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Table I. NMR parameters7 of (CH3)3CCHBDCHAD(X)Zr(O)Cp, 

X 

CO 
SO2 

O 

5 H A 

a 
2.85 
2.37 
3.90 

6 H B 

1.38 
1.66 
1.50 
1.30 

6 ( C H 3 ) 3 

0.85 
0.92 
0.74 
0.82 

5 C p 

5.88 
5.71 
6.10 
6.01 

^H1H2 -7H1H2 

(Hz) (Hz) 
(erythro) (threo) 

12.9 4.2 
11.7 5.0 
12.5 4.8 

8.8 6.0 
a Hidden by (CH3)., peak. 

Treatment of a benzene solution of 1 with an equivalent 
amount of Br2 at 10° yields, after work-up by treatment 
with aqueous NaHC03 followed immediately by rapid, re
duced pressure distillation at room temperature, the alkyl 
bromide resulting from retention of configuration at car
bon. The unavailability, therefore, of an oxidation mecha
nism changes the stereochemical course of the cleavage 
reaction from that found with other, oxidizable transition 
metal complexes. A closed transition state, such as that pro
posed for halogenation of organomercurials,9 is a reason
able one to account for retention at carbon. The availability 
of a vacant, low-lying orbital on Zr in these "16-electron" 
complexes10 may facilitate frontside attack9 on the C-Zr 
bond. Reaction of 1 with /V-bromosuccinimide, which also 
gives good yields of alkyl bromides,5 and iodination with I2, 
both proceed with retention at carbon. 

Because halogenation of the C-Zr(IV) bond proved to be 
mechanistically different from that of other transition 
metal alkyls, several other cleavage reactions were exam
ined for comparison with results reported for other metal al
kyls. Insertion of CO to give the acyl complex11 proceeds 
with retention as is the case for all other systems reported.1 

Reaction with SO2 is complex; (?75-C5H5)2Zr(Cl)CH3 has 
been reported to add 2 equiv of SO2 to give a highly insolu
ble product formulated as (C5H5)(C5H5SO2)Zr(Cl)-
(O2SCH3).1 2 We find that addition of less than 1 equiv of 
SO 2 to a benzene solution of 1 gives rise to a new set of 1H 
N M R peaks (Table I) consistent with formulation as an 
SO 2 insertion product, (^-C 5Hs) 2Zr(Cl)(O 2SCHDC-
HDC(CH 3) 3) . 1 3 The values for 3 / H H indicate that SO2 in
sertion here proceeds with retention at carbon, in contrast 
to the reaction with (^-C 5H 5 )Fe(CO) 2 -
(CHDCHDC(CH3)3) which goes with >95% inversion. 
These results are in agreement with the mechanistic propos
al of Wojcicki14 that coordinatively saturated complexes 
react by direct backside attack of SO2 on the alkyl group 
followed by rearrangement, resulting in inversion at carbon, 
while coordinatively unsaturated complexes such as 
Cp2MRX (M = Ti, Zr) can coordinate SO2 to the metal, 
followed by frontside attack on the alkyl giving retention. 

Alkylzirconium complexes Cp2Zr(Cl)R can be converted 
to alcohols, ROH, using a variety of reagents,15 including 
dry oxygen followed by acid hydrolysis. Such treatment of 1 
gives the alcohol (CH 3 ) 3 CCHDCHDOH resulting from ap
proximately one-half racemization and one-half retention of 
configuration. Loss of stereochemistry does not occur dur
ing hydrolytic work-up, since the initial product 
Cp2Zr(Cl)(OCHDCHDC(CH3)3)1 6 (Table I) has the 
same stereochemical composition. Reaction of cobalt alkyls 
with O2 to give alkylperoxycobalt complexes proceeds with 
complete racemization and is thought to involve alkyl radi
cal intermediates;17 some nonradical pathway must be oper
ating, as well, for zirconium alkyls. For example, the fol
lowing scheme could account for the observed results. 

The above results clearly demonstrate that d-electron 
configuration plays a significant role in determining the 
mechanistic paths followed in reactions of transition metal 

R*(Zr) + O2 —* R- + -0(XZr) — ROO(Zr) 

ROCKZr) + R*(Zr) —» RCKZr) + R*0(Zr) 

R* = chiral alkyl 
R = racemized alkyl 

(Zr) = (T1=- C5H5)2Zr(Cl)-

alkyls. Further work to extend the range of reactions stud
ied and to elucidate details of the mechanisms involved, spe
cifically those for oxygenation, is in progress. 
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EIectrocyclic Reaction of the Cyclodecatrienyl Anion 

Sir: 

The number of electrocyclic reactions of carbanions 
which have been reported is limited.1 In many cases no 
stereochemical information is available, but most cases in 
which it is seem to fall within the predictions based on or
bital topology. We now report the preparation and direct 
observation of the cyclodecatrienyl anion (1) and its facile 
electrocyclization to the cw-bicyclo[5.3.0]deca-3,5-dien-
2-yl anion (2),2 a process not anticipated by orbital topolo
gy considerations. 

