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We describe the investigation of long range anisotropic effects (1) of the three-
membered ring in 3-spirocyclopropyl steroids (2) using s 220 MHz spectromster (Varian
HR-220) and iteratively computed (3) line fitting. To facilitate discussion of the spec-
tral snalysis, we first consider the most likely conformations of ring A. These are the

conventional chair (B) in which the equatorial 2a-H and 4a-H are deported over the face

of the cyclopropane ring and the respective a- and B~ protons at C-2 and C-4 are symme-
trical with reference to cyclopropsne. By contrast, in the 2, 5-bow:stern twist-boat
form (A) (o=60°) the spatial relationships of the respective a- and B-protons at C-2 and
C-4 are not symmetrical relative to the cyclopropane ring (4). Here the 28-H and la-H
become boat-equatorial (5) whereas the 2a-H and 1 g-H become boat-axial, but the usual
dihedral angle relationships between axial and equatorial apply. The boat-equatorial
28-H 18 located in the region of maximum shielding of the cyclopropane ring, whereas the
boat-axial 2a-H is deshielded. By contrast, both protons at C-4 are in a shielding en-
vironment. The 3,10-bow:stern form (6=0°) is not considered because of the inherent in-
stability of these forms as well as the special hindrance of the cyclopropane ring by

the C-19 group in this case.
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Using the .quti‘mm A5(ppm) = -g L%.m'l calculations vere made to es-

tablish the magnitude of anisotropic z;%cctliof the C-3 cyclopropane on ring A protons.
The results for the twist-boat indicate that a shielding effect of 0.82 ppm is exerted
on the 28-H by the cyclopropane ring whereas the 2a-H is deshielded by 0.29 ppm. Thus,
for protons at C-2, a large difference (1.11 ppm) is due solely to the influence of
cyclopropane. This is not the case at C-4, where a small difference (0.30 ppm) is pre-
dicted for the 4a-H and 48-H. By contrast, in the chair conformation, a large shielding
(>0.8 ppm) is calculated for the 20-H and the éa-H, and a large difference in position
(>1.0 ppm) is estimated between the two protons attached to C-2 ss well as those at C-4.
The observed spectra are in harmony only with the twist-boat conformation (A). Im
the example shown, the most readily decipherable multiplets are the signals at 0.3738
snd 1.9365, each representing one hydrogen. The resonsnce at 0.3735, being a doublet
of triplets, indicates that the responsible proton is spin-coupled to a geminal proton
with a coupling of -13.5 Hs and also to two vicinal protons with very nearly equal cou-
plings of about 3 Hz. The presence of the large geminal coupling of -13.5 Hx was veri-
fied by double resonance sxperiments at 100 Miz. The 0.3738 signal fits the case of the
2 8-H where the boat-equstorially oriented protom bisects the angle between the C-1 methy-
lene hydrogens and the boat-equatorial:boat-axial splitting is very nearly equal to the
boat-diequatorial splitting (3 Hs). The six line pattern at 1.9368 is due to the 2a-H
where the two large couplimgs of sbout 13.5 Hz arise from interactions of the 2uo-H with
its neighbor as well as with the boat-sxisl 18-, snd the smaller splittiag of 3.3 Bz is
caused by coupling of the 20-H with the bost-equaterisl lo-i. Osly s teatative sseign-
msnt can be mede for C-1 and C-4 protons, sad the megaitude of other factors affecting
the respective peak positions (e.g. axisl-equatorial differences) cannot readily be
estimated, especially for the twist-boat form. Nevertheless, there is no high field
peak correspouding to the 4a-H in any of the spectra exsmined in either 0013 or Csns,
as required by the chair conformation. Consequeantly, the only possible explamation for
these spectral features is that ring A is in the twist-boat conforsatiom. Coupling

constants are in excellent agreemsnt with this comformatiom:
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Expected and Observed Coupling Constants

018 Y1020 J1a28 Y2028 Y1828 J1g2a J4asg
Twist-boat -13.0 1.8* 3.5* -13.0 1.8° 16.0° -13.0
Observed® -13.0 3.3 3.5 -13.5% 2.8 13.4 -13.5

a Calculated from substitution of dihedral angles taken from Dreiding models in the
Karplus equation. b Values obtained from LAOCN3 computation best values. From

decoupling experiment.

A striking feature of the 220 MHz spectrum of 3-spirocyclopropyl-Sa-androstane was
the nar pattern csused by a proton occurring at unusually high field, (5 = 0.64). This
pattern can arise from the 6a-H, 78-H or lla-H. Each of these protons is spin-coupled
to four other hydrogens, with one large coupling to the geminal neighbor and three
smaller couplings to vicinal neighbors. Since this nmr pattern is not observed in the 220
MHz spectrum of Sa-androstane, the high field position of these signals is clearly due
to the cyclopropsne ring. The nature of the responsible effect is unknown, since the
McConnell cllculntionld indicates a negligible anisotrophy due to cyclopropane at this
distance.
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