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ABSTRACT

Copper com p lexes o f L, S-naphthyridine were prepared and.the stru c­
ture o f B is- ( I 8-naphthyrid in e)-cop p er (11) chloride determ ined. Procedures 
w ere d ev e lo p ed .to  prepare 1 ,8-naphthyridine in amounts su ita b le  for use„as 

, ligan d  for. the preparation o f coordination, com pounds. A new  preparation o f  
4 -m e th y l- l , 8-naphthyridine w as d eve lop ed .



INTRODUCTION

. All copper (II) compounds exh ib it param agnetism  b eca u se  o f the un-
9paired electron, resu ltin g  from the e lec tro n ic  configuration (3d ) o f  copper (II). 

If the on ly  contribution to the m agnetic moment for any compound contain ing  

an atom w ith unpaired e lectron s came from the electron  spin.,, the m agnetic  

moment for the atom w ith the unpaired e lectron s would be g iven  by .the e x ­

pression:

, |i = Vn(n+2)

where n is .th e  number of unpaired e lectron s on the atom 
. y, i s  . the m agnetic moment in  Bohr m agnetons

The "spin only" va lu e .for  a cop p er(II) atom would then be 1.73 Bohr m agne­

ton s . The e lectron  sp in  i s  not the on ly  contribution to  the m agnetic moment. 

In m ost c a s e s  the sp in  orbit coupling must be con sid ered . If the sp in  orbit 

coupling in copper (II) compounds is  estim ated  frojh the v a lu es  obtained for 

.the free io n , the m agnetic moment is  ex p ected  to be about 1 .9 -Bohr m agne­

tons. ( I ) .  A third, contribution to the m agnetic moment may a r ise  from the  

orbital momentum of the unpaired e lectron  on the copper atom . The first two  

. contributions are a lw ays exp ected  for copper (II), but the third contribution  

may or may not be p resen t depending on the symmetry of: the copper c o ­

ordination.. If .the crysta l fie ld  surrounding the copper (II) atom is  octahedral 

or o f symmetry low er.than cu b ic , the orbital contribution to the m agnetic  

moment i s  exp ected  to -b e  quenched ( I ) . If. the symmetry i s  tetrahedral the 

orbital contribution, is  not en tire ly  q u en ch ed , and the degree o f quenching  

may depend on the-.degree o f d istortion  from true tetrahedral sym m etry. In

I .  GENERAL



any c a se  the m agnetic moment for copper (II) is  ex p ected  to be 1.9 Bohr m ag­

n eton s or greater.

A-number o f copper (II) compounds exh ib it m agnetic moments w hich are 

b elow  1.9 Bohr m agn etons. T hese compounds w ith "subnormal" m agnetic  

moments may be d ivided  .into tw o -c la s se s  depending on their m olecular and 

cry sta l structure. (2).. In one type o f subnormal copper (II) compounds ,. the  

structures ty p ica lly  have two copper atom s bonded to a common non-copper  

atom., or to a common ligand m olecu le or io n . The non-copper a to m s, ligand  

m o lecu les  , or ion s are sa id  to " bridge" the copper atom s. In. many c a s e s  

th e se  bridges con n ect the copper atom s into long-ch ains or p la n es .

Bis -(pyrid ine - 1 -o x id e) copper (II) chloride. (F ig . I) and copper formate 

tetrahydrate (F ig . 2) are ty p ica l o f compounds w ith bridged structures w hich  

have subnorm al m agnetic m om ents,

• 2

B is-(p y r id in e -l-p k id e ) copper (II) chloride (3)

Figure I



3

One Layer of. Coppdr Formate Tetrahydrate Structure 

(W^ter MoljScules Omitted) (4)

Figure 2

Copper a ceta te  monohydrate (F ig. 3) i s  ty p ica l o f  the secon d  type o f copper  

: (TI) compounds w ith subnormal- moments. In-th is  type o f structure thd copper 

atdins are a lso  b ridged , but they occur a s  is o la te d , m ultip ly bridged pairs 

. w ith  a short copper-copper d is ta n c e . The number o f compounds in th is . 

secon d  c la s s  i s  very sm all,, w ith the b inuclear structure c lea r ly  demon­

strated  in few  compounds other- than copper (II) carb oxylates , and not in a ll  

copper (II) ca rb o x y la te s .
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( C .

The Structure o f Copper A cetate Monohydrate

F igure.3

In-both typ es o f structure, som e form o f sp in  correlation  must occur to 

low er:the m agnetic moment.. In copper formate tetrahydrate, Martin (5) has 

su g g ested  that. the;.iff-system o f the ■ formate ion s can overlap w ith .the d
■ ' '‘v ' . :.

,orbitals o f  the copper atom s providing a pathway for sp in  correlation . This 

type o f in teraction  i s  known as  "superexchange". In copper a ceta te  mono­

hydrate, a sim ilar kind of superexchange could occur,, but there is  a secon d  

pathw ay as  well;...,The. copper-copper d ista n ce  in  copper a ceta te  m ono-

hydratg-. i s  -.2.64 w hich  is  c lb se  to  the;! separation in copper m etal (§ ). The 

short d ista n ce  could a llo w  the overlap  o f  d orb itals on the two atoms to form 

. a partial ch em ical bond. Bond formation is  accom panied by sp in  pairing  

• w hich  would reduce .the. m agnetic moment.. A d irect coppery-copper
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in teraction  could take two forms: the d^2 orb itals o f  the capper atoms could  

overlap, to form a partial sigm a bon d , or the d^2 _ orbitals could overlap  

to  form a w eak d elta  bond.(F ig. 4 ).

Cu-Cu D elta  Bond Formed by Overlap o f d ^ V y .2  O rbitals

Figure 4

■ The sigma, bond proposal has-b een  supported by Forster and 

B allhausen  (7) and the d elta  bond supported by F iggis and Martin (8 ), who 

p ro p o sed .it, and more recen tly  by Kokoszka (9)..
I '  . V. I -

No, d efin itiv e  experim ent has been  proposed to d ec id e  betw een  the 

p o ss ib le  m odes o f in teraction  in cqpper a ceta te  monohydpate a s correct.

One p o ss ib le  approach to. the so lu tion  o f the problem is  to sy n th es iz e  com -
■ ■ ■

pounds, w hich have iso la te d  pairs o f  copper atom s bridged in  a manner s im i­

lar to, the bridging in  copper a ceta te  monohydrate and. w hich have sim ilar  

copper-copper d is ta n c e s . Study o f the m agnetic properties o f  quch com ­

pounds should help to  determ ine the true path o f in teraction . If such
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compounds are tq be sy n th e s iz e d , ligand  m o lecu les  or io n s are required 

w hich m eet certain, geom etric requirem ents . The ligand m ust be bidentate  

w ith the coordinating atom s approxim ately 2 .6$ . apart. Two im m ediate p o s ­

s ib i l i t ie s  would, be acetam ide and acetam idine w hich might form the copper 

a ceta te  structure w ith .the s lig h t m odification  that nitrogen atom s would  

occu p y  som e or a ll o f  the oxygen p o s it io n s  in  copper a c e ta te . Attempts to  

prepare popper acetam ide and copper acetam idinate have been, reported (10, 

1,1), but no compounds w ith the d esired  geom etry have been, o b ta in ed . 

Another ligand  w hich  might form the d esired  binuclear structjire.is

1 ,8-naphthyridine (F ig . 5 ).

1,8 -N aphthyridine  

Figure;5

The two nitrogen atoms in. I , S^naphthyridine w hich could a c t as c o ­

ordination s it e s  would be estim ated  to be .2 .4 $ , the separation  o f the cor­

responding carbon atom s in  nap hth alen e, apart. If the b in u c lea r .structure 

w ere obtained in a copper 1 ,8-naphthyridine com pound, the copper-copper

d ista n ce  might a lso  be shorter than 2. 6 4 $  and the copper-copper bond order
■ :

in c r e a se d .if  such  a bond, e x i s t s . An in crea sed  bond order would resu lt ini an 

even  low er m agnetic moment than that found in  copper a cetp te  m pnohydrate.
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S in ce I ,S-H aphthyridine-Copper(II) com p lexes m ight have a binuclear  

structure sim ilar to the structure o f  copper a ceta te  m onohydrate, it  w as d e ­

c id ed  to  prepare and determ ine, the structure o f copper (II) compounds using

1, 8-naphthyridine and 4 -m eth y l-1 , 8-naphthyridine as lig a n d s .



II. HISTORY

■■ The first sy n th es is -a n d  iso la tio n  of. a fu lly  arom atic I.., 8-naphthyridine  

d erivative was.reported, by Koller (12).in 1924. He obtained the parent b a se  

by .the reaction, seq u en ce  g iven  in F ig . 6 .

;. S yn th esis  o f 1 ,8-N aphthyridine (Koller)

Figure 6

Earlier-, other authors • had-reported sy n th es is , o f jf/S-naphthyrid ine d eriva-  
■ • ■ .'.v- v • ’ - ' ' ... •

f iv e s  (13); M ost o f th ese  sy n th e se s  w ere Skraup or Dobner-vbn. M iller

sy n th e se s  usin g  2 -am inopyridine and. have been  shown .(13) to be sy n th eses

o f 1, 4a-rdlazanaphthalenes v ia  .the a lternate ring c lo su r e  (Fig.. 7).
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_ V'.

+
S H2
C

I
C

1, 8-naphthyridine

1, 4a-d iazan ap h th alen e

Alternate- Ring C losures  

Figure 7

S iede (14) reported the sy n th ese s  o f 4 -m e th y l- l , 8-naphthyridine derivatives^

by the seq u en ce  given, in  F ig . 8 .

I

POCl

N '

4^-M ethyl-l ,S -N aphthyrid ine D erivatives. (Seide)

Figure. 8
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In-th is c a s e ,  the s te r ic  hindrance to cy c liza tio n  at the ring nitrogen w as 

su ffic ie n t to g iv e  preference to the 1, 8-naphthyridine product. Brown.(15) 

has a ls o  reported th is  sam e sy n th etic  seq u en ce  w ith a few  m o d ifica tio n s . 

The conversion  o f 2 , 7 -d ic h lo r o -4 -m e th y l- l , 8-naphthyridine to 4 -m eth yl-

1 .8 -  naphthyridine by ca ta ly tic  hydrogenation w as reported by O chiai and 

M iyaki (16).

. In  1966 , C arboni, S ettim o, and P irisino (17) reported the sy n th es is  o f  

2 -a m in o -7-h yd roxy-1 , 8-naphthyridine from 2 , 6-diam inopyridine and m alic  

a c id . Paudler and Kress (18) reported in  1967, the iso la tio n  o f 1 ,8 -  

naphthyridine from a Skraup reaction  on 2 -am inopyridine in  w hich they used  

m eta-n itrobenzen e su lfo n ic  acid  as the o x id iz in g  agen t. They proved .the

1 .8 -  naphthyridine structure by proton m agnetic resonan ce sp ectro sco p y . 

Paudler and Kress (19) a lso  prepared 4^-m ethyl-l.,8-naphthyridine and char­

a cterized  it  in. the sam e manner. •

Except for the gold  sa lt  o f 1, 8-naphthyridine used  by Roller (12) to 

ch aracterize  1 ,8-n aphthyrid in e, no other compounds u sin g  1 ,8-naphthyridine 

or 1 ,8-naphthyridine d er iva tives have been  reported.



EXPERIMENTAL

I. PREPARATION OF ORGANIC BASES

A. Preparation, o f I , 8-N aphthyridine

2 -A m in o -7 -H y d ro x y -l, 8 -N aphthyridine

The preparation. 2 -h y d ro x y -7 -a m in o -1 , 8-naphthyridine w as e s s e n t ia lly  

that o f C arboni, P irisino and Settim o.(17). To a mixture o f 22 g . o f  2 ,6 -  

diaminop.yridine and .30 g . o f m alic  acid  w as added 100 m l. o f su lfu ric a c id .  

The acid  w as added s lo w ly  at fir st w ith stirring until the so lid  w as w et. The 

remainder o f the su lfu ric ac id  w as added and the mixture s lo w ly  heated, until 

;the cop ious production o f gas su b sid ed  and .then heated  strongly, for.thirty  

m in u tes . The so lu tion  w as poured on to  ic e  and neutralized  w ith  con cen ­

trated ammonium hydroxide to. the litm us end poin t. The product w as c o l­

lected . by suction, filtration  and. dried, in  the a ir . The estim ated  y ie ld  o f  

impure product w as 90%. The compound w as purified by recry sta lliza tio n  

from dim ethylform am ide. Spectral data are;g iven  in Appendix A, F ig. 3.0, 31 .

2 ,.7 -D ih y d ro x y -l, 8-N aphthyridine

A so lu tion  o f 10 g .  o f  2 -h y d ro x y -7 -a m in o -1 , 8-naphthyridine in 200 m l. 

o f 10% su lfu ric ac id  w as co o led  below  4 °C . and a saturated so lu tion  of 

sodium  nitrite w as added drop w ise  until the so lu tion  gave a p o s itiv e  

potassium  iod id e-sta rch , t e s t  two minutes, after-the la s t  addition, o f sodium  

n it r i t e . . More concentrated  acid  so lu tion s.red u ced  the y ie ld . The slurry w as  

added carefu lly  but qu ick ly  to 400 m l. o f b o ilin g  water and the y e llo w  pre­

c ip ita te  ,co llected . by su ction  filtra tio n . An estim ated  y ie ld  o f 75% o f crude



.12

product w as o b ta in ed . The so lid  w as dried in. the air and purified for s p e c ­

tral data by cry sta lliza tio n  from g la c ia l a c e t ic  a c id . Spectral data are g iv en  

..in  Appendix A, F ig . 3 2 ,3 3 .

