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htracS_A new route to dihyclropyrcne pruxsorq 1,2bis(bromomethyl)-2~u~titutod_btnztne has batn 
found, which starts from the readily available hcxachlorocydopcntadient and 3-substituted acrylic cst,cz~ 
Utilization of an intermediate in this scquencn, I,Sbis(bromomethy~~~~orotducne, brs opcnod up a 
route to the rciativcly in-& chlhuthyldihydropyrcnu to aUow study of thk chanistry. 

The ditbiacyclophanc route’ (Scheme 1) to dihydro- 
w is now wdl established. It dam however have 
some wvantagcs. Firstly, for each new dihydro- 
pyrenc 4 to be preparad, a di&ent lJ.J-trisuhetituted 
benzene 1 or 2 is requirad. Since no general synthesis of 
these exists, each example of 1 or 2 that has been 
prepared in the literature has been by a new routc.2 
Sacondly the cyclization of 1 and 2 to the 
dithiacyc~phanc 3 yields mostly antiiaomtra, ag 7 : 1 
antixyu for R = R’ = Me in 3, making the cis- 
dimethyldihydropyrenes very inaaz&%k.j 

We have batn able to solve both of tbaJt problems in 
part by using an approach to the synthesie of bcmtnes 
based on early work by Hczh.* In his studies on the 
Dick-Alder reaction of the dimethoryqcloptntadiene 
5 he suggests that the isophthalic acid derivative 9A 
(R=H,Z=H)isthecndpductbom~mwi~ 
ethyl acrylate in the squenca shown in Scbemc 2, using 
KOH in the final step. His ideut&ation of9A however 
was somewhat tenuous, based on the melting point 
found for 9A (305-306”) being higher than that 
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normally found for phthalic acids ( < 200”), and not the 
same as that for the known 4JxIichloroisophthalicacid 
(286”). 

In view of the fact that 5 is readily obtained’ from the 
very cheap hcxachlorocyclopentadiene, and that with 
3-substituted acrylic esters many potential dihydro- 
pyrene pracmsors might bacome available.+ we thought 
it worthwhile to tivestigate this saqucnct. Momm, 

we have noted6 that dithiacyclophanea in which one 
ring has electron-withdrawing sub&&rents, tend to 
favor the 3yAsomer in formation. The two chlorine 
atoma in 9 thus might be able to direct the 
dihydropyrene synthcais towards the d&omer, 
making this se&a more accessible. 

RESULTS 

Reaction of 5 with methyl crotonoate 6 (R = Z = 
Me, mostly rrans-isomer) at 180” proceodcd rather 
slowly, but after 2.5 days gave an essentially 
quantitative yield of mixed exo-endo isomers of 7 (R 
= Z = Me). This mixture of isomers was hydrolysed 
with cone H,SO, to yield about 75% of the ketone 8 (R 
= Z = Me), again as a mixture of isomers. Neither 7 
nor 8 were readily distilled, decomposition resulting. 
Their structures followed unequivocally however from 
mass spactral and NMR data, and that they were pure 
by TLC. Reaction of8 however with NaOMe in MeOH 
yielded crystalline 9B (R = Z = Me), m.p. 74G74.5” in 
76% yield, which could be obtained analytically pure. 
The structure of 9B was established by 13C-NMR, 
showing six aromatic carbons and two m&r methyl 
carbons, The isomeric 4,6dichloro compound 10 
(Schcmc 3), which might have bzcn formed, is of course 
symmetrical arid would only show four aromatic typs 
of carbon and one type of ester methyl. The 
corresponding acid 9C (R = Me, Z = H), obtainad 
from 8 with KOH and then H,SO,, also showed six 
aromatic carbons and two carboxyl carbons in its 13C- 
NMR, and failed to give a phthalcin tat,6 confirming its 
structure. Reaction of 9B (R = Z = Me) with W-7 
Rancy nickel gave an essentially quantitative yield of 
the known’ dimethyl 2-methylisophthalate, yielding a 
useful cheap alternate synthesis. 

