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as used in the hydrolyses. The values reported in Table I 
are the mean of duplicate determination which differed by 
0.05 unit. 
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given in Table I. The energies of activation and the log PZ 
values were determined from the Arrhenius equation. The 
values of E act. are considered to be accurate to 1 0 . 2  
kcal. and the log PZ factors to k0.2.  

Dissociation constants. These were determined by potentio- 
metric titration using the same sample of aqueous ethanol 
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The usual methods for preparing isocyanates from amino ester h) drochlorides fail in many cases. A ne\v, rapid procedure, 
uncomplicatrd kiy secondary reactions, is described for forming isocyanates derived from 2-, 3-, 6-, and 11-amino ester hydro- 
chlorides It 11 as found that 2-isocyanato esters are activated towards reaction with active hydrogen compounds. 

Although hundreds of isocyanates were known 
previous to the last tlTenty years, $hey were of only 
little technological interest. More recently, as a 
result of industrial applications, these substances 
have become the object of intensive research.l 
One method has dominated their synthesis, Le. ,  
the reaction of phosgene with amine hydrochlo- 
rides. 

COClz + RYHz-HCI + RNHCOCl + 2HC1 

RSHCOCI --+ RKCO + HCl 

Gsually by this procedure, the amine salt is 
suspended in a refluxing diluent into which phos- 
gene is passed. dfter allowing a reaction time 
of several hours, the product is isolated by distilla- 
tion. However, hydrochlorides of certain amino 
esters undergo secondary reactions under these 
conditions. Isocyanates cannot be prepared effi- 
ciently, for example, from hydrochlorides of esters 
of glutamic or aspartic acid by this procedure 
unless the quantities are small, Le. ,  less than 0.4 
mole. Although isocyaiiates derived from these 
and other cr-amino esters have been reported in 
85-977, yields, they were produced in only 10- 
20 g. Reaction of phosgene with 0.23, 
0.3, and 2 moles of dimethyl glutamate hydro- 
(ahloride gives 80, GO, and 30% yields, respectively. 
Phosgenatioii of three moles of diethyl aspartate 
hydrochloride yields no isocyanate. These results 
arc attributed partly to the competing reaction of 
cyclization. J1-e have isolated the corresponding 
pyrrolidone 111 high yield and small amounts of the 
diketopiperasine in these two cases, respectively. 
Indeed, 5-carbethoxy-2-pyrrolidone is reported to  
be obtained in 80% yield by heating the base, di- 
ethyl glutamate, for txenty minutes.3 

(1) A. C. Farthing, Proc. Chem. Sac. (London), 301 

( 2 )  P. Goldschmidt and 11. Wick, Ann., 575, 217 (1952). 
(3) H. RI. Chiles and W. A. Noyes, J .  Am. Chem. Sac., 

(1957). 

44, 1805 (1922). 

SHzCHCOOCHs + 
I 

( CH2)zCOOCHa 
CH2-CH2 
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\ /  

CHBOSCCH CO + CHlOH 

S 
H 

2HCl-NHzCHCOOCH3 --+ 
I 

CH2COOCHa 
CHIOCOCHNHCO + 2CHaOH + 2HC1 

I I 
COXHCHCOOCHa 

Following the method of Siefkenj4 ethyl isocyana- 
toacetate can be prepared from twenty moles of 
glycine ethyl ester hydrochloride in 85% yield by 
phosgenation in toluene. Similarly, the isocyanate 
derived from three moles of methionine ethyl ester 
hydrochloride is obtained in 84% yield. However, 
reaction of phosgene with one mole of glycine iso- 
propyl or isobutyl ester hydrochloride gives only 
a 5 1 0 %  yield of the isocyanate. 

