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The Total Synthes1.' of 3-HydroXY-~Deaza~i'7-oxais~rphin.n, 
a MorphinAn Analogue , , 

ABSTRACT 

. 
The synthes15 of the analogue of 3-hydroxy~1.ollOrphinan in wh4ch 

, 
the nitrogen has been replaced with oxygen has been accomp~~hed. The 

synthesis wa$, approached by tvo different routes. One strategy attemp-. 

ted to cyclize I-(4-methoxybenzyI)-isochro~n analogues and faHed due 

to the instabllity of the cvcl:lc ether to aclds. The second strategv, 

s rarting with 4a-(ami noethyl )-6-methoxy-l ,2,3,4 ,4a, 9-hexahydrophenan-

threne. was ultimately sucçessful. Hydroboration - oxidation of the 

10, laa-double bond of the hexahydrophenanthrene was used to introduce 

the isomorphinan stereochemistry. Attempts to generate the morphinan 

isorner by lIIe"ns of isomerhation of the lO,IOa-double bond or by epoxi-

dation of the oleUn were unsuccessful. 
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Synth~e totale de l'hydro~-l-déaza-17-oxa-17-1.omorpblnane. un 

analogue de la morph1nane 

RESUME 

On a effectué la synthèse d'un analogue de l 'hydroxy-3':'isomorphi-

nane d~ns Îequel l'azote a·été remplacé par un oxygène. Afin d'accom-

plir ceci, deux, voies différentes de synthèse ont été explorées. Dans 

la première approche synthétique, les tentatives pour cycliser les 

analogues (méthoxy-4-!>enzyl)-l-isochromane ont échouées à cause de 

l'instahilité de l'éther cyclique aux conditions acides. La seconde 

voie de synthèse, utilisant le méthoxy-6-(aminoéthyl)-4a-hexahydrophé­

nanthrène-I,2,3,4,4a,9 comme produit de départ, nous a permis d'effec-

tuer avec succès.la synthèse. La ,réaction -i'hydroboratlon - oxydation 

de la double 11a1son-10,10a de 1 'hexahydrophénanthdne a été employée 

afin d'introduire la stPréochimie de l'isomorphlnane. D'autt'e part les • 
tentat1ves pour former l'isomère morphin"lne par ] 'lsolllérlsat1on ~e la 

fil' ,. 

double l1a1so0-10,10a ou par l'époxydation de l'oléfine ont échouées. 
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Fot' centuries. ext racts, from the opium poppy, Papaver somniferum. 

h'ave been used f.or medlcinal and recreational 'l'urposes (1-3) • 

.. Sertûrner vas the first to isolate morohine in pure form from erurle 

opium and recognize it as the agent responsible for the pharmacologieal . . 
properties of. the opium poppy (3). There. are. 27 alkalo:f.ds >'i n the erude 

-ext racts and morphine uso-elly occurs as 10% of tHe. dried opium powder 

(l)~ The correct structure for morphine vas deduced by Gulland and 

• 
RoMpson ln 1925 (3) and 1s shown in Figure 1 together with its deri-

vative. codeine. .. 

A=H morphine 

codeine 

FIGURE 1: The structures of aOl'1'hine and of codeine. 

The use of IftOrp!lin~ ~ an analge'tic U ancient h1story, ~nd the 
~ / . 

alltaloid 15 vell-knOW'n' to Act pr1url1y as a central nervous ~y.tem 

depre8sant." Many IIOrphine-like phenanthrene alkaloids cause sedation, 

euphorie, and aJ,leviate anxiety. These effects are highly addlct1ve 

and le.d to tolerl!nce whJ ch néans that - IIIOre and IIOre drug 1_ needed in -
order to achieve a rconstant effect. Morphine and allalogoul opiatel 

'\ 
also cause c1rc:ulatory depres.ion, nause,a," vomit1ng, constipation, 
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hyperglycemia. suppression of the cough reflex. anrt -resJ)iratory de1)res-

sion leadi ng to death in an overdose (3.4). 

Hundrerls of analogues and other compounds have been synthes1zed 
~ 

" 
.in an effort to minimize the undeslrable effects of IIIOrph1ne and as a 

result many structures were found ta behave as analgesics, emetlcs,-

ant idiarrheals. and ant i tussives. Certain analogues can suppress the 

~ 
withdrawal svmptoms associated with drug abstinence and are used for 

the tteatment of addicts. Other m~_d)fications of the morphine struc­

ture led to compounds useful in the treatment of narcotic overdoslng 

(l )~ 

The gleneral clasc;es of ana'logues which are sfructurally related 
'1 

to morphine are assemblerf in Figure 2. 

Morphine-l1ke analgetic activity 18' characte~1zeti by the follow-
... 

lng genera! structural features: a ,tertlary nitroBen, 8 quatern,ary 

carhon atom separated frolll the nitrogen by a two carbon chain, and a 

phenyl group attached tO', the quaternarY carbon (5). HoWever, many 

exceptio~s to these generalizatloos are known (3-5). 

1 • 

In the morphine series, of ~nalogues .. J)harmao~ologi~al action 18 

associated with a single eantiomer. the levorotatory one. The dextro­

rotatory forlll ,of' ('+)-morphine ls inactive (6)., The simplet' structure, 

such as the 1IIOrphlnan, l~vor,phanol. ls 6 to 8 tilIIes a8 potent as ~or­

phlne (4) whereas 1t~ eantiomer, dext'rorphan. is inactive (7) (Fig. 3). 
6 • 

The O-aeth)1lated derivative of the (-t:)-ilolller. dextrolllethorphan. dis-' . ( 

plays SOIlle activity as an ant1tua81ve~ yet shows none ~f the analgetic. 

conatipatlve. central depJ:essant, and addictlve features of the op1ateo; 

\ . 
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d.rlvetlve. 

J 
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morphlnln. oripnln •• 
\ , J, 

l ~., ' enJc.phllina 

,otr" R 

b.nzomorphena r phenylmorphana 
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methadone end 

! 
derlutlve. 

FIGURE 2: The general classes of compounds structurally related, to 
\. 

morphine. Adapte'd from referenee 3. 
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levorphanol R- H dextrorphen 
R=CH3 dextromethorphan 

FIGURE 3: The stereochem'1stry of the active analgesi-c, levorphanal. 

versus that of the inactive one, dextrorphan. 

(4). Interestingly. the morphine receptor Is hardly sensitive to cban-

ges in ~he BIc ring geol'lletry. For ,instance, whereas levorphanol has 

, the morphine stereochemistry at H-14, tsolevorphanol where thé BIC 

r!ngs are trans-fused ls even more potent (8); as wfth dextrorphan, the 
1 

dextro-isomer of 1so1evorphanol is alao inactive (8). The stereoselec-

, I.vorp~nol 

B/C cis 

OH 

F~GUJtE 4 

l.ol~Yorphenol 

BIC trana 

OH 

Uv1 tY. of the receptor toward the less rigid analogue. 1a not a. 
" 

clearly delineated: w1th a-t r1meper1d1ne. a phenylp1peridin~ analogue, 
e 

( 
c ,-
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the two enatiomers are equlpotent (9). For methadone, however. It Is , . 
the Ievorotatory Is01119'1" which 18 actlvr (3.4). 

1 

O)Et 

M 

a-trimeperidine eR-melh.don. 

FIGURE 5 

The l'ole of the N-!lubstituent is generally important for oplates. 

Increasing !ts size usually leaels to a decrease in agonist activity and 

an 1ncrease in antagonist effects. A narcotic antagonf st i8 defined as 

a compound whi ch inlti bits al! the effects of morphine. The tint 

effective antagon18t. nélorphine, was descrlbed in 1942; Its structure 

vas the N-allyl analogue of mor~hine. Ir effectively reverses the 

respiratory 'depression assoclated vith overdoses of morphine (1). 

Remar1tably, it W8S 10 years after this observation that nalorphine was 

found to possess analgetic àctivity ln man (10). Although tt appeared 

to have less addiction 11ahllity and to produce less resplratory 

depresslon than morphine, It could nevertheless not he used as an antl-

nociceptive agent hecause of Hs severe psychomimetic side effects 

Subsequently, a prototype of so-called pure narcotic antagonists 

() was dlscovered. 
. 

Naloxone, t~e N-allyl analogue of the agonist oxy.or-

c, 

,-----~-- -
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phone, ls highly effective in blocking a11 the narcotic-l1ke effects of 

oploids yet 1t 1& devoid of ,any agonist activity (J ,3). Unl1ke naIor-

phine, naloxpne diBplays no psychomimetlc 'side effects (I,3). The more 

recently developed analogue, naltre~one, qappears to be more potent as " 

an antagonist than naloxone ( 1 ). These "pure" narcot:f.c antagonists . , 
incorpora te in their structures a unique feature: a 14-J3 hydroxyl 

4k suhstituent (Fig .... 6). Interestingly, tJfi! increased potency of the 

agonist oxymorphone also appears 'to he related to th~ presence of the 

14-~ OH fiunction (J 1). 

b 

fleURE 6 

AGON'ST 

R=CH3 oxymorphOne 

ANTAGONIST 

R=CH2CHs CH na.oxone 

R::. CH2-<J naltrexone 

R=CH2-O'- O-OH 

nalbuphine 

~ 

Over th~ 1)8St fifteen years so-called second-generation narcotic 

antagonlsts, which display anaigesic activity, have been developed. 

These act as relatively dean antagonists exhlbitlng weak respiratory 

depressIon, less dysphorla, and reduced dependence l1abllity than the 
, . 

'coaaon opiates. The~r general non-narcotlc properties distingulsh them 

from the so-callen mlxed agonist-antagonists typlfied by nalorphine. 

Th, expression metagonlst has bee!l Ruggested for this unusual class of 

drugs' (12). Butorphanol (Fig. 7) and nalbuphlne (Fig. 6) constitute 
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outstand1ng e~lIples of this clau; lnteresUngIy. both 1n.corporate a 
.~ 

14-~ OH function together vi th ·an N-cyclobuty11llethyl substituent •• 

Other classes of drugs falUng' in 1:.1:'i8 genera! category .r~ under 
'-, ... 

active investigation (13). 

-CH2-o .. 
H butorph.nol 

HO, 

FIGURE 7 

The raIe of the nitrogen suhc;t1tuent on the properties of the 

structurally lesc; rij(id classes Is not AS sharply deflned. The-re are ,. 

compound!'> of the pheny1piperlr!ine class for examp1e which behave as 

<tI 

antagonists even though they carry an N-methvl group (14); furthermore, 0', 

the presence of an N-allvl substituent in the non-rlgid classes of 

drugs does not a1ways antagonize activlty (3). 

In the rigid series, larger N:-substituents than a11y1 or cyclobu-

tylmethyl restore and enhance agonist actlvity. For example, N-cyclo-

hexylethyl normorphine is 6 times as potent an agonist aR'morphine (3). 

The large N-phenvlethyl group canfers exceptional agonist acttvlty ta 6 

several lbembers of ~ny classes of narcatlcs (3). 

There i5 much structure-actlvlty relationship information availa, 

hIe on oplates, and several theories of drug-opiate rece~tor interac­
~ 

t1.on have been proPoRed in an attempt to reconcUe the apparently con'" 
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tradictory data. 
, , J,i;. ~ ~ 0;1 , 

An ea rly géneraHzà~ion. of the 'receptor' si te{ 8) 

ealled for the presence of 8 fIat lipophilic ares in order to accomo-

date the aromatic ring. a cavlty to hold the piperid1ne ring, and an 
.. , 

anionie site to bind vith the protonated basié nitrogen (7). Subse-

quently, an accessory liPOPJi~iC site for agonists was pr~sed (15) ln. 

order to explain the exceptional po~ency of the thebaine-derlved oripa-

vines (16). Etorphine (Fig. 8), for e~ample, is at, least 200 times as 

potent as morphine (17) thus suggesting the presence or a high affinity 

lipophl1ic site which may also atcomodate the large phenyl groups :of 

the potent N-phenvlethyl analogues (15). Antagonists may interact vith 

elther the sarne set of sites .or with a structurally closely related 

rec.eptor {4} -W'h-ich would be selective for medium-sized substituents on ---
the nitrogen (15). 

etorphine 
HO 

..• \CHJ 

-~ 

A 
(1 

FIGURE 8 

Evidence from animal models of ~hav10ur, ~ vitro receptor affi-

nities and cross-tolerance effects led to the conclusion that the 001-

ate receptor exists "in different forms with each sub-type responding 

"'l·f}i: .. , 

) 

"o;-r-----­
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differently to certain prototypical agonists anel antagonists (3.18). 

Morphine i8 the prototype for the Il-type of receptor subspecies '(18). 

The hypothesis of Beckett and Casy tor the opiate receptor 

requires that the nftrogen atom be protonated' at physiol<?gical pH in 

order for the drug to interact with a counter-anionic site (7). The 

pK of morphine-i<; 7.91 (19). and reducing the basicfty through the 
a 

introduction of a double hond hetween Cl6 and Cl5 15 detrimental to 

activity 

sligh t ly 

-~ 

(20). FurtherrlOre, the more potent analogue levorphanol is 

more basic (pK - 8.1B (21», anri the incorporation of a 14-~ 
a 

OH (a suhstituent favorable to activity) ,tends to increase baslcity 

~ 
(19). These trends h~ave been interpreted to mean that Ion palring 

between the cationlc nltTogen 8'fld the anlonic binding site of the 

receptor t riggers molecular events leà'ding to the pharmacologieal 

response. 

The lone l'ai r eleet rons of the basic ni t rogen \pf benzomorphans 

k 
and morphi'lans are oriented away from the phenyl ring. In solution, 

83% of the morphine and nalorphine molecules' in the unprotonated form 

have the N-substitu'ent equitor1al' relative to the plperidine ring 

(22,23). For the 14-~ OH analo~es. oXymorphone and naloxone, over 957. 

of the unprotonated molecules have their N-substituents equitoriallv 

oriented (23). Morphinan analogues having their N-Ione pair oriented 

towarrl the phenyl ring have heen shown to be inActive .!!l...!!..!2. as ~-

agonists or antagonists <12,24). The orientation of the N-lone pair 

• appears crucial. and the lone pair may be involved in a stereoselectlve 

proton transfer process with a sul table acceptor site of the receptor 

. . 

, ., 
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(12,25). It is clear that the l,one pair, which would serve to either. 

8~cept or donate a proton, has to he properly ariented in arder far the 

trRnsf~r process ta occur. 

One of the 'arguments against the N-lone pair directionality the~ 

ory centers on the weak, apparent activity of N-qu'aternary analogues of 

certain opiat es. Sinee these structures are incapable of carrying a 

proton on their nitrogens this i'1lplies that only an ion-pairing meeha­

\. 
nism would be neeessary for the receptor complex ta initiate an anal ge-

tie response. Thus, N-methyl morphine indueed opiate-like analgesia 

and hypothermia after intracerebral administration in rats (26). How-

ever, s.he hypothermie response was not 1)lockerl hy the antagonist, 

,nalorphine, nor could cross-tolerance between N-methyl morphine and 

morphine be observer! (26). Misra et 'a]. found that the analgesic 

potency Qf N-methyJ morphine was much lower than that of morphine anc'! 

.r 
that the pharmacokinetic pArameter~ differed markedly: the QuaternariY 

analogue has a much shorter duration of action (27). In vitro activity 

showed 'that N-methyl morphine was only 10% as active as morphine in 

blocklng the electrlcally-i"nduc~d contractions of guinea-pig 11eal 

(GPI) tissue (26), and on occasion, the quaternary analogue appeared to 

reverse the blocking effects o~ mofphine on the tissue (26). 

The quaternary morphinan, N-methyl levorphanal, was shawn ta he 

active'in the GPI test and its effects were reversed by naioxone (28). 

Rowever. the actlvlty was only 7% that of levorphanal and again the 

quaternary analogue had a much sharter duration of action (28). 

i 
- ,'" ;;, 'lw~-

f'" 
--~-----------.-~ 
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The" effect of quaternization on antagonist activity was also 

. 
Investigated. For instance, N-methyl nalorphlne with an equltorially 

oriented N-allyl group was 30% as active as nalorphine in the mouse vas 

deferens (MVD) assay (29). i' 

Shiotani et al. showed that certain benzomorphans and ring C 

\ 
enlarged benzomorphans (homobenzomorphans) have thel r nl t rogen lone-

"' pair oriented toward the benzene ring, as determined by X-ray crystal-
\ '. 

lographic analysis (Fig. 9) (30). The suggestion that these samples 

invali'date the nltrogen lone-oair di:rectionality theorv i5 however 

un.1ustified. The statement· that the homobenzomorphan is as potent as 

morphine (30) is questionahle, since in an earl1er paper dealing with 

synthetic methods, the compound was reporte'd to he too toxic to allow 

concluqions to be drawn about Hs analgesic activity (31). The bem:o-

1 
morphan analogue h"ls an, activitv simihr to codeine (32). This weak 

activity may be readilv interpreted in tetms of an interaction of the 

phenyl group vith the second lipo~hilie site' of the receptor (15), thus 

correctly orienting the ni t rog~n lone-pai r toward the anionie site 

(33). 

FIGURE ,9: 

benzomorphan homobenzomorphan 

Benzomorphans with the ntrogen lone-pair oriented toward the 

phenyl ring. From reference 30." 

-----------,---.-.-------•. ~' . -, 
...... "'t~ ;,- 1<.1 !' < 
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FIGURE 10: Sulfur analogues of levorphanol and 1.o1evorphanol~ 
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~:.:--' Recently, morphinans in which the nitrogen has been rêplaced by a 

8ulfur atom have been synthesized in our laboratories (34-36). The~-

methyl and S-allyl sulfonium cations which were gen~rated (34,35) have 

substituents that usually confer agonist and antagonist activity, 

respectiv'ely, in the morphinan series.'" Since these sulfur analogues 

are permanently chargpo and cannat carry a proton, they ~an yield pre-

cise information about the role of ion-pairing in the absence of steric 
" 1 

effects whi ch are associated wi th the buried charge of quaternary 

nitrogen cations. Thec;e effects are not seen with sulfonium salts 

(33) • 

AlI of the S-methvl analogues, behaved as élntagonists in the GPI 

assay but as agonists when administered centrally in rats (33). Since 

levorphanol and isolevorphanol are potent agonic;ts in both assays, it 

was conc1uded that ion-pairing alone can hardly be responsible for 

agoni?m in the GPI (33). On the other hand, the agonist activity of 

" 
the sulfur analogues in the CNS implies that ion-pairing as ~uch may be 

sufficient to pr~duce analgesia (33). 

