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Ab&ut-&action of bicydo(3.2.21 terCary alcohols 7b.c and 23b with FeJcO~ resulted in the 
corresponding diaiyl Fe(CO), complexes, whicfi upon HBF,/&O treatment yielded the 
bicyck$3.2.2] dienyl irontrkarbonyl cations. Nudeophilic addition of CN- to those cations, resulted in 
the formation of 0,~~bolxlcd mnlplexl?s, which were degIY&Xl with MQJO to give rub&uted 
~~chyQocatbolls(barbaralyl~)inurmwalpaitions.Forpmposeofcomparimn,the 
tnfhmoecctdysis of 2-methyl-endod,7-bcnzobicyclo(3.2.2] nonatricne (22) haa been stndial. 

Vinylcydopropanes are known to react with iron 
carbonylfi to give iron complexes resulting from 
cleavage of a C-C bond in the cyclopropane ring.* 
This type of complex formation ~88 also observed 
in the reaction of bicyclic and polycyclic hydrocar- 
bons containing VCP systems.’ 

We’“’ and othen?” recently reported that reac- 
tions of bicydic (1) and mono-cyclic ring (3) cations 
withnucleophiles(sudtasKandcN-)al8olead 
to the formation of the above type of o-ar-allyl iron 
complexes (2 and 4). In addit@ &particulate 
electrophiles(EN)suchasTCNE,NPTD,HFA 
and dipbenylketene am enter into cydoaddiGon 
reaction5 with cyclic trienetin triasbonyl (5) to 
give 1.3 a-n-ally1 iron tricarbonyl adducts (6) by 
either a stepwiae or a concerted mechanism.4 In 

order to explore the scope and mechanism of the 
nuskophic attack (mainly involving CN-) on coor- 
dinated bicyclic dienyl cationic systems, we turned 
to a study of substituent efIe& in @ona such aa 
lb It was also of interest to investigate the 
oxidative degradation of the latter reaction pr6- 
ducts, i.e., biqclo-~-rr-allyl complexes, with 
trimethylaminesxide, which led to tricydic hw 
aubons (the comspolading barbaralyl sysberns) 
substituted at unusual positions. 

RESULTS AND DI8cu98Hm 

In a pr&ous communication5 we have de&ii 
the products which were isolated from the reaction 
of the seaMary -3.2.21 alcohol 7; with 
Fez(COk. Both isomeric complexes * and S led 

on treatment with HBF, in acetic anhydride to the 
same cationic species (isolated as stable solid tetm- 
fluoroborate salt), lb. The tertiary bicycle c3.2.25 
trien-2*ls, 7) and 7c were preparad from the 
corresponding ketone with methyllithium and 

t Pmsent addreso: Abic Ltd., Ramat-Gan, FOB 2077, 
ISIIW-1. 

*whalimoIveualKiar-allyltypc3of~bctwccn 
the Fe-CO), moiety and the organic l@xl. 

a: X’cI+ 

): x=-cH=cH- 

c x=0-c& 

phenyllMum, respectinly, in ether solution at 
-780.6 ReacGon of 7bp and diiron enneacarbonyl 
inbamasef&r2hrat4!Presultedinformationofa 
* (wlmn Rae) of two iso&& complexes, 
whs = wan the domi&t oiie (849b- 10:-l). In 
(#and&tbeirontricarbonylmoietyiscoorQnated 
to2vilIpbridees(ti invdvaf two carbons), ad 
theirH-Nh4Rspcctrawercverysimilartothatof 
the parent complex+ &‘: (a) The vinyl protons & 
of8band/or&areshiftcdby-3ppmup&ld, 
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HO R 

b: R-Me 
t: R=4 

ra3ultingfnnncoordhlatiolloftbeligandwiththe 
meti. (b) gHu remains unchaogedandthecoupl- 
ing anWant between the two protons is not 
a&c&d by the compkxation (Jac - 11 Hz). 

Treatment of the complexed alcohols l&c with 
HBF, in acetic anhydkle, followed by addition of 
etherledtotheprecipitationandisolationof1~ 
as a Gne, yellow powder. The isolated salts involvad 
symmetrically c0xdinated ~-al@ and vinyl- 
bonded moieties. Use of the appropriate deuterium 
labeling’ suggested that dcuterium isotope sczambl- 
ing (determked by H’-NMR integration) resulted 
from a 1,2-carbon shift (Wagner-Meerwein pro- 
cess) with -90% dcuterimn-incorporation at the 
bridgehead position, la and the rest -10% of the 
totalDxontentatthevinylbridgepositioqlOr 

The H’-NMR spe&um of the salt that resulted 
from HBF. treatment of t#b (after cu 3Omin) 

(2) 

sbowedthcexistenceofamixhneofcatio~lOb+ 
llb,basedonthe appearaoceoftwoMesig&sat 
61.8 (d) and at 61.5 (s), respectively. Stirring this 
mixtmefor24hratroomtemperatureledtodisap- 
peamnce of the signal at S1.5, and indicated the 
existence of a single cationic product, charackrised 
as lo) (Fig. 1). Tbc increased relative amounts of 
cation llb resulted from shorter reaction times (in 
acidic media) and lower temperatures. Under the 
same conditions only a single cation lot was ob- 
served when & was treated with HBFJAc20. 

