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The conformations of the isomer pairs of the 1-azabicycloalkanols I (isomers 1 and 2) and II (isomers A and B)
have been established from their ir and pmr spectra. One isomer of each pair (isomers 1 and B) shows some
intramolecular H bonding due to the presence of boat forms Ic and Ile, respectively, and has a symmetric free
vor band profile. The other isomer of each pair (isomers 2 and A) has an asymmetric free vog band profile which
can be resolved into two symmetric component bands »og® and vor!! which arise from the three possible (two
equivalent) rotational hydroxyl conformations about the C-O bond. The hydroxylic pnir signals are well dif-
ferentiated, the isomers having the greater downfield chemical shift possessing the equatorial hydroxyl conforma-
tion. Both spectroscopic methods give the same conformational assignments of equatorial hydroxyl to isomers
1 (Ia) and B (I1a) and axial hydroxyl to isomers 2 (Ib) and A (ITb). The dissociation constants were measured
and are shown to be in agreement with the predicted constants when the intramolecular H-bonded forms of
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isomer 1 (¢, d) are considered.

As part of a program on the investigation into the
structure-activity relationships of some 1-azabicycloal-
kane analogs of pethidine-type analgetics,? the confor-
mations of some intermediate 1-azabicyecloalkanols have
been determined. The compounds were prepared by
the addition of phenyllithium to indolizidin-7-one,? to
give 7-phenylindolizidin-7-ol (I), and to quinolizidin-2-
one? to give 2-phenylquinolizidin-2-ol (IT); each ketone

OH OH

N N

I 11
gave two isomeric aleohols, described as isomers 1 and 2
in the indolizidine series and isomers A and B in the
quinolizidine series.

In the indolizidine series, isomer 1 was isolated as the
free base, while 2 was fractionally crystallized as the
hydrobromide, prepared by treatment with HBr in
acetone. This treatment caused partial dehydrogena-
tion of the mixture, with the isolation of some 7-
phenyllhexahydroindolizinium bromide (III), also ob-

a
I

tained by heating isomer 1 with strong aqueous HCl and
AcOH and shown to be a single compound by tle and
glpe. The uv spectrum of IIT showed the expected
styrene-type absorption and the nmr spectrum showed a
doublet at » 4.0 (J = 6 cps) for the ethylenic proton,
indicating structure IIIb for the product.

The ring junction in both isomers 1 and 2 is shown to
be predominantly frans from the presence of strong
bands in the 2700-2800-cm ! region of the ir spectrum,*

(1) Taken, in part, from Ph.D. thesis (A, E. E. T.), 1966.

(2) A. H. Beckett, R. G. Lingard, and A. E. E. Theobald, J. Med. Chem.,
13, 563 (1969).

(3) F. Lions and A, M. Willison, J. Proc. Roy. Soc. N. 8. Wales, 78, 240
(1940).

and, assuming all-chair conformations of the fused six-
membered rings, the two possible isomeric fornis of the
indolizidine alcohol are axial phenyl (Ia) and equatorial
phenyl (Ib). It seemed likely that acid-catalyzed
elimination (predominantly E13) would be faster in Ia
than in Ib, due to greater steric acceleration in forming
the trigonal carbonium ion, and could be used to assign
conformations to isomers 1 and 2. Such an argument
would only be valid in the absence of intramolecular H
bonding in the corresponding axial hydroxyl boat con-
formation (t.e., Ic).

Moreover, the rate of elimination of Ib should be
similar to that of 1-methyl-4-phenylpiperidin-4-ol (IV)
which is not subject to the same conformational restric-

NCH,

OH
v
tions as the indolizidinols (I) and will therefore adopt
the most stable conformation, wéz. the chair form and
equatorial phenyl/axial hydroxyl.

The rates of elimination of dilute (1.8 X 10~* A1)
solutions in strong aqueous acid were followed by the
development of the styrenoid band at 242 mu. The
rates for isomer 2 and the piperidinol IV were almost
identical (Figure 1) while dehydration of 1 was more
rapid, thus indicating 1 to have the conformation Ia,
and 2 the conformation Ib.
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(4) A. E. E. Theobald and R. G. Lingard, Spectrochim. Acta, 24A, 1245
(1968).

