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Synthesis of New Macrocycles. 
bromo-o-xylene 

Part 1 1 2  Cyclic Esters based on aa’-Di- 

By Siegfried E. Drewes * and Brian G. Riphagen, Department of Chemistry, University of Natal, 

Condensation of act’-dibromo-o-xylene with the homologous series of dicarboxylic acids beginning with oxalic 
acid and ending with sebacic acid afforded dimeric cyclic esters ranging in ring size from sixteen to thirty-two 
members. By contrast, the dibromide gave only monomeric cyclic esters in reactions with maleic, citraconic, and 
o-phthalic acids. The influence of the ’ rigid group ‘ on the cyclization reaction is discussed. N.m.r. and mass 
spectral data for the new esters are presented and suggestions as to  the likely conformations of the alicyclic rings, 
based largely on the n.m.r. evidence, are considered. 

Pietermaritzburg, South Africa 

IN Part I the condensation of o-phthalic acid with alkyl 
dibromides was described. By utilizing the ‘rigid 
group ’ present in o-phthalic acid, cyclization was 
effected for the entire homologous series from 1,2- 
dibromoethane to 1,12-dibromododecane. For the pre- 
sent investigation the roles of reagents were reversed : 
ad-dibromo-o-xylene (1), containing the ‘ rigid group ’ , 
was condensed with a series of dicarboxylic acids, start- 
ing with the ‘ rigid ’ oxalic acid and proceeding to the 
completely ‘ non-rigid ’ sebacic acid. 

ad-Dibromo-o-xylene (1) , apart from having the 
requisite four carbon atoms coplanar, thus restricting 

hydrotetrabenzo[c,h,m,r] [ l  ,6,11 ,161 tetraoxacycloeicosin 
from (1) and ad-dihydroxy-o-xylene. These cyclic 
ethers were isolated in yields of 15 and 40%, respec- 
tively, under carefully controlled conditions involving 
use of a special high dilution apparatus. 

The twelve cyclic esters (2)-( 13), previously un- 
reported , were all prepared by the dihalide-dipotassium 
dicarboxylate reaction in dimethylformamide at  ordi- 
nary dilutions. All compounds were fully characterized, 
but (5) and (7) gave unsatisfactory elemental analyses. 
Yields varied between 0-3 and 35.3% (see Table 1) .  
Most reactions were carried out in boiling solvent, but 

“ r co-o-cH2xl CHT O-CO-CCH21,j-CO-O-CH, 132;::(: ( 7 ) n = 5  
( 4 ) n = 2  ( 8 ) n = 6  

( 6 ) n = 4  ( 1 0 ) n = 8  (11) R = H  
C H,-O-CO-C C H,Ij$O-O-CH, ( 5 ) n = 3  ( 9 ) n = 7  c\CO-O-CH2 

CH2Br 

CH,Br 

( 1  1 (12) R=Me 

CO-O-CHz 

the rotational possibilities during cyclization, also 
possesses allylic bromine atoms suitable for rapid nucleo- 
philic substitution react ions. For cyclization reactions 
it has, however, received less attention than its m- and 
$-counterparts. 5,6 , 1 1 , 12-Te trahydrodibenzo[a , el cyclo- 
octene and 5,6,11,12,17,18-hexahydrotribenzo[a,e,i]cyclo- 
dodecene, obtained by Baker and his co-workers3 viu a 
Wurtz reaction on (l), represent an early application of 
its use in cyclizations. More recently Vogtle and 
Zuber have prepared 5,7,12,14-tetrahydrodibenzo[c,h]- 
[ 1,6]dioxacyclodecin and 5,7 , 12,14 , 19,21J26,28-octa- 

S. E. Drewes and P. C. Coleman, J . C . S .  Perkin I ,  1972, 2148. 
W. Baker, J. F. W. McOmie, and W. D. Ollis, J .  Chem. SOC., 

1951, 200. 

for the maleic and citraconic acid derivatives lower 
temperatures were used to avoid isomerization to the 
corresponding tram-acid. Progress of the reaction 
could be followed by t.1.c. (Kieselgel; chloroform). 
Invariably completion of reaction coincided with a 
change in colour of the solution from almost colourless 
to dark yellow. 

