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Ao BELATIVE REACTIVITIES OF HALIDES
; AND
SUPER=-ARGMATIC PROPERTIES OF FURAN

INTRODUCTION

Aromatic propertiss (1) are concerned not only with
relative velocities of substitution and the behavior of atoms
and groups attached ﬁ&réﬁkly to the nuoleus, but also with the
effeot of the nucleus on lateral uubnt&tuﬁnuu;k It has long
been known that aromatic nuclel cen exert a profound influsnce
on the reastivity of some laterally situated hniagan§¢ Illus-
trations are the high resctivities of chlorine in compounds
like benzyl chloride and bengzoylmethyl chloride (CgHgCOCHGCL).

Fumerous methods havw~baan'pragesﬁé and used to wshaﬁiiih
the relative reactivities of halides, Semb and HoElvain (2)
have compared the reasctivity of s number of alkyl bromides by
means of thelr reaction velocities with piperidine. This
reaction hee the dlsadventage of being aecompanied by a nume
ber of slde reamctions, one of the principsl being the removal
of hydrogen and bromine from sdjacent carbon atoms to form &n

unsaturated compound, Norris and Morton (3) have developed a

%%% g&ignn gng ggwa:;yﬁﬂaaﬁgv@?* ghime §3r,195;*1g§4 g%ggg;;
{2) Semb and MeElvain, J+ Am 0Ms S00e, B3, 6D0~696 51 )«
(3) Norris and Morton, J. Am. Chem. %:: B0, 1795-1803 (1928).
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method for comparing the reactivity of halides by the resacw
tion with alechol to form the ether and hydrogen halide.
%ﬁa aauhaé af the reaction was followed by conduetivity
methods. It 1s obvious that under ordinsry conditiona this
method is limited to quite reactive halides.

Haywood (4) has studied the comparative reactivity of a
number of alkyl lodides by means of the resotion

CgHgCHaONm + RI — NaI + CgHgOH,OR

Other mothods which have been used are the removal of hydro=
gen hallde with aleocholie potash, the reasction with aleoholie
silver nitrate, the reaction with sodium thiosulfate, and
reasctions with tertlary amines,

nfortunetely there 18 no complete agreement in the
order of relative reactivitiea of a ressonable number of
halides determined by any two methods. Furthermore, a series
of relative resctivities determined by a celected method ia
frequently altered when the same method is used under differ-
ent conditions. In short, thers is no ideal aariQéAwhieh,ann
be appllied rigorously te all reasctions of halides, and the
best which osn be hoped for at this time is & series of rela-

tive resctivities whioch has a by and large usefulness,

(4) Haywood, J+ Chem. Soc., 121, 1904~1921 (1922). References
are givén ¥o humérous other methods which have been used
in studies of comparative reactivities of halides,



P A

The classicel studies by Conant, Kirner and soworkers
{5) on the relative resctivities of halldes has provided a
very convenient method for ocorrelating the reastivities of
many new halides with %hﬁat‘ﬁra#&éunly'aavnaaigaﬁad* The
procedure consists in measuring the rate of the following
metathetical reaction, absolute acetone being uaod‘aa the
golvent:

| RX + KI — RI + KX
This resction has the advantage of being free from side
reactions such as hydrolysis and formation of unsaturated
or oyclic compoands (5b), The reaction is probably between
‘the lodide ion and the orgenic helide since the rate is
essentially the same with sodium lodide and lithium iodide

as with potassium ilodide. The resction velocity corresponds

to that of & simple bimoleoular reaction (5¢),

(5) (a) Qe?gggﬁﬁaﬁ Kirner, J. Am. Chem. Soc., 46, 232-262
oA , chon.
(b) Conant and Hussey, ibid., 47, 476-488 (1926);

{c) Conant, Kirner and Tuesey, Lbid., 47, 488-501 (1925);

(d) Kirner, ibid,, 48, 2745-2753 TIU26)7 and 50, 8446«
2455 g;f%@;;*ﬁﬁrnar_anﬁ Richter, 1bid.; Bl, 5409

o, tlso. bemnet Berry, J .y 130, 1
See, also, Bennett end Berry, J. Chem, Soc,, 130, 1676«
1684 (1927) and Juvala, Ber., 6%, I980-B009 [1650).

N




EXPERIMENTAL

The procedure used was essentially that of Conant and
Kirner. In the case of the more reactive (or unstable) halidea
such as bensoylmethyl awwaw»maw wsﬁaﬁﬁwﬁww shloride, 2efuroyle
mathyl awwaw»at and 2«furoylmethyl ﬁﬁé&»ﬁﬂa an acetons solue
tion of the halide wae prepared and aliquot portions of this
uaed in several determinations. The aaaaaaawwanag.aw the
reactants was thus reduced to one-hslf the ususel value.

Because of the instability of the furfuryl halides in the
presence of minersl acide, it wes found advantageous to hydrow
lyze the reaction mixture with ice and water and extract with
chloroform before adding the hydrochlorie scid prior to the
lodate titration, This made 1t much easier to obtain a satise
factory end point, |

Caleulations were mede on the basis of the following

form of the second order seguationt

-5

-

ks A _wa&‘ r

& ® time in hours}
b 8 concentration of potessium iodide in moles per liter;
r ¥ ratio of organic chloride %o potesaium lodide; and
% ® fraction of potassium lodide reacted in time b.
The factor 2,303 was omitted in all cases,
The value of kg,o was caloulated for all those substances
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which were of such ru&é&lv&&y that they eould not be measured
at this temperature, with the eid of the equation
log kggo/log ki # A £§$§m§¥~* 3%5);? A value of 4000 was used
for A. S |
The vninﬁ&vm,rﬂaaﬁifitzaﬁviaj are based on an arbitrary

value of cne for n-butyl chloride after the convention of
Conant and Kirner. L

_ %ﬁa‘geahn&quafwas~¢hnekaa by‘dﬁtﬁvmining'tha resction
velocities of bensyl chloride and bensoylmethyl chloride.
The former, ab ﬂ&“, ZRve an'&v&raggfvalnu of .766 and the
latter, at 09, 20.2. The wvalues of Conant and Kirner for
these compounds were ,774 and 22.4, reapeetively,
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Table I
Relative Remctivity of Some Halides
I Cﬁa( (}ﬁﬁ ) QGﬁgﬁl - A - 0.0408 ) ;w& 1.
1s  ()-CHgGl wmm 0,786 7.89 ——e 197,
ITIX. :}3 $ ,_.) w@ﬁﬁai wew 5,08 85,1 - 1370,
Iv. 108, (®)
. 04827 11.7 (ig8.) - 3184.
wﬁﬁgﬁl
g ,
Ve Q |
‘ 6}3 ~-CHL01 3442 4647 (510.9) o= 12,708,
o
Hp Hp
VI L // o - == {0400108) 040084 0.025
Hg 'Q¥EEG1 ;
0 .
VII. [i]”gugﬁagz 21.3  e-=  (3949.) wem 98,230,
¢ .0 o S
VIII. < >*§*Gﬁgﬂ1 B0.2  -=-  {3748,) wem  D3,180,

{a) R = Relative reactivity at 50°, n-butyl chloride = 1.
(b) Velues in parentheses were calculated sssuming A S 4000,
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Table I (Cont.)

Compound ko kpgo  kgoo ke R

0
oo

Xo . " ¥ - - {0.,0855) o35
. H‘&.’U\%Gﬂﬁ”mﬁ”%al - (0.0835) 0.126 133

IXe U-«mxﬁ»mym&gax wee  wes  {0,101) 0,237  2.51

o

XX+ U» ‘ < XII. -0
T o qsm ) D €1
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@:ﬁ»a&gﬁﬁﬁﬁﬁ%ﬁﬁ nwwﬁqwna mﬁw amfaﬁawwmw@wuﬂnaamw\mwwaa»na {v1)

{r & 4,66, b ® @n@&ﬂ@w
Time in % rescted k

0
hours , 28
0.0833 BE8.5 41.0
0.100 65,4 47.8
0,108 87,6 49,8
0,188 72.:8 49,0

Average a@*a‘.

{r s 4.7, b = Qnﬂﬁ_@ﬁu
ime in % reacted  Kgno

hours
84 8. 0.0024
110 12.44  0,0026
187 15.8 0.0028
870 25.0  0.0084

NS

Average 0.0024

w;wgaaqw gﬁ@wqw Chloride (VII)

mﬁ % bt@@% b= @*Q&H*w
Time in £ reascted k.o

. hours 0
0«1666 5540 - 82,3
0.326 74.4 ‘MQG*

%«&ﬁama ww;«

xxmwtwﬁaqutwaéﬁqw Chloride (IX)
{r » 4,60, b % 0,0428)
Mme in ¥ reacted k

hours 60°

.16 20,3 0.236
13.8 6746 0.236
F&aﬂ@ T0.8 0.840

. -n’cmirf'u~u‘nu PP u%n VS e &&&“n

»«uﬁamm eammﬂ

Y i?@agwgﬁag:;ﬁaﬁp chloride (X)
(r 2 4,67, b ® 0.0428)
Time in % reaoted  kg,0

hours

5.28
840
" 8.0
16.25

26.3 0128

7.2 0,131
59,7 0,129
59.2 0.128

»%&&a&a m
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Compounds

The &imﬁﬁwgaww awwaa»@a fsm prepared in accordance with
the direstions of Kirmer (6), and check runa were made with
two different batches of furfuryl chloride. The author is ine
debted to P. R. Van Eas for a part of the furfuryl chlorideg
W. A, Zugschwert for the preparation of the Senitrofurfuryl
ehloride (7); We O« Calloway for the Z-furoylmethyl chloride
end to E. Vs Brown for the S«furoylmethyl bromide and S~bromo-
2-furoylmethyl bromide, Tetrehydrofurfuryl chloride wes pre-
pared by Kirner's method (8); and Y «(2-furyl)-propyl chloride
“and ) e{2-tetrahydrofuryl)-methyl chloride in accordance with
Hewlettt's directions (9). The bensoylmethyl bromide and
mw&wnaaaaﬁaﬁqysﬁawww bromide were wzmuwaaa@ from the Eastman
Kodak Company. .

