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of 3.46 g of crude 8 in 500 ml of dry CHzCl2 was added 4.17 g of 
phosphorus pentachloride at room temperature. A clear solution 
resulted in about 10 min. After 1 hr, the volatile material was re- 
moved under reduced pressure and a slurry of the crude acid chlo- 
ride in 500 ml of dry ether was added to a threefold excess of 
(CH&CuLi reagentlo at -78".11 After 30 min, aqueous ammonium 
chloride was added and the neutral fraction of the reaction prod- 
ucts was crystallized from aqueous ethanol to yield 2.54 g (74%) of 
9, mp 147-149'. The analytical sample, mp 149-151°, was ob- 
tained by recrystallization from absolute ethanol. 
6,13-Dirnethyldibenz[a,h]anthracene* (4). A well-stirred 

mixture of 1.0 g of 9 and 30 g of 115% polyphosphoric acid12 was 
held at 160' for 30 min and then poured on ice. The hydrocarbon 
was extracted with chloroform and crystallized from chloroform- 
ethanol to yield 0.82 g (92%) of 4: mp 273-274', nmr (CHC13, 
TMS) 6 2.81 (s, 6, Ar CH3).13 An attempt to oxidize 4 with sodium 
dichromate in acetic acid14 yielded a mixture of products. The red 
2,4,7-trinitrofluorenone derivativex of 4 melted at 282-284' after 
one recrystallization from benzene. The uv spectrum of 4 in CHC13 
is recorded in Table I along with spectral5 of dibenz[a,h]anthra- 
cene (lo), 7,14-dimethyldibenz[a,h ]anthracene (II), and picene 
(12). 

Registry No.-& 39179-15-2; 4 2,4,7-trinitrofluorenone deriva- 
tive, 39179-14-1; 5 ,  53092-64-1; 6, 53092-65-2; 7, 53092-66-3; 8, 

p-dibromobenzene, 106-37-6; N-bromosuccinimide, 128-08-5. 
53092-67-4; 9, 53092-68-5; 10, 53-70-3; 11, 35335-07-0; 12, 213-46-7; 
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In connection with work aimed toward the synthesis of 
some polycyclic systems containing a fused cyclobutene 
ring, the preparation of the unknown cis -cyclobutene-3,4- 
dicarboxaldehyde (1) for use as a synethetic intermediate 
appeared attractive. 

Consideration of potential routes for preparing substi- 
tuted succindialdehydes led to the selection of the cyclic 
acetal 2 as a possible convenient precursor to 1.' Accord- 
ingly, the preparation of 2 was carried out as outlined in 
Scheme I. 

Benzophenone-sensitized photocy~loaddition~ of maleic 
anhydride to 2,5-dimethoxy-2,5-dihydrofuran (commer- 
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cially available isomeric mixture) gave adduct 3 in 40% 
yield. The  structure of 3 followed from its correct elemental 
analysis, mass spectrum, and the nrnr spectrum, which 
clearly showed the correct number and kinds of hydrogens 
(see Experimental Section). Furthermore, dilute hydro- 
chloric acid hydrolysis of 3 followed by potassium perman- 
ganate oxidation gave a tetracarboxylic acid characterized 
as its tetramethyl ester 4, which was identical with an au- 
thentic sample4 of cis,trans,cis- 1,2,3,4-tetracarbomethoxy- 
cyclobutane. These combined results clearly establish the 
gross structure of 3.5 

Dissolution of 3 in water containing triethylamine fol- 
lowed by electrolytic decarboxylation6 in pyridine gave the 
desired cyclobutene 2 in 10% yield after evaporative distil- 
lation. Elemental analysis and mass spectral data were 
completely consistent with the assigned structure, and the 
nmr spectrum showed two olefinic protons as a triplet (J = 
0.6 Hz), a characteristic feature of bicyclo[3.2.0]hept-6- 
enes.I 

Unfortunately, 2 did not prove a ready precursor to 1. 
Mild hydrolysis of 2 with aqueous mineral acid led to the 
formation of &,trans -muconic dialdehyde (6)8 in high 
yield. Hydrolysis of 2 was then examined using a broad 
spectrum of acidic reagents. 

