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NMR SPECTRA OF SOME TRANSFORMED STEROIDS 
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Abstract-The additive shielding of the signal from 18-methyl protons affected by some functional 
groups and changes in the molecules of 12 transformed steroid hormones has been deduced by means 
of NMR spectroscopy. 

IN ORDER to clarify the configuration of D,L-A 4~e-19-nor-D-homoandro~tadiene-14a- 
‘ol-3,17a-dione,r*s the NMR spectra of some androstanes of the 19-nor, A4,"-3-oxo and 
D-homo series have been investigated. The data published on the NMR spectra of 
these steroids are fragmentary in character, 4-12 therefore, it was considered of interest 
to publish supplementary information and in particular the fundamental investigations 
carried out by Ziircher.” 

RESULTS AND DISCUSSION 

The NMR spectral data obtained and presented in Tables 1 and 2 show the effects 
of functional groups and changes on the chemical shift of the signal of the 18- 
methyl group protons (increments) in 14a-steroids. The calculated positions of 
signals from angular methyl groups in the steroids investigated as well as their devia- 
tions from the experimental data are presented in Table 3. These calculations are based 
on our own data and publications in the literature. 

Regarding the increments given in Table 2 it will be noted that: 
1 In the presence of the A 5(10)-double bond, the increments of the substituents in 

the ring A of the steroids (A' and Aa, A2, 3-methoxyl, 3-0~0 groups) approximate zero. 
2 These increments should be suitable for calculations and be independent of the 

size of ring D and the configuration at C (r4) (as well as the increments of other sub- 
stituents in the rings A, B and C of steroid@). 

Further confirmation of conclusion 1 is offered by the results obtained by Johnson 
et al0 who established that the introduction of a methoxyl group at Co, did not change 

1 N. N. Gaidamovich and I. V. Torgov, Zsu. Acad. Nauk SSSR. Ser. Chim. 1803 (1961). 
’ N. N. Gaidamovich and I. V. Torgov, Steroids 729 (1964). 
’ N. N. Gaidamovich, K. K. Pivnitsky and I. V. Torgov, Tetruhedrun in press. 
‘J. N. Shoolery and M. T. Rogers, J. Amer. Gem. Sot. 80,512l (1958). 
’ N. R. TreMer, B. H. Arison, D. Taub and N. L. Wendler, Proc. Chem. Sue. 214 (1961). 
’ J. E. Cole, W. S. Johnson, P. A. Robins and J. Walker, J. Gem. Sot. 244 (1962). 
’ M. Amorosa, L. Caglioti, G. Gainelli, H. Immer, J. Keller, H. Wehrli, M. Lj. Mihailovic, K. 

Schaffner, D. Arigoni and 0. Jeger, Helv. Chim. Acta 45,2674 (1962). 
L J. A. Steele, L. A. Cohen and E. Mosettig, J. Amer. Chem. Sot. 85,1134 (1963). 
’ R. F. Ztitcher, Helv. Chim. Actu 46,2054 (1963). 

I0 S. N. Ananchenko, V. N. Leonov, V. I. Zaretskii, N. S. W&on and I. V. Torgov, Tetrahedron 20, 
1279 (1964). 

I’ NMR ut Work No. 51, Varian Associates Instrument Division, Chem. attd Eng. News Sept. 22nd, 
59 (1958). 

I* R. F. ZUrcher, Chimiu 18, 349 (1964). 
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the position of the signal from the angular methyl group in the NMR spectra of 0 
furfurylidene derivatives of stereoisomeric A1*3~5(10)*9(11)-19-nor-D-homoandrostate- 
traene-17a-ones. The increment of transition to 19norsteroids has been taken as zero 
since under similar conditions testosterone and 19nortestosterone have the Ho,,-signal 
position correspondingly at 47.2 and 47.3 c/s and a mixture of the two gives (at maxi- 
mal resolution) only a single H c18,-signal with the peak halfwidth of about 2 c/s (signal 
of tetramethylsilane had halfwidth of about I c/s). 

