University of New Hampshire

University of New Hampshire Scholars' Repository

Doctoral Dissertations Student Scholarship

Spring 1982

POLYCYCLIC POLYAMINES: SYNTHESIS AND CONFORMATIONAL
ANALYSIS

VAN BRUCE JOHNSON

Follow this and additional works at: https://scholars.unh.edu/dissertation

Recommended Citation

JOHNSON, VAN BRUCE, "POLYCYCLIC POLYAMINES: SYNTHESIS AND CONFORMATIONAL ANALYSIS"
(1982). Doctoral Dissertations. 1318.

https://scholars.unh.edu/dissertation/1318

This Dissertation is brought to you for free and open access by the Student Scholarship at University of New
Hampshire Scholars' Repository. It has been accepted for inclusion in Doctoral Dissertations by an authorized
administrator of University of New Hampshire Scholars' Repository. For more information, please contact
Scholarly.Communication@unh.edu.


https://scholars.unh.edu/
https://scholars.unh.edu/dissertation
https://scholars.unh.edu/student
https://scholars.unh.edu/dissertation?utm_source=scholars.unh.edu%2Fdissertation%2F1318&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholars.unh.edu/dissertation/1318?utm_source=scholars.unh.edu%2Fdissertation%2F1318&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:Scholarly.Communication@unh.edu

INFORMATION TO USERS

This reproduction was made from a copy of a document sent to us for microfilming.
While the most advanced technology has been used to photograph and reproduce
this document, the quality of the reproduction is heavily dependent upon the
quality of the material submitted.

The following explanation of techniques is. provided to help clarify markings or
notations which may appear on this reproduction.

1

. The sign or ‘“‘target” for pages apparently lacking from the document

photographed is ‘““Missing Page(s)”. If it was possible to obtain the missing
page(s) or section, they are spliced into the film along with adjacent pages. This
may have necessitated cutting through an image and duplicating adjacent pages
to assure complete continuity.

. When an image on the film is obliterated with a round black mark, it is an

indication of either blurred copy because of movement during exposure,
duplicate copy, or copyrighted materials that should not have been filmed. For
blurred pages, a good image of the page can be found in the adjacent frame. If
copyrighted materials were deleted, a target note will appear listing the pages in
the adjacent frame.

. When a map, drawing or chart, etc., is part of the material being photographed,

a definite method of ‘‘sectioning” the material has been followed. It is
customary to begin filming at the upper left hand corner of a large sheet and to
continue from left to right in equal sections with small overlaps. If necessary,
sectioning is continued again—beginning below the first row and continuing on
until complete.

. For illustrations that cannot be satisfactorily reproduced by xerographic

means, photographic prints can be purchased at additional cost and inserted
into your xerographic copy. These prints are available upon request from the
Dissertations Customer Services Department.

. Some pages in any document may have indistinct print. In all cases the best

available copy has been filmed.

Universi
Amlms
International

300 N. Zeeb Road
Ann Arbor, Ml 48106






8227427

Johnson, Van Bruce

POLYCYCLIC POLYAMINES: SYNTHESIS AND CONFORMATIONAL
ANALYSIS

University of New Hampshire PH.D. 1982

University
Microfilms
International 0n. zeeb Road, Ann Arbor, M1 48106






PLEASE NOTE:

In all cases this material has been filmed in the best possible way from the available copy.
Problems encountered with this document have been identified here with a check mark _ v,

-t
.

Glossy photographs orpages

Colored illustrations, paper or print _____

Photographs with dark background

lllustrations are poor copy __Z___

Pages with black marks, not original copy _______

Print shows through as there is text on both sides of page _
Indistinct, broken or small print on several pages ;/____

Print exceeds margin requirements

© o N O O » O N

Tightly bound copy with print lost in spine

—h
e

Computer printout pages with indistinct print

-—h
-t

Page(s) lacking when material received, and not available from school or
author.

12 Page(s) seem to be missing in numbering only as text follows.
13. Two pages humbered . Text follows.

14, Curling and wrinkled pages ____

18. Other

University
Microfilms
International






S T

et

e D T
A

S R B R S s A e e i M

s
q
3
&l
3
]
%
)
e
¥

}

POLYCYCLIC POLYAMINES: SYNTHESIS AND

CONFORMATIONAL ANALYSIS

BY
Van B Johnson

B. S. (Chemistry), Southern Connecticut State College, 1977

A DISSERTATION

'

Submitted to the University of New Bampshire
in Partial Fulfillment of

the Requirements for the Pegree of

Doctor of Philosophy )
in

Chemistry

May, 1982



Tnis dissertation nhas been exormined end approved.

-r

Dissertatioh Director, Garv R. Welsman
Assistant. Professor of Cnemistry

Z% Jamesr D. Morrison
3 Profigssor of Chemistry

G

A
g Ké’lww
)%éAiﬁth
Kennetn K. Andersen
Professor of Chnemistry

Charles W. Owens
Professor of Cnemistry

Dchnald C. Sundburg J?7
Assistant Professor ¢t Cnemicel Engineering

P

\//m 29 L[78 <

Date




DEDICATION

This dissertation is dedicated to my family. They are

the reason.

S

2
<f

e
—
-




o AL e il

ACKNOWLEDPGEMENTS

Gary R Weisman has been throughout my graduate work a
tireless teacher, enthusiastic researcher, invaluble
resource, and a friend. I am grateful for his efforts on my
behalf. I am, of course, grateful to the chemistry
department for its financial and morale support. There are
a number of irndividuals who deserve my special tharnks
including: Mike Coolidge - for setting up the computer
programs and training me in their use, Rudy Seitz - for the
use of the syringe pump, Kathy Gallagher - for training me
on the FX900Q, Bill Dotchin and LCee Cardin for same day

service on the mass spec. and CHN analyses.

iv



TABLE OF CONTENTS

}f DEDTCATION ¢ v v e e evvesannasnnaseneesaneesassesensesensesennesensesdld

: ACKTOWLEDGEMENTS 1 + « ¢+« e eenasnnesaseennessansensssnsesvasennessesd?
LIST OF FIGURES. ..« senuesensennsesnsenncnneasnneensesnnesanesnsesVil
LIST OF TABLES. . vseevasensesnnennesonnesnsesaneeanesenseeneeenss Xlil
ABSTRACT . e evvueneereosncnsososassssssssssasassssasessssssnsssnses XiV

CHAPTER ONE-INTRODUCTION
Efforts Towards the Synthesis(gfl§)5,9,13—
tetraazatricyclolfT7.7.3.3 juls ToYoToY=2:1 « =Y A
S RE SIS . ¢ e veosensraacanesssasscasocsasesansscasascsssseshd
Anticipated PropertieS...ieceeescececscsascesssssssnsasessad
Complexation Properties....cciieescccccsesccnsacacenns?d
Electrochemical PropertiesS.ccicccicecccecsasassscccsesssll
DisCUSSION. e eeeetecascarasvccsonssascosssnssssssssssanncesl3
SynthesisS.iieececeeeeescscctacesassssssscassssssonsesasl3
Classical APDroacCh...ceseeesacasssassnceassassnsalb
Modified ClassicAl.cecececossencsssssccscscnssnssss
Cleavage Routes~-Cleavage of Tetracyclic
BiS—MINAlS.eeeceeacnceseocncascasnasnanssesl
Cleavage of a Tricyclic Orthoamide...cceeeesesess26

CHAPTER TWO-TRICYCLIC ORTHOAMIDES . et e eacsesessvonassoscescsanseld

DL S CUSSION e e e o veseveoneassaconnsesssanasnsvessennnsanesnassll

SYIENESIS . et eeeeneenaerosascenseascassassnsassscasnoasll

Conformetional Analysis of the OrthoamideS....eeeeeeessase T

 TNETOAUCTLON e s et eeeeaearestarcecacnascanescsnennsaasas T

Conformetional Analysis of the Orthoformemides....ceeeesseedd

Stereochemical Variation in the Orthoformamides...cue.ee55

Conformational Analysis of H=222..¢.eeecescsassesbOlb

Conformational Analysis of H=322...cecsneeasassssdT

Conformational Analysis of H~332.¢eceeecescsansas O

Conformational Analysis of H=333.:ecesceocncsasceld

Conformational Anselysis of the Orthoacctamides....iiceseeesT9
IntrodUCtion.ceeeeseesscaesncsssccsccssccsansanaseansans

Conformetional Analysis of Me=2224..eececsascsas 80

Conformational Analysis of Me=322..ceeeeeensaesaad3

Conformational Analysis of Me—=332..ceesecscesass 8

4 Conformational Analysis of Me=333ueceseeecvessss 89
,j Conformational Analysis of the Orthopropionemides..ccees...101
| Introduction.ceeeececessssennciesassacaasssasssanasasesslOl
o Conformational Analysis of Bt=222..ceevececcscsaal02
Conformational Anslysis of FEt=322.ccescesssscssaal03
Conformational Analysis of Et—=332..cecceenseessssl08

Conformational Ansalysis of Ft=333uicertensssassaeslld




Structure Reactivity Relationships of the
OrthoBmIdeS . coeeeeaeccaososcasscncsoascsansnneesssl2B
THtrOAUCtION e v e teesesscsasossscsssnccssonssnssesel28
Alkylation of the Orthoamides.....ceveeeeees.129
Synthetic Applications of the
Alkylation of H=333....ccceceenenaceasasl3T
HYA20LYSiS e eeeeseeessasssssessecaseasssnvenanessellO
Hydrolysis of H=222....cceetieeacannnenarasasddl
Hydrolysis of H—333..........................153
Acylastion of H—333................................160
MM2 CaleUlationS..soe eeeesseenenesseeeesaseasnsenesssolBlt
222~Ring SysStem.e.ccieeececcssssssccssssvsosesesnsall?
322-Ring System.eceoseacesecscsscsscssnsasssasssssssll2
322 OrthoformamidesS.iciciereccscacsasnsanssseaall3
322 OrthoacetamidesS...ciecieceeeceasensscacseseaslT3
322 OrthopropionamidesS..cvisessocssssasseassslT3
332-RiNg SyStellleeeeeceooecssesensasssesanesenseasslTh
332 OrthoformemideS.ceeeeeceeaeeesanaseanaessslTh
332 OrthoacetamideS..cveesesererenncsssnsssasdllS
332 OrthopropionamideS..ceeeessecscssssenseeesllS
333~RiNg SyStem.ceceeesesscaceccccscsscsssoscasssslTb
333 OrthoformamidesS..cceeeecceccccsssnssnseeslT6
333 OrthoacetamideS.ceeeeesseccsssssonnesaseslTT
333 Orthopropionamides...c.cceeeeecccsscaseseslT8
CONClUSIONS . cevtsassssnsorsssonscssscscsscassaceesslTB
Evaluation of the Energy Trends in the
Minimum Energy Ground States of the
Orthoamides DY MM2..iceeeacesscansacsaes el

CHAPTER THREE-EXPERIMENTAL . ..etecevacesccscccasaassssannseses0l
General ASPECtS.ceececacessesscsaceescassoscscsnansesss20l
TnsStrumental ASDECHS.ueeeeeevecesensaoseasacsseseensess20l

High Dilution ApparatuS.iicciceicecccscsnsvsanseesaal05
Gel Permeation Chromatography..cieieesceccsccsseseas207

EXperimental.ceeeeccecsacassaccsasssascnnssesea208
pKa DeterminationS..ccceeesciacscasocnnasassnncsssell
DNMR . ¢ euesvennesesnessacsssscssvnssnesscscssscssoasssell
SYNtheSiS.ueeeeeeenastesssseassossssssassassssesseedl3

APPENDIX 1: “H MR and IR Spectra of New COmMPOUNAS...eeacssessas 243

13

APPENDIX 2: C DM Chemic&l Shifts....'.ll."..ll......'000.00026)4‘

APPENDIX 3: Potentiometric Titration Curves for .
H"‘222 and H-333l..|.l..ll.t.l..0.....'.....".0-270

BIBLIOGRAPHY « « v e e e e anensennensensensesensesenseneasenns s 272



List Of Figures

Number Page
1.1 Polycyclic PolyaminesS..cceeeeesccsccesncssosnsssnansel
1.2 Tetracyclic TetraamineS....ceeeeeececececescacosasaasdd
1.3 General Synthetic Schemes...ccieeteessscnssscnsnsseal

. (5,13)
1.4 1,5,9,13-tetraazatricyclol7.7.3.3 J
AOCOSBINE . e vveesesonssscncosasssessessssasosssed
1.5 Electrochemicelly Active Polyamines.....cceieassae..12
1.6 Classical Acylation-Reduction Sequence.............ll
1.7 Modified Classical Scheme....cceeceetececcsansseaseasl’
1.8 Cleavage RouteS..ccceevvenanas Ceesescsesessencsseseld
1.9 Summary of Synthetic EffortS....cecececececccecsssslh
1.10 Gel Permestion Chromatogram...cceeseeeessssasonoessl
1.11 Synthetic Steps Needed to Complete
SynthesSisS.ceeeeesecesssscacsssscssscssssscansssld
1.12 Proposed Alternate Synthesis....cccevevveeneeneaess20
1.13 Richmen-~Atkins Synthesis of Macrocyelic
Amines...........0.‘.........l'.'....ll.ll‘.‘l2l
1.1h Modified Richman-Atkins Approach to Tri-
aminesl..ll...l.lI.l'.....Il..l'.'...‘...l..l.22
1.15 Modified Richman-Atkins Approach to Tetra-
BMINEeS..veceeerotssscanssssssssanas cerecsacnsa3
1.16 Cleavege of Tetracyclic bis-Aminals.....ceeeess cee 2l
1.17 Cleavage Of & biS-AmMingl...eeceveeresocecsasaasessab
1.18 Preparation of Monoprotected Intermediate..........27
2.1 Tetraazapolycyclics Prepared by Insertion
Reactions....l....OII'....C..l..'...l...l..l..29
2.2 Triazapolycyclics Prepared by Insertion
ReBctionS.iiiieeeessesssnacnossnsscscssaansans ..30

vii




[P
RSO

2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
2.11

2.12

2.13

2.1k
2.15
2.16
2.17

2.18

2.19

2.20
2.21

2.22

2.23

2.2k

2.25

2.26

General Structure of Tricy;lic 0rthoamides........1§3Q
Acyclic Orthoacid DeriveativeS..cceceescecececsaseess3l
Synthesis of Acyclic Amide Acetals...cceeeeceeeeeses32
Synthesis of Acyclic Amide Acet8lS...isevescosncaseell
Synthesis of Acyélic OrthoamidesS..cseesvsecssesancsossl3
Synthesis of Acyclic OrthoamideS...eeseseescescceesall
Synthesis of Acyclic OrthoamideS.....ceeeeeesccscssod3t
Dismutation of Acyclic Ester AminelsS......eeeeseesss3l
Transamination of Acyclic Amide AcetalS....eeece.es.3l

Electrolytic Dissociation of Acyclic Amide
Acet&]-s...'.l.l.'....l...l.l..l....'.l'I"I..‘.3h

Mechanism of Transamination of Acyclic Amide
Acet&ls...0-.........‘.....‘............Ql..l..35

Synthesis of Ketene AminalS......ceeeeeeccssncnecsaa3b
Synthesis of a Tricycloorthoacetamide....ceveeeeeses3T
Synthesis of hexamethylorthobenzamide....ceceeeeeees3T
Synthesis of s Tricycloorthoacetamide...eeeveeeeeae3T

Relative Hydrolytic Stability of Acyeclic
Orthoacid DerivativesS.cceceeeeeerecnsnsnsnavssa3d

Mechanisms for Synthesis of Acyclic Ortho-
anmides........‘...ll..l.l..l‘..ll‘l".’!.".".38

Alkylation of Acyclic OrthoamidesS....ceeeecesaacssee39
Acylation of Acyclic OrthoamideS..seeeceececssaaceesel9

Generalized Structure of the Tricyclic
orthomide Seriesﬂh.ill...‘..l'l..........l....ho

Tricyclic Orthoamide ST iES e eveneraernesacnnananssaoll

Original Synthesis of Tricyclic Ortho-
formamides.....ll...l.I..lll..Q.'I.Q'Q'.l.'.'..ul

Improved Synthesis of Tricyclic Ortho-
formamides.l.....l.........o.....O..l"....l..lhz

Wuesté Synthesis of H-222 and H=333..ccecessasceaesli3

viii



2.27 Synthesis of Amide AcetalsS...ceevevsocnsosnsonesesasilt

2.28 Richman-Atkins Synthesis of Triamines......ceeeece.li5

2.29 Mechanism for the Formation of Tricyclo
OTtHOAMIAES e s eeeeeeesseacsescscacancanasasssaseslth

2.30 Conformetions of the Tricycloorthoamides...........51
2.31 Anomeric Effect..............................:.....53
2.31.5 Conformations and Spectral Dets of the

TricycloorthoformemideS. ceveeeceecesanaccasssdb
2.32 Angular Dependence of MO OverlapP..cceesccescosassssdl
2.33 1JCH Data for Model COMPOUNAS...eceeeeccccrcaacssssdd
2.34 ResSonance ATZUIENT ...eeeecececccecncvescssssssssessbl
2.35 Oxidation Of H=333...ceeeeeceseccocenconsccnsacees 62
2.36 13¢ snift Correlations for He222.uuieeeereonnoneanssbh
2.36.5 Ho222CCh s e v eesunesnssnesaneseesasaneascancsansenesabb
2.37 Torsion Angle Diagram of H=222.....cevveevecnases. 66
2.38 Reasonable Conformations of H=322.....euveteoeees. .68
2.39 Torsion Angle Diagram of H-322......eceeneveeeeess 69
2.40 A1l possible Conformations of H=322......ccce0e.e..T0
2.40.5 Reasonable Conformations of H-332.......c0000a00a..Tl
2.k Torsion Angle Diagrams of H-332.....cc000eeveeess...T2=T3
2.41.5 Solvent Dependent NMR Data for H-332......cc00e00..T5
2.42 Reasonable Conformations of H=333......c.ceveneeess.T6
2.43 13¢ shirt Correlations for H=3330eeeeeeenernneenes T
2..4 Torsion Angle Diagram for H=333....cceeesneeeeness.T8
2.146 Conformetions and -oC Methyl Shifts of

the Tricyclic Orthoacetamides.....cevveeeeeessT9
2.4h7 ME—222CCE e v e vveeennennssessasssonanseasasesensasassBl
2.48 Torsion Angle Diagram of Me=222.....cccveeesccsesssd2
2.49 13¢ Shift Correlations for Me=222.........es.ss....83

ix




2.50
2.50.5
2.51
2.51.5
2.52
2.53=-s
2.5h-s
2.55-s8
2.56-s

2.53

2.54

2.55
2.56
2.57

2.58
2.59
2.60
2.61
2.61.5
2.62
2.63
2.6k
2.66

2.67

Reasonable Conformations of Me=322....cc0000s00s00..83
Torsion Angle Diagrams for Me=322....ccoeecesesscesa85
Reasonable Conformations of Me=332.....ceceeeecesess.86
Torsion Angle Diagrams for Me=332....ccceaeeeneeess .87=88

Reasonsble Conformations of Me=333..c.ceeeeccccessse89

l3c Spectra Of Me-333 a:t 25°C.IICDCCOCQICI..'l...l..9l

134 Spectra of Me=333 at —26.7 Ceerrrrroneronansaess92

13¢ Spectra of Me=333 at -b4.8°C..ciiviiieiieeense 93

13c Spectra of Me=333 at =67.1 °Cuvrrrerncacnnnenaea Ol

Torsion Angle Diagrams of Me-333 and of
Hydroc&rbon Ana.logs.......-.....-...--.....-.a-99—loo

Conformations of the Tricycliec Orth-
propionemideS..csessescecccccscccncncosncncsveselOl

Et-22200t....“....l...l.I..........Q....'...'.....Qloz
Torsion Angle Diagram of Et=202.....000c0evueneses..103

Rotomers of the Reasonable Conformations
of Et-3220'..ll..I....Q.IO...I..l‘........ll.l.loh

Torsion Angle Diagrams of Et-322...cccecveescscesss.105-10T
Reasonable Conformations of Et-332.....c¢00000eee...100
Torsion Angle Diagrams of Et-332.....ccvceteeensess.110-113
Reasonable Conformaetions of Et-333.....cc0cce0neeec.llb

Torsion Angle Diagrams for Ft-333....ec000e. ceenases116-117T

130 Spectrum of Et-333 at =14 C.iceeeiernnerennneasaall9

135 spectrum of E£-333 8f <30 Cerrernrrrennrennnsssal20

134 Spectrum of Et=333 8t =80 Cuvirrrereccnsnasaasss121

Degenerate Conformational Process for
Et—333---oocnv-ooo-.---..coooeo.ooo--..a--.u.o-122

Experimental and Simulated DNMR Spectra
Of Et—333--.--........-.-......................12)4



2.69

2.70

2.71
2.72
2.73
2.7Th
2.75
2.76
2.TT

2.78
2.79
2.80
2.81

2.82

2.83-8

2.83-b

2.84

2.85

2.86
2.87

2.88
2.89

2.90

Schematic of the Degenerate Conformational
Process Of E‘t‘333'°...‘.'......UQ..QO‘.I'.Q.II00126

Schematic of Proposed Intermediastes in the
Degenerate Conformational Process of Et-333....127

Reactions of Acyclic OrthoamideS....ceeeeeeeeceses..128
Hydrolysis of Acyclic OrthoamidesS..cievesecscsacsseesl29
Alkylation of H=222..cceesevaocasacensssscssocssssesl2d
Mkylation of Cyclic Amide Acet8lS...ueeeeeeesnesesal30

Stereochemistry of Alkylation of H-222....¢0000000...130

Alky‘lation Of H—333’ Me-333, and Et"'333. seeecsees s -131

Stereochemistry of Alkylation of H-333
and Me-333l'.......I..lI.lI.'QC'.C..'.-..'O'C..'l32

Stereochemistry of Alkylation of Et=333..iceaseesssel33
Dialkylated Products of the 333 series.....ceeeesq..13l
Monofluoroborate Salt of H=333.seeeescsssseecasesas 13l
Alkylation-Hydrolysis sequence for H=333....¢eeeesee137

Classical Protection Scheme for 1,4,T-
triazacyclododecane. . coceeesanancescacnseassssesl38

Proposed Synthetic Application of the
Alkylation-Hydrolysis sequence for H-333.......139

AMlkylation of H-333 by chloromethylated resins......1l39

Mechanism of Hydrolysis of Acyclic Ortho-
mnides-....'l.......‘l..l......I.l...I.ll...ll.lho

Mechanism of Hydrolysis of Acyclic Ortho-
DR T O [ &

Tnductive Withdrawal MoAel...oecescesceccessenesssselld?

Alternating-Attenuating Inductive Withdrawal
Modell...'....ll..0...l...l........l........l..lhh

Angular Dependence of Inductive Withdrawal..........lbhh
Protonated H-222 and H-333..ceceeeen. teesesesseasssalltb

Protonated TetraszatetracyclicC.iceeeescereacccancans 148

xi



2.91 HydrOlySiS Of H—222.o-o-no'o'l-oono.--l'.o--'o...-.olsl

2.93 Mechanism of Hydrolysis of H=222...cccseeessccessssslD2
2.94 Proposed Diprotection Scheme for H-222..............152
2.95 Open-Closed Equilibrium Present for Protonated

H_333-oooao¢.o--oo.ooo---..-;-o..n-----c-g--ao-lSB

2.96 Difference in Hydrolytic Stability of H-222
and H—333Itl.l'.l.....l'lt...Q'Ol.....’lln-‘...lsh

2.97 pH Dependent and Temperature Dependent NMR
fOI‘ H—333l~ouooq.onoloon.oo-o.-ooooocoon-ocn..olss

{ | 2.98 Degenerate Rearrangement for Diprotonated
H-333oo--o-.oo.oo-ono.-oc-'o..-oc.oo..o-v.-o..-lss

2.98.5 Mechanism for the Degenerate Rearrangement of
Of DiprOtbn&ted H—333-n-o-on.----.;a-oon.o--.oolST

£riazacyclododeCane. s eeeerveceasccnacsonesass 162

: 2.99 Hydrolysis of Unsymmetrical Tricyclic

: OrthoformamidesS..cveececessescccscscacssnaaesesldd
i 2.100 Acylation of Acyclic OrthoamideS......cececececssssal60
é 2.101 Acylation-~Hydrolysis Sequence for §:§§§.............l6l
; 2.102 Hydrolysis of the Monoformamide of 1,4,7-

2.103 Proposed Protection Scheme for 1,4,7-triaza-
CYCLOAOAECANE. v veereeessanesncosasssnsnnansessl63

2.104 Anomeric Effect as Calculated by MM2 for H-333......167
2.105 Inomeric Effect in Cyclic AminalS.......eceeeeees...168
2.106 Anomeric Effect as Calculated by MM2 for Me-333.....169

2.106.5 MM2 Energy Feactors for the 222 Ring System..........180

2.107-08 MM2 Energy Factors for the 322 Ring System..........18%-183
2,109-11 MM2 Energy Factors for the 332 Ring System..........184-188
2.112~14 MM2 Energy Factors for the 333 Ring System..........189-191

Graphs 1-8 Graphical Analysis of the Energy Factors
Gener&tEd by MM2.0|I!Qlll.on.-n'o.o.lnl.l.l..'-l99-203

3.1 Schematic of High Dilution ApparatuS.....cceeese.o...206

3.2 Schematic of Preparative Scale GPC Unit.ciciavonse..209

xii




Number

2.1

2.3
2.4
2.5

2.5-5

2.6

List of Tables
Page

NMR Data for the OrthoformemideS.....cceeceeeee..56

130 NMR Data for the OrthoacetamidesS...iececesesT9

Solvent Dependent 130 Of Me=333.0eenccceceaess.96

Solvent Dependent 13

13

C Of Me—3330.°.¢-.-0lt-0.-097
C NMR Data for the Orthopropionemides........l0l

IR and UV Data for Acyclic and Cyelic
AmidiniumIons..titl...l'..‘...l.'.-.l.l'.l35

Chemical Shift and lJC Changes in H-222
a-nd H_333 Upon Proton&ticn- eensvesccceensoe .lh6

xiii



ABSTRACT

POLYCYCLIC POLYAMINES: SYNTHESIS AND
CONFORMATIONAL ANALYEIS

by
Van B Johnson

Ur.iversity of New Hampshire, May, 1982

The synthesis, conformational analysis, and reactivity
of a homologous series of tricyclic orthoamides is
discussed. The tricyclic orthoformemides, orthoacetamides,
orthoprorioramides, and orthobenzémides were synthesized by
the uncatalyzed condensation of‘macrocyclic triamines with
amide acetals. The conformations were studied spectrally

lH NMR, 13C NMR, DNMR) and by the avpplication of

(IR,
empirical force field celculations(MM2). In most (but not
all) cases the minimized conformations as gernerated by MM2
were found to be in agreement with the experimentally

determined conformations. The elkyletion, acyletion, and

hydrolysis of these compounds is elso discussed.

Efforts towards the synthesis of the spherically shaped
host molecule 1,5,9,13—tetraazatricyclo[7.7.3.35'13]—
docosane are described. 2 classicel acylation-reduction
sequence was employed in this synthesis. Cyclizations were

carried out under high dilution conditions. The design and

construction of a rew high dilution apparetus is described.

xiv



High yields of monomeric cyclic intermediates were obtained.
Monomeric cyclic intermediates were purified by vrevarative
gel permeation chromatography (GPC). The modification of a
Waters 200 analytical GPC unit are described as are the

column packing procedures for preparative GPC columns.
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INTRODUCTION

Efforts Towards the Synthesis of

1,5,9,13-tetraazatricyclo[7.7.3.3(5'13)3docosane

The use of macrocyclic tetreamines as ligsnds for the
complexation of transition metels has been extensively
investigeted by a number of groups and several reviews are
available on the subjectl-lz. These studies have
iy demonstrated the utility of tertiary macrocyclic amines as
ligands for the complexation of trensition metel cations.
Comparison of the stebilities of the complexes of
%3 macrocyclic ligands with analogous acyclic ligends led to
i the observation that the macrocyclic complexes evidenced
significantly higher stability constents. This enhanced

13

; stability was first observed by Busch and Cabbiness and

| Margeruml4-l7 and was termed the mecrocyclic effect by the

latter authors.

The enhanced stebility of the mecrocyclic complexes is
commonly attributed to @ number of factorsle. A major
contributing factor is thet the donor atoms in the
f macrocyclic ligands are shielded from solvation while in the

acyclic ligends they are highly solvated. Since the

solvation energy of the ligand must be overcome during

1




complexation it follows that the mscrocyclic complexes will
be more stablelg. Another important factor contributing

to the enhanced stebilities is that during complexation the
acyclic ligends must undergo extensive ordering which is
entropically unfavorable. The prearranged macrocyclic
ligand does not suffer this entropy loss upon complexation
and hence yields more stable complexes. It should be
remembered that even though the macrocyclic ligands enjoy én
entropic advantage during complexsation this adventage must
be earned during the synthesis of the ligand. Other fectors
which contribute to the enhanced stability are the
following: 1) the relstive steric and conformational
energies of the free and complexed ligand, 2) lattice
topologies of the donor atoms and the coordination
preferences of the metal ion, 2) relationship between the
ionic radius of the guest(metal ion) and the cavity size of

the host(ligand) and, 4) ligand "thickness">°.

The reported stabilities of the mecrocyclic ligands led
to the inevitable extension to the use of bicyclic ligands.
The anticipated increase in stebility was reelized through
the use of bicyclic ligands. The stabilities of the
bicyclic complexes are expleinable in the same terms as the
macrocyclic ligands. A series of bicyclic ligands which
have been extensively investigated are Lehn's compounds(e.g.

compound 2,fig.l.1) which have come to be khown as
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fig. 1.1

the extension of these results led to the

highly ordered ligands(due to the trivalency
bridgeheaeds), the tricyclic tetrsamine
compound 3(fig.l.1). Complexes of these

The

stabilities of the tricyclic complexes are explainable in

the same terms as the macrocyclic and bicyclic complexes.



The use of mecrotricyclic ligands has allowed better
definition of the donor atom topologies and in particular
the enforcement of tetrahedral coordination geometry. The

attainment of tetrahedral coordination has been attempted

26-27

through the use of stericelly congested ecyclic and

28

macrocyclic ligends but these attempts have yielded only

highly distorted tetrahedral geometries at best.

Tetrahedral coordination geometries in the tetraaza

. . 25 . 2¢
tricyclics heve been revorted by Lehn™”, Schmidtchen 7,

w
o

arnd Kemr for compounds 3, 4, and 5 respectively

(fig. 1.1). 1In addition, these ligends heve vielded

steble complexes with elkeli metel.cations. The neutral

tricyclic hosts possess very well defined cevity sizes and
showed selectivity towards alkali and alkaline earth metal

ion guests on the besis of size(ionic radius). The

31,32

quaternized cetionic hosts have also evidenced

selectivity towards anionic guests, such as the halides, on
the basis of size. The diprotonated form of the bicyclic
;33

diamine prepared by Simmons and Par (compound 6,

fig.1l.1) also exhibited selectivity towards the halides on

34 has reported the synthesis

the basis of size. Richmén
and unique properties of tetreazatetracyclic 7(fig.l.1).
Tetrehedral disposition of the nitrogens in 7 is enforced by

the central caerbon atom. Host-—guest complexation is of

course impossible in tetracycle 7.



Another interesting property of the smaller members. of
the tricyclic ligands(e.g. ¢8.fig.l1l.1) errises from the
close proximity of the nitrogens in these srecies. The
forcing together of the lone peirs results in strong
non-bonded interactions. The destabilization resulting from
these interactions facilitetes their stepwise oxidation.

