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PREPARATIONS

L I |
Compounds of the type -C~C-A where A is considered to be an

Br Br
activating group such as the aldehydo, acetal, keto, carboxyl, ester,
etc., have been synthesiszed in great numbers both for study of them-
selves and also for purposes of idemtification. Vieinal dibromo
five-member and six-membered non-aromatic ring compounds have also
been extensively reported.

In general, the preparation of ‘@ ~dibromides of the types
given above consists of the addition of bromine to the corresponding
unsaturated compound with variation only in solvent, temperature,
concentration, and mode of isolation. Even here the variations are
not extreme. The solventis most commonly employed are acetic acid,
chloroform, carbon tetrachloride, diethyl ether, carbon disulfide,
petroleum ether, ete. On occasion liquid bromine or bromine vapor
was used in the absence of any solvent. The reported temperatures
were generally room temperature or lower although sometimes the
reaction was conducted in boiling solvents. Concentrations of the
reactants are not critieal and frequently the valwe chosen was for
the convenience of temperature control. The mode of isolation depends
primarily on whether the product is erystalline or liquid.

Variations from this general procedure include:

(1) Bromination of a saturated precursor. Bartsch l; . pre-—
pared an « { ~dibromo derivative (I1I) from 3-ecetyl-5,
é~benzocoumarin (II) with bromine in acetic acid at
100° C.
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Franchiment® brozinated succindc acid to obtedn dibromo-
sucoinie acid,

(2) Bromination of an unsaturated compound using N-bromo-
mccinimids or similar reagent’. Howton prepared
1,2~dibromocyclohexane 88 & by-produet through the
agtion of Nebrumosuccinimdde on cyclohexene.

(3) Oxidation of an alcobol to an acid or ketome, or of an
aldshyde to an acid. In this manner <(~dibromo-
propionic ac1d59657:8:9 - f ginromodietiyl ketons,10
< $-dibromobensal scetone,lt ethyl ¢ (-atbromo- <~
keto butyretel? and « -ohlors,« C-dibromo butyric
acid™ have been prepared. By chromio axide oxidstion
« S~dibromoadipic acid was obtained from 3,4~dibromo-z,
2-dihydroxyoyelohexane Jé

(4) Treatment of & diamine with mitrosyl bromide.

« & i brome propfonio soid was obteined tids way from
«f~dsamino proptomc scid.1s

(5) Action of dlaso muthane on an aldehyde. This unusual
mothod was employed to yleld «{edibromo ethyl methyl
ketone from ~(-dibromoprionaldelyds.lo

(6) Use of hydrobrowdc scid. The preparation of ~[-tibrome-



butyric acid is claimed by shaking CH;0ZCCOOH with

The « C-dibromo compounds reviewed in this theeis have been
divided acoording to sotiveting group and presented in tables.
Within each table, where 2 large nmmber of compounis ware reported,
& further subdivision into type has been made for the sake of
olarity. Often only one reference has been selected for esch occm-
pound where seversl were available. |

Table I is a generel compilstion of < (~dibremoaldehydes
and acetals, contaiming no other sctivating funoticpal group in the
molecule, which have been reported in the literature.



Compound Eroperties Esforence
CHgBrCHBrCHO by, 345 16
CHBrCHBrCH(OCZHg) g bga -327-129° 8
CHBrCHBYCH(OCH ) by 108° 18
CiigBrCO1BrCHO bss 105° a0 2.17 19
CHaCHBrCHBICHO bngmw o
CHoBrCBr(CH3)CH((C2Hg) 2 byg 137° a
CHyCHBrCHBrCH(0CZHs) 2 by3 113-114 (sl. decompn.) 20
RAIBRCCIRID 23‘1‘ distillable; hydrate = 45-50° 13,22
CHaCICREFCC1BYCHO oil 23
A *
CHoBrCEBrCCHBrCHBr according to 25
CH3CHaCHBrC (GHy) BrCHO unstable liquid 26
CH4CHBrCHBrC(CH4)BrCH(CH)OCgls  bp.3 130° 27
CH JCHBYCBr CHO patent for prep. 13,28,29,30
CHaBrCHBrCHBrCH(0C2Hs )3 b 92~3° at very low pressure 3
Cy, HsCHBrCHBYCHO 8 45-48° R»
CgHgCHRICO1BICHO nop-dist. oil »

Table II 48 & genersl compilation of types of x{-dibromo-
ketones reported in the literature. V¥here only ane of its type was
reported, it bas been listed separately. Cyolic ketones or those in
which another functional group is immedistely involved have been
incorporated in a subsequent table.



TABLE 11

Compound

RCOCHPYCHBYR Y

(Ghere R' is H or an alkyl group and R
is an alkyl group) 34,35,36,37

BCOCBrICBYRIRYY

(¥here X is halogen and R' and R'* are
alkyl groops) 38,3

ArCOCK 'BrCR* 'Bril

(Where Ar is phenyl or substituted phenyl
and R, R', and R'' apre H or alkyl) 8, 40-51

inclusive

ArCRYBrCRY*BrCCR

(Where Ar is phenyl or substituted phenyl, 8,40, 52-68
K ie augl and X' axi R'Y are alkyl or incinsive
hydrogen

AYCRSDPYCRY *BrCOAr'

{Where Ar and Ar' are phenyl or substituted T, T5%, 69-119
phenyl groups and R' and RY' are hydrogen inclusive
or alkyl groups)

(¥heve Nap is naphthyl or substituted 120-126
naphthyl and Ar is phenyl or substituted inclusive
phenyl)

(ATCHBrCHBr) 200 127-134

(Where Ar is phenyl or substituted phenyl) inclusive

ArCOCBy{Ar! )CHBr(Art*)

{Where Ar, Ar', and Ar'' are phenyl or 135
substituted phenyl groups)

Ri
_
COCHBYCHBYR 136

(Mﬁinaorc&smda' is H, CH,, or halogen)

l —CH
L ~ 137
HG , C-COCHBrCHBrGgfis

8
# ~{~alkyl



TABIE 11 (Continued)

0~{HO)CH COCHRICHBI (1)Cy i 0CH(2)
2,4,6(CH3) 30 0UCBr (CHoBr) 0CHy
314CH0,0 5 HBrCBr (CHi3) COCHBICHBYCJlaCrz02(314)
1 CHBYCHBrCOCCRL{ SHOMH)

C gH5CHBrCHRICOCHZCOCONC 3l

Ly
Fiy b4 34

AR

E
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TAELE 111

Compound

RCHByCHBYGOUR!
(¥here R and k' are H or an
alkyl group)

RCBrXCHBrCOCR!Y
{#hore X is halogen and R
and R' ave 5 or elkyl groups)

RCHByCByXCOOR?
{¥here X is halogen and R and R!
gre 0 or alkyl groups)

HCBrXCHrX YCOCR!

(¥Fhere X and X' are halogen and
R and R' are K or an alkyl group)

(ﬁuﬁermslkylgm*p)

RCHBrCBYR1COURY Y

(Whare R and R'' are H or alkyl
groups and R' is an alkyl group)
RR*'CBYCHByrCOOR® !

(vbere R and R' are slkyl groups and
R'' is H or an alkyl group.)

RCRYBrCR Y 'BrCONHAY

(¥here R,R', and R't are H or alkyl and
Ar is phenyl or substituted phexyl group)

RR'CBYCBrRt 1COCR 1Y

{¥here R,R', and E'' are alkyl groups

anﬂn"'uﬁwmukﬁam)

(muumlwmmam
phenyl, X is an, and K is ¥
or an alkyl group

186,187,188

169,189

173,190,191
171, 192-201

inclusive

202,203

116,204,205 ,206,207

inclusive

280,281,282,233,284



TABLE III (Continued)

ArCBrICHR
(mnumormmw
phanyl group, I is khelogen, and B
is ¥ or an alkyl group)

ArCByCBr(ir? JCOOR
{(¥here Ar and Ar' are phenyl or
mwmm phanyl and R is ¥ or alkyl)

(mm Ar'up!wl or substitoted phenyl
B is alkyl and B' 18 B or an elkyl group)

(wmnumxwmaumw
phenyl and R is alkyl group)

( ua napthyl or substituted
napithyl group)

CHEr 0 (CH,)BrCO0H

(GH3) 0BrCEr(Cgflg YO
OB BeCBr (2, 5~ L3 00K
(CH3) 08

(ROoLBry) CBrCRY (K0 JCOOH
C gl 0CHBrCBr(CH5)CO0H

P-CHA0C B CHBrCHBICORNC B,

2935290y 295, 396, 257

B8 8 8 g R EE & 3B



TABLE III (Continued)
Compound
C gHsCHBrCHBrCONHCONH,
CH5CHBICHBICOC1
CH CHBrCHBrCHBTCOOR
CgH5CHCBICHBICHBICOGH (CHy)
CgH5CH=CHCHBrCHBrCOOCH,
C ¢HsCH( O )CHBrCHBICOOH( ?)
G H5CHBICBr ( OH)CO0CoHs
/ ﬂl\ CHBrCHErCOUH

"N/

N / CHCHBrCHBrOOOH

-G Hg

N=
l By
\OJcﬁarcﬁarccm
Bv ucxmreﬁsrcoocza5

By
B @ CHBrCHBrCOOC,Hg

Reference

304

309
302,310,311,312,313,314

311,315

311,316

317

318

319

320

319,324

323

324



TABLE III (Continued)

Compound Reference
7\‘;*()‘\1.
Ch.  CHCHBrCHBrCOOH 325
nooc I—_T Wy
“g;l\$PJCHBrCHBrCOOH 326
W,C lCHBrCHBI‘COOH(CgH 5) 327
MO0 oC D:;;/L hy

Table IV lists«x‘P—dibromocarbonyl compounds and acids
which because of their complex structure or the presence of more
than one functional group in the molecule could not be incluced in

previous tables.



TABLE IV
Compoupd
RCHBYCHBYCN

(¥here R 18 H, Al?l, phenyl or phenyl
mbstituted group

p=Ci50C g CHBYCBr (p~C1CgR,, JOK
BEOOCCHBYrCHEYCOOR
(Where R ond R' are H or alkyl groups)

HOOCCBr(CBrit ! JCHZCOOR
{Where R and H' are H or alkyl groaps)
BBr(CR'R! 1), COMR

(Whm'aﬂ, R' and R** are H or alkyl
groups and n=1 to > )

Substituted < £ ~dibromoglntaric acids
and esters)

(‘&m &r u phcay’l or sabstituted phenyl
and B 18 H or alkyl)

(m .Ar is pwyl or smibstituted phenyl)
ArCHBrCBr(COGH)
{¥here Ar is phenyl or substituted phenyl)

ArEHCOCHByCHBrCOOH
(¥Where Ar is phenyl or substituted phenyl)

< ~3apCHBrCHBrCOCO0H

(m lar 1: Ml or substituted phenyl)

CHigh(CH3) COCHBICHBIOON(CH4 )CgHg

Esfersuge
173,328,329,300

3

332-342
inclnsive

343,344, 345,346,347

34, 348-354
inclugive

349, 355-363
inclusive

364,365, 366,367

368-377
inclusive

233, 378-383
inclusive

84"

385,386



TABLE IV (Continned)
Compound
CfisCOCHBRCIBrOOCgHy
CH 300CCHBrCRr (CgHis)COC M5
CHCOCHBrCHBrCOOH
(CH400CCHBYCHBY) 260
HOCCCHBrCBrXCOOH
CHOCHBYCHBrCHO
(CH30) ;CHCHBrCHBrCH(0CH3) »
BOOCGHBrCEBrCOCL

CH BxCBr(CUOH ) CHZCOMH
COOHCH,(CHBr) 000K
(CHBrCHBrCHBYCOGH)2

ROOG(CHBr") ;CO0R
COORCBr ( ChigBrr) CHCHBrCOOR
CHCHBrCBr{COOH )CHCHZCO0K

(CHg) ZCHOHLCHBICBI{ COOR) CHoCHCOCH
CHOUCCHBICBY(COOC gHig JCHAC0C 2
C 5 O0CCHBrCHBrCHONCHORCO0C 2
(C2H5000) ZCBrCHBYCH(COCli5) 5
(CH3)CoR500CCHRrCHBrCHACHCC 14 (CHq)




TABLE IV (Contimaed)

Gompound
COOHCH,C2r(COOR )CHBYCOCH(plua triethyl ester)

0C15C0CHBrCHBrC OB
C ¢HgCHBICBY (COOR) CHoCHACO0H
CHgCHRICHRYCHBrCBr (COGH )
CH4E0CBr (CHBrC gl JCO0C ol
C gHgCHBICAr(COC g JCBHCOMH
[LLeHs(cHnr) g/ac0
HOOCCBr<CByCHBrCOOH
46 (m=0CH9CGH CHBICHBYCO) g~a-resoroinol dimetkyl ether
L(p~C¢BsCHRICHBCO)CH, /90
L9001 B CHBIGIBSCO)C g0
{(~(CeHsCHBRGHBICO)C iy /55
PGl CHBrCHBrCOCEH SC el
2,4, 6~(Cli3) CHCO0BILBr (CH3 )CUC L (CH3) 1-2,4,6
p~CH300 H, CBr(CHCO0H ) CHErCO0H
2,4,,6~(CH3) 3CeHCOCBr(CH3) CHBrCOCEH(CH3) 52, 4,6
CHaBrCHBrCOCOOCH

Qcam(eeﬂ;)m

TG

Mo CHCBrCHBrCOCH
CN—CH,

a9
420
421
22
423
433
423
43
4R4
45
426

2

g

B



Table V 1s 8 compilation of < & -dibromides of simple
oyclopantans snd cyclohexane derivatives which have Leen reported.
Compounds with atoms other than carbon in the ring have been
incorporated in Table VI.