«awm»&aaaﬁ;wkaﬁaggwaﬁ‘awﬁ@miwaaw«wawwwasam_
S50 ST HOmTs ) Sk
(7) Gilman and Burtner, Yowa State Colls J. of Seoi., 6,

) m»mma;a@ﬁ,hwwa&mw | e SESRT S e SlTE S

1 rnery J. Ams Chems Bocs, 52, 3251-3256 (1930).

(0) Gllman efia WewleTE, He, trav. chim., 51, 93-97 (1932).




DISCUBSION OF ﬁEﬁﬁﬁ%ﬁ

Gorrelations have been drawn between v&éaﬁiv&ﬁy;and
aromatioity (1) end it is to be expected, in general, that the
resctivity of halogen in the series ACHpX will increase with
the negativity of the esromatic nucleuss On preaent evidence
it has been suggested that furan ie more arometic than bensene.
This finds support in this study of the relative resctivity of

some halides containing the furan nucleus.

Furylalkyl Chlorides

An amam;ﬁut&an of the general results conteined in Table I
ravaaia that slthough benzyl chloride is 187 timmd a8 reactive
aakggbutyikéhiaraﬁn, the analagen@ g=furfuryl chloride (com-
pound 1IV) 1e sbout 3184 times more reactive than n-butyl
chloride and mere than 16 times as reactive as benzyl chloride.
A related effect is observed when comparisons are meds betwsen
- p~nitrobenzyl chloride (III) and Senitro-@«furfuryl chloride
V), the fursn compound being about ¢ times more reactive than
‘1ts benzene anslogue, |

A8 the distanes between the phenyl group and the ah&nriaé
is inavouniﬁ byyihareaaﬁag the number of meﬂﬁylane graﬁ§a,'thﬁ
activating influence of the phenyl group é%eraaaaa{ray&ﬁly: A
ralaﬁ#d mrfﬁbh &ayapynréaﬁ iﬁ khaffurunuaawiaa’ favﬁy*qfﬁwruryl}u
propyl stleride (IX) has & reactivity of 2.51 as compared to
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1,72 for the corresponding phenyl derivatives It is e¢4»e¢a
that here, alao, the 2«furyl radical haes & greater activating
affect than awﬁ«wwaaﬁw radieal.

Petrahydrofurylalkyl Chlorides

When the sromaticity of the furen nusleus is esgentially
destroyed by complete nuclear hydrogenation there i8 & merked
drop In resctivity of lateral chlorine, The pronounced de~

- srease in reactivity of chlorine in 2-tetrahydrofurylmethyl
ehloride {VI) 48 probsbly due in part to the faet that the
aﬁw@&pg« is on & carbon atom which is in & S «position with
“pespect to oxygen in the gaturated system, Xirner (10) has
obaerved gqualitatively the reletive inertness of the chlorine
in this compound towsrd hydrolysis, ether formation, and the
reaction with potassium lodide,

There is little doubt thet the analogous oyclohexylmethyl
ehloride (Table II) is of & somewhat higher order of wawaﬂwWwawn
&8 Judged in part by the relative eamse of Grignard reagent
formation as well as by the orienting studies on reaction
- velocities with potassium iodide reported here,
| 4 grester displacement of lateral chlerine from oxygen,

88 in [} «(8«tetrahydrofurfuryl)-propyl chloride (X), increases
the relative reactivity from 0.025 to 1,33, This is an example

(10) Kirner, J. Am, Chem. Sog., 52, 3251-3886 (1930).
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of the very unusual gasse of an o ~compound being less reactive
than the remaining members of the serles, The K ~tetrahydro.
furyl redical tends to depress the halogen rsactivity below

that of saturated aliphatic halides instesd of activating it

as do the phenyl and furyl radicals. As the number of methylene
groups is inoreased betwesen the halogen and the ﬁe&rahydrafﬁry&

redical this influence decreases rapldly.

Faroylelkyl Chlorides

Phenaeyl or benzoylmethyl chloride (VIII) is one of the
most reactive halides studied. A value of 93,130 was obtained
for this compound & compared to 98,830 for 2-furoylmethyl
chloride (VII)., This difference is slight, and may be within
the experimental error which is of the order of 10 per cent,
but sgkin indioatea that the 2.furyl radiecal hes & greater
activating effect than the phenyl radical,

The Z-furoylmethyl bromide and S-bromo-g-furoylmethyl
bromide, as well as the analogous benzoylmethyl bromide and
p-bromobenzoylmethyl bromide (p~BrlgHsCOCHGBr), react prac-
tically instanteneously with potassium iodlde in acetons at

'9“, and go cannot be measured st this %&mﬁnwaﬁurau
Acld Chlorides

From some quelitative observetions, 2-furoyl chloride

appears to be less resctive toward potassium iodide in acetone
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than is benzoyl chlorids. This mey indioate that reactions
N éf aoyl halides with p@tﬁami&mkiaéién involve preliminary or

'namau@ramﬁ‘reauﬁiam with the sarbonyl group, for the sarbonyl
group in S-furfural, for example, is less resctive than the
~earbonyl group in benzaldehyde (11).

Limits of R&&ahivikiaﬁ of Furan Halides

It is rather interesting to note the extremes in relative

reactivities of furen halides, 3SwPurfuryl chloride may be
the most reactive asimple anlarzéa of the type &Gﬂgal {where A
dealgnates an unsubatituted alkyl or aryl nucleus) which has
- been alloceted in & series of reletive resoctivitiess In sharp
- contrast 1s the relative ineritness of 2-furyl chloride
{2-C,Hg001) and the astonishing inertness of 3-furyl chloride
(12), The simple halogenofurens are less reactive than the
corresponding halogencbengenes, snd 3«-fluorofuraen may be the
moat inert simple fluoride. 2-Bromofuren san be dried over
‘metallic sodium, Thie compound ﬁhﬂ#&ﬂ no reaction with potase
sium lodide in acetone in 23 days at 60°, INowever, bromobensens
aleo appeared nak'to have undergone any meassurable reaction in
18 days at 609, fThese obmervetions agree with those of Kirner
that the halogen in gﬂﬁﬁx ie more reactive than in AX or
ﬁfﬂﬂa)nx, where A 18 & nagaﬁiv& groups Where A is the tetra-
bydrofuryl (and probsbly also cyelohexyl) radical this is not
true.,

E L I D T I

fz:-t.) Conant and Bartlett, J. Am. Chem. Soc., 54, 2881-2899 (1932).
(12) Gilman and Weight, J. Am, Chem, SoGs, 58, 20932806 (1933).
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The negativity (or aromatieity) of the radical sppears to
‘be the most important faatﬁ» in the reaction of the haliﬁa with
potassium iodide, Thig is likewise true in the sclasion of
organometellic compeunds with acids (see part D) and in the
fonization of acids (see part C)., However, negativity series
based on ﬁhﬁaa.raaatians«waﬂld ghow numerous differencess The
firat two reaetions are not equilibrium reactions and the
driving force or ﬁa&rakaa in free energy is only one of the
factors, and not necesserily the determining factor in the
reaction. Baker (13) sugpests that the various snomalies in
the effect of substituents on the reactivities af‘aiﬁewahain
halogens may be explained by assuming the presence of at least
two rate-determining stages of opposite polar aharﬁaﬁer;. It
is obviously unsale to draw g@naiuaianu a8 to electronlic struge
ture rram studies of rates of reaction (14) unless o detailed

snalyais of ﬁnairaﬁation meshanigm has been made,.

(13) Baker, Js Cheom. Soc., 1933, 1128.1133, This 18 one of &
concuPrent series of theoretical psperas on this subjeot,
The other pepers are by Bennett, Robinason, Shoppes,
Ingold, and Dawson and Dyson.

(14) Adkins, J. Chem. Ed., 9, 1B68-1873 (1932).
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BUMMARY

1. The relative reactivities of some furen halides
have been determined by & study of reaction velocitles with
| potassium iodide in scetone.
2, The furan nucleus has & marked activeting influence
on helogens attechad to a side chain, For example, 2-furfuryl

© - ghloride is asbout 16 a»gaagabaa,awmaaw4a than benzyl chloride,

and Se-nitro-2-furfuryl chloride is about 9 times more resctive
then p-nitrobenszyl chloride, and about 12,700 times more
reactive than mwuﬁﬂww,awwwawma; This eoffect decreasss rapldly
a8 the chlorine is placed at & greater dlstence from the rings
,wa&ﬁaﬁwta;awwﬁaamaeﬁyuw.wya only about twioe the reactivity of
the corresponding phenyl compound,

B¢ A mawamas,awaaawamfawﬁ@aaww to the furan nutleus is
comparatively inert, |

4y The vuwmw«u are »&ﬁaﬁaum.»n<a¢wm6&w of the concept
that furen is more aromatic than benzene,
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B, Pﬁﬁﬁﬁﬁ@ﬁﬂ OF SOME FURANS

IHTRODUCTION

Molecular volume has long been sonsidered an sedditive funce
tion and considerable work has been done on the correlation of
molecular volume and chemical constitution, Its practical
value is, however, limited by & number of factoras It varies
with the temperature. The actual volume ocoupied by the
molecules is difficult to determine, The apparent volume ia
\uné@ubtedly influenced by a variastion in internal pressure
from one liquid to enother. This pressure, which for water 1is
about 1&,666 (1) atmoapheres at ordinary temperastures, is pro-
duced by the forces of attraction between the molecules which
give riaa to surface tension. If 8 sorrected volume could be
determined which would take into sccount this contracting
effect and which would not vary witﬁ ﬁeﬁyarature it should,
even though empirieal in naturs, lead ﬁé morse regularities
then e comparison at constant temperature or constant vapor
pressure, |
‘ The parachor is Sugden's attempt to invent such a function.
HaeLeod (2) ha# shown that in the equation '® C(D - a)t

1) Sugden, J« Chem, Soc., 125, 1177-1189 (1924
52) %achaad,“@rﬁﬁ#g'Wéﬁﬁéézfﬁﬁéi, 19, 38-42 (19%§)¢
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where Y ® surfece tension
D ® denaity of ligquid
d = density of vapor
for non-associsting subatances ¢ is a characteristic constant
which is pa&¢ﬁ¢zaﬁnw of the temperatures By taking the fourth
root of the above equation and multiplying by the molecular
~weight Sugden obtained his equation for the parachor:
P afw » oy

-

ﬂwangnw«ww%\x,ywaawﬁawaweaa a%geva&&w&maawasﬂaaﬁﬁaas
;aﬁﬁamukawaﬁe a‘wm wgwwwa is the (apparent) moleocular ¢@wﬁﬁam
hence a aaﬁva&»@us of P for different substances is, in the
words of Sugden vau.za mcawmﬂwm¢5 of the molecular volumes at
waﬁwaﬁwnﬁa@m at which the liquids have the sams surfece tene
sions™, Sugden has alsgo ehown aﬁmaa for asa«,aeawaﬁama. the
perachor has & more or less definite relationship to the
eritical volume; namely 78 per cent +3 per cent.

