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method used for the 4 to 3 conversion:11b IR (neat) 3010 (m), 2940 
(s), 2860 (m), 2830 (w), 1640 (w), 1460 (m), 770 (m), 685 (m); NMR 
(CDCIS) 6 0.92 (d, 3 H, = 7.5 Hz), 1.5-1.8 (m, 6 H), 2.1 (m, 1 H), 
2.3 (m, 1 H), 2.5 (m, 1 H), 5.16 (ddd, 1 H, J = 10,2, 2, Hz), 5.77 
(dddd, 1 H, J = 1 0, 6, 2, 1 Hz); mass spectrum, m/e (relative 
intensity) 122 (M', 40), 107 (27), 94 (32), 93 (loo), 91 (21), 81 (38), 
80 (33), 79 (98), 78 (20,77 (29); exact mass calcd for C d I 4  122.1092, 
found 122.1096. Anal. Calcd for Cal4 :  C, 88.45; H, 11.55. Found 
C, 88.05; H, 11.45. A sample of (1R,4R,5S)-(-)-7 (93% optically 
pure) gave (lS,2S,5R)-(-)-6 in 46% yield after purification by 
column chromatography on silica gel (pentane eluant) and 
preparative GC (10 ft  X 3/8 in 15% UCON 50-LB-2000 on 
Chromosorb P). Capillary GC (200 ft, UCON LB-550-X) showed 
the presence of 0.4% exo isomer (+)-3 and 0.2% unidentified 
impurity. This sample had [ a ] % ~  -43.8' and [a]253e6 -173.1' (c, 
1.1, CHC1,). Assuming that the impurity is achiral and correcting 
for the exo isomer (+)-3 gives a value of [ a I z 5 ~  -45.0' ([a125365 
-177O). Therefore the calculated absolute rotation of 6 is [a& 
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Benzodicyclobutenes have attracted attention due to 
their unique strain effects, which have been the subject 
of several theoretical studies.2 More recently these com- 
pounds have been used as intermediates for the prepara- 
tion of aryl cyclophane~.~ 

The first preparation of the symmetrical benzo- 
[ 1,2:4,5]dicyclobutene (2) was achieved by Cava via the 
thermal extrusion of sulfur dioxide from the disulfone (1; 
Scheme 

Other routes to 2, recently r e p ~ r t e d , ~ ~ ' ~ *  entail lengthy 
syntheses and/or thermal extrusion reactions requiring 
special pyrolysis apparatus. These circumstances limit the 
amount of material that can be used in the reaction se- 
quence and also place restriction on the type of functional 
groups that can be present. 

From the success reported in using the Parham cy- 
clialkylation reaction for the synthesis of benzocyclo- 
butenes,b7 it seemed possible that benzo[ 1,2:4,5]dicyclo- 
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butene could be prepared by the action of 2 equiv of bu- 
tyllithium at -100 "C on 2,5-dibromo-l,4-bis(2-bromo- 
ethy1)benzene (3a; Scheme 11). 

Dual exchange of p-dibromobenzene with 2 equiv of 
butyllithium in a hydrocarbon solvent has been achieved 
by Gilmanss However, a dual halogen-lithium exchange 
reaction has not been attempted in the presence of reactive 
functional groups such as those that have been used by 
Parham et a L 6 p 9  

The tetrabromide 3a was unknown but can be prepared 
in a straightforward manner from 1,4-bis(2-hydroxy- 
ethy1)benzene'O (6a, Scheme 111). Treatment of the diol 
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62, 2327. 
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6 with hydrobromic acid, followed by ring bromination, 
afforded 3a in 89% yield. 

Selective bromine-lithium exchange of both the aro- 
matic bromine atoms of 3a took place readily at -100 O C . l l  
When the reaction mixture was warmed to room tem- 
perature, the dual cyclialkylation occurred to yield ben- 
zo[l,2:4,5]dicyclobutene (2) in 64% yield (28% yield from 
p-dibromobenzene, 4a). 