■ 2 .,.7 -D ich lo ro -l, 8 -N aphthyridine

A 10 g . portion o f 2 ,7 -d ih yd roxy-1 , 8-naphthyridine w as m ixed w ith  

.. 10 g . o f  phosphorus pentach loride and ,covered with phosphorus oxych lorid e .

■ The mixture w as heated s lo w ly  until the in it ia l reaction  su b sid ed  and then  

reTliixed for thirty, m in u tes . The slurry w as then poured onto ic e  and 

neutralized, w ith  concentrated  ammonium hydroxide to the litm us end poin t. 

An estim ated  y ie ld  o f 90% o f impure product w as o b ta in ed .. The tan so lid  

w as recry sta llized  from b en zen e . The purified 2 , 7 -d ic h lo r o - l ,8 -  

naphthyridine w as a m ass o f  s ilv ery  p la tes  w hich  sublim ed above 175®C. 

Spectral data are g iv en .in  Appendix A, F ig . 3£, 35 .

1 ,8 -N aphthyridine

The ca ta ly tic  reduction o f 2 ,7 -d ich lo ro -l,8 -n a p h th y r id in e  w as done in  

the atm ospheric pressure hydrogenator described, b e low . A mixture o f 2 .0  g .  

o f impure 2 , 7 -d ich lo ro -l,8 -n a p h th y r id in e  and 1 .0 g . o f  5% palladium  on 

calcium  carbonate w as p laced  in. the hydrogenator and, the apparatus purged 

.. w ith .hydrogen . A 20 m l. portion .of 5% potassium  hydroxide in methanol w as  

s lo w ly  added to the hydrogenator and . the slurry v igorou sly  stirred, until .the 

uptake o f hydrogen, c e a s e d . The slurry w as suction  filtered  taking care to 

- k eep .th e  cake w et to  prevent the c a ta ly s t  from ign itin g . The so lv en t w as  

.then, removed, by s lo w  evaporation, and the resid u e extracted  w ith ethyl 

a c e ta te . The impure 1 ,8-naphthyridine w as cry sta llized  from the e t h y l '
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V-:

a ceta te  by s lo w  evaporation o f the so lv en t and purified by sublim ation under 

vacuum .. The y ie ld  o f impure 1 , 8-naphthyridine w as estim ated  to be 90%.

The.I , B -naphthyridine w as not h ygroscop ic  and w as stored in  air. Spectral

.. data are g iven  in Appendix A, F ig . 36, 37.

An. atm ospheric pressure, hydrogenator.w as built for the ca ta ly tic  re­

duction o f d ichloronaphthyridines; . a.:drawing of. the apparatus is  shown

below:

VAC

A. le v e lin g  bulb
B. gas buret
C . bubble-trap
D . . three w ay stop cock  . v
E . drying tube (calcium  chloride)

F. reduction fla sk
G. liquid reservoir
H . stopcock
I . m agnetic spinbar
J. stopcock

•? Atm ospheric Pressure Hydrogenator 

Figure" 9

The m aterial to be reduced  (a so lid ) and the c a ta ly s t  (a so lid ) were p laced  

.. in  th e .f la sk  F w ith a spinbar and the apparatus a ssem b led . The stop cock  D 

w as opened to  vacuum to remove a ll air from the system  and then, opened to
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the hydrogen supp ly .. A s lig h t  pressure o f hydrogen w as produced at the gas  

in le t  and;the .stopcock J opened to f i l l  the buret B (p rev iou sly  f illed  w ith  d e ­

g a sse d  water) w ith hydrogen. The stopcock. D w as c lo se d  and the so lv en t  

. poured into the. liquid  reservoir G. The.liquid, le v e l  in. the le v e lin g  bulb w as  

adjusted  to equal the le v e l  in. the buret and the stop cock  H carefu lly  ■ 

op en ed . Adjustment o f the le v e lin g  bulb a llow ed  th e.liq u id  to, enter the 

fla sk  F and a ll sto p co ck s were c lo s e d . The stirrer w as started and reduc­

t io n  continued, until g a s  uptake c e a s e d . To quench the rea c tio n , stopcock  J 

w as c lo s e d , stop cock  £) w as opened to. vacuum and the hydrogen rem oved. 

Stopcock D w as opened to nitrogen and the flask, rem oved.

B. Preparation o f 4 -M e th y l- l , 8-N aphthyridine

2 -  Hy droxy- 4 -  M ethyl -  7 -Amjijfao-1, 8-N aphthyridine

The preparation o f 2 -h y d ro x y -4 -m eth y l-7 -a m in o -l, 8-naphthyridine  

" w as e sse n tia lly .th a t  o f  Brown.(15). To 25 g . o f  2 , 6-diam inopyridine and 

30 g . o f ethyl a ceta te  w as added 100 m l. o f .ortho phosphoric acid; the m ix­

tu re w as heated, for one hour. The resu ltin g  so lu tion  w as poured onto ic e  

and neutralized  w ith concentrated  ammonium hydroxide to  the litm us end 

.. poin t.. The p recip ita te  w as c o lle c te d  by su ction .filtra tion  and. dried.in air to  

g iv e  a tan s o lid . The y ie ld  of.im pure product w as estim ated  to be 80%. The. 

compound w as purified for sp ectra l a n a ly s is  by the method, o f Seide (14); a 

slurry o f the impure compound in. boiling  w ater w as a c id ified  w ith drop w ise

. addition o f concentrated  hydrochloric ■ acid, until, m ost o f the so lid  had 
'

. d is s o lv e d . The so lu tion  w as filtered  w ith suction .an d  c o o le d . The 

2 -h y d ro x y l-4 -m eth y l- 7 ^am in o - 1 , 8-naphthyridine precip itated  and w as
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co llected , by su ction  filtration  and dried in  a ir. Spectral data are given  in  

Appendix A, F ig . 20,, 21 .

2 ,-7-D ih y d ro x y l-4 -M eth y l-1 ,8 -N aphthyridine

The preparation o f 2., 7 -d ih y tird x y -4 -m eth y l-l, 8-naphthyridine w as

e s s e n t ia l ly  that o f Seide (14). A 25% or 30% su lfuric acid  so lu tion  w as used

to d is s o lv e  10 g . o f  crude 2 -h y d ro x y -4 -m eth y l-7 -a m in o -l, 8-n aphthyrid in e.

The so lu tion  w as co o led  to  l e s s  than 4 °C . and a (saturated so lu tion  of 1 '■■ .

sodium  nitrite w as added drop w ise  until the so lu tion  reacted  p o s it iv e ly  to  

potassium  io d id e -sta rch .tw o  m inutes after the la s t  sodium nitrite add ition . 

The slurry w as then, added ca refu lly  but q u ick ly  to 400 m l. o f boiling  w ater. 

T he,resu lting so lid  w as co llected , by su ctio n  filtration and. dried in a ir . The 

y ie ld  o f impure product w as estim ated, to be 60%. The compound w as puri­

fied  for sp ectra l a n a ly s is  by re cry s ta ll iz  ation from g la c ia l a c e t ic  a c id . 

Spectral data are g iven  in Appendix A, F ig . 22, 23 .

2 . 7 -  D ic h lo r o -4 -M e th y l- l , 8 -N aphthyridine

The preparation of 2., 7 -d ic h lo r p -4 -m e th y l- l , 8-naphthyridine w as 

e s s e n t ia l ly  that o f  Seide (14); a.m ixture o f.lO g . o f 2 , 7 -d ih yd roxy-4 -m eth y l-

1 . 8 -  naphthyridine and 10 g . o f  phosphorus pentachloride w as covered with  

phosphorus oxychloride and refluxed for 30 m in utes. The so lu tion  was 

poured onto ic e  and kept co o l w hile  n eutralized  to. the! litm u s.en d  point w ith  

concentrated  ammonium hydroxide. The resu ltin g  w hite so lid  w as c o lle c te d

. by su ctio n  filtration  and dried in  air. The y ie ld  o f impure product w as e s t i ­

mated, to. be 90%. One recry sta lliza tio n  from benzene afforded silv ery
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• c r y s ta ls , m .p . 192.5 to. 194.0 °C . The .literature m elting point i s  193°C . 

Spectral data are g iyen  in Appendix A, F ig . 24, 25 .

2 , 7 -D ih y d r g z in o -4 -M e th y l- l, 8-N aphthyridine

A mixture o f 2 .0  g . o f 2 , 7 -d i^ h lo r o -4 -m e th y l-l, 8-naphthyridine and 

. enough hydrazine hydrate to coyer the naphthyridine w as heated  until- the 

so lid  d is so lv e d ,, and allow ed, to stand at room temperature for two. d a y s .

The resu ltin g  red cry sta ls  w ere c o lle c te d  by filtra tion , w ash ed  with a m ini­

mum o f co ld  w ater and dried.in  air. No purification  w as attem pted. Spectral 

data are g iven  in  Appendix A, F ig . 26, 27.

4 -M e th y l- l ,  8 -N aphthyridine

The preparation o f 4 -m eth y l-1 , 8-naphthyridine w as sim ilar to the 

preparation o f I , 6-naphthyridine by Albert. (20 ). A boiling  so lu tion  of 7 g . o f  

copper su lfa te  penthydrate in 30 m l..o f w ater w as added, dropw ise at first 

and.-then more rapidly as the in it ia l reaction  su b sid ed , to a so lu tion  o f I g . 

o f 2 , 7 -h y d r a z in o -4 -m eth y l-l, 8-naphthyridine in 25 m l. o f  b o ilin g  w ater .

The so lu tion  was.-neutralized, to. the litm us end point with, SN sodium  

hydroxide w h ile  hot and refluxed in a beaker for 15 m in u tes . The slurry w as ■! . 

qu ick ly  filtered  w ith  su ction  and w ashed  w ith 10 m l. o f hot w ater. The com ­

bined filtra tes w ere co o led  and extracted  sev era l.tim es w ith  chloroform .

The com bined chloroform extracts w ere dried over sodium su lfa te  and. the 

so lu tion  f ilte r e d .. Evaporation of the chloroform gave a brown o il  w hich  w as  

d is so lv e d  in. h ex a n e .. The .,yield o f impure product w as estim ated  to  be 80%..

.. Removal o f  the hexane w ith a stream o f dry nitrogen ca u sed  cry sta lliza tio n  

o f 4 -m eth y l-1 , 8-naphthyridine as. w hite feathery c r y s ta ls , m .p . 55.0 to
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' 5 6 .5°C .; the cry sta ls  w ere very  h ygro sco p ic . O chiai (2 6) reports 4 -m eth y l-

1, 8-naphthyridine as an o il .. Spectral data are g iven  in Appendix A, F ig . 28, 

, 2 9 .

. C ata ly tic  Reduction o f 2 , 7 -D ic h lo r o -4 -M e th y l- l , 8-N aphthyridine

Two, procedures w ere used: to reduce the dichloro com pound. The first  

- procedure .was sim ilar to-.that o f O chiai (16). A mixture o f 2 .0  g . o f

2 , 7 -d ic h lo r o -4 -m e th y l- l, 8 -n a p h th y r id in e .1.0 g . o f  a. prepared -5%; palladium  

on. Calcium carbonate c a ta ly s t  and 20 m l. o f  a. 10% so lu tion  o f potassium  

hydroxide .in m ethanol were put in a Parr hydrogenation apparatus and hydro­

genated  at 2 atm . until hydrogen uptake c e a s e d . . The slurry w a s.filtered  with  

su ction  and the so lv en t removed, by evap oration . A brown o il  resu lted  w hich  

w as d is t il le d  in.vacuum  to, g iv e  a c o lo r le ss  o i l .  The secon d  procedure used  

, the atm ospheric hydrogenation apparatus describ ed  above (page 13). A dry 

/ mixture o f ,2.0 g . o f  2 , 7 -d ich lo ro -4 -m eth y l-I.., 8-naphthyridine and 1.0 g . of 

the prepared c a ta ly s t  w ere p laced  in  the apparatus and. the system  purged 

• w ith hydrogen.. S l o w l y 29 ml. o f  5% potassium  hydroxide.in  methanol w as  

a llow ed  to, enter the red uction-flask  and.the slurry stirred v ig o ro u sly  until 

hydrogen, uptake stop p ed . The. slurry w as ,filtered  and the filtrate  treated as  

a b o v e .. The sam e c o lo r le s s  o il resu lted . This o il  w as show n by thin layer  

. chromatography to, be a.m ixture o f sev era l com ponents w ith  two predominant

fr a c tio n s .



II. . PREPARATION OF COORDINATION COMPOUNDS

A , . B is-1 ,8-N aph thyrid in e)-C opp er:(II) Chloride

A so lu tion  o f 100 mg. o f 1 ,8-naphthyridine and 0.2 g . o f  copper chloride  

in  25 m l. o f  w ater w as a llow ed  to stand, for sev era l days in a c lo se d  con ­

ta in er . The green prism atic cry sta ls  w hich separated  w ere removed, by d e ­

cantation. and w ash ed  w ith  a minimum o f w a ter . S ingle cry sta ls  o f  the com ­

pound w ere mounted for X-ray determination, o f the stru ctu re. The crysta l 

d en sity  w a s '1.68.g . / c c .