The eu&aw4w& figures for P can be reproduced by adding
together two sete of constants, one for the atome in the molew
cule, the other for constitutional influences of unsaturation
and ring closure, Position isomerism does not, in general,
cauge & awgamm_ww Pe & ;C-¢l double bond has the same
value as the ,€=0 and ~ N:= 0 double bond, The seme sixe
membered ring constant can be used for bensene, cyclohexane,
pyridine and quincline., The same triple bond constant is used

for acetylenic compounds and nitriles,
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The additive aharaat&r mf the parachor sete obvious limits
to its application to problems of chemical constitution. A
change in the position of a radieal or linkege in the molecule
hag no effect on the value of this constant. If, however, two
lsomeric substences differ irn structure by the replacement of
a double bond by & ring, they should exhibit differences in
parachor which will depend on the number of stoms in the ring.
| The parachor has been used with distinot success in the
study of certain typer of valencies, notably singlet linkages
and semipolar double bonds (3).

Although there is no p&aawnu definite iInformation con-
cerning the constitution of furan the following forms and their

slectronic modificatione sre particularly useful (4):

T LIS LT [T LY
4e  cH , He — CH HC~ SCH He CH
N4 \'o/ \\O// \\o/ S
o ..
p= 160.] pP=157.1

(The parachers given are those caleulated using the satomic and

structurel values given in Table I.)

(3) Sugden, "The Parachor and Valeney®™, London, 1930,

{4) See (&) Gilman and Wright, Chem. Reviews, 11, 324.327 (19032)
and Gilman, Burtner and VandeérWal, Hec. tPav. chime., 52,
151-185 (1933) for & general discussion oF Ethese and OLher
formulas proposed for fursn, and (b) Pauling end Sherman,
iy Cheme th Bay E_, 606~817 (1933).
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It appeared that a study of the parachors of some typical
furans would not only throw some light on the constitution of
furan, but would elso aﬂéiah in explaining the constitution of
some substituted furans like Z-nitrofuran and compounds with
the dynsmic furluryl linkeges |

The reaulbts here raya?tﬁd are In supyswt of the clasgical
diolefinie formula (I) or atructures related to 1t like centrie
formula (IIl)s The ethylene oxide forsmula (II) is useful in
interpreting some resctions like oxidatlion; however the compound
represented by this formula is probably not present to & sige
nificant extent, It 18, of course, 1&96&&&%19 within the
limits of aceuracy for measuring parachor to definitely &nd
rigorously exclude any faﬁmula*. The best thet can now be
hoped for is an idea of predominant forms, It atill appears
altogether probable thet furan consists of a dynemic equilibrium
of a number of structures, some of which are more useful than

otherg in interpreting specific resctions.
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EXPERIMENTAL

The surface tensions (Y ) werse determined by the bubble
pressurs method described by Sugden (3) (5). Liquid denmities
(D) were determined with the usual picnometer in preference to
the special plonometer described by Sugden {(8)s 'The latter
method is less tedious but appeare to give somewhat leas
dependable results. Denalties of the vapors (d) were omlitted
excopt in the cases afkfuran, 2emethylfuran, 2,b6-~dimethylfuran,
2-bromofuran and 2-furfuryl methyl ether. In these cases (d)
was still smell enough to be caleulated satisfactorily by the
method of Sugden (3)e

For calculating the parachor the usual formula P w %)’%;
was used, where M rﬁprawenté molecular welght, -

A1l of the compounds, except n&tvofuéan, were freahly
distilled prior to use, the furan, 2emethylfuran and 2,5-di-
methylfuran being distilled from sodium: Nitrofuran was re-
crystallized from petrolews ether and dried in & vacuum desicoator.

The caleculated values given in Table II are on the basis
of a diolefinic structure (I)s The stomic and structural
parachors used in these caloulations are given in the following
table.,

(5) Sugden, J. Chem. Soc,, 125, 2731 (1924).
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Teble I (6)
Some Atomie snd Structural Parachors

Carbon T2 | Single bond , 0
Hydrogen 16.8 Pouble bond 20
Gxygen 2040 mm@wa@waa double bond O
Bromine 68,0 Singlet link - 10
Nitrogen 15,0 Priple bond 42
| 3-membered ring 14,0
4-membered ring 8.5
Semembered ring 645
6~-membered ring 4.8
7-membered ring 3.0
Corrections
OH group , 540
- Og in esters w2e0Q
Ny, HHR or amw w340

m&m in 3emembered ring 3ol

{6) Unpublished communication, Professor 8. Sugden (Birks
beck College, University of London, London, England)
to Henry CGilmen. August 21, 1934.
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Table II

Parachors Q£v&ama Fureng

oy 3 (a)? {b)? (c)
Compound & Puran ;ﬁﬂ&athylmzﬁ,ﬁmnimgthyimzﬁwaramﬂwz3~ﬁ1%raw
: o8 s ! s
t (°c.) ¢+ 20 3 as : 20 1 80 ¢ 30
$ . 30 1t 30 L 8 H 40
: : t 40 ¢ 40 L + b0
e ¢ b o Bo s 80 t .
| T L B L
D 10.,0876 ¢ 0.91B8  0.8068 § 1.8500 ¢ 1.3266
‘ 3 g 0.8087 ¢  0.8865 1 : 1.3137
' t 0.8017 3 0.8744 1 ¢t 1.3020
) 1 0.,8796 : 0.8634 H H
X ¥ LRGSR S D A
a $ »@Gi? t DL0007 ¢ 0.0003 3 0,0004 3
2 1 0¢9@@§;;: 040004 1 H
3 t 0.0013 3 000086 1 -4
3 2 9-?@&9' ¢ 00,0008 3 g
: - e - - -
- y 23,76 1 24.54 1 256,64 t 32,19 3 44,48
r : 23.28 ¢ 24,07 ' 1 43,21
L] 1 82,86 1 2,97 L t 41.98
3 1 21,17 & 21,84 3 : :
_ ' 1 £ o L B ] 1
(P) obss $160.4 1 190.4 ¢ 241.2 1 812.6 1 220.1
S | 3 198.56 ¢ 240,2 T 3 220.5
3 t~59@11, $ 240,56 4 3 22049
o 3 3 200.4 1 240.6 3 $
TFY 668, ¢ i - : [} 1
- mean ,316944 t 1998 32 24046 1 Bl2.,6 & R20,8
(7)1 t 1 R
caleds 3160,1 8 19947 3 239,38 $ 211,89 1 218.9
TFY obss ¢t 1 1 — T 1
minus 1 083 1 0sl 1.3 1t 047 1 1.9
(P) caled.s § 3 1 %

(a) The author is grateful to the following for the prepara-
tion of some of the compounds: M, L. Lousinian, W. J.
Meyer, G. F. VWiright, and A, P. Hewlett} and to R. K«
Davia for masistance in the experimental work. He also
wigheg to thank the Miner Laboratories and Quaker Oabs
Company Tor some of the atarting aempaunda such as
farfural. .
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{(b) 'Pregﬁwd&n accordance with the directiona of Shepard,
Winalow end Johnson, J. Ams Chem. Soc,, 52, 20832090
{1930). The density Tsed wu¥ that reéported by them.

{¢) In the case of materials boiling above 150° the density

- of the vepors was negligible at the temperatures used.
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Table II (Cont.)

Compound thol {"water  s{"water insoluble tMethyl
.  g¢goluble form") 3 form") , » $Ether
T8 1 s
t (°C.) 13 20 ] 20 H 1
L 40 3 40 1 35
1 B0 k) 50 3 45
T , _‘ ) ' :
ﬁ . : 1. 1331 H 1.1347 : l1l.0288
t 1.1239 ¢ 1.12568 1,077
H 1,1145 ] 1,1188 +  1,0082
s 1.10862 t 1.1078 3 0.9967
§ ‘ : ' 1 ‘
d 3 L t  0.0001
. H L t  0,0002
H t 040008
3 H , §  0.,0003
- — < - : :
H 39,37 LI L 394,38 t 53.27
Y 38,44 . 37,68 t  B31.66
] 56.99 L 37.00 t  30.14
g 36407 : 35494 : 28,78
: t o )
(P) oba. 216.6 . 3 . 216.2 3 261.5
' : 217.1 1 21545 : 26l.1
t 216.8 % 216.4 t B60.,3
, g B1l7.3 k) 81646 3 56044
TFy oba, ¢ T i ' ~ : |
mean  § 2169 3 216.2 1 260,8
TF) 1 T ' » ) '
caleds 3 814.7 3 ! 259.3
TPToba. ¢ ‘ T 3 '
minus H 2.2 3 4 1.5
{P) saled,t o : $

(d) The preparetiosn of the so~called water insoluble form of

~ g«furfuryl slechol 1s sometimes erratic, The particular
specimen used here was prepared by shaking 100 g« of
freshly distilled, water soluble form with 100 ce, of
water to which had been added 2 drops of conc, hydroe
chloric acid. 'The "insoluble™ form began to separate
after 24 hours, and subsequent to standing for 3 weeks
it was removed and found to distil at 78« ?’/16 mie It
was somewhat soluble but not misoible with water at room



temperature, and its instebility (reflected in & blacken
ing and change to & thick viecous mass) may possibly

have been due to & trace of hydrochlorie acid. Molecular
weighta were 102, 108 and 108, 106 on two different prepara-
tionss ocaled. for monomolecular Z-furfuryl aleokol, 08.



