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silica gel (O.:!-0.5 mm), and thin-layer chromatograms (TLC) were run on 
Brinkmann silica gel G plates with a UV indicator and developed in an ethyl 
acetate-benzene mixture (1:l). Spots were made visible by UV light, iodine 
vapor, or spraying with a 50% aqueous ptoluenesulfonic acid solution 
and heating at 120 O C .  Varian HA-100 and A-60 spectrometers were 
employed to record proton magnetic resonance spectra ('H NMR), and the 

chemical shifts are relative to tetramethylsilane as an internal standard. 
Infrared (IR) spectra were recorded on a Beckman IR-9 spectrometer, and 
ultraviolet (UV) spectra were recorded on a Cary Model 14M spectropho- 
tometer. 

(20) AK4 is a 5% palladium on carbon catalyst prepared at F. Hoffmann-La 
Roche & Co., AG, Basle, Switz. 
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?'reatment o f  dihydrocodeinone ( I f )  w i t h  formamidinesulf inic acid afforded mixtures of  dihydrothebainone (3aj 
and dihydroisothebainol (4a) under b o t h  homogeneous and heterogeneous conditions. S imi lar  treatment o f  14- 
hydroxydihydrocodeinone (lgj and 3-0-methylnatrexone (lhj gave predominant ly  the desired 6/3-alcohols (2g and 
2h under heterogeneous conditions. Under homogeneous conditions, lg and lh yielded mixtures of the G@-alcohols 
and the dihydrothebainone derivatives 3b and 3c. Deuter ium oxide studies established t h a t  ketone enolization was 
i n v o i v ~ d  in the formamidinesulf inic acid reductions. 

The  reduction of dihydromorphinones la-e  to the corre- 
sponding 63-alcohols :!a-e using formamidinesulfinic acid was 
first reported by Chatterjie and co-workers.1.2 Since the 
stereoselectivi ty of the new procedure was opposite to that  of 
hydride reductions, 11 s preparative potential was obvious. 

In  contrast, formarnidinesulfinic acid reductions of dihy- 
drocodeinone derivatives were less straightforward. Chatterjie 
and co-workers? reported the reduction of dihydrocodeinone 
( I f )  to dihydrcisocodeine (2f) in 63% yield. Due to the limited 
solubility of I P in the reaction m e d i ~ m , ~  ethanol was added 
as a cosolvent (homogeneous  condition^)^ in this experiment. 
However, our a t tempts  to  duplicate this reaction yielded 
dihydrothebainone (3a)  as the major p r ~ d u c t . ~  In addition, 
Cone6 reported the reduction of 14-hydroxydihydrocodeinone 
t l g )  to 68-alcohol 2g with formamidinesulfinic acid in the 
absence of ethanol (heterogeneous conditions).7 

As we had a need for the dihydroisocodeine compounds, we 
investigated 1 he formamidinesulfinic acid reduction of 
dihydrocodeinones If-h under various reaction conditions. 
During the course of our investigation, we discovered that  use 
of deuterium oxide ir the reaction mixture led to the poly- 
deuterated 68 alcohols 

Results a n d  Discussion 

Compounds If-h were treated with formamidinesulfinic 
acid under both homogeneous4 and h e t e r o g e n e o d b  condi- 
tions. In addition, dihydrocodeinone ( I f )  was subjected to four 
additional experiments in a t tempts  to  prepare dihydroiso- 
codeine (2f) directly. The  results are summarized in Table 
I. 

A cornparism of the homogeneous and heterogeneous re- 
actions showed tha t  use of the organic cosolvent facilitated 
opening of the 4,5a-ether bridge. Moreover, the additional 
experiments or1 If furl her demonstrated that  bridge opening 
did not involve ethoxide formation (condition D) or the re- 
action temperature (condition E). The  subsequent reduction 
of dihydrothebainone (3a) to  dihydroisothebainol(4a)S could 
be forced to completion by use of a longer reaction time and 
excess reagent (condition F). 

