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®®®8 ‘tHlff̂l.fWSy 8$̂BB'̂|‘l5Bl'’fcĵ6i93B i® "til® ®$M3k®J®f®̂il$® ytf̂ # WB® 8T®Bl ill®

iMNI if# diJ^I&iltl ii ®Sil8 ®8® #p||| be SmilSblS iM **%&** smmtt gM|M||ig,“ ■ wpfPW Ww'aP̂ WIPH Pflr!|MWv*̂ W“ 4pWlff PWPPflP t̂P*9MPfcpT “ PWWIIr'B" TP#Bn(P5BP-il

tM m tim  M  W t o  Kiro»« ll*#® ln« * t&pl**
•S B IiB B te , i i  t b e  IM l l i t d iS I  i f f  lih ®  if& b lM E U  I t  afa/frm t*! b ®  i j  tw im to m’’" "" '■’w pwpp«W" >*■* is ' AW- V* wP* »rpp! psfî imŵ F-HP ,pp' ’PTr’Pr W w liPWII # #
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aoltkdik MMitM&.Jlk iî l̂ hLttUM̂K fiilt̂ iidt % * ® S I "9F &.% "t jAmm ’’Sf £&•wmmtt BJf «WB 1WWMI MnKMNMp ®«WyUI3fiigr̂  AgVap -MJUMI SUBft. %gl&ap '̂ WMWI fltBMaUl »
*~ *W m  tw m ^ > « fi>  9̂ l 4y ^ fa ii^ r« i» c u a o l#



i

u
i

i * ii
i

t

M

i

i

II  *  %
f ]N I i

i* s  ̂̂  i ̂  I I

&  £:  I  f  j  I  &u  i >1
S9 4 ** jgI I ^  s 1 i* 1  ̂f I I• I f ^ I ! “
'i s! 11! i I

^ 1  1 1 1 - 1 
I  I  ! < .

a
o

#

tjf 
1% 

fl&S
? 
f<S

ttS
6





*f*
 
pi

ip
Mf



i

§

i

i

1 #



»i

f

g i t s *



•HR t i iw fly  iw jttw *  iw n s g w iim ftn iii* actaa in  w  <n ii< a  mmm  m  w n i a® w h

l̂ipypyfli i^p^Mpvnpp^l #llnpii nSBi m m m #

i ffitn y  InnnlnBM l n£ i  ipinbNpyni^ n tin n  BM& sSShwF if*  B n m  

1shn p t y t f t ii  #i£i§®> ^ 11: stSSS Bncn|nn& jn tln iflin S i w tm  i Bnt* i  

Aspi# H itiN i nm  tm i §n9 ii^P yl'tsliin§ y llflm r m n yiiif̂ HfffitH*4iifi f^yî  
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I i

itol, ia. f V « , *
® fc \ ii«wl o t t  m 3| i i ^ » e t o ® r
8 % ^  08

♦ soa * as „s tc % a m j * — 4  e % % K % e o a
l
’1.

In ft$t ftp tliB ftt tft® ŝ X̂ft̂ nsŝ Ê ftt&fift# ft $bt&tj$ftt
« lt * t ; t ( lt l i  ttu t f t f t iif f t i iftp ftft#  tm  f t iU f tM M  « f / 3 § y6  *^M m ® m im $ m ii$ £ t 

ylftlftftl 11 gift mift ift f%tit f4*fc8tS#s
IllM 't'flC .d  . .ftftMttMMfc JBMft Jtcikfti «uMfegM fiJk j*̂ rA£r t̂ iiikft tAkJk- a n nialiJirwii it an Mi ft-fnwipr «*»# fŵ fpii m  «ppee^®ei i^wai ̂ iiii sssmbbbbnpif fawwiiw is. i w  iwyTwwi 
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u n < «  i l l  «M tl CAM M

pKQ&im m * * »  ®m mm M M  « b m # i  tamiiMi ftfSiftft ift tftft H&t<E3P fttfeft 
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fliiiilft* n̂MMifcK.aMĥMhJlt mmk. wMute-.dft >*» aoktf̂ tofcPluAlis^dll ib&tffc - A i * i  mhk fM  1w J&&.m, .■j.-jb. J^a 41.-apt jimMl̂ .W  pHI# t* g*Jfw#FaB wBP »m^PBwWm w  XJĵ ttP3% (4 g T &lm 8&m *W > lH flttp
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S|l4S$Bll Ijgîyyiifljlfa 4tt gmy l83fcp68y@4s4̂/3 4i flllliSfBlSĈ aEQpsaoJt S3 t3l#
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'OUkkt laat^lafcloa woro ti^ m l using th* §«» {rrojittrtian©
isf im ip s t#  ©s^ia^d in  ao^aHsiaat i # tmfc d ilu ted  w ith  a s o lw it and he&t&d 

at tti# n»£Xus t«râ *ntwr©* fh© r««*tlc» Mlsturan wewi TiXt«ar®a* th« ŝ Xveat 

dX fttllln d  ©IT uator dfolaljtiftoA ptwm ah* &M tH© raaX&u© was £ la tilX « i in  

mourns Itafe miQitj®, e*a£x>i*t»« 2U® d is tU la t#  was treated with a t p«r 

wtiy® and with a# doaaribad in «s^^rte«at 6#
tim  €5#adiU«̂ » #M yX®X4»# at thin point of tta® proooamr® mm i^imm la th» 

