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(i)

sq'1]4*t

This thesis investigates the prepa.ratlon of tetra,carbocyclic

ccmpowrds whose C-D ring system is similar to the bicyclofi .2.11-

octane C-D netl'rork found in the gibberel-lins. The resuLts are

presented, j-n fo'ur Chapters.

In Cha-rrter 1, the successful synthesis, by several r'outes¡

of the simple tctracyclic ketone 9 is clescribecl. ,{ novel method

for construction of poJ-ycyclio compou¡¡d.s, involving acid. ca-talysed

cyclization of a¡ rrnsatrrrated d"iazoketone, is rrsecl as the key step

in the most effectj-ve preparation of 9. -Â possible rnechanism for

this transformaticln is d-iscussed.

In Chapters 2 a-nd" J, the possibility of acid. catalysed.

cycl-ization c¡f some nlore corplex lursatr:rate'å diazocompounds is exa'minecf'

From the resrùts presented. in these Chaptei's, tl're scope a-nd.

linútations of the cyclj-zatj.on reaction are parl;i-ally d"efined".

Ciiapter 4 rJ.esc:clbes some prelimirie-ry investigations i-nto

fu:rthe:' el.abora.tion of the tetracyclic ketone l.
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This thesis conta..ins no matcri¿r--1. lrrevi ou:.;-ly

sri¡m:itLed for a degl:ee in any Uitlver:sj.t¡'-, lrrirl to the

best o'o tiSr lotcr.nlccìge zrttd belÍcf , contains no na.teria.l

prerrions-l-y publishecl- ot' l'r¡i-Lten t;y another Ðersolì,

excelr'rJ r¡here d.uc r:efe:.'(,'rtce i¡; lru¡,Cr: jn the tex-b"

'l''iì. Iit,OSlt
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The gibbere)-1i.ns, first isolated- in 19JB from the culture

filtr¿tte of the fungus GiþÞçrçlþ fuiit¡:roir1 are important plant

gror,ith stj-mul-ant""'-'u Extensive chenica-L str:ùies2'J io¿icoted. that

the strrrotrrre of gibbereJ.lic acj.d (gibberelfin Âr), the bes'b

larc¡m a¡rl- most easì-ly obtailed- fr:nga1 gibberellinr2'o '"no's

i.7-9 ,rhe stereochenristry of gÍbbereLlic acid., wÌ'ich had. been

--0H
HO

cHs

various plant and- fungal source,s.

of gibberel-lins has been stuùied-.

The pathv,ray for biosYnthesis

They are noclifÍec1. d-iterPenes

0

I

the source of sone controversY, 10-13 rvas finalJ.y resolved- j.n favour

of ! by ï-ray crystallographi.cl4-1 6 arìd cj.rcular dichroismlT stud-ies.

..{t least 2J gíbbereJ.lins, al-l possessing the tetra-

car.bocyclic gibbane sl<e1eto n Zrl 
B no,r" nol 'l¡een isolated- fron

2

1 g-22

2Jr2Iç
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biogenetical-ly related to (-)-kaurene I und (-)-t<ar:r-1 6-en-

1 9-oÍc acíil !.

3

H2

c00H

!
Bec¿r.r:se of the obvior:s chall.enge to organic chemistst

there has been enornous interest ín the synthesÍs of gibberellins

and- sj-nilar tetracyclic d.ite"p"rr"u.25 Recently, these enileavors

have cul-rnina,ted- in a striklng total synthesis of gibberell ln ^trrr26

a¡rcÌ formal total syntheses of gi-bberellins AZ, L)r, Ârr anil A,O.2-l '28

Two ma-in areas of cl.ifficulty become evid.ent '¡¡hen the

total s¡rnthesis of a corn;oou¡d. as conplex as gibberell-ic acj.d. 1

is consid.ered.. First, the comiplexity and" chernica-l sensitivity

of the A ring poses many s¡rnthetic problenrsnz9'3z and requires

that construction of this ring be J-eft u¡rtiL a late stage"

Seconclly, the C ald. D ::i-ngs constitute a bicyctol3.Z.1 ]octer-ne

network embodying âl exocycl.ic methylene function ad.ja.cent to a

briclgehead þdro4rI groulr. This thesis presents the results of

an investigati-ou d-irected- to'¡'rards the preparatj-on of moclels of

the C-D ring systeru of gil:bereIlic ¿¿cid-"
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It Ís relevant to exanine critically the urethod-s 'lvhich

have been reported in the literature for builòing a bicyc1oll"Z.l)

octane u¡rit into a polycyclic framervork as a part of d.iterpene

s¡rnthesis. \{hÍle syntheses of bicyc1ol1,2.1]octanes can be based.

on reÐrrangements of isornerj-c bicyclolZ.Z,Zlo"tuo"=rJ3 the synthesis

of the latter bicyclic system is itself not simple. Tþis route

offers no particular ad-vantage over orre in which the five

membered- (D) ring is formed., by an intramolecular ring closure

reaction, onto an alreafl¡r assenbled. six menberea (C) ring. Ind'eed.,

the meürocl of choice in most of the published' research has been

of this natureo Many types of cyclízation rea-ction have been

useil. These can be classified. broa&Ly into groups d.epend-ing on

the type of reaction employed- in the critica.l ring forning step.

In the follolv'ing section (f 
"rts 1-7) t some of the useful

cycJ-Ízation ¡nethods are surnrn'trizeil.

1 Ri.ns 01o sure bv Di eckmarur ConclensationI

00R ____>

c00R

COOR

Figure 1/

/ .l.o avoid. confusiotr, pan:'cial s1;ructr-u'es, indic¿rt:'ng only the gross

featrres of the transforrnation being rnad.e, I'ri1l be used. in thi"s sectioli.

B
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Successfulfu and" ut'tstuccessfvl.SS applications of this plan

(n:-gurr 1) have been reported.. A closel-y related, reacticn,

pyroLytic cyclizatíon of a dÍc¿rrboxylic acicl (as its bariurn salt)n

has a-l-so been ernployed-.3648 The clicarboxylic acid. d-erívative

A reclu:ired. as a precursor, however, is not easily aceessib1e.39'ho

2- Rinø Closr¡re usins the Ald.ol- Reaction.

CycJ.ization by the a-l-d.ol reaction has provid-ed- a popular

methocl for construction of bicyclol3.Z.l ]octane d.erivatives.

Several d.ifferent al-dol routes c¿r¡ be env:isaged-, arrcl are discussecl

belolr.

(a)

-----+
cH0

Figure 2

Nurnerous applications of this scheme (figure 2) irave

been pub1i"h"d-.ld -46 ,{ variant has also been emp1oy"d47'1*B for

synthesis of cornpound.s '¡¡hich can be eLabor¿ltefl to mod.els of the

A ríng of d.iterpene alkal-oid.s"

A problem with this route is incorporation of the

acetald.ehyd.e resid-ue at the ring jr:rrction in the pr:ecursor C.

This problem has been circumscribed in two rrays 3

H



(l) aIþlation of the netþlene b1-ocked- ketone

(corr"spond.ing to C) with a srritable al.þlating agenl'.43-46

(ii) angular alþlatiorltl '\2-J+9'5o ,r"ite the claisen

rearl'angement of a stútable vi4y1 
"tlt"r.51

Both of these method.s involve multi-step proced-ures.

(þ)

-5-

-_-__>

0

E

Flqure 3

This morle of ring closure (nigu':e l, ÈH), ori.ginally

reported. in 19G2.52 hr" recently been u.sed" successfrrlly by

Nagata an1 his colf¿rl:ora*oru53t5hF in their toial synthesis of

atisine. House and. l¡arsor55 
".po"ted- 

¿ifficulty 'with a veïy

sirnilar cycJ-izatlon, but fourd- that base catalysed- a1d-o1 reactiotr

of the rLeríved. B-ketosulphone (n, R=SOrCHr) frocee'J-ed- more

successfully, lhis h¿s been substantiated. in another cornmrutication.

The prod.r:ct F of thj.s scheme does have a brid.gehead. hydro4rl

function. Although the car:boqyl group in F is 'nrrongly place'J

(for d.iterpene synthesis), n :-s nerrertirefess a versatile

interrnediate. It ca.n be t::a¡rsllormed. by lo:o'nm pathways into either

a bicyclolz.z.zloctane d"erj- outiuu5S'5L o* severar useful

bicyclo[5.2.1 ]octane derivativus.55' 57'58

56
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(c)

ocH3 oc H3

OH------>
0

t

Fiqure t,

----_>
HO

H

H

Ân exanple of this type of af-doI cyclization (Figure

4) Ìr"= been reported.5goGo The bnid.gehead acetyl gror4r in tI

can be d.egraded. by a lengthy, though efficient, process to a

bridgehead" hydrorryl gropp.59-61

Severa-L instances of fornation of tetracyclic compowrd-s

involvirrg ring closure b¡r a si-milar ald.oI reaction have also been
/s.-c¿note(l.

(d)

,6J

o

Kr
Fig ure 5

The usefuLness of the vinylogous ald.oI reaction (¡'igr.tre

5) to achieve cycJ.ization has reccntly been clemor¡st¡ated..64 Both

acj-d. ard- base catalysis has been elnploJr"d..6h

Rirs tlosure bv an Alkvlation Reaction1 a

Allcylation of an active methyl ene or methine group b.as



-7-

not been grea.tly explore'rl to effect cycliza.tion to bicycJ-of¡.b.lf

octanes. TÌ:.e pioneering work of Herz and. L¡-is colle a1.n)es63'65

d.enonstrated that the method. v¡as fea.sibfe' 1\'¡o recent end.eavors

al.so use this t¡4re of cyc1.Í-z ^tion.26'66

4.o

0o

__à
00R

Figure 6

The a_cid. catalysed. intra¡noIecula¡ a-c¡.lation of a keto-acid-

(nigure 6) trzrs been extensiveJ-y employed. by L,oe'l'¡entha167-7}

an¿ ldoriT -78 and their co-worke::s for the synthesis of degrad"ation

prod"ucts of gi'bberellic acid. Other- sinil-ar applications have been

aqPS.ored 
' 

l+6'79-&1

The sequence has proved poprrlar because the precursor lceto-

acj.d- (Ir, R=II) is easily accessibf e gig a Robinson annelation

rea.ction"

Â general investigatj.on of the usefu-Lness of the reaction
Oô

has been madeou¿ It is not surprising that the corresponding

base catal]'sed. Claj sen oond.ensation of the keto-ester (f,, n=Cnr)

ut
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faiIs.6717

5. Cycliza.tion by Ar^-5 Pertigjæel@.

-t_-

/

R

-_-==-
HO

N

Frgure 7

This elegant ring closure (niguru 7) has been irn¡estigated-

by li{asanwu.&+'85 Ân irportant linitation of thÍs approach occurs

when the phenol N carries a bu-Lþ substituent ne..rt to the leaving

gt:oì-Tp (e.g" R=H'O[HP). lhe diastereoisor,rer w}¡-ich wot¡-l-ö lead. to

erulo-product P faj-l-s to cyclize, probably because of severe non-

bo¡xled. interactions j-n the transition state leaäing to a cyclic

prod.uct. Moreover, the broruo-ketone N (R=0, yr=Br) contair¡-lng the

sterically less d.emand.i ng carborSrl function, does not yield.

cyclic prodrrct P (n=O) . 
85

An interesting varj.ation of this route, irwolving

participation by a C4 d.ouble bond, has been reported.65'65'86'87

X

P

/ For. the d,efinition of tlie .Lrr-n nomenclature, see ref8J.



-9-

6, Rins Closure bv Cvcloadrìition of a onto al

Olefin.

R

T

-à¡ o

Figure B
R

ulhis approach, which reo.rrlres two separate trarusformations,

was explored. initiatly ar.rd unsuccessfrnly by House a¡d. his
oo

coll-aborator$." The critical step is cleavage of one of the

cyclopropyl 'bond.s of the intermed.iate S (nigure B). Thus, routes

a or b, lead.Íng to ùifferent bicyclic clerivatives cor-¡ld. occur.
QO

rlouse"" fourd. preferential forrnation of the bicycl.olz.z.zfoctane

í vrith an unactivated. cyclopropyl ketone S. More recently, t¡vo

ind-ependent communi"^tíons89n F have shovrn that the approach can

be extremely useful when production of the bicydo[J.2"i ]octane

T is particularly facilitated"

lflenkert anc[ co-work"r"fl have reported. that bic¡rç]1"

systems can also be formed by c-H insertion of copper ca:rbenoid-s.

ao

b

Sg
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7, Other lvlethods

Bicyclo[J.2.1 ]octanes can al.so be prod.r:ced. by intramolectùar

ring enlargement of a cyclic ketone by a d.iazoalkane.92'93 Some

approaches towards bÍcyc1o[3.2.1 ]octanes incorporating a bridgehea.d.

hyd,ro>cyl group have been ,uð"..53,59 r¡r" more noteworthy of these

are :

(i) reductive cyclization of a.cetyleni* k"toru"94

(ii) re.ductive cyclizati.on of hal-o-ketovr¿=95'96

(iii) acyloin ].ike condensation of keto-e sters9T-g9

(irr) , Clemmensen reduction of bicycto[2 .2,2loctar"dj.onuJ 00

This last process has prorred. especially effective, and" tru¡o further

examples of its use have been reported.,T9'1o1

Very recently¡ a netl:od. quite ur:-like argr of those

¡nentioned. above has been used. with sLrccess in a nod.e1 bi-cyclic

- 102compounct..

The research d.escribed. in th:is thesis hacl as an objective

the s¡mthesis of tetracyclic corq>ourds v¡ith C and D rj-ngs which

refJ-ect those found. in the gibberellÍns. The trícyclic precursor

chosen for these stud.ies vrâ.s â polyhydrophenanthrene v¡-Íth an

aronatic A ring. tr'rom a vi.ev¡ point of total synthesis of

gibberelli.ns, tv¡o consid.erations favoured th-is approachn Thus,
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after completion of the C-D ring stru.eture, (i) the inert

a:¡r1 ring courd. be nod.j.fj-ed. (e.g. ttBirch red.uctior{t) a¡d. elaborated"

to the \droaromatic ring Â of the gibbereJ.lirrrsr29 anf (ii) ring

B couLd- be contracted. to a five nembered. ring rith exty-usion of

acid. Preced"ents for the

latter tra¡sformation 
"xi-"t.2611 

OJ-t oa

One inportant consequ.ence of thris approach is worth

noting. 'lfith an a¡omatic A ring, it is no l-onger possible to

operate on a C ring conjugated- carbonyl functj-on (e"g. V, see

,.fr26,H t51), for no'u, the doubJ.e bcrrL preferentie'ìly rnoves to

the tetra-substítuted. position, in conjugation vrith the a:¡rI

group (".g. as in E) " Therefore, variations of the method.s

d.iscussed. above vrere sought to enable the C-D system to be ,

s¡mthesised.o

lhree rorrtes v¡ere stulied. for construction of the bicycJ_o

13.2.1]octane portion of the molecuì.e. These were :

(t ) A vlnylogous extension of h{asamu¡rets .Ar,-5

0

Wv
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,llcylatiorr,B4r85 lhis route, rvhich was forrnd to be unsatisfactory,

is d:iscussed more fulIy later (see Chapter 1).

(Z) the carbenoid. cycloaddition route.

ß) A nerr¡ methoÈl based. on intra¡nolecr¡lar displacement

of nitrogen from an a-ketod-i.azonir:m ion (protonated. d.iazoketone)

by a suitably placed olefi-nic bord.. (see Figure 9)

___> ----+ product(s)

\? +
N2

Figu re g

0f course, two d.ifferer* pathways could. be foJ-lcnrred't

ilepenling on which end. of the d.oubLe bond- attacks. (For tn

analogor:s situationr see ""f.109) 
Tf, hovr'ever, the incipient

ca¡borrium Lon Z leading to the desired" product(s) is of sufficiently

Iow enerry (e.g. be,nzylic), then that pathvray should. take preference

because of j-ts lowered tra¡.sition state .ene¡$$r 
The aromatic 3.

ring woulcL then serve another purpose - that of d.irecti4g the

cyclization reaction.

Intramoleer:-1ar nucleoptrilic ili" splacerne nt of ni trogen from

protonated òiazoketones by hydro4ú r11o'111 methorq¡1r112-11 
l+

acetoxylrll 2 
"it"or11 

5 
"*io 

o 1116'11 
7 tt"bo-rnetho>ry11 1 8 

"''¿
a:ryt119-122 gror4)s h"= b.".t observed-. Althoqgh îf-bond.

zv.

(
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participation Ílr solvolysis reactions is rveAl known ,109'123

only one report of þartÍcÍpation of a clouble bond. in the acid.

catalysed. d.econpositiron of a d.iazoketone has "pp*o"d."12h 
This

pâper, which vras publishecL after the completion of the results

presenteil in this thesis, d.escribes the conversion of the

diazoketones ! and é to the bicyclo[J.2.1foct'anotles Z uttd 3 ¡y

treatment rvith boron tri.fLuorid.e-ethe""t*.1 4

0CH N2

R

5, R= C00Et

6, R: H

0

Z

I
R: COOET

R:H

A rnajor part of this thesis is d.evoted. to the results of

a study of the f'easibility of the ccrrcept cutlined. in Figure l.

It has been shorrn that this approach d.oes provid.e a short, highly

efficÍent method. for obtaining useful biclrclo13.z.1]octane

d.erivatives in certain cases, from re¿rd"ily accessible
J

d.iazoketones./'

The procluc'bion of unsubstituted. and. briclgehe¿rd. su't¡stituted.

/ Sone aspects of this 'mork ha.ve been published- in a prel-ininary

co rirtnuni ca "io 
rr.1 

25
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bicyclo[J.2.1 ]octanes has been exarn-Ì-necl, a:d the scope of the

sequence has been partial-ly d-elíneatecl. This work is d.escribeil 1n

Chapters 'l-5.

In Chapter l¡, some reactior's aJ.l"o'.'ri¡rg f\¡rther elaboration

of the s¡mthesÍseil tetracycll-c oorapound.s are noteil anl cLiscussecl.

For most of thfs resea.rch, the read"ily available tetraearbocyclÍc

ketone 2, was used. as the starting naterial-.

Me0

I
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CIIAPTER 1

SYTffTMSTS OF TIfi SI}4PLE TETRACTCLIC KENONE 2

(") åtteræted. solvolysi-s route to tet44qy_q!j-q

oonrÞorurd.s

(r)

(")

enoiå zat:lon of

ÂcirL catalvsed- cyclization of ùiazolcetones

17 srtð. 23
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,fittempted. Solvolysis Route to Tetrac:rclic Corirporrr:d,s

lhe plal which was originally d.evised. as a possible

ootrstruction of the C-D ring system is outlined. in Scheme 1.

R
0t,

0a

0

l+

0

\ã
X

Me0 Me0

11

R,

_.___>

Me0

12

SCHEME 1

ït was hoped. that a two carbon aton unit, potentially f\.mctional-ized.

at both carbon atoms, could. be add.ecL across the carboqyl group of

the Ìøown t::icyclic ketone, J-metho>q¡-! rl+r9 r1O-tetrahydro-

phenanthren-Z(rH)-one 1Or1 
26 fo"tirrg, after suitable elaboration,

an íntermed.j-ate 1 1 . Solvolysis of 1 1 should. then lead. to a tetracyclic

cotupound 12. It was felt that the inflLuence of the aryI ring, by

lolveri.ng the transition state activatioïr cnergr for one patllvay,

R
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woul¿ ensìlre that cyclÍ zation proceed-e.d- in thc d.esired. ùirection.

(nor an a'a-lcgous case, '=*u "uf.86)
ÍthÍ s plan is esseirtially a:r extensiolr of alþlation routes

published by îlasamr:n"€q'' 
85 ancl Herz. 6J t65 '€'6 Arthough the

cyclization step vnulct und-oub.tecl1y be subject to the stc::i-c controls

repor*ed by l.lasamun"85 (see fntrod-uction), there seelnecl no reasoïl

to suppose that the ad-cLitiona-l- sr-rbstituent at C2 would. affect this

step.

It appeared tha.t a virlyl group rror-'fà seT:are ad.nr-irably as

the two c:.rbon atom urrit of thj-s plan, since it could' be easily

introd.uced- (r.rith a viny1. GrÍg¡a-rd- r'*ageut12'7) ,*a then elaboraterL

by starrLard prcced-ures. Before ketone !Q vi-as conmitbed" to this

sequence, the rea.ction of viryl magnesir:-n brc¡nide v¡ith a- model

bicyclíc B, ü -unsaturated. ketone i{ rvas strxl:ied-"

Ketoue 1¡! wa.s syn'rlresised. as in Scheme 2* The et¡yì-eno-

drio:ry acetat Lk of 6-metho:ry-Jrþd:j-hyùronaphtha-ì-en-Z(f:f) .-on" ç 
y'

'was reiluced. r¡ith litfuium ard. ethanol in 1ic1uj.d. anmortia" Tìre

t. *t'.'-" 
" 

,r-"],ttiroty- 2-te'tra!orte) oru.s p*epared fronr

6'-rnethoxy-1-tetr¿¡-1ot* 2r*128 ,*1ng, the method- of Nagata atxl

T""o*uor'.1 29 An altern.ri;ive syrrthesis froil p*methoqrpheqrtacetyl

ch-loride a-rrd- etL¡rleue j.n the presence of a-[r::nini-um 
"k1ori.1*1JO

l,'â:-: 1c:; ;,; ; :--til-;:îi;-c'r;o.::7,
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dít¡y<Iroarríso1e !! was obtained. as an unstable but crystalline

compouruL in 95/" yieId, The enol-ether group in 1å could- be

selectively hydrolysed., leaving the acetal function untoucherl.,

by treatment w'ith oxal-ic acid. in aqueous methanol at Oo. The

prU -unsatur.¿.ted. ketone 16 which vras prodused, in 5O-6q6 yield- rvas

also an unstable crystalline compourd..

Treatment of the ketone 16 with vi4y1 rnagnesiu:n bronid-e

at Oo affordcxl not the e:qgected. alcohol 1 B, but an oily mixture

of compourd.s, the infrared spectrum of the cn:d-e prod.uct showed

no absorption for a vi4y1- grouP. Instead., there were carbonyl

absorptions at 1 Z O and. 1660 c¡{1, inclicating that the prodrrct was

a rd-xtr:re of starting ketone ú *d its conjr¿gated isomer !1.

fh-is resu-l-t ca.n be explained- if it is assuned. that the

Grigna:d. reagent, instead. of add_ing across the carbonyL group,

acts as a base and. removes the ac-id.io protoa at Cl of r:nsaturated

ketone ,6..13' The hal-o-magnesium enolate 20 (Scherne J) would. then

be ex;oected- to give a mi-xture of ketones iþ anrl !2 on work up.

0
/-uga, Hzo

------ÞHzo

2S

scHEtvtE 3

16

+-

MgBr -------*> 19
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bfcl{urryr1 32 u;rn.n faced. vith a- sirnil-a:: problem of eno1is-

a-tion conpeting vrith normal Grignard. 1,2-adùltion, observed. that

the latter process could- be increased. at 1Le e>çerrse of the forner

simpl"y by operating at a fower" terqpera'bur*"'3' !'lhen the reaction

of ketone 16 vlith rrinyl rnagnesir:rn bronÉd.e I'ras repeated., t}rts time

at -JOo, and- .the reaction term-i-nated- by ad.rLing acetic anJeydrid.e,

the d.iene lf (Scfr.me 2) was obtaj.necl in 2J-JS yielrl. .A significant

anronnt (fi*Sq4) of the non-crysta-l-1ine unace'bylated. aLcohol ß

was also oT¡tained" from this reaction" This result confirlned- the

usefrrlness of' l,{c}lurryr s sim*ol.e proceðure for the improveinent of

Grignard- ad.dj-tionr132 "rr| 
was most encouraging for the projected-

reaction of tr5-cyc-l.ic ketone 1O v¡ith the vi.nyl G'rignard. reagent.

Ketone L1Qlvas pre.pa:red. by arurelation of 6-melho':q-2-

tetr¿ùone !] vr"ith methyl vinyl ìcetone, r-rsing essentiafl.y 'r;he met]Lod-

d-esc::ibed- by Nagata- anl his coll.eague r.t'6 The reactj-on betv¡een

!Q arxl an excess of vlnyl magnesium bro¡nide uI; -1Oo produced a

rnixtr¡re of the required. alcoho1 2l conta:nino-ted" by a 3.arge amou¡t

(.o 5úft by i-nfrared. analysis) of the starting }ietone 10" (s"e

Scheme {,). The most probable e-y¡r}anation foz' t}:-is resuJ-t is that

etrqlization is agai.rr interfering vr-ith Grignard" 1 r2-additi-on.

Enolate 4 i, forme<J., togcther rvith alcolnú- 21-, in the reaction

núrtr:re. Protona'¿ion of 2,2 tluring 'work tç then regenerates the

startlng }cetone !Q. That 10 was enolised' ;oarti-ally *t --/Oo,
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v¡hereas bicyclic ketone 1 6 appenred. not to be, is probably a

refl-ection of the greater acid-ity of the vir¡ylogous 2-tetralone

10 corr¡pared. '.v:-th ß, a simple Pr[ -unsatr:rated. ]<etone.

The two corpound.s l*0- anô 2f were not read.ily separable by

chromatography, a.r:d. so the rnixture y¡as retreated. tnrice with an

excess of vir¡rrI magnesium bror^tid-e a-lc -7Oo. / Unchalged. ketone still

/ It was assurned. that vinyl a-lcohol 21 aAready present in the rnixture

was not affected by these fr:rther treatrnent="132

,00

22
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+
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present at this stage was then separated" as the bisulphite ad-d.ucto

The d.esired. al.cohol ä was obtained. as an oil with the e4rected"

infrared. absorptions of the vi-nyl groq at, t6t¡or loOo ard 93o cn-l 113

and. the hydroayl fu¡ctlon at J15O ct-1 " Unfortunately, vacuum

d.istillation of the crude vinyl alcohol ?L gave a crystal.J-ine

prod.uct lrhj-ch &i-splayed- neither -0H nor vir¡y1 band.s in the infra.red.

spectrum. Apparently d.ehydration a¡rd. bond- rnigration with

ar:omaLj'zatiorr had" occurred-, proclucing the d.ihyd-rophenanth-rene ?1
/

(Scheme 4). r The structure fr was readily confirmed- by the

unique Nl*R spect:rrm of the prod.uct. In viel'¡ of these ùifficulties,

thi-s route llras not pursued..

/ Ðehydra.tion of the a.l-cohol- A- could han'e been ca-talysed- by

traces of aciùic roateriaLs on the surface of the glass apparatus

used for the distillation"
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(¡) Carbenoi.d" O'¡r:l'î qati on of Diazoketone 28

It v¡as apparent that some tr'ro carhon atom unltr vrhich would-

become the D-ri-ng brid.ge, other tha¡ a virryl gj:olrp had- to be

consi.clereC. At th-is stage, it vras d.ecid.ed" to forgon at least

terporarily, the rec¡uirement of includ.irrg a brid.gehead- hydro:rfl

grîoup in the synthesis.

Àttentj.on v¡as focussecl upon the possibilities offered. by

the tr'¡o carbon atorns of a. ðj.azomet}¡r1 ketone -COC}IN2 firnction. This

is a potentialJ-y very rcaotive, buL neverthele.:s simply i.ntroduced-,

functj-onal- groìq). It conta,i.ns an excellent leaving groupt

nol.ecular nitrogen. Iross of nitrogen ca-fi occur very reaùiJ-y und-er

a variet¡r of coniliti.ons - photolytic, thermal or cata-l¡rLic'-leaving

formally a keto-carl¡ene -CO-öÏI or, j-n aciclic meclia, an incipient

keto-carbon:Lum :ion -r.;Oüllra which can unr]-ergo dive:'se, anC. often

synthetically useful, reactiot"n1 JJ*

Ïfl:en thennalJ.y clecomposecl in the Presetlce of copirer

catalysts, diazo-carbonyl compound-s are beli-cr'¡ecl to form copper

carbenoj.d. =peci*=1 
35417 v¡hich d.o not norm:rlly suÍ'fer' \Yolff

4z'
reÐrrange,rent.l'o tiYíth unsaturated. d"iazoketones, the intrarnol-ecular

acld.i'cion of copper carbene complexes La a. C.4 d.ouble boncl has

becorne a standartl opera.t5-on for cr':¡strttction of polycyclic

cyclop::opyl ketones.lSB'1lP lhe cyclopropyl. carbonyl ur:-it can

a1so be a useful syntheti-c interrnedir-te.1 
lú 

'1Lrz
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I'L r¡as feJ.t that the cyclopropyl ltetone p could be

tra:rsformed- into a bicycIol3.2.1]octane d.r:rivative, since, u¡d.er

+
OH

--Ð
--->product(s)

MeO Me0

29

aciðic conditions, the cyclopropyl borrd. conjugated. to both the

carbonyl group and- the aroma'bic ring should cleave sel-ectively.

A similar cleavage of a¡r a-q¡1 cyclopropyl ketone, labilised. by

incipíent benzyl carbonium ion formatlon, has been ob*.r.oud..14'J

To test th_1s hypothesi.s, j-t 'v-ras necessa-rl¡ to prepare the

cyclopropyf ketotre 29. Therefore, the tricyclic acid- !f (see

Scheme !) lvas need.ed., since !! should. be available vi3 intramolecula¡

add"ition of the d-erivecl d.iazolcetone 29" The carboxylíc a.eið" 27

is a knowr compound.rl& uoa is ea.sily prepared. by the fiteratwe

method..1 
lr5c146 shis route involves a foi-lr step secluence

(Scneme 5) f::om the comnercjaLLy avalfable 6-methoxy-1 -tetralone

%,.t'B

'f'he diene U¿1h5t147 u-na acrylic a-cid yield. the Diels-

.tl,ld.er ad-c.ncL zlrl)r5 u= , singl-e clj-astereoiso¡ner after 'trasÍc
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eqrrilibration" lrfigration of the doub]e bonrL of 26 :_nto the

tetrasubstituted. pcsitioir .r¡yas sùroo.bhly zr.chieved_ by i¡ld_r.ogen

chlorid.e in chloroformrl L6 yieraing the reo-uÌred. carborylÍc acid.

27.

the acid- lf ttas converted. to the ùíazol¿etone Z_Q in the

usual- 'lvay by sequential treatrnent 'r,rith o:.a1yl clr-lorid_e (B

molar eqrrivalent) ancl d.iazornetha¡e (5 mo't ar equivaJ-ent) .1L8

Decomposi.tion of ZQ vrith copper porvd-er ilr boiling cyclohexane

led. to the pentacyclic ketone 39- in 5O*6Oft yÍeld. Tr:eatment of

lf ttnth dry hyd.rogen chlorid-e iri Çhlorcfor:rn resul becl, as ez4;ectecL,

in a speciÍ'ic breaking of the ben¿ylic cyclopropyl bond..

