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THE SYNTHESIS OF PROPIDIUM IODIDE 

One of the problems approached in this research was , 

to check the validity of a previously published synthesis 

of 3,8-Diamino-5,3'-diethylaminopropyl-6-phenylphenanth­

ridinium Iodide :rv;ethiodide and to prepare the material 

for use in the laboratory. We have named . this compound 

Propidium Iodide. Its structure is: 
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Excepting the phenyl ring and the aminopropyl side 

chain, Propidium is a flat molecule and is one of several 

which have been found to bind to DNA in .a particular man­

ner knO\m as intercalation. The molecules are arranged 

perpendicularly to the axis of the DNA and lie bet-ween 

adjacent base-pairs of amino acids. 

The first of these chemicals 1:ridely used in centri­

fugation i,,as Ethidium Bromide. Identical to Propidium 

except that the sidechain is only a methyl group, it was 

first used as a Trypanocide, and then as a dye for DNA. 

It was especially useful for its fluorescent properties: 



only weakly radiant in the free state, it fluoresced many 

times more strongly while ,bound to the DNA. It is now 

suspected that this is caused by a flattening of the phenyl 

ring relative to the plane of the molecule on intercalation. 

As t he ring approaches the same plane, it becomes a more · 

active part of the resonance in that plane, and the 

fluorescent properties of the molecule are enhanced. 

Ethidium ·was put to a new far-reaching use in 1967 

by Radloff, Bauer, and Vinograd~ They developed a method 

for the separation of linear and closed-circular DNA's 

which was dependent on the fact that as . the Ethidium 

binds to the DNA, it causes the helix to unwind. In 

linear DNA this is not particularly significant, though 

it does result in some strain and a corresponding lowering 

in the free energy of binding. But in the case of cir­

cular DNA the total number of turns in the molecule must 

remain constant. In naturally occuring molecules, the 

sense of the superhelical twisting is opposite to that 

of the helix itself. Thus a small amount of dye will 

unwind the superhelices, producing a relaxed circle. 

The free energy contribution of th:i s relaxation makes 

the circular form, for that first small amount of dye, 

more easily bound. But as more dye is added , superheli,~Bs 

of of the opposite sense form and soon seriously restrict 

interqalation. So at commonly used dye concentrations, 



a greater amount, r elative to the number of DNA base-pairs, 

is bound to linear DNA than circular DNA. Similar results 

to t hose in the linear case are produced in circular 

molecules that have been "nicked", or had one phosphate 

linkage broken. This provides a method of internal 

rotation, removing the restriciton to a constant number 

of turns. 

The effective buoyant density of the Ethidium mole­

cule is less than that of DNA. Since the linear DNA­

dye complex contains more dye, it is less dense than the 

circular complex. The Bauer-Radloff-Vinograd method 

is to put dye, DNA, and Cesium Chloride in a water solution 

and to spin it at high speeds in the preparative ultra­

centrifuge for twenty-four to forty-eig ht hours. The 

Cesium Chloride forms a density gradient, and the DNA-dye 

complexes form bands at the appropriate position. The 

tube is then empties slowly through a hole punched in the 

bottom and the two types of DNA appeared in separate 

fractions. 

T. I. '.datkins of Boots Drug and Chemical Company, 

who ,-ms., interested in Ethidiwn because of its value as 

a Trypanocide in treating the diseases of cattle, reported 

in 1952 the synthesis of eight analogs,•, mainly differing 

in the sidechain? Bruce Hudson, a member of the Vinograd 

group, tested these for their DNA-binding properties. 



One of these was Propidium. The results showed that in 

the dye-buoyant-density separation it produced a · 

difference 1.5 to 1.8 times greater than Ethidium. This 

greater separation would be of value in general use for 

two reasons: the DNA bands are not perfectly sharp--the 

balance bebveen the buoyant forces and the process of 

diffusion produces a Gaussian distribution of molecules, 

and other separations--involving varying base-pair 

composition or catenanes--may produce much smaller diff­

erences and thus not be resolvable with Ethidium. 

But for the Propidium process to be generally 

practical, it was necessary to know how difficult it was 

to produce the chemical itself. Duplication of Watkin 1s 

synthesis would tell. We began, as he did, with 

3,8-dinitro-6-phenylphenanthridine. The nitrate groups 

were reduced to amines, then blocked to prevent unwanted 

side reactions, before the quaternization was attempted. 