The radical cations of tetraaze cege compounds, resulting
from their one electron oxidetion, are stabilized by three

35-38

electron J bonding betwecn the nitrogens The

dicetions, resulting from their two electron oxidation, are

stabilized by J bonding between the nitrogens35_38.

Two excellent reviews that tresat the structure and

properties of these organic complexation agents and their

design39 and synthesis40 are available. Several other
s . . \ . 41,42

reviews covering mecrocyclic chemistry arnd syn-
) . 43,44 . .

thesis have recently become aveileble.



Sznthesis

The synthesis of tetraaze polycyclic cage compounds
began in 1859 when Butlerow45 condensed ammonia with
formaldehyde and obtained hexamethylenetetraamine
(8,fig.l.1). This compound is the parent of & homologous
series but it bears little resemblance to the higher
homologs in its chemical end physical properties or in its
synthesis. Being composed entirely of aminal linkages makes
this parent hydrolytically unstable in acid solution. Also,
the size of the cavity is far too small to accomadete any
guests and futhermore the nitrogen lone pairs are directed

towards the exterior of this diamond lattice molecule, so

host guest complexetion is impossible.

A higher homolog in this series was prepared by the

condensation of ethylenediamine and formaldehyde458. The

crystalline product obteined from this reaction was

initially assigned structure 10(fig.l1.2). This compound was

45b,c

later shown by proton NMR and X-ray crystal structure

45d

determination to be.g.

10
fig. 1.2



The syntheses of all other higher homologs have

The first route is an

acylation-reduction sequence first developed by Stetter46

involved one of two basic strategies.

for macrocyclcic synthesis(fig.l.3a) and extended by Park

and Simmons47 to the synthesis of bicyclics (fig.l.1 and

| H
/COCl 12 1high dil. N/\ :)
- H

PN + 2.reduction

\~cocl Hy

fig. 1.3=a

2.reduction
ocl ~—

fig., 1.3b

(NNG Cx R
PN - CV-N
CNNc1 i P

#D fig. 1.3c
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by Lehn to the synthesis of tricyclicssl (e.g.3, fig.l.1).
The Stetter approach and the Simmons extension both employ
the principle of high dilution with all the experimental
difficulties inherent to this technique, The second route
is é nucleophilic substitution scheme first employed by
Stetter48 under high dilution conditions and later

52

extended by Richman and Atkins to the synthesis of

macrocycles without the need for high dilution(fig.l.3c).

Anticipdted Properties

7

fig. 1.4

The nighly symmetrical title compound 1l(fig.1.4)
promises to possess many interesting physical properties in
addition to its aesthetic appreal. C-P-K (Corey-Pauling-
Koltun) space filling models indicate that this molecule
should possess a roughly spherically shaped cavity with
tetrahedrally arrayed nitrogen lone-pairs directed towards

the center of the cavity. The geometrical constraints of
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the carbon bridging, betweén the nitrogens, enforces the
tetrahedral array of nitfogen lone pairs. These structural
features should result in several interesting physical
properties.

Complexation Properties

Corey-rPauling-Koltun (C-P-K) models indicate that 1
should possess a cavity large enough to accomodate lithium
cation, & rroton, or some transition metal cations such as
copper (II). The complexes of the metal cetions and 1 should
crovide the limiting examples of tetrahedral coordination of
these cations. These complexes should prove to be

L9,

interesting subjects for multinuclear NMR(e.g.

Characterization of the metal NMR perameters in these

complexes should provide & yardstick by which other
investigators might measure the degree of tetrahedral
coordination in complexes less structurally constrained than

these complexes.

Protonation of 1 could conceivebly occur on its
interior. This should result in an unusually slow
intermolecular proton transfer rate severel orders of
magnitude slower than the normsl diffusion controlled rate
of proton transfer between heteroatoms. Futhermore, once
protonation has occurred and the proton is in the interior

of 1 it should rapidly exchange among ell four nitrogens and
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be strongly intramolecularly hydrogen bonded. This
conditicn should make its deprotonation essentially

impossible perhaps redendering 1 the ultimete EBronsted bese.

Electrochemical Properties

McKifiney and Geskad?Sjere the first to observe ;nd the
first to reportthe unusual stability of the radical cetion
of DABCO(ll,fig.l;S). Following this report several studies
appeared which attempted to elucidate the mode of
stabilization of the DAEBCO radical cation; Theoretical
studies of this system49b’c_'d have shown that this radical
cation couuld be stabilized by overlep of the nitrogen lone
péirs and the (F *orbitals of the ethylene carbon bridges.
Experimental evidence has been reported which supports the

4Ge

theoretical model. 1In particular, Nelsen has studied

the stabilities of the radical cations of 12, 13, and
14 (fig. 1.5). 1In this series the ethylene bridges, which
allow the DABCO-like overlep, were successively removed and

36

a trend of destabilization was observed. Nelsen also

reported that tetrazaadamentane(9,fig.l) does not have a
stable redicel cation. This was attributed to the fact that
the only orbitals alligned for interaction with the nitrogen
lone pairs are C-N orbitals which are too low in energy to
allow efficient overlap. Also, the radical cation of 9
would be inductively destabilized by the 1-3 nitrogen

arrangement. The relative importance of these two faectors
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could not be determined from the study496.

The radical cations of amines of this general structure

have also been shown to be stabilized by through space

37 reported the stable radicel cation

interactions. Nelsen
of 8(fig.1.5). This radical cation is only slightly less
stable than the DABCO radicel cation. Nelsen observed that .
all four nitrogens were equivalent and that the charge was
delocalized over all four nitrogens via a combination of

1-3 (through space) and 1-4(through bond) interactions of the
lone pairs, the relative importance of which could not be

49¢ it was shown

~

thet the stability and the equivalence of the nitrogens was

ascertained. 1In a later recrort by Nelsen

due entirely to a rapidly equilibrating three electron

bond between two sets of paired nitrogens. The term "three
electron Cﬁ-bond" was first advanced by Alder499 to

explain the stability and spectral properties of the radical
cation of 15(fig.1.5). Alder later reported three electron
O-bonding in the radical cation of 16 (fig.1.5)49h and

most recently in the radical cations of 17 and 18

(fig.1.5)491,

Alder has recently reviewed the special properties of

di- and polyamines including their electrochemiceal

benavior49h. Nelsen has reviewed the electrochemical

P
properties of nitrogen compoundsa“l.
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In summary, @ number of interrelated factors are

responsible for the observed stabilities of these radical

cations. The stabilizing factors appear to be the through
bond interactions in 1-4 nitrogen arrays and the through
space interactions of 1-3 arrays. Destabilization is

principally inductive in the 1-3 arrays. The relative

importance of these factors has not been ascerteined.
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The title compound has structurel features which may
result in interesting electrochemicel properties. It will
be noted that all nitrogen arrays are 1-5 thereby
eliminating &ll through bond interactions and essentielly
all inductive deétabilization. The major interaction in 1
should be through space due to the close proximity of the
nitrogen lone pairs in the cavity. The ihteraction of four
nitrogen lone pairs in a tetrahedral array results in one
bonding and three degenerate antibonding o:bitals49k.
Therefore a one electron oxidation should be facilitated
since the electron will be removed from & high energy
antibonding orbital. The resulting radical cation would be
delocalized simultaneously over &all four nitrogens. This
would be an interesting contrast to the two nitrogen systems
15-18 and the equilibrating pairs of nitrogens in 8.
Presumably the simultaneous participation of four nitrogen

lone pairs, instead of two, would result in enhanced

stability for the radical cation of 1.

Discussion

Y- Synthesis

The efforts towards the synthesis of 1 have employed
three general approaches. The first and most actively

pursued was the classicel acylation-reduction sequence. The
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second approach employed the Richman and Atkins nucleophilic
substitution scheme without the need for high dilution and
some attempts at veriations of this technique. The third
approach considered is a totally new procedure which
involved the”cleavage of aminal linkages in an intermediete
tetracyclic compound. Also included in this third approach
is a cleavage of a tricyclic orthoamide to yield the first
intermediate in the classical sequence but without the need
for high dilution. These three schemes are presented in

figures 1.6, 1.7, and 1.8 respectively.

H
OCl
P—N/C (02 hioh B ey :)
dilution N
oct NH2 H
A B

oct ..
high H
D+ Jtio (f >
OCl

fig. 1.6
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Classical Approach. As stated, this approach has been

the most actively pursued of the three. The work performed
J

on this synthesis to date is summarized in figure 1.2. The

| N ,’\COOH
on NOOHTHE [ BN HCI o
TsNH, + 2 /7 refluxi2h I]I\/C K/COOH

(91%) (82%)
19 20

SOClp PhH . hll/\C 2 C H

> > Ts- + dimer
¥ oct PhH hlgh HN o
50°, 18h (t;f) T hig L( (29%)
¢ 0
i £
coct
TS&f\ (’\NSL)
1.BH3=THF < HN cocl
—> T5- SN PTH > Ts-N NTTs
N ’
2.6N HCl H ] (\/N*r?
3.aq NaOH (133%) dilution 240
fig. 1.9

synthesis began with the double conjugate addition

of bis-tolueresulforamide and two ecuivelerts of
acrylonitrile to yield the bis-nitrile 19 in 91% yield. 18
was then hydrolyzed to yield the bis-carboxylic acid 2C in
82% yield. The bis-acid chloride 2] wes prepared in 95%
yield by the reaction of 20 with excess thionyl chloride.
Bis-acid chloride 21 was of Central importance to this

synthesis in that four of the six carbon bridges in 1 are
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introduced using 21. The monoprotected intermediate 22 was
~prepared in 67% yield by the reaction of 2] with two
equivslents of 1,3-diaminopropane under high dilution
conditions employing the high dilution apparatus described
in the experimental section. The bis~-amide contained

Gel Permeation
93ml Chromutog raphy

Ao
<: ~Ts
o3

Biobeads SX-12

21'x 3/8"
CH,Cl,
83ml
2.6 ml/min
340 tb/in2
-
-—
Retention Vol.
fig. 1.10

a minor aromatic impurity but was used in subsequent steps

without further purification. The second equivelent of 1,3

diaminopropane acts as a base to react with the HC1l which is

a byproduct of the formation of the amide bonds. The HCl

must be neutralized to preserve the reactivity of the amine.
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The major side reaction of entropically unfavorable
cyclization reactions is the formation of linear and cyclic
oligomers. The isolation of the monomeric gigjamiae 22 was
accomplished through the use of preparative scale gel
permeation chromatography(GFC). GPC is capable of
sepvarating compounds on the basis of size. The prevarative
scaleAGPC unit used in this study was constructed by
modification of an analytical GPC unit as described in the
experimental section. A nearly baseline separation was
accomplished for the purification of 22 as can be seen in
fig.1.10. Bis-amide 22 was reduced by diborane/THF to yield
23 in impure form. The material was used in subsequent
reactions without further pufification. The bicyclic
intermediate 24 was prerared from the reaction of 23 with 1
equivalent of 21 under high dilution conditions employing
triethylamine as the base. The purification and analysis of
24 awaits the vaecking of a suiteble GPC column since the
meterial would be excluded on the existing SX-12 column.

The steps needed to complete the synthesis are pfesented in

fig. 1.11.

Two major problems are present in this synthesis. The
first is its lineerity. Linearity is particulerly
troublesome in this sequence because it conteins three high
dilution steps which must necessarily be run on a small

scale end generally do not give high yields of monomeric
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compounds. This drawback is amplified in this sequence
since the last of these bottleneck reactions occurs at the
end of this linear sequence. The other problem involves the
diborane reduction of the lest intermediate bis-amide 26 to
yield the product. 26 is an anti-Bredt amide in that the
nitrogen lone pairs are twisted relative to the carbonylJU
systems. Under the appropriate reaction conditions(emide in

50

excess) amides having this structure cen yield

aldenydes(or alcohols) resulting from the cleavage of the

31 51 nave

C-N bond. However, Schmidtchen and Lehn
successfully reduced relatively strained bicyclic bis-amides
with diborane. These considerations make it impossible to
predict if the amide linkages will be cleaved or if the

reduction to the amine will occur. If the cleavaege does



occur then the general scheme presented in fig. 1.12 will

have to be explored.
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The problem of linearity in this synthesis can be
partially circumvented through the use of the cleavege
reactions (fig. 1.8). Detailed experimental for the
synthesis of these compounds are presented in the

experimental section.

20
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Modified Classical. The goal of this acrproach was the

synthesis of a monoprotected cyclic triamine without the
need for high dilution conditions. Richmanrn and Atkin552
have reported high yield cyclizations to yield triamines and
tetreaamines employing di-sodium salts of bis-p-toluene-

sulfonamides (bis-tosylamides) and di-p-toluene- sulfonetes

(tosylates) in DMF?fig. 1.13).

Ts

DMF T ms

“00%c
&
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fig. 1.13

Koyama has also reported & similar procedure employing

53

dibromides instead of ditosylates It hes been

suggesteds4 that the bulky tosyl groups reduce the

internal entropy(rotetional entropy) of the starting
materials thereby vromoting the cyclization reection. Thus
it was proposed that if & bulky protecting group could be
found which also promoted cyclizations, but was easier to
cleave than bis—-tosylamides, then & mixed cyclizetion
followed by a selective deprotection would yield the desired

monoprotected intermediate 23 (fig. 1.14).



Phenylmethanesulfonyl was selected because of its similari

22

ty-

to tosyl in its bulkiness and its ease of cleavege by Raney

[ =g oy
Nickel hydrogenation towards which tosylemides ere inert™~

(fig. 1.14). A review of the methods for tosylemide cleeveges

is available.57

FU

TsN

100 c
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Urnfortunately, this approach has been plagued by low
yields of the rhernylmethenesulfonamides and sulforates.
Some reasonable yields of the sulfonamides were obtained
when the reactions were run at —77°C(see experimental
section) and further exploration of this approach might be
warranted. The intermediate in these reactions has been

8

shown to be a highly reactive sulfene~ The low yields

in these reactions are probaebly due to the myriad of side

‘ Q
eactions that sulfenes are known to undergos“.
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To test the effectiveness of the phenylmethane-
sulfonamides and sulfonates in promoting cyclizations the
reaétion depicted in fig. 1.15 was attempted. This
particular reaction was selected because it allows direct
comparison with the Richman and Atkins procedure. The
smalll quantities of staerting materials made the product

separation and identification impossible.

-NN a P Rr—P
< DMF N
NP 100

‘N,:,N“ 20 P 30

w  P=SO0CHCeHs

fig. 1.15

It must be concluded thet this approach was not
successful. It is included in this report since it was
abandoned before it was conclusively shown to be unworkable.
In particular, the encouraging yields of the sterting
materials, when the reactions were run at —77°C, may make
this a viable approach. It will be noted that there now
exist reactions that allow the preparation of the

monoportected triamines (see orthoamide cleavage section)



24

for some rings sizes. But the approach outlined above is
much more general and, if successful, would be avplicable to
the synthesis of many different ring systems. 1In addition

there is always a need for selective protection methods for

poclyamines.

Cleavage Routes-—-Cleavege gg Tetracyclic Bis—-aminals.

As previously stated one of the major problems with the

synthesis of 1 is its linearity. One possible method

B
H2 HTs Na
H 411 S EtoNa Ts CZTS
SR af +

i :
t

H, NaOH HT Na

2 HP = B |DMF
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= XuloTogly

() N 5
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fig. 1.16
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of circumventing the need for high dilﬁtion reactions might
be to synthesize a tetracyclic intermediete and then cleave
bonds to yield a bicyclic material. This approach is
potentially the most powerful in terms of ease of synthesis.
Unfortunately this approach also turnred oﬁt to be the least

successful.

Efforts towards the utilization of this approech are
outlined in fig. 1.16. The tetrasmirne 36 was synthesized
in good yields by published proceduresGOa. Conversion to
37 was attempted via an acid catalyzed procedure. Seversl
acid'catalyst and solvent combinations were attempted as

outlired in the experimental section. All attempts at the

synthesis of 37 failed.

Cleavege reactions which might be employed to produce
compounds 38 and 39 from 37 have been the subject of another
studyso. The aminal cleavage reactions which were
examined (BHB/THF, NaEH3CN) were not successful on model
tetracyclic systems. It was hoped that if a cleavage
reaction had been developed then the cleavage of 37 would
yield some of the desired symmetrical com?ound 39,
containing two twelve membered rings, in addition to the
unsymmetrical isomer 38, containing one eight membered ring

and one sixteen membered ring.
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It has been reported recently that di-isobutyl-
aluminumhydride (DIEALH) cleaves aminals incorporated in
macrocyclic ringsel. This reagent was used to effect the
conversion presented in fig.l.l17 Note that the cleaveage

vielded the undesired unsymmetrical product exclusively.

The preparation of 42 was also rerorted by these

investigators.
r//\\j __I//’\\Wfi {COCI
" N]""‘—’DBAIH " N—?DBAH)-I’ |N|| l
RS L
40 “ 42

fig. 1.17

Cleavage of a Tricyclic Orthoamide to Yield

Moroprotected Triamines. 1In connection with another study

compound 43 (fig. 1.18) was synthesized.b (The full details
of the synthesis of 43 are contained in chapter 2. It was
found that compound 43 underwent an acylation with benzoyl
chloride to yield 44 which was subsequently hydrolyzed to

the desired monoprotected intermediate 45(fig. 1.18). This
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reaction eases the problem of linearity in the synthesis of
1l in that it allows the synthesis of the first monoprotected

intermediate without the need for high dilution conditions.

m | NaOH H(\lH

J + PhCOCI—*

fig. 1.18



.CHAPTER 2

TRICYCLIC ORTHCAMIDEE

52 concerning the

Reports by Richman and Atkins
preparation of macrocyclic triemines and tetraamines in high
yields without the need for high dilution have made these
hitherto synthetically challenging amines readily available
in large quantities. The ease of preparation of these
amines has produced a flurry of activity concerning the

reexamination of the classical reactions of secondary amines

employing these macrocyclic amines as starting materials.

~

The reactions of secondary amines with aldehydes have

62 and have

been the subjects of study for many years
produced many compounds of industrial and academic interest.
It wes only logicel that the first reactions to be examined
employing these macrocyclic amirnes were condensations with

63 were the first to

aldehydes. Turner and coworkers
examine the reaction of glyoxal with a substituted
1,4,8,11-tetraazatetradecane to produce 47(fig. 2.1).

64vdescribed the

A later report from these laboratories
syntheses and conformational analyses of 48-52(fig. 2.1).
Subsequently another groub reported the synthesis of several
members of this previously reported series (48-52, fig.
2.1)65'66. A revort from these laboratories also

described the syntheses &and conformational analyses of 53

and gﬂ(fig.z.l) rrepared by the reaction of the avpropriate

28
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macrocyclic tetraamines with formaldehyde67. Richmen

has incorporated a sirgle cerbon into the center of a
macrocyclic tetraemire to yield tetracycle 55(fig. 2.1).
Richman has also incorporated phosphorous into the center of

68

macrocyclic tetraamines to yield compounds 56 anrd

5709 (fig. 2.1).

Similar work has been unrndertaken employing macrocyclic
triamines. Richman7O has incorporated & boron into the
center of & series of macrocyclic triamines to rroduce

71 and coworkers heve

compounds 58-61(fig. 2.2). Verkade
introduced phosphorous into the center of a macrocyclic

triamine to yield compound 62(fig.2.2). These workers also
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prepared various oxidized derivatives of 62.

fig 2.2

Recently several groups have reported the reaction of
orthoacid derivatives with macrocyclic triamines., The
products of these reactiorns have the general tricyclic

structure 63(fig.2.3).

GO

63
fig 2.3

Orthoémides are one of several stable derivetives of
orthoecids. Orthoacids are hydretes of ordirary carboxylic
acids having the general formula 64(fig.2.4). While
orthoacids have never been isolated or even observed as
intermediates, several derivatives of orthoacids are stable,
isolable, and even common organic compourds. Probably the
most common derivatives are the orthoesters 65(fig.2.4),
such as triethylorthoformate. Other common derivatives are

the emide acetals 66 (fig. 2.4), such as N,N,-dimethylformemide
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dimethylecetal €7 (fig. 2.4). Ester aminals 6€ (fig. 2.4)

eére also stable orthoaecid Jderivetives but less

RCOH);  RCOR); RAOR,  HAocH,)
64 65 66 67

&

D rfOR ‘
R (NR,), RCINR,)3
68 €9
tig 24

commonly encountered than the esters and acetals. The

perazaderivatives of orthoacids are the orthoamides 6%

(fig.2.4).

Several nomenclatures for orthoacid derivatives are
currently in use. Some authors refer to all orthoacid
derivatives which contain an aminoalkyl residue as
orthomides vhile others reserve the name orthoamides only
for the peraza derivatives. In the following discussions
the nomenclature used in conjunction with fig. 2.4 will be
adhered to. Another commor. desigration for the orthoamides
is 1,1,1-tris-dialkyl(or diaryl)aminoalkares. This

nomenclaeture will elso be employed in these discussions.

The first mention of orthoemides in the literature was

in 1887 when Busz and Kekule72

reported the preparation of
tris-dialkylaminoalkanes through the reaction of

l,1,1-trichloroethane with secondary amines. This report
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was later shown to be incorrect73. The first authentic

precaration of an orthoacid derivative was reported in 1¢07
when Lander74 prepared amide acetals through the rection
of amide chlorides with alkoxides (fig.2.5). The field then

lay dormant until 1956 when the systematic study of

o .
R” R+ COCl,—> R

o
RONWR, + RSB

. NR,
Ré(OR)z
fig 28
orthoacid derivatives was reopened by Meerwein74a, who

reported the reaction of tertiary amides with oxonium salts
70(fig.2.6). The resulting oxo-iminium salts 71(fig.2.6)
were then reacted with alkoxides to yield the amide acetals.
Immediately aftef the Meerwein report Bredereck reported a
more convenient procedure for the preparation of amide
acetals75. Bredereck used the resction of tertiary amides
with dialkylsulfates to gererate the intermediate iminium
ions which were then reacted with elkoxides to yield the
amide acetals in good yield. Following these reports a

flurry of activity in orthoacid derivative chemistry wes

reported by Meerwein, Bredereck, Eilingsfeld, and Arrold.
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This work has been extensively reviewed76_80.

During the 1960's & number of methods for the
preparation of orthoamides were rerorted. One of the best
methods reported was the reaction of N,N,N',N'-tetrasub-
stituted formamidinium salts (72,fig.2.7) with alkalei metal

amides to yield the tris-dimethylaminomethares

73(fig.2.7)81784,
NR2
"0 + Nﬁq\le—'—" HCINR,)4
Rz
72 3
- tig 27

The reaction of iminium chlorides 74(fig2.8) with

alkalal metal amides also vields orthoamides73.

o |
R/u\NRz'e cocl,—* R + MONR;
R2
RC(NR2)3
m o

fig2s

Orthoamides may also be prerared from 1,1,1-haloalkanes

and secondary amines in the presence of a base such as

alkalai alkoxides or sodium hydride82’85_88.
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The various orthoacid derivatives mey be intercon-
verted In particuler, orthoamides may be prevared from

87,8% (£ig.2.9).

orthoformates and lithium dimethylamide
Amiral esters will dismutate to yield a mixture of
orthoamides and amide acetals in the presence of traces of

alcoho1€2r20-92 (¢54 2. 10).

HCIOR); + 3 M°ONR, EMETA, iRy,

fig2.9

OR NR;
2 HCINR ), * ROH =—= HCINR,)3 + HCIOR),

fig 2.10

Transamination of amide acetals has been used to

prepare tris—dialkylaminomethane587(fig.2.ll).

R,
HCIOR), * 2HNRz == HCINR,); + 2ROH

fig 2.11

tig 212

Meerweir has demonstrated the electrolytic dissociation
of amide acetals (fig.2.12). The position of the

ecguilibrium was found to be deprendent upon the solvating



power of the solvent and also upon the stability of the

- - N k3 - -2
carbonium ions and the anions which were formedg“.

Since the transamination of amide acetals does not
require acid catalysis the mechanism of this reaction, in
neutral media, probably invovles the initial generation of
intermediate 75(fig.2.13). This intermediate then reacts

with secondary amines to yield an ester aminal 76

(fig.2.l3f. Meerwein93 has also shown thet ester aminals
urdergo the same type of electrolytic dissociation as the
amide acetals. Therefore a second ionic irntermediate
77(fig.2.13) is probably formed in this manner. This
intermediate cen then react with another secondary amine to
yield the orthoamide. Thé equilibria cen be driven by the
high reaction tempersatures which remove the lower boiling

alcohol residues from the solution.

Hc/(I:)R)z ~— H OR, HNR, <———“‘"‘Hé)(NRz)2+ ROHT

Ra 76
R,
76 ®S0R +HNR, T==HCINR,);+ ROHT

fig 213

Prior to this work the transamination reaction has only
beern run successfully on formamide acetals or on acetals
bearing ro QL -hydrogens. When acetals bearing Q{-hydrogens

nave been employed in this reaction ther the only isolable
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products have been ketene aminels78(fig.2.14). These
products result from the elimination of an elcohol residue

from the intermediate ester aminal79(fig.2.14).

- R2 -RoOH
RCH,CINR, ~—= RCH,~<%® 80R ===RCH=CINR,),
Rz ZP

fig2.14

The preparations outlined in fig.2.5-2.11 and fig.2.13
all pass through an ester aminal intermediates. These
schemes are therefore subject to the ketene aminrnal side
reaction discussed above. The majority of the known
orthoamides were prepared by one of these methods. It comes
as no surprise then that the majority of the known
orthoamides are orthoformamides. Only three examples of
orthoamides of higher orthoacids have been reported and in
these isolated cases they have been prevared by very
different routes. There is one report of a trifluoro-
acetamide 1294(fig.2.15) but in this case the tricyclic
orthoacetamide was prepared quite by accident irn the
pyrolysis reaction shown in fig. 2.15. ‘Another reported
example is the orthobenzamide 80 prepared by the reaction of
phenyllithium with hexamethylguanidium chloride
8195(fig.2.16). The third reported example is the

difluorochloroorthoacetamide 82 which was prepared by the

. 3 . L3 C
reactionh sequence outlined in f1g.2.l7‘6.
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F3
| 2°C J\ H,0+CO,+HCF.
£f)k\NHCﬂMOH <ii + fg 2 3
79

fig2.15

+ PhLi—— PhC(NMeg);
80

]

hg 2.16

(CICK,CFsS5 + 3 /'“_) 0°C, cncr=2c+N<])3

&

Ng247

aaapne

The application of the above mentioned synthetic
procedures have resulted in the preparation of a vast array

76-80 97 orthoamides. Most of the

of acyclic ard bicyclic
resulting orthoamides are stable, colorless liquids with an
amine-like smell. They are generally stable at elevated
temperatures and are medium to strong bases with pr's of

approximately 2.5 (hydrogen bonding method)80

The synthetic utility of the orthoacid derivatives
stems from their high reactivity. They reect with a variety
of acidic compounds (both carbon'and X-H acids),
organometallics, and verious electrophiles. Hydrolysis in
acid, base, or neutrel media occurs very readily irn most
cases. The susceptibility towards hydrolysis of orthoacid

derivetives increases as more dielkylemino residues are
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substituted onto the orthoacid parent(fig.2.18). Amidinium
ions 83(fig.2.19) have been shown to be intermediates during
the hydrolysis of orthoamidesgs'gg. Cyclic and stericelly
hindered amide acetals are more resistant towards

hydrolysis.

NR, R
RCIOR)3 « RCI0R); ¢ RENR,); ¢ RCINR),

fig 218

It is generally accepted that the reaction of
orthoemides with X-H acidic compounds proceeds via one of
two pathwayé deperding on the reaction conditions and the
structure of the starting materials. The two possible

rathways are presented in fig. 2.19.

Ry Ry
RCINR,y)y «—= ONRz ¢ XHT="R—® X +HNR,
2 2

OXNHR Re
RC‘NRz)g + HX == (NR)), = @ 68X + HNR,

2
R
Rﬁx = Rﬁ(NRz)z

path b
fig2.10
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Path a is favored by very stable intermedieste amidinium
ions, low kinetic and thermodynamic acidity of X-H(e.g.
R2NH), as well as high solvent polarity. Conversely, path
b is favored if relatively unstable amidirium ion
intermediates are generated, if X-H is very acidic, and irn
solventé with low dielectric constants. If the intermediate

amidinium ions are very stable then the reaction will end at

the amidinium salt.

Crthoacid derivatives react with alkylating agents
preferentially at the nitrogen(if one is present). The
tris-(N-alkyl-N-aryl)aminomethanes react with methyl iodide

to yield formamidinium salts(fig.2.20)82'85.

R,
HCINRZ); + MeI —— HC¢ ©I +MeNR,
Ry

tig2.20

e

h

o o
NMe Me, Me M
HCINg, )3+ 7 Ph’ng;N Ph
fig 2.21

Formamidinium salts are also formed through the reaction of
tris-(N-alkyl-N-aryl)aminomethenes with carboxylic acid
chlorides(fig.2.20)82. If alkylation would result in very
unstable cationrnic intermediates, as is the case for some
cyclic amide acetals, then salts of the form g4 are

isolated(fig.2.21)°7.
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The synthesis, physical properties, reactivities, and
synthetic applications of orthoacid derivstives have been

76-80  p complete

extensively reviewed by severel authors
review of the entire area of orthoacid derivative chemistry
is beyond the scope of this report. The reader is directed

to one of the comprehersive and excellent reviews of the

subject. .
<:jfij;;\\\
85
fig 2.22

The subjects of this revort are the tricyclic
orthoamides of general structure 85(fig.2.22). The two
initial reports concerning the rarent orthoformemides (R=H)
were made by Atkinsg4'95 but did not appear in the crrimary
literature. Before these initiel reports appeared there
were three groups(including Atkins) working independently in
this field. Reports from these groups appeared:
96—99_

simultaneously in the primery literature The

initial approaches of these groups were slightly different
but all three were based on the reaction of orthoacid

derivatives with macrocyclic triamines.
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Discussion

Synthesis

As part of e gereral program of research into the

stereochemistry, conformational aralysis, and reactivities

" of polycyclic polyamines, the series of tricyclic

orthoamides presented in fig.2.23 were prepared.

R

b B &

R=H,Me,Et
fig 223

Our initial synthetic approaches to these interesting
compounds involved the acid catalyzed condensations of
triethylorthoformate with macrocyclic triamines(fig.2.24).
This aprproach yielded the desired products in the two cases
which were examined, 86 and € (fig.2.23, R=H), but in low

vield (%% and 38% respectively). Later syntheses employed

H qH
+ HCIOC He)y e \1/"’
FhCH,
H reﬂux

soxhlet/5X sieves
fig2.24
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T

H INM { H ) ‘
w + Hlome, ——* C@*ZMeOH+HNMe1
H .
fig 225

the more reactive amide acetals. While these irnitial
investigations were underway two other groups were also
synthesizing the parent orthoformamides (F=H) of this
series. Atkins was the first to report the synthesis of two
, . .100,1C1 :
members of the parent series . (These reports did not
appear in the primary literature.) Atkins also reacted én
orthoacid derivative with macrocyclic triamines except he

used the more reactive reagent N,N-dimethylformamide

I3

dimethylacetal (fig.2.25). He obtained good yields of 86~

W Ny © A R
et (P
H R=H,MeEt
fig 2.265

(R=H,fig.2.23). His later revorts in the primary literature
detailed the synthesis and some of the interesting
properties of the tricyclic orthoformamidele2. Durirng

this time another group of investigators headed by
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104,105 .5 also investigaeting these compounds.