B. B is- ( I ,  8-N aphthyrid ine)-C opper (IIi) Bromide

A so lu tion  o f 7 6 mg. o f 1 ,8-naphthyridine and 0.2 g . o f  copper bromide 

in 5 0 m l. o f  w ater w as a llow ed  to, stand for two days in  the op en . The red - 

brown cry sta ls 'w h ich  formed w ere rem oved by decantation  and w ashed w ith  

a minimum o f w ater . The product w as an alyzed  for bromide and preliminary 

crysta llograp h ic data ob ta in ed . The cry sta l d en sity  w as 2 .00  g . / c c .

. C . B is - (2 , 7 -D ic h lo r o -4 -M e th y l- lf 8-N aphthyrid ine)-C opper (II) Chloride 

Ethanol so lu tio n s o f anhydrous copper chloride and 2 , 7 -d ich lor© -4- 

m eth y l-1 , 8-naphthyridine w ere mixed and heated  g en tly . The blue powder 

■which, precip itated  w as c o lle c te d  by su ctio n  filtration  and dried in a vacuum  

d e ss ic a to r . Copper a n a ly s is  in d icated  tw o m oles o f ethanol o f  so lv a tio n .

D . : Copper(I) Com plex o f 2.f 7 -D ic h lo r o -4 -M e th y l- l , 8-N aphthyridine

An attem pt w as made to  u se  copper (I) chloride in the sam e manner as  

■ C a b o v e . An orange product resu lted , but no c o n s is ten t a n a ly s is  could be
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o b ta in ed .. It is  p o s s ib le  that no true copper (I) com plex w as formed but that 

ring coupling occurred to produce the orange co lor.

E. ■■ M ethyl Naphthyridine Copper Com plex

.A  green cry sta llin e  com plex w as obtained .in  a sm all y ie ld  from an 

ethanol so lu tion  o f the ca ta ly tic  reduction product o f 2 , 7 -d ich lo r o -4 -  

m eth y l-1 , 8-n aphthyrid in e. The green compound c o -c r y s ta ll iz e s  w ith a 

y e llo w  powder and w as separated  from it  m anually. Only enough m aterial 

w as c o lle c te d  to obtain  crysta llograph ic data and a s in g le  gravim etric 

halide a n a ly s is .



III. ■ ANALYTICAL TECHNIQUES

A. Thin Layer Chromatography

All thin .layer chromatography reported here w as done on s i l ic a  gel 

p la te s  prepared in the laboratory by standard m eth od s. A n alytica l p la tes  

had a layer  o f s i l ic a  g e l 0.1 mm. thick; the s i l ic a  g e l w as a ctiva ted  by 

baking for one hour in a 120 °C . o v en . Determ ination o f spot p o sition  was 

made by the flu o rescen ce  o f the m aterials under u ltrav io let ligh t and the 

absorption o f iod in e vapor on the s p o t s . Preparative p la tes  w ere marked 

w ith a s ty lu s  under UV lig h t and scraped in to .extraction  f la s k s . All ana­

ly t ic a l p la tes  were run for purposes o f  purity control and no attem pts were 

made to id en tify  compounds according to v a lu e s . The so lv en t system  

u sed  w as b u ta n o l-a ce tic  ac id -w a ter  (12:3:5; V /V ).

B. Gas Chromatography

All gas chromatography w as done on colum ns packed w ith Gas Chrom 

C as so lid  support; the liqu id  phase w as 30% by w eight SE -30. All runs 

w ere made in  the F&M (M odel 400) gas chromatograph at 2 3 0 °C . w ith helium  

as carrier gas and. detection ' by flame io n iza tio n . The sam ples were in jected  

in.chloroform  and retention  tim es m easured from the tim e o f in jec tio n . No 

quantitative data were taken from the gas chromatographic data other than

retention  t im e s .
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X

C . . N uclear M agnetic  R esonance

N uclear m agnetic reson an ce data w ere obtained in  a Varian A -60 

Spectrograph. Sam ples w ere run in m icro ce lls  in  deuterated chloroform with  

tetram eth ylsilan e a s  an internal referen ce .

D . U ltra v io le t-V is ib le  Spectra

All UV-v is ib le  spectra  were determ ined on the DK-2 Spectrophotom eter  

in  I cm . quartz c e l l s  w ith pure so lv en t a s  r e feren ce .

E . Infrared Spectra

All infrared spectra  were determ ined on the Beckman IR-4 Spectro­

photom eter w ith a programmed s l i t  and double beam . Spectra were, run in  

m icro-potassium  bromide p e lle ts  and in chloroform so lu tion  w ith a balancing  

w edge c e l l  f il led  w ith chloroform . 1

F. Copper A n alyses

Copper a n a ly se s  w ere determ ined by iodom etric titration  w ith sodium  

th io su lfa te , by the method outlined  by-Koltoff and Sandell (21). In a ll c a s e s  

sev ere  d ifficu lty  w as encountered in determ ining end points; the end point 

would be ach iev ed ,, but would fade o u t. The naph.thyridine seem ed to in ter­

fere w ith the end p o in t. Estim ation o f accu racy  for copper determ ination is  

g iven  w ith the a n a ly tica l d a ta .

G . . H alide A n alyses

The Fajans titration  w as attem pted on sam ples contain ing

1, 8-naphthyridine as a lig a n d , but w as u n su c c e ss fu l. When the  

d ich loroflu oroscein  ind icator w as added , the so lu tion  im m ediately turned
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orange; the orange co lor m asked the titration end poin t. H alide a n a ly se s  

w ere determ ined by a sim ple s ilv e r  halide gravim etric determ ination usin g  a 

very sm all filterin g  crucib le and determining, w eigh ts on the. M ettler m icro­

b a la n ce . The gravim etric procedure u sed  i s  outlined by W alton (22).

H. C rystal Density-

C rystal d e n s it ie s  w ere determ ined by the flo tation  m ethod. A crysta l

w as p laced  in a beaker partia lly  filled , w ith a so lv en t in w hich the crysta l 
- - , 

did not d is s o lv e  and in w hich it  san k . A heavier m isc ib le  so lv en t w as

added until the crysta l seem ed to remain suspended  in the so lu tio n . The 

so lu tion  d en sity  w as determ ined by w eigh ing a liq uots o f the so lu tion  w ith ­

drawn w ith a c la s s  A .p ipet. The d e n s it ie s  were estim ated  to be in error by 

no more than 0.05 g . / c c .  T hese accu ra c ies  are su ffic ien t to determ ine the 

number of m olecu les, per unit c e l l  in the c r y s ta l. I.

I . M agnetic S u sc e p tib ilit ie s  M easurem ents

M agnetic moments were determ ined by the Gpuy method on a Gouy 

balan ce bu ilt at M ontana State U n iversity  and p rev iou sly  d escrib ed  by 

Houk (IO),. All m easurem ents describ ed  here Were made at room tem perature. 

M easurem ents w ere made in tr ip lica te  and-the average va lu e  o f the balance  

d e fle c tio n s  u sed  to c a lcu la te  the m ass s u sc e p tib ilit ie s  according to the 

equation;
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. V = (2a) (Aw) (I)
■ 9 (H2) (m)

where .1.= sam ple length

m = sam ple w eight

g = a cce lera tio n  o f gravity

Aw = w eight change

H = m agnetic fie ld

The m agnetic fie ld  w as determ ined by the Gouy method u sin g  a standard o f  

known s u s c e p t ib il ity o. The standard u sed  w as fresh ly  prepared cob alt mer­

cury thiocyanate>w hich ob eys the Curie W e iss  law  (I);

X g =  C /T  + 0 

0 =  10

X g ( 2 0 ° C . )  = 16,44 x . 10~6 e . s . u . -

M easurem ents were made at sev era l v a lu es  o f m agnetic f ie ld  to prevent 

errors due -to,ferrom agnetic im p urities.



IV. . X-RAY ANALYTICAL TECHNIQUES

A .  . Powder D iffraction

Two different tech n iq u es were u sed  to obtain powder diffraction d ata . 

The first technique u sed  standard photographic tech n iq u es w ith  a Ph illips  

powder camera o f  radius 57.3 mm. No attem pt w as made to correct for film  

shrinkage in any m easurem ents reported. All m easurem ents o f  2 @ an g les  

w ere made on a vernier s c a le  film  m easuring lig h t b ox, and w ere made from 

arc to arc a cro ss  the cen ter o f the d iffraction  co n e . The secon d .tech n iq u e ■ 

u sed  the G eneral E lectric  G oniostat (belonging to Montana State U niversity  

Chem istry Departm ent). In th is  tech n iq u e , 2© diffraction a n g les  were read  

d irectly  from the p o sitio n  o f peak cen ters on a strip chart recorder. These  

peaks were generated as the sc in tilla t io n  counter moved in  a normal 2 © scan  

m od e, and a powder sam ple o f the m aterial w as le ft  stationary at the focus  

o f the beam . In a ll c a s e s  where on ly  p o s it iv e  v a lu es  w ere taken they,w ere  

judged in error by as  much a s  0.2 degrees due to. m echanical m isalignm ent.

. Error in determ ining the center o f peaks on the chart paper w as le s s  than 

0.01 d e g r e e s .

B. S in gle C rystal D iffraction

All cry sta ls  were in it ia lly  exam ined under the p o larizing  m icroscope  

for s ig n s  o f tw inning. If the crysta l appeared to be s in g le , it  w as o p tica lly  

a lign ed  and mounted for o sc il la t io n  lin e-u p  photographs on a W eissenberg  

cam era. O sc illa tio n  and rotation photographs were taken to a lign  the 

crysta l; fir st and secon d  le v e l  W eissen b erg  photographs w ere taken i f  no 

' in d ication  o f tw inning had appeared. If the crysta l w as found to be s in g le ,



a second, layer photograph w as taken to determ ine the crysta llographic' 

sp a ce  group. If the crysta l w as very thin in one d im en sion , p recessio n  

photographs were u sed  to determ ine the sp a ce  group. For a ll  W eissenberg  

in v e s t ig a t io n s , copper Ka radiation w as used; for p recess io n  photographs, 

molybdenum Ka radiation w as u sed .

C ell d im en sion s were determ ined by the m ethods outlined  by Buerger 

(23) from film m easurem ents made on a vernier m easuring lig h t box capable  

o f an accu racy  o f + .0 1  cm . . C alcu lation  o f the |S angle for m onoclin ic cry s­

ta ls  mounted on the a or c. a x e s  w as done by the method o f angular lag!. 

P recess io n .photographs w ere a lso  u sed  to m easure th e ,3 an gle  d irectly .

C . S ingle C rystal D iffraction  Studies on B is-(1 ,8 -N ap h th yrid in e)-  

Copper(II) Chloride

All prelim inary work w as done by standard W eissen b erg  and p reces­

s io n  tech n iq u es u sin g  cam eras and equipm ent av a ila b le  at Montana State 

U n iv ersity . Preliminary exam ination of a crysta l o f B is-(1 ,8 -n ap h th yrid in e)-  

cepper (II) ch loride show ed sy stem a tic  a b se n c es  co n sisten t, w ith either o f 

the sp a ce  groups C /2 c  or C e . The crysta l w as mounted a long the a a x is .  

The goniom eter head and crysta l were transferred from the W eissen b erg  

camera to a G eneral E lectric  X-RD-5 G on iostat w ith a copper tube and 

n ick e l filter . The cry sta l w as a lign ed  by the "basal plane" (Appendix C) 

alignm ent tech n iq u e . Accurate c e l l  con sta n ts  were determ ined by averaging  

the v a lu es  determ ined from high angle a x ia l r e f le c t io n s . :
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The c e l l  con stan ts obtained from the g o n io sta t were u sed  as input 

data for the computer program DIFFSET w hich ca lcu la ted  m achine settin g s  

for the c o lle c t io n  o f in ten sity  data . G oniostat geom etry and a ll programs 

u sed  are d is c u s se d  in A ppendices C and B r e sp e c tiv e ly . One reflection  w as  

■ ch o sen  as a standard to-prevent any a cc id en ta l lo s s  o f alignm ent; the in ­

te n s ity  o f th is  reflec tio n  w as taken at the beginning and end o f each  data 

c o lle c t io n  sh ift . All in ten s ity  data were taken by tech n ic ia n s  em ployed for 

the p u rp ose . The data were taken by the standard 0 -  28 scan  tech n iq u e. 

Background in ten sity  w as counted on both the upper and. low er s id e s  o f the 

p eak . . The peak w as scan ned  for 100 seco n d s at a 20 scan  rate o f 2 d egrees  

per minute and backgrounds counted for 50 secon d s w ithout scan n in g . The 

in ten sity  o f a peak w as con sid ered  to be the d ifference betw een  the count 

for the peak sca n  and the sum o f the background c o u n ts . All in te n s it ie s  

vw ith  a net count o f l e s s  than 30 were con sid ered  u n observed . In tensity  data  

for a ll unique re flec tio n s  w ith a va lu e  l e s s  than 120 degrees were c o lle c te d .