We have found that isocyanates can be prepared 
sinoothly from hydrochlorides of amino esters in 
unlimited amounts by a general, continuous pro- 
cedure. By this method, a solution of the salt ih 
passed domii a packed, heated column couiitercur- 
rent to a stream of phosgene. The reaction tempera- 
ture is the reflux temperature of the solvent, 1,2,3- 
trichloropropane (b.p. 133"). The reaction time 
within the apparatus is less than one minute. This 
method is somewhat similar to  that described for 
other continuous reactioim6 

Methyl, ethyl, isopropyl, n-butyl, and isobutyl 
a-isocyaiiato esters hare been prepared in this way 

(4) W. Siefken, Ann., 562, 105 (1949). 
(5) C. F. H. Allen, J. R. Byers, Jr., W. J. Humphlett, 

and D. D. Reynolds, J .  Chem. Educ., 32, 394 (1955). 
C. F. H. Allen, T. J. Davis, W. J. Humphlett, and D. W. 
Stewar6, J .  Org. Chem., 22, 1291 (1957). C. F. H. Allen 
and W. J. Humphlett, Org. Syntheses, 37, 2 (1957). 
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from a-amino mono- or dicarboxylic ester hydro- 
chlorides in good yield. The method proceeds as well 
with the 3-, 6-, and 11-amino acid derivatives. 
Glycylglycine methyl ester hydrochloride cleaves 
under these conditions to form methyl isocyanato- 
acetate. Cleavage of acylamino compounds by 
phosgene has been noted previously.6 

Since suspensions of amine hydrochlorides react 
slo.wly with phosgene, solvents for this reaction hare 
been sought.7 1,2,3-Trichloropropane dissolves most 
amino rster hydrochlorides, allowing a high rate 
of continuous rcaction. With this solvent, a three- 
liter countercurrent apparatus has a capacity of 
GO5 g. of diethyl a-isocyaiiatoglutarate prepared 
per hour. Solu hility of the hydrochlorides varies 
with the estw used. While glycine inethyl and ethyl 
ester hydrochlorides are insoluble in 1,2,3-trichloro- 
propane a t  2'5 O 1  the isopropyl and butyl derivatives 
are qoluble. Dimethyl aspartate hydrochloride 
dissolves at 90"; the ethyl derivative is soluble at  
23'. A11 other hydrochlorides studied are readily 
soluble in  this solvent. The required eater hydro- 
rhlorides w r e  obtained by reaction of the amino 
acid :vith thionyl chloride in the appropriate alco- 

sterification results in practically quanti- 
& atid crystalline products. The base, 

dimethyl glutamate,Y 10 contrast t o  its hydrochlo- 
ride, i s  soluGle in most organic solvents. This form 

he isorysnate in 72y0 yicld in continuous syn- 
IIon c i  c ~ ' ,  the base is unstable and must be 

Acpt at --X)' until used. IJI the preferred procedure, 
the hydrochloride is employed. 

Aliphatic isocyanates art' 1iuoir.n to be less re- 
active touardi., active hydrogen compouiids than 
arc ar oniatic isocyaiiatml Octadecyl isocyanate 
ernulsifirrt ill ivilfer is reported to be stable for a 
day,' rIihc re:ivtivity of 2ironia tic isocyanates is 
increased by 0- C)P p-subsi itution of electron-with- 
drawing  group^..'" We fi id  that the reactivity of 
aliphatic ibncyaiia teq drriwd from a-amino esters 
is increased by t h ~  carbonyl group of the ester. 
T h u s ,  drcth yl i,ocy;m:if osucciiiatc reacts completely 
ill LL diox:iue soliilioii coi l  taiiiirig 25y0 n atcr in one 
hour, foriniiig I lic urcti. 

Y )0(1LT1, 
I 

('II,COOCLH, 

2 CFIXCO -1- HLO ---+ 

COOC2Hr CO'JCAHe 

+ co2 I I 
CHNHCOXHCH 

C" H*COOCLH, '\CH,COO C d  15 

(6) H. Krzilcall:t, U. 8 Patent 2,666,787 (Jan. 19, 1954); 
('hem. Abstr., 48, 3995 (1954). 

( 7 )  J. H. Saunders and R. J. Slocombe, Chem. Re&$., 43, 
203 (1948). 

(8) M. Brennw and 11'. Huber, Helv. Chim. Acta, 36, 
1109 (1953). 

(9) V. G. Hillmann, Z. Saturjorschung, 1, 682 (1946). 
(10) R. C. Arnold, J. A. Nelson, and J. J. Verbanc, 

(:heria. Revs., 57, 47 (1957). 