Wuest
Wuest prevared two members of the series according to the

synthetic procedures outlined in fig.2.26.

HN R THE NN
+ HC(QEt)3:
TsOH
H BIC  (84%)

H (71°o)

It will be roted that all of these approaches are based
upon the synthetic methods previously developed for
orthoamide synthesis and are not novel approaches. The
rovelty of these syntheses is the use of the macrocyclic
triamines and the tricyclicAstructure of the products. Our

103 102

rervort , Atkin's repvort , and Wuest's

report104'105 on the parent orthoformamides apresred in

the priﬁary literature simultaneously.

A more recent report from these laboratories describes

the syntheses and conformational analyses of the higher

106

homologs of the series(R=Me, Et) (fig.2.265). These
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materials were prepared by the uncatalyzed cordensation of
N,N-dimethylacetamide dimethylacetal or
N,N-dimethylpropionamide dimethylacetal with macrocyclic
triamines to yield the tricyclic orthoacetamides and
orthopropiornamides respectively. These ere the first
examples of orthoemides of higher acids to be synthesized by
this route and ere a significant addition to this previously
limited class of orthoamides. The amide acetals used in
these prevarations were synthesized by the method of

107

Bredereck (fig.2.27).

/9\N (MeQl,SO, MeONa
R [CH3), BOC ™MeOH CHsh
g

The macrocyclic triamine precursers were prepared by
the method of Richman and Atkins52 (fig.2.22). 1In this
method the arpropriate acyclic triamine was reacted with 3
equivalents of p-toluenesulfonyl chloride followed by
reaction of the resulting tris-tosylamide with 2 equivalents
of sodium ethoxide to yield the corresponding di-sodium
selt. This di-sodium salt was then reacted with the
ditosylate of an appropriate diol in DMF at 10C C to yield
the macrocyclic tris-tosylamide. BRydrolysis of the

macrocyclic tosylamide was accomplished by the general
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602 whereby the tosylamides were cleaved

method of Raymond
in concentrated sulfuric acid at 10c°c. Typically a base

workup yielded the triamines in good yields.

Ts

(N:z CNNG TsN/-\ N,Ts

-
s EoNa L 7™ pve b\)
NaQH EtOH 106¢ '

H, Et \NNO’- Ts s
ik TS ]HZSO4
A
H 2% Hy )
H Ryr. Oc '
H
fig 2.28

As was pointed out in the introduction, all previous
attempts at the synthesis of orthoamides of higher acids
employing amide acetals and secondary amines had resulted in
ketene aminals instead of the desired orthoamides. The
mechanism for formetion of the tricyclic orthoemides is
presented in fig. 2.29. The yields of the orthoamides are
high by this rrocedure and so the pathway that leads to the
ketene aminals (the exclusive pathway for acyclic systems)
must not be operative to any great extent. Presumably the
orthoacetamides and orthopropionramides are formed instead of
the ketere aminals because the intramolecular reaction to
vyield the tricyclic products must be faster than the
intermolecular proton abstraction that would yield the
ketene amirals. It is presumed that the proton abstraction

must be intermolecular because the steric requirements of 90
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are such that intramolecular proton abstraction is

geometrically impossible. Examinetion of models also

R

Rz

MOR.CND Qﬁ
= C@D C/y
VR ‘\/\

NJ R
HNR, + <ft?;R HNR <th:f>

H
fig 229

indicates thet 81 would be very high in energy Jdue to
unfavorable steric interactions between the ketene aminel
portion of the molecule ard the adjacent ring system. These
two factors are most likely responsible for the observed

course of the reaction in the cyclic cases.
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The following sections discuss the novel spectroscopic
properties, chemical prorerties, and reactivities of the

tricyclic orthoamides.

Conformational 2nelysis of the Orthoamides

Introduction

The stereochemistry and conformational analysis of

polycyclic polyamines with bridgehead nitrogens continues to

be an area of active research64'108'109. An excellent

review is available concerrning the spectral methods used to

determire the stereochemistry of the bridgehead

nitrogenllo. The more general area of heterocyclic

conformational analysis continues to be actively studied by

111,112 113

many groups and excellent reviews and books

are availeble on the subject.

1 13

The application of “H and C NMR to the study of

conformational analysis in general and to heterocycles114
in particuler has advanced these areas of study
dramaticelly. The arplication of veriable temperature
techniques to nmp1157125 (Dynamic NMR) has produced a
wealth of information concerning both the determinetion of
conformation and the ernergy barriers associated with
conformational processeleG. These techniques have been

used to advantage in the study of the conformational
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analysis of the orthoamides.

Infrared spectroscopy was also used to determine the
stereochemistry at the nitrogen bridgeheads. 1In particuler,
the arpearence of Bohlmann bar‘.dsllo’lz.7 in the
2700-2800cm™ region of the IR spectra of amines is
indicative of an antiperiplaner(ap) relationship between the

ritrogen lone pairs and the adjacent C-H bonds.

Empirical force field calculations were also applied in
128,129

this study of the orthcamides. Allinger's MM2
force field was used in these celculations. MM2 has been
proven reliable in the calculations of the geometries and
erergies(steric energies and heats of formation) for
hydrocarbons. The force field heas beeﬁ parameterized for e

130 including amiresi31-133

134,135

number of functional groups
Allinger has reviewed the force field method
Generally amine geometries have beer shown to be quite
reliable. The relative energies of conformations calculated
by MM2 are also generally relieble. Polar compounds are
particularly troublesome for MM2 since the program does not
adequately account for electrostatic contributions. The
calculated total energies for polar molgcules heve a strong
derendence on DIELC(e constant which is input into the
calculations that is essentially the effective dielectric
constant of the solvent;we used 1.5) ard for this reason
this constant must be specified when quoting calculated

energies of polar compounds. The reliability of the total
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energies (which includes electrostatic term) is particulerly

136'111. Since the

‘'suspect for polyfunctional molecules
orthoamides are polar trifunctioral molecules we have taken
the approach of elucidatinrng the conformetions of the
orthoamides spectroscopically and then compsaring the

experimentally determined conformations with those

calculeted by MM2.

Through the application of the techniques described
above the cornformations of the orthoemides, as presented in
fig. 2.30 have been assigned. 1Included in this figure are
the point groups to which each conformation belongs. One
striking feature of the parent orthoformemides is the
variation of.the orientation of the nitrogen lone pairs
relative to the central methine C-H bond. The lone pairs
are approximately syn to this C-H bond in the smallest
member of the orthoformemides and are ap in the largest
member. This variation in lone pair orientation gives rise
to meny interesting spectroscopic and chemical properties in
these compounds. Similar variations in lore pair
orientation are present in the orthoacetamides and
orthopropionamides giving rise to interesting spectroscoric
ard chemicel properties in these compounds also. A detailed

discussion of these properties is included in the discussion

section.
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To facilitate.the discussion of these compounds a
simplified romenclature will be employed. The rames of the
compounds will have the generel form R-1lmn where R is the
substituent bonded to the central carbon and 1l,m,n are the
numbers of methyleres in the carbon bridges of the tricyclic
ring system. Thus the smallest member of the
orthoformamides(fig.Z;30) 9] is called H-222 and the largest
member 94 H-333. When more then one conformation is
possible, as is the case for Me-333, thern the conformation
will be specified by indicating the stereochemistry of the
bridgeheads. As an examrle, 28 would be called

trans,trans,trans-Me-333 or simply 28-ttt. In some cases

there may exist more than one cis,cis,trans conformetion.

In these cases the conformations will be differentiated by

reference to the point group to which they belong.

For the purposes of conformational aralysis this is
really a two dimensioral series. The first dimension is
varying ring size with constant R size and the second is
varying R size with constant ring size. We see
conformational and reactivity dependences in both of these
dimensiorns. Some of these dependences can be easily
assigred to variation in a single dimension and some surely
result from an intercrlay of both. For this reason this

series is both a bountiful subject and @ challenge.
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In general, the variation in the R group size cen be
expected to exert its effect due to steric interactions.
The variation in ring size manifests itself in a greeter
conformatioral freedom in the larger rings. Thus it cen be

seen in fig.2.30C that in the 333 series a gradual change

icec 92ccc O3ttt g4ttt
C3 CS CS Cgv

> R@ 2 % 4
N¢
H3 minoi;b

3 major
95ccc 96ccc 97cct 98ttt 98cct
Cs Cs Cs "Cav Cs

ol i
D S s

R~ Hs
H H3
99ccc 100ccc 10%ct 102cct
Cs Cs Cs Cs

fig 2.30

occurs from an all-trans ring system in the formamide , to a

mixture of cis,cis,trans and all~-trans in the acetamide ,

and finally to a cis,cis,trans conformation in the

prorionamide. The ability of the 333 series to adopt
conformetions which minimize the steric strain introduced by
the increasingly larger R groups is attributed to the
conformational freedom allowed them by the larger ring
system. These changes can be contrasted with the constancy
of conformation in the 222 series. In this latter series

only slight conformational changes are possible due to the
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restrictively small ring system.

It should be noted that in addition to the variation in
R ard ring size another conformetional effect is opverative
in these systems. The term "anomeric effect" was coined by
Lemieux in 1958 to describe the axiel preference of an
electronegative substituent in the C-1 position in pyraroid
rings. It was quickly recognized that this effect was not
restricted to carbohydrates. The term "generalized aromeric

effect"137

grew out of this realization. The generalized
anomeric effect states that there is a preference for an
antiperiplanar relationship between the lorne pair of a
heteroatom end an electronegative substituent in the
Q-vosition(fig.2.31). The effect was first expleined ‘in

138 reasoned that an

terms of divoler interactions. Edward
antiperiplenar disvosition of divoles should be lower in
energy than a gauche disposition. The more recent, and now
Jererally accepted, expleirnetion is besed on MO
considerations. According to MO theory the overlap of the
lone pair orbital of the heteroatom with the 0 * orbital of
the C-X bond results in net stabilization. This overlar is
maximized when the lone pair is antiperiplanar to the C-X
bond. Upon examiration of the assigned cornformations of the
orthoamides in fig. 2.30 it becomes immediately obvious

that the all-cis and the all-trans configurations ere

disfavored by the anomeric effect. In the cis,cis,trans

conformations some (although not all) of the unfavorable

interactions are relieved. Thus the aromeric effect favors
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the cis,cis,trans conformations. The anomeric effect hes

‘recently been comprehensively reviewedl39.
X L
favorable unfavorable

fig 231

The detailed conformational analysis of the orthoamides
is contaired in the discussion section. The discussion is
broken down into three sections according to the R group.
Each section contains an initial discussion of general
spectroscopic trends followed by a compound by compound
survey of the conformational analysis including all relevant

spectroscopic data enrnd MM2 results.

A final note concerning terminology is necessary.
There is some disagreement among conformational analysts as
to the precise definition of conformetion. The original
definition specified that stereoisomers that are
interconvertable by rotetions about single bonds are
conformers. Clearly this definition is inadequate in
systems containing hetercatoms capable of pyramidal
inversions. For the purvoses of the following discussion we
will adhere to the definition advanced by Riddell. Riddell
States that, conformations are stereoisomers that, "can be

interconverted either by rotation about bonds of order



approximately one, with any concomitant smell distortions of

bond lengths and angles, or by inversion at & three

coordinate center in the molecule, or by pseudorotstion at

phosphorous“llB.
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Conformational Analysis of the Orthoformamides

This section Jdeals with the conformational analysis of
the drthoformamides(R=H). All relevant spectrel data is
presented in tebular form. The actual spectra of these
compounds are included in appendix 1. The interpretetion of
these spectre is discussed in terms of the conformetioral
analyses. EFF calculation (see MM2 calculations section for
a complete discussion) results are quoted in support of the
spectral data if the two methods agree. Discussions of the
failings of MM2 to predict mirnimum erergy conformetions in
cases where spectral data clearly contredicts the MM2

results are also included.

13

C) are presented in table

2.1. The relevent IR data, 1JCH couplirng cornstants, and

The NMR Jdata (lH and

the assigred conformetions for the orthoformamides are

rresenrnted in fig. 2.31.

Stereochemical Variation in the Crthoformemides

Fig. 2.31 shows the stereochemical variation of the
nitrogen lone pairs relative to the central C-H methine
bord. According to EFF calculetions the lone peirs are

arproximetely syn to the methine C-H (12.5°from syn) 1in
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H-222. In H-322 one lone pair is arproximately syn (O.lSQY“

and the other two are aprroaching gauche (32.2°and 32.4°).
In BH-332 the lone pairs are antiveriplaner (176.l°,l79.9°
,l76.6°) ernd in H-333 they are also antivericlanar (180°).
This verietion of the lone pair-central methine dihedral
engle gives rise to a systematic veriation in the 1H

chemical shifts and the 1JCH through the series.

Table 21

B mm (s , coc1y) -

1
Produce 60MHz'H NMR (5, cel) N-CH-N  -CH,-N  ~CH,~CH,~CH,- ~3.(methine) (Hz
91 2.5-3.35(AA'BB',12H) 104.1 52.0 —————— 184 +1
5.03 (s,1H,methine)
92 1.05 (d of quintets, 93.3 45.9, 49.0 16.5 169 + 1
J=13;3Hz,1H) 56.2

ca. 1.5-2.3(m,1H)
ca. 2.2-3.7(m,12H)
4,32 (s, 1H, wethine)

93 1.1-3,37 (mf 96.6  47.7, 48.9 23.6 140 + 3
51.8
94 1.22~1.49 (m,3H)* 100.0 53.9 24.2 141 + 3

1.58~2.22 (m,9H)
2.25 (s,1H,nethine)
2.61~2.90 (m,6H)

:Neither 60 MHz nor 90 MHz spectra permitted assignment of the methine
90 Miz, accr.ono-dsg 6 (methine) in (!I)Cl3 - 2.32

5 503 432 256 225

%y 184 169 140 140
IR 2700-2800cr  27002800crd  2700-2800,
2400cm!

H
‘N'd“@ % %Q P~
,
H H
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It has been observed that the 1JCIJ associated with

a C-H bond which is antireriplener to & nitrogen 1lcone pair

is smaller than the coupling constant zssocizted with C-EH

bornds which are syn or gauche to the lore pairsldca—k.

Theoretical studies indicate that the orbital overlep of the
lore pairs with the O * orbital of the C-H bord is

responsible for the variation in the coupling

g141-143  ppe argular deperdence of the orbital

overlep and the megritude of 1J

constarn

are qualitatively

CH

illustrated in fig.2.32.

()

o

3

=

c

(']

£ overiap

0 30 0
e
fig.2.32

Note that lJCH decreases as the orbital overlap
increases which leads to the conclusion that 1J should

CH

approach a meximum value as the dihedral argle approaches

¢0.

Examiration of the coupling constants for the series

and a number of model compounds (fig.2.33) reveals that the
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variation in 1JCH canrot be attributed solely to lone

pair orientatioral effects. When the magritude of the
overlap is considered it becomes obvious that the coupling
constants for E-222 and H-322 seem too large. If lone peir

effects were the sole cause of the observed variation in the

1

series then lJCH should be smaller than the “J., of

model compound 2.33-a where the dihedral angles are each 602

Orthoamides : .,

Comgund methine 1J¢,. (Hz) |
(Mo,N), CH 147.5
222 184
322 1 '
89 AJz43
332 141
333 141
PhiC A
CHypHlYCHa P
169
233-3
137
233-b
150
233-¢

fig 233
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Clearly factors other ther just lone pair orientetional
effects are involved here. A major contributing factor must

be the strain present in the smeller members of the series.

The large lJCH for 2.33-b clearly shows that angle

strain is cresent in the H-222 hydrocarbon aralog. the

angle strain caused by the constraints of the ring system
are probably worse in H-222 due to the shorter C-N bonds.
In particuler, the constraints of the rings in H-222 and’
H-322 should result in flettening of the nitrogens and
compression of the N — C - N bond angles of the methine

carbon. The increased s character of the C-H bond due to

1

this angle strein would result in an increaese in °J

CH®
The relationship between 1JCH and the hybridization of

144,145

the carbon is well documented Equation 2.1,

relating the %s character to the coupling constant, heas

146,147

received much use (and abuse ) It has been

reported that equation 2.1 does not hold in the presence of

electroregative substituents148 (ever. though the

"Ten= 57 x(%s) ~184(Hz) eq.21

gualitative relationship still holds) and so attempts at
factoring out the relative contributions of the lone pair
effects and the hybridizetion effects cannot be urndertaken.
The fact that the coupling constents for H-332 and H-332 are

smaller than lJCH for tris-dimethylaminomethane
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indicates that the lonrne pair orientational effects observed

in other systems are also present in the orthoformemides.

Examination of the coupling constents for 2.33-b,
2.33~-c ard H-222 leads to the conclusion that the effects of

the added nitrogens on lJ(.H are not additive. The

coupling constant increases by 18.6 Hz from 2.33-b to 2.33-c

due to the introduction of a single nitrogen., If the effect

were purely additive then the lJCH for H-222 would be

expected to be 192.& Bz (137 + 3(18.6) = 122.8). Since the

observed coupling constant is considerebly less then 192.8

Hz it must be concluded thet the effects of the nitrogen on

lJCH are in fact not additive.
In summary it can be steted that the variation in the
lJCH coupling constant results from an interplay of lone

palr orientational effects and strain effects and that the
relative contribution of the two effects cannot be
ascerteined. It should be noted that the assumption has
been made here that the increase in lJCH methine

resulting from the electronegative nitrogen substituents 1is
constant throughout the series. This assumption seems

reasonable since the methine cerbon is bonded to three

nitrogens in all four members of the series.

A variation in the chemical shift of the methirne

hydrogen was also observed in this series. Hydrogens which
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are antiperiplenar to lone pairs gererally resonate upfield
. . ’ . 14°9-153

of those which are syr or gauche to a lone peair .

The use of this spectral parameter to assign the

stereochemistry of fused ring systems with nitrogen

bridgehesads is gererally accepted and has been

reviewedllo. The shifts are attributed to a combination

of n- O * interactions (lone pair effect) and C-C and C-H

megnetic anisotropies (alkyl effect). The reletive

importance of these two factors has beer the subject of much
- . . 146-153

cornjecture and is still a metter of controversy .

The effect of the lone pairs on the NMR spectrum is

conveniently illustrated by the resonance argument presented

fig 234
in fig.2.34. Resonance structure 2.34-b, which shopld be
meximized when the lone peairs are antipveriplanar to the C-H
bond, will ceuse upfield shifts of the methine hydrogen.
This hyperconjugative argument is in agreement with
Ceslongchamps' principle154“157. The chemical reactivity
of H-333 also reflects the contribution from resonance form
2.34-b. Wuestlo4 has reported that the pyrolysis of the
conjugate acid of B-333 (tetrafluoroborate‘salt) yielded the

corresponding guaenidinium tetrafluoroborate ard moleculer

hydroger (fig. 2.35). Wuest has also reported the clean
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reaction of H-333 with various oxidizing egents to yield the

guanidinium cation5104.

e
(;\\ BF,

=

fig 235

In summary the upfield shift of the methine hydrogen in
the orthoformamide series results from a combination of lore
pair and alkyl shifts. The relative importance of the two
effects has not been be determined.‘ The lone pair effect is
clearly operetive in these systems and 1s probably the most

dramatic example of this effect ever rerorted.

The orientatiorn of the lone peirs relative to the
methine C-H also manifests itself in the infrared screctra of
these compounds. As was mentioned in the introduction,

Bohlmarn bands in the 2700-2800cm >

regipn of the IR
spectrum have been attributed to C-H stretching frequencies
of C-H bonds which are antiperiplaner to @ nitrogen lone
pair. The low frequency of the absorbance results from the
lengthening and weakening of the C-H bond as predicted by
the resonance argument presented in fig. 2.34. PBohlmann

bards aere observed in the 2700—2800cm"1 region for H-322,

H-332, and H-333. We have assigrned these absorbances to C-H
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bonds in the rings that are artiperiplarar to a single

nitrogen lone pair. Bohlmenn bands are @lso observed at

1

240Ccm © in the IR spectra of H-332 and H-333. We have

assigned these very low frequency absorbances to the central
methine C-H bond which is antiperiplenar to three nitrocgen
lone pairs. The assignment of these absorbances to the
central methine is possible beceuse this absorbance is
absent in the IR spectrum of Me-333. Bohlmann bands were
originaly thought to be observeble ornly when two C-H bonds
were antiperiplanar to a rnitrogen lore pair. Subsequent

110a determined that Bohlmenn bands are also

studies
observed in cases were only a single C-H bond is
antiperiplaner to a nitrogen lone pair (see reference 110

for a disscussion of this point).

All of these spectral trends were used in making the
assignments of the conformations of the orthoformamides.
These trends are in agreement with the assigned
conformations although they are larger in magnitude then
rreviously reported examples. The magnitude of the spectreal
changes observed in these compourds is of course due to the
participation of three nitrogen lone pairs. The literature
precedents for these spectral charecteristics, in most
cases, involved only a single nitrogen and would be expected

to be of a lesser magnitude.
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Conformational Analysis of H-222(%1). Models indicate

that the only reasonable conformation for this compound is
the all-cis slightly twisted C3 corformetior presented in
fig. 2.31. ¢Strong evidence for the all-cis conformetion is
the complete absence of Bohlmann bands in the

2700-2800cn * region of the IR. Ir the all-gcis

————

conformation rneither the central methire C-H rnor the ring

C-H bonds are antiperiplanar to nitrogen lone pairs. The

1

Jownfield "H chemicael shift of the methine rroton is also

in agreement with the assigred conformation as is the large

lJ for the methine C-H. 13C empiricel shift

CH
correlations employing model compounds 2.33b158

2.33--c159a (fig. 2.36) also support the assigred

and

confcrmation.

If the alternate cis, trans, trans conformation (the

other most likely conformation for E-222) were also present
(as @ minor form or as the sole conformetion) then some
dyramic line broadening might be observed. The complete

13C spectrum of

lack of dyramic line broadening in the
H-222 down to -1C0 C might be ar indication that H-222ctt
(fig.2.365) is in fact not presernt. The lack of dynamic
line broadening in the NMR does not conclusively rule out
H-222ctt since the conformational processes in five membered
rings are known to have low barriers and usually canrot be

observed in the NMR at accessible temperatures.

Conformation H-222ctt cen be ruled out by the absence of
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319 31.5*

Bas ) A

533

b

sO)

AB. _,, upon introduction of one N

¥ =315 -31.9=-0.4

o’ =756-54.8 =208
B =312-319=-07

N ol =533 -3193214

calculated shifts for H-222

=548+ 30

CW)\I H=s19+c+8 +¥
N

Agreement: actual (calcd)) shifts

N. N_
S \N@sm(ﬂl’-)

*tentative assignments

fig 2.36
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Boulmann bands in the IR since conformation H-222ctt would

be expected to exhibit Bohlmenn bands.

Csawa159a has recently reported a detailed empirice

force field study of the hydrocarbon enalog of H-222. COsawa
concluded that the hydrocarbon has the slightly twisted C3
symmetry that we have assigned to E-222. His study
indicated that the hydrocarbon raridly interconverts between
two erantiomeric C3 conformers resulting in apparent Cay

symmetry.

3

- 400 4
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The minimized ground state conformation as generated by
MM2 is shown in fig. 2.37 along with the calculeted erergy.
The minimized conformation heas C3 symmetry (ir agreemernt
with the hydrocaerbor analysis). The torsion angles indicate
that the three five membered rings each adopt the half chair
form as oprposed to the envelope conformetion. Although we
have not performed the calculations, it is assumed that
H-222 undergoes @ conformational process similar to thet of
the hydrocarbor whereby two enantiomeric C3'conformations
are interconverted by a low energy pathway resulting in the
apparent C3V symmetry. The erergy barrier for this
process should be so low that it should rnot be observable by

dyrnamic NMR technriques..

The spectal data, the MM2 results, and the reported
calculations for the hydrocarbon analog all suprort the

assigned conformation.

Conformaetional Aralysis of H-322 (22). Models indicate

that the most reasénable conformation for KH-322 is the

all-cis conformetion H-322ccc (fig.2.38). The results of
the MM2 calculetions support this assigrment over H-322cct
(fig.2.3€). The presence of Bohlmann bands in the IR for

this compound are due to C-B bonds in the six membered ring.
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MH@u S
92ccc Q2cct
fig2.38

The methine proton chemical shift and the methine 1JCH

are both supportive of the assigned conformetion. The
absence of dynamic line broadening in the 13C spectrum

down to -100°C is consistent with the assigned conformetion
but does not conclusively rule cut the possibility of other
conformetions (conformational processes in five membered
rings would probably not be observable irn the NMR at
accessible temperatures). The upfield resonance of C-4(16.5
pem) (see figure 2.3° for nﬁmbering system) points toward
sterically compressed H-322ccc (where C-4 is gauche to C-7
ard C-11) as opposed to H-322cct (where C-4 is gauche to C-7

ard antiveriplenar to C—ll)l6o'l6l.

MM2 calculations have been performed on H-322c¢ccc and
H-322cct and their minimized geometries and erergies are
showrn in fig. 2.39. The torsion angles in H-322ccc
indicate that the two five membered rings ere distorted
ernvelopes and that the six membered ring adopts a flattened
chair conformation. As can be seen in fig. 2.39 the
distortions in H-322cct are more severe resulting in the

higher energy content.
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It should be noted that we have not celculated the
energies of all the possible conformations of H-322. All
six of the possible conformations of H-2322 are shown in fig.
2.40. The other four conformations were not calculeted
because they seemed to us to be too strained to be

considered as reasonably populated minime.

H
. \/,
92ccc
H H
[RZy ™
92cct
H

~

fig 240

Conformational Anelysis of H-332 (83). The

conformational aralysis of H-332 is not as straightforward
as for the H-222 and H~322. EFF calculations indicate that
there are three ground state conformetions all within 1.5

kcal/mol of one arnother (fig.2.405). Fortunately the
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spectrel data allows the assignment of H-332ttt as the mejor
conformation in CDCl3. The most importent srectral deta
used in this assignment are the 1JCH coupling constant

for the methine cerborn, the unusually low frequency Eohlmenn

bands in the IR, and the chemical shift of the methine
1

proton. The Joy Was found to be 140 Hz which is the
same as the lJCH in H-333 (where the MM2 results are

unambiguous and the assignrment of the all~trarns conformation
is well defined spectrally). Also there is arn unusually low
fregquency Bohlmann band in the IR indicating a C-H bord
antiveriplanar to three nitrogen lone pairs (assignment of
the observed absorbance to the central methinre C-H was made
in analogy to H-333). The chemical shift of the methine
proton also supports the assignment of the all-trans

conformetion since it is so similar to that of H-333.

=4 % gz,
93ttt 93cct(Cs) 93cct(Cy)
E-339 E=34.5 E=34.8

fig 2.405

As can be seen from the MM2 results in fig.2.41 the
three lowest energy ground state conformations of H-332 are
all within 1.5 kcal/mol of one arother meking the assignment
of the minimum energy conformation on the basis of MM2

tenuous. Spectral date, in particuler the solvent
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93-cct(Cs
E=34.5

figam

72
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lH NMR spectra, indicated that MM2 was

dependency of the
correct in assigning several conformations which are very
close in energy. The solvent dependent 1H NMR date is
presented in fig.2.415., This deta and the LCNMR behavior of
this compound indicate that H-332ttt dominates in CDCl3

and that in acetone a mixture of conformations were present.

13

The C spectra of E-332 in CDCL3 showed no dynamic line

. . o .

broadening down to -6C C but in acetone the spectre began to
o .

broaden at —-66 C ard continued to broaden down to -100°C.

However the peaks never resharpened so it was impossible to

discern which of the c¢is, cis, trans conformations (or

indeed if both) were present in addition to the all-trans in
acetone., At first glance it may seem surprising thet the
more polar H-332ttt is favored in the solvent of lower
dielectric constant (CDCl3; 2.56 D) while in the more

polar solvent (acetone; 2.80D) the presence of the less
polar conformations are evidenced. This point might seem to
mitigate against the assignment of the all-trars
conformation in chloroform. However, others have commented
in the literature on the unusual solvert proverties of

112,162,163 163

chloroform In particuler, Lemieux

has
reported that chloroform seems to favor cornformations
disfavored by the arnomeric effect (as in this cese) and

Elie1ll?

has pointed out the well krnown ability of
chloroform to dissolve very rolar compourds. These two
observations indicate that one should not irnterpret the

solvent prorerties of chlorcform simply on the basis of its
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dielectric constant. Certeinly the results presented. here

are another example suprorting this contention.

Exemination of the MM2 minimized geometries for the
three ground state conformations (that we considered) shows
that the five membered rings in all three conformations
adopt envelope conformations (fig. 2.41). The two six
membered rings in KE-332ttt adopt distorted chairs. The six

membered rings in H—332cct(Cs) and H-332cct(C,) adopt

distorted flattered chairs. 2As was the case for H-322 there
are many more possible conformations of H-322 but these were

rnot calculated because they seemed to us to be higher erergy

conformatiors.

FLA G 5,
H H i
D=2165 D=1294 . D=1248

_Solvent Ssimethine 'Jeximethine)

cocly 256 1410
Acetone,. 280 1471
fig 2415

Cornformational Analysis of H-333 (24). The MM2

calculations allow assignment of the minimum energy
conformation to the all-tréns C3V cornformation shown in

fig. 2.42. 1This assigrment is also strongly supported by
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spectral evidence. The IR exhibits strong Bohlmann bands in
the 27C0-2€00 cm_l region characteristic of C-H bords

which are entiperiplanaer to nitroger lone rairs. These
absorbances were assigned to C-E bornds in the rings which
are antiperiplerar to a single nitrogen lonre peir. There
are also Bohlmann bards at 2460 cm © which we heve

13¢c empiricel shift

164

assigrned to the central C-H bond.

correlations employing model compounds 2.43-& and

165

2.43-b (fig.2.42) elso support the essigned

structure167. In addition to the evidence presented above

the complete lack of dynamic line broadening in the 13C
NMR spectra of H-333 down to -100%c supports the assigned
structure over.the alternative H-332cct (fig.2.42) ( see
conformatioral analysis of Et-333). The chemical shift of

the methine proton and the lJCH coupling constant for

the methine carbon also support the assigned structure.

