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CHAPTE Rmeel

A _SHORT REVIEW ON THE METAL DISSOLVING REACTIONS
LI PRESENCE OF BASES:

Hetals in presence of bases ere known a8 a reduclng
agent for the organle'campounaa since esrly yeara, While
‘oonsidering thles type of vresgents, the first exenple which
should be talken under considerstion 1a the wsll known Bipreh

redustion, Bireh peduction™ > 19

the nane given o the
reagtion of unsaturated srganic conpounde with alkall metsls
and aloochols in llquid gamonia. This nethsd wes first uesd
for aragpbic.campaun&a in 1?3?'by'Woo&tonB, who showed thad
benzene and ite derlvatives wepre reduced by eodium in liquld
smmonia in the presence of en aloohol, whlle this vesctlon
4id not take place in gbsence of sloohol, However, the
general vecognition and broesrd epplicatlon of this resction:
was acbleved only-efter & eeries ér'invaﬁtigaﬁianl by 3&0@57
published fron 1844 onwepds., In the perforasnce of the Birsh
raduction, s number of experimental verisnts have been pro=-
possd which differ from one another by the ratlo end order aof
gdéitl@n'of bna‘reageﬁta‘dn the alkell mebtal, the ammonia, shd
the aloohnl = gnd also by the presence or abienea of supple-

nentary solventes, Since the resction wae ogrried out in



liquid aumonia, its temperature range'qaa deterained by the
bolling and soildificetion polints of samonle {from -34%3 to
~80% ), According to Blrch methaﬁg, the elikgll netal « sgodlua
or petapeiun was sdded to & wsll stirvred mlztura of ean
aloohol {teken in cStoiohisemetpie amsunt with pespect to the
netal), liquid amunonia, and the substence to be reduced, The
methsﬁ‘wa-'applicnble pvgaaminnﬁﬁly to simple aronstic com-
poundss foé msﬁa caﬁpiex acmp@uaﬁa_(metbyl e:égr‘cf hezestrol
Iand estradiol) the yiqlﬁ_fell aharplyg nelaly because of

.tne 1ow aolubility of the aampa@nés to b; radiced, The modle
:£1cat15n bas baenrfaqﬁd applicqbie guinly=far the reducsisn
vbi’ gmlycs%clic dexaivut’;i.venv ::f‘qn;sﬁla, prinary steornid

sstrogend,

Rageld gud gawarkapale.abaeﬁvaa'that aramqtia pyé-
ters c¢onld be peduced by litﬁlum in pressnce of ethylene~
ﬁiagina; This wes the firat nothasd #a2rs aluell metal was
ugad 1n presensy of bese without taking aloohol as aolvent,
The suthors observed thet ia thie vaéualng EyBien sponetic
Ppipngg were reduced to adad sleé&mﬁ and ﬁu eyclo pareffin, It
redusad phensls, cleaved ethera, raduced kotonee to aleshols,
seetﬁl&nﬂs, topaiagl and ioterual olefin to alkenes, The
poastion wae atudied in diffarent acnditlion changlag the
anpunt of ilithivm or ethylene-dlaniae, I waa obzerved thab

tho eoxbent of paductlisn inereased with an lauopesde in ghe



smount of 1ithlus used &nd ogaln addltion of the 1lthiun 1a
partiona 1uaraaaea the anoant of reduetien but in e very
slaw rete eauaeﬁ & éecwnue in t.ha yield af raaueeé naterlale
Tbe authapa apglica the raaatiun on o numbe? af sompounds

as sbown in the fallaﬁing (tabla-l):
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Tablew=1(Contd, )

* T Tii p } B
Starting  § Conp. § male ogthylaneg Feoducta 0 vislds ¥
naterisl ¢ solas § coup, g disnine

S 9 anles (al.} | 0
Heptene=l 032 1,0 300 heptane 43
‘ - heptene«2 13
Deconoel 0,30 2.4 150 decane 472
densnss with 1%,.8
internel Aouble
bond
Heptene~2 0,40 4,0 378 heptans 8l.8
heptenssl absent
haptenss with 26
internal double
band
Hoptyne-l 0,20 10,0 200 heptane 50,9
. heptenesn sbhsent
heptyne sbsent
Dotena=1 0,40 3,0 375 octene 84,8
ootaner with Jed
internel double
bond
Getanesl 0,40 8,0 375 sobane 76,5
cctence with 125
internal double
bond

¥rom bable=l it was foand thet terainsl scetylenss
and both éerminnl end intsrnal slefins were roduced to alks«
Anés by lithiun end othyleons dlenine, In contrast Co sodiun
1o liquid samonie, it reduced acetylenss to oleflns but not
non confugated internsl olefins at all acd reduced termingl
plefins snly in tho presemce of a‘pésban donar. Under condle

tions, Jthiua in ethylene diemine whers teralnsl olefls wee



not éonpletely reduced but entirely isomeristed t0 luterngl

plefins, It was also shown that the imonerisstion was ostaly~-
ol o

sed by the anlde HoNwwCHp=(Hy=-NHIL.

