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INMOTOTION

I t  has been pointed out by Frankel (1) that among the chemical 

structures which have been found to be important in  the production of 

hypnotic action  there are allsyl ra d ica ls , the carbonyl group, amides, 

and a lip h a tic  halogen substitu ted  compounds. In addition i t  has been 

sta ted  by Dyson (2) that the introduction of one hydroxyl group into an 

a lip h a tic  hydrocarbon increases the narcotic action . Reasoning from these 

fa c ts  we might conclude that the monohydric alcohols would a l l  possess 

hypnotic power and that the introduction o f a lb y l groups or halogen atoms 

in  place of hydrogens in  these alcohols would enhance their hypnotic active 

i t y .

In support o f th is  conclusion i t  has been shown by Grant (3) and by 

Schneegans and von Mering (4) that secondary alcohols have a  stronger nar

c o tic  action  than their stra igh t chain analogues. Moreover, ter tia ry  a l 

cohols were found to be s t i l l  more active  than the secondary members (5)#

In view o f the fa c t  that 2,2,2-tribrom oethanol (a hydrocarbon in  

which three halogens and an hydroxyl group have been substitu ted  for  hy

drogens) i s  a powerful hypnotic frequently used in  c lin ic a l  medicine, i t  

was thought possib le  that some o f i t s  analogues which contain alley 1 

groups in  place o f the bromines might a lso  possess strong narcotic action# 

I t  was decided to prepare some o f these alcohols and compare their  action  

to that o f 2 ,2 ,2 -t r ibromoe thano 1. For th is  purpose 2 ,2-dime thy 1 -propanol -  

1; 2 ,2-dim ethyl-butanol-l; 2-ethyl-2-*nethyl-butano 1-1 and 2 ,2 -d ie th y l-

butanol-1 were made.

I t  was found that although a l l  of these alcohols do possess decided
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hypnotic a c t iv ity  they are not as active  as the halogenated ethanol* In 

accordance w ith previous fin d in gs, the presence o f the eth y l group en

hanced a c t iv ity  more than did the su bstitu tion  of hydrogen by methyl 

radicals#
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REVIEW OP THE LITERATURE

2 thy 1—propanol-1? T iss ier  (6) was the f i r s t  to report the prep

aration o f th is  compound. He was able to obtain i t  in  low y ie ld s  by 

three d ifferen t methods, (a) by the reduction o f a mixture o f trim ethyl- 

a c e tic  acid  and trim ethylacetyl chloride using three per cent sodium 

amalgam, (b) by chlorination o f tetramethylmethane and saponification  of 

the chloride obtained and (c) by the dry d is t i l la t io n  of calcium t r i 

m ethylacetate w ith calcium formate followed by reduction of the t r i— 

methylacetaldehyde formed.

Bouveault (7) u t i l iz e d  the G-riguard reaction by forming trim ethyl- 

carbinyl magnesium chloride and allowing i t  to react with methyl formate 

a t  —10 to -15° 0*, but only small quantities o f the desired product were 

obtained.

Oourtot (8) a lso  reports the preparation o f 2, 2-dimethyl -propanol-1 

through the G-rignard reaction by the treatment of trim ethylcarbinyl mag

nesium bromide w ith paraformaldehyde. He gave no d eta ils  of h is  pro

cedure and did not mention h is  yields* Samec (9) followed the same meth

od and reported two per cent y ields*

In 1910, Richard (10) had occasion to prepare th is  alcohol in  con

siderable quantities and was able to develop a procedure which was an 

improvement over previous ones in  regard to y ie ld s  obtained. He adopted 

the Bouveault-Blanc process (11) fo r  reducing the fa tty  acids to th e ir  

corresponding alcohols by treatin g  the eth yl ester  of trim ethylacetic  

acid  w ith four times i t s  weight of absolute alcohol and an equal weight 

of sodium in  large p ieces. Although he experienced considerable d i f f i 

cu lty  in  fraction atin g  the product, he was able to obtain a 54 per cent
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yield, o f the desired alcohol from the e ster  and to recover the greater  

portion of the unreacted ester  as trim ethylacetic acid*

Frank® (12) reduced 2 ,2-dime th y l-3—bromopropanol with sodium amalgam 

and absolute methyl alcohol to obtain a 12*5 per cent y ie ld  o f 2 ,2 -d i

methyl -propanol*

Oonant, Webb and Mendum (13) modified Courtotf s procedure in  such a 

manner that they were able to pass from the ter tia ry  alcohol to the p r i

mary aloohol in  40-50 per cent y ie ld s  as:

R^30H HC1 > >R30-iIg01 - ^ °  >Rg0-CH20H

They found that a considerable excess o f formaldehyde passed into the 

reaction  mixture changed as much as two-thirds o f  the product over to 

the a ceta l:

H 00H GR
V 2 3 
/  \

H OCĤ GRg

from which the alcohol might be recovered by b o ilin g  in  a lco h o lic  hydro

ch loric  acid*

Acetate of 2 * 2-dime thvl-Toronanol-l: T iss ier  (6) reported the prepara

tion  o f th is  e ster  by two d ifferen t methods, (a) by heating g la c ia l  

a c e tic  acid  w ith the alcohol in  a sealed tube for several days and (b) by 

trea tin g  the alcohol with acety l ch loride. He found the la tte r  method to 

be much fa ste r  and the y ie ld s  were very much batter.

ghenvlure thane of 2 * 2-dime thvl -•pronano 1 -1 s Richard (10) made th is  com

pound by mixing equlmolar quantities o f the alcohol and phenyl isocyanate
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in  petroleum ether so lu tion  and l e t  the solu tion stand fo r  a day* He 

p u rified  the product by reo ry sta lliza tio n  from ligroin#

Gordon (14) claims to have prepared the urethane by heating equimolar 

q u an tities of the alcohol and phenyl isocyanate to b o ilin g  then allowed 

the so lu tion  to stand u n til  s o l id if ic a t io n  was complete. The product was 

p u rified  by d isso lv in g  i t  in  hot lig r o in  and f i l t e r in g ,  then r ec ry sta lli* -  

ing the residue on evaporation from methyl alcohol*

<* -nanhthvlurethane of S.a^dhnethvl-uro’Panol-l: Gordon (14) reported

the synthesis o f th is  compound by mixing equimolar quantities of 

-naphthyl isocyanate and the alcohol and allowing them to stand a t  

room temperature fo r  twenty-four hours. P u rifica tion  was accomplished 

in  the same manner as described fo r  the pheny lure thane*

2 .2-dimethvl-butano 1 -1 : The alcohol was f i r s t  prepared by Bouveault

and Blanc (15) who u t i l iz e d  their reduction process by treating  the ethyl 

e ster  o f 2 ,2-dim ethyl-butyric acid  w ith sodium and absolute a lcohol.

They did not report the y ie ld  of the reaction#

Favorski and Ssakara (16) also  made 2 ,2*dimethy 1-butano 1-1 by re

actin g  ethyl formate w ilh tert*-amyl magnesium chloride. They were able 

to obtain y ie ld s of nearly s ix ty  per cent based on the eth yl formate 

added. They made the acetate of the alcohol and found the b o ilin g  point 

to be 152-15^ C. The pheny lure thane was a lso  reported. I t  had a m elt

ing point of 65-66° G.

2-ethvl-2Hnaethyl-butanol-1; FavorsKi and Zalesslcii-Kibardine (17) pre

pared th is  alcohol by treating  diethyl-m ethyl-carbinyl magnesium chloride  

w ith formaldehyde. They also id e n tif ie d  3-raethylpentane and 3-methyl-
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2**pentene as products of the reaction. The phenylurethane did not 

c r y s ta ll iz e .

Z. 2-diethy 1 -buta.no 1 -1 1 The formation o f th is  compound was reported “by 

Whitmore and Badertscher (18) from the reaction of triethyloarb in yl mag-* 

nesium chloride and formaldehyde. B.P. 75-78° 0. a t 12 mm. pressure.

The y ie ld  was ten per cent based on the Griguard reagent used.
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PART X 

E xm tiM sum  

Preparation of Ether fo r  Griguard Reactions

Large quantities o f anhydrous, a lcoh ol-free ether were necessary for  

carrying out the Grignard reactions explained below. The fo llow ing method 

was found to produce a sa tisfactory  product and was the one f in a lly  

adopted a fter  t r ia ls  of other procedures.

Two 2 - l i t e r  portions of commercial ether were each extracted with  

f iv e  100-cc. portions of cold d is t i l le d  water in  order to remove most of 

the a lcoh ol present and the two portions poured together in a 5 -I ite r  

f la sk  containing 100 Gm* o f anhydrous calcium chloride in  large lumps*

The f la s k  was shaken frequently during the next two hours then placed in  

the refrigerator overnight. The p a r tia lly  dried ether was then poured off 

in to  another 5 - l i t e r  f la sk  and powdered, anhydrous calcium chloride added 

in  ten Gm. portions. The addition was continued u n til a fte r  shaking the 

liq u id  a quantity o f f in e ly  divided calcium chloride remained suspended 

fo r  about a minute. I t  was found that as long as water was present in  

the ether i t  reacted at once w ith the calcium chloride p a rtic les  to form 

a hydrate which sank immediately a fter  shaking was discontinued.

