IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1931

Abnormal reactions of organometaﬂic compounds

Stanton Avery Harris
Towa State College

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

Recommended Citation

Harris, Stanton Avery, "Abnormal reactions of organometallic compounds " (1931). Retrospective Theses and Dissertations. 13707.
https://lib.dr.iastate.edu/rtd /13707

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%2F13707&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F13707&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F13707&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F13707&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F13707&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F13707&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/138?utm_source=lib.dr.iastate.edu%2Frtd%2F13707&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/13707?utm_source=lib.dr.iastate.edu%2Frtd%2F13707&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

Jo.,

AL REACTIONS OF ORGANOMETALLIC COMPOUNDS

BY

Stenton A, Harris
A
W@
A Thesis Submitted to the Graduate Faculty
for the Dagree

DOCTOR OF PHILOSOPHY

Major Subjeet Organic Chemistry

Approved:

Signature was redacted for privacy.

T2 ohargh of Major work

Signature was redacted for privacy.

Major Depariment

Signature was redacted for privacy.

Deen of Groduate College

Iowa State College
1931



UMI Number: DP12741

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 DP12741

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



QDA
W 4cdon

II j126-83

The writer wishes to express his
appresiation to Dr, Henry Gilman for the
suggestion of these problems and for his
kindly advice given during the progress of
the work. oX

1 32117



ﬂ AU , ; Fage
A, The Abnormal Reaction of Cinnamyl Chloride with

Fe Zre

153 1 £ 112 SRR ARG PR RE NP A 1
iﬁﬁ&ﬁﬁu@%ﬁ@n$#fQ%Mm&*&**t*!**i%ﬁwt%l#wﬁ!##‘*‘iﬂ* 1
~Ei5$ﬁf§ﬁ&ii!?i#i#ii?ﬁ%&iwﬁwn&ﬁ#tn&i1*@&&*@&@&01* 3

‘?ﬁﬁﬁ?ﬁ%igﬁiﬁw;ga*lt§f?ggff&g;fﬁ@%gf&nf§*gwa§§§nw 22
Ex@a?imﬁgﬁ&; Pﬁ?ﬁﬁa*@gya;nﬁ'4@u&@wawn¢faqgfftﬁwm 28

Preparation of Cinnamyl Chloride and its
@rigﬁ&£§ R$&%ﬁﬁtm§w§niﬁ*g*gn%t#g@bi#wﬁbww 89

The Hydrosarbons from Cinnemyl Chloride
ané ﬁﬁ%ﬁ@ﬁiﬂ&ﬁ*miﬁ¢ww*mﬁk31quty*%w&iamw* 31

Reduetion of Liquid Hydrocarbollesessesessss 34
Synthesia of 1,4~Diphenylhexane..ecscssessse B4
Structure of Clunemyl CRLOTi88escscssesesss 36
Ozonization of orFPhenylellyl Alcoholssesses 39

The Carbonastion of Cinnamylmagnesium
ghlgriﬁﬁwﬁwggkﬁﬁtwwiya&Wi&ﬁﬁ&d#iiﬁwn**wia 4Q

The Eeaa@i@m’hatQE@a Cinpenylmagnesivm
ﬁhiariﬁg‘aa& ?ﬁanyl Isocyanateessssarnnne 45

The Raa@&i&a'xitﬁ Ethylghl@rﬁearbeﬂatagmt,* 46
The Reaction with Gaseous Formaldehyde..... 48

Oxidation of Residues from Cinnemyl
Chloride Rulllessssssssnsnsssssssnssssnens 48

‘Reaction with Oxygen end with Ethyl Sulfate. 49

Attempted Beduetion of Cinnamylmagnesium
ghiaria@*&d&#ih*y%wmﬁaaun*#n&wﬂ#&tiakitﬁtu 59



IV

The Reaction with BenzophenONS . ssusssssosses

samm&?yﬁwiw@wwr»»wiyg#*tti*m*wﬁﬁn‘wtwﬂya«»q*ia»wp

B, Grignard Reagents from Halogenated Tertlary Amines.

xﬁtfﬁﬁﬁﬁﬁiﬁﬁwww*g%ssﬁ@%i&@w&*g*&ﬁ#&mwwaﬁawa;aws{m
Eigtﬁgiaall*wfffﬁt&ﬁ**@&i@@ﬂggﬁﬁ*ﬁ*i»tii&l&iiﬁi%i
Thooretieslsrtsnssrvarasssastnersenerssasssasoens
Eﬁﬁﬁt&ﬁﬁnﬁa& F&rt*uwm@;wﬁﬁﬁm*wwnnw;ﬁm;m‘wngn¢n1@n

Preparation of 3-Bromopyridine end its
Bﬁﬁﬁﬁiﬂﬁ Witﬁ jha

“Wﬁﬁiﬁmwti0»0%%:«%**&*:::;

?ﬁ%ﬁ&?ﬁti@ﬁ of 3“ﬁmiﬂﬁ*yfiaiﬁammwptwguptﬁtyt

Preparation of B-Iodopyridine and its
R&aﬁtiﬁﬁ with ﬁaﬁﬁagiﬁm#&ﬁnuuwaiqn*rﬁsxﬁam

Preparation of 2-Chloropyridine and its

Raaaﬁian With ﬁ&gﬁﬁ&iﬁmmm*t**i&*»awc-»sﬁ&t

Preparation af,gfia&adimszﬁyianxliuaﬁu;**,*,
Preparation of o-Dimethylaminopyenyl-

m&ﬁﬁ&ﬂiuﬂ Iﬁﬁiﬂﬁs#;»*ww&wnmatr#nwww#»s:»w*

Preparation of g~Dimethylemincphenyle~
magnasium Ef@&iﬁatwwﬁﬁcnnmamawa¢¢n¢¢u*awc¢

5 7ET s o8 . . N
WHHTIHAT T s s ¢ £ d s s 00 nf 6 0d 50 568 BB LESE B0 50 NE S 00 0EEE

51
53

54

57

62
67

67
70

71

75
74

7%

”

768



4, THE ABNORMAL REACTION OF CINNAMYL CHLORIDE
WITH MAGNESIUM

TRODUCTION

It has been reparﬁa&m\ that cimnamyl chloride with
magnesium end carbon dioxide gave methylatropic acid
(C4Hg~C=CH~CH,) instead of the expected phenylisocrotonic
acid (g?gfcﬁwsﬁcﬁ,aﬂl » This problem was undertaken because
Rupe and Bnrgmz seid that cinnsmylmegnesium chloride added
to the ethylenic linkage in another molecule of iiself, They
-postuleted the following reactions:

C B¢ CH=CHCH,MgCL + CgHyCH=CHCH MgCl ———} Q,Hg-—%«f}ﬁm@})ca.ﬁgcl
= éﬁ.aﬁ»cﬁc oHs
HOH
' 1, CoHg CH=CH,CH4

CH ,CH»CHC ,H,

Gilmen end coworkers have treated many different
ethylenic compounds with the Grignard reagent and have never
been able to find any evidence that addition to an ethylenic
linkage took place. Leading refersnces to this work may be
found in the papers by CGilmen and ngrisla & b.

It has been found that the hydroecarbon obtained by
Rupe and Burgin is l,4~-diphenylhexadiene-l1,5 II ‘c,,«fi. -fﬁ»ﬁﬁwc_ﬁi.

I J CHo4CH=CHC (H4
1. Gilmen and Barris, 18) 9. All. Chefs SOC., 49, 1885 (1929),

(b) Reec. trav, chem., 48, 762 (1930).
2. Rupe and Burgin, Ber., 43, 172 (1910).




and not 1,4-diphenylhexene-l as postulated by them. The
Grignard reagent from sinaam?l chloride has been found to sct
as if it haed the Tollowing strueture:
. -
6,,2&4*1!3»{}5”6&‘

For convenience, this Grignard reagent will be called
“oinnemylmagnesium chloride”. On the basis of the abnormel
behavior of ¢i

ylmegnesium chloride, a mechanism for the
formation of 1l,4-diphenylhexadiene~1,5 is given. A4lso, the
reactions of this Grignard reagent, with several of the common
reeagents, are deseribed. In every case, only rearranged pro~
ducts have been found.

In a private communication Professor Rupe hes indi-
cated that he no longer believes that the Grignard reagent
adds to the ethylenic linksge.



The rearrangement that ﬁak&m gl&ae in the einnamyln
magnasium ﬁhl@riéa~raaeﬁian is onse @h&& 1& ﬁammma.%a a large
number of eﬁmpaan&a that ﬁ@ﬁt&i& the allylia graap&ag
(“aﬁgﬂﬁcﬁgﬁlﬁ Since there is a considerable amount of work
desling with thia pma%iﬁm,faa historical &#e&aﬁt will not be
out of place here. ?ka‘ﬁi#a%»part wizi deal with the Treactions
of the cinnemyl group, whieh will kevfoilaxéﬂ by the general
theories that haeve been proposed to explain these rearrangsments.

 Von Braun anﬁfxéhxars said that Rupe &#ﬁ Bﬁrg&a
probably obtained hydroecarbon II. instead of I. They gave
the following mﬂahaniﬁm. |

Cyliy=CHmCHCH,CL + CgHy=CH=CHCH JMgCl ———>

G.E,“%-ﬁﬁwiﬁgci}ﬁ@ﬁ,&i «-—-‘} Collg~ ?*m"ﬂﬁi + Hglls
CH g =CH®CH«C ¢ Hg ' CHy~UH®CHO (Hy
§= / ~bimethylellyimagnesiun ﬁihlﬂriée% ((CH4) 5 C=CHCH (MgCl)
was rsporied to
( {CHg)o4CmCHCH,CO0H) was abtaina& with carbon dioxide.
Kuhn and ﬁintarsﬁaiﬁ attempted to make diphenyl~

undergo a similar reaction. The normal asecid

hexatrisne by treating ainnamy&m&gnaaﬁﬁm ghloride with ecinnanmic

4o sﬁaaﬁiﬁgaz, Kréis and S@hilt, Helv. Chim. Aﬁﬁ&, 743 11922).
5. Kuhn and Vinterstein, Helv. Chim. acta, 11, 87 (I [928) .




o &

aldehyde. Instead of obtaining the expected compound, they
obtained about 10% yield of pe-diphenylbenzene or terphenyl.
They said that the Grignard reagent rescted with the carbon

adjecent to the benzene ring imstead of with the aldshyde
group, This is another bit of evidence that the Grignard
reagent from cinnamyl chloride is not CzH,CH=CH~GCH,MgCl, al-
though the mechenism of thelr resaction is not clear.

Fichter and @rathﬁfrﬁ gave & similar reactlon between
oinnamic aldehyde and phenylsuceinic acid which is as follows:
CH{C Hy}wCHy
boom ém}z —

C;ﬁ;*@&ﬂﬁﬁ*&ﬁmﬂiﬁgﬁglmﬁﬁgiﬁﬁm} + 00, +[Ha0 220y

ﬁv—
CgHg=Cl m\M sHa """"'9 6‘&9-6
9

......

s =CHpy

One of the first references to the fact that the
el was that of J.

reagtions of the cinnamyl ;
Dupont and. Labmma?* Gimﬁ bromide and ROH (R=CH; or C.Hy}
in the presence of KCN or KHCO,; gzave Ggﬁ,-gﬁmuﬁ‘:ﬁ,. With
. 8ilver nitrate in alechol solution, einnemyl bromide gave
einnamyl aleohol and its ethyl ether, and «=phenylallyl alco~
hol and its aﬁhyl ether.

E. Fichter and Grother, Bers, 50, 1407 (1908«
7. But and Labaune, Wiam&nﬁ;&aerw&arﬁxm&, 1, 34 (1910),
Chem. Zentr., (1910) 1I, 734, {C.A.,5, 1398 (1911),)
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higher than the J(~phenylallyl éﬂfi?ﬁti?@i It is generally
true that cinnamyl derivaetives boll higher than the correspond~
ing oA~allyl derivatives. |

Recent work by Hurd and Cohent®

on the crotyl ethers
of phenol showed that these compounds gave the same type of
raarranga&snt a8 thst shown by phenyl clnnemyl ether.

Valeur end Luealivmaﬁa-tna obgervation that e(~phenyl-
8llyl aleohol with hydrochloriec acid snd silver acetate gave
cinnemyl alcohol. Cinnamyl aloohol was alsc obtained by the
aetion of dilute sulfuric meid on ol-phenylallyl alcohol.
OX~Cyclohexylallyl alcohol did not underge isomerism.