Treatment of m-bicyclo[6.2.0]deca-2,4,6-triene3 (3) 
with 4 g-atoms of potassium in liquid ammonia cleanly pro
duced the cyclodecatrienyl anion (1). The bicyclo-
[6.2.0]deca-l,3,5,7-tetraene dianion4 was sometimes pro-
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Scheme I 

3 j 4 7 

-41° J /H... Pl 

C Q - O D ^ C O + CO 
8 ^ ^ ^ ^ ^ NH 5 6 

cO*cO CO + CQ 
11 NH 12 9 10 

duced as a coproduct, presumably by deprotonation of 3 by 
the potassium amide produced in the reaction. 

The N M R spectrum of 1 (8 5.72 (d of d, H2 , H6 , J 1 2 = 
J 6 7 = 11.7, J 2 3 = J 5 6 = 9.9 Hz), 5.57 (t, H4, J34 = JAS = 
12.8 Hz), 4.7 (m, H1, H7), 3.82 (d of d, H3, H5) 1.1-1.7 
(m, Hg-H1O)) indicates a symmetrical species on the NMR 
time scale at —65°. The vicinal coupling constants are all 
significantly larger than the corresponding values in the cy-
clononatrienyl anion.5 This may be rationalized on the basis 
of a C2 (spiral) conformation6 for 1 (Scheme I) in which 
there is a minimum of twist between adjacent carbon atoms 
in the ir system. 

The all-cis conformation of 1 is consistent with the obser
vation that a single product, identified as 4,7,8 is obtained on 
quenching 1 (after 1 min at —33°) with water. The all-cis 
conformation of 4 is supported by (a) the absence of a 
strong infrared band at ca. 965 c m - 1 (out-of-plane 
H C = C H bending in trans double bonds), (b) the absence 
of a Xmax above 220 nm,9 and (c) the fact that all of the 
HC=CH coupling constants <11 Hz.10 The latter infor
mation was obtained from a 220-MHz N M R spectrum11 of 
a mixture of the 8,8,9,9-d4 and 9,9,10,10-da, derivatives of 
4 and from a 300-MHz NMR spectrum of 4. It should be 
noted, however, that we cannot exclude the possibility that 
anion 1 is actually a rapidly (on the NMR time scale) inter-
converting mixture of various conformations which possess 
one or more trans it bonds and which give a symmetrical 
time-averaged N M R spectrum at —65°. 

Anion 1 (prepared from 4) is converted essentially com
pletely {t\/2 "* 23 min) to anion 2 on raising the tempera
ture to —41°. The structure of 2 is based on its N M R spec
trum (6 5.72 (d of d, H3 , H5 , J 3 4 = J 4 5 = 8.2, J 2 3 = J 5 6 = 
10.0 Hz), 3.53 (d of d, H2, H6, Jn = J 6 7 = 4.2 Hz), 3.21 
(t, H4) , 2.4-2.8 (m, Hi, H7), 1.2-1.6 (m, H 8 -Hi 0 ) ) , its 
quenching with water to produce a 5:1 mixture of 5 and 6,12 

and on the catalytic hydrogenation of 5 to afford 7, which 
has an infrared spectrum identical with that of an authentic 
sample.13 '14 

The N M R spectrum of 2 is completely replaced by that 
of 8 (5 5.79 (d of d, H3 , J 2 3 = 7.8, J 3 4 = 9.2 Hz), 3.33-3.70 
(m, H4), 3.20 (d of d, H2, J 2 4 = 1.4 Hz), 2.01-2.59 (m with 
four major lines, H5 , H6, H8, H i 0 ) , 1.47—1.85 (m, Hg)) on 
raising the temperature to —17.5° (<i/2 * 47 min). Quench
ing of 8 with water afforded a 2:1 mixture of 9 and 10. Fi
nally, 8 is cleanly converted to 11 (AB2 multiplet at 5.30 
(H9) and 5.18 (H8 , H10 , J 8 9 = J9.10 = 3.0 Hz), 2.45-2.70 
(m, H2, H6), 1.4-1.7 (m, H 3 -H 5 ) ) on warming to 31° (t]/2 

« 19 min), and diene 1215 is produced on quenching the lat
ter anion with water. The isomerization of 2 to 11 via 8 pre
sumably occurs by a protonation-deprotonation mechanism 
since 11 showed extensive deuterium uptake at C 2 -C 6 when 

the reaction was performed in ammonia-d3. 
The key observation is, of course, the closure of 1 to 2. 

The latter unequivocally possesses cis stereochemistry at 
the ring fusion so that if 2 has an all-cis conformation then 
the closure follows an apparent "nonallowed" course. 