The f la sk  was then connected to a d i s t i l l in g  apparatus f i t t e d  with  

an e f f ic ie n t  condenser and the ether d is t i l le d  a t as rapid a rate as the 

condenser would allow , the d is t i l la te  being co llected  in  a dry f la sk  of 

su itab le  capacity containing about f i f te e n  grams of fresh ly  cut sodium in  

th in  shavings and protected from the a ir  by a tube of calcium chloride. 

When d is t i l la t io n  was complete, the ether was refluxed over the sodium
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fo r  f iv e  hours then placed in the refrigerator and l e t  stand over night 

a fte r  which a few p ieces of fresh ly  cut sodium were added and watched 

carefu lly  fo r  any evidence o f reaction with the ether. I f  drying was 

not complete, f iv e  more grams of sodium shavings were added and reflu x -  

ing continued three hours longer* This treatment was su ff ic ie n t  to 

completely dry a l l  the runs made.

The ether was then d is t i l l e d  slowly in  a completely dry apparatus 

and co llec ted  in  a container in  which was placed about f iv e  grams of 

sodium shavings. The la s t  E00 cc. o f residue was not d is t i l le d  but used 

to preserve the sodium fo r  use in  future dryings. The ether thus ob

tained measured about 3300 cc. and was stored in the refrigerator in  

t ig h t ly  stoppered containers over sodium u n til  ready for  use. This pro

cedure was also  found sa tisfactory  for  purifying ether recovered from 

the Grignard reactions.

The dry ether was transferred into reaction fla sk s and containers 

by means of an atomizer bulb connected to a glass-tubing system sim ilar  

to a wash b o tt le , the a ir  pumped in  being dried by passing i t  through a 

tube o f calcium chloride.

2 . 2-dime thvl-propanol -1

ch3

OHjj-C—OHgOH

ch3

Two methods were tr ied  fo r  the preparation of th is  compound. The 

f i r s t  method was carried out according to the follow ing reactions:
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t0Hg) 3C0H H01> ( C H ^ C C l — (CHg)gCMg01 ° ° a >

O0H5 OH Ho
(OHgJ 3 0 - G 0 0 H  > (CH3 ) ^-C O O C gH g (CHg) ^J-CHgOH

Tertiary-butyl Ohio ride: This compound was made according to the method

o f Hbrris and Olmsted (19)* In a 1—l i t e r  separatory funnel was placed  

200 cc* of te r t . -butyl alcohol (Eastman practica l) and 500 cc* of 0*P* 

concentrated hydrochloric acid . A fter shaking for  ahout f i f t e e n  minutes, 

the layers were allowed to separate and the upper layer drawn o ff  and 

washed with a saturated so lu tion  of sodium bicarbonate u n t il  i t  was no 

longer acid  to litmus paper. The chloride was then dried over twenty 

Gm* calcium chloride and d is t i l le d  through a 20-cm. g lass bead column 

over a water bath. The fraction  d i s t i l l in g  a t 51-52° 0* was co llec ted  

and kept over anhydrous sodium carbonate u n til  ready for  use. The y ie ld  

was 120 -  130 Gm. or 77-83 per cent,

Trim ethylacetic acids The procedure of Puntambeker and Zoellner (20) 

was followed. Sixty-one grams of magnesium powder was placed in  a 3 - lite r ,  

three-necked f la sk  f i t t e d  w ith a mechanical s t ir r e r  and mercury s e a l ,  a 

300-cc* separatory funnel and reflux  condenser. The magnesium was covered 

w ith 200 cc. of anhydrous ether. Five cc, of ethyl bromide and a crysta l 

o f iodine was added to s ta r t  the reaction . S tirr in g  was then started  and 

a so lu tion  of 227 Gm. of te r t ,-b u ty l chloride in  1100 cc , of anhydrous 

ether was dropped slow ly on the magnesium during a period of about s ix  

hours. The rate o f addition was regulated so that slow refluxing continued 

throughout the reaction . A fter complete addition of the halide so lu tion , 

the mixture was stir re d  for  f i f t e e n  minutes to complete the reaction*
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S a ia i  Whan th is  reaction was f i r s t  tr ied , considerable d if f ic u lty  was 

experienced in  sta rtin g  i t  without the formation o f a large amount of 

buUsy white p rec ip ita te  which increased as the addition of ter t* —butyl 

chloride continued and resu lted  in  a low y ie ld  of the G-ri guard reagent*

I t  was found that "by using a small quantity o f eth y l bromide to produce 

a vigorous in i t ia l  reaction and adding the tert*-butyl chloride fa s t  

enough to maintain gentle refluxing none of the white precip ita te  sepa

rated and the y ie ld  was greatly  increased*

The f la sh  was then surrounded with ice  and s a lt  and the separatory 

funnel replaced by a two-hole stopper containing a thermometer and % glass  

tube, the outer end o f which was connected w ith a mercury trap. When the 

temperature had reached 0° C*, the condenser was replaced by a tube lead

ing to a tank of carbon d ioxide, the end of the tube in  the f la sh  being 

adjusted about f iv e  cm* above the surface of the liq u id . Carbon dioxide 

was then passed in while the mixture was stirred  rapidly a t such a rate 

that the temperature did not exceed 8° C* u n til  passage of the gas no 

longer produced an increase in  temperature*

Note; This reaction with carbon dioxide was carried out by pouring the 

so lu tion  o f trim ethyl-carbinyl magnesium ohloride into a E -lite r  beaker 

and slowly adding one pound of so lid  carbon dioxide previously broken in

to p ieces about a cubic inch in  volume. The extremely cold mixture re

su ltin g  was placed in  the ice  box for two hours then hydrolyzed as de

scribed below. Although the method is  much fa ster  and ea sier  to carry 

out, the y ie ld s  of trime thy lace t i c  acid  were so reduced that the above 

method of reaction  with carbon dioxide gas was preferred#

The resu ltin g  mixture was hydrolyzed by pouring i t  slowly w ith v ig 

orous s t ir r in g  onto 1200 (bn. of crushed ice  and 600 cc. of 60 per cent
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su lfu r ic  acid* The water layer was extracted with four 100-cc. portions 

of ether and these ether extracts together with the or ig in a l ether por

tio n  extracted w ith  four 100-cc. portions of 25 per cent sodium hydroxide 

so lu tion . This a lkaline so lu tion  was then heated to 100° C* to remove 

ether and other v o la t ile  im purities and cooled in  ice  and a c id if ie d  w ith  

25 per cent su lfu r ic  acid . The trime thy lace t i c  acid  which separated as 

an o i ly  layer on top of the liq u id  was removed and the aqueous portion  

d is t i l le d  u n t i l  no more o i l  came over with the d i s t i l la t e .  The d i s t i l l 

ate  was saturated w ith sodium chloride and the trime thy lace t i c  acid  

which separated was drawn o ff  and added to the or ig in a l portion. The 

crude acid  was then d is t i l le d  and the fraction  coming over a t 163-165° 0. 

c o llec ted . The product slowly s o lid if ie d  and melted a t  34-35° G. The 

y ie ld  was 150-157 Gm. or ahout 66 per cent. Xt had an unpleasant odor 

resembling that of butyric acid .

Ethyl E ster of Trimethvlaoetic Acids The procedure of Bichard (10) was 

follow ed in  which 10 Gm* o f the acid . 10 Gm. of absolute alcohol and 

5 Gm. o f concentrated su lfu r ic  acid  were heated for  two hours on the wa

ter  bath under a reflux condenser. At the end of the time the liq u id  

had separated into two layers. I t  was poured into ice  water and the e s

ter  layer which separated was washed with sodium bicarbonate so lu tion  

u n til  free  from acid* I t  was then dried over anhydrous sodium su lfa te  

and d is t i l le d .  The y ie ld  o f e ster  B.P. 117-122° C. was 11*0 Gm. or 80 

per cent. The y ie ld  from a run startin g  w ith 50 Gm. of trim ethylacetic  

acid  was 58 Gm. or about 90 per cent.

