IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1942

Solvents in organometallic chemistry

Albert Howard Haubein
Towa State College

Follow this and additional works at: https://lib.dr.iastate.edu/rtd
& Part of the Organic Chemistry Commons

Recommended Citation

Haubein, Albert Howard, "Solvents in organometallic chemistry " (1942). Retrospective Theses and Dissertations. 13711.
https://lib.dr.iastate.edu/rtd /13711

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F13711&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F13711&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F13711&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F13711&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F13711&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F13711&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/138?utm_source=lib.dr.iastate.edu%2Frtd%2F13711&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/13711?utm_source=lib.dr.iastate.edu%2Frtd%2F13711&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

NOTE TO USERS

This reproduction is the best copy available.

®

UMI






SOLVENTS IN CRGANOCMETALLIC CHEMISTRY

oy

Albert Howard Baubein

A Thesis Submitted to the Graduste Faculty
for the Degree of

Mejor Subject: Organic Chemistry

Approved:

Signature was redacted for privacy. -~ i--2°"

To Chaved of Wajor Work

Signature was redacted for privacy.

Head of Hajor Department

Signature was redacted for privacy.

Dean of Graduate Colifge
 Iowa State College
1942



UMI Number: DP12745

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

®

UMI

UMI Microform DP12745
Copyright 2005 by ProQuest Information and Learning Company.

All rights reserved. This microform edition is protected against

unauthorized copying under Title 17, United States Code.

ProQuest Information and Learning Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, Ml 48106-1346



- 11 =~

QD4 i v
HZ2A s

ACKNOWLEDGHMENT

The author is grateful to Dr. Henry Gllman
for the helpful advice, sriticism, and encourage~
ment glven thrsughwt the course of this

‘ investigation. :

Teast



- 1i1 -

TABLE OF CONTENTS

2* Iﬁ’@ﬁﬁﬁﬁﬁi‘ﬁm R T R A T T 'a £ = % % &

Ii.m%‘&‘ﬁﬁlﬁ%wg,*iv..;;a*.x-i.».‘

A. Solvents Used in the General Nethods of
Preparing Organometalllec Compounds + . .

1+ Solvents used for methods involving
freeo metals « +» « o« « » o o o o » = »

2.

&. Reactions of metals with organiec

b.
c.

d.

@

f.

E»

h.
1.

J« The cleavage of ecarbon-carbon bonds

Bolvents for the preparation of organo-

haliﬁﬁs L T T ST U T R R T
Cleavagse of ethers « «» « +« o » » «
Direct metalation L

The reaction of an alkyl ballde
w&mm&llﬁ? D S,

Metal-metal displacement ragatiwna

Formation of organomebtallic compounds
from the electrolysis of RE compounds

Preparation of organcmetallic com-
pounds by the electrolysis of ketones

E 2

-

»

Resctions of metals with frees radicals

The addition of metals to double bonds

metallie compounds from salts of the

metals

&+. Reactions of organometallic compounds
With B8lE8 +« +« 5 % % + ¥ 2 & & * w5 ¥

b.

The resction of metal halldes,

*

*® & * ® W~ ® %K % & & ®« % % % K » »

orgenic halides, and metals . . . . .

‘Page

22
24

25
27

31

32

33

37
a7

45



¢. The additlon of orgenic balides to
some metallie salts . . . + + « « » &

d. Metalations of metallic salts with
aluminnm~@arbié$ T

o. Metalations with inorganie salts . . .

f. Addition of inorganic salts to
carbon-carbon double bonds « « « + . »

.gg’freparati@nhfram.arylﬁiaxanium galta .

_h;ﬁ%h@ conversion of an‘argahia'aalt'hn
an organometallic compound « + « « .+

1. 8peclal methods for organomercury
compounds « « « * » IR R R S

. 8+ Solvents used in interconversion methods
8. Metal-metal interconversions . - « «
b. Hydrogen-metal interconversions . . .
¢. Halogen-metal interconversion ., « . »

d. The preparation of RMM' compounds .

e. Disproportionation of organometallic
gompound8 s » s %+ w s s o® e o+ & & @

f*‘wkeMaééitiaﬁ @flarganamatﬁllis

compounds to double bonds .+ + ¢ & « » «

gi'ﬁéditiﬁn‘ar,arg&mia,halidnagta
Qrgﬂnﬁmﬁﬁagiia @ﬁmpﬁuﬁéa T A

h. The reduction of organometallic
.ﬁﬂﬁyﬁﬂﬁéﬁ L N BN N SN B I T S

i. Cleavage of organometalllc com-

?9&&@@ with hﬂl@gaﬂﬁ = B £ % & & % K

j+ Cleavage of organometalllic compounds
Py 8C1d8 « ¢« + ¢+ 5 & 3 s s 6 x s e »

B. The Cleavage of Ethers by Organometallie

g@@?ﬁuﬁdﬂ Y T T T L T T I S

Page
44

45

48
49

52
53

54

&8
60
62

64
65
66
66
70
3

74



III. EXPERIMENTAL « « » » o « » o o = 5 5 « »

A

Ba

An Improved Method for the Analysis of

1. Procedure of the analysis . . « » &«

2+ Reaction of benzyl chloride with
&*mt‘yllithiﬂm L T

5. Ressction of benzyl chloride with
%ﬁnaphthy},liﬁhium & & H_w A A W W

4, Reaction of benzyl ﬁh&ﬁriéﬁ\wikh

-p-dimethylaminophenyllithium . . . .

5. Capture of benzyllithlum from the
reoaction of benzylehloride and

Qt&hyi}.i@h&% T AR T

Rate of Gi&ﬁ%#gﬁ of Ethers by Organo-
lithium Gémpﬂméﬁ * ow ow A K W % K R W =

1. Cleavage of diethyl ether by
ﬁ”’ﬁ}ug?lliﬁhi% I Y N A

2, In petroleum ether-dlethyl ether

be In ﬁiat&yk ether solution « « + .

-

L g

¢. In diethyl ether solution using the

Ziﬁﬁiﬂr m&lyﬁiﬁ T T U S

2. Order of the ether cleavage reaction

B ﬂ&aa?aga'ef‘éiﬁzhyl ether by organo-

1ithivem compounds .« « o« x o+ ® o+ e
‘a. Normal al&?&&iﬁkiﬁm ﬁﬂﬁ@ﬁm&é# . »
be Methyllithium « « « « « « « » » »

¢. Branched chain alkyllithium cempounds .

*

*

*

kS

S 3

‘o

3

s ?}%@ﬁy;@%yllitmm T T T I
8. mllii%hiﬁm somp éﬁ * % 4 % N ow w »

Page

84

84

86
87

87

&89
8¢

89
90

92
93

04
94
94
97
98
o8



C. Synthesis by Ether Cleavage e i e e e

m?icb

4. Cleavage of v&riana sthers by organo-

1. x~Homonaphthyldlethylamine . « + & &+ &« o « 4
2.

3.

D.

4.
B.
6.
7.

Miscellaneous Heacltlong® + « + + « % » « + » «

1.

lithi&m aamganaﬁx B o AT e R o e

a. Straight chain ethers . « . « 4 « «

be Isopropyl ether .+ o « « 4 « » » » = =
g'imﬁm‘vwiii\kﬂlliﬁﬁﬁ?&i%it

d. Ethylene glycol dimethyl ether . . . .

f. Anigole + o« o 5 = » + « LR T

g# Fhﬁn&‘l atﬁa@ * B % m R ® O & & & A & W

p~Dimethylaminophenylmethyl-diethylamine -
1-p-Dimethylaminophenylmethylpiperidine .
1f§¢ﬁmgipip§viéina T T I
5-Bthyl~2«~diethylaminomethylearbazole . .

4-Diethylaminomethyldibenzofuran . . + «

Attempted preparation of 3S-dlethyl-

aminomethylquinoline . « « « « &« = & = » .

ﬂﬁtﬂl&ﬁi@ﬁ M R B T " R

a. Metalation of dibenzofuran by
ethylmagnesium bromide . « « . + « « «

b. Attempted metalation of dibenzofuran
bﬁ' tﬂ@thy’i&lmﬁm T S, ‘0 -

¢. Attempted metalation of dibensofursn
by ethylaluminum iedides + « + + « « &

2., Halogen-metal interconversion resetions .

Page

o9
99
99
lo2
102

. 102

103

. 103

104
104

. 106

108
o7

. 107
. 108

. 109

110

, 110

1l0

111



- Vil =

Page

&+ Intereonversion of phenylethynyl ;
“bromide with ﬁw‘bﬁ%yl}ithim e s & x » « « 1B

b+ Interconversion of phenylethynyl |
ﬁhl@?ﬁ.ﬁ@ with g«b&zty&lithiﬁm CHEE TR R TR 3.3:3

¢+ Attempted interconversion of %in31~

d. Interconversion of o~bromophencl
with ethylmegnesium bromide .+ +» « + « + « 115

e. Attempted interconversion of o-bromo-
- phencl with ethylelumlnum lodides . .

L3
«

115

f. Interconversion of 4wigéeﬁxbemﬁafnraﬁ
with ethylaluminum 10dides « » + « = » « » 116

f‘?q Zﬁ@i’%ﬁiﬁﬁ E I T 2 R N S LA T S U U I N T SR R S S 3 }»}f?

PR I T T T T R STV R S, T «15&




I. IKTRODUCTION

The role of solvents in the preparation of organometallic
eam@eﬁnﬁg is of great lmportance and deserves more systematic
study than 1t has received in the past. In view of this fact,
it seems advisable to have avalilable & review of all the
solvents which have h@éﬁ used in the preparation of organo-
metallic compounds. This has been lncluded in the HISTORICAL
section of thls thesis. |

S8ince the group of organometallle compounds as a whole
aéntains compounds of such varied reactivity, it is not sur-
priging that nesrly all types of solvents have been used in
their preparation. However, ether has been ths solvent most
frequently used in this connection. This is probably due o
its ready availability, ite chemlcal inertness, its low
bolling point, and 1ts catalyble effect in organometallic ‘
formation. Although diethyl ether, as well as other ethers,
is quite inert chemically, it is cleaved by the more active
type of organometalllc compounds. It is the aim of this
work to study some of these cleavage reactionz more closely.

it bas long been known that organolithium compounds
cleave ethersa, but very 1ittle work has been done on the raﬁs
of this clesvage resction. A knowledge of such cleavage

rates would be very useful in grﬁdia%ing‘ﬁha optimum time in
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which to carry out a reaction of an organclithium compound
in an ether medium. It was with this purpose in view that
the following problems were investigated:

1. An improved method for the analysis of alkyllithium
compounds in solution.

2. The study of the rate of cleavage of various ethers
with different organolithlium compounds.

5. The adaptation of ether cleavage to synthetic

problems.



II. HISTORICAL

A. Bolvents Used in the General Methods of
Preparing Orgenometallle Compounds

There has been little study of adjuvance®™ (1) in organo-
metallie chemlatry and seldom by the same investigator under
comparable conditions. Therefore, in order to make this
literature review as comprehensive as possible, it was
thought best to dlscuss the solvents used in each general
method of preparation of organometallic compounds. Due to
the voluminous number of articles that have been published
on the preparation of organometallic compounds, no attempt
has been made to include all references. HRather, a critical
review of the literature has been made. Only one or two
papers on the solvenis used in each specific method of prepa-
ration bhave been cited. Prcbebly some important references
have been unin%&nﬁiamall? omitted, but the mﬁfﬁ recent 1it-
erature cltatlions have been included frwm~whiah information
on previous related work can usually be obiained. |

For convenience, the general methods of preparing

* The word adjuvance, from the Latin adjuvans from adjiuvare,
to help or to assist, has been used in expressing the
effects of solvents on reasction veloeclity.

1. Norris and Prentiss, J. Am. Chem. Scec., 50, 35042 (1928).
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- organometallic compounds outlined by Jones (2) have been
foliowed rather closely. The order in which these methods
wili be a:éma idered is as f’@liﬁwa@:
1. BSelvents used for methods involving free metals
2M + KX — > RN » MX | |
2M + ROR — > RM + MOR
M+ RE — > RM + H
MM?! 4 BX ——» RM + M'X

M+ RM' — > RM + M

¥ + RMY

gﬁ.&@ﬁ@ﬁlﬁﬁ 13> *» ut

Elsotrolysis R

¥ + ketone
¥ + Re——— RM
¥ + double bond — BM
2M + R-R' ———> RM + R'M
3; Solvents used for the methods involving metal salts

+ RM' — RM + M'X

B

+ RX + Ra —— RM »+ ﬁaﬁi
+ RX — RMX,

+ Al Cqg —> CHgM

+ RE—> RE + HX

+ glefinic double bond —— BN

BEE B R EER

+ ArNgCl — > ATM + Ng

RoooM —222% o my 4 co,

Special methods for organomercury compounds

2. R. G. Jones, Docltoral ﬂiﬂaertatian, Iows State College
(1941), p. 11.
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3. Solvents used for the preparstion from orgenometallic
compounds
BE + R'M' ——> R'M + RM?
R + R'H ——> R'¥ + RH
.Rﬂ*g’xé* R'M » RX
RMX + M' ——> REM' + M'X
RMX ——> Rl + WX,
RM + olefinic double bond —> R'N
RM 4 RX —— R MX

RE'K «+ Xg-—» BM + R'X
HR'M + BEX ——> REX + R'H

1. BSolvents used for methods invelving free metals.

a. Reactions of metals with orgenic halides.-- The

reaction 28 + KX ——— BN + ¥X, probably the most fundamen~
tal in organometallic chemistry, has been carried out in
more different solvenis than any of the other iLypes of prepa-
ration. The solvent chosen depends upon the reactivity of
the organometallic compound, the speed at which the reasction
takes place, the temperature best sulted for the reaction,
and the ease of s&g&r&tiﬁn of the final products from the
solvent.

Az ls %o Dbe expegted, diethyl ether is not a sultable

solvent in which to prepare an srg&nagaéium or potassium
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~compound, because it facllitates the Wurtz reaction (3) and
is cleaved too readily (4). The Wurtsz reaction can be in-
terrupted at the intermediate organometallic stage by the
prupar'ehﬁiea of a solvent. Morton and Eﬁﬂkﬁﬁﬁ&ﬁikﬂﬂr {5)
obtained caproic aﬁﬁ %u&ylmﬁl@ﬁi% aclds by carbonating the
reaction mixture from n-amyl chloride and sodium sand.

Gilmen and Pacevitz (6), by reacting p-amyl chloride with
sodium send in petroleum ether (b.p. 85-100%), obtained

48 per cent caprolic acid upon carbonation. With low-bolling
petroleum ether (b.p. 28-38°) a 51.5 per cent yleld of the
acld wes obtained. Only very small amounts of n-butylmalonic
acld were obialned In eaech caseé. Under the proper condl-
tions, alkylsodium compounds may be prepared from the corre~
sponding chlorides in benzene or toluene without metalating
the solvent (7). Morton (8) haes shown thaet when n-butyl and
n~propyl chlorides were used instead of n-amyl chloride in
the preparation of sodium compounds the change to lower
molecular weight alkyl radieals wes progressively accompanied
by: (1) more diffieculty in effecting reacstion between the

3. Wurtz, Ann. ghim., (III) 44, 275 (1855).
4. Schlenk and Holts, Ber., 50, 262 (1917).

L ?erta?,ané Heckenblelkner, J. Am. Chem. Soc., 58, 1697
'1Q§6_» '

€. Gilmen and Pacevitz, ibid., 62, 1301 (1940).
7. Gilman, Pacevitz, and Baine, 1bid., 62, 1514 (1940).
8. Morton, Richardson, end Hallowell, 1bid., 63, 327 (1941).
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chlorides and sodium, (2) poorer yields, (3) greater tenden-
cles Lowards disproportionation as guégaﬁ by the proportion
of malonic acid formed whﬁﬁ the Hia compounds are carbonated
‘under favorable conditions, and (4) a greater stability
towards bﬁnz&nﬁ and k@iﬁ&ﬁéﬁ S0 much does the raaatimm}with
these hydrocarbons decrease that they can be used to advan-
tage as solvents for the reaction. In a mixture of bensene
aﬁd petroleum ether, for example, the yleld of RNa reagent
from n-butyl chloride was nearly as kigﬁ a8 any obtained from
gwamyi chloride, and b&at conditions far‘gryrapyiseéium were
in fact raaliﬁgﬁ i# toluene as a éalv&nt, Arylsodium com-
pounds may be prepared in this menner. If aromatic hydrocar-
’b@ns were used as solvents, ths»reaation;waa carried out at
40° f@r’&a minutes {?,‘%}* Table 1 glves the ylelds of
p-toluic aocld obtained in the &awb&aatiaa of the reaction of

sgdi&m«wiﬁh|§&ahlar®taiama$.
c1_ DCHy + 2Wa ——> CH;{_ DNa + NaCl

Table 1. Effect of Solvent on Yields of p-Tolylsodium

Per cent

Solvent used p~tolule amcid
benzene 70
cyclohexane 57
patralanm @ther : v
taiuﬁna 80

9+ Hs A+ Pascevitz, Doctorsl Dissertation, Iowa State G@llege
{3-9%3«} s D« 68,
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Although the reactive organcalkall compounds cannot be
prepared in ether, the unreactive %yp@é such as triphenyl-
methylpotassium may be pﬁaparaé in this manner (10). &ithiam;
potassium, rubidium, and cassium react with triphenylmethyl
ehloride in ether, while only rubidium and cassium reaet with
this compound in other organic solvents.

A small amount of @rganemﬁt&liiﬁ’aﬂmpgumﬁ was made by
heating 3-lodofuran with sodium-potassium alloy at 115°
without solwvent (11).

Any attempts to prepare alkyl- and phenylalkali com~
pounds in liquid ammonis were unsuccessful due to the
ammonlysis of the organcalkeall compounds as soon as th&y‘
were formed. 1In & few instances orgencalkall compounds have
been formed. Denzylsodium and ~pobtassium compounds have
been prepared by the aetion of the corresponding alkall metal
on benzyl halides in liquid ammonia. A deep red color de-
veloped in each case and then the color gradually feded until
the solution became colorless. 1t has been concluded that
the red color was due to the benzylalkali compound (12). Obe-
viously this was not & sultable method for the preparation of
these compounds. In the reduction of triphenylmethyl
chloride with sodium, triphenylmethylsodium is fermed (13),

10. v. Grosse, Ber., 59, 2646 (1926).

11, Gilmen snd Wright, J. Am. Chem. Soec., 55, 2893 (1933).
12. Kraus and White, ibid., 45, 768 (1828)}.

13. Kraus and Greer, ibid., 44, 2629 (1922).
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because it 12 more stable in liquld ammonisa.

Unlike sodium and the more active alkall metals, lithium
reacts readily with organic halides in dlethyl ether to give
excellent yleldas of orgsnolithlium compounds, CGilman,
Zoellner, and Selby (14) have given the ylelds of a large
number of arg&nélithium compounds prepared in this manner.
Preliminary reports by Mr. Stuckwisch (15) have shown that if
the preparation of m-butyllithium in ether is carried out at
low temperature, superior results are obbtalned, The reaction
was started inm the conventionsl manner. After the ether
began to boil the reaction flask was surrounded by ice, and
the n-butyl bromide was added at such a rate as to keep &
gentle reflux of ether. When prepared in this manner, the
reaction took less than half the time required in the usual
procedure and an inerease in the yleld of compound was ob-
tained. Although most organolithium compounds cleave ether,
this reaction is of no perceptible importance unless the
solutions are to be held for & conslderable time. n-Bubtyl-
lithium can be prepared In n~bubyl ether 1 the temperature
of the solution is kept low during the reaction (16).

Gllmen, Lamg&&m, and Moore (17) bave prepared

l4. (a) ﬁilman, Z@&llnsr? and Selby, ibid., 55, 1252 (1933);
{v) Gilmen, Zoellner, Selby, and Boatner, Reo. trav.
ahim., 54, 584 (1935).

15. Unpublished studles by Mr. C. G. Stuckwisch.
16. Gilmen and Moore, J. Am. Chem. Soe., 62, 1843 (1940).
17. Gilman, Langhsm, and Moore, ibid., 62, 2327 (1940).
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organclithium compounds in low-boiling petroleum ether (b.p.
28-38°%), A list of the yields of a number of these compounds
is given in an article by CGilmen, Moors, and Baine {(18).

- This 1s a solvent of choice for the preparation of zome ERLi
compounds, gar@i@ﬁl&?&g‘wh@nAsalatianﬁ are to be stored, or
when speclal reagents are later used to replace most of the
petroleum ether. The rate of formation of m-butyllithium in
this solvent approaches that in diethyl ether, and buiyl
chloride is really ﬁﬁre'affaativs in petroleum ether than in
dlethyl ether. These suthors mention four particular advan-
tages of petroleum sther. First, thse diffieulty of sevondary
raaeﬁian#, such as cleavege, present in dlethyl ether, is
obvisted, and the coupling with RX compounds is minimized.
Second, the simple acld-titration analysis ls adequate. vThird,
the by-products, suech as lithium halide, are insoluble in
petroleum sther and can be removed on flltration. Pourth,
compounds are formed in this solvent whieh do not form or give
only small ylelds in diethyl ether. Isopropyllithium, pre-
pared in only 20 per cent yileld in diethyl ether, ia obiain-
able in a B8 per eent yield in lﬁﬁﬁbﬁiliﬁg petroleun ether.
The hitherto inaccessible g~ and t-butyllithium compounds

san bs prepared in yields of 85 and BO per cent respectively
{18)}. Since then t~butyllithium has been prepared in

diethyl ether in about 20 per cent yields (19). Higher-boiling

18. Gillmen, Moors, and Baine, ibid., 63, 2479 (1941).
19. Bartlett, Swain, and Weodward, 1bld., 63, 3229 (1941).
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petroleuwn ether is not so suitable as a solvent, for low
yields are obtained. Lithlum gave with n-butyl ehloride in
petroleum ether (bL.p. mmrmmmw a 25 per cent yileld of valeric
acid upon carbonation after 24 hours, and under the same con-
ditions with petroleum ether (b.p. 85-100°) a 21 per cent
yleld was obtained (20). By modifying the usual procedure
somewhat, Mr. Meals (2)) obtained a 65 per cent yleld of do-
decyllithium and 72 per awww smyllithium in petroleum ether
{b.p. 60-68%), The method consisted of heating the petroleum
ether suspension of lithium metel, to reflux and then adding
the organic chlorides all at once. The solution was then
refinxed for one hour, Organic bromides gave poor resulis
when trested in this manner.

1t has been found by Ziegler and Colonius (22) that
alkyilithium compounds may be prepared in srometic hydrocar-
bons, although the resction is slow. With n-butyl iodids no
reaction tock place; however, the amﬁa@nwawmwwm bromide and
ghloride gave ylelds of 60 and 80-100 per cent, respectively.
The slowness of the reactlion in thls solvent was confirmed
by Gilman, Zoellner, and Selby (23). Cyclohexanse, when used

se a solvent, gave = slow reaction similar to benzene (22).

20. Unpublished studies by F. W. Hoore.
21. Unpublished studlies by R. N. Meals.
28. Zziegler and Colonius, Ann., 479, 135 (1930).

23. wwwﬁ%%» Zoellner, and Selby, J. Am. Chem. So0¢., 54, 1957
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Aryllithius compounds were not investigated In thess solvents
dus to thelr insolubility.

Spencer and Price (24) heated lithium with RX compounds
either without solvent at reflux temperature or in a sesaled
tube and obtained the corresponding RH and ER compounds upon
hydrolysis. Ko atbtempt was made to charascterize the organo-
metallie compound formed. They obtained BO per eent aniline
and small amounts of ﬁnmg:mwaﬁwuawwwwaﬁww by heating lithium
and m-chloroaniline for one-half hour at 230°.

Gilmen (25) was unable to prepare orgenoberyllium com-
pounds from metallic beryllium and organic halides using
mawaw« anilsole, benzene, or WW¢a¥awwﬁm@wwwmwaﬁa a8 & solvent.
These compounds were prepared later from alkyl lodides and
powdered beryllium in ether heated to 80° or 90° in & sealed
tube (26). 1In order to get the methyl compound to react,
mercuric chloride or beryllium chloride had to be added.

Since Grignard (27) prepared the compound whioh bears
his name, lnvestigatore have been trying to improve on
diethyl ether as a solvent in this reaction. Other ethers

have been used extensively in this connection.

