a mixture of 1OEEi and 1OEZ in a ratio of 169. When the isomer 
IOEE, purified by crystallization, was reacted with 3a. in acetonitrile, the paracyclophane 7 was obtained in a 
yield of 50 %. When 4a was rlacted with acetate lla 9, the cyclophane 9 was obtained. The paracyclophaue’8 
was easily prepared by reaction of phenylisocyanate with 4a. 
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The syntheses of cyclophanes larger than 4 have been achieved by using acetate 13 as starting 
material. The reaction of terephthalaldehyde’la with methyl acrylate in the presence of DABCO’for 90 min 
afforded essentially 12. Acetylation of 12 using AcCI-NEt3 gave the desired allylic acetate 13. The reductive 
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coupling of 13 using TiClq-Zn in THF. at refhnt temperature 10.11, gave 14E. When the diacetate 14E. in 
THF-methanol. was treated by an aqueous solution of ammonia, the paracyclophane 15 precipitated (13 %) 
(scheme 2). 

Scheme 2 

l?R=H 
13 ,R=Ac 

14 

The treatment of 13 with hydrazine hydrate at room temperature gave the azine 16EE (80 %). The 
reaction of 16 in THF with ammonia afforded the paracyclophane 17 as crystalline product (25 96) (scheme 3). 

Scheme 3 

16 17 

The dialdehyde 18 was formed by alkylation of 2-hydroxybenzaldehyde with 1.3- 
dibromopropane. Then, the dialdehyde 18 was reacted with methylacrylate and DABCO and the resulting diol 
19 was acetylated to yield the allylic diacetate 20. The high dilution reaction of 20 with ammonia gave a 
mixture of ortho cyclophanes 21(14 %) and 22 (45 %) separated by column chromatography. *H NMR, 1X! 
NMR and mass spectra data are in conformity with the structnres shown. tH NMR spectrum of 21 showed the 
signal of the vinylic protons at 6 7.72 according to the E-configuration of the carbon-carbon double bonds. lH 

NMR spectrum of 22 showed the presence of a Emz/zz mixture. The Ha signals are at 6 7.75 for 22 EE, 6 

6.82 for 22 ZZ and 6 7.00,s 7.71 for 22 EZ. The formation of 22 can result from the reaction of the 

nucleophilic cyclophane 21 with the diacetate 20. Indeed, when pure 21 was reacted with 20 in acetonitrile at 
refhrx temperature, cyclophanes 22 were formed (scheme 4). 
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Scheme 4 

21,R=H 
23 EEE 

22 EE, EZ,ZZ 

The reaction of 21 with 13b g affotded the ortho cyclophane 23 EEE. 

Conformational analysis of cyclophancs 

At mom temperature, the magnetic equivalence of the aromatic protons of 4a was observed, which 
suggests a fice rotation about the axis passing through the 1 ,4-carbon atoms of the ring. Protonation at nitmgen 
atoms, with CF3C!O2H in excess, leads to upfield shift of signal of aromatic protons (table I). It is postulated 
that the repulsion of positive nitrogen atoms is the cause of the conformational preference of the two aromatic 
rings, facing each other, which explains the shielding of the aromatic protons (4a, 2H+, scheme 5). The 
aromatic protons of 4a are deshielded, probably on account of the conformatlonal preference of the ammatic 
rings which am in the same plane. 

The addition of one equivalent of maleic acid to cyclophane 4a gave a crystalline salt. The lH NMR 
spectra of the salt shows that the aromatic protons have lost their magnetic equivalence (broad signal, 6 7.24 - 

7.92). This salt probably adopts the conformation A (fig. 1). when the maleic anion is located between the 
henxene ring. However, the magnetic equivalence of the aromatic protons (6 7.22) of the salt prepared by 

addition of two equivalents of maleic acid to 4a is preserved (conformation B). The shielding of the aromatic 
protons of 4d and the N-substituted paracyclophanes 7 and 9 suggests a conformational preference for the two 
benxene rings similar to that of (4a, 2H+) (scheme 5). The steric intemcdons between the nitrogen substituants 
and the macrocycle can explain this result. The pmtonation of 7 or 9 (table I) causes weak modifications of the 
chemical shift of the aromatic protons, and their magnetic equivalence is preserved_ The structure of !Ia should 
be sufBciently rigid to avoid conformational modifications by pmtonation (scheme 5). 

Three sets of signals are observed in the tH NMR and I3C NMR spectra of cyclophane 6d for 
NCH2 groups and for ester groups, indicating the lack of free rotation of the substituted benzene ring 
ClC&OMe. the free rotation of the C& groups being preserved. Likewise, *H NMR and 1% NMR spectra 
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for 6e exhibited 6 sets of peaks for esters groups and for NCHg groups. The free rotation of the aromatic 
groups of Sd is impossible. However, the magnetic equivalence of the three CCH3 methyl protons in the 1H 
NMR spectrum suggests a conformation with a three fold rotation axis passing through the nitrogen atoms 
(scheme 5). The NCH2 methylene protons of 4d. Sd, 5e, 6b, 6d and 6e gave AB systems in the *H Nh4R 
spectraatroomtemperaulre. 

scheme 5 - Aromatic ring positions of 4a. (4a, 2H+), 4d, Sa, 5d, 6d. 7 and 9, the molecules are viewed 
along the N,N axis. 
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Table I - Shifts of tH NMR signals of 4a, $a. 7,9 and their protonated forms. 

Atom 4a (w=+) (4ama- 7 O.ZH+) 9 (9,2H+) 5s 

lekw 

H arom. 7.83 s 7.08 s 7.50 br 7.12 s 7.34 s 1.32 s 1.34 s 6.91 s 

H vinyl. 1.83 s 8.07 s 7.85 s 1.53 s 8.14 s 1.12 s a 7.16 s a 1.15 s 

CH2 3.62 s 4.15 m 3.87 m 3.29 s 4.35 AB 3.50 s a 4.30 m a 2.90 s 

a c~lophane ring. 