XMK&t tl&Xe*

M s U  -Off
iin ^ l& tio s i in  tta * ?««a«nc*i ©i* a  d d tag n t

1 ̂ Im  ©a

i «a&
5- »* *%# 
t*S
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M f  m *  tm'Vmm 
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«3

i^r sunt*

27

S^athisttl© @r%waMwfc. “"

§ nols a t J3» f l  ‘■^ibraaoiseipravam l, 3,6 tola #t dWtfcgrl cuXT&t** 6 

neX» o f oaXslasa ©antKMmts* i i i  2X00 co* ©T tmr® s tirrw t and f*aetlo a*ted

tor 16 hour©* 17» solans which dintiilad off wm r«pX*®*& with Trash siatarial 
fro*  tin *  to  tia*»„ 50 ne# oT m tw r m® oollocted in  th* d l* tH l* t t«  

filtration* tl® 1%*M wa« dl»tiXX«ft £ rm  lu* ~«* of oalolusa oiiiteMit# 
through a twsi%  ii» h # jfiolsotad cc&m . paokou with &&X1&©*«
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# i% l sulftotai l0 *e r ta*n ttm t fo r A / 8 '  fiwgr a ll
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fii# u>t*l y ie ld  m o ®8i fp#« C ## j w  oattt*)*

iWI
lirtfMLsmtion of dipre§fX m&li%'m »
I4u pM* of iŝ ropajspX mr# fslA&od fa « fl**& ©4̂ iipp#sl «!& * s iirr#r* 
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5iW$* fcjr teser̂ f&m la & m&m? t*1fe isirl»u tfe* first Su&f of Hie 

adHAtai «»I % &• el” feo*t at til# s#©©ni bolf# 9i® te&x&tr*

m ®  slowly Hsotod %  boiling to e«spl#t® tbs rsaottosi* f$m f ro&tast m #  
frmo'feietmtei in meiiiw nM &m ylmM eis&lloc botBMK ®SU*8S*v #/tl m* it 
im&£$mi6 SSa ipss* ( §G for

si®frsp o rfttte ii o f i% ro p y i suHtoto'

jgMSS> «f dlgompyl solfits ms s!&.#*sd la a ŝulggMKl «itt *
•f£ra$S*liS£ stUror ^oadsnsor sal liX) $&»* stdU'tuyX
A

e&Xoriao iNt̂S odtof in half ca Jwr «liti i%|iM stirring vktto ta» ilock
oeoML wit& m tor*  %« t W M pomum » i  mi-»mk matil tlio roflax iag

Tiipimi#* caa&assor mm ’iSmm s^i^ad ooXoem.̂
thb® ilwas n*a fetiftt #dt oasttX no im m  propyX nhl^iM m  o f dim M rn taa©

©If* r#aitm# Imd ©eaied, to  yooa i t  « «  s t i r i^ a  s l^ i

oftttimtiod ooitba® s&r ; ̂ to im? It tili»st«# X4i|-t#rod »itfe £«3?ti0H#
A^ioouo {^rtlea miil &tie& m m  m g jim im  •&# yield 41#*

tilled dO#H^f*C^S*i i»i# and &' 'ns* ( M  p«**
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tm& *£m teepwwiteixm w m  raised t *  X0»** tim

%m th* ilmk ©©©Ini Is Im  m t « p  m s  firmotlwitsti ®sit .ylsldsd if 6 pis*

(V$ 9«tit«) of ©vudv n©i%X <^lapreg#X stbsr tolling tMvtmsm 41*$*44*s*6*
m  M U lttoa* m m  m s  m llm ^ m i  in  irss hold©?*

V&M# XVII q lr m  t.ii# yl©14« irm . m &m rtxim ts «fcrrl©& ©u* in  t^e am© 

my*
t$M ® x m

Vjmi# £i#Xdti o f sistlsgpl oy«le$Kvpfl. Eishear f r a *  
v^slimt^an «f R |  krtfcyl £th«r

JA©l#fi £i®M ii© M
'suu p©r

E ill?  53

5 500 S5

kry- mors ussd in liras# m w m s iv X syolisaUoa ©a^rlossts*
._ 0#t<*sda&tl©n of inMiamtas*

J im is #  » t t w u  Xftu HBnpi® * * *  ©Mod to  6m <*©* o f <Mufc©& ttstim * 

Ailoria# iM mi WXennMywr llmste milmk mm kt$*fe is ma 1©# mts&i* bstfe thrawgb* 
out sh# tratam im  felon* 0*3 S brcmita© is  oufcea toAgvrahl#i,13# m# ©ddsd 

s lm ip  u n t il aa eara«#s wa# £>r#sis»t M i not d©©ol©ris# «#npl©t«ly In

10 ffidUiû »«# .«mu©©u# potassiUM ioiids i m  tas» A I M  an© th# llbomtos© 

touia# t£*Amun4 sotfinp £!m  X&ttsv titration m i  sufa*
'wnltM i fra *  Ui© b mains t itra tio n *  & I#  m# a©% w y  prmimm  b#-* 

©•ms# tme •n£pei£ffc m s  not 6#f init*» Alttoftugh 'bneioi ramcts is®r© imdily 
ir it li an ©<*^u*a. suoli as notbyl a l iy l  srttrar# the ra t#  of r©»»

