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ABSTRACT

Copper complexes of 1, 8~naphthyridine were prepared and.the struc-
ture of Bis~(1,8-naphthyridine)-copper (II) chloride determined.. Procedures
- were developed to prepare 1, 8-naphthyridine in amourifs suitable for use as a
ligand for.the preparation of coordinatien compounds. A new preparation of
4-methyl-1,8-naphthyridine was developed.




INTRODUCTION
‘'I. GENERAL
. All copper (II) compounds exhibit paramagnetism because of the un-

paired electron. resulting from the electronic configuration_(Bd"g) of copper (II).

" . If the only contribution to the magnetic moment for any compound. containing

an atom with unpaired electrons came fro_m-'-the electron spin,. the magnetic
" moment for the atom with the unpaired electrons would be given by.the ex-

o~

- pression:
u = Va(or?)

where n is.the number of unpaired electrons on the atom
.1 is.the magnetic moment in Bohr magnetons

The "spin enly" value for a copper_(II)-”atom would then be 1.73 Bohr.magne—
tons. The electron spin is not the only contribution to the magnetic moement.
. "In most cases.the spin orbit coupling must be considered. If the spin orbi;c' .
‘:é,oupling in copper (II) compounds is estimated from the values o.btained for
the free ion, the magnetic moement is expected to be about 1.9- Bohr magne-
“..tons (1). A third contri_bution‘ to the magnetic moment fnay arise from the
orbital mementum of the unpaired electron on. the .c‘o‘pper atom. Th@{._ first two
. contributions are always expected for copper (II), but the third\"confribution
- may of.may not be present depending on the symmetry of:the copper co-
ordina!ﬁion.. [If the crystal field surrounding the copper (II) atom is octahedral
., or of éymmetry lower.than cubi(_:f the orbital .ce,ntri_bution to the magnetic
moment is expected ‘to,_be.qu_,enclf-i.ed_' (1). If the symmetry is tetrahedral the
‘ g )

. orbita_l contribution: is not entirely quenched, and the degree of quenching - .

may .depend on the degree-of distertion from true tetrahedral SY,mmeti“y. In
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any case .the magnetic moment for copper (II) is - expected to be 1.9 Bohr mag-
~netons or greater. | | |

. A number;_of copper (II) compounds fexhi'bi.t magnetic moments which are
below 1.9 Bohzi magnetons. These compounds’ with "subnormal" magnetic
fnoments- may be divided.into two-classes .de-penaing ."'on their molecular and
. crystal stfuctulie. (2).. In one type of subnermal cépper (II) compounds,.the
strqctures typically have two copper atoms boﬁded to a common non-copper
atom, or to a cemmon ligand moleéule or ion. Thev'nen—cc.n')per atoms, ligand‘
) molecules, or ions are said to "bridge" the copper atoms. In.many cases
these bricigés connect the copper atoms into long-chains or planes.
| : 'Bis-(pyridine-1-oxide) copper (II) chloride (Fig. 1) and copper formate
tetrahydrate .(Fig..Z)' are typical of compounds with bri-dg&i s—-trﬁcgturgs which

- have subnormal magnetic moments,

Bis-(pyridine-l-oxide) copper (II) chloride (3)

Figure 1




One Layer-of Ceopper Formate Tetrahydrate Structure

. (Water Molécules Omitted) (4)

Figure 2

_' :-C:J.clapper'._aq',et;é;{é: I_nonéhydraté (Fig. 3)'is térpical of the second type of copper
e (II) compoﬁnds with subnormal moments. In this type of structure the copper
.-?atéms’;"'are also bridged, but they occur as isolated, multiply-brid,ged pairs

o w1th a shb,rt eopper-copper distance.. The number of compounds in this )
se(_:dnc;i_(.:la'ss is very small ,.. with: the Binuclear structure clearly démon-
' stfated,in few compounds othér.than éopper (II) bdrboxyléte's , and not in all

. copper (II) carbexylates.




The Stfucture of Copper Acetate MOnoHydrate

Figure.3

In-both types of structure, some form of spin correlation must o‘ccﬁr to
lower:the .magneti'c.m.olrznent.. In cop,p'er formate tetrahydrate, Ma’rtin (5) has
suggested that.theﬁjiﬁ-’salfsten}.ca-:f’l"c-ﬁ:‘ga‘}.,_fg;mafe ions ca'n éverlap with . the d
orbitals of 'thé'-'ééb:pef af@rri,s‘.'.p:-rf),'_i'ffi;‘c-ii:f‘l‘é-}ia"pathway for spin correlation. This
_.type of infceltjactionl'is;' knoWn as:‘ " sup,e'r_’jexcha‘nge's'. In copper acetate mono-
hydrate, a51m11ar .-k;ind of sl,,u‘pfare_;{éhtc;mge ‘could eccur,, but there is a slecond
pathv’vay éﬂs wellThe : cbppér;copper distance in copper alcetate m@ﬁo—
hlyifdfqt\e_-,is‘-z‘.64-'2;' 'which 1s clbse to thggigeparation in copper metal (§) . The
.éhprt distanlc'e.could allow' the overlap. of’ d orbitals on the two.atoms to ‘form
,’a partial chemical bond. Bond formation is accompahied by spin pairing

- which would reduée.the. fnagnetic moment.. A direct copper-cepper
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interaction could take two forms: the dzz orbitals of the copper atoms could
- overlap: to form a partial sigma bond, or the dXZ _yz‘ orbitals could overlap o

i

. to form a weak delta bond (Fig. 4).

. X X/.

A A
SR/ ~

Cu-Cu Delta Bond Formed by Overlap of dxz‘__.y 2 Orbitals
‘Figure 4 T B

: ",I‘hé sigma bond proposal has. been supperted by _qus.t'gr.a.nd
' Ballhagsgén,(7) and the delta behd supported by Ffégi__s alin'd-_y.Mar-t__in (8), who
- propesed it, and more rec_e‘ntly by Kokoszka (9). -

No,definitive experimént has been proposed 'tbldeci.de be%i/iféen.the
possible modes of interaction in copper acetate monohyd.;tat_e as correct,
Cne péssi_ble approach to. the solufion of the problem is to éynthesize corp-;
pouhds:which have isolated pairs -of copper atoms bridged in a me‘lfl_ner"s’imi—
lar tc.), the bridging in copper 'a.cetafe monohydrate and. which have gi;nilar

copper-copper distances. Study of the magnetic properties of such com-

pounds should help to determine the true path of interaction. If such
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. compounds are to be synthesized, ligand moleculee or ipns are required
which-_meet certain, geometric reduirements . The ligand must be bidentaie
"with the coordinating atems approximately 2. 68 apert. Two immediate pos-
'4s"i'b‘ilities would be acetamide and acetamidine which might form .the copper
acetate structure with the slight modification that nitrogen atoms Would'
occupy some or all of the oxygen positions in copper acetate. Attempts to
: pre;\aare “(:opp.er acetamide and copper -acetamidinate have béen. reported (10,
11), but ‘n'o compounds with the desi-red geometrylhave been. obtained.
Another ligand which might form the desired binuclear ssrucrirre.is

1,8-naphthyridine (Fig. 5).

1,8-Naphthyridine

- Figure .5

" The two nitrogen atoms in 1, ‘8-—=-naphth,y;ridine Whicn could act as co-
o_rdinetion sites Would be estimated to be .2.43, the separation of the cor—l
' ,respon‘ding carbon atoms in naphthalene, apert. If the binuclear,_st’ructure
were obtained in a copper 1, 8—naphthyr1d1ne compound the copper- copper
distance might alse be shorter. than 2.64% and the copper-copper bond order
. increased if such a bond. exists.. An increased- bond order Would result in,an

- even lower magnetlc moment than that found in copper acetate monohydrate.

AR




7
. Since 1, 8-naphthyridine-copper (II) complexes might have a binuclear
structure similar to -the structure of copper acetate monohydrate, it was de-
cided .to prepare and determine.the structure of copper (II) compounds using

; 1,8=-naphthyridine and 4-methyl-1, 8-naphthyridine as ligands.




- II. HISTORY
" . The first _sYnthesis-_and- isolation of a fully arematic 1,8-naphthyridine
. derivative was. reported by Keller (12) in 1924. He obtained the parent base

- by .the reaction sequence given in :Fig. 6.

O

i it

C—OCH, C—OCH,CH, - . -
3N 2 .
: - I ' N A
N~ —0( ;A
NH, C—OCH, CHy |
O

Synthesis-of L,8~Naphthyridine _(Koller') - '

Figure 6

. BEarlier, -o’@:her- au_tho‘rs.had-—r’épo'rted';'s-Ynthe*s-@»s‘of,'l/t,B_—naAp‘hthyridine deriva-
tive._s'ﬂ(lé) . Most of these syntheses were Skraup or Dobner-von Miller
syntheses using 2-aminopyridine and. have been shown (13) te be syntheses

of 1,4a-diazanaphthalenes via.the alternate ring closure (Fig. 7).




H, /7 | @\@ . 1'8‘-naphthy.1'~i‘o}ine

~
N-
|

W

Alternate- Ring Closures

2

c
| . it
oL, - |
N~ “NH C
o

i ,4a~diazanaphthalene

Figure 7

Siede (14) repe_rted:the'.s'yml'ieses of 4-methyl-1, 8-—naiohthyﬁdine derivatives:

- by the sequence given.in Fig. 8.

,4/-Metl_'l-yl-1-,,ﬂ8-Naphtl‘13.fri'dine'~ Derivatives (Seide)

: Figure: 8
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In_this case, the steric hindrancé to cyclization at the ring nitrogen was
sufficient to give preference to the 1,8-naphthyridine product. Brown (15)
: has also reperted this same synthetic sequence with a few modifications.
The conversion of 2 ,'7—dichloro—4—methyl-l, 8-naphthyridine to 4~methyl-
1,8-naphthyridine by catalytic hydrogenation was- reported- bﬁf Ochiai and
. Miyaki (1,6) . |
In 1966, Carboni, Settimo, and Pirisino (17) reported the synthesis of
- 2~-amino-7-hydroxy-1, 8-naphthyridine frém é, 6—diaminopyri'dine and malic
acid. Paudler and Kress (18) reported in 1967, the isolation of 1,8-
naphthyridine from a Skraup. reaction on 2-aminopyridine in which they used
meta—nitrobenzene sulfonic acid as the oxidizing agent. They proved.the
.1,8~naphthyridine structure by proton mégnetic resonance spectroscopy.
Paudler and Kress (19) also prepared 4-methyl-1,8-naphthyridine and char—n
acterized it in. thé same- manner. - |
Except for the gold salt of 1,8-naphthyridine used by Koller (12) to

characterize l,8—naphthyridiﬁe, no other compounds using 1,8-naphthyridine

or 1,8-naphthyridine derivatives have been reported.