&harﬁnlg also mede the observation that cinnamyl
bromide and methyl or ethyl aleohol in alkaline solution gave
the corresponding ether of o(~phenylallyl alechol.

Burton and Ingeldlﬁ sumarized this work in thelr
paper entitled, "Preliminary Study of the Conditions of Activa-
tion of the Three Carbon Syatem, and & Discussion of the Results
in Relation to the Modes of Addition tﬁ Conjugated Systems".
Tkay gave the following egquilibrium equations:

0. Hurd and Cohen, 4. A, Chems 500, 58, 1917 (19581). These
authors geve complete references to ciaisaa*a worka.

11, Valeur and Luce, Bull. sa@. chinm., 27, 611 (1920).

12, Cheron, Bull. soc. chim., {4} 7, 86 [1910).

13. Burton and Ingold, J. Chem. 8@%1:?& 904, (1928).



Ar.CHX,CH=CH, = ArCH=(CH,CH,X
Ar.CHXCH=CHA® === ArCH=CHCHKAT
X = OR or Halogen.
They seid that this tautomerism could be used as an explana-
tion of l,4~addition: namely, that 1,2~addition first took
place end was then followed by anlonotropic change. For
example, bromine added 1,2 to butadisne, end them a bromine
atom underwent rearrengement to the 4~position es illustrated:
3 2 % & F A
BreCH,~CH=CH~CH B2
- 3 # B 2 :
I f 14, 18
They eled gave a number of references + They were not
able ta»tr&nafarmA<x§phenylallyl aleohol into cinnamyl alco-

hel as described by‘?aiaurn&mﬁ Lnsell; They {Burton and Ingold)

algo proved that Moureu and G&ll&ghar*aa‘1ntarprata§ian of the
structure of cinnamyl bromide was correct. They ozonized
einnanyl bromide and obtained &aagal&ehy&a and bromoacetalde-

hyde whieh were 1dentified ss the senmiearbazone snd the dbromal

hydrate. Formaldehyde was not obtalned.
Other references given by Burton and Inﬁplﬁla were
, 18 17 ~ ’
those of Tiffenesu end Hﬁmaxal?. ?iffﬁﬂﬁaml& gave the

following resetionst

1%, Prevost, Compt., rend., 184, 1460 (1927).

15, Fermer, Leroid, Switz and Thorpe, J.Chem.Soc., p.2937(1927).
16, Tiffeneau, Bull. scc. chim.,l, 1209 {1807}).

17. Nomura, ibid., 37, 1245 (19287
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CpHyCHOH=CHRCH g ey = CyHy=COCH 4 CHy
G oH o CHOHCH®CHC gHy ~—— C¢HgCOCH 3CH,C ¢Hg
?jhesé reactions took ma:w in the presence of aleoholie élkali.‘
This reaction and ozonization were used to identify the pro=-
duets. Burton end Ingold’® gave the following order in which
groups cause anianetrayy’

P-C1CH, > p-NeCeH, > CoH, > CHy > H.

This egreed with the ©, p orienting sequence Cl> Me> H. In
their experimental work, Burton and Ingold  stated that
A ~phenylallyl aleohol was not converted to cinnamyl alechol
with elther hydrochloric or sulfuric acid » Dut it was converted
when beiled with acetic m&rzw Tor slx hours, The p-methyl
derivative was more easily converted to @m%hyiaimwi

aleohol. Cinnemyl bromide was found %o have & corresponding

gtructure, ; 4 ,

Harold Baxtmm in the second paper on "Nobile anion
tautomeriam”™, gave a mechanism for anionotropie change, The
experimental work gave some methods for tonverting <(~phenylsllyl
alechol end derivatives into cinnamyl alechols. See next
reference for discussion.

Burton ..3;%* in his third article on "dobile anion

%autamarim“, gave a ”ca&;samseﬁ af the a@‘éwati@n of thregw

lg, Burton, J. Ghem. Soc.,ps 1650 [1028).
19a. Burton, ibid.,p. 455-8. (1929).
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carbon anionotropic systems by alkyl and by aryl groups".
In the previous articles the following reaction was shown to

be complete:

PRCHXCHICHg wmwew>  PhCH3CHCHaZ.
The phenyl group activated the anionotropic system to a much
greater extent than the methyl group. The sitability of the
system ﬁapaﬁﬁa{i the X and on sonme molecular property of
the solvent which was closely related ta the dielectrie
constant. In the system, CH,CHXCH=CH, m aa,cﬂneﬁ.-cﬁ.x,
the mobility of the X was mueh less, sinee each alcohol
yielded its own acetate, and the ngi‘sxéhmmate resembled
the acetates in their stability.

Eur*{:ml b found that esterifi cation af <~methylvinyl=-
eﬁ.&rbi‘:wl with trwmﬂrfo acetic aecid gmg an equilibrium mixture,
which consisted of 558 <&5methylallyzﬁéé§a§§}ané,%5% of crotyl
wiahmmaﬁatatm Heating aither one of these esters caused
the formatlon of the ssme equilibrium mixbure. The p-nitro-
benzoate of <(~¢yclohexylallyl aleohol underwent no changs
in acetiec anhydride. o(~2,4~Xylylallyl alecohol, when heated
with acetic smhydride for six hours, gave the acetate of
8,4=dimethyleinnanyl alcohol.

Burmaal ¢
Y-phenylex ~p maﬁhaxygmny&auy}. aleohol and § ~phenyl-o(~p-

1%b, Burton, ¢. Chem, 50C., P» 248 (1980).
19¢. Burton, Proe. Leeds Phil,mtmw*a, ptell. 61~4 {1930).

was unsuccessful in sttempiing to prepare




“ 10 -

dime thylaminophenylellyl alcohol from the Grignard reagents.

In his most recent paper, Burtont ®

compared the activation

of the thres carbon snionofropic systems as shown by the phenyl,
o(-naphthyl and S-nsphtnyl radicals. The p-nitrobenzoate

of ephenylallyl mlcohol has never yielded any of the correspond-
ing cinnamyl derivative, when heated in Wxsmma for twenty-
four hours. Under the same conditions, the p-nitrobenzoates

of (=l«naphthyl and <=2-naphthylallyl aleohols were changed
to the corresponding ¢ ~allyl aloohols. This showed that the
K~ and /3~xm9mhyl groups were more powerful then the phenyl
group in the activation of the allylic system. This sanme
observation was made in conneclion with the dissoelation of

the hexaphenyl and hexanaphthyl ethanes.

Marcel Boui sﬁ&* 2, z2 while making allene hydro-
earbons,; used this same rearrangement. He described ylelds,
constents and derivatives of several substituted o-allyl
alcohols made by the resctions between a Grignerd reagent and
acrolein. He treated these alcohols with phosphorus tribromide
in the presence of pyridine which removed the hydrogen bromide.
In all cases, the bromide obtained was that corresponding to

g roaction:

20.  Bouis, samyéﬁwranaq,4 3, 13zn4‘(1$2ﬁ},
21, Bouls, Bull. soc. chim. (4) 41, 1160 {1927).
22, Bouis, Amn. chim., 9, 43& {1928).



B >

RCHOH ~ CH = CH, *+ PBry ———DRCH = CHCH,Br.
This compound, when treated with sodium scetate and hydrolyzed,
gave the correspending primary aleohol with no trace of the
secondary alcohol. The bromides were treasted with bromine to
ramm the tribromides which were used to meke the corresponding
allene hydrocarbons. The last artiocle af'Eaaiaaz, gave many
references to related work. | -

?ravasias‘ksa done a considerable emount of work on
this resrrangement which he nsmed ibe “allylic resrrangement”.
This referred to the same reaction as that of Burton's which
he called "mobile amion tautomerism". Prevost=> proposed ths
following mechanism %o explain the allylic rearrengement:
he coined the word, "syniaﬁia”@lfﬁﬁ the grouping which may be
explained as follows:

i
ABBuQX i fBorQ e XA
C ¢Hy CH=CHCH,C1 é""‘"" Gaﬁggﬁﬂgﬁ*gﬁ Q.;H,\%%G:Eﬁﬁﬁ,‘ |

In the exemple given, the "synionie™ has two ea&haﬁi holding
a positive charge, thus the chlorine may take its cholce as
to which ecarbon it will go. The consequences of Prevost's
"synionie"” theory are gilven below.

i. If this common ion is free in a reaction momen-
mrily, the vesults should be the same whatever the original

r might be, — , -
Prevost, Campt. rend., 185, 132-4 (1927).

1aaﬁ$




2. 1If X is very stable in one form and less stable
in the other form, it will be itransformed irreversibly to
the first form.

3. If X is very mobile in each of two isomers,
it should be transformed reversibly from one to the other.
(Desmotropism). | |

4. If X i slightly mobile in each of its forms,
the two compounds willhshaw‘na\taméanﬁyf%a inomerize. They
will be formed simulieneously in the same reaction.

5. A4ll ceuses (rise of temperature for instance)
which inerease the mobility of X will modify the isomers of
the two forme in the sense that they approach desmotropism.

These conclusions have been in‘yart/V$rif§aﬁ by the
study of encol-keto isomerism. The allylie rearrangement was
explained by this theory, and ﬁh@ five eonclusions above
were verified experimentally. |

24

The following is Prevost's summary of the allylie

rearrangements: s L 5
ROH=GHCHX =————> RCX=~CHCH, |
1. Alcohols of typeB. isomerized in the presence of
aluminun oxide st 3,’555 to type A.
2. In presence of water at 200 geraniol isomerized
to linalol.
24, Frevost, Compt, remd.,i85, 1265-5 (1927).




o

B, Catalytic reduction of the two slcchols gave
the same compound,

4, Aoetyl echloride and acetlic anhydride transformed
the two aleochols to %hair<aaxraagaa&ﬁng.&e$§a%@aw
| 5, Bsterification of both alcohols with hydrochlorie
acid gave partial rearrangement. ,

8, Both alechols with phosphorus pentachloride gave
a halogen derivative of type A. 7

7« Formation of the barimm aloobolate and reconver-
sion o the aleohol caused no change.
| 8. Saponification of the bromide of type A produced
a mixture at‘éieéhﬁla@

9. The aetion of alkall salis of acetic aecld on
halogen ester of type & or B gave only the esters of type A.

10. The bromine derivatives of type B isomerized at
70° %o type A.

11. Crotyl bromide with dry potassium formate g&vé
srythrene.

12, Bromides of type A with sodium sthylate gave chief~
ly an ethylene derivative of type A and some of type B.

13. Dilute hydrochloric acid at 100" eonverted methyl~
vinylearbinol into a mixture of the chloride (type 4}, the
aleohols of both itypes, and all the esters.

Because the resctlion with scetic scid was normal,



Prevost said that esterification must be aceording to the
following schemel . |

ROH + ﬁé—ﬁﬁ}ﬁi ey BO = @ ~ CHy + HgO

He agreed with aaraﬁhar*sal

mechanism for esterification:

However, hydrochloric acid gave aha@rmal reactions, therefore
the mechenisn must be as followss |
Eﬁ + H 63.-—---93&@3. + HaO

Prevost®® ' said thet the allylie or o(- ¥~ rearrange-
ment is very general, Some ﬁ%g@g&aﬁ,ara-gtwen;herﬁy

1. @9, p~rearrangements.

2, semi~benzidine and benzidine rearrangements.

3. allyi-propenylic rearrvengements.

4. ﬁﬁﬁlﬁk%tﬁ'ﬁ&ﬂfﬁmﬁyiﬁﬁw

Ii * mzﬂ#@ﬁng:mg M Gﬁ,uﬁ%»ﬂﬁ, '

One of thﬁ oldest examgias of the-allylia

25, rrevost, Ann. ﬁhmm Q 115 il@nﬁ.ﬂl*

6. P‘mvas‘b,; ibid,, 10, 147 {‘iﬁ%ﬁ) .

2%. Prevost, Bull, Soc. ¢him., 43, 996-1018 {1928).
28. Prevost, Compt. rend,, 187, 946-8 (1928).

