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Absbrct Monochlorcs- and monobromocarbcnt undergo exe addition to norlxxncnc IO glvc PXO-MII- 

3-halotncyclo[3,2, I .d*4~tanc and exo4halobicyclo(3 2, Ijoc~cnc-2. The exo_4n[l adducrs were found 

IO be remarkably stable, in contrast to the excbs)n adducts, which, though no: obscrvcd, wcrc presumed 

to bc the labik precursors of the rcarrangcd products. The reasons for thex stcreochcmKal diffcrcnrxs 

arc discussed. 

ISTRODt_!C’I’lON 

DIHAI.~:ARBE~G reacts with norbornene to form the uxo~yclopropane adduct (1) 
which undergoes facile stereospccific rearrangement to exe-3.4dihalohicyclo[3.2. I I- 
octene-2 (II).‘,’ It would seem that the rearrangement, which is a special case of the 
conversion of a cyclopropyl to an ally1 haiide, involves prefcrcntial migration of the 
syn-geminul halogen (Z) rather than the anti-halogen (Y) by virtue of accessibility.5 
Apart from these simple steric reasons, the stereochemical result is also in accord 
with a hypothesis based on molecular orbital considerations6 Therefore, it was of 

I z- Y = Cl or Br 

III z = 11 Y = Cl 

IV z = 11 Y = Br 

XI z - Cl Y = H 

XII Z - Br Y - H 

II Z-Y-CIorBr 

VIli Y -H Z=CI 

IX Y-H Z=Hr 

X Y-H z - OH 

particular and crucial interest to prepare and examine exo-tricyclo[3.2.1 .O’* ‘]- 
mtane derivatives in which only one of the geminal substituents at C, (Y or Z) could 
become a leaving group. Accordingly, the present paper is concernad with the 
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stereochemistry of the addition of monohalocarbene to norbornene and of the 
subsequent rearrangement of the adducts which were obtained 

RESCLTS 

Monohalocarbcne. generated by the interaction of mcthyllithium and mcthylene 
chloride according to the meth& of Gloss,’ was allowed to react with norbomene. 
However, the reaction course was found to depend markedly on the provenance of 
methyllithium. Methyllithium is usually prepared from the reaction of lithium with 
methyl bromide or methyl chloride. When the former is used, the methyllithium so 
obtained contains an cquimolar amount of lithium bromide as an ether soluble 
complex. When methyl chloride is used, only a negligible amount of tit hium chloride 
is found complexed with methyllithium. 

A. With LiMe-LiBr 
React ion resulted in the formation of an oil in an overall yield of about 14 Y’, which 

was found to be a mixture of four products. By preparative VPC two of the products 
were obtained pure without difIiculty. The major product (which had the shorter 
retention time) had the expected empirical formula C8H, ,CI, whereas elemental 
analysis of the minor product showed it to have the empirical formula C8H, ,Br. 
From a consideration of their NMR IR spectra (see Table 1, Experimental) and 
chemical evidence their structures were assigned as the exo-unti-3-chloro- and 3- 
bromotricyclo[3.2.1.02**Joctanes (III and IV). 

In both cases, the absence of unsaturation the symmetry indicated by the NMR 
data and the downfield triplet of intensity 1H. all point unequivocally to an adduct 
containing cyclopropyl halide. Moreover, the narrowness of the triplet (‘J = I.5 Hz) 
exhibited by the cyclopropyl methine proton (on C,) indicates that the latter is 
rruns to the cyclopropyl protons at the ring junction.* Only the exe-anti (III and IV) 
and the analogous endo-syn structures fit these data. However, the latter structure 
can be ruled out since reductive dehalogcnation of exo-anti-3-chloro and 3-bromo- 
[ 3.2. I .O’* ‘Ioctane gave exo-tricyclo[ 3.2.1 .02# ‘Ioctane which was identical to an 
authentic sample.’ 

