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CHAPTER 1

HISTORICAL

Introduction

The 3,7-diheterabicyclo[3.3.1]nonanes 1 (DHBCNs) family have been of great

Y

g&:
"

X V4

1-CB 1-cC ~ 1-BC 1-BB

X5 z

interest not only for unique conformatioral and stereochemical considerations, but also as
potential antiarrhythmic agents.' In addition to being excellent antiarrhythmic agents,
DHBCN’s have also been found to exhibit good hypotensive activity® and local
anesthetic properties.” The DHBCN’S have also been of great interest due to their unique
conformational preferences.'***® DHBCNs possess conformational mobility and, as a
result can adopt four different conformations, namely a chair-chair (1-CC), boat-chair (1-
BC), chair-boat (1-CB) and/or boat-boat (1-BB). The boat-boat conformation, however,
appears to be rare, possibly due to energetically upfavorable interactions and has not been
confirmed.* Tﬁe dynamic properties of thebDHBCN ring may result in equilibration
between the above four confofmers. ‘The conformational preferences of these systems
appear critical for their biological action. The DHBCN ring moiety is found in naturally
occuring C-15 lupine alkaléids like sparteine (2a), aphylliné (2b), lupanine (2¢), and «-
isosparteine (2d).” Sparteine (2a), the most common among the four alkaloids, has been

used in the management of cardiac arrhythmias.®



a R,R'=H [Sparteine] ' d R,R'=H [«-Isosparteine]
b R, R'=0, R=H [Aphylline]
¢ R,R=0,R'=H [Lupanine]

Sudden Cardiac Death and Coronary Artery Disease

The term “sudden cardiac death” (SCD) broadly refers to the unexpected
cessation of breathing and circulation caused by an underlying heart disease. Under such
conditions, victims often experience shonﬁess of breath, sweating, chest pain, and/or loss
of consciousness. Usually, within a few minutes to hours from the onset of these
symptoms, death occurs. SCD has occurred in people who hav¢ had a history of heart
disease, even though they were successfully treated by the physician. In many other
cases, SCD has struck individuals with no prior known or diagnosed heart disease.” The
major challenges in prevention of SCD depends on a better understanding of the clinical
settings in which it occurs, as well as the pathologic and electrophysiologic mechanisms.
About 20% of all natural deaths vin the industrially-developed world are sudden cardiac
deaths.”™ In the United States each year, 400,000-500,000 persons die of cardiovascular

disease.”®® Of the more than 700,000 deaths from the coronary artery disease (CAD)
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each year, 60%-65% are sudden, usually occurring when the victim is engaged in normal,
routine activities.”**

Extensive studies have now shown that people with CAD, a prior history of a
myocardial infarction (MI), or véntricular arrhythmias [originating from CAD or non-
CAD factors] are at great risk for SCD.”* Some other factors which have been linked to
the SCD are aortic stenosis,7°’ hypertrophic cardiomyopathyv,9 cardiomyopathy,10 mitral

3 and

valve prolapse,'’ prolonged QT syndrome,"? Wolff-Parkinson-White syndrome,’
drug-induced ventricular arthythmias ®** "Evidence for chronic ischemic heart disese is
found at autopsy, with healed MI having been reported in 40% to 75%.”° Acute,
coronary occlusion may result in ventricular tachycardia (VT) or ventricular fibrillation

(VF) or less commonly in mechanical dysfunction, leading to sudden death.”® Some

studies have reported acute thrombosis in 40% of sudden deaths.”

Myocardial Infarction

The typical MI begins with the rupture of an atherosclerotic plaque’® A thrombus
or blood clot forms at the site and over time fills the lumen of the coronary artery,
interfering with or abolishing blood flow. Thromboemboli and vasopasm may also
precipitate blockage or thrombus formation. Regardless of the initiating event, tissue
downstream from an occlusion is depiived of arterial blood with its life-sustaining
oxygen and nutrients, and metabolic wastes accumulate. Thé lack of oxygen inhibits
mitochondrial oxidative phosphorylation, the major source of the adenosine triphosphate
(ATP) used to power excitation-contraction coupling and maintain intracellular

homeostatis. As a result, the tissue becomes energy starved and contractile function



declines. Further, if the tissue downstream from a coronary occlusion is not reperfused,
affected cells will eventually dié and be replaced by scar tissue. This impairs overall
-cardiac pump function because cardiac myocytes are terminaliy' differentiated and cannot
replicate.ISb The lack of blood flow also allows for the buildup of metabolic wastes,
particularly lactic acid_ and amphilic fatty acid metabolites, and - the tissue becomes
acidotic. | The increased intracell}ulvar H' concentration févors intracellular Na’
accumulation via the sarcolemnal Na'/H" exchahge-and this, in turn, favors excess Ca’"
accumulation - via - the reverse mode of the electrogenic sarcolemmal Na'/Ca*
exchanger.'® Intraceliular free Ca** concentration gradﬁally increases:and cytosolic Ca®*
overload activates “pfoteasesl7 and li.paseslé which, in turn, degrade important cellular
components. | “
Electrocardiogram |

The electrophysiological eifents of the heart are recordedb in the form of an
electrocardiogram (ECG) resulting from myocardial fiber depolarization and
repolarization (Figure 1). Typically, there are six waves in the ECG: P, Q, R, §, T, and
sometimeé U Some of the important components of the ECG are:
(1) QRS complex: The QRS interval signifies the depolarization of the cardiac muscle
cells and is defined as the time alloted for a polarized cell to become fully depolarized in
whichvthere is a sudden loss of semipermeability of the membrane around the cell so that
there is a flow of ions (Na' and Ca®") ac'rossvthe" cell. Ttis usuaHy never greater than 0.10
.s.
(2) QT interval: The QT interval refers to the time to complete the process of

depolarization
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Figure 1. Illustration of an Electrocardiogram (ECG) QOutput



and repolariZation. It is measured from the onset of any QRS activity to the end of the T
wave.
(3) P-R interval: The PR interval results from the atrial depolarization, impulse delay at
the atrioventricular (AV) nodie, and transmission of the impulse through the bundle of
His,‘ right and left bundles, and Purkinje fibers. It is measured from the beginning of the
P Wave to the onset of any QRS activity and is normally 0.12-0.20 s.
(4) P-R segment:v 'The origin of the P-R segment is the same as the P-R inferval and is
also measured from the beginning of the P wave to the onset of any QRS activity. It is
usually not greater than 0.08 s. |

Abnormalities in a normal cardiac rhythm affect the appearance of these waves,
intervals, and overall aﬁpearerice of the ECG. Arrhythmias are characterized by such

abnormalities.

Arrhythmias _

As stated earlier, myocardial ischemia provokes abnormalities in the biochemical
homeostatis of individual cardiac cells‘. The'se intracellular changes ultimately culminate
in the disruption of .cellularv electrophysiological properties and life-threatening
alterations in the cardiac rhythm. A large amount of chemical substaﬁces, including
catecholamines, ampbhilic prod'uctvs.of' lipi‘d metaboliém, various peptide-s, cytosolic Ca®*
accumulation, and an increase in :.extracellula‘r K', have been proposed as possible
causative factors in the genesis of such life-threatening cardiac rhythms or arrhythmias.'

Disturbances in the cardiac rhythm méy be divided into two categories: (1)

arrhythmias and (2) conduction abnormalities.?® The category of arrhythmias include



ectopic beats, brady- and tachyarrhythmias, and rhythms other than the normal sinus
rhythm. Conduction abnormalities include atrioventricular (AV) nodal blocks, bundle
branch blocks, and pre-excitation syndromes. .Some of the common clinically encounterd
arrhythmias include:
Atrial arrhythmias: The atrial arrhythmias include: (1) sinoatrial block/arrest; (2) atrial
premature contraction, (3) atrial tachycardias, (4) atrial flutter, and (5) atrial fibrillation.
Sinoatrial (SA) block/arrest: In SA block, sinus node impulse generation occurs but its '
propagation to the atrial conduction system and/or atriai musculature fails to occur, i.e.,
its exit from the SA node is blocked. In sinus arrest, bn the other hand, there is total
failure of the SA node. Either of two mechanisms may be responéible: (1) complete SA
exit block in which the SA nodé iﬁres without resultant atrial capture or (2) total failure of
impulse formation in which the SA node fails to function at all.l

Electrocardiographically, SA block/arrest is charactérizéd by the absence of an
expected P-QRS-T cycle for one or more cycles.* Often, atrial pacing is resumed by a
release of the exit block, and thus a normal P wave occurs as the result of atrial
depolérization arising from the SA nodal discharge.  Occasionally, an atrial,
atrioventricular junctional, or ventricular escape beat, may occur as their order of
hierarchyt is surpassed. Should the normal pacemaker take éver following the eécape
beat, normal P-QRS-T complexes will resume.
Atrial Premature Contraction (APC): APC is an atrial contraction arising from an
ectopic focus somewhere in either the right atrium or left atrium, but not the sinus node.*’
Electrocardiographically, APC’s are characterized by : (1) an atrial conduction (P wave)

occurring before the next normal beat is due and (2) an associated QRS-T identical or



very similar to the QRS-T of preceding beats. The PR interval may be longer or shorter
than the PR interval of a normal sinus beat. On occassion, the advancing stimulus of a
APC may reach the AV node during its absolute refractory period. Should this occur, the
AV node is unable to accept the impulse-and a blocked atrial beat occurs. This would
appear as an early P wave not followed by the expected QRS;T complex.
~ Atrial T achycardia: Atrial tachycardia may be sustained or paroxysmal.20 It is defined
as a run of tﬁree or more consecutive APC’s.  Electrocardiographically, atrila
tachyéardia is characterized by :(1) atrial and ventricular, i.e., P-QRS-T, rate of 150 to
250 beats/min, (2) a generally regular rhythm, (3) an abnormal P v;/ave morphology, and
(4) a normal QRS-T complex associated with each P-wave.
Atrial Flutter: Atrial flutter is an advancement along the continum of atrial tachycardia.*’
Whereas atrial tachycardia are the rapid, consecutive firings of an atrial focus between
150-250 beats/min; atrial flutter is the rapid, consecutive firing of ?antrial focus between
250-350 beats/min. Atrial conduction is so rapid that AV block is usually the rule rather
than the exception. Thus, the ventricular rate is considerably slower than the atrial rate
and generally in the range of 75 to 150 beats/min.

Electrocardiographically, atrial flutter is characterized by (,1)‘ an atrial rate of 250-
350 beats/min, (2) P Wavés _appearing as sawtoofh in nature , and (3) a ventricular rate
usually at a vdiscern}ible ratio of the atrial rate, i.e., 1/2, 1/3, or 1/4. This would produce
2:1, 3:1. or 4:1 atrioventricular conduction.

Atrial Fibrillation: Atrial fibrillation is a further advancement along the continuum of

20

atrial tachyarrhymias.”” Atrial fibrillation, however, is the rapid firing of several atrial

foci resulting in an irregular atrial rate. Electrocardiographically, it is characterized by



multiple irregular P waves with an atrial rate of greater than 350 beats/min. The
ventricular rate is almost always irregular.
Venricular arrhythmias include: (1) ventricular premature beaté (PVC), (2) ventricular
tachycardia? (3) idioventricular rhythﬁl, (4) ventricular flutter, (5) ventricular fibrillation,
and (6) ventricular asystole.
Premature Vemricular Contractions (PVC): PVC, also commonly known as ventricular
premature beaté, may occur via three mechanisms: (1) re-entry, (2) enhanced
éutomaticity, or (3) parasystole.20 In re-entry, a supraventricular, usually sinus, impulse
conducts normally until it reaches the Purkinje fiber system. It then proceeds to activate
th¢ ventricular myocardium, after which, it reenters the ventricular éonduction system to
reactivate the ventricles. The initiating complex will have a normal narrow QRS. The
reentry impulse, howev:er, will have an aberrant, wide and often bizzare complex as
compared to its predecesspr. Due:t(‘) dépendenCe on its predecessor, re-entrant ventricular
ectopics tend to have a relatively constant interval between themselves and their
predecessor-a phenomenon known as fixed coupling.20

PVC’s due to enhanced autorhythmicity are random and unpredictable.
Ventricular parasystole, on other hand, refers to the firing of an autonOmops ectopic
focus within the ventricies with measurable pf:riodicity.20 Since parasystolic ectopics and
those dué to enhanced autorhythfnicity are non-dependent on a predecessor beat and arise
on their own, coupling intervals are variable.  Electrocadiographically, PVC’s are
charaterized by their bizarre, aberrantly conducted QRS waves without a preceding P
wave. The QRS duration usually exceeds 0.1 s and is commonly associated with a T

wave opposite in direction to the main coordinate directive of the QRS.
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Ventricular Tachycardia (VT): VT is defined as three or more consecutive PVC’s?® VT -
usually occurs as a result of rapid, repetitive re-entry impulses within the ventricular |
conductive system. Electrocardiographically, VT is characterized by three or more

consecutive PVC’s ranging usually. between 150 and 200 beats/min. A parasystolic

mechanism is ‘suggested ‘when the rate falls below 140 beats/min and a re-entrant

mechanism when the rate exceeds 140 beats/min.

Idioventricular Rhythm: An idioventricular rhythm is-one in which some portion of the -
ventricles, usually within the Plirkinje system, fakes over the role éf i)acing when higher
mechanisms .along the pacing hierérchy fail to (‘)perate.20 Electrocardiographically,
idioventricular rhythm is c'haractevrivzed by Widé, bizarre QRS compléxes, occurring 20 to
120 beats/min accompanied by absence of 1P Qave. |

Ventricular Flutter: Ventricular flutter is a variant of ventricular tachycardia in which
~ discrete QRS-T morphology is lost.2’ A single ventricular ectopic focus fires ar rate of
200 to 300 beats/min. Electrocardiographipally, ventricular flutter is characterized by
‘smooth biphasic waves, 200 to 300 per min, and a sine wave in appearance. Often,
ventricular flutter is an intérmédiary rhythm aﬁd/or predecessor to ventricular fibrillation.

Ventricular Fibrillation’ (VF): VF usually- occurs following premonitory ventricular
ectopic activity, i.e., PVC’s, ventricular tachycardia or vent.r_icular ﬂutter.zg The likelihod
of a normal sinus rhythm'l;eing éonvgrted to a VF is | greatesf during myocardial
infarction. FElectrocardiographically, VF is charéc"terizéd by bizzare oscillations without
evidence of discrete QRS-T morphology. The oscillations are very coarse and irregular

between 150 and 300 beats/min.
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Classification of Antiarrhythmic Agents
In recent years, with the discovery of new antiarrhythmic agents and development
of the sophisticated electrodes for recording thév intracellular electrical events, it became
necessary to develop a classiﬁcation scheme for antiarrhythmic drugs. Several criteria
have appeared in the literature in attempt to 'classify such agents.”! Ambng these is the
Vaughan Williams (VW) classification,” which is based: ﬁpon the fundamental
velectrophysiological effects of drugs on myocardial tissues. Thié approach is widely

accepted by most physicians. The VW scheme classifies most antiarrhythmic drugs into

five types (Table I).
Table I*
VAUGHAN WILLIAMS CLASSIFICATION
class electrophysiological action drugs
I Sodium channel blockade lidocaine, procainamide,
diisopyramide
II B-Blockers/antagonism of propranolol, esmolol
sympathetic nervous system '
111 Prolong action potential duration/ = amiodarone, sotalol,
increased refractoriness - bretylium
Iv Calcium channel blockers '~ verapamil, diltiazem
V CI channel blockers ‘ alinidine

*Reference 22



Class I Class I antiarrhythmic agents alter the transmembrane action potential and have
been found to retard the maximum upstroke (Phaée 0, Figure 2) velocity of the cardiac
action potential maximum (the maximum rate of rise of depolarization) Vmax (dV/dtmax).
This is interpreted as an inhibition of the fast sodium influx a}cross‘the cell membrane.
The electrophysiological and clinical differences between various class I drugs led toia

Sub-classification into - three categories, namely Ia, Ib, Ic ’(T'able I).- This sub-
classification is based upon the varying effects which each agent has on the QRS
complex, conduction, effective refractory period (ERP), and aicti(‘)’n potential duration -
(APD). The common properties of all class T drugs are inhibitioh' of ‘the fast sodium
inward current and,‘more genérally, the r}nembranetstabilirzing effect of} local anesthetic

agents. Class I agents like quinidine (3), procainamide (4), lidocaine (5), and diisopyra-

6 : .
mide (6) have been shown to suppress ventricular arrhythmias in the acute phase of MI.?

Interestingly, a great majority of drugs in this family possess amide functionalities.
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Figure 2. Action potential of a cardiac Purkinje fiber with five phases and its major ionic
currents. Phase 0: rapid upstroke (Na_l+ in); phase 1: initial repolarization (K"
out); phase 2: plateau (Ca>* and Na' in); phase 3: repolarization (K out);
phase 4: pacemaker depolarization (in part K™).



C{ass Ia: These agents prolong the APD and slow conduction at high concentrations,
lengthen the ERP absolutely and relatively to APD, and widen the QRS complex in the
ECG. Quinidine (3), procainamide (4), and diisopyramide (6) are typical r‘epresentatives
of the Ia group.

Class Ib: Class Ib agents shorten the APD in parts of the ventricular conduction system.

. Table I1?

CLINICAL SUB-CLASSIFICATION OF CLASS I ANTIARRHYTHMIC DRUGS

Effect on la | Ib : Ic
quinidine . lidocaine lorcainide
procainamide’ ~ mexiletine ‘encainide
diisopyramide ~ tocainide flecainide

1. QRS widen at high none in sinus widen at low
concentration rhythm concentration

2. Conduction slowed at high . none in sinus slowed at low
concentration rhythm concentration

3.ERP lengthened lengthened in very little change
absolutely and relation to APD
relative to APD

4. APD lengthened at shortened very little change
high concentration ‘

“Reference 22

In sinus rhythm, no effect is observed on the QRS and conduction velocity. The effective
refractory period (ERP) is lengthened relative to the APD. Class Ib agents may have
more pronounced effects in areas of ischemic myocardium than in normal myocardium.**

Typical representatives of class Ib are lidocaine (5) and its derivatives mexiletine and

tocainide, diphenylhydantoin, aprindine, and ethmozine. In addition, prolongation of
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atrial-His Bundle (AH) and His Bundle-ventricular (HV) conduction is also a measure of
class Ib action.

Class Ic: Agents in the class Ic category have only slight effects on the APD and
-repolarization.  The dominént action is the slowing of conduction even at low
concentrations, resulting in an incréas¢ of QRS complex duration. Prototypes in this
class include encainide (7), flecainide (8), both of which are no longer used.

H,C

Class II (B-blockers): A detailed design and uses of class II drugs have been reviewed.”
This group of drugs mainly bring about a reduction in the cardiac sympathetic tone.”®
These drugs can therefore interact at a number of electrophysiological and vascular sites
which might contribu'te‘ to the end profile of the antiarrhythmic effect. The primary
agents in this class are the B-adrenergic receptor-blocking drugs (acting on any of the
subclasses of B-receptors) as Well as those that have an indirect sympatholytic effect by
prgventing release  of norepinephrine from the sympathetic nerve endings.
Electrophysiologically, P-blockers reduce more or less the maximun rate of

depolarization (MRD), slow conduction, and increase the ERP. Class II drugs do not

affect the APD, except sotalol (9), although the long term treatment with class II agents
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may induce a marked prolongation of APD in atria and ventricles.*? ClasvaI agents are
useful in the prevention and treatment of supraventricular arrhythmias, especially in
patients with Wolff-Parkinson-White syndrome.”> In patients with b’the prolonged QT
syndrome, class II agents are effective in reducing the number and complexity of
premature ventricular complexes.'**?’ In acute MI, B-blockers are usually effective in
reducihg the number and complexity of premaiure ventricular complexes.”® The

prototype in this family is propranolol (10). A specific class 11 agent found to have

OCH,CH(OH)CH,NHCH(CH,),
10
multiple class action is sotalol (9). One interesting and common structural feature of
class II drugs is the presence of'a hydroXyl group.
Class III: Class 111 agents' prolong the APD and ERP (phase 3, repolarization phase)
without significantly altering the Vpax. This property of class III drugs is believed to play
an important role in the prevention and termination of developing atrial and ventricular

fibrillation.”’

The most commonly known memberslof this family are sotalol (9),*
amiodarone (11),>' and bretylium (12).%*** Unlike class I and IT agents, the chemical

structure of most class I1I drugs is quite heterogenous. The efficacy, potency, and
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antiarrhythmic action are not often uniform, andvthe ionic mechanisms by which the
agents delay the repolarization are alsv frequently differeflt. As a result, members of
class III drugs vary significantly in their physiological actions but appear to have in
common the ability to prolong ventricular repolarizatioh and ERP.

Although sotalol (9) and amiodarone (11) are good class III agents, they are not

30,33

selective in their action for this class. As mentioned earlier, sotalol (9) and

amiodarone (11)3 ! have been shown to possess both class II and class III action.’®?'*? |
This may or may not be desirable, depending upon the nature of arrhythmias to be
treated. Currently, efforts are underway in our laboratory and others to develop agents
that may be selective in class III action. Lumma and co-workers’ 4‘pre'pared a series of

benzamide derivatives in an attempt to achieve class III antiarrhythmic activity.

Screening of the compounds' [such as sematilide (13)] was performed in vitro on isolated
‘ /CH3

0]
N
. N/\/ \/CH3
H
H;CSO,NH 13
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canine Purkinje fibers to determine the effects on APD at 95% repolarization (APDys)
and the maximun rate of depolarization (V). As mentioned earlier, active class I

2932 All compounds

agents prolong APDgs and ERP with a minimal effect on V.
screened displayed no signiﬁcarit decrease in Vnax, and the conduction times were
essentially unchanged, while prolonging the APD aﬁd ERP. Results of the structure-
activity relationship (SAR) studies indicated that replacement of the methyl group on the
sulfonamide moiety in 13 with another alkyl group greatly reduced decreased the
activity.”* Replacement of the N-H hydrogen in ‘the sulfonamide with a methyl group
resulted in a complete loss of activity. In view of ifs overall proﬁbles, including low
toxicity (LDsg ~250-300 mg/kg, ip, mouse), 13 was further developed for therapy
involving ventricular arrhythmias.*’ |

Similar efforts in this direction were reported by Morgan and coworkers™ for a

family of benzamides 14a-d to determine their selectiVe class III activity using sematilide

N4\N <:> 0
l%( ]T___Rm

R' Rn
14

(a) R'=H; R" = H; R" = CH,CH,NEt,
(b) R'= CH,; R" = H; R" = CH,CH,NEt,
(¢) R’ = H; R" = 1-napth; R" = CH,CH,NEt

(d) R = Rn — Rm = Hzc—O

(13) as a standard. Results of the SAR analy51s 1ndlcated that imidazole moiety could be
a suitable replacement for the sulfonamide group to enhance the class III AAAP

Substitutions on the imidazole ring resulted in active agents, but attachement of the
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imidazole functionality to the benzene ring via the C(2) bond of the imidazole ring,
resulted in very weak class III activity relative to 13.
More recently, Butera and co-workers’® reported a series of

, (aryloxy)propanolamine 15a-¢ which displayed good selective class III action.

H,

Rl
. /©/0\/X\/N\/
H,CSO,NH o
15

(a) X =.CHOH; R = quinolin-2-yl

(b) X=CH,; R = quinolin-2-yl

(c)X=CH,; R =6-[(methylsulfonyl)-
amino]quinolin-2-yl

Class IV: Class IV drugs inhibit the slow inward current (phase 2) carried by the calcium
ions that is responsible for the depolarization of sinoatrial (SA) and atriventricular (AV)

nodal cells under normal conditions.*” In addition, certain class IV agents like verapamil

(16)* ¥ and diltiazem (17)*° also suppress arrhythmias that have origin elsewhere than in
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the SA or AV node. This effect may be explained by considering that conducting tissue
and myocardial muscle become depolarized by local damage or ischemia. If the

membrane is partially depolarized, then the sodium channels become partially inactivated
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and may not contibute to the action potentials or impulse conduction. However, action
potentials carried by the slow inward calcium current are still elicitable, and subsequent

slow conduction. may initiate reentry arrhythmias.*

Those arrhythmias should be
treatable with calcium channel biockers. Although this hypothesis appears to be logical,
most known calcium antagonists are not as strongly effective as expected or are even
ineffective in the treatment of arrhythmias associated with ischemia.

An additibnal mode of antiarrhythmic actian of class IV agents was suggested by
Vaughan Williams.** It was proposed that cell-‘ta-Cell conduction vta gap junctions may
be influenced by the intracellular calcium. concentrations. Dahl and Isenberg’' and ', -

"DeMello* found that increasing free intracellular calcium concentrations led to cellr
decoupling, possibly modulated by cAMP specific kinase’s. If the changes in intracellalar
calcium concentratiorté that are associated with the myocardial contractions are sufficient
to influence intercellular gap junction resistance, than negative inotropic concentrations
of calcium antagonists that decrease intracellular calcium concentrations should also
decrease intercellular resistance and consequently improve conduction velocity. The
prototypes in this family are verapamil (16) and diltiazem (17). Reduction of ventricular
rate by verapamil (16)38 and diltiazem (17)* in cases of atrial tachycardia or fibrillation,
is probably due to slowing of AV conduction.