Mtioa wifcli isotfcfl sycl©|nmpyi stbsr Is by a© mosjos nc^ligltl©*
F#sb*n&oi© a o ii 8s©t&©&« 10 #«* o f a solutlasi o f jpstaiiseta ©old 

in t©l»«a* «M0 diluted wita 1 ©o« ©£ tolwsi©* 3© mjaotiw 10 portlwa 
ms *©Mi 1 ©©» ©f mfttoyl ©1asi*# Hm» tsu© solutions *©*» fciift
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Cjyoloprsggrl otter raaete aloslf site fHNrboasolo teid* or ite 
unaater&tes roast nXmlg in m iy 611 ut» 9»lutlosMi«

A tmeUm ff tltmtloa# sarrlod out eit a «is&#r at dc^s J5 Hated 
in fsfclo 360 date naprssoiitr as« of a teotefMnoaaal aodiun teio*
sulfate rofairsd in a poiteuaois a® id titration oarriod cut at
dosssrihoi previously*

Safel* XVHX

Esaottem of foftensoio sold with tethgrl uyalapmpyl »
@tendard stter

I  / E*iO E.SO •40
& ; B*fS 1*66 1 *40
? iut§ i m 1#W
a I.TO I M !*§§
i 6.70 X*c© i*7o

'to 1*70 *96 u n
ao 2«6* * M 2*20
1 €*&§ 4*06 .m
a b*fO •TO

o *66 0*46 •to
4 4#$0 1**20 1*10
I 6*00 1*211

Hi® pirteissoio &eM solution in teluaM » s  pr©p&:
ntelflostSasi oi tea notted do&ortbod by tl£f««an* J*# Mams ft&ad ■ * ® 

itsKaadall' # H I  ips# ©£ ‘̂ anijoyl peroxldo me .liesvl'v^d in  1*6 l ite r  of 

dry teluoas eoalo& h ® l m  ~ & % m  X§ rp»« of sod ins diaaolnoi in  SCO eo« of 

absolute oteaaal and uftlllod te «§#C* %# added s ite  nacteaioal s tirrin g *

6 liters of loo aster m o  addad and stirring saa eentlisto& until solution 
o f teo aodlMs f mmmmtmim wu> ocn^lote* tea te ls s te  la y e r uas rsnowsd* tuad 

tea aqpuMu* lays? m o  seetaaoted 6 btaas with ic© oo* portions of teluono* 7tm 

aqueous l^sr tea $»2*®od is te a  flask in tea. tea and salt bate -and a solution
of M  $aa» of ooneontsatod aulfUrlo acid in bo as* of water ooolod te o*C*\
tea addad wite stirring* Ite f^rtensois *@ld mm antra® ted with throw 260 
oo • portion# of telm m *  ttm portions wars fcopt asparate* Tnay sons driod 
m r  MgbO* oiii steroi in the r*£rt*mim***+~
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T h * /<l I u& o fc ^ j
siilet p&* iA fommmXm tot Utr&tto tooro mm filtration mm l«@o m *  

m M m  thtot&fioto mM afto t o  wm I*§@# t o
ottoto m ^ im M  l«0k «©* fhorafOro* t o  siiloa p i  liao litto* If auy 
offoot*

fo o t f w  i^ o sM o s#  A jmfSMMO o f th #  a tta r  m s  olsfess odLtti 

m l o l  potassium told* in a mi l  otoffoto toot too* A yoito
ml&r M M  m t  Mmmlmp o ttte ls  a  h a lf t o r *  SOI*  in A to to i t o t  no proaeM ai 

isit jiioooitt*
g*,i&foot for taMf-on* A imAi.fflaO Ballot®In toot at siswlot?#<i by 

*f»y iobsS* 1*1 1 p a  m s  a jtaMfi,*i*Biifil flask to a bmmor
jj.if̂ i#h ‘m #  ĵ iasoa ̂ 4̂ftf̂ yf 1* gf^f^,)! (m tMotk oldSO

wnOi! mm mwmmm &olOJf fHWllNt QO MMS IS O** SLMbOa *̂0 mmtMm&i. 01M1.OSP̂̂WIWf **Wî  *)«0 ^ B r ” ™W ̂ prW BjP̂ W Ti* 00 *̂ P̂®*SP ^Ŵ Bp OS ^̂ jMF ̂ ^SPPPĵ r *  ’OpROr BP

oakor mo oSSon! too &&& ̂  imam odf a ftsisoi* rho ottwr

purlfl«A ty t o  poitoiolo m M  motto p m  a aoptim tot*
M»to& oyoliiff©fft- ©tor otiloii pm * otroaof toot for hmlmem wm  

otrippoA *f afi msooft a t m  tj r $sf3to4si first o m r  poSorol soSIhe 
^ m o s M o  # p  m®M o m r  ilim mot* Sltom ©f #iq#q tfootomts sloso 4%4l 
to m m m  itio hslofsii offootlml̂ # 
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dlstiilsts n n  ©bt&liisd.
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Gyclisatlon j3 $ J 5 - dibrosaQlsopropyl n~propyl ether and puri­
fication of the product.

1.07 mols ®fy(3 * J$ - dibroaoisoprepyl n-propyl ©ther ms converted to 
a-propyl cyclop ropy 1 other under the same conditions used to prepare methyl 
oyolepropyl ether. She crud© yield was 77 gms. This liquid was washed wi1& 
viter three times and twice with calcium ehXorid© solution to remove allyl 
alcohol, aoetonitrile and acetaaid®. 46 pi, was loft after this treats out. 
She material was dried over magnesium sulfa to, filtered and fractionated with 
a small 71grom column* the fraction which distilled between S9«98*C. weighed 
22.5 gas. ( 28.6 par sent. yield) and was chiefly n-propyl eye lop ropy 1 ether.

