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~Mraci-The dehydrochlorination rwtc to cyclopropabenrene 1 from 2 yields t-butoxymethylbenzenc 8 as the sole 
isolable by-product The path by which the maprity of 8 is produced does not mvolve solvolysis of 4. The analogous 
route IO cyclopropr&]naphtha!ene 3 has heen re-examined and the previously proposed b-cNorohenzo(a)cyclohepta- 
1.!.5-trrcne 10 and ?-(t-hutoxymcthyl)Mphthalene 9 have heen reassitmed as I-kNoromcthyl)naphthakee 5 and 
I_(t-huroxvmcthyl)naDhlhalcne 7. respectively. Evidence is presented which supports rhe presence of competmg 
pathways ‘in ho& dehydrochforination processes. 

Following our recent discovery’ of the presence of 

competing pathways in the synthesis of cyclop 

ropa[b]naphthalcnc 3 from l.l- 

dichlorobenrobicyclof4. I .O)hcpt-3-cm 1 we have directed 
our attention to the analogous dchydrochlorination route 

to cyclopropabenzcnc 4 from 2.’ Whereas the product 

distribution from the reaction of I with potassium 
t-butoxide in THF’ is strongly dependent on the base 
concentration. no such dependence has been detected in 

the reaction of 2 wtth the same base in D.WSO;’ only 4 and 

t-butoxymcthylbenzcnc 8 have been isolated. However. a 
more detailed investigation of this latter reaction, coupled 

with our rcviscd product data from the bchaviour of I. 
provides compelling evidence for the presence of a 

competing pathway in the synthesis of 4. 
Treatment of 2’ with 2.5 molar equivalents of potassium 

t-butoxide in dry DMSO resulted in an incomplete 
reaction even after 42 hr. On increasing the base quantity 
to 4 molar equivalents, 2 was completely consumed inside 

I8 hr and 4 and 8 were produced in yields of 56 and 8%. 

respectively (based on GLC analysis of product mixture). 
Increasing the amount of base to 8 molar equivalents 
caused a small increase in the yield of 8 (9%) at the 

expense of 4 (53%). Apart from 4 and 8 (and 2 in the first 

case above) only traces of uncharactcrisahlc products 
were detected by G1.C analysis. The reaction of 2 with 

four molar equivalents of base was subjected to more 
detailed investigation by withdrawing suitable aliquots 

and subjecting the worked-up organic phase to GLC 
analysis. After 0.5. I.5 and IS.0 hr the ratio of 2:4:8 was 

determined as 5:X2:9.0:86: IOand 0:&t: 12.respcctivcly. 

These data clearly demonstrate that 4 and 8 arc rapidly 
produced with the yield of 8 being only slightly enhanced 

after a long reaction period. In order to assess the 
production of 8 from 4 under the reaction conditions 

believed to be prevalent after dchydrochlorination. 
cyclopropabcnzenc 4 was treated with potassium t- 
butoxidc (two molar equivalents) and t-butanol (two 
molar equivalents) in dry DMSO. After 24 hr only a 6% 
conversion of 4 to 8 was recorded. From the rapidity by 
which 8 is generated and the observed reluctance of 4 to 
undergo solvolycis to 8. it must bc concluded that 8 arises 
not from 4 but from a reaction intcrmediatc in the route to 
4 or by un altcmatkt pathway 

In view of the results described above. a reexamination 
of the behaviour of bcnzobicyclohcptcnc I was instigated 
in an attempt to obtain meaningful evidence on the origin 

of the ether by-product. Furthermore, the structure of 6 

chlorobcnzo[a]cyclohcpta- I .3.5-tricne 10 previously prop 
osed by us as the major product from 1 at low base 

concentration,’ was placed in considerable doubt by the 
non-equivalence of its spectroscopic data with those 

recently recorded for the same compound synthesized 

from naphthalcne.’ 
The reactions of I with 4.8 and 16 molar equivalents of 

base (in THF) were repeated as described previously’ and 

the major product at low base concentration has been 
reassigned as I-(chloromcthyl)naphthaienc 5 by compari- 
son with an authentic and commercially available sample. 