29. Provost, ibid., 187, 1058 11928).

30, m&ﬁtg Anne ¢h '&n _&Ef B356~439 {193@)%

3l. Carothers, J. Am. Chem. Soo., ﬁ* 2286 (1924).




transformation of safrol into ise safrol. A hydrogen was the

moblile group.

aa,\ % ,ﬁ,mﬁﬁ,nﬁﬁum, ---.9 cxi,,\ )c.ﬁ,aawaﬁ-.cxg

E’r&wat and Eaujai;’% gbtained abnormael reactions when
th@y tmteﬁ substituted allyl bromides with Grigmrﬁ reagenis,
They carried out the following reactlons, and obtained end
identified tha following compoundss

1. CaHyMgBr + Q,Himucﬁﬂﬁgﬁ&‘ .......,.,;

O Ly GHGE 0ol + " SCRCHeCHy
‘ ‘ CCHy

2. G HyHeBy + G,ﬁg@‘}iﬂﬁﬁcﬁﬁﬁxf 4

e,ﬁ,ﬁﬁncﬁaﬁ,a,ﬁ, + Xﬁﬁﬁum,,

B. CyHghghr + fsvuﬁmﬁh i By

CH CH=CHCH 4G Hy + o )aaﬁamz,

In the resetion between cinnemyl bromide end ethyle
megnesinm bromide, they obtained dicivnemyl end & liquid
hydrocarbon which they predicted to have one of the following
formulag: '

&.ﬁ;&g*ﬁﬁ, | ¢ Hy CH=CHCH,

ol 111 or | | Iz
c ;ﬁ;wgﬂgﬂ*ﬂﬁ, v CHy=CH~CHG JHy

The experimental ;&rt ef thfm tmﬁzss&wa tzmi;h
B3, Prevost snd Daujat, Dull. 80C. chim., 47, 568 (1930).
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1iquid hydrocarbon has structure 11,
Recently, Prﬁvﬁ$%33 ﬁﬁ§ another paper on the mechauism
of the allylic rea ;;Qawaant*».ﬁa~ga$¢ the following reactions

for the esterification of the isomeric erotyl alecchols with

trichloroscetic acid. The resctions were carried out at 95100
and ths yields of the $wo products were as indicated:
CC1,600H + CH,CH=CHCH,OH CH,CH=CHCH,000C1,  45%
CCLyCO0H + CH,CHOHCHwGH, <> |
CCL;CO00K + CHzCH=CHCH,Br > cﬁ,‘w-s:{:ﬁ.-eamca, 55%
00C-Cly

These results agree with those of M. ﬁnxﬁmalgkzwha axplainad
the reactions difrerently, but Prevost objected to his explena-

tion. | (
Merling™® in the treatment of dfallyl with a strong
bage obtained some diisopropenyl, 4
‘?,Ram%ﬁrgksﬁ gave the following reactions:
. CHOYLywCHCHy wewwws CHCL = CH-CH,CL
mﬂ‘lga-ﬁ‘ﬁ*{ﬁa + Caly ~—-’~—> CHC1 = CH-CH,I.
Glniaaﬁaﬁ

reported the tautomerie brami&aa‘ |
HwCHy end {(CH,) =C»CH«CH,Br, He also mentioned the

formation of aina&myiraluehal from o(=-phenylallyl alecochol and

B4, Merling, Ann., 264, 345 (1893;}‘ =

35« v.Romburgh, Bull.soc.chim.; (2} 36, 5%6 {18613 and 3?,
| 105 (1sez).

36. Claisen, Kremers, Roth snd Tietze, J. prakt. chem., (3)

105, 65 (1923).



hydrobromie acid. alaggan§¥ mantian@ﬁ‘ﬁka rearrangement of

o(=~phenylallyl eleohol to eimnamyl bromide.
Laywaxﬁhsa desoribed many oé*J/Eﬁmmwangﬁmanﬁa. Some
axamg&as~arw:giwaa heres

g‘n’%ﬁ. g”ﬁﬁ&ﬁt

isocyanic ayaa&a agﬁé
acld

‘nitroso
oo éﬁ

ﬁ@iﬁﬁﬂhﬁiﬁﬁrgs gave 8 mechanism to explain the formation of

cinnamyl chleride from ~phenylallyl alcchol.

~~CHy#CHmGwOH # HCL ~es

Colly

@ Qlwa*;”m*%-( ﬁ‘g - @“-“9 C1~CHy»CH=CHC,Hy + HCL + H,0

Mot senheimer and Link™  gave en extensive paper on the
engement of the allyl group. They desceribed the fomation
iyl hal ides from cinnamyl elechol end also frem

7. OCiaiseen, ‘ﬁar 58, 279 {1ﬁa§)~'
38, Lapworth, J 'éﬁ*é%% Soe, .73, 445 {m&a},
39, Hﬁiaanhagmer Ann, 456, 134 {1927).

40, Meisenheimer a:zﬁ Link, Ann. 479, :?.3.1 {1930},
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K~phenylallyl aleohol; the formetion of alkyl ethers; the
formation of acetates; and the formation of ethyleinnamyl-
aniline, The formation of ethers and acetates gave partial

rearrangements depending on the reagents used while the

formation of ethyleinnamyleniline was a nprmal reaction,

They also gave the reactions of ethylvinyloerbinol
and penten-2-ol-l. The secondary alcohol wes made from
ethylmagnesium bromide and acrolein. The carbinel on treat-
ment with agetic enhydride gave a mixture of acetates. (This
was contrary to Prevost's statement). The acetates were
hydrolyzed end the primary end secondary alcohols were separated
by careful fractionation.

Prevost™0**? nas treated awlﬁnymarmnam with
phosphorus trichloride in the presence of pyridine. HNilo=-
benizkl and Saehnwsiﬁ&l gave the following mechanism for the
reaction between an alechol and phosphorus trichloride:

1. 3 ROH + PCly —~===3 {RO),P + 3 HCL

z., P (OR)g * 3 HCL wmmm> POGHg + 3 ROL
When pyridine was used it eamkinad with one molecule of |
hydrogen chloride 1&&#&Kﬁ)hahiﬁﬁ one moleoule of phosphorie
acid estel. On distilletion this broke down into phesphinie
acid ester. In the presence of pymﬁma the reactlon ceased
unless ﬁ&é&ﬁiﬁﬁ&i-&yy'hyﬁmaga§4@hiﬁri&ermas~l@ﬁ'in@ This

41, Hiiobmdskl end Saehnowski, Chemik. Polski, 45, 64 (1917),
(C.4a., 13, 2865 (1919).)
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gave & 15-20% higher yleld of the vinyl chloride than when

~&xy hydrog
Thionyl chloride soted according to the mllwim

enn ¢chloride was used.

schemo: S | ,

1. 2 ROH + 80Cly ——> (RO),S0 + 2 HCL

2. f;aa},sa + 2 HQL e~ 2 RC1 %+ 504 + ﬁ,a, or

la. ROH + 50Cls ———> ROSOCL + HCL

2a, ROS0CL + HOL ~——> RCL + SO, + HCL

Meisenheimer and Link discussed other mechenisms for
the allylie rearrangement and then gave one of thelr own.
The following is an abstraect of their discussion:

ement Yook place due eliher to a
rearrangement of the starting materials or a rearrangement of
the reaction producis. ?hia‘aﬁﬁmaﬁ unlikely.

2; Moureu and ﬁallagkar&,aai& that %he_?earwangmmant
was due to the addition of hydrogen halide followed by the
splitting out of waler. This waseasily disproved by experiment.
3 ﬁhe~thirafax%lanatiaa;waafthatkafyfravasﬁ‘ag&
*synionie™ which they said was worthless for the following
reasons’ o ‘

RCH=CHCH X -or RCHACH=CH, *’ﬁfﬂwmwgé
RCH=CHCH .Y or ROHYCH=CH, + AX
First, the course of the xaaatian was nﬁt iaﬁa§eaﬁant of the

pature of A. For instence, potassium and silver acetates did
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not give the same results with cinnamyl ehloride. Absolute
aleoholie potash gave the sorrespending ether with cinnamyl
chloride, while silver oxide gave 30-40% of the isomeric
ether.
Second, different reagents should have given the same resulis
but they did not. Hydrogen chloride with pentenyl alechol
gave 60-70%, phosphorus trichloride gave 40-50%, and thionyl
chloride gave 20-95% of the primary alcohol.
4+ They did not discuss the theory of Burm and
Ingold in this paper.
5' Their own theory was as follows:
8. CHaCl + Hg0 mﬁaﬁ,ﬂi «vs» HOH addition
product. ‘
b. CHeCl .., HCH + ﬁ,a ——-—-—-}ﬁ,a ves CHyCl...HOH
e @ HOGH,

In allyl compounds there were two points of affinity,

e Gﬁgﬁ}. BN H@E
Bs HgO os ] CHR=CHCH 4C1 +ess HCH or

ﬁ,ﬁ,ﬁx%ﬁgﬁ,m sawnse HOB |
The A, Y and X all took pari in determining the
position at whiech the group will add. | |
Several other references of minor importance were given

in the articles of Preveost and Bouls. References 26 to 30,



inclusive, of Prevost wers concerned chiefly with éxparmamn
gl work on this subject. | | |
s‘sr&aa& and Straus end Eerkméa geve the rearrange~
ment of cinnamyl chloride to o{-phenylsallyl alechol. They
also referred to Dupont and Ls‘hama*s? WoTK. |
“Aneother allylic rearrangement was that o(*nayh&hyl*
methylmegnesium chloride and benzylmagnesium ah&arﬁ,&a by
Gilman‘&a&,ﬁix&y%&%r'%hay obtained normal reactions with
earbon dioxide, phenyl imoecyanate, and dimethyl sulfate; and

abnormal reactions with ethylchloreesrbonate and formaldehyde.
Cinnemylmegnesiwm chloride gives ebnormal resstions with .
carbon dioxide; phenyl isocysnate, end an indicetion of an
abnormal reedtion with diethyl sulfate.

42& §®r&ﬁ$, m'#’ 598, AL ’9 }
43, Straus snd Berkow, Ann., 401, 131 11%133,

44. Gilmen and Kirby, J, Am, Cheme S00., 51, 3475 113293.
45. A survey of the thrse sarbon system mey be found in the
"Annuel Reports on the Progress of Chemistry®. g:g,

127-333 {1928} and 26, 119~130 (1929).



As shown in the experlmental part of this thesis,
the structure that Rupe and Blirgin assigned to the liquid
hydrocarbon, which was obtained when they treated cinnamyl
chloride with magnesium, was undoubtedly wrong. The formula
obtained by them, as given in the imtroduction, wae
Giﬁ*mﬁ&*m*ﬁaﬁ‘ .

éﬁg’.’“ﬁi’m;ﬁ“ | e

The ¢

distillations in & vacuum, which gave & compound whose boiling

point, density end refractive index, agreed very closely with
the constants obtained by Bupe end B%igin* This showed that
it was the same compound. The constants are given in the
experimentel part. However, the anslysis agreed more closely
with CygH; o then with Cjgi,, which they obtained. This
indicated that the compound contained two ethylenle linkages
iastﬁgé of one, This fact was definitely proved by catalytie
reduction, whereby exactly two molecular equivalents of hydrogen
wore used. This definitely established the formula CygH,g.
The proof of the structure of this liquid hydroearbon
was cbtained by the use of two different methods. The first
method was that of reduction and comparison with & saturated
synthetie hydrocarbon. In this way, the reduced liquid hydroe-



arbon proved to be l,4-diphenylhexane. The preparation of
is deseribed in the experi-

the synthetic 1,4-diphenylhexsane
mental part. The boiling point, density, refractive index,
molecular refrastion, and analyeis of these hydrocarbons
showed them to be the same compound.