EXPERIMENTAL
. I. PREPARATION OF ORGANIC BASES

A.- Pgeparation. of 1,8-Naphthyridine

2 -Arninc;—7-Hydroxy—l . 8-Na'phthyridine
The preparation. 2-hydroxy-7-amino-l, 8-naphthyridine was essentially
-that of Carboni, Pirisino and Settimo.(17). To a mixture of 22 g.of 2,6-
- diaminopyridine ar1d 30g. of malic acid was added 100 ml. of sulfuric acid.
The acid was added slowly at first with stirring until .the solid was v;ret . The
remainder of the sulfuric acid was added and the mixture slowly heated. until
‘the copious production of gas subsided and.then heated strongly,-for.thirty
" minutes. The solution was poured onto ice and neutralized with concen-
trated ammonium hydroxide to.the litmus-end point. The product was col-
lected by suction. filtration and. dried. in the air.. The estimated yield of
impure product was 90%. The compound was purified by recrystallization

. from dimethylfermamide. Spectral data are.given in Appendix A, Fig. 30, 31.

2 ,7-Dihydroxy-1, 8-Naprhthyridiné

A solution 0f. 10g. of 2—hydroxy—7—amino—l,l8—nap‘hthyridine in 200 ml.
. of 10% sulfuric acid was cooled below 4°C. and é’ 'saturated solution of
sodium nitrite was added dropW1se until the solution gave a positive
potassium iedide- starch test two- m1nutes after.the last addition. of sodlum
nitrite,. More concentrated a01d solutions reduced the yvield.. The slurry was
added. carefully but quickly to 400 ml. of boiling water and the yellow pre- '

cipitate .collected by suction filtratien. An estimated yvield of 75% of crude
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product was obtained. The solid was dried in the air and purified fér spec=
.tral data by crystallization from glacial acetic acid. Spectral data are given

..in Appendix A, Fig. 32, 33..

: 2.,,7—Dichloro—l ,8-Naphthyridine
Al0g. -portion of 2 ,7=-dihydroxy-1, 8-naphthyridine was r_ni}éed with
. 10 g. of phosphoerus pentachloride and ,c:overed' with phespherus oxychioridé.
. The 'mix,ture was heated slowly until the .initia‘il .reaction. subsided and ithen
,re‘fluxed. for thirty.m.inut'es .. The slurry was ‘then poured onto ice and |
neutralized with coﬁcentrated ammonium hydroxide.to the litfnus end peint,
An estimated yield of 90% of impure preduct was obtained.. The tan solicgll
was recr.ysfallized from benzene. The puf‘ified 2 ,7-dichlero-1, 8_—
: nap_hthyri&ine- was a mass of silvery plates which sublimed above 175°C.

Spectral data aré given. in Appendix A, Fig. 34, 35.

1,8~-Naphthyridine

The catalytic reductien of 2, 7—d'ichloro—.l., 8—‘ﬁ-aphthyridine was dQne in
the atmospheric pressure hydrogenator described below. A mixture of Z.Q g.
of impure 2,7-dichloro-1,8-naphthyridine and 1.0g. of 5% palladium on
caléium carboenate wés placed in.the hydrogenater and.the apparatus purged
- with: hydroge’ri. A 20ml. porti.o’n.of 5% potassium hydrexide in mefchanol was
slowly added te.the hydregenatoer and.the slurry \:z’igorously stirre:d_ until .the
uptake of hydregen. ceased. The ‘sl:urry was suction filtered taking care te
. keep .the caké wet to prevent the catalyst froem i:gnitin,g. The solvent was
then removed by slow evaporation and the residue extracted with ethyl

acetate. The impure 1,8-naphthyridine was crystallized-from the ethyl:




A
e
i

Vacdum. . The yield of impure 1, 8-naphthyridine was estimate"d to be 90%.

13

acetate by slow evaporation of the solvent and pnrified by sublimation under

*

. The.l,8-naphthyridine was not hygroscopic and was stored in air. Spectral

. ‘data are given in‘Appendix A, Fig. 36, 37.

An atmospheric pressure hydro.genator.was built for the catalytic re~

"_dnction‘ of dichloronaphthyridine.s;-_.._':_a;;drawing of.the apparatus is shown

below:

leveling bulb

A, N F. reduction flask
- B. gas buret h G. .liguid res"er-voir
C. bubble trap : _ . H. stopcock
D. .three way stopcock I ‘ma'gnetic spinbar
" E . drYing tube_(c_alcilim chloeride) J. stopcock

Atmospherlc Pres sure, Hydrogenator

Flgure 9

_The material to be reduced (a solld) and the catalyst (a solld) were placed

. in the fl,ask F W1th a spinbar and the apparatus assembled The stopcock D

was opened te vacuum to remeve all air from the system and then. opened to
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:the hyFi;ogen. supply. A sl.ight ioressure of hydrogen was produced at the gas
inlet and:the _étopcock I opened to fill the buret B (previeously-filled with de-
- gassed water) with hydrogen. The stopcock D Was'closed and the solvent

. poured into the. llquld reservoir G The . liguid. level in. the leveling bulb was
adjusted to equal the level in. the buret and the stopcock H carefully
opened. Adjustment of the leveling bulb allowed the.liquid to, enter the
flask F and all stopcocks were closed. The stirrer was started and reduc-

_tion continued until gas uptake ceased. To quench the reaction, stopcock J -

". was closed, stopcock D was opened .to vacuum and .the hydrogen removed.

Stopcock D was opened to nitregen and the flask removed.

B. Preparation of 4—Methyl—l;8-1\Taj>hthyridine

2~Hydrexy-4-Methyl-7 —Am}:’i'-ie -1, 8—Naphthyridine ‘
The preparation of 2-hydroxy—zlémethyl—7—amino—l., 8-naphthyridine
“was essentially.that of Brown.(15). To 25g. of 2, 6—diarhino_pyridine and
30g. of ethyl acetate was added 100 ml. of ortho phosphoric. acid; the mix-
Cture Was heatéd. .for one hour. The resulting 's'ol'-ution was ‘poured onjco. ice
and neutralized with concentrated amménium h}}droxide to the litmus end
. pbint.. The precipitate was collected by sﬁction.fil-t;ation and dried.in air to
give a tan solid. The yield of impure product was es“ti,mated to be .80%. The.
compound was purified fc;r.speétral aﬁalysis by the ﬁeth@d. éf Seide (14); a
slurry of the impure compound in: boiling water was acidified. with dropwise
. additien of concentrate_d- hydrochloric . acid. untll most of the splid had
. dissolved. The solﬁtion was filtered with suction. and coo-léd. &fhe

2 —hydroxy1—4—methyl—77a1mi no~1,8-naphthyridine precipitated and was
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collected by suction filtration and dried in air, Spectral data are given in

Appendix A, Fig. 20,21.

.2 ; 7—Dihydroxyl—4—Methyl—l .8-Naphthyridine

The 'preﬁaration of 2, 7—dihy§iro"x"y—4—methyl—l, 8—'naphthyridine was
gs_sentially,- that of Seide (14). A 25% or 30% sulfuric acid solution was used
.-to dissolve 10 g. of crude 2—hydroxy—4—meth«yl—7'—amino—l, 8-naphthyridine. »
. The solution was cooled t'é; less than 4°C. and a Raturated solution of /
sodium nitrite was added dropwise until the solution reacted. positivelyf/fol
. potassium iodide—s_,tarch. twp minutels after the last sodium nitrite addition.
The slurry was then added carefully but quickly to 400 ml. of boiling water.
. The. resuiting solid. was collected. by suction filtration and dried in air.- The
yield of impure product was estimated. to be 60%. The compound. was p‘uri—

fied for spectral analysis by recrystallization from glacial acetic acid,

Spectral data are given in Appendix A, Fig. 22, 23.

2 ,7-Dichloro-4-Methyl~-1,8~Naphthyridine

The preparation of 2:, 7-dichloro-4-methyl~1, 8-~naphthyridine was'
essentially that of Seide (14); .a_mixfuré 0f10g. of 2, 7—dihydroxy—4¥methyl—
- 1,8-naphthyridine and 10 g. of phosphorus pentachloride was covered with--
. phosphorus exychleride and refluxegl for 30 rﬁin.utes . The solution was
poured onto ice and kept coel while neutralized to.the litmus.end point' with
concéﬁtrated ammoniﬁm hydroxide. The résulting white selid was collected
. by suetion. filtration and dried in air. The vield of impure product was esti-

-mated. to. be 90%. One recrystallization from benzene afforded silvery
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-crystals, m.p. 192.5 to. 194.09(5. The.li_terature melting point is.193°C,

Spectral data are given.in Appendix A, Fig. 24, 25.

.2, 7--Dihydr';p“;zino-.4—Methyl—l ,8~Naphthyridine -

A mixture of 2.0g.of 2, 7-di§hloro—4—methyl-l . 8-naphthyridine and

. enough hydrazine hydrate to cover the naphthyridine was heated until. the
solid :dissolrved,. and allowed. to stand at room 'temperatlure for ‘two. days.

The resulting red. crystals were collected by filtration, Wéshed with-a-mihi-—
mum of cold water and driedt-, in air. No purification was attempted. Spectral

data are given in Appendix A, Fig. 26, 27,

4‘—Methy1—l,, 8-Naphthyridine

The preparation of 4~-methyl-1, 8—n§phth$fridine was similar-to. tﬁe .
. preparafion of 1, 6-naphthyridine by Albert (20). A boiling solution of 7g. of
copper sulfate penthydrate in 30 ml. of water was added, dropwise at first
and-then more rapidly as-the initial reaction ~-subsided, to a selution of 1g.
.. of 2,7-hydrazino-4-methyl-l, 8-naphthyridine .in 25 ml.'of boiling water.
The solution was:neutralized to.the litmus end point with. 5N sodium -
‘hydroxide while hot and refluxed in a beaker for 15 minutes.. The slurry was ,
. quickly filtered with suction and washed with 10 ml, of hot water. The com-
bined. filtrates were cooled and extracted several times with chlorofom‘.l..
. The combined chloroform extracts were dried.over sodium sulfate and. the
solution filtered.. Evaporatiori of the chloroferm gave' a brown oil whichx was
dissolved in hexane.. The.yield of impure product was e.,stima;‘ted to be 80%..
.. Removal of the hexane with a stream of dry nitrogen caused crystallization

of 4-methyl-1,8-naphthyridine as white feathery crystals r m.p. 55.0 to
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’ 56.590.; ‘the crysﬁals were very hygroscopic. Ochiai (26) reports 4-methyl-
1, 8~naphthyridine és an eil.. Spectral data are given in Appendix A, Fig. 28,
29, |

. Catalytic Reduction of 2, 7—Dichloro—4'—Methyl—l,8—Napht-hyr_idine
Two, procedures were used: to reduce the dichloro compognd. The first
- procedure was similar te.that of Ochiai (16).. A miilcfure of 2,0;;. ofl
2 ,7~dichlero-4-methyl-1, 8~-naphthyridine, 1.0 g. of a. prepared 5% palladium-
on, calcium carbonate catalyst and 20 ml. of a.10% solultion. of potassium
hydrexide .in methanel were put‘ in a Parr hydrogenation apparatus and hydro-
.genated at 2 atm. until hydrogen uptake ceased.. The slurry was.filtered with
-.suctionj and the solvent removed by evaporafion.- A brown oil resulted which
was distilled in wacuum to. giv;e a colorless oil. The second procedure used
;the atmospheric hydregenation apparatus described abewve (page 13).. A dry
s mixture of 2.0 g of 2,7-dichloro~4-methyl-1, 8—naphthyridine and 1.0g. of
-the prepared catalyst were placed in the apparatus and the system purged
. with hydregen.. Slowly, '29 ml. of 5% potals.sium hydroxide .in methaneol was
al.lo_we'd‘to, en“tfler the reduction.flask and.the slurry stirred vigerously, until
hydregen. uptake stopped.. The. slurry was filtered and the filtrate treated as.
above.. The same celorless oil resulted. This oil was shewn by thin layer
. chromatography to be a.mixture of several components with twe predominant

fractiens.




