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Matract-Triptycme is the first member of a large scrriee of compounds for which we have&~ the general 
term “iptyccnu”. The pr&x (tri, pent, etc.) indicates the number of separatd ame pti. By fusing from ooc 
to six 9,lCLanthradiyl moieties on the tiptyoene fhmcwork, one can derive a 6rst generation of iptyccnw 
(Table 1). Of thcs, only 3,4,8 and a aubatituted 2 arc known ; the remainder provide a synthetic ch~&~w. 
PotcntiaBy interesting pradical8nd theoretical properties of iptyceuc6 snd particular structur8l ftotwu of 
scveml (i.e. 15,16 and 24) are brie& discuss&, as are certain extensions beyond the compounds in Table 1. 
Methuds for prepariog useM synthons 35-41 are dew&d. Three new, much improved syntheses of 
trip- 29, itselfa u@iaI iptycenc synthon, arc pnzscnti. In addition, improved syntheses of pcntiptyccncs 3 
and3?lare~~aswcUastbcfirstsynthes 
paved for future development of this minidomain of unnatural products. 

Triptyotne 1$ was first synthG&Gd over 40 years ago by 
Bartl~ttl to test the i&a that its d~rivod bridgehead 
radical would ‘have much ltss ttndency to exist” than 
tht analogous ~ph~y~e~yl radical. The &rtlGtt 
synthesis, which star&d with the cycloaddition of 1,4 
b~nxoquinone to ant.hracGne, required s~vtn steps and 
gave 1 in only a modest overall yield. Parenthetically, 
the above prediction that prompted its initial synthesis 
was corrGct, and triptyccnt’s rigid framtnork haa been 
useM in other mechanistic studies.2 

Jptjvenes: 9,10-fznthradfyi J%sfonS 
In most of the stnMural variations on triptycenGs, its 

triptych or triplanar hornets has been prcstrved.§ 
However, as we have pointad out briefly,” triptycGne 
canb~consider~dasthcfirst membtrofalargesMies of 
compounds for which WC coinad the gentral term 
“iptycencs”. For example, fusion of a single 9,!0- 
anthradiyl moiety to triptycznG f at an a or b bond can 
give tht stipple 2 or 3, rGspect.ively. The pi&x 
&pent” indicates the number of separate arene plants in 

1 

It was Wittig’s one-stepsynthesis of 1 some 14years 
later, via the addition of benzync (dehydrobenatne) to 
anth.racGne, that really op~nGd thG door to triptyc~ne 
chat. A major ~prov~~t in yield and 
cor.tvGnicflcc cams with the meration of bGnxyne from 
aXIthraniliC acid,’ and tri#J’CXZlG fO~tiOn GVGddy 

bscamG a tGSt for thG eajiC.Wy Of VariOllS bGllZjmG 

JHGCWSOn.5 Triptycene SyIkthGsis GVGU bccamt B 

standard ~d~~ad~~ laboratory %xpGriment”.6 
Numerous triptycGnGs are now known.’ ThG rigid 

framework is attractive and in rcctnt years has bctn 
used to study intramolecular charge transfer,* 
rGstrictGd rotation about single bonds (atropisomer- 
iam}, and correlated bond ro~ti~ns ~~n~.*O 

~lUpapGria&dicataitoP?o~rF%ulD.Ea&tt~o 
started it a& in tnanory of a shtitiag year thrt one df u1 
(H.H.) rpent in hi8 Harvard laboratory 50 years ago. 

$ GA norn~c~t~ is 9,1~1’,2~~o~~~e. 
8The trivial name was derived from the triptych of 

antiquity, a book with three haves hhgal on a common axis.’ 
II see Ref. 12, footnote 12. 

2 and 3; a trivial nomenclature system which distin- 
guishes 2 from 3 as [l.l.l”.I.l~ and [l.l.lb.l.l)- 
pentiptycGnc has ~GGII d~vis~d.l/ 

ThG ~~i~ti~ for G~~~~g f with 9,1@ 
anthradiyl maietics 81~: shown in Table 1. 

only a few of the iptycznw hst~d in Table 1 are 
known. Hydrocarbon 2 is not yet known although a 
dGrivative with two methyl subetitucDts on the central 
ring has bGen prcparad” P~tipt~G 3 was first 
prcpartd in low yield through the addition of 2,3- 
LriptyCJynG to anthraoene. i2 A much shorter, higher 
yield route from 1,2,4$tGtrabromobGnzGne, anthra- 
QtDG and butyllithium has been dGscrib&, and this 
method has been extendad to various su~titu~ 
analog,” (WG shall dGscribG here an GVM better, 

though somewhat 1ongGr route to 3; US i*a) 
Compound 3, in which the astral ar~nc ring is a 
quinone, has long baen known. * 3 

Oltheb~-f~tripty~~4hasbttnprepar#iviaa 
’ cycloalkync =MnGnxa tion” 11.14 

* Compounds !L7 am 
not known, but the synthesis of 8 was rec~ntiy 
acoomphshad.” (We shall also ducribe htrc a better 
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Table 1. Iptpcna &rived from 1 by 9,lO-anthradiyl fukna 
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NUUlk NlUllbcr Fusion Compound Point lPW= 
of fusions of isomers bcmda number group Pnfix 

- 

: 

ac 
aa’ 
ab 
ae 
bb’ 

1’ 

Zb 
3L 

+ 
5 
6 
7 
8” 

3 8 aca’ 9 
acb 10 
aa’a” 11 
db” I2 
add 13 
ab’b” 14 
ab’c” 15 
bb’b” 16b 

4 5 aca’c’ 
aca’C 
aca’b” 
a&c” 
acb’b” 

5 

6 

2 

1 

aak’c’a” 
aca’c’b” 

aca’c’a%* 

D 3h 

C 

D:I 
D3b 

C* 
C*’ 
GC 
Cl” 
CIC 
C, 
G. 

2 c: 
C2’ 
D3. 

c2. 