The synthesis of the cisdihydropyrenc 18 (Scheme 4) 
could now be attempted. Reduction of diestcr 11A 
( = 9B) with di-isobutylalumixnsm hydride (DIBAL) in 
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scheme 3. 

hnzene gave a quantitative yield of di-alcohol 11B (2 
= CH,OH), rnp. 18~181”, which with cone HBr gave 
98% of dibromidc 11C (Z = CH,Br), m.p. 106-107”. 
The latter on reaction with thiourea and then KOH 
gavtthedithiol llD(Z = CH$H),m.p. 83-84” in 99% 
yidd.Thecyclizationofdithiol llD(Z = CH,SH)with 
2&-bis(bromomcthyl)toluenel prd in the rc- 
markablt yield of %%, and gave 61% of the syn- 
dithiacyclophanc 12 and 35% of theanti-isomer 13. The 
ratio of syu-12 : ant-13 was thus 1.74 : 1, considerably 
improved from the 1: 7 ratio in the absence of the 
chlorclsubstituents. The two dithiacyclophanes 12 and 
13 were readily distinguished by their ‘H-NMR 
spectra The internal methyl protons of anti-13 appear 
shielded* at 6 1.26 and 1.49, whereas those of syn-12 
appear normal at 5 2.51 and 2.52. Also the aromatic 

protons of syn-12 appear shielded at 6 6.9lA66 while 
those of anti-13 are normal at S 7547.08. 

Pure syn-12 was then taken through a Stevens 
rearrangement-Hofmarm elimination rocedure : * 
methylation of 12 with (CH,O)&HBF, g proceeded 
quantitatively to give 14, m.p. 205-209” (de@, which 
with t-BuOK/THF led to the [2.23cyclophanes 15 as a 
mixture of isomers in 88% yield. R+ of this 
procedure then yielded the dihydropyrenes 16, mp. 54- 
57”, and 17, m.p. 13O-132”, in a 6 : 4 ratio. The overall 
yield of cis-dihydropyrene 16 is about 30% From 12 
which ia better than the 8% obtained for c&4 (R = Me) 
from syn-3(R = Me).’ It is interesting to note however, 
that even with the additional stabilization alTorded the 
syrrcyclophanes by the electron-withdrawing chlorine 
substituents, substantial isomcrization from the syn to 
the ~ti series still’ occurs during the Stevens 
rearrangement step, 14 + 1S.Aswcll20/,(from12)ofthe 
monochlorodihydropyrerent 18, m.p. 132-l 33*, was also 
obtained during the sequence, though it is not known 
how this arose. Like the thiacyclophanes, the two 
dihydropyrenea liand 17 areeasilydistinguishedfrom 
their ‘H-NMR spectra: the internal methyl protons 
of cis-16 appear at 6 - 1.95 and -2.04, while those 
of the more planar, more diatropic Irons-17 appear at 
s -4.07. 

Thus given that hexachlorocyclopentadiene is 
available at < U.S. SlO/kg and that the overall yield of 16 
from this is about 7% over the 12 steps of the synthesis, 
chlorine subditutcd cis-dihydropyrenea should now be 
much more accessible for study. Removal of the two 
chtorinc substituents from 16 to yield &A (R = Me) 
itself has in our hands not yet proved possible (Raney 
Ni, Lilt-BuOH, Na/NH 3, Li-ultrasound, Bu $nH). 
This is probably due in part to the instability of cis-4.3 
Removal of the chlorines at an earlier stage, e-g from 12 
is also not feasible, at least with Raney nickel, since the 
cyclophanc is cleaved yielding 4,5dichloro-1,2,3- 
trimethylbenzene. However use of (arenc)ch.romium 
tricarbonyl derivatives of the ditiacyclophanea can 
overcome this problem*0 and their use with these 
halogenated cyclophanes will be reported on by us in 
the future. 

EXPERIMENTAL 

M.pe were determined on a Koflcr hot stage and arc 
uncorrected. ‘H-NMR spactra were detumind in CDC13 
(unlese othelwisc stated) on a F%rkirtE!lmcr R32 (90 MHz) or 
Bruka WH-250 (250 MHz) spaztrometer. ‘“C-NMR spectra 
were recorded on a Nicukt IT-14 (15.1 MHz) sptctromctcr. 
AU chemical shifts are rcportcd in ppm downkld from TMS as 
internal standard. Mass spectra were determined on a 
Finnigan 3300 mass spectrometer at 70 cV (El) or using 
methane cbanical ionization (CI). Only the molecular ion 
containing WI is reported, but correct isotope peaks were 
obtainod in all cabts. iR spectra were recorded on a Perkin- 
Elmer 283 IR spctromctcr. Microanalyses were carried out 
by this department or by Canadian Microanalytical Savicxs 
Ltd. (Vancouver BC). All evaporations were&ad out under 
reduced pressure on a rotary evaporator at about 40”, and all 
organic layers were washed with water (unlcps otherwise 
stated) and dried with anhyd MgS04. 