Tetracyclic ketone J rvas isolated. in c¿uarrtftative yieid.,

That the acid catalysed. ring openi-ng of Q }'rað" indeed.

yie.IcLect tlie bj-cycf.ol3.2.1]octa.ne derivative p arld not the possibl.e:

al-ternatlve bj-cyclol2.2.2]octane A (schenle !) was irn¡red:iately

obvj-ous frcm the spec:traf- chara-cteristics of the procluct. the

j-nfrarecl spectrurn sliorT ed. typical. cyclopentarone eibsorpt:i.on at
.¿1

1735 ctr- ', whiJ.e confirmati-on of the stru-cture J 'r¡as o1¡taj-ned- fro¡n

the Ì'ïlrR s1:ectrurno The Cl¡ virryl pro'roi resonated- as a trj.plet

æ
/ Itrrrnbe::.lrrg of all tetrac;rcJ-ic ccrpound.s is based. u1>on the

2 I Aa-etlø-nopol.yhycirophena.nth-r:ene syster¡ shorrrr in Scheme !.
ri*lthough the ethano-bridge i.s d,epi-cted- as ß-oriented. in this a-nd-

subsr:cucr-'.t <;ottt¡-:tti.rn,ås, iil-!- s:'r-.L.üctüt.e ¡, rcjrre$rtlt i; r¿:,ccitLic ¡l-ly;-ttu:es; n
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(13.5 ttz) at ô6.05 ppn, vrllile ì;he C! arorratic proton appeared. as

a. d.oulrlet (.f e nz) at 67.57 ppmr a signifi.caat .d.ovnfj.e1d. shift when

corrpared v¡ith tte cyclc,propyl ketone 22 @5H at ô7.3o). This

d.orvrrfie-l-<L shift is und.oubted.J-ycaused. by the proximate d.ou'l¡le bond.

present ir 2, anrL v¡hich rvot¡.1-d- be absent in lQ"

Tl::is resr.r-lt, together v¡ith those sj.nce publi.shed" malcing

use of very similar rn:thod.srBg'9O esta.blishes the effica-cy of the

rou.te for the synthesis of poJ-¡'cyclic compourxls by íntrocluctlon of

a tr'¡o carbon atom bridge. o'bhcr 
".ports1 

lú 
'1)+2'11v9'15o a-l-so a-btest

to the tltiJ-j ty of the cyclopropyl carbonyl sJ'nthon in syn'bhetic

organic chen'i strX:'"

The efficiency for the corn¡el--sion of tricyclic acid- !f

to tetracarbocycJ-ic ketone J n'as quite reasonable, ¿tpproaclring

5úrX werel.1 yie1.i-. Tlie major obstacl-e to ntore general utilization

of the process is the mocl-erate yield- of1;en obtainecl, irr the

ca-rbenoid. adrLition utep"1 JB-1 ¿P

It becane of inte¡:est;, therefore, to d.eternine 'u¡hether

d.lazolcetone eg could be cyclizctl'to ketone 2-bV a methocl. not

involving c¡,'cl6propyl keto¡e 2p. Tfuis a.specl;, of the work is d.is-

cussed. more ful-ly in the next section,.
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(") "ltr.cíd. CLr C"¡c-1,i2,¿.tÅon cf Di¿rzolcetones 17 arñ- 28,

ReactÍo1s of ùiazo¿ulkanes v¡ith acid-s'havc'- been extensively

sttrrlj-scl as a source of diaz:onium ion..1 51 t1'2 The aciil catalysed.

d-eccmpositj.on of <liazo-carbonyl corq:ouncls (die.zoketones arvl

eth.yl dj-azoa-cetate) has beern of great synthetj.c usefulnes rrl3l*

but the mecha.risms lead-ing to proclucts frorn the j-ntermecllate:

ketc-diazoni.urn ions have i:ot been urarob:i-guously d,cfined"

It "q-gllp-g4, rapi.cl a¡icl rr:versil:l-e p::otonati-on cf the

ùiazocarbonJ,'r f'uncti.on occurs bef'or-e loss of rritrogen.153'156

In prÍnciple, ra-te deterntini.ng loss of ni-tr:'ogen cortlcl then oecur

by either" an A,-'1 (ruriroolecrular, car'bon-Lun ion ir:te::mecliate) oll

Â-2 (trimolecular d.j-spJ-acement of ni.trogen) mecha:tlst'li" l¡/hj-le some

r:esea¡:chers h¿rrre f¿¿vorr:led- an.4,*1 nechaiúsnrr1 '5 
i,, is norv recogirized.

'Lhat thei-r concl^ursions v¡er.'e based. on criteri.a. o'l d.ubic¡rrs

valid-:ity.151 '157 The A-2 mecharrism Ís not'¡ vl'idel.y a.ccepted.r152s't54'lt;8

a¡d. he-s recently received. d.ef:Lnitive exper:lment¿:l 
"oppo"t"1 

59

Although ttris clj.scræsi-on ha.s referrciL chief'ly tc re¿.r-ctions j.n

aqueo'Lls med.ia, i1, may ¿rlso be relevant in the non-âqueou*'; systens;

v¡hi"ch rrrilJ be cliscu.ssecl l¡el-owo

In 'clrisDeparrtrnenlJ, it ha-s t¡een shorirr ttrat pheno.l"io

cU-azolcetones of structltrer å (Scnerne 6), i',¡hen treated. rnith boron

trj.fluorj-d.e-etkre:rate ( ¿rnrl. other protoni-c acirl^s lvith poorly

nucleoplúlÍ,c conjuga-te bases), cycl-ise to gi.r'e i-n:'-tially spi::o-
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1în
d-ienedj-on*s Jf o' " It is be.l.ieved. that this conversion proce-:ed-s

tlrrough the intermed.iate ùLazon^iun íon ft, rrith nitrogen d"isplaced-

bJ. the Îf-bcncl of the arornatic "i,'g.1 
6'1ZZ

Tt wa-s of some consiclerable iirterest to determirre vuhether

this type csf cyclizatj-on coul-d- be extend-ec1 to a tricyclic prec'.rrsor

("ng" the phenolic cliazoketone JJ), as th-is should- fea-d. in one

step to a l-,ic:ycloLi.2"l1loctane system. Dia-zolcetone Jf vrar.s preparec-i

by the muLti-step procedure outlinecl irr Schcme 7.

The car¡o>q¡Iic aci-ù 2_l (=." pu.ge 24) rva.s deme'Lhy1ated-
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by fusior 1'rith p¡.-ni.rì.ine h¡'clrochlo"iaol 
61 al 2AO*22A}. The phen'1ic

acid. lf na.s obtained. in excel.fent yielcJ. The hyd-ro:iry1 group of

l[ was protec.becl as the acetate ll, ancl ttre <1j-azoketone JÉ rvas then

prepared, in 'she usual wa.y.14-B The protective acetyl group o'1 76

'lYaS smocr'úh1y renoved- by sod.ium carbonate in aclueorrS mer;hä'nol, afforcllng

the reqrúred. phe:rolic d-iazoketone 17 in gooå overall ¡ri.eld.

the reactiorr of J! w.th a catalytic amou.rrt of boron

trifl-r-iorid.e-ethe::a-te in ni-tronetlia-ne caused a.n inrncd"iate, vi.gorous

evolrrtion of nj-trogen. Tl-re bicycl-o11"2.1 ]octane d-erivative lp

vras j.solateCr f¡orn the rea-ctÍon ni.xturr: ín. -lV, yiÊrld-o Interrel'¿:'ti'on

of åg vni.th tìre previ<;u-sly character:ised- tetracJ¡cl-ic ke'tone p

vras ve::ifiecL by nethy.Lation (d.imethyl su1'pha'te-soüiwrr Ìiy<Lroxicì-e),

rvlúch gave on-ly'-2 t.td" rccove,red start'ing material'

The ¡necjr¿Lnism of this Ï¡cvri.s acj-cl. crr-talysed- re¿r-c'bion is no

d.oubt closel¡l refatecl- to that mentioned. a1æve for formation of tbe
I

spiro-cLienecliones fr,"'(" The d.iazolcctorte Jf- i.= protr:nateil I

;";;r",*.,"u f.or the i ni-tiar s-bep may be rer.eased. bv

irri;eraction of boron trifJ-uorj-d.e vrjth ihe phenoarl6z¡e'3

/rrÐH + BF, ( ? .lt'r€llFl + II+ .

An alternative lnechalisn, invoh'in61 primalX' co-ort1j-n¿rtion' of tlre

cliazoketone gl:oulr rlrj-th the vaca-nt 3*orbital. of the l¡ev¡j-s acj-d-,

ca.nnot be ev-clu'rJ"..1.1 
1 4'
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to the dÌazoiriurr ion J2 (S.tr"r¡* 8). lll-i.s highly el-ectrophil-i-c

species is attacked. (probably irr. * St,P t¡¡pe 
'ea.ction, 

coqparable

to .Llie A-Z mechanisrn) by the strongly nucleopÌrilic A4atloa - ¿oub1e

bond-, forming specifica-tIy the resonance stabil'isecl'benzyli-c carb-

on-lum i-on !Q. Collapse of the tra-nsient interrred.j-ate !Q leads

d-irectly to the observed prod-rrct lQ.

Lz 2 __>
HO

+

3B

SCI.{EME 8
40

Th.ìsr.est¡ltd.enoris,i;r=ated-thattheconceptvrhichwas

briefly outlined" j-n l,hc Introc'i.uction, i.e" interact:ì'on of a c-c

Î-¡ol,rfl rrith a:r a-keto-d-iazonir;rn ion, could be put :'-nto effect'

Ttie rnethod does he.ve pra.ctíca.l signi.fi.ca¡.ce for the produ'ction of

9_9

+
HO



the bic¡rc)-o13.Z"1]octane moi.ety since the critical cycliza.Lion

step proceedecl in high yield." Prepa::ation of the precr:rsor phenolic

&iazoketon.e 7J introd-uces a lerrgth¡', but neve:rthcless effic:ient,

s1'nthetic sequ-ency which clearly dim-ini.shes the effectiveness of

the route"

If the rationale advanced. for the cycliza.tion step

(Sctreme B) is substantially va1id, there âppears to be no r.ea-son

why th.e methylatecl cliazohetone 2-B (page 24) should. not af-so cyeJ'i-ze

rea-diJ-y, on treatment lvith a su-itabl-e acid. The inter¡ned-iate

benzylic carbon-iu¡n iorr, if formed., should- be stabi.lised to a

conparable extent.

Ind-eed, vdren the cliazolcetone 28 'was trea,tec[ l'¡ith a

cata.J-ytic quant:lty of fl-u:oroborj-c acid. in nitrona"tl,*rury' the

tetrac¡rslic ketone I wa.s isola'becl in excellent ('.=9q(') yi.eltJ-

(Sctreme 9), ÎÌre probably pathvray of the reaction is also strolvno

/ These cord.itic¡ns vrere selected" because (i) tire conjugate base

of the acid v.,as expected to be a poor nucl.eophife arn (ii) the

solverrt has ¿r lou¡ nucleophil:icity and. a high cl-ielectric col':stantn
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Three steps are involved. :

(i) Initial protcnation c¡f diazoketone æ leading to

the tra¡rsient a-keto-d.iazonj-urn i.on /¡!.
(ii) Disintegration of ¿l by loss of nitrogen vrith

nucleoph1lj.c partici.pation by the C.4 d.ouble tro¡d-.

(iii) Dcprotonation of the benzytic carbonium Íon þl

to give the observecl prod-uct l"

The corn¡ersion of d,iazoketone 39 to -f could- also be

28
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performed. more sin¡ply, a¡d. in corrpa.rable yield-, using trifLuoro¿r-cetic
t lt

acidro4 both as catalyst and solvent. Co-solvc'nts (methylene

chl-ori.d.e, chlcroform) cou1d. be used 'v'rithouL noticeable d.ininution

in the yiel-d of i..so1ated. pr:oduct,

This l-ast fa.ctor coul-d- be used. in a- perticular:l-y sinn'p1e

NÌçFt techniq.ue for determinj,ng th.e course of a.tterirptecl cycli za.Lion

of d.iazol:etones, u¡j-thout necessarÍly j-solatirg arry prod.ucts. 'Ihe

d.iazohetone, as a solution (g* 1Cfr) in d.euterochloroformr wâs trea'bed,

in a-n M,')R sa-mple 'bube, v¡ith a d.rop of t;rif1-uoroacetic acj-d-" 1lhen

ni-trogen evolution ceâsed, tÌ:e spectrun of the nrixture generalJ,y

shcn'red. v¡Ìre'ther cJrcl.iza.tion had occurred,, and to l.rhat ex'Lent. Ihus,

the appearance ol' the C4- vj-¡ry*l- proton aL *6 ppm and. the shif't d.ovnrfie1cl.,

tc¡ .w-l ,5 p'pvtt of the C5 arc¡nre.ti"c proton, T.¿äs goocl evj-åence that

the requirecl cycJ-i za.tion had. occrrrred.'

The abrj.d¡4ed- route (tlig aiazoir.etone 2.C) me.de possiblc a

highly efficient s¡rnthesis of tlie bicyclo[5.2"1 ]octane derivative

9 irrvolv'ing ortly ei-glrt steps froni 6-nethoxy-1-tetra-l-cne 24," .4.11- the

tra-nsformaticns lrere of consistently hÍgh yieJ-cL / (*, 9Yfr or

/ .û,n e>:ception is the Diels-Al-d.er reactiorr, conversj-on of d.i.ene !þ

to ca-rboxy-*J.ic acid- ff, which gives a lor'¡ yielcl of the required-

earbo>:yli, u"i.d,"1lr'5 A possible nethocl v¿irich ma-y ci.rcunwent this

lorv yield- step has reccntly been d.ev:i"".1"1 
65
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greater).

The important d.ifference between thj.s method. for construction

of tlre bÍcyclofJ.Z.1locLane framw¡ork, arrì- most of those mentioned.

in the Introd,uction, is an obvÍous one" The problens involved.

vrith the introd.uction of a tr¡o carbon atorn side chain at the

(projecteA)n/C ring ju-nction are not encountereC" in this ne'yr

method.. Here, th.e two ea.y.bon atom unit is j-ntroducecL at an ea-sily

accessible position on tb.e C ring and. the cJ'clization step is

then performed- at the ring junctiono

It may be anticipated. th.¿rt the ring closure rea.ction

mj-lI fj.nd. other applicat:Lons in the s¡rnthesis of polyc¡'cJic

.orqpo.rrd.""1 21u several examples h¿rve a]-rea-Sr been reported.,125 tl 6g

ïn this Chapter, three d.j-ff'erent routes to the tetracyclic

ketone 2 have been cliscussed. Sonie further aspects of the

chemistry of J a.re discussed- in Chapter 4n
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In Chapter 1 , the acid promoted- cycliza-t:Lon of the

d.iazoketone Æ lvas d.emonstraterl to afford. a hÍgh yÍeld- of the sirnple

bicyclo[J.2.i ]octane clerj.vative l. i{hí.1.e this v¡ork was

r:nd.oubteCl-y interesting, the rea.ction would- be of l-ittle general

utility if it corrld- not be extend.ed- to the cycli.zatíon of more

corrplex d_iazoÌ.,etones. L,ogica11y, the most simple and useful

extensj.on woul-d. be to tty diazoketones ïrith a- substituent on the

same caljbon atonl as the d.ia-zomethyl Ì<etone grotlp. Then, if the

c¡rcliza,tÍon was successful, this rvould. lead. to bicycloIJ.2.1 ]octanes

substítuted. at the brio.gehead-, as shc¡v¡rt :

R

---È>

N2

Fig ur u J0

It was decid.ed" to attempt the prepa.ration of bicyclofJ "2.11

octanes substituted. at the bridgeheo-cl- r¿th (i) methyl, (ii)

hy'rlroq¡l and. (j-ií) bromo groups, using appropriatel.y srrbstitutetl-

clÍazoketorres. These three cases are d-:lscr'rssed" $epa'rately in this

Chapter.

R
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(") Cvcliza.tion of the Diazoketone l+7

The synthesis of bicydo[].Z.lfactancs incorporatilg a.

carbonyl function in,the five membered. ring ad-jacent to a

brS.dgehead. rnett¡yl group (l:-gure 1Or R=CTIr) is un important task,

for many of the d.egrad.ation prod.ucts of gibberellic acid. 1 contain

thi.s array of fr.l¡ctional gror-rps as the C-Ð ringE 
"yutorn.?-'3

As the most sinpÌe extensj.on of the cych.za.Níon reaction

adumbrated. in Chapter 1, it seemed. that thr-ls rj-ng system woul-d.

novr be accessible froni the methyl substituted. diazol:etorre !f.

-Accord.ingly, d.iazoketone l¡l was prepared. by tlre rou'be outl-ined.

i-n Scheme 1O.

Ðiels-¡lld.er reaction betrveen the dienc gln u'A

Z-methflacrylic acÍ.d. yield.ed. a mixture, presumably of the

diastereoisomers of acj.ds !J. ^nd u¡.' In order to rerJ.uce the

mmber of possible i¡;o¡ners, the d.ouble bond- t'¡as isomerized- to the

tetr.asubshitute<l p.sition by dra hydrogen chl.nr-id.e in chlc¡rofo"*.14'6

The infra-red. spectru¡l of the cnrde prcd.rrct :indicated. that

; Ai.though ,rrlptu"unce of :flour possible a-cids in the mixtu::e was

not proved-, it Yfas supported. by a crü'soly exa-n¡-irultion of the

NIIR spect¡,u:n of the crr:¡le product. Tirls shor¡,red four d-istinct

methyl rr)soïÌances ( singlets) in the region ô1 .1 *1 .4 ppm.
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partiel lactonization had. occru*¡.ed- Ly 116O ( l-lactone) and.

i695 af f. Thu*s it appeared. tÀat the C1 aoid had lacton:ized-

formirrg the f-lactone 45.1 
661167 (Th" forrn tir:n of a coï'respond-ing

ô-Iactone fro¡n acid $, "wld.ch v¡as not obserwed., I'n¡ufd. be kinetica]Iy

Less favor:rabJ-e1 
66-t687. rt was possib1e to isolate fron the

nixture the cl-esired acid. Æ" otÃ the l-lac 't,one ¡2r/ ea.ch in about

ZTfi yiel-:d,, basecl on diene þ.

The d.i.azoÌrctone !f 'r'ras readily prepared from acid' !É. yV

the r:.Ëual two step p"o.u¿*'".1¿'B Decou¡posi.tion af IZ in tri-

f1uoroacet1c acid, afforited- the bicycl"ol3.Z.1 ]octane !Q sr-rbstltrrted.

at the bri.dgehea-d. r'r-ith a metlryl group. The yielcl of !p was

qrnntj.tat:Lve.

Thus, the acid. ca.ta_lysed_ cyclization of unsa-tura-ted.

d.iazol:etones cen be usefully extend,ed. to examples in wkich tiie

cliazoketone ha-s âllqyl substj.-tution on the carhon aton bearing, the

d.iazomet\y1. cerbonyl fu-nction.

*-:::

/ The stereochemistry of the lacto¡re ÀJ- i* not lcrov¡n, bi:-t the

B-C trans structure is suggested. from the noåe of formation. 63 rt 67 ,l68
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(¡) Cvclizatio-n of t-þe D.åaz-o!:etone 6{

The next problem iry'Ìrich l'ras cor:sid-ered v¡as rvhether acid

promoted. cycl-i za.tíort of sinple d-iazoketones corrlcl be so mod.ified-

as to al-low a reasonably efficient synthesis of bicyclo[J.2.1f

octanes functionalised. at the bridgehead-'r''r:ith an Ï¡ydro4yI group.

.As mentioned- prevÍously, this was ilritieJ"ly the basic objective

of thÍs resear-ch, and. therefore these experiments vrere of cru.cial

irq:ortance.

A suj-table starti-ng conpound- for this rvorlc appeared. to

be the a-hydroxy-ac1.d. fl, synthesi.sed. by tire ::oute shorvn in

Schene 11 . Some aspects of this route cleserye further corilment.

The Ê,1 -unsaturated. ketone J,.O ("*u Chapter 1) vras

read.ily converted- to the correspondi.ng cyanohyclrin Æ, by

t::eatment with sod.iurn cyanid.e and hyilrochloric acid. i-n a tv¡o

plrase ether-rvater sc¡lvent system (c.f . ,"r169). the pu're

c¡ranollydrfn 42 r'¡as ob'bained j-n Bffi yi-:Jd,.

It w¿rs hopecì. that ¿¡"cj.d. catalysed. hydrolysis of the

cyanohyòrin &2 woul-d. lead- simply, rrithout corrylications, to tire

required. I'rydroq¡-a 
"i.a 5l "173 Hydrolysis of !f, ho.r,'ever, proved- to

be a very capri.ci-ous r"uction.y'

/ This resuf-t lvas rather surprÍsingo -it moC.el cyanohyclrin 52,

obta-ined. from the 2-tetraJ-one L2, was smoothly hydrolysed- by
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Attempted lrydrolysis of !!'mith concentra.ted. hydrochlorj-c

acid. at 7Oo 'r¡¡as unsuccessful ard. 'uncharlged cyanohydrin was recoverecl.

By raising tlee temperature to 110-12Oo, for J hr, hydrolysis could.

be effected., but extensive d.emethylation of the aromatic

metho4yl group occurred. conconútantly r:r:d.er these more vigorcu.s

cond-i-tions. IVo pure corpor.md- coul-d. be isolated fron the mixtr:re,

even after acetylati.on and chromatograph¡r.

Tlhen the higher tenrpera.tr.ire hyclrolysis was intemupted.

after a shorter time, a mixture containing acid, a¡úde ancl otlrer

species was obtainecl. Thj,s v¡as a.1so rursatisfactory for preparati.ve

purposes. The use of acet:ic acicL as a co-solvent had- littl-e

ameliorating effect in any of the above mod.ifications.

Fina1ly, a method- rvhích has been used. for hylrolysi.s of

chenically sensitive nitrj-les1 Z 
'172 *o* found- to be reasonably

satisfactory for the cyanohytìrin {1. Thus, sofution of !l in.

hot concentra'becL hyd.::ochl-orÌc ac:i-ù (70o, 4 hr). The

hydroxl,-s-cid lJ rvas obtained in B{o yieto..17a

CN H

__>
Me0Me0

13

-¡_->
Me0

52 53
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concentrated. sulphuric acid. followed. j-nmediately by d.ilution

n'ith ice ard. water, gave the þd-roq¡-amir1.e å9 it 6O-6Y, yield"'

Hydrolysis of p with aclueous soùiu¡n hydroxid"e then gave the

hyùrory-acÍd. j! which was pwifiecl and- ch¿racterized- as its

methyl ester l!. Fox.tuitously, the ester f{ forrned readily

when an atternpt was mad-e to recrystallise the acid- !! from

meth¿r-nol" Pr:re ester ![ coufcl be easi-1y iryclrolysed. back to the

d.esired. hydroxy-acicl- 51. The overall yield. of n- fron the

ketone 1O tras a d.isappointing 3O/",/

In 1952t lla:nsha-ll a¡d- V/ai-ke"110 four,,L thå't 1 -ðj'azo-

acetyl -1-hyùro>q¡cyclohexane l! yield-ecl the spiro-oxetanor'e fi

on treatment -¡¡ith acetic: acid-" sinilar formetion of a- ß-axetalrrrte

OH

0cHN2 --->.

55

:ln the steroid. field. has af.so been noted..111 It 'u¡as therefore

anticipaiterL that the corres;pond-i-ng tricyclic ø-hydro>qy-cliazoketone

._._--=
/ .A more efficient synthesis of hydr:oxy-a.cid l! has recently been

d.evis"d.1 65

56
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l] wouLd. cya.]-ize preferentially by participation of the orygen

aton rather than by the doulole bond. (i.e. the oxygen atorn vrould-

N2

Me0

57

probably be a rnore effectíve nucleopþile than the 1l-bond- for

interceptiorr of the electrophilic dj-azonium ion) ' fiforeover,

ùiazoketone SJlvould- be d.iffic.ul.t to p::epare, sj.rrce the hyd-r:o4y1

group v¡or:-k]" need. to be protected- d,uring irrbrod.uction of the

d.iazonethyJ- ca.rborSrl functionn

It wa.s consid-erec1 that a mol'e fruitful approach vrou-l-d.

be to attempi the cycli.zatían on a d.iazoketone in rvhi.ch the

potential bridgehea-d' hyil:oxy1' group ''vas rnaslied- v¡ith a protectj ng

group. use of the act'tyl proteeti'ng group '$¡as investigated-

i.n-ltial-1y,

To this enc1, hyd.ro4y-acíd. l! v¡as re¿rd-j-ly acetyla.tecl,

yield-ing aceto>qr-acj.d i8 (Sctreme 12) " Difficu-lty was erqreriênced-

in convertíng this acid. to the acid chloride. 0n1y by usi-ng

forcing cond.itions (2 ho.rrs' ref¡ue l¡"ith a-n e)lcess of oxalyl
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ch-lorj-cle in the pr:esence of 1 molar equj-valent of py.i:irline)

coul-d. the acid. chforid.e be prepared.. \li.Lder ne-'thoås, either
Jwith orvrithout pyríd.ine failed..r Otrce pre¡rared., the acid. chloricle

r¡as easily converted. to the diazokeLone ffl. the cruåe d-iazoketone

52, vhich v¡as not very pure, 1\'as used for preli-ninaty cyclízation

e:qperì-mr--;nts.

A quick ðeternrin¿rtioir usi ng the l'tri,flì techniqu-e d-escribed on

page 34¡ provid-ed- evidencc tha-t the d-i¿rz.oi.:etone þ2 uvrclert'rent

partia_L cycljzatiotf on treatnent rvi'r,h t¡:ifluoz'oacetic aci-d- in

d,euteroch-loroforr-r. T¡us resonânces at 67.52 (a, C5n) ancl ô6.O3

(t, C4H) prrm e2rpecteÖ for the cycl-ized proðuct ÉQ.r cou}l be

d-ist:ir.guished e.mo-ngs!*qgp-å-ef¿ggli*g9-s." Tntegra-tion of the triplet

a-t ô6,01 pprn suggesterL that g. 5U/o cJrcl-ization h¿rd- occurre'l.

rr'fhen the r"e¿¡.ction was repeated. on a larger scale, the

product rrrj-xtut e tl'as sep¿ìIated- j-nto tv'¡o fractions b¡' preparative

thin layer clrrom¿rtography" lhe hi-gher Rn fraction ( aoo:rL t+D/o

{ lfost of the other acids whj.ch lvere prepared. in the course of

thís work, coulcl be convertecl to their acirL chl,¡rid-es using

very mj-Id concìitions ( see Erçeri-mental) n .Another exceptj-on

tra-s the aci-d. 6f lzìiioh, like $, contains afr ac¡r1e;çyl substituted-

tertiarry carbon atom ad.jacent to the c¿rt'bo*' *"o*'
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yie1d.) appeared. to be mainly the cyclized. p::od-uct 6q (ô2.53 arfl

6.O1 pprn). lhe lovrer ROr material (about 3q" yielcl) was sti1l

a mj-xture, but appearecl to contain some of the u:rcycIized-

hydrorqr-acetaLe É4 (ô¡.f 1¡ st -COCIITOÂc). No pure cornporrnds

could. be i.solated. from either fraction'

One possible rationafi.zation for: the 1o'r,'¡'yj-eld. of

cyclized. prod_uct lg ln this exper.iment is outlined- in Scheme 1J.

It is proposed. in this scherae that the intermed.j-ate ùiazoniurn

salt 61 is attacked. competj.tively by tvro ùifferent interna-l

nucleophiles" Thus route a leads to c¡rsl'is prod'uct 6o via

attack by the C-C d.oubLe bondo Tn corrpetition vrith this, route

b, invol-ving participation of the aceto)çy group, gives the j.on

62, wtricir vould- be erçected to lea¿ to a mixtr:re of hyd.ro,q¡-

acetates þ] anð, fo. Hovre./er, otly -64 v¡as tentatively iclentified-

among the reaction products. Sornevrhat analogous nucleopLrilíc

participat:ion of an acr:tate groìlp is observed. during the

ïfoodv¡ard.-Prevost reaction, 17)+ t17 5 
^na 

in various solvolytic

reacti-or:s .176-178

Three factors tend" to m¿rke thi-s particular methocl

u¡rsatisfactory for the synthesis of a bicyctol3.Z"1 ]octane

systern substitrrted. a.t tþe Lr.'itLgeheafl v¡ith a¡ hyd-roxyl group.

Tlrey are i

(i) Prepzrration of the ùiazohet'one å!, i= diffictùt'
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(ii¡ Isolation of cyclized proclu'ct is al.so rliffj-cult.

(i:.i) In any câse, cJ¡clization is not effÍcient.

For tb.ese reåsons, a¡other methocL was sought.

It '¡-ras reasoned- thai a p::otective gr-oirp vrhich lroufcl rencler

the rvhole oxy-substituent poorl-y nucleopirilic tlouJ-d. offer greater

hope for â successful cyclization. Then i:rterference by another

intramolecul,ar mrcleopb-ile (e"g" route b of Schene 1l) woul-d. be

effectively su1>pressed- in the critical step. Å tri.f.Luoroacetyl

group, becau-se of the strongly electron rvith-Cra-wing fluorine

atons, v/as thel:efol:e studied. as an al-ternative protecting gt:oupo

Treatment of' hydroxy-ac:id. l! lrith triffuoroacet'),-c

anhydri.de gave the trifluoroacetoxy-a "ia þ/ in quantitative

yield." A}'chough coirversion of þþ to the d.iazgl-.etorrc fi
(Scheme 1{,) proceecLed- without j.ncid-enL in ¡r srnall scale trjaL

erqleriment, when it'¡¡as repeated. on a. larger scale, the crud-e

d.iazoketoire had. partly lost the protecting group. In the infrared.

spectrum of the crr¡.Le product, the norrna-lly strong carbonyl- bonrl

of the CF=OOO- grol4) UlgS "*-1 ) 1,ias abnorrn:r-lly weako li{oreover,
)-

the NllR spectnrn sho'red. at feast tvro -COtHlI, resonances in the

/ I'lo atterrrpt was mad-e to pr:rify aqy of the conpounds contairring

a tertiary t:rifluoroacetoxy srrbstj-tuentn I'hey lvere fuJ-Iy

characterised spectrally"
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85.5-5.g region. Ttris MvfR sampIe'¡¡as treated. vrith trj-f1'ucrroaceti-c

acid., and. from the new spectrum evj-dence was gained., in the usua-l-

vray, rvhich suggested- that the d.esired cyeJ).zation had. occr:rr-ed to

a limited. extent. lhe procluct 'ryas isolated. from this reaction

and. hydrolysed- to remove the prote<-;ting group. The crude mixture

norir d.isplayed. i¡fra::ed absorptions at 181! (suggest'ìve'of a

B-oxetanone) ancl 175O cn4 (cyclopentanorre). All this evid.ence

strot:gly suggests thr¡.t the ùiazoketone originaì-ly obtained. vras

a mixtu:e of the re<1ui.recì. trifluoroacebo:i¡¡-ùiazoketone 66 ttol

the hydro>rry*d"iaz-olcet r:tre l].

For usefu*l results to be obtained- in the cyclization,

it was obviot.ls by the above eviclence that the contanr-in;rti-ng

hydroxy-d"iazolcetone þJ had ej-ther to be removecl or ï'e-pTotec'ted.

The latter method- 1'f¿ìs cÌìosen. The nj-xture <¡f d"iazol<eton'.:s å.7,

a:rd 66 u'as disþolved- in trifl-uoroa.cet-Lc nnÌrydrid.e contairring

p¡midine (1 molar equívalent). After a short ';ime (O.5 hr),

a. large excess of trif.l-uoyoacetj.c acicl r¡¡rs adcl-ed" to effect

cyclizartion. The crud-e ketol t::Ífluoroacet¿\te þf was irnrned-iately

hydrolysed. to remove the Labile protect-i-rg group. lhe clesireiì

ketol. 68 was o'btained., after chrona'tography, *g-caÆ-PJ-9â+L]

yLuJ*} from the hy,Jro:q¡-aci,d" lJ- v¡ithr:ut pr.rrification of the

interrnediates "

thtl^s the methocl is amenable to construction of
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bicyclofJ .2,1loctane systems contain-i-ng a brid-gehea.d. þdroxyl

grloup? It prorriàes a relatively sinq:le solution to the syrithesis

of the functj.onal group arl:ay in the C-D ring system of gibberellic

acj.d. 1 . 
9l+196 r99 rtoo

A snla_ll sarnple of the hyd.roxy-d.:Lazoke'bone !/ r'ras sectrred

by núId. hydrolysis of ¿r portion of'-the rliazolct:tone mixt¡r" (66.

