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ABSTIMOY: 1,2,4,5-Tetrabrawobenzenes and analogous pnaphthalenes react with aone
or two equivalents of n-butyllithium and various dienes (furans, pyrroles,
cyclopentadienes, fulvenes) to form mono— or bis-cycloadducts. Highly
substituted arenes can be obtained by removing the oxygen or nitrogen bridges
from the furan or pyrrole adducts. By choice of conditions, two identical or
two different rings can be fused to the di-aryne equivalent. Improved short
syntheses of permethylnaphthalene, -apthracene and -naphthacene are described.
A pew tripbhenylene synthesis is presented.

INTRODUCTION
1,2,4,5~ and 1,2,3,4-Tetrahalobenzenes can be used as 1,4- and 1,3-bensadiyne equivalents,
respectively. During the past several years, we have described three ways in which such

intermediates can be synthetically useful: (1) through cycloadditions to furans or pyrroles,

Br Br ;
1oL, + o
Br Br =
1 2 3

followed by elimination of the oxygen or nitrogen bridges, they can be used to prepare highly
substituted arenes of the anthracene or phenanthrene type;! (2) through cycloadditions to
anthracenes or other dienes, they can provide short routes to iptycenes;2 (3) through
regioselective addition of carbon nucleophiles, they can be used to synthesize » and p-terphenyls,
as well as other highly substituted aryl, vinyl and ethynyl benzenes.3

Although expetrimental details have been described in full for most of our efforts in the
second and third of the above categories, we have neglected to describe those details for many of
our results in the first category. It is the purpose of this paper to provide those details for

the exemples listed in our preliminary communication,!® and for a number of related previously

unpublished arene syntheses.

NESULTS AND DISCUSSION
Cycloadditions to Furems

1,2,4,5-Tetrabromobenzene reacts with excess fursn and nbutyllithium (BulLi) to give an

excellent yield of the syn- and anti-bis-adducts 3.2%:4 By using substituted 1 and 2, a variety of
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. Adduct Yield, %% - ot
T.m” Furan {anti/syn) (solvent)® mp. ¢
| 2 3% exT) 245 (anti)
~ ~ 191 -193 (syn)
CHy CHy
&@& » 89(T) (203 - 263)
& ~
& CHy CHy
: S (50/50)
CHy CHy CHy CHy
a g [‘B@ﬁ’] 73(E),93(T) 283-284
~ onh
CHy Chy CHy CHy
3 7 157/43)
CHy CHy CHy CHy
M s cHy m@e‘) CHy S7(E), 78(T) (264-274)
~ CH, CH, CH,
CHy CHy CHy CHy
8 9 64/36)
OCHy OCH,
]
&@& 2 87(THF) 220-222
er 8r ~
CHy CHy
10 11150/50)
CHy OCHyCH,
19 6 S6(E),7I(T) 172-173
CHy CHy CHy
12
OCH, OCH,
*Yor* 2 m@@ B6(THF) 203-208
Br Br
OCH, OcHy
2 18"
CHy OCHyCHy
13 6 ['B@@ 72(THF) (270-277)
CHy OCHyCH,
Lg
CHy OCHyCHy
CHy CHy
13 8 |’3@E‘] T8(THF) {280-290)
CHg cH,
CHy OCHCHy
16 (60/40)
a CHy O CH,
Br
s'@ s (PO ) >srun?  293-2%8
or Br :
CHy CHy CHy CH,
w '8
~y
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Toble /. Bis- Adducts from Tetrohalocrenes ond Furans connnued:

Cl (o]
“or 2 ED SUTHF) 227- 23
8 - 4
cl Cl
|9I7 ag
P Pn CHy Py
. O GOl em o
~ —
Ph Ph CHy Ph
2 22
Ph  OCHPh
LS‘ 2! @w@e’@ 42(T) 355-3%7
Ph  OCH, Ph
23
~
Ph Ph CHy Ph
s o@ m@t’] s2im! 320-321
Pn Ph CHy Pn
24 25
~ ~
Ph OCHyPR
N4
3 24 ['a@w som*" 303-308
Pn OCHyPh
28
CHy CH, Ph  CHy CHy Ph
2 COMFTING ¢OOSO NI
8¢ Br
CHy CHy PR CHy CHy Ph
z" 28
8 Combined yield for syn and anti isomers. b Ezether, T=tolusne, THF=tetrahydrofuran. ¢ wp range
€l CHy
in ( ) is for the syn/anti mixture; other mp's are for one pure isomer. ¢ Mono-adducts

¢ Ci
Ciy CH,y
and o @c. were also formed. ¢ 20% and 71% of 24 was recovered, respectively, in the
O, Oy

preparation of 35 end 28; yields are based on consumed 24. f 9X of reduced mono—sdduct (5,8
dimethoxy-1,4-dipheayl-1,4-dihydronaphthalene-1,4-endoxide), sp 182-184°C, was alsoc isolsted.

substituted analogs of 3 have been prepared (Table 1). Except for 3, 5 and 14, all of the adducts
listed are new. Their structures were clear from the method of synthesis, from spectra (given in
the experimsntal section), and in some cases from their deoxygenation to substituted anthracenes.}®

The bis-cycloadducts were usually obtained as & syn/anti mixture. In some instances, one of
the iscmers (uwwwally the major isomer, and most likely the less soluble anti-isomer) crystallized
from the reaction mixture or from chromatography. X-ray structures of the predominant isower of
3 aud 7 (Figure 1) showad thet the oxygens were anti.

In the two exsmples with low yields (18, 20), comsidersble polymeric product, as well as some
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Figure 1. Stereodrawing of anti-7 (the hydrogens on the aryl
methyl groups are disordered).

mono-adduct, was formed. Another contaminant, in all cases, can result from addition of Buli to
the aryne intermediates; this type of by-product is usually minimized in toluene (vis—a-vis ether
or THF).

Deoxygenation of certain of these bis-endoxides (i.e., 5, 7, 14 and 18) to the corresponding
anthracenes with low-valent transition metals (Fe, W, Ti) was highly successful as reportied
earlier.!c In some cases (i.e., 9), however, deoxygenation was incomplete or accompanied by side
reactions, and in others (i.e., 15, 16), methoxyls were also removed. Attempts to deoxygenate 22
with low-valent ironl¢ gave recovered starting material. With zinc in refluxing acetic acid,

however, 22 gave the stable quinonedimethide 29 in quantitative yield. This product was

Ph Ph
2z S QIO JoIC
~ reflux

Ph Ph

29

characterized by its spectra, particularly the vinyl proton singlet at 3 4.86. With the same
reagent, the dimethoxy analog 23 gavec what appeared to be the expected pentacene in high yield,

though purification of the blue-green product proved difficult due to its high reactivity with air.

Momo~cyclondducts from Tetrshalobenzenes and Furans

It may be desirable, on occasion, to carry out the two cycloadditions to a 1,4-benzadiyne
equivalent stepwise so that, instead of obtaining product with two identical appended rings (Table
1), the two rings can be different. This goal can be achieved by using only one equivalent each of
Buli and furan, but the choice of solvent may be critical for a given teéruhnloanno. For example,
treatment of 1 or 4 with one equivalent each of furan and Buli in ether or THF as solvent gave only
bis-eddyct (and recovered tetrahaloarene). This result can be attributed to the low solubility of

1 and 4 in oxygenated solvents at low temperatures, and the considersbly greeter solubilities of
the mono—cycloadducts, which are consequently selectively metalated.

These difficulties can be overcome in either of two ways. If the tetrshaloarene carries
solubilizing substituents, mono~sdducts can be obtained, even in oxygenated solvents. For exsmple,
treatment of 10 end 8 with 1 eq. of BulLi in THP at -78°C gave, after workup, 42% of mono—adduct 30

(and an equal yield of 31, from proton quench of the intermediate lithio compound®). Similerly, 13
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Toble 2. Mono -adducts from Tetrahalobenzenes and Furans

Tetrahalo- ¢, qq Mono - adduct Yield,% mp,°C

benzene
Br
Q 70 ns-n7z
Br 3
2c
34

N

CHy

Br
) 7 s
Br

W
IN

146-147

g
8

Br
o 6 "] .
0 6 o @ 53 149-I5)

Br
13 6 @w 44 162-165%
”~ ~ Br

OCH, OCH; CH,q oc
Br Br 6,BuLi(leq) 6r @ Br &
e o LR
Br gr THF.-78°C g, Yoa B
CHS CH3 CHS CH3
19 30 (42%) 31(42%)

amd 8 gave mono—ddduct 32.
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OCH, OCH,CH,y OCH,

8r Br 8,BuLi.(leq) @w CH3 8r

Br gr THF.-78°C Cl-l3 Br Br
OCH, OCHyCH, OCH,
i3 32 (51%) 33 (35%)

A more general solution to monoadduct formation is to use the less polar toluene as a solvent.
Table 2 shows examples of mono-adducts prepared in this way. Except for 342¢ and 38, the yields
were not optimized and can probably be improved. The structures of the mono—adducts are based on
their spectra. An example of their use to fuse two differently substituted rings to a given

tetrahalobenzene is given later in this paper.®

Cyclosdditions to Pyrroles

One use to which bis-cycloadditions of furans to di-aryne equivalents can be put is the
synthesis of highly substituted arenes with multiple peri-interactions (for exsmple, the synthesis
of 1,4,5,8,9,10-hexsmethylanthracene by deoxygenation of 7:¢). Sometimes, however, deoxygenation
is accompanied by undesired side-reactions.!c¢ This difficulty may be overcome by using 1,4-imines
in place of 1,4-endoxides, nitrogen bridge removal being accomplished by oxidation? or pyrolysis.?
Consequently, we carried out a number of bis-cycloadditions of N-substituted pyrroles to 1,4-
benzadiyne equivalents (Tsble 3).

The reactions were generally carried out by adding BuLi (usually in hexane, but in some cases
in THY or ether) at -78°C to a 1:2 mixture of the tetrahaloarene and pyrrole in toluene, followed
by warming to room temperature and workup. The products were anti/syn mixtures from which the
predominant isomer could usually be obtained pure through trituretion, crystallization or
chromatography.

