
Tetrahedron Vol 49, No I, pp i478-1488,19!%3 
R61ted m Orrat Bnuln 

oo4o-4020/93 $6 OOt 00 
PergunonRebsL.td 

A NEW MFiTHOD FOR THE SYNTHESIS OF DIAZACORONANDS VIA 

DOUBLE-AMIDATION RJZACTION’ 

Janusz Jurczak,’ Tomasz Stanklewlcz, Ptotr Saiariskr, Stanrslaw Kasptzyk, and Protr L-lpkowskr 

/nst/tute of Orgamc Chem/stry, Polish Academy of Sc!ences, 01-224 Warsza wa, Poland 

(Recerved m UK 4 September 1992) 

Ab~trad- ~o-Dtanuni~ altphatk ethers read under ambrent mndibom with dimethyl CX,W- 

dicarboxylates, III methaM as a solvent, to giw the cyclic diamnies in good yrelds Thslr subsequent 

reduct~n wth a borhoydnde-dmethyi sulphrde mmplex ahbrds the mspctwe dmzammnands 

-l%s..a ,c c.rr”+,n,,,n- ,nlrrrer+ a... +I... . . ..r..e.r-•.r- s.4 A----^r^“.^-A^ . ..L.^L L^..- .------A ..--- -- 
I 18~1 u 83 ~VI ILIIIUII 1~ II 81-1 WJL II I II I= pa e;pl CILIU~ I VI u~~laliu~ ur IQI 1u3 WI IIG;~I r ewe ~rr~porrarir uses as 

macrocyclrc molecular receptors’ as well as being valuable rntermedrates for the synthesis of cryptands 

and related compounds 3 The methods for the formatron of diazacoronands have been extensively 

reviewed 4 5 Recently, Morphy et a/ ’ have reported that, consrstent with the earlrer findrngs of Tabushr 

et al ,78 no high drlution technrque was required for the reactron of dimethyl malonates with a,w- 

dramrnes to form the cyclic dramrdes This fact prompted us to apply a similar approach to the syntheses 

of diazacoronands, and very recently we presented’ a prelrmrnary rnformatron on th~s new and general 

method for the synthesis of drazacoronands We now report the extentron of these studies 

The general equatron of examined reactrons IS presented in Scheme 1 
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Scheme 1 

The starting materials for the preparation of target macrocyclrc dramrdes are commercrally available 

or procurable with mrnrmal expenditure of work The establrshed optrmal reactron conditions are as 

follows solvent - methanol, temperature - ambient, time - seven days, concentratron - 0 1 M The 

typical reaction has been performed as a bath process This rmplres that the values of effectrve molanty 

(EM) of substrates reacting under these conditions are high enough to afford the desired product in a 

reasonable yield 
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Dramides leading to the best known drazacoronands were selected, as the targets of the present 

synthetrc rnvestrgatrons Specrficatron of the reactrons of dresters 1, 2 and 3 with dramrnes 4, 5 and 6, 

IS presented in Scheme 2 The yields of all products are summarized in Table 1 

Scheme 2 

Table 1 

1 Comp 1 Yield 1 4 1 5 1 6 

II 1 il 7 i 43% i 8 i 50% i 10 i 66% 

All products were crystalline, and except for compound 7 all yields were greater than 50% ’ It seems 

that the reaction yield IS slightly hrgher when at least one of substrates IS a derivative of catechol The 

phenyl ring increases the rigidity of the molecule and at the same time improves preorganization of the 

whole system Moreover, the products with the phenyl subunit partly precipitated from the reaction 

mixture, after a few attempts we managed to obtain the crystals of compound 10 suitable for X-Ray 

analysis ” 
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The yield of reactrons seems to be sufficiently htgh for most practical purposes, tt appears to be 

slrghtly dependent on the size of the macrocycle In order to prove this relatlonshrp we performed a 

senes of reactions of ester 16 with diammes 4,5 and 6, leadmg to products with 18- and 21 -membered 

rings These reactions are specked In Scheme 3 The yields of products are listed In Table 2 
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Scheme 3 

Table 2 

These results indicate that indeed the yields of the performed reactrons depend on the ring size of 

the products, the preference to form 18-membered nngs IS evrdenced by the present and the previous 

series of reaction (Tables 1 and 2) The long aliphatrc chain of substrate 16 forming a 21 -membered 

ring seems to be more resistant to preorganization, owing to Its higher flexrbrlrty Here again, the 

catechol derivative 19 partly crystallized from the reaction mixture, and well-shaped crystals for X-Ray 

analysis were obtained X-Ray Investigations will be published ” 