TABLE ¥
Compound liefererce
Terivatives of Cyclopentane:
1,2-dibromo
1,2,3,4~tetrabrono
1,2~dibromo~1 ,2~dimethyl
2,3~dibrom=1,1,2-trinethyl 432,433
Z,3~dibromo-l-phenyl
1,2~dibrome, carboxylic scid-(l)
1,2,2-tribromo-carboxylic soid-(1)
2, 3~dibromo-1,1,2-trivethyl~ecarboxylic acid(3)
2, 3~dibromo-~dicarboxylic scid-(1,2)
1,2-dibromo,2,6~-dimsthyl esrboxylio acid-(1)
Terivatives of Cyclopentenss:

Il
~ s
3 .Mbm

3’4, S5-dibroro
3,4~dibrom-l ,2~diphenyl

B &8

EE SR EE

£ 8



TABLE ¥V (Continued)

1,2-dibromo

1,2~dibromo~1,3-dibensyl

2, 3~dibromo-1-banzhydryl
1,2~dibroso-l-sathyl-2-carbaxylic seid
2,3~dibromo-1~methyl-3-carbaxylic acid
1,2~ bromo-S-hydroxy

2 3~cibromo~-3-phenyl

1,2,3~tribromo
Terivatives of Cyclohexanes:
1,2~dibromo

1,1,2-tribromo

1,2,4~tribromo

1,1,2,2-tetrabromo

1,2,3,4-tetrabrono

1,2,4, 5~tetrabroso
1,2,3,4,5,6~hexabromo
1-chloro~l,2-dibromn
1,2,3,4,5,6~haxabromo~1-chloro
1,1%,2,3,4,5,6~heptabromo

1,2~di bromo-l-ni tro

a7

seference

EEEEEEREES

450,451
452,453

S &k

458,459

BEEE



TABLE V (Contimued)
Gompound
Terivatives of Cyclohexanes: icont'd)
1,2-dibromo-1-benzyl
1,2-dibromo~1-methyl
2, 3~dibromo-l-methyl
3,4~dibromo-l-methyl
1,2,4-tribromo-1-methyl
1,2,3,4,5, 6=hexabromo-1-nethyl
1,2~dibromo~1,2-dinsthyl
4y 5~dibromo=l, J~-dinsthyl
2,3,5,6~tetrabromo-1,1-disethyl
1,2~-dibromo=1., 4~dinethyl
3,4~dibromo~l,l,4~trinethyl
1,2-dibromo-3-pethyl
1,2-4broso-3-phanyl
3,4~dibromo~l-propyl
1,2-dibromo=s, 5~dibensoyl
4~0hloro-3,4~dibromo~l-methyl
1,2-d4bromom—b,, S=di=~p-chlorcbensoyl
1,2-dibromo-1,2-dinethyl-4, 5-di-p-chlorobensayl
1,2~dibromo-1 , 2-dimsthyl=4, 5~-di-p~tolyl
1,2-dibromo~4, 5-di-p~tolyl
2,3-dibromo-1-uethyl-1l-carbethoxy~3~isopropyl

Reference

463,464

470,470
472
413

474,475
476

EEBEBIAIS



TADLE ¥ (Contirmed)
Compound

Terivativea of Cyclohexanes: (cont'd)
1,2-dibromo-carboxylic acid-(1)
1,2,3,4~tetrabroso~carbaxylic acid~(1)
1,2-dibromo-2-methyl-carboxylic acid-(1)
1, 2=dibrono-4-@ethyl-cyolohexans-carvoxylic asid-(1)
3,4~dibromo~dlcarboxylic acid~(1,2)
1,2~dibromo~3~othoxy-carboxylic scid=-(1)
4, 5~dibromo~dicarboxylic acid-(1,3)

3, 2~dibromo~-dicarboxylic acid-(1,4)
1,2-dibromo-dicarboxylic ascid-{1,2)
2,3-dibromo-dicerboxylic acid-(1,4)
1,2,4,5-tetrabron-dicarboxylic acid-(1,4)
2,3,5,6~tetrabron~dioarboxylic acid-(1,4)
2,3~dibromo=-2-msthyl-carboxylic soid-(l)
4y 5~dibromo-L-pethyl-oartoxylic acid-(1)
5,6-dibromo-2-methyl-cerbaxylic scid-(1)
1,6~dibromo~3-methyl-corboxylic acid-(l)
othyl~l,2-dibromo-l-agetate
1,2-dibromo=J=phenyl-4{~bengsoyl
Lerivatives of Cyoclohexenss:

o

19
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493
494



TLELE V (Contimed)

Nerivatives of Cyclohexenes: (cont'd)
1,2~dibromo
4, 5~dibromo
2, {~dichloro~3,4, 5~di bromo~5, O=dimathyl
34~dibromo
3,4~ bromo~digarboxylic seid-(1,4)
4, 5~dibromo~dicarboxylic acid(l,s)
§,6-dibromo-dicarboxylie acid-(1,4)
2,3~dibromo
1,2-dibromo-i~nathyl
Derivatives of Tetralin:

1,2~-dihromo

2,3~d4bromo
1,2,3,4~tetrabrom
1,2,3,4,5,8~haxabron
12,~dibromo-l-carboxylic meid
2, 3-dibroso~l-carboxylic scid
1,2-dibromo=2-carboxylic aoid
2, 3=lbromo-2-~aarboxylic scid

Heference

495
496
&9
498
490

450
499

501,502
503,504,505

S8 ERSE



TABLE V (Continued)
Compound
Derivatives of Tetralin: (contt'd)
3,4~bromo-2-carboxylic acid
Derivatives of m~Nenthane:

C7
6 §g3“é§//39
Sawo

23 3~dibronc

34~dibromo

5,6~dibromo

1,2,8,9~tetrabromo
Terivetives of p-menthans:

2 3
Cy
c_ 1/ A ¢
s

€10

1,2-dibromo
3,4-dibromo
1,2,8-tribromo
1,3,4,7-tetrabromo
1,244,8-tet: _
1,2,8,9-tatrebrono
1,2,8,9,9-pentabromo

RDTORD

40
511
512

513,514
515

517

519



TABLE V (Contimed)

Nerivatives of p-menthans: (cont'd)

1,2,3,4~totrabromd 521
2,3,8,9-tetrabromo 522
Br
CHZCOCOCH 523
Br
Br
Cl
Br_ CClBr-CligBr 524
H
hon a2 52
Br Br Chyr
Br
™ 2
3
1,2~dibromo 526
2, 3~dibromo 526
Br
by
527



Table VI is a general compilation of vieinal dibromides of
five- and six-membered non-aromatic rings containing only carbon or
carbon and oxygen in the ring wh{eh because of their complicated
nature or because of the influence of an activating functional group
were not included in Table V. Furan derivatives are excluded as
well as compounds toco complex to be related to 2-ethoxy-3,

4=dibromotetrahydropyran.

23

TABLE V1
Compound erence
| B 528, 529
g
Br— -8
. ~' "
Be \o( By
By 531
| 7"
-8B
\‘O( L
Bv B\. 532
\-\& ‘ — l—' C Mg
“ C C“3
s o
B‘\- Pr
HsCe] [Q“s 533
\
BY\'Q\ By
Br $Y‘ —BY'
11
O™N. 0 534



TABLE VI (Continued)

Compound

334

kL8, 536,537

538=545 inol.
555

538,539, 546, 547

549

9



P C\g‘. CoOW
cy,-C
“; N CBr oot
— QBr

Cghha |
N C BrCooM

_—~C=0
Cg“\q. \

TABLE VI (Centinued)

~CBr-CNBCR

=0

25

Reference

§51=554 inclusive
556--560 inolusive

561

562, 363, 564

565, 566, 587

569

570,571
572,573

57h



TABLE VI (Continued)

conpund

’—Bc:aoﬂ

P
Hoocl\u)<é00“
.

8v
By
Br
By

B\'@ﬁv

o
hy  cWs

Y- C“3

Br = O

o
BrcnBrAr

Leference

576

517

578

579

381

582,583, 58,

585

586=595 inclusive
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froa dibromodienss by the action of alksline resgents. FarmertOl
treated what be thought was )0 ~dibromo- A ~hexadiene,
CH,=CHCHBrCHBrOE=CHy, with sodium ethoxide in ethancl and reported
be obtained sowe T -bromobexatriens, CI=CHCHSCBrCHSCH;. THis
produst polymerised completely in twenty-four hours. Again he
treated what he thought was cis- & —iibromo~ A —hexadiene,
CiL,FCHCH-CHCHBICIBr, with alecholic sodium ethoxids and cbtained
what he called cis~ (or © )-bromohexatriene which polymerized
sxtensively in 24 hours. Starting with the so-oelled trans isomer,
Farmer cbtained what he called trans < (or( )-bromohexatriens.
This saterial polymerised completely in two hours.501

(ther bromopolyenes heve bean obtained by treating an
elcoholic or asetylenic precursor with sn agent suwh ss FBrj or
EBr. Thus adding hydrogen browids to (CHs)aC(OH)CZCH gave
Faethyl-l-bromobutadiens-1,3, CHy=C(CHy)CHECHBr. 7%  Bromoprene,
CHy=CBICH=Cly, was obteined by tresting vinyl acetylens, CHSCCHSCH,,
with hydrogen bromide in the presence of cuprous bromide.>%
Passing vinylacetylene into liquid hydrogen bromide yielded
4-bromobutadiens-1,2, CHoBrCH=C=CHg.5® py treating 2,5~
dimethylhexine-3-diol~2,5 with hydrogen bromide or phosphorous
tribromide without solvent in the cold, or phosphorous tribrosmide



in benzene the compound 3,4~-didromo-2,5-dimethylhexadiens-2,4 is
obtained.597,608,617  wpe gstion of phosphorous tribromide on
tetramethyl-butinediol yields a produet of which one fraction is
probably (CHi3) jC=CBrOBI=C(CH3) . 508

The vromopolyene may also be prepared by dirsct addition of
bromine to a highly unsaturated pregursor. IThus di.mt!wﬁ;“tyiam
yields 2,3,4,5-betrabron-hexadiens~2,4, CiljCBreCBrCBr=CBrCl,. %% gy
adding bromine to 2-methylpentens-3-ol~2, CHCHSCHCOH(CH3)CHg, and
distiliing the product, J-brom-Z-gothyl pemtadiens—d,4,
CHZ=CHCBr=C(CHy)z, 18 formed %0  Bergmann cbvained what he thought
was C(Cli;)Br=CoCHy by bromination of isoprens.®2® rrom
tetradecadiine-b,8, CHy/fio/,c20020/Cliy/,CHy by bromination was
cbtained 6,7,8,9-tetrabromotetradecadiens-6,8,
oty eocrCar=cne 5] 013, 1ha veareengement of
1,4~dibromcbutyne~2 to CEyeCBrCBreCHy on standing in air®® represente
encther preparation of 2 conjugated bromopolyens.



- Table VII presents some compounds contaiming one or more
bromdine atoms in & highly unsaturated, conjugated system in which at
least one of ithe bromine stoms is bonded to an unssturated carbon

atom,
TABLE VII
Raference
596,597
598
599
600
6oL
601
602
603,604
€05
605
CH,=CROBreClBr 606
(Cii) J0=CBICBI=C(Cl)g 607,608
CHCBr=CBrCRr=CArCHy 605,609

610
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THALE VIL {Continued)
CHBrs B Ry=C e Br=CHPY 511
G4l sCHRCICIRCT B 612
Cg 75Ci§r=€§§?§“’i BT 5 413
Lyl drsCBrliraoeir Ldd, odd

Lgh S{J FreCirlireC o 3 wl,
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formation of an acetylenic acid. The ease of rescvael of hydrogen
bromide also varies with the structure of the scid. Certain soids,
moreover, decsrboxylats when treated with alkaline reagentes.
Bachmann®3 treated a series of aliphetic <O —dibromcscids
with boiling pyridine and isolated both the X ~bromo unsaturated
acid (IV) and th® bromolefin (V) which resulted from decarboxylatiom.

RCHErCHBrCOOH —> KCH = CBrCOOH + RCH = CHBr
Iv v

With hydrogen atoms in both the < and { positions the yield of
bromolefin was very mll but replacing the hydrogens with halogen
or alkyl groups grestly incressed the yield of bromolefin.? @hen
20% sguecus sodium carbonete was used with acide of the type,
RCHBYCHBrCOOH, the product wes almost exclusively o< <bromo
unsstursated asid, ¥ith most seids pyridine geve greater smounts of
bromolefin than did aquecus sodium carbonate.

Other workers found that warming =0 -dibromctutyric acid
with pyridine led to < ~bromocrotonie aeid.3205,619,620 Other
amines such as quinoline, quinaldine, and diethylaniline were used
by Harve1®95622 41 g formation of < ~bramoscrylates from varicus
esters of <. -ditromopropionic agid. I[iethylaniline has also
been used to obtein the = ~browo unsaturated acid from &

6 -aryl- <, ~dibromosc1d623s6%% secondary amines elso may be used
to split out hydrogen bromide. Diethylamine,4lés625
piperidine, 525,627 .oy moncethylani1ine®® phave been successfully
egployed. Similarly, alcoholic ameonis has been used to remove coe
mole of hydrogen bromide from an <. -dibromoscid.S?9



3

The sotion of atyonger bases frequently brings about the loss
of two moles of hydrogen bromide with the formetion of an acetylenic
acid (VII).

