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T a b l e  I. Spectral Features of (Dialkoxymethy1)phenyldiazenes 2a 

Registry 'H chemical shift, 6 (Me&) UV hmax (EtOH), 
Compd no. R CH OCH3 CY P Y nm (log t )  

2b 65102-03-6 -CHz,CH38 5.09 3.48 3.8OC 1.19 269 (3.92), 215 (3.95) 
2cd 65102-04-7 -CHzmCH2&H3, 5.02 3.53 3.72' 1.63 0.95 268 (3.96), 215 (4.01) 
2d 65102-05-8 -CHzmCHp=CH2, 5.18 3.55 4.38 5.0-5.4 5.6-6.2 269 (3.92), 214 (4.02) 

a All compounds showed NMR absorptions a t  6 7.7 for o-Ph and a t  6 7.5 for m-  and p-Ph protons; IR absorptions included those 
Diastereotopic splitting of the expected at 1520 (medium, VN=N). 1120 and 1060 cm-I (strong, vco acetal). 

multiplet was ohserved. 
NMR solvent: acetone-&. 

NMR solvent: CC14. 

The  structures of 2b-d are based on their elemental anal- 
yses and the spectral data gathered in Table I. The spectral 
features which distinguish the diazenes 2 from a possible 
(tautomeric) hydrazone structure are (1) the chemical shift 
of the methylidyne H, 6 4.9-5.2 (vs. 6 >6.5 for the usually 
broad phenylhydrazone NH4), (2) the value of the UV ex- 
tinction coefficient (€) for the 260-280-nm absorption of 
phenylalkyldiazenes near 10 0005 (vs. 18 000-20 000 for the 
similar absorption of phenylhydrazones6), and (3) the absence 
of NH stretch in the IR spectra of 2 (vs. IJ" of 3300-3450 cm-l 
for hydrazone@). 

The  conversion of 1 to  2, analogous to  the  conversion of 
di(1-buty1)diazene oxide to  1-butyl-2-pentyldiazene by 
m e t h y l l i t h i ~ m , ~  joins the growing list of selective transfor- 
mations which can be effected a t  both distal2 and proximals 
carbon atoms of azoxyalkanes. 

Experimental Section 

Genera l .  For instruments used see the Experimental Section of 
ref 2. VPC analyses were performed using the following aluminum 
tubing columns: A, 4 ft X 0.25 in. 10% SE-30 on Chromosorb W (AW 
and DMCS); B, 6 ft X 0.25 in. 5% silicone oil Dow 710 on Chromosorb 
W (AW and DMCS); C, 6 f t  X 0.125 in. 5% UCW 98 on Diatoport S. 
Dialkyldiazene oxides are animal carcinogens. However, phenylhy- 
droxymethyldiazene 1-oxide (1, R = H) produced no tumors in rats 
at dose levels which with dimethyldiazene oxide produced tumors with 
100% frequency.$ 
(2)-Phenylpropoxymethyldiazene 1-Oxide (IC). The title 

compound was prepared in 85% yield using the silver carbonate pro- 
cedure described in ref 2. Preparative VPC (column A) provided an 
analytical sample: NMR (CDC13) 6 8.12 (m, 2 H, o-Ph), 7.4 (m, 3 H, 
m -  andp-Ph), 5.15 (s,2 H, distal CHz), 3.62 (t, 2 H, OCHz), 1.71 (m, 
2 H, CCHz), 0.97 (t. 3 H, CH3); IR (neat) 1490,1425,1355, and 1325 
cm-'; UV A,,, (95% C2H50H) 247 nm ( c  10 500). Anal. Calcd for 
C10H14N202: C, 61.84; H, 7.27. Found: C, 61.61; H, 6.98. 
(E)-(Methoxyethoxymethy1)phenyldiazene (2b).lo A mixture 

of 0.560 g (3.1 mmol) of lb, 0.50 g of triethylamine, 0.50 g of magne- 
sium sulfate, and 0.25 g of calcium sulfate in 7 mL of methanol was 
stirred 1 day at room temperature. After filtration and concentration 
in vacuo the resulting red oil was chromatographed over 30 g of silica 
gel. Elution with benzene gave 0.30 g (50%) of 95% pure 2b as a red oil. 
Preparative VPC using column B gave an analytical sample. Anal. 
Calcd for C10H14N202: C, 61.84; H, 7.74. Found: C, 62.00; H, 7.38. 

