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ABSTRACT ’
- .
Part:I ' .
Two sulfoxides were chosen for the study of internal\'
return. -

a) _The conformationally rigid biaryl sulfoxide 3 in t-butanol
and mathanol and b) the conformationally mobile benzyl

methyl sulfoxide in water.

The effect of dicyelohexyl-18~crown—6, a cyclic polyether ) - .“f/'
known to complex potassium ion effectively, on the selectivity of |
potassium alkcxide-eatalyzed exchanges of the four & protons in 3 in
Erbutanol and methanol was investigated. The stereaselectivity was
altered in both solvents on the addition of crown ether, indicating
tﬁf involvement of ngassium ion ‘in designing the stereqselectivity.
Crown ether also affected the rate of exchange of a particular proton
in a different way in different solvents, indicating a variebie'involre-‘

sment of solvent in the.eicﬁange precess. 'The primary kinetic isotope
' effects K'/kT and kH]kp invol¥ing exchanges of the g_protors were
.measured in t~-butanol and methapol respectively. The rreeence of

internal return was revealed by the low isotope effects. -Both the

N

investigation of the effects of potassium ion complexing ageut and

. the primary isotope effects showed that the relative rates of

exchange do not reflect pure' carbanion stability. A mechanistic

echeme has been postulated for the exchange reacti&pe of the:g protons.

3
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A quantitative*assessment of the amount of internal return_,

was made for the exchanges of each diastereotopic methylene proton

‘of benzyl methyl sulfoxide. ' The amount of internal return was found_ o

to be smnll having a virtnnlly negligible effect on the‘éggerimental
‘relntive rates, - Thns, information’ obtained from kinetics regarding
the stability of the anionic intermedintes is reliable in the case-

of benzyl methyl sulfoxide exchanging in nqneous medium.

3



.-iv—'

Heaspréﬁents of the rates 65 exchange of the foﬁr-benzylic
protons of the conformationslly rigid niérosaﬂine, N-nitroso-6,7- |
-diﬁydro—l,ll-dimethylFSH—diﬁenz[e,e]azepine. were made in Eybutanolé
0-d cantaining potassium t-butoxide at several base concentrations.
Each\pSeﬁdo—ékial ?roton exchanged one hundred fold faster than its
‘geminal partner (pseudo-equatorial), likely as a result of Q stereo-

‘ electronic.effect.‘ Eﬁch syn protoﬁ exchanged one.thousand fold faster
than the anti proton in the samé biaryl environment. The lack of any
significant gffect of added potassium fon comblexing agént ;nﬁ the . .
similar syn selectivity observed with tetramethylammonium hydroxidé
88 a base Indicate lack of invoivemenﬁ of the counterion. The‘pre—
ferential syn exchange was rationalized with the‘symmetry properties f
of the highest occupled molecﬁiar orbital (HOMO) of the anienic
iﬁtermediatel for which an g}tQactive interaction exigts between the
terminal atoms of the four atom T system, in resemblance to the
bufadiene dianion. This explanation is bimila{;ﬁp that derived by

Epiotis and by Hoffman and Olofson.to aceount for the greater stability

of many cis over trans dihalo- and diacyloxy~olefins.,
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PART I

INVESTIGATION DF THE EXCHANGES OF 1,11-DIMETHYL~
 5,7-DIHYDRODIBENZ[c,e ]THIEPIN S—OXIDE AND

BENZYL METHYL SULFOXIDE
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INTRODUCTION

A, Historical Develo .
Studies of a+sulfinyl carbanions received little
atteneion until 1965 when Wolfe and co—workerel reeorted a stereo-
selecﬁimehydrogen-deutzrium exchange reaction of benzyl methyi
sulfox;qe. The benzylic methylene p;otons were foune to differ in .
their relative rates of base-catalyzed exchange by 16:1 in D20 at
15°C. This, of coufse, inferred that the molecule had given rise
to en asymmetric carbanion ﬁhich contradicted the conclusion pie-_
viously presented by Cram and Pine2 thaﬁ‘g:sulfieyl carbanions were
intrineically symmetric. Cram and Pine based their concglusion on the

base-catalyzed exchanges of optically active 2-octyl phenyl sulfoxide

by studying the relative rates of exchange (k) vs racemization (k)
4 e’ u - s

at the 2 position of the sulfoxide and the stereochemical results.
were expressed in terms of a k /k ratio. In a proton exchange
reaction, k /k approaching infinity Indicates retenticn, complete
racemization is expressed by.a ratio equal to one, whereas complete
inversion requi;es a raeio of 0;5. In t-butanol-C-d with potassium
t-butoxide as base, the selfoxide 1 (R,S) had ke/ka = 1,2 and g:(S,S)
had k_/k = 3.6* In dimethyl sulfoxide 1.2M in methanol-0-d with
potassium methoxide as base, 1 had ke/ka = 0.6 and 2 had ke/ka = 1.4,

3esed_on the ;ow values of ke/kOL obaerved! Cram therefog; concluded

that the sulfinyl sulfur provided only a slight tendency to maintain

N T
‘asymmetry at the carbanion. The contrasting behaviour of benzyl

The structural assigmments for 1 and 2 result from the work of Hialow
et al (J. Amer. Chem. Soc., 87, 1958 (1965))
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methyl sulfoxide thus stimulathed further work.

;_. (R,S) 29

Following the repért by Wolfeand co-workers, several

~

other reports describing stereoselective exchanges in acyclic sulf-

oxides also appearedB. In order to gain furthexr insight‘aa to the
stereochemical behaviours of_g-sulfiuyl carbanions, Rauk, Wolfe and
C!:sizmaci:!.e.l+ carried out extensive ab initio MO calculations on the
hypothetical hydrogen methyl sulfinyl carbanion (Ehzfs(o)ﬁi. Cal-
culation of the energy of this species as a function of rotation
about the C~§ bond showed two maxima and two minima (seé Figure 1).
The most stable conformation was found to be the one in which the
carbanion is'gauche to both the S-0 bond and the sulfur lone-pair
and maintains considerable pyram%ﬁﬁl\characfer (the B-C-H angle

‘was 115°).

The predictions of this theory were tested in several
conformationally fixed sulfoxides by analysis of the kinetic data

as a function of stereochemistry. In the studies of the bridged
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- biaryl sulfoxide yﬁd the 4-phenylthiane S-oxides 6 and 7, appreci-

able solvent effects were noted. For cxamf:le, in sulfoxide 3, the
[}

. two protons (:L._e.,VHl and Hz) which differ by only 40° in their

dihedral angular orientation with respect tﬂo the sulfoxide group had
their rates differ by 200 fold in methanolic sodium methoxide but by
H.d) fold in t—.butanol—o-d—potassium t:-but:oxi;.de. Hcreo;rer, the proton
trans to t:he. lone~pair on sulfur (Hd) exchanged four times faster
than that trans :to the S—O bond (H ) in. t—-butanol—O-d but 250 times .
slower In methanol-—d!fb. In _g .and 7, considerable stercoselectivity was

found In water and lmethanol but not in E-butanols.

L1

St:udie)l on the exo and endo isomers of Z-thiabi'cyclo
[2.2.1]heptane S-oxide, i.e., & and 2, showed that formati/u’ of the
carbanion eclipsed with the lone-pair on sulfur was much slower than
that eclipsed with oxygen. This result together with the fatio. H /K,
in 3 indicated that sélectq.vity wcs very sensitive to a change in O. .

Inspection. of the data collected in Table 1 showed that
the orders of carbanion ctability were in severe contrast to the
theoretical predictions based on the ab initio MO calculations. The

5b

lack of agreement was concluded to be due to the strong solvation

effects which were not included in the calculations. 1In other words,
the relai;ive stabilities of o~sulfinyl carbanions in solution are
greatly dcpendent on environmental factors other than the orientation

{
of the developing anion with respect to the asymmetric sulfur atom.

L

“

A more striking solvent effect on the stereochemical _

course of the carbanion was observed with benzyl methyl Bulfoxide7.
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The relative‘rates of.exchange of Ehe diésteféotopic methyiengA
protons were fouqd to vary from 14:1 (DZO/Nabn) to 6.5:1 .
(t-BuOD/tBuONa) . Experiments on .quenching g-lithio benzyl methyl
sulfoxide with.DZO gave the same diastereomerslin ratio raqging from -

1.7:1 (DMSO) to 0.0651 (T.H.F.).

Apart f?om the strong solvation effect,,ion—pairinglhas
also been shown to be an important factor in determining stereo-
.selectivitys. For example, quenching of the lithium derivative of
benzyl methyl sulfoxide with methyl iodide in THF gave & product of
diastereome§¢c ratio of 19:18b; on the addition of the mggrobicyc;;c
diamine polyether 2L, | & reagent known to complex with Lt
effectively, the selectivity dropped to 5;1. ‘The lithio derivative,
which existed as intimate ion-pairs or aggregﬁtea in T.H.F., was
changed to cryptate éepaiated lon~pairs in_ the presence of polyether
(2,2,2), each of the two specles of the lithio compound had different

el
f
stereoselectivity towards a common electrophile.™

Up to the present stage it has thus become obvious that
the solvent and the lon-pairing effects should be included along withj

any consideration of conformational effects on the stability of

-

~

g-sulfinyl carbanions. ' : /

B: Adm of This Research

Most of the above experimental investigations into the
structure of G~sulfinyl carbanions have utilized base-catalyzed

hydrogen exchange of diastereotdpic methylene protons adjacent to a



sulfinyl group #s-tﬁe principal technigue. Recéntlyg.Wolfe aﬁd co-
workers pdinted out that this technique in d a kinetic model which
‘assumed retention of‘configuration in all subsequentAsteps after .
abstrgction of proton. Since exchange with inversion of confiéu;ationlo
is known, a knowledge of the stereochemical fate of the carbanion is
necessary kor a proper analysis of the kinetic data in terms of carb-
anion stabilitf. However, FraserS was able to show“$& logical arguments
that lack of such knowledge in no way invalidated the kinetic mgthod.

of determining the relative carbanion stabilities. The argument was
based on the Brgnsted linear free-emergy reiationéhip which requires
each transition state free energy to resemble that of the carbanion
being formwed. For the more rapidly exchanging hydrogen, a carbanion"
is formed and consumed with high gglectivity. The only teasonable
-.process for this exchange is one involving retention of configuration;
if inversion were the course, no stereoselectivity could be observed.
For the slower proton, although the stereochemistry of the exchange J
cannot be determined, it was proved by consideration -of steady-state
rate equations that the relative amounts of deuterated products of

the two diastereomers will be determined golely by the relative heights
of the two corresponding transition states. However, if for the

faster proton the rate of solvent reorganization for exchange (ke) is
very slow, two consequences could resul£ and thugainvalidate the above
analysis: (1) inversion to a less stable carbanion (ka) followed by

deuteration could be a favoured path, this would cause the exchange

rates for both protons to be equal in spite of unequal carbanibn




sfabilitieQ;:(Z) collapse of the carbanion b;ck to the starting
material (called internal return) could be present thus leading,to.
a slower rate c}'Qeuteration and giving risge to a'falée églectivity.
It is interesting :5 note that this false selectivify would arise

only if the amounts of internmal return differ markedly for the two

diastereotopic proton exchange processes,

1

In a recent study of several cyclic-s-oxidell dérivaties,
thé sulfoxides 6, 8 and 3 which have the same angular relation of the
a-methylene H's to the $-0 bond were compared for their H-D exchange

in D20.' It was found that considersble selectivity of the same -order
wa; observed in 6 and § in which the axial proton (trans to oxygen)
reacted faster than the equatoria; one‘(gauche to oxygen and lone pair).
No selectivity; however,‘was observed with 9. TFor the sulfoxide 10 in
D20, the proton tils to oxygen was found t; be more reactive within the -
equatorial pair (Hl < BZ) bup the reverse is found in the axial pair
'(H3 > H4). These results showed thgt pairs of diastereotopic prétons
qf the same orlentation with respect to the sulfur function exhibited

different selectivity patterns even in the same solvent, D,0, which

2
minimizes ion-pairing. These ambiguous data added to that rreviously
accumulated on the H-D exchanges in other sulfoxide systems are
summarized in Table 1 and emphasize the need to test for the presence
of internal return in an exchange reaction. In order to achieve the
aim, we héve chogsen for studies of‘internél return (a) the base-

catalyzed exchange of each methylene proton of the conformationally

mobile benzyl methyl sulfoxide in water and for comparison (b) the
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exchaoge of the conformationally rigid biaryl ‘sulfoxide 3 in t-butamol
, ‘ .
and' methangl. It was our hope that these studies would contribute to
a better understanding of the general problem of stereoqﬁlectivihy in

isotopic exchanges alpha to the sulfjmyl group.

C. Methods of Detecting Internal \Return

1. Introduction \Q\\?\_\

Based onethe Brénsted free-energy relationship-between

. the kinetic and thermodymamic acidities, it has become a8 common

practice to use the rates of hydrogen isotope exchange as a measure

-
of carbanion stability. It has been clear for.some: time,' however,
that interpretation of the kinetic data can be made difficult by the -

existence of internsl return. The ploneering research of Cram and

co—workerslz first established the presence of internal return in

an isotopic exchange reaction involving carbanion intermediates.

For an i1sotopic exchange process formulated in Scheme 1, the step
of carbanion formation, kl, which iavolves cleavage of a covalent

bond is undoubtedly much lower valued than k . or kz which is a

1 S
L -k - DB - ' ‘
-C-H + B =~ _(C....B-B ——— —(C ....D-B ~—> C-D+ B~
' kg ' k, |
theme 1

diffusion tyﬁe of step, therefore the carbanion formed 1s consumed
as soon as it is formed and the stea&y—stgte approximation appliés,
kexpt = klsz(k_i'+ kz) where kexpt is the obgerved rate constant.

If the rate of the back reaction governed by k_, s very slow,
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\
L.e., k, >> Kk _, then k - kl and the observed rate reflects the
2 -1 expt.
ease of carbanion formation. In this case the Brdnsted correlation
between kinetic aﬁd thermodynamic acidit%ea should hold. When the
.rate of solvent reorganization neceaqgry'for exchange (kz) is very
slow, then reprotonation of the carbanion back to the starting
material (k_ ) becomes highly favored and k kllk -k K
where K = k /k _1 in which case de rate—determining step is not the

rate of carbanion formation but rather the rate of exchange of solvent

,molecules at the carbanion site. The kinetic acidity therefore fails

to be a measure of carbanion stability.

2. Qualitative Test for Internal Retumn

For a hydrogen isotopic exchange reaction, the difference-
in rates between the breaking of a C—H bond and a C-D bond, where C, H

and D are carbon, hydrogen and- deuterium, respectively, is determined

Y

by the difference in the activation energy AE* 6f the two ionization
reactlons and the kinetic iéotope effect is expressed as
kH/kD = exp{A(AE*)/RI}; The stretching vibration of a C-H bond is

quantized with a frequency V; and an associated zero-point vibra-

tional energy of 1/2 hVé. Since the frequency V'depends upon the -
isot0pié mass, the difference in zero-point energy of the two iso-
topic bonds 1is 1/2 h(V%—V;). In the case of the transfer of the

hydrogen isotopic atom L from C~L to another atom B via a linear

. . +
transition statelaa C-—-L---B, the symmetrical stretching vibration

;7

does not involve ény movement of L. .Consequently the symmetrical

vibration frequency V* does not depend on the mass of L and

&



1/2 h\f* - 1]3 h\(* - 0. Only 1/2 h(f \{), the net difference
‘in activation energy. AtAE*) is reflected in the isotope effect
(Figure 3a). The isotope effect k /k for a reaction involving
cleavage of an aliphatic C-H bond was calculated to be 6.2 13b at

298°K.

The isotope effect of an exchange reaction in which

k_l >> k2 is expressed by the equation

W/l - k‘;/kg x K/

.The termhkgfkg deals with proceéses'in which no covalent
bonds are made or Sroken, and valce close to unity is ekpected.' The
term KB/KP should also be close to unity since the isotcpe effect of
k, is substantially equal to k_;. Thus an observedlgglkp close to 1

indicaﬁeg an appreciable amowmt of internmal return. :_~,L“

Several examples of low istope effects are collected in

Table 2 and were interpre&s&é;n the basis of k_; >k,

3. Quantitative Assessment of Internal Retum

In the linear tramnsition state C-—-L---B for a proton
transfer process, if L is attached to omne of the two atoms C or B
more strongly than the other, then the 'symmetric' stretching vib;g—
tion involves motion of the L atom and the stretchinmg frequency will

be depéndenc on the mass L, This will give rise to a difference in
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Table 2

Low Primary Isotope Effects due to the Presence of

a‘ - Internal Return
‘ " . _
. Substrate = .: Basg Solvent Primary Isotope Effect Ref -
T ‘ ’ . . H D )
toluene t-BuOK DMSO 0.6 (k/Kk) 14
thiophene. .  t-BuOK  DMSO 0.8 (P/K%). "15.
triphepylmefhane .MeQNa MeOH . 1.77 (kH/kT) - 16
2-octyl pﬁeuyl o B2 .
sulfone £-BulOK £~BuOD vl (kH/kD) 17
. . _ ‘ _ ;
C----L--B
or
C--L----B
C---L---B - L
AN T T A o
A
q’ .
— ¥ ¥
) AE 2
~ A H E AEH o
— S
Q —
g S
C-H x ‘
C"D S’ St
reaction coordinate ) reaction coordinate
(a) - (b)

Figure 3. Zero-point energies and hydrogen-isotope: effect for-a proton-
transfer reaction (a) for a symmetrical transition state
and (b) for an unsymmetrical transition state. (/7
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theaéero-point energles of the two transition states for the two

b

isotopes, which may partly or completely balance that of the re-
actants (Figure 3b). Consequently the ﬁinetic iSOtOpe effect will
be lower than the maximum value of 6.2 even thOugh no internal return
is involved. The possibility that a low primary?isotope effect may

. result from an unsymmetrical transition state rather than from the
incursion of substantial internal return emphasizes the need ior a

. quantitative sssessment of the amount of iqternal'return involved

in an exchange reaction.