Q4-ttt 94-cct
fig 242

Examination of the torsion angle diagrem of the
minimized gecometry of H-333ttt (fig. 2.42) indicate that

this conformation has three nearly perfect chairs. The

higher energy H-333cct (all chair) conformation has one
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254

56.2

A&b upon introduction of one Nitrogen
-d %2 =26.2-254=08 -
€ =324-347=-23

o=731-53.8=193
¥=333-347=~-14

8=269-262=07
®=562-34.7=22.2

Calculated shifts for H-333

‘/?, § =538 +3ec”
N H=347 +ec+ B +¢

N
E/?\I/\J H=262+28+3

Agreement: actualcalcd) shifts
N
1000 )539(532)
(111.7)
[/N 242(28.4)

| fig 2.43
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Conformational’ Analysis of the Orthoacetamides

Introduction

The spectral data for the orthoacetamides is presented
in table 2.2 and our assigned conformations irn fig.2.46.
Attention is called to the large range of chemicel shifts of
the methyl carbon resonances (A6‘=31.7ppm, ambiert T). The

range of shifts is attributable to a combination of steric

% 27.7ppm 238ppm 100ppm -6.9ppm
Hy
Hy O
H
%-ccc %-cee o j_r(l:; t Pty

fig246 éHa

minor
98-cct
Table 2.2
al
Compound NSE?& 3 o, N CH, -CH,~CH, C~CH,

95 111.4 51.8  mmemeeee- 27.7
96 94.7 54.9‘: .21.9 13.1 23.8

‘. .
97 86.9 49.4, 45.6 20.1 10.0

43.7
98¢ 86.0 49.0 24.6 4.0
ggb 85.9 48.7(br) 24.7(br) -6.6(br)

a. T = 302%; b. T = 206°K

13

Orthopropionamides: C NMR (Gc. CDCIS) .
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- compression and lone pair orientational effects. The
ngethyl) of Me-222 is in good agreement with the methyl

168

chemical shift of its carbon aralog which has been

reported to be 28.4 ppm. The 5C (methyl) of the
hypothetical hydrocarbon analog of Me~333ttt is calculated
to be +6.8ppm167'169, however, so lone pair orientatipnal
effects or increased steric compression, due to the shorter
C-N bonds, must be invoked to explain the additional upfield
shift of the methyl resonance in Me-333. Severel revorts
have documented that carbons which are antiperiplanar to a

nitrogen lone pair in aminesl70"172, aziridinesl73,

oxaziridinesl74, ard oximes175

resonate upfield of

carbons which are syn.or gauche to nitrogen lore pairs. The
origin of this effect is presumably the net stebilizing
(hyperconjugative) overlap between the nitrogen lone pair
orbital and the O * orbital of the adjascent C-C bond. The

observed range of methyl shifts for the orthoacetamides

support the assigned conformations.

Conformational Analysis of Me-222 (95). &As was the

case with H-222, molecular models indicate that the most
reasonable conformation for Me-222 is the all-cis slightly

twisted C, conformation showr in fig. 2.46. The absence

3
of Bohlmann bands in the IR of 95 indicates that this
compounrd is . in fact the all-cis conformation. The

cis,trans,trans (95ctt, fig.2.47, the only other reasonably
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possible conformation, albeit exceedingly unlikely) should

exhibit Bohlmann bends.

Me
l
)
fig 247

13C chemical shift correlations emrloying

l68
r

Empirical
suitable tricyclic model compounds, 2.4%-a

158 159

2.4%-b , 2.49%-cC of known conformation vprovide

additionael support for the assigrned structure (fig.2.49).

lH NMR of Me-222 and H-222 have AA'BB' patterns which

The
are almost identical providing some support for the
hypothesis that these two compounds possess the same

conformation.

The minimized geometry calculated for Me-222 is shown
in fig. 2.48. Examination of the torsion angles irndicate
that this compound adopts the slightly twisted C3
conformation as was the case with the parent H-222 and the
hydrocarbon analdg. The torsion erngles also indicate that
the three five membered rings each adopt half chair
conformetions with angles very similar to those which were
calculated for the parent. As was the case with the parent,
it is assumed that this compound undergoes a low energy
conformationral process which interconverts two enantiomeric

C3 conformers resultirg in apparent C3v symmetry (see
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~conformational analysis of H-222 ).

g c

sy

Abc _upon introduction of one N(see H-222)

¥=-04
oC=208

B8=>-07

5

N a=214

calculated shifts for Me-222(6=0q+*A0c_ 1))

Me 5:504-30:'

N 6=0q+x+B+%
Agreement: actual(calcd.) shifts
27.7{28.4)

1114
(252) 51.8(51.5)

C@

fig 249
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Y -30.8 4

95-ccc
E=42.3
fig 248

Conformational Aralysis of Me-322(96). Models indicate

that the all-cis conformation (96cct) and the cis, cis,

trans conformation (96¢cct) sould be the lowest energy ground

states for this compound. MM2 calculations were performed
on these two conformations only because models indicated
that the other possible conformations should be too high in
energy to be significantly populated (see conformational
analysis of H-322). MM2 calculations found 26ccc to be 3
kcal/mol lower in energy then %6cct (£fig.2.5C). The

spectral data 'is consistent with the assignment of 96ccc

Hy Hs
NG

o6cce 96cct
E=432 E=46.2

fig.250
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13¢ shifts,

as the major conformation. 1In particular, the
especially the upfield resonrance of C-4(13.1 ppm) points
toward sterically compressed 96ccc over 96cct. The

lH spectra of H-322 and Me-222 also

similarity of the
suggested that Me-322 exists predominantly in the all-cis
conformation as did the parent orthoformamide. Examination
of the torsion anglé diagrams of the mirnimized geometries of
96ccc and 96cct (fig.2.505) indicate that the two five
membered rings in 96c;c are distorted envelopes and that the
six membered ring is a flattened chair. 1In 96cct one of the
five membered rings adopts a distorted envelope, the other
is a distorted half chair, and the six membered ring is a

severely distorted chair. 96c¢cct is particularly strained

about the trans ring juncture.

Conformational Anealysis of Me-332 (97). MM2 assigned

two ground state conformations for Me-332 within 2 kcal/mol

of one another. These are the two cis,cis,trans

cornformations 97cct(Cs) and 97cct(C;) which are shown in
fig. 2.51. MM2 assigned 97cct(CS) as the lowest energy
conformation. The 13C spectrum of Me-332 at room
temperature contained six sharp resonances. These
resonances showed no dynamic line broadening in either
CDCl3 (down to —65°C) or in acetone—d6 (down to —100°C).

The lack of broadening and the number of lines demands that

the conformation possess @ mirror pleane which bisects the
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a6

ethylene bridge of the five membered ring and contains the
quaternary carbon, methyl carbon, and the bridgeﬁead
ritrogen common to the six membered rings. These symmetry
considerations are consistent only with 97cct(Cs) and
97ttt. Since 97ttt was calculated to be almost 5 kcal/mol
higher in energy we conclude thet the Me-332 global minimum

is 97cct(Cs;.

o7ttt 97cct{Cs) Me
v - 87cct(C4)
fig 251

The torsion angle diagrams of the minimized geometries
of the three ground state conformations discussed above are
shown in fig. 2.515 along with their calculated erergies.
Ernergies of the other possible conformetions of Me-332 were
not caelculated because these conformations were considered
to be of higher energy. Examination of the torsion angle
diagrams of the conformations shown in fig. 2.51%5 reveals
that the five membered rings in all three adopt envelope
conformations. The six membered rings in all three are

flattened chairs.



O97-cctCs)

E=395
fig 2515
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Q7-cctCy
E=41.7
fig2s15
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Conformational Analysis of Me-333 (S8). MM2 calculated

that the all-trans conformation 28ttt waes 0.2 kcal/mol lower

in energy than the cis,cis,trans conformetion (28cct,

fig.2.52). Calculations were also performed on the

28ttt 98cct
E=369 EXa7,2
\
Me Me
9BHC ttt Eanes!
E=241 =&,

fig 252

hypothetical hydrocarbon analogs 98HCttt and 28HCcct
(fig.2.52). According to our calculations 9fHCELL is
approximately 1.2 kcal/mol lower in energy than 98HCcct. A
recent report176 calculated the energy difference between
the hydrocarbons to be 15 kcal/mol, a value which we
consider to be in error. But since the calculated energies
in the orthoacetamide case are not greatly different it is
imprudent to rely too heavily upon these numbers when
assigning conformation. Fortunately the §pectral data
allows unambiguous determination of the major conformation

of this compound. The remarkably high field (-4.0 ppm)



metnyl resonance of Me-333 indicates
sterically compressed (CBV) %8ttt in
resonance is gauche to six methylene
antiperiplanar to all three nitrogen
introduction for a discussion of the

The dynamic 13

the predominence of
which the methyl
carbons and

lone pairs (see

lone pair effect).

C NMR behavior of Me-333 in CDCl3

(see spectra:fig.2.53-2.56) is also consistent with the

predominance of 28ttt over 98cct. At temperatures below

90

ambient, as exchange was slowed, the methyl signal (as well

as the other resonances) broadened and then began to

resharpen at lower temperatures, the
from -4.0 ppm to -6.2 ppm during the

value represents the methyl chemical

methyl shift changing

process. This latter

shift of 98ttt. No

reaks attributable to 98cct were observed at the lowest

attainable temperatures (in CDCl3).

exchange limit had not been achieved

minor conformation may still have been broadened into the

Bowever, the slow

so peaks due to the

baseline. Chemical shift interpolation based on an

estimated chemical shift of 12.4 ppm for 98cct yields 14% of

the minor conformation at 302 K106

. Since A S

n

(98cct-98ttt), the trivial entropy difference due to the

symmetry number differences, is 2.18

cal/mol-deg, it is

expected that 98cct should amount to only 4% of the

equilibrium mixture at 206 K in CDCl

3.

The preceeding
106

analysis has been published in commurication form .
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The same low temperature experiment was also performed
in acetone—d6 . The same phernomenon was also observed but
the chemical shift of the methyl resorance of 98ttt at low
temperature was -6.2 ppm and a broad resonance was observed
at 12.4 ppm. This latter peak was assigned to the methyl
carbon resonance of 98cct because of its chemicel shift

177 chemical shift

value. Application of Eliel's
interpolation method yields a value of 33% of S8cct at 302K.
It is expected that 98cct should accoun£ for approximately
129 of the mixture at 173 K (assuming A»éois equal to the
trivial entropy due to the symmetry number). Comparison of
the heights of the methyl resonances of the two
conformations at 173 K yields a value of appfoximately 42 of
98cct. The fact that the methyl resonance of 98cct was

still very broad at this temperature makes this latter

estimate questionable.

The experimentally determired A H of 1.1 (acetone) and
1.8(CDC13) kcal/mol are significantly different than the
0.2 kcel/mol difference obtained from MM2 calculsations.
This discrepency points out again the urnreliability of the
energies as celculated by MM2 for polar compounds.

The 13

C spectrum of Me-333 exhibits solvent
dependency. The solvent dependency of the methyl resonance
is of particuler interest since it is an indicator of the

relative amounts of S8ttt and 98cct present in the



equilibrium mixture. The relevant data on this point are

shown in table 2.3.

Table 2.3
SOLVENT DIELECTRIC CONSTANT El‘ 5‘- (methyl) at Amb., Probe T
n-hexane 1.88 30.9 ~1.63
CDClB .73 39.1 -h.,01
Acetoned6 20.7 ko2 0.00
CD_CKN 38.8 k6.0 -1.35

3

It had been expected that an increase in the dominance
of 98ttt (which has the higher dirole moment) would be
observed as the solvent polerity wes increased. Cleerly the

position of the 98cct-28ttt equilibrium is solvent dependent

but the dependence does not seem to correlate with the
dielectric constant of the solvent or the ET 178. The
incredsed dominance of 98ttt in CDCl3 was not surprising
since several workers in this field heave commented on the
ability of chloroform to favor conformations disfavored by
the anomeric effect. The result that seems most surprising
is that the methyl chemical shift has a more negative value
in n-hexane than in the much more polsr acetonitrile. This
result may be due to aggregation of the polar solute in the
very non-polar medium or some other form of specific
solvation. A recently reported study suggests that the

anomeric effect "disappears with increasing solvent

polarity" due to solute-solvent interactions in

179

(CH3—O)2CH2 . Our results are rnot consistent with
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this interpretation. It must be concluded thet the position
of the equilibrium may correlete with solvent polarity but
because of special effects in some of the solvents utilized
in this study this correlation was not definitively

established.

The dynamics of Me-333 were also examired &s a function
of solvent. The temperature et which the maximum broadening
of the methyl resonance occured was determined in CDCl3
and in acetone-dG. The results of this experiment are

shown in table2.4.

Table 24
SOLVENT E, T, of max. broadening _Q: Vi max AV _);._180
CDC1, 39.1 4.8+ c ~6.27 47.7 Hz  L20.0Hz 2643 gec™t
Acetone - 12.2 “ko.0t §°c -5.40 55.7 Hz L401.0Hz 2520 sec™t

It will be noted that the rates of this process ir the
two solvents are not significantly different. This result
indicates that the transition states leading to the

intermediates for the interconversion of 28cct-28ttt do riot

have ionic character. It is well known that reactions with
ionic transition states preceeding ionic intermediates have
rates which are directly provortional to the ionizing power

178 has reported a 50C fold

of the solvent. Winstein
increase in the rates of solvolysis of p-methoxyneoohyl

tolueresulforate on going from CHCl3 to acetone. Sirnce



our observed rate is essentially unaffected by the solvent
change it must be concluded that the transition states
leading to intermediates involved in this process do not
have ionic character. Therefore the interconversion of

98ttt and 98cct is a conformational process.

The torsion angle diagrams of 98ttt, %8cct, S8HCttt,

ard 98HCcct are shown in fig. 2.53 along with their
calculated energies. Inspection of the torsion arngles for
98HCttt reveals that this hypothetical hydrocarbon would
consist of three nearly perfect chairs. On the other hand
the torsion angles of 98ttt indicate three slightly
flattened chairs. The distortions of the ortﬁoacetamide
relative to the hydrocarbon are due to the shorter C-N
bonds. The same analysis applies to 9€cct relative to

98HCcct.

A comparison of the torsion angles of 28cct reletive to
28ttt reveals that there is a greater degree of flattening
of the chairs irn 98cct. The increased flattening in 98cct
is probably a major factor in the energy difference between

these two cornformations.
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Conformational Aralysis of the Crthopropionamides

Introduction

The spvectral date for the orthopropionamides is
presented in table 2.5 and the assigred conformations in
fig. 2.54. The actual spectra of these compounds are

contained in Apprendix 1.

L2 I {00 -CCC
99-ccc - 101 -cct 102 -tcct

fig2s4 -~

Table 25

A,

Compound ngg;-u Gy N G, -G, Cl, al,-a, Cu,CH,
99 113.8 51.9 = ceeacm-- 33.6 9.6
100 97.0 55.2‘: ;2.1 12.5 28.2 9.8
101 88.8 48.9, 45.6 19.8 11.4 7.4

: 43.3
102¢ 87.1 49.1 22.3 13.0 7.9
1020 86.5 51.0, 48.4 26.3, 19.6 12.9 8.2

46.5

a. T = 302% (acetone-d6); be T = 193°K(acatone-d6)

101
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Conformational Analysis of Et-222 (8%). As was the

case with the two lower homologs of the 222 ring

systemy models irndicate that the only reasonable
conformation is the all-cis slightly twisted local C3

(ring system) . conformation shown in fig.2.54. The absernce
of Bohlmanrn bands in the IR indicetes that this compourd is,
in fact g%ccc, since 9°9ctt (fi§.2.55, the other most

reasonable conformation) should exhibit Eohlmann bands.

99-ctt

fig 255

This compournd and the two lower homologs all have
remarkably similer AA'BR' patterns in their lH NMR spectra
suggesting that all three compounds exist in the same

conformation.

The minimized geometry of ¢9ccce is shown in fig. 2.56
along with its calculated energy. The torsion angle diagram
irdicates that Et—-222 hes the same slightly twisted (locel)
C3 cornformation as the two lower homologs. The torsion
angles also indicate that the three five membered rings each

adopt half chair conformations. This compound no doubt also

urdergoes the same low energy conformational process as the
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two lower homologs and the hydrocarbon analog( see analyses

of H-222 and Me-222) in addition to ethyl rotation.

£y

=400

A

E=442
fig 256

Conformetiorael Arnalysis of Et-322 (1CC). MM2

calculations indicate that the lowest energy conformation of
this compound are 100ccc rotomers (fig.2.54). The rotomers

of the alternative cis,cis,trans ring conformation,

100cct-(R1-3), (fig.2.57) are between 3.2-9.0 kcal/mol

higher in energy. The fact that the parent H-322 has been
shown to adopt the all-cis conformation coupled with the
fact that the large ethyl group would tend to further favor
the all-cis ring conformation (where the steric interactions
between the large ethyl group and the rings are minimized)
would seem to support the assignment. The upfield resonance

of C-4 (12.5 ppm, see fig.2.58 for numbering scheme)
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supports the assignment of the sterically compressed all-cis

conformatior as opposed to the cis,cis,trarns. Although no

low temperature NMR was performed on this compound it is
doubtful that any conformational changes in the five
membered rings would be observeble at accessible
temperatures. Consequently the assignment of the all-cis

conformation can only be considered tentative.

IH H
¢ e Me/
100-ccc(Cy) 100-ccc(Cs)
H Me IH
'; ! aMe Hetaiy Meé ,SH
100-cct-R(1)  100-cct-R(2) 100-cct-R(3)
fig 2.57

EFF calculations have been performed on several df the
possible ground state conformations of Et-3222., We have not
calculated all the possible conformations (see H-322
analysis) because we considered the remaining conformations
to be higher in energy. The minimized geometries of the
conformations which we calculated are presented in fig.2.58
along with their energies. The torsion angle diagrams for

the two rotomeric all-cis conformations indicate that the
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two five ﬁembered rirngs each adopt distorted half chairs and
that the six membered ring adopts a flattened chair. The
six membered ring in lOOccc(Cs) shows more severe

flattenirg than the six membered ring in IOOccc(Cl) due to
the position of the ethyl group in lOOccc(Cs).

Examination of the torsion angle diagrams for the

cis,cis,trans conformations reveals the strain present in

these conformations at the trens ring junctures. In

100cct (R3) the six membered ring is a flattened cheir, one

of the five membered rings ls a distorted half chair, and
the other five membered ring is intermediate between half

chair and envelope conformations. In each 10Ccct-(R1) and

100cct-(R2) the six membered ring is a flettened chair, one

of the five membered rings is a half chair, and the other

five membered ring is a distorted envelope.

Conformational Analysis of Et-332 (101). mMmM2

calculations rule out the possibility of the dominance of

the all-trans conformetions of Et-332., The cis,cis,trarns

conformations and their calculated energies are presented in
fig.2.59. The ambient temperature l3C NMR spectrum of
Et-332 contains seven sharp lines which show no evidence of
dynamic line broadeninrng in either CDCl3 (down to —60°C) or
in acetone—d6 (down to —lOOOC). The number of lires and

the lack of dynamic broadening rules out conformations

10lcct-6(R1-3) on the basis of symmetry (see analysis of

Me-332). Since the all-trans conformations (which also



i

sasaiics

1¢0¢

satisfy the symmetry considerations) were calculated to be
between 6-15 kcal/mol higher in energy it must be concluded

that this compound exists as a mixture of 10lccc-5(R1) and

101cct-5(R2).

H-"7 e
H

101cct-5(R¢)

E=414

H
mecton) el
Me---
101 I-‘-G R
Eesiy
fig 259

The minimized geometries of the conformations which we
calculated are shown in fig. 2.60 along with their
energies. Conformations which we considered to be high in

energy (e.g. all-cis) were not calculated. Examinetion of
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satisfy the symmetry considerations) were calculated to be
between 6-15 kcal/mol higher irn energy it must be concluded

that this compound exists as a mixture of 10lccc-5(R1) and

101cct-S5(R2).

1o1c'&1t-5(n1)
E=414

o

1o1cctr-1-6(n1) 101c34-e-6(n )
Ez438 E=498
Me---
] 1o1ca-6(R3)
; E=517

fig 259

The minimized geometries of the conformations which we
celculated ere shown in fig. 2.60 along with their
energies. Conformations which we considered to be high in

energy (e.g. all-cis) were not calculated. Examinetion of
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fig 260
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" 101-cct-6-R(
E=43.8

"O1-ccE6-R(3)
E=517
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the torsion angle diagrams in fig. 2.60 reveals that the
five membered rings in all of these conformers adopt
ernvelope or distorted envelore conformetions. The six
membered rings in lClttt(Cl) and 101ttt (C_) are severely

distorted chairs which accounts for their higher energy

content, lOlcct—S(Cl) ard 10lcct-5(C_) have six

membered rings which are flattened at the cis ring juncture.
The avoidance of steric interactions between the ethyl group

and the six membered ring in lOlcct—S(Cl) makes the

distortions of the six membered ring more severe than in

101cct—5(CS) and accounts for its higher energy content.

10lcct~6(R3) and 1Clcct-6(R2) have flattened chaeirs in the

six membered rings at the cis ring juncture which accounts
for a large part of their higher energy content. The

remainder of the high energy content of 10lcct-6(R3) and

10lcct~6 (R2) must be due to unfavorable steric interactions

between the ethyl group and the six and five membered rings

respectively. 10lcct-6(R1l) is a relatively low erergy
conformation becaﬁse the positioning of the ethyl group
under the cis fused six membered ring reduces the
unfavorable steric interactions between the ethyl group and
the ring. The six membered rings are also flattened in

10lcct~6 (R1) but not as severely as in 1Clcct-6(R2) erd

10lcct-6 (R3) which further accounts for the lower ernergy

content of 10lcct-6(R1).
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Conformational Analysis of Et-333 (102). The analysis

of Et-333 is in essence the choice between assignment of

102ttt or 1l02cct (fig.2.61) or a mixture of the two

o
€ H“’)\Me

g2ttt
2607 195ct(Ce)

corformers. The possible conformetions that we considered
ard their calculated erergies are shown in fig.2.61. MM2

calculations indicate a domirance of lOcht(Cs). The fact

that lOcht(Cl) is ¢ kcel/mol higher in energy than

1 102cct(Cs) inrdicates that the steric interactions between

i

the ethyl group and the ring force this material to adopt

Siiisies

the cis,cis,trans conformation. The minimized geometries

and energies of the three possible all chair conformations
of Et-333 are shown in fig.2.615. 1In 102cct(Cs) (the
" minimum energy conformation) the two cis-trans fused rings

are slightly flattened and the cis,cis fused ring is a
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rearly perfect cpair. The high energy content of 1C2ttt is.
accounted for by the unfavorable steric interactions between
the ethyl group and the ring end by distortions of the chair
conformations of the rings. 1020ct(C1) is higher in
energy than 102cct(CS) because of unfavorable steric
interactions between the ethyl group end the ring and

because of more extensive flattening of the three chairs.

The fect that the ring system of this compound does

. . . 1
have the cis,cis,trans conformation was proven by 3C

DNMR, As can be seen in fig.2.61, 102ttt should have only
three types of ring carbons if ethyl rotation is fast on the

NMR time scale. On the other hand, the cis,cis,trans

conformetions should have six different types of ring

13

carbons., Clearly the C NMR of this compound should

allow unambiguous assignment of conformation. The ambient
temperature 13C NMR spectrum of Et—-333 exhibited only

three types of ring carbon resonances (see spectre
2.62-2.64). But upon lowering the tempersature dynamic
behavior was evidenced. The spectrum in the slow exchange
region has six ring carbon resonances making the assignment
of conformation 102cct unambiguous. Note that the three
resonances assigrnable to the methylenes to the nitrogen
are in the intensity ratio of 1:1:1 as expected for l02cct.
Note also that the carbon resonances assignable to the ring

carbons Q[ to the nitrogens are in the intensity retio of

2:1 as predicted for 102cct (with the assumption of either
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102cct (C_) dominance or fast ethyl rotation). The only
other procéss that could eccount for the number of observed
resonances for the ring system is one that calls for slow
rotation of the ethyl group in the all-trans conformetion.
The rossibility of slow rotation in this conrnformation is rot
unreasonable. But consideration of the minimized erergy (60
kcal/mol) and examination of models leads one to the
conclusion that the all-trans conformation is too high in

energy to be sigrnificantly populated.

The fact that the ambient temperature spectrum of
Et-333 has only two perimeter ring carbon resonances
indicates that these are averaged resonances. Averaging
occurs by a degererate conformatiornal process which is fast
orn the NMR time scale at ambient temperatures resultirg in

average C3V symmetry. This degenerate process is shown in

T~
n-'? ~ci,

fig2.66

fig.2.66. Total line shavpe aralysis of the resonarces
assigred to the perimeter carbons ¢ to the nitrogers, near
the coalescence temperature, yielded a value of 11.72
kcal/mol as thellqg .37 for this process. Total line

shape analysis was performed at & number of temperatures in
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the intermediate exchange region. The experimental and
simulated spvectra are shown in fig. 2.67. The free
energies of activationﬁAG*) were calculeted by application

2.2126. The energies obtained from equation

of equation
2.2 were calculated in Joules/mol and were then converted to
the more generally used units of kcal/mol. Incorporation of

AG*in terms of AS*and AHtin equation 2.2 yields equetion

A G*=831T (2376 +InT/k +INK)  eq. 2.2

T-"K
k=rate constant
K=transmission coefficient(=1)

INT/k = 2376+INK -AH1831T+AS */1831 eq 23

2.3. A plot of 1nk/T vs. 1/T was prepared. A straight
line was obtained which indicates that if errors are present
in this data then they must be systematic. Linear
regression analysis of the data used to prepared this plot
yielded a slope of -6.66 X 1073 2nd a y-intercept of 26.89
with a correletion of —0.§9. The use of this slope and the
y-intercert with equation 2.3 yields values of 13.2 kcal/mol
apd 26.0 + 1.0 e.u. for AH*and AS*respectively. (The
rreceeding method of arnalysis can be fourd in reference
126.,) 102ttt is probably not an intermediate orn the energy
surface since the calculeted difference of 27.5 kcal/mol

between 102cct(Cs) ard 102ttt is much larger than the
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experimentally determined barrier.

=2

-

k secC! |
TC
221
100 2710°
»//\.A.,,_ /\-29.98°
4ﬁ%d'/*~/ﬁ\\\~un-» ‘//~‘/Nh\\;3947°
46f/\v~. /\—/\’\.39880
3% M“"-g“"
75 A ﬁ A . 5253
EXPERIMENTAL SIMULATION
tig 267

The process requires two hitrogen inversions, two ring
reversals, and concomitant rotation of the ethyl group. 2
reasonable mechanism for this process céan be prorosed
employing the chair-chair (C-C) to chair-twist (C-T) to
twist-twist (T-T) conformetional process in cis-decelin as o
model. An in-depth molecular mechanics treatment of the

181

cis-decalin interconversion has recently been reported .

A schematic of the proposed mechanism for Et-333 is shown in
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fig. 2.69 and fig. 2.7C. Inversion of N-6 converts 1022
to 102B which can be converted to 102C by & ring torsion.
102C has o pseudorotation circuit oper to it which allows it
to assume conformations which allow generation of 1C2E or
102B' via ring torsions. The only difference between the
ring torsions thet yield 102B from 102C and those that vield
102B' from 102C is that they occur in different rings.
Inversion of N-10 in 102B' generates 1C2A' which completes
the cycle (rote that 102A and 102A' are distinguishable only
through the artificial labeling of the three rings). The
conformations of 102B and 102B' have been minimized by

2182. The minimized geometries and the energies of

MM
these proposed intermediates are shown in fig. 2.70.
Inspection of the torsion engle diagrem of 102B indicates
that it is composed of two slightly distorted chairs and one
slightly distorted twist boat. 1In 102C one of the rings
adopts a near perfect chair, orne adopts an almost pure boat,
ard the third adopts a conformation intermediate between a
boat and a twist boat. The erergy difference between 1022
and 102C (10.7 kcal/mol) is of a megnitude that is
compatible with the experimentally determired barrier for
this process (13.2 kcal/mol). Although we have not carried
out detailed EFF calculations for this process we feel thet

the proposed mechanism accounts for the experimentally

observed process in a reasonable manrer.




boat or twist boat
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fig. 269
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Structure Reactivity Relationshirs Of The Crthoamides

Introduction

Clemens and Emmons have stated that the most
charecteristic reaction of orthoamides is their conversion
to formamidinium saltsSz. The most commonly employed
methods of effecting this conversion have beern alkyletiorn,

eacylation, and treatment with concentrated mineral

acid580'82'183 (fig.2.71).

(RyNF5CH

[HCU
Mel RCOC
R R, @ o
2 (MeN 1° o H—@ +RyNH,Cl
2 4 4 RZ Y ‘/p\ﬂ“ Rz
H—® c®+ R R,
R,
fig 2.71

Arnother characteristic reaction of acyclic orthoamides
is their hydrolysis irn aqueous acidic, neutral, and basic
media., The hydrolysis of agyclic orthoamides yields amides

plus amines (fig. 2.72).

We have undertaken a limited survey of these reactions
on members of the tricyclic orthoamide series. The goals of

tiuis study were the elucidation of structure reactivity
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relaetionships in the series and the development of useful

synthetic sequences.

(R;NIFCH
/ 2 TN HTH,0
R 20 OH T
H~ R 2R,NH 0 P Ry R
o
RNH *+ H” R,

fig 272

Alkylation of Orthoamides. Atkins has reported the

reaction of KE-222 with excess methyl iodide (fig.2.73)102.

(<) | o
T@/N‘ X excess, A
Mel N Mel I

&e 'eIe
104 103
fig 273

he product of this reaction wes salt 1C2 in which the
tricyclic integrity of the starting meterial was preserved.
Atkins stated that 103 wes obtained instead of the bicyclic
emidinium ion 104 presumably beceuse of the instability of

104 (fig.2.73). The generation of salts such as 105

(fig.2.74) from some cyclic emide acetels hes been
previously explairned in terms of the instability of the

alterrate carboxocnium product 106.
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Mel
—_—

NMe, I#BQTQWAEL3

fig274

A kinetic argument cen be advanced which also accounts
for the observed reactivity of H-222. The generation of the
bicyclic amidinium ion 104 from cetion 1C7 (fig. 2.75) is

under stereoelectronic control. The lone pairs in

H Me
Q ,Gt[@ / \':[6
g — ¥
N
107 e
104

fig 2.75

107 are approximately anticlinal to the C-N bond which must

be broken to generate 104. According to Delongchamps'

154-157

principle this stereochemical relationship of the

lone reirs to the breaking C-N bond should make the bond
breaking slow in 107. Furthermore, conformations of 107
which result in the preferred antiperiplarar (&p)

arrangement of lone prairs relative to tHe C-N bord should be
very high in ernergy. The net result of these considerations
is that before the slow reaction to yield 104 can take place

e

the second alkylation occurs to yield salt 103. Eirnce it is

———

impossible to obtain 1C4 from 103 the tricyclic structure is

rreserved. The ergument presented ebove is in agreement



131

with results of alkylations of the 333 series. The results

obtained in these laboratories are presented in fig.2.76.

excess
Mel

CDCl3
72h*

® The reaction mixture contained only starting material after
1 h. and a mixture of starting materiul and product after 24 h,

fig 276

Because of stereoelectronic considerations the alkylation of
H-333 and Me-333 most likely occurs as presented in fig.2.77

although elkylatiorn might also occur in in the cis,cis,trans

conformation to yield intermedietes analogous to 2.7€-b

(fig.2.78). Et-333 exists in the cis,cis,trans conrnformetion

which conteins two different tyves of nitrogens, therefore
alkylation must occur by one or both of the pathways shown

in fig.2.78.
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The fact thet the H-233 arnd the Me-333 reactions are

fast implies that the rate of the alkylation step is

132

responsible for the slow overall reaction rate for Et-333.