The GPI results strongly suggest that a proton transfer process 

at the receptor level 15 necessary for agonism ta be observed. Such a 

tran~fer would trigger a cascade leading to proton internalization. In 

other words, agonists would aet as activa~Drs of a proton switch (33). 

Accordingly, antagonism in the GPI,can be,~iewed as a jamming o,f 
.""'-. /' 

the proton switch. an effect clearly expected from a sulfonium analogue 
? ~ 

sinee lon-pairing with an external acceptor, Al' would effectively 

exclude proton transfer (Fig. 12) (33). The tightness of a hydrogen 

'." -------, . 
). 

s 
f 



j 

'1 
1 
! 

• 

( 

( 

•• t., .... 

int.rnal 

- 15 -

+1 ' ~ • l- ô - ô+f H-N, ~ ~ A, .......... , 

A2-
•• 1.,,,., H- bond 
compte. 

egoniam 

...r" 1 
N-
\ 

FIGURE Il: AlZonism in the GPI may be the product of proton trllnsfer 

from an external acceptor, Al' to an internaI one, A2 _· .. 
From reference 33. 

bDnded protDn transfer complex may he, criticallv aff.:ld by the nature 

and size of the N-sllbstituent of morphinans. An increase in blnding, 

forces may tighten the proton bridge to such a~ extent that the switch 

may he effectively jammed (Fig. 12) (33). This would account for anta-

gonism as induced by specifie types of N-substituents. 

An interesting question arises as to what role a hydrogen bonded 

species such as -A-H·· .B-. fils opposed to a proton transfer complex such 

as -A-.··H-B+-, may play ln the recept?r chemistry. For transfer to 

talce place the complex mus t eventually equili brate wi th a hydrogen 

boncled spec1es in order for the switch to be activated. The oxygen 

stom of cyclic ethers ,such as tetrahydrofuran (THF) and 2H-tetrahydro-

pyran are strong hydrogen bond acceptors, which explalns thelr mlsclbl-

-Ut y wlth water 8S well as the strong interaction of THF vith phenol 
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FIGURE 12: Antagonism in the CPI may he due to the blocking of proton 

. transfer from an exterOlll acceptor, Al' to an internaI one. 

A2 - From reference 33. 

(~GOH_bond • -3 to -4 kcal mole-I) (37). However, oxonium cations are 
\ 
not formed in the, usual ttydrolytic solvel1ts. It vas of interest 'there-

If ore to generate 17-deaza-17-oxamorvhinans as mechan1.stic probes of the 

receptor's Drlmary response to Il strong H-bond forming I!Ipecles (fig. 

13). 

16 

--H 3-,,", .. ,-17 ~cldJ.-17 -o .. mor .... ' ... n 

.•. 4t 3-tt,d' .. '-17-d •• z.-1t-o ....... orphln.n 

6 

FIGURE 13: Target oxygen analogues of levorphanol and ~sor~vorphanol. 
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In 1948~ Greve descr1bed an elegarlt. 8,inlple 8traUgy~ whlch, has 

" . 
tu. " • 

found .,ldespread industt'1al al'plie.Uops., for the synthesis of the 

.. orphinan 'fing: system - (38)~ A '~et ro.yn~hetic anàlysis of the ring 
,', \ 

.ysçenr unravels three' crpdal disc;onnections as shawn ~n F~gu~e 14. 
" 

Greve' •• yntnesifl involves constru.ction of the carbon 12.13 bond 

from I! ',an approach forming the commercial synt1;lesis' of levorph~nol 

,(3~.40) and' several related benzomorphans (41")~ The proc$ss cou1d e'\1.en ,~ 
) 

he adapted to th~ .~yqthes1s of 14-hydroxv morphlnans (42). The sulfu~_ 

analogu~ referred to above at:Jd possessiRg the lsomorphlnan geometry 

(trans-BIC junction)' ~as been prepared, by an adaptation', of Grewe's 
, ~ 

strategy, (35). Gréwe's Syn~hes1s.generally leads t~ c'tte .s!!. ... B'/C geome-

t ry (mor:phinan) alfhough it" ls ,possi hie to obtaln "the 1somorph~nan 
\ 

stereochemistÎ'y cleDe"'''lng on the choiee of re.g,~~ts and ,u~trates 

(43.44). 

Bond formathn hetwe'en the heteroatom at position 17~nd C-9 

f'o.rms the basH of 'bath G~te '. 8f1d Belleau 's 8pproach to morohinans. 

Gate', strategy using Inte,rmediate U' 'las ele~antl.V appl1ed ta the, 
0' 

fint total synthesis of morphine (45), .nd to sYLlthesis of isomorl'hb 

nans (46) •• ''''-Be'11eau',.s syntbetic 8t'r~tegv utlUzes th~ he~ahydrOphenan­

threne ,interned1ate III (47) which, has been successfully exploit,ed st 

Bristol Laboratories to ~roduce 'IIIOrpnl'nans. 1s~ftIO~phinans, 'and their 

14-hyclroJCy analogues" (47-49)~ 'Thl~ intemedi8t1 is a!so the. industrial 
, . - ~ , 

, \ ' 

pre~rsor of the an~lgeslc but~rphanol (1..1g. 7). Th!s' ,approach offers 

the advaotage ~f ,complete" stereoch~mic8l cont"rol at position 14. and in . " " , 
" 

" 

, . 

, , 
lo. • 
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FIGURE 14: Ret'rosynthetic analysis of 

() thtee key dlsconnections. 
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the 8ulfur series of analogues both stereo~-8o~rs have been generated 
, . 

atereospeG1fically (34.36l. 

More rece~tly, Evans has used bond formation between C-IO and C~ 

Il in order to produce isomorphinans using intermediate IV (50). Mor-

• phinans can he obtained through isomerization of su1tsbly functiona-
• 

lized is'omorph1nans (51). . , 

Synthes1s of the desired oxygen 4palogues was attempted using 

both the Grewe and the Belleau strategies. As it' turned out. 3-

°hydroxy-17·deaza-17-oxaisomorphinan was 9uccessfully synthes1zed in 6% 

overal~ yield startin~ from intermediate III. 
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2. J. Greve-type Synthes1s 

The desl,red alcohol. 1. vas I118de as outl1.ned ln Schelle 1. 

(Y.O+ V NCCH,COOH 

1. 

, 

VOOH 

2 

SCHEME 1: 
" 

Synthe; 1s of 2-( l-cvclC:hexen-l-yl )-ethanol (1) 

.. 

ri _..------~n1;;ile • .!., vas prepared accoiding to the procedure of Cope _.,.---------_.. , 
et al. 

(# 

ac1d in 

Thus. cyclohexanone was condensed with cyanoacetic 

pt\sence of am,;çnium llcetate. and the resultiTlI( a. f3-unsatu-

c!lrboxyl~c acid rearranged to t'he ~, y-unsaturated isomer 
> 

(53). Thermal decarboxylation yielded the endocyclic double bond 1so-
. 

mer through' rearrangement of the intermediate exocyclic a, ~-unsaturated 

,ni~ rile. That the endo,cyc1ic olefinic structure waf!l actu~lly produced 

wa~ established by NMR spectroscopy (6011Hz): the olefinic proton 

. appearecl as a lI\Ult1plet centered at 5.8 ppm. If the exocy'clic isomer 

, 
had been produced. thllt resonance would have appeared further upfield 

as a singlet (54). The mass and IR spectra' also confirmed the ass1gn-

ment: a C:N stretching vi brat10n at 2240 cm- l • characterist1c of ali-

phatic nitriles (55), was obSeT'ved. 
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The nitrile was converted into the corresponding acid. 1,. by 

" baae-iCatalyzed hydrolysis with lO~ aqueous NaqH (35 .SB). .The spectral 

properties of the product were,.-<!onsistent with the expected structure: 
/ 

Ita Ï1t spectrum showe~' broad OH stretching vibrations between 3500 

and 3000 cm-l'as weIl as a carbonyl stretching mode at 1700 cm-l. 

The corresponding alcohol, 1, wâs then generated by LiAIH
lt 

reduc­

tlon of the add. 1.. and was o'btained in a 26% overall yield hased on 

cyclohexanone. l t shwed a broad OH stretchlng vibration st 3420 cm- f 

in the IR, and the carbonyl stretch of the acld was now .absent. 

4 .. 
The key intermediate in our svnthetic strategy, 4-methoxy,phenyl-

aèetaldehyde (2), was synthesized by tvo different methods. The firat 

one 15 outlined in Scheme II. 

The starting materi'll, 4-allvlanisole (estragole) was hydroxyla-

ted vit.h performic actd which, because of its 1nstabl11ty, vas ~enera-

ted ~ ~ froM ff)rmic aeid and H20 2 (57). The intermediate oxirane 

1s not isolatable under these conditions because the formic Reid used 

as solvent opens the epoxide ta procluce the corresponding hydroxy for-

mate, .!' vhlch vas not isolated but immediat.ely hvrfrolyzed to the 

desired 'glycol, 1.2-dihydroxy-3-(4-methoxyphenyl)-propane (1) (57). 

After purification by vacuum distillation, the glycol '5 structure vas 
\ 

confirmèd by NMR, IR, and mass spect,roscopy. Lead tetraacetate was 

. 
then used in order to oxidat1vely cleave the glycol to the desired 

aldehyde, .2. (57). The aldehyde was generated in a 28% yield based on 

the starting alkene. 
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SCHEME II: Preparation of 4-methoxyphenylacetalrlel1ye (2.)'. 

Preparation of this aldehyde was also approached through. the 

glycidic ester intermediate, ! (58). As outlined in Scheme III, Dar-

zens condensation of 4-anisaldehyrle with
o 

ethyl chloroacetate in the 

presence of sodium ethoxide afforded the glycidié ester,.§.. The NMR 

spectrum of the product revealed that before recrystallization it was 

usually contaminated by the start ing aldehyde, 2., and occasionally by 

the desired alnehyile,,2,. itself. This conclusion was bas,ed on the 

observation of a singlet at 10 ppm~ and a triplet at 9.8 ppm. resopancec; 

attributable to the- presence of 7 and 2... respecti.vely. 
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SCHE~E III:" Alternad ve preparation of 4-rnethoxyphenylacetaldehyde 

The formation of aldehyde 2. "'~y involve pilrtial hydrolysis by 

NaOH. a contaminant of the NaOEt. to the sodium glycidate, ,2., which 
"'.. . 

then suffers decarboxylation du ring workup. Indee~, other~ hilve 

already generated the same sodium glvcidate from the corresponding 

rnethyl ester and shown that the aldehvde, 2., i5 readily obtained by 
~ 

decarboxylation (59). Glycirlic ester, ~, was pur:ified hv rectvstalli-

zation from absolute ethanol ta give a l1ght yellow sal1d, mp 44 - 47° 

C, which appeared pure as judged bv NMR specttoscopy. The pure white 

solid had mp 46 - 47° C. , , 

.. Many years aga, Knarr et al. reported that the saponification of 

the ethyl glyèidl:lte leads directly to the aldehyde (60). An alterna­

~- ;;ve synth,,:,sis of the aldehyde InvolveR partial reduction followed by 

'- hydrolysis of 4-rnethoxybenzylacetonitrile (61). 
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In our hands, aIl attempts to clear'ly hy.drolyse ! using ei ther 

aqueolls acid or, aQueQus base, in the presence or absence of organic 

. phases, failed. 

., 

Many of the 60 MHz NMR spectra of the resulting mix­
\ 

tures showed the desired product to be contaminated with another alde-

hyde whose carbonyl proton appeared as a singlet in the 10 ppm region. 

This product may have _arisen from the self-condensation of the initi-

allv generated aldehyde 2.. to yield compound.!2. (Fig. 15). Loss of 

water from aldol interl'lediate lQ. would, lead to the a, ~-unsaturated 

aldehyde, but the 'expected olefinic proton wa!> not seen in the N'1R 

spectrum of the product (s). J.Iowever, such a proton being ~ ta a canju-

gated carbonyl shou1d ahsorb in the 7 ppm, region (62) where aromatic 

protons 1Jsually ahsorb. This may account fqr our failure ta detect the 
, 

olefinic proton. 

o 
1 

FIGURE 15: Possible side product from hydrolysis of ethyl-3-(4-methox-

• • yphenyl )-2 .3-epoxypropionate. 

Attention was then turned to the possibility of condensing alde~ 

hyde 2. with the cyc10hexenyl ethat;t0l. 1, under Prins'"'like reaction 

<$ 
conditions (63) with the hope of generaring key intermediate 13. This 

strategy finds precedent in the work of Williams et al. who were able 

\. 
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to generate suhst1tuted dehydrotetrahydropyrans through the acid-cata-

ly-sed condensation of 4-methyl-4-penten-2-o1 with various aldehydes 

(64). Accordingly"a mixture of ~ and l was submitted to the action of 

triiluoroacetic aeid 'in glacial acetic aeid (Seheme IV). The reaction 

mechanism mav be envic:;ioned as involving attack by the alcohol on the 

carhenium ion resulting from protonation of the aldehyde. Under the 

influence of aeid, the hemiacetal 50 ereated,loses water, and the 
r' 

res1l1ting oximinium cation suffers nucleophilic attack by the double 

hond, yielding an intermediate carbocation which may eliminate a proton 

in three different ways to generate the two tri-substituted olefins, lJL 

and J2., as well as the tetra-suhstituted one, Q. It has alreacfy been 

shawn that Prins-like coupline of the same alrlehyne with 2-( l-cyclo-

hexen-l-yl}-ethape thiol Rffordeci anlilo~o'IS cyclic olefins (35). With 

the aleohol, l, mixtures of bicyclie olefins were produeed which were 

separatecf hy flash chromato~raphy. 11'\ this manner, tsorner 13 could he 

isolated and characterized by spectroscopic methods. 

In the 200 MHz NMR spectrum of the tetrasubs~ituted olefin, the 

allylie proton on carbon-l eould be distinguished from the ring protons 

on carbon-3 by decoupling experiments. The allylic proton appeared as 

a broad douhlet of doublet .. at 4.10 ppm, and Hs coupling constants 

with the benzylic protons at 2.94 and 2.65 ppm amounted to 4 and 8 Hz 
, 

respect ive ly. The methylene protons a to the ring oxyp;en appeared as 

multiplets centered at 4.0 and 3.6 ppm. 

! 
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SCHE~E IV: Coupling of aldehyile anil alcohol ln the Prlns-type 

r'eaction. 

By 200 MHz NMR spectroscopy. the oleflnic protons of the 'major 

tri-substttut8(i !somer l!. and the minor isomer 12 could be distin-

guished: they appeared at 5.54 and 5.44 ppm.respectively. Decoupling 

experiments proved that the major isomer WBS Il: irradiation of the 

01ef1niè proton had no effect on the signaIs due to the protons a to 

the oxy'ge~. Decoupling of these (at 3.28 Bnil 3.99 ppm) unmasked one of 

the H-4 protons of l!. which absorbed in the alkyl region betwee~ 2.45 

, . 
and 2.17 ppm but the other which a1so absorbed in the l'llkyl region was 

.. 
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obscured by other signaIs. The ratio of 11 t0!!l.' vas greater than 

85: 15. 

The same hexahydro-isochromans .l!.. 11... and J1. could also be pre-

pareci using .!.!!. ~ generateq alciehyde from glyc1dic ester ~ i-" 10% 

\ 
aqueous HCl cont~ining ~ome ethanol as a solubilizing cosolvent. Simi-

lar condensations have been accompl1sheo using the ethyl or methyl 

glyciciate but in the prsence of y.é-unsaturated amines (58.65) or sub- v-

stituted amines (66). This methodology avoided the problem of aldehyrle 

self-condensation to 10 which happenerl whE'n the glycidic esters were 

submi tteci to degradation in a separate step. 1110 products of hydrogen 

chloride addition were detE'cted. ' It has alre,qdy been reported hy 

Hanschke (67) that the HCl- or H2 S0 4-catalyzed Prins reaction of allyl 

" 
carbinol with variolls aldehydes leads ta 2.4-disubstituted-tetrahydro-

pyrans where the 2-substituen.t is supplied by the R group of the alde-
» 

hyde and the 4-substituent is either Clar OH depending on whether Hel 

.or H2 S0 4 is used as catalyc;t. The corresponding' 2-substituted-3.4- or 

! .1 

1 
l 

4,5-dihydropyrans could be generated from" the disubstituted intenne-

diates in a separate step (67). In contrast. the reaction of glycidic 

ester li wlth aldehyde 2. gave ooly the unsaturated products .l!.. il. and 

! 13. The overall yield was almost double that obtalned when TFA was 

used as the catalyst. In the TFA/acetic Reid medium. much of the alde-

hyde suffered polymerization rather than reacting in a productive man-
o 

1 

i 
ner. In aqueous Hel. the aldehyde Intermediate could not accumulate as 

! 

1 

it wa~ productively consumen once generated from the glycidic ester. 

1 
i 
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The next problem i nvolvec! a Grewe-11ke ring closure to the , 
des1red 17-deaza-17-oxamorphlnan through a Friedel-Cra,ft type of intra-

molecular alkylation. A valtd precedent for th~s strategy 15 found in . 
the HF-catalyzed ring closure of the sulfur analogue of l..!. (35) which 

leads to the tsosulforphan stereochemistry (Bic rings tr~ns-fused; 14-~ 

H) ra~her than the morphinan stereochemistry (cis-B/C rings) seen in 

the nitrogen series of analogues, a process catalyzed by acids such as 

As mentioned, the Grewe process with an N-methyl tetra-subst.1tu-

ted intermediate leads predominantly to the morphinan ring system in 

the presence of a Bronsted aeid whereas the isomorphinan geometry can 

be produced when a Lewis aeid sllch as AIBr 3 is Ilsed (43). Gates postu-

lated that the pro':on loslt at C-12 of the aren,ium ion intennediate 

displace<; the coordlnated Lew1s aeid at C-14 wlth inversion of configu-

ration (43); wtth a ~ronsted Aci~, however, c!irect protonatlon at C-14 

occurs (Fig. 16). 