B ecause o f  the nature of the program DIFFSET, in ten sity  data were 

c o lle c te d  on a ll re flec tio n s  h ,k , l  and then on r e f le c t io n s -;-h ,k ,I .. When 

alm ost a ll o f  the in ten sity  data for reflec tio n  fj|, k / 1 had been c o lle c te d , the  

in ten s ity  for the standard reflec tio n  sudden ly dropped a lm ost to zero .

O ptical exam ination .of the alignm ent show ed that the cry sta l had moved
’ ’

tra n sla tio n a lly  out o f the X-ray beam . T he.crysta l w as m oved la te r a lly . 

back, into the beam and the in ten sity  o f  the standard returned to normal . It 

w as assum ed that the crysta l w as s t i l l  in alignm ent and data c o lle c tio n  re ­

sum ed. When a ll the data were c o lle c te d  structure factors w ere ^calculated  

from the in te n s it ie s  by the program LI. The structure factors were u sed  in  a



27

Patterson sy n th e s is  (program FOURIER) in  w hich the sp a ce  group am biguity  

i s  not important s in c e  a Patterson map is  n e c e s sa r ily  c e n tr ic „

The crysta l d en s ity  in d icated  that there were four copper atom s.in  the  

unit c e l l  w hich  meant that the-copper atom s were in  sp e c ia l p o sitio n s i f  the  

sp a ce  group w ere C 2/c„  The tw o -fo ld  a x is  seem ed the m ost prom ising p o s i­

tio n  and the rem aining co-ord in ate  o f the p o sitio n  w as determ ined from the 

Patterson map . U sing, the computer program MAIR the structure factors for 

th is, p o s itio n  w ere ca lcu la ted  and refin ed . The- R f  or the copper on ly  w as 

52%. . A Fourier sy n th es is  w as then ca lcu la ted  with the programs TCR6 and 

ICRl u sin g  the observed  structure factors and the s ig n s  o f the structure 

factors from the ca lcu la ted  p o sition  for the copper atom . .The Fourier map 

in d icated  a p o sitio n  for the chlorine atom w hich w as then u sed  in a struc­

ture. factor ca lcu la tio n  and refinem ent. The copper and chlorine p o sitio n s  

w ere refined to an R o f 29%. The ca lcu la tio n  of a new  Fourier sy n th es is  in ­

d ica ted  the p o sitio n s  o f som e.o f the lig h t atom s. S u c c e ss iv e  structure fa c ­

tor ca lcu la tio n s  and Fourier sy n th ese s  gave p o sitio n s for a ll the atoms 

ex p ected  in .th e  structure. Refinem ent o f th ese  p o sitio n s would not proceed  

b elow  a R o f 16% by either block d iagonal or fu ll matrix (program ORFLS) 

tech n iq u e . C hoice o f Ce a s .th e  sp ace  group would not improve the !refine­

m ent. It wps ev id en t that the data were in  som e way g r o ss ly  in error.

■ S in ce the crysta l had moved suddenly at about the end o f the h ,k , l  

data c o lle c t io n , separate refinem ents w ere m ade. The h , k , l  data refined in  

five  c y c le s  o f  b lock d iagonal refinem ent to a R o f 6%. The - h , k , l  data 

would not refine b elow  14%. The data were r ec o lle c ted .
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The secon d  data c o lle c tio n  u sed  zirconium  filtered  molybdenum radi­

ation, to m in im ize.the e ffe c ts  o f absorption in  the c ry sta l. The sam e.crysta l 

w as u sed  for the secon d  data c o lle c tio n  ex cep t that a sm all fragment w as 

lo s t  in  rem ounting. ^The computer? program DSET w as written to ca lcu la te  

m achine se ttin g s  for a "chi ninety" alignm ent procedure. The crysta l w as 

a lign ed  on the W eissen b erg  camera and transferred to the g o n io sta t. C al­

cu la tio n s determ ined that the reflec tio n  - 2 , 0 , 4  w as very nearly perpen­

d icu lar to  the b* -  c*  plane; th is  r e flec tio n  w as ch osen  a s  the alignm ent 

re flec tio n . Judicious m ovement o f the goniom eter arcs and con stan t fo llo w ­

ing w ith the d etector a llow ed  the alignm ent reflec tio n  to be moved to "chi 

ninety". The crysta l w as then a lign ed  by a procedure obtained from W aten- 

paugh (24) and very sim ilar to that outlined  by Jensen (2 5 ). When the cry s­

ta l w as a lig n ed , new  c e l l  con stan ts w ere determ ined by charting the  

diffraction  in ten sity  for a number o f r e flec tio n s  for both p o s it iv e  and n e g a -  

. t iy e  va lu es, o f  2 0 . The true va lu e  o f the 2 0 an gle  w as con sid ered  to be the  

average o f the p o s it iv e  and n egative  v a lu e s . The 20 v a lu es  for 12 r e f le c ­

tio n s w ere entered, into the program PARAM w hich:gave the b est c e ll  

param eters by a le a s t  square refinem ent. T hese c e l l  param eters and the 

"G oniostat space" co -o rd in a tes  o f the "ch i ninety" and one other reflection  

w ere entered into the program DSET to obtain  m achine se ttin g s  for data 

c o lle c t io n . Three w id ely  sp aced  re flec tio n s  were ch osen  to u se  as s ta n ­

dards for sca lin g  data and to prevent a cc id en ta l lo s s  o f a lign m ent. The 

cry sta l alignm ent w as ch eck ed  each  day and the standard reflec tio n  in ­

te n s it ie s  w ere taken every  four hours and at the beginning and end o f each  

data c o lle c t in g  d ay . A graphical d isp la y  o f the s c a le s  obtained from the.
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\

standard re flec tio n s  w as u sed  t©. determ ine the diffractom eter s ta b ility  and 

i s  g iven  in Appendix C ,. F ig . 4 0 . The raw in ten sity  data were c o lle c te d  in a 

sim ilar  manner to that u sed  before ex cep t that 6 0 -seco n d  sca n s  were u sed  

and backgrounds counted for 30 s e c o n d s . All data for 2® l e s s  than 60 d e ­

grees w ere'obtained  for h ,k , l  re flec tio n s and a ll data for 2© le s s  than 45 

d egrees for - h , k , l .  T hese data were reduced w ith program RDN to structure 

fa c to rs . Refinem ent o f a ll data for 2 © le s s  than 45 d egrees w ith the program 

DLS reduced the R to  6.8% for iso trop ic  temperature fa c to r s . Anisotropic  

refinem ent reduced, the R to 6.1%. Bond a n g le s , d is ta n ces  and estim ated  

standard d ev ia tion s w ere ca lcu la ted  with the program BAD and are given  

togeth er w ith ta b les  o f structure factors in  Appendix C.



DISCUSSION

Although both 1, 8-naphthyridine and 4 -m e th y l- l , 8-naphthyridine

w ere reported .in .the literature (12,. 1$), it  w as n ecessa ry  to  develop  a new

sy n th es is  for each  o f th e se  com pounds. Skraup sy n th eses  o f .1 ,8 -

naphthyridines from 2 -am inopyridine have been reported.to y ie ld .1 ,4 a -  
.

d iazanap hth alenes ,(F ig. 10) rather.than .1 ,8-naphthyridines (1 3 ). In p yrid in e , 

the m ost e lec tro n eg a tiv e  position , is  .the nitrogen atom .(F ig. 11).

1, 8-naphthyridine . 1 ,4a-d iazan aphthalene

Alternate Ring C losure Products

Figure 10

0,822

0.947

0.849

1.586

Tf-Electron. D e n s it ie s  .in Pyridine .(26)

■ Figure 11
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Ring, co n d en sa tio n , such  as occurs in  the Skraup. r ea c tio n , would therefore 

be lik e ly  to  occur at the.ring nitrogen as w e ll a s  at the 3-p o s it io n  in .th e  

ring and p o s s ib ly  p referen tia lly  at the ring n itrogen . A recen t report o f the  

sy n th e s is  o f  1 ,8-naphthyridine v ia  the Skraup sy n th esis , in d ica te s  that som e 

. ring c lo su re  can .occu r in  the 3 -p o s it io n . The 1, 4a-d iazan ap h th a len es are 

e a s i ly  c lea v ed  to regenerate 2 -am inopyrid ines (13); the 1 ,8-naphthyridines  

are not e a s i ly  c le a v e d . Proper ch o ice  o f  reaction  con d ition s could produce

1 , 8 -n ap h th yrid in e . Attempts to reproduce the sy n th es is  o f  Paudler and Kress 

(19) have shown, that the y ie ld s  are in general lo w  so  that the reaction  may 

not be./of great sy n th etic  u t ility .

Su bstitu en ts in the 6 -p o s it io n .o f  2 -am inopyridine can improve the 

y ie ld  o f I , 8-naphthyrid ines (13), ■ When the 6 -su b stitu en t is  an amino group, 

the y ie ld s  are greatly  en h an ced . Figyre 12 show s that the 6-am ino group 

can contribute e lectron  d en sity  to the 3-p o s it io n .

Steric hindrance to ring c losu re  at the nitrogen is  surely  in vo lved  as w e ll ,  

s in c e  a m ethyl group in  the 6 -p o sit io n  w ill fncrea'se the y ie ld . The 

6-m ethyl group d oes not promote the formation o f 1 ,8-naphthyrid ines to the 

ex ten t that the 6-am ino group, d o e s , but th is  e ffe c t  may b e.accou n ted  for in

R esonance Structures for 2 -6 -d iam in o  Pyridine

Figure 12

\
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two w ays; the a b ility  o f the 6 -a m in o -l, 8-naphthyrid ines to form intra­

m olecular hydrogen bonds to the nitrogen would mean greater ster ic

■ hindrance by the amino group and the activ a tio n  o f the 3 -p o s it io n  to 

e lec tro p h ilic  su b stitu tion  could  in crea se  the rate of ring c lo su re  in the 

3-p o s it io n .

The in crea sed  y ie ld  o f 1 ,8-naphthyrid ines from' 2 , 6-d iam inopyridines  

g iv e s  a n .e x c e lle n t  route to  substituted. I , 8-naphthyridines w hich  in turn 

provides an e x c e lle n t  route to the parent com pound. C arboni, Settim o, and

. P irisino (17) reported the sy n th es is  o f  2 -a m in o -7 -h y d ro x y -l, 8-naphthyridine  

from w hich  rem oval o f the amino and hydroxy groups would y ie ld  the parent 

b a s e . The amino group on a benzene ring can be rem oved by d iazo tiza tion  

and treatm ent w ith hypophosphorus a c id . The hydroxy group could be r e -
i

m oved by d is tilla tio n  from z in c , a very  d estru ctive  p r o c e s s , In pyridine 

chem istry , it  i s  d ifficu lt to rep lace the 2 -am ino group w ith hydrogen by 

d iazo tiza tion . in hypophosphorus acid  s in c e  it  i s  d ifficu lt to obtain s ta b le

■ diazonium  s a lts  from 2 -am in o-p yrid in es even  in strong a c id s . In w eakly • 

a c id ic  so lu tion  the diazonium  s a lt  d ecom p oses im m ediately to g iv e  the 

p h en ol. The compound resu ltin g  from the treatm ent o f 2 -  amino -  7 -  hydroxy-

1 , 8-naphthyridine w ith nitrous acid  is  then a d ihydroxy-1, 8 -n aphthyrid in e. 

The problem i s  to remove tw o .2-hydroxy groups from the pyridine r in gs. The

■application o f benzene chem istry is  on ce  more m islead in g  b eca u se  the com ­

pound w hich may b'e c a lle d  2 -hydroxy-pyrid ine does not e x is t  in the

■ p h en olic  form, but rather in the keto form as  shown in F ig . 13.

32
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A B

2-H ydroxypyridine : 2 -Pyridone

Tautomerism in 2-H ydroxypyridine, (27) 

Figure 13

The 2-pyridone. type o f compound m ay, how ever, he converted to a 

2 -chloropyrid ine by the reaction  w ith a mixture o f phosphorous pentach lor- 

id e and phosphorous oxytrfchloride „ The 2 , 7 -d ic h lo r o -l, 8-naphthyridine  

obtained in  th is  seq u en ce  may be hydrogenated to g ive  I , 8-naphthyridine. 

H ydrogenation o f 2 , 7 -d ic h lo r o -4 -m e th y l- l, 8-naphthyridine obtained in th is  

sam e manner d oes not g iv e  4 -m eth y l-1 ,8 -n ap h th yrid in e . The product m ix­

ture contain s two. predominant com ponents. ,I t  w as first b e liev ed  that one of 

th ese  com ponents w as the 4 -m e th y l- l , 8-naphthyridine and ,that the second

com ponent w as a dihydro or tetrah yd ro-4-m eth yl-1 , 8 -n aphthyrid in e. Gas
■ S.

chromatography w ith an SE-30 liquid  ph ase reso lved  the two, com ponents. 

Sin ce the SE-30 sep arates compounds primarily on a m olecular w eight 

b a s is ,  4 -m eth y l-l,8 -n a p h th y r id in e  and a dihydro or tetrah yd ro-4-m eth yl-

1 ,8-naphthyridine should have sim ilar retention  tim es. The retention tim es  

differed by about ten  percent , w hich is  reasonab le for the d ifference p ostu ­

la te d . Thin layer  chromatography o f the reduction product on s i l ic a  g e l
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p la tes  aga in  show ed two predominant compounds w ith w id e ly  different R,t
v a lu e s . For the products p o stu la ted , a m aterial w hich sep ara tes on b ase  

strength (su ch  as  .silica , gel) should g iv e  very  different v a lu e s  (compare 

the b a se  strength o f pyridine and piperid ine in Table. I ) .