After the uns&barabe* wore determined by a porbensoi© acid titration, 
an oxeooa (16 gms.) of finely powdered moneperphtfcalle acid was added to the 
liquid. The solid did not dissolve completely* hut the mixture began to warm 
up a little and thus indicated that a reaction waa taking plane. The material 
was plated in the refrigerator and shaken from time to time. After standing 
in the told ever night, the reaction mixture ms allowed to stand at room 
temperature for 64 hours* It was then extracted with 10 per e©nt, sodium 
hydroxide wahhed with water and calcium chloride solution and dried over 
powdered sodium hydroxide, The liquid was filtered and fractionated,

0.1 oo. of the product was allowed to react with 2 cc. of pcrbeneoie 
acid solution for two days and then titrated, 1 oo. required 6.70 co. tenth- 
normal sodium thlosulfate while the undiluted standard solution required 3.65 
cc. Therefore, there is still a little unsaturated material present.i
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fable XLt
Physical and Molecular Properties of n«*Propyl Cyolopropyl Ether
Distilling range 94«*96°C.
Pyenometer Ho. Si and liquid 26,796
Weight of liquid 7.510
Density .790
Eefraotire Index 1.3933
Bubbles from capillary 7.64
Bubbles from larger tube 1.05
Surface tension 21.17
Paraohor (experimental) 272.0
Parachor (calculated) 270.7
Molecular ref mobility (experimental) 
Molecular refraetirity (calculated)

30.31
30.06

Table XLII
Determination ©f Carbon ami Hydrogen la n-Propyl Cyclop ropy 1 Ether
Analysis Number
Sample and sample tube 
Sample tub©
Sample
H^O and HgO tube 
8g0 tab#
l%0
C0a and C0fi tube 
CCfc tub©
CO,
for sent H 
far cent C
Calculated for C^Lm Q |
Preparation and physical properties of (X » ^- dibromopropyl n-propyl 

ether*
n-$ropyl eye lop ropy 1 ether m e  brominated In the same way that methyl

I II
67,970 19.867
53.121 16.341
4.649 4.526
4.347 9.219
-.845 4.347
5.192 4.872
15.079 27.083
2.272 15.079
12.807 11.974
11.98 12.04
72.08 72.19
L* 12.08| C, 71*94

oyelopropyl ether was brominated.
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Ihble XL'"V
Physical Properties ©f the Bromin&ted Gas from the Preparation 

of n-Propyl Cyolopropyl Ether

Bolhing range 140-142#C,
Pycnometer Mo. 2 and. liquid 2.5197
Liquid .4809
Density 1.919
Ref motive index 1.5166

The a© physioal constants whew that the liquid is propylene dibromide 
and the gas must have been propylene.

Preparation of monoperphthalio acid.
275 gms. of 15 per oent. sodium hydroxide in a liter Erlenmeyer flask 

■was cooled in an lee and salt bath. 115 pis. of 50 per oent. hydrogen per* 
oxide similarly cooled was added all at once. 375 gms. of phthalio anhydride 
powdered to pass 100 mesh was added as quickly as possible with vigorous 
stirring. After a admits or two the entire mixture was added all at once 
to 250 co« of 20 per cent, sulfuric acid chilled to *10*C. the solution 
was passed through a fritted glass filter, and extracted onee with 500 oo, 
of ether and then three times with 250 ee. of ether. The ecmbined ether 
extracts were shaken with three 250 oo. portions of 40 per cent, ammonium 
sulfate and dried over 20 pis. of magnesium sulfate. The ether was evap- 
orated off in vacuum without the use of heat. 66 gms. of solid remained.
0.2 gm. of the solid added to an acidified potassium iodide solution required 
13.2 ©c. of tenth-normal sodium thiesulfate for the titration of the iodine 
liberated, therefore, the material was about 60 per cent, monoperphthalic 
acid and represents a yield of 45.5 per cent.

Synthesis ard Properties of n-Butyl Oyolopropy1 Ether.
123 pss. (0.45 mol) of^  - dlbroatoisopropyl n-bu%l ether was cyclized

to n-butyl cyolopropyl ether in the same way that methyl cyolopropyl etherw&s 
made. The produet was fractionated and the portion boiling up to 145*C. was
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treated in the same way that n-propyl cyolopropyl ether was treated. About
0.5 gn. of liquid distilling between 121-122.5*0. was obtained as the yield 
{l per cent,).

fable XLIVI
Fhysioal and Molecular Properties of n-Butyl Cyolopropyl Ether

Distilling range 121-122.5*0.
Pycnometer No. 2 and liquid 2.2580
Liquid .2001
Density .799
Eefraotive index 1.4045
Molecular refraetivity (eaqaerimental) 34.99
Molecular refraetivity (calculated) 34.68

fable XLVH
Determination of Carbon and Hydrogen in n-Butyl Cyolopropyl Ether
Analysis Number 1 11
Sample and sample tube 20.264 27.923
Sample tube 17.767 24.569
Sample 2.507 3.364
% 0  and tube 18,994 2.310
BgO tube 16.254 — 1.399
% 0 2.760 3.709
COa and CO* tube 50.844 12.978
CCU tube 44.058 5.886

6.786 f.098
per cent. H 12.32 12.37
per cent. C 73.87 73.98
Calculated G,%40s E, 12.36* C, 73.63 
Reactions of butyl Qyoldp^af^l other.
0,2 gms. of butyl oyclobutyl ether was bromin&ted to 0(.# V^dibroaio- 

propyl butyl ether, fhe quantity obtained was not sufficient to determine 
the physical constants • fhe product m i  oxidised with 45 per cent, nitric 
acid in the same way that (L, Y "dibromopropyl ether m s  treated. A reaction 
was evidenced by the formation of gas and by the production of a brown color 
In the water imiscible layer. These signs were characteristic of all the
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previous nitric acid oxidations of this type of compound. It was not possible 
to isolate the ̂3-bromopropionic acid, although the odor could be detected. 