1 gpplied the reactlon on tpie

Corey and coworkers
terpennid observed that selectivs reductisn of slefinic dounble
bond occurred by the use of lithiun in presence of ethylens

 dlanine, They obtelned compound 2 from compound 1,

HO /

3

Regel mnd coworkerst® studled e nunber of reastlons

2

ueling lithina 1In presetnse of sthylene dismine on different
organic compounde contalanlog double bonds, The suthors nbsgre ;
ved isoasrisatinn of nlefinle double bond az well as dehydroe

genation scourred durlag reectlion condition,



32,

Taonerigsgtion »f termlngl sleflns to 1nﬁern@l olefins

#ien metallic sodius was gdded bo ethylene=~
diaminga at a teapergpture of 809w~115°, there was g rapid
“regction with ewvnlution of hydrogen ges. A dark blue usterlial
formed at the surface of the metsly when the solution wes
stivred the colour qulckly epredded throughout the 21q§£d« on
continued heating the blue caanué gredually faded and digspp~
egarod léaving a ealpuriaaé or pale yellow'soiuhi@ni They
thoupght thet lithlun lu presence of othylene disnine farméd
first Nellthlodianine 3.

I + HoN OHpOH,WHp weweasy #Hp + BNOH;CHNE 11

3

L

The Nelithiowethylene dlanine 3 thue formed was
responsible for isouerisation se catalyst, When 1lwoctene was
heated with a solutlion of 3 in ethylens ﬁiamihe, the msterial
which wae recovered (907 yleld) consisted ontirely of inter-
nal olefine, Neither lwootene nor nuéana_wae detected. In the
agie ngnoer 4=nathylecyclohezone was 1aaﬁevised,ta lemethyd

- oyolohexzene,



» oL'uens

12,

Dehydrogeoation of eyclic :diens:™%y

a2 observed thet when 4-vinyl

Aegel and coworkers
cyclohezens 4 wes added to & solutlon of K-lithisethylens

diamim- 3, there wes g repid evolutlon of hydrogen gas, The

' product obtalned lu G7% yiela_,' cgonslsted entively »f ethyl

benzene 7, The dehydrogenation resction wee epperently
gensraly d-limonene (l-umsthyl=4 ieopropyl pentyl eyelohezens)
and K ephellendrene (Z2e-methyl-feisopropyl-l ,S-Gyalshe;z’n“
diém) both ylelded pecynene, The dehydropenation raesction
with 3 wae os@entlally quentitsgtive 1n s fow slnutes at
100°¢. The resetion wes done with sodium in ethylene-dlazlne
alzo bubt the rete wgs found to be glower. There the compound

HoNCHAOHipNiNa 8 was formed a® ot interasdists,

Hechanlen snpeoeted £op two regotionsg

The authors suggeeted the following mechenlens for

the lsomerisatlon e well a8 dehydrogenntions:

RwCHg=Cliz=Cly + (HoNOHAGH,NH)

I

(—

| " (=) H, NCHQCHNH, -
ReCHe=CH— Oy gNCHaCHy .3; ReCHanCHeCHy

+(BoNoHpeuaNE))
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They were ungble to describe the mechsnisa in
view point far the role of netal lon, It 4ld not seen 1likely
that the strusture of 1lithlun end sodium eoTpOURds were

different or thet the high éiae@sity of the solution of g

would be mo greet for en effect upon the rete of iscmepi-

sgtion., The rosction wee dlecussed in an meamfgleta viaw

polnt which considered only anion pert.

The mechanisn for dehydrogenstion of dlens, the
first step for 4=vinyloyclohezene 4 was considered to bs the

izonerisation Lo & conjugsted dlens §

Hecu‘?-fi CHp=CHg QHyCH;
s 5 2

Thia was suggested by the fact thet £ would not
dehydrogenate d=limonene {where the bonds must first lsone~

‘rise to g conjugeted gystem), but would dehydrogenate

X =phgllendens (where the double bonde were alresdy conjugebed).
Both 3 and § reedily reaoved protons froa eyclic conjugsted

disne whers by S wmust be a slow process,

The path from § to ethyl besnzene 7 was explained
by the bidentate cherscter of ‘ethylenediéﬂiée aade 1t



possible to vissuelize = concerted resctlon in which 5 and
3 formed & cyaMc“ iantercediato.
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. Tyagl , chatge and fﬁzaiﬁtacbmyyam sppllied the
reactlon of lithiun ln ethylensdlenine on different tevpeuss,
They found terplnolone B, perillyl aloshol 2, and csrveol
10 when 't‘reatad. wlth the resgent gave pecyuens 11 in good
yield, Formetlon of g*cjmené il fron earveol 10 p:easumaﬁl;;.
_praceeded through the conjugated sloohol ;g followsd by dehy=
dration, In case of perillyl alcohol 9 becsuss of the absence
of &n « ~hydrogen, the sllylic double bondsmust heve isozerised
followed by dehydratlion snd resrrsngement to fora 11,

o\

CHnOH

i
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The authorst® siso ezanined the behaviour of the
‘reagent on oany ﬁevp‘éasida «esnﬂainiug cyelo=propane snd

8 gorene 13 gave in guentitetive ylelds

ayolobutane rlogs, A
of ocymenes which froa oamﬁm&aﬁiv'& mb analysis wor {found to
be a nizture of p-cydens 1l end m-oyuene 14 1.e. the cyolo=
propane ring haviog been opened 1o two way® in conformlty |

with the rveaativity of Agﬁearena.