In the case of the clihydromorphinones, the 14-hydroxyl 
group was evidently nonessential for ketone reduction.239 
However, the iesults with the dihydrocodeinones indicated 
that  the 1 4 - h y h x y l  group was necessary to obtain ketone 
reduction rather than 4 ,%,-ether bridge opening. For example, 
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some 14-hydroxydihydroisocodeine (2g) and 3-0-methyl-  
6@-naltrexol(2h) were isolated even under the homogeneous 
conditions, while no dihydroisocodeine (2f) was ever obtained 
from If.  Further study is needed to elucidate the effect of the 
14-hydroxyl group. 

Dihydrocodeinone ( I f )  was also subjected to  the hetero- 
geneous reaction conditions with three further variations: (I) 
omission of the formamidinesulfinic acid, (2) use of sulfur 
dioxide in place of formamidinesulfinic acid, and (3) use of 
hydrochloric acid in place of sodium hydroxide. In each case 
the starting material was recovered unchanged in 98-100% 
yield. Attempts to reduce naltrexone (la)'  using variations 
(1) or (2) above also gave no reduction. These data indicated 
that  both the formamidinesulfinic acid and the sodium hy- 
droxide were necessary for reaction to  occur. 

Chart I 

1 2 
a, R ,  = H; R,  = OH; R,  = CH,-c-C,Hs 
b, R ,  = H; R, = OH; R, = CH2CH=CH, 
C ,  R ,  = H;  R,  = OH; R, = CH2-c-C,H7 
d, R ,  = H;  R, = OH; R,  = CH, 
e ,  R ,  = R, = H; R, = CH, 
f ,  R ,  = R, = CH,; R1 = H 
g, R ,  = R, = CH,; R, = OH 
h, R, = CH,; R, = OH;  R, = CH,-c-C,H, 

3 4 

a, R ,  = H; R, = CH, 
b, R ,  = OH; R, = CH, 
c, R ,  = OH; R, = CH?-c-C,H, 
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Table  I. Formamidinesulfinic Acid Reduction of 
Dihvdrocodeinone Derivatives 

Registry Condi- 
Ketone no. tionsa Products (yield) 

If 125-29-1 A 3a (69%) and 4a (10%) 
B 
C 3a(77.5%) 
D 3a(89%) 
E 
F 4a (54%) 

B 2g (101%)f 

B 

3a (33%) and 4a (36.5%)c 

Mixture of If and 3a 

1g 76-42-6 A 2g (32%) and 3b (25%)e 

l h  16617-C7-5 A 2h (44%) a1.d 3c (44%) 
2h (81.5%) ai:d 3c (16.5%)g 

a Conditions: A. homogeneous (see text); B, heterogeneous (see 
text); C, same as B except that  reaction was run a t  room tem- 
perature; D, same as A except that  p-dioxane was used in place 
of ethanol; E, same as A except that  reaction was run overnight 
a t  room temperature; F, same as A except for increased reaction 
time and use of excess reagent. Except where indicated, yields 
are for chromatographed or crystallized samples. One run under 
these conditions yielded exclusively 4a (30%). The experiment 
was stopped when 3a was observed as the only product being 
formed. e One run under these conditions also yielded 4b (15.5%). 
Compound 4b was not observed in other runs. f The product was 
contaminated with a trace of 3b. g The product was contaminated 
with 2h. Compound 3c was not purified. 

It has been suggested tha t  enolization of the  ketone is 
necessary for t he  formamidinesulfinic acid reduction t o  
occur.10 Consequently, we repeated the  heterogeneous reac- 
tion on  dihydrocodeinone (If)  using deuterium oxide as the  
solvent, and we ohtained dihydrothebainone-5,7,7-d3 (3a) and 
dihydroisothebainol-5,5,6a,7,7-d~ (4a). In like manner,  6p- 
naltrexol-5&6a,7,7-d4 (2a) was prepared from naltrexone (la) 
and dihydroisomorphine-5P,6a,7,7-d4 (2e) from dihydro- 
morphinone-5/3,7-dz (le). T h e  deuterated compounds were 
analyzed by mass spectrometry and  N M R  ( lH  and  13C). 