The yields of cyclopropa[h]naphthalcne 3 (I I. 22 and 
3X%) and 5 (27. 16 and < 1%) with 4. 8 and I6 molar 

equivalents of base. respectively. arc fully consistent with 

those reported for 3 and IO previously. 
The unequivocal establishment of 5. with a rearranged 

carbon skeleton. as a product from I raised serious doubts 
concerning the SINCIUR of the ether by-product in these 

dchydrochlorination reactions. We have found that the 
ether produced is not !-(t-hutoxymcthyl)naphthalenc 9 as 

proposed by Billups and Chow,’ but the I-isomer 7. The 
compound is identical to an authentic sample prepared 

from 5. Furthermore, under reaction conditions approx- 

imating to those present after dehydrochlorination. 5 is 
converted to 7 in a yield consistent with that obtained 

from the elimination reaction. Since 4 undergoes slow 
ringcleavage and formation of ether 8 under the 

conditions present after its formation. cyclop 
ropanaphthalenc 3 should behave similarly. Indeed. we 

have found that 3 affords an 8% yield of ether 9 (identical 
to a sample prepared from 2_(chloromethyl)naphthalene) 

after 48 hours and consequently the presence of 9 in the 
product mixture from 1. albeit in low yield. is to be 

expected. A careful examination of the ether component 

from the reaction of I in highest base concentration has 
revealed 9. cu. I%. as an impurity in 7 (ArCH,O-: 7.4.83: 
9. 4.49 ppm). 

Thus the dchydrochlorination of I affords 3 and 5 which 
give rise to their respectively solvolysis products 9 and 7 
under the reaction conditions. At low base concentration 
(4 molar equivalents) the route to 5 (and 7) competes with 
that to 3 (and 9) to an extent of 4: I. At high (sixteen molar 
equivalent) base concentration the ratio is dramatically 
changed to I : 5. 

The route from 2 to 4 is established” and 1 is presumed 

to behave similarly (path (1. scheme) with the rate being 
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dependent on both substrate and base concentration. The 
route by which 5 is produced necessarily involves skeletal 

rearrangement hut is less clear; a base independent 
process is compatible with the variations in the producr 

distributions recorded. 1.0s~ of rhe benzylic proton of I+ 
as proposed earlier is most reasonably invoked’ and 5 

could arise perhaps as illuctr;lrcd by paths h and c of the 
scheme. Since 10 is not observed, we favour path 1’ via 

the bicycloburane II. Such a pathway is not without 
precedent as benzotricyclo[4. I .O.O”]hep1-3-cne I2 has 
recently been rcporled’ and the rearrangement of 13 IO IJ 

i\ known.’ 

m 
I ’ A./ 

I3 I4 

The benzo.annelation preren1 in I has probided a 
suitable lahel for monitoring the ehminarion and rear- 
rangement 10 5. Were the same process lo operate in 2 by 
loss of the allylic proton. benzyl chloride 6 and ether 8 

‘The removal of a prolon from lhe !-posllion of 1.4.7.7. 

lctrachloroblcyclo(J I Ojhcptane has recently ken reported.’ 

would be produced. In none of the reactions of 2 was 6 
de1ected as a product. However. under the elimination 

conditions 6 is converted quantitatively IO 8 in less fhon 
I.5 hr and thus its absence from the product mixture is 
no1 surprising. Ether 8 must arise by a route other than 

that from 2 and while WC cannot distinguish between 

formation of 8 from an intermediate in the path lo J (path 
u) and allylic proton loss (path c), we favour the latter. 

Finally. it must be noted that dchydrochlorinarion of 2 
is best effected with potassium t-butoxide in DYSO’ 
while 1hc most appropriate conditions for I involve the 
base in THF.’ Since the former medium is more strongly 
basic than the latter. the essential independence of the 
prcmiuct distribution from .2 with base strength is not 
unreasonable. Attempted dehydrochlorinarion of 2 with 
base (16 molar equivalents) in THF was incomplete even 
afler 4 days. Product analysis proved IO he more complex 
but ether 8 was the predominant product and only traces 
of 4 wcrc detected throughout 1hc reaction. This 
observation lends further support IO the presence of 
competing pathways in 1hc dehydrochlorination of 2. 

