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Abstractz The synthesi of a macrocyclic compomd composed of hvo 22’~bipyridiw interconnected atthe4and4 
positions by hvo -CH2SiCH2- fragments was aehievcd and its sbucture was e&abtishal in the sotid state by X-my 

CrystallogeaphY. 

The design and preparation of large size molecules (lOA-lo4 m scale) with controlled structures and, 

thus, properties is currently under active investigation.l Whereas the manufactming of such materials can hardly 

be attained through stepwise classical synthesis. one may envisage an iterative process based on self-assembly 

of individual units.2 In order to allow the iterative process to take place, the individual units must possess 

connecting points (interaction sites) located in a divergent fashion. We have recently desigued and synthcsiscd 

exo-receptors bearing divergent cavities3, divergent coordination site.&. and divergent hydrogen bond donors, 

forming molecular rods , ribbons and sheets.5 Divergent bis-tridentate ligauds were shown to form molecular 

wires in the solid state in the presence of transition metal cations.6 A further step in the manufacturing of new 

materials consists in the self-assembly of individual large size components such as molecular wires into two 

and/or three dimensional structures. Our ultimate goal is to assemble large sixe molecular entities with designed 

and controlled stmctures using coordination bonds. The synthesis of large size molecular components bearing 

coordination sites may be envisaged by the sol-gel process.7 For this purpose, we designed as a Fit target the 

macrocyclic unit 1 in which two 2,2’-bipyridine units, well known for their coordination propcrticsa, arc 

interconnected at the 4 and 4’ positions with two -CH2SiCH2- groups. The choice of the 4 and 4’ positions was 

done in order to obtain an exo-receptor. Because of its ability to undergo sol-gel processes, silicon was chosen 

as the bridging heteroatom interconnecting the two coordinating units. Only few examples of macrocyclic 

compounds bearing one or two silicon atoms in a cndocyclic mode have been reported.~ The synthesis of a 
macrocycle composed of two 2,2’-bipyridine interconnected at the 6 and 6’ position by -CH2NCH2- fragments 

has been previously published.** We report here our first attempt in the synthesis of open chain and macmcyclic 

mono- and di-silane compounds 14. 

For the preparation of macrocycles 1 and 2, we envisaged two different synthetic strategies. For both 

cases, the starting reagents were 4.4’~dimethyl-2.2’-bipyridine 5 and 5.5’-dimethyL2,2’-bipyridine 7. both 

prepamd by Raney Ni coupling of 4-picolinc and 3-picoliie rcspcctively. I1 Dealing with the silicon reagent, the 

commercially available dichlorodiphenylsilane (Ph2SiC12) was used because it has been shown that the phenyl 
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moiety may be substituted by OH group12 for further use in the sol-gel process. For genen&g the lithium salts, 

freshly preprued lithium diisopropylamid (LDA) in THF was used since for 2.2’~bipyridine derivatives. n-BuLi 

has been shown to promote the substitution of an hydrogen atom on the aromatic core.13 
I 

N 
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The fiit strategy attempted (scheme l), a “one pot” cyclization, was based on the coupling of equimolsr 

amounts of either the dilithium salt 6 of 4,4’-dimathyl-2.2’~bipy&line or the dilithium salt 8 of 5,5’-dimethyl- 

2,2’-bipyridine with PhzSiCle in THF. Both compounds 6 and 8 were prepared by treatment of either 5 or 7 

with 2 equivalent of freshly prepared LDA in THF. l4 In the case of the 4.4’~dimethyl-2.2’-bipyridine, the 

desired macrocycle 1 could be prepared in somewhat poor yield (2.2 %)15, however, for the 5,5’-dimethyl- 

2.2’-bipyridine, no trace of the cyclic compound 2 could be observed. Attempts to increase the yield by the 

following systematic variation of the reaction conditions failed. The best yield of 2.2 46 for 1 was obtained 

when the PhzSiCl2 (1 eq.) was added dropwise at 0 ‘C to a solution of the dilithium salt 6 (1 eq.) generated at 0 

‘C by treatment with LDA (2.5 eq.) in THF. The reverse procedure i. e. the addition of of 6 to a solution of 

PhTSiC12 in THF decreased the yield to 0 %. Simultaneous addition of the dilithium salt 6 and Ph2SiCl2 under 

high dilution condition did not produce any trace of 1. In situ stepwise generation of the monolithium salt 9 at 0 

‘C by treatment with LDA (1.2 eq.) in THF followed by addition of PhZSiClZ (0.5 eq.) at 0 “C followed by a 

second deprotonation with LDA (1.2 eq.) and addition of Ph$iiC12 (0.5 eq.) at 0 “C also failed. Increasing the 

amount of LDA fmm 2.5 eq. to 3.5 eq. or the amount of Ph2SiC12 from 1 eq. to 2 eq. resulted in the absence of 

the desired compound 1 in the mixture. Lowering the temperature from 0 “C to -78 ‘C or increasing the 

temperature from 0 “C to 25 ‘C for the reaction between the dilithium salt 6 (1 eq.), generated at 0 ‘C by 

treatment with LDA (2.5 eq.) in THF, and Ph$iClz did not enhance the yield. Performing both the generation 

of the dilithium salt 6 and the reaction with PhzSiCl2 at -78 ‘C decreased the yield from 2.2 % to 0 %. 