The scheme is as follows: 
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\-Jatkins~ descriptions of the procedures are below, 

with the difficulties I encountered. Most of the .steps 

were done at least twice, and several were done three 

times. 
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2: 7-lJisrnrbelho.1yt1111i110-fl-/'ht11ylphc111111thridi11c .-This compo11ncl is clrscrihecl by \Vall~ . i 
( {., J!l 17, G7) . It was (oun,l that a purer pro<l11ct was more readily ?htainr.,1 liy reduction of I 
z: 7-di11ilro-!l-phcnylphc11:1nthridi11e ancl s11hseq11ent carhctho:-:yl;1t1on . Powdered 2: 7-d1-
nitrn-!l -phcn)·lphc11anthridi11e (1-1 ·3 g .) (Walls , j., Jill:,, 201) ancl iron po:vctcr (17 g.) were 
stirrr,l to '.;dhcr in waler (:;oo c.c.), al coh,,l (;ill c .c.), ancl r.:--:-hydrochlonc ac11l (2 c.c .). ancl th<! 
mixture ,;·as hcatec\ under rcl111x for r, ho

1
11rs. The whole was then coolc<I, maclc all, ali :1e with 

ammnnia sol11tion, an,! frlle rccl, and the res idue washccl with walt!r. 2: 7-Diamino-U -phenyl-
phenanlliri,line was extractecl from the drie_d solid residue with chloroform ancl, on concen tra tion ( 
of the extract, scparalc<l in yellow pri sms, m . p . 1!17-l!lS' (10·75 g ., !ll¾) (\Valls, lac . cit, I 
record s 111 . p . HJ S0). ,\ stirred solution of the diamine (10· ·1 g.) in clry pyridine (75 c.c.) _ was . 
treated with ethyl chlo rofonnatc (7·5 c .c .) at 2ti-3O". The dark re<l solution was slowly sl1rrc:cl t 
at room tempernturc for 5 hours, then poured int0 water, ancl th e yellow solid collected. It I 
crystalliseLl from aqueous methanol as white needles, m. p. 138° (not sh_a_I"J'.l (l'ouncl: C, 7O<l; r 
1-1, 5·2; ~. 10·0. Cale . for Cz.1-lzP,N'J _: C, G!Hl_; H, 5·4; N, !l ·S%)_. l h1s compo un<1:, which 
is not ctescribcd by \Vall s, was also ol>tame<I by his procedure . Hcatmg with water for - hours 
con,·ertecl it into \Valls':; hi;;h -m eltin~ compound, m. p . 218-220~ (clccomp.) (12 ·5 -9'' S~%~-
~-- - ~-- --~--- ~,.....---'0-~---------•"'---•. 

This was the most troublesome step. The result of 

the first reaction was a dirty black substance which yielded 

only small amounts of product even when extracted with 

large amounts of chloroform. Strong improvement was noted 

when the extraction was done with methanol, and the pro-

duct precipitated with water. The solid residue was noted 

to contain yellow lumps, presumably- of starting material, 

which were difficult to avoid because t he nitrate is in-

soluble in water. Possibly some more violent method of 

s t irring would increase the yield.. Ey best effort 

produced about 9.1 grams, below Watkins' 10.75 grams. 

In t he second part of this step i t should be noted 

that the ethyl chloroformate reacted violently when added 

to the pyridine solution, and so should be dropped in 



gradually, with care. I also met with difficulty in the 

methanol recrystallization, and my first results were 

characterized by poor purity and low yield. Since I 

also found that the "heating ·with water" improved · purity, 

I left the methanol recrystallization out completely t he 

second time, and did the latter step twice with a change 

of supernatent. The renults were fair, my melting point 

being 6° lm,,, and my yield corresponding to 11.-5 grams 

rather t han 12.5 grams. 

