
ON THE MECHANISM OF THE REDUCTIVE 
CLEAVAGE OF anti-9-PHENYL-cis- 
BICYCLO[6.1 .O]NONA-2,4,6TRIENE 

S. W. S~ALEY; G. E. L~KOWSKI and A. S. Hert.’ 
DcpMmcat of cbcmistry. University of Maryland. Cdkge Park. Maryland 20742 

(Recked in rht USA 6 August 1974: meiwd in rhc UK forpublicarion 30 Scprembcr 1974) 

Ab*rw(-Treatment of Ibc tick compound (lr) with polusium in liquid ammonia a1 co -33’ immdiakiy alkrded 
the bcnzykyckxctatctracroen dianion (C) which. upoa quenching with iodioepeatanc. gave benzykyckxxm 
(S) 8s lbc only isokMr poducr. In cof~trast, treaImcnt ol lr wilh potassium ami& in l@jd ammonia a1 -w initially 
&o&d tlx 9-pbenyimcthyknccyclooctaaicnyl a&II ((r) B1 a shat-lived intcnnediate which vu then convcrtcd to 
the a-amiaobcnzykyclooctaatetracnc d&ion (71). Tbcsc muhs. coupkd with the obscrveGon that cir- 
bicyclo[6.I.O]nona-?.4-d~cnc (121 in potassium amide-liquid ammonia afford5 rhc rir-t%cyclo[h. I O]nonadienyl anion 
Mb) which then slowly opens IO the merhylcycloocra~etncnc diamon (4b) at I P. lerd IO he conclusion that 4a I\ 

produced by a reduclivc ckavagc of la rio a radical anion w diantin 

The reduction of ci~bicycto[6.1.0]none-2,4,61rienc and 
its Palkyl derivatives (I&)‘.’ with potassium in liquid 
ammonia at -6f OT higher affords cyclononatrienyl 
anions”‘+ (U) via the corresponding monohomocy- 
clooctatctraene dianions (2&c).’ In contrast. treatment 
ol the title compound (la) under essentially the same 
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c-s immdalcly produces a deepred solution of 
dianiar & the NMR spectrum of which (at -6S9 displays 
a cunpkx multi& at 8 698-7.83 (SH, phcnyl), a broad 
(width at hatf-bcight - 10 Hz) sin&t at 566 (7H), and a 
two poton sin&t at 4.17. This dianion, which was stable 
at room temperature, was quencbcd into iodhx-pcntane 
to alTad ~kycboctatene (S), which displayal ir. 
andNMRspectrai&nticAinaUrespcctswiththosefrom 
mattrirl pfepued \y, the treatment of cyclooctatetracx 
withbauylwhium 

A priorf, thcrc’are several pathways which could 

vlbc methykycboctat~ mlkd anion has been obaved 
duin#dmm4ytkcaauimct.drcduaiocl~oflbbrrtti 
pmuu&y repmcots I relativdy minor pathway. 

Ph 

account for the formation of 4a. In the pathway outlined 
in Scheme I, a small amount of adventitious potassium 
amide effects ring ckavage to a&d methyknccyclooc- 
tatrknylanion~whkhthcnsulTmrunidcattackand 
reductive &a~ of the n&ant amine derivative (71). 
The first two steps bud close analogy in the rapid 
formatioaofCb~Rotd~‘wNetbelrstdepis 
anal+us to the putative reductive ckavagc of tripbenyl- 
methylamiDe to tripbeoylwthylsodium in liquid ammonia 
at -33”: Note that only a cataty& amount of potaAum 
amide is rcqukcd. 
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b: R=H 