The increment determination for transition to D-homosteroids presents a more 
difficult problem. In the only paper on NMR spectra of D-homosteroids published by 
Trenner et uZ.,~ this increment was determined simply as the difference between the 
Ho,-signal positions for an ordinary steroid and the corresponding D-homosteroid in 
which “the only change is that due to D-ring expansion by one CH2 grou~“.~ But 
in fact the difference between these two steroids is more fundamental since the sub- 
stituents in the ring D of D-homosteroids must in general have increments di$ering 

TABIS 1. NMR SPECIRAL DATA OF SIEROIDS EJUWNED 

(Chemical shifts are. measured from internal tetramethylsilane taken as zero) 

Chemical shift of signal from 

H (18, 

H II?] 
or Other 

Hi,, H (1W protons 

Number Compound c/s PPm PPm PPm PPm 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

Estradiol methyl ether 

E&one methyl ether 

D Homoestrone methyl 

ether 
Ar*sflo'_3_Me~oxy 

19-norandrostadiensl7/?-01 

AS~10~-19-Norandrostene-17/?- 

ol-3-one 

A”‘“‘-19-Nor-D-homoandro- 

stene-17a/?-ol-3-one 

19-Nortestosterone 

Ad-19-Norandrostene-3,17- 

dione 

A*,*-lPNorandrostadiene- 

17/Lol-3-one 

A*#*-19-Norandrostadiene- 

3,17dione 

A‘*‘-19-Nor-D-homoandro- 
stadiene-17a&ol-3-one 

A*#‘-19-Nor-D-homoanclro- 
stadiene-3,17a-dione. 

45.6 0760 

54.0 0900 

68.0 1.133 

45.1 0.752 

45.2 0753 

48.4 0807 

47.3 0.789 

547 0.913 

525 0.876 

59.8 0.998 

57.6 0.960 

74.0 1.232 

3.8 

3.6 

2.70 3.6 

271 3.2 

354 (CH,O) 

5.20 (C=C-H) 

240 

(1 J-CW 
240 (1,2-CHJ 

5.80 3.6 

5.81 

5.62 3.6 240 (1 ,ZCHa 

5.60 240 (1,2CH3 

5.62 3.2 2.43 (1,2-CH,) 

564 2.45 (1,2-CH3 

3.78 (CH,O) 

3.79 (CH*O) 

3.84 (CH,O) 



NMR spectra of some transformed steroids 

TABLE 2. Ttis INcREMENTs OF OROUPINOS (FOR 1 8-MEI-IWL GROUP) 

(uuperturbed position of 18-methyl group signal in Sa, 14x-D 

homoandrostane calculated as 445 c/s) 

Increment 

Grouping 

1BNor 
D-Homo 
j_M&oxy_L\'W"~~ 

3_M~oxy_~%~'10' “AUloP 

3_Gxo&“o’ 1 
30x0-A’. 
17a-Gxo (in D-homo series) 
17aJ?-Hydroxyl (in D-homo series) 

C/S 

0 
+3 
+2 
+2 
+2 
+95 

+21 
+3 

PPm 

030 
+0*05 
+ o-03 
+0*03 
+0.03 
$-O-16 
+0*35 
+0.05 

1409 

All increments for 14x-steroids. Plus sign represents an downfield 
shift. 

from the corresponding ones in ordinary steroids while the determination cited implic- 
itly suggests equality of substituent increments in steroids under discussion. Since 
Trenner et al. used 17- and 17a-oxosteroids for D-homo increment determination it 
becomes clear why the increment of the 17a-carbonyl group quoted by the authors 
(+10*8 c/s) almost coincides with the increment of 17-carbonyl group in steroids 
having a five-membered ring D (+ 10.0 c/se). However taking into consideration the 
rule of equality of increments for the same functions in equivalent positions,@*ls a true 

TBLE 3. THE COMPMUWN OF CALCUWTED AND MEASURED 

CHEhflCAL !4HIFT VALUFS 

Compound 
number 

Calculated chemical Ditfetence from 
shift of IS-methyl measured value 

protons (c/s) (c/s) 

I 45.5 
II 535 
III 67.5 
IV 45.5 
V 45.5 
VI 49.5 
VII 48.0 
VIII 56-O 
IX 53.0 
X 61.0 
XI 57-o 
XII 75.0 

-0.1 
-0.5 
-0-5 
+0*4 
+o-3 
+1*1 
+@7 
+1*3 
+0*5 
+1*2 
-0.6 
+1-O 

analogy is expected in the behaviour of the corresponding substituents in the ring A 
of Sa-steroids, in the ring C of 14a-steriods and in ring D of D-homosteroids. For 
example, the increments of l-, 12- and 17a-carbonyl groups should be almost identical 
in value and the same should be true for 2-, 1 l- and 17-carbonyl groups. 