Table I

BASE STRENGTHS. OF .PYRIDINES (10)

Compound pKa

. pyridine 1 .7 x 1 0  ^
“ 3piperid ine 1 .6 x 1 0

Although the. two. predominant reduction products could be separated  on a 

g la s s  a n a ly tica l gas chromatography colum n, no separation w as ach ieved  

with the m etal preparative colum ns u se d . Severe d ecom position  occurred  

and no product w as recovered . D ecom position  o f the p artia lly  hydrogenated  

I , 8-naphthyridine would not be u n u su a l, but the fu lly  arom atic b ase  should  

be s ta b le . Preparative thin layer chromatography w as a ls o  attem pted to  

separate the two predominant fra ctio n s, but w as only s u c c e s s fu l in enrich­

ing the d ifferent fr a c tio n s .. The PMR spectra of. the enriched fractions did 

not in d ica te  that either fraction w as c lea r ly  the desired  4 -m e th y l-1 ,8 -  

naphthyrid ine.

C ata ly tic  hydrogenation is  not the on ly  method of rem oving a 2 -ch loro  

group from a. pyridine ring. Thielepappe (28) reported that m etal ion o x id a -  

. tion. o f 2 -hydrpzinopyrid ines g iv e s .th e  free pyrid ine. Albert (20) has u sed , 

.th is  technique in the preparation o f I , 6 -n ap h th yrid in es. The 2 , 7 -d ich lord -  

4 -m eth y l- 1 , 8-naphthyridine w as converted to the
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2 , 7 -d ih y d r a z in o -4 -m e th y l- l, 8-naphthyridine w hich w as. then ox id ized  w ith  

copper s u lfa te „ The in it ia l two attem pts to produce 4-m ethylT -l,8 -  

naphthyridine by th is  method gave no product at a ll and the starting m aterial 

w as not recovered . The product may have com plexed w ith the e x c e s s  copper  

ion  in so lu tion  and not have been extracted  in .th e procedure u se d . The third 

attem pt to prepare.,the compound by th is  technique produced an estim ated  

90% y ie ld  o f c ry sta llin e  1 ,8-naphthyridine w hich w as characterized  by its  

PMR spectrum and show ed to be pure b y .g a s  chromatography. The product 

w as first obtained as  an o il  w hich is  the reported p h y sica l form for 

4 -m eth y l, I ,.8-naphthyrid ine.. Examination o f Table . II would in d ica te  that 

4 -m eth y l-1 , 8-naphthyridine should be a so lid  at room temperature .

Table. II

MELTING POINTS OF I , 8-NAPHTHYRIDINE , (.13)

Compound L it. m .p . Obs .m .p .

1, 8-naphthyridine 99 . 9 8 -9 9 -

4 -m e th y l- l , 8-naphthyridine . (oil) 56

2 ,4 -d im eth y l- I ,  8-naphthyridine 63 —

On con sid eration s o f m olecular w eight a lo n e , 4-m eth yl and. 2 ,4 -d im eth y l-;

1 ,8-naphthyridine would be ex p ected  to m elt at a higher temperature than 

.1., 8 -n aphthyrid in e.. ,However, the higher symmetry o f 1, 8-naphthyridine  

.probably allows; better p ack in g  in. the crysta l and th is consideration , could  

e a s i ly  over-rid e  the e ffe c ts  o f m olecu le  w e ig h t. It i s ,  how ever,, d ifficu lt to  

s e e  h ow :2 .,4 -d im eth y l-l,8 -n ap h th yrid in e  could pack.m uch,better than 

4 -m eth y l-l,8 -n a p h th y r id in e . If the p ack in g ch a ra cter istics  are sim ilar, or
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if. 4 -m eth y l-1 ,8 -n ap h th yrid in e  .has .the .better packing- ch a ra cter istics  o f the 

tw o ■ com pounds, it  should surely-be a so lid  at room tem perature. The- m elt­

ing; point might be lo w  enough-to make, crysta lliza tion , d i f f ic u lt . . Rapid 

evaporation o f the hexane (with a stream  o f dry nitrogen) from a. so lu tion  o f  

4 -m e th y l- l , 8-naphthyridine in. hexane ca u sed  precip itation, o f  w hite c r y s t-  

.ta ls  .. T hese cry sta ls  proved to be 4 -m eth y l-l., 8 -n aphthyrid in e. Comparison  

o f the g a s  chrom atographic ch a ra cter istics  o f the pure 4 -m e th y l- l , 8 -  

naphthyridine w ith those, of:the o il obtained from ca ta ly tic  reduction of 

2 , 7 -d ich lo r o -4 -m e th y l- I ,  8-naphthyridine (Table III) c lea r ly  show s that 

neither o f the predominant fractions in ..the o il is  4 -m e th y l- l , 8-. 

naphthyrid ine. The compounds remain unidentified; th ey  both may be 

hydrogenated, derivatives, o f  4 -m e th y l- l , 8-naphthyrid ine.

. Table III

. GAS CHROMATOGRAPHIC RETENTION TIMES

M aterial ; Retention -time ;(min..)

< 1 ,8-naphthyridine 2 .0

. 4-m eth yl-l-,8 -n ap h th yrid in e 2 .08

. C ata ly tic  Reduction Product (oil) • 3 .45, 4 .0

. The first copper-naphthyridine com plex prepared was: B is - (2 , 7 -  

d ich lo ro -4 -m eth y l-l., 8 -naphthyrid ine)-copper (II) chloride e th an o la te . This 

compound w as obtained a s  a .b lu e  powder which, d id  not d is s o lv e  a s  a c o -
i

ordination compound in  any of-the ordinary s o lv e n ts . Treatment w ith  hot 

w ater d estroys the com plex , d is so lv in g  copper chloride and lea v in g  the in ­

so lu b le  naphthyridine. The naphthyridine is  not a very strong com plexing
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a g en t. Long exposure, to .the air apparently c a u se s  a loss, o f  so lv en t or a 

so lv en t exchange; the compound turns- p ink. The pink m aterial has not been  

in v e s t ig a te d . Attempts to  prepare a sim ilar compound w ith  copper.(I) 

ch lorid e  fa iled  to g iv e  any copper (I) com p lex . An orange m aterial w as pro­

duced w hich  seem ed  to be a mixture, o f  the lig h t blue B is- ( 2 , 7 -d ich lo r o -4 -  

m eth y l-1 , 8-naphthyridine) -cop p er (II) ch loride and bright orange organic  

product.- What has apparently occurred i s  a reaction  analogou s to .th e  

Ullm ann coupling o f aryl h a lid es. (29 ). The product would be a 

binaphthyridine (F ig . 14) .which, could be h igh ly  co lored . The orange organic  

product i s  s lig h tly  so lu b le  in, ethanol but has not been.further in v e s tig a te d .

Binaphthyridine

Figure 14

The sm all Am ount.(about 150 m g.) o f  4 -m e th y l- l , 8-naphthyridine  

prepared has prevented -the preparation o f  any copper com p lexes w ith th is  

lig a n d , but. two copper contain ing products w ere prepared from fractions o f 

.the o i l  obtained by ca ta ly tic .red u ction  o f 2 „ 7 -d ic h lo r o -4 -m e th y l- l/ 8 -

■ naphthyrid ine.. The two products p recip itate^  together, from ethanol s o lu -  

, t io n s .. One compound is  a. y e llo w  powder which, probably is  a . m ixture. The 

other is  a. dark green cry sta llin e  compound for w h ich  X-ray data are g iven

■ (Table XIII). Sam ples of both compounds were d is so lv e d  in aqueous

. ammonia and the so lu tio n s extracted  and chrom atographed. The green
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cry sta ls  gave a pure m aterial which, is  one o f the two organic com ponents o f  

the. o il,:  but too- l i t t le  w as a v a ila b le  to  c lea r ly  a s s ig n  the structure o f the 

ligan d  other than that it  i s  c lea r ly  not 4 -m e th y l- l , 8 -n aphthyrid in e. The e x ­

tr a c t from the y e llo w  powder w as not much, d ifferent from:the o il  u sed  to  

give, both the green and y e llo w  p rod u cts.

. A copper (II) ch loride com plex, o f 1, 8-naphthyridine w as prepared, by 

precip itation , from a . w ater so lu tion  of:the two r ea c ta n ts . . No w ater o f hydra-  

-tion i s  found in .th e  com p lex , in d icatin g  the strong coordination strength, o f  

.the com pound„ Analysis, o f  naphthyridine com p lexes w as d ifficu lt due to:the  

in terferen ce o f naphthyridines. in copper and chloride volum etric .titra tio n s.

A study o f :the so lu tion  spectra.by-Job's m ethod!indicated th a t the com plex  

formed in. so lu tio n  contained , two m oles o f  I , 8-naphthyridine per m ole o f  

copper (II) ch lo r id e .

The s in g le  crysta l o f  B is- ( 1 ,8-naphthyrid ine)-copper (II) chloride ' 

w as mounted for s in g le  crysta l s tu d ies  „ The experim ental procedure fo l­

low ed  in data c o lle c t io n  has been  d escrib ed  on. page 2 5 . The first s e t  o f 

data were in error, but th ey  w ere su ffic ien t for the general so lu tion  o f.th e  

crysta l and m olecular structure. C rystallographic data for th is  compound 

are g iven  in Table XI. The general p o sitio n  in sp a ce  ,group C2/d' i s  e ight 

fo ld  but.the m olecular form ula.indicated for the com plex .in  so lu tion  would 

. g iv e  on ly  four m o lecu les  in .th e  unit c e l l .  Other p o ss ib le  m olecular formulae 

would not g iv e  a s  good agreem ent w ith the experim ental d e n s ity .. This 

m olecular, formula w as assum ed to be the. true formula for.the in it ia l s ta g e s  

o f the structure determ ination and. w as confirm ed by the fin a l r e s u lt s ., If 

on ly  four copper atoms are to be lo ca ted  in  a sp a ce  group which-, has. an



39

e ig h t.fo ld  general p o sitio n ,..th e  copper atom s must l ie  on sp e c ia l p o s it io n s . 

The sp e c ia l p o s itio n s  , for.the space group C 2 /c  are given, im Table JV.

Table IV

COORDINATES' OF EQUIVALENT POSITIONS FOR THE SPACE GROUP C 2 /c . (30)

N o. o f P ositio n s  
; 8 (f)

4 (e )
. 4(d )

4 (c)
4(b )
4 (a )

C oordinates
, . ( 0 ,0 ,0 ;  VzrVZi.O) + x ,y ,z ;  x , y, z; x , y , ^ - z ;  x ,y , l / 2 +z  

(0 ,0 ,,0 ; l /2 ,l/2 /0 )+ |0 ,y ,l/4 ,|3 ' ,y ,.3 /4

I ( o ,o ,o ;  ¥z tVz > 0) +. V4-,V4, Vz; 3A  z 1A , o 
/ (o .,o , 0 ; yz.Vz,®)* VaiVaiQ', 3A-VaiVz 

. (0 , 0 , 0 ;  Vz,Vz,0)  + o rV2 ^ , o , V z , V z  
( 0 , 0 , 0 ; VZtVz / 0) + 0 , 0 , 0 ; 0 , 0 , 1/2

The sp a ce  group is  not uniquely determ ined by the sy stem a tic  ab|- • 

s e n c e s .  The sp a ce  group could also, be C e . In C e, the general p o sition  is  

four, fold, (Table V ).

Table V

-■ COORDINATES: OF EQUIVALENT POSITIONS IN THE. SPACE GROUP Ce (30)

N o. o f  P osition s Coordinates

4 (a ) ( 0 ,0 ,0 ;  Vl . Vz . Q)  + x ,y ,z ;  x , y , ^ + z

A n alysis  of-the Patterson map, generated  from .the experim ental data 

.in d icated  • th at.the copper atoms la y  on the tw o fold a x es  or that the sp ace  

group w as in  fact C e . .. (Locating the copper atom s in the sp a ce  group Ce is  

no d ifferent from lo ca tin g  the copper atom s in  the sp ace  group; C 2 /c .if;th e  

atom s l ie  on the two fold a x e s .)  The general features o f .the Patterson map 

w ere a lso .ta k en  a s .in d ic a tiv e  .that the crysta l w as cen trosym etric . The
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• copper atom w as-.given th e  position . 0., The va lu e o f y w as determined

from .the Patterson map.. This p o sitio n  w as refined and a Fourier sy n th es is

. ca lcu la ted .to  determ ine ;the p o sitio n s  o f ch lorine atom s . The Fourier map 

in d ic a te d  sev era l p o s s ib le  lo ca tio n s  .for;the chlorine a tom s. The chlorine is  

a. large atom and would, normally, be ex p ected  to be c lea r ly  located; the poor 

q u ality  of:the Fourier map may-be due to the errors known to, be p resen t in

• the data c o l l e c t i o n O n e  -p ossib le  lo ca tio n  o f.th e  chlorine w as ch osen  and 

refined.. The refinem ent.w as considered  adequate for the in it ia l s ta g es  

(R?-40%).. Several Fourier sy n th eses  w ere ca lcu la ted  w ith no su ccess , in

\ lo ca tin g  the atom s .

