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Ab6tracl The Ifight-lmuatcd halogcnallon of blcyclo[3.2.I]ocww 2. IIS 3-phcnyl and 3-bromo dcrwatlvcs 

wth N-bromosucc~rum& and r-butyl hypochlonrc resulted U-I ~bc ~~cl~s~vc formailon of rhc rro4 

halobtcyclo[3.2.l]octenc-2 dcrtvalwcs 

THE bicyclo[3.2.I]octene-2 skeleton (I) can be considered as a model for a static 
cyclohexenyl system.’ However. from an examination of a Dreiding model’ of 1. 
it appears that the cyclohexene moiety may be flattened by the ethane bridge to make 
the C,CJJ,C, atoms coplanar (cf. XIV) A possibk stereoelectronic consequence 
of this flattening is that both the exe and endo C, allylic bonds, in the absence of 
steric hindrance. could display the same chemical reactivity.’ On the other hand. 
the C,-H bond. as it lies in the plane of the C2-CJ double bond. should be an 
unreactive allylic bond. 

However. spectral evidence6 ’ IS best accommodated by a conformation of the 
cyclohexene moiety which is somewhere between the flat chair found in the model 
and the half-chair encountered in mobile cyclohexenyl systems.’ Further. despite 
an apparently unfavorable geometry. the bridgehead proton in I may well be 
reactive. in view of the fact that bromination of isokaurene with N-bromosucctnimide 
gave 13-bromokaurene- I5 in low yield.* 

Accordingly. it was decided. for the above considerations. to test the reactivity of 
the bicyclo[3.2. Iloctene-2 skeleton under unambiguous. radical generating con- 

’ For a preltmlnary account see C W Jcllbrd and 1: Huang Yen. Trrruhrdron LQtwrs h’o 37. 4477 

(1966). For Part XI see C. W. JclTord and R. T. Maiary. Tetrahedron 23.4023 (IW7). 

’ This paper descnbcs work submrticd by E tI Y m partial fullilmcn~ of rhc requirements for the M A 

degree at Temple Univcrury 

’ C W Jeflord. S MahaJan. J Gunsha and B Wacgell. ‘I’erruhedrcm Lrfrers No. 2X. 2333 (I9651 

’ W BCcht. Glasappararefabnk. Flawl. Swrzcrland 

’ In undlslortcd cyclohexenyl sys~cms lhc brcakmg or formatton d an allyhc bond occurs more eauly 

when II IS quct-uxtd than qwsr-equurorial (thud paragraph p 6273 IO 6n1 column p 6274. E J Corey 

and R A. Snecn. J. Am Ckm Sot 78. 62M (1956); R E Ireland. T I. Wnglcy and W G Young 

lhtd BD. 4604 (1958): H L Gocnng and R R Josephson Ibuf. 64.2779 (1962)) 

’ G A Rurscll. K Y Chang and C W JefTord. J Am Chem Sot 87.4384 (19651 

’ C. W Jcflord. J Gunsher and K C Ramcy. J Am Cht-m SIX 87.43gS (1965). 

’ I. H Bnggs R C Cambw. P S Rutledge and D W Stanton J Chem SDC 6212 11965) 
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ditions.’ Two reagents were used for allylic halogenation; (i) N-bromosuccinimide 
(NBS) in carbon te~rachloride with irradiation by UV light, and (ii) t-butyl hypo- 
chlorite under the same conditions as in (i). 

RiiSI:LTS Ah’D DISC‘L’SSION 

It is known that photolysis of 1-butyl hypochlorttc in the absence of oxygen and 
in the presence of a suitable hydrocarbon results in Ihe formation of the hydrocarbon 
radical which then reacts with more hypochlorite in a chain process.” 

Similarly, allylic bromination with NBS is also a free radical chain process.” 
However, ir is not entirely clear” whether succinimidyl radicalsI or molecular 
bromine” are responsible for chain propagation. Nevertheless, there is no doubt 
that the photobromination of alkenes with NBS in rhe heterogeneous phase proceeds 
through the intermediacy of rhe fret alkenyl radical.” 

