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J. Richard M. Camicioli MSc 
, 

Chemistry 

ABSTRACT 

The synthesis of the analogue of 3-hy.droxy-morphinan in which 

nitrogen has been replaced by sulfur is described. In developing 

the syn thesis. unsaturated analogues of 3-me thoxy-hasubanan in 

which ni trogen wa!> replaced with oxygen and sulfur were produced. 

The starting compound for each of these syntheses was 6-methoxy-4a-
\ l 

(aminoethyl)-l, 2,3,4 9 4a, 9-hexahydrophenanthrene. The intermediates 

and final products were characterized by NMR, IR and mass spectroscopy. 
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La Synthèse Totale de 3-Hydroxy-17-deaza-17-thiamorphinan, 

.3-Hydroxy-17 -deaza-17 -thiaisomorphinan, et 

3-Ue thoxy-17 -deaza-17 -thia-Ô, 9 ,1 O-hasuballan 

J. Richard M. Camicioli MSc 

RESUME 

Chimie 

La synthèse des analogues de 3-hydroxy-morphinan et son ' 

isom;ëre dans lesquels l'azote a été remplacé par le soufre est 

décrite. En plus. on a réussi la synthèse des analogues de 

" / methoxyhasubanan dans lesquels l'azote a ete remplacé par l'oxygène 

et par le 'soufre. Le produit de départ pour toutes les synthèses 

'( 

ea.t le 6-methoxy-4a- (aminoethy 1 )-1, ~, 3, 4,4a, 9-hexahydrophenan,thrène. 

Les produits intermédiaires et les produits finals ont été' 

caractérisés par spectroscopie infrarouge, resonance magnétique 

nucléaire et la spectrométrie de masse. 
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CHAPTER t 

1 N cT R 0 0 U C, T ION 

'" Morphine (1) is an alkaloid endowed with a variety of physio1ogical 

and psychological pro~erties. lt is known to induce ana1gesia, drowsi-

/ ness, euphoria, respiratory depression, 'constipa~ion, nausea, and emesis.~'l 
In addition, it is highly addictive •. In spite~of its many undesirable 

properties, it has been, and is still u~d in medicine because of its 

analgesic activity.l , 

HO 

, 

OH, " 

<t "", , 

-MORPHINE (1) , 

" Hund~eds of more or less rèlated analogues have been synthesized 

with t~e hope,of achieving dissociation of the desirable from the 

undes1rable properties. 2 
, 

Research continues undauntedly in this 
• 

area with ~he aim ~f ~heSiZing selective antitussives, anti-
1 _ ~ , 

diarreals, diur~tics as wèll as analgesics and other drug~. 

.' .t/' 

,i',," 
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The term opiod is used to designate_ in a generic sense, aIl 

drugs - natural and synthetic - with morphine-like properties. 
l, 

Pharmaco16gically speaking_ any molecule displayring s~rong analgesic 

properties is often referred to as an opiate receptor agonist. 

Conversely, if a compound blacks the morphine-like effects of anoth~r 

2 • 

drug, it is referred to as an antagoniste However, classes of compounds 

are known which behave as both agonists and antagonists as judged from 

the pharmacological criteria in use. 

Na10rphine (2) was used f9r the first time in 1951 as an antidote 
';:'1 , 

for morphine poisoning in man because of its ability to antagonize 

the latter's effects on respiration. In 1953 it was found that 
, ,. 

na10rphine precipitated the withdrawal symptoms normally assoeiated with 

drug deprivation in addicts. According to these criteria, nalorphine 

behaved as a genuine morphine antagoniste However, it was also found 

to induce strong analgesia in man, a eriterion by which agonists are\ 
~ ... 

grouped into a separate class. Nalorphine was the first example of a 

dtug displaying both agonistic and antagonistic properties. The 

expression matagonist has been proposed 'on~ the basi$ of mechanistic 

~ 
consi~erations to describe such compounds. 3 The drug appeared to have 

lower potential for abuse which raised the possibility that a pharmaco-

- logieally elean non-addictive ~nalgesic may be capable of'existence. 

A serious drawback ef nalQrphine is the acute dysphoria that it induces 

in man, a property which disqualifies it for use as an analgesic. 

" 

\ 
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{ 
Pure antagoni8t~ (that ls, compounds inducing no obvlous 

pharmacologieal response) have been discovered. The first member' 

of this remarkable class is naloxone (3), whose activity could be 

detected only after challenging a pre-treated animal with morphine 

because aIl effects of the latter are blocked by thls "pure" 

antagoniste 

HO 

( 

OH 
• 1 

NALORl'RINE (2) 

r 

HO 

-c· 
NALOXONE (l) 

,. 
j 4 
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An opiate agonist whi,ch fs structurally much simpler than 

morphine, but much more effective as an analgesic 1$ levorphanol (4)4. 

HO 

~O~OL (4) 

.... J .' 

tevorphanol 'incorporates'only the morphine skeleton which is known as 

4. 

morphinan. lt ls totally synthe tic but dlsplays aIl the undesirable 

p'ropelties of morphine Including increased addic ti ve properti~s. Since i t 

is structurally much simpler than morphine and readily avatlable by 

synthesis, the generatlon of analogues became attractive from the stand­
"i 

point of economics. Several syntheses of morphinans have been achleved.~,S.6 

Il 

-----:. ......... _----....;...---~-,.-..-~-...... --------------- ------_ .. -
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Replacement of the methyl group of levorphan01 by an a11y1 group, 
, , 

as in the case of morphine produ~e~ a potent opiate antagonist, known 

as levalorphan~ but again disp1aying analgesic activ~1n man. 

Unfortunately, it also exhibits aIl of the s1de effects of nal~hine. 

Other substituents on the nitrogen, such as cyc1oprophylmethy1, a1so 

generate agonist-antagonist activity of variable poten~ies.7 
~ 

When the hydrogen at position 14 of the ring system 1s replaced 

~ by a hydroxy1 group in the presence of a'N-CYClobutYl~ substituent, 

a patent ana1gesic-antagonist devoid of addiction potential is 

5. 

obtained. a This drug, known as butorphanol, constituees 'a clear examp1e 

of the subt1e effects of s~bstituents at strategie positions on the 

pharmacological profile of marphinans in man. 

Attempts have been made using theoretical ca1culations.t~ explain 

the raIe of the l4-hydroxyl gro~p of butorphanol and oxyIDorphone (5) 

on the stereoelectronic properties of the nitrogen atom and aIl that 

could be said was chat the vicinal OH group causes ~distortion about 

the nitrogen lone pair of electrons apart from lowering the pKa of the 
, 

mo1ecule, as wouid be expecced. However, it is not clear how chese 

effects can serve ta explain the pharmacological profile of butorphanol. 

Hydromorphone (6) and oxymorphone (5) were compared in chis study,9 

but the conclusions do not provide an explanation as ta why the 14-0H. 
~ 

enhances analgesic activicy in the case of oxymorphone but antagonist activity 

in the case of butarphanol. 
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OXYMORPHONE 
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HYDROMORPHONE (6) 

Fundamental structure-activity studies led to the significant 
" 

6. 

d1scovery that the directionality of the N-17 lone pair of morphinans has 

a controlling effect on productive binding on th~ opiate receptor .10 , 
This was dramatically illustrated by the complete lack of opiate-like 

activity of N-methyl-D-normorphinan (shown in Figure ,1), a synthetic 

analogue of levorphano1 in which the piperidine ring is contracted to a . 
five-membered ring - an operation which forces the N-1one pair to project 

in a direction opposite to that of levorphanol. This conformation for 

the ring D ~ analogue was deauecd by X-ray ana1ysis 10 and m01ecular 

mechanics calculations (private cocmunication from Roussel Uclaf).' 
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Figure 1: Nitrogen lone electron-pair orientations 
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in N-methyl-D-normorphinan (A) and in 

levorphanol (8). 
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On that basis it is inferred that an analgesic response is initiated 

by a stereoelectronically controlled proton transfer at the receptor 

. level. If only a charge-charge interaction were neces8ary, the D-ring 

~ analogue would be active because the simple electrostatic int~ractions 

are insensitive to geometrical effects. The D-ring ~ analogue cannot, 

in its protonated form, participate' in a stereo-controlled proton transfer 

in a direction predetermined by the nirogen geometry of levorphanol. 

However, the electrostatic part of the attraction of levorphanol to its 

receptor may contribute a pharmacological effect which i8 impossible to 

predict. AlI that one can say i5 that this attraction is not evident with 

the D-ring ~ analogue since no morphinan-like activity was measurable. 

Quinolizidine analogues of levorphanol (Figure II) have 5erved to confirm 

the key role of the N-lone pair directionality. The isomer with the N-lone 

pair pointing towards the phenyl group (A) had no analgesic activity while 

the one with the lone pair pointing away from the phenyl group (B) 

displayed significant activity.7,11 

These conclusions have been questioned 12 ,13.14 on the grounds that 

quaternary nitrogen analogues of opiates display,very weak, but measurable 

agonist activity in various test systems. 12 Also, the necessity of an 

equatorially oriented N-methyl group in morphine for activity has been 

questioned on the basis of 600 MHz solution NMR spectroscopy which showed 
, 

that a significant portion of the N-axially oriented ;onformer is present. 13 

The properties of quat~rnary morphine with an axially oriented N-allyl group 

may also appear to contrad~ct the N-lone pair orientation theory.12b 1 

; , 
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in quinolozidine analogues of morphinans: 
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Sim11ar contradiction~ were emphasized using benzomorphans as substrates.l~ 

However, it should be noted that aIl quaternary analogues thus far reported 

display greatly reduced activities and that this is especially true of the 

N-allyl antagonist dnalogues (Figure III).12c 

For instance, the axial N-allyl isomer A, shawn in Figure III, has very 

low agonist activity on the guinea pig ileum preparation assay and i8 not' 

antagonized by naloxone. ReversaI of agonist activity by a specifie antagonist 

such as naioxone in the case of opiates is a requirement for receptor mediated 

activity. The absence of such a response in the case of the axial N-allyl 

isomer 8uggests that its weak activity Is not ~ true morphine-like activity 

at the morphine receptor. Thus, one cannot draw conclusions about the 

morphine receptor from these resuits. The equatorial isomer B (Figure III) 

i8, however, an effective antagonist in the mouse vas deferens preparation 

(one third the activity of naiorphine). These presumed evidences against the 
\ 

N-lone pair directionality theory are not as convincing as they appear. 

Firstly, stereospecificity of interaction w~th the receptor was not 

demonstrated in aIL cases. 12a ,h A direct interaction with the receptor, 

as opposed to a less specifie indirect membrane effect, is expected ta be 

stereospecific. More important, however, ls the f~ct that no attention was 
, 

pa id to the pharmacokinetics of the quaternary compaunds. 12b ,c In some 

cases, it was not measured;ln the athers, the time of onset and offset of the 

biological effects, although at marked variance wlth the behavior of 

standard opiates, was not commented upon. 12 AlI quaternary analogues thus 
'\ , 

far studied are characterized by rapid onsets and offsets of activity in 

marked contrast with classic opiates which also display much greater potency. 

- ! 

\ 
\ , 
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There 18 no doubt that these remarkable differences have meehanistie , 
8ignifieance~ but not neeessarily in relation to the directional proton 

transfer theory. Rather, the quaternary compounds May reveal only a 

12: 

possible, but weak effect of the charge-charge interaction p~r ~ or May 

be acting indirectly. With quaternary analogues, the axially oriented 

proton of the piperidine part is replaced by a bulky, hydrophobie allkyl , 

group which prevents optimal charge-charge interactions with the receptor. 

Closeness of approach to a counter anionic site of the ~ceptor i5 hindered, 

and distortions about the receptor \~onformations may weIl be induced. 

The present research was under~fken with a view of specifying, with 
.\ 

greater precision, the respective raIes of the charge-charge 1nteraction 

and the protophilic nitrogen lone pair in the receptor response. An 

attractive approach consists in substituting the nitrogen atom of agonists 

and antagonists by a sulfure Sulfonium salts are tetrahedral like tertiary 

amines, a~e permanently charged, but unable to carry a proton. The 

structures of some relevant analogues are shown in Figure IV. Isomorphinan 

analogues are equally desirable targets because isolevorphanol is known 
v 

15 to be more active than levorphanol. Clearly, the equatorially oriented 

sulfonium species should allow optimal approach to the counter anionie 

site of the receptor; this would not be possible with the axial configuration. 

