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PART I
THE EFFECT OF ULTRAVIOLET LIGHT

UPON SOME CORGANIC COXMPOUNDS




-
INTRODUCTIOH

There are almost innumerasble references in the liter-
ature to work done upon the eifect of rays emitted by
mercury vapor and other so-called ultraviolet light sources
on organic compounds. Any attempt to classify or organize
this mass of information would be almost futile and far
beyond the scope end magnitude of this undertaxing. It was
found $het there are gsvailable two excellent books which will
give & large amount of general information upon this particu-
lar sybject. These are by Ellis and %ellsl and by Mbrtonz.

The object of this present workx was to advance studies
glready started by Gilmen and co-workers upon the stability
of the Grignard reagent toward light5 and heat®. An added
incentive was the fact that more recently Mme. Remart Luces

and M. . Salmon Legagnear5 reported that isobutyl chloride

- - o= - - - — . T A T . S e S - - - - -

(1) Ellis and Wells, "Chemicsl Action of Ultraviolet Rays,”
Chemicel Catalog Company, New York. 1925. :

(2) Morton, "Radiation in Chemistry,” IT. Van Nostrand Company,
New York, 1928, :

(3) Gilman and Meyers, J. Ind. Eng. Ghem., 15, 61 (1923).
Gilmen and Meyers, ibid., 14, 243 (19227.

(4) Gilmsn and Peterson, Rec. trav. chem., 48, 247 {1929).

{5) ¥Mme. Remart Iucas and M. P. Selmon Legegneur, Compt. rend.,
186, 39 (1928).
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could be changed to tertiary butyl chloride by means of
ultraviolet rays. This study prompted Gilman andé Hécks
to determine whether it would be possible to cause a simi-
lar rearrangement of the corresponding 6rganomagnesium
halidesv. The conclusion reached was that ultraviolet rays
affected isobutylmagnesium chioride and tertiary butyl-
magnesium enlcoride to no appreciable extent inasmuch as any
rearrangement was concerned. 1t might be mentioned in this
connection tiiat Berthelot and Gaudechonva have reported that
zinc diethyl decomposes under ultraviolet light to deposist
free zine and evolve & gas. However mercury diethyl deconm-
voses to0 give free mercury simply by standing in the labor-
atory.

In addition to work which was attempted t0 ascertsin
the permanence of the Grignard resgent toward ulbraviolet
light, several other studies were made upon & miscellany

of compoundss.

- S o T . 3 B S -, B - -~ o i - an e

(6) Gilman end Heck, Bull. soc. chim., 45, 1095 (1929).

{7) 1% might be mentioned in this connection that studies
are being mede in this laboratory upon possible Ye-
arrangements of organcmagnesium haliges. See Gilmsn
and Herris, J. Am. Chem. Soc., 49, 1825 (1927). Also
Gilmen snd Xirby, ibid., 51, 1571 (1929).

(7a2) Berthelot and Gaudechon, Compt. rend., 156, 1243
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1. It has been shown by Gilmen and co-workers® that we

do not heve addition of the Grignard reagent %o the ethylenic

double bord. Accordingly an unsuccessful attempt was made to
cause phenylmsgnesium bromide to resct with unsyme diphenyl
ethylene in the presence of ulireviolet light.

)

2, Gilman and Flick” mention the fact that tetra-p-tolyl

ethylene melts lower than would be exyected of such 2 compound.
In view of the fact that a search of the literature indicates
that ultraviolet light ceuses the substance %o chgnge Zrom

the higher to the lower melting isomer, as fumaric aci&lo
m.pe, sublimes at 200° to meleic =cid m.p. 130° and~crotonic
aciall mep., 71° is changed %o isocrotonic 2cid m.p., 15.5°,

it would seem that there would be slight hope of obtaining &
higher melting stereoisomer. Nevertheless it was thought
worth while to carry out such sn experiment with both fetra-p-
t0lyl ethylene and furylacrylic scid. It was hoped to change

the latter compound to the sllo form.

3. Because of the fact that Rosemund, Luxat and Tiedmannlz

S ity e Ga . TP . D SU WD S S G D G S D M D M W S B S S - G - S S S D G0 S TED T A S Sy T B e Sy Ca - S v W T I, SUD. W S S A . D

{8) {2) Gilman and Crewford, J. Am. Chem. Soc., 45, 554 (1923).
(b) Gilmen ani Peterson, idid., 48, 423 (19557,
{c) Gilmasn am EcGlumphy, Rec. $TEY. chim., 47, 418 {1928).
(d) eilmen and Harris, Rec. trav. chim., 49, 762 (1930).

{9) Gilmzn and Fliek, Rec. trav. chim., 48, 461 (1928).
(10) Xailen, Z. Physikal. Chem., 87, 333 (1914)}.

{11) Stoermer sni Robert, Ber., 55, 10B0 (1922).

(12) Rosemund, Luxst and Tiedmenn, Ber., 56, 1950 (1923).




5
hav: recenily shown that wltraviolet radistion exerts an
influence on the reactivity of a halogen bound to a carbon
ring, it was thought that it wuld be worth while to attempt
the preparation of phenylmagnesium chloride from chlorobenzene
and megnesium under ths influence of ultraviolet light. All
attenpts were unéuccessful. However, this Gfignard reagent

13

has been reccntly prevared by Gilman and co-workers by

other methods.

D s S 0. L A T = G ——— . G T > SV T T A S D . G G VD G G, Sy Ay VI Sy U M W, . B W G T G s Y O S s s e, W s W .

(13) Gilmzn a2nd St. John, Hee. trav. chim., 48, 717 (1930).
Gilmen snd Brown, J. Am. Chem. Soc., 52, 3330 (1830).
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DESCHEIPTION OF APPARATUS

The source of the ultraviolet light was a new 220 volt,
60 cycle, 5 ampere A.C., 8ir-cooled ﬁereury vapor lamp,
manufactured by the Hsnovia Chemical Company. This lamp was
' later replaced by snother new lsmp. By s method deseribed
1 b7 Anderson and l’;obinscnl4 it was ound that the second lamp
was seven times as effective as tﬂé first lamp at the time
the Tfirst lamp was removed from service.

Host of the wrk reported here wes done with the first
lamp while it was relatively new. Some check runs were mede
with the second lsmp when it was entirely new. It might be
eadded that the first lamp when removed from service was still
effective for the cure of rachitic rats.

Even though the msnufacturers claim that mercury vapor

lemps are built to stand long periods of use it must be borne

in mind that there is much work in the literature to the sffect

thet these lemps deteriorate rather rapidly. For example
Astont® stetes that after 200 hours use all lines in the ultra-
. violet were obliterated except those at 313447 and 366 4/ H

Phere are other citations in this same reference whkich indicate

S S e A . S . s S T —— . — G G — - o Em S < s T PN VN S D B AT M A i P s i Eany N TS VD iy TV P S, . G D e S D ey A B

(14) 2nderson and Robinson, J. Am. Chem. Soc., 47, 718 (1925).

(15) Ref. 2, p. 68.




.
that the emission of ultraviolet rays does not fall off
greatly until efter 500 hours of service.

The special flasks used in this work were made of quartz.
These were obtained from the Thermal Syndicate.
The distance of flask from lamp end time of exposure %o

ultraviolet light will be noted later.
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EXPERIMENTAL

Two classes of organomagnesium halides were used in this
study. The first class was those which would evolve gaseous
hydrocarbons upon hydrolysis at room temperatures. The second
cless was those from which solid acids could be obtsined by
hydrolysis after treatment with dry carbon dioxide.

For the first class of organomegnesium halldes mentioned
above the guantity of the Grignard resgent before and affer
exposure t0 the light was determined by the gss analysis method
0f Gilmen, Viilkinson, Fishel and Meyersla. Tne technique
used was tmat described by Gilman end Crawfordl’ ené with tae
improvemen tis suggested by Gilman and Petersonto.

The Grignard reagent was prepared in the usual manner
using g three-necked flask fitted with a mercury seal stirrer
and & Hopkins condenser. The strength of the reagent was cal-
culated %o be such thet a 25.0 c.c. aliquot would evolve be-
tween 300 c.c. and 400 c.c. of gas. An aliguot, withdrawn
by means of a pipette, was placed in a special graduated flask
and immediately hydrolyzed. Good check runs were easily ob-

tained. The amount of gas given in this constituted what will

- - . S — S G G " — G WD G S BN . . W S

{16) Gilmen, Wilkinson, Fishel and Meyers, J. ism. Chem.
Soc., 45, 150 (1923).

(17) Ref., 8a, p. 555 shows diagram of apperatus.
(18) Zef., 8b.




be termed a "blank."

The next procedurc Was to place an sliguot into each
of three special graduated flasxzs; nsmely, a cusrtz, & pyrex
and & pyrex covered with fin £0il. These flssks were each
fitted with 2 Hopkins condenser and arranged on one ring
stand in such menner that a2ll flasks were in the same system.
In 211 ceses, excepnt those mentioned later, the system wes
protected by a2 special traplg ior meintsining an inert atmos-
phere. The purpose for using each of the three flegiks was:
(1) Ultraviolet rays should penetrate guartz to a greater ex-
teht than they do pyrex, Acgordingly it was thought if any
decomposition should occur on account of the light rays it
would be more markXedé in the quertz than in the Pyrex flask.
(2) The second Pyrex flask was covered with tin foil so as 0
exclude‘any vossibility of decomposition by lightzo. After
exposing the contents of these flasks to the ultraviolet light
for a2 twenty to thirty hour period each was hydrolyzed snd the
volums of gas given off was carefully measured. These volumes
were then converted to standard conditions of pressure and

temperature.

(19) Gilmen &nd Hewlett, Reec., trav. ehim., 48, 1124 (1929).

(20) This idea wss obtsined from work reported by Porter,
Remsperger and Steel, J. 4m. Chem. Soc., 45, 1827, (1923)
Tin foil was used to prevent penetrstion by ultraviolet
rayse. : '




ommaren
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The organomegne sium helides which gave solid acids after
béing trested with dry carbon dioxide prior to hydrolysis,
were prepered in the customary manner. An alicuot was re-
moved from the stock solution and placed in a three-necked
flask fitted with a stirrer and Hopkins condenser. This was
immediately treated with dry carbon dioxide and worked up
according to generally accepted methodszl. This served ss &
"blank" for defecrmining the maximum amount of aéid obtainable
from an sliquot of the reagent before exposure to the light.
A second aliguot was placed into & special guariz three-necked
flaskx fitted with & stirrer, condenser, and traplg. This was
vlaced near the lamp and irradiated for sbout twenty hours,
treated with carbon dioxide angd worked up as described gbove.
The third alicuot being identicsl with the sscond, wes vlaced
in a three-necked flask with stirrer, condenser and trap +9,
which permitted the same cohditions of time, stirring and
vrotection excepnt no exposare to light. Thus informetion could
be obtained which would engble one to determine whether any
decomposition that might come about was cazused by the ultra-
violet light or by some other influence.

D iy e s S, g T, P B it A G T TP, D . B U WD BN S S U . > U P D Tt T V. O D G SO, Vs TV P S Sy W00 B T T T WD N L T Gy W G Y T D W -,

(21) Gilman and Parkzer, J. Am. Chem. Soc., 46, 2816 (1924).
Puntambeker ami Zoellner, Organic Synthesis, Vol. VIII,
104 {1928). ‘
Gilmen and St. John, Rec. %trav. chim., 48, 743 (1929).
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The results obtained from these experiments are arranged
in Tgbles I gnd II in such & manner as to meke the tables
largely seli-explanatory.
Table III gives results obtained by using an entirely
new lamp and serves ss a checX upon the results given in

Table 1.




TABLE I

3 [] »
Grignard Reagent
¥ Flask

tDesoription ofiGas Evolved on
:Basls of 25,0c0

:Gas Evolved

1 7
s'Pime of :Distance
on Basils

1Exposureiof Flask

: "

e

[

: in Volume: osition

t $  Grignard 128,000 Grig.:to Lightzrrom Light: of Gas iBlenk . e
H 100!85, Temp Pres‘St d. Cond. 1 Evolved ;Subtracted
¢ :
ﬁethyl’magnesium Iodide; Blenk  1396.0: 300 1786,7: 346.0 :‘ ' 3 : :
a :  Quartsb.X 220,04 270 :734,8: 194.0 125,0Hrs.s 10,0 1 19,2 :
& " " 4 PyrexK $832,01 270 :734,8: 292,0 26,0 " + 10,0" 3 16,8
& u " L Blank 1328,01 300 1734,8: 287.0 O ' H ’ $
& " " 5 Quarts 1210,0: 309 :734,8: 180,0  30.0 Hrs: 10,0" s 37,3
&’ u L " Pyrex 1260.0¢ 30° $734.8: 216.0 30,0 " : 10,0 : 2B.1 :
Ethylzmagnesium Chloride: Blank 1361,0;: 26° ;724.0;: %06,0 P 1 o i C 3
" "o v Quarts 1347,0: 289 :726.0: 303.0 120.0 Hra: g.o" ! 0.0 s C.0
n " " 3 Pyrex = 1303,0: 259 :1726,0: 364.0 320,00 " 8.,0" i 13.4 t 4.8
" " ", Pyrex-tinfoil:318,0: 28° :1726.0: 278.0 $20,0 "+ 8,0" & 8,9 :
u " v Blank $366,0: 269 :726,2: 311.0 T e a H ' ] ) )
" " "oy Quartz 1306.0: 270 3726,.2: 266.0 £20.,0 Hra: B8.0" : 14.B : 2.9 t;
" " "  Pyrex " 1381.0: 279 ;726,2: 288.,0 120,0 " : 8,0 7.4 : - )
" "o M3 Pyrex-tinfeil:316.,0; 279 :726,2: 278.0 $20,0 “:3 8,0 s 11,7 :
Ethyl”magnesium Bromides Blank :1380,0: 22° :724,2: 318,0 : 1 ' : o t
. " 3 Quaris 1311,0: 229 :724.0: 274.0 119.0 Hrsse 9,0 : 13.9 :
" " S Pyrex 1327,0: 229 ;724,0:  289,0  :19.0 " 2,0" s 9.1 $
" " "y Pyrex~tinfoil:. _This was not hydrolyzed suocessfully t : t
Isopropyl"ﬂngnesium Bromide: Blamk 1263,0: 20° :724,0: 218,0 : : s :
"3y Quartz 1210,0: 259 ;730,0:  185.0 120,0 Hrs:  7.0" 3 16.2 : 3.3
" " ": Pyrex :193.0: 28° :730.,0: 170.0 1200 "¢ 7,00 ¢ 22.0 ;10,1
L no M pyrex-tinfoil:218,0; 259 ;730,0: 192,0 :20,0 "¢ 7,0 : 11.9 :
anutyl‘nngnesium Chloride:  Blank 3370,0: 25° :730,0: 326,0 : : ' : ' 0
"y Quarbts 1318,0: 280 :724,0: 278,0 :18,0 Hra:  8,0" : 14,7 t 0.8
" " ": Pyrex 1312,0: 269 1724,0:  272,0 118,0 "z 8,0" 1 16,8 i 2.
" " : Pyrex-tinfoil:319.0: 289 :724,0: 279.0  :18,0 " : 8,0 : 1l4.4 |
JuButyI‘magnesium Bromide: Blank 1381,0: 250 :723.,4: 332.0 120,0 "¢ 7,0 ' :
v "y Quartz $311,0: 220 :724,0: 274,0  :20,0 " : 7.0% i 17,8 : 6,7 .
" " "y Pyrex ’ This was not suocsessfully hydrolysed’ 1 ' ]
" " "; Pyrex-tinfoil:336,0: 220 1724,0: 286.0 120,0 Hra: 7.0" s 10,8 :

oazeiad




TABLE I (Continued)