It was found in the present work that bicyclo[3.2.l]octene-2 (I). its 3-bromo (II) 
and 3-phcnyl (III) derivatives, on photoinitiated chlorination and bromination with 
t-butyl hy~chlorite and NBS underwent exclusive substitution by halogen at the 
e.xo C, position (IV IX). Yields were variable. ranging from 34”,, to 42”. for bromi- 
nation and 20-60”, for chlo~nation. Reaction mixtures were carefully monitored by 
TLC. In all casts, a single reaction product was formed.‘* 

The identification of the halogenatcd producrs was chiefly accomplished by analysis 
of their KMR spectra. Free radical brominarion of 3-bromobicyclo[3.2.l]octene-2 
(II) gave a product which was identical to that obtained by the addition of dibromo- 
carbene to norbomene. namely e~~~-3.4-dibromobicyclo~3.2.l]~tene-2 (V).” As the 
structure of V has been elucidated previously by nuclear magnetic double resonance 
spectroscopy, l8 the exo disposition of the bromine on C, in similar compounds can 
be assigned safely from the magnitude of the vicinal coupling between the allylic C4 
and the bridgehead hydrogen atoms (i.e. ‘f * 2.8 HI.). Accordingly. the structures 
of exo-3-phenyl4-bromo- (VI). exe-3-bromo_Q-chloro- (VIII) and exe-3-phenyl4- 
chlorobicyclo[3.2. I loctene-2 (IX) all follow from their NMR spectra. which display 
a downfield doublet (‘J _ 7.0 Hz) due to a cyclohexenyl vinyl proton and more 

’ l The copper salt cataiyscd reaction of t-hu~yl pcrbcnzoate with brqclo[3.2.1 Joctcne has been studted 

(H. L Gocrmg and U Mayer. J Am Chum SW 84. 3753 (1964)) However. reaction could have 

proceeded through the octenyl radtcal or the cation. Moreover. it was tacttl) assumed. wthout grounds 

save the results themwlva that the cyclohexenyl pait of the btcyclof 3 2 lloctcnc skeicton was gco- 

mctrlwlly urnlIar IO that m a free cyclohexenyl system; ’ of D B Dcnncy. D Z. Dcnncy and G. Berg. 

?‘etruhedrcm f~~rrs No IS, 19 (1959). ’ cf. 8. Crois and G. H WhEtham. 4. Chem Sm 1650 I 1961 I. 

I0 C Walhng and B B. Jacknow, 1. Am Chem SW. 82.6108.6113 (1960). 

” ‘C DJCraW. Chem Rev 43.271 11948). ’ L. Horncr and E. II Wlnkelmann. Angrw Chem 71.349 (19591. 

lz cf l C Walhng. A. L R&r and D D Tanner. f Am. fhrm Sot 88. 3129 (1963); *G. A. Russell and 

K M. Dcsmond. fhrd. 85 3139 (1963) and the wcw of L Homer and E Wmkelmann (Rcf lib). 

” C Walhng Free Rdcob m Solurm p. 383 Wiley. New York (1957) 

” l J Adam. P A Goss&m and f’ Goldfinger. Llrrfi. Sot Chim E&c 65. 533 (19%): * F. L. J. Stxma 

and R H Rwm, Konmkl Ned. Akud W’cfcnschup Proc 6iB. 1X3 (19%) 

” G F. Eloomlicld. I Chrm Sot I14 (1944). 

‘* A brief note. whout details of the stereochemistry. has dcscrrhed the allylic bromrnation of several 

mcthylcyclohcxena with NBS (M Mousseron. F Wmtemrtr and R Jacquier, CR Acod Sri Ports 

2.24. 1062 11947) 

“ C W JefTord. S. MahaJan. J. Warlyn and B. Wnegcll. J. Am Chem. Sac 87. 2163 (196% 

I(1 C W Jcfford. B. Waegcll and K. Ramey. J Am Chem. Sot 87. 2191 (1965) 
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importantly. a doublet (3J + 2.8 Hz) characteristic of an allylic proton geminal to 
an exo disposed halogen atom. 