s i 18

_ The sgeequiterpenes like Y;-eadi’neane 28 vhen troated
with the sane ropgent converted to celeninine 18, Préawnnbly
with zﬁigzwatian af th& aethylenic double bond escross g ring
fallowed by eroustlization of pue of the rings., Avoustizatio
of the other ring could not be effected by repestlng the

troatnent or usling excess of the magam:;

NS
16

-
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The regetion of 1ithium in ethylenediamine-iaé
eztended to bterpeus ketonlc systems, The possidbllity of
using 2 nonoethensid ketone through ite potentliel senolic form
to plve e phenol on dehydrogenation was exanined. The conjue
goated ketone dlepiperitone 17 on treatnent with thie reggent
renalned unaltered and did not form any thyzol as night have
been goticipaeted. The unaaﬂjugated ketone isopulegone 18
partly(iacmeﬁizea to the conjlugated ketone 18, Carvone 20
containlag tws double 6ands,haﬂevar, gave a quantitstive
yield of canvaarbllga.?ﬁvom'thag it was clear that aronstis
zation of a ketonic aystem of the p-menthone eeriss, the
pregences af.twn double bonds was essentlal, It wes alss noted
that though lsopulegone 18 partlally tsomerised o the ann-
Jugeted Retone the double bond ian the eorprespondlng alochol,
l=opulegol 22 did not migrate; the migratlon gppeared %o have
prevented by the bydroxyl group,

{5/
S/
I8
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The reestion of lithiua In ethylenedlsalne wae
elen ezxenlned by the seae sutaoradd on the scyelic systeus,
The monoethentld alovhol citronellol 23 reaslned unaliered.
Ho nigration of éauhia‘bsnd to give vise to an allylic
 aloohol was notlesd. In the caee of geraniol £4 the allylio
double bond sctuslly nlgreted away Lrom the alélaiaalﬁ.a £roup
to furnieh the conjugated dlene alodbhol 28.

Ofiy

 CamOllemOll =Gty G~ CHig0H, 08

{

23

o

S

NN S
/G%Gﬁﬁ@ﬁmﬁﬁwﬂﬁﬂg%wﬁﬁgﬁﬁ

28
Lithiun 50 ethylenedlsaine reaction we2 epplled

on ohe scyelic ketone 26, whieh gave the fully coajupated
dlenone 27 avideatly forned ﬁhﬁaugh dehydrogenation, but
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because of it unstsble noture, 14 conld not be lLsoleted
in puvre foram. The Impuve mpeclaen gave charsoberlatic
galour regatisn, showed expected U, aboorption =

A qax 225 ma (€ 4385) and 266 na (€ 857).

¢ Hs

r /GaﬂGZI— GHB ﬁﬁeﬂf} \\
4
28
£,
\ , . 7 o
/OszGH”ﬁﬁijE’i—“Q \
21 c

Smith and coworkerstd obsarvad the debydroge.
artion of elipneéia and apomsgtia elaohols to carbonyl
sompounds 1o the presense of &ithiam setrl in athylene=
aiamine;'fha rezult of different rescitions are sunceriged
. in table«2,
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Tablew=D
Aloohol ' garboayl product gﬁﬁgield
Cyalohexenal Cyclohexanone : Ge
genethyl oyolo= genathyl cyclohezsnone ' 38
- hexaool '
n~pentyl sleohol neyvaleraldehyde 68
2«hezxgnol n-butyl methyl ketons 45
2-phenyl aleohol Phetiyl soetaldehyde 25
lephenyl ethsnol  Acebophenons 24
Benzyl sleohol Benzaldohyde 80
Tyagl , Ghetge and;ahaﬁtachaﬁyyala obeerved

thgt ilthloethylenedigaine wes an excellasnt resgent for

the partial sromatization of cadinenic terpenens. The crysta-
1iine aloohol khusinol 28 on treatasnt with this peagent ylelded
the hydrocarbon 233 the purity of which wes evidenced by a
single pesk st the VPO coluan, 4% the foruetion of the hydro=
carbon 22 lnvolved the ellinination of the hydeoxyl group of khuw-
§inol it nuet be represented by the atmc}tupe £9 and not by 16, a product
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‘which wag previously sbitalned by the dehj&pgggenﬂtian of
fl-'caﬂinene A5 by this reagent, Siallsrly oo treatuent
wlth the resgent the cryetalline slecohosl khusal 30 afforded
she partlally arsmatizeé aloohol 31. Faoraaetion af‘saeb'a«’
‘product retalnlag the bydrozyl group intact wag not normelly

posalible during aahydnsgéﬂatinn using conventlonal reagenta,

o

CH,0H
| CH,0H

R

F‘-ael&nane 32 under the sgue condltion showsed feclle trgns-
£ormation to the hetepaannulsr diene (+) O -s6llnens 33,

This dlene oontalved oonly one sesyuetrle centre with a

0 £
g 8 1 § Jén _ LIOWT Beman
_ O:lIVESSITY LiRaars
: FEB 1985 : o S RANYOTr e
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P -oriented nsthyl group at O=~10, Chaulanoogrio seid 34

having disubstituted double bond wss conpletely converted

_}(cﬂe }a5™=C00H | —(CHg ) gCO0H
34 |

33

to Leoohsulmoogric neld 35 having trisubstituted dounle bond,
when rssobed with lithloethylenedlaulns,