Preorganization of substrate molecules, which we believe to be crucial for the formation of the 

presented macrocycles, IS probably achieved v/a hydrogen bonds formed between the molecules of 

methanol and the ethereal oxygen atoms of substrate In this case a drop in the number of ethereal 

binding sites in the substrates would probably decrease the yrelds of macrocyclic dramides 

In order to confirm this assumption, the reactions of dresters 1, 2, 3 and 16 with 1,8-draminooctane 

(29) were performed Specrficatron of these reactions as well as of their yields are shown In Scheme 

4 and Table 3 
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Scheme 4 

Table 3 

0 

24 

Comp 1 Yield 1 2 3 16 

I~~~~~==--= 20 21 18% 22 28% 23 15% 24138% 

The yields of dlamldes 21, 22, 23 and 24 are indeed substantially lower, In comparison to their fully 

ethereal counterparts 8, 12, 18 and 13, respectively Moreover, the products are highly contaminated 

with ollgomenc substances ‘H NMR analysis showed that the malor by-products of these reactions 

consist of two subunits of dlester and of one subunit of diamine In the form of a linear dlamlde-dlester 

In &a ra-#.t,nD7 kah.,s~n W _“..I ? ,anA,nn +m 9” ,hs nI.~o~“*~ rr* ,ka rrm+~m*n~+,,r. . . . . ..A ,A+ r)r ..,.... II I ” I%2 I -zavuv, I MLIIWWI I &” al I” v, ITs1”II ,y ,” Ln, ” I-2 tJ’=z’cz’ lb/z “I u IV k”I l&cl, ,111 laul1y p, “““GIL 63 wa3 

confirmed by ‘H NMR lnvestigatlons ‘* 

This seems to be consistent with the assumed course of the reaction, according to which the diester 

and diamlne form a linear amldo compound which then undergoes the cycllzation or ollgomenzatlon 

(Scheme 5) Both latter processes are competitive and the EM values Indicate which one IS preferred 

under the reaction conditions used 
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Scheme 5 

In the case of fully ethereal compounds, the hydrogen bonds between the substrates and solvent 

force the self-assembly of the lrnear dtmers and cause theirs cyclrzatron A compound wrthout oxygen 

binding sites IS poorly preorganized by methanol 

Macrocyclrc dramides can be readrly transformed into macrocyclrc diammes’3 which are of great 

importance in the chemistry of molecular receptors Since many of the above-descnbed diamrdes and 

their respective drammes have not yet been reported, we carried out several reductions of the obtalned 

dramides using the BH,xMe,S complex as reducing agent in boiling THF These reductrons are 
n-L__-- a 

pESented in acneme 0 

27 

32 

Scheme 6 
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The present work deals with the syntheses of diazacoronand denvtives vlil the dlamldatlon reaction 

The obtained compounds differ in molecular size and in the number of oxygen atoms mcorporated to 

macrocyclic nng The reactrons proceed efficiently under ambient conditions The course of the 

reactions IS assumed to depend on the occurrence of self-assembly phenomena which are probably 

stimulated by a properly selected solvent 

The performed experiments allow, for the following conclusions 

1 Dlamidatlon reactions can be utilized for preparation of simple diazacoronands of various 

molecular sizes 

2 These reactions are effective and proceed under ambient conditions 

4 No additional external cyclizatIon factors (as high-dlllutlon approach or template effect) IS 

required to obtain satisfactory results 

5 The self-assembly approach to lnvestlgatlons of the macrocycllzatlon reactions may provide 

satisfactory explanations, and leads to constructive conclusions concerning of the course and 

. ..^ I-I ^J ^..^..... _^rl _ ..-_,._..- ylal” “I ~~dl,III,~” p,“cIcID3=i3 

EXPERIMENTAL 

General 

‘H NMR spectra were recorded at 500 MHz with a BRUKER AM 500 spectrometer in CDCI, using 

TMS as an internal standard 13C NMR spectra were measured at 125 MHz with a BRUKER AM 500 

spectrometer High-resolution mass spectrometry (HRMS) experiments were performed on an AMD-200 

spectrometer Melting points are uncorrected Elemental analyses were pet-formed on a micro scale 

All high-pressure reactions were carried out in a piston-cylinder type apparatus with initial working 

volume of about 90 mL Construction details of the apparatus have been reported previously l4 

General procedure for synthesis of cyclic diamides under atmospheric pressure 

An equimolar 0 1 M methanollc solution (5 mmol) of a,wdiamine and a,w-dlester was left at room 

temperature for 7 days Then the solvent was evaporated and the residue was passed through a short 

alumina column to remove polymenc products using CHCI, as an eluent The further purification was 

performed by chromatography on sIlIcagel using l-5% mixtures of methanol In CHCI, Products were 

recrystallized from acetone 

7,7-Dlaza-4, IO-droxacyclododeca-2,6-drone (7) 

