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Determination of Carbonyl Compounds by Sodium Nitrite 
Tiitration of Excess 2,4-Dinitrophenylhydrazine in the 

Presence of Hydrazone 
By LEON KURLANSIK and EDWARD F. SALIM 

Numerous methods have been developed for the quantitative determination of 
carbonyl compounds with 2,4-dinitrophenylhydrazine. Generally, i t  is necessary 
to separate the prepared hydrazone from excess reagent before final measurement. 
A simplified method for the determination of aldehydes and ketones is presented 
in  which excess 2,4-dinitrophenylhydrazine i n  the presence of hydrazone is titrated 

with standard sodium nitrite solution. 

7 INCE ,Mathewson (1) prepared liydrazones of 5 water-soluble carbonyl compounds with 2.4- 
dinitrophenyl hydrazine, this reagent has been used 
extensively for qualitative characterization and 
quantitative ~estirriation ol carbonyl compounds. 
Applications of gravimetric (2-4), spectrophoto- 
metric (5-7), and titrimetric procedures for quan- 
titative rlcterniinations of aldehydes and ketones 
have been reported. Among thc titrimetric methods 
dcvcloped are solution of the hydrazone in standard 
base and determination of excess sodium hydroxidc 
(X) ,  nouaqueous titration of hydrazotie in pyridine 
with tetrabutylammonium hydroxide (Sj, deter- 
mination of reduced nitro-groups of the hydrazone 
(1.0) or  excess hydrazine (ll), and direct ampcro- 
metric titration of the carbonyl with 2,4-dinitro- 
phenylhydrazine solution (12). 

A common feature of most published metliods is 
the scparatiori of prcparcd hydrazone from cxccss 
rcaycnt before the final rneasurcmcut is conducted. 
The preponderance of procedures deals with thc 
Ii,ytlrazonc :~nci relatively few involvc thc detcrtniua- 
tiuii of cxccss~ reaxent. Isolation of hydrazones 
wliich are slightly soluble in the rcaction media 
gmcrally results in low recoveries. 

Vulteriu atid Zyka (13) have described the po- 
teritiorrietric titrativri of 2,4-dinitroptienylliydrazine 
with 0.1 M sodium nitritc and havc postulatcd thc 
rcactioii to procccd by formation of the 2.4-dinitro- 
phenylnitrosohydrazine. Sitice the ,9 nitrogen of the 
h:ydrazone is substituted, corresponding nitroso 
addition prcsumably does not occur. Baldinus 
and Rothherg have reported the titration of hy- 
drazoncs with sodium nitritc but only after vigorous 
~~ 
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treatment with sulfuric acid and tctrahydruluran 
(11). Hased on this irilortiiation a simplified method 
for the deterinination of carbonyl cornpounds has 
been dcvcloped by an initial rcactioii with 2,4-di- 
nitrophcnglliydrazitie and subsequent titration of 
excess reagent in the  presence of prepared 1lydrdZoIiC 
using standard sodium nitrite. 

EXPERIMENTAL 

1111 titrations were conducted poteritiorrietrically 
usitix a Becknian Expandoniatic pH meter equipped 
with a calornc.l and plntinu~n clectrode system. 

Reagents.--Z,P-Diizitroph~nylhydrc~zine Keugent 
SoZufion.-Add 9 Gin. of finely powdered 2,4- 
dinitrup~ienylh ydrazinc ,4-L)NPH) to a stirred 
mixture of l(1O ml. of 85 phosphoric acid, 100 ml. 
of etlianol, and 20 1111. of sulfuric acid. Stir for 30 
inin., add 100 nil. of ethanol, anti continue 
mixing for 311 atltiition;tl hour. Cool ~ tnd  filter 
prior to USC. (Tlic rcagent is ;tppr(rsiin~~tc1y 0.1 >If 
arid is slabic for at lc.ast 3 wccks.) 

Sodium Nitvite, (1.1 Af.- -1)issolvc. 7.6 GIII .  of 
sutliurn nitrite i l l  sulficietit water tu make 10(10 i d  

The solutioii was staiid:trdizcd against U.S.1'. 
sulfanilainidc refcrcncc stamdai-d, previously dried 
at 105" for 3 hr.. by potcntiornctric titration using 
calomel V C ~ S Z L S  platitluni electrodes. 

