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The *C nmr spectra of 4 cis-2,4-diphenyl-3-azabicyclo[3.3.1jnonanes, 11 cis-2,4-diaryl-3-azabicyclo[3.3.1}-
nonan9-ones, 26 cis-2,4-diaryl-3-azabicyclo[3.3.1lnonan-9-ols or acetates thereof, 5 cis-2,4-diaryl-3-azabi-
cyclo[4.3.1]decan-10-ones or -10-ols and 5 cis-2,4-diphenyl-3-aza-7-thiabicyclo[3.3.1]Jnonan-9-ones, -9-ols or 9-yl
acetates have been recorded. Except for the 7-thia compounds, which appear to exist mainly in the configura-
tion and conformation with the nitrogen-containing ring in the boat form, these compounds seem to exist
overwhelmingly in chair-chair conformations. The configuration of the 9-ols and their acetates (syn or anti to
the nitrogen-containing ring) has been deduced from the spectra. In a number of cases, the structures assign-
ed differ from those earlier postulated. Broadening of one set of aryl signals (probably those due to the ortho
carbons) in the case of N-methyl (but not N-H) compounds without ortho substituents is ascribed to restricted
phenyl rotation.

J. Heterocyclic Chem., 19, 449 (1982).

Bicyclo[3.3.1]nonanes (BCNs, I) with simple substituents  cyclo[3.3.1]nonane (IV) (11) and 7-oxa-3-azabicyclo[3.3.1}-

prefer to adopt chair-chair conformations (Ia) with slight nonane (V) (12,13) (indicated in this paper as 3-ABN,
3,7-DABN,7-T-3-ABN and 7-0-3-ABN, respectively) has, in

the past, been undertaken with the aid of ir (14,15) and
proton nmr (16-18) spectroscopy, kinetic methods (19,20)
X X and by the use of dipole moment calculations (21,22) in ad-

dition to the unequivocal X-ray crystallographic technique

=Y (13,23-25). Also, semiempirical calculations (26) have been

Y performed; they indicate the parent compound III to be in
the double chair form. In this paper we report configura-

o 'b tional and conformational assignments to several
X =Y = CH, (BCN) X =Y = CH, (BCN) 2,4-diaryl-3-ABN’s, 2,4-diaryl-7-hetero-3-ABN’s and their
9-keto and 9-hydroxy derivatives employing **C nmr spec-

I X = NH, Y = CH, 3-ABN) troscopy.
IIIJ ); - ;H: Yle (g’zl_)TA_?:;N) 13C nmr spectroscopy has proved to be an excellent tool
V X = NH.Y = 0(7.034BN) in stereochemical studies (26,27). Particularly useful for

configurational and conformational assignment in cyclo-

ring flattening (1-4) while those with bulky substituents at hexanes and saturated heterocyclic analogs is the upfield

3 or 7 endo positions exist in chair-boat conformations (Ib) Scheme 1 (32)
(5-7). In the heterocyclic analogs (8) of BCN, bicyclo[3.3.1]-

nonane (9), the possibility of the heterocyclic ring acquir- 2% N

ing the boat form is enhanced since some of the interac- CHs CHs
tions present in the boat form of cyclohexane may be o 519
diminished; in addition there may be attractive intra- '

molecular steric and/or polar interactions between the 349 e
heteroatoms and the substituent. The conformational OH

analysis of derivatives of 3-azabicyclo[3.3.1]nonane (II)
(10), 3,7-diazabicyclo[3.3.1lnonane (III), 7-thia-3-azabi- Via Vib

~
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Table 1
H5C6 BNt N
w
R—N CeHs
Ry
IX
a R=R, =H
b R=CH,R =H
¢c R= H R = CHJ):
d R = CH,, R, = (CH,),C

13C NMR Spectral Data on 2,4-Diphenyl-3-azabicyclo[3.3.1]nonanes (IX)

