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Bther, however, irritates the air passages, causes marked salivation
and stimalates the produotion of mueus, 1t does not induce snesthesia wery
rpidly and there is a long escitement stage. In hel olimates, anesthesisa
with ether nay be diffioult to induce dae to vepid ewaperation, Ether may
otuse late deaths by pulmonary edems and pneusonia, Fioally, ether is ine
flammable,

Chiereforn 18 another excellent snssthetie., It 1s quicker and less
irritating than ether, Vhen sxoitenent must be avoided and when the aly
paasages are irritated, chlerofomm is preferred over ether. Chloreform is
more pobent than ether and it producss more complete relazation. It is none
inflemmable,

thlorofom oanuot be used in oases of fatly degensretion of the hesrt
and in remal diceases, The comsentration necessary for snesthesia i3 close
to the consentration whish sericusly effects the heart, Chloroform may omse
veatrienlar fibrillation, Late desths osn ooour Ly fatty changes in the
hoart, liver and kidueys, or by diabetis ccma, Haried salivetion iz observed
slthough not so much as with ether. The bloed pressure and the respimatory
omter are depressed by ohlorefom,

Cycloprepans is & gasecus anesthetic, 7The oder is net unplessant, It
is chemically stable snd easily purified Wt it is inflmmmeble, The compound
iz not altered in the body. Anmesthetic concentrations are not irritating,
less salivation ogours then with muay other surgioal snesthetie, Induotion of
anesthesia is mmooth and uwsually without exelitement, Most surgical operstions
oan be done with eyclopropane tumt the musoular relaxstion is not se complete
a8 with ether, Cyelopropane is the ouly common anesthetie ageunt whish does
not inorvease the respimstory rate, It produces Cownr pest-operative resctions
than agents of similar potancy, oven in bad risks and cerdies cases, There is
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From a pharmacolegie point of view, 1t is interesting % see whether
o combination in the seme molesuls of the ether and the syslopropane
struetures would produce en anesthetie, and whether it would have any ade
vantages over those auesthotios now iu existence,

The aymthesis of eyvlepropyl sthers is an interesting chemieal provliem
1% is of interest (o see whother the wthers can be nade and whather they are
ressonably steble compounds,



TETBODUCTION, PART IX, CHEMISTRY

. Hethods of Prepering Bthors, **7 Resotions which emn be used 6o
produce othars are indioated below,

BONa + 2'X s R08' ¢ BaX
208 + R'I + Aggd wewy ROR!

Cotln)ebtl AGH H ROC (Cglly)
‘M :ﬁﬂ&:a m*mﬁﬁ prisury -‘am&

BX ¢ Agel wee) ROR

& + slon 285 noat

+ oainlyet we) ROR
i&iﬁwﬁ HglOgs mm‘, m%ﬁ:w Fally, gts Al (504) g, suet &lila
ROH o R'u50, Mmm aomt

W¢a’mMW*

3
Bl e e e with w sulfate,

(Cl)aCuCiCly + CHaOR + HyS0p 25wy  (Ciada® = Gally
OCHy

Rau(oR')s ¢ He + M

W(ﬁ&'}; * E'W ———




) L ' 1
RCE0 + R'OR + HOY WZ?'%
ROCHGE + R'MgK wwed ROGHgR'

Z» make & cyclopropyl ethwr by any ome of these resstions, it would be
nseessary to stert with eyslopropancl, s oyslepropyl halide, eyelopropsue
or cyslopropens,

sttempts to synthesiss eyelepropancl none hs: been sucoesaful.
Babner end Malley ¢

(CHaCL)oCHOE + Na GEX.AMDGE, Ci,ecHOB 0H

wa

0\?}3&%% + e ey CHg =CHUH OH

b '«-.n;'r l..

. W

Bigot'} and Tornoe's

CHaGOOCH(CH,Cl)y ¢ MR wwwmmd CligGOOGHS CiimOHy

Cy Anchmnid

(CHgBr)GHOK + Ha wwew) CHyoCHGHQOM + Gl ~ SiCigdr

Gustaveen*
(ClaBr)gCHOH + In wwwsw) GHgeGHOHGOH
M, Tilitechejemis
flﬁ. « Qw0
m:-c,:a PYIONIRS g mCHClg O
Ciy « 06 = 0
Gustaveon'®

:}wx*m.m»mmw
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Aruppillal end Kandiah®? made eis, 1,2~dicarboxywlehydroxy-cyolopropene-3
(') =spiro=trans~hepahydroxyhydrindene.,

M
Tartomeric
equilibrium
COCO0H
Cliy
The corresponding diprepyl compound wes also made
- :
AN 28 HagCOg CH\ OH
¢ soa— ¢
&~ Ngoog  veil ome & cool
I noath |
COOH COGH
lipp and M’ﬁcrgm
Colan
Cly « CH « Clg e P
& ; then Bry NJd
Nve
Callyy Callyy
AR Hiog VAN
GE—— CH i —————¢H
kg ¢
AOH

There have besn several reported syntheses of cyslopropancne.



Gﬂgl mﬁ‘pa
e ~
| Y ﬁsﬂ) CHCOOH
(!% g COgy \goo Kydrolyysis of
N o0l DQ‘?:_O\)‘ fsupropyl ester
fﬁt\ﬁ/w& ‘730\ ,w
o’ oo & oo
booa 0%, Coom
2
g
L™

ihe cyolopropancsie was isclated sy the semloardascne.

Golle ingold, 8, Sako and J./, Thorpe™”

%\ /%

Cp” C00CyHy

Ullg \
| ewo
i8y”

| He\ G&
| N + HEOy --id) /Q\a e

m;;

Po Lipp and Hane Secloe®? do not beliews Wat Ingeld reslly had ayole=
prppancs beosuse they say that the ring would mot be stalle tomards sulfurie
aolid treatment, Ihese investigators failled to obtain oyslepropmsope by the

fellosing series of resctions,
Pirg

Chg\_ _ AN @
Jg‘ /Wbé%)a m ‘1& P (CoTadn
in scetwne
[AE ' M‘%)ﬂ G - )
; / ey %G(%h

(CaBu)aCOs

Collgh

Wl

[ \Wi‘-' ¢ {Cutisda

i)
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He Dm,jmv and V,V, wwrmw“ repented inguid'l“ roportsd syathesiy
of oyelepropencne without suscess,

P, Lipp, J. Buchkremer and d, Seeles ymaml the hydrate of eyelopro-

et "

: , . \ \ / Koi O G, GOOE

Cligly, + exvess ClgeCe0 +» Hy0 n-m-? éﬂ‘/ \w —— Clyllly

In the pressnce dfmethanolar ethanol,the hemiketal is formed instead of
the hydrate

Standinger and Resber = synthesized s substitubed eyslopropansoe.

(CollalaCo0v0 ¢ BOUGODKYHy —d  (Gollcdelo—= O =

Galig0C0CHe N7
&, C oo CoD  oonn w§ o« Ol . -
(Colla)s N ~=> (CoHada = G ; > (alledesi: S
i ¢ Fa

A number of oyelopropenes ave koown, K, Demjanov and K. B, Loyarenkps:

m‘\agﬁw(%m — g = Giby

Kok
| =
?"\
CHY
oy’

B,K, Moreshkovekii™

smvgmaakr — Gy --9 Ciigl:irgCligCliBry
¢ = fm

EJfe Eohler and Durling®®

m OpiglQl = CB(0aClgly ammied  m gy = Gfe C(Cati)a
GaHaGl0g ¢
b iy gy



Ggllyi0n

d

H ) _ 6{cogsiigdy

%Es

Po Bruylent apd A, Stassens™®
Cig\ &

N Qe

cg CHDOCY W &/gg\mx

If one tmst start the proposed synthesis With an intermediste coum
W&mWM»MWan&%WMM
oty matber to meke & compound whiel conld be used for the prepamtion of
a oyelopropyl ether, ligst of the substances suitable for such s reastion
have vomplex subatiiutions on the oyelopropese ring, sod even the simpler
mm&M&NWMWM&WM&WMIMM.

mmhummnmamgmxm It should be poesidle to imtves

duse the desired alkyl group imte a compound which oan thes be syelised to

& eycloprepyl ether,
mmwmmmmur&mnu&w*mm



trinethylene bromide with sodiums Wolkow and Memsshutkin  sdded trimethylens
bromide to sédium under beiling xyleme; Gustavson  heated trinethylens
bromide dAndsing dust in 78 per cent, aloahol between 50«60°3 Haehn*’reacted
trimethylene bramide with sine wool in iscexyl alocholj Zelinsky! and Gutt
eyclised trimethylens Uromide with megnesium in ether; Chembley*®prepared
eyelopropaus fram trimethylene bromide and alkall metal mmonium eompounds

in Miquid emmonis; Zelissky and Schlesinger® Neatwd trimethyleme bromide
with xine in 50 per cent, mcstls seids Domanitaki®® introduced megrosium

into an ether solution of (l~chlorow )ebromopropane,

A very important reseearch on the synthesis of oyclopropans was carried
on by H.B, Hang, E.T, MaBes, G.B, Hunds and E,W, Glussexkmmp®®, They found
that when trimethylene chloride was heated to 210" in the presence of sine
suapended in diphenyl ether, a 67 per cent, ylsld of oyclopropane was obe
teined, Trimethylens chleride, diphenyl and spdiwm heated to 210° gave a
64 per vent, yield of cyolopropans, Dibutyl ether, xylens, sodiwm iodide
catalyst; mgnesium and trimethylens chloride at 140° yielded after purifi.
ention of the gas 60 per cent, of the theoretieally possible guantity of

There was no resction with magnesium unless an icdide catalyst was used,
Bodium iodide, free iodine, wthyl iodide or ethyl megmosium iodide would all
serve equally well, The iodide coxverts the trimethylene chloride to ((wshloroe
Yeiodopropane or (A + Vediodopropans whioh then rescts with the magaesim
quite resdily.