Class V: The class V agents are chloride channel blockers. The only known example in
this family is altnidine (18). In SA-nodal tisaue, the effect of alinidine could be explained
by inhibition of chloride permeability, thus reducing the slope of the diastolic

43

depolarization and prolonging SA action potential duration.” Any vagal or B-blocking

activity, as well as sodium or calcium antagonist effects of alinidine, were ruled out.*’ In
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experimental arrhythmias, alinidine (18) was found to have antiarrhythmic activity in
arrhythmias assoCiated with enhanced SA‘ nodal activity, but 18 was much less active in
ventricular arrhythmiaé‘ due to ischvemia.44 These ﬁndings are interéstingly correlated
with different anion permeability in atrial aﬁd ventricular cells. However, whether
restriction of anion currents constitutes a ﬁﬁh class of antiarrhythmic activity remains to

be proven.22

Limitations of VW Classification

The VW classification has recently received criticism.2'#2'%¢ 1t is obvious that
each antiarrhythmic. drug in this classification scheme may ha\}e multiple actions at
different concentrations and pétentially different effects, depending on the nature of the
underlying cardiac rhythm, e.g. heart rate, neurohormonal tone, sympéthgtic activgtion,
‘and the pressure loading state of the heart. One drug can belong to more than one VW
class, and most inevit}ably do. Alfernatively, a range of drugs can share the same class
property but achieve this by a variety of cellular niechanism‘s. In general, the beneﬁcial '
effects of any drug on a given arrhythmia cannot always be ascribed to its primary VW
class. In most instances, the mechanisms linking antiarrhythmic drug action in the form

of a VW class to the mechanisms of arrhythmogenesis and clinical effectiveness are not
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clear. Further reservations for the VW classiﬁeation were raised, particularly where the
rate constants of ion channel interaction started to be a feature of discussion.”” Most of
these concerns were crystallized in the resultslof cardiac arrhythmias suppression trial
(CAST) where available classification systems failed to predict the adverse effects of
treatment in the relatively low-risk population studied.48

More recently, an alternative agent-based system of drug classification (Sicilian
(Gambit) was proposed by the working. group established for this purpose by the European
Society of Cardiology.”  This incorporated an appreciation of likely arrhythmia
mechanisms, targets of drug effect (receptors> as well as ion channels) and clinical
considerations derived frofn fhe prospective patient population for a given drug. With a
deeper understanding of the rhechanism of arrhythmias and the actions of antiarrhythmic
drugs, better classification of antiarrhythmic agents will appear in the near future. Inspite
of several drawbacks of the VW classification, it is still currently‘ a method of choice for

classifying antiarrhythmic drugs until a more suitable method is developed.

Antiai‘rhythmic Properties of 3,7-Diheterabicyclo[3.3.1]nonanes
Sparteine v(2a), which is one of ‘the earliest known members of the DHBCN
family,‘ was used in treatment of arrhythmias but was discontjﬁued later due to toxicity
-although it has since been fecognized that the study was flawed.” It was believed that by
changing substituents on the outer ringe of sparteine with various groups could result in
agents with improved antiarrhythmic activity and less toxicity. Ruenitz and Mokler®
synthesized several 3,7-dialkylbisp.idines from the DHBCN family. Screening of the

compounds [using diisopyramide (6) as the clinical standard] was performed using the



mouse-chloroform fibrillation assay. Although the potency of these derivatives were
high, their acute toxicities were negative factors.’ Considering these results, slight
structural modifications were incorporated into the framework of fhe bispidines system
by including the benza‘mide functionaility to fdrm compounds 19a-c (Table III). These
amides possessed greater potency’’ and two fold less toxicity when compared to the
earlier reported bispidines.®

Binnig and co-workers synthesized several bispidines analogues 20 (Table IV)
that were tested for antiarrhythmic action 1n guinea pigs and were found to be active
when compared to quinidine (3).>! Table IV illustrates a few examples of the most active
derivatives. Interestingly, these.‘derivati‘ve‘s displayed antiphlogisﬁc and thrombocyte
aggregation-inhibition prbperties in addition to the ahtiarrhthic activity.’’

Several DHBCN derivatives 21 were prepared with an alcohol or an ether
functionality in the 9-position and showed enhanced activity (Table»V).5 2 To assay for an
antiarrhythmic effect, rats were pretreated intravenously with aconitine to induce
arrhyhmias. Compounds 21a-c exhibited therapeutic activity several times more potent
than lidocaine (5), which was used as the standard. In addition, these compounds
increased the refractory period. |

Our group has synthesized several members of the DHBCN family (Table VI1).>?
The compounds 22 were examined for antiarrhythmic properﬁes in anesthetized dogs in
which myécardial inféfction were induced by ligating thé left coronary descending artery.
In the predrug or control state, sustained ventricular tachycardia (SVT) were induced by
ventricular paced beats at rates above 300 beats/min. It was found that most agents at

dosages 3 mg/kg and 6 mg/kg abolished the SVT.” In addition, select members caused a
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TABLE III*

ANTIARRHYTHMIC ACTIVITY OF BENZAMIDE DERIVATIVES

o
%
N~-H 7 /l
AN
O
. | 19
6 (Diisopyramide)
Agent® TR Y " EDy’ LDsy° TI®
6 90 517 5.77

19a CH; ‘H 85 621 7.29
19b CH;j 4-OCHj; 78 463 5.93
19¢ | CH; 4-Cl 49 535 10.89

*Reference 50; X = Br’, CI".

*Mouse-chloroform ﬁbrillation.assay in adult mice.

°EDsg — Effective dose (prflole/Kg ip) in which 50% are affected; mean potency.
9LDsy = Dose (umole/Kg ip) causing mortality in 50% of mice; mean toxicity.‘

“Therapeutic Index (T.1.) = LDso/EDs.
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TABLE IV*

ANTIARRHYTHMIC PROPERTIES OF BISPIDINE DERIVATIVES 20

0,C
NN Ph
3 (Quinidine)
Agent R EDsp> MED® TD* Q°
3 | 42.7 215 464 10.9
20a 'CH,CeH3-3,4-(Cl),  15.6 215 464 29.7
20b ~ CHyC¢Hy-4-F 20.2 100 215 10.6

20c¢ , CH(Ph), . 20.4 215 464 228

“Reference 51.

PEffective dose (mg/Kg) for the increase by 50% in the duration of aconitine infusion.

‘Maximum Effective Dose (MED, mg/Kg) to achieve duration effect.

“Toxic Dose (TD, mg/Kg) at which toxic side effects such as cyanosis or
electrocardiograph (ECG) change occur.

°Q = Toxic Dose/EDsg.



TABLE V*

ANTIARRHYTHMIC ACTIVITY OF BISPIDINE DERIVATIVES 21

26

EDsg"

Agent’ R R R LDs¢ T.I°¢ RIL!
5 10.0 28.5 3 1
21a CH; CH; O0,C-2-Naphthyl 0.11  17.0 154 58
21b CH; CH; O,CPh 10.08 9.0 112 39
21c¢ 'CH; CH; OCgH,;-4-Cl 0.9 52.0 58 21

*Reference 52.

bAconotine-induced arrhythmias in rats.

“Effective dose (mg/Kg) to restore normal sinus rhythm in 50% of rats tested.

“Dose (mg/Kg) causing mortahty in 50% of tested rats.

°Q = Therapeutic Index (T.I.) = LDs¢/EDsg.

"Relative Index (R.I)=T.1. (agent)/t.1. [lidocaine 3]



TABLE VI*

ANTIARRHYTHMIC ACTIVITY OF 3-AZABICYCLO[3.3.1JNONANES 22

Z  m
~ Comp® R Y Z Effect on SVT®

3 mg/Kg 6 mg/Kg
5 (lidocaine) reduced’ reduced
22a CH(CH;), NC@O)Ph  CH, NSVT® NSVT
22b CH(CH3;); NCH2C6H4- CH, NSVT NSVT

3,4-(OCHs), ‘ ’

22¢ CH(CHa), NCH,Ph - CH; NSVT NSVT
22d NCH,Ph S CH; NSVT NSVT
22e NCH,Ph S C(OCH3);  NSVT NSVT
22f NCH,Ph CHCO,Et CH, NSVT NSVT
22g NCH,Ph CHCO,Et C(SCHy)2 NSVT NSVT
22h NCH:Ph  Se CH, - NSVT NSVT

®Reference 53.

by = ClOy, CI', Br, citrate, fumarate, HSO, .

°SVT = Sustained ventricular tachycardia induced by programmed electrlcal stimulation
(PES) of infarcted dog heart.

Reduced sustained ventricular tahycardia.

°NSVT = Nonsustained ventricular tachycardia (or abolished VT).
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moderate increase in mean blood pressure (MBP). In addition, several DHBCN
derivatives substituted at the 2-, 4-, 9.-positions were synthesized anci screened for their
ability to abolish SVT.>* Results of SAR demonstrated clearly thét DHBCNSs substituted
with aryl groups alpha to the hetefoatoms (3-, 7-positions) were less effective in
controlling the SVT and that CC systems were more effective than BC systerhs.5 * In all
| experiments, lidocainev(S) was used as the étandard for comparison.

More recent work in our labbratory has focused upon classifying the DHBCNs via
‘different class acﬁons based upon their observed electrophysiologi‘cal aétions as viewed

in single agents with multiple class action.é3a Compounds 23a-e, (Table VII) were

232 R =CH(CH,),, R' = (0)CC(H,-3,4(0CH,),, X = CH,
 23b  R=CH(CH,), R' = CH(CH,),, X = SCH,CH,S
23¢c  R=CH, —<] R' = (0)CC,H,-4-Cl, X = CH,

23d R=CH, —] R'=(0)CCH;X=CH,

examined for their ability to abolish pace-indu¢ed and SVT or prevent induction of
ventricular t;ichycardia (‘Tab'le VII).>** Most compbunds disblayed a predominant class
IIT activity, via a prolongation of the ventricular ERP, although there may be an
underlying class Ib action present as illustrated by the ability of several agents to slow

conduction in the myocardial infarcted dog hearts. ‘In addition, several other electro-



: TABLE VII*
ANTIARRHYTHMIC PROPERTIES OF THE MOST ACTIVE DHBCN DERIVATIVES 23

HR® MBP* QT interval’  AH interval®  HV interval’ VERP®
Comp preh post' pre post pre post  pre post  pre ~ post  pre post

5 (lidocaine) NE NE 105 84 NE NE NE NE NE NE NE NE

23a 150 1 16 110 55 NM NM 64 70 NE NE 170 | 230
23b 154 105 61 76 136 170 56 75 30 40 140 180
23c 125 - A105 88 98 215 250 60 68 NE NE 170 220
23d 120 11r 92 83 NE NE 65 70 NE = NE 170 150
23e 152 110 94 84 222 288 57 66 30 37 142 187

"Antiarrhythmic properties are compared to hdocame (5) using doses (3 mg/Kg) in which SVT was non- -inducible in the DHBCN system while lldocame (5) only
reduced the rate of the VT.. ' v
HR = Heart rate (beats/min).
CMBP Mean blood pressure (mm Hg)
QT Time (msec) required for the cell to undergo depolanzatlon and repolarlzatlon
°AH interval = (msec) measures conduction time.
*HV interval = (msec) measures sodium channel action.
EVERP = (msec) elapsed time to complete the QRS complex of ECG.
"Pre = Predrug or drug free state; mesurements before administration of the drug.
'Post = Post drug; mesurement after the administration of the drug. '
NE = No effect.

6T
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physiological parameters like QT, AH, and HV intervals were measured to assess class |
I1I action. Most compounds displayed good class III actiqn, with 23e being one of the
best class II agents. interestingly, compounds 23a and 23d dispiayed class IV action
| (decrease in MBP and heart rate). The uﬁderlying feature of these agents, however, is a
class Ib antiarrhythmic action which is most likely associated with the
heterabicyclo[3.3.l]noﬁane unit present in these molecules.’**

Recently, Tedisamil (24)*° and Ambasalide (25)°° which belongs to the DHBCN

family were reported. Tedisamil (24) was found to have a predominant class III action
(prolongation of APD, QT interval, and the refractory périod) with slight class I action.
Similarly, Ambasalide (25) was found to be a predominantly class III agent. Many
DHBCN derivatives discovc‘r‘ed by our gr,oup5 3 and by oth'erSG’SO’Sli have exhibited good
class Ib action, the origin of which was speculated to be from the diheterabicyclo-
[3.3.1]nonane nucleus. For such reasons, it appears that diheterabicyclo[3.3.l]nonane

nucleus may also contribute significantly to the class III action.



Effects of Antiarrhythmic Drug Therapy on Mortality
Pharmacologic therapy for treatment of arrhythmias has expanded dramatically in
the recent years. The results of multiple clinical trials using either spontaneous or
induced arrhythmias as endpoints for guiding the therapy have caused a reevaluation of

8¢.f,14

antiarrhythmic therapy. Although the potential benefits of antiarrhythmic therapy

are a reduction in mortality, or in symptoms due to arrhythmias, these trials have clearly

8c.f14 .
&b There is no

delineated the fisks associated with vant.i‘arr'hythmic drug therapy.
conclusive evidence from appropfiately designed clinical trials which demonstrate that
suppression of arrhythmias results»in é.red'uctionvin sudden cardiac death or mortality
from any cause.®

The CAST Study: The Cardiac Arrhythmia Suppreésién Trial (CAST) was designed to
test antiarrhythmic drug therapy via the suppression of asymptomatic or mildly
symptofnatic ventricular arrhythmias, subsequent to MI, to détermine if there occurred a
reduction in mortality from.such arrhythmias.57 Prior to the CAST study, results from the
Cardiac Arrhythmia Pilot Study (CAPS)’® showed that encainide (7) and flecainide (8)
suppressed arrhythmias in the targeted population of their experiments. Encainide (7)
and flecainide (8), both class Ic agents, were thus chosen to be two of the i‘drugs evaluated
in the more elaborate CAST study. Initial trials identified patients who would respond to
treatment with one of ‘the drugs to be tested. Those who responded were then randomly
assigned to receive either the therépy With the agent or the placebo.‘ The experiment was

comprised of 2,309 patients in which only 1,727 showed a suppression of their

arrhythmias. Those patients‘were then assigned the blind therapy: 1,455 were assigned
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to encainide (7), flecainide (8), or a placebo, with a further 272 assigned to morcizine

(26).”7
S 0~ >CcH,
L
N No
O)\/\N '
26 &—C}

The results of the CAST ‘showed a statistically signiﬁcant two- to threefold

increase in both total and sudden arrhythmic death in the patients treated with encainide

(7) or flecanide (8), as compared with those thé pléceb_’o. Table VIII ShoWs the number of

TABLE VIII®

EVENTS IN 1,455 PATIENTS RANDOMLY ASSIGNED TO RECEIVE ENCAINIDE
(7), FLECANIDE (8), OR MATCHING PLACEBO

Encainide (7) or

Flecainide (8) Placebo
Variable (N =730) (N =725)
Average exposure (days) 293 300
Death from arrhythmia or cardiac arrest 33 9
vOther" cardiac death B Lo 14 i 6
Noncardiac or unclassified death or cardiac arrest 9 7

Total deaths or cardiac arrests : - 56 22

*Reference 58

deaths caused by arrhythmias and a nonarrhythmic cardiac events.”® The increase in total
mortality is of importance, given the difficulty in clearly defining arrrhythmic death. The

substantial increase in presumed arrhythmic deaths and nonfatal cardiac arrests implies a



proarrhythmic action of these drugs. The increase in nonarrhythmic cardiac mortality
suggests that the drugs may also have other adverse consequence such as precipitation of
heart failure.

As an extension of the CAST study, the CAST II study, was undertaken to
evaluate morcizine (26), which is class I‘agent.57 In the two-week period of morcizine
(26) therapy initiatioh, 17 of 665 patients died or had cardiac arrest. All were receiving
morcizine (26) as cdmpared with 3 of 660 patients which received placebo.”” In a long-
term follow-up, there was no' significant differe-nce' in cardiac death, sudden death, or
total mortality among patients taking morciéine (26) or placebo. At the completion of the
long-term phase of CAST II; there were 49 deaths or cardiac arrests due to arthythmias in
patients assigned to morcizine (26) and 42 in patienfs assi-gned to placebo. The trial was
terminated prematurely due tOH&IG disappointing results in regards to any survival beheﬁt
from morcizine (26) therapy.57 o

The results of the CAST study has several important implications for assessment
of antiarrhythmic therapy. ‘F irst, although the drugs were found to be associated with an
increased risk of death, they were quite effective in suppressing arrhythinias. Therefore,
studies using only suppression‘as the primary endpoint can be misleading. Second,
although limited extrapolations might be made to other class 1 agents, it may not be

“appropriate at the current time to generalize the CAST findings to all antiarrhythmic
drugs. Each agent may need to be evaluated for its effects on clinical outcomes. Because
the risk-benefit ratio of antiarrhythmic drugs may vary in different types of patients who
may have different underlying conditions and arrhythmic substrate, there may be

additional need to evaluate these drugs in different populations.



| The ESVEM Trial: In the Electrophysiologic Study Versus Electrocardiographic
Monitoring (ESVEM) trial seveni antiarthythmic drugs, including quinidine (3),
procainamide (4), mexiletine, sotalol (9), and propafenone, were used to test the
predictive accuracy of electrophysiologi‘cvb study as compared to electrocardiographic
monitoring.” The study was conducted with the goal of improving patient monitoring
and thus improve patieht care as well as to determine the long term tolerance, safety, and
efficacy of the drugs. The ESVEM trial involved a total of 486 patients, each one on one
of the agents being tested in accordance with th_e‘ response of patients to that drug. Many
of the drugs tested caused adverse side beffects, which required the discontinuation of
‘those agents in the patient. Table IX illustrates such results for five of the seven drugs
examined. Among all the vdrugs examined, only sotélol (a, nonselective class iI/III agent)
offered a loW risk for proarrhythmia and noncardiac adverse effects while at the same
time, providing efficacy against ventricular tachyarrhythmias.’*~>

The Basis Study: The Basel Antiarthythmic Study of Infarct Survival (BASIS) study was
designed as randomized trial in bpatients at high risk for mortality after ML.%° The patients
were randomly allocated to one of three treatment regimens: (i) individualized
antiarrhythmic treatment, starting with class T agents selected on the basis ‘of suppression
of ventricular ectopic activity and patient tolerance; (ii) standardized antiarrhythn'iic
treatment with lc‘)w‘dose of amiodarone ; and (iii) no antiarrhythmic therapy (control
group). ‘Over a one year follow-up period, clinical evénts, antiarthythmic drug effects,
and side effects were recorded to assess whether one or both of the antiarrhythmic drug

regimens given prophylactically could actually reduce mortality (Table X).%°
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During the study,60 1220 consecutive patients <71 years of age were screened for
persisting complex ventricular ectopic activity before hospital discharge. Of this group,
312 patients had qualifying asymptomatic arrhythmias and consented to study. Then 100
of these patients were consigned to group 1 (individual treatment), 98 to group 2 (low
dose amiodarone), and 114 to group 3 (coﬁtrol). The incidence of death in the fhree’, study
groups is shown in Table X. Overall .30 patiénts died, 27 from cardiéc related evénts,
while 22 of the cardiac deaths were sudden.

The CASH Study: The Cardiac Arrhythmia Study Hamburg (CASH) was designed to
compare the effects of various kinds of drug therapy with the implantable cardioverter
TABLE IxX?

INCIDENCE OF ADVERSE EVENTS REQUIRING DISCONTINUATION OF THE
STUDY DRUG IN THE ESVEM TRIAL

Mexiletine  Procainamide Sotalol  Quinidine Propafenone
4) ) 3)
Titration"
No. of patients 226 158 234 157 220

receiving the drug

Adverse events (%)
Cardiovascular 8 6 14 13 - 24
All . 27 24 16 24 26

Long-term follow-up _
-No. of patients 15 39 8 - 38 45
receiving the drug ' '

Adverse events (%) ,
Cardiovascular 2 3 6 8 11
All 19 31 ‘ 7 32 13

“Reference 59 ‘
*Refers to the period before the completion of the efficacy tests.
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TABLE X*

INCIDENCE OF DEATH IN THE THREE STUDY GROUPS OF THE BASIS STUDY

Individual Amiodarone Control Total
treatment (11) (placebo)
Sudden death o 8 4 10 22
Nonsudden cardiac death 1 1 , 3 5
Noncardiac death 1 0 2 3
s 15 30

Total 10

*Reference 60

defibrillator (ICD) on total 'ﬁlortality and sudden death in survivors of cardiac arrest.®’

CASH, which is still in progress hés a planned enrollment of 400 patients, with
randomization of 100 patients each to four therapies, including amiodarone (11),

propafenone, and"metapfolol, versus the use of ICD. An analysis of early results of the

CASH study représenting 230 péiﬁents is given in Table XI The propafenone group

éhows a trend toward increased mortality (20%-significantly higher than other forms of
therapy in the test) causing the discontinuation of the propafenone tréatment limb of the

study.61

Nitric Oxide in Vasc'ulélr‘Regulat'i‘(.)n
In recent years, m'tric oxide (NO) has received widespreé._d attention due to its
involvement in biologicél s4ys‘t‘ems.62 It was named molecule of the year in 1992, and the
1998 Nobel prize in medicine was awarded to Drs.' Robert F. Furchgott, Ferid Murad, and

Louis J. Ignarro for their outstanding work in elucidating different biological roles of NO.
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TABLE XI*

INTERIM RESULTS FROM THE CASH STUDY

Therapy No. of Sudden Death Total Mortality
: Patients (%) o (%)
Amiodarone (11) 56 ' 8.8 : 14.7
Metaprololk ‘ 59 ) 11.4 14.3
Propafenone 56 114 200
ICD" 59 00 143

“Reference 61
*ICD = implantable cardioverter defibrillator.

The vascular endothelium is now regarded as an endocrine» gland and not simply
as an inert vessel. One of the most poten‘i substancgs released by the vascular
endothelium is NO.® The second messenger is released by the action of several
endothelium dependent vasodilators which cause a rise in intracellular calcium leading to
the activation of nitric oxide synthase (NOS)-III. The NO diffuses from the endothelial
cell to the adjacent vascular smooth muscle cells éctiVating guanylate cyclése (sGC),
producing cGMP, -which then mediates further signal transduction and ultimately leads to

. 4
vasorelaxation.®

The NO dependent relaxation has been demonstrated in isolated
arteries, veins, and microvasculature.®* Local infusion of NOS inhibitors into the
brachial artery of humans has reduced blood flow by as much as 40%.5%° Thus, resistance

vessels are continually modulated by NO and NOS activity is responsible for the

maintance of a basal dilatory vascular tone which vasoconstrictors then modulate.
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Mechanical stimuli, such as shear stress, are also sufficient to evoke changes in
intracellular calcium amd NO synthesis which may act to minimize cardiac load by
optimally dilating local systemic vasculature.®

In addition to its effect on smooth muscle within the blood vessel wall, Moncada

and co-workers showed that NO inhibits platelet aggreg'atic')n.66 Prostacyclin and NO act

Hozc/\/\l

Prostacyclin

synergistically to inhibit platelet aggregation and to disaggfegate platelets, but there isno
parallel synergism in platelet adhesion. The role of NO in this area appears to be as a
feedback mechanism to counteract the effect of the substances in the body, produced after
injury, which promote aggregation and adhesion. The NO utilized by the platelets is
derived from endothelia cells with which the platelets come in contact, but there is also
an enzyme system in the platelets themselv‘es which acts on arginine- to produce NO.
Recently, it was shown that human‘ platelets possess a specific L-arginine transport
system able to provide adequate amounts of L-arginin’e for endogenous NO production.®’
L-arginine uptake tékes plaée through a saturable high affinity, vcarrier-me'diated, Na'-
independent process which is significantly inhibited by L-ornithine, L-lysine and L-

67

omega-methyl-L-arginine.”” The kinetic data suggested a possible role for arginine

plasma levels in the regulation of platelet NO production.
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CHAPTER II
RESULTS AND DISCUSSION
Antiarrhythmic Agents With Multiple Class Action

As described earlier, most arrhytbmias are accompanied with disruption of
cellular electrophysiology, which includes invcreases in intracellular Na‘and Ca** and
extracellular K> A reasonable approach to »‘t’reatment of arrhythmias would be to
develop agents that will resuscitate a normal transport of Na', Ca2+, and K" ions across
the membrane. Thus, an idevalv agent woulci have the’ability to inhibit the fast Na' and
Ca”* ions (class I and IV, respercbt.irvely) across the membrane and inhibit the K eflux
across the membrane (clasvs III). Development of such agents with multiple class action
is one of the current objectives in our laboratory. Moreover, incorporation of clgss II
action in these agents may have further benefits as nurr;eréus' studies have clearly
demonstrated extensive benefits of claés II drugs in reduction of mortality in post
myocardial infarction patients.*** However, the mechanism of action of class I agents is
not well understood and poses a hindrance in design and development of multiple class
agents with class II properties. For such reasons, our approach towards the treatment of

aﬁhythmias has béen to iﬁcofporate class I, I, and Ivaaction in a single nioiecule.
| It was recently proposed by Hondegham and Snvyder68 that an ideal AAA drug
would have the abﬂity to block the fést sodium channel with fast diéstolic recovery (class
Ib) and use-dependent prolongation of the APD, that is, the agent would only prolong the
acﬁori pbtential at an accelerated heart rate (class IIT). Agents which block the potassium

channels are indicated as having use dependent prolongation of the APD.®® The term
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“use dependence” implies that the agent prolongs the action potential at accelerated heart

rates with no prolongation of the APD being observed at lower heart rates.

Structure-Activity Relationships (SAR)
Our group has synthesized several derivatives of the DHBCN family with more

than one class action. Variations in substituents at the 3-, 7-, and 9-positions can

significantly alter the antiarrhythmic activity of a: DHBCN.™*  The current work has
focussed upon developing DHBCN agents with class Ib, III, and IV action in a single
molecule. Such agents are likely to have an impact in the treatment of life-threatening
arrhythmias which involve conduction abnormalities due to imbalance of intracellular
and extracellular Na*, K*, and Ca*" jons. With the available antiarrhythmic data, a SAR
can be developed and conclusions can be drawn as to which functional groups are
important for useful class Ib, I‘II, and IV antiarthythmic activity, a minimum
proarrhythmic effect, énd a multiple class action.