Aromatic Carbons
Other carbons

No. R R, C(1,5) C@4) C¢6,8 COM C©9) N-Me ipso ortho  meta  para
X H H 352, 654, 261, 221, 372, 1454, 1268, 1281, 126.5,
IXb Me H 36.7, 743, 265, 216, 365, 445, 144.2, 127.5/(a) 128.0, 146.2,
IXe H t-Bu 359, 652, 269, 412, 371, 145.4, 1269, 128.0, 126.6, 32.7, (Cqg), 26.9, Me)
IXd Me t-Bu 373, 742, 269, 406, 364, 444, 1443, 128.0,(a) 128.0, 126.4, 32.55 (Cq), 27.3, (Me)
(a) Broad signal.
Table 2
0 X
Ar aR=R.=HA—C,H5
b R =CH,R, = H, Ar = C4H;
R—N Ar ¢ R =R, =H, Ar = 0.CH,CH,
d R =R, =H,Ar = pCH,CH,
e R =R, = H,Ar = 0-CH,OCH,
f R=R, =H, Ar = p-CH,0CH,
R g R=HR, = (CH)C Ar = CH,
1 h R =R, = H Ar = pCICH,
X i R=CH,R, = H, Ar = p.CH,CH,
i R=CH,R, =H, Ar = oCICH,
k R = CH,R, = H Ar = 0.CH,0C,H,
*C NMR Spectral Data on 2,4-Diaryl-3-azabicyclo[3.3.1]nonan-9-ones (X)
Aromatic Carbons
No. R X@ Y(® R, C(1,5) C2,4) C(68) C(7) CO) N-Me ipso ortho meta para meta' ortho’ Other carbons
Xa H H H H 54.0; 64.8, 29.0, 21.2, 217.2, 141.3, 1269, 128.5, 127.5,
Xb Me H H H 54.6, 744, 29.6, 207, 216.9, 43.4, 140.7, 127.3(c) 128.5, 127.6,
Xe H Me H H 50.7, 61.3, 29.2, 21.0, 2175, 139.0, 134.7, 130.7,(127.1,)125.9, (127.1,) 19.0, (ArMe)
Xd H H Me H 54.1, 64.6, 29.0, 21.1, 217.5, (138.4,) 126.7, 129.1,(137.0,) 21.1, (ArMe)
Xe H OMe H H 50.2, 58.0, 29.9, 209, 2189, 129.6, 156.1, 110.1,(128.0,)120.2, (127.7,) 55.1, (ArOMe)
Xf H H OMe H 54.2, 64.3, 289, 21.1, 217.6, 133.4, 1279, 113.8, 158.9, 55.2, (ArOMe)
X¢ H H H  tBu 537, 647, 299, 40.6, 217.9, 141.3, 127.0, 1285, 127.4,
Xh H H Cl H 53.7, 64.2, 289, 21.1, 2159, 139.6, (128.6;) (128.1,) 133.5,
Xi Me H Me H 54.8, 744, 297, 21.0; 2169, 43.4, (137.8,)127.6, 129.2,(136.8,) 20.8, (ArMe)
Xj Me Cl H H 61.0, 75.7, 295, 209, 2157, 49.6; 138.2; 132.6, (130.0,128.7,)126.7, (128.6,)
Xk Me OMe H H 509, 66.8, 30.6, 20.5, 218.1, 43.4, 128.7, 156.6, 110.8,(128.9,)120.3, (127.7,) 55.2; (ArOMe)

(a) ortho-Substituent in Ar. (b) para-Substituent in Ar. (c) Broad signal.

shifting y-gauche effect (27,29,30). '*C nmr has also been
used in conformational studies in the BCN system (31,32)
although, as shown in Scheme 1, the crucial difference bet-

ween chair-chair and chair-boat systems may give rise to
but minor changes in shift except at C(7) (32), with the
chair-boat system showing the upfield shifts.
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Table 3

N d g e~ ®E.O0TO DY —FET oK ™o AC o

R, = H, R, = OH, Ar = CH,

R, = H, R, = OH, Ar = CH;,

CH,, R, = H, R, = OH, Ar = CH,

CH,, R, = OH, R, = H, Ar = CH;

R, = H, R, = OH, Ar = o-CH,CH,

= R, = H, R, = OH, Ar = o-CH,C,H,
CH,, R, = OH, R, = H, Ar = o-CH,CH,
R, = H, R, = OH, Ar = p-CH,CH,

R, = H, R, = OH, Ar = p-CH,CH,
CH,,R, = OH, R, = H, Ar = CH,

R, = H, R, = OH, Ar = o-CH,0CH,
CH,, R, = H, R, = OH, Ar = 0o-CH,0CH,
R, = H, R, = OH, Ar = p-CH,0CH,

[T | I LR}
[}

LTI N R TR |

BRI EF I I IR D g AR P F o F OO
1

= R, = H, R, = OH, Ar = p-CH,0CH,

= R, = H, R, = OH, Ar = o-CIC,H,

= CH,, R, = H,R; = OH, Ar = o-CICH,

= R, = H, R, = OH, Ar = p-CICH,

= H, R, = OH, R, = CH,, Ar = CH,

= H, R, = CH,, R, = OH, Ar = CH,

= CH,, R, = CH,, R, = OH, Ar = C.H,

= H, R, = CH,, R, = OH, Ar = p-CH,0CH,
= H, R, = CH,, R, = OH, Ar = p-CH,0CH,
= CH,, R, = OAc, R, = H, Ar = CH,

= CH,, R, = OAc, R, = H, Ar = o.CH,CH,
= CH,, R, = OAc, R, = H, Ar = o-CH,C,H,
= CH,, R, = OAc, R, = H, Ar = p-CH,C,H,

13C NMR Spectral Data on 2,4-Diaryl-3-azabicyclo[3.3.1Jnonan-9-ols and Derivatives (XIII)