From Table 1 the following deductions can be made. 
(a) Highest yields were obtained either when both 
reactants possessed ‘ rigid groups ’ [compounds (11)- 
(13)] or where one reactant had a ‘ rigid group ’ and the 

W. Baker, R. Banks, D. R. Lyon, and F. G. Mann, J .  Chem. 
SOC., 1946, 27. 

.a F. Vogtle and M. Zuber, Tetrahedron Letters, 1972, 661. 
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other was a short chain dicarboxylic acid (compounds (2) 
and (4)]. The low yield of (3) appears to be anomalous. 
(b )  The exclusive formation of dimers from the saturated 
aliphatic dicarboxylic acids [compounds (2)-( lo)] is not 
explained readily. It is true that cyclic monomers 
derived from (1) and any of the acids up to pimelic 
would be classed as medium-sized rings (8-13 atoms), 
having an eclipsed conformation of the methylene chain 
which renders their synthesis difficult .5 However, 
while this may be valid in part for the glutaric, adipic, 
and pimelic acid derivatives, it is not the case for the 
shorter-chain acids. (c) Compound (2), derived from 
oxalic acid, differs from all others in being the only 
aa'-diketone and by being the product isolated in highest 
yield. The n.m.r. spectrum suggests that it differs 
materially in its conformation from the other cyclic 
dimers. (d)  The yields of compounds (11)-(13) were 
very similar and this is not unexpected. The increase 
in nucleophilicity of the carboxylate anion as a result of 

TABLE 1 
Yields and m.p.s of cyclic esters (2) 

Cyclic Ring Reaction 
Parent acid ester size time (h) 

16 1 -50 
18 0.76 
20 1-60 

1-00 
0.76; 24 

26 22.00 
28 1.00 
30 1-60 
32 1.00 
10 96-00 t 
10 3.00 t 
10 1-75 

Oxalic (2) 
Malonic (3) 

Glutaric (6) 
Adipic (6) 
Pimelic (7) 
Suberic (8) 
Azelaic (9) 
Sebacic (10) 
Maleic (11) 
Citraconic (12) 
Phthalic (1 3) 

(4) 22 
Succinic 

#-( 13) 
Yield 

36.3 
0.6 

16.0 
2.7 
2-7 
0.9 
7.3 
0.3 
3.1 

14.2 
12.6 
12.7 

(%I 
M.p. 
("C) 

233-6 
215-8 
217 
173 
144 
121 
134 
119 
136 
160 
108 
148 

t Reduced temperature (see Experimental section). 

the indmtive effect of the methyl group was demon- 
strated readily by the extremely rapid reaction of 
citraconic acid compared with maleic acid under similar 
mild conditions (see Table 1). 

TABLE 2 
Chemical shifts (7)  (solvent CDCI,) of protons in cyclic 

esters (2)-(10) 

Benzylic 
4*63(~) 

4*80(~)  

4-8 1 (s) 
4-80(~)  
4-81 ( s )  

4*80[s) 
4*80(~) 

4-73(s) 

4.7 7 (s) 

4-79 s) 

Terminal Inner 
methylene * methylene 

6.56(~) 
7.31 ( s )  
7*30(~)  
7*60(t) 7.80-8.20 
7.65(t) 8.03-8.63 
7*67(t) 8-07-8.87 
7*68(t) 8.07-8.97 

7*68(t) 8.07-8'97 
7*67(t) 8.10-8*40 

* a t o  CO. t [2H,]Dimethylformamide solvent. 

Compounds (2)-(13) represent, in each case, the 
major reaction product. Additional products, obtained 
in considerably lower yield, have not yet been identified. 

V. Prelog, J. Chem. SOC., 1960, 420. 
P. Margaretha, F. P. Schmook, H. Budzikiewicz, and 0. E. 

Polanskv. Monatsh.. 1968. g9. 2639. 