A n alysis  o f  .the Patterson map> in d icated  .that an incorrect p o s it io n  w as  

.chosen for. the chlorine atom; a p o sition  for.the chlorine indicated, by the

- Patterson map w as. then, refined  along w ith  the copper p ositio n .. This p o s i­

t io n  refined, to a low er va lu e .(R —.29%). S u c c e ss iv e  c y c le s  o f Fourier sy n ­

th e s is  and. refinem ent rev ea led  the gross crysta l structure.

. The gross structure did not refine to the degree e x p ec ted , and the 

p o ss ib ility  that .the cry sta l w as not centre symmetric w as in v e s t ig a te d . Re­

finem ent o f.th e  structure u sin g  .the sp a ce  group Ce gave a. sm all improve­

ment in  R but did not improve the. estim ated  standard d ev ia tio n s in .the bond 

len g th s .■ A n on -cen tr ic  ca lcu la tio n  o f structure factors can improve the R for 

a proposed structure b y  m asking som e of. the disagreem ent in  structure, fa c ­

tors since.-the ph ase angle can absorb som e of.th e d isagreem en t. No-a lter­

n ative rem ained ex cep t.th a t the data w ere som ehow  in  error.

The data w ere rec o lle c ted  w ith more care than had., been, u sed  in. the 

fir st c a s e .  T hese data im m ediately a llow ed.refinem ent o f  the structure to- a
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reason ab le  va lu e  o f R (6%) The fin al crysta llograph ic data are g iven  in  

' T ables XIV, XV, XVI.. The data for the. in it ia l c o lle c tio n  procedure, are g iyen  .

■ in  Table .VII an d ,it .is  clear, that there i s  l it t le  d ifference betw een-the two 

s e t s .  This agreem ent poin ts out how nearly correct structures can be w ith  

poor d ata , but at the sam e.tim e how va lu ab le  good data, i s  in  the determina 

,tion. o f  ex a ct crysta llograp h ic  s tru c tu res .

A projection  o f ;the B is-1 ,8 -naphthyrid ine)-copp er (II) chloride m ole­

cu le  i s  g iven  in"Fig, 15.

C

N

Cu

Cl

One M olecu le  o f Bi$,t(1 > 8-naphthyridine) -copper, (II) chloride•  ̂.

Projected on the b -c .P la n e  

Figure 15

This projection  d oes not c lea r ly  show .the square planar coordination o f the  

copper atom . The c lo s e  approxim ation to  true square planar coordination, is  

better shown by F ig . 16 and Table VI.
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N ■ N
14 Q M

... 92. 27 
' (.3917)

: 90.63  
. (.3530)

90.63
(.3530)

94'. 59

Geometry o f Copper Coordination

Figure .16

The coordination around :the copper m ust a lso  be .viewed from another pro 

je c t io n , ^given in F ig . 17.

One M olecu le  o f  B is-(1 , 8-naphthyridine) -copp er (H) chloride
r

. Projected on the a - c  Plane

Figure 17
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■ Table VI

DEVIATIONS FROM THE lLEAST SQUARES PLANE FOR COPPER. COORDINATION

Atom D eviation . (&)

Cl 02 -0.4,174

Cl 12 -. 0 .4174

: N 04 0.3343

■ N 14 -0 .3 3 4 3

The secon d  nitrogen, atom in  the m olecu le  i s  lo ca ted  in  a p o sitio n  near-the 

copper atom and .could be con sid ered  to be w eak ly  coord inated . The 

geom etry then would b e  that o f a d istorted  octahedron. This copper- 

nitrogen d ista n ce  i s  long but m ust be co n sid ered . The cry sta l fie ld  sur­

rounding the copper i s  d e fin ite ly  that o f a d istorted  octahedron . Such a 

symmetry should destroy- any orbital contribution to th e m agnetic  moment o f  

.the. m o le c u le , and a. .vhlue o f .1.9 Bohr m agnetons would be ex p ec ted  i f  ;the 

orbital contribution i s  com p lete ly  quenched . The spin on ly  value, o f the 

m agnetic moment would by 1.73' Bohr m a g n e to n s b u t  the sp in -orb it coupling  

in  copper compounds, (as estim ated.from  v a lu e s  measured for.the free ion) 

in c r ea se s  ;the expected , va lu e  to 1.9 Bohr m agnetons. A va lu e  o f the mag­

netic-m om ent ,le s s  th an  1.9 Bohr m agnetons would im ply som e sort o f e x ­

change, in teraction  in the crystal; but no exchange should be p o s s ib le . F i g . ' 

18 g iv e s  a-projection, o f  :the crysta l structure onto th e  a - c  p lane o f th e  unit 

c e l l .  The copper atom s are much to far apart for any d irect interaction .and  

are not bridged in  any w a y  by other a to m s. A va lu e greater than, 1.9 Bohr 

m agnetons for th e  m agnetic moment is  p o s s ib le  if.th e  orbital contribution is



Packing Diagram for B is-(1 , 8-naphthyridine)-copper (II) chloride

Figure 18
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not quen ch ed . O ctahedral geom etry should quench.the orbital contribution  

' Cl) and geom etries o f l e s s  symmetry, (such as th e square p lane or distorted  

octahedron) should a ls o  quench the orbital contribution .

The structure, of. the 1, 8-naphthyridine. (Fig„.19) m olecu le  is  a lso  

- a v a ila b le  from the to ta l structure, although it  may be d istorted  s lig h tly  by 

the coordination „ The accu racy o f th e  bond.lengths i s  a ffec ted  by the 

p resen ce  of;the heavy atom s in the stru ctu re .

The final refinem ent o f.th e  structure w as done g iv in g  a ll  the atoms 

an iso trop ic  thermal param eters. Two o f .the cro ss  terms in  .the an isotropic  

;;thermal param eters for:the copper atom were, not varied . T hese tw o terms

are invariant under.the space, group operations and m ust.therefore be held
:

con stan t (3 1 ). N o .large parameter sh ifts  were observed and. the structure 

' may be con sid ered  to show  l it t le  an isotropy.

The c i s - square planar coordination at the copper atom is :- u n u su a l.

. The structure, o f .B is-pyrid in e-cop per (II) chloride. (32) i s  ty p ica l o f  the  

geom etry ex p ected  in nitrogen coordinating copper,( l l ) 'h a lid e s . This struc­

ture has a trans square planar geom etry w ith  Aong in teraction s to two 

chlorine atom s to form an e lon gated  octahedron .. T hese longer in teractions  

are not unusual and may- co n stitu te  a bridging pathway for exch ange and 

sp in  correlation . The iso la t io n  o f the copper atoms in B i.s-(1 ,8 -  

naphthyridine)-cop p er (II) chloride provides an e x c e lle n t  t e s t  c a se  for 

m easurem ent o f in teraction  betw een  m olecu les- in  the cry s ta l.

S ingle crysta l s tu d ies  were also- begun on B is- ( I 7 8 -n aphthyrid in e)-., 

copper;(II) brom ide. The prelim inary photographs show  that an unusual.form  

o f  disorder m ust e x is t  in .th e  cry s ta l. Rotation photographs w ith CuKa



1,40 (03)

C 9C 7

C I 0

Ol
SS
o
W

CU

4x
CD

1,8 -N aphthyridine Bond Lengths and Bond Angles (Standard D eviations)

Figure 19



47

radiation show  fiv e  layer, l in e s  „ The W eissen b erg  photograph of:the first i s  

extrem ely  w eak and the sp o ts  are sev e r e ly  jalongated a lon g  the trace o f  :the 

fe s to o n s . The zero , secon d  and fourth le v e ls  are normal and:the third so  

w eak that it  w as on ly  dark enough the sh ow  the sam e streak in g . Beindexing  

the photograph.to make the normal layers zero , one and tw o g iv e s;th e  cry s­

ta llograp hic d a ta .g iv en  in  Table XII. The c e l l  resu ltin g ,from :th is.in d exin g  

requires .that the copper atom s be d isord ered . The nature o f f h e  streaking  

indicates:, th at.the disorder i s  one d im en sion al but no further work has. been  

done to determ ine fh e . ex a c t nature of the d isorder.



SUMMARY

• S in ce  it  was- b e lieved , that 1 ,8-naphthyridine might form binuclear  

com p lexes with, copper (II) h a lid e s , and s in c e  such b inuclear com plexes  

- cou ld  provide inform ation about the nature of:the copper-copper in teraction s  

in  copper (II) compounds w ith subnormal m agnetic m om ents, it  w as d ecid ed  . 

to  prepare and determ ine the crysta l and m olecular structure o f some 

copper (II) halide com p lexes w ith  L7 8 -n ap h th yrid in es. Attempts w ere made 

. to  prepare both 4 -m e th y l- l , 8-naphthyridine and 1 ,8-naphthyridine for u se  a s  

: ligan d s s in c e  no supp liers o f  I , 8-naphthyrid ines e x is t .

The preparations o f .1 ,8-naphthyridine and 4 -m eth y lr l,,8-naphthyridine  

: g iv e n ,im the literature are'not sa tis fa c to ry  for;the preparation o f .th e se  com ­

pounds in  the amounts n e c essa ry  for u se  as a .lig a n d  in .the.preparation o f  

inorganic coordination com pounds. The preparation o f 4 -m e th y l- l , 8 -  

naphthyridine d oes not y ie ld  the fu lly  arom atic.base in  any quantity. The 

major products are not:the reported 4 -m eth y l-l,8 -n a p h th y r id in e  but probably 

. hydrogenated d e r iv a t iv e s .. A new  preparation o f 4 -m eth y l-^l, 8-naphthyridine  

has been, d evelop ed  w hich  ,g iv es  4 -m e th y l- l , 8-naphthyridine a s  a c ry sta l­

lin e  product .for;the.f ir s t .t im e .. The structure o f 4 -m e th y l- l , 8-naphthyridine  

i s  c lea r ly  shown by PMR sp ectro sco p y . A new  preparation o f .', .

.: 1 ,8-naphthyridine from read ily  a v a ila b le  starting m aterials has b een  d e ­

velop ed ., This preparation, g iv e s  y ie ld s  o f  1 ,8-naphthyridine in  adequate  

q u a n tities ,fo r  u se  as a .ligand, in th e  preparation o f coordination com pounds.

Several copper (II) com p lexes o f 1 ,8-naphthyridine; h a v e  been.prepared  

. and ch a racter ised . The crysta l and m olecular structure o f one o f th e s e
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C om plexes, B is-(1 , 8 -n aphthyrid in e)-cop per (II) ch lo r id e , has been  deter­

mined . The compound .does, not have the hoped for b inuclear structure, but 

: the stru ctu re.is  v ery  unusual and provides a. compound w ith iso la te d  square 

= planar coordination w hich may prove u se fu l a s  a, t e s t  in s tu d ies  o f ligand  

field, theory. The square ..planar coordination is  a lso  unusual in  th a t.it forms 

a .c is -sq u a r e  plane in  contrast to the tran s-sq u are p lane u su a lly  found, in  

'. copper (II) com pounds. .



APPENDIX’. A

Sp ectroscop ic  and M agnetic. Data
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Figure 20 . IR Spectrum o f 2 -  hydroxy-4 -m ethyl -  7 -a m in o -l,8  -naphthyridine

Figure 2 1 .  UV Spectrum  o f 2 -h y d r o x y -4 -m e th y l-7 -a m in o - l,8 -n a p h th y r id in e
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Figure 2 2 . IR Spectrum of 2 , 7 -d ih y d ro x y -4 -m eth y l-l, 8-naphthyridine (KBr)

240 260 2 80  30 0 320 34 0  360
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Figure 2 3 . UV Spectrum  o f  2 , 7 -d ih y d r o x y -4 -m e th y l- 1 , 8 -n ap hth yrid in e
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Figure 24 . IR Spectrum of 2 , 7 -d ich lo r o -4 -m e th y l-1 , 8-naphthyridine (KBr)

Figure 2 5 . UV Spectrum  o f  2 , 7 -d ic h lo r o -4 -m e th y l-1 , 8 -n ap h th yrid in e
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Figure 2 6 . IR Spectrum o f 2 , 7 -d ih y d r a z in o -4 -m e th y l- l, 8-naphthyridine (KBr)

Figure 2 7 . UV Spectrum  o f 2 , 7 -d ih y d r a z in o -4 -m e th y l- l , 8 -n ap h th yrid in e
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Figure 2 8 . IR Spectrum o f 4 -m e th y l- l , 8-naphthyridine
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Figure 2 9 . UV Spectrum  o f  4 - m e t h y l- l , 8 -n ap hth yrid in e
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Figure 30 . IR Spectrum of 2 -a m in o -7 -h y d ro x y -1 , 8-naphthyridine (KBr)

Figure 31 . UV Spectrum o f 2 -a m in o -7 -h y d ro x y -1 , 8-naphthyridine
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Figure 3 2 . IR Spectrum of 2 , 7 -d ih yd roxy-1 , 8-naphthyridine (KBr)

2 4 0  26 0 280  300 320 34 0  360
mu

Figure 33 . UV Spectrum o f 2 ,7 -d ih yd roxy-1 , 8-naphthyridine
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Figure 34 . IR Spectrum o f 2 , 7 -d ic h lo r o - l , 8-naphthyridine (KBr)

Figure 3 5 . UV Spectrum o f 2 , 7 -d ic h lo r o - l , 8-naphthyridine
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gure 36 . IR Spectrum o f 1, 8-naphthyridine (C H C lg )

Figure 37. UV Spectrum o f 1, 8-naphthyridine
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600

Figure 3 8 . V isib le  Spectrum of B is-(1 , 8-naphthyrid ine)-copper (II) chloride  

in w ater.