T h e  deuterium results established that enolization of t he  
&keto  compounds occurred under the  reaction conditionsll 
and that the 6 a  proton probably came from the  solvent. Thus,  
in the  present case, the ease with which enolization takes place 
may account for the  ease with which t h e  observed reactions 
take place. Moreover, t he  observed stereoselectivity of t he  
reduction may be due to  the  fact t h a t  i t  is the  enol being re- 
duced. In addition, since back-exchange cannot occur once the  
reduction has taken place, t he  use of deuterium oxide in  
formamidinesulfinic acid reductions provides a convenient 
procedure for preparing the polydeuterated 6@-alcohols. Such 
compounds are potentially useful in metabolism studies. 

The  synthesis of compounds 2g and 2h  demonstrated that 
14-hydroxydihydrocodeinones could be reduced directly t o  
the  corresponding 6/3-alcohols under the  appropriate reaction 
conditions. Moreover, since compound 2f could be readily 
obtained by methylation of dihydroisomorphine (2e), t he  
reduction procedure was also applicable t o  the  synthesis of 
dihydroisocodeine derivatives lacking a 14-hydroxyl group. 
For both 2g  and  2f t he  new procedure was preferable t o  the  
previously reported synthesis.12J3 

Our observations further demonstrate that formami- 
dinesulfinic acid is a potentially valuable reagent in organic 
synthesis. It is also clear that its reactions a re  influenced by 
a number of variables. Further investigations are necessary 
t o  elucidate the  full nature and  magnitude of those vari- 
ables. 

E x p e r i m e n t a l  Sec t ion  
Infrared (IR) spectra were recorded on a Perkin-Elmer 467 spec- 

trophotometer. Proton magnetic resonance ("-NMR) spectra were 

obtained on a Varian HA-100 spectrometer. All chemical shifts are 
reported in 6 values relative to a tetramethylsilane standard. Carbon 
magnetic resonance (13C-NMR) spectra were determined at 25.03 
MHz on a JEOL JNM-PS-100 FT NMR spectrometer interfaced with 
a Nicolet 1085 20K computer system. Mass spectra were run on an 
AEI MS-902 mass spectrometer. Analyses were performed by Integral 
Microanalytical Laboratories, Inc., Raleigh, N.C. 

Formamidinesulfinic Acid Reductions Using Homogeneous 
 condition^.^ A. General Procedure. A solution of NaOH (0.95 g, 
0.024 mol) and formamidinesulfinic acid (0.60 g, 0.0056 mol) in HzO 
(60 mL) was added to a solution of the ketone (0.50 g, 0.0017 to 0.0014 
mol) in EtOH (120 mL). The resultant mixture was stirred under 
nitrogen at 80-85 OC for 1 h. It was then cooled to room temperature 
and the EtOH was removed in vacuo. If a solid precipitated at this 
point, it was collected and washed with HzO. The aqueous solution 
(or filtrate) was then acidified with concentrated HCl and rebasified 
with concentrated NH40H. The aqueous phase was next extracted 
with CHC13 (3X), and the combined CHC13 extracts were dried 
(NazS04) and evaporated. If necessary, product mixtures were sub- 
sequently chromatographed on silica gel plates (1 mm) to obtain the 
pure compounds. 

B. Dihydrocodeinone (If). Chromatography afforded 0.35 g (69%) 
of dihydrothebainone (3a) and 0.05 g (10%) of dihydroisothebainol 
(4a). Compound 3a was obtained as a white foam: IR (CH2Clz) 1715 
cm-'; 'H-NMR (CDCl3) 6 2.38 (s,3 H), 3.78 (s,3 H), 4.25 (d, 1 H, one 
5-H, J = 14 Hz), 6.60 ppm (ABq, 2 H). Except for the aromatic carbon 
signals, the 13C-NMR spectrum of 3a was similar to that reported for 
the corresponding 4-desoxy compound.14 Crystallization of the foam 
from acetonehexane (1:l) yielded clear, off-white needles, mp 
148-150 "C (lit.15 144-146 "C; lit.16 138-148 "C). Anal. Calcd for 
C18H23N03"zO: C, 67.68; H, 7.89; N, 4.38. Found: C, 67.45; H, 7.64; 
N, 4.18. 

