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(dd, J3%4 = 10.3 Hz, 54.5  = 5.5 Hz, H-~cx), 5.53 (dd, J6,7 = 9.7 Hz, 
J6,7. = 1.4 Hz, H-6), 5.65 (ddd, J6,7 = 9.7 Hz, J7,7a = 4.9 Hz, J5,7 
= 1.4 Hz, H-7), 7.37 (d, J = 8.1 Hz, Ar H), 7.78 (d, J = 8.1 Hz, 
Ar H); IR (CCl,) 3050, 2980,2940,2890,1595, 1545,1300,1150, 
1090 cm-’; MS(EI), m l e  (relative intensity) 179 (3, M+ - 
C7H7S02H), 157 (loo), 133 (73), 132 (96, CloHI2+); calcd for 
CloH13N02 (M’ - C7H7S02H) 179.0946, found 179.09341. 

A recrystallized sample of 25c was subjected to single-crystal 
X-ray diffraction analysis. Compound 25c crystallizes from 
hexanelethyl acetate in the monoclinic space group F’21/c. The 
crystal data at  140 K are as follows: a = 5.321 (2) A, b = 14.057 
(10) A, c = 21.484 (9) A, 0 = 91.65 (4)’; p(ca1cd) = 1.39 g 
for 2 = 4; 20(max) = 50°; 1129 reflections with F > 60 (19) used, 
Mo K, (graphite) (A = 0.71069 A), and w scan, 3O min-’; R = 0.066. 
SHEIXTL programs were used on a DGC Eclipse SI230 computer. 
(*)-5-Methyl-4-nitro-2,3,3aj3,4j3,5a,7aa-hexahydro- 1 H -  

indene (19) and (*)-5-Methyl-4-nitro-2,3,3aa,4a,5a,7aa- 
hexahydro-1H-indene (20). @)-Nitro triene 4 (11 mg, 0.061 
mmol) in chloroform-d (0.5 mL) was allowed to stand at  room 
temperature, and the progress of the cycloaddition was followed 
by ‘H NMR. After 3.5 days, the reaction was judged to be com- 
plete. The solvent was then removed under reduced pressure and 
the crude product was purified by medium-pressure liquid 
chromatography (95:5 hexaneIEtOAc), yielding an inseparable 
mixture of 19 and 20 (53:47) (8.2 mg, 0.045 mmol, 74%) [19, ‘H 

(m, J3*,, = 2.2 Hz, 1 H, H-3a@), 2.92 (dq, J5,6 = 3.0 Hz, J 5 , C H 3  = 

3 6 , 7  = 10.0 Hz, 1 H, H-7); 20, ‘H NMR (360 MHz, CDCl,) 6 1.11 
(d, J = 7.1 Hz, 3 H, CH3), 2.68 (m, J6,,. = 3.0 Hz, J7,7a = 3.0 Hz, 
1 H, H-7a4, 2.74 (m, J3a,5 = 4.9 Hz, 1 H, H - ~ ~ C Y ) ,  2.93 (ddq, J5,6 

NMR (360 MHz, CDC13) 6 1.15 (d, J = 7.5 Hz, 3 H, CH3), 1.78 

7.5 Hz, 1 H, H-~cx) ,  4.71 (d, J3*,4 = 2.2 Hz, 1 H, H-4/3), 5.54 (ddd, 
J6,7 = 10.0 Hz, J5,6 = 3.0 Hz, J6,7. = 3.0 HZ, 1 H, H-6), 5.90 (d, 

= 3.0 Hz, J5,7a = 3.0 Hz, J ~ , c H ~  = 7.1 Hz, 1 H, H-~cx), 4.88 (dd, J4,5 

= 4.9 Hz, J3a,4 = 4.9 Hz, 1 H, H-~LY), 5.51 (ddd, J6,7 = 10.0 Hz, 
J6,7a = 3.0 Hz, J6.6 = 3.0 Hz, 1 H, H-6), 5.66 (ddd, J6,7 = 10.0 Hz, 
J5, = 3.0 Hz, J7,7a = 3.0 Hz, 1 H, H-7); IR (CC14) 3040, 2980, 2900, 
1530, 1540, 1350 em-’; MS(E/I), m / e  (relative intensity 181 (2, 
M’), 135 (23, M+ - NO,); calcd for C10H15N02 181.1103, found, 
181.1092]. 
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The hybridization of the orbitals for the lone pair electrons of twelve acyclic, monocyclic, and polycyclic bridgehead 
carbanions has been calculated by the INDO-LMO method. Significant enhancement in s character has been 
found in methyl and all bridgehead carbanions. For other acyclic and cyclobutyl anions, rehybridization occurs 
in the opposite direction, presumably, due to the relief of B strain, while cyclopropyl anion retains the hybridization 
of its conjugate acid. The trend is discussed. 