,ttd U) refe¡:recl to aboveo As e>q':ecteti-, t'/nen .þl wa's decolryosecl

rvith triflucroacetic acid., only o;rygen p;rrt-ic5-pation i-n

clisplacernerrt of n:itrogen occurredn11Ot111 The isolated. prod.uct

had. the spectral cha¡acter:istics expected. of the spiro-B-oxetanoire

É2, (sctreme i 5)

This result, a_ircl to a- lesser e;ctent those obta-ined. v¡ith

the aceto;ry-d-iazolcetone l!, points out verT clearly one of the

factors whj-clr must be consídered. in the cyclizal;:ton of u-trsatura.ted.

d.iazolcetonesn Inter'naì- nucleopLriles which can effective-Ly compete

rrith the îl-¡ona rnust be rigorously excluclecl if the clesired.

cyc1,îz;ttlon is to 'be achieved."
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(") Âtte-mpted CvcT-ization of the Diazo-lle!14g,-7!

Bicyclo[J .2"1 lctctane derivatives cont¿rining a halogen

substituent at the brid.gehead can be errvisa.ged. as useful

inte::med.iates for a nutnber of pruposesn fn particule-r, if the

halogen could- be replaced. by an hydro:ryrl grc,up at sotne convenlent

stage, then a more effj-cient synthesis of a b::id-gehead- hydroxyl

substitutecì- bicycloll"Z.1 ]octane m:ight result, Therefore, the

preparati-on of a. halogen substj-tuted. bicycI"l3.Z.1 ]octane, by

cyclízat).on of the appropriately substituted- cliazoketone, was

next investi.gated., The bromo-d.iazolcetone ]! was chosen for

d-etailed. stud.y and rras synthesised by the route ou'clined- in

Scheme 1 6.

, TLre Die-Ls-,l1cLer reactiou between ùiene dú "*
2-bromoacr),1-ic acÍd-1 79'1 æ afforcled. a single crystalline

c-bromo-acid. which precípitated. from the rea.ct:lcn mi-xture, but in

only Zfl, yieJ.rl. The Nl'ffi. spect¡rm of this p'cod-uct shorved. no

vinyl proton resona;lce. It rvas therefore assu-'ned that migration

of the d.ouble bond. into the tetrasubstituted- 
^l+a'1 

04 - position

ha-d. occr:rred.åg_gi3g. Thj.s migra.tion of the d.ouble bortl could-

have been catalysed. by traces of hyclrogen bromid-e released- by

partiaL d.ecorrposì-tion of the u¡rstable 2-bromoacrylic
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J
acid..F It r.¡as assumed. that the prod-uct 1'ras the C2 bromo""acid"

.E ur'trl not the corresPoïid.ing C1 isomer, from the well established-

/ It i-s signi-ficant that r','hen the Diel-s-,1-1d.er reaction is performed.

in flre presence of pyrj-d.ine, an unreanrar:ged. AL*bromoacid- is

ob'rainecl1 
65 

1m,m 66"07, m, C/+ virlvl proton) p'esumr:'bly as a

mixture of tliastereoisomers. This prod.uct j-s converted'

qrrantitatÍveIy to acirl ß, hy hydrogen chlorid-e in chforofol'ul"

Br



*5!+-

faot that, ín sinrilar Diels-A1d.e:: reactions, o::ientation of proclucts

is Írrfluencecl- by tire polarity (and. polarizability) of the diene

and. dj-enophile.1 l+5 t1 A Particularly cogent srqrpor:ti.ng evid.ence

is obta.:Lned. from the ::eaction of ethyl 2-acet<:iryacrylate v¡ith the

diene !þ. This d.ienophile, rvhich would. be eryected. to be

polarizecl in the same cì-irection as 2-bromoacrylic acid, a-fford-s

onJ-y C2 substituted. prod.uc tr,1 65

Strong corro'borative evid.ence for st¡'ucture p we.,s

obtained. when the cornpould. rvas treated r'¡ith aqueou,s po';assium

carbonate. Altbough this er.oeriment v¡as perfcrmeà t¡rith the id-e¿r

of substÍtuting an hydro:ryI group for the bromo'-groqprl 
B2'1 BJ

(which v¡oul-d. have provid.ed. a shorter s¡mthesis of hydro>q¡-acid.

L) a clehyd.robroninated prod,uct was instead produced. Ân

unsatr:rated. acid (u 16l¡ .*{ ) rvas inilicntcd. by the infr-ared.

spectrrun, but the ultraviol-et .absorption [ À,nu* 26) rn, tt 6,O0O]

d-id. not suggerìt extensive conjugation" On the ba-sis of M¡[ì dato.,

structu::e þ was d-ed.ucecl for this d-ehydrotrroninated. prod.uct.

Me0

73

00H
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A triplet (lZ"5flz) at õ5.71 ppm was assigned. to the CJ

vinyl protono In the 62.3-3.1* r:egion of t¡e spectrutn (i.e"

allylic or d.oubly a-Ily1ic p:r:oto¡,s), two cli,stinct, but overlaPPir€r

ÂB cluartets coulcl be d-istirgu:ished." Each quartet had- JlBlIz.

These quariets could" be seen ev€ìn nore cleaa.ly when the vinyl

p.roton at ô5,-/J was irrad-iated-, to decouple seco'c1ary splittings.

The;se sepil-rate AB c1u:rrtets can be assigued tr: the C'l¡ and' C'l prol;ons

J
respectivel.y wit]e Jgcr.lnaJ- 1BH'Í in both câsos¡ Tiris information

is compatible only I'r"ith structure 7j ana no other.

If 12 is in<leed. the structure of the clehyòrobrouúnateà

prod-uct (a-s al1 the spectra-1. d.ata consistently affirm), then the

bromo-acíd" preor-rrsor must be the 02 isorner ß (S.ft"me t 6) .

,dcid. fQ was corlverted- to tne diazolcetone 71' by tl're

stand-ard- stepyj-se p"o*u.1.o".1 LB l)iazoketoi:e f!, horvevc::,

urràe::Went anomal-ous rea-ctions in the pïesence of trifluoroacetic

acid" nÍther without soJ-vent, or j.n d,i.l-ute mettr.ylene chloride

solution, acic. ca.t¿rlysed d-econrposition of /'i. occurred- -ra¡:$þogq

/ It is interesting to note that a gernine-l coupl-ing conste-nt of

thi-s absolute r',ra.gnitude, implies that ljre netirylene group is

protrably f'fankeil by 'Lvro 'lf*r¡o¡d-ed' "yuttt".1&t
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ta-pl:ârent evo.Lu-bion of nitrogen , to forln a brilli-ant red- reaction

rnixture. TIo::l< up gsve a very unstable oiI, vrrLr-ich d.ecomposed.

rapidly, but which if tritr:rated. quickly with cpld ether, yield"ecl

a- smalI a.rnount ("q Z5%) of a bright yel-Ior,r crysta-Iline corqoorud,

wh:ich was reasonably stable in the solid. state.

The irrfrared- spectrum of the procluct sho'lved. strong bancls

at 162Q (conjugated. C=O) arul 1525 cn4. There yras no absorption at

,.-1J\-A cn'î for the expecterl bicyclo[J"2"1 --]octane d-erivative ]f.

The M,'liì spectrum vras very infornative. Aronatic proton

resona¡rcés at ô7.20 (lHrmrclH) and. 6"6e (z-ttrmrc6 an'l c&{) pprn

srlqges Led. that no cyclizati.on wj.th participati.on of the d.ouble

bond- ha.d" occurrt d.. tr'urLher rescnarlces were observed at 66.93

(srln) t h-nlJ $räI) ¡ 1"& (srJi{r-ol'fe) and 2.2*J.1 (mrBI{) ppm"

The síng1et at õ6.93 was assigned. to a C1 olefinic proton (i"e,

u. ¿11-.lol:btre 'þond had. been introcluced) ar¡1 the two proton singlet

at ô4.1 J 1:o a metLgrlene g¡oup fta¡keù by a carbonyl a:11 ancther

electron'wi.thòr:arving function" This metlrylene hacl proba,bly

originote,l. from the d.iazometl¡'l ketone group. I'he pa-::tia1 structure

fl¡'liras thus ten|ativel-y assignccl to this tr.nomalous cottqrotud."

I In al-I other ¿roid. cateaysed. rea.ctions ofl cJi.r¡zoketones, copious

evolution of nitrogen lvas observed"
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0

X

Me0

74

fhe higlùy conjugated. natr:re of h,'was confirrned- by the

infrared. d.ata, anrl by the ul-traviolet spectrun, v¡irich sho'wecl

j¡rtense absorption at À 
"* 

/.¡O/a nm ( t z3rOoo) 
"

lhe conpourd. gàve a- positive Bielstein test and'

microana-l-ysis of the cnrd.e conrpound., altlrough i,nacctrratet

confirmed. the presence of one bro¡ni.ue atom, and. gq nitrogen. The

structure 3o (X=nr) 'rvas therefore assigned- for this corupound.. A

possible patlrwa-y accor-:nting for the prodrrction of ft (fnr) vriff

be d.iscussed. l.a.ter, after attention has been d.ral¡¡n to some

further aspects of the acid.-catal-)¡sed- d-ecomposition of bromo'-

&íazoketone fu.
It vras stated. before that the yiekl of -ZÀ (rulr) obta.ined

by acid. d-econposition of J! lrras fairly 1-ow. The d"ark mother

liquo:rs rernainlng efter crystallizati<¡n of JÀ (X=lr) were taken

trp j-n a J-arge 'r¡o-l-lrme of eth:rnc¡l- arnd, ¿lllo,'reù tcl stanrL for several



-5u

d-ays. It was noticeable that this solution gradual-ly lost most

of its colour. From this solution, it v¡as possible to isolate,

by preparative 'fIÍ, a 
, 
colourless crystalh-ne corrpound. in cluite

substantial a-morrnt.

This new conpoun¿ sholved t¡rpical aromatÍc carbor4¡I

absoqgtion in the infrared (v 1675 and 'l 595 "{1) " î}re

d.ihyd.rophena-nthrene structure -!5 coul-d" be read.ily cterived. f'or this

compound- from its Nl'R spectr.rn, rvhiclL l'Ias unusally simple.

H3

Me0

thr:s, arorn-atÍc proton resorances cen't¡ed. at ô7.8O (t, J+II, C1 ,

CJ, Ct¡ and. C5 pr:otons); a,nû a.t ô6.85 (m, 2FI, C6 an¿ CB protons)

ppm could. be read.i-ly assigned. Furtherutore, singlet resonances

at õ3.æ (¡ä), 2"BB (41t, slighbly broadened") and" z,lE (3II) ppm

were assÍgned--bo the -'Or[e, C9 and- C10 protons, and -COCif,
I

groups resoectively. There lvere llo other absorptions in the

spectrum.

0

75
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The mass spectrr:m provid.ed. corroborating evid.ence for

structr:re fi. "4. strong molecrrlar ion was apparent at m/e 252

(a, 
f, PZ=252) together wlth an a-l.most equzLlly strong d.aughter

íon at ¡y'e 237 " Th-is 'wa.s no d.oubt due to loss of Cn', AV ß-cLeavage

froin the nolecuJ-ar ion (substantiated. by a metastable peak at

222.9) to give the stable aroyl íon ft. An ion at, m/e 2O9

sf 0 +

+
c -cHs -c0

----ì>
)F

zg ('¡* zsz) za(m^ ,tt¡ zzOr¿ezog)

SCHEME 17

-correrjpond.ed- to loss of CO (a1so substa¡rtiatecl by a metastable

pea.k at 1Bl..l) lron fþ to gl-ve the aryl cation Z (S"tum. l7).185

Fr¡rther d.ecoirposition of this ion was af-so in accord ¡ll'ith the

structure ft.
Thus, it iras been sho.,vll that the trj-fluoroacetic acid

catalysecl d.ecomlrosition of bromo-d.iazoketone fr hacì. yield-ed. the

bromo-lcetone ft (x=rr) in gg zfl yiel:ð- as 'wel1 a.s the dihydro-

'K

I
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phenanthlene f! in g 5UÁ yi-eJ:ð,. It was of some ímportance to

d.eternine 'Lhe relationslr-ip bettnreen these trvo prod.ucts. Several

sinrple erperi-ments qulckJy d.emonstrated. that þ was formed" by

fr:rther d.ecom-oosition of the bromo-ketone ¿ (f'=trr).

This evicler:ce is summe-rized. below.

(i) The yelIow etha.nolic solutlon of f!, (x=nr) used-

for d-eternj-nation of the W spectruln d.ecolou¿'ised- t¡uithin a few

hoirrs. The presence of f2 in the sol-ution could. now be detected

by fIJ. No other conporrnd.s lvere exposecl by thj-s a¡ralysisn

(ii) The cou.::se of the reaction was stud.ieci by the

smal.l- sca-Le Nü,R. technj-q.ue rì.escribed- ea¡lier. At first, resollallces

of the bromo-ket one f! (X=lr) cou,Lct be clearly rLíscerned" i'fter

0"5 hr these had. d.isappeareil, a¡d. resonances clue to the dihyùro-

pheno:rthrene þ could. nc¡lv be seelì. The ord-er of appearance of

pro'Jucts was therefore ascertain.ecl, although other minor absorptions

coul-d. al-so be seen in the spectra.

(:tii) 0n one occasion d-uring deterninatj.on of the NIiIR

-,spectrrm of Zk (X=nr:), the compound spontaneously decompo-sed- in the

sanple tube. The resonances of ZL (X=Br) vanlshed, ard. r'rere

replaced ^saglf"j!É*gggpl'*.9$ by those of :15". Moreover, copious

evolution of ge^seou.s hyd.rogen br:omid.e v¡as observeil.

(i'n) A sampJ-e of the brono-lçetone /1, (n¡r) rvhen

melted. (rn.p. 5e-Sf) was .¡bservetL to resolícL1fy. This solíd



_61 _

L,lelted. again at the s:rme ten4rerature a.s the d-ihydrophenantht'ene

¿ (rn.p. 1 32-1it") .

(") The m¿rss spectrun observecì far -þ (x=ar) uvu-s

id-entical to th¿rt of þ. Thus, it appea-r'ecl that therm.al. d-ecomposition

of Z4 (x=nr) fu J2 occur.::ecl before arey saruple rea-ched the eLectron

'beam of the lr'¿¡-ss spectrometer'"

The j.rformatj.on lvJr:Lch -v.¡as obt¿.inecl pertaini-ng to the acid-

catalysed- d-econposition of bromo-d.iazolcetone f! cal nolv be

concisely stated- :

(r-) The priniar'.y procluct of the d-ecorçosit-lon is tl-ie

bromo-lcetone 74 (X=n::) irr r'/l:ich ihe bronine aton has rnigra-bed to

another posi-t-ir:'n, anrl- ¿i:r extra d'oul¡ì e boncl i-nt:'od-uced'.

(¡) The seconclar¡' prod-uct, pr<.lr1u<:ed- by fur'r;her d.econ4..,ositÍorr'

of the metastable in'l,erlncclj-ate 7¿ (X=Br), .is the d"iliyclropheir¡.nthrene

-þ rvhich is 'form¿Llly a clr:hyclrobronÙ-n¡rte<L analogr-re of Z4 (X-lir) '

. (") Clearty, convc.rsion of JL (X=Br) Io -J2 is an extrcmely

fa.ciLle process (thermal anð/or acìd- ca-ta-l-ysed-)

(a) None of tire bromo-substitu.tecì. 'bicyc'Lof1,z.1 'loctane

deri-vative ft, is forlned..

A mecùa.nism v¡hi.c;h e.ccou¡rl,s for these transfornations is

ou.tlined. itr Scherre 1 B. It is pro-posed- (Scher,-,e 1 Ba) that the

cl-iazoniun iotr f! from protona.tio¡t of the diazoicetone l-, loses

nitrogen by a.ttaclc of the bromine atorn to form the bromon-iurn

salt 7-2. CoJ-lapsre of iotr 79 occrms r';itir Ioss
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of a C1 proton, giving the observed brornoketone fl¡.

sone aspects of this scheme ðeserwe further comntent.

First, rro doubl-e þond, participation in the loss of n:itrogen from

d.iazo[iurn sa-]-t lQ is observed. The bromine aton is apparently a

much more effective j-nternal nucleophile (for reascrs rvìrich rnay

be steric e.s u¡e1]. as electronic). Secor-d'l¡r, although the step

ZQ to ./! :ls itrdic¡rted as formal displacement of nitrogen, no

rútrogen ìl¡as evet: observed. to be evolved-, ar.d. the fate of the

nitroÉ¡en atorns remains a m¡rsf,'qrrr" Thirdly, some st4)por:t for

the inte::urediacy of bromorriun ion Z9 comes frorn sone receutly

publi.shed. uro"!r"1 
B6t187 Smooth forn¿rtion of three and' five meutbered

cyclic ha-l-orúum ions, with conseqlrent 1 ,2 or 1 ,l¡-halogen shiftst

ha-s been obscrverl for some solvolytic reactiorp in tri.fl-uoroaceti.c

.p,cl4. It r'¡as fourtd., horrever, that four membered- c¡rcl-ic halon-iun

ions could. not b'e formecL, ,beeau^.;e 
ttt. . n. favorrable entropy effec+-s

can¡ot .cofiryenss-t;e for stra-in .in the to"átiotr of forr-rnembered--::ing

halonj-um Íons. ...r, .186/ trIith a carbo'yl group' in the four

mentbefed ring, hcnvever, sc,rne of the sever:e non-br:nd.ed- inter¿rctionS

r¡¡hich nc¡rmafl.y m¿rke forntation of for¡r membered" rings so

/ Noh¡ithsta.nd.ing this objection, a 1r]-bronine shift involving

a presune¿ four membered cyclic brornorúun íon has beeri .d.etectecl. 1BB
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u:rfervotu.able, shoulcL be renovedn îhis cou].d have the effect of

lo'wering the transÍtion sta.te energy sufficiently so that the

baf.ance of entropy and energ¡¡ effects m¿ty no'ff be opportunc for

for:mation of a for;r membered. cyclic inter¡ned.i ^t/ 
(e.g. bromorúu¡t

ion p).

severel routes can be imagirred- for d.ehy-drobrorninatic,lr

of bromoketone . Two of' these are outlinecl in Scheme '1 Bb.

The simplest assutnes th¿rt enolization of fþ occr:rs, follolved- by

a. 1 ,4--d.eiryclrobrorninationl 
B9t1 F (t. e. fA-Ð 80- --gt) lead.ing to

the enol -fl- of the observecl prorluct" "fl secotrcl possible route

il¡,olves Îf-bond. pa.rticipation ( e:çected- to be very favorabte)

in d.isplacerirent of bro¡nide ion f::om 7-h to form zr cycloprotr)a¡one

e.g" -83. Tr¿¡¡sfer of the CJ þioton to'o;rygen (per¡aps a

1r5rsiêm¿rtropic shift) rìhoulcL th n lead. to enol- 9, "'93 OtlLer

nieehanisms j.rrvolving 1ri-shift of bro¡nine1 71 
'192 follolred. 'by

tl.ehyd.robro¡nination, or ztritterj.Onj-c itrtermeùiates (c.fo Favorskii'

rearrang""*nt1 iJ'191+¡ can al-so be envisaged.

the most pertinent factor of scheme 1 B concerns the

reasorring advanced to errylain v,try b::orno-ùiazoketone 7 f'aj-Ied' to

cyclisen It is because d,j,azoicetone -71- incorporatqs within its

/ In sqppor.t of this id_ea., formation of for::. mem'i:ered. r:Lrrgs

containi.ng a carbonyl grorrp Ì.s quite vrell lcnol'nr d.uring acid-ic

d-eco'posi ti.on of ùiazohetor,'*= .1 
1 o' 1 1 1'1 1 6'1 1 7 t1 

gJ



-65-

rnolecufar structure a more effective interr;al nucleophile than

the îf-bond- cf the C-C d-ouble bond-. Tlús result recaLl-s the

faih¡re of the hyclroxy-d.Íazolcetone l] (ancl to a- lesser extent

acetorry-clia.zolcet on ",22) to u:tlelpl o cy c1:5' zali-on'

The unexpectecL r,esult obtained lvj-th brono-d.iazolcetone

fr makes the concf1¡ling renarks of the las1 section [Chapter

z(¡) -] nolv Ðppea.r rnu.ch more cogerntn
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(u)

(¡)

Diaz-olcetone 87

Diazoa-cetic ester: 29
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It has been shov¡n tha.t aciil catalysed. cyclization of

unsaturated- diazolietones represents a prorni-sing nethocl, in certa-ín

cases, for the preparation of s¡mthetically useful polycyclic

corpormd.s. It is d.esirabLe to study further examples of thj.s

reaction in tbe hope that they (i) nay J.eacì- to other usefuf polycycl.ic

derivatives, ana (ii) may reveal more clearly the course cf the

reactj-on. For these reasorr.s, cyclízation of 1¡¡¡o further diazo-

carboqyl compound.s was attempted.

The corrpound.s chosen were (a) the more highly u¡rsaturated.

cLiazoketone 3Z an¿. (U) the clj-azoester 98. These tvro examples

are d.iscussed. separ:a-teJ.y in this Chapter.
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Cvcf.íza n of the Dj-a.zoke-r,one 87

2 _____>

Me

In the Introduction, it I'ra.s pointed- out that one of the

important factor.s in the present approach tov¡ard.s synthesis rof

gibberell-i-ns was the need. to contract the B ring at sorne

convenient stage. A d-ouble bond- sj-tuated. l',i-thin rir¡q B woul-d-

be suitabre to aflov¡ t,his contraction.l oS-1o7 Th'erefore, a usefrrl

corirpor:.nd might be the bic¡rsl.e[ 1.z.1]octane d-erivative 99. A

possible precursor of ff is the diazolcetone !f, as shov¡n :

Me

B7

CJ-ear1y, the tetrahyctrophenanthrene acid. 86y' ,oo-,

reqrrlred" for this lvork, In principl-e, 9É cqcn be mad"e sirnply by

seLectÍve d.ehydrogenation of the hexal¡rd.ro-analogue Æ- (*""

Chapter 1) . Tn practice, this proved- to be cor¡sid-erably more

/ Acid. !É i= a knol'm con¡pound. a¡d. has becn s¡mth.esised. by türo

d-ifferent methocls.l 4"5r196 Neither mei;hod rvas suitab.Le for the

present purposesr ancl a nev¡ route was soughtn

B8



-68-

00H COOH

--_->'
Me0 Me0

difficult tËa:r it rnight at first appea-r.

One method- which has been used" on set:e:ial oc:ca-sions to effect

specific d.ehyd.rogenation of aIþI a¡omatic cotnpounds is a t¡n'o-

step bronrination-clehydro'bromirration sequenceo1 97-1 9I N-Bromc¡-

succj-rri.mide is usrra-lly the rea-gent of choico for the first step.

Trea.trnent of acid { .wiricir N-bro¡nosuccin:j.nid-e (1 mof¿ì-r

equiyalent), using a variety of cond.itiorls, consistently' afforrJ-cd-

a bright yellovr product. IilviR analysis of this crud.e product shovrecL

it to be a ¡nixture of at least three corryorutds (thre. distinct

Ol',{e signals). Moï.eol'er, 1t wa-s apparent that d"ehydrobronination

had. occr:red. conconitant-Ly with brominationrl 97'198 for there was

no CID3 resona-r-ice. A more d.etajled. anal.ysj.s in:ficated. that the

desired aei.d. 86 ,,rr,/ rn the mi.xture anc- appeared. to be

/ Fo::trma.te1.y, ;ur authentic sa-mple of acid- Q6 was availabl'e

(",f. ,.t214) from some other reselarchó Tìrus, cl-ireot ¡ilvlR

conpafison'!va.s Possible.

9!27
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the ma-jor cotnponent ("g 5V"). It vra-s impossible, though, to

separate ar{r pure contpourtd fron the rnixture"

The reason why this particular reaction proved so

troublesorne probab)-y l|es in the non-sclectiv|ty of the jnitial

brorrination stepn Aci.d- ?-Z has four sites (a.t C1 , CI1-, C91 and- C1O)

'where bronina.tj_on night occure TÌús corùd. leadr of course,

to severa-l- dj-fferent d-eiryc'lrogenated. species. ITt fact, it is

tenpting to specula-te that the bright yellovr colour of the

prod.uct mixture is d.ue to the presence of the highly conjugated-

A1-i=o"r" (c"f . bromo-ketune ¿) " Tlús rvoulcl be a.n expected.

prod.uct if the 1-bromo-isomerlvas for¡ned initial-}y'

Attempted- selective d-eh¡r<la'6gsnation of acid' Zl wj-]ult

chlorani12ffi 'uuu." a]-so fru-it1ess" IrIo d-ehyd-rogenatÍon occrrrred- v¡j'th

this reagent, and starting material I'rn-s recovered'n 
I

Â severe problem vl.ith the above rea.ctiorrs was the very

poor solubiJ-i,ty of acid. 4 j:tt the solvents useå. Tt rn¡as t'hought

that the nrore sol-uble methy'l. ester: 3É of 27 rvorr.ld. give less

complicated. z'e a.ct j-ons .

Accord-ingJ-y, methyl. ester !¿ was prepared" frorn aci.d. 27

with d.iazometl:ane (Sctreme 19). Very brief treatment of fr.

vd.th N-bronosucci.nirnid.e (1 molar equi-va-1-ent) gave an almost

cofourless crystallirre proôuctn This proCruct shov¡ed' a ol:te proton

multiplet at 65"23 ppm in its N![ì spectrum, inrlicative of a cÏIBr
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plroton. The pqsitj-on of the bromine atom vras not d-efinitely

d.etermined.. The conrpouncl v¿as r:nstable and. lost \ycìrogen bror,r:id-e

very readily" This procesjs coulå be fol"]ovrecL by NrLR spectroscopyt

ailC-, except for traces (*.1Úí) of other conçotutds, the prod.uct lvag

exclusively the clesirecl tetra.hyd.ropbenanthrene ester !1. This

suggests, thpugh d.oes not prove, that the iirternerì.iate bromo-

conpourd. nay have been the C1O isome , P!,"/ JLpparently, ester 92

rmd.ergoes mo::e seL.ective bror.ination tha¡ the cor:'respond-ing acid-

27" The reason for this Ís not clear.

La-rge sca-l-e dehydrobronúrurtion of the bromo-ester !L-

'uras effected 'rvith cal-cium car'oonate in hot <ì.imettrylformand.d-e.2O1

The es'Ler 9196 rvas obtained in JS overù.l- yielcl froru ca.rbo)ry:l-j-c

acj:d- !f. Hyclroly.sis of Bf, then gave a qr.rantitativç yield- of the

required- d-ehyilr,:genated. acid. -86.

Acicl ff Y¡as smoc'th1y converted. to the cor:responclirç5

d.iazoketone 92, but trifl.uoroacc-.tic acid deconl>os:Ltion of p/

ga\r€ a compJ.ex urixture of 'p:'cducts conta.ini-ng nûne of the expected-

/ If the br:o¡rd_ne atom had. been at C!, rather than at C1O, the

b"¡ä)jç- ClIBr,' prctott t'¡ou-l-d- probably ha-ve been more highly

clesh;Le1d.ed. and- therefor:e furthe:r: clo','rnfieltlo Thus, in a structural'Iy

relatec;- comporrr:d., a benzylic CHIS:: ïesonence occi.u"ned- at ô5 "57 pp^.199
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bicyclo[J "2"1 loctane clerÍvative -88.

One of the components of the nrixtrrre v¡hich cc¡ul-d- be

read-ily j-d.entified. spectroscopi"calJ-y, but v¡hich '','¡as not isolated.t

was the uncyclÍzecl s-ketol trj.fl.uoroacetate !!" (Sctreme ZO) Thus,

minor bard-s in t he infi:ared. spectrum aL 1785 and. 1 72O cnt4, and- a

singlet resonance at ô5.17 ppm in the I{1fR spectrun, l'rere d.ue to the

prod.uct ff" Ca:cefuJ. 5-ntegration of the methylene singlet at
t

õ5"17 suggested thert pl conrprised- about 15% of the mixtr:re.l

The major fraction (çl æfr) of the product was separated

as a yellovr oil by preparative lIC. Thi.s. fraction, hol,vever, '$as

/ The propor,tion of uncyclÍzed [9 d.eperdetl- malked.ly on the rvay in

wlúch the rea.ction v,¡as perforrned.. In trifluoroacetic acicl without

co-sofvertt, 92 v¡a-s a very minor prod,uct, vihereas if methylene

chlorid.e lvas used. as solvent, then the proportÍon of B-2 beca-me

cc¡nsid.erably rnor.e abur¿clantn îhis sort c¡f behaviour has been noted.

1(frin other cåsesr'"" ,n.J- suggcsts tha.t <lisplacement of nitrogen

fron the d-ia.zoniurn ion by -br-ifl.uoroacetate a¡-ion proceed-s via

a¡r intj-ma.te ion-pa-ì-r mechanj."^.235 Othe¡: factor.s being equaJ-, in

the more strongly ionizing solvent, trifl-uoroacetic aci.d., the ion.-

pair is rnore read-ily disrr.rpted, and- so less of the prod-uct

emanating from this pathway occlrns.
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still- a- rlixture of two cLifficultly separable cornpounds in an

approxinate ratio of Jz1 (ly m'n). The resonâttces d.ue to the

najor con'ponent vrere easily d-istingrrished, anrl suggested. tha.t the

structure of this conrponent rvas the conjugated- d.ienone lQ. (See

E>çerimentaf- for the spectral d,etails). The structure 90 'lvas

supportecl by infrarea (u 165, cm-1) and. ultraviol-et [ Â*o,.. J6Btt

( t tOrooo)] alsorptioils./ Obviously, some skel-etal- rearrangement

0c0 c F?

Me0

87

Me0

90

88

9?
see

later

SCHEME 20

/ Werkert and. Steve,t=2o2 have reported. the preparation of a

compcurrd. havi.ng a chromophore very sinrilar to that it 29" They

8g

re:port lÌ: t/ü=o 1 655 ,t,n-1 ¡nc1 Lì!* Âr-, Jll¡ rrrrr (t1:),OOo)"
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had interced.ed in this reactir:nn

The id.ent:ity of the nÍnor conrponent of the yellow oily

rnixtr¡re ryas not ímmerliately apparent. Discussion of j-ts siructure

wil-l. be d.eferrecL wrtil the acid- catal-yseC- reacf,ion of a related.

c¡rclopropyl ketone 2! i" d.ea.lt l¡ith. Possibl-e patlurays accounting

for the proclucts will al-so be d.iscussed. theno

since this cyclization reactj.on had not yieJ-d"ed. any useful

prod.ucts, recou¡se lvas mad.e to the carbenoid- ad.d.itj.on methocl

f0frapter t (U) ] to achieve cyclization. It lvas iroped. that this route

wouId. give a less coruplex result, and. perhaps even yield. the

requ-lred bicyclo[3.2.1 ]octane derivative gQ"

Cyctopropyl ketone å lvas formed, in 55-65/, yield-, when

the diazoketone Q/ was thernrally d.ecomposed j-n the presence of

copper porn:ler.