On the other hand, if anion 2 is formed by an "allowed" 
closure, then anion 13 is expected to be its immediate pre
cursor. The half-life for the isomerization of 14 to 15 (po
tassium counterion) in liquid ammonia is ca. 4 hr at 0°.2 c It 
is therefore conceivable that conversion of 1 (which is un
doubtedly more strained than 14) to 2 occurs via an initial 
slow isomerization to 13 followed by a rapid ring closure. 

In our view, the mechanism of the electrocyclization of 1 
is probably closely linked with the currently unsolved prob
lem of the mechanism of rotation around ir bonds in carb-
anions.1,16 While we cannot definitely specify a pathway for 
conversion of 1 to 13, we can rule out the possibility of pro-
tonation of 1 at Ci followed by rotation around the result
ing C i - C 2 <x bond and deprotonation at Ci, due to the fact 
that there is no deuterium incorporation at Ci in 2 when 1 
is isomerized to 2 in ammonia-^3. Further investigation of 
the mechanism of this unusual cyclization is planned. 
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2,6,7-Trioxabicyclo[2.2.1]heptane 

Sir: 

We recently reported the synthesis of bicyclic acetals 1 
and 2, and noted that their rates of dichloracetic acid cata
lyzed hydrolysis exceeded those of an acyclic reference 
compound by factors of 106 and 105, respectively.1 

,4^ ^h J^7 
1 2 3 

We now report the synthesis of 2,6,7-trioxabicyclo-
[2.2.1]heptane2 and note that, despite expected high ring 
strain, it undergoes acetic acid catalyzed hydrolysis at a 
rate slightly less than those of acyclic model compounds. 

Compound 3 was prepared in 73% yield by the inter
change reaction of glycerol with ethyl orthoformate in di
lute dioctyl phthalate solution at 110-140° with a trace of 
anhydrous p-toluenesulfonic acid as catalyst with vigorous 
stirring at 0.1 mm. The bicyclic compound distilled out as 
formed and was condensed in a liquid nitrogen-chilled re
ceiver. Alternatively the first two molecules of ethanol 
could be removed without catalyst or dilution as described 
by Crank and Eastwood3 and the final molecule of ethanol 
removed as above using dibutyl phthalate. This technique 
avoids oligomerization of very acid-sensitive compounds 
such as 3, which may account for its absence from the 
chemical literature to the present time. The hydrolysis rate 
constant for 3, given in Table I, is smaller than those for tri-
methyl and triethyl orthoformates by factors of 2 and 1.5, 
respectively. 

H 3̂ \^> 
4 5 6 

To extend this finding, orthoesters 4-6 were prepared in 
yields of 70-73%, as described for 3.4 Their hydrolysis rate 
constants (Table I) are even slower than those of 3. 

These results may be attributable to a very early transi
tion state, with very little C-O bond breaking and conse-

Table I. Rates of Hydrolysis of Bicyclic Orthoesters3 

104/t„ Com- 10U1, 
Compound sec"1 pound sec-1 

(CH3O)3CH 19 6 4.3 
(C2H5O)3CH 15 4 4.1 

3 10 5 3J> 
a Conditions: temperature 35°; 0.084 M acetic acid catalyst; 

solutions are initially 1.4 M in orthoester in solvent 0.6 ml of 
acetone-d6 and 0.2 ml of D2O; rates were followed by monitoring 
O3CH NMR absorption intensity as a function of time. Good 
pseudo-first-order plots were obtained. 

quently very little strain release. Work is underway, partic
ularly to determine whether the hydrolysis is specific or 
general-acid catalyzed, to explore the problem further. 

Recent studies of orthoester hydrolysis5-7 as models for 
the behavior of the tetrahedral intermediates in enzyme-
catalyzed hydrolysis, and studies of the stereoelectronic 
preferences in these intermediates,8-10 have focused atten
tion on the need for models with rigidly defined geometry. 
Crank and Eastwood3 had earlier suggested that experi
mental information could be provided by the synthesis and 
determination of the properties of rigid bicyclic orthoesters. 
The ready availability of bicyclic orthoesters means that the 
suggestion of Crank and Eastwood can now be pursued. 
Moreover, these compounds will be useful new monomers 
for studies of ring-opening polymerization to polysaccharide 
analogs.11'12 
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Simple Alkyl Methylenecyclopropenes via Addition 
of Unsaturated Carbenes to Alkynes1 

Sir: 

Strained small ring systems have long fascinated chem
ists, and the methylenecyclopropene system, 1, in particular 
has been of special interest to theoreticians2 as well as being 
a synthetic challenge.3 The first successful synthesis of a 
methylenecyclopropene was a diphenylquinocyclopropene 
reported by Kende4 in 1963, and, although numerous other 
stable methylenecyclopropenes have been prepared since, 
they all have strongly electron stabilizing substituents, such 
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