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The quinolizidine nucleus (1) is contained in many c e s  of biolcqical 

and medicinal interest, and presents an interesting conformational nroblem 

due to the presence of the mobile nitrogen atm (fig I). 

: ConformationaL equiZibrim in quinozizidine (1) .  

The determination of the configuration and the conformation of substituted 

quinolizidines by i n f r d  and "roton magnetic resonance sractrosww has 

been reviewed by ~rabb''~. The influence of the nitrqen lone pair on these 

spectra is mainly confined to the adjacent protons. 

The ?WR sp?cmn allavs the observation of the whole molecular skele- 
4,5 ton, while its sensitivity to stereochemistry has been q 1 y  demonstrated . 

A large amount of 13c data has now been accumulated on quinolizidine deriva- 
tives, part of which is contained in reviews on naturally 0~curring substan- 

c e ~ ~ ' ~ ' ~ .  We will mainly discuss the influence of the cis or trans nature 

of the ringfusion, and the influence of the lone pair orientation on the 

13c spectra. 



- 

A n&r of specific effects associated with the nitrogen a d  its lone pair 

have been observed, mainly in saturated nitrogen heterocycles. 

These effects are also found in quinolizidines. 

a s c a r k e  
A* from a sizeable downfield effect, due to the inductive effect of the 

9 nitrqen , the suggestion was made1' that in trans-fused quinolizidines the 

a-carbons are deshielded by the overlap between the nitrogen lone pair and 

the antibonding orbital of the adjacent axial C-H hond. Since no such evidence 

is found on changing the quinolizidine ring fusion in other compunds, such 

as (2) and ( 3 ) ,  the observation is probably due to an incorrect assiqnment 
7 

(see 55). An interchange of the aminanethylene chemical shifts, gives the 

shifts of the a-carbons on changing a trans- to a cis-quinolizidine shown in 

(4). These are canpaable to the ones found between trans- and cis-decalin(5). 

(4),1° ( 5 )  l2 
F z g :  ABbtrans-cis) of a-carbons 

b~-e-carbof!s 
The p-carhons are slightly shielded, canpared to their psition in the 

carbocyclic analogs, which is explained by the alternations of charqe plari- 
9 sation due to the nitrogen atom . Several authors have reprted sizeable u p  

field shifts of P~arbons which are antipriplam to the lone pair ( 6 )  13-17 
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The exact mechanism of this shielding ef fec t  is not clear  however18, since it 

(6) (7) 
is absent i n  NH ccarpunds. 

19 The eclipsing of C by the lone pair  ( 7 )  has no large shielding ef fec t  . P 

::-~:EfZ%ts 
y-Carton atcsns located a n t i  to a nitrcqen a t m  (8a) are shielded w i t h  res- 

20 pect to the analogous carbons a n t i  to a methyl o r  a methylene group (8b) . 
A y-gauche nitrogen (9a) also has a shielding ef fec t  which is greater than 

the upfield s h i f t  caused by a methyl o r  a methylene group (9b). The incremen- 

tal upfield s h i f t  on the gauche carbon is generally l e s s  than the correspon- 

ding upfield s h i f t  on the a n t i  carton. This has keen explained bv a hyper- 

conjugative t ransfer  of charge from the free-electron pair  t o  the t rans 
2 1  y-atom2', althouqh a back-lobe overlap mechanism should also he considered . 

The ef fec t  is  a t  leas t  part ly transmitted through the  bonds13, which resul t s  

i n  an increase3 shielding of C-2 i n  quinolizidine (A&=-2.41 ppn w i t h  respect 
12 to trans-decalin ) ,  since it is doubly Y t o  N. 

The y-effect of the lone pair  (10) is of the same order a s  tha t  of a C-H 
22 . no deshielding influence by the lone pair is observed. 

One might expect that the y-effect between C and Ca, a s  i n  (11) would be 
P 

large due t o  the short C-N bond length. Evidence for  this is found in  (12), 

ccmpared t o  ( 1 3 ) ,  and on c-ring the C-21 chemical s h i f t s  of yohimhine 
6,7 and pseudo-yohimbine (3) . 



