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PREPARATIONS

* t
Compounds of the type -C-C-A where A is  considered to  be an

t tBr Br
activating group such as the aldehydo, ace ta l, keto, carboxyl, es te r, 

e tc ., have been synthesized in great numbers both for study of them­

selves and also for purposes of id en tifica tion . Vicinal dibromo 

five-member and six-oembered non-arosatic ring coa^ounds have also 

been extensively reported.

In general, the preparation of !\ -dibroaides 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 iso la tio n . Even here the variations are 

not extreme. The solvents most commonly employed are acetic acid, 

chloroform, carbon tetrach lo ride, diethyl ether, carbon d isu lfide , 

petroleum ether, e tc . 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 c r itic a l and frequently the value chosen was for 

the convenience of temperature control. The mode of iso lation  depends 

prim arily on whether the product is  cry sta lline  or liqu id .

Variations from this general procedure include:
(l) Bromination of a saturated precursor. Bartsch \  pre­

pared an * $ -dibromo derivative (III) from >-acetyl-5, 
6-benzocoumarin (II) with bromine in acetic acid at
100° c .



CO k/

^BkCOOBj
00

II I I I

ĵ MSOiSiSjt00»Elfê  braBtnatod succinic acid to  obtain dibrosso- 

succinic add*

(2) Brednatlon of an unsaturatod amgrnmi using K-fcrono” 

sood d d d o or ste lla r  reagent^. Hcwton̂  praparad

1 gg a by^pfoduct through tin

action o f N-^jronosuedntelde or Qyoloh w m  •

(3) Oxidation of an alcohol to an acid or kotono, or of an 
ald&hyde to an add* In this sammor °<,f-dibroiao~ 
proplcaaduB ^ . f * jfoffsmfaftftyfrby*i batons,

$-<3teroisob«nsaX acotoaa,2̂  ethyl ?,X-dbroao* 

fcato butyrat#^ and -chloro, <* ̂ -dbroao butyric 

a d d ^  hem bean js'oparod* By ehrodo ”̂ 1^* coddatlon 

-< <?«-dtbroiK30dplc add m s obtained ifcom 3#4̂ brosa>-2,  

2-dbydrs^j^3joteaiia

(4) Treatwant of a dladna with d tro sy l bronids.

^^-ribraao propionic ad d  *&a obiatesd th is way from 

A^-dSadiiQ prop!onto a c id .^

(5) Act!cm of d aso  jaathsns on m  aldehyde* This unusual 

astbod was oaĝ Xoyed to yield  ethyl laethyl

ketone fro® ̂ .^dbroaopdonaMs^da

(6) 090 Of hydrotoomie ao!4. tha propamUon o f *P-dibrono-
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butyric m id  in  claimed by shaking df̂ DSDCOdl with
17SM3flk&6HQÎy&l IŝPOSiî yd̂k ■ •

Thu c< ^Mlibroao compound# reviewed In th is tfreefre haw been 

diirtded aeecMpdiog to  sntiw iij^g group and presented in  tables*

Within each table* where a largo nunbar of cos$x?unds a m  reported, 

a farth er subdivision Into type has boon node fo r the oak# of 

c la r ity . Often only one re f’m m m  hm bum selected fo r each cosh 

pgqflyi whew if ra ia l were

iAtxis i. jji a  geisiaeuu eosgMjAtion of °< vy Ka&jHM ajwwyaaB 

and aee ta ls, containing no other activating functional group in  the 

Molecule, which haw  been reported in  the lite ra tu re .
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TABUS I

Cawpwart ESBB«£la» M m m

CHjBrCHBrCHO *>0.345 X6

CHjBrCHBrCHC b^j >127-129° IS

CH2BrCHBrCH(XH3)2 b ^  103° IS

CHjBrCClBrCHO b55 105° d20 2.17 19

CHjCHBrcaartaio liquid
bu  75-62° 20

CK2B*CBr(CH3)CH(tC2H5)a b jj 137° 21

CHymBK%BiC8(X^j)2 b jj  113-114 ( s i . dsooepru) 20

CHoCHBsrCClBrCHO o il
nob d isttlla b le j hydrate ■ 45-50° 13,22

CHjjClCRBrCClBrCHO o il 23

CHjBrCHBrCBrjCiUX fa lsely  a 63-4° 24
reported) b y  145-7°

or
CHaBrCKBrCCBBrCHjBr according to  25

CEjOiaCBBrCCĈ BrCHO unstable liquid 26

CH^HBK^BiC(CU )̂B(CB(C9B)iX îj 62.3 130° 27

CijjpBBrCBr̂ CUO patent for prep. 13,28,29,30

CHaBrCimrCHBrCHtX îjJa b 92-3° at vary lo* pressure 31

CgĤ CHBtCKBrCHO ■ 43-48° 32

Ĝ HjCHBrCClBrCHO non-diet. o il 33

A ble II is  a general compilation of types of ^f-dlbrooo- 

kaionea raperied i»  the literature* Where onljr m e of it s  type m e 
reported* I t  has hem liste d  separately* Cyclic ketones or those la  
which another functional group i s  im N& ately involved have been 
incorporated la  a aubsequani table*



tABIM- II

(fiiere B* is  H or an 
i s  an alkyl group)

m m M m m m **
(wasre I  i s

alkyl group md 1

:• m d Ef 1 are

(Where Ar is pbe«yl ©r s&bsiitutsd pbe*yl 
and R, R*, md H" are II ©r alkyl)

34,35,36,3?

3S.39

i ,  40-51 
inclusive

&rCK'BrCR'*BxCm
(Where At is phenyl or substituted pbaqyl, 

la  alkyl sad R* end B* * are alkyl or
8,40, 32-68 

inclusive

Ara^Bs€R**a*e€i&r*
C^ere Ar and Ar* are phenyl or substituted 
phenyl groups and R* and RM are hydrogen 
or elkyl groups)

,75*, 69-1X9 
inclusive

(Where Bap Is  naphthyl or substituted 
naphthyl and Ar Is pheayl or substituted 
phenyl)

120-126
Inclusive

(Where Ar Is pbasyl or substituted phenyl)

ArCOCBr(Ar* )Ci&r(Ar«*)
(Where Ar, Ar*, sad Ar*1 are 
substituted phenyl groups)

or

127-134
inclusive

135

E m l R* isis  H or E, CKj, or

\ /  
s

i-cc

136

XXI



rm m  u  (cmum*&)

Compand M m m

m

m

iy i

r c _ ,
' \ /

141

<^{W)C(fiACa;WrCWr(ll)CyrfaaCH3(2) M3

2,4,6t,CHj) ̂ C |̂jjCoCBr(CB^r)CCH^ M3

C ĵCaBrCH&CHBiCHBrCXHj 144

3 u w ^ (P jx iB r (^ (< m ^ ‘x m sm rc & fa tf}s (.3 a>) 145

C ^5CHBrCHBrCOCCt(=KOH) 146

C ĵCafflrCSBrcaCH^COC(»C t̂5 147

C3i^:(HH2)sC8{(»))C0CHBr(»S(C^ 148

C^CBBrCilBrCora^(C|^)PO^% 149

~... .jmtf /if* tt *3#* .«*P’̂v-js 150

C ^ O K ^ O C ^ C m ? € ^ | 151

151

C^i^liBrCBr^CXHBrCiiarC^j 151

(€m3)2GapGH^a<3C8BrCI^{0ll̂ )2 139

152

c ^ m m m w x c m e c ^ 153
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f  SBLS HI

(where E and E* are H or an 
alkyl group)

mmmmxoom*
(Where X la  halogen and E 
and R* are H or alkyl groups)

(Where X la  halogen and K and E* 
are H or alkyl groups)

EO»rXaBrX»CCKB»
(Where X and 1* are halogen and 
R and R* are K or an alkyl group)

wmmBscmm%
(E is  I  or an alkyl group)

m auaatit'ocm ?*
(Ibere E sod E*f are H or alkyl 
groups and R1 Is an alkyl group)

m*CBgCmcG<m*'
(Shews R and Ef a re  a lk y l groups and 
E,f is  E or an alkyl group.)

ira»^rCay«BrC<»iHar
(Where R,Rf,  and R** are 1 or alkyl and 
Ar is  phenyl or substituted phenyl group)

(Users R,B*, and R*« are a lk y l groups 
and E*** is H o r  an a lk y l group)

ArCllBrC’IBrCc^
('Where Ar is  phenyl or a substituted 
phenyl group and 1 is  1 or an alkyl group)

ArtmCBrimm
(Where Ar is phenyl or substituted 
phenyl, X is halogen, and E is 1 
or m alkyl group)

Reference

5,8,9 159-183 
inclusive

184,185

186,137,168

X69,189

173,190,191

171, 192-201 
Inclusive

202,203

9

206-279
inclusive

280,281,282,233,284
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tm M  XU  (Cm M m aA)

M vm scm xom  284,233
(Wliaro Ar la  phoayl o r aabaiitutod 
pbanyl group, 1 la  halogen, and E 
la  H or an alkyl group)

ArCiK;Br<Ar*)eocii 286
(H im  Ar and Ar* ara pfaanyl @r 
aubatifcutod phoqyl and R la  S o r alkyl)

ArCmjrCBrICO‘3*
( I t e i  Ar la  pbooyl or aubaiitutad phaaoyl. 237,288,289*290
E la  alkyl, and R« is  H or an alky l groop)

(Whm Ar la  plienyl o r 291,292
pbac^l R ,1a alby! igpoajj)

HapCHBrCH3rC0Ctl
(Wharo gap la  a m ptbyl ©r ajbatltu iad  293*294,295,296,29?
xiBptxtkorl groop)

CBte^GBj^MOGR 298

^ 113)20^ ^ ( 0^ 15)0^  299

JOG

(CH^-^KmCOCl 301

CĤ CMBrCflKCĵ JCOKHCOB, 309

ftrx **r\tir@Upl̂ r̂ (H!vyHsyC«l»2 304

CĤ CKBrC&KCjĤ CCWBj 305

(S02CBr2)̂ CBrCar(KĈ )C<XSJ 306

CgBjOCHBrCBrCCĤ COCfi 307

p-CBjX6B4C8&<mCClKHC^c 308



n

TABLE III (Continued)

Compound Reference

C6H5CHBrCHBrC0MiC0HB2 304
C^pHBrCKBrCOCl 309
C6K5CKBrCimrCliBrCOCE 302,310,311,312,313,314

C6E5CH=CBrGliBrGaBrCOCH(CH3) 311,315

C jCH=CHCHBrCBBrC QOCH^ 311,316

C^I ĈB( 0H)C!IBrCHBrC00H( ? ) 317

C^H^CHBrCBr( OH >€000^ 318
/ ' = " \/  ") CHBrCHBrCOOH 319

\  /■ C
CHCKBrCHBrCOQM 320
2,Hs

® CHBrOHBxCOOH 319,321

CHBrCHBrCQOH 322
H -  O

CHBrCHBrCGOH. 323

- o 'CHBrCHBrCOQC  ̂ 324

Bv-

By J  GHBrCHBrC00C2H5 324
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TABLE III (Continued)

Compound Reference

fcHCHBrCHBrCOOH 325

w ooci — irc "^CHBrCHBrCOOH 326

CT\-r.CHBrCHBrC00H(C2Hc) 327
C2UsO o C ^ j -  cĤ

Table IV l i s t s  ^^-dibromo carbonyl compounds and acids 

which because of their  complex structure or the presence of more 

than one functional group in the molecule could not be included in 

previous tab les.
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TABU I f

CoEtPQund

HCHBrCtiBrCK
(M ar* K i«  H, a lk yl, phenyl or phenyl 
substituted group)

4^»fC»(F-e3C^%)CE

lUWOCatoCBBvCOGK*
(Where R and t f ar# R or alkyl group#)

H ooccarC O B ra9 jcn ^co cm

(Whore E and E9 are 1 or alkyl groups)

BOQKOM!ar(GI'•»*9 )rO<XE
(Where E, E9 and R19 sr® H or alkyl - 
groups and n*l to 3 )

Substituted ^  ̂
and eaters)

EOOC^BarCBrE90€K»

^ r c a c in r c is e r o c m
(Where Ar ia  phenyl or substituted phenyl 
and R is  H or alkyl)

i.rCJiBrCHBrCOCCKii
(there Ar I# phenyl or substituted phenyl)

A r<M rC 'B r(0O O R )a

(Where Ar la  phenyl or substituted phenyl)

A r$ S C 0 E te € ® i€ 0 £ S
(Where Ar la  phenyl or substituted phenyl) 

cC -iapCI©iCMBrCOCOC«

A rM C O O T T C H irC C ilA r
(there Ar ia  phenyl or substituted phenyl)

c ^n 5n ( m 3 )c m m r (m m m { c % 3 ) c ^

Reference

m

3 » ~ m
inclusive

343,344,345,346,347 

H , 346-354 
in c lu s iv e  

349, 355-363 
inclu eiva 

364,365,366,367 

36S-377
i l lu s iv e

233, 378-383 
inclusive

384 

3SS,3®6

387

inclusive

395



u

tABUK IT (Cacttmwl)

CogiPOttBd

392

CH^OCaiBrCBr(C^)COT^ 396

CĤ OCHByCHarCOCII 39?

(CF^OC^HBrCHBr)^) 398

H0CCC8teGMB»>GB 399,400

(SKXaEESKCBBi€NO 401

(CH30)2CHCilBrCi-lBrCĤ XIi3)2 401

ca^2a& ci»0oc3 . 400

HaXCH^CHarCOCX 402

HOOCCi'ffirCSiifCaiHa 333

CĤ B*CSr(CO(3H)CiyDOail 366,403

OOdCila (€mr)jCCK» 404

,CIiBi<;HBrCiiJBrCc>QiI>2 405

ROXtCBBrĴ COGR 406,407*408

Cr,jKCi3r(CH2Br)CH2CiiBrC^m 409

€u^mrcwr{CGm)m& n$cm 410

(CHjj^ra^cmrcaKcocmjcH^cE^OT 360

C^OaDC!IBz€%'(COOC2H$)eî COOC Î5 4&

C ^5OOCClBrCIiarCHCiCi«CKX2li5 4X2

(c2%ooc)2CBpa®raH(€c)oc3̂ ) a 4X3

CCK3)C ^50CSC^ia^<^CHaCa:0C^I$CCEj) /JI3LZTA



tiSSJi IV {CootiNMd)

Ss2882fî Î RaJwaoo

COC«CH2C!lr(COOB)Ĉ rCOQ8tja>i« trUUgrX w lw ) 34MW

CCljCOCaiarCKBrCOQB 0 6

C^EjCHBiCBriCr̂ JiJCHjCH â* 0 7

Ĉ I5CHBrCHaCHBrCBr(COCB)2 JUS

(m fo c s r ic m tc ^ ic o o o ^ OS

C^(m3rCBr{C0C^5)C^C0CH a s

j'&BjCCH&r̂ aPO a o

H(>XC8r=CBrCH8rC0QH a x

Ajtfia-XH^p l̂̂ CfSBrCHBrCOJa-BKrwsarelnol (UaMÎ X «th«r 0 2

^T p-c^caiB ic^*co)c^72o OJ

^-(p-<aCH^C^4|CKapCH&tC0}C6jÛ 20 0 3

-̂(C ĴjCMBrCHBrCOjC î̂ jS 0 3

p - c ^ m t tm tc o n ^ s c ^ 0 3

a^,6-(cH 3)yj6p2coc8»jar(cH3)cx6̂ I(C!H3)r a ,4 ,6 0 4

p^l̂ CC^CBrCCKaCaaH}^!^^ 0 5

2,A,6-(CH3)3C682CXar(CH3)CHBrCX [̂2(CH3)52,4,6 0 6

CB2BrC8Bi<X)CQ0C2H$ 12

i^JcBftrCdJ^JIhCJI 0 7

ew, cHcBjCHBrCOCB 428
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fable ¥ la a eospllatlon of ̂  $ -dlbmddes of simple
cyclopontana and e^clohaEane derivatives which have bean reported. 