1,4,5,6 - Terrcachkm - 2 - cmbomethoxy - 3 - merhyl - 7.7 - 
dimethoxybicycloC2.21]~~~-S-ene 7 (R = Z = Me). A mix- 
turcof5~(26.4gO.lmol)and6(R = Z = Mc)(10.01g.0.1mol) 
were stirred at 180” for 2.5 days. After cooling, a ‘H-NMR 
spectrum of the crude oil indicated about 980/, conversion to 7. 
Chromatography on silica gel using CHIClz as cluant gave 
78% ofTLC pure 7, as a mixture ofexc+ and &isomers. ‘H- 
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NMR b (90 MHz) 3.70 (q3H, -COsMe), 3.55 and 3.50(s, 6H, 

>-o 
Me), 32-20 (m, 2H, 0, and 1Ao a& 1.30 (9.3H, 

(C-Me). IR @an) 1745 (--co#e) cm- ‘, AttcmptaI 
disfillafionofthiroiIlwultcdinrctr+Dids-Aldcrreactioas. 

l&&6 - Tdrac-hbo - 2 - ~~tihoxy - 3 - 
mctkylb~~lo~~l7-5-~-77~8~ = z- Mc).rhe 
ketal7 (21.84 g, 60 mmol) wax rtirrad at about 20” in oonc 
H,SO,(75ml)for 18hr,andthnnwaapourcdontoice.The 
product was extracted into CHtCII, which was then washed, 
dried and cvaporatal, and the dual oil was chromate- 
grpphud on silica gel using CHxCl, as duant to yield 16.4 g 
(86%) of a mixture of exo-&o isomers of 8 as an oil, pure by 
TLC. ‘H-NMR 6 (90 MHz) 3.74 (4 3H, +ZOIMe), 3.0-24 
(in, ZH, CH) and 1.30 y 1.18 (s, 3H. C-Me); IR (i&n) 1745 

(--CO,Me)and 1835 ( C’=O)an-*.Attcmpteddixtillation 
/ 

rcldtd in decomposition. 
Dinmhyl 4,5dkMorb2_methyb~~e 9B (R = 2 = 

Mc).NaOMe(5.42gO.l mol)wasaddalwithstirringdowly to 
a soln of 8 (10.0 g31.4 mmol) in M-H (100 ml) at about 20” 
(caution : reaction is exothermic). After 2 hr, the mixture was 
poured into CH&ls, washed wdL dried and evaporated. The 
crude diester was chromatographcd OYCT siliar gel using 
CH,Cl,-pcntane 1: 1 as cluant, and the product was 
recrystallized from aq McOH to give 6.61 g (76%) of 9B as 
whitenties, m.p. 74-74.5”. ‘H-NMR a(90 MHz)8.00(s, IH, 
ArH), 3.95 and 3.89 (s, 3H each, -COIMc) and 2.48 (s, 3H, 
ArMe); “GNMR (15 MHz) 6 166.5 and 165.6(M), 137.7 
and 127.6(CXl), 136.6,130.6and 130.1 (@-and 132.5 
(ArCH); IR(KBr) 174Oand 172O(-CO,Me)cm-‘(Found: 
C,47.71;H,3.S7.C,,H,,ClzO,~uires:C,47.68;H,3.640/,.) 

The acid 9C (R = Me, Z = H) obtained by using KOH in 
plact of NaOMc above was rather insoluble in organic 
solvents ; IT-NMR (DMSO-D6) 6 168.2 and 167.9 (c----o), 
140.3 and 131.1 (C-Cl), 135.9,133.4and 130.4(ArC-C)and 
132.4 (A&H). 

Dimethyl 2-merhylisophthole. The eater 9B (1 g) was 
refluxed with a slurry of W-7 Rancy Ni (10 g) in EtOH-water 
1: 1 for 3 days. CH&lx was added, the solids were removed by 
filtration and the extract was washed with water, dried and 
evaporated. The resulting oil was filter-al through silica gel 
using CH,C&-pcntanc (1: 1) to give the product as an oil (0.75 
g, quant.) which gave an identical ‘H-NMR spectrum to that 
of an authentic sample;’ ’ H-NMR (90 MHz) 6 7.8 and 7.2 
(A,B,3H,ArH),390(3,6H,<O,Me)and270(s,3H,ArMc). 

