
MANYstudieshvebeenmadeoftheCD(aadORD)of 
la&ones, lactams and related types of c43m$nnmd which 
arc derived from carboxylic acids.+“’ The only ab 
sorption hands for all such chromopkcs which arc 
accessiMe to ordii CD insbuments arc of II+ a+ 
type.~Yappcerine in the region 210-230om; a 
second band below 24loMl. of uocetam * origi&(sccp. 
552) is found only for lacbms, raider md p&da. No 
satisfactorygencralruksrelatiogtheCDtothcabsoh& 
Lxx&l&on are yet availabk !&eral sector ruka have 
been proposed, but each appears to have only a limited 
range of application. !3udks have bten compkatcd by 
&ncmbcrcd lactoacs aad lactams apparently ha* no 
single preferred confomlation. This is in ShaQ contrast 
to the situetion for cyclokxanoe3 which are nauly 
always in chair form, where the n-, ?r* Octant Rule“ in 
either its original or one of its extended forms” b rcsdily 
applicabk 

A ‘I-membered lactam ring (‘kaproktam” type), 
however appears to have a ckar preference for a qwui- 
chair cmfommtbn, with the C-NH-CO-C system ap- 
proxinmtcly coplauar.~*‘4’~” The geonn?try of the hlc- 
tam ring closely rcsembks that of cycbkptaw.” ‘he 
-bcrcdccaproladamcallasrtlmconcoftwo 
cnanhric qyarichair cmfomMioas @lg. 1). but 
stitiartion, or in particular fusioa to one or more alicy- 
clic rings, will norm8lly impose a preference for one of 
the two enantiomcric forms of the qwari-ciuir lactam 
* ogura”l4 rccentlypropoSdrsimpksignfukfor 
tkn~a+CDofsllchktams,showingthatthcaignsof 
cotton ctkt.? observed for a lleries of 7-lncmbefed 

tThcktcRofesaa’BilrKlyIlewmwetb#thbp8permtiir 
few &ys before his untimely dmtb in Novemba 19TI. Tbc 

lactamnofaza-A-homostcroidtype,aaweIlaaforcor- 
mpoaaissstrpcruresdt!&!dtnwtetnhydNM4lk 
toniILcom4atewithtkumfonnaGoaoftbebKtamripg 
inthcscnseindic&dinPi&l.PoMiieiT~ofotJJcr 
ringswcrenotiachl&dinolun’sanalyais,siocethe 
canfomutionofthclactam*abllc8ppcdEdtoam- 
trolthe&noftheCDcurve. 

Qwa!3g8ec&&msecmalrgoodstmt&pointfor 
studyofCDdataavaihbktousfromawidu~of 
74m?m~ la&m!3 (fkoln SBppoIo)~’ and bctoles 
(fromw+&t),%awcllud8tapubul!dfromother 
Irbaibna.AUavaihbkCD~for~of 
thlSCtypl%arUok%dilItoTat+1alld2,rerpcc- 
tivcly. For pupo8ea of clpuieabw pad _conl+M& 
dataalepresclItcdoIltIJcbuiaoft&~ 
hasitsk8morlactooc*intheumf~&pic- 
taiiaFig.lr,forwhicbQura%rukwoaldprcdicta 
&ctamCDbandofpositivesigninthen+~re&m 
(210-230~1). Valws.of At which are pr&ed in the 
Tabksby(E)(“cn&xncr”)havebccnrcvcxsedinsiga 
for coasldeacy. The ixtlml CD measurements in the 
ca8esmukcdOwcremadconcompouadrofnat0al 
stcroid4ike~wherctbelact8mrir@isinthc 
earntiomerk absoMe EoDfiountioa (Fig. lb), as can 
rcadilybcscenfrumstudyofDrek&modcls. 

LSXtamE(llDd~ lat&withadjoill@&- 
cyclicringsarecllusifkdhefeacLxl&gtoanextearioa 

(8) (b) 
c.d. (+) c.d. (-) 

~I.FlojBctimBofr BLetrprial(x=NKku 

-byqsrrfl~~tbsmrrspadq~ 
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Tabk 1. CD data for Irt8u11 with I rvon~~mbcral iqj (io mthanol) 

Compound AC (A mu.1 AC (A pax) Reference or 
sowXe Of 

Plonocyclic 

[bR_,7S]-b-Methyl-'l-isopropyl 
-1-azikcyclohepten-2-one 
((-)&nthone lactem] (1) 

Class 1t3 -_ 

2-Ate-A-home-Sa-cholestan- 
l-one (2) 

l(-Aza-A-home-Sa-cholestan- 
Ye-one (3) 

176-Acetoxy-3-sza-A-homo- 
So-wstren-bone (4) 

3-Ara-A-how-Sa-cholesten- 
Y-one (5) 

176~Hydmxy-3-ese-A-hoao- 
Co-endrostan-C-one (6) 

Ca.Ca-Dimethyl-3-eza-A-homo- 
So-cholestan-b-one (7) 