Microanaly\cs were performed by Professor A. D. Campbell 
and atsoclatcs of (hago University. Dunedin. IK spectra were 
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recorded as Ihm films or as nulol mulls on a Umcan SPZCQ or 

SPlooO spccIrophoIomeIer. PMR spcclra were measured on a 

HIIachi-Perkin Elmer HZ0 ho MH7 msIrumen1 operaling a1 Wand 

mass spectra were derermincd on an A E.I. MS902 ins1rumen1. 

Preparative 1hin layer chromatography was performed using 

Merck K~eselgel GF2S4 on I m x Xl cm pIales made IO a Ihickness 

of 0.75 mm. G1.C analyses were performed on a Pye 105 

insIrumen1 using an E 30 column with mIrogcn as carrier gas and a 

flow raIe of 45 cm’ mm ‘. The oven IemperaIure was programmed 

ID remain a1 W for 3.C min. afIer in)ecImn and [hen IO Increase al a 

raIe of 45 deg. min. ’ IO a final Iemp of 150”. Mpc arc unconecrcd. 

7.7-L)irhlorohiryr/o(a.I.O]hrpl-3-~n~ 2 

7’0 a stirred suspension of NaOMc (94 g 0. I74 mol) in pentane 

(65 ml) was added cyclohena-I.Cdiene (5 Ilg. 0.063 mol). The 

rerulling mixlure was exIcrnally cooled in an ice-salt baIh and 

eIhyl IrichloroaceIaIc (24~. 0.126mol) ad&d dropwIse. over a 

pcrmd of 30 min. The mixture was stirred at amhienf temp. for 6 hr. 

diluIed ulIh benzene (SOmI). and added IO waler (150 ml). The 

orgamc phase was washed with waler (CO ml). dried o\cr MgSO. 

(2Og) and concenrra1ed IO a hroun oil which was dduled u-11h 

perrokum e1her (IOmll and the resulrinp solid bi+adchIion 

produc1 removed by IilInIion. The hlIraIe uaq concenIraIed and 

dlsIilkd IO RI\C 2 l4.n g. 47%) as a colourkrs hquid. b p 

RR-WI21 mmHg (III’ R!434’!l! mmH@. Y,.. (film) .W!O. 2xX.(. 

2820. 14!?. 1322. IZIX. Ill!. 10?0. 1005. 948. X00. TO! and 
670cm ’ 6 I 77 (m. !H). 2 23 (broadened \. 4H). 5.42 (s. !H) 

&hpdruchlori~a~ion~ o/ 2 rrfh pofarrium r-burortdr m 
dimdhyl sulphoxidr 

(i) Cuing .I molar tquivaltnfs of how. A soln of 2 (l.:.‘g. 

IO-7 mmol) in dry DMSO (25 ml) wa5 added dropwire. o(cr a 

period of 30 min. IO a \Iirrcd soln of I-HuOK (4.80 g. 42.8 mmol) In 

dry DMSO (50 ml). The re\ulIing black ~ln war rrirred a1 ambien1 

Iemp. for I8 hr and then poured mIo chilled ((rl uatcr (300 ml) and 

exIracIed with pcntanc tl x IO0 ml). The erIrac1 was washed with 

waler (2 x 80 ml) and dried over MgSO, (4Og) ConcenIraIion IO 

dryness a1 0” gabc a pale yellow oil (068 g) which afforded IWO 

major producrs scpara1ed hy prepararlbe G1.C and identified as: 

4’” (.%%I. Y,. Ifilm) 1030. TO. 1665. 1450. 11%. 1142. 109C.828. 

725 cm ‘_ 6 3-I I (I. !H). 7.02 (%. 4H): and 8 (8%) denIlcal IO an 

aurhcntrc sample prepared from 6 

The reacIion u’a\ repcaIed on the Mmc scale and sampler of Ihc 

mixlure (1 ml’) scrc uithdraun a1 0.5. I 5 ad Ill h. &ken ulIh 
water (3 ml) and pcntanc (2 ml) l’he percen1ape composi1ions of 

1he penlane phase as analyscd by (i1.C were 

Compound 0.5 hr I.5 hr IUhr 
-.-----__ 

b .- - -_ 

4 x2 xh n4 

2 5 ._ 

8 9 IO I:, 

Other\ .I 4 4 

(ii) l:sing U molar rqnivaltnl oj burr. The rcaclion ua* 

repealed as abobc WiIh 8 molar cqulv. of I-BuOK 19.59g. 