Although cycloeddition was successful for phenmyl-substituted pyrroles 42 and 44, it failed
with #methyl-2,5-diphenylpyrrole and with #methyl-tetrapbenylpyrrole. These failures sppear to

be a consequence of electronic rather than steric factors. The bulk of the R group on nitrogen
(see compounds 41) has only a slight effect on the cycloaddition yield.

Some of the bis-edducts in Table 3 were converted to the corresponding fused-ring arenes by
remsoval of the nitrogen bridges. For example, oxidation of 43 (R=CHa) with s-chloroperbenzoic acid

(#CPBA)® or pyrolysis or =»CPBA oxidation of 41 (R=NMez) gave decamethylanthracene 85210

CHy CH, CHy
pi) CHS @@@ CHS CHS c|-|
(RCHy or NMe,) CHy CHy CHy cn,c,..s,.. vy
32 23

contaminated with varying ssounts of its 9-methylene-9,10-dihydro isomer 83 (see experimental for
details). The best method allows a two-step 46X overall yield synthesis of 82 fros readily
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Tetrahalobenzenes as di-aryne equivalents

Tetrohalo- Adduct " g R
arene Pyrroie (anti /syn) Yield, % mp, °C
CHy CHy CHy CH,
4 CHy-N _ 73 242-244
CHy CHy CHy CH,
38 39 (73/27)
CHy CHy CHy cu,
CHy CH3
s R NIOC
CH 3
CHy —° CHy CHy CHy
40 4l (RaCHy) 79 256-258
(R=n-Bu) 64 204-208
(R=iPr) 65 243-245
(R=Bn) 6l 268-270
(R=Ph) 51 293-294
(R=NMe,) 33 203-206
30 190- 191
CHy CH, CHy CH,y
sy PP Ph Ph
4 CH.- 59 230-232
3 Ph P L Ph
42 43
Ph Ph CHy Ph
CH, CHy
4 CH,- [{@@@}] 57 270-271
= “CHy
| Ph CHy Ph
44 43
4 R-N 7ed 282- 284
ag 47 (ReCHy) 7¢d 282-284
(R=NMep) 378 |5?¢|63"
dec)
CH i CH’cH
i 30¢
CHy ocu,cu,

48
Lo d



5210 H. HART et al.

Table 3 Bis- Adducts from Tetrahaloorenes and Pyrroles continued:

Adduct . g -]
Tetrahaio- mp, *
arene Pyrrole {anti /Syn) Yield, % p,*C

CHg CHy CHy CHy

CHy
27 40 (R=NMe,) [ﬁ’@@‘}] 62 180- 182
~v A

CHs

CHy CHy CHy CHy

49
CHy CH,
4 R 36 285-286
~
CHy CHy CHy CHy CHy CHy CH,
50 (R=NMe,) 5|
~ ~

lated
a Combined yield for syn and anti isomers, except for 41 (R=NMez), where both isomers were iso
pure; the ::lnnt was toluene and, except where noted, the BulLi was in hexane. ° Mp is for one
pure isomer. ¢ Becomes yellow and is coaverted to the corresponding anthracene, which melts at
367-369°C. 9 BulLi in THP. ® Buli in ether.

available starting materials, a substantial improvement over our first T-step 8% overall route froa
4,7-dimethylisatin.0

When the methyl groups in the central ring of 41 are replaced by methoxyls, the isomerization
problem is avoided. Thus, pyrolysis of 48 gave a quantitative yield of 854, whose !H NMR spectrum
showed only three methyl singlets at 5 2.38, 2.76 and 3.33 (aress 12:12:6).

. _moe o CHy CHy CHy G
e @@@ iy 9 —oon— @@@@ iy
CHy OCHyCHy CHy CHy CHy CHy
54 3

~

Pyrolysis of 49 at 180°C similarly gave the known!® dodecamethylnaphthacene 68. This 2-step
synthesis of 88 (overall yield 62X) from 27 and 40 (R=NMes) represents a substantial improvement
over the original procedure!® (8X overall). It is noteworthy that isomerization is not a problem
in this synthesis of 88, whereas it is in the synthesis of 52.

Analogous attempts to aromatize 51 (R=NMes) were not entirely successful. Although the
pyrolysis sppeared to proceed, the insolubility of the product preveated its complete
characterization.

Stepwise Bis—somulstions
Stepwise cycloaddition to a 1,4-benzadiyne equivalent allows annulation with two differently
substituted arene rings. To illustrate this nthodoloiy. the following examples were carried out.
Mono—adduct 38 (Tsble 2) reacted with 1 eq. of 40 (R=CHa) and Buli to give the mixed di-adduct
67 in 42% yield. The same mixed adduct was cbtained via 88 by performing the two cycloedditions in
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the raverss order. The syn/snti retio in 57 was similar but not identical for the two paths. The

imine snalog of 8T (i.e., 88) wes similarly obtained vis 88.

_gue *M om0y

Bul..l Buli
c”’ s CHy CHy CHy
-
o CHy CHg CHy
3 CHsy
49 (ReCHy) _ CHy B8 | EY
uq’ CHy o BuLi
Buti CHy CHy
? s CHy CHy CHy
o TR
Buli CHy l“'@@
CHy CHy CHy
B

The unsymmstric di-adduct 60 was similarly prepered by stepwise anmolstion of 4.

CHy ‘ CHy CHy

o 38 (ReCHy) Br @@ 40 (R=CHy) CHa

BuLi CHy ‘
59 )

Mono-adducts may be arcmetized prior to the second cycloaddition. For example, sono~sdduct 6}
wes converted quantitatively at 200°C to dibromobexssethylnsphthalene 82. This two-step synthesis

TRIOC M OO
L0 RN o o @ cuy  100% g
% ¥ T T 19 cu,
8 &2
91% |46 (ReNibay )
Buti

(g () 4
oL Yor™ o
%

of 82 (overall > 680X) is superior to an earlier route!® (6 steps, 39X from 4,7-dimethylisatin). 4

second cycloaddition, now with pyrrole 48 (R=NMee) affords 83 in 91X yield. Pyrolysis of 63 gave
84 in nesrly quantitative yield, but the Mt could not be obtained pure due to facile
isomerisation to 5. Compound 64 scems to be more susceptible than 82 to this type of de-
sromatization. Thus, treatment of 64 with a trsce of trifluoromcetic acid gave 66 (room
temperature, 5§ min, 100%).
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Tablte ¢ Aryne Adducts of Various Dienes

Aryne : A Yield, % '
Equivaient Oiene dduct (solvent)2 mp.'C
CHy
s @ O@ ‘] 97 108 -107
. z
€6 CHy
71
CHy
s |:>.< Q]@(’ Je 270-272
67 CHy
72
N
Hs
Ph Ph Ph
2 ©-<P" <] Q(O Ph ('rﬁ') »3%0
8 s
73
P ad
CHs
4 @(} p‘]@ < (eo) 223-225
~ T
69 CHs
Zé
CHa
s 0 0O s e
70 CHs
-~
75
CHy CHs b
CHy Br CHy 97 50-52
@ 6 @) &
CH, Br CHs' Chy
CHs 77
76 ~
CHy
76 &7 CH, 57 96-98
~ ~ (THF)

CH3 CH3
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Table 4 Aryne Adducts of Various Dienes continved-.

Aryne Diene Adduct Yield, %
Equivelent (solvent) mp,°C

Ph Ph

CHy b
76 68 CHy 62 177-178
~ ~ @ (THF)
CHy T,
79
Va4

\/

k b 52 106 -107
76 &9 CHy @ -

~ (m
CHs' Chy
80
)
CHy b
76 70 CHy @ (71'3) 95-97
M,
8l

a2 Ezether, THF=tetrahydrofuran, T=toluene.

Othar Aryms Cycloadditices

Dienos other than furans and pyrroles have also besen added to 1,4-Denzadiyne equivalent 4.
Examples are given in Teble 4, which also includes analogous tetramethyl mono~eryne adducts 77-81,
derived from 78 and Buli as the tetramethylbensyne source. As previously, bis—adducts 71-78 were
usually a mixture of syn/anti isomers, though one of the two isowers (mp given) often predominated
and was easily isolated in pure crystalline form via chromatography. The structures of the
cycloadducts are based on their method of synthesis and spectra.

Mechanistic experiments showed that cyclopentadiene itself, and not the cyclopentadienide

anion, cycloadds to the aryne intermediates from 4. For exsmple, treatmwent of diyne equivalent 4

(1 eq) and cyclopentadiene (2 eq) in ether at -78°C with BuLi (2 eq) gsve a nearly quantitative
yield of bis-cyclosdduct 71. When the amount of Buli was increased to 4 eq (presumsbly comverting
some of the cyclopentadiene to its anion), the yield of 71 dropped to 37%. Finally, when equimolar
smounts of cyclopsatadiene and Buli were first allowed to resct completely at -78C (the
cyclopentadienide precipitates from solution), followed by successive addition of 4 (2 eq) and BuLi
(2 more eq), workup gave only polymeric product and dicyclopentediene; no 71 was formed. These
results also suggest that when the reaction is carried out in the usual way, Buli undergoes metal-
halogen exchange with the diyne equivalent faster than it sbstracts a proton fram cyclopentadiens.

jtiscellenseus Besults

A mew triphenylens synthesis wes developed, using aryne technology. Treatmsmt of 78 with
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octshydrocarbszole derivative 46 (R':NMez) and 1 »q of Buli gave adduct' B2 (62%) which, on heating

CH,
:]:0:[: + 46 (R’ Nadey) : ©®
% &, (O
78 (ReCHy) "
4 (R=Br) 83 84

to 250°C, gave vaphthalens 83 (R=CBs) in quentitative yield. Dichlorodicysmoguinone (DDQ)
dehydrogesation of 83 gave triphanylene 84 (R=CHa) in 68% yield. A similar sequencs starting with
4 gave B4 (RxBr) in 55X oversll yield for the three steps. The two bromine substituents in 08
(R=Br) could of course be used to further alsborate the triphenylens framework.

A pew octamsthylnephthalene synthesis was alsp developed, taking advantage of the pyrolytic
arowstization of A-dimsthylsminopyrrole cycloadducts. Thus, treatment of 76 with 40 (R=)dex) and

Buli gave in 82X yield the adduct 85 which was quantitatively pyrolyzed to 88. This two-step route

CH, CHy CHy CH,
BuLz CHs @ CHy  200°C C“s @@
76+ 49 “o0%
‘R"""’z’ CHy CH, CHy CHy
85 86

is sowewhat better than our previous route,!! which used 40 (R=CBs) and »CPBA oxidation for the
second step (overall 66%).