Gaseous by-products fro® the cyclisation of -dibraao isopropyl
butyl ether,

/ The gas obtained from the cyclisation reaction was treated the same 
way that the gas from the propyl cyolopropyl synthesis was treated, k small 
amount o f water insoluble liquid was obtained with a specific gravity greater 
than that of water, fhe quantity was too small to characterise.
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Sfetholo^leal ©tmŝ ®s nr© ro t foaisl i»  the H ra r or kidis#^© 

■after repeated m i m ^ m i m m  
4# 3t» e*rctt*e tox ic ity  «p®» porfuairo, of the frag* a heart 3g*

1® of the order of suited# of that of ethyl other# 
foseifcljr  e li« & t3jr were w ad## it* ro ro ro tra b iera  requ ired  t»  

prodroe m v c $ f a * X  aaestfceei* in the kl#&d of Hi# d©|!# th©



75

i v t n nymirdluR 4M m t betneaa &mm%%*»

i&ingpr1# solution m& f£m% eoeatKiaiag oyprcieie ^Mmrm 

§• 'Xho eifltmi’t* rm im  of eoaeontiufcieae s>f eypreMi *i$w t

ethyl rniMm ’s lth  m^sgm &a£ &ir *g$*ar be> be about the « ta ii 

The oll/g&ter ieut of eypram  t*ihe? is 49 per eont*
g im ^ f fftoe that of ethyl #tfa#r* Tt»# eG*»«tttf*tiea la  a ir  

r*$olre& be preitioe *a**bh«eSA i*  ooowMU’ to tMo^tiilrdo 

that C&*£ ethyl ether*

Gyfnsa© ether bolls 9*9* higgler Urns oaue ethyl ether*
7* Hi# hXoeg ftresotue rao&lzift hi^h «n9 the $ul*e f^o& ouster 

doof marginal mimWtmifo in the <leg *dth uyfsene ether*
i# The anther* wl#sli to m̂ iayiii® thet sooty of the sta4i#i 

reported in this ooeissmioation are still In their !»*•
4ilpifei®f, i£otV'. assbsnalre ism etijptieBft «*# In prco'ee**

Bil® first *gqut»ciR&t&*gi of the of eyprone
ether* in w  of ini o% mrxmte Its eerefUl cuvi juaioi&l 
-trial in a&n by skilled rnmmUurhlete*

"fills eos$eta»& Ms boon a»od etseeeeeft&ly la three mxrslmt eaestheslee
on tmmimm



76

SMIARY

1. An attempt to make bisoyclopropyl ©thor was unsuccessful.
2. The ,  p> '-aichloroisopropyl methyl other and ^  WibroniQ iso- 

propyl methyl,ethyl, n-propyl and n-butyi ethers were prepared by 
alkylation of the corresponding dlhaloisopropanol with the proper di- 
alkyl sulfate.

3. Cyclisation of these ̂  $ f t  1 -dihaloisopropyl ethers in aoetamide with 
sine in the presence of sodium iodide and sodium carbonate resulted in 
the formation of methyl, ethyl, n-propyl and n-butyl cyolopropyl ethers.

4. Many of the physical properties of these cyolopropyl ethers have been 
determined.

5. All of these cyolopropyl ©there can be brominated to the corresponding
O U Y  -dib romopropy 1 alkyl ether any one of which can be oxidised to 

-broaopropioni© acid.
6. fhe structure attributed to the cyolopropyl ethers has been proved by 

physical and chemical evidence.
7. Propylene is a by-product la all of the cyclisation reactions described 

in Conclusion 3.
8. f t  $ f t  ’-dlbromoisopropyl bromoethyl ether has been synthesised from 

f t  • f t  ̂ ikromoisoproppaol# trioxymethylen© and dry hydrogen bromide.
9. The anesthetic action of methyl cyolopropyl ether has been studied by 

J.G. Krants, Jr. et al.***.
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Alkyl Cyolopropyl Ethers*
2Nathan L, Drake and Sylvan E, Forman

Contribution from the Departments of Chemistry and Pharmacology, 
School of Medicine, University of Maryland

Cyolopropyl alcohol has never been synthesized despite many attempts to 

do so* It -was therefore of interest to see whether or not ethers of cyclo- 

propyl alcohol could be made* Also, since diethyl ether and cyclopropane 

are both good anesthetics, it was of interest to determine whether or not 

a combination of the ether and cyclopropane structure in the same molecule 

would result in a valuable anesthetic* Consequently,the methyl, ethyl, n-
3propyl and n-butyl ethers of cyclopropanol were prepared and -the pharmacology 

of methyl cyolopropyl ether has been studied.