+ KNH, 
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This mechanism was tested by treating la with an 
excess of potassium amide in liquid ammonia’ Anion 6a 
was formed immediately at +W, and its NMR spectrum 
displayed a pattern of signals (see Experimental section) 
which, al&nigh weak, was essentially identical to that of 
thelithiumsaltof&.“Thclattcrwasobtainaibythe 
treatment of la with lithium amide in liquid ammonia and 
is stabk at room temperature. The potassium salt of Q is 
converted to dianion 7a (6 69&7.77 (m, 5H). 5.73 (s. 
width at half height = 5 Hz, 7H), and 5.2S (I, IH)),* but 
the former anion is stabk for over 1 h at -65”. Since la is 
completely converted to 4a within IOmin at -W, this 

eliminates cbe mechanism in Scheme 1 as the pathway 
kading to 4a 

A second possibility (Scheme 2) involve8 protonation of 
2a at G followed by cyclopropyl riq~ cleavage and 
dcprotonaticm. This mcchani8m receives some support 

treatment of 12 with exces8 potassium amide in liquid 
ammonia and have characterized this anion by it8 NMR 
8pcctmn at -18” (Experimental) and by quenching it with 
water to a&d a mixture of 12 and cis-bkyclo[d 1 .O]nona- 
2.54icne. Intcrcs~, fi is converted to 4b as shown by 
the NMR spectrum of the latter SpaCiCS at 3f” (6 560 (s, 
7H), 6 2.87 (s, 3H)). and by its oxidative quenching with 
iodine IO afford methylcyclooctatetraene. However, the 
rate of conversion is relatively slow (tin (-12”) - 2.5 h). 
Thus if ttb were formed in the reduction of lb at -65” (i.e. 
if k*>k,), then tbc formcx species would have accllmu- 
latcd and would have been detected by NMR spcctros- 
copy. The foregoing experiment therefore provides the 
final proof that Eb i8 protonatcd more rapidly at C, than at 
CI in liquid ammonia (i.e. that k, > k,). 

Since the transition state leading to 8 (ii which the 
exocyclic orbitals on C are sp’) wiIl be stabilized more by 

8 
I: R - Ph 
b: R=H 

Scheme 2 

from the observation that 2b in tetrahydrofuran is 
&t&rated by CLOD at G and Ci to afIord 9.” In 
contrast, 2e is dcutcrated in ammonia-d, at C, to atIotd k 
which is stabk under the reaction conditions.’ The latter 
result SugpeStS that k, > k2 (!j&tM 2). whik this nli.&t at 
fintseemtoNkOUttheformationdIroioSchrme2, 
this pathway might stin obtain if (I) k-2 > k,> k, and 
kWl# kt for R - H, (2) kmr > k2 > k, but k, > kWz for 
R - Ph, and (3) tbc protonation and daprotonation steps 
(k, and k+ rc8pcctively) are stcreospecifk. The latter 
point is rcquhcd in order to account for the fact that 3b 
andkdidnotshowdeutaiumu~eatGasweUasat 
C, in ammo&d,,’ and finds ampk precedent in 8cveral 
previous studies of deutcrium transfer in mmplanar cyclic 
homoconjugated anions (10” and 11’3. Furtbmn~n. the 
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reversaI of the relative magnitudes of km1 and k, could be 
rationalized on the basis of a much greater anion- 
stab&zing ability of R = Ph relative to R = H during the 
cyclopropyl ringckavage step. 

Accordingly. we have prepared tIb ckanly by the 

R = Ph relative IO R - H than will that leading to 3 (in 
which the comsponding orbitals are sp’), it is not 
unreasonable to expect that kl will increase relative to k, 
on Roing from R = H to R = Ph. However. it has been 
found that geminate methyl groups stabilixc 13b relative 
to Mb (IL4 (2W) = 0.7)” to about the same extent that an 
onrCphenyl group stabilizes 13a relative to 14a (K, 

(150”) = 0.6).” Since 2t also undergoes deuteration at C, 
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a: R - Ph. R’ = H 
b: R = R’ - Me 

Wwugh at a slower rate than for 2W: it is probable that 
k,>k~for~and2rako.~astumes,ofcoune,thrt 
the phenyl group in t does not St&ally inhibit 
protcnation at C, to a signhkantly greater extent than do 
the methyl grfnip8 in 2t. This rcasor&k. althou& 
UnprOVCll, asSUfIlptioa ptrmit8 the tCtltatiVC COaChUion 
that Scheme 2 uui be excluded as a major pathway in the 
formation of 4a. 