While formation of cationic spexies lti is ap- 
parently kinetically controlled via a concerted 
mechanism, the secopd ion, lOa-c, is obtained by a 
thermodynamically controlled process. A possible 
principle mechakm involves the rearrangement of 
tbc kinetically formed ll8-c to l&c via IZ. In 
addition, one should also consider competitive 

I “, r. , 
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Fig.1 
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reaction, where 08-c is converted to Mb-c and 
l~via~(&&eme3).Weteindtoassumc,that 
llc collstitutes a labile intermediate, and therefore 
is rapidly converted to 1Oe where a steric lhdmncc 
of a bulky substituent such as phenyl group is 
removed. 

The alkmative intermediacy of tbe barbaralyl 
cation(inwhichthemetalstill remainsinitsstable 
coordinative configuration), should be ruled out, 
sincesuchanintermedhtewiunotleadtocation 
10. Ackl.ition of the salts lOb,c to a mixture of 
aqueous NaCN and ether resulted in high yields of 
the observed a-q3 allykyano amlplexea u&c and 
l3b,c A diagnostic spectral feature of the u-q3- 
allyi complexerr is the strong sbklding of the proton 
bonded to the carbon bearing the Fe atom. The 
CN- nucleophile attacks the cationicspcciea (l&c) 
at the vinyl carbo1~3 from tbe cx0-dk.uion (Pm 
to the metal-atom), as dhassed elsewhere% and 
con&mad by X-ray .st~~%& 
monocydic-u-q’ complex 4%. 

allalWofthe 

‘I&e above isomeric u-q3 complexes could At be 

lb-C+ 

(3) 

separated by routine methods such as preparative 
tic or column chromatography. The H1-NMR 
spectrum of mixture (U&+1333) showed Me do& 
lets of ratio 3: 1 (area 3 protons). The same ratio 
has been found for the following 6et of protons: 
H&-I& H&& and m. At this stage, we could 
not say which of the two isomers was the major 
one. The H’-NMR sp&rum of a mixture of 
analogous pbcnyl a-$ iaomcric complexes 
(l2c+l3c) exhibited two signals cornSponding to 
one proton total of an unannplexed double bond at 
86.36 (dd, &+w) in a ratio of 1: 1. Therefore, 
attackofcN_oncation1oChadresukedinequal 
amounts of the two posaiile cyano-u-q3 com- 
plexes. The preference for cyanide ion attack on 
lo) is not yet well understood. Oxidative degrada- 
tion of tbc above a-q’-aUyf complexes was carried 
out with h4e,N + 0 in acetone. Trin~thyhmine- 
oxide is amside& to be a mild Fe(CO)S- 
“dissengager” which does not cause damage to 
sensitive organic ligands.* 

Treatment of lZc+l3c (Rh) with 

+ 

L: R=Me 
c R=a$ 

7 

(mh Km, 

(4) 

(5) 
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Me3No/acetone at xoom tempemm l-amlted, qs 
expeck&intwopmducts.Oneoftbemappeued 
asacyrstallinewhitemateria&l~tandwasiden- 
tiEed as a rarely known fhuional3,9-disubstituted 
barbaralyl system. The NMR of 14c reveals at 
room temperature a fast valence isomeri7ation of 
14c#14c@g. 2).Thesicondproduct15$ was 
verylabileandairsensitive,anditsH’-NMRspec- 
trumseemstoindicateanon-fhnionalsystemsuch 
as WC Hence, the oxidaf5ve degradation of a-q’- 
iron biqclo complexeu opened a convenient route 
tothegernXationoftli@ovinylcyclopropaEsy& 
tedns (a novel synthesis of suhatituted My1 
molecules). Lewis9 descriibed recently the reaction 
of 161° (a o-q’-biqdo iron complex) with CO 
under very severe amditions (120”, 100 ats), which 
liberated barbaralone, 17 (90%). a tricycle 
vinylcyclopropane ket6ne.S 

DeampaGtion of tbe a-$ complexed mixture 
12b+l3b with &No also produced two v 
nenta, 14b+lsb. in 3996 yield. These compounds 
could not be separated by crystallisatin or by 
cohmm chromatography. Integration of H’-NMR 
spectnrm of the mixtme showed a ratio of 1:s 
between the two components (based on relative 
areas of the Me sigaals at 61.88 and 61.75 respec- 

tWedonothaveastr@tforwardproofforthe 
amil&atC,hutfronlthcdisals&nofthesuwDdpartof 
thiswortonctendstoassigaasyn(dr)relatiomhip 
betwcenthc~~thccNgroupE. 