Work by our grou‘p53'a and that of Mprgan and co-workers™ implied that the
imidazole might be responsible for strong class III action, while sulfonamide group might
also impart class III action to the moiecule, but to lesser extent as compared to imidazole.
In addition, as stated earlier, the diheterabicyclo[3.3.1]nonane nucleus may contribute to
the class Ib and siight II action. Based upon some. of our earlier work, it was also

realized that hydrophobic nature of 9-position may be essential in maintaining the
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antiarrhythmic activity.”® Good class Ib antiarrhythmic activity was obtained when X =
'CH,, SCH,CH,S, OCHZCHZO in 1. N-Acetylprocainamide (27) has been found to be an
active metabolite of procainamide {4) and to possess class III action.”® It thus appeared

N N
Q H

H,C /“\N ‘ CH,  CH,

H 27
that the N-acetyl group might ifnpa'rt class IIIacﬁvity to a molecule. Some of the current
work in our labbratory has established that amide ‘and sulfoxide moieties contribute

53,71

. significantly to the class 111 action. It was' further realized that perchlorates of

DHBCNSs exhibited much better class Ib and III activity in comparison to chloride and

»271 An additional feature of some perchlorates was slight class IV

‘bromide salts.
activity. Although there is no substantial evidence that perchlorate anion contributes to
class IV action, it appéars .fhat certain electron-withdrawing groups, like NO,, may
contribute to class IV activity in addition to the pérchlorate anion. By class IV, it is
meant that the agents may induce lowering of mean blood pressure (MBP) and heart rate
(HR). The presence of N(3)-isopropyl, N(3)-cyclopropylmethyl, and S(3) has preserved
good class Ib and III activity in a majority of DHBCNIS inyestigated.53 Interestingly, the
toxicity of most d’erivatives of DHBCN prepared iﬁ our laboratory has been low,”" which
suggests the role of the substituents at the 3—positioﬂ in other DHBCN derivatives should
be investigated.

Based upon the above mentioned SAR results, a series of DHBCN derivatives

were prepared in an effort to induce more than one class action in a single agent. It was

anticipated that perchlorates 28-31 rriight also exhibit class Ib and III activity in one
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Y }if clo,” Class Ib and I1I

‘%-/N~\/Ph
X | Y
28 CH, 0
29  SCH,CH,S 0
30 CH, ~ NCH,Ph
31 SCH,CH,S NCH,Ph

agent. As stated earliver, class Ib and III--activity of DHBCN- derivatives possibly
originates from ‘the‘ diheterabicyclo[3.3.1]nonane nucleus and perchlorate anion.
bExamples of DHBCN heferocycles with Y = O and NCH,Ph are rare, and, to our
knowledge, very few have been synthesized or investigated for their antiarrhythmic
properties. It thus seemed reasonable to synthesize DHBCN derivatives with Y = O,
NCH,Ph and evaluate their antiarrhythmic properties as compared to the known
exarhples in which Y = NCH(CHj),, NCHz-cyclopropyl, and S. In addition, several
amide and sulfoxide derivatives 32-43 were prepared with vérying R, X, and Z groups
| with the aim to incorpofate class Ib, III and IV action in a single moleéulé (Table XH). In
certain cases, perchlorates of these derivati‘ves were algo prepared.

Recently, we have been interested in nitric oxi.de‘(NO) due to its involvement in

63-65 and antiplatelet aggregation.62 processes. As stated earlier, most

the vasorelaxation
life threatening arrhythmias originate due to coronary artery disease (CAD) or

myocardial infarction (MI), which is accompanied by constriction of the coronary

arteries.”® It thus appeared reasonable to us to develop antiarrhythmic drugs which could
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TABLE XII

DERIVATIVES WITH PROPOSED CLASS I, III, and IV ACTION

Ph
o

B (
‘ N Class Il and IV
. . N
ClassIb . /N\ : L/—/ —
X | X |

: Class IIl and IV ,
Class Ib

R
‘R , z R X zZ
N_ . ' | N
, «J CH, C(O) « / CH, C(0)
32 N , , 38 N
H* :
clo,”

33 NO, ‘ CH,  C(O) 39 NO, CH, C(0)
34 NH, CH, C(0) 40 - NH, CH, C(0)
35 NHC(O)Ph CH, C(0) . 41 N(SO,CH,), CH, C(0)
36 NO, CH, SO, 42 NO, CH, SO,
37 NH, - CH, - 80, 43 NH, CH, SO,

alleviate or abolish the symptoms‘ of arrhythmias and at the same time release NO in a
highly controlled mamierl to diléte the coronary arteries and.to‘ resuscitate the Blood flow
through the lumen to preVent further infarction. Controll_ed release of NO is very critical
sincev an excess dilation of the arteries could 10We; the blood pressure significantly and
induce a state of shock in the patiént and eventually death. It is also conceivable that
such novel agents might help in the reduction of mortality by preventing platelet
aggregation/adhesion (clot or thrombus formation, which typically occurs as a result of

CAD) considering that NO counteracts the effect of the substances (usually fibrin)
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produced in the ischemic zones of the lumen.” This prediction is based upon some of the
randomized trials of the antiplatelet drugs, which suggested a significant reduction in
nonfatal cardiac death or sudden cardiac de}:ath.72

The reaction of NO with amines to produce salts of structure 44 was first

| - +
2RRNH + 2NO — RR'N —N\ - RR'NH,
‘ N—~O
44

demonstrated by Drago several yéars ago.” The anionic portion of these salts are of
great interest but they spontaneously decompose in solution to release NO.>7 Although
NO release was a desirable feature of these salts, the rate of decomposition was very fast
with the molecules having a short half life. Decomposition occurred even in the solid
state unless stored at -78 °C."

Drago also studied the reacfion of two diamines with NO and reported the

production of intermolecular salts 45.7 Interestingly, the stability of these intermolecular

CH,N[N(O)NO](CH,),N[N(O)NOJCH,

+ +
CH,NH,(CH,),NH,CH,
45

salts was slightly greater than 44 which was obtained by reaction of a monoamine with
NO. However, it was realized by Hrabie and Keefer that by perfofming the reaction of
diamines or polyamines with NO,y under dilute and polar aprotic solvent conditions,

more stable intramolecular zwitterionic salts 46 could be obtained.” This new class of
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- +
RN[N(O)NOJ(CH, ) NH,R'

46

intramolecular zwitterionic salts proved to have many advantageous propérties when
compared to previously known materials 44 and 45. ‘Under an NO pressure of 70-80
psig, 46 formed at room temperature in excellent yields with short (< 1 d) reaction times.
‘As solids, members of 46 were stable for weeks at room temperature in closed containers
and yet released NO rapidly in acidic solutions or more slowly in near-neutral buffered
solutions. |

A close examination of the diheterabicyclo[3.3.1]nonane syster‘n‘reveals that some
of the derivatives in this family are di- or triamines, and hence the intriguing possibility

exists of producing such zwitterionic salts as 47 from the diheterabicyclo[3.3.1]nonane

. Y g
+
gﬁN\
| X

47

ring system. It was hypothesized that such salts woﬁld exhibit class Ib, III, and IV action
and NO releasing properties in a single molecule. It was also speculated that variations in
the R group could lead to better agents with controlled release of NO. Based upon such
reasoning, several DHBCN di- and triamines 48-55 were prepared. Hopefully, such

systems will react with NO¢,) to produce the zwitterionic salts with antiarrhythmic and
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-y H |
Class III and 1V
Proposed
N— +N\
— NO,,/CH,CN/RT/1 d
l AN : .
( Class Ib
NHR :
F\N/N”O
R Y Z ,
48  CH,CH, NCH,Ph CH,
49 H 0 CH, ' NO release
50 CH,CH, S CH,
51 CH,Ph 0 CH,
52 H NCH(CH,), CH,
53 CH,Ph NCH(CH,), CH,
54 CH,CH, NCH(CH,), CH,
55 CH,CH, NCH(CH,), CH,CH,

NO releasing properties. Efforts are currently underway in our laboratory to execute the

reactions of these amines with NOyg), the results of which will be reported shortly.

double Mannich condensation”

Synthetic Methodology

~ Synthesis of derivatives 28 and 29 (Scheme I) was initiated by performing a

with tetrahydro-4H-pyran-4-one (56), benzylamine,

paraformaldehyde, glacial acetic acid, and one half equivalent (with respect to

benzylamine) of conc HCl. The reaction gave bicyclic ketone 57. It had been previously

shown that performing the double Mannich reactions under forcing conditions (addition

of excess HCI) increased the yield of certain diheterabicyclo[3.3.l]nonane ketones from
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SCHEME I
rfO
o ,
- HCI(37%)/CH,COH N
+ (HCHO > -
+ PhCHNH, + (HCRO), o s h
0
56
0O
|c1o HCIO, (60%) NH,NH,/KOH
- -
— ﬁ ether/0-5 °C ~ TEG/A/6h
Ph Ph
28
O -0
. HSCH,CH,SH/BF, OFt; _‘N HClO HCIO, (60%) -
- j CH,CL/RT/12 h ' - ether/O 50C
o S
° Q/s 59

25% to 56%.”° The phenomenon is difficult to explain, but it is speculated that pH plays
an important role in the reaction kin‘etics, possibly in accelerating the formation of an
intermeciiate imininum ion. Wolff-Kishner reduction of the Mannich ketone 57 under
strongly basic conditions involved the use of KOH pellets and hydrazine in triethylene
glycol and gave the tertiary amine 58, which upbn treatment with perchloric acid, gave
the desired salt 28. Synthevsis of perchlorate 29 was accomplished by the reaction of the
ketone 57 with 1,2-ethanedithiol in the presence of boron trifluoride etherate to give the
protected thioketal 59,77 which was treated with pérchloric acid to form the desired salt
29. | |

As stated earlier, the amide and sulfoxide derivatives 32-43 were anticipated to

exhibit multiple class action based upon earlier work.”>"" Debenzylation of 58 (Scheme
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IT) was performed with ammonium formate and fresh Pd/C (10%) in boiling methanol to

give the secondary amine 60 as a light yellow oil, which was used without further

SCHEME 11
0] : O H : 0]
HCO,NH,/Pd/C | 4-F-CH,C(O)CI
. — > > N0
J}\I\‘ CH,OH/A/1 h N NaOH(10%)/RT76 h -
Ph
58 60 © 61

-HCIO, (60%)
" ether/0-5 °C

._ imidazole
K,C0,/18-C-6
62 DMSO/A/48 h

purification. This reaction has been reviewéd, and‘it is believed that ammonium formate
acts as hydrogen source in the reaction procedure.” The order of addition of reagents
appears to be critical in this reaction. After the Pd/C is placed in the flask and the system
is flushed with nitrogen, methapol is slowly added, followed by the addition of the amine
and ammonium ‘formate to afford the best yields. A modified Schotten-Baumann
acylation of 60 wifh 4-fluorobenzoyl chloride in a biphasic reaction mixture of H,CCl,
and NaOH (10%) gave the amide 61. Nucleophilic substitution on the aromatic ring of
benzamide 61 was achieved in the presence of imidazole, K;COs (dry and powdered),
DMSO, and 18-C-6 at a constant temperature (110 °C) for 48 h and formed the amide 62,

which, upon treatment with perchloric acid, gave salt 32.
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Preparation of derivatives 33-35 was initiated by reaction of secondary amine 690
under modified Schotten-Baumann acylation conditions with 4-nitrobenzoyl chloride to
form amide 33 (Scheme III). This reaction was also performed by condensation of 60

SCHEME III

—0 H o) . : o)
| 4-0,N-CH,C(0)Cl TiCly(12%)
. ‘/N - 0 : — = N O
NaOH(10%)/RT/6 h CH,CO,H:H,0 (1:1) —
RT/1 h
60 34
NH,
- 4-0,N-C(H,C(0)Cl ’
- HCO,NH,/Pd/C
C4H¢/pyr/RT/12 h :
CH,OH/A/L h
0 B
N0 o)
2 l C,H,N/CH,/RT/2 h
350 Ny

o N\[O/Ph

with 4-nitrobenzoyl chloride in presence of pyridine and gave 33 in comparable yields.
The nitro group in amide 33 was reduced to a primary amine with TiCl; (12% solution in
HCI) af RT in acetic acid:H,O (1:1) and gave thé reduced product 34. This reduction of
the aromatic nitro group is not fully understood, althpugh it is believed that TiCl; acts a
complexing agent in this redox reaction.” An alternative method to obtain 34 was
developed and invoived the treatment of 33 With émmonium formate and Pd/C.”* This
reaction, which involved the same conditions as debenzylation, gave pure 34 in excellent

yields (95.4%) and hence was deemed the better approach for synthesis of 34.
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Conversion of 34 to 35 was effected by acylation of 34 with benzoyl chloride in the
presence of pyridiﬁe as a scavenger of HCI and yielded the desired diamide 35.

Recent work has indicated that certain sulfonamides of the DHBCN family may
display excellent antiarrhythmic action in different classes.”’ The derivative 36 was
prepared (Scheme IV) by a modiﬁed Scotfen-Baumann acylaﬁon of 60 with 4-nitro-

SCHEME IV

O H | ~0 0
II\J 4-ON-CH,SOLl No . TiCl(12%) _ :
1" NaOH(10%)/RT/12 h —71 "80: "CH,CO,H:H,0 (I:1) N~so,
RT/1h
60 ' : 36 37
- -NO .

4-F-C¢H,C(0)Cl : 2 , , NH,
NaOH(10%)/RT/6 h ' ‘

63

F

benzenesulfonyl chloride to form the corresponding sulfonamide 36. Treatment of a
solution ozf 36 in CH;CO,H:H,0 (1:1) with TiCls (12%) gave 37. The solution of 36 in
CH3C02H:H20 (1:1) was stirréd vigofously fqr vélr’no:svt 1 h té ensure complete
homogeneity before the addition of TiCly solution. Reaction of 60 with 4-
fluorobenzenesulfonyl cﬁloride produced the sulfonamide 63. The fluoro-substituted
sulfonamides in the DHBCN family have not been investigated for their antiarrhythmic
properties. The lack of such biological data on such sulfonamides prevents any

predictions about their antiarrhythmic class actions at this time.
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The synthesis of the DHBCN derivatives with Y = NCH,Ph was accomplished
using N-benzyl-4-piperidinone (64), which was an important synthon for the preparation
éf other useful derivatives in this family. Preparations of derivatives 30 and 31 (Scheme
V) were achieved by ﬁrs‘; synthesizing ketone 65 as shown via a double Mannich‘

condensation of N-benzyl-4-piperidinone (64) with benzylamine and paraformaldehyde.

SCHEME V
rPh
0 . —N
' ~ HCI(37%)/CH,CO,H N
+ P H, + (HCHO), . > — W
[Uj hCHNE, -+ ( ) CH,OH/A/24 h
N Ph
L | | o 65
64 I Ph ‘ Ph

010 _HCIO, (60%) * NH,NH,/KOH
ether/O 50C TEG/A/6 h

rPh rPh rPh

N

o HSCH,CHSH/PTSA HCIO, (60%) clo,”
e AL N0
- C.H/A/48 h ether/0-5 °C P
Ph S Ph

65 57
° | Q/s 67 | Q/s 3
HSCH,CH,SH/BF,.OEt,

| CH,CL,/RT/12 h ‘

Wolff-Kishner reduction of 65 with hydrazine and KOH pellets gave the corresponding
tertiary amine 66. Treatment of 66 with perchloric acid produced the desired salt 30.

Reaction of 65 with 1,2-ethanedithiol and p-toluenesulfonic acid (anhydrous) formed the
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masked thioketal 67. The water formed in this reaction as byproduct was removed via
the use of a Dean-Stark trap. Since the yield of the reaction was low (47%), an
alternative method, which involved the 1,2-ethanedithiol and boron trifluoride etherate
with stirring at RT for 12 h, was developed to pfdduce 67 in higher yields (79%).77'
Treatment of 67 with ‘perchloric acid (60%) resulted in formation of 31 as a white solid.
As the starting point toIObtain dérivative 38, debenzylation of the tertiary amine
66 was employed using anhydrous émmonium(fbrrnate and Pd/C (Scheme VI). The
reaction was performed using 1.5 equivélents of ammonium formate to prevent or mini-

" Scheme VI

rPh ~ rPh : o rPh
. HCO,NH,/Pd/C 4-F-CH,C(0)Cl N
- - N : .0
— ﬁ CH,OH/A/1 h —~|' "H NaOH(10%)/RT/6 h -
Ph |
66 ; 68 69
rPh F
N imidazole
o K,CO,/18-C-6
N ~ DMSO/110 °C/48 h
38 N

mize debenzylation of both the benzyl groups. Under such conditions, it was possible to
selectively isolate secondary amine 68, which, upon treatment with 4-fluorobenzoyl

chloride, gave the corresponding tertiary amide 69 (82%). Replacement of fluorine in 69



was achieved by a nucleophilic aromatic substitution reaction with imidazole, K,CO3
- (dry and powdered), and 18-C-6 to afford the target compound 38 (52%).

Preparation of amides 39-41 (Scheme VII) was accomplished by acylation of 68

Scheme VII
. Ph ‘ Ph
1/ ' ‘/ 1. TiCL,(12%) r
rN H N CH,CO,H:H,0 (1:1) N
RT/1 h
N 4-O,N-CH,C(O)Cl
, ©)xt } - N O
~ NaOH(10%)/RT/6 h 2. NaOH(20%)
68 40
NH,
Ph ,
CH,S0,Cl
'Et,N/CH,Cl,
HCIO, (60%) RUzh |
ether/O 5°C
70

N(SO,CHy), N(SO,CH,),

with 4-nitrobenzoyl chloride, under modified Schotten-Baumann conditions to produce
39 as a yellow solid (92%). Reduction of the nitro group in 39 occurred by treatment
with TiCl; in acetic acid:water (1:1) to afford 40 (49%). Reaction of 40 with 2
equivalents of methanesulfonyl éhloride aﬁd triethylaminé resulted in the formation of
the unusual disubs?tituted sulfonamide 41, which,x upoh treatment with perchloric acid,
produced the desired product 70 (59%).

The synthesis of the suifbﬁamides 42 and 43 was achieved by Schotten-Baumann

acylation of the secondary amine 68 with 4-nitrobenzenesulfonyl chloride to form the



54

corresponding sulfoxide 42 (87%) (Scheme VIII). Reduction of the nitro group in 42
proceeded normally with TiCl; to form the desired product 43 (53%). Preparation of

derivative 73 (Scheme VIII) was initiated by debenzylation of one df the benzyl groups

o Scheme VIII | _
rPh | rPh rPh
N | ' N - N
4-0,N-C{H,SO,Cl . ,
N Naon 100/4/RT/12h Negy b2 N~s0
20H(10%) —|""80: "CH,CO,HH,0 (1:1) 2
RT/1 h
68 | g 2 03
" NG, NH,

( CCl, (Ph ‘ e r

N O\/ N . ,
NW - N O NHNH/KOWTEG
CoH/A/48 b , Y Mrdo-150can
S Ph q 0 cCl o

° Q/S 71 v k/s

\

72

4:0,N-C,H,C(0)CI
NaOH(10%)/RT/12 h

- NO,

73

in 67 via the use of trichloroethyl chloroformate in boiling benzene to form the carbamate
71.% It was realized that the standard debenzylation conditions involving the use of

ammonium formate and Pd/C would not be useful in affecting the debenzylation of 67 as
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the presence of a sulfur atom in 67 would likely deactivate the Pd/C catalyst. Cleavage
of the carbamate linkage in 71 was attempted by reaction with zinc/acetic acid. However,
this resulted in cleavage of not only the carbamate group but also of the thioketal moiety.
Thus, an alternative method involving the use of >KOH pellets and hydrazine under
strongly basic conditions was employed to cleave the carbamate group and to form the
desired secondary amine 72, which, upon treatment /with 4-nitfobenzoyl chloride, gave
the desired amide 73. |

As stated earlier, incorporation of NO releasing featuré to the DHBCNSs in
addition to the antiarrhythmic ‘propertie's, is one of the current interest in our laboratory.
'As a part of ongoing efforts in this direction, di- and triamine precursors 48-55 were
conceived (page 47), which, upon reaction with NOg) are likely to produce the
corresponding zwitterionic salts 47. Such salts would hopefﬁlly decompose in slightly
acidic medium to release NO in a slow and controlled manner.

Synthesis of compound 48 was envisioned as outlined in Scheme IX. 4-
Aminobenzamide (74) was acylated by reaction with acetyl chloride to form the diamide
75a. Pyridine was used as a scavenger of HCI, which is formed as a side product in the
reaction. The primary and tertiary amide fuctionalities in 75a were reduced by reaction
with 6 equivalents borane dimethyl sulfide to form the corresponding diamine‘76'a.81
| The next step involved a double Mannich condensétion of N-benzyl-4-piperidinone (64)
with 76a and paréfo’rﬁialdehyde under forcing conditioﬁ‘s via the use of conc HCI ‘and
glacial acetic acid, hopefully, to form the desired Mannich ketone 77, which could

eventually be reduced under Wolff-Kishner conditions to form 48. The workup and

purification, however, revealed the presence of only the starting materials and other
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unidentifiable complex by-products. This process was repeated by executing the reaction

for 48 h, but only starting materials and complex side products were found. Preparation

SCHEME IX
0O~ _NH, NH, NH,
Z Pyr/C¢H BH,.S(CH
| + rco) o s S(CHy),
RT/12 h toluene/8 h/A
NH, NHC(O)R ' NHCH,R
74 75 aR=CH, 76
b R = Ph
Ph
0
e (HCHO),. HC1(37%)/CH CO,H
+ + ‘
2 CH,0H/A/24 h / \
N
Ph
64
N Proposed 3
. NH,NH,/KOH |
— TEG/A/6 h
HN_  CH,
48 NS

of 75b was achieved by acylation of 74 with benzoyl chloride under similei_r conditions
described for preparation for 75a. Reduction of amide functionalities in 75b produced
76b. A doﬁble Mannich condehsation of 76b with 64 and paraformaldehyde under
forcing conditions however resulted ‘in‘ isolation of ‘only the starting materials and
complex side products.

Thus, an alternative strategy for the preparation of 48 was employed as outlined in

Scheme X. It was envisioned that a double Mannich condensation of 4-nitrobenzylamine
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(79) with 64 would form the ketone 80, which, upon reduction under Wolff-Kishner
conditions, would produce 81. Reduction of the nitro group in 81 could be accomplished
by reaction with TiCl; to form the corresponding reduced product 82, which, upon
treatment with acetaldehyde and sodium triacetoxyborohydride, 4w0u>1d form 48.% In

order to accomplish the above mentioned scheme, 4-nitrobenzamide (78) was reduced by

. SCHEME X
O NH, NH,
BH3.S(CH3)g
toluene/8 h/A
NO, : NO,
Ph
78 79

“T\

HCI(37%)/CH;COH  \ /

64 + 79 + (HCHO > N
( ) CH,OH/A24 h A —
, 0
Ph Ph
r r 80 o,
N Proposed N Proposed
N 1CL(12%)/CHCO,HH,O (1:1) N = T NH,/KOH
RT/1h TEG/A/6 h
82 : : 81
NH, -~ NO,
Proposed
1. CH,CHO/NaBH(OAc),
DCE/RT/26 h

2. NaHCO; (satd.)

treatment with borane dimethyl sulfide to 4-nitrobenzylamine (79). A double Mannich
condensation of 64 with 79 and paraformaldehyde under forcing conditions was

performed only to recover the starting materials. The reaction was also performed by
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increasing the reaction time to 48 h and with less forcing conditions by avoiding the use
of conc HCI. However, only to recover the starting materials were recovered. Efforts are
currently underway to devise alternative strategy to obtain 48, ‘the results of which will be
reported soon.

Preparation of derivative 49 (Scheme XI) was attempted by reaction of 34 with
borane dimethyl»sulﬁde only to recover the starting material. This reaction was also
attempted via the use of lithium alufninum hydride (LAH) but only 34 was recovered.
Synthesis of compound 50 (Scheme XI) was aftempted by a double Mannich conden-

SCHEME XI

o =
- N } BH;.S(CH,), \ /
_ toluene/8 h/A/\
34
NH,

S
HCI(37%)/CH,COH  \
4+ 76 + (HCHO), —— VCHCOH N/ | 1|~
CH,OH/A/24 h AN
S | 5
HN_ CH,
_NH;NH,/KOH | hd
" TEG/A/6 h

sation of tetrahydrothiopyran-4-one (83) with 76 and paraformaldehyde via the use of

conc HCI and glacial acetic acid. Examination of the reaction mixture, however, revealed
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the presence of starting materials and complex side products. Currently, efforts are
underway to devise alternate synthetic strategy to obtain compounds 49 and 50.
Preparation of derivatives 52 and 53 (Scheme XII) was accomplished by the
reduction of the nitro group in 85 to produce'52. Treatment of 52 with benzaldehyde
generated the corresponding imine in situ, which was reduced to the desired product 53 |

SCHEME XII

Y

N
T1Cl3(12%)/CHCO H:H,0(1: 1) N
1 RT/1h , -

52

NH,

-

2. NaHCO, (satd)

L 1. PhACHO/NaBH(OAc),
~ DCE/RT/26 h
/N\/Ph

via reaction of the imine with sodium triacetoxyborohydride. Synthesis of derivative 51
as outlined in Scheme XIII was achieved by reaction of the diamide 35 with borane
dimethyl sulfide to form 51.  Similarly, amine 54 wés obtained by }the‘ reduction of
amide 86 with borane dim'ethyl sulfide. Derivative 55 was obtained by treatment of 87

with borane dimethyl sulfide (Scheme XIII).