. maﬁgﬁﬁ

,uggw

e Eram

% mﬁauw

1Ethyl Ether

15
25
56

.ﬁw;,

0.9436

0.9842
0.9240

__0.9158

N

| 80.25

gv.51
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DISCUSSION OF RESULTS

The difference between the caleulated parachors of the
- diolefinie form (I) end the ethylene oxide form (II) 4w
180.,1 » 157.1 2 3.0+ It is elgnificant that in no case does
the observed parachor fall below the value caloulated on the
besis of formuls {I)s The Z-tetrahydrofurfuryl ethyl ether may
be ignored in this connection since it does not conbtain a furan
nucleus, |

Those parbdicular dlserepancies which may be beyond experi-
' mental error are with compounds having groups leterally une
gsaturated and conjugated with a diolefinie nucleus, perticularly
carbonyls The customary correction (see Table I) of ~2,0 for
oxygen in esters was used, for i1t is generally agreed that
esters afford one of the best illustrations of constitutive
influences in parachor and this correction is probably warranted
~on the basis of present knowledge. It is interesting to observe
~ that had the correction for oxygen in esters been omitted the
caloulated values would have been much more in favor of the
dlolefin structure, as caloulated, and still well abavé that
for hh§ ethylene oxide form.

Iff the ecarbonyl ﬂanhsining compounds such &8s 2«Iurfural
and the a#tara\h&d any large queantity of the somipolar form

present /énd the carbonyl group might function as a semipolar



«ﬁﬁ»‘

link&ga on the bagis of resource energies (4b)7, the obeerved
parachor might be expscted to be lower than the calculated
value, It was found to be higher. “ |

The ealculations with Benitrofuran were made on the cus-
tomary baeis of a semipolar linkage in the nitro group.

Paraehﬁva‘wsra not caleulated for formulss fIII} or (IV)
“but if the centric bond wae assumed to have a value of gero
‘1ike any single bond the parachor for the eaﬁbr@c formula (IXX)
~would be 180.1, which is very much lower than any of the
observed figures, _

Sugden (7) sayss “?aémnlaa (II1) and (IV) involve
improbable walencies for oxygen. + «(Quadrivalent oxygen has
gpecial properties which are not fauna in these eaﬁpounéa¢}“

The Reman spectra of parent nueclel having pronounced
aromatie characteristiocs indicate the absence of double bonds,
and that such double bonds are developed or stebilized with the
introduction of lateral groups (B).

(7) Unpublished communiecation. Professor S. &ugﬁea {Birkbeck
College, University of London, London, Fnglend) to
Henry Gilman. Hay 12, 1034,

(8) Bonino, Zs Ph nik; aham¢, B22, Pledd (1933) and Qleekiar
and W&@ﬂﬂ!’g L Q}hsm* Fﬁgﬂny ﬁy 47 (}.934}0




SUMMARY

‘ f{‘m determination of %xm parachors of a number of typiecal
furans shows that the classical diolefin sﬁi‘wtum ig to be ”
pwt’éwed to the ethylene mma struecture. However, the paras
chor does not exclude the pmmmuhy of furens belng a
dynamic equilibrium mixture of several forms.



C, IONWIZATION CONSTANTS OF SCME ACIDS OF THE FURAN SERIES
ARD
- SUPER-AROMATIC PROPEBRTIES OF PFURAN

INTRODUCTION

The negstive character of the furan nucleus has been
described in terms of the relative eass of splitting of mixed
organolead compounda (1); ease of substibution in the furan
nucleus (2); and relative resctivity of halidea (3).

A fuvtgér menifestation of the activating influence of
the furen nucleus is to be found in the atrength of the care
boxylic acids ss ?ampareﬁ to the corresponding acids of the
benzene series €4¥, ,

When an stom or gbauy of atoms is substituted in the com~
pound RCOgH to give R*ﬁﬁgﬂ, the ionigzation constant 1as raised
or lowered in s degree which depends upon: the negativity of

the entering group (58); steric effeets of the entering group (6);

(1) Gilman snd Towne, Ree. trav. chim., 51, 1084-1064 (1932).

(8) Gllmen and Young, ¥ Am, Chem, 500., 56, 464-466 (1034).

(3) See page 19. ‘ I

(4) For the effeet of nuclear substituenty on the ionization
of benzole ecid see Kuhn and Wessermann, Helv. Chim,
Acta, 11, 3-50 (1928). .

(6) Flurachﬁﬁm;{g;“ﬁﬁﬁm@"gﬁaﬁ,*Iéza. 30393040,




-&3@0

distance of the entering group from the =COgH group (7);
and the negative properﬁiasiaf the originsl R groups

The negativity 1a”%hs ability of an atom or group to
attract electrons. 4 nagat&ﬁa group increases the strength
_of the acid in whieh 1t 1s substituted.

The effaat of the substituted group falle off repidly
(ususlly as an exponential function) aes its distance from the
carboxyl group 1s increased.

Bulky groups adjescent to the carboxyl do not appesr to
affect tha process of ionizatlon but tend to prevent the re-
verse processj bthus sterie hindrance increasses the fonigation
congbant,

The introduction of a negative atom or group into an
electrically neutral group slways has a more pronounced effect
than & like introduction into a negative radical; i.e. the
replacement of one hydrogen in acetic acid by chlorine han:a
greater relative effest than the replacement of & second wﬁ&ah,
in burn, hes & greater sffect then the replacement of the
third, Similarly the introduction of a chlorine in benszoioc
'«aeiﬁ‘makas’a greater proportional inecrease in the ifonization
- constant than & like introduction in the more negative furan
nucleus of furoie ecide In an anslagous menner the introduge

tion of & neutral methyl group will have a greater tendency to

{7) MacInnes, J+ Am, Chem, Sec., 50, 28872505 (1928).



deorease the ionization constant of furoic than that of benzole
aoid, snd will have very little effeot on the saturated aliphatie
acld having six carbon atoms.

The increasss in sacldie strength from benzole through
thiophene-2-garboxylic to 2-furoic acid places these radicals
in the same order of (increasing) negativity or aromaticity
as the work of Gilman and Towne (1) on the escission of the aryl-
lead compounds by hydrogen chloride. The 3«furyl radiecsl hes

not been studied by the latter method. Its dlssociation cone

 stant is only allghtly greater than that of benzoiec acid (see
Table I)e

The fonization constant has an Inherent sdvantage over
methads which depend upon rates of reaction es criteria of
negativity or eromaticity in that it represents an equilibrium
reaction,

The following teble illustrates the change in ionization

congtants of the acide 88 R becomes more aromatic in character.



Teble I

Ionization Conabante of some Carboxylle Acids

Actd LR x x 108 (28%.)
beeotic (8) 1.76
Bensgoic (9) ; Tud
Thiophene«~2~carboxylic (1@)‘ 34.2
Thiophene~3«gcarboxylic (10) 7.8
Furan«2eoarboxylic (11) T6.3
Puren-3-carboxylie 11.3

283 Harned and Fhlers ﬁé Am. Chem, 89%., 55, 652+656 (1933).
9) A ;alﬁa of gg? x igﬁ 1§g§° ggia(lggg§31%huff and Bosaoh,
Phys+ C -
(10) a valua n% Eiggﬁi Iﬁﬁﬁ is reported rer*ﬁhiaphanawﬁuuarw
?ggy%%a acid by Voerman, Rec. trav. ghim., 26, 283-310
Q
(11) A value of 76 x 105 1g reported by White and Jones,
Ame Chems Jo,» 44, 159-199 (19010).
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EXPERIMENTAL

A weighed quantity of the pure dry scid (12) was dissolved
in distilled water which hed been previcusly boiled to expel
dissolved carbon dioxide. The solution was dlvided into two
"~ equal portions and one portion was titrated with carbonatew
free sodlum hydroxide, using phenclphthalein es the indisstor.
- The quantity of acid used was such that in all cesmes the
normality of the combined acid and salt was 0,01 (0.008N ealt
and 0,006X free scld), The half-neutral solution was placed
in & thermostat at 25%°: 0,2% and after the solution #eaaheﬂ
constant temperature (one-helf hour or lonper) the pH wes
determined with the quimhyﬁwéna eleoctrode (with a bright platw
inum electrode about 1 om. square) and patureted calomel |
electrode, using & saturated potessium chloride bridge.