Zins lodide did not ontmlyse the resetion beosuse it does not Lonise
sufficiently, If zine in 956 per cent, alechol with » Jittle lodide catalyst
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was used for the oyelisation, the reastion scon stopped unless something

was wdded to release iedide lons. Heylly did this by forming & beslio sine
carbonate; moetanide also releesed lodide ions by fommation of & N&.ﬁ&%ﬁw“
oumplex.,

The best methed ¢f muking eyoloprepane from trimethylene chloride
socvording to these investigators is to add trimethylene chloride to molten,
snhydrous sostamide whioh is maintained at & temperaturs of 125° and which
containg 1/60 mole inl, & slight swcess of sinc and NeglOz. The yield of
ayelopropave is 80 per cemb,

4 mmber of exmmples of ring closures resuling in the fomation of
eyclopropene derivatives ape illnstreted below,

E, Buchner and A, Papsndiokss

CHp ® CHOOOCHg ¢ ByCHOOUUHg  wwer). Gl = CHCOOCH,

with unssturetes t fom & pyreseliss whioh can be desumposed to & eyoloe
propane derivative. Semetimes it s necessary o use s omtalyst in the
dpoomposition of the pyrasoline, Acld, alkali and platimus have been used
85 catalyste,

Woil, Perkingéy

CHoBrCHglr + CHg{C00CuHg)y + CglgOlin e ﬁr /ﬁ&ﬁsma?
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iy Guthzeit*®

CB(00GaHade § _ S (o0atads
%\wt' ), + Ba0GgH, =By G&‘a(ﬁwau’-‘%
Pe Bruylent®®

BrUHpCHaCHGCH + g Cpllghigiy s %l \@ 5
Py Lipp, 44 Duckkremer and I, Seeles™”

CLCHGCHoOHGCH # Nl wwmeww) Gl |

L oHOOHE,
N
P Bruylant asd 4, Stassensss
Clig O30l (B 0N .u-@—-—'——-} Q\S"/\um
dissillation Gl
%, Kiad Fl
(CliglaC » CHOOCH, + Mighig Hg0 wewwes)y Q‘u‘%w/m‘%
'y | “ilge Gty
Kol o
seelod tudbe
hent

E,Py Kohler and 5.7, Dariing®
m OpiUglyCll ® G(CO0CH) + Cilgily wwwsd m OyRCqUeQHl = GH(COUCHY)n




Z epion
O\ GHCO0H

Cloke, inderson, lachman end Seithoe
CLUHGCHECHGON « Ny o Jiquid My eewwe

K109 1 f Synthesin. Of al) the resctions uesiul in meking
eyelopropans vings the wost applionble for aeyslopropyl ethers sre the dee
composition of & pyraseline and the cyelisation of & dibyomide with a metul,

For mxemple, one series of reaotions which might result in the desired
preduet would beg



CHoOCH # Gl & Clglly wommmed  ClgOC = G ————
H

N
(HgOCE = Gilg
Another sppromch would beg
R, CHgX Glly
] " \ e

l
dugx iy
- $imilerly o make biseyelopropyl ether, the felluwing plan would uppear
o warky

e Gl 06 {0y By ) s |

GO o (el —y G )

g 08 (g0 {Gotiga

W%ﬁv’a ?Wi ?&W(%Ma

o e o dewean —
Clig0¢ (Ogliglp CEgCl Ciig06{Cuila)s

W,@u Phry

D~

Clighr

It wes the latbtor method of sabttaei uhlch wes used in this research
bessuse the preparation of large quantities of disscmethans would not only
be troublescms, Lut would pmmmmwmmmmm‘ The
intemedintes for meking ié&.x}wﬁii&mmhmmmmmlu
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of the dipyrexcline, this pwse of the veeenroh wes abaodoned. 1t was
theourht soce profitdle b attorpt the synluesis of alzple allyl cyuloproe
Py othars, betause i they cwnet be made, the obvicusly uore caples Lisw
syclopropyl eihor can certelaly ot be nade, e cuverse is ot necessarlly
WG

Since the alkyl oyelopropyl ethers might e nade sccordiug W the

equaidony
CHgR
B L"‘“ﬂ \n t oy
u‘sm -.--—> l’ /iasmm
L Ulig
UligX

a congidevetion efﬂ » /5’ id&f'ba"lﬂiwml end ﬂ % 'withaloisopropyl
8lkyl ethors ia pertiment at ¥ids poing,

ﬁ . ﬁwz@mmmwmm hae been wmede by treatisg plycerin®® with
fuming hgvrochlorie acid ab 100%C, by leediny hydeoren ohloride gas throwgh
gmﬂm*mﬁ“ at I20ei30%C,.g by saturuting & nixture of slycerin and sewtic acid
with mydrosen ohlovide gggs”; free glycorin aod gesecss or aquecus hydiegen
euloride i the presanae of &a erpanio carboxylie acid as & mmﬁm; by
heeting ~lycerin and suliur mouochloride on & weber wad®®y by treeting ople
silorebydein whth Dumlng hydvechlorie weid and sllowing the mixture to stand”f
Lyom ;lyoerin, hydrogen chloride aud dimoetin’®y from easter oil or oxidized
linsoud oid, hydrozen chloride mod aleohol 3 frum R ewonochlorehydria end
hydrogen chioride™ 3 freu allyl ohloride and }mmzawm acid 2y by treate
g slyeerin ddbulyd ether with hydrucen gm;m%. e /, /8 }ailahloressom

/3 P p ’«aﬁbﬁm&a@pmml hes been propared {rum siycorin and phosphorus
trilrenide’"j fran lyoerin and bronine™; fram bramine on UgliyeQresulting
fram the dissillation of glyceris from esledumm ehloride § fram rlyoerin,red
phosphorus and bromine™» ™y fron glycerin and hydroges bromide et 100°C,*°



mwmﬂ.p'&mwuumwmwmm
dssoribed ia Orpente Syntheses s Dane Wy sbiained frem the estoan
Kvdak Compaty's

m/&./s -dihnlolsopiupansls lmve Yeen synthesiseds %'tm
uwmmmmwmw/&/j | dlohleroisopropancl with
sollum iedide or potassiumn lodide azi & little water .fu&wﬁ'
bronsisapropanc) was nedo from epiohlorhydrin and hydrogen chloride and from
epibrombydrin sni hydrogen ehloride™ s /O sehlerve >'eiodolsopropacel bas
ad funing hydriodis soid™ and from epiehlurelyivin treatsd with othyl mage
nesium lodide n the eold, followed By descnposition by water .

L+ /> ‘edichlorotsopropyl methyl ether bus besn prwpered Uy tresting ea
mmmw/b » /3 edionloretsopropancl wid metiyl fedide with silver
oxts™, L. Slecsherd™ prejaved 16 by heeting S, /'vdichloreionpropasst
with methy) parwetolusnssulfonate at 150%C, Por five howow, Zhe renction
nixtare et bs Destalised, the product rotionsted off, and the unrensted
saterisls hested soveral more times in the ssme way, Although the method is
vore practiosl than the sncdesarided figst, 1% 1s & very tedisus md lenge
dvwm ous prosedure, Hlanchard alse mde 3 wshleres O'sbreneisopropyl nethyl
otior by the s provedure but oould Bet meke the oty of Schlore- 5 '
indaisopropancl Yy this method, In amother paper  , he dsserided the prepae
rasion of /) /3 '~ttehlorotseproyl hlorometiy] etcar from /3, /*'wdishloren
isopropenal, triexynethylens sod dvy hydvogen ohloride, The product ckn de
rescted with slky) sagoesiun halides ©0 yield compounds whose fommilse are
of the type (CHuOL)y0u0CHR, mmmmﬁ.ﬂ 'udicnloroisapropyl ethyd
sthor by the swne nethed, Similarly, Ve Allen and Hek, lense  made S,
/b'mmmwum Avehloratiy) sthar frem /. /3 '-4senleratsopropancl,
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urified as desorided previously, starting with the treatoent with sodius
hydroxide, The ylold was at lowst as good as twes oblelied Ly the other
wethod, Tho enlssion of the tremblosoms neutrelisstion with sodiun bie
oarbanate more than ccupenentos for the meoessity of removing the xylene,

Tuls lathor mothod wns used An al) the subsequent alkylation esperie

because the higher dialkyl sulfates did pot resst with mmmonis &b room teme
porature, Ak trestmet sth sedlum hydroxide was omithed beomse the ade
wactage galnd Ly it alone was 20t 1ikely 5 compensate for the extre

Etoyl sulfate puvohaved from the Ds:toen Xodek Conpany was uwsed to
gx\y\w# 1ibrosdaoprony) %«. The renction sixture wes heated and
stirred for 16 hours, ™ yield was &4 per cent, aid 16 could not be pure
ifted by Crestiomtion, IS dlatilled betmoon 69 ,5478%C./7 w8 mm,

fﬁ~k,&§§§w§§§¥.§gﬁf
sane wy. The propyl othey dlatilled betwan B4e88°C./ell mu, 0 give s
33 por oent, yiald, Ihe yleld of butyl sther was 53 per osnt, and it disw
tilled butwoon 86408°./4 m,

Pard of the dipropyl sulfate used was purchased from the Restwan
Kedak Goumpazye The reat was mads from sulfuryl shieride and propyl sulfite
which we made Fros progyl alechwl and thionyl ohleride, The methods dee
voloped by Suter and Gertwrt® were used o make these substances, e

B EOR « BOCly wwewp RSO, + BNSY

BeS0p ¢ BOuCl, wwwee)y ROSOWCL ¢ BCL + 50y

ROG0QUL + RoSO wmmww) RgBOq ¢ RCL + 30,
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After trestment of & ayslopropy) ether with clther of thess reagents,
the purified ether will stil) desonpese perbensole aold ever & period of many
doyny Thare are tw possibilitises sither the psrdenscie sold remowss the
Aast traces of wnenturwies caly very slowly, or the perbeasels seid rescts
alowly with the ayelepropyd e\ar, Dhe latier i» prebably trus, becsuse if
A0 other suich by bewn trested with perbensols anid 18 Eltvmted for wismde
uratete & porbensols seid Wiration after the sescod purdfiontion will give
the smme result as the first titeation, Also)silien gel whish is reported
% be & sclective odeorbant of unsaturntes sd Arematie sompounds, failed
uwwmmmammwamm
oyolopropyd ether, ‘