RZ
OH
H
OH
H
OH
H
H
OH
H
H
OH
OH
OH

OH
OH
OH
OAc

OAc

C(1,5)
42.13
41.64
43.53

42.95
38.52
37.86
39.11

42.21

41.60
42.95
38.15
39.16
42.18
41.65
37.49
36.99
41.98
42.39

42.88
44.24
46.38
42.95
40.70
36.95

36.62

40.14

C(2.4)
57.86
64.02
66.82

73.65

54.65
60.53
69.27
57.71

63.73
73.39
51.73
59.52
57.36
63.40
54.90
60.42
57.31

60.72

58.73
68.00
58.09
58.28
67.71
63.57

68.98

7291

C(6,8)
26.30
19.37
26.66
19.69
26.56
19.52
1917
26.47
19.36
19.71

26.97
27.36
26.32
19.43
26.39
26.41

26.08
20.99

23.64
23.99
23.51
23.67
26.55
26.74

19.22

20.44

(V)

21.18
20.99
20.62
20.57
21.01
20.74
20.39
21.19
20.99
2057
20.75
20.35
21.24
21.04
20.77
20.54
21.55
19.99

20.67

20.29

- 20.39

20.76
20.58

20.49

20.28

20.44

CcO

74.12
74.55
73.38
74.52
74.26
74.52
73.86
74.26
74.51
73.64
74.24
73.31
74.14
74.34
73.713
73.49
73.78
75.14

15.77
75.14
73.52
75.76
76.12
76.44

75.73

75.90

Aromatic Carbons
N-Me ipso ortho meta para  meta’

144.71 126.85 128.14 126.59
143.90 126.90 128.29 12690
4401  143.59 127.76(c) 128.14 126.39
44.15  143.09 127.69%c) 128.24 126.66
142.28 137.58  130.32 (126.74) 125.74
14142 13462  130.50 (126.53) 125.82
4392  140.29 134.84  130.66 (126.15) 125.68
(136.04) 126.79  128.84 (141.71)
(136.29) 126.71 128.87 (140.92)
44.02 (136.00) 127.58(c) 128.86 (140.10)
13297 156.30  110.06 (127.90) 120.32
4390 131.34 156.73  110.55 (128.95) 120.23
136.11 127.78  113.57 158.44
136.11 127.78  113.57 158.44
141.37 13245  (129.63) (127.76) 126.57
{d) 140.46 132.48  (129.71) (127.97) 126.59
142.98 (128.35) (128.18) 132.25

ortho’

(127.23)
(127.10)
(127.96)

(127.18)
(126.84)

(128.90)
(128.77)

14439 128.17 12660 125.75 (Ar at C2,4)
144.27 12674  129.33 127.79 (Ar at C9)
145.13 127.06  128.17 12892 (Ar at C2,4)
144.17 12536  126.63 127.58 (Ar at C9)
144.10 128.70(c) 126.46 128.70 (Ar at C2,4)
143.97 127.63 12897 125.12 (Ar at C9)

137.34 127.80  113.51 158.30
137.25 12806  113.62 158.32
44.10 14310 127.79  128.23 126.63

451

Others
Me or OMe

19.09
19.15
19.88
21.05
21.14
21.07
55.35
55.33
55.19
55.19

55.22, 28.45 (C9)
55.27

170.25 (CO)
21.48 (Me)

4390 140.27 134.85  130.70 (126.15) (125.72) (128.02) 170.27, 21.31 (Ac)

18.86 (ArMe)

4384 13993 13506  130.74 (126.29) (125.69) (127.94) 170.57, 21.34 (Ac)

43.94 (136.16) 12890  127.65 (139.68)

(a) ortho-Substituent in aryl group. (b) para-Substituent in aryl group. (c) Broadened signal. (d) Not recorded.

20.60 (ArMe)
170.45, 21.34 (Ac)
21.09 (ArMe)
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Table 4

N\

Ry

L

Ar I(NH
Ar

Ar
XI XV
a Ar = CH,
b Ar = p-CICH, a R=HR, =
b R = CH,, R,
¢ R = CH,, R,

13C NMR Spectral Data on 7-Thia-3-azabicyclo[3.3.1]nonane Derivatives (XI, XIV)

OH
= OH

= OAc

Vol. 19

Aromatic carbons

No. R X (a) Y (b) R, C(1,5) C24) C®6,8 C©Y N-Me ipso ortho
XIa H H H =0 55.0, 63.5, 374, 2127, 144.6, 127.0,
XIb H H Cl =0 549, 62.8, 37.3, 211.9, 1429, 1284,
XIVa H H H OH 423, 621, 34.1, 73.7, 144.4, 127.7,
XIVb Me H H OH 44.6, 71.1, 33.5, 72.5, 47.0, 145.0, 1284,
XIVe Me H H OAc 55.3 65.5 359 75.8 156.7, 127.7,
(a) ortho-Substituent in Ar..(b) para-Substituent in Ar.

