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Studies on Lactams. Part IV.! Relation between Cotton Effect and
Conformation of a Seven-membered Lactam Ring

By Haruo Ogura,” Hiroaki Takayanagi, and Kimio Furuhata, School of Pharmaceutical Sciences, Kitasato
University, Shirokane, Minato-ku, Tokyo 108, Japan

The n-=t* Cotton effects of seven-membered lactams have been investigated; from the results seven-membered
lactams have been classified into two types: A having a negative and B a positive Cotton effect. The derived
“ Jactam rule ’ has been applied to conformational studies on N-methyl-A-aza-A-homo-tetrahydro-e«-santonins and
comparisons have been made with N-methyl-(—)-menthone lactam. The conformational equilibrium of a fused
seven-membered lactam iing is discussed in the light of c.d. data.

RECENTLY we enunciated 2 a lactam rule, linking the sign
of the # — =* carbonyl Cotton effect with the con-
formation of the lactam ring. We based the rule on
evidence derived from o.r.d. and c.d. data of four-
membered,! five-membered,? six-membered,3 and seven-
membered lactam rings,2® including (—)-menthone
lactam and N-methyl-(—)-menthone lactam.! For
example, in the latter cases, lactams of type A showed
negative Cotton effects, whereas lactams of type B
showed positive Cotton effects (Figure 1). A link
between the conformation of the lactam ring and the
sign of the # — =n* Cotton effect had already been
observed +® and in particular Beecham 7 and Klyne
¢t al® had suggested that the sign of the #— =*
Cotton effect of bridged lactam and lactone chromo-
phores depends solely on the enantiomeric nature of the
lactam or lactone bridge and not at all on molecular
asymmetry elsewhere in the molecule.

In this paper, we report c.d. and o.r.d. data of a-aza-
A-homo-tetrahydro-«-santonins,® their N-methyl deriva-
tives, and A-aza-A-homo-steroids.’® The peaks studied
all showed bathochromic shifts of about 6—15 nm in a
less polar solvent, characteristic of an # —s =x* transi-
tion.11 The data confirm the relationship between the
conformation of the seven-membered lactam ring, as

FIiGUure 1

shown in Figure 1, and the sign of the # — =* 1 Cotton
effect.

The spectra of the santonin derivatives (1)—(6) are
complicated, as the molecules possess two chromophores,
the lactam and the lactone carbonyl systems. Thus the
spectra consist of two overlapping bands. Klyne ¢t al.12
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have measured the o.r.d. spectra of some «-santonin
derivatives, and found that they show a positive Cotton
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FIGURE 2

effect due to the lactone ring with [¢] about +2 500 at
225—240 nm. Overberger and Kaye 13 have noted
similar spectra with substituted hexan-6-olides, with
similar intensities. It is reasonable to assume therefore
that the contribution of the lactone chromophore in
structures (1)—(6) is positive with a [¢] value similar to
those found earlier.l? frans-Fused 3-aza-a-homo-tetra-
hydro-«-santonin (2), cis-fused 4-aza-a-homo-tetrahydro-
a-santonin (3) and their N-methyl derivatives all show a
negative Cotton effect (Figures 2 and 3), and therefore
the contribution to the Cotton effect by the lactam ring
must be negative. On the other hand, frans-fused 4-
aza-A-homo-tetrahydro-«-santonin derivatives (1) and
(4) show a positive Cotton effect with [¢] 45 200 at 230
nm and [0] 42660 at 216 nm, respectively. These
values are larger than those of related compounds con-
taining only a lactone ring (e.g. ¢ +1 200 to +3 500),12
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and therefore the contribution of the lactam chromo-
phore to the Cotton effect is still positive. In all these
cases the contribution of the lactone chromophore
appears to be less than that of the lactam chromophore.

Comparison of these spectra with those of the steroid
derivatives (7)—(12) shows that the 4a-methyl group in

J.C.S. Perkin 1

(Figure 4), and 17B-acetoxy-3-aza-A-homo-58-androstan-
4-one (8) and 17p-acetoxy-4-aza-a-homo-5B-androstan-
3-one (9) show positive Cotton effects.

It is well established 1416 that the peptide linkage
CO-NH is nearly planar, because of the partial double
bond character of the carbon—nitrogen bond. A recent
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the former series has little influence on the shape or
intensity of the spectrum. 178-Acetoxy-4-aza-A-homo-
5e-androstan-3-one (7) and 178-hydroxy-3-aza-a-homo-
androstan-4-one (10) show negative Cotton effects
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X-ray analysis has confirmed that the lactam group in a
seven-membered ring 17 is nearly planar and that the
ring adopts a modified chair conformation. Related
lactam systems also possess a nearly planar lactam group
(X-ray analysis).181® 19F N.m.r. studies on 4,4-difluoro-
hexane-6-lactam,2® and consistent force field calculations
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on hexane-6-lactam 2! also support the planar nature of (—)-menthone lactam and N-methyl-(—)-menthone
the CO-NH group in the seven-membered ring. lactam.!