Compounds with atone other than carbon in  the ring have bean 

Incorporated in  fable VI.

t  m m  v

Cosgxmad Eafarsnra

D eiim tivea of CycXopentane j

l f2-dlbr«»> m

l 92#3»4-tetrabrono 430

1.2-<iibrcH ^l#2-<iii3nthyl 43QL

2#> < lib ro ^ l#l 9̂ -trisotl39rl 432,433

2,3^brom o~l-phenyl 434

1.2-dlbroao, carboocylic & cicHl) 435

l , 2 f2-ti^bro«o-earbaa^lic a e id -(l)  436

2 ,3*KSibroao-l11,2-triaffthyl~oarboasylic acld(3) 43?

2.3-<Lihroiao-<iicarbo3  ̂ acid-^1,2) 351

lj2^broa»,2,6<Kiiaetbsrl eeiboaiyli© a cid -(l) 438

Derivatives of Cyclopentenee:

3*4 -dibroxao

394#5-dibrone
3#4 ^ ib ro » -l#2--diph«iJ3rl

439
440

441
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TABLE ¥ (Co«Um*!)

Z m sm m ft V J tfm m m

i^rlvatlv®# o f Hydria^mes

o ?
l 92«^braao 442

1.2-dibroao«l ,3 -d llm ayl 443

2,>^brc^£>«l-*b«Baiiydryl 444

1.2-<iibroJ^lM i^h^l^^arbcaQ rllc &eid 44$

2,3^bTO®o-l«^0tl^l->^aAc3jayllc ad d  446

l,2 ^ b r tM ^ 5 ^ d ra ^ y  447

2 , 3^broeao-3--phai^rl 443

l,£ ,> trib ro « o  449

I^arivaiiiraa of Cyclohe^saeo s

1.2-dibroiao 450*451

1.1.2-tribroa»o 452*453

1,2,4-trlbrosso 454

l , l , 2 92~te1yrabroiao 45$

X»2,3#4-*fe«drabtfw 456

1 ,2 ,4 ,5-totrabroao 457

458*459

460

l,2 ,3 #495*6-4ia3ERbros^l^hioro 46X

l,l*,2,3,4,5^6-^ept®broiao 463.

l, 2 ^ b r o a f> - l- n it r o  462
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4 , 5-^br€^o--X,>Kiisa@tl^l 472

2 ,3 , 5# 6-totr^ra® ^X fl^ ijsiotl^ rl m

m

3,4-dibroB«)-l# X f4-t3ri3^thjl 474,475

l #2-̂ ijba?oa!>-3-̂ a«tl̂ X 476

X,2-<ilbro:a(>-3-pbanyl 476

3 f 4-dibrcsio-l-propyl 477

l #2-<Ulbrc®B> ,̂ fp-ditMnscgrl 47B

479

480

!,2-<ilbroffl£>-l#2--dl^tl3yl--4i 5*di«i>-ebljor€>baiac^l 4 i0

480

X,2-^dibro©o4> 5 -d i-p -to ly l 480

2#>^broB 0-X -^t^X -X ^arb#tto^^3-ieopir© |^l 481
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Derivatives of Cjrelotacenes i

U \,N3
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fab le  VI i s  a general compilation o f v ic in a l dibromides o f

five- and six-mesbered non-aromatic zings containing only carbon or 
carbon and oxygen in the ring which because of their complicated 
nature or because of the influence of an activating functional group 
were not included in fable ?. Furan derivatives are excluded as 
well as compounds too complex to be related to 2-ethoxy-3, 
4-dibroaotetrahydropyran.
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from c&broeodiones by the action of a lka li ne reagenbs* Faraar^33-
c o< ,fc

tn a ta d  what be thought m  -dibroso- -hoocadiorio,

CH^H^BrCTilBrCIPG^, with sodiun ethcu&de .in ethanol .and reported

be obtained soiae V •JjrmQlmx&trtmw, Cfl^iiCIPCBrC^sC^. fU s

product polyrarised eonpletely i n twenty-four hours. Again be
0tre a te d  what be thought was ci®~ <* \ \  -dibrGW*- zx -h ax ad ian s, 

Cil^CilCiWlIJIIBrCHgBr, w ith  a l c o h o l  sodium e tto s id s  and ob tained  

w hat to  c a lle d  ©!•-«=< (o r  ? )  -brcm ^haeoatriene which polym erised 

sx te n s iv a ly  in  24 h ours. S ta rtin g  w ith  th e  s o -c a lle d  tra c e  isom er, 

Farmer ob tained  what to  c a lle d  tra c e  *=* ( o r f  )~brc«aohe^atrie3se.

T h is  m aterial Dalvmsrissd ©o^latels* in  two h o o r s .^

either bromopolysnea tows been obtained by treating  an 

alcoholic or aeetylaxiie precursor with an agent each ae PBf j or 

HBr. f to s  adding hydrogen bromide to  (CEj)«gC(OH)Ĉ pH g m

3-«s0thyl~ i-& r^^ C&̂ «C (CEj)CIW f^r B rw preae,

0H2aCBr®sdl2,  was obtained by treating  vinyl acetylene, G^pSfPOH ,̂ 

with hydrogen bromide in  the presence of cuprous bromide.

Passing vinylacetylane in to  liqu id  hydrogen bx%ed.de yielded

4-broaotatadiene~l,2, Cl̂ BrClPCsCH .̂ ̂  iy  Seating 2 ,5 - 

dlm6rtbylbeQ6iziew3,Hliol<~2 ,  5 with hydrogen bromide or 

tribromide without solvent in  the cold, or phosphorous tribrosaid©
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In  benawsne the cowpound 3,4^ibrc®K>«2, ^nltaettylhsxftdiene^,4  Is  

obtained. ^  The action of phosphorous trtbronide on

tetr^motl^l-butiJ^sdioX yields a {nredoet of which on® fraction  is  

probably (a^^^rC SrcC C C H ^)^.608

The broaog>oly«n* way &lm  be p repare  by d irest addition o f  

bromine to  a highly mnsaturated precursor. This d isethy^cetylor^ 

y i.ld s  2^,4,5-d**txabroaMm£di®n*-a,4, Ctî SBr*CEiCBr=CBrCH3.609 By 

*ctdii« bravLne to  2^w U ylpsrrt«^>«>l-2, Cfî CSaCHCCJKCaijJCaij, and 

d is tillin g  the product,

C M ^ d lC B r ^ C i s  formed.^* Bergiaaxai sta in ed  what he thought 

was C(GIj)Bx»C»Ci§2 by broiEtmticm of i  soprano»610 pro®

C B ^ ^ ^ t W C s C b y  brcwlaatAon m s 

obtained 6#?#8f9“tetr^r«»tirtrad® cadi«ae-*6#8, 

C H ^ ^ C B raiairiS x^ r/lp H ^  Sfas rsumagsmnfc o f

l^^K iibroe^utyae-a to  C3Î K&rCBar«Cî  on standing in  a i r ^  represents 

another preparation of a conjugated broaopolyesae.
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labia VII praonta mam conpoinda eontalidGg one or mom 

brantae acton In •  highly w t n t a d ,  conjugated gystaa In wblntt at 

laast o n  of tba brcmlno *toas la  bonded to  an unaaturetoi carbon

atom.

TABUS VII

Conpottai Baflgiaw

CRHicCHCHaCHa 596.597

(MgxamtecBa 59s
CHErKaCCa^aCHa 599

(CH3 )jf!=CBrC!«a2 600

CUjfCUCWCBxGFCBz 6 0 .

C^araraPCHCBiteCi^ o r  601

C S ^^^O W B K S W S ji 60S

ObfCBrCBiaC&t 603,604

CĤ Ci{>€BrCBr"CH2 605

ra^K«8rCBrsC!iCH3 605

CHjfCHCBreCHBr 606

(CH3 )2C=CBtCB*=C(ra3)2 607,608

CH^5Bi<«8rCB*«CarCH3 605,609

ra 3^ ^ 4CBi«CSrCBr a ( a r / 5 i ^ 4a?3 610

iSlitura o ft {CH3)j£BrCHsCBjCH*Ca2 and {(̂ JjJl̂ CHCBacCBCHjjBr 60S
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UflLS m  (Continued.)

Cpapoundi ?:«fergn08

C!!I^CBrCBr==CBr(:Sr=CHBr b l l

C/if«a!*CHC!?5CHBr 6X2

6X3

ArC3r«C3rG5rK&rAr 613, oX4

613
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formation of m  aceiylenic acid , ftm  m m  of rom m l of hydrogen 

bromide also varies with the structure of the acid . Certain acids, 

moreover, decmrboaylate item  tro&ted with alkaline reagents.

Baebraawrv1̂  treated  a series of a liphatic  °< ^  -dlbrcwewMstda 

with boiling pyridine m d iso lated  both the °< -brosio unsaturated 

acid (If)  mad the hroeolefin (V) which resulted from deeertrfjayXatioiu

HCHMiarcoaB —> m m  * ca*cosm -v hch • a i r
i f  t

H th  hydrogen atoms 1b both tbs «< mad ? positions tb s y ield  of 

broaolefin m s vary small bat replacing tb s hydrogens with halogen 

o r alkyl groups greatly  increased tbs y ield  of bromolefi®.^ ibsn 

20$ aqueous sodium carbonate w s  used with ad d s  of the type, 

BDHBrCHBrCCXB, the product was almost exclusively °̂ —br€38BIO 

unsaturated add* isith most acids pyrldi®s gave greater amounts of 

bro«eleflxi the® did aqueous sodium carbonate*

Other workers found th a t mns&ng °<,? -d ib rc^bu tyric a d d  

with pyridine led to  •4ammmr@%md& a d d .^ ,^ 1 9 ,6 ^ )  Other 

amines such as quinoline, quirmldinQ, and dietbyloniline were used 

by i a r v a l ^ * ^  in  the formation of °< -broisoserylabes from various 

esters of f  -O ibre^propiottie a d d . rieti^ lan llin©  has also 

been used to  obtain the ^ -bromo onsatursted a d d  froa a 

t  -a ry l-  - d ib r w m c id ^ # ^  Secondary aminos also may be used 

to  s p lit out hydrogen bromide. B ieth y laia ln e,^^* ^  

piperidine, and s m io e tly la d lin e ^  have bee® sooeessfhlly

employed* Sim ilarly, alcoholic aawosia has been used to  remove one 

mole of hydrogen bromide from an ^ Vv -djferoareaddU^
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The action of stronger bases frequently brings about the loss 

of two moles of hydrogen bromide with the formation of an acotylor&c 

acid (TO)*

HSffiSCHBrCOOa > BO i  CCOQH TO

T h is has boon observed using  a lc o h o lic  potassium !^?drcciide for 

^  -a ry l-  -c&brc^propianie a c id s  in  s  la rg e  number o f easae .* 3 9 , 

24.*?̂ ̂ 5*7^274^^95# S|ysMStyKiesl HI e sold yields

acatyl^iSK lioarbG asylic so ld  w ith  aloefeeli©  fo tssslu m  hydroxide, 

aqpewts a lk a l i ,  or t e r t i a r y  amines• 432*633 «< *4)ibromo—

p ro p io n ic  so ld  y ie ld s  a ce ty len s  w ith  a lc o h o lic  potassium  

hydroaldsi3̂

m ^xcm ecm i ->  m  5 os

Tbs o ffse t o f more d rastic  basic treatment was demon­

strated  by formation of s  substituted propiolic sold by action of 

hot alcoholic potassium hydroxide upon an ^  -dibromoacid which had 

yielded only s  momoferom derivative ( I f )  wham treated  with cold 

alcoholic KQB car w ith ft te rtia ry  Another

illu s tra tio n  Is  the formation o f an umaaturated bromoaoid by tre a t­

ment with cold sodium carbonate solution upon an -dibrosm oid 

which had yielded m  acetylene expound w ith  alcoholic potassium 

hydroxide *435 However, alcoholic potassium hydxmlde has been 

frequently employed as a reagent whan removal o f only one mole of 

hydrogen bromide from an acid* ^ 9 ̂  *288,382 ,412,636 oy

n i t r l l e ^ 0 i s  desired*  T h is e»yi»«i.»ee th s  e f f e c t  o f d u ra tio n  o r  

temparatir® of trea tm en t w ith  a partieulftr reagent*  Another



35

illu s tra tio n  is  the action of d isd fy lsn illn e  upon 

p^B^^^}BrcrtBrCOCC^  which gives rise  to  e ith er a mnobrom 

e s te r o r a substituted proplolic sold ester depending upon the tte e  of 

heating the reagents. This work was dons by B&rtharan and 

Sudborcugh^^ who also studied the influence o f temperature, con- 

oentration of a lk a li, and concentration of alcohol in  the 

dehydrbbrowlmtion of -dlbromoacids with alcoholic potassium 

hydroxide.

Aqueous a lk a li hydroxide* i s  generally used to  affec t dis~

placesiant of broadne hut on occasion is  sim ilar to  alcoholic

potassium  hydroxide in  removing one mol® o f hydrogen 

* ^ ^ .2 1 2 ,2 2 4 ,2 4 7 ,3 8 2 ,6 2 1 ,^ ,6 3 ? ,^

Another reagent conaoiily employed in  a simple dsfeydr©- 

h&logenstion reaction Is  a lk a li acetate in  e ith e r acetic acid or an 

alcohol. The product i s  an una&turetsd °< -broaoacid 

(IV). ̂ ^»3H»379,639 ^  Medio® sodium acetate nay also

bring about d e o a j f b c o ^ r l a t i o n . 369,376,379,639

The structure of the a d d  a ffec ts the ease of hydrogen 

bromide removal, l i t h  acids of the type ArOHfiiCMIrCOCaii (where 

Ar i s  pbenjrl a r  substitu ted  phenyl) very d id  conditions suffice to  

renews one sole of HBr. i e tm e r ^ * * ^ * ^ * ^  found th a t shaking 

or short heating with water or alcohol y ields an acid of the type 

ArCB&CjMacoOB* Basse readily  cases deoarboayl&bion. *$3,360

*Xngoldf Oliver and Thorpe^^ hews discussed reduction &eco£apanying
hydrogen bromide remora! in  action of upon^^ -dibronoaoids*



In almost every instance where an acid i s  of the type,

*, !•§«, possesses i^irogen atoms on both the -< end ? 

carbon atoms, the product when dehydrcrtutf^eirafclcm occurs la  the 

unssturated <=< -broa»acicU However, when the -carbon is  devoid of 

hydrogen, I t  is  possible to  obtain a  ? -broiaodarivaiive. thus 

etfcyl-^-saatbyl-3-Ritrocliir»amat# dlferos&d© ( t i l l )  yield® <<-methyl- 

^ -broffio-J-nitrooiimafai© sold (11) with alcoholic potassium 

hydroxide,

^  ^ 2iC6H4CBr«C(CE5)CCXS 

IX

There are other examples of unsaturiited f  -broaoderiv&tives a rie - 

frm  sim ilar ©< -substitu ted  

Substitution of the -lydrogen of m  -dibrcaimldehyde or 

ketone w ill ale© give rim  to  a f  -br^eoderivative when hydrogen 

b raA d s I s  y ew m ed /^

Sodium ®lc©h©l&t«s, although more often mployod in  d is­

placement of bros&ns reactions, can be used to  remove hydrogen 

bromide from -dibrosaoaoid©. The product of the reaction is  

again an <*~br©w© un^tm m ted acid of the type

The reactions of °<, ̂ dibronoald<%d»s with alkaline 

reagents are lim ited in  number and extent undoubtedly because of the 

coiaplicatiofta possible due to  the aldehyde groups* reactivity*



Hmtm m , m m  i f  the a lk slim  reagent reacts with the carboxyl group, 

i t  nay be possible to  effect halogen removal. Thus when 

OByaBiCClMao *itb  2,ir6U *h>m *m vU v**#M  tho

product ess the substituted feydrasson© of P -brosao-«><-k«to- 

hutyraldehyde. Likewise tb s ptoylfcydrasone of

o< ^ro^^ro tom i^bards m s obtained by treating  <P-dibro^obataaal 

i&th i^ p rib ^ d irea in e* ^  fe rrie s  and Krutssfald^* reported 

CKOCH&i&HBrCHO s p lit out hydrogen. bromide with phanylbydrasine. In  

acetaXe thm reac tiv ity  of th e  aldehyde groups is  masked s u f f i c i e n t l y  

to  p e rm it  del^drohalogemtlon reactions w ith o u t o o s f& ic e iio n s .