General Procedure. -Transfer about 1 meq. of 
test compound to  a glass-stoppered, 125-nil. conical 
flask arid dissolve or suspend in 20 rnl. of ethanol. 
Add 25.0 rnl. of 2.4-DNPH reagent, insert the 
stopper, and place the flask in  a coristsnt-tempera- 
turc bath iimintainecl at 60-56" for 1 hr. (Nole:  
aldehydes arc allowed to react at room temperature 
for the prescribed 1 hr.) Cool and transfer the 
contents of the flask to a 400-1111. beaker with the aid 
of 100 inl. of water. Aldd 10 nil. of hydrochloric 
acid. 5 Gni. of potassium bromide, and titrate slowly 



1458 Joririzul of Phavrnnceutical Sciences 

A supplemental study was performed to deter- 
mine the optimum time aiid temperature conditions 
for reactivity. The results shown in Fig. 1 indicate 
that the reaction for methylpredtiisolone was quan- 
titative at  50-55" after 1 hr. The coriditivris es- 
tablishcd for n~etliylprednisolorie were believed 
to express the parameters by which sterically uri- 
hindered ketones could be readily quautitatcd. 
Atlalog-ous tests for aldehydcs showed that quan- 
titative results could be obtained at  room tempera- 
ture within a 1-hr. period. A sunimary of these 
data is included in Table I. For the limited number 
of  aldehydcs tested, no pronounced eff ccts werc ob- 
served for increased number of carbons iu  aliphatic 
compounds nor the addition of electron donating or 
withdrawing groups nvtho or para to the aromatic 
aldehydes. 

The  determination of ketoties was fouiitl to be 
influenced by certain factors so that the method was 
not so getierally applicable as with the aldchycles. 
Ketones successfully determined arc iiicludetl i i i  

Table 11. The gciieral procctlure was founc! to bc 

100 

i 

T O  - 
30 K O  90 

TIME, rnin. 

Fig. 1 -Reactivity of methylprednisolone with 
2,4-dinitrophenylhydrazinr reagent a t  various ten-  
peratures. 

with moderate stirring, adding 0.1 M sodium nitrite 
in 0.1-ml. increments near the end point. Perform a 
blank determination. The difference between blank 
and sample titrations represents the volume of 
0.1 M sodium nitrite equivalent to the carbonyl 
content in the sample. 

The end point was determined by means of dif- 
ferential curves (AE/A nil. versus mi.). It was noted 
that thc volunie of titratit added at the point of 
maximum rise in potential was thc equivalent vol- 
ume, thereby eliminating the necessity to construct a 
differcntial curve for each titration. 

RESULTS AND DISCUSSION 

Initial studies were c0nducte.d using standard 
2,4-DNPH reagents. Johnson's reagent (15) con- 
sisting of ethanolic phosphoric acid was considered 
too viscous to allow the uniform additions necessary 
in the proposed mcthod and w-as noted to  yield quan- 
titative hydrazone formation only after prolonged 
reaction. The reagent developed by Brady (16) 
utilizing ethanolic sulfuric acid was observed to ac- 
celerate formation of hydrazone but produced un- 
desirable side reactions as demonstrated by high 
recoveries with rnethylprednisolone. Experiments 
using various combinations of phosphoric and sul- 
furic acids to  resolve the difficulties associated with 
each reagent lcd to the formulated solution used 
throughout subsequent investigations. 

'~~AI41,lC 1.- L)l i . l l lRhl lSATlON Uli l~L1)ISIIYIJlbS AS 
%;I ~~1Nl'iKOI'IIENYLIIVI~I~A%UNIIS 

__ .~ .. _- ___- ___ .~ 

Hccuvc, y , 
lh~llzalclellyclc" 98.8,98.4 
Citnianialdeliydc" ' 99.4,99.7 

Formaldehyde solution U.S.P. 100.1~ 

a-?Japhthaldehydeb 9 9 . P  
p-Nitrobenzaldehydem 98.7 
2-P yridinecarboxaldehyde 99.1 

~~DimethylamiiioLeiiz3ltlcliy~lc~ 99.4, 99. (i 
Ethyl vanillina 100.4, 100.6 

Heptaldehyde 98.5 

Salicylaldehydeb 100.4, 99.5 
Vanillin0 99.6 

a Recrystallized before use. Redistilled before use. 
'Calculated on basis of formaldehyde content found by 
U.S.P. assay. Average of 5 determinations of S.U. f 0.30. 

'I 'AHI-E 1 I.--1)ETERMISATIOS OF KETOSES AS 2,4- 
DINITROPHENYLHYDRAZONES 

____ . 

Recovery, Yo 
Benzopherionea 99.8 
w-BrorIioacetoplieiioiie' 98.8 
Chaleotiea 100.8 
Cyclohexanoiieh 99.0 
Deliydrocholic acid" 100.1c 
3,4- Dihydro- 1 (2II)-napIitlialenoiic 95.8 
1 ,3-Diphenyl-2-propanonen 99.8 
Estrone 100.4 
Menadionen 99. I d  
Methyl isobutyl kctone* 96.6, 9B.G 
Mcthylprcdnisolone 99.1,99.7 
Mcthyltcstosteroiie 99.5 
I'rednisolone 99.1 
I'rednisoiie 100. o c  ?e 

Progesterone 100. G 

a Ilecrystallized before use. Redistilled before use. 
Reacted for 3 hr. Calculated on basis of monohydrazone. 
Recovery based on hydrazone formation at 3 aud 20 posi- 

tions only. 

