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absorption measurements, the concentration was adjusted so that 
~50% of the light was absorbed. Lower concentrations were used for 
emission studies to avoid any problems of reabsorption. 

Pyrex NMR tubes (5 mm) were used to hold the samples for the 
emission experiments. Rectangular (2 X 10 mm) Pyrex cells were used 
for the absorption measurements. All samples were immersed directly 
into liquid helium in a Pyrex double Dewar, with windows in the liq
uid-nitrogen jacket to avoid passing the light through boiling nitro
gen. 

All absorption and emission spectra were obtained on a 1-m Jar-
rel-Ash spectrometer. Site selection spectra of azulene and chrysene 
were obtained using the 3511-A line of the argon-ion laser. Absorption 
spectra were obtained with a quartz-halogen lamp. The excitation 
source for the broad-band emission spectra was a high-pressure 
mercury lamp in combination with broad-band filters. Site selection 
spectra were obtained with a tunable continuous-wave jet-flow dye 
laser pumped with an 8-W argon-ion laser. Rhodamine 110, pumped 
with all visible lines, could be tuned from ~530 to 595 nm. Coumarin 
1, pumped with the UV lines, was tunable from 455 to 485 nm. In-
tracavity etalons were used to reduce the output bandwidth to less than 
1 cm -1. 

The curves displayed in Figures 3-5 were generated and plotted on 
an IBM-1130 computer. 
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ring B and its C6-C7 single bond having an s-trans instead of 
an s-cis conformation. It appears that this extended structure 
of vitamin D has the lowest ground state free energy; however, 
this bond is free to rotate, enabling vitamin D to achieve the 

Conformational Equilibria in Vitamin D. Synthesis 
and 1H and 13C Dynamic Nuclear Magnetic Resonance 
Study of 4,4-Dimethylvitamin D3, 
4,4-Dimethyl-loi-hydroxyvitamin D3, and 
4,4-Dimethyl-1 a-hydroxyepivitamin D3 

Elisha Berman, Noga Friedman, Yehuda Mazur,* and Mordechai Sheves 

Contribution from the Department of Organic Chemistry, 
the Weizmann Institute of Science, Rehovot, Israel. Received January 31, 1978 
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Figure 1. Conformational equilibria: rotation around C6-C7 single bond 
in vitamin D3 (la) and previtamin D3. 

lo-OHeq. 

4o-0Heq 

Figure 2. Conformational equilibria: ring A chair-chair interconversion 
in vitamin D3 (la) and 4,4-dimethylvitamin D3 (4a). 

alternative s-cis conformation required for the vitamin D <=s 
previtamin D thermal equilibrium (Figure I).1 This equilib
rium is essential for the biogenetic formation of vitamin D in 
most organisms. The other conformational mobility taking 
place in vitamin D and its analogues is the widely discussed ring 
A chair-chair interconversion where two conformers of similar 
free energy, one with OH at C3 in an axial and the other in an 
equatorial orientation, exist in a dynamic equilibrium (Figure 
2).2 '5 

An analysis of the ring A conformational equilibrium was 
performed by 1H NMR spectroscopy,2,3 using the values of the 
spin-spin coupling constants of the proton at C3 (the ring A 
carbon bearing an OH substituent). Recently, we have also 
applied 13C NMR, using a method based on the chemical shift 
values of the C3 carbon atom.5 

It was established that at room temperature, the relative 
population of ring A conformations in the monools, vitamin 
D3 (la) and its C3 epimer 2a, as well as in the 1,3-trans diol, 

_4b. Ri=COC6H4NO2P 

R 

J l /3oH 
J9. 0OH 

Ia-OH vitamin D3 (lb), does not differ appreciably, the ratios 
of the conformers (OH-equatorial/OH-axial at C3) being 
57:43, 65:35, and 45:55, respectively.3'5 On the other hand, in 
nonpolar solvents, the two 1,3-cis diols, Ia-OH epivitamin D3 
(2b) and 1/3-OH vitamin D3 (3), assume mainly the confor
mation in which both OH groups are axially oriented, the ratio 
of the C3 OH-equatorial to the OH-axial conformations being 
20:80 and 10:90, respectively.3-6'7 

Ring A conformational mobility of vitamin D3 (la) and its 
1 a-OH analogue lb is of interest in connection with the bio
logical activity of these compounds. It was proposed by Oka-

mura and Norman3-8 that in the hormonally active la,25-
dihydroxyvitamin D3 (lb-25-OH), only the conformation 
having OH at Ci in an equatorial orientation has the proper 
geometry for binding to the protein receptor, a step which is 
necessary to induce the biological events leading to the calcium 
transport and mobilization in the body. 

Our investigations of the dynamic properties of ring A 
conformations in vitamin D3 (la) and its hydroxylated ana
logue using NMR techniques were hampered by their con
siderable ring A flexibility. We have been unable to detect any 
spectral changes either in vitamin D3 (la) or in Ia-OH vitamin 
D3 (lb) at low temperatures, down toca. -100 0C. Therefore, 
we turned our attention to the 4,4-dimethylvitamin D3 (4a), 
its jP-nitrobenzoate ester (4b), and the respective diols, the 
la-OH-4,4-dimethylvitamin D3 (5) and its C3 epimer 6. We 
have expected that the additional interactions introduced to 
the molecule due to the methyl groups at C4 might increase, 
considerably, the energy barrier to the ring A inversion, en
abling the NMR detection of the separate conformers. 

These compounds were thus synthesized and their dynamic 
properties investigated by variable temperature NMR. In 
addition, for comparison, we have also prepared the two cor
responding dimethyl keto analogues 7 and 8, and recorded their 
NMR spectra. 

Results 
1. Preparation of Compounds, a. 4,4-Dimethylvitamin D3 

(4a), the p-Nitrobenzoate Ester (4b), and the Dimethyl Ketone 
7. The previously described dimethyl derivative 4a was pre
pared by a slight modification of the published procedure 
(Scheme I).9 4,4-Dimethylcholesta-5,7-dien-3/3-ol (9) was 
irradiated at O 0C with a 300-nm light and the previtamin 10 
formed was isolated and identified. Heating 10 at 80 0C for 
4 h resulted in an equilibrium mixture of previtamin 10 and 
vitamin 4a in a 1:9 ratio (as established by 1H NMR of the 
heated mixture). The mass spectrum of 4a10 shows peaks due 
to fragmentation across the C7-C8 double bond, a unique 
characteristic of the vitamin D system. However, 4a absorbs 
in the UV at a slightly lower wavelength than the parent vi
tamin D3 (la), with decreased value (Xmax 261 nm, 112 000, 
vs. 264 nm, 118 000). 

The 4,4-dimethylvitamin D3 (4a) was converted by a stan-

Scheme I 
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Scheme II 
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dard procedure to its p-nitrobenzoate ester, 4b. The ester was 
characterized by its mass spectral fragmentation with peaks 
due to a loss of p-nitrobenzoic acid and a cleavage across the 
C7-C8 double bond,10 and by its UV spectrum showing a broad 
band at 256 nm(« 22 000). 