$T=atment of 16 with Me,NO/acetom for 24hr at 
momtempaklolibcratedbubrrralone in reaaonabk yield. 

05) 

tidy). Hence, the isomer with fh&onal behavior 
appearstobeaminorproductintheoxidative 
degradation of 12b+l3b. It seems obvious that 
complexl3b(whichistlE prwursor for 15)) was 
the major component in the parent mixture of 
cYano+V3 complexes (Mb-3: 1). The 
reason for this isomer preference is not well under- 
StOOd. 

TEE 8oLvoLYncBEEAvKwRoF 67. 
B~BiCYCLOf3.2.2lNONA- 8ysw8 

The interesting behavior of cool&ated 2-t- 
bicycloE3.2.2lncmatrienyl alcohols prompted us to 
examine also the related benzo-ftr3ed system. It has 
been repor@d recentlg’ that the solvolysis of 
epimeric 6.7~benz&icyck$3.2.2)nona-2,6,8-trien- 
4-yl-ODNB’s, 18, &owed similar rates, via the 
intermediacy of the corresponding cation, benzobi- 
cydcC3.2.2lnonatrienyl, 19 and benzobarbamlyl 
l9. The solvolysis gives mainly 9-hydroxy- or 9-p- 
nitro-benxoate barbaAy1 systems, 20, with some 
(up to 10%) umeuranged alcohol. 

We wish to report the behaviour of 2-methyl- 
benxobicycl43.2.2)nonatrien-24 in acidic media 
(cF,cooH), and to compare it with the behavior 
of its irontricarbonyl complex in similar media. 

The epimeric 2-methyl-6.7~benzobicycl43.2.23_ 
nona-3,6,&w24s 22 (endo) and 23 (exe) were 
obta&d by methyllithium treatment of the corres- 
ponding ketone 211-. 

Since structural assignments, based on 
paramagnetic shift reagent EaP studies, were am- 
biguous, other arguments were used: 
(a) Epimeric distribution of reduction of ketone 
21: 

81’ :: 
22 (A) 22 (cu)) 

63 29 
b 
c 7 781 

13 
Not pa&cd 

The minor cpimex (em) is apparently obtained as 
a result of nucleophilic attack by (I-) from the 
more hinder4 side of ketone 21. 
(b)Compadonofthe~shiftsoftbevinyl 
bridge t&9) protons of isomer 22 and 23 shows 
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Fig.2 

ls 
I 

x=HorODNB 
y=ODNBorH 

19 
+ + 

tdb 0 
\ 

0 ?h-c(atxio) &I 
= 

21 

(8) 

22a 6.28 6.70 23, 6.28 6.78 
W 6.33 6.71 W 6.35 6.85 

ThcchemidahiftdHgremains unchMgedin 
tbctwopairsof isomersWllilCtheShiftOfH.tO 

loW~&ldilltlXcxO i8ommbcanbeattributcdto 
thcdcdeld@efbtoftkncMyOHgmup. 
(c)Botllparcntaloohols228and~cM~ 
with Fe(COb to, yield the canarpondine arm- 
plcxes.oIItbeothcrhaDdoIllytbcminorcunpo- 

a: R-H 
b: R=Mc 
c: R==+ 

neot of the 22b+23b cpimeric mixture fomd an 
iron-triaubonyl amlpk The single tcrtimy pbenyl 
allalog22c(iaolatcdfromthereactiwof~Iid 
21) was found to be inert to Fc#Ob under the 
above umditiom pfob0bly for et&c masom. 
T@mncnt of 231, (the em-iminer) with Fe2tCOb 
inbcn~eneaoh1tkmr~ifobd24infair~(62%). 
On diwohhg the lattm annpkx in HBF,/AQO, 
followed by dilution with ether. the 2-methyi- . 
bcmdm@$3.2.2- cation prdpitati 
asabrightyelknv fiwda!mted+Ageinin25, 
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(10) 

the &and is attached to the metal atom by a 
w-oMinic and Wlllylic bonds. 

Unlike the case of the parent 2-xnethyl-bicyclo- 
[3.2.2lncmatrien-2-d complex (gb), the dehydra- 
tkmofcarbinol24inacidicconditiomisnotac- 
companied by 1,2-alkyi shift and allylic rearrange- 
ment, since alcohol 24 lacks a free uncomplexed 
double bond (in contrast to 8b structum )inaddi- 
tion to the coordinated w-oleflns fragments. There- 
fore, cation 25, mpresents an mluWal bicyclic 

dienykationic system with unsymmetrical a-ally1 
moiety included in the cyclic system. 