N.m.7. and Mass SfiectTa.-The n.m.r. spectra of 
(2)-( 10) are uncomplicated (Table 2). Without ex- 
ception the benzylic protons gave sharp singlets, thus 
implying magnetic equivalence. These signals were 
further downfield (7 4-80) than their counterparts in 
aa'-dibromo-o-xylene (7 5.38). For (2) the signal was 
even further downfield (7 4-53), probably owing to the 
effect of two adjacent carbonyl groups. The mono- 
meric esters (11)-(13) had n.m.r. spectra similar to 
those of their respective starting materials (Table 3). 

TABLE 3 
Chemical shifts (7) (solvent CDCI,) of protons in cyclic 

esters (1 1)-( 13) 
Ester Aromatic Benzylic Methine Methyl 
(11) 2*67(~)  4*77(s) 3.66(~) 
(12) 2-61(~)  4*74(s) 3 * 90 (d) 7-97(d) 
(13) 2.11-2.78 4*60(~) 

In  the spectrum of (13) the xylene (singlet) and the 
phthalate signals (multiplet) are readily distinguished. 

Mass spectrometry was used to show the presence of 
monomers or dimers. Earlier evidence l p 6  had shown 
that cyclic esters are often without a molecular ion peak 
but instead exhibit an intense [(M+*/2) + 11 peak. The 
present series confirmed this finding (see Scheme and 
Table 4). The monomers (11)-(13) differed from the 

TABLE 4 

Relative abundance (yo) of the major peaks (see Scheme) 
from mass 

( A  ) 
M+' 

(2) 1.3 
(3) 4.0 

Ester 

(4) 
(6) 
(6) 
( 7) 

spectra1 fragmentation of the esters (2)-( 10) 
(B)  (C) 

M -  (M+*/2) 
119 fl (D) (El ( F )  (G) ( H )  (1) 

7.6 0.5 0.5 38.0 20-0 84.0 
26.0 38.0 5.1 62.0 27-0 69-0 100-0 
2-0 84.0 24-0 0.8 24.0 8-8 100.0 
163 84-0 68-0 21.0 7-0 100-0 
6.4 73.0 29.0 20.0 3.9 65.0 

18.0 100.0 39.0 0-7 8-6 2.7 46.0 
20.0 100.0 81.0 2.1 1-0 12.0 4-0 68.0 
28-0 100.0 84.0 3.2 2-1 14.0 15.0 98.0 
14.0 100.0 77-0 2.3 1.3 8.7 3.9 63.0 

(8) 
(9) 

(10) 

dimers in having a strong molecular ion peak but no 
[(M+'/2) -+ 13 peak. The characteristic peaks at m/e 99, 
113, and 149 from (11)-(13), respectively, correspond 
to  the ions (14)-(16), respectively and originate by a 
common pathway from the ' acid ' half of the molecule. 

Corcformation.-Since the benzylic protons of all the 
macrocycles investigated resonate as singlets, this 
suggests either the possibility of a low energy barrier to  
conformational interchange, or, more likely, the exist- 
ence of a strongly favoured conformation in which the 
protons are effectively magnetically equivalent. Related 
compounds showing similar properties have been dis- 
cussed [ (1 7) ,* 5,7,12,14-t et rahydrodibenzo [ c, h] [ 1,6] dioxa- 
cycl~decin,~ and (18) 9J. 

For the oxalic ester (2) two ' stepped ' conformations 
are shown [ (19a) and (19b)l. To arrive at these particular 

H. Budzikiewicz, C. Djerassi, and D. I€. Williams, 'Mass 
Spectrometry of Organic Compounds,' Holden-Day, San Fran- 
cisco, 1967, p. 203. * R. E. Busbv and D. Huckle. 7.C.S. Perkin I. 1973. 1706. 

