
tioiis, [cx]'~D +lO.S3'. Thus although the per- 
centage yields are comparable, the new niethod 
is less laborious and gives a much purer product. 

Experimental 
o( +) -2,3-Diacetoxybutane (II)d--Thc glycol, l o  I ,  was 

rlistilled a t  10 mm., b. p. 7'7.5--78 ,  ID -12.92'. [ a ] "D"  
-13.09". To 180 g. (2 moles) of 1 were added 460 g. (4.4 
moles) of freshly distilled acetic anhydride and 800 g. freshly 
distilled pyridine. After the mixture stood overnight, the 
volatile impurities were removed by distillation a t  10 m n . ,  
followed by 11; b. p .  82", a Z 5 ~  +l3.87", slightly lower than 
+14.10° of recrystallized produet'; yield 319 g . ,  91.5";. 

I,( + j -erythro-3-Chloro-2-butanol (111). --Gaseous hy- 
drogen chloride was passed into a solution of 316 g. (1.81 
nioles) of I1 in 460 g. concentrated hydrochloric acid a t  
-18 to  -20" in two 1-liter ampoules until 162 g. was ah- 
sorhrd by the two. The ampoules were sealed, and the 
solutions allowed to stand a t  rooin temperature for thrcr 
Iveeks. The solutions were poured over one kilo of poirtlerccl 
tcehnical sodium bicarhonati., the inorganic solids were 
removed hy suction filtration. thc organic liquid \vas sepa- 
rated, the salt cakr n - a ~  \vashctl Irirh isopropyl ether, and 
the aqueous phase \ m s  extracted with isopropyl ether. 
After the comhincd organic phase \vas washed with aqueous 
sodium bicarbonate, it was filtered through Dry Ice to rr- 
move water. Distillation gave I50 g .  of crude I I I  iyieltl 

1, 11. p .  (10 mm.) 56-62", aZ5n (ol~sd.) 
g range anti high rotation12 can he 

(101 IVe are indebted to  Dr .  (>. ,'. Lrdinghatn. I)irector, arid to  
Drs. A. C. Neinh and J. A. \Vhrat of the IJivision of Applied Biology. 
National Research Council of Canada, for it rnppl) of the active glyrol. 
obtained by fermentation of starch with Arrobaci l lvs  p o l y i t t j x f l .  \Vc 
take this occasion to  expri'i, our appreciation of thi.; courtrsy 

:11) Previony v~1ues.l"' - 1 : i O O .  - I:{ . :$k'  and - 1 3 . 1 ! t p ,  a l w  
- 12.83". 

( 1 2 )  Previous valiiL.> for i 14- ~ - r ~ j f ~ ~ r ~ - ~ - ~ l i l o r o - ~ - i ~ ~ ~ t a ~ i n l ,  n"i> 
i o  hsd.) + R,47 O. 

. 

ascribed to  thc presence of some chlorohydrin acetate, but  
this is no particular detriment because it is converted into 
11' a t  the next step. 

D (  +)-Z,d-Epoxybutane (IV) .-Into a 125-1111. flask con- 
taining a solution of 280 g. of potassium hydroxide pellets 
in 126 ml. of water maintained at 90 to 96' was slowly added 
37.6 g. (0.348 mole) of 111; IV distilled as formed. Finally 
the temperature was raised to boiling, to drive over all 
oxide. After drying the two-phase distillate (without 
separation) with potassium hydroxide, 22 g. of I V  distilled 
at 53.5' at 746 nini., a 2 2  +46.75", slightly lower than 
previous value' of +1'7.23 ; yield 88%, over-all, 61.6%. 

I,( -)-&Butanol (V)  .--To a solution of 6 g. (0.132 mole) 
of lithium aluminum hydride (Metal Hydrides, Inc.) l 3  in 
I60 ml. of absolute ether, 22 g. (0.306 mole) of IV was added 
slowly with stirring over a period of 1 hour, a t  a rate to  pro- 
duce gentle boiling of the solvent. Refluxing was continued 
for another hour. After addition of 20 ml. water during 
cooling, the mixture was poured into 50 ml. of 10y6 aqueous 
potassium hydroxidc, and the aqueous phase was extracted 
four times with ethyl ether. -4fter drying with anhydrous 
potassium carhonate, fractional distillation gave 18.1 g. of 
\-, b. 12. 1743 inin.) Oi..5--98.0°, ( Y ~ ~ D  -10.6i0,  [ D ] ~ ~ " O  

- 13.61 : yield 80';; , over-all. 49.3Y;. 