Oxidation reactions were used to determine the posi-
tion of the ethylenie linkages in the molecule. Rupe obtain=
ed benzole aseid and phenylsuccinic acid on oxidation with
ﬁﬂxﬁ% potassium permanganate. In repesting this oxidation
reaction, no phenylsuceinlc acid was obtained in several runs.
Benzoie acid was always obtained. Ozonigation was also tried.
Benzaldehyde was the only product which was ldentifled by a
derivetive. Formaldehyde was alsco shown to be a product by
the use of the fuelsine aldshyde reagent in the presence of
minersl acids, The mﬁh@é used was thet deseribed by I}mm%
for the determination of formaldehyde in the quantitative
ozonization of hydroearbons. "

This work showed that two fragments of the molecule
weres CHg= and G;ﬁ.%w » The fact that Rupe obtained ,@he&w
suecinie acid indicated that the third fregment was: Gtﬁwﬁw %

48, Toavre, Bull. so6. ohim., 45, 140-58 [1929)



It is thersfore posiulated that tms hydrocarbon has the
following structures &  I1. This hydro-
carbon would be ealled l,éméigh@nyihexaéianaul,5. It is
more reascnable §B ﬁX§$ﬂ¥»§hBVf?i%a§iau,Qf phenylsuccinie
acid on the oxidation of this hydrocarbon, then it is to

sxpeet it from 1,4-diphenylhexene~l, as postulated by Rupe
and Burgin. |

& second hydrocarbon obtained from cinnamyl chloride
and megnesium was dicinnsmyl or l,6edlphenylhexadiene~l,5.
On ozonization, benszaldehyde was obtained, but no test for
formaldehyde was observed. )
’ | A third possible hyéraearhan is 3&”&1?}1&&:@*&63&&&%@«
545. No such hydrocarbon was obtained. This structure is
elinminated as & possibility for the liguid hydrocarbon be~
casuse on reduetion, it would give 3,4-diphenylhexane which
is a solid melting at 89 C. & little of the euthentie 3,4~
diphenylhexane would not eause the erystallization of the
reduced hydrosarbon from cinnamyl chloride and mgmﬁimg

The Ffollowing mechanism is proposed Tor the formation
of these two hydrocarbons when cinnamyl chloride is treeted
with magnesium:
Cols CH=CHCH,CL + Mg ---—-9 GoHy CH=CHCHg= + ~MgCl
CyHig CHoCHCH g —mmmd G yHy GHOH=CH,




2 CyHyOHOCHCH = ) CyHyCH=CHCH,C
CoHyCHCHwCH, + ﬁ;ﬁ;@ﬁwmﬁ.w — a,&,m;
| | CH, CHeGHC ,Hy
2 CoHyGHCH=CH, --ng e:,ﬁ,;wc:ﬁ, o
| | e;ﬁgmﬂﬁeﬁﬁﬁﬁg |

| Moureu end Gellagher’, and Burton and m@mm* have
esteblished that the structure for einnemyl bromide is
CallyCH=CHCH,Br. It should, therefore, be safe to assume that
einnemyl chloride ls O H,CH=CHCH,Cl. Other reactions of the
Grignard reagent seemed to show that the -MgCl group hed
migrated fram the o{~ to the )~position during its formation.
This was simply an allylic rearrang
and others, as clted in the historiecal part of this paper.

Cilmsn and Harris™® obtained methylatropie acid from

pnesium and carbon dioxide. This acid,

ement, deseribed by Prevost

cinnamyl ehloride, mag

however, was not obtained dirsetly from the reaction, but
was obtained by heating to bolling the liguid aecid which was
the direct product of the reaction, It was stated %wfarax’a
that this liquid acid was probably an isomer of methylatropie
aeld. TFurther investigation of this scid showed that it may
be changed to methylatropic acid by three methods which ares
first, heating for two or three minutes al its boiling point;
secand, boiling with 50% sulphurie acid; and third, heating

with dilute sodium hydroxide,
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The neutralization equivalent of the ecrude liguid
acid was the same es that of methylairople ascid., I%, there-
fore, is an isomeric form of methylatroplc acid of which there

ars three possibilities: Tirst, 1t mey be & geometric isomer;

second, it may be & mixt
methylatropic aecidj or, third, it may be a ‘g_‘ %maatumma

acid instend of an o(wﬁmuﬁmismwﬁ acid, as is the case with

re of phenylisocrotonic acid and

moethylatropic wm; No direct evidence has been obtained to
prove or disprove the first possibility. | |

The second possibility was disproved in twe ways.
In the first place, attempted fractlomal erystallizetion of
the liquid aeld would yield nelther phenyliscorotonic acid
nor methylatropic eeid. In fact, phenylisocrotonic acid was
never obtained from this reaction. This showed that the
reaction was entirely abmormel, In the second place, the
liquid acid was finally erystallized from petrolewm ether
(b p.&@»»sﬂg) at about *:.a"a end therefore proved to be &
definite chemical compound. It melted sharply at 22~23 C.
This seld wee reduced to o(~phenylbutyrie acid which was
identified by nmixed melting points. |

4 P~} -unsaturated acid is more unstable than an
o~ -unsaturated aeid. The S-J~unsaturated aeid should be
transformed to an insoluble lactone when he:ile&with either

dilute sulfurie acid or dilute alkali. BHowever, in each case,



this seid was transformed to the more shable isomer which
is algo & characteristic of Pw J/ﬁummmﬁaé acide.
Direct proof of ite structure wes attempted by

oxidation both with dilute potassium permang

anate and ozone.
If it were a geometric isomer of methylatropic acid, oxldation
should yield benzoylformic acid. This acid was not oblained as
there was no reaction with yhany&hy&raaina* Ho definite pro-
ducts could be obtained from the permanganate oxldatlon due
probably to the formation of inner esters.

Ozonization of this acld yielded f@rmaldahyas, but
the a%har products could not be identified. From the evidenoce
obtained, the following structure is assigned to the liquid
acld: GgE,QEEﬁaﬂﬁﬁgﬁ This would be known a&s phenylvinylacetic
acid. #008

| The Grigmard resgent from ecinnamyl chloride, when
tr%ataﬁ with phenyl iscosyanate, gave one anilide which proved
to be ldentical with the anilide made from phenylvinylacetic
acid., No anilide of phenylisccrotonic acld was cbtained.

In every cese, the only derivatives thet could b§
isolated were the ones that could only be explained by the
rearrangement of cinnemylmagnesium chloride. I, therefore,
seems that the structure of cinnemylmagnesium chloride cen

best be explained by the following formulai Q‘H;”u;?ﬁﬂaggé
; (e} A
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Also, the evidence is in favor of the following structure for

einnamyl chloride: CgH,CH=CHCH.Cl. Therefore, rearrange~

ring the formation the Grignard

ment must take place
reagent.

Sinee phenylvinylmethylm
a substituted benzylmagnesium chloride, it was thought possi-

iesium ehloride is actually

ble that it might show rearrangement resctions to the ring,

as found by Gilmen end Kirdy®®., Ethyl ehlorosarbonate and
formaldehyde are known %o glve abnormal resctions with
benzylmagnesium chloride, These reagenis were therefore added

to so-called oinnamylmegnesium ehloride. ALl of the products

were oxidized with potassium mm&mﬁegﬁ%@ﬁi% to the
procedure used by iﬂirbﬁ?; In no case could any gephthalie
or terephthalic acid bs isolsted. The ester formed from

| ethﬁahl&z%aﬁéﬁa gave methylatropic acid on hydrolysis.

17. Kirby, Unpublished Thesis, 1owa State College L1bTary,
Ames, lowa, 1989.



Tﬁis work has been suhmitxaﬁéa‘rar publication, and
is only briefly cutlined here. Cinnemyl chloride of high
purity, for use in the preparatlion of its Grigﬁardkraagsnt*
was made in good yields as follows: The ecinnamyl aleohol
was purified by reya&taé;rraﬁ%ianal distilletions. The
portion melting at 52-33 was used. One hundred and thirty-
four grams (1.0 mole) of cinmamyl aleohol was dissolved in
100 ge. of ohloroform. One hundred ﬁn§‘§WQv§§ﬁ:ﬁighﬁfﬁ@ﬁ§ha
grems (1.3 moles) of pyridine was dissolved in 100 ce. of
chloroform and to this pyridine solution was added 142.8 g.
(1.2 moles) of thienyl chloride. This addition took about five
mimutes while the flask was cooled in ice water. The pyridine-
thionyl chloride solution was then added to the cinnemyl elco-
hol solution which was elso cooled in lee water. This addie
tion took one and one-half hours. Towerd the end of the
reaction, solid pyridine hydrochloride separated and was
diesolved by gentle warming. After the addition was completed
the solution was refluxed on a water bath for one hour. This
was allowed to cool and the pyridine hydrochloride was extract-
ed with three or four (50 c¢) portions of water. The solution

8. Gilmen end Harris, FReo. trav, ohim,, (19811
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was dried over celeium chloride, the chloroform distilled
under va yvacuwn from ak *swa%w pamp, and the cinnemyl ehloride
d1stilled with en oil pump. The yield was 126 g. or 82,9%3
the boiling point was 86-87 /2 mm, 102-103 /s m, 109-110"/
6 muj the melting paim was ?*B .

Cinnamyl chloride prepared in this way showed mo
signs of decomposing, as gvidenved by the lack :ﬁ‘ residue on
distillation. It gave very s&tiﬁfmw&y yields when used
for the preparation of its Orignard reagent.

Bocause of the unusual reactivity of cimnamyl shloride,
it entered into coupling reactions with megnesium to a large
extent, unless proper precautions were cbserved. References
to the preparation of other Grignard reagenis by Gilman end

eoworkera from reactive halogen compounds, are given in the
above mentioned pn;par%w

A typical run for the pre};amtieu of e¢innsmylmegnesium
ehlariﬁa is deseribed hﬁ’ma The apparatus used consisted of
a 500 ce. three-necked flask fitted with a reflux condensery
a8 mercury sealed stirrer and a dropping fununel . The apparatus
was protected from the air by a caleium chloride, soda-lime
tube. Pifteen grems (0.6 atom )} of 3080 mesh magnesium was
glaéaé ixx the flask. The resction was started with a few
drops of cinnamyl chloride in 50 co. of ether without the
ald of a eatalyst. The remainder of the cinnemyl chloride



(80.5 g+ or 0.2 mole ) was sdded in 275 oc. of sther. The
t&mafafvaﬁﬁitiﬁﬁcwaa 2.25 hours. The yield by seid titration

Two hydrocarbons were cbtained when cinnemyl chloride
was txaaﬁa& with magnesium in ether solution. The resctions
SQrﬁ%haix fagmaziaa.aza-giwﬁn‘1a the theoretical part. The
structure of ﬁﬁe,1igﬁiﬁ,ﬁyér@aaxbuaiﬁas~aaﬁab1i$h¢a‘hy the
following stepa: Cfirst, separation, purification snd analysis
showed that the empirieal formula was Glgﬁig;iaataaa of
31§ﬁg@§ B$€Qné; eatalytie redustion showed the presence of
two ethylenie linkages which were located wﬁﬁh the aid of
ozonej third, the reduced liquid hydrogarbon wes found fo be
iﬁaatiaal,with»lﬁé&éiﬁhauy&hsx&na»whiah-was synthesized by
standard reactions. |

CGinnamyl chloride in ether solution was added to one=
half equivalent of mapgnesium. The resuliing hydrocarbons were
obtained by fractional distillations. The total yield of
aﬁparifia&ﬁhy&rﬁaﬁﬁhaas*waﬁ 74,5%, After five fractionel
distillations, a 43% yield of 1liguid hydrocarbon was obtained.
ﬁha‘beiiins'yeint was 1§5w1$@§}21mm* An 8,75% yield of solid
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dicimmemyl was obtained by freezing aﬁ& t ﬁt&fmg the higher
boiling fractions. This compound melts at g and has been
desoribed before>’>,

The following ie the analysis of the liquid hydro-
earbon compared with that obtained by Rupe and Birgin®s
m,ﬁ Caleds for C ,j &Q: Cy 9&3&; Hy 7.74.

Founds ©, 92.08; H, 7.95.

Rupe and Bﬁrfn obtained the f@llmingty ,

Anal, Caled. for Q.:__:gg %+ C, 91.54; H, 3,4%
Pound: €, 91.54; H, B.51.

The constants of this hydrocarbon agreed with those

obtained by Rupe and Burgin as shown by lines 1 and 2 in
Table 1.
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Five-hufdredths mole of this hydrocsrbon was reduced
1ly with platinum oxide eatalyst in alcohol solution.

Exaetly 0,1 mole, or iwo equivalents of hydrogen, were taken
up proving that there were two ethylenic linkages.
Ansl. Caled. for G, H .t C, 90.75; H, 9.24.
Found: C, 90.40; H, 9.16.

This hydrocarbon was made by the following reactions:
OyHeCH4CH,CH,00 + SO0~ C;ﬁ;@ﬁ,&,ﬂﬁgﬁl + 80, + HCL
- 79% yield
CyeHe Gﬁﬁmﬁmﬁ,ﬁgﬁ 98% yield

Oyl OH4CH40H,CL + Mg ~ the

ﬁ;ﬁ;&i,,‘m,ﬁgﬁl + Cullg= 23&5%: -

Ol \ . 4
Eﬁ\% 64% yield
Anal. Caled. for amﬁg 0: C, 85.04; H, 8.66.