RCHBrCHBrCOE ——> HC g CCOOH  VIX

This has been ocbserved using slooholic potassium hydroxide for

¢ aryl- +,0 ~dibromopropionic acids in a large mumber of cases.<3%
2U7,257,276,295,60 sy mptrioal dibromoswocints seid ylelds
acetylenedicarboxylic acid with slooholic potassius hydroxide,
aqueous alkali, or tertiary smines,531»632,633 « 8 Bivromo-
propionic acid yields acetylens with alooholic potassium
lw&rm&xm

CHoBrCHBrCOOK —> HC Z CH

The affect of more drastic basic treatment was demon-
strated by formestion of a mbstituted propiolic aeid by astion of
hot aleoholic potessiuam hydroxide upon an <0 -dibromoacid which had
yielded only & monobrom derivative (IV) when treated with cold
alocholic KOH or with & tertiary smine.236,623,634 i
illustration is the formation of an unsaturated bromcecid by treat-
ment with cold sodium carbonete solution upom an ~ @ -dibromoacid

which had yielded an acetylene compound with alooholic potassium
hydroxide.%35  However, slecoholic potessium hydroxide has been
frequently employed as a reagent when removal of only ons mole of
hydrogen bromide from an acid49,238,288,382,412,636
nitrile’X ig desired. This emphasizes the effect of duration or
temperature of treatment with a partisular resgent. Another



35

illustration is the action of dimsthylaniline upon
p-Cil30C B, CHBrCHBICOUC s which gives rise to either a monobromo
ester or a subastituted propiolie acid ester depending upon the time of
heating the resgemts. This work was done by Haribaran and
&z&omgh"ﬁ who also studied the influence of tempsraturs, con-
aentration of alkali, and concentration of aleochol in the
dehydrobromination of ~,C -dibromoscids with alcoholic potassium
hydroxide,

Aquenous alkali hydroxides is generally used to affect dis-
placesent of bromine but on occasion is simdlar to alcoholie
potassium hydroxide in resoving one mole of hydrogen
bromide.<12,224,247,382,621,631,637,638

Another reagent commonly employed in a simple dehydro-
halogenation reaction is alksli acetate in either scetic acid or an
sleohol. The product is an unsatursted < -bromoacid
m)‘w,m »379,639 in squecus medium scdium scetate may also
" bring sbout decarboxylation.269,271,290,369,376,379,639

The structure of the acid affeats the ease of hydrogen
bromide removal. With acids of the type ArCHBrCHBrCOCCGH (where
Ar is phenyl or substituted phenyl) very mild conditions suffice to
remove one mole of HBr. kedmers!9»381,382,639  poung that shaling
or short hesting with water or aloohol yields an acid of the type
ArCH=CBrCOCOH. DBases readily cause decarboxylation.?>2»380

#Ingold, Cliver and ‘rhorpnﬁg have discussed reduction secompanying
hydrogen bromide removael in action of alkali upon < f -dibromoacids.



In almost every instance where an acid is of the type,
RCHBrCEBrCOOH, 1.e., possesses hydrogen atoms on both the =< and €
carbon atoms, the preduct when dehydrohslogenation accurs is the
unsaturated < ~bromwoscid. However, when the < -carbon is devoid of
hydrogen, it is possible to obtain a e ~bromoderivative. Tlus
othyl~cl-mathyl=-3~nitrocinnamate dibroside (VIII) ylelds <X -methyl-

¢ <bromo-3-nitrocinnamic scid (1X) with sleoholie potassium
hydroxide, 288

m-0,KC H AG@W{GH:,,)B:‘CM% —> m=OgKCH ‘amq; (WB)CW
Vi X

There are other examples of unsaturated © -bromoderivatives aris-
ing from similar o -substituted scids.}72»635,641,642
Substitution of the o« ~hydrogen of an < ( -dibromosaldehyde or
ketone will also give rise to & P -bromoderivative when hydrogen
bromide is removed. 2

Sodium alecholates, slthough more often employed in dis-
placement of bromine resctions, can be used to remove hydrogen
bromide from = -dibromoacids. The product of the resction is
sgain an <-bromo unsaturated acid of the typs (Iv).378:627,643

resgents are linited in nusber &nd extent undoubtedly becsuse of the
complications possible due to the aldahyde groups' resotivity.



N

However, evan if the alkalire resgent rsacts with the carbonyl group,
it may be possible to effect halogen removal. Tilms when
CH,CHBICC1BrCHO was rezcted with 2,4-dichlorophenylhydrasine the
product was the substituted hydrasone of © ~bromo- <-keto-
butyraldehyde. %44  Iikewise the phenylhydrazone of

o ~bromocrotonaldehyde was cbtained by tresting <.C-dibromobutanal
with phenylhydrezine. %45 Harries end Krutzfeld®6 reported
CHOCHBYCHBICHO split out hydrogen bromide with phenylhydresine. In
soetals the reactivity of the aldshyde groups is masked sufiiciently
to psrmit dehydrohalogenation reactions without complications.

The diethyl acstsl of <,C—dibromoiscbutyraldehyde (1) when refluxed
with sodium ethoxide yielded C —bromo-<-methyl acraldehyde

diethyl scetal (x1).2

CHZBrCBr(CH3)CR((Cgllg)y —>  CHBreC(CH3)CH(OCoHs) 2
X X1

Viguier®7 used aqueous sodium scetate st 150-170° to cbtein
 ~bromocrotonaldehyde from  (-dibromobutyraldehyde.

The loss of hydrogen bromide from <.(~dibromoketones is
roughly siailar to the dehydrobrominetion of «C-dibromoscids
although fewer instances are reported in the litersture. The product
is an o(~bromo unssturated ketome (XIX).

RCHBYCHBrCUR' ——>  RCH®CBrCOR
X131

The alkaline resgents employed include sodius alkoxides, alcoholic



or aqueous allmli, amines, and alkall acetate.

woygandl®® produced compounds of type (XII) where R and R
yiare aryl groups by the sction of sodium ethylate, potassium
scetate, and pyridine upon varicus chalcone dibromides, Aqueous
alkali was used by Darsens®48 to obtain & ketone of type (XII).
Alkald scetate has been used by Barnes?9,113,113,115,649 4, 4
muber of instances, and by otber workers3?,151,650,651,652 .,
obtein < ~broso unsaturated ketones. Other imvestigators have used
pyridine,112,107,122,653 1ot equecus sodium hydroxide,l100
aleoholde KH,%® and sodius methoxided7 ¢o remove one mole of
hydrogen bromide frowm an o(,é-dibm;.- .

Compounds of the type HCOCHBYCHBrCOR!' (XIII) and
RCOCHBrCHBrCOUR® (XIV) have also been treated with alkaline
roagents with & consequent loes of hydrogen bromide. Sodium acetate
with 8 compound of type (XI11) yields s moncbromoderivative of the
type, RCOCHSOBrCOR'.3930424  y1o gume derivative is obtained using
sodium bensoate.444 4 monocbrom compound i also cbtained from (XIV)
with potassium acetate or sodiun methoxide but lere there is some
question &8 to whether the bromine removed came from & position
adjecent to the carbonyl or to the carboxyl group.J76  The produet
was considered to be of the type RCUGBIeCHCOUH by Bogert and
Ritter,369,377

The displacement of bromine sithout comgurrent dahydro-
bromioation from ~,C-dibromoscids and carbonyls has been effected
by a variety of reagents. Even alcobolic potassium hydroxide was



found by Farmer end Ingold$2% to give .0-dihydroxyglutsric sosd
XV, in small amount, starting with ~.C-dibromogluterie scid X1,
although aQueous sodium carbonate

RGO —> COGHUHCHORCHORCOCH

V1 v
gave & much better yisld of (XV1). Very mild resgents, such a2 water
or aleohol will displace the browins from an ,C-dibromo- C~aryl
acid to yield, respectively, sn < —bromo= ( «hydroxy and an

< ~bromo- Cealkoxy acid.142,247,378,654,655 gien sompounds of the
type RCEBxCHBYCOCOOH even mild conditions seem to0 give loss of
hydrogen bromide rether than displacement of bromine.”7®  Xetones
of the tyre ArCiErCHErCOAr yleld < -hromo- e-alkw derivatives on

neating with aloohols,656,657

However, sodium methoxide oan be used to prepare the ethyl
ester of « ~bromo-  —methoxy butyric scid from ethyl < (-dibromo-
vutyrate st 0° 0,658  orher alipbatie «-bromo- (-methoxy scids
are prepared simdlarly,35%,659

Mines may replace both bromines in <\ -dibromoketones or
acids to yleld «.C~iamino compounds partioularly when zilder con-
ditions are employed.?92,643,660,661 1y omosuccimiorbas been
cbserved to undergo double displacement with various weines.562,663
Under certain conditions only the ~<~-bromine atom mey be replaced.564 .,

«, 0~ d1bromoketones.

Ketones of the type ArCOCHBrCEBrir' give the ( -alkaxy



derivative eithar when treated with slooholie alkali solution con-
tairdng chloroform (to ineresse solubility of the ketone)l20 or
upon heating with the o w #loohol 117,656,665

dater or agquecus alkaline reagents, if mld conditions are

used, sometimes lsad to displacement of the © -bromine by hydroxyl
in <2 -dibromoucids and ketonesl92,195,412,624,662,666,667,0668 or
even displacement of both bromines, 69,67

The sotion of alkaline reagents upon ~\ -dibrowccarbonyls
and scids frequently results in & product which haa undergone dis-
placement of ons bromine stoz by scme musleophilic group and loss of
the other bromins stom as hydrogen bromide. For example, with sodium

ethaxide .0 -dibromobutyrie acid ylelds ~-methoxyerotonis scid
(xv11),637,6M

VI

Likewise the ester (IVILI) yields ethoxycitraconic acid (XIX) with
sodium ethoxide, 72

CH 0B (CO00 5 JOHRICOOCHs —>  ClizC(C00CaHg) (085 )C0C Al
AVIIX xx

Apother example is the use of sodium methoxide to prepare

(Acids of the type ArCHBYrCHRxCOUH appsrently do not undergo
the consurrent Md&'obnmwtim and displacement reaction with



alkaline reagents.)

With < £ -dibromoketones the product of a concurrent dis-
placesent and dehydrobromination seaction with alkalins reagents has
the ©-tromine displeced. For example with alcoholic potassium
hydroxide the following resciion ocours ;673

CeHgCHBXCHBICOCH, —>  CgligCH((C Hg)"0HCOCH

With ketones of the type ArCHErCHBrCUAr', sodium alkoxides have
frequsntly been employed to give products of the type
AEC{OR)=CHCOAT? . 69,300,112,113,117,120

Cther resgents ihat can give rise to & concurrent dis-
placemsnt and dehydrobalogenation reaction are aqueous alkall,
slecholic alkali, slcoholic ammonia, and amines. The product of
alecholic potassium hydroxide with <.C—dibromoketones is of the
type ATCOCEC(CR)Ar?,113,114,115,650,673  Louecus alkall, and
sometines sgueous alooholic alkali, yield & product of the type
ATCOCEC(GH)Ar from <.C ~dibromoketones.}11,313,115  Aguecus sodium
sarbonate gives a similar resultél? as toe following equation
shows

C i CHBICBr{COG g, JOHZCO0H  — Tl C{ ORI)=C(COCgH 5 ) CEGLO0H
Late392,393,3946,874  £oung aiketones of the type ArCOCHBrCHErCGAr!
with sodiue alkoxides gave & product of the type ArCOG(R)=CHCOAr!,
with aqueous alkali or alccholic sodium scetate gave
ArCOC(OH)=CHCOAT! and with amines in aloohol gave ArCOC{NHR)=CHCOArY,
Relchert snd KoldenheuerS64 found that methylamine scting on



d‘@-dmmmmpiaphmwa gave an £ —amino compound,
CHgCOC(MICE)=Cily,

#ith sodinm alkoxides or alsoholic potassium hydroxide com-
pounds of the type ArCOCHBrCHBrCOOR yield compounds of ihe type
APGOCHSC QR )CooR. 70

t~delydro-
brominaticn resctions presanted so far there are very similar
resctions ceeurring with ~,P-dibromoketonss in which the dis-
placenent of ope bromine atom is scoomplished by a nucleophilie
group within the moleculs toc jive a rearranged product. Isoxazole
formation and rearrangement of & chaloone dibromide to a
coumaranons or & flevone are typicsl examples.
“hen the oxime of phenyl < {-dibromoetlyl phenyl ketone
(XX) 45 bested above its melting point, 3,5~diphenylisoxasole
(XX1) is formeda!lf
CRgCHBrCHBrC(HOR)Celly —> c@,\c\-’t\:‘
ax N, A~ ™ Cefs
13X
Similarly, oximes of dibromoketones, with the general formmla,
ArCHBrCHBrC(=ROH)Ar', when treated with alcoholic potassinm hydroxide
yield 3-irtS-Ar-isoxasoles.??»117,649
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Chalcons dibromides, ArCHBrCHBrCOAr'!, when itroeated with
alksline reagants, pertiocularly alecoholic potassium hydroxide, can
give rise to & flavone (XXII) or a coumarancne (Xx311)100

o @)
W
SN
&— ArCHBrCHBrCOAr!' —> \ C=CH-fr
Ar N \O/
XX11 XXIII

Obviously the phenyl mucleus adjacent to the carbonyl group must be
sbstituted in the ortho position by & hydroxyl group, or deriva-
tive of the hydroxyl group. Such & structure may lead either to a
coumaranone by reaction of the hydroxyl group with the < ~bromine
stom or to & flavone by intersction with the (-bromine atom.

Von Kostaneki77:78,85,80,90,92 psurved that cold aquecus alkald
tended to favor flavone formation while hot aqueous alkall gave the
courmaranons., #wheeler, perhaps the most extensive worker in this
ﬁald,u7*m’m’676'm explained coumaranone formstion as ccour-
ring only when the ch&lcone dibromide yielded a @ -alikoxy
derivative (XXIV). Feiling the formation of this

O
COCHBrCH(OR ) Ar

IXIv

intermediste (XXIV), which is favored by hot alcohol as & solvent,
a flavone ie formed. Tims the flavone preparation procesds threugh

is favored by ecold

alcohol as a solvent or by pyridine.117,120,678



An interesting resction is that reported by Crommell and
Canghlan® 15 which one mola of amine displaced both atoms of
bromine in an ~, ~dibromcketone to ;ive a substituted imine
product (XXV).