24. Spencer and Price, J. Chem. Soc., 97, 385 (1910).

26. Gilmen and Schulze, 1bid., 48, 2604 {1987 ).
27. Grignard, Compt. rend., 130, 1322 (1900). -~




Zerewltinoff (28) prepared methylmagnesium iodide in amyl
and butyl ethers. Marvel (29) has listed the yields of a
large number of organomagneslum compounds prepared in dlbutyl
sther. In the preparation of pentene, Kirrmemnn {30) used
propyl ether as the solvent in the CGrignerd preparation in
order to make the separation of the resulting olefin aéziar
than in diethyl ether. An excellent yield was obtained by
this means. It was noted that MgBry 1s more imscluble in
this ether than in diethyl ether and forms a white deposit
on the bottom of the flask during the reaction. |

or tke aromatic ethers which have been used in this re-~
action, anisole and phenetole are encountered most frequently.
Majime and Kotake (31) prepasred the Grignard in anisole using
iodine as 2 catalyst. These authors attributed special
properties to this solvent for the preparstion of indole de-
rivatives. Nibhallesau and Caragea {(32) reported p-diliodo-
bengzene did not resst completely with two atoms of Wg in
sther becsuse the surface of the metal became covered with a

resincus layer--probably p-icdophenylmsgnesium iodide-~

28. Zerewitinoff, Ber., 41 2244 (1908); Ber., 40, 2023 (1907).

29, Marvel, Blomguist, and Vaughn, J. Am. Chem. Soc., 50,
2810 (1828).

30. Kirrmenn, Bull. soc. chim., {4) 38, 988 (19286).

%1, Majima and Kotake, Ber., 5b, 3859, 38656 (1622); Majima
and Heskino, Ber., BB, 2042 (1925),

32. Mihailessu and Caragea, Bull. sect. sci., acad. roumaine,
12, No. 4/5, 7 (1929)/8.%., 24, 2116 (1930)/.

e
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which was insoluble in ether. This covering prevented fur-
ther raa@%ian, but the resction went much better if the ether
was raplaeaﬁ by anisole. ﬁaniar, Auatin, and Clarke (33)
claimed milﬁer ramaﬁiﬁns giving g&sﬁu@ta more aaaily eryatal-
lized when aaia@la or phenetole waa uaeﬁ as solvent in the
raaetian betwasn the Orignard raagant and aariéinaﬁ* These
authera, as did naat other investligators, found it mere prac-
tical %o prayar& the G?igaarﬁ in dlethyl ether, and either to
éiﬁtill of f the dlethyl ether or to add the new solvent to the
diethyl &thar solution. Putechin (34) attributes the particu-
lar resctlons obtained in anisole, not to the special solvent
effects of anisole itself, bubt rather toc the high temperature
effect that may be reslized.

In their chemiluminescence exparim&mﬁs, Evans and Diepen~
horst (35) prepared the &rignaré reagent in & large number of
solvents 1n.9ré@$ to study the effect of the solvent on this
resction. These euthors gave no detall on their method of
preparation other than the fact that the solution was made up
in molesular prapartiﬁng. ‘%héy,aémittaﬁ‘tﬁ&y did not Imow
elther the molecular proportions of the CGrignard compound
safter reaction had teken place or whether they had an RMgX

compound if no liminescence was obtalined. The following

35. Senler, Austin, and Glarke, J. Chem. Soc., 87, 1469 (1905},
34. Putochin, Ber., 59, 1987 (1926).
35, Evans and Diepenhorst, J. Am. Chem. Soc., 48, 715 (1926).
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solventa geve positive results:

n-butyl ether n-propyl ether

isoamyl ether =< -paphthyl ethyl ether

resoreinel dimeithyl ether benzyl ethyl ether

. n-amyl ether phenyl ether |

isopropyl ether : anisole

x-naphthyl methyl ether phenetole

«-naphthyl iscamyl ether dimethylaniline

@-naphthyl isoamyl ether banzene {negative)

Methylal was the unusual solvent employed by Bourgom
{38) in the preparation of p-butylmegnesium bromide which wes
uged for the reaction with triocxymethylene to give amyl alco-
hol. The Crignard reaction was carried out exactly as usual
'with about B00 ce. of methylal for every gram molecular
woelght of RMgX compound. If the same volume was used for
two gram molecular weights, the nmixture became partly solid.
A 70 per cent yield of amyl alcohol was obtained with this
solvent as compared to 60 per cent with the usual solvents.

In spite of the fact that hydrocarbons seem to have a
retarding or inhibiting effect on the formetion of Grignard
reaggnta, a numbey of preparations have been made in these
gsolvents. Schlenk (37) has prepared a large number of RMgX

compounds using benzene as solvent. He found the Rig

%6. Bourgem, Bull. soc. chim. Belg., 53, 101 (192¢) /C.A., 18
1814 (1922)/% =RARsr 20 . ’
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compound to be less soluble in benzene than was the corre-
sponding Bollg compound. Bafihl and Malmgren (38) have pre-
pared the Grigosrd compound from bromocsmphor and Mg in bolle
ing xylene, but not, secording to Hselmgren, in boiling
bengene. ﬁ@@n,yrwara&tgﬁ digestion, alkylwagneslum halides
can be prepared from the alkyl balides and magnesium in boile
ing benzene and xylene (32). 41l the above resctions take
place in the absence of catalysta.

Gilman end MeCracken (40) have studied the effect of
other as a catalyst in bringing sbout the Grignard reaction
in hydrocarbon solvents. The miﬁimﬁm guantity of ether that
gave the maximum yleld when the EX compound was added iﬁ
benzene was about two moles for each mole of RX compound.
Doubling the quantity of ether used under these conditlions
did not improve the yield. The maximum yleld under these
conditions wes sbout 10 per cent below that obtsined in ether;
with toluene as solvent it was found that the yield increased
to within 1-3 per cent. Xylene and petroleum ether gave
ylelds approximating those obtained in benzene.

Tertiary amines are sald to be better 3&@&133#& than
ether (39), since the remction proceeds more quickly and often

guantitatively. Only a few drops of the tertiary amline was

38. ?iﬁhls Ber., 37, 746 (1904); Malmgren, Ber., 36, 2608
903},

39. Tschelinzeff, Ber., 37, 4534 (1904).
40. Gllmen and MoCrecken, Rec. trav. chim., 46, 463 (1927).




sufficient to Eriﬁg about reaction between RI and Mg in
benzene, toluens, xylena,'hamﬁn@,/yaﬁrelﬁaﬁ.atbar, terpene
hydrocarbons, and other compounds which were not mentioned
in the article. |

The use of tertiary amines as solvents in the prepara-
tion of the Grignard reagent has been thérs@araa of a number
of papers. ?hars is a large varistion in the success of this
resction as reported by the numercus authors. Stadnikov (41)

carried out the Grignard reaction in dimethylaniline at room

temperature and obtained only crystals of dimethylethyl-
phenylammonium lodide. When a mixture of the tertiary anmine
and bengene wes used as & solvent, & heavy oil, which came
down after the reaction stood & year, snalyzed for the com-
pound CgHg{CHg)oN*CpHglgl+Cglg.  Tschelinzeff (42) was able
to carry out this reaction with dimethylaniline as a solvent
1f 8 erystal of lodine was added to start the resction. When
benzaldehyde was added to the mixture, a 62 per cent yleld of
the expected carbinol wss obtalined. He found that the re-
actlon proceeded better et an elevated temperature, and used
mixtures of the amine with elther benzene or toluene to achieve
this effect. Attempis to prepare alkyllithium aampaun&x and

phenylsodium, from the metal end organic halide, in

41. Stadnikov and Welzmann, J. praki. chem., 1i2, 177 {1626).

42, Tschelinzeff, Ber., 37, 208 (1904); 38, 3664 {1905).
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tributylamine were without success (43).

Tachelinzeff claimed that the tertlary amines and ether
were true catalysts for these preperaticns since & small
amount of catalyst brought about & large amount of conversion
into the Grignerd reagent. fﬁtharfiﬁvaahigaﬁara (44) were
unable to substantiate Tschelinzeff's conclusions. Even
‘though ether mey be a catalyst this does not exclude the for-
mation of oxonium compounds that use up the ether, In order
to further the study of the dependence of catalytic effect
upon oxonium formation, Hepworth used a large number of sub-
stences as catalysts In the preparmtion of the Grignard com-
pound in benzene solution. Alkyl sulfides accelerated the
formation of methylmegnesium lodide in benzene but were less
effective than ether. Diethyl selenide and dimethyl telluride
in turn were lesas effective than the disulfides. ﬁighanylﬁ
sulfoxide and diiscamylsulfoxide gave a catalysing actlion
nore prﬁﬁﬁunﬁﬁé‘ﬁhaa the sulfides, and it ﬁaﬁ suggested that
this was due to the pressnce of an oxygen atom in the former
eam@auaﬁa; Ethyl p~propyl sulfide, pentsmethylene sulflide,
1,4-dithian, 1,4-thioxan, ethyl n-propyl ether, pentamethy-
lene Gxiéé, 1,4-dioxan, and 1,3-dloxan were also used. It was
soneluded from these situdies that the oxygen compounds were

more efficient than the sulfur compounds and that ring

43. H« L. Bebb, Doctoral Dissertation, Iowa State College
{1941), p. 59 and 99.

44. {a) Hepworth, J. Chem. Sog., 119, 1249 (1921); (b) Tingle
end Gorsline, 3#m.” Chem. 3;,}§2,‘§8$~(1§§?)*

—-
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formation diminished the catalytlie activity. Plekerd and
Eenyom (45) found no resction Yo take place between methyl

lodide and magnesium in bolling benwene after several hours,

but & reactlion started after the edditlion of tribenxzylphos~
phine oxide. After the mixture coovled orystals of the addi-
rod that, although

tion compound formed. It must be remewbe:
81l the sbove compounds are termed catalysts, enough of the
reagent is added to form couplexes {1 co. of the cakalyst to
50 og. of benzene). 4Also, neliher sthevs, tertiary amines,

nor high ts

nperature was necessary %o bring about this re-
astlion provided that sufficlent time was allowed, although
the veloeity of the rescticn was incressed by heating or by
the addition of ether, pyridine, guincline, or iodine %o a

mixture of BX and Hg in ligroin {44b).

¥hen pyridine or guinoline is used as solveunt, ss In the
asctive hydrogen determination, the Grignerd ound is Tirst
prepared in ether, and the bases are then added {(48). This

addition produces & complex, (CgHgl)o*CEggX~0(Coligly, with

- pyridine (47} which gives the same reactions as the Orignard
compound. There is much discussion of the solvents used in
the Zerewitinoff determination. Since the organomstallilc

compounids are seldom formed directly in these solvents, they

45. Pickard and Kenyon, J. Chem. Se6., 89,
46. Zerewitimoff, Ber., 40, 20235 (1907).
47. Sachs snd Sachs, Ber., 37, 5088 {iﬁ@&}g 0ddo, Att

Lince] i%; 13 xZﬁ”@gﬁ*?&%a@}; {5} P P OB BT
- f‘i s 11, 836 (1904); I, 18 {%w?i;*m, 75

262 (1906).




will not be diseussed hers.

Grignard reagents have slso been prepared from the
Qrganie helides and magnesium in the absenece of solvent.
Spencer (48) reacted magn&aiﬁm with various alkyl halides in
& sealed tube and upon hydrolysls obtained the corresponding
hydrocarbon together with the coupling product. Hé used
iodobenzene, gf%&ammanilina, aﬁﬁ‘gﬁbr@maphaﬁal in this reac-
tion. With the excepiion of g~chloreanliline, the chloro
compounds did not show much reasction, Gllmen and Brown (49)
prepared phenylmagnesium chloride in 85 per cent yield by
this method. The possibllities of preparing Gﬁﬁgﬁgﬁl on &
large scale in thils manner were investigated by Shorulgin (50)
who earried out the resetlion in an autoclave. Catalysts
offered no advantage although small amounts of ﬁﬁagéﬁééagﬁx'
sccelerated the reaction. Dimethylaniline, however, even
slowsd up the reaetioen. Alkyl halides gave only resinous
material when beated with magnesium in 2 sealed tube (B51).
The RBussian investigators, Andriancov and Oribasnovae (52), were
able to meke the reaction take place In toluene and benzeéne
or sven without solvent 1f a 1ittle tetraethoxysilicane was

added as a‘aatalga%@

48. Spencer and Crewdson, J. Chem. Soc., 93
Spencer and Stokes, ;ﬁi&,, 93, B8 (1908).

49. Gilman and Brown, J. Am. Chem. Soec., 58, 3330 {1930} .
50. Shoruigin, Isagulysnts, Guseva, Oslipova, and Polyskova,

~ Ber., 64, 2584 (1931). , |
51. Shoruigin, Isagulysnts, and Guseva, Ber., 66, 1426 (1933).

52. Andrianov and Gribanova, J. Gen. Chem. (U.5.8.R.}, 8, 557
(1938) /C.A., 32, 7892 (1938)/. ~—

1821 (1908};
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The compounds of Croup 2B form orgenometallic compounds
that are not very active, so more drastic means should be
required to prepare them by the resction of the metal and
organic halide. ‘This is quite true, for organcgzine compounds
are prepared from the orgasnic halides and gzine without a
&ﬁlV&nﬁb{ﬁ%)‘ A zinc-copper couple has been used success-
fully for the preparation of disthylzine frﬂﬁ ethyl iodide
 (54). This reaction gives very high yields of pure product.

Although cadmium will reset with alkyl lodides in ether
solution the yields are small and the products are impure.
Wanklyn {55) has prepared diethylcadmium from ethyl lodide,
while Lbhr (568) has used methyl iodide with cadmiuwm to obtain
dimethyleadmium.

¥ercury wlll reaect with methyl or benzyl iodide in sun-
light or strong illumination in the absence of solvent to
give the corresponding RHgX compound {57). When o ~bromotolu-
. nitrile is heated with mercury at 40-60° in the absence of
solvent, CgH CH(CN)HgBr is produced {58).

53. Pranklend, Ann., 71, 171 (1849).

54. Laahmau, Am. Chem. J., 24, 31 (1900); Dennis and Hance,
d. Chem. Soc., 47, 370 {1925); Noller, ibid., 51,
%dﬁ'mm*

55. Wanklyn, J. Chem. Boc., 9, 183 (1856).

56, Lbéhr, Ann Ann., 261, 48 (1891)

57. Maynard, J. Am. Chem. Soc., 54, 2108 {1932).

58. Kretov and Abramov, J. Gen. Chem. (U.8.8.R.}, 7, 1572
(1957) /[G.A., 31, 8518 (1857]7.
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A1l of the other metals which have been made to react
with alkyl halides to give organometalllic compounds have besn
used without solvent. This 18 a method of cholice for making
organosluminum compounds. ﬁnizdé and Kraus (59) used en
aluminum alloy (8 per cent Cu} with methyl @hla»ié&, with
AlCly as a catalyst, to prepare an equimolar mixture of di-
methylaluminum chloride and methylaluminum dichloride. Thls
sluminum-copper alley has been used with a large number of
helides (60). Alkyl ifodides when heated with tin gave disl-
kyltin diicdides (61). Cahours (62) prepared (Clg),AsI by
heating srsenic and methyl lodide et 160-200°, while the same
trestment with 5b gave RgSblg (83).

bs Clesvage of ethers.-- This group of reactions is con-
fined to the alkall metals, but the organometallic compound
formed is of low enough reactivity se that dlethyl ether may
be used withﬁa% danger of 61&&?&&&; frighsmgimathyigataa&imm
is obtained from the following reaction in dlethyl ether (64).

ieﬁﬁﬁ}ﬁg + 8K —— > {Qsﬁs):ﬁgg + KCR

59. Hnizde and Kraus, J. Am. Chem. Sog., 60, 2276 (1938).
60. Crosse and ﬁavity, J. Org. Chem., 5, 106 (1940).

61. Frankleand, Ann., 85, 329 ilﬁ&ﬁ), Cahours, Aon., 114, 367
{1860) .

&65. ﬁﬁmki&m, iv ﬁhﬁm; 50@«, _;.‘_5‘; 118 {iﬁﬁ@)*
64. Ziegler and Thielmenn, Ber., 56, 1740 (1923),
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The R is an alkyl group, usually mﬁth§1‘ The ethoxy group
is cleaved from 1,1,3,3-tetraphenylallyl ethyl ether

oCgly
in diethyl ether using sodium-potassium amalgem es the cleav-
ing agent. Wittig snd Obermann (65) used Ne-K alloy in
 dioxan to cleave the ether in the following reaction
'~ 80 Y CnCH CLOCE MO ) - methanol
(6655}9{93ﬁﬁ) G*¢E§G£ﬁﬂﬁgiiﬁsﬁg}g + Ha~-K —>

This reaction takes place egually well with dlethyl ether as
solvent, ILithium metal also oleaves sthers (66), for one
methoxy group is removed from benzophenone dimethyl acetal if
allowed to react for three weeks In diethyl ether. The

following reaction slso takes place in eth&r.

+ 2 Li———a—[::]:;:] + L10CHg
/N
CgHy I

e

Es/ \‘wﬂa

gt
Shoruigin {(67) cleaved various ethers by sedium metal
without solvent as well as with various solvents. Diphenyl
ether began to decompose when hested with sodlum at 180° to
glve 60-75 per cent CgHgONa, 30 per cent CgHgNa (characterized

65. Wittig and Obermann, Ber., 87, 2053 (1934).

68, Schlenk and Bergmenn, Ann., 463, 1, 98 (1928); Ann., 464,
35 {1928).

67. Shoruigin, Ber., 56, 176 (1923).
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as Cg Ha by hydrolysis), and small &mauﬁta of biphenyl. If
@iphenyl ether was cleaved by sodlium in hailiﬁg xylene -
{b.p. 160°) wvory little phenol was obtained; if it was .
cleaved in boiling biiscamyl (b.p. 180%) a better yleld was
obtained; with nephthalene (b.p. 220°) the vield of phenol
was as gégﬁ as that obtained when na}awl#&at was used.
‘ﬁlgariy, ﬁhe important function of ﬁhﬁ solvent in this case
ia one of ﬁamgarat&r& conbrol. If tﬁa sther to be cleaved
boils above 200° cleavage may be obtained by boiling in en
open flask. The lower-boliling ethers must be heated with
the metal in & sealed tube. |

¢« Direct metalation.~~ The title of this section sug-

gesta the use of very aeactive metals and hydrocarbons with
relatively mcidic hydrogen atoms. Rubidiom and caesium re-
act with triyhen§1m§$h&na in orgeniec solvents (10)« Although
sodium will not react with (CgHg)zCH in orgenic solvents,
sodium smelgem will (68). The necessity for active metals
again manifests itself in the reactlon with phenylacetylene.
Potassium, rubldium, and caesium react In sether with
CgHgC % CH, but lithium and sodium are unreactive (89).

The replacement of & hydrogen in a hydrocarbon by a
metal takes place with much greater ease in ligquid ammonis

then in organie solvents, for sodium reacts with |

668. Schlenk and Ochs, Ber., 49, 608 (1916).
69. Gilman and Young, J. Org. Chem., 1, 315 (1936).



phenylacetylens in this solvent (70).

When acetylene is bubbled through a2 U~tube containing
sodium in liquid ammonia, CoHNa 1s formed (71); the same re-
action tekes place with potassium. With lithium, scetylene
forms erystals containing ammonis of hydration. EHven calciunm
will react with acetylene In liquid srmonia to give the ¢ om~
pound ﬁzﬁawﬁgﬁé*§§33, Both the l1ithium and caloium aam*‘(
pounds mentioned above give scetylides upon heating. Vaughn
and Danehy (72 claim the formation of HC 2 CCaC = CH from the
liquid ammonia reactions of ecalclium with HC 8 CH.

As has been seen befors, more drastic gonditions arse
oreated by carrying out a reastion without a solvent. This
is shown by the faat thet potassium in liquid ammonia dis-
places only one hydrogen in diphenylmethane to produce
diphenylmethylpotassium {?3}, while in the absence of solvent
two hydrogen atoms are displaced to give diphenylmethyldi-
potassivm (74).

d. The reaction of en alkyl helide with asn alloy.-~ This

type of reaction requires an alloy of an asctive metal with

the more unreactive metals, ususlly the metals of the B Groups

70. Hess snd Munderlok, Ber., 51, 377 (1918).
71. Moissen, Compt. rend., 127, 911 (1898).

72. Vaughn and Danehy, Proc. Ind. Acad. Sei., 44, 144 (1935).

73. Wooster and Mitehell, J. Am. Chem. Soc., 52, 688 (1930).
74. Le Pierre, Bull. soc. chim., /37 5, 299 (1891).
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of the perlodie %abléﬁ Sodium aﬁalga&‘r&acts with alkyl
halides, in ethyl apetate to produce dialkylmeroury compounds
(75). likewise, sodium amslgam rescts with dislkyl sulfates
in the presente of methyl acetate to give RoHg compounds (76).
Dimethylmercury can be yreyaraé in 65 per cent yields hy this
method.

¥o solvent is required for most reactions of this type.
Petraphenyltin is formed in 5O per cent ylelds from bromo-
bengzene and 14 per eent sodlum-lead alloy (77}. Polis (78)
used 8 smell smount of ethyl acetate to catalyge this reaction.
‘While aliphatic lodides will resct with the lead alloy in
ether {?9}; the aromatic halides will only react with sodlume
lead alloy without a seolvent {80), 1% i= interesting to note
that upon the reduetion of acetone with sodium-lead alloy in
dilute sulfuric acld & mixture of teitralscpropyllead and
small amounts of diisopropyllead, triisopropyllead, and iso-
propyllead oxide are formed (81).

For the production of organle compounds -of antimony and

95, Franklend and Duppa, Ann., 130, 104 (1864).
78. Fuchs, é» ?Pﬁktw Ghﬁm», 13.9; 209 {1@38}4

77, Chambers and Scherer, J. Am. Chem. Soc., 48, 1054 (1926).
78. Polis, Ber., 22, 2915 (1889).

79. Lbwig, Amn., 84, 319 (1852); Cshoura, Ann., 122, 48 (1862).
80. Polis, Ber., 20, 716 (1887).

81. Goldach, Helv. Chim. Acta,, 14, 1436 (1951).
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bismuth by the use of alloys, it 1s essential to carry the
resction out in the absence of solvent. LBwlg prepared
alkylantimony compounds in this masnner by heating the slkyl
halide and ge&asziﬂm*aaiimﬂﬁy~allay with & guartz sand cata-
lyst (82)., When p-bromoanisole was heated with s0d Lum~
antimony alloy in bengene solution, poor ylelds of (03363655)58b
- were obbained (83), but even less of the product was obtained
in the a&xenea of solvent. ¥No arylﬁismuthvaamgéuﬁéa could be
prepared in this manner if ether, benzene, or other inéifferw
ent organic solvent were used (84), although both aryl- and
alkylbismuth compounds could be formed in the absence of
solvent (88). |

e, Metal-metal displagement reections.-- Hetal-metal
dlsplacement reaétigag ¢cover the preparation of & broad
variety of organometalllic compounde with a wide range of
reactivity, and, accordingly, a wide variety of solvents is
to be encountered., The only preparation of organometallic
aamp@uﬁﬁa of rubidium and caesium by this method has been

from the metal and diethylzine, the latter acting as the

82. Lbwlg and Schwelzer, Ann., 75, 315 (1850); Landolt, Ann.,
78, 91 (1851). R -

83. LBloff, Ber., 30, 2834 (1897).

84, ¥ichselis and Palis, Bsr., 20, 54 {1887); Micheelis and
Marquardt, Ann., 251, 52 (1569) .

85. Gillmeisier, Ber., 30, 2843 (1897); Dlinhaupt, J. prakt.
Chem., 61, $§§"T1@5§7
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Xylene is 8 solvent of cholee for the preparation of these
compounds. It is more rapld than 1f the reactlon is carried
out without a solvent (93}, and loss by suhlimaﬁign‘&nd de~
composition is prevented. This does not epply to the tri-
alkylaluminum compounds which are prepared without sclvent in
a sealsd tube (94). Petroleum ether is used for the prepa-
ration of active arg&aama%&lliaa such as organcsodium (4, 6@}
and ~lithium cemgaunda (359 fram the mercurials.

