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Abdmc&Tk lithiumammonia reduction of the a&unsatutati bicyclic dionc 2-mthyi-A'~- 
bicyclo(6,4,O]cyclododeceae5$dionc 1 haa been found to give two isomwic producta 2u-adyl-Saxa-6@- 
ki~y~k#,4,0,0'*%0d~~a~!k~ 2 and 2~a~thyl-sOxo-Sgaicydo(64,0.0'.3dodecan 3 involv& a bans- 
anldarreaction.chcmicalaodspectnlcvidcnccarcpfcsentaltosupporttbc~stnrhms. Thestcfw 
clmisbyof2ahd3isalsodiacussed 

‘1Transannukr Reactions” ia medium ring systems is a 
well documented phenomenon.’ Earlkr work from our 
IaboratoryS kd to the formation of a ring-enlarged 
product, 2-methyl-A’b-bkyclo[6,4,0~~~-S~o~ 
1, and it was of interest to study its reductioo with 
lithium in liquid ammonia. 
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silica gel chroolatograpby of the liquid product @VC 
two product.9 (35% ykld), OM, 2, meltiq at 87q aDd 
anuthcr, 3, at WC. IR abMnpGoa!I were almo!?t iden- 
tical and showed absorptions for OH at 3sIocm-’ aDd 
CO at 1700 cm-‘. NMR showed a doubkt due to the C& 
group at 8 0.95 for 2 aad at 8 1.2 for 3. Besides this a 
broadtripktat828waaalsos&ofor3.Ex~with 
DzOwasfoundto~~rathcrsjow,tbeIiODpcakbeiap 
wcakcveoaf$rUb.Compounds2aad3werc&uwnby 
mass spcctron.Wy to have a mukcukr w&M of 2tM 

indidog tk addition of two hydrogen8 and thus were 
isomcric. Tbc fragmentation pattern was found to be 
almost identical for both the compounds. The tcrtkry 
natureoftbeOHfuoctioninboth2and3wasindicated 
by the failure to convert them to a mcsylatc or tosyktc 
under usual conditioos. However, both 2 and 3 formed a 
mctboxalyl derivative. 

‘Ibe above observationa indicate that the OH function 
rewlts by a transanaukr rcactioo of the ally1 ion radical 
with the CO in the 8-membered ring. This is in ac- 
cofdance with the l&liqmsitioo of the anion radical and 
the CO function. The proposed mechanism is depicted in 
Chart 1. 

Tbe Drcidiq model of 1 showal ckady the proximity 
oftheCatomsC,andC1andpromptedstudyottbe 
fcactioos &t&d in chart 2. 

Ibe mcsyiatc 4 showed in the NMR spectrum the 
characteristicdownfkldahiftatb2.9dduetotbeCH, 
groupofXM&-CH,.Rcductioowithlithiuminliquid 
ammoniagavealiquidpr&ctwithamokzukrweight 
of 192 as found from the mass spccbum. The NMR 
spectrnm showed significantly the absence of the 
down6eld CH, signal and also of okfinic protoas. The 
abovedataagainimplksa&ansaanukr~otof 
the mesyl group by the iatcrmed& /&x&anion. 

Two approaches were made to establish the presence 
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of a biiyck43s,ojucta& system in the produck The &st 
isthcsccondoI&rBeckmaImtransformn~ofthe 
oximcs of 2 and 3. ‘I&c +a, however, failed to give a 
nitrikbutlactamswkrcobtahnxlasevi&ncedbyIR 

The accond approach invdvcd the cleavage of ring A 
asdepictedinChart3. 

The formation of a product of the type 8, it was 
expected should be readily idcntifkd. Compound 2 
underwent this sequence of IeactioM and the lhlal 
product 8 &wed a CO frequency at 174Ocm-’ thereby 
conkming the presence of a bicyclo[33,Ojuctanc system. 
Compound 3 however faki to undergo tbc Origmrd 
reacthl probably due to structural features which will be 
apparent from a discussion of the stereocbemiatry of 
compounds 2 and 3. 