Finally, we call sattention to the possibility that momo-cyclosdducts of benzadiyns
equivelents, becsuss of the preswca‘ of two remmining browines, asre potential bipbhenylens
precursors. The conversiaon of 62, for example, to the corresponding biphenylane hes alrsady been
described.}! This reaction type may sven be psrformed with the adducts themselves, prior to bridge
elimipation. For example, although the yield is low, mono-adduct 36 (Teble 2) was converted to
bipheuylene BY with retention of the endoxide functionality.

Buli, L
~ Toluene, 0%

To summarize, tetrahaloarenes function as useful di-aryne equivalents. Cyclosdditions with
furans, pyrroles and other dienes proceed in good to excellent yields, alla.uinx one to readily
mono~ or bis—annulate an existing arens ring. Since the intermediates (arymes) are high-energy
species, the cyclomdditions are exothermic and, hence, allow one to prepars a variety of -te;'icnlly

strained compounds easily and efficiently.
EXPERDIRNTAL

Saneral Precedwres

1H N spectre were msssured in CDCls unless otherwise stated
usi Ciy )e51 o8 am interms
Standard, on a Varisn T-80 or Bruker WM-250 spectromster snd are u;u u‘i Snn:‘ 13¢ MR lp.ctl:
IW o0 a Varian CFT-20 spectromster. IR spectrs were delitwined on « Perkin Elmer
Node spectrometer, UV spactra on s Unicam SP-B0O, Cary 219 or Cary-1766 spectrometer, snd mess
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spectra on a FPinmigmm 4000 spectrometer with the INCOS data system. High resolution mess spectra
were obtained on & Verian CHS spectromster. Melting poists, tekes om & Thomas Scover Unimelt or
Pisher Rlectrothermal NP spparstus, asre uncorrected. Analyses are by Speng Microssmalyticsl
Laboratory, Bagle Narbor, MI.

Totrebrens-pgiens (4)'2

To a solutiom of pxyleme (21 g, 0.23 mol) in 100 mlL of CCl¢ was added, dropwise at rt with
stirring, 6 eq of bromime. After overnight reflux, satd. eq. NelSOs wap added to the cooled
smixture to decolarise the excess brogine. The precipitate was recrystallizeéd from chloroform-
methanol to give 79.5 g (94%) of 4, mp 248-251°C (1iti? 251-252°C); 1H NMR: 8 2.78 (s).

2,3,5,6-Tetrsbrens-4-ssthoxytolusne (10):3

pCresol (20 g, 0.185 mol) was added dropwise to 60 ml (1.16 mol) of bromine containing 1 g Fe
filings at room temperature. Small portions of CHCly were added from time to time to permit
stirring. After 6 h, HBr evolution subsided. The residue was dissolved in hot CHCls, washed
successively with aqg. MNeliSOa, NalCO: and evaporated to give 73 g (93%) of tetrsbromo-p-cresol, mp
196-196°C (1itie 198°C).

Potassium hydroxide (10 g) in 50 mL of H20 was added to 32.3 g of tetrsbromo—p-cresol and the
hot suspemsion was treated with 20 g of dimethyl sulfate. Chlorofors (20 mL) was added to the
resulting milky-white cakte, and the mixture was stirred for 6 h at rt, then bheated at reflux for 4
h. Cooling, extraction with CHCls and evaporation of the extract to dryness gave 32.5 g (97%) of
10 as white needles, mp 136-138°C (1litid 1380C).

2,3,5,6-Tetrabramo-1, 4~dimethoxybenzene (13)

A suspension of 2,5-dibromo-1,4-dimethoxybenzene!s (29.6 g, 0.1 mol) and 48 g of Bra in CCle
(50 mL) costaining 0.5 g of I2 was heated overnight at reflux. BExcess bromine was destroyed with
aq. Nalli03. The precipitate was recrystallized from chloroformwsthanol to give 37.4 g (83%) of
13, mp 193-196°C (1iti® 194°C). 'H NMR: &8 3.76 (s).

2,3,5,6-Tetrabromo—4~chlorotolusne (17)

4~Chlorotoluens (10.5 g, 83.3 mmol) was added dropwise at rt over 15 min to 50 =L (0.97 mol)
of bromine containing 2 g of Fe filings. When HBr avolution subsided (6 h), the excess Bra was
destroyed by successive washing with aq Nali50; and Nal(03. The solid was extracted with CHCls:,
dried and evaporated to give 26.4 g (72%) of 17, mp 264-265°C. 'H NMR: 3 2.77 (s); mass spectrum,
we (rel. intensity) 442 (31), 363 (29), 203 (88), 122 (57), 87 (100). 4nal. Calcd for C7HaBreCl:
C, 19.01; H, 0.68. PFound: C, 19.05; M, 0.68.

Typical Procedure for Bis—Cycloeddition of FPursns (Table 1). 1,4,5,8,9,10-8sxamethyl-1,4,5,8-tet—
rahydroanthracene-1,4:8,8-bis—endoxide (7)

To a suspension of 4 (4.22 g, 10 mmol) and 2,5-dimethylfuran (8) in toluene (100 mL) at -78°C,
under argon was added dropwise 11 mL (22 mmol) of Buli (2M in hexape) that had been further diluted
with 100 nl of hexame, After stirring for 2 h at -78°C, the mixture was allowed to warm slowly to
room temperaturs and was quenched with methanol (1 mL), then water. The organic layer was dried
(NgS04) and eveporated. Trituration of the crude product with hexane gave 2.79 g (93X) of 7 as an
anti/syn mixture (57:43 by NMR). Successive washing with ether gave pure aenti-7, mp 283-284°C.
Alternatively, chromatography over neutral alumina (Activity II) was used to purify the product. 'H
NR: 31.94 (s, 12 H), 2.29 (s, 6 H), 6.78 (s, 4 H); mass spectrum, &/e (rel. intensity) 294 (9),
251 (37), 226 (Bl1), 209 (22), 193 (21), 178 (26), 43 (100). 4oal. Calcd for CaoHaaOa: C, 81.60; H,
7.83. Found: C, 81.51; H, 7.50. The anti/syn mixture had the following spectra: !H NMR: & 1.94,
1.96 (s, 12 H), 2.28, 2.34 (s, 6 H), 6.79 (br s, 4 H); 13C NR: & 13.8]1 and 14.39, 18.69 and 19.00,
89.44 and 89.73, 121.72 and 122.09, 147.48, 149.74 and 150.09.

With ether in place of toluene, the yield of 7 was 2.19 g (73X). With only 10 mmol of Buli
and ether as the solveat, there was obtained 3.26 g of crude product. Chrosatography (alumina;
hexans eluent) gave 1.35 g (32X) of recovered 4. Further elution (3:1 hexane:CHeCla) gave 1.58 ¢
(47%) of 7; po moncadduct 38 was formed.

Spectroscopic Properties of Fursn Bis-adducts (Table 1)

For 828 (a/a mixtwre): mp (dec) 205-265°C (1it!$ 210-300); 'H NMR: 3 2.239, 2.248 (s, 6 H),
8.701, 5.704 (s, 4 W), 7.022, 7.027 (s, 4 H); 13C NMR: & 14.56, 81.15, 121,44 and 121.83, 143.39
::;)143162622‘§48.48: mass spectrum, a/e (rel. intensity) 238 (M*, 28), 212 (11), 183 (100), 165

N .

For 9 (s/a mixtwre): 'H NMR: 3 1.598, 1.667 (s, 12 H), 1.888, 1.832 (s, 12 H), 2.386, 2.302
(s, 6 H); 13C MR: 3 10.84 and 10.88, 14.21 and 15.14, 17.23 end 17.58, 89.48 and 89.89, 120.50 and
121.08, 145.40 and 143.80, 149.56 and 150.00; UV (CDCla) A max () 257 nm (9939), 290 (978); mass
spectrum, a/e (rel. intemsity) 350 (M*, 18), 308 (22), 298 (24), 264 (53), 283 (100). Apel. Calcd
for CaeBaoOs: C, 82.24; H, 8.63. Found: Cc, 82.28; H, 8.53.

For 11 (s/a mixtwre): 1H NMR: 3§ 2.214, 2.228 (s, 3 H), 3.865, 3.868 (s, 3 W), 5.673 (br s, 2
H), 6.888 (br s, 2 B), 7.018 (br s, 4 H); 13C NMR: 14.34, 59.74 end 60.03, 80.82, 81.11, 118.64 and
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118.48, 135.64 and 135.52, 142.98 and 143.34, 143.17, 146.58, 149.39; muss spectrum, ave (rel.
intensity) 264 (M*, 15), 228 (6), 199 (100), 183 (45), 167 (37), 1582 (37). Anael. Calcd for
CigHicOa: C, 78.58: H, 5.85. Found: C, 75.73; H, 5.48.

Yor 12 (s/a mixture): 'H NMR: & 1.955 (s, 6 H), 1.971 (s, 6 H), 2.310, 2.361 (s, 3 H), 3.588,
3.672 (s, 3 H), 6.838 (br s, 4 H); mass spectrum, &e (rel. intensity) 310 (i, 8), 287 (333, 241
(84), 225 (100). Ansl. Calcd for CaoHa203: C, 77.39; H, 7.14. Found: C, 77.32; H, 7.17.

Tor 189%: 1H MR (coe isomer): 3 3.77 (s, 6 H), 5.72 (s, 4 H), 6.87(s, 4 H); 13C MR (s/e
mixture): 8 50.61 and 60.31, " 80.77, 138.72, 142.97 and 143.15, 145.97 and 144.12; wass spectrum,
& e (rel. inteowity) 270 (M*, 43), 215 (100), 199 (77), 183 (28), 139 (30). .

Por 15: 1H NMR: & 1.981 (s, 12 H), 3.676 (s, 6 H), 6.840 (s, 4 H); mess spettrum, ae'(rel.
intensity) 326 (M*, 8), 283 (47), 257 (100), 241 (92), 227 (26). Anal. Calcd for Caolle20e: C,
73.60; B, 6.79. Found: C, 73.70; H, 6.82.