quaiititativt lor niono-ketoiies above CS. Lower 
:diphatic ketones produccd the following rcsulls: 
acetollc (84.X%>), nlctllyl ethyl kvtolle (xU.x':;,), 
a i i t l  Iiictliyl isopropyl kclone (93.7';;). ' i l e  l ow 
v h c s  tilay IIC exlk~incd oii tlic Labis or nitrous xekl 
oxidation of nicthyl or nie.tl~ylciic groups : t ( l jxc i iL  
to ;L carl)oiiyl gi-oup. I n  aqueous HCI s~lutioii tlic 
rcactiori ptuccecls to tlic fonIldtkIt1 of a 1,'Adiear- 
bony1 coiupound aud liydroxylainine hgdrochloritlc 
(17). l'he hydrazones of lower molecular weight 
ketones contain the grouping CH3-C=N- which 
is the nitrogen analog of the carbonyl group and may 
undergo a similar reaction during the final titration 
with sodium nitrite. 

Several steroids were included in this general 
survey because of the varied positions occupied by 
carbonyls and in light of the wide use of such com- 
pounds as niedicitial agents. Steroids containing a 
keto group in the 3 or 17 position were quantitative 
in the alioted reaction time. Dehydrocholic acid 
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with carbonyli in the 3, 7, and 12 positions required 
3 hr. a t  50-55" for quantitative reactivity. Yred- 
uisonc, a 3,11,20-trione coinpoutid, gsvc 66.770 
rccovery after 3 hr. aiid no further reaction was 
evident after 17 hr. elapsed tirne. Since the 11 
keto position :is known to be extremely unreactive, 
the result at 3 hr. can be considered quantitative 
based on hydrazone formation a t  the 3 and 20 
positions only. Progesterone, prednisolone, arid 
iiietliylpreclnis'cllone which represent 3,20 di-ketones 
yielded quantitative his-hydrazones. Prednisolone, 
esterified as the acetate, gave an inconiplete reac- 
tion---81,5(~~--after 3 fir. The pre.sence of the 
bulkier substif uent adjacent to carbon 20 appears 
t o  be sufficient to drastically hinder the formation of 
hydrazone at  the C ~ O  carbonyl. 

SUMMARY 

'The titratiori of excess 2,4-dinitrophcnylhydrazine 
using sodium nitrite without prior separation of the 
precipitated hydrazone allows a shorter analysis 
time for the determination of aldchydes and a sub- 
stantial number of ketones. The procedure was 
foutid to bc reproducible to *0.5c/o and the results 
for ethyl vanillin, formaldehyde solution U.S.P., 
prednisolone, nnenadione, and pre.clnisone were con- 
sistently within 0.5% of comparative values ob- 
tained by official or other recognized methods of 
analysis. 

1459 

The mcthocl is neither applicable to certain ali- 
phatic ketones nor to sterically hindered steroids. 
Carbonyl cotnpouiids which contain a functional 
group such as a11 amine or phenol capable ol reacting 
with sodium nitrite cannot be determined by the 
proposed procedure. 
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Aniides Derived from Hepta- and Octamethyfeneimine 
By HEINO A. LUTS, W. A. ZUCARELLO*, W. LEWIS NOBLESt, and JEROME F. G R A T T A N  

Some new physiologically active amides of 
hepta- and octamethyleneimine moiety have 
been prepared. Their preparation and bio- 

logical activities are given. 

HE KNOWLEDGE that a number of biologically T important compounds occurring in nature 
contain trimethoxyphenyl or trimethoxybenzoyl 
groups as a part nf their molecule has prompted 
considerable invcstigation into the various ways 
w1i:ich this moiety can be incorporated into molecules 
and elicit various pharrnacological actions. 

Vargha and his associates (1) have reported on the 
tranquilizing and analgesic effects of the simple 
bcnzamide containing the above moiety as well as 
it number of heterocyclic amides. In varying the 
ani ine moicty of the amide, they noted that morpho- 
line and 2-nicthylmorpholine exhibitcd the most dc- 
sira.ble therapeutic propcrtirs among the conipnu~ids 
studied. Corre:ipotidingly, Sclilagcr ( 2 )  in a review 
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article has reported on a large number of derivatives 
containing 3,4,5-trimethoxybenznyl moiety. 

Previously, the authors (3) have reported on thc 
use of lieptsirirtliyleneitniii~ in thc Mannich reac- 
tion. It may be worthy of note that in this earlier 
work, the Mannicli base obtairied from 2-acetyl- 
thiophene aiid heptainetli~~lcneimine exhibited sig- 
nificant analgesic activity a t  a dosage level of 150 
mg./Kg. 

r 

CH2CH2-N (3 
H H ;":3 / 

11 

In addition, the sccoticlary alcohol obtained by the 
sodium borohydride reduction of the Mannich base 
from p-chloroacetophenone and hcptamethyleneimine 