%&: MethyZsubstituent effect on y-carbons 

13 The C spectrum of quinolizidine has been investigate3 by several 

authors 6115123-25 and assigned by ccPnparison with piperidine derivatives and 

with the 3,3-dideuterio derivative6. Eight mn-thylquinolizidines were stu- 

died by lalonde25, and their chemical shifts were compared with those of the 

trans-decalins. The decalin and quinolizidine chemical shifts are nearly 
9.73 

(115 ( I d )  
interchanqeable for all ring carbons, when an adjustment is made for the che- 

mical shift differences due to M by N replawnent. The quinolizidine Chemi- 

cal shifts can be calculated from the corresponding decalin shifts using 

equation 1. 

carbon Values for constants 

msition A B .................................... 
25 a 1.013 21.16 6 . = A 6  qum. decal. + B (eql) 

a~ 1.034 17.51 

The A and B constants were determine3 for the U , B  andy-carbns. The use 

of these Fameters for larger ring systems was illustrated by the determina- 

The rep- chemical shifts6r15123-25 differ slightly from each other, 
mainly due to the different recording conditions. 
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26 
tion of the conformational equilibrium in tripiperideine . , 

The spectrum of the ninth t-4-methyl isomer (14)15 confinns the trans- 

conformation, which has been a matter of discussion for long. The very high 

field psition of the methyl in (14) is ascribed to the 0-antiperiplanar lone 

pair effect. The difference in chemical shift between axial and equatorial 

methyls which is different for each position on the ring, is however not well 
27 understood . 

Several other trans-fused quinolizidines with varying suhstituents (15-23) 

have been studied. In general the substituent effects on the cpinolizidine 

ring carbons parallel those in the carkccyclic series, although the magnitude 

is different for each substituent position. 

Model compounds (15) and (19) were used to interpret the spectra of the 

C30 Nuphar alkaloids (24-26) 27r29 and of their sulfoxides3S) all with trans- 

fused quinolizidines. 

rter~kert~~ detected the cis-quinolizidine-conformation on comparison of even 

a partial assi-t of the signals in the iscm2ric ~~qmunds (27-28). 

*CN $ 
379 - ,;" 

" k J ? 53.0 

(27) 
0 0 
V ,.' I 

C N (20) 
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In the cis-conformation, the angular cartwn and the +nteracting carbons 

are shifted upfield (see (30)), in agreement with the observations in deca- 
12 lin (5) . 

Some 4-ox~inolizidine derivatives (31-33) were studied as mxlels for 
28 lupin alkaloids . 

The spectra of the perhydropflidoI2,1,6-delquinolizine i s m s  (34) and (35) 

were reporkd3l. The assignments can be made by com&ison with quinolizidine 

(1) and by considering the influence of changing the ringfusion ( 6 ) .  

I1 3. LYCOPODIW AND LUPIN AURLOIDS 

The lycopoaiun alkaloids lycopoaine, dihydrolycopoaine, epidihydrolycop- 

dine, flabelliformine (361, clavolonine, a-lofoline, alkaloid L-23 (37) and 

lycdoline (38) were studied by 13c N!4R32. ?lost of them contain a cis-quino- 

lizidine nucleus. The inversion of configuration at C-12 between (37) and 

(38) results in change from a trans- to a cis-quinolizidine ring fusion, with 

the accompanying characteristic shifts indicated on (38). In flabelliformine 



(36), the syn-axial hydroxyl group with respect to C-9 and C-11 results in 

the now well dr~mcented~~ deshielding 6-interaction. The chemical shift 

assignments in these cmpunds were corroborated by titration experiments 

with c D p Y 3 D  (vide infra) . 
The -r of 13c NMR spectrosco~ for mnitoring the ster-hemistry of 

intermediates in the synthesis of lycopodim bases was illustrated for a num- 
ber of tricyclic capunds (39-40)~~. By considering only the methine and the 

aminanethylene chemical shifts, a distinction between the trans,tranS (39) 

and the trans,cis (40) hydrojulolidine configurations can be made. The upfield 

shift of C-lOa establishes the configuration (40) and combined with the ab- 
34 sene of such a shift on C-7a, excludes (41) . 

519 

2" 
(39) (40) LU (41) 

1-481 25.9 

A numher of trans,trans-fused hydrojulolidones (e.g. (42) ) served as mo- 

del cmnpounds for the interpretation of the spectra of the carkomethoxy m- 

pounds (39,40), and all& the determination of the sterecchemistry of the 

isophoramine derivative (43) . +' $ 

+? 

i? 
,;" 9' ,." 

