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Abstract : A systematic study of the intramolecular Wittig reactions of w-aldehydophosphoranes 5 has
been performed and indicates that the amounts of monounsaturated lactones 6 and dilactones 7 is dependent
on chain length.

Intramolecular Wittig type reactions have often been used in synthesis especially for the preparation
of five and six membered rings 2. They also represent one of the most useful methods of ring closure for
the synthesis of macrocycles and their use in the preparation of macrolides, for instance, is well documented
3,4, To the best of our knowledge, however, there is no report of studies of these reactions for the synthesis
of medium sized rings. Consequently, this note describes a short and facile synthesis of -
aldehydophosphonium salts 1 and reports the results from a systematic study of the intramolecular Wittig
reactions of the phosphoranes obtained from 1.

Br, Ph3P+-CH2-(|3|-O-CH2-(CH2)n-CH2-CHO
| 0 n=1to7
Synthesis of the phosphonium salts 1
Bestmann and Schobert have reported an elegant approach to such salts, using cumulated ylid

chemistry, during their synthesis of o, B-unsaturated monocyclic lactones 4. We have studied a short {only

3 steps) synthesis of compounds 1 starting from commercially available w-diols 2 (scheme 1).

HO-CH,-(CH,),-CH;CH,OH — & BrCHZ-ﬁ-O-CHZ-(CHz)n-CHZ-CHZOH

2 o] 3
3 BrCHz-(II'-O-CHZ-(CHz)n-CHz-CHO i
4

i : NaH then BrCOCH;Br, THF, 40-68 %
ii : PCC, AcONa, CH,Cl5, 68-79 %
iii : Ph3P, CH3CN, R.T., 81-98 %
Scheme 1
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The monoesterification of 2 is possible using the methodology first described by McDougal for their
monoprotection ¥ : the sodium monoalcoxide salt of 2 reacts with bromoacetylbromide (1 eq.) to give 3,
contaminated in most cases by only small amounts of the diesterified derivatives which are easily separated
by chromatography. Oxidation of 3 using PCC and sodium acetate ¢ gives aldehydes 4 which, after
reaction with PPh;, lead to the desired phosphonium salts in good overall yields (36-51 % from 2).

Intramolecular Wittig reactions

The phosphoranes § can, in principle, show several types of Wittig reactivity (scheme 2) leading not
only to the &, B-unsaturated lactones 6 but also to the dimeric species 7 or to the trimeric lactones 8. For all

these compounds E and Z isomers have to be considered and oligomerization or
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polymers

Scheme 2

polymerization may also occur. Many factots including solvent, temperature, base used for the preparation
of 5, and concentration of the reactants, play a role in these reactions. After considerable experimentation, it
has been found that the best overall yields (78-86 %) are obtained using Et3N in refluxing acetonitrile under
high dilution conditions 7-8.

In cach case, the mixture of lactones which is obtained is separated by flash chromatography and
characterized by physical and spectroscopical data. In the case of 7e, the assigned structure was confirmed
by an X-ray analysis 9, The isolated yields of the different products are given in table 1 and several points
are worthy of note :

- The intramolecular Wittig reaction is more difficult in the medium size range (n = 2 to 5) though there is
still an appreciable amount (10 to 28 %) of the monomeric (Z) derivative. This is somewhat unexpected, not
only because of the known difficulties in the synthesis of these rings but also because reaction of stabilized
ylids is usually E-stereoselective. Also in those cases (n = 2 to 5) the amount of dimers and trimers is higher
(see diagram 1).
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&0
6 7 (ZF) |7 (EE)| 8 (EEE)
*®
1a (n=1) | 70 % (Z) - 15% - 60 |
1b (n=2) | 28 % (2Z) 2% 41 % 7%
= 40 |
-]
le h=3) | 10%(Z) 4% 47% 20% | &
20
Id (n=4) | 15%(Z) 4% 51% 11 % b
le (n=5) | 25%(2) 5% 51% 5 % o
6 14
If (n=6) | 55%(E) - 28 % -
number of atoms in the monomeric species (= n + 6)
1g (n=7) | 62 %(E) - 20 % - + : monomers 6
0 : dimers (E,Z + E,E) 7
* mixture of the conjugated 6aand non-conjugated derivative X :trimers 8
6’a .
Table 1. Isolated yields from the reaction of phosphoranes 5. Diagram 1

- The seven membered lactone has been isolated as a 1/l mixture (which could be separated by
chromatography) of 6a and 6’a. These are in equilibrium under the basic conditions used for

= Et3;N J
o 0
—
Q: — Q:

6a 6’a

the reactions 10,

- Mconomers 6a-6e were found to exist as their Z-isomers whilst 6f and 6g had the E-configuration.
Dimers 7 were predominantly the E,E isomers whilst for trimers 8, only the E,E,E derivatives could be

isolated.

In conclusion, this approach appears very useful for the preparation of seven membered lactones and for
those lactones with n = 5. Although the yields of the intramolecular Wittig reactions are lower, this route
gives a valuable entry into the medium sized derivatives 10 since the starting phosphonium salts 1 are easily
and quickly obtained. This method is also particularly useful for the preparation of the dimeric lactones
having 18 to 22 atoms. Another approach to the 14 to 16 atom-dimers, which are interesting as

macrodiolide models, will be described in the following paper.
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