Por 18 (s/a mixture): !H NMR: 3 1.681, 1.728 (s, 12 H), 1.882, 1.881 (s, 12 H), 3.751, 3.698
(s, 8 H); mmss spectrum, m'e (rel. intensity) 382 (M*, 8), 339 (22), 328 (15), 298 (58), 286 (100).
Anal. Calcd for CaeHsoOs: C, 75.36; H, 7.91. Found: C, 75.51; H, 7.87.

Por 18: 1H NMR (one isomer): 8 1.966 (s, 6 H), 2.016 (s, 6 H), 2.398 (s, 3 N), 6.760-6.824 (AB
q, 4 H); mess spectrum, aye (rel. intensity) 314 (M*, 7), 271 (22), 248 (90), 229 (98), 43 (100);
High resolution mass spectrum: Calcd for CioH10Cl0z2: 314.1062. Found: 314.1074.

For 20: 'H NMR (ope isomer): 3 5.57 (s, 4 H), 6.93 (s, 4 H); mass spectrus, ~e (rel.
intensity) 278 (M*, 30), 252 (18), 223 (70), 189 (100), 182 (63). 4sal. Calcd for Ci<H1aCl202: C,
60.24; R, 2.89. Found: C, 60.13; H, 2.90.

For 22 (ome isomer): 'H NMR: & 1.40 (s, 6 H)30, 6.73~7.83 (m, 28 H); 13C NMR: & 17.43, 91.67,
122.01, 124.66, 126.468, 128.59, 128.80, 129.01, 129.63, 134.98, 130.31, 150.53, 150.92} meass
spectrum, me (rel. intemsity) 642 (M*, 11), 537 (21), 432 (82), 340 (15), 108 (100). Righ
resolution wass spectrum: Calcd. for CeoHaeaOa: 642.2617. Found: 642.2607.

For 23 (ome isamer): 'H NMB: 3 2.66 (s, 6 H)39, 6.9-8.0 (m, 28 H); 13C NMR: 3 60.93, 91.37,
121.64, 125.64, 128.08, 128.38, 128.81, 129.14, 129.39, 134.34, 144.22, 145.41, 150.91; mass
spectrum (CI) 678 (M*+l). High resclution mass spectrum: Calcd for Ce1HaeOs (M*-C7Hs0): 05839.2117.
Found: 569.2085.

For 28 (ome isomer): !H NMR: 3 1.03 (s, 6 H)20, 7.16 (s, 4 H), 7.17-7.66 (m, 20 H); 33C MMR: 8
14.67, 94.29, 124.10, 127.96, 128.29, 128.53, 137.13, 144.47, 150.66; mass spectrum, &e (rel.
intensity) 542 (M*, trace), 527 (trace), 437 (2), 105 (100), 77 (12). High resolution mass
spectrum: Caled for CeoMaoOa: 842.2248. Found: 542.2247.

For 28 (ome isomer): 'H NMR: 8 1.96 (s, 6 H)20, 7.0~7.6 (m, 24 H); mass spectrum, &/e (rel.
intensity) 574 (M*, trace), 469 (42), 443 (14), 364 (8), 105 (100). High resolution mess spectrum:
Calcd for CasBasOs (M*-CrHsO): 469.1804. Found: 469.1784.

For 28 (cme isomer): 1K NMR: 3 2.13 (s, 12 H), 8.9-7.8 (m, 28 H); 13C NMR: § 22.97, 92.29,
121.63, 125.98, 127.67, 127.96, 128.74, 129.01, 129.69, 135.21, 149.43, 149.66; mass spectrum, »'e
(rel. intensity) 720 (M*, 3), 613 (B), 600 (2), 510 (5), 108 (100), 77 (23). High resolution mass
spectrum: Calcd for CseBeeO2: 720.3028. Found: 720.3008.

5,7,12, 14-Tetrepheayl-6, 13-bis-methylene—6, 15-dihydropeantacens (29).

A suspension of 22 (200 mg) and zinc dust (4 g) in glacial acetic acid (100 nl) was heated at
reflux for 6 h. After cooling and solvent removal (rotavap), the organic product was dissolved in
chloroform (100 mL), washed with water and dried (MgSO«). Concentration of the solution deposited
190 mg (100%) of 39 (starts to sublime at 240°C, melts on rapid heating at 270-272¢C). H NMR: 3
4.88 (s, 4 H), 7.0-7.40 (m, 28 H); mass spectrum, a/e (rel. intensity) 608 (M*, 80), 571 (18), 265
(57), 257 (52), 226 (68), 91 (37), 43 (100). High resolution mass spectrum: Calcd for Cealhaa:
608.2604. Found: 608.2478.

Baaction of 28 with Za—HDic.

A suspension of 28 (100 mg) and zinc dust (2 g) in glacial acetic scid (80 al) was heated at
reflux under argon in the dark for 2 h. After cooling, 50 mL of oxygeo-free water was added. The
gresnish-blue solid was filtered under argon, washed with oxygen-free water and dried to give 80 mg
(84%) of crude 6,13-dimethoxy-5,7,12, 14-tetraphenylpentacene, mp 288-290°C (rapid heating). *H NMR:
3 3.61 (s, 6 R), 6.90-7.30 (m, 2B H); mass spectrum, /e (rel. intemnsity) 642 (M*, 3), 584 (30),
303 (18), 291 (37), 283 (100), 214 (31). High resolution mess spectrus: Calcd for CasHseOa:
642.25589. Found: 642.2549.

8, 7-3ibromo-8-sethoxy-1,4,5-trimsthyl-1, 4—dihydronephthalene-1, 4-endoxide (30).

To a solution of 10 (4.5 g, 10.5 mmol) and 2,5-dimethylfuran (8.2 g, 54 mmol) in THF (100 =alL)
cooled to -78°C under argon was added Buli (5 ml of 2.24 in hexmne, diluted with 30 =L of
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additional bexame) over 2 h, and the mixture slowly warmed to 25°C (6 h). Mathemol (5 al) wee
added, the solvest was removed (rotavap), and the residue was disselved ia CHeCla (100 ml), washed
with water ami drietd (MagS0:). Sclvent remdval (rotavap) and chrommtogrephy em slunime, eluted
with 108 CHgCls inm hmmoe, gave 1.1 g of recovered 10 and 0.9 g (43%) of 2,3,0-tribrewi4-nsthely-
toluens 51, wp 122-1245C (lit® 115¢C). ‘HWE: 232.57 (s, 3 H), 3.83 (s, 3'H), 6.97 (s; .1 H).
Further eistisn with CleClsgave 0.9 g (42%) of 30, wp 149-151°C (recrystalliszed fram CieCla-CleQl).
iBwe: 1.9 (s,- 69, 243 (s, 3 H), 3.70 (s, 3 H), 6.63 (br o, 2 H); mead spectrus w/e (rel
intensity) 374 (W, 2), 331 (62), 293 (34), 252 (13), 128 (17), 43 (100). 4nel. Calod for
CieHi1¢Bra0z: C, 44.98; H, 3.77; Br, 42.72. Found: C, 44.97; H, 3.62; Br, 42.61.

6, 7-Dibromc-5,8-dimethouy-1,2,3, 4-tetramethyl-1, 4—dikydronephthalens-1, 4-endoxide (32).

In a procedure and workup enslogous to that described for 30, from 2.24 g (4.9 mmol) of 13, 3
€ (24 nmol) of 8, 300 mk of THF end Buli (3 ml of 1.9M in hexane, further diluted with 20 =i of
hexsne), there was obtained 0.6 g (35X) of 2,3,6-tribromo-1,4-dimethoxybenzene 33, =mp 98-99°C
(1it22 101-102°C). '*H WMR (CCl¢): & 3.73 (s, 3 H), 3.78 (s, 3 H), 6.87 (s, 1 H). Further elution
with CEaCla guve 0.8 g (51%) of %2, mp 94-96°C (methanol). 1H NMR: & 1.63 (s, 8 H), 1.77 (s, 8 H),
3.71 (s, 6 H); mass spectrum, a/e (rel. intensity) 418 (M*, 4), 378 (35), 338 (42), 124 (24), 43
(100). 4Assl. Calcd for CielaBr203: C, 45.96; H, 4.33; Br, 38.22. Pound: C, 46.03; H, 4.36; Br,
38.28.

Typical Procedwre for Momo—Cyclosddition of Furens (Tsble 2). 6,7-Dibromo-1,4,8,8-tetramethyl-
1, 4dikydronsphthalens-1, é~endoxide (36).

To a suspension of 4 (4.22 g, 10 mmol) und 8 (5 g) in toluene (100 ml) at -78°C under argon
was added dropwise (2 'h) 10 mmol of Buli in 50 mi of hexane. After 2 h (stirring), the mixture wes
allowed to warm slowly to rt and was quenched with methanol (1 sL). The toluene solution was
washed with water, dried (Mg80s) and concentrated to give 3.56 g (98%) of 38, mp 146-147°C (CN;ON).
10 NMR: & 1.964 (s, 6 H), 2.482 (s, 6 H), 6.772 (s, 2 H); 13C NMR: & 18.61, 20.21, 89.64, 12B.11,
129,69, 146.66, 150.53; mass spectrum, a/e (rel. intensity) 361 (0.4), 380 (2), 359 (0.8), 358 (4),
153 (91), 153 (88), 162 (86), 139 (61), 129 (46), 128 (100), 127 (48), 118 (57), 77 (40), 76 (40).
Anal. Calcd for CiqHi¢OBra: C, 46.96; H, 3.94; Br, 44.63. Pound: C, 47.05; R, 3.95; Br, 44.62.

Spectroscopic Properties of Furan NMono—Adducts (Tsble 2).

For 36: 'H NMR: & 2.37 (s, 6 H), 5.65 (s, 2 H), 6.88 (s, 2 H); mess spectrum, e (rel.
intensity) 330 (M*, 28), 304 (32), 223 (100), 141 (44), 118 (27). Anal. Calcd for CizHioBr20: C,
43.67; H, 3.08; Br, 48.42. Pound: C, 43.75; H, 3.05; Br, 48.32.