- II. . PREPARATION OF COORDINATION COMPOUNDS

A.: Bis-1,8-Naphthyridine)-Copper (II) Chleride

A solution of 100 mg. of 1, 8-naphthyridine and 0.2 g. of copper chloride
in 25 ml. of water was allowed to stand.for several days in a closed con-
tainer. The green prismatic crystals which separated were removed by de-
cantation and washed with a minimum of water. Single crystals of the com-

- pound were mounted .for X-ray determination. of the structure.. The crystal

density was:1.68g./cc.

B. Bis-(l,8-Naphthyridine)-Copper (II) Bromide

A solution of 76 mg. of l,8—.napl'ith.yridine and 0.2 g. of copper bromide

" . in 50 ml. of water was allowed to. stand for two days in the open. The red-

brown crystals: which formed were removed by decantation and washed with.
a- minimum of water. The product was analyzed for bromide'and preliminary

.crystallographic data obtained. The 'crystal density was 2.00g./cc.

.C. Bis—(2,7-Dichloro-4-Methyl-1, 8-Naphthyridine)-Copper (II) Chloeride '

_Ethanol solutions of anhydrous coepper chloride and 2,7-—d_ichloro—4—
methyl-1, 8-naphthyridine were mixed and heated gently. The blue powder
-which.precipitated-was collected by suction filtration and dried. in a vacuum

dessicater. Copper analysis indicated twe moles of ethanol of selvation.

. D. . Copper(I) Complex of 2, 7-Dichlero-4-Methyl-1, 8-Naphthyridine

An attempt was made to use copper (I) chleride in.the same manner as

+ C above.. An orange product resulted, but no consistent analysis could be
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obtained. It is possible that no true copper (I) complex was formed but that

ring ceupling occurred to produce the orange coler.

. E..-Methyl Naphthyridine Coppér Complex

A green crystailine complex-was obtained.in a small’yi-eld-'from an
.ethanol selution of the catélytic-reduction‘- product of 2,7~-dichloro-4-
métﬁyl-l., 8-naphthyridine. The green corﬁpound co-crystallizes with a
yellow powder and was separated from it manually. Only enough material
Waé _collected.to obtain. crystallographic data and a single gravimetric

> halide analysis.




. III. . ANALYTICAL TECHNIQUES

A. Thin Layer Chromatography

'All thin layer chromatography reported here was done on- silica gel
" plates prepared in the laboratory by standard methods. Analytical plates
- had a layer of silica gel 09-1 mm. thick; the silica gel was activated by
-baking for one- hour in a 120%C. oven. Determination of spot position was
made. by the fluorescence of the materials under ultraviolet light and the
absorption of iodine vapor on the spots. Preparative plates vlrere marked
.with a stylus under UV llght and scraped into.extraction flasks. All ana-
lytical plates were - run for purposes of purity centrol and no attempts were
" made. to identify compounds according to Rf values. The solvent system.

used was butanol-acetic acid-water (12:3:5; V/V).

. B.. Gas Chromatography

5 All gas ehromatoéraphy was done on columns packed-'with Gas Chrom
C as sol1d support; the liquid phase was 30% by welght SE-30. All runs |
were made in the F&M (l\/lodel 400) gas chromatograph at 230°C. with helium
as carrier gas and.detect1on- _by flame ienization. The samples were '1nJected
in.chloreform and retention times measured from _the time of injection. No
quantitative data were-taken from the gas chromatographic data other than

retention times.
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C. Nuclear Magnetic Resonance
Nuclear magnetic_: resonance data were obtained in a Varian A-60
Sbedtrograph. .S‘_a'mples were run in microcells in deuterated chloroform with

tetramethylsilane as an internal reference.

. D. Ultraviolet-Visible Spectra
All UV-visible spectra were determined on the DK-2. Spectrophotometer

in 1 cm. quartz cells with pure solvent as reference.

E. Infrared Spectra'

All infrared spectra were determined en the Beckman IR-4.Spectro-
photometer with a programmed slit and deuble beam. Spectra were:run.in
micro-potassium bromide pellets and in chlorofonn solution with a halancing

- wedge cell filled with-chloroform. -

F. Copper I:\nal'yses

Copper analyses were determmed by 1odometrlc titration W1th sodlum
. thloisulfate by the method. outllned by Koltoff and Sandell (21). In all cases
'severe dlfflCultY was encountered in determ1n1ng end pomts, the end pomt
would be achleved but would fade out. The naphthyrldlne seemed to inter-
. fere With the end pomt Estlmatlon of accuracy for cepper determlnatlon is

g1ven with the analytical data.

G. . Halide Analyses
-The- Pajans titration was attempted on samples containing
. 1, 8-naphthyr1d1ne as a. 11gand but was unsuccessful When the

dlchlorofluoroscem indicatoer was added the solutlon 1mmed1ate1y turned
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orange; the orange coler masked the‘titration end point. Halide analyses
were determined by a simple silver halide gravimetric determination using a
- very small f1lter1ng cruc1ble and determ1n1ng weights on the Mettler micro-

balance. The grav1metr1c procedure used-is outl1ned by Walton (22)

H. Crystal Density

Crystal densit_ies were determined by the flotation method. A crystal
was placed in a beaker partially filled.vlzith a solvent in Which~.the crystal
did not d1ssolve and in wh1ch it sank A heav1er miscible solvent 'was
added untll the crystal seemed to remain suspended in the solution. The
solution density was determ1ned by weighing al1q\uots of the solution w1th—
dravun with a class A pipet.: The densities were estimated to be in error bf

no more than 0.05g./cc. These accuracies are sufficient to determine the

number of molecules per unit cell in the crystal.

. I Magnet1c Suscept1b111t1es Measurements

Magnetlc moments were determined by the Gouy method on a Gouy
‘balance built at_l\/lentana State Un1vers1ty and prev1ously described by
‘Houk . (10) All measurements described here were made at reom temperaturea
Measurements were made 1n tr1pl1cate and the average value of the balance
deflectlons used to calculate the mass suscept1b1l1t1es accerd1ng to the

equatmn
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Xg = (29) (AW) (1)
(H2) (m)

where .1 = sample length |
- m.= sample x‘/veig'ilt
g = accelefatior; of gravity
Aw = weight change
H = magnetic .field
The magnetic field wé’s'detennined by the Gouy ‘method' using a standard.of
knewn susceptibility.. The standard used was freshl‘y prepared cobait mer-
cury thiocyanate -which ébeys the Curie Weiss law (1)::
Xg-=.C/T+ 8
8= 10
Xg(20°C.) = 16.44 x 107 % e.5.u."
Measuremen;cs were made at several values of magnetic field to prevent

errors due-to, ferremagnetic impurities.




IV, . X-RAY ANALYTICAL TECHNIQUES

A.. Powder Diffractien

Two different techniques were used to obtain powder diffraction data.
The first technique uséd standard photograf)hic techniQues with a Phillips
powder camera -of radius 5?.3 mm. No attempt was made to cerrect for film
shrinkége in any measurerﬁents reported. All measurements of‘2 ® | angles
~ were made én a vernier scale film measuring light b.ox,~ and were rpade .from.
arc to arc across the center of the diffraction cene. The secend. technique -
used the Generél Electric Goniostat (belonging te Moentana State University
'Chemistry Department). In this technique, 20 diffraction angles were read
directly from tﬁe position of p'eak centers on a strip chér’c recorder. These
- peaks were generated as the scintillation éoun’der mc;ved in a normal 26 -scan
‘mode, and a powder sample of the material was left statiéna-ry at the focus
of the beém. In all cases where only posifive values were taken they were
judged in errer by as much as 0.2 degrees due to. mechanical misalignment.
. Error in determining the center of peaks on the chart paper was less than

0.01 degrees.

B. Single Crystal Diffractien

All crystals We,re'initially examined under the polarizing miéroscope
for signs of twinning. If the <-:ry'stal appeared to be single, it was eptically
aligned and mounted for escillation line~up photegraphs on a ’Weissenber-g
camera. Oscillation and rotation photographs were faken to align the
crystal‘;- first and secend level Weissenberg photegraphs were taken.if noe

. indication .of twinning had appeared. If the crystal was found to be single,
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a second, layer photograph was taken to determine the crystallographic’

space group. If the crystal was very thin in ene dimensioen, precession

- photographs were used to determine the space group. For all Weissenberg

investigations, copper Ky, radiation was used; for precession photographs,
molybdenum Ka radiation was used,

Cell dimensions were determined by the metheds outlined by.Buerger
(23) f-rom film measurements made on a vernier me‘asuring light box capable
of an accuracy of + .01 cm. Calculation of the. 8 angle for monoclinic crys=
tals;. mounted on the a or c.axes was done by the method of angular lagt

Precession.photographs were also use_d to measure the.B angle directly.

C. Single Crystal Diffractien Studies on Bis-(1,8-Naphthyridine)~
Copper (II) Chloridé

All preliminary work was dene by standard Wéissenberg and preces-—
sien techniques using cameras and equipment available at Montana State I
University. Preliminary examination of a crystal of Bis—(l, 8—na'phthyridin'e)-
copper (II) chleride showed systematic absences consistent. with either of
the space greups C/2c or Cc. The-cx;ystal was mounted aleng the a axis,
The goniemeter head and crystal were-transferred from the Weissenbérg
camera to-a General Electric X—RD—S Goniostat with a cepper tube and
nickel filter. The crystal was aligned by the "basal plane" (Appendix C)
alignment techni.que-. Accurate cell constants were dgtermined by averaging

the values determined from high angle axial reflections,.
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The cell constants obtained from the goniostat were used as input
data for the comp’uter program DIFFSET which caiculated machine settings
for the collection of intensity data. Goniostat geometry and all progréms
uéed are discussed-in Appendices C and B respectively. Oﬁe reflection was
-chosen as a standard te .prevent any accidental loss of alignment: the in-
tensity of this reflectien was taken at the beginning and end. of each daté
coellection shift. All intensity data were taken by techniciéns employed for
the purpese. The data were taken by the standard f~ 26 scan tephnique.
Background intensity was ¢ounted on both the upper and.lower sides c'>‘f the
péako .The peak was scanneéd for 100 seconds at a 26 scan rate of 2 degreés
per minute and backgreunds counted for 50 secends without scanning. The
intensity of a peak Wés considered to be the difference between the count
for the peak scan and the sum of the background ceunts. All intensities
=with a net count of less than. 30 were considered unobserved. Intensity data
for all unique reflections with a value less than 120 degrees were coilected.
Because of the nature of the program DIFFSET; intensity -data wére
collected on all reflectiens h,k,1 and then-on-refiecfionse;h,k,l.. When
‘almost all of the intensity data for reflection kf}‘,k,l had been collected, the
intensity .for the standard reflection suddenly dropped almest to zero.
bptical e;;aminafcion.of the alignment showed that the crystal had meved
translationally out of the X~ray beam. The .crystall was moved laterally -
back. into the beam and the intensity of the standard returned te.normal. It
was assumed thét the crystal was still in.alignment and data’ collection re-
sumed.' When all the- <.:1.ata were 'cellecte.d structure facters were %calculaf_gq

from the intensities by the program LI. The structure factors were used in a
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Patterson synthesis (program FOURIER)} in which the space group ambiguity
1s not important since a Pattersen map is necessarily centric.

