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Abstract— The influence of substitituents at C-3, C-6 and C-5a on the chemical shifts of the 3a-, 3B-, 4a-,
48- and 6a-protons in the cholestane series are described.

DURING chemical studies involving Sa-hydroxy- and Sa-acetoxy-3,6-disubstituted
cholestanes we had occasion to examine in some detail the NMR spectra® of these
compounds. For many of these compounds, in addition to the protons geminal to
substituents at C-3 and C-6, the 4a- and 4B-proton resonances appeared clearly
separated from the methylene envelope region of the spectrum. The signals due to the
4u- and 4B-protons were identified by double-irradiation experiments.

CH,

Comparison of chemical shift data for the 6a-proton of the 5a-hydroxy- and Sa-
acetoxy- derivatives of 3,6B-substituted cholestanes (Table 1) provides more extensive
documentation for the effect! of acylation of a 5a-OH group on the chemical shift of
a 6a-proton. Similar marked shifts (Table 2) in the 4a-proton resonance were found to
occur on acetylation of the 5a-OH group of 6-substituted-3-keto-cholestan-5a-ols.
The parallel shifts in the 4a- and 6a-proton resonances found for these latter
compounds are consistent with a preferred conformation for the Sx-acetate function
in which the CO group is symmetrically located relative to the 4a- and 6x-protons.
In contrast to the marked deshielding effect on the 4a- and 6a-proton resonances of
a Sa-acetate group, acetylation of a 5a-OH group results in shielding of the 4B-proton
resonance (Table 2). Table 2 also reveals the effect on the chemical shift 4a- and 4p-
proton resonances of variation of 6B-substituents.

Naryanan et al.!'2 have suggested that the preferred conformation for the Sa-
acetalte function is that one (I) in which the CO group is eclipsed with the C**-O bond.
With' the ester group in this orientation the marked deshielding of the 4a- and 6a-

* Determined at 60 Mc for 10%; w/v solutions in CDCl, with CHCl, and TMS as internal standards.
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protons must arise from a CO oxygen atom-proton proximity effect rather than as a
result of the anisotropy of the CO function.?

Acetylation of a 5¢-OH group of 3p,6-disubstituted-cholestan-5a-ols results in a
shift (ca. 0-4 ppm) to higher field of the 3a-proton resonance (Table 3). These values
are in accord with the isolated result (0-43 + 0-05 ppm) for the 3p-acetoxy-Sa-
hydroxy-6B-acetylthio- 5a-cholestane system.* The 3B-proton resonance of 3a,6p-
disubstituted-cholestan-5x-ols was subject to only minor shifts (0:01-0-07 ppm) to
higher field on acetylation of the 5a-OH group.

TaBLE 1. CHEMICAL SHIFT OF 6a-H (PPM DOWNFIELD FROM TMS) FOR 3,6-DISUBSTITUTED-50-OXYGENATED

CHOLESTANES
3-Substituent 6-Substituent 5:‘;{;:2;_ 53:&‘)’;_ BseoncDsecn
c—o B-OAc an2 590 +118
c—=0 ige] 385 520 +135
=0 B-F 424 550 +1:26
B-OAc B-OAc 475 587 +112
B-OAc B-Cl 385 512 +127
B-OAc B-F 423 545 +122
" CH,— B-OAc 468 580 +112
«-OH B-OAc 475 580 +1:05
a-OAc B-OAc 474 578 +104
B-Cl B-OAc 4n2 580 +108
B-OH 8-Cl 385 505 +120
-OH B-OH 358 465 +107

TABLE 2. CHEMICAL SHIFT (PPM) OF 4a-H AND 4B-H FOR 6-SUBSTITUTED-CHOLESTAN-3-ONES

. 44-H 43-H
6B-Si t
B-Substituen for Sa-Hydroxy- for Sa-Acetoxy- 8500 Bs0on
H 212 37 +1:15
OAc 2:04 331 +127
Cl 215 3-38 +123
212 333 +1-22
. 4p-H 4p-H
6p-Substituent for Sa-Hydroxy- for Sa-Acetoxy- 8500rcBseon
H 2:67 2-51 -016
OAc 2-88 277 —-011
Cl 34 314 -020

F 315 298 -017
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The effect of acetylation of a 5a-OH group on the chemical shifts for the 4a- and

4B-protons is markedly dependent (Table 4) on whether C-6 is tetrahedral or trigonal.
The introduction of a ketone function at C-6 into Se-hvdroxv-3-keto-cholestane is
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accompanied by a shift of the 4a-proton resonance to lower field (019 ppm); for
Sa-acetoxy-3-keto-cholestane the 4a-proton resonance shifts to higher field (0-49 ppm)
on the introduction of a 6-ketone function. It is believed that these results for the
4a-proton chemical shift in the Sa-acetoxy compounds reflect a change in conforma-
tion of the 5a-acetate group when C-6 is trigonal. This change in conformation may
be the consequence of either (or both of) the introduced carbonyl-carbonyl dipolar
interaction or the removal in the 6-ketone of the conformational constraint normally
exerted on the acetate group by the 6a-proton.

TABLE 3. CHEMICAL SHIFT (PPM) OF 30-H AND 3§-H FOR 3,6-DISUBSTITUTED-50-0XYGENATED-CHOLESTANES

. . 3a-H 3a-H
3B-Substituent S t
B-Substitucn §-Substituen for Sa-Hydroxy- for Sa-Acetoxy- Be0rcDseon
OAc —CH,— 518 480 -038
OAc B-OAc 517 475 -~ 042
OAc a-OAc 508 467 —041
OAc B-C1 512 472 - 040
OAc B-F 512 475 =037
OH B-Ci 400 358 -042
OH —CH,— 405 370 —~035
. . 3p-H 38-H
3a-Substituent 6-Substituent for Sa-Hydroxy- for Sa-Acetoxy 3yuoncDseon
OH B-OAc 42 420 -002
OH B-OH 425 418 -007
QAc B-OAc 526 520 -006

TABLE 4. CHEMICAL SHIFT {PPM) OF 4-H AND 4B-H FOR 3,6-DISUBSTITUTED-50-0XYGENATED-CHOLESTANES

. . 4a-H 4a-H
3-Substituent 5x-Substituent for C8 = 0 for —CoH,— 34,00
=0 OH 231 212 019
C=0 OAc 2-78 327 +049
B-OAc OAc 239 279 +040
g . g . 48-H 48-H
3-Substituent Sa-Substituent for C8 = 0 for —CSH,— 8,00
=0 OH 296 267 +029

C=0 OAc 297 2-51 +0-46
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