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The preparation of thirty-six 0,O-dialkyl S-(carbamoylalkyl) phosphorodithioates is described. Several new or improved 
synthetic routes are employed, most importantly one utilizing S-carboxymethyl O,O-dimethyl phosphorodithioate. The 
product of displacement of a phoephorothioate salt on an a-haloamide is shown to have the phosphorothiolate structure. 

It has been reported' that a number of 0,O- 
dialkyl S-(alkylcarbamoylmethyl) phosphorodithio- 
ates (I) exhibit activity as animal systemic insecti- 
cides. 

s 

I 

Work in these laboratories and elsewhere2 has also 
established their utility as contact and systemic 
agents for use against insects and mites infesting 
plants. Many of the 0,O-dimethyl esters I (R = 
CH,) combine high activity with relatively low 
mammalian toxicity. The purpose of this paper is 
to record the synthesis of these and certain other 
members of the carbamoylalkyl phosphorodithio- 
ate series. 

Thirty-six phosphorodithioates were prepared 
and are listed in Tables I and 11. Amide nitrogen 
substituents include, among others : alkyl, dialkyl, 
aryl, heterocyclic, acyl, and sulfonyl. In addition, 
some variation was introduced into the phosphorus- 
bound alkoxyls and the alkylene group joining the 
phosphorodithioate and carbamoyl moieties. 

Hoegberg and Cassaday3 first prepared com- 
pounds of this class by the reaction of 0,O-dialkyl 
phosphorodithioate salts with a-haloamides in 
ketonic solvents. Much of the work reported here 
employed variations on this technique. It was soon 
discovered, however, that in the syntheses of the 
0,O-dimethyl compounds, the method was not 
very satisfactory, owing to the excellent methylat- 
ing ability of the products, which could success- 
fully compete with the haloamides for the phos- 
phorodithioate anion: 

S 0 s 
0,e ~--SCHZ(!!--N<Z:+ 1 1  (CH30)2P-SCHa I /  (2)  

CH80' 

( I )  R. Hewitt, A. Brebbia, and E. Wsletzky, J .  Econ. 
Entomol., 51, 126 (1958). 

The formation of large amounts of O,O,S-trimethyl 
phosphorodithioate was characteristic of those 
reactions conducted by the conventional proce- 
d u r e ~ . ~  

An effective means of shortening the synthetic 
route and a t  the same time avoiding the difficulty 
outlined above was discovered in the preparation 
and subsequent utilization of S-carboxymethyl 
0,O-dimethylphosphorodithioate (111). This com- 
pound, which wa,s prepared from the reaction of I1 

S 
It 

( CH~O) 2 P - ~ ~ ~ 2 ~ ~ ~ ~  
I11 

(potassium salt) with chloroacetic acid, yielded only 
unidentifiable products when attempts were made 
to convert it to amides through the acid chloride. A 
search for milder conditions led to the discovery 
of the following successful route: 

R = Methyl 

A simple procedure which has proved valuable in 
the field of peptide ~ynthesis ,~ this sequence could 
be carried out under mild conditions in benzene 
solution. It generally gave yields comparable to  
those obtainable from direct displacement on the 
chloroamides and often afforded products of su- 
perior purity. 

Scvcral other peptide-forming agents were tried 
in the preparation of the carbamoylalkyl phos- 
phorodithioates, but with generally less success. 
In a variation of the phosphorochloridite method 
above, 8-(tbutylcarbamoylmethyl) 0,O-dimethyl 
phosphorodithioate (XVIII) was obtained impure 
and in low yield by treating 111 with IV.4,s 

(2) W. J. Magee and J. C. Gaines, J .  Econ. Entomol., 43, 
281 (1950); E. E. Ivy, Agr. Chem., 8,47 (1953); P. DePietri- 
Tonelli, Ilal. Agr., 1956, KO. 1. 

( 3 )  E. I. Hoegberg and J. T. Cassaday, J .  Am. Chenz. 
SOC., 73, 557 (1951). 
(4) R. W. Young, K. H. Wood, R. J. Joyce, and G. W. 

(5) G. W. Anderson, J. Blodinger, It. W. Young, and 
Anderson, J .  Am. Chem. Soc., 78, 2126 (1956). 

A. D. Welcher, J .  Am. Cheni. SOC., 74, 5304 (1952). 
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IV 

The use of dicyclohexylcarbodiimidea with I11 and 
either propylamine or t-butylamine failed to give 
the amides. In  a single trial, the carbonic-carboxylic 
anhydride method using ethyl chloro~arbonate~ 
did not yield any XII. Though the synthesis of 
peptides via some of the phosphite procedures is 
catalyzed by an equivalent of imidazole,s no such 
catalysis was detected in the preparation of the 
n-octyl compound (XIX) by the phosphorochlori- 
dite method. 

