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ABSTRACT

The significant properties of a useful nmr shift reagent , RuPc,

and two excellent nmr shift 1-eagents, Ru Pc[(CH3)2S0]6 and RuPcr (CD3)2S0]6,
are described and discussed . Some of the kinds of compounds with which

the two sul foxide reagents can be expected to work and to fail to work

are given , i.e.: imidaz oles , pyridir ies , pyrrolidenes , prima ry, secondary ,

and tertiary aliphat ic amines , and primary and secondary aromatic

amines; and ethers and many other oxygen function compounds , respect-

ively. Where pertinent some of the factors relevant to the behavior

of these compounds towards the two reagents are mentioned . The select-

ivity of the reagents and the way in which they complement and supple-

ment the two similar iron reagents , FePc(NH2C6H5)6 and FePc(F~D2C6D5)6,

are emphasized.

Running head : Phthalocyaninatorut henium( II) Shift Reagents



I NTRODUCT ION

Previously, work on FePc (Pc = phthalocyanine li gand , C32H16N8) show-

ing that this compound is a useful nmr shift reagent , and on FePc(NH 2C5H5)6
and FePc(UD2C6D5)6 showi ng that these compounds are valuable shift reagents

has been described (1-3). Explora tory work on RuPc revealing that it

functions as a shift reagent has also been mentioned (1,2).

In the present paper an account of further work on this latter reagent

is given . Also given is an account of work on two new reagents ,

RuPc((CH3)2S0)6 and RuPc((CD3)250)6. The work on these latter two reagents

is emphasized because they have quite desirable properties .

E X PER I ME NTAL

Reagents —— RuPc . Fol1ow~ng Krueger (4), this compound was prepared from

RuCl 3 and o—cyanobenza m ide , and v~as purified by a glacial acetic acid ex-

traction .

RuPc((CEI3)2S0)6, A mixture of RuPc (0.20 g) and dimethylsulfoxide

(20 ml) was refluxed for 2 hr and filtered (no residue) . The fi l trate was

concentrated by distilling off some of the solvent (12 ml) and then was

cool ed slowly. The product , composed of purpl e needle -shaped crystals , was

filtered off , washed , and dried (0.12 g). Anal , Calcd. for C44H52N8O6S6Ru:

C, 48.83; Fl , 4.80; 5, 17,17; Ru, 9.34. Found: C, 49.16; H, 4,80; 5, 17.57;

Ru , 9.55. An nmr spectrum of this compound showed resonances wi th the

positions and areas to be expected of a solution containing dimethy lsulfoxide

and a single isome r of RiPc ((CH3)2S0)2 in a 4:1 ratio.
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RuPc((CD3)2S0)6. Using a procedure parallel to that described for the

synthesis of RuPc((CH3)2S0)6, RuPc and dimethylsulfoxide -d 6 were re cted

together and the product isolated, An nmr spectrum of the product showed only

phthalocyanine resorar.ces.

Application Techniques -- RuPc. The technique used with RuPc was parallel

to that used wi th FePc. First the shift complex was prepared and isolated

by conventional means , then a small amount of it (
~ 1— 5 mg) was dissolved in

deuterochloroform (‘~ 
0.5 ml), and finally, if appropriate, the solution was

f ii tered.

The procedures used to synt hesize and isolate the complexes of 1,2-

dimethyliniidazole and N,FJ ’ -dimethy lformaniide are il lustrat ive of those used

to obtain the comp lexes . RuPc(U2C3H2(CN 3)2)2. A mixture of RuPc (0.05 g),

1 ,2-dimethy lirnidazole (0.1 ml), and benzene (25 ml) was refluxed for 3 hr

and filtered . The filtrate was evaporated to dryncss under reduced pressure

and the product , a dark—bl ue powder, was washed and dried (0.01 g). An nmr

spectrum of this product showed resona~ ~s wi th the expected positions and

areas and no extraneous resonances . RuPc((CH3)2N&H3)6, With the aid of

an appa ratus desi gned to permit the extraction of a solid at the reflux

temperature of the solvent being used , PcRu (0.20 g) was subjected to the

action of dimethy l formamide (15 ml ) for 8 hr. The resultant was cooled

slowly and fi l tered, The product , composed of purpl e crystals , was washed

and dried (0.10 g). An nmr spectrum of it showed resonances having the

positions and approximate areas to be expected of a 4:1 solution of dimethyl-

formamide and a single isomer of RuPc((CH3)2N~CH3)2. It also showed some

small resonances attributable to ir.purities.