Reduction of the Ethyl Ester of Trime thy lace t i c  Acids This reduction  

was attempted by follow ing the general procedure of Bouveault and Blanc
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fo r  reducing esters o f fa t ty  acids to th e ir  corresponding alcohols (11)» 

Twenty-eight grams pf sodium in  p ieces about one centimeter on a side was 

placed in  a 1—l i t e r  f la sk  equipped with a mechanical s t ir r e r  anfl mercury 

se a l ,  reflu x  condenser and dropping funnel. A so lu tion  of 24 Gm* of the 

eth y l e s te r  o f trime thy la o e tio  acid  in  120 Gm* of absolute alcohol was 

then dropped slow ly onto the sodium. Reaction became so v io len t a t times 

that i t  was necessary to cool the f la sk  in  ice  water* A fter a l l  the solu

tio n  had been added and no more reaction was apparent* the mixture was 

heated on a water bath for  two hours. The product obtained was poured 

slowly in to  water and gave a very dark brown solu tion  from Which no prod

uct of constant b o ilin g  point could be iso la ted  even a fter  repeated frac

tion a tion s. This resu lt led  to the t r ia l  of another method far the prep

aration of the alcohol*

Method II for Preparing 2 .2-dimethyl-propanol-1: Tert# -butyl magnesium

chloride prepared in  the manner described above was allowed to react with  

gaseous formaldehyde as fo llow s: The y ie ld  of Grignard reagent was f i r s t

obtained by the method of Gilman (21) in  which a 20-cc. aliquot portion  

of the so lu tion  of the reagent was dissolved in  an excess of half-normal 

su lfu r ic  acid so lu tio n , heated to about 60° C. to remove the ether and 

the excess su lfu ric  acid  titra ted  with half-normal sodium hydroxide so lu 

tion* This procedure showed 80-85 per cent y ie ld s of the trim ethyl- 

carbinyl magnesium chloride. A ten per cent excess of formaldehyde was 

then passed in  over a period of 6-8 hours by heating the correct quantity 

o f paraformaldehyde (previously dried over su lfu ric  ac id  fo r  ten days) in  

a large t e s t  tube connected to the reaction  fla sk  by a large-bo re delivery  

tube* the mixture being stir re d  and allowed to reflux gently . I t  was
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found most sa tisfa c to ry  to use a short delivery tube for  the formaldehyde 

gas and protect the reaction  f la sk  from the heat of the hot p late  used to  

depolymerize the formaldehyde hy an asbestos hoard in  order to prevent as 

much as p ossib le  repolymerization o f the formaldehyde and consequent 

clogging of the tube* A fter  a l l  the formaldehyde had passed in , the 

f la s k  was warmed over a water bath and refluxing and s t ir r in g  continued 

for two hours longer*

Note? At attempt was made to  dry the paraformaldehyde in  a vacuum des

icca tor  over phosphorous pentoxide for several days for  th is  reaction  

but a t the end of th is time the paraformaldehyde had become sticky  and 

i t  had developed a very sharp odor which indicated that some change had 

taken place to make i t  unsatisfactory for use*

The resu ltin g  product was hydrolyzed by pouring i t  over a mixture 

of 1500 Gm. of cracked ic e ,  300 cc, o f water and 300 Gm* of ammonium 

chloride w ith frequent s t ir r in g . A fter separating the ether layer , the 

aqueous portion was extracted w ith three 100-cc* portions of ether and 

the combined ether so lu tion s were d is t i l le d  u n til a l l  ether was removed* 

The residue was then dried for several hours over anhydrous sodium su l

fa te . Subsequent fractionation  y ielded  88—95 Gm. o f product B.P# 111— 

113? 0. M.P. 49° C.

Note; This y ie ld  was obtained by sta r tin g  with four moles of magnesi

um and te r t .-b u ty l chloride. The melting point and b o ilin g  point agree 

w ith those found by other workers although somewhat co n flic tin g  values 

have been reported (9 , 10, 12)* The 2,2-dim ethyl-propanol-l i s  a white 

c ry sta llin e  so lid  having a high vapor pressure and an agreeable camphor- 

aceous odor.
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2 .2-dime thyl-butano 1 -1

0 H -O-CH OH 2 5 | 2

This compound was prepared by e sse n tia lly  the same procedure as de

scribed for  preparing 2 #2-dimethyl-propano1-1.

Dimethy 1 -ethv 1-oarbiny 1 Chloride: This substance was prepared from

tert.-am yl alcohol (Eastman-practical) by two d ifferen t methods:

(a) 400 cc. o f tert.-am yl alcohol was shaken with one l i t e r  of concen

trated hydrochloric acid  for  about f i f te e n  minutes and the chloride layer 

separated and cooled in ice  water. I t  was then washed with small portions 

of ice -co ld  sodium bicarbonate so lu tion  u n til a l l  the acid had been re

moved. Th9 resu ltin g  product was placed over anhydrous potassium carbon

ate  for twelve hours to dry. D is t i l la t io n  of the product at such re-
oduced pressure that the vapor temperature never exceeded 55 gave 332 Gm. 

of product or an 83 per cent y ie ld .

U ) The second method was that of Halse (22) which consisted  in passing  

dry hydrogen chloride gas into three moles (264 Gm.) of tert.-am yl alcohol 

a t such a rate that the temperature could be kept at 0° C. or le s s  by im

mersing the fla sk  in ice  and sa lt . The reaction was continued u n til a 

s l ig h t  excess of the theoretica l amount of hydrogen chloride had been 

taken up. The water formed in  the reaction was separated and the product 

dried over anhydrous sodium su lfa te  and potassium carbonate a fter  i t  had 

been washed free of ac id  with sodium bicarbonate solution . D is t i l la t io n  

in  the manner described above y ielded  230 Gm. of product or a 71 per cent 

y ie ld .
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Both methods resu lted  in  a co lor less liq u id  of ch aracter istic  odor*
O 2QO

B.P* 84-86 0* Up 1*4045

2*2^1ma thyl-butanol-1 a The tert*-am yl chloride was allowed to react

w ith  magnesium to form i t s  Grignard reagent in  the manner described above 

and th is  Grignard reagent treated  with formaldehyde. One run was made 

under an atmosphere of nitrogen and the y ie ld  of reagent was found to be 

increased about f iv e  per cent* In consequence of th is  resu lt a l l  sub

sequent reactions fo r  preparing Grignard reagents were run in th is  man

ner. Y ields of tert*-amyl magnesium chloride varied from 65-75 per cent* 

Hydrolysis of the product a fter  treatment with formaldehyde and fraction

a tio n  of the ethereal solution  thus obtained produced 90-95 Gm. of

2 ,2-dim ethyl-butanol-l. I t  i s  a colorless* somewhat viscous liq u id  hav

ing an agreeable aromatic odor. B*P. 134-135° C* n ^  1*4203

2-e th y l-2-me thyl -butano 1-1

°2H5 
C^H -C-CHgOH

0H3

Die thyl -me thvl -oar b i  ny 1 Chloride: Ih is substance was prepared by the

two methods used for making dim ethyl-ethyl-carbinyl chloride which were 

explained above. When i t  was prepared by shaking the carbine 1 w ith  con

centrated hydrochloric ac id , a y ie ld  of pure dry product of 316 Gm. was 

obtained from 410 Gm. of the carbinol or 77 per cent. By saturating  

die thyl-methyl carbinol with hydrogen chloride at 0° 0. a y ie ld  of 54 

per cent was obtained. The product from e ith er  method had the constants,



16

B .P . 115-117° 0 . n ^ ° ° i .4.123

D i  e t  hvl -methy 1 -carbinv 1 Magnesium Ohloride: This was prepared accord*

lag  to the procedure for making trimethyl-carb in y l magnesium chloride  

described above w ith s lig h t  m odifications. Two and one-half moles of 

magnesium were used in  place of four moles and two and one-half moles 

of the halide were d ilu ted  w ith 1000 cc. of anhydrous ether and dropped 

slow ly on the magnesium a fter  the reaction had been in it ia te d  by adding 

f iv e  cc. of ethyl bromide. Y ields of the Grignard reagent were 60-65 

per cent. A fter the usual treatment w ith formaldehyde, hydrolysis and 

d is t i l la t io n  of th is  product produced 80-85 Gm. of the 2-ethyl-2H nethyl- 

butanol-1. B.3P. 59-61° 0* a t 15 mm. pressure or 150-151° C. a t atmos

pheric pressure. n^°° 1*4261

2 f 2-d iethvl-bu tan ol-l

V 5

<W ,?“ aH* 0E

°2H5

This compound was made in  the usual manner by the reaction of 

t r ie  thyl-carbinyl magnesium ohloride w ith gaseous formaldehyde followed  

by hydrolysis and d is t i l la t io n .

T riethvl Carbinols The procedure o f Moyer and Marvel (23) was followed. 