Talalaeve and Kocheshkov (96) used phenyllithium to pre-
/ pare organometallies of Mg, 5n, Pb, As, 8b, and Hg. Both
ether and xylene were used as golvents but no particulars wers
given as to éiffaraﬁﬁeskk@%waﬁn.tha two solventa. %ri@hﬁnyié
thallium end diphenylthallium bromide were converted into the
dimercurials by treating these compounds with mercury inether
(87}

Almost 811l of the érgan@m%tailia compounds which are rela-
tively unreactive have been prepared by the reaction of the
corresponding metal with the dimercurial in the sbsence of a
solvent. Often the reactlion is reversible with poor ylelds.

Table 2 lists examples of varlous metals which react in
this menner. |

Qﬁu Hilpert and Griittner, Ber., 45, 2828 (1912); Krause and
Dittmar, Ber., 83, 2401 (1930).

94, Buckton and 0dling, Ann. chim. phys., (4) 4, 492 (1865).

95. Ziegler, Ber., 64, 445 (1931).

96. Talalaseva and Kocheshkov, J. Gen. Chem. (U.8.8.R.}, 8,
1831 (1938) /C.A., 33, 5819 (1939)7.

97. Gilmen and Jones, J. Am. Chem. Soc., 61, 1513 (1939).
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Teble 2. Metals Which React with RyHg Compounds in the
Absence of Solvent. ,

.

o

R group of RgHg Metal Reference

methyl- 98
aryl- Be 99
alkyl~ Mg 100
aryl- - Mg 101
alkyl~- in ' 102
aryle- Zn 103
alkylw , ¢d (large excess) 108
- aryle ¢d {large excenms) 103
alkyl- Al 93
aryl- Al 104
alkyl- Ga \ 105
aryl- Ga 106
methyl- In 107
aryl- ‘ in 108
athyl~ ‘ BL 108

98, Lawroff, Bull. sce. chim., 41, 548 (1884).
- 9. Gllmen and Schulze, J. Chem. Soc., 2663 (1927).
100. LBhr, Ann., 261, 72 (1891).

101. Gilmen and Brown, Rec. trav. chim., 49, 724 (1930).

102+ Frenklend and Duppa, Ann., 130, 117 (1864).

103. Hilpert and Orlittner, Ber., 486, 1675 (1913).

104. Friedel and Crafts, Ann. chim, phys., {6) 14, 457 (1888).
105. Dennis and Patnode, J. Am. Chem. Soc., 54, 182 (1932).
106. Oilman and Jones, ibid., 62, 960 (1940).

107. Dennls, Work, Rochow, and Chamot, ibid., 56, 1047 (1934).

108. Schumb and Crane, 1ibid., 60, 306 (1938); Gilman and
Jones, ibid., 62, £358 (1940).

109. Frankland and Duppa, J. Chem. See., 17, 29 (1884).



' Diphenylmercury has been made from diphenyllead dichloride
and triphenyllead chloride with metallic mercury in acetone-
aleohol solution (110). |

f. Formation of organometallic compounds from the slec-

trolysis of RM compounds.-- The reaction medium for the elec-
trolysis of organometallie compounds must have a relatively
high dieléctric constant and, to be sure, must bes chemically
unresctive toward the organometallic compound. The fulfille
ment of these two oriteria leaves little cholce of solvent.
Although diethyl ether has & gmall dlelectric constant,
it has been used for electrolytie studies (111). When
Konduirev used gzine, aluminum, or magnesium ss the anode in
the electrolysis of ethylmagnesium bromide in diethyl ether,
some of the metal went Into solution while & number of other
metals 4id not dissolve., French found that aluminum, zine,
and cadmium were dissolved during electrolysis, but only the
aluminum wes f@u@ﬁ in solution. Evans and Fiala {112)
claimed n-butyl ether to be less efficient in electrolysis
than diethyl ether, since the free radicals formed during
electrolysis attack the butyl ether more readlly. Pyridine
has 8 higher dielectric constant than dlethyl ether and is

110. N. Kaplan, Master's Thesis, Iowa State College {1939),

111. Konduirev, Ber., 58, 459 (1925); French and Drane, J.
4Am. Chem. Soc., 58, 4904 (1930).

112. Bvans and Field, ibid., 58, 2884 (1936).
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more suiteble for electrical eonductance studies, but even
this solvent cannot be used with such compounds as phenyliso-
propylootassium (113). It can be used, however, with
(CgHp)3CRa. Hein and Sepitz (114) hava prepared srganamaﬁal»
lie aampanné& by the alaatra&y&ia of ethylsodium in diethyl-.
zine solution uaing 8b, Al, ﬁg, Cd, Bi, and T1 as electrodes.

g+ Freparation of organometallic compounds by the elsc~

t?@}g@ia of ketones.-- Such & specialized reaction as this
could only be used with & few sclvents, As a matter of fact,
these resctions ere all carried out in dilute acld sclutlion.
Biia@prapylﬁarﬁury {115) and diisopropyllead {116) were
formed by the electrolysis of dilute Hy80, solutions of ace-
tone in the presence of Hg and Pb.

h. Reactions ,ﬁgmmf&s with free radlicais.-- Most inves~
tigators are familiar with the Peneth technigue for the reac-
tion of alkyl free radlicals with metals {)17). Of course no
solvent is used in this resction. All other free radicsl
reaetiaaa’hava been ﬁérriaé cut in dlethyl ether. Triphenyl-
methyl reacts with aaéiﬁm in sther providing the eurface of

113. Ziegler and Wollschitt, Anmn., 478, 123 (1830).
114. Hein and Seglits, Z. snorg. allgem., Chem., 158, 153 (1926).

115. Haggerty, Trans. Am. Electrochem. Scc., 58, 421 (1929).
1&6 L ?afﬁl: Eﬁi‘ * % &4 523 {lgll} *

117. Peneth and L@lait, J. Chem. Soec., 366 {1@55?, Paneth and
Hafedity, Ber., 62, 1335 (1920).
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the sodium 1s kept clean by stirring with glass beads (118).
Triphenyluethylmagnesium iodide is formed from the corre-
W@aﬁ&www free radical and the system Mg - Mg, in diethyl
ether (119). \

i+ The addition of metals %o double bonds.«~ There has

been a lerge volume of work published on the addition of met-
als to double bonds. By far the largest number of articles
has been written by Schlenk snd Bergmann and thelr co-workers.
Ether has been the solvent most used since the wamawwaﬁ takes
place more rapidly in this solvent @Www,ww bengene (120). A
splendid article was published by Schlenk and Bergmann (121)
on the addition of lithium to double bonds in ether solution.
When Bergmenn ﬂwwmw treated 1,1,8,8~tetraphenyl~l,7~0ctadiene
with 1ithium in ether for four weelks, substantisl quantities
of wawsmwywﬁaﬁwuaﬁ%wawaHﬁwan%mﬁ wers obtained upon hydrolysis.
Wittig (123) later showed that, upon the hydrolysis of the
above reaction when carried out in dioxen, the products formed
were 60 per cent of the cyolohexane derivative snd 30 per cent

of 1,1,8,8~tetraphenyloctane. This latter product indicates

118. Bachmann and Wiselogle, J. Am. Chem. Sos., 58, 1943 {1836).

119. Gilman and Fothergill, ibid., Bl, 3149 (1829).

120. maww@wwn Appenrodt, Michael, and Thel, Ber., 47, 473
1934).

121, Schlenk and Bergmann, Ann., 463, 1 (1928).
122. Bergmann, Ber., 63, 2595 (1930).
123. Wittig end Weltnitzki, Ber., €7, 667 (1934).
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that metel addition to the double bonds precedes cyclization.
Dioxan seems to retard the c¢yclizatlion but not the addition
to the double bond. |

ﬁa&in&fadésyﬁa penzalfluorene in liquid ammonia (121).
wuaa%erﬂflﬁéi ha&ya&ﬁwﬁ that ﬁhe reduction of naphthalens
with sodium iﬁ 1&%&1&‘#&&@&&& proceeds via the intermediate
- 1s2,3,4-tetresodium addition product.

Ethers of high oxygen content fsellitate the addition of
sodium to unsaturated links, especlally those found in aro-
‘matic hydrocarbons (125). Secott (126) has used dimethyl
ether as a solvent for the additlon of sodium to naphthalene
and biphenyl. This author cleimed that 1if dlethyl ether was
added to the dimethyl ether the reaction slowed down. This
was the enly‘maaaaﬁhaw in which this reaction oceurred
readily. The addition is slow but detectable in methyl propyl
at}wxs, The dimethyl ether of ethylens glycol 1s substantially
equivalent to dimethyl ether. However, this ether is slowly
attacked at room temperature by the sodium naphthalene with
the formation of methyl vinyl ether. ;

Cyofgheg + 2CHA0CH,CHy0CHy — > CyoHyq + CHgONa +
2CHZ0CH=CE,

124. Wooster and Smith, J. Am. Chem. Sosc., B3, 179 (1931).

185. U,S. Patent 2,064,303, Sept. 15, (1956) /T,A., 30, 7586
(1936)7.

126. &aa&ti Walker, and Hansley, J. Am. Chem. Soec., 58, 2442
(1936). '
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Trimethylamine and a few other amino compounds were effective
although they offered little advantage over the ethers. These
solvents were necessary to initlste these reactions and also
for the existence of the sodium additlon products. When the
podium additien compound was av&peratéé ga dryness sand treated
with water, the theoretiecal guaniity of hydrogen was liber-
ated, but if water was added to the ether solution, no hydro-
gen was evolved., If the solid was extracted with heptane a
residue remained which consisted almost entirely of sodium.
The specific role of the ethylene glycol dimethyl ether
in premoting the alkali sddition to phenanthrens seems to be
due to a number of faatarskilﬁ?)n 1t may act merely as sny
other lonising ﬁé&vant to permit dissoclatlion; it may stabll-
ize the ionic produects of the reaetlion through solvation; it
may activate the sodium. The donor actlvity of the oxygens

of the solvent might yleld such a chelate lon as represented

by
¥ F Cﬁ@ ﬁﬁﬁ - +
CHp = 0. -0 = Chy
Sa a7 '
/7Ea¥K [
6 : o ,.6’ \\a o {; i
n ﬁg ﬁﬂs Q'Eg’ ﬁg_

and thus stebilize the long present in the solution. Evidenoce
for the formation of the solvated ions 1ike this is not lack-
ing since the mixture becomes thick during the addition of

the metal and upon carbonation the solution thins just as the

127. Jeanes and Adams, ibid., 59, 2608 (1937).
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last trace @f ﬁarkégalﬁrﬁa product is changed to the salt.
This 18 assumed to mean that the solvent has been héunﬁ up in
some manney #ﬂﬁ‘iﬂ later released.

There are numerocus patents in the llterature which are
concerned with this additien reaction, only twe of which will
be discussed here. A numwber of low molecular weight mixed
ethers, such as ﬁim#thyl, methyl ethyl, and methyl propyl
ether, have been used (128). The mthar patent deals with
polyethers (129), auah as ethylene giyee& dimethyl and diethyl
ether, methylal, glycerol dimethyl ether, and methyl or ethyl

orthoformate.

J+ The g&p&?ﬁgﬁ,g;@g&pbanwﬁarbqg bendg.~« Very little

- work has been done on this resction in sny solvent other than
diethyl ether. However, 1,1,2,2-tetraphenyleyclopropane was
cleaved by sodilum-potassium alleoy in dioxane to give 1,1,5,5~

92 AN _ ,
tetraphenylpestens (65). Conant and Garvey (130} cleaved

‘substituted ethanes with sodium~potassium alloy in ether-
benzene solution or in ether alone. HNo mentlion was made as

fo the differenmce in the effect of the solvent. Most of the
other reactions took plece using ether as solvent. Marvel (131)

128. Fr. Patent.779,105, March 29, (1935) [C.A., 29, 4775
{1935)7,

129, ﬁrit*,Pataﬁﬁ 445,417, April 1 (1936) /C.A., 30, 6761

130. Conant and Garvey, J. &m. Chem. Sce., 49, 2599 (1927).

131. Salzberg snd Marvel, ibid., 50, 1737, 2840 (1928);
Rossander and Marvel, ibid., 51, 952 (1929); Gillesple

and Marvel, ibiﬁn,lﬁﬁ,”gﬁgg {1930); Stampfli and Earvel,
ibid., 53, 40857 (168I).
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hag used sodium~potessium alloy or sodium amelgem as the
cleaving agent in ether while EKoelsch and Rosenwald have used
lithium {(132).

2, Bolvents for the preparation of orgsnometallie compounds

from salts of the metals.

a. Beactlions of organometallic compounds w@ﬁh galts, -

In general, & less reactive organometallic compound ia formed
from & more resctive ﬁ@%@ﬁﬁhﬁ in this manneér. Due to its low
toxieity and ease of preparation, the OGrignard reagent has
been used extensively in the preparation of most of the less
reactive compounds. ‘Gaﬁaaqaantly ether 1s an important sol-

vent in this connection. R ~gé {133) gives an excellent

review on the preparation of organometallic compounds from the
Grignard reagent.

Many other reactlons of this type are carried out in
ether. Diphenylberyllium (134) and diphenylcadmium (135) were
prepared from phenyllithium in ether solution. Even RigX
types, which are not readily prepared by the conventional

132. Koelsch and Rosenwald, ibid., 59, 2170 (1837).

133. Runge, "Organometallverbindungen. I Teil: Organomag-
nesiumverbindungen,” Wissenschaftliche Verlagsgesell-
schaft, m.b.h., Stubttgart (1932), pp. 279-303.

134. Gilmen and Bailie, J. Org. Chem., 2, 84 (1837).

185. Nesmeyanov and Makesove, J. Uen. Chem. {U.8.8.R.), 7,
2649 (1937) /C.A., 32, 2005 (1936)/.
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resction, may be prepared from the magnesium halide etherate
and organolithium compounds in ether. In this manner the
igkweéﬁéiﬁls'ggﬁﬁinaphaaylmﬁgneaiﬁm~bramiﬁe has been prapaéad
by the fa}iawingys&quanﬁe af‘rﬁaatiana {lSs)w
p-Brl H NH, + neC H Il ———>= p-Li-CgH NHy + n-C,H Br
gﬂhﬁﬁaﬂgﬁﬁg‘+ Kgﬁrg‘e—f———ﬂr’E»Bwﬁgﬁﬁﬁgxﬂg + LiBr

An interesting adaptation of thia‘rﬁaatiaﬁ is repre-
sented by the eguation
3&5§ + Mgy — SRoMX

or by the formation of RUX,, if an excess MX g is used. An
example of this is the formation of diphenylblsmuth bromide
from an sther sclution of triphenylbismuth and BiBrg (137},
or the formatlion of mixed érganeainmﬁnum halides from RgAl
compounds (60). |

Cne disadvantage of using ether as & solvent ls that the
organometallic compound resulis as an etherate. Sometimes
these etherates glve entirely different reactions from the
ether~free compounds. This ls notsble in the smooth resctiion
of ether-free organcaluminum lodides with acld chlorides and
anhydridea in contrast to the Falymarimaﬁian which occurs
when the azharﬂﬁa& are used (138).

136. Gilman and Stuckwisch, J. Am. Chem. Soc., 84, 1007 (1842).

137. (a) Orfittner and Wiernik, Ber., 48, 1749, 1484, 1759 (1930).
(b) Dyke, Davies, and Jones, J. Chem. S0s., 463 {(1930).

138. Haubein, Apperson, and Gllmen, Proc. lowa Acad. Sei., 46,
219 (1939).
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A very useful application of the reaction of metal salts
with ether solutions of organometallic compounds is the char-
acterization of mrgﬁmiéfhéliﬂaa‘ Firat the halide is con~
verted to ths corresponding Grignard compound, after which the
aﬁgﬁ compound is treated with a mercuric balide in order to
form the corresponding solid organomercury hallde (139).
Likewise, organomercury compounds react with a number of salts
in ether to produce organometallic compounds fzéﬁ}ﬁ

Hydrocarbons have been used extensively in this type of
reactlon. No conelusion oan be drawn as to the reasen for
their use since very little comparison of ethers and hydro-
garbons has been made. Although wost authors obtained low
yields of tetraphenylgermanium from the chleride and
Grignard compound in ether, an 86 per cent yeild of this com-
pound was obtained by replacing the ether with toluene (141).
It may be the differsnce iﬁ solubllity phenomena, or, more
likely, the higher temperature achieved with these solvents
which accounts for the difference in reactivity. An ether-
benzene solution was used to cause reaction between p-di-~

methylaminophenylliithium and stennic chloride (148).

139. %armz);, Gauerke, and Bill, J. Am. Chem. Soec., 47, 3009
1925). o

140. (a) Goddard, J. Chem. Soec., 121, 36, 256, 482 (1922);
(b) Challenger and Allpress, ibid., 119, 915 (1921);
{¢) Bauwer and Burschkies, Ber., §§w 986 {1932).

141. warrell, J. Am. Chem. Sce., 62, 3267 (1940).

142. Austin, ibid., 54, 3726 (1932).
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Antimony trichloride dissolved in benzene was added to phenyl-
magnesaium bromide in diethyl ether to éréétée’ﬁriphaﬁylw
anﬁimaﬁy‘{1&$)¢‘,ﬁagz§na alone was used as a solvent for the
p&a?afaﬁian~ar a&kyiéérén aampéﬁaﬁﬁ from éialky}mﬂrgury com-

pounds, REX, or R,BX resulting, depending upon the guantity
.'af the mercurial used (144). Qﬁam&ara and &é&ar@y.{l45} |
distilled the ether from Cy4H MgBr and added toluene in order
to carry out a reaction with stannic chloride. Goddard (148)
reasted te%rag%ﬁ§$ﬁlﬁaa with stannic chloride, aﬁti&&ﬁy‘
chloride, snd bismuth chloride in toluene. Tetraarylgermanium
ﬁamp@ﬁnés’war& prepared from the mercurisls in xylene (147).
Birch (148) used ether in the resction between aryllithium
compounds and thallous chloride, but used benzene %r pentane
instead of ether ﬁh@nfﬁzkyllitﬁiam compounds were used.
Ether was used with the aryl compound bscause of the insolu-
bility of phenyllithium in ayﬁreearbana but no run of alkyl-
lithium was mede in ether te afford a comparison as to the
efficiency of the two kinds of solvents.

_gmémylmarsarg bas been prepared from n-amylsodlium and

143, Morgan and Micklethwait, J. Chem. Soc., 99, 2286 (191l1).
144. Micheelis, Ber., 27, 244 (1894); Ann., 515, 19 (1901).
145. Chambers snd Seherer, J. Am. Chem. Soc., 48, 1054 (1926).

146, Goddard, Aeshley, and Evans, J. Chem. Soc¢., 121, 978
{1922). S i

2512 {1927); Bauer and Burschklies, Ber., 65, 956 11932).

148. Birch, J. Chem. Soc., 1132 (1934).
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mereurlc chloride in petroleum ether (149). Likewise,
Gilmen and Apperson {150) used AlCls in petroleum ether to
tleave tetraphenyllead and tetraethyllead. Although mixed
organocthallium compounds could be prepared from organothalw
l1lum chlorides and alkyllithium compounds in petroleum ether,
ethylsodium would not react, due to the insolubility of the
aaéium\aémyaunﬁ in such indifferent media {l&l}n-

The reactions carried ocut without solvent usually ln-
volve the less reactive type of orgenometallic compounds
which probably would give only a slow reaction in s solvent.
A number of orgsnomercury (152) and orgenozine {153) come
pounds have been pragar#ﬁ in thise mﬁnn§vw Tetraphenyllead
has been clsaved by ammonium chloride at 180° to give & 75
per cent yield of triphenylleasd chloride (1B4).

As 18 to be sxpected when less resctive organometallie

148, %@gta?, Massengale, and Gibb, J. Am. Chem. Soec., 83, 324
1941).

150. Gilman and Apperson, J. Org. Chem., 4, 162 (1939).
i81. Ex“@}.li, J# Am; {}he@a g@ﬁb; 52 2998 (19%}&

152. {a)} Buckton, J. Chem. Soc., 16, 22 {18&%}* {b)
Michaelis and Reese, Ber., 18, 2876 {13&2), {e)
¥ichaelis and Becker, Ber., ib, 180 (1882).

155. (a) Stock end Zeidler, Ber., b4, 531 (1921); {(b) Kraus
and Toonder, Proc. Nat. Acad. sel., 19, 292 {1933);
{e) Frankland, Ann., iil, 44 (1Bb9); W finkler, J. prakt.
Chem., 36, 177 TEE%@}“”?%ﬁnklaaﬁ and Lawrence, 3,35ﬁ“”
Sesﬁ; 3 130 {iﬁ?ﬁ}; Frankland and Duppa, Ann., 115
i)), Buckton, Ann., 109, 218 {1&5@)_

I«

154. Krause and Schlottig, Ber., 58, 427 (1928).
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compounds are used, solvents with functional groups msy be
employed. This 1s eapecially true in the formetion of mer-
curials. Ethylmercuric hydroxide reacts with iﬁﬁﬁﬁjgsnﬁ in
dilute alcohol contalning sodium hydroxide to glve ethyl-
phenylmercury {(155), and under the same conditlons mercuric
oxide resots with éaﬂssbe to give diphenylmercury (155b).
Tetraphenyllead reacts with silver nitrate in aleochol solu-
tion to form triphenyllead nitrate and phenylsilver as evi-
denced by the formatlion of biphenyl upon warming the solution
(156a). In the same manner, tetraphenyllesd reacts with
copper nltrate to give an organocopper compound. Tetraphenyl-
tin reects in aleohol wlth silver nitrate to ?r@&aaﬁ phenyl-
silver. There is evidence that all the phenyl groups were
cleaved from the organotin compound. The unsymmetrical tri-
phenylethyllead and ~tin compounds, when treated in alecohol
with mercurie chloride or silver nitrate, give phenylmercuric
chloride and Gaggﬁg*ag§@§~r¢a§aeg1veiy (156b). When Rybg
sompounds are cleaved by stanncus chloride to give R, SnCl,
compound and mercury (157), some of the substances formed were
found to be insoluble in alechol. As a result; the reaction

was quite slow, but desirable results were achieved with the

1565. (a) Freidlina, Wesmeyanov, and K%haahkw, Bar., €68, 565
%lﬁ%&%, (b) Nesmeyanov and Kocheshkov, Ber., 67, o517
1934).

156, (&) Unpublished s%nﬁia& by L. 4. Woeds; (b} Krasuse and
Sehmitz, Ber., B2, 215¢ {1919).

157. Nesmeyanov and Ka&hﬂahkav, Ber., §§&‘2498 {1930}«



aryl compounds. However, this soclvent gave negative results

with alkylmercury compounds.

The above mentioned salvsgts are the ones most frequently
anaauntar&é; but there are a few others that should be menw~
tioned. Dibutyl ether was used by Burg (158) to prepare tri-
‘methylboron from the Grignard resgent and methyl borate. To
prepare dimethylgold lodide, en ether solution of mebthyl-
magnesiuvm fodlde was added to suric chlerids dissolved in
pyridine (159). Triphenyllead chloride was prepared from
diphenyllead dichloride and diphenyl mercury in pyridine solu~
tion (160}« Phenylboric acid reacted in hot water ﬁith |
k thallium trichloride to glve Eg%ix or ﬁwlxg,v@ayeaéing on the
ratlioc of reactants used (161l}. Iron carbide was sald to be
prepared from calcium carbide énﬁ a water solution of

ferrous chloride (162).

b. The reaction of metal halides, orgenie halldes, and

metals.~~ When the resctlon
4CgHgBr + GeCly + 8l ———— (Cglg}4Ge + 4HaCl + 4NaBr

was carried out in ether solution, poor ylelds of

158. Unpublished studies by Dr. A. B. Burg /See J. Am. Chem.
Soo., 84, 324 (1942)/.

159, Brain and Gibson, J. Chem. Soc., 762 (1939).

160. Austin, J. Am. Chem. Sec., B4, 328 (1932).

161. Challenger and Parker, J. Chem. Soc., 1462 (1931).
162. Durend, Compt. rend., 177, 693 (1923).
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tetraphenylgermanium wers obtained {(163). If tolusne was sub-
stituted for the ether sclutlion, sxeellent yislds of the tetra
compound were formed (141). Tetraphenyltin was prepared from

chlorobenzene, stannic chloride, and sodium in sther (78).