Oxidation of 4a with a modified Moffat reagent1' led to the 
keto analogue 7. This ketone was also formed by similar oxi
dation of the previtamin 10 followed by thermal isomerization 
of the resulting keto previtamin analogue 11. The presence of 
the triene system in 7 was indicated by its mass spectrum 
(cleavage across C7-Cg bond).10 

The UV spectrum of 7 showed a number of bands (Xmax 320 
s, 310 s, 290 s, 264, and 253 nm (e 1200, 2700, 4000, 12 000, 
and 10 800)) due to the conjugated triene system and the ho-
moconjugation of the carbonyl function with the double 
bonds. 

b. Ia-Hydroxy-4,4-dimethylvitamin D3 (5), Its C3 Epimer 
6, and Their Keto Analogue 8. These three vitamin D3 ana
logues were obtained by irradiation of the corresponding 
A5'7-dienes 15a, 16a, and 17 formed in three steps from the 
known trienone 12 as outlined in Scheme II.12 

The starting material 1213 was converted with NaOCH3 and 
(CHs^SO to its sodium tetraenolate, which gave with methyl 
iodide the 4,4-dimethyl trienone 13 (Xmax 275 nm, e 6000). On 
epoxidation with methanolic solution of NaOH and H2O2 the 
epoxy ketone 14 (Xmax 293 s, 282, 272, 261 s nm («5500,9300, 
9300, 7000)) was formed. 

The epoxy ketone 14 was reduced with LiAlFU in boiling 
ether to a 1:4 mixture of la,3/3- and la,3a-diols 15a and 16a.14 

The diol 15a (multiplet due to H at Ci and C3 which separated 
upon addition of a shift reagent into a narrow, W1/2 = 7.5 Hz, 
and a broader, W\/2 = 17 Hz, signal) reacted with acetic an
hydride and pyridine at room temperature to give the 3-mo-
noacetate 15b (H at Ci, a narrow multiplet, W\/2 = 7 Hz, and 
H at C3, a triplet, / = 8 Hz). On the other hand, the diol 16a 
(H at Ci and C3, narrow multiplets, W1/2 = 7.5 Hz) was not 
acetylated under the above mild conditions, but gave the 3-
monoacetate 16b (H at Ci and C3, two narrow multiplets, W\/2 
= 7.5 and 7.3 Hz, respectively) with acetic anhydride and 
Ar,A^'-dimethylaminopyridine. 

Selective oxidation of the la,3a-diol 16a with a modified 

Moffat reagent1' resulted in the ketol 17, which on treatment 
with UAIH4 was reduced to a 1:1 mixture of the two diols 15a 
and 16a. 

Both diols 15a and 16a as well as the ketol 17 were converted 
to the respective vitamin D3 analogues 5,6, and 8 by irradiation 
in ether at 300 nm, followed by heating for 4 h at 80 0C. The 
two diols 5 and 6 absorb in the UV (Xmax 257 nm, e 11 000) at 
a lower wavelength than their monohydroxylated analogue 4a. 
The UV spectrum of the ketol 8 was similar to that of the ke
tone 7. In the mass spectra, the three vitamin D3 analogues 
showed characteristic peaks due to the fragmentation across 
the C7-C8 double bond.10 

2. 1H and 13C NMR Spectra. We have investigated the 
variable temperature 1H NMR spectra of four 4,4-dimethyl 
derivatives: the monool 4a, its p-nitrobenzoate ester 4b, and 
the two 1,3-diols 5 and 6. We have observed the slow exchange 
limit spectra for each of the compounds, and determined the 
activation parameters for their ring A chair-chair intercon-
version. On the other hand, the two ketones 7 and 8 did not 
show any spectral changes in the temperature range between 
25 and-100 0C. 

The 13C NMR spectra of the dimethylvitamin 4a and its 
ester 4b were analyzed, and all their 13C signals were assigned. 
The low-temperature 13C spectrum of 4a was also recorded, 
and the slow exchange limit for the C3 resonance was observed 
at ca. —90 0C. The chemical shift difference between the two 
C3 signals (due to the two ring A conformations) was compared 
with the chemical shift difference between the C3 signals of 
4,4'-dimethylcholesterol (18) and its C3 epimer 19. Since ring 
A of the two steroids has similar substitution patterns as ring 
A of 4a (where 18 has an equatorially oriented OH group and 
19 an axially oriented OH), they may be regarded as corre
sponding to its "frozen" conformers. 

The population ratios of the 4,4-dimethyl derivatives were 
evaluated at room temperature from the coupling constants 
values of proton at C3,2,3 and at the slow exchange limit from 
the ratio of peak areas. These population ratios were ca. 50:50, 
remaining constant at low temperatures (within an experi
mental error of ± 10%). 

a. 1H NMR of 4,4-Dimethylvitamin D3 (4a) and Its Ester 4b. 
The chemical shift data for the vinylic and carbinol protons 
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Table 1.1H NMR Data for 4,4-Dimethylvitamin-D3 and Derivatives at Room Temperature" 

temp, 
compd ±2 K 

4a 301 
4b* 299 
5 287 
6 299 

H at Ci, 
ppm 

3.567 
3.351 

Vc, 
Hz 

3.8* 
4.5* 

3A, 
Hz 

5.8* 
4.5* 

H at C3, 
ppm 

3.584 
4.939 
4.207 
4.147 

Vc, 
Hz 

3.7 
3.8 
4.2 
4.5* 

v„ 
Hz 

7.3 
7.2 
8.0 
4.5* 

H E at 
Cl9, 
ppm 

4.622 
4.752 
4.789 
4.793 

J, 
Hz 

2.7 
2.7 
1.2, 1.6 
2.4 

H 2 at 
C19, 
ppm 

5.013 
5.127 
5.267 
5.222 

J 
Hz 

1.4 
1.4 
2.3, 1.6 
2.5 

H a t 
C7, 

ppm 

5.92 
6.01 
5.90 
5.89 

H a t 
C6, 

ppm 

6.14 
6.25 
6.26 
6.30 

A B , 
Hz 

11.0 
11.0 
10.6 
11.1 

ACAB, 
±1.2 
Hz 

62 
64.5 
96 
111 

" All spectra were recorded on a Bruker WH-270, in CS2 solution containing CD2CI2 as a lock; chemical shifts are given in parts per million 
downfield from Me4Si and are accurate to within ±0.0025 ppm; coupling constants are accurate to within 0.2 Hz; an asterisk indicates coupling 
constants values obtained by a computer Lorentzian curve fitting. * In addition the p-nitrobenzoate group shows an A2B2 spin system with 
5A 8-13 and 6B 8.21 ppm, 7AB = 8.8 ± 0.2 Hz, and CAB = 21.5 ± 1.2 Hz. 

Table H. 1H NMR Data for 4,4-Dimethylvitamin D3 and Derivatives at the Slow Exchange Limits" 

compd 

4a 

4b 

5 

6 

temp, 
±2 K 

181 

183 

208 

226.5 

orientation 
of OH at 

ax 
eq 
ax 
eq 
ax 
eq 
ax 
eq 

C3 H at C, 

3.37 
3.58 

H at C3 

3.40 
3.21 
4.99 
4.81* 
4.20 
4.10 
3.88 
4.18 

H E a t C i 9 

4.58 
4.54 
4.75 
4.69 

C 

C 

C 

H z a t C ) 9 

4.99 
4.96 
5.14 
5.11 

C 

C 

5.20 
5.16 

H at C7 

5.90 
5.77 
6.00 
5.87 

C 

C 

C 

C 

H at C6 

6.03 
6.08 
6.17 
6.25 

C 

C 

C 

C 

A B , 
±0.3 Hz 

11.3* 
10.7* 
11.0* 
10.9* 

C 

C 

C 

C 

"AB, 
±2 Hz 

36* 
83* 
46* 

101* 
C 

C 

C 

C 

" See footnote a, Table I; chemical shift values are accurate to within ±0.01 ppm. * Veq:eq = 4.3* ± 0.4 Hz. 3J3 
signals were not observed under the slow exchange limit condition. 