I t  is generally accepted that the percent s character 
contributed to the carbon-hydrogen bond by carbon ad- 
equately accounts for ranking of carbon acids in the ab- 
sence of strongly acidifying substituents.’ The intrinsic 
idea underlying this relationship is to assume that there 
is a negligible difference between the carbanion R- and the 
carbon acid (RH) in (a) strain, (b) hybridization, and (c) 
solvation energy. I t  was, however, found that carbanions 
might, a t  most, be weakly solvated.2 In 1956 Hammond 
suggested that the unshared pair of electrons in a car- 
banion should occupy an orbital having a considerable 
amount of s ~ h a r a c t e r . ~  If this were pure s orbital, the 

(1) (a) Cram, D. J. “Fundamentals of Carbanion Chemistry”; Aca- 
demic: New York, 1965; Chapter 2. (b) Ferguson, L. N “Highlights of 
Alicyclic Chemistry”; Franklin: New Jersey, 1973; Part 1, p 94. (c) 
Greenberg, A.; Liebman, J. F. “Strained Organic Molecules”; Academic: 
New York, 1978; p 338. 

(2) Streitwieser, Jr., A.; Caldwell, R. A,; Young, W. R. J .  Am. Chem. 
SOC. 1969, 91, 529. 
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“natural” R-C-R bond angle in a carbanion would be No. 
B strain4 would open this bond angle because of repulsion 
between the R groups and, thus, would increase the bas- 
icity of the anions. This view point has been tested by 
comparing the kinetic acidity of cubane with that of cy- 
~lopropane.~ Despite the same formal C-H hybridization, 
cubane is lo3 times as acidic as cyclopropane. Such an 
enhancement of acid strength for cubane was proposed to 
originate from the altered hybridization at  the anionic 
carbon atom to an orbital with significantly enhanced s 
~ h a r a c t e r . ~  Alternatively, one may argue that the steric 
environment for the lone pair in cubyl anion would be 
different from that in cyclopropyl anion.lc Ab initio mo- 
lecular orbital calculations have been performed to show 

(3) Hammond, G. S. In “Steric Effects in Organic Chemistry”; New- 
man, M. s., Ed.; Wiley: New York, 1956; p 440. 

(4) Brown, H. C.; Batholomay, H.; Taylor, M. D. J. Am. Chem. SOC. 
1944, 66, 435. 

(5) Luh, T.-Y.; Stock, L. M. J .  Am. Chem. SOC. 1974, 96, 3712. 
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Figure 1. Optimized bond angles at the anionic carbon atoms 
of some carbanions. 1,4,9,  and 11 are found to have CBu sym- 
metry, and others C, symmetry. 1: a = 105.3'. 2: a = 110.0', 
p = 118.4'. 3: a = 125.2', /3 = 116.5'. 4: a = 119.6'. 5: a = 
126.9', 6 = 61.6'. 6: a = 129.0', /3 = 95.7'. 7: a = 94.6', p = 
58.4'. 8: a = 96.7', @ = 103.7'. 9: a = 105.9'. 10  a = 59.6', 
@ = 85.5'. 11: a = 87.1'. 12: a = 105', p = 88.4'. 

the effect of structural distortion of the acidity of meth- 
aneel' and ethane.7J Indeed, as one bond angle of a tet- 
ravalent carbon is reduced, an exocyclic C-H bond gains 
s character and hence becomes more acidic.6i8 We now 
wish to report a localized molecular oribtal (LMO) study 
on hybridization of the lone-pair orbital in carbanions of 
widely different geometries. 