Cefis

CgHsCHBrCHBICCgHy + Chqhiy —> Gﬁa%fi{ﬁﬁcoc s

The reactions of vicinal didromocyolopentanes and dibromo-
cyclohaxanaes with alkaline reagents resesble thoss previocusly
desoribed for « ¢ —dibromocarbonyls and ¢ ~dibromoscids in that
dehydrebromination, displacement of bromine, or both may ocecur,

Delydrobromination is illustrated by the sction of alecholie
potassium hydroxide on 1,2-dibromocyclopentane to yield
eyclopentadiens. %97  Cyclohexadiene-1,3 was from
1,2-dibromocyclchexane on treatment with sodium acetsts and scetie
scid at 180°C.5%0  g3unoueh dilute slkali hydroxide at 150°C. or
aquecus silver oxide at 100°C. are without sction.S80  1he
dibromo gives 8 small amount of cyclohexadiens with alooholie
potassium hydroxide®®l and s zreater amcunt with quinoline,682

Substituted vicinal dibromocyclopsntanes and dibromosucio-
hexanes are dehydrohalogenated similarly. On heating 1,2-dibromo—
1,2-dimethyloyclohesans with quinoline at 190°C. 1,2-dimethyloyolow
hexadiene~2,6 is ylelded.47° Other alkyl substituted
1,2-dibromocyclobexanes give similsr reslts with quinoline,465
aleocholie potassium kwdm&a,“%asn or sodium ethoxide, 683
liomrdn used dry potassium hydroxide at 200°C. with



l-mathyl-3,4(~dibrosooyclohexsne to obtain l-methyleyolobexsdiene—
1,3.5°  7he 1088 of two moles of hydrogen browide has besn cb-
served also with viocinal dibromomenthanes using slecholic potassium
hydroxide510,514,515,684  ,r sodium acetats in acetic acid.5lé
In gensxel 1,2~dibromocyclohexanes unsubstituted by an
activating group are more resistant to simple delhydrobromination
than the carbonyls and spids previocusly disocussed. Activation due
mmmmmﬁmmxmmlofmmh
of hydrogen browide from 1,2~dibromotetralin using & base as weak
&8s megnesiun caybonste. The product was reported to be
2-bromo-A ~dihydronaphthelens. ™2  sing secondary aliphatic
amines von Breun end Kirschbaum’Ol ocbtained a monobrom dihydro-
naphthalens (of undetermined structure) from 1,2-~dibromotetralin,
Sodium ethoxide gave naphthelens from the dibromotetralin.SOl
Hore highly halogenated cyclohexanes or dibromocyclohexenes yield
bensene or bensene derivatives on trestment with alkaline reagents.
The presence of & cerboxyl zroup attached to the cyclo-
haxane ring probsbly assists the dehydrobromination resction.
Thus 1,2-dibromo~l,3~dimethyleyolohexsne carboxylic scid-2 (XXVI)
yields 1,3-dimethyl- 1,3-eyclobaxadiene carboxylic scid-2 (XXVII)



on merely being warmed with 0.1¥ alkal1.438  Others Lave ob-
served similar exasples of incressed ease of dehydrobrosimation

Cﬁg
By
[ I [ ]: cootl
C‘“_B
CHZ)
YAV Y Q&AL

due to sctivation of the bansens m,m,se? or sarboxyl
groupé90,492,509,885 44 pectly attached to the cyslopentans or
eyclohaxane ring.

loss of only ons mole of hydrogen bromide wes observed by
Bakerd93 when ethyl 1,2-dibrosmcoyclobexane-l-scetate (XAIVIII) was
treated with sodiomslonic ester to yield ethyl
2-brono-A-oyclohexenescetate {X11X)

By
Ch,co0GMs cw,Co0 (Mg
—
By B

brosination with ohe hydrogen atom coming from a substituent

on the ring was observed whan l,mml-lmm (Xxx)
yielded 1-bensyl-3-bensel indens (XXXI) with pyridinedé3

@-w o @\——[/{ -

W, C
B CWaC M CW ¢ Wg
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then l-chlor-l,2-dibromooyelohexane wes trsated with uinoline a
mixture of chlorcbensens, l-chlovo-l-cyclobwxenc, i l-chloro-l,
5-cyclohexadiens resulted, 586

Displacewent of bromine without corourrent dely oromination
on treatment with alkaline resgenta apparently occurs only wit’
those vicinal dibromooyclopentanes and —cyclobexanes which posi..us
an activeting group attached to the ring. Thus 1,2~

oxylie acid-(l) yields cyelohexandiol-l,
Z-carvoxylic acid-l on warming with squecus sodium carbonate®87
and 1,2-dibroactetralin gives 1,2~dihydrexytetralin on waraing
with aquecus potassium carbonete.%88 sctivation of & bensene ring
seons to be indicated again by the reection of 1,2-dilyomotetralin
with ons percant sodium methoxide or megnesium carbonate in
methanol to yield l-methoxy~2-bromotetrslin.’%%  also 1,2~
dibromotetralin on short heating with potassium acetate in acetie
acid ylelds lwatm-enhrmum,mt&& and aqueous acetone
gives l-hydroxy-2-tromotetrelin.SOs88 g v reating of
1,2-dibromohydrindene with megnesium carbonate in aqueous acatone
produces 1-hydroxy-2-bromohydrindene.®®?  ryridine snd alechol
with 1,2~dibromohydrinens give l-ethoxy-2-bromoindane.499 There
are many other examples of displscemsnt reactions ovcurring with
vicinal dibromocyclohexanes due to sotivation of & bensene rings99
wmlmwatwmmmmhmweycm
ring.



Likewise 2,3-dibromotetralin yields 2,3-dihydroxytetralin with
potassium carbonate solution. 503 1,2-I4bromocyclopentane gives
cyclopantandiol-1,2 on hesting with potassiua carbonste solution.%0

Consurrent dehydrobrominetion and displacementi of bromine
with 1,2-dibromosyclohexsne cocurs on treatammt with sodium ethoxide.
The product is l-ethoxy-2-cyclobexane.®9%  with sodiomelonic ester
the diethyl ester of Z~cyclohexsnylaslonate is obtained from
I,Mbmwm.m’w Aloohwlic potassium hydroxide
yields chiefly 3-ethoxycyolohexene-1.496:68%  rrgatment of
1,2-dibromocyclohexane with aleoholic ammonia under pressure at
100-12C° gives a mixture of amind tyclohexene~l and 3-ethoxy-
eyclobexene-1,%93  with dimethylamine at 110-115° 3-dimethylemino -
eyclohexene~1 is obwm.&“ An analagous resagtion oceurs with
trimethylanine.5%% A1yl substituted dibromocyclohexanes behave
similarly with alkaline reagents, l-Bthyl-~l,2-dibromocyclchexene with
sodium ethoxids yields 2-sthyl-3-ethoxy-l-cyclohexene.?83 Treatment
with wethylamine at 115-220° converts 1,2-dibromo-l-bsnsyleyclohexans
into E~methylamino-l-bensyl-cyclobexens-1.404 The reaction with
dimethylamine is anslogous.%%% 1,2 8 9Retrabromo-p-menthane
(XXX1I) on warming with sodium methoxide in methanol ylelds bromo-
carveol methyl ether immx}"%

CHy - CH CH—— CH By

_-Hg = #

€H3-C¥ &ch-m{ —> 61{3-/ Qt.sn-fc;\
cnar-aag CHj cswc&;;)-—asg CHg

The vieinal dibromocyeclopentancmes and dibromocyclohexanones
when treated with alkaline resgents may underge dshydrobrominastion,
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displacement of bromine, or both reactions conturrently. Simple
dehydrobalogenstion 18 not often encountered with cyclobexanones since
the presence of halogen atoms and a carbonyl group in the same ring
makes formetion of a phencl®é7:348 or 15 the cese of a diketons,
formation of & quinone the preferred course of resction’93,556,559,
697,698,699, However, Wallach’ Y obtained s monbromo-p-menthenone,
of undetermined struecture, from l,2-dibromo-p-mesthanone-3 (AXXIV)
using potassium hydroxide. (4 compound of styucture similar to
RXXIV willi, however, undergc cleavage with potessium hydroxide on
occasion to yield a debrominated, saturated aliplatic acid53¥,)
CHy—CR
o S,
XXXIV

As the following eqations show, cyclopentamiionss have been
known to undergo both dehydrobrominstion and displacement of
bromina 334

Broc—Co —Co.
_GCHBr sodium acetate | >ousr
BriC—CO 7 BrC—CO
Bro£— G0 Br— CQ Brg~C—CQ
Seibr  metmamel.. | COMEr > CHOCHy

What appesars to be & conmurrent dehydrobromination~
&smmmmabw:mumuwwmmm
reacted tribromotetrahydrocarvone (XIXV) with amsoniated amyl
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aloohol to obteln & compound, Cygfiy 50K, which the writer believes may
be (XXXVI)

12
cgrcg >cﬁ~cm(cn;)z — c&g—t{/ >0‘E§~G
co — CHy co—cly O oHy
LEXV beS1') 4

¥orking with 2,3-dibromojuglone (XXXVII) Thomson’® cbasrved & de-
hydrobramination resction by using bolling ethancl and & displacement
reaction by employing aniline in bolling ethanol as the following
equations shows

o
7N /"\|
o | I |
oS i NN
l\ “ ‘-B( . s
N/ NS
ok O Cefsifia ~ NN
DOV >l .
ColigCH N VRN
o o

With vicinsl dibromicdes of oxygen heterccyclic compounds
strajightforward resctions, such &8 most of those reviewed hare so far
have been, ars not common with alkaline resgents. Ring ¢lesvage and
resrrangements frequently cocur. Thus (substituted) coumarin
dibromide (XXXVIII) may form & (substituted) coumarilic seoid (XXXIX)
with hot alecholic potassium hydroxide,338,591,593

7 ~ /Cﬁa\"

A\
/

| ‘ C\'\'B\' s l ’ ‘:“\"
/N ~° \\/\O/C'COO“
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#1der conditions, @.g., cold aleoholic mlkeld will merely remove one
mole of hydrogen bromids Lo form a moncbrom coumerin (XL)591,593,700

By
N\ /"\‘-Br Z >~ X _gr
] I - | i |
A b \0/1—‘-0 N\ e \O/C:O
IL

The coumerin dibromides, incidentslly, are quite unstable, 88,591,593,
702

2,3 ,495~Tatrabronotetrahydropyromcic aeid (X11) on being
treated with concentyated alccholic potassium hydrexide ylelds a
mixture contalning S-bromopyromacic acid,

B e——CuBr
g
XX
3,4~dibromopyromieic acld and J,5-dibromopyromucic acid, 74
“he resctions of dihelogenated dihydropyrans and tetra-

hydropyrans with alkaline reagents are very limited in nusber. 4ill
of the work reported in the literature is confined to 2,3-dibalides
or derivatives. Paul?0Z prepared 2,3-dichlorctetrahydropyran (XLII)
and treated it with sodium methoxdde in methancl to obtain 2-methoxy-
3-chlorctetrabydropyran (XLI1I1). He &lso reacted XLII with Grignard
reagents to prepare ml-}«hlamwdmwm.m

,/ Nt ,/ \\—Q‘
e o
ILIX ILITX



garlier, Paul377s7T% promineted dihydropyren (XLIV) st -17°C. in
ether solution to obtain unstable 2,3-dibromotetrahydropyran

(XLV) which he treated with quinoline to yield 3-bromodihydropyran
(XLVI). W®hen 2,3-dibromotetrahydropyren was added dropwise to lead

/ ~ VN -B\" / ~N -Br
= loe — 1|
No” No” N’
XLIV 1Ly hihsd

hydroxide, the product was 2-hydroxy-3-bromotstrabydropyran (XLVII)
which when ocovered with water for several days or trested with

{X1¥) yielded bis-(3-twomotetrahydropyran-2) oxide (XLVIII) which

7 S8y 7 N ge /S B’ \'

| ‘ 7 | loﬂ | 1__.0.._! !

\o/-B( ~o” No” hed
XLVII Xiviix

way be considered as the di-ether of XLVII. Paul578 also prepared
3,4~dibromotetrahydropyran (LI) by the brominetion of

& ~dihydropyran (L) which was obteined by distilling 3-bromotetra-
hydropyran (XLIX) from excess potassium hydroxide in glycol. LI,

By
7 Sipr IR w N g
L L PV
hed o’ o~
XX L b §

unlike the 2,3-dibromo snaloy;, was reported as very stable. Some
English workers’®> have prepared chloro compounds analogous to
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XLVII and XLVIII. Others’O° neve patented the displacement of one mole
of halogen from a di-or polyhalogenated tetrahydropyran using
anhydrous sodium acetste in acetic scid. Thus 2,3-dibromotetrahydropyran
yields 2-avetoxy-3F-bromotetrahydropyran.

Hoods and Senders’V’ trested 2,3-dibromotetrabydropyran with
amroniated alechols in the cold to cbtain the Z-alkoxy-3-bromotetya-~
hydropyren (LII). ¥hen this product was refluxed with excess

7 D.ge 7 ey 7N
l ‘-Br — ] l‘OR = ‘ -ok
iy LIIX

aleohelic potessium hydroxide, the formation of 2-alkoxy= &3. il by
dropyren(LIIY) ocourred. Cleaving (LII1) by dilute aqueoue acids in
the presence of 2,4~dimitrophenylhydrasone geve the 2,4~-dinitro-
phenylhydresons of S-hydroxy- A -pentenal (LIV). When 2-ethoxy-/-
dihydropyran (LV) was subjected to steam distillation from a strongly
X
l ‘ —> Cﬂaﬂﬂﬂmgﬁﬁ%)g
-OR
o7
LIV
acid medium, the product cbteined wes 2 pantadiensl (LV1). The
compound (IV) was the starting material for the work reported in
X
J |
No” OGNy —>  CHo=CHCH=CHCHO

w I
this thesis.
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DISCUSSION

The object of this work originally was to extend our knowledge
of simple tetrahydropyrans and dihydropyrans. Further, it seemed
possible that certain anticipated reactions of these substances might
lead to a synthesis of 3-bromohexatriene. In a sense these goals
were attained. The starting compound for this investigation was the
3,4~dibromo~2-ethoxy-tetrahydropyran (ILVII) which was obtained by

the addition of bromine to 2-ethoxy- « -dihydropyran (LV).7°'7

). B
N - 2N g
L ]
\O/ hy '\O/,OC-L“S
v Vi

The addition of bromine to (LV) was a rapid, exothermic
reaction at temperatures below =20° C. using either carbon tetra-
chloride or petroleum ether as a solvent. The reaction medium socon
became opague and orange colored. On removal from the cooling bath
the contents of the bromination flask took on a reddish color with
evolution of hydrogen bromide. It was expected that (LVII) would be
an unstable compound like 2 ,B-dibromtetrahydropyranf' »704 or a
2,3—dibronocyc10hemnone.538’ 546,549  gerorts to distill the crude
product after bromination led to decomposition with evolution of
hydrogen bromide. Poor yields of a yellowish product were thus ob-
tained. Conseguently, the crude product after bromination was added
immediately and directly to alkaline reagents in an effort to study
the reactions of (LVII). It soon became apparent, however, that the

produet isolated from treatment of the crude bromination product with
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either pyridine or cold alsoholie potmssinm hydroxide was, almost
entirely, unreacted Z-ethoxy-3,4~dibromotetrahydropyran. 7This material
distilled at reduced pressure without decomposition and indicated
that, if properly purified, (LVII) was sotually & stable substance.