________________ 
— --4
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RuPc((CH3)2S0)6 and RuPc((CD3)2S0)6. The technique used wi th

RuPc((CH 3)2S0)6and RuPc((CD3)2S0)6 was simpl e and dependable. Several

crystals of the reagent (‘
~ 1-5 mg) were dissolved in a solution of the

compound (
~ 1-5 mg) in chloroform (‘~ 0.

5 ml ) and , if appropriate , the

resultant solution was fi l tered.

Instruments —- The instruments used were Varian HA-l0O arid Varian XL-l00-15

spectrometers . They were operated in both F.T. and C.W. modes .

DISCUSSION

Coordination of Ruthenium in Reagents -- The coordination arrangemen t about

the ruthenium in crystalline RuPc may be assumed to be square or tetra—

gonally distorted octahedral . That around the ruthenium of the sulfoxide

complexes when in so lution is clearly tetragonally distorted octahedral .

Probably the non-nitrogen atoms of this grouping arc su lfur and not oxycien

atoms since a sulfoxide sulfur is a softer base than sulfoxide oxygen.

Features of Re~g~ 1ts -- Like its iron analog, FePc , RuPc has a number of good

features. It yields in a reliable fashion spectra which are simple , well

resolved , unbroadened , concentration i ndependent , and easy to interpret.

Also , it is stabl e to oxidation , hydrolysis , substitution , pyrolysis , and

shelf storage ,and is insoluble in most common solvents ,

However , as matters stand , use of it requires more effort than optima l

and larger amounts of the compound of interes t and of it than generally

desirable. These fea tures of it can be traced back in large part to the

slowness of the addition reaction central to its use.

Unlike FePc, RuPc is not commercially available. Balancing this , how-

ever , is the markedly different range of applicability of RuPc (an earlier
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statement to the contrary notw i thstanding (2)).

The nondeuterated sulfoxide reagent , a reagrnt in ma ny respects like

FePc(NH2C6H5)6, has , as does the iron -aniline reagent, many positive features.

Foremost is the fact that it is easy to apply . This comes about to an

important extent because the exchange reaction which underl i es its appl i ca-

tion is sufficiently fast.

In addition , its use requires the expenditure of only small amounts of

the compound of interest and of it. However , it does give spectra which are

more compl ex than those given by RuPc,

The deuterated sulfoxide reagent is like its nondeuterated analog

except that it g i ves , as is highly desirable , spectra free of sulfoxide

resonances . On a per use basis , its cost is l i tt le more than that of the

nondeuterated rei~gent.

In general neither of these reagents yields spectra which are as in-

tense as those yielded by the iron -aniline and iron—an il ine -d 7
reagents. However , they do give spectra which are simpler than those given

by their respective analogs (because of exchange reactions the deuterated

iron — aniline reagent gives spectra containing NH2 resonances).

As far as is known , the three ruthenium reagents work wi th the same

types of compounds , Tables 1 and 2. Of these three , clearly the two suif—

oxide reagents usually are the reagents of choice, On the basis of the

results of a number of experiments , the behavior of these two reagents with

a variety of types of compounds can be projected wi th confidence.

Behavior of Sulfoxide Reagents -- Imidazoles . With many imidazoles , even

those that are quite hindered , the two reagents can be expected to work well .