I-=-\ 
H2imH2 

r=\- +A+ 
HOC0 CO, NH2 

LJNHz6@ 
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Figure 1 - Aromatic ring positions of 4a - maleic acid salts. 

It is known that cyclophanes can form x-complexes with soft metal tons as silver (I) 17. In order to 
know if 5 are suitable to give complexes, we have examined the behaviour of the cryptophane 5a in the 
presence of silver ion. Slow evaporation of a solution of 5a and 1 equiv of silver triflate in chloroform- 
tetrahydromrane gave a solid of mp = 260°C. The *H NMR spectrum of the solid showed downfield shifting 
of all signals from 5a, especially those from aromatic and CH2 protons. The signal of aromatic protons is 
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broad, which suggests a impeded rotation about the axis passing through the 1,Ccarbon atoms of the rings 
(table II). These results suggest the formation of a complex 5a - silver triflate. 

Table II - 1H NMR chemical shifts of 5a - silver triflate complex and magnitudes of shi&ing relative to Sa. 

-CH= w-u CozMe CH2 
SalA8+ 8 7.96 s 7.83 br s 3.86 s 3.84 8 

A8 +0.21 +0.86 +O. 10 +0.94 
4a/A8+ 6 7.85 s 7.13 s 3.90 s 3.88 m 

A8 +O.Ol -0.70 +0.03 +0.21 

However, under the same conditions, no complexation was detected with the cryptophanes Sb and 
SC. Indeed mixing equivalent amounts of 5b or SC with silver triflate in CDC13 gave the same weak downfield 
shifting of all signals (A6 I 0.1 ppm) in the 1H NMR spectra. With silver triflate, 4a gave a high field shifting 

of aromatic protons (A6 = -0.7 ppm), which suggests similar conformations for (4a, AgSO3CF3) and (4a, 

2H+). 

In conclusion, the Baylis Hillman reaction with dicarboxaldehydes followed by acetylation of the 
nsulting dialcohols, gave diacetates. These compounds can lead to a series of cyclophanes by the reaction with 
ammonia or amines. Some of these cyclophanes are conformationally mobile. 

Experimental 

1~ NMR and 13C NMR spectra were tecorded in CDC13 with teuamethylGlane at intemaJ teference on Brukec AC 

300 spectrometer, at 300 MHx and 75 MHx respectively. Mass spectra wete mcorded undo electron impact at 70 cV on a Varian 

MAT 3 11 ins&amen1 of the Cenee de Mesnres Physiques (Rennes) or under fast atom bombardement (FAB) on a JBOL JMS JX 

102 spectrometer using a sample dissolved in a glycerol matrix. JR spectra were mcorded using a P&in Elmer 1429 spectrometer. 

Melting points were measured using a Rofler melting tempemture appamtns and am uncouected. Blementai analysis results were 

obtained from the Laboratoire Centtal de Microanalyst du CNRS. 

Preparation of starting materfats. 5-chlom-2-hydmxy-4-methyl-1,3-benxene dicarbox-sldehyde was ptepared 

from 4chlom Zmethylphenol by the literature method 12. Dialdehyde 18 was prepared from 2-hydmxybenxaldebyde and 1,3- 

diiotxopsne by a pro&me simihu to that used m prqafe 4,4’-ethylenedioxy dibaaatdchyde 13. 

Dialdehydex Id and le. Typical procedure. To a solution of S-chloro-2-hydroxy-1,3-benzene 

dicarboxaldehyde or 5chlom-2-hydmxy4-methyl-1,3-bcnxene dicatboxaldehyde (10 mmol) and dimethylsnlfate (30 mmol) in 
CH2Cl2 (30 mL) were added 1N sodium hydroxide (30 ml) and adogen 464 (0.25 g). The mixtme wax stirted at R for 72 h. The 

orgsnic phase was separated. washed successively with 1N ammonia, water and dried with msgnesium sulfate. Removal of the 

solvent left dieldehyde. 

5chlom-2-methoxy-1.3~benxenedicerboxaldchyde Id, 86 46, mp 120°C (cyclohexane). * H NMR 8 4.11 (s. 3H). 

8.01 (s, 2H), 10.35 (s, 2J-l). 

5-chlom4-mcthyl-2-metboxy-1.3-benxenedic&oxnldehyde le. 88 %, mp 106oC (cyclohexene). 1~ NMR 8 2.65 (s. 

3H), 4.01 (s. 3H), 8.00 (s, HI), 10.29 (s, HI), 10.51 (s, 1H). 

Allylic alcohols 2.12 and 19 were prepared from corresponding dialdehydes and methylacrylate, according to 
h@ntmc procedure 49,14,15. 
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General pfocedure for the preparatioa of esters 2, 12 sad 19. A mixture of diidehyde (10 mmol), 

methylacrylate (2.58 g, 30 mmol) and DAK0 (0.34 g. 3 mmol) or 3quinuclidiuol (0.38 g, 3 mmol) was hept at room 

mmpemture over a Period indicated for each compound. Ethyl edmr (80 mL) was added to dm reaction mixture. The ~httion was 

washed with 1N aqueous hydrochloric acid solution (40 mL) and duee times with water (40 mL), dried OV.X sodimn sulfate and 

concemmted in VKXmm. 

Ita. Reaction time 14 days. Catalyseur DARCO. 95 %. mp 10l°C (ether). 1~ NMR 6 3.55 (s, 2H), 3.62 (s, 6H). 

5.45 (s. 2H), 5.82 (s, 2H), 6.25 (s, ZH), 7.27 (s. 4H). 13C NMR 6 51.92 ; 72.62 ; 125.86 ; 126.79 ; 141.02 : 142.06 ; 166.71. 

Anal. cakd for C16Hl806 C, 62.74 ; H. 5.92. Found : C, 62.64 ; H, 5.87. 

2b. Reacdon time 6 days. Catatysem DARCO. 87 %. mp 95’C (ether). 1~ NMR 6 3.37 (s. 2H), 3.61 (s, 6H). 5.45 
(s. 2H). 5.79 (s, 2H). 6.25 (s, 2H). 7.26 (m. 4H). Anal calcd for C16Hl806 C, 62.74 : H, 5.92. Found : C. 62.69 ; H, 5.90. 