The first goal was to synthesize the parent cyclic sulfides which could 

then be submitted to alkylation reactions using appropriate reagents. 

Aceordingly, we set about to synthesizing 3-hydroxy-17-deaza-17-thiamorphinan 

and its isomorphinan stereoisomer. 

\ 1 

j 
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Retrosynthetic 'analysis (Figure V) suggested, "tllat approaches previo'!sly 

used successfully in the n1trogen series "mignt be applicable. Some , 

key âisconnections of the ring system are shown in Figure V which have 

su~~essfullyled to syntheses of morphinans aqd close1y related compounds. 
• 0 ' / 

Disconnection a. formed the basls of Evan's approach to the ~orphin~n 

skeleton. 5 Earlier, Grewe pioneered approach b. to morphinan ltself ) . 

• ,~~b1ving a Friedel-Crafts ring closute reaction where the aromatic group 

fa ef,fective1y. nucleophi1ic and an 01ef1n elctrophllic. If . lt has been 

" ad~pted successfu11y to the synthesis of the thiaisomorphinan skeleton in 

our 'laboratories,.16 Surprisingl:r, this route led to the isomorphinan . " 

" ' 

, " 

, 
~ Il A 

ster~ochemistry in contrast th the morphfnan ~tereoche1rtstry which is 
. 

generated 1n the nitrogen series. Route C" formed the basis of thé ,~ ..... 

synehesis of 14-hydroxy substituted ~orphinans as conceived by Belleau and 

,fildu'Strially exploited by the Bristol-Myers Company. 17 ,18 lt offers the 
- , 

potehtial for defining the stereochemistry at position 14 prior to 

cyclization to the fundamental skeleton., 

A generous gift o~ the Bristol-Myers Company of the Key intermediate 

i sho~in Scheme i,> Chapter 2, used in this route was off'great help in 
-/ " ' 

initiation of this work. Our first goal was to develop methods for the ~ 

replacememt of the amine group by other functionalities. 
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Figure V: Retrosynthetic analyses of the morphinan skeleton. 
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CHAPT'ER 2 
" 

DISCUSSIONS AND, RESUlTS 

The following discussion centers on transformations of the substituted 

phenanthrene system used as a starting material (Scheme I) and on the 

synthesis of 3-hydroxy-17-deaza-17-thiaisomorphinan, (Scheme II), 

o If 3~thoXY-lj-deaza-17-thia-à9.10-hasubanan- (Sceme Ill), and 3-hydroxy-17-
L 

deaza-17-th1amorphinan (Scheme IV). Numbering of the ~ompounds i9 as shown 
-1 

in the three following schemes unless otherwise stated (consult Figure VI 

especial1y). The transformations outlined in Schemes l - IV are descr1bed 

in the experimental section. Detailed spectral analyses are contained, in 

the text. Oo1y the highlights of the work are included in the, text; details 

are to be fouI1d in the exper:i.mental part. Some relevant spectra are 

included in the append~ 

l Am:i.ne Hydrochloride 

l 
3 Aldehyde 

l 
2 Amine 

1 
Ph 

~ )-Ph 
1 Ph BF-

4 

'c 1 • 

lb Pyrid1nium Tetra:fluoroborate ~. Isomerized Amine 1!t ArOlll&tic 

( ~ 

Scheme 1: Amine Bydrochlor1de~ Amine, and, Aldehyde 

Q Transfomations. 
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4 - Alcohol 5 - Diol 

.2. - Dimesylate 
R- 5 02CH'3, 

18. 

RO 

7 - He thoxy- thiaisomorphinan 
ReH3 

() - Hydroxy- thiaisomorphinan 

R • H 

Scheme lI: 3-Hydroxy-17-deaza-17-thiaisomorphinan synthesis 

40 -t 

9 - Tosylate 10 - Th:i.oxanthate: 
- R - C(S)OCH2CH3 

Il - Th:i.ol: R - H 

..J 

12 - Methoxy-dehydro­
thiahasubanan 

.' 

Scheme III: 3-methoxy-17-deaza-l7-thiahasubanan synthesis 

Q- IsMer:i.zed Alcohol 15 - Thiolacetate: 11.- Me thoxy- thiamorphinan 

R • H R :& C(Q) CB3 1 R • CU3 

ll- Isomeri. zed 16 - Isomerized Thiol: 1!- Hydroxy-thiamorphinan 
Tosylate: R· R - H R • H 
S02CGHS CH 3 

SchelDe IV:; 3-hydroxy-17-deaza-17-thiamorphinan synthesis. 
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2.1 Remova1 of a Primary Amino Group 

Severa1 0 methods are avai1able for ·th~ conversion of primary amines 

to other functional groups.19 One approaeh is to transform the amine into 

a good 1eaving group so as to allow for subsequent nuc1eophiliè substitution • . 
Diazotization of an amino group ",ou1d accomplish this; however, with 

primary amii1es, el1J1lination to form an olefin competes effective1}" ",i th 

nucleophi1~c substitution. 20 Despite the potentia1 drawbacks of this 

approach, an attempt was made to diazotize the ·amine ~ in the presence of 

the acetate ion as the externa1 nuc1eophile. When the reaction was attempted 

according to the conditions of Streitweiser21 using sodium nitrite in aeetic 

acid at O°C, a complex mixture of products was obtained. Some of the 

desired acetate ester may have been produced because there was a band in the 

'IR spectrum of the mixture which i8 characteristic of the acetate carbonyl 

absorption at 1730 cm- l • The major product:, as judged from the mm 

spectrum of the mixture appeared ·to be an olef1n whose alpha carbons carried 

no hydrogens, indicated that the double bond of the starting material had 

isomerized. The chemical shifts of these protons in 'the ole finie product 

suggests that they are attached to a styrene function. Given the acidic 

conditions prevailing during t:he nitrosation reaction, double bond 

isomerization may not be surprising. Since the reaction products were not 

characterized further, the mechanisms underlying chese observations cannat 

be clear1y identif1ed, although one may speculate that generation of a 

reactive electrophile in the presence of an equal1y reactive olefin may well 

favour side reactions such as shawn in Scheme V. 
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• 
Sçheme V: Diazotization and plausible reaction pathvays. 
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These results suggest that the amine should be transformed inco a 

leaving group Iess reactive than the diazonium species. but aliowing for 

nucieophilic displacement by an ex,ternal nucleophile (such as the acetate 

anion). Katrizky22 had successfully displaced primary amines vith other 

functional groups by vay of nucleophilic substitution of the corresponding .. . 
, -C

-

-; . 
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. . 
2,4,6-triphenylpyridinium derivatives. Accordingly, the pyridiqium 

derivative was generated in 70% yield reacting the amine ..,i th 

2,4,6-triphenylpyrylium tetrafluoroborate23 in ethanol. 24 The product was 

recrystallized from ethanol and charactedzed by NMR. ,~e ,sp~rum was, 

enti~~ly consistent with the expected structure. Attemp~ts w~re ~efore 

made to\react it (lb) under a wide variety of conditions with many 

different nucleophiles. In no case was any product isolated which correspon d 

ta the expected substitution products in spite of the numerous precedents 

for ~~h displacement processes.*25 
"" 

lt is revealing that wi th sodi\UD acetate or potassium e thyl thioxanthate 

as the nucleophiles, the ~ product was formed. On the basis of the NMR 

and Maas Spectrum of this product the structure was deduced to corre pond 

ta the aromatized compound 3b. ** 

A plausible mechanism for its formation would involve a bimolecul r 

elimination reaction, where 2,4, 6-triphenylpyridine, and .ethy lene 

appear as products in addition 

benzy lie anion would be f ormed 

* Nucleophiles tried were: 1. 
neat)i 2. potassium iodide 
thiolace ta te (in benzene at 
(in benzene at reflux); 5. 

** DiscuBsed later. 

ta 3b. A _t~o step mechanism where 

is also 'p~sible. 
" \ 

thiourea (iI~ chlorobenzene at reflux and 
(in ethanol at reflux); 3. potassium 
reflux); 4. potassium ethyl thioxanthat 

sodium acetate (neat at 185°C). 

lt is clear that the nucleophiles used behaved as protophiles in this 

'reaccion. I t is possible that Katrizky 1 s modification of the approach and 

which involves dihydro-benzoquinolinium salta that are more susceptible to 

/ 

, 
" 
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" 
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n~cleophilic attack than the corresponding 2,4, 6-triphen;lpyridinium 

salts. might offer a solution to the problems. However, we elected ta 

use another approach involving the iodide ion as the nuc1eophile. Instead 

of the tetrafluoroborate. the iodide salts were prepared according ta 

Chadwick's26 a and Balaban ' s 26b method from the red pyrylium iodide salt 

itself obtained from the yellow tetrafluoroborate. Thermolysis of the 

pyridinium iodide at 150°C gave a mixture of products containing none of 

the desired iodide. 

Another useful method for the replacement of primary amines by another 

.funct1onality involves the thermal rearrangements of N-nitroso amides. 27 

This approach i8 shawn in Scheme VI. N-acetyl and 3,5-dinitrobenzoyl 

amides of amine 1. were prepared by conventional methods from the correspon-

ding acid chlorides. When these amides were subjected to nitrosating and' 

rearrangement conditions,28,29* none of the desired O-acetate could be 

detected spectro8copically. 

* Nitrosating conditions: '(a) Sodium nitrite in ace tic acid and acetic 
anhydride. (b) Nitrogen dioxide in dichloromethane. 

Rearrangement conditions: Heating in dioxane. 

, . , ;uq IA"« p 
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These attempted transformations as outllned above leave unchanged the 

oxldation state of the carbon atom bearing the amine function. However. 

methods are \ known which :lnvolve oxidative elimination of nltrogen fram 
\ 

pr:1mary carb\ns. 

l!!.. 15 obtai9able 

For example. the Schiff base of the isomerized amine 

according to the method of St. C. Black. 30 Oxidation 

of th1s lntermediate gave a compound whose NMR spectrum was in agreement 
! 

with the expected oxaziridine. * Base-lnduced decomposition of this 

material under known condltlons 30 gave none of the desired aldehyde. 

Tbe three mildest methods of transamination available in the literature 

utilize mesl tylglyoxal, 31 4-formyl-methylpyrtdlnium benzenesulfonate. 32 

or ni.nhydrin 33 as reagents. They aIl functlon by mechanisms slmilar to 

chat of pyridoxal phosphate-dependent enzymes. 31+ 

mes1 ty1Slyoxal 

o 

OH 

OH 

o 
ninhydrin 

H 0 

2) 
7~ ~ 
CH3-0S0~ 

4-formyl-l-methylpyridinium 
benzenesulfona te 

pyridoxal 

Figurtt VII: Reagents for oxidat1ve amine 
transformation. 

*Th. Scbiff b ... showecl two mechyl group peau in addition to the 
_thyl aryl peak at 1.3 and 1.0 ppm. Two saglets appeand at 
1.30 and 1..45 pp 10 the ox1.dlzed compowd. 
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When.an excess of ninhydrin was comblned with the amine 2 under 

nitrogen in 111 ethan01-water in the presence of sodium bicarbonate, a 

50% yie1d of the desired aldehyde l was obtained after chromatography. 

This yi~ld compares favorably with literature examp1es of transamination 

but does not match the results of Rapoport' s, method as will be discusseçl 

later. Our observations extend the scope of Gibson's method. 

The infrared spectrum of the aldehyde showed a carbony1 absorption 
• 

at 1712 cm-1 as well as C(O)-H vibrations at 2718 and 2815 cm-1 which 

35 36 are a1so characteri,stic of aldehydes. t The 200 MHz NMR spectrum of 

tbe aldehyde dlsplayed interesting features. The doublet ot doublets 

expected for an aldehyde proton couPled to two different protons, is 

centered 9.26 ppm (Figure VIIIa). The diastereotopic protons alpha to 

the carbonyl are coupled to each other giving rise to a coup1ing constant 

of about 15.3 Hz as wDuld be expected for geminal protons (Figure Vlllb). 