Under similar conditions, the yields of urea formed 
by isocyanates derived from esters of glutamic 
acid, glycine, and the branched leucine are 90, 
80, and 45-50%, respectively. Reaction with water 
was stopped after one hour by addition of the much 
more reactive bensylamine forming a benzyl urea. 
Actil ation of the isocyanate group disappears 
when t8he carbonyl is separated by more than one 
methylene group. Isocyanates derived froin esters 
of p-alanine, 6-aminocaproic acid, and 1 l-amino- 
undecanoic acid are inert in aqueous dioxane 
solution under similar conditions. The extent of re- 
action with water was determined by infrared- 
spectra analysis based on pure synimetrical and 
benzyl urea samples. 

Other data characteristic of the isocyanates and 
related compouiids are surnniarised in Table I. 

EXPERIhIESTAL 

Apparatus. A small apparatus suitable for preparing iao- 
cjanates in 25-200-g. quantities is made from standard 
laboratory glassware. For this purpose, a 3-ft. column of 
3/4-in~h internal diameter is packed with '/(-inch glass 
helices and clamped vertically to a ringstand in a hood. A 
flask is attached to the bottom of the column to receive the 
product. A dropping funnel and a reflux condenser are con- 
nected to the top of the column. X sidearm located near the 
bottom allows introduction of phosgene. The column is 
heated by two lengths of L/2-inch by G-ft., 388-watt, heating 
tape connected to variable transformers. A somewhat similar 
apparatus for countercurrent circulation has been diagram- 
nied.ll A larger apparatus was used more often and is dc- 
scribed in detail in the next paragraph. Honever, the ?/.I- 

inch column can be operated in the same way on a smaller 
scale. 

A 5-ft. column of 2-inch internal diameter (volume equal 
to 3.1 1 ), packed with 1/4-inch Rerl saddles, is liseful for 
preparing 100-5,000-g quantities of isocyanates. 3-1. 
flask is connected t o  the bottom of the column through a 
75/50 ball-and-socket joint. The flask is provided with :I 
stopcock at  the bottom for mithdrawing thr product. h 
stoppered, second neck on the flask is of advantage. A sidc- 
arm tube, in. in internal diameter, located 24 inches from 
the bottom of the coluinu, allows introduction of phosgene. 
Phosgene is metered through a calibrated flowmeter.'2 
(Bubbling phosgene through sulfuric acid coritairicd 111 a 
suitable bottle is an :ilternative method.) Provision for tlic 
release of abnormal pressure is made by a safety valvr located 
betncrn the phosgene tank and the c.olunm. Attachctl I o  
the top of the column through a 75/50 ball-and-socket joint 
is a head T+ith two openings a t  its top. Removal of the liead 
alloms the column to be pached. One opeiiirlg itt thc top ol 
the head serves as an inlet, for tho solution of amino e s t w  
hydrochloride. The solution is, preferablr, metered by a 
calibrated proportionating pump'3 made of inert inaterials 
connected through 19/S ball-and-socket joints by l/r-inch, 
heavy-walled, glass tubing to the column head. (Use of a 
dropping funnel connected a t  the top of the colurnn can be a 
substitute method of addition. A constant-rate dropping 
funnel is more satisfactory." Attached to  the other opcning 
of the head through a 29/T2 standard tapered joint is a 14- 
inch refluu condenser of I-inch internal diameter, packed 

(11) C. F. H. Allen, J. R. Byers, dr., and W. J. Humphlett, 
Ory. Syntheses, 37, 66 (1957). 

(12) A Fischer and Porter Co. Precisiori Bore Flowrator 
Tube So.  2F 1/4-20-5/35 was used. 

(13) Pumps used were Lapp Insulator (20. Lapp Microfio 
Pulsafeedcrs, Models LS and IS-20, \\ ith Teflon heads. 
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with '/&-inch Berl saddles for efficient condensation of sol- 
vent. Waste gases pass from the top of the condenser to a 6- 
ft. gas trapL6 of 1-inch internal diameter, packed with 
inch Berl saddles. The trap is more effective when ammonia 
is added in addition to water. .Under t,hese conditions, no 
phosgene can be detected a t  the bottom of the t,rap. The 
column is heated by two 2-inch by 10-ft., 1000-watt and one 
lir-inch by 6-ft., 288-watt heating tapes. The small tape is 
wound around the upper part of the column. The heating 
tapes are Trapped with 2-inch asbestos tape. The entire ap- 
paratiis is set up in a hood. 