. The crystal density indicate:d that there were four copper atoms in the
unit cell-which meant that' the-copper atems were in speciallpesitions if the
space group were C2/c. The two-fold axis seemed the most promising pesi—
tien and the remaining co~ordinate of the position was determined from the
“Patterson map. Using:the computer program MAIR the structure facters for
; this: pesition were calculated and refined. The:R for the copper only was
52%. .Aéourier synthesis was then.calculated with the pregrams-ICR6 and
ICR1 using the:ebserved structure facters and ’nhe signs of the structure
factors from the calculated position for the copper atom. .The: f‘o,uriei’ map
indicated a positien for the .chl.or.ine atem which wae then used in a struc-

; ture factor calculetien and refinement. The copper and chlorine positions
‘were refined to an R of 29%. The calculatien of a new Feurier synthesis in-
dicated th.e positions of some of the\ light atems. Successi\}e structure fac-
tor calculations and Fourier syntheses gave positions for all the atoms
.-expected in. the .s;cructnre. Refinement of these. positions would net proceed
below a:-_R.of 16% by either bleck diagonal or full m‘a_t-ll“ix -(program ORFLS)

. technique. Cheice of Cc-as. the space group wo.uld not irnprove the refine—‘
-rnent. It was evident that the c_lai?a were 1n some -way grossly inv error,

. Since-the crystal -had moeved suddenly at about the end of the h,k,1
data collection, separate refinements we_re'made_. Tne h,k,l_ data refined in
five cycles of block-diago'nel refinement te a R of 6%. The -h,k,1 data

would not refine below 14%. The data were recellected.
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The second data cellection used zirconium filtered melybdenum radi-
atien.to:minimize.the effects of absorptien in the crystal. The same:crystal
.was used for the second data collection.exeept that a small fragment was
leet in remounting. Ihecemputer program DSET was written te. calculate
machine settings for a "chi ninety" alignment p,rocedu're.' The crystal was
aligned on ihé Weissenberg camera-and transfeﬁed fo the go'niesfat. -Cal~ -
culaﬁoﬁs determined that the reflection -2,0,4 was very nearly berpen—
-dicular te the b* - c* plane; this reflection was chosen as the alignment
refleqtion. Judicioeus movement of the geniemeter arcs and censtant foellow-
-ing with the detector ailowed t_ﬁe alignment reflection to be moeved to "chi
ninety'l'. The -crystal was then aligned by a‘procedure obtained from W_aten.—.
paugh (24) and ver§ similar te thafc outlined by Jensen (25). When the crys~
tal was aligned, new cell constants were determined by-charting the
dif_fractior_l intensitf for a number of reflections for both pesitive and. ﬁega—
-tive _vaiues,ef 20 . The true value of the 26 angle was considered to be the
average of the positive and negative values. ’fhe’ 26 values fo‘r-12',re",'f1ec—
tiens were entered. inte the program PARAM Which;g\a:ve the-beet cell
parameters by a leést e:quare re;finemen-t. These cell iaarameters and the
"Goniostat space" co-erdinates of the "chi ninety" and ene @tﬁe’r reflection
..v.\.zere en;cered inte.the program DSET to-ovbt'ain-machine settings for data
.collection. Three widely spaced reflections were chosen to use as stan-
dards for scaling data and te'prevent accidental loss of alignment. The
crystal alignment was checked.each day and the standard -reflection. in-
-tensities Were- taken every four hours and at the beginning and end. of each

data collecting day. A graphical display of the scales obtained frem the
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standard reflections was used te‘_deterr"nine the diffractometer stability and
.is given in'Appendix C, Fig. 40. The-raw inteﬁsity data were collected in a o
similar manner to-that used before except that 60-second scans were used
and backgrounds counted for 30 seconds. All data for 26 'less than 60 de-
grees wer€ obtained for h,k,l reflections and all data for 20 less than 45
degrees for -h,k,l. These data Wefe reduced with pregram RDN te structure
facters. Refinement of all data for Zerale’ss than 45 .degrees with the pregram
DLS reduced the R to 6.8% for isotropic temperature factors. Anisetrepic
refinement reduced the R te 6.1%. Bond angles, distances and estimated
standard dévia.tiens were calculated with the program BAD and are given

.together with tables of structure facters in Appendix C.

8




© DISCUSSION

Altheugh both 1, 8~naphthyridine and 4-methyl-1, 8-naphthyridine

. were reported. in.the literature (12,16), it was necessary to develop a new

synthesis for each of: these. compounds. Skraup syntheses of 1,8-
naphthyridines from 2-aminopyridine have been reperted. te yield.l,4a~
diazanaphthalenes (Fig. 10) rather than 1, 8~-naphthyridines (13). In pyridine,

. the most electronegative position is the nitrogen atom (Fig. 11).

1, 87naphtﬁyr;idine _ . 1,4a-diazanaphthalene

- Alternate Ring Clesure Products

Figure 10

0,822
O  0.947
0.849
N
1.586

.. ~Electron. Densities .in Pyridine (26)

. Figure 11°
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Ring. c'ondensatio'n, such as occurs in the Skraup.reaction, would therefore
" pe likely to occur at the ring nitrogen as well as at the B;bosition. in the
'-ring and-p.o.ssibly preferentially at the ring nitrogen. A recent report of the
synthesis of 1,8-naphthyridine via the Skraup synthesis indicates that some
._r'i'ng clesure can.occur in the 3-position. The 1,4a-diazanaphthalenes are
_ea.sily cleaved to regenerate 2-aminopyridines (13); the 1, 8-naphthyridines
are.not easily'cleaved. Proper choice of feactien conditions could produce
1‘,8-na'ph1:hyridi~ne.. Attempts to reproeduce the synthesis of Paudler and Kress
- (19) have shéwn, that the yields are in general low-se that the reaction may
not be-of great synthetic utility.

Substituents in the 6-position.of 2-aminopyridine can improve the
yield of 1,8-naphthyridines (13) .- When the 6;sub$‘tituent is an ;mino group,
. the yields are greatly enhanced. I-‘iglﬂre 12 shows that the 6-amino group

can contribute electron density to the 3-position.

Resonance Structures for 2-6-diamino Pyridine

Figure 12

Steric hifjdrance to ring closure at the nitrogen is surely-involved as well,
since a methyl group in the 6—poéition will increase the yield. The
6-methyl group does not promete the formation of 1,8-naphthyridines te the

extent thét the 6-amineo. gfoup. does, but this effect may be.acecounted for in
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two ways; the ability of the 6-amino-1, 8-naphthyridines to form intra-~
-molecular hydrogen bonds to the nitrogen would mean greater steric’
-hind;‘ance by the a;ninlo group and the activation of the 3~positien to
elec:trc;philic substitution could increase the rate of ring closure in the
‘ 3—po§ition .

The increased yield of 1, 8-naphthyridines frém' 2 ,6-diaminopyridines
gives an excellent route to substituted 1, 8-naphthyridines which in turn
.provides an excel_lent route te the parent comvpound... Carboni, Settimo, and
.Pirisino. (17) reported the ‘synthesis of 2—a-mino—7—hydrexy—l,8—naphthyridiné
from which removal of the amino and hydrexy groups would yield the parent
basé,_ The amino group on a benzene ring can be removed by diazotization
and treatment with hypophbgpherus acid. The hydrox'y group could be re-
‘moved by distillatien frem zinc, a very destructive process, In pyridine i
chemistry, it is difficult te replace the 2-amino group with -hydrogen by
diazotization.in hypephosphorus acid since it is difficult te obtain stable
"~ diazenium salts frem Z—amine—pyridines even in streng acids. In We-akly g
acidic selutién the diazonium salt decomp@ses immedi_ately to give the
phenol. The compbund resulting frem the treatment of 2~amine-7-hydroxy-
1,8-naphthyridine with nitreus acid is then a dihydroxy-1,8-naphthyridine.
The problem is to remove twe .2~-hydrexy groups from 'th.e pyridine rings. The
-application of benzene chemistry is ence morée misleading becauée- thé Com-
pound which may be called 2-hydroxy-pyridine dees not exist in the -.

'phenolic ferm, but rather in the keto form as shown.in Fig. 13.
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Tautomerism in 2—Hydroxypyrio.line‘ (27)

Figure 13

The 2-pyridone. type of' compound may, however, be converted to a
Z—Chloropyridine by the reaction with a mixture of ,phosphoroﬁs péntachlor—
- ide and phosphorous oxytrichloride. The 2,7-dichloro-1, 8—naphthyridine
obtained in this sequence may be hydrogenated to give 1, 8~-naphthyridine.

. Hydrogenation of 2,7-dichlore-4-methyl-1, 8—naph1::hyridine obtained in this
same manner does not give 4-methyl-1,8-naphthyridine. The product mix-
.ture contains two. predominant components. . It was first believed that one of
. ‘these components was the 4-methyl-1, 8-naphthyridine and.that the second

. component wés a dihydro or tetrahydro—ﬁl—me_tk&yl—l, 8-naphthyridine. Gas
chromatography with an SE-30 liquid phase resholved the. two, components.

" . Since the SE-30 separates compounds primarily on a molecular weight

- basis, 4-methyl-1,8-naphthyridine and a dihydro or tetrahydro—4—m¢thyl—
1, 8—nap-ﬁthyridine should have similar retention times. The retention times
differed by about ten percent, which is reasonable ;for the difference postu-

lated. Thin layer chromatography of th)e reduction product on silica gel
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f
values. For the products postulated, a material which separates on base

plates again showed two predominant compounds with widely different R

strerigth, (such as silica gel) should give very different Rf values (compare

. the base strength of pyridine and piperidine in Table.I).