Antiarrhythmic Activity
The antiarrhythmic properties of 31 and 47 were evaluated by Drs. Scherlag and

Patterson at the VAMC/OUHSC in Oklahoma City, Oklahoma. The compounds were
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SCHEME X111
Y
N o L-BHyS(CH),
- toluene/A/12 h
2.Na,CO4(10%)
NHC(O)R NHCH, R
35Y=0,R=Ph 51 Y=0,R=Ph
86Y = NH(CH3)2 R=CH, 54Y = NH(CH3)2, R =CH,
1.BH,.S(CH,), - '
toluene/A/l2 h N
2. Na2C03(10%) :
NHC(O)CH, NHCH,CH;

studied in anesthetized mongrel dogs which were examined after the occlusion of the left
anterior descending coronary artery and after the dogs were allowed to recover for 24-96
h.?® This occlusion results in a transmural myocardial infarction of the heart in which
accelerated idioventricular rhythms are observed interdispéred with the beats of the
normal sinus rhythm. Electrical output of the heart was monitered using a 12-lead
electrocardiogram (ECG) to ascertain the presence and the extent of myocardial
infarction. Induction of sustained ventricular taéhycardia (SVT is defined as a series of
ventricular beats which are u'éually'uniform at a rate of 250 or more ) was initiated using
programmed electrical stimulation (PES) which followed with the test agents at doses of
3 and 6 mg/kg and adminbistered intravenously (i.v.). The agent’s ability to terminate
SVT or to prevent the induction of SVT wé.s measured in all experiments. Lidocaine (5)
was used as the standard for comparsion purposes since it is currently agent of choice in

the treatment of SVT.%
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Several parameters were measured in the experiments to determine the different
class actions of each agent. These parameters include AH interval (Atrial His bundle
conduction time), HV interval (His bundle to ventricular activation; measures sodiﬁm
channel action), QT interval (time to ‘complete‘ the process of depolarization and .
repolarization), QRS intcrvakl (depolarization), PR interval (atrial depolarization, impulse
delay at the AV node and transmission of impﬁlse through the His bundle, right and left

bundles, and Purkinje fibers), sinus c‘yvcle length (SCL), and the ability of each agent to
abolish SVT. Prolongation of AH and ‘HV intervals suggests that the agent has class I
action while the prolongation 'O»f PR,'QR;S, and QT iﬁtefval infers a class III action. In the
experiments, lidocaine (5) was found "to'ex‘hibit no class III action and only reduced the
rate of SVT. Lidocaine (5)> is known to possess class Ib action.”® '

The antiarrhythmic data of éompounds 31 and 47 are :re)ported in Table XIII. A
careful analysis of the antiarrhythmic data reveals that both the cOmpounds_prolong the |
AH, HV interval (slowing of conduction), QRS, and QT intervals. Based upon such

observations, it may thus be concluded that both the compounds exhibit class I and III

antiarrhythmic properties.



TABLE X1II*
ANTIARRHYTHMIC PROPERTIES OF THE MOST ACTIVE DHBCN DERIVATIVES 28 & 30

scL’ ORS* QT interval® AH interval®°  HV interval’ PRE HR" MBP'
Comp . pre! postk pre post  pre post pre post pre post pre post pre post pre post

DOSE = 3 mg/kg

5 (lidocaine) 445 470 43 46 445 470 71 72 37 37 109 101 NM NM NM NM
28 467 468 42 47 467 468 70 77 37 37 111 94 NM NM NM NM

30 465 504 42 56 465 504 82 84 35 44 123 107 NM NM NM NM

DOSE = 6 mg/kg
5§ (lidocaine) 445 476 43 48 445 476 71 79 37 38 . 109 110 NM'  NM NM NM
28 467 482" 42. 46 467 482 70 72 37 38 111 96 NM NM NM NM

30 465 429 42 64" 465 429 82 99 35 46 - 123 125 NM NM . NM NM

*Antiarrhythmic propertles were measured compared to lidocaine (5) using doses (3 and 6 mg/Kg) in which SVT was non- mdumble in the DHBCN system while
lidocaine (5) only reduced the rate of the VT.
®SCL = Sinus Cycle Length (msec). »
QRS Time (msec) needed for depolarlzatlon
9QT = Time (msec) required for the cell to undergo depolarization and repolarlzatlon
‘AH interval = (msec) measures conduction time.
'HV interval = (msec) measures sodium channel action. '
8PR = (msec) Atrial depolarization, impulse delay at the AV node, and transmission of impulse through the His bundle-Purkinje fiber.
"HR = Heart Rate (beats/min). :
‘MBP = Mean Blood Pressure (mm Hg).
iPre = Predrug or drug free state; mesurements before administration of the drug.
post = Post drug; mesurement after the administration of the drug,.
'NM = Not measured

[4Y



CONFORMATIONAL ANALYSES
Conformational mobility, a unique property which is inherent to the
diheterabicyclo[3.3.1]nonane ring system, has stimulated a variety of studies concerning

. . 4
the stereochemical and conformational preferences,'®**33¢8483

Not only are such
analyses useful as diagnostic probes for structure elucidation, but such data are also

important to understand the observed bi‘ologic‘al properties and possibly the mode of

action of these agents. As described earlier, DHBCNs can exist in four possible

conformations. Some of the factors that probably lead to the preferred conformation of
these systems aré () steric repulsion of l[he heteroatoms, (ii) dipéle fepulsion, (ii1) lone
pair orbital repulsion, and/or (iv) intramolecular hydrogen bonding involving a proton on
one heteroatom at the 3—p§s_ition, for example, with the heteroatom at the 7-position.

The diheterabicyclo[3..3.l]ﬁonan-9-6nes (DHBCN-9-ONEs) also exist as mixtures
of conformers in solution. The DHBCN-9-ONEs are excellent precursors of DHBCNS,
and are thus valuable. A solid state B3C NMR analysis of bicyclo[3.3.1]nonan-9-one (88)

at 42 °C suggested the existence of the CC form predominantly.*® This was further
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supported by the analysis of the 'H NMR shifts induced by the lanthanide shift reagent

Eu(fod)s on 88 in CCL,.8" A distribution of 78:22 favoring the CC conformer was

O
88

observed by comparing the experimental shifts with those predicted by the pseudocontact
equations using geometries obtained from empirical force field (EFF) calculations.
Conformational analyses of several 3,7-diazabicyclo[3.3.1]nonan-9-ones

(DABCN-9-ONEs) 89a-g using 'H, BC NMR; and IR spectral techniques were

R R’ R R

a CH, CH, | e CH, CH,Ph

b CH, CH,CH, f CH,Ph CH,Ph

c CH, CH(CH,), - e CH, = CH,CH,Ph
d CH, CH,CH,CH, h

CH(CH;),  CH,Ph

performed by Galvez and co-workers.® Their analyses suggested that ketones 89 adopt a
primarily a flattened CC conformation in solution, but increased distortion from an ideal
CC occurs in the series from R = methyl to where R = isopropyl.‘85 This was deduced

from an increase in the [Sc((,,g) - 8¢c2,4)] values in the 13C NMR data observed in the series
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89a-c, which was taken as an indication Qf a more flattened CC conformation. as the size
of the N-alkyl substituents increased. This “flattening is presumed to be with respect to
the corresponding 4-heteracyclohexanone or cyclohexanone. It was implied that_ rings
with R,R’ > Me were more flattened than the riﬁg containing R,R’ = Me. However, an
X-ray analysis of 89e, for example, éhqwed a BC conformation in the solid state.** On
the other hand, variable temperature (VT) '*C NMR spectral studies performed by

Takeuchi on 90a-b suggested a BC :CC equilibrium at -63 oC 88

a R=Me
b R=+¢Bu
Our group has done extensive NMR studies on several members of the 3-hetera-7-

e X
_ N ] SR
0 o 0
X R

a S CH,Ph

b Se CH,Ph

c. S CH,CH,Ph

d  Se CH,CH,Ph

e. O CH,Ph

84a-c

azabicyclo[3.3.1]nonan-9-ones which include ketones 91. An X-ray diffraction

analysis of solid ketones 91a and 91b showed a preference of a BC conformation which
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was further supported by VT NMR studies of 91a in the solution.”®® A flattened CC

conformation was suggested 'in solution for 9le in solution.***

More recently, an
enhanced population of the BC conformation in D3CCN solution at 70 °C was assigned to
ketones 89h and 91a by '"O NMR spec‘[‘rosc‘:o-py.84C In each case, the ring bearing the
benzyl group existed in a chair form and thus appeared to be‘somewhat biased. This
assignment was derived on the basis of the observation that an upfield shift for C=O of 5-
7 ppm [due to ‘ihcreased _shielding at C(9)] was observed for each sys‘tem. This
observation appeared defensible only if a signiﬁcarit interaction existed between the lone
pair on the heteréatom and the pi ’c')rbit‘al of ,th‘e‘carb‘oriyl group. Thus, it was tentatively
concluded that a EC conformer could give‘r'ise to.such an effect.

Based upon the studies carried out by our gr_oup84 and others,® it is reasonable to
believe that many 3,7-DABCNONSs may have a high population of a BC conformation in
solution with a BC==C(C equilibrium. The ékistencé of this eciuilibrium is likely in all
systems, but where one of the fused rings has large substituents, there appears to be a
conformational bias. This hints that systems like 89a-h and 91a-d may not exhibit an
easily‘d'etectable BC=C(C equilibrium at RT since large groups are attached to N. It
appears that some simple 3,7-DABCNONs exhibit a BC==C(C equilibrium in solution
with an increased population of a BC form at higher temperatures ‘(greater than or'equal
to that at RT) and an increased population “c')bf‘a CC foﬁn at low temperatures (-50 °C to- —
100 °C).34a -

As part of this work, an investigation was made of conformational preferences of
3,7-DABCN-9,9-diols of the type 92 which were deri\}ed from the appropriate DHBCN-

9-ONEs.%*¢ The ®C NMR spectral analyses of 92 indicated an upfield shift of C(2,4)
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signals in comparison to the C(6,8) signals. This was explained by a gémma shielding

effect involving the C(6)-N(7) and N(7)-C(8) bonds on C(2,4), which can occur only if

HO

"R R

2  CH(CH,), CH,Ph OCH,
b  CH(CH,), HZ'HC;-OCHs
¢ CH(CHy),  CH(CH),

d HZC—<] © CH,Ph

the CC conformer predominates in solution. This shielding offsets to some degree any

deshielding contribution which results from the protonation of the nitrogen atom.

For only the first time, we have investigated the conformational preferences of
DHBCNs via 2D NMR methods, namely using Nuclear Overhauser Enhancement
Spectroscopy (NOESY), Double Quantum Correlation Spectroscopy (DQCOSY), and
Heteronuclear Multiple Bond Correlation (HMBC); In this work, the confonnations of
some of the biologically important DHBCNs 22d and 28 were investigated and their
corresponding precursor kgtonés 57 and 91a, reépectively, at 400 MHz. As described

earlier, perchlorates 22d and 28 have demonstrated excellent antiarrhythmic activity in

canine models.3#°

Initially, the conformational preferences of 28 were deduced by NOESY data and

further corroborated by DQCOSY and HMBC experiments. The NOESY spectrum
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was best explained by assuming a CC conformation for 28. The bold face ring above willv
serve as the base chair form for the'followiné 'discuééion. Distinguishing the signals
originating from H(2,4,6,8)ax.cq Was accomplished by choosing the signal at § 4.22 as the
entry point in the NOESY spectrum (Figure 3). This signal is for the CH, in CH,Ph.
Cfosspeaks were observed between CH,Ph and signals at & 3.24 and 3.40. Since
H(6,8)ax,¢q protons are closer in space to CH;Ph than H(2,4)axeq, it was iconcluded these
two signals must be associated with H(6,8)ax,cq prptons. This is contrary to what may be
expected since the deshielding effect due to the protonation on N(7) might be anticipated
to exceed the elevctbronégative effect due to the oxygen. A crosspeak was observed
between HN(7) [0 8.65]‘ and the signal at 6 3.40. Since H(6,8)cq is blose_r to HN(7) than
H(6,8)a, it follows that signal at 6 3.40 is due to H(6,8)e, and hence the signal at & 3.24
is for H(6,8)a. The signals at & 1;81 and 5 1.91 were assigned to H(.9)ax,eq. A crosspeak
was observed between H(6,8)ax- and 6 1.81. Since H(9)u is closer to H(6,8). than is
H(9)eq, the signal at & 1.81 is assigned to H(9)x and hence 61.91 is for H(9)eq. The

signals at 6 3.67 and & 3.93 were assigned to H(2,4)axx¢q. Since a crosspeak was observed
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between H(9).q and & 3.67, it was concluded that H(2,4).« appears at 3 3.67, and hence
H(2,4)q appears at 6 3.93. Furthermore, a croéspeak waé observed between H(2,4).q and
H(6,8)eq. The above observations support the predominance of a CC conformation for 28
in solution.

The DQCOSY ‘spectrum (Figure 4) displayed sevefal long range ‘W’ (4 bond
couplings). Such éohplings have been documented in some rigid ring systems where the
fings are locked in chair conformations.® Sdme of the dominant 4-bond couplings are
between H(9)ag-H(2,4)cq, H(9)e§-H(6,8)cq, and H(6,8)a,§-H(2,4)aX in 28. The W coupling
depends upon the tails of thé o_rbitals of the first and ﬁe fourth bond to overlap. In the
case of 28, such an overlap can only occur when both the rings adopt a CC conformation.
For instance, a suitable overlap of orbitals between the tails of H(2,4).x and H(6,8).x can
occur readily when both the rings are in chair form. On the contrary, such an overlap is
not possible when the top ring adopts a boat form since the tails of the orbitals are no
longer aligned for a suitable overlap. The presence of ‘W’ couplings supports a CC
-conformatjon as dominant for 28 in solutioh.

Similar to 28, the eﬁtry point in the NOESY specrum (Figure 5) of 22d was
chosen at § 4.28, which corresponds to} the methylene protons of the CH,Ph. Crosspeaks
were observed between CH,Ph and signals at & 3.33 and & 3.55. Since H(6,8)axcq are
~ closer in space to CH,Ph than are H(2,4)a;,cq, it was éoncluded these two sighals were
associated with H(6,8)ax,;q prdtons. A crosspeak was observed between HN(7) [& 9.25]
and the signal at & 3.55. Since H(6,8)q is closer in space to HN(7) than is H(6,8)., it

follows that signal at 4 3.55 is due to H(6,8)eq, and hence the signal at 6 3.33 is due to
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H(6,8)a. The signals at § 1.79 and & 1.84 were assigned to H(9)axeq. A crosspeak was
observed between H(6,8). (8 3.33) and the signal at 5 1.84. Since H(9). is closer in
space‘ to H(6,8)ax than is H(9).q, the signal at & 1.84 was assigned to H(9).x and hence &
1.79 was assigned to H(9)eq. The signals at 8 2.69 and & 3.10 were assigned to
H(2,4)axeq- Since crosspeaks were observed between H(9)¢q (6 1.29) and the signal at o
3.10, it was concluded that H(2,4).c appeared at & 3.10, and hence H(2,4)cq occurred at &
2.69. This is cohtrary to what has been 'prediCted in some bicyclo[3.3.1]nonanes ring
systems where axial protons -‘ ai)pear upﬁeld compared to equatorial protons in
cyclohexane rings.89 Furfhérmore, a crosspeak was observed bétween H(2,4)cq and
H(6,8)eq- Such observations strongly support a CC conformer as the major form for 226
in solution.

In the case of 22d, the DQCOSY spectrum (Figure 6) was also informative. The
‘W’ couplings were observed between between H(9),-H(2,4)., H(9)-H(6,8)e, and
H(6,8),-H(2,4). which also suggests that a CC conformation is the preferred form for 22d
in solution. Interestingly, several long range (three-bond) couplings were observed
between protons and carbons in the HMBC spectrum (Figure 7). Some dominant ones
include H(9),-C(6,8), H(2,4).-C(9), H(2,4),-C(6,8), H(6,8).-C(2,4), H(6,8)-C(9), and
CHjbenzyl-C(6,8). Such observations also suppoi't the CC conformation for 22d.

In ketones 57 and 91a, a greater conformational mobility is ¢xpected compared to
that in salts 28 and 22d whére an intramolecular H-bondingcan occur between 'HN(7)
and the heteroatom O or S.* In addition, repulsion of the nonbonded electron pairs on
the heteroatoms in the ketones could reduce the energy barrier for ring reversal, thus

making possible a rapid BC==CC equilibrium at RT. In the case of ketone 57,



F2 ]
(ppm)

2 ) St .
] W W
] L 2K R

3': £ “ a
4 n. - .

4 [ ]
]

4__.

y K

5
: 6D o4,

] 68)a (2,4), w9

6
B

Rl B
i)

] , -
71 r r Y v 7 r v T e
6 S q 3 2 - 1
F1 (ppm)

FIGURE 6. DQCOSY Spectrum of 22d

74



75

(wdd) 14

02 0E oy 0s 09 0s 08 06 00T 01T 02T O€ET
T SPEPTTS RS I Ll

Lo v o U bas oo b s o b s Vo g Lo e b P PR
. o ﬂ

" L

FIGURE 7. HMBC Spectrum of 22d



76

homonuclear NOESY and DQCOSY experiments were not informative. However, a
heteronuclear NOESY (HOESY)* and coupling constant analysis proved to be useful. | In
~ an 'H-"C HOESY experiment (Figure 8), a significant proton-proton correlation was
detected for H(2,4) and C(6,8) in 57. This was manifested in a crosspeak between the
signal at & 3.87 [H(2,4)cq] and that observed for C(6,8) [57.57 ppm]. Since the distance
from H(2,4)¢q to C(6), for example, is greatef in 57-CC than is the distance between
H(2,4). and C(6) in 57-BC (as found by qb initio calculations not reported herein), it is
tentatively concluded that such evidence supports th¢ BC form for'57 in solution. The
interatomic distances between for H(2).4-C(6) in 57-CC and H(2).-C(6) in 5S7-BC are
2.777 A and 2.543 A, respecﬁvely. Note that H(2,4)¢ in 57-CC refers to H(2,4)ax
(pseudo axial) in the §7-BC conformation. The 2J and *J coupling constants in the Table
XIV are also best rationalized by assuming the BC conformaﬁon as dominant in solution.
In the 57-BC form, the angle between H(2,4). and H(1,5) approéches 90° while the angle
between H(2,4)q and H(1,5) is closer to 0°. Thus, a small vicinal 3 coupling is expected
for the former case and a larger 3] coupling for the latter case. Such couplings were
indeed observed, and hence it may be tentatively concluded that a BC form predominates
for 57 (600 MHz, Plate CXIII) in solution. This agrees with the former "0 NMR
study.®* |

In case of sulfur ketone 91a, overlap of the signals fof the methylene protons was
extensive at 400 MHz. The éignals for H(2,4);x and H(6,8)eq were found to overlap and
appeared as a multiplet at 6 3.08 and could not be resolved even at 600 MHz (Plate
CXII). However, we wish to speculate that a possibly BC form probably predominates in

solution for 91a as was found in the solid state by single crystal X-ray diffraction
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TABLE XIV
"H-NMR Chemical Shifts (ppm) and Multiplicities (Hz) for 57

ppm J
H(1,5) 2.53
H(6,8),  293(dd) 2J=11.17 3J=6.04
H(6,8), 3.11 (dd) - W=10.98 /=256
H(2.4), 421 () - - 2J=10.98

H(2,4), 3.87 (dd) 2J=11.17 3J=2.74

3¢ An X-ray diffraction analysis was performed on a single crystal of 57 which

analysis.
was s'h_own to have>a CC conformation (Figure 9). This is in contrast to the crystal
structure of 91a which 1s a BC form.”™® Ketone 57 érystallizes with two molecules in the
| asymmetric unit. The structure»of one of the molecules is shown in Figure 9. The bond
distances are very similar for both molecules. Hdwe’ver, there is a significant difference
in the conformational angles for C(6)-C(7) which are —53.6° (3) in molecule I and —21.1°
in molecule II. Angles for C(7)-N(1) are 171.3° (2) and 162.5° (2) in I and II,
respectively. The tricyclic systems in both molecules are in CC conformatiqns. The
conformation for related bonds in I and II differ by 1.6° or less. Most puckering occurs
around bonds C(9)-C(10) [C(1)-C(9)] and C(IO)-C(I 1) [C(5)-C(9)], with average
conformational angles of 64°, and the least occurs for the N(1)-C(12) and N(1)-C(8)
angles (53°) as well as for O(2)-C(13) ar.ld‘0(2)-C(l4) (549). The> numbering in brackets
refers to the normal numbering of such positions in the text.

To determine the relative stabilities of the conformers of 28, 22d, 57, and 91a in

gas phase, ab initio methods with GAUSSIAN 94°! were employed. To reduce
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computational time, the phenyl (Ph) group in all the four compounds under investigation
was replaced by hydrogen (H) in the calculations, sincé this change produced only a
negligible variation in the minimum potential energy (P.E.) values (not shown). The
geometries of 28, 22d, 57, and 91a wé’re fully optimized at the Hartree-Fock (HF) level

of theory with a 6-31G basis set. The results of the minimum P.E. data for ketones 57

TABLE XV
Minimum Potential Energy (Kcal/mol) Calculation for 57 & 91a

Theory Level/ o

Basis Set CC BC .
57 HF/6-31G -322803.7043  -322804.2484 [AE = 0.544 Kcal/mol]
91a HF/6-31G | -525278.5930 . -525279.4852 [AE = 0.892 Kcal/mol]

and 91a (Table XV) clearly indicate that a BC form is energetically favored, but only by
a small difference in energy. In the case of 91a, ‘fhe energy difference (0.892 Kcal/mol)
between the CC and BC form is greater than that in the case of ketone 57 where the
difference is only 0.544 Kcal/mol. The PE values were not affected when the
calculations were performed at the MP2 level of theory and 6-31G basis set. Thus, it is
speculated that in solution a rapid equilibrium occurs between the CC and BC form with
a slight preference for the BC form ét room temperature. |

On the Contrary,»the ab initio calculations for the 'corresponding perchlorates 22d
and 28 showed a much greater propensity for the CC conférmation as compared to the
- BC form (Table XVI). The P.E. difference bétween the CC and BC form in the case of
28 is higher than that for 22d. Thus, it suggests that a CC conformation may predominate

for salts 22d and 28 in solution. Such stability may be partially attributed to a weak intra-
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, TABLE XVI
Minimum Potential Energy (Kcal/mol) Calculation for 22d & 28

CC BC
22d HF/6-31G -4793 1‘4.1682 -479302.6091 [AE =11.55 Kcal/mol]
28 HF/6-31G -276843.1707 -276827.7789 [AE = 15.39 Kcal/mol]

molecular hydrogen bonding between the heteroatom O or S and the proton on N(7).

As stated earlier, certain'amides and their corresponding salts of the DHBCN
family have displayed excelleht antiarrhythmic activity.53a Such amides have displayed
unique conformational properties in solution-as well as solid stat‘e.92 Simple model
amides, such as N-be;lzoylated pipe‘ridiﬁes 93, apparently prefer flattened chair
conformations in solution as assessed by analysis of variable teniperature 'H NMR” and
BC NMR* data. Conformational preferences may be due, in part, v-to a minimum energy
arrangement in which the p orbital of the carbonyl w system and the lone pair on nitrogen
overlap (atom attached to the amide system will assume a nearly planar arrangement).

Resonance forms of this familiar phenomena are illustrated for 93.

Rotational barriers in simple benzamide systems have been reported to be

approximatley 14-16 keal/mol via 'H and *C NMR experiments.”* DHBCN amides
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94a-h demonstrate this effecf in that all the bicyclic ring carbon signals in the ?C NMR

|

—N

\/N\R!

94

R . R

a  C(O)CH,-4-Cl CH,-cPr
b C(O)C,H,-4-NH, CH(CH,),
¢ .- C(O)Ph CH,-cPr
d C(O)CH,4NO, = ~ CH(CH,),
¢ C(O)C4H,-4-NHC(O)CH, ‘CH(CH,),
f  C(O)CH,4-NHSO,CH, CH(CH,),
g C(O)C(H,4-F CH(CH;),
h  C(O)C4H,-4-(1H-imidazol-1-yl) CH(CHy),

spectra are nonequivalent (thus the energy barrier to rotation of the amides is not reached
at RT).* In contrast, the >C NMR spectra éf the corresponding salts 9Sa-h were found
to be completely different in that the environmental nonequivalency seen for the ring
carbon signals in the unprotonated amides was not observed in the protonated species.92
In addition, VT 3C NMR studies of 95 indicated that at low temperaturés (-35 °C), the
amide salts prefer one cohformation vwhile at roqfn tempéfatures and above, an average
conformation 1is r‘:eﬂec'ted.92 Thus, the barrier to amide rotation is much lower in the
amide salts compared to that in the unprotonated amides. An explaination for this effect
can be viewed by analysis of previous work where an intramolecular hydrogen bonding

was found to occur between the N-H proton and the lone pair of electrons on the
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95
R R'

a  C(O)CH,-4-Cl CH,-cPr
b C(O)C,H,-4-NH, CH(CH,),
¢ C(O)Ph o CH,-cPr
d  CO)CH,4NO, - CH(CHy),
e  C(O)C,H,-4-NHC(O)CH, | CH(CH,),
f  C(0)C4H,-4-NHSO,CH, CH(CH,),
g  C(O)CH,-4-F CH(CH,),
h C(O)C,H,-4-(1H-imidazol-1-yl) CH(CH,),

nitrogen atom of the amide functiona‘lity.53 “ Tt is believed that such an effect may result

in the loss of double bond character of the amide N-C(O) bond and thus lead to increased

A .
rotation at RT. This implies that of the resonance forms A and A’, A’ make a smaller

contribution to the hybrid in the amide-salts than in the simple amides. A single crystal

X-ray diffraction analysis of the amide salt 32, revealed a CC conformation (Figure 10)



FIGURE 10. ORTEP Diagram of 32
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with a considerable flattening of the bicyclic ring system. It thus appears that the amide
members of the DHBCN family prefer a CC conformation in the solid state. The 'H

NMR spectrum indicates that ring protons of the nitrogen ring are nonequivalent.

