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Introduction.

The great interest in crown ethers and polyether-esters
as ion binders and catalytic reagents is represented by the
several papers published during the past years [1,2].

Many of these compounds often exhibit biological and
synthetic properties similar to those of some natural anti-
biotic like valinomycin {2] and nonactin [3-5].

Following our research in the field of macrocyclic che-
mistry, the stereoisomeric compounds 1-4 (see Scheme 1)
were simply obtained by reaction of corresponding dioxa-
stannolane with diacyl chlorides in benzene solution and
purified by column chromatography as reported in experi-
mental.

Persisting in our interest in mass spectrometry of ether
and ether-tetraester compounds [6-9], we have undertaken
the present study.

Results and Discussion.

The 70 eV eleciron impact mass spectra of compounds
1-4 are reported in Figures 1-4 respectively. They show
quite abundant molecular ions, while the {M + H]* species
common in EI mass spectrometry of crown ethers [7] con-
taining aromatic moieties are completely absent in the
present case. This behaviour can be interpreted consider-
ing the capability of trapping hydrogen atoms of crown
ethers, which is strictly related to the presence of an aro-
matic system along the crown.

By means of linked scans and exact mass measurements,
the common fragmentation pattern reported in Scheme 2
has been obtained. The more significative ionic species to-
gether with their m/z and relative abundance values are
reported in Table 1.

The losses of methoxy and CH;CO0 radicals (leading
to ions a and b) is observed for all the examined com-
pounds and can easily be explained by simple bond cleav-
ages. More unusual is the primary loss of -OCHCOOCH,
which leads to quite abundant ionic species ¢. This EI in-
duced decomposition process implicates the cleavage of

two bonds and may suggest the presence of molecular ions
in an open structure such as la for compound 1 (and simi-
lar ones for compounds 2-4).
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Starting from this ionic structure, the formation of ions
¢ could simply originate through the cleavage of the CH-
CH bond. It should be emphasized that for the strictly re-
lated compounds like 3, in which the alkylic chain is inter-
rupted by an ethereal oxygen [10]; decomposition path-
ways implicating the loss of CH;-OCO-CHO are complete-
ly absent. Consequently, from the analytical point of view,
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Table 1

The More Significative Ionic Species of EI Mass Spectra of
Compounds 1-4

Ionic
Species 1 2 3 4
M* 548 (6) 604 (2) 660 (2) 688 (0,1)
afM-OCH, J 517 (6) 573 (6) 629 (8) 657 (8)
b [M-COOCH, | 489 (44) 545(26) 601 (14) 629 (8)
¢ [M-OCHCOOHCH,] 460 (11) 516 (8) 572 (8) 600 (8)
d [b-2COOCH,} 371 (16) 427(17)  483(31) 511(22)
e [M/2-+ H) 275 (46) 303 (30) 331 47) 345 (22)
f [e-H, 01" 257 (7) 285 (16) 313 (2) 327(2)
. g [e-C,H.O,} 215(86) 243 (2) 271 (28) 285 (100)
h[0=C{CH,;) -CH=C=0] 97 (38) 125(100) 153 (100) 167 (55)
ih-COp 69 (17) 97 (14) 125(60) 139 (30)
1[C\sH 04 375 (100) — _ _
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Scheme 1

this loss can be considered highly diagnostic of the pre-
sence of an alkyl chain in the cyclic moiety. Abundant [M/2
+ HJ* ionic species (e) are present for all the examined
compounds. This decomposition process is usual in mass
spectrometry of crown ethers as well as of macrocyclic
tetraesters [6-10], and it must be emphasized that it usual-
ly occurs through many different symmetrical cleavages.
In the present case B/E linked scans of the [M/2 + HJ
ions point out the presence of peculiar ionic structures.