Calculations. The ground-state geometries of the 
simple aliphatic, monocyclic, and polycyclic bridgehead 
carbanions studied (Table I) were fully optimized by the 
force method (i.e, by the analytical calculation of energy 
gradients) a t  the INDO level by using a locally modified 
GEOMIN p r ~ g r a m . ~  The MO's obtained were trans- 
formed into localized orbitals, LMO's by the technique of 
Edmiston and Ruedenberglo by using the ORBLOC sub- 
routine."* The percent s character of the lone-pair orbital 

(6) Streitwieser, Jr., A.; Owens, P. H. Tetrahedron Lett. 1973, 5221. 
(7) Williams, Jr., J. E.; Streitwieser, Jr., A. J. Am. Chem. SOC. 1975, 

97, 2634. 
(8) Streitwieser, Jr., A.; Owens, P. H.; Wolf, R. H.; Williams, J. E. J. 

Am. Chem. SOC. 1974, 96, 5448. 
(9) (a) Edmiston, C.; Ruedenberg, K. J. Chem. Phys. 1965,43, S97. (b) 

Newton, M. D.; Schulman, J. M. J. Am. Chem. SOC. 1972,94, 767. 
(10) Purcell, K. F.; Zapata, J. QCPE Indiana University, Bloomington, 

IN, Program No. 312. 
(11) (a) Hunter, J. A. QCPE Indiana University, Bloomington, IN, 

Program No. 355. We thank Dr. Hunter, J. A., Heriot-Watt University, 
Edinburg, who supplied us with a listing of the subroutine. (b) Trindle, 
C.; Sinanoglu, 0. J. Am. Chem. SOC. 1969, 91, 853. 

(12) (a) Levy, G. C.; Lichter, R. L.; Nelson, G. L. 'Carbon-13 Nuclear 
Magnetic Resonance Spectroscopy", 2nd ed.; Wiley: New York, 1980; p 
70. (b) Silverstein, R. M.; Bassler, G. C.; Morrill, T. C. 'Spectrometric 
Identification of Organic Compounds", 4th ed.; Wiley: New York, 1981; 
p 273. 

(13) Foote, C. S. Tetrahedron Lett. 1963, 579. 
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Figure 2. Relationship between the enhanced percent s character, 
As, of bridgehead carbanions and J13c-~ of the corresponding 
conjugate carbon acids. 

was then calculated from the atomic coefficients c's asso- 
ciated with the anionic carbon by the relation."" 

C(2S)Z 

C(2S)Z + c(2p,)2 + c(2pJ2 + c(2pz)2 
% s  = 100% 

Results and Discussion 
The optimized bond angles at the anionic carbon atoms 

of the molecular species under investigation are summa- 
rized in Figure 1, while their fully optimized geometries 
are listed in Figure 3 as supplementary material. The 
calculated hybridizations of unshared pair of electrons for 
carbanions are compared with the J13c-~ and the percent 
s character of their respective conjugate carbon acids in 
Table I. I t  is noted that methyl anion is definitely py- 
ramidal and its bond angles are reduced from the normal 
tetrahedral angle to 105.3'. A similar reduction in bond 
angles at the anionic carbon atom is also found in 
bridgehead anions 7-12. Such a reduction in bond angle 
will enhance the percent s character in the nonbonding 
orbital in carbanions, as is consistent with our results 
shown in Table I. In the other acyclic anions, the bond 
angles at the carbanion center, on the other hand, are 
larger than the normal tetrahedral angle due to relief of 
steric strain. Cyclobutyl anion behaves similarly. How- 
ever, no significant change in geometry has been found for 
the cyclopropyl anion and this will be discussed later. 

I t  is interesting to note from Table I that among the 
aliphatic series, the percent s character decreases with 
increasing number of methyl substituents at the a-carbon. 
These results are consistent with the Hammond's proposal 
that B strain may play some roles in the geometry and, 
thus, the hybridization of carbanions. In other words, such 
change in percent s character may arise from the steric 
effect which makes the carbanions more planar along the 
series with increasing number of methyl substituents 
(Figure 1). This may not directly imply the relative sta- 
bility of these carbanions. I t  is generally believed that 
carbanions should be more stable the higher the 2s char- 
acter of the orbital the lone-pair electrons o c ~ u p y . ~ * ~ ~  

(14) Closs, G. L.; Closs, L. E. J. Am. Chem. SOC. 1963, 85, 2022. 
(15) Della, E. W.; Him, P. T.; Patney, H. K. J. Org. Chem. 1977, 42, 

2940. _. 