The two protons alpha to the carbonyl are diastereotopic, hence are expected 

to be magnetically non-equivalent and accordingly they appear at 2.54 

and 3.13 (Figure VlIIb). The relevant coupling constants are 2.54 Hz and 

3.87 Hz, as anticipated. The other pertinent peaks in the NMR spectru1ll 

include the arolJléltic, benzylic. ùlefinic and methoxy protons, the chemical 

shift being similar to those of the s tarting amine 2. The mass spec trum 

showed no parent ion; a peak at m/z 212 had an abundance of 100%. which 

can be accounted for by the loss upon impact of the side chain plus a 

37 
hydrogen atom by a mechanism which has precedent. 
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Figure VIII a): Aldehyde proton by' 200 MHz NMR spectroscopy. 
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Figure VU! b): Proto-qs alpha to carbonyl of aldehyde 

by 200 MHz ~ spectroscopy. , 

• 

A plausible mechanism for the ninhydrin mediated transformation 18 
, . 1 

" 

presenteclbe,low (Scheme VII). The Urst step undoubtedly involves the 
, 1 

, 
I!! !I 

formation of .li Schiff base (III) which tautomerizes by way of an azaallylic 

anion (IV). Schiff base (V) can then suffer hydrolysis to the desired 

Aldehyde with concomitant 'formation of the deep blue animated ninhydrin 

complex (Ruehman's purple).38,39 
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,Col.or 4evelopme~t occurred veiy saon after mixing the reactants. 

• 

29. • 

Surprisingly, when the isomerized amine 2b was subjected to the same reacUon 

o 'conditions, none of thé corresponding aIdehyde was produced!' This 
" , r 

observation remains unexplained. On1y one other transamination process for 

the purpose of generating ,the aldehyde was attempted. The amine l. was 

subjected to rappoport r S c(:mditions
32 

using 4-formyl-I-m~thylpyridinium' p-

toluenesulfonate . (prepared analogously ta the ben~enesulfonate), but 

against expectations,a very low yield of aldehyde was obtained even though 
'\ 

longer reaction times were used. Also, attempts w;ere /hade to accelerate 

SchUf base formation ~y heating in the presence of molecular sieves or 

,C" anhydrous sodium. sulfate. l t is pos~ible" tha t impurities, either in the 

'starting amine, or the soivent and catalyst inhibited the reaction. It 
, 0$ 

seenis' unlikely that the- change ta a toluenesulfonic acid salt ~\an explain 

" -the observed inhibition. Further investigation of Rapoport' s method may 

be rewarding in the view of tlie high yields of' transamination products from 
~ 

other fypes of substrates that were reported. 

One interesting reaction of ~he aldehyde concerns its decomposit1on 

by a free radical process. UpOÏl liea ting in carbon tetrachlor1de in. the 
~ 

presence of ~zobisisobutyronitri1e (AIBN). the aldehyde, gave the same 

aromati~ compound already .obtained from the reaction of -2,4 ,6-triphenyl-
'.' 

pyridinium salts with acetate, or thioxanthate. A plausible mf%Chanism for 
~, 

'this aromàtization is shown in Scheme VIII. 
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In the presence of free radical·i~it~ators. abstraction of the 

hydrogen atoms in the allylic-penzylic position should"he very fac~le 

due ta the extensive delocalizâtian pathways avâilable ta the resulting 
~ . , 

free ele-ctron. Moreaver" the ~lpha face 'Of the molecule is sterically 

unhindered, thus permitting easy approacn of the attacking radical. 

The 60 MHz spectrum of this decomposition product agrees weIl 
. 

with the suggested aro~tic structure. The ratio of aromatic protons 

(between 6:8 - 7.67 p.pm), to> th;)se of the methoxy group (at '3. ai' pm), 

i8 about 5 to 3. The other protons form two groups.adding up to more 

than three protons each 1:tetween 1.7 and 2.1 ppm and 2.7 and 3';15' ppm., • 

-The latter group corresponds to the protons alpha to the aromatic ring; 
/. 

Whereas the former, to those that are in the beta position. No other 
~ 

struct~re can.he conceivéd that accounts so weIl for the NMR spectrum. 4à 
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2.2 Conversion of 4a-(Acetaldehyde) l,2,3,4,4a,9-hexahydrophenanthrene (3) 

to 3-Hydroxy-17-deaza-thiaisomorphinan'(8). 

The aldehyde l was reduced to the-corresponding alcohol ~, with 

sodium boroh;dride in 111 ;t~~Ol-chloroform in 70% yield (after purification). 

41 The reaction was followed by TLC and conversion ta the more polar alcohol 

was complete in about 30 minutes. As expected, the alcohol showed a broad, 

intense, infrared band centered at 3380 cm-1 and no absorption in the 
1 • 
~ , 

carbonyl region~ The position of the h~droxyl stretching mode indicates 

the presence of intermolecular hydrogen bonding. 42 The correctness 

of the structure is supported by the mass spectrum which showed the parent 

ion at m/z 258. Important peaks also appeared at ~/z 256 and 257, as 

( expected for an alcohol 10sing H and H2 upon electron impact, a weIl 

precedented behavior of a1cohols in a mass spectrometer. 37 The 60 MHz NMR 

spectrum was also consistent~ith the 10ss of the aldehyde proto~ and thé 

shifting of those alpha to the carbonyl group which appeared buried in the 

a1kyl region of the spectrum. The two protons alpha to the hydroxyl gave 

a peak between 3.1 and 3.5 ppm where the benzylic protons resonate. The 

200 MHz spectrum was no more revea1ing than the 60 MHz spectrum. AlI of 

the other spectral fe~tures of the reduced compound remained unaltered 

relative to those of the aldehyde precursor. , \ 

An interesting side product was formed in trace amounts. This 

product was less polar than the alcohol~'and"contained no hydroxyl group 

as judged from the IR spectrum. It had a double bond belonging to a styrene 

system attached to a carbon bearih$ no hydrogen atem. and ~ molecular 

--------~--------------~--------~,~-_.--------------------,,-, 
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weight of 256 as determined by mass spectometry. Consistent'with these 

~ata ia the structure shawn below which corresponds to oxadehydrohasubanan(7). 

CH
3

0, 

3-Methoxy-l7-deaza-17-oxadehydrohasubanan (7) 

In agreement with this structure, -the two protons alpha to the 

oxygen appear distinctly as a multiplet between 3.53 and 4.25 pp. in the 

NHa spectrum along with the methoxy protons at 3.83 ppm. This tegion of 

absorption integrates for five protons relative to the three aromatic 

. protons. A free-radical mechanis. of cyclization may account for'the 

formation of this praduct. Radical oxygen species are known and radicals 

derived fram baron inte~diates are possible; in fact, they May be involved 

10 the reductive demercuration of alkylmercury compounds. 43 ,44 

e' 
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Attack by oxygen to form a tetrahydrof~ran ring would appear favorable on 

. 45 
the basls of known stereoelectranic principles. Abstraction of an allylic-

benzylic proton wauld again be expec~ed to be facile for reasons already 

mentioned. These features would account for the generation of the oxadehydro-

43 hasubanan by-product. 

When the aleohol was hydroborated, and treated with borane-dimethyl-

46 sulfide and basic hydrogen peroxide, a single diol was produced, in 40% 

yield. This compound was more polar than the starting a1cohol and its 

infrared spectrum was similar to that of the starting materiah The mass 

spectrum was a1so very similar. However, the NMR spectra of these compounds 

are different. The ~pectrum of the diol is very complicated between 2.6 

and 4.2 ppm where the protons alpha to the hydroxyl group would be expected to 

absorb together with the benzylic protons and the methoxy group. This 

broad band integrates for eight protons relative to the aromatic region. 

The 200 MHz spectrum was much more useful in establishing the structure. 

The proton decoupled spectra in the region of greatest interest are 

shown in Figure IX. Since there Is a proton alpha to the newly introduced 

ring hydroxyl group at 3.95 ppm, It can be concluded that the regiochemistry 

47 of the hydroboration Is anti~Markownikov as expected. The hydroxy1 

can only be at position 10 as the proton alpha to it Is coupled to two 

protons appearing as doublets of doublets at 2.68 and 3.33 ppm; coup1ing 

of this proton to the benzylic protons is characterized by constants 

of 7.9 and 6.6 Hz. They are reduced ta two doublets resulting from 

coupling of the two protons to each other with a constant of 17Hz after 

decoupling of the proton 

(' 

:( 
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DU <. Figure lX: 200 MHz decoup1ed spectrum of 450-800 Hz region 

of Diol 1. 
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at position 10. The stereochemistry at position 10 cannot be established 
• 

from the NMR spectrum alone; however, given the known marked sensitivity 

of hydroboration to steric effects and the fact that only one product was 

deteeted chromatographically, the alpha configuration for the new hydroxyl 

group is inferred. lndeed. approach of baron from the be ta face of the 

moleeule should be strongly disfavoured by steric hindrance from the side 

chain at position 4a.4~ 

Reaction of the diol with methanesulfonylc~~oride in pyridine gave 

the more polar mesylate i in 78% yield (erude product). The absence of 

absorptions for the hydroxyl groups in the infrared spectrum and absorbance 

at 1170 and 1340 cm- 1 confirm structure i for the produet. The 60 MHz NMR 

spectrum showed the general features characterist,ic of the starting diol 

except that the methyls, of the sulfonate groups appeared as ~inglets at 

2.83 and 3.00 ppm and the protons alpha to these groups were shifted 

significantly downfield. The protons attached to the side chain sulfonate 

group appear between 3.8 and4.4 ppm while the ring proton alpha to the 

sulfonate group appears between 4.63 and 5.17 ppm. The reason for this 

shift lies in the eleetron withdrawing properties of the sulfonate group. 

The sulfonate was reacted with sod'ium sulfide nonahydrate in 

ethan01 to give a good yield (56%) of the cyclic sulfide l. a relatively 

less polar compound as judged from its behavior in the TLC systems used 

(hexanes-ethy1 acetate). This method for cyclic sulfide formation bears 

analogy to the synthesis of sul fur analogues in the steroid series. 49 

Identification of the compound was based mainly on 200 MHz NHR spectroscopy. 
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In the mass spectrum, the expected parent ion at m/z 274, was observed. 

Pertinent features of the 200 MHz NMR spectrum of th~ cyclic suIf ide 

inc1ude a doublet of doublets centered at 4.56 ppm with cpupling constants 

of 16.5 Hz and 3.5 Hz and a doublet at 3.23 ppm with a coupling constant 

of 16.5 Hz, (Figure XI). Each of these bands, integrating for one proton, 

probably originates from a benzylic proton; the lareer coupling constant 

ould arise from the geminal coupling of these two protons. The fact that 

. one of the two protons appears as a doublet of doublets and the other only 

as a doublet can be explained by considering the angles between the C9-H 

and the CIO-H bonds. A Dreiding model of the thiaisomorphinan (or thia-

morphinan)revealed that the dihedral angle between C9-H bond and the CIO-Ha 

bond is about 30° while that between CA9-H and CIO-HS i8 approximately 90° 

(Figure X). Consideration of the Karplus relationship allows the conclusion 

that the coupling between C9 and the ClOS proton should be minimal while 

that with the CIOa proton should be significant; approxirnately, the 

coupling constant should be about 0 Hz for dihedral angle of about 90° and 

about 4 Hz for an angle of 30° as observed. 50 The proton appearing at 2.78 

ppm is probably that at C9. Decoupling of this proton eliminates coupling 

to the proton centered at 4.56 leaving a doublet whereas only a sharpening 

of the peaks of the other CIO proton Is observed (Figure'XI A, B). As 

expected, decoupling of each of the benzylic protons affects the other one 

(Figure', XII A, B) while only decoupl1ng of the downfield benzylic proton 

\ 
affects the C9 proton significantly (Figure XII B) causing sharpening 

to a broad singlet in contrast to the broad doublet in the absence of 

.. Hi 
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decoup1ing (Figure XI B). The C9 proton be expected to be coup1ed 

to that at C14 and might also be coupled of the two protons at C16 

(to the sulfur atom) as the dihedral angl the C9 - C14 bond and 

one of the C16-H bonds is 0°, a for the coupling 

of four bands. 36 This coup1ing behavlor accounts for the broadness of 

the C9 proton resonance as weIl as the act that decoup1ing of this proton 

affects peaks in the upfield region of he spectrum where alkyl protons 
"'] 

would be expected to absorb; a sharpen ng of resonances ls observed between 1 

1.76 and 1.96 ppm a region that inte rates for two protons (Figure XII C). 

The rest of the NHR spectrum to that of the precursors of this 

molecule as regards the aromatic prot ~be ,methoxy group and the other 

a1kyl groups, aIl absorblng in the e ected regions. 