Table I

BASE STRENGTHS OF.PYRIDINES (10)

Compound pKa
. pyridine  L7x107®
piperidine ' 1.6x1073

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

glass analytical gas chromategraphy column, no separation was achieved

. with-the metal preparative columns used.. Severe decomposition occurred

- and no product was recovered. Decomposition of the partially hydrogenateAd

1, 8—r}aphthyridine would not be unusual, but the fully aromatic base should

. be stable. Preparative thin layer chromatography was also attempted to

. separate the two predominant fractions, but-was only successful in enrich_—

-ing the different fractions. The .PMR spectra of the enriched fractions did

. noet indicate that either fraction was clearly the desired 4~methyl-l, 8~

naphthyridine.
Catalytic hydrogenation is not the only method of removing a 2-chlero

group from a pyridine ring. Thielepappe (28) reported that metal ion oxida-

.tion of 2—hydr§z'inopyridinés gives.the free pyridine.. Albert (20) has used.

.this technique in the preparation of 1, 6—naphthyridines . The 2,7-dichloro-

4-methyl-1, 8-naphthyridine was converted to the
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+ 2 ,7-dihydrazino~-4-methyl-1, 8-naphthyridine whiéh was. then oxidized with
copper sulfate. The initiai two- attempts to'produce 4-methyl-1, 8-
naphthyridine by this method gave no prodtict at all and the starting material
was not recovered. The prc;duct may have complexed with the éxcess copper
ion in solu’gion and not have been extracted in the procedure used. The third
.attempt to prepare.the compound bﬂ/ this technique produced an ‘estimated

. 90% yield of crystalline 1, 8~naphthyridine which was characterized by its
PMR spectrum and showed to be pure by gas chromatogra'plhy. The product
was first obtained as an oil which is th(_a reported physical form for
4-methyl,1,8-naphthyridine.. Examination of Table.II would indicate that

4-methyl-1, 8-naphthyridine should be a solid at room temperature.

Table. II
MELTING POINTS OF 1, 8-NAPHTHYRIDINE, (1:3)

Compound Lit. m.p. Obs.m.p.
_1,8-naphthyridine 99 . 98-99
. 4-methyl-1, 8-naphthyridine (oil) 56
. 2 4-dimethyl-1, 8-naphthyridine 63 | —

On consideratiens of molecular weight aloene, 4-methyl and. 2 ;.4—dimethy£—j"
1, 8;naphtk_1yridine wou;d be expected to melt at a higher temperaturé than

.1, 8-naphthyridine.. .However_, the higher s.ymmétry of 1,8~-naphthyridine’

. prebably allows, be_ttér packing: in thé»-crystal and this consideratien could
easily o._veré:xjide.:the effects of molecule weight. It is, however,. di_.f.fiqpllt-'t"o
see how:z,.,..{l-dirr.lethyleln, 8—naphth§ridine cc;uld péck, much; b,e_ttclar' ',th?hn |

4-methyl-1,8-naphthyridine. If the packing characteristics are similar,. or
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if 4-methyl-1, 8-naphthyridine.has the :better packing characteristics of the
two_\cempounds , it should surely-be a-soelid at room temperature. The melt-
ing point -.might be low enough to make:crystallization. difficult.. Rapid

. evaporation of the hexane (with a stream of dry nitrogen) from a.seolutien of
" 4-methyl-~1, 8-naphthyridine in: hexane caused precipitation.of white cryst~
.tals.. These crystals proved te be 4-methyl-1,8-naphthyridine. Comparison
. of the gas chromatographic characteristic_s of thé pure 4-methyl-1, 8-
naphthyridine with those of:the oil obtained from catalytic reduction of
2.,7-dichlore-4-methyl-1, 8—naphthyridine (Table III) clearly shows: that
. neither of the predeminant fracti'éns _in..thé oil.is 4-methyl-1, 8-
naphthyridine. The compounds remain un_id'_'entified; they both may be

hydrogenated. derivatives of 4-methyl~1, 8-naphthyridine,

. Table III

. GAS CHROMATOGRAPHIC RETENTION TIMES

Material K -Retentién time:{min.)
+ 1,8-naphthyridine . - 2.0
. 4-methyl-1, 8-naphthyridine 2.08
. Catalytic Reduction Product (oil) . 3.45, 40 ‘

i The first copper-naphthyridine cemplex prepared*wés:Bi-é-.(Z.,7-
dichloro—4—mefhyl-l,, 8-naphthyridine)—copper (II) chleride 'etha;lolafe . This
compound was obtained as a blue powder which. did not disselve as a co-

- erdinatien compound in any of-the erdinary solvents. Treatment with Ihet
- water destroys the complex,. dissolving cepper I.chlor_ide and leé/v"ing the in-

soluble naphthyridine‘.. The naphthyridine is not a very strong complexirig
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agent. Long exposure.te.the air apparently causes a less of solvent ora-
. s_b‘lvént exchange; the compound turns pink. The pihk material has nét been
. investigated. Attempts to prepare a similar compound with copper (I)
chloride failed to give any copper (I) complex. An erange material was pro-
duced which s‘eemed to be a mixture of the light blue Bis-(2 ,7~dichloro-4-
-methyl-1, 8-naphthyridine)~-copper (II}) chleride and bright erange organic
product.. What has appérently occurred is a reaction analogous tb.the
- Ullmann coupling of aryl halides.(29). The product would be a
: binaphthyridine.,(.Fig. 14) .which could be highly colored. The orange organic

product is slightly soluble in. ethanel but has net been further investigated.

Binaphthyridine

Figure 14 .

The small 'gmount_(-about 150 mg.) of 4-methyl-1, 8-naphthyridine
- prepared has prevented .the preparation Qf_any copper'corn.plexes with this
ligand,. but.two copper containing products were prepared from fractions éf
the oil obtained by catalytic.reduction of 2., 7-dichlero-4-methyl-1, 8~
‘ naphthyridine..'The two products precipitated. together from ethanel selu-
tions.. One compound is a.yellow powder which prebably is a.mixture. The
other is a dark green crystalline compound for which X-ray: data are given
. (Table XIII). Samples of both compeunds were dissolved in agueous

. ammeonia and the solutions extracted and chrematographed. The green
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" erystals gave a.pure mate;ialwhich..is one of the two erganic compénents of
© the oil, but too little was available to clearly assign the structure of the
- ligand other than that it.is clearly not 4-methyl-l, 8~naphthyridine. The ex-
tract from the yellow powder was net much ciifferent from:the oil us.ed.tca'

: give both the green and yellow products. |

. A copper(II) chleride complex of 1,8-naphthyridine was prepared. by

" precipitation. from a. water solution of :the two reactants.. No water of hydra-
tioen is -found in-_jtl.'le complex, indicating-the strong coordination strength of
.the compound." Analysis of naphthyridine complexes was difficult due to:the

. interference of naf)hthyridines-. in copper and chloride'volumetfic_titrations .

. A study of the solution specira. by Job's method| indicated that the complex
formed in. solution contained. two moleé- of i., 8‘—na'phthy.ridine pér_ mole of
copper (II) chloride. |

" The single crystal of Bis.—(l,8-na13hthyridin'e)—copper‘(II-) chloridé .
was mounted for 'siﬁgle crystal stpdies . .The experimental procedure fol-
lowed in data collection has been described . on page 25. The. first set of
data were in error, but they were sufficient for the general solﬁtion bf.thé
crystal and molecular structure. Crystallographic data for this compound.

.. are given 1n Table XI. The general position in space.group '."'CZ/d} is eight

fold but.the molecular formula.indicated for the complex.in. selution would

" give only four molecules in the unit cell. Other possible moelecular férmulae
. would not give as good agreement with the experimental density.. This

. molecular.forinula was assumed to be.the true formula for.the initial stages
of the structure détermination and. was confirmed by fhe final results.. If

. only four copper atoms are to be located in a space group which:has an




.39
eight.fold general positien, .the copper atoms must lie on special positiens.

. The special positions.for.the space group C2/c are given. 1n Table.lV.

Table IV '
* COORDINATES OF EQUIVALENT POSITIONS FOR THE SPACE GROUP C2/c (30)

' No. of Positions Coordinates

- 8(1) 0 (0,0,0; ¥5,Y2.0) + x,v,2; x,v.2; x,v,2-2; x,v,Vo+2
~4(e) » £0,0,0; Y2,Y2.0) + 0,v.Y4.0:v.%
. 4(d) 0 (0,0,0; Vo,V5,0) + V4, Ya,Va: 34,Va,0

4(c) 0 (0,0,0; Y2,Y2,0)% Va,Va,0; ¥4,Va, Vo

4 (b) . (0,0,0; V2,12,0)+0,12,0,0,12,12

4 (a) (0,0,0; ¥o,15,0) +0,0,0; 0,0,

The space group is not uniguely determined by the systematic ab}-
sences.  The space group could also be Cc. In Cc,. the general position is

four.fold. (Table V).

Table V

; COORDINATES: OF EQUIVALENT POSITIONS.IN THE. SPACE GROUP Cc (30)

No. of Positions Coordinates

4 (a) (0,0,0; 12,12,0) + x,v,2z; x,v,Y2+2z

- Analysis of.the Patterson map. generated from the experimental data
..indicated -that.the copper atoms- lay on the.two fold axes or that the space
group was in fact Cc.. (Locating the copper atoms in the space group Cc .is
. no different from locating the copper atoms in the space group; C2/c if:the
atoms lie on 'the two fold axes.) The general features offche Patterson map

were also.taken as.indicative that the crystal was centrosymetric. The
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- copper ato_rh was given the position 0,v,Y4.. The value of y was determined
. from .the Patterson map.. This pesition was refined and a Fourier synthesis
. calculated.to determine :the pos_itions of chlorine atoms. The Fourier map
,_iﬁdicated- several possible locatiens for:the chlorine atems. The chlorine is
- a.large atom and would normally: be expected to be clearly located; :the poor
- quality of:the Fourier map may-be due to the erroers knewn to be present in .
© the data cellection. One .possible location of the chlorine was: chesen andi
: re-f_ineql.. The-refinement . was- considered adequate for the initial stages
- (R-40%) .- Several FPourier syntheses were calculatevd with no success: in
. locating the atoms.
Analysis of the Patterson map:indicated.that an incorrect position was
chosen for the chlorine atom;. a poesition for.the chlorine indicated by the
. Patterson map was.then refined along with the copper position.. This posi-
tion refined to a lower vaiue.(R~;2-9%) . Successive cycles of Foyurier syn-
-_the.sié and. refinement revealed the .gross crystal structure.

. The gross structure did not refine to the degree expected,. alnd the
possibility that the crystal was net centresymmetric was:investigafed.- Re-
finement of.the structure using the space group Cc gavé a.small .impr.olve-
ment in R but did not improve the estimated standard deviations in.the bond
lengths.: A nen-centric calculation of structure factors can improvethe R for

- a propesed structure by. masking some of.the disagreément in structufe.fac—
tors since-the phase angle can absorb some of.the disagreement. ‘ No,altér.-
native remained eﬁccept.that.the data were somehow in error.