Seversl different techniques were employsd in an effort to
discover a simple msans of purification. The carbon tetrachloride
solution, immediately after bromimetion, was shaken with agueous
potassiun hydroxide until the disappearsnce of the orange-red colory,.
The organis layer wes then separated and after removal of solvent,
distillation of the residue at reduced pressure attempted. Again
decompogition coourred to & large extent. Using alcoholic sodium
ethoxide or aqueois sodium bicsrbonete in place of the sguecus
potassius hydroxide did not alter the results. As another experiment
the orude bromination sludge was poured inte peroxide~fres ether and
this solution sheken with an aqueocus solution of equal parts of sodium
carbonate and sodium sulfite, The organic layer wap taken off and the
residue distilled st reduced pressure after removal of solvent.
Again marked deccmposition resulted.

It was finelly discovered that adding the crude bromination
product to an aqueous soliution of godium carbonate and sodium
sulfite and then steam distilling the mixture effectively removed
whatever impurity ceused the decomposition of (IVII). The product
cbteined in this way could be detilled st reduced pressure with total
sbsence of decomposition. 4 distilled sample wes stsble and color-
less for more than a year when stored in a stoppered flask even if
exposed to light. The axtreerdinery stability of this dibrom com-
pound was later exhibited by its resistance to hydrolysis by streng
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the same, loreover, and this emphasizes the stability of (LVI1), =
small amount of unchanged dibromo compound was recovered even after
forty-eight hours reflaxing with alecholic sodium ethoxide. %hen

the resctants were brought to reflux tesperature and then allowed to
stand for two days at room temperature, half of the product isclated
was umrescted dibrose compound, NHeither the 1iquid nor the solid
isomer rescted with sodium ethoxide below sbout 60° C, ‘However, there
i5 some indicstion that the liguid iscmer rescted more readily. In
several instences whers a mixture of isomers, of such proportions that
the nolid would not precipitste cut on cooling, was reacted, the
dibromo compowx recovered wes largely the solid isomer. This was
svidenced by erystallisation of a lerge portion of the recovered
material on ecooling.

The contants of the reaction flask after heating (LVII) with
sodiun ethoxide was first flooded with water and them extracted with
ether, and the residue distilled at reduced pressure, Two fractions
wars obtained of which the higher boiling was revesled to be un-
chanyed (L*ﬁz.).' As mentioned befors, the relative amount of this
fraction varded with the time of hesting ths resctants., The lower
boiling product appeared to be 2 sipgle entity on the basis of its
distillation behavior. However, bromine smalysls of this material
revealed it t¢ be & mixture. Ons compound was later isoisted and
ghown to be & bromine~free disthoxydihydropyren. The other compound
contained bromine, The bromine anslysis of the lower bLoiling mixture
gave values renging from 27¢% to 167 brouine. Sinse & monobromo-
ethoxydihydropyran would contain 38% bromine, it was assumed that this
material was & sdixture of diethoxydihydropyran snd & monobromo-
ethoxydilyrdropyren.
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It should be cbserved here thet the contribution of a bromine
atom to the boiling point of a compound is almost the same &z that of
sn ethoxyl group. fHence the diethoxydihydropyren and the monobromo-
ethoxydihydropyran should have very nearly the same boiling poimt. It
was found in thie case that separation of the two compounds by
ordinary fractionation procedare wns not feasible,

Additional trestmert of this mixture with sodium ethoxide
reduced the bromins content. Thus the mixture containing 162 bromine
ylelded a bromine-free compound oo refluxing longer with more sodium
ethoxide solution. In another experisent & sample containing 148
bromine was reduced in bromine content to 1% upon hesting for 30 hours
with asleoholic sodium ethoxide. Again, a sample containing 23-24%
bromine was glven tmo trestwenis with sodium sthoxide snd then over-
right beating with aleoholic potassium hydroxide to obtain a bromine-
free product. Usually & final treatment with metsllic sodium wes
employed to remove the last treces of the bromino-containing compound.

Apalyses for carbon and hydrogen content of the bromine-{res
compound gave values that corresponded to a disthoxydihydiropyran.

This compound on heating with dliute minersl scids in lhe presence of
2, 4~dimd trophenylhydrazine yielded an orange derivstive. Thie
2,4~Ardtrophenylhydrazons (LX11) hed & earbon 2nd hydrogen content
corresponding to that of a derivative of sn ethoxyhydroxypentenal
which may have the structure shown.

Cﬁgﬁ&ﬁgcimgﬁs)m%fﬁﬂ%)g
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Reaction of 2=-Fthoxy=3,4~dibromotetrehydropyran with Alooholie

Potaspive Pvd de
The action of alecoholic potaszium hydrowide on (LVI1) was

sirilar to the sction of alcoholic sodium ethoxide. A mixed product
resulted. The bromine content veried sccording to the time of treat-
ment., Thus dibromo ¢ompound heated with five parts of 157 aleoholis
potassium hydroxide for over twelve hours, yielded a product contain-
ing ebout 4% bromire as well as & little unreacted {(IVII). A low-
bolling fraction contalming ~'1.3% bromine was obtained by four hours
heating with 17 2looholic potassium hydroxide. The mixed product
eontained both (IXIV) and (1XVY). Consequently, aleoholic potassium

hrdroxide wes considered unsuitable as ¢ reagent for the preparation
of {IXVI).
Reaction of Z-Bthoxy-3,4~dibromotetrahydropyran with Tertiary Amdnes

The treatment of (LVII) with tertinry amines was not
productive, mwmwlamm as & reagent led to & vigorous reaction
from which the only product isolated was a nitrogen containing sub-
stance while use of dimethylaniline caused no resction other than
decomposi tion of the amine, ¥hen (LVIT) was refluxed with pyridine
and tolusne, the dibromo compound was quantitatively recoversd.
Attempts to remove one molecule of hydrogen bromide from (LVII)
with tertiary sxines were discontinued after these experiments,
Resction of 2-Ethoxy-3,4-dibromotetratydronyran ¥ ’

Potaseium acetate and 2~othmy—3,&-dibmmmdmpymn

were hested in dlethylene glyeol under reflux, The reasction com-
meneed with vigor followed by a derkeming of the solution and
soparstion of & precipitate of potassium bromide, The weight of
potassium bromide obtained was roughly equivelant to replacement of one



brovdne atom in (LVII). The odor of acetic acid became evident.
After psutralization of the scid, water was sdded, and the mixture
extracted with ether. 4 low-boiling frection as well as & high-
boiling fraction containing some unrescted (LVII) wes obtained. The
low=-boiling fraction is mainly & bromcacetoxyet

{LXVII or 1LXVIII) contamirated with what is probably some diacetoxy-
ethoxytetrahydropyran (IXIX). 7The carbon and hydrogen anslyses of

0COCH,, By 0COCH,
7 ey /‘\~ococ\~\5 7 -ocothy
| -l- C I ' l -0 G V¢
No SOt N C0Ms No”

LXVIX 1XVIIX LXIX

this liquid, apparently due to presence of (IXIX) geve values somo-
whet higher then those caleulsted for (LXVII or LXVIII) (3.5% too
high for carbon, 5¢ too high for hydrogen). All other possible
contuminants, o.g. wweacted (LVII) or a product resulting from
dehydrobrominetion, would tend tc give low walues for carbon and
hydrogen content. (FPreparation of (LXIX), stdch distilled only about
15° higher than (LXVII or LXVIII) was not attempted since it was
formed only on longer lweting of (ILVII) with potassium acetate and
consequently at the expense of (LIVIiI) whioch decomposes in the
presance of the acetic acdd formed in the resstion.)

Bhen (IXVII) was reseted with 2,4~dinitrophenylhydrasine
in the nsual narmer, an orange to red-orange derivative was obtained.
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The preliminary experiments indicated that & large excess of
potagsium hydroxide should be used to avoid extensive decomposition of
the organic material. Also mixing the reagents cold and then heating
led to 8 very violent reaction.

Eventuaily a steel cylindsy fitted with & large rubber stopper
through which passwi two inlet tubes, an ocutlst Wbe, a therzometer
well, and a sleeve for a stirrer was procurad. One inlet tube was used
to sdd (LVII) o already molten potassium hydroxide and the other
sarved to pass nitrogen into the cylinder. The cutlet tube led to an

air condenser which entersd a recsiver cooled in an ive bath.

Using tids apperatus and prehesting the potsssium hydroxide
to sbout 250° C, 1t was possible to obtain a distillate that yielded
a lower-bolling fraction and & higher-boiling fraction which was
unreacted (LVII). The presence of (ILVII) in the distillate is
probably partly due to a8 kind of steam distilistion, Commercial
potassiun hydvoxide always contsins water which was cbserved along
with the orgapdc material in the distillate. Alsc the temperature of
the oylinder walls was never yrocorded but may have been sufficient to
force some (LV11) over before resction could cccur, Agein thds
eumphasizes ihe umsusl stedbility of the dibromo compound (LVII).

The lower-boiling fraction was a sirgle entity. The bromine
content of this compound corresponded to that esloulatad for bromo-
ethoxydihydrepyren (IXIV). Thers was no evidanse of any product
resulting from bromine displacement in this reaction.

The technique was still unsstisfactory due to the exceassive
decomposition osourring in the stesl cylinder. It was decided to
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employ an inert diluent with (LVI1), Toluens was found satisfactory.
Tropping & sclution of equal parts of toluane and (LVII) unto the
nolten potsssium hydroxide merkedly decresased the deeomposition.

Later it wae diseovered that the nitrogen sweep was unnecessary. Thuse
molten potassium hydroxide treatment of (LVII) mede possible the
synthesis of (LXVI) in scospieble yields.

. Eetention of the ring structure of this compound was
demonstrated by hydrogenstion over palladium-charcoal catalyst. A
quantity of hydrogen corresponding to one double bond and one bromine
atom in the molecule was absorbed to form
(1X1). The identity of the hyd

genated product was esteblished by
prepering the 2,4-dinitrophenylhydrazine derivative (IXIX). This

/\\\\—Br 7 N

| | — | l
\O/'OC)_HS . \O/ ~ OCLHS
1XVI X1

dorivative gave no depression in a mixed melting determination with a

N
i | W CHROHOH J0siZCHoUH=MMHC gl (HO2)
~ o/- oChg

known sampls of the 2,4-dinitrophenylhydrasons of (LXI).



Carbon, hydrogen, and bromine analysmes of the low~boiling
compound a1l correspomded to that caleulated for the structure (LXVI).
Yoreover, on treatment with 2,4~dindtropheny

@ in the presence
of mipesral acida an orange derivative was obtained. Thim 2,4~

dixd trophenylhydrazsons (LXXX) on smalysis geve values for carbon and
hydrogen content that sgreed with thoss caleulated for a hydroxy-
bromopentenal derivative (LXXI).

7 % -By
|l e — CHaORCHCR=CErCHEMHC gl 3(K0R) 2
o~

The compound (LXVI) was a fairly stable liguid although difficult to
obtaln solorless, Ususlly obtained as a8 strew-colored liquid it
gradually deepened in color on standing but with apparently only ednor
decomposition.

An altermtive structure for the bromos

(1XXII). Eowever, as the historical portion of this thesis revesls,
Br
/%
|

- OC-,_\r\g

LXXYI

the product of dehydrobromination of an . -dibromosarbonyl compound
is slways thntmmhmmtbrwmrmmémmdmm@m
from the ~ carbon. Hence structure (LXVI), 2-ethoxy~3-bromo- /S -
dihydropyran, is preferred for the product obtained in this



imwestigation.

Attempts to prepare a known material, thmu}bmmum-
hydropyran (LXXI11)7%7 from 2-ethoxy~3-bromo- 4 ~dihydropyran (LXVI)
by hydrogenation of only the double bond without removel of bromine

e T
-oGH ~OC Mg
\O/ L g \O/ z
1XvX LXXII1

were unsuccessful, tut did yleld the redused product from which
brogine had been eliminated.
Preparation of .g,eg.z-(m-zf
¥hen (LXVI) was added with stirring to a cold sclution of
aqual volumes of concentrated sulfuric acid and weter, a solid was
obtained, This white stable solid on tyeatwent with 2,4~dird tro-
phenylhydrasine in the ususl memner yielded an orange derivetive
which proved to be identical with that obtained from (IXVI). Thus

structure (LIIV) was assigned to this solid, Apparently, (LIXIV)
arises by olsavage of (1LXVI) to form the M&h (LXXV). Sub~
sequent condensation of twe molecules of the hydrated aldehyde
yvields (1XXIV). The values given on anslyses of oarbon, hydrogen,

X g XX Be /\\-B\r bf//'\
o oW Ny TN
xvx LXxv 1XXIV

and bromine content corresponded ¢losely to those caloulated for
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(XXIV). Koreover, a Rast molecular weight determination using osmphor
gave a valus fairly oclose to the caleulated value. ILater, it will be
shown that (LXVI) and (LXXIV) yield the same product on acid
bydrolyeds.

The solid (LYXIV) is the same compound as that which was
obtained from the mixture resulting from the action of sodium
ethoxide upon (IVIXI). This confirms the presonce of (1XVI) as the
bromine-containing component in that mixture.

It should be noted lhere that compound (XLVIII) prepared by
Paul®77s74 pears a closs resemblance to (LIXIV). Due to the inability

/ DBy Br-/ =
oo
N O Ny
XINIIX
to hydrogenate the doubls bond without removing bromine in (LXVI),
no attempt wes made to comvert (IXXIV) to (XILVIIL).