In the absence of internal return, the tritium, deuterium
and hydrogen isotope E?fects of a base—catalyzéd exdhange reaction
are interrelaﬁed by the equation 1 developed by Swain et.al. The

18 and 2.344 by Streit-

value of x is 2.26 by Swain-Schaad tréatment
weisér treatmentl9 in which the assumption by Swain that reduced

masses can be approximated by:the masses ;f the hydrogeniisotopes.wére
no longer made and instead the reduced masses were calculated for’the

carbon-isotope bonds involved.

- Wad = aPah* )
. (1)

1T Jk (kD /k'l')x+1 (k /k )(X‘-I'l)/x

When by use of equation 1, the experimental isotope effects

H, T

k'/k” and kD/kT'for an exchange reaction give rise to an.x value

smaller than 2.344, the presence of internal return-is indicated:

!
A quantitative determination of internal return has ‘

recently been achieved by Streitwelser's group16 for several base-
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catalyzed exchange reactioq@ Assuming the solvent isotopebgffect
on the primary kinetic isotope effect is negligfble, equation 2 is
derived in which a whieh is the ratio k /k can be determined from

the experimentally determined quantities A and B

\

A+ (A-Bal = [1 - YDy na" (2)
' D R, T
where . A= (kexpt exptj kexpt[kexpt)
and B (k0. /KT yerL Ty

expt expt’

That k2 is a diffusion step and therefore has no isotope

effect implies that the carbanion is only hydr6geri-bonded to the

H

solvent ‘molecule BH (Scheme 1), and thus the equiiibrium K = k?/kgl

is determined by the relative energies of B-H and C-H. Therefore,

1
K /K = ¥ for the equilibrium

RT + BH RH + BT )

1 ) .
where KT is experimentally determinable by measuring the relative
amount of tritium content in the solvent and that incorporated in

the substrate at equilibyium.

3

. 1
With a: and KT determined as described above, one can

now correct for internal return and find the isotope effect for the
1

primary step by equation 3

. 1
k'{/kﬁ =1 ol o+ dar ol -gY) (3)

1 expt’ expt expt’ expt



- 16 -

which is derived from the experimental isotope effect givén by

T, H )

T .H Kyl * k)

kexpt/kexpt = kH(kT + k) ‘
1*7-1 -2

according to Scheme 1. Other isotope effects for the primary steﬁ,
i.e., k?/k? and k?/kf, are obtained from the determinad k{/k? by'

-

using equation 1,

: '
‘aH 1s derived from a’ by the relation aH = a'K k?/ki

14
which is obtained from KT = KT/KH = (k}/kfl)/(k?/kﬁl) and

aT/aH = kEllkgl. Similarly aD can be obtained from gT.

The consistency of Streitweiser's results in several
cases indicates the approach to Ee reliable, For e:ﬂ:m];lple,—:.a.H?LG was
found to have a value of 1.44 (i.e., 59% internal return for hydrogen
exchange) in the exchange of triphenylmethane in methanolic sodium
methoxide, the result is comparable with the 46-72 intramolecularity
found in the rearrangement of ;;‘to=lg?0 in the same solvent-base

system. In both cases the triarylmethyl anion is involved as an

intermediate.

Ph
LN PhC—H (D)
H Ma.
00Me MelCCOOMe
11 . 12



- 17 - ‘ ]

Anoth#; exéﬁple isvgiven by the‘base—cataljzed eichangé
of fluorene in methanolic.aodium mechoxidé. The H; Dand T exéhanges
for fluorene and 9-éethyif1uorene agreeé approximately with expecta-
tion from a Swain-Schaad type of treatmath The x values were found

? for the fluorene at 25° and 9~methyif1uorane at 45°,

to be 2.0t .2%
indicating that internal retﬁru was of minor importance. When
equation 3 derived.by Streitweiser was applied to deduce aT for

these compounds, the isotope effects reborted previously ylelded aT
values of 0.016 * 0.006 for fluorene at 25°C and 0.024 i:'.02216 fo1§a
methylfluoréne at 45°C. The results obtained from both treatments are
virtually consistent with each other. Moreover, their kEin_of .
values 6.3 obtained from k.D/kT by equation 1 are in the normal high
range for substantial proton transfer at the transitiom state, which

will minimize internal returnlqb.
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STUDIES OF ISOTOPIC EXCHANGESIN THE BRIDGED BIARYL

SULFOXIDE 3 AND BENZYL METBYL SULFOXIDE

A. Stereochemical Assignments

1. The Bridged Biaryl Sulfoxide 3

The sulfoxide 3 possesses four magnetically nonequivalent
v
benzylic protons owing to the restricted rotation about the central
biaryl bond+end the presence of thé pseudo asymmetric sulfoxide group.
In the 100 MHz n.m.r. spectrum of.é in CDCl3, four doublets appear
for the four élpha protons at § 4,119 (Hl), 3,629 (Hz), 3.289 (HB)
and 2,776 (Hk)' The inequglity in germinsl coupling constants

= -11.4 Hz and J, , = -13.7Hz identified the diastereotopic

1,4 2,3
palrs., Individual proton assignments have been previously determined
by nuclear Overhauser effectsgl in conjunction with the known correlgf
tion between the configuration at sulfur and geminal coupling constant
between the o protonszz. The dihedral angular relationships of thg

four benzylic protons with respect to the sulfoxide group, as measured

on a Dreiding model, are depicted in Figure 2.

Ar

é »
(taken from Figure 2).
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2. ' Benzyl Methyl Sulfoxide

Benzyl methyl sulfoxide gives well-resolved AB spectra

6

= 13 Hz; in DMSO-dy, 8 = 3.92, 6, = 4.08,

JRS = 12.6 Hz where the sﬂbagfiﬁts R and S refer to the pro-R in S and

(h.m.r.) for the diastereotopic protons in DMSO-d, or CDCla. In CDCls,

§, = 3.91, GS = 4.05,

R Jgrs

pro-5 in S protons respectively. For simplification purposeé we will

»~“hereafter refer to the pro-R in § proton as HR proton and the pro S in §

proton as HS. The assignments of these tﬁo protons have been established

previouslyza.

0
A : - }L Hg
* CHJ
GHs
13

B. Preparation of Labelled Subétrates for the Studies of Primary

Isotope Effects

1. Preparation of Samples Containing Trifdium in Place of By and H,

in the Bridged Biary Sulfoxide 3 -

Because of the extreme Inertness of H, in t-butanol-0-d-

1
potassium t-butoxide medium (rélativé rateg are 1:1100:300:1300Sb for

| B,:H,:H.:H,), mj:iation in place of H; was achleved in the following

manner: completet:dniation in place of all four 4 protons to the

#
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equilibrium isotopie distribution, (the equilibrium distribution con-
) T N . s
stant\KT was approximately 1.2 with the tritium content more concens
trated in the solvent than in the sulfoxide (see Experimental)),

followed by detrixiation:atLﬁhe-threefmore-lobile-siteo.

Tritiation in place of H2 was achleved by transferring tri-

tium from position 1 to 2 by inversion of the configuration of the
sulfur. The inversion was achieved by reaction of the sulfoxide with_
Meerwein's reagent, followed by hydrolysis of the ethoxysulfonium
saltszé. The sulfoxide containing tritium in place of H was mixed
with the sulfoxide specifically deuterated in place of H3 in a 1.8:1
proportion. From careful n.m.r. n:asurements of the deupegﬁum content

at,H3 and HA before and after the inversion, the percent of inversion

was estimated to be 89 * 3%.

v

2, Specific Labelling of the Diastereotopic Protons in Benzyl

Methyl Sulfoxide

In order to determine the amount of internal return in the
exchanges of the two dlastereotopic protons in benzyl methyl sulfoxide
in water, four samples, i.e., 13a, 13b, 13c anﬁ ;;g in which brackets
indicate the site of the tritium,were prepared for kinetic runs in

which the primary.isotope effects kH]kT and kp/kT were determined.

All four samples were labelled with tritiated water, the
tritium content of which was adjusted in each case to provide a

specific activity of 105 dpm/mmole in the resultant sample.



3

a) Preparation of Samplas 153 and 13b
L= . . )

.

Previous results hgve sho?n.that specific labelling in place
of HS can be achleved by quenching the g-l3thioc derivative in T.H.F, at
-60°C with water containing the desired labél., When D20 was used as
the quenching égent,'fhé SS. (RR). diastereomer was formed in large
excess (94:6) relative to the RS (SR) diastqrebmer7. However, this
high stereoselectivi£y was obtained only when.F——CHéLi (prepared from
CH301 by Foote M;neral Co.) was used to génerate the lithio derivative.
When V-CHSLi (prepared from'CH3Br by ﬁEnnuxlcorporation, 24 in ether)
was used, the dlastereomerlc ratio dr0pped'to 3=1. Thé large difference
in the stereoselectivity was reported by Durst and Molinaa to be due

to the presence of LiBr in V-CH,Ii. F-CH,Li is made from CH,Cl and

3 3
was thus free of any lithium salt (LiCl is insoluble in ether). Since.
F—CH3L1 was no longer commerelally available, we had declded to use
n-BuLi in hexane from Ventron. This solution should not contain any

Iithium satts because of thedlr insolubility-in'hexane. However,

previous gxperiencezs has shown that when n-Buli was used as a base

[
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Y
N

"and the lithiosulfoxide was quenched after one minute with excess
‘water, displacement reactions at the sulfur competed effectively with

the formationsof the lithip sulfoxide.

. n-Buli .
~CH,~S0-CH,; > =S50~
Ph~CH,~S0-CHy grm—gmw—>  CHy~S0-nBu
402

We felt that if lithium éiiSOpropyl amide (LDA, formed by
reaﬁtion of n-Buli and diisopropylamide) which is a bulkier and weaker
base than EfBuL£ was used to generate the lithio derivative; the dis-
placement reaction in which Ph—C}I2 is expelled would be minimized.
Actually, when the reaction was carried Sﬁt at —956C* in T.H.F. using
1DA as the‘base énd the 1lithiosulfoxide was quenphed after i minute,

the yield of the purified GCHZSOCH rose to 90Z., When D, 0 was used

3 2 p
for qﬁenching, the diastereoisomer ratio, measured by n.m.r., was

>94:6, -

Sample 13s, containing tritium in place of Hy was produced
by quenching the lithiosulfoxide with tritfated water. The kinetics

of detritiation for this sample indicated 1.9% tritium had been

* .
In view of the increased selectivity with lower reaction tempera-

ture7, we decided to generate the lithiosulfoxide at -95°C. The
anionic species, however, were allowed to equilibrate at higher
temperature (-78°C) to speed up the equilibration before being
cooled down to -95°C for further equilibration. Viau2” noted that
the lithio sulfoxide precipitated out of solution at -78°C, the
sulfoxide concentration he used was 1 mole/35 ml T.H.F. We used
a lower concentration of 1 mmole/20 ml, at this concentration the
reaction mixture remained homogeneous even at -95°C,

AN

.
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incorporated\}nto the methyl group (see Results of Kinetic Measure-
ments). Sample 13b was deuterat?d and tritiaged in ﬁlage of HS by
using D20‘contain1ng 0.3% of tritiated water.as the quencﬁing solution.
The kinetic behavior .of the detritiation of this sample ﬁhowed 42
tritium- at the methyl group (see Results of Kinetic Measurement;).

The lower amount of tritium: residue in sample 13a than in 13b ﬁas
ascribed t; the ghorter time of carbanion equilibration in the pre-
paration of 13b (10 minutes at -78°C and 10 minutes at -95°C) than

for 13a (15 minuﬁes at -78°C and 15 minutes at -95°C), such that the
carbanion formed by initiasl abstraction of hydrogen. from the metﬁyl
group did not equilibrate as effectinly with the benzylic carbanioms.
This Interpretation was proven correct by twq’additionaluexperiments.
Under the same reaction coﬁditions, if the lithiosulfoxide was -.
qeenched with D,0 ‘after an -equilibration for 45 minutes at -78°C and
for 15 minutes at -95°C, the product showed no detectable‘d;uteration
at the methyl group while 27 of one deuterium at the methyl groﬁp was
detected (both analyses h§ n.m.r.) if the carbanion eqﬁiiiPrétipn at
-?8°C was shortened to 15 minutes. Therefore, in order to maintain a
minimum deuteration at this wnfavorable site, a longer time for' carb-
anion. equilibration is necessary and for this reason theﬁamount of LDA
used was chosen to be less than 1 equivalent (.92 equivalent) for

each mole of sulfoxide used in the reaction. This conclusion which was
reached only after completion of iinetic measuréments on 13a and 13b
has been applied to the preparation of the dideﬁterated sample 13d in
the following‘section. V:I.au25 observed that a 50% deéomposition

.

occurred when the lithio derivatives of benzyl methyl sulfoxide was
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~

quenched with water after 4 hours at -60°C in T.H.F. Similarly we
have suffered.a lower yield (72%) of the labelled sulfoxide (purified -
by column chromatography only) for an equilibra;ion time of 1 hour at

T -78°C and'iS minutes at -95°C.

b) Preparation of Samples 13c and 13d

Previous experiencel gshowed that isotopic labelling in place

of Hy can be achieved in a highly stereoselective manner., By con-
‘ , -

ducting base-catalyzed hydrogen-deuterium exchange in D 0, the RS(SR)

2
diastereomeric gfdeuterobenzyl methyl sulfoxide [was produced 16 times
faster than the SS(RR) isomer. Since the relative amounts of the

RS(SR) and the SS(RR) isomers become more nearly equal as the exchange

"'proceeds, the exchange was allowed to proceed to 3% completion in the

labelling procedure for preparing samples L3c and 13d.

Accordingly, sample l3c in which tritfum.. was introduced in
place of HR was produced by exchange of benzyl methyl sulfoxide in
.tritiated water to proceed to only 3.3Z of reaction. Sample 13d
required for measurement of kp/kT for HR was produced by complete
deuteration of the methylene group followed by back exchange in tri-
tiated water to 37 of reaction. Complete 9euteration of the methylene
group by base-catalyzed exchange would lead to incorporation of
deuterium at the methyl group, thus'complicafing any rate determination
by m.s. analysis. For this reason the dideuterated speciles was pre-
pared by finst introducing the deuterium in place of HS by addition of
D20 to the 1ithioenlfoxide generated‘by using LDA as a base, followed by

deuteration in place 6f_HR by base-catalyzed exchange to six half-lives.
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C. Results of Kinetic Measurements

1. Potassium Alkoxide—Catalyzed Isotopic Exchange in. the

Bridged Biaryl Sulfoxide 3

In the studieé on the potassium alkoxide-catalyzed isotopic

_ exchange .of the & protons in 3 in t-butanol-0-d and methanolwdA, we
have examiTsﬂ the effects of dicyclohexyl-18~crown-6 which is the
cyclic polyether 14, a compound known to complex potassium ion
effectivglyzﬁ, on the relative reactivities of exchanges. We have also

measured the primaxy isotope effedts in two ways: a) by comparison of

" the rates of deuteration in CH.0D with rates of protonation of 3-d, in

3 4
CHSOH, and b) by measu:iﬁg!kH[kT in. t~butanol-0-d. In all kinetic ryums,
good first-order plots were obtained for at least five kinetic points
(unless otherwise stated).at appropriate time intervals. Generally

data were taken to two half-lives (unless otherwise stated). Results

are summarized in Tables 3 and 4.

éi S

The isotope effect kH/k.D for the'ekchange of H, in methanol

1
was not determined because of the inertness of this proton under the

reaction conditions used. At higher temperature where exchange of Hl

can be followed conveniently, H2 and H3.Jare too reactive to allow an
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acanate determination. For comparison pﬁrpose . the primary isotope
effects involving the exchanges of the four 0 protons should be determ
mined at the same temperatnre sdnce isotope effect: is temperature~

dependentlab.