(E) - (  Methoxypropoxymethyl)phenyldiazene (2c). This com- 
pound was prepared from IC and methanol in 58% yield, 98% pure, 
by the method described for 2b. Preparative VPC on column A gave 
an analytical sample. Alternately, 2c was prepared in similar yield 
from l a  and 1-propanol using triethylamine as base and from la,  1- 
propanol, and 0.2 mol equiv of 1 N KOH. Anal. Calcd for CllH16N202: 
C, 63.44; H, 7.74. Found: C, 63.22; H, 7.57. 
(E)-(Methoxy-2-propenoxymethyl)phenyldiazene (2d). This 

compound was prepared from I d  in 49% yield by the method used to 
make 2b. Preparative VPC using column B gave an analytical sample. 
Anal. Calcd for CllH14N202: C, 64.06; H, 6.84. Found: C, 63.88; H, 
6.78. 

Stability Studies. A solution of 0.10 g of 2c in 0.5 mL of 0.1 N 
aqueous hydrochloric acid and 1.0 mL of methanol was stirred at room 
temperature. VPC analysis (column C) after 1 h showed no trace of 
2c. 

VPC analysis (column C) of a solution of 2c in 0.5 mL of methanolic 
0.1 N KOH and 0.5 mL of water showed no loss of 2c after 1 day at 
reflux and 10% loss of 2c  after 6 days a t  reflux. 

0022-3263/78/1943-1460$01.00/0 

R e g i s t r y  No.-lb, 57496-83-0; IC, 65102-06-9; Id, 57496-85-2; 
methanol, 67-56-1. 
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Primary p-enamino carbonyl compounds are interesting 
as potential intermediates in the synthesis of natural and 
synthetic compounds possessing biological activity. They are 
rendered especially versatile by their reactivity a t  both ni- 
trogen and the CY carbon, with the possibility existing of sys- 
tematically directing reaction at either site.' Established 
syntheses of these compounds proceed from the corresponding 
P-dicarbonyl compound using ammonia2 or a synthetic 
equivalent of ammonia3 to  form the enamine. Although these 
methods are useful, both lack generality when dealing with 
multifunctional compounds which are sensitive to the strongly 
basic and nucleophilic reagents required by each. Thus, the 
Dieckmann-Prelog method2 (direct treatment with ammonia) 
is time consuming and apparently limited to  structurally 
simple P-keto esters.3 The  Takaya m e t h ~ d , ~  while more gen- 
eral in scope, requires in its second step the use of sodium 
ethoxide in refluxing ethanol, conditions which are often de- 
structive to other moieties in a potential substrate, particu- 
larly exchangeable esters. 

This note describes a new method for effecting this trans- 
formation which uses a markedly less nucleophilic reagent and 
proceeds under acid catalysis. N-Trimethylsilyliminotri- 
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Table Ia 

BP, "C 
Starting Registry Registry Yield, (mmHg) 

Entry material no. Product no. % [mpl 

&CO>Et 1128-00-3 88 [70-721 

KH 

68 80-90 (15) 

611-10-9 
Q.OCHC€l 

6 M, 123-54-6 

7 2816-57-1 

OCHCCl 65277-18-1 43 135 (0.05) (KR) 

&CO.CH CH 7149-18-0 91 [58-591 

7318-00-5 73 [33-351 

1118-66-7 68 110-115 (10) 

13652-33-0 40 65-75 (12) 

All compounds listed had physical and spectral properties consistent with those in the literature or satisfactory elemental analysis. 
Yields represent isolated material and have not been maximized in all cases. 

phenylphosphorane (I) (easily prepared from triphenyl- 
phosphine and a~idotrimethylsilane~) reacts with 0-dicarbonyl 
compounds (11) in the presence of a molar equivalent of a 
secondary alcohol and a catalytic amount of p -  toluenesulfonic 
acid to afford the corresponding @-amino-a,@-unsaturated 
carbonyl compounds (111). The results are summarized in 

n o  

Ph3P=N-Si(CH,), + u, 4- E O H  

I 11, X = R,OR 

NH, 0 ux + F O S i ( C H J 3  + Ph,P=O 

111 Iv 

Table I. As can be seen from entry 7, the reagent also forms 
unconjugated imines, providing they are stable to the reaction 
conditions. Particularly noteworthy is the lack of ester ex- 
change in the 6-keto esters. 