Attempts to carry out bromine-lithium exchange on 3a 
with 1 equiv of butyllithium yielded a mixture consisting 
of six products, by GLC analysis. This result was not 
unexpected in light of the findings of Gilman with regard 
to the exchange behavior in systems of approximately 
equal e1ectronegativities.l2 

An attempt to extend this synthesis to the preparation 
of 3,6-dimethylbenzo[ 1,2:4,5]dicyclobutene failed. It 
proved possible to prepare the  required 2,5-dibromo-3,6- 
dimethyl-1,4-bis(2-bromoethyl)benzene (3b), but even in 
the presence of 2 equiv of butyllithium at -100 "C only one 
of the two aromatically bound bromine atoms exchanged. 
The  product (8), characterized by 'H and 13C NMR, as well 
as elemental analysis, proved t o  be a substituted benzo- 
cyclobutene derivative (Scheme IV). No trace of the  
expected 3,6-dimethyl-benzo[ 1 ,2:4,5]dicyclob~tene~~ was 
detected. An attempt to carry out bromine-lithium ex- 
change by t reatment  of 8 with 1 equiv of butyllithium 
resulted in the recovery of the starting material. It has 
not been established why 8 fails t o  undergo bromine- 
lithium exchange. 

Although the  double cyclialkylation method appears 
limited in  scope, i t  does provide a convenient route to  
benzo[l,2:4,5]dicyclobutene (2) with use of readily available 
apparatus. 

Experimental Section 
General Procedures. All reactions involving organolithium 

reagents were conducted under an atmosphere of nitrogen. 
Tetrahydrofuran was distilled from either lithium aluminum 
hydride or calcium hydride. Reaction temperatures of -100 OC 
were achieved with a liquid nitrogen-diethyl ether bath. All 
organic residues were dried over anhydrous magnesium sulfate. 

'H NMR data were obtained from the following: (a) a JEOL 
Model JNM-MH-100 100-MHz spectrometer, (b) Varian Model 
EM-360 60-MHz spectrometer, and (c) a Varian Model T-60 
60-MHz spectrometer, all employing 1-2% tetramethylsilane as 
an internal standard. '3c NMR data were obtained from a JEOL 
Model FX-60 15-MHz Fourier transform spectrometer with CDC13 
lock and employing 1-2% tetramethylsilane as an internal 
standard. IR data were obtained from a Perkin-Elmer Model 297 
spectrometer. Microanalyses were performed by MHW Labo- 
ratories, Phoenix, AZ. All melting points were obtained from a 
Mel-Temp heating block apparatus and are uncorrected. 
l,4-Bis(2-hydroxyethy1)benzene (6a) was prepared in 49% 

yield by the method of Clark and 0Reilly:'O mp 82-83.5 "C (lit.l0 
mp 85 "C); IR (KBR) 3315 cm-'; 'H NMR (CDC13) 6 1.82 (br s, 
2 H, exchangeable OH), 2.79 (t, 4 H, CH2), 3.79 (t, 4 H, benzylic 
CH,), 7.12 (s, 4 H, ArH). 
1,4-Bis(2-bromoethyl)benzene (7a). A suspension of 17.73 

g of 6a in 250 mL of 48% hydrobromic acid was refluxed and 
stirred for 15 h. The mixture was extracted with methylene 
chloride, and the extra& were dried, filtered, and concentrated 
under vacuum to yield 29.75 g of brown solid. Recrystallization 
from hexane afforded 27.48 g (88%) of dihalide 7a as pale yellow 
needles: mp 70-71 "C (lit.'a mp 73 "C); 'H NMR (CDC13) 6 3.14 
(t, 4 H, CH,), 3.58 (t, 4 H, benzylic CH2), 7.12 (9, 4 H, ArH). 

(10) Clark, P. W.; OReilly, E. J. Org. R e p .  Proced. Int. 1978,10,173. 
(11) Samples (10 mLJ were quenched with water and extracted with 

ether. The ether extract was dried and concentrated, and the reaidue was 
analyzed by 'H NMR. 