2~. ~mpated from 2,5-furandicarboxafdehyde 16. Reaction time 24 h in the darh and under nitrogen. 57 %I ; oil 

Purified by flash chromatography (silica gel, ether/Petrolemn ether 3 : 2). *H NMR 6 3.40 (s. Zli), 3.69 (s. 6H), 5.52 (s. 2H), 

5.92 (s. 2H). 6.11 (s. w), 6.34 (s, 2H). Anal. c&d for C14Hl607 C, 56.76 ; H, 5.40. Fotmd : C. 56.81 ; H. 5.30. 

2d. Reaction time 12 days. Catalyseur 3quinuclidinol. 86 Z. Oil Purified by flash chromatography (silica gel, 

etber/peuoleum ether 3 : 2). lH NMR 6 3.55 (br s, 2H). 3.70 (s, 6H), 3.85 (s. 3H), 5.87 (s, 2H). 5.90 (s. 2H). 6.39 (s, 2H). 7.27 

(s, 2H). 

2e. Reaction time 22 days. Catalyseur 3quinuclidinol. 10 %I. Oil purikd by Rash chromatography (silica gel. 

ether/petroleum ether 3 : 2). lH NMR 6 2.36 (s, 3H), 3.52 (hr s, 2H). 3.71 (s, 3H), 3.76 (s, 3li), 5.51 (s, 1H). 5.81 (s. lH), 5.84 

(s, D-0.6.06 (s, lH), 6.24 (s, D-l), 6.36 (s, lH), 7.34 (s, 1H). 

12. Reaction time 90 min. Catalyseur DARCO. 86 9b. Oil, bp 130-132oC (0.02 mm Hg). ‘H NMR 6 3.69 (s, %I). 

3.72 @r s. D-0, 5.61 (s, lH), 5.90 (s, lH), 6.35 (s, 1H). 7.5 - 7.8 (m. 4H). 9.92 (s. D-l). 

19. Reaction time 21 days. Catalyseur 3-quinuclidinol. 94 %. Oil purified by flash chromatography (silica gel, 

etkdpetdeum ether 3 : 2). lH NMR 6 2.20 (m. 2H). 3.50 (br s. 2H). 3.60 (s, 6H), 4.10 (t, 4H. I= 6 Hz), 5.65 (s. 2H). 5.87 (s, 

2H), 6.17 (s, ZH), 6.90 (t, 4H, J = 8 Ha). 7.10 - 7.40 (m. 4H). 

General procedure for the preparatioo ot acetates 3a-e, 13 and 20. To a stirred solution of esters 2, 

12 n 19 (10 mmol) and triethylamine (1.5 g, 15 mmol) in anhydmus THF (50 mL) under nitrogen at 0°C ~88 added dropwiac a 

solution of 3 et@alents (for 2a. 2b) or 5 equivalents (for 2c-e. 19) of acetylchloride in anhydmus diethylether (25 mL). The 

reaction mixture was stirred 5 h at room temPemmre, then Rhered. The organic solution was concentrated & reduced pressure. 
The residue was dissolved in diemylether (40 mL). This solution was washed dnee times with &er (15 mL) dried (Na2.304). The 

solvent was removed at reduced pressure The acetates were purified by crystalliin or by Rash chromatography. 

3a, 97 %, mp l34-135°C (diemyledter). lH NMR 6 2.07 (s, 6H), 3.67 (s, 6H), 5.85 (s, 2H), 6.37 (s, 2H). 6.67 (s, 
2H). 7.32 (s. 4H). Anal. caicd for C2~H2208 C. 61.53 ; H, 5.68. Found : C, 61.62 ; H, 5.55. 

3b. Purified by chromatography (silica gel, ether/petroleum ether 1: 1). 97 %, oil. IH NMR 6 2.06 (s. ~I$J, 3.66 (s, 

6H), 5.82 (s.2H). 6.36 (s. 2H), 6.55 (s, 2f-D. 7.32 (m. 4H). Anal. cakd for C2OH2208 C. 61.53 ; H. 5.68. Found : C. 61.49 ; H, 

5.91. 

k. Purified by chromatography (silica gel. edter/Petroleum ether 3 : 2). 32 %, mp 111oC (d&ethyl edmr). 1~ N?dR 6 

2.07 (s,6H), 3.68 (s. 6H). 5.92 (s, 2H). 6.24 (s. 2H), 6.42 (s, 2H). 6.67 (s, 2H). Anal. calcd for Cl8H2009 C, 56.85 ; I-I, 5.27. 

Found : C, 56.91 ; H, 5.38. 

3d. purified by chromatography (silica gel, ether/Petroleum edter 3 : 2) 25 %, oil. 1~ NMR 6 2.09 (s, 6H),3.7~? (s, 

6H), 3.91 (s, 3H), 5.66 (d. I = 4 Hz, 2H), 6.42 (d, I= 3.2 Rx. 2H), 6.98 (s, 2H), 7.26 (s. 2H). 



P. BAUCHAT et 01. 

3, plrified by chromotograph~ (- gel, ahtr/petrobum ether 3 : 1). 30 %, oil. 1H NMR 6 2.07 ts, SW), 239 (s, 

3H)* 3.71 (s- 6H). 3.81 (s. 3H). 5.39 (d. 1H, J = 2.4 a). 5.48 (d. lH, J = 3 Hz), 6.59 (d, lH, J a 2.4 a), 6.31 (a 1s J a 3 HZ), 

6.40 (s, IH), 6.94 (s. IH), 7.28 (s, 1H). 

13. 80 %s bp 1u)-1350c (O.02 mm Hg). lH NMR 8 2.12 (S. 3w. 3.65 (S, 39, 5.92 (S, 1H). 6.42 (S, IH), 6.71 (S. 

1H), 7.85 - 7.55 (m. 4H). 9.97 (s, H-I). 