Inspection of models reveals that NB is sterically
shielded by the two axially situated methylene carbons

bornded to Np. he N nitrogens are stericelly shielded

by the ethyl group. The steric shielding of the nitrogens

must contribute to the slow alkylation rates. Alkylstion

at

NE yields intermedieate 2.78-a which is destabilized by two

1-3 diaxial interactions. The steric strain rresent in

triaxially substituted 2.78-a could be relieved somewhat by

rartial bond breaking of the quaternary carbon - quaternary

nitrogen bord. 2Alkylation at Np generates the high energy

intermediate 2.78-b. The gauche arrangements ¢f lore pairs

relative to the C-N bond which must be broken in 2.78-b



necessitates a conformatiornal process to yield 2.78-c. The
high erergy double boat 2.78-c is probebly nct an
intermediate. 2,78-c has the preferred (ap) errengement of

lore vairs for the sterecelectronically controlled orening

H
Mel 278-a fast
slow
CT/e

. ‘Me 1o

—~_N
FF” e Ie
| P ¢
2% Me H \HrM
278-c
fig 2.78

to product. The strein present in 2.78-c is probebly
relieved somewhat by rprartial bond breeking of the quaternary
cerbon - quaternary nitrogen bond. It will be noted thet
H-333 and Me-333 (fig.2.77) must also pass through an
inrtermediate analogous to 2.78-a. It must therefore be
concluded that the rates of alkylatlon of the 333 series are
kinetically controlled by the accessibility of the nitrogens
in the starting materials. The observed alkylation rates
lend further support to the assigned conformations of the

33 series.

t——
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It is interesting thet no dielkylated products such as

08 (fig.2.7¢) are produced in these reactions. This result

—

must mean that the diaslkylated products would be too
sterically congested and/or that the amine nitroger lore
ceirs are uraevaileble for reection. erst104 hes reported
that the IR spectrum of 1C2 (fig.2.€C) contained absorbances
cheracteristic of both the open bicyclic structure (1660
cm_l) and elso for the closed tricyclic structure (near

2900 cm_l, Bohlmann bands). He interpreted these results

as an indication of a trensannuler interaction between the
amire nitrogen and the amidinium system in 109. he

alkylation products of the 333 orthoamides exhibited similar

IR absorbances.,

A transannuler interaction of this type in the products

of the alkylation of H-333, Me—-333, and Et-333 might help

explain the observed monoalkylation. The C=N stretching
frequency in the IR and the UV spectre of these compounds

are in close agreement with the published spectral data of
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acyclic model amidirnium sys_tems184 (teble 2.5-5). The
similarity of the spectral parameters of the acyclic
amidirium ions (where no transsnnuler interactions ere
cresent) and these bicyclic amidinium systems seemed to
indicete either the absence of interaction or a weak

irteraction.

A crystal structure Jdetermination of 110 185 wes

undertaken (in colleboration with E. Gabe, NRC, Canade) to
determine whether a transannular interaction was in fact
cresent in 111 (in the solid state). This compound
crystallized from CH,Cl,/hexane in the monoclinic

le/m space group and contaired two molecules rer unit
cell. The positions of all of the atoms were accurately

determined by collecting date at 115 K.

Table 2.5-5
RiR,
R—®x®
RiR;
l - 1\a ] [ -1 ]
R Vaen(cm) Amed(NM) Veaanlcm)  Amex{Nm)
H 1652 224° 1672.4 221
- Me 1607 16088 226
Et 1605 1602.3

a: R] = Rz =Me,x=C|OA b: R":Rz:Me , x:PFG
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The structure contained several features which
indicated that a transannular interaction was in fact
present in 110. First, the tertiary amine was found to be
pyramidalized with the lone pair towards the amidinium
carbon. Secondly, the distance between the amidinium carbon
and the tertiary nitrogen was found to be 2.85&¢ 2.
Transennuler interactions have been observed between the
nitrogen and the carbonyl in ten membered macrocyclic
aminoketones at comparable distanceslgG. Thirdly, the
hydrogen on the emidinium carbon was found to be 0.1f81 ?
above the plasne containing the cerbon and rnitrogen atoms of
the amidinium system. The deviation from plararity of the
carbornyl group irn macrocyclic aminoketones has been used as
a measure of transannular irteractions in these

compoundsles. The interaction of the sp3

orbital of the
nitrogen with the p-orbital of the amidinium carbor should
impart more s character to the p-orbital. his interaction
should lower the energy of this p-orbital thereby irducirg
hybridization changes in the amidinium cerbon (i.e. more
sp3 character) resulting in a loss of planarity. This
interaction is analogous to transannular interactions in
macrocyclic aminoketones. Delocalization of the positive
charge onto a third nitrogen must favor this interaction.
This interaction should be favored conformationally because
the transannular strain (generally found in ten membered

l1€6b

rings ) is replaced in 110 by a favorable interaction.

Torsional strain and large angle strair (the two other major
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contributors to the conformational erergies of medium rings)
also seem to be minimized in conformations of 110 in which a
transannular interaction is present. The interaction is
disfavored by the loss of overlep in the amidinium system
resulting from the hybriaization changes of the amidinium
carbon, he magnitude of this interaction in 11C must be

determined by the interplay of these factors.

It is concluded that the observed moroalkylation
results from both steric congestion of the dialkylated
products and from the reduced nucleophilicity of the
tertiery nitrogen (due to the transannular interaction) in
110. Although we have no direct evidence, it cen be

reasonably assumed that the monocalkylation of Me—-333 and

Et~333 are also determined by these two factors.

Synthetic Apbplications of the Alkyletion of H-333.

Compourd 135 was prepared by the base catelyzed hydrolysis

of 134 (fig.2.€1). The initiel product 111, which was

L

o
2

Me

135
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13

detected by C NMR, was easily hydrolyzed in the basic

o .
medium at 25 C to yield the monomethyl macrocycle.

The preparation of 135 by alkylation, reductive
alkylation or by an acyletion-reduction seguence would

inevitably lead to a mixture of products (fig.2.82).

The alkyletion of H-333 followed by base hydrolysis

allows the facile high yield synthesis of 1238 in

analytically pure form. Through the variation of the
alkylating agent a number of interesting and useful products
might be prepared. ©Several of these prorosed syntheses are

cresented in fig.2.83-2 and 2.€3-b.

A series of compounds of the genersl formules 113-116
should be accessible via seguence 283-a. The lipophilicity,
steric requirements, end the number of donor atoms in the
complexation cavity of 116 could be systematically varied
through the use of arproprriste alkyl halides and aldehydes.
116 could be immobilized on gless beads through the use of

———

an arpropriate alkylating agent (R= —(CHz)r—OH). he
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use of chloromethylated organic resins, as in fig.2.83-L,
would allow immobilization of 117. The resins prepared by
these sequences might be useful for ion selective
chromatograrhy. These particular resins would probebly
evidence selectivity for ionhs heving ionic radii of
approximately 0.6 ® in the rresence of larger ions. Many
other seguences cen be envisaged making the alkylation =~
hydrolysis sequence of H-333 & powerful synthetic method for

the functionalization of the 1,8,¢%-triazecyclododecene

macrocycle.

116 | H®
fig 283-a

9 @Y\CLNGIOHF Hp/\@)

H
fig 283-b n7
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HYDROLYSIS

The hydrolysis of acyclic orthoamides proceeds readily
in neutral, acidic, end basic medie to yield carboxamides

and amineseo. Amidinium ions have been shown to be

intermediates in these reactionsgs’zgs. Cyclic and
sterically hindered amide acetaels ere more resistant to
hydrolysisls7. The mechanism shown in figure 2.8¢4 has
beern found to hold under acidic, neutral, and weakly

alkaline corditions.

R,N GBHR R
M& » HA —= 2 -2 ,;.—_-—:H-é\’ 2
2 H NR,
NR,
o - Ho . %20
RZN/u\H 'EHZO 2N><§H RoN H,

fig 284

Mcclellandl®8-182 naq reported the kinetics of
hydrolysis of orthoesters and amide acetals as & function of
rH. The kinetic evidence supports the ﬁechanism shown in
fig.2.85. Under most conditions the rete determining step
was found to be (1) (fig.2.85), dissociation of the
orthoester to yield the intermediate 2.85-a. This is true
for all acyclic orthoesters. Steps (2) and (3) have been
reported to be rate determining in the hydrolysis of some
1¢0-1¢2

cyclic orthoesters possessing one or more of the
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following feétures: 1) cationic intermediate 2.85-a is very
stable, 2) the lone pairs of the orthoester are aligned
favorably for the stereoelectronically controlled
dissociation step (1), and or 3) 2.85-a is stericelly

hindered towerds nucleorhilic attack.

R
() RCOR); + HA == R—® +“A +ROH
R
R
=— RC-OH
R

@
R ~ROH
(3R§%}1 = R/k\OR
R

fig 2.85

Initial investigetions in this area were directed at

1

determining the effect of protonation upon °J

CH

(methine) in the orthoformamides., It was originelly thought

that since 1JCH evidenced a dependence on lone pair

orientation that this paremeter should exhibit & dependence
upon protonation. In perticuler, it was anticipated that
lJCH should increase if one or more of the lone rairs of

.
electrons on the nitrogens were protorated. Because of the
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angular derendence of the lore pair-0* C-H overlap (see
conformational enalysis of the orthoformamides) one would
exrect H-333 to show a greater increase in 1JCH then

that of H-222.

Likewise,ﬁC(metﬁyl) of the orthoacetamides exhibited a
devenderice upon the lone pair orientation reletive to the
central C-methyl bond. (See conformationral araelysis of the
orthoacetamides.) It was anticipated that the tying up of
orne or more of the lone paeirs by protoration would rroduce
downfield shifts of the methyl resonances. Due to the
angular derendence of the rnitrogen lone pair—CT*C—methyl
overlep it was anticipated that theAGC (methyl) uron

protonation would be larger for Me-3332 then for Me-222.

Our experimental design assumed that the‘Af% (methyl)

1

and the A~J due to the inductive contributionrn (of the

CH
positively charged nitrogen) would be the same in the 222
and the 333 compounds. This assumption is based upon the
attenuating inductive withdrawel model (fig.2.86193a).
According to this model the effect that en electronegative
substituent will exert upon any given cerbon is only related

to the distance between the two.

6~ & 0656+ 666+
X—C+—C<+—C

fig 286
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) . .
183b has discussed the effect of crotonation

Morishime
upon tine chemical shifts of amines in terms of the irductive
withdrawal of electron density from the adjecent framework
onto the positively charged nitrogen. His results were

Q3¢ .
193 alternating

interpreted in terms of Porle's
attenuating model errived at by CNDO-SCF moleculer orbital
calculetions (fig.2.E7). ccording to this model elphe
carborns will have decreased electron Jdensity (deshielded-
downfield shifts) and beta carbons will have increased
electron density (shielded- upfield shifts). Morishima's
results supported this model. He also recrorted s
conformational Jdependence of the magnitude of the beta
carbon shifts. The experimentally determined variaetion of
the upfield shifts of the beta carbon atoms as & function of
the dihedral angle between the nitrogen lone pair and the
Calpha' Cheta bond is qualitatvely illustreted in

fig.2.€8. Morishime demonstrated the same angular
dependence of the " inductive effect"” upon the bets
carbon's charge density employing CNDO/2 MO calculations. 2
recent report193d has stated thet the "induced charge
alteration predicted by CNDC/2 theory may be an artifact of
the calculetions rather then e molecular proprerty".

o}
193e has reported alternating attenuating shifts upon

Eliel
protonstion of trans - Jdecahydroquinoclines. But in the same
report Eliel questioned Morishima's prediction of a

conformationel dependence of this effect since Morishima's

conclusions were based in part on conformetiorns that have
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been subsequently shown to be incorrect.

If Morishime's theory is correct one must conhclude thet
the methyl carbon shifts upon protoration of the
orthoacetamides might have to be interpreted in terms of the
"(J inductive effect" and the "lore pair overlep effect".

The relative importance of these two éffects would be

Jifficult to determine.

6- &* 65 ©666*
X+=C+—C+—C
fig 287

30 60 90 120 150 180
N-H “C"Cae
fig 2.88

A similar problem exists with the interpretation of the

observed changes in the 1JCH.upon rrotonation.

Protoretion increases the electronegativity of the nitrogen

which causes an increese in lJCH‘ If Pople's
alternating attenuating model holds, then the relative

contributions of the { inductive effect and the lore pair
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overlap effect would have to be determined.

Morishima's results call into question our éssumption
that the effect of the positively charged nitrogen will be
thelsame in the 222 ard the 333 compounds. This aessumption
might also be guestioned on the basis of field effects. The
positive charge of the protonated forms of these comrounds
is carried not only by the nitrogen but also by the
hydrogen. Clearly this hydrogern is closer to the carbonr (or
cerbon bond) of interest in the 222 compounds than in the
333 compounds (fig.2.89). The contribution of this field
effect (if any) cannot be guantitatively determined. The
pKas of E-222 and KE-333 were Jetermined by potentiometric
titretion to be 6.55 and 7.31 (see appendix 3 for
experimental data) respectively. (The second and third
PK_ s could not be determined.) The difference in besicity
might be partially due to the decreased importance of
destabilization by inductive withdrawal in H-333 (i.e.
bridges which contain three methylene carbons in H-333 vs
two methylene carbons in the H-222 bridges). This
difference in basicityAwould also have to be taken into
account to quantitetively treat the effect that the tying up
of lore peirs has urorn the spectral parameters of these
compourds. This consideration is more important in the
cases where more than one equivalent of acid was added. The
pKa difference might also be due to the presence of a

small amount of a bicyclic amidinium system in protonated
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H-333. Clearly the interpretstion of the observed spectral

changes in.these compounds upon protonation is complex.

| Hﬁﬂ’
5Q|-\| R ,56
s vy 7
fig 2.89

13

The effect of protonation upoh the C svectra of

H-222, H-333, Me-222, and Me-333 are shown in table 2.6.

Table 2.6

FREE AMINE PROTORATED

COMP. SOLVENT SOURGE  METHOD e Eg. O . b I 0D A,
B-222 D0  DCL PT 1 101.8 183.1 166.8 193.9 5.0  16.8
B-222 D0  DCL v 2 101.8 183.1 - - - -
B-222  CDC1; CF,CO.E v 1 10L.1 184.0 108.k 193.9 L.3 9.8
B-222  CDCl, CF,CO.E W 2 104.1 184.0 108.6 198.7 4.5  1b.T
B-333 CDC1, CF.CO,E v 1 100.0 1ko.1 98.3 157.5 1.7 17.k
FROTON FREE AMI PROTONATED

COMP. SOLVENT SOURCE  METHOD  Bo. Eq. £ (1°) E (e) & (10) § (e)DG (OWNE_(e)
Me-222  CDCl, TsOH-H,0 W 1 111,k 27.7  119.2 23.6 7.8  -k.1
Me-333 CDCl, CF,CO,E v 1 86.0 -k.0 89.9 1.2 3.9 5.2
METHOD: PT; Potentiometric Titretion A8, = B (rprotonated).§ (tree amine)

W; Weighed

- Jl 1
A 'iCH” cp(protoneted) ~ J (free amine)
V; Volume

Aﬁ :Posltive Wumbers; downfield shifts

Negative Numbers; upfield shifts
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These results are not totally consistent with a lone peir
overlep effect or with the inductive effect of the
rositively charged nitrogen. Subsequent studies revealed &
furndamental difference in the behavior of the 222 and the
333 systems in acidic media. The results of these studies
(which will be discussed shortly) made the question of
inductive withdrawal vs. 1lone pair effects on the 13C
spectra of these systems a moot point. Fortunately some
rather interesting and unexpected results were observed in
this study even though the original questions were never
answered.

1

The observed A Je andAﬁC upon addition of 1

H
equivalent of acid to the 222 compounds were unsurprising.
The downfield shift of the gquaternary carbon (H-222 and
Me-222) ,the increased lJCH (H-222), - and the upfield

shift of the methyl resonance (Me-222) are readily
explainable in terms of the inductive effect of the
positively charged nitrogen. The addition of & second
equivalent of acid to H-222 in DZO resulted in a

hydrolysis reaction. This reaction is discussed in a later

section .see hydrolysis of H-222).

The addition of 1 equivalent of acid to H-333 in
CDCl3 produced the surprising result that the quaternery
carbon was shifted upfield slightly. The lH CNMR spectrum

of H-333 in the presence of 1 equivalent of acid evidenced
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significant broadening. Wuest104 has also reported the

lH CNVMR spectrum. He

temperature dependence of this
reported that the broadened resonances of H-333 in the
rreserce of 1 equivalent of acid in DZO sharpened et 70°C
to a spectrum requiring average D3h symmetry[(2.26
(guin.,6H), 3.3° (t,12H), 4.65 (s,lH)]. These observetions

are consistent with the process depictd in scheme 1. Cur

results are in agreement with Wuest's propcsed process.

scheme1l

Wuest could not tell whether the open or the closed

1

form of H-333 was the dominant form from his “H

experiment104. We endeavored to answer this gquestion by a
variable temperature 13C DNMR experiment. The carborn DNMR
of H-333 plus 1 equivalent of DCl in methanol - d4 had

only two sharp resorances at ambient probe temperature. The
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resorance assigrned to the central carbon was broadened into
the baselire. As the temperature was lowered the ring
carbon resonances broadened and continued to broaden down to
—65°C. at -15°C the methine carbon resonance began to grow
out of the baseline at 29.8 ppm. (The DNMR dste is /
conteined in Appendix 2.) This resonence contirued to
sharpen down to -65%¢C and was. gradually shifted upfield to
¢6.& ppm. The resonance was assigned to the methine carbon
of the protonated closed form of H-333 (because the shift of
the amidinium cerbon would be considerably further
downfield). The upfield shift (Egmb'(MeOH) = 1C0.0 ppm

for reutral H-333) must be due to the effect of the
rositively charged nitrogen although this observetion is not

193b results. The slow

corsistent with Morishima's
exchange region could not be reached becasuse of severe
anisotropic line broadening due to high solvent viscosity at

o
temperatures below ~-65 C.

This temperature dependent DNMR behavior is consistent
with a predominance of the protonated tricyclic with a small
amourt of the bicyclic emidinium ion. At ambient
temperature the process dericted in Scheme 1 must be fast on
the CNMR time scale resulting in averaged resonances for the
ring carbons. The methine carbon resonance was broadened
into the baseline because of the large chemicel shift
difference between the open and closed forms for this

Carbor., As the temperature was lowered (and exchange was
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slowed) only the peaks assignable to the protorated
tricyclic H-333 were observekle indicating a predominance of
this form. Richman34 has reported & similar degenerate

rearrangement with the monoprotoreted tetracyclic tetraamine

7 (£ig.2.90).

]
fig 2.90

13

It is concluded, on the basis of the C chemical

shifts and the lack of broadering of these resonances at

1

ambient probe temperature and the lack of change in the “H

spectra at elevated temperatures (see hydrolysis of H-222)
that H-222 exists solely as the closed tricyclic structure
in the presence of 1 equivalent of acid. The same

conclusion must be drawn concerning Me—-222. H-333 exists

rredominantly as the closed tricyclic in equilibrium with a
small amount of oren form in the presence of 1 equivelent of
acid. The fact that the quaternary carbon of Me-332 was
shifted downfield in the presence of 1 equivelent of acid
suggests that a higher proportion of the oren form is
present when this compound is protonated then is present

when H-3233 is protonated.
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Hydrolysie f H-222. H-222 was stsble in neutral

The 1

H NMR (dZO) of BE-222 in the presence of one
equivalent of LCCl remained unchanged up to 102°Cc. In the
rresence of two equivelents of acid it was repidly

hydrolyzed to the monoformamide macrocycle 118 (fig.2.92).

After a bese workup compound 138 was isolzted in good vyield.

The progress of this reaction was followed by the
growtih of the formemide proton resonance at 8.17 ppm
irdicating that the reaction was complete in 20 minutes,

13C CNMR, only peaks

When the reaction was followed by
assignable to the starting material and product were
observable. No peaks assignable to bicyclic intermediates
were observed. he UV spectrum of the reaction mixture
showed no ebsorbances assignable to the amidinium
chromophore. Since the reaction must pass through a
bicyclic amidinium ion one must conclude that this
intermediate was present in very low concentrations. These

observations are consistent with the mechanism presented in

fig.2.93.
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o
N n® Nz _H® N O\ N O,
TR O =0
& 4
H H -
fig 293

This reaction provides a very good method of

monoprotecting 1,4,7-triazacyclononare. This reaction

o
4 2P P/—_}\,?KH vor. N A

P=TsC|, \>
PhCOC]J, 5

MeCOClI

I

fig294

gllows the facile introduction of a removable protecting
Jroup without the problems associated with the prevaration
of monoprotected macrocyclic triamines by classical methods.
(See alkylation section for a discussion of the problems
associeted with classicel protection schemes.) The seguence
tresented in figure 2,92 could easily be extended to the

preparation of the Jdiprotected macrocycle (fig.2.94).,



153

Hydrolysis of E-333. The eddition of & second

equivalent of aqueous acid to H-333 produces a very
different result than in the H-222 case. It will be
recalled thaet the addition of the first equivalent of acid
to H-333 resulted in en equilibrium mixture of 2.S52 anrd

2.95B (fig.2.95). The addition of the second

) I=

N
H
A

fig 295
eguivalent of acid shifted the equilibrium presented in
fig.2.55 to the right so that 2.95D became the predomirant
species. 2.95D was found to be exceedingly resistant
towards acid hydrolysis since the heating of the reaction
mixture for 30 Jdays at 90°C followed by a bsase wérkup

resulted in nearly quantitative recovery of H-333.

The remarkable difference in susceptebility towards
ac1d hydrolysis of H-222 and H-333 must be ettributed to the
effect of the ring size on the stabilities of the
irtermediate emidinium ions (fig.2.¢6). Evidently
intermediate 2.96-2 has more iminium ion character then
2.%6-1. The eight membered ring in 2.96-2 must not allow
the necessary coplanarity of the nitrogens and the centrel

carbon for efficient overlapr of the nitrogen lone peirs with
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the vacant p-orbital on the carbon. An increase in the
iminium ion character would impart hydrolytic instebility
(ie iminium ions are more suscecrtible to nucleorhilic attack
than are amidinium ioné). The resistance of the ten
membered emidinium iorn 2.¢6-1 towards hydrolysis must be
attributed to efficient overlsp in the amidinium system and

to the resistance of the amidirnium carbon towards

ri)e

(5]
Hy

nucleophilic attack.
(1) 2
ARt
®
N
Hy

[\ [ \e

2 = S
|q9 ®
H, Hy
fig 296
The predomirance of B (fig.2.95) was provern by
13

C spectrum as & function of
13

following the changes in the

pH and by & variable temperature C experimenrt with H-323

plus 2 equivalents of DCl in aqueous(Dzo) methanol—d4.

13

The C spectrum of H-333 plus 2 equivelents of acid at 65°

C consisted of one broad line at 147.5 pem and two sharp
lires at 50.5 and 25.C0 ppm. The downfield peak was assigned

to the centrel carbon. The two other resonances were
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assigned to the ring carbons. At ambient probe temperature
the central carbon resonance was broedened into the baselire

ernd the ring carbon resonances were broadened slightly.

H-333

excess DCl(amb.T) D NMR(2eq DCI)
fig 297

As the temperature was lowered the resonances broadened

further and then began to resharren. The spectrum at —50°C
consisted of six slightly broadened lines: 155.2, a group of
three at 55.4, 50.0, end 44.3(intensity retio ca. 1:1:1),
arnd @ second group at 28.2 and 2C.4 (intensity ratio ca.
2:1). This same type of spectral behavior was also observed
at ambient probe temperature when successive aliguots of
excess of acid were added to H-333 in methanol-d4. Traces

1 . -
3C spectra which were recorded for these

of the
experiments are presented in fig.2.¢7. ( DNMR date is

contained in Appendix 2.)
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At the lowest attairable temperatures only peaks
assignable to the bicyclic amidirnium system were observed
indicating a predominernce of the open form. The 13C

behavior is consistent with the generalized scheme presented

in fig.2.%8,

He ZHO
~

. . . o
This process 1s fast on the CNMR time scale at 65 C

Hj
fig 298

resulting in the observed averaged resonances. The
irtermediates on thisApathway are closed mono- and
diprotonated H-333. The centrel carbon resonance was not
ocbservable at ambient temperature because of the lerge
chemical shift difference between this resonance in the
bicyclic structure and in the corresponding tricyclic form

of H-333. Therefore, a small equilibrium concentration of.

tricyclic form (either monoprotonrnated or Jdirrotonated)
exists at ambient temperature.

13C CNMR

The explairation of the pH Jdependent
requires consideration of the equilibrium constants for the
proton transfers required for this process. The scheme

rresented in fig.2.¢€5 contains all of the possikle proton
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i

fig 2.985
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transfers and conformetional processes that could possibly
occur on the pathway of this degererate rearrangement. To
explain the date it is first necessary to make the

reasonable assumption that the pKa of the amire nitrogen

in 2.%85-1 (or 2.9€5-1"') is much larger than the PK_ s of

the protonated closed forms of H-333. Cnce this assumption
is made then it follows that the interconversion of 2.985-1
to 2.%€85-1" ( or 2.9€5-1' to 2.985-1) is derendent onrly on

the magnitudes of Keql (andKeqS respectively) and rH.

Since additional acid would shift these equilibria towards

2.565-1 and 2.%€85-1' the rate of interconversion of these

two species would be impeded.

An estimate of the percentage of the open form of H-333
in‘the presence of 2 equivalents of acid can be made
employing Eliel's chemical shift interpolation methodlos.

A value of ¢5% of the oper form at -50°C is obtained when
the following assumptions are made; 1) 6C(methine) of
closed protonated H-333 = 26.9 ppm = 6C (methine) of F-333
plus 1 equivalent of acid at 65°C ard 2)6C (methine) of
oper. H-333 = 158.4 ppm =5C (methine) of

S5-methyl-5,¢-diaza-l1-azonrnibicyclo[7.3.1]tridec-1(13)-ene

(134).

The hydrolyses of the unsymmetrical orthoamides were
also examired. The vossible products resulting from the

aydrolyses of H-322 and H-322 are presented in fig.2.99.
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1 13C CNMR of the products of these reactions

The "H and
indicated the presence of all possible products in addition

to recovered starting msterials. Separations of the

mixtures of isomers were not attemrted and no further

studies of these reaction were undertaken.
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Acylation of H-333

The reaction of acyclic orthoemides with carboxylic
acid chlorides yields carboxamides and formemidinium

chlorides (fig.2.100).

O
HCINR, )3+ R” ~cl—

HCINR,);+ RPNl
fig 2100

The krown reactivity of acyclic orthoamides courled
with our desire to dévelope protection - deprotection
schemes for macrocyclic polyamines led us to examine the
reaction of H-333 with acylating egents. H-322 and H-332
were not acylated because we anticirated mixtures of
products. H-222 was not acylated because alkylation
resulted in preservation of its tricyclic integrity and
because a protection scheme based on the hydrolysis of H-222

had already been developed.

The reaction of H-333 with benzoyl chloride in
refluxing benzene (fig.2.1C01) yielded a hygroscorpic

crystalline product 120.
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-

+ N
IDhCOClr‘eflux
O”>Ph
139
fig 2101

'he IR of 120 exhibited both the carbonyl and the amidinium

stretching frequencies in the 1600 - 17CC cm_1 region.

lH NMR was consistent with the assigned structure.

13

The
The C NMR contained eleven lines with chemical shifts

which were competible with the assigned structure. Rotation
about the C - N amide bond was fast on the NMR time scale as

13

irdicated by the number of lines (in the C sctectrum) and

by the narrow lire widths of the ring carbon resdnances.
The double bond character of the C - N amide bond is
probebly reduced by steric inhibition of resonance and by
rarticipation of the nitrogen lone pair in a trensarnular
interaction with the amidinium cerkton. The rotetional
barrier of dimethylbenzamide hes been estimated to be 15.5

211 indicating that rotation could be slow on the

kcel/mol
NMR time scale. 120 was stable in neutral aqueous media but
was rapidly hydrolyzed in dilute NaOH. The hydrolysis of
120 in dilute NaOH to yield 139 was followed by proton NMR.
The disarpearence of the amidinium proton resonance

indicated that the hydrolysis was completed within minutes.

The hydrolysis of formemide 121 (fig.2.1C2) under very mild
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conditions indicates the ease with which these formamides
can be hydrolyzed. Therefore long reaction times in the

hydrolysis of 120 must be avoided to preserve the formamide,

@)
HpN/U\H 5%NaOH,_ (\r‘\ﬂ"

25°
E/‘N 12h. \

Me Me.
fig 2102

group in 139. It might even be worthwhile examining the

hydrolysis of 120 at lower temperatures. The 13C NMR

spectrum of 132 exhibited two resonances (of urequal
intensity) which were assigned to the formemide carbon
ibdicating slow rotation about the C -N amide bond. There
are 17 ring carbon resorances (out of a rossible 18,
indicating one degeneracy) resulting from the slow rotation

lH NMR wes also

about the C - N formemide bond.
consistent with the assigned structure but some minor
impurities were observeble. The presence of some minor
impurities was confirmed by TLC (neutrel aluminae, 5%
ethanol/CH2C12). Although 13¢ weés not purified (due to

time contraints) it is expected that it should be possible

to obtair 139 in pure form.
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The reection sequence shown in fig.2.101:is the basis
of a powerful protectior - deprotection scheme for the 1,4,7
- triazacyclododecene macrocycle. The entire proposed

sequence is shown in fig.2.103.

fig 2103

This sequence allows the differentiation of all three

nitrogens in the macrocycle. The two vieces of work nrneeded
Y X

to completely develop this sequence are purification of 13¢
and finding reaction conditions which would allow the
selective hydrolysis of the formamide in the presence of the
berizamide. Considering the ease with which formemide 121

was hydrolyzed the latter detail should pose no problem.



MM2 CALCULATIONS 16k

The orthoamides have been studied by empiricel force

1281129) to determine

field calculations (Allirger's MM2
the relative energies of the reasonable ground state
conformatiorns. he force field is very well paremeterized
1¢5 . .
for hydrocerbons and has been shown to yield reliable
erergies and geometries for paraffins. The force field hes
also been parameterized for a number of other
functionalities with varying degrees of success. Recently
it has been parameterized for amires and has been shown to
yield reliable geometries in many cases for simple aliphatic
aminesl3l'l32. The energies for polyamines as calculated
by MM2 are less reliable thenr the geometries. We have
several cases where the X~-ray crystal structures of some
polycyclic amirals have been determirned end excellent
agreement was found between the celculated end
experimentally determined geometries have been found196.
There are, however, several structurel features rresent in
the orthoamides for which MM2 has not been parameterized.

Therefore when examining the energies as computed by MM2 for

this series these shortcomings should be keprt in mind.

An important point to consider when intergreting MM2
results 1s thet the total energy term which is generated is

best compered to the enthalpy and as such does not include



éntropy differences between conformations. The trivial
entropy Jdifference c&n be en importent factor in the totel
free energy difference between conformetions which have
markedly different symmetries. For example, the triviel
entropy difference between H-333cct and H-332ttt amounts to
2.18 eu (in favor of the less symmetrical H-332cct) and is
recognized as an important factor in the reletive energies
of the ground state conformations of the 233 orthoformemides

(and acetemides).

The first major structural feature of the orthoamides
for which MM2 hes not been parameterized is the ability of
nitrogen to flatten. his feature should be especially
important in the 222 and the 322 ring systems. Nitrogen
flattening would reduce bernding strain in these systems.
Rather than try to factor out this contribution it was
treated as & systematic error which should be constant for a
given ring system. this error probably results in

calculated energies on the high side.

Arother problem with the FM2 force field arises in the
treatment of the electrostatic term (dipole contribution) in
trifunctional molecules. 2llinger hes stated thet
prelimirary calculations of trifunctiornal molecules give
"erratic" results and "it seems that further investigatiorns
- experimental and theoretical - are required before the

road clears for molecular mechanrnicel studies of more
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. 6 . .
complicated structures" 13 . Since the orthoamides are

trifunctiorel molecules, with the added complication of
heving all three dipoles borded to a single carkon, it seems
wise to heed 2llinger's warning and view the dipole term
with some suspicion. For this reason the steric energies
(excludes the electrostatic term) end the totel erergies
(includes the electrostatic term) are tabulated.
Fortunately, for all but one of the cases, the electrostatic
contribution does not chenge the reletive energies of the

cor.formations.