< = 11.4* ±0.4 Hz.c These 

T=30I°K 

25 Hz 

H-C6 H-C7 CHDCl2
 H ' c » HE-C I9 

OH ox OH ox 

OHeq. OHeq OHeq, 

Figure 3. The downfield portion of the 270-MHz spectra of 4a at several 
temperatures. The relative shift displacements are due to temperature/ 
solvent shift. 

in 4a and 4b at room temperature and low temperature are 
collected in Tables I and II, respectively. 

The room temperature spectrum of 4a shows five downfield 
multiplets due to H at C3 (d of d), H E at Ci9 (d), H z at C] 9 (d 
of t), H at C7 (d), and C6 (d). All hydrogen multiplets may be 
considered as a first-order spin system, except for the last two 
hydrogens, which are part of an AB spin system. The chemical 

T= 30I°K 

OH ax. OHeq. 

Figure 4. The part of the 270-MHz spectra of 4a at several temperatures 
showing the carbinol proton at C3. 

shift differences between the above hydrogens and the neigh
boring hydrogen atoms, to which they are coupled, satisfy the 
condition 5A — 5B > 3 /AB, AS a result, the analysis of these 
hydrogen multiplets is not complicated by virtual couplings. 
Thus, the temperature-dependent behavior (Figures 3 and 4), 
as well as the position of coalescence, can be determined ac
curately. In the case of the p-nitrobenzoate ester, 4b, we have 
also monitored the temperature-dependent behavior of the 
benzoate group's aromatic protons. The true description of the 
aromatic multiplets at room temperature is an AA'BB' spin 
system, but as first approximation it can be considered as A2B2 

spin system with / A B = 8.8 Hz and AVAB = 21.5 Hz. 

In order to evaluate the activation parameters for the 
chair-chair interconversion in these compounds, we have used 
the approximate relation at the coalescence temperature, kc 

= r<\v/V2, together with the Eyring equation. Upon substi
tution, rearrangement, and evaluation of the constants in
volved, the following approximate equation for the free energy 
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Table III. Thermodynamic Data and Parameters for 4,4-Dimethylvitamin D3 (4a) and Its p-Nitrobenzoate Ester (4b) 

compd 

signal 
obsd for 

protons at 
Tc, /tcat7c,a 'AGc*at 7C,* AG*,C £a, AH*, 

±2 K s~J kcal/mol kcal/mol kcal/mol kcal/mol AS*d 

4a 

4b 

C3 

C7 

C6 

Cl9 (£) 
Cl9 (Z) 

C3 

C7 

metae 

C 6 

Cl9 (£) 
orthoe 

C19 (Z) 

208 
204 
197 
197 
195 

207 
204 
202 
202 
200 
198 
195 

120 
73 
31 
27 
18 

104 
73 
47 
46 
38 
29 
20 

10.06 
10.06 
10.03 
10.09 
10.14 

10.06 
10.04 
10.13 
10.13 
10.11 
10.11 
10.10 

10.07 ± 0 . 2 

(10.08 ±0.04) 

10.09 ± 0.2 

(10.10 ±0.03) 

11.14 ± 0.8 

10.97 ± 0 . 7 

10.74 ± 0 . 8 

10.57 ± 0 . 7 

3.4 ± 3 

2.37 ± 3 

" The fcc's were calculated from the equation k = 2~xl2 irAv. b The AGc*'s were obtained by use of the equation AGC* = 7^(45.67 + 4.58 
log (Tc/Au). c The AGc*'s were obtained from a plot of In fccvs. 1/ T0 for all protons involved using the equation kc = A exp(-£a/7?7'c); values 
in parentheses indicate the average AGC* calculated from the previous column together with the standard deviation. d The AS*'s were obtained 
from the equation AS* = R(\n(hA/kk%T) — 1). e The meta and ortho positions in thep-nitrobenzyloxy function. 

4.9 5.0 

103/T(°K"1) 

Figure 5. The plot of rate constants at coalescence (kc) vs. the coalescence 
temperatures (1/T) for the various protons of (a) 4,4-dimethylvitamin 
D3 (4a) (open circles) and (b) itsp-nitrobenzoate ester (4b) (full circles). 

of activation (AG0*) at coalescence is obtained: 

AGC* = rc(45.67 + 4.58 log Tc/Av) O) 
where Tc is the coalescence temperature and Av is the chemical 
shift difference between the two sites at the slow exchange limit 
in hertz. Equation 1 will be valid provided that the population 
difference is not too large. It was shown by Kost and Raban15 

that when the chemical shift difference between the two signals 
is greater than ca. 5-10 Hz, the use of the above approximate 
relation for kc is well justified. 

We have also utilized the Arrhenius relation:16 

InA: 
R V 77 

+ In A (2) 

where k is the rate constant; R is the gas constant in calories; 
£ a is the energy of activation; T is the temperature in K; and 
the usual intercept of In A. The practice is to get a plot of In k 
vs. 1 / T for each proton at various temperatures, covering both 
the fast and slow exchange limits, but the most sensitive and 

Table IV. Thermodynamic Data and Parameters for la-Hydroxy-
4,4-dimethylvitamin D3 (5) and la-Hydroxy-4,4-
dimethylepivitamin D3 (6)" 

compd 

5 

5 

signal 
obsd for 
protons 

at 

Ci 
C2 

C3 

Cl9 (Z) 

Tc 
±2 K 

226 
220 

246 
237 

A:cat 
Tc, 
s-1 

127 
60 

160 
31 

AG0* at 
Tc, 

kcal/mol 

10.94 
10.96 

11.84 
12.16 

av 
AGo* 

10.95 ± 0 . 2 

12.00 ± 0 . 2 

" See footnotes to Table III. 

thus the most accurate range of temperatures is the interme
diate range just above and below the coalescence temperature. 
The plot is usually accomplished by computer-simulated 
spectra and visual comparison with the experimental spectra.16 

We have found that rather than obtaining a single plot for each 
hydrogen multiplet, we could obtain the same information by 
plotting the rate constants vs. the coalescence temperatures 
of all the hydrogen multiplets involved. This procedure is jus
tified if only one process is involved, such as in this case the 
chair-chair interconversion. Under such a condition the in
dividual proton plots must coincide (Figure 5). Since the co
alescence temperatures for all multiplets cover the intermediate 
range of exchange (e.g., kc = 120-18 s_ 1) , the sensitivity of 
this plot is comparable with that of the classical plot obtainable 
with the aid of computer-simulated spectra. The disadvantage 
of employing this procedure arises from the accuracy in de
termining the position of the coalescence temperatures. 
However, the error in determining the coalescence tempera
tures is not greater than ±2 K, which is, in fact, comparable 
with the error involved in measuring the true temperature of 
the sample using a chemical thermometer (CH3OH). In order 
to reduce the errors involved in calculating the rate constants, 
we have used a simple computer Lorenzian curve fitting for 
those cases where the multiplets at the slow exchange limit 
have not been fully separated. 