The ~~C spectrum of the compoun was uniquely characteristic of 

structure 7 (Figure X, see T~ble I)./ However, one resonance is missing 

in the aromatic region and although ~t Is possible t~at the relevant carbon 

resonance may be of very low i.ntensity, it is more likely to coincide with 

another resonance. 52 With the ATP method (Attached Proton Test) it i5 

possible ta distinguish between carbons bearing odd or even numbers of 

protons.* The missing carbon carries no proton. 8y analogy with the ,spectrum 

of 3-methoxy-morphinan 53 the peak at 158 ppm can be safely assigned ta 

carbon 3, that ia the aromatic carbon bearing the oxygena Similarly, we 

can Identify the aromatic carbon resonances inc1uding the carbon carrying 

the methoxy function which absorbs at 55.24 ppm. On the basls of the ATP 

experiment one can conclude that there are only two other carbons carrying 

.* These experiments were performed by Ur. F. Lepine. 

.~ . " 
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Figure XI: Decoupling experiments on 3-methoxy-thiaisomorphinari 
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TABLE 1 

Thiai~omorphinan C-13 Spec:tt:\IJIl 

. 
Chemical Shif t Assignment 

158.17 ppm (-35) aromatic 

145.71 (5.06) aromatic 

129.20 (-0.1) aromatic 

111.'24 (0.04) aromatic 
~ 

110.32 (-0.64) aromatic 

5~. 24 (0.00) CRS 0-, 
41. 27 '(-4.95) CH . ' 

(.' 
40.89 (-3.52) CH2. 

39.76 (1. 35) CH 
c,J 

,.' 

• 38.14 (0.08') CH2 
~ 

35.82 (-1. 38) C 

31.61 (-4.04) CH2 

27.62 (-1. 99) . 1 , CHZ '!. 

26.0Q (-0.93) CU2, , 
, . 

,. 
23.14 (0.48) CUz ~: 

" .. 
" 

22~28 (0.03) CH2 1 
~ ( \ " ,. 

(Sh1.fts relative to 

thiamorph1.nan) 

( 

• • 
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an odd ~l!I1lbe r . of :p rotons:. t:hose a t 41. 27 and a t 39.76 ppm. l t can be 

deduced that one of these belon~sto Cl4 and the other to C9 (alpha to 

sulfur). In going from a nitrogen ta a saturated sulfur heterocycle, an 

upfie1d shift ls expècted fur the carbons alpha to the heteratom. Ignorlng 

the change in overa11 ring size, and its configuration, the change in 

chemical shift for the C9 carbon should amount ta about 10 ppm as judged .. 
"-

from the chemical shift of 51. 3' ppm of the ana10go\1l carbon at c9 in -:.-~ 

3-methoxy-morphinan. This ls a reasonab1e estimate because the range of 

upfie1d. chemical shift changes for carbons alpha t~ ni·tragen and su1fur 

atoms are in the 'range of 10 and 20 ppm. Slf 
, 

The balance 'of the carbon atoms 
J .~ 

originate from methy1ene carbons which canna!; be specifically identified ," 

without additional work. 

The ,me1ting point of this materia1 was identica1 with -that of 

~syn~hetic material prepared by a ~omplete+y'different route. The latter 

was. converted ta a crys~a11ihe.J~erivative whose structure was determined' 

1 • 

by X-ray ana1ysis. The results corroborated fu~1y our structural assignment.~, 

In conclusion ,an alternative practical synthesis of 3-methoxy-17-deaza-17-

thiamorphinan l was accomp1ished. 
, ~ 

O-demethylation of .thè thiaiso~orphirian l could be achieved wieh 
, 

baron tribomide in dichlorometpane in 60% yield. 
\ 

The product J!. was recrysta1-

lized-from dichloromethâne ~ooproduce crys~als with a me1ting point of 
>I! 

182.5 - l84°Ç, a value 1dentical tq that of material prepared by the a1ter7 

nate route. However, up~n mixing, the me1ting point showed depressipn and 
o 

and a broadenin$. of the me1ting rànge to 169 - 178°C. Since these different 
~, "111'1 \"'t "" .... : .,," 'J 

, -
(* " 4WWZ=-+ 
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batches of crystals were produced from different solvents ~ it 1s likely 

that polymorphism FY explain the melting point depress1ons. The 200 MHz 

NMR spectrum of the product ,was simila.r to that of the 3-tnethoxy-thia­
>":;;1 

morphinan starting material. Differences include the absence of the methoxy 

peak at 3.77 ppm and the appearance of a broad peak integrating for one 

proton and appearillg at 4.76 ppm. This band probably originates from the 
, 

phenolic hydroxyl group. The aromatic region was also somewhat changed in 

that an increase in peak multiplicity was observed. Finally. the infrared 

spectrum showed the expected hydroxyl stretching mode as a broad, strong 

band at 3300 cm-1 

In summary, '3-hydroxy-17-deaza-17-thiaisomorphinan was succes~ful1y 
J 

synthesized in an oyerall yield of 4%, starting from 4a-amine-ethyl-:l,Z,3, 

4 , 4a ~'9 - hexahyd rophenan threne • 

, . 
" 

1 
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2.3 The Synthesis of 3-Kethoxy~~9tl O-17-deaza-17-thiahasubananj 
, , 

Unsuccessful Approaches to the Thiamoryhinan Skeleton .. 

Conceptually, another approach to: the synthesis of eyclic sulfides 

would Involve the free radical cyclization of a thlyl radical to an 

appropriate olefin,55 a process which finds precedent in the field of 

steroid analogues. 56 To this end the oxygen of the intermediate alcohol 

! had to be transformed into a thiol function ~h shouid serve as a 

source of thiyl radicals. Aecordingly. aleohol i vas treated with p-

• 
toluenesulfonyl chloride in pyridine. and the corresponding tosylate 9 

, -
isolated. The reaction vas followed by TLC. The NHR spectrum of the erude 

. . 

product showed that most of the basic characterlstics of the starting alcohol 

were retained except, of course, for addit10nal resonances contributed by 

the tosyl group. The expected proton ratios vere observed. 

The tosylate ! was then treated in boiling !HF under ni trogen vith 

potassium ethyl thioxanthate for 22 hours to give the correspondlng ethyl 

"-
thioxanthate lQ.. This reaction was also followed by TLC and the product 

behaved as a less polar (see Scheme III) entlty than the tosylate. lt was 

purified by flash chromatography and obtained pure in an overall yield of 

50% (based on the starting alcohol .~). The xanthate methylene protons 

appeared as a quartet at 4.57 ppm with a coupling constant of 7 Hz in the ,-
NHR spectrum. The methy1 group· gaw a -triplet centered at "1.35 ppm as 

r 

expected. Several new peaks appeared between 2.4 and 3.1 ppm and the 

peaks for the protons alpha-to the side chain oxygen vere shifted ta give 

new proton peau originat1ng from the hydrogens alpha to the sulfur atom. 

, . 

--
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, t" 

The"" rest' ,0 f the spec trum was ~ssen tially similar ta tha t of thel s ia~t:4.ng 

alcohol. 

In the uss spectrum the parent ion at ml z 316 was not observed, how-

ever ~ a peak appeared at 212 corres'ponding to partiall.y aromatized material 

resulting fram the 108s of the side chain. Thioxanthates can be readlly~ 
1 1 

canverted 'to thiols, 57 which in turn are an excellent source of thiyl \ 

radicals,S8 when submitted ta a variety of conditions. Treatlpent of the 

xantbate widl lithium alum:1numhydride in THF at. reflux for balf an hour gave 

a new product as ascertained by TLe. The crude o11y product (presUmably the 

thiol .!1) was used as such ~ithout further purification. A 60 MHz NKR 

spectrum of the product showed that the xanthate ethyl group had disappeared. 
1 

The peaks for the protons alpha to the sulfur atom were shifted upfield 

r~lative to the thioxanthate, but t~ rest of the spectrum remained 

essentially unchanged in, agreement with the expected 8 tructure. It was 

dis60lved in de-aerated carbon tetrachloride (CC14) and azobisisobutyronitr~le 

(AIRN) added under nitrogen. Irradiation of the product with a sunlamp 

while heating at reflux for six hour~ (adding SOlDe AIBN' every two hours) 

caused the disappearance of the thiol function. The NHR spectrum of the 

'. 
resulting crude mixture after l'emoval of the BoIvent inqicated tbe presence 

o{ several compounds. For instance, more than one kind of IÎlethoxy protons , 
were present:" but the oleffnic protons of the start1ng materials were absent, 

and instead two-dooblets centered at 5.7 (J. 9Hz) and 6.3"ppm (J • 9Hz) 

were observed. The pattern for the aroma tic proton's was aIs a al te'red. !WO 

chromatographie purifications of the crude mixture allowed the isolation of 

• 

.. 
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two pure products: 3-methoxy-A9, lO-17-deaza-17-thiahasubanan. 12, and 

3-me thoxy-l 7-deaza-l 7-thiaisomorphinan , 7 (Seheme II). The latter vas , -
i . 

47. 

identified by its TLe hehavior and by 200 MHz mm spectr.oscopy using the 

previ.ously prepared material as a basis for eomparison. The former structure 

'Was assigned on the basis of 60 MHz NMR spectroscopy (Figure XIII). 

The four resonance peaks (two doublets) in the olefinic region are 

clearly re~niscen~those previously observed for the oxygen analogue (7). 

One significattt dtfference vith the latter, hovever, is the apparent absence 

of absorption in the ~thoxy region. This may not he too surprising because 

of the difference in electrone~a~ivit~ between sulfur and oxygen. 
r-' 

ln fact, 

oxygen is more electronegative than sulfur so that the protons attached to 

carbons attached to ~xygen should be shifted downfield. A multiplet integra­

ting for 3 protons appeared between 2.6 and 3.1 ppm in the sulfur comp'ound. 

lt ls reasonable to .asslgn these resonancea ta the protons alpha ta the sulfur 

atom. The coupling constant of 9 Hz for the olefinic __ pt'otons ia also 
____ ---~ 1 

) -----------------consistent with their .s!!-stereoch~ug,st-ry:- Horeover, their chemical shifts 
~ . 

of 5.7 and-6. 3 ppllLJ,Dd!catê~~ they are part of a styrene system. From a 

consideration of relative intensity of the olefinic and aromatic (or methoxy) 

pealts in ,the crude product mixture it can be deduced tha t the thia-dehydro-

hasubanan was produced in 30% yield. Only a trace of thiaisomorphinan vas 

produced. These results are rational1zed in Scheme LX. 

The generated thiyl radical 1 can reaet in several ways. They are 
. , 

known to add reversibly to double bonds $0 that radicals III and V would be 

in equilibriua. 59 The benzylic and allylic protOns at C-lO would be 
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expected co be highly susceptible to hydrogen abstration giving rise to the 

highly stabilized aUylic radical tV. '* Either IV or V could lead, aft~r 

10ss of a hydrogen atom. directly to the observed major product. Inter­

mediate IV 1a' favored because of Ha sta.bÜity. 60 In principle, radical IH 

could lead to either a morphinan. or an (isomorpinan skeleton. That thiaiso­

morph1nan ls formed exclusively ;uggests that sterie hindranee.about the 
1 

beta face of this radical favors attack of hydrogen 'abstrators from the 

opposite side (Figure XIV). 

5 

0"", 

Figure XIV: The Structure of the free-radical Intermediate. 

Given the above result it was obvious chat the isomerie olefinic 

thiiyl radical already possessing a preformed morphinan-like s tereochemistty 

(cia> would be required in order to generate the desired thiamorphinan 

analogue. This problem will now be discussed in relation to the accessibility 

l 
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of 4a, lOa-cis-l. 2,3,4 .10a-hexahydrophenanthFenes, their e.1aboration 

,- " > 

into Bulfur containing intermediates and their transformation into 

thiamorphinan~ • 

'CH 0 
3 

R': 
., 

Scheme IX: 

lJl 
-H-\, 

1 l 1 ITI J RI, 

sz 
../ 

The formation of thiadehydrohasubanan and 
thiaisomorphinan via a free-radical 
pathway. 
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1.4 Approaches to the Synthesis of Thia-morphi~ans 

4a-Aminoethyl-l,2,3 ,4,4a,9, lO-hexahydrophenanthrenes have been 

isomerized previously ta 48; lOa-cis-4a-aminoethyl-l,2,3,4,5a~lOa-

hexahydrophenanthrenes. 61 When the aminoethyl analogue ~ was treated with 

an excess of potassium ~-butoxi.de in dimethylsulfox~de for 96 hours 

the isomerized amine 2b was obtained in 90% yield (Figure ~ ,XaNHÛ • 

0-.... 