I- . --. F. Vogtle, khem.-Ztg., 1970,-64, 313. 
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conformations certain presuppositions have to be made. accurate molecular model shows that the sterically de- 
These are (a) that oxalic acid exists in the planar trans- manding trans-arrangement is readily accommodated in 
conformation; (b)  that the a-diketone system a dimeric structure, whereas this is not possible in the 
aligns itself preferentially with the two carbonyl groups monomer. The conformation (19b) is preferred over 

C H r O  

C H i O  

0 0 1: 
II II I 

-C--ICH21,j-C- O-CH, 

-C-CCH I C-O-CH, 
"I t  8 0 

M" ( A )  I 4 

ol- cleavage 

+o 0 O+ 
111 I I  111 

CH,-O-C--ICH,I,-C* 'O-CH, CH2-0-C --I: CH2In-C 

1 
0 
II 

1 C H ~ O - C - C C H , I ~  $-OH 
I1 
0 0 

and 
C H j- 0-c- C CH 21,jj $- 0 ~ 7  P H D-CK 
CH-O-C-CCH23n 8 O y+ ( B )  (M+-.119) 

0 f i s s~  on 

( F )  1 :  
HO-C-CCH,l,--C~O+ ( D) 

-co o+ a 

U C  H, 

SCHEME Suggested mass spectral fragmentation for esters (2)-( 10) 

coplanar and antiparallel (cf. Prelog's hypothesis 13in the 
atrolactic acid synthesis) during cyclization; and (c) 
that the conformation of oxalic acid in the crystal 

(19a) since the proximity of the carbonyl groups to the 
benzene rings in the former could explain the observed 
paramagnetic anisotropic shift (see Table 2). 

lattice is the same as that found in so1ution*14 An 
12 2. Nahlovska, B. Ndovsky,  and T. G. Strand, Acts Chern. 

lo J. M. Robertson and J. Woodward, J .  Chem. Soc., 1936, 

E. Y. Cox, M. W. Dougill, and G. A. Jeffrey, J .  Chem. Soc., 

Scand., 1970, 24, 2617. 
1817. 

1952, 4864. 

l3 V. Prelog, Helv. Chim. Actu, 1953, 3$, 308. 
14 J. McKenna, ' Conformational Analysis of Organic Com- 

pounds,' Royal Institute of Chemistry, London, 1966, p. 64. 
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In the dimers (3)-(10) the terminal methylene groups 

have chemical shift values similar to those for open-chain 
structures. For example, in the diethyl esters of malonic 
(7  6-63), succinic (7.38) and sebacic acid (7.77) these 
protons resonate a t  values close to  those of their cyclic 
analogues (7 6-56, 7.31, and 7-77, respectively). This 
evidence points to a conformation free of steric strain 

yo 
0 
\ 
f = O  

r ? C '  
\\ 

and possessing 

o z c ;  

/ O  -C 
\\ (19a1 

(19b) 

a high degree of symmetry. Such a con- 
formation is shown in (20) for the malonic acid ester. 
The larger dimeric esters possibly retain the same basic 
conformation but with more non-eclipsed methylene 
groups separating the ester carbonyls. 

The monomeric esters (1 1)-( 13) probably possess 
identical conformations. If magnetic equivalence of 
the benzylic protons is maintained and the double bond 
remains rigidly cis the only likely conformation is the 
planar one shown in (21) for the maleic acid ester (11). 
The n.m.r. spectrum of the cyclic ester of citraconic acid 
(12) shows the methyl signal a t  7 7.79, close to the value15 
for the methyl group in dimethyl citraconate (7  7-98). 
This is good evidence for the planar, unstrained con- 
formation (21). 

Formation of Complexes with Metals.-All attempts to 
form metal complexes similar to those described l6 for 
the macrocyclic ' crown ' ethers, were unsuccessful. 
The picrate salt technique was used to test for complex 
formation. 

EXPERIMENTAL 

N.m.r. spectra were recorded on a Varian T60 instrument 
and mass spectra on an A.E.I. MS9 instrument. M.p.s 
were determined on a Kofler micro-hot-stage apparatus. 