The isotope @affects kH/kT in t-butanol-0-d were determined '
for the exchanges of'Hl'and H2 buE’rot HG and H4 because’tritiation in
place of H3 cQuld not be achieved in a highly stereoselective maener.
Although in the Erevious workﬁb, H3“and H2 (ﬁhe.uert fastest protqn)
were repof%ed to exchange in methanol with a relarive rate of 38:1, we
found a:Feproducible relative rate of 10:1 on repeating the kinet E;
- We therefore decided that this stereoselectivity was not suffi iently

high for preparfhg a sample containing tritium in place of H, far the

3
RH/kT study in t-butanol.

2, Sodium Hydroxide-Catalyzed Exchange of Benzyl Methyl Sulfoxide

For the excﬁanges of the methylene protons in benzyi methyl
sulfoxide, Streitweiser's method fsee equation 2'in Introduction) was

applied to derive the values of intermal return for these two O protons.
A .

In-determiuing the isotope effects kH/kT and kp/kT'f;r each
proton, -rate constants were determined by monitoring the gain or loss
of deuterium using mass apectremetry, loss of tritium was measured by
scintillation counting. "The aimultaneOus‘measqrehents of exchanges of
twa isotopee (§ and T or D and T) during a single rgn.minimizes the

'sourceeof systematic error and solvent isotope effect:.

—
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A sample of mass spectrometric analysis of deuterium content
in benzyl methyl sulfoxide follows: Tﬁg parent benzyl methyl suiféxide
was found to have the isotopic ratio of the (H)+, (M+1jf,.(ﬁ+2)+ and
(M+3)+ peaks as 100, 10, 5.5 and 0.4. This then gives the empirical -
correction factors for the IM+1)+, (M+2)+ and (M+3)+ fons., One aliquot
.of the exchanged molecule showed that the ratios of the péaks t; be
16 ot 81.3 (w+1)'; 15.2 (M+2)“_“ and 5 (%3)7 in which the (1),
(M+2)+ and (M+3)+ peaks have to be correcééd for the isotopic natural
abundance. The higher isotopes of the (M)+ peak in the (M-f-l)+ peak
would céntribute (114 x 10)Z to the intensity found for the 0Hd)+'peak.
Similarly the contribution to the iutenéity of the (M-!-Z)+ peak would be
{114 x 5.5)Z and td(;he intensity of the (M+3)+ peak woﬁld be (114 x .4)%.
Corrections were 'then made in ‘a similar manner for the higher isotopes

of the (M+l)+ peak in the intensities of the CH.+2)+ and (M+3)+ peaks

and so on. From the corrected relative intensities thén,.the proportions
@

of undeuterated, monodeuterated and dideuterated éulfoxides could be

determined.

Two sample first-order plots for dédeuteration.doss of the
dideuterated species‘gg and detritiation of sample 13d are given in
Figures 4 and 5 respectively. The experimental data for the kinetics

are summarized in Tables 5 and 6.

The pseudo-first~order rate constant for loss of d2 was
obtained directly from the slope of the plot multiplied by 2.303:
k = 0.231 (before least—squafestreatment)‘ The rate constant obtained

was corrected to give the rate constant of dedeuteration of HR (see
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;T* Table 5

Dedeuteration Kinetics of Sample 13d

Time (hr) ' d; {mole fraction) iog bolcb

0 : .731 . 0

1 .585 .098
1.85 o 482 .182
2.7 - .394 269
3.5 ' _ .327 2350
4.3 .268 .436
6.5 164 .650

%The dideuterated species in mass spectra.

bC and C's are the mole fractions of d

aiiquots respectively. 2

AN

at time = 0 and for the
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Table 6

" Detritfation Kinetics of Sample 13d
’
a b

Time (hr) dﬁm/mgx103 log COIC dpm/mgx103 log Co/C
0 3.39 0 3.16 o
.5 3.19 027 . 7 2,96 .030

1.0 2.95 060 2.72 -.065
1.85 2.60 .116 2.37 .125
2.7 2.33 .164 2.10 .178
3.5 . 2,08 215 . 1.85 234
4.3 1.86 .258 - 1.65s T .82
5.4 1.59 .332 136 .365
6.4 1.40: 0 .389 Linw 434
7.4 1.23 4l 1.00° .499

8.8 1.04 .519 . 0.81 . 590

hY

\
aSpecific activity in dpm/mg (disintegration per minute,per mg).of.aliquots
befire correction for tritium residue in' place of HS was made.

bAfter correction for 7% Tga . !
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Determination of k;/k; in\Hzo)k The first-order plot for detritiation
showed a slight curvature at the end of the kinetics (curve 1 in
Figure 5). The curvature was removed after correction for residual
“tritium- iﬁ plgce of HS was made for each aliquot (cﬁrve 2 in Figure 5)

(see Determination of k;/k; in HZO).

A1l of the data weré treated assuming a pseudo first-order
reaction ﬁsing a least-squaregprogram. The substrate concentration
(0.065 M or 10 mg/ml) used ané the small molecular weight of water are
such that at equilibrium oﬁly a negligible amount of hydrogen isotope
(.1%) remained in the hydrocarbon. Thus a simple pseudo first-order
kinetic treatment suffices. The experimental first-order rate constant
was converted to the second-order rate constant by dividing by the con-
centration of sodium hydroxide, which remained constané thrgughoué ﬁhe

kinetie rum. Taﬁle 7 sumﬁarizes the results.

Since the rate determination differs somewhat for each

kinetic run, descriptions of salient factors for each case follow.

a) Determination of kg/kg in 520

The aliquots for the measurements of detritiation and
deuteration of HS ﬁege taken after HR haé been.compleﬁely deuterated.
This was done to insufé,a constant secondary isotope effect throughout
the kinetic run. Thus deuteration was measurea as -d[d1]/dt (the rate

of decrease of the monodeuterated peak dl in the mass gpectra).

The substrate, i.e., sample 13a, prepared from quenching the

o-lithio derivatives with tritiated water in T.H.F., was assumed to
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\ oy
contain.Gz TR according to a labélling sélectivity of 17:1. This tri-
tium label was estimated to be reméved by 94% (4 half-lives) before
points uged for the defefmination of detritiation rate for HS were
taken, ! The first¥order plot, howeQer, shawed a slight curvature at the
end of the kinet;;s (3 half-lives). An aliquot at 7 haif;lives indicated
the presence of residual tritium (1.9% of the total incorporation) which
is likely to have been 1ncorporatéd at the methyl group when the carbanion
formed by initial abstraction of hydrogen from the methyl group was
q:%nched with tritiated water during the preparation of the substrate
(sample 13a). After correcting each aliquot for this residual smount, 5
the curvature of the first-order.plot was removed. \\*

b) Determination of kg/kg in H20

Sample ;;E obtained from quenching the lithiosulfoxide with
tritiated water containing D20 was also assumed to contain 94% Ds'and
TS. Losa of tritiﬁm and deuterium were measured for kinetics after 25%
of the total. tritium had been lost (& half-lives for éhe exchange of
TR). Again to obtaip the accurate rate constants, it was necessary to
correct fo;\;E; tritium (and deuterium) content incorporated at the
methyl group. Tye.amnuﬁt, determined in a similar way describéd in®
therpreceding section (a), was found.to be 4%Z. The mass spectra of
the starting material indicatgd 5.4 * 1.7% of the dé species. Both
values agreed within experimental-errbr. Good first-order plots for
detritdation and dedeuterstion kinetics (rate ‘measured as d[d,}/dt)

were obtained after correcting each aliquot for this residual amount

of label (4%).



7

* ¢) Determination of kglkg in Dzo

TheArate of deuteration, kg, was obtained from the rate 'of
disappearanéé of the undeuterated pareﬁ: peak in mass spectra. The
obsexved rate is the sum of the rates of exchange of the two metlwlene

, . -t H H
protons, i.e., observed rate kbbB[HRBS] kR{HRHS] +-kS[HRHS] or

H H
= + .
kobs kR kS as envisaged by $cheme 2

CH_D
"'//::L SR

CHSHR

Scheme 2

The relative rate, i.e., kglkg has been found to be 1l4.4 by

28 '
Swingle = using mass spectral analysis to follow the exchange iIn D20

e _ H B _ .
at 24°C. Thus K ig = 15.4/14.4 kp which leads to ky = .935 ks
During the base—-catalyzed tritfation of HR’ a certain amount

of tritium was Incorporated in place of H Since no direct method

S.
for the determination of the tritium label is available, we must
assume the selectivity in tritiation to be the same as in deuteration.

Therefore, according to the relative rates of 14.428 or the hydrogen-

d contain 7% TS for

a 3.3% reaction. Detritiation kinetics were ﬁeaaured to two half-

deuterium exchanges of ER and Hg, the sample sh

lives of TR assuming no change in [TS].
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d). Determination of kg/k; in HéO

Rate of dedenterétien in plaée qf'HR, kg, waaideFérmiued by-
monitoring the dideuterated péak in m. s, analysis. As for the deter- .
minatiqn of kg described in section (c), similar correction was ;gqﬁiged
for:this observed rate. Since the relative rates of ‘deuteration might
not equal to those of dedeuterationzg, it is necessary to determine the
.;tereoselectivity of tﬁe loss of dewterium at the two methylene positions
in-Hzo solvent. A relative rate of 11.6:1 was obtained by n.m.r. |
analysis of the periodically quenched and purified aliquots of a solu-
tion of the dideuterated sulfoxide at 27°C. Since the rate of appearanee
of Hs was determined after DR;was almost completely-lost; the observed
rate constant is actually kg' instead of.kg_(see scheme 3), a correction
factor due to the secondary isotope effect.should be included in order

to obtain kg. Correcting for this effect which was taken as 1.2 by

.
swingle?® 1eads to Ko/kg = 14/1. Thus i = % kg = 933k

/ . \ i
CDRPS CHRHS _
i i . )
k /
CDRHS - ‘

Scheme 3
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The loss of tritium was monitored over two half-lives and
the tritium content was corrected for the presence of 7% Tslby'
assuming a tritlation selectivity of 14 ¢ 1 for a 3% reaction

(Figure 5 contains the plotted data).

D. Discussion

1. Effects of Crown Ether on Stereoselectivity of Exchange in 3

In the conformationally rig£d30 bridged biaryl sulfoxide 3,

the carbanions derived from abstraction of protons H, to H& have been

1
classified as A (HB)’ B (HA) and C (H1 and Hz) in Figure 6 depending
upon the conformatidnf of the a sulfinyl carbanions depicted in

Fligure 1,

Thé 3 dimensional model of the sulfoxide 3 shows that Hl
‘ and H2 are protons which reside in identical enviromments with respect
to the.asymmetric biaryl system, as are H3 and H&‘ Thus the steric
and elect¥onic influences of the benzene ring on the rate of éxchange
of the protons within each‘pair will be equal. A proper evaluation

of the influence of the sulfoxide group oﬁ the stability of tﬁe»
transition state resulting from protdn abstraction, therefore,
requires a comparison of Hl Y?.Hz and H3 Vs H4 6n1y. Tﬁia comparison
will reflect thé stereochemicaliy dependent stabilizing effect of the

sulfoxide group on an o carbanion.

[}
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A(H3l - y B(Hé) s Cl(Hz) CZ(Hl)

4
Figure 6. The Newman projection formulas representing the conforma-

tions of the four u—sulfinyl carbanions resulted from the

abstraction of K,, H,, H, and K~ in 3.

R
! R
st l

A previous report by Eraser and co—workefsSb on the hydrogen-
deuterium exchange of the o ﬁrotons in 3 showed that & switch from
E}butanol éo methanol as solvent changes the relative rates of
‘ul : from 1:1100:300:1300 to 1:200:7600:30" . Surprisingly,
the relative reactivities of H3 and H4 were completely reversed. The

result was ascribed to the effects of solvation. Since potasaium

This figure was found to be in error and was corrected to 1:194: 2300 230 .
(see Results of Kinetic Measurements section (1)).



alkoxide has been kit exist as an lon pair in the nondisscciéting

-

solvent such as t-butanol and hae been known, to participate in€
.csrbanion—forming hydrogen abstraction12 31, it seems 11ke1y that the

potassium ion might be plsying an important role in determining the
8b

stereoselectivity o In a case where internal return 1s known to oceut

as detected in acyclic system and called isoinversicnsz, the sddfgg;jﬂ’ﬂ*__‘_h\\\\
of crown ether was found to alter -the stereochemicsl course by de~

creasing the amount of internal return. Thus an observed effect of

crown ether on the stereoseleétivity in proton exchanges could be an

indication of the existence of internal return in the exchange.

Je ' In the isotoFic e;changes of the é_protons in 3 in
t-butanol-0-d containing potassium t-butoxide, the adddtion-cf crown )
ether 14 changed thé relative rates of the four g protons, i.e., |
HI:EE:H3:H4’ from 1t1100:300:1300 to 1:8.7:200:12.4 in which thé

rates of.exchange of;H1 and HB were increased by 10 fold, whereas

‘those of H2 and H4 were retarded by 7 foi& (see runs 2 and 3 in
Table 3)." Effectively the addition of crown ether reversed the

relative rates of H3 and H4 and narrowed the spread between the rates’

of exchange of Hl and H2.

Based on the recent work which successfully demonstrated
the ability of crown ether 14 to .complex with the potassium ion in
32,33 '

t-butanocl™’"" and methanolze, the observed sensitivity of the rates

~ -

of exchanges of the .o protons to the cation indicates that.this-cation
_1s present in ‘the intermediate responsible for hydrogen-deuterium

& ’ .
Fxchange. The following explanatiomﬁfihough not'unique,_éccgunts for

the influence of added crown ether.



For Hz-and H4 which are closer to the oxygen of the Bulfur

group (see the Newman projection 1n Figure 6), the intermediates are

.those in which the cation-is bonded to the sulfoxide oxygen of the

substrate (éee‘structure ig). This bonding interaction between the

substrate oxygen and the ¢ation is absent in the intermediates for
. * rd

Hl and H3 exchanges because the oxygen 1s remote from fhe‘corresponding
. L]

incipient carbanion sites while the proximate lone pair is less

-

capéble of coordinating with the potassium ion owing to the slight

positive character of the sulfur in the S-0 bond.

&
g b C
," -IR . . ) “"-.
W,
A H,
Ar
—;-"'—-5—- et
Scheme 4
"

3

If an inﬁgrnally coordinate@lmetal ion is present as in.;g,
then this coordination would: serve:to lower theuactivation energies-for
the solvent reorganization process (k ) more thamn for the back
reaction (k_l) (see scheme 4). . If one compares the i /k values of
1.21 and 1.41 fof“ﬂl and H, respectively, they‘do indicate less ,
internal return in the exchange of H, (will be discussed later in
more detail). A similar model has been postulated for the preferential

’
¢ls exchange in 1-methoxyacenaptha1éne34.
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In the presence of crown ether. the species that abstracts

the proton is the crown -ether-separated ion palir in which the co~
" ordination sites of potassium ion are neither occupied by the alkoxide.

nor the solvent molecules. This speciee resembles in properties the

oxdinary solvent-seperated ion pair35 (see Figure 7). xhe cepture-of

]
ki

(B‘M+)n. — B-,M+ — B-|IM+ ?'—'—" B-+M+
verious : neontact~ ‘ solvent—separated dissociated

aggregate = ion pair ion pair ' : ion

Figure .7, Possible eduilibria for metal alkoxide in alcohol media

-
B }
)

potassium ifon by crown ether esseutially Temoves the stabilization
‘due to the bonding between the substrate and the cation in 15. This
‘would result in more internal return and accounts for the decreased

rates of exchange of H, and H4 Although it has. been found in

2

several cades that the rates of exchanges were drematicelly increased
by 30-1000 fold36 6ﬁfehe addition of an equivalent of cfown.ether due
to ehe increased beeicipy of the t-butoxide ion, the rates of ex-
change of'ﬁl and H3t,however, were only accelerated 10 fold. Possibly
some -preferential %nterﬂal feturn'induced by the'effeet of added

crown ether 1s of influence here too.

4
L)

In contrast, the addition of crown ether to the methanolic
solution bf,; containing potassium methoxiHE<fs base retarded the

exchange of H3 slightly while the rates of -exchange for Hz-and H4

were increased by 4 and-8 fold respectively. ‘At the high base con-

centration (IN) employed, potassium methoxlide exists substantially as

]
i

o~
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intimaté ion pai¥337, tﬁus the intermediate for H4 exchange is very
likely to be one;witﬁ structure 15. Since methanol forms a more
strongly hydrogénwbﬁnded solvent pool than~£fbutanol, it is less

eagy to remove a methﬁnol molecule from its solvent pool for

solvent reorganization at fhé carbanion site to occuxr. In this case’
the internal cﬁelation in 15 serves to hold the abstracted H4 in the .
vicinity of the carbagion rathgr than fp assist the solvent reorganiza-
tion, gnd the bacﬁ reaction governed by kkl_is favored. The higher
kH/kD for H3 (5) than H4 (1.6) and thus the smaller amount of internal
-return for H3-than H4 is consisteﬁt with this picture. The effect of
crown ether in destroying 15 is therefore expected to be opposite to
that in t-butanol, The ad@ition of crown eth%r removés the potassium
ion from the metal carbanide ion pair, effectively decreases the rate

governed by k_. and thus leads to a rate increment for’ the Hy and. Hy

1

»

exchanges. For the exchange of H3, no enﬁanéement in rate was oﬂéerved
" in wethanol as in t-butanol because the activity of methoxide ion in
methanol is not increased as that of E;buloxide ion in t-butanmol on

the addition of crown ether. In the presence of crown’ether,-the
methoxide ion is highly solvated and 1s thus in a sense "buffered"

by solvent in methanol, The Efbutoxide %93’ when separated from, the
counterlon, is relatively poorly.solvated in t-butanol, a solvent of .

low dielectric constant, and 1is therefore more reactive..