Th® diethyl scotaX of ■*, P-dibro»iaoMtyraXdetoyde (X) whan reflated  

with sodium etboadLde yielded P -broiao- ->(-a3ethyl acraldeliyde 

d iethyl seetaX (XI).21

— > Cmse€{Ct^)m(OG^5)2

X XX

f i p i e r ^  need aqueous sodium acetate a t  150-170° to  obtain 

©< fpo® r

The loss of hydbregen bromld© from ^f^hrom oketoiies is  

roughly sim ilar to  the d^bydrobrosdmtion of °< ,P -dtbromoaclds 

although fewer instances are reported in  tho lite ra tu re . The prefix©t 

i s  an <*«fcrQ»o ansaturmted ketone (XXX).

B£m*cfmrcoR* — >  RCMahCOR*

XXX

The alkaline reagents ©ployed incline sodium alkoxides, alcoholic
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or adeems a lk a li, seines, and a lk a li acetate.

f ^ g a n i ^  produced coiapouisds of type (H I) where B and E* 

i0am  a iy l groups by the action of aodlirn etfeylat#, potaaaiu® 

aceta te , and pyridine upon various cb&Icono dibrosldes. Aqueous 

a lk a li was weed by to  obtain a ketone of typo (111).

A lkali acetate tea been used by 1X3*1X5*649 ^  a

msaber of instances, mid by other w ostare^ ,151*656,651,652 ^

c< •^xroao inasatii^tod ketones* Other j  have used

pyridtw .ii2 .U 7,122,653

alcoholic K<JB*3& aiad aos&tjia to

hydrognn branid. trcm m  wttJbrrawtMrtow-

Coqpoond. o f tb . type RCCĈ eCHBzOCK' ( m i )  end 

IffiOCHBtCHarCiX®' (XIV) t*v* also been tMHted «tth  alkaline

reagent# with a  consequent Iocs of hydrogen feroside. Sodium acetate 

with a expound of type (1111) yield# a mombvomodmelvMm of the 

type, fCOC&fsOibrCCB * .393*424 ^  ^  derivative is  obtained nalt% 

sou&iisi MusKawi* a  BPnoocon oonposjoc* i s  axso oDtairHsc* fro® (<0.7/ 

w ith potmm&.vw acetate or sodium but here there la  m m

question aa to  whether the brm dm  m m m d m m  fro® a position 

adjacent to  the carbocyl ©r to  the carboxyl group.3^6 The product 

was considered to  be of th# type 8CQG8i«ClC0CE ty  bogert ami 

BtttW .*»t3OT

The dIaplacewKat o f broelzie without concurrent dahydro- 

broiitxialion free  ^  ^ay >̂r>ŷ ftrja |̂ .ia effected

by a variety  of reagents. Bren alcoholic potassiuia hydroxide was
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found by F an»r end Ingold62* to  give ^  ~<331ydrcHcygl&t&rie acid 

XTt In  m i l  aaounrfc, sta rtin g  m tb  ^,?-dibroaoglutario acid XVI # 

although a^ootis soditia earb&Dabo

m m B sfw m m & m i — ^

XU XT

gmm a m b  I>etter yioM of (XTI). Ve*y b&M roagonte, m b  as ootor 

or ttfji tbs broadne freo an ^,f*Kiibroia0** f'-o iy l

acid to  y ie ld , respectively, m  << -kmm** ?  -Ijydimy ami an

-brofBO* ^H&liocasy | ^ y | , 1 4 2 » 2 4 ? W i t h  ©ospounde of tbs 

typo Ka-3rCHBrC',:€iX)B oven asild conditions seem to  give lose of 

hydrogen ra ther <44 ^  breadra**^^ Kotosoo#

of the typo ArCHSxCHBrCOAr yield c f - o l k o s y  derivatives on

beating t&tfc a l o o h o lo .^ t^
llm m er, sodium jasthoxlds nan bo need to  prepare the ethyl

e s te r of ^^mKH^HM tltcagr butyric acid iwm  ethyl *4 ̂ d b r m *

butyratc a t 0° c* ^$  other aliphatle  <*~brm~ ĤMPthoagr soldo

are prepared Jdnilarly**®^*^^

Aâgp, My noplace both hreoines in   ̂̂  -*̂ 11 or

nci^f8 to  yield  ** > ̂  -diasinG pertt when *** iday ©e®-*

ditions ore egploy«d.sW » ^ t^ ® # ^ k -fdip boon

oboonrod to  undergo double displacement id th  various amines. ̂ * ^ 3  

tludor certain  conditions only the ^-teroniii® a t(o  ooy bo raplacod»^^iv\
X\brov̂ oV̂«̂ Onei>«

Ketones of tho typo ArCOCHSrC ÎMr* giro tb s I -alkoxy
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derivative c ith er wtetm treated  with alcoholic lOMU solution coa- 

t&inlng chloroform (to  increase s d o b tlity  of the Jeetoae)^® or 

opon besting with the corro^oodlJESg c le o t io a u ^ * ^ * ^

WStOr or mU&SOCS WfltUjna r®itg<gaQt.@j i f  »H id ĵ Qyylf flyw

need, aomtiima Im d to  dsplacesw nt of the ^ -breads© by hydim yl 

In  -d&hseoMusldft and ox>

of both b ro a s iiie s* ^ # ^  

yfo© aotlos of «j» reagents npoii «dibroitoeftxtoeigrls 

and ad d s frequently re a d ta  in a product which baa uadergom di©~ 

pleeeiaani o f one brooloa stem by soa» nucleophllie group and ko»  of 

the other brossine m%m as hydrogen broiaide. For example, w ith sodium 

ethoacid© H&brasaabutyrie a d d  yielda ^-saetiw^xycrotoixLc a d d

( x r a ) . ^

m fm ecm xccm  —> e^ESM (oc8^coaii
x r a

likewise the o d o r ( I f I I I )  y ields cthceydtraoodo a d d  (II I)  with 

eadiua othoK iihi*^

Cm^BrCCOOC^JCH f̂COOCĵ  ̂ —^  ^(C a3C ^)aC (O C ^!5}COUC2ll5

o t h  m

Another m a p le  i s  the use of sodim  sarthoxlds to  prepare 

^ *HBSthoayaoryliij a d d  from °< .^-dihrouoprap&onte a c td U ^

(Adds of the type ArCHBrCH13rCi.KB iipp&rently do not undergo 

the concurrent deiycbrbbroalmtlon and dlspinccniftnt reaction with
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alkaline n s f ttito i)

t t th  ^  §  -^Ebrotaoketones U» prcxtuet of a concurrent d is­

placement and debydteobrocjtnatioii reaction nth  alkaline reagents lias 

the P -bros&m displaced. F o r exasipie n th  alcoholic potassium 

hydroxide the follcedug reaction o c c u r *  *^3

c^ ^m xcm cacu^  - >

H th  ketone* of the type ArGHBrCllBxCQAr', sodium alkoxtde® have 

frequently bee®, employed t o  g iv e  products o f  t h e  type
. 69* xix)#m , n 3,xx?f 120

Other reagent* th a t can give flee  to  a concurrent d i e -  

placement ami dehydroh&logemtion reaction are aqueous a lk a li, 

alcoholic a lk a li, alcoholic ammonia, and amines. The product of 

alcoholic potassium hydroxide n th  is. of the

type ib&08ap(cm )4r% W >lM ,135,4$0,^ iqueeee a lk a li, and 

^enqwfurâ  fliftnhftiip. a lk a li, y ie ld  a ppod^st o l the type 

lrCO(K(CH)Ar ffcoa ikpeous sodium

carbonate glvoe a n a i le r  re su lt^ #  as the f©Hoeing equation 

shcwre:

C^I®rCBr{C(}C^5) C iy « l  - >  C^COlDsCCCOCgH^JC^aJI

393,394, 6?4 fauna diketone© of the- type ArC0GB^pCHBr€u4rt 

n t h  sodium alkoxtds* gave a product of the type IrCOO (0R)»Cll€QAr *, 

n t h  aqueous a lk a li or alcoholic sodium acetate gave 

ArĈ )C(aS)=CICOAr* and n th  m&m& in  alcohol gave ArCX(lffiR)aCH;aAr«« 

Ealchert and M oldenhauer^ *ound th a t ssathylaaine acting on



&

o<, f* 0 g&V© M l oC HNKlllO eO^OO&d)

c^ o cim im ^ zcE fr

H th  sodium $3kmMm or alcobolte potassium hydroxide co©~ 

pounds of the t^pe ir€C^^rOHBrC<XS .yield compounds of the tjrpa 

ArCOCB*t'«St* JCOQB.376

Xu addit ion to  tlso concurrent 4* 

bm aination reaction# prm m tod m  fa r  there are veiy sim ilar
  __ jiiirnnHnjr wffti o/ 6 ■,__   # WhlJth *V» -«»QfiN̂oyyJUR̂ ^  \ V ***0 JUGI Wflilt0ll tJSS? ffi3Ly*w

pljmmm% of on© bromine *%m la  acooaplis hcd %  a mcleophiXie 

group nitfoin the aoleeule to  glee a rearrsf^ed product# Isoocaaole 

fo$®Btlo® aand % of a rifhyrwafd^ to  a

fâ ygŷ >î i or a fl^ o m  arc i$ple#X sxnaplss*

iben the mrs«ao of pha^y! ■-̂ fibroiaootbgfX phenol k ^ n i 

(XX) la  heated above i t s  malting poin t,

(XXX) ia  ito w # < ^

C^PjCHBiCRBrC(=®QH)C îj —^  C ^  C

XX ^ o / C -  C ^5

XXI

Sla3UL&r2jr# f«r4ta*na of dlhroiaoikebotie6# w ith tfai gaiaral foyw la, 

AvCmrCmzC(s%im}&r* # when treated Kith alcoholic potftsalmn hydroacid# 

yield  3-4r ,- 5«-Ar^lsc^2a l e a . ^ # ^ * ^
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Chalcone dfbroffiicies, ArCHBrCHSrCGAr *, when troated with 

alkaline reagents* particularly alcoholic potsssine hydroxide, can 

give rise  to a flsvone (11X1) or a Cixmmnom (XXIII)*00
O\t

ArCHBrCaSrCQ&r1 C = CW flr
/fir

1CYTT x m x

enviously the phenyl m elees adjacent to the carbonyl group m et be 

substituted in  the ortho position by a hydroxyl group* or deriva­

tiv e  of the hydroxyl group* Such a structure any lead either to a 

couzsaranone by reaction of the hydroxyl group with the °< -brosdne 

atee or to a flavone by interaction with the ^-broaine atom*

Von observed that cold aqueous alk ali

tended to favor fl&vone formation while hot aqueous alk ali gave the 

counsar&none. Wheeler, perhaps the most extensive worker in th is 

field* 118,120,676,677 QxpXaimd cottiaan&nona formation as occur­

ring only when the chalcone dibromide yielded a ? -alkcacy 

derivative (XXI?) * Failing the fonaation of th is

%^Jc(X5H^GE((m)Ar

m v

InterBSdiate (XXIV), which is  favored by hot alcohol as a solvent, 

a flsvone is  fanned. Thus the flsvone preparation proceeds- through 

an intermediate of the type ArCOCCar̂ iiAr̂  which is  favored by cold 

alcohol as a solvent or by pyridinc.1^#*20* ^
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An in b e re e tii^  r u c t io n  i a  th a t  rep o rted  tagr CrosaselX and 

Gaaghlan*^ in  which cm aola of amine displaced. both atom  of 

brasd ae in  an  * ,^« * lib tt* » k ato iie  to  g&w® a  a u b s ttta ta d  is&na 

p roduct (XX?).

C#5
C^0H8se€HB£€X^ + € H ^ 2  CK ^^H CO C^

XX?

The reactions of v icin a l dibroroccyclopentanes and dibroao- 

cyclohasGams with. alkaline re&genta n fS B tli those previously 

described for ^ibrosaocarbonyls and °s? -dibrc®oacids In that 

dehydrobroB&nation, dt®plac«ia®nt of brcastnc, or both ssay occur*

rehydrobroa&mtion la  illu strated  by the action of alcoholic 

potassiuia hydroxide on l̂ X-dibraEOcyclopeirtane to yield  

eyelopentadlene* CyeXohaKadlem~l,3 was obtained fro®

1.2-dibrcaaocyclo^xane cm treatment with sodium acetate and acetic 

acid at la f c .680 although d ilu te a lk ali hydroxide at 150°C. or 

aqueous silv er oxide at 100*%. are without action.^80 The 

dibroao gives a enall amount of cyelobexadles* with alcoholic 

potassium lydrmid#6^  mid a greater accent with quinoline.*^

Substituted v icin al dlbroaDcyelopentenss and dibroiaoCM ô- 

hasmnes arm dahydrohalogenated s te ilsr ly . On heating 1,2-dibroaso-

1.2-diia®tl̂ rlcyclo3w>xfii3® with quinoline at 19Ĉ C* l f2Mtim©thy1cyele~ 

hcacadi«aa-2f6 1# yieM miA?® other alkyl aubstitutad

1 f2-dibsx>mxsycloteanes give sim ilar resu lts with q u in o lin e ,^  

alcoholic potaseiua hydroxide, 496,5H or etboadde»^3

I'jomrdn used dry potassium hydroxide at 200°C* with
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b© obtain l-©stî iejo2oboagadiorja- 

1,3*500 Tho la m  of two solos of hydrogen toroatde has boon ob­

served also attfc v icin al dibromcssonthanea using alcoholic potassium 

hydroocideSl® 15X4#515»&84 or s ^ u a  acetate in  acetic ®oiii#5l4 

In general 1,2-KlibrogBocyclobdmnos unsubstitutod by an 

activating group are noro resistan t to ©iaple dehydrobroidJBation 

than the carbonyls and add* previously discussed* Activation duo 

to the hessene ring probably account* for the removal of on* laole 

o f hydrogen bromide j t a  1,2-dlbroiaQtetralin using & basa a* weak 

a* ©agneaiuia carbonate. Tbs product so* reported to  bo 

2—br^ao~ a  t Using, ©ocondary aliphatic

andne* von Braun and Rirschbauar*®̂  obtained a sŝ nobrosi dilydtro— 

naphthalene (of undotersainod structure) fm a 1,2-dibroH otetralin. 

othoxid® gmre fron t he dil̂ eoisct̂ idridin*^1̂

frjfoyS Highly cyffj py < M yi el d

benzene or bsnsens darivativos on treateanb t i t h  re g e n ts .