A Leeds and Northrup student type potentiometer was used,
The sbtandard cadmium aall'wna checked againau 8 Bureaun of
Standarda cell and the whole set.up waa checked dally against
‘& standard buffer solution (0,05 molar potassium ecid phthalate
PH & 3.97). |

The potassium soid phthelate was prepared by the method

{12) The suthor is indebted to K. J. VanderWal, (. ¥. Wright,
Hy Ee Mallory and A. Ps Hewlett for the preparation of
the halogenated furoic acidaj to H. R. Burtner for the
3-furcic acidj to R. A. Prans and H. . Burtner for the
methylfurole aciday and to R. Ve Young for the S-nitro-
furcle acid.
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Iénisah&qn Gggnﬁﬁgha of soms Substituted Furolc Acids

Aeld
3-Chlopo=2~furols
B~-Chloro~2«furolie
5a$ramn*aafurmia
S~Iodo-B8«furoic
Sy4=DichlorosR-furolie
By 8=Dichloro«-2=furoies
@;5*D1eh1¢reaﬁufuraza
3, 6~Dibromo-R2«furoie
5-Nitro«2-furoie
Sellathyle2~furoie
BellothyleS«furolio
2,4~Dimethyl-8.furoie
2,5~Dime thyl-8-furolie
Mueobromie
Fuarylserylic
B«Furole
BwFurcoie

177178
i@ﬁ#iﬁ?
192-193

188170
155«167.5
197-197.5

167-168
183

Yo7
100-101
iag
134-135

'lﬁlvlﬁa
141

130-131
120

Thiophene-2«~carboxylie 126.5

B
02618
042786
0.2754
0.2713
0.2018
042010
0.2847
0.2889

0.3018

0.2479
0.1853
0,1840
041790

10,2000
0,1920

0.26827
02190
0.2455

PH oyt X 108 Ex 10°

(25°)
I8

2.009
3.010
34012
3,081

2,754

2,748
2,864
2,783
2,876
34477
4,537
4,550
4,643
4,287
4.423
3.287
3.966
3.518

183.4
97,72

97.28
83.0

184.6

17847
139.9
164.8
266.0
38.34

ﬁ#@ﬂﬂl

2,761
2,275
5+158
3,776
59430
10.82
30434

204,1

147.4
144.3

116.0

4003

37,4

248,6
326.8
gro(®)
58,12
2,04
2.79
2,206
5,26
3.83
76.8
11,30
34,26

() Approximete (the method is most accurate for weak acida).
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DISCUSSION OF RESULTS

Furan-3-carboxylioe Acid (Table I)

Puran-3-carboxylic acid lles bekﬁaan fﬁra&a and bengoice
scid in strength, but only slightly above the latter. The
3-position in furan has other characteristics which ere more
closely relabted to benzene than are those of the 2-position;
such ag esse of substitution, rate of hydrolysis of the eabter,
and probably the rate of scisslon of the organometallic come
pounds, It is of interest to note that the ratio of the
strengths of the Beacid and the 3-acid is of the same order
of magnitude in furan and thiophene.

Hethylfuroie Acids (Table II)

All of the methyleZ8e and 3-furoic acids exemined were
found to be much weaker than the simple parent scids. It 13 to
be expected that the presence of one or more alkyl side cheins
would decrease the very strong negative properties of the furan
nucleus, The effect must be electronic and not steric asince
the latter effect would tend to inorease the lonization cone

stant when the methyl group is sdjacent to the carvoxyl group.
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Belitrofurolic Acid (Table II)

The strongly negaetive nitro group produces & profound

inorease in the strength of %hﬁ:aﬁid*

Fury&aaﬁylia Aéiﬁ {Table II1)

The furan ring, like any other negative or activeting
group, decreases rapidly xnwaffae%»aa its distance from the
reactive group s iﬂeﬂeaaadg ‘ﬁﬁrylaerylxa'&eid is only slighte
ly satronger than cinnamiec aeids The ionigation constents of

these scids sre 3,85 x 10”0 and 3.6 x 10”8 {18), respectively.

Helogeno~furoic Acids (Table II)

The S5=chloro- and Sebromofurciec acids are of almost
exnotly the same strength. The S-iodofuroiec acid is somewhat
weakers The 3«chloro~ 18 much stronger than is the S«shlorow
furoie acid due to the amaller distance between the chlorine
and the carboxyl groups

Since the inerease in the logarithm of the ionization
conatant of an orgenic ecid caused by the introduction of a
halogen is a function of the distance of the halogen from the

carboxyl group (7), %haa&faanbﬁanta should be of value in

{15) Bcudder, "Conductivity end Ionization Constants of Organiec
Compounda”, New York, 1914, Both of these acids are
probably of the treng modification., The lonization
congtant of the cie scld is usuelly higher than that
of the transa,
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Husobromie &gi& {Table II)

The relatively low lonization constant of mucobromic scid
is probably due to its existence in the lactonic form (17):
BreQ — C\\'
I o
BreC —C
Hon

Table IIT
Gax*mlm;iqn of X@niza%}iﬁn Conastants with sbxfuatum

«Log K

Acid M ~Log B A  {Predicted)
g-Furcic | 150-131 3.126
4 B=Chloro«2«furoie 143-145 2,690 0,436
B«Chloro~2«furois 177-178 | £.88)1 0,294
3,4-Dichloro-2-furcie 168-170 2,398 0,202
7 B,5-Dichloro=@=-furoie 1656-157.5 2,423 2,306
+ ¢ 4,5-Dichloro=2-furolc 197-107.6 2,604 2,541

&

A = Ineremse in Log K cue to ﬁhlwim in the %=, 5=, and
4-positiona, mama tively.

(17) Hill, Widtmoe and Dunlap, Ams Chem. J., 19, 627-649 (1897).
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Table IV

Correlation af\tanizu&gam Constants with

Rates of Alkaline Hydrolysis of Esters

Hydrolysis Decarboxyle-
 Constant of ation Teme
Acid Ionization Ethyl Ester perature

— Constant x 10° Li8) (19)
2,4«-DimathyleS~furcie | 279 129 v
2eMo thyl~3-Furole 2,02 .0176 101-103
Benzoloe 6.7 «049 (80) |
3-Furole 11,3 ,G?(a) 1562 Je
H=lethyl-2«~Turolie 38.18 078 122.125 /§
g-Furole 753 .22 158 a7
S=Iodo-2«furcic . 116.

S-Bromo~2~furoic 144,35 + 886 177179 »
6«Chloro~2«furoie 147.4 ; + 8586 180182 «
3,5-Dibromo-2«furoic 526.8 5.08 174 ¢
3,8«~Diohloro-2«furoic 37744 168-170
5-Nitro-2-furolo 870, | 201203

{a) This wvalue is only approximate.

(18) Gilman and Bradlesy, unpublished work.
(19) Gilman end Bradley, Iowas Stete Coll. J. Sei., 7, 489~
431 (1933). ‘
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From the praaeﬁing table 1t appears that the rate of
hydrolyeis of the ester depends upon the strength of the meld.
Eindler (20) (ﬁi)‘and Hammett (22) have pointed out that this
relationahip is not constent over a wide r ange of compounds
unless a correction is made for steric or "ortho" effects.
Steric hindrence incresses the ionizetion constant and de
creasssg the rate of hydrolysis of the ester.

There appears to be 1ittle relationship between decar-

boxylation temperature and strength of acid,

(21) xa?gégg , Ann., 452, 90-120 (1987); ibid., 464, 278-292
| i »
(22) }im?xfggg)mﬂ Pfluger, J. Am. Chem, Bog., 55, 4079-4089



, Teble V
Correlation of Ionization Constents with Comparative

Resctivity of the Halides having the Seme
Humber of Carbon Atoms

Actd £x10%  Helsde gﬁi"é’%’;ﬁi‘i‘”
Propioniec 1435 nel ﬁg&i shloride 1,08
Butyric | 1;5 l nnﬁuﬁyi chloride 1,
d-Fhenyl proplonic %g£5 f&w?h&nylwimahlarﬂgragane l.72
Phenyl acetic Bed ‘g3»?hﬂny1~1mah1nraathaaa 1.12
Aorylie 5,6 Allyl ehloride 79,
p-Bromobenzolc 6.6 gyﬁramw%anxyivchlariéa éﬂ,l@ﬁ;
Benzole 647 Benzyl chloride 187,
p-Chlorobenszoio 9+3  p-Chlorobenzyl chloride 533,
m=Nitrobenzole 84.8 m~Nitrobenzyl chloride T80,
prNitrobenzoic 40,1  p-Nitrobenzyl chloride 1,370,
Rurolc seid 5. Furfuryl chloride 3,199,
o=Bromobsnzole 145, = op-Bromobenzyl ohloride 77,300,
grﬁitrﬂbenxeza 615, o-Hitrovenzyl chloride 1,800,
S-Nitrofurole 870, G-Nitrofurfuryl chloride 12,624.

The comparative resctivities of the halides (with the
exception of the furan derivatives) are those of Conent and
coworkaers. For references see page 7. The ionizatlon constants
are from Scudder, "aanﬁuativxtg and Ionisntion Qanatanha of
Orgenic Compounds®, New !bvk« 514 ,
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As can be asan.fram the gréaaﬂlng table there is a quali-
tative agraamant betwesn the ﬁrfea#’af &hukraﬁiaal R on the
strength of the acid Rﬁegk anﬁ the ru&@tivity of the halide
RCH5Cls  The most nﬁtabla axcaytiama are smong the ortho-sube
stituted banayi ahlariﬁ»a*<.aﬁ§h the awthon an@~garaﬁwem&banayl
chlorides have an ungxpa@%@ﬁxy high reactivity while the ortho-
niﬁr@hensy& ahlnriﬁa 18 laaa vmac%&va than would be axpaa%ada

Correlation with the Kharéaah'%erias of Remctivitiea

Kharesoh (23) places the eliphatic radicals below benzene
in negativity end would very ?rebahly place furan and thiophene
above bengzene; but among the substituted radicals the agresment
ba#w@en the Kherasch series and any series based on ionizatlon
constantes or reactivity of halides seems to be less satisfactory.
Agcording to Kharasch the auhaﬁituﬁian of & chlorine in the
benzene ring makes it more @ﬁéiti##;‘iuam, leas remctive. (n
the basis of fonization constants of aei&#uar resctivity of
haelides the introduction of & halogen always makaa hhnkparan%'

radical more negative in ahawmatar.

(23) Kherasch and Flemner, Ja. km‘ Shem. Soe., 54, 674-682
/ (1932) «
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SUMMARY

1. The ionigation sconstants of J-furoic seid and & nume
ber of substlituted 8- and 3&?&&@&6 scida have been determined.
2. The results show the furen nucleus to be markedly
more aromatic than the benzene nucleus,

3y The B«furyl nucleus is more sromstic than the 3-furyl
nucleuns,

4. The strength of the acid Rﬁegﬁ has been coprrslated
with the rate of hydrolysis of the ester RCOgEt and the reac-
tivity of the halide Rﬂﬁaﬁb
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& I}a RELATIVE REACTIVITY QF SOME ORGANOMETALLIC COMPOUNDS

'ﬁlﬁfﬁﬁﬁﬁaTIGH

In a qualitative manner there 1s & falir generel agreement
between the resctivity of the organometallic compounds end the
position of the metal in the periodic table.