7 Thia same type of r&a&%ian was nsaé to prepare tr&phanyl&nti*

mony from the chloride and sodium {18¢},

¢. The addition of organic helides to some metallic salts.--
The praparatian;ef organometalliec compounds in this manner
aeam& qaita 1imitaﬁ in its aaayﬁ ané is uau&lly aarriad out
in the absence of ﬁ@l?&ﬁ%; 4 gﬁcd ex&mnla of this reaction
is the heating of a mixbture of stannous chloride with methyl
iodide to produce methyltin trilodide (165), Potassium
chlorostannite will produce methyltin trilodide when heated
with methyl 1odide in the asbsence of solvent {166). This may
take plage either by the resctions
ESnCl, + CH,I ——— KI + CHgSnClg
CH,SnCly + BKI ————> CH.Snl, + 3KC1
or more likely by the following reactions.
KSnOly + CHgl ——> KI + CHgBnCly
KSnCly 4 2KI ———> Snlg + JECL
Snlp + CHgl ———> OHgnly

163, ?ab@rn, Orndorff, send Dennis, J. Am. Chem. Soc., 47,
- 2039 (1925).

164, Worgan and Vining, J. Chem. Soe., 117, 777 (1920).
185, Pfeiffer and Heller, Ber., 37, 4618 {1904).

168, ?ehakiwiaﬁ, Lesbre, and Lewlnsohn, Compt. rend., 202,
138 (1936).
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As a matter of faet, héth reactions oocurs. In like mannsr,
alkyllead trilodides are prepared from alkyl lodides and
CaPbClg (167). Here again the reaetion probably takes place
as a result of the &akian‘gf cassium lodide on the initial
alkyllead trichloride formed.

CsPbCly + RI —— RPbClg + Csl

RPbClg + 3Csl T RPbIg + 3CsCl
Ethyl iodlde and Gelp react in & sealed tube to produce ethyl-
germanium triicdide {168). Unlike lesad, CaGeClly reacts with
alkyl and aryl icdldes to give good ylelds of RGeCly com-
pounds (169).

An analogous rﬁgﬂti&a has been carried éat with potassium
stannite and alkyliodides in dilute aleohollec base to give
RpBn0 compounds (lﬁﬂla If carbon dioxide ia bubbled through
the resetlion mixbure at room temperaturs, ﬁsnﬁgﬂ is obtained

instead of the Rgin0 formed at reflux temperature (170¢).

d. Metalations of metallic salts with sluminum carbide.--—

All such resctions are carrled out Iin aqueocus acid solubion

to produce methylorganometallic compounds. In this manner,

167, Lesbre, ibid., 204, 1828 (1837).
169. Tshakirien and Lewinsohn, Compt. rend., 201, 835 (1935).

170. (&) Meyer, Ber., 16, 1439 {(1883); (b) Pfeiffer, Z. znorg.
Chem., 68, 108 (1910); (e) PPeiffer, Ber., 35, 3303
71602); Preiffer and lehnardt, Ber., 56, 1054 (1903).
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Hilpart and @1%m&r~{1?13 prepared Qﬁgagcl, {Gﬁg}gﬁg,
(Siis} 581, and &Hﬁm{}i&;

- @ Metalations with inorgenic selts.~~ Although cther

‘metal salta,ara used, this resctlon particularly edapts

itself to the m&talatian,by.mﬁraurié acetate. The use of sol-
vent plays a very impnrﬁaﬁtvgar% in this reaction. WNiller
and Baclman (172) have been able to mercurate fluorene in the
4»paait1an if &metia acld 1ﬂ ﬁﬁ&ﬁ as hha aalvaat, but if the

" rescticn is carried out in the absence of solvent both the

3« and 4~posltions are Involved. If m-dimethylaminophenol is
~treated with mereurioc acetate in acetic a@id, only & complex
dye 1s formed, but a 92 per cent yield of 2~hydroxy-4-dimethyl-
aminophenylmercuric acetate is obtained from the reaction in
aqueous aloochol (173). Benzene may be mercurated In 80 per
cent ylelds if slsohol is used as a solvent; only 10 per cent
ylelds result if the reaction is carried out without solvent
tat-liﬁ@'unﬁar pressure, while no mercuration ocourred with an
excess of bengzene as the solvent (174). Most of the reactions
are carried out in alecohol or water depending on the solubil-
ity end ease of replacement of the hydrogen 1n the

hyﬂrﬂaarha& (1?5},

171. Eilpert and Ditmar, Ber., 46, 3738 (1913).

172. Miller and Bachmsn, J« Am. Chem. Sce., 57, 8447 (1935).
173, Kharasch and Chelkley, ibid., 46, 1211 (1924).

174, Maynard, ibid., 46, 1510 (1924).

175, Gilmen and Wright, ibid., 55, 5302 (1933).
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Other solvents, however, have been used to carry out the
resctlon. Although m-dimethylaminophenol can be mercurated
with mercuric acetabte in dilute alcohol, much better yields
are obtained in acetone solution containing & trace of water
{(173)., The necessity of water in this reaction shows the
possibility of the precipitation of the mercurial as a hydrate.
If the reaction is carried out In acetic acld solution only
metallic mercury and afaﬁmgiaxvmaraury»fréa dye are obtasined.
Hentlon should be mede of the preparation of a number of
arylgold dichlorides from anhydrous suric chloride using aro-
matic hydrocarbons as solvents (176). In order to arrest
this resction at the RAuCly, stage, ether must be added to
form a stable etherate of the %ﬁaﬁlg compounds to prevent
the following decomposition from taking place.

RAuCly + RH

RghuCl + HC1

RC1 + AuCl + RE
Likewise, tatramgyhyﬁrﬁxyghﬁmylgammanium'may be prepared from
sodium phenolate and gﬁ@m&aium tetrachloride in xylene
solution (177).
Reactions of this clags may be run in the absence of
golvent. Aﬁ.examyla of this is the metalation of methylani~
line anﬁ‘diatkylaniiiﬁ@ with germsnium tetrachlorlde which,

when heated in an autoclave, gives the corresponding pars

176. Kherasch and Isbell, ibid., 53, 3053 (1981).
177. Sehwarz and Reinhardt, Ber., 65, 1743 (1932).
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substituted organomermanium trichloride (147). Both mono~
and dimetalation products ere formed by the reaction of mer-
curic scetate with ecarbazole (178). This reaction may be run

elther in«%hﬁfabﬁan@a‘af a@&vant ar‘iﬁ“a1aoh¢1y

r, Aﬁdi&iau of inaygania salts ta earbanmaarbam,&auble

\banés‘mw Yhiﬂ raactian applies azmest &nﬁiraly to mareuriala.
zf tha reaatisn ls a&rriad @u% in watar aazutiea, the fallnw«
1ng t&k@s pi&ea*

f_ﬁi:“’f‘;’.‘#i%zg + HgXy ‘ Rgﬁiaﬁkﬁﬁgﬁgx

With alcchol as the solvent, the corresponding &ﬁhar results.

A number of reaetians have ‘been e&rriad out with ethylene {179).
cg:a& » 3@312 Rﬁﬁgﬁéﬁgﬂl

Mercuric acetate reacts with ecyclohexene in water to give
2-hydroxyeyclohexylmercuric acetate {(180); as before, alcochol
gives the ether. |

The eémmérai#l synthesis of aaat&iﬁahﬁéa from acatyiaa#
in the pia5aaa$ of mereuric sulfate and aﬁlfirie acid probably
‘involves the above type of mercury compound as en inter-

mediate (180).

178. Gilmen and Kirby, J. Org. Chem., 1, 146 (1936).

179. Hofmann and Sand, Ber., 35, 1340, 1353 {1900); Schoeller,
Schrauth, and Essere, Ber., 46, 2864 (1813); Wright, g
Am. Chem. Soc., 57, 19@3“(3.@‘55

l&ﬂ. Eesmayanav and Fraidlina, Ber., 69, 1631 {19553.
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RCECR + Hg(X)(om) OB . Ro(0H),C(HgX) R

’ﬁg@
RCH,COR

Hall and Nash (181) obtained ethylaluminum dlchloride
and dietbylaluminum chloride from sluminum chloride and ethyl-

ene by heating to 100-200° under pressurs.

Es ?ragarati@n frﬁm aryldiagonium salis.-« This reactionm,

better known very broadly as the Bart reaction (182}, is used
for the preparation of mercury and sntimony compounds. Bis-
muth and tin compounds cen alsc be prepsred in this manner
although poor ylelds result. HNesmeyanov {183) has decomposed
the double salt of diazonium halldes and mercuric halides in
the presence of copper to give the corresponding RHgX or RpHg,
depending upon the proportion of resctants used. ‘ﬁharekseamg
‘ﬁa be little difference between alcohol and acetone as sole
venta, for the same ylelds were obtained. An agqueous solution
of HCl was used to react gyniﬁrahanaaﬁaﬁiaﬁﬂaium chloride and
mercuric chloride {(184). Dilute acebtone can be used in the
decomposition of a disgonium fluoride-boron fluoride complex

with merourie chloride (z&s}*

181. Hall and Nash, J. Inst*_?atralaam Tech., 23, €79 (1837)
[C.A., 32, 1239 (19387

182, Bart, Ann., 429, 55 (1922).
183. Nesmeyanov, Ber., 62, 1010 (1929)}.

184. Yesmeyanov, Glushnev, Epifanskil, and Flegontov, Ber.,
67, 130 (1934).

185. Dunker, 3Starkey, and Jenkins, J. Am. Chem. S0c., 58,
2308 (1936},
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Makin snd Waters (186) found the best conditions for
carrying out the reactlion with metalllc antimony or mercury
to be in anhydrous acetone in the ﬁraa&neé of caleclum carbon-
gte, Ethyl acetate was used ss solvent, but a much slower
rate of reaction prevailed. Water, ethyl aleovhol, cyclohex-
ane, bengene, carbon tetrachloride, carbon disulfide, ether,
and dioxan all gave n@gﬁtiva\raaulﬁaﬁ When an aryldiszonium
¢hloride was decomposed elther in & water suspension of
finely divided marauzyj(ar slesctrolyzed, using mercury eleg-

trodes, an RHgCl compound is formed. Acetone, ethyl aleohel,

and benzene have been used but with different compounds so
that their efficiency could not be judged (187). Antimony
trichloride will react readily in an agueous baaia solution
with a copper catalyst to glve the corresponding stiboniec
acid (188). Table 3 shows the ylelds of RpSnO which were
obtained by the decomposition of the benzenedlazonium

chloride-stannic chloride complex in various solvents (189).

186. {a) Makin and Waters, J. Chem. Sae,, 6&3, {19238); (b)
Waters, 1bid., B&4 {l?%ﬁ}*

187, MeClure and Lowry, J. Am. Chem. Soe., B3, 319 (1931).

188, Schmidt, Amnn., 481, 174 (1920); Dyson, Rec. trav. ghim.,
57, 101e {igﬁﬁ).

189. ?@sm& nov, Kocheshkov, and Klimova, Ber., £8, 1877
1935).




- 51 -

Table 3. Effect of Solvent upon the Decomposition
of Bengzenediazonium Chloride-
Stannic Chleride Complex

s NS s
e W ANt

Solvent | Yield of RgSnO

- ethyl acetate LT 23
acetone | , 15
ether = ‘ S FE
alecohol - ' 3.8
benzene : 0.0
petroleum ether-

ethyl acetate mizture i+

Yhen the benzenediagzonium chlafi&a»biﬁmﬁ#h trichloride
complex was é&ﬁ@ﬁyﬂaaﬁ mono~ and ﬁ&ary&%iamatﬁ chlorides
were formed (190). With ethyl alcohol and copper bronze cata-
lyét & 17 per cent yialé of %iamath compound was obtalned,
with methyl aleochol 12 per cent, aaaéanu 8 p@r gent, dioxan
5 per saat; ané no éetaetib&a compound with ethyl acetate.

¥From the foregoing discussion it may be concluded that
the solvent most suited depends entirely upen the iype of |
metal salt used, Acetone, a solvent of cholce with mercury
and antimony chlorides, gives poor results with tin and
bismuth halides.

There is a fundamental ralatiéﬂahip between dlazonium
sal%a and lodonium salts in that the rﬂrwar are quaternary
ammauium salts (i.e., fully aubatihat&ﬁ &mmﬁaium salts) anﬁy

the latter are fully substituted derivatives of the

190. Gilmsn end Yablunky, J. Am. Chem. Soc., 63, 949 (1941).



hypothetical {EQI}“X; Waters (191) has shown thaet diazonium
chlorides can decompose by & non~ionic mechanlsm.
{Gﬁﬂﬁﬁg)”ﬁl“———» CgHgNENCL — Cglig+ + Ny + .C1
1t was only natural then for Sandin (192) to turn to this type
of reaction in order ta~aﬁﬁw that iodonlium salts might possi-
bly decompose via the non-ionlc mechanism. Diphenyliodonium
chloride and mercury react in bnilixg,ggp»@pﬁl aleohol to
give phenylmercuric chloride. The same procedure carried out
in the presence of [inely divided calcium carbonate gives
identical results. Changing the solvent from propyl alechol
to water doss not seem to havs‘aﬁy'aypreeiabla effect on the
results. This seems pé@uﬁiﬁr, since one would expect a
solvent such as water to faver an ilonlec decomposition. When
a water solution of diphenyliodonium chloride is shaken at
room temperature with sodium sulfide, finely divided antimony,

and ether, the ether layer yields triphenylstibinie sulfide.

h. The conversion of an orgenic salt to an organometallilc
compound.~~ Although di~benzoylmethylmercury can be prepared
by boiling an aleoholie solution of the mercury salt of
benzoylacetlic acid (183), the reactlion uwsually takes place by
heating without sﬁivant* ¥Whitmore (194) came to this same

191. Hey and Waters, Chem. Rev., 21, 169 (1937).

192, ?anﬁi?, HeClure, and Irwin, J. Am. Chem. Soe., 61, 2944

193. Kherasch and Steneley, ibid., 45, 2961 (1923).
194. Whitmore and Carnshan, 1bid., 51, 856 {1929).



conclusion after trying a wide varlety of solvents in the

followling reactlion.

=0

=3

It is a general rule that 1f the acid itself loses carbon
dioxide easily, its mercury salt will lose carbon dioxide to

. give the corresponding mergury compound.

1. Bpecial methods for organomereury compounds.=~ This

section pertains to a few misﬂallanﬁﬁus reactions y&anliar to

meroury; therefore the use of various solvents is limited.

Diazomethane reacts with mercuric ehloride in ether to gilve

chleromethylmercuric ehloride (195). If p-tolylmercuric

chloride is used lnstead of ﬁg&lg,~ahlﬁr@wﬁ%hylwgftalylmaraury

results. This compound is unstable and decomposes upon

standing to yleld di-p-tolylmercury and di-chloromethylmercury.

Diszodiphenylmethene reacts with mercuric chloride, in like

manner, tavgiva &iphﬁnyl&h&@reméthylmarnuvig chloride (196).
The following reaction takes place in dilute alcohol %o

| give arylmersuric halides (197).

195* Hellerman and Newman, 1bid., 54, 2859 (1932).

196. Nesmeyanov and Powch, Ber., 67, 971 (1934).

197. Peters, Ber., 38, 2567 (1905); Eharasch, J. Am. Chem.
Soc., 43, 607 {1021); Loudon, J. Chem. S0G., 523 (1933).




RSOpH + Hglly ——> RHgCl + 80y + HCL

This type of resction, which is elways carried out in dilute
aloochol, hes not been used extensively.

Aryliodoxy compounds react with mercuric oxide in 10
per cent aqueous potsssium hydroxide to give an orgsnomercury
compound (198).

RIOp + Hgo 4820, Rmglo,

These compounds, charscterized by converting ﬁg the corre-
gponding halides upon treatment with aqueous alkall halldes,

were formed in about 50 per cent ylelds.

105 + Hall ————~ RHgOL + NalOg

3., Solvents used in interconversion methods.

a. Metal-metal interconversions.~- The metal-metal
interconversion resction seoms qulite general, Cases are
known involving organle compounds of at least one metal in
Groups II, III, IV, and V of the Periodic System. Unlike many
of the previous reactions, the most cutstanding factor is the
effect of the solvent. Many times the resction is completely
inhibited by the solvent. Gllmsn and Moore (199) found that,
when tetraphenyllesd and n-butyllithium were allowed to react
in diethyl ether at room temperature for four hours, 54 per

eent bengolc acid was obtained upon ecarbonation. When the

198. Hesmeyanov and Makarowa, Ber., 66, 199 (1933).
189. Gilmen and Moore, J. Am. Chem. Soc., 62, 3206 (1940).
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seme resction was run in bengene fmr;ﬁwanty~raar hours at 60°
a trace of benzoic acid was formed. No benzolo aold could be
isolated when petroleum ether was used in the same reaction.
Ziegler and Dersch (290}'@rﬁgara& benzyllithium from the
intergaﬁveraign of benzylmagnesium chloride asnd phenyllithium
in disthyl ether. This reaction ls slow and is applicable
only when the f&aul%iﬁg 1lithium compound is stable in ether.
For example, ethyllithium could not be prepared in this
manner for it cleaves asther too readily.
Coligli + CpHgOC H, ——— L10CgHy + CoHly + C H,
Even though isepropyllithium cleaves ether these suthors pre-
pared it from phenyllithlum and isopropylmsgnesium chloride.
The alkyllithium compound was characteriged by reacting with
diphenylethylene and carbonating to give {ggﬁg}gs(a@aaiﬁﬁgaﬁv
(CHg)p+ Phenyllithium added so slowly to the double bond
that 1t caused no trouble.
ﬁrgaﬁ@nagnaaiﬁm compounds undergo reaction with organo~
mercury compounds {201) in ether.
| CgHCHpHEOL + §-CyHgMgCl — > b-C HoHECl + CgHgCHpMgX
This type of reaction was shown t@~h§ r@vargihza by Gilman

and Jones (202).

eéther
(CgHg)pHg + 20Hg(_ Y14 =—= (cHz(_ MpHg + 2CgHsL1

200. Ziegler and Dersch, Ber., 64, 448 (1931}).
201. Kharasch and Swartz, J. Org. Chem., 3, 405 (1938).
202. Gilman and Jones, J. Am. Chem. Soc., 83, 1439 (1941).



Triphenylthallium reacted with n-butyllithium in ether to
yield phenyllithium and trib&tyiﬁhaiium (203). whan{g&butyln
lithium reacted in ether with tri-x-naphthylblsmuth for
eighteen hours, 48.1 per cent ~-naphthoic acld was isolated
upon carbonatlion. No x~nsphtholic aecid aas‘farmaé when the
reaction was carried out in benzene for twenty hours (204).
An ether~benzene mixture was used in the interconversion of
phenylmercuric hrémiéa and <~naphthylmegnesium bromide (205).
The benzene was not used to linerease the boiling point of the
solvent, as the reaction ook place at room temperature.

In these experiments the importance of ether again mani-
fests itself, but ether is not indlspensable in this é&aat&a&
ginse other solvents have been used as well. Benzene may be
used in the interconversion of ethyllithium and dlethyl-,
diphenyl-, and dibensylmercury {206}, Diphenylmercury and
diethylzine also react in benzene. When ethyllithium and
dimethylmercury rsact in benszene, the mﬁthyllithium formed
precipitetes {4). Yo benzoic acid was isolated upon ecarbona-
tion of & mixture of tetraphenyllead and benzylsodium, prob-
ably because of the solvent employed (199).

203. Gilman and Jones, 1bid., 62, 2357 (1940).
204. Gilman, Yablunky, and Svigoon, 1bid., 61 1170 (1939).
205. Chellenger and Ridgway, J. Chem. Soc., 121, 104 (1922).

206. Hein, Petzechner, Wagler, and Segitz, Z. anorg. allgem.
chem., 141, 161 (1824).
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‘48 1s to be expected, petroleum ether is a solvent of
‘choice for metal-metal Interconversions with organosodium
compounds. This solvent was useéd in the interconversion of
n-butylsodium with argaﬁ&maranry'{ﬁé?}-aaﬁ'erganﬁbiamath
compounds {204). = - | | |

Although no interconversion took place between dlphenyl-
mercury and tri-c~-naphthylblsmuth in benzene or chloroform,
these compounds were made to rﬁ&at in the absence of solvent
(205). ﬁ'ﬁnmber of products were lsolated, however, which
made thiﬁ‘éathaé undesirable.

Before leaving this sgectlon, mention should be msde of
the random distribution reaction of Calingaert {208). When
two or more different organometallic compounds are mixed, the
products of such & reactlon give compounds resuliing from a
random distribution of the organic radicals. This type of
reaction will proceed in the absence of solvent. To obtailn
the ﬁssireﬁ,rmaatianjﬁﬁmparatarﬁ and at the same time to pro-
vide stirring, as well es to exclude air, it is best to use
en inert solvent, such as hexane or decalin. Acetone has been
useéd. There is no evidence thet the solvent participates in
any way in this reactlion. 7There is no ﬁra&@uﬁa&é effect on
the reasction velﬂaiiy and certainly the relative proportions

of compounds in the completed reaction are not altered, For

208. Calingaert and Beatty, ibid., 61, 2748 (1939); ,
Calingaert, Beatty, and Sorcos, ibid., 62, 1099 (1940).
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metalatlon, but here also, dlscretion must be used since the
highly reactive organometallic compounds bring about metala-
tien of the naal&ua, ‘Bibengyl iakﬁatalatﬁéjby~gfbﬁtyls@diam
in benzene (211). However, the yields are usually very low
in this solvent. If benzene 1s used az a solvent in the prepa-
- ration of the n-butyl compounds of (e, Rb, K (212), Ka (213),
or 1i {él&}, the yields of benzoic acld upon earhanatiaﬁ'vary
with the reactivity of the organometallic compound. Shorulgin
(21B5) has used & large number of aromatlic solvents for the
preparation of ethylsodivm from diethylmercury, and in sach
case matalatiaa took place. With toluene, ghaaylaeatiﬁ acid
is obtalned; xylene gives m-tolylacetic acld; sthylbenzene
produces hydratroplic acid. 4 41 per cent yleld of phenyliso-
propylsodium is obtained by preparing ethylsodium in cumene
in this manner (214).

¥Metalatlions in petroleum ether go with greater 4iffi-
eulty. Although diphenyl ether gives 51 per cent interconver-
sion with p~butyllithium in dlethyl ether after only six
~hours, the interconversion with petroleum sther is only 7 per

cent at the end of twenty hours (207).

211. See refersnce 43, pp. 71 and 80.

212. Gilman, Jacoby, and Ludeman, J. Am. Chem. Soe., 60,
2336 (1938). — ——

213. Gilmen and Kirby, ibid., 58, 2074 (1936).

214. §11maa,_?aaﬁvitﬁ, and Baine, J. Am. Chem. S00., 62, 1519
(1940) . '
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Ethynylseodium metalated l-heptyne and phenylacetylene in
1iguid emmonia, whereas the attempted metalation of diphenyl
ether in this solvent gave only o-phenylphencl (43).

| Phenyleoalcium lodlde can be made to metalate a number of
compounds but the ylelds are poor, probably because of the low
order of metalating activity of arylorganometallic compounds
in general (216). Organomsgnesium compounde are so inactive
that metalation with them must be carried out at high tempera-
ture and with no solvent (217).

In order to determine the effect of solvents on the
metalation of dibenzothlophene by n-butyllithlum, Bebb (43)
ran the reaction for twenty~four hours with various solvents,
isolation the acid formed upon carbonation. Butyl ether gave
a 61 per cent yield of acid when run at room temperature and
90 per cent when run at 80%°. No acid was obtalned with
petroleum ether (b.p. 30-36° or 60~68%), benzene, or dioxan.
‘%ith dioxan the color test became weaker during the period of
twenty-four hours. Under the seme conditions with butylsedium
in petroleum ether (b.p. 60-68°) enly a 37 per cent yleld was
obtained.

¢+ Halogen-metal interconversion.-- This reasction may be

carried out in meny solvente; however, the yleld varies.

216, Gilmen, Kirby, Lichtenwslter, and Young, Rec. tray. chim.,
55, 79 (1936 ; Gilmen and Jacoby, J. Org. Chem., o, 108
Ti938); Gilmen, Jacoby, and Pacevite, ibid., 3, 120 (1938).