Reactionof2SwithCN-gaveamixtureoftwo 
products;i the predominant component (64%). was 
determined as 2.6, and its struch~~ was deduced 
from its mass spec@um and its H’-NMR spec@um 
(Fii 3). The coupling constants, Jls = 5.5 Hx, Jas = 
1.5 Hz, enabled us to assign cmns-geometry to the 
CN group relative to the metal atom. Decoupling 
of & caued the collapse of the bridge-head proton 

1 I I I I I I I I _I 
5 6 7 6 9 

T 

HI into a singlet, indicating a Fe_cd u-bonding 
interac&mratherthanthealtemateM-Cq.NMR 
analysisofthemajorpmduct(26)indicatedthat 
cyanide attack favoured the vinyl position away 
fromtheMcsubstitucnLInt8lmuofpreviously 
suggest4 possible intcmdate~~~, it is reasonable 

3 

tipropose27or28astheinterm~teinthe 
courseofCXTattackoncation2S. 
Aamdingtoschleyer,‘~anintermediatewith 

struchne of 28 should be more stable than 27; 
therefore,thenudeophilicadditkmofthecN-to 
cation 25 procu+ via the intexmediate 27, and 
shoukdlwmltinrhekifu?tkpfoduc&ie.26. . . ox&tSve dtgdatknl. of the o-r)Glllyl com- 
plexea26and2PIedtothec&respondingsubsti- 
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tutedbenzobarbaralylsystems,3oand31,~- 
tivcly. 

TIE swwhlres of the prMhlda 30 and 31 were 
determh&onthebasisoftheNMRdata(Fii4). 
ThelocationoftbeMegroupintheoxidative- 
degradation product 30 is dictated by its location in 

. . the parellt-compomxl (a-$). Daoomposrtlon of 26 
1edto30,whichisthemmdynamicaUy lessstable 
tllantbcaltemativc struaure3O’.Adirectisomer- 
isationofthetype: 14#14maybcexcluded,aina 
inbmaobarbarlylsystemsthearomaticringpw 
cludca double bond shifting (as accxming in divinyI- 
cyclopropane systems). 

tWe~oredtllcct!doapimr.2#_forrbo- 
amsolyhainccit- plmdmmm 
ofrcactim0)andbascIwlg~msdL~~~. 
totksame cyubo&mibauitr~,ero-23).(= 
CkuibKl ah0 far tbc 801~ of 18). 

(11) 

(12) 

(13) 

Quite diflerent behavior was obfmved when the 
uncomplexed tertiary alcohol 22bt was dissolved in 
tikxacetkack$quenchadinicewatef,alxlthe 
rewlting U hydrolyscd on a basic 
alUDiMcolUmll.compound22bICaCtsdi&rently 
with a proton-acid than its analogous complex al- 
cohol24,ztscanbcjudgedfromthedikcnttypai 
ofproductsgencratedinrea&ml3(Fii5).We 
have already Epolted= that kawM&cetolysis of 
18 (x=H or OH; y=H or OH) xeaultcd in an 
epimeric mixture of 20. Struaural~a.&gmncnts for 
theepimerkpairofisomelB34lvand3sbwere 
made on the basis of their NMR spectra (Fii 5). 
Themorcdiagwstkspcc@alfeatureofbothstnw 
tureswastkdifkenceintbecbankalshiftsof 
H,, A8=0.3ppm. In the caw of 34b, the OH 
gKN@icrdosertoH,,andtkeforCtbClatberit3 
shiftedtoloweriIekithaoin~.l%esamesbould 
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I I I I 
4 

I 
5 6 7 6 

r 
Fig.4 

(14) 

betnleforth6otherpairofthe8olvoly8iBprod~ 
32band33b. 

All four products of the solvolyait~ in TFA had 
theMesubstituentatposition4and9attheratio 
l/1.2 bctweexl the two pairs of iBomen8 340+ 
35@28+ti. 

In contrast to the solvolysia of l& there were not 
detected benzx$3.2.2+trienyl derivatives in the 
abovetrihoroacetolysis;thcMe8aambhginpc6- 
itions4and9couldbeinterpretcdintermsof 
bcxr~$3.2.2&ienyl cation intermediacy (Scheme 
14). 

In ccmcl~ solvolyfh of the bexKxHubstrate8 
leadtotbcmoststable -y1 system, and 
in the same time, the axrcaponding irontlienyl 
comple= pncrwors (where the a-$-allyl moiety 

dictate the substituent locationA can be trans- 
formed to a ‘%netic” product. 