In our view, the formation of L is best explained by a 
cleavage of bond a in la via an intermediate radical anion 
o( dianion prior to protonation (Scheme 3). The complete 
reversal of the regiosekctivity in the cleavage of lr 
relative to lb can be reaso&ly attributed to ttabihxation 
of the transition Jtate for cleavage of bond a in the former 
compound by the phenyl group.” 
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1: 
la - t,*- - 

Wr, 
- 48 

l = or - 

Scheme 3. 
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Gmtrd I.R. spectra were recadcd on a Perkin-Elmer model 
337 grating sp&ctromcter and were ob4ainal on solutions in 

0.1 nun NaCl cells o( on neat sampks in a 0023 mm KBr cell. 
Only Ihc major bands are given. NMR spectra were obt&ed on a 

Varian AdOA iostrumcat with TMS as an internal standard in 

CCL 01 with trimethylamine (&,,, - 2.135) as an internal standard 
inliquid amnWnia. Preparative glpc separa!iooS were perfWmed 
On a Varian-Aem@aph AXtP3 thermal canluctivity instrumcnI 
equipped with 0.25 in cofrper columns. Mps are uncorrected. 

Mkmannlyses were performed by Dr. Franz K&r of the 
UnivmiIy c4 Maryland Department of &e&try. 

mti-~Phnykis-blc)c/o[6.1.0~noM-2.4.6rrfr~ (la). Freshly 
distilled cyclooctrtetraenc (lO.Op. 00% mol) was cautbudy 

added to a soln d I.359 (0.195gat) Li in 2SOml ammonia at co 
-W to produce a IaWokred suspensim. A sdn c4 IO.Jg 

(0061 md) a,~ichkuotdwne in l01nl ether was then added 
with tlirringovcrabout 3Omin. After rrlningforanadditionalhcwrr. 

.t ml sat NH.t’I aq was added. followed by .50 ml of ether and 

2oonll water. The osganic layer was separated. and Ibe aqueous 
layer was extracted with ether. The combined ether layers were 

then washed with water, dried (MgSO,). the ether was removed by 
rotary evaporation, and the cyclooctatetracne was distilled in 

cacrw. The residue was chromatographed with peatane on neutral 
ahunina and recrysIallized from pentane to afford 2.95 g (25%) of 
la, m.p. 61.3-W; i.r. ICCl,): 3015.1600.150000. 1216.1081. I048.732 

and 695 cm-‘; NMR (CCL): 8 69-7.2 tm. 5H. aromatic). 576.1 
(m. 6H. defh~ic). AB, pattern PI I.80 (2H. bridgehead) and I.47 

UH. H., I,. = I, - 5.8 Hz). (Found: C. 92.91; H. 740. C,,H,. 
requires: C. 9274; H. 7.26%). 

Ckowgr of anti-9-phcnykis-bic~lo(6.I.O]~~-2.4.6rrirnc 
(la). A soln of I.0 g (OX@5 mall la in IO ml anhyd. ether was added 
dropwisetoasdnof lOnIOO26nal)Kin l~mlliauidammonia 

a! co -W. The reddish&own &In was stirred for 30 min after 

which time the contents of the llask were raufiowly added IO a 
vigorously slirrcd ru<pcnrion of 6.‘~ IO 026 mall I: In 2tXlml 

pentanc. The organic layer wac washed \cvcral limes with 
sat sodium fhrosulfafc aq and drIcd over Na,SO.. ICuuIion 15 
rlmnxly mommmdrd GIc.r if is prwsihlr fhaf on rxplorite 

snbstwtcc. nilrogtn t&o&de. may be jonned in this pnxedun. 