Anal calcd for C,H,,N,O, C, 47 5, H, 6 9, N, 13 8 Found C, 47 3, H, 6 9, N, 13 5 

‘H NMR 6 3 49 (dt, 4H), 3 65 (t, 4H), 4 12(s, 4H), 7 27 (bm, 2H) 

13C NMR 6 38 7, 68 6, 74 0, 170 0 

m p 179-180°C 
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I, 7-Diaza-4. IO, 13-tnoxacyclopentadeca-2,6-d/one (8) 

Anal calcd for C,,H,,N,O, C, 48,7, H, 7 3, N, 11 4 Found C, 48 7, H, 7 4, N, 11 2 

‘H NMR 6 3 53(m, 4H), 3 55(s, 4H), 3 59(m, 4H), 4 05(s,4H), 7 09(m, 2H) 

‘%NMR 6 382, 685, 699, 700, 1676 

m p 146-147°C 

1, IO-Daza-4,7,13-tnoxacyc/opentadew2,9_drone (9) 

Anal calcd for C,,H,,N,O, C, 48 7, H, 7 3, N, 11 4 Found C, 48 9, H, 7 6, N, 11 4 

‘H NMR 6 3 53(m,4H), 3 60(t,4H), 3 72(s,4H), 4 02(s,4H), 7 17(m,2H) 

‘%NMR6 381,669,701,702,1690 

mp 174°C 

11,12-Benzo- 1,7-diaza-4, IO, 13-trroxacyclopentadeca-2,6_d,one (10) 

Anal calcd for C,,H,,N,O, C, 57 1, H, 6 1, N, 9 5 Found C, 57 0, H, 5 9, N, 9 5 

‘H NMR 6 3 79(m, 4H), 4 08(s, 4H), 4 14(m, 4H), 6 93(m, 4H), 7 26(bm, 2H) 

=C NMR 6 372, 666, 701, 1128, 121 6, 1476, 1677 

m p 194-195X 

5,6-Benzo- I, IO-draza-4,7,13-trioxacyclopentadeca-2,9-dme (11) 

Anal calcd for C,,H,,N,O, C, 57 1, H, 6 1, N, 9 5 Found C, 57 3, H, 6 4, N, 9 3 

‘H NMR 6 3 64(m, 4H), 3 67(m, 4H), 4 49(s, 4H), 6 85-7 03(m, 4H), 7 37(bm, 2H) 

‘%NMR6 383,669,700,1124,1221,1461,1671 

m p 221-222°C 

I, 10-D~aza-4,7,13,16-tetraoxacyc/ooctadeca-2,9-dmne (12) 

Anal calcd for C,,H,N,O, C, 49 6, H, 7 6, N, 9 6 Found C, 49 4, H, 7 9, N, 9 6 

‘H NMR 6 3 55(m, 4H), 3 56(m, 4H), 3 61 (s, 4H), 3 69(s, 4H), 4 02(s, 4H), 7 15(bm, 2H) 

13CNMR 6 384, 696, 702, 703, 705, 1690 

m p 111-112°C 

5,6-Benzo- 1, IO-d/aza-4,7,13,7 6-tetraoxacyclooctadeca-2, g-d/one (13) 

Anal calcd for C,,H,N,O, C, 56 8, H, 6 5, N, 8 3 Found C, 57 0, H, 6 7, N, 8 3 

‘H NMR 6 3 57(m, 8H), 3 59(s, 4H), 4 59(s, 4H), 6 89-7 02(m, 4H), 7 16(bm, 2H) 

13CNMR6 387, 676,697, 702, 1132, 1224, 1467, 1679 

mp 174% 

Id IG_Rnn~n_l f/Lri~az~A 7 I.? l~-tatran~aev~l~ta~~~a-~ .Q-rlmnn llA\ , .,a.. -w,,_s ,,.' _.-__ ,,,,.-,.- .~~~~~.~~,~'~~~~~~~~~ -,- _.~._ \. -, 

Anal calcd for C,,H,N,O, C, 56 8, H, 6 5, N, 8 3 Found C, 56 8, H, 6 6, N, 8 5 

‘H NMR 6 3 7O(s, 4H), 3 81 (m, 4H), 4 02(s, 4H), 4 08(m, 4H), 6 89(m, 4H), 7 23(bm, 2H) 

13CNMR6 380,672,703,704,1121,1213,1478,1691 

mp 196°C 
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5,6-Benzo- I,1 O-dlaza-4,7-d~oxacycbocta(hca-2, Sdmne (24) 

Anal calcd for C,,H,N20,x0 5 CH,OH C, 63 4, H, 8 1, N, 7 9 Found C, 63 8, H, 7 9, N, 8 1 