As might be expected the alkyl and aryl derivatives of the
slkell metals are the most resctive {1)s These compounds are
highly polar in chsracter and will conduct an electris current
when dilssolved in the proper maﬁ&um'(ﬂ). They resct vigoroualy
with oxygen, sarbon dioxide and other sompounds contaeining the
carbonyl group, eompounds heving active hydrogens, and compounds
conteining halegens; and in abma coses they aplit ethers, Bew
cause of the highly positive cheracter of the metal, exchange
reactions teke place with hyﬁéaearb@na having 8 more negative
R group (3)s« The rubidium and cesium compounds appear to be
more reactive than those higher in the group.

. The organometallic compounds of the second group elements

(1) For a general review and references see: Julius Schmidt,
(2) = :Qrg?ngmgzgxlvaﬁbindungan”, ﬁngagaru; 1984, 11
‘ Hein, Petzchner, VWagner and Begite, Z. Ancrg. Allgem,
" Chem., 141, 181227 (1904), | |
(3) 3a?§§§3§n.“v eland, J. Am., Chem. Soc., 54, 1212-1221
| (1938)» |
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are, in general, leas reactive then the orgencelkali compounds.
The beryllium dialkyls have a resctivity which is es great as
that of the earreayanﬁimg &»ignnv& reagents (4), and the
arganaaaleium aampaunﬁu ere less reactive (5). The zine, cade
mium, ana mareury mompammﬁs are less reactive than the Orignard
reagent, and of these the mercury compounds are the least
reactive, The vnlak&&aksiaa-ﬁﬁmgaan&w are spontaneously ine
fiwmﬁabla in air, ?hey}rﬁaé% readily with aecids, acid haii&as.
end alkyl hai&ﬂu@, but not with the carbonyl groups The mercwry
compounds are relatively stable in air and in the presence of
water, and the eplitting with acids is slow enough for the
velooity constants to be determined, The compounds of oadmium
- resemble those of zinc mere than they do the meroury compounds.
‘This genersal decrease in resctivity appesrs to continue
through the orgsnometsllic compounds of the third, fourth, end
fifsh groups; h@wavmv,‘ﬁnara'iw 11tsle quantitative informa=
‘tion on this evailable at prpnmn@* The compounds of boren
snd eluminum are, in gﬁnaval,viaﬁu reactive then those of
beryllium and megnesium. The organometallic compounds of tin,
lead, and bismuth are ﬁﬁmyara%ivezy5atabxa in air and are not
decomposed by weter. They am&'split by aolide and hnlbgana;
The trilalkyl antimony compounds are unstable in sir dune to the
formation of the oxide, in which entimony is pentavalenty Likes

{4) Gilman and Sehulze, Rec. trav. chim., 48, 1120-1132 (102¢)
(5) Gilman end Schulse, T+ Am» Uhem; §00., &0, B463-2467 (1926).
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wise the RySb éumpﬁunﬂa‘hava'a tendency to add halogens and
acide to form stibonium compounds,

Due to the wide range of resctivity of these compounds it
is diffieult, if not impoesible, to fimé any one resction or
type of resction which could be used iIn & quantitative manner
to measure their relative resction velocitles or reactivities,

This paper deals particularly with some of the orgenocs
metallic @@mpnnada of lead, tin, mﬁfmury, and bismuth,
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DISCUSSION OF EXPERIMENTAL METHOD

Splitting resctions with acids, of the type
{a) ﬂ;m-+ HX — RgMX + RH {with laaﬁknné tin gompounds),
(b) BuM + HX — RMX + RH (with blsmuth compounda),
(¢) Rgh + HX — RMX + RH (with mepcury compounds),
wore used since they are the most charasteristle end moat widew-
1y gtudied reactions of thess compounds, In general an excess
of the orgsnometalllc compound was used, since with an excess
of acid the reaction proceeds furthers
(d) E4M + @HX — Egﬁxg*f 2RH,
although the second R group 1is less readily replaced than the
first (6) and under favorable conditions reaction (a) proceeds
quantitatively, giving a satisfastory second order reasction
velocity eaﬁsh&at, |

The velocity snd extent of resction aelso change with a
change of solvent. In chloroform, reaction {a) can be carried
out practically quantitatively, while benzene fsvors reaction
(d)s |

The rate of splitting of a given organcometallic compound
varies directly with the strength of the acid, With tetra-
phenyl-lead and acetlc acid in ehloroform the rate of reaction

(6) Flood found this to be true in the cmse of halogen splitting.
?ggsg%ﬁmﬂ and Horwite, J. Am. Chem. BSoc., B6, 2534~2539
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was almost zero, even at the boiling point of chloroform.
With chloroacetic secid the reaction was somewhat faster. Trie
chloroacetic aeid.giva» a reaction of the right velocity for
convenient measurement at 285°C,

“With hydrochloric acid the resction is almost instentan-
eous, even at 0%,
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EXPERIMENTAL

The ﬁrg&nammﬁnl&&a compounds (except where otherwise

indicated) were freshly purified prior to uses Thoss which
wore pubif&ad bykmaaryﬁtﬂlaimaﬁion‘wnﬁ& air ar&ed until free of
solvent. | | | | |

In most cases exactly .008 mole of the organometallic come
pound was weighed out and m&dﬁyﬁp to 260 cos with pure dry
chiloroform. Pifty co, g@rt&aﬁa aﬁfﬁh&a woreé placed in glasse
stoppered Erlenmeyer [lasks an&?ﬁllawad to come to the temperae
ture of the thermostat (30 to 45 minutes usually being required).
Five or ten oo, éf a ehloroform solution of the acid (which
was also at the temperature of the thermostat) wes é&ﬁadu AfLer
the reaction had proceeded the required length of time the flask
was removed from the constent temperatwre bath and extrected
twice by shaking in a aeyara%ary fnnna1 with 50 ec. portions of
cold water, The unrescted acid which wes in the water 1ay§w
was titrated with astendard sodium hydroxide and methyl red was
used as the indicator.

It was necessary to atandardisze the acid solutions esach
time they wers ussd because of the low solubility of hydrogen
chloride in chloroform and becsuse of the gradual sponteneous
desarboxyletion of ﬁhﬁ‘triathranaetia aaid in chloroform solu-
tlon,

e choice of indicator was based on the fact that in some

R
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cases & part of the xanx was extracted from the chleroform by
the water layer and when phenolphthalein was used the solution
became sufficlently alkeline before the end point to give a
| curdish preciplitates
aarhx-+,ﬁaaﬁ —9'R3Pbﬁﬁ + HaX

The RaPbOH 18 a strong enough base, however, that there 1s not
enough hydrolysis to form & precipitate when methyl red is used
as the indicator (7). | | |

In celeulating the resulte & modification of the second
erder reaction velocity expression was useds
RgM + HX —> RH + RgMX |
Cq Gy, ¢
k2 et %% Frtey

The factor 2.303 was omitted for convenience since all
results ere comparative. e

t ® time in hoursg

b # goneentration of HX in moles per liter;
z ® fraction of HX reacted in time &,

{7) Calingmert, Chem,. Rev., £, 43+83 (1925), has compared the
R Pb* 4ons to thome of the alkali metals and the R,Pb*+*
tg Zn+t, VWhen squivalent esmounts of (Cglig) ¢ Pb and HX
(or an exceas of HX) are used there is aome (C.H_),PbX,
formed which in some ceses ipg sxtracted by the water and
interferes wilth the titration by liberating HX and forme
ing e cloudy precipitate of (CgHg)pPb(OH)g.
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Effect of Catalysts

About 80 mg. of eéﬁhkaf'afnﬂmbar of foreign meterials
was added to the (Cgligl4Pb solutions The following did not
appreciably influence th& rate of reactiont lesd chloride,
lead (powdered), ground pyrex, ground gquertz, and alechol.
Lead peroxide and diphenylelead diéhlarida appeared Lo have a
8light retarding effect, 1In the cess of the latter this was
probebly only epperent and due to a hydrolysis with liberation
of acid during the water extraction and titration.

Since soms of the aamyﬁuﬁéafatnﬁiaﬁ (especislly those of
tin and merocury) appear to ehangafﬁarkaﬁly in reactivity upon
standing, 1t wes thought that oxides or peroxides might be
férmsd which would catalysze the resction. Benzoyl p@?ﬁx&&o was
apparently wi%hﬁu% aframt nn«ﬁha splitting of tetraphenyltin
and diphenylmercury. \

Diatomaceous earth had s marked catalytic effect and the
inabllity of the ground quarts and glass to catalyze the reace
tion was probably due to insufficlent surface (8) (9).

{8) Brown and Reid, J. Am. Chem. Soc., 49, 830839 (1927), have
reported that T11¥%a Eﬁﬁf&aﬁﬁi&iaﬁ”’hﬁ aciaaiﬁa,cf (Colig ) 4 Pb

with scetic acids. .