2-sthoxy-3,4~dibromotetrehydropyran (1LVII) by treatasnt with strong
acide., Pirst (LVII) was shalken with warm 1:1 sulfurdc acid. The
mixture woa then sdded gradually to & sclution of sbout 30% sulfurie
acid under stean distillation conditions. The distillate contained a
small amount of the bromopentadienal (LXXVI) which was isolated by

sther extraction. This preparation was unsstiafactory because most
of the distillate was wrescted material. Agsin thds emphasises the
resarkable stability of 2-ethoxy-3,4-dibromotetrahydropyran. The
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steam distilistion from phosphoric seid solution., This solid did not
steam distill so only the hydrolysis produet, bro
(1XXVI) was isolated in the distillate., This preparstion of the

same sldehyde from (LXVI) and (LXXIV) helps confirm the structure
sssigned to the ether.

This aldehyde is a yellow, unstable 1liguid with a deeply
penetrating, scroledn~like odor. It attacks the muoous mmq and
functions as a very effective lschrymator. iistillation, aven a;t &
pressure of 2-3 mm. under a nitrogen atmosphare, is sccompanied by
decompogition., On two cocasions at & pressure of sbout 20 mm,,undey
ammawm,ammmmm»'mpmwmv
end of the distillation that the top of the thermometer and capillary
tube wers blown out and the fraotionsting column broken,

Carbon and hydrogen spalysis of this compound geve valuss
corresponding to structure (LXXVI). (The anslyeis was not as good
as desired due to the instability of the msterial. On combustion
it left a black dejposit in the capillary employed to weigh the sample.
This deposit occcurred on sealing the caplllery and persisted even on
extrems heating) It very readily formed a red 2,4-dim trophenyl-
hydrazone (IXXVIA). The earbon and hydrogen content given by

BENNHO gl 5(N02) 2

LXVIA
analysis of tris derivetive corresponded very closely to the values
oaloulsted for (LXIXVIA), A white semicarbeasone (LXXVIB ) was also
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obtained from this aldehyds. This derivetive gave analysis values
corvesponding only fairly well te the ¢arbon and hydrogen content

CH =CHCH=CBrCH=HNHC (Nl 5
LXXVIe
calenlated for (LXXVIIB) probably because of its instability. It
gradually decomposed without melting and even drying at slightly sbove
room temperature under vecuum csused some decomposition. Tids be~
havior resembles that of the semicarbazone of Wm&.m
50)=2.

Addition of the I-bromopentadien-2,4~al to excess methyl-
magnesium bromide in ether caused a vigorous resction with formation
of 3-bromohexadien=3,5-0l-2 (1XXVil), Ko derivative wes obtained from
this alechol. Treatment with phenylurethans or o(-paphthylurethans

apparently caused elimipation of water since the only products
mmdmtkwwmww“rmmdam; It was necessary to
establish the structure .c'ri‘ this aleohol by other means,

The aloohol was hydrogenated to a bromine~free saturated
sleohol (IXXVIII). The quantity of hydrogen sbsorbed agreed with that
caloulsted for a moleeule containing tmo doubls bonds and a bromine
atom. Oxidation of the saturated aloohol with dichromate yielded 2
ketone (LXXIX) which wse idemtified as n-butyl methyl ketone by
w &nd E,Mni~ .
derivatives., These gave no depression with authentic derivatives in
mixed melting point determinations. Hence the saturated alschol must

preparation of the semicarbas
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have been hexanol-2 (LXXVIII) and the product of the Grignerd
resotion must have been J-bromohexadien—3,5-0l-2(LXXVII).

CHp=CHCH=CBrCHO ——>  CHgRCHOH=CBrCHOHCHy —>

LXIVI LIXVII
CHyCHCHCH,CHORCRy  ——>  CHgCHCRCHCCH
IXXVIIX LXXIX

The unsaturated bromoalechol (LXIVII) was a colorless, viscous
1iquid whioh formed a thick yellow-brown tar if heated above its
boiling point for about one~half hour, Carben and hydrogen anslysis

of pure (LXXVII) gave values close to those calculated for that
structure.

Pasaing 3~bromohexadien~3,5-0l~2 through a column of
activated alumimm oxide heated to about 320° C. yielded s product con—
gleting of water and & yellow liquid with a powerful but pot un~
pleasant odor. This liquid was identifled as 3~bromohexatriens-1,3,5
(1XxX), derived from (IXXVII) by elimination of a molecule of water.

CH=CHCH=CBrCHOBCH —>  CHp=CHCE=CErCE=Clp
LIXVII LXXX

{pon distillation & colorless liquid was cbtained leaving bshind an
intensely blue materisl. The dark cobalt blues residue was a
characteristic intermediate polymerizetion or decomposition product
obtained from (1X*X) which was itself colorless whan pure.

It was previously mantioned that some semples of (LXXVII) con-
tained aome unrescted bromosthoxydihydropyran. This material, present
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in the aldehyde precursor, carried through the (rignard step still
unchanged ut upon pessage vver heated slumina gave rise 10 bromo-
peutadienal (LXXV1). Consequently pure sasples of bromohexatriens

could not be prepared unless the ether (LXXIV) was used as starting
saterial in the synthesis of (LXXVI).

An attempt to prepars bromobexatrieve by distillation with
jodine of @ sample of bromohexadiensol (IXAVII) conteminmted with
(1XVI) led to formation of bromopentadienal. The aloohol (LXXVII)

_wag unchanged.

3-Bromohexatriens was previcusly obssrved by rFarmer®®l to be s
yellow liquid. Ffis sample, for which no date otber than the boiling
point as %ﬁgm polymerized completely in twenty-four hours. The
aawuz._oue material prepared in this work was alsc quite unsteble and
vary difficult to maintain free from color. Usually it was stored at
dry ice temperatures in presence of hydroquinone, Under these oon-
ditiona samples remained unchanged for weeks. 3Slow polymerization
oceocurred at lcebox tempearstures in presencs of hydroquinone. One
sample remained at least partially liquid for twe months at room
temperature in a ug%_-u&g in the presence of hydroguinons.

Guantitative hydrogenation of pure 3-bromohexatriene-l,3,5
showed & hydrogen sbsorption squivalent to that ealoulated for 2
molecule containing three double bonds and one bromine atom. Carbon,
hydrogen, and bromine 3@«8&%%53%33@%&8&8
that esloulated for (LXXX),.
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The preparstion of a 3~bromobexatriene-l,3,5 marks the third
straight chain analog of bensens or its derivatives t¢ be syntbesized in
this laboratory. Previcusly, bhexatriave-l,3,5, amalogous to bansens, and
vinylhexatriene (occtatetraene-l,3,5,7), analogous to styrens, were pre-
pared’08,  Bromohexatriens is, cbvicusly, the straight ohain snalog of
broacbensene.
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solubility of asmonium bromide in aleohol.

The filirate of Z-ethoxy-i~browotetrahydropyran in slechol was
cautiously added in portions of ahout 300 ml. esch to o cold sclution
of 400 g. of potassium hydroxide (7 m.) dissolved in & minisum of 958
alochol (about 1500 ml.). 7The evolution of smmonia wss allowed to
subside between additions, The mixture was then refluxed for aix to
ten hours while removing about 2 liters of aleohol, "Mstilled water
was edded to the residus until mogt of the precipitated potassium
bromide dissolved and the agueous aleoholic solution was extracted
three times with peroxide-free ather. The etlsr extract wis dried
over magnesium sulfate, filtersd, and the solvent removed under redused
pressure. & solution of sodium ethoxide prepared from 2 ge of sodium
in a minimum of alcohol was then added and the distillation continued.
The distillate boiling above 40° under water agpirator vacuum was
collected and trented egein with core sodium ethoxide and redistilled.
The fraction boiling between 140° end 160° st stuospheric pressure
was collected and redistilled from metellic sodlum. Yield of 2
ethoxy-A-dihydropyran boiling at 152~155° was 180-210 g. (40-47%).

A product so preparsd remained without color for many weeks.
Z=Rthoxy~34-dibromotetrabydropyran (LVII)

In & l=liter J-neck flask immersed in a dry-ice acetone bath
were placed 430 g. of 2=sthoxy-A-dihydropyran (3.36 m.) and 200 ml.
of earbon tetrechloride (or 30°-60° pet ether). The flask was fitted
with an afficient stirrer, & dropping funnel, and a low-temperature
thermometer. 4 solution of 537 g. of bromine (3.36 m.) in about 80 ml.
of carbon tetrachloride {or 30-60° pet ether) was added tirough the




dropping funnel at such & rate tlLst the temperature was maintained
below -30%,

The red-orange sludge of crude 2-ethoxy-3,4~dibromotetrehydro-
pyren was tramnsferred to & 3-liter flask containing 100 g. each of
sodium sulfite and sodium ecarbonate in 400 ml. of water and steam
distilled as rapidly as possible. About 10 liters of distillate were
collected before a clear distillate, free of the dibromo compound, was
obtained, The water was separated from the more dense 2-ethoxy-3,
b=dibromotetraphydropyran and extracted with & small amount of carbon
tetrachloride. The carbon tetrachloride washings snd dibromo com-
pound were combined and dried over magnesium sulfate.

The carbon tetrachloride solution was filtered and the solvent
removed under reduced pressire. The residus was distilled at low
pressure. 2~Ethoxy~3,4{~dibromotetrahydropyran boiled at 80-85° at
0.3 mn, pressure. Yield: 670 g. (68%) of a mixture of isomers.

32 = 15140, 179 = 1.55. Anslysis: Caloulated for

Gl 2Br2023 Br,55.5
Found: Br,55.5,55.4

{n one occasion when Z-ethoxy-3,4~dibromotetrahydropyran
(mixture of isomers) was added dropwise, with stirring, to cold con-
centrated sulfuric acid, & smell amcunt of gummy solid was obtained
which recrysteliized in long, white needles from aqueous scetone., This
melted at 201° and was believed to nave the structure shown below:




Analysis: Caloulated for Gﬁimﬁrﬁﬁy C, 23.943 H, Z.813 Br, 63.7
Found : G, 2‘02?‘3 H, 3.00; Br, 641

It was not possible to duplicate the resulte of this one
expericent using elthsr one of the isomers or & mixtare of the isomers
of 2=athoxy-3,4~dibromotetrahydiropyran although & mumber of attempts
were made.

Isolation of Solid Ysomer. Two hundred and twenty grams of
“~gthoxy=-3,4~dibromotatrabydropyran, obtained by bromination of 2~
oﬂbhnwuzf-dihydmpm, wag dissolved in 8500 ml. petroleum ether

(20-40°) and the solution cooled in a vy Ice-acetone bath. Hhite
erystals precipitated which were collected by suction filtretion and
washed with cold petroleum ether (20-40°). After recrystallization
the solid isomer of Z-sthoxy-3,4=-dibromotetrehydropyran melted at
€0-1°, Yield: 56 g. anelysis: Caloulsted for

Gﬁmﬁrzazz c’ 29‘263 Bp &-20
Found: C, 29,193 H, 4.25

Preperation of Impure ligquid Isomer. The petro.oum ether

solation remaining after removal of ths solid isomer wes placed in &
distilling pot amxi the solvent removed. The residue was distilled
at reduced pressure (123° at 12 mr.) and the first two-thirds of the
distillate colliected separately. This product was belioved to be
mainly the liquid isomer. Tt did not yleld crystale upon seeding at
vory low temperatures. uﬁ’o = 11,5158

Hydrogenation of <-Ethoaxy=],/-dibremotetralydropyran. Five and
one-half grams of 2~gthoxy-3,4~dibromotetratydropyran (mostly liquid

isomer), 4 g. of sodium carbonste, 0.5 g. of 59 paliadium charcosl
ecat~lyet, and 75 ml. of 95% ethanol were slaken under hydrogen at



atmospheric pressure in & quantitative hydrogemation apparatus.
Absorption of hydrogen was rapid at first but progressively decreased
in rate. After 740 ml. of hydrogen mas absorbed (two hours) the
resction arvested itself. The theoretical sbsorption of hydroges re-
quired for hydrogenolysis of both bromine atoms was 800 ml.

The product was pot isclated btut a yellow 2, 4~dinitrophenyl~
hydrasone was prepared by adding an alcobolic solution, containing
hydrochloric seid, of 2,4-dinitrophenylhydrasine to the liquid
remaining after removal of solvent. This derivetive was recrystal-
1ized from ethyl acetate ami melted at 107-107.5%. A mixed melting
point determinstion was made with & known sample of the 2,4~
din trophenylhydrazone prapared from
mixture melted at 107,5-108°,

ahydropyran. The

Into & 300 ml. flask were placed 72 g. (0.25 moles) of Z-ethoxy-3,4~
dibromotetrahydropyran, 40 g. (0.50 moles) of pyridine, and 100 ml. of
toluens. The mixture in the flask was heated under reflux for two
hours by sn oil beth mintained at 140-5°, Except for & small amount
of tar at the bottom of the flask there was nc evidence of reaction,
After cooling, water was added and the mixture extracted with
petroloun ether (30-60%). The petroleum ether solution was dried over
sociun sulfate and filtsred. The only products obtained on distilla-
tion of the Liltrate were petroleum ether, pyridine and toluene
{boiled at 30-35° at 20 mm.) snd unrescted Z-ethoxy-3,4-dibromotetra-
hydropyran (boiled at 130~135° at 20 mm.). Sixty-seven grams of



83

a2-athoxy=-3, 4~ bromotetrahydropyren wers collected which, including
forerun and residue, accounted for all of that compound employed in
this experiument.
2Ethoxy-3 or 4
a 250 ml. flask fitted with an air gondensar were placed 50 g. of a-
ethoxy=3,4~dibromotetrahydropyren, 32 g. of anhydrous potassium acetate,
and 75 ml. of d&ath,ylm glycol. The non~homogensous mixture of which

the more dense dibromide formed the lower layer was hested with & amall
free flame. The potessium acetats dissolved in the glycol. After
sbout ten minutes a vigorous reaction cccurred with a consequent dark-
ening of the mixture and the precipitation of potassium brosdde. The
contants of the flask was boiled for five minutes after the majior
viclence of the reastion wes spert and then cooled to room temperature.
The odor of acetic acid was apparent. Concentrated po ium carbon-
ste solution wes added until the mixture was alkaline as deternined

by litmus paper. The mixture wos filtered and water sided to the
filtrate which was then extracted with ether. The ethor extract was
dried over magnesium sulfats, filtered, and the ether rewoved under
reduced pressure. The residus yielded 8 g. of material boiling from
90° o 100° at 10 ms. pressure and 14 g. of material boiling frow 100
to 130° at 10 mm. The higher-boiling meterisl was minly unreacted
gthoxy=3,4~dibronctetrehydropyran. The lower-boiling fraction was
2-athoxy-3-(or 4)bromo=é{or 3)acetoxytetrahydropyran which upon re-
distillation boiled at 90° at 12 ms. A redistilled sample of 2~
ethoxybromoscetoxytetrahydropyran (n25° = 1.4754) was analyved.