Further support for the exo-unti structures (III and IV) was provided by a con- 
sideration of the shielding effect of the cyclopropane ring (and its substituent) on the 
bridge methylene protons (C,). In Table 2 the chemical shifts of the mcthylene (C8) 
and bridgehead protons (C,) of compounds III and IV are assembled with those of 
exo-aziridine V, exo-epoxide VI and exo-3.3-JichlorotricycIo[3.2.1.02 *Ioctane VIl. 
all of which have been previously rcported.3n ** The shifts are expressed as differcnccs 
with reference to those of norbornane. ’ * An examination of the data in the Table 
shows that protons more or less in the plane of the 3-membered ring (H,) are slightly 
deshielded to much the same degree (with the exception of V). Protons well abve 
the plane (anti C,) are shielded by a similar amount (045 068 ppm) despite the 

- G. L. Gloss and 1.. E. Gloss. J. Am. Chrm. SOC 82. 5723 (1963) 
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J J. C’oylc. Ih~d. 84. 4985 (1962) 

’ II I: Simmons and R. D. Smith, J. Am C’hcm SCM 81.4256 (1959). 
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variety of substituents. However, protons ~orly in the plane (sg C,) still experience 
shielding, but less appreciably (A6 = + 0.30 and +027 for III and IV). This slight 
shielding of the syn C, proton can k nullified by a vicinal electronegative atom 
(A6 - 0 for V and VI), and be turned into a sizable deshielding by a contiguous 
electronegative atom (A6 = -0.93) as in VII.” I2 

(‘htmical shift differcnccs. A6 in ppmb ’ 

- -_ 

Compound 

-. I-- 

c, ptorons 

anti JP H, 
-_ --_ - . -__ ..- 

A=0 VI’ c 0.63 -006 -- O-21 

’ C’ 
_ 

VII’ ’ 
, ff‘.Cl 

t 045 -Q93 -043 

+@55 +I)30 -0.21 

+ 0.59 +0?7 - 023 

In CCI, solution 

A plus sign indicates shielding 

Compared to tk chcmrcal shtfcs of srmilar protons In norbornane 
From Ref. IO. 

from Ref. 3. also cf Rcfs I I, I2 

The two remaining components of the mixture could not be separated by column 
or VPC as they decomposed in the prcKxss. However, their structures were deduced 
as exo_4chloro- and exo4-bromobicyclo[3.2.l]octene-2 (VlII and IX) by com- 
parison with authentic samples.” An indication of the prescnct of the cyclohexenyl 

’ ’ R. C. Fort_ Jr.. G. W. H. Cheucman and E. C. Taylor, J. Org. Cbn. 29, 2440 (1964). 
” A relareJ examp k IS provided by exo-unrr-R-hydroxybcnztncyclo(3.2.1.0’ l ]octtnc rn which the ap- 

propnatc cycloyropyl proton on C, is strongly dcshicldcd [M. A. BatMe and M. E Rrmnan. 
Tefmkdron I~rrers No. 47. S837 (I%)] 
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grouping was given by the NMR spectrum of the crude mixture of products. 
Hydrolysis of the mixture with aqueous silver nitrate affordad exo+hydroxybicyclo- 
[3.2.l]octenc-2 (X) and left the tricyclic compounds III and IV unchanged. 

In several dinerent additions the same four products were obtained in much the 
same yields and proportions. By integration of the signals due to the allylic and 
cyclopropyl protons. the proportions of compounds III. IV. VIII and IX came out 
to be 10:5:4:2. 

B. Wirh LiMe 
When mcthyllithium was prepared from methyl chloride and allowed to interact 

with methylene chloride in the presence of norborncne. only two products were 
formed. These were exo-anti-3chlorotricyclo[3.2.1 .02. ‘]octane (II I) and exe-4- 
chlorobicyclo[3.2.1]octcne-2 (VIII). They were formed habitually in a ratio of 6: I. 

The formation of both brominated and chlorinated products from methyllithium 
lithium bromide complex could have occurred by two different reaction courses 
(i and ii). 