Corrparison of cyclopropyl ketone l! llri-th its d'ihytiro-

atralogue p uncovered. an j.nterestirg featrrre. In å the cyclopropyl

proton at C11 reso¡r¡:-ted- as a d,oubLet (J I .31t", 1or4ç range 1T

cna.
cor4iling'vf .r'rith Line C2 proton) at ô0.85 ppm, t'rhereas the correspond-ing

proton ín Æ" was a-t least 70 Hz further d.ovn:fieId. (urxler the

rnethylene envelope &.8-2.5) . Yfhile the 011 proton in cyclopropyJ.

ketone å r.ry be shiel-ded- by the ring B cloubl-e bold, it is d"iffic;ul-t

to ima-gine su.ch a la,rge effect fron a si-ngle fl-bond. It is tenpting 
,

to speculate -bhat the large shift is obserryed. Jrecause the cyclo-

prol-ryl pro'uon, i','hich is sit¡:¡¡teci <lirecLl;'i itìlove thc B ring (by
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mod.els), is strongly sb-ie]d.ed. by the in<ìucecl ring current in the

formal-ly ho¡no-a¡omatic B ring.204'

cleava.ge of cyclopropyl lcetone l! was effected. und.er very

milùLy acid.ic conditions (1-toluenesulphoni-c acid in acetone).

fhis gave, in cluantitative yield., a pale yellolr oil rvhich 'ffas pure

by a.11 the usuaf criteria. This prod.uct1vas ðifferent (fn, mm)

to the ma.jor prod.uct of acidic d.econiposition of d-j-azoketone -QZ,

but a- close exarni-nation of the NIfft spectra ind.icated. that it was

the Êgllg a"Þ the m1nor proàuct from B/. Tt t¡as not the bicyclo[3,2.11-

c¡ctane BB"

The spectral data, for this cornpound. also ind.ica.ted. its

highly conjugatecl rrature (m: z 1655 cn-1; TJV: I ,* 363nn( t I 6rooO) ] '

The structure 9? (Í."" isomeric with compoud 90) v¡as i-n rea.son¿rble

accord, r'rrith this and the NIfr. d-ata (see Expe'r'imentaJ-)"

87 --> ---ÐMe0 Me0

92

Thus, three facts seem clear"

(t ) Acid. ca-talysed cleavage of cyclopropyl ketone l!

gives q.¡arttitat1ve-L¿r 'bhc-' rearrl,n¡;ed. biur'clo[ 1"2"1 ..,ìocta.ne d.eriva-t-ive

0

-s]
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E.
(Z) Ácid. catalysed. cycl.iz¡rtion of the ,liazoketr.lne gZ

is aLso accora;oaniecl by rearrangenent a.nd a'fford-s nriúrr-1y a ch-fferent

isorneric bicycl.o[J.2.1 ]octane d-e¡ivative !0. Smaller amoun-bs of

22 and uncyclized- proùuct 89 are also forned" anð corirplicate

procluct an:^Iy.sis.

(¡) Compourd-s 9Q a.nd. 2. *, the re,sult of d'iverg"nt

pattn'fays, and tirere Seelnii to be only nr-inclr trcfossovertl betiveen

these patlnrqys" Possibie mechanisms fc¡r these reactions are

outlined. in Scherne 21 "

In th.e d.ecomposition of d.iazoketone !2, i-t seems clear that

aryl particii:ation in d,isplacement of nitrogen from the d-erived-

diazoni-um salt ll occìrrs to give precloninantly the benzylic ion

fu,. Ion l! pr:oba.bly rerpidJ-y eqr:ilibrates r''r"ith the a1l.y-li-c carbonì-um

1:on. p! by a. rc,rersible 1r2-a¡'xy;- shift (i"u. i\ragner-ldeen'Iein

rea-rrangeurent). Proton f.oss frorn -95 then gi.ves the observed

conjugated- clienone S; the driving force is sfur¡>ly the extra

cor¡jugation atta-inable in 9p.

Acid- c¡;.tal-ysed. ririg operr-ing of oyclopropyl ketone 2".

is more diffic-¿tt to e:qrlain" clea::ly, the l¡a.r1'1 -cyclopropy). boncl

cannot be cle¿veù d-uring f,þs ¡r:irction (in contrast to cycloprop¡rl

ketone ë) tc:r .Lhrs v¿ou-l-d ]ea.d- to ion 2L *d thence inexorably

to d-ienone 29n IIo t::ace of -29 was observed. in the prod.uct fron

c;7c1.oprop¡rl- l<ctolre å. Tire 10ar.1 1..cJrcJ-opl.'oF¿rl. bclnd. ntr-tsb break
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specificall.¡r, proceecling to the bicyclof2 .2"Zfoctyl cation $.

This specificity probably means tlnat, of ihe tr¡o carbonium ions

flt .nd 9Ji, tne allyl;ic íon p! is the more stabf ".14J 
y' Rapitl

equilibration of 96 vrj.th its llagner-Ì,leen¡¡eirr""uut"r,*er¿ent ion

fl Nhen leads, gig p::oton loss îrom fl, to the obserse'J" d-ienone

2,. The d:'iving force for l'earrarySement is otrce again seen as

the stabilit¡r gained. by conjugation.

One qu.estion rem¿rins unansvrered- by thls mechanistic

rationale : vrhy d.oes not the d-iazon-i'¿m ion 91 cycl,ize p::efererrtially

to gi-ve the ion $, rvhich is apparently rnore stable t}ra.n ful

Obviously, cycl.jzation of 2J. Lo 96 d.oes occur to a linited- extent

(ea Z5%) for some of the pro.Juct 92. ís observed in the corirplex

rnixtu¡e d.erivecl fron diazoketone 87" Tvto possible e:çlarrations

/ Sone sr4pport fov' this id.ea may corne frorn the reJ-ative ease

of fragmentation of cyclopr:opyl ketones 71,, anð, ?-9-" The

dihydrocycJ-opropyl ketone 22 was the morc difficult to open

ernd. required- the rnore st¡ongly a-cidic cc¡rJ-itions for: cleavage.

Thus, ring opening of 22 proceeding througir an interrned.iate a-nalogous

to benzyJ.ic carbon-ium ion l[ appears to be f",g5.-e*-vg1]{aþ-Ie than

rÍng operring of å going to al-l-ylic carbon-ium ion $.
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are ad.vanced to account for this apparent anor;la-Ly.

The first is that kinetically controlied. cyclization of

lf occrrrs preferentiall"y at C1Oa, to gÍve a five membered cyclic

intermed.iate l[, rather than at C/¡a., whi..c]r afforJs a six membered

cyclic iltterrned"iate fi. Diazoniun ion^s are beh.eved to react

rrith low activ'ation energiero23T and. therefore it is probalcle

that the t::ansition state for cyclizat-'r-on resemt¡les starting *"t""i^l.2JB

Thus, arry effects of extra non-bc¡td,ed j-nteract¿ion"s shor:-1d. be

of oirly minor importance at the tr¿¡.nsition states for either mod-e

of cycJ-izaticn. ÏTorrever:, it is apparent from a consid"eration of

the ratio of prod.ucts observed. that energy effects in tìús step

may incleecL by very subtLe.

The secor:d is that cyclization of 2J does Ín fact give

initially the more stable ion $, but the nore strongly acid.:lc

cond.itions (i- "e" trifluoroacetic aci.d- vgJ:Ëus p-tcluenes';lphonic

acid.) then alloi,r ec¡tr:ilibriu¡n to be set up betvreen ions fu alrñ' 96"

Tlurs, the di-enone rnÍxtr¡r:e obtained from d"iazoicetone !f may merely

reflect the relative thermodynanrl.c stabil-ities: of d-ienones lQ
J

anð, 92. r

Ïf this seconrl ezçla.natlon j-s vali.cl, then treatment of

c¡rc1sp¡6p¡rl ketone l! rvith trifl-uo::oacetic, acrrl shculd. give a

/ The cl:lenone -29, wou-1d- perhaps possess sligìrt1-y greater:

tkrerrnrxlyn:r m-ic si;abiJ.it.¡'"
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sinilar rnixtuzr: of procì.ucts" Tlhen this e>çeriment was performed.,

using conditi-ons id.entical to the tleatment of the ùiazoketone

92, onl,y the d.ienone 92 ll'a-s again formed., and" no trace of the

other d.ienone fl could. be detected,. The second- of the above

erqrlanations j-s thu-s erperj-menta-Lly shovrn to be untenable.

Apparently, there is no equilibratì on betrreen ions l{¡

a-nð. 96. Such an equilibratj-on rvould. invoJve a presumably less

fa-vorable Ylag¡ner-Meervrein rea-rrangement" The prod.uction of both

the d.ienones fl arñ- 92 from d.Íazonj-um ion ff probably resul-ts

from cor4retitj-ve e,yclizaticn at Cl Oa ancL Cfå respectively, in a

ratio of j;1. .

The real:rangentents obser:ved. here faLl in the generaLl

fíe] ct of bicyclo-octane rearrangenentsr205 r,vti"h irave been

thoroughly sturlted.. It is j-nteresting that quå-1j.'tatively sinúlar

rea-rÌrangernents to those above have been observed. in gi.bberel-l-ic

acj-c. chenrint"y2-06 and. in anoihe:: tetracyc-lic conpclmd-.77

In this section, attenpted. cycJ-izatioru; have been

encou¡.tered. vrhere, a.lthough the ¿rctuel cyclization is successfully

accomp-l-ished, the products obtainecl a.re coulclicated- by post-

cJ'cliza.tion rearrar¡gernents" The extra cloub.l-e trond" in the 3 ring

lorrers the transi.tion state energy of routes other than those

expected-, and aJlows the prod.ucts to achleve maximai conjugative

stabilj.zation by rearÌrillgentt:nto Obviously, factors of this nature

¡nullt be <;on::-icii:ï-oir irirc¡n cJ,/cfi:¿:lti-r:n oÍ' ¡-n r-rl'lsetttt':¡-'bc.L diazoi<ctonc is

proposed..
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diaaoesters since the sensitive diazocarbonyl function is introrluced"

as the fj-nal step"

Reduction of ketone l! (""" Chapter 1) with lithiu:n

al-wnini-um þctrid"e yÍeld"ed the neoessary alcohol 1-O]*. (Scheme 25 )

Treatment of lpk with the House reagent 1-9J Ín the presence of

triethyl.arni¡e (>? mc;]e) gave the diazoester 9B as a- stab1.e,

crystaltine conrpound. Diazoester 98 appea;red. to þyd::olyse read"ily

rì.r-rring chroma-torgraphic pr:::ification, for large amor-ults of tlie

a-lcohol 10/¡ vrerc ::ecoverefl. from the column" fhe yiefuì. of 99

(basea on recoverecl al-cohol.) vtas 7'rt.

Unf orir¡n.¿rtely, cl-i azoester -S a;.4-99!-,Ugli39"--g!-ü on

0?

II
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treatment v¡ith triftruoroa-cetic aciðo Usi'ng a variety of cond'iti-ons,

both vrith ancl yrithou! adcled. co-sol-vent, the onl-y prod.uct vrhich

cor-úcL be d-etected by spectroscopic methoas (lll'tR, IR) was the

uncyclized. d.iester !þ. This is the prod.uct erpected"'l'¡hen the

intermed.iate d.iazoniun ion is intercepted. by the wealcly

nucleophilic trjfl-uoroacetate ion (ass¡ning a'n ion-pair mechanism

is oper.atÌve). The diester 195 vras vel?' u:lstable ancl could- not be

fu11y characterisecl. Iloivever, evj.dence I'Ias seourccl that 31þ was

j.nùeed. uncyclizecl" TJrus, hyd-rolysis of 10å gave, in af-niost

quantitative yieì-d, the sta-rting alcohol !Q["

The rca.sons for the cornpleLe fai.fru'e of diazoester ff,

or d.íazoniun ioo É€, to cycT-ize are not lvelf u.nderstoocl. Â

combina.tion of sevc-:ra1 d.isti¡ct effects possit'Iy eontrÍbute to

the obserTed. re¡suft, although no singl-e effect appe¿rrs to be

suff|ciently marked- as to prevent ci¡cl:j-zation altop;ether. It v¡as

thought that the highJ-y nucleophilic d-oubl.e bond of æ would

overcome ar¡r sma-J-L factors tenùing to mal';e cyc-Li'zatio1l lnore

d.ifficr¡l^t. lhe ci.oubl.e bond proved to be a t;otal-ly ineffective

nuclecphile in this: case.

sorre of the factc¡rs v¡hi.ch nay contri-bute to the f'ailure

of diaz-oester ?9 to cyclize a.Te sumlnarisficl trclort.

(i) Ilffect of the six menrl¡ered- cyclic tra*sitj-on state.
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Âl-t of ilre other successful cyc.]-i zal;j1ns d-esc:ribecl in this thesis

involve five menbered. cycli-c tra¡sition states. Tt has been shor'¡n j-n

some other v¡ork tha.t ùiazoketone cycliza-tiotr. Lead-ing to a five

membered. ring gives a higher yield of cyc-l-ic prod.uct tharr a-

similar cycl.¡zat.rcrn lead-ing to a six membcrecl cyclic procluct'1 22'125t16Q

Thatresu].tmayhavefit.b.]-ebearingonthepresentcase,forthe

corpouuds l'rere si¡¡nificantly di-fferent, arrl the effect v¡as not so

great as to prevent cycl-i-zation a1-together'

(ii) Unfavourable entropy effect' Obviously' a three

membered. sid.e chain ('rpropyl-") ha-s more d.egrees of freed'o¡n than a

trvo membereil one (t'.thy]-" ) " More pcssi].r1e g::ou-ncl state corrforlnations

which ar'<; rursu:i table for cycfi z;tLiqn are available, arul therefore

C^yc:-:ízation måy be less effi.ciento ]ln analogous case has been

loted- ín so1voJ]¡sis::eactior-r".21 
0 thj-s efí'ec1 also nr.nj-fests

ítseIf very clearly in the red.uceél- efficiernc) of cycliza"'clon of

diazoketones J1- lcad-ing to spiroclienones ál (s*e p" 28 )'

(ii-i) Collinearity at the tra¡rsii;ion sta'te" It j-s

reasonable to ¿r.ssurne that the 1f-el-ectror'¡ nrreieophile, prinarÏ
211

carbon anrl potentieJ l-eaving group must appr:oach colfinearity-'

anthetransitionstatef.orreactiolrtotakeplaceeffectively.

ldodels ind-ic¿rte that tlr-is is ùiff'j.cr.r"Lt j-n the di-azoniunr ion 196

ancl,noreoveÏ'introcÌucessolÏleunfa.vourablenon.borrded.interactiotls.

Tlris a.åverse etletîgy effect of arrpro¡rylrt comlrared witir anrrethylll
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sid.e chain has also been noted. previously.2la

(i") nLectron v¡ithdra.waL by the oxygen atom. the electron

'r¡¡ithcirawing effect of the extra orcygen atorn Ìn the åiazoester 98

may make the d.eri-ved. d.iazon-ium i-on 106 rnore reactive, and. therefore

ftore su*sceptible to attack in a less fayourable fashion, -i.e. by

the poorly nucleoph-ilic trifluoroacetate ion.

(") Participation by oxygeno The extra orygen atom

rnay partici.pate in displacement of nitrogen from the d"iazonj-lrm

iotr. Tþi-s seems urrlikely, tirough, f or the species formed. vroul-d.

still be highly electrophilic and. sursceptible to nucleophilic

attack by the îf-borul.

("i) Orientation of the carbonyl gror4r j.n the transitÍon

state. Tn Figure 12, the transition states foz' cyclization of

0

o

+
N2

I
I
¡

I
I

2
+
N

I
I
I0

I
t
I

\l

(q) 106

Frq u re 12

(b) lr1
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d-iazonium ions 1-OÉ and. k! are schem¿rtica1ly representeð, Ïn

can be seen that rrith d:iazoniun ion þ! [nig,o" f Z(¡)] which

cyclizises sìlccessfu-l-1y, the l.eaving group nitrogen must d.epart

in a d.irection p.araltel to the C=0 bor:d", or orthogoria-ì.ly to the

C=O îf-systen" I{orvever, with d.iazonium ion 106. [nig,lr. 12(a)lt

v¡Ìúch d.oes not cyc.J:i-ze, the nitrogen lvoul<l- leave in a d-irection

pnrallel to the C=O |f-system and. orthogonal to the C=0 bonl. This

orientation as i1 Figure 12(a) may be especially wtfavourable

(or al-terna.tively that in Figure f Z(¡) may be extz'aozdinarily

favourable) for cyclization" Hence, the p::eferred orientation of

the carbonyl groq) at lJre trarrsi-tion state may be a crucial factor

in the success; of a parti.cular cyclization.

It is not possibte, without ftrrthe:r experimentation, to say

lyhích of the above effects are of more or less i-trportance in

d,etermining the fate of diazorriunr ion !S. Several jud-iciously

chosen experiments should. al1orr¡ one to ùistinguish between the

:importance of elect::onic ef'fects (i... of the extra oxygen atorn)

anrl steric effects. This work, horvever, has not been pur.s'ued'.
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It has been seen that successful c.yclization of suitable

rrnsaturated ðiazoketones (..g. ?9., 4Z "ttd -Ø) prod.uces tetracycJ-j-c

compound.s contajning ,. Ah-aouble bord.. (u,g. 2, &. and -6Q). This

d.ouble bonrl j-s a relativel,v j-¡s¡¿ functionll- group (rtsynthontt),

and, compound.s possessing it are potential-Iy capable of being fi-rrther

elabora-ted to e:Lther B-C -!fg¡fg- or B-C -cis-compr:r.lrd-s provid-ing

that the a,opz'opriate stereosel-eotive operations are ava-ilable"

obviously, in a synthetic a-pproach toin¡¿r::cls gibberellinst

i-t wou1d- be desirabfe to be abl-c -bo prepare compound.s v¡ith a B-C

gle-ring fus-ton, as in the natura] proclucts, I{ost of' the 'lvork

d-iscussed. j-n this Chapter: 1l¿ä-s performed. rrj-th tliis objective.

At tlne outset, i-t rnust be pointecl out that compound.s in

the B-c .!sr.lF-- ser.ies vritl- probe-b]y bc; nor:e ::eadily accessible.

The D-ring b:ricLge should. hinler approrrch to one sid-e of the

A4'*torr¡tu bond. Thus, reagen'Ls ivhich a-ttack the d'oubl-e bond- from

the less hind.erecl sicle (i.e. opposite to the D-ring brirlge) vrill

inevitably 1 ea,cl t.: !feg=-- conpoulrls,B2' 90 Neverthele s s, compoixtcls

contaj-ning a Bd) gip--ring junc'bion have been sought.

llost of the research desc:ribecl j.n tÌús chapter used- a.s a

starting material- the sinple bicycIol1.2"l]octane d,erivative l,

v¡hich was ::eail-ily a-vailab1e ín substa-ntial- cluanti-bies. Some other

co:rpo,.:lr]s, vihicir r¡er.e consid-ereci as likel-y plocrrrsors to B4

"gæ- conrpourrc-s were also usêd. No problerrs 'would- be anticipated- in
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¿,_pp-l ying ¿ì.ny of the re¿r-ct-ions attenptcr.[ :i.n ti're lnore cornl:l-ex

b'r'i.d.¡,;ehead siiost-itu'bed- ca ses 
"
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( r) Ilvdror'venation Aprrroach.

The first reaction stud.ied. in this series was t5rårogenatiou

of the cyclopropyl ketone 2.! [see Chapter f (¡)]. Hyd.rogenolysis

of cyclopropanes has been investigatecL ín some d,eta1r.212t213 It

has been found tkrt pa.l-l-adiu4 c_ttglxg93 hydrogenation of conjugated"

cyclopropanes imrariably results in selective (anrl often specifj-c)

hyd.rogenolysis of the conjug::ted c¡rs16p.opy1 bond- .213-21 5

therefore, in cyclopropyJ- ketone 2!, the 4a,11 bond shouLd be most

rapiðly hydrop.,enolysed,. Ìloreover, one nr-ight nerively expect a

cis-add.ition of the trvo hycì.rogen atoms, an'1 therefore a cis-fused"

0

4

Me0
-_Þr-

Me0

2s

Figure 13

product tQZ to be formed. (nigure t J).

IJydrogenation of 'ë. G/" pallad"ium on ca-:rbon, atmospheric

pressgre) d.id- irid.eed. yield- a single, crystal-line, saturated-

bicyclo[1.2.1 
']octane d.erivative (y 171, cn-1). This was tentatively

assigned- the qis- structr:re ''107.

I'o check this precliction, unsaturated- tetracyc-l-ic ketone 9

0

w
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was hy¿Lrogenated., Becausr: ad-clition of hyd-rogen shoufd. occur from

the less hinclered- sicle of 9r this vlas erpecied. to give a pr"od-uct

ruith trylns--fusecl ste::eochernistry.82't9o A single ketone was ind"eeå

obtai.ned-, but thj-s i,ras j.d.entical in a]1. respects to that formed. by

hydrogerrolysis of the cyclo-oropyl Ì<etr-:ne 29-' Therefore, !t*:':g-

fusecl. B{ rì-ng jurction stereochemistry c'-rn be assigned- to the

ketone 1O.B- (Sctrene 22) obi;a-inecl frorn both sourcese

To make absoluteLy certain that tl¡-is assignment v¡as correct

(since the t.o :results lvere a-pparerrtly in corrflict), the

ethylcned.loxy acetal 1!2 of ketone ! vrns al-so i1yilr'o5¡enzted'

The bulþ acetaf group i" 192 greatly incl'eases hind"rance of

approach to the ß-sid.e of the molecule, .so that ¿rd-clition of iry<lrogen

from the less hind-ered. a-sid.e is u-=",.*,1.77 fft" prod'uct of this

hydrogenati-on rvas thus the tralg-fusecJ. ¿r-cet,af 't 1-o-. Removal of

the protectj-ve acet¿rl functi.on of ll9 gâvtì, once again, the

tqq¡r.q-ketone 1{)B id-entica-L Yu'ith that pr:eviousiy obta.inecl. It rnay

besarid-rthenrthathy-clrogenationofke';one!.ra-nd'othersimil-ar

d.erivatives, lead.s orLly' to compounrls wj-th a B-C lti:l¡g-ring fusíon"
J

This i-nformation is sunnlarized- in Scheme 22or

/*,[. ;rnui**" titut ecl t etracy'c1.'c t<et otre L-Q on hvùrogena ticn

also gave u.i3æ-fusc-:d' prod"uct, a's expected" Thi-s prod'uct is
-t'7

a lcrorvn co¡npotufdo ' r
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H 2

Me0

Me0

Me0

108

Me0

MeO

H2

0

H2
*--

I
I

H

I

H

110

SCHEME 22

109
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It is intei:estj-ng to contrast the hydrogenolytic behaviour

of cyclopropyl ketone ?2 d"iscussed above, vrith tkrat of i.ts

d.ehyd.ro-analcgue, cyclopropyl ketone l!. Ilyd:'ogeruLtion of 91 ove::

pa-11.ad.itun on carbon at a-tmospheric pressure afford.ed. a- procluct v¡hich

showed" typÍcal six membered. ring carbonyl absorpti.on (V lllS "r{)
in the infra¡ed. spectmn, suggesting that 'the prod.uct lYas a

bicyclo[2.Z"Zfoc+.ane d,erivat]ve. This v,'as confirmed by the l'llR

spectrurn, vrhich ind.icated- al-so that it v¡¿r-s a mixtr.¡re of d-ia-stereo-

isomers represented. by structure 111.

Me0
H

Me0

91 111

This resu-1t mea-ns that the cyc-Lopropyl rirrg must

hyclrogenolyse either prior to, or j-n concert rnrith, saturation of

the d-oubl-e bond-. If the dou'þle boncl'lver:e hycLropgelreted" first,

then cycloprc4ryl ketone ff lvor-rlcr. be a.n intermed-iat;e antì- ketone 1OB

shoulo- then have been obt¿rined.. Horvever, iir general j-t seems that

for vi-ny1 srrbstituted. clrslopropanesr the cyclopropyl. ri-ng is

Ìiyd::ogenol-ysec1 more ra,pi.dly tllan recl,uction of 'bhc d.oul¡lc bord'r216

0
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so this j.s not srn-pri,s:j:rg" hiorcover, parLia-l mi65r.'eLti-on c'f the

B.*ring4 doubl-c: bo:¡C ¿,f'cer hyc-h'ogc¡6\25-ì-c oí' i;he cJ,'r-:l-oPropy.t ringr21 6

a.d-eqr.la-te!-y' e:4>i-a.i,rir; thc notÌ-stel:'eospecific;-Liy of 'the ::-'ea.c'bion"
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(tr) Ijtrdrobq¡:atio¡L,Atpqogqþ.

Ánottrer approach torvard.s saturation of the olefj.nic bond in

tetracycJ"ic ketone 9 is by hydroìrora.tion. I{ot'rever, it is lvel L

establ-ished. that d-iborane add.s to d.oul'¡l-e boncls in a gi¡- Íìanner

from the fess hi.nclered- sj-de of a mo]-e",',1..217 l(etone ! or its

d.erÍvatj-v'es should therefo::e yiel-d- -!gg1tr- conpound.s on hydroboration

( see 1.e-ter f or an exa.nrple) "

In spite of the known steric colu'se of trydrobora-tion, it

has been reported-21 
B ttrot hyd.robora,tion of n- A1/t-ut"roid. contai.nì-rrg

a 17þ-tetraJrydropytanyloxy gÏ.ol4) afford-s the procluct of add.ition

of bor:a-ne from the nore hinclered. p-face of the ntol-ecule. The

ex¡llanatiotl proposecl rvas that the reagent comple,'ced- '¡rj-th the

oxygen atorn of the pyran ring of the 178-TIjP group, and, the¡efore

ad.cl-i.tion to the do*ble bo'd- coulcl only occur from the ß-"id.""21 
B

Th-i s repr:es ent s intramol eculzrrly di.rgçle.cl hydroì:oration frr¡nn the

rnore h-i¡idered. sid.e of the molecule.

It seemed. an attractive id.ea that a s:hnilar d-irected.

hydroboration rnj-ght also be usefrrl. in ob'caining compound-s having

a B4 sb-ring fusion. Tn particul.e*r, if the end.o-alcohol 11?

coul-d. be prepared. from lcetone !, then the al.cohol- groqp r.ight d.irr:ct

ad.clition of dibor¿¡ne to the d"ouble bond. firorn bhe rnore hi-nr]ered

face of 1JZ (see Scherne 4). This rvou.ld l-ead., after appro¡triate

oxiclati-on, to the cis-fused. d-iol 11 ?.

?.eduction o.tl heàorrc 9 -u"ri.tlr sc¡cfinr¡ ì:oroh1.rl'ri-d.r: ¡¡ave
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a product which, although non-crystalline, appeared- to be orr-ly a-

sing1e diastereoj-somer. The compouncl- v¡as p'.rle by TIC, and Nl,fR

evid.ence irxlicatecl the presence of only one dia-stereoisorner.

lloreover, on the basis of the CII-OH resonance positiori (ôL.55,

m, 'lrìI¡- lllli,z) rvhich is a normal position for this t¡rpe of proton,
2

the al-cohol w¿rs assumeil to be th" @!g{ errlo-isorner 112. The

presence of the exo--isomer lvouJ.d. have been incSicated- by a

resonence at higher fleld., d.ue to shielC.ing of this proton by

thc doublu borrd../

A sirlilar case of stereospecific red-uction of a related
24o

bicyclo[J.2.1loel:anone !l/ h¿rs been notedr''' 1','here the sole

--.:>

OH

--H0

117 lLe

/ Kotera and. co-v¡o"k.""21 t h.rr* reported. sone NlR, <lata on

stnrcturally sinilar benzo-bi-cyclof J " 2 .1 ] octa-noJ- d.erivatives

(*.g" 1]l-g). Their report;ed. chernical s]rifts of t]re CiI-Oil resonance

for qry1o-¿-lcohols are in excelLent a¡greement vrith tir¿rt found. for

1!-,!, wherea.s the chemical slúfts for exo-afcohols are 0.J-

0.1r. ppm upfield,.
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prod.uct was the end-o-al-cohol í 1 B" The stereospeci'-ficity obserwed-

during :reduction of I may be due to hindrance of e44o.-attack on

the ca.rbonyl group by the CJB (cluasi-equa-torial) proton.

Hydrobor:ati on'o>rj.d-at j- on of end-9--a-Lcohol 1 1 Z yr-el;d'ed t-v¡c

proclucts which vrere separated- by preparative TIC. These p::oducts

v¡ere isomeric cliols.

The ninor, higher \. (:intrarnolecular hyd::ogen bond.ed?)

prod.uct .ç'¡as obtained. in 2$" yie1:d," This l'ras assigned. the clesired

ci"s-fusecl st¡rcture Ul- (Scfrene 2J) on the basis of its tlÌ¿Ft

spectrun, in r','hj-ch the tli¡o CH-OII resonances lvere cJ-eanly sepzrrated."

One v,,as at ô/¡-.1¡-O (nr, Ttr1 2i IIz, C12 er.o-proton) and the otlr.er: at
2

õ4.'72 (t, 1'få 10 Hz) ppn rvas a.ssignerl. to the Clp proton. C1early',

this secord. nai:rov¡ signal must be due to al ecluatorial proton

(axia,l protons give rise to bro¿rd. s,igrtul-*).220 Takirrg into account

that,

(i) the six menù',ered. ri.ng of a bicyc1ol3.2"1]octane is

locked" in a chair corrfortrra-tion, and.

(ii¡ -criq-addi.tion of dj-borane to the d.oubfe boncl is

essenti.al ,217 t¡1*n the NIvIR ir,fornlati-on is cornpatible onl.y uith

structure !!-], in rvhich the Cl¡ø-proton is eqtiatorial.

The mrLjor, lo.lver RO d-io1 rvas obta-i.'ed. in 6J/" y¡e1:ð-. Thi.s

had- the tJ4lrs-fused. structure 114. In the NhR spectmm, the CII-Cll

resotlances overlapped, f'orming a very b:load- rnul.t:ipleì; centred- al:

ii+"JO (';1- Z6 IL:,) lpm. Tli.i-s is cr.¡ltsis'L:ent r'¡j'.th tÌlc,: axja1-e>iq
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a-rrangement of these protons ret¿uired. by structr;:re !þ. The C5

aromatic proton in this conq:ourrd. occllrs at ô8.12 (d, J1.i Hz) ,

whicli is a very large d-otvnfiel-d. shift from the normal- position.

In contrast, the C! proton in 1ll resorrates at õ7,2A (a, ,fe Hz)

ppm. This shift is clue to the very cl.ose proximÍ.ty22\ of thc-'

Cl¡-ø-hydro,*.yl grorrp and- Cþ proton in the tl-ans-strr-icture '1 1/1

(c.f. Fieure 1ù-).

HO H

Me0
5 HO

11t'

Figure 1t,

This la.rgs d.eshield.ing effect can obviously orÀy be obserwed. in

corroborative evidence of structure !!.]¡ for the 1c'v¡er \.. d-i-ol.

Fr:rther eorroboraticn of structure !![ ca-me :flrom ¿m

itrc-lepent synthesis of this compound- by the route a]so shown in

Scheme 2J. 
.Tlrus, 

hydroboration-oxidation of the ethyleneclio>qy

acetal- 1O9 of ketone I ga-ve a single alcohol !þ. lhe d-iborane

attacked from the less hindereà a-sj-d,e of 102, gj-ving the l¡gS-

fused. alcohol fr.t as shov¡n þf tt e lar:ge clovrnfield. shift (c"f .
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above) of the Cf aromatic proton to ô8.1 Z (d, JB'! Hz) ppm. It

was consi.<1erecl less l-ikely that the ethylenedioxy group v¡orrld.

Itd-irecttr hyclroboration j-n this ca'se, for there could be only

association bet¡veen borane and. this group, t'lherea-s, r'rith the 0H

group in 1J2, a chenical reaction proba'bIy occur's to form an

allcox¡' borane, which then partly hydroborates the clouble bond.

fron the $-sid-e.

Removal of the protectlve a-ceta-J. group of l-ll- afforded-

ketol 11_6. ÏìeC-uction of 11{ vrith lithiunr aluninium hydride, which

is well lcaov¿r to Ínvolve ev,-o-atta.ck in simj.lar casesrzzz guu. t:n"

trafE-d-iol ll4, icLentice.l 'tvith the merjor product of hydr:obora.tion

oi en4e-al-cohoI !Ç. Thi.s synthesis also secules the structure

of ttre cj.j;--diol 11J. obtained- as the ninor ¡rrocì'uct of that

hyd.robor:rrtion.