Por 37: 'HNMR: &1.97 (s, 6 H), 3.73 (s, 6 H), 6.67 (s, 2 H); mess spectrum, /e (rel.
intensity) 390 (M*, 6), 347 (64), 311 (42), 43 (100). Ansl. Calcd for CisH14Bra0a: C, 43.11; B8,
3.62; Br, 40.97. Found: C, 43.00; R, 3.48; Br, 40.98.

Pyrroles (Tuble 3).

Pyrroles 38,23 40 (R = CH:,23 p-Bu,2¢ ;iPr,2¢ Bn,2¢ Ph3¢), 42,25 4423 and 48 (R = CHs)?% were
prepared by standard literature procedures.

For 40 (R = NMaz), a mixture of 23.6 g (0.16 mol) of 3,4-dimethyl-2,5-hexanedione (frow the
oxidation of 2-butanone with lead dioxide) and 1, l-dimethylhydrazine (10 g, 0.16 mol) in benzene
(300 =mL) was hested at reflux with a Dean-Stark trap until no additional water formed (10 b). The
mixture was coocentrated, and the residue distilled under reduced pressure to give 24.7 g (90X) of
40 (R = MMe2) as & yellow o0il, bp 88-92°C at 4 torr. !H NMR (CCle): 81.73 (s, 6 H), 2.03 (s, 6 H),
2.78 (s, 6 H); IR (nemt): 1460 (s), 1380 (m), 1360 (s), 1250 (w), 1075 (m), 925 (m) cw!; mass
?;;:):tn-, a/e (rel. intensity) 166 (100), 151 (73), 136 (12), 125 (24), 122 (90), 110 (96), 106

For 48 (R = NMaz), 2,2'biscyclohexancne2® (20 g, 0.1 mol) and 1,1-dimethylhydrazine (15 al) in
bensene (300 =mlL) was hemted at reflux overnight, then concentrated and distilled to give 18.4 g
(82x) of 48 (R = MMe2), bp 126-130°C at 0.4 torr. H NMR: 5 1.66 (m, 8 H), 2.16 (m, 4 H), 2.53 (m,
4 H), 2.76 (s, 6 N); IR (neat): 1460 (m), 1375 (m) cm~!; mass spectrum, a/e (rel. intensity) 218
(100), 203 (58), 189 (24), 174 (48), 161 (10), 148 (65); high resolution mass spectrum: Calcd for
CieH22Na: 218.1783. Found: 218.1786.

For 80 (R = MMez), N-dimethylamino-2,5-dimethylpyrrole?3 (3.36 g, 25 mmol), 2,5 hexanedione (4
¢ 35 mmol) snd aq. acetic scid (80 V/V, 125 mlL) were heated at reflux under argon for 20 h. The
cooled mixture was basified (50X aq. NuOH) and the precipitated solid wes washed with water and
vacuum dried to give 2.7 g (43X) of crude 50 (R = NMe2). 'H NMR: 8 2.85 (s, 6 H), 2.68 (s, 6 H),
2.89 (s, 6 H), 6.28 (s, 2 H). This unstsble substance, which rapidly turns black in air, was used
without further purification.

Typical Précedwre for Bis-Oyclosdditions of Pyrreles (Tsble 3). Bis(¥metiyl)-1,2,8,4,8,6,7,8,8,
10-decanstiiyl-1, 4,5, 8-tatrakydroanthracens-1,4:8,8-bis-imine (41, R = Clp).

A solution of 4 (4.22 g, 10 mwol) and 2.74 ¢ (20 mmol) of 40 (R = CHy) in snhydrous toluene
(200 =L) was cooled to -78°C under argon (most of the 4 precipitates from solutica). To this
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suspension was added dropwise over 2 h with stirring BuLi (22 mmol in 30 mL of hexsne). After 3 h
stirring at -78°C, the mixture was allowsd to warm slowly to rt and maintsined thece for 1 Ah.
Water (20 ml) was added end the orgenic product extracted with CHeCla, dried: (NgBO¢) and ‘eveporated
(rotavep). The residus was recrystallized from CHCla-hexeme to give 2.97 g (76%) of 41, R = Clls -
(syn/enti mixture). One isomer was obtained pure by washing with ether to give 1.72 ¢ (48%), =P

@ (rel. intewsity ’ ’ ’ » 134 (7); high resolution mass spectrum:
Caled for CasHseMa: 378.2879. Found: 376.2901.29 o

Spectroscopic Proparties of Pyrrole Bis—Adducts (Tsble 3).

For 39 (cmm iscmer): H NMR: 5 1.71 (s, 12 H), 1.98 (s, 6 H), 2.28 (s, 6 H), 6.53 (s, 4 H);
mass spectrum, ae (rel. intensity) 320 (40), 305 (22), 279 (25), 265 (100), 250 (48), 238 (89),
222 (22); high resolution mmss spectrum: Calcd for CaaHasNa: 320.22853. Found: 320.2271. Anti/syn
ratio 73:27 by integrating pesks at 3 1.71 snd 1.98.2¢

Por 41 (R = gBu) (ome isomer): Recrystallization solvent, acstonitrile. !H NMR: 3 0.91 (m, 6
H), 1.33 (», 8 #), 1.61 (s, 12 H), 1.65 (s, 12 H), 2.06 (m, 4 H), 2.26 (s, 6 H); 13C NMR: 3 11.56,
14.10, 14.79, 17.18, 21.33, 34.59, 45.79, 77.66, 125.16, 145.58, 148.43; mmss spectrum, /e (rel.
intensity) 460 (0.6), 408 (0.6), 363 (2), 382 (1), 308 (8), 264 (0.3), 250 (0.4), 22€ (0.4), 98
(100). Adnal. Calcd for CaaBeaNa2: C, 83.42; H, 10.50. Found: C, 83.47; H, 10.41. Anti/syn ratio
80:20 by integrating peaks at 3 1.61 (anti) and 1.55 (aym).2®

For 41 (R = {—Pr) (one isomer): Recrystallization solvent, methanol-water. H NMR: 8 1.05 (d,
12 8, AT &s), 1.78 (s, 12 W), 1.91 (s, 12 H), 2.38 (s, 6 H), 2.91 (q, 2 B, J=7 Bs); 12C NMR:_ 3
11.84, 16.78, 18.08, 23.97, 47.%0, 76.03, 122.33, 147.17, 150.03; mass spectrum, s e (rel.
intensity) 432 (30), 417 (7), 378 (16), 349 (68), 294 (68), 276 (18), 263 (12), 149 (18), 84 (100).
Anal. Calcd for CaolleeMa: €, 83.27; H, 10.24; N, 6.47. Found: C, 83.40; H, 10.40; N, 6.57.
Anti/syn ratioc 78:28 by integration at 3 1.01 (syn) and 1.08 (anti).2® .

For 41 (R = Bemsyl) (ome isomer): Recrystallization solvent, hexane-chloroform. *H NMR: & 1.56
(s, 12 H), 1.68 (s, 12 H), 2.23 (s, 6 R), 3.31 (s, 4 H), 7.10 (m, 10 H); mass spectrum, &'e (vel.
intensity) 528 (0.4), 474 (0.8), 420 (1), 397 (2), 342 (10), 329 (1), 264 (8), 91 (100). 4nsl.
Calcd for CasBeeNa: C, 86.31; H, 8.38; N, 5.29. Found: C, 86.40; H, 8.46; N, 5.25. Anti/syn ratio
75:25 by integrating at 8 1.53 (ayn) and 1.35 (enti).2¢

For 41 (R = Ph) (ome isamer): Recrystallizetion solvent, methamol. H NMR: 8 1.68 (s, 12 H),
1.76 (s, 12 H), 2.20 (s, 6 H), 6.86 (m, 10 H); mass spectrum, a/e (rel. intensity) 500 (3), 446
(3), 383 (8), 328 (42), 291 (11), 193 (8), 118 (100). A4nel. Calcd for CasHeoNa2: C, 86.35; H, 8.05;
N, 5.59. Pound: C, 86.40; H, 8.11; N, 5.61.2¢

For 41 (R = Mes): The syn/anti product mixture, obtained as white crystels, was
chromatographed over alumina with hexane as eluent to give one isomer (mp 203-206°C): !H NMR: 8
1.61 (s, 12 H), 1.78 (s, 12 H), 2.23 (s, 6 H), 2.35 (s, 12 H); IR (CCls) 1485 (m), 1440 (s), 1375
(m), 1248 (w), 1090 (w), 1080 (w) ca}; mass spectrum, &e (rel. intensity) no M*, 318 (100), 303
(16), 273 (8), 868 (18), 58 (9). Further elution gave the second isomer (mp 190-191°C): H NMR: &
1.61 (s, 24 H), 2.20 (s, 8 H), 2.28 (s, 12 H); mass spectrum, & e (rsl. intensity) no M*, 318
(100), 303 (23), 288 (6), 273 (B), B5 (21).

Tor 43 (ome isomer): Yield of pure isomer, 39%. !H NMR: 8 1.70 (s, 12 H), 2.21 (s, 6 H), 2.25
(s, 8 H), 6.91 (m, 20 H); mass spectrum (CI) &e (rel. intensity) 628 (M*+l, 78), 447 (20), 268
(50), 179 (100), 149 (14).3¢

Por 48 (ome isomer): Yield of pure isomer, 37X, recrystallized from methanol-CHCla. 1H NMR: 8
1.462° (s, 6 H), 1.602° (s, 6 H), 1.8 (s, 12 H), 7.23 (m, 20 H); mams spectrum, e (rel.
intensity) 624 (0.9), 569 (1), 516 (2), 452 (10), 258 (6), 118 (100); high resolution mass
spectrum: Calcd for CeeHeaNa: 624.3505. Found: 624.3502.28

For 47 (R .= Clh) (ome isamer): Yield of pure isomer, 48%, recrystsllized from methanol-CHiCla.
1H NMR: 3 1.60-2.03 (m, 16 H), 2.20 (s, 6 H), 2.23 (m, 16 H), 2.43 (s, 6 H); 23C NR: 3 15.00,
22.84, 23.80, 24.89, 26.02, 29.78, 76.32, 127.58, 142.48, 144.8]; meass spectrum, w~e (rel.
intensity) 480 (33), 468 (7), 291 (8), 188 (100); high resolution mess spectrum: Calcd for
CaeBaaMa: 480.3808. Found: 480.3520.2¢