ﬁmw%hm‘ﬁmmnmmwmm
strogs & cousidershle quatity of Wis ayelepropyl etuir; and fntroduows esell
mﬁmmmum&mm mem
mmmwwmmmmmammﬁwm
mmmmummnmmmwuhmmm»ﬁw
of the tam nsthods wiich were used,

Halogeas were detected by & modification of the Deilstein test, The
malmwwﬁinwmmmtmmuni:nm
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Table 111
Physioal Consteute Reporbed for Allyl ithere

Boiling Renge  Refyaotive Index Density

*Ca £ b line)
O 46, 42,543 2,57781,3008 330077
Byl "0e0Te0 240y Ghy C6wST  1,88610 90,7051
wd'ropyl 00-91 8048008 0,787

hess sonstants were wed to ¢alonlate the parschors and the molscular
refmotivities whioh ware compared with the walues obtained by caloulaticns
invelving the atomis end structurel walues. In all cases the experimental
resalts obimined Crom the cyolepropyl ethers were closer to the values cale
oulated for the cyolopropyl ethers than to the values caloulated fur the |
corresponding allyl sther, sl though in every instence these sxperimental
Moulte were between the comstants caloulsted for the twoe leemerie cempounds,

The nexd tadle compares the varicacy molesulsr dntm, Thisephysiond datm
Arc. Sportant corroboratiensel tie chemical precf of the presence of the
cyelopropyl ring.

Tale IV
Canpurison of Parmchors and lislevular Refrectivities
of Gyolopropyl snd Allyl Ethers
MW Aﬁ?l” Cyvlepropyl Alyd
Bxpt, Cale. Bxpt, Oalo. Expt, Cale, Expts Cale.

Nothyl 21,00 20,88 28,006 2172 1940 192,77 2004 199,2
Byl 20,77 26404 20,60 26,33 B34.7 237 — 53842
Propyl 80,51 30,08 e 30,06 E72,0 BY0,7 e 3772
Sedutyl S0 M8 O ewe 50,07 e v w— w——
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Ao Fimaim, U, Joudard axd . chanhidoseh '

reported the following conw
sante Jor 0(, Yuﬁ%mpm@yl wmethyl ethers belling polng, 74 o/ 16 el

Gens i%’lé 180G,

The constents of /5 » )/u&ibmmy’l elkyl ethers whilsch are kuown sre
Listed in the next table,
Table Vi
Prystoal Gomstants of 3 .)/-ammmgm Alkyl Sthers

Joliling dence lensiiy fefractive index
wwyﬁe&aw‘ﬁﬂl lﬁﬁ‘/vﬁw e 'Lﬁ 18380 1.6156

B5mi6° /17 1,

84%/15 um,

EENY el b A95=195° /165 1,

10846 /55 1ms
199° /760 wm,

These velues are ot very useful lor camparison with the X * Yﬁﬂ;mn
nrupylk ethers,

A1l of tha 0( » )/e%;ﬁsw;;m?ﬂ alicyl ethers were oxidised with nltrie
scid to ehramoproplonis acid, the deriwtive vhieh wes cbitalned startiyy
fron methy) eyelopropyl ethor prepared Ivom /9 s /6 ‘e ramoisopropyl nethyl
ether wns nnalyred {or earbon and hydiropen, and the aemplricsl fommle wes
thereby established, ixed melting points of the sclds thtalned fron Yw
nethyl other prepared [ram ﬂ R A 'ediohloroisopropyl mothyl ether and frem
the athyl awd nepropyl ether were takesn with the wold wiose soalysis for
carbon and hylrogen had boen detsrmlued, Miess results are exhibited in

Yehle Vil.
able Vil

&uima; Foints of /7‘ ~irmopreplonic jwld Obinined from ;;:;al?pmpﬁ Sthers

XEe
Lher kelting depmlting Lodting nﬁ%&*&iwg
Vplat Yolnd Yolndg doint
athyl { Srum dp) GUbeGleB (Uil w—— w——
Lﬁhyl (im b},} aﬁ é;l"‘.t}i? .’4:5 *ﬁﬁ ’M{r} Q’&? “Q .Ml ';3:1' ks ‘*;Hu :n Q{?
i Topyl O glmiiT olt Db oBaiT ol (Y oDmiD el OF plimD o5

he swbetances sintered Jor seversl degress bheforw any aciunl liyuld could be
seen in the eapillery
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fpossible t4 ebinia by edbtien to & dosble bund, Freof of the f o V. postuses
of the halogen in Shese derivatives was cbtained by oxidation with nitrie seld
K bromproplonte ssid whidh ves Ldentified by selting polnte sad cesbustien
snnlyses, ﬂm Y~ dibranopropy) nethyl ether doss not appear o react even with
mnsw a0ld, and even L7 1% 414, 1% eould never yield J-bromoproploaie
aold, |

he w- inpertant resstions invelved sre L1lustrated belows

me e

‘aloag with the desirod 1iquid, e cyelisatien of ﬁ, ﬂ ~d4chlareiseoropy)
Wammnmmmmmmym in this resstisn
éqnmmmmamm mmw,mmmw:um. in the
,,mem%mwm.mmm%m@mﬁw
umm However, $n the syslisation of the 3,/3 L elbremedecpropyd
_ﬁ"_v__mwmmmmwnﬁmnﬁmu
pregyiace, o gue W vubiled Uuwagh bronine bocled 12 leo mter axd W
Mmﬂmmmwmwmmmumm
m e halogen aplyses of the liquids fram Ww nothyl end etiyl ethers




3
showed that the empirieal formmlm must be that of propylene dibronide,
he Ligquid cbhitained from the projyl other ws not amlysed fur halogun,

it i rensonable to sasune,thevefore, thet in the eases where tw gns
wae not identified, it was alse prepylene,

e demeities and refreotive indioes of the sumples of propylens die
bremide wore cbtained ab voum Vempurature which was spproximately 36°C,

Toble VIIZ

Gengtants of rmm w:mm
Wm a@p ,/3 yramolsoprop

inod from the
i Alky) Bthers

Ethey Beiling Renge Danaity Refrantive index
w 238e242 14580 1804
Bty L38a3A0 08 1.8 1,804
nePropyl Mowld2 1.519 3,407

Table IX

Physionl Constants of Uibremepropanes
Positien of Br  Boiling Range Deusity Eofrective index
M, B sbaut 130°
i /5 1us mxﬁ', Wig- 7 1.9 Yet203

‘ B 1.8807
o 1.5538
D{ » Ym 155*;; 164,5% “wlm
165.28° 30 0288, 067 1,525
T 207, "Gem

bR} o _ s
/3 ;/5 116e124 45 1849, 1575
% 17888
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28 gaay of Yriphaylnethyl chloride were mixed in a fissk snd hestod on &
boiling water bath for half an heuwr, Tw solution was pawred into water
and & gowy material separated whioh orystallised after several hours, The
produch was morystallised, first, Crom nethannl snd acotons, them fyom abe
solute othiowl, The yield waa 6 gwe, of mterial which melted betmeen 174+
175%, An additiom] gantitly eould probably be obtained from the mother
iquors, The molting poiat reperted by Melfrish ot al,” was 170171°C,

Attenpt %0 resot glyverin d,thMmma&m.
Seligns, (0.0 mol.) of the ether previously dried in weuums was dissolved in
100 oo, of dry benzene, 028 pae, of soddun wae sdded snd the mixture was
roflueed, Ho remstion ogourred, The bensene mas distilled off end replaced
by §0 ou, of xylene, This nixture wes refivxed 50 hours bt wery littls
roaction sesurred,

Proparation of glyesrin (), ) diacotate®.

250 pmse of glyserin sad 640 on, of glaoial woetic scid wers refluxed
for 8 hemrge 175 gum, of seetie acid snd water ware Crestionated off before
e Seuperature of the distilling wapors resched 117°C, 173 gms, of
dootie aoid and water were then fyvastiomated off watdl the tempersture in the
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diatilling flask vesched 365°C. The residusl liguid was freetisnstod in
waomm, The frsation distdlling betwean LA5e157°C,/30e17 mm, weiched 408
s, { 83 por cont,). Tho preduwt wee niscible with wmber, Altheugh it
gave an sold renction to lite, it 434 rot resot with sedium bicarbomate,
400 gua, of glyoerin mas converted te glyseria (I, ) discetats in sne

othay oxpariment in the sene Wy,

Sbbapts o Propece e Metallle Alig

of Giyeorin [, yM -

Eomgent Bolveub

H

5

Bensane
Hong
{Culioludig lione

¥ FF ¥

® @ a3 O m S o B
L
&

£5
|

g

(=

fof lumed

do resstion

Femsts wilth ester

In wperisent 5, the potessius dissppeered tut the plyeorin o(.Ym
acotnbe swmied %o have desiposed to & eyrupy substanve inwoluble im bensene,
In exporiment 6, the liguid wilch was distdlled off wes nob miscidle
with wter. Ite doutity &t 277C, was 0865 and its belling polnt was 74%C,

The density of othy) moetate at 20°C, is reported  ty be 0,900 and its



bodling podnt is 77,1 ¢, Themfore e liguid is probubly impure ethyl
seetate, |

The magnosiun othylets was prepared’ by refluxing wbeolnte ethansl
with 10 gms, of nagoesius, B0 pus, of xyleme, s srystal of fedine und a
1154 e merourds clleride, The liguid wes flltered from the solid and the
Iatter e dried in weutm,

in exporiment 11, the chject was % pmpare an alkoxy magnesiun bromide,
fo zus wes evolved during the remotion, whieh indionted that the eader zrewp
hed reacted insteed of i gu.

