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acid 15, from which the amino acid 16 was derived under Ganem's 
conditions.24 Following ion-exchange chromatography (Bio-Rad 
Ag 50W-X8, eluting with 20% aqueous pyridine) and crystalli
zation from acetone-water, 16 was obtained as white fluffy 
crystals: mp 118-120 0 C dec; IR (KBr) i/max 1990 cm"1 ( C = 
C = C ) ; 1H N M R (80 MHz, D2O) 5 1.9-2.7 (m, 4 H, CH 2 CH 2 ) , 
4.05 (m, 1 H, C H N ) , 6.25 (br t, 1 H, J « 5.4 Hz, H C = C = C ) , 
7.5 (ddd, 1 H, J = 1.5, 5.6, 84.5 Hz, H F C = C = C ) ; 1 9 FNMR 1 6 c 

(75 MHz, D2O) 5 -160.9 (br dd, / = 8.44, 84.6 Hz). Anal. Calcd 
for C 7 Hi 2 FNO 3 : C, 47.45; H, 6.83; N, 7.91. Found: C, 47.92; 
H, 6.08; N, 7.85. MS, m/z (EI) 139 (M - HF) + , (CI, NH 3 ) 160 
( M H + ) . 

In summary, a simple and versatile two-step synthesis of 
fluoroallenes from acetylenes has been described. Use of this 
methodology resulted in the preparation of the multifunctional 
amines 9 and 10 and amino acid 16. Fluoroallene chemistry and 
enzymology is currently under investigation. 
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The universal presence of five- and six-membered ring ketones 
among organic molecules has made the Dieckmann condensation1 

a central ring-forming reaction in organic chemistry. The utility 
of the Dieckmann condensation is further enhanced by the al-
kylation-decarboxylation sequence leading to a virtually limitless 
variety of a-substituted cyclopentanones and cyclohexanones. Any 
additional flexibility that serves to enlarge the scope of the Di
eckmann condensation will be valuable, since this reaction is an 
important component of synthetic design.1 We have discovered 
a novel adjunct to the Dieckmann reaction that permits convenient 
and completely regioselective ring expansion of the £?-keto ester 
Dieckmann products. It is of special value because it permits the 
easy preparation of seven- and eight-membered rings. 

In a representative sequence, reaction of methyl 2-cyclo-
pentanonecarboxylate (1) with dibromomethane and sodium 
hydride in refluxing tetrahydrofuran yielded the bromomethyi 
adduct 2. When the latter was treated with tri-n-butyltin hydride 
in refluxing benzene with a catalytic amount of AIBN, smooth 
rearrangement to the ring-expansion product, methyl 3-cyclo-
hexanonecarboxylate (3), occurred in 75% yield. Likewise (Table 
I), the six- and seven-membered ring /3-keto esters 4 and 8 undergo 
regiospecific ring expansion by a one-carbon unit to the seven-
and eight-membered 7-keto esters 6 and 10. The open-chain 
/3-keto esters 12 and 18 and even the corresponding enamine 15 
undergo chain extension to 14, 20, and 17 in good yield by this 
method (Table I).2"4 

Much remains to be done to establish the mechanism of these 
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(4) For ring expansion of a cobaloxime complex of 2-methylene-2-cyclo-
pentanonecarboxylate, see: Okabe, M.; Osawa, T.; Tada, M. Tetrahedron 
Lett. 1981, 22. 1899. Lowe, J. N.; lngraham. T. H. J. Am. Chem. Soc. 1971, 
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Table I. Tri-«-butyltin Hydride Promoted Rearrangement of 
Bromomethyi Substituted /3-Keto Esters (% Isolated Yield)" 

O 

A 
W 

1 

0 

A O 
4 

0 

A 
L 

B 

0^ 

CH3 

COOMe 

COOEt 

COOMe 

> 

^COOEt 

I 
COOEt 

12 

O 

1 NaH Ji^ /^.COOMe Bu3SnH f l 

2 CH2Br2 \_J 

2(67) 

0 
I I CH2Br 
U ^ C O O E t -u -

5(78) 

0 
[ I CH2Br 

JJ / COOMe -u 
9(79) 

O^ COOEt 

- X -CH3 I COOEt 
CH2Br 

13(26) 

AIBN l \ ^ J \ 
COOMe 

3 ( 7 6 ) 

r A A^3OOEt 

' \ -A C O O E , + kJ 
6(73) 7(trace) 

/ ~ \ X / c O O M e 

\ " - 7 OOOMe \ / 

10(71) H(trace) 

O x ^ C O O E t 

T c H 3 

Y 
COOEt 

14(76) 

1 -1 
HN COOEt N „ COOEt N COOEt 

X "* X "X^ 
CH3 COOEt C H 3 - T ^ C O O E t J~ 

CH2Br I 
16 COOEt 

16(22) 17(80) 