The presence of a carboxyl group attached to  the eyolo- 

hexane ring probably a ss is ts  the de^drobroadnation reaction.

Thus l,2^itoMaa^l,3-<5ia»tbylcycloh*m3a carboxyll© acid-2 (H fl)  

yield* 1^3-dtmatlyl- l , 3~eycX0hexadi«ne earbcxylie acid«2 (O TII)



m  issrely MLqg mrmed with Q.Xi a l k a l i  ,*38 Otfcere fam  ob~ 

sorted sis& lar esta&ples of increased ease of debydrobroiiiimtXQn

cooH
>

coon

K ^ v \ \

dm  to  activation of tbe b e s e e  r in g .^ * ^  o r carboxyl 

groujj^°*492, W»6B5 <nroctI^ attached to  the cyclopantane or 

eyclohexaitcj ring.

Lose of only one so le of hydrogen broetde m e observed by

(x x m i) mo

tM stad irLtil M ttr  to  vlalii sthv l

p-brfffiafjt— ŷoloboiififflnOTOffti ĵ t ft (XXXX)

C^CoOC^s

L0>r

w m i

->

CV\7C o o C z V\g

rafx

Iiefcydrotesaliiiitioas w ith am h&drogm m%xm eoatxag from  & substituent 

on the ring mm observed nh.m 1,3^beiH5yl~lt2 < iib r© ^  (XIX)

yielded l-benayl-3-bmssal indene (X X X I) with pyridlnsM ^

--------rr CWoC. Ws

TOflT
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m m  mm trusted  id tb  quinoline a

e&xtura o f chlorabensane, l^hl^ro*-l-cjfolola#.\-«sK^ asad l-c lilo ro -lf 

S^yelohsm tilsns re su lted .^ *

mja$lmmm8& o fh rm tm  without oowMurrant 

on treatment with f&kalin® r e m i t s  apparently occurs on3  ̂ wit,4, 

thosa v ic inal dXbroaioeyeiopQnt&nes and which poisw^

an activating  group attached to  the ring* Thus 1,2- 

dibroim^^lQtm&rieearocaeylic ac id -(l) y isld s eyolohax*mdio i - ly 

2-«^rbQ2cylic aciri-1 on warming with aqueous sodium carbonate^®? 

and l #2^1brojaotetralin gives ! f.2Kll%dr03gtat3P®lln cm nesting 

with aqueous potassium carbonate*^® Activation of a beoseme ring 

mom  to  be indicated again by the reaction of i t2-dihro»otetrailii 

with om  percent sodium ssethoxida or magnesium carbonate in  

methanol to  y ield  l-*®eti¥3ry-2-broRJotetrallii, 502 Us© l 9&~

diferoisoieir&Xin m  short heating w ith potassium acetate In  acetic 

acid fie ld s  X ^ e tc n ^ ^ ^ ro iio te ^ X ln ,^ 02* # ^  and aqueous sectary 

gives l- l^ d ro ^ ^ ^ trm o te tra llii, ^  Short heating of 

X, 2«<iibromohydrlndeiU5 with magnesium carbonate in  aqueous scatone 

produces l'4^dro^^^roiaohydrindene • ̂  ry rid ins and alcohol

with X,2-<torcMao^drin8m give There

are many other eaawsples of dj reactions ocourrlng with
jiil ajjiT -lilrt in frail *i> Mh'Mitrtf* 1 tn nn> MWfr*•* *irf jX*.-* «ifc Si rtn.*i&'4g>£ ri*f8 u i« *■*.g* M t* WrfVxtSjiJnBB-J* C81® vO 6ti£? *iwVAw3i«63®' OX &

or oaxtooaqrl group®0® attached to tbs cyolopontaoa or oyciobaxan# 

ring .
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Likewise 2,>dlbrQ «otai3« lta  y ields 2t^ ^ ^ tQ sq^ ^ m lX n  with 

pyt&ssiua carbonate s o lu t io n .^  gives

eyelopeaitaRdl0X~l,2  cm b u t i ^  w ith potassium carbonate so lu tio n .^ 0 

C oncurrent dehydrobro^m tton and d&epleeenent of bromine 

with lj^-dlforc^aocyclcsheBM® occurs on ireatswBt with sodium ©thoxide. 

The product i s  l~ethoKy-2-eyclol*Meae * °^* With ecxitoaalonic ee ter

the d iethyl c f i i f  of i s  obtained fro®

l,2^brsm>oy0Xoh#5o&ii®. Almtetiki® potassium t^dromide

yields chiefly  ^Hrthomyeyelohexane-l .496* ̂  Treatment of

|  ̂ kryEppvftyr^ i!̂ yMiyya> With **»■»*»**» imdST pressure fit

100*120° gives a mixture of affltncTcyelohaxane-l and 3~ethoxy- 

cyclohexene-l. ̂  With dissetl^laBine a t 1X0*115° J-^inst^lesdxiO ' 

cyclobesene-l is  obtained. Wa amlagous reaction occurs with

t r i  wrthylaaine • Alkyl substituted dibroaaocyc lohexanes behave

sim ilarly with alkaline reagents. l - h t^ l* l#2*<!lbict»xjyclGhsjaii© with 

sodium ettocld® yields 2~ethyl~>HrtJiOBy«l-cyolobsxsn»« ̂ 3  Treatment 

w ith mtbylamine a t 115*120° converts l,2*dibroao*l^bsnssqlcyGlohemi» 

in to  6*ssst^lBHilac^X^»isyl^yulohaxeRe*l*^^ the reaction with 

diasthylaisdna is  analogous 1 $2tBf<>^®ti^.br0®o*p~santham

(HXXX) cm warming with sodium methoxid® in  methanol yields broao* 

curveo! methyl ether (XMXIX}^*

-  CH, ® # r  m ------ C% / l i a r
Clj-Cjlr 'CB-Gfe —̂  GBj-0 CB-C

CHBr-CH;* CE3 N$(aGfi^)«Caf2 XCE3

m u  m m

The v ic inal dibro^eyclopantancmes and ditosK^yclohexanones 

when treated  with alkaline reg en ts  nay undergo del^srdi^roninatlon,
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displacement ©f bromine, or both reactions concurrently* Stuple 

defcydrohalogemtion i a not o ftm  encountered with cyclohax&ronos since 

the presence o f halogen atom  and a carbonyl group in  the ease ring

497f698f499. j§@eei©r, laXlsch^^ obtained a
of undetermined structu re , from i #2~4ibros©-p-«jathax30i»-*3 (XXXXV) 

using potassium hydroxide. (A compound of structure sim ilar to  

XXXI? w ill, however, u n d e rg o  c le a v a g e  with p©%ms&m h&drmM® o n  

occasion to  y ie ld  a debronlnatsd, saturated aliphatic  a c id ^ ,)

XXXI?

As the following equation© shoe, cyclepent&ndionae have been 

known to  undergo both d e l^ r^ ro siim tio n  and displacement of

aakee form tlon o f  a  pben©lS4?t54S or> ^  the ease of a  diketone, 

formation of a qulnone th e  preferred course of re a c tio n ^ *  556, 559,

0%— (%
ch^-cst

■> Sr€— €0

’CHST

Hint appears to  be a conourm it dehydrobroasinatlsm-* 

dlspl&eejgent of bromine reaction m  reported by W allach^0 who 

reacted tribroiaotetr®^dro©iOTor» (XXX?) with aaaaoniated m&l
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alcohol to  obtain a coc^ound, Cyjfi%$(M§ which the w riter bolleves nsay

bo (XOTX) ^

^cuar-CH a c— ok ^
CffljCBr ^CB-C8r(GH3)2 CllyC ^Oi-C

G0  CO—0% XCh3

T O  JO T

Worklxig w ith 2t>-dlbro@oJugl»« (IIT O I) fhmmrn^® observed & do- 

reaction by using boiling ethanol md a 

reaction by seplaylng an iline in  boiling ethanol as the faUUswing

eqsjfrattob*1 obooi
o

^  \  / ,,NV
° CASH I II |l_e

I ,| I o« o

^  /  \  /  °«v
<?W O CT̂ r ^  ^   ̂ 'KrtĈ Wc;r  tr

XXXfXX *  I li 
W 8  W  6 ,r

oM o

H th vicin al dlbroatiLdes of mygm  heterocyclic commando 

straightforw ard reaction©, aueh m  mw% o f those reriesed bore so far 

have bean, ere m t ommm w ith alkaline reagents* Bing cleavage and 

re&nrei^ea^bs ffeqpfmtly oeoir* thus (substituted) ocmuaarici 

dibroi3ide (HXV111) may form a (substituted) coujsaarillc sold {IXXXX) 

with hot potasEltiffl hydroxide« 5 ^ 1 *  593

^  cV,
I r 8r - >  l I n u

^ / ^ 0 / t=O ^ / \ Dxc - cooW
m m u  x m i
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MUder conditions, e* g * # colei alcoholic alkali will sorely r w r o  one 
aole of Ir^drogen bradde to  fern a anmbron eeussBrla (u,)59£f 593#70d

The couiaarin d ib ro s id e s ,  in** i dont-ai ) y^ a re  (p it©  u n s ta b le . S8S,591,593*

T O

2f3f4f5^eti^roieioteti^^dropjfrom 40ie a d d  (XI1} on being 

treated  with concentrated alcoholic potasatua %dr«xtde yields a 

mixture containing S^rc^pyro&ucic acid,

3,4"<libro3̂ 5p3̂  ̂ add and 3 , 5~diferoiBap  ̂ acid .^ ^

' be reactions of dih&logenated dihytir^pyracn and to tre»  

hydrcfsyseii® with alkalies reagents are very Hadted in  n u a b e r .  A l l  

of the eerk reported In the lite ra tu re  la  confined to  2t3-dibaHda» 

or derivatives. prepared 2t>Kiichlorotetra^dropyran (XLH)

end treated  I t  with sodium ssthoxlde la  m&timml to  obtain 2-metbioa&~ 

3KJhlorot®trahydropyran (X H 1 1 ). Be also reacted X I I I  with Qrignard 

to  prepare 2^1kyl-3^h loro tetraiky dropyrans S*®

B<COOU

1141



S a rlia r, Paul577/*0* bKsdm tad W v& opgnn  (XUV) a t -17°C. in

ether solution to  obtain unstable

(XL?) which ho treated  with ^ in c lin e  to  ylsM  >^rc«3odtiTydropjrao 

(XL?I). Whon 2,3^bro© D totra^dropyjm  was added dropwise to  load

/ \ / \ R / \ 
i I' -* i i: -  i r
x O^ N eX

XII? XI# Xhfl

lydrodKid©, the product was 2-t^drox^~>^r<^totrafaQrdropyrsin (XLtXX) 

wtdeh when covered with water fo r o m m l days or treated  with 

(XL?) yioldod bi^(3~bro^toti^tiy4iropyraii--2) oxide (XLflll) which

/  S . ^  ^  X -9r X ^JV  fcr.'' X (

1 I ~ ^  I U h I  ̂ 1
\ / " 6r N ^ "

x m i  xl?xii

may ho considered as the d i-other of XLfll* P a u l^  also proper*d

3,4-dibJX>s»3tatoihydrc3pyxwi (U ) by tho braoinstion of 

^  -dihydropyran (L) which was obtained by d is tillin g  3-hro8aotetira- 

iydropyran (XLXX) frm  ©seesa potaastu®. hydimld© in  glycol. LXt

6r
* Bv~

1 1 - *  1 ]- m  1
N y ' N y '

max l  ix

unlike tho 2,3-dthroai© snfil©&f was reported as vary stab le . Soee 

Koglish workers'705 ham prepared chloro compounds analogous to
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XLVU and XLVIII* O tb s rs ^  have patented the dieplacm ant of one mXm 

o f halogen ! iw  & d i-o r j^lyh&logsnated tetr®l^rdn>pyr«io nai^n 

anhydrous sodium acetate in  aootic sold* Thus ^^J-KiLbro^t^tral^drapyxmn 

yields 2-^ato^3^3^iaot^r«d3y^irc>pyran.

Woods and S anders'^  treated  2#3KS^*tai!^4̂ a?i^dro^i?sn with 

sjsnsoniated alcohols in  tbs cold to  obtain the 2-®,lkox^-3-bro®?totm- 

i^$FQ0 r m  (III)*  fbnti this product was xwHnxed tilth e&cess

/  6 r  ^  X 'B'r ^
I I  7* J j —̂  I I> -£>r ' -o ^  V
N o /  V  N C /

LTT f.JTt
3

alcoholic potassium hydrasctde* the fo rm tim  o f 2~@lkox&~ A ~dl% - 

drapyran(LIlI) occurred. Cleaving (III!)  by d ilu te  aqueous acids in

the presence of 2#4-diidtrophonylliy'dra2onf9 gars the 2 ,4 -d in itro -
~L 3 pfcenyli^drasone of 5~^droxy~ A  -pontonsl (LIV), Ibm  2-ettaqjr~A~

dlhydropyran (LV) was subjected to  steam d is tilla tio n  from a strongly 

I I —> C H jjC M S^sC fEH ^^^K O aJa

m

a d d  medium, tbs product obtained was a pentadien&l (l»fl)* The 

coapound (l*f) was the sta rtin g  m aterial fo r tbs work reported in

i 1
N q Z-OC,.^ — rajSCKCSSCBCHO

v i m .

this th e sis .
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DISCUSSION

The object of th is  work orig inally  was to extend our knowledge 

of simple tetrahydropyrans and dihydropyrans. Further, i t  seemed 

possible th a t 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 th is  investigation was the