In  a 3 - l i t e r ,  three-necked f la sk  equipped with a mechanical s t ir r e r  and 

mercury s e a l ,  dropping funnel and reflu x  condenser was placed 98 Gm, of 

magnesium turnings 300 cc. of anhydrous ether. The reaction was 

started  by adding a crysta l of iodine and f iv e  cc. of e th y l bromide.
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When reaction  was pronounced* the s t ir r in g  was “began and a so lu tion  of 

480 Gm. of eth yl “bromide in  one l i t e r  o f ether was dropped in  at such a 

rate that vigorous reflu x in g  continued throughout the reaction . S tirr in g  

was continued for f i f te e n  minutes a fte r  a l l  the halide so lu tion  had “been 

added. T itration of y ie ld s  showed 90»95 per cent o f the desired product.

The ethyl magnesium “bromide thus obtained was treated in  two ways in  

order to prepare tr ie th y l carbinol* (a) Two hundred and s ix  grams 

I2 moles) of eth yl propionate d ilu ted  with an equal volume of anhydrous 

ether was dropped in  as fa s t  as possib le  so that refluxing did not become 

too vigorous and a fte r  complete add ition , s tir r in g  and refluxing were 

continued for  two hours* The resu ltin g  product was hydrolysed by pouring 

i t  over 1500 Gm* of crushed ic e ,  300 cc* of water and 300 Gm. of ammonium 

chloride.

The aqueous layer obtained was extracted with three 300-cc* portions

o f ether and these washings added to the orig in a l ether layer. A fter d is -

t i l l i n g  o ff  the ether, the residue was dried over ten grams of anhydrous

potassium carbonate and fractionated  a t reduced pressure. An average

y ie ld  was 175 Gm. of product B.P. 140-JL42P 0. or 43-45° C. at 10 mm*
2()0

pressure, n^ 1*4295

The Grignard reagent prepared as above was treated wi 1h 145 Gm* 

of d iethyl carbonate d isso lved  in  an equal volume of anhydrous ether.

The d ieth y l carbonate had a boilin g  point of 125-127° C. and was d is t i l le d  

from the Eastman technical product. The average y ie ld  was 125 Gm. of t r i 

e th y l carbinol*

Notes Although 175 Gm, of the tr ie th y l carbinol was obtained by the 

f i r s t  procedure and only 125 Gm* by the second, the per cent y ie ld s  were 

75 p™* 81 resp ectively . This may be explained by consideration of the
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reactions talcing place in  each case#

(a)
zP OMgBr

W *1* + W L  jr *• (W A n„ w + W **
2 5 2 5

-----------> (C^glgOOMgBr - ~ -H> (CgHgJgOOH

ID)

W v ,  „ „ W N ,°*P b
Csfi -I- CgHgUgBr ---------& 0 +  2 O^HJUgpr

C2H5° OgHgO OMgBr 2 5

------------ »  (02H5)^30MgBr---- 18)11 > (CgHglgCOH

In other words two moles o f ethyl bromide are required to react with one 

of e th y l propionate, the other being lo s t ,  while three moles of the bro

mide are necessary for  each mole of eth y l carbonate, two of them being 

lo s t .  However, since eth yl carbonate i s  availab le  at a much lower price  

than eth y l propionate, the ultim ate cost o f the f in a l  product is  about 

the same.

T riethvl-carbinvl Chlorides The compound was prepared according to the 

method o f Halse (22) in  Which the carbinol was cooled to -10° 0. and s a t -  

urated w ith dry hydrogen chloride. The halide layer was separated, dried  

and freed  from hydrogen chloride by allow ing i t  to stand in  a vacuum des

icca tor  wi th sodium hydroxide overnight. The product was then pu rified  

by one of two methods: (a) that of Gilman (24) in  which i t  was washed

w ith  h a lf  i t s  volume o f G.P# concentrated su lfu ric  ac id , the ac id  sep

arated and the chloride layer centrifuged u n til c le a r , then l e t  stand for  

twelve hours at 0° C. w ith anhydrous sodium su lfa te  and sodium carbonate. 

The resu ltin g  ohloride was f i l t e r e d  and preserved in  well-stoppered bottles
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leapt in  the refrigerator. (b) The chloride layer a fter  being separated 

from the water fonned in  the reaction was washed several times w ith ic e -  

cold  f iv e  per cent sodium bicarbonate so lu tion  then dried for  a t  le a s t  

twelve hours over anhydrous sodium su lfa te  and sodium carbonate. This 

product was d i s t i l l e d  a t about two hundred mm* pressure and the d is t i l la te  

preserved as above. Both methods resu lted  in  85-88 per cent y ie ld s  of the 

chloride*

A second method o f preparation found to resu lt in  a somewhat lower 

y ie ld  was tr ie d . Two hundred and f i f t y  grams of tr ie th y l carbinol was 

mixed w ith one l i t e r  of concentrated hydrochloric acid  and shaken for  

f i f t e e n  to twenty minutes. The chloride layer was separated, washed with 

cold  f iv e  per cent sodium bicarbonate so lu tion , dried over anhydrous 

sodium su lfa te  and sodium carbonate, then d is t i l l e d  a t  reduced pressure* 

The y ie ld  from such a reaction was 319 Gm. or 75 per cent. T riethylcar- 

binyl chloride prepared by any of these methods was found to have a b o il

ing point of 142-143° 0* n^°°l*4330. These constants agree w ith  those

reported by Schreiner (25)#

T riethvl-oarbinvl Magnesium Chlorides A typ ica l run serves to describe 

the melhod used in  th is  case. 52*4 Gm* (2*23 moles) of magnesium powder 

was placed in  a 3 - l i t e r ,  three-necked f la sk  equipped with a mechanical 

s t ir r e r  and mercury s e a l , reflux  condenser and dropping funnel and cov

ered w ith  500 cc# of anhydrous ether. To th is  was added a crysta l of 

iodine three cc* of eth yl bromide to s ta r t the reaction. S tirrin g  

was begun and a mixture of 300 Gm. (2*23 moles) of tr ie  thyl-carb in y l chlo

ride in  800 cc . of anhydrous ether was added a t the rate of about one drop 

per second or fa s t  enough to keep the reaction f la sk  s lig h t ly  warm to the
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touch. S tirr in g  was continued fo r  f if te e n  minutes a fter  complete addi

tio n  of the halide solu tion . Y ields of the Grignard reagent varied wide

ly  being from 30*50 per cent*

%ote; reaction  was run approximately seven times to fin d  the method

g iv in g  the b est y ie ld  of Grignard reagent. Such factors as the rate of 

addition  of h a lid e , the temperature of reaction and the s ize  of the mag

nesium used were varied to fin d  th e ir  e f fe c t  upon the y ie ld . I t  was nec

essary to add the halide fa s t  enough to maintain a temperature of about 

35° C. in  order to get any reaction, and reactions in  which magnesium pow

der was used instead o f the turnings produced a somewhat better  y ie ld .

In a l l  ca ses , however, the formation of a white p recip ita te  took p lace, 

u su a lly  sifter about h a lf of the halide solu tion  had been added and th is  

p recip ita te  continued to increase slowly u n til  complete addition of hal

ide had been accomplished, Whitmore and Badertscher (18) reported a 58 

per cent y ie ld  by e s se n t ia lly  th is  same procedure.

E. 2-diethvl-butano 1 -1 ; A ten per cent excess over the calculated amount 

o f formaldehyde gas was allowed to react w ith the Grignard reagent as 

prepared above by heating the paraformaldehyde in  the manner previously  

described. The product was refluxed an hour over a water bath, then hy

drolyzed by pouring i t  on to 1 Kgm. of crushed ice  and E00 Gm. of ammon

ium chloride. The ether layer was then separated and the aqueous portion  

extracted  three times w ith 200-co. portions of ether. The ether was then 

d is t i l l e d  o f f ,  the residue dried and f in a l ly  d is t i l le d  under reduced pres

sure. Y ields of product, B.P. 76-77° C. a t  11 mm. pressure, were from 

12.5 to 16 Gm, (8 .5  -  11 per cent) n^00 1.4400. I t  i s  a c o lo r le ss , 

somewhat viscous liq u id  having a ch aracter istic  oamphoraceous odor. The
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©IQ b o ilin g  point and refractive  index agree w ith those found by Whit

more and Badertsbher (18)*

At attempt to Prepare 2-bromo ~2-e thyl~hnt.cmn i~ i

Br

CoEL-C-CH OH 2 5 | z

°2H5
I t  was planned to carry out the follow ing reactions to obtain the 

desired alcohols

H s>
0 1 -0 -C

H X0C H
2 5

+ 2 02H MgBr
H

?2h5

-> 01-0-0-OH SDH
H I 

° s f t

Hx /°2 H5 
, 0 — 0 + HBr

H 0X N0^I5

Br
C g H g - O  —

H
■O-OH
H

Btfryl Ohloroaoetateg The method of Oonrad (26) was used, 400 Gm, of 

monochloroacetic acid  were dissolved in  190 Gm. of 95 per cent ethyl a l»  

coho 1 by the a id  of gentle heat and to the mixture was added slowly 50 Gm. 

