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Schmidl has reported that phenyl propynyl ether when 
refluxed with silver tetrafluoroborate in chloroform gives 
2H-chromene via a charge-induced Claisen rearrangement. 
Extending this reaction to  1,4-bis(aryloxy)-2-butynes we 
found2 that the product may be a 4-substituted-2H-chromene 
or a 6H-benzofuro[3,2 -c]-1,6a-dihydro-lla-methylbenzopyran 
depending on the aryl group and the reaction time. We felt 
that soft Lewis acids3 other than Ag+ ion might also induce 
such rearrangements and therefore undertook a survey of the 
interaction of various soft Lewis acids with aryl 2-propynyl 
ethers (I). The initial phase of this study revealed a very novel 
reaction of mercury(I1) triflu~roacetate~ with 1, which we now 
report. 

Treatment of a series of 1 in dichloromethane solution with 
an equimolar amount of Hg(O&CF& at  room temperature 
followed by quenching with alkaline sodium borohydride5 
produced good to excellent yields of crystalline products. 
Elemental analysis of these products, listed in Table I, indi- 
cated the incorporation of a mercury atom. The fact that these 
compounds survived NaBH4 treatment indicates the mercury 
atom is covalently boundi The NMR spectra are very similar 
to that reported6 for 2H-chromene except the coupling due 
to H-4 is absent. Based on these data the 4,4'-bis(2H-chro- 
meny1)mercurq structure (2) is assigned to these compounds. 
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Organomercurials of this type have not been previously re- 
p ~ r t e d . ~  

Additional support for this assignment comes from the mass 
spectral fragmentation8 of 2,  e.g., for 2a: mle 464 (14%, M+, 
C18H14Hg20202), 262 (lo%, M - Hg), and 131 (loo%, 
C9H7Of). 

Since terminal alkynes are known9 to yield mercury bis- 
(acetylides) on treatment with certain mercuric salts, it is 
reasonable to postulate the intermediacy of 3 in the formation 
of 2. Indeed compound 3a, prepared via standard procedures, 
produces 2a smoothly under the rearrangement conditions. 
The mechanism of conversion of 3 into 2 could involve two 
quite different mechanisms depending upon whether the 
mercuric ion triggers rearrangement via a u or a P complex 
with the triple bond. After formation of 3 a P complex between 
3 and remaining mercuric ion could effect a charge-induced 
Claisen rearrangement analogous to the process proposedl for 
rearrangement of 1 in the presence of silver(1) ion. Unlike 
silver ion, however, mercuric ion may form strong o complexes 
as well as A complexes. Conversion of the initial A complex into 
a 0 complex capable of cyclization via intramolecular elec- 
trophilic aromatic substitution, a process which may be viewed 
as a metal ion promoted Friedel-Crafts alkenylation of an 
aromatic ring by an alkyne,11,12 is therefore an additional 
possibility. 

Two different u complexes 4 and 5, differing by the site of 
charge localization, may form. The preferred site of charge 
localization was determined by hydration (mercuric acetate, 
methanol, trace of sulfuric acid or methanol, sulfuric acid) of 
3a. Under these conditions the only product isolated was 
phenoxypropanone. That this product arises directly from 3a 
and not from prior decomposition of 3a to la  is evidenced by 
the fact that la does not produce the ketone nearly as quickly 
as 3a under identical conditions. Phenoxypropanone would 
be expected to readily form from compounds such as 6, as the 
facile protonolysis of vinylic C-Hg bonds is well known.13 
Intermediate 6 in turn would arise from nucleophilic attack 
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on 5. Thus hydration of 3a implicates 5 as the more favorable 
o complex. Since 5 can form only a five-membered ring on 
cyclization with the adjacent aromatic ring (under aprotic 
conditions), we favor an electrocyclic mechanism initiated by 
a P complex for 2H-chromene formation as shown in Scheme 