O CH3 

COOEt J l COOEt 

C H 3 ' " ] C H J ^ T y CH3 

CH3 CH3 CH2Br 
20 (64 ) 

18 19(70) 

"All new substances had satisfactory NMR, IR, and mass spectra, 
including exact mass determination. 'The NMR spectrum, the mass 
spectrum and the exact mass determination established the identity of 
the product Schiff base 17, but chromatographic isolation yielded the 
keto ester 14. 

reactions with finality, but it seems reasonable at this stage to 
assume that the ring-expansion reaction involves the generation 
of free radical intermediates and that attack on the carbonyl group 
is the key step in the rearrangement. The literature contains strong 
indications that this should be a viable process.5 8 Thus, we 
envision (Scheme I)9 that the reaction proceeds through tri-n-
butyltin hydride promoted production of the primary radical 
followed by attack of the latter on the neighboring carbonyl 
group." The resulting alkoxy radical then undergoes ring cleavage 
to yield the stabilized radical adjacent to the ester. 

(5) Bentrude, W. G., Danall, K. R. J. Am. Chem. Soc. 1968. 90, 3588. 
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J. L.; Schneider, W. P.; Kagan, F. J. Org. Chem. 1963, 28, 755. Suginome, 
H.; Sato, N.; Masumune, T. Bull. Chem. Soc. Jpn. 1969, 42, 215. Suginome, 
H ; Sato, N.; Masumune, T. Tetrahedron Lett. 1967, 1557. Heusler, K.: 
Kalvoda, J. Angew. Chem., Int. Ed. Engl. 1964, 3, 525. 
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Doch, W.; Schwartz, H. Chem. Ber. 1986, 119, 3528. 
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Chem. Soc. 1961, 83, 4481. (b) Reusch, W.; Johnson, C. K.; Manner, J. A. 
J. Am. Chem. Soc. 1966, 88, 2803. We thank Professor Lawrence Mont
gomery for ref 8b. 
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In addition to the insertion product, we also observe the direct 
reduction products 7 and 11 in the seven- and eight-membered 
ring-forming reactions. This undesired branch in the reaction can 
be completely suppressed by carrying out the reaction under dilute 
conditions in which the tri-n-butyltin hydride is added slowly with 
a syringe drive. Direct reduction is not a problem with the 
five-membered ring (Table I, entry a) which undergoes ring ex
pansion under normal conditions of concentration (5 mM). In 
this instance, ring closure is fast relative to the chain transfer that 
leads to unrearranged reduction product. 

There is an interesting sidelight. As noted above, we find that 
the Schiff base 16 rearranges readily under these circumstances. 
The latter does not rearrange (in a parallel investigation12) upon 
treatment with vitamin B12s, whereas the a-keto ester 13 rearranges 
when treated with either tri-«-butyltin hydride or with vitamin 
812s-

The transformation reported here constitutes an alternative to 
the Nagata reaction and may be useful in instances where the 
appropriate a,/3-unsaturated ketone is not readily available. 
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Recently there has been considerable interest in the fundamental 
question of when, where, and how the metallic character begins 
and ends.2"7 In other words, how many metal atoms must one 
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Figure 1. Optical (UV-vis) spectra of (a) (Ph3P)12Au18Ag20CIi4 (1) in 
ethanol, (b) colloidal Au particles in aqueous solution, and (c) colloidal 
Auo.22Ago.7s particles in aqueous solution. Inset: solid curve, composition 
dependence of the energy of plasmon frequency of colloidal Au-Ag 
particles in aqueous solution; dashed curve, computer simulation. The 
arrow indicates the position for the Au18Ag20 (1) cluster. 

put together in a cluster before it begins to look and behave like 
a metal? Conversely, how fine a metal particle must be before 
it ceases to be a metal? As cluster size increases from ~ 102 atoms 
to ~ 103 atoms, there is a transition from one extreme of chemical 
and physical behavior of molecular species to the other extreme 
of bulk properties. It is generally believed, and in many cases 
has been demonstrated, that unusual size-dependent properties 
can occur in the intermediate size range, the quantum size re
gime,2-7 where there are tens to thousands of atoms. The fact 
that discrete metal clusters8 of definitive size and shape provide 
an opportunity to study the evolution of band structure from the 
atomic to the solid state has sparked intense interest in the syn
thesis and characterization of high-nuclearity metal-cluster sys
tems. 

Recently we reported the synthesis and structure of a novel 
38-atom cluster (Ph3P)12AUI8Ag20CIi4 (I).

9 The metal framework 
can be described as a three-centered icosahedra sharing three 
vertices in a cyclic (triangular) manner plus two capping atoms 
on the 3-fold axes (nuclearity = 3X 1 3 - 3 + 2 = 38), measuring 
approximately 15 A in diameter. Its optical spectrum is depicted 
in Figure 1, curve a. The most striking feature is the 495-nm 
absorption maximum in the visible region responsible for the 
intense cherry-red color of the solution.10 This absorpton fre-
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