Calculated for CgfygBro,: C, 40.47; H, 5.665 Br, 29.9
Found: C, 41.95; H, 6.00} Br, 29.2
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8.5 times the weight of sample were dropped through the condenser into
the solution. After addition of sodium the flask was heated for
fifteen ninutes. Then about 25 ml. of distilled water was cautiocusaly
added through the condenser and the alechol evaporated Ly heating for
fiftesn to twenty minutes with no weter munring through the comdenser.
The contents of the flask were then cocled and washed into & small
erlienmeyer flask. To the smaller sasmple 5 ml. of comcentrated nitric
acid was edded and 8 ml. of the same scid was added to the larger,
Then 20 ml. of 0.1 Korsal standard silver nitrate was added and the
exvess sllver nitrmde back titrated with standard potassium
thiccyanate solution using < ml. of concentrated ferric sulfate solu-
tion &8s indicator.

4 seriea of preliminary
reactions were carried out employing both the liquid (impure) and
solid iscmers of 2~-ethoxy-3,4~dibrosotetrahydropyran with sodium
othoxide and alcoholie potassium hydroxide. The results of these
investigations were so poor in terms of yields, difficulty of lsola-
tion, and multiplicity of products that the reactions of the dibromo
compounds with these reagenis were not explored further than as
indiceted by the experiments given below.

L. The reaction of potessium hydroxide dissolved in ethanol
did yield a preduct identified as a diethoxydihydropyren. In a
l-liter flask were placed 290 g. (one mole) of Z-ethoxy~3,4-~dibromo-
tetrahydropyran (mixture of isomers) and 200 g. (3.5 molas) of
potessium hydroxide diesolved in 600 ml., of aloohol. The flask was
heated on the steasm cone for & few minutes until the reaction



commenced. 5o violent is the reaction that meterizl cen be lost
through the top of the condenser. The flask was removed from the steanm
cone and 190 g« (463 moles) of potassium bromide (one-third of that
theoreticelly aveilable) filtered from the contents. The filtirate

was edded to 500 ml. of & sclution of sodiunm ethoxide prepared from

30 go (1.3 moles) of sodium and refluxed for forty-eight hours while
resoving 500 ml. of sloohol. The derk yred sludge remasining was dis-
solved in distilled water and that solution extracted with ether. The
ether extract wus dried over magnesium sulfate for thres hours in the
cold end then filtered, After removal of solvent, the residue was
freotionated. The first fraction, boiling at $8-101° at 17 me. was

23 go of bromine-~free material. In addition § g. of umeacted 2-
ethoxy=-3,4~dibromotetrelydropyran and about 10 g. of tar were cbtained.
The <3 g. of lower-boiling material, disthexydihydropyran, distilled
et stmospherie pressure at shout 205° with decomposition. After
removel of a2 forerun fraction, the distillate was collected in four
fractions for which the indices of refraction were as follows:

aff" = 1.4410, 1.4408, 1.4408, 1.4410. A middle fraction was snalysed
for carbon and hydrogen content. Calculated for

Cofi1603: €, 62,773 H, 9.32
Found: C, 62.69; #1, 9.73

was prepared by heating one grem sach of diethoxydihydropyran and
2 ylpdini trophenylhiydrazine in aqueous aleohol containing hydrochloric
acid, Under thess conditions, the scetal link of the diethoxydi-
hydropyran is cleeved with loss of an ethoxyl growp and formetion of
the free aldehyde, §

An orange derivative wes
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obtainsd which after recrystellizsiion from agusous aicobol melted at
145°, smalysis: Caleulated for Cyghyglgy: G, 48.145 H, 447
Fourd: C, 48.14; B, 5.16
C, 48.08; H, 5.1}

B, The reaetion cf Loth the liquid and solid forms of
Z=-gthoxydihydropyran with scdiun ethoxide was explored. The results
were essentially the same. The yield of meterisl was very low and a
product which was free of brumipe was cbtained only with tha greatest
of diffioenlty. To 500 ml. of & solution of sodium ethoxide prepared
from 28 ge (1.2 m.) of sodium was added 310 g. (1.08 n.) of 2=
ethoxy=-3,4~dibromotetralydropyran containing relatively little of the
solid isomer. The solution was brought to boilimg on the steam cons
and then filtered to remove 90 g. (0.9 mole) of impure scdium bromids.
The filtrate was placed in & l-liter and refluxed for twelve hours at
the end of which time the resoction medium was agaln filtered. 4in
additional 42 g. of impure sodium bromide was obtained makiong a total
of 132 g« (1.3 moles) or about 60F of that potentially avallable from
the starting material. The slightly acidic filtrate wis poured into
an equal volume of water and extracted with sthar. The ether extract
was dried over sodium sulfate and filtered. After removal of the ether
the residue was distilled., A lower-boiling freetion, 90-104° at 14 mm.
was shown by analysis to contaln Z3.5% bromine. In sddition consider-
sbls unreacted d-athoxy-3,4i~dibromotetrshyd
which a major portion crystallised when stored in the ice box. The
lower-boiling product and the unrescted dibromo compound were added 1o
& l~liter flask containing 500 sl. of & solution of sodium ethoxide
propared from 28 g. (1.2 moles) of sodium. The contents of the flask




was heated for twelve hours during which time 250 ml, of alcohol was
removed. The residus was filtered to remove sodium bromide and the
filtrate heated for three hours with 200 ml. of a solution of sodium
ethoxide prepared from 8 g. of sodium. Nore sodium bromide precip-
itated. This was removed by filtrution and the filtrate refluxed for
another ten hours during which time most of the alcohol was removed.
The residus was added to 300 ml. of water and the mixture extracted
with ether, The ether extrsct was dried over sodium sulfate in the
ice box and filtered. After removal of solvent, the residue was dis-
tilled to obtain 58 g. of a erude frection containing aboutl 7-10 g.
of unreapted 2-ethuxy=3,{~dibromotetrenydropyren. This product was
added to a 500 ml. flask containing 30 g. of poteassium hydroxide dis-
solved in 200 mi. of alochol and refluxed for twelve hours during wideh
tine mwost of the alcohol was removed. A precipitate of potassium
bromide was evident., Idstilled water was added to the residue which
was then extrected with ether. The ether extract was dried over mag-
nesiur sulfate in the ice box and then filtered. After removal of
solvent the residue was distilled. In addition to some terry residus
and & little high-boiling material there was obtained about 30 g. of
diethoxydihydropyren free from bromine. nZ7 * 1.4445. This material
yielded the seme 2,4~diritrophenylhydrasone on sppropriste treatment
as was ylelded by the material obtained in preparetion 4 above,

from Z-ethoxy-3,4~dibromotetrahydropyran by one aleoholic potassium
nydroxide followed by one sodium wthoxide treetment, (preparstion A
above) was dissolved in 20 ml. of sbsolute alcobol and hydrogenated
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in the quantitative spparatus ower 0.5 g. of 5§ palladium-charecal
catalyst. Theoretical absorption of hydrogen was caleulated to be

1120 ml., After one hour the hydrogenation arrested itself after 1145
ml. of hydrogen had been sbsorbed. The produet (7.3 g.) of diethoxy-
tetrahydropyran had = 1.4311.

B. Twenty-ons grams of the diethoxydihydropyran cbtained in
preparation B deseribed sbove was placed in a 200 nml. bottle containing
1 g. of 5% pe poal, 1 g. of potessium carbonate and 75 ml,
of absolute alcehol. lHydrogen was forced into the bottle to give &

starting pressure of 25 p.s.i. and the bottle repidly shaken. The
pressure &t which ths hydrogensticn srrested itself was 16 p.s.i.

For this apparatus the csloulated pressure drop required for the
hydrogenation of one double bond was 8.7 p.s.i. The reaction medium
wans filtered, the alcchol removed, and the residus distilled.
Diethoxytetrahydropyran (18 g.) boiling st 93° at 15 ma., n28 = 1,4315,

was obtained. Anslysis: Caloulated for CgfiyaOsq: €, 61.743 H, 10.34

Found: C, 6Ll.74; H, 10.57
Etl‘.?ls 10.39

Thirty grams of Z-etboxy-3,4{~dibromotetrahydropyren was vigorously
shaken with 300 ml. of hot 504 sulfuric acid for fifteen mimites, fThe
brown emulsion resuiting was slowly added to a solution of 50 ml. of
85% phosphoric scid in 200 ml. of water which was undergoing steam
distillation. The distillate was continued until the odor of
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over magnesium sulfate. The solution was filtered, the soivent re-
moved, and the residue distilled under reduced preassure. The fraction
boiling at 85-100° at 10 mu, was crude 2-ethoxy=-3J~bromo= A?:.dihympym.
Yiold: 41 g. (48%8). In addition unreacted Z-ethoxy-3,4~dibromotetra-
hydropyran bedling at 125° at 10 mo, wes obteined, Yield: 35 g.

(29% recovery). Basad on the 2-sthoxy-3,4~dibromctetrahydropyran
recovered the crude yield was 67f. The owverall yield of pure 2=
ethoxy~3-bromo=A ~dibydropyren from & batch of 2-sthoxy=3,4-dibromo-
tetrahydropyran, when the latter was recovered ard reused, was about
5OE. Redistilled materisl boiled at 88° st 10 ms. nAl = 1.4900
2% 1,385, Analysie: Caleulsted for

&

CoftyoBrOa: C, 40,603 B, 5.35; Br, 38.58
L Found s E‘: 40,683 !i: 5.493 ﬁr: 38.50

(IXXI). One gram sach of 2-6thaxy~3=bromo-A ~dihydropyren and 2,4-
dindtrophenylirydresine were heated on the stesm bath with 50 al, of
95% aloohol. 4 clsar golotdon resultsd in a few minutes. Then 2 ml.
of vaomamw hydroohkloric acid was added and the hesting continued
while &bout 20 al, of weter were gradually added. Under these condi-
tions the scetal 1ink in 2~ethoxy-3-bromo—/-dihydropyren was cleaved
with slimination of an ethoxyl group to form the free sldehyde, Z~bromo-
S-hydroxypenten-Z-al (LXXV). The hot agquecus aleoholic solution wmas
filtered and an orange solid orystallized from solution on cooling.

It was isolated by suction filtration, washed several times with water
and dried in the air. After one recrystaliisstion from bensene~

pot other mixture and two from aquecus alechol, the derivative (LIX1)



melted at 159-160° with decomposition. Anslysis: Caleulated for

Founds C, 36,943 H, 3.20

Hydrogenatlol

- a—omc

grams of 2—~eﬂmxy¢ f-dimﬂropmn, 12 g. of sodium carbonate, 1.5 g.
of 5% pslladius-charcosl eatslyst, and 25 ml. of distilled ethancl

were pleced in & bottles, Hydrogen at a pressure of 20,5 p.s.i. wag
forged into the bottle which was then mapidly shaken for two hours,
The hydrogenation arrested itself at a pressure of 12,5 p.s.i., & drop
of B p.s.i. The theoretical pressure drop required for saturetion of
one double bond and hydrogenclysis of one bromine atom was 7.4 p.s.i.
Water was added to the bottle and the eontonts then extracted with
ether. The ether extract was dried over sodinm sulfate and filtered,
After removal of solvent, & colorless liquid, Z-ethoxytetrshydropyran,
boiling st 44° at 13 mm., 13/ = 1.4260, was obtained. The liquid
yvielded a yellow 2,4~dinitrophenylhydresone which gave no depression
in & mixed molting point determination with the derivative obtained
from a known sample of 2~ethoxytetrabydropyren.

Fumerous other attempts 10 hydrogenate 2-eLhoXy=3-bromo=a =
dihydropyren in oxder to obtain 2-ethoxy-3-bromotetrahydropyran were
unsuccessful. Using Faney nickel, palladium-charcoal or Adems'! catalyst
either hydrogenolysis of bromine ogcurred (to form 2-gthoxytetre-
hydropyran) or the hydrogenation quickly arrested itself as 12 the
catalyst were poiscned,

Di=2~( 3-bromo-~~ditydropyranyl) ether (LIXIV). To & solution
of 250 ml. of concentrated sulfurio acid in 250 ml, of water, contained
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in 8 l~-liter {lssk lwmwersed in ice water, 138 g. of Z-ethoxy-3~
b,m-g—dihy@r@ymn was slorly added. The aecid solution was kept
below 5° and repidly stirred during the addition. Solid appesred very
quickly, The stirring wes contimued for fifteen minutes after all the
Mtkmﬁi%m&@*g-éﬁzyﬁropmn hed been added. ibout 200 g. of Lce
wes added to the contents of the flask which was then Tfiltered. (The
odor of Lromopenisdienal was evident,} The presipitate was washed
thoroughly with water, then slcobol, amd dried in tbe air. Yield:

76 g. (69L). Ei-z-(}-bmmp-tf’ ~dilydropyranyl) ether melted abarply at
143° after recrystallization from sguecus acetone. inslysis:

Caloulated for CyofiyaBrady: C, 35.43; 4, 3.563 Br, 47.00
Found: C, 35.12; H, 3.58; Br, 47.24

& 2,4~dinditrophenylhydrazons was prepared from diede{J«bromo-
S ~dihydropyrenyl) ether by boiling the ether with 2,4~dinitrophenyl-
bydrazine in agueous aloohol to which hydrochloric acid hed been
added. The orangs precipitate obtained melted at 159-160° end gave ne
depression in a mixed melting point detersination with the 2,4~
dinitrophenylhydresons (LXXI) obtedned from 2-thoxy-3-bromo-/S -
dihydropyren.