3,4_DiclJor~~abis(Irydroxymethyl)colue I 1B (Z = 
CH,OI-I). DIBAL (0.127 mol in hexanc 120 ml) was added 
dropwisc under Nx to a stirred soln of 11A (Z = CO,Mt) (5.8 
g, 21 mmol) in bcnzne (200 ml) at about Xl”, and then the 
mixture was stirral for 14 hr. MeOH, water and then aq HCl 
were add@ and the mixture was then extracted with ether. 
The extracts were washed,dricd and evaporated to yield crude 
dial 4.6 g(quant.). This was rccrystallixcd from benzene to give 
11B as white needles, m-p. 18&181”. ‘H-NMR (DMSOd,) d 
7.52 (s, 1 H, ArH), 5.3 1 and 5.07 (t, 1 H each, --OH, s after D,O 
exchange), 4.68 and 4.48 (d, 2H each, -CH,O-, s after D20 
exchange) and 3.3 1 (s, 3H, ArMc). (Found : C, 48.76 ; H, 4.62 
CPH iOCllOl requires : C. 48.90; I-I, 4.560/,) 

26 - Bis(~omomcthyl) - 3,4 - dichLorotolwu 11C (Z = 
CH,Br). A mixture of llB(4.42 g, 20 mmol), 48% aq HBr (200 
ml) and wnc H$O, (1 ml) was heated under reflux for 14 hr. 
After cooling, water was added and the ppt wax collected and 
chromatographcd over silica gel using benzene as eluant to 
give 6.74 g (98%) of 11C. A portion was recrystalliacd from 
hexanc as white crystals, nzp. 106107“. ‘H-NMR (90 MHz) 6 
7.40(s, lH,ArH),4.66and4.39(~3Hcach,-CH,Br)and242 
(s, 3H, ArMe). (Found: C, 31.33; H, 256. C&I,Br,Cl, 
requires: C, 31.16; H, 232”/,.) 

3,4-&~20~*&6bfs(n~~~~ 11D (Z = 
CH,SIi). A mixture of 1lC (8.08 g 23.3 mmol) and thiourea 
(3.66g 48 mmol) in 95% aq EtOH (45 ml) was refiuxed for 3 hr. 
The solvent was then evaporated and the residue was refluxcd 

~~poursd~toiC+UIHCLPadthCpptw8S 
oo&ctcd to yield cnlde dithid 583 g w/a This was . 
~fromhaxau&HlcIiuw!rRccryst&,m.p.8~ 
84”. ‘H-NMR (90 MHz) 6 729 (L, lH,ArH), 3.oc) urd 3.66 (d, 
J=75HZW~--CH,S-_X237(s,3H,ArMe)aad1%8 
and1.68(t,J=7.5Hz,lHa&-SH).(Fo\nd:C,4249;H, 
3.98. CpH,&l$x ruRcilw: c, 4269; H, 3.98!!) 

ryn- and anti - 5,6 - -0 - 9,18 - dkncr)ryl - 211 - 
&thi0[3,3]mecac+4$runm l2, 13. A soln of 26 
bis(bromomcthyl)toluenc’ (278 g 10 xnmol) and 1lD (2.53 g, 
10 mmor) in N1 degasscd bawne wan added dropwise over 48 
hr with vigorous stirring under N2 to a @n of KOH (1.8 g, 32 
mmol) in ST/, aq EtOH (800 ml). The mixttire was then 
evaporated to dryness and water and CHICll were added 
The organic layer was washed, dried and evaporated to a 
rrystalline residue which was chromatographcd on silica gel 
u.singbcavnthcxanc I : I ascluanttoyicld3.54g(%0/,)of12 
and 13 as a syn. anal 61 :35 mixture of isomers. This was 
fractionally crystallizd from benzene several tiaaeo, the anti- 
isomer being lees SoluMe, to give pure d-13,1.29 g (35%)# 
m-p. 227-228”; MH+ (CI) at m/e 3@; ‘H-NMR 6 (250 MHz) 
7.54(s, lH, Hd), 7.44 and 731 (d, J = 7.6 IQ 1H 48Eh, H-14, 
16),7.ll(t,J = 7.6Hz,lH,H-15),4.15and3.74(AB.J = 13Hz, 
2H, H-3), 3.84 and 3.77 (AB, J - 13 Hq 2H, H-10). 3.65 and 
3.56,and3.57and3.44(twoAB’s,J = lSHz,4H,H-1,12),1.49 
and 1.26 (s, 3H each, ArMc). (Found: C, 58.40; H, 5.11. 
CI,H,&lxS2 requires: C, 58.53; H, 4.91x.) 