(42) (43) 
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The two ismneric hexahydrojulolidines (44,45) served as models for the study 

of matrin-derivatives (46,47)28, and their 15-keto compounds. The steric in- 

", ,. 
9- $-** 

+* 66.5 

+* 
0 ,a + $  " ' , "  

@ ." a ,% "' 
(44) 

1 
(46) y db7 

'p 
," r L1.8 

,$ 
26.3 56.2 

25.L 
58.3 

(45) 29.6 
(47) 

56.5 

24.8 256  

fluence of the lone pair is visible in these i s m s .  It is also evident 

in spartein (481, where its bowsprit-flagpole interaction shif.ts C-8 strongly 

upfield £ran its value in a-isospartein (49). 

The substituent effects of a hydroxyl or a keto grow in these ccmpounds are 

consistent with those found in other alicyclic systens. 



I1 4.  BENZC- AND I N D 3 ~ L I Z I D I C J E S  
- - - -- - - - - - -- -- -- - . - . . - - . . 

7 trans cisl cis2 

Fig 4 : ConfomatiomZ equizibrium in benzo[al- or indoZo[2,3-alquinotizidine - 
The trans and the cisl q~inolizideine~~ conformations can be distinguished 

by the characteristic chemical shift of C7 : 21-22 ppn in the trans-versus 

16-18 ppn in the cisl indolo [2,3-a] cmpunds7, and 29-30 p p  vs 24-25 ppn 

in the cis benzo [a] ccsnpounds. The high field psition of C7 in the indolo- 

ccsllpounds has ken ascribed to the high electrondensity at the indole car- 

bons''. At the s- time, the angular quinolizideine carbon is shifted up- 

field by ca 6 ppn in the cis conformations (cf 3,4). In the cis2 conformation, 

the aminwthylene C6 is shifted upfield, while C7 has the sirme chemical 

shift as in the trans-conformation. The difference between the t m  types of 

cis-conformations, as well as be- a h z o -  and an indolo-substitution 
36 cank seen in (50) and (51) . 

. 
cis2 type 

!?he parent compounds indolo [2,3-al- and h w  [al-guinolizidine (53) have 

a trans-conformation, which is clearly shown by their chemical shift values. 

The assiqment of the resonances in (52) was ~ o n f i d ~ ~  by the study of six 

of its deuterated derivativeslO. The two 2-t-butyl epimers have a trans-(54) 

(>95%) and a cis-(55) (>,99.9%) conformation. The t-butyl holding group allows 

the study of the effect of the quinolizideine ring fusion on the 13c chemical 
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shifts1'. For reasons mentioned in 11 la, the assignment of the minomethy- 

lenes in (55) was reversed. 

(54) (55) 

Several other ring D-substituted derivatives of the corynantheioid type 
6 (56-57) and the ochrolifuanines (58)38 were studied. All these have trans- 

conformations. 

Z.8101 

CHO 
(57) 

R =  ~aa mxymtththine 
2 

p, = --CH "4 d i l y d r o c o ~ U l ~ v l ~  
2 3 

n = s-m2cu3 aoiynantheidd a 17RH, 20BH 

b LloH. 208H 

c 178H. 2OaH 

d 17aH, 20aH 

Frcm an extensive study of stereoiscsners of yohimbid and ajmalicinoid 
7 alkaloids (59), Wenkert was able to show that the chemical shifts of C-3 

39 and C-6 can be used for configurational and conformational assignments . 
These characteristic values are s h m  on (59a-c). In the e~iallo wnp3unds 

21-22  

!59) a. mrmal b. peudo c. a110 d. epiallo 

(59d), the equilibrium between the trans- and the cisl-conformation depends 

on the ring E substituents. Again b(C3) and 6(C6) are diagnostic of the con- 

fomtional state, as is shown for epialloyohimbane (60) and reserpine (61). 



OTMB 

Int-iate values for these carbons, indicate a fast confomtional equili- 

brjun. This was shown in alcwamnigine (621, whose low temperature spec- 

shows two sets of signals, corresponding to (62a) and (62b). 