Reagents. 1 I-Aminoundecanoic acid was obtained from 
Organic Research Chemicals Ltd., Bucks, England, and 6- 
aniinocaproic acid from Columbia Organic Chemicals Co., 
Inc. Ot'kier amino acids, 1,2,3-trichloropropane, and thionyl 
chloride vere Eastman White Label products. Ethyl iso- 
cyanatoacetate (carbethoxymethyl isocyanate) was a re- 
distilled Eastman product, b.p. 67"/11 mm., ny 1.4195. 

General p r o m l u r e .  Amino ester hydrochlorides. These rvxe 
prepared by modifications of the method of Brenner and 
Huber.* In  a typical synt'hesis of diethyl glutamate hydro- 
chloride, commercial absolute ethyl alcohol (8 l., 137 moles) 
TTas placed in a 12-1. round flask equipped with a mechanical 
stirrer. 'Thioiiyl chloride (2  l., 27.8 moles) mas added from a 
dropping funnel during 1. hr., with stirring, the temperature 
of the mixtiire being kept below 25" by a Dry Ice-acetone 
bath. When the addition was comple,te, L-( + )-glutamic acid 
(1471 g., 10 moles) was added. The inixlure was stirred a t  
50" for 3 hr., forming a yellon. solution. (Alternatively, the 
mixture could be stirred overnight a t  room temperature. j 
The volatile components were removed in vacuo by a water 
pump. Khen crystallization began, 1,2,3-trichloropropane 
(4 1.)  was a.dded and the remainder of the thionyl chloride 
arid alcohol removed. Heat was applied to aid the removal, 
but the tempcrature of the solution vas  not allowed to rise 
above 40". (Escossive heating a t  this poiiit caused the solu- 
tion to tlarlien, resulting in lomer yields of isocyanate, with 
tar formation.) The soliit,ion was dilut'ed to  8 1. with 1,2,3- 
trichloropropane and used for the isocyanate synthesis. 
Hydrochlorides of gl.ycine isopropyl ester or leucine ethyl 
ester were dilut,ed to one half of this concentration and 
warmed to 45" t o  maintain a solution. Preparation of glycine 
isopropyl, isobutyl, or %-butyl est'er hydrochloride required 
10 moles of alcohol and 2.7 moles of thionyl chloride per mole 

ion time x i s  1--3 days at 45" or until solu- 
hese ester derivatives 17-ere also prepared, in 

65-807; yield after 3-hr. reaction time, in 2.75 molee of alco- 
hol per mole of glycine catalyzed by anhydrous hydrogen 
chloride. The uiichangcd glycine hydrochloride was separated 
by fractiorial crystallizat.ion.) -411 other amino ester hydro- 
chlorides werc obtained hg the procedure described for ethyl 
glutamate hydrochloride. 

Samples of the hj,drochlorides xere isolated by diluting 
their 1,2,3-t,richloropropanc solutions with ether and collect- 
ing the precipit>ate. Since certain previously reported melting 
points have been lou-er nr sirups noted, melt'ing points and 
recryst,alliza!.ion dsia are given in Table I. 

Isocyanafes .  In  a typical continuous preparation, the 
column \\'as heated with variable transformer settings to the 
top, middle, and bottom heating t'apes at 8 j l  100, and 100 
volts, respectivcly. 1,2,3-'rrichloropropane m-as added s l o ~ l y  
t,o TTet the  colunin, After 30 min., \\-hen the solvent began to 
reflux, phosgene was added a t  a rate to provide a phosgene/ 
amine molar ratio of about 2 (Flowrator reading of 3.5). 
The solutioii of diethyl glutamate hydrochloride in 1,2,3-tri- 

(14) W. J.  Humphlett, 0 , g .  Chem. Rulletzn, 5'01. 27, No. 3 
(1955), publishrd by thfl Research Laboratories of the 
Eastman Kodak Co 