A B 

Figure XV: The Structure of two, possible cisoid 4a-subs'tituted 

, ~--
hexa-hydrophenanthrene and c.onforma tions. 

o 

The identity of ~ was established by 60 MHz NMR spectroscopy. 

Notable features of the NHB. speetrum include the absenc.e of the allylic-

benzyli.c protons of 1.. which regularly appear bec:ween 3.2 and 3.4 pp •• 

Also, the ole finie proton at 5.6 ppm W&s absent. The olefinic region 

( 

" , 

.. _ .. --" ----..,.,-------....... _-----
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1 
of 2b displayed two sets of resonances: a doublet at 6.3 ppm (J -10Hz) 

and a doublet of doublets at 5.8 ppm (J 10 Hz. 6 Hz); a pattern which ia 

characteristic of the styrene system as in 2b. The aromatic protons 

formed, amuI tiplet between 6.5 and 7.1 ppm, 'o1hereas the methoxy group 

appeared a t 3. 8 ppm as a single t. 
/---

The aIk&l protons gave a broad band 

below :2.6 ppm. The expected structure is thus well supported. 

Examination of the olefinic resonances eonfirmed the cis-fusion for 

rings Band C. Tha Ha-Hb coupling constant amounts to 10 Hz in agreement 

'o1ith their cisoid arrangement. In fact, !-;a is not coupled to any other 

protons and gives a single resonance at 6.3 ppm. It is also more downfield 

. than Hb because of the an~sotropic effec t of the aroma t l.c mOl.e ty. The - . 
( coupling constant for Hh and He is 6 Hz whieh is conSl.stent only with a ds 

fusion of the GlO rings. Examinat:ton of Dreiding models, in fact, revealed 

that with a cis ring fusion, the dihedrai angle between lib and He is about 

10°. On that basis, the Karplus equation predict~ a coupling constant of 

4Hz, as was observed. 52 Should the ring juncture he trans, the dihedral 

angle between Hb and Hc would be about 100 0 and the Karplus equatl.on would 

pr'edict a coupling constant near zero. 63 Accordingly, the desired ds-

fusion 'Jas the exclusive consequence of the isomerization reaction. With 

a simpler ~-fused hexahydrophenanthrene model, the relevant coupling 

constant ranged froc () to 1Hz, thus eorroborating the above conclusion. 64 ! 

Subjecting 2b to the conditions used previously to transform ~ into 

the corresponding aldehyde (using ninhydrin) gave none of the desired product. 

( 

... , 
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It 1s possible that the reactive double bond of the para-methoxy~terene 

system participates somehow in the reaction with ninhydrin. In view of this 

negative result we turned our attention ta the isomerization of the aleohol 

c:orresponding to the amine. This isomerization of the alcohol also oceured 

and the c.orresponding pure aleohol 13 was obtained in 42% yield. It exhibited 

aIl the mm spectral characteristics expected for the cis-fused structure 13. 

In addi tion ta the olefinic peaks at 6. :!5\ ppm (J ab - 9 Hz) and 5.75 ppm 

(Jab - 9 Hz, J bc • 6 Hz) the methylene group alpha to the hydroxyl group 

appeared as a multiple t bet'W'een 3.17 and 3.67 ppm. Its IR spectrum showed 

a broad, strong Q-H stretching mode between 3100 and 3600 cm-l, The mass 

spectrUI:l'Of the compound exhibited the parent ion at m! z 25& (15%), A peak 

of equal int~nsity appears at 256 and cau be accounted for by 108S of hydrogen. 

Peaks of high intensity appeared at 214 (28%), 213 (347.), 212 (44%), and can 

be aecounted for by 1088 from the parent ion of the 4a side chain as weIl as 

10ss of the latter plus one or two hydrogen atoms. These data agree wi th 

the expected 8 tructure. The fragmentation pattern of the unisomerized 

a1eohol was different, however, with the 258 peak bei\1g strong (13%). 

The peak at 213 i5 the base peak, and one peak at 212 i5 major (15%). These 

differences in the respective fragmentation patterns for the two a1c:ohals is 

not surprising. L058 of the side chain in the case of the unisomerized 

alcohol wou1d be expec ;ed to be easy beeause of i ts ally lie posi tioning • 

This is ineonsistent with the relative1y small amount of parent ion in 

, that case. Again, the fragmentation data are consistent with structure 

13 for the isomerized alcoho1. 
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Two possible conforma~ions of this system are shawn in Figure XV. 61' 
~ 

Ring C could be either in a chair (A) S\t a boat form (st. The chair should 
..... , .. " ,'<" 

he the favored form because, altijough there are 1,3 diaxially disp,?sed 

groups, the carbons involved are sp2. hybridized so that the interac~1on 

should be smaller than the usual l, 3 d1axial fnteract10n between sp 3 

hybridized carbons and hydrogens. ~lso in the ~ ~onformer (A). a ~c-Hb 

gauche interaction is present. The boat conformer(B)is subject to more 

" unfavorable non-bonded interactions. lt 15 concluded, 1n contrast to the 

conclusions of Conway, et al, that conformer (A) would predominate. 61 

The trans isomer incorporates two obv1.ous 1,3 diaxial interactions 

and one gauche interaction between the C10a - Cl bond and Rb, (Figure XVII) • . 
Thus, ev en though the re 1s one more 1,3 diaxial in terac tion in the .s!!. 

. 
isomer (Figurf;! JCVI) these are of a different nature than would be found in. 

~ -
,. 

the trans isomer where the relevant interactions wouid have a greater 
, 

destabilizing effect. The same argument applies to the gauche interaction 

as weIl as the interaction of a C-C bond which is expected to he more 

destabiliz1ng chan irs interaction with a C-H bond. In conclus~on. the a/c-

ill geometry may he more stable the rmodynami cally , but. it ls not known at 

this stage whether we are dealing wich equi11brating conditions. 
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The 1,3-aHy1ie proton transfer migh t proceed wi th a stgnifican't 

degree of intramolecularity. Gif A supraf~cia1 proton transfer wou1d give 

the cis isomer direct1y;moreover, the heteroatom on the 4a side chain might 

. 
serve as an intramolecu1ar prot.on carrier once it has béen deprotonated by 

tlte t-butoxide anion. The làtter possibi1ity, involving a tru1y intra-

mo1ecu1ar proton transfer, wou1d give the ~ isomer direcqy. The reverse 

process would re-introduce the proton on the 10a position. 

The cis-a1cohol product was tosylated as was Hs isomeric precursor 

• 
and the product 14 used as such without furthet purification. The ra ri 

spectrum of the tosylate showed no O-H aasorptionând its NMR spectrum 

~ppeared as a(1superposition of... the separate spectra of the aleohol 
, Q 

and the tosy1 group. 

Attempts were next made to dispface the tosyl group with potassium 

e'thyl thioxanthate, as was do ne with the unisomerized tosylate, but the 
, 

resulting produc~s could aot be purified. ' Potassium thioacetate in 

boiling THF" displaced the tosyl, group within 6 hours to give a product 

" which cou1d be "urified by flash chromatography. The major product, the 

acetylthfa"derivative 15, was thus obtained in 33% yield (based on aleoho! 13). 

, The mass spectrum of this, cO\1lPound showed the parent ion at mjz 
~ 

316 (30% abundance). A significant peak appeared at ml z 273 (70%), whieh 
111-

can be accounted for by 10ss of the ~cetY,1 group. '!'he base peak appeared 

at 213 as was the case for al1 the other analogues of this series. The large - ' 

o .. 
parent peak, and the peak at 273 strongly support the assigned structure. 

! 
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. . 
The m6st distinguishing feature of the infrared spectrum of this 

'-, 

compound ~AS the carbony1 stre~shine mode at 1690 cm- 1 which is 

characteristic of thioesters. " 
• r 

The downfie1d region of the NMR of this thioester was uneventfu1; 

that region was simi1ar to that of the alcoho1 starting materi,a1 11.. The 

most important d~fference lay in the absence of ~he peaks assigned ta the 

protons alpha ta the hydroxyl group between 3.15 and 3.68 ppm as' weIL as in 

the appearance of a multiplet between 2.3 and 3.25 ppm - integrating for two 

protons ana attribuable to the protons alpha to the sulfur atom. A sing~et 

bel5')1~g to t.he·acetyl meth~l gr,oup appeared at :.:5 ppm and integrated 

correctly. The 200 HHz spectrum of the compoun'd 15 l.ncluded 1n tlle append1x, 

but irs features are essentially the same as those of the 60 ~lEz spectrum • 

. exc~pt that the protons alpha to sulfur and the ally11c proton appear 

separated from the other protons .. The two appear as a broad trl.plet of 

doublets l.ntegratlng for one proton be"cween ::.8 and :; ppm and a multiplet 

integratl.ng for ~ne proton becween ::3 and :.6 ppm. It 15 clear, ~n that 

hasis, that the des1red structure was obta1ned . 

. ,Deprotectlon of the thioi function was achieved by treatment of the 

acetate vith sodium methaxide i~ deaerated methanol-THF.65 Although the 

acetate methyl group was absent 1n the .result1n~ product (60 Ml:I% ~~!R) the 

th10l resonance was not discernlbie. THe aromatic reC10n wa~ mod1!ied some-

what but the olefinlc and the methoxy peaks were unchanged. The deprotection 

react10n could he followed by TtC, though the results were dl.ffucult ta 

reptoduce. Loss of the acetyl group requlred fram 1 to 3 hours, but the 

1 



of the product appeared 'similar to that of the starting material. After 

3 hours in the pres,ence of an excess of methoxide, a. less polar material 

appeared which had an identical, 60 MHz ~m spectrum to that of the higher Rf 

product. Several elution procedures were required in order to observe a 

difference in mobility between the ~re polar of the two products and the 

" starting ma~eriai. In either case, the product was used as such in the next 

step'without further purification. 

When the presumed thioi li thus obtained, wu left !!!. ~ in a pyrex ' 

flask exposed to ambient light a new product slowly appeared. After four 

days, the double bond had disappeared (by NHR) and a ne~ set of peaks 

appeared between 3.: and 3.5 ppm. Unfortunately, the Rf of the product was 

again similar ta that of the starting material sa that the reaetion could not 

be easl1y followed by TLe. Othér methods of cyclization were attempted: the 

putative th101 was heated with AlBN 1n boiling CC14 _while being exposed to 

uv light; also, irradiation at 254 nm at room temperature as a dilute 

- --solution in hexanes was tried; finally. irradiation at 254 nm. but l.n i50-

octane was attempted. AlI of the above conditions led ta the consi4mpt.ion of 
1 

the styrene double bond of the substrate. However, none or little of the 

des1red product could be deteeted by chromatographie analY515. Refore 

adopting ~icolaours method. a ariety of procedures were tried for' the 

l1beration of the thiol. functioD attempts were made: lithiu~ 

fi 
aluainiumhydride in THF. élIIIIIOnia in met. anol and !HF and aqueous sodium 

hydroXide in Methanol and THr. None of these methods. Dar others were as 

a.tr~f.ctory as tbat of Nicolaou which involved treac.ent w1ch sodium 

1 methonde in methanol and l'HF. 

1 
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Purification of product il by flash chromatography was eventually 

achieved and the 20IDnIz NMR spectrum, the mass and IR spectra of the 

product vere obtained. Its formation could be accelerated by irradlating 

" 
with a UV lamp and readily inhibited by shielding the compound from 11ght. 

\ After irradiation and purification, the desired product was obtained in 
\ 

16% yield. 

The mass spectrum showed the, parent 10n at 274 (54% abundance). 

A significant M + 2 peak vas aiso present (10%) as vould he expected' for a 

aulfur containing compound in vlew of the relatively ab~t 34S 1sotope 

(4.2%) . In addition to the ab ove peak, the \ expected base peak at ml z 213 

was observed which,' as before, 18 accounted for by the 1088 of the ClS-S(17) 

chain. 

The 1~ spectrum of the c~ound is siailàr, but not ident1cal ta the 

spectrum of 3-methoxy-thiaisoaorphlna.n. 