Qur n.m.r. studies on the A-aza-A-homo-tetrahydro-o- DPreparation of Compounds—The a-aza-a-homo-com-
santonins (1)—(3) ¥ suggested that ring A existed in a pounds (1)-—(3) were prepared via Beckmann rearrange-
chair conformation. The similarity of the n.m.r. spectra ment of the corresponding oximes, and the N-methyl
of the corresponding N-methyl derivatives (4)—(6) compounds (4)—(6) by methylation of (1)—(3) with
suggests that these also possess a chair ring A (Table 1). methyl iodide.

TaBLE 1
N.m.r. data of a-aza-a-homo-tetrahydro-a-santonins (100 MHz; CDCly; 3§ values; Jin Hz)
Compd. H-4a H-5 H-6 4a-CH, 10-CH, 11-CH, N-CH, NH

(1) 3.75 (m) 218 (dd) 375 (dd)  1.35 (d) 1.09 (s) 1.20 (d) 5.97 ()
Joa 4.0 Jans 6.5 Jse -0 J6.9 J 6.75 J 4.0
]4&.4;61\4.3 6.9 Js6 7.0 Jo.n 11.0

4a,5 Y-

() 2.83 (m) 2.25 (dd)  3.86 (dd)  1.27 (d) 1.14 () 1.17 (d) 6.74 (t)
Jsataze T4 Jaas 8.0 Jo.s 8.6 J14 J 1.0 J 53
Tens 8.0 Tee 8.6 Tes11.0

(3) 3.76 (m) 2.05 dd)  4.36 (dd)  1.24 (d) 1.16 (s) 1.23 (@) 5.99 (d)
Jaga 45 Jeas 9.0 Joo 43 Jjeq 7 6.75 J 45
Tt tame 6.7 Toe 43 Teq 11.0
J4a,5 9.0

4) 3.80 (m) 3.80 1.40 (d) 1.04 (s) 1.20 (d) 2.85 ()
J1a.dane 7.1 J71 J 69
Jans 6.3 (6.5)

(5) 2.86 (m) 2.95 3.83 1.33 (d) 1.06 (s) 1.18 (d) 2.96 (s)
Jaa,ame 74 J 14 J 6.9
jda.s 7.5

(6) 3.96 (m) 2.0 437 (dd)  1.34 (d) 1.12 (s) 1.21 () 2.85 (s)
]Aa,la—Me 7.0 ]5.6 4.4 ] 7.0 J 6.6
Jaa5 6.9 Jen 113

¢ J Value at —30 °C.
In the A-aza-steroids, ring A should also possess a chair Shoppee ¢t al.27 have reported that 5x-cholestan-3-one

conformation. oxime undergoes the Beckmann rearrangement to give

Of the established relationships between the sign of the 3-aza-A-homo-5«-cholestan-4-one (12) and 4-aza-a-homo-
Cotton effect and the configuration around a carbonyl 5a-cholestan-3-one (I1), both with m.p. 295°. In an
group, the well-known octant rule for ketones 22 does not

explain our results. This is not unexpected, but, more TabLE 2
Surprisingly’ neither Klyne's sector rule for lactoneS,S-lzn 23 C.d. and o.r.d. data of seven-membered lactams (m
MeOH)

nor the quadrant rule for amides24% is satisfactory ) )
(Table 2). On the other hand, our lactam rule fits the Observed g;ré%ﬁt,er?:flfgeﬁt
experimental facts, for both the santonin derivatives - e

(Table 2; Figures 2 and 3) and the steroid derivatives Compd.

i d §v_vpacve’ ) tugee oot gh - (d 1 e : anp,

6] x 10 [#] x 10  Octant Amide Lactam
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In our hands, the oxime obtained by isomerisation of
5a-cholestan-3-one oxime with hydrochloric acid re-
arranged to give the 3-ketone (11), m.p. >300°. The
isomeric 4-ketone (12) was prepared by hydrogenation of
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FIGURE 5§

3-aza-a-homo-5a-cholest-4a-en-3-one,?” and had m.p.
278—279°. Comparison of Cotton effects (see Table 2)
shows that the mixture prepared by the method of
Shoppee and Sly 2 was a ca. 1 : 1 mixture of (11) and (12).

EXPERIMENTAL

N.m.r. spectra were measured for solutions in CDCl,; at
100 MHz with a JMS-PS-100 spectrometer (tetramethyl-
silane as internal standard). C.d. curves were measured
with a Japan Spectroscopic model J-20 recording polari-
meter.