The geometry at position-lof the tri-suhstituted alkene interme-

diates 1JL and ~ 15 tmposed durin~ the Prins-type cyclization process. 

The planar carhocation intermediate in the reaction may approach the 

double bond so as to minimize eclipsing effects with the cyclohexene' 

ring. The methoxybenzyl group will adopt an orientation disfavoring 

8uch ecl1psing effects, and thus yield a transoid product such as 11 

rather than the cisold arrangement,as shawn 1n Figure 17. 
, 
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FIGURE 16: Stf'reochemlcal outcome of cycl1zation of the tet:ra-substi- t, 

tl1ted isomer with H+ or Lewis aclds where X • NCH 3 , S, or 0 

, 
(11). Adapted from reference 43. 

The stereochemical ,outcome of a Grewe-llke ring closure of tri-

aubsl:'ituted ,olefins 11 and 12 15 prE'determined by the relative conflgu- _ - -- , 

ration of carbon-Ba (43,68). The hydrogen at carbon-Ba 19 founq at 

position 14 after ring closurè and will he either cls or tr~ns to the ,. 
hydrogen in1tlally at position 1 of ..!l. and 11 .. Accordingly" thèÎ} 

~ycllzation will le ad either to the morphinan or isomorphinan geomè-

tries (Fig. 17). In the sulfur series of analogues (35), the exclusive 

generation of the isomorphinan geornetry suggests that iSQmerizatlon st 

position 8a (or 14 in the product) does not occur during the process of 

cyclization. 
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FIGrRE 17: Stereochemical consequences of t"he Prins-type "cyclization 

anlt subse~uent Fr~edel-«:;raf~s alkylation ;'here X - NeH 3> S. 

OT o. 

Unfortunately. ~ll attempts at ri ng :elos,ing l!~ 11. and II under 

a var~ety of contii t iQn~ f ai led. Some explanation for these neglltive 

results was s'Ought us-:ing lllechanistic c:Onsiderations'. ,In; order for , 

cycllzation to take ,Place the 4-methoxybenzyl group 1IU,st assume a 

pseudo-axial orientation sinee a pseUdO-eQU'atorl'al conforktlon of the 
1 
1 

a10mat ie rinp; would not allOW" the carbocation to attack the ,.eleetro~s 

of the olefine Speetroscopi'c evidence relating to,'thi$ -point wss 

sought., In the 200 MHz NMR ,spectra of ..!.!.. and 11. f the benzyl protons 

appeared as an AB quartet and the pattern. of H-l ",as a broad triplet of 

doublets, (1:1:2:2:1:1) (Fig. ,1~). Sinc& tl')e A ,and '8 protons were cou­

pIed to H-l with cOllpling ~onsta':lts of 9 sor! 3 Hz, r,espectively, the H­

l proton must also be coupled to H-8a with a' coupllng constant of 

approximately 9 Hz. This value of 9 Hz suggests a trans- or cls-copla-
1 
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" 
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A pprtion of the 200 MJ;Iz NMR ~pectrurn,of 1-(4"'me'~hoxyben-
" .' 

zyl)-6,7 ,8-trihyrlroisoehroma?, ,(.!.!j. " . 

. ' 

'nar arrange~ent between H-l and H-8a as Jiredieted by the KarpluS equa-

tion (54)f This conformation is most closely'APproached whe~ the hen--ZVSubst~tuent is 

su~stltuted isomer 

... .' . 
ps.eutio-equitor:.1aftv orie'nted in the transoid tri-

1 • 

1 (Fig. 19). Whether thé ~required p~eu~o-axial 

\ \,' .. ! 

conf<;»rmer II might be enforced ~nder the c~c)ization conditions c;annot 

be p.redicted. For the othe'r borners, 12 and 13, the' benzyl group 'lIlJst - :t,.- . l' • .. 
'-- . o also assume a pseudo-axial orientation .in or~~r for smooth cycl:hation 

to occur. 
, .. 

Th~ failure to cyclize these isornertc· olefins tl? morphinari 'ana-., ' 

, . 

lo~es May be "!ore readlly explained on the bllsis of the 'instab1-li,ty of , 

th~ ~ther funetioR in strong acids. In fact, polymerl'c mater'taI WSR 

lso1ated when Cycl1zation was attempted in HF .. 
" ' /' 
AS,outlined ln Pigure 

20, one reaction p~thway may involve fluoiide 'ion at'taek of the ,proto-

nated ether followed by los~ of -Jater to form. 8 phenyl-l,3-bufadiene 

sp~cies whieh would readily polymerize, c ' 

, < ,-
, ., 
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FIGURE 19: Possible isomers of 1-(4'Uftethoxy~nzyl)-6,7 ,8,8a-tetr~hy­

dro1.sochroman <11> shOV1ng the approx1mate angles, ., 

between H-8a and H-l as well 8S thelr expected coupling 

constants. 
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FIGÙR.E 20: One possi hle pathw.ay f·or the reaetion of' l-{ 4-methoXy'ben-
, • 1 1 

zyl)-5 ,6,,7 .8-tetrahydrolsochroman <li> with HF. 

, 
a risen as 1'n Figure .21-. Sorne NMR spect ro-
~ \ , 

scopie evidence (60 MHz) vas ot)tafnea-~p~rts this product. A 

similar mechanism can obviously be written for the tri-subst.ituted 

lsomers through initial protot:rQ,p1c shifts. , 

1 

1· CX(. 
, 

ce. 1 
~ ~ .Ct( , 

1 ,. 
1 
1 

~ 
R :', R 

1 " 
1 
1 1 • l ~ + 1 -H 

1 

A= -(} '\ ct.:' " ' ; r, 
1-(\-.ethOXYbenzYl)~ 

, , 
FIGURE 21 : Acid catalyzed tearrange_nt of . 

5'~t7.8-tettahydro1sothro .. n (I3). -
Interestingly r . when Hn (IV:> ehlorlde wu' u.ed •• the Friedel-

. ' 

Craft catalyst, ~he _:1or ltroduct that. could be iaolated _. a conjuga-
.' . 

() ted diene vhose ltfoll8ble .trueture i. aho.m ln F1SUre 22. lt 18 to be 
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expected that the allylic ether oxygens of lsomers .!l. and .!l wl11 he 

quite reactive sinee al'lyl' groups are well-known to stabi11ze electron 

deflclent carbons. 

.. 

l . 
O? 

~ 

FIGURE 22: Al-lyl1e stabiilzatJon of a positive charge Cl to an ether 

oxygene 

\ 
Having failed ta generate 17-deaza-17-oxallOrphlnans by \jtiOnlc. 

cyclization of ll, g, 'and t!, ·ve turned ou'r attention to', t;he possibi­

lit Y of ach1eving ring c1osu·re through radical inter1lledlates using the 

a purifiéd tri- and tetra-suhstituted iSo.e,rs as intel"1ledlates. These 
o 

,vere heated uoder reflux ln benzene for 48 h in the presence of dlben-

zoyl perox1de as the radical initiator (69). The reactlon II1xtures 

vere then saponifled .ccordlng to the _thad of 'Ma&h1ao and Sato (70) , 
~ 

in order to cleave the inter.ediate ben~oate. derlvable froa .ll., 11., or 

.!.L and thus l1berate hydroxyl groups at the S. 15, or 14 poalÙon 

1 ~ 

(.,rpbiqn nu.beri~g), respectiveIy. Rowever vith the tri-substit.uted 

1.~n .. Bu!-trate" only the starUng "Urta18 vere recovered 

1 
L ( 

.~.[ 
'~:~~ .-:--; ;'''~::''::,:''~>; . . 
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whereas the tetra-suhstituted isomer led, ss judged, by 200 MHz mm 

spectroscopy, to 5 compounds, none of which corresponded to the desired 
~ 

product. 

2.2. Alternative Strategv J , 
" l In ligh~ of the above negat! ve resul ts, a cOu:'f>letely different 

approach was designed as ou~lined in Scheme V. 

It had already been shown that aldehyde intermediate 16 was 

obtainahle in 8cceptable"yields from the aminoethyl phenanthrene deri-
'. 

vative, l!. (34,36). The free base.!l Buffers ready ttansaminatlon when 

reacted with ninhydrin, a proce~s involving an imine in~ermediate which 
\ 

undergoes a prl)totropic shift u1'on treatment w:lth a suit able base as 

illustrated in Figure 23 (71,72). Ar:; the reaction progresses, a dark 

purple color develops due to the formation of the diketohydr1ndy11dine 

- diketohydrinamine anion known as Ruhemann's purple. TWe vield of li 

was ~found to de pend cr1 t1cally on the puritv of the starU ng material 

li- After chromatography of the ninhydrin reacti~n mixture, aldehyde 

16 was obta1ned' 1n 39% yleld as pure white crystals, mp 72 - 74 0 c. -
lts uss spectrum showed a weak parent ion at 256 accompanied by a base 

peak at 212. wh1ch 18 accounted for by the 108s of H2 C-C-O. In the 200 

MHz NHR apectrum of the product. the protons a to the aldehyde appeared 

",,- at 3.15 and 2.55 PP"" the latter can he assU1IIed l to lie over the aroma-

tic ring. Each of these protons appeared as doublet of double~8 and 

vere coupled d1fferently to the aldehyd1c proton: the downfield one 

J 

, 
1 

1 ...... \ 
1 

l' 
! , 
l' 

f , , 



• ç >i ~ -1-----...... _~--------------T-.. t--_______________ ~_ -_ ..... -- ._--

", 

\ 
- 37 -

{ 

1 " 

, 0 

l " 

OH, i' 

o 
1 

l 
-

1 

\ 
SCHEME V: Synthesis of )-hydroxy-17-deaza-17-oxaiso1llOrphinan <.li> from 

4a-allli'noethyl-l,2 ,3,4,4a. 9-hexahydro-6-methoxyphenanthrene . 
( ) hydrochloride {li>. 

-----'------- , 
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.. 
had J - 3.5 Hz and the upfield one had J - 2.0 Hz. The large gemlnal 

coupllng constant of 15.3 Hz for the methylene protons indicates a 

contribution from the n-system (54) leading to the conclusion that 

these hydrogens are oriented toward the re-bonds. The aldehY9i c proton 

gave rise ta a very closely spaced doublet of dou.b'lets lit 9.26 ppm. In 

the IR, the aldehyde carbonyl abs'orbed at 1715 cm-1 as expected. 

o00H 0 cQ0H ~~H'C"~ 7 l , + H,NCH,CH,R = ~ 1 \: ",;/~ =-
~ \ OH ~ 

Co~ OH 
nlnhydrln H R 

l 
"\ 

~H 'cq" '* 
/' l ' H~CH7R Hp /'1 
~ NH, 

+ = =-
16 

NH ~ : N=CH,CH,R 

~/i 
1 nlnhydrln R 

"" 

o}.{o R= O~ 1 -+ 
-0 0 

Ruhem.nn', purple 

FIGURE 23: Transformation of a primary amine to an aldehyde using 

ninhydrin. Adapted from references 71 and 72. 

The aldehyde function was th en reduced in the conventional manner 

1 
with NaBH It in ethanol (34,36) ta afford the alcohol, .!L. (93% yield) 

which after recrystall1zation gave a fluffy white saUd, mp ·69 - 70° c. 

'tt is weIl known that NaBH It reaets quiekly with carbonyl groups but 

~ 

l , 
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that it neither reduces isolated olefins nor benzene rings (73-75). 

The mechanism of reduction i5 believed ta be a stepwise one in lo1hieh 

the sol vent is involved (76). , The IR spectrurn of the product wa,> 

devoid of earbonyl ab50rbt'ion but included an OH band cettered at 3300 

The mass'" speet rum of the aleohol displayed the parent ion at 

258, and 1055 of the ethanol side chain accounts for the base peak at 

213. Th,e 200 MHz miR spectruT'l of the produet was in agreement with the 

st ruetuTe but was compli eat ed by an Qverlap of the resonanees due ta 

the benzy l l'rotons and th~e ex: to the hydroxyl group. 

The stage was n6w set to attemrt the estahlishment of a bond 

between the oxygen ato~ and the double bond of ring B,so as to generate 
/ 

the si x-m~mbered ether ring. Cyelic ether formation from olefinic 

41eohols is a we] l-kn" ..... n procE's,> and generallv invo'Ives eleetrophilie 

attaek on the olefin followed by nucleophilic attack leading ta ether 

bridge fopnat10ns. Tt ca., he safely prerUcted that an initial electro-

philic attack on the olefin will"'gene.rate a carbon cation at the more 

substituted carbon 50 that ether formation will preferentlally involve 

this carbon atom. A number of l1terature examples of cyelic ether for-

mation are Available and involve base catalysed addition (77), phenyl-

, s elenoe t herif i ca~ ion (78). or ace toxymercurat ion f ollowed __ ,by reduct Ion 

(79). HOlo1ever, it ls c1ear in our case, that the olefinlc aleohol • .!2.., 

will preferentially lead to five-membered ox,a-analogues of hasubanan 

rather than 17-deaza-17-oxamorphinan. Accordingly. a method imposing 

s ix-membered ri ng formation had to he developed and to this end the 

generation of diol 18 (34,36) a·s an Intermediate was undertaken by 

7' .i:: 

l . p 
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cal'italizing on the stereochemi cal course of olefin hydroboration as 

promulgated by H.C. Brown et al. 

The expected stereochemical outcome of this reaction at position 

10a demands that the finàl product adopt exclusively the Isomorphinan 

geometry at posi tlon 14, as shawn ln Scheme V. 11)deeri, ft ls weIl 

known that di horane adds in a ~ fash! on to the less hindered face of 

olefins and that the subseqùent boron oxidation step proceeds with 

retention of configllration (80). In addition, with unsymmetrical ole-

"fins the reaction is regioselective: the more electro-positive baron 

atom aods to the le::~ubstituted carbon (80). In the case of our 4a- , 

substituted-l,2,3,4,4a,9-hexahydrophenanthrene system, the a-face 18 

cl~a rly less hindered, 50 that the baron will attach itself in the Il"" 

orient!ltion at C-IO and th~ hydrogen will also be in the a-orientation 

at C-IOa. <\uhsequent oxidation of the intermediate should then yield 

the desired diol, li, with stereochemistry Ideal for six-membered ring 

formation. A valirl precedent for these eipectations 16 found in the 

/ 
react10n of the amine analogues of li wlth R2HQ in THF which was shown 

, 
ta proceed in the anticipated manner (81). 

Alcohol intermediate 17 was therefore treated with a lO-fold 

excess of. the horane - methylsulfide complex in methylene chloride. a , 
modified reagent wh1ch shows the same regio- and stereo-selectlvity as 

other borane reagents (82). After the additIon, the lntermediate was 

oxidized vith H20 2 to give diol J! in a 63% oversl1 y1eld after purifl-

cation by chromatography. The hydroxyl protons were 1dentified by the 

upfield shift of their 200 MHz NMR resonances when the tem,perature was 

• t l 

" 

) 



i 

J 

( 

- 41 -

1ncreased (~): at 21.4 0 C, the secondary hydroxyl appeared as a doub-

let centered at 4.60 ppm, and the primary one, as 'a triplet at 4.17 

ppm. The mass spectrum of the diol showed a very weak molecular ion, 

and its IR spectrum was insufflc1ently resolved to be ~f rnuch value 

although the hydroxyl stretching mode was seen at 3320 cm-l. 

We were now ready to attempt ring closure of the product. Many 

methods are available for the synthesis of tetrahydropyran rings From 

I,S-diols. Cy<?lodehydration using ac1d c,atalysts such as Hel (83) or 

aciciic ion exchange resin<; (84) will induce cyclic ether formation 

(85) • Al ternat i vely, transformation of one of the hydroxyls into a 

hetter leaving grolln, such as a sulfonate ester, is frequently employecl 

in order ta facilitate ring closure by way of alkoxide attack on the 

carbon bearing the leaving group (86,R7); Thi<; ~ay be accomplished in 

a one-pot process by treating the diol with tosyl chloride in pyridine, 

a procedure previ ously used for the preparation of variolls steroid oxa-

analogues (88). Ring C axa-analogues of the morphinarls were generated 

by treatment of diol:-monomesylates wi th potassium .!.-butoxide (89) or 

~sodium hydride (90) in DMF., It has also heen\Jshown that the reaction 

of certain 1,5-diols wi th cyanur:l.c chloride leads ta tetrahydropyrans 

(91) • Other reagents which will effect ring closure of appropriate 

N,N,N'-trialkylcarbodiimidium ion (95), and diethyl azodicarboxylate in , 

the presence of triphenylphosphine (96). 

(a). Gttained by F. Sauriol 
--.c... 

.. , " . ' , 1 ____________________________________ .... _ &' 
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Tet rahydropvrans havie also been obta1ned through cyclization of 

1,S-diol bis-tosylateR instead of mono-tosylates. Treatment of a ~-

tosvlate 1n hot HMPA promotes attack by water on the di-tosylate to 

give a mono-tosylate which then suffers cyclizati?n as shown ln Figuré 

24 (87). 

In the case of our I,S-dioI, .!i, the secondary a-hydrQxyI func-

tion on ring B 1s incorre~tly oriented for attack on the carbon bear1ng 

• the primary alcohol group so that monotosylat ion of the priJllliry OH 

would not be product ive. Unfortuna::eIy, selective mon,otosylation of 

Seq HzO' )' 

HMPA /80'C O .. Te 

OH-

-, 

HMPA) 
80'ë 

FIGURE 24: Tetrahydropyran formation by Intramolecular, cycl1zatlon of 

rlitosvlate. Adapted from referpnce 27. " 

the secondary OH 1s not feas1ble d1rectly but the ~-tosvlate could he 

read11y obtalned by t~eatment of the diol with E-toluenesuIfonyI chIo­

r1de 1n pyridine for two days at 4 0 C (97). The product was shown by 

NMR. spectroscopy. to have both its OH groups in the form of tosylates. 

The aromat1e region of the spectrum integrated for Il protons: 3 from 

the aroutie ring of the phenanthrene system and 8 from the two tolyl 

residues. The two para-methyl groups appeared at 2.48 and 2.4S ppm as 

expected. 