C, 

C,C 

c2c 

C2” 

C, 

c2v 

D3b 

W 

peat 

IlOll 

uadccn 

tridcca 

‘The parent hy dl-uxbon is known. 
bThc ring system ia knowxt. 
’ Can exist as a pair of awtiomers. 

route to 33, the immediate precursor of 8; uide infia.) 
Polyquinoncs structurally related to 8 have been 
dcscribcd.‘6 

Noncoftb~~inTaMc1havebazn 
reported, altho~ aomb derivatives of 16 have ban 
prepared by WeMe t&rtiog with triptyccne tris- 
quin0nc.f’ a&wehaveraotatlysynthHizedtIlcparcnt 
hydrocarbon” 

Reasonsfor httee.st In the iptpnes in Tab& 1 
Aside kom the synthetic challcngt, the iptycawr 

listed in T&k 1, a& their baivativu, are likely to 
possessanum~01ift8mH&pfopertia~whichmak~ 
their synthesss wcHhwf& OIIC of tboee proma ia 
high melting points and tbcrmaI stability. For cxunpk, 
the melt&j paincs of tripbmgin#thanc, triptyccne, 
pentiptyoene~andh~8~from!M*to 
256’ to 483” to > 5250; and the melting point of 
heptiptycsoa 4 is repottedi to bt 58V 1 The nnturc of 
the interm&c&r atspctioos in the# hydrocarbon 
crystals tb&t lead to MLch higJ& anclting point8 is not 
obvious. It e be @ortant to determine th& X-ray 
strLlcturea, m to exmninc th pad@ 
patterns.*9 Pm* enyls) couki wcn 
beusefuIhc&#_rtriitpst~ 

molecular cavities which could lx useful in forming 
host-guest compounds. Aa will he mentioned below, we 
have already begun to encounter thjs phenomenon. 
AtDons tha more titer&@ molaxks in this regard 
are4,8,1S,16rad24. 

compoulKl4 h&l two a@vAlt cupkike cavities 
abovc~and Wow tbc au,UraI aruu riq; viewed in 
another wnaq it hrr cbc aquivRk5t crvitirs disposed 
symm&ap&t abrrt UUB that lie in the plane of the 
CxJntfaIlrilIgand~~IKm-MbolLbl. 

k prwiouay pointi olktJs 8 h&8 two types of 
cav&iax+ as &oWain an e&on view. The larger, more 

e.ncIoBdd cavity k U-&a@ with two -1 arene 
ling&where88tbemOfcopcneovltiesaresimilar 
to thors in 3. cuqxwnd 16” hiu thrae analogous 
U&a@ cavitka We wN (& trlfia) dcxribc 
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compounds analogous to 8 but with more enclosed 
cavities. Ultimate challenging targets of this type are 
cycloiptycenes such as 2!5 and 26 (shown in end-on 
views). 

2s 26 

Iptycene 24 has the same symmetry as triptycene 
itself but is a beautiful molecule with three large cavities 
symmetrically located around the three Cz axe9 (Fig. 1). 
Efforts directed toward the synthesis of 24 are 
underway. 

There are six chiral iptycenes listed in Table 1. Three 
have C2 axes. Of special interest is 15, in which the 
central triptycene moiety is used as a framework to 
attach a helical array of three 9,10-anthradiyl moieties, 
resulting in three helically-disposed cavities (Fig. 2). 

There are many other interesting structural features 
of iptyccnes besides high melting points, high thermal 
stability and possibilities as hosts in molecular 
complexes. We only mention here the possibilities for 
novel organometallic complexes,” novel photo- 
chemistry, unusual semi-conductor designs, as well as 

7 The iptyccne nomenclature is easily extended to fusal- 
ring examples (see Ref. 12, footnote 12). Thus, 29 is 
[3@)b.l.l]1fiptyctne. 

interesting spectral properties involving ring-ring 
interactions. 

Other interesting iptycenes 
Compounds l-24 are all based on elaboration of 

triptycene itself by fusion of 9,10-anthradiyl moieties, 
but each compound derived from this analysis am also 
serve as the starting point for analogous elaborations. 
A complete description of this expanding mini-universe 
is not possible, but we might mention here just two of 
the many synthetically accessible examples. 

Elaborationof3withone9.1~anthradiylmoietycan 
giveonlytheaIreadymentioned6org.Butfusionoftwo 
anthradiyl moieties can give not only the five 
noniptycenea already mentioned(l0,12, U-16), but ten 
others, two of the more symmetric of which are 27 and 
28, derived by fusion at syn or anti b-type bonds. Note 

27 26 

that 27 completes five of the six sides in 26. Some 
progress toward compounds of this type will be 
described (uide i&a). Finally, all of the iptyames 
mentioned so far contain only bcnzenoid rings; but 
numerous iptycenes with fused rings (naphthalenoid, 
etc.) can be envisioned. We will mention here only two 
types of such iptycenea.t 

A few fused-ring triptycenes are known.‘*22 Sina our 



Iptycenes 

Fig. I. Model of 24 : (a) view down the Cs axis ; (b) same, with tbrcc apivaknt cavities 6Ild by balloons ; 
(c)vicwdownoc~axi8. 
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Fig 2 Model of 15; helicity n&ts front fpring 9,l&u&radiyl moietieu to tk a,b’,ti bonds of the central 
tliptycene unit. 

synthetic routes often involve ‘~Q’do&iitions to an 
aothracene moiety in an iptyccne, it is useM to consider 
triptycenea that contain the anthraccne ring system. 
There are only two possibilities for replacing one 
benzeoamoietybymthracase.29and30.Ofthare,only 
29 is koown.z2 The published route to 29 is multi-step 
and gives a low overall yield We will describe here 
several short, excellent routea to 29. 

There are four possible isomeric triptyccnes that can 

be obtai@ by replacing two benzene moieties by 
aothracene (two am chiral) and six possible isomers 
with three anthracene moieties (one is chiral). None of 
these is known, and all are potentially useful synthons 
for higher iptycsn#r 

As to higher iptycenes containing fused rings, thm is 
some interest in the oaphthalenee, capecially if one is 
seeking high-meltirtg materials. We note, for example, 
an over 100” increase in melting point 00 going from I 
(m.p 256”) to 31 (m.p. 387-389”)?’ 

One can regard iptyceoes 1,2 + 3, and 4 as having 
been derived from benzene by fusing on one, two or 
three 9,10-anthradiyl moieties. One can enter one 

group of fused-ring iptycenes in a similar manner by 
fusing one to four 9J@anthradiyl moieties to a 
naphthalene, anthracene, tetmccne, etc. nudeus. The 
number of possible isomers are : 

No. of fusioas No. ofisomers 

1 2 
2 5 
3 2 
4 1 

Examples include 32-34, which have two such fusions 
at the bb’ bonds of the central M-ring system. 
Compound 33 bas aheady been preparedI as the 
immediate Fursor of 8. We will describe here a 
substantially improved route to 33, as well as routes to 
its lower and higher homologs 32 and 34. The synthesis 
of other fused-ring iptycenes is in progress, especially 
those which contain an anthraceoe moiety suitably 
located so that the molecule can serve as an effective 
precursor for oligoiptycenes such as those in Table 1. 
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U 

34 

we will first describe several useful syrlthons for 
iptyoenes, then show how these can be applied to: (a) 
improved syntheses of 29,3 and 33; (b) the synthesis of 
other iptyccncs containing an anthracene moiety; and 
finally (c) the synthesis of 32 and 34. 