Summary 
I lie rcduction O F  D (  + )-2,3-epoxybutane to I,- 

( - )-%butanol with lithium aluminum hydride 
proceeds smoothly and  gives a good yield of active 
alcohol having an optical purity of 99%. The 
over-all yield of alcohol from D( -)-2,3-butanediol 
is about 3OC-i. 

r 7  

\ 13 . in excess was taken to  ensure a sufficient amount,  because the 
container hnd been opened a number of times, with possible detetiora- 
tion of the reagent .  

t ' h S A i ~ I ' . S A ,  CAI.II 'ORSlh RECEIVEII 11~1- 22, 1950 

Ketimines. 111. w-Cyclohexylalkyl Alkyl Type' 

Previous reports", from this Laboratory have judicious to test the generality of thc iiiethod used 
described a iiiethod for synthesis of ketiinities under in this Ldh0rator)- by the synthesis of such keti- 
anhydrous conditions. The compounds reported iiiiiics. 
were all prepared from aroriiatic nitriles a i d  aryl or The series oi w-cyclohexyl aliphatic acids ob- 
alkyl Grignard reagents. Since the catalytic tained from L)ow Chemical Company was selected 
methods of ketitnine synthesis reported by ;LIigno- :IS a source oi nitriles. X study of the literature 
nac5s6 had failed for dialkyl compounds, it seemed indicated that data on these acids and the corre- 

T A I ~ L P  I 
> 4 C I D  CNL0RII)ES 

YKIfl, I1 XI., 
0 c. Aim, ti", 

Acid chloride 
R = cyclohesyl 

I< ---e II3---CO -CY Xi 1) iil 4 1 0.j28 
R ---ICH:! )~-CO--Clh 94 ,j 71 1 1 , 034.5 
K -(CHa)j---CO---- C1 92.5 3:; 1 1 ,0175 
R -(CHI)d--CO--Cl' 93 , .i 9 4  1 1 , 005:i 
R-(CH,),-CO-CI !% . 0 1 I ) t i  1 0,9987 

Darzens and Rost, Conzpt. rend., 153, 774 (1911), gives b. p. (23 mrn.) as 98- 
1779 (1948), lists the b. p. (33 mm.) as 124-126" and the b. p. (17 rnm.) as 108'. 
mad.  sci. ( U .  R. S. S.)  ( N .  S.), 4, 403 (1936), gives the b. p. (15 mm.l as 139". 
._ - - ._ -. . 

Ciilorinc 
,i 2 '1) Calcd. l!xptl 

I 4098 -- '7'1 07 22 l(i 
1 1768 20 30 20 1 ti 
1 4710 18 79 18 68 
1 4710 17 49 17 31 
1 3714 18 36 16 49 

100". Mastdgliand Metayer, tbid., 224, 
Katsnel'son and Dubinin, Campt. rend 

(1) From a thesis presented in partial lrilfillriierit of the requirr- SpoIldiilg acid halides, anlides and nitriles were far 
inrnts for the  Master of Science Degree a t  The rniversity o l  Oklahoina. 

(2) William Earl Schluetrr Fello,u a t  The I'niveraity of Oklahoma, irO1n cot'iplete' The intermediate were 
1949-1950. synthesized by non-ambiguous methods arid purified 
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TABLE I1 
AMIDES 

Amide M. p.. Nitrogen, % 
R = cyclohexyl OC. Calcd. Exptl. 

R-CH2-CO-NH2“ 170 
R-(cH~)~-co--NH~~ 120 
R-(CH~)~-CO--NHZ 111 8 . 2 8  8 .36  
R-(CH2)4-CO-NH2C 124 
R-(CH2)j--CO--NH2 117 7 .10  7 .37  

a Wallach, Ann., 353,297 (1907), gives them.  p. as 168’. 
Sabatier and Muroat, Compt. rend., 156, 753 (1913), give 

the rn. p. as 123 . Katsnel’son and Dubinin, Comgl. 
rend. aced. sc i .  $L’. R. S. S.) ( N .  S.), 4 ,  405 (1936), give 
them.  p. as 123 . 

TABLE 111 
KITRILES 

Nitrile Yield, B. p. Chlorine, “/c 
R = cyclohexyl OC. Mui. dzo4 ft% Calcd. Exptl. 
R-CHZ-CN‘~ 70 .0  57 1 0,9180 1.4575 
R-(CHr)z-CN 80.0 71 1 ,9107 1.4602 10.20 10.42 
R-(CHz)r-CN 83.0 82 1 .9056 1.4607 9.26 9 40 
R-(CHl)r-CN 85.0 93 1 .8950 1.4618 8 . 4 8  8 76 
R-(CHz)a-CN 86.0 112 1 ,8979 1.4637 7.80 7.90 

a Wallach, Ann., 359,311 (1908), reports n I 8 ~  1.4576 and 
n z o ~  0.913. 