In Table III we have collected all activation and thermo
dynamic parameters as evaluated by both methods. 

Since the AGC* values obtained at Tc for the different pro
tons in 4a and 4b are nonuniformly spread, and the ASC* values 
are small and within the experimental error, we may conclude 
that the AGC* values are temperature independent. This con
clusion is supported by the excellent agreement between the 
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Table V. 13C Chemical Shift Data for Vitamin D3 (la), 4,4-Dimethylvitamin D3 (18), 4,4-Dimethylcholesterol (19), and 4,4-
Dimethylepicholesterol (19)" 

Carbon la 4a(A6)c 18(A5)C 19 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Aa 
4/3 

31.95 
35.25 
69.25 
46.00 

135.15^ 
122.50 
117.65 
142.30 
29.05 

145.20^ 
22.30 
40.60 
45.90 
56.40 
23.60 
27.65 
56.75 
12.05 

112.40 
36.15 

30.35* (-0.25) 
32.00* (-2.60) 
77.05(3.55) 
43.15 (-1.05) 

144.75*'* (-0.9) 
118.75*'e(-0.3) 
118.25* (-0.1) 
142.10(0.55) 
29.10 

144.50* (-) / 
22.35 
40.55 
45.85 
56.45 
23.50 
27.60 
56.60 
12.00 

113.60(0.75) 
36.00 
25.40* (-0.1) 
22.10* (0.6) 

36.75 (-0.35) 
27.50 (-3.65) 
77.60 (2.0) 
41.65 (-0.25) 

149.95 (-0.85) 
120.25(0.5) 
32.65 
30.95 
51.05 (-0.15) 
36.80 (-0.05) 
20.65 
39.85 
42.30 
57.35 
24.25 
28.30 
56.20 
11.90 
21.35(0.0) 
35.85 
27.25 (-0.05) 
23.65(1.35) 

31.90 
25.25 
76.60 
40.65 

147.40 
121.90 
32.60 
30.20 
50.90 
36.50 
20.50 
39.80 
42.15 
57.30 
24.20 
28.30 
56.10 
11.90 
21.85 
35.80 
21.15 
28.05 

" Shifts are given relative to Me4Si and are accurate to within ±0.05 ppm. The side chain resonances not listed in the table are C21, 18.85; 
C22, 36.20; C23, 23.90; C24, 39.55; C25,28.05; C26,22.60; C27, 22.85. * These signals were selectively broadened at -30 0C.c Values in parentheses 
are A5 = 5 (ester) - b (OH); any A5 < 0.1 ppm was neglected for all carbons other than ring A carbon atoms. d Original assignments have 
been reversed (ref 17). e Assignment down any column may be reversed, f This signal was not observed. 

AG0* values (Table III) obtained with the aid of the approx
imate method (eq 1) and that obtained from the Arrhenius plot 
(eq 2). 

It must be noted that unless AG0 is zero, the AGC* values 
obtained by eq 1 represent the energy barrier for the less stable 
conformation of the two. Thus, if the equilibrium population 
ratio is near unity, which is practically true for 4a and 4b, and 
AGc* is a temperature-independent parameter, one would 
expect to obtain the same AGC* value using both methods. 

The agreement in AG0*, as obtained by both methods (Table 
III), justifies the use of the approximate method for this family 
of compounds. 

b. 1H NMR of la-Hydroxy-4,4-dimethylvitamin D3 (5) and 
Its Epimer 6. In these two compounds, we have observed the 
slow exchange limit for only two hydrogen multiplets: H at Ci 
and C3 in 5, H at C3 and H2 at C19 in 6. Owing to the low sol
ubility of these compounds we could not, however, obtain 
sufficiently low temperatures to observe the slow exchange 
limit for the other hydrogen multiplets. As a result, the ther
modynamic data were obtained by the use of the approximate 
relation (eq 1) alone. 

The chemical shift data at room and low temperatures are 
collected in Tables I and II, respectively, and the calculated 
activation parameters are shown in Table IV. 

c. 13C NMR of 4,4-Dimethylvitamin D3 (4a), 4,4-Di
methylcholesterol (18), and Its C3 Epimer 19. The 13C chemical 
shift data and the assignment for 4,4-dimethylvitamin D3 (4a), 
the p-nitrobenzoate ester 4b, and the two model compounds 
4,4'-dimethylcholesterol (18) and its C3 epimer 19, as well as 
the revised assignment for vitamin D3 (la),17 are listed in Table 
V. 

Most of these assignments were done using single frequency 
off-resonance decoupling (SFORD), partially relaxed spectra 
(PRS), and comparison with analyzed spectra of compounds 
having related structures. The distinction between the signals 
due to the two methyl groups at C4 in dimethylcholesterol (18) 
was based on the comparison with the 13C spectrum of its ni-
trobenzoate ester. The signal which shifted on esterification 
was assigned to the a-methyl at C4.

18 In the dimethylepicho-

lesterol 19, the methyl signal at C4 with the shorter T\ value 
(in the partially relaxed spectrum) was assigned to the a-
methyl by virtue of its gauche interaction with OH at C3.

19 

The above analysis for 4a did not allow unequivocal dis
tinction between the pairs of signals due to C5-C10, C6-C7, and 
C1-C2. The assignment of these signals was based on their 
different temperature-dependent behavior, since at the slow 
exchange limit they are expected to have a different chemical 
shift difference (Ac), and thus will have a distinctly different 
coalescence temperature. On lowering the temperature one of 
the signals in each pair broadened more than the other, and the 
broadened signals were assigned to C5, C6, and Cj. These as
signments are based on the larger shift effect experienced by 
these carbon atoms in their respective conformers.20 Thus, C5 
will experience a larger chemical shift effect [Av) than Ci0 
owing to the OH at C3, and C6 a larger effect than C7 owing 
to the methyls at C4. In the case of Cj and C2 one of the signals 
(at 30.35 ppm) was broadened at a slightly higher temperature 
(-25 vs. -30 0C), which may be due to the y interaction of 
the former with the OH at C3. 

We have recorded the low-temperature ' 3C spectra of 4a 
and have observed at —90 0C separate C3 signals for each of 
the two conformers, the chemical shift difference between them 
being 1.0 ± 0.2 ppm. 

Discussion 

The slight differences in magnitude for the AGC* values 
obtained at different coalescence temperatures, and their 
random distribution (as calculated from the modified Eyring's 
relation, eq 1), as well as the comparatively small AS* values 
(obtained from Arrhenius plot, eq 2), show that in the ring 
inversion the free energy of activation, AGC*, is temperature 
independent. 

The similar population ratio of the OH-equatorial to the 
OH-axial conformers in both 4,4'-dimethylvitamin D3 (4a) 
and its ester 4b indicates similar ground-state free-energy 
differences (AG0) between the two conformers in both com
pounds. The same relationship between the respective con
formers of the free alcohols and their p-nitrobenzoate esters 
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Table VI. The Dimethyl Substituent Chemical Shift Effects for 
Vitamin D3 (la) Cholesterol and Epicholesterol'' 

AS S(18) - S(19) -
carbon S (4a) - S ( la) & (cholesterol) S (epicholesterol) 

.6 

.25 

.8 

.8 

.6 

.4 

.6 

.2 

.7 

.2 

-0.6 
-4.2 

5.85 
-0.7 

9.1 
-1.4 

0.7 
-1.0 

0.8 
0.25 

-0.5 

0.5 
1.95 

-1.4 
-3.7 

9.45 
0.7 
8.8 

-2.15 
0.55 

-1.75 
0.45 

-0.9 
-0.35 

-0.25 
0.45 
3.15 

" The resonances due to carbons 15-18 and 20-27 were not affected 
upon the dimethyl substitution. 

was previously observed in vitamin D3 (la) and some of its 
analogues.5 In addition, the data in Table III indicate that the 
free energies of activation for 4a and 4b are the same. 