Bausel and Herried® observed shat 1ithlated deri-
vatives of dignines eould be ueed to metalatg-a-vapioty
of weekly soldle camp@unds. H=1ithisethylenedlonline reagsted
suoothly with a verlety of anines like anlling, diphenyle
gaine and hyﬁpaearbans llke florsne, indené, phenyl ssetylene
otos, ad yoonm tenpevé%ara. In general the product iaalaﬁsd
wad & 131l erystaliine &olid ooaplexz of lithileted derivative
wilith ethylensdiamine, Lzeaptlions were sbassrved in the osse

of suebylenes. Whon spetylene wai introduced into a slurry
R + HpgWOHGHNELL ————2 RILNHaCHaCHoNHp

of i=lithloethylenedlanine gbove the Gscomposibtion teapera-
turs of llthlum goetyllide «- sthylensdlgnine s solld product
obtained which contalned 87% dliithium scetylide and 135
ethylenediguine,
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The basis for the resotion betwesn hydrocerbon
and aatne with ¥elithivethylenedianine depends on tuelr
relative goldities, In tho abesence of other effects, the uoat
acidic hydrogen ston of the hydrocarbon or galne must be

acidie then the a8t soldic hydrogen on ethylenedianine.

Complex foruetion wes glso coneidered to be an importact
factor in the overall pesctions

!

RLL + .ﬂgﬁclﬁg{)ﬂgﬁﬂz E— RL!NGH‘EGHQ

The eéﬁplex-mighﬁ be prepareéed lu an ond step |
process fron lithlum netal in hydrocerbon salventa, since
the H#=-iithiocatinylenedlipnice could be prepared In situ,
wWalle using one step process reductlon of the hydrocarbons
could eamplé%e‘with aetalation becauss of the potentirlly
redustive sature of Li~disnlne systen. Bﬁt indene snd
flofinene could be reduced by lithlun in dlasthoxyethane,
If indene was prasant initially in the preperstisn of indenye

21 thun@iemdre: eouplexes.ivarylog euotnta ofireductlon to lndens

-



a8

eould cccur depending on the diemlne employed, Indene reduce
tion oould be evoided by preperiog lithlated digmine bofors

intradusing indene to the systen.

Sodlun powder lnstead of lithiva powder war also
used for metallation in preaence of et&élenaaiamine. Appa~-
reatly Nesodioesthylenedlanine formed .at the metal surface
aaking it reslstant for further attack by ethylensdiaaine.

If however an sppropriate ﬁﬂreaagéund was present to resct
with the fovaedhﬁmsoﬂisathyléaeaiaﬁine, freah rnetal surfacse
waa_aigvaad snd ovérall reaction proceeded to oémpletxon.‘aeew
tylene hydrocerbone rescted with sodlum and ethylenedienine

in tslune ai 3S°ﬂ to forx the qgrraapanding sodiua acetylids.
Anlnes would not regtt with godlum end ethylenedienine

under eny -¢onditlon tested.

Herula gnd Sukh Dev:’ spplled the resction of I in
presence of athgléneﬂigmine for the isonsrisation of cgclm-‘
sudensl 36 on exposure to Y-lithisethylene dlanine at 120°-125°

gave the isopropyledene 1 sonep 37 1in 928 yleld
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18 reported that sterically

Barton and coworkers
hindepred eleshéla wars conveniently and afficlsatly conver=~
ted into tha corresponding alkencs by metal anlne reduction
nf the derived esters with cerbozyllic acid. The only #lde
regetlon wed the regenerstion of the aterting sleohol. |
Diffepent regotlon whleh were done are summeriged in tabls=3,
The vendlly aveilgble scetate esters were sdmirsble subztrsts.
The suthors used mainly lithlum in ethylanlne as the reduce
&ng_ayiéem, but other ueteles (Na, X) and other suines were

ales effective.

Tablge=3d
ms«rm.ng ﬁazt;cr&al o § Proﬁ@ct (% yield)
1. 3P, 6 /3 aiaastaxy-ao( « B« échalesi;ﬁnpva £ o1 (£6)
sholestane "~ BA =gchinlestane=3 , 6f-4a1s1{%5)

2. 8P 6P~ dlecetory=sk « 5% ~choleatane=5/3 =51 (60)
¢holestene B -caalae%anawk\:i/& ,6 /3»— dtol(25)

Js B /5 »0 p- dibenmy&ony- 8K -—cho.’i.estsne-ﬁ@/-” +8 /3— aiol( 80)
1 g wonolaatane , (

4. 3P ,_63/3? - diforsiylozy= B »olinlest gna-&g ,u/3 ﬁiol( 86)
S =cholestens il
: il

— _ -
5. 3,8 /5 anambumnymazy- B & ~choleatane=3 /3 = 01l 1)
E»o< "~chiolestone So(-obmlestune-fsﬁ ,,6/! diol (55)

i
f
n
i

|

b
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Pable~=3(aontd, )
Stavtlng ¥Materlal : g Produet (¥ yield)

8. 3P 8P ~diforaylozy=5X « 5o =cholestane=3 -»} (71)
chofsetane : BxX ~ghslestane=3 4,55 ~dlol( 19}

7. 3P 56 =dipropansylozy= 5o =cholestane«3 A -0l (15)