Experimental 
Acid Chlorides .-The acid chlorides were prepared by the 

method described in “Organic Syntheses. Analyses were 
obtained by refluxing samples of the acid halides with stand- 
ard sodium hydroxide and back-titrating the excess alkali 
with standard hydrochloric acid. The end-point arbitrarily 
set a t  pH 8.0, was determined by a Beckman PH meter. 
Physical constants and analyses are given in Table I. 

Amides.-The acid chlorides were added slowly to  well- 
stirred ice-cold ammonium hydroxide. The amides were 
filtered, washed with water and recrystallized from meth- 
anol-water. All yields were above 80%. Melting points 
and analytical data are given in Table 11. 

Nitriles.-The amides were dehydrated with an excess of 
phosphorus oxychloride and the nitriles purified by distilla- 
tion. Yields, physical constants and analyses are given in 
Table 111. 

Ketimines.-The procedure of Pickard and Vaughanl was 
followed using 0.25 mole of s-butyl bromide and 0.20 mole of 
nitrile. The yields, physical properties and analyses are 
given in Table IV. 

Summary 
1. 

2. 

Five acid chlorides, two not previously de- 

Five amides, two not previously reported, 
scribed, have been prepared and characterized. 

have been prepared. 

TABLE I V  
KETIMINES 

R = cyclohexyl, Rr = s-butyl % OC. Mm. dz04 Calcd. Exptl. 

R-(CH2)2--C (=NH )-Rs 56 .0  101 2 0.8680 1.4689 7 .17  7 .00  
R--(CH*),-C(=SH)-R? 43 I 0 107 1 ,8611 1.4699 6 . 6 8  6 .57  
R-(CH2)4-C(=KH)-R? 4 5 . 0  12 1 1 ,8754 1 .4700 6 .11  6 .00  
R-(CHz)B-C (=XH)-Rz 60 .0  130 1 .8808 1.4719 5.90 5 .65  

in the manner previously de~cr ibed .~  The only 3. Five nitriles, four not previously described, 
product obtained with w-cyclohexylacetonitrile was 
a tarry material which could not be purified. Simi- Four new ketimines have been prepared and 
lar tars were obtained in varying amounts from the 

Ketimine Yield, B. P. Nitrogen, % 

have been prepared and characterized. 

characterized. 
4. 

other nitriles. 
iminonitriles of the type indicated by Hauser.’ 

It was assumed :hat these tars were 
(8 )  “Organic Syntheses,” Collective Volume I. John Wiley and Sons, 

New York. N Y 1946. D 147. 
(7) C. R. Hauser and W. J. Humphlett, J .  Ovg. C h c m . ,  16, 359 

(1950). NORMAX, OKLAHOMA RECEIVED JUNE 5, 1950 

[CONTRIBUTION FROM THE CHEMICAL LABORATORIES OF THE UNIVERSITY OF NOTRE DAME]  

The Structure of the Guaiacol “Mannich Bases” 
BY ERNEST L. ELIEL 

The recent finding’ that  certain “Mannich 
Rases” derived from phenols2 can be used as carbon 
alkylation agents suggested an investigation of 
corresponding reactions of dialkylaminomethyl- 
guaiacols (I or 11), in view of the fact that the 3- 
methoxy-4-hydroxybenzyl (IIIa) and especially the 
3,4-dimethoxybenzyl (IIIb) system are of frequent 
occurrence in products of natural origin. It seemed 
possible that  guaiacol XIannich bases might be con- 
venient intermediates in the synthesis of some of 
these natural products and that  they might even 
play a part in their biosynthesis. 

(1) (a) Salzer and Andersag, U. S. Patent 2,318,661 (1943); C. A , ,  
3’7, 5418 (1943). (b) J .  H. Brewster, Ph.D. Dissertation, University 
of Illinois, Urbana, Ill., 1948. 

(2)  (a) Blicke in Adams, “Organic Reactions,” Vol. I, John Wiley 
nnd Sons, Inc., N e w  York, X. Y., 1043, p. 303; (b) Carlin and Landcrl, 
THIS J O U R N A L ,  ‘73, 2762 (1950). 

OH OH OR 

I 

CHz - 
/- I Ia, R = N> \ 

Ib, R = N(CH& 

CHzR 
IIa,  R = g-) I I Ia  R = H 
\2 

V, R = OH IIb, R = Pi(CH3)z I I Ib  R = CH, 
VI, R = H IV, R = OH 

VII,  R = COOH 
The product of the reaction of guaiacol with 

formaldehyde and piperidine was first described by 
Auwers and Dombr~wski .~  These authors assumed 

(3)  Auwers and Dombrowski, ATrrt., 344, 288 (1905). The name 
”Mannich Base” as applied t o  the dialkylaminoalkylphenols is obvi- 
ously a misnomer but is uscd in this paper i n  agreement with estah- 
lished custom. 