However, we have never experienced any pobkms.) The sdvmt 
was removed by rotary evaporation and the residue was 

chromatographed on neutral alumina with Dentme. Final ~uribca- 
lion was effected by bulb-to-bulb distillation at 0.1 mm io a&d 
0.2R (20%) g; IR (CCL): ~.3000.107?. 1028.662.732.6w. 662. 
642;m-‘; NMR (CCL); 6 7.13 Is. 5Hl. 566 &erred 5: 7Hi. &t 
3.30 Is. 2H). (Found: C. 92IQl; H. 7.16. C,,H,. requires: C. 92.74; 

H, 7.26%). 

Bcnzykycfoocrofrtrotnr IS)‘. Freshly distilled cyclooctatet- 
rsene (5Og. 0005 md) was added dropwise to a stirred solo of 
benzynithium” (from 12.0 g (OOWI mall of benzyl ether amf 4.0 g 
(0.58 g at) Li in I25 ml anhyd. ether. The mixture was stirred for 
24 h and Ihcn added 10 an Icecc&d \oln of 4 0 g I@016 mall I, 
in _XQml pcnlanc .AlIcr c:IracIion of Ihc aqueau\ layer with 
pcntane Ihe organic layers were washed with Nash, rq and 
drkd (MgS0.l. The solvmI was removed by rotary evapor&m 
and 30 g unchanged cycboctatetraenc wru recovered by diatilb- 
&on in rucuo. The residue was then extracIed with IO x 20 ml 20% 

AgNO, aq and Ibc extracts were extraed with et&r. tteated with 

aqtbWsammonia,andcxttactedwithetherrsecoadtinXThe 

latter extrrt1 were drkd (MgSO.). use solvent was mrroved in 

lXlCuO,MdlhCd4OCWSChroautqnpbad onllcutrd~ 

with pmtAtlc to aJYd Mg (13% based on wraovuul 

cycboctatctnnel bauykydoocwbw ne. NMR and i.r. spec 
tnldrcafor1hismrt~wacideatiultodrtrncadedforS 

which was obtai& by the reductive cleavage of la. 

ch-B&yclo[6.l.0]no~2.4-&me (12). A mixture of 60% l3,5- 
and 40% 1.3.6cycboctatrieoe” (90 g. 0985 mdl was added to a 
suspension of diethylrin? (from 22.9g (035rnoll of Zn-Cu 
couple,” 42.0 g (0.27 mol) Etl. and 28.0 (0.27 mol) EtBr in U ml 

ether. followed by 45.0 g IO.168 mdl diiodomethane. At this point 
the mixhue became cxorhmnic and was cooled by a water bath 

and then stirred at co W overnight. Peotane (25 ml) and IO0 ml of 

5% HCl were added. and the contents of tbe Rask were ftltered. 
The aqueous layer was extracted with pmtaoe Md the organic 

layers were washed 3 times each wiIh 5% HCI. 5% NaHCO, aq. 

and water. dried (MgSO.). cot~eotrated by rotary evapzuathm. 
and disblkd to at?ord 4.7 g of colorkss liquid at B30’ IO.2 nun). 
Analysis by gfpc (5% &pal-CWO oo EO/loO Chromosceb P at 

603 &wed the mixture to contain 2% IS.6 and 18% 

1.3,S-cycboctatriene. 36% 12, and 36% of four loapr retentkm 
time poductr wfG~b. taken tog&er. had an NMR spectrum which 
showed strong cycbprcpyl absorp&m. The relative retention 

times were 1.0. 2.0. 3.5. 5.2. 6.2. 70 and 7.2. respectively. 