(i) Methyllithium lithium bromide complex and mcthylene chloride could form 
both monochloro- and monobromocarbenc or their carhnoid precursors, which 
then add to norbornene : or 

(ii) only monochlormrbene (or its precursor) is generated to give the two chloro 
products (e.g. III and VIII) which then react further with lithium bromide to give 
the bromo compounds. However, as exo-anti-3-chlorotricyclo[3.2. l .O’a *Ioctane (III) 
is quite inert under ionizing conditions course (ii) can bc ruled out. 

Therefore. both chloro- and bromocarhne are separately generated which then 
undergo addition exclusively to the exe side of norbornene to give the less crowded 
adducts in the greater amount (anti > syn). This steric result is in no way incom- 
patible with the general finding that monmyclic and acyclic olefins give rise to the 
more encumbered adducts predominantly. Gloss has suggested that in the latter 
cases hypcrconjugative effects play a determinative rdle in the transition statc.ub 
However. such effects are absent in norbornenc and therefore. the product com- 
position appears to be determined by stcric factors alone. 

The remarkable result of such exc~ addition is that only the exe-mti adducts (III 
and IV). the major products.+ were isolated and further, that they were unusually 
stable. In contrast. no exo-syn cyclopropanc adducts (XI and XII) were detected 
under the mild reaction conditions. although addition in the exo-syn sense un- 
doubtcdly took place. Instead, the products of their rcarrangcmcnt, exo+chloro- 
and Cbromobicycto[3.2.l]octene-2 (VIII and IX) were found. 

The foregoing results provide an important substantiation of a hypothesis con- 
ccrning the stereochemistry of the rearrangement of cyclopropyl systems.6 For a 
cyclopropyl sulfonatc ester or halide (XIII) to ionize. the favored prcx;css involves 
simultaneous rupture of the C,-2 and C, Cj bonds as depicted in Fig. 1 (solid 
arrows dcnotc mechanical movement; dashed arrows electronic movement). It can 
& Seen that the cyclopropyl bonds which move apart (C2 -A and Cj A) require 
that the anionoid group (2) lcavcs from the side opposite to them. In the exu- 
tricyclo[3.2. I .O’.‘]octanc skclcton (e.g Xl and XI I) geometric constraints arc such 



that only the C,-C2 and C,- C, bmds can correspond to the Cz- B and C,- B 
bonds of the illustration. Therefore rearrangement of the exo-tricyclo[3.2.1.0’~4]- 
Octane skeleton occurs, in accord with the hypothesis, only when the leaving group 
at C, has the syn configuration as in XI and XII. but as not in III or IV. 

z 

. 1. A 

XIII XIV xv 

1%. I. Iilactrcxryclrc converslon of a cyclopropyl lo an ally1 system. 

Recently.“. ” the solvolytic reactivity of several cyclopropyl systems has been 
similarly interpreted and evidence indicates that. in the solvolytic step, the structure 
of the intermediate cation has progressed a long way towards that of the allylic 
cation (XIV). It is important to point out that the present cyclopropyl system. exo- 
tricyclo[3.2.1.02*4]octane, undcrgocs rearrangement in a MM-SN1 process in which 
the anionoid atom Z migrates stereospecifically to the exe-C4 psition of the new 
bicyclo[3.2.l]octene-2 skeleton (e.g. XI + VIII). 

Further, although the stereochemistry of both reactant and product have been 
demonstrated and shown to fit the Hoffmann Woodward hypothesis an additonal 
question concerning the nature of the rearrangement process arises; that is the 
question of whcthcr the rearrangement is a fully concerted prwess with or without 
charge separation (XIII + XIV + XV or XIII + XV). 

HrugPnrs MCLI In cthcrcal soln as rupphed by Alpha InorganIc conramcd an cquimolar amount of 

the 1.1Hr and wan csscntlally “unadultcrarcd” when suppled by rhc Foorc Mmcrti Co. 

