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Jeolco Model C-80 spectrometer with Me,Si as internal standard.
Microanalyses were performed by Chemical Analytical Services,
University of California, Berkeley, Calif. Commercial HMPT was
distilled before use, bp 120-122° (21 mm). Other compounds not
described below were commercially available and were used with-
out further purification.

Benzoins (1), Conventional procedures’ were employed for the
synthesis of the benzoins listed in Table I as well as 4-methoxy-
benzoin (4). 4,4’-Dichlorobenzoin could not be crystallized and was
oxidized with nitric acid to the corresponding benzil.®2 Reduction of
this benzil with sodium dithionite? afforded the expected 4,4’-di-
chlorobenzoin.

2,3,5,6-Tetraarylpyridines (3). General Procedure. The ben-
zoin (0.05 mol) was refluxed with 35 ml of HMPT until the pot
temperature just exceeded 245° (15-60 min as shown in Table I).
After cooling, the clear, dark orange reaction mixture was poured
into 150 ml of cold water and the resulting mixture was saturated
with sodium chloride. This mixture was extracted three times with
benzene. The benzene solution was washed twice with brine, dried
(anhydrous sodium sulfate), and reduced in volume on a rotary
evaporator, leaving a residue of oil and crystals, Ethanol (100 ml)
was added to the residue and the solution was heated briefly on a
steam bath. Crystallization followed upon cooling. The product
was recrystallized from ethanol-benzene. For example, benzoin
(1a, 10.6 g, 0.05 mol) treated as above affords 15.05 g of crude reac-
tion product as a dark orange oil. The ir spectrum (film) of the oil
shows bands at 5.96 (benzoin C==0), 7.04 (tetraphenylpyridine),
and 7.6-8.0 p (organophosphorus P=0). Addition of ethanol at
room temperature followed by standing for several hours afforded
1.73 g (18%) of 3a as a light yellow solid. Recrystallization from
ethanol-benzene gave white product of the reported melting point.

Reaction of 2-Hydroxycyclohexanone with HMPT. 2-Hy-
droxycyclohexanone (0.05 mol) was refluxed with 35 ml of HMPT.
Ten minutes after the onset of reflux, a volatile material had
formed which was distilled from the reaction vessel. Water (200
ml) was added to the reaction vessel and distillation was continued
until no more organic material steam distilled. The distillate was
extracted with ether, the ethereal solution was dried (anhydrous
sodium sulfate), and the ether was evaporated, affording 2-di-
methylaminocyclohexanone in 59% yield. The ir and NMR spectra
of the product were identical with those of an authentic sample.
The picrate melted at 110-113° (1it.!% mp 113-114°).

Reaction of 4-Methoxybenzoin (4) with HMPT. 4-Methoxy-
benzoin (4) was refluxed with HMPT and worked up in the same
manner as described above. The product, after two recrystalliza-
tions from ethanol-benzene, had mp 178-194°. The ir and NMR
spectra of the product were virtually identical with those of au-
thentic 5.

Anal. Caled for C31Ho509Na: C, 84.0; H, 5.6; N, 3.1, Found: C,
83.7;H, 57; N, 8.1.

The product was chromatographed on neutral alumina. Petrole-
um ether-benzene (3:7) as eluent gave fractions A and B, and pe-
troleum ether-benzene (1:4) gave fraction C. Small amounts of in-
termediate materials having depressed melting points were also
obtained.

1,3-Di(p-methoxybenzoyl)-1,3-diphenylpropane (9). This
compound was prepared by the method used by Carpenter® for an
analogous compound. Thus, benzyl p-methoxyphenyl ketone!! (8)
was treated with aqueous formaldehyde and potassium hydroxide
in ethanol at room temperature to give crude 9 in 63% yield. The
product was recrystallized twice from ethanol: mp 150-151°; ir
(film) 5.99 and 6.26 u.

Anal. Caled for C3;Hgg04: C, 80.2; H, 6.0. Found: C, 80.3; H, 6.1.

2,6-Di(p-methoxyphenyl)-3,5-diphenylpyridine (5). This
compound was prepared by the method used by Carpenter? for an
analogous compound. Thus, 9 (1.0 g) and hydroxylamine hydro-
chloride (0.35 g) were dissolved in 40 ml of absolute ethanol and
heated in a closed tube at 150° for 21 hr. Upon cooling, the mix-
ture yielded 0.29 g of crude 5 which was recrystallized from ben-
zene—ethanol: mp 203-204°; ir (film) 6.23 and 6.35 u; NMR (CCly)
6 4.04 (s, 8, CH30), 7.02 (d, 4, J = 9 Hz), 7.61 (m, 11), 7.86 (d, 4, J
=9 Hz).