S« =sholeatens . Bowshinlestene=3 3 54 zak) (61)
8., 8P ,6P ~aipivaloylozy- 85X wgnslestave=3B ~o2 (78)
5% woholestane ' B =gholestane=33 6 ~dtsol(16)
9., & /3 29 o =8 gnotoxysholenw & A g olestangnd . -01 (86)
tans cholegtane=33 ,5o(= alol (&)
10, 8P =5% =5 stiplasotory gnolesterol (81)
© cholestanol Cholastane=3 4 69 ,6/ ~triol
13. 8 ,aae-ernmmamamso(@ 18 & woleansne=3 3 ~ol (85)
aleanane
12, 3 ,0B-dlaoetoxy~5o - B o =lanostebeane3 S wsl (75)
lanost=Saene 8 f »lanoet=Gwen=3 [ «25-d101 (10)
.13, Capyolanslwol-ssetabe . Beryslans (30) i'

Exoept for entries 2,4,6 snd 8 (X-Bl Su,-le-crown=g), .
. ‘ o
Li“EﬁﬁHg wor used, PR
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Fron the sbove table~3, 1t was clesr thet scota~
teg of sterically hindered secondavny alcohsls and of tave
tisry slcohols were redused by ilthium in ethyl aulne to
afford pradontoantly the corvesponding aakanes.rather'than

the parvent aleshols,

Raduction of esters of tertiery sleshols by the
netals in prosence of burges fuggested the authore to
sspune in favour of & mechanlsn of the resctlons lovoldving
pedlosl fragnentetlion of the loiltlelly foraed redlesl lon
38 1o schese 1, Moda {m) and thence deoxygenatlion, evident=
ly becsne the favoured process wher cleavage of tha Gw=Dd
bond le gpttended by s sufficlent release of unfavourable
sterlc intedactions, Otherwise node (b) was preferrsd and
the-aleahgl is pegonarated. Under the resotisn condition,
reductisn of radiesls to the corrstponding carbanions muat-
be raplid, Thueg the {opmatlon of cholegtersl by the redus~
tion of 3/5,5<(,QPA~trigagtoxy-ahalestaﬂa wae probsbly the
result of dlsplacenent of the ssetate group Lrom J=-6 by
& carbanion at 0-=5, Tae fect that reductlon only ooourred
with estere of sterisslly hindered alcshols confiras uposn

thie nethod of selestivity for deozygetwtlon procsss,
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Schenew=l

: “| , ) | -
——}: > + OzuCemh =0+ R0

Deshysayes anﬁ_?etalg
tion exguples of ﬁlky; getors to alizane? by uelng sodiun

aetal in presenee of hexemethyl phozporic scid, The ellyl

reported a nunber of reduce

~ esters of naaﬁl, heptyl, cyelohexyl, bornyl wae ezxasuined by

the workers, The mechanizn whish they proposed similar to

the previous workers are shawn in Scheme~=2,
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Tertlavy butyl sloshol uas addad ii:l' e raaefzz,i‘:m uizdure
a8 a proton souvce,. Hadueilon of tepiliasry esters gave the
corresponding Aalkane granditativoly wheress prinary and
secondery ssters lead to nmizturs of the corresponiing

eliane and aloohola in good ylald.

. 00
Sengupte aod coworkars” loveetigsbed the rasce
tien of lithlum in cthylendienine on triterpencids heteros

sonuler 1,3 dlene, Kedustion of 25-norfriedolesna=?,8(11),



diene3? (0,18 g) wea done in & solutisn of éthylenedla-
atone (20 z1) with 11 5htan (G‘E_g)eadad 1n sanll pileces
wlth stirring under nitragsrc stuosphore and the mizbure
war refluzed for thres houre, 5olid amuonius chloride was
ndded and the oixiture wes mcidiffed with oold 6N HCl. After
work up thoy isnlated éﬁ-aav-fried*alaannne, 40+ It showsd
negative TN test ehowing the gbmemnce of any double bond
which wae supporied by ﬁﬁﬁ‘amé iﬁ gpesctrun,. 50 the diens

systen was oconplstely reduced,

30 _ 40

Réua%ian with ilthium i ethylendipnine wos
reported by‘ﬁengup$g §§'£l ﬂﬁ glata=1(20), 5 dtenyle 3L
asetete 41 end the produvcta obtelned were a alzturs of
devzysenatod and hyﬁnalyaéa producte, The producta wero
rospectlively glut~5(10)=ene 42 and glut=5 ile) ene=3 P -
ol 43, When mulsiflora=7,3{11)-dlenyle3 P =scetate 44 ware
sinilsrly reduced they isolsted two coapounds lsonuleiflorens
45 and iep— aultiflorsnsl 45. ‘
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Berton and soworkers®? studied the deoxygene=
tisn of carbozxylic estere by slkell netels in organic
bases,. In the previous worke by the varkeraza it was
obssrved that typical dlesters 47a and 47b gave SX =oholeaw
tan=3 > =0l 47¢c (60 and 79% yleld respectively) where the

uore hindered ezxisl (6 ) erter was sslectively déaxygﬁuatod.