:
Grignard Reagent

Degoription of:Gas Evolved on

H : H

1Gas Evolwed :Time of : Distance

H

1% Deorease:% Dsoomp~

14
H Flask 1Basis of 25.0cc s on Basis tExposure: of Flask :in Volume : osition
: 1+ Grignard 125,000 Grig,+1to Lights From Light: of Gas :Blenk .. ©
, _ ) : ioo's 1+ Temps Preg:St'd. Cond. : 3 : Eyolved tSubtraotdd
n-Butyl Magnoaiun Toalde: Blenk  :307,01 280 :740,0:  274.0 t ) : 1 :
oy Quartz® :245,0: 2B° :744,0: 219.0 20,0 Hrs: 7.0t : 20,1 1 6.9
n " "o Pyrext 1247.0: 289 :744,0: 221,0 20,0 " ; 7.0" t 19.3 3 5.1
" My pyrex-tinfoil261.0s 26° :744,03 235.,0 120.0 " i 7,0" i 14,2
IsobutylZmagnesium Bromide:Blank 1372.01 269 :744,0: 333.0 ¢ 3 ' t ‘ 3
" " ", Quartsr 1314,0: 280 3742,0: 281.,0  :20,0 Hra: 7,0" ¢ 1.6 1 4.8
" " L - Pyrex 1292,01 289 :742,0: 266.0 120.0 " g 7.0" : 20,1 3 9.8
L L " Pyrex-tinfoil:332.0: 280 :742,0: 297.0 :20.0 " 1 7.0 : 10.8 H
§gg.Buty1“magnesium Bromide: Blankffl:352.,0: 260 :742,0: 514,0 t : t
" " Blankft2 1364.0: 269 :742.0: 36,0 ¢+ = 1 : ki
" " " " Quarte 1294,0: 289 :732.0: 267,0 120,0 Hras: 7.0% : 18.4 : 4,7
woooom " " Pyrex  1261.,0: 289 :732,0: 228,0 :20.0 "¢ 7.0 : 27,6 1 13,9
" " " "y Pyrex-tinfoil:311,.0: 28° 1732.0: 272.0 :20,0 " 7.0" ¢« 18, : ?‘
Tor.ButJr*magnesium Ghloridet Blank :376.0: 28° 1747.5: 337.0 1 1 ' $ ' s
o Quartz 1311.0: 219 :739.5: 281,0 119.5Hrs 3 7.0" : 16,6 9.6
" " "o ": Pyrex 1306.01 210 :739.5: 276.0 :19,5 " : 7.0" ¢ 18,1 ; 11.0
" " " "y pPyrex-tinfoll:346,0: 219 :739,85: 3183.0 119,85 " 7.0" 7.1 3
: :
: : _ CONCENTRATED SOLUTION OF GRIGNARD REAGENT° : ;
§thy1~magnesium Todide:  BlenkP  1384,0: 380 :740,8;  332,0 3 : ) :
a n y Quarts 1279.0: 330 :738,3: 240.0 +26,0 Hrs: 7.0" : 27,7 H
& " ", Pyrex  1290,0: 339 ;785,3: - 260,0 26,0 " 1 7.0" i 24,6 1
8w n "y Pyrex-tinfoilt  Destroyed by Acoident 126.0 " 3 7.,0" :
: : 3
o $OLID GRIGNARD REAGENT® : ; ;
s s
%thyl magnesium Iodides Blanki 1360,0: 339 3735.8: 310.0 ¢+ s v ' i 1 ‘
a ! " Quarts  :302.0: 31° 1736.2: 263,0  121,0 Hra: 7.0" ¢ 11.7 1.1
a " " "z Pyrex ~ 1300.03 31° (736,2:  261.0 21,0 " : 7.0" 1 12,6 ¢ 2.0
a " nu ", Pyrex-tinfoil:307.0: 319 :1736.2: 287.0 :21,0 " : 7,0" 10,8 .
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Notes on Table I.

&. The trept® was not used in these runs but s constent
stream of dry hydrogen wes kept flowing through the system.

b. On account of a mishap the first aliquot placed in
this flask was destroyed. This necessitated leaving the
stock solution of the Grignard reagent stand over night pro-
tected only by & calcium chloride soda-lime tube. Another
alicuot was then taken, also another "plankX™ run was mede.
The blenk for this flask only was 24.7 cc of Rigx gave
269 cc gas at 25° ana 730 mm. 7This corresponds to 240 ce
gas (when corrected to a 25.0 ce aliguot of Rigx solution)
under stenéard conditions of pressure snd temperature. If
& comrarison is made between this "blank™ and the "blank™
given in the table, it is resdily seen that this particular
rignard reagent underwent a 37.5% decomposition during an
over night intervel. This illustrates how ineifective the
calcium chloride soda-lime tubes are for the proftection of
these reagents. | |

Ce On account of mechznical difficulties encountered
during hydrolysis, it is impossible to take a 20 cc to 25 ce
alicuot of a concentrated solution of the Grignard reagent
ané hyd:olyze it in the special f£laskXs used here. Therefore

the orgenomagnesium halide solutions were made up as taose

in the first part of the table. Phe agliguot was placed in a

' flask and subsequently cmcentrated %o about one-fifth the
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originel volume. The ether was evaporated by passing s stream
of dry hydrogen through the system for a twenty-four period
prior to exposure to the light. Dry hydrogen was passed fthrough
the system during the exposure to ultraviolet light.

d. The solid orgesnomagnesium halide was obtained as i’ollows:i
The flasks containing the several sliquots were arranged as
usual., Dry hydrogen was vassed through the system for twenty-
four hours. DThis operstion removed gbout four-fifths of the
ether. The flasks were put. in an oil-bath heated to 150° to
160° for another twenty-four hour veriod. DIry hydrogen was
passed through the system during this heating on tle oil-bath.
The ethylmagnesium bromide appeared to be very dry. Dry
hy&rogen was sweph Phrough the system during exposure.

@. The"blank™ in this column refers to the Pyrez-tin foil-
covered flask, which served as & "blank" in thet the contents
0f this flask were under all the conditions as the other
Plesxs with the excention of exposure to the ultraviolet light.

h and i. By comparing (h) and (i) respectively, some idez
may be obtained as to the effeciiveness of the traplg. (n)
and (1) refer to the same stock solution of the Grignard reagent
except that in (i) it was vermitted to stand fifiy-eight hours
efter taking sliquot (h). The flask whieh held the Rigx
solution (before slicuot (1) was taken out) was protected dby

19,

a trsp This shows tmt the Grignard reagent underwent a

6.6% decomposition over the fifty-eight hour period. If you
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compare this decomposition with that of 27.5% over a twenty-
hour period in (b) where calcium-chloride-soda-lime tube
was used, it is seen that when the $rsp was used there was
only about one-fourth as much decomposition in a Iifty-eight
hour period 2s in & twenty-hour period with calcium-chloride-
soda»liﬁe tube, other conditions being ecual.

K. In these flasgks there was some indicsastion of decomp-
osition &s indicsted by the fact that a brown-colored substance
appeared on the side of the flask where the ether had evapor-
ated. In cases where this decolorization appeared it was
more pronounced in the quartz flask than in the Pyrex one.

In 811 other cases there was no physicel indication of anj
deconmposit ion.

l. "™Blank immediate” indicates that an aliquot was frest-
ed. immediately with csrbon dioxide. "Blank laboratory" means
the aliguot was treested in a manner similar to the exposed
alicuot excert for the irradiation before treating it with

carbon dioxide.

sy



TABLE II

Grignard ReagentjAmount Used

H

3

tDesoription : Time of

T

Details Concorning Adid Obtadned

.of Flask and:Exposure to ! Kind

iGrams: M.P. 1Yield % :Neutral fiNeutral

\ * Cond, sLight and -
tec's :Moles : > : : : sBased on:Equiv, 1Equiv, (Cale.,
: t : ¢ Distunoe : 1 :Halide : )
] H 1 3 H H 8 1 t B ’
Phenyll nagnesium:llo 0:0.169 : Blank (im- : iBenzoiq: 16,0:120-19: 77,6 : 130.9 : 122,08
Bromide 3 3 t mediate) 1 3 t 3 ' H ' t o
" " " 1110,0:0,169 : Quartz 120,0Hrs«-7,0": " : 16.5:120-2% 81.0 : 135.6 1 122,05
" " " 3110 0:0 169 : Blank (Yab): : " : 14,0:121-2%: 68,0 : 131,3 1 122,05
R 2 ' t : 'O : o :
Benzyld nagnesiumtllo o:o 169 4 Blankl (im- tPhenyl 1 14.2: 76-60: 49,0 + 146,6 1 136,06 .
. Chloride ‘ + mediate) 1 sacetlo ¢+ 1 1 ! T ’ 5
" " " z110.010.169 s Quartz $20,0Hrs~7,0": " " 1 16,7: 76«7%: 67,7 : 1l44,1 : 136,06 i
" " " 1110,0:0,169 Blank (lab)t "M 16,0: 76-7%: BB.3 ¢ 137,5 : 136,06
, . s : : : Y TR S
Triphenylemethyl: 10,02 Blankl(lab)t : xiphepyl 3 t $
Mg Ohloride AL v . ootia) 3.97:266-70 68,9 | 322.0 | 288.13
L "y 10,02 : Quartz 120.0Hre<7.0% ® " Uy 8,97,265-70; 66.4 1 206,0 1 288,13
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Notes on Table Il.

f. The neutralization ecuivslent but not the meliing
points of these scids may give a measure of the inorganic
impurities which affect the yields. 2ure benzoic ascid
gave a neutral eguivalent bf 122.0 with the reagents used
for this purpose. Alcohol (95%) was used as a2 solvent
for the acids.

g+ The method used for the preparation of triphenyl-
methylmagnesium chloride was thet described by Gilmén and
Zoellner, J. 4m. Chem. Soc., 50, 425 (1928). The "blank"”
was run in the laboratory under similsr conditions to those
of the exposed run excepting of course exposure to0 the ultra-~

violet light.




TABLE III

: : : t : t P R e
Grignard Reagent i1Desoription of: Changed to 1Gag Evolved :Time of :Distence :% Decrease:% Decomp=-
¢t Flask $ 25.000 3 on Basis :Exposure: From tin Volume : osition
H 1 3 §: 3 25,000 :Light st s
: ; 0o's,Tomp, Pres ;34¢d, Cond, 1 : : :
. Run #1 i vl : ’ . : : :
prButylomagnesium Bromide: Blenk $372,0: 269:736,0 + 329.6 t 1 t Y $ '
" " L Quartz  1303,0: 259:726,0 : 265.1 :12,0 Hrs:  B5,0" : 19,5 t+ 1l2.5
" " "o Pyrex :341,0: 269:726,0 3 2968,4 t1l2,0 "¢ B,0O0" : 7,04 : 1.28
" " " 3 Pyrex~tinfoil;355.0: 26°:726,0 : 310.6 112,0 "¢ 5,0 : 5,78
Run #2 1 ! 3 t : ' 1 ' t :
" " "oy Blank : s 259:732,0 :  287.8 t ! t : '
" L "oy Quartz ¢ C 1 2B9:732,0 ¢ 202.4 112,0 Hrs:  B,0" : 36.4 t 12,4
" " "oy Pyrex 1262,0¢ 260:732,0 ¢+ 222,0 112,0 " ¢ B.0" ¢ 32,2 : 9.2
" " " Pyrex-tinfoil:275,0: 26°:732,0 1  242.6 :12,0 " : B.O" 1 23,0 :
3 : s t t 3 3 ? ]
; Run #1‘ 3 3 I T t ] 3 H g H '
. RButylomagnesium Chloxide: Blank 1303,0: 269:743,0 :+  271,0 O s 3 ' :;
" oo "oy Quartz  :233.0: 280:743.0 : 208,0 112,0 Hrs:  5,0" : 23,24 ¢ 11,79
B " " 4y " Pyrex  :251,0: 28°:743.0 : 225,0 112,0 2% s U5,0" ¢ 16,97 1 B.62
n " " 2 Pyrex~tinfoil:268,0: 269:743,0 :  240.0 112.0 " ¢« B, 0" : 1l.46
Run #2 t - R S R I ! : 3 :
" " "o Blank 1270,0: 289;736,0 : 239.0 : : s
" " "o Quartz t249.0: 269:732,0 219.0 :12,0 Hrs: G.0% s 8,37F
" " "oy Pyrex 1247.,0: 26°:732,0 3 ?219,0 i12,0 "+ 50" ¢ 8,37
" " "oy Destroyed during hydrolysis s : s

Pyrex-tinfoil:
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Notes on Table Ill,.

Ze 1%t is seen thet this run doesn't check the previous
one. This is just one of the many inconsistencies in this
work. ‘There was no arparent reason for this, agygame appa-
ratus and precautions were used in all runs.

S» The percent decomposition in this column means the
amount of decomposition shown by subtracting the decrease
in volume of gas evolved upon hydrolysis in Pyrex~tin foil

gliquot from the decrease in the volume of gas evolved upon

hydrolysis of the other aliguots.
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| . composition of the Grignard reagent from exposure to ultra~ i\
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The following exXperiments were carried out with the
new lamp %o check results in Teble II.

A stoeX solution of phenylmagnesium bromide was made
in the customary manner from 24.3 grems {one atom) magnesium,
157 grams (one mole) bromobenzene, and sufficient ether to
make 2bout 600 cc solution. |

Two 200 ¢¢ alicuots were taken, one of which was placed
into a2 three-necked cusartz flask; fitted with stirrer and
condenser. This was placed five inches from the lamp, pro-
tected by traplg, and exposed to ultreviolet light for &
total of twelve hours. Dry carbon dioxidg7§assed in and
worked up in the customery msnner. In this way 27.0 grams
benzoic acid Mm.p. 120-~1° was obtained.

The second 200 cc aliquot was placed in a 2yrex three-
necxed flask, fitted with stirrer, condenser and traplg.
This was Xept in the laboratory thmagghout the time aliqnot
one was being exposed t0 light. Dry carbon dioxide was .
passéd in and the benzoic ecid was obtained in the cnstoma?y'
manner. The yield of scid was 26.0 grams m.pe. 120-1°, Tﬁi%&'

was approximately a 65% yield.

L
(N

In this case there was certsinly no evidence of de-

N \
3 N

hY \

violet light. Lo

In previous experiments {in Tables I, II and III) the ..

emount of Grignard reagent taken was reletively large in ,li'
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comparison with the amcunt of light, the refore some experi-
ments were carried out in which it was thought that the
minimum possible concentration was used.

This work was carried out, using phenylmsgnesium
bromide and benzylmeghesium chloride.

A stock solution of phenylmagnesium bromlde wss added
to 600 cc ether, with stirring until just enough had been
added to give a positive color testzz that wokld barely
persist over night. Then an egqual amount of Grignard
reagent was added and three 200 cc eliguots were taZen as
follows:

Alicuot 1. This was exposed to lignt for fen hours at
g distance of five inches. This gave a positive color test
before carbon dioxide was added. When workXed up seven-tenths

of & grem benzoic acid m.p. 120-1% was obtained.

Alicuot 2. This was ftreated with carbon dioxide and
worked up immedistelye. This gave five~tenths gram dbenzoic
gcid meDe 120-16.

Alicuot 3. This was treated in lasboratory under conditions
sipilar to aliouot one, except no light exposure. This gave
no color test =nd 2lso gave no sacid.

The tranlg was uased in a8ll cases.

- e e S T ot S 200 e i TS G D v T o S e W W A e SN N i S A S S A S SN S T M G S W D G M W G TI  GAE w— S S a w W e T

{22) 6ilman and Schulze, J. sm. Chem. Soc., 47, 2002 (1925).

Gilmen and Schulze, Bull. soc. chim., 41, 1479 (192%).
Gilmen and Heck, Rec. trav. chim., 48,7193 (1929).
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Benzyimagnesium chloride in very dilute concentration
was prepared and two 200cc sliguots taken exactly as gdescribed
above for phenylmegnesium bromide.
Aliquot 1. This was placed in 2 three-necked guartz

19 gna exposed

flask, fitted with stirrer, condenser and frap
t0 ultraviolet light for eleven hours at a distance of three
inches. After exposure carbon dioxide was pessed intc the . sol-
ution and worked up 13178.31231 manner. The acid thus obtained
wonldn®t crystellize from water, henee it was extracted with
ether. DPhree-tenths of a gramaghenylacetic acid m.p. 75-6°
was obtained.

&liconect 2. This was placed into a three-necked fiask

and treated immediately with carbon dioxide. This was worked
up éXact1y as alicuot 1 and three-tenths of a gram of pheny-
lééetic acid m.p. 75-6° was obiained.

It is evident that the new lsmp caused no decomposition
of benzylmagnesium chloride even in dilute solution.