(16) Katz, T. J.; Acton, N. J. Am. Chem. SOC. 1973, 95, 2738. 
(17) Eaton, P. E.; Cole, T. W. J. Am. Chem. SOC. 1964,86,962,3157. 

Cole, T. W. Ph.D. Dissertation, University of Chicago, 1966. 

2134. 

York, 1974; p 62. 

(18) Eaton, P. E.; Or, Y. S.; Branca, S. J. J. Am. Chem. SOC. 1981,103, 

(19) le Noble, W. J. "Highlights of Organic Chemistry"; Debber: New 
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to increase the strain energy of cyclopropyl anion. On the 
other hand, if the exocyclic orbital in the cyclopropyl anion 
would rehybridize to more s character, the a-hydrogen 
would move Ybackwardn which would lead to an increase 
in strain energy due to increasing nonbonding interactions. 
It is also noted that the hybridization in an unshared 
electron pair for cubyl anion is greatly enhanced as shown 
in Table I. These results seem to be compatible with the 
early explanation on the acidity of cubane and cyclo- 
p r ~ p a n e . ~  

It is noteworthy that significant enhancement in percent 
s character is found in all bridgehead carbanions (Table 
I). A plot of As for the bridgehead carbanions against 
J I ~ C - ~  for the corresponding carbon acids is shown in Figure 
2. It is interesting to note that four points for anions 8, 
9, 11, and 12 give a straight line (r = 0.9571). Such a linear 
relationship suggests that the hybridization for the non- 
bonding orbitals in carbanions 8, 9, 11, and 12 is closely 
related to the hybridization of the exocyclic orbital of the 
corresponding bridgehead carbon acids. It is interesting 
to note from Figure 2 that more rehybridization in the 
bridgehead carbanion occurs for more strained hydro- 
carbon. Unlike the acyclic anions, it is not possible for 
bridgehead anions to significantly increase the endocyclic 
bond angles to release the strain energy. The carbon- 
carbon bonds in strained organic molecules are usually 
bent.lc Accordingly, rehybridization of the anionic center 
to an exocyclic orbital with enhanced s character may 
result in the exocyclic orbitals to acquire greater p char- 
acter bringing the interorbital angles into better accord 
with the internuclear angle. However, one may expect that 
such enhancement may not exceed the value for methyl 
anion, As = 23 which may be the upper limit. Indeed, the 
As value for triprismane anion 10 is 23 and that for bicy- 
clo[l.l.0]butyl anion 7 is 21. It  is worth noting that As 
values for both species fall off the line in Figure 2. 
Moreover, both anions contain a three-membered ring 
moiety. 

It has been suggested that semiempirical MO calcula- 
tions may not be suitable for anionic species and, thus, the 
acidity of  hydrocarbon^.^^^^ Such a remark has been in- 
ferred largely from a CNDO/2 calculation on a few cy- 
c l o a l k a n e ~ ~ ~ ~  which predicts the order of their relative 
potential energy differences to be the reverse of the ex- 
perimental order of their acidities. However, the validity 
of this conclusion rests mainly on the ground that for- 
mation of carbanions causes negligible rehybridization, as 
is shown in this work to be questionable. In addition, 
within groups of closely related compounds, correlations 
have been found frequently with experimental reactivi- 
ties.24 We do not attempt here to set up a quantitative 
relationship between the acid strength of carbon acids and 
the hybridization of the corresponding carbanions. Yet 
we believe that the qualitative trend found is meaningful. 

In summary, our results are compatible with Ham- 
mond's p r ~ p o s a l , ~  and suggest that rehybridization will 
occur in carbanions in either directions depending on the 
nature of the substrate. We infer that the stability of 
carbanions depends on not only s character but also steric 
H strain. For the bridgehead systems, somewhat en- 

Table I. Percent s Character of Carbanions and Their 
Conjugate Acids 

anion %s(anion) J ,  (Hz) %s(C-H)' A$ 
1 48 125" 25 +23 
2 15 124.g6 25 -10 
3 2 119.2b 24 - 22 
4 1 114.2b 23 -22 
5 32 161.OC 32 0 
6 7 134.0' 27 -20 
7 62 205.0d 41 +21 
8 41 140.1' 28 t 13 
9 33 134.3' 21 +6 

10 59 1 7 g  36 +23 
11 52 15Y 31 +21 
12 45 14gh 30 +15 

'Reference 12a. bReference 12b. CReference 13. dReference 14. 
e Reference 15. fReference 16. #Reference 17. hReference 18. 
'Calculated by using % s  = J13c..H X 0.2, cf., ref 19. 'As = %s(an- 
ion) - %s(C-H). 