The method of synthesis and the proof of the structure of these compounds 

are represented by the following series of reactions:

CHgX CEgX
' J
CHOH Reso<fc CHOR CH3CONHg, Zn
CflaX CifeX NaI^ ° a

CHS\
J CHOR Brs C%BrCHaCHOR HN03
CH/ *

ifeO

^CHsBrCH^CHo] •----- } CHgBrCHgCOOH

Although all of the ̂ ^  '-dihaloisopropyl alkyl ethers which were used 

in this research had been prepared previously,attempts were made to devise 

better methods of preparation. ,̂ /3 1 -dichloroisopropyl methyl ether had 
been prepared fromj3 , 1-dichloroisopropanol by treatment with methyl iodide



and ^
and silver oxide4,by heating the former with methyl p-toluenesulfonate0 at 150°C. A
The material used in the experiments described in this paper was prepared from 

3 , ’-dichloroisopropanol by heating it at 125 °C for 3*5 hours with an ex­

cess of dimethyl sulfate, A general method for the preparation of ethers of 

/3 , ji -dibromoisopropanol form allyl bromide, mercuric acetate and an alcohol

and subsequent treatment of the resulting product with bromine and aqueous po-
6tassium bromide had already been described. However, we chose to prepare the 

methyl, ethyl, n-propyl and n-butyl ethers from A ,^  -aibromoisopropanol and the 

corresponding dialkyl sulfates. The methyl ether was prepared in the same way 

t h a t ’-dichloroisopropyl methyl ether was made, except that a lower tem­

perature and a longer heating period were required. The ethyl, n-propyl and n- 

butyl ethers were prepared in xylene solution at the boiling temperature in 

the presence of calcium carbonate.

Only the halogenated isopropyl methyl ethers were obtained in pure condition. 

It was not possible to apply chemical methods of purification to the others, nor 

was it possible to successfully fractionate by distillation the mixtures which 

resulted after the removal of the xylene. The use of these impure mixtures in 

the preparation of the cyolopropyl ethers caused the yields of the cyclization 

-experiments experiments to appear lower than they really were*

Pure^/3 ,̂/3> '-dibromoisopropyl n-butyl ether was prepared according to 

the following equations:

CHaBr GHgBr CHoBr
i > i
CHOH + (HCHO) + HBr  ----» CHOCHsBr n-C3H7MgBr CHOC.Ho-n
I I ---------- * |
CHgBr CHgBr CHgBr



An excess of trio3?ymethylene was suspended in ̂/3 #//3 idibromoisopropanol and dry 
hydrogen bromide was led in until the solid disappeared, The^/3 ,̂ /3 -dibromoiso­

propyl bromomethyl ether was purified by fractional distillation and reacted with 

n-propyl magnesium bromide in ether solution to o b t a i n ,/2> ’dibromoisopropyl n-

butyl ether. This procedure is an adaptation of the method used to prepare ,
A  Ai e th y l 7 3  A  i-dichloroisopropyl^ether, wherein a suspension of trioxymethylene in / tf'* *

dichloroisopropanol was treated with dry hydrogen chloride, and the chloromethyl

ether which results was treated with a methyl magnesium halide,

Cyclization of ’-dihaloisopropyl alkyl ethers to alkyl cyolopropyl ethers

was accomplished by an adaptation of a method described for the preparation of

cyclopropane from trimethylene dichloride8. Sodium iodide, sodium carbonate and

an excess of zinc dust were stirred in molten acetamide maintained at 140°, The

halogenated ether was slowly added, and the product was allowed to distill off

through a short fractionating column, Unsaturates were removed from the products

by means of perbenzoic acid in toluene solution or by solid monoperphthalic acid.

Table I gives the yields of cyolopropyl ethers obtained and the results of micro

combustion analyses for carbon and hydrogen.



Table I

Yields and Combustion Analyses of Cyolopropyl Alkyl Ethers 

Alkyl Per oent. Empirical Calc, Found
Group Yield Formula c H C H

aCHa 22 c4h8o 66 ,63 11.18 - - - -
bCHS 80 c4h8g 66 .63 11.18 66.39, 66 .62 11.07, 11.08

CsA 64 G5H10O 69.72 11.70 69.42, 69.29 11.70, 11.64

n-C3H7 22 CeHiaO 71.94 12.08 72.08, 72.19 11.98, 12,04
cn-C4He 1 G7H140 73.63 12.36 73.87,

*
73.98 12.32, 12.37

d
n—C4Hq 70 c7h14o 73.63 12.36 - - - m*

a. From *diohloroisopropyl methyl ether
b. From /b9 ft* f-dibromoisopropyl methyl ether
c. Impure starting material prepared by dibutyl sulfate method
d. Pure starting material prepared from propyl magnesium bromide

The distilling range under atmospheric pressure, density in vacuo, refractive

index and surface tension in dynes/cm, detwrniiiimd of each of the cyolopropyl
were determined,

ethers^ The surface tension was determined by the well known bubble method , The 

physical constants are listed in Table II,

Table II

Physical Constants of Cyolopropyl Ethers

Ether Distilling 
j Range

10 Oi „ 26 n 0 ylt 25°C

Methyl 43.5- 44 0.786 1.3749 19.92

Ethyl 67 - 69 0.780 1.3830 20.34

n-Propyl 94 - 96 0.790 1.3933 21.17

n-Butyl 122 -124 0.807 1.4026 22.76

The molecular refraetivity and the parachor of each compound were calculated

from physical constants and from atomic and structural values. The experimental 
invalues were always better agreement with the values calculated for cyolopropyl



ethers than for the isomeric allyl ethers. Table III contains the atomic and 

structural values used in the calculations and Table IV contains the paraahors 

and molecular refraotivities.