0 

Finally, we have carried out two addithal reac- 
tionsinordertoverifythestructural asignments of 
the above trihomaC&olysis products: 

(1). Both isomers 34b and 358 were indepen- 
dently lobthed by action of MeLi on benzo- 
barbaralone,36,inaratioof-1:l. 
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2-Pknyl-Ucy&3.2.2&1au1-3~6,8-&ne-2-ol (7~). To 
a sofa af 1.75 g rbavs bicgdo[3.2.2&toac (80% pure) in 
30ml&1y&er,as~lnd2.6g(32mmol)PhLiin25ml 
dry ethss w added drqhse at -7c. After lhr, the 
mixtme w8s allowed to warm up.to r.t, ice-water w8s 
ad&!dtodcBtroythcLioomplex,andtheaq~uslayer 
adffbdtopH-6.8qmrathoftbcorganiclaycrwas 
fM by (2xlS)ml more extmdms. 

I I I I t I 
4 5 6 7 d 9 

F65 

(2) oxidation of the mixture of alc&ols (32- 
35b)withCxo3ixlpydinclefttktelthrysub- 

strates quantitatively uMeada$ together with 2- 
methyl-7,8-be 38. 

LAH reduction of 38 regenerated the parent 
epinxxic alahols, 32b ad 33b. 

TbucSxnbiDcde~e~weredricdovaMg8o, 
adevaporatedun&rrcduccdpremurc.<=hromatography 
oftbersriduson3%baskalumiMgave2.3gofakobol 
(83%) m yellow aystals, m.p. 84-89: IR (CHCld: 3570 
ioH)i MS: 210 (M+); NkR (CD&. 6OMJ.h): 2.2 
k. 1II OHL 3.1-3.65 (m. 2H. H. +H3. 4.99 
@d,lii,H;j. 5.68 (&Id,lH),‘ 8.18.63 (&h-I), 6.33 
(dd, lH,H,). (Faund: C, 84.14; H,6.55. Calc. for 
~,H,,O: C, 85.71; H, 6.67%). 

hzction of ‘I) wih F&Cob. A mixture of 1.5g 
(lommol) of 71, ad 8.Og (22mmol) Fe&O&, in ?Oml 
benzenewasstirredfor2hrat4’PuderN,.Themxture 
Wtl#iiltCddCVapOlU~.SeparatiwoftllCresidUCOll 

basic alumina (5%) cohmm gave, in order of elution, 
l~~ot~~l.28g(44%)of~~asyellow~~. 
m.p. 65” (from pt. ether); IR (bexanc): 2030, 1967: 
(Fe-cGo) MS: 228 (hi+), 232 &I+-2Co). 204 @4+- 
3CO); NMR (CDC&, 100 MHz): 1.24 (s, 3H. CH& 1.76 
(s, 1H. OH), 2.95-3.95 (m, 6H. HI_.&. 5.40 (dd. 1H. 
H& 5.86 (dd, lH, I&); (Found: C, 54.16; Y 4.39; Fe, 
19.27 Calc. for ~,H,&O.: C. 54.17; H, 4.17; Fe, 
19.44%). 

Redonof7cwfhFc#O~Tbcrcadonadiaola- 
thnofpductswcrecalTiafoutas &xcdedfor7b;L 
was obtained (91%) m yellow prisms, m.p. 88-89” (Hex- 
SDC);IR (aia~:u)2o,i960~ e-c-3; lQmz CGQi. 
60 MHz): 1.63 (s, lH, OH), 2.31 (dd. lH, HI), 2.50-3.20 
(m, 4H. I&,-H.& 3.40 (m, 1H. H3.5.08 (dd, 1H. H3. 
5.47 (dd, 1H. I-I,); [(CM&): 2.08 (s, 1H. OH), 2.75 (ddd, 
1H. H,), 3.1-4.0 (m, SH, H&. 5.47 (d, 1H. Ha, 6.10 
(dd, lH, I&)]. (Found: C, 61.80; H, 4.00, Fe, 16.03. Calc. 
for C,,,H,,Feo, C, 61.77; H, 4.01; Fe, 15.94%). 

Q 

-AL 

fRspectlawcrerccor&donpaLin-Elmr257flod 
177Spcctromtcrs.PMRspcuraweremeouredwitha 
J-1 HNhi-C-60 HL and Vmian HA-100 specho=tcrs 
WithTM!SaSiD&IdrdaellW standadt-~ 

wm obtained using a Du-Pant 21-49lB rpechomster 
adwithadirdinbtsystunandkmizathpotaddof 
7oev.AurcadoasimdvingFwxnplexeLwercclnried 
out under drogcn. An m.ps. were &ermiad with 
ThomasandHoovuauParatusandarc~ 

Sicyclo[3.2.2)~a-~,iS,8-w&n-2-onc wss obtaiual w 
cudilmtoGmt7mr aIldWdiO8O%Yidd. 

tInsxpsrimeatalwctionall-alliftsarecitedin 
ppmunits.PlMmylsignalsareominedarwelIasinpEer 
l-5. 

