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The preparation of ,V-methylated amino alco- 
hols and amino mercaptans is usually very cumber- 
some and employs devious routes.'-13 Therefore, the 
possibility has been studied of methylating amino 
alcohols and amino mercaptans by means of formic 
acid and formaldehyde, a method ~ h i c h ' ~ - ' ~  
has been recently used to  methylate 3-amino-l- 
propanol" and 2-ethylaminoethanol. l8 

We modified this method and extended i t  to 
other amino alcohols and mercaptoethylamine and 
found that yields of 90-10070 of the N,W-dimethyl 
derivatives are obtained in all cases by refluxing 
1 mole of the amino alcohol (or amino mercaptan) 
with 2.5 moles of formic acid and 2.5 moles of form- 
aldehyde for five hours. The methylated product 
is isolated from the reaction mixture by salting out 
with sodium or potassium hydroxide. Only the 
first member of this series, N,N-dialkylaminoetha- 
nol, has to be distilled after salting out. All others 
were found to be practically pure, containing a t  
most traces of moisture. 
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2-amino-2 methyl-1-propariol \yere purchased from Eastnian 
Kodnlc Co. ~-Xn~ino-l-l~ritanol was synthesized by a recently 
published methodI9 and 2-mercaptoethyla~nine \vas prepared 
from ethyleneimine and hydrogen sulfide.*" 

dfethylations. To 30.5 g. (0.5 mole) of I-aminoethanol 65 g. 
(1.25 moles) of 88yo formic acid anti 108 g. (1.25 moles) of a 
35% formaldehyde solution were addcd slowly and with 
cooling. The mixture was hrated gently until the wolution of 
carbon dioxide ceased, and refluxed for 6 hr. The deeply 
colored solution was then cooled and saturated with solid 
sodium hydroxide. The organic layer \\-as separated, treated 
ivith a few grams of solid sodium hydroxide, separat,ed again, 
mixed with IL large volume of benzene and distilled. The 
forerun, consisting of henzene and water, was disctarded and a 
>,ield of 90-!)5'r, of A',N-dimrthyl-2-aminoethanol distillirig 
in the range of 12!)-134O was obtained. 

.~'-.l~ethyl-S-ethylanzinoethunol was prepared entirely 
analogously in 96% yield from 2-ethylaminoethanol. B.p. 
149-150°, n:; 1.4345 dz: 0.8824; AIR, calcd., 30.53; RIR, 
found, 30.51. 

,~,,\'-Dimelhyl-3-anziio-1-propanol. T o  37.5 g. (0.5 mole) of 
3-amino-1-propanol, 65 g. (1.25 moles) of 88% formic arid 
and 108 g. (1.25 moles) of a 35:7, formaldehyde solution was 
added with cooling. The  mixtrire was first heated slowly and 
then refluxed for 5 hr. I t  was t,hen cooled and saturated \vith 
potassium hydroxide. To the upper Inyer a few grnms of 
solid potaesiuni hydroxide was added, and this operation 
rontinned until 110 more stratification took plarc. A yield of 
90-95y0 of :i material nhich \vaw quite pure w:is thus 01)- 
tained. It was distilled for the determination of the physiral 
properties. B.p. 163-164' (reported?' b.p. 163-164'); n:: 
1.4355 (reported' n': 1.4349), dz; 0.8816; MR, calcd., 
30.54; AIR, found, 30.58. 

Similarly from 37.5 g. of I-amino-$-propanol, 49 g. (95%) 
of the S,,Y-diniethyl derivative was obtained. H.p. 124-126" 
(reported6,lo b.p. 122-126'); n:$ 1.4218, di; 0.8722; I l R ,  
calcd., 30.51; ?AR, found, 30.06. 

The methylation of 8.9 g. of 4-amino-I-butanol provided a 
quantitative yield of the S,K-diniethyl derivative. F3.p. 186- 
189" (reported22 b.p. 187-189'); n:: 1.4388, d:; 0.8768; 
MR, calcd., 35.18; AIR, found, 35.18. 

Analogously, 44.5 g. of P-anaino-d-?nethyl-I-propaiioi gave ti 
quantitative yield of d-dimethylal~~ino-d-methU1-l-propa~o~, 
b.p. 160-161' (reported23 t1.p. 169-161°), nl;,' 1.4442, 
dt: 0.9007; LlR, calcd., 35.15; RIR, found, 34.57. This 
material should not be dried over solid potassium hydroxidr, 
since salt formation occurs. Should this happen, n smnll 
:mount  of water will cause the free hase to separate. 

To 15.4 g. (0.2 mole) of d-mercaptoethyla?nine 13 g. of 8851 
formic acid and 21 g. of 3,570 formaldehyde vias :Idded and 
the mixture refluxed for 5 hr., made strongly alltaline and 
distilled almost to dryness. The distillate was acidified with 
hydrochloric acid, the water removed in cncuo antl the hydro- 
cthloride recrystallized froni a large volume of (Sthanol. The 
jvield was nearly quantitative; m.p. 157" (reportedz4 in.]). 
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Formation of Girard-T Derivatives' 

Received October 68, 1960 

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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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, 


