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Face Selectivity in the Borohydride Reduction of 4-eq,6-ax-Diaryl-5-azaadamantan-2-ones
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The highly preferential attack at the en face in the reduc-
tion with sodium borohydride of 4-eq,6-ax-diaryl-5-azaadaman-
tan-2-ones in methanol is described. Steric and electronic
effects areinvolved.

Facial selection in the different rigid ketones such as
adamantanone,! azaadamantanone? and its N-oxide® have been
explained in terms of either Cieplak* or Anh—Felkin® proposals.
In azaadamantanone, the hydride attack occurred at the en face
in THF (LiAIH,) and at the zu face with protic solvents
(NaBH,);? but in the N-oxide a preferred zu attack (96%) was
observed. According to le Noble,® the Cieplak model operates
in both examples. However, Gung suggested that the observed
diasterofacial selectivity should be explained in terms of steric
effects,® because of azaadamantanone and its N-oxide have dis-
torted structures which differentiate the two faces, outlined in
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Scheme 1

We describe here our preliminary results on the facial
selectivity in the nucleophilic addition of sodium borohydride
to the novel 4-eq,6-ax-diaryl-5-azaadamantan-2-ones la—d
(Scheme 1), which were prepared by Mannich condensation of
the amino acetal 37 with the corresponding substituted benzalde-
hyde.® The ketones 1 were characterized by IR, EIMS and ele-
mental analysis. The NMR assignations were performed with the
aid of the corresponding COSY, HETCOR, DEPT and NOESY
experiments.

The reductions were done at 25 °C by adding a solution of
4.5 mg of sodium borohydride in 0.5 mL of methanol to a solu-
tion of each ketone (0.05 mmol in 0.5 mL of methanol). After
evaporating the dried extract (anhydrous sodium sulfate), the
solid mixture of alcohols was analyzed by 'H and ¥C-NMR
techniques. In the case of 2b and 2c, we were able to assign all

IH and 13C signals in both isomers, but in 2a and 2d only the Z
isomer is reported (Table 1). The NOESY experiment was per-
formed and both isomers were clearly differentiated in agree-
ment with the prominent H-2/H-9ax and H-2/H-10ax NOE cor-
relations in the Z-isomer (Scheme 1).

Table 1. 'H and "C-NMR (CDCl;) § (ppm) values of Z and E 4-eq,6-ax-
diaryl-azaadamantanols 2 on the tricyclic framework”

Z-2a Z-2b E-2b Z-2¢  E-2¢ Z-2d

H1° 2.77 2.85 2.73 287 274 269
H2° 4.30 440  4.10° 442  4.13° 426
(3.0) (3.3) (3.3) (3.0)
H3° 231 235 243 236 245 224
H4® 4.60 453 377 451 378 451
H6" 4.42 447 459 448 460 435
H7¢ 333 326 324 326 326  3.28
(13.2)  (13.8) (13.5) (13.8) (13.8) (13.5)
H7®  2.94 3.00  3.04 301 304 289
(132)  (13.8) (13.5) (13.8) (13.8) (13.5)
H8® 1.53 1.64 1.58 1.64  1.58 1.48
H9® 1.71 1.75 1.89 177 1.89 1.68
ax (12.9) (13.5) (12.9) (13.8) (12.6) (12.6)
Ho! 2.13 202 259 206 260 208
eq (3,6,13) 3,57, (3,6, (2757 (276, (2.7.6,
13.5) 129) ,13.8) 12.6) 12.6)
H10° 208 2.11 211 211 211 2.03
ax  (3,6,12.6) (24,54, 24,54, (27,6, (27,6, (3,6,12)
12.9) 12.9) 12.9) 12.9)
H10¢ 222 224 224 224 224 2.17
eq (3,6,126) (24,54, (2454, (27,6, (27,6, (3,6,12)
129) 129 129) 129
Cl1 35.9 348 337 343 336 359
C2 76.3 75.1 69.9 751 697 766
C3 35.3 347 349 345 348 354
C4 52.6 52.1 58.0 515 574 520
C6 66.9 655 667 652 663  66.6
C7 54.9 540 539 539 537 549
Cs 273 254 258 255 259 275
C9 314 300 246 299 246 316
C10 38.0 36.6  31.1 36.6 312 382