The ditosylate 11 was heated w1th 5 equlvalents of H20 in HMPA at 

" 800 C for 6 ht wh1ch led to a mixture of 8 products as judged by TLC • 

• ~.c ________ ~ __________ ~· 
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The major product ls01a~ed constituted over 50% by we1ght of the mix-

ture. It was identif ied by 200 MHz NMR spec~roscopy as the tosyloxy­

oIeUn 24a (Fig. 25). Its spectrurn showed ooly one tosyl groul> at 2.42 

ppm and one olefinic proton at 5.60 ppm. This structural aS'signment 

",as confirmed by di rect comparison with an authentic sample obt~i nec! by 

tosylation of alcohol lZ. (a,36). 

OTa 

0-
...... --<f,.---~ -OTa" 

perl interec:t ion, 
~ H H T,. r--'uT, 

o 
1 

FIGURE 25: Dehydrosulfonation of the ditosylate 12. 

This outcome can be explalned on the basls that secondary tosy-

" lates are known to geoerate olefins upon solvolysis, a pathway promoted 

by heating in HMPA ;or Me2SO (98). It Is interesting to note that the 

solvolysis did not ..,yield the conjugated styrene .lli but the more suh-

a. Prepared by R. Camicioli 
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at1tuted. 5 a!belt unconjUgated. oleUn.lli. where R!!!.-interactions a,re 

unlm1zed relative to the styrene isomer. 

Since the primary tosylate d1d not generate the OH group. which 

would otherwise have displacerl the secondary tosyl groups under the 

_reaction conditions, a different ~trategy had to be developed. The 

b, relatively bulky !!!:l-buty] dimethylsllyl grouJl should be attachable 

selectively to the unhindered primary OH group and should be subse-

quently removable under çonditions affect1ng O-s11yl bonds. This strâ-

tegy would allow for selective mesylation of the secondary hydroxyle 
'--) 

Accordingly, the diol, '.l!, ~as reacteri with .!!U:!.-b,uty1dimetpylch10rosi-

Iane under the ·conditions of Corey and Venkateswarlu (99). Surpr'1-

singly, a significant amount of di-silylated ~eFivative~ ~, was 

obtained evep though only'l.2 equivalents of the reagent was used. The 

mono- and di-silylated products were ohtained, after separation by 

flash chromatography, in yields of 72 and 14% respectively. The mono-

silylated dIal, 19a, was then mesylated (97) to afford the doubly derï- ~ 

vat!zed intermediate 20. The structure was readUy CDnfirmed by<)NMR 
" , 

spectroscopy (60 MHz): both the s11yl' ~ther.and the sulfonate est:er 

funct~Ons displayed the expecten resonances at 3.1 pprn for the mesyloky 

methy1 and at 0.9 and 0.0 ppm for the tert-butyl group and methyl 
---r 

groups, respectively, attached to the silicon atome 

The O-~-butyldimethylslly1. protecting group 1s c01lllllOnly 

removed with fluoride ion in DMF at ~5° C (99). A 'modification of this 
\ 

procedure which avo1ds the use of \ the 5 troublesome anhydrous tetra-!!.-

butylammonium fluoride irivolves the applic~tlon of phase transfer cata-

, ! 

! 
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lys1s in, cne presence of tetra-E.-butylammoniùm chloride, and potassium 
, ' 

fluoride dlhydra~e in a.c;etoÎ1itrile at 25 0 Ce (00). The exc.hange 

~ which is soluble in acetonitrile. ,Unde'r these conditfons der! va-
l ' 

'tive 12.' wa~ heated overnight 'ln refluxlt;1g aeetonHrile whereupon the' . , 
, , 

desiredcyclic ether, l!" was obtained in a 2~% oyerall yield based Qn , 

the di~l,.!!. No products of.:;.~1minatlon reactions were observed ev~n 

though mesylates are known tO solvo1yse 1n polar solve\1ts, (98). Ob;vi-

ous.ly, aeprotectlon of the s11y1 group by the fluor1de ion ereated the , , , 

carresponding alkoxfde ion whieh then attacked the secon'dary, mesylate 

gro~ Thu9.- 'it was unnecessary to generate the free pr1mary aleohol 
, 0 

funct~an ln a separate step prior ta cyclization. When the r~co~ended 

reaetlan Ume anri temperature (4 h. 25 0 cl, (IOO) were used for o-desi-
... 1 .~ • iJ 0 

lylation. no de'protection was observed as judged.. by' TLC and by NMR 
, • 1 ~:-. ... .. 

spectroscop,. The d:f-silylated by-praduct, '19b. was aIso left 

unehanged ~nder,the same recommended reaction conditions. 

Although the above strategy far the synthes1s of 21' proved ade-. - . 

quate. 1t was eventual1y found that the 'same product could he obtalned 
, " 

, , , 
.i1llply'by heating the' dial, .!!~' ln Me2~O 'a t, 1:'50° C :fot :~O '~. This 

, 

aethod, h~s beèn .~sed prevlously to generate 5-, 6.... and 7-membered 

• cycl1c ethera from :t~e appropriate' diols (92)'. lt 18 relevant to note 

that ur~1ary and 'secondary alc~hols can he dehydrated by heating in' 

Me2SO (37); however, ln our c:asè. \'èycl1zat1.on 'occ:urred wlthout eVidenc:e 

.. 
of dehydration of thoe 8ec:ondary alc:ohol func:tion. 
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Two _rnechanisms' have been postulated' ,for this cYc1c" ether-forming . , . 
réaction. The first postulates the f.ormat1?n . of a si~~embred transi­

tion state (TS 1, Fig. 26) (93);, the other wo~rd inv:olve Me2S0 associa-,.' . . " 

tion with one of the hydroxyls to form a fotlr-memDer~d 'transition state , ' , " 

" 
(TS II, Fig,. 26) (101), When d1a,ster~omeric dis~conda:r~ l ~4-dïo1s are . . , 

, 
,cycv1:ized under these conditions. ,the stereochemtstry' .of the product 

2,5-dialkyl-tet~ahydrofurans can oOly be explained' hy an .SN 2-type 

mèchanism. Mihailovic et al. ar~ue -that the hydroxY1 ~roups of 1,4-: 

diols are t'<)o far~ apart to in,teract simul'taneously with .. Me'2S0, thus 

disfavoring the form<ltiori of a 6-membex:ed TS (101). 
1 

~. " 

./ 
9 

" 

ex: 'f; ~: 
+ s 
,,).. 

'TS .a 
HO" /OH 

+ 5 
M(~ 'r.. 

, " , 

~ 
Œ~~ 

,1 1 
H ,.()-

'/.' . , . 
. . 

'" 
. (M.~O + H:P) 

" . 
" .. ~ ... : . ,,,. ~ .. 

FIGURE 2~: -Proposed trarm1.t1on states, 18, for"reactlon of ~~~~o. 'W1t~" 
1.5-d1o~s. 

, . 
. . 

a. Adapted from reference 93. 
, . 

b. Adapted from reference 101. 
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Apart from establi$hing the identity of the cycUc ether, lb 

spect roscop,ic analysis (200 MHz NMR, IR, and MS) also es tablished that 

no isomerization of the proton at position 14 c!;luld have occurred: the 

spectra of li synthesized by the O-sllyl-O'-mesylate route and those of 

the Me 2Sa route were 1dentical. 

1 t remai ned to deprotect the phenol1c hydroxy group of the pro-

duct. This funetion has been generally masked as a methy 1 ether 1n thé 

field of morph1nan synthesis because of 1ts stability ta a wide range 

of experimental conditions and ready removal under selective. non-

destructive conditions (102). In sorne Grewe-type syntheses of morpt.!-

nans, o-demethylation anel cyelizat10n are accomplished 1n a single step 

(40,58,66). 

The rea~ent of choice to c1eave ethers 1s BBr l which ~1ves ~ood 
/ 

results 1n( bath the nUrogen and sulfur series analogues v (34-36). 
\ 

Aecord1ngly, the 3-m-:thoxyoxaisolIIorphina~, 21, vas treated w1th SBrl 1n 
:,.J. ) 

CH 2Cl2 at -78 0 G, thE!n sti rred st roOt;" temperaturè for 1 h. -( After 

workup, a complex mixture of products was obtained, the major one sur- b 
1 

, 
prisingly being 3-hyd>roxy-17-deaza-17-oxahasubanan <11). The structure 

was 8ssigned on the bas1~ of NMR, IR, and 111888 spectral character1s­

tics. There are interesting d.ifferences in the arolll8t~c region in the 

NMR sPèct~m of this ring system relative 

riall,L <F~. 27). In~, the H-4 proton 

to that of the starting I118te-

vas shifted downfield, »08s1-

bly'due to greater crowding by the protons et: pOsitions 5 and 15 of the 

hasubanan analogue. A plaUSible mechanism for this unexpected re8r-

rangement 'Of 21 to 25 19 shown in Figure 28. - - 1 v 
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We then exposed l.!. to BBr3 under a variety of different' experi­

.entaI conditions by changing the reagent concentration, -the teaction 

tl111e 'and tempera~ure, but to no avail. Attention was then tuthed to 

iodotrimethvlsilane, a reagent ltnCNn to he effective .in causing o-alkyl 
, • 0 

"-v 
\ 

fissions. 
, 

hCNever, to cleave al1phat1c ether.s It 15 ds 0 . known. 

Including cyclic one!!, but ft ls not "cleu whethe'r aromatlc ethers are 

more susceptible to Hs action tflan aliphatlc ones. Whereas Jung and 
" 

Lvster found that dialkyl ethers are cl~aved faster than aryl methyl 

ethers ,(l03), Olah et al. found the reverse to be -true (04). The 

Mechanlsm of aromatic nlethyl ether cleavage lnvol ves attack by the 

.. : 

r', , 

" 21 25 
2 

c\{ppm) .2! ...2.5. 
"-1 7·06 6.93 

·'1 H-2 c 6.75 670 
H-4 6.83 7.14 l 

FIGURE 27: Arom.atic region of the 200 MHz NMR ~p,eètrum of the ouiso-

IIOrphinan.!!. and of the oxaha81,1banan oU. 
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.Uicon on the oxygen atQnt to glve an Internediate complex of structure 
, 

This reacts vith lodide to givé methyl iodlde and 

. the o-s11y1 Intermediate w\1lch Is eventually decomposed by methanolysls 

(02). ,The reactipn Pfoceeds vell when qUinOllne, 15 used 8S the sol­

vent (l05) ~ the actual reactant belng al: 1 complex between iodotrime-, 
, 

thylsilane and qulnoline. In order ta account for the enhanced 811y-

lating abl1ity of ,!lli.-butylch10rodimethylsilane in the presence of 

imidazole. Corey et al. have proposed the formation of an analogous \" 

,complex (99). 

• 

Th,e methoxyphenol li was heated at 130 0 C vith Me 3Sil in qui no-
, 

Une for 2.s-.. h under N2 to y1eld a mixture of products as jurlged by 

TLC. After chrofllatography comp'lund 12. WIiS is01ated and characterized 

FIGURE 28: 

'\>-' 

) 

l 

, '. 
Possible mechanism for the rearrangement of the oxaisomor­.... ~ 
phinan li to the ouhasubanan ~. 

'. 
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by 200 MHz NHR, IR, and mass IJ)ectro8copy. The _chanis1II of tbls reac­

tion vould appear to !nvolve a quinoUne-prolIIOted l'rotor! elipdnatlon 

fr01ll a' sllyloxoniUfll ion intermediate as shown in Figure 29. The NMR 

sp~ctrum of that product ~howed resonances characteristlc of a styrene 
, 
\ 

double bond: two doublet of doublèts at 6.45 and 5.56 l'Dm arising from 

8-9 and H-10, respectively (37). The coopling constant for the:s!!.-
" c . ~ 

oleflnioC protons arnounted to 9.5 Hz. The vic1naJ constant for 8-10 and 

8-10a was 2.4 Hz, and a transoid a11ylic couplin~ of 3.4 Hz for H-9 and 

8-lOa was observed. ) 

Although in the classic morphinan series, O-demet"hylation by BBr 3 

18 straightforward, our difficulties with BBr3 as an o-demethylating 

reagent for cyclic ether 21 are not ,entirely unprecedented. 

+ 
- SiMe 3 1.-" 

) 

In fact, 

FIGURE 29: FQf1IIation of 4a-(2-ethanol)-~t-ho-xy::î.2,3,4 ,4a, lOa-hexa-
. ----

~----
hydrophenant~---q[) • 

------

sorne ring C oxamorphinan analogues such as 1 and IV (Fig. 30) appeared 

to suffer sorne ring cleavage upon attempted '()-demethylation with BBr 3 
1 

(89,90). Intriguing substituent effects on the relative stabil1tv of 

the ether rings bave been noted. 

.. -; .... 

. \. 

-0::.-
1 

-
, .. 

< 

# - . , 

l, 

; , 
l 
1 

l 



1 

1 ~ 
: 
! 1> 
1 

• 

( 

~-~ ... .. 
7'* • M't''''' En . - .,---_."---------

- 51 -

The desired o-methyl fission can fortunately be aecoapl1shed by 

different lllethods Qot relylng on the Lewis acid properties of the rea-

1 

gent. Nucleophllic attack of the methyl group by suitable reagents can 

• effect o-demethylation sinee the phenoxide anion is a good leavlng 

group ln such dlspllacement reacUons. For instance. both the morphi-

"nans and isomorphlnans of gen~ral fomula l and IV (Fig. 30) are 0-

demethylated by the nucleophllic ethylthiolate anion in DMF. or by the 

diphenylph()!IJphide anion in THF (89.90). We were therefore encoura.ged 

to apply such an apparoach to our problem of selective o-demethylatlon 

of l!... keeping in mind that reag'Dtts with strong Lewis acld,propertles 
"1 

sttack the rin~ 'oxygen very readilv. Most nucleophllic reagents are 
d' 

reputed to he selective for aryl aIk,yl ethers (106). A fev, such as 

sodium "or lithium in liqlli" ammonia with a suitahle co-solvent, sodium 

in plperidine, or sodium N-methylanal1de in HMPA. also cleave diaryl 

ethers (06). 

lt has been reported that lithium iodide in 2.4.6-coll1dine will 

O-demethylate a phenol of the steroid series upon heating under ret lux 

for 48 h (l07). In our hands, when II was subjected to the same condt-

tians for 72 h, only starting material was recovered. Similarly. when 

...,.-' 
II was trea,ted with NaCN in hot Me 2 SO for 72 h, only starting material ~ 

was again recovered even though McCarthy et al. could deprotect aIl but 

the 1II0St electron-rich by this method (108). 

More encouraging were the reports that the' thioethoxide ion wUl 

effectively O-demethylate morphinan analogues inco,rporating heterocy-

clic oxv~en rin$!:~ (89.90). a finding based on the general method of 

" 1 
i 
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morphine,. 
Iii 

lsomorphlnans b 

-R 

" 
b 

) 

Il l1! il 
A CH); CH,-<J ; CH) CH) ;CH,-<J Cft) ; CH,-<J; 

CH,<> CH,-<> 

R' H CH] H, CH) 

..... h('.ung 
re •• en 

LiP(Ph)2 LiP(Ph~ 
or 88'3 88'3 0' 

EtaNa EtS". 

FIGURE 30: Demethylatlon of 3-methoxymorphinans containing an oxygen 

heterocycle. 

B. Adapted from reference 90. 

b. Adapted from reference 89. 

Feutrill 'and Hlrrington (109). Accordingly, ethane thiol was added to 

sodium hydride ln DMF at 0 0 under nitrogen, and to the resulting solu-

tion of sodium thioethox1de. the oxaisollOrphinan, ll, vas added, and 

the rellction vas heated to reflux for 5 h. The desired phenol, li. was 

laolated, from the resultlng mixture in 37% yield after chroftatography. 

Recrystallizatlon from absolute ether afforded vhite crystals, mp 158.5 

160· C. The starting material vas recovered in 31% yield. 

The identity of li vas establ1shed by 18- and ~3C-NMR (see Appen-

d1'JC), IR, and ,111855 9pectroscopy. In the usa SpectNlII of the product 

the -.olecular ion of 1118S8 244 vas .lso the batae peak. 

. " 
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The overall yield of 22 from diol .!! was 28% by the direct Me
2

SO 

cyclization route and 10% hy the O-silyl-O'-mesylate route. The total 

y1eld~ trom the ammonium salt, 14, were 6 and 2%, respec~ively • 

.,., 

( ) . ". 

~. Il 



, 

1 

1 
i 

1 

1 
1 

( 

. () 

a - ------~ .. -----

S4 -

. , 
1 

CH.\PTE'R 3 

\ 

• 



1 
1 

-----------------------------------

- 55 -

3.1. Approaches to the Synthesis of Oxamorphlnans 

It was envisloned that the morphinan isomer of ,g, where the Bic 

ring junction ls ci's, might be obtainahle from the olefin intermediate 

l2. already described. The rationale is bac;ed on the finding of Conway 

et al. that potassiuin ~-butoxide smoothly catalyzes double bono 
, 

migration from the 10,10a-position of N-alkyl-4a-aminomethyl-hexahydro-

phenanthrene systems to the conjugated isomers as shawn in Scheme VI 
1 

(48). This pl'bton transfer process is stereospecific and le.gds exclu-

sivelv to ,the morphinan geometry through i3-face protonation at C-IOa by 

a thermodvnamicallv controlled mechanism. This ready access to the 

styrene analogue "'las taken advantage of by capitaliZlng on the abl1ity 

of the styrene double bond to act as ;m electrophile in a ring closure 

reaction leading to D-normorphinans as shawn. Under similar conditions 
,., 

olefinic alcohol 17 e01l1d be ind1jceri to i'iomerize stereospecifieally"to 

!l: (34,36). It was anticipated that lJ... might also be induced to 

undergo ring closure ta 17-oxamorphinan upon further tre~tment "'llth a 

strong base sinee the addition of alkoxide to a styrene system is known 

(77 ). 