Exporinenta with 0\ 4 / sRlehlosgs/J Sremppropsns
x.v\g\w&%i propared rom 26 gan, of [ , | wiie
ehlorohydrin and 40 mme, of phosphoyve pentebremide. The resstion mixture
wao wephei with water, extimoted with congentreted sullfurie acid and outie
trifused to iﬂﬁwuﬁ? The product was next waahed with waber and

then with nodiem bloerbombe selutlan and dried ever calsium chloride, The
yield ws é pas, boiling ab 1V6%C,

This preparation waz later podified,

350 @'%&L\&uﬁfiﬁaﬁi roscted with 410 gus, of phosphorus

tribromide by sdding the latter slowly to the formor, The flask wes then

hoated to 130°C axd alloved to cobl, Water was cdded 4o devongpose the res
astion mixtare, The produst was extrected with 50 por cent, sulfurie sold
wosihed with water and dried over maguesiun sulinte,

A7 wmse of | , K&%ﬁaﬁ.&-r% ws added to the seastion
mixbare betwsan glyverin & L\ dincetate snd potassium, deseribed previcusly
in exporiments and hoated For § heurs, Mo retoticn voewrred,

20 gis, of (o %%&««%? dlascived La 100 o8,
of sbsolute etiancl. 4 selutisn containing 1 gue 6f sodiys was dissclved
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In noother experiment 044 mol of /5, /5 '-dichlorelsspropancl was heated
with 1 mol of dlmethyl mlfate botweon 1R20e180°C, for R houra, The mixiure
was ooaled, peured into waber and novtrelired with sodiwm bisarbonate, The
squecns pertion wes extrasted with ether, mixed with the water inszoludle
part and dried ever csleim chloride, The ether wes distilled off sb 50°,
The rosidus) liguid ws dlstilled st 4 s, Crom & belling water bath, The
distillase was then Fractionated at atmosphoric pressure, Alwost sll ef it
belled st 160°C, whish is e bolling peint repertsd for O, /5 ' alehlores
Wl“o

Yislds from four sdditiomal experiments sarried out in the swme way are
lizted in Table X1X,

Table Z1X,
u«mwp,/s ! Bichloreiscpropyl Kethyl Ether
ols Yield in Per sont, of
s o Theorebion) Yield

1 68 47,8

2 144 50

& 40 7

4 47 78

The other bolled botwoen 40,5wi2/l B8 v, and 47°/56 ma,

The last uetiylation exporinmt with ﬂ,ﬁ ' _aichlorelsopropancl was
onrried out with 5 mels of this elcohwl and 18 mole of dimethyl sullnis, The
mixture was hoated at 126° for 3.6 houre. After nentralisiog with seddum
blosrbonate and drying over magnesism sulfate the produst was heosted again
for § hours, Hautreligation with sodiwmm bicarbonste showed that very little
sdditiomsl vesction had oscurred, The product was shaken with 80 por cent,
g0 to convert any mm/f o/5 " dichloroisopropancl to the
lower boiling, nore sasily sepawmted eplodlorhydrin, The liquid was shaken
suegessively with concentrmied amonia % remowe dimethyl sulfute, water wad
onloium chloride solution, It was dried over smgnesium sulfate end then dise
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a%ﬁ»ﬂgggfgggﬁyﬁgg REedistillation
nins ﬁ%&a %gifggnka %gﬁs {21 per

2000 mms, ﬁﬁgiﬂc% of red phesphorus were placed in e
3 liter flask equipped with & stirrer, dropping funnel resshing to the bottem,
sl & gas trep. $800 pmse of brenine were added while tha temparature wis
naintained betwosn S0e100%C, Whon the heat of the reaction sould ne longer
hold the tempayatare between those limite, wxterral heat wea applied by neans
of & wator bath, After all e bromine had been added, the wator bath was
hested to J00%C, Por §.6 hours, The renetion mixtare was distilled inm waowum,
The distillate was nentrelised with squeens sodlunm bloarbomts and the liguid
woa freoticoated under reduced pressuwre, Ihe yiold was 20600 gmu, (48 per
cent,) boiling at 100°C/R1 ma,

T additioml proprrations wore oerried out in a 13 1iter flask using
T00ogas, of rlyeerin, 875 a8, of red phosphorus, end 128350 gms, of dromime
in enah bateh, After the Mpet distillation, the yield was noutralized and
drisd over lighl, tut not distilled sgain, The yiclds were 9880 cns, (50
per oont,) and 9320 gas. (48 per sent,) Distillation of 500 gms. of ore of
the yields showed that 90 per cent, bolled in the desired range,

%ﬁiﬁ\&k..giﬁng

Rapte 1o 22 guas (0,1 mod) of /3, /3 "-dibrometocpropencl snd 15 gus,
(0412 mol) of dimethyl sulfate hoated bDetwesn 120w126° for severa) heurs dow
composed .

Bapte R+ The samo quantities of materialsheated betwsen 10G-110%C,
for seworal hours csaused ocasldorable decomposition, but sosw produat was



chbrined, The subateoce wes navbtrnlised with eguecus sodiun bloarbonaie,
diied ovor exlolum ehloride wud Glatillsd in vacuun,

Lxpe Se 246 mols of B« \w _dibrmoisoprepanol cnd 3 mols of luethyl
sulfuto wore lwebed for 12 heours on a bolllny wuber balh, The solution wase
nertralized with sgueous sodlum bloarbonete umd ‘hion waken with & per cmti,
soiiws hydroxide while the mixiure was cooled with tap water, ihe lover
leyer won shekon with evncentrated ammonis sdded 10 vu,e 2t 8 Llue, sut the
wdxturo weg kept cold by an lce woter bath,

e product wns wshed «lth weter, sod with 3 par cont, calelum chleoride.
ine yield digtilled butween 40wi0%/1,6 ma, and welrned 162 e, ( 38 per cent.)

“able Xiil pives the ylelds obtalred in slx sirilar szpurineats,

Tabhle 111
Yields of \u \w .\wwsﬂﬁ&ww@ww@m%w sethyl Lther

axles ol Yield in Por cank, of
(g Se)gulal Tiats o Ieoretiesl
B 60 29
13 1042 &
1140 S
18 1126 28
18 877 11
18,6 378 &5

The mothiylated produet did pet reast with & per cent, sedlum hydroxide
or concentrabed anmonin &t rous Senpornhire,

sapsesiun sulinte wss used ns the drying arent in most of the amperiw
nantg . above, ualebum carbonate prevented decospusition durlng cistiiletien,

Expbe 4o 2 mols of \u & Vo atbromoisopropyl metiyl ¢lier, Lo nols of
dlnethyl sulfnbte, nud J mols of onlelum csrbom o were hesbed in & wasey
bath end stirred, e culclum carbowmte cuced, wi lhe oxporioont was abule

STl o



Uty nethylation enperinonts wore tirod walng e seme proportisns
of remzenis awmloyed In experizent 4, bud diluted with a splvent aw hostod
at e reflux temperoture, he resotlion nizbures were {ltered, the selvent
dletilled off wader Sindnlishied pressuse and the residue was clstlillem in
wmouum frow celolun earomete, The distillate was Sreaded with 6. par cent,
sedlium hydroaide mirl 2l concontreied somonds so descerided in anpurinant O
the comditlons snd yields, et this polat ol She proeedures are (iven lo the
gt wiilow

Sable 5V
sathylation in the Fresence ol & splvent

hles ol

oA Solvent wonting time Yield Por conte
E;-i :;"i; 8 €1 2
(Cipdr)elin in sours in nge
1425 1000 oe, bengene 15 u47 3
(o S0 oge toluene 33 27

&

e BiX: oes uylene &3 35

Syniieats of [ [3'=Jbromoteopropyl. Suiyd huher.
3 ools of /,3, ,B'—-l]i&miwh 5,6 wola of diethyl sulfste, ©

wols of oanloium carbombve and 8100 oo, of zylene wore stirred and Irectionaiod

for 1o hourge The xyleume shieh distilled off was repleced with {resh materisl)
from thee o time, L8 ne, of weter wes collscted la the dletillete, ~lter
Piltratien, thwe llgeld was dlstilled from L me, of calelum carvennte
twroush & teenty lach, Jachuted column pacies with bolicea,
Table AV
2 vy, gty LRy s 3 ¥ 7% Yo wmgepicorpy 5 gt o, IS 37 g .
FrROLLONRtion ol s M- [fEbromolseyropyl iyl Ddher
ﬁxmi;;ﬁlg J‘@ . mmm; i‘ml%;@ ;‘}E;;‘ :r. ii’?}é&jﬁiﬁ

1 ‘Rasale TECST ot 50a 52 &
} v @4& Tole 1%/ 8 o S v
b4 TIw78%/8 1.7 &7

&y s



it does not seom likely st thess Ummotions oan be Deadly pure ooke

pouncs, The spesciiio pravitles are dlcher toen the speciile pravily of dle

probably conteln smne of the desirved preduet ane [or that reagon iney were
sizeds T tobal yicld wes 329 gnse { 46 por conte).

somsionss, of Bo B2 Bisresossopry
. ... . B
Propuration of dipropyl sulidee s

e e of nepvopiupl Were placed Lo s Dlssk wsquipped wilh & siirver,
sondenser, thersomeber sml sropplos fuunel, 480 mee of wlemyl cilderidews
added with stirveing in the course of shout € huurs, ihe teuperature was ept
hotmeen Siesi” by Lmersion in s cold wsier bwih durinr the Diret hall of the
adddtion and by the spplieation of hest cur g the specud edl, The zixture
was slowly hented W bolling %o complete the rousfion. The produet was
fraationated iu wewan cod the yleld wilstdllsr botmesn BReB5°. . il wmae %
wol hwd D58 mmae { 50 por ceide)e

Froperation of dipropyl sulfete =

260 e, of Clproprl sulfite wee plosed 1u s lask eguipped with &
aropping fwmel, shlirrey sendeneer sl thernooeter, MK g;m;m;lmryl
gnlorldie was sdded in helf on hour with mold astireing ehdle Ve ek w
soclod with mber, e teguemiure wee feissd sredually witdl che refluxing
Bogang vigerougs  Sho condlevwser wes thon ropliaod by s Cesotiommting colupm,
snft tha fleek wes hentod wnidl no core propyl chloride or gulfer dlunide sane

ha

oifs Aluar ol pesn!