During a repeat of this experiment using 0.20 g of dihydroisocodeine 
(2f), the mixture was heated for 23.5 h with more reducing agent 
(one-half original amount) being added after 18.5 h. After cooling, the 
reaction mixture was stirred overnight at room temperature. Subse- 
quent work-up and chromatography afforded 0.11 g (54%) of 4a as an 
off-white foam: IR (CHzC12) no carbonyl; 'H-NMR (CDC13) 6 2.34 
(s,3 H),3.3-3.9 (m, 3 H, two 5-H and 6a-H),3.79 (s,3 H),6.62 ppm 
(ABq, 2 H). The 13C-NMR spectrum of 4a was also similar to that 
reported for the corresponding 4-desoxy compound.14 In particular 
the resonances at S 25.66 (C-8), 35.41 (C-7), 45.46 (C-51, and 67.79 ppm 
(C-6) were helpful in determining the stereochemistry of the alcohol. 
Crystallization of the foam was unsuccessful. Anal. Calcd for 
C18H25N03: 303.1834. Found: 303.1831. 

C. 14-Hydroxydihydrocodeinone (lg). The reaction yielded 0.16 
g (32%) of 14-hydroxydihydroisocodeine (2g) and 0.13 g (25%) of 
14-hydroxydihydrothebainone (3b). Compound 2g was identical to 
the product from the heterogeneous reduction. Compound 3b was 
obtained as a tan foam: IR (CHC13) 1710 cm-'; 'H-NMR (CDC13) 6 
2.36 (s,3 H), 3.80 (s,3 H), 3.95 (d, 1 H, one 5-H, J = 14 Hz), 6.62 ppm 
(ABq, 2 H). Except for the effects of the 14-hydroxyl group,17 the 
13C-NMR spectrum of 3b was identical to that of 3a. Crystallization 
of the foam was unsuccessful. Anal. Calcd for C18H23N04: 317.1627. 
Found: 317.1630. 

From a repeat reaction was isolated 0.08 g (15.5%) of 14-hydroxy- 
dihydroisothebainol (4b) as an off-white foam. Compound 4b was 
identified by its IR and NMR ('H and 13C) spectra. 

D. 3-0-Methylnaltrexone (lh).18 From the reduction of l h  was 
obtained 0.22 g (44%) of 3-O-methyl-GP-naltrex01(2h) as a white solid 
which precipitated after the removal of EtOH. The white solid was 
identical to material prepared using the heterogeneous conditions. 
Subsequent work-up of the filtrate provided 0.22 g (44%) of N-cy- 
clopropylmethyl-14-hydroxy-N-nordihydrothebainone (312) as a 
viscous oil: IR (CHC13) 1710 cm-l; 'H-NMR (CDC13) 6 3.80 (s,3 H), 
3.93 (d, 1 H, one 5-H, J = 14 Hz), 6.60 (ABq, 2 H). Except for the ef- 
fects of the N-cyclopropylmethyl group,17 the 13C-NMR spectrum 
of 3c was identical to that of 3b. Anal. Calcd for C21Hz~N04: 357.1940. 
Found: 357.1943. 

Formamidinesulfinic Acid Reductions Using Heterogeneous 
Conditions.Bb A. General Procedure. The ketone (0.50 g, 0.0017 to 
0.0014 mol) was suspended in H2O (50 mL), and 0.32 M NaOH (0.64 
g in 50 mL) was added until the suspension was basic. Formami- 
dinesulfinic acid (0.73 g, 0.0068 mol) was dissolved in the remaining 
NaOH solution and subsequently added to the suspension of ketone. 
The resultant mixture was stirred under nitrogen at 50-55 "C until 
the starting material had been consumed (17 to 30 h). The mixture 
was then cooled to room temperature and was worked up in the same 
manner as the aqueous phases obtained from the homogeneous re- 
actions. 
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B. Dihydrocodeinone (If). Chromatography of the product 
mixture afforded 0.165 g (33%) of 3a and 0.185 g (36.5%) of 4a. A re- 
action time of 90 h was required to obtain exclusively 4a. 