In the above rationalization, the effect of crowm ethbr.vas
interpreted in terms of a retention mechanism in the presence hmi )
absence of crown ether. For base-catalyzed exchanges in t-butanol- B

potassium t-butoxide medium, generally the retentlion mechanism is
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oper 1n312’3l’38. Although the presence of crown ether has been

to result in an increased possibility of inversion36, it would
seem) highly improbable for inversion to take place in the geometrically

restrained biaryl sulfoxidel§39.

From the studies on the effects of crown ether; it has be-
come quite obvious that ion pairing between'the carbanion and counter-
ion plays an important role in designing the aﬁéreoselectivity pf the
exchange rgactions bf sulfoxide 3 in E}hutanol and methanol. It is
noticeable that ion-pairing affects the internal return’and stereo—
sélectivity in different ways in different solvents. This implies
that discussion of carbanion stability must be extended to include not
only the carbanion itself and the perturbing influence of the countexr-
ion but also perturbation by the surrounding solvént molecule. In
other wofas, the stereoselectivity of the exchange reactions does not
reflect the preferential stability of the g-sulfinyl carbanions in
the pﬁfass;um alkoxide-catalyzed isotopic exchanges in t-butanol or

methanol.

r/Z. Internal Return

a) Benzyl Methyl Sulfoxide

H
Derivation of the internal return values, a , from the
4

//bxperimental primary isotope effects involving theaexchangeé of the

methylene protons in benzyl mefhyl sulfoxide using Streitweiser's

o

. i
method (see Introduction) requireés, a value for the equilibrium dis-

L
tribution constant, kT, which was found to be 1.27 (see Experimental).
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The derived internal return values aﬁ's, using x = 2.344, were 0.3
-and 0.14 for Hy and Hy respectively, both at 29.8 + 1°C. For'an
internal return mechanism (see scheme 1 in Introduction), the experi-

mental rate of exchange of a hydrogen isotope is kexpt - klkzl(k_1+k2) -

kll(a+1). The experimental relative rates for the two methylene

protons in the benzyl methyl sulfoxide is therefore kR /ks C o
. expt’ expt

R ] R, 5 R S

kl(asfl)/kl(aR+l) or kl/kl -kexpt(aR+1){kexpt(aS+l)' Using

R S

kexpt/kexpt

Swingle28 at 24°C, the actual reiative rate for the primary step,

= 14.4 for the hydrogen—deuterium exchaﬁge found by

ki‘/l_:f, 1s 14.4 x 1.03/1.14 = 13. Obviously the small smount of
internal return has a virtually negligible effect on the calculated
relative gtabilities of the two transition‘states leading to anion
formation. With.thése values we can now correct for imternmal return
and find thé.isotdpe effect for the primary step; the values bf

k?/ki are 3.1 and 3.2 for the B and Hé exchanges respective}y. goté
especilally that the derived primary isotope effects for the proton
transfer processes hardly differ ". - from the experidental values (29).
When convertedmto hydrogeﬁ-éeuteriumAisotope effects by the equation
of Swain and co-workers (see equation 1 in Introduction), the value
of 1.39 for K/ leads fo a value of K/K® of 2.2. This low value
of primary isotope effett w;;h negligible amount of intermal return
is indicative of an unsgmmetric;l trgnaition state 1n which the
hydrogen 1sotope is more strongly attached to the-baae than the g
carbon, i.e., the traneition state resembles the carbanion in the

endothermic proton abstraction processéo.
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b) ' The Bridged Biaryl Sulfoxide 3 .

T

1

Although ;nfb;matioh obtained from kinetics regaréipg the
stability of an anion intermediate is relisble in the case of ﬁenzyl
methyl sulfoxide in aqueous media, the same cannot béJjbidfor the
exchange of 3 in t-butanol-0-d. Values of kH/k: of 1,21 and 1.41 were
found for the isotopic exchanges at_Hi and Hz_usipg stereoselectivity
tritlated samples of 3. In the previbus work, both the phenomenon of
internal ref:urn41 and thé unsymmetrical transition‘state42 have been
used to expldin low primary isotope effects in carbanion-forming
hydrogen hbstractioPs. However, such low primaf? isétope effects for

- the Hl and“H2 exchanges in 3 cannot possibly reflect'vaiues for kg/kf.
(thé isotope effect of the proton abstraction step). For examplej
k?!ki in benzyl methfl sulfox;de in‘water was calculated to be 3.2.
Moreover, high intramolecularity which provides unambiguous evidence
for' the phenomenon of internal return has been generally observed in

Erbutanol—0~d-potassitm.Efbutoxide medium41a’43. In the present work,

- both effects of unsymmetrical transition states and internal return
.might be responsible‘for the low isotope effecf. Although the
individual contribution of each effett is not known, we can aésume
that the primary isotope effect k??ki of this sulfoxide exchange is
the same as for benzyl methyl sulfoxide, i.e., k?/ki = 3.2, TFrom
this value for k?/kiqﬁhd the experimental kH/kT, the percent internal

return is calculated to be 80 % 15 and 70 * 15% for H, and H,

respectively,

v:
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In methanol, the resulting isotope effects listed in Table 4
for.tﬁe exchange oflg_ihcludee a solvent isotope effect. This solvent
isotope effect kCH30D/kCH30H was found to be 1.52¢ and.Z 2% in the
'base~catalyzed exchanges of monohydrofluorocarbon and methylfluorene
regpectively. TIf we arbitrerily take 1.8 for the solvent isotope
affect kCH3OD/kCH3OH for the exchange of the sulfoxide 3, the corrected
values for k /k become 1, 2.8 and 0,7 for HZ’ H and HA respectively.
These estimated values of k /k for HZ agd H4 exchanges strongly in-
dicate the existence of a great deal of internal return. fhe value
for H,, being close to the k?/k? (2.2) for benzyl methyl sulfoxide in
aqueous media implies s negligible amount of internal return in this
case. Since variation of the primary isotope effect wit:h_ec:nll.ver.ttl‘4 |
hae been observed as a general phenomenon in which the very hjigh isotope
effects found in non-polar selvents are much reducee on passing to
polaf soivents, we should be eareful in conciuding the gbsence of

internal return in the exchange of H, in 3 since the k?/k? in methanol

3
is likely to be much greater than that in the more polar water.

The results obtailned from the investigation of internal
return in sulfoxides 3 and 13 were in pood agreement with Bell's pre-

d:l.c:.tionl::n3

which generalizes that internal return in proton transfer
reactions usually occur in media of low dielectric conmstant such as
t-butanol and methanol. For exchanges in water, which is a solvent of
high dielectric constant, internal return is less probable. The -

reeults are alao eonsistent with the summary of Huntera that in

alkoxide-alcohol media, exchange rates may give a close but not



“he -
comple;é‘méasqre éf carbanion stability sinée intraﬁoléculérity is
usually ob;erve&.'_ | | o

Thé origin of the phenomenoﬁ'ﬁf iﬁtéfnal Féturn could be
visuglized in the folléwing way: Ehe sulfinyl,anibn fo;med is a
strong base compared to the base 9OR (R cﬁ? be H, CH3 or t-Bu), and
the carbanion is undoubtedly hydrogen bonded to the solvent molecule
formed in the transfer of hydrogen isotope from the cérbon acid to
the oxygen of the base, QOR.‘ Consequentl?? the fevarsé transfer of.
the same atom of hydrogen isotope back to carbon (rate governed by'
k¥1 in Scheme 1) might be competitive with the exchange of solvent
molecule at the carbanion site (rate governed by kz). In methanol
and t-butanol, the carbanion is suggested. to be-singly bonded to the
splveht m&leculehg in order to account for the intramolecularity and iso-
Inversion observed infthe hydrogen-deuterium exchange between several
carbon acids and t+butanol or methanol. The energetic factor pre-
venting strong association of the carbanion with more than one
solvent molecule-ét‘a time is most likely steric as the R group in
the base occurs in a trimeric or a ﬁore highly-associated species.
Therefore, in these two solvents, the ﬁydfoggn 1sotope from'the
substrate, being strongly-hyﬁrogen—bonded to the carbanion site,
>k

1 2°
resulting in internal return. But water, due to its small size and

must be unique from those in the bulk solvent and thus k_

high solvating ability, is able to associate with the carbanion to i
form a highly ;ssbciated species. The ready access of the solvent mole-
cules from the solvent pool to the carbanion site retards the back
reactipn governed by k—l’ thus diminishes the amount of carbanion
formation without isotopic exchange (internal return).

- .

t
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3. Conclusion
| From the effect of crown ether on the exéhange of the g
proégns in sulfoxide 3, we have seen that in Erbufanol.and methanol,

ielative~r§tes of exchange (H3 vs H, and Hy vs Hz)-di§ not reflect
"pure" carbanion stabilities. Tﬁis_was further confirmed by the
observed low isotope effect in the exchange reaction, indicating

the presence of an apprecisble amount of interﬁal returﬁ; Thege
findings may account for Ehe divergence of the early accumulated data
oa the proton exchénge.g to a sulfoxide group in these solvents from
the predictions made on the basis of ab initio M.O. chlculat#onsA

which did not include the perturbation of the environments on the

carbanion stability.

Although it would appear that assignment of the relative
stabilities of gusalfinyl carbanion shauld be made with caution in
both t-butanol and methanol., The o proton exchanges of _benzy;l methyl
sulfoxidein water proceed witﬁ negligible internal return and. thereby
provide significant data regarding anion stabllities., For this system
the rationale that anion 16 likely is most E;taleLeS‘B still stands. In

this case predictions by M.0. theory again are not strictly comparable.

16
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EXPERIMENT.

..Hea;y water (99.9hat6m D), methanol~0-d (99 atom ZD) aqd
methyl alcohoi-—d4 (?9.5 atom ZD) were ;btgined from Merck, Sharp and .
Doﬁme Canada Ltd. Tritiated water (25 mG/ml and 5 mC/ml) and standard
tritiated toluene were oﬁtained from New Engléqd Npclearl Soiutiousof
lower specific aétivity Qere prepared by volumetric dilution. Tritiated
t-butancl was prepared by sbout 200 fold dilution of tritiated wate;-
with t-butanol. Dicyclohexyl-18-crown-6 cyclic_polyet}}er ogbtained
frog‘Aldrich was used without furthér pur£fication. The silical gei
used for T.L.C. and preparative T.L.C. was MN Kieselgel N/UV254, p
supplier Markeay, Nagel & Co., silica gel 60, used for column chromato-
graphy, was supplied by Brinkmann Instrumenté_Canada Ltd. 2,5-
Diphenyloxazole {PPO) and 2,2'~pdpheny1ene~bis (5-phenyloxazole) (POPOP),
1iqhid scintillation counter grade, were obtained from Baker Co.
Bio-Solv, solubilizer (Formula BB5-3) was supplied by Beckmann Instrument

-~

Inc. Scintanalyzed toluene was obtained from Fisher Scientific

Company.

Benzyl methyl sulfoxide28 and 5,7-dihydro-1,11-dimethyl-
dibenzo{c,elthiepin 6-oxide g?l were prepared as described previously.
Diisopropylamine was-distille& from calcium hydride before use. Dry
T.H:F. was obtaingﬁ by distillation from 1ithium aluminum hydride just
prior to use. Methaﬁol was drieq By heating the material under reflux
over magneslum turnings for 4 hours, followed by distillation into a
dried reeeiver. EfButanol—O-d was prepared by the procdedure of Cram
and Nielsgn47. The deuterium content was assayed by éomparison of

the OH signal's integral with that of the 130 side band of the t-
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‘butyl hydrogens. The alcohol contained 97.5% o'and was stored in a

aerum-oapped flask in a desiccator.

Base solutions of potassium and sodium methoxide in methanol
or methanol-»dA and solutions of sodium deuteroxide in D 0 were prepared
by adding a carefully weighed amount of the clean metal to a measured,
volume of solvent cooled im an ice-bath. Concentrated (W) stock
~solution of:potaseium‘grbutoxide in Efbutanol was prepared by heatiné
under reflux freshly cut potaesium metal with Efbutanolid-d. Base solu~
tions oontaining dicyclohexyl-18-crown-6 cyclic polyether é were
prepared by adding a calculated quantity of base solution to an accurate-
1y weighed amount of CTOWN ether to ensure 10% molar excess' of 1& ..Con—
centration of each base solution was measured by titrating with standards’

o

hydrochloric acid and the solution stored in a serum-capped flask.

§
Toluene scintillation liquid was prepared by dissolving &4 gm

of PPO and 1 gm\of POPOP in 1 liter of scintanalyzed toluene. The
water miscible scintillation liquid was made up of 0.3 gm POPOP, 5 gm

PPO, 130 ml spectroscoplc methanol and 100 ml of Bio-selv. solubilizer.
) 7

All weighings were done onan E. Mettler Zurich Type H-16
balance. All n.m.r. spectra were taken in deuteroohloroform solution
(unless otherwise noted) on our Varian HA-100 MHz spectrometer equipned

qwith en SP-100 déuterium spin decoupler. Tritium counting was per-
formed in a Beckmann LS-150 scintillation counter equipped with an

external standard chamnel ratio operation. Deuterium content of -each
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kinetic samble was anal&zed using an AEI MS-902 mass spectrometer. All
kinECic data were treated as pseudo-first-order using a least squarés

programzz on an IBM 360. Standard deviationalquoted for rate conatants

in Tables 4 and 7 were taken as two times the slope standard deviatibns. ;w

Sample Isolation: For each sulfoxide?-the'aame wethod of isolation
and "purification 6f the sulfoxide wés employed -in all: labelling ]
ex?erimeﬁts and kinetic runs. An example for each sulfoxide is given‘
below. The reaction mixture of the bridged biaryl sulfoxidé:g;in t-
butaﬁo; o£ methanol was duenchgd with dil. HCl, the solveut removed
and the ‘residue dissolved in chloroform. The chlofoform‘solution was
washed with water, dgied over anhydrous Na, 504, and concentrated to
give a solid which was purified by columu chromatography or T.L.C.
(ethyl acetate—hexane 80,20 v/v) depending on the amount of sulfoxide,
and sublimation at 110°C/0.05 mm. The reaction mixture of benzyl
methyl sulfoxide in 25 ml T.H.F. was poured into 150 ml of H20

saturated with NaCl. The aqueous mixture was extracted with three

2772
quenched with excess HCl angd the sulfoxide was extracted with chloro-

.40 ml portions of CH,.CI,.. Exchange reaction in aqueous media was

form. In both cases the combined extract was drigd and concentrated
before being purified by cholumn chtomatography or T.L.C. (ethyl

acetate-hexane 80/20 v v) and sublimation at 65°C /05 mm.

A. Scintillation Counting
Soas
For 'benzyl methyl sulfoxide and for the biaryl sulfoxide 3,

each sample for scintillation countingwas prepared in the following

+
1 . .
.. - ~
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way: The purified aliquot (10;25 ng) weighedAout accurately to 0.05
mg in.a 20-ml polyethylane.Bcintillation vial IFisherl.was dissolved ...
in 10 ml toluene scintillation liquid and .1 ml scintanalyzed toluene.
The a;ounts of the sulfoxide used in the later kinetic aliquots were
increased in order to assure their counts closé ;pt;hatﬁgf thr earlier
aliquots. With each set of kinetic sampleswas included a set of
standards for calibrating the counting efficieﬁcy of the machine, each
sample was counted to 0.7% st;tistical e¥ror in g 33 + %40 window.fbr

Fa

about 3 minutes.

To accompliéh the preparation of a calibration curve for:
éach type of.;;lfoxide-saﬁpie, 9 standardmsémples were made, ‘Eash
sample was composed of 10 ml of toluene scintillation‘liquid, 1 ml
of standa;dtnitiated toluene with kncwnaﬁctivity (the sctivity was 56‘-
chosen that the counts will be close to that of the kinetié,ggm@lé) |
and an ampﬁnt of the wmlabelled sui}Bxide.(quehching agent) similﬁr

. /
to that in the kinetic.samples.

For benzy% methyllsulféxide, since the kinetic gample usuaily
welghed between 10-25 mg, the amounts of the quenching agent used fér
calibration were 9, 11, 13, 16, 19, 22, 25,28 -and 40, mg.. For each standard
coumted, the machine registered an external standard ratio and a
counting rate which is gi%én as counts per minute (cpm). The external
standard ratio is a parameter of the machine which méasuges the.amnunt
of sample quenching. The cbunting efficienc& for each sample was
determined by dividing the c;unting rate by the known APﬁ (disintegra-—

tion ﬁer minute) of the sample;?;;he caliﬁration curve was obtained by

¥
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plotting tﬁé/:Lunting efficiency against the external standard ratio.
A aample curve for benzyl methyl sulfoxide was given in. Figure 8.
The counting efficiency is then obtained from this figure for each

sample."

