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COCH2), 3.15 and 3.31 (each 3 H, each s, each TV-CH3), 5.30 
(2 H, m, NHCH2), 6.90 (1 H, br s, 5-NH, deuterium ex
changeable), 9.40 (1 H, br s, 9-NH, deuterium exchange
able). 

This method is not only useful as a new method for synthe
sizing the lumazines as described above but also it is widely 
applicable as a general method for the synthesis of 7-azalu-
mazines (fervenulins). 

Thus, after irradiation of 1 (0.011 M) and formylhydrazine 
(0.033 M) in THF for 3 h with aeration, the solvent was 
evaporated therefrom, and the residue was subjected to column 
chromatography (silica gel-chloroform) to obtain fervenulin 
(6a, R = H), mp 174-175 0C (lit.9 mp 178 0C), in 55% yield. 
The structure was identical with an authentic sample prepared 
according to the procedure reported by Yoneda et al.10 

Similarly, a mixture of 1 and various acylhydrazines in THF 
was irradiated to give the corresponding 3-substituted fer
venulins (6b-e) in high yields (see Table II). 

We have also studied a reaction of 1 with amino acid esters, 
amino ketones, or acylhydrazines with heating but we could 
not isolate the desired products. This suggests that the for
mation of these lumazines and fervenulins requires photo
chemical activation. 
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A Translactonization Route to Macrocyclic Lactones 

Sir: 

The invention of new synthetic methodology is one of the 
more crucial metiers for the development of effective syntheses 
for complex biologically active macrocyclic lactones and lac
tams.1 In this communication we demonstrate that internal 
translactonization (i.e., internal transesterification) represents 
a useful new approach to the generation of macrocyclic lac
tones. The reversibility of the translactonization reaction, 
under either acid or base catalysis, implies that this process 
normally will lead to thermodynamically controlled products. 
Thus, it can also be expected to provide quite precise infor
mation concerning the relative stabilities of isomeric lactones 
of different ring size. The general type of translactonization 
which is described herein can be summarized by eq a. 
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There are a number of aspects of this reversible change 
which can be anticipated on general structural and mechanistic 
grounds. For example, if x = 2 the 7-lactone A can be expected 
to be considerably more stable than the larger cycle B; thus the 
observed transformation in this series will be ring contraction 
(B -*• A) and not ring expansion. Also the rate of the inter-
conversion can be expected to drop as y increases from 1 to 2 
to 3 to 4 (= transition state bridge ring sizes 5,6, 7, 8, respec
tively). 

The lactone acid I,2 mp 66-67 0C, IR max 1711 and 1726 
cm - 1 (film),3 was reduced to the corresponding primary al
cohol (2, oil) by reaction with 1.1 equiv each of triethylamine 
and ethyl chloroformate in THF to form the mixed anhydride 
and treatment with 4 equiv of sodium borohydride at 0 0C for 
15 min (83% overall yield). Exposure of the 9-membered lac
tone 2 to 1 mol %p-toluenesulfonic acid in methylene chloride 
at 23-25 0C for 2 h effected internal translactonization to form 
the 12-membered hydroxy lactone 3 in 97% yield (IR max in 
CHCl3 at 1723 cm -1), also characterized as its acetate (4, 2 
equiv of acetyl chloride-pyridine in methylene chloride at 25 
0C for 2 h, 97% yield). The transformation of 2 into 3 could 

1, X=COOH 

- 0C0 
OR 

also be effected (more slowly and somewhat less efficiently) 
by heating with 2 equiv of l,5-diazabicyclo[4.3.0]non-5-ene 
(DBN) in dimethylformamide (DMF) at 120 0C for 25 h.4 

The ring expansion of 2 by three members to form 3 is ob
viously driven mainly by the relative instability of the 9-
membered cyclic system.5 

The acid 1 also served as a starting point for the generation 
of a 15-membered lactone by a six-carbon ring expansion. 
Conversion of 1 to the 2-pyridinethiol ester6 followed by re
action in THF with the Grignard reagent from 3-tert-buty\-
dimethylsilyloxy-1-bromopropane7 (excess magnesium turn
ings in THF at 23 0C under argon) afforded60 the keto lactone 
5 in 84% yield. Reduction of 5 with sodium borohydride in 
ethanol at 0 0C followed by desilylation with 3 equiv of tetra-
n-butylammonium fluoride in THF at 23 0C gave the dihy-
droxy lactone 6 (90%). Ring expansion of 6 was effected by 
treatment with a catalytic amount of p-toluenesulfonic acid 