C. 14-Hydroxydihydrocodeinone (lg). The reduction afforded 
0.51 g (101%) of 2g as a white foam. The IR and 'H-NMR spectra of 
the product were identical to those of a reference sample supplied by 
Dr. Cone. Careful TLC analysis showed that the crude product was 
contaminated with a trace amount of 3b. Crystallization of the foam 
from acetone/water (1:11 gave white needles, mp 167-168 OC (lit.I9 
166-167 "C). 

D. 3-0-Methylnaltrexone (lh). When the reaction mixture was 
cooled, 2h (0.41 g, 81.5%) precipitated as a white olid: mp 172-173 O C ;  

IR (CHC13) no carbonyl; 'H-NMR (CDCl3) 6 3.463.72 (m, 1 H, 6a-H), 
3.84 (s, 3 H), 4.47 (d, 1 H, 5P-H, J = 6 Hz), 6.63 ppm (ABq, 2 H). The 
W - N M R  of 2h was very similar to that of 6P-naltrexol (Za)." Anal. 
Calcd for CplHp:.N04: C, 70.56; H, 7.61; N, 3.92. Found: C, 70.43; H, 
7.84; N, 3.75. 

Extraction of i;he filtrate afforded 0.08 g (16.5%) of a yellow foam. 
TLC analysis showed a major (3c) and a minor (2h) component. On 
repeat runs of this reaction the precipitated product was sometimes 
contaminated with 3c. 

Deuterium Experiments. A. Dihydrocodeinone (If). Repetition 
of the heterogeneous reaction on a one-fifth scale using DzO as the 
solvent afforded 58 mg of deuterated 3a (mass spectrum: do, 9.6%; dl, 
26.5%; d2, 36.3%; ds, 21.4%; dq, 6.2%) and 9 mg of deuterated 4a (mass 
spectrum: do, 0.4%; d l ,  1.4%; d2, 2.3%; d3, 14.3%; dq, 37.8%; dg, 36.7%; 
de, 7.1%). In the 13C-NMR spectrum of the major product the C-5 
resonance was partially collapsed while the C-7 resonance was totally 
collapsed. Moreover, the C-6 resonance was extremely weak due to 
the removal of the nearby protons needed for efficient l3C-IH dipolar 
relaxation.20 The lower deuterium content of 3a was due in part to 
back-exchange during work-up and chromatography. 

B. Naltrexone (la). Reduction' of naltrexone (136 mg) using D20 
as the solvent afforded 128 mg of deuterated GP-naltrexol(2a) (mass 
spectrum: dl,  3.0%; dp, 20.3%; d3,43.4%; dq, 32.0%; ds, 1.3%). In the 
1%-NMR spectrum of the product the C-5 resonance was partially 
collapsed while the C-6 and C-7 resonances were totally collapsed. 

C. Dihydromorphinone (le). The starting material (285 mg) was 
subjected to an cxchange reaction using D20 and potassium tert - 
butoxide to get 273.5 mg of deuterated l e  (mass spectrum: do, 7.3%; 
dl,  41.4%; dp,  37.9%; d3,13.4%). A 200-mg sample of this material was 
subsequently reduced2 using D2O as the solvent. This reaction af- 
forded 45 mg of deuterated dihydroisomorphine (2e) (mass spectrum: 
d 2 ,  6.3%; d3, 34.2%; d4,56.4%; dg, 3.1%). The (2-5, '2-6, and C-7 reso- 
nances were comoletely collapsed in the I3C-NMR spectrum of the 
product. 

Acknowledgment. This work was supported under con- 
tract 271-76-3326 with the National Insti tute on Drug Abuse, 
Division of Research, Research Technology Branch. We thank 
Dr. E. J. Cone for providing us with his reduction procedure 
and a sample of 14-hydroxydihydroisocodeine hydrochloride. 
We also thank J. Walker, E. Williams, and F. Williams for 
their  assistance in obtaining the spectral data. 

Registry No.-Zf, 795-38-0; 2g, 61949-73-3; 2h, 65150-66-5; 3a, 
847-86-9; 3b, 6199-38-8; 3c, 65150,67-6; 4a, 2447-32-7; formami- 
dinesulfinic acid, 1758-73-2. 