Calibration'curve for water or E:butenol 88 & quenching
agent was prepared in.the same way as described for sulfoxide.'
Scintillation samples of tritiated water ¥ind tritiated t-butnnol used
for labelling were composed of 10 ml water—miscible liquid .1 ml
scintanalyzed toluene and .1 ml of the tritiated water or t-butanol :

diluted volumetrically to have a count of about 10 cpm.

B. Determination of K; for Benzyl Methyl Sulfoxide

-

Benzyl methyl sulfoxide, 40 mg, was stirred in 4 nl of a
solution of tritiated water containing sodium hydroxide (0.25 M) for 4
days at 29.8 £ .1°C. At the end of the reaction, the sulfoxide was
éktracted with three 20—ml portions of chloroform. The tritiated water \l :
solution was distilled and prepared for scintillation counting The
"sulfoxide after purification was also analyzed for tritium content.
The equilibrium specific activity for tritiated water and sulfoxide
were 2.8 x?lag‘dpm/meq OH and 4.39 x-lO6 dpm/mmole respectively. In
a separate experiment in which deuteration was carried out under the
same conditions, the nerhylene‘protons,were shown to- be rnlly deuterated
and the methyl protons.had incorporated 55.2% of one deuterlium (by,n.m.r.). om
Assuming that the amount of deuterium incorpotation is the aame as that
of tritium incorporation, KTL, obtained as a ratio of the ed//librium
tritium content in'water to that in the_methylene group (1 posttion) of

the sulfoxide, is therefore 1.27.



C. Labelling Experiménte

+

1. The Bringed Biaryl Sulfoxide 3

The following labelling experiments conducted in t-butanol

or methanol generally gave 887 yleld of the recovered sulfoxide.

- -
-

a) Replacement of the g Protons by Deuterium (Sanplelé-dA)_

When the biaryl sulfoxide (1 equiv.) was stirred in 6.4 ml
of t-butanol-0-d containiﬂg‘potassium Efbutcxide {.25M) at R.T. (room
temperature) foxr 24 ﬁours, H-,,HB.and H4 were found to be 90% deuterated

and B, 80% deuterated (by e, . ' .
[ 4

b) Specific Deuterstion in Place of Proton 3i(sample 3-D.)

When the sulfoxide (1 equiv,) was allowed to stir in 6.4 ml
of methanol-0-d eolution containing sodium methoxide (1.5 H) at R.T. £or 26
haurs, n M. X5 indicated 32% D (i,e., 32%Z deuterium in place of H ),

92z D3 and 10.6% D, in the recovered sulfoxide.

4

- .

c) Specific Titdation in Place of Protom 1 (Sample.érTl)

T&itiation at position 1 consists of two consecutive steps,

i.e., complete ﬁdtiation at alllfour o protons followed by detritiation

_ at the three more labile pwotons. ’ !

When the blaryl eulfoxide‘(l equiv,) was stirred at R.T. for
4 days in 12.8 ml of tritiated t~butanol solution containing potassium
t-butoxide (0.4M) Qf'specific activity 6.9 x 107 dpm/ml or 6.57 x 106

dpm/meq, the trit#ated sulfoxide-obtained after purification had a
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specific activity of 2.2 x 107 dpm/mmole ox S.S‘x 106 dpm/meq of the
. . -
exchangeable o proton. When the sulfoxide was deuterated under the
same conditions;.nlm:r. analysis of the recovered material showed that

all four a-protons had reached the equilibrium isotopic distribuiion

‘and 1o ‘deuterdum was incorporated into the methyl group on the aromatic

ring. Thus all four g-protons should have bgén equally tritiated with

a K? value of approximately 1.2 under the reaction conditions employed,

On treatment of this tetratritiated sulfoxide in a t-butanol solution
of potéssium‘gfbutoxide (.11 M) for 25 hours at 30°C (the substrate
concentratign used was 10 mg/ml such that at equilibrium ; negligible
amount of isotope (1.5%) remained in place of the three more acidic
protons), the sulfoxide had a final activity of 2,5 x 106 dpm/mmble

-

which 1s 45.5% of the original tritium content at Hy.
Before the back reaction was carried out, a trial detritiation
kinetics was run under the same reaction conditions to determine the
appropriate quenching time when the three faster protons had been com-
pletely detritiated. The tritium percentage vs time plot gave axcurve,
“~ : . -

which showed an abrupt drop at the beginning and was levelling of

after 85Z of the tritium had gone (see Figure 9). -

. d) Specific Tritiation in Place of Proton 2 (Sample ;;TZ)

A

A The biaryl sulfoxide ngl (speéific activity = 2.5 x 108

dpm/mmole) was mixed with sample 2;D3 in a 1.8:1 proporti;n. ,Tﬁgé'
resultant sulfpxide, 980 mg, containing 100% H., 89% HZ’ 67% H3 and
974 H4 (by n.m.r.) was treated with triethyloxonium fluoroboraté to '
form‘the ethoxysulfonium salt and then hydrolyzed in sodium‘hydroxide

¥ 7

#
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solution following the procedure of Johnson and HpCantsz4. The puri-
fied sulfoxide, 700 mg, (71% yield) contained 90% Hl' 98.8% Hz, 93,82
HS and 70.1% H4 from which the percent invgraion is calculated to be

89.5. This sample had a specific activity of 1.6 x 106 dpm/mmole.

2. Benzyl Methyl Sulfdxide

a): Preparation of Sample l3a

To 25 ml of T.H.F. at room temperature in a 50 ml 2-neck
flask eduiﬁped with a hitrogen'in;et-outlet system and a rubber septum
was added via the septum ,15 ml (1,04 mmole) of diisoﬁrOpylamine, then
a gsolution of n-butylithium in ether (.92 mequiv}. After being stirréd
for 5 minutes at room temperature, the solution was cooled to -78°C and
stirred for 10 minutes to allqg\temperature equilibration. Then a
T.H.F. solution of henzyl methyl sulfoxide (1 mmole/ml) was injected
and stirring was continued for 15 minutes at -78°C, then 15 minutes at
-95°C. An excess of tritiated water (specific activity = 1,75 x 108
dpm/ml) wag added with répid stirring. Isolatlon and purification gave
110 mg (71%1yigld) of sample 13a of specific activity 1.44 x 106 dpm/
mmole. The. kinetics of detritiation for this sample indicated 1.9%
tritium had been incorporated into the ﬁgthyl group (see Results of

Kinetic Measurements).

b) .Preparation .of Sample 13b

Sample 13b was prepared in the same way as sample l3a except

that the equilibration intervals at ~78°C and -95°C before quenching
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vere both-shortened to 10 minutes and the quenching was done with
D20 containing .32 tritiatéd water (specific activity = 2.1 x 108 dpm/
ml). Isolation and purificat%on gave 110 mg (712 yield) of sample 13b
(specific activity = 1,74 x 106.dpm/mmole) in which Ho was,replaced

" ~ ¥
with deuterium in preference to Hy in a ratio of 17:1 (by n.m.x.).
The kinetics of detritiation for this sample indicated 4% tritium

had been incorporated into the methyl group (see Results of Kinetic

Measurements).

c) Preparation of Sample 13¢

rC——— e

In' a round-bottomed flgsk a solution of benzyl methyl
sulfoxide (1 mmole) in 8 ml of tritiﬂged water (specific activity =
2 x 109 é;m/ml) was stirred in a water bath at 29.8 L1°C. A
solutiou of 0.24 ml of NaOH in tritiated water (2.75M) was added. The
solution was quenched after 11 minutes with excess HCl. 1Isolation
and purification gave 120 mg (78%) of the labelled. product. lThe
compoﬁnd has a specific activity of 5.98 x 105 dfm/mmﬁle (3.37%

reaction).

Before labelling was carried out, a trial tritiation onm a

-

small scale (50 mg) was fun underlthe same condiﬁ{z?s to determine

the time necessary for a 3% exchange to occur.

d) Preparation of Sample 13d _ -

Sample 13d was prepared essentlally in the same way as

desctibed for sample 1l3c except that the starting material used was

g



the dideuterated qgmpound.. The ﬁreparation of dideuterated compound

was carried out in tw&ggﬁbpsvto avoid any incorporation of deuterium

into the methyl group; i.e., deuteration in place of HS by quenching 3
R ‘ /

the lithiosulfoxide with D

20 followed by deuteration in place of HR

by baae—cataly;éd exchange., A

Deuteration in place of H, was carried out”in the same way

@ 5

2

as described for the preparation of sample 13a except that the carb-
anion equilibyration at -78°C was prolonged to 1 hour. The pfoduct
obtained after isolation and purification by column chromatography

only (721 yield) contained 87% DS and 5% (by n.m.x.).

DR
Tréatment of this sample with NaQD in D20 (0.04M) for 5 hours-
‘ ¢
at 29.8 * ,1°C gave mainly the -dideuterosulfoxide containing 90% DS
R

and m.s, wﬁich showed no trideuterated peak. Subsequent tritiation in
9

and 957 D, with no deuterium in the methyl group as indicated by n.m.r.
tritiated water (specific activity = 2 x 10° dpm/ml) to 3% of the

tritium pool gave the selectively labelled sample 13d, containing 90%
D, and 86% DR (by n.m.r.) with a specific activity of 5,22 x 10° dpm/

- mmole,

D. Kinetiecs

1. Potassium Alkoxide-Catalyzed Isotopic Exchange in 3

a) Rung 1-6 (Table 3)
A1l kinetic runs except 6 in Table 3 were performed on our
‘ Varian HA-100 n.m.r. spectrometer. Each kinetic rum was carried out

¢ . . .
on 20 mg (0.078 mmole) of 3 dissolved in 0.35-0.4 ml t-butanol-0-d or
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metfhanol—d4 in a thin-walled 5 mm n.,m.x. tube.: Uﬁon the eddieion w%th
_vigorous shaking of 0.1;0.15 ml of't-butanoleo-d or methanole4 con-
taining the desired concentration of base (final substrate concentrationA
was 20 mg/.5 ml), the tube was placed in the spectrometer for continuing'

integral measurement with the timer started simultaneously{

All the n.m.r. tubes for the kinatic runs were cleaned.and
then dried at 100°C for at least 24 hours. The‘tubes were allowed to

cool in a desiccator and flushed with dry nitrogen prior.to use.

>

Rates of exchange .. for the [\ protons in 3 were determined.
by integration of the n.m.r. absorption of individual protons at given
time intervals., In t-butanol-0-d, the rates of exchange for the four
a protons were so different éhat under conditions where the concentra-
tions of Hz, ﬁ3 ane H4 could be monitored readi1§, the slow proten, th
exchanged too slowly for a convenient deterﬁination of its raee. The
relative rates of'H1 and the mext slowest proten H3 were determinedSb:i
at higher base concentration. The obgerved raté ratios were then -- -
adjusted to give the overall rates of exchange of H,, H3 and 34’
relative to Hla

At the high conceqtration of crown ether 14 employed in
run 3, the huge methylene peak of the crown ether 14 interfered with
the H2 absorption reglon and thus rendered the rate measurement for
H2 impossible. However, at lewer crown ether;concentration (1i.e.,
rum 4), intensity of the methylene ebsorption of crown ether was

reduced, and H2 exchange could be followed by integrating over the

overlapping region, any inerease in intensity was due to the exchange
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of Hz The yelative rstes of the four a"protons in thbhtssol—o-d
in the presence of crown ether was obtained from the rate ratios

observed at two different base concentrations.

.In_run 6, again the higﬁ concentration of crowm ether used
did not allow the exchange.of Hz to be followed by n.m.r. integration,
therefsre the solution was quénched hfter H4 had undergone 15% exchange,
n.m.r.‘snalysis of the recovered sample (purified on T.L.C. using ethyl

acetate~chloroform 50:50 v/v as-dﬁgfgsping solvent) gave the one-point

H3 and HA'

rate constants for the exchanges o 2

Because of the substrate concentration (0.16M) used in each

'

kinetic run (except runIISb) at equilibrium a significant amowunt of
hydrogen remsined in the substrate. This equilibrium hydrogen content,
Ce, was estimated from the isotoplc content of the solvent at equili-
brium. In t—butanol 0-d, since HZ’ H3 dnd H4 exchanged with .comparable
rates while Hl remained unexchanged, Ce was, | taken as the solvent pool
diluted by three protons’for these three labile protons. Ce for Hl was
estimated from the isotopic content of soiventrafter completd exchange
of all four‘g'stotons. In methanol, since H3 exchanged at least 10
times faster than H2 asd H4, Cs‘s were taken as solvent pool diluted
by one and three protoss for H, and the slower protons (H, and H,)
respectively. Tﬁe pseudd~filrst-order plot for the hydrogen~deuterium
exchange was obtained by plotting log (Co-Ce)/(C~Ce) vs time, where

Co 1a the initial concentration. Each -rate constant was obtained from

the slope of the linear plot multiplied by 2.303.
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b) Runsg 7-10 (Table 4)

For all kinetic runs in which kH/kD and kH/kT for a proton
exchanges in 3 were determined,reach kinetic was performéd in a 50 ml
or a 100 ml round~bottomed serum—capped flask in a constant temperature
bath (see Table 4 for éﬁe temperature used in each run). A known
solution of specifically labelled sulfoxide was.stirred-continuéusly
and allowed to equilibrate in éhe thermostaﬁ for at least 1 hour. An
aliquot of a base solution of known‘coﬁcentratiéﬁ, similarly equili-
brated, was syringed in. Aliquots were removed at intervals and

quenched with HCl. Efforts were téken to keep the solution under

nitrogen during exchange by f11ling a syringe with nitrogen and in-

‘Jecting prior to removing each kinetic aliquot. The sulfoxide was

isolated and purified before being analyzed for tritium and deuterium
’ 'S
content. ¢

The deuterium content of each aliquot in runs 7 and 8 was
determined by n.m.r. analysis. Data wese obt;inéﬁ\up to.bné,halfQ
life and were treated as simple pseudo-first-order. For ruﬁ 9, the
rate of deuterium uptake was determined by the increase in the intensity
of the tetradeuterated peak é4 in mass spectra. éﬁé equilibrium value
Ce for the percentage of this péak wge estimated to de (.92854xx-100
where .928 is the equilibrium fraction of tﬂe deutergum content,
Intensity of d, at the start, Co, was taken after the three faster
protona t'xad reached the equilibrium isotopic distribution. Since only
two aliquots were available, the rate constant kH obtained from

gfcge_ kHt was determined for each kinetiec point and the average
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is given in Table 4. The starting point of the detritiation kinetics

was taken after 307 loss of the original tritium content, in order to
. . .

be certsin that the tritium label (1.5%) in place of the three more

lgbile protons will have gone;

_Tﬁé rate oF deuteration of H, in rum 10 was détermined by
M. T, infegration of Hz absorption for each kinetic aiiquot. Rate
constant was dgFgrmined fQ the same #ay a8 described in the pfeceding
section (a). In the preparation sf the sulfoxide specifically tri- '
tlated in‘place of Hz,-the Inversion of sulfur confiéuration was
found to be only 89:5%, this meant a residue of 10.5% tritium remained .
‘in place of Hl. When each aliquot was corrected for a constént gmount
of this tritium, a linear first~order plot was obtained for the detri-

tiation kinetics of H2'

2. Sodium Hydroxide-Catalyzed Isotopic Exchange in " Benzyl

" Methyl Sulfoxide

The kinetic experiments in which kﬂ/kT and kD/kT were deter-
mined were carried out in the same way as described in the préceding
section for. the determination of primary isotope effects involving o
proton exchanges in sulfoxide 3. Base concentration was measured at
the beginning and at the end of the kinetic run and was found to remain
unchanged in all cases.

Rate constants kH and RD were determined by monltoring gain
or loss of deuterium using mass spectrometry, .the largest stand;rd
deviation is 1.5% of the rate conmstant, ' Rate constants ovbtained by m.s.

analysis compare favorably with those obtained by n.m.r. integration
e ¥

!

~t
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of the benzylic AB quartet as the exchange proceeded. Loss of tritium:

-

was measured by scintillation counting.

-

For each aliquot susmitted for m.s. analysis, the background
L
was agsuTed clean in the reglon of interest, i.e., from (H)+ to CM+5)+, ’
before eight spectra of the aliquots in the expanded region we&e thken,
The average of the eight measurements were taken and the appropriate
Icorréhtion for the contribution of the natural isotopic ébundance to
each peak waslmade. The correction was empirical rather than calculated.