The data were recollected v_vith more care-than had. been. used in. the:

" first case. These data immediateiy allowed.refinement of the sstructure to a




41

g fea-sonable valué of R (6%).. The final cryst&llogl;aphic data are given in
' Tables XIV, XV, XVI.. The data for the.initial cellection procedure are given .
.+in Table VII and.it.is clear.that there is little difference between:the two

sets. This agréement points out how nearly correct structures can be with
: poor data, but at the same.time' how valuable goed data is in:-the determina~
tion of exact crystallegraphic st.ructures . _

A projection of :the Bis~=l, 8-naphthyridine)-copper (II) chleride mole-

" -cule is given in Fig. I5.

One Mblecule 'of.Bis,7(_1.'-,;8-naphthyridine)\-cop15en(II) chloride
Prejected on the b-c Plane '

Figure 15

This projection does not clearly show the sguare planar coordinatien of the
- copper atom. The close approximation te true square planar coordinatjon is

better shown by Fig. 16 and Table ¥I.




Geb'm_etry of Copp_er. Coordination

- - Figure 16 _

+ The ceordination around :the copper must also be viewed from anether pro-

jection, \given in Fig. 17.

. One Mpolecule of.Bisf(l.,.8—naphthyridin'e)-c'opper(If) chloride

. Projected on the a-c Plane

Figure 17
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. Table VI

- DEVIATIONS FROM THE LEAST SQUARES PLANE FOR COPPER. COORDINATION

Atom - ' Deviatien ()

Cl 02 | . =0.4174
Cl12 | . 0.4174
N 04 0.3343
"N 14 | -0.3343

i The second nitrogen atem .in the molecule .is located in a pesition near-the
- copper atom and could be censidered .telbe weakly coordinaf.ed. The
" geometry then would be that of a distorted octahedren. This copper-
nitrogen distance is leng but must be censidered.. The crystal field sur-
: r_ounding.,the copper is definitely that of a distorted octahédron. Such a
symmetry should deétrey/ any eorbital contribution to the magnetic mement of
._the. molecule, and a value of 1.9 Bohr magnetons would be expected if:the
- orbital cen.tribution..is‘cor;lpletely quenched.. .The spin only value of'fhe
: magnetic moment weuld by 1.73 Bohr magnetens, but the spin-orbit coupling
:.in cepper compounds. (as estimated . from values measured for.the free ion)
; incréases_-the expected value to 1.9 Bohr magﬁetons, A value of the mag-
' netic. mement.less .than 1.9 Bohr magnetons would imply seme sort of ex-
-change. interaétion in the crystal; but no exchange should be poessible. Fig.’
18 gives a.projection of :tﬁe crystal structure ontethe a-c plane of the unit
. cell, The copper atoms are much to far apart for any direct interaction.and
- are not bridged. in any way. by other atoms. A wvalue greater than. 1.9 Bohr

. magnetons for the magnetic moment is possible if the orbital contributien is




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

Figure 18
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not quenched. Octahedral geometry should quench .the orbital contribution

..(1) and geometries of less symmetry (such as',_the square plane or disterted
. octahedron) should alse quench the orbital contribution.

The structure. of the 1, 8-naphthyridine (Figo,i=9) moelecule is also
- available from :the total sfructure, although it may be disterted. slightly by
~the coerdination., The accuracy of ithe bond .lengths is affected by the

. presence_ of:.the heavy atems in the structure.

The final refinement of the structure was dene giving all the atoms.
anisotrepic thermal parameters. Two of the cross terms in the anisotropic
:;thermallparame_ters for:the copper atom were not varied. These two terms
are invariant under.the space. group Qperations and mu‘st:therefore be heid’
ceonstant (3|1)I. No_large parameter shifts were observed and.the structure
- may be .considelfed.té show-,little anisotropy.

The cis-square planar coordinatien at the copper atom is-unusual.

. The structure. of Bis-pyridine-copper (IT} chloride. (32).is typical of the
geometry expected in nitro.gen coordinating copper\('IL)‘ha'li_des ,.' 'i‘his struc-
ture has a trans square planar geometry with fiong intex;actions to two
chlorine atoms to form an elongated octahedrlon., These longer interactions
-are not unusual and may'coenstitute a bridging pathway for exchange and
spin cerrelation. The isolation of the copper atoms in Bis-(1,8- '
naphthyridine)-copper (II) chleoride provides an excellent test case for

- measurement of interaction between melecules- in the crystal

Single crystal studies were also begun on Bis=(L, 8—naphthyr1d1ne)—
copper (II) bromlde., The prellmlnary photegraphs show that an unusual.form

of disorder must exist in.the crystal.. Rotation photegraphs with CuKg
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‘ radiatlion show five layer. lines. The Weissenberg photograph of:the first i':s .
egtrémely weak and the spots are severely ‘g;longated along the trace of:the
festooné. The zero, second and fourth levels are nermal and.the‘third so
» weak .that it was‘or.lly dark en@lugh the show the same streaking.. Reindexing
‘the photograph.to make the nermal layers zere, one and two gives the crys-~
tallographic data.given in Table XII. The cell resulting from:this.indexing
-.reguires that the copper atoms be disordered. The nature of:the streaking
: indicates: that.the disorder is ene dimensiénai but no further work has, been

. dene to determine :the. exact nature of the disorder.




SUMMARY

¢ Since it was- believed. that 1, 8-naphthyridine might form binuclear
complexes with copper (II) halides, and since such binuclear complexes
- could previde infermation about the nature of:the copper-copper interactions
© in cepper (II) compounds w1th subnermal magnetic mements, it was de01de\d ‘
to prepare and determine the crystal and molecular siructure of some
copper (II) halide cor%lp;exes with: 1, 8—-naphthyridines. Attempts were‘ made
: to prepare both 4—me_thyl—.l,'8—na§hthyridine' and l,8—naphthyridine for use as
-.ligands since no supp‘l.iers of 1,8-naphthyridines exist.
" The preparatiens of.1,8-naphthyridine and 4-methyl-1l, 8-naphthyridine
- given.insthe literature are-not satisfactory for:the preparation of:these cém-
-pour‘ldsﬂin.'the amounts necessary for use as a.ligand in the preparation of
‘ inérganic : éoordinati_én 'compounds . The preparation of 4-methyl-1; 8-
' naphthyridine dpes net yield the fully arematic.base in any quantity. The
méjor products are net.the reperted 4-methyl-l, 8—naphthyridine but prebably
. hydregenated derivatives.. A new preparation of ‘4 -methyl=-1, 8-naphthyridine
"~ has been. developed which.gives 4—methyl—-1.,,8‘—naphth-yridine as a.cryst'al—‘
-line preduct for:the first.time.. The structure of 4—me.thyl—l,.8—naphth’yr-idine
is clearly shown by PMR' speciroscopy. A new prepar_ation of ..
. 1,8-naphthyridine from readily available. starting materials has bet_an-., de~-
-veloped.. This preparation: gives yields of 1, 8-naphthyridine in adeguate
-guantities. for use as a.ligand in the preparatioen of ceerdination éompounds .

Several cépper (IT) complexes. of 1,8-naphthyridine: have: been. prepared

. and characterised. The crystal and molecular structure of one of these
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complexes, Bis—(l, 8~-naphthyridine)-copper (II) chleride, has been deter-
- mined,. The compoeund .dees net have the hoped for binuclear structure, but
: the structure.is very unusual .and préwides a. compound with isolated square
: planar coerdinatien which may prove useful as a.test in studies of ligand
field theery. The square planar coofdination is alse unusual in that.it forms_

- a.cis-square plane in contrast te the trans-square ‘plane usually found. in

: copper. (II) compounds.




. APPENDIX. A

~ Spectroscoepic and Magnetic: Data
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Figure 20. IR Spectrum of 2-hydroxy-4-methyl-7-amino-1,8~naphthyridine
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Figure 21. UV Spectrum of 2-hydroxy-4-methyl-7-amino-1, 8-naphthyridine
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Figure 22. IR Spectrum of 2,7-dihydroxy-4-methyl-1, 8-naphthyridine (KBr)
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Figure 23. UV Spectrum of 2,7-dihydroxy-4-methyl-1, 8-naphthyridine
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Figure 24. IR Spectrum of 2,7-dichloro-4-methyl-l, 8-naphthyridine (KBr)
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Figure 26, IR Spectrum of 2,7-dihydrazino-4-methyl-1,8-naphthyridine (KBr)
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Figure 27. UV Spectrum of 2,7-dihydrazino-4-methyl-1, 8-naphthyridine
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Figure 29. UV Spectrum of 4-methyl-1, 8-naphthyridine
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Figure 31.

UV Spectrum of 2-amino-7-hydroxy-1,8-naphthyridine
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Figure 32. IR Spectrum of 2,7-dihydroxy-1, 8-naphthyridine (KBr)
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Figure 33. UV Spectrum of 2,7-dihydroxy-1, 8-naphthyridine
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Figure 35. UV Spectrum of 2,7-dichloro-1,8-naphthyridine
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Figure 38. Visible Spectrum of Bis-(l,8-naphthyridine)-copper (II) chloride

in water.

Table VII
EXTINCTION COEFFICIENTS OF

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

max

Ay (M) €

368 26 (+1)

700 15 (+1)
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Table VIII

THE MOST .INTENSE;BANDS
IN THE: ULTRAVIOLET SPECTRA OF NAPHTHYRIDINES

. (all spectra.in 95% ethanol)’ (a)

- Compound . Amax {e)
2—hydrox.y—.4—methyl—7—amino—l,B_fnaphthyridine 333 N _xl‘O;6)
. 2,7-dihydroxy-4-methyl-1,8-naphthridine 339 ( ->109
- 2, 7-dichlero-4-methyl~1,8-naphthyridine 311 ' >108)
: 2 ,7-dihydrazino~-4-methyl-1, 8-naphthyridine 356 . (. >1OJ6)
. 4-methyl-1, 8-naphthyridine . 255
. 2~amino-7-hydroxy-1, 8-naphthyridine 353 ( n>_10§)
© 2,7-dihydrazino~-1, 8-naphthyridine 325 ( >.10;6)
, 2., 7-dichloro-1,8-naphthyridine - 378 (1.3x10%+.1)
_ 1,8-naphthyridine 307 (5.7x10%+.1)

; (a)' In all cases, ultravielet sp_ectra- were determined by weighing 2 mg. .
. samples of the compound in-: 100ml. of 95% ethanol. Where extinction
coefficients are reported as greater than 106, .the sample was incom-~
.- pletely disselved and. if.it had dissolved completely, the extinction

coefficient would. have been greater than 10.6.
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Table IX

' PROTON MAGNETIC RESONANCE SHIFTS AND COUPLING CONSTANTS OF
1,8-NAPHTHYRIDINES

Shift
. Proten (ppm) Coupling _ cps

.1,8-Naphthyridine

a9 a~B 4,5+ .5
‘B . 2.6 By 8.5+ .5
Y 1.9 -~y 2.2+ .5
-2, 7—Dichloro-4-Methyl-:l-, 8-Naphthyridine
CI—I3 6.70 B—CI—I3 I+.1
v - 1.4
B .- 2.32 B~y -9.0+1.0
. 4~Methyl-1, 8-Naphthyridine
. CH3 -, 6,70
o 1.00
Y . 1.40 B-Y 9.0+1.0

B. . 2.33 a~-Y 2.0+ ..5
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. Table X
. ROOM TEMPERATURE: MAGNETIC SUSCEPTIBILITIES
.AND MAGNETIC MOMEN’TS: (a)

+ Compound XM S ueff
, (e.s.u.) . (Bohr magnetons)
2., 7~-dichlere-4-methyl- -6
1,8~naphthyridine (b) 150 (£100)x10

. Bis—(2,7-dichloro-4-methyl- -6
1,8-naphthyridine)-copper (II) 1505 (£.50) x10 . 2.12
chloride ethanelate (c) :

(a) Ligand corrections. in.the calculation of. ueff were obtained
. from reference 1.