RESULTS AND DISCUSSION 

Usejbl synths. Triptyccnes are usually prepared by 
aryne addition to an anthracene (or by modification 
of another triptyccne). cycloadditions will also be 
important in the construction of higher iptycenes. 
Rather than tackle each particular iptycene as a unique 
synthetic challenge, it is useful to have available a 
number of building blocks which ~811 then be employed 
in various sequencts to construct certain ring systems. 

Among the synthous we have found useful are the 
followin& 

3s 34 37 

38 39 

4a 41 
‘Br 

124,5-Tetrabromob2’ is useful as the 
synthetic a@&nt of either 4,Sdibromobcnzyne or 
~,4_kuadiyneandisrcadilypteparedingoodyiddby 
bromination of 1,tibromobenzne. Treatment of35 

with either one or two equivalents of butyllithium and 
furan then gives synthons 36 or 39. Since the double 
bonds in 36 and 39 are effective dienophiles, these 
synthons can be used to build fused-ring iptyanes. 

2&Dibromonaphthalene 37 is a useful 2,3- 
naphthynt 

e! 
uivalent, It has been prepared by several 

methods,2**z the best involving bromination of the 
commercially available naphthalenAexachIoro_ 
cyclopentadiene his-DickAl&r adduct followed by 
pyrolysis of the bromination product at 220” (overall 
yield of 37 in two steps, 46%). As an alternative, we 
describe here the metal-catalyzed deoxygeaation of 36 
using TiC14 and zinc, which proceeds in excellent yield. 

TlCb. Za 
36 - 3-7 (86%) 

The 2_3-anthrync equivalent 3gt6 is readily prepared 
from 37, furan and phcnyllithium.25b 

Bis-mcthylcnc 40 is a useful diene for iptycene 
synthesis. Literature synthesesf7 require four steps 
lrom anthraccne, except for one2* which requires only 
two steps. Experimental dctailst have not appeared so 
we describe here the conditions we used. The successful 
use of l&dichloro-2-butene as a dicnophile in this 

reaction is noteworthy, particularly in view of the 
report that 2-but 

r” 
e-l&diol does not give an adduct 

with anthracene. ’ 
2,3-Dibromotriptyccue 41 is a useM 2,3-triptycyne 

equivalent. It has been prepar& previously from 2- 
aminotriptyccne (2 steps)‘2 and from anthracene and 
4,kiibromoanthranik acid.29 We have found that 41 
can be obtained in one step and in much better yield 
from 36 and antbraccnc. 

Impuu& synflreses uf 29. The triptycenc B was 
previously synthesized by the route 8h0wn.l~ The 
overall yield was only 8.4’4 from 42 which itself requires 
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IS - 41 (62%) _- 
BuLi tohtene 

0 
NH1 Al(O+), 

- 29 

C&H 
iAmON0. dioxane (35 9) 

0 (?4%) 
0 

42 43 

five steps from toluene30 or is obtained in a low-yield, 
multi-step route from phthalic anhydrkk3’ Since 29 is 
potentially a very useful synthon for iptycenes through 
cycloadditions to the anthracene moiety, we sought a 
good short route to it. Three methods will be presented 
because they illustrate different uses for the above 
synthons and also because two intermediates in the 
longest synthesis can themselves be useful synthons. 

yield of 62%. Cycloaddition of 38 to anthracene gave 
adduct 47 in 93% yield and acid-catalyzed dehydration 
removed the oxygen bridge to give 29 (67%). 

Finally, 29 could be prepared in two steps from 37 
and 40. The crude dihydroadduct 48 was dehydro- 
genated directly to’give 29 m 73% overall yield. 

The 6rst synthesis requires four steps from 36. 
Treatment of 36 with anthracene in refluxing xylene 
gave a single adduct 44 in 96% yield. The 
stereochemistry was not determined but is probably 
exo. The oxygen bridge was removed by acid to give 45 
(65%). The last ring was added by cycloaddition of 
the corresponding aryne to furan followed by deoxy- 
genation of the resulting adduct 46 with low valent 
titanium. The overall yield of 29 in four steps from 36 is 
35%. Both 45 and 46 are potentially useful iptycene 
synthons. 

All three methods presented here are good and 
represent very substantial improvements over the 
literature method.22 The part&&u choice will depend 
on which synthons are available and whether or not 
additional functionality (for example, bridgehead 
substituents) are desired in the tinal product 

Improved syntheses of 3 and 33 

By starting with the three-ring precursor 38, the 
synthesis could be shortened to two steps and an overall 

Our previous synthesis of 3l* from 35, anthracene 
and butyllithium proceeds in one step and 94% yield 
based on consumed anthracene. On the face of it, this 
would seem an excellent method, but there are, in fact, 
some technical difSculties with the method. The yield, 
based on 35, is only 26%. and there is a substantial 

36 c 
xykne, reflux 

1 TiCLd,Zn c n “ 

THF 
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37+ 40 
BuLi PI/C 

- 2) 

amount of anthraccnt remaining which must be 
separated from the desired 3 by chromatography 
and/or sublimation. Henoc, a better route wed 
desirable. 

With 29 now readily available by several good 
methods (~kle supra), it muld be treated with benzync 
(via knzcnediazonium-2-carboxylate hydrochloride) 
to give 3. The yield was 65%. We anticipate that use of 
an appropriate bcnza-l&diyne equivalent with 29 will 
lead analogously to 27 and 28.7 

0 01 

* 3 

Pentiptyoene 33 was previously prepared from a bis- 
Diels-Alder addition of 39 to anthracenc, followed by 
acid-catalyzed dehydration to remove both oxygen 
bridges.” The overall yield was X-32%, the 
dehydration yield being only 4 1%. 

We now find that 33 can be more easily prepared 
from the reaction of 35 with two equivalents of 40 and 
butyllithium. The bis-adduct 49 was formed in 84% 
yield and was nearly quantitatively dehydrogenated to 
33. 