This sssured that the machine error will be minimized.
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PART II

_ CONFORMATIONAL DEPENDENCES OF CARBANION STABILITY IN

N-NITROSO-6 » 7~DIHYDRO-1,11-DIMETHYL-5H-DIBENZ[c,e JAZEPINE
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v INTRODUCTION =~ .y

)
S

The earliest evidence that a carbanion in the & position of °

- a nitrosemiee exhibits appreciable stability was provided by two

indépendent studiesl'a’w. In each case base-catalyzed hydrogen- -

deuterium exchange was cbserved ¢ to the nitrosamine function, demonstra-
: Ca

ting that the nitrosamine group exerts a potent stabilizing influence on-

-

1
- the adjacent carbanion. Subsequently, Fraser and Wigfieldss reported

an interesting stereochemical behavior of these carbanions g to nitrogen

in tmadged biaryl nitrosamine 17. The four benzylic protons- in 17

underwent markedly different rates of base-catalyzed hyqrogen-d'ehterium
>

'exchar&ge in E’—butanql-o—d. it’ was -notable that each proton E'}E to the

o%eu exchanged more rapldly M

han thoee anti and' that the axial—like
; RN ‘

proton exchanged more rapidly %
environment . e
] : -

A

z
\

o

il

i 17 ' 120
A\ .
. . . 7 ’#’ .
Figure 10. The three-dimensional *formulas of the bridged
. blaryl nitreaamée’lﬂ and N—nitroee—d-—benzyl
piperidine L >
T . .
K - ‘ .
: ‘ o _
v P& o

™~
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. wr
Subsequently, the use of the grnitrd@ﬁmino carbanion for
.fﬁﬂ _synthethic¢ transformations of.aecondary'aminES'haa‘Been -documented .in

a number of examples. In the reaction of anions of_N-nitrosodimethle

amine51 and many additional nitrosamines2 with a wide variety of

vy

elec¢trophiles, yields of 70-95% were reported "Concurrent with these
F

studies, similar results for the reactions of the anion of Nnnitroso-
dibenzylamin‘e53 have been demonstrated -‘Table 8 summarizes t;e‘reaults.
‘Subaequent study on Nmnitroso-é—phenylpiperidine 1854 showed that the a
"carbanions reacts in a highly stereoselective manner with methyl iodide,
carbon dioxide and Benzophenone to - give solely the axial substitution
‘preduct. Surprisingly a second.methylation .of the monometﬁyl derivative

4

gave the 2 N diaxial derivative in spite of the fact that the trans

isomer is thermodynamically less stable.

o
DA

™

In view of the synthetic potential of the reaction of

- .i o .
' nitroaamﬂ&%a which provides a new route to aubstitution in the & poeition’

>

of amines as- demonstrated by Seebach's group and F:aaer 8 grcup, it is

*

of considerable practical as well as theoretical importance to ascertain-

o . - v

e/"
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TABLE 8

co Carbanion Reactions of Nitrosamines with a Wide Variecy of Electro—
| - philea to yiel:
SN b /
NN - “ .
-

T

‘ Nitrosamine $§1ectroph11e ‘ E i‘Yield
. ‘ ‘ l
Methyl-athyl-nitrosamine Acetaldehyde CH,CHOH \”~‘:E2S
) Methyl-isopropyl nitros— .
*amine Benzylbromide C_H_CHs 90
. . . 65 2 .
Methyl-benzyl-nitros- . [ o
“amine _ © Acetaldéhyde CH,CHOH 100-
L
N-nitroso-pyrrolidine Benzylbromide ’GGHSCHZ . 90
o
' N—nitrgso-pipgrié}ne Acetaldehyde CEBéHOH . 90
N-nitroso-perhydro- é :
azepin . - . Benzophenone CoHs (OHXCGHS 90
N-nitroso-dibenzylemine® Methyl iodide ~CH,* 91
N-nitrosé-dibenzylamine® ‘Carbon dioxide —COOH . . -gg

#These two examples are taken from ref. 53. The,rgmaining reactions
are taken from ref. 62, - ‘ i
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the reason behind the abnormally high stereosélectivity:' Because of
thé'limited'acauracy of the original kinetic studles on the hydrogen-
* deuterium exchange of 17, it was decided to undertake a more therough
: - . s

and extensive study of this isotopic exchange reaction.

’

As the subject of this study, the bridged biaryl‘nitfosémine
oy '
L7l possesses a number of interesting features. Rotation about the

central biaryl bond is prevepted by the methyl groups in positiqﬁs 1

and 11, and rotation ghout the N-N bond is sldw on the n.,m.r. time

S

“W scale. As a result, the four. protons a to the nitrosamino fg?ction

e

~

are magnetically nonequivalent. Since there is no vicinal coupling
N .

involving the O protons, a simple n.m.r. spectra of the compound is
obtained. 1In the 100 MHz n.m.r. spectra of 17 in CDCl,, four doublets

" appeErTer the four & protons at T4.546(5,), 4.588(H,), 5.25(H,) and

6.591(H4). The inequality in geminal coupling constants, Jl 3" 13,5 Hz
; ; .
and J2 4 = 14.9 Bz identified'the'ﬂiastereotopic pairs. Stereochemical -
. g

assignments for individual protons were made in analogy with those of
* A 4 .

55

*Chow and Colon™" for the b protons of N-nitroso-4-benzylpiperidine 20.

It can be séeﬁ in Figure 10 depicting the three-dimensional formulas
of 17 and 20 that the g;ﬁrotons in both compounds have identical dis-
positions with respect to the nitrosamino group. Because of these

similarities in géometry, the chemical shifts for H,, H, and Hgfrela-

2° 73

tive to H1 are very close to those observed for “the o protons of 32.

Continuing with this analogy we will refer to.H, and H4 as J-axial,

3
2

4

and to H, and H

1 ag Y-equatorial.

~ |



- 72 - o Vo

These'éséignments‘were confirmed in two ways. The downfield

shifts. induced by the addition of Eu(DPH)3 to 17 in-CClb were 0,56,

1.34, 0.53 and 0.%3 ppm for Hl to H‘, respectively. The observed -
. order of magnitudes H, > H, > Hl > ‘H3 is consistent with the _a‘bove
aséigumepts in view of their 'establi’shed digtance dependencess, i.e.,
the largest downfield shift is observed for T‘t:h'ia- proton which is
closest to the oxygen ator'n of the nitroéamino funcf.iou. ‘For further
information, a sauq:le sel@ctivaly deuterated at HA was o'bserved to
undergo equilibration (via N-N rotation) with the 1a‘bel appeéring at
H3 unt:il equal intensities of HS and H, were attained. i‘q demonstrates

4

H, and HI; to be in the same environment, with respeect to the biaryl

3

environment, as the above assignment demands.

f_ A
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~  RESULTS #{D DISCUSSION

A. Barrier to Rotation about the N=-N Bond in g

} .

Nitrosamines are lmown to possess’a large bartier to rotation
about the N-N bond because of the partial double bond character of the
N-N bond resulting from the resonance interaction between the amine

. : N
nitrogen and the nitroso group,

0

4

i.e. i 0.'-
Sn—n? Y & ~t
/N N L — i /N--»N 8

The rotational barrier is usually in the range of 21-26 X
kecal/mole as estimated from n.m.rT. studigs of a var'iety of nitrosamines”.

Although an inversion process cfﬂnot be entirely ruled out, theoretical

calculations by Rademacher and Stolevik5.8 and by Battiste, Davis and

59

1
Fe

Newman™"~ provide sfréng support - for the rotational pathway. A
Since the 10 hour half-1ife reported 0 for the process of N-N

. L
rotation in t-butanol-0-d at 33°C was based on a single measurement and

/
. , A\
the rates of exchange of the ¢ protons in a solution of potassium
t-butoxide in t-butanol were based u_p.on this figure, a more detailed
examination of this rate process was undertaken. -T‘he original x:esg_xlt:s50
of the exchange rates measured at appropriate intervals using a T-60
ﬁ(.m.r. spectrometer are summarized ip Table 9. In contrast to the ;:re-'

3

zero order in bas neentration while rate of exchange of HA increased

vious results, as Table 10 shows, we have found that B, exchanged with

with base concentration~(base ofder is approximately 1). In ‘addition, H2

remained ‘essentially inert thf}ughout the kinetic run, this is in
serious inconéist;ency with the previously reported rates of 1:3 for the

. ' 4 )
- exchanges of H, and B, determined by. the same method butat a different
. { ; 3 .
b

\ L]
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/ ‘ TABLE 9
| Previoes Study50 on Proton Exehanges in 17
\\~ k / | ~~dn t-Butanol-0-d -
R .
[£-BuOK] (M) LN H, H3‘ " A
. - _ h
R\‘K\ 0.006 I | >30
0.T | 2.7 1
0.2 : 1 3.8
Relative rates R S 1) 3.5 >300

base concentration. A possible explanation for the present results
could be one in whieh H3 was exchanging ygg rotation, aqd the rate of
rotation is much faster;iﬁfn the exéhange'of Hé etxxhe base coﬁceﬂﬁ
trations employed (0 00 01 M). If this weee 80, then the 10 hour.
. half-1ife determined previously was in error. In order to clarify
this, and since rotation about the N-N bond of 17 1is finite and it

1
. important to measure the barrier as accurately as possible. TFurther-

interchanges the environm%?ts of H, and H, and of H3 and H4, it’was

more the poseibility that the rate of rotation could be catalyzed by

S~
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TABLE 10 .
©- N
Preliminary Study-on Proton Exchanges in 17

in t-Butanol-Q-d &

. Run # . © [t-BuOK]M I Proton ‘105 k sec_l
LT \ 4
1 0.002 B, v 96
- . H, 26
: 2 % 006 B 4 . 235
- . H3 25 L] 3‘.‘.{.
‘. " .Q‘
3 0.01 H, 383
H3 24,2

I%inetic studies were made on a Varian T-60 n.m.r. spectrometer,
probe temperature was 35 1 1 degree. Rate-constants were deter-
\ mined with an accuracy of %15%.
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- strong base'ﬁad to be examined since rotation via the an;on izimigﬁt
well be a low eoergx processﬁo. For this reason the barrier to
rotation in ll'W&e_determined in tvbutanol-0-d and in 0.009 M and
0.2 M solutions of potassium t-butoxide in grbutanol¥0%g. The results
obtained by n.m.r. integration measurements at appr0pflate time
intervals using an HA-100 n.m.r. spectrometer are a}l ligted -in
Table 11, Since each rate constant was obtained_by‘monitorfng a
different absorption peak, it is_neoeasary Ebmggscribe each measure-
ment in some aetaii.. For run_&, a samp;e selectively éeutereted at_

71' H, was prepared by allowiﬁg‘exehenge in 0.01 M t-butoxide-t —butagol-

0-d to proceed for six minutes. Quenching with acid, followed by

» \ <
rapid isolation and redissolution gave a sample coutaining 67%
\
deuuerium at H& and 23% at H3. The ;edistribution bf ‘this label to

the equilibrium value was monitored by n.m.r. integral measunements:/

For rum 5, Fhe'conceoération of oase (62009 M) was chosen
so that although H, and'some_H2 undergo base-catalyzed exchange, Hy.
can be considered imert. Since H3 exchanges aﬁout‘teo—fold slower
;thaﬁ H, and Hz'exchanges-i;;;/§/0w1§ (t£72 = 10 hr) at still higher’

base- strength (0.012'M), this #nertness of H, is established. As a

3
consequence, the rate~6f deuteration measured at H,y after H, has
completely exchangegf(30 minutes) reflects the rate of rotation only.

A correction for the proton content of the solvent pool was made as

d} described in the Eﬁperimental section.

For run 6, it 18 assumed that at 0.2 M concentration of base,

any deuteration at H, occurs via'rotation only. The observation that
¥

1
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TABLE 11

" Rate of Rotationiabout the N-N Bond in t-Butanol-0-d

LT

RunI#. .+ [t~BuOK]M Proton Monitofe&’ . 105 k seéula
. ~ , . ~~
4 0 ©H, . 9.9+.3(0.999)

5 0.009 H, o 9.6+.3(0.957)
6 0.2 | Hy _‘ 9.7£.2(0.999).

aRat:e-constéuts obtained by least squares analysis are quoted with
the uncertainty in accuracy.equal to the standard deviation of
slope. Correlation‘coefficieutsQ}n‘brackets, follow. All rate
measurements were made, at temperature of our HA-100 n.m.r.
spectrometer, 27 * .5°C. v ' &
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the half—life for exchange of H is 16.5 hour in the preaence of 0.6 M
base validates this assumption. The rate measurements were conducted
by monitoring the total integral of Hl and residual Hz A correction
‘for the proton content of the solvent pool was again made (see

"‘\

Experimental). - . ' _ (J

As Table 11 shows, the rates of rotation do not Ehangé n
éppreciably with increasing concentration of potassium t-butoxide,
- but are equal within the limits of accuracy of measurement (+3%). The

t
averasge value for the first-o¥der rate comstant is 9.7 x lo-s_seé_l

from which one can calculate a free energy barrier to rotation of 23 i
kecal/mole (at 27°C). This barrier equates to anhalf- 1ife for rotation
of 120 minutes. Thus the previously determined 10 hour half-life at
33°C"was\proven to be erroneous. Actualiy whe:? we examined t:hé data
of. the previous determination of the rate of rotatiom, it was found
that by using a. samnple stereoselectively deuterated in place of H4

the rate of rotation was measured by the rate of increase ia ‘she
intensity of the,H4 absorption, assuming the equilibr%ﬁm con;:Stration
of H4 was .one proton. Since the deuterium label is edually.distribuﬁed
between the two axial-like pgsitions 3 and 4 at equilibrium, the final
concentration of HA should be half the total hydrogen content at these
two positions instead of one protom. }Therefore, it was the wrong

treatment of data that led to the erroneous 10 hour half-1life for the

rate of rotation.

L
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"B, Determination of Base-Catalyzed Hydrogen-Deuterium Exehange‘Rates

: . . N
The base-catalyzed hydrogen~deuterium exchange\of'each‘diaw

stereotopic proton inléz_wae monitored by iﬁtegral measurement of each 1§
proton at periodic intervals using-an HA-100 n.m.r;‘epectrometer.
Since a finite amount of_gotation occurs during ehe interval of study
(excebt for H4 whose half—Iife during exchange was three minutes), a
correction factor must.be included (see Experimentai). .
. . N
.~fhe rates of chemical exchaﬁge of the benzylic protons at

. several base concentrations are summariszed in Table 12. The observed

rates, when different from chemical rates, are given also. In rumn 7,
the very lerge difference in the ratés of eighange of H4 versus H2 -
restyicts the accuracy of their measurement. Alihough measurement dk
the rate of exchange of H4 would be more accurate at lower base con-
centretion, there is a finite danger that at eej:remely low concentra-;
tions of base some quenching of base by small amounts of impurities can

5
occur: The rates obtained in run 7 are estimated to be accurete to

- only +2OZ, giving a value for the ratio kalk of between 170 and 370 to 1.

The remaining rate data is considerably more accurate. In‘fact the next

-

poorest in accuracy involves the exchange rate of H1 in run 9. The
: , Y

standard .deviation in this rate constant derived from a least squares @
anaiysis is +6%. A1l in all it ﬁould'eeem wise to deduce from ali'the”
data that protone Hl to H4 have rate‘constante of relative orders of

magnitudeﬂi:loszloz:ios. “ -

4 _ B B - N o



TABLE 12
ﬁhtés of Exchange of & Protons in 17
in t-Butanol-0-d

Run [t-BuOK]M- Proton 105kbbssec_l 105kchemsec_1' . Relative
ft N ’ Rates
AN "

7. Co0.012  ®,  430880° 440 LW
. H, o . 1.8+.3(0.935) 103

. L-

8 0.15 H, - 33.431(0.995) 24.0  «

o3 ; .

-~

H, 2643.5(0.998)

u -
‘ 2
9 0.6 H, 106.7%1.5(0.999) 97 " 10
) B 11.6%,7(0.980) 1.9 . 1

aQuoted as in Table 11.

bNo least squares analysis for this value pecause only‘tab kinetic-

points were available for the exchange of this proton.
2




~5

— -8l - T o~

NS . :
C. Effects of Stereochemistr&t'he Relative 'R,ntes

. In analyzing the effects of stereochemistry on ‘the relative
.r‘

rdates of the & proton exﬁs‘nseg in the nitrosamine 17 the orientation

* “of the four benzylic‘protons with respect to the activating N-NO group

will be-céteéorized aveording to two criteria:
a) orientation with respect to the h orbitals of the N-N=0 function,
“foed, HA and H, are said to be y-axial, H, and Hl, Y-equatorisl.

b) orientation relative to the nitroso oxygen atom, i a., H4 and H2

.+ are syn to ékygeh,;whi%enﬂs and-Hl’gre‘antiﬂ

i

The data in Table 12 sﬁbﬁ.fhﬁi each-w-axial proton exchenges
much faster than its diastereotopic partner (roughly one hundred- fold
with both the syn and anti pairs) For protons having the same dis-

position with respect to the T orbitals of the nitrosamine fumection,

Ll

the syn vs anti factor can be seen to be even larger (goughly one

th d-fold). -
ousand-fo 2 . =~
In interpretingthe\ﬁydrogen—deuterium exchange data 1. \\ .
/ n%‘
terms of carbanion stabilityg we must make sure that internal retu\\

ag well as isgtOPe drowuing61 whichj?ight invalidate’the Brdqsted‘ I

correlation between kinetic and thermodynamic(agidities are absent

in the exchanges in.quest%ﬁ;.