Anal. Caled for C3;Hos0:N2: C, 84.0; H, 5.6; N, 3.1. Found: C,
84.0; H,5.7; N, 3.1

Registry No.—1a, 119-53-9; 1b, 1218-89-9; le, 119-52-8; 1d,
53458-15-4; le, 4254-20-0; 1f, 5623-25-6; 3a, 24301-97-1; 3b,
54932-37-5; 3¢, 54932-38-6; 3d, 54932-39-7; 3e, 54932-40-0; 3f,
54932-41-1; 4, 4254-17-5; 5, 54932-42-2; 8, 1023-17-2; 9, 54932-43-3;
2-hydroxycyclohexanone, 533-60-8; hexamethylphosphoric tri-

Notes

amide, 680-31-9; 2-dimethylaminocyclohexanone, 6970-60-1; 2-
dimethylaminocyclohexanone piciate, 54932-44-4.
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A recent communication reported a 'H NMR analytical
method to identify (20R,22R)- and (20R,22S)-dihydroxy
steroidal isomers.2 However, the same study indicated that
'H NMR spectroscopy failed to differentiate (22R)- and
(228)-hydroxy cholesterols.2

We wish to report the utility of 13C NMR in this case and
provide an easy method to determine the absolute configu-
ration at C-22 of steroids substituted at this center and
having the cholestane side chain,

Noise and single frequency decoupled 13C NMR spectra
were recorded for the (22R)- and (228)-substituted choles-
terol derivatives®#* 2-7 and for cholesteryl benzoate 1. Ap-
plication of chemical shift rules® as well as previous analy-
sis of the 13C NMR spectrum of cholesterol® led to the sig-
nal assignments shown in Table 1.

Compared to the respective resonance positions in the
spectrum of 1, C-22, C-20, and C-23 are deshielded while
C-17, C-21, and C-24 are shielded in all the compounds
studied. These chemical shift variations are easily under-
stood from the qualitative point of view as a consequence
of @, B, and v effects.>” However, inspection of Table I in-
dicates that the magnitude of the 8 effects is totally differ-
ent for the 225 and 22R compounds. Considering the spec-
tra of 2, 3, 5, and 6, the average 8 effect on C-20 is 4.1 and
6.8 ppm in the S and R series, respectively. On the chemi-
cal shift of C-23 an even more pronounced difference is ob-
served between the two series. The 3 effect in this case is

1 R=COCH, ; R,=H

2 R=COCH, ; R,=OH (228)
3 R=H i R,=NH,22S)
4 R=COCH, ; R,=N, (225)
5 R,=COCH, } R,~OH (22R)
6 R=H i R,= NH,(22R)
7 R=COCH, ; R,=N, (22R)
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Table I
13C Chemical Shift @

Compd c-17 c-18 c-20 c-21 c-22 c-23 c-24 c-25 c-26 c-27
1 56.3 11.9 35.8 18.8 36.3 23.9 39.6 28.0 22.6 22.8
2 52.6 11.8 40.3 11.6 73.8 33.3 35.7 27.8 22.6 22.6
3 52.9 11.8 39.5 11.3 52.9 34.2 36.2 27.6 22.6 22.6
4 53.2 11.8 40,5 12.7 66.5 30.5 36.1 28.1 22.6 22.6
5 53.2 11.9 42.6 12.5 74.0 27.5 36.1 27.9 22.5 22.9
6 53.3 11.8 42.7 12.3 53.3 27.6 36.6 28.2 22.3 23.0
7 52.8 11.8 40.1 13.5 66.9 25.4 36.7 28.0 22.4 22.9

a13C NMR spectra were recorded (at room temperature) in 0.3 M CDCl; solution on a Bruker HX-90E Fourier transform spectrometer at
22.63 MHz. Chemical shifts (£0.1 ppm) are given with respect to Me4Si used as an internal standard. Resonance positions of the following
carbons were only slightly affected by the structural changes of the side chain: C-1 (6 38.2 £ 0.1); C-2 (6 28.0 £ 0.2); C-3 (6 74.56 £ 0.1); C-4
(6 37.0 £ 0.1); C-5 (5 139.7 £ 0.2); C-6 (6 122.6 % 0.1); C-7(631.9+0.1); C-8 (6319 £0.1); C-9 (6 50.0 &+ 0.1); C-10 (46 36.6 = 0.1); C-11
(621.1 £ 0.1); C-12 (5 39.8 + 0.1); C-13 (6 42.3 £ 0.2); C-14 (6 56.4 £ 0.3); C-15 (6 24.2 £ 0.2); C-16 (6 28.1 = 0.2); C-19 (6 19.4 £ 0.1); CO
(6 165.9 % 0.1); substituted aromatic carbon (6 132.6 % 0.1) para carbon (6 130.8 £ 0.1); specific assignment for the ortho and meta carbons
cannot be made (6 129.5 £ 0.1 and 128.2 + 0.1}. The (22S)- and (22R)-amino compounds 3 and 6 were examined with a free hydroxyl group
at C-3. Chemical shifts for these two compounds from C-1 to C-16 and C-19 were identical with those published previously.® In the spectrum
of (225)-hydroxycholesterol-20,22,23,23-d4 the 40.3-, 73.8-, and 33.3-ppm signals of 2 were not detectable, while the A- and B-ring carbons
showed resonances which were identical with those observed in the spectra of 3 and 6.

greater for the S than for the R compounds (average value
9.8 and 3.6 ppm). Small differences are also observed for
the v carbons C-21 and C-24 of the respective isomers;
these signals appear slightly downfield in the R compared
to the S compounds.!! Similar stereochemical effects on
the chemical shifts of the aliphatic 8- and y-carbon reso-
nances have been reported in C-15 epimeric prostaglan-
dins.10

The interpretation of the magnitude of the observed ef-
fects is not easy; however, these results seem to be structur-
ally diagnostic and may be helpful for stereochemical as-
signments of C-22 epimers in steroids.
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