Other iptycenes with tihtucene moieties 
Pentiptyccne 33 has a central anthracenc moiety. It 

was also desirable to have available the regioisomcr 52 
with an “outer” anthracene moiety.$ This target was 
achieved in two steps from synthons 29 and 38. The 
cycloaddition gave theregioisomericadductsSOandS1 
in 9 1% yield and approximately 59 : 41 ratio (NMR). 
The structures arc assigned on the grounds that cndo 
addition to 38 would give crowded structures and that 
50 is less crowded than 51. The mixture was not 
separated but dehydrated directly to give 52 in 41% 
yield. 

The heptiptyoene 54 was synthe&od from 29 and 46 
by an analogous route. In this case, mainly one 
cycloadduct, thought to be 53, was formed in 88% yield. 
Dehydration gave the desired 54 in 70”/, yield. 

Cycloadditions to the anthraoene moieties of 52 and 
54 are in progress. 

Syntitesis of fused-ring pentiptycenes 32 cutd 34 
The available synthons can also be used for these 

syntheses. Treatment of 41 with butyllithium and furan 
gave adduct 55 in 75% yield_ Cycloaddition to 
anthraazne gave 56 (72”/ which was dehydrated (66%) 
to 32. Alternatively, 41 and 00 gave adduct 57 (70%) 
which could be dehydrogenated quantitatively to 32. 

The tctracene analog 34 was prepared starting with 
synthons 36 and 40. The thermal cycloaddition gave a 
single adduct 58 (85%). Dehydration was accompanied 
by double-bond isomerization to give 59 (71%) which 
was used with 40 again to add the second 

t Work * progrcm with J. Luo. bicyclo[22.2]octane moiety. Compound 60 was 
slllc iptyce -11 my di#ine formed in 87% yield and dchydrogtnakd quantitat- 

betwsen~radSL;the~~t[1.1.3(b)‘.~.llpaa~~, 
WBcrar ~~ir~yb~.l.l’.l.l]~ptpoao6. 

ively giving M in four steps and 52% overall yield from 
36andm. 
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29 +41 
xykne 

* 
reflux 

HCLOa 

EtOH 

CONCLUSIONS thermal stability, host-guest phenomena, 
rotation, charge transfer and many others. _ ._ _ _ .__. _ 

restricted 

Iptycenes form a very large class of compounds with In this paper, we have described just a few possible 
rigid well-defined geometries based on elaboration of “unnatural” products of this type that are worthy and 
its simplest member, triptycenc. The compounds have challenging synthetic targets. The discussion was 
novel structures, often with very pleasing symmetry limited mainly to unsubstituted carbocyclic frame- 
features. They also form a use&l framework for works, but further elaboration, including heterocycles, 
studying various pllenomW in’Chemistry such as etc., is clearly possible. We have described seven 
factors which contribute to high melting points and synthons (35-41) useful for iptycene synthesis and 



IPtY== 1651 

32 
EtOH 

J xybrwdhu 

HCLOg 

General pr-. NMR qectra (‘H and ‘)c) were 
racordedonrBnlk~WM2sOMHz8pBctro~~uring 
CDCl, an aolwlnt aWi(CH,),si U the incrtmrt m UV 
spcctrawercobtkdonrCacy2I9s~.Mur 
rpsctro= msuuradat70cV~rFinnigan4000 
tqmctr-ti~the~~ryrCrmVerybighmd~ 
matchah weft measured on a Hit8chi M-8OA qectromctcr 
with a direct inlet temp of 300-4W at Ubc Industries, Japan. 
Mps (Fisher dectrothermal or MEL TEMP, mod&d when 
ncceA.Q for high lclnp)arc uownaclad Aniljd argsO,2J3 
thr &yuq apent througboul. Alr’a WI kr cluc~mrlogrPb! 
was 23(t400 mesh, and microanalm were performed by 
Spang Microanalytical Laboratory, Eagk Harbor, Michigan. 

i.hstrated their utility in new synthcscs of 29 (three 
routcsh 3,3& 33, and 34. We have also demonetratcd 
the vcr8atility of 29 as a synthon in the prcparatioll of 
higher iptyccnts 52 and 54. AU of tbasc compounds 
originate in just a few steps from rcadOy available 
materials, i.e. f,~4~t&abromobcnzcq f&ran, aa- 
thracac, ~,4dichloro-2-butcnc, and butyllithium. 

Since this compound is the starting point for dcvcfal 
synthons and iptym and bccnue we found 1,4- 
dibromobenzene a better praXnuX than bcnztnc” for lare 
scale preparation, we give the details here. 

To a aoln of l&dibromo~e (100 g 0.42 mol) in 400 ml 
CCI,wasaddad100ml(2mol)Br,,aadthemixturrwasheated 
at 40” ovsmight, then at feflux for 12 hr. The cooled mixture 
was slowly added to &i.r&, cold 20% NaiSOS (loo0 ml). The 
resulting ppt WM fiittrad, waabed with water (100 mlX then 
MeOH (100 ml) and eav& The combined Gltrates were 
ex& with CH2cf3, and the extracts were washed with 
water, drk& and uvaporatuk The rwiduc was combined with 
the above ppt and rccryatallkd from tolucnc (with Norit) to 
give 138 g(83%)ofX,xup. 18&182”(lit.‘3 1810); ‘H-NMR: 
L 7.87 (s), 

Thedoortoiptyccnccknistryhasbccnopcncd. We 
anticipate that there will be many delights as we 
explore its domain. 

6,7 - Dibbnm~, - I,4 - dlhyrfronapU&ne - 1.4 - q&de (36) 
Toastirradrolnof36(8g,U)mmd)md~(lOml)indry 

toluene (200 ml) at - 23” under argon was added n-k&i (22 
mm01 in 200 ml hcxanc) dropwise over 3 hr. After the mixture 

R 
AQ 

BuLi 
41+40 - 

tollKllle 

m PdIC ~ 31 

Q 3 
BuLi 

@-Qgj--T 

W/C 59 ‘Bt 
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slowly came to room temp, MeOH (1 ml) was added, and the 
mixture was washed with water, dried, and the solvent 
removed (rotavap). The resulting yellow oily solid was 
trituratod with hexane to give 4.1 g (70%) of 36, reervstaUixed 
from MeOH, nap. I&ll?e ; ‘H-NMR rt5 5.64(s, 2l&, 6.98 (s, 
2Hk 7.45 (a 2H): ‘C-NMR: d 81.76.120.61.125.43.14268. 
lsd:l9;~s~m/e(rd.~~ty)3(32~9),~6~19), 193 
(lOO), 113 (46), 87 (2l). 63 (25). (Found : C. 39.86; H, 2.07. Calc 
for C,Jf,Br,O : C, 39.78; H, ZOO%.) 