Thus, the contribution of the ester group to the nonbonded 
interactions both in ground and excited states is very small 
indeed. 

Our failure to observe any spectral changes for vitamin D3 
(la), even below -100 0C, indicates that the energy barrier 
for this compound is likely to be lower than that of 4,4-di-
methylvitamin D3 (4a) (<8.5 kcal/mol).21 It is very unlikely 
that this failure to observe the slow exchange limit for la arises 
from the intrinsic small chemical shift differences (AP) for 
respective protons in the two conformers, since the magnetic 
environment of most ring A protons is expected to be almost 
the same in both la and 4a. The comparatively low energy 
barrier (AG+) for ring A inversion in la is not surprising as its 
ring A sp2 carbon atoms are supposed to lower this barrier 
considerably with respect to a normal cyclohexane ring.17 

Although the AG* for the parent 1,2-dimethylenecyclohexane 
was not yet established, the AG* values for methylenecyclo-
hexane and its 2,2-dimethyl derivatives are lower than those 
for the respective saturated cyclohexane derivatives (ca. 8.5 
vs. 10.0 kcal/mol).22 

The observed increase in the energy barrier, when the two 
methyl groups are introduced into ring A of vitamin D3 (la), 
is probably due to an unfavorable interaction between these 
methyls and the H and C6. The existence of such interaction 
in the ground state of 4a is evident from the large mutual 7-
deshielding effect on C4 and C6 upon the dimethyl substitution 
at C4.

23-24 Thus, the 13C chemical shift differences for C4 and 
C6 between 4a and la are -2.8 and -3.4 ppm, respectively. 
The shift differences between the analogous C atoms in 4,4-
dimethylcholesterol (18) and cholesterol are -0.7 and -1.4 
ppm, and those between 4,4-dimethylepicholesterol (19) and 
epicholesterol are 0.7 and -2.15 ppm (Table VI). This inter
action between the methyls at C4 and H at C6 produces a strain 
on the C5-Q double bond, as evident from the UV spectrum 
of 18 and 19 which show both a blue shift of 5 nm and a con
siderable decrease in the e value compared with vitamin D3 
(la). 

Other interactions between these methyl groups and the ring 
A substituents are not expected to have a substantial effect on 
the energy profile of the ring A inversion. It has been shown 
by Bernard et al.22 that the introduction of methyl groups, in 
vicinal position to an exo methylene group, does not substan
tially change the barrier to inversion in methylenecyclohex-
ane. 

The comparison of the '3C NMR spectra of 4a with those 
of 18 and its epimer 19 on one hand, and vitamin D3 (la) on 
the other hand, suggests that the rest of ring A interactions in 
4a are about the same as in the parent molecule la (Table V). 
Thus the dimethyl substitution chemical shift (SCS) at C3 in 
4a was midway between the corresponding dimethyl SCS in 
18 and 19 (Table VI). 

In the 1H NMR spectrum of 4a there are indications that 
the dihedral angles in ring A protons are the same for both 4a 
and la. The vicinal spin-spin coupling constants of the proton 
at C3 in 4a, at room temperature, are similar to those of la 
(3-Arans = 7.3, V c i s = 3.7 H z VS. Vtrans = 7.6, V c i s = 3.8 H z , 
respectively). The trans coupling constants may be regarded 
as representing a weighted average value of the two limiting 
trans coupling constants 3Jax:ax =11.1 and Veq:eq = 2.7 Hz, 
derived from cyclohexanol.25 Similarly, the cis coupling con
stants of 4a and la may be regarded as the average values of 
3 êq:ax and 3/ax:eq- We have, in addition, obtained from the slow 
exchange limit spectra of 4a the true trans coupling constants 
for the OH-equatorial conformer (Vax:ax = 11.4 and 3/eq:eq 
= 4.3 ± 0.4 Hz).26 This result indicates that ring A in 4,4-
dimethylvitamin D3 (4a), and thus also in vitamin la and its 
analogues, exists in two genuine chair conformations as in the 
case of cyclohexanol.30 

Comparison of the activation parameters of 4a with those 
of its two hydroxylated analogues 5 and 6 shows that the in
troduction of OH group at Ci in a 1,3-trans relation increases 
the barrier by ca. 1 kcal/mol, while the introduction of OH 
group in a 1,3-cis relation by 2 kcal/mol. The first increase may 
be ascribed to the substituent effect of the additional OH 
group, while the second increase arises from the energy nec
essary to break the 1,3-hydrogen bonding during the chair 
inversion.6 

It is to be noted that similar population ratios of the two 
conformers (C3-OH eq vs. C3-OH ax) were observed for both 
vitamin D3 (la) and its dimethyl analogue 4a (57:43 and 55: 
45), as well as those of the respective cis 1,3-diols 2b and 6 
(20:80 and 21:79). However, the population ratios of the trans 
1,3-diols lb and 5 differ slightly, favoring in the former the 
C3-OH axial conformer, and in the latter, the C3-OH equa
torial conformer (44:64 and 67:37, respectively). 

Addition of another sp2 ring carbon atom lowers the barrier 
to the ring inversion of the dimethylvitamin D3 derivatives, as 
evident by the lack of temperature dependence of the 1H NMR 
spectra of 7 and 8, the two keto analogues of vitamin D3. These 
two ketones (as their 4,4-dimethylhydroxyl analogues 4a, 5, 
and 6) exist in solution in the chair conformation as may be 
recognized from their UV spectra which show enhanced n-x* 
transitions and new TT-%* transitions, due to coupling between 
the nonconjugated carbonyl and double bond chromo-
phores.27 

Recently, we have proposed a method for the conformational 
analysis of vitamin D3 and its analogues in the fast exchange 
limit region using 13C NMR spectroscopy.5 The method is 
based on the assumption that the C3 chemical shift difference, 
A, between the two ring A chair conformations is equal to the 
C3 chemical shift difference observed between cholesterol and 
epicholesterol (A = 4.62 ppm). This assumption is verified in 
the case of 4,4-dimethylvitamin D3 (4a). 

The C3 chemical shift difference between the respective 
conformers of 4a at the slow exchange limit, A = 1.0 ppm, was 
found to be identical with that between the C3 chemical shifts 
of 4,4-dimethylcholesterol (18) and its C3 epimer 19. The 
smaller A value for the dimethyl derivatives, as compared to 
the nonmethylated compounds (1.0 vs. 4.62 ppm), reflects the 
dimethyl substituent chemical shift (SCS) effect on C3. 