Trcntmentofeithcroftbecompounds2and3with 
base or acid under cquilii condition rc8dted only 
in tk respective starting mated8 be& rccovd ill- 

dkatingthatthccompouadsdonotdiiferinthcoricn- 
tationofthc’methinchydrugenatGSiithemoat 
stabkmodeoffua&nofa6-membcaedrinpwithr 
S-mcmhcred~is&thehydroqenatCandthc 
Cl& bead must be c& to each other. Sii the 
compounds arc not epimeric at G, they can differ in 
stelWchcmi!&y only at c,, CI and C9. It is kDown that 
c& fusiin ,of two S-membered ring8 w 8 very 
stable ~mcnt as compared to a tmru fusion. In 
bothcompounds2and3ringsBandCmusttbereforcbc 
ckfuscdwiththeCeOHgroupandtkC,-C:,bondon 
the w side of a common plane&o& above or helow. 
Inotherwords,thccompoundsprobablydonotdilferin 
stcrc4xhunishyatc,aapcoandarecpimericonlyat 
G. 

From the knuwn mode of protonation of an enol8tc 
ion, tbc proton at 6 must neceMarily occupy an axial 
position. T$c overall staeochemistry of the compounds 
could be represented aa follows: 

Table 1. 

2 - 43.602 213.81 91.237 61.037 61.037 16.699 
(1) w (1) (r) Cd) (9) 

3 36.63 
(d) 

42.264 212.54 90.229 60.037 60.637 16.113 
(0 (0 (8 (0 (d) (9) 
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. It was found very di&tlt to establish the stereocbe- 
mistry at C2 by chemical methods; so the completely 
decoupled and off-resonance “C-NhfR spectra of both 
the compounds were analysed. The ‘“C4temical shifts 
for2atul3aregiveninTable l(seealsoFi. land2). 

It is ditIicult to as&t the chemical shift of C1 in 2 as it 
merges with a group of multiplets (pi. 1) but it is 
s@ificaat that the doublet due to this carbon has shifted 
down6eld as compared to that in 3. 

It is known that chemical shifts of s&&ally perturbed 
carbon atoms (such as the l-, 3- and S-carbons of axial 
methyl cyclohexanes) are found at hi&er &Id than 
similar carbon atoms not spatialIy crowded and this 
upfield diierence amounts to 5 ppm. AR sterically crowd- 
ed groups can give rise to such steric shifts. 

The small chemical shift difference (1 ppm) is 
signi6cant and may be assumed to indicate an axiul 
orientation of the CHJ group in 3. The chemical shift of 
carbon atom C,, in 3 itself is 0.57ppm up6eld as 
compared to that in 2. 

The ‘H-NMR spectra of 2 and 3 also indicate a similar 
situation. In 2 the peak due to the CH, was observed at d 
1.12 (d) and in 3, it appeared at 2 O.%(d) an upfield shift. 
Further, the signal due to the proton at Cs merges with 
the broad peak of the -CHx protons in 2, it appears as a 
broad triplet at d 2.8 in 3. It is known that in the case of 
cyclohexanes, a large number of substituents cause 
pronounced (0.3-0.5ppm) downfield shifts when in 1,E 
diaxial orientation with respect to protons. 

Both “C- and ‘H-NMR spectra clearly establish tbe 
axial orientation of the GCH, in 3. The conformation 
of the two compounds may therefore be depicted as 
indicated. 

The faihue of 3 to Under80 Grignard addition may be 
explained on the basis of the above conformation for 3. 
A study of a D&ding model of 3 shows that the solvated 
Gri~mud reagent has to approach the carbonyl from the 
top side involving interactions with the axial -CH, and 
the two axial hydrogens. as the alternative rear side 
approach is hiily hindered and reaction consequently 
fails. Such a situation does not exist in the case of 2 
which readily undergoes Grignard reaction. 

We are currently investigating the possibility of estab 
lishing the stereochemistry by chemical methods and by 
X-ray analysis. 