. N
g\ﬂ E
324 o,

4
H

Summary
Several derivatives of fhe DHBCN family have been synthesized and evaluated
- for their ability to abkolish artificially-induced ventricular tachycardia in canine models.
In addition, some of the derivatives displayed antiarrhythmic action of more than one
class based upon their effects on different electrophysiological parameters like QRS, QT,
AH, and HV intervais. More recent efforts have resulted in the synthesis of certain
DHBCNSs to which nitric oxide (NO) could eventually be incdrporated. The presence of
NO to impart vasorelaxation and antiplatelet aggregation properties, in addition to the
“antiarrhythmic éction, could lead to uéeful multi-functional aﬁtiarrhythmic agents.
Conformational preferences of DHBCNS were investigated by 1D and 2D NMR
spectroscopy. NOESY and DQCOS-Y experiments suggested the prevalence of a CC
conformation for the DHBCN salts, while a BC form is strongly suspected for the

corresponding ketone precursors in solution.
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Suggestions for Future Work

Heart disease is one of major factors for mortality across the world. Thus, there is
great need for more potent, selective, and less toxic antiarrhythmic drugs. Current
approaches to the treatment of most arrhythinias are somewhat erﬁperic as the mechanism
and origin of arrhythmias are complex processes énd are not Well understood. Until é
better understanding of arrhythmias is achieved, treatment of arrhythmias with anti-
arrhythmic agents possessing more than one class action may be a better approch than
using an agent exhibiting a single class action only >
As found n from ‘our eaﬂier work, several DHBCN derivatives exhibit

“antiarrhythmic activity in more than one class action. An ideal drug would have slight

class I and dominant class 11, 111, and IV features. Although, the CAST studies have

Class I1, 111, and IV

X = CH,==C, alkyne, cyclopropyl, cyclopentyl

Y =0, S, CH(CH,),, CH,Ph

Z=CH,CH(OH) .

R = imidazole, pyrazole, NO,, I;IH3, NHR', SO,R' [R' = CHj, Ph]

showed some risk associated with class.I drugs, it may still be desirable to accommodate
slight class I action in an agent as found in earlier work.>**® Based upon such a rationale,
it is proposed that derivatives 96 would display class I, II, III, and IV action. It was

realized from earlier work that the DHBCN nucleus with hydrophobic groups at the 9-
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position contribute significantly to class I activity. The effects of thioketal and a
. methylene group at 9-position Have already demonstrated good antiarrhythmic action.’ 3a
Incorporation of other hydrophobic groups (X = alkene, alkyne, cyclopropyl, and
cyclopentyl) may lead to better agénts in this family. In addition, such derivatives may
‘impart a class III action as. demonstrated by Tedisamil (24) and Ambasalide (25).

An important structural feature of most class II drugs is the presence of a
hydroxyl group. Tt is thus speculated that Z = CH,CH(OH) may impart class II action to
derivatives 96. Class I and IV actioﬁs of DH'BjCN are believed fo originate from the
perchlorate anion and certain functional groups like NO,, imidazole, SO,, NH;". The
effects of R as a pyrazole ring on antiarrhythmic activity of DHBCNS have not been
examined. Thus, derivatives with R = NO,, imidazole, SO,, and pyrazole are anticipated
to give agents with eXcellent class III and IV action.

Another area of interesf is the role of NO in the prevention of heart disease or
arrthythmias. Incorporation of a slow and controlled NO release mechanism in a

molecule, in addition to the multiple class action, may have several benefits in the

| NO release

X =CH;~=C, alkyne, cyclppropyl, cyclopentyl
Y =0, S, CH(CH,),, CH,Ph

Z = CH,CH(OH)

R = CH,, CH(CH,),, Ph
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treatment of myocardial infarction. Based upon such rationale, derivatives 97 may serve
as good candidates for this purpose. The rate of NO release may be modulated by
varying the R group since the stability of such compounds probabiy depends upon the

extent of orbital overlap between the amine nitrogen and the NONO" group.
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EXPERIMENTAL SECTION

General Information: All 'H and "*C spectral data were obtaihed either on a
Varian Unity Inova-400 MHz NMR spectrometer operating at 399.925 and 100.570
MHz, respectively, a Varian Unity Gemini 300 MHz spectrometef operating at 300.082
MHz and 75.463 MHz, respectively, or a Varian Unity Inova 600 MHz spectrometer
operating at 598.724 MHz and 150.57 MHz respectively. Chemical shifts for the 'H and
3C NMR spectra were recorded in & or ppm values, respectively, downfield from TMS,
while the "’Se NMR signals Weré reported in ppm downfield from sodium selenite
(NaySeO3) as an external standard. Most 2-D NMR.experiments,, including NOESY
(homonuclear and heteronuclear) énd DQCOSY, were recorded on Varian Unity Inova
400 MHz spectrometer. The heteronuclear NOESY (]H-77Se) ‘was performed on the
Varian Unity Inoya 600 MHz spectrometer. The NOESY spéctra were collected with a
spectral width of 3827.8 Hz in both dimensions. The data were collected as an array of
2K x 400 points, which, after linear prediction and zero filling in the t; dimensioh,
produqed a data rﬁatrix with 2K x 4K points. A mixing time of 150 ms and a relaxation
delay of 1.5 s were used.. The DQCOSY data were acquired with a sp‘ectral width of
3827.8 Hz in both dimensions.. The data were also collected as array of 2K_ x 600K
points, which, aftér linear prediction and zero ﬁllihg in the t; dimension, produced a data
matrix with 2K x 4K points. H

Melting points, which were uncorrected, were recorded on a Thomas-Hoover
capillary melting point apparatus. The purity of the products was determined by Hewlett-
Packard (GCD-800 series) Gas- Chromatograph Mass Spectrometer (GCMS) instrument,

with a electron ionization (EI) source. IR spectra were recorded on Perkin-Elmer 2000
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‘FT-IR spectrophotometer as films or KBr pellets. .High Resolution Mass Spectral
(HRMS) and nominal MS analysis were performed on a VG Analytical instrument,
‘model ZAB-ZSE, by the LSIMS/FAB mode using 3-nitroben2yl alcohol as the matrix.
Elemental analyses were performed bykAtlanti‘c Microlab, Inc., Norcros‘s, Georgia.
Citations to “in vacuo” have refererllceA to the use of the rotary-evaporator unless
otherwise indicated. - '

Synthese_s" Were performed under" an"' étmoSphere of N, with magn.etic_ stirring
unless otherwise vspeciﬁed. ACS grade solvents were used after distjililation, followed by
drying, for executing most réa'c_ti'ons. ~All Chrorﬁatographic ‘separat.io.ns were performed
either via a glass column, usihg silica gel (Davisil, 62, 60-200 mesh) as the stationary
| phase or on a Chroma‘to_;[‘ron (Harrison Research, modél 7924) using silica gel (pF 254
containing gypsum, EM Science) as the stationary phase.'v Glasswares Were oven-dried
and flushed with N, Before‘ éxecuting all reactions.

The following reagents were obtained commercially and used without further
purification: ~ 2',2',2'-trichloroethyl chloroformate (Aldrich), benzylamine (Aldrich),
hydrazine (98%, Aldrich), glacial acetic acid (Fisher Scientific), hydrochloric acid
(Fisher Scientific), imidazole (Aldrich), parafdrmaldedyde (Aldrich),» Pd/C (Avldrich),
tetrahydro-4 H-pyran-4-one (Acros), potassium hydroxide pellets (85%, Fisher Scientific), -
TiCl; (10 wt% or 12 wt%, Aldrich); 18-C-6 (Aldrich), potassium cérbonate‘(_Fisher
Scientific), sodium carbonate (Fisher Scientific), borané methyl 'Sulﬁde (10 M, Aldrich),
sodium triacetoxyborohydride (Aidrich), N-benzyl-4-piperidinone (Lancaster), 4-
nitrobenzoyl chioride (Aldrich), 4-nitrobenzenesulfonyl chloride (Aldrich), .4-

fluorobenoyl chloride (Aldrich), 4-ﬂuorobénzenesulfonyl chloride (Aldrich), ammonium
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fqrmate (Aldrich), perchloric acid (60%, Aldrich), 1,2-ethanedithiol (Aldrich), PTSA
(Fisher), boron trifluoride etherate (Aldrich), triethylamine (Aldrich), pyridine (Fisher
Scientific), 4-fluorobenzamide (Aldrich),‘. 4-nitrobenzamide (Aldrich), acetyl chloride
(Aldrich), triethylene glycol (Aldrich), and benzoyl chloride (Aldrich). The sample of N-
benzyl-4-piperidihone was distilled under reduced pressure (bp 100-101 °C/27 mm Hg)

prior to use. Best results were obtained with fresh ammonium formate and palladium on

charcoal.

7-Benzyl-3-oxa-3,7-diazabicyclo [3.3.1]n0ﬁane. Hydroperchlorate (28). A 50-mlL,
| Erlenmeyer flask was equipped With‘ a magnetic stirrér, and an iée-bath. To a stirred,
chilled solution of 58 (0.6 g, 2.76 mmol) in 20me of anhydrous éther was added HCIO,
(60%, 0.69 g, 4.14 mmol) dropwise over a period of 10 min. The solution was stirred for
an additional 10 min to precipitéte a light yellow solid. fhe solid was filtered (suction)
and washed with copious amounts of ether  Recrystallization (ether:CH3CN, 2:1)
afforded the h}ydr‘op'erchlorate 28 (0.72 g, 82.6%) as a white sélid, mp 188-189 °C (dec).
IR (KBr) 3310 (N-H), 3035 (Ar-H), 2877, 2905 (C-H)bcm'l; 'H NMR (DMSO-ds) 6 1.79
[d, 1 H, H(9)], 1.85 [d, 1 H, H(9)], 1.95 [bs, 2 H, H(1,5)], 3.22 [d, 2 H, H(6,8)], 3.40 [d,
2 H, H(6,8)], 3.62 [d, 2 H, H(2,4)a], 3.95 [d, 2 H, H(2,4)¢), 4.25 [s, 2 H, CH,-benzyl],
7.45 [m, 5 H, Ar-H], 8.6 [bs, 1 H, N-H]; °C NMR (DMSO'dé) ppm 28.25 [C(9)], 28.33
[C(1,5)], 56.03 [C(6.,8)],. 60.93 [C(2,4)]; 71.03 [CH,-benzyl], 128.95, 129.66, 129.69,
131.29 [Ar-C]. High resolution mass spectral (HRMS) data caled for C14H20CINOs (M™):

218.1544 (- C104). Found: 218.1539.
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7-Benzyl-3-0xa-9,9-(1,3-dithiolan-2-yl)-7-azabicyclo[3.3.1]nonane Hydroper- |
chlorate (29). A 50-mL, Erlenmeyer flask was equipped with a magnetic stirrer and ice-
bath. To a stirred, chilled solution of amine 59 (0.100 g, 0.325 mmol) in 10 mL
anhydrous ether was added HCIO, (60%, 0.081 g, 0;488 mmol) dropwise over a period of
5 min. The solution was stirred for additional 10 min to form a white precipitate, which
was recrystallized (CH;0H) to give hydroperchlorate 29 (0.120 g, 87.5%) as a white
solid, mp 196-196.5 °C. IR (KBr) 3153 (N-H); 3015 (Ar-H), 2962, 2886 (C-H), 1084
(CI-0) em™; '"H NMR (DMSO.-dg) $2.17 [s, 2 H, H(1,5)], 3.32 [m, 6 H, SCH,CH,S,
CH;-benzyl], 3.66 [d, 2 H, H(6‘;8);1]; 3.97 [d,2 H, H(6,8)e], 4.11 [d, 2 H, H(2,4),), 4.30 [d,
2 H, H(22,4).], 7.50"[m’ 5H, Ar-H], 8.85 [bs, 1 H, N;H]; 3¢ NMR (DMSO-ds) ppm 38.42
[C(1,5)], 41.40 [SC‘H2CH2$], 55.06 [C(6,8);], 60.13 [C(9)], 68.77 [C(2.,4)], 70.29 [CH»-
benzyl], 128.76, 128.88, 129.80, 131.64 [Ar-C]. Aﬁal. Caled for Ci6H22CINOsS,: C,

47.12; H, 5.39; N, 3.43. Found: C,46.99; H, 5.38; N, 3.35.

3,7-Dibenzyl-3,7-diazabicyclo[3.3.1]nonane Hydroperchlorate (30). A 125-mL,
Erlenmeyer flask was equipped with a magnetic stirrer and an ice bath. To a stirred,
chilled solution of amine 66 (1.4 g, 4.57 mmol) in 25 mL of anhydrous ether was added
- HCIO, (60%, 2.48 g, 14.86 mmol) dropwise over a period of 10 min. The solution was
stirred for an additional 10 min‘ to precipitate a liéht yellow solid. The solid was filtered
and washed with copious amounts of ether. Recrystallization (methanol) afforded the
hydroperchlorate 30 (1.64 g, 71%) as a white solid, mp 218-219 °C. IR (KBr) 3315 (N-
H), 3035, 3090 (Ar-H), 2875, 2890 (C-H) cm™; 'H NMR (DMSO-ds) & 1.72 [bs, 2 H, |
H(9)], 2.14 [bs, 1 H, H(1,5)], 2.77 [d, 2 H, H(2,4,6,8)x], 3.10 [d, 2 H, H(2,4,6,8)q], 3.57

[bs, 2 H, N-H], 3.83 [s, 2 H, CH,-benzyl], 7.43 [m, 5 H, Ar-H]; >C NMR NMR (DMSO-
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ds) ppm 27.50 [C(9)], 29.70 [C(1,5)], 57.03 [C(2,4,6,8)], 60.64 [CH,-benzyl], 128.48,
128.74, 129.91, 133.74 [Ar-C]. High resolution mass spectral (HRMS) data calcd for

CuHyCIN;Oy  (M): 3072174 (- ClO). Found: 307.2173. Anal Caled for

Cy1H27CINyOy4: C, 62.00; H, 6.64; N, 6.88. Found: C, 61.95; H, 6.66; N, 6.88.

3,7-Dibenz&l-9,9-(l,3-dithiolan-2-yl)-3,7-diazabi‘cycilo[3.3.1]nonane Hydroper-
chlorate (31) A 50-mL, Erlenmeyer ﬂésk was équipped with av magnetic stirrer and an
‘ice-bath. To a chilled solution of fhc thioketal 67 (1.03 g, 2.61 mmoi) in anhydrous ether
(15 mL) was added HCIO, (60%, 131 g, 7.8_4‘mmol) dropwise over a period of 5 min.
The resulting solution was stirréd for an additional 10 min at 0-5 °C to precipitate a white
solid. Recrystallizationv (methanol, 25 ‘mL}affOrded 1.06 g (69%)‘of the perchloratev3l
as a white solid, mp 222-223 °C. IR (KBr) 3084 (Ar-H), 2939 (C-H), 1084 (C-S) cm™’; -
'H NMR (DMSO-ds) & 228 [s, 2 H, H(1,5)], 3.07-3.35 [m, 1.2 H, H(2,4,6,8),. and
SCH2CH,S], 3.90 [s, 4 H, CHz-benzyl], 742 [m, 10 H, Ar-H}, 9.80 [bs, 1 H, N-H]; °C
NMR (DMSO-ds) ppm 38.76 [SCHZCHZS], 40.91 [C(1,5)], 56.16 [C(2,4,6,8)], 59.75

[CHy-benzyl], 70.08 [C(9)], 128.51, 128.69, 129.98, 133.23 [Ar-C]. Anal. Calcd for
" CpHpCIN04S,.0.5 HyO: C, 54.66; H, 5.93; N, 5.53. Found: C, 54.82; H, 5.98; N,

5.47.

7-[4-(1H-Imidazol—}1-yl)benzqyl]-3-0xa-7-azabicyclo[3.3.1]nvonane Hydroper-
chlorate (32). A 25-mL, Erlenmeyef flask waé equipped with a fnagnetic stirrer- and an
ice-bath. To a chilled solution of amide 62 (0.160 g, 0.53 mmol) in anhydrous
ether:anhydrous THF (1:1, 10 mL) was added perchloric acid (60%, 0.135 é, 0.80 mmol)

dropwise over a period of 5 min. The resulting solution was stirred vigorously at the



94

same temperature until a white precipitate formed. The precipitate was filtered under
vaccum and washed with copious amounts of anhydrous ether and recrystallized from
CH;OH:CH;CN (3.5:1, 10 mL) to give 32 (0.109 2, 51%) as a white solid, mp 242-242.5
°C. IR (KBr) 3150 (N-H), 3038 (A‘r-H‘), 28v75(,C-H), 1625 (NC=0) ecm™; 'H NMR
(DMSO-de) 8 1.61 [bs, 1 H, H(1,5)], 1.80-1.89 [m, 3 H, H(1,5), H(9)], 3.07 [d, 1 H, ring
protons], 3.44 [d? I H, ring protons], 3.61-3.68 [m, 4 H, ring proton], 3.91 [d, 1 H, ring
protons], 4.72 [d, 1 H, ring protons], 7.56 [d, 2 H, C—H imidazole, Ar-H}, 7.87-7.94 [m, 3
H, Ar-H, C-H imidazole], 8.32 [s, 1 H, C-H imida_zole], 9.70 [s, 1 H, N-H]; *C NMR
(DMSO-dg) ppm 28.78, 28.87 [C(1,5)], 30.62 [C(9)], 45.86, 51.47 [C(6,8)], 71.18, 71.46
[C2.4)], 120.80,‘121.10, 122.26, 127.96, 134.73, '1.34.85, 138.52 [Ar-C,'C-H imidazole],

167.86 [NC=O]. Mass spectral (LSIMS) data calcd. for Ci7Hz0CIN3Og (M'): 298 (-

ClOy). Found: 298. Anal. Calcd for C17H,0CIN3Os.1 HyO: C, 49.10; H, 5.29; N, 10.10.

Found: C, 49.54; H, 4.96; N, 10.00.

7-(4-Nit1“0benzoyl)-3-oxa-7—azabicyclo[3.3.1]nonane (33). Method A. - A 50-mL,
three-necked, round-bottomed flask was equipped with a magnetic stirrer, an addition
funnel, a condenser with N inlet, and two glass stoppers. A solution of amine 60 (0.234
g, 1.84 mmol) in H,CCl, (SHmL) and NaOH (10%, 1.58 .g, 3.96 mmol) Was placed in the
flask. A solution of 4-nitrobenzoyl chloride (0.393 g, 2.11 mmol) in H,CCl, (7 mL) was
added dropwise over a period of 5 min under N;. The mixture was allowed to stir
overnight. Addition of water (20 mL) was followed by extraction with HoCCl; (3 x 10
mL). Combined extracts were dried (Na;SOy, 2 h), filtered, and concentrated to give a
faint yellow solid. Recrystallization (ethyl acetate:hexane, 2.5:1) gave 33 (0.294 g, 58%)

as a white solid, mp 197-198 °C. Method B. A 50-mL, three-necked, round-bottomed
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flask was equipped with a magnetic stirrer, an addition funnel, a condenser with a N,
inlet, and two glass stoppers. A solution of amine 66 (0.280 g, 2.204 mmol) in anhydrous
benzene (10 mL) and pyridine (0.217 g, 2.755 mmols) was added to the flask. To this
was added dropwise, a solution of 4-nitrobenzoyl chloride (0.511 g, 2.755 mmol) in
anhydrous benzene (10 mL) over a period of le min at RT. The reaction mixture was
allowed to stir an additional 12 h. A light yellow solid precipitated, and was filtered,
washed with benzene, 'recrystallized‘(ethyl acetate:heXane., 1:1), énd chromatographed
(Chromatotron) using CH,Cl,:CH3;0H (30:1) to give 0.334 g (55%) 33 as a white solid,
mp 198-198.5 °C‘.‘ IR (KBr) 3113, 3042 (Ar-H), 2940? 2846 (C-H)','lu628 (NC=0) cm’’;
'H NMR (DCCls) 8 1.62 [s, 1 H, H(9,)], 1.72 [s, 1 H, H(9.)], 1.86 [s, 1 H, H(1,5)], 1.91-
2.05 [m, 2 H, H(l,é), ring protons], 3.10 [ddd, 1 H, ring profons], 3.38 [ddd, 1 H, ring
protons], 3.67-3.84 [m, 3 H, ring protons], 4.14 [d, 1 H, ring pr-otons], 7.56 [m, 2 H, Ar-
H], 8.28 [d, 2 H, Ar-H]; "C NMR (DJCCI3)"ppm 29.44, 29.59 [C(1,5)], 31.51 [C(9)],
46.62, 51.95 [C(6,8)], 71.68, 71.96 [C(2,4)], 123.87, 127.58, 143.47, 147.92 [Ar-C],

168.53 [NC=0]. Mass spectral (LSIMS) data calcd for C,,H,/N,O, (M"): 276. Found:

277 (M" + 1). This compound was used directly to prepare 34.

7-(4-Aminobenzoyl)-3-0xa-7-azabicyclo[3.3.1]nonane (34). Method A. A 50-mL,
three-necked, round-bottomed flask was equipped with a magnetic stirfer, heating rhantle,
a condenser with a N, inlet, and two gl_ass»sto’ppe‘rs. ‘The system was initially flushed
with N, for a period of 10 min and palladium-on-carbon (10%, 0.040 g, 30 mg of
catalyst/mmol of the amine) was added to the ﬂask in one portion, and the system was
flushed with N3 again. Dry and deoxygenated methanol (5 mL) was slowly poured over

the catalyst. To the stirred solution were added amide 33 (0.250 g, 0.90 mmol) and
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anhydrous ammonium formate (0.23 g, 3.80 mmol), and the resulting mixture was boiled
under N, for 1 h. Cooling the mixture to RT and filtering through a celite pad was
followed by concentration of the resulting solution to give an off white solid. The solid
was recrystallized from approximately 10 mL of ethyl acetate:hexane (3.5:1) td give 34
(0.212 g, 95.4%) as a white solid, mp 224-225.5 °C. Method B. A 50-mL, Erlenmeyer
flask was equipped with a.magnetic stirrer, and an ice-bath. A solution of amide 33
(0.200 g, 0.724 mmol) in CH3C02H:\I:{20 (1:1, 8 mL) was placed in the flask and stirred
vigorously until the solution became homogenous. To this was added TiCls (10%, 7.8’2
g, 5.07 mmol) in one portion, and the resulting solution was stirred at RT for 1 h. The
solution was chilled at 0-5 °C and basified with NaOH pellets (pH = 12). Extraction with
HCCl; (4x 10 mL) was followed by washing with HZO ‘(20 mL) amd brine (20 mL). The
organic layer was dried (MgSOQy, 1 h), filtered, and concentrated in vacuo to give 0.130 g
(72%) of the crude product as a white solid. Recrystallization (ethyl écetate) gave 0.110
g(61.7%)o0f34 asa white solid, mp 225-226 °C. IR (KBr) 3466, 3344 (N-H), 3034 (Ar-
H), 2933, 2846 (C-H), 1635 (NC=0) cm™"; "H NMR (DMSO-ds) & 0.90 [m, 2 H, H(9)..],
1.26 [bs, 2 H, H(1,5)], 1.63-2.05 [m, 4 H, ring protons], 3.12 [d, 1 H, ring protons], 3.73-
4.05 [m, 4 H, ring protons and N-H], 6.65 [d,2 H, Ar-H], 7.23 [d, 2 H, Ar-H]; BC NMR
(DMSO-ds) ppm 29.70 [C(1,5)], 31.52 [C(9)], 71.81 [C(2,4,6,8)], 114.33, 126.76, 128.62,
147.35 [Ar-C], 17A1.3v5 [NC=0]. High res_olutibn mass spectral (HRMS) data caled for

C,,H,oN,O, (M* + 1): 247.1446. Found: 247.1456.

7-[(4-N-Benzoyl)benzoyl]-3-oxa-7-azabicyclo[3.3.1]nonane (35). A 10-mL, three-
necked, round-bottomed flask was equipped with a magnetic stirrer, a condenser with a

N, inlet, and two glass stoppers. A solution of the amide 34 (0.036 g, 0.146 mmol) in
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anhydrous benzene (1 mL) was placed in the flask, foll“owed by pyridine (0.023 g, 0.168
mmol), and the mixture was flushed with N, and stirred at RT. To this was added a
solution of benzoyl chloride (0.023 g, 0.168 mmol) in anhydrous benzene (1 mL)
dropwise over a period of 5 min. The resulting solution was stirred for an additional 2 h.
The product was filtered, washed with benzene, and recrystallized (ethyl écetate) to give
0.040 g (78%) of 35 as a white solid, mp 93-94 °C. IR (KBr) 3358 (N-H), 3035 (Ar-H),
2805, 2885 (C-Hj, 1685 (NC=0) cm™; 'H NMR (DCCls) & 1.56 [bs, 1 H, H(1,5)], 1.77
[bs, 1 H, H(1,5)], 1.88 [d, 1 H, H(9)§], 1.94 [d, 1"H, H(O)e], 3.02 [d, 1 H, H(6)q], 332 [d, 1
H, H(6)c], 3.65-3.89 [m, 4 H, H(4,8)a.], 4.03_ [d,vl H, H(2)a], 4.87 [d, 1 H, H(2).], 7.23-
7.98 [m, 9 H, Ar-HJ, 9.18 [s, 1 H, N—H];'BC NMR (DCCls) ppm 29.54.[C(1,5)], 31.42
[C(9)], 46.52, 52.14 [C(6,8)], 71.56, 71v.85 [C(2,4)], ’i20.83,‘ 127.20, 127.47, 128.22,
128.41, 132.44, 134.58, 139.01 [Ar-C], 166.18, 170.73 [NC=0]. Mass épectral data
(LSIMS) caled for C21H2oN,03 '(M+): 350. Found: 351 (M+ + 1).4 This compound was

used directly to prepare 51.