For example, in Figure 5 we report the B/E linked scan
spectrum of the ions at m/z 275 originating from com-
pound 1. These ionic species show losses of H,0 (m/z 257),
CO (247), C,H,O, (mfz 215) and C,H;0, (m/z 202). The
first of these unimolecular decomposition processes sug-
gests the presence of a hydroxyl group, the second of a ter-
minal carbonyl while the last one is highly indicative of a
CH-CO-OCH; moiety. Therfore for [M/2 + H]" ions we
feel obliged to propose structure 6:
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which fits well with the B/E data (Figure 5) and can be ea-
sily explained by symmetrical cleavages of the CH-O
bonds. An analogous behaviour is observed also for com-
pounds 2-4. Ions f and g originate from ions e through
losses of H,0 and C,H,O respectively. The formation of
ionic species h has already been described for cyclic tetra-
esters compounds [10], and it can be explained by the low
value of their ionization energy values (Stevenson-Audier
rule).

Finally a peculiar behaviour of compound 1 must be
pointed out, i.e. the formation of ions at m/z 375 (base
peak of the spectra).

Thus the composition process is not so obvious at first

sight, and for this reason we have undertaken further in-
vestigations. First of all, for this species exact mass meas-
urement give 375,0929 (+ 0,001), which corresponds weil
with the elemental composition C,;H,0,, (Caled.
375.092723). Further, B¥E linked scans indicate the ions
b in Table 1, as the only precursors of the ionic species at
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Figure 1 - 70 eV EI mass spectrum of compound 1
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Figure 2 - 70 eV EI mass spectrum of compound 2
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Figure 3 - 70 eV EI mass spectrum of compound 3

m/z 357, i.e. those originating from primary loss of
‘COOCH; radicals. Therefore for the ions at m/z 375 we
propose the structure reported in Scheme 1. Analogous
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Figure 5 - B/E = cost linked scan of ionic species at m/z 275
originating from EI of compound 1

processes are forbidden for compounds 2-4, probably due
to entropic factors in the formation of a larger cyclic moie-
ty. Further work is in progress on the separation of stereo-
isomeric compounds with the aim of investigating on their
possibly different mass spectrometric behaviour.

EXPERIMENTAL

Microanalyses for CHN were carried out on a Carlo Erba model 1106
Elemental Analyzer. Melting points were determined using an electro-
thermal capillary melting point apparatus and are uncorrected. The ir
spectra were recorded on a Perkin-Elmer 157 G spectrophotometer. The
nmr spectra were determined on a Varian EM 360 L spectrometer; che-
mical shifts were measured in ppm (6) using tetramethyl silane as an in-
ternal reference. All mass spectrometric measurements were performed
on a VG-ZAB2F instrument operating in EI mode (10 eV, 200 uA). Sam-
ples were introduced by Direct Electron Impact (DEI) [11] technique,
with a source temperature of 200°. Metastable transitions were detected
by B/E and B*/E linked scans [12]. Exact mass measurements were per-
formed with the peak matching technique at a 30.000 resolving power
(10% valley definition).

Starting Materials.

L(+)dimethyl tartrate, dibutyltin oxide, glutaryl chloride, azeloyl
chloride and sebacoyl chloride were used as received (EGA Chemie).
?x@ pimeloyl chloride was prepared as described previously [13].
ompound 7 was prepared as in the literature [14].

2,2-Di-n-butyl-4,5-carbomethoxy-1,3,2-dioxastannolane (7).

A solution of L-dimethyl tartrate (28 mmoles) and dibutyltin oxide (28
mmoles) in 100 ml of dry benzene in a Dean-stark apparatus was refluxed
overnight. A white solid was obtained which was filtered to give 7in 86%
yield, mp 180-185°; ir (potassium bromide): 1760 cm~' (C = O); nmr (deu-
teriochloroform): 6 0.86-1.83 (m, 18H, 2 x C,H,-Sn), 3.58 (s, 6H, 2 X
CH,-0) and 4.63 (s, 2H, 2 x CH).

Anal. Caled. for C,,H,,0,5n: C, 41.10; H, 6.40. Found: C, 41.11; H,
6.42.

General Synthesis.