A third unparameterized structural feature present in
the orthoamides (which is related to the Jdipole

. . . - . 1365 et g
contribution) is the anomeric effect . Exemination of

models indicates thet the anomeric effect should favor cis,

cis, trans conformetions over trans, trans, trans

conformations in the tricyclic orthoamides. MM2 wmey take
this effect into account somewhat in the dipole term in that
arnti diroles are generally considered more stable thanh syn
or gauche Jdipoles. The uncertainty of the dipqle term in
trifunctional molecules makes a discussion on the treatment
of the arnomeric effect, by MM2, in the orthoamides
difficult, but some insight into this effect may be geained
by the following treatment. To determine if MM2 was
accounting for the'anomeric efect the results of the MM2
calculations for the hydrocarbons 94-HC-cct and S4-HC-ttt

were compared with those for 94-cct and 94-ttt. The results
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of this comparison are presented in fig.2.104.

el

94-HC-ttt 94-HC-ctt
15.51 18.58 307
94-ttt 94-cct
26.58 281 153

AAE =1.54 kcal/mol.

fig.2104

The smaller difference in energy between 24-cct end 94-ttt
must be attributed to the substitution of N for C and the
anomeric effect. A similar comparison of the experimentelly
determined data for the known model systems 2.10%5a- 2.1054
yields a similar result but of smaller magnitude (fig.2.1CE%)
.197. The A-A E of the tricyclics would be expvected to be

larger then the model system because of the &additionrel

nitrogen in the orthosmides.

MM2 calculations were performed on model compounds

2.105¢ and 2.1054d. A H was calculated to be 0.83 kcal/mol.
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When AS is taken into account then a vaelue of 0.66

“mix
kcal/mol (T= —150°C) is obtained for AC. This value agrees
quite well with the reported AG of 0.65 kcal/mol which has

beern determined by 13C DNMR at —150°C197b.

- Eimiler calculetions were performed on the cis, cis,

trans and the trans, trans, trens conformetions of VMe-333

ard the analogous hydrocarbons. The results of this

(¥}

mperison ere shown in fig.2.106.

[T N AH
a b )1.77

R’{j RV 0.83
¢ d

AAH=094 kcal/ mol.

fig.2105

The anomeric effect is presently formulated in terms of
MO theory (see conformational enalysis of the orthoamides)
and as such cannot possibly be accounted for by MM2, PBut it
appears that MM2 is artificially compensating for the

anomeric effect in the divole term. The presence and
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magritude of this compensation can be seen by compering the

- A- \ L
a Eqreric (€xcludes the dipole term) ard

O8-HC-ttt 98-HC-cct
2413 2537 124

M@V

98-ttt S8-cct
36.95 3718 0.23

AANAE =101 kcal/mol.
fig. 2106

A-A Etotal (1ncludes the divole term) for relavent
conformations. 2s an illustrative examrle, consider the

differences in the calculated energies between the

cis,cis,trans (favorable anomeric effect) and the all-trans
cornformations of Me-323 (fig.2.106). In this case the 4-4

Esteric = 1.06 kcal/mol end the & -4 Erorag = 0-23
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kcal/mol, where A-A Ei= E F The more

it,t,t°

favorsble disrvosition of the divoles ir the cis,cis,trens

conformation is the reason that the dipole term favors this
conformation over the all-trans. Edward was the first to
recort the observetion thet compounds exhibiting favorable
aromeric effects always rossessed the lower energy
disposition of dipolesl38. He attributel the aromeric
effect to this more favoreble discosition of dipoles. he
magritude of the observed anomeric effects coﬁld not be
adequately accounted for in terms of the electrostatic model
ard this led to the now generally accerted MC formulation.
It must be concludedithat MM2 is (in an ertificial way)
compensating for the anomeric effect, for ﬁhe orthosamides,
ir the dipole term. The megnitude of the celculeted effect

is probably on the low side because it is celculated purely

from electrostatic terms.

The following discussion of the MMZ results is divided
into two sections. In the first section the ground state
conformetions which have been aralyzed with MM2 are
presented on & compound by compound basis. In this first
section the major interactions which contributed to the
assignment of the conformation of lowesf erergy are
presented. Also included in this section are tabulations of
the energy factors (e.g. torsional, bending, etc.) which
the program has calculeted for minimized conformations. The

specific interactions which meke contributions to the total
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ernergies of the ground states are not abstracted by the
rrogrem and can ohnly be ascertaeined by & systemetic searc!
of the raw computer output. This search has been undertaken
and specific interactions have been Jdetermined.ined. The
presentation of the quantitative aspects of these
interactions has not been attemrcted here due to the enormity
of that endeavor. he qualitative\aspects of these
interactions, however, are presented. The reader is
directed to the raw computer outrut for these compournds for

quantitative Jdata.

The second section addresses the enrnergy trends'present
in the ground states of lowest energy &s calculeted by MM2Z.
Greghical analysis of the erergy trends as a function of
ring size (with constant R size) énd as a function of R size
(with constant ring size) are presented. This aralysis
gives a good overview of the contributing ernergy factors
governing the minimum energy conformetions of the
orthoamides and allows identification of trends in these
factors es a function of R and ring sizes. These trends
allow one to make veluable generelizations concerrning the
preferred conformations and the energy factors which govern

these preferences.

It is obvious from the preceeding discussion that the
absolute energies of the orthoemides (as calculated by MM2)

cannot be relied ﬁpon. But even with admittedly important
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structural features unaccounted for by MM2, the relstive
ernergies of ground state conformations can probably be
relied upon if they are not very close in erergy. The

geometries which were computed are probably fairly accurate.
he tabulated enrergy fectors for the orthoamides are
contained in figures 2.1065 - 2.114. hese figures are

located at the end of this section.

222 Rinyg System

The ground state conformetions which were considered
for the 222 series are presented in fig.2.1065.
Conformations other than the all-cis were excluded due to
the obvious strain that nitrogen inversion would impart to
this ring system (i.e. Fieser models of the tranrs
conformations carnot be constructed without breakage).

Since the all-cis slightly twisted C3 structures (see
conformational analysis of H-222) are the only reasonable
conformations they'were éssigred as ground states of minimum

erergy for the series.

322 Ring System
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322 Crthoformamides. The results of the celculations

for the most reasonable ground states for this series are
cresented in fig.2.109. There are several more possible
ground states (see conformational analysis of H-322) which
we did not calculate because we considered these to be
higher energy conformations. he major erergy factor which
destebilizes S2-cct results from distortions of the central
C-N-C bond angles. Ore of these central angles 1is
compressed 6.8 degrees and the other angles are Jdistorted to
accommodaete this compression. UTLCistortions in the centrsl

C~N-C angles cause further distortiorns of the sdjacent C-C-N

angles.

322 Orthoacetamides. The two celculated conformations

of Me-322 are presented in fig.2.705. he factors which
destabilize 96-cct are the same C-N-C angle distortiorns

which destablized the cis,cis,trans conformetion in H-222,

The Jdistortions ere slightly more severe in Me-322 because
avoidance of steric interactions between the methyl and the

ring system causes further flattening of the ring system.

322 Orthopropionamides. he celculeted conformations

for Et-322 are presented in fig.2.108. These conformetions
can be broken down into two subgroups on the basis of the

ring conformetions. Members of the cis,cis,trans subgroup

are higher in erergy than the all-cis subgroup. Again the

cls,cis,trans conformations are destabilized by distortions
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of the central C-N-C bond angles. This effect is comrourded
by 1-4 interactions betweern the methyl of the ethyl group

and the rings (particularly in 10Ccct-(R2) end 10Ccct-(R3)).

O0f the all-cis rotomers, lOOccc(C;) is favored because
urnfavorable 1-4 interactions between the methyl of the ethyl

group and the ring are minimized.

332 Ring Eystem

332 COrthoformamides. The most reasonable conformations

for H-332 are presented in fig.2.1CS. ©Note thet all three
conformaetions are within C.7 kcal/mol of ore arother. The
aralysis is complicated further because MM2 has assigned
higher energies to conformetions which should be favored by
the anomeric effect. It must be concluded that the relative
energies of the conformations as assigned by MM2 are

suspect.

Having acknowledged the problems with the assigned
energies, a discussion of how MM2 arrived at these energies
is presented below because these arguments are pertinent to
the discussion of the energies of the\orthoacetamides and
orthopropionamdes. 83ttt was assigned as the minimum energy

ground state conformation. Cis,cis,trans conformetions are

destabilized by distortions of the central C-N-C bond

angles. Also in‘93cct(Cl) there is increased torsionel
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energy in the cis—-trans fused six membered ring Jdue to

flattening of the cheir conformation.

332 Orthoacetamide. The reasoriable conformetions for

Me-332 are presernted in fig.2.110. Note that there is e
wider range of enrnergies in these ground states then was
present in the corresponding orthoformamides. The anomeric

effect should favor 97cct(Cs) (the conformation which weas

assigred the lowest energy). ¢7ttt is destebilized by

stretching of the C-N bonds arnd by interactions between the

methyl hydrogens and the hydrogens in the five membered ring
and the axial hydrogens in the six membered rings.

97cct(Cl) is destabilized rrimarily by two interactions.

’fé The first involves hydrogens on the carbons alpha to the
ni%rogen in the cis,trans fused six membered ring and the
hydrogens in the five membered ring. he second 1is bethen

the methyl hydrogens end hydrogens on the carbons algha to

. the nitrogen in the cis,trans fused ring.

32 Orthorrorionamides. he celculated ground state

conformations are rresented in fig.2.111. These are

serarated into three families on the basis of ring

conformations. 1l0lcct-6(R1) is destaebilized by C-N bord

stretching, torsional strain due to the envelope

conformation of hydrogers in the five membered ring, and
: interactions between hydrogens in the five membered ring and

hydrogens on the carbon alvha to the nitrogen in the cis,cis
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fused six membered ring. Additionel 1-4 interactions

betweenr the ethyl group end the five membered ring further

Jdestabilize 1Clcct-6(Rl). 2ll of the other conformations

are between 6.5 and 15 kcal/mol higher in energy. The very
high energies of these conformations result primerily from
1-4 interactions between the ethyl group and the rings and

because of flattening of the ring system.

As was the cese with the correspvondirng orthoacetamides,
the enomeric effect would terd to stabilize further the
conformations of lowest energy. It must be concluded that
the relative energies of the ground state conformations, as

assigred by MM2, are reliable.

333 Ring System

333 Orthoformamides. The celculated conformetions of

the orthoformamides are presented in fig.2.112. The entire
difference in energy between these conformetions is
crincipaly due to the different rumber of gauche and anti
interactions and to the bending strain in the C-N-C bond
angles in 94cct. The symmetries of %4cct and 24ttt require
the consideration of the trivial entropy difference between
these two conformations. The more symmetrical all-treéens

conformation has C symmetry whereas the cis,cis,trans

3v
conformation belongs to the CS point group. Therefore
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g4cct should have an entfopic advantage over S4ttt. The
triviel entropy difference between these two confofmetions
(as calculeted by equation 2.4 198) amouﬁts to 2.18 eu.

At room temperature this amounts to a 0.65 kcal/mol entrorpic .
edventage for S4cct. Note that in this case the additional
energy difference does not change the assignment of S84ttt as
the minimum erergy conformetion. Arnother consideration is
that the anomeric effect should elso favor 94cct. PBut since
Al = 2.2 kcal/meol it is concluded that the assignment of

¢4ttt as the lowest energy ground state conformetion is

reasonable.

333 Orthoacetamides. The calculeted (gll-chair)

conformations of Me—-333 are presented in fig.2.113. Note
that the erergies of the calculated conformations are very
close together. Several points need to be mede concerning
the relative energies of 2€cct and S8ttt. First, if the
trivial entrory advantage, in favor of the less symmetrical

0fcct, is edded to the calculated enthalpy ther 88cct is

eassigned as the minimum energy conformation at room
temperature. Secondly, the anomeric effect (which should
also favor S%€cct) might further favor ¢€cct to the point of
predominance. The spectral evidence clearly indicetes thet
S8ttt is the major conformation. It must therefore be.
concluded that the calculated energy difference between

9€ttt and 98cct is too smell.
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The calculations indicate that 928cct is destabilized by
stretching of C-N bonds anrd by the introduction of two
geuche interactions involving the C-N bonds of the cis,cis
fused ring with the C-C bonds in the two cis,trarns fused

rings (see fig.2.114).

333 Crthopvropionamides. The caelculated conformetions

for Et-333 are presented irn fig.2.115. 1In this cese the
ernreryies of the ground states are not close together and the
anomeric effect would further favor 101cct(Cs) (the

minimum ernergy conformetion). The assignment of

101cct(Cs) is no Jdoubt correct. 1Clttt ard 101cct(C;)

cre destabilized by interactions between the ethyl group and
the axial hydrogers on the rings. The additionel energy of

1Clttt results from distortions of the C-N-C bond arngles.

Conclusion. Due to the unrarameterized structurel

features present in the orthoamides, the csalculated
enthalpies of the ground stete conformations must be used
only in a gualitative maenner. OCOne extremely useful
qualitative trestment is the assignment of the minimum
energy ground states. The anomeric effect in model systems
was found to be worth avproximately (0.320 kcel/mol (igrorirg
the shorter C-N bonds). This suggests that if the
calculated enthelries differ by at least 0.7 kcal/mol (which
is a conservative estimete) then the conformetiorn of minimum

er.thalpy can be feliably assigred solely on the basis of the
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calculated enthealpies. If, on the other hand, the
calculated H between ground states is very small (i.e.

E-232 and Me-223) then the assignment of the mirnimum

enthalpy ground state conformation must be done only after

giving due consideratior to the unparameterized structurel

features epplicable to the particuler cese.



180

91-cce

ENERGY FACTOR(kcal/mol) 9l-cee 92-cce 99-ccc

Cazpreasion 1.0426 1.2333 1.4o62
Bending 8.1T7TT 8.1777 8.kOT1
Stretch-bend -0.17k3 -0.1902 -0.1kkoO
VanderWaalf

1,k 6.34L7 T.1661 7.9255

other -1.hk99 -2,6531 -3.1386
Torsional 17.5776 22,0196 23.2139
Dipole 6.5316 6.5280  6.52717
Total Energy 38.0500 42.2809 4k.197T
Steric Energy 31.4968 35.7529 37.6700
Dipole Moment (D) 1.607 1.596  1.590

fig 21065
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) 9y "
‘ ;i_i:;bl e ;5 ::;;
92-ccc ' 92-cct

322 Orthoformamides

Energy Pactor(keal/mol) 92-cce 92-cct

Compression 1.2183 1.284k9
Bending 10.8896 13.1k06
Stretch-bend 0.1416 0.0272
VanderWaal$

1,4 8.2072  9.4110

other -1.8011 -2.38k1
Torsional 14.2862 13.5108
Dipole 6. 5139 5,8050
Total Energy 39.4287 L40.7953
Steric Energy 32.9148  34.9903
Dipole Noment(D) 1.728 1.105

fig 2107
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96-acc 96-cct

‘322 Orthoacetamides
Energy Factor(kcal/mol)  96-cce  96-cect
Compreassion 1.5433  1.57Tho
Bending 10.9567 14,0062
Stretch-bend 0.1507 0.1164
VanderWaalf \

1,4 9.1181 9.7697

other -2.9453  -2.1896
Torsional 17.8711 | 17.1702
Dipole 6.5053 _ 5.T6MT
Total Energy 43,1999  46.2143
Steric Energy 36.60u6  40.L4ho6
Dipole Moment (D) 1.717 1.1k9

fig 2.1075

182
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H H
Me Meig
100-ccclC) - 100-cac(Cs)
H Me H
! e :; i ME ES:
100-cct-R(1) 100-cctR(2)  100-cct-R(3)

322 Orthopropionamides

~

Energy Factor(keal/mol)  100-cee(C,) 100ccc(C ) 100cct(R)) 100cct(R,) 100cct(R,)

Compression 1.72k0 1.9907  1,7h3b 1.8150  1.9984
Bending 11.2717 21,9578 14,1920  16.k9TL  16.8559
Stretch-bend 0.2025 0.2552 0.1786 0.2115 0.2451
VanderWaal§

1,b 9.8716 10.0033  10.5202  10.7090  11.0712

other ~3.5243 -2.8690  -2,5839  -2.5942  -1.9689
Torsional 18.7986 20,2417 18.2509 18.9025 19.8653
Dipole 6.5077 6.49k9 5.7613 5.7242 5.7195
JTotal Energy L, 8578 4L8.0746  48.0617 51,2652  53.786k4
Steric Fnergy 38.3501 41.5797  L2.300k _ U45.5L01  L8.0669
Dipole Moment (D) 1.712 1.710 1,160 1.125 1.123

fig 2.108
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A Hi Hi
03ttt 93-Ctt(Cs) B-ctticy

332 Orthaformamides

Energy Factor(kcal/mol) 93-ttt  93mcct(C)  93-cet(C)

Campresaion 1.k153 1.1797 1.4218
Bending T.7841  8.0u98 6.7591
Stretch-bend 0.2349  0.2939 0.2602
VanderWaals

L,k 12,1329 11.5266 12,3893

other -3.265T -3.3256 -3.0287
Torsional 8.8545 10.8429 10.9071
Dipole 6.7385 _ 5.9589 5.8730
Total Energy 33.8945  3k4.5262 34.5819
Steric Energy __27.1560 _ 28.5673 28.7089
Dipole Moment (D) 2.165 1.29% 1.2L48

fig2109
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Me Me
o7ttt 97-ctt(Cs) 97-cctCy)

332 Orthoacetamides

Energy Factor(kcal/mol) 97—ttt 9T~-cet(C ) 2:[-cctgcll

Compression 2.0448 1.6300 2,2838
Bending 13.0013 9.0558 8.8657
Btretch-bend 0.5234 0.ks21 0.3770
VanderWaalf

1,4 11.7388  12.0356 12,8801

other -0.68163 -2.T176 ~1.6148
Torsional 10.9900  13.1122 13.1027
Dipole 6.8639 __ 5.90u6 5.7899
Total Energy LL. 3459 39.4726 L1.6846
Steric Energy 37.4820 33,5680 35.894T
Dipole Moment (D) 2.166 1.334 1.262

fig 210
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H“ﬁ H--Eii
Me H ¢

101-tttCy 10+ttt(Cs)

332 (all-trans) Orthopropionamides

Energy Factor(keal/mol)  101-ttt(C,) 101-ttt(C )

Compression 2.5278 2.4382
Bending . 19.4152 17.9919
Stretch-bend 0.7983 0.8377
VanderWasalf

1,b 12.7938 12.4oTh

other T =0.h295 -0.4k019
Torasional 12.9881 13.1989
Dipole 6.9325 6.9231
Total Energy 55.0262 53.3960
Steric Energy 48.0937 46.4723
Dipole Moment (D) T 2,16k 2.160

figam
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101-cct-54Cs) 10%cct-5(C)

332 (cis,cis,trana) Orthopropionamides

Energy Pactor(kcal/mol)  10l-cee-5(C 101-cct-5(C, )

Compression 1.8555 2,101h
Bending 9.4056 12.6487
Stretch-bend '0.5307 0.6505
VanderWealf

1.b 12.7797 13.1169

other ~3.0626 -2.2133
Torsional 1Lk .0200 15.8264
Dipole _5.9006 5.8458
Total Energy b1.4295 47.9855
Steric Energy 35.5289 42.1307
Dipole Moment (D) 1.346 1.3k0

fig2im
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55

- - Me-
H- \Me H
l4’ Me H

101-cct-6R(1) 10t-cct-6R(2) 10tcct-6R()

332 (eis,cis,trans) Orthopropionamides

Energy Factor{kcal/mol) 101l-cct-6R(1) 10l-cct-6R(2) 10l-cet-6R(3)

Compression 2.5295 2,0807 2,9255
Bending 9.1678 12,2577 14,1487
Stretch-bend 0.4453 0.59Th 0.5792
VanderWaalf

1,b 13.5826 14.00kk 14,2872

other -2.0257 -1.2727 -1,.66L0
Torsional 14,1016 15.6131 15.6448
Dipole 5.7862_ 5. T3 5.7536
Total Energy 43,5875 L9.8278 51.6750
Steric Energy 37.8013 L4 .0805 45.921h
Dipole Moment (D) 1.211 1.2k 1.282

fig2m
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94-ttt 94-cct

333 Orthoformamides

Energy Factor(kecal/mol) 9h-ttt 9licet

Compression 1.8627 1.7658
Bending , 2.4327  3.5830
Stretch-bend 0.5284  0.6225
VanderWaalf

1,k 14,8250 14.3576

other -3.4388 -2.7681
Torsional 3.8047  5.3200
Dipole 6.5621 __5.9010
Total Energy 26.5768 28.7618
Steric Energy _20.0147  22.8608
Dipole Moment (D) 2.170 1.299

fig 2112
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==

98-ttt 98-cct

~

333 Orthoacetamides

Energy Factor(kcel/mol) 98-ttt 98~-cct

Compression 2,90hk 3.1238
Bending 6.4623 5.6914
Stretch-~bend 0.8392  0.8k99
VanderWaalf

1,4 14.5314  14.8750

other -0.8634 -0.5218
Toraiocnal 6.4371  7.3563
Dipole 6.6383 5.8041
Total Energy 36.9495  37.1760
Steric Energy 30.3112 31_§ﬂ4§
Dipole Moment (D) 2.172 1.332

fig 213
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102-ttt 102-cctiCs)  102-actiCy)

333 Orthopropionamides

Energy Factor(kcal/mol)  102-ttt 102-cct(C_) 102—cctscll

Compression 15.8171 3.L286 b.2315
Bending 12.6498 6.0355 10.5837
Stratch-beﬁd 1.1836 0.9348 1.16L49
VanderWealS

1,4 15.0693  15.5672 16.4475

other 0.1008  -0.9270 0.2782
Torsional 9.1809 8.3476 9.9458
Dipole 6.6992 __5.7975 5.7410
Total Energy 60.7007  39.18k2 L8.3924
Steric Energy 54,0015 33.3867 42,6510

Dipole Moment (D) 2.169 1.343 1.332

fig2.114
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Evaluation Of The Energy Trends In The Minimum Energy Ground

States Cf The Orthoamides By MM2

The following section is an enelysis of the erergy
trends present in the minimum enrergy ground states of the
orthosmides. The analysis was undertaken to identify energy
trends in the two dimensions of the series, nrnamely as a
function of vaerying R size with constant ring size and as a
function of verying ring size with constant R size. This
analysis was rerformed graphically because the trends are
more easily identified from the inspection of plots of
energy parameters than by the inspection of the same deta in

tabular form.

It should be stressed here that this is an analysis of

the energy trernds as calculated by MM2. This is an attempt

to examire the systeméetics of the program end to identity
the importance which MM2 has placed on the various erergy
factors in the ground states of minimum erergy of the

orthoemides.

Graphs 1 and la ere prlots of the total energy as a
function of the two dimensions of the series. At a glence
it becomes obvious that the series passes through an energy

maximum at the 322 ring system regardless of the size of the



R group or the number of cerbors in the rings. The reason
for this meximum is easily ascertained by an inspection of
graphs 2,2,and 4. Note thet on these graphs the erergy of
bending &lso passes through a maximum at the 322 ring system
ard that the gereral shapes of the bending curves and the |
total energy curves are very similar. It is obvious that
the energy of bending is & major contributing faector for the
high celculated energies of tne 322 ring system.

Intuitively one might have expected that the 222 ring system
would be the highest in erergy. Evidently the fusion of a
six membered ring and twec five memkered rings was considered

worse than the fusion of three five membered rings.

Orne mey ask the guestion as to whether it is a valid
analysis to compare the total energies of compourds thet
differ in the number of atoms since some quantities are a
function of the number of atoms in the molecule. It would
be inarppropriate to compare the calculated erergies between
completely dissimilar compounds (dissimielr in the sense
that these materials had ro structural similerities). BRut
the comparisons being made here are between compourds which
are structurally very similar. In fact, the energy
relationships in these compounds are heavily dependent on
the central C-N bonds which are common to all the
orthoamides. As an example, examination of the raw date for
the bending energies of Et-222 and Et-322 shows that the

additional methylene carbon in Et-322 makes an insignificent
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contribution itself to the bernding ernergy. The overwhelming
centribution to the bending energies of these two compounds
come from distortions of the central C-N-C bond éengles. he
berding energies of these central angles is determined in
turn from the constraints of the ring system which determine
their geometry. Therefore it is & valid exercise to compare
the bending energies between homologs in this serles,
Similer arguements cen be made for contributiors from
compression, stretch-bend, torsional, ard Jdirole energies.
The comparison of the energy contributions from the van der
Waals' 1-4 irteractions are an exception in that it is clear
that the energy associated with the 1-4 interactions are
deperdent upon the total number of cerbons in the molecule

which are disrvosed 1-4 to one another.

Examination of the curve for the torsional energy in
graphs 2-€ indicate that this energy factor has a strong
dependence onh ring size and almost no dependence on R size,
The reason for this dependénce is the larger number of
eclipsed bonds in the smaeller ring systems and the favorable
chair conformations in the larger rings; Note that the
torsional energy is a function of the totel number of
carbons but obviously the number of carbons in this series
is not the determining factor since the torsional energy
actually goes down as more carbons are added to the rings.
This fact points out agaig the validity of examirning enrergy

trends within the series and not just between conformations.



Examinetion of the torsional energy curves in plots E-8
indicetes thaet there is a small derendence ot R size which
is in the direction expected for the addition of carbon -

carbon bonds,.

A general trend which becomes obvious upon examination
of the curves in plots 5-8 islthat the energy differences
resulting from substitution of Me for H are much lerger then
the energy changes resulting from the substitution of Et for
Me. This is reasonable since in the smsller ring systems,
where the ring carbons are turned down away from the R
group, the largest interacfions are between the methylerne
hydrogens of the ethyl group and the rings. These
interactions should be essentially the same for the methyl
and the ethyl group. In the lerger ring systems the same
energy trerds are observed but in this case the interactions
between the rings arnd the R groups should be more
substantial and would be expected to be highly dependent on
R éize. But in the larger ring systems the compourds adopt

conformations which minimize these steric interactions.

Van der Waals' 1-4 interactions show & strong
dependence on ring size end little or no derendence on R
size. As was previously mentioned this observation is
readily explaineble in that as the number of atoms which are
disposed 1-4 to one another increases so will the

contribution of this factor to the total energy. The



rotational freedom of the R group allows it to adopt a
conformation in which these interactions are minimized. The
ring carbons are more restricted in the possikle rositions
that they mey occury and therefore make a larger

contribution to this energy term.

Examiration of plots 2-4 indicetes that the two major
energy factors of the minimum energy ground states are the
torsional erergy and the ven der Waels' 1-4 interactions.
All other interactions are constant in relstion to the
variation in these rparameters. It will be roted that the
intersection of these two curves alweys occurs at the 332
ring system indicating that the determination of the minimum
erergy ground state conformation in this ring system will
result from a more subtle interplay of the ernergy parameters
rether than a predominance of a single parameter as in the

other ring systems.

he preceeding examples serve as illustrative examples
of the reasoning used in identifying these trerds. Similar
aralyses of these graphs yield e number of gereralizations
which are abstracted and listed below without the lengthy
discussion which accompanied the previous exemples. The
reader is directed to the plots for verification of the

conclusions listed below.

1) COMPRESSION: Bond compression is a relatively minor and



constant ernergy factor.

2) EENCING: a)Eending is least severe in the larger ring
systems, b)Eending passes through a maximum at the 322 ring
system, c¢) &nd within a particular ring system the berding

energy increases with increasing R size.

STRETCH-BENLD: &a)Stretch-benrnd is a relatively minor and

constant energy factor.

VAN CER WAAL'S 1-4: a)These are most unfavorable in the

cis,cis,trans conformetions, b)increase linearly and

gredually in the &ll trans (or eall-cis) conformetions with
increesing R size, c)end are the major energy factor in the

33 ring system.

VAN DER WAAL'S OTHER: a)These interactions make a maximum
negative (stabilizing) contribution in the all-trans (or
all-cis) conformations. b)In the all-trans conformetion
these interactions become increesingly negeative with

increasing R size.

TORSIONAL: a) The torsional term is most severe in the smeall
ring systems, b)increases most drametically for all ring
systems upon substitution of Me for H and remairns

essentielly constant upon substitution of Et for Me.
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DIEOLE: &)This interaction is minimized in the cis,cis,trans
[ 4

conformetions.

GENERAL OBSERVATIONS: 1)Torsional energy is the ﬁajor
contributor to the total energy of all the orthoamides
except the 332 systems where van der Waals' 1-4 interactions
are tﬁe dominant energy factor. 2)The high torsional
energies of the small ring systems are Jdue primerily to
eclipsing of hydrogens and eclipsing of the central C-N
bonds with C-C bonds of the rings and with other C-N bonds.
3)Eerding energies are due to distortions of the central
C-N-C bond angles. 4) Van der Waals' 1-4. interactions
increase as the rings become larger simply because of the
lerger number of atoms Jdisposed 1-4 to ore another.
5)Stretch-bend, compression, bending, and dipole energy
factors show no dependence upon the size of the R group.
6)The orthoamides adopt conformations which minimize the

steric interactions between the R groups and the rings.
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CHAPTER 3

EXPERIMENTAL

General

Melting points were recorded on a Thomes-Hoover Unimelt

and eare uncorrected.

Routine lH NMR spectra were recorded on a Varien
EM-360A continuous wave spectrometer or a JEOL-FX-S0Q FT
instrument. When higher fields were required then the
Bruker WH-270 spectrometer loceted at the Bitter National
Magret Laboratory in Cambridge,Ma was utilized. All

13C) are referenced to internal

chemical shifts(lH,
tetramethylsilane unrless otherwise indicated. CDCl3 was
employed as the NMR solvent unless otherwise stated.
Infrared srectra were recorded on either Perkin-Elmer 283B
or Perkin-Elmer 337 grating irfrared spectrorhotometers
employing carbon tetrechloride es the solvent unless
otherwise noted. UltravioleF spectra were recorded on a
Varian-Cary 219 double beam programable spectrophotometer.
Routine mass svectra were obtained on a Hitachi-Perkin-Elmer
RMU-6Em mass spectrometer by department personnel. High
resolution mass svectra were obtained at the Massachusetts
Institute of Techrology mass spectral facility. CHN

analyses were determined with @ F and M model 185 or a
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Perkin—-Elmer 240B .elemental analyzer by departmental

personnel.

All reactions were run under an atmosphere of anhydrous
nitrogen. CH2C12 and hydrocarbon solvents were
fractionally distilled from calcium hydride and stored over
3 2 molecular sieves. Benzene was distilled from sodium
wire. Tetrahydrofuran was distilled from benzorhenone ketyl
immediately before use. Reagent graede chloroform was used
without further purification. Reagent grade arhydrous ether
was stored over sodium wire. Reagent grade anhydrous MeOH
and absolute EtCH were stored over 3 ® molecular sieves.
Dimethylformamide was distilled from calcium hydride under
reduced pressure and stored over 3 ® molecular sieves prior
to use. All NMR solvents were stored over 3 & molecular
sieveés. Unless otherwise stated all reagents were obtained

commercially and were used without further purification.