A second means of reducing the consequences of 
reaction (2) was found in the use of a two-phase 
solvent system. In a toluene-water or a chloroform- 
water system, for example, reaction (1) occurs in the 
aqueous phase, while the product is immediately 
extracted into the organic layer as it is produced. 
This method was limited to those haloamides with 
some degree of water solubility, although in some 
cases, e.g., compound XVIII, an unfavorable 
distribution of haloamide between the two phases 
could be overcome by the addition of a third sol- 
vent, such as methanol or ethanol. 

Among those reactions carried out by direct 
displacement of potassium 0,O-dimethyl phos- 
phorodithioate on a haloamide, the effect on yields 
of variation in haloamide reactivity was studied. 

R’ 0 0 
II I II 

CICH2CH2CNHCHa BrC-CN IICHI 
I 

11 
V VI  

In  the series of moiioalkyl-substituted a-bromo- 
amides, V (R’ = H), yields decreased with in- 
creasing bulk of R. Thus V (R = CH3) gave a 30% 
yield of phosphorylated product after four hours 
a t  50’ in methyl isobutyl ketone whereas V (R 
= C&) gave a 2% yield under the same conditions, 
and reaction of V (R = i - CaH,) at  80’ for fifteen 
hours resulted only in a 75% recovery of bromo- 
amide. The tertiary bromide, V (R = R’ = CH,), 
yielded no identifiable products when treated 
for eight hours with triethylammonium 0,O-di- 
methyl phosphorodithioate in refluxing benzene. 
Compound VI and potassium 0,O-dimethyl phos- 
phorodithioate in refluxing acetone for 7.5 hours 
resulted in a 53y0 recovery of chloroamide, a 21% 
recovery of phosphorodithioate salt, and no de- 
sired product. On the other hand, the correspond- 
ing P-bromoamide yielded 43% of product after a 
considerably shorter time in refluxing toluene-water. 

(6) J,C. Sheehan and G. P. Hess, J .  Am. Chem. Soc., 77, 
1067 (1955). 

(7) J. R. Vaughan, Jr., and R. L. Osato, J. Am. Chem. 

(8)  G. W. Anderson, A. C. McGregor, and R. W. Young, 
SOC., 74, 676 (1952). 

J .  Org. Chem., 23, 1236 (1958). 

The procedures discussed above were applied to 
the synthesis of phosphorothioates by the reaction 
of potassium 0,O-dimethyl phosphorothioate with 
a-haloamides. 

Recently, Mandel’baum, et aLg have claimed that 
reaction of 0,O-diethyl phosphorothioate salts 
(VII) with a-haloamides and esters have given the 

Y e  ] [(C2H.O)*P--S? II t--f (C2H50)2P=S 
0 

VI1 

phosphorothioiiate form of the product (VIII). 
In  one case which we have carefully examined, 
the preparation of IX, spectral data conclusively 

0 
II 

S 
(CH30)2P-SCHz NHCHa 

11 
(CzHn0)2P-OR 

1’111 I X  

show that the product has the thiol structure. 
Thus, the infrared spectrum shows a strong band 
a t  1250 cm.-I, which is characteristic of the 
P = 0 group.1° The assignment of the thiol struc- 
ture was supported by the proton magnetic reso- 
nance s p e c t r ~ m , l ~ ~ ~ ~ ~ ~ 3  taken in deuterochloroform, 
which showed resonance peaks of 2.62 and 2.88 
p.p.m., which have been assignedll to the CHsOP 
and PSCH2C-O moieties respectively from ob- 
servations of a number of model compounds. They 
have the appropriate intensity ration and appear as 
doublets14 due to spin-coupling with the phosphorus 
nucleus. The splittings correspond to tho, $e com- 
monly observed1’ for CH protons linked to phos- 
phorus through oxygen or sulfur and in this 
compound have the values 16 C.P.S. for the CHsOP 
group and 11 C.P.S. for the CH2SP group. Thc 
formation of the phosphorothiolate isomer in this 
reaction is consistent with most of the work which 
has been reported on displacements of phosphoro- 
monothioate salts on alkyl halides.a,16 

A novel reaction occurred during an attempt a t  
preparation of X. The low-melting solid, presum- 
ably X ,  that was initially obtained, changed on 
standing to a compound that melted a t  170’ and 
was water soluble. On the basis of infrared and 
NMR spectral data, it has been assigned the 

(9) Ya A. Mandel’baum, Pj. N. Mel’nikov, and P. G. 
Zaks, Zhur. Obsch. Khim., 29, 283 (1959). 