Table 5

4,0
Ar
HN  Ar
XI1

a Ar = CH,

b Ar = o.CICH,

¢ Ar = o-CH,C.H,

d Ar = p-CH,CH,

*C NMR Spectral Data on 2,4-Diaryl-3-azabicyclo[4.3.1]decane Derivatives (XII, XV)
Aromatic carbons

No. X(a) Y((b) R, R, C(1,5) C(2,4) C(6,9) C(78) C(10) ipso ortho meta para meta’ ortho'
Xlla H H =0 55.0, 63.7, 259, 24.1, 214.0, 140.9,126.6, 128.5, 127.3,
XIIb Cl H = 504, 60.2, 26.1, 24.4, 212.7, 138.0,132.6, (129.9,X128.6,)126.7, (128.6,)
XIle Me H = 51.8, 60.6, 260, 242, 214.4, 138.7, 134.7, 130.6,(126.9,) 125.9, (127.0,)
XIld H Me 0 55.0, 634, 260, 24.1, 214.4, (136.8,)126.5, 129.1,(137.9,)
XV () Cl H H OH 394, 614, 272, 251, 774, 140.1, 132.5,(129.6,X127.9,) 126.6, 128.8,

(a) ortho-Substituent in Ar. (b) pare-Substituent in Ar. (c) Alcohol corresponding to XIIb.

The compounds examined and their *C chemical shift
values are given in Tables 1-5. It should be noted that, pro-
vided the aryl groups are cis to each other (which can be

meta para

1287, 1279,
129.0, 129.0,
1287, 1276,
128.7, 127.3,
128.7, 1275,

Other carbons

19.1, (ArMe)

easily recognized by the equivalence of corresponding aro-
matic carbon signals), only two configurations and three
conformations: VIla, chair-chair, VIIb, boat-chair and the
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configurational isomer VIII, chair-boat need be con-
sidered (Scheme 2). (The boat-boat conformation of VII
and the chair-chair conformation of VIII suffer from syn-
axial aryl/aryl interactions and boat-boat conformations
are, in any case, unlikely (9) for either VII or VIIL.)

Scheme 2
Ar Ar
N 7 N
/

R/ Ar J A Ar .
X
Vile Vilb VI
X=CHp or S

cis-2,4-Diphenyl-3-ABN-9-one (Xa) (33,34) as well as the
corresponding hydrocarbon, cis-2,4-diphenyl-3-ABN (IXa)
(34), are known, from crystallographic data, to exist in the
chair-chair form (corresponding to VIIa) in the solid state.
As discussed above, the conformation in solution must
therefore correspond to either VIla or VIIb, the configura-
tion being given by the X-ray structure. A change from

VIla to VIIb upon dissolution besides being inherently
unlikely is not in accord with the chemical shift of C(7) at
22.15 ppm (cf. Scheme 1 above); C(7) in BCN resonates at
23.01 (35). Thus IXa and IXb [C(7) at 21.20 - the corres-
ponding resonance in BCN-9-one comes at 21.06 ppm (36)]
appear to be very largely double chair forms in solution.
This is also true for the para-substituted compounds Xd,
Xf, Xh, in view of the correspondence of their shifts with
those of Xa, and of the N-methyl analogs IXb, Xb and Xi
in which a sizeable downfield shift (9-10 ppm) relative to
the corresponding N-H compounds IXa, Xa and Xd is
seen only at C(2,4), where it would be expected as a result
of the B-effect of the N-Me substituent. Further evidence
for the double chair form comes from the chemical shift
values for C(9) in IXa and IXb (37.26, 36.57) which are
close to the value of 35.42 in BCN (35,36). The shifts at
C(6,8), 26.16 and 26.59 ppm (36), are upfield of those in
BCN (35) (31.98 ppm) as would be expected on the basis of
the enhanced y-gauche effect produced by a first-row
heteroatom (38). The chair-chair conformation assigned to
3-ABN’s on the basis of these shifts is in accordance with
assignments by other methods (15,18-20). The cis-cis (and
thus presumably diequatorial) orientation of the aryl
groups follows from the equivalence of their signals and is
in accordance with proton nmr spectroscopic evidence
(18).

The 3-ABN’s with ortho-substituted aryl groups at the
C(2,4) positions probably also exist in chair-chair confor-
mations (VIIa) contrary to previous reports (15,16). This
conclusion is based on the close similarity (Table 2) of the
C(9), C(7) and C(6,8) shifts in the unsubstituted (Xa), para-
substituted (Xd,f,h) and corresponding ortho-substituted
(Xc,e) compounds. C(2,4) is about 3 ppm upfield in the
ortho-CH; compound Xc relative to the para isomer Xd;
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the corresponding shift in the methoxy compounds (Xe,f)
is 6.5 ppm. However, such upfield shifts (corresponding to
v-effects) are normal: Cy in o-diethylbenzene (25.3 ppm) is
almost 4 ppm upfield from that in ethylbenzene or m-di-
ethylbenzene (29.1) (39). Corresponding data for o- vs.
p-ethylanisole are not available, but the upfield shift of the
ring methyl carbon in o-methylanisole relative to the para
isomer (4.2 ppm) is much larger than the corresponding
shift in o- vs. p-xylene (1.7 ppm) (39). The effect of
N-methylation in Xk (relative to Xe) is similar to that in
the phenyl analog Xb (relative to Xa). (We shall later
discuss the apparently anamalous spectrum of the o-chloro
compound Xj.) The only point of concern is the sizeable
shift (3.4-3.9 ppm) of C(1,5) in the ortho-substituted com-
pounds Xc and Xe relative to the para isomers Xd and Xf
(Table 2); no corresponding effects are found in simple
model compounds [Cg in o-diethylbenzene is 0.5 ppm up-
field from the corresponding carbon in ethylbenzene (39)].
We are inclined, in view of the constancy or appropriate-
ness of all other shifts, to ascribe this anomaly to a defor-
mation of the (strained) aryl compounds with ortho substi-
tuents rather than to a change to the chair-boat form. In
this connection it is comforting that the epimeric alcohols
XIlle and XIIIf (Table 3), which are derived from Xc by
reduction, differ from each other in chemical shift much
as any other corresponding epimeric pair (vide infra). If

the nitrogen-containing ring were in the boat form, one
would expect profound differences between these two
epimers, since one of them would have the hydroxyl group
in close proximity (hydrogen-bonded?) to the nitrogen and
the other would not.