Compound I2 was isolated by glpc and ident&d by mm&on 

of its i.r. spectrum with a pubhshed spectn~m.~ 
Cfroruxr o/ cls-hir~c/o[6.l.Olnnna-?.4dirnr (12) fo mdhylry. 

ckoocfottfronr. 4mmoma fJ ml) uar conden~d Iat -7R’) info a 

heavy-walled I.3 x I8mm Pyrex tube which was narrowed to 

0.6x5cmatomcndandcouldbeKlkdbyaT~oaxptum-type 
Swagebk fitting. A small crystal of ferric chloride and 59mg 

~I~5mgat)KwmrddedandIheIvbcw~s~~allOwedIo 
warm to room temp. After the bhxe potusium soln was converted 
to a ydbwish-gray color the tube was again cooled to -78’ and 
804 of a 58:42 mixture of 12 and undecat~ was injecred. The 

conrmts of the tube were prprmed to room temp. and shaken 
thoroughly. After 2 h the rubs was again cooled to -78’. opened, 

and the contenIs were inverted co~fiowly into an Erknmeyer 
Sask containing a stirred soln of IOg (4.2 mmol) I, in 30 ml 

pentme. (See coutionory nofc in fhe dercriplion of fhe redrrrtiw 

ckacugt of la) The organic layer was washed with 50 ml of 5% 

K,S,O, sdn. dried fMgS0.l. and concentrated. Analysis by glpc 
(5% Igepal-COlJ&lon 801100Chromosorb P at tW3 showed a l7:83 

ratio of methykyclooctaIetmerK (29% yield) and undecane and no 

unchanged IL The methykycloocIatetrame was isolated by glpc 
and dcnIihed hy comparison of IIS ncaI i r spectrum wiIh a 

published spectrum.” The latter shows an extra band at co 
76Ocm-’ which is not present in our spectrum. 

NMR rprctm oj ~amph in liquid ammonia Our previously 
pubtished general Iechnique for obtaining NMR spectra of 

samples in liquid ammonia I&J molar excess of base) was 
employed.” The specea of anions 4a_ 4b. and 7a are given in the 
tcx1. Anion (r (in ammcmia at -6p) showed a sharp multipkt at 6 

7.31 @henyl). a singlet at 6.17 (H,). an II Hz triplet at 495 (H.). 
two I3 Hz doubleIs aI 4.47 sod 4.13 (HI and H,). and two appuent 
I&l I Hz triplets at 360 aad 3.543 (H, and H,). The signals for H, 
and H. were partially c&cured by Ihe d 5.22 sin&r for CHNH, in 

dianbn 7r ~Anior~ (b (in &twain-d, at :&rl di$ayed a 
downtkld Pattern of at least five lines which is consistent with 
doubkts of doublets for H, and H, at 6 548 sod 5.62. 
rcspecIIvcly. an apparent 8 Hr quarter for H. aI 3 6s. a four hnc 
patlcm IntcrprcIaMc a\ an II Hz douMeI for H, al 3.16 and an 
apparent 8.J Hr Iriplel few H. at 2Il3. a 7-4 Hr triplcf aI 2.02 (2H. 
H,l. several lines in ~hr region I 2.5-1.6. and a broadened 4.6 Hz 
triplet for H. Iendol aI -0.89 There assignments have been 
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contirmcd by 100 MHz spcc~rn and by spin dccouphng cxpcri- 
ments. 

Proto~olMionI#I.cit12(75mR0.63mmol)wssrddbd 
to~~O(pOtlltiumunide(from70nrg(l~8~)K)ia20mlof 
liquid ammonia af co -30’ to produce an intense orap)c-red cdor. 
This soln was quenched after 10 min with saat NH.Cl aq and 
extracted with p+rrtanc+ Gtpc anaJysis (89t TCEP on 1001120 
c&lKMrb P at to”) indicated two products with relative 
retention times (auf relative yields) cd I.0 (5%) and 1.2 (41%). 
These were poritkd by gipc and identdicd as cirhicyclo(6.1.0] 
nona-2.Sdrenc and 12. respectively. by comparison of their i.r. and 
NMK spectra with published data.*’ 
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