In all cases, only starting acetal 2 and/or dialdehyde 6 or 
total decomposition was observed. Some results are sum- 
marized in Table I. 

In  order to examine the possibility tha t  6 could be arising 
uia acid-catalyzed cleavage of the central bond in 2, mono- 
cyclic acetal 5 was prepared (Scheme 11) and its hydrolysis 
examined. 

Boiling a solution of 3 in methanol containing a trace of 
sulfuric acid gave a mixture of 7 and 8 (90:10), from which 
an oil more enriched in 7 could be obtained. Basic hydroly- 
sis of 7 (aqueous sodium hydroxide) followed, without iso- 
lation, by electrolytic decarboxylation6 gave 5 as a colorless 
liquid. Analytical and spectral data were clearly in accord 
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Table I 
Results of Treatment of Acetal 2 w i t h  Acidic Reagents 

Notes 

Expt Acid reagent 

MgSO4b 
1% acetic acid 
1% acetic acid 
Amberlite IR-120 (H +) 

ion-exchange resin 
0 . 1  N H C 1  
0 . 1  N HClOd 
0 . 1  N HC104 
BBr, 
BBr, 

Solvent Temp, O C  Time 
Product (s) 

(ratiola 

Wet  CHCl, 
HzO 

25 
60-70 
90 
60-70 

70-80 
60-70 
25 

- 78 
- 60 

24 hr  
2 min 
5 min 
2 min 

3 min 
90 sec 
18 .5  hr 
10 min 
5 min 

2 
2 
2 + 6c (40:60) 
2 + 6 (70:30) 

6 C  
6 
2 + 6(40:60) 
Decomposition 
Decomposition 

a By nmr analysis. * J. J. Brown, R. H. Lenhard, and S. Bernstein, J. Amer. Chem. SOC., 86,2183 (1964). Some isomeriza- 
tion of &,trans-muconic dialdehyde (6) to  the trans,trans-isomer was observed? 
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with the desired structureg (see Experimental Section). 
Unfortunately, mild acid hydrolysis of 5 gave again 
&,trans -muconic dialdehyde (6) and not the desired dial- 
dehyde 1. 

The  factor(s) responsible for the remarkably facile and 
stereospecific ring opening observed on hydrolysis of ace- 
tals 2 and 5 is of interest. One explanation involves the in- 
termediate formation of the  desired cis -cyclobutenedicar- 
boxaldehyde (1) followed by a rapid acid-catalyzed conro- 
tatarylO ring opening leading to the observed cis,trans - 
diene 6. This is supported by the reported mild (acid-cata- 
lyzed?) thermal stereospecific ring opening of the structur- 
ally related tetramethyl cis -diacetoxycyclobutene.ll 

Of course, the ring opening of 2 and 5 need not proceed 
through the  intermediacy of 1. Indeed, as alternative expla- 
nation suggests that the observed stereospecific ring open- 
ing could be an example of a solvolytic electrocyclic reac- 
tion.12 The  developing positive charge on carbon formed 
during protonation of the acetal oxygen(s) in 2 and 5 stabi- 
lizes, and in turn is stabilized by, the developing K orbitals 
involved in the electrocyclic ring opening.l3 This phenome- 
non has recently been suggested as occurring in certain sol- 
volytic Cope rearrangements.12 

Experimental Section14 
Photocycloaddition of Maleic Anhydride and 2,5-Dime- 

thoxy-2,5-dihydrofuran. Preparation of 3. A solution of 26 g of 
distilled 2,5-dimethoxy-2,5-dihydrofuran (Eastman), 10 g of male- 
ic anhydride, and 5 g of benzophenone in 270 ml of acetonitrile was 

irradiated (Hanovia 450-W lamp, Pyrex filter) under nitrogen for 
48 hr. The solvent was removed under reduced pressure and the 
residue was treated with 250 ml of ethyl ether. The mixture was 
rapidly stirred for several hours, after which time the solid was col- 
lected and washed with ether giving 10 g (44%) of powdery crude 
product. A sample recrystallized two times from butyl acetate had 
mp 231-233': ir (KBr) 5.40 and 5.58 fi  (anhydride); mass spectrum 
m/e 227 (M - H),15 197 (M - OCH3); nmr (DMSO-de, 90 MHz) 6 
5.26 (s, 2 H), 3.25 (s overlapping m, 8 H), 3.04 (m, 2 H); upon 
standing in solution new absorptions appear, 6 5.04 (s) and 2.93 
(m), at the expense of the original absorptions, indicating an isom- 
erization phenomenon. 