Introduction of a t-butyl group at C(7) in 3-ABN (IXc,d)
and 3-ABN-9-one (Xg) does not materially alter the chemi-
cal shift values for the C(1,5), C(2,4), C(6,8) and C(9) car-
bons, suggesting a chair-chair conformation with the
bulky t-butyl group in the equatorial orientation. It is
known (40) that an equatorial t-buty] group has little effect
on the chemical shifts of C(2,6) (cyclohexane numbering),
C(3) or C(4), the lack of change at C(2,6) being due to com-
pensating downfield shifting 3- and upfield shifting
y-effects. The a-effect at C(7) - ca. 19 ppm - is also com-
parable to that at C(1) in t-butylcyclohexane (21.2 ppm)
(40).

2,4-Diphenyl-7-T-3-ABN-9-one (XIa, Table 4) and the
analogous p-chlorophenyl compound XIb do not seem to
be in the chair-chair conformation. This may be deduced
from a comparison of XIa with Xa and an analogous com-
parison of 4-thiacyclohexanone with cyclohexanone (38) as
summarized in Table 6. While all of the differences bet-
ween XIa and Xa, compared to corresponding differences
in model compounds where possible, are disturbingly
large, that for the a-position, next to sulfur [C(2,4) in the
7-T-3-ABN-9-one], is outside of all reasonable limits for a
pure chair-chair conformation and suggests a chair-boat
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[¢f (37)] in which the nitrogen-containing ring is in the
boat form (configuration and conformation VIII, Scheme
2). This change should lead to an upfield shift of all car-
bons in the nitrogen-containing ring (¢f. VIb vs. VIa in
Scheme 1) and this is seen at C(1,5), C(9) and probably also
C(2,4) (Table 6). The shift at C(6,8) (or Cq) can, unfortu-
nately, not be predicted, but a major change at this posi-
tion is expected as one goes from chair-chair to chair-boat.

Table 6
Difference in Chemical Shifts Between
4-Thiacyclohexanone (or XIa)
and Cyclohexanone (or Xa)

Carbon (a) o(6,8) B(1,5) 9) C(2,4) ipso
Monocycles (b) +2.90 +2.10 -3.30 n.a. {c) n.a. (c)
XlIa vs. Xa (d) +8.36 +1.01 -442 -1.26 +3.31
A (e) +5.46 -1.09 —-1.12 (-1.86)(f)

(a) o, B and v are positions relative to sulfur. (b) Shift in 4-thiacyclo-
hexanone minus shift in cyclohexanone. (c) Not applicable. (d) Shift in
thia compound XIa minus shift in reference compound X.. (e) Shift dif-
ference in bicyclo compounds minus shift difference in model cyclo-
hexanones. (f) Assuming that the insertion of sulfur at C(7) should not af-
fect the shift of C(2,4).

All this suggests conformation VIII for the ring framework
of Xla, but while the nmr data convincingly exclude a
chair-chair conformation, one might contemplate the
alternative of an equilibrium involving a chair-boat inter-
converstion of the sulfur-containing ring, with the
nitrogen-containing one remaining as a chair (Scheme 2,
VIla = VIIb). However, as we shall discuss in connection
with the conformation of alcohol XIVa below, such an ex-
planation is not tenable.

Several 2,4-diaryl-3-azabicyclo[4.3.1]decane derivatives
(XII) were also examined (Table 5). However, because of
the lack of suitable models and the greater conformational
mobility of the seven-membered ring compared to the six-
membered one, definitive conclusions as to conformation
were not reached.

We turn now to the 3-ABN-9-ols (XIII) and their acetates
in Table 3. These compounds may exist as syn or anti
isomers (Scheme 3). We first note that the chemical shift of
C(7) is practically unaltered by the introduction of a
hydroxyl group at C(9), regardless of configuration (com-

Scheme 3
H<8 -OH

HO-8-H

syn- XHli anti- Xl

pare Table 3 with Tables 1 and 2). This supports the
assumption that all compounds exist in chair-chair confor-
mations; for if the nitrogen containing ring existed as a
boat (¢f. VIII), one of the epimeric alcohols might engage
in intramolecular hydrogen bonding and the other would
not, which would probably lead to changes in shift of C(9).
In fact, however, the shift is remarkably invariant (Table
3). Again if the carbocyclic ring existed in a chair-boat
equilibrium (¢f. VII), such equilibrium should be greatly
affected by the position of the 9-hydroxyl group and this,
in turn, should affect the shift of C(7). Once again (Table
3), the shift of C(7) is quite invariant throughout the series.