20.90 %. oil Purified by Chromatography (silica ge.. cthalpeooleum uhet 3 : 2). 1H NMR 8 1.91@, 6~). 2.20 

(m. w), 3.55 (s, 6H), 4.11 (t, 4H. J = 5.6 Hz), 5.58 (s. 2H), 6.28 (s. 2H). 6.86 (m. w), 6.95 (s, 2~), 7.16 (m, 4~). 7.26 (m, 

w). 

(E)-di-p [2-metboxycarbonyl-1-acetylprop-2-enyt] stilbene 14. To a stirred solution of a&hyde 13 

(0.79 8.3 mmol) and Tic4 (0.86 g. 4.5 mmol) in THF (20 mu) at -WC, III&I nitrogen, was added a mea ofb powdtr 

(0.59 8.9 mmol) in THF (10 ml). AtIer retbu for 4 h, the reaction mixture was porned ia 0.1 M spuew~ &ium m 

sf&ion (30 nU. The mixture was extmeted with diethy1 ethe-f (100 mL). The ofgrnic ptkss~ was washed with 0.1 M vlueoup 

sodium carbonate solution and two times with water. The solvent was removed and the Widuc was wked je di&yl*. -I& 

mgenic Phase was dried @&8@) and evapmatcd The &due was p&&d by c bK-@gqhy(silicagel,euWpelrokUnledu?l: 

1) to afford the diater 14 (86 %). mP 110-l 1loC. ‘H NMR 8 2.07 (s, 6H). 3.69 (s. 6I-i). 5.87 (m. 2H). 6.39 (m. 2~). 6.66 (m, 

2H). 7.05 (s. 2H). 7.46-7.32 (m, 8H). Anal. caicd for C28H2808 C, 68.29 ; H, 5.29. Found : C, 6820 ; a5.60. 

1,4-di [p(2’-metboxycarbonyl-1’.acetylprop-2’-enyi) pbenyll-2,3-disrabutadiene 16. To a stirred 

solution of aIdehyde 13 (1.31 g. 5 mmol) in dietbyl ether (10 mL) was added hydrasine mooobydrate (0.125 g, 2.5 mmol). After I 

h 30 stir& at room temperature. the solution wss wsshed with water (2 x 10 mL), dried (Na2SO4) and concentrated in vacao. 

Axhe 16 was ptified by chromatogrephy (silica gel. ether/petroleum ether 9 : 1) : oil, 80 %. lH NMR S 2.09 (s. 6H). 3.67 (s, 

6H). 5.89 (m, 2H). 6.40 (m. 2H). 6.70 (m. 2H). 7.8 - 7.45 (m. 8H). 8.59 (s. 2H). 

Diimine 10. To a solution of dies&r 2s (1 8, 3.2 mmol) in THF (25 mL) was added isopropylamine (0.74 g, 

12.5 mmol). The mixture was stimzd for 3 h. ‘Ibe solvent wss removed under vacuum aad the nsidue was dissolved ie etha (50 

mL). The organic phase was dried (MgsO4). thco mntrated. Diamine 10 RR crystallixed ~IWII aha. 

1,4-di (3’-isopropylamlao-2’-methoxycarbonylprop-l’-enyl) benzene 10 EE. 59 %,. mp 95°C 

Ok). *H NMR 6 1.04 (d. 12H, J = 6.4 Hz), 1.71 (br s. 2H), 2.82 (m. 2H). 3.56 (s, 4H), 3.80 (s. 6H), 7.56 (s, 4H), 7.76 (s. 

2H). MS HR ealcdfor &H32N204 (?+f+) 388.2361, found 388.2357. 

lOE2 oil not purified. 33 %. III NMR 8 1.02 (d, 6H. J = 6.4 Hz). 1.05 (d, 6H, J = 6.4 Hz), 1.66 (a s, 2H), 2.82 

(m. 2H), 3.56 (br s. 4H), 3.65 (s, 3H), 3.80 (s, 3H), 6.82 (s, lH), 7.25 - 7.50 (m. 4H). 7.74 (s. 1H). 

Reaction of ammonia with diacetates 3, 14, 16 

Tetrametbyl 5,16-diazatricyclo [18.2.2.29s12 I bexacosa-2,7,9,11,13,18,20,22,23,25_dccrene- 

3,7,14,18-tetracarboxylate 4a. To a solution of diaeetate 3a (0.7k g. 2.5 mmol) in THF (5 mL) and MeOH (10 mL) wss 

&led dropwise a 8M ammonia solution in MeOH (20 mL) ovez a period of 40 min. The penryr.lophaoe 4a that prceipitated was 

filtered : 28 96. mp 260°C (CH2Clz). *H NMR 8 2.05 (s. 2H), 3.67 (s, 8H), 3.87 (s, 12H). 7.83 (s, 8H), 7.84 (s, 4H). 13C NMR 

8 40.03, 5223, 130.18. 130.51, 136.00, 141.54, 168.30. MSHR c&d for C32H34N208 (M+) 574.2315, found : 574.2318. 

Anal. e&d for C32H34N208 C, 66.89 ; H, 5.92 ; N, 4.87. Found : C, 66.86 ; H, 6.10 ; N. 5.06. 

Hexamethyl 1,12-diazapentacyclo ~10.10.10.2~~8.2~~~~9.22~~291 octatriaconta 3,5,7,33(34),9, 

14,16,18,37(38),20,24,26,28,35(36),30-peatadecaene-3,10,14,21,24,31-hexa-carboxylate Sa. To a suspension 

of 4a (0.8 g. 1.4 mmol) in aeetoniaile (200 mL) was added 3s (0.4 8. 1.4 mmol) and NEt3 (0.27 g, 2.7 mmol). llx? mixtme was 

stirred at Alux for 90 h. After being cooled to mom temperature. Sa was filtered : 95 46. mp 265oC (CHCl3). 1H NMR 8 2.90 (s, 

12H). 3.76 (s. 18H), 6.97 (s, 12H). 7.75 (s. 6H). 13C NMR 8 50.43, 51.89, 128.79, 133.02, 135.72, 141.22, 168.90. MSHR 
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c&d for C@J48N2012 (M+) 844.3207. Found 844.3182. Anal. cakd for C48H48N2012 C. 6823 ; I-I, 5.73 ; N. 3.32. Fmmd : 

C, 68.35 ; H. 5.50 ; N. 3.12. 