3 ,4-dibromo~2-ethoxy~tetrahydropyran (LVII) which was obtained by 

the addition of bromine to 2-ethoxy- /y -dihydropyran (LV) .707

a

I ' „  ... —>

LV LVII

The addition of bromine to (LV) was a rapid , exothermic 

reaction a t temperatures below -20° C. using either carbon te tra ­

chloride or petroleum ether as a solvent. The reaction medium soon 

became opaque 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. I t  was expected th a t (LVII) would be 

an unstable compound lik e  2 ,3~dibronx>tetrahydropyran^^> 704 or a 

2 ,3-dibrosocyelohexanone • 546,549 g ffort s to  d i s t i l l  the crude

product a fte r bromination led to  decomposition with evolution of 

hydrogen bromide. Poor yields of a yellowish product were thus ob­

tain©!. Consequently, the crude product a fte r bromination was added 

immediately and d irec tly  to alkaline reagents in  an e ffo rt to study 

the reactions of (LVII). I t  soon became apparent, however, th a t the 

product iso lated  from treatment of the crude bromination product with
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the mm» Moreover, and th is  eofiM iaes the s ta b ility  of (LVII), a 

snail amount of unchanged dlbrooo eoqpound was r ie c w id  even a fte r 

forty~eight hours re fla tin g  with alcoholic sodium ethaad.de • When 

the re&et&nis « « »  brought to  reflux tewperatu** and then allowed to  

stand fo r two days a t room tssporatars, half of th© product iso lated  

mm unreaeted dibromo compound. neither the 11quid nor th© solid  

itra e r  reacted with sodium below about b0° c. However, there

la  sons indication that the liquid  Isomer reacted more readily . In 

several instances where a mixture of Isomers, of such proportions th a t 

tbs solid  would not p recip itate  out on cooling, was reacted, the 

diferom© cospounci recovered was largely the so lid  isomer. This was 

evidenced %  c ry sta llisa tio n  of a large portion of the recovered 

m aterial on cooling*

The co n ten ts  o f  th e  re a c tio n  f la sk  a f te r  heatin g  (LV2X) w ith  

sodium ethox lde was f i r s t  f lo o d s  w ith  w ater mid th en  extracted w ith  

e th e r , m& th e  re s id u e  d i s t i l l e d  a t  reduced p re ssu re . Two f ra c tio n s  

were ob tained  o f which th e  'h igher b o ilin g  was rev ealed  to  b® un­

changed ( I f l l ) .  4 s  m entioned b e fo re , th e  r e la tiv e  amount o f th i s  

f ra c tio n  v a rie d  w ith  th e  tie s  o f h ea tin g  the re a c ta n ts . The low er 

b o ilin g  product appeased to  be a s in g le  e n ti ty  on th e  b a s is  o f i t s  

d i s t i l l a t io n  b eh av io r. However, bromine a n a ly s is  o f ib is  w te r l a l  

rev ealed  i t  to  be a m ixtu re. One compound was la ter is o la te d  and 

a to m  to  be a  bromine~fr©e dietboscydilydropyran. The o th e r compound 

con tained  brosin*. The bromine ©imXyels o f th e  lo v e r b o ilin g  m ixture 

gave v a lu es ranging from 27JC to  16$ bromine* S ince a  mon^romo- 

etfcxydihydropyran  would co n ta in  brom ine, i t  m s  assumed th a t  th is  

m a te ria l m s  a  m ixture o f diethoxydiliydropyraii and a mnobrojao*- 

mihax^Xh^Sro^mn,
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I t  should be observed here th a t  th e  c o n trib u tio n  o f  a  broadms 

atom to  th e  boH lng  p o in t o f a compound I s  alm ost the m m  m  th a t  o f 

m  e i t o y l  group* 3 m m  th e  d lo th c ^ d il^ d ro p ^ ra n  and th e  TOMfeft»o- 

oitae^dll^dropgrrnn. should have very  n ea rly  th® saws boiling po in t*  I t  

was .found in  th is  m m  th a t  o f the two commands by

o rd in ary  f ra c tio n a tio n  procedure s a l  no t fe a sib le *

Additional treatment o f th is  m ixture with sodium attoeid© 

reduced the bromine content* thus th© mixture containing 1#. bromine 

yielded, a broisime^frfi© compound on roflmslng, with more a»rf|w«

ottod.de solution* In  another ©xpmrtont a ©a^l@ containing %t$ 

brto.no m e redded in  bromic© content to  1£ upon to tin g  for 30 hours 

w ith  alcoholic sodium ethoadde* Again* a rnmplm containing 2>-£4# 

bromine m s given two irectiien is w ith oodles ettoclde t o  then over** 

night t o t i n g  w ith  alcoholic potassiua lydro3d.de to  o b ta in  a b r to J » ~  

f re e  product* Usually a f in a l  treatnexft w ith  m ta llie  sodium was 

employed to  r w r e  the l a s t  tra c e s  o f the brtone^ontai& ing compound* 

Analyses fo r  e to o n  and hydrogen. co n ten t of Hie browlnft-free 

expound  p r s  v a lu es th a t corresponded to  a die ttoy&Jhyti ropyran*

T his compound on t o t i n g  w ith  d i la te  sdneim l a c id s  in  the presence o f  

2 ,4 ^ r d t r ^ ! i e iy l ^ i r a c i n e  y ie ld ed  an orange derivative* T ide 

2,4^rdtropm nyllydrasoiie (LXJl) t o  a cartoon t o  hydrogen content 

corresponding to  th a t o f a d e riv a tiv e  of an  etho3ylydro3yi> entoal 

which a y  have Hie s tru c tu re  shown*

m ,i
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The motion of alcoholic potassium hydroxide on ( t f l l )  was 

sim ilar to  the action of alcoholic sodium ettadLde* A stood product 

resulted* The bromine content varied according to  the time of tre a t-  

laent. Tima dibxeno compound heated with five parts of 15% alcoholic 

po tasdaa hydrco&d# for mmr twelve h airs, yielded a product contain­

ing about i& broMas m  well m  a  l i t t l e  ursreaeteri k lam*

boiling fraction  eontalnlng 13$ brm&im was obtained by four hours 

heating with 1756 alcoholic potassium hydroxide# The stood product 
contained, both (H I?) and (I1TT). Consequently, alcoholic potassium 

hydroxide was considered omul table as a reagent for the preparation 

o f Clxn).
H eaetloR of «MBthcaqr-3«4-d ib ro n o to ,far̂ hydrofm ,an  w ith  T e rtia ry  Amines

The treatment of (L¥XX) with te rtia ry  amines was not 

productive* Tricthamlamine as a reagent led to  a vigorous reaction 

from which the only product iso lated  was a nitrogen containing sub- 

stance while use of dijaathylanlltne caused no reaction other than 

decosposition of the aadne. When (XXXI) m s refluxed with pyridine 

and tolwens, the dibrosso compound was quantitatively  recovered*

Attempts to  remove mm molecule o f hydrogen bromide from (h?Xl) 

with te rtia ry  amines m m  discontinued a fte r these experiments.

Potassium acetate and 2-etbo3?y-3^4-dibros©tetra!ydro|yraii 

were heated in  diethylene glycol under reflux:. The reaction c©§*~

m©ne@d with vigor followed by m derleeeing of the solution and 
sejmr&tion of a p recip ita te  of potassium bromide. The weight of 

potaosiuis broiaXd® obtained mm roughly equivalent to raplUcensnt o f one
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broains atom in  (LTII). Hie odor of 

A fter aetttraHssatlosi of tto® aeid# 

extracted with ether* A 

b o ills^  fraction  containing mmm 

low-boiling ffcaetian iss mainly a 

( IM I  or W m i)  contajaimto- with 

ethoxytetrohydropyran (LXII). the

OCOCtk

acetic aeid became evident* 

m s added, and t*» mixture 

as well imi a high~ 

(LVXI) wee obtained* the

Is  probably some

and

N y '

- 6 r
I
-oCx Me,

Br
^  ^'O C O C ^

 ̂ -oCr ps

analyses of

OcO ̂ -V̂3 
^  x  - o^Ot-^3

1
N y '

ix m i u m .

th is  liq u id , apparently doe to  presence o f (HXX) gore values sons* 

what higher then those calculated fo r (LXVXI or 3UOT1X) (3*5% too 

high fo r o&rbor, 5% too h i#  for hydrogen) • A ll other possible 

contaminants, e*g« smreacted (W ll) or a grodaet resulting  £rm  

dehydrobroiriLiiRtlon, would tend to give low values for carbon and 

hydrogen content* p reparation  of (1X11), nMch d is tille d  only shout 

15° higher then (1X9X1 or 1XCOI) mm not a t te s te d  since i t  was 

formed only on longer heating of ($»¥XX) with potassium acetate and 

consequently a t  the expense of (xAffix) which decomposes in  the 

presence of the acetic a d d  formed in  the reaction*}

then (LOTI) mas reacted with 2#̂ dinitrophenyliytlra»iiie 

in  the usual maasasr, an orange to  redMiwige derivative was obtained*
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employ m  in e rt &Hwm% with (X£U}» Tolssne mm found satisfactory* 

ISropping a solution of eqnal parts of tolasn* and (IMZ1) ante its® 

molten potmssinm hydroxide gaartedly te r n s ta :  the daeoEiposttloru 

la te r  i t  was d lseew sd  th a t the nktmgm mmp was unnecessary. fkm» 

nolten potaasiti® bpdrmM® trsatsisn t of (1¥XX) made possible the 

synthesis of (IX fl) in  acceptable y ields.

. Retention o f the ring structure of th is  compound was 

detsonsirated by hydrogenation w er pftXledlear-cbareoal catalyst* i  

quantity of hydrogen corresponding to  one double bond and mm bromine 

ate*® In  the aoleeule m s absorbed to  form ^thoK ytetrsiiydropyran 

(111), fhe id en tity  of the hydrogenated product was established fey 

preparing tb s 2,V diisitropbery^ derivative (IXII) . This

/ v ^ - e > r  ^  v

I I ,  . —  ̂ I I , u^ - O C ^ s  V ' o c ^ 5

ixvi m

derivative gave no depression in  a nixed m ating deteratim tion with a

/  ^

v ' oCA
m  ix. ■'

mm&» of the 2#4*<iinitrofphBi^rlhydrasone of (XXX).



Carbon, hydrogen, and ferosiins analyse® of the low-holling 

eoapaund a l l  corresponded to  th a t ealeulatad for the structure (XXVI).

twmtmrn^ «&tb In  1tom pmmmm

of aineral acid© an ©range derivative m s obtained, fhii* 2 ,4-

tro^b^rlh^tiraaona (XXU) m  analysis gave values fo r carbon and 

hydrogen content th a t agreed with those calculated fo r a  hyditay- 

bronqpentenal derivative (IXXX)*

^  - E»v
1 - 0 ^ %  CHaCRCK^BsCBrCH^iKC^CK^Ja
N y '

ix f i xxxx

fb® compound (XXVXJ mm a fa ir ly  stable liqu id  although d if f ic u lt to 

obtain co lorless. Usually obtained as a strSBMSolorad liqu id  I t  

gradually deepened in  color on standing but with apparently only rdnor 

decomposition,

An a l tmm%$m structure fo r tb s br^^thoaydlhydropyran la  

(XXXII) • Ic sw e r, as the h isto rica l portion of th is  thesis reveals,

6>v

x x m

tbs product of dehyarobroairiaUon of &n «< P^brosco&rfcanyl compound 

i s  always th a t which has lo s t bromine frost the f  carbon and hydrogen 

from the carbon. Hanes s tra tu s *  (XXVI), 2-^dboay->^soiBo-* ̂  ~ 

dihydropyran, i s  preferred for the product obtained in  th is



m

investigation*

A ttoqpta to  p rep are  a  known m a te ria l, 2-@ th<»c^-3*-bro»t9tra« 

hydrepyrai* (L K JIII)^ ^  frota 2*-ethcs^>4}roiao~ -dU grd^pyran  (OTX) 

by fyd rogenatlon  of only the double bond without rw w il of brcnis*

^  /  X - Sr-
I I I-OC^Wc, v y -OClHc,

XX XX

LCTI ISXllI

were unsuccessful, bat did yield the reduced product tmm which 

feroaim had been elissiimted. 

preparation ^

Ihaa (LOT) m e added with stjLfTtng to  a cold solution of 

equal voluiaes of concentrated su lfuric acid end w ater, a solid  mo 

obtained. This white stable so lid  on tre&tiaeiit with 2 ,4 -d in ltro - 

ptutnylfcydrasixie in  the usual earner yielded m  orange derivative 

which proved to  be iden tical with th a t obtained from (LOT). Thus 

eiructtare (LOT?) m  assigned to  th is  so lid . Apparently, (LOT?) 

a rises by cleavage o f (LOT) to  fora the In te rse iU te  (LXXV). 5db~ 

sequent condensation of two ssolecules o f tbs p ira te d  aldehyde 

y ields (IXU?)« th e  values given on analyses of carbon, hydrogen,

r v  ^ i^j8r r v r ,
v m  uov lo t?

and bromine content corrwaponded closely  to  those calculated fo r



(XXI?)« Moraorer, a Eset molecular weight deW adaatiom using camphor 

gwm a iralua fa irly  ©lose to  the ©aleulaied ra lu e . la te r , i t  w ill be

shown th a t (IX^X) and (XXXI?) yield tfee same product on acid 

hydrolysis.

The solid (XXXI?} i s  the m m  coopousd m  th a t which m e 

obtained from the s&xtur© resulting from the action of sodium 

ethssdde upon (LVXX)« This ccmflxws the prepuce of (XX?I) as the 

bro2dJ3C-<or*taii5ii5g cmpomnt in  th a t mixture*

I t  should be noted Imre th a t compound (XhfXXl) prepared by 

P a u l^ * * ^  bear® a close resesfelame to  (LXJEXV). Due to  tbs in a b ility

xrnxx
to  hydrogenate the double bond without resowing hromim in  (XXfX), 

no attem pt was mad* to  convert (XXXX7) to  (XLflJI).

This aldehyde ,2A*rwmpmiMMM^9if*ikk,could be prepared from

(bfl l)  by treatisani with strong 

acids, f i r s t  (1TO) mm shaken with warm I s l  su lfbrlo  acid. Tbs 

adjeture was then added gradually to  a solution of about su lfuric 

acid under stem  d is tilla tio n  conditions. The d is tilla te  contain®! a 

small  mount ox tee urojm&pentauisnai v«<o?xj m ien was isolated  by 

ether extraction., f id s  preparation was unasttaffeotary because most 

of tb s mas unreacted m aterial, i jgain tftd* tbs

remarkable s ta b ility  of 2-«thoxy*-3f4*H^brosotetrahydropyran. Tbs

N / '
— o —-x c /
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mvmm d istilla tio n  trm  phosphoric acid solution. th is solid  did not 

stm m  d is t ill m  only the hydrolysis product*

(LOTI) u s  Isolated in  the d is tilla te . This preparation of the 

m m  aldsiyds from (URft) and (LXXIV) helps confirm tbs structure 

assigned to the ether.

th is aldehyde is  a yellow , unstable liquid with a deeply 

penetrating, aorolein-like odor* I t  attacks the miaous jses&mis and 

functions as a vwy o ff active lacbryssator. lis tilla t lo u , even a t a 

pressure of 2-3 » •  under a nitrogen atmosphere, is  accorapax&ed by 

decomposition. on two occaatoiia a t a pressure of shout 2D' maunder 

a nitrogen atasqptaw* a purs aaxspls decomposed eo rapidly near the 

and of the d istilla tio n  that the top of the thamraseter and capillary 

tuba were blown out and 'the fraetiom ting eolmm broken.

Carbon and hydrogen am lyoio of th is ©oiapous&i gave value© 

corresponding to  structure (U1VI). (the analysis was not as good 

as desired doe to the in sta b ility  of the material* On combustion 

i t  le f t  a Mask deposit in  the capillary employed to weigh the sample, 

f  Me deposit occurred on sealing the capillary and persisted eves m  

m&rmm b atin g) I t  very readily  forced a red 2 #4 K&nltrophaxyl- 

hydrasone QJXWh). the carbon and hydrogen content given by

u m ^

analysis of th is derivative corwsponded very closely  to the values 

calculated for {UXtfh). A white soaicarbasona (m vi:B  ) was e lse



obtained fro© %Mb aldelyd©. This derivative gave analysis value® 

corresponding only fa irly  w ell to the carbon and hydrogen content

m n-B

calculated fa r  (U m :& ) probably because of i t s  in e tS b iliiy . I t  

gradually deeoiaposad without s i t in g  and m m  drying a t s lig h tly  above 

room temperature under vacuum caused sow deeoiqpositlon* This be­

havior rmm tolm  th a t of tbs ssnlearhfesans of pent&dienal.