{(9) Gilman and 8t John, Hec. trav. chim., 49, 222-224 (1930),
report that the addTtion 8T s1IlIca gel has a slight effect
on the resction between CgHglgBr and C HgCN (10 ga
deereansing the reaction time of ,12 mole GgHgCH and .1
mole CgHgMgBr from .82 to .28 hours). |
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(CgHg) 4Pb + CCL4CO0.H — (aeﬁ;&}s?meng»cela + Cglg

Blank “ 10 minutes at 269C,  34.5% rescted

10 mg o ) |
ﬁzaﬂmmaéeaua~uaw&h LR " "

80 WM . ) .
diatomaceous earth " " 7 0 B51.0% .

(0gHg)gSn + HOL > (Ggfg)5Sn0L + Oyl

Blank “ 30 minubes et 40°C.  40.0% veacted

50 nge ‘ L
distomaceous earth " o 64,06

diatomasceous earth  * B reection complete

(OgHg)ghs + HOL — CaHgHgll + Cplfg

Blank 8 minutes at 0°C, 34,0% rescted

diatomaceocus earth " woo n 64.40% "

500 mg. ; ;
- @imtomaceous earth LA 95,06 "

Effect of Standing in Air (Oxidation)

A solution of fraah&y»dia%&ll«d diethylmercury was split
with trichloroascetic acid at iﬂ“ﬁs »%ha veiaaity constant was
47. After standing over night in 8 gorkestoppered flask the
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gonsbants obtained were 74 and 105, Thess erratic results
appeared to be typical of the diethylmercury, The addition of
50 mge of bengoyl peroxide had no effect on this reactions

Effect of Light

Piffuged aunlight wmakragaﬁ,ﬁﬁfhsva no effect on resction
(a}. Flood and Horwits {6)'ﬁé1ﬁoﬁ mention any sffect of light
on their halageuatian r&uaﬁiﬁﬁsg ’amikh.and Kipping (10) report
that the reaction 2{CHyCglg)s8nCl + 8Ip— (CHgOaHg)pSNCLy T
(CHgGgHg )gSnIp + 20gH5CHT 1is materislly aided by direct sune
light, o o '

$2na¢'maw%"hnlnganaﬁibﬁ reactions are quite aensitive to
even diffused sunlight 1t was deemed desireble to check this
point, A chloroform solution of iodine, ,0008 mole, was added
to «001 mole of triphenyltin chloride in 50 cc, of chloroform
at room temperature. Bu@liaﬁﬁavraaeticnﬁ were run,Amna in s
pyrex flask and one in an opague bottle, They were set in a
window where the direct sunlight oould strike the aaiutian in
the pyrex flask sbout one~third of the time, AL the end of an
héur the unrescted iodine was titrated with standsrd sodium
thiosulfate, In both ceses 33 per cent of the iodine had
reacted, Apperenily even direct sunlight has little, if any,
effect on this reaction, s

(10) Smith end Kipping, J. Chems S0¢., 101, 2553-2563 (1912).



Setsston of Tetrephenyl-l
(,0005 mole per run)

™% "y Boivenbilempersi

| . THE T S SN
Loid ¢ Moles 1 asnd 1 sture t in ¢Per cent:Velooity

tof Acid: Total 1 t¥inutessReacted :Conetant
: 3 Volume ¢+ %Co & % :
OHgCOOH .000306 58 6. 70 € 0
" " . . 120 1,95
ClOHGCOCH 40003456 " " 76 25,5()
HE1 000500 55 o8, 25  1/8  04.0
. 000168 " 0 " 62,0
0140000H 4000170 " 26 10 17,9  58.8
" L v 20 28,3  50.3
" " " ¥ 30 39.6  B2.5
" » " " 48 52,6 5346
" 000812 " e 10, 1644 5048
" . e ;";f?’ 20 31e3 573
" """ 40 49,8 55.6
" " " " 8o 78,8 59,5
" onpo 01y ~ .
«000B00 63,9700, " 20 28.0 68,0
o . " " 40 46,5 7840
" L e 50.0  80.0

(a) Turbidlty in titration.
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Fable II
Soission of Tetreothyl-lead

1}§Qr‘run)

T TEIventiTenpar=1 TIme 1 C
Acid 1 Moles t asnd i ature 3 in  gPer centiVelocity
sof Acid 3 Total : tMinutestReacted i10onstant
, A AVolume 2 Ce % LA 1
ClgCCOH  .000824 55 of, 25 11 5.0 6.6
® » W, 25 10.0 6.3
" " L 60 19.4 8.2
" " " " 110 33,0 Bed
" " " " 180 40.0 5.2
" " " " 180 47.8 5.6
" »000283  * 40 10 20,7 33,0
" | " " L 20 34,8 52,0
" " " - " 30 48,0 34.0
" " " B 40 68,0 34.0
" " " " 50 6640 34.0
- (HClg
HC1 +000500 60 cc. 85 /2 54,0 2990,0
" " LA . 1 7+4 300040
" " " # 1 76,0  2060.0

r ow " " B 96.6  2540.0
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T NG IVent i Temper«=1 Time 1 T
Acia 1 Moles ¢ and ¢ atwe § in tPer centiVeloolity

sof Acid : Tobtal 3 iMinutesiRescted :Constent
: o ddolume ¢ Ca 8 N 3

C15CC0gH 000270 . 40 60 3.0
» - LR 240 9.0
" " " - seo  22,0(8)

HCL  .000812 60 8. 10 3 40,5  sv0. (P
" o n * 5 54,0 265, (P
s w w7 ee3  ee, P
" .000575 55 o8, O 60 20,7 7.3
" " " .. 180 5046 8,2
" .000274 " " 80 27.6 8,3
n " B " 120 42.0 7.8
. 000870  * 10 5 18,3 59.5(°)
" " " " 10 4B.8 47,50
" 000532 " " 5 3,0 122, (¢
" v " " 10 sz 117, (@)

'a) The end point was indistinot,
b) The tetraphenylitin seolution stood 24 hours before using.
¢) The tetraphenyltin was freahly eryastallized from chloroform.



‘ 7 T501venti Tempersy TIme § L
Acid ¢ Molea 3 mnd 3§ ebwe ¢ in  ¢Per centgVeloelby
tof Acid 1 Total 1 sMinuteasReacted :Constant

ot svolume s %, & 3 1
HOL  .000332 85 ¢S, 10 15 60.0 g9, (®)
" " LI 20  71.6  108.(%
" 000380 * " 5 83,3 74,4
" " nw 16 52,0 m, (4)
» " » " 5 270 95.(®)
¢ " ’ 18 865 as. (®)
" " " 3 10 7.0 208, (F)
" " " " 5. 70 0 428.(8)
Eﬁ) Tﬁa eahraphanylﬁin aryaﬁa&u wara érisa 1/2 hour 12 a&r.
(8] " ST A o
(g) " A " " " * 4 deys " oW
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Table IV
Soission of fetraethyltin
(+001 mole per run)

oo

T THolventiTempers: Time 1. H
$ Molee ¢ and ¢ ature 3 in  Per cent:Veloolity
sof Acid : Total 3 on tMinutesReacted 3Constant
t tVolume ¢ “Cu 8 r t '

Acid

B .000388 60 oF. 25 75 28,3 T3
" . " e ang 49.3 7.0
" " o 240 5940 6.7
" ,ooo3s2 " " WE 26,0 6.7
" " " " 20 31.0 740
" .000334 ® 40 31 41.5 29,1
" " " " 4 517  28.0
m n » . m g 61.4 28.1
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Table V

Soiasion of Triphenylblemuth
(+001 mols per run)

T T iHoIvent Tempored Time  § 1
Acid 1 Molee ¢t and 1t ature ¢ in  tPer centiVelocity
sof Acid 1 Total 12 t¥inutestReacted :Constant

.t __tVolume ¢t %, ! 2
; ; @R@la (a)
C150C0.H  .000274 60 ecs 26 30 52,0 42,
R " . . 0  s7.0 36 (®)
" « 000368 B8 ca, " { 18 3845 50
" " " " 30 53,0 a, @
| Ppt.
" " " . 48 formed |
" L0030 " " 18 0.0  36.5(°)
" " " » s s0.0 a7, O
" .000358 " 40 10 43,6 90,
" " » L 5 15,0 78.
» " " o 15 53,0 81.

(a) The triphenylbismuth was freshly erystaelliszed,

{b) Thg tr%phemylbiamuth erystals stood for 48 hours in an
.08 DOX.

{e) Thg triphenylbigmuth solution stood over night in the ice
OX s



Sciegsion of E@ghany&mﬁveuvz
(.00L mﬁl@ 9ar run)

R |

Moles 1 and ﬁtura z xn :Far centiVeloalty
af Aoid & Tobal 3 o tiinutesReacted tConstant
zValﬁma 2 G 3 1 ot

C15CCOgH faww&v& a@ cos 85 10 32,8 62.8
R " “ " - 20 59#3 60+2
" | " # 6 # S w ’ ﬁ@’ﬁ 53’9
» " . e 40 8940 B1l.5°
" . . 40 2 20.8 275,
:g ” :1” . ,u o & | Bl.4 230 .
» " . A 8 63,0 214,
" 000343 " 25 10 54.0 124, (&)
" " K " 20  66.6 93,08

Acid

ﬂﬂ“

{a) The diphenylmerecury was freshly apya#aliisad,



*auftu JoA0
pooge *{o} uy se peanﬁaaﬂ *&amaa&mx&qaﬂxp Jo uopgnios aug {p)
*pgeydaougy a0UT uw
up eanswead DOONpOJd JepUn DETLIILID Swa £&aaaswt£uqarp ouy, (o)
*9¢bqﬁnﬁmqm Ja0UT UW U POTLIABIP Sva LmodenTLyzely euy {a)
s Ausdwon Wepoy
Uowg 8ey oug wodl pea;eea& -1 ] gawn ﬁ&u ﬂama&uwtxqaetv ag& (n)

(m’_; *¥i 0*18 Tos - u “ e u

onT .y » HTEABA
(e)(o)"80F O STe  Tggp SToot
(o) *4¥ o*ve et OT  *80 09 QYPOO0* 4
B | RS TOHD T
gq\} ‘g6 g*9e T ﬁ & H %
(@ ‘T6 8Tt e e "
(a) o8 o'y g1 u u . .
(q)g 08 8'ee 8 ' u 8 ™
(q) "96T  0%89 ot " u " .
(q) ‘88T  0°08 9 , . . .
(q) *981 ¥*60 ¥ u ‘90 85 gego00t 4
i | Syomp
(u) ‘9% 0%69 9 " M . “
{g} ”3‘3@ 3‘39 ¥ o & ‘ u % B
(v) "EOY 8% g . . . .
(v) "0B%  ¥°s8 T OT  "ge 09 BIP000*  TOH
’ R ~igé T smntaﬁz B W
_."qupaaat poesossyisoguuIns £ IB405 3 DIOY JOt
£470070AI3UO0 J6d8 UY ¢ eau3w 4 DUB 1 GSTON § DIOV
| t 3 ewjy t~sedwspijueayog: 3