Instrumental Aspects

High Dilution Apparatus

The apparatus shown in figure 3.1 was used for all
cyclizations requiring application of the principle of high
dilution. With the excertion of the syringe pump, the

entire apparatus was constructed from inexpernsive and
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~—Tetlon Tubing

reagent A

N2 k 2 r J N
Il Gastight
0.022 tn—> Teflon plunger
‘ Y
L
. 0042’10 »/
3 liter morton
rxn flask

erforated Teflon

paddle -~ Screw drive  Syringe Pump
~ 12 speeds(q,027-138 mi/min)
= Strictly synchronous addition
of reagents
High Dilution Apparatus :

fig 31

readily available comporents. The syringe pump allows the
controlled, strictly synchronous, and.reproducible addition
rates necessary for consistently successful high dilution
reactions. One other investigator has mentioned the use of
a syringe pump for this purposezoo. The apparatus was

desigrned so that reactions could be run under an anhydrous

inert atmosphere allowing the use of moisture ard oxygen
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sensitive reagents. All surfaces exposed to reagents are
inert(glass or teflon) with the exception of the stainless
steel luer lock fittings on the syringes. The 0.022 ir.
I.D. teflon tubing leading to the reaction flask produces
uniformly small droplets during addition. The gas tight
teflon syringe plungers were machined to the dimensions of a
MultifitTM(Eecton—Dickinson) glass plunger. By werming

the syringes with a heating pad the high coefficient of
expansion of the Teflon can be taken advantage of to insure

a tight fit.

In summary, the advantages of this system over

previously reported systems201 are: 1) the entire

apparatus is inexpensive, 2) addition rates are strictly
synchronous and reproducible, 3) all breakable components
are easily and <cheaply replaced, and 4) the system is inert

ard its genrally applicable to various chemical systems.

Improvements which are recommended are: 1) prediluters
and, 2) modifications to automate the operation including

solenoids to operate the valves and syringe pumbp.

Gel Permeation Chromatography

B Preparative scale gel permeation chromatography212

(GPC) was performed on a modified Waters 200 analytical GPC

unit. 2 schematic of the preparative unit is found in
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figure 3.2 The major modifications of the Waters 200 were
the following; 1) elimination of the thermostated column
envirorment, 2) use of preparative columns with appropriate
packings, 3) reduction of the detection sensitivity
recessitated by the larger sample sizes, 4) inclusior of a
LDC Molel 70¢ pulse dampener, and 5) use of higher orerating

pressures.

Separations were performed at ambient temperatures
employing dichloromethane as the eluent. Typical flow rates

were 2.61 mL/min. with 340 psi of backpressure.

Experimental. Solvent: Dichloromethare useed was

freshly distilled from calcium hydride. The eluent was
freshly distilled or boiled and cooled immediately prior to
use to insure that the solvent was degassed. (If the
solvent was not degassed prior to use it degassed at the
pressure gradient exiting the column causing column damage
ard detection problems in the differential refractometer Jdue

to bubbles.)

Sample Prepvaration: Samples were recrystallized and
scrupulously dried prior to injection. Weighed samples were
dissolved in a minimum of solvent and filtered through a
fire glass frit and then diluted up to 10 mL ir a volumetric
flask. Sample injection sizes were determined by the

injection loop size and the molarity of the solution.
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Prepararative GPC Unit

olvant Reservoir
ilter-1

Differential
Refractomer

~——Collectio
Soivent ggintc "

Drain

Sample Injection
Loop

’ Amplifier
Blowout Valve

Pulse
Dampener

Recorder

PUMP: Milton-Roy Model No. 196-29 (pressure;1000psi,capacity;160ml/min)
PULSE DAMPENER: LDC Model Ro.T09

DIFFERENTIAL REFRACTOMETER: Optical bench assembly from Waters GPC-200

RECORDER: Leeds & Northrup Co., Speeodomax W(response time;5 sec. full travel
chart speed; 6 in/h)

SOLVERT and REFERENCE LINES: Teflon 1/8" I.D. (all other lines were
stainless steel LC 1/8" tubing)

BLOW-~OUT VALVE: Hoke Co. No. 65268L-LB(brass) (pressure range ;350~1500ps1
adjusteble to any pressure within that range)

AMPLTFIER: electronics from Waters GPC-200

SAMPLE INJECTION LOOP: 1.6 ml loop and injector from Waters GPC-200

fig. 3.2

Column Packing Procedure: The packing technology was
essentially that developed by Stephen Peacock in the
laboratories of D. J. Cram at the University of California
at Los Angele5167: 1) 150 g of Biorad SX-12 Eiobeads were
aliowed to swell in dichloromethane overnight. 2) The

packing slurry was poured into a 4 foot stainless steel

precolumr. which was cepped at the bottom after air and some
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solvent had drained. The precolumn was then attached to an
HPLC pump. The packing was never allowed to go dry and care
was taken not to overfill the precolumn to avoid sealing
problems when it was attached to the column. 3) The
precolumn was then attached to a 21 ft x 3/8 in 0.D.
aluminum column(standard GC tubing) which was cavpped at the
top with @ 10 micron frit and a teflon return lire. 4) The
HPLC pump was set at its maximum flow rate(l0 mL/min) and
the. column was packed at this flow rate until a backpressure
of 1C0Cpsi was attained. The flow rate was then adjusted to
maintain this backpressure and the column was packed at this
pressure for 24 h., The first several hundred mL of solvent
that exited the column were clouded with monomer and were
discarded. 5) The flow rate was increased to attain a
backpressure of 1300psi and the column was packed at this
pressure for 3-4 h, 6) the column was thén caprped and
inverted. Excess column was then cut off and the end was
capped with @ 10 micron frit and desigrated "in". 7) One
smooth bend was put into the previously straight column by

wrapping it around a 55 gal. barrel.

The preceeding packing procedure produced a 21ft column
with the following characteristics: 1) flow rate of 2.61
mL/min with 340 psi of backprsessure and, 2) exclusion

volume of 84 mL(Carbowax M as stanrdard).
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Immediately upon installation of the column its
characteristics and effeciency were recorded by injecting
various mixtures and single compounds. The retention
volumes of these standards were noted &s & reference to

check for column deterioration at a later date.

pKa'Determinations

The following procedure was employed to determine the
pKa's of H-222 and H-333. Ca. 90 mg of amine was weighed
into an Erlernmyer flask and diluted with 50 mL of 0.&8M aq
NaCl. 2n Crion 701 digital pH meter was calibrated with pH4
and pH7 buffers. The amine was then titrated with 0.1024 M

aq HCl. The HCl was standardized by titrating weighed

samples of anhyd Na2CO3.

DNMR

All variable temperature work was carried out in 5 mm
tubes on the JEOL FX90Q equipped with & JEOL Temperature
Controller NM-VTS., Temperatures were measured by the
chemical shift thermometer reported by Led and
Petersen213. The probe was allowed to equilibrate ca.

15-20 minutes at each temperature before running spectra and

before measuring temperature. Temperatures are believed to
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be accurate to within #1 C.

Internal heteronuclear field-frequency pulse lock has
been employed in all cases with utilization of the dueterium

signal of the solvent as the lock sighnal.

Irn all cases a room temperature spectra was recorded

prior to the low temperature runs. 2 second room

temperature spectra was also recorded after the completion
of the low temperature runs. In practice it was found more
convenient to record the spectrum in the slow exchange
region first and then record additional spectra at >
appropriate higher temperatures. The probe was tuned

frequently during temperature changes and then again after

equilibretion at desired temperatures.

Sample solutions were prepared by dissolving a wieghed
sample into a measured volume of dueterated solvent. The
solution was then cooled to -77°C in a dry ice acetone bath
to check the solubility of the sample at low temgperatures,
Conceﬁtrations were maximized in this fashion to reduce run

times. Typically samples were ca. 1 M,
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Synthesis

Phenylmetharesulfonyl chloride. The crude solid prepared in

4C% yield by the method of Sprague and Johnson202 was

. o .
recrystallized from CH2C12/hexane.mp 891-%1.5 C (lit. mp

91-92%¢).

1,3-N,N'-di-(phenylmethanesulfonyl)-diaminoprooane(27).

Phenylmethanesulfonyl chloride (3.1821 g,16.748 mmol) wes
dissolved in 35 mL of anhyd CH2C12 under a nitrogen
atmosphere. A solution of 1,3-diaminopropane (0.6187 g,
8.361 mmol) and‘triethylamine (2.50 mL,16.75 mmol) in anhyd
methylene chloride was added in a single aliquot with
vigorous stirring. After 0.25 h the reection solution was
washed with H20(60 mL) and the solvent was evaporated to
vield 3.3714 g of crude reaction solids which were
recrystallized three times from MeOH to yield 0.5583 g
(17.5%) of product as shiny floculent platlettes. mp 167.5°
C; IR (KBr) 3250, 1305, 1070 om %; 1B NMR 1.15(quintet,
2H), 2.92(br gq, 4H), 4.29(s, 4H), 7.1 (br t, 2H), 7.4(s,
10H);Anal.Calcd for C17H22N20482:C, 53.45; B, |

5.82;N, 7.34, Fourd:C, 53.31;H, 6.36;N, 7.31. Note;a)ca.33

% loss was due to spillage; b) Reversed addition of reagents

produced lower yields.

Attempted Synthesis of N,N',N'''-trj-(phenylmethane

sulfornyl)-1,3,7-triazaheptane(28). Diethylenetriamire
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(0.3115 g, 3.02 mmol) end triethylamine (0.6132 g, 6.04
mmol) were dissolved in 30 mLanrhyd methylene chloride and
cooled to 0°cC. Phenylmethanesulfonyl chloride(2.2878 g,
12.04 mmol) was dissolved in 3C mL anhyd CH2C12‘and

cooled to 0%°c. The sulfonyl chloride was added to the aminre
solution in two aliquots at O°C. The resulting solution was
stirred for 0.4 h at 0°C. The reaction solution was then
washed three times each with H20(25 mL) and 5% sodium
bicarbonate (25 mL), dried over Na2804, filtered, and the
solvent evaporated at reduced pressure to yiéld 12.1¢ g of
crude product. This was recrystallized from MeCH three
times to yield 0.2446 g (14.3%) of product as an impure
microcrystalline solid:mp 174.5-175.5°C; IF (KBr) 327¢, 13¢0

cm—l;l

4,29 (s, 4H), 4.39(s, 4H), 7.32(s, 15H). This meterial was

used in subsequent reactions without further purification.

Attempted Synthesis of N-phenylmethanesulfonyl-2,2'-imino-

diethanol-1,5-di—-(phenylmethanesulforate) (29).

chenylmethanesulfonyl chloride (1.1415 g, 6.C1 mmol) was
dissolved in 30 mL anhyd CH,Cl, 2nd cooled to -77°C.
Diethanolemine (0.2142 g, 2.0 mmol) arnd triethylamine(0.6087
g, 6.0 mmol) were dissolved ir 10 mL anhyd CH2C12 ard

cooled to -77°C. The amine solution was added to the
sulfonyl chloride solution and stirred for 5 min. at —77°C.
The reaction solution was washed three times with H20(25

mL), dried over Na S0,, filtered, and the solvent was

2
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evaporated at reduced pressure to yield 1.1497 g of crude
reaction solid. This was recrystallized from abs EtCH to
yield €C.5111 g (51%) of impure white crytallirne product. mp
144-146C(softens at 139°C); IR (KBr) 3020, 2980, 1520,
1550, 117¢, 990, 7€5, 705 em * lH NMR 3.12(t, 4H),

3.92(t, 4H), 4.15(s, 2H), 4.30(s, 4H), 7.28(s, SH) , 7.30(s,

10H). The impure material was used in subsequent reactions

without further purification.

1-N-p-tolueresulfonyl-3,3'-iminodiproparonitrile(19). 18

was prerared in improved yield by a modification of a
rerorted procedurezoB. A solution of 10 mL of 4.52N NaCH,
p-toluenesulforemide(45.8¢ g, 0.2684 mol) andbacrylonitrile
(28.9 g, 0.536é mol) in 350 mL of freshly distilled THF was
refluxed for 37 h. Evaporation of the solvent at reduced
cressure yielded a white crystalline material which was
recrystallized from H,0 to yield 67.55 g (21%) of 1¢ as
white reedles:mp 103-105°C (lit. mp 104.5°C, yield 43%); IR
(KBr) 2240 cm ;1 NMR 2.45 (s, 3H), 2.75(t, 3H), 3.47(t,

4H), 7.63(ARA'BRBR', 4RH).

1-N-p-toluenesulfonyl-3,3'-imincdipropancic acid(2€). 20

was prepared in improved yield by a modification of a
reported procedure203. A mixture of 19(52.0464 g, 0.1951
mol) in 500 mL of 6N HCl was refluxed with stirring until a
homogeneous yellow solution was formed(ca.2 h). Longer

reaction times resulted in dremetically lower yields due to
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cleavege of the tosylamide. The yellow solution was cooled
to 5 C and the resulting white crystalline product was
collected by suction filtration. The product was washed
with H20 until the wash H,0 no longer contained
chloride(AgNO3 test) . Recrystallization from H,0

yielded 50.44 g (82%) of the product as a white
microcrystalline solid: mp 168-170°C (lit. mp 16e-170°C,
yield 57%);IR (KBr) 3000 (br), 1670 cm Y;'H NMR 2.45(s,

3v), 2.52(t, 4H), 3.38(t, 4H), 7.52(AA'BR', 4H).

l-N-p-toluenrnesulfonyl-3,3'-iminodipropanoyl chloride(21). A

mixture of 20(10.81 g, 3.43 mmol), thionyl chloride (20 nlL),
eard 100 mL of anhyd benzere was heated to 50°C under a
nitrogen atmosphere for 18 h at which time a clear
homogerieous solutioﬁ indicated that the reaction wes
complete. Anhyd heptane was cannulated into the warm
solution until a slight turbidity resulted. The solution
was then cooled to O°C resulting in two crops of white
microplatlette product which were collected by filtration
under nitrogen to yield 11.53 g (96%): mp 71.5—72.50C; IR
(KEr)1770 cm Y; H MMR 2.41 (s, 3H), 3.32(AA'PR', €H),
7.50(AA'BB', 4H);Anal. Calcd for C13H15NC1204S:C,

44 ,36;H4.,30; N, 3.98. Fourd:C, 44.85;H4.33;N, 4.23.

N-p—-toluenesulfonyl-1,5,9-triezacyclododec-4,10-dione(22) .

l, 3-diaminopropane(0.40%1 g, 5.529 mmol) was dissolved in

500 mL of anhyd benzene in a 1C0C mL reservoir flask A(see
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diagram 3.1). 21 (0.°713 g, 2.765 mmol) was dissolved in
E00 mL of arhyd benzene in reservoir flask B. The two
reagents were then added simultaneously via a syringe pump
apraratus (at a rate of 0.68¢ mL/min.) into a 2 L Morton
reaction flask containing 1 L of anhyd benzene which was
stirred at a rate of 1300 R.P.M.. All reagents and the
reaction were handled under a nitrogen atmosphere. After
the addition was complete the reaction was stirred for 12 h.
The solvent was then evaporated under reduced pressure to
yield crude reaction solids which were washed with 50 mL of
Hzo, 50 mL of 5% ag HCl, and then with H20 to remove 1,
3-diaminopropane dihydrochloride. The resulting material
was dried in vacuo to yield 0.9333 g of crude.product.
Recrystallization from CH2C12 removed some polymeric
materials. Pure monomer was obtained by gel permeation
chromatography(column 20 ft, 3/8 in;Bio-Beads SX-12;
backpressure 350 psi; temp 25°C ;retention volume 93 mL) to
yield 0.65 g (67%):mp 300°C(decomp); IR (KBr) 3240, 1680
em~1;1n NMR 1.75(quintet, 2H), 2.35(s, 3H), 2.40(t,

3H), 2.40(t, 4H: 2.9-3.9(m, 8H), 7.00(br t, 2H),

ipnt . ~3
7.55(AA'EB', 4H); 2Aral. Calcd for C16H23N3[D045: c,

54.44; H, 6.56; N, 11.91. Found:C, 54.43; H, 6.72; N 11.60C.

N-p-toluenesulfonyl-1,5,9-triazacyclododecane(23).

22(0.550 g, 1.583 mmol) was dissolved in 75 mL of freshly
distilled THF under & nitrogen atmosphere. 4C mL of C.2 M

BHB/THF(Ventron) was syringed into the reaction flask
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through a septum carpved stopcock. The resulting solution
was refluxed for 24 h. H,0 was thenrn added to the cooled
solution(Caution:H2 evolution). The solvent was then
evaporated under reduced pressure and the resulting white
solid was dissolved in 25 mL of £% ag HCl and stirred for 12
h at 25°C. Evavoration of the solvent at reduced pressure
yielded a white solid which was Jdissolved in 25 mL of 5% &g
Naoﬁ and extracted with CHCl3(10X15 mL). The combinred
extracts were dried over Na2804, filtered, and the

solvent was evavorated at reduced vressure to yield 0.5276 g
of hygroscopic product as an impure soft crystal mass.:mp
57-59°c; IR (cCl,) 2900, 1320, 750 cm 1;'H NMR

0.85(quintet, 2H), 1.80(guintet, 2H), 2.05(br s, 2H), 2.40
(s, 3H), 2.68, 2.70(overlapping t, €H), 3.23(t, 4H),

7.50(AA'BB', 4H).

5,13-N,N'-di-p-toluenesulfonyl-1,5,9,13-tetreaza-bicyclol[7.7.

3]-nonadec-2,8-dione(24). 23(0.5276 g, 1.623 mmol) &nd

triethylamine (0.3286 g, 3.247 mmol) were dissolved in 5CC
mL of anhyd benzene in reservoir flask A. 21 (0.5714 g,
1.623 mmol) was dissolved in 50C mL of anhyd benzene in
reservo@r flesk B. The reagents were added simultaneously
at a rate of 0.689 mL/min. to a 2 L Mortor reaction flask
corntaining 1 L of anhyd benzene being stirred a rate of 1300
R.P.M.. The reaction was stirred for 12 h after the
addition was complete and then the solvent was evaporated at

reduced pressure to yield 1.3457 g of crude reaction solids
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which were washed with H20, 5% aq HCl, and ther with H,0
until the wash H20 ro longer contained chloride(AgNO3
test). The residue was then dried in vacuo to yield 0.9593
g of crude product. The purification and anelysis of this
product awaits the packing of an appropriate GPC column

(e.g. SX-&).

N,N' N''-tri-p—-toluenesulfonyl-l,5,9-triazanconane(l141).

141 was prepared by the method of Koyamazo4 whereby

——

1,5,9-trisazanonane(29.09 g, 0.7551 mol) arnd NaOR (9C.62 g,

2.26 mol) were dissolved in 56C mL of Hzo with cooling

under & reflux condenser. p-Toluenesulfonylchloride (451.93
J, 2.3707 mol) dissolved in 1050 mL of anhyd éther was added
dropwise to the stirred ag solution over a nine hour

period (CAUTION: Exothermic reaction). The resulting mixture
was stirred for 92 h and the clear ether and H20 layers

were decanted from the heavy yellow oil. The oil was
dissolved in 1 L of CH2C12 and washed with H,0 (4x250

mL) followed by saturated NaCl(2x300 mL). The CH2C12

rhase was dried over Na2804, filtered, and the solvent

was evaporated under reduced preésure(Foaming may occur) to
yield 432.75 g (95%) of 141 as a golden yellow oil.. NMR
(CDC13)1.67(t, 4H), 2.35(s, S¢H), 2.35-3.32(brm, EH), 5.61

(¢, 2H), 7.€C0-7.90(m, 12H).

N,N' N''-tri-p-toluenesulfonyl-l,5,8-triazanonane-1,%-

disodium salt(l142). 142 was prepared by the method of
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Richmen and Atkins?®>., 141 (21C.15 g, 0.3540 mol) in 500

mL of abs EtCH was heated to reflux and the heat was
removed. 500 mL of 1.416 M sodium ethoxide solution(freshly
prepared by reactionh of sodium metal(16.28 g, 0.7081 mol)
with 500 mL of ebs EtCH) was added immediately in a single
aliquot with vigorous stirrirng. The product, which
precipitaeted within minutes, was collected by suction
filtration under nitrogern, washed with abs EtOH, and dried
in vacuo at 75°C (12 mm) for 72 h to yield 202.82 g (90%) of
white hygroscopic product which was used in subsequent sters
without further purification: NMR (Mezso—dG) 1.46 (brm,

4n), 2.32(s, 3H), 3.11 (brm, 8H), 6.95-7.€1 (m, 12H).

N,N' N''-tri-p-toluenesulfonyl-1,5,S5-triazacyclododecane

(142). 149 wes prepared in 21% yield by the method of
205

Richmenr and Atkirs from 142 ard 34. Recrystallization

of the crude product from CH2C12/hexane yielded

205

o
crystalline product:mp 173—175°C (lit. 173 Q).

1,5,89-triazacyclododecare(153). 153 was prepared after the

method of Raymondsoa . 14¢(5,53%6 g, 2.7347 mmol) and 30

mL of 98% H.SO, were heated to 100°C with stirring for

2774
56 h under a nitrogen etmosphere, The dark reaction mixture
was then cooled to 0°C and 40 mL of abs EtOH were added
dropwise (CAUTION: Exothermic). The sulfate salt of 153 was
precipitated by addition of 100 mL of arhyd ether and

collected by suction filtration under nitrogen. The salt
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was dissolved in a minimum of HZO(directly on the filter
frit). The resulting ag solution was adjusted to pH

10 (concd NaOH, 0°C) and extracted with CHCl,(6X20 mL).

The combined extracts were dried over Na2504, filtered,

and the solvent was evaporated under reduced pressure to
vield a yellow 0il which was purified by kugelrohr
distillation(bp 90-95°¢ (C.1 mm)) to yield 1.2304 g (£€2%) of
153 as a white semisolid. NMR (CDC13) l1.62(quintet, 6H),
l1.68(s, 6H), 2.75(t, 12H); mass spectrum, m/z(rel intensity)
171 (100). The trihydrobromide of 153 has been previously

reporte6204.

N,N—dimethylnropionamide dimethylacetal(l27).. 127 was
206

prepared in 19.6% yield by the method of Bredereck
The crude material which was synthesized by the method of
Bredereck was purifed by filtering off the white salt
bi-product(which forms during the reaction) under nitrogen.

The salt was then washed with anhyd ether to remove any

residual product which might be adsorbed on the salt. The
ether washings and the crude product were combined and the

ether wes evaporated under reduced pressure, Fractional

distillation yielded pure 127: bp 215-23°%(11 mm) 1it.207

bp 30°¢c (1 mm); All spectral daeta was consistent with

published data207.

N,N' N''-tri-p-toluenesulfonyl-1,4,7-triazacyclononanre(146).

146 was prepared in 82% yield from 143 and 145 by the method
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of Richman and Atkinszos. Recrystallization from

CH2C12/ hexane yielded crystalline meterial which was

used in subsequent reactions without further purification.

205

[
mp 205-20¢°¢C (1it.2% mp 222-223%C).

l,4,7-triazacyclononane(150). 150 was prepared in 82% vyield
60a, 208

from 146 by a procedure modeled after Reymond's

procedure (see 153 for detailed ekperimental) for the

1

preparation of tetraemines: bp ca.85°C (12 mm); “H NMR

(CDCl3) 2.14 (s, 3H), 2.78(s, 12H). The material was used
in subsequent reactions without further purification. The

trihydobromide of 150 has been previously reporte6204.

N,N',N''-tri-p—-toluenesulfonryl-l,4,7-triazacyclodecene(l47).

147 was prepared in 57% yield from 142 and 34 by the method
of Richman and Atkinszos. Recrystallization from
CHZClz/hexane yielded pure material: mp 233-235%¢C

(1it.29° mp 234-236°C).

l,4,7-triazacyclodecare(151). 151 was prepared in 66% Yield
60a, 20¢

from 147 by a rrocedure modeled after Raymond's

procedure (see 153 for detailed exrverimental) for the

1

preparation of tetraamines: bpca.88°(l2 mm) ~H NMR

(CDC1ly) 1.60(quintet, 2wy, 2.48-3.13(m, 15'H). The
material was used in subsequent reactions without further
purification. The trihydrobromides of 151 has been

previously reported204.
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N,N' N''—tri-p-toluenesulfonyl-l,4,8-triazacycloundecane

(148). 14& was prepared in 82% yield from 142 and 34 by the

method of Richman &nd Atkinszes. Recrystellization of the

crude product from CH2C12/hexane yielded crystelline

meterial which was used in subsequent reactions without

205

further purification: mp 209-213%c (lit. mp 213%C).

l,4,8-triazacycloundecare(152). 152 was prepared from 148
6Ce,

in 75% yield by a procedure modeled after Raymond's

208 procedure (see 153 for a detailed experimental) for the

preparation of tetraamines. bpca.90°C (12 mm) ; lH NMR
(CDC13) 1.55(quintet, 4H), 2.42-3.02(m, 15H). The
material was used in subsequent reactions without further

purification. The trihydrobromide of 152 has been

previously reported204.

N,N' N''—tri-p-toluenesulfonyl—-1,4,7-triazaheptane(140): was

prepared in 97% yield by a published procedure205 mp

205 1

162-167% (lit. mp 173°C); 'H NMR (CDCly) 2.31

(brs, SH), 2.%9(brm, €H), 7.00-7.¢C(m, 12H).

N,N' N''-tri-p-toluenesulfonyl-1,4,7,-triazaheptane-1,7-

Jdisodium salt(l43). was prevared in 82% yield by the
205

general method of Richman and Atkins (See 142 for
detailed procedure.): mp 26O°C(decomp);1H NMR
(Mezso—dG) 2.28 (brs, °9H), 2.68(brm, 8&H), 6.90-7.60 (m,

12H). The material was used in subsequent reactions without
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further purificetion.

l,2-provanediol—-di-p—-toluenesulfonete(145). 145 wes

prepared in €6% yield by a published procedure209. mp

126-128%¢ (1it.210. mp 126%c); 1w mMR (cDCly) 2.43(s,
6H), 4.18(s, 4H), 7.16-7.90 (AA'BR', 8H).

5,9

1,5,9,13—-tetraazatricyclof11.3.1.1 Joctaldecane(54),

1,5,9,13- Tetraazacyclohexadecene(36) (173.3 mg, 0.7587
mmol) was suspended in 150 mL of CH3CN. 20C mL of 237%
formalin solution was added via syringe. The resulting
solution was stirred overnight. The solvent was evaporated
under reduced pressure to yield white crystelline meterial

which was sublimed at 52°C (0.1 mm) to yield 1€4.7 mg (97%)

‘ o
of white crystaline 54. mp 78-80 C ; IR (CCl,) 2970,

¢3¢, 2870, 2850, 2750, 2736, 26¢0, 122%, 1125, 1100 cm—l;

2
' NMR (CDCly) 1.26(brm, 2H), 1.55(quintet, €H),

2.29-3.60(2 brm, 16H), 3.83(brm, 2H); 13

C NMR (CDClB)
21.56(t), 24.49(t), 49.46(t), 55.04(t), 67.88(t); Anal.
Calcd for C14H28N4: C, 66.62;H, 11.18;N,>22.20:
Found:C, 66.63;H, 11.42;N, 22.14.

5,13

cis~-1,5,9,13-tetrazatetracyclo(7.7.2.07""".0

decane(52). 1,5,9,13-tetraazacyclohexadecene (36) (98.6 mg,

0.4217 mmol) was suspended in 30 mL of CH3CN. Sufficient

H20 was added to dissclve the amine. 0.10 mL of 40% ag

glyoxal(ca.0.686 mmol) was dissolved in 20 mL of CHBCN and
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- was added to the amine solution in a single aliquot. The
resulting solution was heated to 50°C for 1 h. The solvent
was evaporated under reduced pressure to yield 2 yellow
crystal mass which was sublimed at 55°C (0.1 mm) to yield
66.8 mg (62%) of white crystalline 36: mp 99.5-101.5°C; IR

(ccl,) 2910, 2830, 2750, 1130, 1125, 1105, em ;1%c

NFVR (CDCl3) 20.05(d), 22.05(t), 5l.8(t), 55.48(t),
84.57(3d);Aral. Calcd for C14, H26' N4:C, 67.15; H,

10.47;N, 22.37:Fournd:C, 66.95;H, 10.73;N, 22.38,

1,5,2,13-tetraazatridecane(31). 31 was prepared in 46%

yield by a published procedure for the preparation of

Oa the only modification being the

l,5,8,12-—tetraazadecane6
substitution of 1,3-dibromopropane for 1,2-dibromoethane
(see 153 for workup procedures). bp 144—146°C (0.3 mm)
(lit.soa’zog. bp 135-136°C (0.1 mm). The lH spectrum
was identical to the published spectrum(Sadtler Spectrum

21874).

N,N' N''N'''~tetra-p—toluenesulfonyl-1,5,9,13-tetraszatri-

decare(32). 32 was prepared. 31 in 89% vyield by a
208

., All physical ard spectral data
60a, 208

published prrocedure

agreed with published data

N,N' N''N''"'—tetra-p—toluenesulfonyl-1,5,9,13-tetraazatri-

decane-1 ,13-di-sodium salt(33). 32(€1.84 g,C0.1017 mmol)

was dissolved in 200 mL of abs EtOB and heated to reflux
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with mechanical stirring under a nitroger atmosphere. The
heat was removed &and 135 mL of 1.51 M sodium ethoxide
(rrepared fresh by the reaction of sodium metal (4.67 g,
0.2034 mmol) with 135 mL of abs EtOH) was added in a single
aliquot to the vigorously stirred solution. The resulting
solution was stirred for 3 h and then allowed to stand for
12 h during which time the product precipitafed. The white
solid wes collected by suction filtration under nitrogen and
dried in vacuo at £0°C for 4% h to yield 48.17 g (56%) of
white crystalline solid. mp 240°C (decomp).lH NMR
(Mezso—d6)l.50(brm, 6H), 2.28(s, 6H), 2.38(s, 6H),

2.23(brm, 12H), 6.°20-7.80(m, 16H).- The meterial wses used in

subsequent reactions with out further purification.

l,3-proparediol-di-p-toulenesulforate(34). 34 was prepared

in 73% yield by a published procedurezog. mp

210

o o
1.5-93(1lit. . mp 21-92).

N,N' N''N'"'"'-tetra-p—toluenesulfonyl-1,5,9,13-tetreazacyclo-

hexzdecane(35). 35 was prepared in 35% yield from 33 and 34

by a published crocedure?C@r 2C&  np 250-255°C (decomp)

(1it.602s 208 o0 555 255%C (decomp), lit.. yield 593).

All physicel and spectral data were in agreement with

published dateae.

1,5,9,13-tetraazacyclohexadecane(36). 36 was prepared in

o
53% yield by a published procedurezoe. mp €3-85 C
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(1i£.2%8,  np 84°C).

Attempted Syntheses of

5,19.013,17

1,5,%,13-tetraazatetracyclo[7.7.3.0 Jronadecare

(37). Method 2: 1,5,9,13-tetreaazacyclohexadecane(51.1 mg,

0.2237 mmol) was dissolved in 25 mL of CH.,CN,.

3
Malornaldehyde bisdimethylacetal(C.C3¢1 mL, 0.3352 mmol) was

added followed by one drop of 12 M HCl(delivered vie a drawn

cavillary). The resulting mixture was heated to 50°C for 1
h under a nitrogen atmosphere. The solvent was evaporated
and the resulting white solid was Jdissolved in 10 mL of 5%
aq NaOH and extracted with CHC13(15X10 mL). The combined

extracts were dried over Na 804, filtered, and the

2
solvent was evaporated to yield 50.4 mg of starting

material.

Method E: 1,5,9,13-tetraezacyclohexadecane(50.4 mg, 0.22C6
mmol) was dissolved in 35 mL of anhyd MeCH. This solution

was adjusted to pH4 with 12 M HCl. Maloraldehyde

bisdimethylacetal (0.0391 mL, 0.3353 mol) was added via
syringe and the resulting solution was heated to reflux for
17 h. The workup procedure as Jdescribed for method A again

yielded 50 mg of starting material.