Addition of tb s 2^rosao|«witiiilie^-2,4-al to  e ^ e ss  methyl- 

magnesium bromide in  ether caused a wtgerouii reaction with formation 

of >*bra®ob8acadisn-3>5-ol-2 (U X fll)* Ko derivative was obtained frc® 

th is  alcohol, Treatment with pbsnyluxethaiie or -asphihylurathane 

apparently caused sliodcatloii of water sines tbs only products 

Isolated war® tb s corrsspondlng urea and a tar# It. mm necessary to  

estab lish  the structure of th is  alcohol by other weans,

ffee aloohol was lydrogenated to  a hrotaine-fre© se rra te d  

alcohol (LXXVX1X), The quantity of hydrogen absorbed agreed with th a t 

calculated fo r a jttleeule containing two double bonds and a  feros&ise 

atom. Oxidation o f the saturated a lco h o l with bichromate y ie ld ed  a 

ketone (IMIX) which was iden tified  as n-butyl sssthyl ketone by 

preparation o f the m d  2,4^idtopb®rylhyd*m»o3ne

derivatives. These gave no depression with authentic derivatives in  

nixed  s e tt in g  point detem im tions. Bonce the saturated a lco h o l east
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have been taMMfe-a ( u m i l )  and the product of the Grlgcard 

reaction must have been 5~ol-2( HOTX )»

ch^scicim ^ oho ------->   >

uxn Mxm

m m .il m ih

The unaatur&ted broanalcobol (DOTH) was a colorless* viscous 

liqu id  which formed a thick yrnXXm^ram te r  i f  heated above l ie  

boiling paint for about one-half hour. Carbon and hydrogen analysis 

of pore (DOTH) gave values close to  those calculated, fo r th a t 

structu re ,

passing 3-broaohcmdi«o-3,5~al~£ through a column of 

activated heated to  about 32CP €« yielded a product con­

sis tin g  of water and a yellos liqu id  with a powerful but not up- 

pleasant odor, th is  liqu id  m s iden tified  as >brom hs«atri*ne-l, 3,5 

(LX1X), derived from (IXXVXX)- by e lle lm tlo n  of a  molecule of w ater.

cHjfCBciKBfcaacHj — >

ZJDCfXX T.ŷ x

Open d is tilla tio n  a colorless liqu id  m s obtained leaving behind an 

intensely h im  m aterial. The dark cobalt blue residue was a 

characteristic interssadlai® polymerisation or deeoiapositlGp product 

obtained froa (MM) which m s i ts e lf  colorless when pure.

I t  was previously mentioned th a t sane samp lee of (L3OTIX) con­

tained some ummcted browoettao'^i^dropym n. This a r te r ia l, present
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Tfttfii jftr&pfev&'&logi of ft HEirfr* tibft tfelrtl

stgsadhghfe ftlNftir of tweissEB oj* &£& dkMdLv&M.vi® t>© lift iggoteftftisftdl S®

SM s py^wi.^ f t ’lLyji h*BB%ii4S8Sw,3Lg3#5# ftuftlogoaft to  Ink®m bb# ftoct

ftjUBylhftEft't<ylftDft (o6tftt9tniQta*l|3)5|7)} ftPfi3L̂ ôn.o to  fttyrvftoft* wro pni 

pftrftd^. Broaobftxatrierwi to* o t M j r ,  th« «trftig&i chain analog of 

bfO SO b ftllM K lft ♦
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Î 
VM

PERCENT TRANSMISSION

Jl
<3̂0c —; ro
M

5J
i2C

\̂0̂
 

dK
Vf

A



a
<*•4

&

*

i

a

Q

'M

i
!
tf

1

M53
S

9

•i1

Is

•«n*fp©8 
msgrj



I

I I

f t

•4
S ’

I

ts*
&

*

Ir
g

f i

m *—*» *

? G

** 1  
#“* f?

(? S’ I  
f  Jf

<r

I
$

©

JC*
X*

p*-*

£
f t
K>i *

oK

I |

I &J &I t
P ^
s  t

i

I
e

H

.iy 
of



80

dropping fsunel a t such a ra te  tha t  the tOB^erature was maintained 

below -30°.

The red-orange sludge of ende 2-etho3gr-3,4HlibrtM0tetrahjdro- 

pyran vas transferred to  a 3-11 te r  flask  containing 100 g. each of 

sodium su lfite  and sodium carbonate In 400 ml* of water and steam 

d is tille d  as rapidly as possible* About 10 li te r s  of d is tilla te  were 

collected before a clear d is t i l la te , free of the dibromo compound, was 

obtained* The water was separated from the more dense 2-elhoxy-3, 

4-dibrofBotetraphydropyiwJ a n d  e x t r a c t e d  with a  small amount o f  carbon 

tetrachloride* The carbon tetrachloride washings and dibroao com­

pound were combined and dried over magnesium su lfa te .

The carbon tetrachloride solution was filte re d  and th® solvent

removed under reduced pressure. The residue m i d is tille d  a t low

pressure. 2-Bthoxy-3,4-dibromotetrahydropyran boiled a t 80-05° a t

0.3 m* pressure. Yield: 670 g# (60%) of a mixture of isomers.

«g*** 1.5140. I f 0 * 1 .5 5 . A * !* * ., d O ^ t a d  to r

C ff^ ra Q a* Br,$5.5Founds Br,55*5,55.4
On on® occasion when 2 -^ lso ^-3 #4-dlfero«>t©trahydropyraa 

(mixture of isomers) was added drppwise, with s tirr in g , to  cold con­

centrated su lfuric acid, & small amount of gUMy solid was obtained 

which rscrystalllssd in  long, white needles from aqueous acetone. This 

melted a t 201° and was believed to have the structure shown below:

V '  °



ex

Analysis: CaleuXrtad fo r y  c> 23. 94, Bf 2.8X} Br, 63.7
Found: C, 24.27; H, 3.00} Br, 64.1

I t  was not possible to duplicate the results of th is one 

ejEparliseiib usln^ either one of tbs isoaars or a adxfekse of the isomers 

of 2-ethoxy-3,4-*^broaiot0trsl'^rlropyrsn although & number of sttw pt*  

wens mads*

Isolation  of Solid Isomer. Two hundred and twenty graias of 

2-^r«^-3,4--4ibrim>t®traliydi^pyr^ft# obtained by broistmticn of 2- 

e t to y - /i •H&hytiropyran, was dissolved in  300 ml. petroleia® otter 

(20h4Q̂ ) m i tbs solution cooled In a !ry Ie#-®**eio*i@ bath* White 

crystals precipitated which were collected by auction filtra tio n  m i 

washed with cold petroleum ether (20-40°}. After reclystallination  

the solid isomer of 2nit4Kucy-3»4^bro»tetro^dropfran malted at 

60-1°. lio lds 56 g* Joaslyaiai Calculated for

O^l2Br202* C, 29*20; H, 4.20 
Founds 0 , 29*X9j H, 4*25

Preparation of Impure llcgild .lsoner. the petrcumun ether 

solution remaining after removal of the solid leaser wes placed in  a 

d istillin g  pot and the solvent removed* The residue was d istilled  

at reduced pressure (123° at 12 » • )  end the f i r s t  tw o-thirds at the 

d is tilla te  collected separately, th is product m s believed to be 

mainly the liquid isomer* I t dId sot yield crystals upon seeding at 

very 1m  tem perature. c ^ °  * 1.5X58

one-half grass of 2^t^^~3,4^1brcmotetmlydro|yran (sostly liquid  

isomer)* 4 g* of sodium cMU&emat** 0*5 g* of % palladium charcoal 

©atr-lyst* and 75 ml. of 9$% ethanol were shaken under hydrogen at
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atmospheric pressure In a quantitative hydrogenation appambns. 

Absorption of hydrogen m a rapid a t f i r s t  but progressively decreased 

in  ra te . A fter 740 m l. o f  hydrogen was absorbed (tiro t o r e )  th e  

reaetlon arrested i t s e l f  , th e  theoretical absorption of hydrogen re-* 

quired for byctrogenoly&is of both bromine atoms was 800 id .

The product was n o t iso lated  b u t a yellow 2,4Kiinltrophenyl- 

hydraaoae m s  prepared by addli^; m  a lc o h o lic  s o lu tio n , containing 

hydrochloric acid , of 2 ,4-*dlnitrophenyIhydrasdne to  th e  liq u id  

remaining a f te r  removal of solvent* T his derivative m s reery sta l- 

lized  from ethyl acetate and sa lted  a t 107-107.5°. A mixed melting 

p o in t determination m s made w ith  a known sample of th e  2,4- 

diid.tro^ienyl3^ydrasone prepared  from S^thcaty t-etrahydropyrsn . The 

mixture malted a t 107.5-108°.

tl»S aB eflL A & B ltegg^^

Into a 300 al* flask  were placed 72 g . (0*25 soles) of 2-ethoacy-3,4- 

dibro^Dtetratydropyrsn, 40 g. (0*50 soles) of pyridine, and 100 el* of 

toluene* The- mixture In the flask  m s heated under reflux for two 

hours by an o il bath maintained a t 140-5°* Except fo r a small amount 

of ta r  a t the bottom of the flask there m s no evidence of reaction. 

A fter cooling, water m s added and the mixture extracted with 

petroleum ether (JCMatf*). The petroleum ether solution was dried over 

sodium su lfate and f ilte re d . The only products obtained on d is t i l ls -  

ticm of the f i l t r a te  were petroleum ether, pyridine and toluene 

(boiled a t 30-35° At 20 am.) and unraaeted 2Hri&eogr-3,A-dibroiaoteira- 

hydropyrsn (boiled a t 130-135° a t  20 a®.). Sixty-seven grama of
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2-ethoj^-3,4'^broa»tetrahydropyriuD were collected which, including 

forerun and real due, accounted fo r a l l  of th a t compound ©alloyed In  

th is  experiment*

2-Sthoxy-3(or 4 )^ iv ^ ^ L w  3)^o»toKytat)rfti:arstropjr8n. Into

ft 250 ml, flash  f itte d  with an a ir  condenser were placed 50 g* of 2* 

ethoxy~3,4^iibromotetimhydropyrftn, 32 g* of anhydrous potassium acetate, 

and 75 ml, of dtethylene glycol, Th© non-hoaiogeneous mixture of which 

the m m  dense dibros&d© forw&d the lower layer was heated with a small 

free flame* The potassium acetate dissolved in  the glycol, After 

about ten minute® a vigorous reaction occurred with a consequent dark­

ening of the mixture and the precip itation  of potassium bromide* The 

content® of the flask  was boiled for f iv e  minutes a fte r  the major 

violence of the reaction was spent and than cooled to room teiqpexmtuse* 

The odor of acetic acid was apparent* Concentrated potassium carbon­

ate  solution was added u n til th© mixture was alkaline as determined 

by litm us paper* Th© mixture was filte re d  and water added to  the 

f i l t r a te  which was then extracted with ether* The ether ex tract was 

dried over magnesium su lfa te , f ilte re d , and the ether removed under 

reduced pressure. The residue yielded 3 g* of m aterial boiling from 

90° to  lOtP «t 10 m» pressure and 14 g* of m aterial boiling from 100 

to  130° a t 10 m* Tfee Mgher-bolil&g m aterial was mainly unreacted 

2-ethoxy-3,4“dibrom©tetrabyciropyran« The Icnier-tailing f  raction was 

2-©thoxy-3~(or 4)br®acH4(®r 3)acetcagrtetrai^dropyran which upon re - 

d is tilla tio n  boiled at 9 #  at 12 am, A re d is tille d  sample of 2~ 

©tiK>xybro®oacetaxyt«ti^^dropy^ C ^ °  -  1*4754) was analysed*

Calculated for C^jBrO^t e , 40.47; H, $.66; Br, 29.9
rounds c , 41.9$; H, 6.00; Br, 29.2
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3*5 times the weight of s&aple were dropped through Hie condenser in to  

the solution. After addition of sodium Hie flask  was heated for 

fifteen  a&txutes* than about 25 ml* of d is tille d  water was cautiously 

added through tfee condenser and the alcohol evaporated by heating fo r 

fifteen  to  twenty minutes with no water funning through the condenser, 

ftee contents of the flask  m m  then cooled and washed in to  a swell 

e rlen aey e r flask* To the «ta»liey 5 ®1* of concentrated n itr ic

acid w e added end 3 ml* of the same a d d  m s added to  the larger* 

Then 20 nl* of 0*1 honsal standard s ilv e r n itra te  was added and the 

excess s ilv e r n itra te  hack titra te d  with standard potassium 

thtoeysnats solution using 2 el* of concentrated fe rric  su lfate  sole* 

tion  as indicator*

Preparation of Hethoxydihydronyraa* A series of preliminary 

reactions were carried out employing both the liquid (iiqpure) and 

solid  isomers of 2~ethoxy-3, 4-^broool^rahydropyran with sodium 

etboxlde and alcoholic potassium hydroxide* The resu lts  of them 

invesUg&tlons were sc poor In terms of y ields, d ifficu lty  of Iso la­

tio n , and m lttp llc tty  of products th a t the reactions of the dibrowo 

compounds with these reagents were not explored further than m  

indicated by the expert® ants given below.

A* The reaction of potassium hydroxide dissolved in  ethanol 

did yield & product iden tified  as a dtt.ethnxytiihydropy ran • In a 

1 - H te r  flask were placed 290 g* (one mole) of 2-etb®3^-3,l-c&bratao- 

tetrshydropyran (mixture of isomers) and 200 g. (3*5 moles) of 

potassium hydroxide dissolved in  600 ml* of alcohol. Th® flask  was 

heated m  tbs steam cone fo r a few minutes u n til the reaction
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comm&od, violcut is the xmmt ie r  th a t m ateriel can be lost 
through tins top of the condenser* The flask was removed from the steam 

coos end 190 g* {*63 moles) of potassium bromide (one-third of th a t 

theo retically  available) f ilte re d  from the contents. The f i l tr a te  

m s added to  500 ml* of &. solution of sodium sthcodtde prepared from 

30 g. (1*3 m lm ) of sodium and rsfXuaead fo r forty-eight hour® while 

removing 500 ml* of alcohol* Tbs dark rod sludge remaining was d is­

solved in d is tille d  water and th a t solution extracted with ether* The 

ether ex tract m s dried over magnesium su lfate  for three hours In  the 

cold end then filtered*  A fter removal of solvent, the residue was 

fractionated* The f i r s t  fraction , boiling a t  93-101° a t 17 to* was 

23 g. of broadne-free material* In addition 9 §* of u&reaeted 2- 
etlmy-3^4-dlbrois»tetmliydrcpyran and about 10 g* of ta r  were obtained. 