(10) L. J. Bellamy, The Infrared Spectra of Complex 
Molecules, John Wiley & Sons, Inc., Xew York, 1954, p. 258. 

(11) J. E. Lancaster, These Laboratories, Personal Com- 
munication. 

(12) S. DuBreuil and R. W. Young, 136th Meeting of 
the American Chemical Society, Atlantic City, N.J., 
Sept. 18, 1959. 

(13) NMR spectra were taken with a Varian Associates 
V4300B high resolution spectrometer operating a t  40 mc. 
Benzene was used as an external standard. All shifts given 
in this paper occur to the high field side of the benzene 
position. 

(14) T. Yamasaki, J .  Chem. SOC. Japan, Pure Chem. Sect., 
79, 832 (1958). 

(15) M. I. Kabachnik and T. A. Mastryukova, Zhur. 
Obsch. Khim., 25, 1924 (1955) and references cited therein. 
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structure of the zwitterion XI, a product of the 
"iiiteriial" demethylation of X (see Experimental). 

8 0 
(cH,~)):~,~'-scH,c-NH-~(cH~)~ ' I  

X 

EXPERILIENTAL~~B 

0,O-l~iulIcyl carbanioylalkyl phouphoiodithioates-Method 
; I .  S-(Isobut~lcarha?)ioyl~iethyl)  0,O-dimethyl phosphorodi- 
thioute (XVII). Triethylamine (36 g.! 0.24 mole) in 20 ml. of 
reagent-grade benzene n-as added portionwise to a stirred 
sollition of O,O-dimet,hyl hydrogen phosphorodithioat,e 
(43 g., 0.21 mole of S9%', acid) in 50 ml. of benzene while 
maintaining the temperature between 15 and 25". To this 
n-as added a solution of 2-chloro-N-isobutylacetamide (36 g., 
0.24 mole) in  30 ml. of henzene, after which t'he reaction 
mixt,ure \\-as stirred at room temperature for 23 hr. The 
t ric~th:.Ianiine lij-drochloride (25 g., 75%) \vas removed by 
filtration anti the filtrate was xashed with 5% sodium bi- 
carbonate iintil the washings were neutral or slightly basic. 
After washing with saturated sodium chloride solution and 
drying over magriesiuni sulfate, the solvent was removed un- 
der vacuum to give 48 g. of crude solid. Several recrystalliza- 
tions from mcthanol-water and ethanol-water gave 20.5 g. 
( 3 1 % )  of white crystals, imp. 68-68.5". The analytical 
sample (from met'hanol-water) melted a t  68.5-69". 

Method I?. S-( CarbamozJlm~tkylcarbamoyl,neth?,l) 0,O-di- 
w i h y l  phosphorodithioate (XXVI). To a suspension of potas- 
sium 0,O-diniethy: phosphor~dithioate~ (20 g., 0.10 mole of 
salt 08.2';7, pure by alkaline iodine1* t,itration) in 50  ml. of 
methyl isobutyl ketone \\-as added N-carbamoylinethyl-2- 
rhloroacetamide (15 g., 0.lOmole)in 50ml. of met$hylisobutyl 
Itrt,ori(T. followed by sodium (8.4 g., 0.10 mole). 
The stirred suspension was heated a t  50-60' for 5 hr. After 
t h r  i~isolul~le solids were allowed to settle, the solution 
\vas tlecantcd or filtered and the filtrate washed Tvith 5% 
sodiim bicarbonate and raturated brine. Some material 
settled out on coolingz0 and was combined with the residue 
remaining after renioval of the solvent under vacurim and 
:vit,h additional niat,erial from acetone extraction of the in- 
organic salts. Several recrystallizations from et'hanol gavc 

of white crystalline solid, n1.p. 96.5-97". The 
nple (from ethanol) inelted a t  97-97.5". 

Method C'. O!O-Dimeth?/I X-(~riorpholinocarhonylmethyl) 
phosphoiodithioute (XXXII ). A solution of potassium 0,O-  
dinieth:-l phosphorot3ithioate3 (20 g. 0.10 mole of 98.2C/;.l8 
material) in 20 nil. of water was added dropwise over a 20- 
tnin. period to a rapidly stirred refluxing mixture of 4- 
c.hloroacet,ylmorp2ioline (20 g., 0.1 2 mole) in 20 ml. of water 

(16) Recause of the potential toxicity of phosphate esters, 
c-aiitiori should hc cxercised n-hen handling them. 

