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New Synthetic Reactions. Double Chain Extension 

Sir: 

We wish to report that carbon can function as a nucleofugal 
atom in the Grob fragmentation and consequently can allow 
chain extension of an a,0-unsaturated carbonyl system at both 
the carbonyl group and the /3 carbon as outlined in eq 1. Nu-
cleophilically triggered ring opening of doubly activated cy-
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V c = 0 C-Z 
Il 
0 

Y ' C H 

clopropanes has generated a number of useful reagents and 
novel synthetic strategy.1-4 The driving force provided by 
cleavage of cyclobutanone rings in secoalkylation,5,6 when 
combined with the cyclopropanation of olefins, offers a unique 
opportunity to extend both termini of an a,/?-unsaturated 
system where the two ends are differentially functionalized and 
the double bond is introduced stereo- and regioselectively be
tween the carbonyl carbon and the a carbon of the starting 
enone. 

In a fragmentation such as illustrated in eq 1, ~55 kcal/mol 
of strain energy is released. To ascertain how much of a driving 
force this provided, we attempted to cleave cyclobutanone (1) 
unsuccessfully by refluxing in methanolic sodium methoxide 
for 3.5 days. For comparison, epoxycyclobutanone (2) frag-

'XO 2 C 2 H 5
 u 

X ~ 

ments in 10 min at room temperature.7 On the other hand, the 
presence of a second substituent on the cyclopropane ring does 
lead to success. 

Addition of di-terf-butyl bromomalonate8,9 to methyl vinyl 
ketone (KOC4H9-J, /-C4H9OH, 15 0C) gave the crystalline 
cyclopropane 3, mp 51-53 0C.10 Cyclobutanation to 49 used 

X _ J C H 3 ) 3 C 0 2 C ^ A _ ICH3I3CO2C 
Ii f i -H . l . rn . r^ (CH3I3CO2C (CH3I3CO2C 

_CH302Cy^^^-C02CH, 
CO2CH3 

diphenylsulfonium cyclopropylide (precursor salt, KOC4H9-?, 
Me2SO, room temperature) followed by lithium fluorobo
rate ) (PhH, room temperature, 82%)." The mixture of di-
asteromers of 4 was directly subjected to sodium methoxide 
in refluxing methanol which cleanly produced the E and Z 
isomers of fragmented product 59 in 74% yield in which 
transesterification accompanied fragmentation. 

To determine the stereospecificity of the reaction, 4 was 
converted to its methyl esters (CF3CO2H, 0 0C, then CH2N2, 
ether) 6a9'12 and db912 which were separated by VPC.13 

Subjection of each pure isomer to the fragmentation reaction 
led to the correspondingly isomerically pure olefins 5a9'12 and 

CO2CH 

CH 3 O 2 C^CO 2 CH 3 
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CH3O2C 

CH3O2C 
CH3O2C 
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CO2CH3 

O2CH3 

5b 

5b9'12 in 80 and 84% yields, respectively. The stereochemistry 
of the olefins follows from the higher field position of the 
protons and carbon of the vinyl methyl group in the E isomer 
5a (1H NMR 5 1.64, 13C NMR h 15.9) compared to the Z 
isomer 5b (1H NMR 5 1.68,13C NMR 5 22.9). 

Having established the stereospecificity of the fragmenta
tion, we endeavored to find a simple system in which cyclo
butanone formation was highly stereocontrolled. Indeed, a 
single cyclobutanone was obtained from 2-methacrolein by 
first cyclopropanating (BrCH(C02C4H9-?)2,(CH3)2NC-
(=NH)N(CH3)2, DMF, room temperature) to 7,9'14 mp 
99-101.5 0C and then cyclobutanating with diphenylsulfonium 
cyclopropylide (precursor salt, KOH, Me2SO, room temper
ature, then LiBF4, PhH, room temperature) to 8.912 Both 1H 
and 13C NMR12 and chromatography establish the stereo-
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homogeneity of the cyclobutanone. Since use of different re
action conditions produced a mixture of cyclobutanones, we 
confirmed that these spectral tools do differentiate the isomers. 
The stereochemical assignment of 8 is based upon the stereo
chemistry of the olefin produced upon fragmentation and as
suming the normal anti stereochemical course. 