General procedure for the preparatioo of Sbd. To a solution of diacctatc 3 (2.5 mmol) ia CH2Cl2 (100 

mL)wasaddeddropwiseaO~M~ammonia~lu~inMcOH(60mL).Themixtunwasstirradat~tanpratmefor2rlh. 

The solvent was removed aad the residue was dissolved in CH2Cl2 (60 mL). Tbii soh~tioa was washed with watex (3 x 40 mL). 

dried ~azsos). h concenaatadTlkZlddlJf2,WashadWithacetone,-5. 

Hexametbyl 1,13-diazapcntacyclo [11.11.11.15,9.117,21.128.3a1 octatriacoata-3,5,7$(36),10, 

15,17,19,2~(37),22,26,28,30,32(38),33-pentadecae~e-3,11,15,23,26,34-bexacarboxylate Sb. 14 %. mp 265°C 
(CH2Cl2h lH N’MR 6 3.09 (s. 12H). 3.69 (s. 18H). 7.01 (s. 3H), 7.45-7.36 (m. 9H). 7.88 (s, 6H). l3C NMR 6 47.09, 51.89. 

128.52.129.28.130.41,130.%, 135.07,140.63,168.16. IR (Nujol, v 1710 cm-l. MS (FAR) m/z @cl. inten) 845 (M++l. 45). 

787 (3). 729 (8). 575 (30). 442 (19). 309 (10). 271 (26), 211 VI), 153 (74). Anal. calcd for C4gH4#‘!2012 C. 68.25 ; H, 5.69. 

Fhnd : C. 68.01 ; H, 5.46. 

Hexametbgl 33,34,35-trioxa-1.12 diazapentacyclo [lO.lO.lO.l S~8.116~19.126*29lpe.tPtria- 

coota-3,5,7,9,14,16,18,20,24,26,28,30-dodecaene-3,10,14,21,24,31 hexacarboxylate SC. 23 %. mp 270°C 
(CH2CI2). ‘H NMR 6 3.65 (s. 18H-h 3.95 @r s, 12H). 6.65 (s, 6I-I). 7.41 (s. 6H). 13C NMR 8 49.85, 51.91, 120.08, 126.5, 

128.25, 153.17, 168.75. JR @II@). v 1700 cm -l. MS m/z (ml. inten) 814 (M+. 15). 785 (2). 755 (1). 619 (7). 552 (4). 370 (5). 

357 (11). 355 (14). 341(14), 277 (24). 263 (21). 262 (61). 203 (16). 115 (13). MSHR calcd for C42H42N2015 814.2584. Found 

: 814.2569. AnaL calcd for C42H42N2015.1.5 CH2Cl2 C. 55.44 ; H, 4.78 ; N 2.97. Found : C, 55.02 ; H, 4.56 ; N, 3.02. 

The reaction of 3d with NH3 gave a mixture of 4d and Sd which was chromatographed (silica gel, ether/p&&urn 

ether4:1)to0btain4d(6%)andSd(30%). 

Tetramethyl 1l,23-dichloro-25,26-dimethoxy-S,l7-diazatricyclo [19.3.1.19~13] hexacosa- 

2,7,9,11,14,19,21,U,25,26-de~ene-3,7,15,19-tetracarboxylate 4d. mp 215“C (ether). IH NMR d 2.41 (br s. 2H). 

3.29 @r s, 8H). 3.39 (s, 6H). 3.83 (s, 12H), 7.17 (s, 4H). 7.72 (s,4H). MS m/z (rel inten) 706 (3). 704 (16). 702 (25). 675 (13). 

673 (31). 672 (16). 671 (38). 670 (IS), 643 (5). 614 (5). 670 (5), 351 (17). 349 (16). 335 (17). 334 (17). 332 (23). 321 (12). 320 

(12). 319 (58), 318 (53), 317 (60). 316 (24), 300 (30). 276 (30). 274 (23). 261 (28). 260 (21). 259 (100). MSHR calcd for 

C34H36N201035C12 702.1746. Found 702.1773. 

Hexametbyl 7,l9,30-trichloro-3,6,37,38-trimethoxy-l,l3-d~azapentacyclo [11.11.11.1S~9.117~ 

21.128,321 octatriacoata-3,5,7,9(38),10,15,17,19,21(37), 22,26,28,30,32(36), 33.pentadecaeae-3,11,15, 
23,26,34hxa carboxylate 5d. 28 %I, mp 265“C (CHC13). IH NMR 6 2.14 (d, 6H, 1 = 12.4 Hz). 2.82 (d, 6H, J = 12.4 

Hz). 3.25 (I). 9H). 3.70 (s, 18H-h 7.12 (s, 6H). 7.60 (s, 6H). 13C NMR 6 50.30, 51.88, 61.50. 128.41. 129.79. 131.24. 134.10, 

135.13, 152.49, 167.71. MS m/x (rel inten) 1042 (12). 1040 (45). 1038 (loO), 1036 (86). 1007 (22). 1005 (17), 701 (26). 699 
(14). 671(11), 669 (19). 620 (28). 318 (68). MSHR calcd for C5lH5lNfll5 35C13 1036.2354. Found : 1036.2364. 

General procedure for the preparation of 6b-e. To a solution of paracyclophane 4s (150 mg. 0.26 mmol) 

in MeCN (150 mL) was added the corresponding dketate 3 (0.26 mmol) and NEt3 (53 mg. 0.52 mmol). The mixture was stirred 

at reflux for 25 h. The solvatt was removed uada VBCUO. The residue WBS dissolved in CH2Cl2 (30 mL) and washed with water (2 

x u) n&). ‘Ihe or@nic phase was dried (Na2S04). The product was isolated by concentration of the organic phase. followed by 

cbromato~y. 