Attempts t0 2repare Phenylmagnesium Chloride Under Influence
- of Uliraviolet Light.

f ; The following represent attempis to prepare phenylmeg-

qésium chloride:

o
i

?Yf l. Three volumes of ether, two volumes chlorobenzene,

’oralnary magnesium turnings, and a smell crystal of iodine

o

were placed in a cuartz threp-neeked flask fitted with

(qt;rrer and condenser. No color test?2 could be obtained

[See——
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after two snd one~hali nours exposure at seven inches from
lamp.

2. Exactly same as above except & smell amount of
Raturzupier "C" Was used. XNo testaz after $wo and one-halfy
nours.

S+ One volume ether, two volumes of chlorobenzene, ordi-~
nary magnesium {100 mesh), and iodine were placed into &
special cugartz threc-necked f£lask, fitted with stirrer and
condenser. Four hours exposure to light at seven inches

2 for phenylmagnesium chloride.

gave no positive testz

4. Exactly the same &s above (3) except no solvent
otner than chlorobenzene was used. Four hours exposure st
seven inches from lamp gave noc test 22.

5. Egual parts by volume of chlorobenzene and n-butyl
ether and ordinary magnesium (100 mesh) were used. This was
Placed into specigl gquartz three-necked flask fitted with
stirrer and condenser. A small crystal of iodine was sdded.
This was refiuzed over @& hot-plate during a three ani one-
half hour exposure $o0 the light. The test?4 showed no
Grignard reagent to be _resent.

Unsym. Diphenyl Ethylene, with Phepylmagnesium Bromide Under
the Influence of Ultraviolet Light.

The Grignard reagent was prepared in the customsry menner,
using such proportions of resctants that each 100 e¢c of sol-

ution would contein shout 0.06 mole of phenylmegnesium bromide.
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Onc hundred ce {approximetely 0.06 mole) of the above
solution was treated with carbon dloxide and worked up in
the customary mannerzo. This gave 5.6 grams benzoic acid
m.p. 120-1°. This was o serve as a "blank".

Another 100 ce gliouot of the phenylmagnesium bromide
solution was placed into & speclal ncuartz thrse-necked
flask, fitted with & stirrer, condenser and traplg. To
this was added 9 grams (0.05 mole) of unsyme diphenyl
ethylene. The flask was then exnosed to the ultraviolet
lignt for thirty-nine hours at a distance of seven inches.
Dry csrbon dioxide wss then passed into the flask. This
was hydrolyzed snd wo rked up in the customary menner. 1In
this manner 3.6 grams benzoic acid M.De 121-2° was obtained.
From the smount of benzoic &cid obtasined here, in comperison
with the smount obfained in the "blanx”, it would seem tnat
there is evidence of some sort of rezctione.

An unsuccessful attempt was made to revover the unSyMe
di?henyl ethylene by distillation under diminished pressure. .

The following fractions were obtsined.

 Prastion I = B.P. 40-125%°/3 mm 5.0 grams
Frsetion II  B.P. 125-70°9/3 mm 1.0 gram
Fraetion III B.P. zbove 170%°/3 mm 1.0 gram

No constant boiling portion could be obtained, owever,
it is possible that the UnsSyme Giphenyl ethylene had been
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polymerized under th: influence of the light according
to Ferrerza.
Prom the facts thet the yield of benzoic secid was low,
and that no constant boiling fraction of unsym. diphenyl
ethylene could be recovered, it would seem thst some sort

of s reaction might have $sXen place. Xo products were

identified which would confirm this opinion.

The Effect of Ultraviolet Light Upon Tetra-p-tolyl Ethylene.

Tetra-p-tolyl ethylene was exposed 1o ultraviolet
light under several conditions as described:

l. Dry tetra-p-tolyl ethyleneg4 m.p. 142° was placed
in a smell cuartz £lask and exposed to the light for twenty
four hours at & distasnce of five inches. The melting point
after irradiation was 1420.

2. Two-tenths of 2 gram of tetra-p-tolyl ethylene m.p.
142° was dissolved in 10 cc glacial scetic scid plsced in
guartz flask and exposed to the light for eignt hours at a
distance oi one and one-half inches. The compound when
recovered melted at 140-2°.

3. Two-tenths of & grem of tefra-p-tolyl ethylene was

B . e > > S b s Py T A G T v D D U D e A WS e G D N Gy U = S s T Y T . ———— A . . = W D " - o —

(23) Ferrer, Anales soc. espan. fis'. ouim., 20, 459 (1922);
C.A., 17, 3177 (1923).

(24) This was obteined from J. E. Kirby, Tnis Laboratorye.
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in . ' i a
dissolved/és ce ecetic acid-alceonol mixture placed in/quartz
flaesk a2ni exposed to the light for twenty hours at a distance
of one aznd one-half inches. Tnois was fractionslly re-
crystaellized. The first portion 1o crystallize out melted

at 140-1°, whilc the last portion melted st 137-8°,

The Effect of Ultreviolet Light Upon Furylacrylic Afcid.

The following ettempts were made to0 change furylacrylic
acid to a different melting iscmer:

1. Furylacrylic 2c¢id®® m.p. 141-2° was dissolved in
15.0 cc absolate alecohol, placed in z cuartz flask and ex-
posed $o the light for twenty hours st a distance of one snd
one-half inches. The portion which erystallized out on the
sides of flesk (while standing at the lamp) melted at 138°.
The portion which crystzllized out upon removing the slcohol
melted st 1400. The very last porition to crystsllize out
meited a2t 130-40, but this had the appearance of being some-
whet{ impuree.

2. About 0.5 gram furylacrylic ascid, m.p. 141-2° was
dissolved in 10 cc glacial acetic acid, placed into a cuartz
flask and exposed to the light for {fwenty hours at one and
one-half? inches. The first crystals‘to separate out melted
at 140°. The next portion came out in nice crystals whieh

D - - S ot T . T A Y - D AL S S Ve WD Y W Ams . WD D Al S S D D D M YU . P S VI T W W M . S G SEp dmm e e

{25) This was 6btained from A. ?. Hewlett, This Leboratory.




melted at 141°.

A%tenpt o Porm Grignard Reagent from Diphenyl, Hagnesium

Iodide and Hagnesium Under Influence of Ulfraviolet Light.

Hagnesium iodide was prepared by vlacing 8 grams
(0.35 atom) of 100-mesh magnesium in = special three-
neckxed quartz flask fitted with stirrer, condenser and
trept®. To this was added aropwise 12.7 grams (0.1 atoum)
of iodine dissolved in ether. After the iodine had all
been used up 15.4 grams (0.1 mole) of pure Giphenyl m.p.
700 was placed in flask. The flask was then placed two
and one-half inches Ifrom & new ultreviolet lemp, and ex-
posed with stirring for eight hours. After this exposure
portions of clear solution sbove magnesium were withdrawn
for purpose of maxing a color test22 for organomagne sium

helides. The result of the color test showed no Grignerd

reagent to be present.
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DISCUSSION

By inspection of Tables I and II it is readily seen
that there is evidence of appreciable decompositiom of
those Grignerd reagents which give gsses upon hydrolysis.
The results do not show the consistency that should be ex-~
pected of such an undertaxing. In view of the fact that the
worz was being cerried out uron a very reactiive substence,
wnich was held over during long neriods of manipulation
(generally two dsys), Lt should be kept in mind thet too
great & regularity could not be expected.

Gilman and Peterson®® in carrying outf exXperiments rels-
tive to the non-addition of the Grignard reagent to ethylenice
compounds refluxed various unssturated nydrocarbons with
Grignard reagénts oi the type discussed here. They used an
apparatus similar to one used by the author of this WOrke
Although the refluxing period was only fifteen minutes, the
decrease in volume, for & given amount of a particular
Grignard reagent, varied from 0.8% to = maximum of 8.6%. It
was cancluded on this evidenece that the'Grignard reagent
would not add to the ethylenic linkage.

Gilman and :?etersonz7 also show thet heating an alicuot

T - - o - D WS Rt AP TP D GG o S D A G S W Y S A e G G W D D em TS BE T = e . e . VR el I e A W W WD e T A R -

(26) Ref., 8bo-
(27) See Ref.,4.
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of ethylmagnesium bromide, for periods of one hour at 200°

to 300°, the volume decrease renges from 6.7% to 14.3%.

Here 2lso the time interval is relatively short. The amount

of decomposition noted in this present worx is not inconsistent
with the results cbtsined by the gbove mentioned authors when

ﬁe consider the increased smount of time reguired to carry out
this work.

It is elsimed that the present work has some merit for
the following reasons: (1) The Grignard reagent was nod utterly
destroyed by the light. (2) The decompositisn of those reagents
which are derived from highly resctive alkyl helides (such as
tertiary-butyl chloride) are affected to no greater extenti
than those of khe more stable halides. (3) Iéomerism apparently
has nothing to do with whatever decomposition that may take
place, and (4) The halogen in the organomegnesium nalide has
no effect upon the azmount of decomposition caused by the
light. That is, there was no marked difference in the gmount
of decomposition of the three np-butylmagnesium halides.

In many or most instances the decomposition in the Pyrex
flask was greater than in the quar?z. %gis is not alarming
because Pyrex has a large pezcentaggaégagglica and may trans-
mit the rays of proper wave length to cause decomposition to
as great an extent as does the gquartz flask.

From the faect tmmt in 8ll cases the decomposition was

greater in the quartz and in the Pyrex flasks than in those
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covered with tin foil, even though gll flasks were in the
same system, it is claimed that there was some decomposition
due to ultreviolet light rays.

When concentrated ether solutions were exposed to light
the decomposition was higher than ususl. In the case of ex-
posure of solid Grignard reagent to rays there is glmost no
decomposition caused by rays. This would lead one %o believe
that any decomposition would be caused by the ether or ether=-

2 . . N ;
8 ratner than the orgsno-

organomagnesium halide complex
magnesium halide itseldf.,

As for those Grignard resgents-that give s0lid acids by
hydrolysis, after treatment with dry carbon dioxide, there
is no indication that any decomposition had faken place. In
all cases the yield of &scid after exposure of an elicuot of
the Grignard reagent was equal to or possibly slightly in ex-
cess o the amount of acid obtazined from the "blank”,.

In one case in which very dilate solutions of the Grignard
reagent were used the portion which wsas expoée& to light gavé
a positive color testzz and 2 smsll zmount of acid, whereas

the "blank” under similer conditions except for the light

geve no color test and no acid. This seems to indicate that

- - - any = - - - - — . TR S .y — o — = — - —— . - o - -

(28) For =« discussion of structure of Grignard reagent in
ether solution and also studies upon 4ry Grignard
reagent, see L. C. Heekert, Doctoral Thesis, Iowa
State College {1927)- A
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possibly the light was enhancing the formstion of the Grignard
reagent ratner than decomposing ite.

The slight smount of evidence accumulated in this work
would indicate that there might be an ecuilibrium existing
as:

R ~-R + Mg X +Eg22f&gx
The facts that would sapport this are: (1) Those compounds
which give = gas by hydrolysis would have an R - R compound
that was & gas. This gas would be continually given off,
thus causing an spparent decomposition of the Rigx comvound.
(2) The more concentrated the ether solusion of the organo-
magnesium halide became the more gas would be evolved, and
the greater the decomposition would appear. This sctually
wes the case. (3) In those Grigpard reagents which give a
solid acid upon hydrolysis subsequent to trezitment wiih dry
carbon dioxide the R - R compound would be & high boiling
liquid end would not be removed from the solvent. Thus the
regction might have mn opportunity o go to the right as:
R~-R +Hg X, + Mg —»2 R MX

In this case the formation of RMgx would be enhancéd and
seens to £if the case bvecmuse the runs with phenylmagﬁesium
bromide, benzylmagnesium chloride, and triphenylmethyl-
magnesium chloride, indicate & greatei amount of the Grignard
after exposure tihan before. This was proven not to be the cese

because Giphenyl, magnesium iodide end megnesium in ether
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solution will not give phenylmagnesium iodide when exposed
to the ultraviolet light. Admittedly the time of exposure
to the light, in fhis case, was shorter then in most of the
experiments. However the zmount ol exposure, described in
this work, should be sufficient to give an zmcunt of RiMgX
that could be detected Dy the sensitive color test o2,

All ettempts to change tetra-p-tolyl ethylene and furyl-
acrylic acid to different melting isomers brought out no
significant factse.

There is so:2e indication that o reaction might have
taken place between unsyme diphenylethylene and phenylmag-
nesium bromide under the light, becsuse the dinhenylethylene
could not be recovered, and the amount of benzoic acid ob-
tained was muck less than would be expected from the smount
of the Grignard reageni used.

Ho products could be isolated thet would definitely
establish the fact ’cﬁat 'a reaction had taken place.

Kothing of importeonce wes observed in the severel
attempts t0 prepare phenylmagnesium chloride under the in-
fluence of the light, other than the fact that the Grignard

- reagent was not formede
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SUMMARY

There is slight evidence that ultraviolet light does
decompose thosc Grignesrd reagents which evolve geses upon
hydrolysise.

Thexe is no evidence that the ultraviolet light does
decompose those Grignard reagents which give solid acids
by hydrolysis after treatment with dry carbon dioxide.

Ultraviolet light does not definitely cause addition
of the Grignard reagent to the ethylenic linkage, although
some indication of a resction having taken place is observed.

Ultraviolet light will notu induce chdorobenzense to re-
act with magnesium %o form the Grignard reagent.

Neither tetra-n-tolyl ethylene nor furylacrylic acid
could be changed into g different melting isomer by means
of ultraviolet light.

Diphenyl, magnesium iodide, and magnesium in etner
not
solution could / be induced to form phenylmegnesium iodide

by ultraviolet light.
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THE SYNTHESIS OF ANINO COMPOUNDS.




PART A. STUIIES ON THE MIGRATION
OF PHE -MgX GROUP.

INTROTUCTION .

Recently a method for preparing halogenated tertiary
amines was 4escribed by Gilmen and Heeck 9. This study
showed that hslogenated tertiary amines of the type RR'E
CHzcﬁzcl and RR'3032032C3201,, in which R and R' were elther
2lkyl or aryl groups, could be eesily prepared; The method
consisted in treating the appropriate secondary emine with
an organomagnesium halide in order to get an -MgX group

attached to the nitrogen stom. The g) N-HMgX group was sub-

sequently treated with B-chloroethyl p_-toluenesulfonateso
or Y-chloropropyl p~toluenesulfonate depending upon whether
it was desired to replace the -MgX group with the B-chloro-
ethyl or the ?:chloroprop_yl group. In order to determine

whether or not the above mentioned reactions were genersal,

a large number of representative halogenated tertiary Zmines
of the type RR’IICHzCHzGI and RR*NCHoCHoCH,C1 were prepaream.

{29) Gilman and Hecx, Ber., 62, 1379 (1929).

{30) For leading refercnces upon the reaction between orgsno-
magnesium halides and alkyl p-~toluenesilfonates see
Gilmsn and Heek, J. Ame Chem. Soc., 50, 2223 {1928).

{31) Unpublished worx by L. L. Heck, This Laboratory.
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Another very interesting fact concerning tais type of

| halogenated tertiary amine. is that an ether solution of the

amine will react readily wiiz activated magnesium52 t0 give

the Grignerd reagent &s indicated by the color test®®, It

is easily seen that & Grignard reagent of this type would
be particularly valusble for introducing the nitrogen atom

into a very laerge nuumber of organic compounds.

Gilmen end Xing3®

undertook a study to ascertain the re-
actions that would take place between the -EMgX group and
several typical reactants, such as phenylisocysnate, iodine,
and others.

Gilman end Sch'ulze54 made an effort to find some reaction
whereby the ~0MgX group could be readily and generslly
charscterized. It was found that no one reactant would charac-
tefize all types of the -OllgX grouping.

A study55 is now being made to0 determine the reactions
which the -NMgX group Wil; anderge.

In connection with these several studies it was thought

cuite desiradle o ascertein, if possible, the course taken

Y an wm  ———  vn i e VD ST S WD ey S R AP SR A ST e VL wn. A QN A YD A S U S vy WA G ST N My - D S way S A A S AP N G RN MR

(32) %ilma%, Peterson and Schulze, Rec. trav. chim., 47, 19
1928).