References and Notes 
(1) N. Chatterjie, C. E. Inturrisi, H. B. Dayton, and J. Biumberg, J. Med. Chem., 

(2) N. Chatterjie, J. G. Umans, and C. E. Inturrisi, J. Org. Chem., 41, 3624 

(3) The dihydromorphinone reductions were run in aqueous sodium hydroxide 

(4) K. Nakagawa and K. Minami, Tetrahedron Len., 343 (1972). 
(5) We have since been informed by Chatterjie and co-workers that their 

(6) (a) E. J. Cone, J. Chromatogr., 129, 355 (1976); (b) E. J. Cone, personal 

(7) This reaction was carried out at 50-55 OC. Use of a higher reaction tem- 

(8) We have used "iso" to distinguish 4a from the corresponding 6a iso- 

(9) In this connection it may be noteworthy that the yields of 2d and 2e were 

18, 490 (1975). 

(1976). 

at 80-85 O C .  

product was also 3a. 

communication. 

perature led to a complex mixture.eb 

mer. 

60 and 40%, respectively. 
(IO) J. E. Herz and L. S. de Marquez, J. Chem. Soc , Perkin Trans. I, 2633 

11973) 
\ - .  -I  

(1 1) These results were consistent with our earlier observation that compounds 
such as 1 could be exchange labeled at the (Y positions under basic con- 
ditions: cf. G. A. Brine and J. A. Kepler, J. Labelled Comp. Radiopharm., 
12, 401 (1976). 

(12) I .  Seki, YakugakuZasshi, 83, 389 (1983). 
(13) M. M. Baizer, A. Loter, K. S. Ellner, andD. R. Satriana, J. Org. Chem., 16, 

(14) Y. Terui, K. Tori, S. Maeda, and Y. E. Sawa, Tetrahedron Len., 2853 

(15) U. Weiss and N. Weiner, J. Org. Chem., 14, 194 (1949). 
(16) I .  Seki, Yakugaku Zasshi, 83,394 (1963). 
( 1  7) F. I .  Carroll, C. G. Moreland. G. A.  Brine, and J. A. Kepler, J. Org. Chem., 

(18) This compound was prepared by diazomethane methylation of l a .  
(19) A. C. Currie, J. Gillon, G. T. Newbold, and F. S. Spring, J. Chem. Soc., 773 

(20) A. Allerhand, D. Dodderell, and K. Komoroski, J. Chem. Phys., 55, 189 

543 (1951). 

(1975). 

41, 996 (1976). 

(1960). 

(1971). 

Reactions of Magnesium Hydrides. 1.  Reduction of Organic 
Functional Compounds by Magnesium Hydride and 

2,6-Diisopropylphenoxymagnesium Hydride 

E. C. Ashby,* J. J. Lin, and A. B. Goel 

School of Chemistry, Georgia Inst i tute  of Technology, Atlanta, Georgia 30332 

Receiued July  14, 1977 

Tho reducing properties of magnesium hydride and tetrahydrofuran-soluble 2,6-diisopropylphenoxymagnesium 
hydride toward some representative organic functional compounds such as benzaldehyde, 4-tert- butylcyclohexan- 
one, 1-iodo-, 1-bromo-, and 1-chlorodecanes, iodobenzene, nitrobenzene, ethyl benzoate, benzoyl chloride, 2,2,6,6- 
tetramethyl-trans-4-hepten-3-one, octene, and phenylacetylene have been studied. For the first time it has been 
shown that MgH2 (if prepared in an active form) and HMgOR compounds are very effective reducing agents in the 
reduction of certain organic functional groups. The fact that these hydrides reduce some functional groups at  a 
much faster rate than others indicates their usefulness in functional group selectivity. 

Introduction 
Simple and complex metal hydrides of boron and aluminum 

have been known for over two decades for their  reducing 
properties toward organic functional compounds.l Some of 
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these hydrides have been found to be extremely reactive but 
have poor selectivity. For example, LiAlH4 is a very powerful 
reducing reagent, capable of reducing most functional groups, 
but is of little value for selective reductions. On the other hand, 
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