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The synthesis of cyproheptadine N-oxide (1) has been de- 
scribed in the patent literature.' Subsequent studies of the 
metabolic fatel of cyproheptadine necessitated the resynthesis 
of 1. The findings that the hydrogen peroxide oxidation of 
cyproheptadine provided two isomeric N-oxides in the ap- 
proximate ratio of 75u:25@, and that the a isomer was a major 
metabolite in the dog, prompted us to investigate the stereo- 
chemistry of these isomers. 

The isomers were distinguishable by TLC and separable 
by column chromatography. Their interconversion was evi- 
denced by the precipitation of the @ isomer from a refluxing 
toluene solution of the a isomer. They showed clear differ- 
ences in their 'H NMR spectra, markedly so in the position 
of the N-CH 3 singlet which appeared for the @ isomer at 0.16 
ppm downfield from that of the a isomer (Table I). This dis- 
tinction was useful for determination of the isomeric purity 
of the two compounds. The piperidine ring methylene groups, 
which showed distinct differences in chemical shift in the two 
isomers, were of little diagnostic value owing to overlapping 
signals. 

The I jC NMR spectril of the two isomers provided evidence 
that the N-CHi group has the same orientation in both com- 
pounds since the chemical shift for the N-CH? group appeared 

Isomer 61, (N-CH:da 61, (CIO + C 1 ~ ) o  61:3~. (N-CH:Jb 

a 3.12 6.88 56.2 
P 3.28 6.88 56.0 

cr + LSR' 6.96d 
7.02'' 

p t LSR? 6.84f 
6.78" 

a Determined for the base in CDCl2, MejSi internal standard. 
Determined for the hydrochloride salt in MezSO-de, Me4% in- 

ternal standard. c' LSR = Eu(hfbc)s. 4 mg of LSR added to 5 mg 
of base/0.5 ml of CDC1:I. 8 mg of LSR added to 5 mg of base/0.5 
ml of CDCl:+ /4 mg of LSR added to 4.6 mg of base/0.5 ml of 
CDCla. R 6.7 mg of LSR added to 4.6 mg of base/0.5 ml of 
CDCI:3. 

a t  ca. 56 ppm in both isomers. These spectra were determined 
for the hydrochloride salts of the two isomers. In the I3C NMR 
spectrum of the quaternary salt, 1,1,4-trimethylpiperidinium 
iodide, the chemical shift of the equatorial N-CH3 group is 
56.0 ppm and that of the axial N-CH3 group is 47.8 ppm.3 
Thus, an equatorial N-CH3 group is suggested for both iso- 
mers of the N-oxide. This conclusion is supported by a re- 
ported4 lH NMR study on 1-methylpiperidine 1-oxide which 
indicated that this potentially mobile N-oxide exists prefer- 
entially as the conformer with the N+-0- bond axial. Other 
work also has provided evidence that an axial orientation for 
N-oxidations is preferred.",5 

Construction of Dreiding models of the cyproheptadine 
N-oxides in conjunction with these data indicated that the two 
compounds in hand were the isomers la and lb, differing only 

0- 
I 

lb 
in the conformation of the dibenzocycloheptene ring. How- 
ever, the observed spectral characteristics did not permit 
stereochemical assignments to be made. Further lH NMR 
studies employing a lanthanide shift reagent (LSR) provided 
a basis for assigning the stereochemical relationship between 
the N+-0- bond and the aromatic ring system in the two 
N-oxides. A difference in the location of the Clo and Cli pro- 
tons relative to the lanthanide-oxygen-nitrogen grouping is 
indicated by the fact that these protons in the two isomers are 
displaced in opposite directions upon addition of the LSR 
(Table I). The upfield shift of the C ~ O  and C11 protons in the 
@ isomer implies that these protons are syn with respect to the 
N+-O- bond. This relationship follows from the 3 cos2 B - 1 
term of the McConnell-Robertson equation6 which governs 
the direction in which a nearby proton is displaced. The angle 
0 is defined by the donor atom, the lanthanide, and the proton 
under consideration. The expression changes sign a t  ca. 50' 
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Figure 1. Stereochemical relationship between the N+-O- bond and 
the ethylene bridge protons in the europium complexed a + /3 isomers 
of cyproheptadine N-oxide. 

so that a proton associated with ab' value greater than 50°, e.g., 
the /3-Clo proton, would experience an upfield shift. These 
stereochemical relationships then may be represented dia- 
grammatically for the two isomers as in Figure l and the a 
isomer assigned structure la, the /3 isomer, structure lb. 