Replacement of Ph2SiCl2 by Ph$i(OEt)2 under the same condition did not yield 1. Addition of HMPA (6 eq.) 

also decreased the yield. In the same manner, a systematic variation of the reaction conditions did not lead to the 

isolation of 2. 
I Lt I 
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Scheme 1: “One pot” synthetic strategy 

Since the yield obtained for the “one pot” strategy was very low, we believed that it could be increased by 

a stepwise strategy avoiding polymer formation reactions (scheme 2). This strategy consisted of preparing the 

non-cyclic monosila compounds 3 and 4 as isolated intermediates. The cyclization reaction, in this case an 

obturation. leading to the macrocycles 1 and 2 was planned to take place between the monolithium salts of 3 and 

4 and Ph2SiC12. Starting from either 5 or 7, treatment with 1 equivalent of LDA in THF afforded the 

monolithium salts 9 or 10 which were condensed with Ph2SiClz in THF to afford the monosila compounds 3 
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and 4.re In marked contrast with the “one pot” synthesis, the yield (60 %) for 4 in whlcli the two hipyrldine 

units am intemonnected at the 5 and 5’ p&ions was sunny higher &au for 3 (4 %I. An explnnatichr to the 

rather low yield in the case of 3 may he the following. Iu 3, the two methyl groups am located at the pant 

position with respect to the nitrogen atoms, in the ~~0~~~ salt 9, generated by treatment with LRA, the 
I 

i l-0 4 2 

rLs&Kme 2: stepwise synthetic strategy 

negative charge may be delocalized over the nitrogen atom. Consequently, compound 9 may undergo both C- 

silylation and N-silylation in the presence of the elecuophile PhzSiClz. In the case of the monolithio compound 

IO however, the undesired N-silllation reaction can not take place. Tbis explanation is also based on 

experimental facts. Indeed, for the 4,4’ substituted bipyrldine 5, both the reaction of the monolithium 9 and 

dilithium 6 salts leads to strongly coloured and insoluble solids, which after addition of water decompose to the 

starting material 5. The same explanation holds for the poor yield obtained for the “one pot” synthesis of 1. On 

the other hand, for the 5,s substituted bipyrldiie 7 the rather high yield for 4 (60 %) and the absence of any 

observable uace of 2 during the “one pot” reaction may be due to steric reasons. 

The structure of 1 was confirmed by X-ray c~s~lo~hyl7_ In the solid state. compound 1 adopts a 

centrosymmetric cyclophane type stmcture in which the two bipyridiue units were found to be face to face and 

almost parallel (Pig. 1). The distances between the two bipyrldine units and the two silicon atoms were 3.5 A 

and 10.8 A respectively. The PhSiPh and CH2SiCH2 angles were 106.Y and 11O.F’ respectively. Withii each 

bipyridine unit, the two pyridine moieties adopt a tram configuration. 

N N 

Pigme 1: X-ray structure of 1; two different views. Hydrogens were omitted for the sake of clarity. Selected 
distances: d(Si-Si) = 10.8 A, d(bipy-bipy) = 3.5 A and angles: (CH2SiCII2) = 110.5 O, (PhSiPh) = 106.5 D 

In summary: using a “one pot” strategy based on the reaction of the dilithium salt of 4,4’-dimethyl-2,2’- 

bipyridine with Ph2SiC12, the synthesis of the macrocyclic compound 1 bearing two 2,2’-bipyridine units 

interconnected by two CHz-Si-CHz fragments at the 4 and 4’ positions was achieved in rather poor yield. 

Attempts to increase the yield by a systematic variation of the reaction conditions failed. In contrast, using a 

stepwise route, the acyclic monosila compound 4 in which two 2,2’-bipyridine units were interconnected by a 

CH$!ii-CH2 fragment at the 5 and 5’ positions, could be obtained in high yield by coupling of the monolithium 

salt of 5.5’~dimethyl-2,2’-bipyridine with PhzSiClZ. The structure of the macrocyclic compound 1 was 
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confii bv Xgay analysis. Fomaion of biauclcar complcxcs with both 1.3 and 4 is uadcr curtent 

