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The Girard reagents13 Girard-T (I, N,N,N-tri- 
methylammonium acetylhydrazine chloride) and 
Girard-P (11, pyridinium acetylhydrazine chloride), 
have been widely used for separating aldehydes and 
ketones from complex mixtures4 since their intro- 
duction by Girard and Saridulesco in 1936, but no 
quantitativc study has been macle of the formation 
of Girard dcrij.atircs. 

Semicarbazide can be t'itrated iodometricallyj 
and i t  seemed probable that t>he Girard reagents 
could be titrated similarly. An aqueous solution of 
the Girard-T reagent (I) is strongly acidic (pH 2 )  
and reacts very slowly with iodine (Table I). How- 
ever in a neutral buffer solutioii t hc reaction with 
iodinc is rapid and (torresponds t>o the utilization of 
t w o  moles (4 g.-ntornsj of iodinc per mole of 
Girard-T reagent. Titratio~is at different pH 
(Table I) showed that there was ai1 optimum pH 
for the reaction (pH 7-8); below this thc reaction 
was very slow and incomplete and in stroiigly 
alkaline solution the iodiiic was coiisumed hy the 
base. The stoirhiometry of the rcactioiih is pre- 
sumably t hc following : 

( C H ~ ) ~ ~ C H ~ C O X H P ~ H ~  CI- + 21, + H?O -+ 
(CH~)&CH?CO,H + s! + -IHI 

Although the Girard-T reagent (I) caii be readily 
determined in this manner, the Girard-P reagent 
(11) reacted incompletely with iodine in both acid 
and basic solution (Table 11). 
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(.i) I > ,  r ) .  13rirtIrtt, . J .  .-\,,I. ~ h r , , , .  S O C , . .  54, m ~ < ~ i m ) .  

T.4BLE I 
TITRATION OF GIRARD-T REAGENT 

MI. of 0.1N IZ for 
2 MI. of 0.025M 

Ml.of0.1NThiosul- 
fate for 2 MI. of 

0.1N La Buffer pH Girard 

None 2 
Chloride 2 

Acetate 4 
5 
6 

Phosphate 7 
8 
8 .5  
9 

Borate 9 
10 

0.00 2.00 
0.00 
0.04 
1.00 
1.02 
1.05 
2 . 0 0  
2.00 
1.95 
1.01 
0 .  60b 1.80  
0.  40b 1.36 

~ 

a TVith 10 ml. of buffer solution. Corrected for blank. 

TABLE I1 
TlTR.4TION O F  GIRARD-P REAGEST 

I l l .  of 0.05.V 1 2  for 
Duffer pH 2 511. of 0.04111 (;irarcl' x Excess I, 

Same with 21/; 

Chloridc 2 0 O i  - 
3 0 1:3 0 37 

Acetate 4 0 57 
5 0 55 
6 0 55 

Phosphate 7 0 60 - 
8 0 65 1 5Sb 
0 0 78 - 

- 
- 
- 

Solution titrated after 2-3 min. Theory 6.4 ml. Used 
2.95 ml. a t  50". 

The kinetics of reactioii of simple aldehydes and 
ketones with Girard-T reagent caii be followed con- 
veniently in 60% ethanol at 2.5' (Tables I11 and 
IV) by withdrawing samples at  intervals, adding 
to an exces4 of iodine solution adjusted to pH 7 
and titrating with thiosulfate in the usual manner. 
The reaction with cyclohexanone was essentially 
instantan~ous in arid media at pH 3 and 2Z0, and 
measurements were accordingly made a t  pH 8 
(Table 111), where thc reaction is much slower. 
The reactions showed good second order plots up 
to  ca. goyc,. The increases i i i  rate in rate for cyclo- 
hexanone and cyclopciitaiione on ii~creasing the 
temperature from 25' to 64' were only factors of 
8 and 0, respectivcly, which corresponds to an 
energy of nctivntion of 10. i  aiid 11.1 kral/molc 
respect iwly 

TABI.I< 111 
RATES OF REACTION WITH CYCLIC K E T O N E S ~  

~ 

k X I O 4  1,. >Tole-' Sec.-l 
25 0" 61 0' 

Cyclohexanone 87 708 
l-.l.lethylcyclohe?~I~oxi~ 5 5 
Cyclopentanoiie 5 4  48 
Cycloheptmonr 5 8  

-_ 

- 

a In 60yo aqueous-ethanol at p H  8.5, 



TABLIi IV 
R A T E S  of REACTION with EESZALDEHYDES' 

k x lo3 L. Mole-' Set.-* 
pH 8.5 pH 6.0 

25.0" 64.0" 25.0" 
~ 

Benzaldehyde 7 .68  ti9 1 1 1  1 
p Anisaldehyde 2 .30  14 A 16.1  

a In  60% aqueous ethanol. 