(12) Jones, R. G.; Gilman, H. Org. React. 1951,6, 339. 
(13) Ruggli, P.; Theilheimer, W. Helu. Chim. Acta 1941, 24, 899. 

2,5-Dibromo-l,4-bis(2-bromoethyl)benzene (3a). To 9.30 
g (31.8 mmol) of 7a in 200 mL of methylene chloride were added 
0.5 g of iron filings and 0.10 g of iodine, followed by the dropwise 
addition of 11.18 g (69.9 mmol) of bromine. The mixture was 
stirred at room temperature for 114 h. 

The mixture was then filtered, washed with 15% sodium 
thiosulfate solution, dried, and concentrated under reduced 
pressure. The off-white solid (13.73 g) obtained was recrystallid 
from hexane, affording 13.42 g (94%) of colorless needles: mp 

4 H, benzylic CH,), 7.43 (s, 2 H, ArH). 
Anal. Calcd for ClJI1&4: C, 26.67; H, 2.22; Br, 71.11. Found 

C, 26.89; H, 2.46; Br, 70.94. 
Benzo[ 1,2:4,5]dicyclobutene (2). To the usual low temper- 

ature reaction apparatus5 were added 2,5-dibromo-1,4-bis(2- 
bromomethy1)benzene (10.00 g, 22 mmol), dry tetrahydrofuran 
(125 mL), and hexane (30 mL), and the mixture was cooled to 
-100 "C. Butyllithium (17.78 mL, 0.044 mol, 2.5 M in hexane) 
was added at such a rate as to maintain the temperature below 
-95 OC. A sample" was taken after 15 min at -100 "C and revealed 
that exchange was complete. 

The mixture was then allowed to warm to room temperature 
and was quenched in water (200 mL). The organic phase was 
separated and the aqueous phase was extracted with ether (3 X 
125 mL). The combined organics were then dried, filtered, and 
concentrated (rotary evaporation) to yield 2.65 g of a yellow solid, 
which was recrystallized from ethanol to yield pure benzo- 
[1,2:4,5]dicyclobutene (2): 1.83 g (64%) as colorless plates; mp 
100-101 "C (lit.14 mp 101 "C); IR (KBr) 2925,1445,1315,1205, 
865 cm-'; 'H NMR (CDC13) 6 3.09 (e, 8 H, cyclobutene CHJ, 6.76 
(s, 2 H, ArH). 
2,5-Bis(2-hydroxyethyl)-1,4-dimethylbenzene (6b). A 

Grignard reagent was prepared from 73.29 g (278 mmol) of 2,5- 
dibromc-l,4-dimethylbenzene (4b)15 in dry tetrahydrofuran (200 
mL) essentially as described by Clark et al.'O for the preparation 
of (6a), and the reagent was allowed to react with 48.93 g (1.11 
mol) of ethylene oxide in tetrahydrofuran. Worked up as in the 
case of the homologue 6a, the product was obtained as a brown 
oil, which on trituration with hexane afforded a yellow solid, which 
on crystallization from benzene yielded 23.20 g (43%) of 6a as 
colorless needles mp 108-109.5 OC; IR (KBr) 3320 cm-'; 'H NMR 

H, benzylic CH2), 6.93 (s, 2 H, ArH). 
Anal. Calcd for C12H1802: C, 74.23; H, 9.28. Found: C, 74.47; 

H, 9.46. 
2,5-Bis(2-bromoethyl)-l,4-dimethylbenzene (7b). By use 

of a procedure analogous to that used in the preparation of 7a, 
3.87 g (20 mmol) of the dihydroxy compound 6b was converted 
to the dibromide 7b: 5.80 g (91%) of small tan needles; mp 

CH2), 3.56 (t, 4 H, CH2), 7.08 (s, 2 H, ArH). 
3,6-Dibromo-2,5-bis( 2-bromoethy1)-l,4-dimethylbenzene 