Lithium-ammonia ndvction of 2-me~hyl-A’b-bicyclo16.4.0]dode- 
cenr-59-dionr I 

(a) At - 33°C. In a I I. 3-necked flask fitted with a mccbanical 

stiuer, a gas inlet tube sad an outlet tube protected from at- 
mo+ric moistum, ammonia (3tWml) was colkcted. Lithium 
metal (1.4~ 0.2~ atom) was added in the form of foils during 
30 min wi& stir&g. A solodon of the bicychc enedione l(20.6 g, 
0.1 mole) in dry etbsr (loOmI) was added slowlv with drrim 

during ab min pnd sun&g cc&ted for anott& 45 min. ti 
reaction mixture was qumtcbed with solid NH,CI (5g). The 
solution was poured into a krge dish aod ammonia allowed to 
evaporate. To the residue, water (50 ml) was added and extracted 
wi& ether (3 x 75 ml). The combii cuter extract was wasbed 
wit!t water and drkd (&SO,). Solvent removal yielded a viscous 
liquid product (190). tk analysis (silka gel 20% ethyl acetate- 
petrol) showed four spots. Tbis liquid was ChmnWgmpbed over 
silica kl (2Onl~ of liattid material). Ehrtion with 20% cthvl 

ace&petrol&t e&gave initially a very small amount of-a 
viscous liquid product. Further elution gave a colorless solid 
material, trkyclic ketons 2 (3.1 g) m.p. g&WC 

An analy&l sampk from ethyl acetatepetrokum ether bad 
ap. %-WC (pound: c. 75.01; H. 9.34. c,&& (208) requires: 
C, 74.%; H, 9.6896). IR spectrum (cbkrofonn): 3570.1700 cm-‘; 
NMR (CD&): 8 0.95 (d, 3H. J = 7 HtCHx), 1.4-2.2 (m, 13H, 
methykne protons and OH) and 2.3-2.6 (m. 4H. methins and 
-C-CHr): mass spectrum m/c = 2tB. 

d 
Further elution of the column gave a pak yellow liquid (12 g) 

which 00 UC analysis &owed 3 spots. ProceAi fnrtfkr with 
tfk ehttkn gave a cokrkss solid material, trkyclic ketoos 3 
(3.2~) q .p. itUlO6T. An aoalytkal sampk from ethyl acetate- 
oetrokum ether had m.o. 108-109T (Found: C. 74.85: H. 9.4. 
&HA (208) requires:-C, 74.96; H, 9168,. IR Sp&um~(chtor~+ 
form): 3570 aod 17OOcm-‘; NMR(CDCIJTMS): d 1.1 (d. 3H, 
Jm7HxCH3, U-2.6 (m, 17H). mass spectrum m/r=#)8. 
Furtbu elution with the same solvent did Dot yield any material. 

(b) Af -78T. The bicyclic enediioe 1(4.12g, 0.02 mok) was 
treated with lithium metal (2IBmg) dissolved in ammooia 
(2W ml). The solution was cookd to - 78” aod stir+ continued 
for 45 min at this temperahue. W&up of the reaction mixture as 
before gave a visc& liquid product 13.8 g). Chromatography of 
this liquid over silica gel ah&d tbc bicyclk ketones 2 (0.68) 
aixi 3 (0.7 g) sod a liquid product (2.2 g). 

Sodium bomhydtide redaction of the bicyc/ic en&one 1 
The compound 1 (4.121, 0.92 mok) was dissolved in 95% 

ethanol (5Oml) and sodium borohydride (0.330. 0.01 mok) was 
added with stirring at (P duriag 20 min. The reaction mixture was 
stirred overnight and decomposed witlt acetic acid (2 ml). Solvent 
was removed and the residtk was extracted with methylene 
chloride (2 X Xl ml). The orgaoic kyer was washed with saturated 
sodium hydrogen carbooate, water and dhl (&SO,). Evapora- 
tion of solvent yielded a syrupy liquid product (3.8 g). found pure 
enough for subsequent reactions. 

Conversion of the miaction pmdvct to the muylafe 4 
The bydroxy compound (6.9g, 0.033 mok) in dry pyridine 

(15ml) was cdokd in a freezing mixture. Methane sulfonyl 
chloride (11.4g,O.l mok) was ad&d duriog 20 min with magoetic 
stirriog aad reaction mixture was kft at room temperature over- 
night and poured onto crushed ice. The aqueous solution was 
extracted with CH& (2 x SO ml), tbe extract washed sequen- 
tially with dil. HCI. water, bicarbooate solution and drkd 
(MaSOJ. Solvent removal furnished a glassy liquid product 
&t&b &li5cd on triturating with petroiuoder ice cooling to 
yield the mesykte 4 (4.9Sg). m.p. IOS-107°C. An anolyti& 
sampk from ethyl acetate+tml had m.p.. ll~lI4T 
(Fouodz C, 58.6. H. 7.43. t&H&, requires: C. 58.73; H, 
7.74%). NMR(CDC!IJlMS): d 1.1 (d, 3H. I= 7 Hz. CH,). 1.62.8 
(m. ISH, methykoes and metbine protons). 2.95 (s. 
3H-!Q-CH,) and 4.6 (broad peak. IH, -_C+St&-C&). 