The 200 tŒz NHR spectrua vas also very similar to that of 3-mechoxy-

thiaisocorphinan; however, the differences are clear. ln the case of the 

3-methoxy-thiamorphinan ~ the aromatic protons gave rise to 8 peaks; 

whereas in the correapondlng 3-methoxy-thiaisOGOrphinan ~ there vere 5 distinct 

\ 
peaks. The methoxy group of the tvo isomers appeat'ed to have 91milar 

chellical shifts: 3.76 and 3.78 in 2. and.!2. respectively. The majo~ spectral 

differences 1Mntound upfleld frODl the _choxy group. The ben:ylic pr.otons 

in II gave rise to a doublet of doublets, and a doublet as noted before 

(Table Il). It would not be expected that the pattern should dlffer much 

the iaOllOrph1nan systea; in fact, H10B vould be expected to couple ta Hg, 
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and the saae is true for Hl0Q' The differenee between the iaomorphinan and 

the morphinan in this region lies in the chemical shift of these latter 

protons. ln the isomorphinan, HIOB and R10 n are centered at 3.24 and 3.56 

ppm respectively; wnereas in the morphinan they appear at 3.14 and 3.46 ppm 

reapeet1vely (0.1:- ppm upfield); Hg in the isomorphinan s'ystem appears at 

2.78 ppm (0.08 ppm downfield of Hg in the morphinan). Decoupling exper1ments 

in the case of the morph1nan structure gave essentia11y identical results to 

the laomorphinan. That 1a decoupling Hg simplified HlOa to a doublet. 

Decoupling HIoa simp1ifièd Hg to a broad singlet and a1so affeeted HIOS. 
~., 

Decoupling HIOB affected RIOQ only. Below 2.8 ppm - the alkyl region - one 

sees the most significant differ~ between the tvo compounds. Although 

this region appears as. tvo groups 0 f mul t ip le ts ·ln bo th c01IIpounrls. the eue t 

shape of theae multiplets differs considerably. It wou1d be expected that 

thia region, where the protons suffer the greatest ëhange ln envlronment 

upon la~ri%at10n would a1so be the ones giving rise to the largest 

changes in the NMR specttum. ln sumœary. the 200 HH spectrum of 17 

supports the structural ass1gnment. 

The 13C NMR spectrua of 17 revealed 17 carbon resonances (Table III). '".~ 

This 1a in contra8t to the aromatic resonances of the isomorphlnan which 

vere short of a band. The ara.atic region is very s1milar to that of 3-

metboxy.orphinan. 52 tpe llethoxy group can alao be readily identified. The 

,absence of a peak~t 51.3 pp. for the methine carbon alpha'to the n1trogen 
" 

18 noticeable. 1 [ wa~'''diacuaBed 

producea an UPf1.~ .h~J ;.... the 

"'----' 

/' 

• 

before chang1ng a nitrogen to a sulfur ata. 

teaon&nce freq~ncy of the relevant car·bon 

• 

~ 
~ 
A , . 
.' 1 

J 
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TABLE II 

S!e!ZJ of Revelant 200 MBi Spectral 

Hethoxy-thiaisomorphinan 

! 2. 7' 4J " Ia& l, t 
1 

, 1 

, 11011).26 :. 
1 

(
].2 \ 

l.ul 

Methoxy-thiamorph1nan 

2.7 J: a .. 

'----~--------------------~------------------------~ 
1 

1l1q. ! l.~ 
,<3.42 

) .... 
l.H 

J: .....,,""J: Laas 
JZI.! -, 

• l 

! 
1 " 

ca.Jl J.76 1 

1 

.'X 4. i# 
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.. : 
The e&me should be true of the methylene carbon 16. 53 None of the aliphatic 

carbone could be identified unambiguously at this point; howeveT, the 13C 

spectrum remains in full agreemént with the", proposed structure. 

The formation of the thiamorphinan skeleton occura most l1kely !!!. 

a photochem1cally generated thiyl radical. The require~nt for light in 

the reaction supports this contention. Cyclization reactions involving 
\ 

olefins and thiyl radicala has precedent. as waG mentioned Itefore. 55 ,58 

The source of hydrogen atoms necessary for end product formation probably 

involves another molecule of thiol. The intermolecular reaction of a 

thly1 radical Vith an olefin 1s also known. 66 One wou1d expect addition 

of a thiyl radlèal ta a styrene double bond to occur on the beta carbon on 

the basis of stereoelectronic principles already documented. 45 ,67 A hlgh 

concentration of hydrogen atoms as 10 hydrocarbon solvents might make 

attack of the double bond rate-limiting. 'Even if this step vas not rate-

liDdting, the fact that the cyclizat10n product 1a obta1ned may be the 

result of the greater thermodynamic stabllity of radicals at benqlic 

"po.itions. 68 Thiyl radicals can a190 be generated photochemica~ly froll 

diaulfides. Formation of the latter &Ost probab1y cOIIpetes vith cyclization. 

One the major products, as detected by ne, corresponds vith the product of 

" a reaction between the thiol and d1azo-N,N-die~~yl dicarboxylate. These are 
' .. ~ 
'-

conditions for the fOrllati~n of disulfides from thiols. 69 If, indeed, 

disulfides are formed. the ensu1ng unava1lability of hydrogen atoms would 

favor alternative pathvaya. Anothe;r possible side reaction is de-sulfurization 

of the thi1yl radical • .!..:.!.:.. cleavage of the carbon-sulfur bond. leading to "" 

.. _.~--_.--~----------------

• 
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TABLE III 

'", 

ThiaJlO!}hinan C-lJ Spectrua 

Cheaical Sbift Ass1gnment 

158.52 aro1ll8t1c U5a.0} 

14Q:65 aromatlc (141. 7) 

129.56 aromac1c U30.1) 

129.30 aromatic (128.3) '~" 
f, 

111.22 ar01l8tlc (111.0) 

110.96 aroaat1c (110.6) 

55.24 fH 0-+ ( 55.2) 
'J' 

( ~ 46.22 , CH ( 46.::!) 

44.41 CH2 ( 42.9) .. 
38.41 C ( 38.4) 

1 '. 38.06 CH ( 51. 3) 
1\ 

ji.20 CHZ (6 37.1) 

35.65 CBl ( 33.8) 

29.61 CHZ ( 39.:) 

26.93 CBl ,( 26.8) 

22.66 CH2 ( 26.8) 

22.31 CU2 ( 2:!.:!) 

C 
(spectruLl of aza-morphinan) 

"'f' '. 

( 

.. , 

l! 
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carboo-eentered radicals which eould cyelize or dimerize. 70 

Demethylation of the phenyl ether group was aehieved selectively, as 

before, with boron tribromide in dichloromethane. The 200 MHz NMR spectrum 

of the resulting product included a broad resonance at 4.6 ppm. and whlch 
" .. 

integrat~d for one proton. This i~ characteristic of the phenolic hyà~o~l. 

The IR spectrum of the thiamorphinan thus produeed in 40% yield, 

exhib~ted a hydroxyl o-H stretching mode at 3260 cm-1 

The parent ion in tve mass spectrum of the produet appeared at ml, _ 

260 ('5% abundance) together vith the base peak at m/z 199, resulting fr~ .' 108. of the side chain functions. A peak at m/z 200 also appeared as lt dio 

in the apectra of most other compounds of this series. 

In conclusion 3-methoxy-17-deaza-17-thiamorphinan was successfully 
, 

synthesized .in an overail yield of 0.4% starting from 4a-aminoethyl-l.~.3.4, 

4a,9-hexahydrophenanthrene. Raving established the validity of this approacb, 

lt reaalns'to improve the economiC8 through revelant developaent vork. 

\ 
" 

\ , \ 

" 

\ 
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CHAPTER 3 

r 

E!plorations, Suggestions for Further Work, aad Conclusions 

3.1 Exploratory Work and Resulta 

!n the previous chapter one sulfur atom was incorporated into a six-

membered diate radical or an intermediate anion. 

However. the sulfur atom c function as an electrophilic group. 

Sulfenyl halides which are available from attack of the thiolate anion by 

.electrophilic species such as the halogens readily react with olefins to 

give addition products as shawn pelaw. 71 ,72 

\.. 

RSH RSX RSSR 

R 
RSX / RS 

+ ----l. ~ ... _.~ 

~ ~ l \-.;:> .. \ ~ . . -- -:,X X i_ 

Scba.e XI: Foraation of sulfenyl halides '(X - Cl, Br, 1) 
and their reaetioue with olefins. 

v 

*; 
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The predicted mode of attack of the halide ion involves ~bat carbon 
1 

atom,which best stabilizes the developing carbocation. Since benzyllc 

carbenium 10ns are weIl stabilized, the halide should enter at the benzylic 

position and be readily" removable by reductive methods. This approach vas 

explored us~ng the thiol Il under the conditions of Nicolaou with the target 

mole cule shawn below. 73 

Fi~re XVII: Target mole cule of 8ulfenyl 
halide èyclization (1. Cl, Br, 1). 

The thiol was dissolved in dichloro.ethane ~t--78°C and an exceS8 of 

potassium ~arbonate was added. The mixture vas treated v1th either an 

euivalent of iod1ne, bromine, or iodobenzene dichloride. This gave rise 

to mixtures of products ln which the styrene double bond had dis.ppeared by 

NHR. Analysis by TLC ind1cated that severai products were produced in each 

case. The products resulting from chlorinat1on or bromination vere stmilar 

as ascertained by TLC and NHR. However, the product from the iodinatian 

". 

-~----------~-----------------------~------
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-
appeared different and one camponent could be purified by extensive chroma-

tography. It showed a parent ion at mlz of 274 (33%) with the base peak 

appearing at 213 and a major peak at 213 (35%). also. A staale proton appeared 

as an doublet at Just under 4ppm in the 200 MHz NMR spectrum. A plausible 

oStructure i8 shawn 'in Figure JeIX where proton â may account for the observed 

doublet. 74 The sulfeny! halide approach was abandoned bec8use of the 

complexi ty of the product mixtures and the ~ndesir2ble nature of. the one 

purified. 

Figure XIX: Proposeq structure 9f sulfenyl iodide 
cyclization product. 

,V.' 
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3.2 Suggestions for Further Work 

Several other derivatives of potential interest mai be synthesized 

from the intermediates produc~d. 
"\ 

For example. the dimesylate may serve to 

generate ~ and phospha analogues of isomorphinans. Frqm the isomerized 
~ 
l' 

tosylate t mo!phinan analogues contairting hete"roatoms other than ni trogen or 

sulfur may be obtainable in two steps by way of nucleophilic substitution 

'of the tosylat~ followed by cyclization with the double bond. Free-radical 
1 

è 

conditions could be used in the formation of the phosphine analogue. 

The aldehyde l. opens up the possibility of generating carbon substitutea 

analogues since~Pha carbon of 'the aldehyde can engage in a v~riety. of 

-teactions. Alternative syntheses of the aldehyde itself might be worth-

while developing. - .. ,..l' 

Heteroatom analogues carryi?g a hydrqxyl group at position 14 are 

~nteresting targets in vi,ew of the beneficial effec't of that functionality 

in the morphinan series. Their; synthesis may be apprQached ustng the' 

"styrene-type" intermediates as shown below. 

,. 

1 Il '(l , -

i ' " 
Scheme XII: The' &E7neratiort:'of 14-0H çhi~r?ht,nan deriva"tïves. 

Refinement of the key _cyclization step is desirable .and indeed 1s 

.(X 

----~~~----------~--'-'--~--~~~~----~--------~ j 

,. 

~, 
; 
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_ necessary if certain derivatives are needed. A study of the effect of the" 

irr~diating wavelength woufd be worthwhile, as would the identification 

'of the better radical initiators. Use of t"he disulfide, obtainable from the 

thiol, in cyclization reactions in the presence of hydrogen atoms may 
,'" 

generate the desired product. 

Cltarly, th~ versability,of the intermediates generated in this' 

work should be exploited -furt~er ~ 

3.3 Conclusions 

!he main goals of this study have been attained: 3-hydroxy-17-deaza-

17-thiamorphinan and i~s ïsomoiphinan analogue were synthesized in overall 
~, 

yields o~ 0.4% and 4% respectiv~ly f~om the ,amine 1. !heir pharmacological 

properties will be of considerable' interest. The synthe tic methods were 

cho~en 90 as to generate the desired stereochemistries unambiguously. 

Spectral evidence was presented in support of the structures. The stage 

1a set for ,the development -and generation of,alkylated, oxyge~ated 

and phosphorylated analogues. 3-MeFhoxy-17-deaza-17-thiadehydrohasubanan 

owas also s~the8ized" 

'-

f 

) 

• 
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" CHAPTER 4 

. EXPERIMENTAL 

, , 
4.1 General Experimental 

7'2. 