7-(4-Nitrobenzenesulfonyl)-3-0xa-7-azabicyclo[3.3.1]nonane (36). A 50-mL, three-
necked, round-bottomed flask was equipped with a magnetic stirrer, a cqndenser with a
N, inlet, énd two g‘iass stoppbers..i A solution of amine 60 (0;320 g, 2.51 mmiol) in H>CCl,
(5 mL) and NaOH (10%, 2.01 g', 5.03‘mm01) was placed in the flask. A solution of 4-
nitrobenzeneSulfonyl chloride (0.690 g, 3.14 mmol) in H,CCl, (10 mL) was added
dropwise over a period of 10 min under N,. The reaction mixturé was allowed to stir
overnight. Addition of water (20 mL) was followed by extraction with H,CCl, (3 x 10
mL). Combined extracts were dried (MgSO,, 2 h), filtered, and cénéentratéd in vacud to

give a yellow solid. Recrystallization (ethyl acetate:hexane, 3.5:1) gave 36 (0.455 g,
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58%) as a yellow solid, mp 177.5-178.5 °C. IR (KBr) 3113, (Ar-H), 2926, 28b46 (C-H)
| em™; '"H NMR (DCCls) & 1.45 [d, 2 H, H(9)], 1.73 [bs, 2 H, H(1,5)], 2.70 [d, 2 H,
~ H(6,8)a], 3.58 [d, 2 H, H(6,8)e], 3.72-3.79 [m, 4 H, H(2,4)sc], 7.94-7.99 [d, 2 H, Ar-H],
8.38-8.43 [d, 2 H, ring protons]; °C NMR (DCCl3) ppm 28.11 [C(9)], 28.72 [C(1,5)],
49.44 [C(6,8)], 70.62 [C(2.4)], 124.‘63, 128.93, 141.86, 149.94 [Ar-C]. Mass spectral
(LSIMS) data caled for C,,H,(N,O,S (Mf): 312. Found: 313 (M" + 1). Anal. Calcd for

CisHisN20sS: C, 50.00; H, 5.12; N, 8.97. Found: C,50.04; H, 5.16; N, 8.96.

7-(4-Amin0benzenesulfonyl)-3-0xa-7-azabicy_clo[3.3.1]n0nané 37). To a 25-mL,
Erlenmeyer flask, equipped with a magrietic stirrer, was added a solution of sulfonamide
36 (0.140 g, 0.448 mmol) in 8 mL bf CH;COzH:HzO (1:1). The solution was stirred
vigorously at RT unﬁl the solution became homogeneous (~1 h). To this solution, was
added TiCl; (12%, 4.84 g, 3.14 mmols) in one por_ti'on, and the resulting solution was
stirred at RT for 1.5 h. Upon cooﬁng at 0-5 °C (ice-bath), a 20% NaOH solution was

added slowly until a dark blue color persisted (pH = 12). Extraction (HCCl;, 4 x 15 mL)
was followed by washing of the organic layer with H,O (15 mL) and brine (15 mL). The
organic layer was dried (MgSO,, 2 h), filtered, and concentrated in vacuo to give a light
yellow oil. Crystallization of the oil was induced by addition of ethyl acetate followed by
chilling at -10 °C overnight to give 0.100 g (79%) of 37 as a white solid, mp 183-183.5
°C. IR (KBr) 3373, 3380 (N-H), 3040, (Ar-H), 2977, 2908 (C-H), 1161 (S=0) em™; 'H
NMR (DCCl;) 6 1.87 [d, 1 H, H(9)], 1.95 [d, 2 H, H(1,5), H(9)], 2.18 [s; 1 H, H(1,5)],
2.38 [d, 1 H, ring protons], 2.79 [d, 2 H, ring protons], 3.18 [m, 2 H, ring protons], 3.48
[d, 1 H, ring proton], 3.94 [bs, 2 H, N-H], 5.03 [d, 1 H, ring protons], 7.64 [d, 2 H, Ar-H],‘

8.28 [d, 2 H, ring protons]; C NMR (DCCls) ppm 26.35, 26.74 [C(1,5)], 31.66 [C(9)],



99

3172, 32.19 [C(6.8)], 46.28, 52.07 [C(2,4)], 123.47, 123.83, 127.51, 143.41 [Ar-C].
Mass spectral (LSIMS) data caled for C;HN,0,S (M'): 282. Found: 283 (M" + 1).
Anal. Calcd for C13HgN,03S: C, 55.31; H, 6.38; N, 9.92. Found: C,55.26; H, 6.40; N,

10.00.

7-[4-(1H-1Imidazol-1-yl)benzoyl]-3-benzyl-3,7-diazabicyclo[3.3.1]nonane (38). A
25-mL, ﬁve-necked, jacketed flask was e_qvu’ipped Lwith a magnetic stirrer, heating mantle,
a condenser with .a ‘le inlet, a lower take-off condenser, and three glass stoppers. A
solution of amide 69 (0.300 g, 1.33 mmol) in DMSO (7 mL) was added to the flask
followed by imidazole (0.09 g, 1.33 mimol), dried and powdered K,CO, ‘(0.36 g, 2.66
mmol), and 18-C-6 (60 mg) in one portion. The system was ﬂué_hed with N; and then
boiled at 110 °C for 48 h via the use of boiling toluene in the outer jacket. Cooling the

solution to RT was followed by the addition of chilled H,O (10 mL). Combined extracts
(H,CCl,, 4 x 10 mL) of the suspension were washed with H,O (15 mL) and brine (15
mL) and then dried- (MgSO,, 2 h). Filtration and concentration gave a light yellow oil.

This o1l was Chromatographed (Chromatotron) over silica gel with hexane:ethyl
acetate:methanol (5:2:0.5) to give 38, (0.215 g, 38.5%) as a faint yellow oil. IR (film)
3110 (Ar-H), 2»910" 2800 (C-H)., 1620 (NC=0) ecm™; 'H NMR (DCCl3) & 1.68 [d, 2 H,
H(9)], 1.81 [bs, 2 H, H(I,S)], 2.45 [d, 2 H, ring protons], 2.57 [d, 2 H, ring protons], 2.77
[d, 2 H, ring protons:], 3.09 [d, 2 H, ring protons];’3.59 [s, 2 H,.CHz;benzyl], 7.22 [s,1 H,
C-H imidazole], 7.32 [s, 1 H, C-H imidazole], 7.41-7.54 [m, S}H, Ar-H]; 7.89 [s, 1 H,
imidazole]; °C NMR (DCCI3) ppm 29.03 [C(1,5)], 32.26 [C(9)], 46.72 [C(2)], 52.15,
52.61, 54.38 [C(4,6,8)], 112.57, 113.21, 113.91, 114.04, 114.54, 117.06 [Ar-C], 118.07

[C-H imidazole], 119.06 [C-H imidazole], 135.44 [C-H imidazole], 168.80 [NC=0].
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High resolution mass spectral (HRMS) data caled for C,,H,N,O (M"): 386.4980.

Found: 386.4974,

3-Benzyl-7-(4-nitrobenzcyl)-3,7-diazabicyclo[3.3.1]nonane (39). A 250-mL, three- |
necked, round-bottomed flask was equipped with a magnetic stirrer, a condenser with N;
inlet, and two glass stoppers. A solution of amine 68 (4.19 g, 19.39 mmol) in HZCCI2 (25
mL) and NaOH (10%, 23.29> g, 58.19 mmol) Were placed in the flask and flushed with
N;. A solution of 4-nitrobenzoyl chloride (4.49 g, 24.24 mmol) in H2'CC12 (20 mL) was
added dropwise over a period of 10 min under N,. The mixture was allowed to stir
-overnight. Addition of water (30 mL) was followéd by extraction with H,CCL, 3 x 15
mL). Combined extracts were dried (MgSO,, 4 h), ﬁltéred, and concentrated in vacuo to
give a light yellow éil which solidified at RT after 48 .h to férm a light yellow-colored
solid. Recrystallization (ethyl acetate:hexane, 1:2) gave 39 (6.50 g, 91.8%) as a light
yellow solid, mp 103-104 °C. IR (KBr) 3390 (N-Hj, 3055, 3090 (Ar-H), 2850, 2810 (C-
H), 1630 (NC=0) cni'l; 'H NMR (DCCl3) & 1.32 [m, 2 H, H(9)], 1.78 [bs, 2 H, H(1,5)],
2.31 [d, 1 H, ring protons], 2.78‘ [d, 1 H, ring protons], 3.15 [bs, 1 H, ring protons], 3.40
[dd, 2 H, ring protons], 3.78 [d, 2 H, ring protons], 3.96 [d, 1 H, ring protons], 6.87 [Ar-
H], 7.45 [Ar-H]; 1‘3C NMR (DCCls) ppm 27.64 [C(1,5)], 31.08 [C(9)], 48.86 [C(6,8)],
55.43 [C(2,4)], 111.09, 113.13, 114.09, 114.21, 118.55‘, 132.56, 145.70, 161.04 [Ar-C],
170.06 [NC=0]. Mass spectral (LSIMS) data caled for C,;H,;N;0, (M"): 365. Found:

366 (M" + 1). This compound was used directly to prepare 40.

3-Benzyl-7-(4-aminobenzoyl)-3,7-diazabicyclo[3.3.1]nonane (40). A solution of

amide 39 (6.50 g, 18.87 mmol) in 70 mL of CH3CO,H:H,O (1:1). The solution was
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stirred vigorously at RT until the solution became homogeneous. To this solution was
added TiCl; (12%, 170.02 g, 132.26 mmols) in one portion, and the resulting solution
was stirred at RT for 0.5 h. Upon cooling at 0-5 °C (ice-bath), a 20% NaOH solution was
added slowly until a dark blue color persisted (pH = 12). Extraction (HCCl;, 4 x 80 mL)
was followed by washing of the organic layer with H,O (70 mL) and brine (70 mL). The
organic layer was dried (MgSOQy, 2 h), filtered, and concentrated in vacuo to give a white
solid. Recrystallization (ethyl acetate) gave 40 (3.08 g, 48.7%) avs a white solid, mp 205-
206 °C. IR (KBr) 3390 (N-H), 3055, 3090 (Ar-H)', 2850, 2810 (C-H), 1630 (NC=0) cm*

. 'TH NMR (DCCLs) 8 1.72 [m, 2 H, H(9)],°1.95 [bs, 2 H, H(1,5)], 2.20 [bs, 1 H, ring
protons], 2.85 [bs, 1 H, ring protons], 3.07 [bs, 1 H, ’ring protons], 3.36 [m, 2 H, ring
protons], 3.86 [m, 4 H, ring pfotons'and N-H], 4.71 [d, 1 H, ring protons], 6.57 [Ar-H],
7.30 [Ar-H]; *C NMR (DCCls) ppm 28.97 [C(1,5)], 32.16 [C(9)], 46.59 [C(6,8)], 54.65
[C(2.4)], 112.56, 113.13, 114.09, 115.78, 128.45, 133.64, 134.90, 160.04 [Ar-C], 168.06

[NC=0]. Mass spectral data (LSIMS) caled for C,H,.N,O (M"): 335. Found: 336
212553

(M + 1). This cdmpound was used directly to prepare 41.

3-Benzyl-7-[4-(dimethylsulfonyl)amino]benzoyl-3,7-diazabicyclo[3.3.1]nonane
(41). A 25-mL, three-necked, 'round—boftomed flask- was equipped with a magnetic
stirrer, a condenser with a N inlet, an addition funne'_l, and one glassb stopﬁer. A solution
of the amide 40 (0.150 g,.0.44 mmol) in H,CCl, (3 mL) was placed in the flask, followed
by triethylamine (0.090 g, 0.89 mmol), and thé 'syétem was flushed with N,. To this
solution was added a solution of methanesulfonyl chloride (0.107 g, 0.94 mmol) in
H,CCl, (3 mL) dropwise via an addition funnel at RT over a period of 5 min. The

reaction mixture was stirred for an additional 12 h. Addition of H,O (3 mL) was
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followed by extraction with HyCCl, (3 x 3 mL). Combined extracts were dried (MgSOy,
1 h), filtered, and concentrated in vacuo to give 0.120 g (56%) of 41 as a gummy solid.
‘The proton and carbon spectra appeared complex, and the signals could not be interpreted
well. - The IR spectrum did not éhow any bands in the region for a primary amine and
thus suggested the formation of the desired product.v Conseqvuently,‘ 41 was directiy used

without further purification to prepare 70. -

3-Benzyl-7-(4-nitrobenzenesulfonyl)-3,7-diazabicyclo[3.3.1]nonahe (42). In a
standard setup were placed amine 68 (1.137 g, 5.'2‘6 mmol) and NaOH (10%, 6.32 g,
15.79 mmol) in H,CCl, (15 mL). A solution of 4-nitrobenzenesulfonyl chloride (1.34 g,

6.05 mmol) in H,CCl, (15 mL) Wé.S added dropwise over é period of 10 min under N?.
- The mixture was then allowed to stir overnight. Addition of water (30 mL) was followed
by extraction with H,CCl, (3 x. 15 mL). Combined extrécts were dried (MgSOq, 2 h),
filtered, and concentrated to giveva yellow solid. Recrystallization (ethyl acetate:hexane,
1:1) gave 42 (1.35 g,‘ 87%) as a yellow solid, mp 151.5-152.5> °C. IR (KBr) 3090, 3005
(Ar-H), 2920, 2880, 2770 (C-H) cm™; '"H NMR (DCCl3) & 1.25 [bs, 2 H, H(1,5)], 1.57
-~ [m, 2 H, H(9)]; 1.96 {d, 2 H, ring protons], 2.29 [d, 2 H, ring protons}, 2.92 [m, 2 H, ring
protons}, 3.42 [s, 2 H, CH,-benzyl], 3.71 [d,‘ 2 H, ring prbtons], 723 [m, 5 H, Ar-H], 7.95
[d, 2 H, Ar-H}, 8.35 [d, 2 H., ring.prbtons]; BC NMR (DCC13) ppm 28.46 [C(9)], 29.86
[C(1,5)], 49.45, 57.77, 63.05, 6496 [C(_2J‘,4,6,8)], 124.113,-126.86, 128.14, 128.39,
128.75, 138.60, 142.94, 149.78 [Ar-C]. Mass spectrai (LSIMS) data calcd for

C,oHy;N,0,S (M*): 401. Found: 402 (M* +1).
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3-Benzyl-7-(4-amin0benzenesulfonyl)43,7-diazabicyclo[3.3.1]n0nane (43). To a 50-
_me, Erlenmeyer flask, equipped with a magnetic stirrer, was added a solution of
sulfonamide 42 (0.395 g, 9.85 mmol) in 8 mL .Of CH,;CO,H:H,0O (1:1). The solution was
stirred vigorously at RT until the solutionb becafﬁe homogeneous (~30 min). To this
solution was added TiClj'(12%, 9.65 g, 8.01 mmols) in one portion, and the resulting
" solution was stirred ét RT for 0.5 h. Upbn cooling va>t 0-5 °C (ice-bath), a 20% NaOH
soiution was added slowly until a dark blue’.cc‘:)‘lor persisted (pH = 12). Extractioh
(HCCl3,4 x 10 'm_L) waé follo_Wéd by washing of bthe organic layer with H,O (10 mL) and
brine (10 mL). The organic léyef wés dried (MgS(j4,2 h), filtered, and concentrated in
vacuo to give a white solid. Recrystallizatién (ethylllzaCetatc:hexane,' 2:1) gave 43 (0.195
g, 53%) as a white solid, mp 170-171 °C. ‘IR (KBr) 3474, 3380 (N-H), 3070 (Ar-H),
2911, 2767 (C-H), 1040 (S=0) cm™; "H NMR (DMSO-dg) & 1.37 [d, 2 H, H(9)], 1.91 [bs,
2 H, H(1,5)], 2.18 [d, 2 H,VH(2,4)‘ax], 2.71 [fri, 4 H, 'H(2,4)eq and H(6,85ax], 3.35 [m, 4 H,
H(6,8)q and CH,-benzyl], 6.68 [d, 2 H, Ar-H]; 7.28 [m, 7 H, Ar-H]; C NMR (DMSO-
dg) 28.01 [C(1,5)], 29.95 [C(9)], 49.50 [C(6,8)], 58.01 [C(2,4)], 62.25 [CHy-benzyl], -
112.22, 121.09, 126.13, 127.32, 128.91, 130.12, 139.32, 154.15 [Ar-’C]. Maés spectral
(LSIM‘S) data caled for C20H25N3OZS (M"): 371. Fouﬁd: 372 (M™ + 1). Anaﬂ. Caled

for Cy0HpsN30,S: C, 64.69; H, 6.73; N, 11.32. Found: C, 64.46; H, 6.75; N, 11.40.

Attempted Preparation of 7-[4v-(Amin"0)vbe'nzyl]-3-0Xa¥7-azabicyclo[3.3.1]n0nane
(49). A 25-mL, three-necked, round-bottomed flask was equipped with a magnetic
stirrer, heating mantle, a condenser with a N inlet, a rubber septum stopper, and one

glass stopper. A heterogenous mixture of the amide 34 (0.050 g, 0.203 mmol) in
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anhydrous THF (5 mL) was introduced in the flask and stirred at RT. To this solution
was added borane dimethyl sulfide (10 M, 0.308 g, 4.06 mmol) dropwise via a syringe.
The reaction mixture was boiled for 4 h. The flask was allowed to cool to RT, and 6 N
HCI (0.203 mmol) was added dropwise to decompose the borane-amine complex.
Caution: 6 N HCI should be added very slowly and cautiously as the reaction is highly
exothermic and liberates H, gas. The reaction mixture was stirred at RT for 10 min and
50% (excess, pH - 12) was added dropWise to neutralize the acid. The THF layer was
separated, dried (Na,SOy4, 2 h), and c‘oncentrated in vacuo to give 0.020 g of the product
as a light yellow-colored oil. GCMS, IR, and NMR analyses indicated the presence of
starting material only. This procedure was alsokperformed using 1,4-dioxane as the
solvent, but only starting matérial was recovered.v An alternative methodology using

LAH was attempted for this conversion only to recover the starting material.

7-[4-(Amino)benzyl]-3-isopropyl-3,7-diazabicyclo[3.3.1]nonane (52). To a 25-mL,
Erlenmeyer ﬂask, equipped with a magnetic stirrer, was added a solution of amine 85
(0.270 g, 0.891 mmol) in 5 mL of CH3C02H:H20 (1:1). To this solution was added was
added TiCly (12%, 4.84 g, 3.14 mmol) in one portion; and the resulting solution was
stirred at RT for 1.5 h. Upon cooling at 0;5 °C (ice-bath), a 20% NaOH solution was
added slowly until a dark blue color bpersisted (pH = 12). Extraction (HCC13, 4 x 10 mL)
was followed by washing of the organic layer with H,O (15 mL) and brine (15 mL). The
organic layer was dried (MgSO,, 1 h), filtered, and concentrated in vacuo to give 0.243 g
(50%) of 52 as a light yellow oil. 1R (film) 3366 (N-H), 3033 (Ar-H), 2969, 2926 (C-H)
em™; 'H NMR (D;COD) 8 1.10-1.18 [m, 6 H, CH3], 1.56 [d, 1 H, H(9)J], 1.63 [d, 1 H,

H(9)eg], 1.98 [bs, 2 H, H(1,5)], 2.41 [dd, 2 H, H2,4)s], 2.72-2.89 [m, 9 H, H(2,4)eq,
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H(6,8)ax.cq, CH-isopropyl, NHy], 3.37 [CHy-benzyl], 6.59-6.70 [m, 4 H, Ar-H]; B¢ NMR
(D;COD) ppm 1547 [C(1,5)], 18.18 [C(9)], 30.05, 30.32, 53.94, 56.33, 58.84, 63.85,
66.84 [CHj;, CH-isopropyI, C(2,4,6,8), CHy-benzyl], 115.38, 117.33, 120.13, 129.90,
139.98, 148.68 [Ar-C]. Mass spectrél data (LSIMS) caled for C7H N3 (MY): 273,

Found: 274 (M™ + 1). This was used directlry to prepare 3.

7-[4-(N-Benzylamino)benzyl]-3-isopropyl-3,7-diazabicyclo{3.3.1]nonane (53). A
25-mL, three-necked, round-bottomed flask was equipped with a magnetic stirrer, a
 condenser with a Ny inlet, and two glass stoppérs. ‘A solution of amine 52 (0.060 g, 0.216
mmol) in 1,2-dichloroethane“ (4 mL) Wabs'ad_ded to the flask.” To this was added
benzaldehyde (0.022 g, 0.216 mmol) and stium triacetoxyborohydride (0.065 g, 0.307
mmol) in one portion. The reaction mixture> was stirred for 4 h and was then quenched by
addihg aqueous saturatéd sodium bicarbonate. The product was extracted (H,CCly, 3x 5
mL), dried (MgSOy, 1 h), and concentrated in v&cuo to give 0.064 g (83%) of 53 as a
light yellow oil. IR (film) 3397 (N-H), 3038 (Ar-H), 2970, 2924, 2793 (C-H) em™; 'H
NMR (DCCl3) 6 1.03 [d, 6 H, CH3], 1.49 [d, 2 H, H(9)ax,eq], 1.90 [bs, 2 H, H(I,S)], 2.34-
2.74 [m, H(2,40ax¢q, H(6,8)a, CH-isopropyl], 3.36 [CH,-benzyl], 3.71 [CH,-benzyl],
6.48-6.51 [m, 2 H, Ar-H]; 7.06-7.47 [m, 7 H, Ar-H],.8.47‘ [s, 1 H, N-H]; *C NMR
(DCCl3) ppm 18.19 [C(9)], 29.08 [CH3], 29.28 [C(1,5)], 48.42,52.55,54.17, 57.73, 62.94
[C(2,4,6,8), CH-isopropyl, CHy-benzyl], 111.06, 118.20, 127.54, 128.53, 128.66, 128.69,
128.80, 148.11 [Ar-C]. High resolution maés spectral (HRMS) data caled for CpsH33Nj3

(M"): 363.5472. Found: 363.5465.

7-[4-(IV-Ethylamino)benzyl}-3-isopropyl-3,7-diazabicyclo[3.3.1lnonane (54). A 25-

mlL, three-necked, round-bottomed flask was equipped with a magnetic stirrer, heating
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mantle, a condenser with a N, inlet, a rubber septum stopper, and one glass stopper. A
‘heterogeneou‘s solﬁtion of the amide 86 (0.855 g, 2.59 mmol) in anhydrous toluene (8
mL) was added to the flask, and the solution‘ was chilled to 0-5 °C (ice-bath). To this was
added borane dimethyl sulfide (10 M, YO.98 g, 13.00 mmol) dropwise via a syringe. The
reaction mixture was stirred at 0-5 °C for 15 min and then boiled for 8 h. The flask was
allowed to cool to RT and Na;COs3 (10%, 5 mL) w'as added, and the solution was stirred
at RT for 30 min.- The toluene layef was sépafated, dried (MgSOsq, 2 h), and concentrated
in vacuo to give 0.070 g (9%)‘0f 54 as a light yellow oil. IR (film) 3388 (N-H), 3035
(Ar-H), 2922, 2871 (C-H) cfn'l; 'H NMR (DCCI3) 6 1.21-1.29 [m, 6 H, CH;], 1.71-1.85
[m, 2 H, H(9)ax.q], 2.11 [Bs,, 2 H, H(1,5)], 2.56 [dd, 2 H, ring protons], 2.82-2.96 [m, 7 H,
ring protons, and CH-isopropyl], 3.11 [m, 4 H, CHj-benzyl, and NHCHzCH3], 3.40 [bs, 1
H, N-H], 6.51-6.54 [m, 2 H, Ar-H], 6.96 [d, 2 H, Ar-H]. 13C NMR (DCCls) ppm 14.83
[CH3], 15.99 [CHj], 20.27 [C(9)], 28.15.[C(1,5)], 32.18 [CH-isopropyl], 56.42 |
[C(2,4,6,8)],. 60.30 [CHj-benzyl], 61.28 [NHCHzCH3]. This compound was extremely
sensitive to moisture and éir oxidation. The compound changed color from light yellow
oil to green oil within 12 h of storage under N, at -10 °C. The 'H, 13C NMR, and mass
spectral data indicated that the product had décoinposedto_ complex and‘unidentifyable
products.
7-[4-(N-Ethylamin0)phenylacetyl]-3-is0pr0pyl-3,7—diazabicyclo[3.3.1]nonane (55).
A 25-mL, three-necked, rouhd-bottomed flask was equipbed with ‘a magnetic stirrer,
heating mantle, a condenser with a N; inlet, a rubber septum stopper, and one glass
stopper. A heterégeneous solution of the amide 87 (0.545 g, 1.58 mmol) in anhydrous

toluene (5 mL) was added to the flask, and the solution was chilled to 0-5 °C (ice-bath).
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To this was added borane dimethyl sulfide (10 A4, 0.72 g, 9.53 mmol) dropwise via a
syringe. The reaction mixture was stirred at 0-5 °C for 15 min and then boiled for 12 h.
| Thé flask was allowed to cool to_RT and Na,CO; (10%, 4 mL) >was added, and the
‘ solution was stirred at RT for 30 rﬁin. The toluene layér wés separated, dried (MgSQOy, 1
h), and concentrated in vacuo to give 0.040 g (8%) of 55 as a light yellow oil. IR (film)
33‘95 (N-H), 2966, 2875 (C-H) cm™; 'H NMR (DCCl3) 6 1.02-1.25 [m, 9 H, CH3], 1.67-
1.89 [m, 2 H, H(9)..], 2.07 [bs, 2 H, H(»1,5_,)],v2.46v td, 2 H, ring protons], 2.67-3.24 [m, 14
H, ring protons, NHCHZCHg, NCHZCHZ-Af, N-H, ahd CH-isopropyl],_ 6.51 [d, 2 H, Ar-
H]J, 6.91-6.98 [m, 2 H, Ar-H]. B3C NMR (DCCl3) pprh 14.73 [CHg],b 16.05, 16.23 [CHa3],
27.17, 27.60 [C(1,5)], 28.22 [C(9)], 32.26 [CH-isopropyl], 56.52, 60.00, 60.39, 61.37,

62.88, 64.36 [C(2,4,6,8), CHy-CH,, NHCH,CHs], 113.20, 128.47, 129.56, 129.76 [Ar-C].