Za,Ca,Ya-Trimethyl-3-exe- 
A-homo-So-cholesta-b-one 

(8) 

3-Axe-'b-oxo-A-home 
derivative (9) from 
tetrahydra-a-sentonin 

3-Aza-A-ho=-Sa-cholesten- 
P-one (10) 

Class 725 

2-Aza-A-homo-Sa-cholestan- 
3-one (11) 

176-Acetoxy-+asa-A-homo- 
So-oertren-3-one (12) 

.17B-Hydroxy-basa-A-hoao- 
Sa-endrosten-J-one (13) 

C-Aza-A-ho--Sa-cholestan- 
j-one (IS) 

Cs,ba-Dimthyl-bara-A-homo- 
la-cholesten-3-one (15) 

(El t3.v 

-11.1 

-5 

(E)t;;:;Y 

(El t3.1 

(El t2.3 

(E) t2.3 

(El -3.9 

(El ty.5 

(El t1.5 

t1.5 

+3.2 

t2.1 

t2.2 

to.9 

2a,ra,Ca-Trimethyl-C-aza-A-ho= 
Sa-cholesten-j-one (16) t1.5 

C-Aza-3-oxo-A-hoao darivative 
(17) from tetrehydro- 
a-santonin t3.6 

1-Aza-A-ho--Sa-cholesten- 
2-one (18) (E) t4.6 

Ua-Aza-A-holo-Sa-cholestm- 
Y-one (19) (E) t5.5 

Class 7c3ex --- 

2-Ara-A-home-SB-cholesten- 
l-one (20) (E) -2.9 

C-Asa-A-home-SE-cholestan- 
b-one (21) (E) to.5 

Class 7c4ex -_- 

I-Aza-A-horn-Sa,lOa- 
androstan-b-one (22) +3 

(209) 

(230) 

(218) 

(214) 

(211) 

(222) 

(230) 

(210) 

(211) 

(213) 

(213) 

(211) 

(210) 

(215) 

(220) 

(211) 

(222) 

(215) 

(230) 

(217) 

(215) 

- 5 (199) 

til, (202) 

-3.31 (195) 

-1.21 (198) 

-6.8 (197) 

c 

r 

c 



ComDound bc (A max) AC 0. max) Reference or 
source or 
cowound 

166~Acetoxy-3-aza-A-ha- 
Sg-androetan-b-one (23) 

176-Acetoxy-J-aza-A-homo- 
56-androstan-bone (210 

Methyl 12a-acetoxy-boxo- 
3-aza-A-homo-Sbcholan- 
24-oate (25) _ 

Clans 7cSax -- 

166~Acetoxy-baza-A-homo- 
56-androatan-J-one (26) 

Methyl-12a-acetoxy-3-oxo- 
C-aoa-A-homo-56-cholan- 
ZY-oate (27) _ 

C-Aaa-3-oxo-A-home 
derivative (28) from 
tetrahydro-a-eantonin 

Class 7$59 

b-Aza-A-homo-Sa,lOa- 
6ndrOSt6n-3-One (29) 

Cl666 7c6ax --- 

Ya-Aza-A-homo-SE-cholestan 

bone (30) 

I-Aza-A-homo-Sg-cholestan- 

2-one (31) 

-0.7 (225) 

-1.2 (225) 

-3.4 

(El t2.9 

(F.1 -0.9 

(219) 

(218) 
(219) 

(222) 

(216) 

(22s) 

-1.2 (216) t6.1! (193) a 

tn.0 (225) -19.1 (200) b 

l b.5 (202) B 

t5.1 (205) c 

l 4.3! (201) !i 

-2.6 (200) 

-7.61 (196) r! 

c 

t2.9 (200) f 

-%f. 6; %ef, 20; Gf. 9; 3i.s.. this paper; %.T., W66tfi6ld COll6g6; 

&. Habermehl and A. Haaf. Ann. Chem., 723% 191 (1969); 86. Haberwhl and 

A. Haaf, Ann. Chem., 722. 155 (1969); &Dr. 8. IiatkOViC6. Szaged. Hungary. 

Tabk2. CDdmtaforhctoncswithrrvebmembaed~ 

AC I Solvent* Sourcp 

7t_y 3-Oxa-A-home-Sa-cholestan-C-one (32) (E) -1.2 

2,2-Dimthyl-3-oxa-A-homo- 
So-cholestan-Y-one (33) (El -1.2 

3-Oxa-C-one (Jr) frcm friedelin -4.5 

3-Oxa-A-home-Sa-cholestan-2-one (35) (El -0.6 

7t5 C-Oxa-A-honro-Sa-cholestan-j-one (36) -0.4 216-225 

-1.1 222 

baa-Methyl-C-oxa-A-hcmo- 
Sa-choleetan-3-one (37) -1.0 

-1.0 

215 n a 
222 H 

beg-Methyl-C-oxa-A-hrmo- 
So-cholastan-3-one (36) 

5a,Ca-Dimthyl-+oxa-A-h-- 
So-cholestan-3-one (39) 

-0.6 

-0.3 

-0.3 

216 

222 

213-220 

Y-Oxa-3-one (40) fra friedelin 213 
197 

222 

215 

216 

223 

H a 

c a 

n c 

H a 

n a 
H 

E a 

A a 
E 

E 2 



n6 W.KLVWRUol. 

