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pulse height discrimination). The size of the crystal used for data
collection was approximately 00.2 X 0.25 X 0.30 mm; the data were
corrected for absorption (u = 34.5 cm™1). Of the 2706 independent
reﬂectlons with 8 < 57°, 1859 were considered to be observed. The
structure was solved by a mulitiple solution procedurel? and was re-
fined by full matrix least squares. In the final refinement, anisotropic
thermal parameters were used for the heavier atoms and isotropic
temperature factors were used for the hydrogen atoms. The hydrogen
atoms were included in the structure factor calculations but their
parameters were not refined. The final discrepancy indices are R =
0.059 and wR = 0.056 for the 1859 observed reflections. The final
difference map has no peaks greater than +0.4 e A~3, The computer
drawing of compound 8 (Figure 1) clearly indicates that 8, and
therefore compound 2, possess the unnatural biphenyl configura-
tion.14

The exclusive formation of 2 as opposed to compound 10
(the natural biphenyl configuration) must occur during the
VOF; cyclization of compound 7. One possible explanation
for this stereochemical result involves the intermediacy of the
spirodiene 9.15 Phenyl migration in 9 via path a leads to ste-
gane (10) whereas phenyl migration via path b gives rise to
isostegane (2). Inspection of molecular models indicate path
b is considerably more favored on the basis of configurational
interactions than is path a.16
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Anhydrocholine

Summary: Choline, (CH3)sN*CH;CH,;OH OH~, was found
to exist in water-poor media mainly in the form of anhydro-
choline, (CH3)N+tCH.CH,0.

Sir: A characteristic feature of enzyme systems appears to be
the existence of highly reactive regions on the enzyme surface.
In these regions acidic or basic groups often function as if their
pK’s were much greater (or smaller) than they are in aqueous
solution.! It is likewise possible that some small biomolecules
might be particularly susceptible to such changes in acidity,
either on an enzyme surface or in some other cellular envi-
ronment, and that this variability might be a vital part of their
function.

The effect of polar, water-poor mixed solvents on the
binding of various substrates to an enzyme cavity model has
been reported recently.2 We wish to report a remarkable
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Table I. Equilibrium Constants and Thermodynamic Parameters for the Reaction
(CH3)3N+CHQCH20H + OH_ had (CH3)3N+CH20H20_ + H20
Solvent® T, K Kb AH, kcal/mol AS, cal/mol K
H,0 291.15 13.9+£0.2 4.39 4 0.22 20.3+0.8
H,0 322.90 29.3 + 1.6.
0.60 aqueous ethanol 273.15 27.6 + 1.0 2.58 £ 0.02 15.9 4+ 0.1
0.60 aqueous ethanol 291.15 33.3+1.3
0.60 aqueous ethanol 322.90 559 £ 2.1 ‘
0.85 aqueous ethanol 291.15 141.7 £ 6.7 —1.47 £0.08 4.79 + 0.18
0.85 aqueous ethanol 322.90 1104 + 3.7
0.60 aqueous DMSO 273.15 1766 + 57 —2.35 £ 0.21 6.27 £+ 0.87
0.60 aqueous DMSO 291.15 1397 & 54
0.60 aqueous DMSO 322.90 911.7 + 84

@ Solvent composition indicated as mole fraction of organic solvent. ® See ref 4.

change in the acidity of choline ion relative to water on going
from water solvent to such a polar, water-poor medium.

The customary formulation of choline,® (CHg)sN*-
CHyCHsOH OH™, is no doubt based on the fact that the
choline ion, (CH3)sN+*CH;CH:OH, has a pK, sufficiently
close to that of water so that in dilute aqueous solution reac-
tion 1

(CH3)sN+CH,CH,0H + OH-
= (CH3)3N+CH20H20_ + HQO (1)

can be neglected. While following the rate of the base-cata-
lyzed hydrolysis of acetylcholine conductometrically we ob-
served that the conductance of solutions of choline were
substantially lower than would be required by the customary
formulation. Comparison of the conductance of a solution of
choline with the conductances of separate solutions of NaOH,
choline chloride, and NaCl yielded the equilibrium con-
stants*-6 listed in Table I,

Examination of the equilibrium constants shows a dramatic
change in the relative acidities of choline ion and water on
going to progressively less H-bonding media. This change is
accompanied by an even larger shift in the enthalpy of reaction
1. This very large shift to an exothermic AH of reaction (by
almost 7 kcal/mol) as one goes to the less aqueous medium is
opposed by an accompanying decrease in entropy, thus
damping the effect on the equilibrium constant. As this
damping entropic effect might be absent in the highly ordered
biological environments in which the choline ion functions,
the factors favoring anhydrocholine,” (CH3)sN*CH,CH-0-,
as a viable biomolecule® may be even more pronounced.
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I < Leholc)+NaoH = LNaci ) c— c
Lneor + Lehoicl — LoholCt + NaoH < LeholGi+NaOH = LNac! ) I
LnaoH T Lenoio) = Lohoici+NaoH

where L is the conductance of the indicated compound or compounds at
concentration C. The equilibrium constant K was determined at at least three
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defined using a value of unity for the concentration of H20 in eq 1. Using the
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