Hexametbyl 1,12-diazapentacyclo [10.10.11.2S~8.2~6~~9.126,jol octatriacoata-3,5,7,34(35)3, 

~4~16~18~36~37),20,24,26,28,38(30),31-pentadecaene-3,10,14,21,24,32-hexacarboxylate 6b. Purified by 

chromatography (silica gel, ether/petroleum ether 9 : 1). 41 %. mp 228°C IH NMR 6 2.63 (s, 4H). 2.55 (d, 4H. J = 12.8 Hz), 

2.77 (d. 4H. J = 12.8 fW, 3.70 (s, 6H), 3.75 (s. 12H). 6.60 (s. 1H). 6.92 (s. 8H). 7.25 (m, 3H). 7.68 (s, 2H), 7.87 (s. 4H). MS 

m/z (=I inm) 844 (M+, 3). 242 (54). 210 (99). 182 (100). 154 (46). 128 (41). 115 (78). MSHFt calcd for C48H48N2012 

844.3207. Found 844.3264. 
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Hexamethyl 33.oxa-l,l2-diszspentacyclo [l0.10.l0.l5~8.2l3,l6.226~29] heptatri8cont8.3,5,7, 
9,l4,l6,l8,34(35),20,24,26,28,36(37),30-tetradecaene-3,10,14,21,24,3l hexa carboxylate 6~. Purified by 

chromatography (saca gel. e~er/petroleom ether 4 : 1). 42 %, mp 230°C 1H NMR 6 2.84 (s, 8H). 2.92 (s, 4~). 3.66 (s, 6~). 

3.74 (s, 12H). 6.46 (s, 2H), 7.10 (s, IOH). 8.02 (s. 4H). 13C NMR 8 49.32, 50.04, 51.81. 52.02. 120.69. 125.76, 128.03. 

128.47, 128.78, 136.05. 142.20. 153.23. 167.72. 169.11. MS m/z (ml inten) 834 (M+. 77). 819 (6). 803 (lo), 571 (25). 242 

(54). 211(74), 153 (55). 129 (47). 115 (100). 28 (80). MSHR calcd for C46HgdyzOl3 834.2999. Found 834.2965. 

Hexametbyl 7-cbloro-34.metboxy-1,13-diazapentacyclo [ll.lo.lo.l5,9.2l7.2O.227~3O] 

o~tatr~a~oata-3~~~7~9~34),lO~l~~l7,l9,35~36),2l,25,27,29,37(38),31-pentadecaene-3,11,15,22,25,32. 

bwboxykte 6d. purified by chroma@mpby (silica gel, ether/petroleum ether 85 : 15). 50 %. mp 231oC (ether) JH NMR 

6 1.64 (d. W, J = 12 Hz), 1.86 (4 2J-J. J = 12 Hz), 2.14 (d, 28 J = 12 Hz), 3.10 (d, 2H. J = 12 Hz), 320 (d, 2H J = 12 Hz), 3.28 

(d. 2H. J = 12 W. 3.30 (s, 3H). 3.76 (s, 6II). 3.78 (s, 6H). 3.80 (s, 6H). 6.88 (s. 4H), 7.00 (s. 4~). 7.07 (s, 2~). 7.47 (s, w), 

7.85 (s. w). 7.92 (s. w). 13C NMR 6 48.26. 50.83, 51.19, 51.65, 51.75, 51.95, 60.93. 127.73. 127.89, 128.27. 129.04. 

131.18, 133.78, 134.23, 134.30, 135.31, 135.58, 135.85, 141.29, 141.73. 152.33, 167.54, 167.64, 167.70. MS m/z (rel inten) 

910 @f+. 11). 909 (11)> 908 W+, 21). 644 (5). 622 (7). 504 (6), 502 (8). 465 (7). 414 (5). 340 (5). 337 (lo), 319 (24), 307 (34). 
306 (29). 291 W), 277 (28). 275 (67), 274 (12). 271 (15). 263 (41), 262 (14), 261 (13). 260 (34). 243 (20). 242 (41). MSI-IR 
cakd for c$9H49N20335C1 : 908.2922. Found 908.2948. 

Hexamethyl 7-chloro-34-methoxy-8-metbyl-l,l3-diazapentacyclo (ll.l0.l0.l5~?2l7~2O. 

227*30] octatriaconta-3,5,7,9(34),10,15,17,19,35(36),21,25,27, 29,37(38),31-penta-decaene-3,11,15, 

22,25,32-bexacarboxylate 6e. Purified by chromatography (silica gel. ether), 40 96. oil. 1H NMR 6 1.58 (d, U-J, J = 12 Hz), 

1.70 (d, 1H. J = 12 Hz), 1.90 (d, lH, J = 12 Hz), 1.91 (d, lH, J = 12 Hz), 2.16 (d, lH, J = 13 Hz). 2.19 (d. lH, J = 13 Hx), 2.28 

(s. 3H). 3.06 (d, lH, J = 12 Hz), 3.07 (d, lH, J = 12 Hz), 3.13 (d. 1H. J = 13 Hz), 3.22 (d, lH, J = 12 Hz). 3.30 (d, lH, J = 13 

Hz), 3.31 (d, lH, J = 12 Hz), 3.27 (s, 3H), 3.76 (s, 3H). 3.77 (s, 3H), 3.775 (s, 3H), 3.78 (s, 3H), 3.79 (s. 3H). 3.81 (s, 3H). 

6.77 (d, W, J = 8 Hz), 6.89 (d, 2H. J = 8 Hx), 7.01 (s. 4H), 7.15 (s, 1H). 7.45 (s, lH), 7.49 (s. 1H). 7.78 (s, lH), 7.86 (s. H-J). 

7.93 (s, lH), 7.94 (s, 1H). 13C NMR 6 17.76, 48.08, 48.56, 50.60. 50.72. 51.00. 51.11. 51.63. 51.68. 51.71. 51.77, 51.94, 

60.83, 127.56. 127.90, 127.94, 128.17. 129.22, 133.54. 133.64, 133.70, 133.79, 134.28, 134.67. 135.30, 135.48. 135.53, 

135.69, 135.75, 135.84. 141.34, 141.77, 167.72, 167.75. MS m/z (rel inten) 924 (M+, 15). 923 (17). 922 (M+, 29), 891 (6). 