Consequently, a compromise between the steric effect and 
the electronic configuration of the lone pair of electrons 
may be necessary to account for the stability of these 
simple carbanions. Recently, two groups independently 
reported the relative gas-phase acidities of simple alkanes.21 
They found that the trend of acidities in decreasing order 
in t-Bu-H > Me-H > i-Pr-H > Et-H. Such order can not 
simply be explained by the inductive effect. The fact that 
methane is more acidic than ethane is in agreement with 
theoretical prediction.22 Our results are also compatible 
with this finding. Thus, due to change in percent s 
character in opposite directions in methyl and ethyl anions, 
one may predict that the former would be more stable than 
the latter. The steric strain relief in ethyl anion may not 
be able to compensate the energy loss due to a decrease 
in percent s character. 

Our calculated results on the hybridization for the lone 
pair of electrons indicate a decrease in percent s character 
from Et- to t-Bu-. However, it was found that t-Bu-H is 
more acidic than i-Pr-H which, in turn is more acidic than 
Et-H.21 Relief of steric interaction is apparently more 
important in carbanions having more substituents. Such 
effect would be particularly predominant in t-Bu-, which 
makes its conjugate acid even more acidic than methane.21 
The importance of strain relief can also be reflected by a 
comparison of the relative acidity between i-Pr-H and 
Et-H. However, such relief of steric B strain would be at 
the expense of decreasing percent s character which would 
increase the energy content of the nonbonding orbital in 
the carbanion. Consequently, the acidity for CH3-H which 
lies between those for t-Bu-H and i-Pr-H can be under- 
stood within this framework, namely, by balancing between 
steric and electronic factors. 

The situation in the cyclobutane case may be similar. 
A decrease in percent s character (As = -20) may result 
in release of 1,3-nonbonding interactions. In the case of 
cyclopropane, there is no difference in percent s character 
in the exocyclic orbital between the anion and its conjugate 
acid. Shoud the nonbonding orbital in cyclopropyl anion 
rehybridize to more p character like cyclobutyl anion, the 
endocyclic bonding orbitals (which form carbon-carbon 
bonds) would be enriched in s character. This would lead 

(20) Walsh, A. D. Trans. Faraday SOC. 1949, 45, 179. Bent, H. A. 
Chem. Reu. 1961, 61, 275. 

(21) DePuy, C. H.; Bierbaum, V. M.; Damrauer, R. J. Am. Chem. SOC. 
1984,106,4051. Turnas, W.; Foster, R. F.; Braumann, J. I. J. Am. Chem. 
SOC. 1984, 106, 4053. 

(22) Spitznagel, G. W.; Clark, T.; Chandrasekhar, J.; Schleyer, P. v. 
R. J. Comput. Chem. 1982,3,363. Kollmar, H. J. Am. Chem. SOC. 1978, 
100, 2660. 

(23) (a) Jesaitis, R. G.;  Streitwieser, Jr., A. Theor. Chin. Acta. 1970, 
17, 165. (b) Braumann, J. I.; Blair, I,. K. J. Am. Chem. SOC. 1971, 93, 
4315. (c) Streitwieser, Jr., A.; Mowery, P. C.; Jesaitis, R. G.; Wright, J .  
R.; Owens, P. H.; Reuben, D. M. E. "The Jerusalem Symposia on Quan- 
tum Chemistry and Biochemistry"; The Israel Academy of Sciences and 
Humanities, 1970; Vol. 11, p 160. 

(24) (a) Hehre, W. J; Pople, J. A. Tetrahedron Lett. 1970, 2959. (b) 
Baird, N. C. Can. J. Chem. 1969,47, 2306. ( c )  Lewis, T. P. Tetrahedron 
1969, 25, 4117. 
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The MNDO approximation to molecular orbital theory is used to calculate the properties of isoquinolinequinone 
alone, as well aa protonated or complexed with BF,, at each oxygen or nitrogen. Frontier orbital theory is applied 
to the calculated species to illustrate how changes in regimpecifcity of the Diela-Alder reaction might be anticipated 
as a function of the site of interaction and nature of the complexing acid. Another test of the regioselectivity 
was made by using the biradical model for the reaction mechanism. Radical localization energies were calculated 
by adding a hydrogen atom to each of the neutral and protonated species at  each of the two reactive centers. 
Suggestions are made concerning experimental variables, particularly the choice of the diene and the acidity 
of the medium, that might be used to control regiospecificity in these reactions. 