Use 23 g . of lcmm^boillng m aterial, diethc^Qrdihydr^raii, d is tille d  

at atmospheric pressure at about 205° with After

removal of a forerun fraction , the d is t illa te  m s collected in four 

fractions fo r which the indices of refraction  were as follows *

* * °  * 1 .4 0 0 , 1 .0 ® , 1 .0 0 0 , 1 .4 0 0 . * * * 0 .  *m u«m  * »  

fo r carbon and hydrogen content* Calculated fo r

C#16°3S 62*77! fi, 9*32
Foundt £ , 62*69| H, 9*73

The a .4 ^ r4 tjro g b « ^ :U a ^ ^  of 5^gd.rW3WW»aarpwtwiBl

was prepared by heating one gram each of dlet&oxydihydropyran and

in  aqueous alcohol containing hydrochloric 

add* Onder them  conditions, the aeeh&l link  of the dlethoscydi-

hydropyran I s  cleaved with loss o f m  ethoayl group and formation of 

the free aldehyde, An orange derivative was
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ototftlHid which a f te r  r o c ry s ta il l  m lio n  from  aqueous a lco h o l m elted a t

145°. Analyola« Calculated for C j^ i^ O ^ i C, 48.U ; B, 4.97
Found: C# 4S*14j H, 5*16

c , 48*081 a , 5 .H
B, The reaction of both the liqu id  and solid  forms of

l-ethoatydihydroj^rsn with sodium ethea&de was explored. The resu lts 

ware essen tially  the 3&1&3. the yiold of ssaberial waa vary lm  and m 

product which waa free of hrmdm  waa obtained only with the greatest 

of d iffic u lty . To 500 ad* of a solution of sodium ettasi&« prepared 

from 28 g« (1*2 &•} of sodium was added 310 g. (1*08 m.) of 2~

mnU&Mmg re la tively  l i t t l e  of th® 

solid  isomer* The solution was brought to  boiling on the steam conn 

mad thm  f i l te r s !  to  m m m  90 g . (0*9 solo) of impure sodium bromide. 

The f i l t r a te  was placed in  a 1 -Iite r  and refluxes! for twelve hours a t  

the end of which time the reaction medium was again filtered*  An 

additional 42 g* of impure sodium bromide was obtained making a to ta l 

of 132 g* (1*3 moles) or about 60$ of th a t po ten tially  available from 

the sta rtin g  material* The slig h tly  acidic f i l tr a te  was poured in to  

an equal volume of water and extracted with ether* The ether ‘ex tract 

was dried over sodium su lfate and filtered*  A fter removal of the ether 

the residue was d istilled *  A loeer-feoillflg fraction* 90-104° a t 14 mu 

was shown by analysis to  contain 23*5$ bromine* In  addition consider- 

able unrooted 2-ethaxy-3 f4KlXbi'Oi^^ was obtained of

which a major portion cry sta llised  when stored in  the ice box* The 

lower-boiling product end the unreacted dtbrono compound m m  added to  

a 1- l i t e r  flask  containing 500 ®1* of a solution of sodium ethaxide 

prepared txm  M 1* (1*2 moles} of sodium* The contents of the flask
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mm heated fa r  twelve hours daring which tin s  250 ml* of alcohol mm 

removed* Th® re s id u a  mm f ilte re d  to  remove sodium bromide end th e  

f i l t r a te  touted fo r three tours with 200 mi* of a solution of sodium, 

ettoxlds prepared from B g* o f ©odium. Here sodium broecLds precip­

ita te d . th is  was removed by f iltra tio n  and the .f iltra te  refluxed f o r  

another ten  tours during which time most of the alcohol was removed*

The residue was added to  300 el* of water and tto  mixture extracted 

with ether* The ether ex tract was dried over sodium su lfa te  in  the 

ice box and filte red *  A fter removal of solvent, the residue was d is­

ti l le d  to  obtain 58 g* of a crude fraction  ecmtaiislisg about 7-10 g* 

of unreaeted 2-©th^y-3#4^brcTO tet«et^dro|^ran* This product was 

added to  a  500 ml* flask  containing 30 g. of potassium hydroxide d is­

solved in  200 ml* of e lca to l and refluxed fo r twelve tours during which 

time most of the alcohol was removed* A precip itate of potassium 

bromide was evident* J&silXlsd water was added to the residua which 

m s then extracted with ether* The ether ex tract m s dried aver mag­

nesium su lfate  in  the ice  box and then filtered*  A fter removal of 

solvent the residue mm d istilled *  In addition to  some ta rry  residue 

and a l i t t le  h ig h ta ilin g  m aterial there was obtained sto u t 3D g* of 

diettoxydiijydropyjen free from bromine. 1*4445* This m aterial

yielded the m m  2,4^nitropherylhydraxone m  appropriate treatment 

as mm yielded by the m aterial obtained in  preparation A above*

a. tig h t grams of a sample of diettoxydil^rdropyran, obtaired 

fro* 2-otlioxy-3f4-dibro®ot^tral-iydrapyran by cue aleotoli©  potassium 

hydroxide followed by one sodium cttoxids treatment* (preparation A 

shove) m s dissolved in  20 ml* of absolute alcohol and hydrogenated
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in  the quantitative apparatus over 0*5 g* of %  palladiuia~ebancoal 

catalyst* Theoretical absorption o f hydrogen wa* calculated to  be 

1120 ml. After on© hour the hydrogenation arrested i t s e l f  a f te r  1145 

ml* of hydrogen had been absorbed. The product (7.3 g«) of disthoxy- 

t^ g rd ro ran m n  h rt a**0.  1.43U .

B. Twentr-dsi grams of the diet^xydihydropyran obtained in  

preparation B described above was placed, in  a 200 ml* b o ttle  containing 

1 g. of 5$ palladi^HC^aro<ml» 1 g• of potassium carbonate and 75 ml* 

of absolute alcohol* Hydrogen was forced in to  the b o ttle  to  give a 

sta rtin g  pressure of 25 p .s . t .  and the b o ttle  rapidly shaken. The 

pressure a t  which the hydrogenation arrested i ts e lf  was 16 p .s . i .

For th is  apparatus the calculated pressure drop required for the 

hydrogenation of one double bond mas 8*7 p .e .i . Th© reaction medium 

was f ilte re d , the alcohol removed, and the residue d istilled *  

lUotlMsxytatrsiiy'dropyran (IB g*> boiling a t  93° a t 15 m u , *jP°» 1.4315,

mas obtained# Analysis! Calculated fo r C f̂tjjgO î 0, 61.741 1 , 10*34
Found? C, 61*74i 10*57

61.711 10.39

Acid Treatment of 2~gthoxy~3. A^^broeiotetrahyxiropygan.

Thirty grams of 2-ethoxy-3, 4k&tes^tetfwthydropyran was vigorously 

shaken with 300 ml* of hot 50% su lfuric acid for fifteen  minutes. The 

brcmn enaaaian resulting  was slowly added to  a solution of 50 ml. of 

$5$ phosphoric acid in  200 ml* of water which was undergoing steam 

d is tilla tio ii. The d is t i l la te  was continued u n til the odor of
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over mgmsLxm su lfa te . Th# solution m s filte re d , the solvent re­

lieved, and the residue d is tille d  wider reduced pmmmm* Th® fraction
3

boiling a t 85-100° a t  ID an* was eiude 2-#thowy->*brc^>- A‘-dih|'drop^raii, 

H olds 41 g* (48$)* la  addition unreaciod 2-et&o*y-3,4-dibro3giot®tra- 

hydropyr&n boiling a t  125° a t ID as* was obtained, f ie ld  % 35 g.

(29$ recovery). Baaed on the 2-#thu*y-3,4^b3^»tetrsihydropyra® 

recovered the crude yield was 67$. The overall yield of pure 2- 

stlK)^r-3^ r 0no-Ai--dibydropyran fro® a batch of 2-*©thoxy-3» 4^*dlbro®o- 

tetral^dro^nm af when the la t te r  was recovered and roused, was about 

5C8S. R edistilled  M aterial boiled a t 88° a t 10 » *  r  1,4900
ee>% 'id

E?* a 1.385. Analysis) C alcu la te  fo r

C ^ a r O j .  C, 40.60) H, 5.35| Br, 38.58 
Found i C, 40.68} B, 5.49) Br, 38-51

3
(XXKX}« Qm gram each o f 2-ettoy-3-brom s-A  -dlhydropyran and 2 ,4- 

<^id.trophwiyiiiydraglne were heated on the steam bath with 50 al* of 

95$ alcohol* 1 c lear solution resulted in  a few minutes. Then 2 ml* 

of coventrated  hydrochloric a d d  was added and the besting continued 

while about 20 al« of water were gradually added. Under these oondi-
3

tions the aeeta l link  In  2^Uio^-3--broiao--A-dihydropyr8n was cleaved 

with elim ination of an etfeuxyl group to form the free aldehyde, 2-broao- 

5*4ydro3typentenrg2-el {l$M ) • The hot aqueous alcoholic solution was 

f ilte re d  and an orm%m soHot crysta llised  from solution on cooling.

I t  was iso lated  by suction f iltra tio n , washed several times with water 

and dried in  the a ir . l i t e r  on® iw crystalllsatian  fro® hemesse- 

pet e ther mixture and two from aqueous aleohol, the derivative ( im )
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melted a t 1 5 u tth  deeospositioiu Amlyais ? Calculated for

1̂1̂ 3JL®'r ^5%s 36**2̂  I H, 3*09
Found* 0 , 36.94$ H, 3.21

KydAWfl/tivh of n̂Etl-KMy 3 l irfWW^H^tl'W4ii,Wkll-ftfi EX
-i-bromo

grams o f 2~ethoxyt ̂ Hiitydropyran, 12 g. of sodium carbonate, 1*5 g. 

o f  5$ palladium-charcoal ca ta ly st, and 25 ml. o f d is tille d  ethanol 

were placed In a b o ttle . Hydrogen a t  a  pressure of 20.5 p .a .i*  was 

forced in to  the b o ttle  which was than rapidly’ shaken for two hours.

Th© hydrogenation a r re s te d  i t s e l f  a t  a  p re ssu re  o f 12.5 p . a . l . ,  a  drop 

of 8 p.s*l« th e  th e o re tic a l pressure drop re sp ire d  for s a tu ra tio n  of 

on© double bond and hydre^enolysi®  of one bromine atom mm 7 .4  p . e . i .  

W ater m s  added to  th e  b o ttle  m d  th e  con ten t#  th en  e x tra c te d  w ith  

e th e r . Hie e th e r  extract mm d rie d  ever sodium sulfate and f i l te r e d . 

After rem oval o f  solvent, a colorless liquid, 2 ^  thoxytcrfcrahydropyran, 

b o ilin g  a t  44° at 13 w . ,  = 1.4260, was obtained. The liquid

y ie ld ed  a  yellow 2 ,4 -d ln lti^|^«^lhydras€na which gave no depression 

in  m rntod m elting  point d eterm in a tio n  with th e  d e riv a tiv e  ob ta ined  

from a  known a m p le  o f 2-©thoxytetmhydropyran.
•>>

1macrons other attempts to  hydrogenate 2- t̂hoxy--3-hrc»ao->A -  

dihydropyran in  order to  obtain 2^tboKy~3^rDW0t*trahyd ropyran were 

unsuccessful. 0sing Raney nickel, palladiuE^-charcoal or Adams* ca ta ly st 

e ith er fcydroget&lyais of bromine occurred (to  for® 2-ethoxytetra- 

hydropyran) o r the hydrogenation quickly arrested  i ts e l f  m  I f  the 

ca ta ly st were poisoned.

o f  250 m l. o f  mmmmtmted su lfu ric  a c id  in  250 m l. of water, contained
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in  m 1 - lite r  flask  immersed In  ice  water, 138 g* of 2~ethoxy~3~ 

brosao- /^-ditydropym i u s  slowly added* The acid solution m e kept 

below 5® and rapidly s tirred  daring the addition* Solid appeared veiy 

quickly, f  be s tirrin g  was con tim ed for fifteen  mXm%m a f te r  a i l  the
3.

2~otkcaqr^3MbrcmcH'̂  -dibydropyran had been added* About 200 g* of Ice

m s added to  the contents of the flask which m s then filtered*  (The

odor of l^rofaopeetadlenel wee evident*) The precipitate wm  washed

thoroughly with water, then alcohol, end dried in  the air* fie ld  1

78 g# (6990. Di-2-(3-brottO'-£? -dibydropyraayl) ether melted sharply a t

343° a f te r  rec iy sta lliaa tio n  frea aqueous mcetone* idaOysisi

Calculated for : C, 35-33j B, 3*56| Br, 47.00
Foundi C, 35-121 B, 3*58> Br, 47*24

4 2 ,4 ^ M tr^ ta ^ lh y d m a o m  w«* prepared fro® di-2-(3-bro®c- 

-dihydropyranyl) ether by boiling the ether with 2,4-dirdtropheoyl- 

hydr&sins in  aqueous alcohol to  which hydrochloric acid bad been 

added, the orange p recip itate  obtained melted a t 159-160° and gam no 

depresalon in  a sixed melting point determination with the 2 ,4- 

dii&trophanylhydrazorsa (1X0) obtained fro® 2~ettioxy-3~brono-£ ? -  

diJbydr̂ >pyran*

a-Brommrartadlen-g»A-&I {11X71) • th ir ty  grans of dl-2~

(3-broro- A^^bydropyranyl) ether was lidded to  a warn solution of 185 

m l. of $5$ phosphoric a d d  in  300 m i. of water $m & 2 - lite r  flask  and 

stem® d e t i l le d , Bach 2GG ml* portion of d is t i l la te  m s collected , 

some ice  and s a lt added, and fin a lly  extracted three tim e  with per­

oxide-free e th er. A fter shout 3-4 l i te r s  of d is t illa te  had been
3

collected , another 30 g. of di-2~( 3-broiao-*A -dihydropyrsnyl) ether m s 

added to  the steam d is tilla tio n  flask* D istilla tio n  and extraction
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m tm  continued u n t i l  the odor of cou ld  no

l o i t e r  bo d e tec ted  in  the d i s t i l l a t e .  Ths contents of th e  flask  m  

a  c le a r  asaber w ith  only s lig h t evidence o f dm ossposltton having 

o ccurred .