Tabk2. (CaJd) 
AC A(m) Solvent+ Source 

7t6 I-Oxa-A-homo-6a-cholsstsn-2-one (41) (E) -0.5 226-236 E b 

&a-Oxa-A-home-So-cholertan-Y-one (42)(E) 40.4 237 n 5 
(El to.2 230 n f 

-1.31 195 

7cSax C-Oxa-A-how-59-cholestan-J-one (53) (E) to.6 221-222 n d -- 
to.5 228 ii 

'H = hsxana; E = ethanol; M = methanol; A m acetonitrile. 

Sources %.T., Westfield Collage; %F. J.S.E. Holker, Liverpool; 

SDr. W.H. Hui, University of Hong Kong; %r. R.E. Gall, Sydney, Australia; 

%r. J.-C. Bloch, Strasboug; fn.S., Sapporo. 

0fthcmcthodandsymbolismintnxlucedbyKirkand 
KlynP for extended dccalom?s. The tactam (or IScto~) 
* is numbered from the hctcreatom (X=NH or 0) as 
in F@ 2. Adjoining cyclohcxanc rbqp arc indicated as 
being tmns- or &fused to the lactam ripe by t OT c, 
nspectivcly, with a bcant (3. 4, 5, or 6) to d&c t& 
lower-numbered point of e fusion. In the case of 
ciAul?d bicyclic systems, the confurnWion of tImt 
second-ring bond which originates at the /olHr-numbcnd 
IocantisiDdicaMasux(axial)oraq(cqlatoIial)with 
n?spccttotlElactanlring.Thcsizcofthclactam(lac- 
tone) ring is bdkatcd by the appropriate in-r (in this 
case, 7) as a p&ix. Fa 3 depicts the four possiW 
rmns-fu!uXl and the eight ciefused bicyclic systems 
which can be constructed to contain a ‘I-membered lac- 
tam ti in the conformation corresponding to Fu. la, 
with a cyclohcxfme ring in the chair conformation (an 
ecmntiumeric set of another twelve bicyclic systems can 
also exist, but this complication is excluded from the 
present analysis by the device of presenting all data for 
tbc same absolute co&uratbn of the lactam ring). All 
twelve bicyclic units arc represented among the lactrmr 
listedinTabk1. 

The present analysis goes beyond that of Ogura in 
attempting an evaluation of the CD associated with each 
of the twelve types of bicydic unit. On this basis it has 
been possibk to rationalist the major variations in the 
magnit& of CD with structure, and to identify certain 
bicyclic fragments for which Ogtua’s sign-& is sot 
obey-y because of a dominant inllucnce of 
the second riog. Any third oc additional rings have been 
ignored in the discussion which follows. Their effect6 
seem unlikely to cause more than 6ccondx&r varia- 
tions in the magnitude of be for the great majority of 
compounds, a6 they generally do for ketones.‘- Lac- 
tam ring6 arc assumed to be essentially in the chair 
conformation throughout this analysis. 

CD mdts for I-manbe& &g lactawts 
The only availab& data for a monocyclic lactam of 

defined conformation were reported by Ogura et 1’ for 
“(-)menthonc lactam” (I), which appears to be hdd 
substantially in a conformation of the type in Fig. lb, 
with its alkyl substituents equatorial. The value of AC 8 

Q ’ 8 
a 

Fe 2 Nm of l-memknd Irti (X=NH) or trtone 

XQD Jf? 
713 714 

Laotam. AC -5 Lactam, AC +3 
L&OfI@. AC unknown Lactone, AC -1 

7t5 
Lactam, At +3 
Lactone. AC -1 

716 
Lactam. be +5 
Lacto~, Ar ca. 0 

Lq XLzJl3 
7c3aJr 

L&am, AC -3 
Lactonr. AC unknown 

7c3@t7 

L&J 4 

X 

7c4u 
Lactam, Ae +3 
Lactone. Ar unknown 

m X 

7c5aJr 

Lactam. AC +3 
Mono, AC +0.5 

b 

8 
X 

7c6ax 

Lactam, At -1 
Lactone. be unknown 

Lactam, AC +0.5 
Lactone. Ar unknown 

7c4eq 
Lactem, Ar -1 
Lactone. AC unknown 

J3 0 

X4 
7c5eq 

Lactam. AC -0.5 
Lactone. AC unknown 

0 P X 

7c6eq 
Lactam. AC +8 
Lactone, AC unknown 



varies slightly with solvent 8nd tcmpelWrc but is co -3 
units.ThevahlcfortheeIulntiomcr.fequiredinthe 
present diillssbn for cxmpE+Il with bicyclic StNc- 
hms in the absoMe co&mboa of FW la and 3, 
would be co +3. 

l *. 