Accordingly. the isomerization of 12- to 1:2. WlIS attempted using 

potassium .lli,E.-butoxide in He2SO under ~2. After 4 days (34,36), ana-

lysis of the mixture by' TLC revealed the presence of two products, 

nelther corresponding ta the starting al~ohol. The NMRo spectrum of the 

erude product sho"'led unaccoun'tahle resonances. and the hydroxyl absorb-
, 

tion in the IR was absent. Chromatographie separation was not attemp-

terl beeause alcohol 27 i8 kno"'ln ta be unstahle in ai r or ln the 

l-

--~------------
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g\ 

9 

-f-OK 
) 

0 
M~SO 

1 
,8 

R=-CH7NHR 

~. l M~2S: R= -CH7CH20H (lI ) 

L 

17-d •• za- 17- oxamorphlnan 0- normorphinàna 

SCHEME VI: The I1se of base to produce morphlnans.a.<\dapted from refe­, 
rencE' 48. 

adsorbed state. rlowever. authentic alcohol lL was aval1able from pre-

ViOUR work (a). and attempts to cycl1ze 1 t to the oxamorphinan were 

undertaken. 

The alcohol 27 WAS heated to 100 0 C with 1.6 equivalents of 

potassium tert-butoxide in dry DHF under N2 • according to the condi-

tions of Glles et al. (77). After 12 h. no evldence that the suhstrate 

had been consumed was obtalnell (TLe; NMR and IR spectroscopy). Atten-

" tion was then turned to the possi hility of using the epoxlde corres-

pondi ng t 0 J:2... Epoxidation of the substrate followed by reductlon 

might provide a diol 'intermediate such as shawn in Scheme VII which 

a. Prepared by R. ()amic1ol1 

~' 

, ,. 

j , -, 



( 

() 

- 57 -

should be readily cycrlizable 1n a manner s1mUar to that already uaed 

. successfully" 1n the oxaisomorphinan series (Scheme V) • 

..., 
SCHEME VII:, ,SynthesiS of oxamorph1nan from the isollerized alcohol li-

, 
~-chloroperhenzo1c acid was cho.en as the epoxldation nagent 

'for 27 • It 18 known. that epoxidizing reagents usually proceed by 

• ·ttack of the least 'h1ndered face of thé olefin CI 10), vhl~h ln the 

case of E.... coi ncldes vith the a-face of the 1I01ecule. Approach f rOll! 

the p-face 1is hlndered by the~ angular substituent,..-but this effect uy 

he offset by the posiib1Uty of H-bonding betveen the free OH group and 

1 

~~!I"":!':!'r_tl ~I • : ~.~: ~-:.~ii~t'PfÉeM'tiS'i1'iètdl'~JiY~.~ ,,,a~:~~~1~~~.~:;;;:,7if.';'~~1i~'Z~~;-_~;FJi~!JJ 
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" . 
the reagent (110). In auch a case, tbe fi-epoxide vould be fOT1lled pre-

dOll11l8ntly. As ft t.urned out, reacUon of li vith HCPBA <Ul) led to a 

coep.lex lIIixture of ptoducts as judged by TLe. and little if any of the 

deeired inter_diate appeared to he for8ed. 

Not only vere these hypothetical routes t'mitless, the difflcul-

ties associated vith the preparation of consistently pure!!.. lndueed U8 

to explore other strategies. 

VUI. 

. . 
[oJ 

1.L "-M 
JIU '. II= .... ~--+­

Il ,,~a'Pltla-t-

p-

One .ueh atrategv 18 ()Utl1ned in Sehe1lle 

• 

< lllei 

r 
, SCHIME VIII: S,Dthetic route taw.rd ~hydroxy-17-d.aza-17-oxamor-

phinan. 
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The rearrangement of epoxides into carbonyl cOllpounds 18 weIl 

ItnOlfn an occurs upon heating, or through the ,influence of pr~tons. 

Lewis ac ~s. -or bases (112.1'13). With an unsy.mmetrical, epoxide there 

are two main fàetors wh1ch determine the nature of the product 

'(112.11): the ~C~O bond breaks préferenft,ally .tt the more substituted 

" carbon stom. and the substituent wh1ch preferentially migrates is, in 

orde.r f probal>llit1es, ary1 > aeyl )- H ;. ethyl ;. lllethyl. The inci'pi-

ent t rt,Ury carbocation of the a-epottdes, 12.!. and ~, i8 a factor 

whi(Zh should' favor openfng of the epoxide at position 10a, thus induc-
1 

inr stereospec1fic migration of the antiperiplanar ,~-H at position 10 

to\ posi tion lOa _ as shOlin in Figure 31. This process leads to the 

desi~ed cfs-B/C ring fusion. 

r' 

) 

\ 

\ 

o 
'1 

cl. IIC ring 

'. R= SJ( ... ~+ 
b R= SI (Ph )2+ 

FIGURE 31: Boron tr1fluor1,de catalyzed epox1de rearrangement. 

'The ne.wly generated carbonvl 1 group migh,t then he redueed 8t~ 

.pecif1cally. to yield èither the Cl- 6r ~-alcohol. either tif which could 

ult1';"tely he cycUzabl~ to the oxaJ'llorphinan. , 

The hydroxyl funcHon of .lL wall first protected a8 the !m,-: 

butyldimethylsilyl ethet {99). Subsequent oxidatlon of the olefin with ' 

MC~BA (1 H) afforded a IIlixtu-rè of Cl'" and f3-epoxides vhich v~re separa-

J 
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ted, by flash chromatograpny. The desirEPCI a-isomer was isolated in 92% 

yield; the balance cO,nsisted of the ~-lsom~rô The mass spect ru'm of 

both epoxides showed a weak molecular ,ion and a relatlvely strong M-57 

peak corresponding to the loss of the ,t-butyl group • 
. 

In the 200 MHz spectrum of the a-epoxide an AB qu'artet at 3.20 

and 3.11 ppm was Q.bserved for the benzylic protons. The geminal coup-

lin~ constant was 17 Hz. The C-H proton of the epoxide appeared within 

the pattern and was centered at 3.21 l'pm. The' met~ylene .group -alpha to 

the siIyl "ether appeared as a triplet centered at 3.35 l'pm and the 
Q 

vicinal coupling constant: of these protons amounted to, 7.S Hz. 

For the ~-epoxide. the benzylic protons gave rise t? an AB system 
, 

lIt 2.88 and 2.78 l'pm. ~oth protons were coupled to the proton of the 

'. 
ep9xide and characterized by J values of 6 and 10 Hz re~pectively •. The 

gemlnal coupling constant was 16.5 Hz and the center peaks were calnci-

dent, so that seven Instead.1 eigh:, lines were seen (Fig. 32). The 

epoxlde proton was idenfffleÎl by decoupling of the benzylic ones to 

reveal char,acteristic resonances between 4.1 and 3.8 ppm. The S10CH 2 

protons alao absorbe'd in this region, .suggesting that interaction with 

the elect ronegati ve oxygen of the ep~oxide might account for tQes~ pro-

tons appearing downfield relative to those o~the a-epoxide. 
, 1 

The next step involved BF 3-catalyzed rearrangement of the epoxide 

. 
298 • ." The question of the atabili ty of the _tert-butyldimethylsllyl 
_1 

proti~tlng grouJl to the catalyst should depend oh the reactlon condi-

tions (102). When the protected alcohol 288 "'as reacted with BF3eott2' 

in dry benzene at room temperature under ni'trogen, Ch-deprotection 

'\ 
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" 
OM. 

OM. 

" H-10 SIOCH2 
+ 

H-lO 
bennUe ben"Uc 

~. 

1 

1 
3 ppm ppm 

\ +'10 
10 

1 

FIGURE 32: 200 KHz NHR spectra of ",crepoxide lli. and p-eJ)oxide lQ.!.. 
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occurred ,and reached complet ion after 10 .inutes. A'fter one Id.nute. 

the ree,omlllended time of e~PQsure for epoxide rearrangelllent (115.116), • 

signifieant amount of starting material' remained unchanged. Under 

these conditions, the a-epoxi de l2!. led, after one minute, to a ndxture 

of produets as judged' by TLC and which showed OH absorbtion iÏ'l the IR. 

Therefore. we elected to protect, alcohol .!l. as the IIIOre stable 

tert-hutyldiphenylsilyl ether derivative (117). This function ls known -
to he stable t oward BF 3 ·OEt 2 (102) vhlle ... belng easily remova b 1 e hy 

~\. ~- Il 

exposure to fluor1de ion. 
, ~ ~ 

Derivative ~ was characterhet! "'ln the 

usual manner by NMR, IR, and mass spectroscopy. As anticlpàted, in the 

.. ass spectrul'll the parent ion vas absent beeause of the ready loss of 

the l-butyl group. Ttte dertvatlvE' vas then epoxldlzed wlth H~ (Ill) 

to gin excluslvely the œ-epoxlde, 1!!.; a reault reflecting the greater 

bulle of the !!.!!.-butylcflphenylsllyl group relative to that of the '!!!.t-

butyldlT11ethylsilyl, groUD. The epoxlde vas ch.r~ter1zed .s betore by 
<:.. 

NHR, IR, and mass spectrosoopy. Rere again, the parent 10n _ Dot 

observed ln the I118,SS spectrulll bec.use of the ,re.dy 1088 of the .!.-butyl 

group. 

The re1ev;ant NHR ch.racter18t1cs of this reponde .re aholl1t 1n 

Figure 32 where 1t can be teen that the benz~l1c protons a»"ared as an 
, . 

AB quartet, one of the .... probably the crproton, 1a at 3.10 pp. and 

ahows coupl1ng to thf epoxlt1e proton vlttt • constant of 4 Bz. Sin,ce 

the ~-benzyl1c proton 15 tra .. -c:c:;-pl.nar to the electroaepU" .po ... 

ide, fta vicinal couOpling constant vith 11-10 should be reduc:ed (54). 

and. Indeed, the reâon..ace et 2.92 .,. .. broedened. 1nt!lc.t1ng Ifttle 
~ 
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eou~lillR if any. The epoxide proton appeared at 3.11 p.- and the 
. 

SiOCB2 protons .howed a triplet at 3.43 ppm (J - 7.0 Hz). 
If 

The a-e'pox~de. 2gb, thus obtained was exposed ti BF 3.oEt~, and 

after one minute, t~e starting material had reaained unchanged. LonRer 

te.ction times led to deco1llPosition .. 

We then turned our attention to another type of c.taly~. It la 

kllO'rn that lithium perchlorate catalyses the rearrangement of tertlary 
\ 

epoxides without 1nducing side reactions .uch as "polVlllerization or , , 

halohydri n format 1 011 vhi ch occur vith BF 3 (J 18). Catalysis by BF 3 

invol ves a concerted I1Iechan1s11l (Fig. )1) (114.11b) whereas catalysis 

vith LtClO" proceeds. throuR~ a carhenlum 10n intenllediate (Fig. 33) 

018,119). The salt is s1:1ghtly soluble in solvents such .s benzene 

(118) or toluene ()20). and thl! Li+ cô...,'1exes vith the epOldde oxygen 

to proaote open!ng of the tertiary C-o bond. For l:-ethyl-l-cyclohex-

ene oxide .s an exallple, the ltetone 18 favoured to the eJttent of 80% 

over the aldehyde (l18), reflectlng the 1I1gratory ~pt1tuctes of H over 

The cr-epoxide. 29a, whlch cardes an o-!!ll.-butyldi..ethylallyl 

protecting sroup va. therefore heatecl vith LiCI01t ln toluene at 85° C 

under nitrosen for 76 h. The reacUon va • .,nitored by ne and after 
~ 

75 .tn, the starting .. terial wa~ still present ~ the .. jor constitu-

ent but a~coapan1ed by at lea~t seven other compound_. the .. jor one of 
, 

these·bavin~ an Rf value great~r than tbat of t'be crepoxide. This 

~ ~ . 
product vas isolated by preparat1ve thick layer chra-atography, and 

vhen eX8J1ined by 200 MHz NHR and 1"R epectroscopy va. found aurpriainglv 

/' 
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:r 

FIeURE 33: Epoxlde rearrange.at uslng L1ClO't. Adapted froJa referen-

ces 118 and 120. 

to he the ~-epoxidf!". 1Q!.. The Nl"R apec:trulll 9f thil vas cOllpared vith 

that of authentlc:. i3-epoldl'fe prepared by epoxIdatlon of the alcohol.lL. 

vith purHled (21) 'tepSA follOlofed by tert-butyldt1llethyldlylat1on. 

Vith 17. p-face epox1daUon 18 favond by the interaction of the per­

acid throu,;h hydragen bo"dinllt vith the fr_ hydroxyl (nO). In order 

to ax1"'he this interaction the MCPBA vu purlf1ed .0 a. to Ilvoid 

interference by l111pur1tles vith ft-bonding. Uter purif,lcatlon by -JlTe­

p.rati ve thlck layer c:hro_tography. thé o-protected fI-epoxide \o. va. -
hobted ln 47% overaU yteld bued on aIc:ohol 11.. ft.,..e".r,' the pro-

duct va. lapure a8 judged by TLC and contalned • cont.-1nant dtspl.ying . 
th. .a.. Rf a. th. a-epoxlde ~ but dlfferlng 1ft tt. RMR eharacterls-

Ua ~t the benzvl1c and 5i00l2 protOila. 

abaorbtion ln the carbonyl region of the IR. 

A plaus! ble 1IIechanis1ll for the rearrange_nt of the rep01dde to 

the p-i.Oller ta shovn in Ftgur. 34. Ring C of the tey .plro lntenectt-

, 
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ate 1 may add to the planar carbenium ion from either the a- or ~-face 

to afford ultimately the cx- or ~-epox1des. The spiro intermed1ate 18 

simllar to that ar1sing from the Wagner-Meerwein rearrangement of 1-

(aminGethyl )-I-hydroxy-2 ,2-tetramethylene-7-rnethoxy-l,2, 3 ,-4-tetrahydro-
1 

napthalene to form the starting amine, .!2. (47) (Fig. 35). 

o 
1 

,.,O-LI 

Il 

1 uceo. 

CI-....... 
• "0 !!!!!! 

o 
1 

III 

l 

FIGURE 34: Possible re.n ........ nt of cr-epox.tde to jr~poxide throu«~ 

~' spiro Intenedtate 1 wbere R • -cHzCH 2SHMe) 2-.l-Bu. 

~.aal1n series or when large .!I!!.-dlaxt.l interactiona are intre>-' 

duced (114). For instance, the rearran«e_nt of steroid B-rl'" epox-

ides into cis-dec.lln leo~try proceeda alover and ln lover yi.Ids than -
vith A-ring epoxides (114). The transition Itate for the B-rlng epox-
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ide necessitates the simultaneous distortion of bath the A- and ft-rings 

f rom thei r\ chai r conf ormati ons whe rea. only ring A need he dia torted 

for ring A epoxide reanangements (114). On that baais our attempted 
A-' 
rearrangement of the B-ring epoxides. lli.. and 29b. ta form the desired 

aorphinan-like geometry may not have occurred. especially if one takes 

into account that ring B i. critically distorted by fts fusion to an 

aromati c ring. 

o 
1 R 

FIGURE 35: Formation of key hexahydrophenantltrene stuting uterial 

from. Wagner - Meerwein rearrange1llent of spiro alcohols. 

From reference 47. 

Desplte our fallure to effect rearrangellent of these epoxirles. 

the a'Pproach fllay nevertheless he applicable through the use of diffe-

re~t reagents. Epox1de rearrangements involving enolate ions a8 inter-

aedi.tes can he bise-promoced (113) or tnduced by treataent vith Me 250. 

~-:propyUodide and sodium iOdide (l2l}. Attack by hydrogen on the 

planar Intermediate can give either a ~- or a trans-decalin arrange-

.,.nt vhlch offers the poslibil1ty of generating the IIOrphlnan as vell 

.. the i8oMorphinan geometr1es. 
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4.1 ~eneral Experimental 

Reagent grade sol vents were used unless otherwise spec1f led. 

" 
Solvents were dried when~necessary by' the u~e of l'IOlecular sieves 

(H3CCN. benzene. DMF, Me 2SO, and toluene). by reflux and distillation 

over P20:, (CH 2C1 2'), or by the use of commercially available dry sol-

vents (anhyd diethylether from Malinckrodt Canada, Ltd •• Toronto, and 

abs EtOH from Consolidated Alcohols, Ltd., Toronto). Sol vents were 

drled during workup with sodium sulfate or magnesium sulfate. 

The hexah~drophenanthrene intermediate, li, was provided by Br1s-

toI Laboratories. 

Alumin'Jm backerf shee~s prp-co8tee' with Kieseigel 60 F 2f>It' 0.2 mm 

thick (Merck Co. Ltd •• Darmstadt) were used for thin layer chroutogra-

phy. The compountis weee visual1zed w1th ceric dip (10.0 g cerie sul-

!ate, 25.0 g ammonium molvbdate. 100 mL cone "250 ... and 900 IlL H20) ~r 

vith UV lamps (long wlive model SL 3660 atld short vave IIM)del SL 2537 by 

Ultrli-violet Products, Ine., South Pasadena. Californ1a). 

\. 
, Flash ehromatography was done according to the method of Still et 

àl. (127) using 230 - 400 mesh 8111c8 gel (BrItish Drug Rouses. 

Toronto). The eTUde mixtures were evaporated onto 8 afnillU1It allOunt of 

dUca gel before being applied to the colu.n. 

Preparative layer chroll8tography was done on 20 CIII )( 20 Cil plates 

coated vith a 2 """ thick layer of Kieselgel 60 F 2~1t (Merck). Theu 

vere prov1ded by Dr. Ogllv1e's l.bora~ory in ~he Cheahtry Depart_nt. 

The cOlIPounds vere visuaHzed by UV, and the products vere obtained by 

êru~1on v1~h CH 2C1 2 or ethyl acetate. 

\ 

,1 



î 
1 
! 
f 
l ' 

( 

----_ ....... -----~, 

- 69 -

Melting points were recorded in open cap1l1ary tubes using a 

Buchi SMP-20 apparatus, and are uncorrected. 