*‘—;fé'* - G', 54:19%; I’i; 3;«&9;
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mg Caled, f@r 6133; « G; Qm%i B, B.:24.

As shown by the agreement of the constants {lines 3
end 4 of Tabls I} and by the agreement of the snalysis of

these two aﬁmgaunﬁa;‘%hey ﬁrawyrevaﬁ to be identlcal. The

reduced liquid hydrocarbon is therefore 1,
It wes ostablished that the liquid hydrocerbon has two
ethylenie linkages, therefore, it must be & l,4-diphenyl=

4-diphenylhexane.

hexadiene. The location of the ethyleniec linksges was deter-
mined by oxidation reections.
Oxfdation with potassium permeng

ganate ylelded only
benzolc acid. Phenylsuocinic acid wes not obtained as
desoribed by Rupe and Kﬁﬁﬁiﬁg; Ozonization, using the quanti-
tative methods of Doswvre'", yielded benzaldehyds and formalde-
hyde. This established the ethylenic linkages at the two ends
of the molecule which 18 in agreament with the formation of
phenylsuceinic acid mentioned above.

e 11 @m hydrocarbon from sinmemyl chloride and
nasian sy thorelars, lyé-diphenylheandisns<l,S whish was

5&‘}'%‘5

formed by the resctions given in the theoretical part.



Bevause cinnamylmagnesium chloride gave abnormal
reactions in every case tried, it was thought wise to defi
nitely establish the structure of cinnamyl chloride. Burton
end Ingold™ ozomized oimnamyl bromide snd obtained benzalde-
hyde and bromoacetaldehyde. The ozonization of einaamyl
chloride in chloroform solution yielded benzaldehyde on
hydrolysis with weter.

An attempt was made to synthesize -phenylallyl
shloride, which is sn isomer of cinnamyl chloride, by treat~
ing of~phenylallyl alechol with the thionyl chloride-pyridine
camplex. o{(~Fhenylallyl slechol was prepared iniﬁéﬁ yield Irom
- aerolein and p&eaykmagaaaiamAbrami&as The alcohol was convert-
~ &d to the chloride in the same manner as e¢imnamyl alecchol was
converted to cimmamyl chloride. An 83% yield of product boil-
ing &%~&ﬁ£ﬁlﬁ$§f§.mﬁh wes obtained. DBolling point, melting
point, mixed melting point, refraective index and density show-
ed that this compound was prectiecally pure ciansmyl chloride,

Two cc. of forerun was obtained which boiled at 65-67 /
3«4 mmj the refrsetive index was 1.4830 and the density wae

N
428/20 . Fourteen hours later the refractive indes was
found to be 1.5300 end the density 1.0406.
Cinnemyl chloride that had stood for three months was



rﬁﬁiﬁﬁiliéﬁ; The r&f&aatﬁvatindaxaa‘aﬁ'aﬁé of three agual;’
sa@aaasiva«fraaﬁianﬁ were 1.,5795; 1.5810; and 1.5825. @hﬁﬁa
figures, along with its sharp melting point and constent
boiling point, showed thet cimnnemyl chloride is not a mimtﬁraa
The exaltation of molecular refraction, on conjugation of an
ethylenic linkege with the benzenme ring, is shown in Table

II of physicsl comstants. o(~Phenylallyl sleohol is not
conjugated and shows absoluiely no exaltation. Cinnamyl

chloride and cinnemyl acetate show an sxaltation of sbout two.

Cinmamyl scelaele waﬁ,maﬁe'by‘ﬁxaaﬁzag einnamyl
chloride with sodium acetate and aecetic acid, according %o the
nethod mf‘B@aiﬁag; also, by treating ﬁinnamy&,&laah@; with
acetyl chloride. The two products were identicel. Cinnamyl
acetate was ozonized. Benzasldehyde, ss identified by the

phenylhydrazone, was obtained.
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dissolved in 20 cc. of glacial acetic acid and treated with
ozenized air until no more test for unsaturation was éhtainw
od with bromine. This was hydrolyzed with zime dust snd
water., Benzaldehyde was obtained as identified by 1ts hydra-
zone, This was an unexpected result, but it 4aid agree with
the work of Varlayﬁg which was disputed by Doewre 45 iz
throws additional doubt on the value of ozonization in laaatw
ing ethylenic linkages in the proximity of the benzens ring.
There iz of course the poseibility that the struetursibr
X~phenylellyl slcchol is not correct. The evidence from
Table II points to the faet that the ethylenic linkage is not
conjugated with the benzene ring as there is no exaltation in
the molecular refraction. A declaion would, therefore, have
to be made between molecular refractlon and eozonization as
means of proving structure, FPhysical mesns of determining
strueture should be mgxa'xali&§iafaa there is a possibility
that chemical resgenis like ozone may c¢ause rsarrangement.

It is concluded that the sccepted structure for
cinnemyl chloride {(C.H,CH=CHCH,Cl) is correct., This is in

ement with Moureu and G&i&aghaﬁgi and Burton and Ingaiéiﬁ,

49, Veriey, Bull. soc, chim,, 43, 854 (1928).
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in their proof of structure of einnamyl bromide,

Gilman and Herris s previously reported the formation
of methylatropic acid (CuHy:
between eiﬁeﬁn;ﬁ,.wwtaia&.ah&eriaa and ‘carbon ai@xxéa, The

if”ﬁﬁﬂﬁ;}f from the reaction
+00H

acid obtained directly from the reaction was a Yquid, which
was changed to methylatropic acid by boiling with dllute acid
or alkall or by allowing it to stand for a period of time.
When carbon dioxide was run into a solution of
cinnamylmegnesium chloride, the yield of acid obisined was
3§*3§"§ﬁaaﬁ on the amount of RMgK compound present. Thia
yield was inoreased to 65% of the RMgX compound present by
adding the cooled solution to a bottle filled with ice cold
carbon dloxide. The following is the description of the boitle
used for the inverse addliilon of a Crignerd resgent to a
arbon dioxide atmosphere. A bottle sbout twelve inches high

having a wide mouth and a capacity of about two liters was
used., This was fitted with a mercury sealed stirrer which had
two extiras sets of venes in additlion to those at the bottom.
These vanes were sealed onto the stirring rod and spaced eguiw~

distant from each other. They were so sheped that the incoming



BMgZ solution would be sprayed throughout the bottle. 4n
inlet snd an outlet tube were inserted in the stopper for
the carbon dioxide, and another inlet tube was provided for
the addition of the RMgX compounds. The botile was lmmersed
in an ice-salt bath end the carbon diexide was cooled by
passing throuegh a considerable length s’af rubber tubing

immersed in the ice-salt mixture. The Grignard solution was
also cooled by allewing it to flow down through & condenser
whoge jacket was £illed with ioe water. The only diffieulty
was to keep the solid that was formed from plugging the RMgk
gompound inlet tube. This trouble was avoided by using s
slight pressure from a nitrogen tank at the top of the
dropping funnel containing the RMgk solution.

The neutralization equivalent of the erude liquid acid
was 166, The theoreticsl for C Hu U H,CO0H is 162. It was
therafore found to be an isomer of the methylatropic seide
The three possibilities were: first, that 1t wes & geometrie
isomer; second, that 1% wes & mixture of methylatrople acid
and phenylisoerotonic scid,and third, thet it was a B~ J<un-
saturated lsomer.

The ‘mmmmzy that phenyliscerotonic acid was pre-
sent as an impurity was eliminsted by recrystellization of
the liquid acid from water. In no case was phenylisocrotonice

acld isolated., This showed that the reaction with carbon



3+« In one ¢ase, another acid

dioxide was entirely ebnor
was isolated, which melted at 77-78" and had a neutralization
equivalent of 161.2. This acid was not identified. HA=Mothyle-
cinnamic acid, an isomer, melis et m‘: This acid was
synthesized by the directiions of Hixed melting
points with the above acid gave a depression of 15-80" .

The liquid acid was finally crystallized from petrol-
sum ether (b.p. %ﬁmwﬁ} by cooling to w};ﬁé% Recrystalliz-
ation ;@avak an seid which melted at :a:ismz%“ +» The liquid acid

yielded no other product, hence it was concluded that it

was & single compound. Liguid =eid w&ia\h had stood for
several months would not crystallize in this manner, On treat-
ment with dilute sodium hydroxide, methylatropic scid was
obtained.

The acid melting at aﬁ“ showed an aversge neatralization
equivelent of 162.2. heating to boiling, in & test tube
for two minutes, it was chenged to methyletropiec ecid melting
at 1;532 it mg# then eoncluded that this acid wes the
,B* ) ~unsaturated isomer, phenylvinylacetic aeid, sinee the double
bond was 8o reedily shifted %o the 4»#«;&@3&% ons Fifty per-
cent sulfurie soid should chengs & Pe Yapeid into an insoluble
lastone, Instesd, it was changed to methylatropie scid whieh
was nm. a wrmmwg f&‘@%i The ’mmﬁm which might be




Ozonization was used to prove that the ethylenic

linkage was at the snd of the chain, ?&quaantiﬁativa ozoniz-
ation method of Deewre " was used on liguid ecid that had
stood for six months. 4 204 and & 17% yisld of formaldehyde
were obtaimed in two rums. The low yield might be due to
partial iscmerism to methylatropic acid.

Catalytio ﬁ%@ﬁﬁtiﬁﬁfwaﬁ‘ﬁﬁﬁé to prove the position of
the carboxyl group in the liguid aeld, A small emount of
liquid acld wes erystallized from petroleum ether £b,p,4a~ae”x
and found to melt &t 22-24 , This was dissolved in ethyl
acetate to which was added 0.l g, of pletinum oxide catalyst.
It was then sheken with hydrogen until no more was absorbed.

This solution was filtered from the catalyst, and
washed with dilute alkslil, which was filtered and poured into
an excess of cold dilube sulfuric acid., An oily layer separsat~
gd which was extractsd with ethers The ethyl ether was re~
rlaced by petroleum ether, which was filtered and cooled. The

acld erystallized out and was pressed dry on a suction filter.



It melted at 42", | |
~Fhenylbutyric acid " melts at 42 , so it was
synthesized by the following reactlons:

o | -
CuleCC + Cufs ugar a0y c'ﬁrgae.ﬁ, 66.7% yield

0.5 yield

g=Cglly * Mg ——> O Hy =G-Cyly 83,04 yleld
| e
%ﬁ,%-{:ﬁ,ﬁﬁ, very small
yield
o ‘I‘hia aes.éi wa@ ‘erystallized, Tiltered,and dried., The
ml*king point was &3*5 » HMixed melting point with the acid
obtained by reduction showed no depression. First, ozonizationj
and, second, reduction of the acid melting st 21’5§ showed that
it was phenylvinylasetiec acid.
Grignard end 0mo® previously mede phenylethylmethyle
gnesiunm bromide, but they did not make the acid from 1it.

o{~Fhenylbutyrie acid has been made by hydrolyzing phenylethyl-

acetonitrile.

81, Neure, Ann., aﬁﬂ 140 [i888).
52. Grignerd and ﬁm&, Bulls S%U ehim. :5%, 1589-94 {1935},




mylmegnesivm chloride was

4 0.25 mole Tun of clmm
mede, which gave an 87% yield by titration. To this was
added an ether solution containing 20 g. (0417 mole) of

phenyl lsocyanate. A4 negative color test was obtained after
the addition. The reaction ;;zw&ae—w were hydrolyzed with
iced hydrochloric seld, The ether layer wes dried and
evaporated. The residue solidified and was recrysiallized
from elther & small portion of benszene, or alechol. The part
of this anilide that was used ’fnr annlysis wes vecrystallized
from the Tollowing solvenbs in the order giwm benzenae,
aleohol, chloroform and Finally, benzene. It was then dried
in the oven at 90 C. The melting point, 97-98° was mot
raised by these reoyrstallizations, so it wes considered to
be pure. N ‘
s 1, Caled. for ﬁlﬁﬁzﬁﬁﬁg 0, 81.013 Hﬁ- s %
, 80,773 H, 6.38.
The orude liguid acid f‘rcm ¢innamyl
and carbon dioxide was changed Yo the acid chloride in benzene

Found:

gnesiuvm chloride

solution by the eddition of thionyl chloride. The exeess
thionyl chloride was boiled off snd the residue treated with
eniline. The produet was washed with dilute hydrochlorie acid



to remove aniline and the residue was crystallized from
petroleun ether {(bu.p. %@wﬁ&é‘h The melting point was 94~
115", Recrystallization of this produet from benzene yield~
ed & amall emount of insoluble material melting at 190 .