The derivation of A values, from model systems, for con
formational analysis under fast equilibrium conditions (e.g., 
18 and 19 for 4a) is justified because the origin of the A value 
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arises from neighboring atoms in the immediate vicinity of the 
carbon atom under consideration and can be related to the 
slightly different steric interactions imposed on the C atom in 
the two conformations.20 It seems that a reliable estimate of 
the A value can be obtained if the carbon atom under consid
eration has the same relations to its neighboring atoms as far 
as two bonds away (7 effect), in both the compound under 
investigation and the model compounds, as evident from the 
dimethyl SCS values for 4a vs. 18 and 19 (Table Vl).28 The 
only carbon atom conforming with these relations in 4a, 18, 
and 19 is C3. Since the population ratio of the two ring A 
conformers in 4a is ca. 1:1, the magnitude of the SCS effect 
on C3 in this compound is, as expected, midway between that 
on the respective carbon atoms in 18 and 19. 

Experimental Section 
1H NMR spectra were recorded on a Bruker WH-270 spectrom

eter. Flip angles of ca. 90° were employed with 16K transform which 
gave ca. 0.1 Hz per data point for a 1900-Hz sweep width. Peak po
sitions were determined by a software control and are considered to 
be accurate to within 6 X 1O-4 ppm. The samples studied were dis
solved in CCI3F (5% w/w) containing CD2CI2 to provide the lock. 
Me4Si was used as an internal reference. Temperatures were moni
tored by means of a Bruker temperature control unit, Model B-ST 
100/700, and determined from the peaks separation of a calibrated 
methanol sample, and are considered accurate to ±2 0C. The 13C 
NMR spectra were recorded on a Bruker WH-90 spectrometer, op
erating at 22.63 MHz. Samples were dissolved in CDCI3 (ca. 0.05-0.2 
M) containing some Me4Si as an internal reference. Flip angles of ca. 
60-70° were employed with 8K transform which gave ca. 0.5 Hz per 
data point for a 4000-Hz sweep width. Peak positions were determined 
by a software control and are considered accurate to within 0.05 
ppm. 

The low-temperature ' 3C spectra of 4,4-dimethylvitamin D3 (4a) 
were recorded on a Bruker WH-270 spectrometer operating at 67.89 
MHz. Flip angles of ca. 45° were employed with 16K transform which 
gave ca. 1.5 Hz per data point for a 12 000-Hz sweep width. A solution 
of ca. 0.05 M 4a in a 4:1 mixture of CCI3F/CD2CI2 containing Me4Si 
as an internal reference was placed in a 10-mm NMR tube. Tem
peratures were monitored by means of a Bruker temperature control 
unit, Model B-ST 100/700, and determined from the peak separation 
of a calibrated MeI/Me4Si (1:3) sample.29 

The ultraviolet spectra were taken on a Cary 118 spectrophotom
eter. Mass spectra were recorded on a Varian MAT 731 high-reso
lution mass spectrometer. 

4,4-Dimethylprevitamin D3 (10). A solution of 500 mg of 4,4-di-
methylcholesta-5,7-dien-3-ol (9)°b in 500 mL of ether was irradiated 
for 30 min with 300-nm light under nitrogen at 0 0C, the solvent was 
evaporated to dryness, and the residue was chromatographed on a 
silica gel dry column using hexane-ether (7:3) as an eluent resulting 
in 160 mg of previtamin 10: Xmax (ether) 257 mm (e 8000); on addition 
of I2, Xmax 256 nm (e 12 300); 8 (CCl4) 0.72 (s, 3, CH3 + C,3), 1.67 
(s, 3, CH3 at C10) 3.85 (quintet, J = 9.4 Hz, H-C3), 6.13 (m, 3, H-C6, 
-C7, and -C9). 

Anal. (C29H48O). Found: m/e 412.3608. 
4,4-Dimethybitamin D3 (4a). A solution of 100 mg of previtamin 

10 in 50 mL of isooctane was heated for 4 h at 80 0C. The solvent was 
then evaporated and the residue was chromatographed on a silica gel 
column using 7:3 hexane-ether as an eluent to give 80 mg of 4a: Xmax 
261 nm (« 12 000); NMR, Table I. 

Anal. (C29H48O). Found: m/e 412.3602. 
4,4-Dimethylvitamin D3 p-Nitrobenzoate (4b). A solution of 50 mg 

of 4a in 3 mL of pyridine was treated with 50 mg of/>-nitrobenzoy) 
chloride and stirred overnight at room temperature. Pyridine was 
evaporated to dryness and the residue was chromatographed on a silica 
gel column. Elution with hexane-ether (8:2) gave 45 mg of the p-
nitrobenzoate, 4b: mp 167-169 0C; \max (ether) 256 nm (« 22 000); 
NMR, Table I. 

4,4-Dimethyl Ketone 7. A solution of 100 mg of 4a in 3 mL of di
methyl sulfoxide was treated consecutively with 50 mg of diethyl-
carbodiimide, 1 mL of pyridine, and 0.5 mL of trifluoroacetic acid 
and then stirred for 8 h at room temperature. The material was eluted 
with ether and chromatographed on a dry silica gel column. Elution 
with hexane-ether (8:2) gave 80 mg of the ketone 7: Xmax, see text; 

8 (CCl4) 0.55 (s, 3, CH3-C13), 4.93, 5.21 (m, 2, H-Ci9), and 5.95,6.25 
(ABq, J = 11 Hz, 2, H-C6 and H-C7). 

Anal. (C29H46O). Found: m/e 410.3448. 
4,4-Dimethylcholesta-l,5,7-trien-3-one (13). A solution of 1 g of 

cholesta-l,5,7-trien-3-one (12) in 50 mL of dry benzene was added 
to a solution of 2 g of sodium methoxide in 100 mL of dimethyl sulf
oxide at room temperature, under nitrogen. The solution was stirred 
for 10 min, then 10 g of methyl iodide was added and the stirring was 
continued for an additional 1 h. The product was extracted with 500 
mL of ether. The ether extract was washed with brine, dried, and 
evaporated to dryness to give 0.7 g of 13: mp 64-65 0C (methanol); 
(<*)D -46° (dioxane); Xmax (ether) 275 nm (t 6000); 8 (CDCl3) 0.75 
(s, 3, CH3-C13), 5.8 and 5.7 (ABq, J = 5.5 Hz, H-C6 and H-C7). 

la,2a-Epoxy-4,4-dimethylcholesta-5,7-dien-3-one (14). A solution 
of 5% potassium hydroxide in 10 mL of methanol and 5 mL of 50% 
hydrogen peroxide were added to a solution of 1 g of 4,4-dimethyl-
cholesta-l,5,7-trien-3-one (13). The reaction mixture was stirred 
overnight at room temperature under nitrogen and the product was 
filtered off, washed with water, and dried under vacuum. Crystalli
zation from ether-hexanegave0.8 gof 14: mp 155-156 0C (hexane); 
(a)D +24° (dioxane); Xmax (ether), 293 s, 282, 272, 261 s nm (e 5400, 
9300, 9300, 7000); 8 (CCl4) 0.55 (s, CH3-C13), 3.4 and 3.5 (ABq, J 
= 2 Hz, 2, H-Ci and H-C2), 5.4 and 5.8 (ABq, J = 6 Hz, H-C6 and 
H-C7). 