Method C: 1,5,%,13~tetraazacyclohexadecere(53.0 mg, 0.2320

mmol) was dissolved in 50 mL of anhyd MeOH. Glacial acetic

acid(two drops) was added followed by melonaldehyde
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bisdimethylacetel(0.0391 mL, 0.3353 mmol). The resulting
solution was heated to reflux for 24 h. The work up |
procedure as described in method 2 again yielded 52.5 mg of

starting material.

Metﬁod D: 1,5,¢,13-tetreazacyclohexadecane(42.2 mg, 0.1€5
mmol) was dissolved in 25 mL of anhyd MeOH. 10 mL of 5% aq
HCl wes added followed by malonaldehyde
bisdimethylacetal (0.080 mL, 0.6706 mmol) and the resulting
solution was heated to reflu# for 2 h. The work up
procedure as described in method A yielded 35.3 mg of

starting material.

Method E: 1,5,9,13-tetraazacyclohexadecane(35.3 mg, (C.155
mmol) was dissolved in 75 mL of anhyd MeCH,

. p-Toluenesulfonic acid dihydrate(2 crystals) was added
followed by malonaldehydé bisdimethylacetal (€.C391 mL,
0.335 mmol). The resulting solution was heated to reflux
for 92 h. The workup as described in method A yielded 36.4

mg of white crystals. 1

B NMR indiceted mostly startinrg
meterial but also contained some new mihor resonances. This
material was sublimed at 55°C (0.2 mm) to yield 24 mg of
white crytalline material. The 1H NMR remainred uncharnged.

TLC on reutral eclumira(EtOH) indicatded two spots.

'N—p—toluenesulfonyl—Z,z'—iminodiethanol—l,5—di—o—toluenesul—

forate(l44). Pliethanolamine(20.00 g, 0.19C mol) was
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dissolved in 160 mL of anhyd pyridine ard cooled to —6°C.
p-Toluenesulforylchloride(10€.78 g, C.5706 mmol) was
dissolved in 1€C mL of anhyd pyridine erd cooled to -6%.
The tosylchloride solution was added to the aminre solution
over @ 1 h period at 0°C. The resultant burgundy solution
was allowed to stend st -6°C for 24 h. The resultant slushy
burgundy solution was poured over a slush consisting of 500
mL of 6 N aq BC1l ard 10600 g of crushed ice ard then
extracted with CH2C12 (3x25C mL). The combined extracts
were washed with ice cold 10% ag HC1l(5X10C

mL) (CAUTION:Exothermic. Vent separatory funnel
frequertly.), then with ice H2o until the smell of

pyridine could ro longer be detected in the wash H2O, and
then with brine (250 mL). The CH2C12 solution was then

dried over Na2504, filtered, and the solvent was

evaporated at reduced pressure at room temperature to yield

a viscous burgundy oil. Trituration with ¢5% EtOH yielded a
vellow so0lid which was collected by suction filtration end
washed Qith c0ld 95% EtOH until a2ll1 of the yellow coloration
was removed. Recrystallization from 925% EtCH at 60°¢C
vielded three croprs of white crystalliné material: yield

71.22 (66%) g;mp 83-85°¢C;?!

H NMR (CDC13) 2.40(s, 3Rm),
2.42(s, 6H), 3.32(t, 4H), 4.10(t, 4n), 7.06-7.S0(m, 12H).
The material was used in subsequent reactions without

further purification.

N,N' N''N'''-tetra-p—toluenesulfonyl-1,4,7,ll1-tetraszacyclo-
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tetradecane(l154). 154 was prepared in 30% yield(lit.205

205

vield 58%) by the method of Richman and Atkins from 144
ernd 143. The followirng modifications of the reported
procedure simplified the work up. The crude reaction solids
were dissolved in CH2Cl2 arnd filtered to remove sodium
tosylate. The solution was then dried over Na2504,
filtered, and the solvent was evoporated at reduced pressure
to yield solid crystalline product which wes recrystallized
from CHCly/ EtOH: mp 228-232°C (1it.?%°. mp 234-236°

c);'H NMR (CDCl;) 1.88(brm, 4H), 2.41 (brm, 12H),

2.63-3.86 (brm, 16H), 7.00-7.¢0(m, 16H).

Crthoformemides(21-24). 91-94 were synthesized by

method A and or method B as indicated.

Method A: Macrocyclic triamine(0.5 mmol),
triethylorthoformate (C.75 mmol), and macrocyclic triamine

trihydrochloride (0.07 mmol) were dissolved in 75 mL of

arhyd toluene and refluxed in a flask equipped with a
Soxhlet extractor containing 5 ® moleculer sieves. The
solvent was then distilled off to yield & yellow oil which
was dissolved in 7 mL of 5% ag NaOHE The besic solution was
extracted with CHC13(10x10 mL). The combined extracts
were then dried over Na2804, filtered, and the solvent

w&s evaporated urder reduced pressure to yield the

orthoformamide as a clear oil.
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Method B: Macrocyclic triamine(0.%5 mmol) and N,
N-dimethylformamide dimethylacetal (0.50 mmol) were heated to
§5°C for 3 h in a 5 mL round bottom flask fitted with a
short path distillation head. Residual MeOH and
dimethylemine were evaporated in vacuo to yield the product.
(Purification techniques varied from compound to compound

and ere included in the individual exverimental sections).

1,4,7-triszatricyclo[5.2.1.0%710% decane(91). 91 was

prepared in 2% yield by method A and in 25% yield by method

B from 21 by Robert E. Fiala. @21 was purified by kugelrohr

distilletion: bp ca.80°C (2.5 mm); IR (CCl,) 2960, 2930,
2010, 2670, 2830, 1235, 1150, 1105, 1060, 103C ca t;lm

NVR (CDCly) 2.50-3.35(AA'BB', 12H), 5.03(s, 18) ;3¢ NvR

(CDCl3) 52.0(t), 104.1 (d); mess spectrum, m/z(rel

intensity) 139(60).

4,11

l1,4,7-triazatricyclo(5.3.1.0 Jurdecane(92). 22 weas

prepared in €5% yield by method B from 151 and was purified

by kugelrohr distillation: bpca.82°C (2.5 mm); IR (CCl,)
-1.1,

2038, 2879, 2660, 2800, 1270, 1255, 1175, 1155ch
NMR (CDCly) 1.05(d of t of t, J=13;3;3 Hz, 1H),
2.35-3.35(m, 12H), 4.32(s, 1H); '°C NMR (CDC1;) 16.5(t),
45.9(t), 4¢.0(t), 56.2(t), ©23.3(d); mess spectrum, m/z(rel

intensity) 153(1C), 152(100).

114,8—triazatricyclo[6.3.1.04'12]dodecane(93). 23 was
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prepared in 38% yield by method A arnd in 68% by method B and
was purified by kugelrohr distillation: bpca.85°C (2.5 mm);

IR (CCl,) 2930, 2850, 2770, 2730, 1260, 1145, 915
-1.1 13
m

<

H NMR (CDC13) 1.10-3.40(m); " ~C NMR (CDCl3)

23.6(t), 47.7(t), 48.¢(t), 56.2(t), 93.3(d); mass svectrum,
m/z(rel intensity) 167(10), 166(100).
5,13

1,5,9-triazatricyclo[7.3.1.0 Jtridecane(94). 94 was
t

prepared in 74% yield by method B from 153 and was purified
by sublimation at 40°C (0.1 mm): mp 39-41°C; IR (CCl,)
2939, 2919, 2840, 2800, 2795, 274C, 2700, 2670, 2600, 2580,
2495, 2430, 2400, 1290, 1165, 1135, 1125, 1100, 1035, 915
em™'; lH NMR (Me,CO-dg) 1.22-1.49(m, 3H),

1.56-2.22(m, 9H), 2.25(s, 1H, methine), 2.61-2.2C (m,

13

16H);13c NMR (Me,CO-dg) 24.2(t), 53.9(t), 160.0(d);

mass spectrﬁm, m/z(rel intensity) 181 (10), 180(100).

Orthoecetamides(95-98). 95-98 were synthesized according to

the following gereral scheme: Macrocyclic triamire (0.5
mmol) and 90% methanoclic solution of N,N-dimethylacetamide
dimethylacetal (0.5 mmol) were heated to 85°C for 3 h with
stirring in a 5 mL round bottom flask fitted with a short
path distillation head. Residual MeOH and dimethylemine
were evaporated in vacuo to yield the crude products.
(Purification procedures varied from compound to compound

and are included in the individual experimental sections.)
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4,1

10-methyl-1,4,7-triazatricyclo(5.2.1.0%71% decare(95). 95

was prep&red in 82% yield from 15C according to the gereral
procedure described sbove and was purified by kugelrohr
distillation followed by gas chromatograprhy(15% Carbowax
20M, 5% KOH on Chrom. W): bpca.20°C (2.5 mm) IR (CCl,)
2¢70, 2930, 28680, 2840, 14¢0, 1470, 1440, 1410, 1330, 1279,
1210, 1170, 1125, 1095, 1050, 1000, &85 cm-l; lp nvR
(cDC1,) 1.34 (s, 3H), 2.50-3.32(AA'BB', 12H);1°(CDCLy)
27.7(gq), 51.8(t), 111.4(s); mass spectral peek metch calcd

for C,H 153.12659; found 153.12734 (error=-4.%ppm);

ghioNs

calcd for C7H12N3 138.10312; founrd

138.1021% (error=-6.1lppm).

' 2
ll—methyl—l,4,7—triazatricyclo[5.3.1.0"ll]undecane(96).

96 was prepared in 85% yield according to the general
procedure described above from 152 and was purified by
kugelrohr distillation followed by gas chrometograrhy(15%
Carbowax 20m, 5% KCH on Chrom. W): bpca.83°C (2.5 mm); IR
(CCl,) 2979, 2939, 2¢C5, 2880, 2¢€60, 2820, 1370, 1360,
1345, 1332, 1320, 1170 em ';'n NMR (CDC1) 0.215(d of

t of t, J=13.77 0.10 Hz;3;2.8 Hz'0.10 Hz, 1H), 1.514(s,

13

3H), 1.62-2.52(m, 1H), 2.55-3.55(m, 12H); C NMR

(CDCl3) 13.06(t), 23.8(q), 44.6(t), 51.7(t), 54.°(t),
94.7(s); mass spectral peak match calcd for C9H17N3
167.14224; found 167.14115(error=6.5ppm); Calcd for

CqH, ,N, 152.,11877; found 152.12001 (error=-&.,2ppm).

871473
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4,12

l2-methyl-1,4,8-triszatricyclo(6.3.1.0 ]dodecane(97).

97 was prepared according to the procedure described above
from 152 and was purified by kugelrohr distillation followed
by gas chromatograprhy(15% Carbowax 2Cm, 5% KOH on Chrom.

C W) e bpca.87°C ( 2.5 mm) IR (CCl,) 2240, 2860, 280C, 275¢C,

2730, 1425, 1270, 1255, 1215, 1205, 1095 cm 1; 'u nwr

(CDC13) 1.10(d of t of t, 2H), 1.32(s, 3H), 1.89-3.3%(m,

s 128); 13c MMR (cDC1,)10.0(g), 20.1 (t), 43.7(t),
45.6(t), 49.4(t), 86.9(s); mass spectral pesk metch calcd

181.1579; found 181.1560 (error=1.04ppm).

for C,,H

10H19N3

5,13

l13-methyl-1,5,9-triazatricyclof(7.3.1.0 Jtridecare(98).

S8 was prepared from 153 according to the above Jdescribed
procedure and was purified by column chromatography(basic
"é alumira, 5% EtOH/CH2C12, v/v) to yield'gg as a clear
0il:IR (CCl4) 2905, 2880, 2840, 276C, 2740, 27C0, 2640,

262, 1405, 1370, 1275, 1255, 1185, 1115, 1C¢5, 10&5, 1065,

1050, 1005 cm Y; m nmR (€bcly) 1.61 (3, 3H), 1.41 (4

of £ of t, 3H), 1.80-2.72(m, 15H); 13C(CDC13) ~4.01(q),

24.6(t), 49.0(t), €6.0(s) ;mass spectral peak match calcd

for C 180.15007; found 180,152355

10f1eN3
(error=-1.26ppm) .

Orthopropionamides(992-102). 99-102 were prerared according

to the following procedure: Macrocyclic triamire(C.5 mmol)
and N,N-dimethylprorionamide dimethylacetal (0.5 mmol) were

heated to 85°C for 3 h with stirring in a 5 mL round bottom
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flask fitted with a short-path distillation head. Residual

MeOH and dimethylamine were evaporated in vacuo to yield the

crude products.(Purification procedures veried from compound

to compourd and are included in the individual experimental

sections).

10-ethyl-1,4,7-triazatricyclo(5.2.1.09710%13ecane(99). ¢9

was prepared in 53% yield from 150 by the above described
procedure and was purified by kugelrohr distilletion

followed by column chromatogrephy(basic alumina, %S

EtOH/CH,Cl,, v/v) to yield 130 as a clear 0il:bpca.75°

2'
(2.5 mm); IR (CC14) 2962, 2936, 2&78, 2835, 145C, 126¢,

1250, 1000 em™';'H NMR (CDC1;)1.01 (t, 3H), 1.67(q,

2H), 2.75-3.20 (AA'BB', 12R);17C NMR (CDCl,) 9.6(q),
33.6(t), 51.9(t), 113.8(s); mess spectral peak match calcd
for C9H17N3 167.14224; found 167.14336(error=~6.7ppm):
Calcd for C7H12N3 13€.10312; found

138.10238 (error=5.4ppm) .

ll—ethyl—l,4,7—triazatricyclo[5.3.1.04’llundecane(IOO).

100 was prepared in 43% yield from 103 by the akove

described procedure and was purified by kugelrohr

distillation:bpca.75°C (0.5 mm); I.R. (CCl,) 2965, 2930,

2878, 2950, 2810, 1355, 1345, 1260, 1160, 735 cm +; 1H

NMR (CDC13)0.89(t, 3H), 1.7%(g, 2H), 2.02-2.62(m, 2H),

2.70-3.50 (m, 13H);13

C NMR (CDC1;)9.8(q), 12.5(t),

28.2(t), 44.7(t), 52.1 (t), 55.8(t), ©7.C(s); mass spectral
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peak match calcd for C10H19N3 181.15789; found
1€1.15978 (error=-1.0ppm); Calcd for C8H14N?

152.11877; found 152.11851 (error=1l.7ppm).

lz—ethyl—l,519—triazatrigy:lo[6.3.1.09’12]tetradecane(lO]).,

101 was prepared in £€2% yield from 152 by the above

described procedure and was purified by kugelrohr

distillstion:bpca.80°C (0.5 mm); IR (CCl,) 295C, 2870,

2810, 2760, 2740, 2680, 2650, 14°&, 1472, 144C, 1380, 1365,
1

1355, 1340, 1305, 12°C, 1272, 1200, 1100 cm~1; H NMR

(CDC1,)0.80 (t, 3H), 0.90-3.39(m, 181) ;3¢ NmR
(CDC13)7.4(q), 11.4(t), 12.8(t), 43.3(t), 45.6(t),
46.%(t), 6€.E(s); mass spectrel peek match calcd for

C11H21N3 195.17354; found 195.1721¢ (error=6.%cpm);
Calcd for C9H16N3 166.13442; found

166.13482 (error=-2.4ppm) .

5,13

l3—ethyl—l,5,9—triazatricyclo[7;3.1.0 Jtridecane(102).

102 was prevared in 65% yield from 153 by the above
described procedure and was purified by kugelrohr
distillation foliowed by column chromatography(basic
alumina, 5% EtOH/CH2C12, v/v) to yield lﬂg as a white
crystalline solid: mp 41-43°C; IR (CCl,) 2950, 293¢, 2930,
2910, 1350, 1285, 1065 cm *; 'H NMR (Me,CO-d()

0.80(t, 3H), 1.11-2.13(m, 8H), 2.70-2.83(AA'BE', 12H);!3C

NMR (Me2CO-d6) 7.9(q), 13.0(t), 22.3(t), 4°2.1 (t), 87.1

(s); mess spectral peak match calcd for C;,H, N,




208.18137; found 208.,18083(error=2.6ppm); Calcd for

N, 180.15007; fourd 1€0.15155(error=-€,2pcem).

CioH18N3

S-methyl-5,%-diaza-l—-azonibicyclo[7.3.1}tridec—1(13)—-ene

(134). %4 (53.1 mg, C.293 mmol) wos dissolved in S mL of

CHCl3 in a stoppered 10 mL round bottom flesk., 0.1 mL
(1.61 mmol) of methyl iodide was added via syringe. The
resulting solution wes stirred at room temperature for 1 h.
The solvent was eveporated under reduced pressure to yield
85.9 mg (¢1%) of white crystalline product: mp 230-234°

C(decomp); IR (KBr) 2957, 2937, 2817, 2777, 1672, 1425,

1330, 1220, 11€9, 1120, 1040 cm t; Ym nMR (CDCly, 60

MHz) 1.15-3.8C(m, 1°H), 4.00-4.75(38 of t, 2H), S9.28(s, lH);

13

C NMR (CDCl1 SC MHz) 19.&8(t), 22.€(t), 41.7(q),

3'
42.7(t), 54.3(t), S58.2(t), 158.4(3); Anel. <celcd for
C11H22N31: c, 40.88;H, 6.86;N, 13.00, Found: C,

40.67;H, 6.95;N, 12.72.

l-methyl-1,5,8~triazacyclododecare(135). 134 (100.6 mg,

0.3112 mmol) wes dissolved in 20 mL of 5% a2g NaOH and was
stirred at room témperature for 12 h under N2. The
reaction mixture was extracted with CHCl3 (1C X 1C mL).

The combined extracts were then dried over NaZSC4,
filtered, and the solvent was evaporated under reduced
pressure to yield a yellow oil. Kugelrohr distillation
(80°(2.5 mm)) followed by sublimetion (450(0.1 mm) ) yielded

52.3 mg (91%) of the product as hygrosccpic white crystals:
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<]
mg 46.5-49.5 C; IR (KBEr)3318, 3280, 2930, 2800, 1460, 12¢5,

1

1255, 112€, 1C4&; "H NMR (CDCl €0 MHz) 1.73-1.50(m,

13

3!
6H), 2.13(s, 3H), 2.48(t, 4H), 2.71-2.77(m, 10H); C NMR
(CDCl3) 26,11 (t), 40.41(q), 47.62(t), 492.84(t), 57.32(t);
m&ss spectrum, m/z(rel intensity) 185(100); Anal. calcd for
C10H23N3: c, 64,81;H, 12.51;N, 22.67., Fourd: C,
64.56;H, 12.62;N, 22.54,

5,13-dimethyl-5,5-diaza—-l-azoniabicyclo(7.3.1]tridec-1(13)~-

ene(136). ¢S€ (53.4 mg, 0.273 mmol) was dissolved in 5 mL of
CHCl3 in a stoppered round bottom flask. €.2 mlL (2.21

mmol) of methyl iodide was added via syringe and the
resulting solution was stirred at room tempefature for 1 h
under N,. The solvent and the excess methyl iodide were
evaprorated under reduced pressure to yield 57.7 mg (63%) of
white crystalline product: mp 230—240°C(decomp); IR (KBr)
2970, 2950, 2850, 2800, 1608.8, 1510, 1475, 1395, 1325,

1,1

1225, 1212, 1041 cm ~; “H NMR (CDC1 60 MHZ)

13

3'

1.30-3.90(m, 22H), 4.10-4.82(3 of t, 2H); C NMR

(CeCl ¢0 mMHz) 20.0(t), 22.€(q), 24.4(t), 43.3(t),

3'
46.2(t), 54.1 (t), S58.7(t), 165.1 (s); Anal celcd for
C12H24N3I: c, 42.74;H, 7.17;N, 12.46. Fourd: C,
42,7C;H, 7.38;N, 12.52.

13-ethyl-5-methyl-5,9-diaza-l—-azoniabicyclo{7.3.11tridec-

l1(l3)-ene(137). 102 (28.6 mg, 0.137 mmol) was dissolved in

5 mL of CHCl3 in a stoppred 10 mL round bottom flask. 0.2
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ml (3.21 mmol) of methyl iodide was added via syrirge and
the resulting solution was stirred at room temperature for

72 h urnder N The solvent and the excess methyl iodide

2°
were evaporated under reduced pressure to yield 41.1 mg

(85%) of white crystellire product: mp 230—240°(decomp); IR

(KBr) 2950, 2¢40, 2930, 28c0C, 1602.3, 1350, 1270, 126C,

1187, 1065, cm '; 'H NMR (CDCly, 60 MHz) 0.95(t, 2H),

13

1.18-3.85(m, 22H), 4.20-4.85(3 of t, 2H); C NMR

(CCCl 90 mHz) 14.4, 20.0, 23.¢, 25.&, 42.¢, 46.7, £0.8,

3'
54.3, 175.5; Anal. <calcd for C13H26N31: C, 44.45;H,

7.46;N, 11.96., Found: C, 44,50;H, 7.67;N, 11.69.

l-formyl-1,4,7-triszacyclononene(138). 21 (€3.8 mg, 0.602¢

mmol) was dissolved in 0.5 mL of D20° 0.22 mL of 5.5657 N
DCl/DZO waes added via syringe and the resulting solution
was stirred at room temperature-for 0.5 h. The reaction
mixture was made basic with 5% NaOH and extracted with

CHCl3 (10 x 15 mL). The combined extracts were dried over

Na,s0,, filtered, erd the CHCl, evaporated at reduced

cressure to yield 82.3 mg (€7) of product &s a white
crystalline solid. The solid was sublimed et 55%¢ (0.1 mm)

to yield pure product: mp 68—72°C; IR (CC14) 2220, 2850,

1 90 MHz) 1.80(s, 2H), 2.75(s, 4H),

13

167¢; “H NMR (CLDC1

3'

2.96-3.51 (m, &H), 2.15(s, 1H); C NMR (CDC1 S0 MHz)

3’
163.9(d), 52.5(t), 50.3(t), 49.7(t), 4&.°(t), 4¢€.7(t),
47.0(t); mass spectral peak match calcd for C7H15N3O

157.12151 found 157.1214° (error=0.13 cpm). [rote: the high



240

resolution mass spectrum indiceted the presence of a small

amount of higher molecular weight impurities].

Attempted Sythesis of

l1-formyl-4-bernzoyl-1,4,7-triazecyclododecere(13%). 24

(119.3 mg, 0.652 mmol) was dissolved in 1C mL of enhyd
benzerne in a round bottom flask fitted with reflux
condenser, nitrogen inlet, and a megnetic stirrer. Eenzoyl

chloride ($2.6 mg, 0.659 mmol) was dissolved in 2 mL of

anhyd benzene and was then added in & single aliquot to the
amine solution with stirring. The resulting solution was
heated to reflux with stirring for 12 h urnder Nz. The
i solvent was then evarprorated under reduced préssure to vyield
a white hygroscopic crystalline solid. The intermediate
product was dissolved in 5 mL of D20. C.2 mL of 40% NaOD
in DZO was added via syringe and the resulting solution
was sheken for 5 min (lH NMR indicated thet the hydrolysis
was complete). The basic solution was extracted with
CHCl3 (10 X 10 mL), the combimed extracts were dried over

Na2804, filtered, and the solvent was evaporated under

reduced pressure to yield 179.1 mg of a yellow cil. Column

chromatography (basic alumina, 5% EtOH/CH2C12, v/v)

1

yielded 147.7 mg of a clear oil. H NMR indicated the

presence of impurities. The product would not sublime or

distill at 1c0°%cC (0.1 mm). Heating the product at 95 C (C.1

mm) for 3 days reduced the amount of impurities but did not

remove them completely. Recrystallization was attempted in
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CHZClZ/hexane without success. lH NMR (CDClB, 60

mMHzZ) 0.€5(m, impurity), 1.95(m, 6H), 1.68(m, 4H), 3.45(m,
]
€n), 7.42(s, S5H), 8.0%(s, 1H), €.21 (s, 1lH); l"C NMR

(CDCl ¢C¢ mnz)l72.6, 172.5, 163.8, 162.9, 137.2, 129.3,

3'
128.5, 126.4, 47.2, 46.2, 45.6, 44.4, 42,9, 43.5, 43.1,

42,0, 41.2, 41.2, 40.7, 28.1, 27.6, 27.3, 26.92, 24.92, 24.C.
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APPENDIX 2: “3C Chemicel Shifts of the Orthosmides

DNMR: ORTHOFORMAMIDES

Compound Solvent Temp(l) N-UH-N CH5N CH,-CE,~CH,
91 CD013 29 10k.1 57200 B —
Acetone,, -100 103.6 51.0 —— |
92 Acetone . 29 oLh.1 56.7,49.5 17.2 (sbr): slightly broad
L6.4 (br): broad
Acetone -€6.3 92.5 £6.6,49.6 15.2 (vbr): very broad
aé 46.0 :
Acetone s -100  91.9  56.6,49.7 14.6
L€.0
93 Acetone . 29 96.2 52.4,48.9 23.3
L8.1
Acetonegs  -39.1 96.2 52.3,48.6 23.0
L7.7
Acetone ;¢ -66.3 96.2(sbr) 52.3(sbr) 22.,9(sbr)
48.5(sbr)
L7.6(sbr)
Acetone 4¢ -87.0 96.2(pr) 52.4(br) 22.8(vr)
48.4(br)

L7 . 4(br)
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DNMR: ORTHOFORMAMIDES cont.

Compound Selvent Temp(°C)

93 Acetoneds -100
Acetoneds ~10k4

9k CDC1 29 v
CDC1 -6
Acetoned6 29

Acetoneds =100

¥
N-CH-N

96.4(vbr)

broadened
into
baseline
100.0
100.L4
101.3

101.0

CHZ-N

52.4(vbr)
48.4(vbr)
L7.3(vbr)
52.3(vbr)

48.1(vbr)
L7.2(vbr)

53.9
53.9
54.6

sl.1

CH,~CH_-CH

272
22,8(vbr)

22,.2(vbr)

eh.2
23.9
2k.9

2Y .2
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DNMR: ORTHOACETAMIDES

Compound Solvent Temp(®C) - N-E(Me)-n CH,-N CH,CH,CH, C-CH, CH, width at hieght(Hz )
97 CDCl, 29 86.9 hgah,h5.6 20.1 16.0  —mee-
, 3.7
Acetone . -100 87.3 .h9ﬂ6,h5.6 20.2 9.6 = emee
3.7
98 CDc13 29 86.0 k9.0 24.6 -L.0 small but sharp
coe1, 3.82 : 85.9 18.9 24,5 -4.3 small but sharp
CDC1, ~29.2 85.9 48.8 2h. L -5.0 30.52
CDC1, ~LL .8 85.9 48.9(br) 2k .5(vbr) -6.3(vbr) 32.23
CDC1, -55.5 85.8 48.8(br) 2L, 7(vbr) -6.k(vbr) beginning to resharpen
CDCl, -67.1 85.9 48.7(sbr) 2L, 7(sbr) -6.6(sbr)
CDel, -29.9 | 32.96
CDC1, -39.1 52.50
CDCl, bk .0 20.80
CDCN 29 87.1 k9.7 25.1 -1.%
CDLCH 3.82 87.0 49.5 25.1 -2.5(sbr)
CDCN -13.5 87.0 49.5 25.1 ~3.0(vbr)
CD,CHN -29.2 vbr Lo k(sbr) 25.0(sbr) brg:i{:ned

baseline
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DMMR: ORTHOACETAMIDES cont,

Compound Solvent Temp(°C)

98 Acetoned6 50.0
AcetonedG 29
Acetoned6 9.6
Acetoned6 2.2
Acetoned6 -9.3
Acetoned6 -11.0
Acetoned6 -35.8
Acetone ¢ -43.9
Acetone ¢ -49.8
Acetoned6 -56.4
Acetone -63.0
Acetoned6 -67.9
Acetoned6 -82.0
Acetoned6 -90.0
Acetoned6 -100

NQtej; Temp.
cehleeht

N
Nﬁn(cn3)-n

86.4
86.4
86.4
86.4
86.5
86.5
86.6

86.6
86.6

86.7(sbr)
86.8(sbr)
86.9(sbr)
86.9

86.9
86.9

CH-N CH,
L8.7
k9.5
k9.5
k9.4
49.4
h9.L

49.2(sdbr)

L9,2(sbr)

49.2(br)

49 4 (vbr)
49.1(vbr)
4g.1(vbr)
49.1(vbr)
49.0(vbr)

L9, 0(vbr)

~CH,~CH,
2h,5
2h,5
2L.5
2k,5
2k,5
24,5

24 ,5(sbr)

2L ,6(sbr)

24, 8(vbr)

2k.9(vbr)
2k .9(vbr)
2k, 9(vbr)
24 .8(vbr)

24, 7(vbr)
24 . 7(vbr)

of maximum broadening of the methyl resonance ca, -h4Q, chemical shift- ~5.4, width at half
'h_,.’; 3oy LTI .

C-CH,
1.7
0.0
-0,4(sbr)
-0.7(sbr)
-1.1(sbr)
-1.4(br)

slight Jump in
beseline

slight lump in
baseline

beginning to
resharpen

-€.0(vbr)
-6.1(vbr)
-7(sbr)
-6.2

-6.2

-6.2
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DRMR: ORTHOPROPIONAMIDES

N
Compound  Solvent  Temp( C) N-gjcng)-n CH, -§ CH,-CH,-CH,, CH,-CH, CH,CH,
101 CDCL, 29 88.8 48.9,45.6 19.8 11.4 T4
43.}
coel, ’ -60 88.8 h8.9,h5.6 19.8 11.% T4
L3.4
Acetone 29 89.2 49.6,46.3 20.6 | 11.8 8.0
43.9 -
Acetone .« ~50 88.9 49.2,45.8 20.2 11.5 8.2
43.6
Acetone .. -T0 88.8 49.1,45.7 19.9 11.k 8.2
43.4
Acetone -90 88.8 49.1,45.6 19.8 11.5 8.3
43.3
102 Acetone ¢ 29 87.1 k9.1 22.3 13.0 7.9
Acetone o -14.3 86.7 48.9(vr) 22.2(br) 12.9 8.0
Acetone ~20.9 86.7 48,.8(br) 21.5(br) 12.9 8.0
Acetone ;¢ -27.1 86.6 48.8(vbr) ca. 20.3(vbr) 12.9 8.0
Acetone . -30.0 86.7 48.7(vbr) ca. 24.7(vbr) 12.9 8.0

ca. 20.1(vbr)

Acetone ;¢ -37.1 86.6 h8.7(vbr)1 ca. 26.3(vbr) 12.9 8.0
ca. 20.3(vbr)

pesks but still lumped together
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DRMR: ORTHOPROPIONAMIDES cont.

N
Compound Solvent  Temp('C) N-C(CE,)-K CH,-N CH,~CH,-CH, CH,-CH, CH,-CH,
102 Acetoneds -39.5 86.6 - 50.8(vbr)2 ca. 26.2(vbr) 12.9 8.0

ca. H8.h(vbr) ca. 19.8(vbr)
Acetone .  -39.9 86.6 broed lump 26,5(vbr) 12.9 7.9
19.7(vbr) .
Acetone ¢ -L41.9 86.6 51.0(br) 26.3(vbr) 12.9 8.1
48.3(br) 19.8(vbr)
46.6(br)
Acetoned6 -52.2 86.5 51.0(br) 26.4(sbr) 12,9 8.1
48.4(br) 19.6(sbr)
46.6(br)
Acetoned6 -80.3 86.5 Slﬁg,hB.h 26.3,19.6 12.9 8.2
o5

2; a third shoulder was visible
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