(33) Gilmen and Xing, J. Am. Chem. Soc., 4%, 1136 (1925).
(34) 6ilmen end Schulze, Rec. trav. chim., 47, 752 {1928).

(35) This workx is being underteken by %. F. Schulz. This
Laboratorye.
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by the -EgX group when it was given the opportunity to atfach

itself to elements other than the one to which it was origi-

nally bound.
It is generally considered thalt the -HgX will move from

a2 single bonded carbon 2tom to 2 triple bonded carbon atom.

Thet is phenylacetylenylmagnesium halides &re prepared by
edding a Grignerd resgent to phenylecetylene®®. It is also
known thet in soie cases the -Mgd will move from a single
bonded carbon atom to 2 methylenic carbon that is situated
between two sets of double bonded carbon atous. Exafnples of
this type of resction were observed when indene, fluorene and
cyclopentadiene were trested with glkylmagnesium helides®68,

Orgsnomagnesium halides can be decomposed by treating
them with water or an alcohol. This of course would be a case
of the -MgX group migrsting from whatever element it was bound,
to the oxygen stom of water or the elcohol.

We know that an -MgZ group attached to 2 carbon will mi-
grate to any other atom that hes & hydrogen atom attached to
it but we do not lmow' the order of migration when the -MgX
group is attached to some atom other then %o & carbons There-
fore the purpose of this study is to attempt to ascertain
the course taken by the -Mgi group when it has an opportunity
%o become attsched to an element other than the one 4o which

it is slready attached (excluding of course the carbon atom).

AL Sa S VES . A o A S A A SO T W e, SUS Gvp D Sm S WD ey B S W S - -

(36) Por references to this work see G}.lmen end Schumakxer,
J. Am. Chem. Soc., 47, 514 (1925).

{36a) Courtat, "Le Magnesium en Chimie Organique™. Nancy,
1926, p. 57.
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EXPERIMEETAL

The general plan for carrying out this work is given
briefly as follows,., An eccurately weighed asmoun} of & com~
.pound {generally one-tenth mole) containing one active hydro-

gen ver mole was dissolved in ether and plsced in & 500 cc
three-necked flesk fitted with & stirrer and comndenser., Io
this was added, accurately. frcm a2 burette, the calculated

- amount of en inexpensive Grignard reagent, generally etayl-
magnesium chloride.s The strength of the Grignard reagent
was determined by the titrstion mebthod of Gilman, Wilkinson,
Fishel and Ehyers%s Afger 2dding the Grignard reagent a
color ‘:;e:stz2 was made to determine whether or not an excess
were present. In case there was no excess, more Rmgx compound
was added slowly snd numerous tests22 made‘unxil there was
éhown t0 be s bare excess. The toeoretical amount of s
different compound which glso contained one sctive hydrogen
ver mole was dissolved in ether and edded 4dropwise to the
contents of tkhe flask. It was zlweys noted whether or noi
there was ény indication of a reaction taking place by the
refluxing of ether from the condenser. The flask was then
wétme& over & hot-plate for one-half an hour =and the theo~-

retical two equivalents of an alkyl g—ﬁdluenesulfonateso

dissolved in ether, were added dropwise.

The mixture was refluxed for =n hour, then worked up by
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first filtering the magnesium p-toluenesulfonate through a

Bickner funnel by suction. This procedure is auite desirable
because the filtration is easily carried out and ssves much
time and trouble in attempting to dissolve the none %00
soluble magnesium p-toluenesulfonate in waier. The ether
filtrate was washed with water, dried over potasssium carbon-
ete and worzed up in s maaner thet would dbe required to
identify the expected compounds.

Two separste reactions were carried out in each~set of
experiments. ©he purpose of this procedure was 0 ascertain
whether migration of the -Mgi group had texen place or whether
the -Hgi group merely beccme sttached to an element and re-
msined there. In one resciion the compound which had an
active hydrogen {(for example sn RoNH compound) was added %o
an organomegnesium hslide {for example an ROMgX compound).

In the second reasction this orxrder of addition was reversed or
the ROE compound wes added to the RpN-MgX . .

Reasction between Diphenylemine, Ethylmaghesium Chloride, n-

Butyl Alcohol and n-Butyl p~Toluenesulfonste.

4 solution consisting of 16.9 grams (0.1 mole) diphenyl=-
amine m.p. 54° and 100 ce of dry ether wss nlaced in & 500 ce
three-necked flasz Iitted with & stirrer and condenser. To
this was slowly added some ethylmagnesium chloride soluticn

until s positive color test®® could be obtained. 4 solution
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| composed of 7.4 grams (0.1 mole) dry n.-butyl alcohol in

50 cc ether was then added dronwise to the contents of the

flask. A vigorous reaction took place as indicsted by the

refluxing of the ether. Apparently n--butoxymagnesium chloride

is soluble in ether as only a slight amount of precipitate

formed after the resction h2d ceased, 45.0 grams (0.2 mole)

n~-butyl p-toluenesulfonate was added. The mixfure was re-

fluxed for three hours over a hot—plate. A large amount of
magne sium p-toluenesulionate precipiﬁated out.

The mixture was filtered through a Bichner funnel, ang
the precipitate was discarded. This was magnesium p-toluene-
sulfonate. The ether filtrate was trested with dry HCl. 1In
this msnner 17.0 grems &ry crystalline hydrochloride were
obtained. This was decomposed with & twenty percent sodiuvm
hydroxide soclution snd extrscsved with ether. The ether was

removed by evaporation and 14.5 grams diphenyl”emine m.p.

52° were recovered. This corresponds $0 an Bﬁﬁ'recovery of

the amine.

The ether filfrate, after removing the dry diphenyl amine
hydrochloride, was washed with dilufe sodium hydroxi&e and
dried over potassium carbonete. This gave 29.0 grams of
material which had a b.p. 175-80/7 mm. This corresponds %o

a 65% recovery of the ester.
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Reaction between n—Butyl Alcohol, Hethylmagnesium Iodide,

DUiphenylamine, ani Ethyl p-Toluenesulfonete.

A solution composed of 7.4 grsms (0.l méle-)‘ &ry n.—buiyl
glcohol and 100 cc dry etier was placed in a 500 cc three-
necxed flask. Hefhylmegnesium iodide was ada'ea until a positive
color test®® was obtained. The end of the resetion can almost
be ascertzined without making a color test, becsuse the ether
ceases refluxing from the condenser gt that time. The n—
butoxymegnesium iodide formed a clear solutiori. 4 solution
composed of 16.9 grams (0.1 mole) pure dipheﬁyltamine in 100 ce
ether was added. No indication that a resction was taking
place could be observed. This mixture wss refluxed over & hot-
plate for one~half an hour and 40.0 grams (0.2 mole) ethyl
p~toluenesulfonate in 75. cc ether were added. The mixture
was refluxed over a hot-plate for two hourse.

The magnesium p-toluenesulfonate ¥ms.filtered off and dis-
cerded. Dry hy&rogeg’ chloride was passed thrbugh the ether
filtrete. The dry am;.ne hydrochloride was decomposed with
dilute sodium hydroxide and extraéted wi th ether. The ether
extract was dried over potassium carbonste. The eﬁher was
removed by evaporation angd 12.0 grains ( a 71% recovery) of
crystalline diphenylamine m.p. 51°-2° was obtained. A mixed
medting point with known Giphenyl~smine gave en m.p. 52°-3°.

No attempt wes made to recover the ester in this exper-

iment.
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Resction between “henol, Hethylmagnesium Iodide, Diphenyl

Zmine and Ethyl p-FPoluenesulfonsie.

A solution which contzined 9.4 grams (0.1 mole) phenol
dissolved in 100 cc ether was placed in a 500 cc three-
necked flask, fitted with cmdenser and stirrer. Methyl-
magnesium iodide was then added until & positive color testz2
was obteined. To this wes added 16.9 gfams (0.1 mole) pure
diphen;fkgﬁ 100 cc ether. There was no indication whatever
that a reaction had taken place. This mixture was refluzed
over a hot-plate for one-half an hour. A solution consisting
of 40.0 grams (0.2 mole) of ethyl p-toluenesulfonate in
75.0 cc ether were added end the camtents of the flask were
refluxed for two hours over a hot-pléte.

The mggnesium p~toluenesulionate was filtered out. Zhe
ether filtrate was extracted several times with sodium hydroi-
ide to remove the phenol. 7Theses combined sodium hydroxide
extracts were acidifiéd ﬁith hydrochloric acid and trezated
with bromine. The resulting syme tribromophenol weighed 20.0
grams when dry and melted et 88%. 4 mixed melting point with
¥nown Syme tribromophenol m.p. 91° gave no depression in the

m.p. This amount represents a 60% recovery of the phenol.

The ether solution, after removal of the phenol, was

dried over sodium sulfates The dry ether soltuion was treated

with dry HCI . The dry diphenyl_emine hydrochloride was
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decomposed with dilute sodium hydroxide, &nd extracted with
ether., This efther extract when evaporsted gave 14.0 grams
diphenyl-amine m.p. 52°. A mixed melting point with known
diphenyl—emine geve an M.D. 53°-4°. This was an 82% re-
covery of the diphenylZemine.

The ether filtrate, after removal of the diphenylTemine
hydrochloride, was washed with dilute sodium hydroxide, dried
over potassium carbonate and distilled. In this manner 11.0
grams{27.5%)of the ester b.p. 15 7/8 mm was recovered.

Reaction between DiphenylCamine, Ethylmagnesium Chlorigde,
Phenol and Ethyl p-~Ioluenesulfonate.

A solution comnosed of 16.9 grams (0.1 mole) pure diphenyl-
amine in 100 cc ether was placed in g 500 ce three-necked
flask fitted with stirrer and condenser. Ethylmagnesium
chloride was carefully edded %o this solution from a burette
until a color test was obtained. 4n ether solution wiich
contained 9.4 grams (0.1 mole) phenol was then added dropwise and
a2 vigorous reaction took place. The contents of flask were
stirred for one hour witnout refluxing.

A solution composed of 40.0 grem (0.2 mole) ethyl p-tolucne-
sulfonate was then added =nd refluxed over a hot—platé for
four hours.

This run was hydrolyzed with a dilute hydrochloric acid

solution instead of filtering out the magnesium p-toluene-~
sulfonaete as was described for the previous expe riments.
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The ether layer wes worked up in exactly the same msnner
as that Qdescribed in the experiment immediately preceding
this one. The following coupounds were obiained:

14.5 grems, 44% recovery, tribromophenol m.p. 87°.

6.3 grams, 37% recovery, diphenylamine m.p. 52°.

10.0 grams, 25% recovery, ester b.p. 158°-63°/6 mm.

The low recovery of the phenol and diphenyllamine is
attributed to the fact that a large amount of walter was re-
‘cuired to dissolve the magnesium tholuenesulfonaté.~ This
would probably cauge much of these compounds to be lost.

Reaction between n~—~Butyl Alcobol, Methylmegnesium Iodide and

Dhenol.

A solution composed of 7.4 grams (0.l mole) of dry
n —butyl alcohol in 100 cc ether was placed in a 500 cec three-
necked flask fitted with a stirrer and & condenser. Methyl-
magnesium iodide solution was gsdded to the contents of the
flask until = positivé eélor test was obtained. An ether
solution containing 9.4 grems {o.l mole) phenol was added.
A vigorous reaction took place snd & whilke precipitste settled
out. Phenoxymegnesium iodide is insoluble.

The ester was not added in this run because the alkyl group
of the ester will pot replace tne -Mgl in an -OMgx groups4.

The contents of the flask were hydrolyzed with dilute

hydrochloric acid and the water layer was extracted several
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times with smell portions of ether. The combined ether
portions were extracted with dilute (10%) sodium hydroxide.
The sodiwm hydroxide was then acidified with hydrochloric
acid and treated with bromine. In this manner 22.0 grams,
67% recovery,oi 4dry §zg=.tribromophénol m.De. 87990 was
obtained. This wes identified by 2 mixed melting poing

determination with known fribromophenol m.p. 93°.

Zeaction between Diphenyllamine, Lthylmegnesium Chloride,

p~Thioccresol and Ethyl p-Toluenesulfonate.

4 sclution composed of 16,9 grams of pure divhsenyllamine
in 100 c¢ ethzr was placed in a 500 cc three-necked flask
#ith stirrer and condenser. Ithylmagnesium chloride wes

dded to tais slowly from s burette until a positive coloxr

47

test was obtsined. 4 solution consisting of 12.4 grams

(0.1 mole) p-thiocresol in 75.0 ce of ether wes then sdded.

& rather vigorous reaction took place and a white precipitate
settled out. p-Thiocresylmagnesium chloride is insoluble in
ether. 4 solution consisting of 40.0 grams {0.2 mole) ethyl
p-toluenesulfonate and 100 c¢ ether wes then added. The
mixture wes reflﬁxed over a hot-plete for three hohrs. The
mixture was then hydrolyzed b; pouring it into water acidified
with hydrochloric acid. The water layer was extracted one
time with 75. ce of ether.

The combined ether layers were extrscted once with sodium

[TS—
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hydroxide to remove any unreacted p=-thiocresol. Vhen this
sodium hydroxide portion was subsecuently scidified with
hydrochloric acid and extracted with‘ether, nce p-thiocresol
could be recovered.

The ether layer , after extrection with the dilute sodium
hydroxide was dried over sodium sulfate. The dry ether
vrortion was then treated with dry hydrogen chloride for the
purpose of removing the amino compounds. About 20.0 grams
of dry crystelline hydrochloride was obtzined. The dry
hydrochloride was decomposed with dilute sodium hydroxide
extracted with ether and dried over potassim carhonate, The
ether was removed and 15.5 grams, & 91% recovery of diphenyl-
mmine m.p. 48%°-50°, was obtained. This wes identified by
maXing a mixed melﬁing point with Xnown diphenylamine m.pe.
54°,

The remaining ether layer after the hydrochloride had
been removed was washed with dilute sodium hydroxide, dried
over potassium carbonste and distilled. In this menner 1l.0
grams b.p. 110°e12°/1o mm was obtained. This was shown o
be p-tolyl ethyl sulfide®’ b.p. 101%-2/2 mm by fact thet it
could be oxidized by hydrogen peroxide in glacial acetic geid

> ——— - - - - - s - oy - - our G

(37) Gilman snd Besber, J. &m. Chem. Soc., 47, 1449 (1925)
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$0 p-tolyl ethyl sulfone m.p. 53°-4°. This was identified
by meking a mixed meliing voint determination with an
authentic specimmza.

B> unreacted ester was recovered in this experimente.

Resction between p~Thiocresol, Ethylmagnesium Chlorids,
n —Butyl Alcohol end Ithyl p-Toluenesulionate.

4 solution composed of 12.4 grams (0.1 mecle) p-thio-
cresol and 150 cc of ether was placed in g 500 cc three-
necked flask fitted with stirrer end condenser. Ethylmag-
nesium chloride was aéded- to this until s positive color
test22 was obdained. 4 white crystalline material separasted
out. An ether solution which contsined 7.4 grams (0.1 mole)
dry n—~butyl alcohol was added. A mild reaction appeared
to taZe place and the white precipitate dissélvm. Then
40.0 grams (0.2 mole) ethyl p-toluenesunlformte were added to
the flask. The mixture was refluxed over a hot-plzate for four
hours. This was hydrolyzed by poixri.ng into water. The ether
layer was extrected with sodium hydroxide to remove the p-
thiocresol. This sodium hydroxide layer was acidified and
extracted with ether. The ether was evaporated and 1.6 grams
(about 10%) of the p-thiocresol were recovered.

. T O oy D Dy A T T G T SN D W S G SN D ANy D S S A S e . R A > S T S GID G . T W s ae, A S T T G AT g, ST .t

(28) From J. E. Xirby Collection, This Laboratorye.
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| as the one preceding this.

=4O

The ether layer after extrection with sodium hydroxide
was dried over potassiuvm carbonste. The ether was removed
end the residue wes distilled. In this menner the Pollow-
ing was obtained.

Fraction I. 8.0 grams D.2. 10611576 mine

Fraction II. 8.0 grams Db.v. 15§L6§77mm.