inv~onsaawiuttc~~hcrc. 
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C~pound’l:In~~00mlflselr,toastirrsdsolntioadbeshlypnpndIlIA(2_5mmd.)indyTHP(4ml)~~~of 
4A’diwthyL22’-him S (0.18 g, 1 mmuh) in dry TX-IF (13 ml) was added ampwiw (is min. ) et 0 “c. ?IE d 
solution thus obtatued was fmtber stirred at 0 Oc for 1 h. leading to a orange aohuiou. To this mixhue, a ttolution of 
~SiCl2(O~lml,1mmol.)iRdryTHF(15ml)wassddcd~~(lSmin)aad~~~continuadfor1h~ 
O°Cleadiugtoablue-greennonhmnogateotu solution. A&litim of H20 (30 ml) at r. t affrmkd a hanoemeous solutinn 
which wm e&acted with CH2Cl2 (3x 38 ml). The oqanic kyers were combined and futtku washed with Hz0 (50 ml), drkd 
(MgSOq)and~~to~leevin8an~oiLTbeponecompasd1(16mg.2.2%)~~~a~whiteadid 
afta chmmatograpby (A12039 colffittef~Cl3 : 60/3Q’lO) aud crystul&ed ft’om CHC’l3/P&aue mintutu. M. P. : 218- 

228 “c; lH (208 MHz, CDCl3.25 “c): 8@tu): 2.82 (s, 8H. CH2): 6.71 (dd, 4H. l,lHz, S.lHzz,i 7.41 (d. 4H. 1.1 Hz); 7.48 
(tn. 1% arom.): 7.68 (m. 8H. arum.): 8.45 (d. 4H. 5.1 Hz); 13C (50.32 MHz, CDC13.25 “c): 8(ppnt): 21.53 (CH2): 
122.35 et 12324 CC,,, 5.5’ and 3.3’): 128.48. 130.16, 134.79, 135.40 (atom.): 148.09 CC,, 4.4’): 14850 (CPyr 6.6’): 
155.53 cc,, 2.23; FAB+ (mcfa-nitrobenzyklcohol matrix) m/z 729.1 (M H+, 100%). 
Compound 4: In a 250 ml flask. to a stir& solution of heahly prepared LDA (5.3 mmol.) in dry THF (10 ml) a solution of 
5,5’dimethyl-2.2’~btpy&ine 7 (0.92 g, 5 mmoks) in dry THF (30 ml) was sdded &opwiae (30 mtn.) at 0 “C. Tbc red sotutton 
thus ,ohtai$d was further stined at 0 “C for 1 h. before it was allowed to cool to -78 Oc. To this mixture, a solution of 

“i: 
‘Sil2 kO.55 ml, 2.6 mmol.) in dry THF (5 ml) was added dropwke (10 min. ) and stirring was Ruther cootinuad fcr 2 h. at 

-7 OC. The reaction mixture was atlowed to reach the r. t. before H2G (50 ml) WBS added. The mixture waaextukted with 
CH2C12 (3x 50 ml), The oqauic layers were combii aad further wasbed with I-I20 (70 ml). dried (MgSCQ) and cvapotated 
to dryness leaving a yellow-orange oil. The pure compound 4 (850 mg. 60 9%) was obhined as a whii solid after 
chromatography tAl2O3. toluette/AcOEt : 7CK30) and ctystalliaed funu tohtenc/AcGEt mixture. M. P. : 147 T: lH (208 
MHZ, CDC13.25 OC): &pm): 2.37 (s. 68. CH3): 2.65 (a. 4H. CH2); 7.13 (dd, 2H. 8.1 Hz. 2.1Ha): 739 (m. 1OH. amm.): 

7.57 (ad. 2H. 8.1 Hz, 2.1 Hz): 8.05 (d, 2I-I. 8.1 I-k): 8.16 (d, 2H. 8.1 Hz); 8.21 (d, W, 2.1 Hz); 8.45 (d, 2H, 2.1 Hz); 13C 
(50.32 MHz. CDCl3,25 “C): 6@pm): 18.17 (CH3); 19.22 (CH2): 119.98. 120.09 (Cp 33’); 127.98. 130.01, 133.64, 
135.18 (Cphtnyl); 132.56. 132.75 (C,, 5.5’); 136.88, 137.23 (Cpyr , 44’): 149.04.14r;f35 (Cp,, 6.6); 152.79, 153.54 
(Cpyr 22’). 
CryrraJ strnclure determination: crystals suitabk for X-ray analysis wcm obmtned by slow liquid-liquid diffu&a of hewate 
into CHC13 containing 1. l.CHCl3 (Twl73 K), monoclhdc, space group C2/c. a=26.181(9). b=8.840(3), c=l9.129(6) A, 
8=106.33(2)0, V34248.6 A3. Dcelpl.326 gem-3 , Z=4. )I(CuKa)P28.428 cm-l (graphite m-twmator). A total of 255 1 
reflections were collected using a Philips PWllOO/l6 automatic diffractometer and analysed using the Bnraf-No&s 
SDP/VAX package. The raw step-scan data were converted to intensitks using the Lehmann-Lar&nmethodmdcowecmdfor 
Lorenk. pohihtion. and ahscqlkni factw. ‘IBe. structure was solved using MULTAN and ntiikd to Rowf.050 using 1824 
m with 1s 3oQ). Further &ails of the crystal structure iaveati8ationa are avait&le 011 request from Cambridge 
crystauographi Data center. 
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