(3) D. V. Banthorpe, “Elimination Reactions," Elsevier Publishing Co..
London, 1963, p 145.
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Figure

Surprisingly, both isomers A and B of 2-phenyl-
quinolizidin-2-ol (IT) were dehydrated at almost the
same rate as the piperidinol IV, This suggested that
intramolecular H bonding might play a part in deter-
mining the elimination rates, and also cast some doubt
on the validity of conclusions from elimination rates in
the indolizidine series. Accordingly, attempts were
made to deduce the conformations of the isomeric
aleohols spectroscopically.

Several spectroscopic methods are available for the
detection of axial and equatorial OH groups in cyclo-
hexane derivatives, The position of the free OH
stretching vibrational band, rom, is sensitive to sterie
and electronic effects, and the band for axial tertiary
carbinols is at a slightly higher frequency than that for
the corresponding equatorial tertiary ecarbinols in
nonpolar solvents.® This difference is attributed to
steric rather than to bond polarization faectors.

Under high resolution, the »og band of a number of
primary, secondary, and tertiary alcohols is seen to be
asymmetrie.”  Resolution of the asymmetiic band into
two symmetiic components showed that the frequencies
of the resolved bands can be correlated with rotational
conformers of the aleohols, and, in examples having
adjacent w-electron systems, a shift to lower frequencies
was observed as a result of intramolecular OH-7 bond-
ing.  Aaron and Rader® have shown that an asymme-
iric vou band is given by equatorial cyclohexanols, and
a xymmetric band by axial cyclohexanols; this approach
has been used to distinguish between several axial and
equatorial quinolizidinols and indolizidinols.®

61 A. R. H. Cole and G. T. A. Miller, J. Chem. Soc., 1218 (1959).

iTy M. Oki and H. Iwamura, Bull., Ckem. Soc. Japan, 82, 567, 950, 935,
1135 (1959).

(8) H. 8 Aaron and C. P. Rader, J. Awer, Chem. Sorc., 85, 3046 (1963).

i) H. 8. Aaron, G. I Wicks, and C. P. Rader, J. Org. Chem., 29, 2248
1964y . P Rader, R. L. Young, and F. & Aaron, td., 30, 1536 (1865},

The chemical <hift of the OH proton of evelohexanols
depends on OH conformation ax well as =olute concen-
tratton and H bonding.  Huitrie, ¢f al..* attributed the
ditffcrence in chemical shift of the OH proton (o
difference in the degree of H bonding i =ome 2-0-
tolvleyclohexanols. 4 corresponding  diffcrence
chienneal shift was noted by Gurbixeh and Pattersont!
for eis- and teans-4-t-butyl-1-phenvlevclohexanols, and
by Ouellette! for c/s- and trans-4-t-butyl-1-ethynyl-
cvelohexanols and 4-t-butyleyelohexanols when chemi-
cal slnfts were extrapolated to infimte dilution,  "The
conforniations of a sertes of 2-aryl-2-hvdroxy-1.2,3,4.6.-
7-hexahydro-11bH-benzola]quinolizines have been de-
duced by this method, !

Thus. from the above data, 1t seemed that unequivo-
cal conformational assignments could be made to the
l-azabieycloalkanols by w combination of ir and pmr
spectroscopy, and additional evidence might be fur-
nished by a compartson of dissoelation constants,

Infrared Studies.--In » preliminary experiment,
soluttons of the isomers of aleohols T and IT were
scanned 11 the voyp and peyg regions (3650-2600 em—!),
The =peetra (I'1gures 2 and 3) <howed that one isomer of

! 1
3500 3000 em™?

Fignre 2.--Infrared spectrinn of 7-phenylindolizidin-7-ol in 0.1¢;
<olntion= of CCL: isomer 1, -----—-—; Iscner 2, .

each pair (isomer 1 and isomer B, respectively) exhib-
ited & weak bonded rou band at about 3360 cm .
Dilution studies indicated that the band profile re-
mained unchanged and that the band intensity followe:l
the Beer—Lambert-Bouger law precisely, thus indicating
the bonding to be intramolecular. A similar intri-

pentamethyl-4-phenylpiperidin-4-ol and shown to be
due to a boat form of the piperidine ring, stabilized by
intramolecular bonding between the nitrogen and OH
group. The compound was also reported to be remark-
ably resistant to acetylation, a property also possessed
by the indolizidinol (1).