=

e had cocled W romm eegeceturs, 10 WS atlireed eith
satumbtod godlun carbuasbe Jor 10 nlmited, D1ltered with cuetion, separeied
L b mpsous portlen and dwed over sagies b alinle. The ylold dlgw

£311sd belueon M,M?%..ﬁa,& tere nnd walypbad €0 omae { b por coalte)s



Preparation of \Nw R bw dibramcisopropyl Propyl “ther.

3 mols of ﬁ» \Nw.a dibvrenoisopropanal were remctod with 3.6 nols of dle
aepropyl sulfate in the same way thet the etiylatien experlmuat was consucied.
Feeotionn slon Jrom calelsm carbonate thrcugh o 20 lushy helix paoked solunn
riolded 208 pus. { 33 per cont,) of mavterisl having o boiling range of B4e
#8% ..\w.&.w ma, 2 & epeeifle gravity of aboub l.84.

Smihesls »%\@E romedsopropyl nedfyd Lther,

Froparation of dluutyl sulfite”?,

647 e of nelubanol were rescted with 480 me, of tidunyl chloride
exnotly us deseribed for the prepereticn of diprepyl sulfive, The preduct
whleh was fractionated Prem 10 ms, of onlolium cerbonate, dlatilled between
0m08°/7 45 e a0l weizhed 470 muae { 58 jor cente).

Preperetion of diensiutyl sulfate

a,qm gmse of dibutyl sulfite wore rescted with 163 mn.s of salfuryl ohilore
ide exnotly es dosoribed or the preparation of dienspropyl sulfate, ihe
product was fractionated from 6 gme, of eslolum oarbonnbe, ihe yield was
coliectod bebtwecn L1l0el13%C /6.0 ma, and At welghed 256 e (28 per sent.),

Preparetion &\@» \Mw... didromeisepropyl-umoutyl ether,

Uailinl eof diepebutyl sullute, U« wmol of \®- \w.m. dibronelsopropanel,
14 molz of ealolum carbunete wisl T oo. of sylenc wore stirres snd Lrace
tlonated for IV hwurs. The rescblon alxturs wes weaited la the ssme way
as in the prepursilon eﬁ\mc Nw dibremelsoprepyl ethyl ether. e yleld
weizhod 119 =0, ( 55 por cont,) sod distilled botwsen S6 =Bi%u /& mu,

Synthesis of - fiibrasoisovropyl Nromemetipl Suher.

B8 mae { 3 mols) ﬁw@ , \w " &wgﬁgﬁgwﬁﬁw oxymethylene ( ¥ mols
of formaldohyde) wore mixed and scoled iy an ve water bath. 758 gs. of dey
hydrogen bromlde wes pessed into the susponsion. Uhw hydrosen bromide wus



sade hy divect ewbination of hydrogen and bromime  °, lydrogen was bubbled

throush & Tlask of breming hembtod in & water bath, and the uwixed gascs were
bured in a silion tube heated by a gas burser, At the ond of the absorpiien,
&%%%&wgiwwg;%%gﬁaﬂﬁ?ggcég
fato teo layers of which the upper one was water soluble, The lower laysr
was fractionated. The forsrun wes out At 139°C./A2 ms. The yield dletilled
betmes: 120mi38% /12 s, and welghed 776 gas, ( 88 per sent,) io attempt
s besn made as yet to prove the ldentity of the produst,

Wble L4711 summarises some preliminery cyslisation exporinents,
Exporlment & did not aluaym wovk, Apperestly pure, dry resgeants are
neossenry, sad it wee not alweys pessible te obimin ?\Q,\mw diehloreprepyl
wethyl ether in suoh a condition, In ome eperinent whieh did work, a liquid
wee obénined, The frection belling wp to 57°C, decolorised potasaium posw
mnganate, resctod slowly with brosine in carbon tetrechlorids, wes soluble
in ouncentrated sulfurie wcid, gave a precipitate with silver altmate, weas

imsoluble in water and lod a specific grevity greator twn 1, In other
sinilar exporiments me liguid preducts could be lsvlated,

Expuriment § yielded & 1iguid wiileh boiled ot sbout 47°C, ruwoted with
potassion pormsngaokte but not with silver nitrets, This produst mey have
bosn nethyl oyolopropyl wther, it we wt investiguted any further,

G objestion 4o the use of butyl ether as s solvent in the esyslisaticn
is vhet sodbum lodide und megnesium sel te in geoeral are insoluble in 14,

_wth._\mm dibrasoleopropylmetiyl ether wes much more resctive than the
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Iable V1

Lureary of ‘m l’wl&a&mry u}“e ian fxperisents vith /3. /8 b
ibmim?m;wl Gethyl Fther ad - dishloreisopropyl Lethyl Sther

Fxpt, dulide setal Lelvend Tempe Uime in latelyet Lagulte
TS e
) Ll g Tugliy Aylene Hedlux & Ligiigl  io remotlion

2 9 | A2 gl Hellux E L) Blagl sgacts
ER 4
81 ug Yo vAE  Heflux 45 Him3 Yory slow and
incemplete

¢l g Amﬁz ient - il W roaotion
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a

L

§0% Ftui ileflux 45 ®i Yo resation

Hugl Hedlux ligimg ity 0 resetion
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ned eor edded, the terpomiure was raised to 6%, Ins liguid cosdensod
in the flamk goclad Lo loe wabter was Oreetimmben end yielded 270 mee
{76 or cante) of cyude methyl cyeloprapyl ether bolline vetmeon 41.0eide:"L,
La addition, some she weas sollasted in ‘he ras holder,
vable VL olves the plolds Dras experirents serried out in the same
Y -
Teable XVIK

vige Tields of m.hya. vyelopropyl Ethey ﬁrm

Cyelization /B ﬁibmwmyz Lethyl L
Halos field {i0ld
e par ooty
4 eV 3
X B o)

| Yy rusconts wore used Lo tese succgssiul cyolization eporloenise

- webrmine s lon of wmalbunies,

;m&m soethole i smsple was addad o 00 vee of sarbon Yolrgw
ciilorice in as orlemsseyer (lusk whioh wes kept do en oo walsr bath thevusie
oot e sebomiietion, i B bromdae iu esrlon tetrechloride was added
siowly unitil ao exoous was present wiieh did :wt deoulorise couplstaly &
iv nlimvess aguoous potasslim jodide was thon asdded and the llberated
haidne ves SRusGiex w Ha sodium hissuliaie, ‘he lathue mtm%icxa wag e
welbed ran Lie bronine Witrstica, dals cethod wes wt vy precise boe
Gt the endyolut wns wst definite. aAltough bromine remcis score readily
with s wose lursled campound such o8 methyl allyl ethor, Ww rete of row
acticn =ith aethyl gyslepropyl ether lu by no meexs depllsiile,

Perbenzols soeld sethoeds 10 ce, of & soluilon of perbenscls selid
in teluene wag dilubted with 1 se. of toluene, o sowvther U so, portion

wen added ) oo, of wothyl cyolopropyl ether, IThe oo solullons were kept
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thayl cyoloprepyl sthor reacts slowly wiih perbensoio sold, or the

unsabiratos reast slawly o very dilube sclutions,

A serios ¢f titretiuns cerried out over a mwber of Gsys /3 1lsted
in Table inm. Ihe data represent 10, of a tenitbencmel sodium thiow
sulfote sclutlen regquired in s perbungole acid titmilen carried out as

desoribed imwim;s. Ve

Table Vil
keoastion of Perbengole ield with lethyl Cyelopropyl ither

Leys/ Stendard Bther Uiffervuen
1 2 B} 2450 i
& 2495 1,36 1440
4 Lo7H 120 1488
3 ZeT0 lald 1485
i 2470 140 1,70
18 & ot o 3 1,78
G & gty oL & eild
i L %ol o3
3 "J‘é‘ qﬁﬁ h;’ ‘% Q?é‘
3 ¢ 03l Gold o0
4 L TR badU 1ol
] 485 Gath 125

The porbensoiec audd solutlion in teluonc wes propared by s slishé

modifloation of the wethod desaribed by Tiflenesu, i, Adans and Vo,

ix¢

lendall o 141 e, of bensoyl puroxide wes dlssolved in 1,5 liter of

dw tolusue cooled below «GC, 19 s, of sodlum digsolved in HGu ce, of
absolute ethanol and cidlled to «5°C, was added with mechanicsl stivring,

2 liters of ice wator wore sdded aod stirrinmg wus contimed until solusien

ef the sedlun perbensoate ws complebe, The toluege layor ws vetoved, and
the aqueous leyer wee extrected & Sdmes with 100 co. portions of wlumne, he
sguoous layey wes placed iu the flask in the lee aud salt bath and & selution
of 36 mam, ol cumeontrabed sullfurie acld in o6 co, ol wnber cooled to Wi
wes added with stlirring, The perbmiszole m\m wip exbrsoted with three 260

oo, poriions of toluane, The portlous wure iLopt separate, ey wers dried

over kgily and ghoved in the refriresatns.



An attaapt wes mede te resove any residusl unsaturates from nethyl
syclopropy) ether by filtering repestedly threugh a coluonn of estivated
;mizz, ;ﬁ{:}ﬁ piﬂa;mh acid titration belore the filtration was 100 se,
tentheoormal sodiun thiosullnte and afber the Iiltmtion was 1,60, Ihe
atandard requived 1,80 oo, Thorefore, the silles gel) has little, 1f any
effent,

Test for peroxides, A suall portion of the ether wus shaiken with
neutal aqueous potassium lodide in a well stoppored test tube. A ywllow
soloy did not dewelop within a half hour, 7This indicated that no peroxides
were presont,

Test for halegen. A medified Sellsteln test as developed by Ruignh’®
was used, Illuminating gas was passed through & warmed flask to a burner
which wes pleced mef:nwwr gause, The geose wes hested on both sides
until mo green coler osuld be semn iz B fawe. e nethyd oyoleprepyl
other was sdded to e mw neans of & WM fussel, Ihe ethar
purified by the perbenseis seld nothwd maawﬂw teat,

lsthyl) eyelopropyl ether which gave & strong test for halogeh was
stripped of all except a trass by refluzisg first over powdered sodium
hydroxide and then over gine dust, Either of these treatments alove did
nod remove the halogen effectively.