Fraction I was successfully oxidized to give ethyl
p~tolyl sulfone, m.p. 53°-4°, Identvifiad b method of mized
melting pointis. Dais was a 40.0% yield. of ethyl E-télyl silfigde.,

Fraction II wes thought to be unreacted ester. This was
& 15% recovery of the ester. |

A second run of this expariment’was made snd the resulis

checked with those obtzined in the gbove experiment.

feactlion between n.= Butyl Alcohol, Methylmagnesium Iodide,

——

p~Thiocresol and Zthyl p- oluenesulifonate.

This experiment was carried out and workxed up exactly the same

No precipitate was formed nrior %o
the adﬁ;tion 0T the ester and .no Q;thiocrésol was recovered.
The main product obtained, was 11l grems of an o0ily meterigl
which boiled at 107°-11°/10 mm. This was oxidized to ethyl
p-tolyl sulf.one57 MePo 53b-4%gd identified by mefhod of miied
melting noints. This corresponds to & 72% vield of ethyl

p-tolyl sulfide.




~50=

Reaction between Phenol, Methylmagnesium Iodide, p-Thiocresol

and Ethyl p-Toluenesulfonate.

A solufion that was composed of 9.4 grems (0.1 mole) of
phenol in 100 cc dry ether W&Sb placed in 8 500 cc three-
necxed flask fitted with stirrer @end condenser. A4n ether
sclution of x;zethylmagnesiam iodide was added, until a positive

cc:ILor22

was obdained. A white crystslline precipitate ssttled
oub. 4n ether solution which contained 12.4 grams {0.1 mole)
of p~thiocresol was 2dded. There was no visible si.én that

a reacfi. on hed taken place. This mixture was refluxed for

one hour over a hot-plate. An ether solution which contazined
40.0 grams (0.2 mole) of ethyl p-taluenesulfonate was then
added. The mixbture was refluxed for three hours over a hot-
vlate.

The mixture was hydrolyzed by pouring it into an ecidgified
water solution. The water layer was extracted with smsll
portions of ether. The combined ether layers were then ex-
fracted with dilute sodium hydroxide. This should remove
the phenol snd p-thiocrescl. The sodium hydroxide layer wes
acidified and treated with iodine in order to change 8-thio-
cresol to di-p~tolyl disulfide, and agein extractc<d with

ether. This ether extract was treated with sodium hydroxide

t0 remove phenol. No phenol was identified in this experiment,

The ether layer from this gave 5.0 grams (41% yield) of
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: di ~-p-tolyl disulfide m.p. 430-4.". Phis was identified by
meking & mixed melting point with an authentic specimen.

The originsl ether layer, after the pehnol and p~-thio-
cresol had been removed, was dried over potassium carboné.te
and distilled. The only materiel obtained by the distillation
iwas 10 grams (25% recovery) of ethyl p_;toluenesulfonate bepe
167/13 mm. There was no indication of sny ethyl p-tolyl sul-

‘_ fide heving been fo rmed.

i Reaction between p-Thiocresol, Ithylmagne sium Chloride, Phenol

and Etkyl p-Toluenesulfonate.

This experiment was carried out and worked up in the scme
manner as the preceding one except p-thioccresol was placed
in flask, first, vhile in the above the phenol was placed in
the flask first, then the Rmgx compound was added.

The following compounds were obtained from this experiment.

1. 14.7 grams tribromophenol m.p. 869-8°. This corresponds
to a 45% recovery of the phenol.

2. 4.5 grems di-p-tolyl disulfide m.p. 43°-4°. This corre-
sponds to a 37% recovery of p-thiocresol. |
3. 4.5 grams meterigl b.p. 100-25/9mm. This meterisl was
within the boiling renge of ethyl p-tolyl salfide but it could

not be oxidized to the corresponding salfone .
4. 16.0 grams material b.p. 160-2/6mm. Tais corresponds

to s 40% recovery of ester.
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The Reaction between p-Thiocresol, Hethylmagnesium Ilodide,

n-Butyl iercsptan and Ithyl p-Toluenesulfonate.

An ether solution, which hed 12.9 grams (0.1 mole) of
n~thiocresol dissolved in it, wes placed in a 500 cc three-
necked flask. PForty cec of methylmegnesium icdide (2.48 M)
were added from & burette. The reaction proceeded vigorously
until slmost the theoretical amount of the Grignard reagent
rad been added. The reaction apparently ceased dbut a positive
color ‘l:e:-s*l:z2 éodla not be obteined. An insoluble oil similar
in appearsnce to magnesium iodide etherate separated ouba.
in ether solution which contained 9.0 grams (0.1 mole) of
n-butyl mesczpten was then added. 4 mild reaction appeared
%0 teke place, gnd the oily leyer disappeared. An ether
solution which conmtained 40.0 grams (0.2 mole} of ethyl p-
toluenesulfonate was added to this mizture. A reaction
appesred to take place and a whifte precipitate soon separated
out.

This mixfure was hydrolyzed, by pouring it in to an
acidified and iced weter solution. The water layer was ex;
tracted two times with ether. The combined ether extracts
were in turn exXtracted with twenty percent sodium hydroxide
in order to remove the p-thiocresol. The sodium hydroxide
layer was acidified with hydrdchloric acid and extracted

with ether. The ether was dried and removed by distilletion.
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No p-thiocresol was recovered.

The original ether portion, affer extrection with sodium
nydroxide, was dried over calcium chloride and distilled.

¥o n-butyl mercaptan weas recovered although its presence
was easily detected by the odor.

There was no indication that any ethyl butyl sulfide had
been formed as the temperature, during the distillstion, rose
very rapidly from 120° to 160°. Eihyl butyl sulfide boils at
1450-50. The pump was then used and 14.0 grems of zz;aterial
which boiled at 1050-60/6 mm was obteined. This was resdily
oxidized to ethyl p-tolyl sulione m.p. 53°-4°, The sulfone
wss- identified by meking a mixed melting point deferminstion
with an authentic specimen. The smount of ethyl p-tolyl

sulfide corresponds to a 91% yield.

The Reaction between n-Butyl Merceptan, Ethylmegnesium Chloride,

p~Thiocresol and Ethyl p-Toluenesulfonate.

This experiment was identicsal with the preceding one ex-~
cept the n-bubyl mercaptan was added prior to the Grignard
reagent while in the sbove run p-thiocresol was added first.

The results in this experiment check those obtained in
the one immeéiaf;ely précﬁed:;ng; These'resﬁl‘es indicate thet
the -MgX group will migréte from an alkyl mercaptan to an

aryl mercaptan.
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The Keaction between Diphenylemine, Mefthylmagnesium Iodide,
Ii-p-Butylamine and Ethyl p-Toluenesulfonate.

in ether solution which contained 16.9 grams (0.1 mole)
of diphenylamine was placed in & 500 ge three-necked flask
fitted with & stirrer gnd e condenser. Methylmaegnesium
iodide solution was added until & positive color test could
be obtained. A4 solution which consisfed of 12.9 grams
(0.1 mole) di-n-butylamine in 50 ec of 4ry ether was added.
There was 2 mild refluxing of the ether. This would indi-
cate that a reaction might be teking plsce. After refluxing
the mixture over & hot-plate for hslf an hour, anr ether
solution which contained 45.6 grams (0.2 mole)} of n-buiyl
p-toluenesulfonate was sdded. The mixture wgs refluxed over
8 hot=plate for two hours. A heavy white precipitate of
megnesium p-toluenesulfonate separated oub.

The magnesium p-toluenesulfonate was filtered out dy
mesns of a Buchner funnel. The ether filirate was washed
with a 20% hydrochloric zcid solution for the purpose of re-
moving the glkyl amines. The hydrochloric acid solution
was in turn weshed $wo $times with ether. The hydrochloride
layer was then made basic with strong sodium hydroxide. and
the resulting free amine was extrascted with ether. This
ether lgyer was dried over potassium carbonzte snd distilled.

Frection I. 5.0 grems b.p. 55°-60°/9mm, 1, 0= 1.4140.




Pure di-n-butylamine boils at 55°-7°/9mm end

g50m=«1.4122,

Frection II. 3.5 grams b.p. 85°-95°/10 mm,nzq0= 1.4247
Pri-pn-butylamine (as synthesized from di-n-butylamine,
ethylmagnesium chloride and n-butyl p-toluenesulfonate)

boils at 91°-29/7 mm and Hz,0= 1.4235.

The original ether lgyer, effer being washed with the
20% hydrochloric acid solution, was washed with dgilute sod-
ium hydroxide and dried over potessium carbonate. When this
wes distilled, 15.0 grams of material b.p. 1589-65°/8 mm
were‘obtained. A ¥Yefrsctive index rezding could not be ob-
tained. An ether solution was trested with dry HCL, but a
gummy mass resulted instead of 2 erysialline substaances. Fhen
a pure amine is present & crystalline hydrochloride is ob~
‘tained but When g mixture of amines is present s gummy mass
results.

A Zerewitinoff determination was made upon this compound
in order to ascertain whether any diphenylamine were present.
The results of this determinstion are: |

Semple #1 - 00,4756 grams gave 32.2 cc gas 8t 41 mm

ans 32% C. This corresponds to 28.0 cc gas
under standerd conditions. This amount of
pure diphenylamine would give 63.0 gas

(standard conditions).
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Sample #2 - 0.4388 grams gave 26.8 egigas at 741 mm

and 32°C. Dhis corresponds to 23.5 -cc

gas under standard conditions. This

amount of pure diphenylamine would give

58.2 cc gas under standard conditions.
The results of these determinations show that a mixture
' of amines was apparently obteined.

An unsuccessful sttempt was made to separate the diphenyl-~

amine from the possible diphenyl nebutylamine by tréating tﬁé
mixture with potassium to remove the secondary amine so that

the tertiary emine could be distilled off.

The Reaction between Di-p-Butylamine, Methylmagnesium lodide,

Iiphenylamine and n-Butyl p-Toluenesulfonete.

This experiment was identicel with the preceding one ex-
cept & solution of di-n~-butylamine was placed in the three-
neczed flask before the methylmagnesium iddide was added,
whereas in the preceding exreriment diphenylamine was added
first. This was worked up in the same manner &s the pre-
ceding experiment and the results snd yields obiained were
almost identicel.

4 second run was made in which ethylmegnesium chloride
was subsiituted for methylmsgnesium iodide. The results
were pracﬁicaliy identical with the othe; two experiments.

A Zerewitinoff determination was made upon the portion
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{17.0 grams) which boiled a% 1609-20/6 mm. The results of
this determination are as follows:
Sample #1 -~ 0.2698 grams gave 14.6 cc gas at 741 mm
end 31° C. This smount of pure diphenyl-
amine would give 35.8 cc gas under stsndard
conditionse.
Sample #2 - 0.2970 grams gave 16.2 cc ges at 741 mm
and 31°C. This smount of pure diphenyi-
amine would give 39.4 cc gas under standard
conditionse.
% is ouite evident thet & pure frasction was not obtained.
in attempt was made to prepare some pure 4iphenyl n-buiyl-
amine by the reaction between diphenylamine, methylmagnesium
iodide and n-butyl p-toluenesulfonate. The results of this
experiment showed that a2 pure compound could not de prepared.'
£ good yield (practicslly quantitative) of msterisl which
boiled at 158°-65°/5 mm wss obtained. This gave indications
of being impure becsuse & crystalline hydrochloride could not
be obtained, no refractive index reading could be made and a
Zerewitinoff determination showed a large cmount of active
nydrogen to be present. The result of a Zerewifinoff deter-
mingtion is:
Sample #1 - 0.7103 grams of material geve 53.0 cc gas
at 741 mm and 33° C. fThis corresponds to

46.4 cc gas under'standard conditions.
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This quantity of pure diphenylamine would give 94.2 cc
gas under standard conditions.
This work indicates that tertiary smines in which there
are two aryl groups and one alkyl can not be prepared free

from impurities by the method described here.

The Reaciion between Di-p-Butylamine, HMethylmagnesium Iodide,

n-Butyl Mercsptan, and Ethyl p-Toluenesulfonate.

4 solution of 12.9 grems (0.1 mole)} di-n-butylemine and
100 cc¢ of ether was pleced in =2 500 ce thrée-necked flask
fitted with 2 stirrer and & condenser, The theoretical
zmount (28.0 ce of 3.51 molaer solution) of methylmsgnesium
iodide was sdded. The reaction in this cmse does not proceed
as vigorously as when ethylmsgnesium chloride is used. The
mixture was refluxed over 2 hot-plate for onem»half an hour.
A negative color test was obtained at this time. An ether
solution of 9.0 grams {0.1 mole) n-butyl mercaptan was

. : _ mixture

added dropwise. 4 vigorous rezsction took plece. The / was
refluxed over a hot-plete for one-half an hour and an ether
solution of 40.0 grems (0.2 mole) of ethyl B-toluenesulionage
was added. 4 rether vigorous resction took place and 2

rather large amount of white precipitete (magnesinm‘g—tbluene-

sulfonste) settled out. This was stirred without refluxing

for twenty minutes.
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The mixture was filtered through & Bichner funnel and %he
precipitate (megnesium p-toluenesulfonate) was discarded. The
‘ether - filtrate was extracted with 20% hyarochloric acid
solution in order to remove the amino compounds. The hydro-
chloric acid solution was then made alkaline with dilute sod-
ivm hydroxide. The free amine was extracted with ebher. The
ether was dried over potassium carbonsfte =nd distilled.
Eight grems of meferizl b.p. 158°-63° ana ggoo = 1.4140 were
obtained. The refractive index reading for known pure di-p-
butylamine is gﬁoo = 1.4145. The original di-n-butylamine was

recovered in 61% yield.

The original ether layer, affer the removal of the amino
compounds, was webhed with dllute sodium hydroxide, dried
over potassium carbonste and distilled. Pive grams of material
b.p. 142°-8° and Mzgo = 1.445 was obtained. Gilmen and Beaber®?
report that ethyl butyl sulfide boils at 142°0-50 and can be
oxidized with hydrogen peroxide in glacial scetic acid to give
ethyl butyl sulfone m.p. 509-50.5°. The compound obtained
above was oxidized as described snd gave the sulfone m.pe.
50°-510, This was further identified as ethyl butyl sulfone
by meking o mixed melting point determination with sn authentic
specimzn40. The amount of materisl obtsined here corresponds
to & 41% yield of ethyl butyl sulfide.

(39) Gilmen and Besber, J. Am. Chem. Scc., 47, 1449 (1925).

(40) From B. J. Beaber Collection, This Laboratory.
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The Rezction beiween n-Butyl Mercantan, Hethylmagnesium Iodide,

Di-n-Butylamine and Ethyl p-Toluenesulfonate.

This experiment is ifentical with the preceding one with
the exéeption that the n-butyl mercantan solution was placed
in the flesk Iirst, instesd of the di-n-butylamine solution.

This experiment was worked up exactly as described in the
preceding one. The amounts of fhe materiels obtained check ed

with those described sbove.

The Reaction between n-Butyl ilconol, Methylmagnesium Lodide,

n-Butyl Mercapian and Ethyl p-Toluenesulionate.

4 solution of 7.4 grams (0.1 mole) n-~butyl elecohol in
100 cc of dry ether was placed in & 500 cc three-necked fRask.
Hethylmegnesium iodide was sdded until 2 positive color test2?
could be obtzined. An ether solution vwhich contained 9.0
gramns (0.1 mole) of n-butyl merceptan was added. There was
no indication that a resction had faken place. The mixture
was refluxed over g hoi-plate for one-half an hour ani an
ether solution of 40.0 grams (0.2 mole) ethyl p-toluenesulfonate
| was added. 4 white precipitate of magnesium p-toluenesulfonate
soon separated out. The mixture was refluxed for two hours
over a hot-plate ani wm filtered through a Bhchner fuﬁnel.
The ether filtrate wes washed with water, dried over potassium
carbonate and distilled. No effort was made to separate the

n-butyl aslconol, n-butyl mercaptan and ethyl iodide in this
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experiment. Nine grams of material b.p. 169°-74%/9 mm end
Nzp0= 1.5070 was obtained®t. This corresponds t0 22.5%
recovery of the ester. There was no indication whatever
that any ethyl butyl sulfide b.pe. 1420-5° had been formed,
because no fraction which corresponded fto this boiling range

was obtained.