Yor 47 (R = Mim) (ome isomer): 'H NMR: & 1.26 (m, 24 H), 2.33 (=, 12 R), 2.48 (s, 6 H), 2.13-
2.76 (m, 8 H); mass spectrum, a&/e (rel. intensity) no M*, 422 (3), 407 (2), 320 (2), 264 (9), 218
(28), 203 (17), 118.(100). Apal. Calcd for CasHsoNe: C, B0.28; H, 9.38; N, 10.40. Found: C, 80.13;
H, 9.38; N, 10.39.2

For 48 (R = NMims) (ome iscmer): A mixture of two isomers was obtained by recryatallizatioa
from ssthanol-ether; ratio 55/48 from integration at & 3.60 (major) and 3.63 (mimor). Chromsto—
graphy over alumine, hexane-ether eluent, gave first a mixture, then the pure major isomer (38%);
IR MR: 8 1.40 (s, 24 H), 2.41 (s, 12 H), 3.60 (s, 6 H); 13C WR: & 11.08, 14.32, 45.02, 63.586,
76.59, 144.42, 146.14, 147.30; IR (CCly): 1460 (s), 1420 (s), 1380 (m), 1270 (w), 1220 (m), 1080
(m), 1030 (s) car; mems spectrum, /e (rel. intemsity) no N*, 350 (43), 338 (100), 290 (7), 178
(12), 117 (8), 88 (18).2¢
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For 48 (B > Mtm) (ema-isaomir): A mixture of two isomers was obtained by triturating the crude
product with bexase, ratio 55:48 from integrating at 3 1.73 (major) snd 1.868 (minor).
° {Slunine, ethet) guve pure major isomer (27%): N NR: 3 1.63 (s, 12 Ny, 1.73 (s, 12
H), .33 (», 12 B, 2.63 (s, 12 H); wess spectrm, &/e (rel. intemsity) pe M*, &8¢ (1), 396 (88),
381 (22), %88 (10), 361 (10), 183 (5), 160 (6), 43 (100).2¢

For 81 (R = Wim) (ome isomer): Chromatography (alumina, etber) gave a single product (56%).
' m: & 2.14 (8,12 H), 2.34 (s, 12 H), 2.56 (s, 6 H), 6.53 (s, 4 M); 13C MER: & 15.28, 19.00,
19.48, 76.17, 122.08, 127.73, 128.47, 148.99, 150.78;37 mess spectrum, e (rel. intensity) 534
(M, 1), 490 (3), 478 (7), 432 (7), 418 (15), 381 (6), 85-(100). 4Anal. Calcd for CasHesNe: C,
80.86; B, 8.68; N. 10.47. Found: C, 80.49; H, 8.56; N, 10.3l.

Decamsthylaathracense from 41 (R = Niee).

Bis-adduct 41 (R = Mdsz) (500 mg, 1.15 mmol) was heated at 165°C under reduced pressure for 50
min. Chromstography of the residue (alumina, 1:1 benzene~hexane) gave 168 mg (48%X) of and 132
ng (36%) of 83, each of which had !H NMR and mass spectra identical with an authentic sample.}®
Pyrolysis under similar conditions, but for 20 min, allowed the isolatiom of 1,2,3,4,5,6,7,8,9,10-
decamethyl~1,4~¥#dimethylaminoinino-1,4-dihydroanthracene, sp 192-194°C; 'H WMMR: 3 1.68 (s, 6 H),
1.98 (s, 6 B), 2.28 (s, 8§ H), 2.33 (s, 6 H), 2.43 (s, 6 H), 2.50 (s, 6 H); mans spectrum, /e (rel.
intensity) no M*, 332 (trace), 318 (53), 303 (22), 273 (7), 43 (100). Further pyrolysis of this
intermediate decomposition product afforded 82 and 53 in the same ratio as above.

To a mixture of #CPBA (517 mg, Aldrich tech grade, 86%, 2.5 mmol) and sodium carbonate (340
mg, 3.2 mmol) in acetonitrile (50 al) was added dropwise a solution of 41 (R = NMea) (500 mg, 1.15
mmol) io methyiene chloride (20 mL). The mixture was stirred (8§ min), then heated under reflux (2
h). The solvent was removed (rotavap) and the residue dissolved in CHaCle, washed with water (3x),
dried (Mg80s), concantrated and chromatogrephed (alumina, 1:1 benzene—hexane) to give 260 mg (72%)
of 52 and 48 mg (12%) of 83.

9, 10-Binethony-1,2,3,4,5,68,7, 8-octamethylanthrecens (54).

Bis-adduct 48 (R = NMee) (466 mg, 1 mmol) was heated at 180°C and 20 torr for 30 min. The
residue was recrystalliszed from methanol-ether (1:1) to give 347 mg (99K) of 54 as yellow crystals,
mp 118-120°C. 'H NMR: 3 2.38 (s, 12 H), 2.76 (s, 12 H), 3.33 (s, 6 H); IR (CCl¢) 1678 (s), 1460
(s), 1380 (m), 1360 (s), 1325 (s), 1210 (m), 1080 (s), 1045 (s), 920 (s) cm~?; UV (cyclohexsne) 3
nax 418 om (log ¢ 4.08), 399 (4.14), 378 (4.07), 280 (5.27); mass spectrum, wme (rel. intemsity)
360 (25), 335 (100), 175 (45), 160 (33), 138 (15), 130 (18), 115 (12), 84 (12). Anel. Calcd for
CaaBao002: C, 82.24; H, 8.63. Found: C, 82.11; H, 8.64.

Dodecamethrylssphthacene (58).

Finely powdered 49 (R = NMez2) (512 mg, 1 mmol) was heated at 185°C and 25 torr for 30 min.
red residuse wes recrystallized from chloroform—methanol to give 387 mg (98%) of 88 as shiny
crystals, mp 265-267°C (1litia 265-266°C), 'H NMR identical with that reported.ls

1,2,3,4,5,8,9,10-Octamethyl-1,4- ¥uethylimino-5, 8-epoxy-1, 4,5, 5-tetrahydroanthracene (57).

To & suspension of 38 (1.79 g, 5 mmol) and 40 (R = CHa) (0.68 g, & mmol) in dry tolueme (100
al) at -78°C under argon was added BulLi (12 mmol, 2 M in hexane diluted with 100 sl hexene) over 2
h. After an additional 2 h, the mixture was allowed to warm slowly to rt and quenched with
methanol (1 ml). Workup geve a crude product which was chromatogrepbed (alumina, CHaCls) to give
0.69 g (42%x) of 57 as a 60:40 mixture of two isomers. !H NMR (mmjor): 3 1.65 (s, 6 H), 1.68 (s, &
H), 1.96 (s, 6 B), 2.03 (s, 3 H), 2.25 (s, 6 H), 6.79 (s, 2 H); 'H NMR (winor): & 1.61 (s, 6 H),
1.65 (s, 6 H), 1.98 (s, 6 H), 2.03 (s, 3 H), 2.31 (s, 6 H), 6.78 (s, 2 H); mass spectrum, & e (rel.
intensity) 388 (2), 238 (11), 255 (3), 281 (3), 56 (100); high resolution mass spectrum: Calcd for
CaaHaeNO: 335.2249. Found: 335.2251.

8,7-Bibramo-1,2,3,4,5,5-hevamathyl-1,4- ¥-methyl imino-1,4-dihydronephthalens (56).

A solution of 4 (4.22 g, 10 mmol) and 40 (R = CHa) (1.37 g, 10 mmol) in toluene (100 mL) under
argon wes cooled to ~78°C (most of the 4 precipitated). To this suspension wes added dropwise (2
h) Buli (12 mmol in 850 mL of hexane). After warming slowly to rt, the reaction was quenched with
methanol (1 ml). Toluene was removed (rotavap) and the residus was dissolved in ether, washed with
water, dried (MgSOs) and concentrated to give 3.96 g of crude product. Chromstography (slumina,
hexane) gave 3.5 g (88%) of 86, wp 118-120°C. :H NMR: & 1.68 (br s, 12 H), 1.93 (s, 3 H), 2.42 (s,
6 H); 3c m: 8 11.13, 15.74, 20.83, 30.60, 77.04, 126.08, 132.17, 145.47, 149.60; mase rum,
/e (rel. intensity) 402 (3), 398 (8), 355 (22), 320 (10), 277 (45), 197 (14), 128 (16), 118 (50),
70 (44), 88 (100); high resolution mass spectrum: Caled for Ci7Ha2iBraN: 397.0042. TPTound: 397.0083.

57 from 88.
In a procedure similar to the preparation of 57 from 35, treatment of 58 (1.67 g, 5 mmol) with

2.5 g of 8 in 100 =l of toluene at -78°C with 5.5 mmol of Buli in hexane gave 1.68 g of crude
product. Chromatography (alumina, CH:Clz) gave 1.43 g (88%) of 57 as a anti/syn 71:29 ure.
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1,2,3,4,5,8,8, 10-Octamsthyl-1,4:5,8-bis( ¥#methylimino)-1,4,5,8-tetrakydrosstiracens (58).

In a procedure anslogous to the preparation of 58, treatment of 86 (2.97 g, 7.5 mmol) and. 38
(0.817 g, 7.5 mmol) in 100 mlL of toluene at —768°C with 12 mmol of Buli ip hexame gave, after
chromatography (alumina, 3:1 hexane-chloroform) 0.42 g (24%) of 88 sa a mixture of two isowers. 'H
NMR (mixture): & 1.63, 1.66, 1.76 (s, 1,2,3,4,5,6CHs’s, 18 H), 1.86, 1.90, 1.96, 2.00 (s, N—CHs'’s,
6 H), 2.18, 2.23 (l. 9,10-CHy’ -, 6 H), 6.60 (br s, vinyl H’s); mass spectrum, &'e (rel. intensity)
348 (8), 293 (15), 278 (12), 268 (29), 238 (23), 220 (9), 208 (27), 56 (100); high resolution wmase
spectrum: Calcd for Caclaala: 348.2566. Found: 348.2584.

?-b)thl—bh(mm[l,z; 3,4])-6, 1-d1b_-6,m1-l,w1-l.0-ld~
59).