Confirmation of these assignments was sought from cal- 
culations of the theoretical values for the 3(cos2 b' - 1)/r3 term 
for varied conformations of the isomeric europium complexe~.~ 
Because of the observed equivalence of H-10 and H-11, the 
europium atom must be positioned either (a) in a single con- 
formation which is symmetrical with respect to the C ~ O - C I ~  
double bond or (b) in. two or more rapidly interconverting 
conformations such that on the average H-10 and H-11 are 
equivalent. For situation a, only two Eu-0-N-CH3 dihedral 
angles, 0 and N O o ,  are acceptable. The calculations indicated 
that as long as the Eu-0-N angle was greater than 150', the 
predicted direction for the lanthanide-induced shifts was as 
observed experimentally. In fact, owing to steric hindrance, 
no Eu-0-N dihedral angle of less than 150' would be ex- 
pected. For situation b, the two most reasonable conforma- 
tions are the staggered ones with Eu-0-N-CH3 dihedral an- 
gles of 60 and 300'. In this case, the calculations indicated that 
the predicted direction of the shifts matched the experimental 
observations, provided the Eu-0-N angle exceeded 120'. 
Here also, no smaller Eu-0-N angle would be expected on 
either electronic or steric grounds. 

Thus, the stereochemical relationships for the complexed 
isomers represented in Figure 1 appear valid and structure la 
may be assigned to  the a isomer and lb  to the /3 isomer of 
cyproheptadine N-oxide. 

Experimental SectionS 
4-(5H-Dibenzo[ a,d]cyclohepten-5-ylidene)- l-methylpiperi- 

dine 1-Oxide ( la  and lb). A stirred solution of cyproheptadine (14.8 
g, 0.0515 mol) in 150 ml of MeOH was treated portionwise with 30% 
Hz02 (18 g) and then held at room temperature for about 10 days. The 
cooled solution was stirred with a suspension of ea. 200 mg of 5% Pt/C 
in 1 ml of H20 until the excess peroxide was destroyed. Evaporation 
of the filtered solution a t  35 "C left a solid residue that was dried 
overnight at  20 mm over PzOs. The solid then was pulverized and 
dried a t  0.2 mm over P205 for 24 h; yield, 15 g of the mixture of iso- 
mers. 

A 10-g sample of the product was chromatographed on 700 g of 
SO?,  eluting with 15 MeOH-85 CHCls. Fractions containing a single 
component of Rf 0.5 by TLC (20 MeOH-80 CHC13 development) were 
combined to afford the solvated crystalline cy base la. This was re- 
crystallized from H20 to give 5.2 g of the crystalline hemihydrate, mp 
188-191 "C, after prolonged drying a t  room temperature a t  0.2 
mm. 

The @-hydrochloride hemihydrate precipitated from a solution of 
the base in EtOH-HCl(g) and was recrystallized from EtOH, mp 
205-211 "C dec. 

Chromatographic fractions containing a single component of Rf 0.4 
by TLC were combined to afford the crystalline /3 base lb, mp 194-199 
"C dec. This base was not readily recrystallized and was converted 
to the hydrochloride salt with EtOH-HCl(g). The salt was recrys- 
tallized from EtOH to give 1.9 g, mp 223-228 "C dec, after prolonged 
drying a t  room temperature at 0.1 mm. 

Isomeric purity of the hydrochloride salts was determined to be 
>95% by both NMR and TLC (10 benzene-80 dioxane-10 concen- 
trated NH40H development). 

A solution of the a base la  (6.0 g, 0.02 mol) in 175 ml of toluene was 
stirred a t  reflux for 24 h. After 2 h, a white solid had begun to pre- 
cipitate. The solid was collected from the cooled mixture by filtration 
and triturated with hot toluene (50 ml). The remaining solid (4.3 g) 
was dissolved in EtOH-HCl(g). The hydrochloride salt precipitated 
and was recrystallized from EtOH to give 4.1 g, mp 228-231 "C dec. 
This material was identical in all respects with the hydrochloride of 
the 0 isomer lb. 
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Diaryl methylphosphonates have been useful as both en- 
zyme model substrates' and reactive intermediates2 The 
literature describes two basic routes for their preparation. One 
involves the condensation of methylphosphonic dichloride 
with the appropriately substituted phenol.3 However, 
methylphosphonic dichloride is not readily available and low 
yields have been reported in some of the aryl ester syntheses 
using this reagent. The second procedure4 consists of reacting 
a triaryl phosphite with 1 equiv of methyl iodide. This Mi- 
chaelis-Arbuzov rearrangement gives only modest yields, for 
instance, less than 70% in the case of 1. Moreover, it requires 
methyl iodide, an expensive reagent. We report, herein, an 
improved version of the latter rearrangement. 

Our procedure involves addition of 1 molar equiv of meth- 
anol containing a catalytic amount of methyl iodide to a triaryl 
phosphite a t  200-250 "C. The reaction, on a five molar scale, 