Infrared (IR) spect ra wete recorded on a Perkin-Elmer 257 spec-

tro")eter cali brated with polystyrene. The samples were handled either 

as dilute solut ions wit h CHC1 3 in NaCl cells, neat films between NaCI 

plates, or as KBr dlsks. The absorbtions are 

Proton -nuclear magnetic resonance (NMR) were recorded on 

Varian F-60, T-60A, XL-200, or XL-300 spectrophotom ers in CDC1 3 0'(' 

Me2go-d~ (both from MSD Isotopes, Merck Frost Canada, Inc., Montreal), 

using MeLtSi as ft stllndard. The chemical shifts are reported in parts 

per million Of'! the 6 scale. The peaks are described as singlets (s), 

doublets (d), triplets (t), quartets (q), doublet of doublets (dd), 

triplet of douhlets (td, 1:1:2:2:1:1~pattern), multiplets (m), or broad 

(br l,. 

Mass spectra were recorded on a Hewlett-Packard 5~80A or a Dupont 

21-492B spectrophotometer by o. Mamer of the Biomedical Mass Spectrome-

try Unit of McGill University or J. Finkenbine of the Chemistry Depart-

aent. respectlvely. Unless otherwise specified, aIl spectra were,at 70 

eV ~lectron impact ~de with the 10n source at 250· C. T~e spectra are 

reported as a/z. a881gnaeot. relative lotenslty, and the probe teqpera-

ture for di rect in1et 1& 81 ven. 
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4.2 Procedures 

Synthesis of Nitrile: l-Cyclohexen-I-yl-acetonltrl1e {JL} 

The nitrile was prepared according ta the llethod of Cope et al. 

• r 
(52). Cyclohexanone (216 g. 2.2 mol). cyanoacetlc acid (170 gt 2 .01). 

and ammonium acetate (6 g, 0.08 mol) were refluxed ln benzene (300 ml) 

for 20 h. and the water (36 ml, 2 mol) vas removed with a Dttan-Stark 

trap. The BoIvent was evapc7rated ln vacuo to afford a l1ght yeU6w 

solide Decarboxylation was achieved by distillation through a short 

Vigreaux column under reduced pressure. The nitrile (156 gt 65% yield) 

\ 
came over at 135,- 145 0 Ct ca. 3 kPa (lit. (52) bp 110 - 112 0 C, 3.3 

kPa). 

IR (CHCI 3) 3010 (olefinic CH stretching); 2940, 2860, 2840 (ali­

phatic CH IIJtretchin~); 2240 (C:N). 1630 (C-C). 1445. 1435, 1410 (CH 

defor"tlons) cm-l. 

~ 

NM1{ (eDC1], 60 MHz) 6 5.6 - 5.9 (II, 1, olefinic), 3.0 (br. s, l, 

CH 2CH), 1.8 -,2.3 (m, 4, H2C-C-C-CH2 ). 1.5 - 1.8 (11.4. CH 2CH 2). 

~ss spectrum. GC inlet, 6% OVIOI, 2 III le 6 ftllIt, 100· C + 160 C 

Idn-1 • 4.5 min estillated ;etention tille: 121 <.r- •• 14). 81 Or·-œ 2CN. 

IOO}. 

Synthe.le of Acid (35): 2-(1-cyclOhe~en-l-yl)-acetic acid (1) 

The nitrile (50 g, 0.41 aol) va. refluxed overnight in 10% aque-

OUII HaOH (300 IlL). Any dde proclucu vere rellOved by e~tract1nl the 

reaction a1xture vith œCla (31!.). The aqueoui layer wu then addtfied 

vith HCI to epproxi .. tely pH 1. and thi. vas extrected vith CHCl a (3x). 

" 
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The ors.n-ic exer.cts vere cOIIblned, drled. fl,lterad. and evaporated ln 

".010 to give 56 g of, -H.ght green 011. The above was repeated twice, 

and aU the crude P(oduct) vas cOllbined. Distillation under r~duced 
-

pressure ,(bp 1500 C, ca. 3 kPa) afforded the ac1d a9 colorless\ waxy 

crystals (119 g, IIP ca. 26° C) ln 69% yield. 

IR (CRCI 3 ) 3500 - 2500 (OH, strongly H-bonded); 2910 (aliphatic 

CH stretching); 1700 (C-O); 1435, 1404 (CH deformations) cm-l. 

NMR (CDCl p 60 MHz) ô 10.4 (br, s, 1. C0 2H). 5.6 (m, l, oleti­

nfe), 3.0 (hr. s, 2, CH 2C0 2H), 1.8 - 2.3 (111..4, H2C-C-C-CH 2>, 1.2 -1.8 

(m, 4, CH2CH 2). 

HaRs spect~J~, He 3St ester .ade for Ge inlet, 6% OVIOI. 2 111. x 6 

aa, 80° C + 16 0 ,C lIin-l. 5.8 1II1n est1l118ted retention tinte; 212 (~., 

3), 197 (,.r-'-CH;, 2>, 73 (100). 

Synthe.is of Aleohol (35): 2-(1-Cyclohexen-l-yl)-ethanol (1) 

A aolution of 2-(J-cyclohexen-J-yl)-aeetic aeid (10 gt 0.071 mol) 

1n anhyd ether (30 aL) vas added dropwise vith stirring ta a suspenRlon 

of 95% tlAlH~ (2.8 R. 0.074 .al) in anhyd ether (20 ml) under N2" The 

reaction was stirred for 1 h. then t~e exee .. LiAIH .. wa. destroved by 

the dropvlse addItion of H20 (10 al). The ~xture vas added'with s,rr­

ring to 10% aqueou8 HCI (200-.t), foll~ed by cone HCl until the .oltd 

o 

... ,one. The ether la.,er vas retlOved, and the aqueous layer was 

eUraet" vl~h ether (lx). The organles vere co-blned, 

tered, .,ad evaporated in ;vaeuo. The residue ... purified 

" 
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tian (bp 100° C~ ca. 3 kPa) to 'give a 57% yield of the alcohol (5 g, 

0.04 1101). 

IR (CHC1 3 ) 3420 (br, OH); 3000 (olefinic CH stretC~ing); 2930, 

2850, 2830 (aliphatic CH 'stretching); 1630 (C-C). 1445, 1435 (CH 2 

deformations); 1040 (C-O stretching) cm-l. 

NrfR (CDC1 3, 60 MHz) {) 5.5 (m, 1, olefinic), 3.9 (m, 1. OH), 3.6 

(t, 2, J - 7 Hz, -CH20), 2.2 (br t, 2, J ·,7 Hz, c.!:bCH20). 1.8 - 2.2 

(m, 4. H2C-C-C-CH 2 >, 1.4 - 1.8 Cm, 4, CH 2CH 2>. 
Mass spectrum. 210° C ion source: 126 (M+·, 16), 108 (~·-H20. 

20). 79 (lOO). 

: Synthesis of Glycol: l,2-Dihydroxy-3-(4-methoxyphenyl )-propane <.~) 

The glycol VAS made accordin~ to the method of Bruba (57). Per-

formic acid was prepared by adding 30% aqueous H202 (37 mL, 1.2 mol) to 

3.5 equiv of 90% aqueo\ls formic acid (160 mL~_. and vigorously stirring 

for 15 min. 4-Allvlanisole (5 ml) was added and the rea~tion was he~-

ted to 40° C. The temperature 'las maintainecJ between 40 - 45° C hy 

heating or cooling as neceuarv while a further 35 mL of 4-allylanisole 

(0.26 Il101 total) was carefully add,d dropwlse. The reactlon mixture 

vas stirred at room telllperlIIture overnight; then evaporated ln vacuo to 

live 8, red res:idue. To this was added 31% aqueous NaOH ("5 mL) at 45° 

C, and H20 (65 IlL). The solution was heated to' 50· C for 1 h. then 

cooled. Concentrated HÇl (33 aL) va. added and the ~xture va. extrac-
\ 

ted vith CHCl) (3x). The coabined orpnte extracu vere dl"1ed. fl1-

tered, and eVlllporàted.. The re.1due v •• d1etl11ed u.lnR an alr-cooled 

,~,."..... ,.' 

< 
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conden.er to afford 29.8 g (0.16 mol, 63% yleld) of the glycol: bp 150 

- 1520 C, 0.3 kPa (lit. (57)' bp 1580 C. 0.3 kPa). 

IR (CHC1 3) 3400 (br, OH stretch~ng); 3000,2950,2930,2910 (CH 

atretching); 2830 (OC-H 3 stret'ching); 1610, 1580, 1505 (C-C stretchln~) 

NMR (CDC1 3, 200 MHz) 6 6.82 - 7.14 (m, AA'XX', 4, aromatic), 4.13 

(~r s, ,2. OH), 3.81 (m, l, CH), 3.74 (s, 3,:&,CH 3'>, 3.54 (d. 1. J -
g,pm 

',-,/ , 
1 0 Hz, ~e n z y 11 c ), 3 • 38 ( d d , 1, J

gem 
- 10 Hz, J vic - 8 Hz, benzyliC>, 

2.62 (d, '2, J - 6 Hz, C1:bOH). 

Mass spfi!ctrum. 45 0 C probe temperature: 182 (~., 31), 164 (~o_ 
1 

H2'0, Il), 151 ("'+·-~H20Ho. 11), 149 (19), 148 (58), 133 (24), 121 

(100) • 

. , 
Synthe.la of Aldehyde: 4"'H!!thoXyphe,nylàcetaldehyde (!) 

The aldehyd, was .-de b1 the procedure of Brubt (57). The glycol 

(22.3 g, 0.12 \a(1) '\"85 dissolved ln benzene (1250 .:1.) whleh had been 

dried over 4 A 51l"veso Ten percent of the soivent (I25 mL) was dis-

Ulled o,ff ·under ~2 to assure dryness. After cooling, one equlv of 

lead tetraace~ate (55.4 g) vas added, and the rellctlon ",as I!ltirreC"l 

overnlght. The reaetlon ndxture was. poured loto "20 (1000 1ti.). and the 

- lead ox1des pr~cbJced vere rellOved by filtration through cel1te. The 

.'qu.oua layer va. rellOvetl, and the bleuene va. v •• hed vith H20 (2 )( 500 

1IL) a'na aqueous .aturated NaNCO) (1 If 500 ..t.>. The orlanie layer "a. 

drled. flltere~, and concentrated In,vacuo~The realdue vas diatil1ed 

,through • Visreaux colulIfl under reduced pres.ure (bp 76 - 77- C, 0.03 

1 
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kPa;~ lit. (57) 78 - 79° C. 0.013 kPa and lit. (60) 120 0 ·C, 1.3 kPa) to 

afford the aldehyde (8.3 g, 0.06 11\01) in 45% yfe'ld as a pale yellow 

liquide 

I~ )neat) 3420 (C-O overtone), 3030 (aromatic CH stretching); 

3000, 2'J,O, 2930, 2900 (CH 2 stretchlng); 2830 (OC-H 3 stretching); 2820. 

2720 (aldehyde CH); 1720 (C-O); 1607,1580, 15lq (aromatic,C"'C); 1455. 

1440 (CH deformations) cm-l. 

NMR (CDC1 3; 60 MHz) Ô 9.7 (m, 1, CHO), 6.8 - 7.2 (111, AA'BB', 4, 

aramatie), 3.8 (s, 3, OCH 3 >. 
e 

Mass spe,ctrum. 35° C probe tempe\ture: 150 ( M* " 3 8 ), 1 2 l' 
<> 

(l00) • 

Synthesis of Glycidic Ester: Ethyl-3-(4-methoxvphenyl)-2,3-epo~propi-, -

onate C.~) 

The dvcidic ester was prenared according to the metho.d of Dou-

glas an~ Meunier (58). Sodium ethoxide (40 g,,0.59 mol) vas mlxed vith 

o 

a mechan1.cal stirrer in toluene (200 mL) at 0° C under N2• A solution 

" of 4-antsaldehyde (50 g, 0~37 -mol) and ethyl chloroacetate (45.3 g, 

0.37 mol) in toluene (200 mL) vas carefully added dropvise, maintaining 

the temperature below 10° C. Toluene (IOO mL) waB added and the reac-

tian was then stirred 8t r"Oom temperature for ca. 20 h. The toluene 
, 

vas vashed vith H20 ()x), then dried. flltered, and evaporated in vacuo 

ta afford a yellow 011. Llght yellow crystals, mp 44 - 47° C, vere 
.:r 

obtained by' crystall1zatlQn from absolute anhydrous ethanol at -78 0 C 

in 31% yield (25.2 g, 0.11 mol). Recrystal11zat10n from ahsolute ~nhy-

. , 

,- . 
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drou9 ethanol afforded pure white crystals: mp 46 - 41 0 C -<iÙ. (58) 

IR (CHCI 3 ) ,3015, 3010, 2980, 2960, 2940 (aromatic and aliphatic .. 
CH ~tretchings); 1740 (C-O); 1615, 1515 (aryl C-C>; 1250,1195, 1175, 

, ' 
1030 (C-o stretches) cm-l • 

NMR (CpeI 3 • 60 MHz) 6 6.8 - 7.3 (m, M'BH', 4, aromat1c). 4.3 (q, 

2. 'J - 7 Hz, C02C.!:bCH3)' 4:1 (d,l, J - 2 Hz, epoxlde). 3.8 (s. 3, . , 

OCH3). 3.6 (d. 1. J - 2 Hz, epoxide), 1.3 (t, 3, J - 7 Hz. C0 2CH 2C!!3)' 

Mass spectrum, 210 0 C ion s'Ource. 80" t probe temperature: 222 

ocoO

, 18),165 (77),148 (38), Ij7 (66).135 (18),121 (100). 

Prins Method Synthesls of 1-(4-Methoxybenzyl)-1sochromans: !!. .. g, ,13 
, 

.A solution of alcohol 3 (l.01 g, 0.008 mol) in glacial acet1c - " 

ac1d (2.5 ml) was slowly 8'dded dropw1se to a mixture of aldehyde (4.33 

g, 0.029 mol). glacial aeid (2 mt), and trifluoroacet1c ac1d (3 ml) 

" 

under N2 • 
~ -~ 

The reac:;tion was s;4:~ed overnight:, at room tempe'rature. The 

mix~~re was: poured into iee water, and neutraIized with N~HC03' This 

was extracted with ether (3x) to afford, after drying, filtration, and 

evapqration. a ye110w 011. The tetra-substituted isomer, 11. could "he 

separatec1 from the trl-substltuted ones, li and .!l., 'by flash chromato-

graphy (3 )( 20 cm, 25:1 petroleum ether/ethyl, acetate). The totd 

y~ld was 3,8%, c'orresP9nding to a total, 0.79 g of purified mater1al. 
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Glyc1-dic Ester Kethod Synthesis of 1-(4-Hethoxybenzyl )-1'sochromans: 

lb li. 11· 
the alcohol 3 (2.0 g, 0.016 mol) vas heated wi th 10% aqueous HCI 

(100 mL), and ethanol (20 mL) to near reflux. Glycidic ester! (10 g, 

0.045 mol) vas ac1ded. The reaction mixture vas refluxed overnighti 
• 

then cooled. and poured into cold H20 000 mL). After neutralization 

vith Na 2CO p the H20 vas extracted w!th Et 2 0 unti1 the organte layer 

was clear. The combined organ1c extracts were dried, filtered, and 

evaporated to 'afford a yellow residue. The tetra-isomer, .ll, could he 

separated f roI'! the tri-isomers, 11. and ..!l, ,by flash chromatOgr~hY (3 x 

.24 cm, 25: 1 pet roleum ether/ethvl Acetate). The total yield "as 68% 

(2.8 g) • 

Tetra-isomer, ll: 

IR (neat) 2930, 2850 (C-H stretching); 2830 (OC-H 3); 1610, 1580, 

1510 (C-C); 1440, 1460 (C-H cteformations); 1245, 1175, 1105,1030 f\ 

èa~\ymmetr1cal.~nd symrnetrical stretching of al1phatic and aryl alipha-

tic ethers) cm-~. 

NMR (CbC1 3 • 200 MHz) Ô 6.8 - 7 .. 3 (m, AA 'XX', 4. aromatie), 4.10 

(dd, l, J - a Hz, 6 Hz, v1nylic), 3.9 - 4.1 (m,'l, CH 20), 3.79 (s, 3, 

OCH 3 ), 3.5 - 3.7 (m, l, CH 20). 2.94 (d-d, 1. J • I5 Hz, Ji· 4 Hz~ gem v e 

benzylic). 2.65 (dd, 1, J
gem 

- 15 Hz, J vic - 8 Hz, benzyl1c). 0.8 - 2.2 

(10, al1phat1c). 

Hass spectrum, 50° C probe temperature: 

'" -4-methoxybenzyl+. 100), I21 (4-methoxybenzyl+ .. 

258 (t-r+"., 38), 
./ 1>. ' rI 

137 (~.-

.. 1 p 
1 
1. 

1 
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Tri-1somers, li and 11: 

. ',IR (KBr) 2950, 2910, 2850, 2830 (CH stretching)j 1610, 1510 

(C-C); 1295, 1240, 1165, 1095, 1020 (asymmetrical and symmetri"cal 

stretching of aliphatic and aryl aliphatic ethers) cm-l. 

NMR (CDCl 3 , 200 MHz), 6 6.84 - 7.24 (m, AA'XX", 4, aromatic), 5.54 

(br s~ 1, olefinic ma10r 1someI', 11),5.44 (br s, l, olefinic minor -
ho~er, 11.),3.99 (dd at 4.02, dd at 3.96, l, J • 9 Hz, J

3 
4 - 4 

gèlll e, a 

Hz, J
3e

,4e- 0.5 Hz, H-3e: CH 2CH 2 0),' 3.31 (s, l, OCH 3>, 3.28 (td, 1, 

J - 9 Hz, J 3 - 9 Hz, J 3 4 - ~ Hz, H-3a: CH 2C.!!20), 3.11 (td, 1, gem a,4a a, e 

J - 9 Hz, J - 9 Hz, J i' • 3 Hz, H-la: CH-O), 2.99 (dd, 1, J -1,9a vic y c gem 

13 Hz, J 1 • 3 Hz, benzvlic), 2.63 (drl, l, J • 13 Hz, J 1 - 9 Hz, 
, v c gem v c 

benzylic), 0.83 - 2.13 (8, al1phatic). 

ri +. ..+. Mass spec.-trum. 50° C pro1)e temflerature: ,250 (M , 36), 137 (M' -

4-methoxybenzyl +. 100), 121 (4-met hoxybenzyl +. 50). 