II 
Lithium-ammonia t&action of mesylatt 4 

The mesylate 4 (353 g, Oat25 rook) in dry THF (30 ml) was 
added in portions with stirring to a solution of lithium metal 
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(l~W))inLiquidrmmo~((MOml)~#)min.Tber#ctioa 
mixtureWasatim?dforafmtbwpetiodof lhaDdqMK!hedwith 
NH&l (29). Ammonia was allowed to evapomte. residue 
~withwrta~cx~~withetber(2~75ml).Tbeetba 
kyer was once washed with water and drkd (&Sod. Solvent 
wasdistiIkdtogiverviscous liquid (2 g) which on tk (silica gel. 
29% ethyl ace&&petrol) showed 4 spots. This was &tomato- 
graphed on sitka p1 elutiot~ with petrol &rve a ckar viscous 
liquid S (Llg). found to be homugenews on Uc. IR(Chkro- 
f&m): 17OOc& NMR(CDClJTMS): i5 1.0 (d, 3H. I = 7 Hx, 
CHr), 1.2-20 (broad m, 13A. methykm protons) and 2.2-2.7 
&oad q , 4H, -C-C& and methine protons); mass spectrum 

6 

m/c - 192. 

A&t&n of pikapyfmagnuium bnkde to wmpowd 1 
To a sohttkn of pl~~ykmgne&n bromide in ether (from 

0.198 of M# and 1.361 of bmmolwuxene) was added the tricychc 
hetone 2 (O.aus) in uha in portkns dwinq IJmk with 
magoeticstirr&Thereactionmixturewasstirrodoverni&tand 
decomposedwithsanmtedammonkm chloride. Etlkr layer was 
sepurtedand~tMts&tkn~CXtMedwithCthL?LTbe 
wmbii ether extracts were worked up to yield a solid pbenyl 
cwbinol6 (0367 8) m.p. 1%l%‘c (ethyl acetotapctrol). (pound: 
C. 79.37; H, 9.48. C,pH& requires: C. 79.72, H, 9.01%). Mass 
spectrum r&=236. 

Lkhydmtion of pha~yl carbind 6 to the deja 1 
Tbc phenyl cmbinol 6 (0.2g) was renuxed with tohtene+ 

suRonicacid(2Omg)indrybenxenefor3OminuskgaDean- 
Starhtrap.Thereactknmixturewascc&d.washedwithwater 
and dried (&SO& Benzene was removed by distilktkn to give 
the ok6o 7 (0.14 r) as a ckar brown liuuid. The lbtuid was found 
to be pure on tk-analysis sod was us& as such ior subsequent 
reactions. 

ownolysis of the ok?& I 
A soh~tion of the ok6n 7 (0.143 in dry ethyl acetate (500) 

wascookdto(randoxoukedoxypL?uwasbubbkdfor25min. 

Solvent was distilled under reduced pressure, water (10 ml) was 
added and bmlcd on a steam bath for 3Omin. The reaction 
mixture was cc&d awl exuncted with CHxlr (25ml), dried 
(hfgSCa and concentrated to yield a viscous liquid (0.10). Tri- 
tumtion with ether pave the hydmxy diketone 8 (9Ontg) q .p. 
192~193y: (ethyl acetrtbpetrokum etlkr). (Found C. 76.15; H. 
7.93. Cl&& requires: C, 76.0; H. 8.6%). IR(KBr): 1740, 
167Oc.m~‘; NMR(CDCIJTMS): d 0.6 (d, 3H, J = 7 Hz. CH,), 
LO-20 (broad muhipkt, IOH-methyknes aml OH). 2.b2.5 (a 
narrow multipkt.4H.-C-CH2).(abroadmultipletcentredat3.6. 

d 
IH. methiue proton). (a narrow multipkt centred at 7.5.3H. ArH). 
(multiplet centred at 8.0.2H. two protons ortho to -$Lgroup). 

d 
The mass spectrum had m/e at 300. 
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