2,3-DZmmonapbthalenc from 36 
To an icacold suspension of Zn dust (2.0 g) in 50 ml THF 

underargonwascarefullyaddedZmloffiCI,andthemixturc 
was heated to reflux for 5 min, then cooled to 0” and a soln of36 
(1.0 g 3.3 mmol) in 20 ml THF was added dropwise. The 
mixture was refhued overnight, cooled and poured into 1OOml 
ofcold loo/, HCI. The mixture was extracted with CH,Cl, and 
the extract was washed with water, dried and evaporated. The 
residue was chromatographed over silica gel using CHsCls- 
hexane (1: 1) as &rent to give 810 mg (860/J 0137, m.p. 138 
140” (lit” 139-140”). 

11.12 - Dtmethylme - 9.10 - dihydro - 9,lO - &anoanrkracene 
(48) 

A mixture of anthracene (5.34 g, 30 mmol) and 1,4dichloro- 
Zbutene(20 ml, c&/rrans mixture) was heated in a se&d tube 
at 190” for 48 hr. The black product was timt pasmd through 
alumina using CCl, as eluent, then chromatographed over 
silica gel using CH,Cf,-hexane (2 : 1) as duent to give 8.4 g 
(%%) of 11,12 - bii - chloromethyl - 9.10 - dihydro - 9,lO - 
ethanoanthmcene 6!!, m.p. 145-W” (hexane); ‘H-NMR: 6 
1.86(m,2H),2.95(m,2H), 3.32(m,ZH),4.45(~,2H), 7.15(m, 
4H),7.35(m,4H);massspactrum,m/e(rcl.intcnsity)302(M+. 
13),229(3),215(14),202(19), 189(7), 178(100), 165(5). 

Toasolnof6S(3.03g,l0mmol)inDMS0(4Oml)sndTHF 
(lOmf)wasaddedt-BuOK(3.3g,3Ommol)andthedarkgreen 
solnwesstirradomni8t,thcnpouredintoicbwater(400ml) 
and extracted with ether. The organic layer was washed with 
brine, dried, and the solvents &noved.~Thc resulting white 
solidwasrecrystallixedfromhexanetogive2.2g(95%)ofdiene 
40, m.p. 156-157” (lit.” 157-157.5”). 

2,3_Dibromotriptyme (41) 
Toaatirredsolnof3S(4.0g,l0mmol)andanthracene(4.0g, 

22mmol)indrytoluenc(300ml)atroomtemp,Aratmosphere, 
was slowly added (4 hr) a soln of BuLi (10 mm01 in 203.7 ml 
hexane). The mixture was stirted overnight, quenched with 
water, extracted with ether, dried and the solvent removed. 
Theresiduewasdissolvedinhotacetone,cooledandiWredto 
remove the unreacted anthracene. The acetone was removed 
from the filtrate and the residue was chromatographed over 
silica gel with cyclohexane as eluent to give 2.6 g (620/ of 41, 
m.p. 191-192” (lit.” 188-190”). 

5,14rl’27Bensen0 - 5.14 - dih~dr0penta~f3t! (291 
-MethodA.Asolnof36(18.i2&60mmol)andanthraane 

(10.9 g, 61.2 mmol) in xylene (7OOml) was heated at rellux for 4 
days. The solvent was evaporated and the residue was 
recrystahixed (THF-MeOH) to give 44 (27.65 g, 96%) as fine 
off-whitecrystalqm.p.26~266o;1H-NMR:b224(s,2H),4.41 
(s, 2H), 4.89 (s. 2H), 7.03 (dd, 2H), 7.16 (dd, 2H), 7.24 (m, 4H), 
7.40(s, 2H); “C-NMR: 6 47.21.48.45.80.82, 123.61, 123.81, 
124.17, 125.31, 125.90, 126.17, 128.17, 141.10, 143.84; mass 
spe&um, m/e (tel. intensity) 480 (M+, 4), 462 (l), 302 (2), 2ft9 
(7), 276 (9), 203 (26), 191 (RIO), 178 (53). 

Toasuspensionof44(19.28,4Ommol)inEtOH(4OOml)was 
added dropwise 72% perchloric acid (45 ml) and the soln was 
heatedat reflux(5hr).Thecooledmixturewaspouredintoice- 
water (1200 ml). The solid was liked, washed with MeOH 
and dried. Recrystallization (THF-MeOH) gave a tan solid 

t The literature22 m.p. of 287-288” appears to be in error 
since we get the identical m.p. 221-222” via three independent 
syntheses of 29. 

which was recrvstahixed from toluenc to give 45 (1201 tz. 65%) 
as colorless nekles, m.p. 386-388” (dec.)~‘H-NMR : &3.51’(, 
2HI. 7.04(dd. 4H-l. 7.43 Idd. 4H-l. 7.60 la 2HI. 7.94 (a 2Hk “C 
NMR: d 53.62, iio.58,‘123.84;~125.78; 131.64, 144.02,‘f55.16 
(two peaks absent). 

Toastirredsolnof4S(6.93g,l5mmol)andhuan(6Oml) 
in dry THF (1200 ml) at - 78” under argon was added n-BuLi 
(17.25mmolin3OOmlhexane)dropwiseover5hr.Themixture 
was allowed to come slowly to room temp, MeOH (2 ml) was 
added. The mixture was washed with water, dried and 
evaporated. The residue was recrystallkd from MeOH to 
give 46 (3.89 g, 70%) as light yellow crystals, m.p. 188-190”; 
‘H-NMR : 6 5.48 (s,2H), 5.72 (s, 2H), 6.88 (s, 2H), 6.99 (m, 4H), 
7.39 (m, 4H), 7.44 (s, W), 7.65 (s, 2H); 13C-NMR: 6 53.92, 
81.88, 118.37, 121.64, 122.17, 123.70, 125.52, 125.61, 127.43. 
141.75,145.82;mass spe&um,m/e(rel. intensity) 370@4+, l), 
341 (I), 303(l), 170(2), 149(4),84(5),40(100). 