? Assignations in the aromatic moeity: TH NMR: Z-2a: 7.63 (d, /=8.1 Hz,
2H), 7.59 (d, /=8.1 Hz, 2H), 7.38 (dd, J=7.5, 8.1 Hz, 2H), 7.26 (dd, J=7.5,
8.1 Hz, 2H), 7.20 (d, J=7.5 Hz, 1H), 7.12 (d, J=7.5 Hz, 1H); (Z+E)-2b: 8.30-
8.16 (m, 8H), 7.82-7.73 (m, 8H); (Z+E)-2c: 8.54-8.44 (m, 4H), 8.17-8.12 (m,
2H), 8.06-7.96 (m, 6H), 7.65 (dd, J=7.8, 8.1 Hz, 1H), 7.64 (dd, J=7.8, 8.1 Hz,
1H), 7.61 (dd, J=7.8, 8.1 Hz, 1H), 7.51 (dd, J=7.8, 8.1 Hz, 1H); Z-2d: 7.50
(d, J=9.0 Hz, 2H), 7.49 (d, J=9.0 Hz, 2H), 6.93 (d, J=9.0 Hz, 2H), 6.83 (d,
J=9.0 Hz, 2H), 3.79 (s, 3H) 3.77 (s, 3H). °C NMR: Z-2a: 126.4, 126.6,
126.9, 127.4, 128.7, 129.3, 143.2, 144.1; Z-2b: 123.4, 123.8, 1264, 127.3,
146.3, 146.6, 149.6, 150.3; E-2b: 123.8, 123.9, 126.9, 127.5, 146.7, 146.8,
148.3, 148.5; Z-2¢: 121.1, 121.2, 121.5, 121.6, 129.0, 129.6, 131.8, 132.8,
144.0, 144.7, 148.3, 148.9; E-2¢: 121.1, 121.7 (2C), 121.9, 129.7, 132.3,
133.0, 142.1, 142.8; Z-2d: 114.3, 114.8, 127.8, 128.6, 135.3, 136.3, 159.1,
159.4. "Broad singlet. “Broad triplet. %ddd. *Broad doublet. %/ (Hz) values
between parenthesis.
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Table 2. Product distributions in the reduction of la-d with NaBH, in
methanol

Entry X 5" %2 % E
1a H 0 94 6
1b p-NO, 0.78 75 25
1c m-NO, 0.71 79 21
1d p-CH;0 0.27 92 8

*Hammett substituent constants from Ref. 10.

The product distribution of the isomers was determined by
integration of the H-2 signals (CHOH) in the 'H-NMR spectra
(Table 2). Although in 2a and 2d the signals of Z-isomer (the
major product) are clear in contrast with the corresponding E-
isomer, 2-, 3- and 1- positions are enough observable for the
integral evaluation. These results show that the preferential
product is the Z-alcohol (75-94%).

Apparently, the diasteroselectivity is influenced by the con-
figuration of the aryls in 4- and 6- positions in the framework
(steric), the electron donation from nitrogen lone pair (hypercon-
jugation) and the substituent remote effect in the aryls. The two
possible explanations can be described according to the TS mod-
els, Ahn—Felkin (a) and Cieplak (b) outlined below.

(a) HOMe  (b)
Ar rlj Ar
o }
0 0\
O-I

Senda? claimed that the solvent effect is responsible for the
preferential zu attack on azaadamantanone because of hydro-
gen-bond formation between the protic solvent and the ny
orbital, then a corresponding withdrawal of electrons from o
orbitals. Thus, in our molecular probes, 634 and G¢qcq Would
be poor electronically and in this way hyperconjugative assis-
tance in TS and the steric effects will point toward Ahn—Felkin
model. On the other way, we can suppose that the N in the con-
gested aryls—side has less ability in complexing with the solvent
and allow the electronic transfer from the lone pair through
Ocaca and O¢ycg, in this case Cieplak model operates in better
way.

The plot in Figure 1 shows the correlation between the
diastereoselectivity and the Hammett substituent constant.® The
electron withdrawing groups as NO, led to a less en selectivity
than H and p-OCHg, their modulation in the charge transfer is
manifested in the selectivity. At the present, we are studying
these probes with different models recently proposed
(Tomoda’s EFOE™ and Yadav’s cation-complexation?).

957

2.8 mH

2.4-®p-CHO

w 2.0+
P
= 1.6
121 m-NOZI
p—NOZI
0.8+ . . . . :
-0.3 -0.2 -0.1 0.0 0.6 0.7 0.8

o
Figure 1. Plot of In Z-2/E-2 vs Hammett substituent constant (o).
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