The Reaction between n-Butyl Mercaptan, Methylmagnesium Iodigde,

n-Butyl 4Alcohol and Ethylp-Toluenesulfonste.

This experiment was carried out as the preceding one ex-
cept the solution of ap~buiyl mercaptan was placed in the
flask before the methylmegnesium iodide was added. In the
above experiment the solution of n-~butyl alcohol was placed
in the flask first.

There was no indication that any ethyl butyl sulfide
‘b.p. 142°-5° was formed in this experiment. About 25% of
the ester was recovered.

It is rezadily seen from these experiments that the -MgX

will not migrate from an alkyl oxygen to an alkyl sulfur.

(41) It might be mentioned that some of the original ester
was distilled and the following constants were observed:
bepe 1690-74%/9 mm and B n0= 1.5080.




The Reaction between 2inhenylamine, Ethylmagnesium Chloride,

Dighenylhydroxylamine and Ethyl p-Toluenesulionate.

An ether solution of 8.45 grams (0.05 -mole) of diphenyl-
emine was pleced in 2 500 c¢ three-necked flasx fitted with
a stirrer and condenser. Xthylmagnesium chloride solution
was added until a positive color test2? was obtsined. An

42 was then

ether solution of g s-diphenylhydroxylamine
added dropwise to the mixture. A vigorous reaction took
plece, which would indicate thet -EgX group had sha:.fted from
g:ﬁ - MgX %o RB>K - 0 HgX. The mixture was refluxed over
2 hot-plate for one nour, and a solution of 20.0 grams {O.l
mole) of ethyl p-~toluenesulfonate was added. There was no
indicstion that a resction had taken place (no magnesium
b-toluenesulionate had precipitated out) even after the
mixture had been refluxed over a hot-plate for thirty-six
bhours.

The mixture was‘ hy&rolyzed by pouring it into an iced
apmonium chloride solution. The water layer was extracted

with several small portions of ether and the combined ether

layers were dried over potassium carbonate. Dry HU gas was

- - - - - sy o = — -

(42) Tnis compound was easily prepared as described by Gilmsn
end HMcCracken, J. Am. Chem. Soc., 48, 1052 (1927).
See 8lso, Wieland and Roseeu, Ber., 45, 494 (1912);
Wiklemd and Roth, Ber., 53, 210 (19207,
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pzssed into the dry ether solution znd 3.0 grams of crystzlline
hydrocaloride were obiained. If any of the -Hgi nhad siayed

»

SN~ & gumny mass would have in all probebility been

Wby

on ths
obtaineds ZThe 4ry amine hydrochloride wis decomposed with
D% sodium hydroxide snd extrscted with ether. Two and one-
Bel? grams (sbont 30F recovery) of diphenylamine m.p. 49°-50°
were obtuined. The identity of tnls compound was proved by
mszing 2 mixed melting »olnt determinstion with sn authentic
specimen »f pure diphenylamine. There was no indicsation that
any divhenylethylamine had been formed.

" Bo other producis from bthis experiment could be recovered,
ho%’evei, A,B-dichenylhydroxylanine is nol very stable and

could scarcely be recovered by the trestment deserided here.

Ize fHesction between p~Thiocresol and Esayl p-~Toluenesulionate

Reard

in Zther.

Gilmzn end .{innaséﬁ havs reported that p-thiceresol can
be slkylated o the extent of 60% In ether solwtion with di-
etayl sulfate. If this some thing should be found gtrue of
ethyl p-~toluenasulionate, then ke worx reported here would
be withoxd value. The following experiment showed Shat ethyl

p=toluenesulfonate would noi aliylate p~thiocrescl at the

-~ PR - G

{43} Gilmen =nd finney, J« Ame. Cheme SOCe, 46, 494, (1924]).
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boiling point of ether.

A solution of 25.0 grams {0.2 mole) p~thioccresol in 100 ecc
of ether was plsced in g 500 cc three-necXed flask, fitted
with stirrer and condenser. 4 solution of 40.0 grams (0.2
mole) ethyl p-toluenesulfonate in 100 cc ether was =dded and
the mixture was refluxed over s hot~-plate Ffor four hours.
There weas no indicstion whatever that any reaction had tsken
place.

The mixture was trested with several small portions of
20% sodium hydroxide in order to remove the p-thiocresol.

This sodium hydroxide portion was subsequently scidified, and
extracted with ether. The ether was dried over cslcium chloride
and distilled. Seventeen grams of msterial b.p. 189°-90° were
recovered. This was further identified as being p-thiocresol
which hed been recovered in 68% yield.

The original ether layer, after the sodium hydroxide ex~
traction, was dried over caleium chloride and distilled.
Thirty-three grams { an 85% recovery ) of the ester wss ob-

tained .

The Reaction between Di-n-Butylamine snd n-Butyl p-Toluene-~

sulfonate in Ether.
: 3

The purpose of this experiment was to ascertain whether

di-glkylamines could be further alkylated by an alkyl p-

toluenesulfonste in ether solution.
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A solution of 12.9 grams (0.1 mole) of di-n-butylamine
in 100 e¢ of ether was placed in a 500 cc three-necked flssk.
A solution of 22.8 grams (0.1 mole) m-butyl p-toluenesulfonate
in 100 cc ether was also sdded to the flaske. The mixture was
then refluxed for sSixX hours over 8 hot-plafe.

The ether solution was exiracted with severgl smell por-
tions of 20% hydrochloric acid in order to remove the amino
compounds. The hydrochloric scid solution was subsequently
made basic with & 20% sodium hydroxide solution and extracted
with ether. This ether por‘aion was dried over posassium
carbonate and distilled. Eleven gramso/lﬂi-g_—butylamine (85%
recovery) bep. 53°-5°/8 mm and n'{zo'o = 1.4140.

The original ether solution, after having been extracted
with hydrochloric acid, was washed with dilute sodium hydroxide

and distilled. Seventeen grams {76% recovery) of the ester

be. po 1750‘800/11 mm“éere Obtainedo

Secondary alkylamines spperently are not further alkylated

by alkyl p-toluenesulfonstes in ether.

The Resction between n-Butyl Hercapisn and n-Butyl p-Toluene-

sulfonate in Ethefe.

The purpose of this experiment was to determine whether
alkyl mercapbans could‘be alkylated by alkyl p-toluenesulion-
ates in ether solution.

A solution of 9.05 grams (0.1 mole) of n-butyl mercaptan




-56=
and 22.8 grems (0.1 mole) of n-butyl p-toluenesulfonate in
200 cc¢ of dry ether were placed in a 500 cec three-necked
flask, fitted with & stirrer and condenser. The mixture
was refluxed over & hot-plate Zor six hours. There was no
visible indicetion that 2 reaction had tsken place.

The mixture was then distilled. Pour grams (44% re~
covery) of m-buiyl mercaptan b.p. 96°-8%were obtained. Xo
other product could be isolated because the material left
in the flask started to decompose at 100°. This decomposition
continued even though & vacuum pump wWas used. It is thought
that the mercaptsn did not react with the alkyl p-toluene-
sulionate at the boiling point of ether, bubt did react at =

higher temperature.




DLeCUSSIOR

Table IV has been prepared, in order to make the resulis
of this work more resdily accessible. An attempt has been
made to make the Table with its sccompanying notes as nearly

self-explanatory as possible.
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DATA ON MIGRATION OF ~NMGX
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! $ 1Renotion: sulfonate $ Indioative of t Recovered
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Aloochol ¢ : t 1aresol ' 1 $ ' 1 : tsulfide : : !
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Table IV (Continued)
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First Compound® s RMgX Used

~Toluene~
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2
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Di-n-Butyl-12.,9::0,1

Dien~Butyl-12.9
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t
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3
t
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Diphenyl- :8,48

$
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H 9‘010.1 Ethyl 34‘0.030:2
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Notes on Table I¥.

a. This column refers %o the compound that was placed
in the flask prior to the addition of the Grignard reagent.
b. This column refers to the compound that was added

to the flask subsecuent to the addition of the Grignard
reagent.
c. Tnis cclumn refers to the compound that was isolated

which would indicate quite conclusively thet migrstion of

- -Mgd{ had taXen place.

d. There is some indication, although not entirelj con~
clusive, that some diphenyl n-butylamine wes -formed in this
experiment.

8. The resson for using methylmagnesium iodide instead
of the less expensive ethylmagnesium chloride was because the
resulting organomagnesium iodides were more soluble in ether
than were the corresponding organomsgnesium chlorides.,

£. The purpose 6f fhis column is to show whether or not
there was any visible indication that a resction had taken
place after the second compound had been 2dded to the flask,

g+ This column does not show sll the products thet were
recovered, but it does show the compound, the recovery of

which, would indicate that = migration of the -MgX group had

teken place.
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4 eriticism of this work is that the recovery of some
of the materials was far from satisfactory, nowever it
should be Zept in mind that rether smell amounts of materisl
had to be recovered from a mixture which contsined meny
compounds. No attcmpt was made to reecover such compounds
as n-butyl alcohol and n-butyl mercaptan.

Ro characteristic derivative was prepared tc show that
the -lgX group had become attached to the oxygen atom in
n-butyl alcohol or in phenol. Gilman and Schulze32 have
already shown that these compounds can not be readily
chéracterize&. On the other hand, we have the Knowledge
that the substance from which the-HMgX group would have mi-~

grated to the oxygen atom would have been resdily character-
ized by the treatment described in this work. For example,
when diphenylaminomagnesium chloride was treated with n-
butyl a2lcohol and then ethyl p-toluenesulfonate, pure diphenyl-
amine would not nave been recovered, but diphenyl ethylamine
would have been obtzined. <DThe fact that a good recovery of
diphenylamine was obtained, would indicate that the -igX

group had migreted from the nitrogen afom of the diphenyl-
amindmagnesium chloride to the oxygen atom of n-butyl alcohol.

| The results thal were obtained are more or less clear cut

with the exception of those experiments which involved the

migration of the -Mgl group from a di-aryl nitrogen atom %o
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& dislkyl nitrogen atom. In this case there was a good
indication that alkylated tertiary amines from each of the
second ary amines had been obtained. This might indicate
that an enquilibriom existed as shown by the following
ecuation:

R'E' N-MgX 4 RENE Z——> R'R'NE f/ARMEL
Vhere R 1s an 2lkyl group and R' is en aryi group.
Some experiments were cerried out which showed that the com-
pounds used in this work could not be slkylated by the ester

in ether.

" If there was an indication that an equilibrium did exist
in one case, then there wes fthe possibility that it did exist
in 211 cases, but the resulting compounds wWere not isoleted
or recovered with sufficient care to ascertain this fact.

The results obtained by the worx described here, indicated
that the -Mgf group will migrate from an etom which has alkyl
groups attached td ‘s corresponding aton which has aryl groups
stbtached, with the possible excestion of the dialikylamines
to the dierylemires. The -MgX group will migrate from an
alkyl oxygen atom to an aryl suliur atom, that is, p-tnio-
cresylmagnesium iodide was obtained by trezting n-butoxy-
magnesium'iodide with p-thiocresol in ether solution.

For a given series of compounds, alkyl or aryl, the order

of migration has been found to be from s cerbon atom to a




~75= |
triple bonded carbon atom $0 a nitrogen atom %o a sulfar
atom to an oxygen atom. All poésible cases of migration
have not been tried in this workx. It is thought, however,
that sufficient information has been obtained to mexe the
work of some value. A4n experiment was nct carried out fo
determine whether the -~MgX group would migrste from an alkyl
nitrogen stom to =n eryl sulfur atom, but a prediction could
be made that the -MgX group would migrate from an slkyl
nitrogen etom %o an aryl sulfur atom, because it was found
that migration took place from an alkyl oxygen 2toa to en
.aéyl suliur atom and from an alkyl nitrogen atom %0 an alkyl
oxygen atom. Therefore, the ~Hgi group should migrate from
an 2lxyl nitrogen atom to an eryl sulfur atom.

The results obtained from this stady suggest the possi-
bility that there might be o migration of the -MgX group
from an slkyl carbon atom to an aryl carbon z2tom {probadly
aunder forced conditions). For example, en alkylmagnesium
nalide when trested with toluene (under forced conditions)
might give benzylmagnesium helide and the hydrocarbon corre=-
sponding to the alkyl group. However, there is 1little hope

that this could actuslly be accomplished becsuse Gilmen

43

end Leermskers found that there was no reaction between

(43) Gilman and Leermekers, Rec. trav. chim., 48, 577 {1929).
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diphenylmethane or triphenylmethane and benzylmagnesium
chloride or ethylmagnesium bromide under protracted re-
flxxing at elevated temperastures. 1L there were no infter-
‘change of radicals between an slkylmagnesium halide an
aryl - CH in which there are three aryl groups, it is quite
| uniikely that there would be such e&n interchange with only
one aryl group attached to & ~ CH, Gilman and Jones#4
also found thef no interchange of radicals could be ob-
teined by refluxing & series of RX ccmpoands.witrxsome

orgsnomagnesium halides.

" o T T TP O S - ™ S G e W T G . WD . 0ty o >

(44) Gilman and Jones, J. Am. Chem. Soc., 51, 2840 (1929).
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SUMBARY

An stbempt hes been mede t0 determine the course of
migration of the -~MgX group between some various oxy,

thio end amine groupings of some orgsnic compounds.
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PART B. 4 STUSY U20R THE REACTION OF -NMgi 2RI -THga COMPOUNDS
WITH PHNYL ISOCY:NATE AND PHENYL ISOTHIOCYINATE®D.

INTRODUCTION

Aryl isocyanates and isothiocyznates especially the phenyl
and <« naphthyl are often used for the chszracterization of
organic compounds. Hofmann4® first obtained phenyl isocyasnate,
and it was soon thought the compound was charscterized by its

ability to form =ddéition - roducts with the =0 double boni=
ing.
| . 47 48 . that
" Neuberg and Hosenberg™ s&nd Xansky Ioand/alcohols re-
acted with phenyl isocyanate to give urethsnes. Bichel and
ﬂrench49 showed oL nepthyl isocysnate to be 2 satisfactory
reagent for the purpose of identifying slcohols {including ter-
tiary alcohols). PFreach snd %irtel®0 used K napathyl iso-~

cysnate for the puzxpose of identifying phenols and slivhatic

- . D — - —— ——— T . > T — " —_— P —— " —— — - . - = —— o — G

Jroiingeapr

(45) The suthor ascinowledges thai & copy of 2 required thesis
submitted by J. Hal Carter in Chemistry 658b, Iowa State
College, was used during the progress of tnls WOrk.

(46) Hofmenn, znn., 74, 9 {(1850); Ber., 3, 653, (1870).

(47) ?eubegg and Rosenberg, Biochem. Zeitsenrift., 5, 456
1307

{48) Neuberg wnd Zansxy, ibid., 20, 446 (190v).
(49) Bichel and French, J. 4m. Chem. Soc., 48, 747 (1926).
(50) Freheh and Wirtel, J. Am. Chem. Soc., 48, (1926).
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émineS@Otterbacher end ﬁhitmoresl described the use of vhenyl

isothiocyznate and 9-tolyl isothiocysnate as & reagent Ior the

identifiestion of primary arcmatic amines.Neuberg and Menssse

described e mthod for the isolation of emino acids by use of
napnthyl isocyanste.

BlaiseP? showed that phenyl isocysznate reacted with RMgX
compounds to give amilides. In a similar study Sachs and
Loevy9% found thet RigX compounds with isothiccyanates gave
thioanilides. Giiman end Furryss used ¢ naphthyl‘isocyanate
as a reagent for preparing derivatives of orgasnomegnesium
halides. Gilmsn snd Schulzeb® also used phenyl isocyanate
for the charscterization of ROMgXcompounds. Gilmen &nd King57
found that -SMgX compounds could be charscterized with phenyl
isocyznate.

In view of the faet that the isocyzanates and isothiocyznates

s e - W -y, - —— S - T - " — e i VD G W WD Sy = - — W G - — b~ — —— > " D

(51) ?tter?acher ani Whitmore, J. am. Chem. Soec., 51, 1909
l9z6).

{52) Neuberg and Manasse, Ber., 38, 2359 (1905).

(53) Blaise,Compt. rend., 132, 40 (1901).

{5¢) Sachs and Loevy, Ber., 26, 585 (1903).