ToasuspensionofTiCl,(6.38ml)indryTHF(5Wnl)under 
argon at &was added 8.9 g of Zn powder The gray suspension 
waJhcatcdto~uxandaJolnof46(4.~~12mmol)inlOOml 
THF wae added dropwise (30 mini Afi& 8 hr at r&x, the 
cooled mixture was poured into dil HCL The purple mixture 
was extracted with CH,Cl, and the extract was washed with 
water and dried. Solvent removal gave a solid which was 
recrystallimd from CHCl,-hexane to give 29 (3.44 g, 81x), 
m.p. 221-222”;t ‘H-NMR: d 5.54 (s, ZH), 7.05 (dd, 4H), 7.38 
(dd, 2H), 7.46 (dd, 4H), 7.88 (s, 2H), 7.91 (dd, 2H), 823 (s, 2H); 
‘3C-NMR: S 53.65, 121.31, 123.81, 124.96, 125.61, 125.75, 
12799.130.52,131.69,141.14144.19;massspectrumm/e(reL 
intensity) 354(M+, RIO), 353(66), 278 (3), 176(69). (Found: C, 
94.81. H. 5.15. Calc for C,.H,.: C. 94.88: H. 5.12%.) 

M&i B. A soln of 38 (7% kg, 4.05 mmoI)~and k&.raane 
(712 mg, 4.0 mmol) in xylene (20 ml) was heated at retlux for 
72 hr. The solvent WBJ evaporated and the residue was 
recrystaflimd from CHCl,-hexane to give 47 (1.38 g, 930/J as 
tan crystals, mp. 2&Y’ (dec); ‘H-NMR : 6 236 (s, 2H), 4.49 (s, 
2H), 5.08 (s, 2H), 7.02 (dd, ZH), 7.17 (dd, 2H), 7.24&l, ZH), 7.33 
(dd, ZH), 7.40 (dd, 2H), 7.52 (s, ZH), 7.72 (dd, 2H); maas 
spectrum, m/e (tel. intensity) 372 (M+, l), 354 (Z), 353 (3), 203 
(lo), 191(28), 181(100), 178(39), 168 (57), 139 (lo), 106 (9), 91 
(18). 

A soln of 47 (744 mg, 2 mmol) and cone HCl(5 ml) in Ac,O 
(20 ml) was heated at rellux for 5 hr. The cooled mixture was 
poured into 100 ml ice-water, and the resulting solid was 
filtered, dried and chromatographed over silica gel (eluent 
cyclohexane, then 1: 3 benxene-hexane) to give 29 (474 mg, 
67x), m.p. 221-222”. 

MethodC.Toasofnofdiene48(46Omg,2mmol)and37(572 
mg, 2 mmol) in 50 ml dry toluene under argon was added 
dropwise(3Omin)asolnofn-BuLi(5.4mmolin12mlhexane). 
The mixture was stirred at room temp overnight. then 
quenched with 1 ml water and stirred (30-m@ The mixture 
was extracted with 50 ml EtOAc-THF (1: 11 and the extract 
was washed with water, dried (Na,SOj and rotavaped. The 
residue was recrystalhxed from CH,Cl,-hexane to give 48 
(576 mg. 81yd. Further purification by chromatography on 
silicagelwithCH,Cl,-hexane(l: l)gave52Omg(73%)ofpure 
48,m.p. 2983C0”; ‘H-NMR: d 3.8O(s,4H),4.92(q ZH), 6.96 
(dd,4H),7.34(m,6H),7.58(s,2H),7.70(m,2H);massspcctrum. 
m/e (rel. intensity) 356 (M+, 4), 290 (6). 215 (3), 202 (3), 191(5), 
180 (s), 179 (lOO), 178 (32). 

A soln of 48 (356 mg, 1 mmol) in 20 ml xylene containing 50 
mg of loo/, Pd/C under argon was heated at reflux for 48 hr. 
The hot soln was filtered and concentrated under reduced 
pressure to give colorless crystals of 29 (330 mg, 93x), m.p. 
220-222”. 

Improved synthesis of 3 
A mixture of 29 (354 mg, 1 mmol), benxenediaxonium-2- 

carboxylate hydrochloride (185 mg 1 mmol) and propylene 
oxide(2ml)in 1Omiof l&lkhloroethanewas heated at reflux 
for 3 hr. Diethyl carbitol(5 ml) was added and the solvents 
distilled until a head temperature of 150”. Ma&c anhydride 
(llOmg)wasaddedandthemixturere8uxedfor15min.Tothe 
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cookdmixturtwuaddcdardnof~4gofKOH in6mlof 
MeOH_wata(2:lrThemixture~chilladinioa,tbdthc 
resulting s&d was 8lw vaslmd witB M&H-water (4: 1) 
andd&d.Rccry8taUixationfromCC&~ve3(28Om~65!!~d 
~lorlcrrnaadkqmg.465”(dbc)Ilit.“4839);’H-NMR:65.30 
(s. 4I), kg2 (db 8H), 7.28 (dd,8H), 7.43 (s, 2H-J. 

Zmprowd synthesis 9/ 33 
Toawlnofdicnel9(5~21 mmd)and#(4& 1Ommol)in 

300 ml toluenc under argon at room tanp was added dropwise 
over 1 hr n-BuLi (27 mm01 in 60 ml hexa@ The white 
suspension was stirred ovcmlig& t$m!n quenchaI with 5 ml 
water. The mixture was atirred for 30 Inil& tbsa poured into 
StXl ml of ice-water. The resuk& ppt was 8It.cru& washed 
succc~sively with water (50 ml) and ether (2.Q ml), and 
v ikom lJdichbla&axrc to 8ive oolorkw 49 (4.5 
g, 84x), m.p. 342” (de@; ‘H-NMR: 8 3.46(1x, 8H),4.8O(r, 4H), 
6.8O(m, 8H), 6.88 (s,2H), 7.36 (ut, 8H); mass spsdnrm, tn/e(rcI. 
intensity) 534 (M l , 38). 356 (21), 339 f4), 258 0,228 (5), 178 
(loo). 

A soln of 49 (4.5 g) in 300 ml xykna contAining 0.5 g 1VA 
Pd/C was heated at refiux for 48 hr. The hot soln was filtered 
and conocntrati to give 3.6 g of33. The w/C m&due was 
extractcd(2~50ml)withCH,CI,to~~an~tioilll700mg 
of 33. The combined products were -taBiwxI from l& 
dichloroethmc togive4.0g(900/ofpure3&m.p. > 5oo”.Thc 
NMR spectrum was identical with that of known 33.” 