4,4-Dimethylcholesta-5,7-diene-la,3/9-diol (15a) and 4,4-Dimeth-
ylcholesta-5,7-diene-lct,3a-diol (16a). A solution of 500 mg of 
la,2a-epoxy-4,4-dimethylcholesta-5,7-dien-3-one (14) in 50 mL of 
ether was added dropwise to a stirred mixture of 0.5 g of lithium 
aluminum hydride in 20 mL of dry ether. The reaction mixture was 
refluxed for 3 h and then was treated dropwise with a saturated so
lution of sodium sulfate. Solid sodium sulfate was added and then the 
mixture was filtered. The crude product isolated from ether was 
separated into two fractions by thin layer chromatography, on plates 
coated with silica gel developed with ether. One fraction gave 80 mg 
of 4,4-dimethylcholesta-5,7-diene-la,3/3-diol (15a): mp 159-160 0C 
(acetone); (a)D -111 ° (dioxane, c 0.7); Xmax (ether) 293 s, 282, 272, 
261 s nm (e 7000,12 000, 12 000, 8700); 8 (CCl4) 0.5 (s, 3, CH3-C13), 
3.75 (m, 2, H-C2), and 5.35, 5.90 (ABq, J = 5.5 Hz, H-C6 and H-
C7). 

The other fraction contained 320 mg of 4,4-dimethylcholesta-
5,7-diene-la,3a-diol (16a): mp 180-182 °C (hexane); (a)D -105° 
(dioxane); Xmax (ether) 292 s, 282, 272, 261 s nm (e 6000, 11 000, 
11 000, 8200); 8 (CCl4) 0.52 (s, 3, CH3-C13), 3.55 (m, 2, H-C1 and 
H-C3), 5.78, 5.83 (ABq, 7 = 1 0 Hz, H-C6 and H-C7). 

4,4-Dimethylcholesta-5,7-diene-la,3/S-diol 3-Acetate (15b). A so
lution of 100 mg of 15a was dissolved in 1 mL of pyridine and treated 
with 0.5 M acetic anhydride. Isolation from ether and purification 
on a thin layer plate coated with silica gel developed with ether hexane 
(1:1) yielded 75 mg of 15b: mp 182-183 0C (acetone); Xmax (ether) 
293 s, 282, 272, and 261 s nm (« 4600, 9300, 9300, 7000); 8 (CCl4) 
0.52 (s, 3, CH3-C13), 2.0 (s, 3, H-OAc), 3.7 (m, 1, H-C1), 5.04 (t, J 
= 8 Hz, 1, H-C3), 5.80, 8.30 (ABq, J = 11 Hz, H-C6 and H-C7). 

4,4-Dimethylcholesta-5,7-diene-la,3a-diol 3-Acetate (16b). A so
lution of 7 5 mg of 16a in 10 mL of methylene chloride was treated with 
220 mg of dimethylaminopyridine and 0.3 mL of acetic anhydride 
overnight at room temperature. The product was isolated from ether 
and purified on a preparative thin layer silica gel plate developed with 
hexane-ether (1:1) to give 54 mg of 16b: mp 136-138 0C (hexane); 
Xmax (ether) 293 s, 282, 272, and 261 s nm (e 5000, 9000,9000, 7000); 
8 (CCl4) 0.53 (s, 3, CH3-C13), 3.50 (m, 1, H-C1), 4.9 (m, 1, H-C3), 
5.78 and 5.84 (ABq, 7 = 1 0 Hz, H-C6 and H-C7). 

la-Hydroxy-4,4-dimethylcholesta-5,7-dien-3-one (17). A solution 
of 100 mg of 16a in 1 mL of dimethyl sulfoxide and 0.5 mL of dry 
benzene was treated with 0.05 mL of pyridine, 0.05 mL of trifluo-
roacetic acid, and 1 mLof diethylcarbodiimide. After 2 h the product 
was isolated from ether and chromatographed on thin layer plates 
coated with silica gel, with ether-hexane (1:1) to give 50 mg of 17: 
mp 185-186 0C (hexane); (<*)D -66° (dioxane, c 1); Xmax (ether) 293 
s, 282, 272, 261 s nm {e 5500, 9600, 9600, 7400); 8 (CCl4) 0.55 (s, 3, 
CH3-C13), 3.90 (m, 1, H-C1), 5.42 (m, 1, H-C7), 5.74 (d,7 = 5.5 Hz, 
H-C6). 

Reduction of la-Hydroxy-4,4-dimethylcholesta-5,7-dien-3-one (17). 
A solution of 100 mg of 17 in ether was added to a mixture of 50 mg 
of lithium aluminum hydride in ether and stirred for 30 min at room 
temperature; the material was isolated from ether and chromato
graphed on silica gel coated thin layer plates with ether to give 30 mg 
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of 15a and 30 mg of 16a, identical with the samples described 
above. 

la,2a-Epoxy-4,4-dimethylcholesta-5,7-dien-3a-ol and Its Reduc
tion to 16a. A solution of 200 mg of 14 in 15 mL of dry ether was added 
dropwise to a slurry of lithium aluminum hydride in 10 mL of ether 
at 0 °C. After the solution was stirred for 30 min at this temperature, 
a saturated sodium sulfate solution was added and the isolated ma
terial was separated on silica gel plates to give 75 mg of the title 
compound: mp 168-169 0C; Xmax (ether) 293 s, 282, 272, and 261 s 
(e 6000, 11 000, 11 000, 8000); b (CCl4) 0.55 (s, 3, CH3-C13), 0.77 
(s, 3, CH3-C9), 2.98 (s, 1, H-C,), 3.40, 3.48 (ABq, / = 2 Hz, H-Ci 
and H-C2), 5.41 (m, 1, H-C7), 5.62 (d, J = 5.2 Hz, H-C6). 

The solution of 75 mg of epoxy alcohol in 10 mL of ether was added 
to a slurry of lithium aluminum hydride in 5 mL of ether. The product 
was isolated as above to give 55 mg of 4,4-dimethylcholesta-5,7-
diene-la,3a-diol (16a), mp 180-181 0C, identical with the material 
obtained above. 

4,4-Dimethyl-la-hydroxyvitamin D3 (5). A solution of 100 mg of 
15a in 300 mL of ether was irradiated for 30 min with 300-nm light 
which was filtered with 0.4% sodium nitrate solution, at 0 0C and 
under nitrogen atmosphere. The solvent was then evaporated under 
vacuum at 0 0C, the residue dissolved in 50 mL of isooctane, and the 
solution heated at 80 0C for 4 h under nitrogen atmosphere. The sol
vent was evaporated and the residue was chromatographed on a silica 
gel column. Elution with ether gave 30 mg of 5: mp 149-150 0C (ac
etone); (a)D +8° (ether, c 0.5); Xmax (ether) 257 nm (« 11 500); 
NMR, see Table II. 

Anal. (C29H48O2). Found: m/e 428.3605. 
4,4-Dimethyl-la-hvdroxv-3-epivitamin D3 (6). 16a (100 mg) was 

irradiated as described above to give 30 mg of 6: mp 116-118 0C 
(acetone); (a)D +19° (ether); Xmax (ether) 257 nm (e 11 300); NMR, 
see Table II. 