The other ex tract of about X -H ter i@3m»9 now & lig h t groan, 

m s dried over mgncstum su lfate  in  tbs coM and f ilte re d . fh© other 

mm rssacnred under a nitrogen atmosphere a t reduced pressure* The 

residue m s tm n sfsrm i to a sn a lle r flask , a l i t t l e  hydroquinone 

added, and d is tille d  in  a nitrogen stsaocphcre, the fraction  boiling 

a t  48-52° a t 2-3 «*u (or 78° a t  10 asu) m  2^brt^opQntadian-2,4-al, 

itO X  yellow a fte r  red lstillah io a . H elds 27*2 g, (4S^) n?*°» 1*5862,

Analysis: Calculated for C ^c& ri 0 , 37*30| H, 3*13
Founds C, 37.68; H, 3*60

(Mrs. Aldridge, the analyst, reported th is  aldelyde to  be an unusually 

d if f ic u lt saaple to  analyse as mentioned in  the discussion section of 

th is  th e s is .)

mass treated  in  the usual ©aimer with, 2#4n lii3ltr e |h 0iiylhydra®lrie,

2-hr»opentadien-2,4-^l yielded a derivative very read ily . This red

2,4 ^ n itrt^ ^ i^ lh y d ra ao n e  d&rkesjsd before ©siting a t 155^ with deeo®*-

poaition. Analysis* Calculated fo r C^H^BrO^ t C, 38,?3| B, 2.66
Founds C, 38.76* If, 2.07

(u *vi- b) . in

aqueous suspension or so lutio n  o f cnal to

a so lu tio n  o f  seotieaxtiasid* hydrochloride and potassium acetate in  

e a te r re a d ily  y ie ld ed  a flceeolent white p re c ip ita te , m s  is d *  

earbssone derim tive (iX O T Il) recry sta llissd  trm  aqueous alcohol in
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lustrous p is te s . 1% gmdually darkened m  heating and 4mornpomd a t

about 150-160° without welting* Analysis ? Calculated fo r

G ^Rr& fj* 0,  33. 05, H, 3*70 
Founds C, 33*46, H, 3*06

3 r̂o*PtiWi»B.wi-3.5-ot-a (U ani). U»tbylffl«giM«lua bros&de was
prepared by bubbling m th y l broaida in to  a six ture of 200 al* of 

anhydrous ether mad 8 g* (*33 so les) of aagndadbm contained in  a 3-nock 

flask f itte d  ae usual fo r a Gbrlgnsrd reaction* ihea a l l  ibe aagnesiuia 

had dAsaolved, an io e -w te r bath m s pieced about the flask  and a 

solution of 20 gm (.13 ad o s) of ln?e©0|m itadieisal in  50 el* of other 

was slowly added. A vigorous reaction ensued* The reaction sodium 

m o s tirred  for an additional twenty minutes with the cooling bath re­

moved* The product m e poured in to  a 1- l i t e r  mpezmtoxy fhnnsl con- 

taining an intim ate a&xfeure of cracked ice  and mmm&sm chloride* A fter 

the funnel on wee between the ether and

water layers* Tide mml&lm, wm treated  with «uhydrou® sodium su lfate 

and the ether derived free  the emission combined with the o rig inal 

ether layer* The combined ether ex tract m e dried m m  smgnealum 

su lfa te , f ilte re d , and the solvent removed under reduced pressure in  a 

nitrogen atmosphere* The residue, d is tille d  in  a nitrogen atmosphere 

in  the presence of hydroqulnom yielded 18*5 g* (83$) o f 3""br®B0~ 

h«s»di«i-3»5-ol^2 boiling a t  36° a t  0*8 am* a  1*5335. Analysts i

Calculated fo r C ^B rO i C, 40*70, I ,  5*12
Foundt C, 40*75| i* 5*46 

0 , 40.88i H, 5.37

mam >hrtwmtaEadien~3,5-©l-2 m s treated  with phenyluiwthan

or ^-n&pJxthylurethaoe in  the usual mxmsr, awaked decomposition

occurred. The only product iso lated  wee the corresponding urea*



(UOnrXII). Three grans o f 3-broenlMmdtmp»3f5"<&'£ In  %% ethanol 

was jhydrogsssabsd over 0*1 g* odd® &% ^ pi^w^m te ly one

atiaosph»ro pressure* The sta rtin g  pressure m s IB* A p*s.i* After 

t^onty-sewiin a&mte* the Igrdrogemtlon arrested i ts e l f  a t 14*9 p*».i* 

Using ti&a apparatus the calculated pressure drop m s 3*5 p«e*i.» the 

t t s s  as the observed pressure drop. In a d d l a r  experiment 4 g# o f 

bro^obox&dienoX m s fc^rogeaated and the product iso lated  from the 

solvent alcohol* The boiling point of th is  product m s US®* (tbs 

lite ra tu s*  value fo r tbs boiling point of hexanoI-S i s  136®}

i ^ ) *  g*a»» oat

potassium diehrom ta, 10 ml* of w ater, and 0.6 §• o f bBxanol-2 

{obtained by reduction o f 3-ta»ac3ho>L&< ,̂m-3#>-«l-^) erne placed in  & 

10D el* rouud-bottcaa flask and rapidly stirred* A scOatAon of 3*3 ad* 

of concentrated eu lih ric acid in  10 ml* of water m s added in  m a ll 

portions while cooling the flask* A beaker of warm water was then 

placed around the flask  and a temperature of 50° m e maintained daring 

fifte e n  minutes of s tirrin g  tbe a d d  solution. The contents o f tb s 

flask m s then stem  d is tille d  apd hexajxjme—2 m s obtained in  tbs U s— 

d i la te .

d is t i l la te  from

the oxidation sxpsrlmsnt desert bed above was treated  w ith an a d d le  

solution of 2#4^dnitroipbei^r3hytoaine in  aqueous alcohol. An orange 

derivative was obtained which melted a t 107~109®* When aimed with a 

known sample of tb s  2,4^mtrophenorlhydra3ioiie of httstanone-2 the melt­

ing point was 10M0§P*
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msmmA ^  mmxmm o b ta in  on mmm
d is tilla tio n  of hsxanom-2 yielded a sstslearbasom editing a t 123-

124°. A E&jtfsd welting point detem im tion with a to m  sample o f the

of he^amme-2 shewed no depression*

3^!roto^3catgiOB€^I,3.S (m i). Sixteen grans o f >br©ii©-

hsxatiien-3,5-o l-2 m i d is tille d  under a nitrogen atmosphere in to  a

column, 19 »*• in  dlinaeter, packed with 8-14 wash activated aliusdnuM

oxide fo r a  length of 25 cm* the column was wrapped with nlehroee

wire by which I t  mm e lec trica lly  heated to  3X5- 325° , the temperature

a t wMcfe. i t  mm maintained during the dehydration* A pressure of lees

than 1 mm* m e obtained by mean® of an o il peep* The product exiting

fro® the column was caught in  a receiver Immersed in  a £yy Ice-

acetone bath* A fter d is tilla tio n  of the alcohol (which always le f t

behind a ta rry  residue) was complete, the receiver was disconnected

and anhydrous potassium carbonate added to  the contents which Included

water and >broiaebexfttriene~l,3,5. The contents of the receiver was

washed in to  a assail Buchner funnel by weans of peroxide-free ether and

suction filtered*  the f il tr a te  was transferred to  a small flask

arranged fo r distill& biafi under a nitrogen atmosphere and a l i t t l e

bydroquinone added* A fter removal of the solvent, 4 g* (20$) of

3^rcx^>hexatrimus-l,3# 5 d is tille d  a t 42° a t  10 sm* s^ ° « 1.5633

l^ ° =  1. 320. Analysis i Calculated for

C ^ & rt C, 45*31; B, 4*44l Br, 50.25
Fmmdi 0, 45*85; H, 4*63i Br, 50*62

The dlstil& X g pot contained a residue of deep blue color which was 

always observed in  th is  distiiJUation. The bvcmhiexAtrlens i t s e l f  

quickly took on odor* At Dry lee tesifwmtnres samples could be kept
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fo r a  period of wsafes In  the presence of hydroqn:%mm* A sample 

remained eaaenti&lly unchanged a fte r  twmby-four hours in  the ice box 

over hydroqainans. The in s ta b ility  of bromobexairiens was clearly  

shown by analyses of f i r s t ,  a sample of freshly d is tille d  m aterial and 

secondly, a sample taken from the m m  product a f te r  two hours a t room 

temperature* Analysis o f f i r s t  samplei C, 45*91? H, 4*30. Analysis 

o f second mmplrnt 0, 46.233 B, 5*64.

200 ml* b o ttle  were placed 0.312 g. of bromohsxatriene, 0*2 g* of 

platim ®  oxide and about 60 ml* of 95Sf ethanol, the b o ttle  m s con­

nected to  the quantitative hydrogenation apparatus and the broaso- 

hexsirien© hydrogenated a t atmospheric pressure. In  forty  minutes the 

reaction arrested  I ts e lf  a f te r  an absorption of 256 ml* of hydrogen* 

Theoretical absorption calculated fo r reduction of the platinum oxide, 

saturation of three double bonds, and hytirogsaolyais of one bromine 

atom m s 215 si* (10^ e rro r).

U ltraviolet Absorption Spectrum of 3-Bromohexatriene-l .3 ,5* 

four drops (approximately 0.09 g .) of pure >*ln,omohemtxlera-lf3,5 

were dissolved In 25 ml* of purified  ©ycloherane* Two mi. of th is  

solution m s dissolved In  100 ml* of cycloheacane and then 4 ml* of th is  

second solution dissolved in  another 100 ml* of cyclohaxane. This 

fin a l d ilu tion  gave a suitable concentration (apporcsdmately 2 1 10~^ 

moles per l i te r )  • Bo attempt m s made to weigh the feroaohexatriene 

because of i t s  in s ta b ility  in  air* Brnmo only the re la tio n  o f per­

cent transmission to  mve length could be obtained. The resu lts m  

determined in  a Beckmann quarts spectrophotometer uelng a m il
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1*000 csu thick mm given below and plotted In  Fig* lb  (p~76).

fare Length in Percent vara length In tBTOflOt
X tU lateraui Tranaadsslot! TrensnHaion

340 100 268 43.4
330 99.2 267.5 43 .0
3^> 99.8 267 43.3
310 99*8 266 4 5 .4
300 oa ap»»e 265 48 .0
298 98.1 264 51.0
296 97.1 260 53.1
294 95.5 dtM 54.7
292 94*2 261.5 55.0
290 91.9 261 55.1
288 i i .2 260.5 55.0
286 s i .a 260 55.1
284 72.1 259.5 54.8
283 65.3 259 54.8
282 59.9 258.5 54.5
m 54.2 258 54.2
280 51.0 257.5 55.0
279 49 .2 257 55.2
278*5 49.1 256 56.8
278 49*2 255 5S.7
277*5 50.1 254 61.5
277 50.9 253 63.1
276 52.4w*w 252 65.1
275 54.1 251 66.3
274.5 54.1 250 VIA
27* 54.2 249 67.9
273.5 54.1 248 68.8
273 54.2 246 71.0
272 52.5 244 73.3
271 50.0 242 76.0
270 46 .7 240 78.1
269 44.2 230 84 .4
268*5 44.1

sample of pom 3^rosoli®x&triene~l ,3 ,5  in  an absorption c e ll 0*1 m» 

tbtok waa need for the detemkimtloa of tb# infrared absorption 

apootmm* the inatruaent wm a Perkins and Elmer Infrared Speetro- 

photoseter. the work was kindly done In Dr* Flyler* s laboratory in  

the Badleuotzy Section of the Boreaai of Standards, Washington, I). 0* 

The spectmm la  presented in  Fig* I I  (p~77). There n e  no spectrum of 

a similar Dr* FXylor



believes ib# absorption band aiX3.9-X4*5 Morons *£§r be a ttribu ted  to  

tli# c&rbm-feroiaine bond stretching.

teagfanatapa Product of > ^ roaohemtylw»-l,3A5. About 0.3 g. 

of brosMiexatrlana wm dissolved in  5 #1* of carbon tetrachloride and 

cooled in  m  io«~m ter bath* .A solution of equal volumes of bromine 

and carbon tetrach loride was slowly added u n til the bromine color per­

s is ted . the reaction sodium mm then heated m  the steam eom  u n til

a l l  solvent had been removed*, Petroleum ether (30-60°) was added to  

tiie dark residue and cry sta ls appeared when the mixture was cooled to  

about -60°. After rm iyst& Xltm tioii the melting point m s 87-8°.

Analysis* Calculated fo r C ^ B ry  e , 15.Q5J H, 1*49i Br, 83*6
Foundi C, 15*391 I ,  1*661 Br, 14.1

t a n & O W i  «W» of braaohe^trlene and 1*5 g. of 

rm ry sta llim d  maleic anhydride were dissolved in  10 ml* o f anhydrous 

bensene. A fter b rie fly  heating the flask  m s stoppered, m l le f t  for 

fo rty-eigh t hours,* The solvent was then p a rtia lly  msovod and the 

solid  formed iso lated  by suction n itra tio n . This so lid , sligh t!y  

colored, was not soluble In  any of a large M b e r of organic solvents 

tun tod. I t  did dissolve in  10£ sodium hydroxide solution but no so lid  

m s yielded upon subsequent ac id ifica tio n . Muse th is  product could 

not be purified* fu rther investigation m s abandoned*
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Title of Thesisi "Studies in Pyren (fcercletryt Synthesis of 3-Bpobo- 
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2-Bthoxy~3 ,4^lM^®otot*nhydropypsa was prepared. fey brominetion of

2-ethoxy* & Mlihydropyrsn. Two geometrical isomer § of th is  substance ware 
obtained. The reactions of 2̂ tiiô ~3f4̂ ibrô otetraĥ ir-rpyrain with 

alkaline reagents were studied, A mixture of t dletfeoxydihydropyran and
32-®th03Qr̂ >»feroTÔ  -dihydropyran was obitined using sodium ethoxide*

Alcoholic petessiua hydroxide geee similar results, Pot&sslus acetate in 
diethylene glycol led to a displacement of feroslne fey acetate ion, We 

reaction wag effected fey tertiary amines. The addition of a toluene 
solution of 2~eth0*y-3, 4^1  broi^tetrehydr opyr&a to molten potassium 

hydroxide at about 250° C, gees acceptable yields of 2-ethoxy-3~brosio~ 4? ~ 

dihydropyran,
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/ 2>:• VEtho^->*brojse--^ -athydropyrim yielded an ether* di-S-O -brsiso- a  «*

pyranyl) ether on treatment with cold Xil gulforle acid# Th® ether « is  

added to a phosphoric ecid solution and the glxture steeia d is tilled *  

2-4lrcswpontfc.it was obtained and treated with ssthyltsfcpjfrsium

bromide* The oroduct, 3-Wotooh«x«.di»n-3# 5~ol~2, w*& catelyilc& iiy ha* 

hydrated in e nitrogen aifcoepfeere t.% reduced pressure to y ield  3~feroi»~ 

hsxe triene»l

v>* , /X ^ r  ^

1 U H ^  ' ' o - 1 ! «*X q ^  c c aHs ^  ^  ca2̂ Hca«cir0H0

a i^ io « a K > c » 2  <----------

/«■ pcmtebsroisQ compound was obtained by the a d d itio n  of taro&ioe to  

3*brocoha%jitrisii»*lf3»5* The u ltrav io let end infrared absorption 

spectra of 3*taro©ohe3£K.triei,» - l>3>5 wore determined#



IOTA

SstMiiSl Canter Tessin

Perswnetsi m m i i  6817 Georgia A re., i«V«t Saaiu-12, B.C*

Degree and dates Doctor of IMlosophy, 1949

B ate o f b ir th s  Mmrnabmr A, 1919

Place o f b irth s ^a^bctagtais, 1>.C*

Secondary Mooatlons Wmstem High School
fsshiiiften , B*C.

Collegiate In stitu tio n s attended : Dates Degree Bate of Degree

fileo n  Teachers C o llie  1935-1939 B.S. t o e ,  1939

University of Maryland 1939-1943 M.S. «June, 1943

University of Maryland 1946-1949 HuD. June, 1949

Positions heMi

Teacher, Junior High Schools, Public Schools, Washington, B.C.,

Chemist, U«3» Anqr* Bdjgewood Arsenal, Mgewood, Hd», 1942-1944*

Lt.Vj.g.), U.D. timy? 1944-1946*

Gradoate A ssistant, University of Ksiyi&nd, 1946-1948.

national In s titu te  o f Health Beeearoh Fellow, University of 
Maryland, 1948-1949.