The soluble produst erystellized out and was found o melt
at ﬁﬁaﬁéﬁ A mized melting point with the product from

nyl isocyanate and the Grignerd resgent showed no depres-

sion. Therefore this compound is the anilide of phenylvianyl-

asestio asid.

The anilide of metbylatropie acid was made in the same
way and found to melt at A msﬂ This compound was f& to be
identical with the 3&9“ compound obteined fyom the liquid aecid

and aniline.

A 0,25 mole run of cinnsmylmegnesium chloride was made,

which gave a 59% yield by titration, The RMgCl solution was

decanted from the excess of magnesium and added to sn ice
oold solution of sther containing 126 g. (1 mole) of practi~
eal ethylehlorocarbonate. After hydrolysis, the ether solu-
tion was evaporated snd the residue steam distilled. The
steam distillate ylelded 3.45 g. of ester which was & 12.8%



1 compound present. The boiling point
ction at 28° was 1.5060.

yield based on the KM

%ﬁﬁ'gﬁufﬁﬁﬁ'mmﬁ The index of refr:
This ester was hydrolyzed by sheking for two days

- with an excess of slkali. It was then extracted with ether

and the alkeline solution was acidified. From this was
obtained 2.35 g. or 80f of dried mcid, melting at 129~130°C.
| 'Anmixxd molting point with methyletropie acid showed no
A{ﬁaﬁrﬁﬁgian& Recrystallization of this aeld from water yield-
ed pure methylatropic aeid. The conditions for the hydrolysis
of this ester were such as would cheange phenylvinylacetic acid
to methyletropic aeid. The probability is that the ester was
pihyl phenmylvinylacetate, eas this would be in harmony with
the other reesctionms of cinnemylmagnesium chloride.

The residue cbtained from steem distillation was found
to contain the hydroearbons deseribed before. 4ll of the
products from thiz run were oxidized with an excess of

potassiuvm perms

nganate. The resulting product was carsfully
searched for the presence of ortho end terephthalic aeids.
The techaiqué used was that deseribed by J, E. Kirby®? in his
Doctoral thesis. Since neither of these acids could be
detected, it is concluded that no rearrangement to the benzene

ring took place in this reaction.



A »ﬁ;,gﬁ me run of ecinnamylmegnesium chloride was
made, which yielded 775 RMgCl compound by titration. The

unill no

solution wes treated with gasecus formaldehyde
color test was cbtained. The sther soluble material after

- hydrolysis was stesm distilled. The steam distillate was
teken up in ether, dried and distilled in & vacuum. The boil~
1,0123; the yleld was §a5 &+ (0.064 mole) or 33,25 based on
the amount of HigX compound present. The product wes not
pure as the analysis £or Cyefiys0 Was found o be low. The
structure of the carbinol was not determined further than to
prove that no rearrengement to the ring hed taken place. This
was &ag@ by oxidation, as ymﬁéasiy deseribed. Only benzoie
acid could be isolated.

Kuhn and Winterst amé

‘reported a 106 yteld of ter-
phenyl { <O—<CO—<D) ) in the reaction between cinnamyl-

magmaim chloride and cinnamic aldehyde. Because of this




zed with potassium permanganste. Benzoie

runs were oxidi
seld alone was obtsined. Terphenyl should give p-phenyl~
banzote aecld or terephthalic acid. Nolther of these acids
wes obtaimed. The terphenyl is, no doubt, a product of the
reaction between the rearranged cinnamylmegnesium chloride and
¢innamic aldehyde.

%m&gmagi&m chloride ﬁaa

A D42 mole man of einnen

destroyed by ﬁaﬁﬁing:ﬁ#y alr over the solution. Three grams

of material boiling at ﬁﬁﬁﬁﬁﬁj 2 nm, come over et first.

The refractive index at Z1 was 1,5450, o{-Fhenylallyl alec-
hol boils at 86-87 /4-5 mm. Its refractive index is 1.5410.

Thia reaction was also abnormal,

Another Tun was treated with ethyl anlrata, A hydro-
earbon boiling at 66 }8~9 mm. was obtained. The refractive
index was lwﬁﬁiﬁs the density a$.3$~fwas~a.aﬁéﬁﬁ The yield
was 10 g. ﬁ&'ﬁ?% of the BMgX compound present. This hydro-
carbon was ozonized in acetic acid solution. The product on
hydrolysis was treated with semicarbazine hydrochloride. A
white precipitate wes formed which melted at 140+143 . After

one recrystallization from benzene, it melted at 159~l5i¢.
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The semicsrbazone of c&r@&a&ylﬁutyraiﬁshyﬁﬁséyﬁﬁiﬁa at 155#.
This hydrocarbon zlso ylelded Tomaldehyde on ozouization.

Kf=¢innamy1magn&ﬁiamvghlaziaa could be reduced in
gther solution to the saturated compound, the position of the
~HgCl group could %hénwh& determined by changing it to the
aclid. T&ia'u\?fﬁ%ian>wasfat$§m@tﬂ& with the use of platinum
oxide catalyst and hydrogen. 4 drying trein of caleium chlor-
ide and phosphorous pentoxide had to be used to remove the
water from the hydrogen.
& second 0.1 gram portion of eatalyst was added. The remain-

No hydrogen was absorbed, even when

ing Orignsrd solution was carbonated and the usual phenyl=-

vinylacetic acid was lsolated.

The reduction of enother unsaturated Crignard was also
attempted,s One~tenth mole of stock styrylmagnesium bromide
L oxide

was treated with hydrogen in the presence of platim
eatalyst. Some hydrogen was mbsorbed, although the exact
amount could not be determined because of difficulty with the

apparatus. The resulting solution was carbonated and the

acids worked up as usual. Crystallization from hot water gave
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nixed melting point. HNo other acid could be isolated.

The reduction of Grignard reagents is limited to the
vee of sther or tertisry amines as solvents. Amines are
enti catelysts toward catalytic reduction. DHeductions in
sther ususlly teke place very slowly, so the possibility of
reduction of unsaturated Grignard reagents is not at all
promising. The catalyst used was Tound to be effective in
reducing maloic scid in ethyl acetate solution.

Cinnemylmagnesium chloride was trested with an ether
solution of benzophenone. &.fazatrraﬁ,aﬁ&aw was ohtained,
but it soon dissppeared. After hydrolysis, the ether solu-
tion was evaporated and the residus treated with petroleum
ether (D.p. &ﬂwﬁ@a}‘infwﬁi¢h benzopinacol is:qait@~inaaiabi§‘
No benzopinacol was cbtained, so it wes concluded that
&in&amyimagaaaiam chloride does not dissocliate. The possible

dissaciation resctions are as followst

{CgHy) ;*ﬁ*ﬁﬁ@l

{s™ ﬁw& * 3ﬁﬁgﬁlv*-~€>
Jf (G4Hy ) g
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-{Cylig)a * 2 MgOOL
Gilman and E‘m;hemn% were able to estimate
lmethyl~

(Cole) f‘*gii !

alitatively the emount of disscoiation of triphs

magnesiwa chloride by the amount of bemzopinacol that wes
formed, when the Orignard wes treated with benzophenone.

58



Ctnenyluagnesium chloride was made in 83% yield,
when & large excess of 30-80 mesh magnesium and a dllute

ether solution of pure cinmamyl chloride were used. The follow-

ing derivatives of this Grignerd reagent were obtained: - phenyl~
vinylacetic acid which rearranges to methyletropic acid, was
formed with carbon dioxidej the anilide of phenylvinylacetic
acid was formed with phenyl iaem&amta; and the ethyl ester

of phenylvinylaestie acid was formed with ethylehlorocarbonate.
The 11@1& hydrocarbon, which was cbtained es & by-product,

wag found to be 1,4-diphenylhexadiene~1,8 instead of 1,4~-di-
phenylhexene~l as it was described px*wimsi;yg# »ﬁm explana-
tion for the formetion of these derivatives i’g the rearrangs-

ment of the cinnemyl radicel, on treatment with magnesium, to

84Hg~CH=CHCH g~ e Cgllg *ﬁl‘l,
Q;ﬁt»}zﬁﬂﬁ*ﬁﬁg + «ligll ,........_? CoHg~C




NTS FROM HALOGENATED TERTIARY AMINES

ANTRODUCTION

The object of this work was to prepare Grignard
reagents that ﬁ@n@aiaa& & tertisry amino group. OSuch a
Grignard reegent could then be added to lead chloride or
organolead halides to form an organclead compound which would
contain a potentially water soluble group. |

Certain compounds of lead have been found to have
some value in the treatment of cancer. The literature on
this subjesct has been reviewed by 3@&1&&@%1 in his Doetorsl
thesis on "Organoclead comp

ounds in cencer therapy.” In
Robinson's work, an attempt was made to in?raduaa groupa into
the organclesd compounds which would have & water solubiliz-
ing tendency. Some of the groups iried were the p-aminobenzoate,
the p~bromophenyl, and the carboxy redicals. None of these
was very succsssinl.

| If an smino group sould be introduced into the lead
cwnbounds by the use of the Grignard reapent, it would then
be possible to obtain orgenclead compounds whose hydrochlorides
would be somewhat water soluble. Such compounds could then be
tested for their effectiveness in retarding cencer growih or
destroying cancer tissue.

. Hobinson, Unpublished thesis, iows btate College Library,
Ames, Iowa, 19290.
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The tertiary aminc group is the only one which does
not resct with the Grignard reagent. There are two itypes
of tertiasry amino groups; firsi, one which is included in
& xiﬁ$~ﬁt¥u¢%ﬂ?ﬁ»ﬁf which pyridine snd quinoline are examples;
»aaé second, one which is attached to three a&yﬁxata radicals.
This work wes initiaeted by CGilman and Eaﬁka*xhu
perfected directions for the preparation of Pechioroethyle
methyleniline and / =chloropropylmethylaniline. These cam-

pounds reascied normally with magnesium to give & Grig
reagent whieh in turn rescted with aldehydes and ketones.
Further reference to these reactions is made in the theoreticel
part. This work was temporarily discontinued because the
reagents used in the synthesis of tha‘haleéamaﬁaﬁ amines were
too expensive. ‘
The present problem deals, first, with the attempted

proparation of Crignard reagents from some of the halogenated

pyridines end quinolines, and second, with the preparation of
Grignard reagents from gﬁa»gﬁhalgggﬁ.EﬁéialkylﬁﬁiliQMQ*
2-Iodppyridine was found to resct quite readily with magnesium
in ether solutlion. However, the Grignard reagent was not
stable and no derivatives were obtained from it. Other
pyridine compounds were 100 unresctive with magnesium to be of
any real value.

B Cilmen and ﬁgg%g,gﬁr@; §§;”i5¥§ffiﬁﬁgiﬁ T
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Attention was then turmed to the N~dialkyl
halogenated anilines. It was found that the gmieﬁ o~ and
the g_‘wmﬁmghylwilis reacted readily with magnesium
in ether soclution o form the corresponding Grignard re«
agents in high yields. The o~chloroc compound reacted with
megnesium less readily.



There is only one oase in the literature where a |
reaction between & halogenated pyridine or guinoline com~

magnesivm was reporied. Howitz and K&;}kﬁ e~

ported that a variety of bromoquinolines m;zm not react
with nmagnesigm,., They ssid thet only S~quinolinemethyl
bromide

ebuld be brought into ma%izm with magnesium in ether solu~
tion. Sachs and swh.s also made the statement that bromo-
quinolines with magnesium in ether could not be mede to
react.

Sinee no reference was found which mentioned a reac-
tion between the haloganated pyridines and magnesium, the
literature was sosnned for the best methods for the prepara-
tion of these compounds. There are two recent reviews on
pyridine chemistry which contain most of the lmportsnt refers
ences on this subject. ﬁ@mtam and Harstm§ in their
S‘;aehs' axxﬁ‘? 3%:’ .

Horsters and Horsters, Hendbuc} &a;t %ai@hgimi&m

arbeitemethoden, Edited by m:z. Avderhalden, p. 2879~
2970 (1980). (C.A., 25, 1548 (1931}).}.
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article on "New syntheses of blolegically importent pyridine-
bodies”, give directlions for the preparation of 2-amino-

pyridine which may be used to mske the corresponding

2 =fodow and 2 -chloropyridines. These directions were
orviginally reported by Ghiehimmé, but they were not very
accessible as they were published in the Russian journal.