of concentrated su lfu r ic  acid. The product was then heated on a water 

bath under a reflux  condenser fo r  f iv e  hours and poured into an equal 

volume of ic e  water. The ester  layer was separated, washed w ith cold d is

t i l l e d  water then sodium bicarbonate so lu tion  u n til free  from acid  and f in 

a l ly  dried over anhydrous sodium su lfa te  and d is t i l le d .  Two such runs 

gave an average of 350 Gm, of eth yl ohloroacetate or 68 per cent, B.P* 

141-142° 0. The ester  i s  a co lo r le ss  liq u id  having a ch aracter istic  but 

very ir r ita t in g  odor*
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illk loror^thyl-d ie th y l carbinol a Ethyl magnesium "bromide prepared in  the 

manner previously described "by trea tin g  107 Gm. (4 .4  moles) of magnesium 

in  800 co# o f anhydrous ether with 480 Gm. (4 .4  moles) of ethyl bromide 

was allowed to react w ith 225 Gm. (2 moles) of eth y l chloroacetate diluted  

to 400 cc. with anhydrous ether. The reaction was very vigorous and re

quired about f iv e  hours fo r  addition of a l l  the e th y l chloroacetate solu

t io n  and upon standing the product separated into two d is tin c t  la y ers, a 

behavior which was unexplained. This mixture was hydrolyzed by pouring i t  

slow ly onto 1500 Gm. of crushed ic e ,  300 Gm. o f ammonium chloride and 150 

cc# of water. The ethereal layer was separated and the aqueous portion  

extracted  with three 300-ce. portions of ether, these extractions being 

added to the or ig in a l ether layer and the whole subjected to d is tilla tio n #

A fter  recovery of the ether, 82»90 Gm. of product b o ilin g  a t 62-63° 0* at
o12 mm. pressure or 70-72 0. a t 18 mm* pressure was obtained. A residue 

of approximately 60 Gm. of black tarry residue of undetermined composition 

remained in  the d i s t i l l in g  fla sk . The ohloronaethyl-diethyl carbinol ob

tained was found to darken rapidly on standing even in the refrigerator , a 

product which was co lo r le ss  a t d is t i l la t io n  becoming deep brown on stand

ing overnight. Because of th is  fa c t the m aterial was used as soon as poss

ib le  a fter  i t s  preparation.

<*,<* -d iethvl-eth ylene oxide; (a) Eighty-two grams of chloro-m ethyl-di

e th y l carbinol and 32 Gm. (0#56 moles) of powdered potassium hydroxide 

were mixed together and placed in  a d is t i l l in g  fla sk . Upon mixing there 

was considerable evolution of heat. D is t i l la t io n  was carried out slowly 

over an o i l  bath u n t il  the residue remaining had become so lid . The d is 

t i l l a t e  consisted  of two immiscible layers, the lower one being the water 

formed in  the reaction . The upper layer was fractionated in a 30-cm.
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g lass bead column but no product o f constant b o ilin g  point could be i s 

olated* Dalebroux and Wuyts (27) describe —diethyl-ethylene oxide 

as a mobile liq u id  w ith a m int-like odor B.P* 107° 0* The above d i s t i l l 

a te  bad a d is t in c t  mint-lib® odor but d is t i l le d  over a wide range whiob 

was below 107° 0*

Treatment of the d is t i l la t e  w ith hvdrqgen bromide; The d i s t i l la t e  

was cooled to 0° 0• in  ic e  and s a l t  and saturated with dry hydrogen bro

mide, the resu ltin g  product being a dark brown viscous o i l .  This o i l  was 

d ilu ted  w ith an eq^ial volume of benaene and washed w ith cold sodium bicar

bonate so lu tion  u n t il  free  from acid . D is t i l la t io n  resu lted  only in  

recovery of the benzene. Ho other product of constant b o ilin g  point 

could be obtained.

(b) A second attempt was made to prepare the -d iethyl-eth ylene

oxide in  appreciable y ie ld s . 110 Gm. o f chloro-m ethyl-diethyl carbinol 

was d isso lved  in  an ecpaal volume of absolute alcohol and 40 Gm, of pow

dered potassium hydroxide added. This mixture was refluxed for  f iv e  

hours on a water bath, then f i lt e r e d  to remove the so lid  residue. The 

alcohol in  the f i l t r a t e  was removed by d is t i l la t io n  leaving a so lid  res

idue. This residue was treated w ith water and the mixture steam d is 

t i l l e d  but only a trace of o i l  was obtained.

Because of the fa ilu re  to obtain any of the desired <*/* -d ie th y l-  

ethylene oxide and lack of more time to continue th is  in vestiga tion  the 

preparation of 2-bromo-2-ethyl-butanol-1 was discontinued.
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'TABLE I

PREPARATION OP SUBSTITUTED ETHANDLS

Alcohol Chloride used and 
per cent y ie ld

Y ie ld  of Grig, 
reagent

Y ield  of alco
hol from Crig. 

reagent

Overall
y ie ld

2,2-dim ethyl-
propanol-1

(CH J  J3-C1
So? 82# 36# 26#

2 ,2-dime thy 1-  
butanol-1 (CH3 , 2(C& 1̂ ^ 1so# 70# 33# 23#

2-ethyl-2-m ethyl-  
butanol-1

(CHgKCgHgljj-C-Ol
77# 62# 40# 26#

2 ,2 -d ie th y l-  
butanol-1

(0 H_) C-Cl 2 5 3 
86# 50# 10# 6#

PREPARATION- OP THE ACETATES OP THE SUBSTITUTED ETHANOLS

Acetate o f 2 .2-dime thy 1-propanol-1 s To 8*8 Cm* of the alcohol was added 

slowly w ith frequent shaking 8 Cm, o f acety l chloride. Large quantities  

o f hydrogen chloride were evolved during th is  procedure. A fter standing 

fo r  one h a lf hour a t room temperature, the mixture was warmed up slowly 

on a water hath to the ma.-giiman temperature and heated under a reflux con

denser u n t il  no more hydrogen chloride was given o ff . The resu ltin g  

product was poured into 25 oc. of ice  water and the acetate layer sep

arated. I t  was washed with cold water then wi th sodium bicarbonate solu

tion  and f in a l ly  dried over anhydrous sodium su lfa te . D is t i l la t io n  gave
200

8 Grin, of product b o ilin g  at 124—125 C, n^ 1*3959, I t  i s  a co lor less  

product o f fragrant odor, insoluble in  water and m iscib le with the common

organic so lven ts,

AnaTyfliag (a) 10*58 cc* of 1 N potassium hydroxide were required

to saponify 1*3814 Cm. of the aceta te . The calculated quantity
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i s  10*62 oo* Per cent purity -  99*62

(b) 10*61 of 1 N potassium hydroxide were required to saponify

1*3802 Gm. of the aoetate . The calculated quantity i s  10.61 cc* 

Per cent purity -  100.00

Aoetate o f 2 .2-diraethyl-butanol-l: 10*2 Gm. of the alcohol and 8 Gm,

o f acety l chloride were treated in  the manner previously described. Dis

t i l la t io n  y ie ld ed  8 Gm. of product B.P. 152-153° C. n^°° 1*4098

A nalysis; (a) 1,4859 Gm. of the acetate required 9,68 cc. of 1 IT

potassium hydroxide fo r  saponification . The calcu lated  quantity 

i s  10*31 oo* Per cent purity -  93,90

(b) 1*4923 Gm. of the acetate required 9.73 cc. of 1 N potassium

hydroxide so lu tion  for saponification . The calculated  quantity 

i s  10.35 cc. Per cent purity -  94,00

Acetate of 2-ethyl-2-m ethyl-butanol-l; 11*6 Gm, of the alcohol and 8 Gm.

of acety l chloride were treated in  the usual manner* d is t i l la t io n  producing

7 Gm. o f product. B.P. 51-52° C. a t 8 mm. pressure or 170-171° C. a t 757 
20°mm. pressure, n  ̂ 1,4140.

ana.iyaig« (a) 1.7166 Gm. of acetate required 10.56 cc. of 1 N

potassium hydroxide for  saponification . The calculated quantity 

i s  10*85 cc. Per cent purity -  97.32

(b) 1,6977 Gm. of acetate required 10,44 cc. of 1 H potqssium

hydroxide for  saponification . The calculated quantity i s  10,73  

cc. Per cent purity -  97,30

Acetate o f 2 . 2-diethyl-butanol-1: 5 ,3  Gm. of the alcohol were treated

w ith  4 ,0  Gm. of a cety l chloride as previously described. The product
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obtained was d is t i l le d  twiee a t 20 ram. pressure resu ltin g  in 3.5 Gm. of
20®

product B.P. 70-71° 0. Up 1.4331

A nalysis a (a) 0.5851 Gm. of aoetate required 2*97 oc. of 1 N potas

sium hydroxide fo r  saponification . The calculated quantity i s  

3.40 cc . Per cent purity -  87.35

(b) 0#8396 Gm. of the acetate required 4.25 oc. of 1 N potas

sium hydroxide for  saponification . The calculated quantity i s  

4.87 cc. Per cent purity -  87*27

PREPARATION OP PHEJTOURETHANES OP THE SUBSTITUTED ETHANOLS

Phenylure thane o f 2 .2-dime thvl-pro nano 1-1; 2*2 Gm. of the alcohol and

3*0 Gm. of phenyl isocyanate were mixed together and heated on a water 

bath u n til  the mixture s o l id if ie d  to an almost white mass. The product 

was c ry sta lliz ed  twice from lig r o in  and was found to melt a t 114-114.5° 0.* 

Nitrogen analysis by the Kjeldahl method: 6.60 per cent. Calc. -  6*70

per cent.