217, Challenger and Miller, J. Chem. Soe., 894 (1838).
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For maximum ylelds of interconversion product, the use of

-petroleun ether is recommended. This solvent allows a

-~ satisfactory rate of halogen-mstal Interconversion in most

cases but seemingly inhibits other resctions such as coupling,
metalation, and metal-metal interconversions (17). This is
brought to light in a striking manner in the intsrconversion
eﬁ'@ybrmﬁaatyrana and n~butyllithlium. If azhﬁr‘iﬁ‘amglayaﬁ
as solvent in this reaction, phenylpropiolic is formed upon
carbonation. Hydrogen bromide is probably first split out
and then the phenylacetylene 13 metalated. When the ﬁéaatien
is carried out in @a%relaﬁm ether, 23 per cent trans-cinnamic
acid is formed.

When & repld reaction is deslred, it is advisable to use
diethyl ether as the solvent. Thls 1s espsclally true if a
halogen-metal Interconversion resction is to be run with a
compound which alseo has another functional group. This type
of reaction can be run at a low temperature for a short time
and has been used successfully with compounds like ¢-~bromo-
nibrébangana, bromo~ and iodobenszoic acids (16), and bromo-
pyridines and ~guinolines (218}. A mixture of ether and
benzene has been used as a solvent to inerease the temperature
of théyraaation mixture (219). ﬁl#haﬁgh the unresactive

organometallices do not give interconversion, the presence of

218. Gilmen and Spats, J. Am. Chem. Scc., 62, 446 (1940).

lbié@,ggij 1371 (1939);

219. Gilmen, Willls, and Swislowsky,
348 (1940).

Gilman, Swislowsky, and Brown, gggmmg,

,!
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as little as two parts per thousand of organclithium compounds
causes an interconversion with organomercury compounds (220).
The effect of solvent on halogen-metal interconversion

can essily be seen from table 4.

Table 4. Yileld of «~Naphthoie Acld from Inter-
conversion of n-Bubyllithium and ;
« ~Bromonaphthalene in Verious Solvents.

Time ; Petro-
in (CoHglp0 (CyHg)pO CgHgN(CHz)p CgHg CgHyp leum
minutes e — | ether
5 84 88 23
1.0 78 88 38
5.0 73 91 69
10.0 €8 86 74 3 5
30.0 83 70 B 10
60.0 80 17 15 16
120.0 29 24 30
240.0 45 41
360.0 44 53

Of all the solvents used n-butyl ether seems to give the

highest yleld of interconversion product.

d. The preparation of RMM'! compounds.-~ Host of these
reactions are carried out in liquid ammonis, s¢ the organo-
metallic compound formed must be of such activity that it will
not gmau.ma smmonolysis. Triphenylgermanium-sodium compounds

have been prepared from hexaphenyldigermenium (2281}, The same

221. Kraus and Nutting, 1bid., 54, 1622 (1932}); Eraus and
Foster, ibid., 48, 487 (1987).
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type of reaction was used to prepare both triaryl- (222) and
trialkyltin-sodium compounds (223)., Gilman and Bailie (224)
were the first to present definite evidenee of triphenyllead~
sodium prepared in this manner. Hot only did sodium react
with hexaphenyldilead in this manner, but lithium, potessium,
rubidium, calecium, atrantiam; and barium reacted as well
(225}, The RoBiM types with alkall and alkaline earth metals
- may also be prepared (226).

Triethylgermenium-sodium cannot be prepared from hexa-
ethyldigermenium in liquid smmenia, but if ether is added,
the reaction procesds slowly (227). ir triathylgarmaniﬁm
%rémiﬁa is used with sﬁﬁiﬁm in liquid ammonia tha_garmaaiumw
,ae&ium compound undergoes smmonolysis to yleld dl-triethyl-
garmaniumimiaﬁ¢ Lithium reacts with the bromide in ethylamine
solution but unfortunately solvolysis occurs to give tri-
ethylgermanium hydride and lithium amide as the final product.
ﬂﬁwevar, saéium and potassium in ethylamine give {ﬁzﬁgiagaﬁ
compounds which are more resistant to saﬁvalyaia (227). 1%

mighﬁ be mentioned here that since triethylgermanium-sodium

'222. Chambers and Scherer, ibid., 48, 1054 (1926).
223. Kraus and Sessions, 1bid., 47, 2361 (1925).
224. Gilman and Bailie, ibid., 61, 751 (1959).
£225. R. ¥. leeper, unpublished studles.

226. Gilman end Yablunky, ibid., 63, 212 (1941).
227. Kreus snd Flood, ibid., 54, 1635 (1932).
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undergoes ammeﬂﬂlysia so readily the following resction must
be carrled out in benzene (228).
(CgHg)z0eNa + (Coli)gGeBr — > (CgHg) g00Ge(CoHg) 5 + NaBr
Triethylboron~scdium is uﬁiﬁa&»in thet boron has a valence
of four instead of the usual three and that these compounds
may be prepared in ether. This compeund is formed by reacting
triethylboron with sodium emalgem in ether i%ﬁQ}*

e. Disproportionation of organometallic compounds,-- This
im@é%#&at class of reactions includes the studies on the
equilibrium of the Grignard reagent.

| 2RMgX ~——> RyMg + MgXp
No attempt will be made to discuss the work done on the proof
of this equilibrium; howeven the effect of solvents will be
mentioned briefly. If dioxan is added to an ether solution
of a‘Grignaré reagent, the halogen-containing compounds are
precipitated, leaéing the BolMg compound in solution (230).
Phenyl~ and methylmagnesium bromlide are less disproportion-
ated in p-butyl ether than in diethyl ether (231) and even
less so in benszene (231, 232).

228, Eraus and Sherman, ibid., 55, 4651 (1932).

229. Bent and mmm;, mm., B4, 2132 (193%; ibid., 57,
1259 (1935).

230. Noller and White, iDid., 59, 1354 (1937); Sohlenk and
" Sohlenk, Ber., 62, (15%9).

251. Cope, J. Am. Chem. Soc., 57, 2238 (1935).
232. Miller and Rockman, ibid., 57, 767 (1935).



Austin has shown the following equilibrium to exist

{180). \
(CeHg ) sPOOL <——= (CgHg)oPbCly + {CgHg ), Pb

By the use of n~butyl alcohol as the solvent, 10 wmw cent of
the expected compounds wers isolated from triphenyllead
chloride, Bengene and toluene as solution media seemed to
neke no difference in wwa equilibrium, An 86 per cent recov~
ery of triphenyllead chloride wes made from the reverss
reaction.

A number of wﬁ&m@,ma«ﬁ&@%@&«w@ﬁﬁwmwﬁ reactlions can wa
carried out by distilling in the absence of solvent. If
RBeX compounds are wmﬁwamw,www beryllium halide mﬁ@ww&@ag
leaving the RyBe compound (26). Diethylzinc was obtained by
distilling ethylzine iodide (63). Even dimethylmagnesium can
be obtained by distilling the methyl Crignard in a high
vacuum {(253). v. Crosse and Mavity (60) obtained dimethyl-
aluminum lodide by the distillation of ﬁwwwwwmwwawﬁﬁﬁ.
diiodide.

f. The addition of orgsnemetalllec compounds Lo dounble

bonds .-~ Diethyl ether seeme to be used exclusively for the

addition of orgenometallic compounds to double bonds. This
fact agein brings out the significance of the role of diethyl
ether in organometallic chemistry. From what hes been found

in general in this discussion of solvents, it can be predicted

233. Gilmen and Brown, 1bid., 52, 5045 (1930).
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that other inert solvents may be substituted for ether but
that the reaction would bs quite slow. Ziegler (234) has
given en excellent review on the significance in synthesis of
the additlion of organoalkali compounds to ethylenic double
bonds . |

g. Addition of organic halides to orgsnometallic come

| gggggg*~w a reaction such as this seems to go better with only
the ﬁrgéniﬁ‘haliéa 28 a solvent. This tygﬁ éf'raa@tiaﬁ‘saama'
to aéapt’itgalf to the use of alkyl iodides with alkylgermenium
compounds (235), both myz..; (236) and aryltin compounds (237),
and organcantimony compounds (152b, 137). Lbwig (238) modi-
fied this resction by covering the resctants with water and
ali@wing(@ham to stand at room temperature. If no reaction
ocourred at this t&mparatarﬁ ths mixture was beated unill the

watar bolled.

h. The reduction of organometaellic compounds.-~ Reduction
of organometallilc compounds represented by the formula RMX
may be divided into the reactions which nga aymmﬁtwiaal

Kgm &ﬁmp@ﬁﬁé%, & dimerized product RM-ME, or an organometallic

2@& - ﬁisgﬁ.er, An g @hﬁ!ﬁﬁ 3 &9 489 {1@5@; »

236, Grittner, Ber., 50, 1808 (lgl?), Krause and Pohlend,
Ber., 57, 532 (1984).

257. Ladenburg, Berw, 4, 19 (1871).
238, Mg’ Ann BT e 5 9‘?, 322 {3.856}1
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compound, RE, with the metsl in a lower state of valence.
There are a number of resagents that achieve these #@ﬁuntiﬁnﬁ;
accordingly, it is not 5ar§rising te find a number of dif-

- ferent solvents employed. There has been little asystematie
study of the effect of soclvents on these rveactions.

& very good method of making the symmetrical mercurial
is the reductlion of the RHgX compound with hydrazine in the
prosence of s@&in&,aarbmn&te with alccheol as & solvent (8£38).
This reaction is fine for arylmercury compounds but 1is not so
satisfectory for the alkyl type. This is of little conse~
quence since 1t 1s possible to prepare the dialkylmeroury
compounds in about 90 per cent ylelds from the Grigpard re-
agent. This has been adapted to the conversion of phenyl-
bismuth dichleride into triphenylblsmuth. Here agaln alecohol
was used as the solvent (240).

An interesting reaction takes plsce between phenyl-

mereuric ehloride and diszomethane (241).
Mercuric chloride even reacts with an ether solution of CHglps -

BgCl, + CHpNy BTy, o Cl1CH,HgOL

f@gﬁstt, Rec. trav. chim., 55, 565 (1936).

239, Gilman and
240. Gilman and Yablunky, J. Am. Chem. Soc., 62, 665 (1940).
241, Hellermann, ibid., B4, 2859 (1932).



*(G26T) 66%T ‘B ‘-deg ‘Jerdey puwm ULeH *GFI
“{206T) £988 ‘G¢ *-deg ‘HIOIWIT *¥HI

*(9161) ST¢ ‘OT¥ ‘-uuy ‘Jdoquyess ‘vz
*{eeeT) 83TT ‘G8 ‘-PIAT ‘TAFIVAOS DUB SIOWITUM ‘BB

*(801) pewxoy s umyTTeqyTiueydiay ‘wiuoume pInbIT
ul WnIpos YT pejweds ST epluodq mairreuiTiueydip ueysm
*ouppiald y3Im UOTFBATOS o] 03 enp eq 03 pIeE S TOYOO[®
Ul 3843 I0a0 SUIPIALd U UOTIOWAJ DPREBEIOUT UL “4uUejNe
3u0a3 Lus 03 peEn j0u 8T poylew vIY3 puw Armors LIeA speeo
~-0xd wWoTLONPeI eyj uOTRINTOs [oyoosTw ul Jepmod aeddoo YIIR
*punodmod mmmm ayq e#ATY o3 Burgeey uodn sesodwooed UGHL HOTUM
‘pemioy 384TF HT wmwmmmmw ‘punodmoo 8y *SWOTI0BOL SEBUY
uy sepaod JLeddoo a03 pejnarzequne oq Lem epIJIns usfoaply
*gprleld gues aed Os 03 QL woaJ Fuiaid ‘uwotgowvea Tngesn Lxea
® 8T STYL *(SP3) JUGATOS oya 8 pesn 8T eujpTakd JT sepiTey
ojanogsewTias pue ~TAYT® Y00 evnpes TTIm aepamod aeddod
*{PPg) Jeuuwm suEE wﬁa ul 830wed SpILOTYD QUTE Jo
ucgynTos 088 ¥ *{¥LT) wmwﬁh &ﬁ@n Zed gg ur LanoaewTiueydip
03 ejej3eve otanoaewrfusyd sonpes [TIM €3TUUSSE WNIPOF *SUCTS
~088d BEOUJL JO JOQENU ¥ J0J JUSATO® 09Ul Ueeq 88y JIO38A
*qUPATOS Y3 U eTqnios
SIOW OJOM DOSn ©F STETJINOJISW O] 9SNEOOQ OSUOJSs8 Dosn (e%3)
Jdoxutess STTUM ‘(2%2) edowgyius £q JUGATOS 8 DESM Sem TOYOOT®
VionPen + SH% ——> 1emNg + I9uNE

uoT3oBOL OYq ul

-89 =



w BY

B(CgHy)TIBr + SHa —— 2(CgH),T1 + T1 + 2NaBr

The same type of reaction occurs with phenyltin trichloride
and sodium in xylene solubtion {177).

Usually the compounds that form RMM' compounds in liguid
ammonia give RM-MR ﬁ@ﬁyﬁ&nﬁa when the resction is carried out
in other sclvents. Diethyl ether is used with triethyltin
bromide (236), while Nesmeyanov (248) uses isosmyl ether as
solvent. There ls no way to tell the relative merits of
these two solvents as both authors claim good yields. Of the
hydrocarbons, benzene hes been used to prspare hexamethyldie
platinum (247), while xylene was used for the preparation of
hexacyclohexylditin (236) and haxapbﬁayiﬁigﬁrmaﬁium (221).

A number of electrolytic reductions have been carried
out on organometalliic compounds. When an alkylmercurie
chloride is electrolyzed in liquid ammonia, an HEg éampeunﬁ
is formed which decomposes to the RpHg compound (248). The
- ehromium compounds are reduced by electrolysis in liquid
ammonia. Tetraphenylchromium iodide forms triphenyl-
chromium (249). Hot only liquid ammonias but also aleohol

246, Hesmsyanov, Kocheshkov, and Pusgyrevae, J. Gen. Chem.
(U.8.8.R.), 7, 118 (1937) /C.h., 81, 4290 (1957)/.

247. %ilman and Lichtenwalter, J. Am. Chem. Scc., 60, 3085
(1938) « ‘

248. Kraus, ibid., 35, 1732 (1913).

249. Hein and Elssner, Ber., 59, 362 (1926); Hein and
Markert, Ber., 61, 2255 (1928).
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has been used In electrolytic reductions. Upon the elec~
trolysis of triethyllead hydroxide in the latter medium,
triethyllead is produced (250}, M

An ana&ualyreﬁati@n,ia the rﬁéa@%i@n of dimethylgalllium
chloride ta:éim@thylgglliam‘byV3@éium zﬁ liquid ammania {251).

Vhen trinitrophenylantimonic hydroxide is reduced by
zine and emmonium chloride ln aleohol, both the nitro group
and the antimony atom are ?edngeé to give triaminophenyl-
antimony (143). Another integgabing,r@aatianlis the reduc~
tion of triphenylbismith dibromide with Bydrogen sulfide in
ammanium.hxﬂwaziﬁﬁ {3%}* |

{Sgﬁ§igﬁiﬁyg + HS — {66ﬁ535§i + 2HBr + 8

One of the phenyl groups ls cleaved fra&,?antayhanylm’
chromium ky&yaxiﬁa~hy hydrogen leodlde in chloereform. During
this process the chromium undergoss reduction to give tetra-
phenylehromium lodide as one of the finasl products (252).

1. Cleavage of érg&nemé%allig,sﬁmg@amés with halogens.--

The traé&mﬁnﬁ afr&rgaaamﬁkallia conpounds with halogens
results in two types of reactions. One of these is an oxida-
tion of the metal to 2 higher valence state; the other is a

elﬁavagéyaf tﬁa R grauga frem'ﬁhﬁ méz&1, All ﬁhe aalvénts

250, %1&31@3, Hochwalt, and ﬁal&ngaart, ds Am. ﬁhﬁmg Soc., 45,
: 1821 (1923). : .

251. Kraus and Toonder, ibid., BB, 3547 (1933).
252. Hein, Ber., 54, 2708 (1821).
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used here are typical of halogenation reasctioms. Although
ether usually ranks first as a solvent in orgenometallie
,grgﬁaratians, 1§,haa b&en a$aﬁ only for the chlorimation and
‘braminatian of Ksﬁh compounds to give oxidation to Eﬁﬁhxg
types (253, 152b).

Jodine in bengzene has been used with success to cleave
one phenyl group from tin (225, 236) and to oxidize triphenyl-
indium to triphenylindium iodide. Exocess iodine removes one
phenyl grﬂﬁp to giva»ﬁighanylinﬁium diiodide (108).

Just as in other halogenations, chloroform and earbon
tetrachloride are popular solvents. 1§han gold compounds of
the type RoAuBr are treated with bromine in either of these
two solvents, one of the R groups is cleaved to glve RAuBry
nampeunﬁa (35&, 159). Bromination of tetraphenylgermanium in
carbon. taﬁr&abl&rﬁéa gives trignﬁuylgermanium,hramiﬁa (221).
‘Ersuse (255) found that when tetraphenyltin is brominated in
arﬁiaary solvents twé«phsnyl groups ar$’?ﬁ§1ﬁﬁ§ﬁhy bromine
‘and very liﬁtlﬁ {s5ﬁ5)$8uﬁr is farwgd. When, however, the
reaction is carried out in pyridine, a 99*9& per cent xialé
of this compound is abtain@ﬁ with only a small gquantity of
(CglHy)o8nBro. The reactlion works equally well with lodine
or ahleﬁineg Kranaa and Fahlanﬁ {23&} a&aimaé to be able to

253, Eaa&nh&umar, Ber., 31, 2911 (1898); Kreuse and Renwansz,
 Ber., 65, 777 (1932).

254, Kharesch and Isbell, d. Am. Chem. So¢., 53, 2701 (1931).

255. Krause, Ber., 51, 912 (1918).
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cleave only one R group from tetracyclohexyltin with bromine
in c0ld CHCly or CCl,, but Chambers and Sherer (77) found two
groups cleaved by this method. Hﬁweﬁ&r, they found that
lodine when refluxed in chloroform cleaves only one group
from tetraphenyltin. 'This can be converted te triﬁhenyltin
hydroxide by sodium hydroxide. Thils compound, in turn, gives
triphenyltin bromide in 50 per cent ylelds when treated with
HBr. The essential reactlon in the halogenation of bismuth
{84) and antimony compounds {83) in chloroform is the oxide~
tion of the metal atom in these compounds to the pentavalent
state. Cleavage can be attained, however, for diphenylwot
nanhthylhiammth, when treated in ether~chloroform solution
with iodine monochloride, gives diphenylblsmuth chloride
(256) + |

When carbon tetrachloride is used as a bromination sol~
vent, it tekes several hours' bolling to c¢leave one phenyl
group from tetraphenylgermanium, but when ethylene dibromide
is used, very pure triphenylgermenium bromide is formed after
e few minutes warming {147). Ethyl bromide wss found %o be
superior to elther carbon tetrachloride or sthylene bromide
as a solvent for the cleavage of tetraethylgermanium. With
ethyl bromide, an 82 per cent yleld of (CpHg)sCGeBr was ob-
tained, wﬁilﬁ the two last named solvents gave mixtures of

products (227).

256. Challenger snd Allpress, J. Chem. Soc., 119, 913 {1921).



A pumber of other sclvents have besn used to carry out
reactions with halogens. Two phenyl grﬁups were cleaved from
t&tr&phﬁay&tin by tr&atmﬁnt with h?mmine in @arban diaulfide
(?&}g Depending upon the amount af ahlarinﬁ ased gither
ydimethyllaaé diehleriés or mﬁthyil@ad triahlariée may be ob-
tainﬁd from haxamﬁthylﬁilaaé in ethyl acetate i25?}¢ It is
1nteras%iag ﬁha% t&tr&p&a&glieaﬁ may be fﬁrmaé hg th& reaction
‘@i haxayhﬁayiaiiﬁaﬁ with b?ﬁmina in pyridine {25&}, Aa in
the example with ﬁh}ersfarm as a solvent, patra}aum akhar
causes Rﬁﬁi aampeunﬁ& t@ be uxidisaﬁ by halagana to E$Bixg
compounds {259). When triphenylantimony is treated with
'uhlariam 1a;§ha absence of solvent tﬁe raaztiﬁﬁ‘gaﬁsynna step
faxthar to produce ﬁiphﬁnylgnﬁimany trichloride (260}. Like~
%ﬁsé tfiﬁaﬁbﬁtylbﬁrﬁﬂ is cleaved with bromine in the absence
of solvent to produce & mixture ef,gﬁhutyibaran,ﬁihramiée

and di-n-butylboron bromide (261).

J+ Cleavage of organometallic compounds by acids.~- In
general about the same sclvents are used in these reactlons

‘as have been used in the reactlions with halogens. Xo special

257. Grlittner and Krauss, Ber., 49, 1415 {1@1&}*
258. Erause and ﬁmiasama, Eerj, 55, 888 {193@}.
259. Michaells, Ber., 20, 52 {1887).

260. Michaselis and Glinther, Ber., 44, 2316 {1@117..

261, Johnson, Snyder, amﬁ van Eamgsn, d+ Am. Chem. Soe., 60,
115 (1938).
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effect has been atiributed to %&aag solvents other than
#olublility end temperature gradient. vﬁﬁhar~ané chloroform
are most fraqaaﬂ%&y used in the cleavags of organglead come
~ pounds {262). Dimethyllead sulfide i1s formed by the asction
of hydrogen sulfide on dimethyllead chloride in acetic acid
{25?}‘

Ne discussion of the cleavage of organometallic compounds
would be complete without a short ﬁia@é&raa on the cleavage
of unsymmetriecal mercurisls by hydrogen chloride.

| RR'Hg + HCl — > RHgCl « R'E

Kharasch to formulate an

This splendid work, which enabled
slectro~negativity series of organle radicals, waa‘aarrieﬁ
out, for the most part, in alcchol sclution (263). A
thorough study of the effect of the solvents alcohol, ether,
benzene, and glﬁai&& acetic acld shows that the mﬂgt~alaakrﬂ~
negative radical is cleaved from the mercurisl lrrespective
of the solvent used, Qﬁﬁﬁ if one of the two possible products

formed is insoluble in the solvent used {264).

B+ The Cleavage of Ethers by Organometallic Compounds

The previous discussion has emphasized the Importance of
dlethyl ether as a aﬁlvant}far the preparation of

262. Gilman and Ballle, ibid., 61, 751 (1939).

£263. Eharasch, legault, and Sprawls, J. Org. Chem., 3, 409
%masg, Kharasch and Flenner, dJ. Am. Chem. o Soc., 54, 674
1932) .

264. Kharasech, Pines, and Levine, J. Org. Chem., 3, 347 (1938).
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mrg&aametsllie aampemaﬁs. It is unfortunate that suéh a
 1arg$ ﬁambsv of . th&ﬁ@ organometallic eamgﬁﬁnﬁs ar@ unatahla
in this solvent. The amount of ether clesavage gr@éuaad”éa*
pends upon 8ix factors: {1} the metal atom of the organo-
metallie aam?@unﬁ,,{ﬁj the R graag sttached to the metal atom,
(3) the temperature, (4) the halogen component of the organo-
metallic compound, {5} the reaection carrisd out with these
compounds, and (6} the ether employed.

Obviously, the arganﬁmaﬁallia compounds of the move
aativé metals will cleave sther morse rapidly. Benzylsodium,
prepared from dibenzylmeroury and sodium in petroleum ether,
 may be dissolved in ether, but the solution must be kept cold
or the ether will be clesved immedistely (4}, Even in the
cold the ether solution bscomes r&ﬁaish yellow and decomposes
rapldly. Benzyllithium, however, 1s known with certainty to
be stable in ether for at least four weeks (265).
Lﬁt%rﬁnghaaa and S88F (266) bring out the signifiaanaé of
this in,%&hla 5. ‘

o

265, Ziegler and Schlrfer, Ann., 479, 150 (1830}.
266. Littringhaus and SHA, Angew. Chem., 51, 915 (1938).
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Table 5. The Ql&avaga of tha Ether CgHgOR with Organometallic
Compounds at ﬁ*& .

phenyl - - -
ﬁ”ﬁ&ﬁ?& ad - ™
ﬁkﬁzyi - + *
alliyl +(8) + +

{a) Cleavage is represented by +.