Recrystallizing tbc mother liquors also from benzene gave 
puresyn-12,2.25g(61~~m.p.22&!25”;MH+(CI)atm/e369; 
‘H-NMR 6 (250 MHz) 6.91-6.66 (m, 4H, ArH), 4.71 and 3.62 
(AB, J = 15 & 2H, H-3), 4.02,3.97,3.89(x 2), 3.85 and 3.76 
(3AB’a, J = 15 Hz, 6H, H-l, IO, 12) and 2.52 and 2.51 (s, 3H 
each, ArMc). (Found : C, 58.45; H, 5.09. C,aH,&l& 
requires: C, 58.53; H, 4.91%) 

Stevens reurrmgenmt-Hofmcmn ehtinacion of 12 : cis - 12 - 
dichlom- I Ob, I Oc - &why/ - 1 ob, 10~ - &y&opyrene 16 

Stewens rt~~angemmt. A soln of 12 (1.0 g, 27 mmol) in 
CHICll (48 ml) was addal to a stirred suspcnaion of 
(CH30)1CHBF,9(20g 12mmol)inCH,Cl,(15ml)at -3o”, 
under Nr. Ah stirring without further cooling for 5 hr, 
EtOAc (40 ml) was added, and stirring continued for 30 min. 
The insoluble white his-sulfonium salt, 14, was then colloctal 
and dried to give 1.6 g (98Y0), m.p. 2OS-209” (dec). This salt was 
suspcndcdindryTHF(6Oml)undcrN,andsoIidt-BuOK(1.2 
g 11 mmol) was added. The mixture was stirrai for 20 min and 
then 2 M aq HCl and CH& were added. The organic layer 
was then washed, dried and evaporated The residual oil was 
chromatographcd on silica ~1 using CH,Cl,-pcntanc 2 : 3 as 
cluant to yield mixed isomers of 15,0.86 g (8P/,) as a light 
yellow paste, used directly in the next step. 

Hojinunn eltinucion. The above paste (0.86 g 2.33 mmol) 
dissolved in CH,Cl, (35 ml) was added to a stirrod suspension 
of (CH,0)1CHBF,9 (2.0 g. 12 mmol) in CH3Cll (15 ml) at 
- 3OO”, under Nz. After stirring without further cooling for 5 hr, 
EtOAc(40 ml) was added, and stirring was continual for 2-12 
hr to obtain after filtration and drying a light yellow powder, 
1.21 g (89%) of mixed sulfonium salts. This was suspended in 
dry THF (50 ml) under N1, to which solid t-BuOK (1.4 g, 13 
mmol) ~8s then added. The mixture was stirred at about 20” 
for2hrandthcn2MaqHCIandCH,CI,wcrtaddadThc 
organic layer was then washed, dried and evaporated. The 
residual solid was chromatographed twice over deactivated 
silica gel using pcntanc as eluant to yield 202 mg (2T/d of c&s- 
f6,13 mg (27$ of 18 and 135 mg (19%) of arms-17. 

Tbccis-16,wasobtaiaedas~crystalsfromMcOH,m.p. 
565%“; ‘H-NMR (90 MHz) d 9.22 (d, J = 8.5 I.4 IH, H-lo), 
8.90-8.60 (tn. 3H, ArH), 8.35 (s, IH, H-3), 8.4U-8.20 (IQ ZH, 
ArH),7.6O(t,J = 8I-4 lH,H-7), - 1.85and - 194(q3Hcach, 
internal-Me); M+’ at m/e 300 (IQ), 285 (M-Me, 29Q/& 270 
(M-2Mc,33~&),2SO(M-Me,CI,l00~).(Found:C,7201;H, 
4.56. C,,,H&ll requires: C, 71.78; H, 4.68x.) 

The truns-17, was obtaind as green crystals from pentant, 
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m.p. U&132”; ‘H-NMR@OMHz)b8.95(d,J = 7 m lH,H- 
lo), 8.0.4 (m, 6H, ArH), 8.09 (t, f - 73 Hz lH, H-7) and 
-3.96 (r, 6H, imtcm&Me); M+’ at m/e 300 (28’/,), 285 {M 
-Me, wj& 270 (M -2Ma, 33%), 230 (M-Me, Cl, 1004). 
(Fouad:c, 71.88; H, 427. C,,H,& requim: C, 71.78; H, 
4.68%.) 

The monochloro-l& was obtaimal aJ grml cly8tda fkom 
EtOH, mp. 132-l 33” ; ‘H-NMR(9OMHz)b8.54(s,2H,H-l, 
3), 8.65-8.SO(m, SH, ArH), 8.08 (t, J = 7.8 HY, lH, H-7) and 
-4.13 and -4.16 (s, 3H au&, intanal-Me); M+’ at m/e 266 
(16*/@, 251 (M-Me. m’/,) and 216(M-Me, Cl, loo”/$ 
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