The Diels-Alder reaction is widely used in synthetic 
organic chemistry as a method of forming new rings. One 
of the most important reasons for ita widespread use is the 
high regiospecificity that is often observed for these re- 
actions. Control of this regiospecificity is a determining 
factor in designing successful synthetic procedure. 

Several important theoretical studies of the Diels-Alder 
reaction have appeared in the literature14. The question 
of whether or not the reaction between ethylene and bu- 
tadiene is synchronous or not has been studied by Dewar2 
and Salem' who reached different conclusions based upon 
potential surfaces calculated by using different MO 
methods. Theoretical studies of selectivity have more often 
been restricted to less expensive techniques, such as ap- 
plications of perturbation theory to the MO's of the in- 
teracting  molecule^.^^^^^ Frontier orbital theory,'~~ one of 
the more sophisticated perturbation techniques, has been 
previously applied to several examples of the Diels-Alder 
reaction with ~ u c c e s s . ~ ~ ~ ~ ~  

Salts of isoquinolines have recently been shown to be 
useful synthetic intermediates because their heterocyclic 
rings serve as dienes in regiospecific Diels-Alder reactions 
that fuse new carbocyclic rings to the aromatic frame- 
~~~~ 

(1 )  Townshend, R. E.; Ramunni, G.; Segal, G.; Hehre, W. J., Salem, 

(2) Dewar. M. J. S.: Griffin, A. C.; Kirschner, S. J. Am. Chem. SOC. 
L. J.  Am. Chem. Soc. 1976,98, 2190. 

1974; 96, 6225. 
(3) Fleming, I.; Michael, J. P. Tetrahedron Lett. 1978,1313. Fleming, 

I.; Gianni, F. L.; Mah, T. Zbid. 1976, 881. 
(4) (a) Gleiter, R.; Bohm, M. C. Pure Appl. Chem. 1983,55,237. (b) 

Zhixing, C. Theor. Chim. Acta 1983,62,293. (c) Alston, P. V.; Gordon, 
M. D.; Ottenbrite, R. M.; Cohen, T. J. Org. Chem. 1983,48, 5051. (d) 
Blain, M.; Odiot, S.; Martin, G. J.; Gouesnard, J. P.; Chalvet, 0. Tetra- 
hedron, 1980,36, 2775. (e) Oliva, A.; Fernandez-Alonso, J. I.; Bertran, 
J. Tetrahedron 1978,34,2029. (0 Eisenstein, 0.; Lefour, J. M.; Anh, N. 
T.; Hudson, R. F. Tetrahedron 1978,34,523. (g) Feuer, J; Herndon, W. 
K.; Hall, L. H. Tetrahedron, 1968,24, 2575. 

(5) Salem, L. J. Am. Chem. SOC. 1968,90,553. 
(6 )  Houk, K. N. J. Am. Chem. Soc. 1973,95,4092. 
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work."12 A synthetic plan could use the quinone portion 
of the subject isoquinolinequinone as a dienophile. Sub- 
sequently, the heterocyclic ring could be used as a diene. 
The outcome of these successive cycloadditions would be 
the fusion of the outermost A and D rings of naphthacene 
to the central B and C rings. I t  is important to control 
the regiospecificity of these reactions, if they are to be 
generally useful. 

pN 
0 X OH 

OH CHO 

In this paper we present a theoretical study of the re- 
giospecificity of the Diels-Alder reaction for the particular 
dienophile isoquinolinequinone, 1. This compound differs 
from 1,6naphthoquinone only in the substitution of a 
nitrogen for a carbon at a position remote from the center 
of dienophilic activity. Compound 1 does not contain a 
plane of symmetry bisecting the dienophilic bond, but the 
effect of the nitrogen on this bond should be small. Thus, 
based purely on frontier orbital arguments, one would not 
expect a large Diels-Alder selectivity when 1 is used as a 
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