7-Benzyl-3-0xa-7-azabicyc10[3.3.1]n0nan,_—§-01ie (87) A 100-mL, three-necked,
round-bottomed flask was equipped with a magnetic stirrer,'heating mantle, an addition
funnel, and two glass stoppers. A mixture of benzylamine (3.21 g, 29.96 mmol), HCI
(37%, 148 g, 1498 mmol), glacial acetic acid 2.7 g, 4494 mmol), and
paraformaldehyde (7.2 g, 23‘9.68 mmol) in deoxygenated methanol (25 mL) was stirred at

reflux for 15 min under N,. A solution of tetrahydro-4H—pyranone (56, 3.0 g, 29.96

mmol) in glacial acetic acid (2;7 gv, 44,94 mmol) in 25 mL methanol was added dropwise
over a period of 0.5 h, which was folléwed by a period of béiling for an additioﬁal 12 h.
After cooling to RT, the solution was concentrated in vacuo to give an orange color oil
which was redissolved in H,O (75 mL), and the exfracts (ether, 2 x 50 mL) thereof were
discarded. The aqueous layer was chilled (5 °C) in an ice bath and made basic (pH = 12)

with NaOH pellets. Extraction (ether, 3 x 50 mL) gave a solution which was dried
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(Na,SO,, 4 1), filtered, and concentratedbto give a viscous, reddish color oil. .Vaccum
distillation of this oil (130-140 OC/O.OI mm Hg) gave 3.55 g (51.4%) of 57 as a clear oil
which solidified after 72 h at -1¢ °C, mp 37-38 °C IR (KBr) 3065 (Ar-H), 2870, 2795 (C-
H), 1735 (C=0) cm'I; 'H NMR (DCCl;) & 2.53 [bs, 2 H, H(1,5)], 2.93 [dd, 2 H, H(6,8).],
3.12 [dd, 2 H, H(6,8).], 3.56 [s, 2 H, CH,-benzyl}, 3.89 [dd, .2 H, H(2,4).], 4.09 [d, 2 H, |
H(2.4).], 7.33 [Ar-H]; "C NMR (DCCl;) ppm.49.4'2 [C(1,5)], 57.57 [C(6.8)], 61.15
[CH,-benzyl], 73.48 [C(2,4)], ‘127;00, 128.14, 1‘28.47, 137.84 »[Ar-C], 211.86 [C=O].
'GC-MS data calcd for C14H17N02 (M"): 231. Found: 231. Thié compound was used

directly to prepare 58

7-Benzyl-3-oxa-7-azabicyclo[3.3.1]Jnonane (58). = A 50-mL, five-necked, jacketed
flask was equipped with a magnetic stirrer, heating mantle, a lower take off condenser, a
condenser with a Ny inlet. To a solution of ketone 57 (3.55 g, 15.36 mmol) in friethylene
glycol (20 mL) was added KOH pellets (85%, 10.09 g, 153.6 mmol), and hydrazine
(95%, 2.58 g, 76.8 mmol). The stirréd mixture was boiled at 140-145 °C for 4 h under N,
using xylenes in the outer jacket. Cooling the solution to RT (1 h) was followed by the
addition of chilled wafef (20 mL). Extractién (efher, 3 x 30 mL) was followed by
wéshiﬁg the combined extracts with 10% NaOH (25 mL) and saturated NaCl (25'mL)
and then drying (Na,SO,, 1 h). Filtraﬁon é.nd concentration rof th¢ solution géve a light
yellow oil 57 (3.16 g, 95%). IR (film) 3060, 3030 (Ar-H), 2918., 2819 (C-H) ecm™; 'H
NMR (DCCl3) & 1.54 [m, 1 H, H(9,)], 1.70 [bs, 2 H, H(1,5)], 1.77 [m, 1 H, H(%)], 2.31
[dd, 2 H, H(6,8).], 2.94 [d, 2 H, H(6,8)], 3.50 [s, 2 H, CH,-benzyl], 3.77 [m, 2 H,

H(2,4).], 3.90 [d, 2 H, H(2,4)], 7.36 [m, 5 H, Ar-H]; C NMR (DCCl,) ppm 30.30
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[C(9)], 30.35 [C(1,5)], 57.73 [C(6,8)], 61.78 [C(2,4)], 63.31 [CHy-benzyl], 126.57,
127.97, 128.78, 138.59 [Ar-C]. GC-MS data caicd for C,H,;(NO (M"): 217. Found:

217. This compound was used directly to prepare 28.

7‘-Benzyl-3-0xa-9,9-(l,3-dithi01an-2-yl)-7—azabicyclo[3.3.l]n0nane (59). A 50-ml.,
three-necked, round-bdttomed flask was equipped with -a magnétic stirrer, a condenser
with a N, inlet, one rubber septum stopper, and one glass stopper. A solution of ketone
57 (1.40 g, 6.06 mmol) in methylene chloride (15 mL) was placed in the flask, and the
system was flushed with Na. vThen,‘ 1,2-etha’nediihiol (0.71 g, 7.57 mmol) was added,
followed by 2.22 ml. of boron trifluoride etherate in one portion. The solution was |
stirred overnight at room temperature, and then 20 mL of 5% sodium hydroxide was
added. The organic layer was separated, washed with water and with brine, and then
dried (MgSOy4, 1 h). Concentration in vacuo gave a white solid. The solid was
recrystallized (hexane:ethyl acetate, 3:1) to give 1.52 g (82%) of 59 as a white solid, mp
79.5-80.5 °C. IR (KBr) 3039 (Ar-H), 2872, 2793 (C-H) em™; '"H NMR (DCCl3) & 1.89
[bs, 2 H, H(1,5)], 2.87 [d, 2 H, H(6,8)a], 2.95 [d, 2 H, H(6.8)eq], 3.22 [m, 4 H, S-CHz],
3.53[s,2 H, CHz-beﬁzyl], 3.98 [d, 2 H, H(2,4).], 4.15 [d, 2 H, ring protons], 7.30 [Ar-
H]; C NMR (DCCls) ppm 38.12, 38.40 [S-CH,], 44.03 [C(9)], 56.63 [C(1,5)], 62.09
[C(6,8)], 70.52 [CH,-benzyl], 71.79 [C(2,4)], 126.76, 1-28.1‘4,‘128.65, 138.58 [Ar-C].
Anal. Calcd for C¢H1NOS,: C, 62.54; H, 6.84; N, 4.56. Found: C, 62.35; H, 6.91; N,

4.49.

3-Oxa-7-azabicyclo[3.3.1]nonane (60). A 100-mL, three-necked, round-bottomed

flask was equipped with a magnetic stirrer, a heating mantle, a condenser with a N inlet,
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and two glass stoppers. The system was initially flushed with a N, for a period of 15
min. Palladium-on-carbon (10%, 0.436 g, 30 mg of catalyst/mmol of the amine) was
added in one portion, and the system was again' flushed with N,. Dry and deoxygénated
methanol (30 mL) was slowly pouréd over the catalyst. To the stirred sqlution were
added amine 58 (3.16 g, 14.58 mmol) and anhydrous ammonium formate (3.67 g, 58.24
mmol) in one portion, and the resulting mixture was boiled under N, for 1 h. Cooling the
mixture to RT and filtering fhrough a celite pad ‘was followed by concentration of the
resulting solution to give a light ,yellov.v bil. The oil was then dissolv.ed in water (30 mL)
and made basic (pH = 12) using a 10% NéOH solbuti.o“n. Combined extracts (HCCl;, 4 x
30 mL) of the aqueous solution were dried (NaQVSO4," 1 h), filtered, and qoncentrated to
give a féint yellow oil 60 (1.38 g, 75%). IR (film) 3431 (N-H), 2933, 2868 (C-H) cm™;
'H NMR (DCCl,) 6 1.48 [bs, 2 H, H(1,5)], 1.94 [m, 2 H, H(9)], 2.88 [bs, 1 H, N-H], 3.05
[dd, 2 H, H(6,8).]), 3.16 [d, 2 H, H(6,8).], 3.87 [dd, 2 H, H(2,4),], 4.03 [d, 2 H, H(2v,4)e];
BC NMR (DCCls) ppm 29.74 [C(9)], 31.65 [C(1,5)], 51.33 [C(6,8)], 72.88 [C(2,4)].
| Mass spectrall (LSIMS) daté caled for C;H;;NO MH: 127. 'Found: ‘128 (M"+1). The

oil was used directly to prepare 61.

7-(4-Fluorobenzoyl)-3-oxa-7-azabicyclo[3.3.1]nonane (61). A 50-mL, three-necked,
round-botiomed flask was equipped with a magnetic stirrer, a condenser with a N inlet,

and two glass stoppers. A solution of amine 60 (0.300 g, 2.36 mmol) in H,CCl, (7 mL)

and NaOH (10%, 2.36 g, 5.90 mmol) were placed in the flask. A solution of 4-

fluorobenzoyl chloride (0.56 g, 3.54 mmol) in H,CCl, (8 mL) was added dropwise over

a period of 5 min under N,. The mixture was allowed to stir an additional 6 h. Addition
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of water (15 mL).was followed by extraction with H,CCl, (3 x 10 ml.). Combined
extracts were dried (Na,SO,, 2 h), filtered, and concentrated in vacuo to give a white
solid. Recryétallization (ethyl acetate:hexane, 2:1) gavé 61 (0.456 g, 77.5%) as a white
solid, mp115-115.5 °C. IR (KBr) 3069 (A'r-H)‘, 2954, 2916, 2832 (C-H) 1618 (NC=0)
cm’; '"H NMR (DCCL,) 6 1.52 [bs, 2 H, H(1,5)], 1.90 [m, 4 H, H(9) and ring protons],
3.03 [d, 1 H, ring protons], 3.26 [d, 1 H, ring protons], 3.75 [m, 2 H, ring protons], 4.07
[d, 1 H, ring protons], 4.86 {d, 1 H, ring protOné], 7.25 [m, 2 H, Ar-H], 8.14 [d, 2 H, Ar-
H]; ”C NMR NMR (DCCl;) ppm 29.78, 29.92 [C(1,5)], 31.77 '[C(9)], 46.89, 52.38
[C(6.8)], 71.95, 72.21 [C(2,4)], 115.61, ]15.‘83, 116.40, 116.62, 129.08, 133.49 [Ar-C],
4170.28 [NC=0]. Mass spectral. (LSIMS) data caled for C,H,(FNO, (M+): 249. Found:
250 M+ 1). Anal.‘Calcd.for‘ C14H1ﬁ6FN02:V C, 67.46; H, 6.42; N, 5.62. Found: | C,

67.31; H, 6.45; N, 5.67.

7-[4-(1H-Imidazol-1-yl)benzoyl]-3-oxa-7-azabicyclo[3.3.1]nonane (62). A 20-mL,
five-necked, jacketéd flask, was equipped with a magnetic stirrer, heating mantle, a lower
take off condenser with éNz inlét, a condenser, and three glass stoppers. To a solution of
the amide 61 (O.450Ig, 1.80 mmol) in .DMSO (8 mL) was added imidazole (0.184 g, 2.70

| mmol), K,CO; (anhydrous, 0;56 1 g, 4.06 mmol), and 18-C-6 (100 mg). The stirred
mixture was heated at 110 °Cfor48h undcf N, via ihe use of boiling toluene in the outer
jacket. Cooling the sblution to RT was follo:Wed' by the addition of chilled H,O (10 mL).
-Combined extracts (HzCCl;;;, 4 x_‘8 mL) of the suspension were washed with H,O (10 mL)
and brine (10 mL) and dried (MgSO,, 2 h). Filtration and concentration in vacuo gave

the product as a light yellow color oil. The oil Was chromatographed (Chromatotron)
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over silica gel using the solvent system hexane:ethyl acetate:methanol (3:3:1) to give 62
>(0.200 g, 38%5 as a clear, viscous oil. IR (film) 3108 {Ar-H), 2965, 2901, 2796 (C-H),
1628 (NC=0) ecm™; 'TH NMR (DCCl3)-8 1.60 [bs, 1 H, H(9)], 1.82 [bs, 1 H, H(9)], 1.90
[dd, 1 H, ring protons], 1.97 [dd, 1 H, ring protons], 2.25 [bs, 2 H, H(1,5)], 3.07 [d, 1 H,
ring protons], 3.42 [d, 1 H, ring protons], 3.88 [m, 2 H, ring protons], 4.13 [d, 1 H, ring

protons], 4.96 [d, 1 H, ring protons], 7.18 [s, 1 H, C-H imidazole], 7.25 [d, 2 H, Ar-H],
7.39 [d, 1 H, C-H imidazole], 7.41 [d, 2 H, Ar-H], 7.85 [d, 1 H.,'C.—H imidazole]; 3C
NMR (DCCl,) ppm 28.75 [C(9)], 30.03, 30.76 ’v[C‘(9)], 48.76, 52.85, 53.44, 55.08
[C(2,4,6,8)], 114.32 [Ar-C], 120.06 [C-Hv‘i.midazole], 121.76 [C-H imidazole], 130.97
[Ar-C], 139.56 [C-H imidazole], 166.23 [NC=0]. GC-MS (EI) data caled for

C,;H,oN;0, (M"): 297. Found: 297. This compound was used directly to prepare 32.

7-(4-Fluorobenzenesulfonyl)-3-oxa-7-azabicyclo [3.3.1]n0nah¢ (63). A three-neckéd,
50-mL, round-bottomed flask was equipped with a magnetic stirrer, an addition funnel, a
condenser with a N, inlet and two glass stoppers. A solution of the secondary. amine 60
(0.237 g, 1.866 mmol) in HyCCl, (7 mL) was added to the flask, followed by NaOH
(10%, 1.86 g, 4.66 mmol) in one portion, and the resulting mixture was sﬁrred at RT and
flushed with N,. To this- was added dropwise, a solution of 4-fluorobenzenesulfonyl
chloride (0.417 g, 2.14 m1hol) in H,CCl, (5 mL) via an addit_ion funnel over a period of 5
min. The reaction mixtﬁre was stirred for an additional 6 h at RT. Addition of H,0O (10
mL) was followed by extraction with HyCCl, (3 x 5 mL). The organic layer was washed
with brine (10 mL), dried (MgSOy, 1 h), and concentrated in vacuo to give 0.240 g (45%)
63 as a white solid, mp 137-139 °C. IR (KBr) 3108, 3063 (Ar-H), 2928, 2845 (C-H),

1167 (Ar-F), 1032, 1070 (S-0) cm™'; "H NMR (DCCl) & 1.50 [d, T H, H(9)a], 1.73 [bs, 2
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H, H(1,5)], 1.79 [d, 1 H, H(9)¢], 2.75 [d, 2 H, H(6,8)ax], 3.66 [d, 2 H, H(6,8)c,], 3.72 [d, 2
H, H(2,4)ax]), 3.83 {d, 2 H, H(2,4)¢q], 7.15 [d, 2 H, Ar-H}, 7.74 [q, 2 H, Ar-H]; BC NMR
(DCCl3) ppm 28.61 [C(9)], 29.20 [C(1,5)], 49.37 [C(6,8)], 70.87 [C(2,4)], 115.76,
130.01, 132.50, 163‘.50 [Ar-C]. Mass spectral data (L.SIMS) caled for C;3H;¢FNO;S

(M"): 285. Found: 286 (M + 1),

' 3,7-Dibenzyl-3,7-diazabicyclo[3.3.1]n0nan-9-;0n,e (65). A 500-mL, three-necked,
round-bottomed flask was equipped with a'magnetic stirrer, heating mantle, a condenser
with a N, inlet, an addition funn'él; and two glass stoppers. A mixture of benZylamine
(10.71 g, 100.0 mmol), HCI (37%, 4.93 g, 50.0 m‘mol), glacial acetic acid (6;0 g, 100
mmol), and"paraformaldehyde (6.31 g, 210.0 mmol) in deoxygenated methanol (100 mL)
was stirred at reflux for 15 min under N;. A solution of N-benzy1-4—piperidinone (64,
(18.93 g, 100.0 mmol) in methanol (100 mL) and glacial acetic e.lcid‘(6.01 g, 100.0 mmol)
was added dropwise over a period of 1.5 h, Which was followéd by 2 period of boiling for
an additional 24 h. After the initial heating (10 h), more paraformaldehyde (6.31 g, 210.0
mmol) was added in one portion to the reaction mixture after which boiling was
continued for an additional 14 h. After cooling to RT, concentration of the solution in
vacuo gave ‘an‘ Orangeb oil which was rediss,cﬂved in‘ H,O (150 mL), and the extracfs
(ether, 2 x 100 mL) thereof wére disbarded. The aqueous l‘ayer was chilled (5 °C) in an
ice bath and made bas.ic (pH = 11) ,with NaOH pell_e:ts.: (Extractioln (ether, 3 x 75 mL)
gave a solution which was dried (Na,SO,, 4 h), filtered, and concentrated in vacuo to give
a viscous reddish oil. This oil was. digested with hexanes:pentane (2:1, 2 x 200 mL, 20
min), and the supernatent extracts were concentrated in vacuo to give a light yellow oil.

Crystallization of the oil was induced by dissolving the oil in hot pentane (600 mL) and
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then chilling (-10 °C) the solution gave 14.66 g (45.8%) of a white, crystalline solid 65,
mp 83-84 °C (Lit" mp 70-71 °C). IR (KBr) 3035 (Ar-H), 2955, 2980 (C-H), 1720
(C=0) em"; "H NMR (DCCls) 3 2.54 [bs, 2 H, H(1,5)], 2.80 [dd, 4 H, H(2,4,6,8)u:], 3.01"
[dd, 4 H, H(2,4,6,8)eq], 3.54 [s, 4 H, CHy-benzyl], 7.30 [m, 10 H, Ar-H]; *C NMR
| (DCCLs) ppm 46.63 [C(1,5)], 58.00 [CHa-benzyl], 6111 [CR46.8)], 127.15, 12828,
128.79, 138.27 [Ar-CJ, 215.00 [C=0]. GC-MS (El) data caled for CyH,N,0 (M'):

320. Found: 320. This compound was used directly to prepare 66.

3,7-Dibenzyl-3,7-diazabicyclo[3.3.1]nonane t66). A 100-mL, jacketed flask was
‘equipped with a magnetic stirrer, a heatipg mantle, a condenser, a lower take-off
condenser with a N, inlet, and three glass stoppers. To a solution of ketone 65 (2.43 g,
7.59 mmol) in triethylene glycol (30 mL) was added KOH pellets (85%, 4.26 g, 75.99
mmol), and hydrazine (98%, 1.21 g, 37.96 mmol),r and then the apparatus was flushed
with N,. The mixture was heatéd at 140-150 °C for 4 h under N, via the use of boiling
tetralin (bp 207 °C) in the outer jacket. Cooling the .solution to RT was followed by the
addition of chilled water (30 mL). Combined extracts (ether, 3 x 40 mL) of the
suspension were washed with NaOH (10%, 40 mL), brine (50mL), dried (MgSO,, 2 h),
filtered, and concentrated in vacuo to give 2.17 g (93.78%) of 66 as a faint yellow-
colored oil. IR (film) 3075, 3032‘(Ar-H)’, 2918, 2797? 2762 (C-H) ecm™; '"H NMR
(DCCl5) 6.1.55 [bs, 2 H, H(9)], 1.89 [bs, 2 H, H(1,5)], 2.35 [dd,‘ 4 H, H(2,4,6,8)ax], 2.83
[d, 4 H, H(2:4,6,8)cq], 3.50 [s, 4 H, CHy-benzyl], 7.42 [m, 10 H, Ar-HJ; BC NMR
(DCCl3) ppm 29.59 [C(9)], 30.85 [C(1,5)], 57.75 [CH-benzyl], 63.17 ‘[C(2,4,6,8)],
126.73, 128.14, 129.06, 139.28 [Ar-C]. GC-MS (EI) data calcd for C,;H, N, (M"): 306.

Found: 306. This oil was used directly to prepare 30.
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3,7-Dibenzyl-9,9-(1,3-dithiolan-2-yl)-3,7-diazabicyclo[3.3.1]nonane (67). Method 4.
A 100-mL, single necked round-bottomed flask was equipped with a magnetic stirrer, a
Dean-Stark trap, a condenser with a N; inlet, and a heating mantle. A solution of ketone
65 (2.50 g, 7.81 mmol) in anhydrous benzene (50 mL) was placed in the flask. To this
was added 1,2-ethanedifhiol (7.35 g, 78.12 mmol) and PTSA (3.36 g, 19.5 mmol) in one
portion, and the resulting solution waé boiled for 48 h. The solvent (benzene) was then
removed through the Dean-Stark trap, and the resulting oil was dissolved in water (20
mL) and transferred to a separatory funnel. The aqueous layer was extracted (ether, 3 x
20 mL), the extracts being discarded. Basification (pH~12) was achieved using 10%
NaOH followed by extraction (ethef, 4 x 15 mL) and washing with NaOH (1 N, 20 mL)
and brine (25 mL). After drying (MgSO,, 1 h) the solution, evaporation in vacuo
afforded a light yellow oil, which was digested in hexanes (30 mL) for 15 min. The
supernatent extracts were collected and chilled at -10 °C overnight .to ‘give 1.45 g (47%)
of 67 as a white solid, mp 101-102 °C. Method B. A 50-mL, three-necked, round-
bottomed flask was equipped with a magnetic stirrer, a condenser with a N; inlet, a
rubber septum stopper, and one glass stopper. A solution of ketone 65 (1.50 g, 4.68
mmol) in dry CH,Cl, (15 mL) was placed in the flask. To this was added 1,2-
ethanedithiol (0.55 g, 5.85 mmol) in one portion, followed by boron trifluoride etherate
(1.98 g, 14.06 mmol) dropwise via a syringe at RT. The reaction mixture was stirred for
an additional 12 h, and NaOH (5%, 10 mL) was added. The ofganic layer was separated
and washed with HéO (10 mL), dried (MgSOs, 1 h), and concentrated in vacuo to give a
white solid. Recrystallization (hexanes) gave 1.45 g (79%) of 67 as a white solid, mp 98-

98.5 °C. IR (KBr) 3024 (Ar-H), 2951, 2915, 2709 (C-H), 1150, 1100, 1059 (C-S) cm™;
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'H NMR (DCCls) & 2.12 [bs, 2 H, H(1,5)], 2.82 [m, 8 H, H(2,4,6.8)ae], 3.15 [s, 4 H,
SCH,CH,S], 3.52 [s, 4 H, CHy-benzyl], 7.31 [m, 10 H, Ar-H]: *C NMR (DCCls) ppm
38.08 [C(1,5)], 43.61 [SCH,CHS), 56.69 [C(2,4,6,8)], 62.10 [CHy-benzyl], 71.96 [C(9)],

126.73, 128.11, 128.85, 139.17 [Ar-C]. This compound was used directly to prepare 31.

3-Benzyl-3,7-diazabicyclo[3.3.1]nonane (68). | A SO;mL, three-necked, round
bottomed-flask was équipped with a magnetic stirrer, a condenser with a Ny inlet, and two
glass stoppers. Palladium-on-carbon (10%, 0.120 g, 30 mg of catalyst/mmol of‘ the
amine) was added in one portion,v and the system -‘was flushed with N; for 15 min. Dry
and deoxygenated methanol (8 mL) was slowly poured over the catélyst. To the stirred
solution were added amine 66,.(1.20 g, 3.94 mmbl) and aﬁhydrous ammonium formate

(0.74 g, 11.84 mmol) in one portion, and the resulting mixture was boiled under N, for 1

h. Cooling the mixture to RT and filtering through a celite pad was followed by
concentration of the resulting solution to give a light yellow oil. The oil was then
dissolved in water (25 mlL) and made basic (pH = 11) using 10% NaOH solution.
Combined extracts (HCCl,, 4 x 10 mL) of the aqueous solution were dried (Na,SO,, 2 h),
filtered, and concentrated to giy‘e a light yellow color oil 68 (0.78 g, 92%). IR (film)
3323 (N-H), 3060 (Ar-H), 2875, 2_790 (C-H) .cm'l. GC-MS data caled for C, H, N,
(M"): 216. vFound: 216. t)ue 1o the hygroscopic nafure of this oil, it was used directly

used to prepare 69.

3-Benzyl-7-(4-fluorobenzoyl)-3,7-diazabicyclo[3.3.1]nonane (69) A 50-mL, three-
necked, round bottomed flask was equipped with a magnetic stirrer, a condenser with a

N, inlet, an addition funnel, and two glass stoppers. A solution of secondary amine 68
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(0.283 g, 1.310 mmol) in H,CCl; (5§ mL) and NaOH (10%, 1.31 g, 3.27 mmol) was
placed in the flask and stirred. A solution of 4-fluorobenzoyl chloride (0.228 g, 1.44
mmol) in HyCCl; (5 mL) was added dropwise over a period of 5 min under N,. The
mixture was allowed to stir overnight at RT. Addition of H,O (10 mL) was followed by
extraction with H,CCl, (3 x 10 mL). Combined extracts were dried (MgSO,, 2 h),
ﬁltere‘d, and concentrated to give a white solid. Recrystallization (hexane:ethyl acetate,
2.5:1) gave 0.31 g (81.67%) of 69 as a white solid, mp 203-204 °C. IR (KBr) 3070 (Ar-
H), 2933, 2868 (C-H), 1628 (NC=0) cm’’; 'H NMR (DMSO-ds) 6 1.60-1.80 [m, 2 H,
H(9)], 1.86 [d, 2 H, H(1,5)], 2.99 [d, 2 H, H(2,4)aj, 3.26 [dd, 2 H, H(6,8),], 3.84 [d, 2 H,
H(2,4)], 4.67 [d, 2 H, H(6,8)c], 7.00-7.41 [m, 9 H, Ar-H]; °C NMR (DMSO-dy) ppm
27.93 [C(9)], 31.43 [C(1,5)], 46.06, 52.61, 76.68 [ring carbons], 115.48, 115.69, 128.27,

129.08, 129.33, 129.42, 132.14, 132.18 [Ar-C], 164.38 [NC=0]. Mass spectral data

(LSIMS) calcd for C;H3FN,0 (MY): 338. Found: 339 (M + 1).