I.R=H 

II. R - Br 

111. R 2 Ph 

IV: R- H. 2 = Br 

V R rZ=Br 

VI: R = Ph. Z = Br 

VII R = H. Z = Cl 

VIII: R = Br. Z = Cl 

IX R-Z-Cl 

X, R=H.ZnOH 

XI. R = Br.Z = OH 

XII’ R = Ph. Z - OH 

The products obtained by free radical halogenation of bicyclo[32I]octene-2 (I) 
were diflicult to obtain analytically pure since they decomposed progressively 
during the purification process.19 Fortunately, both exp4-bromo- (IV) and exo- 
4-chlorobicyclo[3.2.l]octene-2 (VII) furnished characteristic, NMR spectra.*’ 
The .chloro compound VII, which is typical, showed a doublet of doublets 
at 6.15 ppm due to the C, proton (3J,_ = 9.6. ‘JmedlUm = 6.3 Hz) and a doublet of 
doubled doublets at 5.61 ppm (‘J,,, = 9.6, ‘J,_,_ = 40 and J,,,, = 19 Hz) due 
to the C, proton. At 4.32 ppm appeared a merged doublet of doublets (triplet) 
(‘J *w = 4.0 and 3J_,, = 2.6 Hz) arising from the endo C, proton. The vicinal 
couplings of 9.6. 6.3. 40 and 2.6 Hz are completely in accord with the geometries 
of the C2-C,. C,-C2, C,-C, and C.-C, proton pairs in the exo+halobicyclo[3.2.1 J- 
octene-2 skeleton.’ ‘* *’ 

It has been mentioned elsewhere” that mild hydrolysis of exo-3.4-dibromobicyclo- 
[3.2.l]octcne-2 (V) afforded the 4-hydroxy derivative of exo configuration (XI). 
Similar hydrolysis of exo+bromo- (VI) and exo+chloro-3-phenylbicyclo[3.2.1]- 
octenc-2 (IX) gave exe-3-phenyl4-hydroxybicyclo[3.2.l]octene-2 (XII). Moreover. 
by the same procedure both the unstable exo+halobicyclo[3.2.I]octenes-2 (IV and 
VII) were converted to stable exo4-hydroxybicyclo[3.2.I]octene-2 which was 
identical to an authentic sample. V was also converted by the action of aqueous 
hydrogen chloride to exe-3-bromo+chlorobicyclo[3.2. Iloctcne-2 (VIII). Once again. 
the magnitude of the coupling constants of the C, allylic resonances (2.8 Hz) corro- 
borated the exo configuration of the C, substituents. 

All these 4-hydroxy derivatives and VIII arise by stercospecilic attack of water (or 
chloride in the latter case) on the exo face of the appropriate bicyclo[3.2.l]octenyI 
cation.” ’ 

The free radical process of halogenation can be interpreted in terms of the initial 

‘” The same products were formed by rk stcrcospedic rearrangemenr d rxo-s)w3_chloroiand bromo-)_ 

rncyclo[ 3 2 I .O* ‘]octanes (Ref. I) 
‘” For the de~a~ld NMR analysis of compounds IV and VII see C W JeNord and K C. Ramey. 
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generation of a bicyclo[3.2.1]octenyl radical which subsequently undergoes stereo- 
specific attack by halogen on the exo side of the C, atom. Such stereospecihcity 
could spring from three diITcrcnt effects; torsional,” steric or stereoelectronic. 

XIII xtvo: z - H. A - rubtltucnt 

XIVb Z = subsl~~ucnr. A 7 It 

The intermediate bicyclo[3.2.l]octenyI radical may be depicted by the Newman 
projection (XIII). Consequently. a new bond can be formed by attack on the exe 
or endo lobe of the orbital on C, to form XIV. If bond eclipsing strain between the 
C, and C, peripheral bonds is going to be dominant in the IWO transition states 
possible for the change in hybridization at C,. then exo attack will be favored. 
However. the expected difference in energy between these two processes should be 
at the most about one kilocalorie.” a diflercnce which in itself does not sufficiently 
account for the high stereoselectivity of the reaction. 