P HI 

1 

Inspe&nofthedatainTabkl(n-r~ba&cu 
210-230~1) -ted a division of the polycyclk lae 
tamsinaotwodistioctgroupsolltbebasisofvalucsof 
AcOncgrouphasvah~~ofAegeaarllyintbc~ 
+1.5 to +4.5, which arc couGdcrcd rcasouably close to 
tbatfofthelnonocyclickctam.Tbesccompouadscom- 
priac bkyclk cla!ulcs 714, 7c4ux# 715 and ‘IcsfzJ& all of 
whichhavethesccoadriugattnchaiatpositkasremote 
fl-OlUthCAdCChromophOKC.Th5OtbCfgroup,dJOWiDg 

widervariat&inA~orevenchaqjcsof~i&xles 
cachofthcsixclassesoflactamsinwhichthesccoed 
~isadjacenttotbcchnMnophoficgroup.citberatthe 
3&ositions (7t3.7~3~. 7c3ux) or at tbc 6,7qositious 
(7M. 7&q, 7&x). Cks!ie3 7&q and 7dap also ap- 
peartobelollgtothe”anomplous”seumdoroupof 
compounds. They show nqptive CD even though the 
ringfusilMlsarewtadjaccnttotheami&group. 

PursuingthisliBcofthought.and~rloteofad- 
ditbnalalkylsubstiUntsontbckctamriqsinafcwof 
the compounds, the folkwiog genenlisatioas emerged 
frominspectionofthev~ofLinT~l(seebelow 
for discus&a of vari&ms in the wavekogtb of AC.,&. 
AppfOXiMtCadditivityOfringcOa~iiS8SSumed. 

aS for kctolKS.= 

i Hd --A 
0 

Thel9-na?staGdldlactam4issomcwhatallomalolls 
ingi~wh8tappcarstobcabisigm&curve,witha 
weakly Dcgative colnponalt (-0.04) at 236am and 8 
strollgly posithe Cotton c&t (+2.2) witb its maximum 
at the unuau8lly short waveleagth of 206nm (&se siglls 
of AS &I to the enantiomer). The 17pcetoxy group 
would cuntrWc only +0.2 (2lOIml). since bisii 
cuveahaverpprrent maximadkpkcuifromthcirbuc 
VahKS and cannot reliably be rcsolvcd,~ we tentatively 
accqtthevaheA~=+22asbeiisutIkkntlycbscto 
thenorlntoindkateIlomajorcontriilIfroalthc 
lo/?-Me poop, which occupks the ‘Saxial’ poaitbn on 
thclactamr&.The2&,4&rin~hylatallactam8isw 
heavily&atihMthatitsdevia&fromnommlCD 
bchWiour is not slqnisii ahhough the c4nTespoQdiug 
4a,4ad&thyl compound 7 shows no such deviation. 
lbeCDofthetrimcthylcompundl5maybcanotbcr 
ilWLU!Cof~b@llBtCclWC(lMCthCSC4Xmdbaad8t 
202nm),tbercasonforwhichisnotcku. 

C?ius 713: AC negative. The sea~I rbg appears to 
make a contriia in the order of -8 unita, over- 
whchningthepo&ivec4mtriiof+3ullitsexpectal 
from tbc lactam * itself. The ‘%xial” Me substitutioo 
(lOB-Me) in the 2-aza-l~xo-stcroti 2 (At -11.1) appears 
torcsultinafwtherlafgcncgativecontrii~C. 
however, also lks close to the CO group the@ iu a 
“front octant” region in coolpolmd 2, and perhaps should 
aotbcignonxLInsufRckntdataareavaikbkforevrlur- 
tion of any possibk ‘front octaat’ &cts. 

Uuss 715: At +3 k-1. The second ring again has no 
sign&ant &ect, but the presence of a IO&Me sub 
stitucntinstcroktaldczivativcsisasso&alwitha 
&mztion in At by co l-15 unit (mtrast 12 with 11.X3, 

C’&us714:Ac+3~1.%Thescco~dripesaemstompke 
little if any contriin in most of thcac compounds. 

aad 14. The excep~y slBd value (+0.9) for the 

The enhaWed value (+4.5) for the lactam derivative 9 of 
4a&dimcthyua7a-hxo coapund 16 probably in- 
dicatca some fluthex in&nce of tbc dimctbyl sub 

tctrahydr~-santonin prob0bly inchmks a small positive 
contrii from tbe y-kctanc ring (AC t0.8 at 225- 

StihdioOlbd~tOtbCemidegmpp. 

w) NP). 
C%u~7M:Ar+StiOJ.Thesecondringappcusto 

makersmallpositivecoatn’bution(co +2)add&mlto 

2 5achdestane 2 5tlcvhole8tane 
20 5@choleutana 2l SBchoWane 

4 X = NH. R * H, 17/3-OAc-6a~ram 
5 X-NH, R-Me.5~sholntana 
2 X = NH. R = Me, 17~-OK5u-androstana 
7us,4a&-Men 
2 aa 5.24~~MOJ 

m X * NH. R - Me. 16~B_OAo++andro 
24 X - NH, R - Me, 17~KMc-5~-androatum 
26 X = NH, U - Me. 12a-OAc+kholan-24.oic rcid. Ma ester 
s x-o, R-Me. 5PChobmtalm 
22 as32 23-b 