Pheny lure thane of* 2 .2-dime thvl-butano 1-1: 5 .2  Gm. of the alcohol and

6 .0  Gm. of phenyl isocyanate were mixed together and heated on a water 

bath for  h a lf an hour and upon cooling and stir r in g  the mixture s o l id i 

f ie d  to a nearly white mass. A fter two cry sta lliza tio n s from lig r o in  a 

product of constant melting point a t  63-64° C. was obtained. Nitrogen 

a n a ly sis: 6*09; 6 .23  per cent. Calc. -  6 .33 per cent.

P h e n y lurft*w*> of 2-ethyl-2-m ethyl-butanol-1: 5*8 Gm. of the alcohol

* There are co n flic tin g  data on the m elting point o f th is  urethane, 
Richard (10) reports 114-115° while Gordon found h is  product to melt 
a t  45°. The constant found here agrees with that of Richard.
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and 6*0 Gm. of phenyl isocyanate were heated together fo r  an hour on a 

water hath. The product was cooled and stirred  in  ice  and s a l t  hut no 

c r y s ta ll is a t io n  tools p lace. I t  was heated for another hour on the water 

hath hut no s o lid  product could he obtained. At attempt to purify the 

product hy d is t i l la t io n  a t 5 mm# pressure produced only decomposition# 

Due to the fa c t  that a considerable quantity of heat was given o ff  as 

was ch aracter istic  in  the formation of the other pheny lure thanes# i t  

was concluded that the reaction between the alcohol and phenyl isocyan

a te  had taken place hut the pheny lure thane formed i s  a thick viscous 

l iq u id  unsuited fo r  analysis or characterization of the 2-ethyl-S^methyl- 

butanol-1.

Pheny lure thane of 2«2-diethv 1 -butane 1 -1 * 2.6 Gm. of the alcohol and 2 .4

Gm. of phenyl isocyanate were treated  in  the manner described above and 

in  th is  case again a viscous o i l  impossible to c ry sta lliz e  was formed.

I t  was concluded that the phenylurethane of 2#2-diethyl-butanol-1 i s  a 

liq u id  unsuitable for  characterization o f the alcohol.

« -MPHTHY1UEETHA.NKS OF THE SUBSTITUTED ETHANOLS

o< -Naphthvlurethmia of 2 .2 -dimethvl--pronano 1 -1: 2*2 Gm. of the alcohol

and 4 .2  Gm. of «*-naphtbyl isocyanate were heated together for  a short 

time then stirred  u n til c ry sta lliz a tio n  was complete and a hard mass re

su lted . A fter two c ry sta lliza tio n s from lig r o in , a product of M.P. 

99-100° was obtained and on an a lysis was found to contain 5*40 and 5.28  

per cent nitrogen in  two analyses. * Calculated per cent -  5.45

Gordon (14) reported a m elting point of 71° C. No an a lysis  o f  h is
compound was given.
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^rNaphthvlura thane of 2 .2-dimethvl-buta.no 1 -1: 5 .1  Gm. of the alcohol

heated with 8 .4  Gm. of *c -naphthyl isocyanate resulted in  a product hav

ing a m elting point o f 81-82° 0. a fte r  two c ry sta lliza tio n s from lig r o in . 

Nitrogen ana lysis: 5*06 and 5.26 per cent. Calc* -  5.16

< -Nanhthy lure thane of 2-ethyl-2-me thvl-butanol-1; 3*7 Gm. of the a l 

cohol heated with 5 .5  Gm. of -naphthyl isocyanate in  the usual manner 

resu lted  in  a viscous product impossible to c r y s ta lliz e . I t  was there

fore concluded that the <* -naphthy lure thane of 2-ethyl-2*m ethyl-butaaol-l 

i s  a liq u id  and i s  not su itab le fo r  p u rifica tion  and an alysis .

-Naohthylurethane of 2 .2 -diethvl-butane 1 -1: 1 .5  Gm, o f the alcohol

was heated with 2 .5  Gm. of -naphthyl isocyanate for  a short time, then

stir r e d  and le t  cool to room temperature. A white mass resu lted which
o

was r ecry sta lliz ed  twice from lig r o in  and gave a M.P. of 135-136 C. 

Nitrogen analysis: 4*57 and 4*53 per cent. Gale. -  4 .63 per cent

ACID-PHTHAJATES OP THE SUBSTITUTED ETEANOIS

Acid-phthalate of 2 .2-dime thvl-prooano 1-1: (a) A mixture of 5 .0  Gm.

of the a lcoh o l, 9 .0  Gm. of phthalic anhydride and 50 oc. of benzene was 

refluxed together for  two hours, then cooled and allowed to c r y s ta lliz e . 

The cry sta ls  obtained had a melting point of 128-129° C. which was un

changed when a mixed m elting point w ith phthalic anhydride was taken.

I t  was concluded that e ith er  no reaction or incomplete reaction had tak

en p lace so a modified procedure was adopted,

(b) Pive grams of the alcohol and 9 .0  Gm. of phthalic anhydride

were heated and st ir re d  frequently on a water bath for  three hours, the 

r esu ltin g  product being a c o lo r le ss  viscous mass which cry sta llized
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only a fte r  long standing in  the refrigerator and s t ir r in g . A fter four 

c r y sta lliz a tio n s  from lig r o in  and eth er, a product of constant m elting  

point 70—71° 0* was obtained*

A nalysis; (a) 1*2475 Gm. of the e ster  required 10*67 cc. of 1 Iff

potassium hydroxide so lu tion  for  neutralization  and saponifica

tion* The calcu lated  quantity i s  10.57 cc. Per cent purity -  

100.97

(b) 1*4425 Gm* o f the e ster  required 12*32 cc. of 1 Iff potassium

hydroxide so lu tion  for n eu tra lization  and saponification . The 

calculated quantity i s  12*21 cc. Per cent purity -  100.90

Acid-ffhthaiate o f 2 .2  -dime thvl -butane 1 -1 : 10*2 Gm. of the alcohol were

heated w ith 14*8 Gm. of phthalic anhydride on a water bath for  four hours.

The resu ltin g  c o lo r le ss , viscous mass was cry sta lliz ed  by allowing i t  to

stand in  the refrigerator over n ight, then stir r in g  vigorously. A fter

f iv e  c ry sta lliz a tio n s  from lig r o in  and ether, a product o f constant m elt-
oing point a t 68-69 C. was obtained.

A nalysis; (a) 1*6385 Gm. of the e ster  required 13*17 cc. of 1 Iff

potassium hydroxide so lu tion  for  neutralization  and saponifica

tion . The calculated  quantity i s  13*10 cc. Per cent purity -  

100.53

lb) 1*4729 Gm. of the e ster  required 11*82 oo. o f 1 Iff potassium 

hydroxide so lu tion  for  neutralization  and saponification . The 

calculated  quantity i s  11.77 oc. Per cent purity -  100.42

Acid-Phthalate o f 2-ethyl-2-m ethvl-butanol-l: 20.4 Gm. of the alcohol

and 44*0 Gm. (1*5 times the calculated amount) of phthalic anhydride were 

heated on an o i l  bath a t 130-140° C. for  4*£ hours. The resta tin g  prod

uct was cooled in ice  and sa lt  and stirred  u n til c ry sta lliz a tio n  took
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p la c e , then d issolved  in ether and f i lt e r e d  to separate the unreacted 

phthalic  anhydride. The ether so lu tion  was extracted with cold f iv e  per 

cent sodium hydroxide so lu tion  and the a lkaline aqueous portion was then 

made d is t in c t ly  acid  w ith 6 2T hydrochloric acid . The o i ly  layer which 

separated cry sta lliz ed  upon cooling and s t ir r in g . These crysta ls were 

then dried in  a vacuum desiccator and recry sta llized  tw ice, f i r s t  from 

■petroleum benzin and ether then from petroleum benzin alone. The prod

uct had a m elting point of 44*5-45*5° G.

This method was found to give b etter  y ie ld s of the pure product than 

those described above for  the formation of the other e ster s .