Assuming a chair-chair conformation, the configuration
at C(9) can be readily inferred from the shifts of C(2,4) and
C(6,8). It is evident from Scheme 3 that in the anti con-
figuration the hydroxyl group is axial to the ring contain-
ing C(6,8) which should thus be shifted upfield by the

usual v, effect (41). In contrast, in the syn configuration
the hydroxyl is axial in the nitrogen-containing ring and
the upfield , shift should affect C(2,4). Indeed, con-
templation of epimeric pairs (XIIIa/b, XIIlc/d, XIIIh/i,
XIIIm/n) shows (Table 3) that C(6,8) is always around 26.5
ppm in one epimer and 19.5 in the other; the former may
thus be assigned the syn configuration and the latter the
anti. Correspondingly, C(2,4) are upfield in the first
member of each pair and downfield in the second. [The ac-
tual shifts of C(2,4) also depend on whether or not there is
a (downfield shifting) N-methyl group and whether or not
there is an (upfield shifting) ortho substituent in the
aromatic ring.] In this way we may assign the anti configu-
ration not only to XIIIb,d,f,i,n, but by analogy, also to the
single epimers XIIIg and XIIIj. By the same token, the syn
configuration may be assigned not just to XIIla,c,e,h,m
but also to XIIIk,,o0,p,q. And while the configuration of
the acetates XIIIw-z (Table 3) follows, of course, from that
of their precursor alcohols, an independent (and consis-
tent) assignment can be made on the basis of the C(2,4)
and C(6,8) shifts: XIIIw and XIIIx are syn and XIIly and
XIIz are anti. The internal consistency is also seen for the
NH compounds XIllab,f,k,o and the corresponding
N-methylated derviatives XIIle,d,g,l,p.

The configurations arrived at for XIIla/b and XIIIc/d
by this method are the opposite of those suggested by both
Baliah and Jeyaraman (15,19,42) and (in the case of
XIIla/b) Azerbaev, Omarov and coworkers (43) on the
basis of less conclusive methods [order of elution on col-
umn chromatography (42), relative rates of acetylation
(19), infrared spectroscopy (15,43)). Specifically, in the
XIHa/b series, the lower-melting isomer, previously
assigned (42,43) the exo or anti configurations, is, in fact,
syn-XIII (Scheme 3, R = H, Ar = C¢H;) and the higher-
melting isomer, previously considered (42,43) endo or syn,
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is, in fact, anti (Scheme 3). Configurations of compounds
XlIIle-g reported (15a,19) are the same as those now
established; however the chair-boat conformation earlier
proposed (15a) on the basis of the appearance of two stret-
ching bands in the infrared spectra (one ascribed to intra-
molecular hydrogen bonding) appears to be incorrect.
Possibly the sharp peak at 3570-3575 cm™ previously
assigned to intramolecularly bonded hydroxyl in fact cor-
responds to unbonded hydroxyl, with intermolecular bon-
ding (which gives rise to a broad lower frequency peak) be-
ing partially inhibited by the bulky ortho substituents of
the phenyl rings. In contrast, although the correct chair-
chair conformation was previously assigned (15a,19) to the
isomeric pair XIIIh/i, their configurations, as well as those
of their N-methyl derivatives (15a,19) must also be revers-
ed. The configurations here assigned on the basis of the
3C nmr spectra have been independently confirmed by
mass spectrometric investigations based on the intensity
of M-17 peaks (44).

It is of interest that only the syn isomer (syn-XIII) is pro-
duced in the formation of XIIIk,,0,q by reduction of the
corresponding ketone, perhaps suggesting preferred ap-
proach by hydride from the side of the (less crowded) car-
bocyclic ring. Accordingly, in the cases where both
epimeric alcohols are formed, the syn isomer is usually the
preferred one.

The conversion of BCN to BCN-9-ol leads to an upfield
shift of about 7.5 ppm for one of the pairs of equivalent
methylenes (evidently the one syn to the hydroxyl) and no
appreciable shift of the other (anti) pair (45). C(1,5) shifts
downfield about 6.5 ppm, C(7) upfield by about 1.5 ppm
(45). Very similar shifts are seen in the change from IXa
and IXb to XIIla and XlIlc, supporting the hypothesis
that since BCN and its derivatives exist as double chairs,
the same is true of 2,4-diaryl-3-ABN and its congeners.