A similar conclusion can be drawn from a consideration of steric clTects. Generally. 
the endo side of bridged bicyclic molecules is thought to be more hindered than the 
exo side. Nevertheless. the reaction of the norbornyl radical with non-bulky 
molecules gives rise to an appreciable amount (about 20 304,) of endo products 
despite apparent endo hindrance. 23 Furthermore. acctolysis of exe-3-bicyclo[3.2.1]- 
octyl tosylatc yields exclusively the endo acetate.‘* Therefore. the non-appearance 
of endo C, products of bicyclo[3.2. Iloctene on free radical halogcnation is adequately 
explained by the operation of stereoelectronic control. If torsional or steric con- 
tributions are neglected, then the transition states for exe and endo attack on the 
octenyl radical (XI) will be equally delocalized procided that the developing products 
have the geometries reflected by their Dreiding models (XIVb and XIVa). However. 
there is strong evidence that the cyclohexene moiety of bicycIo[3.2.I]octene-2 
derivatives is twisted (XV). The electronic paramagnctic resonance spectrum6 of the 
bicyclo[3.2.l]octa-2.3-dione radical anion reveals that the optical clcctron (which 
spends some of its time on CJ (cf. XV) interacts unequcllly with the C, allylic C-H 
bonds (hypertine splitting constants of 13.5 and 8.7 gauss) thereby implying greater 
hyperconjugation with the C, exu bond (C,-Z) than the endu bond (Cd-A). 

Additional corroboration for the twisted bicyclo[3.2.I]octene-2 skeleton (XV) is 
provided by the unequal vinyl allylic proton couplings (JHZ = 20 Hz and Jr,,, = 
I.0 Hz cf. XVb) which are observed in the nuclear magnetic rcsonancc spectra of 
derivatives of I.’ Therefore. the C, exo and endo allylic bonds of 1 retain quasi-axial 

and yu~k-equurorial character despite the constraint of the ethane bridge. Accordingly. 

” P v R Sch1eycr.J Am C’hem Sot 701 (1967) 

” D R Ltdc. J Ckm Php 29. 1426 (IYS8): K S P~ccr. Dwu.ss Fcuuduy .k. IO. 66 I 1951) 

*’ l t C. Kooyman and G C Vcgter. ‘I’cfrahrdrcwr 4. 382 (195X); ’ H Kwarc and J 1. Nyoe. J Am 
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preferential attack occurs at the quasi-axial or exo position of the radical XIII 
owing to better orbital overlap. In the bicyclo[3.2.l]octane system there is reason 
to believe that such stereoelectronic control is paramount. For example, ionic 

XVa Z A suhrirucnr 

A-B-II 

XVh % - A = H = H 

bromination of bicyclo[3.2.l]octanone-3, under conditions of kinetic control, 
resulted in axial insertion of the second bromine as well as the first, despite the setting 
up of an unfavorable I.3 diaxial interaction.” 

EXPf;RIMENTAL* 

NMR spccrra wcrc mcasural at 6u Hz on a model A-60-A spcctrometcr (Varian Associate. Palo. Alto. 

Cahl) using IO.‘, CCI, or C’DCI, solns conrammg TMS as a standard Charactcrtsllc data arc cnrcrcd 

In Table I Data for compounds II. V. X. Xl IS omttlcd as II has been dcscnbcd prcvlously The dc~atlcd 

NMR analysis of compounds IV and VII logclbcr with a cordalion d tbcu molecular gccmclry will 

be found clscwhcrc.‘O 

Preparo~km oj bicyclo[3.2.1~rcne-2 drrit*~rrces. Compounds I and II were prcparal by prcvtously 

dcscribal proadures.a”~16 

3-Phcny[hrcyclo[3.2.I]DCfcIV-2 (IlIt A dry crhcrcal soln d Grignard rcagcnr was prcparai from Mg 

rurnmgs (I 2 g) and bromobenzcnc (86 g OOSS M) The soln was cooled IO 0 and an ethereal wln ol 

hlcyclo[3.2 lloctanonc-3 (3 I g 0025 M) was added The mixture was stirred ovcrnlght and then poured 

onto ICC MgfOH)> was drssolvcd wrth cold dll H,SO, After work-up an 011 was obramcd Chromate- 

graphy over silica followed by disrdbrion (b.p. 80; at @5 mm) gavt an oil (1.5 g 25%) whrh showed as 

a smgk spot on TL<‘ [Found <:. YOx9. 11. 8 x4 C,,ti,, rcqumzs <‘. Y I 30. H. X 70”” ) 
Phoftrorolprtr hmmrnorion N-Hromosucctmmldc (NBS) was punlied by rapid rccrystalhzauon from 