Anal. Calcd for CloHlzO6: C, 52.6; H, 5.30. Found: C, 52.8; H, 
5.6. 
2,4-Dimethoxy-3-oxabicyclo[3.2.0]hept-6-ene (2). A sample 

of 5.0 g of crude 3 was dissolved with warming in a mixture of 7 ml 
of triethylamine and 50 ml of water. This solution was added to 
350 ml of pyridine in a water-jacketed electrolysis cell. The mix- 
ture was stirred and electrolyzed (platinum gauze electrodes) with 
an initial current of 0.8 A for 4-5 hr, after which time no additional 
current drop was noted. About 250 ml of pyridine was removed 
from the dark reaction solution by distillation at about 30 mm (pot 
temperature 50-55'). The concentrate was diluted with 400 ml of 
5% aqueous nitric acid (mixture not acidic) and the solution was 
continuously extracted with ether overnight. The ether extracts 
were washed with 5% nitric acid until the washings were acidic, 
and then were washed with aqueous sodium bicarbonate solution. 
The dried organic layer was concentrated by distillation. The resi- 
due was evaporatively distilled (30 mm, pot temperature to 100') 
to give 350 mg (10%) of 2 as a colorless to pale yellow liquid: mass 
spectrum m/e 155 (M - H)I5 125 (M - OCH3); nmr (CDCl3, 90 
MHz) 6 6.10 (t, 2 H, J = 0.6 Hz), 4.92 (s, 2 H), 3.45 (s Overlapping 
multiplet, 8 H). 

Anal. Calcd for C~H1203: C, 61.5; H, 7.75. Found: C, 61.8; H, 7.9. 
Acid Hydrolysis of 2. A mixture of 50 mg of 2 in 1 ml of 0.1 N 

HC104 was heated on a steam bath with shaking for 90 sec; the 
bright yellow solution was quickly cooled in ice and neutralized 
with sodium bicarbonate. The solution was extracted with 0.5 ml 
of CDC13. Nmr of the extracts showed no starting material and 
only absorptions attributable to cis,trans -muconic dialdehyde.16 
The CDC13 extract was dried and concentrated to an orange solid, 
mp 45-55', which showed an ir spectrum identical with the pub- 
lished spectrum of &,trans- muconic dialdehyde.8 Recrystallized 
from ligroin, the material had mp 53-55' ( lk8 mp 59'). 