It seems likely that the two isomers (I, isomer 1; 11,
tsomer B) showing intramolecular bonding contain
significant amounts of the boat forms (Ic and Ilc.

¢10) A, C. Huitric and I. B, Carr, dbid., 36, 2648 (1961); A, C. Nuitrie,
W. G. Clarke, K. Leigh. and D. C. Staiff, tbid., 27, 715 (1962); A. (' Huai-
trie, W. 8. Stayropoulos, and B. J. Nist, ibid., 28, 1339 (1963).

{11) E. W. Carbiseh and I). B, Patterson, J. Amer. Chem. Suc., 85, 3228
11963).

12) R, Ouellette, stid., 86, 4378 (1064).

:13) 1. Bruderer, M. Baumann, H. Uskokuvie, and A Yerogst, Jfete. Chon.
Acta, 47, 1852 (10641,

(14) R.EC Lyvioo J. Grg. Céeem., 22, 128G (19575
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TasLe 1
FREE vog BAND FREQUENCIES OF SOME 1-AZABICYCLOALKANOLS
——Free vog—— OH
Compound M em ™! conformation
I, isomer 1 2.769 3611 Equatorial
I, isomer 2 2,764 3618 Axial
II, isomer A 2.763 3619 Axial
II, isomer B 2.769 3611 Equatorial
v 2.763 3619 Axial
vV 2.764 3618 Axial
Vi 2,764 3618 Axial
4 and 5. The free »gyg bands of the compounds pre-

] 1
3500 3000 e

Figure 3.—Infrared spectrum of 2-phenylquinolizidin-2-0l in
0.1 solutious of CCly:  isomer A, ; isomer B, ———--- .

Ie,n=2
Ile,n =3

respectively) in solution. The corresponding chair
forms of these isomers must therefore have the equa-
torial OH conformation (Ia, ITa).

Since axial and equatorial tertiary aleohols are known
to have »ou band maxima at slightly different frequen-
cies, an attempt was made to assign conformations on
this basis. For this, reference compounds of similar
structure and known conformation were required, and
the analogous compounds, 7-(2,6-dimethylphenyl)-
indolizidin-7-0l (V) and 2-(2,6-dimethylphenyl)quin-
olizidin-2-ol (VI) were prepared, in which the aryl group

CH;

N~_
}(CHz)n

OH
CH;

2
3

V,n
Vin
must be equatorial because of its bulky character. The
piperidinol IV, having predominantly the axial OH
conformation, was used as a third reference compound.
However, only very small differences in free vog
band maxima were apparent (all being within the
range 3611-3608 cm~!), but in some cases the bands
were asymmetric. Using a Beckman DK-2 spectro-
photometer, all compounds showed symmetric free vog
bands with reproducible band maxima at either 3611
(I, isomer 1; II, isomer B) or 3618 em—! (I, isomer 2;
IT, izomer A; IV-VI), the frequencies being comparable
with those reported by Colef for tertiary carbinols
(Table I). This discrepancy between instruments is
due to the poorer resolution obtainable on the DK-2,
giving an ‘“‘average” band profile. Under high resolu-
tion (SP 100) where the spectral band width is less than
the half-band height (A»,), the observed band profile
is a close approximation to the true band profile.
The free vog band profiles were determined under
high resolution for the compounds in both CCl; and
C8,; representative band profiles are shown in Figures

viously thought to have the axial OH conformation
were asymmetric, while the bands for the intramolec-
ularly bonded isomers appeared symmetrie.