(3b). Following the procedure described for the preparation of 
3a, 5.62 g (35.2 "01) of 7b was brominated in methylene chloride 
to afford a yellow solid, which on recrystallization from hexane 
gave 8.18 g (97%) of small colorless needles: mp 132-133 OC; 

Anal. Calcd for Cl2HI4Br4: C, 30.16; H, 2.95; Br, 66.89. Found 
C, 30.47; H, 2.95; Br, 66.62. 
4-Bromo-3,6-dimethyl-5-(2-bromoethyl)benzocyclobutene 

(8). The reaction of 3b (2.52 g, 5.27 "01) with butyllithium (4.58 
mL, 10.5 mmol) was carried out as previously described in the 
preparation of benzo[ 1,2:4,5]dicyclobutene (2) and yielded 1.40 
g (84%) of virtually pure 8 as colorless needles from methanol: 
mp 73-74.5 OC; 'H NMR (CDC13) 6 2.14 (8,  6 H, CH3), 2.99 (8 ,  
4 H, cyclobutene CH2), 3.43 (8 ,  4 H, side chain CH,); 13C NMR 

131.18, 135.60, 142.42, 143.33. 
Anal. Calcd for C12H14Br2: C, 45.28; H, 4.40; Br, 50.32. Found 

C, 45.45; H, 4.45; Br, 50.26. 
In a separate experiment a sample of the dibromo compound 

(8; 1.25 g, 3.93 "01) was subjected to the action of butyllithium 
(3.93 mmol, in hexane) under conditions similar to those used 

(14) Rapoport, H.; Smolinski, G. J.  Am. Chem. SOC. 1960,82, 1171. 
(15) Moody, G. T.; Nicholson, T. G. J. Chem. SOC. 1890, 57, 974. 

106.5-108.5 "C; 'H NMR (CDC13) 6 3.23 (t, 4 H, CHZ), 3.57 (t, 

(CDClJ 6 2.27 (8, 7 H, CH3, OH), 2.90 (t, 4 H, CH&, 3.97 (t, 4 

128-130 "C; 'H NMR (CDClJ 6 2.12 ( ~ , 6  H, CH,), 3.16 (t, 4 H, 

'NMR (CDC13) S 2.52 (9, 6 H, CHJ, 3.47 (9, 8 H, CH2). 

(CDClJ 6 14.68, 18.06,27.16,27.35, 29.82, 37.49, 126.44, 130.47, 
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in the cyclization of 3a. The starting material (1.19 g, 95%) was 
recovered unchanged. 
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Hemoproteins, composed of an iron porphyrin active site 
and the apoprotein, exhibit an amazingly broad spectrum 
of functions including oxygen transport, electron transport, 
hydrogen peroxide decomposition, and oxidation of organic 
substrates. The variation in heme function among he- 
moproteins depends upon specific interactions between the 
heme prosthetic group and the apoprotein. An obvious 
method of probing the heme-protein relationship is to 
investigate structural modifications in the heme group and 
to relate these to alterations in the functional properties 
of hemoproteins reconstituted with these hemesa2 The 
heme derivatives studied in previous reconstitution ex- 
periments invariably involved those hemes derived directly 
from protoporphyrin IX (1) with modification of the 
substituenta at position 2 and 4 of the porphyrin ring, i.e., 
deutero, meso, diacetyl, and formyl  derivative^.^*^ How- 
ever, the electronic effect and the steric effect of the side 
chains in such compounds have been altered simultane- 
ously, and this blending of the two effects has made the 
interpretation of the results very ambiguous. For differ- 
entiation of these two effects, more synthetic hemes are 
required. We have previously prepared a hexamethyl 
porphyrin 2 and reconstituted the heme into hemoglobin5 
as well as peroxidase.6 We now report the synthesis of 
two demethylated analogues 3 and 4. Hemes of such 
porphyrins deprived of side chains should have greater 
freedom inside the protein pocket and therefore would 
exhibit properties approaching those of an unstrained 
system . 