(una acd @taw t@g*}
]hna¢w£€ﬁqad%a 36 na;dd;&g

«ﬂi‘uﬂ"



*uoTyeetJrand [eUOTATPPY euo ueald wua 47T geyg gded
%o (o) Uy pesn 3eyy 68 euws ouy seam Lanoaewgdyjety eTul (J)

. *oqeydsowge SPIXOTD HOQLED B U
eauﬁﬁaad peonped Jepun perrIIeIP Pes fanoaewtluzerp syl (o)

(Jjo*oe g *ee ﬁﬁiﬁ & o u o
Lﬂﬁ‘ﬁﬂ LT -] 01 % 5 "
(J}ﬂ*? L*eT 08 " " u u
{J)A’¥ 8'6 oe ™ # 3ra000” %
(e)’?*g 0*ee ¥91 H # 8 6
(0)8°TT  g°8T o8 " " " "
(Q)Q‘tt 0% 0T 0 " # "
(9)9'?9 o*ve £e o # # u
(s)8'69  ©°o1 ¥ s s " .
(9)8°49 o8 8 0T *90 09 gpgo00*  TOH
) . TOHD
a0*¢ y*e8 aat u 4 ™ "
o'e 6*98 08T u " W "
e VT g o¥ ?ga‘es geg000*  HP0p0%1o
) ) ) (R ) o
% H 8 *Oo ' &mnx@&s H
JUBLRUOCHS POJOBOYISOANUTH S ¥ 3 1e30% ¢ PIOV Joi
Agyoorestgued Jegd ugp 3 ngngn H pam I ®oToN ¢ PIoY
3 L. *2edWon: g + .

(738607 TIA oTawg

n‘{&n



- 72 @

Table VIII
Scission of Ethyltriphenyl-lesd

{+001 mole p&é’rnn)

T iBolventilemper-s Time 3 T
Aeild ¢ dNoles : aend 2 abture 1 in  tPer centiVelocity
tof Acid : Total 1+ ,  sMinutes:Reacted :Constant
H tVolume ¢t C» 3 .
, QHOL . R
ClgCG00pH  +000301 56 oc. 285 1 70 1,980
o " " " 1/2 46 1,950
» " . LR 68 1,880
" 000294 " LI 1 76  g,360(%)
» " " " 1/2 53  2,370(%)
" «000387 " " 1 44 (v)
" " " " 1 a2 a55(b)
" " L] " 1 48 &55(“)
" J " " 1 g6  3,880(d)
" " » L V- 63  3,320(d)

(a) The ethyltriphenylelead was recryatallized,

{(b) The ethyltriphenylw-lead was recrystallized and dried 45
minutes in & current of nitrogen. ,

{c) Oxygen was bubbled through the ethyltriphenyl-lead soluw
tion 1 minute, and 1t waes allowed to stand 1 hour be-
Tore the addition of acid,

(d)} The compound used in (b} was sllowed to stand in air
1 1/2 bours before being used,
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Compounda

Tetrephenylelead (Table I)

The tetraphenylelesd (m«p. 286°) was prepared by the
method of Gilmen snd Robinson (11), Runs were made on four
different batches (12). There was usually a satisfactory agree-
ment in results when an exceass of the tetraphenyl-lead was
used and when the lead compound was from twenty-four hours to
aix weeks old, The freashly &ryaﬁalxizad compound was somewhat

less a@bive,’

Tetraothyle-lead (Table le

The tetraethylelead was obtalned from the Ethyl Gaaoline
Corporation. It was purified by sheking with cold 20 per cent
sulfuric acid, weahsd with water and sodium carbonate solution,
dried over celoium chloride and distilled under reduced prese
sure (b,p, 82° at 13 mm.) in an inert atmosphere.

Good check results were obtained by solssion with triw
chloroscetic aeid, bub with hydrochloric acid the reaction
appeared more erratic, The reactivity changed markedly on
standing, The resctlon was probably affected by oxidation
and decomposition products.

{(11) Gi%?ﬂa ?nd Robinson, J« Ams Chem. Soce, 49, 2315.2317
9287 )
{12) The author is indebted to ¥, B, Towne and P, T. Parker
for & part of this compound,
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Tetrepaényltin (Table xxxg

The kanraphamyibin waa abtainad from the Bagtman Kodak
ﬂamyanyb It was purified by vap&ntaﬁ crystallization from
ehloroforms The mﬁlting,p@zn& of the praduat nged wag 227«
228°, The reactivity of this material changed markedly on
atandiug nxnhnugh‘thera wag no appreciable change in melting
. paint or in welipght after aﬁanﬁing 24 hours. A4 3.7-gram sample
gained amiy 1 milligram in weight after eﬁanﬁing in sir & week.

The resction with trichloroscetic acid was extremely mlow,

Tetraethyltin (13) (Table IV)

The tetraethyltin was eooled in a fr&as&#g,mixturu, do~
ganted from any orystelline material which aayahatgd, waghed
with cold B0 pﬁr cent auifﬁria acid nna with water, dried over
\ patssaium carbonate and calolium &hlayida, and distilled under
reduced pressure in a carbon dioxide ntmaayh»ra. The boiling
point was 80° at 40 mm. anda 103° aﬁ 70 mm, This &aﬁar&hi wan

halagaﬁwrrea. | | ' |
| Eatiafaatnry velocity aemgﬁan&a wavavubﬁaznag at 25 and 40°
/wiﬁh'hwﬁregan ehloride, The bwaetian with trichlorscetic acid
wag neglipgible under these emnﬁih&ans*

{13) The author is indebted to Wm. Wall for the prepsration
of this compound,.
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Triphenylbismuth (Teble V)

The triphenylbismuth wes obtained fram.ﬁhﬁ Eastman Kodak
Companys. It was recrystallized from a mixture of equal parts
of petraleum ether and abaaluta al@ﬂh@l; The melting point
was 78°,

\Thia compound did not change appreciably in resctivity
upon standing. Satisfaetory constants were obtained by scisge
sion with trichloroscetic acid, but results of 216 and 340 at
10° were obtained with hydrogen ehloride,

| ?é.?hmflm@ﬂw (14) (¥eble VI)

The diphenylmercury maiheﬁgaﬁ,lal45°a

Diethylmevoury (Table VII)

The disthylmercury was obtained from the Eastman Xodak
Company. |

Both the dlethyl and the diphenylmercury gave quite
erratic results, The reactivity ehﬁngad rapidly on aﬁandimg
and varied with the method of purifiecation.

Ethyltriphenyl-lead (Table VIII)

Triphenylwlead chloride {mgpg 206-208°) was prepared by

(14) The asuthor is indebted to K. E« Marple for the prepara-
tion of hha diphenylmerocury.
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Selssion of arganamaﬁuxzin compounds
with acid in ahkarﬁfurm aa&uk&a&
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{a) The tetraphenyl-lead waa to 09 reactive for uuﬁiafaatary
measurenent with 201 at 0¥,

(b} The tetraet hgl%in was too inart for satiafaate»y meaaUre~
ment at 4QY, ;
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DISCUSSION OF RESUL?S

‘The sensitiveness of the selssion reactions to catalyses
bf various kinds makes these reactions difficult to study in
e guantitative manner. Seversl @mr&f&a#taana were generally
required before constant activity was obtained; and then the
activity ufﬁau changed rapldly upon agings The results, in
g«n&r&l,‘aypanr to be of a sulficient degree of accuracy, howe
~ ever, to warrent st lesst a semiquantitative evaluation of
thelir relative reactivity. |

0n the basis of these studies the organometallic compounds
of these metals would fall in ﬁﬁﬁjréilﬁwing order
Lead  Most reactive
Herowry
Bipmuth ’
Tin Least veactive
This series is dased on the date contained in Table IX, which
ie & pummary of the experimental results contained in Tables
I to VIII. .
Both the ethyl and phenyl derivatives of lead, tin, and
mercury were studled. In every casme the aryl derivetive gave
& higher resction velocity than the alkyl, This is in agree-
ment with the gualitetive studies of EKharasch (16) and of

(16) Kherasch and Flenner, J. Ams Chem. Socs, 854, 674-602
{19032). ' T
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réaction (such as oxidation, replacement of metal, or thermsl
decomposition) were chosen as & basis of comparison, the
sbove elements would not always fall in the same order.

It is likewise possible (and also probable) that the
"negatiivity series” of Kharssch could not be applied so widee
ly+ The benzyl is one of the most poaitive zﬁﬂiaaln in hise
seriee, yot tetrabensyltin {1&J aﬁa t&%#nbﬂn&ylml&&difla} are
apparently move sensitive to oxidation then ﬁnn>%aeraphanyx
- derivatives, Tetraphenyltin and tetraphenyl-lead oen be kept
months at & time without an appreciable ohenge in melting |
point, The mixed benzgyltin ocompo
on halogen uplit%ina {20)(18).

The author has not been nbla ta uerra&atu the r&aetiv&ty

uﬁdn give anomalous ruaulta

of the erganometsllic aamp@uné with the position of the metal
in the E.M.P. series, The relatlionship betwesn reactivity

and position in the peﬁ&nﬂia table seems to be more direct,

On this basis 1t does not seem unreasonable to predict that the
v@rganaggrmmnaum compounds would be less resctive than the

organotin compounds,

18} Bmith and Kippi g« & - Boc,y, 101, 8@&5*8&65 (1912)
519% Krause and 3@hl§%§1@ %%%E% *h*?i' ~1387 (1930). ’

(20) Ersuse snd Bullard, 3» &&w Qhemn 8004, 48, 2131-21.36 (lﬁﬁﬁ).
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