It seemed highly probable that the asymmetric
bands were due to the overlap of several symmetric
component bands’ which might be correlated with the
rotational conformations of the OH group. Using a
spectral band width of 2 em~! for bands of natural
Avyj, of 20-30 cm !, the observed band profile is prob-
ably only slightly convoluted by the “instrument func-
tion,” although several small sources of error may
contribute to the distortion of the true band shape.!®
The observed asymmetric bands were separated into
two component bands by a graphical procedure,'® and
the areas of the observed and component bands were
determined by graphical integration; these were also
computed from the integrated Lorentz function as a test
of band shape. As the spectral band width was con-
siderably narrower than the half-band width, no inten-
sity corrections!” were made.

The frequencies of the observed and component
band maxima and apparent integrated absorption
intensities (B) are given in Table II. The calculated
band areas differ from those obtained graphically; this
discrepancy is probably due to (a) the band profiles
not being strict Lorentz functions, and (b) the instru-
mental scan limit at 3650 ecm~!, the high-frequency
“wing” of all bands being cut off, thus making the
assignment of a base line less precise. However, in the
case of symmetric »oy bands such as that of isomer 1
(Figure 4), the observed and computed curves are in
very close agreement.

In all cases, the asymmetric band could be graphically
resolved into two symmetric component bands, roy'
and vog'!. The smaller, high-frequency bands (vou?)
had maxima between 3621.5 and 3615 cm™' (emex
15-23.5) in CCl; and between 3615 and 3611 cm™—!
(emax: 9-19) in CS,. The larger, low-frequency bands
(vor™) had maxima between 3607 and 3605 cm~!
(émax’ 81.5-51.5) in CS,. The symmetric free rou
band of the intramolecularly bonded isomers (isomers 1,
B) was in the same frequency range as the »ox!! band
in both solvents.

The resolved vor' and rog!'! bands can be correlated
with the rotational conformers of the OH group about
the C-0 bond, and intramolecular H bonding between
the OH group and the aromatic = electrons. Possible
rotational conformations of the alcohols are shown in
Table ITI, assuming all-chair ring conformations. For
the axial hydroxyl isomers (Ib, IIb), conformations 1,

(15) K. 8. Seshadri and R. N. Jones, Spectrochim. Acta, 19, 1013 (1963).
(16) Y. Armand and P. Arnaud, Ann. Chim. (Paris), 9, 433 (1964).
(17) D. A. Ramsay. J. Amer. Chem, Soc.. T4, 72 (1952),



572 R. G. Lixgarp, A. H. BEckKETT, AxD A, F. [, THEOBALD Vol 12

Tabrr 11
CHARACTEIRSTICS OF THE FRur veqp Baxp azp Canrozueyt Baxps

oeme—e—0sd free Q-1 Land” d—aomme s Camprenent band 1 -~ Compeatent laind 1194
Compoaid YOR®  emax™ et Buded  Bulsd vorrtl pund et Bered! Buiaa! con't T vt Beaal Bt
1, ixomer 1+ 3605.5 71 4.0 5.8y 322 H605.5 Tl 4.4 585 3022
I, ixomer 2¢ 3605 65 170 4,15 5.00 S6LY.S 28 5 15 .50 1. 10 36055 300 140 288 18T
Ve 3605 41 22 502 2 40 3621.5 15 23 1.2 0495 5605 o Ih.h 1 0y 1.406
11, icomer A« 360 a7 582 202 3610 16.6 16 096 1) 76 5605 S0 145 270 1N
I1, icomer B¢ 3606 68 50307 S04 5606 (S .5 357 31
VI 3608 60 OO BAN 500 BO19.5 1708 2Y 168 126 500N Gl 13,7 249 150

I, somer 17 : Hd D o412 289 BAUKS 5H.0H 205 412 2
I, isomer 2° dyoodd 532 4.05 3611 19.0 375 1.75 1.68 Sod . H 44 14 50N 2050
Ve 54 545 424 201 36175 118 17.5 0.75 0.068 BN I ) A S T O N
11, isomer A* 508 i T.06 577 3611.5 9.0 20 .65 1.7l W05 d000 25 6 45 52N
I1, isomer B* SR 2000 4.08 206 AT NIV ) 2005 s 2006
VI 4D 26 4.23 388 36145 0.3 230 0.79 0501 35050 44 22 5500 2086

¢ Solntions i CClL. “In CS. < Apparent band characteristies, indicated by a superseript ain parentheses. @ von = freqpuency of
band maxinnm, ez = decadic exthetion coefficient at the band maxinunm, Ar, | = b:and width in em~tat half-height, B = appar-
ent integrated band intensity calenlated fran Lorentz fintetion, Baea = apparent integrated band mensity obtaived from graphical
infegration.