The observation that no reaction takes place in the absence 
of the alcohol suggests tha t  the method proceeds by in situ 
generation of iminotriphenylph~sphorane.~ Thus the initial 
step is cleavage of the nitrogen-silicon bond to form the un- 
protected iminophosphorane and the corresponding tri- 
methylsilyl alkoxide IV.6 Condensation with the ketone then 
follows, affording the desired product 111 and triphenyl- 
phosphine oxide. Credence to this mechanism is lent by the 
report tha t  iminotriphenylphosphorane itself undergoes a 
similar condensation with certain exceptionally reactive ke- 
tones.5): 

The principal limitation seems to be the stability of the 
product to the reaction conditions. Thus, when the sequence 
was employed with cyclohexanone, the ketone was consumed 

and triphenylphosphine oxide was produced, but no volatile 
products were found. Presumably the imine was formed and 
then underwent random selfcondensation. 

In summary, the method described has the following ad- 
vantages. I t  allows for the rapid, one-step conversion of ap- 
propriate ketones to their corresponding primary enamines 
or imines. I t  is the only method available for effecting this 
conversion without the use of strong bases and/or nucleo- 
philes, thus allowing synthesis of a wider variety of target 
molecules, particularly those containing exchangeable esters. 
Lastly, the reagent is easily synthesized and can be readily 
manipulated without fear of atmospheric hydrolysis. 

Experimental Section 
General Procedure for the Condensation of N-Trimethylsi- 

lyliminotriphenylphosphorane (I) with Ketones. To a solution 
of 1 molar equiv each of the desired keto compound, isopropyl alcohol, 
and I in a convenient amount of benzene was added a catalytic amount 
of p-toluenesulfonic acid. The resulting solution was refluxed until 
the reaction was complete (4-8 h). The solution was cooled, concen- 
trated on a rotary evaporator, and diluted with ether. The resulting 
precipitate of triphenylphosphine oxide was removed by filtration, 
and the filtrate was concentrated again. The resulting crude product 
was purified by distillation. 

Registry No.-I, 13892-06-3. 
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The absolute configuration of the morphinan skeleton of 
(-)-sinomenine (1)3 is enantiomeric to natural (-)-morphine, 
and conversion of 1 into (+)-morphine (IO) was reported by 

,CH, ,CH; 
5' N 

0 OCH,, 

( X O  OH CH,O OH 

1 

CH, 
N *' 

2a, R ,  = OCH,; R, = H 
b, R,  = H; R, = OCH, 

,CH3 
N 

CH R, CH,O OCH, 
3, R , ,  R, = 0; R, = H 5 
4 ,  R, = R, = OCH,; R, = H 
6, R,  = R, = OCH,; R, = Br 

,CH3 
Y 

7 ,  R,  = R, = OCH,; R, = CH, 
8, R , ,  R ,  = 0 ;  R, = CH, 
9, R ,  = OH; R, = H; R, = CH, 

10 ,  R ,  = OH; R, = R, = H 
11, R ,  = OAc; R, = H ;  R, = Ac 

Goto's group.4a-c To define morphine's interaction with opiate 
receptors more clearly,5 we wanted to prepare large quantities 
of unnatural enantiomer 10 and several of its congeners. We 
now summarize our results that followed, in principal, Goto's 
original s ~ h e m e , ~ ~ - ~  but which implemented novel reactions 
and the findings of others, especially those of Rapoport et  a1.6 
Rapoport's results in the natural (-) series became available 
only after we had started our project. A tenfold increase in the 
overall yield of (+)-morphine ( lo) ,  previously reported by 

Goto, from (-)-sinomenine (1) was accomplished as fol- 
lows. 