IhrpnpomdonOf~plcaoborotcsolts.l8b~ 
lOcToacdd(O?soladlg(3.5mmol)of8bin33 
-0, was sdded 5.5 ml HBF,/&O (1.5:4 by volume), 
andtbe!Iolnwasstirrcdfor3Omin.Adding25mletk 
caused prdphkm af the yellow powder. which was 
llltexd and wfdcd with (2x10) ml ether to yield the 
mixture, 0.9g (75%). of lOb+llb (identihd as such by 
NMRsp&nml).stirriugthi6mixtureagaininace~ 
underN,far24br,follawedbyetbcrddith,kdtothc 

. . . 
pmqmtmn of 0.87g salt lW, m.p. 132”; IR mr): 
2100. 2040 @e-C=o), 1060 (BF;); NMR (CD&N. 
100 MHz): 8ce Fig. 1 (Found: C, 43.50; H, 3.23; Fe. 
15.84. Cak. for C,$IH,,BF,FcO,: C, 43.57; H. 3.35, Fe, 
15.65%). 

lGadom@salr1kTheiaolstionoftbesaltwascar- 
rkdoutssdauibcd forldb;3g(8.6mml)of&yiekled 
inthe~~~t3g(83%)of1casyellowpowder. 
m.p. 157-158”; IR (KBr): 2090,2030, m), 1060 
@SF;); NMR (CD&N, 6OMI-h): 3.4-5.2 (m, 7H). 6.45 
(&J+dJ=& HS+ 

w of lm with cyan& 0.8g (2.1 mmol) of 
tksdid8alt1Ywasa&kdinsmallporhmtoa 
vigorodystirdmixhucof5mlofsatsofNaCNaq 
ad6Omletller.After3ominthetwolayerswerc 

kitllWitUMdNaQaq,dliCdoVaMgSO,OlldWllWll- 
tmtaitokmvearwidue,whichwascqstdbdfrom 
~etbea,togivcyeDoara)aalsot~+u), 
0.60 (87%). m.p. 53”. Tbs trvo isameln slmw one 
sputbytkandcuuldnotbcscpfuatedonaneutnd 
ahmha cohmm. IR (hexanc): 2224 @MN), 2050, 1995 
w); MS: 297 (hi+), 269, 241, 213, (m/c values 
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corresponding to the successive loss of 3 CO ligands); 
NMR (CDCI,, 100 MHz): 1.20 (dm, lH, H,+6’), (11.73 
(d), 1.87 (d)], 3H, CH,} 3.08 (m, 3H), 4.30 (m, 2H), 
fi5.21 (ddd), 5.14 (ddd)], lH, H4+&, 5.83 (dm, lH, 
H9+,)* 

The reaction of 1Oc with cyanide. 1.40 g (3.3 mmol), of 
10~ yielded 1.0 g (83O/d) of the unseparable isomeric 
mixture (12c+Uc), m-p. 127”; IR (hexane): 2220 
(CXV), 2050, 1995 (F e-G&Q; MS: 359 (M+), 331 
(M+-CO), 303 (M+-2CO), 275 (M+-3CO); NMR 
(CM=&, 100 MHz): 1.35 (dm, lH, H,,6s), 3.24 (m, 2H), 
3.75 (m, lH), 4.24 (m, 2H), 5.22 (ddd, lH), 5.35 (dd+dd, 
1/2H each, H19+Q ). (Found: C, 63.21; H, 3.55; Fe, 16.02. 
Calc. for C,&,,FeNO,: C, 63.51; H, 3.61; Fe, 15.50%). 

Degradation of cyano-iron complexes (lk+Xle) wifh 
trimethylumine-oxide. To a soln of 450 mg (1.3 mtnol) of 
the mixture of 12c+ 13~ in 40 ml dry acetone, 0.68 g (9 
mmol) Me,NO was added, and the suspension was stirred 
for 24 hr at room temp. The residue was chromatog- 
raphed on neutral alumina (4%) to give 110 mg (40%) of 
a colorless oil, from which 14e could be crystallised from 
petroleum ether as pale yellow needles, m.p. 146”; (The 
second component, 1% is very air-sensitive, and tends to 
decompose on standing). Compound UC: IR (CHCI,): 
2235 (C=N); MS: 219 (M’); NMR (CDCI,, 100 MHz) 
see Fig. 2. (Found: C, 87.43; H, 6.40; N, 6.07. Calc. for 
C,,H,,N: C, 87.70; H, 6.40; N, 5.94%). Compound 1st: 
NMR (CDCl,, 60MHz): 2.4(m, 4H), 3.45 (m, lH, H,). 
5.7 (AB, 2H, H,+& 6.0 (dd, lH, H3). 