Table VII

EXTINCTION COEFFICIENTS OF 

BIS-(1,8-NAPHTHYRIDINE)-COPPER (II) CHLORIDE IN WATER

6max|mu) e

368 26 (±1)

700 15 (+1)
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Table .VIII

THE MOST.INTENSE:BANDS 

IN THE! ULTRAVIOLET SPECTRA OF NAPHTHYRIDINES 

. (a ll spectra .in 9 5% eth a n o l)' ^

'. Compound Xmax U l

2 -h yd roxy-4-m eth y l -  7-a m in o -1 , .8-naphthyri dine 333 ( x  10.®)

2 ,7 -d ihydroxy-r4-m ethyl-1 , 8-naphthridine 3.39 ( >-10®)

2 /.7 -d ich lo ro -4 ^ m eth y l-l/.8-naphthyridine 311 ( >10®)

2 , 7 -d ih y d r a z in o -4 -m e th y l- l, .8-naphthyridine 356 ( . >10®)

4 -m eth y l- 1 , 8-naphthyridine . 255

2 -  amino -  7 -h y d r o x y -l, 8-naphthyridine 353 ( >10®)

2 ,.7 -d ih y d ra z in o -l, 8-naphthyridine 325 (

Or—IA

2 , 7 -d ich lo r o -l , 8-naphthyridine 378 (1.3x10®  + . I)

1 , 8-naphthyridine 307 (5 .7 x l0 '® i . l )

(a ) ' In a ll  c a s e s u l t r a v i o l e t  spectra w ere determ ined by w eigh ing 2 mg. .

. sam ples o f the compound in. 100 m l. o f  95% eth an ol. Where extinction  

c o e ff ic ie n ts  are reported as greater than 10®, .the sam ple w as incom - 

, p le te ly  d is so lv e d  and. i f  .it had d is so lv e d  co m p le te ly , the extinction  

c o e ffic ien t would, have been, greater than 10®.



6 2

. Table IX

PROTON MAGNETIC -RESONANCE SHIFTS AND COUPLING CONSTANTS OF

1, 8-NAPHTHYRIDINES

: Proton
Shift
(ppm) Coupling cps

I , .8-N aphthyridine ;

.(DC „9 a - 6 4.5 i  . 5

' P .2 .6 ’■P-Y 8.5 + .5

■ Y L 9 ■ • a - Y 2.2 i  .5

2 , 7 -D ic h lo r o -4 -M e th y l- l , 8 -N aphthyridine
-

CH3 6.70 (B-CH3 .9 + . I

Y .. 1.4

■ P .. 2.32 P- Y 9.0  ±. 1.1

4 -M e th y l-1 ,8 -N aphthyridine

.C H 3 • . 6.70

a 1.00

• Y . 1.40 P-Y 9.0 ±. I .

P. . 2.33 a - Y 2.0 ±. ..E
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. Table X

ROOM TEMPERATURE: MAGNETIC SUSCEPTIBILITIES 

. AND MAGNETIC MOMENTS : (a)

Compound ■ XM '-Jjeff
(e„ s „.u.„) ..(Bohr m agnetons)

2 ,7  -d ich loro  -4  -m ethyl -  
I ,.8-naphthyridine (b)

B is - (2 , 7 -d ich lo ro -.4-m eth y l-
1 ,8-naphthyridine) -cop p er (II) 
chloride eth an olate  (c)

150 (±.100.) x lO "6 

1505 (±.50) x IO-6  2.12

• (a) Ligand corrections, in the ca lcu la tio n  of.(Jeff w ere obtained  
. from referen ce I .

(b) . The extrem ely sm all d e flec tio n s  produced, by th is  compound
in the Gouy b a lan ce  cau sed  large, estim ated, errors.

(c) The va lu e  o f Xg for 2 .,8 -d ic h lo r o -4 -m e th y l- l, 8-naphthyridine  
ca lcu la ted , from P a sca ls  co n sta n ts  w as used, in  the ca lcu la tion  
o f  Ueff for th is  com pound.



APPENDIX'. B

. Computer Programs



COMPUTER. PROGRAMS

DIFPSET

This program w as w ritten in FORTRAN by Dr. Robert W itters at Harvey

: M udd C o lle g e .. This program is  d esign ed  to  ca lcu la te  G oniostat se ttin g s  .for 

the "basal plane" alignm ent o f a c r y s ta l. All se ttin g s  for re flec tio n s  above  

:the b a sa l p lane are c a lc u la te d  for v a lu e s  o f  2 0: le s s .th a n  som e input v a lu e .

, The program w ill not om it reflec tio n s  a b sen t due to ex tin c tio n .
>

. LI

A data reduction  program written, in  SP S . for .the 1620 com puter, by

- D r s . C harles Caughlanl and. Chi Tang L i, th is  program w as d esig n ed  for 

photographic W eissen b efg  d a ta .. The. program ca lcu la te s  the Lorentz and 

p o lar iza tion  correction  .for data on. th e  b a s is  o f eg u i- in c lin a tio n  angle  

(w h ich .is  zero for a ll diffractom eter data). R eflection s w ith  a n .in ten sity  

l e s s  than som e input v a lu e  are g iven .an .u n ob served  in d icator . ■ All other re­

fle c tio n s  are con sid ered  ob served . The program has a provision, for ca lcu ­

la tin g , the param eters for a W ilson , p lo t for overa ll s c a le  and temperature 

factor and a. subroutine for.making absorption corrections .

■ FOURIER

■. This Fourier sy n th e s is  program w as written by D rs . C harles Caughlan  

: and. G eorge S v e tich  in SPS for.the 1620 com puter. The program w ill a ccep t  

observed  structure factors for the ca lcu la tio n  o f a .Patterson sy n th es is  or 

observed, and ca lcu la ted , structure factors for the ca lcu la tio n  o f a Fourier 

s y n th e s is . The program w ill ca lcu la te  both Fourier and Patterson sy n th eses



66

for a ll  space, grou p s. The program is  very fa s t ,  but i t  i s  lim ited  in  the 

a v a ila b le  output form ats.

MAIR

The program w as written, by Dr. G. A. Mair and rev ised  at th e  U niver­

s ity  o f  Canterbury., Programs P4, P.5, and P6 w ere obtained from Dr. Bruce 

Penfold . The program ca lcu la ted .th e  structure factors for a ll  sp a ce  groups 

and c a lc u la te s  sh ifts  :to refine the input param eters.. The program m inim izes 

th e  function

M = w  (kF^)2 - .(F c )2 )^2

In a ll  c a s e s  w  -  I .

This program w ill refine p o sitio n s  an d .iso trop ic  or anisotropic.tem perature  

factors a s  w e ll as th e  overa ll s c a le .

ICR6

. This program w as. w ritten by Dr. R. van der Helm in  SPS at the In sti­

tu te, for Cancer R esearch , and is  part o f a general Fourier sy n th es is  pro­

gram. The program prepares .structure factor output for.the summation 

portion, o f th e  Fourier syn th esis, program ,(ICR6). The program w as rev ised  at 

the U n iversity  o f Canterbury for card input and output.

ICRl

A lso written, b y /Dr.. R. van der Helm in SPS, th is  i s  the summation 

portion o f the Fourier s y n th e s is . All sp ace, group sp e c if ic ity  has been d ea lt  

w ith  in  ICR6 so:th is, program is  a general o n e . The. program w ill ca lcu la te
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both Fourier and Patterson sy n th eses; output i s  on cards in. alphanumeric 

.format.

ORELS

; This program is  a. FORTRAN fu ll matrix le a s t  squares refinem ent pro­

gram for crysta llograp h ic data written by D rs„ B using, Levy and Martin at 

: the Oak Ridge N ational L aboratories. This i s  a w id ely  used, refinem ent 

: program; the version .u sed , here w as obtained from W ashington State; U niver­

s ity .-  AU ca lcu la tio n s  w ere done by te le ty p e  control at the W estern'.Data  

P rocessin g  C enter at ..the U n iversity  o f  C alifornia at Los A n g e les.

- DSET

. This program w a s1 w ritten  by E . L. Enwall to  ca lcu la te  ;the G oniostat 

se ttin g s  for the "chi ninety" alignm ent tech n iq u e . M achine se ttin g s  are 

ca lcu la ted  for in d ic e s  in. b lock s according to the s ig n s  o f.th e  various 

■ in d ic e s  and provision, is.m ade,for-the..om ission , o f sy ste m a tica lly  absent 

.. r e f le c t io n s . The program .g ives :the m achine se ttin g s  .for the F riedel1 s law  

r e la ted .re flec tio n  if:th e v a lu e  o f.th e  original reflection  is  n e g a tiv e .

. .PARAM

This program is  a m odification, o f  the PARAM from the-X-RAY-65 s y s ­

tem s tape written, by Dr. James Stew art.. The program g iv e s  the b est le a s t  

squares c e l l  param eters on  the b a s is  o f m easured v a lu es  o f  2 0 for any s e t  

o f  r e f le c t io n s . The program refin es on ly  the parameters variab le  under the 

sp a ce  group in  q u estion  and w ill .recyc le  .to continue refin ing until the sh ifts
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in  param eters are very sm a ll. The program w as m odified .at Montana State

■ U n iversity  by  E. L. Enwall „

RDN

This program and DLS w ere w ritten by Dr. F . Ahmed and. modified, at 

Ohio U n iversity  by Dr. G. D . Smith. RDN is  a general data,reduction, pro­

gram .for a ll norm ally u sed  data c o lle c tio n  g eo m etr ies .. The. portion, o f the  

• program dea lin g  w ith G oniostat geom etry w as m odified by E . L. Enwall at 

M ontana.State U n iv ersity .. The G oniostat portion has provision  for Lorentz 

and .polarization  corrections and for the. s c a lin g  of data before reduction.

■ Estim ated standard, d ev ia tio n s are ca lcu la ted .fo r  a ll r e flec tio n s  by the te c h ­

n iq ues su ggested , by Jensen, (2 5 ). No. absorption, correction w as app lied .

DLS

A lso written..in. FORTRAN by Dr. Ahmed and modified, by Dr. Smith, th is  

i s  a structure factor ca lcu la tio n  and. block, d iagonal le a s t  squares, refinem ent 

program .. This program m in im izes.th e  sam e function as d o es  MAIR, but the  

v a lu e  o f W w as determ ined from the exp ression ;

W = I /  ( s ig )^ 2

where s ig . i s  :the estim ated  standard d ev ia tion  in  F0 .

BAD

A FORTRAN program written, by Dr.. K. W atenpaugh and m odified by 

.■■■ E . L. Enw all,. th is  program ca lcu la te s  bond len gth s and.bond a n g les  for atom  

p o s itio n s  entered, a s .in p u t d ata . Standard, d ev ia tion s may be c a lcu la te d .if  

,the standard, d ev ia tio n s .in p o sitio n s  are a lso , g iv en .a s  input data.
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G oniostat Geometry

■ The G oniostat geom etry c o n s is t s  'df four c ir c le s  w hich, d efin e m otions 

o f the instrum ent.. Two o f .th e se  c ir c le s ,  the @ circle, and .the o j c ir c le , . l i e  

in  the: b a sa l p lane o f.th e  instrum ent. The b a sa l plane, of.the. instrum ent is  

defin ed  by .the lo c i  o f  the X-ray so u rce , the center of the crysta l and.the  

position , o f  the d etec to r . This b a sa l p lane i s  approxim ately h orizon ta l. All 

the c ir c le s  o f the G on iostat have their cen ters at the center o f the c r y s ta l. 

The X .circle  has it s  a x is  in  .the b a sa l p lane and b is e c ts  the an g le  centered  

at the cry sta l cen ter and. defined  by the X -ray source and. d etec to r . The @ 

c irc le  a x is , lies; in  the X c ir c le .

. In p ra c tice , the c irc le  o f :the G oniostat i s  u sed  on ly  to com pensate  

for m echanical m isa lig n m e n t.. Motion, in the other .three c irc les, i s  u sed  to  

bring.the reciproca l la ttice , o f the crysta l in to  a position , so  that reflection  

o c cu rs . The proper condition  for re flec tio n  i s  b e st d is c u s se d .in  terms o f the  

Ewald diagram , F ig . 39 .

X-ray

Ewald Diagram  

Figure .39
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I f  th e reciprocal la tt ic e  vector  R is  in  .the p lan e o f the c irc le  o f  .reflection  

■. and. tangent to the .c ircle  a. rotation o f the crysta l perpendicular .to .the c irc le  

: o f  an  amount 0: w ill ca u se .th e  reciprocal la tt ic e  vector R to  in tersect.th e  

c irc le  of. r e f lec tio n . The construction, o f .the Ewald diagram  .(F ig. 39,) im p lies  

:that a .re f lec tio n  w ill th en .occur at an. angle 2 0 to the X-ray beam and in. the  

■ plane, o f .the c ir c le s  o f  r e f lec tio n . ■ In .terms o f G oniostat geom etry, a. rec ip ­

r o c a l, la tt ic e  vector  m ust l ie  in  the b a sa l p lane and perpendicular to  the 

-. Xrray beam w hen the va lu e  o f © is  zero . The rotation o f 0 w ill  bring, the 

vecto r  into reflec tin g  p o s itio n  and- the d etec to r , w hich m oves at tw ice  -the 

. angular r a te , w ill be in  position . (2 0) to  m easure the in ten s ity  o f The d iff­

racted beam . The- $ and X m odes o f motion, su ffice  to bring any reciprocal 

. la tt ic e  p o in t.in to  the proper p o s it io n . The $ motion (a ll other se ttin g s  zero) 

ca n  bring any reflec tio n  .into- the. plane, of th e  X c irc le  „ and X m otion can..'