Direct treatment of 8 with methanolic base led to elimina
tion via the enolate rather than fragmentation.15 Reduction 
of ketone to the alcohol (i.e., 9) precludes such problems. In
deed, treatment of 8 with a methanolic solution of recrystal-
lized sodium borohydride and magnesium methoxide at 0 0C 
for 30 min and reflux for 40 h (to ensure complete transester-
ification) led cleanly (85%) to ll.9 '12 The intermediate alde-

HO 

ĈHO 

JS 

CH3O2C 
CH3O2C'' 

hyde 10 underwent reduction to the alcohol under these con
ditions. Spectral data12 establishes the homogeneity of this 
compound and allows assignment of the E configuration as 
depicted (1H NMR 5 1.60 (3H, s), 2.59 (2 H, d); 13C NMR 
6 15.6), whereas the mixture of olefin isomers obtained by 
fragmentation of the isomeric mixture of cyclobutanones shows 
the presence of the Z isomer (' H NMR 5 1.68 (s), 2.66 (d);' 3C 
NMR <5 22.7) in addition to the E isomer. The ability of the 
alcohol to fragment cleanly bespeaks of the driving force 
provided by strain release. 

This methodology allows the addition of a two carbon and 
three carbon unit both terminating in an oxygen functionality 

o-c-c-

0 
• C = ^ - C • •c-c-c-o 

to the 0 and carbonyl carbons of an a^-unsaturated system 
with regiospecific migration of the double bond to the position 
between the a and carbonyl carbons. Furthermore, this double 
bond can be formed with complete stereochemical control and 
the oxygen functionality at trie two termini can be easily dif
ferentiated for selective manipulation. A flexible intermediate 
such as 11 can serve as a precursor to many acyclic terpene 
units (Scheme I). By standard methods, it can be elaborated 
at either end as was performed for conversion of 11 to pure 
(fj-geranylacetone. The comparison of our synthetic com
pound to an authentic sample further confirmed the stereo
chemical assignment of 11 as well as its stereohomogeneity. 

Carbon leaving groups are relatively rare. As pointed out 
by Stirling,16 leaving group ability decreases according to 

Scheme I 

65,68* 
,OTHP.£'d 'e 

_0THP 

f.d.g.d 
22*>overall 

(a) NaOH, H2O, reflux, then CH2N2, ether, (b) DHP, TsOH, ether, 
0 0C to room temperature, (c) Vitride, PhH, 5 0C. (d) NCS, (CH3)2S, 
PhCH3, -25 0C, (C2Hs)3N. (e) (CH3)2CPPh3, THF, - 4 0 0C to room 
temperature, (f) TsOH, CH3OH, room temperature, (g) CH3Li, ether, 
O0C. 

group of the periodic table to which the connecting atom 
belongs in the order group 6 > group 5 » group 4. Indeed, in 
the comparison of fragmentation of 2, 4, and 1, the relative 
rates of ~ 1 , 1O-22, and <10 - 4 verify this trend. On the basis 
of energetics in which the difference in p#A of the conjugate 
acid of the leaving group is taken into account, fragmentation 
of 1 would be expected to be about 10 kcal/mol less exothermic 
than that of 2 in accord with their relative rates. In contrast, 
fragmentation of 4 could be expected to be 4 kcal/mol more 
exothermic than that of 2 in opposition to their relative rates. 
Thus, strain and stability of the resulting anion do not alone 
determine transition-state energies. One rationalization is the 
differential hydrogen bonding of the solvent to the nucleofuge. 
We believe this represents the first case of carbon serving as 
the nucleofugal group in a Grob fragmentation.17 While the 
generality of such an observation remains to be established, 
these results do establish an upper limit to the type of carbon 
leaving group that is required. The possibility of this new type 
of leaving group has the potential of expanding the scope of 
Grob fragmentations in synthesis.18 
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Cycloheptatrienyl and Heptatrienyl Trianions 

Sir: 

The third member in the series of 1Ox aromatic anions that 
begins with cyclononatetraenyl anion1 and cyclooctatetraene 
dianion2 is cycloheptatrienyl trianion (la). Its heptaphenyl 
derivative was a possible reaction intermediate;3 reduction of 
cycloheptatrienyl dianion radical with potassium and sodium 
gave "no unambiguous evidence" for trianion la itself.4 We 
wish to report metalation routes to the trilithium salts of la, 
its «-butyl derivative lb, and its linearly conjugated analogue, 
i.e., heptatrienyl trianion (2). 