.Although the yi.eld of gls,-d.iol. y.á in this erçeriment v¡as

lovr, at least J-t gave some indica,tion that coqpound.s in the -9L:-

series woul-d. be acceissibl-e, Tlre cond.itions used. in this si-ngle

e>çeri-ment nay not have been opti-ma1 for rrcìirected-rr h¡¡droboration,

and. it seems likely that concl-itions giving a greater ¿rmount of

ad-rlitiorr frorn the rnore hind-ered" sid.e of e.U4g-alcohol 11 2 c¿:.n be

found. l'IJren these condj.tion-s have been optimì.zed-, then proton-

Iysís223 of the Íntermed"iate cvcl.ic borane should- make possibfe 'r,he

synthesis of compound.s having tl-re C-D ring; sy.sten of gJ-bberel.1ins"
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Frorn the resufts presented. so far in this Chapter, it

is ol'¡vious, hov,rever, that compounds in the f_e4g- series are

much sirapler to prepere. "À rnore efficient approach tc gibberel-lins

nright therefore be to introd.uce a 84 trans-ring junction by e.go

hyd.rogenation. Tlús is not a grea-t d.rav¡bp*clt for the D-ring brid.ge

cern be inverted. at a later stage, tbus leacl.ing to a 84 gþ-ring

junction as in the naLural prod.ucts. l'{any examples of this t¡¡pe

of trinversionrl , by'lYagner-lvlee::weirl rearra¡¡gement, are ]o'tov¡n.57'59t

22t+-226

¡
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(") Áttemptecl i!trglqc-Ëþ4--of a l+þE:rlethvl-grqgp.

As.compor.rrrd.s in the R-C tqg¡g- series could. b.e reaùily

obtained., it seened. that a r¡seful- exercise wou1d. be to attenpt a

synthesis of phyl-loclad.ene y2.''ú To achieve this ai-m, some

method. for stereospecific j.ntroduction of an a¡gular [bß-methyl

H2

H

119

group must be found (c.f . ,"11227-229). Fried. an¿ co-'¡¡ork",,23o

fourrd that Simnons-Smith metÌSrlenation of 17þ -acel'oxy-119-

hydrorcyestr-5OO)-en-J-one resulted. in formatlorr of a 1Oß-methyl

compound_, probably because of a particrrlar juxtaposi.tiotr of

functional. groups in the starting "o*po,*d.2Jo 
This seerned. to

offer a particular:ly attractive neth.ocl for in^serting the 4bß-

methyl group, if a mod.el starting ma.terial- conta-ining a steri-cally

simil-ar arra-y cf functional groups vras avail-a'bl-e' o¡re such

compor.rnd appeared. to be the hß-hydroxy-trq#å-fused. cornpound !?J,.

A route for construction of 123, usír43 stand.ard reactions, is

outlined. in Scheme 24.

The trans-l¡c-alcohol 1JJ. (=e., p 96 ) was orddised' 'nrith

H
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a 'zÀ

Jonest reagent'"i ' yield:Lng the ketone @. Tliis si.rnple react:Lon

proved. to be exceed.irrgly deJ.ica.te, ancl ga-ve varfabfe qr;antitÍes of

the over-oxj-d.isecL d.íketo-acíd 132 (thc acetal group was lost

during work r4) as v¡eIl as the requj-rerl ketone 12Q in ry to 6("

yield. Pfítzner-t[offatt oxid.ation212'2J) of I75 gave more consistent

yieJ.cls (>W) of ketone 129. Red.uction of 1?O- w'j.th l-j.thium

al-u¡rinium hyclrid-e then ga-ve th.e 4-ß-a-l.col'to). 121 , the prod-r-rct er4rected.

by attack of the hydrid.e fron the less hind-ered. sid.e of !p.
Spectra-l- da.ta full-y supported structures !þ, 12O_, 14, and !þ,

Birch ::ed.uction o1 121 rrith l-:ithiurn and ethanol in

liquicÌ a.mmon-j-a gave the d.ihyd-roanisole l2l tvhiclt wa.s hyd.rolyseC.

(oxal-ic aci.d.) to the oily Brð -unsatu::ated keto nu ß2./ 'Ireatment

of 127 v¡ith methylene iod.ide in the presence of zrÍnc-copper

couple, hortever, d"id. not yieÌà the J+bß-.methf1e,-'l;ed conçoturl !111..

the ketone L2å. appeared. to be not a-ffectecl by this trea-tmentt

for it ï¿a.s recove::ed. uncha.ngecl.

Â possi.ble e:tplanation for this resull; tnay be that the

/+Ê-hydrorq,rl ,ll¿ A[b(Bt)*ot"rinic bond in ßÅ. a-re excessively

sirielderL by the D-ring ethano-brid-ge, substituterl as it is 'with

a bulþ ethylened.ioxy acetal group. Perhaps Fr:led.rs proced.r:re

/ Conrpou:rd.s Æ ard L22 wet:e not purified., Trut rvere characterj-sed.

spectlal-ly.



-1 05-

for ang,lar methyl 
^t1¡n23o 

will- be suitable only for compourd-s

w:ith severe structural limitations.

It seenls that a different methocl for the required-
I

alþlation wiLl" be need-ed.. No further stud.ies pursuing th'is

subject r,\Íere czrried" out.
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Êgleqal_ ToJí-ge

(i) Melting poirrts were d"etermined-'n'ith the aid of

a Kofler hot-stage appa.ratus" All meltir1g points are uncort'ected-.

('ii) fnfr¿red spectra lrere recorcled. on either a Perkin-

Elmer 337 ot"a Uni-cam ff>2OO spectrophotometer. All d-ata refer to

nuLls in Nujol unless othen'rise stated.

(:-ii) M,{R spectra l¡ere obtained. with either a Varian

DÂ-6O or a Varian 1-60 spectx'cmeter. t'ÌÌ,tr d.ata are given ín the

following nrarlner : chenrical shifts (ô) are in ppn frorn j-nternal-

Til4S. Mr:1tj-ph.city : sr singlet; rì', d'oubleti '8, triplet; q,

quartet; d.d-, cloublet of d.oublets; ür m¡ltiplet; exch. in:¡:Iies that

the signal- exchanges on shalcing w:Lth DrO. Rel¿Ltive intensities

are given in numbers of protons. Obserrwed. spli.ttings of resonances

are ìneasutecl in 1{2, but d-o not necr:ssari.t.y impl--v cou¡rling constatrts,

as only first order ana-l.ysis ua-s attenpteð.

(i") Ultraviolet spectra. r¡ere recorded., in ethanol solution,

orr a Unicam SP8O0 spectrophotometer.

(") hfass spectra vrere rneas*red on a llitachi-Perkin-

Efmer Rlr{U-6D irtstrument operating ¿ìt 70eV.

("i) chromatographic adsorbents used rrere spence type

H alurnina, sorbsil silica ge1, and. Florísil-. "{nalytical- ard-

preparative thin layer chronntography l'rere carl'ied' out on laye¡s

con,tainj ng an ec|.ral mir:tur.e of Merclc Kieselgel G and. *r5ru.
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(vi.i) so1vent,s vrere ptu:ifi-ecr by st¿rr¡d-ar.d. p;:oced.lu,c r.2L'2

Light petroletrn refers to the f¡:¡rct:Lon 'bp 
50^'600.

(viij_) l¡i-',-cro¿rna-lyses lvere performed. by the /lustralj-an

lr{i croanal.y b j- caJ- S ervice, l'[ e-Lbolu'ne.
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Genera.l methocl for the nrena¡ation of dia-zonethvlketones from

cqrboë-ylig_ gçièg.

unless otlieru¡ise specified., d.iazoketones Tf¡ere prepared. by

the fol-lovrittg two-step sequence from the cc¡r'responùing ca'rboxylic

""id.".148 ÎÌris general- nethocl afforrd-ed. the d.iazoketone in high

yj.elcL and_ high purity. usuall.y no fugbher purífication of the

diazoketone so prepa.red. liras necessary.

(") Prenaration o f the a-cid- chlorid.e.

The sol:i.d. acid. (1 mole) w¿'.s ad.decl in portions, at roorn

temperatur.e, to a stirred solution of ox.alyJ- chJorid.e (SC B mo1e)

iïr benzene" The rnixtuïe .¡¡as stirred- at roorn tentpera'ture for

2-! hr (the acid. generally clissofved fairly sloruly) an¿ the

reo-cti.on vras conpleted by'urarning to !0o for 1! rnin. The solvents

ï¡ere removed- u¡d.er red.uced. pressure. The resid"ua-1 oxaIyl chlorÍde

tvas removed. by acLdíng tvro further portic,ns of benzene, and- separately

re-evapol:ating åp yAglg. The cru.rìe acj.d' chloricle so obtaineC' wa's

used. immed.iately j-n the next step.

(¡) Reacti.on of the acid. chlorÍd-e l¡'i th cli.a.zontetha-ne.

The crude acid chforid-e (1 mole) in benzene l\ra.s ad.d.ed"

slol*ly (over 15*20 nrin) to a stirredn ice-cof.C. solution of ethereaL

d-iazonre¡rar.u (g J nrole) . The solution v¡as stirred- at -10-Oo

¿fnd. allowed'to lv¡,r:ln r;l-o'¡il)' to roou teinpe::ntu.re. Finaf-lyr aftcr
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g 5 hr at rûon temperatr:re, the solution lras warmed. on a

water bath to drive off tÌ¡e excess of il.iazometha¡re. Evaporation

of the solveûts r¡r:der reduced. pressure yielded the (usualJ-y)

crystalJ-ine d-iazoket one.

Etherea-1 d.iazontethane was prepared- fron N-rritroso-N-

rnethylr:re 
^243 

o, fróm p-t o1yì- sr:lphonyl.me thyl-nitrosani a.zw vy

stand¿rr] proced.ureso The solution was dried. briefly over

potassium hydroxi.d.e pellets before use.



-110-

CITAPT¡R 1

6-ì¡lethoxw- 3 ^/, -di hvilron¿lrhthalen-2(1H) ..one \J.

6-Methoxy-2-tetral-one 1J I'ras prèpareC in three steps from

6-methoxy-1-tetra-l- onu 4]'B Ou tlie method of i{agata and'

1u"n"u.*..1 29 The ple¡:raration is summarised. belov¡ :

(i) Tosvl ne of 6-methoxv-1 -tetrafone

This compound., rnp 2O2-2O1o (t:-t.1 29 ZO7-Z-lOo), was obta*Lr¡ed.

in 9ú/" yield. fron 6-metho:ry-1-tetra.lone !!, ar.d. p-toluenesr-r1ph-

onylhyd:'az:-ne"

( ii) 6-l{-efhoëEJ-. 4-c.ihElronrphtha-1,e.!:e

Treatment of the above tosyÌhyd.razor\e rv-ith sod-Íum i-n

ethylene gJ-yc61- a-t ZOCo afford.ed. 6-methoxy-Jrl¡-C"ihydrona.phthafene

Qzfr) as a color¡rless oi]- b.p' 124-lz8o (tlmrù [tit.1'9 
^t'-

i 1 Bo (5-6mn) ].
( iii) 6-i'lS-t4oÆ=?-te!ßl'.o*9 ll
The above d.i.hyðronaphthal-ene r'¡as o¡;idiserL lvith peracetic

acid., and- tlie intermed.iate heated- under reÍllux rrith copper po'wder

a:rd. hycìroclrloric aci.d. in ethanol-. 6-l'Jethoxy-2-tetra-l-one l-f was

obtajnecl in 55/, yiel¿ ¿rs a colourless oil Ì:"p. 110-1120 (0.]*n)

v.¡hich crystaì-lised. on cool-ing; ïtp 32-J5o (l-:t.1'-9 3|'t5o).

Án ai-terDative preparation fron p-methox¡rphenylacetyl

chlorid-e anc1 erthylene :Lrr the presence of al-umin-ium .hJ-o"id-u1 JO

gave !1, identical to that fron the abor,'e r:oute, in 21fi yie1d,
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after chromatogr:a¡rhy on silica g,e1 anil d.istilJation.

2 . 2 - e ttrr]-e ne cli oxv- 6* m etho rv -1 . 2 . 5 . l+-t e trahy dronapirt ha1 e n e 1!

6-Mettioxy-2-tetralone 1 i, (4.5g, O.Cì26 mole), ethylene

gtycol (9.0g, 0"15 rnol-e), anrL p-toluenes'.;lphonic a.cid (5omg) 'were

heatcd- together r.rnd.er nitrogen, in refluxing benzenu (t OO m-1) .

Tfaterwas removed- using a- Dean-Stark apparatus. After 1.5 }:rrt the

reaction ¡nixture l¡r{j.s poured. into \'fr sodium bicarbonate solution

(f OO rf¡ a:rd extracted vrith et¡er (Z;ç1OO r"t-). The co¡,ibj-ned

extract rn¡as r'¿rshed wi-th ,,vater, dried. (t,tgSOr), and- evapo::¿tted.o A

ye1Iow oil (5,/¡g) r'ra.s obtained vrhich was purified. by fil-trat-i.on

through a. smal-1 column of alu.¡¡ina. The acetal ![ vras obtained.

as a pale yellotv otL (5.2g, 92ft) which solÍ&i:f ied on cool5-ng, brrt

rneltecl again on rvarnting. Â snaf-I sample rvas clistilled b..p. BO-B5tt

o.o5rnm [rit"1 & a*5*a3o (o.zrnm) ), 
^^* 

(rilnr) 1610, 15æt 151o

(arornia-tic c=c). O (ccrU) 6.4-6"9 (1H, m, ^ArrI) t 3.87 ()$, s'

OCH2CHZO) ; 3,6'7 (yt, s, Olrfe); 2"8 (4:r, m, Ct and CL protons);

1 "78 
(?JI, t, J'fiLz, CJ protons) 

"

2.2:"at-l:J:tg:g.åi.o'sn6:,lg!þgry-:L' Z,-1r!+,r2u.9:tlgrelry.*qp:gæ-ti!E*%9 1-ã

Lithium (Bg, t.1g. atorn) ','¡as ad-ded in pieces to l-itluirL

ammonia ( æO mf) which hatl becn <listill-ed. from soclium" The aceta-l

ß (f 6.5gt O,O75 rno.Le) in d.ry ethcr (ZZO ttl) rvas added- clroprrise

unC-er nì-t:rogen lritir vigorcus st.L.rriitg. ltftli: '1 0 ni.ns, a'bsolute
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etha:ro1 (g¡ 11) was add.ed over a 2 hr periocl" T{"hen the solution

d.eco.Lotu'ise¿ (1 hr), ammonium chlorid-e (6O9) vas add'ed, ard the

rema:ining ammonia was allov¡ed. to evaporate. lhe resid'ue was ta-ken

up in water (¡OO mf) a¡rd. extracted. -nrith ether (JXZOO na). Tire

cornbined- extract lvas 'w¿rshed, v¡ith rvater r¡ntil' the rqashings were

neutra-1, dried. çf'lgSOr), and. evaporated., yielcling a paJ-e brov¡n oil

(t 6.09, 96;/o cnße yield) vrhich crystallised readlly, np 51 '53o. lhe

d.ihyd-roanisole !! was not purified. further, but was immed.i¡rtely hyrlrolysed-

with oxafic aciù (see belorv).

u^o*17oat 1665 (enc¡1 ether). ô (cc1 
O) 

tn,+s (1H, br. s, C7 viravl

proton) ; 1"Bi (À¡, 
", oCIIzcHzo) ; 7J-ú (1H, s, OHe) i ?,52 (4'Ii, br' s,

C! anil CB protons); 2.O (4Ji, n, C1 axd- C4 protor:s); 1'63 (ZU, t,

J6f,.2, CJ protorrs).

6.6-g!Ð.åe-L19qi.s,bxJ-rÀ'2"6*2,!-3p**þyire#1,.?+;aGù:gngl-é

The above dihyd.roa.nisole ( 3.6g, O'O18 rnole) in met¡a-nol

(eOO nf) rvas cooled in an ice-b¿t'bh ancl trea.ted. r,rríth oxal-ic acid'

(4.jg, O,OJ6 mole) in water (+O *f ). The re¿rction ni.xture v¿as

stirreô a'b Oo for'l h-r. Sodium bicarbonate (6.89) vras ad'ded', an'L

the resultirg mixture lyas d1lute¿ rvith water (¡OO ,¿) ancl extracted"

with egrer (Z X ZOO il). The combined. extract 'vvas washr:d "urith watert

dried. (fvfgSOn), anrl evapora.ted. I'he crr¡de oily praluct (2.9g) v¡¿rs

chromatographed. on silica gel (1¿rOg). El-ution with ether-light
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petrolerun (lrl) ard. ether gave the ketc¡ne 1 6;colourless crystals

(Z.¡,go 6l,fr)rmp 56-600. Tiris compouú. was unstable, arr1 so v¡as rrot

purified. further.

u 
^* 

1705 (c-o).

ô (cc1 
U) 3.9o (4tt, s, ocITrcH zo); 2"7Ð (?rr, b¡. s, c'i protons) ;

I.6-2.5 (tottn m, other protons).

Reacjio_g q{"-Eeþ*g t 6 v¡:ith vinvl- m¡r.qnesi u-m bromid.e

Vinyl magnesi..un brornid-e was prepâïed. fron nagnesiurn (2g, O.OB

g-atom) anù v:'-rryI brom1d.e in dry tetralr¡'¿'ofuran (t OO o,f¡ in the

usual n"^r,"7 The Gri.gna:d. reagent ',rra.s cooled to -JOo (precj-pits.tion

occrrrr:ed.), and ketone l_6. (5.Og, O"Q24 rnole) in ether (tOO tf) w..

acld-ed. drop'tiise vrith stirring. the mixture vúas kept at -7Oo rmiler

nit¡ogen for l+ hr. Aceti-c anhydricl-e (A n*) v¿a-s added- very'sIoivl.y.

The rnixture 1àfas allorve.f slovly to ivarm to -20o, v,rhen J/o soðtwn

bica-rbonatr: solut|on (eOO nr1) rvas ad-d-ed. all at ouce. The organ-ic

layer v¡as sepiìratecl, and. the aqueous layer was extracted- lvith ether

(lOO nn). The combinecL extra.ct,fla.s r./ashed u.ith water, dried- (t"lgSOt),

ancl evaporated yield.ing a pale yellorn, semi-crystal-l.ine oil (6.69) .

The crocle p:co'd.uct was chrornatograph.ed. on l'l-orisil (2BOg) " El-utj-cn

with ether-Iight petrol-u,rt (t :5) Save 2-a.cetoxy-2-vinyl-6r6-

ethylenedio:¡r*1 ,2 ri ,)+r5 ,6 17 ,B-oc'tahydronaphthalene !J as colou.r'less

crysta-ls (t .7g, Z6%)¡ mp 98-1OOo" Ân analyt1cal samplu, nP 99.5-

100o, rvas obtainr:c1 by recrysi;:¡Ll-iz¿'Li-,-¡n fron ether-}ig,Ìrt pctrol-euil.
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(rouna : cr 68.9i Ílt 8.2. clFzzol, recltrires cr 69.0; ¡I'

8.q").

a^o17251 1260 (acetate) , 985, 935 (vinvl).

ô (cncr ,) 6.oe (1H, r, cE=cuz) i 5.12 (ffi, m, cn=cllr)l 3.91 Q$,

s, ocnrcnzo); t "96 (3H, s, ococHr);1.6-2.5 (1rtu, m, other prototm)'

Iuriher elution of the column '¡'ith ether gave a color:rless

oil (5 .Oe, fl.,i4) believed to be 2-hydro4¡-2*vir1y1-6r6-ethylenedio4y-

1 ,2 ,1 ,4 15 ,6 r7 ,1-octalrydronaphthalene 1 B"

t^u* (rirm) l/¿.0 (oH) r 1&+or 9w, ?15 (virvI)

H -cne 1 0

Ketone !Q lvas prepared. by the methoit of Nagata ancl co-

rvork"r"1'6 ,ro* 6-netho4¡-2-tetra-Lone !] alcl methyl vir¡y1 ketone.

Distillati on of the cru,ie prod"uct unrler reduced- pressure ga've two

fract:Lons;

(l) The first , ap 96-1100 (o.o5mrn), wts *nchanged'

starti-ng naterial ü. (1126¡4 recovery).

(:.i) Tire seconcl fraction, bp t 60-1700 (o.o5tm), was a

yel1ow oil, wh:ich was crystalliserl" from ether-Iight petroleum to

give ketone l! as colol¡rIess crystals, w 75-76.5o (tit"1 '6 7u-

78.5o) in $/" yield,

R e a c t io n -o-lÆt e¡¡9 l-9. 1g-tÀJrç¿LL€I9g:J+ -t' 
r g[rd e

vinyl magnesium bronrid.e, prepared frorn magnesium (o.Bg,

1
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O.OJg-atorn) and vinyl brornid.e in TIIF (ZfnÐ, was cooled to -7Oo

(ary i"e-aceto¡e). The tricyclic.ketone tg (t+.2e, O.O19 mole) in

ether - Tnf, (t :t , 50 flll) was ad"d.ec]. u¡d.er nitrogen over a 6 hr

perÍocl, ad.n the rni,-,ture was kept at -7Oo for t h¡. Satr:rated.

agueous ammonium chloricle (f OO rnf ) rvas ad.cled-, and. the organic

layer was separated-. The aqueous layer ïtras elctracted. v¡-ith ether

( OO nrf ), and. the combined. extra.ct was vrashed with watern dried-

lMgSOr), ancl evaporated. The oily product (¿r.Be) shorved l;*u*

(fifr) 1710 indicating the presence of sta-r't:Lng ketone 10.

The nixture'!v¿r.s retreatecL t'mice with vinyl magnesium

bronid.e (O.Ol mole) at -JOo, using the proced.ure described. above.

l! sma-Il amount of ketone io. (v17'lo) stil-l remained' in the oily

product (¿u.9e). T]re crude materiaf was t¿rken up in eth,anoL (¡O ¡nf)t

treated. v¡ith a solution of socliutn metabisufpfrite (Zg) in water

(ZO nn¡, and. stj-rred. at room temperatr.re for 2 Y¡.. The bisulphite

adduct of ketone 1O (0.7g) was removed. by filtration. The filtrate

v¡a-s ùi-luted with wa.ter and.'lvorked up in the nornal lvay, to give

2-hydroxy-2-vi r¡yl-J-rnethoxy -1 ,2 , J ,4r9 ,10-hexahydrbphen'::rthr ene 21

as a red oil ( 3"58, crude Yield' 701Ð.

u*r* (rnm) 5t5a (o:Ã), 1640, 10m, 9lo (vinvl), 16o5, 1575' lSto

(arornatic C=C) .

The crud_e prod.uct was d.istilled. und-er red.uced pl:essure

[teOo (¡ath tenrperatu:"r) O.2rnm] in a bulb to bul-b apparatus. The
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pale yellow procluct (t .7g) crystalIised. on cooling, and- was

recrystal-Lised. tryice from methanol; v¡hite plates wP 69.5-7Oo. lhis

prod.rrct w¡rs not a-fcohol 21 , bul 2-ethyJ.-7-metho:ry-9r1O-dihydro-

phena:rthrene þ. (nounal c, B5.B; H, 7.6. cl,JJ¡l'O rec¿rrires C,

85.7; H, 7.q'),

u^u*1605, 15ú¡ 1l+85 (aromatic c=c).

ô(cc1 ¡r) 7.5o (Zit, mr cL arrl c5 protons); 6.83 QrJl, m, c1 , c3, c6

and C8 protons); 3.77 (3H, s, OMe) i 2.78 (4rf, 
", C9 and C1o

protorrs) i 2.60 (ztl, q, JJHz, Ar c$rCFir); l"zz (y, t, J-lHz, Ar

cHecg") o

7-l,lethoxv-1 .2.'¡" 10 O aß -hexa-hvd ro'oh e nant hr e ne-2 a - ca::'boxgL i c a.ci d. 26I

The A4-ca:-boxylic acid, ?Á ìr'ras prePared. in three steps from

6-methorcy-1-tetral orre 4 accord.j-ng to literatue'e proc"d.u".s.1 1+5t147

the crud.e prod.uct ï/as rectîystal"lisecl fron acetone; pa-Ie yellow crystals

mp 181 -l}ro (tit.145 ,go-,86o).

2 c acid. ?f

Dry \ydrogen chloricle was bubbled. through a chilIed., stirred.

sol-ution of the crud.e AL- acid g! (U,O*r O.O9 note) in

chlorofor* (2.4:) fo::20 nr-in, accord-ing to the method. of Goldberg

É 4"146 The so1ution was stir::ed at Oo for a further 20 rnin,

and. d.iLuted- lri'Lh chloroform (0"6t) " Ti-.re r:eaca;j-on r¡rixture l/vas
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wâshed- t¡ith v¡ater (zx 11), driea (Mgsor)rand evaporated-. The

resid.ue was recrystallised. from acetone, g¿ving the d-esired.

64a(to")-..id ?J (20.4e, BVù as pale yellorrr crystalsrnæ t B5-t BBo

(tit.1u* t ah-l BBo).

u^.*31OO-25OO, 1695 (COOit) r 16+5 (C=C) r 1600, 1575, 1505

(aroma.tic C=C).

ô (annusoæDcl ,) 7,o7 (1H, r, cl Âz'I{); 6.67 (ztt, ro, c6 ala cB

ArH); 3.73 (JH, =, ol,/l.u); 1.8-2.8 (lttt, m, other protons).

rÃl z5B (rr 6nt Bo j=258) .

-zi.þ"'esç.s,þUhgsl-hsit-l-¿.'LLå.Å-Q-þ"+*vl¿wt'".leÉþrs-94
ruu Aþ(1o")-a.id 4 (z.oe, /.8 mmole) was converted- to

the acid. chlorid.e in the r:suaa l'ray with oxal-yl chlorid-e (7.5g,

!! mmole) in benzene (tOO mf). The acj-d. ch-l-orid.e'lvas obtained- as

a yel1ow-orenge crystalline solid. n¡, 60-650.

u-^-- 1Boo (cocl), 164-5 (c=c), "l600, 157ot r50o (aromati-c c=C)\r
max

ô (cDcll) 7.o8 (1H, E, cS Ârli) ; 6.72 (zn, m, c6 arrd- cB ArH); 3.77

(5¡r, s, Ol'{e); 1"8-J"O (ttH, m, other protons).

The crud.e acid. ch.lorid-e in benzene (4O mf) vras corn¡erted.

to the diazoìietone in the usual vray be treatment i¡,i:ith d-iazomethane

(ca hO mmole) in ether (t ZO "n) at Oon The d.iazoketone 2Q vras

thus oL¡tained. as a yeIlo.w crystalline solid (2.2g, 1OUrt), np 120-^,260

d-ec. An ana.iytical. sample, :recrystal-fisetL from ether:, me1.ted. at
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125-129o d"". (noula: c, 72.6; H, 6.6; N, 998. 
",f+rdeoz

requires'C, 72..ii Hr '6.1r-i N 9.y/").

D^"* iOB5, 21OO, t 640 (cOCmlr) t'6Ol , 1570, tt+95 Gtó.matic C=C).

O (cr:crr) 7.to (tu, m, c5 ArII); 6"72 (?Åt n, c6 a:rd c8 ArH);

5Õo (lH, s, cocnN2) ; 1.77 (3H, s, olde) i 1.7-2.9 (ttn, m, other

prof,ons).

9y_.fryp¿t-Ee!o"" 29

The diazoke+.one 39 (¡gO mgr 1.! mmole) w¿s dissolveil

in boiling acetone (¡ *f). Hot cycl-ohexane (4O mI) vras adcl-ed a-11

at once. The solvent rn-ixture was distj.lled. r¡r:itl the temperat',rre

of the vapotrrs reached. BOo, and. a furiher cluantity of hot cyclo-

hexa.ne (¡O *f) iryas added." Copper powùer (t .5g) 'was introcluced.,

ard. the mixture was heated- und.er reflux, vrith vigorous stirring,

for 2 !v. Ttre hot nixture was filtered. through Celite' Evaporation

of the filtrate yiel-ded a d.ark yellov* oif (5/O mg).

The crud.e prod.uct was pread-sorbed on kieselgubr atd.

chronatographed. on ah¡nin" (ZOg). Efution v,rith 
.rneth¡rIene. 

chlorid.e-

light petroleum (ZzÐ gave the cyclopropyl ketone g2 OB5 ne, 55%)

as a colourless oil vrhrich was crystallised. from et]r er-Iight

petroleum to form cofourles","oU", mp tO8-ttOo. (Found" : C, BO'O;.,

Hr 7.2. C1 -lt,AOZ requires C, ffi.3i Hr 7"1%).

u^u*1715 (c*o), t610,1575' 1505 (aromatic c=c).
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ô (C¡Cr") 7"jO (tH, d, J&Iz, C5 Artr) ; 6.70 (2]1, ^, C6 aïx1 C8 ArH);
)

3.77 (3H¡ st O¡fe); 1.8-2.8 (1zlt, m, other protons 1nc. cyclopropyl

proton) . -

7-Me-thord¡-2.19a-ethano-'î .2J-t2l-0'1qa. hgxahvdropþ-epjl+.æ 2

Dry hjrd.rogen chlorid.e v¡as bubbled, through a chifled. solution

of cyclopropyl ketone 4 (1}ng,0.12 mmole) :-n chlorofor* (tO tf)

for 5 min¡ The solution lvas stirred. for 15 ruin, vrashed- tvuj-ce

w"ith water, drieð (warSOU), arxl evaporateð. lhe crud-e tetracyclic

ketone 2 ßO mg, quant.) crystallize¿ on actùition of ether. An

analytical sample rnel.ted. at 11 5-1170 after recrystallization from

methylene chlorid-e-light petroleum.

(Fourd-: c, 8o.0; H, 7.15. "rf^Ao, 
requires c, ffi.3; H, 7'1%).

unax(arÐr3) 17lo (c=o), 1620 (should-er, c=c) r 1&5, 1570' 15oo

(arornatic.C=C). ,

O (cmrr) 7.57 (1H, d., J&Iz, C5 ArH) i 6.72 (2H, ^, C6 ancL CB ArIl);

6"o5 OH, t, li,5nr, c/a vinyl proton); 1.78 (3II, ", olÍe); 1.1-2'9

(tttt, m, other protons).

act_ IL

The /-nethoxy carboicylic ac5.ð. ll (5.0g, 0.O19 mole) a-nd.

pyrid.ine ùyd.roclùo"i¿*245 (ll'g, 0.095 rnole) were mefted together,

und.er nitrogen, at 2OO-Z2Oo for 2 ytr, The cooled. mixture so1id"ified.,
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and- lvas ground with wate" (ZO ntf). The resulting mixture lvas

poured. into rvater (1 50 nrl) uith vigorous stirring. The precipitate

of phenolic acid 7¡ Q+.6e, 9-flr) was colfected, vrashed. thoroughly

with lvater, ancl d.ried.i np 1 9(r-2OOo .

À sample rvas sub-Limed at 160-1700 (0"01 mm) to give pure

lÀ *= a '!ïhite núcrocrysta.lli¡re solid-, nP 2O9-?12o. (Foruld. z C,

73.8; Hn 6.9. t,,5n rO, reuuires C , 73"75; 11, 6"Ço).

D*oo.lz5o (oti), Jooo-2lr-oo, 17oo (coo,s) , 1645 (e=c), 1600, '1500

(aromatÍc C-C).

7-Acetoxv-1 -i -L.9 "1 O-hexaÌr I I.I n'tìrrene-2 -ca.r'boxv-l.ic acicl -rr-¿

A sol-utj.on of phenolic acid 74 Q+.55, O.O1 B mote) in ac.etic

anhyðriCe (fO .f¡ an¿ plr:irLine (5 nrl) was allov¡ed to stanô at

roorn temperature overnight. i¡Iater r¡as a-clded very slovrþ r:¡rtil all

the acetic a-nhyc]rid.e hacl hyd-rolysed, a¡rd- the resul-ti-ng rLi-x'r,ure

was poured. into v¡'¿ter (+OO mf) . lhe a.cetate ;þ was col-lectcd. and-

recrystallísed fr,cm a.cetoner. to yj-eJ-d- coloi:rless crysta-}s (4."5g,

Be/,)rmp 2Oo-2OJo.