Anal. (C29H48O2). Found: m/e 428.3601. 
3-Keto Analogue of 4,4-Dimethyl-la-hydroxyvitamin D3 (8). The 

ketol 17 (50 mg) was irradiated as described above to give 10 mg of 
the ketone 8: \max (ether) 320 s, 310 s, 290 s, 284, and 253 nm (11200, 
2700, 4000,12 000, and 10 800); 6 (CCl4) 0.49 (s, 3, CH3-C3), 4.25 
(d, d, J = 6.3 and 7.1 Hz, H-C3) 4.96 and 5.45 (m, 2, H-C9), 5.86, 
6.28 (ABq, J = 11.5 Hz, H-C6 and H-C7). 

References and Notes 

(1) G. M. Sanders, J. Pot, and E. Havinga, Fortschr. Chem. Org. Naturst., 27, 
131 (1969); E. Havinga, Experientia, 29, 1181 (1973). 

(2) G. N. La Mar and D. L. Budd, J. Am. Chem. Soc, 96, 7317 (1974). 
(3) R. M. Wing, W. H. Okamura, M. R. Pirio, S. M. Sine, and A. W. Norman, 

Science, 186,939 (1974); R. M. Wing, W. H. Okamura, A. Rego, M. R. Pirio, 
and A. W. Norman, J. Am. Chem. Soc., 97,4980 (1975); W. H. Okamura, 
M. L. Hammond, A. Rego, A. W. Norman, and R. M. Wing, J. Org. Chem., 
42, 2284 (1977). 

(4) K. Rsukida, K. Akutsu, and K. Saiki, J. Nutr. Sci. Vitaminol., 21, 411 
(1975). 

(5) E. Berman, Z. Luz, Y. Mazur, and M. Sheves, J. Org. Chem., 42, 3325 
(1977). 

(6) M. Sheves, E. Berman, D. Freeman and Y. Mazur, J. Chem. Soc, Chem. 
Commun., 643 (1975); W. H. Okamura and M. R. Pirio, Tetrahedron Lett., 
4317(1975). 

(7) M. Sheves, N. Friedman, and Y. Mazur, J. Org. Chem., 42, 3597 (1977). 

(8) W. H. Okamura, A. W. Norman, and R. M. Wing, Proc. Natl. Acad. Sci. 
U.S.A., 71, 4194 (1974); W. H. Okamura, M. N. Mitra, D. A. Procsal, and 
A. W. Norman, Biochem. Blophys. Res. Commun., 65, 24(1975). 

(9) (a) Ohki, Chem. Pharm. Bull., 8, 46 (1960); (b) G. Cooley, B. Ellis, and V. 
Petrow, J. Chem. Soc, 2998 (1955). 

(10) W. H. Okamura, M. L. Hammond, H. J. C. Jacobs, and J.-V. Thuijl, Tetra
hedron Lett., 4807 (1976). 

(11) K. E. Pfitzner and J. G. Moffat, J. Am. Chem. Soc, 85,3027 (1963). Dicy-
clohexylcarbodiimide was replaced by diethylcarbodiimide (private com
munication by N. M. Weinshenker). 

(12) After this work was finished, a publication by J. Brynjolffsen, J. M. Midgley, 
and W. B. Whalley appeared in J. Chem. Soc, Perkln Trans. 1, 812 (1975), 
dealing with the synthesis of the two diols 15a and 16a by a related 
route. 

(13) E. Glotter, M. Weissenberg, and D. Lavie, Tetrahedron, 26, 3857 
(1970). 

(14) Reduction of the epoxy ketone 14 with LiAiH4 at 0 0C resulted in 1a,2a-
epoxy-4,4-dimethylcholesta-5,7-dien-3a-ol which on treatment with the 
same reagent in boiling ether gave only the 1a,3«-diol 16a. 

(15) D. Kost, E. H. Carlson, and M. Raban, Chem. Commun., 656 (1971). 
(16) G. Binsch, Top. Stereochem., 3, 121 (1969). 
(17) The assignment of the two signals to C5 and Ci 0 was reversed from our 

previous assignment (ref 5), on the basis of lanthanide-induced shifts ex
periment using Yb(fod)3 and Is in agreement with that in ref 4 and compa
rable with the assignment of the respective signals in 4a. 

(18) K. Tori, S. Seo, A. Shinaoka, and Y. Tomita, Tetrahedron Lett., 4227 (1974); 
K. Tori, Y. Sakurawi, Y. Tomita, and H. Ishii, Ibid., 4163 (1976). 

(19) E. Breitmaier, K. Spohn, and S. Berger, Angew. Chem., Int. Ed. Engl., 14, 
144(1975). 

(20) J. B. Stothers, " 13C-NMR Spectroscopy", Academic Press, New York, 
N.Y., 1972, p 420. 

(21) The upper limiting value of AG* for vitamin D3 (1a) is estimated from the 
data given for dimethylvitamin D3 (4a) (where AS(C3) = 1 ppm, Ea =* 11.0 
kcal/mol, 7C m 190 K) and the fact that at ca. 170 K no spectral changes 
are observed for the C3 signal of 1a (AS(C3) = 4.62 ppm, see ref 5). The 
ratio between the C3 chemical shift differences (AS) for the two compounds, 
as a first approximation, equals the ratio of the Boltzmann factors of the 
rate constants. 

(22) M. Bernard, L. Canuel, and M. St. Jacques, J. Am. Chem. Soc, 96, 2929 
(1974), and references cited therein. 

(23) S. H. Grover and J. B. Stothers, Can. J. Chem., 53, 589 (1975). 
(24) G. E. Maciel, "Topics in 13C-NMR Spectroscopy", Vol. 1, G. C. Levy, Ed., 

Wiley, New York, N.Y., 1974, p 64. 
(25) F. A. L. Anet, J. Am. Chem. Soc, 84, 1053 (1962). 
(26) It is possible to calculate the population ratio of 4a at room temperature 

using the observed limiting coupling constants, as evaluated from its 
low-temperature spectrum. The relation used is 3Jobsd = 3Ja:a X P + 3 J e : . 
X (1 — P), where P is the fractional population of the equatorial conformer.2 

The calculated population ratio using this method is 42:58 (eq-OH/ax-OH), 
which differs slightly from the result obtained using the limiting coupling 
constants derived from cyclohexanol19 (55:45). The experimental error 
in the former case is ca. 17 % while in the second case it is estimated to 
be 10%. This discrepancy between the two calculated population ratio 
points out the possible drawback in using model systems. Nevertheless, 
the deviations are small enough to exclude the possibility of puckered chair 
conformation. 

(27) Half-chair or boat conformations of ring A in 7 or 8 are not expected to 
show such UV interactions. Cf. H. Labhart and G. Wagniere, HeIv. ChIm. 
Acta, 42, 2219 (1959); M. Gorodetsky, A. Yogev, and Y. Mazur, J. Am. 
Chem. Soc, 88, 699 (1966). 

(28) The smaller SCS values for C6 and C19 in 4a, as compared with 18 and 19, 
are presumably due to the fact that the former are sp2-hybridized carbon 
atoms. The greater deshielding effect of C4 and Ce in 4a is due to an ad
ditional steric interaction between the methine proton at Ce and the methyl 
groups at C4. Smaller SCS deviations are observed for Ci (ca. 0.6 ppm), 
C2 (ca. 0.7 ppm), and C5 (ca. 0.7 ppm) in 4a. 

(29) D. W. Vidrine and P. E. Peterson, Anal. Chem., 48, 1301 (1976). 
(30) This is consistent with previous results of La Mar2 and Okamura3 from 1H 

NMR conformational analysis at room temperature. 