21 3 

(62a) (62b) 

With the use of these low temperature shifts an equilibrium constant of 1.3 

+ 0.1 at 25" was obtained. - 
The characteristic chemical shift of the indole benzylic c&ns of the 

tetrahydrccarboline unit was used to determine the quinolizideine conformation 

in ccgnpounds (63,64,6~)~~. The chemical shift of 22.3 p p ,  along with the 
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upfield s h i f t  of the -,-interacting carbons establish the c i q  quinolizideine- 
1 conformation for  (65), fo r  which the H NMR resu l t s  had indicated a trans- 

fonn. N-methylation of ( 6 3 )  forces the mlecule in to  conformation (66), i n  
36 which one of the quinolizideine rinqs is a boat . p 

N 22 s (66) 
The same rules can be applied t o  determine the conformations of benzo-substl- 

tuted quinolizidines, although the assignment of the benzylic carhon is scane- 

what mre d i f f i cu l t  by itsoccurrence atlower f ield.  The spectrum of emt ine  

(67a) was assigned by Wnkert3*, and the values for  its dihydrochloride s a l t  
45 were a lso  reported . 

26 3 

(68) 0CH3 (69) OCH, 



Several analogs of emtine (69,71,72) were also studied, with the aid of the 

chemical shifts of the trans-(68) and cis-(70)'quinolizideine derivatives. 

The intemdiate chemical shifts of C6 (47.0 ppn) and of the CH, (12.2) in 
" 

(72) probably indicate a confomtional equilibrium between the t m  cis-con- 

formers. 

The spectra of a numher of tetrahydroprotoberberines also show the charac- 

teristic shieldings on changing the quinolizideine confomtion from trans 

(13,741 to cis (75) , as shown on (76) . Mainly WC6) is considered as the 
45 diagnostic value by the authors . 

29.31 0.3 29.3r0.3 

5 3 . 8 ~ 0 2  58.5 10.2 

(73) /74) \ OR3 
a. R = % = % = R 4 = M 3  

b. ~ ~ - 5  = a2-, R - R - &6,47,48 
3 -  4 -  3 

c. R,-5 = a,-, R 3 -  - H, R 4 -  - CH 3 d6 a. nl = 5 = R~ = = cH46 
3 

d. R 1 = 5 = n4 = C H ~  , = ii 47 b. R ~ - %  = 3 . ~ ~  = a -46 
2 
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a . ~ ~ = % = % = c ~ ~ , ~ ~ = m ~ ~ , ~ = ~ 4 6  

b. ~ ~ - 5  = -CII~- ,  R~ = B, x4 = ai3, "5 mX2y1 46 
c. R;? = .Cli -, ~3 = R~ = Rg = "46 

2 

The chemical shifts of (77) indicate the trans-conformation for the 1,2- 

mthylenedioxy-substituted ccqomd, while the intermediate values for the 

1-hydroxy cmpund (78) are interpreted as being averaged values due to a 

cis-trans equilibrim in this ompund ; this has k e n  proven independently 
49 

by infrared spectroscopy . The chemical shift of C8 can be used to detect 
a C-9 sub~titution~~, although methylation of a C-9 hydroxyl group does not 

47 affect aC8) . 

The two 8-methylsubstituted epimers, coralydine and 0-methylcoqtenchirine, 

have a trans (79) and a cis-quinolizideine (80) conformation respectively. 

The assignment oE the cis-conformation for the latter, based on the high 

field position of C6, C13a and the methyl car?~on~~, is however not very con- 

vincing, espcially since no upfield shift of C13 is observed. These effects 

are also expcted for the trans-conformation (81). The cis-conformation was 
1 52 nevertheless confid by th& 270 Pltlz H PWR spectra51 and by X-ray analysis. 



The diastereomeric 13-methyltetrahydroprotoherherines (82) and (83) were shown 
47 

to have a trans- and a cisqinolizideine conformation respectively . 

(82) a. R M 3  b. R-R=-CH2- (83) a. R=CH3 b. R-R=-CH - 2 
In these mrpunds, not only C6 and C13 are shifted upfield, but also C5 and 