( 17) Melting points and boiling point,s are uncorrecterl. 
SleItiiig points n-ere takeii on a Fisher-Johns block. 

(18) Thc iodometric titration described by 0. Foss, 
. l r h  Cheni. Scand., 1, 8 (194'7), for phosphorothioate salts 
WBS used. Ilr. 11. E. hilman of t,hese laboratories has found 
it t,o be applicable to salte of dimethyl and diethyl phosphoro- 
dithioic acids. In  the case of the dithio salts, both sulfur 
atoms are oxidized to sulfate. 

(19) The bicarbonate was added to counteract the tend- 
cncy of these reaction mixtures to become acidic. 

(20) I n  most ot,her preparations using this method, the 
product did not precipitate, arid the met,hyl isobutyl ketone 
wli i t ion  vas dried at, t,liis point over magnesium sulfate. 

.~. ~ . ~ ~ . .  

and 40 ml. of toluene. ilfter an additional 5 min. stirring 
under reflux, the layers were separated and the aqueoiis layer 
extracted vit,h two 10-ml. portions of fresh toluene. The. 
combined toluene fractions were washed with 5% sodium 
bicarbonate and saturated sodium chloride solutions and 
dried over magnesium sulfate. Removal of the solvmt in 
21acuo left a viscous oil, which solidified upon t r i t i i rahn  and 
cooling in absolute ether; yield 20.6 g., m.p. 58-81', Re- 
crystallization from 20 ml. ethanol-35 ml. water gave 17.(i 
g. (615;) of a white crpstalline solid, m.p. 63-64". 

Method D .  0,O-Dimethyl S - i l - p y r r o l i d i n y l c a r ~ o ? ~ ~ l ~ ~ i e t h y l )  
phosphorodithioate (XXX). Ethylene phopphorocliloridite2' 
(9.6 g., 0.075 mole) in about 15 ml. of reagent-grade benzenr 
was added dropxise to a stirred, cooled soliltion of S- 
carboxymethyl 0,O-dimethyl phosphorodithioate (18.2 g. 
0.075 mole, see below'i and triethylamine (7 .8  g., 0.075 
mole) in about 50 ml. of benzene in a Aask protected I.)y a 
drying tube. The temperature of the r e a d o n  niixtuw 
was kept belo\!- 20" during the addit,ion. Atter 10 niin. 
stirring at room temperature, the triethylamine hydro- 
chloride (86%) was removed by filtration. Pyrrolidino 
(5 .3 g., 0.075 mole) in about I0 ml. of brrizrnci was 
added to  the filt,rate and the solution TVBF heated under 
reflux for 30 min. The cooled solution was filtered t o  remove 
a small ainoiint of white gum which had formed and thc 
opalescent filtrate washed with 30 ml. of water followed by 
two 30-nil. port,ions of 20% potassium bicarbonate. ilfter 
being dried over magnesium sulfate, the Polvent was w- 
moved under vacuum. The residual yellow oil (12 g.) crystal- 
lized on cooling to a solid melting at 55--65". Recrystalliza- 
t,ion from 25 ml. of benzene gave 9.4 g., (46%) of white 
crystals, m.p. 68.5-71.5°. The analytical sample (from 
benzene) melted a t  70.5-71.5'. 

S-(t-Bz~tylcarbanzoyln?,ethyb) 0,O-dimethyl phosphorodithio- 
ate (XVIII) via the phosphite amide procedure. Ethylene phos- 
phorochloridite21 (12.7 g., 0.1 mole) in 10 nil. of benzene was 
added dropwise to a stirred, cnooled solution of t-butmylamirio 
(7 .3  g., 0.1 mole) and t,riethylamine (10.1 g., 0.1 mole) i n  
20 ml. of benzene, the temperature being kept below 20". 
The reaction mixture was st,irred at ice temperature for 10 
min. following the addition and a t  room temperature for :in 
additional 5 min. The precipitated triethylamine hydro- 
chloride (13.5 g., 99%) was filtered off and Tvashed n-ith 
fresh benzene. The filtrat,e was divided in half, arid to 
earh half \vas added 10.8 g. (0.05 mole) of 8-carboxymethyl 
0.0-dimethyl phosphorodithioate in 20 ml. of benzenr. 
One portion vias heated under reflex for 30 min., the othw 
for 1 hr. Each was worked up as in klet'hod D, yielding 4.1 
g. (30%) and 4.9 g. (367,), respectively, of oily solids. Thr  
30 niin. product, n-as slurried in 50 ml. of hcxanc, m o l d  iii 
a Dry Ire-aret,one bath, filtered, and dried. Thv resultant 
oily solid (3.9 g . )  exhihited an infrarcd spectrum virtuallj. 
identiral with that of anal\-ticallv pure nixterial prepared a? 