A suspension of 4 (4.2 g, 10 smol) and 48 (R = CHa) (1.89 g, 10 mmol) in 200 al of anhydrous
toluens wes cooled to ~78°C and Buli (11 mmole, commercial 2.4 M diluted 5x with hexane) was added
under argon (2 h). After 3 h at -78¢€ (stirring), the mixture was warmed to rt and after 1 h
quenched (H20, 20 mL). The organic product was extracted with CHaCls, dried (MgSOs), concentrated
and the crude product recrystallized from methanol-chloroform to give 3.24 g (72%) of 8@, wmp 168-
169°C; H NMR: 3 1.52 (m, 12 H), 1.85 (s, 3 H), 2.20-2.65 (m, 4 H), 2.50 (s, Gl). mass spectrum,
o/ e (rel. intensity) 435 (45), 451 (76), 449 (40), 436 (13), 423 (28), 408 (32), 34 (13), 370 (3),
290 (5), 188 (100).

Bis( #methyl)-dis(tetrakydrobenzo(1,2;3,4) )-5,6,7,8,9, 10-hexamethyl-1,4,5, 8-tetrakydroanthracese—
1,4;8,8-bis-imine (60).

To a solution of 88 (2.25 g, 5 mmol) and 40 (R = CHy) (1.5 g, 11 mmol) in anhydrous THF (200
nl) at -789C (most of the 88 precipitated) under argon was added dropwise (2 h) with atirring Buli
(8 meol in 30 ml of hexane). After 3 h, the mixture was warmed slowly to rt, stirred 1 h and
quenched with water (20 mL) and CH2Clz (50 mL). The organic layer was dried (MgS80i), concentrated,
and the residue triturated with acetone to give 1.71 g (B0X) of 80 (two isomers). Chromatography
(alumina, bexane—ether) gave first 0.12 g of the mixture, then 1.59 g (75%) of pure major isomer,
mp 265-266°C; 'H NMR: & 1.60-2.01 (m, 12 H), 1.63 (s, 6 H), 1.668 (s, 6 H), 1.88 (s, 3 H), 1.96 (s,
3 H), 2.20-2.56 (m, 4 H), 2.30 (s, 6 H); mass spectrum, e (rel. intensity) 428 (29), 413 (3), 400
(2), 374 (27), 359 (6), 188 (B), 56 (100); high resolution mass spectrum: Calcd for CsoHioNa:
428.3192. Tound: 428.3224.

Hi)-thl-l.o—c.'l-dibﬂ-l,&3.4,5,&-&-&1—1.%&1&1.#” (‘1. R=
Ndes ) .

Using a procedure analogous to that for 59, 4 (13.9 g, 33 mmol), 40 (R = NMe2) (5.5 g, 33
mmol) and Buli (36 mmol) in toluene gave a crude product that was triturated with 96% sthanol to
give 8.68 g (62%) of 61 that was recrystallized from chloroform—methanol, mp 140-142°C; :H NMR: &
1.61 (s, 6 H), 1.73 (s, 6 B), 2.33 (s, 6 H), 2.46 (s, 6 H); mass spectrum, we (rel. intemsity) no
M+, 372 (8), 370 (10), 368 (6), 210 (5), 195 (9), 179 (9), 165 (9).

2,3-Dibromo-1,4,85,6,7,8-hexamsthylnaphthalens (62).

Crystalline imine 61 (1 g, 2.3 mmol) was heated in an oil bath at 155°C for 5 h. The residue
was recrystallized from methanol-chloroform to give 858 mg (99%) of 62, mp 176-178°C (1litid 177-
178°C); 'H NMR: & 2.28 (s, 6 H), 2.45 (s, 6 K), 2.65 (s, 6 H).

lamino-bis(tetreahydrobenzo(l,2;3,4] )-8,8,7,8,9, 10-hexamethyl-1,4~dihydroanthracene-1, 4~
imine (63).

Using s procedure analogous to that for 60, (l1.41 g, 3.8 mmol), 48 (R = NMe2) (1 g, 4.5
mmol) and Buli (5 mmol) in anhydrous THF gave crude product that was recrystallized from
chlorofrom—methanol to give 1.49 g (91%) of as white crystals, mp 192-194°C; *H NMR: &8 1.40-2.05
(m, 8 H), 2.26 (84 6 h), 2.31 (s, 6 H), 2.43 (s, 6 H), 2.56 (s, B8 H), 2.06-2.80 (m, 8 H); mass
spectrum, a/e (rel. intensity) 428 (trace), 383 (2), 370 (76), 358 (31), 340 (10), 310 (3), 185
(11).

Pyrolysis of 63.

Crystalline (500 mg, 1.1 mmol) was heated at 190°C and 26 torr for 30 min. The yellow
powder (434 mg), presumsbly 64, gradually rearranged to @5 during recrystallization. Hemce, no
warmed to rt, was quenched with methanol (1 ml), washed with water and dried (MgS0¢). After
solvent removal (rotavap), the residue was chromatographed (alumina, hexane) to give 2.27 g (97%)
of 71, =mp 108-107°C; 'H MMR: 8 2.13 (m, 4 H), 2.20 (s, 6 H), 3.80 (t, 4 H), 6.60 (t, 4 h); 13C NMR:
5 14.73, 48.19, 70.02, 122.76, 143.31, 146.58; mass spectrum, w'e (rel. intemsity) 234 (69), 218
(100), 203 (24), 193 (51), 178 (36), 165 (26), 152 (17), 102 (19), 89 (18). Anal. Calcd for Cisthse:
C, 92.26; H, 7.74. Found: C, 92.28; H, 7.84.

Spectroscopic Properties of Adducts in Table 4.

Tor 72 (major isemer, yield 54%): 1H NMR: 3§ 1.45 (s, 12 H), 2.26/(s, 6 N), 4.334.43 (¢, 4
H), 6.66-6.76 (t, 4 H); 13C NMR: & 14.74, 18.91, 48.62, 99.89, 121.38, 143.28, 145.44, 161.38;



Tetrahalobenzenes as di-aryne equivalents 5221

»ass spacirum, &/e (rel. intemsity) 314 (100), 299 (25), 288 (16), 269 (14), 247 (45), 232 (15),
218 (21); high resolution mass spectrum: Calcd for CasHze: 314.2035. Found: 314.2033.

For 73 (cme fwemar): Too iomoluble for NMR; mass spectrum, aye (rel. intemsity) 562 (77), 371
(68), 227 (39), 178 (65), 165 (40), 152 (18), 191 (100); high resolution mess spectrim: Calcd: for
CaeHaq: 562.2081. TFound: 3562.2670.

For 74 (mnjer issmsr, yield 68X): 'H WMR: & 0.50 (m, 8 H), 2.16 (s, 6 H), 3.13-3.23 (t, 4 H),
6.60-6.76 (t, 4 M); '3C WM: 3 8.96, 10.01, 14.75, 63.84, 65.13, 121.43, 142.72, 145.98: mass
spectrum, we (rel. intensity) 286 (100), 271 (27), 258 (76), 241 (30), 227 (43), 215 (53), 202
(44), 114 (47), 108 (37). 4nel. Calcd for Caalis: C, 92.26; H, 7.74. Found: C, 92.25; H, 7.77.

Tor 78 (mmjer isomer): 'H NMR: 3 1.00-1.73 (m, 16 H), 2.10 (s, 6 H), 3.33-3.43 (t, 4 H),
6.50-6.60 (t, 4 B); !3C om: 3§ 14.76, 25.89 (2), 33.75, 33.85, 56.98, 90.67, 123.04, 142.79,
148.24; mass spectrum, e (rel. intensity) 342 (100), 327 (30), 289 (14), 215 (16). A4nal. Calcd
for CacHeo: C, 91.17; H, 8.8%. Found: C, 91.07; H, 8.80.

Yor 77: ‘H MMR: 8 2.06 (s, 6 H), 2.13 (m, 2 H), 2.20 (=, 6 H), 3.96 (t, 2 H), 6.63 (t, 2 H);
13¢c NR: 3 15.96, 16.22, 48.83, 68.23, 127.39, 130.52, 142.97, 167.87; mass spectrum, /e (rel.
intensity) 198 (40), 183 (100), 172 (10), 168 (10), 165 (12), 187 (21), 183 (13), 141 (17), 128
(11), 1156 (14), 91 (10). Anal. Calcd for CisHie: C, 90.85; H, 9.15. Found: C, 90.98; H, 9.05.

Por T8B: ‘H OR: 8 1.50 (s, 6 H), 2.10 (s, 6 H), 2.23 (s, 6 H), 4.33-4.46 (t, 2H), 6.20-6.60
(t, 2 8); 2Cc em: & 186.01, 16.20, 18.99, 49.20, 101.21, 126.56, 130.90, 142.86, 145.79, 160.39;
mess spectrum, /e (rel. intensity) 238 (100), 223 (27), 208 (13), 193 (1l1), 171 (17). Righ
resolution sass spectrum: Calcd for CisH22: 238.1722. Found: 238.1725.

For 79: 'H WR: 5 2.13 (s, 6 H), 2.20 (s, 6 H), 4.40-4.50 (t, 2 H), 6.76-6.868 (t, 2 H), 6.86—
7.168 (m, 10 H); mass spectrum, a/e (rel. intensity) 362 (48), 191 (75), 171 (100), 168 (60), 158
(88). 4nal. Calcd for Casles: C, 92.77; H, 7.22. Found: C, 92.73; H, 7.21.

For 80: H MR: 3 0.53 (m, 4 H), 2.10 (s, 6 H), 2.16 (s, 6 H), 3.30-3.40 (t, 2 H), 6.66-6.76
(t, 2 B); *3Cc mm: 3§ 18.93, 16.16, 54.26, 63.25, 126.88, 130.28, 142.31, 146.55; mass spectrum,
/e (rel. intemsity) 224 (94), 209 (74), 196 (100), 181 (56), 168 (48), 149 (27). Ansl. Calced for
Ci7H20: C, 91.01; H, B.99. Found: C, 90.80; H, 9.08.

For 81: 'H NR: 8 1.10-1.70 (m, 8 H), 2.06 (s, 6 H), 2.16 (s, 6 H), 3.43-3.60 (t, 2 H), 6.43-
8.60 (t, 2 H); 3C M®: 38 16.00, 16.23, 25.60 (2), 33.54, 33.80, 57.79, 88.37, 127.54, 130.11,
142.70, 164.99; mass spectrum, m/e (rel. intensity) 252 (100), 237 (49), 223 (8), 208 (10). 4pal.
Calcd for CieHze: C, 90.41; H, 9.59. Found: C, 90.28; H, 9.48.