I noted throughout the synthesis a common difficulty 

with crystallization procedures. The substances crys­

tallized poorly, or if forced suddenly out of solution, 

in very small particles. My conclusion vras that t he 

rate of crystallization was small, and that improvement 

would result from very gradual cooling or from reheat-

ing and slow cooling of small-particle colloids. This 

·was confirmed by trials. Even so, however, in almost all 

cases I •1.ms unable to get t he clearly defined crystal 

_£-0.r :- ; ,s .r1 8-c::.cr_i__hed .. -b:.v __ _'~:a.tkins_.._ ____ ___ _ _________ _ 
/ _J.n.:,1 '_-L;r_q!,1,vprop yl-'.2_:, _ _']_-_/,i:;r,1rb,c:thvxyam i IIJJ_-_'.J-phc_nyl J>!,c !l_{l ;1_111 ( i1{i_11 i II IH _ . 1->:1·0,n i1! f,-~-: 7 ~}\(~=-· I 
, carl>elhoxyam1110-fl-ph c:1ylphena11thnclme (22 g_) was heated with slirrin;; with l : 3-<lil> ro ino- , 
! propane (GO c .c .) in a n oil-1.J;:i.th at l'i0-1 ;;:;0 for GO minutes. Yellow plates were depo.;itctl ,iitcr ! 
i 20 minute~. The mixture was coolccl, _anti dry ether (-10 _c.e _) was ;iclckcl , ;ind the mix,urc j 
filtt.:rcll. 1 he yellow solicl was washed with dry cl her ;ind clned at 100° [y ield 30 g.; m. p . U)., __ I 

' 200' (dcco mp.)J . Ii'. cc ryst alli s:1tiou or th e bromide from a br;;e volume of cth:1u,fl yielded yellow ' 
! pl:1lcs, m. p . 2:ir.-23r,> (dccomp.) (27•j g., 3·1%) (Found : C, 5:J·7; H, 5·0; N, Ci •;j ; Dr, 23 ·S. 1 

! C25H:.O,,~JBr:requircs C,5:l ·3; H, •l ·G; N,G·7; Ur,2;;•·1%). • • 
---------· :rn:rs--s·t ·err1-1e-ht· we1i~·ns~-·aes-c:r1Tiea.. "A ].:arge- -vo-.rume" 

of ethanol was about two liters, and evaporation of part 

of the supernatent was required to retrieve all of the 



product. I got about 21 grams, rather ' t han 27.5, but 

t he purity wa_s [; OOd. .. __ _ _ __ _ 
2 _: 7-JJ i .~ca rbctlio.,ya;11i 110· I 0-3' -dii:thylnm iuojJrV/>yl-D -plic ;1ylf>hc llll lllhrirli II i 11111 ci;-,;;;:;;~·--ir ydro- f 

chlondc.--_1 he abov e bromopropyl quaternary compou1Hl (20 ;;. ) was stirred under reflux with [ 
cl1cthylamme {lt,O c .c. ). The ori :;inal co111pound dissoh ·c<l and a white crystalline s•.J!ict w ;::; i 
tlepo:;ilcd . The hea tin,; "·as contiauecl for 1 ho ur an cl the mixture was filt ered. The sfJlid 
(S·l r,.) was tliethyLimine hytlrobromidc, pbtes (from ethanol-ether), m . p . 212' unch a ,1~cJ on 
admixtmc with the authentic material. The di e thylaminc filtrate was evaporated nc;rly to 
dryness und er rellucerl pressure and the residue trealecl with water. The insoluble m,llcrial 
(halogen-free) was purified by dissolution in acid and rcprccipilation with alkali as the 1,seudo-
b;i,;c (Il) . f ·----"---__.c.---------~ • .. ---··· --- ---.......::. _ _ _ 

·-----· - The only problem encountered · here was t he "dissolution 

in acidl' I used 10 N ITCl and was not able to obtain 

complete dissolution. However, re precipitation w-ith 

satur a ted NaOH seemed successful never the less. 
I 2: 7-!Jisrrzrbt"!ho.1yn;;ii,10-l0-3'-dicthy/a;i:iHof>ropyl-'J-J>hc11ylj1hrnr111/hridi11i:wz llyrl;-o;;nz ·511I- . 
\ f'/111/c 3' - ,\f c1ho1;zd!1yl,'11lpl,c1/~. -2 : 7 - Disc;irbcthoxyamino-10- 3' -cliell1ylaminopropyl- fJ : I 0--·, 
; dihvdro-!J -hydrox y-G-phcnylph cn:-.nthriclinc [pseudo-base (II)] (G g.) was dis~olvecl in elhyl acetate ' 
1 ( 1(10 c .c.) and ctha111Jl ((iO c.c.), ancl me thyl s11lpli;ttc (2·S c .c. , 2·5 mob.) w;is aclcled. The solution 
1 was refluxed for 30 minutes and coolccl but no deposit formed. It was accorclin;;ly diluted with 
, benzene-ether, to . i;ive a yellow solid salt which crystallised from ethanol-ethyl acetate as 

k·A -::zc., .._:.. . ..: - ----- - 'f 

1 ycll<>W acir.nl :1 r pri ,; m<; (n -:i g.), m . p . inclcfinit r , crt. '.!:; (( (dr;r,omp .) (found: C, ,;:i-7; II, G·I; ! • 