Sp~crrd drrerminorions. IiMR spcclra were rccordal at 60 MIlr on a m&cl A-HI spcctrome[cr (Varlan 

Assoc~atc~ Palo Alto, CalIf ) at a tcmp of about 37 Compounds and mixturFs wcrc invcsrigarccl as Cl, 

soIns Ica. IO”, wt IO vol) conrammg THIS a~ a standard Chcmlcal shifls and couphng constanu arc 

ntlmatcd Lo bc accuralc to : Ia and to.1 Ht res~cf~vcty 
IR spectra were recorded on a Bcckmann lR-9 speclromcrcr. 

VPC wa5 carrlcd out on an F and M Laboratory Model 700 analytIcal chromarograph ati on Ihe 
Nester Faust f’repkromatlc prcparatlvc chromatograph Alummum column! (i in. dlam. and 2 and 4 m 

long packed with 25”, cyano-slllconc I Is0 supported on chromosorb W were used al oven rcmp of 

135 145 wllh 111~ a~ rhc carr~cr gas 

A .soln of UCLI LlBr rn ethyl crhcr (200 ml of a I 25M soln) was ad&d dropwlv to a stirred soln of 

norborncnc (30 g. 0 32M) In CH2CI, (I6 ml. 0-2SMI and ether (00 ml) The addktion was repca~dd several 
t~rncs and the crude mlxturc was then treated In one of three ways. 

I4 c’ H DsPuy. I. G Schnack. J W. Hausser and W. Wledmann, 1. Am. <‘hem. SK 87.4006 11965) 

” P v R. Schlcyer, G. W. van Dmc. IJ. Schollkopf and J Paust, I Am. Chem SOC 88. 28f3 119441 and 

Rcfs cttcd t hcrcm 



C. W. JF_FWRD and R. T. MFDARY 

(I) Excess norbmene and solvent were rcmovcd by dastrllatton VPC of the crude OII showed four 

components as products. each of which exhibited charactcrlstlc signals In tbc KMR spectrum The 
doublcl of doublers a~ 64X! ppm (‘&,, - 109 H(t ‘J-urn = 6 5 Hz) and the douhlcr of doubled 

doublets centred at 5 50 ppm I’JI.,~ = 100 Hz ‘JmadlUm = 40 llr ati J,~I = I 5 llz) arc due to the 

vrnyl protons of ext>a-chloro- and &bromobicycto[3 2 l]oclcne- 2 (VIII and IX) The broad rnplets 

(both 6.5 Hr wide at mid-hctght j’llrrtc = 4Q Hz and ‘J-1 = 2 5 Hz) at 4.21 and 4 50 ppm arc due IO 

the allyhc protons (VIII and IX) The narrow trlplcrs l3c) Ilz wtdc) at 2 84 and 2 75 ppm arc Ihc cyclo- 

propyl prolon (C,) resonanca of cxo-3-chloro- and 3-bromotricyclu-(3 2 IO’ l lc~tanc (111 and IV). 

T+he prduct cornpositIons rcsulrmg from several difkrenr addltlon expcrrments were esrmatcd from the 

rclativr mtcnsitlcs of rhcx sIgnal% A typical tatlo is 10.5.4 *2 for III. IV. VIII and IX Yields of crude 011 

wem bcrwccn 2 X and 5 1 g which corresponds to a ylcld of bctwccn 7 and IJ”, based on (‘H,CI,. 

1~) The crude mlxturc was poured over INS own volume of crushed KC On work-up 5 2 g of an 011 

Ib.p. 60 70 al 5.6 mm) was disrillcd and collcctcd. Iht VK and NMR spectrum mdlcarcd tht presence 

of Ihe same compncnts as dtscrlbod in (i) together with some X. The quantity of X was vanabk as it came 

from partial hydrolysis of VIII and IX. By preparative VPC followed by microdis~illation, 111 and IV were 
=parard and obtamd pure. Thclr spectral data are Irstai In Table 2 (Found. C. 67 M, H. 7 96, Cl, 23.92 