(55) Gilmsn end Furry, J. ame. Chem. Soc., 50, 1214 (1528).
(56) Gilmzn snd Schulze, Rec. trev. chim., éz, 752 {1928).

(57) Gilmen snd Xing, J. Am. Chem. Soc., 47, 1136 (1925).
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éminesyﬁtterbacher and '-“?‘hitmore51 deseribed the use of vhenyl

isothiocyznate and 0o-tolyl isothiocysnate as 2 reagent for the

identificstion of primary arcmatic amines Heuberg and E‘&e;rlasses2

described & mthod for the isolation of amino acids by use of
naphthyl isocysnate.

Blaise®® showed that phenyl isocysnate reacted with RMgX
compounds to give smilides. In & similar study Sachs and
Loevy54 found thet RigX compounds.with"}sothiocyanates gave
thioanilides. Giiman and Purry55 used <C naphthyl.isocyanate
&s a reagent for preparing derivatives of organomegnesium
halides. Gilmsn snd SchulzeB6 also used phenyl isocyenate
for the characterization of ROlLgXcompounds. Gilman sné King57
found that ~SMgX compounds could be characterized with phenyl
isocyznsate.

In view of the fset that the isocyanates and isothiocyznates
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{51) Otterbacher snd Whitmore, J. Am. Chem. Soc., 51, 1909
(1926).

(62) Neuberg and Manssse, Ber., 38, 2359 (1905).

(53) Blaise,Compt. rend., 132, 40 (1901).

{54) Sachs =nd Loevy, Ber., 36, 585 (1903).

(565) Gilmen and Furry; J. sm. Chem. Soe., 50, 1214 (1s28).
(56) Gilmsn &nd Schulze, Rec. trev. chim., él, 752 (1928).

(57) Gilmen snd Xing, J. Am. Chem. Soc., 47, 1136 (1925).
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contain two reactive groups namely -F=C &nd C=0 or C=S. &
controversy has arisen as to the mechanism of addition of
certain compounds to isocyznates or isobhiocysnates. XKetenes
are cuite like the isocyanzties in that they he&ve two reactive
groups, C=C and C=0. Any study that would throw &&X light
upon the mechanism of addition to Xetenes might aid in deter-
mining the mechanism of addition to isocyanates. Steuiingerd?
carried out = reaction between dinhenyl Xetene snd phenylmeg-
nesium bromide and obtained triphenyl vinyl aloohoi. The
Grignard reagent might have added to either the ethylenic or
carbonyl linkages. &tapdinger preferred t0 explain the reaction
gs addition o the ethylenic linkage. |
(06'}15)2 C=C=0 + CsﬂSHgBr = (06&5)2 (i — (l: =0
HgBr CH

HOH  (CeBplg § — C =0 Rearvangement (G,H,), - C=C - OF
g Celp = Cels

Another mechanism would also sccount f£or the formaztion

of trivhenyl vinyl alcohol . according %o tae following:
(061{5)2 C=C=0 + 06}15313131‘ —> (CeH5) 5 c.-.? - OligBr
H

CgHg
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Gilmen and Heckert58 showed that the letter mechsnism
wes undoubtedly the correct one.

Blaise55; without sufficient experimental data inter-
preted the reaction between phenyl isocysnate and;phenyl-
magnesium.bromide as one involving primary zddition to the
carbonyl linkage.

Taboury59 showed thet an -ilgBr group attached %o 2 sulfur
would suffer displacemsnt by a meth&l group wien treated with
dimetayl sulfate. Gilman and Hoyleﬁo found that diethyl
sulfate would behnave in & manner similar to dimethyl sulfate.
Gilmen and Beaber®l found that 2lkyl esters of p-toluene-
sulfonic acids were no% satisfactory for charscterizing the

62 $0 make @&

OMgZ group. These facts lead Gilmuon and Xinney
study oI th< mechznism of rezetion for addition of phenyl-
magnesium bromide %0 phenyl isocyanate. TIwOo mechanisms sre
theoretically possible:

035}57:0::0*065515831‘_;0535§__9:0

6
HOH HgBr CgHsg
—> Cgidg § = =0
mmmmmam B Ceds e I

(58) Gilmsn snd HeckXert, ibid., 42, 1010 (1920).
(59) Tsboury, Ann. chim. phys., 15, 33 (1908).

(60) Gilmsn snd Hoyle, J. am. Chem. Soc., 44, 2621 (1922).
(61) Gilmen snd Besber, ibid., 45, 839 (1923).
(62) Gilmzn =nd Kinney, ibid., 46, 493 (1924).
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CoHg B = C =0 + Cellp Mghr —>-Cglly X = O - Oligk

6 5
HOH Sef5
- _ A1y Tearrangement - =
30635]&_.(“, 0H ' ‘;C6&5K c‘:ao 11

635 Calg

These authors (Gilman and Kinneyag} used the sulfur anslog
ol phenyl isocysnate nsmely phenyl isothiocyanste. Zhenyl
isotnilocyunate wgéiggeated with phenylmegnesium bromide and
thegaég alkylating agent, dimethyl or diethyl sulfaze. I
(I1) is correct the ~-SigX intermediate compound would be re-
placed by an slkyl group. This would be ascertesined by work-
ing up the products of the resetion. The vroducts obtszined
were found to be S-methyl or S-eithyl-thiobenzanilide, depend-
ing upon the alkylating agent. This was rather definite proof
that the Grignard reagent had sdded to the thiocarbonyl group. .
Thus by anelogy it was quite certain tnat the Grignard reagent
did add to the carbonyl group in isocyanetes.

63 showed that the mode of addition of

Gilman and Horris
pheaylmagnesium browmide to thioanyl eniline could probadbly be
expressed by the ecuation:

A - - . T — G - P S W D e A - ——— . W ——yy W o v > vin iy e T UGy TN oy — T w— -

(63) Gilman and Horris, ibid., 48, 2399 (1926).
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6
g Cefs
_*I_I_?E_) G6H5E = ? - OH rearrangeme_n_.;;. 06353 - % =0
C’6H5 0655

I{ might be mentioned here that g forced resction between
phenyl isocysnate, or benzophenone-anil and phenylmagnesium
bromide, was found by Gilmen, Xirdby and :«:J‘.rme:grsl‘L %0 give an
unusual cese of 1,4 2ddition with the benzene ring.

In the case of kxetcnes snd isocysnates we have sdequate
proof that addition .ta’&es plece at the carbonyl linksge. In
s;fite of this fact there are several who seem to favor the
possibility that addition to these compounds does texe place
at the C =C or ¥ = C linkage instad of the carbonyl linkagé.

Hurd snd Cochrun®® in & work rmlative to the reaction
between ketene snd isocyanates with hydroxylamines sné hydrox-
amic scids, favor the ides that sddition takes place 8% the
¥ = C linkage. |

For ketene and hydroxylamine the following is proposed:

S S . S Gl T — i — . - ——— A W > WD s I s D B iy T W T G D T T Y T W G T . A Gy WD D . B e T Sy A =

(64) Gilmen, Xirby and Xinney, ibid., 5L, 2252 (1929).
See also Xoaler and Nygaserd, ibid., 52, 4129 (1930).

(65) Hurd mmé& Cochren, ibid., 45, 515 (1923). See also
Hurd, ibid., 45, 1472 (1925); Jones and Hurd, ibij.,
43, 2423 (1921, -
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CHy = C =0 + HNOH ———>» HCH; - C - NOH III
1]

0
This could justgas readily be explained by this eguation:
CHo =C =0 ¢ EI&OH ——> §CHy = C - OH} rearrangemeny
[ HR-0E } T
HCHz -C=0
BK‘EIOH IV
The finszl product in eitrer (III) or {IV) would be identicsl.
For the reaction between diphenyl Xetene and anydroxylamine
the following resctions will show that the same product,

diphenyl-acetnydroxamic acid, is formed whether addition takes

place at the C =C or C = 0 linxage.

B =
]
(CgHs)2 € =C =0 + HNOH ——> (CgHgly C - (lz =0
H - OH v
g
(CeHg)lg C=C =0 + HE-0E ——> (0635)2 c ::(‘} - OH
H
1 HR-O
rearrengement ’ ' -
gemers  (CgHs)y C -0=0
gN0H Vi

Other experiments, involving similar reactions, were
carried out by Hurd zand co-workersss, and could be explaine&
Just as satisfaétorily by vostualting addition to the C =0
linkage followed by = subsecuent rearrangement, as by direct

addition to the N = Cor.C=C linksges.
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cudinger and Endl c—zﬁ6 attconted t o show that various

g St .
-C =0, - =0 and structurally related compounds added to

the N = C linkege of phenyl isocyanate. An exazmple of this

NN
Colp - ¥ - C=0

type of reaction is:

CeIg § =0 + CHN =C =0 —

. C.Hr - X
> 675 "y 4 co, VII

This rezction can glso be explsined by a reaction which

involves addition to the C = O linxage:

C.HsN =0 4 CgHN =C =0 __,{céa5n=c': -0 ‘E

~ C¢Hs N = BCglz + COy
Lekra and Deins®? in e very recent work make the following
statement: "Phenyl isocyanate which was first obtsined by

Hofmenn is characterized by its sbility to Iorm sddition

products with the N = C double bondins. Thus with alecohols

urethenes are formed, while with emmonia and primery znéd

secondary amines, substituted areas are Tormed.".

B Sep IR D AR L W T G - Y n NP S S Sy W G g D U DA VD A VI W G T Ty WD WY S D Y P D Sy D s, ), B WS <y WU W iy S PTGy W

(66) Staudinger snd Inéle, Ber., 50, 1042 {1917).

(67) Lakrs snd Dains, J. Am. Chem. Soc., Bl, 2220 (1930).




An exsmple of the type of work discussed in the sbove
is the reaction between phenyl isocyznate and urethzne to

. Torm phenyl allophanic ester. The following ecuation

represents the'medhaﬁ;sm for addition to taey¥ = C linkage.

\ t

" S |
o HY - C-0C H
w 25
¢ o .
IX .

This same reaction could just as easily be considered

from the standpoint of =ddition to the =0 double bonding as:

H
| | |
¢0635K=C=:0+EH-?|-0-0235-———-;-[0655-12-_-:.0\-03,. }
0 AN~C-0-CoH
2 0 C-!
5 rearrangement ¢ °
i -2 CHHN - C =0
. 6 © |
- C -0C,H
N 0C 8,
]
0 X

}{‘ It is quite obvious that the ZLinul products are identical.
‘,f | Other experimental date offered by these suthors could
';be explaineé in m manner after {i).

Admittedly there are cases of reactions with isocyan2tes
. that can not be explained as readily (if st &ll) by sddition
| tﬁfthe carbonyl linkage as by simplc addition to tae E = C

;iinkage. An exzample of this type of reaction is brought to
/




8 relstive to the resction be-

mind by the work of Lange®
tween s2lkyl Schiff bases snd isocyanic scid snd phenyl
isocysnate. Two moleculer portions of phenyl isocyanste.
react with one of the alkyl Schiff base to give a stable
6-mexbered ring, namely, & diketocyaﬁidine according to

the f%;lowing:

H
Y i
, R
"'"—‘?"8'6‘353 C=0
2 Csﬂsﬁ w C o ( , ’
g B - C.hy
o

¥nere R is an slXyl group.
Aryl Schiff bases do not react in this menner and if they
do react &t 211, they prdbébly form unstable 4-membered rings.
It is seen that it wonld be decidedly difficult to ex-
plain a reaction of this sort on & basis of addition to the
carbonyl linkage followed by & subsequent rearrangement.

The purpose of the present worx is to show that ~HMgX
and -SMgX compounds which may be considered as being halogeno-
magaBsium salts of amines and mercaptans {thio sleochols) do

‘add to the carbonyl linkage of phenyl isocyenete and phenyl

(68) Lange, J. Am. Chem. Soc., 48, 2440 (1926). See also Hzle
and Lange, ibid., 41, 379 (1919); 42, 107 (1920).
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/z"L@thiocyanate. Diphenylaminomagnesium hslides and p-
| ‘gf;//"jﬁ”i’;‘iocresylmagnésium halides were the typical compounds
s v‘s/ie!lected for this study.
‘Let us consider the possible reactions thst mey tske
place in this work. The possible ecuations for diphenyl-
. aminomagnesium nalides and phenyl isocyanate are:

' i

;oo CeH. §E -C =0
L — 6% % T T . CpHs0 - :s. C,E,
AT MgX N-{CgHglp o
g |
:-/}:‘ ) , . C5H5 - ? s ? =0
e Cxs  F(Ced5), =

R
oA
v

'”"'(6-635,}21! -.Mg:z; + CgEE =C =0 = CGHBK:? - OMgx
N(CgH,)

52

, o

4 OzHp S - ¢, 2L {csﬂsx =¢ -ox }
7 B(0,Hg)z

5 i
rearrangement s p§ _ g =g
65 i
H(CgHg)p Xl

If ecmation (XI) is correct triphenyl ethyl 'urea would
be isolated, but for eguation (XII) we would expect' only tri-
phenyl arede
'- The following equations represent the possible reactions
between diphenylamino-magnesium halides snd phenyl isothio~

c'ya nate:
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(0635)21§Mg:x+8635]§:c=s 5 (}635-—3&:-(‘3:3
o Hg¥ ﬁ(ceﬂ5)2
I
+ Ogg0 SOy ——-CeHSl - G =
]
O 711

C.H5 E(c635)2

(0635)2N3igz + 0635}1 =C =5 —0 41X -('} -8 - MgX

0 N(C535)2
i
~S- =0 - SCHZ
+ G HO f C,Hy —>LeHN _c.: SC 2,
o} E(c H XIV
( 6 5)-2

According to (XIII) triphenyl ethyl thiouraguyguld be
formed, but by (XIV) S-ethyl-triphenyl-thiourea/be formed.

These equations represent the possible reactions that
might t2ke place between p-tolylmercaptomagnesium halides
and phenyl isocyanate:

CoHsN = C = O + CgpHp SHgX —s= CGHSK ——C =0

C
"

i
=2

+ Cgﬁso-f—cvﬂ,? ————pm CHN e . C =0

0 CoHg

SC,ZH,?

l
30737
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p o= ] S X - - - {

o SCrHy
it HOE
+ C,HO - ‘s‘ - c737 —— [0635:3' = ?_- 03}
G SCrHy
\
rearrangement 06353 -eC =0
S C7E7 DA

According to (X¥) p-tolyl phenyl-ethyl-thiolcarbamate
would be isolated dbut by (XVI) p-tolyl phenyl-thiolcarbamate
would be obiained.

- The equations which represent possible reactlons between
p-tolylmercapto-magnesium hslides and phenyl isothiocyantae
are:

GSHEN =C =8+ Cv;H.-,SMgK — 05355; - (‘) =S

i
+«C HO-S-CH . CeHs8 - C =8
25 77 "“”“*65?' |
0 C H; SC,H, X711

C635E=C:S+C,?H?SM8-A————>06§5H=?-S - MgX
o SC, Hy
] : (
+ 32550 -S - 0,737 ___.9.05H53 =C -5 ~ CzH5
1t !
o , 337'37' XV1II

According to (XVII) p-tolyl phenyl-ethyl-dithiocarbamste
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would be isolated but by (XVIII) p-tolyl (S-ethyl) ~ phenyl-
dithiocarbamate would be isolated.

The experimental work was carried out with the ides of
determining, if posscible, which equations (XI to XVIII} are
the correct ones. |

The method followed was much like that deseribed by Gilman
end Einney®2, except alkyl p-toluenesulfonates®? were used
as elkyleting agents instead of alkyl sulfestes. It was found
that the elkyl p-soluenesulfonates will not slkylate secondary
amines or mercapians in an ether soluftion but will alkylate
the corresponding -Mg{ compounds quite readily. Gilmen and
Kinney®% reported that dielkyl sulfates &id alkylate p-thio-
cresol but not with a good yield.,

Magnesium bromide etherate was gdded to the reaction
mixture, after sufficient time had been given for complete
resction, in order to destroy any excess ester. 1% is seen
thet & method of removing the excess ester would facilitate
the isolation oi the final vroducts of the reaction. An ex-
periment was carried out to show thet the ester could be
completely removed by means of treating it with magnesium

bromide etherste in ether soclution. The corresponding alkyl

bromide and magnesiom p-toluenesulfonate was formed.