The second review on "Pyridine chemistry" by Haier-Bode.
gives a complete asccount of the entrance of substituents into

the pyridine ring. The 5 and 5 positions in the pyridine

ring were filled by direct smbstitubion, while the 2 and 6,
and to some extent the 4, positions were filled by addition
reactions followed by the splitting out of hydrogen.
example of the latter resciion is ghown by the addition of
sodiun amide to Pm?iﬁi&&%

3; '\(f,-H* m ...,....9 131_;%/3

This reaction took ialaaa fin boiling toluene. If a solvent
boiling from 15%&&& was used, both tka 2 and the 6 hydrogens

were replaced.

Siiehibabin and - aﬁ% maﬂ* %ﬂsﬁﬁiﬁm& %t’ i';‘ Y21l
{1914}, (C.4., 8, 1901 (181500,
7. Maler-Bode, Z. angew. Chem., 44, 49-55 (1931)}.
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The 2-aminopyridine was changed to the 2-ipdo- or
Z-chleropyridine by the dlazo reaction as described by
Chichibabin®

The best &ww‘t&m mr the gmgﬁrﬁﬁm of B-bromow~
pyridine and 3,5-dibromopyridine are given by Englert and

94 %’M@r heated the gmiﬁim hyﬁx‘ahrméﬁ in a sodium

mmﬁaﬁpﬂ%ﬁm azmw bath at a&a for aigma hours.
The 2,% end 4~halogen substituled quinolines were
made by the same reections that were used to prepare the 2, 3

and 4 substituted pyridines. The refersnces for thess com-
pounds were found in Beilstein’®, The 5, 6, 7 end S-halogen
substituted quinolines were made by the modified Skyreup's
synthesis. If & mixture of gﬁhrmmgﬂ;inm aitrobenzene,

glycerol and sulfuric acid was heated together, a mixture of

5~ and 7-bromoguinolines was ah%aiw&%q La&aswm prepared

6~bromoquincline by hsating a mixture of Evhrmmﬁ.im,
glyeerol,, ammgamm' and sulfurie acid. It was also made

by diazotizing G-aminoguinoline as deseribed b;r ﬁw&tm,

?menkei and thme&arm @1&3& snd *mmiwn’ a.'i.gw mﬁa

8. ma}ﬁb&‘am and R ,’am&a‘?, Ja Russ. Phys.wah&m* Sog.,
46, 1571 {1915}, (C.A.,10, 2896 (1916),).

. * ﬁl“k m& %@m % & I §m%%$@3v* %’g 865 (1929}&
Iﬁ. Bailawm, Da 25&, WL. IV, 3rd. edition.

11, Claus and Tom or, Bar., 20, 2872 {1&8’?} -

12. LaCoste, Ber., 15, 557 (1882},

13. Howitz, Fraenkel and ﬁahrw&er* AnNie 5 5&@, 53 {1912).
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8-bremoquinoline by the modified Skreup's synthesis.
Hemmiok™* prepared (tribremoquineldine by cdding

bromine to an acetic acid solution of gquinsldine which con-

tained an excess of powdered anhydrous sodiwm scetate, This

compound was reduced $0 the o(~monobromo @mmsﬁmgw with

stannous chloride in acetone solulion.

‘Howitz and I%tzzex% deseribed the preperation of
B-quinolinemethyl bromide which was the only bromoguineline
oen Teported to resot with magnesium®.
Howitz and Phill nation of 6-methyl-
quinoline, They obtained the BH.did: »ﬂ%ﬁﬁégiﬁ@lﬁm
instead of the mmh;w d. They also obiained some
6-dibromomethyl-3~bromoquinoline.,

The Crignard reagent from { A mﬁhi@&@a&hy}.} mothyl~
eniline has been prepared by mm and E@faﬁgy %w found
that this Ga*i gnard
~and ketones, which uas contrary to a statement made by
VenBraun, Heider and Maller}®, Gilman ami\ Heck described a
method for the preparation of P-chloro- snd J-chlorcaklyl
tertiary smines which is fllustrated as follows:

14, Hammlck, J. Chem. S0Gs, 2 {1923
15« & 3&&, 1bid., pe l&ﬁ& &ﬁ%@h '
16. Howitz and Hother, Ber., & 2705 (1908).
17. Howitz and Phillipp, Ann., 306, 23 {1912]).

18. VonSraun, Heider and Muller, Ber., 50, 1637 {1917), also
ibid., 51, 295 (1918).

gpﬁs daserided the bromi

gcompon

hydes

reﬁmm reacted normally with alde




Ol N{CH,) H + c.x,mx e CoHaN(CH, JMEBr + CoH,
CoHgli(CHy)MgBr + 2 CLOH,CH,080,CH,CHam(p) —2
GyHgN{CHy) CHaCHoCL + GLGHBHgBr + (p-CH,C,H,504) JMg

The cost of the reagents used in the above resctions hes
delayed further development along these lines. |

| ylaniline compounds with the halogen in the
benzene ring can be made more easily and more cheaply than
the previous class of com
imat g has been made, but the rsaction is

pounds., The Grimm reagent of

unusually slow and the yields are only fair. It hag tﬂ.w
been made by Votocek end Matejka® o, end Hurd snd Webb®l,

‘ methylanilines
were prepared by ‘mﬁ&azmrgg* He sald that the g—ammn&

The Grignard resgents from p-~, B- and p-iododir

was the most reactive, and the p-compound was the least re~
active. No mention of the Grignard resgents from g-bromodi-
methylaniline or o-bromodiethylaniline was found in the

| literature.

3{3* Vﬁ%@aﬂk an& %ﬁ%ﬂj&ﬁ; Eazrm
al* Hurd and ¥ ﬂh‘}; do Ame Chem. *
22. Yﬁ% " ;r, Ber., 38, 2759 i&.ﬁ} 21806 Apniny B2

,; ,1?%@ {3*93”%}‘
00,y 48, 546 (1927).
, 152




4n attempt was made to prepare the Grignard reagenis
from 3~bromopyridine and from 3,5-dibromopyridine. These
compounds in ether solution did not resct with eetivated

magnesium~copper alloy. In the absence of ether or in a

sealed tube with ether, a reaction did take place between

90 and }.ﬂ@’i In every vase, & terry mass which was ine
soluble in ether or benzene was obiained. Affer the reac~
tion had gone to completion, the rgaction products did not
give a soloy %m%a% when refluxed with mmhier* g ketone.
This showed that no Crignerd reagent was present.

ir pure 3-bromopyridine was heated ﬁiﬁh magn esimn in

2 tost tube, a darkazaizxg of the producits was noticed around
mﬁié_ If a benzene solution of Michler's ketone was added
at onee, so that ihe reaction would continue in its ;amsa%me,
then a eolor -‘eaaﬁ 1d be cbtained upon hydrolysis. This
showed that the Grignard reagent was formed at least in the
transient stage.

Pyridine, unlike other tertiary amines, contains &
| carbon nitrogen double bond whiech can be brought into reac-

tion with the Grignard reagent. Eam%m and ﬁeﬁ&iwm‘%

23, Gilman end Schuize, J. AM,.OBem.50C., g.;g,; 2002 (1925) «
24. Bergstrom and MeAllister, J.Am.Chem,Soc., B2, 2845(1930) .
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prepared 2~-aryl- and Zealkylpyridines by heating at 150~
lﬁgfi the complex formed between pyridine and the desired
Grignard resgent. They gave references to earlier work of
this type. | ,

This reaction would account for the polymerization
reagtion of 3~bromopyridine with magnesium. A molecule of
3~pyridylmagnesium bromide might add to a ma}@cul e of 3=
ienard %é&am
might adad to thet molecule etc., until & large molecule Was

bramopyridine, and s second molecule of the Gr

B B 85
e o ‘ L AN ,
ﬁﬁ/ e-ugar / \\?ng* Heg”  GmBr
, + ' ;
BG_ _CeH Heo -8 BeGO—¢” o
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The bromine that was left in the molecule would probably

react with magnesium to further complicate the rssults. No
attempt was made to determine the m@m@:m of the residues,
since the purpose of this work was to find a halogenated
tertiary emine which would give a Grignard reagent.

In the review on "Pyridine chemistry™ by Maier-Bode
the statement wes made that 2-chloropyridine resembled the
aliphetic helides in its reactivity. Also Wibewt end
ﬁvwhaff% found that 2-iodepyridine reacied thly with
copper powder fo give 2,3’*&&%2*&; It was therefors hoped
that 2-iodopyridine would react with magnesium at the temper-
ature of bolling ether. The possibility of polymerization
reactions seemed much less &t that low a temperature.

It was found that 2-lodopyridine could be made t

react with magnesium in ether solution. The re
started with aetivated magnesium-sopper alloy. The ether
solution became a deep green in color, but when added to
Miﬁh&gr‘f‘a ketane no green color could be obtained after
hydrolysie, 4 color test could be obtained if the Michler's
ketone was added to the solid that was formed at the bottom of
the flask. However, after standing, no color test could be
obtained. The mixture was carbonated and sn attempt wes made

26. W&Mel; Eem, m, mm iwmh
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uld be obtained. 2-Chloropyridine was also brought into

mﬁfﬁmn with activated
much slower. It is therefore evident that 2-iodopyridine
rization resctions even at the

sium, but the reaction wes

oline could not be made to resct with afsz;;mmé magnesivm

in ether sclution., The preparation of é-iodoquinolin

the dlezotization of G-ami: iwlim geve a very low yield

of the lodo &.«&ﬁ% 8o its m&ﬂm with MMW wag not
4fter the unsuccessful attempts to prepere Grignard

. 10lines, attention

reagents from halogensted pyridines and
was turned to the é‘eﬁﬁ* and bromodimethylenilines. According
to von anw ~ the gﬂmmﬂimam&mﬁwa was more reaciive
than the m~ or g»-» derivatives. o~Ilododimethylaniline was
made by the following reactlons:




111

{ [+ (CHylaS0, + 2 NOH —d I} + Hea80, +
G-H - H-Gy , A#-H

Regetion III was found to give the lowest yield of all.
Reduction with ferroms sulfate, according to the directions
of Korner and Wend f&ra?f gave the best resulte. |

Both the gwﬁaﬁ:@* and the p-bramo

dimethylanilines
reacted readily in ether solution with magnesium when a
swall amount of lodine was added, The resulting Grignard
resgents were titrated, and found to give yields approximat-
%, The end point with the lodine compound was not very

good ag thers wes some free iodine present, g~Chlorodimethyl-
aniline Warlalw made to react with magnesium in the presence
iodine and the absence of ether when it was heated to ils
bolling point.

7. Xorner and Wender, Gazz. Ohim. ital., 17, 466 (1888),
J. Chem. Soe, Abstracts, p. 1878 (1888}



The directions of E%agiam and mmgang were followed

for the preparation of this compound, The pyridine hydro-
omide wes made by passing gaseous hydrogen bromide into an
acetlc acid solution of pyridine until the theoretical amount

had been absorbed, as determined by the incresse in weight.
This solution was then trested directly with an epetic acid
solution of bromine, end the perbomide filtered out according
$o the directions. In a private commniocation, Frofessor
MeElvain said that the best way to make ;gzy‘rmi;m hydrobromide
was to treat pyridine with the theoretical amount of constent
boiling hydrobromic acid, and svaporste it to a thick syrup.
Thie syrup was cooled and filtered by suctlon to obtain the
idine hydrobromide. -

Four runs were made, starting with ,z_sﬁ g+ Or 2.0

solid pyr

moles of pyridine. The average yield was 28 g. {0.176 mole)

or 8.8% of S-bromopyridine and 30 g. (0.126 mole} or 6.3%

of 3,5~dibromopyridine. | | |
Neither 3~bromopyridine nor 3,«%&%&@@?&&&% in

ether solution could be made to react with activated magnesium-

copper alloy. 4 tenth moles of 3~bromopyridine in 100 ce. of
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sther solution wes placed in a tube with sn excess of 30-40
mesh magnesium and e small emount of iodine. The tube was
evacuated, until the ether bolled, snd then it was sealsd
off. This solution has stood over four months and thers is
no visible evidence that a reaction has taken place. The
sume «za;mg was done with .ﬁirﬁ*ﬁ%ﬂ,pyﬁ%ﬁm and the seme
resulis noted. , ‘
Fifteen and eight~tenths grams (0.1 mole) of
3~bromopyridine was placed in o sesled tube with 3 g. of

fine magnesium. The tube was evacuated to 5 mm. pressure and
e | |
sealed. It was heated at 160-180 for three hours. A4 tarry

mass was Tormed Trom whieh no Gri

gnord reagent could be
extracted with ether or benzene. A second run was made, in
which the tempereture wes kept below 108 . The materiel had
“charred after one hour. NHo RMgX compound could be extrachted
with ether or pyridine as solvents.