’
S

Two observations support the absence of these complicating

~

factors. Treatment of in T.H.F. at -78°C with 1.3 equivalent of
™

methyl 1lithium, followed after 1 mifute by excess metgyl iodide gave _ - N

o

golely the monomethyl derivative in which the methyl was w—axial and

‘\ .
- g y .
* " .~ .
‘ % K /& v v 4
P . C - :
N .-
* . ‘ .

~



& f.ﬁ

S

_xg?s It wnuld seem raaaonable that the preference for an electro-'

-

fphilic substitution axial and _Ig_in both T.H F. and t-butanol-0-d

reflects involvement of the same anion~atab11izing aeffects in both

- Y -

media, Since internal return cannot be involved in the methylation in
h}

T.H. Fay. 1t mnsc probably i8: not of influence in the exchanga reaction

either. Secpndly, the Xindings (to be given in detail below) that the

rates of exchange of ¥, a

2 | H3 and thaF of HA and H3 weré only
"slightly affected by the addition of the potassium ion complexing
ag;ncs, dicyclohexyl—lsécrown-ﬁz6 and the'macrohgterocyclic diamine
polyether (1.2.2) gész respectively support the coﬂtentiop as well,
In the cQse of the bridged biar}l sulfoxide él(diggussed in Part I‘fo‘.~
this thesis) known to involve internmal return, the effect of added
crown ether 14 on the absolute and relative rates have-been appreciable.
It then follows that the exchange rate of a Y~axial versus Y=equadtorial

proton 1s a measure of the difference in activaticn energies for the two

proton abstractions,

\_/‘\_/‘L/

S
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1. Y-Axial versus Y-Equatorial Selectivity

The high p:eferénce observed for the exchaﬁge‘of‘the axial-

tike pfotons over the eéugtbrial—like p;Ptoh cannot be expléihed by S~

the steric influence of the biaryl gystem since it has béen shown

'tﬁat, in the closely related thiapin.dioiidé systemﬁs, the quasi-

‘axial protons are more ﬁindered;‘ One otﬁe: factor, ﬁfeferred
stabilizatioﬁ‘of the carbanion derived from H4 and'H3 via overlap

with Ehe benzene rings also appear negligible. The preference is

small and shoul& amount to only 30% of the total accelerating in-

fluence of the benzene.finge. Acceleration of‘a benzene ring relgtive

to h&drogen wa; found to be 2.3 by measurement of the rates of exchange
" of the benzyl protons in the anti nitrosamine 22a felative to the

methyl protons in the syn isomer 2286§. |

: cﬁH5 CH,,~-N=~CH C_H_CH,_ ~-N-CH

27 6527 3 )
' o=N N=0
222 22s

The lability of the o protons observedlin the nitiosamine
23, i.e., N-nitroso-N'-methyl pPlperzaine, was suggested by Keefer and
Fodogﬁs to be due to stabilization of ;he aﬁiou by the positivé charge
on the nitrogen as a result of resonancé involving 24b. in the pre-
1£;dnary répor% of this work, it was polnted out that 24c might also
be considefed as contributing to the stability of the anion, This

structure involves an allyliec type delocalization which requires a Q¥rw\

proper orientation of the carbanion for an effective overlap to am;?.

il
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The relationship between stereochemical orientation and

the extent of delocalization of the anion by an adjacent exocyclic

A 1
‘T system is depictéd:in Figure 11.

N

\\ﬁigf:5,N-__—N\\}3 V

Y~axial interaction

‘Y~equatorial interaction
(bopding)

(nou—bonding)

Figure 11
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Thus, anions derivﬁd-frOm the sbstraction of the yY~axial
protons, H3 ang H&’ yould;bg much more stable, since they posséss
proper hlignmentlfor overlap'with the v system of the N-N=0 function.
" Such overlaﬁ is geometrically reetric;ed inlanioﬁs resul;ing.from
abstraétion gf the w;équatorial proténs, Hl and Hz. The relative

reactivities of the diasteréotopic protons, hoﬁever, is depeﬁdent on
| 65

the structures of their-transition states. As House pointed oﬁt -
since the enolate is-planar, the traﬁsition state for'protonatioﬁ or
alkyiétiop will not differ greatly from this configuration, in which
the steric and the electroniv effect is the same for either axial or
equatorial attack. For example, a smgll degrée of sterecselectivity
was recently observed in the exchange of the o protons of 4-t-butyl-
c¢yclohexanone (kax/keq = 5:3)66. However, 1f the geometry of transi-~ '
tion state structure approaches that'of the ketone, the magnitude of

the stabilization discrimination should inerease in favor of the axial
attack. Therefore, the higher selectivity observed in 17 for the
preferential axial attack strongly infers.that the nitrogsamino carb-
-anion retains some sp3 character, This seems reasonable since there
would be an increase in steric repulsion between the remaining o
hydrogen and the syn oxygen atom in a planar form. The.large difference’
_in the shieldings of the syn and gggg“g carhons of ;2?7 is a strong
indication that this interaction is appéebiable even in the étaggered
chalr conformation. With ;his structure of transition state, stereo-

electronic control68 or the differences in allylic stabilization will

be greater. Thus strong ev¥idence that resonance form 24c contributes



sigﬁifigaﬁ,tly to t}\é‘ﬁii‘on‘ étélﬁiiiéy {s provided by the a.'xial/equatorial. _
: rate ratiéa;‘Intuitivé objections to its édﬁsideration on thé bagis of

" ju;tapoaition of partial negative charges should be tempered by considera-
tion of tha strong solvation present in the hydroxylic solvents used for

the exchange.

i

¢
\.lvi:/.O | e,
BN S RN 92

1f stereoelecttbnic control is responsible for the high axial-
seleétivity in thé exchanges in nitrosamine 17, then other functionsal
groups which consist of a properly aligned T system would also favor
the axial attack. Indeed, recently in our 1aborapofy6? it has been
found that in the potassium t-butoxide catalyzed hydrogen-deuterium
exchange in t-butylcyclohexanoue methoxise 25 in DMSO—dG,‘the rate ratio
of the exchange of the s _zgraxial to the syn-equatorial proton was 40:1.
This axial vs, equatorial sglectiy?ty is pompa:gﬁle with that found in
ni{roéaﬁgnegél. In the benzamiﬁe gg,AQAQQQef, no information could be
obtained as no exchaﬁge waé“deéectable for the o protons in the
potassium t-butoxide-t-butanol-0-d®medium (0.6 ﬁ) at room temperature

for 24 hours. "

" Evidence against the importance of an 'ylide' type stabili-

zatlon 24b is perhaps more conclusive. When.Quatennaryiodide gl?o TN



in Erbutanol—o-d:CD30D (1:4.1 ratio)~containiﬁg CD

o 87 — ;

was heated for 45 hours at 80°C then fog'another 24 hours at 100°C -

50Na, 0.30 M, no

exchange was detectable. At 35°C in the same medium and at lower
base concentration (0:22 M), the half-iife for H& in 17 was tﬁenty

L
minuteﬂso. ' : &

Syn-Anti Selectivity

‘macrohetqrob

A compﬁrison of the rates of exchange of H2 vs Hl_or HA vs
H3 showed marked preference for syn exchange. Factors which might
differ in their degree of stabilization of an anion as a function of

this stereochemistry are a) steric, b) collombic and c) cation effects.

\ . -,
Since both steric and coulumbic effects would be likely to stabilize

the an1334§g£1 to the nitroso oxygen, sdme involvement of the cation
seemé& probable to account for the preferential syn stabilization.
Indeed coﬁrdination'of the cation with the carbanion and the ether
oxygen has been used to explain the high degree of'cis-stereospeéificity
of the Feérrangemeﬁt of allyl phenyl ether to the propenyl ether71 and

also the prefetential cis exchange in lemethoxyacenapthenEBA. We

L]

therefOTf/Fou t to examine_tﬁe role of the potassium ifon in the

exchange reaction of L7. The fact sthat the crown ether _yfﬁ and th}'

relic diamine°(2,2,2) é;ﬁz'fnxm stable complexeé.with

pot::iigg/iﬁh suggested thét the observation of a change in the rate

of ¢ hydrOgen—deuterium exchange reaction on the add}tion of thef--F
‘mpiexing agent provides strong evidence for the involvgﬁent bf

otasaium ion in the rate-determining step. Table 13 summarizes the



) ganjeiadumal 2

’ - T

"9, T5SE 30

- .
goid ® nu._u.a 09-1 uo Mvuahomuam gBM UNI STYJL, "PIsn 88M T OSUTWREP ua.numu.zoumumnouuﬁ
. - ‘pesn seA I9yjafrod JFTo40 mtgouu.lm.nhﬁhkmso.nuhuanu

- +quafe Fupxeyduwoo uof unyssejod jo souasaid ku DIULEQE UT 89381 JO OTIWY

- /

-

: ‘ 7 *T1 e1qey ur se pajowd,

q

o R R n (
- £8€ ) "y 0°0 1070 €
o 9752 'y |
595 ot 6900 $90°0 €1.
(66670)9779% ‘g : .
| 9. - (66°0) TF7"EE n 00 sI°0 . 8
%1 S _ T z ,
. (0%6°0)93%S o .
[T °  (£86°0)S°T5E"SZ a I5T'0 ST0 2T~
(886°0) LFY6 . ‘a o . .
;g9 1 (£6670)9°7619T 5 0°0 90°0 T
LT LT o o | ‘ : ﬂ
. (886°0) TFSE _ ‘g
. A (££8°0) 272" 2T Ero 5990°0 90°0 0T
T , |
weyo_ 890 —
QOFIFE eI 938 30 (298 20T uo301g R(v0d).  W[¥ong-7] . uny

289778 afueyoxy uo (ynd) 3uedy Burxaydmo) UO] WNES6E]I0J JO BIVIIIH

€T 419V



L

-89~ "
. - ‘ ' .
P : , . , ' |
data of the eﬁfect of the potassium complexing reagents 14 and' 21 on
10 HS and H&
tion of baac, the rate of exchange of HB is essentially qnaffected by

- the ratea of exchange of H At 0.06 or 0.15 M concentra?ﬂ

the addition of crown ether. The exchange of H, in the qﬁﬂbence of

2
excess crown ether does show atilght retardation. three-fold at 0. OGM
concentracion of base and five-fold at .15 M concentration cf base.
Comparison of run 13 in Table 13 with run 3 in Table 10 assuming a
base oxder of @llshows‘that H4 exchange was retardcd,cy four-fold
while Hy exchange was essentially unaffected on the addition &% the
macrcheterobicyclic diamine (2,2 2) "If the role of potassium jon
were to be of importance in preferential exchange of a syn proton, a
retardation comparable to the 103 rate ratio would be antiEipated..
The observation of only slight retardablon in the ratc‘of exchange of

the‘gzg_prOtons H, and H4 is a strong indication that the potassium

2
ion is cot contributing.tolthe syn selectivity. A further.indication
is furcished by examining the exchange rates in E;butanol—o-d using
tetramethylammonlum hydrcxidc ac tﬁe base. These results are acmmarized

'ln Table 14 Tetramethylammcnium hydroxide is known to be well-

38

dissociated in t-butanol and ‘therefore the cation is unlikely to

participate in the proton abatractidnzstep; we might expect the rela-

-tive rates of 34 VB H3 and BZ V8- Hl would ‘be much reduced wheu tetra~

h\éthylammonium hydroxide was used in place of potassium t-butoxide if-

——

potaqgium ion plays a role in favoring the _zgfselectivity. Thex
results showed that at the three base concentrations employed (0.005,

0.08 and 0.16 M), H,

exchanged essentially via rotation (zero order



TABLE 14
Rates of Exchange of a Protons in 17 using

Tetramethylammonium Hydroxide as a Base

Run # Base conc. M. .. Proton ' 10° k sec”

14 10.005 | |, s - 578
B, ~29.0
15 ©0.08 SRR " 300
H, - 10.2
6 . 0.16 Hy - 27.6
S

“URinetic data were made on a Varian T-60 n.m.r. spectrometer,
probe temperature was 35 * 1 degree. Rate constants were deter-
mined with an uncertainty in accuracy of *15%.
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in base) while its syn partner H, was too reactlve for rate measure-

ment ﬁb be made at.0.08 and 0.16 M. Althouéh‘the actual relative
~ rategcould not be detérmined, one can see that the gzgiselecéivity is

at least as high as in the case of potas§iﬁm‘£7butoxide catalysis.

ht

Since the cation Eéfect cannot explain the syn selectivity,
) thé most attractive éxpléqationlihvblves“the coneideration of tha‘
s&mmetry properties of the . molecular orﬁitals72. The 1 framework

of the two anions, syn and anti can be visualized as being isoelectronic

with butadiene dianion (if the dipolar structure foy the N-nitroso
group is considered), The symmetry of the HOMO's of these two a?ions
- will be depicted in Figure 12, A stabilizing interaction.bemeér‘l the
carbon and okygen is possible wﬁich would be expected to be ﬁuch

——

greater in the gyn anion. ThisLexplanation is qualitatively the same

8yn . - anti

Figure 12. The symmetry of the HOMO's of the syn and anti anions
in nitrosamine 17 ‘
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as that theoretically derived by Epiotisl3 to account for, the greater
stability of many cis over trang disubstituted ethylenes in which the .

substituents are fluoxine, chlorine or alkoxy groups. Still earlier,

a8 similay’ theoretical argument was expressed by Hoffmann and 01ufson74

to account for the reports by Bauld7 of strong preferential formation

) of cis diacyloxy—olefins from the metal reductions of diketones.

If one considers that formation of a Ei& olefin is energatically
favﬁrediin spite of steric gﬁctors; it would not be unreasonable that’
the same influence of noﬁbonded.attractive forces could lead to the
greater gxé selectivity in 17, since theye will beno counter-balancing

steric factors present.

If the above theoretical rationalization is walid, other
stabilizing groups which will yield carbanioﬁ isoelectroﬁir with
butadiene dianion s?oald simi{#rly stabilize the gxg_carﬂanion. For
example, the functi >C=N-OR would be an_activating group of interest.
Actually, a similar rationalization has been used to explain the syn-

regioselectivit& in the g deﬁrotonation of dibenzyl kétone methoxime,
76 ' '

28’°,
OCH OCH
.N/// 3 -N’// 3
g 1)LLcA ﬂ ,
| : 2)CH.OD
/// \\\CH . . 3 /// \\\CHD¢
. 9CH, -2 - gcm,

A
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.In.the exchange of o protons in QE;Eatalyzed b§5potaesium"
£-butoxide in DMSO-d, (<0.01 199, it was found that under the reaction
conditions where. the syn-axisl end the _xg;equetorialﬁpretone exchanged
with an half-life of 6 minutes end 4 hours regpectively, the exchange
of the eﬁt& protons was not detected afte: 5 hours. Furthermore, re-
actiog;p the anion of 25 with methyl iodide geve solely the syn-axial
subetituted product. This syn-selectivity is. believed to be due to
the stabilizing interaction between the carbanion site and the OXygen \\

of the oxime function similar to that depicted in Figure 12,

Other eeamples of eximez.which involve the same ratienaliza-
tion for the Eigreelectivity are also available. &he resction of
dilithium.derivatives of ketoximee with ilkyllhalide and carbonyl
compounds to giﬁe a—eubstituted oximes is regiespecific. The position
of substitution being controlled by the stereochemietry of the exime77.
For example, the Z isomer of 2-butanone ange produced only the s

substitution product.

G OH. oL’ ‘ OH
h w/ I ""—'—)ZRU N/ D CeHyCH,CL N/
| I R A
PN C Y tho Co
HCT CHCH RC NCHeH, He NEHCH,
— W O ough,
Z isomer

Also the lithium aluminum hydride reduction of an oxime to

the related aziridine is found to proceed with considerable syn



stereoselectivitym; For example, a s:lpg'le different agiridine was

obtained from each isomer 29 and 30

. oM ' . |
: .k | m-@-cm—si—/-c&- — H:—@*%V@

P W A
E ~ 2-2 o / - N H |

AV i a Y
| Hony - |
ME—@—CH,:— g—CH,_—@ — W—@v“&*@
: - W h
10 R

m—@—c&— CH—-CH,__—@
N,

The anions of allyll thiol79 and sllyl etherlso reactA with
electrophiles to give a mixture of Q and Y. adducts, in which the y
adducts were forped_almost exclusively (>95%) in the cis configura-
tion. Therefore, the intermediate anions,. the doubiy metallated
2-propenethiol é___]_.' and the allyloxy carbanion 32, were believed to

assume the cis configuration.

"In the zhove examples in which alkyl lithium was used as
)— the .proton—abstractio!; base, although internal chelation of lithium
ion with the carbanion and the oxygen or sulfur can account for the
gm—sele—ctix;ity, it is probable that the observed regiosclalectivity
o
A

/
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could be rationalized on the basis of the electronic structures of
the derived atoms. These anions possess the six T electroms system

with an attractive nonbonded interaction between the 0 carbon and

the oxygen or sulfur as depicted in Figure 12.