Drying agents,

lethy) cyelepropy) ether was refluxed over sodium metel. The ether
rescted with the metal end produced wnsaturabed compounda,

Potassium uetal reacted in the same way,

The ethor was JPIAble townrds sodium hydrexide even during a leng
reflux period, FPomiered sodium hydroxide weas the best drying sgent used on
tids compound,



Physioal propertios,

Donsidy, refvective indsx, ond surfece tension nessurements nade
during the research were osrried out at 25°C, by nesns of a themmostat set
at this Seuperature, The refrvetdve jadices were taken with respeet to the
D line of sodium by means of an Abbe refractmwter, Surface tension moasuves
monte were made by the bhbble method desoribed by Sugden'
used to caloulete the surfece tensions snd pamchors were taken from Sugden's

+ Ihe equadions

hooke The pmssure necessry Hw produce o e%wt in & liguid fvom & oapillary
and ?p%e@:%gg%g,ﬁ&gw in a sanometer. he
pressure is ziven in the wbles in wws, of alochel opposite the words "Cape
illary” or “Larper tibe,” Zhe surfuce tensions are given in dynes/om, Uene
sitiec wore memsured by weans of pyoiometers, The weights are not corvected
for air buoyenel in the tables but the densities are glvem in gme./oc, in
weoum*?®, Volwmes are given in co. Auy exoeptioums to these genersl rules
will be noted, Sufficient data will be provided o permit the ealowlatien

of any of the coustants which are riven, but datm listed in & table will nét
be repeated in sudbsegquent tables,

Table XIX
Galibration of Surfwce Tension Apperetms with Senpeone

We, of ethyl alcohel + pyoncmober lio, 39 26,782
Whe of othyl alechel ¥ 506
lansity of othyl aleohnl) w788
Capilisry 9,08
Viameter of larger tubs 2998
Density of bengene®®® . 878
Surfese tension of bensexne %8 .22

the fsmediately sdjacent section ol the twbing frem whlch the larger
tube wae made wes measured usder & niurescope by means of a calibrated mie
oromoter eyepieve, The walue given in the table is the nverage of eight



noamiremats on four dimsoters,

(P*l*mgﬁ/?

s =Yg

cbuammmmw
W ia the mdius of the larger ube

B
b

A

is 963
is the density of the ligquid

is the differonce betsesn the pressure on the capillary tube
mm.;wmmmzaw/u.m

is & constant vhareoberistia of the surfmse tensicn apparmtnus

)/&r*&nmﬁmaﬂmﬂm |

>/~ 1,033

A = 28,28/ 8,8) x 738 x 98) x 1,018

A = 04000

ble XX

Calibration of I'yonometer Ho, 389

Fyonmmoter + water 28,774
Pyenoneber 19276
0 - 9 4498
bensity of g0 +8970
Volume of pyonmseter 2,607

Table XA1

Fayaioal and kolesulsr Properties ef kethyl Cyvlopropyl Sther

Vapor prossure at 26°C,
Fyermeter Ho, 50 + ether
sethyl syelopropyl ether
Danesity

Myﬁhry

Surface tousion

Eefraotive index

Paracher (ealeulsted)

kiolesular refraetivity (exporimental)
Nolecular refrastivity (sslculated)

43 o Bmid 40
414

26,756
7488
+786
7.8
86
16,02
145749
1940
188,.7
21,00
20,88



The swidiods of celenlating the surfacve Gevslan, paracior g molecular
refrastlsitios {row e sxpordmcntel values s Lllustrated below using the
date on methyl oyeluprepyl ether, Ualoulations of the pepmchor and noletus=
lay refrastivity frop thw atonle nd s%yveturel constants is alse shown,

capouiation of surface bensiong

y- 6

G=r+ a9 m g U

Gwie 60 x .50 %981 x JBG/0.HL x 46 x 98

95 m 1 e WOL08 m 1,017

)/ m GUUGIE X G788 x 981 x 6,18 = 1,017

Y-t 19,92 dynos / o,

Gelendation of parschior from exyverimontal duteg

b
P "« ﬁL-
Dowd
P is the parschod

the sureace bvension

<
B

t.,
.Y

the density of the liguid

=

ths density of the wepor
YEE ‘ﬁi/ﬁ'b

= donslity of wmpor &t boiling ;eint

-

oo P

w = absclute tenpereture ef the bolllin; polnk
8, w G0122 = TR,1/317

db w  AGTE
logie  4/4, = 5 (/T 1)

4 iz denalyy of the wepors st any desired benperature

¥ is abes ube bLuasporature a4t vadch the densliy 1 desired
logge 4700278 = G{28s/ilTel)

4 » U5



121 x 10,98 V4
66 = 001

B m™

¥ u  lidb 0
'The Poliowing tmble of values was used to ealoulebe Hw para:hors of
eyelopropyl ethers and the isomeriec allyl ethors.

AW
Table ixil

Atonmis and Struetural arsoehorg

¢ 4 ol
4 17,1
g B g
3 membered ring A0 o7
bouble bomd 2 el

The ealounitlons of the paurachior of metlyl cyeloprepyl ether uslng
thene values 18 ahboun below)

¥ * & 48 + 8 x AT o+ 20,0 o+ 16,7

The eajeulation o the molwoular vefmetivity from experimestal date

wey done an [ollowsg

&
dmr . hg
- .

i

g
:ﬁ
2%

. o= polar refvactivity
5 = refreciive index

oty w molomler welrht




&%
v oma MY, A -
Pavle LLIIT Y

Cengtenty U of 4o Coloulste toleculsr leirestivity from
Selecular ani Stmetoel Jals

¢ 79518
i 1l
Ether oxysen 1a548
Cyelopropane ring 71
Jonble bond in  RGls(iy 1080

e eniculetion fellowsg
0w & X Be&lB + B x 1,080 ¢ 1443 + W71
Eom 20,83

e vepor pressure of metiyl cyelopropyl ether at 26%C, was determined
by sdding s mvess of e liguid % a known wlww of eir in & alirometer.
Ury meroury was the confining liguid. 10U se, of alr lunorensed in woiume
W 22,0 ooe The volwme then reuained constent, sssuming that atmespherie
prossure wsg TG0 ma, of neveury, the vapor prescure at 36°0, was 414 mm,

Lower explosive limit,

The lover axplesive limlt of me¥lyl cyclopropyl ether wus deternined
by mixing the vapor with exygen in o lismpel explosion pipetits and sverking
the mas by neans of an induction voll, Smell smounts of the ether were
added o konown volumes of oxyren, Sroan the lnorease in wlume, the pole
santape of the vapor in the gas wes Inown, Such nixtures, whleh were
never near saturetion, wore used as atock mixtures end ciluted with owyzen
0 glve sny desired coneentretion, 1.88 per cent, of wethyl ovelopropyl
ether in oxypen did nol explode, wille &,08 per ceut, exploded,

Gopibug Lien aoalyses for carbon and hytregen were carvied cut by the

ndere wetihnd developed by ng&mw
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Deptarmination of Uarbon and Hydrogan 4n Lethyl Gyelopropyl hiher

Aoalyeis duhers i id 13X iv

Genple sad sarple tube 36,265 WeETs 25,041 10,964
sesple tabe 20,467 32,668 19,907 12,302

ranple 4o THB 4 iy & Jli5d G elil
He U+ 4,0 tube % lun2 T o554 114815 15,849
gl tuda 184042 & $BBE T o 11,815
i“ﬁ{-} f;’%ﬁ} kel Qﬁ%ﬁ 5 .%}u 4 ‘11&
Ulg 4 Ul tude G5 205 11 866 P R E B 3T
iy laaba &3 4876 L2193 1195 I )
Glg 11 408% baT6T G847  luu¥h
par coenty H 13 .U? u‘% 1&5 .% 11 "jﬁ

per conlt, ¢ &6 458 (6 o 58 6 o861 VA

velouletld for L ilaly i, 114183 G, 66,89

Properaiion of (X » y-dihmpwl mothyl otber Irom wmethyl oyolopropyl
ether prepered fram p, ,8 ' albremwisepropyl methyl ether,

b mne of zothy) wyolupropyl ethor was uixved with Ll oo, of citdorelom
and bmoereed in on loe bath, 11 ore. of brovdne dlssclved in 8 oo of chlorow
form wileh was slndlarly coolsd, wis added siewly. Afber the bropine hmd voe

sotad, the chloreiom wes ovearorated 1z veomum ard the resldue fmaotionsded,

The frseticn dlstilling botwesn 63~TU"G,/D wi, wWes the dosired product,
Table ¥V

Fhyaiernl Froporilos u&"O( 4 Y—ﬁiﬁz’@mpr@yl moiyl ethey
Fycuometer ioe 1+ liquid L4546

Ldguid % o247
Henis ity 1790
Lefractive jmlex 15060
¥
iable 14V1 /

Galibmtion of Syonometar Lo 1

Vysumewter oe 1+ gl G IUTE
Fongreter e 1 lo7a2
ENY & 208l

oL 2 403
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Proparation of [-bromeprepionie aecid from (', )Lrimmpmwl mothyl
sther, 0,7 gas, of this elher wes added, drop by drop, 0 1 gm, of nitrie
aold having & specific gravity of 1,8, The reaction test tube was shaken
during the sddition and sooled in a beaker of ap weber, After the wmost
vigorous reastion has quieted, the tube was heated &t 100°C, until the rew
action was camplote, The nitric acid was distilled off in wewm, The
residue was orystullized from petrolewm ether until the product melted conw
stantly betwesn 60,8e61,5%C, alter o little SINTIRLDE » 1t mas allowed %o
8014448y and it remelted between 60,.0-81,0%C,

Teble XXVIIX

Petermination of Garbom and YHydregem in //B- Bremopropionie Aoid
Analyeis Ruber 1 X1
Sample and beat 6 4489 74375
Boat 2538 1,189
Bumple 5,680 . B.216
HeU tube + Hg0 7878 9,128
He® tube 54580 TE75
figh 14683 1,856
Cly tube and COg 9,579 16,967
g tudbe 4,097 9,679
Glg 4582 64588
per sent, H 3,88 354
por dont, ¢ 25,68 23 567

Gl oulated for Cplleiring O, 28,863 H, 3.2
yﬂé romopropionic goid wes prepared from the me ayelopropyl ether
ised Crom /3 /@ as.am»mmwyx mﬁwl\ by?: same series of reastions,
it melted and remslied between 58 ,Ow80,0°C, after s 1ittle sintering, A
nixture of this ssmple with the analysed sanple melted between 69,581 ,5°C
and remblied betwosn G0,0%«81,6°,

Attanpt to prepare (Y (- amwy «brenepropans .