Table III

Atomic and Structural Refractivities and Parachors
X 0  ̂X 12Refractivities * Parachors

C 2.418 9.2

H 1.100 15.4

0 1.643 20.0

3 membered ring .71 12.5

Double bond 1.60 19.0

Table TV

Molecular Refraotivities and Parachors of Cyolopropyl and Allyl Ethers 

Molecular Refraotivities Parachors
Alkyl Cyolopropyl Allyl Cyolopropyl Allyl
Group Calc. Expt. Calc. Expt. Calc. Expt. Calc. Expt.

Methyl 20.83 21.00 21.72 22 .05 192.5 194.0 199.0 200.4

Ethyl 25.44 25.77 26.33 26 .60 232.5 234.7 239 .0 -

n-Propyl 30.06 30.31 30.95 - 272 .5 272.0 279 .0 -

n-Butyl 34.68 34.49 35.57 - 312.5 309 .0 319.0 -

The experimental molecular refraetivity of ethyl allyl ether was calculated
X<3from physical constants obtained from the literature • Allyl methyl ether pre-

14pared from allyl iodide and sodium methoxide had the following physical constants

b. 43-45°C, D^50.757 gms./cc. in vacuo, /  (at 25°C.) 19.46 dynes/cm., n^51.3799. 
Combustion analyses indicated that the sample was not completely pure, but the 

physical data obtained is probably not far from the correct values and is valuable 

for comparison with the data obtained from methyl cyolopropyl ether.



The cyclopropyl ethere were reacted with bromine in chloroform, solution 

to obtain the G f c i ,dibromopropyl alkyl ethers* Table V gives the constants 

obtained for these compounds.

Table V

Physical Constants of At, ̂ Dibromopropyl Alkyl Ethers

25 25Ether Boiling range D n^

Methyl 68 - 70°/9 1.790 1.5060

Ethyl 75.5-77.5°/9.5 1.666 1.4939

n-Propyl 96 - 98°/l8.5 1.594 1.4898

These compounds were oxidized wi(th nitric acid to /3 -bromopr op ionic acid.
One sample of this acid obtained from methyl cyclopropyl ether was identified by

its melting point and by combustion analyses for carbon and hydrogen. The
by mixed melting points with 

other samples were identified by their melting points and^the analyzed sample.

n-Butyl cyclopropyl ether reacted with bromine to yield a product which 

reacted with nitric acid. Although the odor of/3-bromopropionic acid was much 

in evidence, it was not possible to isolate the crystalline material. This is 

not surprising, because, in the case of the other ethers, this derivative was 

isolated and purified only with difficulty. All other properties of the n- 

butyl ether were consistent with -those of a cyclopropyl ether.

The following melting points were obtained from the literature15 for 
-bromopropionic acid; 60-61°C., 62°C., 62.5°C. and 62-63°C. The isomeric 

dl C& -bromopropionic acid16 melts at 25°G. The melting points and the mixed 

melting points of the compound obtained are given in Table VI*



Table VI

Melting Points of y(3-Bromopropionic Acid from Cyclopropyl Ethers

Ether 

Methyl ( from 3r) 

Methyl ( from Cl) 

Ethyl 

n-Propyl

M .P .

60.5 - 61.5

59.0 - 60.0 

58 .0 - 59.0

56.0 - 57.0

Mixed M.P. 

(analyzed sample)

60.0 - 61.5

59.0 - 61.0 

57.5 - 59.5

Thus, it can be seen that the cyclopropyl ethers differ from the isomeric 

allyl ethers. The parachors and molecular refractivities are different. Cyclo­

propyl ethers react only very slowly with perbenzoic acid, while allyl methyl 

ether reacts quantitatively in about 24 hours. Bromine reacts a little less readily 

with cyclopropyl ethers than with allyl ethers. The bromination product of allyl 

methyl ether does not react with fuming nitric acid even when heated in a bath at 

100°C. The bromination products from the cyclopropyl ethers are oxidized by nitric 

acid to -bromopropionic acid which cannot result from the bromination and sub­

sequent oxidation of an allyl ether.

Experimental

$,/3 1-Dibromoisopropyl 3romomethyl Ether. 9 mols of formaldehyde in the form of 
trioxymethylene was suspended in 3 mols of /$, ’-dibromoisopropanol and cooled in 

an ice water bath. 755 gms. of dry hydrogen bromide was led in, whereupon, all the 

solid •warn dissolved. The upper layer of the reaction mixture was removed and the 

lower layer was fractionated by distillation. The fraction which distilled between 

129-135°C./l2 mm. weighed 775 gms. (83 per cent.). The product fumes in air and 

is very hygroscopic. Determination of halogen by means of a Parr bomb indicated 

that this sample was not pure. Anal. Calcd. for C4H7Br3Q: Br, 77.12. Found • Br,

75.39, 75.40.

-7-



3 ,/3 1-Diehloroisopropyl Methyl Ether. 5 mols of ̂ 3 , *-dichloroisopropanol 

and 18 mols of dimethyl sulfate were heated at 125° for 3.5 hours. The mixture 

was cooled, poured into water, and neutralised by the addition of solid sodium 

bicarbonate. The lower layer was shaken with 50 per cent, sodium hydroxide to 

convert the unreacted alcohol to the lower boiling, more easily separated 

epichlorohydrin. Dimethyl sulfate was removed by shaking with cone. ammonia*

The liquid was then washed with water and dried over magnesium sulfate. It 

was distilled under diminished pressure to remove tarry products and then 

fractionated under atmospheric pressure. The fraction which distilled between 

159-131 *5°C* weighed 660 gms. ( 31%).

