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sive ammonium sulfate precipitations and calcium phos
phate gel treatment produced an enzyme preparation in 
which the specific activity was 20-fold greater than pre
viously reported.1 To a cold (0°) solution of dehydro-
quinase (1.92 units/mg) in 5.0 ml of Tris buffer (pH 7.4, 
0.03 M) was added 1.0 ml of 0.76 M sodium borohy
dride in water over a period of 30 min. The pH was 
maintained between 7.5 and 8.0 by the dropwise addi
tion of 0.5 JV acetic acid. After dialysis against Tris 
buffer, the activity of the enzyme was 1.65 units/mg. 
Another solution containing substrate I5 (0.735 mmol) 
and enzyme was treated with sodium borohydride in an 
identical manner. After dialysis the specific activity 
of the enzyme isolated from this solution was essentially 
inactive with a maximum activity of 0.0272 unit/mg.6 

Deactivation of enzymes by sodium borohydride only 
in the presence of substrate is diagnostic of a Schiff base 
intermediate in enzymatic systems.7-9 We therefore 
propose that the dehydration occurs via Schiff base 
formation between the enzyme and 1 as formulated 
below. 
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Mechanism of the Base-Promoted Cyclodimerizatlon 
of Cycloheptatriene 

Sir: 

Theoretical considerations suggest that the cyclo
heptatrienyl anion (1), one of the simplest "antiaromatic" 
carbocyclic w systems, will suffer Jahn-Teller distortion 

from a triplet state of D^h symmetry to one or more 
lower symmetry and lower energy singlet states.1 

Because of the possible availability of a variety of 
thermally accessible states, the chemical behavior of 
this highly reactive species represents an interesting 
problem.23 We now report a remarkably rapid and 
highly regio- and stereoselective base-promoted cyclo-
dimerization of cycloheptatriene and present evidence 
for the intermediacy of the cycloheptatrienyl anion (1) 
in this novel process. 

When cycloheptatriene (2) is added to a 0.7 M 
solution of potassium amide in liquid ammonia at 
— 33° a deep red-brown color is formed immediately. 
Upon quenching into saturated aqueous ammonium 
chloride-pentane after 10 min a mixture of cyclohepta
triene dimers consisting predominantly of 4 (81 %) and 
5 (16%) was obtained. Isolated yields were as high as 

H1, 14 Hi, 

N H , 

ch^y 
88%. The nmr spectrum of the initial red-brown 
solution, obtained at —55° in ammonia-^,4 is com
pletely consistent with anion 3. The spectral param
eters for 3 (Table I) are closely analogous to those for 

Table I. Nmr Spectral Data for 
Tricyclo[7.4.1.02.8]tetradeca-3,5,10,12-tetraen-7-ylpotassium(3) 
in Ammonia-^ at —55° 

Proton(s)a 

Hi, H9 

H2, Hs 
H3, H7 

H4, ri6 
H5 

Chemical 
shift 

(ppm)6 

2.25 
3.17 
3.75 
5.77 
3.18 

Proton(s)a 

H10, H13 
Hn, Hi2 

Hi4a 
Hub 

Chemical 
shift 

(PPm)6 

~ 6 . 2 
~ 5 . 8 

0.80 
3.03 

a Ji.is » /1,14b ~ 6.9; Jn = 7,8 = 4.0; /34 = Jm = 10.5; Z43 = 
J-a6 = 8.0; /35 = Jn = 1.2; Jn « 8̂9 ~ 0 Hz; Ju*,ub » 12 Hz. 

2.135) was used as an internal standard. 

bicyclo[4.2.1]nona-2,4-diene,5 bicyclo[4.2.1]nona-2,4,7-
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triene6 and its 7,8-benzo derivative,7 and for various 
cycloheptatrienyl anions.8 Analysis was also aided by 
the elucidation (by 220-MHz nmr spectroscopy) of the 
structures of dimers 4 and 5.9 The fact that / i 2 = J%% 
« 0 Hz indicates that the stereochemistry of 3 at the 
ring fusion is cis, exo. 