[3(b)b.l.lb.l.l]Pmtipuccnc(S,18:7,16[l’J’: 1”,2”ldibuueno- 
5,7,16,18 - tetr&ydrok~ocene) (St) 

Asolnof38(4O7.4~2lmmol)and29(7O8mg,2mmol)in 
xykne (20 ml) was heated at re8ux for 4 clays. Evaporation of 
the solvent gave a tan solid which was mqstabA from 
CHCl,-pctrolcum ctkr (3O+lO“) to yield a mixture of 9 and 
Sl(997 mg, 91%) as Sght yellow crys* m.p. 304-306” (de@; 
‘H-NMR : (major product) b 212 (s, 2H), 4.28 (s, 2H), 4.93 (s, 
2H),5.31 (s,2H),725(&2H), 7.43(s,2H);(minorproduct)229 
(s, 2H), 4.36 (s, 2H), 4.99 (s, W), 5.35 (s, 2H), 7.33 (s, 2H), 7.45 (s, 
2H). The remking~rwcretoooompkxtoaMignt0 
individual isomers. They am as follows, with areas 
assignedforthesumofbothproductr:d6.8d6%(m,8H),7.08 
(dd, W), 7.13 (dd, 2H), 7.21 (dd, 2I-Q 7.24 (dd, 2H), 7.30 (dd, 
ZH), 7.37 (m, 8H), 7.69 (m, 6H). 

Toasuspcnsionof50~d51(348me,lmmd)in20ml 
ahanolwasadded2mlof720/,~c~lad~mixture 
was heated at r&u for 5 hr. The cooled mixture was poured 
into 100 ml ic+watcr, extracted with C&C& and dried. 
Evaporation of the solvent and chrom-y of the crude 
product over SiIica gel with benzene-hexane (1: 2) as eluent 
gave 52 (217.3 mg, 41%) as colorless crystaB which were 
recrystalhzd From 1,2dichlora mp. > 4XY; ‘H- 
NMR : 6 5.33 (s, 2I-Q 5.44 (q 2I-Q 6.86 (dd, ZH), 6.91 (dd, 2H), 
6.98(dd,W), 7.27-7,38(m,8H), 7.51 (s,W), 780(9,2H), 7.89 
(dd, 2H), 8.18 (J, 2H); W (cydokxane) 1,374 MII (s 3590). 
355(5310),337(4770),320(3125),295(2Q0@3),286(21,450),278 
(23,520), 261 (36,950); “GNMR: 6 53.49, 5403, 121.08, 
122.85, 123.41, 123.48, 125.03, 125.62, 128.99, 129.16, 13253, 
138.67,140.75,141.43,141.89, 145.39,146.02;mass spectrum, 
m/c(rdintcnsity)53O(M’, 100),354(12),353(12),352(36),278 
(8), 62 (69), 59 (25). 27 (76). (Found : C, 94.77; H, 5.22 Calc for 
CIIHza : C, 95.06; H, 4.940/,.) 

[l.1.~,b)b.l.lb.l.l]~e~~~(5~:7~~ 11,16[1’,2’: lI.2”: 
I”‘J”] - rribenzeno - 5,7,1 I, 16.2022 - he~&&~) (54) 

A soln of 29(1.77 g, 5 mmol) and 46 (1.887 & 5.1 mmol) in 
xylcnc (50 ml) was heated at I&IX for 5 days. Evaporation of 
the solvent and rwqeu&ation of the residue from 1,2- 
dichloroethanti- pve ad&W 53 (3.19 8,88!!!!) aa light 
yellow crystals, m.p. 335” (dec) ; ‘H-NMR : 6 1.85 (s, 2H), 4.06 
(s,2H),4.?5(s,2H), 5.30(s,, 5.47(r,2H),6.867.07@, 12f-Q 
7.21 (s, Xi), 7.30 (s, 2Hh 732-7.41 (m, 8H), 7.67 (s, 2H). 

ToasuspcnsionofS3(2l72g,3mmol)in7OmIEtOHwas 
added dropwise 6 ml of 72% pcrchloti ackl, and the soln was 
heated at rcflux for S hr. The cooled mixture was poured into 

2tXhdb~.Thld~SOlidWM~With 

CH,Cl,driaIandevrporrtsdtodryn+=Thecrudeproduct 
WlM&OWtOS@idOVar*~Uith~ 

(1:2)psc~togins1(1.~~~~u~~~m 
tdumc,m.p.43O’(ckc); ‘H-NMR:b 531(&2H),5.39&r, 
5.47(aWI),~(dQ2tIX690(dd,ZWX&W(d42H),7.00(m, 
4~72A(dd,2H),7.28(dd,zH),733(~~7.so(m,4H),7.47 
(~W),7.72(r.2H),7.78(1,2H),8Ol(~~;’~-NMR;b53.45, 
5359, 53.95, 119.84, 121-U& 12125, 123.41. 123.58, 123.75, 
125.03,125.Xl, 125.64,128.24$129.06,130.3!J, 140*68,141.34, 
142% 144.27, 145.19, 14534; ~~~tll rpscaum, m/e (rd. 
intenaity)706(M+, 100),528(17),462(10).446(5A35J(48),286 
(8), 252 (lo), 178 (10); UV (cydohcxanc) 1,371 nm (8 56X)), 
352(6895),335(6265),319(J84o),286(84ooo),2Tf(6~600),2~ 
(65,910), t60 (63$X25), 248 (36.97% 238 (35,695). (Found: C, 
94.81; H, 5.19.CaIcfor C,‘H,,: C,95.15; H,4.850/,) 

[l.l.2(b)b.l.l]Penri~yc~(5,16:8,13[1’,2’: l”~&uu~- 
5,8,13,16 - r&+&ohcxaunr) (32) 

MdhodA.ToartbFbdOOfDof4I(824mg,2mmol)andfuran 
(5ml)in100mIdrytoh~eaeat -23”underargonwasadded 
n-BuLi (2 nun01 in 50.74 ml hexanc) 0~ 2 hr. The mixture ~83 
stirred overnight at room temp, quenched with water (1 ml), 
and extracted with ether. The organic Iayer was washed with 
water, dried and evapunted to give a soM residue. 
Chromatography aver silica ~1 with cydohexan&H,Cl, 
(1: 2) as eluent gave 55 (0.48 & 75%) 91 colo&ss wt.& m.p. 
166-168”; ‘H-NMR : 6 5.25 (a, 2H), 5.45 (s, 2H), 6.84 (m, 6H), 
7.31(~6H);mru~m/e(rsl.intcnsity)320(M+, 100), 
302 (f7), 291(68), 265 (201,215 (10). 