Results of the interaction of 1 with other soft Lewis acids 
1.14 

Table I. Physical and Spectral Data for 4,4'-Bis(2 H-chromeny1)mercury Derivatives 

registry 
R (1) no. Yield,c % mp, "C (corr) NMRb (CDC13), 6 

a Ha 66901-46-0 75 141-142 6.03 (2 H, t,  J = 3.4 Hz), 4.90 (4 H, d, J = 3.4 Hz) 
b 4-CH3" 66901-45-9 83 177-178.5 6.07 (2 H, t, J = 3.6 Hz), 4.88 (4 H, d, J = 3.6 Hz) 
c 4-OCH1 66901-44-8 97 172-173 6.17 (2 H, t. J = 3.6 Hz), 4.88 (4 H, d, J = 3.6 Hz) 
d 4-C1 83d 
e 2-CI 66901-43-7 54 196.5-197 6.13 (2  H, t, J = 3.8 Hz), 5.08 (4 H, d, J = 3.8 Hz) 
f 2,4-C12 72e 

a IR (KBr) 2a: 1470 (s), 1220 (s), 1080 (s), 750 (s) cm-'. IR (KBr) 2b: 1480 (s), 1220 ( s ) ,  820 (s) cm-l. Compare 2H-chromene (ref 
6): (CC14) 6 6.30 (1 H, d with t-like fine structure, H-4), 5.60 (1 H, d X t, J3,4 = 10 Hz, H-3),4.72 (2  H, d X d, 52,~ = 3.5 Hz, 5 2 , 4  = 1.7 
Hz, H-2). The resemblance of the spectrum of 2b to that of 4,4'-bis(6-methyl-2H-chromene) is even more striking: mp 115-116 "C; 
NMR d 6.8 (3  H, m), 5.8 (1 H, t, J = 4 Hz), 4.7 (2  H, d, J = 4 Hz), 2.3 (3 H, s). Isolated product. Correct elemental analysis (f0.4%) 
was obtained for all new compounds. Purification consisted of filtration through alumina followed by recrystallization from hexane- 
chloroform. The product isolated was 1-(4-chlorophenoxy)-2-propanone characterized by NMR and by conversion to the semicar- 
bazone; mp 189.5-190.5 "C (lit.lo mp 181-182 "C). An authentic sample gave a semicarbazone. mp 189.5-190.5 "C. The product isolated 
was 1-(2,4 dichlorophenoxy)-2-propanone characterized by comparison with an authentic sample. 
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will be reported in due course as will the utility of 2 in organic 
synthesis. 

Experimental Section 
Melting points were determined on a FischerJohns melting point 

apparatus and are corrected. Spectral data was collected as follows: 
IR, Perkin-Elmer 435B (KBr); NMR, CDC13; Me4Si reference (6 O.oO), 
Varian T-60; mass spectra, Hitachi Perkin-Elmer RMU-6E. The mass 
spectra were kindly provided by Dr. J. D. Willett of the University 
of Idaho, Moscow, Idaho. Microanalyses were performed under the 
supervision of Mr. Mike Gilles in the Michigan Technological Uni- 
versity microanalytical laboratory. 

General  Procedure for the Preparat ion of 2. Equimolar 
amounts of la and mercuric trifluoroacetate were mixed, under NQ, 
in dichloromethane (5 mlimmol) and stirred a t  room temperature 
for 2 h. The reaction was then quenched slowly (frothing) with excess 
alkaline (2 M NaOH) 2 M NaBH4 solution. The mixture was filtered 
and the organic phase was washed with water. The dried (MgS04) 
organic layer was rotary evaporated to yield the products listed in 
Table I as colorless crystalline solids. 
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There has been considerable interest recently in pentacy- 
clopropellanes wherein two propellane units share a common 
cyclobutane ring from theoretical and synthetic viewpoints.’ 
Within this class of highly strained compounds, those con- 
stituted of large carbocyclic rings fused to the cyclobutane ring 
are expected to show unusual chemical and physical properties 
as a consequence of significantly repulsive nonbonded inter- 
action of hydrogens between two kinds of carbocyclic rings 
facing each other. In this connection, we present here the 
synthesis of highly congested pentacyclopropellanes as a part 
of studies on the synthesis of sterically crowded polycyclic 
propellanes.* 

For the purpose of building up such pentacyclic skeleton, 
photocyclodimerization of bicyclic cyclopentenones 1-4 was 
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