Ia E. R. Malinowski, M. S. Manhas, G. H. Miiller and A. K. Rose, Tetruhe&on Letters 1161 (1963). 
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I@ ;;@, $Jj 
TABIJZ 4. THE COMPARLWN OF INCREMP.~ OF EQWALENT POSITIONED W 

Suhstituent Carhonyl Hydroxyl 

Position in ring A 

Substituent increments 
(for B-methyl group), 
Ziireher’s values@ 

1 2 la 18 28 3a 38 

+22*5 -1.5 +1a +3.0 +15 0 +2* 

Equivalent position 
in ring D of Dhomo- 
steroid 

17a 17 17aa l-la/l 178 16a 168 

Suhstituent increments 
(for l8-methyl group), 
Trenner’s values6 

+lQ8 0.0 -3.0 -3.0 +3*6 +24 +3-o 

In fact the data obtained by Trenner et a1.s are in contradiction with this rule as 

can be seen by a comparison (Table 4) with the data published by Zilrcher@ and there- 
fore, the data obtained by Trenner et al? has not been used in this work. 

We believe that the D-homo increment should be considered as one of transition 
from an unncbstituted steroid (at least in the ring D) to an unmbstituted D-homosteroid. 
Unfortunately, it is impossible in this case to calculate exactly the D-homo increment 
based on our or published data since no increment of the substituents in the ring D 
of D-homosteroids is known and data on D-homosteroids unsubstituted in the ring D 
are not available. However, the problem could be solved if a definite value is assigned 
to one of the increments. For this purpose, +3 c/s has been chosen as the increment 
of an 17aShydroxyl group, which is approximately equal to the increments of l/3- 
and 12/Shydroxyl groups in accordance with the rule cited above.g*” The value of 
D-homo increment presented in Table 2 has been calculated on the basis of this sug- 
gestion. It should be noted that certain groups in the ring A of a steroid (3-, A4-3-, 
Ar*4-3- and A4~s-3-oxo, Aa, A4, A 6(10) and so on) exercise a considerable effect on the 
position of the signal from the distant 18-methyl group? On expansion of the ring D 
to a six-membered one the value of this effect may change in such a way that, strictly 
speaking, the increments of UN substituents should perhaps be changed. However we 
deem it more suitable to take the unchanged increments of the substituents in the 
rings A, B and C,O and to restrict the application of our D-homo increment (and 
probably increments of the 17a-carbonyl and 17aghydroxyl groups) to the steroids 
investigated viz. the As(‘O)- and A4*s-3-oxosteroids. This suggestion is reflected in 
item 2. 

Regarding the general pattern of all A 6(1o)-3-oxo- and A4*s-3-oxosteroids, the pres- 
ence of the intensive broadened peak near 240 ppm (integral intensity 4 protons) is 
the most characteristic feature. In addition, there is a similar peak near 2.70 ppm 
(integral intensity 2 protons) in the spectra of A 6(10)-3-oxosteroids only (Figs. 1 and 2). 
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I 07: i3 

FM. 1. PartofNMRspectrumofA *“0)-19-norandrostene17B_oI-30nt 0. 

These peaks can only be interpreted as signals from the 4 protons at Co, and C(,, (for 
compounds of types A and B) and from 2 protons at C(,, (for type A) respectively. 

1 

I II 

Fro. 2. Part of NMR spectrum of A~~~-l9-norandrostadien~l7B_oI-3-one m. 

The relative narrowness of the corresponding signals appears to be due to the prox- 
imity of the expected chemical shifts of signals from protons at Co and Ct.J4 as well 

0 

1’ L. M. h&man, Applications of Nuclear Mqynetic Rcso~ncc Spectroscopy in Organic Ckmistry. 
Pergamon Pras (1959). 
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as the easy conformational conversion of ring A in these steroidP which results in the 
averaging of signals from axial and equatorial protons. 

EXPERIMENTAL 

The compounds I, II, IV, V and VII-X were synthesized by known methods.la-lg Their constants 
were in satisfactory agreement with those described. Compounds III and VI (all Dhomosteroids were 
racemates) were kindly presented by Dr. S. N. Anachenko from her collection. Compounds XI and 
XII were obtained in accordance with the known bromination-dehydrobromination procedurel~~la 
starting from XIIIao and VI” which has been synthesized in our laboratory. The intermediate XIV 
was hydrolysed to diketone XII without isolation. 

All the NMR spectra were measured in 985 % CDCl, on a JNM-C-60 spectrometer at 60 mc using 
tetramethylsilane as internal reference. The concentration of solutions was cl-05 mol/l. depending 
on the solubility and availability of the steroid and was not determined exactly as within this range the 
position of the signals from angular methyl groups is practically independent of the concentration.” 
The error in the measurement of the signal position was about 1 C/S.* 

All solutions were dried over MgSO, and evaporated in uucuo. The UV spectra were obtained on 
SF-4 spectrophotometer in EtOH solutions. All the compounds were homogeneous according to the 
TLC data0 M.ps (uncorr.) were determined in capillaries. 