~.7· -1. C, 111,cn,~:-s:,S,r-:quircsC,,;:1-:1; 11,li- o ; :--.7<1';6 )-
···--·--.. ~,. I~-•----

This step worked as described, except for a disappoint-

ingly low yield, less t han half that described. 
,- ·-.r·:-··'i--:r11i,"i;ii ;-;;;·: 1 n. :1 '-tl ic"tli;7.Z i"(i7iS,"l;;,; p )'f-!l··:-;,-,t-::·it ;,7, r ,iii i, i!: 7 /;{j I, i I< Ill I o·-d-:--ci,-lc-· _ .1_{_cl-h-io_d_i,-lc-.- .·\ 
I sol11tio11 o[ t!ic forc- :~uin:; co1:1j>ound in ~u lpl111ric ac id (10 c.c .) ;ind water (;'j c.c.) was heated at 
\ 1::0° iur ::o minull's anr! \he _ pn>d11ct isolated as _a di-iodirl,;. by tlic 11 :;11al procedure . It 
' cryslalhs,:d from waler conl.11:1111;; pola .,s111m 1rid 1d c, 111 reel ncecllcs, m. p . 21r1 -- 2:111~_"(dr:c1Jmp.), 

1k;m.,s~ccl 0 :1 atlmi,-;1ure with'.!: 7-dia minn-llJ .)} '-diclhyla1\\inopmpyl-!l-phe11rlphc:na11tlarirl i11ium ! 

imiidc hytlrin.tide (:1-G g ., fJ2%) (Found: C, -18·1; ll, :j •O; X, s-:1; I, 37·2. Ca,11 31 ~ .,1
2 

requires 
C, -rn•,-,; 1-1, ,;,1; ~. 8· -l; I, :IS·O% )-

·-,:,.._-_,l,._,..,,....,.__. . ""11t!O'l ... r"I UIO\l:,l'C"f11'7.i<l~).tltcy.fflt _____ _ 

This procedure again went much as Wat kins described except 

for a lower yield. From 5 grams of starting material I 

obtained about 2 grams in batches of varying purity. 

of .2 grams, had exactly ~~tkins' melting point. 

Conclusions 

One, 

At first examination, the results seem to be rather 

negative. The synthesis is long and difficult, and pro-

duce¢l only a small amount of product •. Unless a particular 



use is seen, it is likely the lahworker 1 s time could be 

spent better else·where. The synthesis took me about 

seventy hours. 

However, it is obvious that I did not do so well 

as 1ifa tkins. Had my yields equalled his, I might have pro­

duced ten or fifteen grams of material. I am basicallt 

una ble to explain this, other than to say that the 

polished, practiced technique of t he professional is no 

doubt superior to t hat of the stucient. 

The ideal solution would be to convince a c hemical 

company to produce it commercially.. Some experiments 

do need it, and if all experiment s used it, it might be 

t ha t previously unnotic ed phenomena would come to light 

bec ause of the increased resolution of the bands. 

Furthur work was done on other possible improve­

men t s. Although initial att empts were not successful, 

the i deas seem to merit more work: 

A dimeric dye--if two dye molecules were connected 

by a relatively long chain, t he DNA molecules mig ht tend 

to form loose ag graga t es on binding. The buoyant density 

would not be affected, but diffusion would be slowed. 

}~c h s harper bands mi ght r es ult. 

A dye bound to a column ma t crial~-such a material 

could be used to separate l arge quantities of DNA quickly 



and efficiently. 

A dye ·with a meta- or ortho-substituted group on 

the phenyl ring--a bulky group might cause either a more 

restrictive flattening of the ring, enhancing fluoresc ence, 

or a greater spreading of the base-pairs, improving 

unwinding. 

The foregoing is reported with the work of others 

in a paper to be published in 1-'iarch, "The Use of an Ethidium 

Analogue in the Dye-Buoyant-Density Process for the Isolation 
of Closed Circular DNA: The Variation of the Superhelix 
density of Eitochondrial DNA~' B. Hudson, W •. B. Upholt, 
Jo Devinny, J. Vinograd, P.N.A.s., Vol. 59 1 March, 1969. 

Thanks are due the California Institute of Technology, 

for its facilities, and Dr. Jerome Vinograd and Bruce Hudson 

for direction. 
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ABSTR!\.CT 

The dye-buoyant-density method for separation of 

circulo.r and linear DNA is,reviewed, and an improved dye 

proposed. The synthesis of the dye is described, and 

its feasibility as a general method discussed. 