651(12). 274 (19). 242 (20), 226 (8). 214 (14). 212 (20). 211 (13). 208 (11). 183 (8). 182 (9). 155 (16). 154 (22). 153 (3%). 152 

(11). MSHR calcd for C50H51N201335C1 922.3079. Found 922.3116. 

Tetramethyl 5,22-diazapentacyclo [30.2.2.29~12.215~18.226~29 ] dotetraconta-2,7,9,11,13,15, 

17,19,24,26,28,30,32,34,35,37,39,41-octadecaene-3,7,20,24-tetracar-boxylate 15. To a solution of diacetate 14 

(0.9 g. 1.8 mmol) in THF/MeOH 3 : 10 (13 ml) was added dropwise a 4M ammonia solution in MeOH (15 ml) over a period of 5 

min. The mixture was stirred for 1 h. The paracyclophane 15 that precipitated was fdtered and washed with THF. 13 %, mp 260°C. 

lH NMR (ClXZl3KF3CO2H) 6 3.95 (s, 12H), 4.20 (br s. SH), 7.02 (s, 4H), 7.13 - 7.42 (m. 16H). 8.05 (s, 4H), 8.80 (br s. 2H). 

MS (FAB) m/z (ml inten) 779 (M++1,31), 380 (12). 374 (lo), 341 (25). 324 (12). 307 (12). 277 (24). Anal. cakd for 

C48H4608N2. H20 C. 72.36 ; H. 6.03 : N, 3.51. Found : C. 72.07 ; H. 5.89 ; N. 3.29. 

Tetramethyl 3,4,13,22,23,32-bexaazapentacyclo [34.2.2.2 6~9.217~20.225~28] bexatetrsconta- 

2,4,6,8,10,15,17,19,21,23,25,27,29,34,36,38,39,41,43,45-eicosaene-11,15,30,34-tetracarboxy~ate 17. To 

a solution of diacetate 16 (0.75 g. 1.5 mmol) in THF/MeOH 1 : 4 (15 mL) was added dropwise a 1.2 M ammonia solution in 

MeOH (20 mL). Tbe mixture was stir& for 1 h. The paracyclophane 17 that precipitated was filtered and washed with THF.25 %. 

mp 270°C (MeOH). lH NMR (CDC13 - CF3CO2l-J) 6 4.03 (s, 12H), 4.22 (m, 8H), 7.99 - 7.33 (m. SH), 8.21 (s, 4H). 8.50 (s, 

2H). 8.90 (s, 4J-B. Anal. cakd for C48H4608N6, MeOH C, 67.89 ; H, 5.77 ; N, 9.69. Found, C, 68.06 ; H. 5.66 ; N. 9.78. MS 

(FAR) m/z 835 (M++l). 

Tetramethyl 5,16-di isopropyl-5,16-diazatricyclo [18.2.2.29~~~] bexacosa-2,7,9,11,13, 
18,20,22,23,25-decaene-3,7,14,18-tetracarboxylate 7. To a solution of diamine 10 EE (0.77 g, 2 mmol) and NEt3 
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(0.41 g, 4 mmol), stined and heated to reflex, was added dropwise a solution of dike- 3a in M&N (100 mL). The reaction 

mixture was stirred for two days. ‘Ihe solvent was removed under vacuum and the &due was dissolved in ether (60 mL). The 

so1utionwaswashedwithwatw(3x40mL),dried(Mg~)andconcentrared.TheresiducwaswashcdwithTHFtogive7(50 

%). mp 228’C (e&e& *H NMR 6 0.84 (d. 12H, J = 6.4 Hz), 2.97 (m. 2H), 3.29 (s, 8H). 3.78 (s, 12H). 7.12 (s. SH), 7.53 (s. 

4H). MS m/x (rel inten) 658 (M+. 60). 643 (61). 615 (75). 386 (70). 329 (100). 211 (68). 153 (76). MSHR calcd for 

C38H46N2Og 658.3253. Found 658.3237. 

Tetrametbyl 5,16-di(phenylemioocPrbonyl)-$16.diaza tricycle [18.2.2.29s12] hexacoss- 

2,7,9,11,13,18,20,22,23,25-decaene-3,7,14,l8-tetracarboxylate 8. To a solution of 4a (0.57 g. 1 mmol) in 

anhydrous CH2Cl2 (70 mL) was ad&d phenylisocyanate (0.23 g. 2 mmol) in CH2Cl2 (10 mL.). llw reaction mixhue was stined at 

r00m temperature for 17 h then conwntmti in vacua to affczd 8 as a white solid (94 %), mp 257oC (CH2Q/ether). 1~ NMR 6 

3.76 (s, 12H), 4.41. (s. 8H), 7.10 (s, 8H). 7.28 - 7.41 (m. 1OH). 7.50 (s. 4H), 8.84 (br s, 2H). JR (Nujol) v 1675, 1700.3320 cm- 

l. Anal. c&d for C46H44N4010 C, 67.98 ; H. 5.42. Found C, 67.80 ; H, 5.53. 

Tetramethyl 5,16-di (3’-furyl-2*-methoxycarbonyl allyI)-$16.diaza tricycle [18.2.2.29*12] 

hexacosa-2,7,9,11,13,18,20,22,23,25-decaene-3,7,14,18-tetracarboxylate 9. A solution of cyclophane 4a (0.34 

g, 0.6 mmol) and ester lla (0.28 g. 1.22 mmol) in awonitrile (50 mL) was stud al reflux for 90 h. The solvent was removed 

under vacua. The residue was dissolved in CH2Cl2 (30 mL) and washed with water (2 x 30 mL), The organic phase was dried 

(Na2SO4). The product WBS isolated by concenimtion of tk organic phase. mp 180°C (75 %I). *H NMR 6 3.50 (s, 8H), 3.62 (s, 

4H), 3.74 (s. 18H). 6.42 (m, 2H). 6.71 (d, 2H, J = 3 Hz). 7.32 (s. 8H), 7.55 (d, 2H. J = 1 Hz), 7.57 (s, 2H), 7.72 (s, 4H). Anal. 

calcd for C5OH5ON2014 C, 66.52 : H. 5.54 : N, 3.10. Found : C, 66.48 ; H, 5.32 ; N. 3.22. 