2 oma, efo(,y-mmgmgl nethyl ether was refluxed with 10 oo, of
absolute methanol for twe hours, The wethano) was removed by distillatien
and the residual liguid was distilled in wouum, Only a small guantity of
distillate wee obtained,



Tehle SA
Deberaimtion of dsloren in the Faborial hecowverad fva cethamsl

hoelysis Susber i ii

Lvepaule and saple 1 gl 18083
Lapaule 1,703 1.71¢
é‘;nmplﬁ Ql%? _ QIW‘?
wraalnle aod Agple CwhBd RIS K 24
Lrgeinle uliidd ey §
Al il #2102

Bm' gent up 4] gloas N I S8

deloulsted for Gl liogt ¢ 3y 66,03

ldentifiontion of e gasecus Lywprodunt,

The cas ohtained fron ﬂ, ,B". ddbromelacpropyl nethyl elaer during the
preparetion of methy) oyclepiopyl ether wes bubbled duvwh breniuve cooled
in ice watar, Ualy s sasll pert of ihe g wes eLsorbud, S reacbion
mixbare was ponred inte waler and e exvess broviue was <esiruyed wiih
pedium sullilide, The lLrseluble llgudd whdeh remvined was drisd over nage
cesawn seliate snd frectionated in the swall Orectlicnating epperatus dee
gerived below, The product dlstilled betwewm: 1.8e141%C, lnly one cumpoe
nent somwl W be presante Ul) ofe of the liguid wes measured out in e
pipetie and wolghed to delerzine the density. The donsly wnd relrective
Iadew wers detemderd Bt roon *m*:mmmm) wiialt was $6%0, wudhoud the uae
ef a wwrenstete

Table XL

hyaleal Propertios of the Bromine beriwwbtive ol tue Umsecus
lyei pedust rom the Propemtion of Lethyl Lyolwpropyl iber

Conbeliner and Liguid
wontelne

iensi iy

Hatilline raane
sefpuooivn Lulex




sable BARL

Soterniaatlen of delopen fu S Yroalnw Lerivative of the Jusewus
Tywed peaets Do the Prepuresion of MHothyd Cyelepropyl Dther

snnlyolis lunbor b4 94

caparale nud swiple i g
tapsale N
Grrpla oditid
Sreaeible and Arop w807
srunible i doba
i wiB73
Par cunt, v Ve ald

calouloted for O,ldgimys Sry T5elE

e Liquld weg unquesticuebly propylene dilronide, preoving that the gas
Wi propylene,

4 soedd frecticuatdsy apparatus was wsed o Cietill the liguive Tae
pull wes B0 mme A0 dismebter «ith & pisgs jeckobed colwm & x 1l mise AL the
a1 the UL weE 8 Vb 5 U suie beo Loto wiich the lhormwsmeter bhulb
Citbed cod onlo wihioh the sideean wes sedied, 4 capillary Wibe sedl ol at one
sl sorved &8 wn goullater Wba,

Proparution of ailyl Soide e

E80 s, 0F &LLyl nicotold wid 3248 muse ol red phacspourus in o flask
oguipped with 8 rellug condenwer wors brested with 414 me. ol fodize added
0 e & 2 tlas, The allyl leodide was aiat lldd im an mbuou;here ol oaprw
won Glonlde,  Shs distilinte wea woshed with waley, sodimm nicnSonate selution,
godiom ewdiilo salut on eod aoaln with wabers 16 was drisd ower nwsonosiue
sulfabs and Qletiiled botween 10102,5%, e yiald wws <58 qma, (82 per cent,).

Prepapation of ellyl retyl other .

{3 e of methasol wer reboted wlth VO nue W sucinm, 40U ms. of
allyl lodide wes added ot « re%e suci et the nixwre relfluxed, Alter pelluxe

ing or lel/: hours lonver, ths solulion was ilbered i frasticostod, e



portion wissllilng et 42%. vwas csollecved, weshed with 44 per cente oanlelum
anlocide solutions dried ever & pixbures ol 1y 18, ol onlolun cnloride and
AU mse o magnesius suliube wirl ten refluned over 18 mg, ol scclem and
jotmesivm allays & russtlon cocurred, apperently beiwasn tw allyl wetiyl
sihor sud the alieli rotal. The Prection distilling bBotween Chwdi"l, wes

e llesved as the yiold,

Phynieal rod Holecular Properties of AlLlyl lethyl Lty

vietilling renze

Fyonemetor Jio. 39 e liguid

Ldguid

anui by
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Loy oy tanig

wmi fr62:] WA sﬁi% ﬁm

eebenetdve 0003000 m)

“s‘mmt ( P TR TRL)
“nrpobor (oaloulabed)

splesulay ralreotivity (exporiowrtal)

dosleculsy refmmetivity
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Bl ok
1%
3-5:;1*43
21,78

Taule MiAil
pbarrimiien of warbon sad Spvrornen ln Allyl Getlyd) dther
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serple Wbe R
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Aadealated JOr ueigl 3 L ddellif L, w008
411yl methyl ether reocths quarbiitmtively s4th pavbensole avid,




Frepamcion of }B.)/— dibromenrepyl metiy'l sther,

B e 60 methyl allyl sthey wore dlszoleed in 20 2o, of chlovoiorm
snd ool with s slicht exooss of bresdne, The solulion wan webhed with
podaosln carbonate solutden piu. Jdried ower mesneeluty suilate. Alter the
ehlerelom had been revoved Yy aintillasien, e product Alsililod st 81%Ce/
17 v, hds rwteriad ¢id mobt ooned olth aldeie sold (sn.er, 1.0) hestod in

an ¢l baih et 10090,

P eﬁmﬁiﬁ ﬁmﬁﬁ Wm%'@& ol é:m; gzl ma

Cpclimtion of [, OL dibeomolcopropyl etiyl etuer.

6 ame (1 wole) v&iﬁ # /B L uibropslscpropyd elibyl ather was cyelised
in the swne wuy thad aethyl oyelopropyl cther ws prepered Ivum /3, /B'— Giw
brosolsoproprl melhyl etheyr, 7 g, of cmsde otiyd syelesvepyl ether wes
abbalned alone wiith sww reb.

Puriilestion of etiyl syelepropyl ether

e erude product wee Ipectliomabed throwh & sherd, hellx filled colwn,

The portlion whickh distllled beotvecn (RiB%e wolriod 55 mm, Uaseturstes

were reoved by the perbeusole aoid sollud degeeibed previcasly.

Zable uLy
Foysioel anl Solacular Properties of fthyl Cyelepropyl uhew

“iatilling mnno GYmie®
Frenomoter cwe 68 and 1l 86 ST
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srigligys o d hak
Rpiddary TR0
larper tuby i
ineface Sonsion AR
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Pupmasor {exporinetal) i o7
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oleening relmetivity (ol 35 454,



Peterminetdeon of Larbon exd Jroran in o

domlyels lamber
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Preparetion ol ﬂ-&swiampiam’m wold fram (X p Y- dibemoo; ropyl  etiyl €sher,

£ mm, of this obther sol 7 on, ol 48 por oot altrlo asid vere sledon
in & bost Gles The rection was allowed o prosesd witoul applicatien ol
heat Jor abeut 20 hours, The sgueous portion was embraoied § tlneos with
diethyl ether, e dletiyl ether was extraoted with dilvte sedlum hydrexide,
‘wiing care W provmt s rise ln twparalure. ibe sedlun Wydweside was mde
digtinetly acid %o methyl orgnge with dliute sulfurie acld sud %he selution
wio extrested O tlows with disthyl etlwr, The dleilyl ether was ewmjoreted
t dryoess on the stems bath and the resldunl syrup was extractod twlos with
wamm pebroleum ether. Zhe potroloum eftier was sounsentyaled sod the /B-E;maww
préplenio acld wes orystallised repeatedly fras Wils sclvend, wutdl L6 mal ted
sod ronelted cuwtantly bebwoen 8,0mi0,0%, A mixture of thls seld nelted
botwenn 60,0m01,0%0, and renlted Dotueon 57 .,0wdl 0%,

Atbenpt o propare 0( ,d‘&iww /3» BrORUPIODaIN.