Degradation of cyano-iron complexes (12b+ 13b) 
with trirnethylamine oxide. A mixture of 0.54~ (1.8 
mmol) of 12b+l3b was stirred with 0.68 g Me,NO 
(9 mmol) in 50 ml acetone for 24 hr at rmrn temp. After 
filtration and evaporation of the solvent, the residue (one 
spot by tic) purified on 4% neutral alumina cohtmn. The 
H1-NMR shows Mb/Mb = 5 : 1 (based on integration of 
the Me signals of the two isomers) 15b (85% pure) IR 
(CHCI,): 2230 (C=N); MS: 157 (M’); NMR (CD&, 
100 MHz), under irradiation decoupling of & 5.4-5.9 
region: 1.88 (d, 3H, CH,), 2.0-2.6 (m, 4H, His.&, 2.75 
(m, lH, H,), 5.4-5.9 (m, 3H, H,,,,,). On substraction the 
NMR spectrum of 1Sb a reasonable spectrum of 14b 
could be obtained: (CDCl,, 60 MHz) 1.75 (d, 3H, CH,), 
[2.O-3.01 (3H, H ,+& L3.7-4.23 (4H, Hz+a+h+& [5.4- 
5.93 (lH, H7). 

2-Methyl-6,7-benzo-bicycIo[3.2.2]-Nonu-3,8-diene-2- 
ol, 22b (endo) and Wb (exe). To a soln of 4.72g (26 
mmol) of 21 in 60 ml dry ether was added from a 
dropping funnel 32 ml of -2M-MeL.i in ether at -78”. 
After s&i.ng for 1 hr and work up as described for the 
preparation of 7b, the residue was chromatographed on 
4% basic alumina to give 4.0 g (78%) endo isomer 22b 
and 0.6 6 (12%) 23b (exe) as white crystals. 

Compound 22b (endo): m-p. 58”, IR (CHCI,): 3570 
(OH-free), 3430 (bonded OH); MS: 198 (M+); NMR 
(CDCI,, 60 MHz): 1.30 (s, 3H, CH,), 1.72 (s, lH, OH), 
3.4-3.9 (m, 2H, Hi,,), 4.78 (dd, lH, H,), 6.08 (dd, lH, 
H,), 6.33 (ddd, lH, H,), 6.71 (ddd, lH, H,); (Found: C, 
83.86; H, 7.00; Calc. for Cl,H,,O: C, 84.85; H, 7.07%). 

Compound 23b (exe): m.p. 115”; IR: 3580 (free OH), 
3430 (bonded OH); MS: 198 (M+); NMR (CDCl,, 60 
MHz); 1.16 (s, 3H, CH,), 2.02 (s, lH, OH), 3.35-3.85 
(m, 2H, H1+S), 4.82 (dd, lH, H3), 6.20 (dd, lH, Hk), 6.33 
(ddd, lH, Hs), 6.85 (ddd, lH, H,). 

2-endo-Phenyl-6,7-benzobicycZo[3.2.2jNona-3,8-diene- 
2-01 (224. 1.5 g (8.2 nunol) of 21 was treated with PhLi 
as above to yield 1.67 g (78%) of 2% colorless crystals 
m-p. 107”; IR (CHCI,): 3560 (free OH); MS: 260 (M’); 
NMR (CD&, 6OMHz): 2.00 (s, lH, OH), 3.80 (m, 2H, 
H,+s), 5.02 (dd, lH, H3), 5.88 (ddd, lH), 6.43 (dd, lH, 
H,), 6.75 (ddd, 1H). 

Reccction of 23b (exe) with F%(CO),. A mixture of 
0.21 g (1.1 mmol) of 2% (em) and 1.0 g (2.7 mmol) of 

Fq(CO&, in 20 ml THF was stirred for 2 hr at 45” under 
N,. the mixture was filtered and evaporated, and the 
residue was chromatographed on 5% basic alumina to 
give 0.23 g (62%) of 24, a yellow complex, m.p. 82-84”. 
(When this reaction was carried out in benzene as solvent, 
the yield of 24 dropped down to 18%). IR (hexane): 
2030,1975 (Fe-); MS: 310 (M’-CO), 282 (M’- 
2CO), 254 (M’ -3CO); NMR (CDCI,, 60 MHz): 0.85 (s, 
3H, CH,), 1.25 (s, lH, OH), 2.9-3.7 (m, 4H), 3.8-4.2 (m, 
2H); (Found: C, 59.84; H, 4.19. Calc. for C,,H,,FeO,; 
C, 60.36; H, 4.14%). 