IO hmcs IIS WI of hot water. and dncd In au for 3 days The general procedure IS ~ypf~al by the hrommalion 

or II 

exo-3.4-D1hromoh1r~~lo~3 2 I]oc-rent-2 (V) Compd II (I8 7 g. 0 I M) m Ccl, (25 ml) was placed m a 

50 ml 3-neck flask. firred with a rcflun condcnscr and a CaCI, drying lube NBS (89 g 005 M) was added 

IO the soln and [he rcsulrmg suspcnslon was hcatcd IO boiling whlk b-ctng irradlatal with an UV II@ 
lamp f”Mmerahgh[“. Model No R-51. Ultravloler Products Inc. San Gabriel. Calif) Heating and Irradl- 

ation went conumuai for 20 hr. The resulting brown coloral soln was cookd at @ ovcmtght. The dcposltal 
crystals of succunmidc were rcmo\aJ by hlrrarton The solvenl was removal and the residual oil was 

fracnonally dlstlllal; the fractton boiling al 90 91 at 025 mm (4.5 g) was collcc~cd II showed as one 

spot on TLC (s111ca gel <i. E Merck. Darmstadt. W Germany) and X0”, cyclohcxanc. ZO”, A&El as 

solvent) The producr was rdcnrrcal wrth erc+3.4-drbromobqclo[3 2 I jocrcnc-2 prcparcd by the addition 

of dlhromocarbcnc IO norbomcnc.” The y~cld was 34“0 based on NHS 

cxo-3-Pheny/4-hromoblryr/~[3 2 l]ocrene-2 (VI) Brommarron ol 111 (2 g 00076 Ml wrrh SBS (09 g. 

0005 MJ aITordcd rhc product (0 57 g. 42 no yrcldk b p I25 ar I mm. one spot on TLC (Found. C. 6400. 

H. 569,Br. 3085 <‘,,It,,Brrcqurrcs C.638g;H. 570.Br.3042”0) 

l t~lemcnral analy.scs wcrc performed by Dr Ci Robertson WCSI iind Avenue. Florham Park. NJ 

” ’ C W Jcfford and B. Wacgcll. Terrohedron Ltrten No. 28 1981 (lW3); ’ B. Wacgcll and C W. Jellord. I 

Hull Sot- Chum fir W I I9641 

” K Alder. tl Krqcr and H Wc~ss. Chem Bee @I. I44 (IYSSJ 
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exo4-&omobicyclo[3 2 I]ocrene-2 (IV). Brommarlon of I (2G g 02 M) NRS (2.5 g 0414 Ml gave 

the producr (bp. 90‘ ar I3 mm 09 g. 35”‘. yreld) All arrcmprs IO obram an acccptabk analysis falled 

Chromatography over s~hca and alumma. as well as repea~cd drsrillauon raulral m dccomposruon 

Ilowevcr. rhe skclcron of IV was confirmed by hydrolysu with an aqueous acetone soln of AgNOx IO 

X which was ldcnrrcal IO an aurhentrc sample r- Fortunately. one dlsrrllarlon was enough IO punfy the 

producr so thar an rmpcccabk NMR spectrum could be obramed The srereochcmlsrry of IV was conhrmcd 

by double resonance NMR spccrroscopy lo 

7’ABl.E 1. <‘tIFMICAI. SHIFIS’ Ah-D Vl(.ISAt: COUPl.IY(; WHSTASTS’ 

Ot T”t PMESYI. (P). VISYL (R) Ah-D AI.1 YL (A) RMSAS(‘FS 0 WYL 

RICYCLC43 2.(jCX‘TESE-2 DERIVATlVtS 

P 
- -- - 

III’ 721 

m 

VI’ 721 

m 

VII’ Cr-H 6 I5 

dofd 

VIII’ 

IX’ 7 25 

m 

XII’ 7 32 

m 

B 
- .- - 

6.32 

d700 

6 I9 

d690 

C,-H 5 61 

dofdd 

6 36 

d 70 

6 22 

6690 

6 3x 

d6W 

A 
- 

4.93 

d 280 

4 32 

dofd 

4 23 

d 2.8 

468 

d2W 

4.31 

d29 

l In ppm b Roth vinyl and aflyhc signals display addinonal 

sphrrmgduc IO remore coupltng cl refs 7 and 18. ‘ In Hz ’ Doubler 

* In CCI, as solvenr 1 CDCl, as solvenr * See ICXI for further 

descrrprton m. mulripkr. 