85 6 mmol). wiIh a rcaclion lime of I8 hr. Analysis of Ihc product 
mixture by G1.C showed Ihe prewnce of 2 (53%) and 8 (9%). 

Wracrion of 4 wirh plrossrun! r-bufofldc and r.huranol m 

dimethyl sulphoxidr 

A soln of 4 (0.2Og. 2-Zmmol) in dry DMSO (5 ml) was added IO 

a sIirred suspension of I-HuOK (0.50 g. 4.5 mmol) and I-BuOH 

(0.33 g, 4.5 mmol) in dry DMSO (IOml). The mixlure was srirred a1 

ambien1 Iemp. for 24 hr and Ihen poured inIo waler (50 ml) and 
exIracIed with penlane (3 x 50 ml). The cxfracf was washed wlfh 

waler (2 * 50 ml) and dried over MgSO. (2Og). Concentration IO 
dryness a1 U’gave a pale yellow oil. c1I.C analysis rc\cakd a product 
comporilion of 8 (6%) and 4 (94%). 

Rtacrion of 6 with potassium I-huroridt and r-huranol in 

drmtrhyl sulphorldt 

A soln of 6 f I-00 f. 7-9 mmol) in dry DMSD (25 ml) was added 

dropwise. over a perid of 3Omin. IO a &red suspension of 

I-H&K (2 20 13. 19-6 mmol) and I-RuOH (I ,4S g. 16-6 mmol) in dry 

DSISO (50 ml). Af1cr s1imng for 1.5 hr. a sample of the mixlure 

(I ml) was shaken wifh waler (3 ml) and penlane (2 ml) GLC 

analysis of lhe penlane phax reveakd only 8 with IW evidence for 

6. The rmxIure ua\ subscqucnlly poured Into waler (30 ml) and 

extracfed with penlane (2 Y lOOmI) ‘The cx~rac~ was washed wirh 

waler (I00 ml) and dried ober MgSO. (.Mg) Concentratmn p&e a 

colourk\\ oil which was disIilkd 1~) give 8 11.19~. 92%). b p 

9%IW;lC mm (Ii1 ” 9&9!‘!lOmml- Y,.. 3MO. 30!0. NO. 1600. 

I.%!. 1456. 1393. 1367. IXM. 1092. 1067. IO!!. 888. 717. 726 and 

7lMcm I ,%(‘Ix‘I,) I.!? Is. UH), 4 41 (5. ?H) and 7.18 (s. 5H). 

fkhydrt~rhlotinarion oj I wirh porassium r-buroxidr in 

rerrah~drvfuran 

The dehydrochlorinaIion\ of I were performed. and the 

products Isolated. as described previourly.’ The percentage yield% 

In parenrhcsis refer IO reaclions with 4. X and I6 molar equivs. of 

base. respcclively 
HandA (R,O~8)pave3(11 .!!. XI70 m p.%-87”(liI.‘Khn7’l 

Hand H (R, 0.5) gave 5 a\ a colourksr oil (27. 16. *. 1%) (m:t 

mca\urcd 1~6~039OU. Calc for C,,H.“(‘I I%OJ9!87.J I.39 ppm) 

IdcnrKal IO a commcrctall> sv&blc \ampk d (CIX’I,I 4.8- Is. 

!H) 7.XL8.20 (complex m. YH). 

Hand (‘ (R, OG-O~J) ~‘3, rcchromalographed eluling wlIh 

bcntene liphl petroleum (I I l lo give. 

Hand D (R, O-61 which gabe I~r~hurot~mcrh~l~nayh~halmr 7 

ac a pale )ellou 011 (17. 1-l. 8%) (Found: (‘. tU II. H. 8.41 
C:,tt,.O requ,rc\ C. lM.O!; H. RG%). Y,.. .NlO. WO. 2920. 1600. 

1515. 1473. 1465. 1395. 1370. ll9q. IIOS. 1060. 1017.993. ‘90 and 
77ccm ’ 8 KLX’I,) I.33 (s. 9H). 4.X! (\. !H) T-IO- 90 (complex 

m. ‘tf) 

I.(f-Bufor~mrrh~llnaphrhLllrnr 7 and !-(r-hufox~mrrhd)- 
naphrhalnt 9 

A soln of approprlale chloromeIhylnaphIhaknc (1.0~. 