Synthesis of Aldehyde (34.36): 16 -
The amine salt (5 g, 0.017 mol) was taken up ln 5% aqueOlls NaHCO 3 

... 
(250 ml), and the free base w.as ext racte.d wJth CHCl 3 (4 x 150 mL). The ~ 

combfhed CHCl 3 layers were dried, flltered, and evaporated to give 4.6 
~, 

g of the amine. The residue was taken up ln 1: 1 EtOH/H 20 (100 ml). A 

2-fold excess of ninhydrln (6 g) 1n 1:1 EtOH/H 20 000 mL) was added to 

. 
the amine solution 1 n a llght-protected flask under N 2. Ethanol (100 

ml) was added, and after 0.5 h NaHC03 (7.5 g) was added. The mixture 

"Tas stirred overn1ght. The EtOH was removed in vacuo, and the aqueous 

remainder WB" poured into aqueous saturated NaCl solution (200 mL). 

, . 
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This vas extracted vith ethyl aceta'te (8 x 100 mi). The organlcs vere 

dried, filtered, and evaporated to yleld 6 g of crude material. Flash 

chromatogrspny (3 x 24 cm, 9:1 hexanes/ethyl acetate) afforded the 

Aldehyde (3.3 g) as a yellow 011. Trituration vith a smaH amount of 

hexanes gave 1:7 g of white crystals, mp 72 - 74° C (lit (34) mp 72 -

74° C). The total yield from the amine salt vas 39%. 

IR (KBr) 2920, 2850, 2820, 2720 (CH stretchin'gs); 1715 (C-O); 

1605, 1570, 1495 (C-C), 1235, 1035 (C-o stretching) cm-l. 

NMR (CDC1 3 , 200 MHz) 6 9.21 (dd, l, J - 3.5 I1z, 2 Hz, CHÛ), 6.97 

(d, '1, J • B.5 Hz, H-8), 6.81 (d,' 1, J - 3 Hz, H-5), 6.71 (dd, 1. J -
, 

8.5 Hz, 3 Hz, H-7), 5.69 (m, l, olef'lnic). 3.76 (s. 3, OCH l ), 3.32 (m. 

2, benzylic), 3.15 (dd, l, J - 15.3 Hz, 3.5 Hz, C!!CHO), 2.55 (dd, l, J 

- 15.3 Hz, 2 Hz, C!!CHO) , 1.2 - 2.5 (8, a!iphatic). 

Mac;S' spectrum, 210 0 C ion source, RO° C probe temllerature: 256 
t 1 

J~+', 0.4),'214 (6), 213 (~·-ketene, 36), '212 (100), 184 (19). 

1 

Synthesis of 4a-(l-Hydroxyethyl )-6-methoxrl,2, 3 ,4 ,4a, 9-hexahydrophe-

nanthrene (34,36): 17 ... 
A slurry of NaBH It (0.16 g, 4.2 1l11li01) in abs ethanol (10 mL) vas 

added to a 0° C solution of the aldehyde (l.1 g, 4.3 mmol) in CHCI l (40 

mL) under N2 • After 0.5 h of mi xi ng st 0° C the reaction was---poured 

into H20 (80 mL). The excess reagent was destroyed by the addition of 

10% (v/v) aqueous HCI untll the aqueous layer was clear. The organic 

layer was separated, and the aqueous fraction was extracted with CRe1 3 

(3 x 50 ml). The comMned organic layers were washed vith saturated 
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-.ueOU8 NaCl (1 x 50 aL). The CHCl 3 was dried, filtered, and evapora­

"ted to afford 1.2 R of light yellow oil. Crystallizatfon from hexanes 

gave 1.0 g (4.0 Mmol, 93% yield) of fluffy white crystals, mp 69 - 70 0 

~ 
C (lit (34) mp 71 - 73 0 C). 

IR (KBr) 3300 (br, OH stretching); 2920, 2840 (CH stretchlng); 

1605, 1570, 1490 (C-C); 1220, 1035, 1020 (C-o-C and C-OH stretching) 

NMR (CDCI 3 , 200 KHz) 6 7.00 (d, l, J - 8.4 Hz, H-8), 6.83 (d, l, 

J - 2.6 Hz, H-5), 6.1-3 (dd, l, J - 8.4 Hz, 2.6 Hz, H-7), 5.66 (m,l, 

olefinic), 3.78 (s, 3, OCH 3), 3.16 - 3.52 (m~ 4, benzyl1c and ClbOH), 

0.81 -2.68 (lI, OH, C!kCH 20H, and, al1phatic). 

Mass spectrum, 45° C probe temperature: +' 258 (M , 7), 257 (32), 

256 (73), 214 (50), 213 (t~+·-CH2CH20H·, 100), 212 (75), 184 (40). 

Synthesis of 4a-(I-Hydroxyethyl)-10-hydroxy-6-methoxy-l,2,3,4,4a,9.10.-

10a-octahydrophenanthrene (34,36): 18 

Borane-methyl sulfide complex (4 mL, 10 M, 5% excess (H3C)2S) was 

added to Il 0° C solution of the alcohol (0.91 g, 3.5 mmol) in dry 

CH 2C1 2 (40 mL) under N2 • The reaction was stined at room temperature 

for 24 h. The excess reagent was destroyed by the slow dropwlse addi-

tian of lOi. (v/v) aqueous H2 SO" (30, mL), and the N2 was turned off. 

This was sti ned for 0.5 h; then 15% (w/v) aqueous NaOH (80 mL) was 

a~ded dropwise, followed by 30% (v/v) aqueous H202 (80 ml). The reac-

tian was st1rred at room temperature for 24 h. The CH 2Cl 2 fraction was 

removed and the aqueous layer was extracted wlth CH 2C1 2 (3 )( 75 ml). 

" 

, 
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, 1 
The coablned orga~iC, vere v.ahed vith 15% (v/v) aqueou8 aodlu. pota.-, 

alum ~artrate (3 x 100 ml), and vith H20 (3 x 100 al). The CH 2C1 2 va8 

dried~ fiitered. and evaporated to 1.0 g ofowhite foam. Flash chroma-

tography (3 )( 23 cm. 2:1 ethyl acetate/hexanes) afforded 0.91 g of 

white 80lid which could be recrystallized from ethyl acetate to give 

0.61 g (2'.2 mmol. 63% yield) of the dio1: lIlp 138 -: 139 0 C (lit. (34) 

.p 1 38 - 1 39 0 C ) • 

IR (KBr) 3320 (OH); 3010, 2950. 2940. 2920, 2900. 2860. 2840 (CH 

stretching); 1610. 1570. 1490 (C-C); 1040 (C-OH stretchlng) cm-l. 

NMR (Me2So-do' 200 MHz) 6 6.67 - 6.97 (m. 3,-aromatic). 4.60 (d, 

l, J. 6 Hz, qecondarv OH). 4.17 (t, l, J. 5 Hz. primary OH), 3.72 (s, 

3, OCH 3), 1.0 - 3.7 06, al1phatic). 

Mass spectrl1m, 60° C pro"e temperature: 276 (M+-, 0.3), 258 

(~.,·-U'20. 2), 214 (4), 213 (20), 212 (16J. 184 (6). 83 (00). 

Synthesis of t-Butyldimethylsilyl-protected Diol: 19. -
The diol was protected at the primary hydroxyl funct 10n by the 

method of Corey and Venkateswarlu (99). The diol (0.250 g, 0.90 mmol), 

1.2 equiv of l!!.E..t-butyldimethylchlorosilane (0.163 g. 1.1 mmol). and 

2.5 equiv of imidazole (0.153 g. 2.2"mmol) were stirred, under N2, in 

dry DMF (5 mL) at 40° C for 6 h; then st room temperature for 24 h. 

The BoIvent wa" evapoTi'lted under reduced pressure. with toluene occa-

810n811y added to form an azeotrope w1th DMF. The residue was taken up 

ln pet roleum ether, and this was washed with H20 (3x). The combi ned 

aqueous layers were back extracted once with petroleum ether. After 

t 
------------------
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dry1nS. t11tr.Uon. and evaporation of the orgenics. there re ... ined 

0.115 g of e colorIes. 011. Separation of the IIOno- and d1-protect@d 

products vas achleved by fl8S)t chromatography (3 )( 14 cm. 17: 1 hex-
~ .. -

aneR/ethyl ace~ate) to yield 0.255 g (0.65 m1lO1. 72% yleld) and 0.063 Il 

(0.12 .mol, 14% yleld), respectively. 

Hono-sllated product, lli.: 

IR (neat) 3380 (br, OH stretch1ng); 2980. 2960. 2860 (CH stretch­

ing); 1610, 1575, 1490 (C-C) cm-l. 

NMR (CDCI 3 , 60 MHz) 66.6 - 7.1 (m, 3, aromatic),. 3.8 (s, 3, 

OCH 3 ), 1.1 - 4.3 (17, al1phatlc and OH), 0.9 (s, 9,'S1C(CH 3)3)' 0 (s, 

6 • S 1( CH 3 ) 2 ) • 

Mass spectrum, 70 9 C probe tempercit~re: 390 (M+". 3), 388 nr··-
H2' 4), 333 (M+·-!.-Bu·, 71), 214 (6]), 213 (80), 212 (22), 75 (100). 

J 

Di-si1ated product, .!..2.,2.: 

IR (neat) no OH stretching seen. 

Nt1R (CDCl p 60 MHz) 6 6.6 - 7.1 (m, 3, aromatic), 1.1 - 4.2 (16, 

al1phatic), 3.8 (s, 3, OCH 3 ), 1.0 (s, 9, secondary SiC(CH 3)3)' 0.9 (s, 

9, pr1mary SiC(CH 3 )3)' 0.1 (s, 6, secondary Si(CH 3)2)' 0.0 (s, 6, pri­

ma ry S i( CH 3 ) 2 ) • 

Mass spectrum, 40° C probe temperature: 71 (l00) , no parent Ion 

seen. 

i 
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.a ' 
Sypthea18 of di-Fu~cti9nalized Diol: 20 -

The mono-sllyl-protected diol. lli. (0.255 l, 0.65 -.01) and 2 

equiv of mesyl chloride (0.1 mL, 1.3 mmoI) were combined ln dry pyri-. 

dlne (6.5 ml) under Ni at 0° C for 0.5 h; then at 4° C overnight. Then 

a further ~ equiv of reagent was added, foilowed by another 2 equiv 5 h 
\ 

later. After 36 h the reaction mixture was poured into petroleum ether 

(20 mL). The solvent was extracted with H20 (10 )( 10 mL) to get rid of 

the pyridi ne. The eombined H20 washings were baek extraeted with 

petroleum ether Cl x 50 mL). The organie Iayers were combined, dried. 

flltered, and evaporated under reduced pressure to afford 0.235 g (0.50 
l 

mmol, 77% erude vield) of à yellow oil, which wes used without purifi-

cation. 

IR (neat) 2950, 2930, 2825 (CH stretching); 1610, 1575, 1495 

'" 

NMR (CDCI 3 , 60 MHz) 6 6.6 - 7.1 (m, 3, aromatic), 4.8 - 5.3 (m, 

1, CHOMs), 3.8 (s, 3, OCH 3 ), 1.0 - 3.8 (15, aliphatic), 3.1 (s, 3, 

SCH 3 ), 0.9 (s, 9, SiC(CH 3 )3)' 0.0 (s, 6, Si(CH 3)2). 

Di-functionalized Diol Synthesis of 3-Methoxy-11-deaza-ll-oxaisomorphi-

nan: (1..!) 

The di-functionalized dioI, lQ. (0.193 g, 0.41 mmoU, 3.2 equiv of 

tetra-!.!.-butylammonidm chloride (0.363 g, 1.3 mmo1), and 3.4 equiv of 

potassium fluoride dihydrate (0.13,2 g, 1.4 mmo1) were heated at 55° C 

for 9 h in dry acetonitrile (6 mL) under N2 • More solvent (7 mL) was 

added, and the reaction was refluxed overnight; then it was st! rred at 

.. 

\ 

\ 
f 



-

i 
1 

1 

1 -
1 

...... 

.. 

__ ..... -_ ~-___ --~--~---------------:':;:;:-4r::_---------

83 -

roo. t:e!llperature for 5 h. The ndxture vas poured lnto petroleulB ether 

(20 aL), and va shed vith H20 (3 x 10 mL). Drylng, filtration, and eva­

poretton 1n vacuo gave 0.052 R of yellow 011. Flash chrolllatography (2 
, 

)C 15 cm, ): 1 hexanes/ethyl acetate) afforded 0.050 (0.19 .-01, 47% 

yleld) of the cycl1zed product • 

. Me 2SO-promoted Synthesis of 3-Hethoxy-17-deaza-17-oxaisomorphinan: <ll.) 
. 

The diol, .!! (0.200 g, 0.72 mmol) vas d1ssolved 1n dry Me 2SO (2~ 

ml) and heated ta 150 0 C for 20 h. The mixture was coolerl and pourer! 

into H20 (55 mL). The H20 was extracted with hexanes (4 )( 35 mL), and 

the combined organic layers were washed with H20 (3 )( 70 mL) to get rid 

of Bny ~e ",SO. The hexanec; \Jere drierl, filtered, and evaporated to 

yield a yellow residue. Purification by flash chromatography (2 )( 15 

cm, 3: 1 hexanes/ethyl Bcetate) afforded the cycl1zed product in 76% 

yield (0.142 g, 0.55 mmol). 

\ 
IR (neat) 2910, 2850, 2810 (CH stretching); 1605, 1565, 1490 

(C-C) cm-l. 

NMR (COCl 3 , 200 MHz) () 7.06 (d, l, J - 8.5 Hz, H-1), 6.83 (d, l, 

J • 3 Hz, H-4), 6.75 (dd, l, J • B.5 Hz, 3 Hz, H-2), 3.94 (br d, X of 

ABX, l, J
9 

10 = 6 Hz, H-9), 3.80 (s, 3, OCH 3 ), 3.70 (br dei, A of AB, 1, , 
J

gem 
li: 12 Hz, J

16e
,15a = 6 Hz, H-16e), 3.51 (td, B of AB, 1, J

gem 
= 12 

Hz, J
16a

,15a '= 12 Hz, J 16a ,15e" 3 Hz, H-16a), 3.17 (dd, A of ABX, l, 

J ., 20 Hz, J
9 

10 '" 6 Hz, a:-benzyl1c), 3.06 (br d, B of ABX, J .. 20 
gem , gem 

Hz, ~-benzylic), 2.49 {rd, l, J gem == 13 Hz, J 15a ,16a - 12 Hz, J 158 ,16e 
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• 6 Rz,. B-15e), 1.1 - 2.4 (9, aliph.tic). 0.82 (dd, l, J • 13 Hz. 
ge .. 

J 1S'e,16a • 3 Hz, H-15e). '. 

M 40° C he 259 (M+· + H·, ~7), 258 aas spectrulll, r pro temperature: 

or'·, 100), 215 (44),214 (46),213 (56),212 (30). 

1 

Synthesis·of Isomorphinan:. 3-Hydroxy-17-deaza-17-oxaisomorphinan <11> 
Sodium hydride (0.673 R of a 50% dispersion in 011. v.shed vith 

hexanes 2x. 0.014 mol) vas sti~red in dry DHF (15 ml) at 0.0 C under S2. 

Ethane thiol 0.4 ml. 0.019 mol) vas slowly added vith 8 syringe; then 

the methoxy-isomorphinan, 21 (0.355 g, "1.4 mmol) in DMF (S mL) vas 

added. The reaction vas heated to reflux for S h. The mixture vas 

cooIed, poured into H20 (l00 ml), and extracted vith CH 2CI 2 (3 x 50 

mL). The combined extracts vere vashed vith H20 (3 x 75 ml). Drying, 

filtratinn, and evaporatlon ~ith toluene,(5x) to form an 8zeotrope vith 

any remaining Dr afforded 0.340 g' of yellov ail. Prepar.Uv• layer 

chromatography (4:1 hexanes/ethyl acetate, b~th spectrograde) vas used 

to isolate the 3-hydroXy isomorphinan (0.124 g, 0.51 mmol, .37% 'y~~~d): 

mp 151 - 153 0 c. Recrystallization trom anhyd ether gave a white 

s 0 11 d : mp 1 58 • 5 - 1 60 0 C. 

IR (KBr) 3240 (OH stretching); 2960, 2930, 2890, 2870 (CH 

stretching)j 1615, 1570, 1495 (CaC) cm-l. 

, NMR (CDC1 3, 300 MHz) Ô 6.98 (d,l, J - 8.2 Hz, 'H-l), 6.75 (d,l, 

J - 2 Hz, H-4), 6.65 Cdd, l, J = 8.2 Hz, 2.6 Hz, H-2), 5.72 (s, 1. OH), 

3.96 (d, l, J = 5.6 Hz, H-9), 3.68 (dd, A of AR, 1, J - 5.6 Hz, 12.5 

Hz, H-16e). 3.51 (tcI, B of AR, 1, J '"' 3.0 Hz, 12.5 Hz, 12.5 Hz, H-16a), 

-------,. 
l~ 
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3.14 (dd, Â of AB. 1, J - 5.6 Hz. 18.4 Hz. œ-benzylic) • 3.02 (d, B of 

, AB, l, J • 18.4 Hz, P-benzyl1c) • 2.48 (t-d, II' J • }.6 Hz, 12.5 Hz, 12.5 

Hz, H-15e), 2.1 - 2.2.(m, 1, H-5e), 2.02 (qd, 1, J • 14 Hz, 14 Hz, 14 

Hz~ 3.8 Hz, H-8a). 1..75 ~ 1.9 (m. l, H-7e). 1.6 - 1.75 (III, 2, H-6a and 

H-6e), 1.43 - 1.6 (m. 3. H-Be, H-14 and H-5a). 1.15 - 1.35 (qt, l, H-

7a), 0.81 (dd. l, J • 12.5 Hz. 3.0 Hz, H-15e). 
! 

"MaS8 8pe'ctrum, 210· C 10n source, 200· C probe temperature: 255 

(M+· + H·, 18), 254 (~., 100). 201 (27), 200 (27) 199 (39). 