C8. The small downfield shift of C13a in (83) may he explained by a change of 

the p effects of the,mthyl and C6-methylene. Thus, the effects of a cis-con- 
formation resulting from C1 methom~substitution are different from those re- 

sultinq from 13-methylsubstitution. which might he partly due to a Smnewhat 

different equilibrium constant in both series of ~ ~ n d s ~ ~ .  Nevertheless, 
13 

the predaninant conformation is easily deduced from the spectra. The C spec- 

tra of the four isamers of 1,2,3,4,4a,6,7,8,9,13b-ciecahydro-9a~I-pyrido[1,2-f]- 

phenanthridine (04-87) confirmed their configuartion and the confomtion 
1 

as determined by H N4R. In one ismer, the second ccsnponent of the conforma- 

tional equilibrium (87e88) could he identified as (88), mainly on the basis 

of the temperature depndence of the chem. shift values. Only three signals 

of the minor conformer (88) (2-38 could he detected. The strong preference 

for the trans-cisoid-cis conformation (871, is in contradiction with the re- 

prted cis-transoid-cis conformation (89) for the analogous i s m  of cerhy- 

drohenzo[c]pinolizidine. A caparison of the 13c spctrum of this m u n d  

with the model ccsnpound (91) and (92) however clearly established its 
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16 trans-cisoid-cis confomtion (90) . 
The reliability of these coqmrisons with &el cmpunds was .proven for two 

other isomers (94,953 . 

&:96'6 ,$' 29.8 

*.' 
B .~1! *g0. 
2- 

(95) 

The possibility of observing the whole skeleton by 13c NXR led to a reassiqn- 
1 ment of the conformational equilibrium in (96)19. The ertial H N"n9 analysis 

indicated an inversion of ring B, which was interpreted as an equilibrium 

between (96a= b). The low t-rature carbon spctrum however showed an in- 

version of the D ring. The equilibrium is therefore between (96b) and (96~). 

(96a) (96b) (ring B boat) (96~) (ring C boat) 
The conformation of dibenzola,hlcpinolizidine was assumed to be trans 

(97a)53. The chemical shifts of the methylene carbons are however almost 

exactly the mean of those of the analqous carbons in (50)  and (51), thus 

indicating a rapid equilibrium between two identical cis-conformations 
36 (97b =c) . 



An exception to the general rules has been observed for dibenzola,fl-substi- 
54 tuted quinolizidines . 

In these compounds, the delocalisation of the nitrogen lone pair over the 

aromtic ring in the transmnfomtion (98) induces upfield shifts of the 

a-carbons. This delocalisation is not possible in the cis-ccmpsund (99). 

Only C12 therefore shows the expected upfield shift (KO), wmparable to those 

111. PIXIPONATICN-, EWiYKT-, QJATERNISATION- AND N-OXIDE SHIFTS 

Protonation induced 13c shifts are generally upfield for the P, y and 6 

carbons. The C-Hhond is electronically polarized more readily than the C-C 

bond by the inductive effect and therefore the C-H carbon has more electron 

density than the C-C carbon by protonation. This may explain the observed 

order of upfield shift of secondary carbon > tertiary carbon > quaternary 
23 carbon . 

The effect of a positive charrje on the a-carbons is depndent on its degree 

of substitution. These effects have been discussed in terms of linear electric- 

field shifts 55.56.68 
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CF3COO- CF3 COO 

-5 Protonation shifts of quinolizidines 

In quinolizidines (101-1031, the a-methine carbons shift downfield, whereas 

the a-mthylenes of (101) and (102) show upfield shifts. 

In trifluoroacetic acid, a conformational dependance of the p-carbon shift 

was pstulated by ~brishirna~~. This was interpreted in terms of stereos-i- 

ficity of the o-inductive effect by a zigzag path (104) or a folded parth 

(105) mechanism. 
U+ 

The p-carbons anti to the lone pair exhibit the largest protonation shifts. 

This mechanism is however questioned by ~liel'~. A study of decahydroqui- 

noline derivatives established that while the nature of the acid (HC1 or 

CF C03H) has little effect on the shift differences upn protonation, there 3 
is a strong effect of solvent especially on the a and p carbons. In s m  cases 

shifts in opposing directions were observed for hydrochlorides in ca'13 ax3 

the trifluoroacetates in trifluoroacetic acid. The protonation shifts in chlo- 

roform solution did not show the confomtional dependance, but are in the 

order a < f3 > y < 6 . 
The oppsite protonation shifts of the 4-methyl carbons in (102) and (103) 

is not explainable by a zigzag path ~chanism for (103). T ~ E  lowfield shift 

of the axial methyl in the latter, is due to a decrease of its shielding by 

4 me values between brackets are for a solution in CF~COOH!~ 

,I3 SO1ution w i t h  excess CF~CCOH'~ 



the p-anti lone pair15 (see 14). 
32 

Titration experiments with CD3COOD were done for lycorxdim alkaloids , 
and the results were reported to agree with mrishim's results. The reason 

for the reversal of the protonation shift between epimers (106) and (107) 

is not clear. 