Ten grems of 3-bromopyridine and two grams of powder-

gnesium were placed in a pyrex test tube that was evacuat-
ed to § mm. and then sealed. After tweniy mioutes in & bath
of boiling weter the reaction started and kmw vigorous, so
it was cooled in running tep water. No Grignard reagent could
be extracted from the tarry mass with any combination of
ether, bengene and pyridine. The solid was trested with |
carbon dioxide and then hydrolyzed. The resulting water solu-
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tion was buffered with disodium phosphate and eveporated to
a asmall volume. No nicotinic acid was isclated.

In two test-tube sxperiments, a color test was
obtained with Michler*s ketone, if it were added as soon as
the S«<bromopyridine started to react with the magnesium. In
one test tubse, @mwawa magn
while plaein megnesium was used in the other. The only differ-
ence was that it took & hig
reaction with plain magnesium. Activeted mapgnesium alone

ssium=-copper alloy was used,

1er temperature to start the

would not reduce Michler®s kelone to give & color test. The
celor test could not be oblained if the reaction went to com~
pletion befors the ketone was added.

5, 5-DibYomopyridine and magnesium were refluxed in
an ether benzene solution. No resmetion took place even when
e gram of iodine was added. The solvenis were removed and
replaced by pyridine. After refluxing for a few minuies, a
reaction sed in and continued until the whole mass became @
thick red tar. HNo Grigeard reagent could be extracted, When
3,5~d1bromopyridine was refluxed for two days in en eguel
mixture of pyridine end ether, the same tarry mess was obtain-

I4¢ was concluded that S~bromopyridine and 3,5-dibromo~
pyridine entered into sddition resctions with themselves when

treasted with magnesium as postnlated in the theorstiocal part.
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i was formed, it was only iransient in

2~Aminopyridine was made mm&ing to the a:&mtiam
of Horsters and ﬂ@rmmﬁ One- hundred grams of sedium
amide was ground under joluene and transferred to a 500 ec.
balloon blask where it was covered with about 250 ce, of
toluene. To this was added 100 g. (1.25 moles) of pure
pyridine. 4 refiux condenser was attached to the flask, the
apparatus was swept out with dry nitrogen, and it was pro-
tected from the atmosphere by a mujol trap. It was heated in
an oil bath at 213&»&%3 for ten hours. Aftrgr cooling, the
801lid readtion product was cautiously hydrolyzed with ice
cold water in whieh it dissolved. The toluene layer was
separated snd tim water layer extracted with ether. The
cambined solutions were dried over sodium hydroxide end
distilled. The main product distilled constantly at m’*&l&ﬁ{
25«27 mm. The meliing point was 5@»@3”; The aversge yleld
from four runs was B6 g. (0,91 mole) or 73%.



The directions of ﬂhmﬁ%&%&iﬂs ware followed.
Thirty~one and three tenths grems (0.33 mole} of Z-smino-
pyridine and 23.5 g. (0.35 mole) of sodium nitrite were
dissolved in 120 ce. of water and cooled to ﬁi To this solu~
tion was added 20 pe. of acetle aecld in 80 cos of water. The
resulting solution was kept in an ice mixbure feor eleven
hourz as described by ﬁ'ﬁ.iéh,i?aamm A solution of 3.2@3 gs of
potassium lodide and 30 ces of acetic aeld in 50 gcs. of water
was prepered. This solutlon was boiled under a reflux cone
denssr while the diazo solulion was added to 1t dropwise.,
The finel solution was neutralized with sodium hydroxide and
steam distilled. The 2~icdopyridine wes separated from the
steam distillete which was extracted with ether. This solu-
gsodium hydroxide and the 2-iodo~

tion was dried over solid
pyridine distilled under reduced pressure. It bolled at
9496 /11 mm. The average yvield was 14.5 g« {0.07 mole) or
21%. |
Ten and twenty-five hundredths grems {(0.05 mole) of
2=iodopyridine was dissolved in 50 cec. of dry ether. Seven
and two-tenths grams (0.3 atom} of powdered megnesium was

placed in a 200 ce. mmm-ﬁwkéﬁ flask which was connected
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1 stirrer, reflux condenser end droppiang

with the usus
funnel. ‘The apparatus was :};ﬁmﬁ scted from the atmosphers by
e nujol trep. The reactlion was started with activated
magnesium, and the solutlion wmimaé to reflux gently
during the addition of the remainder of the hslide. 4n in-

tense green color developed in the sther solution. Toward
the end of the reaction, the magnesiuwm stuck together in the
form of lumps, which made stirring very difficult. The ether
solution would not give s color test for RMsX compound with
Michler's ketone, |

The mixture was cooled with ice end treated with
carbon dioxide for three hours. The solution wes hydrolyzed
with amm
slightly seid with scetiec aeld, and then treated with &

nium chloride solution. The water solution was made

copper acetate solution, On eveporation tc & amsll volume,

no purple g’m‘ﬁiﬁ%@a% zsf the a@;;sgar salt of pissﬁliﬁie a;a:m%

was obtained. - |
When amother run wes ireaied with phenyl isceyanate,

wn anilide of pieolinic meid could be isolate

none of the kn
ed from the reaction products., Only a farry residue wm#
izoleted.

When 2-iocdopyridine was brought into reasciion with
magnesium and iodine in a %‘eaé#st tube, ths resulting ether solu-

tion 414d not give a covlor test for RMgX compound. However,
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if the solution of Michler's ketone was added to the con~
tents of the test~tube during the reaction or as soon ss 1t
maa»fiai&hsﬁ* then a good positive a@iar tast waé'ab%ainaﬁ‘
It is concluded tha% the Grignard reagent of 2~iodo-
yyriﬁina»ia also transient in 1%s existence., There Is a
possibility thet a derivative might be obtained if the reac~

,ﬁfﬁ,ﬁa»taka‘FXgaa in the presence

gz

tion with magnesium could be
of & reastant like phenyl isooyanste or carbon dioxide.

Forty-seven gremes (0.5 mole) of 2-sminopyridine

was dissolved in 237 g« of hydrochloric acid. This was cool~
ed to 0 end to it was added 34.5 g+ (0.5 mole) of sodium
nitrite. @ﬁe.a@ia%iﬂﬁ was allowed to come to fﬁﬁm;ﬁ&mﬁﬁﬁﬁﬁ
ture, and was then neutralized with sodium carbonate, The

wchloropyridine was extracted with ether, dried over solid
sodium hydroxide and distilled. The yield was 19 g. (0.166
mole) or 33.2%. | |
| One grem of freshly distilled 2~-chloropyridine in
B ec. of ether was treated witﬁtaatimataa manesium, Thﬁ
reaction did not start at once so 2.3 drops of methyl iodide

were added. The reastion steried very soon and continued for
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about twenty minutes. The reaction mixture seemed to be
entirely in solution and was dark green in ¢olor. This

green color aiaaygaaraé;&n %x&aﬁm&a@kmi%hvﬁiﬁh}ar*a kat§a$,

but a good color test for BlMgX eompound was ébtﬁiﬂad upon
hydrolysis. This color ﬁaﬂt:m@aﬁs&iﬁ#ia«hﬁv&ﬁa&»matﬁﬁl
jiodlide was used to help a%arﬁ‘ﬁka reasction. 0On standing for
four hours the products precipitated and a color test could
ger be obtained.

2-~Chloropyridine 4id not reaet as readily with
magnesiun a8 2-ledopyridine did. No derivatives were obtain-
od with either carbon dioxide or phenyl isceyanate.

noe lon

One hundred end thirty-sight grems {1.0 mole) of
@-nitrosniline was dlagotized in hydrochloric seid sclutiom.
This diazo solution was added %o 167 g. (1.0 mole) of potassium
iodide In 150 cc. of weter. The solution was kept at i@wiﬁﬁ,
during the addition. After one hour the solution was filtered
and jodine removed from the precipitate with sodium bisulfite
golution. This precipitate was then disﬁﬂivwﬁ iz hot alaah@l,
f&lﬁara& from a residue, and allowed $o vool. The yield was
190 g. or 86%. The melting g@inkaaaféﬁaéﬁa' An addi tional
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25 ga. ‘s%r" 11f of material melting at 42-43° was obtained
from the mother ligquor. ' L !

Catalytic reduetion of g~iodonitrobenzene with hydro-
gen and 3;;&&:%&&% miﬁg catalyst gave 8 4&% yi&;ﬁ of p-iodo-
iline melting at 49 , It should melt at 56 . Side re-

actions apparently took place during this reduction as a
considersble smount of tarry materisl was aslso formed.
Beduetion with ferrous sulphete according to the
directions of Korner and ‘&ﬁm&&:&g’? gave the besi product.
Twenty-~five grams
of ferrous sulphate in solution. The solution was made alka-

of g-iodonitroaniline was added to 250 g.

line with a slight excess of emmonis and heated on & steam
plate for ten to twelve hours. The precipitate was filtered
out, and both the precipitate and the solution were extracted
with ether. The material was then steam di s8tilled which gave
a prastically pure white compound. This product was dissolved
in dilute sulfuric acid 1o remove the unchanged nitro com= |
pound. It was then precipitated with sodium hydroxide and
filtered. The yield from four runms was 40 g. (0.18 mole] or
45%. The melting ggin:ﬁ was 56 . |

Forty grems (0,18 mole] of g~iodoaniline in 40 ce.
of water was treated with & %otal of three molecular equiva-
lents (69 g.) of methyl sulfate. After the addition of esch
equivalent of methyl sulfete the mixture was allowed %o stand



until it bevcame hamogeneous, and then it was neutralized
with sedium hydroxide before the addition of the next equi-
valent. The excess methyl sulfste wes finally desiroyed
with smmonium hydroxide. ?haggriﬁ@ﬁ%¥~L%ﬁvﬁaﬁii%ﬁﬁ was ex-
tracted with ether, dried over solid sodium hydroxide and
then distilled in a vecuum. The yield was 26.5 g. {0.11

Twelve end four-tenths grems (0.05 mole) of g~fodo-
dimethylaniline in 50 ce. »f ether was allowed to react with
‘megnesium in the customery three-necked flask to which was

atiteched a mercury sealed stirrer, dropping funnel end reflux
condenser. The apparatus was protected from the air with a
calelum chloride tube. The reaction started readily with a
erystal of lodine as a eatalyst. A very good color test

for gl comp
titrated by the acid method. The end polint was cbscured by

ound was obtained. Two § ec. portions were

the presence of free iodine which was destroyed with sodium
thioeulfate solution. The values ohtﬁiasé‘ﬁara‘éﬁﬁ and 104%.

The Grignard reagent wae treated with carbon dioxide in the

2014 until no more color test was obbtained, Becauss of the
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- emphoteric nature of the N-dimetlylanthranilic acid, 1%

bas not as yet been isolated.

Commereial g~bromodimethylaniline was redistilled
and used for this ram. Ten grams {0.05 mole] of the bromide

was dissolved in 50 cg. of ether and ireated with magnesium

in the same way as described for the fodide. The reactlon

arted very readily with a emell amount of iodine as &
alyst. The yield by aeid titration was 92.%‘ Another run

of the same size gave an BY% yield of Grignard resgent.



pounds to glve them weter solubllity.
be of use in cancer therapy. |
S-Bromopyridine and 3,5-d1bromopyridine react with

magnesium at high te
duets from which no ﬁuﬁ@

2«Iodopyridine reacis with meagnesium in ether solution when

rd reageant could be isoleted.

iodine or activaeted g@%&mw@ are used as catalysis. However,
mww Grignard 7
tilon producta.

nt i3 unstable and ww@wﬁ only polymeriza«

g~lodo~ and g~bromodimethylanilines reaet readily with
magnesium in ether solution to give high yields of their

eoryesponding Grigonerd reagents. 485 yeh, no derivatives have
been made.
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