The observation of the above cycloaddition raises two 
interesting questions; viz., is the cycloheptatrienyl 
anion (1) an intermediate in the reaction and, if so, is 
the cycloaddition process concerted or nonconcerted? 
The answer to the first question is by no means clear in 
view of the recognized facility of addition of strong 
bases to the cycloheptatriene ring.10 The mechanism 
shown in Scheme I, for example, finds close analogy for 

Scheme I 

NH, NH, 

NH 3 

C7H, KNH, 

the initial step in the attack by amide on 7,7-dimethyl-
cycloheptatriene (6)8d at 25 ° to afford anion 7.10° 

N H , 

In order to establish the intermediacy of 1,1,3,5-cyclo-
heptatriene-/,2,3,4,5,<5-</6 (8) was prepared11 and treated 
with potassium amide in liquid ammonia at —33° for 
10 min followed by proton quenching (water). In the 
absence of rapid proton exchange or scrambling in 8, 
the following proton distributions in dimer 4 would be 

-*• 4 a 

via Scheme I 

D > 4b 

H N ^ H plus V-H at each 
K positi on in the 

membered 
ring 

4a 

H^ ^H 

plus I2H at each 
of these positions 
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KNH,. NH, 

anthracene 
(0.5 mol) 

2 
(lmol) 

KNH2 . NH, 

butadiene 
(5.5 mol) 

(f ^ - C H 2 C H = C H C H , 

19% 
10 

expected for anion 1 and Scheme I mechanisms. Nmr 
spectra of dimer 4 obtained from 8 were completely 
consistent (within the limits of integration error (± 5 %)) 
with the proton distribution shown in 4a12 and we 
therefore conclude that this reaction proceeds via a 
highly efficient addition of anion 1 to cycloheptatriene. 

We have also observed that cycloheptatriene adds to 
anthracene and to 1,3-butadiene in potassium amide-
ammonia at —33° to afford 913 and 10, u respectively, 
in addition to cycloheptatriene dimers. Note that the 
formation of the thermodynamically least stable 7-sub-
stituted derivatives of cycloheptatriene15 (9 and 10) 
also implicates anion 1 in these reactions.16 

The foregoing results lead to the second mechanistic 
question; is the cyclodimerization reaction a concerted 
(e7rs + 87Ts) or a nonconcerted process (Scheme II)? 

Scheme II 

C7H7 + 2 

High stereoselectivity in cycloaddition reactions has 
often led to the proposal of concerted mechanisms. 
However, the formation of adducts 9 and 10 clearly 
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indicates that reactions similar to the first step of the 
stepwise process in Scheme II compete effectively with 
the cyclodimerization process (which is occurring 
simultaneously). 

In order to test the viability of the second step of the 
two-step mechanism in Scheme II, ditropyl (ll)1 7 was 
subjected to lithium-ammonia reduction at —33° which, 
by analogy with the similar reduction of cyclohepta-
triene,18 is expected to produce the proposed inter
mediate 12 (Scheme II). In fact, partial reduction of 
11 for 5 min at —33° gave a product mixture consisting 
of ca. 40% dimer 4,19 ca. 50% unchanged 11, and ca. 
10% 5. 

In summary, we suggest that the available data are 
best accommodated by a rapid stepwise cycloaddition 
of the cycloheptatrienyl anion (1) and cycloheptatriene 
(2) (Scheme II) and that the high stereoselectivity of this 
reaction is best explained on the basis of steric effects 
in the second step of this process. The latter point is 
supported by an examination of molecular models. 
Furthermore, since this is the first time in which the 
feasibility of the second step of a possible two-step ionic 
cycloaddition has been tested, our results provide a 
caveat regarding the common conclusion that stereo
selectivity in ionic cycloadditions implies concertedness. 
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A New Synthesis of a,/3-Unsaturated Carboxylic Esters 

Sir: 
This communication describes a new synthetic 

method which allows the conversion of carbonyl com
pounds to a,|8-unsaturated carboxylic esters in high 
yields. The method was designed on the assumption 
that the well-known affinity of the suitably substituted 
silyl group to an alkoxide ion1 should result in trans
formation of ethyl lithiotrimethylsilylacetate (1) as 
shown below. 