Preparation of fhe fetrapuorooborute salt 25. 0.36 g (1.0 
mmol) of 24 was dissolved in 2 ml A%0 at O”, followed 
by the addition of 1 mm01 HBF, in AGO. The usual work 
up (see for lob) gave 0.35 g (80%) of 25 as a yellow 
powder, m.p. 205-207”; IR (KBr): 2100, 2040 (Fe- 
C=O), 1060 (B&); NMR (CD&N, 100 MHz): 2.22 (s, 
3H, CHs), 3.9-4.3 (m, 3H), 3.5-3.8 (m, 3H). 

The reaction of 25 with cyanide. (For a typical proce- 
dure see above for lob) 0.32 g (0.8 mmol) of 26 gave 
0.25 g (92%) of a yellow oily product, which after 
crystallisation from petroleum ether gave yellow needles 
(Z-6), O.l6g (64%). m.p. 104-106”; IR (hexane): 2235 
(C=N), 2050,198O (Fe-C+0 ); MS: 347 (M’), followed 
by 3 values of m/e, corresponding to successive loss of 3 
CO’s NMR (CDCI,, 100 MHz): See Fig. 3. J,,, = J.,, = 
8.0 Hz; Js,=5.5 Hz: J,,=L5Hz. 

Degrad&cn of cyutwkon complex 2.6 with ttimethy- 
lumine oxide. A mixture of 0.24 g (0.7 mmol) of 26 and 
0.38 g (5 mmol) of Me,NO in 40ml dry acetone was 
stirred for 24 hr at room temp. The residue after work up 
(as for 12e) was purified on 4% neutra! alumina to give 36 
mg (24%) of 30 as a colorless oil. IR (CHCI,): 2230 
(C=N); MS: 207 (M’); NMR (CDCI,, 60 MHz): 1.52 (s, 
3H, CH,), 2.28 (ddd, lH, H,), 2.58 (d, lH, Hg), 2.82 (dd, 
lH, H,), 3.63 (dm, lH, H5), 5.50 (d, lH, H,), 5.87 (dd, 
lH, H4). J,., =2 Hz; J,_,=J5_9=2.5 Hz; J,.8=7.5 Hz; 
J 3.4=9 Hz; J,.,=7.5 Hz. 

Degradation of cyuno-iron complex 29 with timethyl- 
amine oxide. 0.4 g (1.2 tnmol) of 29 with 0.45 g (6 mmol) 
of Me,NO in 40 ml dry acetone gave (after the same 
work up as above) 120 mg (51%) colorless crystals of 31 
m.p. 123”; IR (CHCI,): 2230 (CZN); MS: 193 (M’); 
NMR (CDCl,, 100 MHz): See Fig. 4. J,,,= J,,,= J2,8= 
7.5 Hz J, 9 = J,,g = 2.5 Hz; J,_5 = 2 Hz; Ja, = 6 Hz. 

sOluoIy& of 22b (endo) in tifluoroaceh’c acid. 2.9 g (15 
mmol) of 22b (e&o) in 12 ml CH,C12 was cooled to 0” 
and 1.9 g (15 mmol) TFA was added. The mixture was 
stirred for 2 hr, 50 ml of 5% NaHCO,aq was added to 
destroy excess acid, and aqueous layer was further ex- 
tracted with 3x 10 mf CH,Cl,. The combined organic 
solvents were removed under vacuum. As detected by the 
NMR spectrum of the crude, 32r+33a/34m+ 3ti = 1.211. 
The oily residue was passed through 5% basic alumina 
column in order to hyolrolyse the resulting trifluoro- 
esters. 2.5 g (86%) of a mixture of four isomers was 
obtained. 32b, m.p. 142-43”; 34b, m.p. 11Y”; AU the 
alcohols products gave MS parent ions m/e 198 (M+) ; 
NMR (CDCI,, 100 MHz): See Fig. 5. 

Oxidutimt of 32b with CrO,&. To a soln of 0.5 g 
(2.5 nunol) of 32b in 8 ml dry CH,CI, was added 1.5 ml 
pyridine in 6 ml CH&l, and 1.0 g CrO,. The mixture 
was stirred for 24 hr at room temp after the work up, 
chromatography of the residue on 5% neutral alumina 
gave 0.43 g (86%) of 38 as colorless crystals, m-p. l lo”; 
IR (CHCI,): 1700 (0); MS: 1% (M+); NMR (CDCI,, 
60 MHz): 1.75 (d, 3H, CH,), 2.2-2.8 (m, 2H, H4+& 3.07 
(dd, lH, H,), 3.47 (bs, lH, H,), 5.32 (din, lH, H3). 
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