6 g. '(0.6 mole) of potassium 0,O-dilnethyl 
phosphorodithioate3 (as 124 g. of material analyzing 95'% 
pure by Fossl* titration) in 118 ml. of water was added over 
a 45-min. period, with efficient stirring, t,o a refluxing solution 
of 56.7 g. (0.6 mole) of chloroacetic acid in a mixture of 600 
ml. of chloroform and 82 ml. of water. Heating under reflux 
and rapid stirring were continued for an additional 30 min. 
The reaction mixture was cooled t,o room temperature and the 
layers separat'ed. The watcr layer \vas extracted with three 
75-mI. portions O F  chloroform and the coinhined estractp 
and original chloroform layer washed wit11 40 ml. of water 
and dried over magnesium sulfate. Removal of the solvent 
under vacuum left 105 g. (81%) of an orange-brovm oil, 
which crystallized on cooling. Three recrystallizations from 
60 nil. niixt'iires of approximately equal volumes of carbon 
tetrachloride and hexane gave 71.1 g. (55%) of white crys- 

(21) H. J. Liicas, F. \V. Mitchell, Jr., ttnd C .  X.  scull^ , 
J .  A???. Chenz. Soc., 72, 5491 (1950).  
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talline solid, m.p. 41-43.5' (98.3y0 pure by potentiometric 
titration with alkali). The analytical sample, m.p. 42-43', 
was obtained b y  chromatography of the crude material on 
unactivated acid-washed alumina (ether elution). 

A n a l .  Calcd. for CdH904PS2: C, 22.2; H, 4.20; P, 14.3; 
S, 29.7. Found: C, 22.3; H, 4.35; P. 14.0; S, 29.6. 

0,O-Dzmethyl S-( methylcarbanzoylmethpl) phosphorothzoate 
( IX) .  h solution of potassium 0,O-dimethyl phosphorothio- 
ate (111 g.> 0.6 mole, 97.5% purity) and 2-chloro-N-methyl- 
acetamide in a chloroform-water system (200 ml. of each 
solvent) was rapidly stirred and heated under reflux for 2 hr. 
The layers were cooled and separated and the water layer 
extracted with two 75-ml. portions of chloroform. The com- 
bined chloroform fractions were washed with 20 ml. of 2070 
potassium bicarbonate solution and dried over magnesium 
sulfate. Removal of the solvent under vacuum left 75.4 g. of a 
vellow oil. Unchanged chloroamide and O,O,S-trimethyl 
phosphorothioate by-product were removed on a rotary 
film evaporator a t  a pressure of 0.4 mm. and bath tempera- 
ture of 80-85". There remained 36.9 g. of a yellow oil, which 
vas  molecularly distilled a t  1 micron pressure and a jacket 
temperatiire of 100-110". After a fore-run of liquids with low 
refractive index, the product (25.9 g., 207,), a strasr-colored 
viscous oil, was collected as three fractions with ng 1.4984, 
Eisenlohr-Denbigh molar refraction22 319.5 (Calcd. 314.3). 

A n a l .  Calcd. for C~H,,NO,PS: C, 28.2; H, 5.68; S, 6.57; 
P, 145;  S, 15.0. Found: C, 28.2; H, 5.65; K, 6.28; P, 14.3; 
S, 15.3. 

2-( ~~ercaptomethoxyphosphinylthioacetyl)-1,1,~-trziizeth yl- 
hydrazonium hydroxzde, znner salt (XI).  S-Carboxymethyl 
0,O-dimethyl phosphorodithioate (38 g., 0.18 mole), ethyl- 
ene phosphorochloridite (22.2 g., 0.18 mole), triethylamine 
(17.7 g., 0.18 mole), and anhydrous unsymdimethylhydra- 
zine in a total of 350 ml. of benzene were alloTTed to react 
according to Method D, with the exception that following 
the addition of the hydrazine to  the mixed anhydride the 
reaction mixture was stirred a t  room temperature for 2.5 
hr. instead of being heated under reflux. -4 viscous oil (26 g., 
59%) was obtained which had an infrared spectrum compat- 
ible with the expected hydrazide. Trituration of half the 
product under ether gave a white aolid, m.p. 46-48'. On 
standing for several days this material changed to a gummy 
substance. Two recrystallizations from absolute ethanol 
gave 5 g. (23%) of a ah i te  solid, m.p. 170' dec. 