We return now to the 7-thia compounds in Table 4,
especially the ketone XIa and the corresponding alcohol
XIVa. We note that in going from Xla to XIVa C(2,4)
shifts only 1.44 ppm upfield and this would suggest (vide
supra) that XIVa is the exo alcohol. However, this would
then imply a large (ca. 9.7 ppm) upfield shift for C(6,8). In
fact, these carbons shift upfield by only 3.27 ppm which is
close to the expected shift (ca. 2.8 ppm) in the endo
isomer. This internal inconsistency supports our earlier
hypothesis that XIa (and hence XIVa and the other thia
compounds in Table 4) exist with the nitrogen-containing
ring in a boat form (Scheme 4). If XIa existed in a confor-
mation with the sulfur-containing ring partly or largely in

Scheme 4 r—N
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the boat form (similar to VIIb, X = S, Scheme 2), one
would expect a reversion to the double chair as the ketone
is reduced to the alcohol [boat forms are more likely in
BCN-9-ones than in corresponding compounds sp® hybri-
dized at C(9) (46), just as the boat form is more accessible
in cyclohexanones than in cyclohexanes (9)]. The chemical
shift evidence speaks against this possibility, especially
since, for steric reasons, one would expect the alcohol in a
conformation corresponding to VIIb to be axial to the
chair (to avoid serious transannular interaction with the
sulfur atom in the boat), in which case C(2,4) should be
shifted strongly upfield (which they are not). We also note
that in the acetylation of XIIIc and XIIIg (chair-chair con-
formations), respectively, to X1IIw and XIIIy there is little
change of shift at C(2,4), C(6,8) and C(7) and there is (as ex-
pected upon acetylation of an alcohol) a small downfield
(8) shift at C(9) and a somewhat larger upfield (y) shift at
C(1,5). In contrast, the shifts in going from alcohol XIVb
to acetate XIVc are substantial at C(2,4) and C(6,8) and
the shift at C(1,5) is downfield rather than upfield. This
anomaly once again speaks against the 7-thia compounds
being in chair-chair conformations. Indeed, since our nmr
studies were completed, the boat-chair conformation XIVa
(Scheme 4) has been confirmed by X-ray crystallography
(47) and similar results have been reported in the
2,4,6,8-tetraaryl analogs (48).

We now turn to the 9-hydroxy-9-alkyl-2,4-diaryl-ABN’s,
XIlIIr-v, obtained by the action of Grignard reagents on
the corresponding ketones. The presence of geminal sub-
stituents at C(9) should favor the chair-chair configuration
over chair-boat or boat-chair because of unfavorable trans-
annular interactions in the latter; this is in agreement with
the invariance of the C(7) relative to that of other com-
pounds and the predicted trends at C(1,5) and C(9) (slight
downfield shift) and C(6,8) (vide infra). The configuration
of alcohols XIIIr-v can be assigned on much the same
grounds as those of the secondary 9-hyroxy-9-H analogs
(vide supra) except that, instead of an absolute v, effect of
the hydroxyl group on C(2,4) or C(6,8), respectively, one
must now consider a differential effect of OH vs. Ph or Me.
This can readily be done on the basis of known *C nmr
data for conformationally locked 1-methyl- and 1-phenyl-
cyclohexanols (49) shown in Scheme 5 which clearly in-
dicate that the v, effect of hydroxyl is larger than that of
methyl or phenyl. Given that fact one can assign con-
figuration to the epimeric pair XIIIr/XIIIs. In XIIIr C(6,8)
(20.49 ppm) is relatively upfield and C(2,4) (60.72 ppm)
relatively downfield of the corresponding signals in XIIIs
(23.64, 58.73). It may thus be concluded that the OH group

R Scheme 5 OH

]
OH R
(CH3)3C 3 (CH3)3C
4 2

A B
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Scheme 5
compound/carbon 1 2 3 4
AR = CH, 709, 4038, 249, 477,
AR = CH, 73.2, 38.7, 249, 47.6,
BR = CH, 6838, 39.3, 22.7, 477,
BR = CH, 727, 39.3, 22.8, 475,

is on the side of the carbocyelic ring in XIIIr, but on the
side of the nitrogen-containing ring in XIIIs (Scheme 6).
Moreover, from the constancy of the C(6,8) signals, it may
be inferred that XIIIt, XIITu and XIIv correspond in con-
figuration to XIIIs, i.e. have the syn hydroxyl group. [Once
again, this corresponds to an approach of the Grignard re-

Scheme 6
Ph__OH HO_Ph
2
8 6 4
Ph Ph
N Ph N Ph
| 1
H H
XIlir Xllls

agent from the less encumbered side of the cyclohexane
(rather than diarylpiperidine) ring.] The position of C(2,4)
in XIIIu and XIIIv also corresponds to that in XIIIs (and
is different from that in XIIIr). In the case of XIIIt, C(2,4)
are, of course, quite downfield because of the B-effect of
the N-methyl group observed in other cases in Table 3.
However, quite apart from the fact that the configuration
of XIIIt necessarily corresponds to that of XIIIs from
which it is derived by N-methylation, the downfield shift of
C(2,4) XIIIs—1t) of +9.27 ppm closely corresponds to that
in other NH/NMe pairs (XIIla/c, +8.96 ppm, XIIIb/d,
+9.63 ppm).