The nature of the R groups on an orgsnometalllie compound
is of major importsnce in determining the rate of cleavage of
}ékh&ra Although benzyl- (4) and ethylsodium (267) cleave
ether rapldly, phenylisopropylsodium and even phenylisopropyl-
potassium are fairly stable in ether since this solvent is
used to prepare these compounds by cleavage of the ether,
Gﬁﬁge{cﬁﬁigﬂﬂﬁgf with alkall metals {2&$}* As mentioned before
bengylaodium decomposes ether in a aﬁgrt time (4, 268). This
does not hold. true for diphenylmethylsedium (269) and di-
phenylmethylpotassium {270) which are falrly stable in ether.
Triphenylmethylsodium seems to be quite stable (118).
Methyllithium is reported te be stable for weeks in diethyl
sther (271) although ethyllithium (200) is known to cleave

267. Shoruigin, Ber., 48, 1931 (1810).

268, %iagl?r, Corssmann, Kleiﬁmr, and Schilfer, Amn., 473, 1
1928). —

269. Schlenk and Bergman, Amn Ann., 464, 18 (1928).
270. Ziegler and Schnell, Amn., 437, 227 {1924).

271. Ziegler and Zeiser, Anns, 485,174 (1931).
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ether to an appreciable extent, while t-butyllithium cleaves
this solvent immediately. MNost simple alkyllithium compounds
cleave ether, but the ary; types are relatively stable in
this aﬁlvaﬁt (l4a, 22). However, Miller and TBpel (272)
elaim tﬁat:tha yregar&tiaﬁ.ﬁf‘%ymaphthyié, p-biphenyl-, an&
Q-ph¢n®a§hryllithium would be of no use fﬂr synthetié pur-

| poses beosuse of their rapld decomposition bj'athar@ Later
“ waﬁk in tﬁia thesls ahvw# this statement to be in error.

4 The affsa# of tamparg%uw& is of vital}impgrtanas to the
rate of ether cleavage. Grignard (273) hﬁa,abaarﬁad that
ph&nyifﬁthar; which ia qaita iﬁéiffsvant to giaaiaga, 15 de%

composed by RMgX eamg@unﬁa at a ﬁamperatuwa of 180-200°.

When pheny& allyl sther was treated with nwbutyimagnasium
~bromide for 40 hours at 17° aaly 12 per cent cleavage re-
3&1@6@, ‘but at 34° under iﬁanhie&l conditions 61 per cent

| eleavaga aam&m*aé (266). Even the ambm mﬁthyllithium (271)
was elaavad at the bailing point of buﬁyl ather as shown by
& negative color test (43}« ?his is furth&r substantlated
by the work of Mr. Christian (aw}, During ‘&hé mm of his
investigations on e modiflcation of the Zerewitinoff deter-
minatiénQ methyllithiuwm in n-butyl ether was stored in a
Grignerd machine (275). ?hﬂ(ﬂﬂ?mality decreased only from

272, E&liar and Thpel, Ber., 72, 273 (1939).
275. Grignard and Ritz, Bull. Soc. Chim., /87 3, 1181 (1936).
274, Unpublished work by Mr. R. V. Christlan.

2785, %ﬂhlﬁl;, Btone, and Fuson, :fﬁ Am‘ 9hﬁm~ 505&3 &g, 3181
1927).
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product of ethyl benzoate (277). The ethyl benzoate comes
from the cleavage of ether. This is not surprising since
A1Cly also cleaves ether (278). Organozine compounds cannot
be used in ether solution with aeld chlorides because esters
are formed by cleavage as with organcaluminum halides (279).
The only case of this type of ciﬁaﬁ&g& with eadmium is the
reaction of diphenylcadmium and bensoyl ahia»iéa;

Hiraoc (280) has studled a series of ether cleavages
betweon the Grignard reagent and guslacol alkyl ethers. In
general the smaller alkyl group is attacked in the reaction
and the larger alkyl group remains unchanged. ﬁewevar,
1,2-CoHg0{CgHzCHa0)CgH, loses the benzyl group rather than
the smaller radical to give 1,2-CoH 0(OH)CgH,.»
¥ Grignard found that in order to obtain cleavage, the
organomagnesinm compound must be in thayfarm of the ether
complex. ¥o cleavage of anisole oceurred when 1t was heated
to 160° with C H.MgBr-(CgHg)p0 (281). If, however, the
ethylmagnesium bromide was first prepared in anisocle in order

277. L. ﬂgragp@r&aa,;ﬁégtarai Dissertation, Iowa State Col-
~ lege, 1940, p. b4.

278. %&arw?in and ﬁaiar»ﬁaisar, d« prakt. Chem., l&é, 51
1832).

279. Gilman snd Nelson, Rec. trav. chim., 55, 518 (1936).

280. Hirso, J. Chem. Soc. Japan, 53, 488 {3933) [C.A., 27,
278 (1933)7, ’

281. Grignard, Compt. rend., 151, 322 (1910).
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to form the etherate, ﬁgﬁgﬁgx'ﬁsﬁﬁﬁsﬁﬁ, and then heated,
phenol was obtained. This result has been substantiated by
Spéth and Simonis (282),

Benzylsodium cleavea di-chloromethyl ether to give
ﬁrphanyllathyl aleohol in about 15 per cent yleld together
with about 19 per cent éijéupkenylsthyl ether, the normsl

coupling produet (283).
| When benzyl phenyl ether was cleaved with phenyllithium
only & small amount (14 per gent) of the expected cleavage
péodncb, diphenylmethane, was obtained (266). The chief
product in the neutral fraction was 1,1,2~triphenylethane.
The following series of resctions was propogsed to explain
the presence of this prﬁéuﬁt‘
%ﬁéw%%ﬂs + CgHell ——» CgHy « ﬁﬁﬁﬁﬁﬁlﬁﬁﬁi’iﬁ
Li

ﬁsﬁ$@?33635 * CgHgOCHCgHy ——> CgH 0L1 « 35356733635

L1 ' CHpCgHy
g5 00igHy + Oglglt ——> CgHOLi + (CgH ) CHOH,CqH,
CHyCqHg

Ether cleavage by organometallic compounds finds fre~
guent use as a synthetic tool. Alkyl phenyl ethers with a
double bond in theléyﬁaaitian of the alkyl component are

282. S?&th Monatsh., 35, 519 (1914); Simonis and Remmert,
Ber., 47, 260 (1914).

283. Morton, Messengale, and Gibb, J. Am. Chem. Soc., 63,
324 (1941). » _— T



readlly cleaved to form unsaturated hydrocarbons (284); allyl
phenyl ether 1s the simplest case.

CoHgOCHCHI CHy + RMgX — > CgHeOMgX + ROH,CH:CHp

Runge (285) has written sn excellent review on synthesis by
the cleavage of acetal type compounds by the Grignard reagent.
CHyCH{0CgHg)g + CgHgCHoMgCl — > CoHMMECL + Cli5 OCH( Cs)

CHpCgHg
A very satlsfactory method of preparing tertiary amines

is by the cleavage of dlalkylaminomethyl butyl ether with the
. Orignard reagent (286). These amine ethers are quite easily
prepared by distilling a gixtara of the dialkylamine, com-
mercial formalin, and butyl alcohol in the presence of potas~
sium ocarbonate. The yields of the tertlary amine by cleaving
these ethers are in the naighhﬁraaaé of 60 peér cent. An
example of this reaction is the cleavage of diethylamino-

methyl butyl ether by w-naphthylmagnesium bromide.
, 7 KgCOs . o
(Gaﬁﬁ)gﬁﬂ - Eﬁa% - Qéﬁgﬁﬁ — {Qﬁﬁg}ﬁﬁﬂﬁgﬁcéﬁg* ﬁg@

v — “HgBr | , ‘

(Ijmzﬁ( N: )y

'Eaéﬁi%ﬁttr§ng&a&a, S8dr, and Hauschild, Ber., 71, 1673
1938) . | | —

ﬁaﬁ' S8ee reference 133, p. 170.

286. Robinson and Robinson, J. Chem. Scc., 123, 532 (1923).
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2n-C Holi + (CgH,CHy)oHg == 20,H CH L1 (C Hg ) oHg
CgfigCHoli + n-C,HoBr — > CgHCHO,Hg + LiBr
Hydrolysis of thils reaction mixture and titration gives only

inorganie alkall. The difference betwesn the two titrations

glves the amount of organometallic compound.



I1I. EXPERIMENTAL

A. An Improved Method for the Analysis of
Alkyliithivm Compounds

1. Procedure of the an&l,.is;

This snalysis is based on the fact that most alkyl-
lithium compounds will couple instantaneously with benzyl
chloride to split out lithium chloride. The reaction gives
& negative color test within a half minute after the two re-
agente are mixed. If such a reaction mizture is hydrolyzed,
the base formed can come only from inorganic a@ﬁrmaé, such |
as LiOH, 1i,0, and ROLi. When the original solution of
arganelithiam sompound 1is hyéralyga& the base formed cone
sists of the inorganic alkali plus the 1ithium hydroxide
formed by the hydrolysis of the RL1i compound.

RIi #+ Hy0 ———> RH » LioH
The difference between t&a amount of slkall formed in each
case iz the amount of organolithium compound in the solution.

To run the analysis, the solution of alkyllithium comw
pound was flltered under nitrogen through a sintered glass
funnel (17) to remove all insoluble mﬁt@rialg‘ An aliquot of
5 or 10 cc. was withdrawn, by means of a rubber suction bulb

connected to & pipette, and hydrolyzed in 10 ce, of distilled



water. Titretion with standard acid, using phenolphthalein
as indlcator, gave the amount of total alkali. Another 5 or
10 ce. aliquot was added té'iﬁ cec. of éaﬁium~ériaﬁ ether con-~
taining 1 cc. of pure hensyi chleride, purified by dryiﬁg
Eastman bansyl chloride over ?gﬁg and ﬁistilzing it at reduced
pressure. As the alky&lithiaﬁ aa&ntian dra@g&é into the
benzyl echloride a yellow color flashed through the liquid. If
the organclithium a@l&tia& is concentrated, a white precipi-~
tate of lithium shlarié&‘farms with the dis&p@@arange of the
yeliew color. The atﬁa& sal&tian may‘heaam& hot énﬂugh’t@
"boil but is ﬁat cooled. The alkyllithiam solution was added
as faat as 1t ﬂﬁ&lﬁ drain rram the pipette. The mixtura was
ellowed to stend one minute after the addition and then
hydrolyzed. The base, which was inorganie alkeli, was ti-
trated with standard &aiﬁ a8 before. Care a&ﬁt be taken not
to overstep the end point In this titration aince the agueous
layer ﬁeaaieriz&a before the atkar layer. This may be over-
come by shaking the solution wligerously an;tha addition of
- each drop of acld when near the end paiﬁtw The latier titra-
tion giﬁas the inorganiec b&sa dissolved in the solution. The
difference between the two titrations givaa the aanaentratiea
of alkyllithium compound. |

The benzyl chloride must b& digeolved In ether because
coupling ﬁith tbﬁinrgamalithium compound takes place much
lesse raadiiy in other solvents. |

When the organclithium compound was prepared in petroleum
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ether the second titration of a 5 ec. aliguot usually re-
guired 2.5 ce. of 0.1 ¥ scid for meutrallzation. This was
due either to dissolved or colloidel inorganic lithium come
pounds. If C,H,OLL was refluzed in petroleum sther and fil-
tered in the same manner es the ﬁ&g&na&itﬁi&& compounds, 2.7
ce. of acid was rﬁqniyaé‘ﬁavﬁaut@alizs 5 co. of the solution.
zéthiﬁm‘hu%ﬁxiﬁﬁ did not él&ava hﬁgﬁyl chloride under
the amnéi@iﬁaa~ﬁf the analysis. ﬁhﬁn these two reagents were
refluxed for cne minute end hydrolyzed no chloride ion was
| found in the agqueous kayﬁfi
This snalysis worked well for all alkyllithium compounds
tried ax&ag% m&thg&liﬁﬁiama When m&thgllithiug‘ﬁaﬁ mixed with
&anzyl chloride, & positive color test remalned after the mix-
ture stood for 8 hours. This ana}yﬁis wag found to be unsult-
ab}a for uﬁ$~wi§h aromatic lithium compounds and phenyl-
ai;hmymmmma |

2. Resction of benzyl shleride with n-butylli

n-Butylllthlium was prepared in the ususl manner and
found to be 0.634 § by the benzyl chloride titration method.
A %59 co. portion {@¢iéﬁam£1&} was added drayawiaé to & large
sxgéaa (&;ﬁ mole) of benzyl chloride in ether at such a rate
that very vigaﬁmuﬁ refluxing took @1&$ﬁ§ After the sddition,
the yellow color of the solution soon faded and the mixture
wa$~hyérciyz$é in ice #&tsr, The ether layer was dried over

caleium ohloride and distilled. The residual oll was
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fractionally distilled; 40 g. of benzyl chloride, a small
smount of impure octane, § g. (21%) amylbenzene, and 8.2 g.
{31%) bibenzyl, as well ss s higher-boiling residue, were
obtained. The slightly impure amylbenzene was identifled by
a refractive index of 1.499 as compared with the 1.494 value
glven in the literature. The bibenzyl, which gave no de-
pression with & mixed meliing point with a known x#mpla, wasg
converted to the 1,35,6~trinitrobenzene~blbenzyl complex, m.p.
103-104° (287).

3. Reaction of bensyl chloride with c(-naphthyllithium.

The reaction was carried out as above only the solution
'ﬁas stirred for 5 hours after addition of all the o(~-naphthyl-
lithium. The mixture was hydrolyzed and distilled as before;
no bibenzyl was obtained. A large amount of high-bolling
fraction, probably phenyl-x~naphthylmethene, was not further
purified. |

4. Reaction of bemzyl chloride with gféimﬁthylnmin@yhgnwiu

Aithium.

This reaction, when carried out as above, likewlse gave
no bibenzyl, but & high-boiling fraction, probably phenyl-p-
dimethylaminophenylmethane, remalined as & residus in the
distillation flask.

287. Sudborough, J. Chem. Sec., 109, 1339 (1916).
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5. Capture of benzyllithiwm from the reaction of benzyl

chloride and ethyliithium.

Ethyllithium was prepasred im the usual manner from 43.2 g.
(0.4 mole) of ethyl bromide and 5.6 g. (0.8 g. atom) of
lithium in 400 ce. of ether. The solution, free from lithium
metal, was cooled to -50° in a dry ice-mcetone bath, and 15 g.
of benzyl chloride in 50 ece. of cold ether was quickly added.
The usual characteristic yellow color was formed. The yellow-
colored solution was carbonated with dry ice within one minute
after the benzyl chloride had been added. The amwwawwnem
mixture was dissolved in & small emount of water. After sepa-
rating the baslic layer from the organic layer, the aquecus
solution was bolled to remove the last traces of ether. This
solution was placed in & continuous extractor and extracted
over mpmww,a»ww waﬁ;wﬁ»w»%m petroleum ether. The basic
agqueous solution was then scidifled with HCl snd again ex~
tracted for 12 hours with low-boiling petroleum ether. The
petroleum sther solution containing the phenylacetic acid and
Nmama amounts of propionlc acid was allowed to evaporate by

placing it, 2 cc. &t & time, Into a 10 e¢c. vial. The petroleum

and propionic acid evaporated leaving a small amount of
ossessing & strong odor of phenylscetic aoid. The oil,
20 mg., solidified after standing a week. This sclid was
neutralized with sodium hydroxide and converted inte the

p-bromophenacyl ester, by treating with p-bromophenacyl
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bromide. Unfortunately, this also came out as an oll but
s0lidified &fﬁar‘ét&ﬁéing two weeks. The erude product was
recryatallized from alechol in a capillary tube and gave a

melting point of 86-881 The mixed melting point with a known

semple was 88%.

B. Rate of Cleavage of Ethers by
Organclithium Compounds

1. Cleavage of dlethyl ether by n-butyllithium.

8. In petroleum ether-dlethyl ether solution.-« The
mﬁ%hﬁd §f é3tarm¢ﬁiag the rate of cleavage of aﬁgar ﬁaaérlbeﬁ
h&r& will be referred to later in this work as the ususl pro-
cedure. A filtered petroleum ether solution ﬁf‘gphutyie
‘lithium was placed in & three-necked flask with en equal
volume of sodimm-dried diethyl ether and kept under nitrwgan
at room t@mmratar#* A 10 co. aliquot was removed from time
to time and enalyzed by ﬁhﬁ benzyl ahlariﬁ& method of snaly~
aigﬁ The raaulta are ah&wﬁ in table 7 and in th& graph,
fig. 1.
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Table 7. Cleavage of (CpHgleO by n~Butylllthium at Room
Temperature Using 10 ¢o. wwmﬂm@wwg
m@ﬁw mﬁw&@waﬁﬁ.mwwu%w

T oime  Tobal alkall  imorganic slbell Yolarity
(in days) (ee, 0.1 W Hp804) (co. O.1 W HpSO4) of p-CJiks

- BG4 149 0245
25.4 844 0,190
250 8.3 0,167
25,2 . 13.8 0117
26.2 1840 O 0.d08
26,7  2o.2 0.085
7.8 , , o 8.5 0.032

0O 0 WG

out in the ususl ﬁﬁ&&#@x, m@ﬁﬁ&m&w the organclithiue compound
was prepared in sthyl ether. The rate of cleavage is glven

in table 8 and is the Bame a8 in the %&ﬁ%ﬁm@ﬁ@ &wwgwiwwawwww
ether solution. {(See mwwe 1.}

Table 8. Clesvage of (Cplig)a0 by n~Butyllithium at Room
§§§§§§? mﬁlﬁghﬁﬁﬁﬁw

Kﬁ %M«w Q? ?w w @ w ﬁ?&m&

&?& 1844
41,8 e
42.8 2841
&@um EETR-. -~ % .
ﬁ& 2 ﬂ ‘ &Q tm .
43.8 (a) . 39.8

@mﬁﬁm ﬂmw ﬁﬁ @6 %&W
37.0 3545
34.6 5448
wﬁamwwm&w”&QWﬁﬁ«ﬁmmﬁw

{a) A precipitate began to form.

S%m%mwmwwa
F b i id Pk ' i .
SESEE
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¢. In dlethyl ether solution using the Zisgler snalysis,--
To uge the Ziegler analysis (268), & 5 co. aliguot of the same
solution ss that used in the above experiment was hydrolyzed
and titrated to obtaln the total alkall. A second aliquot
was added to 10 oce. of ether contalning 2 ee. of n-butyl
bromide. Dibenzylmercury was added blt by blt to thies solu-
tion. Upon each addition a yellow color of benzyllithium was
noted. The fallure of this yellow color to form upon the
addition of a erystal of the mercury compound was taken as &
sign that all the p~butyllithium had been decomposed. This
process usually reguired sbout 20 minutes. The solution was
hydrolyzed and titrated to give ﬁhﬁ-&n@rgania alkalli. The
difference between these two titrations gave the concenbtration
of the n-butyllithium. Table 9 gives the data for this cleav-
age. (See fig. 1.)

Table 9. Cleavage of (CgHg),0 by n~Butyllithium Using
Ziegler's Analysis.

Time Total alkall  Inorganic alkali HMolarity of
(in days) (co. 0.1 N HgBO4) (cc. Ou1 N Egﬁﬁgj a-Butyllithium

41.5 16.8 0.249
41.9 25.0 0.169
42.8 . 2B.8B 0.140
43.6 353.2 0.104
1/4 45.9 42.5 0.035

RV O

- As can be seen from Fig. 1, as long as there is an excess
of diethyl ether In the solutlion, the presence of an inert

solvent does not change the rate of cleavage., Zlegler's method
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of anelysis was found to give values slightly lower than the
benzyl chloride method, It must be remembered that these
cleavages were run at room temperature without & constant
temperature bath. As will be shown later, this reaction is
very sensitlive to temperature change; so 1t can be readily

understood why the points did not all fall on the ocurve.

2. Order of the ether cleavage resction.

The resction

BLL + (CpHg)g0 ———— O H 0L + CpHgR

~in the presence of excess ether was found to be of the first
order and the equation

2 .m0y 8
K = zﬁ%§§119g~*wﬁ

applies, where a, is the initial concentration and a is the
eenﬁsuﬁratign at time t. The rate constant for the alaavagay;
of ether by n-butyllithium at rafluxltémperatnra {35°) was
aéi@alaﬁaﬁ aﬁﬁ the results are shown in table 10. The data

were taken from fig. 8.

%abla 1Q.Caloulation of K for the Cleavege of Diethyl Ether
b? nngutyllithium at Reflux ?&mﬁ&ﬁ&tﬁra,

e NH,,k e
o i@g ~§~’ X

1.85 0.0988 0.01%86
- 1.728 0.23585 - 00821
2.51 0.4008 0.0209
4,00 - 0.8020 0.02828
12.80 1.1108 0.0235
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The constant for the cleavage of ether by n-amyllithium
at reflux temperature {35°) was caleculated from the datas in
figs, 3. The rssulis are shown in table 1l.

Table 1ll. Caleulatlion of X for the Cleavage of Ethyl Ether
by n~-Amyllithium et Reflux Temperature

¢ —= 1@3***3' K

(in hours) "= a

18?8 1.768 0.2474 0.0316
20 .5 2.48 0.3844 0.0308
50.8 4.53 ‘ 0.8365 0.0294
74.6 P.54 0.9785 0.0302

3+ Clesvage of éiathgi ether by organclithium compounds.

a. Normal slkyllithium compounds.-~ The rate at which a -

number of n~RLi ocompounds cleave dlethyl ether was studied,
using the benzyl chloride analysis ia the usual manner. The
cleavage of ether st room temperature by ethyl-, n-propyl-,-
n~butyl~, n-amyl-, and dodecyllithium is shown in the graph
in fig. 2. The results for the cleavage of ether by these
compounds at the boiling point of the solution {35°) are
shown in £ig. 3. | |

b. Methyllithium.-~ Methyllithium would not couple with
bengyl chloride as did the other &1kyllithiumieﬁﬁyﬁmn&zg so
the rate of cleavage was studled using the Ziﬁgisr method of
titration. 4 0.606 N solution éf methyllithium in diethyl
ether was found to be 0.608 ¥ at the end of one week. This
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was well within the error of the analysis. The same solution
after being refluxed for twelve days was found to be 0.602 ¥

which showed slight cleavage. A 0.54 N solution of CHgli was
sealed in e Schlenk tubs under nitrogen for one year after

which 1t was found to be 0.14 N.

¢. Branched ¢hain a1; &31thiam @QMfﬁﬁﬁd'amw Ths, hsnayi

ahlariﬁa method of enalysls was appllied with success to lso~
bﬁﬁ?lli%hiﬁﬁa The aleavag& wag aary;a&kau% in the gaaai
manner aﬁ raam.tamgaraﬁural' As can héuééﬁn f?ag'fig, 2,
isobutyllithium cleaves ether at & wore rapid rate than n-
h&ty&lithiamn When ether was sdded to & petroleum ether solu~
tion of g~bubyllithium, the solution b&ﬁﬁm& ‘yellow and begen
to reflux. At the end af S0 m&nazaa, 5O per aant of the
lithium aam@aané had éeeamya&&ﬁ as ée%@rminaﬁ by the benzyl
chloride analyaiﬁ* During this time %hs solution hed cemsed
to reflux. After the initial decomposition thie &ém?ﬁ&ﬂé
ﬁéammpa#eé ether 1ittle faster than n-butyllithium (fig. 2).
When thE ether was added to ﬁhaagfbutyilithiaw, eooled in ice,
the same initial decomposition oecurred but less rapldly.