( 1 5 )  C F H \ l I ~ n  Or0 S~jnthrses ,  Coll T o 1  T T ,  3 
( I O t 3 )  

chloropropane was added at a rate of 490 ml./hr. (ie., 147 g. 
of diethyl glutamate hydrochloride/hr. j. A brown solution of 
the isocyanate collected in the flask at  t,he bot,toni of the 
column. When the addition vas complete, the column was 
rinsed v-ith 300 ml. of solvent. The collected efAueiit n-as 
distilled in vacuo to remove the solvent, b.p. 39-44'/7 nun. 
The distilled solvent, 17-hich was dry and contained some 
phosgene, was used repeatedly n-ith little loss. The isocya- 
nate was distilled from the residue. The apparatus was used iii 
cont'inuous preparations of 130-5500 g. of isocyanate from 
0.5-21 1. of diethyl glutamate hydrochloride solution. A i  
addition rates of solution of 500-1920 ml./hr., yields n w c  
91-94%. Addition of 2400 ml./hr., or preparation of 605 g. 
of isocyanate/hr. in 887, yield, is about the capacity of thc 
column. Higher rates gave increased a.mounts of ,%.car- 
bethoxy-2-pyrrolidoneJ m.p. 550J3 recrystallized from ether. 
The same procedure was used to prepare the other isocj-a- 
nates of Table I .  

V.:reas. Symmetrical ureas were prepared from thc  cor- 
responding isocyanates by standing 24 hr. in an acetorie- 
v-at'er solution. They were precipitated by dilution xyith 
n-ater. Ethyl isocyanatoacetat'e gave a urea, m.p. I 47", r ~ -  
crystallized from ether. 

Anal. Calcd. for C&&,O,: N, 12.1. Found: T, 12.1. 
Benzyl ureas were prepared in a few minutes iii an ace- 

tone-benzylamine solution. 1-Benzyl-3-carbethoxymethyl- 
urea was recryst'allized from methyl aloohol-water, m.p. 96". 

Anal. Calcd. for C12H1&20 
l-Benzyl-3-( 1,2-dicarbethoxyethyl)urea x i s  recrystallized 

Anal. Calcd. for C16Hz2N20~: N, 8.7. Found: N, 8.5. 
I-Benzyl-3-( 1,3-dicarbethoxypropyl)urea, recrystallized 

Anal. Calcd. for C,;HA'ZOj: S, 8.3. Found: S, 8.1. 
I-Benzyl-S-( 2-carbethoxyethyl )urea was recrystallized 

Anal. Ca,lcd. for CL3H18X203: X? 11.2. Found: S, 10.9. 
l-Benzyl-3-(1-carbethoxyisovaleryl)urea XTas recrystzrl- 

Anal. Calrd. for C16H24SP03: IT, 9.6. Found: N, 9.6. 
]-Benzyl-%( 10-carbethoxydecyl)urea, recrystallized from 

Anal. Calcd. for C2,HaqN&3: N, 7.7. Found: K, 7.7. 
l-Benzy1-3-( 5-carbomethoxyamyl )urea, recrystallized from 

And.  Calcd. for CiG' t I~&~O~: N, 10.0. Found: N, !).8. 
IZen,ctiiiity of isouyanntea. Comparison of the rates of reac- 

tion of redistilled isocyanates n-ith water 1%-as made by dis- 
solving 0.05 inole of the isocyanate in 100 ml. of 1,4-dioxarie 
and adding 35 ml. of n.at,er. (The undecanoate required 150 
ml. of dioxane,) After I. hr. a t  25", benzylamine (6 ml., 0.055 
mole) was added to stop the reaction with water. After 
standing for 10 nGn., the solvent, was removed in vacuo, and 
the residue dried for 4 hr. at, 1 mm. and 100". The contents 
of symmetrical and benzyl ureas in the mixture were found 
by infrared-spectra analysis based on 14.3 p peak of the out- 
of-plane deformat,ion of t,he C-H bonds of the pheny! 
group. Ureas derived from isocyanates of the ethyl rsters of 
aspartic, glutamic, arid 11-undecanoic acids; p-ala,ninc: :ind 
the methyl ester of 6-aminocaproic acid m r o  examincd iil 
dioxane. The leucine derivative TYas assaL-ed in carboii tii- 
sulfide, and the glycine derivative in a pressing. 
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~ 11.8. Found: K, 12.0. 

from ether-ligroin (11.p. 35-60'), m.p. 82".  

from ether, melted at 91". 

from methyl alcohol, m.p. 83". 

lized from ligroin (b.p. 66-75'), m.p. 49". 

ethyl alcohol, melted at 97". 

ethyl alcohol, melted a t  90". 
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