C02H 

I ) Ra = R4 = vinyl 
2) RZ = R4 = Me 

3)  R - H  
4) R = M e  
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Porphyrin Synthesis via the a,c-Biladiene Routes 
The most convenient synthesis for porphyrin 3 is 

probably the apbiladiene route, using copper(I1) salts for 
ring  los sure.^^^ The required pyrrolepropionic acid 8 was 
synthesized from pyrrole 59 via the acrylic ester 7.1° 
Condensation of (5,5’-diformyl-2,2’-dipyrryl)methane (lo), 
prepared as previously described,l’ and 2 mol of the de- 
carboxylated 9 in 40% HBr in acetic acid afforded a 75% 
yield of the apbiladiene dihydrobromide 12. This tetra- 
pyrrole was cyclized, using copper acetate in pyridine, to 
give the copper porphyrin, which was demetalated in 
sulfuric acid and esterified with methanol to give porphyrin 
3. The yield was very low (<2% from 12) and the main 
product was an insoluble black powder. Since variations 
of the cyclization conditions failed to improve the yield, 
it was decided to try this method on different tetrapyrroles. 

m H O X  

R R H H 

IO) R = CHO 5) R = H  9) 
6 )  R =  CHO 0 1 1 )  R = H  me 

O C H O  
7) R 5 CH = CH2COzEt 

8 )  R = CH&HzCO,Et 
H 

I I 
P P 

15) R, = H A, = Me R3 = M e  
16) RI = CHO R2 = Me R3 = CH2CH2C02Me 

17) RI = H R2 = Me R3 

19) R, = C0,Et R, = H R3 = Me 

12) R = H CHpCH2C02H 
13) R =  Me 18) RI COzEt R2 i H R3 CHzCHZCOzEt 

Condensation of 11 and 2 mol of 14 in HBr-HOAc af- 
forded 82% of the biladiene 13 dimethyl ester, which was 
then treated with copper(I1) chloride in hot DMF. After 
demetalation and esterification, porphyrin 4 was obtained 
again in less than 2% yield. Previously this copper cy- 
clization method has been shown to give satisfactory yields 
(>20%) of porphyrins from fully substituted tetra- 
p y r r o l e ~ . ~ ~ ~  Indeed, when (3,3’,4,4’-tetramethyL2,2’-di- 
pyrry1)methane (15)12 was condensed with 14, subsequent 
ring closure under identical conditions provided 22 % of 
the hexamethyl porphyrin 2. It appears, therefore, that 
the cause of the poor yield is associated with the unsub- 
stituted a,c-biladienes. 

Porphyrin Synthesis by the MacDonald 
Procedure 

Porphyrins like 3 and 4, having a CZv symmetry, can be 
prepared by condensation of two symmetric dipyrryl- 
methanes (north-south direction) via formyl groups.13 
Thus the condensation of (5,5’-dipyrryl)methane 1611 and 

(7) Clezy, P. 5.; Liepa, A. J. Aust. J. Chem. 1971,24, 1027. 
(8) Baptieta de Almeida, J. A. P.; Kenner, G. W.; Rimmer, J.; Smith, 

K. M. Tetrahedron 1976,32,1793. 
(9) Falk, H.; Hofer, 0.; Lehner, H. Momtsh. Chem. 1973, 104, 925. 
(10) Fischer, H.; Orth, H. “Die Chemie des Pyrrols”; Akademische 

Verlagsgesaellschaft Leipzig, 1934; Vol. 1, p 460. 
(11) Chong, R.; Clezy, P. S.; Liepa, A. J.; Nichol, A. W. A u t .  J .  Chem. 

1969,22,229. The [5,5’-diformyl-2,2’-dipyrryl]methane we obtained was 
a pure, cryatallhe product which can be stored in refrigerator. 

(12) Clezy, P. S.; Nichol, A. W. A u t .  J. chem. 1965,18, 1835. 
(13) Araenault, G. P.; Bullock, E.; MacDonald, S. F. J. Am. Chem. Soc. 

1960,82,4384. 
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