~ The rapid initial cleavage phase was noted with all the
brenched chain compounds. The cleavage was run with s-butyl-,
t-butyl-, isopropyl-, and eyclohexyllithium. All of these
compounds gave about the same cleavage with ether, except
t-butyllithium, which gave initial cleavage to a greater
extent, followed by msré'r&giﬂ final cleavage. A 0.14 X
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solutlon of t~butyllithium in petroleum ether was cleaved by

ether in 30 minutes.

d. Phenylethynyllithium.~~ The phenylethynyllithium was

prepared by adding an excess, 7.6 g. (0,0744 mole), of phenyl-
acetylene to 200 cc. of 0.248 N n-butyllithium in ether and

- refluxing for 4 hours. When some of this solubtlon was addsd
to benzyl chloride in ether a positive color test remained
after 4 hours. Likewise, when excess dibenzylmercury was
added to & portion of the phenylethynyllithium solution con-
taining 1 ce of p~butyl bromide, & color test remained after
€& hours. &ince nelther the benzyl chloride analysis nor the
Ziegler snalysis was satisfactory for the anelysis of this
compound, the rate of wiaa?uge was studled by aarbaﬁatimg
aliguots and isolating the phenylproplolis acid formed. The
rate of oleavage of ﬂﬁﬁgaaazi may be found in fig. 3.

&« Aryllithium compounds.~-~ When « ~naphthyllithium was

added to benzyl chloride in ether solution & positive color
test remained for 10 minutes. 4 solutlon of X-naphthyl-
1ithium was analyzed by the benzyl ehloride method, Ziegler'a
method, and by the l1solation of o¢-naphthole¢ acld upon car-
bonation. ¥The first metheod of amalyuis gave the concentra-
tion of the solution as 0,16 N, the second 0.198 N, while the
third gave 0.21 N. Thﬁ same disecrepancy was observed when

other aryllithiwm compounds were analyzed by the three
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methods. Since mﬁmnaﬁén seemed to be the most reliable

of thﬁiﬁﬁﬁhaéﬁlaf analysis, it was used to study the cleavage
rékes as‘tha grylliﬁhimm compounds. The rﬁﬁﬁita for p-die

| méthyi&miﬁa§§¢m§1¥,_g&biﬁhanyiwﬁ phenyl«, x-naphthyl-, anﬁ
g-naphthyllithium are shown in fig. 4. N

4. Gleavage of various ethers by organolithlium compounds.

& Btraight chain sthers.-~ Xn $&¢h‘aa$a %ﬁﬁ~ﬁtb@# to be
yﬁlaaWQQVﬁaa &éﬁaﬁiﬁa a'yﬁﬁra;e&m‘atﬁér solution of the organo-
metallic compound and the selution was used to cleave n-butyl,
n~hexyl, and dodecyl ether (fig. 5}« Sinoe n~butyl ether was
gleaved less w&pié&yiky p-butyllithium than ethyl ether, s~
and t-butyllithium were used in this solvent. A 0.25 ¥ solu-
tlon of s-butyllithium im dlethyl ether which was cleaved
completely in one day, required about 15 days when in n~butyl
ether solution., The greater stability of n-butyl ether toward
cleavage manifests 1tsslf in the fact that a 0.14 ¥ solution
of t-butyllithium, which would be cleaved in & diethyl ether
solution in 30 minutes, required a day and 2 half for com-
plets decomposition in p~butyl ether. Although s-butyl-
lithium cleaved g@%utyl ether less rapidly than ethyl ether,
1t cleaved n-hexyl ether more rapidly. These results are

- shown in fig. B.

b, Iasopropyl ether.~- This cleavags wes run in the

usual manner by the use of pn-butyllithium. Although this
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ether is cleaved more rapidly than n-butyl ether, it is much
more stable than diethyl ether. The one éi&aﬁv&nﬁagafaf
nsing this sther as a solvent is the rapid peroxide formation

in this ether when 1t is sllowed to stand in contaet with air.

t. Dioxem.-- Dioxan, freshly distilled from sodium, was
added to a 0.6 N solution of p-butyllithium in petroleum
ether. The solution became warm and a negative color test
- resulted after the mixture had stood for 55 minutes., When
the dioxan was added to the n~butyllithium solution, ecooled

in 1ce, a negative color best resulted after one hour.

d. Ethylene glycol dimethyl ether.-~ The ethylene glycol

dimethyl ether was dried over sodium and distilled in dry
apparatus protected from moisture by a CalClp tube. About

| 100 ce. @f’thiaVatﬁar was added to 150 ce. of 0.542 N n-butyl-
lithium in petroleum ether. A precipitate formed inmediately,
the solution became warm, and a negative color test was ob-

tainﬁé in 20 minutes.

e. N-Methylmorpheline.~- The N~methylmorpholine was dried
over solid KOH and distilled. S8ince none of the conventional
methods of annlﬁai@ for orgenclithium compounds would work in
this basic solvent, only the end-point of the cleavage was
abtainéé by the color test. ~ﬁﬁqp 50 ce. of N-methylmorpholine
was added to 50 es. of 0.33 N n-butyllithium in petroleum etheyp

& negative color teat was obtalned after 24 houra. ¥%hen
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added 4.6 g. (0.027 mole) of phenyl sether. The solution was
refluxed for 24 hours and carbonated with dry iee. No phenol
was sb%aiaaﬁ but scidification gave 0.8 g. (14%) of almost
pure o-phenylbenzolc acld {m.p. 111-113°).

C. B8ynthesls by Ether Cleavage

< ~Homonaphthyldiethylamine.

Dlethylaminomethyl n~-butyl ether was prepared according

. to the directions of HRobinson and Robinson (286) from dlethyl-
amine, formalin, and n~butyl elecohol. An ether solution con-
taining 15.3 g« (0.096 mole) of this ether was added slowly
to an ether solution of <~naphthyllithium pwégayaé by adding
44 g. {0422 mole) of X~bromonsphthalens to 5 g. (0.44 g. atom)
of lithium in 300 ce. of sther. The sclution became warm and
refluxed furing the addition of the awmine ether. Upon heat-
ing the solution for an additional half hour after the smine
had been added, a negative volor test was obtained and the
mixture was immedistely hydrolyzed by the cautious addition
~a$ water. The ether solution wag extrected with dilute HC1;
the acld solution was evaporated to dryness; the free amine
was liberated from the hydrochloride by treatment with a
small amount of concentrated sodium hydroxide followed by ex-
traction with ether. The ether solution was dried over solid

KCH and distilled. The remaining oil was fractionally distilled
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to give 14.4 g. (677 yleld) of «-homonaphthyldiethylamine,
baps 148-150° at & mm.

ﬁy §¢§imaﬁhgiamigaghﬁmgimethggféggﬁhyi&mi&a*

To & solution of p-dimethylaminophenyllithium, prepared
from 40 g. (0.8 mole) of p-bromodimethylaniline and 2.8 g.
(0s4 g. etom) of lithium in 300 cc. of ether, was added 16.5 g.
(0.103 mols) of dlethylaminomethyl n-butyl ether, dissolved
in 25 te. of ether. The m&gtaxﬁ stood for 12 hours and was ¢
then refluxed for B additional hours. During this peried of
refluxing & precipitate formed. The mixture was hydrolyzed
by the cautious addition of water and worked up as in the
above resction. Fractionation at reduced pressure gave a
fraction, 80-120° st € mm., of 6.4 g., which was dimethyl-
aniline, and a second fraction of 19.5 g., which distilled at
134-135° at 6 mm., wes p-dimethylaminophenylmethyl-diethyl-

amine and represented a 90% yleld.
The compound was converted into the monopicrate which was
& bright red compound, This compound changed its crystal
structure from 1350-150° and melted at 1531547,
Anal. Celed. for CogHp-N-Op: N, 16.09.
| Found: N, 16.10.
A portion of the smine was converited Into the dimethlodide
by treatment with methyl leodide. The reactlon took place
with violence accompanied ﬁy the formation of & white precipi-
tate. Crystalllization from methyl slcohol gave white crystals
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which melted at 141% |
Anal. Caled. for ggﬁ%ﬁggx% : N, | 8471

F mmé 1 H, 5.78.

B g_mgwﬁmmmymmay}mnymmxz ripiperidine.

Butoxymethylpiperidine was prepared from piperidine,
formalin®, and p-butyl alcohol by the method of Robinson and
‘Robinson (288). An ether solution containing 17.1 g. (0.1
mole) was sdded to a mﬁ%hylmm@@hmyllmhium solution,
prepared from 40 g. (0.2 mole) of p~bromodimethylaniline and
2.8 g« (0.4 g. atom) of lithlum. On working up the reaction
o beLore , 10.5 g. of & fraction, boiling from 154-155° at
5 mm. was obtained. This was p-~dimethylaminophenylmethylpi-
peridine and represented s 45.6% yield.
The compound was converted into an orange-red colored
diplecrate which melted at 149°.
Anal. Caled. for CgglpgNgOpst N, 16.56.
FPound: N, 16.52.
A portion of the amine was converted into the dimeth-
jodide which when erystallized from methyl alaehﬁi melted
at 180-181°, |
Anal. Caled. for CpgHpgRplg: N, 5.58.

Found: ¥, 5.68.
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isolated in the usual menner. No disthyl-p-amylamine was
isolated, but 5 g. of material bolling at 205-209° at less

than 0.5 mm. was obtained. This represented a 40% yleld of

4~diethylaminomethyldlbenzofuran.

Az with the carbazole compound, both the hydrochloride
and methiedide were olls. The monopicrate, however, formed
readily and after purification melted at 172-173°.

Anel. Caled. for CoglpoN,0gt N, 11.62.

preparation of Z-diethylaminomethyl

To a filtered ether solution of 0.098 mols of n-butyl-
lithium cooled externslly to »35° with 2 dry ice-acetone bath,
was added, over a two-minute peried with stirring, 15 g.
(0.072 mole) of $~bremoguinoline (291) in 5O ce. of ether
 also cooled to -35°. The solution, which became dark rﬁé,‘wax
sﬁirraﬁ for 15 minutes at this temperature, An ether solu~
tion of 15.9 g. (0.1 mole) of dlethylaminomethyl n-butyl ether
cooled te -35° was added to the mixture snd the solution was
stirred for &nvﬁééi%&@ﬁa& 15 minutes at this temperature.

The ocooling bath was removed and the mixture was allowed to
warm Lo room tempersture. During this time a sample was
removed for a color test every 10 minutes. A negative coler

test vesulted after 50 minutes. The reaction mixture was then

291. Claus and Collischenn, Ber., 19, 2763 (1888).
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solution 1.05 g« {84 yleld) of é»ﬁibanznfﬁraaca&haxylﬁc acid,
m.p. 202-204°, was obtained. Recrystallization from dllute
aiaaha; g&?afs»graéﬁet which melted at zﬂﬁf%iﬁﬁa The methyl
ester, prepared from the acid and diascmethane, melted at 93-
94%.

B &thamkzaé,mﬁtalaﬁiﬁﬁ of dibenzefuran by triethyl-

aluminam.-« Ether-free triethylaluminum ﬁaaryrspayné by heat-
“ing & mixture containing 10 g. (0.039% mole) of diethylmercury
end 3.78 g. (0.14 g. atom) of aluminum chips at 150° for &
hours. A 35% yleld of triethylaluminum was cbtained. A bens
zene solution containing 25 g. (0.15 mole) of divenzofuran
wags added to the organoaluminum compound. The benzene was
then distilled from the mixture and the residue heated for 24
hours at 145-150%. Benzene waes again added to the cooled
residue and the mixture was c¢arbonated by-hﬂbhiimg aarhwn 41~
oxide through the solution untll & negative color test was
obtained. (Usually about 2 hours were required to complete
this operation.) Helther phenciic compounds nor acid was ob-
tained on working up the rsaati@n products. The recovery of

divenzofuran was 15 g., or 89.5%.

~ ©. Attempted mshalatiam @Q ﬁiﬁﬁn@ifﬁr&n,mI‘M*;zﬁw
alumiaum‘iaﬁiéﬁatmw To 0.3 mole of athgl&laminam jodides in
a Garina tube filled with dry nitrogen was added 16.8 g.
(0.1 mole) of dibensefursn. The tube was sealed and heated

in an electric oven st 210° for 72 hours. The tube was
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gpan&é; 50 ce¢. of benzene was added to the mixtur&; the solun~
tion was siphoned under nitregen into a three-necked flask
connected with & stirrer and reflux condenser, The reasction
wes carbonated in the usuel manner st reflux temperature with
gassous carbon dioxide., The acid isolated welghed 0.25 g.

and had 2 melting point of 235-237°. A mixzed melting point
with & semple of 2~dibenzofursncarboxylic acid gave 238-240°.
The yleld of this mcid wes 1.1%. It was converted into the
methyl ester, which melted at 82-83°, by the use of dlazo~
methane.

The Bw-scid xa%hay than the predioted 4-acid probably
came as a result of a Friedel-Crafts resction between the Ally
formed from the equilibrium reaction of mixed orgenometallic
compoundsg .

ﬁfgzﬁglgﬁli

2(CoHg)zAl + ALl
This was substantisted by the 1solation of & 1.4% yleld of

tion of dlbenzo-

2-dibenzofurancarboxylic acid from the carbone

furan and anbydrous A&nganﬁﬁr the equivalent conditions used

in the above reaction.

292. ?rign?rﬁ and Courtot, Bullm soc. chim., /47 17, 228
1915} .



phenylethynylmagnsesium bromide and cyanogen bromide. To
0+05 mole of n-butyllithium in 200 cc. of ether cooled to 0°

was aﬁﬁaﬁ 76 ge {ﬁ;ﬂfﬁ'mﬁiﬁ} @fkyhangiﬁthgmyi bromide. The
solution immadiat&lﬁ tura&ﬁ‘gallﬁu*  Aft@r“5~miﬂﬁ%wa,‘lﬁﬁ ce.
of the solution was carbonated, the remainder being carben-
ated 40 minutes later. The acld was lsolated in the usual
ﬁanmsr* The first aliquot gave %@%,gﬁ of phenylpropiclic

acld {88%); the second aliquot gave 2.6 g. (84.

%)}« The com-

E

bined neutral fractions gave 1.2 g. (42%) of n-butyl bromide.

b. Interconversion of phenylethynyl chloride with

n~butyllithium,~~ Phenylethynyl chloride was prepared from

phenylethynylsodium and benzenesulfonyl chloride according to
directions of Bourguel and Truchet (293). After the third

fractionation, the product gave an index of refraction
iza Z1.5768 as compared with aif alié?ée reported in the 1lit-
argﬁﬁwa, To 200 oc. of ether containing 0.02 mole of n-butyl-
lithium was added 1.05 g. {0.0103 mole) of phenylethynyl
ehloride. The sclution became yellow as in the preceding
reaction. The solution was refluxed for 2-1/2 hours and
carbonated. Prom this mixture was isolated 0.24 g. (16%) of
phenylpropiclic acid (m.p. 136-157°).

In order to be sure this product 4id not form &s the
result of the metelation of phenylascetylene which might have

been an impurity in the phenylethynyl chloride, another

293, Bourguel and Truchet, Compt. rend., 190, 753 (1930}).



sample wae prepared by the follewing seguence of reactions.
w~Chlorostyrene was prepared by the addition of chlorine to
elnnamie acid fellowed by boiling with sodlum carbonate to
aplit out COp and HCL (294). This compound was reacted with
ehlorine to give l-phenyl-l,2,2~trichlorcethane (2£94) which
was then bolled with alecheolic potassium hydroxide to produce
phenylethynyl chloride (£295) in en over-all yleld of 18%.
This product when treated in the same manner as the phenyl-
atﬁyﬂyi chloride, prepared by Bourguel's method, gave a 15.3%
yield of phenylproploelie aeid.

¢+ Attempted interconversion of vinyl bromide and
n-but
Lol

Jiithiustew~ The vinyl bromide was prepared by treating

ethylene dibromide with slcoholie potassium hydroxide according
‘to the dirsctions given by Kharasch (206). A solutlon of 5.4
grams. (0,06 mole) of vinyl bromide dissolved in 50 sc. of

~ ether cooled to 0° was added to 0.05 mole of n-butyllithium

in 100 gc. of ether at 0°. The reaction was stirred for 15
minutes after whiah it:wa5 earbonated with dry lce. During

the 15 minutes before carbonation, the solutlen became mllky
white. On working up the seid material in the usual manner

2 g. {(32%4) of 3@&&5 scetylenedlcarboxylic aeld was isolated.
When pure, the acld melted at 170° with evolution of gas and

394* Biltz, ﬁﬁﬁ@; 2986, ﬁéﬁ (13%?}.‘
295. Nef, Ann., 308, 516 (1899).

ﬂﬁﬁﬁ,%igra§ah, Kﬁﬁak, and Mayo, J. Am. Chem. Sec., BB, 2521
53] «
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was identified by & mixed melting point wilth a known sample.

The same process was repeated using petroleum ether as
the solvent instead of diethyl ether and running the reaction
&b 14° for 10 hours before carbonation. The solutlion tﬁﬁméﬁ
white as before bubt only after 2 hours. 4 smell amount of
impure propionic acld was ilsolated btogether with 1.5 g. (26%)
scetylenedicarboxiliec acid.

éwantﬁrganxn#&ianAgﬁkgybvamﬂghammi with ethylmegnesium
bram&éajﬁﬂ«ﬁha Q@ignamﬁkwas,graﬁarﬁé in the usual manner from
21.8 g. fﬁﬁé mﬁia)‘af ethyl bromide and 9.7 g. (0.4 g§ atem)
, ﬂf}mﬁsﬁﬁﬂiﬁﬁ in 200 ce. ﬁf‘éﬁhar%"ﬁw‘%hia solution was added
7.5 g. (0.045 mole) of o-bromophenol dissolved in 50 c¢. of
ether. The p-bromophenocl had to be added to the mixbure with
care as there was violent g&&(av@&utian%‘ The ether was dis-
tilled from the mixture snd the resction heated to 120° for
2 hours. Ether was then added to the coocled mixture and the
solution carbonated with dry iece. Upon isolating the acid
material in the ususl manner, 3.8 g. (51.2%) of g~bromophenol
was recovered and 2.7 g« (15.1%) of salleylic acid was
- obtained (m.p. 156-1579). | |

e, Att§mp£a§ 1atﬁw¢¢mva§siﬁn;gg_grbramapﬁaanQ,w&th

’a%hxlalumi@ggkiﬁéiﬁgg«»*v?@-a 100 oe. benzena solution of 0.2

moles of sther-free ethylaluminum lodides was added drop-wise

8.3 g+ (0.05 mole) of g-bromophenol. The benzene was
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dlatilled from the mix%ﬁra and the residue heated at 120°

for & hours. Benszene wag added to the cooled solution; the
mixture was hested te reflux, and carbon dioxide pgas was.rnn
through the solutlon until a negative color test was obtained.
On working up the products in the usual manner, 88 per cent
of o-bromophenol was recovered and no acid meterial was |

obtained.

f. Interconversion of 4~-iododibenzofuran with ethyl-

aluminum iodides.-~ To 0.3 mole of ethylaluminum lodides dis-
solved in 50 ce. ﬁf‘hﬁﬁ&ﬁﬁ# was added 20,2 g. (0.1 mole) of
4-~iodpdibenzofuran dissolved in 20 g. of bengzene. The benzens
solution was distllled from the reaction mixture and the
residue heated et 145% for 24 hours. Benzene was added to
the cooled residue and the solution carbonated by passing
garbon dloxide pas Into the hot solutlon. On lsolating the
acid substance in %hﬁ‘ﬁ&#ﬁ&'&%m&ﬁr 3419 g« (15%) orude
4-dibenzofurancarboxyiie aseld was obtained. By repeated
erystellization from dilute alcohol & product melting at
208-210° was obtained which gave no melting point depression
when mixed with & sample of Imown 4-~dibengofurancsrboxylie
acid. |



- 317 -

IV. DISCUSSION

Those who heve worked with aﬁg&ﬁalith&aw sompounds appro~
clate the need for an exact yet rapid method of aﬂalgéia for
solutions of these compounds. Unlike the Grignard resgent,
‘whiﬁh;$£ﬁ ﬁé snslyged by hydrolysis of a aéwﬁlﬁ'faiiawaa by
titration Qf(thﬁ %&ﬁ#~fﬁ£ﬁﬁﬁ, the aéié titraﬁian matheé‘ﬁihh
arg&&éiithiﬁm aamyéﬁmﬁ% giﬁ&ﬁ only & rough ﬁgyraximagian;
ﬁki&lmﬁ%hﬁﬁ h&&kgﬁ%ﬁ fﬁﬁaﬁ to be in error to the &#ﬁﬂm% of
from 12 to 20 per ceat, depending ﬁ@ﬁﬁy%ﬁ$~ﬁéﬁa§htraﬁiﬁn of
tﬁa sai&ﬁia&,'ﬁhﬁ length of %imé required for ﬁﬁg preparation,
the #maaﬁ&,ef time the soclution was maintalned at’refzax’

t&ﬁpﬁraturé; and the time whieh hass elapsed between prepara-

tion and analysis. ?h&ﬁ method of éﬁs&zmia gives the ﬁatal
alkall g?é&&ﬂ@ injﬁhﬁ solution. ﬁngartanagaag, 1lithium oxide
and hyégﬁxiﬁa are more or less aa&uhia‘iﬁvﬁ&ath$& sther,
whxxerzi%hiuw alkoxide 1s quite soluble in this solvent.

¥hen organclithium compounds cleave dilethyl ether, one of the
products formed 1s 1ithium ethoxide, and, as has been shown |
in the expsrimental part of this thesis, the rate of cleavage
is a function of the concentration, time, snd temperature.
Therefore, the amﬁ&#ﬁ of 1ithium ethoxide varies with sach
preparation, causing a deviation in the error of the acid

titration. Thls method of analysis 1s not sultable even for



petroleum ether preparations of organolithium compounds,
since inorgsnic basic lithium compounds are elther as&uﬁiﬂ
or form a eolloidal suspension to the extent of sboub 0.02
to 0.05 moles per liter.

The analysis of organclithiuvm compounds using Zlegler's
n~butyl bromide~dibenzylmercury method, although 1% glves
better results than the acid titration method, has a number
of disadvantages. In the first place it is time-consuming.
It requires from twenty to thirty minutes to add the dibenzyl-
mercury. The dibenzylmercury used is quite costly, and of
course there are the undesirable polseonous properties of this
organomercury compound as well as of the dlalkylmercury com-
counds which are formed ag a réanlﬁaaf the metal-metal inter~
conversion between the organo-mercury compound and alkyl-
1ithium compound. A marked odor of these dlalkylmercury com-
pounds may be noted furing the snalysis. This snalysis was
found to be unsultable for phenylethynyllithium and aryl-
1ithium 5@#@@&3&3* Dibenzylmercury gave n@'@amyletﬁ reaction
with @hemyka%hynyllithigm‘éuriag the course of six hours.
There are two objectlionz to the use of this methed with aryl-
ilthivm compounds. The first is the fact that, sinece all
these types of organolithium compounds tend to be solored,
the flash of yellow formed when the mercurial is added 1is
masked, and 1t is impossible Lo know when enough of the di-
benzylmercury has been added. This necesslitates the addition

of an excess of this expensive material in each anaelysis.
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The second objection is that the analysis with gfmzzhthyl—-
1ithinm.alwaya gives a lower §&ﬁmi¥ than is aﬁtaiﬁ@ﬁ’by:earn
bonation end iselation of the acid formed. | |
The benzyl chloride snslysis @ffﬁrn‘ainamkﬁr'éf advan-

tagaﬁ over these two methods. It aa&&leg ﬁh& speed of thﬁ
acid titraziﬁn with the accuracy of the Ziaglﬁr method. With
yraﬁtiaa thia analywis may be run in 1@93 %han 5 min&%es,

1nﬂ$ it consists essanﬁiallg ef two acid titrations. This
m&%ﬁa& of anaiyaiz glves valna& far alksliithinm‘whieh are
aaaaiattntly/&baat 2 per cent high@r'thaﬂ the ziaglar analy~
ais. The accuracy of the benzyl chloride snalysis has been
ahe&n ky the faoct that ﬁhﬂ‘ﬁﬁ%&l alkall ﬂéntant of a petroleum
ath&r solution of Epﬁﬁk?iliﬁhiﬁm‘mﬁy be aceounted for by
adding a small blank to the

mount of n*buﬁxlli%hiuw @btaixaﬁ
by this &ﬁ&l?ﬁiﬂ¢ The blank was procursd by aa&%yiﬁg‘a fine
,aﬁsgunaian of inargaﬁi& 1ithium slkall in paarazaam ether
khraﬁgh the same processes of ?@flﬁ&iﬂ@ anﬁ fiiﬁ?&tiﬁﬁ that
were used with the grbutyili%biﬁm,aalukiﬁng The basic com~
”ywﬁﬁﬁiavaf thie solutlon corresponded to £ha inorganic alkall
as found by the benzyl chloride analysis.