- -y @ WO > Gy D oy W T
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{69) For leading references to the use of 2lkyl p-toluene-
sulfonates see Gilman and Heek, J. Am. Chem. Soc., 50,
2223 (1928). | |
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EXPERIEENTAL

The Reaction between Magnesium Bromide Itherate and Ethyl p-

Toluenesulfona te

The purpose of this experiment was to determine whether

or not an excess of alkyl p-toluenesulfonate could be completely

removed by refluxing the ester in ether with magnesium bromids

etherate.

The magnesium bromide etherate was prepared by slowly

adding an ether solution of 40.0 grams (0.213 mole) of ethylene

bromide toc & 500 cec three-necxed flask, fitted with stirrer
and condenser, which contzined 6.0 grams (0.25 a2tom/ of mag-
nesium turnings.

An ether solution of 80.0 grams {0.40 mole) of ethyl-p-
toluenesulfonate was added dropwise to tihe magnesiwm bromide
etherste. A rathef vigorous reasction took placeAand a
crystalline pregipitate separated out. PThe miXture, subse-
cuent o complete ad&iﬁion o the estéi; was refiuxed for
three hours over z hot-plate. It is consiééred that the
long time of refluxing wes unnecessary.

The magnesium p-toluenesulfonate was filtered through =

Buchner funnel. The ether filtrate was washed witkh water,

dried over sodium sulfate end distilled on & water bath.

There was only one gnd one-hslf grasms of msterisl that
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failed to distill over on a water bath. This residue gave
an excellent guelitative test for sulfur.
It is seen that practicelly all of the ester, (only one
and one-half grams remained out of an original eighty grams)

was removed by this treatment.

The Resction between ITiphenylamine, Ethylmsagnesium Chloride,

Phenyl Isocysnste, Ethyl p-Foluenesulfonate znd Magnesium

Bromide Ztne rate.

An ether solution of 16.9 grams (0.1 mole) of diphenyl-
amine was placed in a 1 liter three-necked flask, fitted with
a stirrer and condenser. An ethylmagnesium chloride solution
was added until 2 positive color test could be obtained. 4n
ether solution of 12.0 grams (0.1 mole) of phenyl isocyanate
was added dropwise 0 tane contenls of the flask. A4 mild re-
action sppeared $o nave texen place upon addition of the phenyl
isocyanate. The mixture was refluxed over a hot -plate for
fifteen minutes and an ether solution which contained 40.0 grams
(0.2 mole) of ethyl-p-toluene sulfonste was added. The mixture
was refluxed over a hot-plate for one hour. A large amount of
white precipitate separated out.

An ether solution of mesgnesium bromide etherate was edded

to the mixture in order 4o insure complete removal of the

ester. The magnesium bromide etherate was prepared from
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2.4 grams (0.1 atom) of magnesium sand 18.8 grams (0.1 mole)
of ethylene bromide in an ether solution.

The mixture was refluxed over a hot-plete for another
hour and hydrolyzed by pouring it {the mixture) into about
two liters of iced water. 4An zmount of hydrochloric scid
sufficient to dissolve the R@(OH)Z was then added. The
water lsyer was extrscted once with ether. Long needle~like
crystzls soon separated from the ether. The combinéd ether
layers were evaporated and Z21.0 grams of dry crystalline
materisl was obtained. This hed a melting point of 1360-7°,
The melting point was unchanged by recrystsllizing the
materiuzl from alcohol. The literature gives & melting point
of 1560 for triphenyl urea. This compound was further identi-
fied as triphenyl urea by meXing 2 mixXed melting voint defer-
mination with an suthentic specin:gi The guantity of meterisgl
obtained here corresponds %0 & 73% yield of triphenyl uresa.

vhenyl e’chyl' urea, the conmpound that should have been

obtained if the -KMgCl had added to the nitrogen atom of phenyl
isocyanate, melts at 1529,

1t is cuite evident that triphenyl ethyl urea prodbably
was not obtasined in this experiment on account of the purity
of the crude material.

The fact that trlnhenyl ethyl urea was not formed is

..__...-—-_—_—-_———.—-.—-—._—.—-..--.—-._-—-—-.————.—-—-.———-—_-.—_—-._—-Q—.—_———__

{682) This was prepared efter = method described by Gebhardt,
Ber., 17, 2088 (1884).
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offered ss evidence that diphenylaminomagnesium cnloride
addsd to the C =0 and not the N = C linksge oi phenyl iso-
cyanatee.

The -Reaction between Diphenylamine, Ethylmegnesium Chloride,

Phenyl Isothiocyanate, Ethyl p-Toluenesulionste a2nd Magnesium

Bromide ILtherste.

This experiment was carried out exactly the same as the
preceding one except an ether solution of 13.5 grams (0.1 mole)
of phenyl isothiocyanate was used instead of the phenyl iso-
cyenate.

The intermediate product formed by the addition of diphenyl-
aninomagnesium chloride and phenyl isothiocysnate was insol-
uble in ether.

The product obtained in this experiment would not crystali-
ize from an ether solution. Therefore it was distilled under
reduced pressure and 28.0 grams of a light yellow-colored
viscous oil which boiled at 243°-59/5 mm was obtained.

Almost identical results were obtained from z2nother run
in which dipnenylaminomagnesium iodide was used instead of
the corresponding chloride. The intermediate compound in thais
case also was insoluble in ether.

The oil, when refluxed with a 20% hydrochlorie acid

solution, gave off carbon dioxide. The hydrochloride layer
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{(an oily layer was present afjer this acid hydrolysis) was
made basic with sodium hydroxide and extracted with ether.
The ether leyer when distilled gave a8 small smount of meterial
b.p. 176°.

This matefial was identified as aniline by converting
it to ascetanilide. The oily lsyer that remained after hydroly-
sis with hydrochloric acid was thought to be ethyl {thiol-
diphenyl carbamate becasuse s subsecuent hydrolysis of this
product with & 25% solution of potassium hydroxide gave
diphenylamine and ethyl mercaptan. 7The ethyl mercaptan was
not positively identified on account of its rather low
boiling point. The odor was taken as suificient identifi-
cation in this case because ethyl mercaptan would be the
only one possible. It is well known that mercaptans have
a rather charscteristic odor.

Aceordingly, the oil boiling at 243°-50/5mm must be
(after £IV) S~ethyl-triphenyl-thiourea. The yield was
83%. |

Analysis. Calculated for CoyHpalNoS: S, 9.64. Found:8y

9,.78.
An exsmination of the several solutions failed t0 re-

veal any indicetion of ethyleniline. This compound should

heve been isolated if sddition hed tsken place at the

H = ¢ linkage after (XIII).




The Reaction between p-Tolymercapian, Ethylmagnesium Iodide,

Phenyl Lsocysnate, Ethyl p~Toluenesulionate and lMagnesium

romide Efherate.

An efher solation of 12.9 grams (0.1 mole) of p-tolyl-
mercaptan was placed in & 500 cc three-necked flask, fitted
with a stirrer and condenser. An eguivalent amount of ethyl-
magnesium iodide solution was added. Even though the re-
action had apparently cessed before 21l the Grignard reagent
had been added, & color test could not be obtained'C. The
mixture waes refluxed over 2 hot-plate for sn hour subsecuent
to the addition of a2n ether solution of 40.0 grams (0.2 mole)
of ethyl p-toluenesudfonate. The mixture wes then refluxed
for three hours and nermitted to stand over night.

Megnesium bromide etherate (0.05 mole) was 2dded engd the

mixture refluxed for another hour before it was hydrolyzed.

S = D D . iy S A gy U B Gy D T . . WP > O TP CU AP Y o, Y D ) B Y DI M T U G AUy O SPS. EVY GG Yot s D WY Y S D o W

(70) It might be mentioned here that it has been noticed
Guring the orogress of this worx that there is an
apparent interference ol some mercaptans and amines
with the color test. This interference has been observed
only in the case of organomagnesium iodides, and not with
the bromides or chlorides.

It has been observed that adbout two ecuxvalents of an
orgenomagnesium iodide must be added belore a positive
color test can be obtained. In these cases an ether
insoluble oil, much liXe magnesium iodide etherate, 8l-
ways separates oub.

o explanstion for this aiparent interference is offered.

. In cases where this interference has been observed, the
color test has been disregarded and only the theoreticsl
amounts of the orgsmnomagnesium iodide have been zdded.
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The ether layer after hydrolysis was extrascted with 4il=- .

. Rte sodium hydroxide in order %o remcve any unreacted p-

tolylmercapten. None of the mercaptan could be recovered.
The ether was evaporated and as no solid material
érystallized out the substance was distilled under reduced
pressure. Fifteen grams of materisl b.p. 1050-100/7 mm was
obtzined. Thid had the appearance of being ethyl p-tolyl

sulfide and furthermore i} was successfully oxidized to ethyl

o~%0lyl sulfone m.pe. 52°-3°. The sulfone was in turn identi-

fied by 2 mixed melting voint determinstion with an authentic
specimen. The amount of substance which boiled at 105°-10°/7mm
corresponded to & cquantitetive yield of ethyl p-tolyl sulfide.

The results dbt?ine& here were unexpected. The expected
compound was p~tolyl phenyl thiolcarbsmate as described by
Gilman and Kin357.

The Reaction betﬁeen.Ryfolylmercaptan, Ethylmagnesium Iodide

and Phenyl Igocyanate.

This experiment‘waé earried out on account of the un-
expected resulis obtsined in the work described gbove.

This experiment wes identica2l with the gbove as $0 method
and zmounts of materiels used ezxcept no ester and no magnesium
bromide etherate was added. Practically a cuantiftative yield
ohil Bftolyl-phenyl-thiolearbamate MePos 1260-7D was obhained

as described by Gilmen and Kin357 for this reaction.
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p-Tolyl-phenyl-thiolcarbamate wes refluxed with magnesium
bromide etherate in order to determine whether or not the
‘ addition of magnesium bromide had any effect upon this com-
g pound. There was no indication that a reaction had taken
E vlace becsuse practically a cuantitative recovery of the un-
changed p-tolyl-phenyl-thiolcarbamate was obteined.

3
i
|
I
{
i

The Reaction between p-Tolylmercaptan, Ethylmagnesium Iodide,

g.?henyl Isothiocyanate, and Ethyl p~-Toluenesulfonate.
1 .

An ether solution of 12.4 grems (0.1 mole) of p-tolyi-
;f&mrcaptan was placed in a 500 cc¢ three-necked flask fitted

with o stirrer and condenser. DThe theoreticsl smount

(42.0ce of 2.38 K (0.1 mole)) of an ethylmagnesium iodide

22 could not

3o e

,§olution was then added. A positive color iest

19

)%e_obtained and as usual sn oily lsyer separated out7o.

i A

An ether solution of 13.5 grams O.l mole of phenyl isothio-

!

B o

i pjﬁnate was 2dded. ‘& precipitate did not forxm at this stage
;ﬁgé,had been the case in the vprevious experiments. A mild
E /éeaction appeared to tuke place upon the addition of the
j i?hényl isothiocyanate. After refluxing the solation for one

| /hour zn ether solution of 40.C grams (0.2 mole) of ethyl p-

%f‘toluenesulfonate was added.

. No magnesium bromide etherste was used here because gll

"
§

;f/%ﬁe ester would be used up regardless of the mode of the
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réaction with the phenyl isothiocyanate.

Subseguent to & two~hour period of refluxing, the mixture
was hydrolyzed by pouring it into an iced hydrochloric acid
solution. Phe weter layer was extracted once with ether and
the combined ether layers were dried over celcium chloride.
No solid material could be obtained by evaporation of the

etaer. Therefore, this solution, after removal of the ether,

was distilled under reduced pressure., IThe following were

Fraction I, poriion up to 100°/7mm - 3discarded
Fraction II, 15.0 grems b.p. 103°~5°/7 mm.

Praction III, 10.0 grams b.p. 223°/7 mm, sn0d m.p. 78°.

Praction I. There was only a very small smount of
material end 1% was discsried.

Fraction II, This was in the boiling rsnge of ethyl

p~tolyl sulfide but could not bve successfully oxidized to
the corresponding sulfone.

PFraction III., DThis portion when refluxed for severml

hours with 2 20% hydrochloric =cid solution gave an insoluble
oily layer in =2ddition to the hydrochloride layer., Aniline
was the ponly product fthat was obtained affer ma¥Xing the
hydrochloride portion basic with sodium hydroxzide. The
insoluble oily luyer, probably ethyl p-tolyl dithiocarbonate

gave ethyl merceptzn upon slkaline hydrolysis, &s indiceted

it a g g
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by the odorql. p-Thiocresol was recovered when the alkaline
solution was made acid with.hyﬁiochloric acide.
Aeecordingly, Fraction III was p-tolyl {S-ethyl)-phenyl-
dithiocrsbemate after (XVIII). The yield was 32.0%.
| Anglysis. Calculated f&r Clsﬁi?RSE:S’zg'sz‘ Found:
£,22.58: 8. 22.70.

The Resgetion between p~Tolylmercapian, Efhylmagne sium Iodide,

and Phenyl Isothiocysnete.

This experiment was exactly like the preceding~one ex-
cept no ethyl p-toluenesulfonate was added. The mixture was
hydrolyzed in the ususl manmner gfter it had been refluxed over
a hot-plate for twec hours. An ether weater insoluble crystelline
material was obiained upon hydrolysis. This masterial melted
at 143° and weighed 26.0 gzams when dry.

This -compound, m.p. 143°, was hydrolyzed with 8 25%
potassium hydroxide solution. A& white crystalline material
separated out. This materisl was filtered out and recrystal-
lized from alcohol. The melting point was 151%-2°, 7his
product o2 hydrolysis was identified as being thiocarbanilide
meo. 152° by meking e mixed melting point determination with

{71) Dr. Gilmen, R. E. Brown snd S. A. Harris said there was
no doubt ¥Yut what the odor was that of ethylmercaptan.
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an authentic specimen.

The alkaline filtrate was mede acid with hydrochloric

‘? and p~-thiocresol was recovered. Hydrogen sulfide was elso

' liberated at this time.

Therefore, this compound which melted 2% 143° was founad

“Eto be p-tolyl phenyl dithiocarbamete. The yield was guanti-

" tative.

Analysis. Calculeted for 014H15382:S,24.74. Found:S,24.59.
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DISCUSSION

The results obtiined in the eXperimentel work indicetss

thet diphenylaminomagnesium chloride did ad4d to the thio

carbonyl linkage in phenyl isothiocyanatie (after ZIV) and

-~

thst p~tolylmercaplomzgresium iodide did add %o the thio-

carboayl linkage in phenyl isotaiocyanate after (AVIII).

Thie stuay should further =dvsnce the ides thet addition
does generelly take place at the carbonyl or tziocarbonyl
linxege in phenyl isocyanste and phenyl isothiocysnate be-
cause we have adequate proof that this is the mode of sddition
in the case of smines and mercaptans {thio alcohols). |

There is 2 possibility that eddition mmy have tsken plsace
at the ¥ = C linkage, the -lgX going to the nitrogen atom
and then shiffing immediately to the oxygen 2fom or sulfur
stom as the case myy be. The work in another pert of this

thesis?? indicates that the ~dgX will move from s nitrogen

atom to a sulfur gtom. It should be kept in mind that it is

just as rezsonable to postulate an ~MgX group meving from a
nitrogen stom %o a salfur atom or an oxygen atom as it is o
postulate a hydrogen gtom migrating from & sulfur or &n

oxygen 0 & nitrogen stome. :

L s e B s e e W T . T, ATy D A A Sy D ST SNy S - - - - - o

(72) See PART A, This ThesiS.
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However, the fact remains that we have ratner definite
proof that addition &id tske place &t the carbonyl and thio-
carbaonyl linkeges. Any definite proof that addition took
place at the ¥ = C double bomding has not been found. in this

work.
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SUMMARY

It hes been shown thst diphenylaminomagnesium chloride
and p-tolylmercaptomagnesium iodide does 8dd to the thio-
carbonyl linkege in phenyl isothiocyanate. By anslogy it
is alﬁost certain thaet these compounds alsc add o the car-

bonyl group in phenyl isocyanate.
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