,—, Li 

(O- I 
Me3SiCHXOOEt *• Me:1SiCHCOOEt 

1 
R' R1 

" ^ C = O -1* ^ C = C H C O O E t 
R2 R-
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E. Chang, and E. Vinokur, Tetrahedron Lett., 1137 (1970); (c) F. A. 
Carey and A. S. Court, J. Org. Chem., 37, 939, 1926 (1972); (d) D. 
Seebach, B-Th. Grbbel, A. K. Beck, M. Braun, and K.-H. Geiss, An-
gew. Chem. Int. Ed. Engl, 11, 443 (1972); (e) C. Trindle, J-T. Hwang, 
and F. A. Carey, J. Org. Chem., 38, 2664 (1973); (O F . A. Carey and 
O. Hernandez, ibid., 38, 2670 (1973); (g) H. Sakurai, K. Nishiwaki, 
and M. Kira, Tetrahedron Lett., 4193 (1973); (h) see, also, D . J. Peter
son, Organometal. Chem. Rev., Sect. A, 7, 295 (1972). 

Ethyl trimethylsilylacetate was known to be con
densed with aromatic aldehydes under rather drastic 
conditions in the presence of basic catalyst to yield /3-
trimethylsiloxycarboxylates.2 The mechanism pro
posed earlier2 to involve ethyl sodiotrimethylsilylace-
tate was questioned and the intermediacy of ethyl sodio-
acetate was shown to be more probable (Me3SiCH2CO-
OEt + B- -* -CH2COOEt + Me3SiB).3 The forma
tion of the lithium enolate 1 was realized by treatment 
of ethyl trimethylsilylacetate4 with lithium dicyclo-
hexylamide5,6 in dry tetrahydrofuran at —78° for 10 
min. Quenching with water followed by analysis by 
glpc revealed >95 % recovery of the starting ester. The 
formation of the anion 1 was further verified by reaction 
with carbonyl compounds to yield the bis-homologated 
carboxylic esters in the yields indicated: benzaldehyde 
-> ethyl cinnamate (84%, E/Z = 3:1); nonanal -* 
ethyl 2-undecenoate (81 %, EjZ = 1:1); cyclohexanone 
-»- ethyl cyclohexylideneacetate (95%); cyclododeca-
none -*• ethyl cyclododecylideneacetate (94%); cyclo-
pentanone -»• ethyl cyclopentylideneacetate (81%); 
chalcone -»• ethyl 2,4-di phenyl butadiene-1-carboxylate 
(86%, EIZ= 7:3). 

The best current method for the above transforma
tions involves a direct analog of the Emmons-Wads-
worth-Horner method,7 which generally works fairly 
well. Although often an excellent procedure, the 
aforementioned results revealed several situations 
where our new, milder method would be preferred. 
Readily enolizable ketone may be inert to the phospho-
nate carbanion.8 Proton transfer reactions may occur 
faster than carbonyl addition with the risk of enolate 
condensation reactions. Such behavior is especially 
characteristic of cyclopentanone in the Wittig-type 
reaction,880 whereas we obtain exclusively ethyl cyclo
pentylideneacetate in good yield.9 Chalcone is known 
to react with the phosphonate anion to give either/both 
a Michael or a Wittig-Horner product in low yields,7' 
whereas the lithium enolate 1 gave only the 1,2-addition 
product. 

The reaction of cyclododecanone to ethyl cyclo
dodecylideneacetate is typical. A solution of dicyclo-
hexylamine (3.65 g, 20 mmol) in dry tetrahydrofuran 
(100 ml) was treated with «-butyllithium (13.5 ml of a 
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2953 (1971). 
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