A soIn of SS (400 w 1.25 mmol) and anthracunc (360 mg, 
2 mmol) in 20 ml xykne was heated at rcflur for 48 hr. 
Themixnuewracclncsntratadandthe~uewaschromato- 
graphed on sika @ using hcxane-CH,Cl, (1: 2) as cluent 
to give adduct 56 (450 mg, 7To/,) es colorless crystb, m.p. 
> 500’ ; ‘H-NMR : b I .80 (m, 2H), 4.64 (s, 2H), 4.20 (m, 2H), 
5.28 (s, 2H), 6.8-7.4 (m, 18H). 

A mixture of 56 (350 mg, 0.7 mmol) and 4 ml of 72% 
parchloricacidin12ml~IoteEtOH~h#tadat~urfor 
3hr.Theoodsdrolnwupouredinto200mliob~terand 
cxtractcdwithEtOAc.Combinadorgmiclaycmwerc washed 
suoctssivcly with water, NaHCOS aq, water and dried. 
Removal of the solvents and chromatography over silica gel 
wit.hhcxane-CH,Ci,(1:2)aseluentgavc32(22mg,65~0)asa 
colorless powder, m.p. > 500” from lfdichiorocthane; 
‘H-NMR: b 5.44 (a IH’), 6.96 (m, 8H-), 7.36 (m, 8H), 7.61 (s, 
4H); “C-NMR: d 53.7, 121.34, 123.5, 125.0, 131.1, 1422, 
144.7; W (CH,CN) L 376 urn (e 1800). 356 (3200), 340 
(36tKI), 328 (#Xl), 320 (61(K)), 313 (I2,ooO), 269 (83,ooO), 261 
(81,100), 248 (161,800) (Found: C, 94.81; H, 5.14. Calc for 
C,,Hz, : C, 95.00; H, S.oo”/,) 

MethodB.Toastkdsoht ofdicnc48(1,5g6.5mmol)and 
triptycene 41(20 g, 4.8 mmol) in dry tolume (250 ml) under 
argon at room tcmp was ddad n-BuLi (13 mm01 in 40 ml 
hexane) over 1 hr, and the mixture was stirred overnight at 
room temp,thcnqucnchedwith 1 mIwater,extractcdwith 1: 1 
EtOAeTHF, wash& with water and dri& After solvent 
ramoval, chromatography over silica gel using hcxanc 
CHICll (1: 1) as efucnt gave !57 (1.6 & 7V/& mp. 460” @cc); 
‘H-NMR : b 352 (s, 4H), 4.83 (s, 2H), 5.30 (s, 2H), 6.92 (m, 8H), 
7.10(s,2H),7.36(m,8H);~~m/e(rcl.intcnsity)534 
(M+, 38X 356 (21), 339 (4), 258 (7), 228 (5). 178 (100). 

AsolnofSI(1.5g3.1mmol)in25Qmlmcsitylcnccontaining 
450 mg loo/, Pd/C wu heated at rcflux for 48 hr, then worked 
up as for 33 to give 1.38 g (Pg*h) of 32 whose spaztra were 
identical with those dmxibod above. 

[l.l.~,b,b)b.l.l]Pmtfpty~ (5.20 : 10,15[1’,2’ : 1’,2Tdi- 
benzen - 5,10,15JO - tc~y&uoct~nu) (34) 

A soln of diem 40 (2.30 & 10 mmol) and epoxide 36 (3.02 8, 
10 mmol) in 50 ml xylem was heated at r&x for 48 hr. The 
mixturewasa&dandtherwultingpptwasfilteraiand 
recrystakcd from toluene to give adduct S8 (4.5 & 85%), m.p. 
286288” ; ‘H-NMR : 6 1.75(m, 2H), 22O(m, 2H), 283 (m, 2H), 
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4.75(s,2Hj4.88(s,2Hj6.9O(m,4H),7.2O(m,4Hj7.42(s,2H); 
mass spectrum, m/e(ml. intensity)532 (I@, 5j 514(3j 319(2), 
276(22),256(100),241(18),2!28(27).215(43),202(36).178(94), 

AmixtureofJ(1.%g,2mmoljconcHCl(6ml)andAc,O 
(30ml)washeatcdat~0wmight.TheoookdmixNtwes 
poured into ice-water and extractul with ether. The organic 
layer was washed with water, dried, evaporated and the 
residue chromatographed over silica gel using hexane- 
CHrCl, (1: 1) as eluent to give 59(710 mg 71°& as a colorless 
solid, m.p. 251-253” from hexane; ‘H-NMR: b 2.34 (t, HI), 
2.74(m.IH),2.94(dd,lH~4.33ts,IH~4.88(s.lH).6.53(s,1Hj 
7.1-7.33(m.l2H);massspecm1m.m/e(rel.intensity)514(M+, 
lo), 432 (2). 352 (2j 336 (7j 257 ( IL I78 (100). 

Toasolnof9)(1.03g,2mmol)anddienc48(460mg,2 
mmol) in 200 ml toluene under argon was added dropwise at 
room temp n-B&i (6 mm01 in 324 ml hexanej The mixture 
was stirred for 4 hr, then quenched with 5 ml water and stirred 
for3Omin.Water(3Oml)wasadded,andtheresultingpptwas 
filtcrad, washed 8 uccessivelywithwater(2x2Oml)andether 
(#)ml)andthen~~fmm12_dichlorocthawtogive 

4.74 (s, II-I), 5.14 (s, IH), 6.37 (s, IH), 6.80 (m, 4Hj 7.00 
(m,4Hj7.12(m, lOH),79O(s, lHj7.92(s, III). 

A soln of 60 (800 mg, 1.37 mmol) in 50 ml mesitylene 
containing 100 mg loO/, Pd/C was heated at rdYux for 48 hr. 
The hot soln was filtered and the Pd/C residue was washed 
with CH&i, (2 x20 ml). Combined organic layers were 
evaporated and the residue was rectystallimd from 1,2- 
dichlorcethanc to give 34 (724) mg 91x), rnp. > 500”; ‘H- 
Nh4R(CD,Cl+55.52~s,4Hj7.05(dd,8Hj7.45(dd,8Hj7.84 
(s, 4H-j 8.41 (s, 4H); ’ C-NMR (CD&l& 6 53.96, 121.45. 
124.15, 125.7. 126.21, 139.67, 130.84, 138.73. 144.43; UV 
(CHsCl,) & 466 run (E 675Oj 450 (683Oj 438 (854Oj 412 
(5620), 404 (67OOj 392 (352Oj 382 (411Oj 364 (3OlOj 310 
(26,250),298(13,520),284(7100),276(7200j(Found:C,94.80; 
H, 5.12 Cak for &Hal) : C, 95.18; II, 4.820%) 
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