Preparation of cyclophanes 21 and 22. To a solution of diacetate 20 (945 mg. 1.83 mmol) in CH2Cl2 (80 

mL) was added dropwise a 0.8 M ammonia solution in MeOH (60 mL). The mixhue was stined at mom temperature for 24 h. The 

solvent was removed under WIKI and the residue was dissolved in CH2Cl2 (80 mL). ‘Ihe solutim WBP washed with water (3 x 50 

mL), dried (Na2SO4) then concentmted. The residue was chmmamgmphed (silica gel, eWr&emAeum e&r : 90/10). 

Dimethyl 8,9,18,19-tetrahydro-7K, 17& dibeazo [m [14,20,8] dioxaaza-cyclobexadecine- 

6,10-dicarboxylate 21. 14 %. mp 144pC (ether). 1~ NMR 6 1.72 (s. 1H). 2.15 (m. 2H). 3.20 (s. 4H). 3.55 (s. SW). 4.13 (t, 

4H, J = 6 Hz), 6.99 (m, 6H). 7.25 (m, 2H). 7.72 (s. 2H). 13C NMR 6 28.90 ; 43.33 ; 51.97 ; 64.60 ; 113.99 ; 121.33 ; 125.02 ; 
129.83 ; 130.04 ; 130.63 ; 140.32 ; 155.49 ; 167.16. MS, m/z, (rel inten) 437 (M+, 42). 378 (43). 214 (50). 187 (64). 160 (74). 

156 (79). 13l(lCO), 128 (54). MSHR c&d for C25H27NO6 437.1838. Found : 437.1835. 

Cyclophane 22. oil (43 %). lH NMR 6 : 2.12 (m. 6H). 3.02 (s. 8H). 3.16 (s. 4H). 3.47 (s. 12H). 3.70 (s. 6H). 

4.11 (m. 12H). 6.92 (m. 18H). 7.24 (m. 6H). 7.67 (s, 4H), 7.81 (s, 2H). 13C NMR 6 29.24 ; 29.48 ; 49.38 ; 51.56 ; 51.75 ; 
64.57 ; 65.59 ; 111.26 ; 114.61 ; 120.45 ; 120.84 ; 124.48 ; 125.02 ; 129.29 ; 130.05 ; 130.55 ; 130.60 ; 131.06 : 131.09 ; 
139.76 ; 140.04 ; 155.72 ; 156.74 ; 168.12 ; 169.08. MS (FAR) m/z 1295 (M++l,. 

Preparation of 22 from orthocyclophane 21. To a solution of cyclophane 21 (100 mg. 0.23 mmol) and 

diacetate 20 (65 mg, 0.115 mmol) in MeCN (15 mL) was added NEt3 (24 mg, 0.23 mmol). lXe mixture was stirred at reflux for 

48 h. The solvent was removed and the residue was dissolved in CH2Cl2 (20 mL). This solution was washed with water (2 x 10 

mL), dried (Na2SO4) then concentrated to give 22 purifii by chromatography. 

Dimethyl 8,9,18,19-tetrahydro-8-(2’-methoxycarbonyl-3’-phenylprop-2~-enyl)-7~ 17K dibenzo 

[m [14,20,8] dioxaazacyclohexadecine-6,10-dicarboxylate 23. To a solution of cyclophane 21 (87 mg, 0.2 mmol) 

in MeCN (15 mL) was z&led NEt3 (20 mg. 0.2 mmol) and lib (47 mg. 0.2 mmol). The mixture was stirred at nzflux for 48 h. 

‘Ibe solvent was removed under vacua and the residue was dissolved in Et20 (20 mL). This sob&n was washed with water (2 x 10 

mL), dried (Na2SO4) and evaporated in vacua. Flash c ~hyonsikagelaffordedthepurepred~t23EEEasacolorIess 

oil (90 %). IH NMR 6 2.16 (m. 2H), 3.17 (s, 4H), 3.37 (s, 2H). 3.55 (s, 6H), 3.80 (s, 3H), 4.17 (t. 4H, J = 5.6 Hz), 6.96 (m. 
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6H). 7.25 (m. 2H), 7.37 (s, SH). 7.66 (s, IH). 7.70 (a, 2H). MS m/s (rel intcn) 611 (M+, 14). 552 (11). 436 (42). 188 (50). 160 

(47). 149 (100). 131(67). MSHR c&d fort&jH37Nt& 611.2519. Found : 611.2514. 

1 : 1 Cyckphane 4a - makic acid salt. To a solution of paracyclophane 4s (50 mg, 0.087 mmol) in 
CHCl3 (5 ml) was added a solution of ma&c acid (7.3 mg. 0.087 mmol) in acetooc (1 mL). The resulting precipitate was RIteed 

off. mp 234’C. IH NMR 8 3.87 (s. 2OH). 6.09 (s. 2H). 7.60 (br s, 8H), 7.85 (s, 4H). Anal. c&d for C32H34N2G8, C4H404 : 

C. 62.61 ; H. 5.51 : N, 4.06. Found C, 62.70 ; H. 5.50 : N, 4.05. 

1 : 2 Cyctopbaae 4s - makk acid salt. To a solution of 4a (0.05 g. 0.087 mmol) in CHC13 (5 ml) was 

added a solution of malcic acid (14.6 mg. 0.174 mmol) in acetone (2 mL). The salt did not precipitate.. The solvent was temoved 

undo vtxxo to afford the salt. mp 243OC. *H NMR 8 3.90 (s, 12H). 4.45 (s. 8H), 6.11 (s, 4H). 7.22 (s. 8H), 7.88 (s, 4H). Anal. 

calcd for C32H34N2G8.2 C4H404 C, 59.55 ; H, 5.21; N. 3.47. Found : C, 59.49 ; H, 5.33 ; N, 3.35. 
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