An a:ialytical sample, obtained- by tvro further re-

crysta]-l:Lz¿rtions from a.cetonen ¡nef teci a-l 2O5-2oBo. (nourra :

C, 71 .3i H, 6.3. Ct/ft 
BO¿,- ""eúres 

C, 71 .5; H, 6ðvft).

Drnu*J2OO-25AO, 1695 (COOri) , 1750,122C (OCCC',rtl),16115 (C=C),

1600, 15ffir 15oo (a-romatic c=c).

0 (cncrr) 8.20 (11I, br. r';, coo!, exch.); 7"eo (tu, n, c5 ÂrII);



-121 -

6.92 (m, n, c6 and- cB Arfi); 2.28 (3H, s, ocOc.lflr); t .B-¡"o

(rtH, m, other protons).

7-Acetoxv-Z-d.iazoacetvl- -1 .2"7.L.9"1O - hexahvd ro'o hena-nth::e ne -æ.

The above carborq¡lic acid 72 (4.4e, O.Ù15 mole) was converted

to its acid. chlorj-d-e Ín the usual -uva.y rrith oxal-yl chforj-d-e (lZg,

O.O95 mole) in benzen" (¡O mf). The acid, chloricle was thus

obtainecl as an off-wìrite crystalline solid".

D^u*17eo (cocl"), t755, 121o (ococnr), t65o (c=c) , 16Qo' 15&,

15OO (aromatic C=C).

ô(CÐCIJ) 7.t7 (ttt, rt, AJ ArIl); 6,92 (Zn, m, C6 anrl- CB Ar:II); 2"21

(1n, s, ocOcHr); 1.5-3.2 (11t1', m, other protons).

The acid. ch-Lorid-e in benzene (50 m1) vras converted into the

d.iazoketone by the usu¿-l- methocl usitrg d.iazomethane (o"o45 mole)

in ether (f +O tn) . The crude product Ìl¡as recrysta-l-1ised- from

acetone-light peiroleum affording the d-ia..zoketone fi (3,6e, BÙfr)

as pale yellow prismsrl 2J-125o ð,ee. An anal'ytical sample, mp

1Z+--l 26.jo dec., v¡as procured. a.s yellow pristus lry one fr-:rther

recrystal1izetLon frorl etÏ¡rl acetate-light petroleum Þ 60-800.

(Fouta. : C, 69.1v5; H, 5'9; N9.1 . Ct dlt goJNz requires C, 69.7; H,

5.85; N9"Ø).

/^o* 1O5O, 2120, 16Z5 GætN2), 175On 1?-2o (Cûæ"tr), t65O (sho-tr1cler,

C=C), 15go, 1500 (arorn¿¡-tic C=C).

ô(Cmfr) 7.t5 (11l, r, C5 ArI'I); 6,9O (Zn, n, C6 and. CB,åril); 5"33
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(1H, s, cmisqz); 2"2-l (3H, s, ococ!r);1.6-5"0 (trH, n, other

protons).

il
The ,tiazoketorre fr. (l .12g, 3.6 rtnof.e) in methanol (t5O il)

vr¡as treated, luith a sofutio¡r of soclium ca-rbon:-te (6g) in vrater

(¡O *f). Thr: resrrlting rnixture 'lvas stirred. at room temperature

for 3"5 hr', cliluted. vrith methylene ch.foride (f OCl n'f¡ anl the pH

ad-justed. to 'vl by the add-ition of solid. carbon d-iox-i-d-e. the

organ-ic layer vrras removed., a-nd. the aqueous layer l'¡as extra-cted-

with methylene chlori¿e (2 lt 50 m-1) " The combj-necl extract was

v¡ashed- twice ivj.th v¡¿¡.ter, d.ried. (ttarSOO) a:rd. evaporated., leaving

an amorphoizs resj.due of d-iazoketone lL (0"!69, quant.) A sample,

crystalJ-:iseå fr6m acetone-l-ight petroleum lp 6O-'300, gave pale

yellow plates, mp 150-151o dec" (fourxr i C, 71 .4; H¡ 5o9; N,

10.7. Cl6Hl60ZñZ requ-i-res C, 71 "6; H, 6.0; tl¡ O"hl").

Þ^,r*340 (gri), 3o5a, 2120, t6to (ooctll'{2)! 16+5 (c=c),1570,

15OO (aroma-tic C=C).

7 -1Oa-etha-no-1 2 .i .9.1 0.1 tlrren-'î 2-one l3
phe¡r,:lic d-iazoketone il (O.BJg, J.1nrnole) suspenc)-ed :in

nitromethone (4O rnl) l',tas trea.ted" wj.th bo::on -trifluorid-e-etherate

(t dtop). The d.iazoketone d.issolved., vri.th evolution of nitrogen,

to f'or:n a d-eep ¡erl. sol-ut j-on. ,i¿ri;er (i CO r*) ;/a-.s ¿rclqrlil. I t.Lrttl the
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mixture v¡as extracted- rrrith rnethyì-ene chloride (r X t OO nlr 2 X 50 ¡l-1) '

The cornbined. extract was wa.shed tl''rice l'r.ith lvaterrdried- (tl"rSO,r)l

ancl evaporated-, leaving a yellovr oil- (0,779) ivhich slo'nly

crysta-11ised.. the crud-e pr:oduct vras pread.sorbed on kieselguhr and

chromatographed. on silica eef (JOg). El-ution vrj th methylene

chlorid-e-acer;o!1e (t OO;t ) g,u-vr the 1:henolic tetracyclic ketone JQ

(O.57g,, 7%) as colourless crystals mp 175-i76.5o. The a:ral-ytical

sanç.le, recrystal.l-ized. from acetorre-hexa-ne, 1'¿as obte.inecl as

colon:r1es.s plates np 176"5*177.5o. (Fouta z Cr 79.8; H, 7'0'

Clfll6O, reqrúres C, BO'O; H, 6''T/6)"

D^u*@urc:-r) i5oo (oH),1730 (c=o),1625 (c=c),1610, 1515, 15oo

(aromatic C=C).

ô (CDCll) 7.52 (1H, d, JTrIz, C5 ArH) i 6.67 (ztt, ^, C6 and- CB Âr'il);

6.q (lll, t, JJ"JIlz¡ cl¡- viliyl pr:o'con) t 5.15 (tH, ur" s, ÁroH, exch');

1 .6-2.9 îltl, tu, other protons) "

Methvlation of' t etrac-¡cIic lhenoL åq

Pheno1 É (f 70 rng, 0.7 mmole) 1n methanof (5 r¿) conto.ini-ng

so<Lium hyrlroxid.e (t zO*gn J rnrnole) anc1 rva-ter (Z 
"f ) r v¿as treated-

d::opwj.se rrith metlLyl srrl.phate (ZOO rng, 1.6 mrrnle). The sol-ution

v.¡as stir,red. at ¡O-6O0 for 0.5 Tl^s cl-i-l-uted-'r¡iih r'¿rter (ZO t¿) an¿

extractecl v,¡rtir ethe* (2 X 20 rr1) . 'Ihc-: combined extract vras rv¿rshed'

w*t 51, soclium lryclroxicle sofution (f O nl.) and' v¡¿rter, c1r:ied- (llgSOt)t

¿lncL crrapoïr,rl;ed. 'Ilic cr.,,'st zl1.inc re,';.Lci-r-r'e, rqi i i Z.-'tl -'¡a (5C ntg, 2B¡;)]
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ïras i-d-entical to '¿he ketone 9 obta-ined- b¡r a'ci<l cfeavage of the

cyclopropyl ketone !p.

the basic wash.ings from the above extraction Y¡¡ere acidifiecl,

a-nd. .v'¡or.ked r-rp in the usual 'v'ray to gj-ve the sta.rting phenol (tl1 *g,

6fi4 recovery) 
"

Acid. catai--v-sed- zaLion of d-iazoke'boue 2B

(") Fluorol-:o:¡ic acid. cata-Lys;i s

l,ilethoxy d.ia.zol<etorre Zg (8.1g, Q"O29 mole) '!'f:r-s suspe'ncled. it:

nltronethun" (ZOO r''A) a¡d- trea.ted vrith a- so-l.utÍor, (Sy,.t. 5/") of

anhyd.r'our.s ffuoroboric acid. i¡r nitronethane (Z n¿)" Ni1;rogen

evolution I'ras slol, and. fr¿r'ther portj-ons oi' the aciC. sol-ution lve::e

acld.ed" until ¿r1l- the d.j-azol<etcne rl-j-sso1ved" The soltttion r'¡as

a.llor'¡ed- trr sta¡d- a.t ¡oom temperatur.e o.¡er."ni.¡lht. The volurile of the

rea.ction mixtr:re was red-uced- to c!.. 50 rn-l by cListil--La'ui-on r¡:rcier

red.uced- presstlreê ÌTater (f 5O nrf.) ',-ras a.clcìed-, a-nd. the nix'r,ure 1¡ras

extra.cte<1 v¡'ith mr:bli¡rlene chl.oricie (Z x IOO mlr 1 f 50 rú). The

cornbi¡ecl extr¿rct 'lvas washed" v¡'itì'r -r¡ater and saturated. 'brine, clried

(ifgSOr.) , and- evapora-ted leavi ng a cï)¡stalll-j,ne resiaue ( Bg) . The

crude product vras pr.ea-d-soy:bccl- c¡n lctesel.guJi:: ancl chroneitogra¡rhed.

on s1lica gef (e5O¡¡) . Illution rdth rnetbylene cl¡-lori.d-e ancl

metlrylene chlc,ricle-acetone (l9rl) g"n* tetracy'clic l<etone 9

(6,5g, 9Ur4) as pale yetl-ogr crys'Lals mp 11 1-1160 " Tliis compourrd-

ï¡¿.,:s i-cLcntic¡ l. to lrrr-;v:i c,ì-rs) s¿rlrrr)l-e s ob'Í;a-,i trtl-L b;; ih.e o-l;her: ilr:'l:hocl-s,
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(¡) ln t::ifl-uo:roa.cet-ic acicl

Diazoketone 3Ê (4.7g, o.o't7 mole) v¡as a.dd.ed- portiorvl-ise

to ice-colcl trlfl-uoroacetic acia (ZO il) r,vitir vigorous stirring.

The red. sol-ution was d.ilr-rted. v¡ith rvater (ZOO mf ) and. extracted- v¡j-th

methylene ckrì-oride (t X tOO nù, 2 X 50 nù). The combinecl extract

r.¡as washed three times w-ith water, dried. (liarSOU) and- evaporated-.

A yelJ-orv crystalline resid.ue mp 110-11 5o (4..2g,, qr:ant.) of

tetracvclic k-etone J'l'rns obtained.. Ketone I wa.s more easily

pru'ified. as its ethylened.ioxy acet"f l!9 (see Chapter J¡).
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Diel s-/\]cler reacti-on 't¡etlveen d-íene 25 anë 2-W tLty_1eçIXL!S^-A.i11

aci_d- þ
(")

, Diene Æ (5.6e, O.Oj rnole) in ¡enz"ne (50 nrI) vras treated-

cìropvrise with 2-metbylacrylic acjd- (7.0g, O"0B mole) uraer a slotv

stream of nltrogen. I'he resultant solution i'r¿rs kept a.t rooln

tempera.tnre u¡d.er nitrogen for -12 lnr, and- heated. urd-er refl-tul for

2 h:e. Evaporation of the solvent Left a semi-sclid- mass (g"Og)

containing a rnixture of the Al+-acid-s þ anð- !J3.

U^u*33oe-2)po, 1695 (cooH) r i6i5 (c=c), t6c5 1575, 1505 (aronatic

C=C).

O (cncrr) 6.1 (tn, nr c4 vinyJ. proion).

(¡) It'i-prat-lon r.rf the dotrble bond-

The above nri-xture of acicl.s (y.Og) in chforoform (5oO mr)

at Oo, vra.s treated. vrj.th a stream of d.ry hy-orogen clrj-ori.de gas for

20 nún. The solution vras stirred- at Oo fo:r a- further JO min,

vrashed- with lv¡rter (l X 2OO nù), driecl and- concentraterl" .A seni-so1icl

resid-ue (l,Og¡ , Dnax1760, 1696, r,¡as obtainecl. The crud.e procluct

'rvas chr,omatogra.phecl on sil.ica ge1 (¡OOg) and. elutecL lrith chloroform.

Fra.ctions of 20O rLL v¡ere col-l-ectecl. Three dístinct compoturrls lvere

obtained.;

(i) tr'ractj-ons 4*6 yie.l.cled. a colcur'l-ess o:1 (1 "2g) l''rhich
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shorn¡ed- no ca:.bonyl absorption in the infra.red. spectmm. This was

beh-eved- to be a nixture of climers of the dÍene Æ. Qry" yield-

baseci on d-iene þ).
(ii¡ Fractions 9-12 affc:rded, after fractior¡a'l ::e-

crysta.llization fron eth.er-metlrylene chlorid-e, 1 B-ca-rborq¡-d'aB-

hyd.roq¡-/- me th oxy-J a- rneth¡rl-1, 2, 1, 4 t )-t a, 9 11 0 r'1 0aa-octahyd'ro-

phenanthrene-1+[a-lactone þ (1 .t g, |efi). A sarnple 11'a,s re-

crystallized. fr.om..ether:-methylene chloride; v¿hite cubes nç '171 "5-

173"50. (r'our:d. : c, 7lv.7i \rr 7.5" c1 fr-ool requires cr 75.o;

H, 7.+%),

,ï.o 1155 (a=o), 16or, 15ffi, 15oo (aromatic c=c).

ô (c¡cr,) 7J+5 OH, d, J&12, c! ArII) i 6.75 (2H, m, c6 arxl cB
)'

ArH); 3.78 (1H, s, OLrle) 1 I "19 
(ltt, s, Clle) ; 1 .3-2.9 OlU, m,

other protons).

(i-i.i) F::actions 13'15, togethe' vrith the mother liquors

from fractions 11 anð- 12, a-ffornd-ecl after fractional- recrystallizatj.on

f::om ether, and. then acetone, the clesired. acicl Æ. (l .2g, 2q[) " An

alalyiical sample, mp 15i+-1!60, w"s obtained. a-fter one further

rercrystallization from acetc¡ne. (for.,.,¿ i C, 75.O; H2 7.5"

\fzool requires a, 75.0; H, 7"tl').

D^ro32OO-25OO, 1695 (COOH) ,1645 (C=C),1605, 1575, 1510 (aromatic

ô (cDcll) 9"90 (1H, br. s, cooH, exch.) ; 7.10 (tu, n¡ c5 ArII);
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6.7O (zS¡,, m, C6 and CB ArII); 3.78 (1H, s, oÀie); 1.2J (3t1, s, Clle);

1 .6-2.9 (lOIl, rn, other protons).

Diazoketone [/ 'tvas prep¿rred in the usual rvay fborn the

corresroond.ing acid. 6 @.5+g 2 nmole) Jig the acid- chlori-d-e

[ye11orv oil¡ p** (r*n) 1775]. Diazol<etone !il (O.52g' BV")

.was thu-s obtainecL as an afmost colourfess semi-soIid, which resisted-

attempts at further prrrification.

D 

^u* 
31OO, 2115, 1625 QæI:II2) r t 645 (C=C) , t 6CO, 1570 ' 

15AO

( aroma-bic C=C ) .

ô (cncr,) 7.15 UII, m, c5,ûrl{); 6"77 (2H, rn, c6 a¡rd' cB ltlil);
)

0.4, OrI, s, coclnlz) ; 3.82 (1u, s, oille); 1 "18 (lH' s, cl'{e);

1.5-2"9 (tOtt, m, other Protons) "

t-i'{ 2 10 1

rrhenarrthren *1 2-one Æ

Diazoketone 47 (l7O ,rg, 1"25 mnrol") rzu.u add-ed- to vi.gorously

stirred-, ice-cold. trjfl.uoroa.cetic aci¿ (5 r¿). lhe ora-nge rea'ction

núxture vras clilutecl'wj.tli 'rvater (¡O t¿) and. methylene chlorid'e

(¡O *f) " The organic extr:act 'r/Ð.s sepa-rated., sashecl- tvrj-ce rrith

vrater, rlried. (narSOO-), a-nd- evaporatecl. A pale yellow crystalline

resid.rre (33O 
^g, 

g.uantr) of tetra.cyclic ketone !Q vras obta.ined". Â
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Sa.mple, recrystaltisecl" from acetone.-hexa¡re and. then hexane, 1Ta-s

obtained- as color¿.less crystals mp 138-1390. (Foura z A, @'7;

H, 7 "4.CTSIZOOZ reclui-res C, 8O'6; H, 7 '5%)'

U^n*1730 (C=O)r 165O (C=C) ,16A5, 15-/O, 1495 (arc¡natic C=C).

a (cmrr) 7,05 ?H, d, f,$.JTÍ2, c! ArH) ; 6.73 (m, m, a6 anrl cB

ArH); 6.o5 (te, t, JJ.JÍlz, cl¡ vin¡¡I proton) i 3"æ (.rtt, =, ohie);

1 .1 8 ( 3H¡ s: ClIe); 1.7-3,o (10H, t, other protons) "

Ilvdrocenation of A4- k"torr" æ (see Chapter ¡+.)

The above tetracyclic ketone 4! (f 6O mg, 0.6 mmole)

in ethanof (+O rril-) wa.s irydrogenated. at atnrospheric pressru'e over

1ff" pal].¿rLium on charcoa-i- (ZO mg) for 5.5 hr, The catal¡rst was

removecl- bJ. fil-tration, arrd, the filtrate tre.s concentra-ted., affoÏrIing

a col..ourùess crystall-j-ne resj.due l, 
^u*1725 

(c*a)] or /-methoxy-

2a.-riiethyJ--211Oa,p-ethano*1 ,2rJla.r4aær9r10r1Oa-octahydrophenantk¡ren-

i¡-one (lL5 
^g, crude yield. 9qù" Recrlystallizaticn frorn u.qtào.ls

netlr¡rnol gavc-: colorrless crystals mp 1lo-1 11o (irit,7] 135.5'

136.50) "

24,rana*Z- roxv-7-rnethoxv-1 .2 - 1 .L . 9 .'1 O-hexahydrolrÌrenantlrr ene -L2

A solution of the tricyclic ketone tg (6.8g, O.OJ mole)

in ether (¡OO mf ) artd v¡:rter: (f ¡O *f ) 'wo.s cleoq¡gen.ated. and treated-

.,vj-th sod.iunr cyanicle (5g, O.1 mole). Concenti'atecL hyd.rochJ-oric

a-cicl (10 irrJ-, 0.1 ruoJ,e)'u¡a.s acl-d.ed. otr¡er a, peri.od of 1 Lrr, wì.th very
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rrigorous stirring (c.f. t"16\. The ethereaf- layer was

separated-, and- the aqueous solutj-on was extracte'J with a further

quantity of ether (ZOO *f) . The combined- extract was v¡ashed. vl-ith

vrater (3 X ZOo mI) and. sa.turaied, brine, d.rieci (UgSOO), and-

evaporated., giving a. pale oraxge crystalJ-:lne resid-ue (7.15g) .

Recrystalliza.tion frorn acetone-Iight petroleum afforcl"ed. the

cyarþh)'dri. è2 as pale orange crystals, W 126.5-1290 (6.0g, W),

One further recrystall-ization fron the sa.me solvent pa-ir gave

col-onrless rod.s mp 128-1 28.50. (rorrnf I C, 75.O; Hr 6.8; N¡ 5.5:

Cf 
eIIf rOrN 

requires C t 75"J; H, 6.7; N, 5.5%).

D^rxlr¿Fo (oH), 2220 (c=w),164þ (c=c),1615, 15ær lTa
( arome.tic C=C ) .

O (cnclr) 7.oB (1H, m, c5 ¡'rH); 6.70 (ffi, ^, c6 and cB rirfi) ; 1.77

(ltl, s, ol[e); 3.aj (1H, s, OH, excþ) i 1.9-2.8 (1Oti, m, other

protons).

2

ca.rboxamid.e 59

Cyanohycl.rit Æ, (1 'Og, J'9 runole) vras add'ed- in portions,

vrith shaklng, to 9Ø" sulphuric acid (15 n-1). The red solution

was kept a-t roon temperature for 5 m-i.n¡ and add.ed. droplrise to a

stíryed- rn-ixtr:re ice and. v¡a-ter' (Z¡O n¿). lhe mixtr¡re v¡as

neutralj-zed- v,rith âqueous ammoniaL, a¡c1 the precipitate vras collected.

anl r'¡ashe,L r¡j-tì: r.rater. Th.is matr:rial .,-¡¿r.s co¡¡ìiined. -r'¡ith a-nother
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batch frrrrn cyanoh;ydrin (4.0g, 15.6 mmole) urof sr-r-lphuric acia (50 rnf),

and- recrysta-l-1ized- from acetone" the anid-e l! lvas obtained" as

colorrrfess crystals, np 192-1910 (3úe, 6ãZ), in two crops of

2"7 anð- 0"69. One further recry-"tall,j-z-ation from acetone yielded-

r¡¡trite crystals np 19J*19l,+o. (nor¡¡,å i C, 1a.65; H, 6.95; N¡ 5.1.

Cf gilf ,O,N requires C , 7O.3; H, -l.O; N 5.17ã).

D^u* 331&, 3210 (T]ti-z) 
' 

16-15' 1645 (COÌ'TI2) 
' 1605' 15BO' 1505

(aromatic C=C).

ô (a.rxlso4rnll) 7.1o (1H, il, c! ArlI) ; 6"70 (2H, m, c6 a¡rd- cB

ArH); 3.17 (3H, s, oÌ,le) i 7.o arrd J.o (gÈ" 5lr, ofr and NHrr exch');

1.7-2.8 (10n, m, other protorrs)r '

2 10

ca-rboxylj-c aci.d" L
Hydroky-anri.d.e p (J.Bg, 0.014 mmole), suspended. in methanol

(ø nt¡, rvas t¡eated., unrLer nitrogen, .¡rith a solution of sod,ium

hydroxide (4.Og, O"1 mole) i1 lvater (ZO nrf;. the nrtxture wa.s

heated. und.er refl.ux for J hr, cluring v¡hich time the amide fl

d.issolved-. Most of the m.thr.r:ol lffa.s renloved. by clistill-ation

! yggqg, and the aqueous resj-d.ue r,¡as ac1clifj.e¿ l'rith !q{ sulphr:ric

acid.. llhe pal.e pink precipita.te of hyrlroxy-acid' 2- (Vr** lJ5Ot

17OO) lvas colf ected-.

Jln attempt to r:ecrystal"l-ise this cru'de produc'b from

rnethanol 1?as urlsuccessful-n .A pal-e bl:o','rrt, llgj![*!, crystalline
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resid.ue (t.gù'lvas obtained. by evapo¡ation of the solvent. This

rvas easily purifi.ed- by clrromatography ou Florisil (250g) .

Elution r"l'ith metllyl.ene ch-lorioe afford.ed- rnethyl 2-hyd.ro>ry-J- 
.

methoxy-1 ,215 ,4t9 11 O-hexa-Lrydrophenalthretre-2-carbo>q¡1at" 5k (1.l*g,

85û as al-most colourless crystals np 92-91+0" An alalytic sample

'¡¡as ol¡tained. by Iow terr4lerature recrystal-lization fron ether-

hexane; v¡hite crystals rtp 94-95o. (Formd" 2 C, 71 .2; Hr 7.O"

CtTHZOO4 reo,uires C, 7O.B; H, 7.U/").

D^"* l¿lFo (oH) r 1715 (cootle),1650 (c=c),1605, 1575, tSto

(aronatic C=C).

I
O (cu;rr) 7.15 QH, il, 

f? 
a"Hl i 6"72 (2n, m, c6 arid cB ÂrH);

l.BO (&, s, Ol,{e and COOI,/ie) i 1.O5 (1H, s, OH, exch.) i 1"8-2.8

(t On, m, other protons) ,

The hyd.roxy-ester 5k 3.2og¡ 0"011 mole) was sti.rred.o a.t

'11C-1zOo (¡ath temperatr:re), wittr soclium hydroxide (5g, O.l2

mole) in metha,nof (fO nf ) and. l¡a.ter (f CO *f¡ ¡o" 1 '! h*' The cool-ed-

mixture 'l",ra.s poür'ecl into vua.ter (f .5f) containing concentrated'

hyd.rochloric aci.d. (f ¡ *f) ' The precipitate v¡as cofLected-, and

r.ecrystall.ised. florn ether. The d"esired bycl'o;y-aci.d- þ1 lvas

obtained. as pale tan crystal-s mp 15-i,5459.50 (2.1¡'gn W"), in

trvo crops of 1 .! and. O"þg.

ù^u* 3tÀÐ, JIOO (ou) , )2oo-25oo, 17oi (coÛI), t6O5, 1565' 15oo

(aromatíc C=C).
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2-Itcet -me 2 hre

carbo>q¡Iic acj.d. å-e

Hyd:.oxy-acid l! (O.48g, 1 .B mmole) wa" suspeird.ed- in aceti-c

a-rù¡¡ri-ride (f O nf¡ anri pyridine (0.5 *1)" 'Ihe mixture rrra.s kept

at room tenrperature for 2-11- )rú. Acetic anhydri.de (tO tn¡ ard.

p¡'ri.d-ine (O.¡ o¿) ivere acld-ed., and- the resulti-ng mixture was heatecl

at 70-BOo for 1 lrr to cjonrplete the rea.ciion. 1;Yater rvas add-ed-

very slovrJ.y to hyrìrolyse the excess of acetic anhyclrid.e. The

precipi-tate l',ras coll-ected. and- recrystalJ.ised. from acetone, thus

giying the aceto::y-acid å9 u." colourless crystals (O'47gr 86/") .

4 p*. smaple , mp 22\-9, 1,¡as c¡btainecl after'one Inore recrystallization

fronr acetonen (Fourd. : " C, 68"4; I{ 6./+, \#ZOO5 requj-res

c, 68¿; TI, 6J-,1ù.

vnax3100*2500, 17Og (CooH), t7l5 (cCOCnr),1645 (C=C), 1600,

1565, 1 5OO ( a.rornatíc C=C) .

ô (annuso-cDcll) 6,t* (lH, br. s, coon, ezch.) i 7.12 (rd, m, c5 ArH);

6.7O (nt, m, C6 a¡¡d C8 /rrH); 3.78 (3L1, s, Ol,le) ; 2.O1 (1n., st

ææE¡) i LB-2"9 (tOli, m, other protons).

2-Acetoxv-2-d i.a -me t h.oxvd . 2 . 3 . )+. 9 . 1 O-hexahydro phenanthre ne 52

Acetoxy-a,cic1 þ9 (Z-5O ng, O.B mmole) rva.s ad.d-eá in smaJ-l

portions to a stir:red. solution of oxalyl chlorid"e (Z"Z5g, 1 B mmole)

in benzen" (t5 *1)" Pyri.d-ine (6O *g, lrnmole) rvas ad.d-ed", and., the

resu-lti-rrg rnixture r',as heate¿. at 60-700 for 2 ,rl^. Pyl'id-iniun sa,l-ts
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rrvere reûtoved- by fiftration. The fi.ltrate vras evaporated., giving

the cor¡'espond.ing acid chforirLe a.s a yellow oí1 [ | 
^r* 

( fifm)

1790t i7¿r0]. The acid. chloricle v¡as converteù to the diazoketone

å2 ir the uslraf- vray -lvith diazonrethane (5 mmole) in e'Lher (15 *f ).

Diazoketone þJ 'rvas obtained. as a d-ark yellorr oil (260 mg) lvhose

purification'v',¿as not attemptecl.

Z*u, (rutn) ztlo, 16ro (coCn:i'I2), 1740 (OCOCil 
r) o t 600, 'l 57O' 15OO

( aronatic C=C) "

S (CCfU) 6.92 (lH, il, C5 Á.rH); 6.57 (2J1, m, G6 anl" CB ArIl); 5"1A

(tIf , s, cocEl,l2); 1.73 (!fr, s, -'Ol,le); 2-.00 (¡u, s, ococHr).

Resonances d"ue-to irçurj-ties rvere also evident'

.A"ttempted- cvcliza-ti-on of d.ia-zolcetone þ2

The crude d-j-azoketone ,f'r,on the above reaction (ZZCsng,

0.6 mrnol-e) in netliyfene chl-orj.cic (f O,¿) at Oo vras treated., aJ.l-

at once, v¡ith t::ífluoroa.cetic acicl (f ttf¡n The reaction raixture

v¡a.s diluted ruith v,¡ater (ZO m) and meth¡rl.ene chlo:riae (ZO nù).

The organic l-zr.yer: r/as sepa-r'a,tecì, lvashed. tt¡rice With r"'ater, dríed-

(WarSOr*) , a:rC- concentra.ted. A yello'rv oi.f (ZOO rng) w".s obtained.

rvtúch yùas separated- into tv¿o nain fra.ct j ons by preparative íILC

using me thyl.ene-clrJ-orj-c1e-a.cetone ( 9 : t )'

(i) ïhe hi..gher Rr,, f::action (80 *g) was setni-crysta1.line.

spectral- d.ata. [ Ðro*175o, 172J;0 (cllOtr) 7,fi hH, d, J&12, cJ

/rrH) ; 6"Q1 (tft, L, Jli;12,, Cl¡ v-ìny1 proton).-l it-tJj."i;ecL tLrat thj-s
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fraction tras rna-inly the cycli.zed. ø-ketol acetate 60.

(ii¡ The fower \ f'action (60 mg) r'ros a' oi1, and shov¡ed

. spectrar data I I 
^u, 

(ri-r*) 1450, 17lro; ô(clc1]) 5.1J (s, 6oc!z oÂc) ]

in accord.a¡ce w'ith the presence, i-nter alia, of 'Lhe uncyclised-

hydroxy-acetate 6L.

Fru.ther purification of eith.er frac;tion coul-d- not be

effected-.

7 -trifl oxv-1 .2-.7.L.9.1 0 -hexahvclr ophe na iú hl' e ne -

2-carboxylic acid 95

Ilyd-roxy-ac;id. l! (1 .58, !.! mmole) rvas ad.d.ed to trifluoroacetic

anJ:yd-r:id.e (f O ot¡ at room temperature. lhe aci<l d-issolved- in

c;a. 5 min to form a red solution' The reaçtion rnixture v¡as

al-Jor¡¡ed. to sta¡d. at roorr temperatrire fol' I hr. The excess of

trifluoroacetic arìh]¡dricie lvas removed g 3à9ll9r and the resid'ue

v¿as taken up in ethylacetate (ZOO mt). This solution wa-s -washerl"

with water (¿o X 150 il) and saturated b:rirt* (J X 150 nrl), dried,

and. concentra.ted-" The resiÔue crystallised. reaclily, giving the

trifluoroaceto:qy-ercÍd $f (2.Og, quant.) as br:j.ght yeIÌow crystals

np 156-1/ooo .

Ð^u*3z}o-.Z5oo, i72O (coon) , 1790, 1220,1170 (OCOCFJ) 1605, 15oo

(aromatic C=C).

ô (cmrr) B.t (1II, br. s, cooll, exch.); 7"t5 On, n, ci ArH);

6.75 (zn, m, C6 ¡lnd C€i AriI); 3'go (3Ã, s,, Or,ii',) ; ?-"O-3.0 (tOtl,
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n, other protons).

Atte¡noted. preparation of d.iazoketone 66

Trj.fl-uoroacetoxy-ac:.:d, þþ (1 .Bg, 4.9 munole) vras ad.d-ed in

smal-l- portions to a stirred sofution of oxa.lyJ- chlori<le (15g, O.12

moÌe) in benzenu (t OO *f) . Pyrid.ine (4OOorg, ! mmole) was add.ed.,

ard. the rnixture vras heated, at,5O-7Oo for 2 inT. The precipitated-

sal-ts lvere removed. by fi-ltration. Evaporation of the filtrate

yield-ed. the ac¡i.d chl-orid"e (t .9g) as a d.eep ye11.olr oil I U n¿x.