Beactioa of 4 with Li Cyclopantadienide and Buli.

To a solution of freshly distilled cyclopentadiene (1.32 g, 10 mmol) in 100 mL of anhydrous
ether at 0°C under argon wes added 20 mmol of Buli (the lithium cyclopentadienide precipitated).
To this suspension, 4 (4.22 ¢, 10 mmol) was added, and the mixture was cooled to -78°C. Buli (20
mmol in 50 ml of hexane) wes added dropwise (2 h). Warming to room tempersturs snd workup as for
71 gave only cyclopentadiene dimer and some polymeric products. No trace of 71 was cbserved.

gl:.—thl-)i-rbh(moll,m 3,4])-5,6,7,8-tetremsthyl-1,4-dikydronephthalens-1, 4-inine
= Cla). . .

Using a procedure snalogous to that for 58, 762% (2.92 g, 10 mmol) and 48 (R = NMe2) (2.18 ¢,
10 mmol) and Buli (15 mmol) in THF gave a residue which was first triturated with hexane—acetone
to give crude 82 ss a white powder (2.42 g). Recrystallizstion from chloroform—hexane gave pure
(R = Cih), 2.17 g (62%), mp 166-167°C; 'H NMR: & 1.75-1.78 (m, 8 H), 2.01-2.55 (m, 4 H), 2.06
(s, 6 H), 2.23 (s, 6 H), 2.26 (s, 6 H), 2.46 (m, 4 H); 13C NMR: 16.03, 16.41, 23.54, 23.89, 24.50,
29.46, 46.20, 75.22, 127.01, 132.41, 144.07, 146.7]1; mass spectrum, m'e (rel. intemsity) no M*,
304 (2), 292 (100), 277 (19), 262 (5), 249 (12), 235 (5), 219 (8).

9,10,11,12-Yetramsthyl-1,2,3,4,5,6,7, 8—octakydrotriphenylens (83, R = Clls).

Imine 82 (R = CHs, R' = NMe2) (350 mg, 1 mmol) was heated at 230°C and 25 torr for 1 h. The
residue, washed with methanol, was essentially pure (R = Cha), 286 mg (96X), mp 172-174°C. 'H
R: 8 1.5-2.08 (w, 8 H), 2.13 (s, 6 H), 2.33 (s, 6 H), 2.50 (m, 4 H), 2.83 (m, 4 H); 13CNR: 3
16.98, 21.72, 23.87 (2), 26.90, 32.66, 128.75, 131.04, 131.96, 132.68, 134.58; mness spectrum, we
(rel. intensity) 282 (100), 277 (19), 264 (8), 249 (12), 234 (6), 219 (8).

1,2,3,4Tetramsthyltriphenylene (84, R = CHs).

A mixture of 83 (R 3 CHs) (100 mg, 0.34 mmol) and 2,3-dichloro—5,6-dicysnobenzoquincos (DDQ)
(300 =g, 1.32 mmol) in 15 mL of anhydrous bemsene was heated at reflux for 8 h. Chromatography
over alusina (besteme) gave 67 mg (68%) of 84 (R = CHs), mp 176-177°C. 1K Wom: & 2,48 (s, 6 H),
2.78 (s, 6H), 7.3 (m, 4 H), 8.03 (m, 2 H), 8.30 (m, 2 H); UV (hepteme): 1} asx 302 m (sh, log &
3.88), 273 (4.72), 264 (4.60); mass spectrum, /e (rel. intésmity) 204 (100), 269 (3¢), 254 (29),
239 (6), 142 (22), 127 (43). 4zal. Calcd for Cazleo: C, 92.91; ®, 7.09. Pound: C, 92.89; B, 7.14.
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Ht—mmmu(mmu._zzs.q )-8, 7-dibromn-8,8-dimethyl-1,4-dikydronaphthalens-1, 4~
inine 82 (R = Br). ’

Using a procedure analogous to that for 68, 4 (4.2 g, 10 smol), 46 (R = Wiea) (2.18' g, 10
mmol) and Buli (15 mmol in toluene) gave a crude product which was triturated with ethanol to give
pure 82 (R = Br, R! = Ndm), 4.24 g (88%), mp 189-19]°C. 'H MMR: & 1.44-2.20 (m, 12 ®), 2.33 (o, &
H), 2.56 (s, 6 H), 2.20-2.61 (», 4 H); mass spectrum, s/e (rel. intensity) no M*, 434 (trace), 424
(61), 422 (100), 420 (46), 344 (9), 342 (12), 262 (18), 247 (16), 234 (20), 209 (28), 203 (32),
191 (23). °

10, 11-Pibromo—9, 12-dimethyl-1,2,3,4,5,6, 7, 8-octahydrotriphenylene (83, R = Br).

Crystalline (R=Br, R = NMea) (478 mg, 1 mmol) was heated in an oil bath at 190-200°C
for 25 min. The residue was recrystallized fros methanol-chloroforms to give 407 mg (97X) of 8% (R
= Br) as white crystals, mp 217-219C. !H NMR: 8 1.5-2.15 (m, 8 H), 2.15-2.85 (m, 8 H), 2.60 (s, 8
H); mass spectrum, s/e (rel. intensity) 424 (26), 422 (54), 420 (29), 262 (10), 247 (10), 232 (5),
219 (6), 203 (24). Anal. Calcd for Ca2oH22Br2: C, 56.89; H, 5.25; Br, 37.85. Found: C. 56.73; H,
5.22; Br, 37.80.

2,3-Dibramo-1,4—dissthyltriphenylene (84, R = Br).

A mixture of (R = Br) (500 mg, 1.2 mmol) and DDQ (1.7 g, 7.5 mmol) in 50 mL of benzene was
heated at reflux under argon (4 h). The solution was passed through basic alumina with benzene as
eluent and concentrated to give 316 mg (65X) of 84 (R = Br), mp 212-214°C. H NMR: & 2.93 (s, 6
H), 7.06 (m, 4 H), 7.93 (m, 2 H), 8.23 (m, 2 H); UV (heptane): 3 eax 299 mm (log ¢ 4.13), 277
(4.79), 267 (4.63); mass spectrum, s/ e (rel. intensity) 416 (20), 414 (31), 412 (14), 399 (1), 254
(31), 252 (82), 239 (76), 126 (100). Anal. Calcd for CaoHieBra: C, 58.00; H, 3.40. Found: C,
57.88; H, 3.39.

ADimsthylamino—1,2,3,4,5,68,7,8-octassthyl-1, 4—dihkydronaphthalene~1,4~inine (88).

Using a procedure anslogous to that for 88, a mixture of 762® (5.2 g, 18 mwol) and 40 (R =
NMe2) (3.4 g, 20 mwmol) was treated with 27 mmol of Buli in toluems. Crude product was
chromatographed (alumina, 1:1 CH2Cl:-hexane) and recrystallized from CHCls-methanol to give 4.35 g
(82x) of 856, mp 127-129°C. H NMR: & 1.60 (s, 6 H), 1.93 (s, 6 H), 2.08 (s, 6 H), 2.21 (s, 6 H),
2.30 (s, 6 H); !3C NMR; 8 11.13, 15.82, 16.26, 17.09, 45.31, 76.88, 126.65, 131.96, 147.16; IR
(CCle): 1450 (s), 1380 (s), 1260 (w), 1150 (w), 1075 (m) cm"!; mass spectrum, w=fe (rel.
intensity) 298 (M*, trace), 254 (trace), 240 (100), 225 (30), 195 (S), 179 (4). Anal. Calcd for
CaolaoMNa: C, 80.48; H, 10.13; N, 9.38. Found: C, B0.62; H, 10.19; N, 9.48.

Octemothylnaphthalens (86).11: 29

Powdered 88 (300 mg, 1 mmol) was heated at 200°C under argon until bubbling ceased (10 min).
The residue was triturated with msethanol, then recrystallized from methanol-hexane to give 242 mg
(100%) of 88, mp 184-185°C (1it2® 181-181.5°C); *H NMR: & 2.30 (s, 12 H), 2.46 (s, 12 H).

1,4,5,6,7,10,11,12-Octamsthyl-1,4,7, 10-tetrehydrobinephthylene-1,4; 7, 10-bis—endoxide (87).

To a solution of 38 (1.79 g, 5 mmol) in anhydrous ether (50 mL) at -78°C under argon was added
dropwise (1 h) Buli (5 ssmol in 25 al of hexane). After 6§ h at -78°C, ' the reaction was quenched
with 1 sl of methanol. ’ The ether solution was washed with water, dried (MgSOs), concentrated and
the residus chromatographed (alumina, 3:1 hexane-chloroform) to give 198 mg (10X) of 87 as a
mixture (ayn/anti). The major isomer was purified by successive washing with sther, mp 315-317°C.
1H NMR: 31.90 (s, 12 H), 2.13 (s, 12 H), 6.63 (s, 4 H); wass spectrum, s&/e (rel. intemsity) 396
(47), 370 (40), 383 (23), 344 (55), 327 (100), 310 (41), 43 (98); high resolution mass spectrum:
Calcd for CzeHseO2: 396.2089. Found: 396.2163. :

I-ray Data for Aati-T7.

Crystals of anti-7, CaoH2202, are monoclinic; speace group P2:/n; & = 9.697 (5), b = 7.582
(4), ¢=11.185 (8)A, B = 111.17 (4)°; Z = 2; M= 294.39; pc = 1.278 g cm"3. Lattice dimensions
were determined using a Picker FACS-I diffractometer and MoKaa (A = 0.70926A) radiation.

Intensity data were wsasured using MoK« radiation (2@ aax = 65°) yielding 2772 total unique
data and, based om I > 2¢(I), 2297 observed data. The data were reduced;?° the structure was
solved by direct methods;3! the refinement was by full-matrix, least-squares techniques.?? The
final R value wes 0.048.32

¥We are indebted to the National Science Foundation and the National Institutes of Health for
Financial support of this research. We are indebted to the Biochemistry MNass Spectrometry
Laboratory, Michigan State University, for the high resolution mass spectra. We thank Dr. Donald
L. Ward for determining the X-ray structure of anti-7.
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