12 X = NH. R = H. 17&OAc-5a-oestrane 
13 X = NH, R = Me, 17&OH-Sa-androstane 
14 X = NH, R = Me, 5a-cholestane 
15 a9 14,4a,4a-Ma, 
16 as 14,2a,4fi&kk 
26 X = NH. R = Me, lQ?-OAc-5g-androstsn 
27 X = NH, R = Me, 17&OAe58_androstane 
36 X = 0. R = Me. Sachokmtane 
37 as36,4aa-Me 
38 ass6,4apMe 
39 as~,4a,4&Mel 
43 X = 0, R = Me, Spcholestane 

cp Oq& 
H 

10 X=NH 17 4&r-M@, 5a-H 
35 x-o 28 W-Me, 58-H 

18 X = NH, 5a-H l@ X = NH, 5a-H 
51 X = NH. 56-H 30 X = NH. 5/3-H 
41 X = 0,5a-H 42 X=O,5a-H 

the +3 mits for the lactam ring. Any poss1Me effect of 
the lo@-Me group (‘7~axial”) in the l-a7a-2xo com- 
pound (18) is too small to assess. 

class 7&r: Only one compound, AC co -3. As in 

22 

class 70, the second ring appears to make a large 
negative contrii (ca -6 units). 

Class 7c3tq: Only o~lc compolmd. Ae +0.5. This 
appcarstobcyctanothcrinstamxofancgativeeffcct 
(co -2.5) of a second rin8 fused at the 3,4-position. 

C7a.u 7&7x: Only one compound Ai +3. No con- 
triinfromthesuxmd+g. 

CYars 7&q AC negative. The second ripe seemingly 
makes a substantial nq@ve co&ii (ca -4) [note 
thatl2u-OAcincompoUnd2!Jwoulditselfcontriica 
-1’7. 

C7ass ‘Idax: Ar co +3. There is no apprehbk con- 
triinfromthcsaxmd*. 

C?a,rs 7~5~: Only one compound. At -0.5. This 
anomaly is similar to that Doted above for class 7&q, 
representing a second ring contriin of ca -3.5 units. 

C7a~s 7&1x: Only ollc wmpound. Ar -1% The 
sccondringappcarstomakeasi&kantnegativeco~ 
triion (co -4). 

Uoss 7&q: Only ow compound, Ar t8. The secd 
ring (and perhaps the 7uplatoriES lo&Me group) 
enhance the positive c&riin of the &tam ring by 
ca +5. 

CkarlyOgurs’ssimpleNkhasalimitedlan&eof 
applicability, haviug been baaed lprgely upon data for 
compou&inwhicbtllescunldriDgtclfwedtothe 
lMamringatits4$or5,~itionsandmakeslittkor 
no contrii The “rule” ah comxtly ptdids sign.9 
for compounds of class 716 and 7c6q, wbae tbc d 
rings merely enhance the CD. w&at aiIazting its sign. 
ThenrlefailstoprcdicteventbesignofAcin~of 
tbOSCCtlSCSWkthCSCC0MilitgeppMtomolre~ 

bbk3. Ellcctofvaryiq~tcmpcra~oslactsmCD 

(All compounds am A-homecholortaner.) 

Comrmund T-D. (OC) C.D. 

E ;L(nB) 

Txunr- 

4a-ara-bona, sd (19) t29 -6.02 218-220 

I b -25 -7.3 220 

* k -61 -7.3 219 

C-ara-C~-om. 52 (3) t25 -5.0 216 

I -40 -5.2 216 

I -71 -5.2 216 

Ch- - 
i-are2-one. sr8 (31) +29 l 9.7 226 

" -35 d2.5 226 

I -56 d3.7 226 

5 0.069 solution; 2 0.056 l olutim; 2 0.05) l oluthl* 



-rtudier--prtm 549 

steroid& unfort&tdy no bEtooH of clual713,7d(u 
or7c3aqwaeavritbk,withasmtyetbeenposs1bk 
to cordkm the expedPtion of %normal” At K&S 
amo~tbesecompoundstonmtchtbeaorxnabus 
behaviourofthecomrpoadinelactams.Tbetwokc- 
tom?sofclass7t6arcanonmkusiu~tobotbthe 
magniuk of Ar and wrvckn#l~ of the CD maximum, 
and in&de one instance of a reversal of the expected 
sign.Theeffcctoftbcsccond~scemssignSantin 
thisclass,asitisamonglactams.Tbeonlyavailabkcis 
fused kctonc (class 7cSax) is anomalous in giving a sign 
matching that of Ar for tbc corresponding lactam. 

I 

0 a3 II 
2@ : 

II Ii’ d i I 

34 

H 

i 
as34 \ a 

40 

5&st8&lumtriinofsignoppositetothatducto 
the la&am riog itself. Pos&k expkr&ms of tbcse 
%mxIlalous” cases are diScllssed later. 