* A  >-Dibromoisopropyl Methyl Ether. 2.5 mols of /^3,^/3'-dibromoisopropanol 

and 3 mols of dimethyl sulfate were heated for 12 hours on a boiling water bath. 

The purification procedure was the same as described for the chlorine analog.

The product distilled from calcium carbonate between 46-49°C./l.5 mm. The 

yields varied from 11 to 40 per cent, and were usually about 30 per cent.

aĵ  1 -Dibromoisopropyl Ethyl Ether. 3 mols of 3 1-dibromoisopropanol,
3.6 mols of diethyl sulfate, 6 mols of calcium oarbonate and 2100 cc. of xylene 
were mechanically stirred and fractionated for 15 hours to remove water formed 

during the reaction. The liquid was filtered and fractionated from 100 gms* of 
fresh calcium carbonate. The xylene was removed, but it was not possible to 

further purify the product which distilled 69*5-78°C./8ram. and weighed 329 gms. 

(44 per cent.).

3 , 1-Dibromoisopropyl n-Propyl Ether. This compound was prepared in the 

same manner as the ethyl ether. The impure product from a 3 mol batch distilled 
between 84-88°C./9mm. and weighed 258 gms. (33 per cent.).



•was removed by extraction with 10 per cent* sodium hydroxide. Sodium and potassium 

metals reacted with the cyclopropyl ethers and could not be used as drying agents.

The purification was completed by a fractional distillation.

Tests for Impurities in Cyclopropyl Ethers. Perbenzoic acid in toluene solution was 

used to determine the unsaturates present in cyclopropyl ethers. However, the per­

benzoic acid reacted very slowly with the methyl ether over the course of many days. 

Persumably the same slow reaction occurs with the other cyclopropyl ethers.

Halogens were detected by means of a modified Beilstein test17.

Peroxides were detected by shaking a small portion of the ether with a neutral 

solution of aqueous, potassium iodide. Absence of a yellow color within half an hour 

indicated absence of peroxides.

-Dibromopropyl Alkyl Ethers. 5 gms. of each alkyl cyclopropyl ether was dis­

solved in 50 cc. of chloroform and immersed in an ice water bath. Slightly less than 

an equivalent amount of bromine in 50 cc. of cold chloroform was added slowly. The 

chloroform was evaporated and the residue was fractionated under diminished pressure.

Anal, of methyl ether: Calcd. for C4H6Br20; Br, 68.91. Found: Br, 68.51, 6Q.47.
Anal, of ethyl ether: Calcd. for CQH10BrsO: Br, 64.96. Found; Br, 63.67, 63.98. 

P  -Bromopropionic Acid. 2 gms. of (X, Y -dibromopropyl alkyl ether was reacted with 
7 cc. of 45 per cent, nitric acid in a test tube immersed in tap water. The tube 

was shaken from time to time and allowed to react for 2G hours. The aqueous portion 
was extracted 5 times with diethyl ether and the ether was extracted with dilute 

sodium hydroxide, taking care against a rise in temperature. The solution was made 

acid to methyl orange with sulfuric acid and was extracted with ether as before.

The ether was evaporated and the residue was extracted with hot petroleum ether.

The /3-bromopropionic acid was recrystallized from this solvent until further re­

crystallization did not change the melting point.

The product obtained from methyl cyclopropyl ether which was prepared from ?
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3j^/3'-dibromoisopropyl methyl ether was analyzed. Anal, Calcd, for C3H5BrOs ; C, 

23.55; H, 3.29. Found; C, 23.58, 23.57; H, 3.35, 3.34.

Physical Properties. All density, refractive index and surface tension measurements 

were made under thermostatic control at 25°C. Density measurements were made by a 

pyknometer and were corrected for air bouyancy. hefractive index measurements were 

made with an Abbe/ refractometer. Surface tension measurments were determined by the 

well known bubble method9 .

The vapor pressure of methyl cyclopropyl ether at 26°C. was found to be 414 mm.

An excess of this ether was introduced into a gas burette containing a measured 

volume of air. The vapor pressure was calculated from trie increase in volume.

Allyl Methyl Ether. This compound was prepared from allyl iodide and sodium meth- 

oxide1*. Anal, Calcd. for C4HeO; C, 66.63; H, 11.18. Found; C, 67.40,67.30;

H, 11,22, 11,31.

Summary

I. *-dichloroisopropyl methyl ether,.3 ,y/3 '-dibromoisopropyl methyl,ethyl, 

n-propyl and n-butyl ethers were prepared by alkylation of the corresponding di- 

haloisopropanol with the proper dialkyl sulfate.

2* ^9 f-dibromoisopropyl bromomethyl ether was prepared from '-dibromo-

isopropanol, trioxymethylene and hydrogen bromide.

3. /4,̂ /3 1-dibromoisopropyl n-butyl ether was prepared froin/3 ,^3 '-dibromoisopropyl 

bromomethyl ether and propyl magnesium bromide*

4. Cyclopropyl methyl, ethyl, n-propyl and n-butyl ethers were prepared by cycliza- 

tion of ^dihaloisopropyl alkyl ethers in acetamide with zinc in the presence

of sodium iodide and sodium carbonate at 14C°C. The distilling range, density, 

refscactive index and surface tension of each cyclopropyl ether was determined.
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