. then bring th e  reflec tio n  into the b a sa l p la n e.

The ca lcu la tio n  o f se ttin g s  for the. 0, X, and § c ir c le s  for conditions  

o f reflection , demand:that the e x a c t real or ien tation  of;the cry sta l be know n.

. The p ro cess  o f determining, the. ex a c t orientation  is  e a s ie s t  if;the. crysta l is  

. in  one o f  tw o  particular o r ien ta tio n s .. The name " alignment" is. g iven , to .th e  

- p ro cess  o f bringing the crysta l in to  one o f .these, o r ien ta tio n s . T he.first 

alignm ent position , i s  the "basal" p o s it io n . This p o sition  requires that two 

a x ia l rows o.f;the rec ip ro ca l.la ttice  l ie  in  the b asa l plane o f the G o n iosta t.

. If th is  requirem ent is  m et and the $ v a lu e  for proper reflec tio n  o f one ax ia l 

. row is  know n, the ex a ct orientation  o f.th e  c r y s ta l.is  determ ined.. The 

. secon d  and preferred .a lignm en t.(b ecause i t  is  e a s ie r  to attain) i s  the "chi 

. ninety" p o s it io n . In th is  orien tation , one .reciprocal la tt ic e  vector  is .  made
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co in c id en t with-.the $ a x is  and the proper reflection- § i s  determ ined for som e 

other re f lec tio n . This determ ines the ex a c t crysta l orientation  . It is  not 

n ecessa ry .to . "align" a crysta l a t a l l ,  but determ ination o f the exact 

orien tation .b ecom es more d ifficu lt i f  no alignm ent is  u se d . M ost o f the 

computer programs written.:for the ca lcu la tio n  o f m achine se ttin g s  for data  

c o lle c t io n  assu m e one, o f the-tw o alignm ent p o sitio n s  d escrib ed  although at 

le a s t  one program has been, w ritten,for general p o s itio n in g .

. O ncejthe position , o f  any two n o n -o o -lin ea r  reciprocal la tt ic e  vectors  

i s  ex a c tly  determ ined (alignm ent), a ll ^ther p o sitio n s c a n .b e .c a lc u la te d . 

This i s  done by ca lcu la tin g  the p osition s, o f the known v ecto rs  in  some 

a r tific ia l orientation  and determining, the .transformation from;the a r itific ia l 

orien ta tio n .to .th e .rea l orien tation . This transform ation w ill then convert any  

v ecto r  in the a r tific ia l orien tation  to the v ecto r  in the real orien tation . The 

rea l orientation  o f a vector  a llo w s the ca lcu la tio n  of.th e $ and X m otions 

n e c e ssa r y  to  bring :the vector .in to  a. p osition , (at .9»’= zero) where., i t  is  tangent 

to  .the circle, o f d iffra ctio n . The 2 0 value, i s  ca lcu la ted  from the. length  o f  

the. reciprocal, la tt ic e  vecto r  so  that a short sca n  m a y b e  u sed  to obtain, the  

d iffracted  in te n s ity .
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C rystal D im ension: ,30mm x. ,17mm x  .IOmm

C rystal D ensity: ■ found I „68.g„/cc. c a lc .  1.68 g . / c c .

U nit C e ll C onstants:

a .=  13.745 + .029

b- = 8.192 + .010

. c = 16.382 ±. .013

' ; 6 = 122.32 + .09  

■ Vol = 1558.6 R3

C onditions for S y stem a tica lly  Absent R eflections:

hkl; h + k = 2n 

hOl; h + I = 2n 

. 0k0; (k =  2n)

Space Group from System atic  A bsences: C 2 /c  or Ce

T ab le  XI

SINGLE CRYSTAL. DATA FOR

B IS -Q , 8-NAEHTHYRIDINE) -COPPER (II) CHLORIDE

M o lecu les  C alcu lated  per U nit C ell: 4.003



S
ca

le

S ca le  Group

Average S ca le  for Diffractom eter Data Bis -(1 , 8-naphthyridine) -copper (II) chloride

Figure 40
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Table XII

SINGLE CRYSTAL DATA FOR

B IS -U , 8-NAPHTHYRIDINE)-COPPER (II) BROMIDE

C rystal D im ensions: . Imm x .Imm x  .4mm

C rystal D en sity  found 2 .00 g . / c c . c a lc .  2 .06  g . / c c .

Unit C e ll C onstants: a = 4.28
b = 14.66
c = 13.30
8 = 8 5 .6 °

Vol = 832.0 ft3

C onditions for S y stem a tica lly  Absent R eflections:
kh l; h + k = 2n 
hOl; h + I = 2n 
OkO; (k = 2n)

Space Group from S ystem atic  A bsences: C 2 /c or Cc

M o lecu les  C alcu lated  per Unit C ell: 2 .065

Table XIII

SINGLE CRYSTAL DATA FOR 

METHYL NAPHTHYRIDINE COPPER COMPLEX 

C rystal D im ensions:

C rystal D ensity: found 1 .72 g . / c c .

C rystallographic System : orthorhombic

U nit C ell C onstants: a = 14.7
b = 19.5 
c = 20.4  

Vol = 5840 %.3

M o lecu les  per unit c e l l  on b a s is  o f  m olecular formula Cu(C 9 HgN 2 )C l2: 14.5
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FINAL ATOM POSITIONS AND STANDARD DEVIATIONS

Table XIV

X y Z <yx cry a z

Cu I .5000 .31605 .25000 .00000 .00023 .00000

Cl 2 .43224 .12966 .30844 .00022 .00033 .00020

N 3 .66764 .44226 .4 2 5 6 8 .00069 .00108 .00065

N 4 .47756 .49489 .32308 .00066 .0 0 1 0 6 .00058

C 5 .76410 .46377 .51025 .00086 .00141 .00078

C 6 .77655 .57499 .58035 .00089 .00142 .00076

C 7 .68476 .66681 .56349 .00084 .00105 .00073

C 8 .57907 .64449 .47182 .00087 .0 0 1 1 8 .00075

C 9 .47777 .73232 .44628 .00092 .00135 .00083

C 10 .37897 .69895 .35893 .00092 .0 0 1 4 6 .00084

C 11 .38000 .57688 .30029 .00093 .0 0 1 3 4 .00079

C 12 .57529 .52892 .80982 .00078 .00122 .00070
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FINAL ANISOTROPIC THERMAL PARAMETERS

T able XV

BH B22 B33 B23 B13 B12

Cu I .00447 .01091 .00304 .00000 .00340 .00000

Cl 2 .00671 .01310 .00425 .00028 .00565 .00209

N 3 .00582 .01294 .00479 .00102 .00633 .00335

N 4 .00667 .01053 .00356 - .0 0 0 2 8 .00474 .00111

C 5 .00553 .01501 .00377 .00253 .00364 .00127

C 6 .00621 .01537 .00404 .00289 .00515 - .0 0 1 9 7

C 7 .00630 .01655 .00392 - .0 0 1 0 4 .00578 - .0 0 4 4 9

C 8 .00699 .00924 .00461 .00142 .00731 .00091

C 9 .00747 .01334 .00501 - .0 0 1 3 7 .00712 - .0 0 1 3 3

C 10 .00736 .01123 .00610 .00190 .00570 .00350

C 11 .00742 .01252 .00433 .00211 .00666 -.0 0 0 8 1

C 12 .00530 .01026 .00330 .00160 .00438 .00026
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Numbering Diagram for B is- (1 , 8-naphthyrid ine)-copper (II) chloride

Figure 41
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. T able XVI

! BOND DISTANCES AND BOND ANGLES FOR

BIS- ( 1 , 8-NAPHTHYRIDINE)-COPPER (II) CHLORIDE.

•: Bond Length !Standard D eviation
Cu 1-C102 2 .2 5 1 4 .0047
Cu I -N  03 , 2 .7 5 1 4 .0.224

- N Q3-C .05 ;1 .3 2 0 7 .0346
• C 0.5-C  06 ,1 .4029 .0273

■: C 06-C  07 1 .3643 .0.284
• C 0.7-C  08 1 .4 3 7 4 .0367

C 0.8-C  .09 ,1 .4 1 7 2 .03.00
C .09-C  10 . 1 .3 7 4 3 .0411
C IO-C 11 .1 ,3 9 2 0 .0249

: C I l - N  04 : I . .3614 ,0 2 6 7
C 12 -N  04 .1 ,36 .39 .0321

. C 12-N  03 . 1 ,3 5 2 8 .0234

C enter Atom at Vertex Angle Standard D eviation

C102-Cu-C112 . 9 4 ,5 4 .0815
- C 102-C u-N 04 9 0 .6 3 .2759
- N 04-C u -N  14 .9 2 .2 7 .3917
■ N ;04-C u-N  03 ,5 4 .1 7 .2818
. C 12 -N  0,3-C  .05 ,11.6.37 .9716
- N -03-C  05 -C  06 ; 1 2 4 .0 6 . .9798
. C 05-C  0 6 -C  07 11 9 ,8 3 .9657
. C 06-C  0 7 -C .0 8 . 11 6 .7 5 1 .0334

C .0 7 -C  0 8 -C  09 12 1 ,9 0 . 1 .0486
C 0.8-C:09-C  10 ,1 1 8 .3 2 1 .0751

- C .0 9 -C  IO-C 11 119 .51 1 .0677
. C 1.0-C I l - N  04 . 122 .49 1 .0 8 8 4

C I l - N  04 -C  12 . 117 .51 . .9946
.̂.N 04 -C  12-C  08 . 1 2 2 .6 7 . .9963

CDP01CO.
O01CMr—IO 1 1 9 .3 7 1 .0747

. C 12-C  08 -C  07 1 1.8.64 1 .0642
, N 03-C  12-C  08 124 .12 .1 .0 1 3 9
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: ATOMIC POSITIONS FOR FIRST DATA COLLECTION

T able XVII

Atom X Z Z

Cu ..50.00 . .3157 .2500 2 .6 3 6
' Cl .4322, .1,293 ...3084 2 .4 1 5
. N 03 . .6685 .4403 .4254 3 .0 0 9

N 04 ..-4782 .4942 .3250 , 2 .-234

C .05 . .7 6 5 9 .4669 ...5112 2 .9 9 5

■ C 06 . . 78.07 . 5.775 .5812 3 .099

C 07 . .6830 .6684 .5614 . 3 .0 6 6

.. C 08 .57 9 7 .6468 .4753 ■ 2 .5 8 1

C:09 .4737 .7 2 9 4  . .4457 3 .0 7 3

.' C 10 . .3 7 8 6  . .6 9 6 6 . .3619 .. 3 .432

C 11 .3779 .5741 .2970 2.8.09

C 12 .5736 . ..5276 .4074 2 .690

. Table. XVIII

MOST INTENSE, DIFFRACTION LINES FOR 

BIS-(1, 8-NAPHTHYRIDLNE)-COPPER CHLORIDE 

(photographic data)

d  ( &) 

.6 . 8  

5 .4  

. 4 .5  

- 3 . 6

. In ten sity  Order 

. 3 

2 

• I 

. 4

3 .2 5



TabLe.- XDC

MOST JNtENSE DIFFRACTION LINES FOR 

I , 8-NAPHTHYRIDINE COFPER(Ii ) CHLORIDE 

(photographic data)

• 81

) cj (&)

7.6

. 6 .4

3 .7  

. 3 .3

3 .1

. In ten sity  Order 

2 

I 

3 

. 4 

5

■ Table XX

MOST. INTENSE DIFFRACTION LINES. FOR 

.1 ,8-NAPHTHYRIDINE; COPPER (II) CHLORIDE 

: (diffractom eter data p o s it iv e  an g les only)

d .( i )

7 .6

6 .4  

. 3 .2

2 .5

■ In ten sity  Order 

I

. 2

3

4

3 .7 5
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Table XXI

TABLE OF OBSERVED AND CALCULATED STRUCTURE FACTORS

O L -  0 
26 15 7

46
16

42 
I 8 - 9

51
36

63
40 0

2 L - 
47

6 K-
48 I

- 2 226 152 9 22 21 K- I 3L -
1*2

-2 94 87 3

- 6
8

24 ”
17 17

-1 1
K-

59
I L -

54
2 j 25

40 6
123 132 - 5

50 7

-1 0 32 29 - 3 112 123 -I! 19 23 8 32 34 9

-1 2
K=

0

45 43
0 L - 2 

64 58
I

- 7

100
38
82

89
40
77 - \

I L - 

:
13

25
46

K-
02

2 L = 
133 

42 1 1
-2

4
159 152

99 106

72
34 34 - 5

- 7
58
49

57
55

-4
-6

69
13 :

-4

-6
8

-8

38 51
50 50
42 46
48 51
35 34

-1 1
K-

-I

49 
I  L - 
144 
174 
141

46
3

141
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