A nalysis: (a) 1*6978 Gm. of e ster  required 12*79 cc. of 1 N potas

sium hydroxide so lu tion  for neutra lization  and saponification*  

The calcu lated  quantity i s  12*85 oc* Per cent purity -  99*53 

(b) 1*6450 Gm. of e ster  required 12*40 cc. of 1 N potassium

hydroxide so lu tion  for neutralization  and saponification . The 

calculated quantity is  12*45 cc. Per cent purity -  99*60

Aoid-Phthalate of 2 .2 -d ieth y l-b u tan ol-lg  6*5 Gm* (l/2Q mole) of the

alcohol and 7 .4  Gm. ( l /2 0  mole) o f phthalic anhydride were heated togeth

er on a water bath fo r  four hours. A transparent viscous liqu id  was 

formed which cry sta lliz ed  a fter  cooling and s t ir r in g  in ice and sa lt  for

some time* This product was re c ry sta llized  once from lig ro in  and twice

from petroleum ether and melted a t 84-85° C.

Artfllirsia: (a) 0,5805 Gm. of e ster  required 4*20 cc. o f 1 IT potas

sium hydroxide so lu tion  for  neutralization  and saponification . 

The calculated quantity is  4*26 cc. Per cent purity -  98*59 

(b) 0,6766 Gm. of e ster  required 4,89 cc. of 1 N potassium hy

droxide so lu tion  for neutra lization  and saponification. The
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calcu lated  quantity is  4*97 cc, Per cent purity -  98*39 

These acid<*phtbalates are a l l  white cry sta llin e  compounds insoluble 

in  water hut soluble in  d ilu te  a llsa li solu tion . They are very soluble in  

the common organic so lven ts and sparingly soluble in  petroleum benzin*

AOID-TEmCHI/DROPHTHAlATES OP THE SUBSTITUTED HTHOOLS

Tetrachlorophthalic acid  dried a t  110° C. for two hours was heated 

with a s l ig h t  excess of the a lcohol in  benzene so lu tion  for  f iv e  hours 

using the apparatus shown below.

The water formed in the reaction being heavier than the solvent 

(benzene) se tt le d  out of the d is t i l la t e  into the side-arm-tube connected 

to the condenser thus allowing the reaction to go to completion. At the



32

same time the solvent ran back into the fla sk  and prevented any concen

tra tion  of the mixture through lo ss  of solvent*

Acid-Tet rach loroph thala t  e of 2 . 2-dimeth.vl-propanol-l: 12*2 Gm. ( l/2 5

mole) o f tetrachlorophthalio acid  and 4 Gm, of 2 ,2-dimethyl-propanol-1 

were placed in  the fla sk  w ith 60 cc. of benzene and heated as described 

above. The resu ltin g  so lu tion  was f i l t e r e d  while hot placed in the 

refrigerator  overnight. 6.5 Gm. of product were recovered by f i l t e r in g  

o f f  the mother liquor. The mother liquor was evaporated to dryness and 

heated about th ir ty  minutes on a water bath to v o la t i l iz e  the excess a l~  

oohol present. The residue weighed 6*5 Gm.

The f i r s t  fraction  was reorysta llized  from benzene and yielded a 

product o f M.P. 140-1410 0 . and the second fraction  was recrysta llized  

from th is  mother liq uor. I t  also melted a t  140-141° 0. The combined 

y ie ld  was 8*7 Gm.

A nalysis: (a) 0*2320 Gm. of e ster  yielded 0*3497 Gm. of s ilv e r

chloride corresponding to 0*0865 Gm. of chlorine. Per cent 

chlorine -  37.72

(h) 0.2168 Gm. of e ster  y ielded  0,3306 Gm. of s i lv e r  chloride

corresponding to  0.0818 Gm, of chlorine. Per cent chlorine 

37*72. The calculated  value i s  37.93 per cent.

Acid-^Tetrachloronhthalate of 2 . 2 -dime thyl -buta-no 1 - 1 12*2 Gm. of te tra

chlorophthali c acid and 5.0 Gm. of the alcohol were heated together in  

60 cc . o f benzene for f iv e  hours. The resu ltin g  solution was f i lte r e d

and evaporated to dryness, then heated on the water bath for  th irty  min

u tes to v o la t i l iz e  the excess alcohol. The residue weighed 13*2 Gm. and

was r e o r y s ta l l iz e d  tw ice  from benzene to g iv e  a product m eltin g  a t  150- 

151° 0 .
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A nalysis; (a) 0,2710 Gm, of ester  yielded 0*4029 Gm, of s ilv e r

chloride corresponding to 0*0998 Gm, of chlorine* Per cent 

chlorine -  36*82

(b) 0,2873 Gm, of ester  y ielded  0*4262 Gm, of s ilv e r  chloride

corresponding to 0,1054 Gm, of chlorine* Per cent chlorine -  

36*69, The calculated  per cent i s  36*54

Aci d~Te trachloronhthalate of 2-e thy 1 -2-*nethy 1 -bu tano 1 -1 s 12*2 Gm* of 

tetrachlorophthalic acid  and 6*0 Gm* of the alcohol were heated in 60 cc, 

of benzene for  f iv e  hours. The resu ltin g  so lu tion  was f i lt e r e d  and cooled  

in  ice  water giving 7*5 Gm, of p recip ita te  when dried. Evaporation of the 

mother liquor y ielded  6*0 Gm, of residue. The f i r s t  fraction  was recrys

ta l l iz e d  from benzene, f i lt e r e d  on a Buchner funnel w ith  the a id  of sue** 

tion  and washed with petroleum benzin, The second fraction  was recrys

ta l l iz e d  from the above mother liquor and treated in a sim ilar manner*

The two fraction s were then combined and c ry sta lliz ed  once more from ben

zene and washed with petroleum benzin, M.P, 144-145°

A nalysis; (a) 0*5021 Gm* of e ster  yielded 0*7210 Gm, of s ilv e r

chloride corresponding to 0*1784 Gm* of chlorine. Per cent 

chlorine -  35*53

(*) 0,3029 Gm* of e ster  yielded 0*4336 Gm. of s i lv e r  chloride

corresponding to 0*1073 Gm, of chlorine. Per cent chlorine -  

35*42. The calculated per cent i s  35*28.

Acid-Tetrachlorophthalate of 2.2-diethyl-butano 1 -1; 6*1 Gm. of tetra
chlorophthalic acid and 3*5 Gm, of the alcohol were heated in the usual 
manner in  60 cc. of benzene for five hours. The product was filtered 
while hot and allowed to crystallize. This first crop of crysta ls weigh
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ing 2*1 (}m# melted a t 245—2470 C, so i t  was concluded that i t  was mostly 

unreacted tetrachlorophthalic acid* The f i l t r a t e  was d iluted  with an 

e^ual volume of petroleum benzin, cooled in  an ice  hath and stirred . A 

white c r y sta llin e  p recip ita te  weighing 2*6 Gm. was obtained which melted 

a t 137-140° C. R ecrysta lliza tion  of th is fraction  from benzene and 

petroleum benzin gave 2*1 Gm. of substance, M,P. 138-139° C*

A nalysiss (a) 0*1875 Gm. of e ster  yielded  0*2593 Gm. of s ilv e r

chloride corresponding to 0*0642 Gm. of chlorine* Per cent 

chlorine -  34*24.

(b) 0*2584 Gm. of e ster  yielded  0*3596 Gm. of s ilv e r  chloride

corresponding to 0*0890 Gm. of chlorine. Per cent chlorine -  

34*44. The calculated per cent i s  34*10.

p-N im ) BENZOATE OP 2 ,2-DE/IETHYL^OPANDL-l

Several methods were employed before any y ie ld  of the e ster  was ob

tained*

(a) 4*0 Gm, of the alcohol was d issolved in 30 oc. of absolute

eth yl alcohol in  which 1 Gm* of sodium had previously been dissolved.

An a lcoh o lic  so lu tion  of 8*4 Gm. of p-nitrobenzoyl chloride was then 

added and the mixture shaken fo r  some time and cooled f r e c e n t ly ,  then 

se t  aside in  the refrigerator overnight. I t  was found impossible to i s -  

oia/te a pure c ry sta llin e  product from th is mixture so another method was 

tr ied .