(b) . The exiremely small deflectiens produced. by this compound
in the Gouy balance caused large estimated. errors.

(c) The value of Xg ‘for 2.,8-dichlere-4~methyl-~l, 8-naphthyridine
calculated. from Pascals constants was used.in the calculation
of ueff for this cempound.




APPENDIX" B

. Computer Programs




COMPUTER. PROGRAMS

. DIFFSET

! This pregram was written in FORTRAN by Dr. Robert "Witters at Harvey
- Mudd. College .-This- program ié designed to calculate Goeniostat settings fer
the "basal plane" alignment of a crystal. All settings for reflections above
:the basal plan'e are calculated for values of 28: less than some input value.

. The program will net omit reflections absent due to extinction.

- LI

A data reduction program written in SPS .for.the 1620 computer, by

+ Drs. Charles Caughl-an{_‘and. Chi Tang Li, this program was designed for
photographic Weissenberg data.. The program calculates .the Lorentz and

- polarization cor'reqtién.for data on the basis of equi-inclination angle
'(which.is zero.for all diffractometer data). Reflections with an: intensity
less than some input value are given.én«.unobser,ved. indicator.. All other re-
flections are considered observed. Tfle program has a provision for calcu-
1at'ing.'.the parameters for a -Wilsen. plet for overall scale a;nd. temperature

facter and a. subroutine. for. making absorption corrections.

- POURIER

' This Fourier synthesis program was- written by Drs. Charles Caughlan
:and. George Svetich in SPS for.the 1620 computer. The program will accept
. observed. structure facters for the calculation of a Patterson. synthesis or
- observed and calculated. structure facters.;ior the calculation of a Fourier

H
synthesis. The program will calculate both Fourier and Patterson syntheses
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for all space groups.. The program is very fast, but it is limited in the

- available output formats.

MAIR

The program was written by Dr.. G. A. Mair and revised at the Univer-

sity of Canterbury.. Programs P4, P5, and P6 were obtained. from Dr. Bruce
- Penfold. The program calculated.the structure facters for all space groeups
-and calculates shifts te refine the.input parameters.. The program minimizes

-the function -

e W (kP2 (p 2 V2
M = w (kFo) - (F)™)
©.In all cases w-1.
This program will refine positiens and.i_sotropic or anisotropic.temperature

factors as well as:the overall scale.

..ICR6

. This program was. written by Dr. R. van der Helm in SPS at ’_che Insti-
tute for Cancer Research, and is part of a general Fourier synthésis pro-

gram. The program prepares structure factor output fer.the summation

.- portien of ithe Fourier éynthesis program (ICR6). The program was revised at

-.the University of Canterbury for card input and eutput.

. ICR1

Alse written bysDr..R. van der Helm in: SPS, this is the summation

- portion of the Fourier synthesis. All space.group specificity has been dealt

with in ICR6 so:this program is a general one. The program will ealculate
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both Fourier and Patterson syntheses; output is en cards in alphanumeric

format.

-ORFLS

: This program is a. FORTRAN full matrix least squares refinement pro-
gram for crystallographic data written by Drs. Busing, Levy and Martin at
: the ©ak Ridge National Laberatories.. This is a widely used refinement
: program; the veréion;_used. here was obtained frem Washington State: Univer-
sity.. All calculations were done by teletype control at the Western:Data

. Processing Center at:the University of Califernia at Los Angeles.

- DSET

. This program was' written by E. L. Enwall te calculate:the Goniostat
settings for the "chi ninety" alignment technicjue,‘ Machine settings are
calculated for indices in blocks according to the signs of.the various
«indices and provisien,is.made: for.the omission of systematically absent
. reflections. The program gives :the machine settings for the Friedel's law

related reflection if the value of.the original reflection is negative.

..PARAM

This program is a modification. of the PARAM from the X-RAY-65 sys—.
tems tape written by Dr. James Stewart.. The program gives. the best least
squares cell parameters on the basis of measured values of 28 for any set
of reflections.. The program refines only the parameters variable under the

space group in question and will recycle to continue refining until the shifts
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in parameters are very small. The program was modified at Montana State

- University by E. L. Enwall.

RDN '

This program and. DLS were written by Dr. F.‘ Ahmed and. modified. at
Ohio University by'Dr. G. D. Smith. RDN is a general data.reduction pro-
gram for all normally used data cellection geometries.. The portien of the
. program dealing with Goniostat geometry- was modified by E. L. Enwall at
" Montana.State Universify.. The Goniostat pertien has provision for Lorentz
and. polarization correctiens and for the scaling of data before reduction.
. Estimated standard. deviations are calculated.for all reflections by ti’le tech-

niques suggested by Jensen, (25). No.absorption. correction was applied.

DLS
Also written-.:in-. FORTRAN by Dr. Ahmed and modified by Dr. Smith, this
- is a structure facter calculation and block.diagenal 1east'squarés:refinement
program. . This program minimizes.;che same function as does MAIR, but the
value, 6f w was determined from the expression;
LW = 1/(sig)]/2

where sig is:the estimafced standard deviation in Fy.

BAD

A FORTRAN program written. by Dr. K. Watenpaugh and modified by
*EB.L. Enwall, this program calculates bond lengths and,'bond angles for atom
positions entered. as.input data. Standard deviations may-be calculated.if

the standard deviations.in positions are also. given.as input data.
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Goniostat GeQmetry

. The‘Gonibstat geometry consists '0f four circles which define motions
of the instrument.. Two of.these circles, the 8 circle and:the w éircié,. lie
;. inthe basal plane of the instrument. The basal plane of..tﬁe, instrument .is
. defined by .the loci of the X<ray seurce, the center of the crystal and.the
. position ef:the detector.. This basal plane is a'pproximatelyr': horizontal. All
‘the éircles» of .the C"zonio.stat have their centers at the center of the crystal.
. The X circle has its axis.in the basal plane and bisects ’.the angle centered
at the crystal‘ center and defined by the X-ray source -and.detector. The 6
circle axis.lies: in the X circle.

. In practice, the w circle of the Goniestat is used enly te compensate
for mechanical misalignment. . Mo.tion. in the other .three circles is used to
. bring :the reciprocal lattice of the crystal into a positien. so. that reflectien
.occurs. The proper condition for reflection is best dlscussed in terms of the

Ewald .diagram, Fig. 39.

AR.(h,k,l)

X-ray

v

Ewald Diagram

Figuré 39
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" If'the reciprocal lattice vector R is in:the plane of:the circle of reflection
- and tangent to the circle a rotation of the crystal perpendicular to.the circle

- of an amount 6 will cause.the reciprocal lattice vector R to intersect.the

circle of reflection.. The construction. of the Ewald diagram (Fig. 39) implies

:that a reflection will then occur at an.angle 28 to the X~ray beam and in.the

- plane. of the circles of reflection.. In.terms of Goniostat geometry, a recip-

:rocal.lattice vector must lie in the basal plane and perpendicular te: the

. X-ray-beam when the value of § is zero. The rotation of & will bring: the

vector into reflecting position and the detector, which moves at twice the

. angular rate, will be-.in_-_position, (2:9) to measure the.intensity of ‘the diff-

racted beam. The % and X modes of motien. suffice te bring any reciprocal

. lattice point.inte the proper position. The & motion (all ether settings zero)

can bring any reflection into the plane of the X circle,. and X motion can. :

" .-then bring;‘ the reflection into the basal plane.

The calculation of settings for the 8, X, and 3 circles for conditions

- of reflection demand:that the exact real orientation of:the crystal be known.
. The process of determining the exact orientation is easiest if:the. crystal is
--.in one of two particular erientations.. The name "alignment" is given. to.the

' process. of brihging, ‘the crystal into one of these orientations.. The first

alignment position is.the "basal" positien. This pesition requires.that two

axial rows of:the reciprecal lattice lie in the basal plane of the Goniostat.

. If this requirement is met and the & value for proper reflection of one axial
. Tow is knewn,.the exact’orientation of.the crystal is determined.. The
. second and preferred. alignment (because it is easier to attain) is.the "chi

. ninety" position. In this erientation, ene-reciprocal lattice vector is.made
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coincident with:the & axis and the proper reflection % is determined:for some
- other reflection‘.,. This determines the exact crystal orientatien..-It is not
necessary-to. "align" a crystal at all, but determination of the exact
orientation: becomes more difficult if no élignment.is used.. Most of .the
computer programs written:for the calc.ulation.of machine settings for data
collection assume one. of ‘the:twoe alignment p‘os.itions described although at
least one program has been written. for general positicning.

. Once:the po_sition_'of any twoe nen-co-linear reciprocal. lattice vectors
is exactly‘de,termined (alignment), all {p!ther positiens can. be. calculated.
.This is dene by caleulating the positions of the known.veqtors in some
artificial erientation and determining-the transformation from-:the éritificial
. orientation to.the.real orientati‘on, This transformation will then convert any
- vector in .the artificial erientation te the vecter in.the real orientation.. The
: real orientation of a vecter allows the calculatien of.the & anql X motions
necessary to bring-the vector.into a. position. (at ;ev;"= zero) where;it istangent
to.the circle of diffraction. The 28 wvalue is calculated from the lengfh of
the: reciprocal.lattice vecter so that a short scan may be used to obtain. the-

- diffracted intensity.
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+ Table XI
SINGLE CRYSTAL. DATA FOR

- BIS-(1,8-NAPHTHYRIDINE)-COPPER (II) CHLORIDE
. Crystal Dimension: 30mm x..17mm x .10mm
Crystal Density: - . found 1,689;/00. calc. 1.68 g./cé.

Unit Cell Constants:
a.= 13.745 + .029

b= 8192 + .010

.c = 16,382 £.013

B

» Vol

122.32 '+.09

1558.6 &3

 Conditions for Systematically Absent Reflections:
hkl; h+k=2n
h0l; h+1=2n

.0k0; (k =2n)
Space Group from Systematic Absences: C2/c or Cc

."Meolecules Calculated per Unit Cell: 4.003




Scale

1.04

1.03

1.02

1.01

1.00

.99,

.98

|
4

Scale Group

Average Scale for Diffractometer Data Bis-(l,8-naphthyridine)-copper (II) chloride

Figure 40

i




75
Table XII
SINGLE CRYSTAL DATA FOR

BIS-(1,8-NAPHTHYRIDINE)-COPPER (II) BROMIDE

Crystal Dimensions: .Imm x .lmm x .4mm
Crystal Density found 2.00g./cc. cale. - 2.06g./co.