A~~~-l9-Nor-D-homoandrostadieneadiene-3,lladione (XII). Pyridine hydrobromide perbromide- 
(180 mg) was added to a suspension of XIII (m.p. 157-161”; 181 mg) in dry pyridine (2 ml). After 
the mixture has been maintained for 1 hr at 20”, 1 hr at 100” and 30 min at b.p., the precipitation of 
pyridine hydrobromide ceased. The mixture was cooled, diluted with water, acidilied with 2N H,SO, 

l These measurements were carried out by Dr. V. I. Sheichenko for which we express our deep 
gratitude. 

I6 D. H. R. Barton, R. C. Cookson, W. Klyne and C. W. Shoppee, Chem. & Znd. 21 (1954). 
lo A. L. Wilds and N. Nelson, J. Amer. Chem. Sot. 75,5366 (1953). 
l7 B. Pelt. Coil. Czech. Chem. Comm. 27.2706 (1962). 
la M. Perelman, E. Farkas, E. J. Fomefeld. R. J. Kraay and R. J. Rapala, J. Amer. Chem. Sot. 82, 

2402 (1960). 
la M. Perelman and E. Farkas (to Eli Lilly and Co.), US patent 3,086,027; Chem. Abstr. 59,10182 

(1963). 
0 S. N. Ananchenko, V. N. Leonov, A. V. Platonova and I. V. Torgov, Dokl. Akad. Nauk SSSR 135, 

73 (1960). 
*l S. N. Ananchenko, V. Ye. Limanov, V. N. Leonov, V. M. Rzhemikov and I. V. Torgov, 

Tetrahedron 18, 1355 (1962). 
‘* R. F. Ztlrcher. Hefu. Chim. Actu 44, 1380 (1961). 
** V. Cerny. J. Joska and L. Labler, Coll. Czech. Gem. Comm. 26, 1658 (1963). 
u L. F. Fieser, R. P. Linstead, J. A. Elvidge and M. Whalley, Modern Experimental Methodr in Organic 

Chemfstry p. 90. GNTCL Moscow (1960). 
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(strong acid reaction) and extracted with ethyl acetate. The extract was washed with sat NaClaq and 
with NaHCG,aq (twice). Drying and evaporation yielded ketal XIV (190 mg of yellow oil with llmu 
224-228 and 306 m&. This oil was dissolved in a mixture of acetic acid (10 ml), water (2.5 ml) and 
HClaq (020 ml), boiled for 3 min and immediately evaporated to dryness. The residue was dissolved 
in ether-chloroform (1: l), the solution filtered through a column of alumina (activity II; 10 g), the 
latter washed with CHCls and the Bltrate evaporated. The semicrystalline residue was chromato- 
graphed on alumina (activity II) layer, 26 cm (start line) x 17 cm (run) x 1 mm (thickness) and 
developed by ether. The zone which appeared dark violet in UV light (R, O-30) was separated and 
eluated by ether-ethyl acetate mixture. The eluate was evaporated and the crystalline residue (87 mg) 
suspended in a small amount of ether. After filtration, 675 mg (43 %) of diketone XII, m.p. 1s1625” 
separated. Subsequent recrystallizations from ethyl acetatc+hexane and then from methylcyclohexane 
gave canary-yellow needles, m.p. 163164-Y, & 212-214 and 302 m/l (reported” m.p. 1655-167”, 
a rn.I 306 nvr). 

A’~e-lPNor-D-homoMdrostadiene-7~~l-3-one (XI). A mixture of VI (m.p. 120-124”; 21.5 mg), 
pyridine hydrobromide perbromide (w5 mg) and dry pyridine (O-50 ml) was boiled for 1 hr and 
treated as above (except that the size of the layer for chromatography was 10 x 15 x @l cm). 
Hydroxyketone XI (13.5 mg, 63 “A was obtained as a bright yellow oil which could not be crystallixed. 
A max 221-225 and 306-307 rnp (rep~rted’~ m.p. 137-139.5”, &- 310 mp). 

Hydroxyketone XI (13.5 mg) was oxidized with 3 drops of Riliani solution in acetonea (2 ml). 
By means of TLC the diketone XII (m.p. 152-157”, 4 mg) was obtained. This sample was found to be 
identical with the one described above (m.m.p., R, and IR spectrum). 

I6 G. H. Douglas, J. N. H. Graves, D. Hartley, G. A. Hughes, B. J. McLaughlin, J. Siddall and H. 
Smith, J. C/rem. Sot. 5072 (1%3). 

u R. G. Curtis, I. Heilbron, E. R. H. Jones and G. F. Woods, J. Chem. Sot. 457 (1953). 