N-Methyi-4-aza-as-homo-trans-tetvahydro-a-santonin (4).—
Sodium hydride (360 mg) was added to a stirred solution of
4-aza-a-homo-trans-tetrahydro-«-santonin (1) (1.3 g) in dry
benzene (30 ml) under nitrogen. The mixture was heated to
reflux, methyl iodide (1.07 g) in dry benzene (20 ml) was
added dropwise, and the mixture was refluxed for a further
7 h and set aside overnight. Ethanol was added to destroy
the excess of hydride, followed by water. The benzene layer
was separated, dried (CaCl,), and evaporated, and the residue
was crystallised from methanol-ether to give the N-methyl-
lactam (4) as prisms (300 mg), m.p. 223—224°, [0],,,2°+ 2 660,
(61,34 —720, [0]3167% +5 010, [8py5,57110 +5 520, [B],5 150
+6 130 (EtOH-MeOH, 4:1), vm(KBr) 1 774 (lactone) and
1 631 (lactam) cm™ (Found: C,68.75; H, 9.05; N, 4.75%;
M*, 279. C,gH,;NO, requires C, 68.8; H, 9.0; N, 5.0%;
M, 279).

N-Methyl-3-aza-a-homo-trans-tetrahydro-a-santonin (5).—
3-Aza-a-homo-frans-tetrahydro-a-santonin (2) (420 mg)
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under the same conditions afforded the corresponding N-
methyl-lactam (5) which was purified by chromatography
over silica gel (elution with chloroform). Crystallisation
from ether~methanol gave needles (100 mg), m.p. 207—209°,
[0)u16™ —4 110, [8]5);%° —6 840, [6],,,10 —7 300, [6]y,,0
—8 320 (EtOH-MeOH, 4: 1), v .. (KBr) 1 758 (lactone) and
1633 (lactam) cm™ (Found: C, 68.8; H, 8.9; N, 4.8%;
M, 279).

N-Methyl-4-aza-A-homo-cis-tetrahydro-a-santonin  (6).—4-
Aza-a-homo-cis-tetrahydro-«-santonin (3) under the same
conditions afforded the corresponding N-methyl-lactam (6)
as prisms (309%) (from ether), m.p. 113—114°, [6],,42°
—5840, [0]y,,% —15560, [0],110 —18 570, [0]y55 19
—21 750 (EtOH-MeOH, 4:1), v, (KBr) 1765 (lactone)
and 1 640 (lactam) cm™ (Found: C, 68.85; H, 9.1; N, 5.19,).

Beckmann Reavrangement of 5u-Cholestan-3-one Oxime.—
(a) Shoppee’s method.*” 5u-Cholestan-3-one oxime (2.4 g)
[m.p. 196—197° (lit.,?® 199°; Iit.*® 197—201°)] in dry
dioxan (70 ml) was warmed to 40 °C, and thionyl chloride
(3.0 ml) was added with stirring over 5 min. The mixture
was kept at 40 °C for 10 min, and then neutralised with
sodium hydrogen carbonate solution. Water was added,
and the aqueous solution was extracted with a large volume
of ether. The ether layer afforded a solid (2.2 g) which was
chromatographed on alumina (elution with benzene—ether).
The product (1.6 g) was a mixture of aA-aza-compounds, m.p.
268—271° (lit.,* 268—271°), v, (KBr) 3 200, 3 070 (NH),
1675, 1667, and 1630 (CO) cm™ (Found: C, 80.65; H,
11.9; N, 3.4%; M+, 401. Calc. for CpH,,NO: C, 80.75;
H, 11.8; N, 3.5%; M, 401).

(b) Dry hydrogen chloride was bubbled through a solution
of 5a-cholestan-3-one oxime (4.8 g) (m.p. 196—197°) in dry
ether (100 ml). The oxime hydrochloride was precipitated.
The precipitate was neutralised with sodium hydrogen
carbonate solution to afford the isomerised oxime (4.5 g),
m.p. 195—196°. Beckmann rearrangement of this oxime
in the same manner as in (a) afforded 4-aza-a-homo-5u-
cholestan-3-one (11), m.p. >300°, v . (KBr) 3200, 3 075
(NH), 1680, and 1630 (CO) cm™ (Found: C, 80.6; H,
11.8; N, 3.559%; M*, 401. C,,H,,NO requires C, 80.75;
H, 11.8; N, 3.5%; M, 401).

3-Aza-a-homo-5u-cholestan-4-one  (12b).—3-Aza-a-homo-
5¢-cholest-4a-en-4-one (400 mg) (prepared by a Schmidt
reaction of cholest-4-en-3-one) was hydrogenated to give
3-aza-a-homo-5ua-cholestan-4-one (12) (250 mg), m.p. 278—
279° (lit.,28 294—296°), v (CHCly) 3 420, 3 300, 3 220 (NH),
and 1 652 cm™ (CO) (Found: C, 80.85; H, 11.85; N, 3.69%,;
M*, 401).
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