‘H NMR 6 1 38(m, 8H), 1 55(m, 4H), 3 43(m, 4H), 4 58(s, 4H), 8 88(bm, 2H), 8 93-7 05(m, 4H) 

%NMR6 241,284,281,383,683,1144,1229,1470,1878 

m p 181-182°C 

General procedure for reduction of macrocyclic diamides 

A methanollc (15mL) solution of 1 equlv of dlamlde (0 1 mmol) and 2 2 equlv of BH,xMe,S was 

stirred at reflux for 2 h After evaporation, 10 mL of cone HCI was added and the reactlon mixture was 

furthermore refluxed for 1 h The 20% NaOH aq was added to pH 14, and the mixture was extracted 

with CHCI, (3x20 ml) The combined organic layers were dried (MgSO& and the solvent was 

evaporated The crude product was then distilled on a bubble-to-bubble apparatus and, If crystalline, 

recrystallized from ethanol 

2,3-Benzo-7,73-draza- 7,4, IO-tnoxacyc/opentadecan (26) 

HRMS m/z (M’, C,,H,N,Od calcd 288 1830, found 286 1629 

‘H NMR 6 2 72(s, 2H), 2 86(t, J=5 Hz, 4H), 3 02(t, J=5 Hz, 4H), 3 63(t, J=5 Hz, 4H), 4 11 (t, J=5 Hz, 

4H), 6 88(s, 4H) 

13CNMR6 485,4932,6776,6903,11255,12084,14849 

m p 97-100°C 

2,3-Benzo-7,16-dlaza-l, lO, 13-tetraoxacyclooctadecan (27) 

HRMS m/z (M’, C,,H,N,Od calcd 310 1893, found 310 1894 

‘H NMR 6 2 61 (s, 2H), 2 87(t, J=4 8 Hz, 4H), 3 06(t, J=4 6 Hz, 4H), 3 61 (s, 4H), 3 67(t, J=4 8 Hz, 4H), 

4 13(t, J=4 6 Hz, 4H), 6 88(s, 4H) 

%NMR6 4862,4917,6770,7024,7031,11201,1207,1486 

m p 86-92°C 

2,3-Benzo-7,l BdIaza- 1,5,10,13,16-pentaoxacyclohenercosan (28) 

HRMS m/z (M’, C,,H,N,Od calcd 354 2154, found 354 2153 

‘H NMR 6 2 96(t, J=5 Hz, 4H), 3 11 (t, J=5 Hz, 4H), 3 65(s, 8H), 3 72(t, J=4 7 Hz, 4H), 4 18(t, J=4 7 

Hz, 4H), 4 36(s, 2H), 6 93(s, 4H) 

‘%NMR6 486,490,684,696,702,705,1151,1220,1489 

m p 55-58°C 

1,7-Dlaza-4-oxacyclopentadecan (29) 

HRMS m/z (M’, C,,H,N,O) calcd 214 2045, found 214 2028 

‘H NMR 6 1 37(m, 8H), 1 54(m, 4H), 2 05(s, 2H), 2 67(t, J=5 Hz, 4H), 2 79(t, J=4 8 Hz, 4H), 3 59(t, 

J=5 Hz, 4H) 
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%NMRb 247,266,279,479,490,702 

011 

1, IO-diaza-4,7-droxacycboctadecan (30) 

HRMS m/z (M’, C,,H,&02) calcd 256 2229, found 256 2229 

‘H NMR 6 1 36(m, 6H), 1 53(m, 4H), 2 05(bs, 2H), 2 66(t, J=6 Hz, 4H), 2 6O(t, J=4 7 Hz, 4H), 3 61 (m, 

8H) 

13CNMR6 247,273,263,487,491,701,703 

011 

1,13-Dlaza-4,7, IO-tnoxacycbhenenwsan (31) 

HRMS m/z (M’, C,,H,N,OJ calcd 302 2569, found 302 2562 

‘H NMR 6 1 36(s, 6H), 1 45(m, 4H), 2 46(bs, 2H), 2 65(t, J=6 Hz, 4H), 2 79(t, J=4 9 Hz, 4H), 3 65(m, 

12H) 

‘%NMR6 256,264,291,490,490,764,770,776 

011 

5, &Benzo- 1,l O-draza-4.7-d~oxacyckwctadecan (32) 

HRMS m/z (M’, C,,,H,N,OA calcd 306 2307, found 306 2308 

‘H NMR 6 1 4O(s, 8H), 1 56(m, 4H), 2 18(bs, 2H), 2 75(t, J=4 8 Hz, 4H), 3 03(t, J=5 Hz, 4H), 4 14(t, 

J=4 8 Hz, 4H), 6 9O(s, 4Hj 

13C NMR 6 247, 270, 283, 485, 486, 683, 1128, 121 0, 1488 

m p 35-37’C, semqstal 
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