. Reagen,.t Dgradè 'solv~nts were used throughout unless otq,erwise specified . 

Dry tetrahydrofuran was obtained by reflélxing in the presence of sodium and ... 
ben.zophenone. 9ther solvents were ob,.tain~ ei ther by standing over 

·molecular sie'ves (plchloromethane. dimethylsulfoxide) 74, or commerc1ally. 
1). <' 1 

(diethylether (rom Malinckrodt Canada Ltd., Toronto. and ethanol from 

Consolidated Alcohols L.td., Tpronto). Drying of organic solutions during 

workup 'was accomplished vith sodium sulfate or magnesi1JIll sulfate. 
\ 

B-Tolue~esulfonylcliloride was purified a~cording ta Fieser' s method. 74 

~ '75 
PotasBiwn ethylthioxanthate was prepared by B. Gour. 

o , 

Solvent evaporation was carried out under redl,lced pressure (water 

aspiratO't;) • 

1 

A General Electric sunlamp,' number 34, 275 watt, was used for ultra-

violet irradiations • 

". 
" , Analytical -thin layer chromatography was carried out on aluminium-

D 

i 

bact<:eq sheets, precoated with Kieselgel 60F254, 0.2 mm thick, (Merck Co. Ltd .• 

Darmstadt). Compounds were purified by flash ehr matography,76 on 32 - 63 
,-L 

(400. - 230 m.esh) silisa gel (British Drug Rouses, oronto). The erude 

mixtUres were evapotated onto siliea the column . 

. Mel 'fing points vère recorded in open . pill~ry tubes 0I1- a Buchi S~-20 

and are uncorrected. Proton magnetic resonance were recorded on a VarJàn 
1 • 

F-60, T-60A,~ or XL 200 spectromet~r using l'MS as a standard' in deuterio-

chloroform. Chemieal shifts are reported in parts per million on the ~ 

scale. Infrared spectra were obtained oh Beckman 29F. Ac.eulab 8, or Pye-

\ 

\ . 

; -.. 
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Cnicam SP-lOOO spectrometers. 

Finkenb ine of che Departmenc of 

Mass Spectra were provlded by ei cher Dr. J. 

\ 
Chemistry, McGill l.]nlverSl.ty, ~r Professor 

O. Mamer at the Biomedical Mass Spe-ct:rometry Unit. M.eGill Universit7'. 

, , 
,,,,'L 

" \ 
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4 _ : Procedures 

.. 
Synthesis of Aldehyde 3 

The amine hydroehloride l (::.#5 g. 8.6 lDQol) was dissolved in Cli2CIZ 

(500 mL), and was extraeted with lN aqueous NaOH (3 x 2:!0 mL) and water 

(200 mL). \ 
The organic phase was dried. flltered, and coneentratéd to give -

the amine 2 as a yellow oi1. The amine 2 was dissolved in 1/1 ethanol-water 

-
(100 mlJ. and a solution of ninhydrin (6.0 g, 34mmol) in 111 ethanol-water 

(100 mL) ",as added with s tirring under nitrogen. The clear 'yellow solution 
--5 

turned ,blue upon mixing the reagents. The flask ",as W'rapped in aluminium 

foil ta io.hibit photoehemical reactions. After 30 minutes NaHC03 (7.5 g)' 

\Jas added and stirring under nitrogen ",as continued for 24 hours. The 

resulting,blue solution was filt~red through celite, poured into ",ater 

saturated with NaCl (::00 mL) and' extracted severa1 times with ethyl acetate-. 

The combined ethyl acetate extracts were washed with W'ater saturated with 

NaCl, then dried, filtered. a'nd concentrated ta give a blue oil. Flash 

chromatography (9/-1 hexanes-ethyl aeeta te) gave the aldehyde 3 as a colorless 

oil (1.09 g, 8.5 mm~1) in 50% overall yie1d from 1. 

PMR (Cne13) ô 1.2 - 2.4 (br m, 9H, alkyl) 2.5 (dd J "" 14, 2.5 Hz, 1H, C!!2C­

(O)H) 3:17 (dd, J ==_ 14, 3Hz, IH, C.!!2C(O)H) -3.3 (br m, 2/, allylic) 3.77 , 
c 

(s, 3H, CH30) 5.7 (br m"lH,'olefinic) 6.57 -7.1 (m, 3H, aromatic) 9.2 (dd, 
\ ' 

1 ç 

J= 3.5,3.5 Hz, IH, a1dehydic). nt (CHC13) v max 2718,2815 (sh"" G(O) 

H vibrations) 1712 (mw s, ~C(O)4 stretch) 1610, 1574, 1500, 1460, 1444, 

(sh mw, w - s, aromatic C "" C in plane skeleta1 vibrations) cm- l . HS, m/~. (9-0) 

~ \~1 - CH3C(O)H/212 qOO). No parent ion was observed. 

\' 

'---~-----

,-
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Aldehyde Irradiation - Aromatization 3b 

The aldehyde 1. (0.2009, 0.8 mmol) was dissolved in CCl~.and azobis-

isobutyronitrile (0.019 &, 0.12 mmal) was added. The solution was heated at 

reflux overnight. The solvent was evaporated ta gi~e 60% of 3b- (by NMR of 

the erude mixture). Flash chromatagraphy (25/1 hexanes-ethy1 acetate) gave 

pure naph"talene derivative 3b as an ail. 

PJ:IR (CDC1 3) é 1.72 - 2.1 (m~ 4H, aliphatic) 2.7 -3.15 (m, 4H: benzylic) 

3.87 (s, 3H~ CH30,) 6.7 - 7.15 (m, 3H, aromatic) 7.28 -7.67 (m, 2H, aromatic). 

Unisomerized Alcohol ~ 

The aldehyde 1. (0.5091 g, 2.12 mmol) was dissolved in CHCl3 (20 mL), 

and cooled ta QOe. Sodium borohydride (0.08 g, 2 lIDDol) was added' to the 

~, ~ 

solution, under nitragen, as a slurry in atthydrous ethanol (20 mL). After 

30 minutes the solution was poured into water (50 mL). Some IN aqueous HCl 

was added to the solution" to render it elear, and the solution was extracted 

with CHC13 (3 x 50 mL). The combined organic extracts were washed with 

watet, dried, filtered, and concentrated to give the alcohol i. which was 

purified by flash chromatography (4/1 hexanes-ethyl acetate). The alcohol 

!!.. (0.353 g, 1. 4 lIUIIol) was obtained in 70% yie1d as a clear co1orles€ ail 

which was'reCryst~llized from hexanes. 

!!.. lllp = 71 - 73°C. 

PMR (CDC13) IS 1 -- 2.3 (br m. 10H, alkyl) 2.3 - 2.83 Cm, lH, C!!z0H): 3.0 - 3.5 

(br m, 3H, C!!,zOH, allylic H) 3.77 (s, 3R, CH30~) 5.63 (br t, IH, olefin) 6.52-

7.05 (m, 3H, aromatic). 

- ,. , 

; 

$ 
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IR (neat) J max 3385 (br s, OH stretch, intermolecular H-bond) 1607 (sh s>, 

1571 (br m) 1495 '(sh s) 1458 (sh w) 1440 (br m - s, aromatic in plane C - C 

vibrations) cm- 1 • " 
'" 

MS, mlz (%): M+i}a (7.3),' (M -~H}+ 257 (32), (M - RÛ+ 256 (72.5), 

(M - CH2CHzOH) + 213 (100), 

+ (CHaCR20H) 43 (4.3..1). 

• 
(M - CH3CHzOH)+ 212 (75), (CH2COH)+ 43 . 

Oxidation of Unisomerized A1cohol: Diol 5 

''1 . 
The alcohol' 4 (0.224 g, 0.95 mmo1) was dissolved in CHzC12 

(95) • 

(10 ~;\ 
under nitrogen and 10 M borane-dimethylsulfide (1 ml) was added. After 24 

hours CH2C1Z (20 mL) and 10% aqueous sulfuric acid (7.5 mL) ~ere added. 

c ' 

After 'one hour, 15% aqueous sodium hydroxide (20 mL) was added, followed 

by 30 % aqueous hydrogep peroxide (20 mL) and the mixture was left for an 

additiona1,24 hours. The mix~ure was then extracted with ethy1 ether which 

was washed withA 15% aqueous sodium tartrate (3 X) and water. The organic 

phase was dried, filtered, and concentrated to yie1d the crude dio1 5 ' 
'. -

(0.262 g), in 100% yie1d. Flash ,ghromatography ('2./1 ethyl acetate-:he'xanes) 

gave pure diol 1. in 40% yield (0.111 g, 0.40 lI!JIl0l), as a white crystalline 

ma terial • 

#> 
PMR (CDC13) ô 1.1- ~.3 (br m, 18li, alkyl) 3.78 (s, 3R, CH30) 6.57 -7.13 

(d, 3R, aromatic). 

IR (neat)Jmax 3300 (br s, OH stretch) 1600,1570,1490 (sh m- s, aromatic 

C - C vib;ation) 1400 ( br m, CHz scis~oring7 alkyl vibration). 

MS 7 m/z (%)' (M - HlO) + 

CH2CHlOH)+ 213 (16.3), CM - H20 - CH3CHlOH)! 212 (19.5)" No parent ion 

was ses. 

-----
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Mesy1ation of Diol: Dimesylate 6 

The dio1 5 (1.97 8,7.1 mmo1) was dissOlVea-in dry pyr1dine (100 mL) 

and methane su1fonylch1oride (3 ml) was added •. After 24 hours at DOC, the 

yel10w solution was poured into water (400 mL) and extracted three time$ 

W1.th CHZC12' The combined organic extracts were washed five times with 10% 

aqueous HCI, and once with water. The organic extracts were dried, filtered, 

and concentrated to give the dimesylate .§. (2.40 g, 5.55 mmol) as a yellow 

oil in 70% yield. 

~ (CDC13) ô 0.7 - 2.6' (br m, 13R, a1.kyl) 2.83 (s, 3R, CH3SD20R) 3.72 (s, 
1 

3R, CR30q,) 3.82 - 4.3 (br m, 2H, CHZOS02Me) 4.63 - 5.18 (br m, 1H, C!!.OS02R) 

6.53 - 7.1.7 (br m, severa1 peaks, 3H, aromatic). , .. 
IR (CH2C1.2).J max 1330 - 1350 (br cl s, assymetric RS020R stretch) 1170 

(mw s, symmetric R8020R stretch ) cm- 1 • 

Cyclization of Dimesylate: Methoxy-thiamorp~inan l 

The dimesylate.§. (2.4 g, 5.6 mmo1) was disBolved in abso1ute ethano1 
, 

9 (300 mL), and sodium su1fide nonahydrate (14.5 g, 60 mIDol) was added under 

nitrogen. The heterogeneous solution was heated to reflux for twenty hours. 

After the solution was coo1ed, the ethanol was removed in vacuo, CHzC12 

was added to the remaining ye110w-whlte solid, and the heterogeneous mixture 

i was ultrasonificated for 15 minutes. The CH2C12 was filtered through celite, 

1eaving behind a yellowish powder (Sa). The filtrate was dried, filtered, 

and concentrated ta give a ye110wish oi1, which, after flash chromatography 

(25/1 hexanes-ethy1 acetate) gave the sulfide' 7 (0.866 g, 3.1 mmol) as a 

{ 

\. 

," 
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clear colorless oil in 56% yield. The sulfide l was recrystallized from 

hexanes. 

PliR (CDC13) ô 0.73 - ?.85 (m, l3R, alkyl) .3.03 ppm (br s, 1H, S-CHR2Rl> 

3.25 - 3.53 (br, 2R, benzylic) 3.7 (s, 3H, CH30) 6.45 - 7.05 (m, 3li, 

aromatic) • 

MS m/z (:) M+ 274 (2), (M - CR2CH2S)+ 214 (50), (M - CH3CH2S)+ 2~3 (90). 