L4xtauu 
W~odaq@OfCDmoxkaTbclowestunxgyCD 

maximumfornunyofthelactamsiaTabk1accanat 
about215i5nminmetbanolicaolut&ara~gcsimikr 
to tlmt covered by ac&aSM&is.” The data cob 
tain notabk excqtiolu, however, with nmximn fed-ahif- 
tcdinsomecasutoasfaras230nm.Itumywcllbc 
signefmt that all the largest &shift8 (A>224nm) 
occur~thosecompoundswbkhlmvethexumd 
riug8anchaItotbebctamItcithcrtbe3*4-ortbe 
6,7&ond;thacarctbcvayunnpou&whicbcithefail 
toobeyO6un’saignruk,agiveAtvahn~m&uily 
d&reotfroalthc”mrm”ufdu&(L3cedkals&&p. 
551). Clawea 7&q and 7c5eg tbc othaa which cxbii 
anomaloull CD (nc@tive sign), also show a siglSc8nt 
rcd-aMiothcirCDmaxima. 

I~cto~a~7-~e&eeif~~(Tabk2) 
Tbcaumberofcompoundsforwhichd8ta8fcav8il- 

abk k vay Kted. Only four of the twelve possii 
bicyc4kcksscsafercprcentcd. 

Elulkx worka+” have noted tbc auious fact that 
kctooesaadbchmsofsimilaratnKhlngaEnllygivc 
n+r’ CD benda of opposite signs in tbc 210-2201un 
region. Weiga# h88 recently offered a &eon&al 
cxplMB&(wedi8aMioap.551).Tbepra8eatd8tafor 
kctoncssbowtbeexpcctedsigasforcla.ucs7t48nd7d, 
fCVCXSiQgthOMOftbeCOlllXpOOdiDgkdrms.Ma#wa 

thema&KksfofAefortbcsckctonesgalaallychu- 
teraround-1uait,wbichwetalcetobcthc~ 
oftllcla&mringitsclf,inthecl&confof&ioll~ 
la:s&nrcverscdfortkcoufommtionofRg. lb).* 
nun&calvahesofArforlactoncaadlactam~in 
anlformrtioa l(a) (co -1 aad +3 units, fcape&dy), 8re 
iDappN&MdythCsiKECntioUtb0MMtCdrec4ntfy” 
for~p8ifsofaceSoxy-andaiM8&e 

Ttmpemtm and sdtmt &cts 
TbeiniluenceoftcmpcrahneoaCDwasstudialfor 

tlucckctamsilltlRpnsentscrics(Tabk3).Onlythc 
l-aza-2~xo-5@xnpound (31) showed a modest in- 
ceaseinA~asthetempcrahucwasreducul,suggcsting 
that the rmns-fused lactams in particular have little 
confonnatioIml fkxii. 

A few compounds exam&d in solvents of diffaing 
polarity (Table 4) showed the blue-shift with iIKxas& 
polprity which is a feature of n+pS tnu~~itions,~ as a 
consequeacemainlyoftbesbbilizationoftbcgrolmd- 
state n&i&al by solutGsolvcnt association Vahres of At 
showed M) systematic variatioo with solvent poluity, 
apartfromanqpnxiabk iacnscinHhMxoetluaolas 
compared with methanol as solvcot. &tams were 
generaUy insobbk in hydrocarbon solvents. 

The observ8tbil tlmtz second-ring lxlltrii 
tionsariscwhcnthat~isfuscdaspoGtiom13,4+r6,7- 
of the lutam s-ted two possibk mechanisms for 
chiral perturbation of the lpctam chmtnophorc. The first 
mcchanism.analo@utothatbclkvcdtoopclatcin 
cycbhcxanoncs,31.1T” would be a direct through-bond 
CXl@Ugbl!tWCCllOrbitalS8SssociatsdWiththeCllN)~ 

pharcaadtboscofsuitablyplacedsub8tihHbonds 
attachedatadjacentsitesontbclactamring.Bya+ogy 
withthen+r,CDofkctoncs,damimmtconCrikmons 
would be expected from tbosc bonds which are of ‘a’- 

zS= 
withfcspecttotheCOgroop,aodffombunds 

a8 comprisii a peipkuw “primary zig-zng”; 
in the lactam system such a zig-zag would include the 
4-cqutorial (“@quto&l”) bond (Fig. 4). w&h forms 
part of the second ring in clas!Jes 7t3 and 7r4. However, 
the abscocc of any appnebk contrii from the 
8ccondriugofbicyclicclass7r4scemstoimplytbattbc 
‘~qlatolSbondhasaoedt~tonalactam(~t 
thelafgcc&tofthesccondriuginrmru-2&xloncy. 
The present d8& in fact, give no induoll of any 
‘primary zig-z& coetrii either from substitpent 
boadsattlK~catominrelatilmtotbccogroup,ur 
fromthosesimikrlyplacedwithmpecttotheNatom 
(i.e. the 6-cquatolbl bolld). Furthamon, ollt of the 
largest umtrii (ca -5 unita) comes from the 



T&k& BikctoaCDdchakmoohhdsolvent 

All +Cmo-5o-oholutmui TFE = 2,2,2-trifluoxv-ethanol. 