(rlm)r t1l.
The crude acicl chlorid.e l,ras immed.iately corr'rerted. to the

diazoketone in the .stand.arcl- way' The seni-crysüaIline product

(t.Bg) v.¡as shotm .bo be a mixture of the reclui-red- d.iazoketone ø

a.nd the hrvdroxy-diazoketon" 2J (see page JO for full deta.íls) "

Reprotection and. irl pjlg cyclizaf"ion of the mixture of ùiazoketones

27 Æ Éç.

.Ihe c¡¡d.e d.iazoketcne nlxtlre (t "65g) from the previous

erçeriment 1,,¡as dissolved, in rnethylene chloriae (50 ¡¿) . Pyrid-ine

(0.5 *f) and, trifluoro¿rcet;ic arhyd-rid* (5 nr-l) were added-, in that

or.'d.er, and tlle resulting solutj-on tvas stirrcd at room ternperature

for 0.5 ;,',^, v¡Ìren tr:if.Luoro¿rcetic acid- (tO *f¡ 'was add-e¿ a1l- at

onceo The solution was di.luterL vr|th methylene chfori¿e (ZOO rnf)

i;ltcl. wa-tcr (t CO t*) " Tlie orÍ¡:.nic r.-';'l-Lra.ct vâ.s 'f/¡j¡Ìrccl ','ritl-r l¡a-ter:
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(l x loO mr), dried. (narso'), an¿ evaporated. Îhe a-ketol

trifl-uoroacetate Ç/ vras obtaÍnec1 as a reil oil (1 .9g), which vvas

not purified- f'rther, but r,¡as imrnecliately hydroÌysed (¡¡}!9 !¡{gg)

u^* (rilrn) 17&, i23o,1170 (cËocFr), 1755 @=o), 1605, 1510,

1505 (aromatic C=C).

2-Hvd.roxv-7-r¡ethor,¡-2,1 Oa-ethano-1 .2 '3 '9 l-9-,.l-Qe#xehtüe"

pbeqa4lb{,q¡:Là-"e4q, 6 Q

The crude oily ø-keto1 trifluoroacetatu 67- (t.yg) in

methanol (60 nf) rvas treated. with a sofution of potassj-urn

carbonate (5g) in vrater (t O ntt-) , The mix.ture vras stirred. at

roorn tenqrerature foy1 .5 hr. Ïfa.ter' (¡OO n¡-) and. ether (ZOO nrf)

'l'¡ere ad.c1ecl. the ether extr¿rct was removed-, e'nd' the aqueous layer

was extracted- vrith methylene chlori¿e (Z X 5O nl-). T¡e cpmbined-

organic extract v¡as d.rj.ed (t<rCOr) ancl erraporated', leaving a'

brovrn oil (t .Jg) rvhich crystal.fised. slovrly. Tire cru¿e product

rvas prei:.c1sorbe,L on kleselquhr ancì. chr:onatogr:aphed. on sj-lica- ge1

(f ¡Og). Elption vrith met¡yl.ene chforj-dc-¿rc.;etcne (lgtl ) gu-r.e

the tetracyc.11c s-hetof 69 (0. 6BE, gg. 6U¡4 yíeld- fr:orn þ1.) as a

yel1o.rv crystalline solj-d mp 14/+-1/r-8o. An analytj-cal sarple,

rnp 145-1&7o, w*r., obtained- after fu¡bher pu::ificatÍon by filtration

through a smal1 column of FlorisiL foil"ovrecl by recrystallization

from ethyl acetate-l-i.ght petroleum, op 6o-Bo0. (Four,¿ z C, 75.1;
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H, 6.65, Çlfa*o, recruires C , 15.5i H, 6.7,Á).

p 
^.u* 

J42o (oH) , 1735 (c-o)r 1 600, 1)+95 (aromatic c=c).

o (cmrr) 7.55 UH, d., J&tz, cl ArIl) ; 6"75 (zsr, n, c6 ancL cB

Adf); 6.0B (tit, t, Jt.lIIz, C/a vinyl proton) t 1"82 (5f1' s, Olrfe) i 3.12

1I{, br. s, OH, exch.); 1.-l-2"9 (tOtt, m, other protons).

2 -nie 2 1

ûsr,o"nlbn"*g åZ

The ¡nj-xture of diazoketones 5J *ù Ø. (lOO me) in methanol

(ZO nrf) r,va-s treated. for t hr. 1¡¡ith a solrrtion of potassit¡-n carbonate

(f g) jn r,¡ater (f O rf)o îÌre reaction mj-xture'vra.s d.iluted. ltrith

water (fO rf) ancL extracted v¡-i'uh methylene c¡forj-d.e (l X lO *1).

Tlre ccmbined. extract vras washed. vrj-'r,h -,-¡a.ter, ctried. (u"rsorr) , -asrd.

evapora-ted. Tl:e semic'rystalline'resicl-ue n'ro= ""y=tallised- 
from ether,

giving tlre hydrory-d.iazoketone 27. Q+1 ne) as yelÌolv crystals" this

conpound, was usecl immed-iateJ-y in the next reactiono

Ð^n, 1Lð5 @ri) 2 3135t 21oo, t 6¡o (cociü'l2)r 1610, 1575, tSoo

(aromatic C=C) 
"

O (CnCrr) 7.tJ (iTT, m, C5 -Aril); 6.7O (nt, m, C6 erul C8 ArH); 5.78

(tu, s, coclslr); 3.ffi (fit, s, oì,{e) ; 1.6'5.2 (11H, mr other protons

inc. OH).
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Rc'action of hvclroxv-d.í ketone 57 \ri t tr tr:ifluoro¡lcet,ic acid.

Ttre hyd.roxy-diaz,oketone 1 Qø mg) in deuterochloroform

(O.L nt) was treated v¡it¡ triffuoroacetic a-cid- (f d"op). Work up

in the usual- vray afford,ed. a yellow oil (¡5 mg), which vras puri'fied'

by preparative TIC, r-rsing methylene chforid-e as solvent. The

senri-crystall-irie spiro-ß-oxetanone fr. (Ze mg) was obtained' frorn the

major band.. This com.:ound. resisted. further: prrrification by

crystatli zaLj:on, but the spectral d.ata left no cloubt as to j-ts

structurer .

u^*tBoO (c=o)r 1610, 1570, 15a5 (ar:orna'l;i-c c=c).

ô (cu;rr-cFlcoon) 7.17 OH, il, c5 ArH); 6"78 (2ÈÍ, m, c6 ana cB

ÄrH); 5"t+7 (2H, s, CCCHTO) ; 3.87 (.ilt, s, OÑie) ; 1 .9-5.0 (1OH, m'

other protons).

2-Bromo¿rcrvli-c aci-d-

2-Bromoa.crylic acj-,1 was prepa-red. fron 2 r3-d-ib:'ornopropionic

,."i¿i 79 by the method. of Ov,¡en anrl Rabatu-nd.e Sor,rad-..1 
B0

2-B::omo- Z

a-qà+ -æ,

.A sol-ution of 2-bromoa-crylic acicl (J"5g, O'O21 mole) in

benzene (f ¡ *f ) w¡:.s a.d.d.ed d-ropyrise, r:¡rder ni-trogen, to a soluti-on of

d_iene ZZ Q-"!g, O.O1 J mo1-e) in benzene (f O r¡") . The resulting

sOl-ut-i Cn i7a-li k.eo'c at rOont tCmueratUre, i.rlrrl.::: nitrOgefi, OVez'tl-i'gh'b'
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The paü-e yellcvr crystaLline precipitate of the ø-bromoacid .79

mp t 76_i lgo U .Zg, Zqo) rvas coll-ected.. The dark brovm

mother Ìic¡rors were d.iscarc1ed.. lhis con¡gound- lost lIBr very read'ilyt

ald- ga-ve a. lorn¡ bronúne arialysis and corresponclir¡gly high carbon

ana-lysis" Compou:rd.s d-erived- frorn p, hovever, gave accepta'bI e

microarufytical figures ('tj-¿. .Lll&). Spectral data for the

crude prod.uct w'ere :

ynaxlloo-21+oor 17oo (cooH), 1600, '1 57a, 1505 (aroinatic c=c)'

ô (anontsoæDcll) 7.oB (tH, mr c! r.rII) ; 6.68 (ztt, m, c6 ancl cB .,trlì);

6.o (ttt, br. s, cOoH' exch) i 3.75 (JH, ", OLle); 1'9-3'1 (ton, n'

other proton^s).

D tion of brono-acid n
A solution of 'bromo-a-cid n Qfo ntg, OJ nmole) and

pota.ssi-um carbona.te (Z¡O *g) in v¡ater (ZO mf) rvas heated- under refh¡c

for 4 hr. The cooled. solution r'¡as acidified-'writh concentrated'

hydrochloric acid, i-rnd. poured. intc water" The yellolv amorphous

precipitate '¡¡as collected-, d-:.ied, and. recrystallized" front acetone,

gi_v.ing /-methoxy-1 ,4r911O-tetrahydrophena¡rthrene-2-catbo:cylic a-cid'

þ. (l35ng, l7ù "= a pa-le yel3-olv solid. The anal-ytic¡rl sample,

oj¡tained- as white crystals after one fu::ther reclysr;afliz¿rtion from

acetone, mefted at 190-1Vo" (¡'ourrf t C¡ 75"2; H, 6.r. Cl#le03
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requires C, 75.0; Il, 6.'f/r).

V^*32O0*21+OO, 1675 (coni4ated. COOH), 1û5, 1575t 15OO (aromatic

c-c).

ô (anonrso"{Dcll) 7.52 (1rr, m¡ c5 ArlI); 4,o5 (zn, rn, c6 ancl cB

ÂrI'I); 5.73 (ttt, t, J2,5Hz, CJ vinyl proion)i 5.80 (¡1r, =, Oille);

I .5-J.Iv (&I, *, other protons) - see p. 55 for f¿rther d-etajls"

ì,nu* 269, 276, 3oo,31t nmt16000, 15ooo, 17oo, 2600-

@reæÉ-Æ,7æss elqn1Ìås¡æ l1-

Bromo*a.cid. fg (O.67g, 2 mmole) 1¡ras con¡erted' to the

corresponding bromo-c.iazoketone ]! in the stand.arcl lvay, uia the

aci.d. clrlorÍd.e [brorrn, seùri-cr:ystalline oÍ.1; ]r^"-* (fif*) fl7}1,

The crucle crystall-rne diazoketone ]! vras recrysta-Lli zed- from ether-

light petroleu:n to give orp.ngelump" (O"5'ig, W) " Ân a:ralytj-cal-

sample, oraxge-yel]env crystals mp 1324Jll¡ clec,, r¿as obtained- by one

more recrystal.l.izaticn from ether. (¡'orn¿: C, 56"8; H¡ 4.8; N,

7.3. Clflr}[t{fr: requi::es C, J6.5; Ï1, I¡-.1; N, 7"Ur").

/^u* 31OA, 2120, 16ZO (CCnru2) ' t6S5 @=C) ' 16A5, 1570, 15OO

(arornatic C-C).

O (CnCrr) 7,13 (ttt, m¡ C5 ArII); 6.73 (2H, nt, Ö6 anrl OB ArH); f ,!O

(1H, s, cm$lz); 3,ffi (3H, s, olfie) i 1.g-3-1 (10H, m, o-r'her p::otons)"
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Trif'luoroaceti-c ac:i.d cata]-vsed- d-ecomposi ]L

RecrystalJ-ized bromo-d.iazoketone (ZOO ng, O.!! mmole) in netl¡r1ene

chloriåe (¡O 
"f) 

'r'ras coole¿ to Oo, ard. ireated. dro¡rv'rise '¡¡ith

trifl-uoroacetj c ac1a (0"5 n1) " Nitrogen clid. not appear to be

evolvecl, but a bright red. reaction mixture was formed. After 2 mínt

water (¡O n¡") lv¿'rs add.ed., and the organic ì'ayer was separated" a'nd

ch:ied, (marsor*.) " Rernovaa of the sol'¡ent ,nder red.uceå pressllre

yie1C.ed. a. yellorv-brorwr oil (t gZ ng), lvleich 'v'ras imnediately

tritwateC- with ether, giving a d.eep yellovr crystal-Iine substa:rce

(¿¡ *e) r,,q, 5B*59o, Mj-croa¡alysis rvas per*formed 'rithout fur¡her

purifica.tion. (Found. : Br, 19.2; Nr(On5. C1 7'\7Of, requires

Bt, 2)¡.O; N, O"A/") " This cornpou-ncl was 2-br:omoacetyl-"J-met¡o4r-

3rLrr9r1O*tetraJryd-rophenanthrene 74. (n." 1r. 56-57 for spectral

d"etails). Tire yielcl ',vas Zffi,

The ¡nother liquors from the crysta-Llizat:ron of brono-lcetone

l{ .lvero d-issolved- in ethanof (ZOO r¿) a:rd a-Ll"oivecl to sta,rrt at roon

temperature for 2 rlays. Evapr:ra.t:Lon of the ethanol gave a

crystalliue solid. wþich rvas purj-fiecJ. by p¡eparative ÎLC, usÍng the

solvent rnetìrylene chlorid-e. The major, highly fluorescent band- r'¡as

eluted. arrrì the prod-ucb crystallised- from ethe:'-Iight petroleum to

give 2-acetyl-l-rne Nhoir¡-9 r10-åihyrir:ophenan-i,hrene þ as paae yellolv

crystals (æ 
^g, 5tj,Å). 4" sa.rrrple 1¡ras recrysta]-1i-zect from hexane;

col-or.rrless crystal-s mp 132"5'1¡¡1 (for:rn : C¡ 81 'O; H 6n6'
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"l7na6O, 
rectu:Lre¡; C, gJ.c); H 6J,iÁ).

T[er a.ssigrl,;rr[ of' structrrre 75 fo,: this coinpouird. vas based' on

s'pect:'al- clata cU-scussecl- irr d-e'Lail crìl, po 5B*5.9"
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clfASIB-l

Itg!hËJselw-e2,ÀJrl-hb-ç1gbv.Ê¡o.Pþ-e¡c4Ë-qe4*?--sså¡-oìg/kle-el,

A suspension of trru n4-(1o')-."i4 il. Q.2g, o.o28 nrole) in

methylene chlorid.e (t OO ntf¡ v¡as tz'eated., rrith stirring at roorn

temperatu::e, with a solution of diazometha¡re (0.O7 nole) in ether

(f ZO rf¡. The acid. dissolved- rap:iilLy 1n¡ith evolution of n-itrogen.

The solutj-on v¡as stirred. at room temperature for O.5 ltr, a¡cl warmed

on a water bath to remove the excess of diazolnethane. The solution

llras evaporated- giving a pale yel]-olv oil lvh-ich crystal-lísed. readily.

the crucle prcd.uct in ether (t Cn nfl was s}:rrirr3- with Fl-orisil

3Sg) and fj.ltered. Evaporation of the filtra.ie yielcì.ed. the metlryl

ester H. Q.69, 10ú/6) as a colo',rrless crystallir:,e solid., np /¡-8.5-

5}.5ot suitable for use 'l-rithout further purification, An analy'bicaL

sanrple l¡as obtei-ned. by recrystallization from hexane at -JOo;

white plates mp 50-51o. (Founa 3 C¡ 74.85; fI 7"5i cflnzOAS

requ-ires C, 75,0; H 7J*1,) "

U^n*1720 (C=O)r l6tu5 (C=C) ,161A, 1570, 1505 (¿ro¡ratic C=C).

ô (CCl,,_) 7"OO (1H, mr C5 Arfl); 6"6O (Zl, m, C'5 a:rd CB ÀrH) i 3"75

and 3"67 (3H ea., s, OlIe a-nd COOI[e); 1.5-Z"g (f tII, m, other

protons).
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Brouinatiq!ojl_Þhe-'LethLlesteä-Ð-.gtþ-L¡-geggqç;igl+i'3e

N-Bromosuccininide (4"85g, o'o27 mole) ar¡d benzoyl peloxide

(¡O roe) were sì.tspeûled 1n carbon'betrachlorid.e (f O *I)" The methyl.

ester fr. (llçg, O.A2l mole) in carbon tet:'achloride (!O rú) was

ad-d.ed., a¡rl the ¡nixture vras heatecl to reflux r'¡ith vigorous stirring"

A vi.gofous r.eaction ensued., with so rm:ch frotldng that the reacti-on

'¡¡as moder.ated- by coo1.ingn Áfter g. 1 nin, frothing s'topped', and-

the reaction nÈxtl¿.e gave on*Ìy alveakly positive test u"i'bh sta'rch-

ioåid-e papero The yellow nrixtuce rvas cooled. and. filtered-, an'd- the

precípítate of succinimicle l're-s vrashed. with carbon tetrachloríd'e

(Z X ZO rrrf). Evaporation of the fil-trate yie}Led. a yel1ow solidt

.,¡/nich was p*rifie<l by '¡rasliini3 rrith íce-cold^ ether (f OO *f) . ì,[etþI

1O--1¡romo-l-methory-1 ,2 ¡J ¡4t9 ¡1o-he:tatryTJropherranthrene-2-carborrylate

.gL (o" sorre othez. isomer) was thus obtained- as a pale yeilo'v crystalline

so1Íd (7.0g, 74Íã) v¡hj.ctr rnelted. at g3-95o irnrnedj-ately after purification.

The compourrd. v¡as extrenrely u:rstabl-e a¡d a satisfactory ema-1ysis

coutd. not be obtajnecl. The spectral data, hotvever srrpported- the

st:ruct'.:re 9f for this Prod-ucto

a^r* 1725 (C=O), 163O (should-er, C=C) , 1610, 1575, 1510 (aromatic

ô (CDCll) 7ú7 (iH, d., J&{2, C$ ÂrIl) ¡ 6,7O (Zl, n, C6 a-nc1 C8 Arfi);

5.21 (1H, m, CL{Br at C1 o); l'78 and 1.75 (totar 6H, two s, oMe and'

COOITe) 3 2.A-J.6 (9H, t, other protons).
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-fie 2
I
L l-ate þz

The crude brorno-ester qh (6.7 g, O.Ol9 mole) ard arrìe¡rd'r'ous

ca.l-cium carbonate (ZO g, O.Z n.'lfu) vrere hea-ted- a-t 12o-15oo ín ary

d-imethylfor:mamiàe (f ¡O ^f) for l+ hr. The cooled rea'ction nixture

'ras filtered., and- the resid.ue ïIa-s l'¡ashed- with dimetllylform:'rrnirle

(z x ¿-o o¡") " The fil-t¡ate 'rvas poured slo.;rly into rvater (1 .21) ; thre

yellow precipitate vrlúch formed- lvas coll-ected and C.ried- briefly

in -yggw" RecrystalLization fron hexaue yi-e]d.ed. the rec¿r-r|::ed- ester

92 Q,4ù as Yellovr leaflets.

The resid-ue from recrystaJ-lization'rvas chromatographed' on

silica gel (120g). Elution with methylene c¡-Lor-itle-1ight petyol eum

' 3rZ), zur¿ recrystal-lization of the þroduct from ether afford-erl a

frrr.ther amor:¡rt of the ester.gS (O.Bg). Total yield vras J.Ze (6'f/').

A fina.l recrystaìl-isation from ìrex¡:.ne gàve the rnetÌ¡y1 ester

-Ð. ." pate yellow roðs, rç 106-1o8o (1it.196 1o5-to60)"

v^r*1 710 (c=o) , 1625 , t 6o5 , 1575, 1 5oo ( aromatj-c c=c) "

o (ccr') 6.93-7.'17 (5H, m, ÂrII) t 3,83 (3ii, s, oÌ'{e) t 1,67 (3H, s,

Coolrie) t 1.6-1.2 (7H, m, other proLons.

Âr* 2271 264,271,32O 335 nntBOOOOr TBOO, 76QOr zWO 35OA.

-lf

A suspension of the methyl ester -tr, (Z"Bg, O'OIO mole)

in netha¡rof (.lO nil) -u.ras treated 'v,¡ith a. solubion of sod.íum hy'droxid-e

(r8,, o,1 2 ncrr:) i.n r,rutr':r (Zo t"f)" lJrc n.'-il:'¿i-u:c rv¿'-s hea-tctj, rritlr

L ÕÐ
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stirring, at 1OO-1tOo (oit bath temperat'.re) for 1.5 hr. The cooled

reaction mixture yras poured. into v¿ater (1 1) contai¡¡i-ng concent:'ated.

hydrochloric acid- (f ¡ *f). the precipitate r¡as collected. arul

recrXrstallised. from chl-oroform. The carbo;ryU-c acid !( (2.6g, 9q")

was obtaÍ-ned., in tv¡o crops of 2"0 ard. O'69, as pale yello'w needles

mp 2o1 -ze¡o (rit.1 96 zot-zoto).

yrnffi 3|O0-24-OO, 1 695 (COOH) , l6ZO, 1 600, 1500 (aromatic C=C) .

ô (annl,tso4mL.,) 7,1-7.9 (5H, m, Á.rH) t 3.87 (ftr, s, ol,{e);1"7-

3Õ (TtI, n, other protons).

PZ2-Dj. 2

Diazoketone -il, wa.s synthesised- from the acid- -SÉ 
(2.Og,

7.8 mmol-e) gig the corresponÀing acid chforid.e [paJ-e yellow crystals,

mp B&-!ooi U^u*17851. Diazoketc¡ne 91 (2"15* !ffí) vra.s thus

obtainect as yellorr crrysta1s. The a-nalytica-L sarqple rras recrystal-lized.

from acetr:ne-hexane; yellolv prisms, nrp 1J2-1154 &ec. (pourn' :

cr 72.B!; Iì, 5.8; N 9"9" crf.r P{z requires cr 72.B; H, 5,75;

N 10.ø)"
ynax loÐ, 21ao, 1625 @æi.IN2)r 1600, 15a5 (aromatic c=c).

O (cncrr) 7"1-'7.9 (5r1, rn, ArH) i 5,¡.r2 (1H, s, cocrlN^); 3.9Q (Jtt,

s, ol,{e);1.5-7.1 (7n, lü¡ otirer prot,:ns).
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lrifluoroa-cetic acid. catal.vsed decornrosition of diazoketor¡q -qz

Diazoketone !Z (Z8O mg, 1,O rnmole) rv'os ad.d.erL j-n portions to

ice-coId. trifluoroacetic aci¿ (5 m1). l"later (¡O *f) ard- metìr¡rIene

chlorid.e (¡O *f) lyere ad.clecl to the orarrge reaction m-ixture. The

organic laye1 vras sepa-l-a-ted, r'¡ashed- tl'rice vl'ith vra-ter, dried-

(UarSOO), axd concentratedn .4, yellow oI1- (27J+ rng) vras obtained.

The infrarecl spectrum of this prod.uct shotred. m-inor ba¡rd-s a1¿' 17% ¡

ald. 1J$O, d-ue to the preserlce of the unc.yclized- ketol tri-

fLuoroacetate S (see p. 72).

Preparo.tive T16 us1ng rnet)rylene chloride:acetone (f ::f )

gave, fro,ra the najor band., a yellow oit (ZOO mg) " This oil I'ras

stil-l- a J:1 mÍxtule of tv¿o com.oound,s (Ul',in), b''rt absorptions of

the ma.jor component, vrhich are set out in d-etail- belovr, <l-omin¿rted-

the -stectr.a a.nd a-llov,¡ed- its stnrcture to be defluce<l as l-lnethoxy-Jrd-a-

etha:ro-,r¡, J+a-dihydrophenanthrer:-Z ( ¡H) -one S.

/^* (fifm) 1655 Gonjugated- C=C), 16O5, 157O, 15OO (conjugatecl

C=C a:rd- aromatic C=C).

O (CCrU) 7.27 (1H, ù, JBHz, C5 At'{) ; 6.71 (JH, 
^, C6 and. CB ,A'r'Ii,

a:'id" C9 vin¡,l, proton) ; 6.30 (1H, a, J)Lí2, C1O vlnyI proton) i 5"7O

(1H, poo"ly res;o1-vecl cl, Jgg. 1Hz, C1 vinvl proton, couplecl t'o CJ

proton) t 3,77 (Ttl, ,, ol,{e); 1,o2 (1H, m, C3 p'oton) i 1J+-2.6

(6tI, m, o'bher protons).
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Â,ou* 2i6, z+3, z6D, izi, 3i2, 368 nn.tzzooor l6000, 1Jooo, 12ooo

11OO0,100OO.

The rninor conporrent of tiris nrlxture vras later id.entified.

(Uy ron'prrison of Nl,R spectra) as the l¡ge1r:Lg ðienone .23 ("".

below).

cyc_Lognqpyl ketolg å
Hot cyclohexa:re (¡OO mf) t'¡as add-ed al-l at once to a sol-utj-on

of the diazoketone -gZ (1 "og, J.57 mmole) in boiling acetone (to tn¡.

The solution l¡as d.istill-ed- u-ntiL the temperature cf the vapours

reached. Boo. Copper pcrvrLer (¡ g) 'r,va-s added., and- the mj-xture lvas

heated. urd.er reflux, lrj-th vÍgorcus sti-rríng, for 2.J lw. The warm

rn-ixtur.e r'¡as filtererì- through a smaJ-l pad. of Celite, a¡d- the resid.ue

lvas lrashecl ttrree times vrith ether' The filtrate 'rvas evaporated,

leaving a pale ye11ow oil v¡hich crystallised on add-ition of a small

quan-t:i-ty of ether. The cr"ud-e product rvas pr:rified- by chroinatography

on af-urnina. (fOg¡ " Ilution with methylene ch-1orid-e-light petroleum

(r:+), gave the cyclopropyl ketone L rc.57g, 61fr4) as colourless

prisms nrp 92-910 after recrystall-izeti.on f':rom ether-light petroleurn.

(nonn¿ i C, 8O.9; H, 6.5. ,lfl5}, reluíres C, BO.9i H, 6.1*%).

t^*1715 (c=o) , 1Qrþ (c',c) , 1610, 1515,1510 (aromatic c=c).

ô (cmll) 7.50 (iH, ð., JB.JHz, c5 ArJT); 6.82 (2H, rn, c6 ard cB

Âr{I); 6.+1 arxl- 6,28 (zl, egq., JIß ).5 r1z, c) and c1o uinyl p::otons);
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3.& (ïfi, s, OiÍe); O.B5 (tH, a , J1 .fi2, C11 cyclopropyl proton);

1 .B-J.O (7H, m, other protons).

AcÍd- catalvsed- fraømentation of cyclo-proÞyl ketone L
(") Ylith p-toluenesulphoric acid-

p-Toluenesrrlphonic acid. (severaf crystal-s) Y¡as ad.d.ed to a

solution of cyclopropyl ketone L QSO &g, 1 nnole) in acetone

(f O nA¡ . The resultar:t yellovr solution 't'¡as sti-rred. at roorn temperature

for t hr, and- d-ilated. v¡ith aqueous il! sod|un bicarbonate solution

(zO rnf)" The mixtr:re'lvas extracted with eLher (3 X ZO rnt-), a¡rd the

coribined- extract lvas r,¡ashed. vl.ith water a¡rd. satr.rrated. brine, dried

(r,lgso'), anc- evaporated. /r very pa1-e yelJ-ow oÍl- (z5o ne, quant.),

I'dri-ch contained. a single comportent by the usu¿.l criteria, vras

obta-ine<l . This compound- 'l'ras sho-rrrn, by the spectral clata set out

belor,il, to be 7-metho;.-y-- 2 rl Oa-etTta¡o-1 ,1 Oa-d-ilryr)ropherrø-rrtlwen4(Z¡l) -oDe

92. A sma-l-I sample vr'as purified. by' evapora-ti.ve d-istillation;

up 14oo (btoct: terrpera.t¿r.e), o.o1 mm' (Fcturd- c, [Ð.6; fi 6'J;

af /\50, reeui.r'es C, &.9; H 6.M).

U^o* (filr) 1655 (conjrrgated" C=O) , 1605, 1575t 15OO (conjugated

C=C arrd arornatic C=C)t

O (ccr4) 1,57 (1H, d, JB.5 Hz-, cJ /'rll); 6"72 (lt¡, dcL, JB'l and'

2.J Hz, c6 /"r'll) i 6.58 (1H, a, J?-.J trz, tE .ArII) i 6.L,2 ('ln, a, J)'J Írz,

C! vir1yl proton); 6.20 (1H, poorly resolvcd- d'd', J 93' lllzn U4 viuyl

protorr cor,rpieil to C2 ,=ÈCa p'ci'cc,n::); 5"8::i (11, ea, J!)"ii arrci q'-i'
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I trz, c9 vinyf p"otorr) i 5.æ (3H, s, ol,{e) i 2.98 (1H, ,0, c2 proton);

1 .4¿'5 (&, m, other Pr:oions).

xru* 27Or 2781 526,3l+1 , 363 rllot'275OOr 27000, 12C00, 14O@r 16000.

The DNP of Z, crystal-J-ized f::on acetic acid as da-rk recL

need-les, ry 261-261o. (nourn : cr 63.o: li¡ ir-.); N 12.7, czSïzooSr{lr.

requires c, 67.9; H, 4.7; N 13.q,).

(t ) Y'IiS -t_rjJr-L-qproage-tic +cid.

Cycl.opropy1 ketone 7- G> ng) ir, deuterochloroform (O.5 tf)

was trea.ted- v¡ith tri.fluoroacetic acid- (1 arop), iÏork up of ttre

yelJovr soluti-on in the usual- vay gave a pale yelJ.ovr oil (/a! mg,

qu.ant.), id.entica-L in al-l respects to the òiencne Z. obtained. in

the fr.ev.ious eq)erj.ment. No trace of the isomeric clienone lp

couLd- be d-etected- by exarnination of the Iü'lÏR spectrum.

Tos¡,'l hvd.razone of s]-vo:rvlvl chlori.d.e L92

The reagent 1.-O 1 ]i'rrâs prepâred- in tl'ro steps from glyo:<ylic

acÍd. accordíng to the procedr.rre of House arrd- Bla-nkl"y,2O9

Lgt

Ketone 1-g (f "1g, IynE rrinole) in eiher (Z¡ *f ) rvas treatecl

portiorrrÍ.se trith lithium ai-u¡linium þdri.cle (O"6g, 0.O16 mole).

The suspension was stiz::ed- at room terirpera-ture for 2 hr, ancl hea-ted.

r¡:rciet: r:cfLu>: for 1O tr,:Lrr. ti'ale::'iit:iS â(ic'lc'J ver;;; tll:reí'r|"l¡'urrtjl a'
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granìÀ1ar lvir-ite precipitate 'l'/as .iust forned" The mixture r¡¡as

dried. (t'tgSOU) and. filtered. Errapor"ation of the fiitrate gave the

al-cohoI l!p[ (f ,OBg, 97Á) as cofourless ct1rstals, mp JO-71o. th-is

crud.e prod-u-ct vras pure enough for use i'¡-j.thout further prrrifica.tion.

u^r*l2oo (oH), 164-cr (c=c) r 1600, 1570, 15oo (arom¡,tic c=c)"

O (cocrr) 7.ìo (1tr, m, c5 ArII); 6.6J (z.1, n, c6 a¡d cB ArH);

3.g8 (1H, m, cHOIi); 3.78 (3tt, s, olre);1.95 (1H, s, oH, exch.);

1.5-3.0 (1oit, m, other protons).

:,9

The tosyl hyd-razone of glyo:<yl ctrlorid-e 1Æ. Q úO8,

5.2 mna1.e) in methylene chloríde (15 *1) at Oo, was treated'¡rj-th

a solution of the al-cohol 1% (t .158t J mmole) and- tr:iethyla,mi-ne

(O.5Ze, 5.2 mrnole) in methylene ch-l-orj.de (f O rn1). The resulting

solutj-on vras a-l-lolved. to yvelrfi to room terrperatrre over 2 hr, vrhen an

ad.cl-ition¿l- quanlity of triethyla.mine (O.70, J rnr,role) r"¡as acl.ded.