? f Us-R=H 
K^^f^y 11Hb1R=D 

R 
As reported earlier,5 allylic metalation of diene 3 gave, along 

with larger amounts of dianion, up to 18% yield of cross-con
jugated trianion 4 (simple Huckel MO total x energy, E1, = 
I Oa + 6.8(3), and this led us to try to similarly prepare cyclic 
trianion la (E1, = 10a + 7.2/?). Either 1,4-cycloheptadiene 

3 4 

(5c) or 1,3,6-heptatriene (6)6 on standing with 3 mol of «-BuLi 
(1.8 M in hexane) and 3 mol of tetramethylethylenediamine 
(TMEDA) at room temperature for 3-10 days gave a black 
precipitate which apparently contained the trilithium salt of 
la solvated by TMEDA, in ~70% yield as indicated by the 
following evidence: (a) quenching with D2O gave a 70% yield 
of a mixture of 5a and 7a with the latter predominating, the 
degree of deuterium incorporation being indicated by mass 

1 • 1 * • • • • I • • • • ' j • • • ' 

' • • ' • ' ' r 1 ' * * ' 

6 0 3.0 PTM ' * ' < 0 

Figure 1.60-MHz 1H NMR spectrum of cycloheptatrienyl trianion (la, 
peak at 5 4.4) in hexane-TMEDA; other peaks visible are due to cyclo-
heptadienyl monoanion. 

spectrometry and the location of the deuteriums by 1H NMR; 
(b) quenching with diethyl sulfate7 gave a 70% yield of 
triethylcycloheptadienes 5b and 7b (not separated, but mass 
spectrum and 1H NMR consistent with these structures); (c) 
between 2 and 12 h after mixing the reactants, a singlet at 5 
4.55 ±0.15 is observed in the 1H NMR (Figure 1) and a sin
glet at 5 66.0 in the ' 3C N MR, after which time the tube was 
clogged with black precipitate (these values are close to those 
predicted for la by extrapolation from the cyclononatetraenyl 
anion1 and cyclooctatetraene dianion2 values); (d) the ap
pearance of the ESR signal expected for cycloheptatrienyl 
dianion radical dilithium (^H = 3.52 and a\_\ = 0.83 G8), 
highest concentration estimated at 10 -5 M, accompanies the 
development of the black color (this species is most likely 
formed in this system by loss of an electron from trianion 
la).9 

Surprisingly, attempts to prepare acyclic trianion 2 (E1, = 
10a + 6.5/3) by metalating 1,6-heptadiene (8) gave instead 
cyclic trianion la, as indicated by its D2O quench products 5a 
and 7a. This requires an oxidation, which apparently occurs 
by the expulsion of lithium hydride10 by an anionic interme
diate which is most likely dianion 9; the resulting heptatrienyl 
anion then proceeds to la as above." On the other hand, me
talation of 1,4-heptadiene (10) with a large excess of n-
BuLi-TMEDA followed by quenching with water gave an 
essentially quantitative yield of a heptadiene mixture consisting 
(GC and 1H NMR comparison with an authentic sample) 
almost entirely of 2,4-heptadienes (Ha); when the quench was 
with D2O, this product was 35% monodeuterated, 45% di-
deuterated, and 20% trideuterated, indicating the formation 
of some of the trilithium salt of linearly conjugated trianion 
2.12 

Monoalkyl derivatives of la, e.g., Ib, can be prepared in one 
step by mixing cycloheptatriene with 3 mol of the appropriate 
alkyllithium and 3 mol of TMEDA; the initial addition6 is 
followed by two metalations. 

Thus, of the three trianions la, 2, and 4, the former, cyclic 
and aromatic, is as expected the most easily prepared. Like 
other aromatic anions, it may prove to be an interesting H-
gand. 
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