The experimental procedure for preparation of the esters 
followed a fixed pattern. Equimolar proportions of the 
dipotassium salt of the acid and ad-dibromo-o-xylene in 
dimethylformamide (50 cm3) were heated under reflux. 
The dimethylformamide was then removed in vucuo a t  70" 
and the residue was poured into cold water and basified 
(NaHCO,). Continuous extraction (24 h) of the aqueous 
solution with chloroform, removal of the solvent, and cool- 
ing to 0" generally yielded the crystalline product. 
5,10, 15,20-Tetrahydrodibenzo[f,n][1,4,9,12]tetraoxacyclo- 

hexadecin-7,8,17,18-tetraone (2) .-Dipotassium oxalate (2.48 
g, 14-8 mmol) and ad-dibromo-o-xylene (3.90 g, 14.8 mmol) 
in dimethylformamide (50 cm3) gave white plates (1.0 g ) ,  
m.p. 233-235' (from chloroform) (Found: C, 62.0; H, 
4.45. C2,H1,08 requires C, 62-5; H, 4~2%)~ v- (KBr) 2910 

(C-H str.), 1760 (GO), 1310, 1290, and 1175 (C-0 str.), and 
748 cm-l (4 adjacent aromatic C-H); n.m.r. and mass 
spectra in Tables 2 and 4. 

5,11,16,22-Tetrahydro-SH, 19H-dibenzo[gIp] [1,5,10,14]- 
tetraoxacyclo-octadecin-7,9,18,20-tetraone (3) .-Dipotassiuni 
malonate (5.0 g, 27.5 mmol) and (1) (7.25 g, 27-5 mmol) 
gave white needles (30 mg), m.p. 215-218" (from ethyl 
acetate) (Found: C, 63.75; H, 5.2. C2&2,08 requires C, 
64-05; H, 4.9%), v- (KBr) 2900, 1725, 1340, 1160, and 
757 cm-l. 

tetraoxacycloeicosin-7,10,19,22-tetraone (4) .-White needles 
(90 mg), m.p. 217" (from ethanol) were obtained from di- 
potassium succinate (5 g, 25.5 mmol) and (1) (6.73 g, 25.5 
mmol) (Found : 65-25 ; HI 5.5. C2,H2,08 requires C, 65-45 ; 
H, 5.5%), v- (KBr) 2900, 1725, 1280, 1255, 1165, and 
758 cm-l. 

[ 1 , 6,12,17] tetraoxacycZodocosin-7,11,20,24-tetraone (5)  .-Di- 
potassium glutarate (5.0 g, 23.8 mmol) and (1) (6.29 g, 
23.8 mmol) yielded white needles (150 mg), m.p. 173" (from 
ethyl acetate); no satisfactory C,H analysis, v- (KBr) 
2900, 1720, 1210, 1155, and 750 cm-l. 
5,8,9,10,11 , 14,19,22,23,24,25,28-Dodecahydrodibenzo[c,o]- 

[l,6, 13,18]tetraoxacyclotetracosin-7,12,21,26-tetraone (6) .- 
Dipotassium adipate (5-0 g, 22.3 mmol) and (1) (5.89 g, 
22.3 mmol) gave white plates, (150 mg), m.p. 144" (from 
ethyl acetate) (Found: C, 67-55; H, 6-6. C28H,20, re- 
quires C, 67.75; H, 6.5%), v-, (KBr) 2900, 1720, 1260, 
1160, and 757 cm-l. 
5,9,10,11,12,15,20,24,25,26,27,30-Dodecahydro-8H,23H-di- 

benzo[c,p] [l,6, 14,19]tetraoxacycZohexacosin-7,13,22,28-tetra- 
one ('I).-Dipotassium pimelate (5.0 g, 21.0 mmol) and (1) 
(5.5 g, 21.0 mmol) after extended refluxing gave white 
plates (50 mg), m.p. 121" (from ethyl acetate); insufficient 
material for satisfactory C,H analysis; vmx. (KBr), 2910, 
1730, 1190, 1165, and 756 cm-l. 
5,8,9, LO, 11,12,13,16,2 1,24,25,26,27,28,29,32-Hexadeca- 