The macrocyclic compounds 1-4 were prepared by the procedure des-
cribed in early papers [15]. To a stirred hot solution of stannolane 7 (1
mmole) in 20 ml of benzene, a solution of diacyl chloride (1 mmole) in 5
ml of benzene was added dropwise. The resulting mixture was stirred un-
der reflux for an additional night. The benzene solvent was then removed
under vacuum and the crude product was treated with hexane to eli-
minate the dibutyltin dichloride. The residue was purified by column
chromatography on silica gel using a mixture of benzene-ethyl acetate
(5:1) as eluent. Using the general procedure, the following compounds
were prepared and specific details are given for each compound.

2,3,11,12-Tetracarbomethoxy-1,4,10,13-tetraoxacyclooctadecane-
5,9,14,18-tetraone (1).

The compound 7 (4.58 mmoles) and glutaryl chloride (4.58 mmoles)
were used. The crude product was purified by column chromatography
and the solid obtained was washed in diisopropyl ether to give 1 as a
white solid, yield 35%, mp 112-115°; ir (potassium bromide): 1760 cm™!



Jul-Aug 1985

(C=0); nmr (deuteriochloroform): 6 5.62 (s, 4H, 4 x CH-0-CO), 3.72 (s,
12H, 4 x COOCH,), 2.46 (1, 8H, 4 x CH,-CO) and 2.14-1.86 (m, 4H, 2 x
CH,-CH,-CO).

Anal. Caled. for C,0H,,0,,: C, 48.18; H, 5.15. Found: C, 48.15; H, 5.17.

2,3,13,14-Tetracarbomethoxy-1,4,12,15-tetraoxacyclodocosane-
5,11,15,22-tetraone (2).

The compound 7 (4.58 mmoles) and pimeloyl chloride (4.56 mmoles)
were used. The crude product was purified by column chromatography
and the obtained solid was washed in diisopropyl ether to give 2 as a
white solid, yield 26%, mp 78-80°; ir (potassium bromide): 1740 cm™!
(C=0), nmr (deuteriochloroform): 8 5.64 (s, 4H, 4 x CH-0-CO), 3.70 (s,
12H, 4 x COOCH,), 2.36 (t, 8H, 4 x CH,-CO) and 1.78-1.40 (m, 12H, 6
x CH,-CH,-CO).

Anal. Caled. for C, H,,0,,: C, 51.65; H, 6.00. Found: C, 51.63; H, 6.02.

2,3,15,16-Tetracarbomethoxy-1,4,14,17-tetraoxacycloexacosane-
5,13,18,26-tetraone (3).

The compound 7 (4.58 mmoles) and azeloyl chloride (4.58 mmoles)
were used. The crude product was purified by column chromatography
and the obtained solid was washed in diisopropyl ether to give 3 as a
white solid, yield 25%, mp 72-74°; ir (potassium bromide): 1740 ecm™!
(C=0); nmr (deuteriochloroform): 6 5.63 (s, 4H, 4 x CH-0-CO), 3.70 (2,
12H, 4 x COOCH,), 2.36 (t, 8H, 4 x CH,-CO) and 1.75-1.20 (m, 20H, 10
x CH,-CH,-CO).

Anal. Caled. for C,;H,,0,,: C, 54.54; H, 6.71. Found: C, 54.53; H, 6.72.

2,3,16,17-Tetracarbomethoxy-1,4,15,18-tetraoxacyclooctacosane-
5,14,19,28-tetraone (4).

The compound 7 (4.58 mmoles) and sebacoyl chloride (4.58 mmoles)
were used. The crude product was purified by column chromatography to
give 4 as a viscous oil, yield 24%; ir (film): 1740 ¢m™*; nmr (deuterio-
chloroform): & 5.62 (s, 4H, 4 x CH-0-C0O), 3.70 (s, 12H, 4 x COOCH,),
2.35 (t, 8H, 4 x CH,-CO) and 1.73-1.06 (m, 24H, 12 x CH,-CH,-CO).

Anal. Caled. for C,,H,,0,.: C, 55.80; H, 7.03. Found: C, 55.78; H, 7.01.
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