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trans-1 and -2 and for presumably unassisted te/-?-butylcyc-
lohexane16 as a function of ionizing voltage. With heavy 
precedent,10 this assistance mechanism should increase the 
competitive rate for loss of C4H9 in trans-1 and -2 but not in 
tez-Z-butylcyclohexane as the ionizing energy is lowered. This 
is precisely what is found (Figure 2). 

(3) The unusual observation of homolytic substitution at 
carbon may be reasonably ascribed to the nature of the sub
stituting group. Consider the following competition. When 
neutral bromine radical approaches a hydrocarbon chain, SH2 
reaction at hydrogen or carbon leads, respectively, to an alkyl 
radical and hydrogen bromide or alkyl bromide. The 18-kcal 
mol-1 difference in bond strength17 favoring hydrogen bro
mide, if reflected in the competitive transition states, will 
powerfully direct substitution at hydrogen as is always ob
served.3 On the other hand SH2 reaction by alkylated bromine 
radical (RBr+-) on hydrogen will produce alkyl radical and the 
hydridoalkylhalonium ion, while attack at carbon produces 
alkyl radical and dialkylhalonium ion. Kinetic evidence18 and 
analogy to carbenium ion stabilities suggest that the dialkyl
halonium ion is considerably more stable than the hydridoal
kylhalonium ion, thus favoring SH2 reaction at carbon. Al
though, in the intramolecular cases herein, the dialkylhalonium 
ion product of the Sni reaction at carbon has the recognized 
special stability of the five-membered ring,7 this is not pre
requisite to homolytic displacement at carbon as demonstrated 
by recent ion cyclotron resonance results showing that RBr+-
will displace bromine radical from RBr to form acyclic dial-
kylbromonium ions.19-20 

The observation in electron impact mass spectrometers of 
homolytic displacement at carbon5 may now be added to the 
Barton21 and Hofmann-Loeffler-Freitag22 reactions as 
demonstration that mass spectrometry should be a subject of 
increasing awareness to the field of free-radical chemis
try." 
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Alkali Metal Enolates and Cryptands. 
A Novel Type of Strong Base 

Sir: 

In the course of our investigations, we have found that alkali 
metal enolates in the presence of cryptands (Figure 1) exhib
ited exceptionally strong basicity at room temperature. 

Proton abstraction takes place within a few minutes not only 
from organic acids usually ionized by standard bases, but also 
from very weak acids such as triphenylmethane and diphen-
ylmethane. Diethyl ether is attacked by the activated enolate 
and cyclohexyl chloride is quantitatively transformed into 
cyclohexene. 

Lithium, sodium, and potassium enolates of cyclohexanone1 

were respectively prepared in diethyl ether and in THF by the 
usual procedures.2 All reactions were carried out under ni
trogen with 0.5 M solutions of each enolate. One equivalent 
of cryptand was added to the enolate solution.3 The solution 
must be free of ketone and free of the basic reagent used in its 
preparation; this important feature must be carefully controlled 
since the presence in the medium of another base could perturb 
the results. 

When triphenylmethane (pATa = 31.5) was added to any of 
the enolate-cryptand solutions, the red color of the carbanion 
appeared instantaneously (in the absence of cryptand, no re
action occurs). The same observations were made using di-
phenylmethane (pA â = 33) instead of triphenylmethane. 
Toluene {pKa =* 37) is not ionized by the same procedure. 
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Figure 1. Cryptands used for activating etiolates. 
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Figure 2. 

When this experiment was carried out using trideuter-
iomethylbenzene, some cyclohexanone was regenerated which 
had not incorporated deuterium as could be shown by mass 
spectrometry. The regeneration of the cyclohexanone will be 
justified subsequently. 

Since we observed the regeneration of ~25% of the starting 
ketone when adding the cryptand to the enolate solutions, we 
performed the following experiment. In perdeuterated diethyl 
ether, the regenerated ketone was shown by mass spectrometry 
to be deuterated (monodeuterated cyclohexanone, 22% of the 
regenerated ketone; dideuterated cyclohexanone, 3% of the 
regenerated ketone; 75% of the regenerated ketone contained 
no deuterium). When the enolate-cryptand solution was hy-
drolyzed, additional ketone was recovered which had also in
corporated <~20% deuterium. These results show that a rapid 
exchange took place before hydrolysis between the ketone re
generated by the cryptand and the remaining activated enolate 
(Figure 2). These observations demonstrate the ability of the 
enolates to attack diethyl ether when they are activated by 
cryptands. Undoubtedly, THF must be attacked in the same 
way. The cryptand itself was attacked as it was shown by re
generation of ketone when cryptand was added to the enolate 
solution in benzene. 