Äfter 2 Iv at roorn temperature, the solution l'¡as evaporated. under

red-uced pressure. The resid.ue, in benzene, -v\r¿.S filterecl through a

column of Florisil (2Og), yielcling the d.i¿:.zoester 29 o= a. yel-l-orv oiJ-

(f .lg) rvhich coul-rl not be successfully cr¡'sta.1lizeå. Furtlier

purif ica.tion v¿as effectecl by catreftil- clrromatography on Florj-sil

(æg)" El-ution rvith benzene-iight petroleum (ltl) affor"rd"ed. pr:re

(¡y frc) diazoester gl (O.t+5s), l¡hich cr)'sta.-llisecL as yellow need-les,
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np 7B-8Oo, from light petroleum contain-ing a srna-fl quantS.ty of

nethylene chloride. An analytical samnle, qp 80-81o, 1vu-" obtaj-ned.

by one further crystalli zaLíon from the same solvent pzuir. (Found- :

c, 68.2; Tl, 6.1 ; N, 9.3. clfl'olllz requires c 68.lp; H, 6,1 i

N9 J+/") .

Dr** iOiO, 21\at 1675 (OCCCril'{2)r 1610, 1575t 1505 (aromatic C=C)'

0 (ccr') 6.97 (ltt, m, c5 Arä); 6.57 (z'1, rn, c6 ana cB Ar{I); !.01

(tn, rn, OHOCOCHI'I,); 4.6i (tn, s, oc@Hltr);3.73 (1H, s, olre);

1"8-2,9 (toH, m, other protons).

Further el-utÍon of the above column v¡ith chloroforlt gave

cryst'¡-lline sta::ting alcohol 1O¿r (O.6Zg) " The yíeld- of d-iazoester

lp ba-sed. on this recoveïTr was 75%.

2p

Dia.zoester *, (ll mg, O.{1 rnrnole) was ad-ded. in porii.ons to

ice-cold- tr.j-fluoroacetic acj-c1 (1 nl-) " The green so].ution was d-iluted.

rvith lvatet (t o nt) and rnetÌrylene clúori-ae (t 0 inl) ' The organic

extract lv'¿s vrashed. v¡ith l",rater, d.ried- (t'tarsOr,.), anil evaporated.,

giving a- colotnless, ulstaþIe oil (4.1 mB). This 11¿-s shovrn to be

the non-cyclized, diester !-Ol (cnrde yie1d. gØ") ty the spectral <La-ta :

y^* (tttm) t 79o, 1220, 11 50 (OcOCF 
3) , 1 7¿'5 (Octr,l{2o) , t 640 (c=c) ,

1605, 1565, 15oo (arornatic c=c)"
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ô (ccr'<rrcorH) 7 "o3 hll, m, c5 .{rH) i 6.67 (N, ^, c6 ard- c8

.Arf{); 5.21 (1ÍT, rc, c!!oco) ; Lr.gj (m, s, cocHr0); 3.% 3n, s'

otfe); 1.8-2"9 (10H, tr, other protons).

The cr'd.e d-iester !$ vras Ín¡neðiateJ-y hydrolysed. (see

next e:q>erine,nt).

Hyëro]-vsis--cf di eslgr' 1 95

The c-rud"e d.iester 1-9å (41 mg, O.1O! nmole) in niettrar¡o1

(Z rf) lvas trea.ted. v,rith a solut1on of soðiurn Ìryd.t'oxiae (ZOO nrg,

J mrnole) in raa_ter (1 ¡ú) " The mixture yre-s stirred at room

terçeratrn'e for 2 !v. lllost of the metÌ:a¡o1- lv¿¿s rernoved- i-n a stream

of ni-trogen" The resid-ue lvas d:iluted- with l'uater (t O t¡-) arñ- '

extracted v¡ith ethe" (2 X 10 il) . lhe cornbj-ned- extvact was washed

rv-+th rvater, dried. (MgSOt) and ,evapcrated" The crystalline resid-ue

W 7O-73o, tyâ^s id.entica-I (frc, mixed. nrp, spectra) to the alcohol

p!, t;he starting materia]- for the sequence. The yi-eId- v¡as 21 mg

(s6/,).
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CIL¡iqIry]+

H.n'd-roøen¿,tion of cvclopropyl ketone 2g

Cyclopropyl ketone 4. OOO ng, O.L mnole) in etha:rof (ZO rnf)

vlas hydrogena-ted. at atnospheric pïcssure over pa1lad-iu¡r on carbon

(f ¡ rS) for t¡O hr. The ca-talyst rvas rernovsr1 b)'filtretion, a¡d. the

filtrate t'{as evaporated. to give a. cof,ourl.ess oíf rvilic}r crystal3.:Lserd-

frorn ether, Colour'less cri-staIs, np 1iJ436o (-/o nc, Jo'f)rvrete

obtained.. This compouncl proved. to be the trqE-fused- satusated.

bic¡'c1-ç[1"2.1 ]octane d.erivative 7-metlnxy-Zr1OaÊ-etharn-1 ,2.r3r1v24-aa,

9 rl} r1Oa-octa.llytlrophcnantluen*1 2-one 1 O-g (".-'.4q i.n¡L*e) o An

arralytical sample, np I j6-136.5o r'was obta.:lned as r'¡Ìdte need-Ies

from hexa-ne. (Found r C, -l).6; H, 8.0. Clfzooz recluires C,

79 "65¡ II, 7 .y/b) .

l^r*17J5 (c=o), l6t5t 1575' 1510 (a-romatÍ-c c=c).

ô(cDo:.l) 7.t5 (ttt, d., J?112, Cl ArIi) i 6,72 (ztt, tn, C6 a:rd. CB ArII) t 3"JB

(jH, r, Oite); 1.o-3.a (tl¡i, mr other protoris)"

ï'Ivd::os erraiion of tetracr¡cl.ic ketone I

Ketone 2 ht,5 ng, O.57 mmole) and- pei-ì-1ad-j-um on carbon (zO ntg)

in ethemot (ZS ml) vrere stirred. und-er l¡idrogern at atmospheric

pressure overnight" 'Ihe reactiorr nixtw'e lvas filtered- ancl the fil-trate

evaporated, leaving an ojJ- (f¿-O *g) whicir crysialJ.iseò on acld.ing ether"
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The crule product llras purifiecl by preparatj-ve lIC using ether-

metliylene ch-lor.id-e (t :t 9) . The major ba¡rC. vra.s renovecl and- eluted.,

yieliLin"g a. colotu.less oil- (t O5 *g, lZ/,) vrhj-crh c,rystallised. froui ether;

vrhite crystals np 133-1360, This prøiuct, erq:ectecl to be the trans-

frrsed. ketone LQQ¡luo" id-entical- (ffC, mixed. rnp, spectra) to the

prod.uct of' the prer,'ious er¡rerirnent"

2 2 ened-i 10 2 o

fL"pa+!¡rqne l!,2

A nixture of ketone 2 U.93g, 7"6 nrnole), etlgrlene glycol

(¡ *f) ancì. p-tol.uenesulpironic acj.d. (tOO *g) irt benzene (ZOO mf)

v¡as heated. urrd-er refluxr. rrsing a Dea.n-'Sta-rk we.ter separe-tor, for

5.! Ìrr. The cc¡oJed. rnixture 1'las pouïed into !fi e-clueous socliu-n

bicarbonate (Z5O mf) ancL d.il-uted l=rith e'bi:er (ZOO nif) " The organic

extract 'l'¡a-s 'lva-s;hed- niti: vrater a-ncl saturatc.L brine, clri.ed- IMgSO*),

anC. evaporated-n The cnrd.e oi.ly prod.uct -r,¡a-s pr:rified. by fi.ltration,

:ln methylene chloriclc.-liglrt petroleuni (l:Z), through a smal-l colrrmn

of Florisil.. The acetal l!,2 (t 
"9OS, fuf) vra-s thus obtained" as

coloulfess crys;'ba1s, mp 91 -92o, A sl¡aLl- sa:nple lvas recï.ystallized.

fron hexane; vdrite cubes nW 93'?+o. (Fouriå z Cr 76"6; ÍIr 7.6i

",frrÔ I 
recluir:es c, 76.5; 11, 7.1/').

umuxt63o (c=c), t610, 1575t 1505 (arome,tic c=c).

ô (oncr,) 7,62 (1H, d, JB.5 Hz, c5 AdI) i 6,'72 (irt, m, c6 aric- cB
)'
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¡.r+r); 6"O7 1H, t, Jt,5 IIz, Q¡ viny1 proton), 3.9O (lfi, s, OCilrCHrO);

1.æ (3ii, s, ol,{e); 1.5-2.8 (1cn, m, ot}rer protons)'

o enedi o o

-gggesrþ. qrhgryrt lrr g9 !!
The above; acetal 1.g2 (f 70 ng, 0,57 ¡nrnole) in ethanof (Zf nf)

.r.ras hydrogenatecl at atmosphcrj-c pllessure over Þa-lladirm on charcoal

(25 
"g) for 6 hr. llork u¡r in the usual lvay g¿r-ve a col-ortrl-ess

crl-stalline resiðu" (155 
^e, W'ò of the t-qqlig-fuseci. acetal 1-1O-,

m¡¡ 11O415o" îhis conrpounrl- tenclecl. to Lo,se the acetaf g,roup orr

recrysta.J.lize-tion, a-nd- so 1'fas used. vrithout pr.r:'ification in th'e

foll.ovring reactÍon.

P^o I æ5, 15Bor 1510 (aronati'c C=C) '
ô (c¡cr,) 7"17 (ttt, d., J&rz, c5 ¡.::II) ; 6.68 (2]1, rn, C6 arñ,- cB ArI{);

)-

5.W Qtfr, s, SI{rcHzo); 5.7-l (JH, s' oL'ie); 1.2-3.9 (11*ri, m, oth.er

protons),

Il.¡drolvsis of acetel 110#L,

CnlcLe aceta-l jl-g, (f 15 ngt O.JB mmole) in l',¡arm acetone (1O ú)

rva-s trea.teci vrith JN hydrochl-oric r-rci.d. (2 ml), and. the solution heatecl

rurler ref.Lux for O.5 hr. \Yater (ZO rn) lvas ad.cled-, artd the aclueous

núrture i'¡a.s extractecl vrith ethcr (l X lO m1) . 1'he combinecl extract

was vrashed- vl.ith water and. sa-turated" brine, ùried (t'igS0*), and-

e;v¿i-L;orätc,J.* Oolour.l-.ss cr';¡stals, ilLo 1j)¡*1 3'"n (9itr;¿, 98r1) lrere
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obtaineÔ" The prod,uct, Hu4q..f'userl ketone 108, rva-s iðentical by aJ-]

the usual- criterj-a, to the procluct previously obtained" by tvrc

d"j-fferent routes ("+¿.q oltp{a).

Llvdroqena tion of cvclo-prop-r¡l ketone %

Cyclopropyl ketone å. (gO mG, O"J6 ruroJ-r:) i-r"s hydrogcnated- in

ethanol (f O ntf; over pal.laclium on carbon (ZO mg) fcr 1"! Ìr. T\'¡o

nolare.qtr:|valerrtsof}i¡rd.rogenv¡eÏea.bsor.bec.dru'j-rrgtilistir¡e.ifor-k

lrp in the usual rvay gave a crysta11j-ne resiciu.e (90 mg) l¡'ith a melting

ï.ange of ca. lOo. Spectral d-ata inùicerted. that tÌ:j-s proclucü was

s- r¡tix'Lule of the bicyclo[2 .2"2loata.ne cliastereoi-soners J-methoxy-

2 r l¡a- eLr.'arto-1, 2 r 3 r lr r )+.a r 9 r 1 Ol O a E -o ct ahydrophenanthr en-3*o1rc 1 1 1 .

'! 

^u* 
(ccr,,) 1715 (c=o), t6o5, 1575t 1505 (aronat:lc c=c) '

ô (Cfff-) *l.Oj and 6.98 (-¡ota.l 'lH, tt'r,.r d, C5 i-rll of ea-ch diastereoisomer);
)'

6.57 (N, m, C6 and CB /rrH); 3.7O (lH, s, oIIe); 1.O-"2.9 (1'+II,

rn, other protons) .

2 -met 1 -etha-no-1 10 1Oa.2

rþe4srllgens I-a
Sod-iu¡r bor.ohyck.ide (O"7g, 1B nimole) '',vas ad,C-ecl in portions

to a solution of tetrac¡,cJ.i-c; ketone 2 (O"U€,, 1"7 nnrole) in etha¡rol

(+O rf). Tlie resrùbirp, solution l'¿a:; kept at ::oonr tem¡-,erature

overniglrt. llost of the ethe¿rol v¡as evapora-terl- rrrder red.uced- pressuf'e,
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a¡d. the resid.ue vras treated. with 1/o hyarocb--l-oric ac:-a. (70 rnt),

Tire a,lrreous l¡l-ixture was extracted rTith ether (f X 6O tt, I X lO lrll)t

and. the contrinecì extract ï¡as v¡ashed. ïrith r¡ater a¡td. s¿rturated- brine,

d.ried. (trtgSOrr), arrd evaporated" A color:rless oil (O.45g, cluant") ur^=

obtained-" Th-is prod.uct coulcl not be crysta-lf ised-, but th.e spectral

d.ata agreed. v¡ith thu gþ-alcohol structrre 112.

U*n*(r:-rm) l]40 (oH) ,1630 (c=c),1605, 1575' 15oo (arånatic C=C).

ô (cDcll) J.57 (1H., d., JL"jr'z, c! Arfl) 3 6.72 (?)r, m, c6 anl cB

Arg); 6"lO (lH, r, Cl¡ vinyl proton) t 4.55 (1H, t, 9{o C¡lOIl al C12) i

l.Bo ( 1ñ¡ st Ol,ie); J.oB (1H, s, oII exch') 1.t¡-2.9 (trtt, m, other

protons) . '

Hydrobroation of entþ-alcolrcI 112

.A solutiol of borane (-l[ mnole) j-rr arùryd.rous tetra]ryclrofuran

lvas preparecl urd-er nitrogc-:n, by- d-ropvrise ad-dj.tion of boron trifluorid-e-

eilrerate (2.)g, 16 rnmole) to an ice-co3-d- suspension of sod.ium

borohy.driae (O.Lg, 1O.! mmole) it trtralryclrofuran (ZO n:-). The

e_n4q-a1cohoI !!! (O"4lg, 1n7 mmole) in tetrahydrofur'tn (tO il)

rvas adcled-, the ¡nixture allowed. to rn¿arm to room tempe::ature, and.

stlrred., und_er ni.trogen, ¿lt room ten¡¡era.ture overrúght. l'fatcr

(f O nn¡ v¡as add.ed-, folJ-ovred b¡r aqueous 1ÇÍ sodiun hydroxid-e (f O n-f¡t

¿¡rrd Jq, hyd-rogen peroxicle (f O o,l¡ . The aclueou*s ¡nixture v¿as extilacted-

with ether (t X 50 il, 3 X 30 rn1), antì. the com¡ined extract t¡I¿rs
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r.rashed- vrith ,¡rater arid sa-ture.ted brirre, dríed. (trarsOrr), and. evaporated-.

A pa-1e pink oiJ. (O.L6g) was obtained. ïIC irrdicated. 1;he presence of

tr-ro compour-rds in the crud.e pr,od.uct. They i'rere se'parated. by preparatj-ve

TIÕ r"rsing ether-methyl.ene chLorid.e (ZtÐ. These conrpound.s 17ere:

(") Higher R¡r - colourless crystals (9o re, 2a/,) r'r-hir. mp 19o'19lvo

after recry-sta-1f.iza.Li'-;n fr:om acetone. ThÍs ccrnpourxl r¡¡as the .gi.j¡.-

fused. ci"iol l¡ß,12B-dihydroxy-'i-metho,*qr-2,1Oa9*ethano4,2,1,4,4aß,9r1O,

10a-octaJryd-rophenanthrene l-!). (tiounf ; C, ?t-,4i Ho B.J.

"rTnrrOj 
requires C, 74J.ri Ht B.l/").

u^u*324a (ffi), 161J, 11'15,t 1510 (aromatic c=c).

ô (cncr,) 7.zo (1H, d, J€*!2, c5 AïiI) i 6.78 (2H, r, c6 arxl cB PrlI);
)

It*72 (1H, m, loll- 10 H.z, ec¿ua*torial CHOII at CL); 1'.¿r-O (tH, m, '[fX- 21 Hzt
z2

exg CHOi{ at Cl Z); I,BO (3ti, s, Ol,{e) i 5"35 (2tt, s, Og, exch.); 1"2-

5.O (12H, m, other proton^',) o

(u) Lov¡er \. - colourless cryst::.ls (loo tS, 6c273) rAtn np 1/¡-o*1 tÅ.5o

after ::ecrysta:.11i-zati-on from acetone-li.ght pe'Lro1eum. Thj.s conç:ound.

rflz-s the lg+l-fusecl cliol l.+s1127*di.hyd.ro:<y-J-methoxy-2r1?à.?-euha¡o-

l r2rJrl+rLarxrgrlOelOa-octalrydrophenan-blirene 1J:þ. (Found- : C, 'llr.5i

H, 8.3. ,,Ìrrr) 3 rec¡iires C, 14J4 11, B.lllr) .

ü^u* -lloo (olt) , 1610, 158o, 1505 (arotnatic c-c)'

8 (cicr-) B.lz (lH, cì., JB,J TIz,, C! ArlI) ; 6.6â (ni, m, C6 arcl CB ,a'rH);
)

)+"1o (m, m, \'L- 26H2, clloH at cÀ. a¡d c12); 3"7-l (lr-i, s, olrle); 1"97
2

(2I{, s, o}1, excLr"); 1 .2-2.9 (t'ztt, m, other protons) .

L'he structru:c or' thc la'uier iì j-c.,l 11li r,as cort'obol:¿t-tcd" by
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the inrì.epent synthesis d.escribed. trelolv.

22

)raq.., 9 .1 oti Oa-octalÐrlgorrixræntlrre+g !þ

Dibora¡e (^,1+ mnrole) genernted- in the u^su¿r-I 
'uY217 

in

tì:iglyrne (ZO o¿) vras carried. by a slov¡ stream of rútrogen into a

chilleil, stir::ec1 solution of aceta-I 1Æ (t '85g, 6"2 rnmole) in ary

tetrahydrofr¡ra¡r (+O tf). The solution v¡as stirred- urd-er ni-trogen

at room ternperature overnight. v'iater (ZO *f¡ r"¡¿s ad.d.ed-, follovrexl by

1Qã sodium h¡,.ràroxj-¿e (t 5 il) ^rf, 1Ø þ-d-rogen peroxi-de (t o tn¡ .

The aclueous ¡nj.xture nas extracted with ethe, (J X 50 mf), and- tìre

extra.ct v¡as ,r-¡a.shed, v¡ith v,'ater, dried-, and- eva¡:ora-ted-, affordirrg

the !.I+qq-fused a-l.cohol !2 U.B5g, gl.{") 
"" a coloirrless crystalline

::esid-ne, mp 11 B*121o. Recr,ystalfization from acetone-hexane gave

wÌúte needles mp 12242J.5o. (¡uur¿ ¡ Cr 72,1i fl, B.O. \ftZ4p+
reqr-úres t, 72,1; TI, -1.65-/").

unffi 1l+oo (ori), 1610, 157ot 15oo (aromatic c=c).

O (cocrr) B.tz (1tt, d, JB.J Hz, c! ArII); 6.72 (Ãí, m, c6 a-nd- cB /trH);

,+.15 (1H, m, El 16H2, axial. CHOTI at CL), 1.85 (¿ffr s, @IITCHTO);
2

J"77 (3H, s, oLíe) î 1"83 (1H, s, OI{, exch") ; 1.2'2.9 (lÙr, m, ot}rer

protons).
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o 2 o Oa.

phen¿¡rtirren-1 2-one 116

The above t¡ydroxy-acetal jJ1 UBOng, 0.56 nmole)'in acetone

(ZO mf) lvas treated. droplrrise v¡ith JN hyd.roctrloric acj-d (+ "*) ¿rnd.

the sol-ution heated. urd.er reflux for O.5 br. The solutiori n:as

diluted. .,,¡ith v¡ater (40 mf) and. extra.ctecl rrith ether (l X l5 Iú)" The

combiled. etherea-I extrac-L vras v¡a.shed. with l,rater and satr.¡ratecl brinet

drierJ. (nlgsor), and. evaporated- ¡rj.eId-ing the ketol ß. (l5Orng, 9Í")

a-s coloru.less cry'stals, nrp 135.5-i360. The a-nalytical- sample,

recrystallized. fron acetÕne-hexå-ne, formecl almost .trarrsparent

rectanguJ-ar p::isms, nI9 155,5-t37o (For-urd. t Cr 75-O; H2 7"7.

,rfrool rec$rires C, 75.A; H, 7 J19/6).

Ðrr"* 3túO (c;tl), 1735 (C=O) , 161A, 1575t 151A (aromatic C=C) "

Recìuction of \gþ] 11 6

tithium aLu¡ninium hyd-r.id-e (Z5f: 
',,g, 

6.6 mntole) tr"* a.d.ded, in

porti-ons, to a. stirred. solution of ketoL gg. hOO mg, O.JJ nmole)

in etlrer (Zy ,¡). The resr-úting srrspension lvas stirred- at roon

ten'ryeratr:re for 1 lrrr and heated. rmle:: reflux for t hI. 'VTateillvas

added- very cÐfefully until a 'ryhite granular preeipitate had. formed.

The rrirLur.e I'ras rLried. (l,tgSOr-), filterecl, and evaporated-. The crucle

crystalline product (70 rng, VUn rras recrystal-l-ized- from acetone-

light petroleum; colour'less crystals, np 1394)+0"5o, of the lgæå
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-d.ioL 1;þ'r,vere obtained. Ttris prod"uct 1'¡¿r-s id.errtica-l- (.Iff , mixed"

mp¡ spectra) to the lovv-er RO- comFonent scpa,-r'ated. after hydroboration

of enrlq-al-cohol 112.

12.12;E ened.ioxv-7-me thoxv-2 "1 0a -2 -1-L.l+as. 9.1 0.1 Oa-

o ct a-hvdroph e nn¡rthr en-4- o n e Læ

Bv Janes I oxidation of the alcohol 115(")

-A'l-cohol tt;5_ (1 .og, 3"2 rnr'o1'e) in acetcne (5oo m1) rvas

c;ooled. to -12o (icc-s¿rl-t bath) a.ncl tre¿rted rvi-th 8ì{ chrornic acid-

(2,0 nrl, B.O nrnole) " The rrlixture lvírs stj.r'red. anld- nainta:Lned- a.t, -12o

for 10 nin, v.rhcn 2*propanol (O"5 lnf) rcas a-cld.ecl to clestroy urused-

reagent" /.f'uer. d.i.lution l.rj.th benzene (f ¡O *f), the ¡rd.xtrn'e 'ivas washecl

ryith "¡,¡ater (ZXI5O nú) ¡ 1'ft scldi-ln hydroxiite solut:ion (4O nrt), and-

.ryater (f ¡O nll) . The organ-Lc layer rvas clrier-l (NgSOr), artl evaporated

l-eavi.ng an orÐlge oÍI (0.íÐg) 'uhich c::ystaullised- on tritr:ra-tion

wj-tir ether. The crucle prod"uct 'lvas recrystallised. fron ell:ano1,

¡4iv:ing the ketone 1?19 (O"5Zg, 5t¿i/o) as tiny inhite needfes W 159..

1 61o. O¡re more recrystal-J.izetj.on froro etira.nol raised. the mei"ting

point lo 163-16)r"5o" (!'ormo- z C, 72"65; H, 7.1 . Clgrtzzo,r- reclulres

C, -12.6; TIt'7"O5/o).

u^u 1 7o5 (C=o) , 1610, 1 58o, 1 510 ( aronatic c-C)n

ô (crx;r,) 7.t¿ (lH, d, JBIrz, cl ArI{) ; 6'68 (zt, m, C6 an¿ cB Ar}I);
)

3.85 QÃI, s, OCilÆlIrO); J"7B (3rr, s, Olr,le); 3.6'7 (1H, s, C/aa pro'con);
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1 .7-1.O (1ttl, m, other protons) 
"

The basic washings from tÌús experiment were acj-d.ified. '¡rith

2N hyùrociùoric acid. aricl extr'¿:cted. w-ith benzene-rnetlìylene chloride

(9rl , l OO n-1) ; ïibrk up in the usur¡-l- lvay gave the ring C qe-c-,o--

d-iketo-acid.')32 (o.l5e, 16fr) as colourless prismsrtrÞ 'ì 65-1 680,

after tvro recrystaltizations frorn acetone. (louta : A, 67"6; TI

6.2. cl;1l'o' reuuires c, 67.5i H, 6"oi1). .

D^*.32oo-21+oo, 17oi (coon) , 171a (cyclopentanone) , 1655 (uryl

C=O) , 160O, 1 5OO (aronatj-c C=C) .

0 (cncrr) B.o5 (rH, d, J8"5 Hz, cJ ArlJ); 6.79 (2rï, m, c6 ancl cB

ArlI); h.B5 (tH, br. s, cooll, exch.); 3'BB (3tt, s, olüe); 1.9-

J"2 (11H, m, other .orotcns) "

(¡) Pfít â. tiorr ,:f 112

P¡rriù1ne (85 ng, 1.1 mnole) a:rd. d-ictrloroacetj-c acj-cl (B5mg,

O'7 mmole) v,tere introduced into a solution of' 'Lhe alcohol 11ã

(3ZO ng, 1"0 nunoLe) in ainn>tlryIsrrlphoxid-e (tO 
"f). D:LcycJ-ohe>'ry'1-

carbod-j-íniae (fu0 mg, 6nO mmole) rru-s ad.cled-, a.rrl the resultant solutj-on

tras kept at room ter;rperatr:r'e overnìght. Dil,ution r^¡ith ethyl acetate

(ZO ttLf) v¡as fo}lov¡ecl by acld-j.t:ion of a solutj-on of oxalic acid.

(¡gO rg) in mr.:tha.not (t O r¿) " The precipitabed. dicyclohexylurea rvas

rerno',.ed- bJ, fif tratiou. The fiLtr'¿r-te r',ra.s l"rashcd ttj t],¡ 5% soci.iurn

bicarbonate solution, r"rater, a:rd satr¡ra.tecl brine, d¡j-ed- (tlarsO4) r

s.nd- ev:por¡,te,J." I'rrrif:Lcation of the cr,¿de cr.'/sta-L1i-ne procì"ur:t was
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achieved. by filtration, in metlq¡Iene chforicle, through a small

column of Florisil (2O g) axd recïystallize.tion of the eluted

nater1al from etha¡ol. This gave the ketone t2n (O.Z6e, BVÁ), 
"tp

1594620, identical v¡ith the najor procluoù obtained. from oxj-dation

of 115. r,rith Jolrest reagent.

l;!!l 9a- o c¿t ahy4tophg+anJhl%E 1-2J,

Ke.bone Ø. (O,75 g, 2.t+ mrnole) in tetrahyd-rofr:ra:r (¡O n¿)

a¡rL ether (¡O *f) wa-s t::eatecl v,rith l-it}úum a1u:uirtir:-m hyd.rid-e

(1 "Og, 0.026 mole). The result1n¡1 suspetrsion l'fâs stirrecL at roorn

tempera.tu::e for 2 fu, a¡ril heated- urder refhu< ¡o" g'5 hr. lÏor]<

up in the usua.l rnarurer afford-ed. 'bhe [ß-al-coho1 U'J- þr71 8r 9lú)

as colcr:rless crystals. A sample recrystal-Iized. f::om acetone

nreJ.ted- al 170.5472,50. (Founa . Cr 72.ot 11r 7.6" 
"lgnu*orr

regu-ì-res C 72.1', tt, 7.65%).

D^u* J400 (oH) , 1610, 1570' 1loi (a¡omatj-c c=c).

ô (crrll) 7.zB (lt:, d., J&12, c5 A$I); 6.7o (zn, m, a6 and cB

ArlI); +.62 (lH, m, \f¡ gTzt ecluatoriaa CHOFI at CE); 3,92 (1$t s,

OCH2CII,O) t 3"77 (Jtt, 
", Ol'le); 1.3-3.O (1íln mr other protons inc"

on).

2
1
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ecl:l 0 t 2 o 0 o2

êsg*¿Ès@el=Jû.lseæ 1-z?

LitÌúum (ZBO rg, /¿0 g-a-ton) was adcLe.J. in smafl pieces to

fres}Lly dist; lJ-ecl liqrúd- a.mmonia (f ¡O tf) . The 4ß-al-cohof ß-

(0.65g, 2.1 u,ao1e) in tetrahydrofure¡ (æ r¡-) rva.s adcled, urrcJ-e::

n:itrogen, to the metal amrnonia solution. Äfter 1 5 ruin, ethanol

(¡ *t) 'rvas adrj.ed. very sJ-orvly over a periorJ- of 2 hr. l¡/hen the bl-ue

colour: of tire rea-ction nixiure ha.d. fa-d"ecl, a.mnonj-irm chJ-orid-e (f Og¡

rVas ad-ded., a:a] the excess of a.runonia all-o'tved. to eVaporate" 'l'he

residue vras partitioned. betr,¡een etlier (¡O t¡") ¿¡-nd- r"¡ater (50 n-).

Thc ethereal layer v¡as 'lvash-ed- tluree tj-mes iv-ith 'w-ater, dríecl, arxl

concentrateù" A crystalline resiilue of the enol ether ru, (O'61g,

)t/r) was obt¿"j-ned. Tlús was used. v¡itl-¡out furthe:: purificat:i.on in

the next rea.*tion"

P^* lJ+00 (clH) , 16N, 166o (enol' ethe;r)'

s of eno]- ethe:: 1?3

Crucle enol ether Æ, (O"51 flg 1"8 mn'ro1e) i.n acetcrr" (25

rnl) l'ras coolecl to Oo and. treated. r-rith a sofution of oxalic acid'

(5OO rng, l¡ m:noJ-e) in r',e.ter (t O nn¡ " The reactio' nixture was

stj-rred. a.t Oo for 1 "5 
yLr, and- sol-icl sodium bica::bolra't" (t g) ivas

add.ecl" The resulting mixtrlre wa.s taken up in water (¡O *f) and-

eflrer (¡O nrf). the etÌ:ereal layeylnras v¡¿rshed. w-ith water arrd-
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satr:rated brine, dried., a-nd- evaporated-, The Brü-rmsatr:rated.

ketone !fr-lvas obtainect as alt oit (0.550, QllâJlto) wh-ich 'vra*s txed

ímrned.ia-te1y.

u^u* r¿Foo (oH) , 1710 (c=o).

teð. of

Freshly prepa::ed- zinc-cop-per cou¡r1e"'n (r.o grn) v*'s ad'd-ed'

to a sol-utj-on of crurle ßrõ-unsattrated ketorre 1:4 $.55 ù in ether

(l O nLt.) . The mixture l'¡as lr.eated. u¡cler reflu-.c anù treated- &roptllise

vritli methylene iod-id.e (l "Z g¡ over a perÍod of t hr. Reflux wa"s

contj.nued for J+ hr" lhe excess of cor-411e r'¡as removed by filtrartion,

a¡rd- the filtrate 'uor:ked- up i.n the usu¿¡-l rnr4y (rvashing, cìrXring, etc)

gave a. gummy resi¿ue (O"5Zg) rvhose i-nfrarecl spectrrun ura.s almost

id.entical vrj.th that of the startlng lcetcne !þ. Yfork on this

react:i.on l¡ra.s not pursuecl.
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