OR 

OR 
£, X = CO(CH ) OSiMe tBu 

in methylene chloride at 23 0C for 36 h to give the 15-mem
bered lactone 78 in 90% yield as a mixture of cis and trans 
isomers (ratio ~1:1). The cis and trans diol lactones 7 were 
separated by chromatography on silica gel (2:1 methylene 
chloride-acetone). Each of the pure isomers was converted to 
the corresponding diacetate 8 in >95% yield using acetyl 
chloride in pyridine at 23 0C. The same lactone diols 7 were 
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independently synthesized from the dihydroxy keto acid 9 by 
the following sequence: (1) lactonization of the 1-isopropyl-
4-?er/-butyl-2-thiolimidazole9 ester using the double activation 
method53 to give 10 in 78% yield and (2) reduction by sodium 
borohydride in ethanol at 0 0 C . " 

O 

10 

:OOH 
HO OH 

A number of other informative experiments on translac
tonization have been performed which can be summarized 
briefly (items I-IV below). 

I. The 8-membered hydroxy lactone l l ,1 la the lower 
homologue of 2, undergoes ring expansion (3 mol % p-tolu-
enesulfonic acid in methylene chloride, 24 h, 0 0C) somewhat 
more slowly and less efficiently12 than 2, to form the 11-
membered lactone 12 in 69% yield. 

(CH 

O 
^ 4 V 

H^(CH2J3OH 

11, n = 5 

13, n = 4 

II. The 7-membered hydroxy lactone 13' , b does not undergo 
observable ring expansion to the 10-membered lactone 14 (3 
mol %p-toluenesulfonic acid in methylene chloride, 6 h, 25 0C) 
and is converted (65%) only to polar materials.12 In this case 
it is probable that the 7-membered lactone 13 is more stable 
than the 10-membered isomer 14. 

III. The 7-membered lactone 1513 is converted by storage 
at 23 0C either neat or in chloroform solution for 3 days into 
an equilibrium mixture of 15 and 16 (ratio 35:65). The same 
mixture is generated rapidly (<1 h) at 0 0C with 1 mol %p-
toluenesulfonic acid in methylene chloride. 
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IV. The 7-membered lactone 17 undergoes translactoniza
tion to form an equilibrium mixture of 17 and the 10-mem
bered isomer 18 (ratio 1:1). However, under either basic or 
acidic equilibration conditions none of the 14-membered lac
tone 19 which is to be expected from further translactonization 

HO CH 3 

can be detected, clearly because of an unfavorable rate rather 
than unfavorable equilibrium.5 The ring expansion 18 —»• 19 
(by four members) necessitates an 8-membered cyclic tran
sition state which is evidently much more difficulty attained 
than the 7-membered cyclic structure involved in the other 
translactonization processes outlined above. It seems likely that 

the general translactonization scheme indicated by eq a is 
generally workable only for y = 1, 2, or 3 and not y = 4. 

Based on relative stabilities of various lactone ring sizes5 and 
the constraint that y = 1, 2, or 3 in eq a, the following ring 
expansions can be expected to be most favorable (in terms of 
lactone ring size): 

8 -* 11 — 13 or 14 

9— 12 — 14 or 15 

10—13 

In these instances ring expansion may also be facilitated by the 
presence of one or more substituents which can be accommo
dated more readily on the larger ring. Finally it seems likely 
that the basic approach outlined here will also serve for the 
synthesis of macrocyclic lactams, e.g., 20 —• 21. This and other 
extensions of our work are being pursued.14 
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Homoenolate Anion Precursor. Reaction of Ester 
Homoenol Silyl Ether with Carbonyl Compounds 

Sir: 
Recognition of homoenolization1 is a much newer event 

compared with that of enolization, and synthetic chemists have 
not paid any significant attention to this phenomenon (for
mation of 1 or 2) until quite recently.2 

However, the concept of homoenolate anion 2 has become 
one of the major subjects with respect to polarity inversion3 (or 
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