5.7 mmol) in dr) D.WF (20 ml) U~L\ added dropwise. o\er a period 

of .W min. 10 a &red toln of I-HuOK (2-O g. 17 6 mmol) in dry 

DMF (4Ocm’) and the re\ulIing soln stirred a1 ambvnl Iemp for 

24 hr. The resulIan1 soln was poured on IO 5% HCI (IWml). 

er1rackd tvllh erher (3 x 75 ml) and the organic extract washed 

wi1h waler (100 ml). dried over .WgSO. (!! g) and concentrated in 

vacuum lo gibe an oil 

I-(f ~Ruro~ymrfh~/)naphrholtnr 7 (OX g. 6741 was IsolaIed as 

a pale yellow oil after prcparaIl\c TM’ of the crude ml elutinp 

wiIh bcnreneJigh1 pclrokum (I : I) (R, O-6) and was IdenIical IO 
the \ampk ohtamed ahovc. 

!-r-Hu~o.r~mr~h~/)naphfhalcnnr 9 (O,.C>g. 435) was obIarned by 

cooling the crude oil from aln~ve and recrysIalh\mg the solid Ihus 
obIarned from hghl pclrokum a1 W IO gibe coIourks\ needle\ 

m.p. $941’ rfound: C. 84.07; H. 8-Y. C,.H,.O requires: C. 84 05. 
H. 8 USI,) Y,. 159:. 1505. 1465. 1390. I.%!. 119. IOn2,94tLXC3. 
83 and 738 cm ’ 6 UX’I,) I.22 (x. 9H). 4.49 (5. 2H). 7 I&:-80 

(complex m. ?HI 

Rracrton of 5 wirh polassium ~.hukxidr and I-huranol in TIFF 

A roln of 5 (1.1 g. 6 25 mmol) in dry THF (25 mll u-as added 

dropwise. ocer a period of 20 mm. IO a sIIrred \uspcn\ion of 

I-R&K (4.2 g. 3i.C mmol) and I-HuOtt (0.92 9. 12.5 mmol) In dry 
‘I’tIF I?0 ml). cxIernrlly cookd in an Ice-waler ba1h. The mixlure 

%a\ slured al ambient Iemp for .( hr and Ihen concenIr&d IO 

dryness. The producIr were exIracIed wlIh benrene (lOOmI). 

washed wiIh waler (2 x M cm’). dried over hlgS0. (20 g) and 

conccnInIed IO a yellow 011. The resulIan1 011 was \ubjecIcd IO 

preparauve TIC. eluring u_iIh hen7ene-liphI pclrokum (I 2) to 
give IWO bands A-B wvlIh R, values of 0.9 and 0 4 rcspccli\el) 

Hand A (R, 0.9) wa% cwackd with chloroform (IO0 ml) and 
conccnlrafed IO give 5 (0.67 g. 65% recovery). 

Hand B (R, 0.4) was erIncIed u,Ih chloroform (IO0 ml) and 
concenrraled IO give 7 (0 52 g. 35%) 
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Hcacfwn o/ cyclopropa[b]nophfhl~t 3 rifh porarrrum I- 

burorldr and r-butanol cn ftfrah!drojuran 

A soln of 3 (200 mg. I.43 mmol) in dry THF (IO ml) was added 

dropwlx. over a period of IOmm. to a stirred suspension of 

I-B&K (064 R. 5.71 mmol) and I-BuOH (0.21 P. 2.86 mmol) in dry 

THF (2? ml). The mixture was srured at ambient temp. for 48 hr 

and lhen concentrated IO dryness TIC products were extracted 

with hcnzcnc (40 ml). washed with water (2 x 20 ml) and concen- 

trated IO a pale yellow oil which was subjected IO preparative 

TLC. cluting with benzene-light petroleum (I : I) The IWO hands. 
R, 0.9 and 0.6 respectively. were extracted with chloroform 

(80 ml). 

Rand A CR, 0.9) gave 3 (IS0 mg. 75% recovery) 

Band B (R, 0.6) gave 9 (25 mg. 8%). idenfdied by comparison of 

IR and NMR spectra with an authcntcc sample 
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