(b) Olaisen method -  2*2 Gm. of the alcohol and 4*6 Gm. of p -  

nitrobenzoyl chloride were placed in 5 cc* of ether and 3 Gm. of anhy

drous sodium carbonate added to the mixture. A fter standing for twelve
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hours i t  was apparent that no reaction had taken place from the fact  

that the p~nitrobenzoyl chloride was s t i l l  present unchanged so that 

s t i l l  another method was tr iad .
i % ”ic ) Schotten-Baumarm method -2 * 2  Gm. of the alcohol and 4*6 Gm* 

of pnnitrobenzoyl chloride were placed in a f la sk  and 30 oc* of ten per 

oent sodium hydroxide so lu tion  added* The mixture was shaken vigorously  

w ith cooling from time to time fo r  one«half hour then l e t  stand over

night in  the refrigerator* The cry sta llin e  precip ita te  was f i lte r e d  o ff  

and reo ry sta llized  three times from alcohol and water. This gave a prod

uct of constant m elting point '56-57° 0. Ultrogen analysis by the Ejeldahl 

method -  5*87 per cent* Calculated per cent -  5*90,



TABLE I I

DERIVATIVES OF THE SUBSTITUTED ETHANOLS PREPARED

Alcohol A ce ta te P h en y lu re th an e oi  -n a p h th y lu re th a n e A c id -p h th a la te A c id - te t r a c h lo r o -
p h th a la te

B .P. B .P. and 
a n a ly s is

M.P. and n i tro g e n  
a n a ly s is

M.P. and n i tro g e n  
a n a ly s is

M.P. and 
a n a ly s is

M.P. and c h lo r in e  
a n a ly s is

2 ,2 -d im e th y l-  
p ro p an o l-1  
B .P. -  111-115° 
M .P .- 49°

124-125°

99.8$

114-115°

C a lc .-6 .7 0
Found-6.60

99-100°

C a lc .-  5 .45  
Found- 5.66

70-71°

100$

140-141°

C a lc .-  37 .93  
Found- 37.72

2 ,2 -d im e th y l-  
b u ta n o l-1  
B .P .-  134-135°

153-154°

93 .9$

63-64°

C a lc .-  6 .3 3  
Found- 6 .2 3

30-81°

C a lc .-  5.16 
Found- 5.16

68-69°

100$

1 4 9 .5 -1 5 0 .5 °

C a lc .-  36.54  
Found- 36.69

2 -e th y l-2 -m e th y l-  
b u ta n o l-1  
B .P .-  150-151°

170-171°

97 .2$
L iq u id L iq u id

4 4 .5 -4 5 .5 °

99 .5$

144_145°

C a lc .-  55.28 
Found- 35.42

2 , 2 - d ie th y l -  
b u ta n o l-1  
B .P .-  76-77° a t  

11 mm.

70-71° a t  
20 mm. 

85.7$
L iq u id

135-136°

C a lc .-  4 .67  
Found- 4 .50

84-85°

93 .4$

138-139°

C a lc .-  34.10  
Found- 34.34

. . . . .



PART II  

PHARMACOLOGICAL

2 , 2-dime thyl-propanol-1; E,2-dimethyl-"butanol; 2 ethyl-2-methy 1 -  

■butanol—1 and 2 ,2—die thyl -butano 1—1 we re compared with, respect to their  

ph ysio log ica l properties with 2 ,2 ,2 —tribromoethanol obtained through the 

courtesy of the Winthrop Ohemical Company. Each of the f iv e  compounds 

was used in  two media (a) a ten per cent or a one per cent so lu tion  in  

o liv e  o i l  and (b) a ten per cent or a one per cent so lu tion  in 95 per 

cent eth y l a lcoh o l. Pharmacological studies were made upon mice, r a ts , 

guinea p igs and cats*

When 1*2 cc# doses of the one per cent alcohol so lu tion  were admin

is te re d  by rectum to rats and guinea p ig s , 2 ,2 ,2-tribromoethanol was the 

only one found to produce complete narcosis, 2 ,2 -d iethyl-butanol-1  in  

doses of 3 cc , o f the alcohol so lu tion  produced only a p a r tia l narcosis 

in guinea pigs while 4 cc, doses of 2,2-diraethyl-propanol-l so lu tion  

caused only a m ild depression.

One per cent solu tions of the compounds in o liv e  o i l  were in jected  

in trap eriton ea lly  in  mice and the r e la tiv e  dosage required to produce 

narcosis or depression was determined. I t  was found that administration  

of 0*75 cc, o f the one per cent so lu tion  of 2,2,2-tribroraoethanol to mice 

weighing about twenty grams would produce complete narcosis which lasted  

about ten hours and sometimes resu lted In death. One cc, of 2 ,2 -d ieth y l-  

butanol-1 so lu tion , 1*2 co, o f 2 -e thyl-2-methy 1-butanol-1, 1*5 cc, of

2 , 2 -dime thy 1-butano 1-1 and 2*1 cc , of 2 ,2-dim ethyl-propanol-1 produoed 

unconsciousness but of a shorter duration than the halogenated ethanol*
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A dose of about eight oo* of 95 per cent ethyl aloohol was necessary to 

produce th is  same r esu lt .

Cats anesthetized with ether were injected  through the femoral vein  

with the respective so lu tion s and the blood pressure taken from the caro

t id  artery. A ten per cent so lu tion  of the compound to be tested  in 95 

per cent eth y l aloohol was in jected  slowly in  doses of 0*5 cc* diluted  

to 10 cc. w ith  noimal sa lin e  so lu tion . In th is  dose 2,2,2-tribromoethanol 

produced a p a r tia l paralysis o f the respiration and depression of the 

c ircu la tio n , follow ed by slow recovery. 2 ,2-diethyl-butanol; 2 -eth y l-  

2-m athyl-butanol-l and 2 ,2-dimethyl-propano 1-1 produced a sim ilar resu lt  

but in  a progressively le s se r  degree* Most pecu liarly  2*2-dimethyl-bu- 

tanol-1  in  the same dose was very tox ic  causing complete paralysis of 

the resp iration  and stoppage of the heart. Control solutions of 5 per 

cent eth y l alcohol had very l i t t l e  e f fe c t  upon the c ircu la tion  and pro

duced only a s lig h t  depression of the resp iration .

A very in terestin g  observation was made in  regard to the absorption 

of these compounds through the skin. When one cc. of a ten per cent 

so lu tion  of 2,2,2-tribrom oethanol was placed on the in tact skin of mice, 

i t  was rapidly absorbed to produce anesthesia la stin g  over twelve hours 

follow ed by recovery. 2 ,2-diethyl-butanol-1; 2-e thy l-2«me thyl-butano 1-1;

2 ,2-d ime thyl -butano 1 -1 and 2 ,2-dimethyl -propano 1-1 were a l l  absorbed but 

as found in other experiments, th e ir  e ffe c ts  became increasingly le s s  as 

more methyl groups replaced the ethyl groups of the substituted ethanol* 

N in ety-five  per cent ethyl alcohol (the d ilu tion  medium used above) pro

duced no e ffe c t  other than s lig h t discomfort due to the cooling o f  the 

sk in  as the alcohol evaporated.



SUMMARY

A study has heen made of the methods fo r  the preparation of 

2 f 2-dime thyl-propanol -1; 2 ,2-dime thyl-hutano 1-1; 2-e thyl-2-me thyl -  

hutanol-1 and 2 , 2 -d iethyl -butanol-1.

In order to  characterize these a lcoh ols, their  pheny lure thanes, 

oc -oaphthylurethanes, aoid-phthalates and acid-tetraohlorophthalates 

have been prepared and analyzed,

A preliminary comparison has been made between the pharmacological 

action  of these substituted  ethanols and that of 2,2,2-tribrom o

ethanol*
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CONCLUSIONS

1# The chlorides of tert.-"butyl aloohol, tart.-am yl aloohol, dimethyl- 

eth y l oarhinol and tr ie th y l carbinol may he prepared rapidly in  

good y ie ld s  by shading them with concentrated hydrochloric acid*

2* Various 2 ,2 ,2 -tr ia llsy l ethanols may he prepared by the action of

formaldehyde upon the proper Grignard reagent followed by hydrolysis.

3» The y ie ld s  of some Grignard reagents may he appreciably increased by 

excluding the oxygen of the a ir  from the reaction system*

4. Reaction between ter tia ry  chlorides and magnesium to form various 

Grignard reagents may be in it ia te d  sa t is fa c to r ily  in  the cases 

studied by the addition of a small amount of ethyl bromide and a 

cry sta l o f iodine before the ter tia ry  halide Is introduced.

5* The acetates of the alkylated  ethanols studied may he prepared by 

treatment o f the alcohol with acety l chloride.

6* The phenylure thanes o f 2-e thyl -2 -roe thyl -butano 1 -1 and 2 ,2 -d ie th y l-  

butanol-1 and the oc *naphthy lure thane o f  2 thyl -2 -me thyl -butano 1 -1 

are liq u id s unsuited fo r  characterization of these alcohols*

7. The aoid-phthalates o f the alcohols studied may be prepared by heat

ing them with phthalic  anhydride*

8. The acid-tetraohlorophthalates of the alcohols studied may be formed 

by treating  them with tetrachlorophthalic acid in benzene solution  

using the apparatus shown,

9* Eleven compounds have been prepared and analyzed which have not been

previously reported in  the litera tu re .
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