CamDound Solvmt C.D. 

4-exe3-one (36) 

(I 

I) 

" 

4~,4~-diMhyl- 

4-ox~-sono* (39) 

I 

(1 

" 

4~-oxa-4-ona (42) 

II 

11 

(I 

4a-ua-4-ono'* (19) 

(I 

IbXOZW 

Acetonitrilo 

Hmthanol 

TFE 

Huulo 

Acatonitsilo 

bthmol 

TFE 

Hum. -0.35 237 

Acotonitrilo -0.31 233 

Moth&no1 -0.38 227 

TF& -0.57 220 

Mothanol 

TFE 

-0.34 237 

-0.33 222 

-0.31 214 

(no mu. above 200 IW 

-5.45 214 

-9.4 212 

l Fnm Dr. J.S.E. Holkar, Liverpool 

l * Inrolublo in huum or aomtonitrila. 

preseaceofasecondriugof7:3type,whichindude9 
twobondsrgwaloricrltothelact9mriop,wbaerst& 
Sccood lin# of ClaSS 7c3q with a bond “U-axial” iustad 
of’u-equ9torutotbcl9ctrm,m9kesosmallercon- 
trii (-3 units). Th9 ‘auhl’ bold ckalrly exert8 no 
dominult c&t. we note, marcove, that any Secood 
ringattachcdatt+3,4-bondoftbclactrm,intheab 
sohrte co&mboa iktrat& m&es a substad 
m?gative cootrii im!9p&ive of wbctkr thl! riug 
cxtadsm9idyaboveorbdowtbcapproximatcplanc 
dckd by the atom9 CQ)-NfHJ%C(3). 

Me subStiMioa at c-3 ad/of c-7 (ii. adjaccot to the 
cbronnphore)appe9rsinSeveralcompoundstonkca 
s~tcolltriiatodcAtc-3ule9ignofthis 
umtribotionsaemsgcnaauytobcllegativefortheab 
9olutccdg0aGonifhlStrat4reprdlersofwh9th9rtb9 
Mcgl0upiSqlukxi9lo.rquasi-cquotorkl,butfromthe 
li&aldataavailabktb9m9gaiteofth9Mcc4xk 
tr&utkm SemS widely variabk, and canaot pndly be 
wbolly~epadalfromcootributkalbttedtoriqgaNo 
regularpattcnlhascml!r@dwithreSpecttosubatihent 
effects at C-7. For tbuc variow rayons we reject the 
conceptofanycb9cpadklbetwentheCDb&aviour 
of rGaprohlctam ad cyclobcxallon9 daivatkeS, wbik 
~thatSubstknt8immedtatelyadjaceattothe 
c&omop~ probably make solIE colltri~n to cot- 
toll effects. 

ThCSCUdbypotbesi9,WhiClligDORSdktdfCctsof 
SubStimtS, is bred upon x-ray CryrbIkgrphic d9ta 

forcGIprolactam~,wbichbaSbeensbown”tobe 
an impafcct quidair with a mean Co&&CO-C(3) 
tar9ionaagleof*4.~..9cmeoftwist(Fi s)issucb 
tb9ttbe&aofthistaxionaqgcispodvefortbc 
stnxturcrcprwentcdbyPEg.la,whkhcarespoodsto 
tkabSokcon@tdonll9cdintbeprcscntacmlysiS,or 
negativeforthecndom&cstructmeofFig. lb. 

Otk9igdhMC-C-CCt0&0Il*SWithiDth9 
ring rcprc~cnted by Fs la ad9 C(3)-C(4) bond, -8l.!P, 
C(4M5). +63.5’; C(5Ma). -60.7; C&Q-CO, +77.(P. 
WenotetbatthetonionaagksabouttbeC(4)-C(5)aad 
~~6)bwdserec~toidal(cu~)forf~toa 
cyclobcxan9 ring. The torSion all&s about tb9 C(3)x(4) 
aadC(6K.obolKl9,boweVa.UebothmU&~tkUl 
6(raDdwouldluvetocontractconsideRMyinorderto 
albwfuionoftsapmlu%amtoacycbbexaucrispin 
tbc cbrir form without d&ort& it excesively. X-ray 
~hicdatahavcreceotlybcenolltaid=for 
2-aza-A-bome5acb1uE (2) sbowin# tb9t tb9 
t&on augk about the a5)-C(lO) bond [which car- 
re9polldS to CO)x(4) of t& l aprolactam ringI is 
duced by e fuion from -8l.P to -7p (Fig. 6). The 
rdtillgdiSta&moftkJactamriapcb9ngcSthetorSion 
*abouttbcNH~obolxtfrom+4.rto-24r.we 
thefcforcpmpoSctlmttbcabaofdCottoneffcctforthe 
steroiddlactam2(Ar 
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have seuxld riugs attachai at either the 3,4- W the 
6,741onds of the lactam - md which also have ab 
mlmalCD,havethl?irlactamr&appr&blydista&d 
from the conformation pntemd in rxaprolactam itsdf. 
Moreovl!ritappau!3fromstudyofDrddiDgmoddsthat 
thceffl?ctsofsachdisu&nsoathetheC~NH~cL 
CJ3)torsionangkwiubeoppodteins@:fusionat 
COC(4) to a cyclohexane ring tends to reduce the 
positive torsion angle of Cg)-NH4xx(3), or may 
pl%tmpsevenreverseitssignasinWam2,wbm%sa 
cyclohcxanc fused at C46)47) teads to &case the 
positive torsion angle of the amide chromophore. T&e 
signs conqond precisely to expectation on the hm 
tbesisthattbechindlactamringofF~lrcontainsan 
inkrently dissymmetric amide cbromophae, pad that its 
positivetorsbncorrespondstoaC&oneikctoftbc 
S2lUCSigtLTbCCOtttiidd~Wwould 