Protection of AIcohoI &s t-ButyIdlmethyl SUII Ether: l!!.! 

The alcohol ~.s protected aR a s11yl ether by the method of Corey 

and Venkateawarlu (99} ... Th-e alcohol (0.247 g, 0.96 mmo1). 2.2 equiv of 

11'1l1dazole (0.144 g, 2.2 1II!IIol) and 1.4 equ1v of !!!l-butyIdl111e'thyIsi1yl 

chloride (0.202 g, 1.3 mmol) were combined in dry DHF (5 'mL) under N2 

for 5.5 h at 40 D C. The DIiF was rellloved under reduced pressure as àn 

azeotrope with toluene (3 ')( 20 mL). The residue was taken up 1n CH 2C1 2 
1 

(30 mL) and H20 (15 mL). The organic layer was separated and washed 

with H20 (2 x 15 ml). The aqueous fractions were combined and back 

extracted with CH 2C1 2 0, x 22 ml). AU the CH 2CI 2 was dried, filtered, 

and evaporated to yield 0.321 g (0.86 mmol, 90% crude yi,eId) of a dear 
~ 

,S~l1d: mp 47 - 53° C. 

IR (KBr) 2950, 2930, 2880, 2850 (CH stretching); 1605, 1570, 1495 

(C-C) cm-l. 

NMR (CDC1 3 , 60 MHz) () 6.7 - 7.2 (m, 3, aromatic), 5.8 (III, 1, 

olefinid, 3.9 (s, 3, OCH 3 ), 1.1 - 3.8 04, aliphatic), 0.9 (s, 9, 

~----------------
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Hau spectru_. ,50· C probe telllPerature: 372 or·. 2), ,315 (~.-

• ,l-Bu , 100). 214 (99), 213 (96). 212 (96). 184 (22)';; 

Epoxidation of tert-Butyldimethylsllyl Protected Alcohol: l!!.. and 1Q!. 

The silyl-protected alcohol (0.129 R, 0.35 mmol) was dissolved in 

dry CH2C1 2 (4 mL) under N 2 at O· C and 1.1 equiv MCPBA (0.090 g, 85%, 

0.44 lUto!) vere added. After 6 h the reaction was poured into CH 2C1
2 

(25 mL). The organic8 were washed with 10% (w/v) aqueous NaS 20 3 (1 )( 

15 mL), 5% (w/v) aqueous NaHC0 3 (1 )( 15 ml), and H20 (3 )( 15 mL). 

After drying. fUt ration, and evaporation. there remained 0.136 g of 

white solid. The isomers wert:! separateit by flash chromatography (2 )( 

15 cm. 

ovthe 

4il hexanes/ethY~ acetat'e) to affc:,rd 0.011 g (28 ~ol, 8,; yield-)­

~-epnxide l2!. 8n~ 0.124 g 90.32 mmnl. 92% yield) of the desired 
'-~~- .. -

a-epox~de lli. as a colorless ail. 

Synthesis of ~-Epoxide and Protection: 30a 

• 
Purifled (I2l) HCPBA (0.104 g., 0.6 mmol) was added to the alcohol 

(0.097 g, 0.4 mmol) in dry ~H2C12 (6 ml) at 0 0 C under Ar. The reac­

tion was stlrred at: 4° C for 24 h; then poured into CH 2C1 2 (25 ,mL). 

The organics were washed with 10% (w/v) aqueous Na 2S20 S (l x 15 ml) and 

with water (2 x 15 mL). Drying, f:ptration, and evaporation afforded a 

yelIow Bolid (0.088 g, 85% erude yield) which was used without further 

purif i cati on. 

The f3-epoxide aleohol was protected as the !!ll:!.-butyIdimethylsi-

1yl ether by the methocl of Corey and Venkateswarlu ,(99) in 47% yi~ld 

l 

J"'- ~----:--~'T=,;_~, _, ""!' .... , ~,.~,_,"'"I._l 
: ~ !~~.~ ~ .. ~ ~ __ -' ~: ~.~J~ :~: ~ ~ __ .. :~_ l~ .. 

, '1' .t 
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after purification by preparative layer ehrolUtography (7: 1 hexanes/-

, ethyl ecetete. both ~pectrograde) • 

.. creponde, ,lli,: 

IR (neat) 2950, 2930. 2850 (CH stretching); 1605, 1575, .. 1495 

(C-C) cm-l. 

NHR ( Cn.C 13' 200 MHz) 6 6.6 - 6.9 ( m, 3 • e ro~ 1 c) , 3.7 4 (s , 3 • 

OCH3 ), 3.'35 (t, 2, J - 7.5 Hz. -CH 20Si), 3.0 - 3.2 (m. 3, benzyl1c and 

epox1de-H), 1.0 -- 2.4 00, aliphatic), 0.8 (s, 9, SiC(CH 3)3)' 0.0 (s, 

6, S1(CH 3)2). 

Mass spectrum, 50° C probe temperature: 388 (~ •• n, 331 (~.-

!-.BU • '( 41u). 213 (56). 71 (I 00) • _ ~ .. 

~-epox\de, l2!.: 

IR (neat) 2950. 2930, 2R80,. 2F150 '(CH stretching); 1610, 1575, , \ 

N}-t~ (CDCl 3 , 200 MHz) ô 6.99 (d, l, J .. 9.2 Hz, H-8>, 6.85 (d,l, 

J. 3.2, Hz, H-5). 6.70 (dd. l, j - 9.2 Hz. 3.2 Hz, H-7), 3.8 - 4.1 (m, 

3, -CH20S1 and epoxide-H), 3.8 (s, 3, OeH 3>, 2.84 (dd, A of ABX, 1, 

~gem • 16.8 Hz, J vic .. 7.4 Hz, ~-benzyl1c), 2.74 (dd, B of ABX, 1. Jgem 

• 16.8 Hz. Ji· 8.6 Hz, a:-benzyl1c), 0.8 - 2.2 (l0, al1phatic), 0.9 
v c """ . 

(s, 9, SiC(CH 3 )3)' 0.1 (s, .3, SiCH 3), 0.0 (s, 3" SiCH 3). 

Mass spectrum, 45° C probe temperature: 388 (1'1+., 0.4), 331 

(~·':".i-Bu·, 52),213 (l00). 

. \ 

• _, •.. ~~~.!:ft.JI.J!t_ •. ~~_'! •• ",~_.,._ ... ".j .. ,...t. 
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Prot@ction of Alcohol as tert-ButyIdiphenyls1lyl Ether: 28b 

The alcohol was protected as a !!!!..-butyldi phenylsllyl ether by 

the method of Hanessian and Lavallee (117). The alcohol (0.203 g, 0.79 

IIImol), 2.2 equiv of imidazole (0.117 g, 1.7 mmol), and 1.1 equiv of 

, tert-butylehlorodiphenylsilane (0.23 ml, 0.88 mmoi) were combined under 

nitrogen in dry DMF (4 ml) for 4.5 h at' room temperature. The solvent 

was removed under reduced pressure as an azeotrope with toluene (3x). 

The residue was taken up ln CH2C1 2 (60 î!Il.) and H20 (30 mL). The H20 

was separated, and the organie layer was washed with water (2 x 30 ml). 

After drying, filtration, and evaporation, there remained 0.505 g of 

• yel1-ow oil. Flash chrol'l/ltography (3 x 14 cm, 9: 1 hexanes/ethyl ace-., ' ~ 

tate) afforded 0.291 g (0.58 mmol, 75% yield) of the silyl ether. 

,IR (neat) 3080~ 3060, 3020, 3005, 2970, 2935, 2860 (aromatic and 
, ' 

aliphatic CH stretchlngs)j 1615, 1590, 1505 (C-C); 1428 (Si-Ph) cm-l. 

NMR (CDCl p 60 M'f-Iz) 0 7.1 - 7.8 (l'Il, ID, SiPh 2 ), 6.5 - 6.8 (m) 3, 

aromat1c), 5.S Cm, l, olefinic), 3.7 (s, 3, OCH 3), 1.1 - 3.5 (14 .. ben­

zylic and aliphatic), 1.0 (s, 3, SiCèH 3 ), 0.9 (s, 6, SiC(CH 3)2). 

Mass spectrum, 210 0 C 10n source, 260 0 C probe temperature: 4'9 

• .+. • 
(M· -!.-Bu , 100). 

Epoxldation of tert-Butyldlphenylsily! Ether: lQk 

Meta-chloroperbenzoic acld (0.198 g, 85%,0.97 mmol) was'added to - ' 

the protected alcohol, ~ (0.297 g, 0.60 mmol) in dry, CH 2C1 2 (5 mL) at 

0 0 C under Ar; then st,irred at 4° C under Ar overnight. The mixture 

was poured,' into CH 2CI 2 (25 ml) and washed with 10% (w/v) aqueous 

" 

1:. O'~ .... , 

" 

" 
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&trled. flltered. and e.aporat~ to yleld 0.340 g of soUd. Preparative 

layer chrol'llatogrephv (7:1 hexanesle~hyl Acetate. 2 elutions) was used 

to bol.te the product (0.036 g. 0.070 ..,1. 12% yield). 

IR (neat) 3080, 3060, 3005. 297D. 2945, 2870, 2840 (aromatic and 

aUphat1e CH stretchings); 1615. 1593. 1583 (C-C) cm-l. 

- ~ . 
NMR (COCI], 200 MHz) t- 7.30 - 7.59 Cm. 10, SiPh 2 ). 6.62 - 6.87 

<a. 3. aromatid, 3.72 (s, 3, OCH 3 ). 3.43' (t, 2, J. 7.0 Hz, =-CH 2Û), 

3.11 (br s~ l, epoxtde CH), 3.10 (dd. A of ARX, l, J - 18 Hz J -
gem • vic 

4 Hz, ~benzyl1C), 2.'92 (br d. B of ARX, 1. J - 18 Hz. 

1.55 - 2.35 (ID, al1phaUc), 1.00 (s. 9, S1C(CH 3)3)' 

~-benz y 11 c) , 

Mass spectrum, 210" C Ion source, 220" C probe temperature: 455 

Synthesis of 01 tosylate: 11 

The d1tosv1ate vas /Ude accordlng to the general method outHned 

by Fie.er and Hesel' (97). The dioI • .!! (0.20 g. 0.72 mmol) was dis­

.01ved in dry pyr1dine (15 mL) et 0" C. and 3.6 equiv para-toluenesul-

fonyl chlor1de (OS g. 2.6 11lIII(1) vas added. The react10n was stirred 

.~' O· C for 3 h; the-n---he.ld.-8t 4° C for 48 h. When complete, the solu-

, 
~1011 vas poured lnto H20 OS mL). This. was extracted w1th CH 2C1 2 (3' x 

20 1Il..). and the organie extracts ",ere washed sévera1 times w1th 20% 

(v/v) aqueous Hel to get rld of the pyrldine. The organic layer was 

&trled. f11tered. and evaporated to afford 0.41 g (0.70 mmol. 97% eTude 

yteld) of brown residue whlch was used w1thout further purification.-

, . 
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IR (neat) 3060, 2950, 2930, 2860, 2830 (aro_tic _114 alijhat1c CR 

stretchings)j 1610, 1595, 1575, 1500, 1490 (C-C); 1170, 1185 (tot,late) 

NMR (CDCl p 60 MHz) 6 7.2 - 8.1 (., 8. S\(C~-œl)2)· 6.6 - 7.2 

(m, 3, aromatic), 
. 

aliphaUc), (s.o 3, ~3)· 2.48 (S. 0.7 - 5.0 (14" 3.8 

3, SC6H .. -Clb), 2.45 (s, 3, SC6H .. -C.l:b). 
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The He che"mlcal shifts (Table 1) in tl1e NMR ~pectrum, of 17-

deaz~-17-oxaisomorphinan were as~igned unam?igu~us~y fI:om het$~o~calar 
1 

41nrl homoscl'llar 2-D spectra (a.) (F'igures 36 - 40) after determina~lon of 

the number of attached H atoms by DEPT ,(~) experiments and by: éonsi-

deration of peak heights. The shifts for levorphanol (c) anQ isolevor-
f • 

phanol (d) (X :0: NCH p R ": H) we're determined from het~ros calar 'correla­

'ted spectra t in the 20 to 60 ppm. region~ by artalogy 'to 'known spect1:al 

analyses (l21.122)~ and by calculation of the' exp~cted shifts i~ ,the 

aromatic region (124). The peak assignments for levorphanol were cdm-

pl1c~te" by the conformational fle!xibility of ring C: thus car~oDs 7 

and 8 -could not he ass igned uflli'mbiguous ly because the ring e pr.o~on'S 
~ . 

did not show absorptions in the homoscalar correlated" 2-D 'lH~NMR spec-
, t . 

tmm. The assilZnments. for levorphanol agreed with those r~p.~rted for 
\ 

O-methyl levorphanol (123). The assi,gnments por isolevorphanol were 

made difficlJlt owing t'o 1nsuffic1ent amonnts of compound: .rbany of the ,. 

expected absorbtions in the c.orrelated spectra w~re weak ot absent· sp 

that small )oélmount'l of impurities obscu-red the results. The aS'3ignmentA 

for the sulfur analogues were obtained from reference 34. " 

a. 

b. 

c. 

d. 

'J 

AlI spectra were obtained by F. Sau;101 on a V~1an XL-300 

'l 
D1sto~ionless enhancement by polarizat\~:ansfer. 

As free base hom levorphanol tartra~e '(gift from BrÙtol 

"­tories) • 
- ' 

As HI salt (gift fromM. Gates, Rochester, NY) .... 
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Table 1 : 75.4 MHz '13C Chemi cal 
ppm from MeljSi 

isomo rp"hi nans 

X 0 N-CH 3 S (1) 
R H H H 

1 128.59 128.59 129.25 
2 113.25 113.01 (a) 111.13 {a} 
3 154.27 153.92 158.30 
4 110.79 llO.RS (a) lio.19 (a) 
5 36.00 35.94 37.94 
6 22.14 23.35 22.12 
7 25.79 '26.58 Cb} 25.82 
8 26.pO 27.21 (b) 27.52 
9 72.56 59.02 39.55 
10 35.42 . 26.12 i 40.82 
11 128.21 128.59 129.25 
12 146.91 147.5~ J45.66 
13 33.99 34.5 ' 35.64 
14 40.6), )f:151 41.~15 

15 30.60 ' 1 :27 31 !"52 
16 59.81 47.71 22,97 
OCH 3 
N~H3 4~.97 

ar 

(1) Data from refe.rence 34. 

, . 
. --~ -- -.... ~ ~ ~ - -",,-,- . 

11 

morphinans 

Shifts 

morphinans 

N-CH S (1) 
H 3 CH 3 

128.67 (a) 129.30 
113.65 (h) 111-; 18 (a) 
155.72 158.65 
112.47 (b) 110.87 (a) 
·)6.46 38.05 
22.20 22.31 
26.40·(c) 26.94 
26.76 (c) 29.60 
58.14 37.17 
23.62 35.62 

127 .• 88 (a) 129.51 ~ 

141.22 140.60 
37.00 38.40 ' 
44.37 46.17-
42.43 44.41 
47.29 22.67 

55 .• 24 
41.35 

(a. b, c) - These assi.gnlllent8 mlly_ be Interchanged'. 
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FIGUE 37: ColllJll ete 13c-1OOt apectrutll of ]-hydroxy-17-deaza-17-oxa:1so-
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" region. 
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The carbons a to the hetero.;ltom st 17. C-9 and C-16. appeared 

furthest downf1e ld in the !!2.-oxa analogue, had an 1ntermediate value 

1n the nltrogen sertes, and were furthest upfield in the suHu, ana-

logues. the trend reflects the Pauling cleet ronegat Ivity order of the 

respective heteroatoms: o (3.5) /1 N (3.0) <, S (2.5) (125). Upon' N-
" 

alkylation. the earbons a: to the nltrogen of morph1nans (23) and ben-

zOT"lorphans (l26) appear further downfield relative to the eorresponding 
\. 

secondarv amines. In ~;-norlevorphanol carnon 10 appears at 33.8 ppm 

(123) bu~. i'lppeared at 26.12 and 23.62 ppm in tc;olevorphanol and levor-

phal!0l, respectively, due to the y-gauche shielding (124) of C-IO by 

the equitorial metl?yl group o~ the nltragen. 

The carbon-13 N:1.R spectra served to characterize the stereoehemi-

cal differences between the isomorphinan and 'morphinan ring systems. 
, 1 

Thus, carbon-lO appeàred further upfte! d. in ~he l1lorphinan series due tq ... 
the Y,-shieltling of C-8. Whereas carhon-1S appeared at 31 ppm ln the 

'isomorphlnans, it vas shifted downfield by 10 l'pm in the morphinan 

series. This carbon (C-15) ls y-shielded by C-6, C-8, and C-9 ln the 

Isomorphinans but y-shl~lded only by C-9 in the morphlnan analogues. 

These shieldln~ effects account neatly for the observed spectral cha-

racteristics of the Ble isomers. Slnce thé 17-oxa analogue also showed 

a C-15 resonance near 31 l'pm. the trans-BIC geometrv le accordingly 

confirmed. 

The lH-resonances (Fig. 36) of H-deaza-17-oxaisomorphlnan were 

asslgned through decoupl1ng experiments (e) and by' 2D-NHR experiments. 

Space-fl111ng CPK models showed that the egultorial proton on C-lS lies 
6 

.. 
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. 
over the aromat ic ring. so that the anisot ropy strongly shields that 

l' 

proton account'lng for its ut>field shift to 0.61 ppm; in contrast the 

axial proton on ,-C-15 appeared at. 2.48, ppm. The equitorial ring-C pro-

tons are aIl downfield relative to the respective axial ones owj.ng to 
• f ," 

i' 
A , • 

the anisot ropv of the sigma bonds (62). vith the exception of the C-8 

protons where the axil,\l one appeared at 2.02 ppm and the equitorial one / 

at 1.43 - 1.60 l'pm. This di Herent behaviour of the C-8 protofis may he 

due to deshielding df the axial one hy the electroqegative heteroatorn. 

J 

---~ ----- ------::-:--:------------_ :r' 1 •• M ~~ • r~ 

____ ~ __________ l 
, ~~ 