4 11 p-Nitrohenzaldehyde 25 .4  - 

Although the reactions at 25" proceeded to 100% 
completion, at 64.0" both cyclohexanone and cyclo- 
pentanone only reacted to 70-75y0 with a slight 
excess of Girard-T. This shows that the overall 
reaction is exothermic and suggests that  i t  may be 
more convenient to prepare Girard derivatives by 
reaction a t  room temperature for a longer time. 

The rates of reaction of benzaldehyde, p-anisalde- 
hyde and p-nitrobenzaldehyde were similarly de- 
termined a t  23" and a t  pH 6.0 and 8.5 (Table 117) .  
Benzaldehyde and p-anisaldehyde showed increases 
of 9 and 6.5 times, respectively, on raising the tem- 
perature to 64" a t  pH 8.5, corresponding to  energies 
of activation of 11.2 and 0.4 kcal/mole, respectively. 
In  alkaline solution a t  25' p-nitrobenzaldehyde 
reacted 3.3 times as fast as benzaldehyde, whereas 
p-anisaldehyde reacted at about the rate, while 
in acid solution p-anisaldehyde reacted 1.5 times as 
fast as benzaldehyde and p-nitrobenzaldehyde at  
about l / 3  the rate. 

Aqueous ethanol mas not a suitable solvent for 
studying the reaction with high molecular weight 
ketones due to their low solubility. However 90%- 
isopropyl alcohol-water was found to dissolve 
sufficient inorganic salts to prepare buffered solu- 
tions. Steroid ketones mere also reasonably soluble 
in this solvent and the ratc of reaction of 3-cholesta- 
none with Girard-T reagent a t  25" and a t  various 
pH (buffers, chloride pH 2.0, 3.5, acetate pH 4.5, 
5.5 and phosphate pH 8.5) has been determined 
(Table V). 

TABLE V 
RATES OF REACTION OF 3-CIIOLESTANONE' 

2 . 0 
3 . 5  
4 . 5  
5 . 5  
8 . 5  

4 . 2  
1020 
960 

5 9  
0 74 

a In  90% isopropyl alcohol-mater a t  25.0' 

The reaction was cxtrcnwlg slow il l  nlkaline- 
medium, but very rapid at  pH 3.5.  The rate, how- 
w c r ,  decrfavd again at higher acidity since the 
reaction is rercrsihlc and the hydrolysis of the 
Girard derivative is catalyzed by strong acids.6 

( 6 )  0. H .  Wheeler and 0. Rosado, forthcoming publica- 
tion. 

Tlic first SOY0 or so of the rcwtion with 3-cliolcst:ili- 
onc follo\i-cd second order kinetics, but steroid 
ketones were found to react with more than one 
equivalent of Girard-T reagent in isopropyl alcohol. 
The nature of this reaction and other aspects of 
reactions with steroid ketones will be discussed in a 
forthcoming publication. 

EXPERIMENT.4L 

Titrotion of Girard-T reagent. Girard-T reagent (Arapohoe 
Chemicals) was recrystallized twice from ethanol and stored 
in a desiccator. 

Various aqueous huffcr solutions wrre prepared of total 
concentration 0.2111 from A.R. salts. The phosphate buffer 
(pH7) used for the titrations \vas 0.62U disodium hydrogen 
hydrogen phosphate and 191 sodium hydrogen phosphate. 
Blank titrations of these buffen and the titration 
and the Girard-P are given in Tables I and 11. 

Kznetzc measurements. The freshly distilled or recrystal- 
lized aldehvde or ketone (ca. 0.5 mA1) was dissolved in 
ahPolute rthnnol ( I O  ml.) (isopropyl alcohol in the case of 
3-cholcstanone), aqucons phosphate huffer p H 7  (20 ml.) 
added and the sohition allowed to sttain thermal equilih- 
rium in a constant trmpernture bath at 25' (or a boiling 
methanol bath a t  R4'), and 0.0125M Girard-T rragent in 
ahsoliitr ethanol (20 ml.) at thr  same tempcrature added. 
The rcwltant solution had an npparcnt p H  of 8.5 (glass 
electrode). Zliquots (.5 ml.) were withdrawn at intervals 
added to 0 05S iodine fiolution ( 5  ml.) in phosphate hnffcr 
pH7 (10 nil.), and the excess iodine titrated with 0.05.V 
sodium thiosiilfate using starch as indicator. 
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This paper reports the synthesis and reactions of 
some alkane bis( 1 I-mercaptoundecxnoic) acids. The 
nlkane bis( 11-mercaptonndccaiioic) acids were pre- 
pared by the addition of alkanc dithiols to IO-un- 
deccnoic acid under free radical cnnditionq. The 
acids rverc esterified by methanol and oxidized to 
the corresponding disulfones by hydrogen peroxide 
in the presence of glacial acctic acid. The alkane 
his( 11-mercaptoundecanoic) acids were oxidized to  
the corresponding disulfone acids by hydrogen per- 
oxide, and these compounds were then esterified by 
methanol. 