In another experiment, we found that cyclohexyl chloride, 
which did not undergo any reaction after 2 h when added to 
enolate solutions free of cryptands, was instantaneously and 
quantitatively transformed into cyclohexene when added to 
any of the enolate-cryptand solutions. No alkylation of the 
enolate occurs and all of the cyclohexanone is recovered. 

The few results depicted above demonstrate unambiguously 
the strong basic ability of enolate cryptand solutions. More 
detailed results will appear in a full paper. We are presently-
exploring the use of these new bases for a variety of reac
tions. 
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Absolute Stereochemistries of 3-Epicaryoptin, 
Caryoptin, and Clerodin as Determined 
by Chiroptical Methods 

Sir: 

It is well known that the absolute stereochemistries as de
termined by the X-ray Bijvoet and CD exciton chirality 
methods are consistent with each other.1 3 In the cases of insect 
antifeeding diterpenes, 3-epicaryoptin (3a) and caryoptin (2a), 
however, Munakata and his co-workers have claimed4 that the 
absolute configuration by the CD exciton method disagrees 
with that derived from the X-ray results5 of clerodin (la),6 

proposing the benzoate conformation twisted by the seven-
membered intramolecular hydrogen bonding as shown in 9b' 
of Figure 1, in order to account for the discrepancy. On the 

r" **** f^f ***s 

1; R 1 =R 1 =K, R,= - 0 - , R,= - C H , - , R.=R,=OAc %*• 1 2 3 4 Z O 6 

Tr, R1 = R5 = R6 = OAc, R2=H, R,= - O - , R = - C H j -

3; R 1=H, R ,=R-=R,=OAc , R1= - O - , R.= - C H , -v * - l 2 D 6 3 4 2 

4 ; R 1 =R 1 =H, R1= - O - , R.= - C H 1 - , R_=R,=OH 
*^* 1 2 3 4 Z D O 

5; R 1 =R 1 = H, R„ = OH, R -1=CH1 , R-=R,=OAc *•• i 2 j 4 3 D 6 

6; R 1 =R 1 =H, R 1 = P . = R , - O H , R4=CH1 w- 1 2 3 b 6 4 3 

7; R1=OH, R 1=H, R,= - O - , R4= - C H 1 - , R_=R,=OAc w* 1 2 ' j ' 4 2 5 6 

8 b ; R 1 =R,= P - C l C , H .COO-, R1=H, R1 = OH, R 4 =CH 1 , R.=OAc 
*~- 1 6 - 6 4 2 3 4 3 5 

9 b ; R1=H, R 1 =R,= P-ClC ,H .COO-, R1=OH, R -1=CH1, R,=OAc ***• 1 2 6 — 6 4 3 4 3 b 

other hand, they have determined the absolute configuration 
of clerodendrin A (1Oa)7 of same clerodane skeleton by the 
X-ray method.8 If these results are correct, it is worth noting 
that, as they have pointed out, compounds la, 2a, and 3a are 
antipodal to 10a in all corresponding chiral centers, in spite of 
isolation from the plants of same genus.9 Therefore, it is sig
nificant to check the possibility of the benzoate conformation 
being twisted by a hydrogen bonding, and to determine the 
absolute configuration of la, 2a, and 3a, for biosynthetic cor
relations. 

In this paper, we report some chiroptical data leading to the 
conclusion that clerodin, caryoptin, and 3-epicaryoptin should 
be expressed in the enantiomeric forms of formulas la, 2a, and 
3a, respectively. As shown in Figure 1, 5a-cholestane-
3/3,4a,6a-triol 3,6-bis(p-chlorobenzoate) (15)10 is a suitable 
model compound for examining whether the benzoate group 
of 3-epicaryoptin derivative 9b is really twisted in its confor
mation by the intramolecular hydrogen bonding or not, because 
dibenzoates 9b and 15 are antipodal to each other in principal 
chiral centers, i.e., 3, 4, and 6 positions. The CD spectrum of 
15 exhibits typical exciton split Cotton effects, Ae246.2 = 

+27.0/A«23i.o = -13.8 (EtOH), corresponding to the normal 
positive exciton chirality between the two benzoate groups. 
Thus, it is clear that the benzoate conformation in question is 
not twisted by the adjacent hydroxyl group. This fact is sup
ported by the following CD data. Dibenzoate 14, having no 
hydroxyl group, shows CD Cotton effects of same sign and of 
similar amplitude, Ae2475 = +28.8/Ae230.o = -13.9 (5%di-
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