o

478 , pt = Fa Oa0

47 , B = 2% = Bu ¥oo,
470 ,Rta 08, 8P m
47a , r* = ¥ u %00,
27¢ ,RY = 8, 8% » onm
47g , W= 7% = OH

a7 , BY = ®%00,, 8% s &

Thae pecent works by the auﬁbspasl showed that
the sliphatio or allyoyclic esters nonmél&y regct by
nods (a)le provided that the mediun s nuclabpbileéfree.
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Adenantene~l=carbozylic esterz of stersls wars takeun for
study., Adanentans carbozylate esters 43a and cyclic

carbonntes 45a and éﬁb.were:raﬁueeﬂ'by'theié eddithon In

X
= H? X
48y, X » COC1 488, X = CHO
48b, X = COuH 48f, X = CH(=0)0 or qa(—a) N g6
488, X =» Q08 48g, X = 005 Bt
484, X = GONHBE . 48k, X = 0Oy LoHy A, He

tetrahydrofuren to potassiun and l8worvown <8 in t = ﬁatyla-
nine, The praéuéﬁﬁ whicﬁ’uere‘obtaineé In the reéuctian of
onteps are suanerized in tablo=~4, In tablo=~4 resctiona
1,2 and 4w=7 aevefcaréi@d ous using potassiun end 1l8-cprown=5 -
in t-butyleaine &b roon teéperature and resction 3 with
11thiun and ethylamine at 17°%.
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Tablewed

o " I . -
Substrate é Produote (£ yleld)
1. 474 478 (@5), 47¢ (2‘7), 47g (8)
«m‘ {s) ' 46&: (%*)
2. 48b - ﬁa~rag@tian
5. 48 48e (51), 48b (10), 48 (9)
4. 48g + 4% 47c (69}, 472 (15), 48b (85)
5. 48h sie(mag)mofi (83) Melog)y, Hel4l),
» 22 48b (50)
6. 49a n—ﬂsﬂmeﬁ(x JoHGY, X2¥=040 (67);
— Xl , T=0AC + X=08G, Y=tl(5)
n—caﬁl.,aa(x)cﬁg‘x. Xa¥=0A0 (35);
7. 48> =i, Y=00¢(R6); X=0AC, Y=l (8);
a=CgH, ,Cl=0H, (5)
o \x
98, X = G )
48b, X = 8

In the redustion of the estor 47h the producte

. which were obtslned ere sumnerized in tTable-=5, In table—5,
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resations were ceryrled ot st 46° 1(1‘;,3“} » 20 (Boms ),

17 (9=~11) or » 73°0 (8) in tebutylealne and THF (l==3, 6,7),
tebutylgnine witix potessiun (4), 1,2-dlnethoxyethane and
Lodonethane ‘(ﬁ), THP and tebutylecetste (11),

Tablee=5

, _ 3 —
daount/m. nol of )
Bater (47h ), motel, % yleld of products
18 erown=o V &i8 4o 4ep  4Be  agd
1. 1,04, 38, 11 . 43 57 96 2 -
2. 0.8, (3¢-28), sz 68 @l o -

(o+a) . ,
Je 103, 13,4 43 a7 8¢ 0 -
Be  1a20, 28, 7 B0 57 02 0 -
Ge 1402, 35, 6 27 66 77 5 -
Te 1o4, 35, 6 18 81 71 0 -
8. 1517, 28, 0 1 03 0 59 G
De 1415, 22, O 7 88 4 4 82
10, 1,17, B7.2, O 4 84 4 65 0
21, 1,03, 68, © 8 92 2 20 51
0 58 0 66 0

32, 0i85, 100, O




30

In all cascé peduotion of eater 47b gave
50(aéhalestaae'222 aod mpcld ggg-uitu the lavtor subatan-
tinlly predoninating, The possibility that thlis ﬁifferesae
vegalted from'aaapeéative‘hydpa&ys;a by sdventitious’
| water was unlikeldy slnoe vigorous drying was ueed gnd in
_ entry 5, (5able=5) Llodsnethane was gdded before the sster
to scavenge any water, the ratis of £72 @ 48h weg not
ineressed, The yislde of s0ld 48b and alkéna QZQJware
decressed at lower tenporature. Decaygenatlion wee g minor
-pethway on lithiua=ethylamine radustisn plviasg 47c end 48d.
"In the presenss of excers clectrons or ot low temperature
botha trhnéegylatisn (glving 484) and radicsl anion fregew
mentation {givieg 47¢) were suppressed and the two elea~
tron 2auvéaﬁitwalana'graaaats;gzg,and 40c formed. Entry 4
of beblew=i showed thet ostor dessylatlon by an slkozlde
cﬁmgstaﬁuwlih reductivn,. In eatpy 7 of teble=wf predoai-
naonoe of pricery scetate waz cpnsistent with deozygenation

via the redicoal eulon, not the dlanlion,

ﬁfﬁ«~ - Baprton and cowﬁrkaﬁagg'atudieé that priagscy and
aeoéaﬂary ploshole could bo eenlly deczygonated by the
raduetion of thalr dialkyltmlaathiaaanhonyl derl vativaos
with potaesinn gnd l8«grown=8 to produce ﬁhe_gsrvéeponaiag

alizanes,
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47s, al=rPuon0, 508, Rianfaltes.08.0,

470, H }sﬁ'{, Bl B0, At RQ HENHLCS,0
47e, Rlaran 50s, Ria mg-at@ug}a r
472, R aﬁ, B2 OH . 28,0