As wi th the iron reagents the ruthenium reagents interact with the pyrid ine—

like nitrogens. It is presumed that the reagent-imidazole bond formed with

these reagents is longer and stronger than that with the iron-aniline reagents

L ~
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and tha t this basical ly accounts for the ability of these reagents to react

wi th hindered imidazo les . It is also presumed that if—bonding plays a sig-

nificant rol e in this bond . A hindered imidazole with which the nondeuter—

ated sulfoxide reagent reacts but the nondeuterated iron -aniline reagent

does not is l ,2—dimethylimi dazoIe . A second imidazole wi th which the reagent

reacts is the 5 tautorner of 4(5)—pheny limidazole. This is significant

because the nondeuterated iron —a niline reagent does not react with either

tautonter of 4(5)—pheny li i idazole , suggesting, as noted earl i er, that the

tautomeric mixture contai ns muc h more of the 4 than the 5 tautomcr.

Pyridines. The reagents can be expected to function we ll with many

pyrid ines. As wi th the imidazoles , it is presumed that the reagent—pyridine

bond formed wi t h these reagents is longer and s tronger than that with the

iron—ani l ine reagents . No doubt ~—bond i ng plays a si gnif icant ro le in this

bond too. A compound having a pyridine function with which the deuterated

reagent reacts is 5—a in inoisoqui no l ine. Since , as reported below , aromatic

anii nes react wi th the reagents it is not unexpected that interaction between

the ami no function of this compound and the reagent also occurs . However ,

it occurs only when the reagent concentration is hi gh and even then only to

a smal l extent .

Prima ry aliphatic amines . It can be anticipated that the reagents will

work with many primary ami nes) both hindered and unhindered. One hindered

primary ami ne the nondeuterated reagent functions with is 1—aminoadamantane ,

a compound the nondeuterated iron-aniline reagent does not work with.