We finally note that one of the aryl signals - probably
that due to the ortho carbons - in most of the N-methyl
compounds studied (IXb,d; Xb, XIIIc,d,j,t,w,z) is substan-
tially broadened, presumably due to restricted rotation of
the phenyl ring. The stable conformation of this ring is
probably (50) one in which it is parallel to the C(1)-C(6)
bond and restricted rotation leads to unequal environment
for the two ortho carbon nuclei. Upon heating to 55° the
signal sharpens in the case of IXb (the other compounds
were not studied). Not surprisingly the broadening does
not occur with the NH compounds, presumably because
phenyl rotation is fast on the nmr time scale. Interestingly,
no broadening is seen either in the ortho-substituted com-
pounds Xk and XIllgl,p,x and y. We ascribe this to the
fact that these compounds are probably anancomeric, i.e.
strongly biassed toward the conformation in which the or-
tho substituent points in the direction opposite the methyl-

ene carbons 6 and 8 and therefore no significant site ex-
change occurs under conditions of either fast or slow rota-
tion of the phenyl ring. A somewhat anomalous spectrum
is displayed by the N-methyl-cis-2,4-di(o-chlorophenyl)
ABN-9-one Xj. Both C(1,5) and N-CH, are about 6-7 ppm
downfield from their normal positions (as in Xb). We be-
lieve that the dipolar replusion between the ortho-chloro
dipoles and the C(9) carbonyl dipole leads to a substantial
tilt of the plane of the phenyl rings from their otherwise
preferred positions. This, in turn, causes downfield-
shifting steric compression effects by the & substituents:
on N-Me by the unsubstituted ortho carbons of the aryl
rings and on C(1,5) by the ortho-chloro substituents.

Conclusion.

The *C nmr spectral evidence is persuasive in leading
to a chair-chair assignment of the non-aromatic rings in all
cis-2,4-diaryl-9-ABN’s here studied regardless of whether
the substituents at C(9) are H, H; =0; H, OH; R, OH or H,
OAc and regardless of whether the aryl groups are unsub-
stituted or bearing ortho or para substituents. The con-
figuration of the 9-ols (secondary or tertiary alcohols) as
syn or anti can be readily inferred from the *C spectra.
Only in cis-2,4-diaryl-7-T-3-ABN’s does a chair-boat con-
formation predominate corresponding to the configura-
tion in which the nitrogen-containing ring is a boat an
the sulfur-containing one is a chair.

EXPERIMENTAL

3C NMR Spectroscopy.

The *C nmr spectra (25.16 MHz) were recorded by means of a Varian
XL-100 pulsed Fourier transform spectrometer in FT mode in 5- or
10-mm o.d. tubes in deuteriochloroform (solvent and lock substance) con-
taining TMS; sweep width 5120 Hz or 6120 Hz, 30° pulse angle, 0.8 s
pulse interval and 1000-4000 transients per spectrum (depending on con-
centration). Fourier Transforms were based on 8K data points. The spec-
trometer was controlled by a 620/f computer. Shift assignments (except
in the case of ortho and meta carbons in the aromatic rings) were, in
almost all cases, obvious from signal intensities and chemical shifts, and
confirmed in some cases, from SFORD spectra.

Syntheses.

The syntheses of all the compounds with the exception of IXb, Xec,
XIIIt and XV have been reported previously (15b, 19,44,51,52).

Compounds IXa, Xa, Xd-f and Xh were obtained according to the pro-
cedure of Baliah and Jeyaraman (51) and IXc,d and Xg by the procedure
of Jeyaraman, Chockalingam and Rajendran (53). The procedure for the
synthesis of compounds Xb,i-k XIIla-j, XIIlo-q and XIVa,b was similar
to that reported (42) and the alcohols XIIIk-n were also obtained by the
same procedure (15b). The tertiary alcohols XIIIr,s and XIIIu,v were ob-
tained by Grignard addition to the corresponding ketones (15b). The
esters XIIIw-z and XIVc were obtained as reported (54). Compounds
XIa,b were prepared by the usual condensation reaction (9). The conden-
sation of aldehydes and ammonium acetate with cycloheptanone gave
XIla-d (52).

3-Methyl-2,4-diphenyl-3-ABN (IXb).
A pure sample of 2,4-diphenyl-3-ABN on methylation (42) with
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dimethyl sulfate yielded IXb which was recrystallized from ethanol, mp
122-123°, yield 85-90%.
Anal. Calcd. for C, H,;N: C, 86.60; H, 8.59. Found: C, 86.45; H, 8.72.

2,4-Bis(o-tolyl}-3-ABN-9-one (Xc).

Starting with o-tolualdehyde, cyclohexanone and ammonium acetate
this ABN was obtained following the general procedure described earlier
(51). The ketone was recrystallized from benzene petroleum ether, mp
217-218°, yield 35-40%.

Anal. Caled. for C;,H,;NO: C, 82.76; H, 7.84. Found: C, 82.65; H, 7.91.

3-Methyl-2,4,9-triphenyl-3-ABN-9-0l (XIIIt).

N-Methylation of 2,4,9-triphenyl-3-ABN-trans-9-ol (XIIls) employing
dimethyl sulfate gave XIIIt. On recrystallization from benzene-
petroleum ether it melted at 174-175°, yield 75-80%.

Anal. Caled. for C,,H,,NO: C, 84.60; H, 7.57. Found: C, 84.35; H, 7.70.
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