I
47g, W=alaon 503, B mcfig-(mza 4 =T1=02,0
R =H
80s, REsRb,H0S0
RP=l '
Rzaaiﬁ' ,

Heduetlon of dlthlogerbonste 50a and thiscar-
bazates 50, 500, 504, 50, 5Of and Hle were done with

potasalun in t-=butylenioe solublilised by lé=sroun«G. The

products waloh were sbisined ara ahgwq,in teble==,
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Tableems
gntry § stevting ) Praducts C% yield)

nsterla. b

| 7 0
1 58 gzg_(aa) g7clae), 47g(s), evr(e)
2 50 475(45), '470(18)
3 5% .  a7als2), 47£(15), 47c(12),474(8)
4 504 ’ 47e(72), 470(14)
8 E0s 470l8c}, 470(8)
6 508 470(58), 47¢(40)
7 50f gielB2), @7@(19)
8 MelCHy )y, 0,08, N5k o cilp) 1e(s7) ,rae( : )1«,-»011( 12)
9 ~ Bis B1b(856), mo(u)

4811 reductionsg wure done st room teapersture

oxeapt eptoy=7 whisch wae done av-30°C

i 1 Ash, ReBtoNeGse0

ﬁlb R OH
B¥6, B=H




The prinery snd sscondary aloohols wape thus
easily'deozygenatéd by thia method of Berton and his co- |
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workerg™™ siose the thiocarbauate derivatives were easily

obtainad from the oovvagyﬁadiag aleshols,

Senpupbe and m{kaemﬁga exgnined the rescblon of
11l in othylensdienive mh tyitevpene hindored ssters. They
observed nethyl ssters of olsanolic asld, cratepollc acld,
vrodosavple soid, urssiic scld were hy&valyagd'iuving-iha

resction condlition mnd tho corresponding ecids were obialned,

Barbon and Gswavkeyagg

obhsepved fron the previsue
521,82 |

work and with sone mdditionsl worlks®® that stericplly
hindered esterz wore denzygenated 10 presence of group Ia |
aetal in bases ghlle the nsn hindered esters pﬁoducea the
corresponding sloohal, At gnblent tempersture the principel
pathway on the diesolviap notel reduction on slkyl carboxy~-
1lic ozmters was the foraation of alkene snd carbozylile
scld anlon. They demeribed the pethway #s the slkyl~

pRygen cleavage of the ester redicsl lon, They studied the
reduction on sterol system where dlesters were taken in
storically dlfferent environnents. The conpounds $2 end 53
‘when treated with lithiun in ethylémine the products 54, 55
and §¢ wepre obtalned respectlvely. In compound 82 end 83

the ecotozy groups were In aiﬁfi’@xrent sterical environnenie,
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Possible mechaniang for the deoxygenation ave
ghown in Sohene=~3. In pathway {a) the 1nltlelly foraed
radicel anion fragneats to glve an elkyl redical and
serboxylate anlon, Altersatively, in pathway (b) the radi-
cal anion was further raduced to the dlgnion which then

gollapesd to yield a corbanion and eapboxylebe snion.

Seheane3

0 o
RgeeoR 2oy Aleeeeon ), Rleg0 ¢ 7
4( b) | l +e
gﬂ
| . ‘

l@ﬂ*

Aol

R

Redustion of 3/ ,5« =oyelosholetta=s =yl acotate
57 geve cholest-S5-one 88 (85%) snd 3/5 5 A =ayclocholen=
tene 53 (16%). Thls result was conslatent with the voocurr-
wnoe of pathway (a), sivcoce the repld resrrangeawnt of the
3/5 » 85X =gyolocholestan=56-yl radicrl would form stable
cholest«d en -yl, padicald
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57 Ohe

-

5 X

L

4]

Theformation of ohleat=5 ene S8 was presunably

the result of dleplacenent 5 the acatoxy group from Ge=d
by a cerbanlon at {==8, '

Those peductiong supported the fact thet the
deozypenation nscurped predoninetly, vis the {ragsentation
of the radleapl gnlon (dcheneew3),

Both pathwaye in echens-~3 required that the
eyl conponent of the ester was releesaed at ths cevboxylate
ozidation level, This polnt was established by the azpepi-

mant ri ylg. the paductlon of edanantens=l=parbozylliic acid 48
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wvas gtudied, Controlled raductlion af the compound was
#tpble to tresbtmont with potaesium snd 1Regrown~d in
t=bntylanine, Prolonged raduction of the componnd 48b gave
sdenantanesl-carbaldenyde 48a and gdengnten=1 yl asthanol
28¢, in sdaition to rscovered eold ggg (20%).