) R L FY

&L
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' EXPERIMENTAL =~ ~ \’9

The macrohetexobicyclic diamine 21 used was a generous gift

f:oﬁ Professor iehn of.the’University of Strasbourg, France. Dicyélo-4
hexyl-18-crown-6 obtained from Aldrich was used without further purifi-
catidu. P;eparation ofusybutano}-o-d and baae'solutions-of potassium
t-butoxide in Efbhtﬂﬁ@l;o-d with and without dicyclohexyl-18-crown—6
eyclic poIyether 14 or #acroheterobicyclic diamine 21 were prepared as
descriﬁed in the experiﬁental of Part I of this thesis. Base concentra-
tion was then checked by titrak;ng the solution with étandard aqueous
““hydrochloric acid to the phenolﬁhthalein end-point before each rﬁni _
J.T. Béker'grade 107 aqueous sélutiqn of tetramethylammonium hydroxisé
was evaporated under reduced pressuré. Solutions involving the quarter—
néry amonium hydroxidé were made by digsolving ;he required amount of
base into the solvent. . |
All kinetic runs were performed either on a Varian T-60 or a
Varian HAgloo'ﬁ.m.;. gpectrometer. Each kinetié run except & was carried
out on 17 mg (0.067 wmole) of 17 dissolved in'0;3-0.4‘ml of E-butanol-0-d
inga‘thindwglled 5 mm n.m.r. tube. Upon the addition with.vigorous
sﬂaking of 0.1-0.,3 ml of t-butanol-0-d containing the desired'concentra--
‘t;on'of bss? (final substrate concentration is 17 mg/.S'ml or 17 mg/.6 ml),
thé tﬁié-w;;“plaged in the spectrometer for continuing integral measure-
ment with the timer‘atartgﬁisimnlténeously. All the n.m.T. tuheé for
kinetie ;q?s were cleaned apd.dried at 100°C for at least 24 hours. The
tubes were allowed to cool in a desiccator and flushed with d;y nitrogen

‘prior to use. _
> - . .r.



-9y -

ool

'Kinetic‘déta were treated with & least squares program27 on
an IBM 360. In general, data were obtained over one-half-life (unless

otherwise noted) and at least four points were taKen for each plot.

Compouﬁdlil was prepared as described previouslyss.

A. Preparation of the Nitrosamine 17 Selectively Deuterated at H,
. E L]

‘N-nitroso~6,7-dihydro-1, ll-dimethyl—SH—dibenz[c,e]azepine,

25 mg, was weighed out into an n.m.r. tube and disaolved'inf; 5 ml of

t-butanol-0-d. Aétér’lbcatingrthe overlapﬁing.absorption of pfotons 1
and 2 oﬁ a Varian T-60 n.m.r. spectrometer, d solution of 0.2 ml of )
potassiﬁm érbutoxide in E:hutanol—O-d\(0.0SS M) was added to the nitroé*
amine solution. H4 was shown to beralmost completel&\deuterated after

6 miuupés by the change of the doublet repregenting gé to a Einglet. -
The.solution.was quickly‘pouredhiﬁzo a roubd-bottomed flgék'and_immediately
quenched with .17 ul of 0.05 M hydrochloric scid;in §-butanol-0-d. The *
solvent was removed ﬁsing a rotary'evéporatar for 7 minutes Qithout any
heating.;IThe s;lid residue was dissolved in-.25 ml of pre-cooled chloro-

. form (4°C) and the golution was separated -from the unéissolved inorgénig
salt by pipettipg int; another flasﬁ. Chloroform was immediat;ly removed -
and the residue dried.in vacuum (<1 mm) for 5 minutes. Redissolution of
the dry residue (16.8 mg) in .5 uﬂ.grbutanol;o-d gave a sampie containing
67% deutﬁri;m at_H4 and 23% at 33 a5 determined from integratioﬁ of -the

proton absorptions. ~ .

B. Preparation of the Bridged Biaryl Beénzamide 26 ©

_ 'The bridged biaryl benzamide 26 was prepared by bemzoylation
A Lo s .

of the corresponding amine, 6,7-dihydro~l,ll—dimethyi—SH—dibenz[c,e]
azepine53, using the pyridine methodal. The product after recryatal-
lization from cyclohexane-hexane miiture was obFainéd In 56% yleld and
had.m.p. 136-137°C. n.m.r.: 2.19 (s,6H), 3.58 (d,J=14 Hz, 1H),
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3.76 (d,J=13 Hz, 1H), 4.36 (d, J-14 Hz, 1&). 5.20 (d,J=13 Hz, 1H), and
'\‘
6.68-7.5 (m. 6H)

C. Kieetics

1. Runs 1-3 (Preliminary Studies)

The three kinetic runs in Tab;e!lo were carried out on a
Varian T-60 n.m.r. spectrometer whose probe temperature was 35 % 1
17 on the epectrometer‘has the H, absorption
interfereﬂ'by the side bands of the huge absorption of the nearby t-

" degrees. The spectrum of

butyl hydrogens and the OR ﬁésk happehs to appear close to the H3
sbgorption region, tﬁus making the direct integration of these two
protons unfavorable. The method chosen for measuring the rate of
disappearance of these protons was.inteéfation'of the“everlapping
absorption reglon of Hl and H2. As HA is exchanging, the doublet of
its diastereqtepic partner Hz merges Into a singlet and overlaps over

the inner pesk of tﬁe.Hl'doublet. The increase in the intensity of

this overlapping peak was followed to give the exchange rate of H

4"
Since the rate of exchange of H, is much faster than that of Hy and
the rate of rotatiom, kinetic'meesuremeht for H4 was. complete befdre

H3 showed any deuteration, therefore the Hl doublet remained unchanged
during the kinetic measurements for the exchange of H#’ any increase
in the intensity of the overlapping peak was due to the deuteration
of H4. Deuteration of H3 was deterﬁined by following the d;sappearance
of the low field half of the H, doublet. Rate of deutefation of H,

1

was deterﬁined by following the decrease of the total integral of Hl



W

- “ .

and H2 absorptions, assuming Hl exehange was. negligible during the
kinetic run. (This essumption was Valid as'we can see in the letter~
determination of the: relative rates H exchanging lD fold fester
thae_Hl). %All the kinetic runs in Table 10 were treated as pseudo-

first order reactions, i.e., rate = k{H] where k = k'[Base].

r

2. Runs 4-6 (Determination of the Rate of Rotation)

The kinetic runs 4—12 ingTables 11, 12 ‘and 13 were performed
on a Varian HA—lOQ“h.m.r. spectrometer. equipped with a SD-lOD depterium
decoupler. The.probenﬁempereture was maintained at 27 * 0.5°C degrees
througheut alffkinetic Tuns. Rete measurements f£ér H3 end.ﬁ; were
made by integrating over the individual proton while that for Hliand
Hz were carried Sue byifolluwieg the decrease in the total integral of

Hl and HZ‘

From run 4 in which the rate of rotatien about N-N bond was

determined in the sbsence of base, a sample coniaininé 672 deuterium

at H, and 23% at

4
the iutensity_e ‘H

3 was dissolved in t-butanol-0-d and the increase in

, 3bsorption to the equilibrium value (45.0%

deuterium or 557 hydrogen at H, and 34) was . followed by integral

3
[8,],- 15,1,
measurement. A first-order plot of In ——=——————— wversus time, where
(Hy)~[E 1o
[H41e is the coneenﬁ;;;ien\pf H4 at equilibrium, gave a slope which 1is

the first-order rate constant for rotation.

Rate offrotation in the presence of base was determined by
base concentrations which assure no chemical exchange of the proton

monitored. As a consequence,’ for run 5, the rate of deuteration

‘\;;;1
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)
the rate of rotation only., For_the-rotation process, i.e., H

measured at H3 after H4 has completely exchanged (30/m?nutee) reflects

+D

3 4
ot . D + H4' rate = k“ [R ][b 1. At the concentration of beee

-employed (0.009 M) H, has an half—life for exchange of 4 minutes which

is much smaller than that of rotagion (120 winutes), therefore any H4
formed by rotation will be quickly deuterated and equilibrated with‘the
solvent pool and the rate can be expressed as k;ot[HB][ROD]._ This
secondjorder expression should ﬁbf bé redeced to first—order because
the deuterium pool of the eolvent does not remain constant throughout
‘the kinetic run but is being diluted by hydrogen and thus’ retards the
rate of exchange. "By treating the kinetic as a second-order weaction,

this dilution effect is corrected.

~ -
- At the substrate concentration (0:13% or 17 mg/.5 ml) used,

each proton deuterated will dilute the deuterium concentyation of the
solvent by 1.3%; moreover, the stock t—butanol—o-d contains only 97.5%
deuterium, therefore at equilibrium 8 significant ameunt of hydrogen
isotope remains at Hj. In other words, the deuteration goes from 0%
to only 95% deuterium iﬁstead.of 100%. Because of this solvent pool
effect, the latter points of a kinetic will thus be significanﬁly
gffected. A corfeepondiﬁg correction to the eecond;order rate
expression was made by subtracting the equilibrium value,’IH3]e,‘from
each, measured cencentration of H3. The complete rate exﬁiession'ie

-then : - .
[(ROD], [H,] -[H,),  [ROD] ~([H,)_-[H,] )
1°8([m] '[H T ~[H

3]e 2.303 rot

k' ¢t )
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The equilibrium value [H3] was taken 8s the deuterium con=
‘tent of the solvent as diluted by two substrate protons, assuming that

5, ‘and H, were inert during the deuterd@%}3\gf Hy via rotation at this

'base concentration. The second—order rate constant k or! Vas obtained -

from the slope of the linear log plot. versus time and was converted
to the first-order rate constant, kfot” on multiplication bzﬁ;he imitial

coccentration of t—butanoleb-d [ROD] Since deuteration H, was

3
followed after H4 is completely deuterated the initial concentration.

.of the solvent [R()D]0 was taken as the solvent pool diluted by one ?

d,!

substrate proton. Proton content of the solvent at time t was esti-
mated from the decrease in the total integral of the four benzylic

.protons at the correspoudiog/time plus the original proton content in

~
the solvent (2.51),

The same treatment was applied to Twn gfin which Hl under-

goes deuteratiou via rotation only. The first kinetdic point was taken

after H, was completely exchanged. Since the rate meastirement of 5y

deuteration was cooducted by integrating over the overlapping absorption
regions of H, andIHZ, each spectral integral of H, was corrected for H,
residue.which is equal to the proton content of the solvent pool at

any time. - -

1 to Ha)

- 3. Rums 7-9 (Determinations ‘of Base-Catalyzed Exchanges of H

In the rate detexrminations of the base-catalyzed exchanges
of the four benzylic protons, the observed rates were corrected for-the

effect of rotation which interchanges the environments of H, and H, and

of H3 and H&'
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The exchange of H4 (run 7) which has an half—life of three
minutes was followed up to 70: completion, the retaxdation of rate by
rotation was considerad negligible: during the 1nterval of kinetic
*study (3. 52 rotation only) Since the exchangg went so fast that
only twggkinetic points were available, the kinetic was freated-as'a

p;eudo-firat order reaction as descriGEE:Z;RSectign (1).

b

For H3, contribution of deuterafion via rotation to the

8
Y

observed deuteration was apprecisble. At the concentrations of base
émployed in runs 8 and 9 (0.15 and 0.6 M, xespectively), any H4 gormed'
‘by the rotation,process,‘i.e., H3 + DE——+D3 + RA,}is ingtantaneocusly
raplaced by deuterium and bquilib:atedbéiﬁh the solvent pool, therefore
the rate component of deuteration due to votation is the same, i.e.,
Tate = k;ot[H3][ROD]. Simultaneous base-catglyzed exchange has a

= t i—1 ' - 3 |
‘rate k em[H31[RDD]. Thus the obsgrved rate krot[H [ROD] +

3]

[8,1[ROD], f.e., K%\ = k'  + k' The k!, was then deternined

obs rot chen’

using equation 4, taking [HS] as the isotopic content of the solvent
i

pool as diluted by three substrate protons, The second~order rate

chem

.constant k‘bs was converted to the first-order rate constant k as

obs
described in the preceding section (2), thus Kig = Kpoe + & . The

Tot chem
first order rate constant for the chemical eichange was obtalned by

= kobs -k where k was the average value determined in

chem Tot Tot

»

section (2).

The same treatment was applied to the meagurement of the
exchange of Hl since Hz remained deuterated to the z;gggpic distribution,

of the solvent pool during the measurements of [Hllt. The equilibrium

v
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value [Hlle is the isotopic content of the solvent ﬁool aftér complete

exchange of_ail four o protons.
Deuteration of H2 was followed by integral measurement of

1
.total deuterium uptake via H, exchange is not altered by the rotation.

the overlapping absorption regions of H, and Hz. As 8 result, the

© For'.run 8, in which H2 has an half-life of 5 wminutes, the last kinetic
point was taken at 9 minutes, the effect of rotstion was considered
negligible (7.5% :otation). However, when krot >> k2 >> kl and Hl
is considered inert, rotation is faster than the deuteration of H

2!
therefore any deuterium uptake via Hz exchange will be quickly equili-

brated between the two quasi-equatorial protoms Hl and H2, as a result,
the effect of rotation éffectively doubles ﬁhq quantity of Hz‘availaBle

for exchange. TFor wun 7 imn which the relative rate k___/k for H

chem 2
is 5, the exchange of Hj was only followed to 20% completion (4 hours)

rot

and in this range the effect of rotation does not change the derived

value of k., g

A sample determination of the rate of base-catalyzed exchange
o

is given below. The expeéimental data for the exchange of H1 in run 9

are summarized in ?aﬁle 15.

The plot of the log term in the last column vs time is shown

in Figure 13. ' Least squarestreatment of the data gives a slope of
-1 [ROD],-[B4], |
2.303 obg"?’
obtained from the least squares treatment is 1.17 x 10—5 M_lsec-15

-5 -1
6 = 11.6 x 10 ~ gec -, kchem

0.00299 min™' or 0,00005 sec > which is equal to

1
The kobs

which on multiplication by [ROD.]0 gives kob

. obtained by k -k is 1.9 x 10_5 aec_l.
7 o rot

bs



- 104 -

I : © . TABLE 15

\

i . ! ’ v
Deuteration Kinetics of Hy in 9

(8,1 [rOD] -

Time : ’ )
(min) (8,1, M o [ROD], M 1°3([n1]t [ROﬁ]Q)
0 .104 | 9,900 0
16.9 L0902 9.869 - 0.060
25.3 0861 © 9.855 o ~ 0.088
40.0 .0733 " 9.830 C0.149 .
48.4 .0651 9.820 ' 0.180
60.0 .0643 ' 9.817 0.205
77.7 .0626 : 9.815 - 0.217
/. 85.0 .0558 9.815 - 0.274
\}\'94.5 .0545 9.810 - 0.277
116 * 0505 9.803 o 0.309
161.5 T L0298 9.784" . . 0,538

8gach [1311]t has been corrected for residual [HZ] and the equilibrium
Yglue [Hl]e.

-
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_ 4.  Runs 10-13 (Bffects of ?6tassium Ion Coqplexing Agent on

Rates of Exchanggi

Runs 10~13 were treated as siwple first-order reactions
since qualitative reéultsyﬁere obtained. Rate constants for
chenical exchange were obt§ined‘by kobs-- krot where‘krot was

5

9,7 x 10 sect as determined in ;uné'é-ﬁ. ) ‘ ' -

‘5. Runs l4-15

The kinetic experiments and determination of rate constants

were carried out as described in Section (1) for runs 1-3.

N
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CLATMS TO ORIGINAL RESEARCH /.

_The presence of internal return in the potassium alkoxide-catalyzed

exchange of the ¢ protons in the conformationally rigid biaryl
sulfoxide 3, 1,1l-dimethyl-5,7-dihydrodibenz[c,e]thiepin ‘S-oxide,

in t-butanol and methanol has been eatablishéd.

A mechanism for the exchange reaction between the @ protons in 3
and t-byfanol ar methanol has been proposed to interrelate the
low isotope -effects involving the exchanges snd the effectsof
potassium ion complexing agent on the stereoselectivity of the

exchanges. .

N ‘ J

- A quantitative assessment of the amownt of internal return has

‘been made for the exchanges of the methylene protons in benzyl

methyl sulfoxide. , ¢

The rotationmal barrier for the N-N bond in the conformationally

"rigid biaryl nitrosamine 17, N*nitroso-ﬁ,7-dihydro—1,11—dimethyl-’

5H-dibenz[c,e]azepine, has been determined.

Accurate measurements of the rates of exchange of the four
benzylic.protons in 17 have been madé in t-butanol-0-d containing
potassium t-butoxide. Since experimﬂnta.established no counterion
involvement, preferential axial exchange and syn exchange have v
been rationalized on the basis of the aymmetiy properties of the

anionic intermediates.