Tanre 111
€ RoratioNal CoNFORMATIONS OF TERTIALY CAlBINOLS
v
701 Type la Ila Vi Vvl IR
60r ! tonh 46113622
50_ 3605-3607
(0L
2a (vt .
40r
4605-3607
(CC
2 (et 1393-3598
30F (08
20F than the corresponding axinl OH protons.  Ouellettel”
has shown that the difference in chemical shift ix still
apparent on extrapolation to infinite dilution; thus the
10 effect is at least partially intramolecular and cannot be
entirely due to shielding by 2 geminal substituent, a~
X ol A T Sael the spatial relationship between the axial or equatoral
60 40 20 3600 80 60 40 OH and substituent is identical in both conformations.
cm™! PPossibly, the difference in chemiecal shift i1s at least
Fignre 4.—voy band profile of 7-phenylindolizidine (I, isomer partially due to I‘UI',athIlal contorn‘latlonsr of the OH
1) in CCL( ) and CSy (= -~ -—) also showing the com-  group about the axial and equatorial C--O conforma-
puted Lorentz curve i -« - - - ). tions.
i ) ) As the chemical shift difference seemed to be «
2a, and 2b are possible, and sinee 2a and 2b are equiva- general effect in unsubstituted, l-alkyl-, and l-aryl

lent only twobands are possible.  Intramolecular OH-7  cvelohexanols. the conformation of the l-azabicyclo-
interaction is also possible in rotational conformations  lkanols might be deduced from chemical shifts of the
2a and 2b which would displace the free vou' bandto  Op protons. The spectra for solutions of the t-azabi-
lower frequencies. The observed displacement of the  yelalkanols (I, isomers 1 and 2; II. isomers A and B:
von'!t band in C8; (Ay = 7.5-12.5 em~}) together with 159 w/v) in CDCl, were determined, and the OH
the smaller displacement of the »on' band in the same proton signals were identified by exchange with D.O.
sc)1.ve11t (v = 3.5-6.0 c.m—l) is supporting e\_zidence for These signals are well differentiated in each isomerie
this, and the observed displacements are consistent with pair (Table IV), and the isomer having the greater

thos.e reported?® for sirr‘u'lar systems. A simjlalj confor- downfield shift was assigned the equatorial OH confor-
mational arrangement is possible with the 2,6-dimethyl- . 400,

phenyl homologs (V, VI) where the proportion of Although the spectra were determined for solutions of
rotational conformation 1 would be greater due to  gmilar concentration, the possibility of a reversal of
sterie restriction of rotation in the aromatic ring. signal position upon dilution could not be ignored.

_ Pmr Studies.—From the data available, equatorial  The spectra of the isomeric 7-phenylindolizidin-7-ol
OH protons show a greater downfield chemical shift  were 1un at several concentrations, when a linear

(18) A. Allerhand and P. vou R. Schlever, J. Amer. Chem. Soc.. 88, 371 relationship .bet ween c.oncentrntl‘ou‘ and chemical shift
(18G3). was found for each isomer. Ifurthermore, although
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TasLE IV due to the presence of a significant amount of the intra-
. . OH Protox CHEMICAL SHIFTS o molecularly bonded boat form Id in which bonding of
ompoun ToR OH conformation the OH is to the protonated nitrogen.
I, isomer 1 6.82 Equatorial Th betw leulated and . 1
I isomer 2 742 Axial e agreement _etv». e.en. ca f}u ated and experimenta
11, isomer A 7.79 Axial values for the quinolizidine isomers A and B shows
11, isomer B 7.15 Equatorial that insignificant amounts of the intramolecularly
TaBLE V
DissocraTioN CONSTANTS OF AZABICYCLOALKANOLS
Secondary Tertiary —————pK————— Found?
azabicycloalkanol pKa® azabicyecloalkanol Caled? Found AC Afax — eq)
Indolizidin-7-ol
equatorial 8.96 I, isomer 1 (Ia) 8.56 8.92 0.361 0.09
axial 9.53 I, isomer 2 (Ib) 9.13 9.01 0.12] ‘
Quinolizidin-2-ol
equatorial 9.20 II, isomer B (IIa) 8.80 8.88 0.08) 0.20
axial 9.53 11, isomer A (IIb) 9.13 9.08 0.05f -