tkttStl%lddyfnwtbCkdiCCt&hUittCtbtChg 

the 2midc twist (6,7-fusion), or in r&&g or rev& it 
(3,~fusion). 

The reasons for the &partue from the llorrml CD 
behaviour in classes ‘Iclap and 7&q is not clear. Ill 
hoth systems the ‘secoarkiqg’ contribution appears to be 
stroqJly~ve.althoo&inlldthlxaseisthereany 
obviousneedforthelactam~toadjustitsgeometryto 
permit fusion to the cycbhexanc r&t moreover the 
scumd rings project respectivdy bdow and above the 
lactamringintheconformatbnaodoIicntationilhls- 
Wed. The effects of these rings remain unexplainal at 
present, but may perhaps be claritkd by an X-ray study 
of the conformations of these compou&. 

tWeaote,hLnv2vu,th2tstNcnw27~iachl&22CCbald 
whichis'5uhi'tuthalactunr&aadtbtthcpuUudw 

tbe’3-uuuId7uilrIr#prlmthelbctam~dm8y 
ilmwhr22-whichc2m2trtpr2s22tb222222Kd.1t 
woddbcmostintatut&toexaabtheCDbdmviowoftbc 
14klordogUCofumlpamd~,).8udlrucbuhkrLl- 
actioinwouldkmuchredud. 

Changes in torsion a&es resulti from the presence 
ofsub4&ntsonthelactamripemaylieattberootof 
the vuiabk effects of methyl groups at C-3 and/or C-7, 
mentioned above. 

A further feature of present data, which may provide 
some support for the torsion hypothesis, is the CD 
red-shift observed for those lactams which cxhii ab 
normal Cotton effects. If tbc conformation found for 
e-caproktam itself correspoads to the minimum energy 
of the ring and of the ground state n&ital of the 
chromophore, any distortion would be expected to ele- 
vatetheenergyofthcgroundstate,andprobablyalso 
lower the energy of the excited state (a*) orbital, resul- 
t@inared-shiftoftktransitbn. 

Unfortunately, UV spectra determkd for a selection 
of these lactams were of Iii use in co&mhqt this 
red-shift,forthen-ba*absorptionbrndcouklbesecnat 
best only as a broad shalbw hump on a stron# back- 
ground absorption. 

TheconceptofaninhcrenUychiralnubital,twistai 
by its diiymmetric environment, is similar in some 
mp&stothepostulatedtwistiqofthen-orbitalofa 
chiral ketone, which according to rcccllt MO 
cakulatiolLs- is the principal source of the n-r* 
Cotton effect of ketones. The main difference between 
lactams and ketones appears to lie in the highly dd* 
calised chancter of the ketone n-o&M,- which 
explains the dominant effect of extended primary zig- 
2Sgs.Theabsenczofplimaryz.&zagdTectsinlactams 
would sugaest an n-orbital more nearly localised in the 
N-GO system, but chiral by virtue of its torsion or 
immediite environment. 

Clearly, the additivity of ring contributioas assumed 
above is not valid if the CD of polycyclic lactams is 
determined largely by chapses in t& conformation of the 
lactam * to accommodate fusion to additional rings, as 
we suggest. Mditivity is, never&less, a convenient 
assumption for the purpose of assessing empirically the 
effects of structural featlIEs adjoining the k&m ring, 
until accurate conformations become known. Unpub- 
Iii data for a limited number of lactams (and lac- 
tom?4 of “middk ring” tvpe (rings B or C of steroids) 
uumotatpresentbccorrelatulwithtksetofring 
coatrikdions presented in Fig. 3, and must await the 
accumulation of results for a wider range of such corn 
pounds. 

W&II& sector NIc,” derived by considering both 
static and dynamic couplii mechanisms between the 
chromophore and its surroundings for lactams and 
ftl2ldChmophonS,&2Sttl%SUCCdiDpRXiihg 

thepattanofsecond+contriida&efl~ 
the preseot work. It does, howeva, offer an inter- 
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