= 4.28
14.66
13.30
85.6°

832.0 3°

Unit Cell Constants:

a
b
c
B

Vol

Conditions for Systematically Absent Reflections:
khl; h+ k= 2n
h0l; h+ 1= 2n

0k0; (k = 2n)
Space Group from Systematic Absences: C2/c or Cc
Molecules Calculated per Unit Cell: 2.065
Table XIII

SINGLE CRYSTAL DATA FOR
METHYL NAPHTHYRIDINE COPPER COMPLEX

Crystal Dimensions:

Crystal Density: found 1.724q./cc.
Crystallographic System: orthorhombic
Unit Cell Constants: a = 14.7
b = 19.5
c = 20.4 3
Vol = 5840 X

Molecules per unit cell on basis of molecular formula Cu(CgHGNz)CIZ: 14.5




76
Table XIV

FINAL ATOM POSITIONS AND STANDARD DEVIATIONS

| x y z ox oy oz

‘ Gl .5000 .31605 .25000 .00000 .00023 .00000
Crli 2 .43224 .12966 .30844 .00022 .00033 .00020
N3 .66764 .44226 .42568 .00069 .00108 .00065
N 4 .47756 .49489 .32308 .00066 .00106 .00058
CRIES .76410 .46377 «51025 .00086 .00141 .00078
G 6 7095 .57499 .58035 .00089 .00142 .00076
&R .68476 .66681 .56349 .00084 .00105 .00073
(G 57907 . 64449 .47182 .00087 .00118 .00075
L9 47177 213232 .44628 .00092 .00135 .00083
CcC 10 .37897 .69895 .35893 .00092 .00146 .00084
St e .38000 .57688 .30029 .00093 .00134 .00079

G ke 57529 .52892 . 80982 .00078 .00122 .00070




Cul

Cl 2

C 10

Cl1l

C 12

Bll

.00447

.00671

.00582

.00667

.00553

.00621

.00630

.00699

.00747

.00736

.00742

.00530

r

Table XV

FINAL ANISOTROPIC THERMAL PARAMETERS

B22

.01091

.01310

.01294

.01053

.01501

.01537

.01655

.00924

.01334

.01123

.01252

.01026

B33

.00304

.00425

.00479

.00356

.00377

.00404

.00392

.00461

.00501

.00610

.00433

.00330

B23

.00000

.00028

.00102

.00028

.00253

.00289

.00104

.00142

.00137

.00190

.00211

.00160

B13

.00340

.00565

.00633

.00474

.00364

.00515

.00578

.00731

.00712

.00570

.00666

.00438

B12

.00000

.00209

.00335

.00111

.00127

.00197

.00449

.00091

.00133

.00350

.00081

.00026
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Numbering Diagram for Bis-(1,8-naphthyridine)-copper (II) chloride

Figure 41
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. Table XVI

* BOND DISTANCES AND BOND ANGLES FOR
BIS-(1,8-NAPHTHYRIDINE)-COPPER (II) CHLORIDE.

g

ZoQ22aoaa0aa0aaa0aaaa=z0=22

. Bond Length ‘Standard Dewviation
Cu 1-Cl02 2.2514 .0047
~ Cul-N 03 .2.7514 .0224
- N 03-C 05 .1.3207 .0346.
. C 05-C 06 ,1.4029 ..0273
. C 06-C 07 1.3643 A .0284
- C 07-C 08 1.4374 .0367
" C 08~C 09 ,1.4172 .0300
' C 09-C 10 . 1.3743 .0411
C 10-C 11 . 1..3920 .0249
. C 11-N 04 .1.3614 .. 0267
© C 12-N 04 .1.3639 . - .0321
. C 12-N 03 . 1.3528 .0234

. Center Atom at Vertex Angle " Standard Deviation
Cl02-Cu-Gl12 . | . 94.54 | .0815
. Cl102+Cu-N04 . .90.63 .2759
04-Cu-N 14 92.27 .3917
04-Cu-N 03 . 54.17 .2818
12-N 03-C 05 . 116.37 9716
03-C 05-C 06 .124.06 - . .9798
05-C 06-C 07 : 119..83 : .9657
06-C 07-C 08 . 116.75 1.0334
.07-C 08~C 09 121.90 . 1.0486
08-C:09-C 10 .118.32 1.0751
.09-C 10-C 11 119.51 1.0677
10~C 11-N 04 . 122.49 ~1.0884
11-N 04-C 12 ~117.51 o . .9946
04~C 12-C 08 . 122.67 : - .9963
12~C 08-C 09 -119.37 : 1.0747
12-C 08~C 07 118.64 1.0642

03-C 12-C 08 124,12 .1.0139




- Atom

Cu
" Cl
» N 03
iN 04

- C 05
~ C 06

- C 07
- C 08
» C 09
2 C 10
"C 11
- C 12

X
.5000
.4322
. .6685
~4782
.7659
.7807
. .6830
<5797
4737
.3786
.3779
.5736
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Table XVII

: ATOMIC POSITIONS FOR FIRST DATA COLLECTION

Y . z
.3157 .2500
.1293 3084
.4403 L4254
4942 .3250
. 4689 ...5112
.5775 - .5812
.6684 .5614
. 6468 .4753
7294 . 4457
6966 . .3619
5741 ..2970
.5276 .4074
. Table. XVIII

MOST-INTENSE: DIFFRACTION LINES FOR

-, BIS~(L, 8—NAPHTHYRIDI£N]§) ~COPPER CHLORIDE

. _d (R

3.2

(photographic data)

- Intens itﬁ/ Order

-3
-2

-1

NN W W N WwwWw NN W NN

.636
.415
.009
2234
.995
.099
.066
.581
.073
.432
.809
.690
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“Table XIX
- MOST.INTENSE DIFFRACTION LINES FOR
.1, 8-NAPHTHYRIDINE COPPER (II) CHLORIDE

(photographic data)

! M)_ - Intensity Order
7.6 2
. 6.4 ‘ 1
3.7 3
. 3.3 .4
3.1 5
- . Table XX

MOST. INTENSE DIFFRACTION LINES.FOR
1,8-NAPHTHYRIDINE, COPPER (II) CHLORIDE

- (diffractometer data pesitive angles only)

Q_(_SQ - Intensity Order
7.6 1
6.4 | 2
3.2 3
2.5 4




oL= 0
26 15
168 192
226 192
a2 84
24 15
17 17
32 29
32 29
43 43
45 43
9L 2
64 58
237 269
159 152
99 106
38 51
51 59
42 46
48 51
35 34
31 34
29 27
L= &
100 90
21n 218
101 111
154 161
59 57
13 14
&0 21
97 93
72 69
84 81
JL= 6
57 53
49 57
53 49
89 8%
a6 91
86 86
27 28
26 28
75 74
47 45
23 26
oOL= 8
54 54
18 20
50 52
49 51
28 29
19 T4
145 144
T4 69
32 31
21 22
0 L= 10
23 22
56 56
119 122
169 165
82 82
46 5¢
2L= 12
53 49
37 37
106 107
66 72
47 52
17 15
0 L= 14
32 27
120 117
42 48
0oL= 16
38 35
47 45
1Ls O
137 135
11 7
33 35
35 3%
84 82
81 82
23 16
18 16
37 34
35 34
L= 1
151 152
99 96
116 116
119 97
81 89
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Table XXI

TABLE OF OBSERVED AND CALCULATED STRUCTURE

=10

-14

6 K’ 3'Le, 2 K=
48 O AT S
48 =1 27 25 -9
87 3 29 27 K=
53 -3 T4 i g ] -5
132 =8 128 118" <7
50 7 64 68 g
36 -7 95 94 K=
34 9 33 36 0
37 -9 52 49 2
Toiwil 23 21 =2
12; Ks 3 L= 3 :
4 -1 66 8. ~

133 130 1y 6
69 7 39 45 6
9 a2 11 13 8
45 ks 3= & =4
g 1 40 42 K=
51 -1 1M a2 o
55 s 19 20 2
22 3 146 153 -2

5 21 2% 4

R -5 18 116 -
s -1 81 .83 6
;2 9 37 36 =6
5 -9 22 21 8
e 11 21 a -
72 13 38 36 10
91 K= 3L= S =10
26 i 35 3 ke
16 - =L r 36 o
16 7 23 23 2

-7 30 30 4

V51100210 F1E =

10 Ks 3 L= 6 6
n Y RAT S0 n8 e
20 .1 137 nns 8
56 32, e W
29 .3 169 167 19
27 § 31ty As
33 .5 144 138 0
38 AR L SR

L T Y

~11 16 15 ¢

48 K= 3 L= 7 -4
11 1 43 40 6
21 .1 0 57 =6
;“ 3 34 3 8
5# T Y ]
31 s 22 20 -19

12 -5 103 97 K=
26 =1 13 14 0
16 K= 3L= 8 2
28 1 104 101 4
100 =1 971 9 -4

13 3 59 57 =6
34 =3 6 N 8
21 5 26 26 -10
87 =t 13 |19 k=
PSRl R T 0
21 11 34 36 2

15 =13 3% 38 =2

K= 3 L= 9 &
19 1 37 34 6
3 1 23 24 -6
39 3 35 22 8

15 -3 27 28 -8
31 5 29 16 =10
31 -9 47 48 K=
47 -13 23 20 0
45 K= 3 L= 10 -2
32 1 68 65 i
31 el 100, 9 *h
30 3 a4 43 b
0% Cagit 974 Segt =8
13 =111 3% U801 3a
80 =13 41 41 g
80 K= 3 L= 11 0
69 o 2
69 =5 15 10 .2
68 o0 3% I8l g
65 =11 23 20 3
23 =13 35 36 g
23 K= 3 L= 12 -8
1 1 46 42 210
23 =9 48 49 a
34 -11 36 33 0
45 -13 24 21 2
18 K= 3 L= 13 <8
73 -9 19 20 %
30 -11 42 42 M
32 K= 3 L= 14 3%
4 -3 1 38 g
30 -9 40 41 1

-11 53 50

FACTORS

9 53 94 =4
11 16 16 g
K= S5L=s 8 .10
-1 25 25 e
-3 19 21 -4
-5 31 29 =6
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-11 35 30 K=
K= 5 L= 9 0
1 20 19 =2
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-3 21 25 =8
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-7 89 88 K=
K= 5 L=10 =2
1 18 21 =4
-1 22 20 =6
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-9 49 48 =4
K= S L= 11 -6
=3 2 22 2B
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-9 23 24 1
gs gifeaz O™l
=5, 29" [ IR
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-5 s2 s 3
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=7 BFcVZa SRS
K= 6Ll= 0 I
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0 39 40" 3
2 sl 'Sa lng
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T S Y
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K= 6Ll= 3 3
TR R R
2" il cralaee
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ol 18 Tory el
-6 26 25 K=
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& =85 184N L20
6 22 L2k 8y
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90:. ‘as | ENESS
2/ 80 sl g
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=201:26 29K
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-10 39 37
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