¢ Valnes taken from ref 8. ? Calculated assuming a ApK, of —0.41° for the introduction of CsH;.

and calculated pK, values,

these plots are convergent, they do not eross on extrap-
olation to infinite dilution, showing that the chemical
shift relationship holds over the experimental concen-
tration range. The conformational assignments made
here are in agreement with those from the ir studies,

Dissociation Constants.—Differences in the pK,
values of axial and equatorial OH isomers of indolizi-
dinols and quinolizidinols have been reported,® and the
equatorial 1somers of quinolizidin-2-ol and indolizidin-
7-ol had lower pK, values than the corresponding axial
isomers (ApK, = 0.33 and 0.57, respectively). Larger
differences were noted between the isomers of quin-
olizidin-1-0l, quinolizidin-3-0l, and indolizidin-8-o0l, in
which the axial isomer is more basic than the correspond-
ing quinolizidin-2-ol and indolizidin-7-0ol. This in-
creased basicity was attributed to intramolecular
bonding to N. The influence of intramolecular bonding
on pK, depends on whether such bonding is more im-
portant in the free base (base weakening) or the cation
(base strengthening)!® and although evidence for bond-
ing in the base is given, intramolecular bonding in the
cation would be responsible for the reported increase
in base strength.

The pK, values for the indolizidine aleohols (I,
isomers 1, 2) and quinolizidine aleohols (II, isomers A,
B) were found to lie within the narrow range 8.88-
9.08 (Table V) and the ApK, values for isomer pairs
are smaller than those reported for the analogous
secondary alcohols, although the axial OH isomers have
the higher pK,. The inductive and resonance effects
of the phenyl group, although base weakening, should
have a small effect on N due to their relatively large
separation by a three-carbon chain, and any effect the
aromatic group may have would be transmitted equally
in both isomers. Assuming a ApK, of 0.4 for the
introduction of a phenyl group « to an alkylamine,!?
and applying this to the reported pK, values of in-
dolizidin-7-ol and quinolizidin-2-ol, the predicted pK,
values of isomers 1 and 2, A and B (Table V) agree
reasonably well with the experimental values, except
for isomer 1 where the experimental value is 0.36 unit
higher. This indicates that the smaller ApK, between
1 and 2 than predicted is due mainly to 1 being a stronger
base than predicted, and this in turn is most probably

(19) J. Clark and D. D. Perrin, Quari. Rer. (London), 18, 295 (1964).

¢ Difference between experimental

4 Difference between pK. values for axial and equatorial OH compounds.

bonded form IId are present, and that isomer B (IIa)
has the predicted base strength.

Summary.—Both spectroscopic methods give the
same conformational assighments to the isomeric al-
cohols (I, isomer 1 = Ia; I, isomer 2 = Ib; II, isomer
A = IIb; II, isomer B = Ila). The von frequencies
in the ir spectra are insufficiently differentiated under
high resolution to be of use in conformational assign-
ment, but the band profile, symmetric or asymmetric,
can be used for this purpose. Thus the isomers having
asymmetric bands (isomers 2 and A) are those having
the axial OH conformation (Ib, IIb), the asymmetry
being due to differing populations in the two allowable
rotational conformations of the OH about the C-O
bond. Those isomers showing symmetric vog bands
(isomers 1 and B) also exhibit intramolecular H bonding
to some extent, which is only possible in the boat forms
Ic and IIe, which in turn are derived from the chair
forms Ia and ITa. Furthermore. intramolecular OH-=
interaction is possible with the aromatic group in all
cases and accounts for the relatively low frequency of
the resolved vog!! bands associated with the rotational
conformations 2a, b (Table III). Thus the axial Ph,
equatorial OH conformation can be assigned to 1 (.e.,
Ia) in the indolizidine series, and isomer B (i.e., IIa)
in the quinolizidine series, and the conformations Ib and
IIb to 2 and A in the indolizidine and quinolizidine
series, respectively. This assignment by means of
band asymmetry is opposite to that of Aaron and Rader
for secondary carbinols, but in the case of the tertiary
carbinols additional factors must be considered: (a)
the rotational conformers (Table III) give rise to
component bands at lower frequencies than secondary
carbinols, and (b) the type 1 rotational conformer is
absent due to strong intramolecular bonding of OH to
N, leaving two equivalent type 2 rotational conformers
which give rise to a single symmetric band correspond-
ing to »ou!'! (Table II).