Anal. Calcd. for C&,NZ~~PSZ:  C, 27.9; H, 5.85; N, 10.9; 
P, 12.0; S, 24.8. Found: C, 27.3,27.7, 27.6; H, 5.72, 5.98,5.95; 
S, 11.0, 11.2; P, 12.3, 12.3; S, 24.9. 

The zwitterionic structure was assigned on the basis of 
elemental analysis, the high melting point, solubility proper- 
ties (soluble in water, insoluble in chloroform and benzene), 
and spectral evidence. The carbonyl frequency in the infrared 
nas shifted to 1695 cm. -I, which is about 45-50 cm.-' higher 
in frequenry than the carbonyl bands of the compoundslisted 
in Tables I and I1 and is in the direction to be expected for a 
shift caused by a proximate electron withdrawing group 
such as quaternary ammonium. The NhlR proton spec- 
trum11,12j13 shoaed a ratio of 3 nitrogen-bound methyl 
groups to 1 CH30P group. Methylation of the product with 
inethJl iodide gave a solid which, though i t  melted over a 
wide range and was undoubtedly impure, shoned the charac- 
teristic doubletll of the CHsSP group a t  4.20 p.p.m. (split- 
ting: 16 rps) in the NAMR spectrum and was presumably 
inairily the espected methylation product of XI, 

0 0 - - 
C H 3 0 ~ - - S C H ~ C N H N (  I1 + CH,), I- 
CH3S 

Known haloamides. The majority of the 2-chloroacetamides 
were prepared from chloroacetyl chloride according to the 
two-phase procedure of Speziale and Hamm2s with the use 
--__ 

( 2 2 )  R. Sayre, J .  Am. Chem Soc., 80, 5438 (1968). 

of methyl isobutj-1 ketone instead of ethylene chloride as the 
nonaqueous solvent. The N-substituents and appropriate 
literature references for the known compounds prepared in 
this manner are as follows: ethy1,24j26 propj-1,26 i - p r o ~ y l , ? ~  
buty1,23 i-butyl,26 t-buty1,23 allyl,27 phenyl128 and cyclo- 
hexy1.23 N-(Chl~roacetyl)morpholine~~ and 2-bromo-X- 
methylbutyramide30 were similarly prepared. 

The following haloamides were prepared from the corre- 
sponding haloacyl chlorides bj- the method described below 
for 3-chl0ro-~V-methylpropionamide : 2-chloro-S,S-dimethyl- 
acetamide,Z4 2-bromo-~V-n1ethylpropionamide,~~~ 3 2  2-bromo- 
S-methylisobut?-ramide,30,33 and 2-bromo-.V-methyliso- 
~aleramide.3~ The following were made by literature meth- 
ods: N-carbamoylmethyl-2-chlor~acetamide,a6 *V-p-sulfa- 
moylphenyl-2-chloroacetaniide, 36 h--acetyl-2-chloroacet- 
amide, 3'8 X-bensoy1-2-chloroacetamide, 37 N-chloroacetyl-A7'- 
methylurea, 38 ethyl ~hloroacetylcarbamate,~8 and iY-chloro- 
acetylbenzenesulfonamide.3Q 2-Chloro-.V-methylacetamide 
and 2-chloro-S,S-diethylacetamide were obtained com- 
mercially. 

S e w  haloainides. d-Chloro-S-(5-triazolyZ)acelaniide. 3- 
Aminotriazole (33.6 g., 0.4 mole) and chloroacetyl chloride 
(56.3 g., 0.5 mole) were allowed to reac,t according to the 
procedure of Speziale and HammZ3 using methyl isobutyl 
ketone instead of ethylene chloride as the nonaqueous 
solvent. An 89% yield of solid material separated directly 
from the reaction mixture. Recrystallization from aceto- 
nitrile gave the analytical sample, m.p. 272" dec. 

Anal. Calcd. for C4HjClK40: C, 29.9; H, 3.13; N, 34.9. 
Found: C, 30.1 H, 3.17; N, 35.1. 

