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We have previously reported that formamidinesulfinic acid 
in aqueous alkaline solution reduces N-substituted noroxy- 
morphone derivatives such as naltrexone (I) and naloxone (3) 
to the corresponding 6P-hydroxy epimers (2 and 4), with no 
detectable amount of the corresponding 601 epimers.l The 
stereochemistry of these products was the opposite of that  
obtained in the corresponding hydride reductions.2 

It was then necessary to examine whether this reagent also 
reduces other ketones of the morphine series, especially those 
lacking the hydroxyl a t  C-14 present in 1 and 3, and whether 
such reduction generally yields compounds with the 6p-hy- 
droxy configuration. We therefore reduced a selected number 
of such ketones with formamidinesulfinic acid, in order to 
answer these questions and also to obtain reference samples 
of possible metabolites. Some of these 6p-hydroxy compounds 
had not been accessible before by a stereoselective reduction 
procedure; several of them are known compounds obtained 
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Table I. Partial Characterization of Reduction Products 

Re- 
Compd duction 

Registry re- prod- 
no. duced uct 

16676-33-8 5 6 
76-41-5 7 8 

466-99-9 9 10 
125-29-1 11 12 

Mass 
spec- 

Yield, trum, 
% mle (M) Ref 

72 357 4 
60 303 5 
40 287 17 
63 301 17, 18, 19 

previously by more involved reaction sequences. We now re- 
port that 17-cyclobutylmethyl-4,5a-epoxy-3,14-dihydroxy- 
morphinan-6-one ( 5 ) ,  17-methyl-4,5a-epoxy-3,14-dihy- 
droxymorphinan-6-one (7),  17-methyl-4,5a-epoxy-3-hy- 
droxymorphinan-6-one (9), and 17-methyl-4,5a-epoxy-3-me- 
thoxymorphinan-6-one (1 1) were reduced to their respective 
6P-hydroxy derivatives in the yields shown in Table I. The 
reduction products were free of 6a-hydroxy epimers; they were 
isolated in pure form, and characterized by mass spectral and 
lH NMR data.1,3 
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"P-OH refers to t he  beta configuration 

Compound 6 had not been reported previ~us ly .~  The 
pharmacology of 8 has been described earlier by Seki et al., 
who obtained this compound by a separation of 6-hydroxy 
epimers resulting from a Meerwein-Ponndorf-Verley re- 
duction of 14-hydroxydihydrocodeinone (the 3-methyl ether 
of 7), and further demethylation.5 Weiss and Daum have re- 
ported a sodium borohydride reduction of 7, to yield only the 
6a epimer of 8; however, these authors have indicated that no 
systematic search was made for the possible presence of 66 
epimer, some of which might have been formed by the bo- 
rohydride reduction.6 A catalytic reduction of the 3-methyl 
ether of 7 has been shown to yield both 6-hydroxy epimers, 
with the 6p epimer as the minor p r ~ d u c t . ~  

In the present study the reduction products 8 and 10 could 
not be precipitated from an aqueous alltaline reaction mixture 
as in the isolation of the products 2, 4, and 6; hence these 
compounds were extracted from the aqueous reaction mixture, 
after adjusting to  pI3 9-10, with a mixture of chloroform- 
ethanol (2:l). The phenolic compounds dissolve in aqueous 
NaOH solution and are thus amenable to reduction with 
formamidinesulfinic acid in aqueous alkaline so1ution.l This 
method presents a marked advantage over the Meerwein- 
Ponndorf-Verley reduction, which requires appreciable sol- 
ubility of the substrates in common organic solvents.8 Dihy- 
drocodeinone (1 1) was reduced by formamidinesulfinic acid 
in aqueous ethanol, because of its limited solubility in 
water. 
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Since the phenolic hydroxyl groups of morphine compounds 
are generally convertible to their methyl ethers (codeine 
compounds), this procedure of obtaining 6P-hydroxy deriv- 
atives] should prove useful for the syntheses of various com- 
pounds of the isocodeine series, either by reduction of mor- 
phine derivatives and subsequent conversion to  codeine de- 
rivatives, or by direct reduction of 6-keto derivatives of the 
codeine series. Thus, the present procedure obviates the ne- 
cessity of an epimerizationlO step, and of the separation of 
products resulting from the hydrolysis of a-chlorocodide11J2 
or b r o m o c ~ d i d e , ~ ~ - ~ ~  which are alternate routes to oblaining 
isocodeine derivatives.15 