cis -Cyclobutene-3,4-dicarboxaldehyde bis(dimethy1 acetal) 
( 5 ) .  A slurry of 2.28 g of 3 in 75 ml of methanol containing 1 drop 
of concentrated sulfuric acid was refluxed for 2 hr. The acid was 
neutralized with a small amount of solid sodium methoxide and 
the methanol removed under reduced pressure. The residue was 
dissolved in ether, filtered to remove a small amount of insoluble 
material, and the solvent was removed under reduced pressure. 
Upon standing, the oily residue partially recrystallized. A small 
amount of ether was added and the solid material was collected 
and washed with ether to give 8, mp 140-144': mass spectrum m/e 
273 (M - H),15 243 (M - OCH3);nmr (CDC13,60 MHz) 6 4.98 (s, 2 
H), 3.68 (s, 6 H), 3.41 (s, 6 H), 3.16 (m, 4 H). The ether filtrate was 
concentrated to an oil, which was evaporatively distilled (0.02 mm, 
pot temperature 150') giving 7 as a viscous, colorless oil contami- 
nated with a small amount of 8. Mass spectrum m/e 305 (M - 
CHz), 289 (M - OCH3),15 nmr (CDC13, 60 MHz) 6 4.55 (m, 2 H) 
3.66 (s, 6 H), singlets at  3.34 and 3.30 obscuring multiplets (16 HI. 
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A crude sample o f  7 was ref luxed 2 hr w i t h  aqueous sodium hy- 
droxide. T h e  result ing solut ion was s t i r red a t  r o o m  temperature 
w i t h  excess Amber l i te  IR-120 (H+) ion-exchange resin and filtered. 
T h e  result ing aqueous solut ion o f  bis(carboxy1ic acid) was neutra l -  
ized w i t h  t r ie thy lamine and electrolyzed in pyr id ine exactly as de- 
scribed for the preparation of 2 above. Work-up  as previously de- 
scribed and pur i f icat ion by preparative gas chromatography (5 ft 
X y4 in., 5% SE-30 on Anakron ABS a t  looo) gave 5 (5% overall 
f r o m  3) as a colorless liquid: mass spectrum mle  171 ( M  - 
OCH3),I5 170 (M - CH30H); nmr (CDC13, 90 M H z )  6 6.12 (sl ightly 
broadened s, 2 H), 4.53 and 3.23 (4 H, AA'XX'), 3.39 (s, 6 H), 3.36 
(s, 6 H). 

Anal. Calcd for CIoH1804: C, 69.4; H, 8.97. Found: C, 59.2; H, 
9.1. 
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In the course of our studies on electrophilic addition of 
the elements of BrOH (NBS and HzO) to  olefins in dimeth- 

yl sulfoxide (DMSO), we became interested in the relative 
nucleophilicity of the DMSO molecule toward the interme- 
diate bromonium ion. There are two studies in the litera- 
ture which indicate that  DMSO competes very favorably 
with other nucleophiles. In one of these studies, Dalton and 
coworkers1 using isotope-labeling experiments showed that  
the bromonium ion is apparently opened exclusively by 
DMSO when an olefin is allowed to  react with NBS in a 
mixture of DMSO and H20. In the other study, Torssel12 
examined the reactions of cyclohexene with BrC(N02)Z in 
DMSO (with various ions present), and with Brz in DMSO, 
and observed in all cases that  considerable solvent (DMSO) 
was incorporated. In neither case was a systematic study 
made of the nucleophilicity of DMSO. We proposed to  do 
this. 

Both of these studies122 provided evidence that  solvent 
incorporation produced an intermediate sulfonium ion of 
the following structure 

I I  
I 1  

Br-C -C-0-S(CH,),+ 

Results and Discussion 
We proposed (Scheme I) to  compare the nucleophilicities 

of DMSO and methanol by brominating olefins in DMSO- 

Scheme I 

\ /  DMSO 
C=C + BrX- / \  C H 3 0 H  

I I  I I  
I 1  I 1  

Br-C-C-OCH, + Br-C-C-O-S(CH,)z'X~+ HX 

l y  
I I  
1 1  

Br-C -C-OH 

X = bromide, succinimate, or acetamate 

CH30H mixtures, and then determining the methoxy bro- 
mide/bromohydrin ratio. We envisioned that  the bromohy- 
drin would be formed by addition of the bromination prod- 
uct to  water. During the course of this study it became ap- 
parent that  under certain conditions, bromohydrin is 
formed directly during the bromination reaction, before 
water has been added. The following reaction is probably 
involved 

+ CH3-O- S(CH,),+ 
OH 

Formation of bromohydrin by reaction of the sulfonium ion 
with methanol is important with NBS (and probably 
NBA), but not with Brz since a reasonably high tempera- 
ture is required for this r e a ~ t i o n , ~  and a sufficiently high 
temperature does occur with NBS and NBA. In order for 
Scheme I to be valid, i t  was necessary to  establish that  no 
methoxy brsmide was formed by reaction of the intermedi- 
a te  sulfoniuin ion with methanol. To this end, sulfonium 
ion (1) was synthesized as previously reported,2 and we 