C8H,,Cf (III) Requires: c‘. 67.37; Il. 7.72. Cl. 24.91 ““. Found (‘. 51 73; H. 5.92; Br. 42 87 CsH, ,& (IV) 
requlrcs: C. 51.36; tl. 5.91; Hr. 42.75”” ) Ir pravd rcpcarcdlp lmposslblc IO obtain hrtcr agreement 

hlwcen ~hc calculal~l and found halopcn prscntagcs 

TAEU I. NMR ANI) IR SPECTRAL DATA (IF etn-4nrr-kHLoao ANI) 3-e~orn)~~rcu~3.2.1.0’ 4jCCTAm 

(111 ANU Iv) 

III IMajor) 
~- _ 

T at 2+4 ppm 

(‘J _ I.5 Hz) 

S at 2*4 I ppm 

S at I 36 ppm 

Sat Ia ppm 
D 81 0.9 I ppm 

llJ w 105 Hz) 

11 at @66 ppm 

(‘J - 105 Hz) 

IV (Mmor) 

‘I’ ar 2.75 ppm 

l’J -_ 1 5 t1tj 
S at 2.43 ppm 

S at 1.36 ppm 
S aI I.17 ppm 

D aI 0% ppm 

(*J c 105 Hz) 
Dar 062 ppm 

(‘J - IO.5 Hz) 

Inlcrwy Assignment 
- 

1H C, 

2H c,. C, 
4H c:,, c-7 
2H CJ. c4 

IH c:, 

IH C* 

Max at 782 cm - ’ Max at 722 cm ’ 
(C-0 strctchmg) (C-Rr srrelchmg) 

T = Triplet. S = Singlet. 1) 7 Doubler 

(Iii) To a soln of tbc crude oil. (obtamed after aqueous work-up; 3.2 e) m acetone (I5 ml), was added 

a sola of &NO, (40 s) In waler (I5 ml). The mixture was gently boiled; afttrwarQ sdvcr hrlide was 

removed by filtratron Tbc aqueous aatoly soln on work-up afforded 30 g d product. Column chroma- 
tography (on I g of product) over wu1ra.l alumina (50 8) gave a mutuf’c of III and IV on eluIioa with 

pcaunc. Elurion with ether afforded X (150 mg m.p. 66 70”) idcorlcal IO an authentic sampk.” 

The 58r.n~ procedure and amounts were used as before (A). Excess Mcti was dccompo& by pouring 
the reaction mixture over crurhai la. After work-up axe! dutlllatlon (2.5 & 703,;). VK and NMR 
indiatad a mixture wntaining X. VIII and Ill in the ratios of 1 :2: 12. 

Stabrfiry 4 exo-anti-3-ctitcl and 3-br~tn’cyclo[3.2.1.0’ 4Joctme (111 Md Iv). Under the above 
expcrimcnral conditions; t*iz remp OF 140” for short pcriod~ of rime (IO min) md in the prcsena of Ag 
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cation. both III a&I IV were stable. As an addItional test d thermal stability. 111 was heata! in a se&d 
tube at I88 194’ Lx 16 hr. No dccompc&tion was found to havt oa~rrod, 

R&&v deMogenuritm oj exe-anti-3-&w+ and 3-br~hicyclo-C3.2.1.0z.‘~C4n (III and IV) A 
soln of corn@ 111 and IV (20 8 6OP/, & 40% rcqxxzt~vdy) ID et&r (20 ml) was added dropwise under 
a N, atm to a stirrod soln of Na (6-2 g) in liquid ammonia (50.70 ml) in a fIa& coolad by a solid 
CO,-aatone bath. After additiota cxcus ammonia was allowad to evaporate whik ether (100 ml) was 
added simultanco~ly. MeOH (IO ml) in ether (100 ml) was addad to dawmpoaz cxa Na and so&m&. 
followed by mow McOH and water lo complete tbt decomposition. On work-up an oil (1.3 g) was 
obtained which was identical to f.xu-tricyclo[ 3.2. I .O’ l joctan~.~ 
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