.V--Carbometh oxynzethyl-~-chloroaretaniide. A stirred, cooled 
(10') slurry of methyl glycinate hydrochloride (25 g., 0.20 
mole) in 300 ml. of anhydrous ether was converted to the 
free base by bubbling in anhydrous ammonia. The precipi- 
tated ammonium chloride (11 g., 100%) was removed by 
filtration and the filtrate stirred and cooled in an ice metha- 
nol bath while triethylamine (20.2 g., 0.20 mole) was added, 
followed by the addition of chlorcacetyl chloride (22.6 g., 
0.20 mole) a t  such a rate as to keep the temperature be- 
tween - 8" and -4". The triethylamine hydrochloride was 
filtered off and washed with ether and chloroform. Evapora- 
tion nf the combined filtrated and wash solutions gave a 
senli-solid mass, which was extracted with 100 ml. of hot 

(23) A. J. Speziale and P. C. Hamm, J .  Am. Chem. SOC., 

(24) W. .4. Jacobs and M. Heidelberger, J .  Biol. Chenz., 

(25) Ethylene chloride-water system was used. 
(26) AT. Backes, Conzpt. rend., 233, 66 (1951). 
(27) C. Harries and I. Peterson, Bsr., 43, 636, 1758 

(28) H. K. Irvamoto and de C. Farson, J .  Am. PWarin 
Assoc., 35, 50 (1946). 

(29) P. Malatesta and G. Migliaccio, Farviaco (Pavia),  
Ed. Sei., 11, 113 (1956). 

(30) S. R. Safir, H. Dalalion, IT. Fanshame, K. Cyr., 
R. Lopresti, R. Williams, S. Upham, L. Goldman, and S. 
Kushner, J .  .4m. Chenz. Soc., 77, 4840 (1955). 

(31) IT. E. Weaver and W. AI. Whaley, J .  Am. Cheiii. 
soc., 69, 1144 (1947). 

(32) M.p. 43.5-44.5". Ref. 31 gives m.p. 40". 
(33) h1.p. 59-60'. Ref. 30 gives m.p. 53-55". 
(34) A. Liebrecht, Ger. 261,877; Chem. Zentr., 84, 3% 

(35) P. Bergell, 2. Physiol.  Chern., Hoppe-Seyler's, 97, 

(36) W. A. Jacobs and X. Heidelberger, J .  Am. Chem. 

(37) J. B. Polya and T. 11. Spotswood, Rec. trao. chim., 

(38) G. Frerichs, Arch. Pharm.,  237, 288 (1899). 
(39) J. von Braun and IT'. Rudolph, Ber., 67, 1762 

78, 2556 (1956). 

21, 145 (1915). 

(1910). 

(1913). 

298 (1916). 

Soc., 39,2418 (1917). 

67, 927 (1948). 

( 1934). 
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ethyl acetate. Removal of the ethyl acetate under vacuum 
and distillation of the residual brown oil gave 5201, of ma- 
terial boiling a t  121-127°/0.1 mm., n: l .4755. 

And. Calcd. for C~HBCINO~:  C, 36.3; H, 4.87; N, 8.46. 
Found: C, 36.3; €I, 5.08; N, 8.21. 

~~-Cilloro-.~-)nethylpiopionamide. Gaseous methylamine 
(49.0 g., 1.57 moles) was bubbled into a stirred solution of 3- 
chloropropjonjl chloride (100 g., 0.787 mole) in 300 ml. of 
et,hylene chloride a t  - 15 to - LO" for 1.5 hr. The thick white 
slurry was stirred an additional 2 hr. as i t  warmed to  room 
temperature. The methylamine hydrochloride (52.2 g., 
98%) was filtered off and the filtrate evaporated under 
varuum to  yield 100 g. of a yellow solid, m.p. 59-62'. 
Recrystallization from ether gave 86.4 g. (goyo) of pale 
yellow crystals, m.p. 62-64'. The analytical sample (from 
ether-hexane) had m.p. 6545.5". 

.4ntrl. Calrd. for CdH&KO: C, 39.5; H, 6.63; Cl, 29.2; 
N, 11.5. Found: C, 39.6; H, 6.68; C1, 28.9; N, 11.4. 

$-Bromo-A'-methylpropionantide. The same procedure 
utilized for 3-chloro-N-methylpropionamide, with the excep- 
tion that liquid rather than gaseous methylamine was used, 
gave the 3-bromoamide from 3-bromopropionyl bromide in 
527, yield as a white solid, m.p. 74-75.5", following two 
rerrystallizations from ethyl acetate-hexane. The analytical 
sample (from chloroform-hexane) melted a t  78.5-79". 

Anal. Calcd. for C4HRBrT;O: C, 280 ,  €1, 4.86; K, 8.41. 
Found: C, 29.8, 29.9; H, 5.03, 5.08; K, 8.52. 