Catalytic reduction7 of 1 afforded a mixture of two diaste- 
reomers (2a and 2b) which was separated by preparative 
thin-layer chromatography. The equilibrium mixture was 
reestablished by brief boiling of either isomer in methanol. 
Deuterium exchange of 2a and 2b allowed definitive assign- 
ment of the chemical shift of the C-5 and C-7 protons. As- 
suming that the preferential conformation of ring C is the 
chair form, the absolute configuration of 2a and 2b at C-7 
could be determined. Major isomer 2a and minor isomer 2b 
were assigned 7R (axial H )  and 7 s  (equatorial H)  configura- 
tions, respectively, for the following reasons. The chemical 
shift of the C-7 equatorial proton, due to the shielding effect 
of the carbonyl group in the 7 s  isomer, lies upfield of the C-7 
axial proton in the 7R isomer, in accord with previous work 
on a-methoxydecaIones,* The chemical shift of the C-7 proton 
of the 7 s  isomer was 6 3.36 (t, J = 3.5 Hz) and that of the C-7 
proton in the 7R isomer was 6 3.90 (center of d of d,  J = 7 , 1 2  
Hz), and the coupling constants were of the magnitude ex- 
pected. The  equatorially oriented C-7 methoxyl group in the 
7R isomer was deshielded by the carbonyl group (6 3.43), as 
compared with the methoxy group in the 7s isomer (6  3.301, 
again in accord with cu-methoxydecalones.h Molecular models 
(Dreiding) indicate that the major product might well be the 
7R isomer because of the less sterically hindered methoxyl 
group. The C - 5  equatorial proton in both 7 R  and 7s isomers 
was considerably deshielded, presumably due to its proximity 
to the aromatic ring (see Experimental Section). A similar 
effect was noted in dihydrothebainone.6 

Since the next step, the acid-catalyzed SN~' cyclization of 
2a and 2b to 3, with loss of methanol, proceeds under condi- 
tions which equilibrate the two epimers. the mixture was 
treated directly with polyphosphoric acid a t  65-70 "C. Ketone 
3 is rather stable under these reaction conditions, in contrast 
to Goto'sg more drastic conditions; and yields of desired ke- 
tone 3 were consistently 70-75%. 

Introduction of a double bond in the 7,8 position of 3 is not 
easy, and attempts to introduce it by direct oxidation were 
unsuccessful. This could, however, be accomplished by 
phenylselenation and oxidative elimination. but only after the 
N-methyl group was replaced by a N-carbethoxy group.1° 
Meanwhile, Rapoport's modification for converting (-)- 
dihydrocodeinone (enantiomer of 3) into (-)-codeinone (en- 
antiomer of 8) became known6 and was successfully imple- 
mented in our plan, which now took the following course: 
ketalization of 3 to dimethyl ketal 4 (98%); elimination of 
methanol with p -toluenesulfonic acid in chloroform to give 
enol methyl ether 5 (83%); addition of methyl hypobromite, 
leading to bromodimethyl ketal 6 (75%); elimination of HBr 
with potassium tert- butoxide in MezSO at room temperature 
instead of 60 "C6 to give 7 (87%); and deketalization of 7 with 
5% HC1 instead of AcOH6 to give (+)-codeinone (8; 96%). 

Compounds 3 and 5-8 showed the properties previously 
reported by Goto et  al., and 3-8 had properties identical with 
the corresponding compounds in the (-) series prepared as 
described by Rapoport,6 except for the optical rotation. Re- 
duction of unsaturated ketone 8 with sodium borohydride in 
methanolll afforded (+)-codeine (9), which was converted into 
(+)-morphine (10) by O-demethylationl* with boron tribro- 
mide in chloroform. Unknown (+)-heroin ( 1 1 )  was obtained 
from 10 by treatment with acetic anhydride. Crystallization 
from ethyl acetate gave prisms identical with authentic (-)- 
heroin (enantiomer of 1 l ) ,  except for the sign of optical rota- 
tion. (-)-Heroin showed specific optical rotation 10" higher 
than previously reported.I3 

(+)-Codeine (91, (+)-morphine (lo),  and (+)-heroin (11) 
showed no analgesic activity on subcutaneous injection in mice 
in routine screening for centrally active analgesics. Unnatural 
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