-Promopentadien-2,4-al (IXXIVI). Thirty grems of di-2-
(3-bromo- A—dihydropyranyl) ether was sdded to a warm solution of 185
ml. of 85% phosphoric acid in 300 ml., of water in a 2~-liter flask and
stean distilled. Each 200 ml. portion of distillate wss collected,
som® 106 and salt added, and finslly extracted three times with per-
oxide~fres sther., ifter about 3-4 liters of distillate had been
collected, another 30 g. of di-%—(:;-—bm—»AWl} other was
added to the steam distillstion flask. Distillation and extraction



wore coptinued until the odor of 2-bromo-pentadienw-2,i~al could no
longer bo detected in the distillate., The contents of the flask were
2 clesr amber with only slight evidemos of decomposition having
occurred.

The ether extract of sbout l-liter volmme, now a light green,
was dried over magnosium sulfate in the cold and fillered. 7The ether
ras resoved under a nitrogen atwosphere at reduced pressure. The
residue was transierred to & smaller flask, a litile hydroyuinons
added, ard distilled in & nitrogen stmosphere. 7The fraction bolling
at 48-52° at 2~3 mm. (or 78° at 10 mn.) was 2-bromopantadien-2,4-el,
still yellow after redistillstion. Yield: 27.2 g (48%) n25°= 1.s862.

Mﬁa: Galeulated for esﬁsml G, 37.303 ﬁ, 3013
Founds: C, 37.68; H, 3.60

(rs. Aldridge, the analyst, reported this aldehyde to be an wmsually
difficult ssmple to analywe as mentioned in the discussion section of
this thesis.)

(LXXVI-A).
When treated in the usual mamner with 2,4~dinitvophenylhydraszine,
2-bromopentadien—2,4{~al ylelded a derivative very readily. This red
2,4~dini trophenylhydrascne darkened before melting &t 1557 with decom-

position. Analysis: Caleulated for CyiHoBrog.: C, 38.73; H, 2,66
Found C, 3&;76; ﬂ, 2.07

ia4ma) (LIXVI~B). 4an
agqueous suspension or aleoholic solution of Z-broswpentadisnal added to
& solution of semicarbaside hydrochloride and potassius acetats in

‘ X gmeion snra
e S35 s LA AL

water readily yieldsi a flocculent whits precipiiate. This semi-
carbasone derivative (1XIVIII) recrystallised from aquecus aleohol in
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lustrous plates. It graduslly darkensd on heating and decomposed at
about 150-160° without melting. Analysis: Caloulsted for

CelighrOliae €, 33.05; H, 3.70
Yound: C, 33.46; B, 3.86

ohexadien—3,5-0l=2 (LXXVII). lNethylmagnesium bromide was
prepared by bubbling methyl brozide into e mixture of 200 mi. of
anhydrous ether and 8 g. (.33 moles) of magnesium contained in a 3-neck
flask fitted as uswal for a Grignard rescticn. then all the magnesium

had diesclved, an ice-water bath was placed about the flask and a
solution of 20 g« (.13 swles) of bromopentadienal in 50 ml. of ether
wae slowly added. A vigorous resction ensmued. The resction medium
was stirred for an additional twenty minutes with the cooling bath re-~
roved. The product was poured into & l~liter separstory funnel con-
taining ap intimete wixture of crucked ice and smmonium chloride., After
shalddng the funnel en emlsion was obtained betwesn the ether and
water layers. This emclaion was treated with anhydrous sodium sulfate
and the ether derived from the smmlsion combined with the original
ether layer. The combined ether extract was dried over msgnesium
sulfate, filtered, and the solvent removed under recduged pressure in a
ritrogen atmosphere. The residue, distilled in & nitrogen atmosphere
in the presence of hydrogquinons yielded 18.5 g. (83%) of I-bromo-
bexadien=3,5-01-2 botling &t 56° at 0.8 mm. nf° = 1.5335. Analysis:

Caloulated for CglighrOs C, 40.70; H, 5.12

Found : q; 49.753 H; 50‘6
", m.%; K, 5‘”

When 3-bromohexadien-3,5-cl-2 was treated with phenylurethan
or X-naphthylurethane in the usual manner, marked decomposition
occcurred. The only product isclated was the corresponding urea.



hexadien—3, 5-0l-2 to Bexanol-2
(IXXVIII). Three grans of 3-brompchexadien~3,5-ol-2 in 95§ ethanol
was hydrogenated over 0.1 g. platinum oxide at approximately one

atmosphere pressurs. The starting pressure was 18.4 p.s.i. After
twonty-seven mimtes the hydrogenation errested itself at 14.9 p.s.i.
Using this apparatus the csloulated pressure drop was 3.5 p.s.i., the
same 83 the cbuerved pressure drop. In 8 sizilar experiment 4 g. of
bromohexadienol was hydrogenated and the product isolsted from the
solvent aloobol. The boiling point of this product was 13¢°. (The
litersture value for the boiling point of hexanol-? is 136°)

potassium dichromate, 10 al. of water, and 0.6 g. of hexancl-<
{obtained by reduction of I-bromchexadien~3,5~0l-2) were placed in &
100 ml. roupd-bottom flask and rapidly stirred. A sclution of 3.3 ml.
of concentreted sulfuric acid in 10 ml, of water was added in small
portions while cooling the flsask. A beoker of werm water was then
placed around the flask and & tempereture of 50° was meintained during
fifteon smlnutes of stirring the acld solution. The contonts of the
flask was then steam diztilled and hexanone-Z was obtained in the dis~
tillate.

the oxidation experiment deseribed sbove was treated with an acidie
solution of 2,4~dinitrophenylhydramire in aqueous alochol. An orange
derivative was cbtained which melted at 107-109°. ¥hen mixed with a
known senple of the 2,4-dinitrophenylhydresone of hexanone~2 the melt-
ing point was 107-109°,
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The distillate obtained on stesm
distillation of hexanone-2 yielded s semicarbazone melting st 123~

1247, 4 rixed melting point detemmination with a known sumple of the
sapicarbazone of hexanome-Z showed no depression,

hexadien-3,5-0l-2 was distilled under & nitrogen atmosphere into a
column, 19 ma. in diemeter, packed with 3-14 mesh activated alumioum
oxide for a length of 25 cm. The column was wrapped with nichrome
wire by which 1t was eleotrically heated to 315-325°, the temperature
at wideh 41t was meintained during the dehydration. A pressure of less
than 1 mm. wes obtained by means of an cil pump. The product exiting
from the column was caught in &8 receiver immersed in a Try Ilce-~
acetons bath, After distillation of the alcohol (which slwsys left
behind a tarry residue) was complete, the receiver was disconnected

and anhydrous potessium carbonute added to the contents which included
water and J-bromchexatriene~l,3,5. The contents of the receiver was
washed into a amall Buchner fummel by means of peroxide-free ether and
suction filtered. 7he filtrate was transferred to a small flask
arranged for distillatiom under & mitrogen atmosphere and a little
hydroquinone added. After removel of the solvent, 4 g. (20%) of
3-bromchexatriena-1,3,5 distilled st 42° at 10 ms. o8z 1.5683
12%°= 1,320, Analysies Caloulated for

Gsﬁ’]ﬁ?t 0, 45&&3 &; 4'“5 ﬁl‘, 50'25
Found: C, 45.855 H, 4.63; Br, 50.62

The distilling pot contained a residue of deep blus color which was
always observed in this distillation. The bromohexatriens iteelf
quickly took on color, At Try Ice temperatures samples could be kept



for a period of weeks in tle presence of hydroquinone., 4 ssmple
remsined essentially unchanged after twenty-four hours in the ice box
over hydroquinone. The instability of bromohexsiriene was clearly
shown by snalyses of first, a sample of freshly distilled materisl and
secondly, a sample taken from the same product after two hours at room
temperature, Analyeis of first sample: C, 45.91; H, 4.80. Analysis
of second semple: C, 46.233 B, 5.64.

uaptitative Hydrogenation of J-Bromohexatriene-1,3,3. Into a
200 ml. bottle were placed 0.312 g. of bromohexatriene, 0.2 g. of
platimm oxide and sbout 60 ml. of 95% ethanol. The bottle was con-
nooted to the quantitetive hydrogenation apparstus and the bhromo-
hexatriene hydrogenated at atmospheric pressure. In forty minutes the
reaction arrssted itself after an sbsorption of 258 ml. of hydrogen.
Theoreticsl absorption ealeulated for redustion of the platirum oxide,
saturation of three doubls bonds, and hydrogenclysis of one bromire
atom was 215 ml. (10% error).

Four drops (approximately 0.09 g.) of pure 3-bromohexatriens-1,3,5
were dissclved in 25 mi. of purified cyclohexane. Two ml. of thias
solution waas dissolved in 100 ml. of cyclohexane and then 4 ml. of this
second solution dissolved in another 100 ml., of cyclohexane., This
final dilution gave a suitable concentration (approximately 2 X 1073
moles por liter). No attempt was mede to weigh the bromohexatriene
because of its instability in air. FHence only the relation of per-
cent transmission to wave length could be obtained. The results as
determined in a Beckmarn quarts specirophotometer using a cell



1,000 cm, thick are given below and plotted in Fig. Ib {p-76).

tave Length in Percent tave langth in Feroent
Mllimicrons Transmission #Hillimicrons Transmission
340 100 268 43.4
330 oL 267.5 43.0
3& 9908 2‘8? 43»3
30 99.8 266 45.4
300 98,8 268 48.0
298 98.1 264 51.0
206 7.1 263 53.1
294 95.5 262 5447
292 Ghrond 261.5 55.0
2950 91.9 <6} 55.1
288 88.2 260.5 55.0
286 8l.8 260 55,1
284, T3 259,5 54.8
283 65.3 259 548
283 59.9 258.5 5445
23 8 5442 258 542
280 5140 257.5 55.0
279 492 257 55.2
2785 49.1 256 56,8
g 49.2 255 58.7
2T15 5041 254 61.5%
& 5049 253 63.1
276 5244 252 65.1
275 S5bhed 251 66.3
L5 540l 250 7.2
274 5ol 249 €7.9
2735 5bel 248 68.8
273 54‘2 2&5 71'&
27 52.5 244 73.3
m 59»9 w 76.0
270 46.7 240 78.1
269 4ok 230 84.4

sample of pure I~bromohexetrisne~l,},5 in ap absorption cell 0.1 mm.
thick was used for the determination of the infrered sbsorption
spectrum, The instrument was & ferkins and Elmer Infrared Spectro-
photometer. The work was kindly done in Dr. Plyler's laboratory in
the Rediometry Section of the Bureaun of Standards, ¥askdngton, L. C.
The spectrum is presented in Fig. II (p~77). There was no spectryum of
a similay compound available for comparison purposes. Dr. Plyler



belisves the sbsorption bend at 13.9~14.5 rmierons may be attributed to
the carbon-bromine bond stretohing.

of brosmchexatriens was dissolved in 5 sl. of carben tetrachloride and
cocled An an ice~water bath. & solution of egual volumes of bromine
and carbon tetrechloride wes slowly sdded until the bromine color per~
sisted. The reaction medium was then heated on the steam core until
all solvent had besn removed. Fetroleun sther (30~60°) was added to

the dark residue and erystals appeared when the mixture was cooled to
sbout -50°, After recrystallization the melting point was 87-8°,

Anslysis: Calsulated for Cgiinfrg: C, 15,053 H, 1.493 Br, 83.6
Found: C, 15.39; B, 1&66! Br, 84.1

One gram of bromohexatyiene and 1.5 g. of
mrymumdmm«mummmmlmmwﬂ. of anhydrous
benzens. After briefly heating the flask was stoppered and left for
forty-eight hours. The solvemt was then partially removed and the
aolid formed isolated by suction filtretion. This solid, slizbtly
colored, was not soluble in any of & large musmber of organic solvents
wested. It did dissolve in 108 sodium hydroxide solution but no solid
was yielded uwpon subsequent aeidificstion. Since this product could
not be jurified, further investigation was abandoned.
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Semuel C. Temin, Doctor of Philosophy, 1949. (Me8., University of
Meryland, 1943; B.S., Wilson Teschers College, 1939)

Title of Thesis: "Htudies in Pyren shaﬁistryz Synthesls of 3-Bromo-
hexatriene~=l,3,5.%

Thesls directed by Dr. G. Porrest Woods

¥elor: Urgenic Chemlstry

¥inors: Pnyéical Chenlstyy, Inorganic Cheumlsiry

Tages in Theelsy \27 Fords in sbstrsct: \bO

ZeEthoxy-3,4=-dibromotetrahydronyran wag prescred by bromingtion of
2~athaxy-bf-ﬂihyﬁyapyran. Twe geomatyricsl isomers of this subzstence were
obteined, The reactions of Z-sthoxy«3,d~dibremotetrehydronyren with
slizsline retgents were studied. & wdxbure of & diethoxydihydropyren and
2~sthoxy~3-bram@~Lgcdihydrapyr&n weg obteined using sodiuve ethoxide.
Alooholic »otessiun hydroxide geve miziler results. Potassium sceteste in
diethylene glveol led to & displacement of brosine by scelste ion. No
rocction weg effected by terticry emines. The sddition of & toluene
solution of J-pthory-3,4i-dibromotetrahydropyran to solien rotassiun

hydroxide st sbout 2509 C. gave accerteble yields of a—eth@xy~3~brsmmutf-

dihydropyran.
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LA A rzme:.y—bz —dihydropyren yielded en ether, di-2-{3~bromo- NG
orrenyl) ether on trestment with eold 1:l mulfuric seid, The sther wee
sdded Yo » chosshoric zold solution snd the pixture steon dlstilled.
Z-firovopontedien-dyd=el wes obbsined end trested with methyleosgresgium
bromices The oroduct, Z-bromchexsdianed,S=ol-2, wer cstalybically de-
hyvireted in & nitropen ebteosrbere =% reduced oressure to vield 3-bromoe
haxatricne-1,3,5.
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CHp=CHOHRCBROSCH,  &————  CHy=CHOHSCErOROHCH,

& centebrope eompound weg obtalned v the sddition of broxine to
J-brorohexstristo~1,3,5. The ultraviolet sapd infreved :bsirption

snactra of 3-browohexstriene-~l,?,’ wore deternined.
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