(106) CD3C00- fi CD 3 COO- (107) 

The zigzag and folded path mechanism was also used to explain Ni(acac)* 

induced contact shifts57. The larqest shifts also occur at the p-carhon anti 

to the lone pair 57.58 

The 13c spectra of the methidides of substituted quinolizidines were 

measured 15r59r60. The substituent parameters for an axial N-methyl group were 

estimted by subtracting the metidide chemical shifts (e.g. (108) or (109)) 
15 

fran those of the protonated bases . Those parameters show an analogous, 
though smaller, trend to those of the Clnethyl substituent parameters. 

For angular 9a-substituted quinolizidine methicdides, the cis- and trans- 

methidides are easily distinguished on the basis of the nlrmber of resonances. 

The ~'-3 signal of cis-9a-substituted quinolizidine methidides (e.g. 111) 3 
appears at lower field than those of the corresponding transmethidides 59,60 



Changinq a quinolizidine to a quinolizidine N-oxide, without changing the 

ringfusion, changes the chemical shifts of the carbons a, 13 and Y to the 

nitrogen by ca +10.53, -6.02 and +0.99 ppn respectively2'. If N-oxidation 

is accompanied by a change to a cis-ringfusion, the Y-gauche interactions 

cause an upfield shift of the interacting carbons, although the deshielding 

effect of the psitive nitrogen offsets these upfield shifts at the a and 13 

carbons (e.9. 112, 113). With the aid of these shift effects, and with the 

57.85 

0- 
18.60 26.67 

(113) 

32.31 
values of (35) , the signals of the coccinellin alkaloids (114) ard (115) can 

be assigned61r62. The chemical shifts of myrrhine N-oxide (116) have also 

been but the a s s i m t  of the methylene carhons remains unclear. 

The relaxation rates (l/T1) of the individual carbons of resqine were 
43 used as a means to determine the numher of directly attached nrotons , as 

an aid for the assignment of the resonances. Quaternary carhons can he distin- 

guish& by the influence of neighbourinq protons on their T1 values. 

Indolo[2,3-alquinolizidine (52) and its cisL2-tert-butyl derivative (54) 

have been shown to have a predaminant 13~-1~-diplar-dipolar relaxation 

The nonprotonated carbons are relaxed by the nearby protons,a fact of which can 

he used for assigronent prposes. 



1 13 1 V. J( C-H) 

The nitrogen lone pair stereospecifically affects the one-bond C-H coupling 

constant of the adjacent carbon. The smaller value for an antipriplanar 

vs a synclinal orientation has been used to determine the quinolizidine ring- 
41 fusion . The relative ma11 difference of 6-12 Hz requires an accurate de- 

1 termination of J. A sufficient computer resolution should be available for 
1 the gated H decoupled spectra. These usually show broad mltiplets due to 

long range couplings. Reliable values have to be obtained by line shape si- 

mulations or by graphical determination of the gravity center of the mlti- 
64 1 plets . A methcd  for determining the difference in J for a methylene 

carbon using the residual couplings in a series of off resonance decoupled 

spectra, or the width or height ratio of the central and outer peaks of a 

triplet has been described65. If pssible, the determination of the carbon 

satellites in the proton spectnnn gives the highest accuraoF4. The discre- 
1 pancy for the JCRvalue of (58a). the second value being consistent with the 

correct44 sterecchemistry, is due to these experimental difficulties. The 

values obtained for the hexahydro-3H-oxazolot 3,4-alpyridines (117,118) ", and 

(63) 4b , 8a , 16b 'J= 141 + 2Hza 139 + 1 ~ g  
(64) 4b , 8a , 16b & (65) 4b , 8a , 16b = = 140 135 11 T T - 2Hza 2Hza 139 137 - lHzb 1Hz 

a. value directly read from the gated H decoupled snec- 
\ b. value determined by the satellite method tnvn 

the octahydrophenanthridines (119. 120) 64 illustrate the mtential of the 

m e w  for determining the lone pair orientation; although the mechanism of 

the stereosp&ific effect. ha8 been questioned in favour of a bond angle de- 

formation effect6'. The spread of the values in (121-125) however clearly in- 

dicate competing influences which remain to be studied. 
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