+ (loi - Cl\;!CR2S - H) 212 (27), 84 (100).", 

Phenol: Hydroxythiaisomorphinan ~ 
, 

The methyl ether 2.°(0.446 g, 1.66 mmol) was dissolved in dry CH2C12 

(10 mL) and 0.5 H boron tribromide in CHzC12 (20 mL) was added under argon 

at -60°C. The solution was 1eft overnight. Uater \Jas added to the CH2ClZ 

ànd afterr:"fe\J minu'tes two phases \Jere diluted and separated after vigorous 

shaking. The organic phase \Jas dried, fi1tered, and concentrated to 8iveD 

crude phenol ~ (O. 440g, 1. 7 IIliIlol) in 100% yield. Flash chromatography 

(CHCl'3) gave pure pheno1.Q. as a white powder (0.:26 g, 0.98 rrnnol) in '60% 

yield. the 'phenol was,recrystallized from CH2CIZ ~ mp 182.5 - 184°C. 

PMR (CDC13) ô 0.73 - 2.88 (br m, 13H) '3.03 (br, 1H, S - CHRzRz) 3.~5 - 3.53 

(br, 2H, benzylic) 4.17 (br s, IH, OH) 6.43 - 7.03 (m, 3H~ aromatic). 

IR (KBr disk)...) max 330 (br, alkyl, OH of phenol stretch) cm- 1 r 

+ + + ~fS, m/z M 260 (40), (M-CHzCHzS) 200 (37), (H - CHzCHzS) 199 (71), 

194 (24), 57 (100). 

\ 
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Deprotection of Ethyl thioxanthate and Cyclization: 

He thoxy:-thiadehyd ro has ubanan 12 

The xanthate 10 (1. 09 g, 3 mmo1) was dissolved in THF (30 mL) under 

nitrogen and lithium aluminium hydride (0.1140 g, 33 nunol) was added. The 

solution was refluxed for 30 minutes, then cooled. The excess lithium 

,aluminium hydride was destroyed by the addition of lN aqueous Hel (2mL). 

The solution was filtered through celite under ni trogen onto sodium sulfate. 

The celite was washed with ether and the resultin13 filtrates were concentrated 

to give a yellow oil 11. Th oil was dissolved in CC14 (40 mL) and azobis-

isobutyronitrile (0.025 g, 0.15 nunol) was added. The solution was refluxed 

with a UV 1amp for six hours', Azobisisobutyronitrile was added at two hour 

intervals during reflux. The CC14 was removed in vacuo, Flash chromatography 

(9/1 hexanes-ethy1 acetate) gave a 

.ll and methoxy-thiaisomorphinan~. 

mixture of me thoxy-thiadehydrohasubanan 

1 

Flash chromatography of the mixture 
\ 

(25/1 hexanes-ethy1 acetate) gave pure methoxy-thiadehydrohasubanau/ J4. and 
l 

methoxy-thiaisomorphinan, 3. The yield of methoxy-thiadehydrohasu!ianan was 
,; 

30% by NMR. 

PMR. (CDCI3) ô 1.07 - 2.65 (br c, loH, alkyl) 2.67 - 3.07 (m, ZR, CHz-S) 

3.82 (s, 3H, CH30<p); 5.72 (d, J = 9 H , IH, olefinic) 6.35 (d, J = 9 H , z z 

IR, o!efinic) 
\ ... 

6.57 - 7.07 (m, 3H, aromatic). 

. 
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Isomerized Alcohol 13 

The alcohol, !!. (1,013 g, 3.93 IIIIDOl) was disso1ved in dry DMSO (40 mL) 
, 

under nit,rogen. and potassium !-but~\de (1 g, 9.0 1lUI101)' was added. After 

48 hours more potassium !-butoxide (0.5 g, 4.5 nunol) was added to the solution. 

After 96 hours the solution was poured into water and extracted with CH2Clz . 

The combined organ~c extracts were washed several times with water to give, 

upon drying, filtration, and concentration, the isomerized alcohol 13 

(0.'425 g, 1.65 mmol) as ~ yellow oil in 42% yield. 

Pm. (CDC13) ô 0.6 - 2.6 (br m, 12H, alkyl) 3.17 - 3.67 (m, ZR, C1!z0H) 

3.78 (s, 3H, CH30ej» 5.75 (dd, J '" 6 Hz, 9 Hz, lH, olefin) 6.25 (d, J - 9 Hz, 

lH, olefin), 6.48 - 7.07 (m, 3H, aromatic). , 

IR (neat)-0 max 3380 (br s, OH stretch, interrnolecular H-bo~d) 1602, 1563 
-' 0 

"'(sh m, aromatic C - C in plane vibrations) 1487, 1470 1430, ~20 (br S....-CH2 

scissoring) cm -1 • 

HS, (%) M+ 258 (30), (M - H2)+ 256 (30), (M - CHzCH20H)+ 213 (33), 

+ ,ft (H - CH3CH20H) 212 (40), 83 (100). 
\ 

~ 

Tosy1ation of Isomerized A1coho1 13 

The a1cohol 13 (O.74() g, 3 nunol) was dissolved in dry pyridine (75 mL) 

aXld tosyl chloride (1.5 g, 8 nunol) was added to ,the solution at O°C. After 

12 hours, the solution was poured into water and extracted with CHZC12' 

The CHzClz phase was washed several times wi th IN aqueous Hel, dried, 

filtered, and concentrated to give the tosylate 14 as an oi1 which was used 

without further purification. 
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PMR (CDC13) ~ 0.67 -2.37 (br, l,1R, a1ky1) 2.4 (s, 3R, CH3fSOû 3.7j 

(s, 3R, CH30~) 3.53 - 4.33 (m, ZH, C.!!20S02C;CR3) 5.67 (dd, J • 9 Hz, 6 Hz, 

o1efin) 6.17 (d, J - 9 Hz, 1R, olefin) 6.47 - 7 (m, 3a, aromatic) 

7.07--7.33 (d, -2R, tosy1, aromatic) 7.43 - , 7.083 (m" 2R, tosy1, aromatic). 

-1 
IR: 1170, 1355 (502, symmetric, asyttDnetric 9'tretch) cm • No OH band. 

Syntbesis of thiolacetate 15 

The tosylate 14 vas disso1ved in dry THF (50 mL), and potassium 

\ 

thio1acetate, (0.42 g. 3.7 DDIlo1) vas added. The mixture vas refluxed under 

nitro,gen for 6 hou.rs. The resu1ting solution vas filtered through eelite 

and concentrated to give a reddish ail. Flash chromatography gave the thiol-

acetate 15 (0.3713 g, 1.3 mmol) as a colorless oil in 41% yie1d .from the 

alcoho1. 

PMR (CDC13) 6 0.77 -2.77 (br,10 H, aliphatic) 2.25 (s, 3H, C!!.3C(O)S-R) 

2.25 - 3 :32 (m, 3R, C.!!2S COCH3' CH - CH - CH) 3.82 (s, 3H, CR30~) 5. 7B 

(dd, J = 6 Hz, 9 Hz, 1H, o1efinic) 6.3 (d, J ,. 9 Hz. 1H, olefinic) 

6.57 - 7.05 (m, 3H, aromatic). 

IR {neat),.J max: 1638 (br, s, R - SC(0)CR3) cm-l. 

MS, m/z (%) M+ 316 (30), (M - COCH3)+ 

• 
213 (100). 

.. 
Deprotection of Thiolacetate 16 

Sodium (30 mg, 1. 3 mmol) was added to degassed methanol (15 ml) under 

argon. After (Se S~di~ had dissolved, a solution of the thiolacetate 15 

(180 mg, 0.6 mmol), in freshly distil1ed THF (10 mL) was added. 

\ 0, 
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After two hoùrs, the solution was poured int·o III saturated aqueous NaCl / 

5% aqueous citric acid (40 ,mL), and extracted tvice with ether. The ethereal 

phase was extracted twice with water saturated with NaC1, dried, filtered. 

and concentrated to yield the th101 16 as a colorless oil. 

PMR (CDe1
3

) S 0.77 - 2.8 (br, 14 H, alkyl) 3.8 (s,-3H CH
3
0_) 5.78 (dd, 

J = 6H2!, 9 Hz, olefin) 6.3 (d, IH, J .. 9.5 Hz, olefin) 6.53 - 7.1 

(m, 3H, aromatic). 

Methoxy-thiamorphi,nan Synt;hesis 17 - Method A 

The thiol ~ was left in vacuo and exposed to ambient light for"five 

,_"daye. Flash chromatography (25/1 hexan~s-ethyl acetate) yielded 17 as a 

colorless oil. 
,,-

M'ethoxy-thiamorphinan Synthes1s 17·- Method B 

The thiol 16 was irt:adiated for 12 hours with ultra violet sunlamp 

under a high vacuum, to give.!1. (56 mg, 0.2 JlDD.ol) as a coloriess oi1 in 16% 

-
yield after flash chromatography (25/1 hexanes-ethyl acetate). 

PMR (CDCI
3

) f' 1.13 - 2.87 (br, l3H, a1kyl) 2.97 (br, s, IH,.S - CH) -

3.2. - 3.5 (br, ZH, benzylic) 3.8 (s, 3R, CHP~) 6.53 - 7.15 ,(br, 3H, 

aromatic) • 

MS, m/z (%) M+ 274 (54), 
+ 

(M-CH
2

CHS) 213 (100). 

l; 
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Phenol from Methylphenol Hl 

The methoxy-thiamorphinan Q (22mg, 0.08 mmol) was dissolved in 

CHZC12 (3 mL) under nitrog~n and 0.5. n boron tribomide in CH2C12 .0' ml) 

was added at -60°C. The solution was allowed ta warm ta room temperature 

. " 
and left overnigh t. Water and CH2C12 were added' to the solution and stirring 

. 
was trontinued for- 1 hour. The organic phase was dried. fil tered, and 

concentrated ta give a beige residue. Flash chromatography (CHCl) gave 

pure phenol 18 (8mg, 0.03 mmol) as a white powder in 40% yield. 

, IR (neat),.) max 3270 (vb s, H-O-t stretch) cm-l, 

,Amine Isomer:t.zation 2h 

, 

" -

The amine 2a (2.85 g, 8.5 lIIOlol) was dissolved in dry dimethyl 

sulfoxide (65 mL) under nitrogen with stirring. Potassium t-butoxide 

-
(2.85 g," 2.5 mmol) was adde!i and after 3 days. more potassium .!.-butox1de 

(lg. 9 IlUllOl) was added. After an additional 22 hours, tlie solution was 
~ 

poured to water (200' mL) and( the aqueous layèr washed with dichl!oromethane 

(4 x 2 0 mL~. The combined organic extracts were dried, filtered, and 

coneen rp ted ta g1 ve a yellow ail. The ail was dissol ved ine ther (200 mL) 

and washed with 10% aqueous HCl (3 x 150 mL). The"aqueous extracts were 

made basic (pH 9) by the addition of solid sodium bicarbonate, and washed 
, 

with dichloromethane (2 x 250 mL). The combined organic extracts •. w.ere 

dried, filtered, and concentrated ta give the isomerized amine 2b (1.93 g, 

7.5 mmol) in 90% yield. 

HlR (CDC.1 3 ) 8 0.66 - 2.60 (m, l4H, alkyl) J.8 (s, 3H. CH 0) 5.8 (dd, 

J = 6 Hz, 9.5 Hz, IH,olefinic) 6.25, 6.4~ (d, J = 9.5 Hz, IH, olefinic) 

6.55 - 7.1 (m, 3H, aromatic). 
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Pyri4inium Tetrafluorobe;r::a.te li 

"The ami'ne'hydrochlor:lde la (4.4 g, l7'~1) was dissolved in absolute , -
ethapol and 2, 4,6-triphenylpyril~~tA t'etrafluoroborate (6.73 g. 17 mmol) 

, 1 ., 

'w.a& adde~. The reaçqon ,was stirred overnight. - The r,esultip8 .solution was " 
• t , , 

ul'trasonfficated for 12 h9urs to yield a lig,ht orange precipitate. The 

1 t' • 

solid was filtet:ed ànd washed with ether te yield lb (7.6 g, 12 mmo1) in 
~ , 

! 

70% yield. The pro~uct could be recrystallized from absolute ethanol. 1 • 

2.5,èbr, loH, dkyl) 2.87 3.23 '(br, ~H. benzyl1c) 
... 

3 .. 67 - 4.6 Cm, 2B, protons 0< to N) 5.27 (br t. Hl, 
o 0 

oletinie proton) 6.4 - 7.1 (m, 3H', aromat'ic r~ng) 7.17 - 7. 73 (br m, 

lTH, 2,4,6-triphenyl group and'pyridinilim ring protons) . 

.. 

• 
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SELECTED 200 MHz NMR .SPECTRA 
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