The same assignments can also be made from the
OH proton signal in the pmr spectra (Table IV). The
dissociation constants are also in the order expected;
the axial OH is associated with the higher pK, of the
pair. The experimentally determined pK, of 1 is
significantly greater than predicted; this is probably
due to a contribution from the intramolecularly bonded
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cation Id. A similar bonded form IId can be mvoked

H
\O_—v'H

Idn=rx
Id, n ==

for the corresponding quinolizidine isomer B, but here
the difference between calculated and experimental
pK, values is small, and the proportion of IId in the
sample would not be highly significant. The cor-
responding intramolecularly bonded base Ilc was also
shown to be present in small amounts, from the ir
spectrum (Figure 3).

Experimental Section

All commponnds have been described previously.*

Dissociation constants were determined by potentiometric
titration at 25 == (.1°, The amines or salts were dissolved in
freshly boiled and cooled distilled H,O to give solutions of similar
tonie strength (¢ = 0.005). The solutions were titrated with 0.1
N HCl or NaOH (prepared by ton exchangei added from =
micrometer syringe. Titratious were performed under N« and
pH values were measured with an EIL Vibron electrometer and
pH accessory, or a Pye Dynacap meter. The electrode system
and nieters were ztandardized with 0.05 M potassimn hydrogen
phthalate and 0.05 M borax solutions immediately before and
after each titration. The pK, values were deterinined from the
pH readings at incremients of 1097 over the range 20-80¢;
neatralization.*

Pmr spectra were determined for 154, w/v zolutions in CDClL;
{(MesSi) on a Perkin-Elmer R10 spectrometer. Hydroxyl pmr
signals were located by exchange with added D.O.

Tr spectra were obtained on a Unicam SP100 spectrometer.
Preliminary spectra (¢.g., Figures 2 and 3) in the 3600-2600-c¢m !
region were obtained using l-cm Infrasil cells containing 0.1-
0.29% w/v solutions it dry CCl,. The »on band profiles were ol)-
tained for 0.004 M{ solutions in dry CCl, and C8. using a slow scan
(2 e~/ min) over the range 36350-3550 crm~! with a calenlated
spectral band width of 2 em~1,* and recorded on an expanded
senle of 1.6 em <10 cma~t Before use, =olvents were dried over

(20) A. Albert and E. P. Serjeaut *“lonisation Constantz of Acids and
Bases,'* Methuen, London, 1962, Chapter 2.

¢21) Unicam Instruments Ltd., “Spectral Slitwidat Dara for the SP100
Spectrophotometer.”
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P.O; and redistilled. T'he cell compartiments were continuonsly
flushed with dry air during scanning, and the spectrometer wave
nuniber calibration was periodically checked on the water vapor
pectram.

Spectra in the vom region were also obtained on a Beckiman
DK2 spectrometer, using the PbS detector, and 0.003 A solntions
in a 4-cm silica cell.

The vom band profiles (Figures 4 and 5} were plotted as decadic
molecular coefficient () #s. wave number, and the ssymmetric
bands were resolved into two compounent bands by a graphical
method.® The areas of the observed and component bands were
determined graphically, and computed from the integrated
Lorentz function (1) as a test of band shape.

i 3 . I(,
B = _)([Angod 10g <[ >11mx
= "An 230360 (1)