3-Benzyl-7-[4-(dimethylsulfonyl)amino]benzoyl-3,7-diazabicyc10[3.3.1]n0nane

Hydroperchlorate (70). A 25-ml, Erlenmeyér flask was equipped with a magnetic
stirrer and an ice-bath. To a chilled (5 °C, ice-bath): solution of amide 41 (0.120 g, 0.244
mmol) in anhydrous ether (5 mL) was added perchloric acid (60%, 0.061 g, 0.366 mmol)
dropwise over a period of 2 min. The mixture was allowed to stir for an additional 10
min at 0-5 °C. A white precipitate formed and was filtered and washed with cold iether.
Recrystallization (CH;0H) gave 0.085 g (59%) of 70 as a white solid, mp 236-237 °C.
IR (KBr) 3096 (Ar-H), 2937, 2879 (C-H), 1619 (NC=0) 1095 (CI-0) cm™; 'H NMR
(DMSO-dg) & 1.13 [bs, 2 H, H(1,5)], 1.74 [dd, 2 H, H(9)axeq)s 3.17-3.71 [m, 12 H,

H(6,8)axcqs CHs, CHy-benzyl], 4.10-4.36 [m, 4 H, H(2,4)axeq], 7.26-7.65 [m, 9 H, Ar-H],
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8.23 [bs, 1 H, N-H]; *C NMR (DMSO-dy) ppm 26.45 [C(9)], 27.77 [C(1,5)], 43.04
[C(2,4,6,8)], 61.19 [CHy-benzyl], 127.84, 129.15, 129.64, 129.86, 130.95, 131.01,
134.53, 137.90 [Ar-C], 171.66 [NC=0]. High resolution mass spectral (HRMS) data

caled for Co3HzoCIN;Os (- C1O4) (M): 492.1627. Found: 492.1637.

3-Benzyl-7-(2",2;,2’¥trichlor0ethoxyc‘arbonyl)'-9,9—(1,3-dithiolan-2-yl)-3‘,7-diazabi-
cyclo[3.3.1}jnonane (71). A three-necked, 50-mL, round-bottomed flask was equibped
with a magnetic stirrer, a heating mantle, a r_ubbef septum stopper, a condenser with a N,
inlet and one glass stopper. A solution of the teﬁiary amine 67 (l.'l‘OO g, 2.770 mmol) in
anhydrous benzene (10 mL) Wés added to the ﬂask, and the system was flushed with N,.
To this solution was added dro’pwi.se, 2°,2’ 2’-trichloroethyl chlorofofmate (0.617 g, 3.19
mmol) via a syringe over a period of 5 min. The reaction mixture was stirred for an
additional 10 min at RT and then was boiled for 48 h. C{doling the solution to RT
resulted in the formation of a tan‘color solid, which was filtered under vaccum and
recrystallized (absolute ethanol) to give 1.05 g (79%) o’f 71 as a white Solid, mp 207-210
°C. 3070 (Ar-H), 2940, 2868 (C-H), 1715 (C=0) cm™; '"H NMR (DCCl3) & 2.88 [bs, 2 H,
H(1,5)], 3.28-3.82 [m, 10 H, H(2,4)axeq, CHz-benzyl, SCH,CH,S], 4.28, 4.44 [4 H,
H(6,8)axeql, 4.71 [s, 2 H, C(OjOCH2CC13], 7.29{7.64 [m,b5 H, Ar-H];v BC NMR (DCCly)
ppm 39.09, 39.36 [C(1,5)], 40.79 [SCH,CH,S], 47.07, 53.26, 53.96 [C(2,4,6,8)], 62.44
[CHa-benzyl], 67.95 [C(9)], 75.49 [HC(O)OCHz(.‘ZC.lg], 127.47, 12‘9‘.‘1'5? 130.25, 132.45 [Ar-
C], 154.70 [NC=0]. Mass spectral data (L.SIMS) calcd for C1oH23C13N20,S; (M™): 481.

Found: 481. This compound was used directly to prepare 72.
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7-Aza-3-benzyl-9,9-(dithiolan-2-yl)-3,7-diazabicyclo[3.3.1|nonane (72). A 15-mL,
jacketed flask was equipped with a magnetic stirrer, a heating mantle, a condenser, a
lower take-off condenser with a N, inlet, and three glass stoppers. To a solution of
carbamate 71 (0.145 g, 0.301 rﬁmol) in triethylene glycol (1.5 mL) was added KOH
pellets (85%, 0.25 g, 3.011 mmol), and hydrazine (98%, 0.049 g, 1.505 mmol), and then
the apparatus was flushed with N,. The mixture was heated at 140-150 °C for 4 h under

N, via the use of boiling xylenes in the outer jacket. Cooling the solution to RT was
followed by the addition of chillled‘weliter (2 mL). Coinbined extracts (HCCl;, 3 x 2 mL)
of the suspension were washed with NaOH.( 10%, 3 mL), brine (3 mL), dried (MgSO,, 2
h), filtered, and coﬁcent’rated in vacuo to give 0.095 g (99%) of 72 as a light yellow oil.
IR (film) 3435 (N-H), 3073, 3028 (Ar-H), :2930, 2877 (C-H) cm™; '"H NMR (DCCl3) &
1.58-1.88 [m, 3 H, H(1,5), ring proton], 2.10-2.30 [m, 2 H, ring protons], 2.70 [bs, 1 H,
N-H], 2.83-3.35 [m, 4 H, ring profons], 3.58-3.75 [m, 7 H, ring proton, CH,-benzyl,
SCH,CH>S], 7.25 [m, 5 H, Ar-H]; >C NMR (DCCl3) ppm 28.83, 28.92 [C(1,5)], 48.18
[SCH,CH,S], 53.35, 58.25, 58.98,_61.64 [C(2,4,6,8)], 63.64 [CHy-benzyl], 70.49 [C(9)],

126.93, 128.05, 128.79, 138.90 [Ar-C]. This oil was used directly to prepare 73.

4-N-Acetylbeniamide (75a). A 250-mL, three-necked, round-bottomed flask was
equipped with a magnetic stirrer, a condenser with a N; inlet, an addition funnel, and two
glass stoppers. A heterogenous mixturé of thé Benzamide 74 (5.0 g, 36.;2 mmol) in 30
mL anhydrous benzene was placed in the flask, followed by pyridine (3.60 g, 45.90
mmol) in one portion. To this was added a solution of acetyl chloride (3.60 g, 45.90
mmol) in anhydrous benzene (10 mL)‘ dropwise over a period of 10 min, and the reaction

mixture was stirred at RT for 12 h. The product was filtered, washed with benzene and
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recrystallized (H,O:C,HsOH, 1:1) to give 5.10 g (78%) of 75a as a light yellow solid,
mp 264.5-266 °C. IR (KBr) 3372, 3314, 3175 (N-H), 1667, 1623 (NC=0) cm™’; 'H
NMR (DMSO-ds) d 2.05 [s, 3 H, CH3], 3.42 [bs, 2 H, ;HNC(0)] 7.22 [bs, 1 H, 2° N-H],
7.79 [d, 2 H, Ar-H], 7.82 [d, 2 H, Ar-H], 10.15 [bs, 1 H, 2° N-H]; '3C NMR (DMSO-ds)
ppm 24.12 [CH3}, 117.97, 128.34, 128.52, 141.91 [Ar-C], 167.40, 168.68 [NC=O]. This

compound was used directly to prepare 76a.

4-N-Ethylbenzylamine (76a). A 100-mlL, three-necked, round-bottomed flask was
equipped with a magnetic stirrer, heating mantle, a condenser with a N3 inlet, a rubber
septum stopper, and one glass stopper. A heterogeneoué mixture of the amide 75a (2.50
g, 14'-04 mmol) in anhydrous toluene (20 mL) was added to the flask, and the solution
was chilled to 0-5 OC (ice-bath). To this was added borane dimethyl sulfide (10 M, 6.40
g, 84.20 mmol) dropwise via a syringe. The reaction mixture was stirred at 0-5 °C for 15
min and then boiled for 8 h. the flask was aﬂlowed to cool to RT, and Na,CO3 (10%, 15
mL) was added dropwise. The solution was stirred at RT for an additional 30 min. The
toluene layer was separated, dried (MgSOQy, 1 h), and concentrated in vacub to give 1.96 g
(93%) of 76a as a light yellow-colored oil. IR (film) 3330 (N-H), 3030 (Ar-H), 2890,
2925 (.C-H) em™; "H NMR (DCCl;) & 1.17 [t, 3 H, CHj], 1.60 [bs, 2 H, NH], 3.08 [d, 2
H, CH3], 3.64 [q, 2 H, CHy], 4.01 [m, 2 H, Ar-H], 7.01 [m, 2 H, Ar-H]; *C NMR
(DCCl3) ppm  14.41 [CHs], 38.02 [CH,], 52.49 [CH,], 112.63, 112.69, 128.06, 129.46

[Ar-C]. This was used directly to prepare 77.

4-N-Benzoylbenzamide (75b). A 100-mL, three-necked, round-bottomed flask was
equipped with a magnetic stirrer, a condenser with a N inlet, an addition funnel, and two

glass stoppers. A heterogenous mixture of the benzamide 74 (2.50 g, 18.36 mmol) in 20
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mL anhydrous benzene was placed in the flask, followed by pyridine (1.81 g, 22.95
mmol) in one portion. To this was added a soluticn of benzoyl chloride (3.22 g, 22.95
mmol) in anhydrous benzene (10 mL) dropwise over a period of 10 min, and the reaction
mixture was stirred at RT for 12 h. The productv wés filtered, washed with benzene and
recrystallized (H,0:C,Hs0H, 1:1) to give 3.40 g (77%) of 75b as a white solid, mp >
295 °C. IR (KBr) 3365, 33207 3189 (N-H), 1660, 1635 (NC=0) cm™’; 'H NMR (DMSO-
dg) 0 3.36 [s, 2 H, HoNC(0)], 7_.28 [s, 1 H, 2° N-H] 7.53 [m, 2 H, Ar-H], 7.86 [m, 2 H,
Ar-H], 10.44 [bs, 1 H, 2° N-H];”C NMR (DMSO-ds) ppm 119;52, 127.92, 128.43,
128.62, 129.34, 131.96, 134.94, 142.07 [Ar-C], 166.11, 167.72 [NC=0]. This compound

was used directly to prepare 76b.

4-N-Benzylbenzylamine (76b). A 100-mL, three-necked, round-bottomed flask was
equipped with a magnetic stirrer, heating mantle, a condenser with a N inlet, a rubber
septum stopper, and one glass stopper. A heterogeneous mixture of amide 75b (2.26 g,
9.41 mmol) in anhydrous toluene (20 mL) was added to the flask, and the solution was
chilled to 0-5 °C (ice-bath). To this was added borane dimethyl sulfide (10 M, 2.50 g,
32.95 mmol) dropwise via a syringe. The reaction mixture was stirred at 0-5 °C for 15
min and then boiled for 8 h. The ﬂask»was allowed to cool té RT, and Na,COs (10%, 15
mL) was added drop’Wise. The solution was stirred at RT for an additional 30 min. The
toluene layer was separated, dried (MgSQOq, 1 h), and concentrated in vacuo to give 1.37 g
(68.5%) of 76b as a light yellow-colored oil. IR (film) 3321 (N-H), 3030 (Ar-H), 2890,
2925 (C-H) cm™; "TH NMR (DCCl3) § 3.62 [s, 2 H, CH,], 3.84 [s, 2 H, Nsz,_4.27 [s,2 H,

CH,], 4.47 [s, 2 H,N-H], 6.58 [d, 2 H, Ar-H], 7.06 [d, 2 H, Ar-H], 7.28-7.36 [m, 5 H, Ar-
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H}; °C NMR (DCCl;) ppm 14.41 [CH;], 38.02 [CHa], 52.49 [CH,], 112.63, 112.69,

128.06, 129.46 [Ar-C].

Atte‘mpted Preparation of 7-[4-(/V-Ethyl)benzyl]-3-benzyl-3,7-diazabicyclo[3.3.1}-
nonan-9-one (77). A 100-mL, three-necked, round-bottomed flask was equipped with a
magnetic stirrer, heating mantle, a condenser with a N inlet, an addition funnel, and two
glass stoppers. A mixture of aminé 76a (1.06 g, 7.10 mmol), HCI (37%, 0.70 g, 7.10
mmol), glacial acetic acid (0.42 g,v 7.10 mmol), and paraformaldehyde (0.53 g, 17.76
mmol) in deoxygenated methanol (15 mL) was stirred at reflux for 15 min .under Ny, A
solution of N-benzyl-4-piperidinone (64, 1‘.‘34 g, 7.10 mmol) in 10 mL of methanol and
glacial acetic acid (0.42 g, 7.10 mmol) was added dropwise over a period of 10 min,
which was followed by a period of boiling‘for an additional 24 .h. After cooling to RT,
cohcentration of the solution in vacuo gave an orange oil which was redissolved in H,O
(15 mL), and the extracts (ether, 2x 10 mL) thereov‘f were discarded. The aqueous layer
was chilled (5 °C) in an ice bath and made basic (pH = 12) with NaOH pellets.
Extraction (ether, 3 x 10 mL) gave a solution which was dried (MgSO,, 1 h), filtered, ‘arvld
concentrated in vacuo to give a viscous, reddish oil. This oil was digested in hexanes (20
mL, 20 min), and fhe Supemateﬁt extracts were concentrated in ‘vacuoy to give a light
yellow oil. The oil Was chromatégraphed ;(column) using silica gel as the statio}nar‘y
phase and hexanes:ethyl acetate (3:1) as mobile phase to give a light yellow oil. The
GCMS, IR, and NMR aﬁalyses of this oil‘ indiczited the presence of only starting

materials.

4-Nitrobenzylamine (79). A 100-mL, three-necked, round-bottomed flask was

equipped with a magnetic stirrer, heating mantle, a condenser with a N inlet, a rubber



septum stopper, and one glass stopper. A heterogeneous mixture of the amide 78 (4.15 g,
24.97 mmol) in anhydrous THF (25 mL) was added tc the flask. To this solution was
added borane dimethyl sulfide (10 A, 3.79 g, 49.95 mmol). dropwisé via a syringe over a
period of 5 min. The reaction mixture was bdiled for 3 h; The flask was allowed to cool
to RT, and 6 N HCI (24.97 mmol) was added dropwise to decompose the borane-amine
complex. Caution: 6 N HCI should bbe added very slowly and cautiously as the reaction
ié highly exothermic and liberates H, gas. The reaction mixture was stirred at RT for 5
min, and 50% (excess, pH = 12) was added dropwi’s’:e to neutralize the acid. The organic
layer (THF) was ‘separated, dried (NaZSO4,‘2 h), ’and concentrated in vacuo to give 2.50 g
(66%) of 79 as a yellowish, orange-colored oil. No spectral data is provided as this
compound is now commercially available compound from Aldrich Chemical Company,
Milwaukee, WI. This compound was used directly without further purification to pepare

80.

Attempted Preparation of 7-[4-Nitrobenzyl]-3-benzyl-3,7-diazabicyclo[3.3.1]-
nonan-9-one (80). A 100-mL, three-necked, round-bottomed flask was equipped with a
magnetic stirrer, heating mantle, a condenser with a N inlet, an addition funnel, and two
glass stoppers. A mixture ‘of amine 79 (2.50 g, 16.43 mmol), HCI '(37%, 0.810 g, 8.21
mmol), glacial acetic acid (0.98 g, 16.43 mmol), and paraformaldehyde (2.96 g, 98.59
mmol) in deoxygenated methanol (20 mL) was stirred at reflux for 15 min under N,. A
solution of N-benzyl-4-piperidinone (64, 3'1(.) g, 16.43 mmol) in 15 mL of methanol, and
glacial acetic acid (0.98 g, 16.43 mmol) was added dropwise over a period of 10 min,
which was followed by a period of boiling forban additional 24 h. After cooling to RT,

concentration of the solution in vacuo gave an orange oil which was redissolved in H,O
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(20 mL), and the extracts (ether, 2 x 15 mL) thereof were discarded. The aqueous layer
was chilled (5 °C) in an ice bath and made basic (pH = 12) with NaOH pellets.
Extraction HCCl3 (3 x 10 mL) gave a solution, which was dried (Na,SO,, 1 h), filtered,
and concentrated in vacuo to give a viscous reddish oﬂ. This oil was digested in hexanes
(2 x 20 mL, 20 min), and‘the supernatent extracts were concentrated in vacuo to give a
light yellow oil. The oil was chromatographed (column) using silica gel as the stationary
phase and hexanes:ethyl acetate (3:1) as mobile phasé to give a light yellow oil. The
GCMS, IR, and NMR analyses of this oil indicated the presence of starting materials and

other complex byproducts.

Attempted Preparafion of 7-[4-(N-thyl)benzy.l]-3-thia-3,7-diazabicyclol[3.3.1]-
nonan-9-one (84). Av 50-mL, three-necked, round-bottomed flask was equipped with a
magnetic stirrer, heating mantle, a condenser with a N inlet, an addition funnel, and two
glass stoppers. A mixture of amine 76 (0.60 g, 3.99 mmol), HCl (37%, 0.19 g, 2.0
mmol), glacial acetic acid (0.47 g, 7.99 mmol), and paraformaldehyde (0.83 g, 27.90
mmol) in deoxygenated methanol (15 mL) was stirred and flushed for 15 min under N.
Tetrahydrothiopyran-4-one (83, 0.46 g, 3.99 mmol) was added in one portion, which was
followed by a period of boiling for an additional 24 h. After cooling to RT, concentration
of the solution in vacuo éave an orange oil which was redissolved in H,O (20 mL), and
the extracts (ether, 2 x 10 mL) thereof were discarded. The aqueous layer was chilled (5
°C) in an ice bath and madé .basic (pH = 12) with NaOH pélléts. Extraction HCCl; (3 x

10 mL) gave a solution, which was dried (Na;SO4, 2 h), filtered, and concentrated in -

vacuo to give a viscous reddish oil. This oil was digested in hexanes (2 x 15 mL, 20

min), and the supernatent extracts were concentrated in vacuo to give a light yellow oil.
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The oil was chromatographed (column) using silica gel as the stationary phase and
hexanes:ethyl acetate (3:1) as elutant to give a light yellow oil. GCMS, IR, and NMR

analyses of this oil proved difficult to analyze due to complex, unidentifiable peaks.
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STANDARD PROTON PARAMETERS

enpld s2pul
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date Sep 17 97
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file exp
ACQUISITION
sfrq '598.779
tn .« HL
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np a5
w 11976.0
b “700
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GAMMA-HZ TEST
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STANDARD {H OBSERVE

Plate XXVI
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GAMMA-H2 TEST

USE 1 VATT DECOUPLING

expl s2pul
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tn K1 dem I3 N i
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wifile
proc ft “
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math k4
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Std. 1H Inovas00

expl stdlh
.
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date Mar 6 97
solvent coc13
ite exp

ACQUISITION
sfrg 399,338
tTn H1
at 2.721
np 32768
W 6000.2
b 3000
bs 1%
ss 2
tpwr 52
pw 15,0
a1 1.000
taf 588.19
nt 16
ct 16
alock

gat not wsed

S
t1 n
tn n
dp y
nn

DISPLAY
sp -399.6
wp §000.2
v§ BE
sc [
we 200
hzms 19.29
ts 500.00
rft 399.6
rfp L]
th 20
ins 1.000

na cdc  ph
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USE 1 WATT DECOUPLING

expt s2pul
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[ exp

ACQUISITION -
sfrq 100.573
tn C13
at 1,983
np 95744
v 243140.0
b 13000
b EL
Pw 4.3
pw 4.9
tpwr sy
d1 1.000
tof 1711.4
nt 2560
<t 1536
atock
gain 4

FLAGS

11 n
in n
dp y
hs an
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13C OBSERVE

expl stdidc

SAMPLE
date Oct 14 1998
solvent [LET]

. & VT
dfrq 399,227
dn H1

Plate XCIII

U

1le ex| dpwr "0 -
ACQUISITION dof . ClO
strg 180.571 dm nyy + 4
tn €13 . dum w N
at 1.138% duf 12900 ~H
np 59358 dseq
tw 25000.0 dres 1.4 .
b 1 homo .
b PROCESSING
tour 83 1 N 0]
pw 7.0 wifile /
d1 1.600 proc ft
42 0.500 fn not used
tof 1 ‘math L4
nt 8192
ct a192 were
alock wexp
gain not used whs
wnt |

H n

tn n
dp y 70
he nn

p1sPLAY N(802CH3)2

sp -3053.8
wp 25088.8

vE 178 -

sc ]
we 259

hzma 100.80

t 500.00

X3l 7026.1

rtp 3972.3

th .

ins 1.000

nm no ph N
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Plate CI
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expl stdih O NHZ
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fite .edp  dpwr a
: ACQUISITION dof 0 R .
sfrq 300.080  dm . nnn :
tn HL dam . < E .
at 3.747 daf 200
np 3ara2e PROCESSING
sw 4500.5 wtfile
- <2600 proc re
bs - 16, fn not used
tpwr .8
pw 6.9 werr
d1 9 wexp
P NHC(O)CH,
nt 16" wnt
et 16 .
alock n
gain not used 7Sa

< FLAQ!
11 n
in y .
dp . -y :

DISPLAY ™ :
sp -747.8
wp 450015
vs 151
sC
we 250;
hzaw 18.00
1s 500.00
ril 1495.0
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th 21
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STANDARD ' 1JH OBSERVE

expl stdlh
SAMPLE DEC. & VT
date Fab 28 98 dfrq 300.079
solvent cocid dn H1
e exp dpwr - 30
ACQUISITION dof L]
sfrg 300.073 dm B nnn
tn Hl dam
at . 3.747. daf 2
np 33728 PROCESSING
b 4500.5 wtfile .
b 2600 proc 143
bs 15 fn not used
tpwr 48
pw 3.0 werr
di 4 “wexp
tof 0 whs
nt 16  wnt
ct 1]
alock
pain not used
S
n
in y
dp y
DISPLAY
sp -763.5.
wp 4500.9%
vs 159
sc ]
we 250
hzas 18.08
is 500.00
rfl 763.5
rfp ]
th 20
tns 1.0900
ne “tde ph

FRERb it

?

{
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13C OBSERVE

expl  stdldc

Plate CVIII

NH,

. SAMPLE DEC. & VT
date Feb 28 98 300.079
solvent coci13 Hi
file - exp 34

ACQUISITION 1
sfrq 75.462 yyy
tn c13 w
at 0800 11764
np 30016 PROCESSING
Sw 18761.7 1.00
b 10400 wtfile
bs .- 16 proc ft
tpwr 52 fa not used
pw 3.8
d1 1.000 werr NHCHZCH3
tof wexp
nt 3072 wbs
ct 2416 - wnt 763
alock A
gai not used
11 n
in ¥y
dp y

oISPLAY B
s -1849.6
wp 18761.7
v 162
sC . [
e 250
hzem 75.05
is 500.00
rfl 7660.2
rfp $B810.6
th 20
ins 1.000
nm no ph
[
i
Ll lll 3
T T T T T —— T Y T T T T T T T
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STANDARD PROTON PARAMETERS

. expl  szpul

SAMPLE
date Sep 14 1358
solvent €bcl3
file /datal/Berlin~
/seplaqf_sameer-0_~
H

ACQUISITION
sfrg 598.724
tn H1
at 1.852
np 30272
sw 8000.0
1o 4000
be 32z
tpwr 54
pw 5.3
di 0
tof ]
nt 1
ct 1
alock n
gain 20

FLAGS

11 n

in n

dp y

hs nn

0ISPLAY

1 -939.5

wp 8000.0

vE 164

sc 35

we 215

hzam ar.16
33.57

rtl 899.6

rfp

th

ins 1.000

nm_  cdc ph

0fC. & VT

dfrg 598.724
dn H1
dpwr EL)
dof ]
ds nnn
dam . c
def 200
dseq

dres .0
homo - n

temp 30.0
PROCESSING
wtfile
proc ft
n not used
math T

were

wexp
whs
wnt wit
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ICSKZ6, Beriin and Yu

Plate CXIII

expi  s2pul
SAMPLE DEC. & VT
date Sep 14 1998 dfrq 598.724
solvent €oc13  dn N H1
file sdatai/Berlin~ dpwr 3e
/seplagf_sameer-S_~ dof [ ]
i B dm nnn
ACQUISITION dam [
ifrq 5%8.72% daf 200
tn H1 dseq
at 1.883 dres 1.0
np 32256 homo
tw 8519.7 temp 30.0
b 5000 . PROCESSING
bs 32 wtfile
tpwr 54. proc 7t
o 5.5 fn not used
d1 2.008 .math 1
tof 961.9
nt 1 werr
ct 1 wexp
alock wht
gain £ wnt wlt
FLAGS
1" n
in n
dp y
hs nn
DISPLAY
sp -21.
wp §012.1
vs 151
sC L}
ve 250
hzam 24.05
is. - 20786
1 29%.¢0
rtp e
th 7
ins 100,000
na cde T
i
¥
i
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b
. h A
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