'r:hév reduation of 5o cholestane=5/> ,6p -alyl~
bie (ndaaaﬂtana~1vaa?ﬁnxylaﬁa}ggZQ»gave sdaaantane=le
carbozyllic acld 480 in 928 yleld. The yleld of the eold
‘war highsr then that of ﬁé@ﬁ?ﬁﬂﬂ&ti@ﬂiﬁﬁﬂﬁﬁaﬁﬂﬁ Gomnpetltive
hydrolysise of the ezter by mdventitlous weber 0muid hgve
scopunted for th&g fect, but sesned improbeble in view of

the ppecautiaaﬁ takzen Lo ensure anhydrous condltions,

%heﬂpraéene which competes with deozygenstion
and in which the stsrting sleolinl was vegensrated assuned
to be the dessebyletion 92¢ the ester by sone sther neusleo-

phize»ﬁu‘@ The procese ig ahawﬁ in Sehenow=d,

‘Sahemaﬁfg
ll ' ﬁ
e %y 70 4 RleeGemtin
lﬂ* +0

X tu” oxygen cenived
R 03
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The newly forued sster shere the neucslesphlls

xaui‘aﬁygeu egntred, subsequent reductlisn of the ester,
y o :

é1-g¢-ﬂu took plece and generation ng csrboxylate adion
wat observed, To prove the postulate the workers studled
the regetisn of a niziure of ethyl~ adenentane~l=cerboxylete
484 -or ethyl acetete end §« «sholeaten=3 ol 47c ead Leo=
‘lataﬁ\5o(aﬁhsleataﬁeﬁﬁzg. ﬁaﬁuobis& of 8 A-oholestea-3f -yl
adanentace=lecerbozylete 47 under various condltiosn wsa
sudied, Dlth 11%&1@5 &5 ethylanine thors was lltﬁle-éﬂaxy-
genation or fbrmqtioa~af'&dﬁméaﬁaﬂa~l~ﬁaﬁba§yll&c aeiﬁ-Aab.
Thle wsa due to the osecurrence of tpaneaeylatian. ?hia
'grﬁblea wos pyveredme by the use of t-hutyiamine as aalvent.
At lawaﬁ tenperature tranzaayzatian way supppaaaad.gs wee

rad&aal-aqinq,fragmantatianb | o ‘?
The soupoce of naualaayhile‘wae'eetabiisheé by
the faat, tetrabydrofuret wad Lragnentod by strong ﬁgfﬁi.
ig=growneOwas broken down by trsetaent with pa%aaaiux in
t~butyla~ina. Deozygenatlion by diszoiving moetal vadué ion
of oarbozylle esters wes ilaited by eompetitive desoy: %
“ian by solvent op anawn atb@r derlved nusleophlilez, Th§
selective deanygenatimﬂ of sterlically hindsrad asters waé

a resull of the suppression of thie cumpetitive &eaeylaﬁiqn.
‘ : ¢
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The radical fon Gerlved fron the esters normas
ily frapgaent 0 give the cgrboxrylsete anion and radical
nade the Bauﬁaaultwﬁlaqo.and eeyloin vreactlion cmpﬁ;i@ieaa
The Houvesult~Blarc resction by protonstion of ester
redical gnison concerted wlith the scoand electron transfer.
Thie waa shown in Scheme=-5 which allowed the acyl~
vEygen fiséisa to take pleoe with forastlon of the alkoe
zids and the aldehyde., Furithor peduction snd ppa%onatian

of the lettey affopded the primery aleshsl, |

Fabgagemg

¢ : ' | \i \
o ot i o \
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The redicel lon dld not fragnent 1mmeﬁiately N
*n athanal golutlon was thonght to result froa solaﬁisn

3
‘,

{
of the anion by the solvent. Eeter radical snlons wéré\ §\
sansitive to solvetion sad to tenpersture. At olevabed '

temperetures in the presonce of finely divided drcplete\, k

of metal the peactlon must be eurface resotion in which !

- o
g
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the ester rsdicel anlone resnalned bénﬁad to tho metal
before soupling, #hile using 1liquld sanonls (#33°6) the
redicel lon which wae formsd aould be trapped by alkyla=
tion ar 4ld not fregucot quiokly becsuse of the low

teaparaiure,

. Darton and his eou@r&evega egtabliighed a uew
mnethod for deciycenstisn of alénhale'by‘paduehigu of tho
corrasponding HHedialkylisning thiccarbonyl oxyelkanss
derivablive with 1ithium in ethyl saine or potsssium soluw
biliged by 1E~crawn~ﬁ in tebutylenine, Reductlon of the
1,3=dloxnlan~2«one or - S«thione derivstives wers prepare-
tively unseilsfactory. However foraation of wopre decan=
=5l then decan=2=nl {ron ";;'he thione GO was consistent
with »ing fragmentatlion at the redicsl- anion siage &t

ehown Iin Schenes=G,

caH?7’~C:\\S

80
Al

In general with the oiception of zenthetes and
thincarbanetes sll the aleshol derlvatives wers not effie

clently deozygenated.
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gunatilelr, Hanayskisrs sad $ultanbawa26 uzad

lithiva~sthylenedieonineg reastion to estebllish the sirie~
ture of ka@%eg&anal~§g and kalroysoylanonol 62, Lishiuas
athylens dianlne radnetlon of kokozeylanol digcetate 53
 followed by oxldstisn (Crig=pyridine) furnished friedelin
-84 end slaller treatment of kokzeylenol dlacetote 88

gave friedellin=3 2i-ilnne g6.
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51, Rim03 8% feH, o =y Rouliy; RbeCH,08
62, RluR®20; Rfe =08, w13 Ri=tiyon

63, RYe0; AP Be0a0, o =i 'R%EQ; RieCH, 000
84, B 03 RfanSely; AbeCH,

65, Ri=ix0; B2 =040, of~8; Ri=CH 0Mn
89, RlaR®=0; Woml,; RleCHg,