hydrodibenzo[c,ql[1,6,15,20]tetraoxacyclo-octacosin-7,14,23,- 
30-tetraone (8) .-From dipotassium suberate (5.0 g, 19.8 
mmol) and (1) (5.24 g, 19.8 mmol), white needles were ob- 
tained (400 mg), m.p. 134" (from ethyl acetate) (Found: C, 
69.4; H, 7-25. C32H40O8 requires C, 69.55; H, 7.3%), v,,, 
(KBr), 2900, 1730, 1220, 1160, and 756 cm-l. 
5,9,10,11,12,13,14,17,22,26,27,28,29,30,3 1,34-Hexadeca- 

itydro-SH,25H-dibenzo[c,r] [ 1,6,16,2 1]telraoxacyclotriacontin- 
7,15,24,32-tetraone (9).-Dipotassium azelate (5.0 g, 18.8 
mmol) and (1) (4.96 g, 18.8 mmol) gave white needles (15 
mg), m.p. 119' (from ethyl acetate) (Found: C, 70.3; H, 
7-75. C34H4408 requires C, 70.3; H, 7~65%)~ vmx. (KBr), 
2900, 1725, 1230, 1175, and 754 cm-l. 

eicosahydrodibenzo[c,s] [ 1,6,17,22]tetraoxacyclodotriacontin- 
7,16,25,34-tetraoize (lo).-Dipotassium sebacate (6.0 g, 21.4 
mmol) and (1) (5.66 g, 21.4 mmol) gave white needles (200 
mg), m.p. 135" (from ethyl acetate) (Found: C, 71-1; HI 
8.25. C,,H4,08 requires C, 71.0; H, 7.95%), vmx. (KBr), 
2900, 1730, 1220, 1205, 1160, and 757 cm-l. 

1,8-Dihydro-2,7-benzodioxacy~lodecin-3,6-d~one (1 1) .-Di- 
potassium maleate (5.0 g, 25-8 mmol) and (1) (6.80 g, 25.8 
mmol) in dimethylformamide a t  60-70' for 96 h gave 
white needles (800 mg), m.p. 160' (from ethanol) (Found: C, 

15 P. J,  Collin and S. Sternhell, Austral. J. Chena., 1966,19,317. 

l7 C. J.  Pedersen, Fed. Proc., 1968, 27, 1305. 

5,8,9,12,17,20,21,24-0ctahydrodibenzo[c,m] [l, 6,11,16]- 

5,9,10,13,18,22,23,26-0ctahydro-8H,21H-dibenzo[c,n]- 

5,8,9,10, 11,12, 13,14,15,18,23,26,27,28,29,30,31.32,33,36- 

C. J .  Pedersen, J. Amer. Ckem. SOL, 1967,89, 7017. 
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66.25; H, 4.55. C12H1004 requires C, 66.05; H, 4.6%), (13).-Dipotassium phthalate (5.0 g ,  20.5 mmol) and (1) 
v,, (KBr), 2930, 1710, 1275, and 1150 cm-l. (5.41 g,  20-5 mmol) gave white 91ates (700 mg), m.p. 149" 

1,8-Dihydro-4-met~yZ-2,7-benzodioxacyclodecin-3,6-dione (from ethanol) (Found : C, 7 1.35 ; H, 4-5. C,,H120, re- 
(12).-Dipotassiurn citraconate (5.0 g, 24.0 mmol) and (1) quires C, 71.65; H, 4.5%), v- (KBr), 1730, 1280, 1140, 
(6.35 g, 24.0 mmol) in dimethylformamide (50 cm3), after and 750 cm-l. 
stirring for 16 h at 20" and then 3 h at 50-60°, gave white 
plates (700 mg), m.p. loso (from ethanol) (Found: c, 67.05; 
H, 5.1. C1,HI2O4 requires C ,  67-25; H, 5-2%), vmx. (KBr), 
2910, 1720, 1255, and 1125 cm-l. 
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