c~o-3-Rromr~_)-rhbr~~~~f~~f~[3 2 I]orrenr-2 (VIII) Corn@ II (62 g 0033 .%I) and <Cl, (25 mll was 

placed m a .x) ml 3-neck flask cqmppcd wrrh a magncrlc sorrcr. rcflux condenser. gas mler and OUIICI 

~ubcs. and an addillon funnel The apparatus and soln were flushed unrially for 30 mm wrrh CO2 and a 

currcnr of gas was mamramcd over rhc surface of rhe soln during (he rcactlon Whlk ~hc soln was snrrcd 

and uradrarcd wr(h I,Y hghr. (-bury1 hypochlonte la (3 6 g. 0033 M) rn CCI, I 10 ml) was added gradually 

The reaction was judged IO be complete when rhc color and smell of the r-bury1 hypochlonrc had dls- 

appeared. which usually rcqurrcd 2 days Solvcnr and r-buranol were removed by dlstlllanon The frac(ron 

bolhng ar I I2 I I4 ar 2 2 mm was collccruJ (I 5 g. 20,‘c, yrcld). TLC’ of rhe produa showed a single spol 

(Found C. 43 36. H. 4 52. Br + Cl. 51 VI C,tl,,RrCl requucs’ C. 43.34: II. 4 51, Hr - <‘I. 52 I?“, 1 
Compound VIII was rdenrtcal wrth (haI obramed by trearrng cxo-. ~.4-dlbromohlcyclc,[ 3 2 I]cwrcnc-2 

with an aqueous-accronc coln of HCI 

c~o-3-I’hun)-/3-chloroh~c-)c-lo[ 3 2 Ijoc-tune-2 (1x1 Compd III (I 61 g O(Y)87 MI was chlorrnaled wnh 

r-bury1 hypochlorlrc I I 65 g. 0015 M) accordrng IO the above procedure The crude produrl was purrlied 

by column chromatography over srhca gel (H5 g, 28 S(Y) mesh) using pcnranc as cluanr (098 g. 51 Or, yrcld) 

(Found C. 770X. II. 7 II. <“I. 16 IO C,,tI,,<l rcqurrcs C. 7690. H. 687. Cl. 16?3”, I 
cxo-4-(‘hlor~rh~~~c-lo[ 3 2 I~~rmc-2 (VIII <‘ompd I (I 45 g. 0~013 M) on chlormarlon wrrh r-bury1 

hypochlorlrc (099 g, O(wJ M) yielded 0 78 g of produa (MY,) Atrcmprcd punficanon rcsullcd m decom- 

posrcmn II was found rhar a srnglc dlsrlllalron afforded rhc prtdua 111 IIS purcll possrhk stare (as judged 

“ tl I. Goermg R W Grcincr and M 1: Sloan J Am <‘hem Sot 83. 1391 (1961) 

” H Y ‘Tnrcr and I: W &II. Ory Srn Coil Vol 4. I25 (1963) 
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by IIS SMR spectrum) IIS structure was confirmed h) hvdrolysls IO X” and by double rcsonancv NMR 

spcclroscopy r” 

cxu-3-Phcn~/4-h!-drox~bt~~~~~~[ 3 2 I ]~rrenr-2 (XII) A mwurc of exe-3-phcnyl-%bromobtcyclo[ 3 2 I]- 

ocrcne-2 1265 g MI Mb m acetow (30 ml) and AgKO, (20 g. OQIZ MI m waler 130 ml) uas gently 

bolled under rcflux for 30 mtn AgBr was removal and the rcsulung soln was worked up IO y~cld a 

colorless sohd Rccrystallvauon from ether cyclohexanc aflordcd 0 76 g 13X”, yield) of producr. m p 

X2 83 The IR spectrum showed maxtma aI 3230 and 1625 cm- ’ (Found C. 8390. H. 79’ <‘,.H,,O 

rcqutrcs. (’ W9S. It. gOS”,,) Treatment of compound IV under ~hc same condlitons also gave XII 

.4cknodtdgmmrc WC thank the Pclrolcum Rcscarch Fund admmwcrcd by ihc Amcrtcan Chcmlcal 

Soaciy and the h’allonal Sclcncc Foundation for fmanclal support of this research 