N-Chloroacetylphthalirnide. The procedure of Evans and 
Dehn,40 using phthalojl chloride (101.5 g , 0.5 mole) and 
chloroacetamide (46.8 g., 0.5 mole) in 500 ml. of toluene, 
gave 30 g. (27%) of product, m.p. 170-175', that  settled 
out on cooling. Recrystallization from toluene, followed liv 
chloroform, gave 10.2 g. of colorless crystals, m.p. 180-182". 

Anal. Calcd. for C,oH&lNOa: C, 53.71; H, 2.71; GI, 15.86; 
E, 6.26. Found: C, 53.38; H, 2.93; C1, 15.68; N, 6.38. 
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The Reaction of Acrylates and Methacrylates 
with Qrganoma gnesium Compounds' 

IC. 11. O\yExS, \y. L. ?vIYERS, A N D  F. E. ZI?\I?\IERMh?; 

Recczved Ju ly  18, 1960 

1 bti1d.y of the protiiirts of the reaction of nrrthyl methacrylate, isopropyl acrylate, arid met,hyl scrl lnte nit11 vorioue 
orgallomagnesium compoiinde has s h o m  that these reactions follow a consistent pattern. The products were separated hy 
tiistillittion and  chromatograph\^ on alumina and were identified hy analysis, b y  infrared, ultrnviolet and NhIIl Ppwtros- 
cop\ arid gae rhroinatograph~. In addition to the evpected product (V), produced by 1,4- addition of the organomagnesiiini 
cwnpounds to the unsaturated esters, thew mere producte (VI and XI) produred by a. comhinntion of a 1,4- folloued hy n 
1,2- addition of the organomagnesiuin rompmntl to the unsaturated cster. There were, in addition, two unexpected prod- 
iirts, the CT clic ltctone VIII, resulting from a Dieckmann condensation, and the ketone XII, probably resulting from a com- 
bination of 1,4- and 1 2 -  additions followed hy a reversal of the 1,2- addition. 

Earlier investigators have studied the reaction 
of Grignard reagents with acrylic and methacrylic 
t s t e r ~ . ~ - ~  Various products were reported, but 
rarely was an attempt made to isolate and identify 
all the products. Lebedeva arid co-workers3 re- 
ported that the reaction of methyl methacrylate 
with et,hylmagnesium bromide gave IC and IIc 

( I )  Presented I n  part before the Division of Organic 
Chemistry a t  the 137th Meeting of the American Chemical 
Society, Cleveland, Ohio, April 1960. 

(2) (a) E. E. Rlaise and C. Courtot, Con@. rend., 140, 
370 (1905): (b)  Ii. A. Oglobiin, Z h u r .  Obschei Khim., 18, 
2153 (1848). 

(3) (a )  4. I. Lebedeva and E. D. Vainrub, Zhur. Obschei 
Khzm., 22, 1974 (1952); ( b )  A. I. Lebedeva and E. D. 
Vainrub, Zhur. Obschez Khim. ,  24, 1207 (1954); (c )  A. I. 
Lebedeva, 1,. A .  Gavrilova, and T. 13. Serdobintseva, 
Zhzcr. Obschei Khzm., 26, 2436 (1956). 

(4)  (a) I. S. Nazarov and A. I. Kakhniashvili, Sbornzk 
Statez Obschet Khim., 2,  919 (1954) [Chem. Abstr., 49, 
6848 (1955)]; (b )  H. Normant and P. Maitte, Bull. SOC. 
chzm. France, 951 (1956); (e) J. Munch-Petersen, S. Org. 
Chem., 22, 170 (1957); (d )  RI. B. Green and R. J. Hickin- 
bottom, J .  Chem. Soc., 3262 (1957). 

and with isopropylmagiiesium bromide gal-e IId. 
With methyl acrylate and ethylmagnesium bro- 
mide, the products were Ia, IIa, and IISa, while 
with isopropyl magnesium bromide and niethyl 
acrylate, I Ib  and IIIb were the products. These data 
are presented in Table I. 

R YS- I  
I 

CHFC-C-R' 
I 

R' 
Is. R = H; R' = C2Hj 
b. R = H; R' = CH(CH,)> 
C. R = CH,: R '  = CPHB 
d. R = CH3; R' = C€I(CHa)2 

It It 
I / 
I I 

II'CH& -----CHL H 

e. R = CHa; R' = CzHs 
d. R = CHa; R' = CH(CHa)z 