ﬁhé fact thet ﬁhisyanalgwia is always & little higher
kﬁan‘tha Ziegler analysis might be explained by the assumpbion
that benzyl chloride 1s hyér@lyaaévhy,ahﬁ inorganic lithium
aﬁﬁyﬁﬁaﬁa pr@aéﬁt resulting in a decrsase af’ba&a in the
aaa@nd'titraticn valus. Eﬁ&@ver, when benzyl ehloride was

treated under the same condltlions with inorganic basic
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lithium compounds, no cleavage took place. At the present
time no explanation can be offered for this diserepancy.

The benzyl chloride used in this analysis is relatively
inexpensive, and after i1t l1s purifisd by diati&ia%iéa it may
be kept for months, if stored in a brown glass bottle.
Although this compound is a lachrymator no troudble wes en-
countered from this source if the flasks were emptied inte a
sink in & hood after completion of ths analysis.

This analysis may hevagpliaﬁ to Rii compounds in which
R is an alkyl group, elther normsl or branched chain, or a
benzyl or triphenylmethyl group. Unfortunately this method
falle with wethyllithium. The Ziegler snalyasls has the ad-
vantage in this case in that it can be used successfully., As
with the Ziegler method, the benzyl chloride analysis cannot
be used with phenylethynyllithium or aryllithium compounds.
Since these compounds do not eleave ether rapidly at room
temperature, the aéid titration method glves less error than
with alkyllithium compounds. The aryllithium compounds
sdapt themselves to reactions such sz carbonation or reac-
tions with benzeophenone which give producte that are easy to
isolate. Therefore, aryllithium compounds can be snalyzed
by these reactions.

This analysis may be carried out with the lithium dla-
solved ln any non-basle solvent so long as 1t la added to
benzyl chloride in ether solution. IFf therse is no ether

present, no rapid coupling with the benzyl chloride ocours.
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A aim@la’analywis such as this adapts itselfl to many
uses. The foremost of these ls, of courss, %h@ caleulation
of the yleld iﬁ the prepsration of alkyllithium aa@y&a&ﬁau
4 imowledge of the exact concentration of these compounds
makes 1t possible to calculate with mors agaﬁram&a,thﬁ ylelds
of reasctions based upon thaﬁa~¢amygamﬁs*. This anaiysia'is
particularly sulteble to rate studies, not only of the clesv~
age of ethers, which hes been studled in this thesis, but
also rate studies with functional groups where previously

~only the end point of such reactions waﬁi& be obtained by
means of a negative color test.

When the produots are lsolated from the coupling of ben~-

'zyl chloride uihhwgrﬁnﬁxilithiﬁm@ bibengyl, amylbengene, and
octane are found to be present. The reaction may be repre~

sented In thils manner:

CgHgCHaCl + m~C HgLl — (CgHglHy ) + CgHeCgHyq + CgHyg+
Lic1

The isolatlion of these products immediately sugpgests a free
radical mechanism. However, if free radicals were formed
as an intermediate in the coupling of benzyl chleride and
n-butyllithium, there should be other products btypical of a
free radical reastion. The free radicals should dispropor-
tionate and also ragﬁt with the solvent. Hone of these
products could be found in the reaction mixture. Therefore,
attention was focused upon other mechanisms to explain this

reaction. As has been mentioned before, a yellow color



flashed through the solution upon the sddition of n-butyl-
1ithium to benzyl chloride. Since benzyllithium 1s yellow in
color and since 1t conples with organie halides so readily
{268) it was thought that perhaps bengyllithium was formed
““momentarily in the reaction.
in sttempt was made to capture the benzyllithium by car-

bonating the mixture at room tempersture lmmediat:

addition of the two reagents, but the resction between the
benzyl chloride snd ethyllithium was too rapid. However, if
benzyl chloride was added to an ebthyllithium sclution at -50°
the coupling reaction was diminished while the halogen~metal
interconversion, which seems %o go readily even at low tempera-
ture, predominated, so that the yellow e¢olor remained long
enough for the carbonation operation to be carried cut. Some
§&§ﬁ@laﬁﬂﬁi¢ acid was 1sclated and characterized as the p-
hr@mnﬁaamaayi-&ﬁzar'ky a mixed melbting point with & known
sample.

Viith this fact in mind the formation of the products of
the coupling reaction between benzyl shloride and p-butyl-
lithium may be postulated by the following serles of reactions:

CgHgCHpCl + m=CyaHgll ————~ CgHgCHpCyllg + LACL {1)
CgHgCHaCl + n~CgHoll — » CgHgCHpll + n-CyHgCl (2}

CglgCHglt + CgligOHgOl — > CgHCHpCHGGHg + 1101 (3

CgHgCHpLL + n=C HgCl — - CgHgCHC Hg + LiCL (4)



B-CyHgli + n-0gBgCl — > n-Cgl,g + LiC1 (5)
8-CgHigBr » 11 ——> n-0yHgli + LiBr + p-Cglg (8)

vi Eqa&tiﬁn (1) is self-evident because this is & normal coupling
reactlion aaﬁ m§ doubt accounts for a 1&wgafamﬁgﬁt of the
§ymmwih$nx@aﬁ that is obtained f%um t§a aaﬁpﬁiﬁg reaciion.

There 1g,$vi§&ﬁﬁayf¢r~%ha‘ﬁﬁa&rrﬁnca of the reaction
shown in equation (2). Gilmen and Jones (297) have shown
that halogen-metal interconversions are possible betwesn
alkyllithium compounds and alkyl halides. ﬁlahaagh,haigganw
metal interconversion with an organic chloride is rare this
resction is known to take plamce. Mr. Melstrom (298) has |
shown interconversion to take place between 2,4,5~triphenyle
S~-chlorofuran and butyllithium while the interconversion of
phenylethynyl chloride and n~budyllithium has been described
in this thesis.

(nece benzyllithium is formed, 1t will é@ayl@ with any
organic halide that 1s avallable and give the products repre-

sented in equetions{3) and {4). Probably mest of the benzyl-
lithium reacts according to equation (3) because of the excess
benzyl chloride that is present in the reagction mixbure.

& large part of the octans is probably formed during the
preparation of the butyllithium (equation 6}. The coupling
reaction between alkyllithium compounds and alkyl chlorides

298, Unpublished studies by Mre. D. 5. Melstrom.



is known to be a slow process {22); so little reaction would
take place according to equation {5}«

Gilmen and Jones (297) have shown that hslogen-mebtal
interconversion takes place between an alkyl halide and an
alkyllithium compound, an sryl hallde and en alkyllithium
eompound, and an aryl halide and an aryllithium compound;
théy@ is ne known case, however, of intercenversion bebtween
an alkyl halide and an aryllithium compound.

This might account f@?’tha fact that the benzyl ehloride
snalysis gives poor results with aryllithlium compounds. The
coupling reactlon of these compounds ls much slower than with
alkyllithiue compounds. 8inece aryllithiws compounds always
have some color, 1t was impossible to note any benzyllithium
color that might form in the solutlon during the reaction.
‘Ka‘hibaamyi could be isolated from any of the coupling reac-
tions with eryllithium compounds showing that there must be
- some other coupling mechanlsm Involved. Likewlse, methyl-
lithium, which is so unresctive that 1t will not underge
halogen~metal interconversion reaetiens, will not couple
succeasfully with benzyl ¢chloride.

A number of coupling resctions, of the type glven with
n-butyllithiuwm and benzyl chloride, have been reported in the
literature. For sxample, Harvel {298) has isolated lephenyle~
hexene~l and trans-trans-~l,4~diphenylbutadiense~1,3 from the

209, %arvﬁ%‘ Hager, and Ceffman, J. Am. Chem. Soc., 489, 2323
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w&&atia&tafﬁr&KMM$atyrﬁnﬁ amé ﬁfhﬂﬁ?llihkﬁﬂ%a“ Because of

the isolation of these two gwaﬁg@ta,‘taga%her with the fact
that th% amlatian %ﬁa&mﬁ colored during %h@ reaction and later
hﬁeama a@lavlaﬁs, it was &aanmaé th&t fwea raéiaﬁla ﬁara f@rm@é
éﬁ?iﬂg this resctiom. It w&a aiaitta& that if free radicals
were farmaﬁ éuring khis ra&a#ia& ﬁix other products resulting
frﬁm,éiaprwyer%ieﬁatiaa of thﬂ fr@a raéiaala shauiﬁ be farm&ﬁ,
none of which could be 1solated. |

%his raaatianlaan,ha »xplainﬁﬁ by means of a halogene
metal iﬂtar@@nvarsiﬁn reaction followed by coupling as in the
reaction of benzyl eblariﬁa and n-butyllithium. It is known
that h&&egﬁﬁemﬁﬁal interconversion does take place between
gy%ragmaﬁyrsnz and p-butyllithivm (17).. Buch interconversion
reactlions produce colored solutions.

Another example of thls type of coupling is the reactlion
of triphenylmethyl chloride with p-butyllithium to give the
sharaa%ér&stiﬂ eoleor of triphﬁﬁyﬁmeﬁhyl'#kzaa deepened on
'haating and faded on ceoling. ﬁhﬁn'tha'raaeﬁiﬁn vessel was
opened the color was discharged. The products iaai&tﬁé,w&r&
triphenylearbinol {graﬁamaﬁlg from %ripha&gim&thy&p@r&xié&},
butyl alechol, and 1,1,l-triphenylpentane. As before, free
radlieals were predicted; however, triphenylmethyl could
easily be formed as a result of halogen-metal inﬁaremm#ﬁraimn
followed by coupling %@fgivﬁkhQXﬂﬁh&nglﬁt&ane which disso~
eiated into the free yaﬁigaii

Prom the foregeing dlscussion 1t is not unreasonable to



asgume that this same wechanism might secount for certaln ab-
normal coupling reactions of Grignard reagents. Puson (300},
on reacting methylmagnesiwm bromide with benzyl chloride,
isolated bibenzyl, ethylbenzene, and octane. Although the
reaction 18 not as rapid as with organclithium compounds,
Grignard reagents have been shown to undergo halogeéen-metal
iﬁt&reaavﬁrgiaﬁ reactions.

"%he rapld development of organclithium chemistry during
the last few years has created the urgent need for more
definite knowledge conserning the stability of these compounds
in ether. Exﬁagt for one artlcle by Ziegler which gives the
rate of cleavage of ether by n<butyllithium, only general
statements, such as, the compound cleaves ether rapldly, or
the compound is stable in ether for a number of weseks, may be
found in the literature. A knowledge of exact cleavage rates
1s’aaaam§ialaim\$@ﬁay to prediet with any degree of accuracy
the @pﬁimﬁm reagtion time for reactions with organolithium
compounds in ethers, and é&ytainly for & more precise inter-
pretation of ylelds based upon orgenolithium compounds.

- A study of the cleavage of ethers by organclithlum com-
pounds has revealed a number of enlightening facts. All of
these cleavage resctlons, with the exceptlion of those of the
8~ and t-alkyllithlum compounds, are firat order reactions.

8ince, in these reactions, ether is present In excesa, its

300. Fuson, 1bid., 48, 2681 (1926).
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concentration ie essentlelly constant and the second order
equation reduces to s first order equabtion.

‘fhen ether is added to & petroleum sther &ﬁlﬂtiﬁn.ﬁf‘ﬁk
or t-alkyllithium compounds, there 1s & rapid initial cleavage
phase in which about half of the orgenometallic compound is
decomposed. After this initial phase, cleavage takes place
at é slower vate {(fig. 2)« This seame type of reasction ocours
with eyclohexylliithium. It wes thought that perhaps the
ether-free organolithium compounds cleaved ether more rapidly
then the etherate so thet when a 1ittle of the etherate was
formed, cleavage was less rapld. This would explain the two
phases of the reaction. In order tc prove thia* advantage
was taken of the fact that s~-butyllithium does not cleave
n-butyl ether readily. Therefore, 1f p~butyl ether was added
to a petroleum ether sclution of s-bubyllithium, the s«buiyl
1ithium-n-butyl etherate should be formed. If dlethyl ether
was added to ﬁhis,aslutiag’ no initiel rapld cleavage should
be noted. This was not the case, however, for the sams two
phases of cleavage wers observed.

Tempersture is & vital fasctor in the rate of the cleavage
resctions. At room temperature {%ﬁ”} 18 days sre required to
cleave & 0.65 N solution of n~bubyllithium. However, at the
reflux temperature of ether, only 10° higher, & sclution of
the same concentration requires only 5-1/2 days for complete
decomposition. A comparison of fig. 2 and fig. & shows this

influence of temperature on & nﬁm&&r of organolithiuwm eompounds.
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The abllity of verious organocllthivm compounds to cleave
gther varies over a wide range. The most stable of these
compounds is methyllithium, & solution of which decreased as
a result of clesvage from 0.54 ¥ teo 0.14 H in one year. The
least stable is L-butyl, a 0.14 ¥ solution decomposing in
3& minutes. Although en inspection of fig. 2 shows no great
difference in the rates of cleavege of most alkyllithium com-
pounds at room temperature there ls a marked difference at
reflux temperature {(fig. 3). For example, & 0.2 ¥ solution
of dodecyl~ and p-propyllithium ls decomposed iﬁylwﬁ/é days,
while thﬂ same abtrength solubtion of ethyllithium regulires 2
days, p-butyllithium requires 3-1/4 days, and p-emyllithlum
requires 3-1/2 days for decomposition. Evidently in the homolo-
gous serles between n-amyllithium and dodecyllithium there is
a compound of maximum stebillity in diethyl ether after which
the lengthening of the carbon chain in the R group of RIi
compounds decreases the stabllity of this solvent. The order
of increasing stability in diethyl ether has besn found to be:
dodecylsn~-propyl(ethyl{n-butyl{n~amyl{methyl. This has been
found to follow the order of reactivity of normel alkyllithium
compounds toward balogen-metal interconversion with x-bromo-
nﬁphthalan& {301} whieh gives the order of decressing sotivity
aa@ggyrapyl)atﬁyl}gﬁmﬁm&)gyamy&)mathyza

| The order of 1ﬁﬁwﬁ%ﬁiﬂg stability for ﬁrgnah&é chain

301. M¥oore, Doctoral Dissertation, Iowa State College (1941},
p. 113.
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alkyllithium compounds in ether hag been found to be E-butyl
8-butylx isopropyls cyeclohexyl(isobutyl{n-butyl. This in turn
follows the reactivity of khéaﬁragmpﬁunﬁa towards the metala-
tion of dibenzofuran which in the eﬁ&#rlaf aéarﬁasing reac~
tivity is t-butyl)s-bubyldisobutylz p-butyl. It might
m&ﬁtia&@ﬁ.t%aﬁ the difference iﬁ.aiaavmgﬁyaf a%harr%ﬁ%wasn
gyb@tyiw and isobutyllilthium compounds 1s much greater than
between iﬁ@bﬂt?lwrﬁﬂﬁ n-butyllithium compounds. The resc-
tivity of petroleum ether solutions of these aamgﬁunﬁa,tﬁwarﬁa
intercomversion with X~bromonaphthalene is not in such close
agreement for the ovder of decreasing raaﬁtivitg'ia s-butyl)
mmpx‘ag%yl) ;gwbuissfl) n~butyle i#@}m‘kyl) §w§M§3R,

v?hafafﬁmatis ﬂfg&nﬁixthﬁam compounds are mgﬁk m@mﬁ stable
in ether thﬁn %ba aliphgﬁig typ&s@ While a 0.4 ¥ solution of
g&aggllighiam is decomposed by refluxing iﬁ ether for only 4
day#, 8 0.4 N solution of phenylllithium, after rafiuxinglfar
30 days, was found to still be 0.09 N. Phenylethynyllithium
geems to have cleavage properties aemyarﬂbia ta thoss of the
éramatia‘arganﬁlithiﬁm compounds. The order af‘inew@aaing f
atahiiiﬁy:ef gryliitﬁiﬁm‘egmgnunﬂs.has been found to be
gymaphthyl(g@n#phﬁhyl(yheﬂyl(gyé1mﬁthylaminﬂphﬁuyl(phaﬁylm‘
ethynyl(p~biphenyl :ﬁﬁnﬁiaa has alraaéy %&#ﬁ made of the faoct
that Nilller and Tépel (272) é:&a&m %‘-m@amﬁ», p~biphenyl- and
9-phenanthryllithiuvm to béaef no synthetic value since ﬁk@y
are tooc unstable in'dxathfl ether. ?his‘ean,haréiy be true
since p-biphenyllithium was more sﬁahle in ether than all
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other orgenolithium compounds studlied except methyllithium,.
Although X~-naphthyllithium cleaves ether to a greater extent
then p-biphenyllithium, the fect that a 0.28 N solution of
enaphthyllithium at 35° required 25 days to be decomposed
makes it impossible to say the cleavage was rapid. 9-Phen-
anthryllithium cannot be prepared directly from the organic
halide and 1lithium metsl so 1ts stabllity in ether could not
be studied. However, from the above studles 1t would be sex-
pected to be stable In diethyl ether for a number of days.
In general the stablility of orgenolithium compounds 1s
found to be in the following increasing order: tertiar
alkyl(secondary alkyl{iso slkyl(pormel alkyl{sromatic types{
‘methyl. This follows exactly the reactivity of organolithium

eompounds in regard to metalation or halogen-metal Intercon-
version reactions., A rule may be stated then, that in general
the more repid an orgenolithium compound c¢leaves ether; the

better metalating and hal

ogensmetal interconverting agent it
1s. |

The stability of ethers in the presence of n~butyllithium
has been found to inerease in the order: é@éﬁ@yl(aﬁhyl{i&a~
Qrw@gi<gfhmt31<§shaxyli« There is evidently an ether of maxl-
mum stabllity between n-hexyl ether and dodescyl ether. In
view of the fact thet Gilmen and Moore (16} found n~butyl ether
to be a much better solvent than dlethyl ether in which to

ﬁarfy out halogen-metal interconversions, it might be
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Interesting to see 1f p-hexyl ether, in view of lts ﬁtnbility,
would be & betier solvent for this resction than n-butyl ether.

Althaagh,ﬁfbﬁtyilithiaxaaiaavaﬁ,aliyhatic ethers more read-
11y than other organolithium compounds, it did not cleave di-
phenyl ether even though the two r&ag&nﬁ@ were refluxed together
for 24 hours. Ethylaluminum lodides which cleave anisole were
also unable to bring about the cleavage of diphenyl ether.

A pumber of ethers are cleaved guite readily by organo-
metallic compounds. This pertains especially to the dielkyl-
aminomethyl alkyl ethers which are cleaved readily with
Grignard reagents (286). A number of advantages are offered
by cleaving these ethers with organolithium compounds instead
of the Grignard reagent. The reaction is more rapid end the
ylelds are increased. (~Homonaphthyldiethylamine, which ia
prepared in 39 per cent yields with the Grignard reagent, 1s
obtalned in %9 per cent yields using o(~naphthyllithium. This
synthesis produces tertiary amines of the type RgNCHgR' where
R is an alkyl group and R' is the group derived from the
@&gﬁnametallia compound. When organoclithium compounds are used
in place of the Grignard raaganﬁ a much wider variety of R
groups may be introduced into the smine. The p-dimethylamino-
phenyl group may be Introduced in excellent ylelds in this man-
ner. This is not possible when the Grignard reagent is used.
The vast ﬁ&mbﬁr of orgenclithium compoundas ﬁ?ﬁp&?ﬁﬁ by metala-

tion reactions may be used to cleave these aminms* 4-Diethyl-

aminomethyldibenzofuran was prepared in this manner. It'has
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been £ﬁmn§‘§hgt cleavages of this type go with greater speed
lwith‘arganaiithiam compounds than do the coupling reactions
between arg&nie‘haliéaa and @?g&a@i&%ﬁinm eeﬁp@ﬁaﬁa. This
 ¢&§¢& 1t‘§é&ai§1¢ to prepare the organclithiuvm cowmpound by
h&l@gﬁﬁﬂM§tﬁl interconversion and then to react it with the
amihﬁ éthér* In this manner excellent yields of 5-ethyl-2«
éiskhyl&miﬁﬁmﬁtﬁgﬁ@&?ﬁ&gﬁia,wers praparﬁéw %hia'giv&a 2
Vﬂﬁp&ri@? method fﬂ?’iﬁﬁrﬂéﬂﬁiﬂg the Hﬁﬁﬂﬁ% group into a large
~ variety of ﬁﬁmpauﬂ&a,‘mang of which have possibilities of
physlological activity. Unfortunately in prﬁfaraﬁtial reag-
‘t&ans between ether cleavage agé addition to the anll linkage

the latter yé@ﬁﬂminataa so this raaatian,aaanmt be used with
| such aampauﬁﬁﬁ &8 S-quinolyllithium. ,

Since phenylethynyl bromide underwent halogen-metal
interconversion so readily it was thé&ght this resction might
take place with phényie%hyn;&yghlariﬁsﬁ( This has been found
- to be true and brings to three the number of cases of halogen~
metal interconversion wlth a chlorine atom which have besn
reported. One, reported by Mr. Nelatrom (297) was with 2,4,5~
triﬁ%mﬂyl*snahlar@fur&a and, the ethﬁr, reported in this
thesls, was between %&nzyl chloride and alkyllithlum compounds.

4 halogen-metal interconversion was attempted with vinyl
bromide to determine 1f this might be a means of introducing
the vinyl radieal inte compounds. Unfortunately, only
acetylenedicarboxylic acid was isolated. This probably
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results from the splitting out of HBr leaving acetylene
which is immedlately metalated to give the above aclid upon
earbonation. An example of this type has been noted in the
reaction of é@hrwwtmm and n-butyllithium to give phenyl-
propiolic aeid upon carbonation (17). This ﬁli@iﬁ&t&ﬁn of
HBxr was diminished in the case %fé;JEramﬂakyranﬁ by running
the reaction in petroleum ether; however, this had no effect
upon the reaction with vinyl bromide.

The haleganﬁmaﬁal interconversion reaction is quite
common to organolithlum compounds. In order to determine
whether it is a matter of degree ﬁf reasctivity or whether the
less reactive arganamﬁtﬁzliﬁ‘ﬁamp@ﬂnﬁa reect in a ﬁifﬁarﬂﬁt

manner, a number of halogen-metal interconversions were run

with some less veactive ér@;*@&&tallia compounds. It has been
found that the reaction is qﬁit@ general but more éwaatiﬁ |
means are necessary to bring about this interconversion.

While n-butyllithium will undergo iInterconversion witn o-bromo-
phenol in ether, the reaction with ethylmagnesium bromide
must be ecarried out in the absence of solvent and at high
temperature. Even under these drastic condltions no reaction
tekes place between g-bromephenol and ethylaluminum iodides.
When 4-lododibengofuran, a compound which undergoes intercon~
verslion much more readily than o~bromophenol, is reacted

under these conditlons with ethylaluminum lodides, a halogen~

metal interconversion does take place,.
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By running the reaction in the absence of solvent at
high temperature the Grignard reasgent was found to metalate
éibﬁnzafﬁramik %ria%hglalumiau& wounld not metalate dibenzo-
furan under these conditions. Orgeanocaluminum lodides have
been found to be unsatisfactory for the me%alati§n of dibenzo-
furan since a Friedel-lrafts reaction takes place during car-
benation to give 2-dibenzefurancarboxylic ecid. Xylene has
been found to be an unsatisfectory solvent in which to carry
out & carbonation with organcaluminum halldes, for & Friedele
Crafts reaction takes place with the carbon dioxide and the
solvent to give 2,4-dimethylbenzolc acids.
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A survey of the literature concerning the solvents
used in the preperstion of organometallic compounds has been
made. Alse, a review was made of the cleavage of ethers by
orgenometallic compounds.

An improved method of anslysis of solutions of organo-
l1ithium compounds has been glven. Studles have been made on
the applicetions and limitations of this analysis.

The mechanism of the reaction between benzyl ehloride
and eorganolithium compounds has been dlscussed.

The rate of cleavage of ethers b# organolithium com-
pounds has been made. The cleavage of ethers hes been
utilized in synthesis.

Some metalations and halogen-metel interconverszions
have been carried out with orgsnometallic compounds which are

less reactive than organolithium compounds.
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