These preliminary observations reveal that forrnamidi- 
nesulfinic acid reduces the 6-keto group of morphine deriva- 
tives stereoselectively to the 66-hydroxy epjrners, and that this 
reduction does not require the presence of the 14-hydroxy 
group. We also find, contrary to a recent report, that this re- 
agent reduces carbonyl groups (at least in the morphine series) 
in the absence of alkoxide ions.16 These considerations war- 
rant further investigations to  determine the scope and limi- 
tations of this potentially useful reagent. 

Experimental Section 
Melting points of compounds were determined on a Thomas- 

Hoover apparatus and are uncorrected. General experimental details 
were as reported earlier.' Experimental procedures which are similar 
to those mentioned earlier are not given. 

17-Methyl-4,5~-epoxy-6~~hydroxy-3-methoxy~o~p~inan (12). 
To a solution of 11 (75 mg, 0.25 mmol) in 20 ml of EtOH was added 
10 ml of aqueous NaOH (150 mg) containing formamidinesulfinic acid 
(95 mg, 0.88 mmol). The resulting mixture was stirred for 1 h a t  80 "C 
under a current of nitrogen. This reaction mixture was then stripped 
of EtOtI and extracted with CP.IClt3. IJpon evaporation a residue of 
12 was obtained in a yield of 63%. The l H  NMR spectrum of 12 
(CDCls) was superimposable with a published reference 'spec- 
trum.9 
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Manicone, the principal alarm pheromone of certain species 
of Manica ants. was isolated from the mandibular glands of 
M. mutica and M .  bradleyi by Fales and co-workers and 
identified as (E)-4,6-dimethyl-4-octen-3-one (9).2 The E 
stereochemistry was tentatively assigned on the basis of NMR 
data2 and subsequently corroborated by a stereorational 
~yn thes i s .~  We would like to report herein a novel synthesis 
of manicone, the key feature of which entails the introduction 
of the a,P-unsaturated carbonyl moiety via the reaction of a 
4-chloro-2-pyrazolin-5-one with aqueous NaOH first reported 
by Carpino in 195€L4 Since the a,P-unsaturated carboxylic 
acids which result from this reaction can be readily converted 
by standard procedures to enones, the Carpino reaction was 
intended to serve as the fulcrum of our synthetic plan. 

Carpino originally observed mixtures of both isomeric acids 
5 and 6 in which the 2 isomer 6 always predominated: 
whereas for the manicone synthesis, the E isomer 5 was re- 
quired. The decision to proceed in spite of these contradicting 
stereochemical results was based on a consideration of the 
proposed mechanism4 (Scheme I). With one exception, all of 

Scheme I 

"-PI 
a, R, = Me; R, = E t  
b, R, = Me; R, = sec-butyl 
c ,  R, = Me; R, = tert-butyl. 
d, R, = Me; R, = Ph 
e ,  R, = Ph;  R, = Ph 
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the halopyrazolines previously investigated bore aryl sub- 
stituents a t  C-3 (Rz = Ar);5 consequently, an aryl-substituted 
vinyl carbanion 4 would be generated. The mixture of prod- 
ucts observed could then be rationalized by the known relative 
configurat(iona1 instability of aryl-substituted vinyl carban- 
ions.6 In the present case, however, a vinyl carbanion 4 would 