Secondary aliphatic amines . The two reagents can be expected to work

with many secondary aliphati c anii nes, An ami ne of this type the deuterated

reagent works with is cliethylamine , and a like amine the nondeuterated re-

agent works with is di-sec—butylam ine . As pointed out previously, thL iron—

aniline reagent does not function wi th the latter.

~~~~ 
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Tertiary a liphat ic aniines. It is thought that the reagents will work

wi th a modest number of tertiary amine s . One tertiary ami r~ the deuterated

reagent works wi th is N-me thy lpiperidine . The iron -aniline reagents do not,

so far as is known , react with tertiary aliph atic ami nes.

Primary aromatic ami nes, With many primary aromatic ami nes , both

hindered and unhindered , it can be expected that the reagents will work.

An ami ne of this type the deuterated reagent functions wi th is aniline ,

Figure 1 . Since RuPc functions with o— to luidine it can be assumed that

the reagents will work with this ami ne too. As far as is known , the iron—

aniline reagents do not function with primary aromatic ami nes .

Secondary aromatic amines . Even with some secondary ami nes it can be

expect it the reagents w ill work. A case in point is t~-methylaniline .

As with the iron reagents the ruthenium reagents can some—

ti x pected to function predominantly or c .an essent ial l y sole ly with

j ust one of the amine groups of some diamines . Thus , as alrea dy mentioned

under ordinary conditions the deuterated reagent interacts essential ly only

wi th the pyrid yl function of 5-ami noisoquino line . However , because the

iron and ruthenium reagents do not runction ~n a fully parallel fashion the

selectivities which the two reagents show can sometimes be expected to be

di fferent .

Amides . The reagents may well prove to be of use with amides since

RuPc functions very well with diinethylformamide. It is presumed on the

basis of hard-soft acid-base arguments that the reagent-amide interaction

in the dimethylfor inamide complex is an Ru—N interaction and that the inter-

actions in other amide complexes formed would also be Ru-N interactions.
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Oxygen containing compounds. It is thought that in genera l the re-

agents will not interact with the oxygens of oxygen function compounds . One

compound having an oxygen function with which the deuterated reagent does

not work is £4—ar~i noniorpholine .

The fact that this trifunctior ial compound interacts with the reagent

but only through its prima ry amino function is of interest because it offers

a good example of the selectivity that can be shown by the reagents .

CONCLUSIONS

The su lfoxide ruthenium reagents can be expected to interact with a

variety of a rnines and wi th  sonie other soft base type compounds but not with

ethers and other oxygen and non~oxygen hard base compounds , They can be ex-

pected to give comp lexes w hich are of 2:1 sto ichio metry and trans geometry

and hence to give spectra ~i } i c h  are easily interpretab le. They can be ex-

pected to furnish a comp lement to the iron-anil ine reagents because their

behavior towards a variety of compounds can be anticipa ted to be different.

Like the iron -aniline reagents they are simple to make , easy to store , and

uncomplicated to use.
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TABLE 1

SUMMARY OF INFORMATIO N ON SE LECTED COMPOUNDS

Will-I RuPc REAGENT

Type Compound Act ive Function

CII
/ 2

imidazole N~/~ ~ N ’

/ //pyridine N’~~~ CH 3 N

prii~iry aiii ne NH2C4H9 —NH 2
UH2C (CH 3 ) 3 — NH2

secondary amine H~Q =NH

aromatic amine NH2O —N H 2

NH 2~J~

amide (CH 3 ) 2NCCH 3 =NC—

_ _ _ _ _ _ _ _  - ~~~~~ - - - .-~~~~~~~~~~~~ - - -
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TABLE 2

SUMrtARY OF INFORMATIO N PN SELECTED COMPOUNDS ~JIT ll SULFOX IDE REAG [NTr

Type Compound Reagent Act ive Functions

imidazo le  
~~3 

H

II N

C6115

pyridi no D N and -NH 2

pri m~i ry au pha ti C an tie ~ H -NH2
N H

/

NH? D —NFl 2

secorìda ry al l phatic ami no NII(C 2H5 ) 2 D ~NH

NII (CHCH 3C 2H 5 ) 2 H rNH

tertiary a l iphat ic ami ne CH 3N~~~~ D EN

primary aromatic amine NH2Q D — NH 2

secondary aromat ic amine CH 3NHO H ~NH
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19 K I V WITh )S C ot , ,  t ie  ci;  r e , c -  r o e  d d e  it r;ere :s , tr , ’  .1 t r I po li h~’ block n;,n ,Fer)

N MR Spcc troscopy , Sh 1 ft Reageri  t s , R i i t h c n  i urn Ph t ha  I ocyan I nc s , Ru t  l ie u i
P h t h a  I o cva n i n es , A m inea  , R u t h e n i u m  Ph th a l  ocyai i  inc  A m i n e  Complexes

20 ABS T ~C1 (C, ro 0t;~o on ,e t o p  ~e t i d e  I i  i t ’ , p o p  on! ide,,l.(;’ ly block ,;;tober )

~ Thc si  gn i f i  c an t  propert ies  of a u se fu l  nmr shi ft reagen t , Ru E’ c , an d two
e x c e l l e n t  niri r sh i f t  r eagen ts  , R uPc (C Il- ~) 25016 and Ru Pc [ (C l ) — ~) 2~°1 

~
, 
. are

de sc r ibed  and di acic ;  sod . Some of the  ki  r i ds of compounds a lb  w l i i  ch the  two
su i l f o x i d c  r e a g en t s  can he expected to work and to  f a i l  to work are g iven , i .e.
irn ida zo l  es , pyr i  d i  r ie ~ , pyrro l i de n es , p r i m a r y , secondary , and tc ’rt i ary a I i  —
phat  i C ami  lies , and p r i m a r y  and s econda ry  a r o m a t i c  a rn i r i c s  ; and e thers  and many
other oxygen fti nct ion compounds , r e s p e c t i v e l y .  Where p e r t i n e n t  some of the
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20.  (co n t . )
~

fac to rs r e l evan t  to the behav ior  of these compounds towards  th e  t o o  reag ent
arc rn en t i on od . The se I ect I v i  t y o f t h e reage n ts a n d t he  w ay  i l l  wh i cli t h ey
Corn !) 1 coon t a n d su pp l enne n t th e two si m i l a r i non r eage n ts , Fe l’ c (NI I 2C~,I l~ ) 

~,and FC1’ C ( N l ) ,C 61) 5) 6 ’ arc emp has i zed .
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