& imBe f"d oY~ dibramopropyl athyl ether wers rofluxed with 10 ce. of
absoiute ethanel lpr two hours, Alber the excess othnnod had been yenomed,

the resiawl 1iguld distilled botwown T5=74%C /8

Table LCVIIT
Dobernims tion of idaloren in w Laterisl rewovered from Lthamd
arsdoele lhamber i 33 aad

Lapsule and sanple 18006 15700 18143
vapawle ie7i0k b T 17148
sSmaple wiibid o s 558 e 17
Uruclble and Aglr SEBGL eiuad PR RO T3
Lraoible e 23 § - GAALT G ot WG
piccl o P R e o140
Por ooty e £1 437 59 475 1406

Caleulnued Lor Upilysirlgs ¥y 07,06
waleulated Loy Ggidyglmiiy Uiy 15480
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Synthesis and Properties of fropyl Gyolopropyl Bther.
Cyolization of /5 s ﬁ L dibromoisopropyl nepropyl ether and purie

fieation of the preoduct,

1,07 mols of /B . /3?. dibromeisepropyl n=propyl ether was converted to
nepropyl oyolopropyl ether under the same conditious used to prepare methyl
cyelopropyl ether, 7The crude yleld was 77 gms, This liquid wes washed with
water three tlmes and twice with cmleium chloride solution to remove allyl
eleohol, mcetonitrile and acetamide, 46 gms, was left alter this treatment,
The material was dried over magnesium sulfate, Filtered and fractionated with
a small Vigreux column, The freotion which distllled betwsen 80«88°C, weighed
22.5 gus, ( 28,6 per cent, yleld) and was chiefly nepropyl oyclepropyl ether,

After the unsaturates were determined by a perbenzoie acld titration,
an excess (18 gms,) of fimely powdered moneperphthdlic acid was added to the
liquid, The solld did not dissolve completely, but the mixture began to wam
up & little and thns indiemted that s resction was teking place, Ihe meterial
was placed in the refrigerator and shaken fram time to tme. After standing
in the cold over night, the reaotion mixture was allowed to stand at roem
tomporature for 24 hours, It was then extracted with 10 per cent, sodium
hydroxide wahhed with water and caloium chloride sclution and dried over
powdered sodlum hydroxide, The liguid was filtered and fractionmted,

0,1 co, of the product was mllowed to romet with 2 ce, of perbenzoie
acid solution for two days and then ditrated, 1 ce. required 2.70 co. bemth-
normel sodium thiesulfate while the undiluted standard sclution required 3.66

ac, Therefore, there ls still & little unsaturated material present,
|



Table XLI

69

Physical and Molecular Properties of nePropyl Cyolopropyl Ether

Distilling range
Pycnometer No, 38 and liquid

Welght of liquid
Density

Refractive index
Bubbles from capillary
Bubbles from larger tube
Surfece tension
Parachor (experimental)
Parachor {caloulated)

94~=96°C,
26,796
7.520
« 790
1,3933
7.64
1.06
21,17
272.0
270,7

Moleoular refractivity (experimental) 50,31
Holeoular refractivity (ealculated) 30,08

Table XLII
Determinmtion of Carbon and Hydrogen in nePropyl Cyolopropyl Ether

Analysis Number I 11
Sample and sample tube 57,970 19,867
Sample tube 58,121 15,341
Semple 4.849 4,526
 HgO and Hg0 tubde 4,347 9.2189
HgO tube — 845 4.347
g0 5.192 4,872
COg and COg tube 15,079 27,063
COg tube 2,272 15,078
COg 12,807 11,974
Per cent H 11,98 12,04
Per cent C 72,08 72.19

Caloulated for Cgl,0s3 H, 12,083 C, 71,94

Preparation and physieal properties of () » wdibmopropyl n=propyl

ether,

n=Propyl oyclepropyl ether was bromineted in the same way that methyl

eyclopropyl ether was brominated.



fnkle ALLIXIL

Distilidng m-m _— w;aa‘s./xm 5,
Welght of Aiquid e
Demalty 1.,98¢
Refractive index 1.4508
Teble XBIV

Gl Ibeation of Pysuounoter Ho, 8
P, p Nog & and g0 22806
Pyonometer v, 3 B L2608
lg0 L2408
Yolune #2508

/ﬁ"ﬁmm aoid was cbtained from O{;demrm amprepyl
othey in Uw sane way that 1% was prepered Irem o(,)/ wdibromapraopys ethyl
sther, 1t melted betwenn 66,0=37,0%, snd resclted Dotween 53.0-07,0%, A
mixbure of this predust with the anslysed product melted nod reselted between
57 46w ,8%C
mmwmmwmmwmmaﬁ% le
didromolsopropyl propyl ether,
doat of the gas resulting from the oywlisation of ﬁ . /"mﬁimm
propyl ethior was sbsorbed by 80 per cent, potassium hydroxide, The remaine
ing e was tronted with bremine snd the produed was purified in the swe
way that this phase of the work wes dome on methyl cyvlepropyl ether, The
*mnq and refyactive index wers teken at room bemperaiure wiich was 28°C,
A thammostat was not used,

/
|
4
i
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Table XL'W

Physicsl Properties of the Brominated Gas from the Preparation
of n-Propyl Cyolopropyl Ether

Bolking range 140=142°C,
Pyocnometer No, 2 sand liquid 2,5197
Density 1.919
Refrective index 1.5166

These physical constants show that the liquid is propylene dibromide
and the gas must have been propylene,

Preparation of monoperphthalie acid B¢

2756 gms, of 15 per cent, sodium hydroxide in a liter Erlemmpyer f{lask
was cooled in an ice and salt bath, 115 gms, of 30 per cent, hydrogen pere
oxide similarly cooled was added all at once, 3786 gme, of phthalie anhydride
powdered to pass 100 meah was added as quickly as possible with wvigorous
~stirring, After a minute or two the entire mixture was added all at once
to 2560 co. of 20 per cent, sulfuriec acid chilled to «10°C, The solution
was passed through & fritted glass filter, and extrasted omee with 500 cec,
of ether and then thres times with 250 cc, of ether., The combined ether
extracts were shaken with three 260 co, portions of 40 per cent, smmonium
sulfate and dried over 20 gms, of megnesium sulfate, The ether was evap-
orated off in vacuum without the use of heat, 66 gms, of solid remained,
02 gm, of the solid added to an mcidified potessium iodide solution required
13.2 co, of tenthenormal sodium thiosulfate for the titration of the iodine
liberated, Therefore, the n;ateriul was about 60 per cent, monoperphthalie
acid and represents & yleld of 43,5 per cent,

Synthesis end Properties of n-Buty) Gyolopropyl Ether,
123 gms, (0.45 mol) of /3 . ﬂ L dibromoisopropyl nebutyl sther was cyclized

to nebutyl oyclopropyl ether in the same way that methyl cyclopropyl etherwas

made. The produet wes fractionated and the portion boiling up to 145°C, was
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treated in the same way thet nepropyl oyolopropyl ether was treated., About
0.5 gm, of liquid distilling between 121~122,6°C, was obtained as the yield

(1 per cent,).

Table XLIVI

Physiocal and Molecular Properties of neButyl Cyclopropyl Ether

Distilling range 121.122,5°C,
Pyonometer Ho, 2 and liquid 2.,2389
Liquid .2001
Density 799
Befraotive index 1,4043
Moleeular refractivity iexper:haan“bll) 34,99
lioleoular refractivity (caloulated) 34.68
Teble XLVII

Determination of Carbon and Hydrogen in neButyl Cyclopropyl Ether

Analysis Humber 1 b9

Sample and sample tube 20,264 27,923
Sample tube 17,757 24,569
8mplﬂ 2.507 3.554
HyO and Ha0 tube 18,994 2.310
HgO tube 16,254 —1.399
HgO 2.760 3.709
C0g and COg tube 50,844 12,978
COa tube 44,068 3.886
COg 6,786 9.092
per cent, H 12,52 12,37

per cent, C 73 .87 75.98

Caloulated C,H;,0s H, 12,363 C, 73.63

Reaotions of butyl cyclopwapl ether,

0,2 gms, of butyl eyolobutyl ether was brominated to &, Y-aibromo-
propyl butyl ether, The quantity obtained was not sufficient to determine
the physieal constants. The product was oxidized with 45 per cent, nitrie
acid in the same way that (X, Y—-dibromopro;:yl ether was treated, A reaction
was eévidenced by the formation of gas and by the production of a brown coler

in the water immiscible layer, These signs were characteristic of all the
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p;gﬁ@a nitrie acid oxidations of this type of compound, It was not possible
%o isolate vt;!mﬂ—bromopropienie sacid, although the odor could be detected,
Gaseoﬁs @y-—produeta from the cyclization of /‘3 . ﬁ L dibromoisopropyl
‘zmtyl a£her.
I‘he g,aa obtained from the cycliszation reaction was treated the same
way ’cha’s the gas ‘rom the propyl cyclopropyl synthesis was treated, A small
‘emount Q’f water insoluble liquid was obtained with a specific gravity greater

than that of water, The quantity was tco small to characterige,
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PRLRRSACTALTY OF L cYULOPaureL TR
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the pharmecolegy of nethyl oyslopropyl elher whleh is reforrod

W oas "Uyprwe Ldwr” Lo the shove roferente, (Lo mumesry and concluslons
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are guoted below,
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e unlon of the molecule of cyolepropane thwough an ether
imge with the sliyl madicel, nethyl, resulta in the fop=
catlen of & wiletile liquid pessesalny woesthwtle proporiies
in veny species of aninuls,

Gyprame other & & sore potent snenthetio than ethyl ether,
althouzh 1% te not ao potent se chlommfom. e comcentiv
tian produsing surcloal aresthesis fn the bloed of the dog
averases TG00 por conly It8 snosthedle index as nptsured
on the dop Is 2,381, that o ethyl othey ia 1,54, % ahould
o ephasised that this differense arises malsly ivam the
ghort Anduetion periled of eyprow ether compared with thad
of wvihrl ether,

in the noukey, oyprotio ether proedsues no liver dwmaze 3
sghown by the bromsulfomphthinlels “est. b the rat, histow
metholocieal ohenzes ore sob found in the liver or kidpeys
alber ropuated anesthesies,

The cordine toxieity wpen porfusion of “w Srep's heart in
gl is of the erder of wasnituds of thet of etiyl sther,
resaibly slizhitly more twocle, in covsentraiicus reguired 4o

produce surgleal msathesin in the blowd of the dor, the



fron's nyoserdiun did net differimbisnte betwem dowelle
singor's solution aud thet containing eyprome etier,

Ge The sxplosive renge of consentralions o eypriss oUwe sod
ethyl sthor #iih ouypon and alr appasnr o e alwul the 3ww.
The ollfwier ceefPlclent of eyprome viher le 49 (er cent,
sranter than thet of elhyl ether, the soavenbmiica iu eir
required o produce nucsthwsla ls cneelinll to wowetilrds
thut of ethyl sther,

fia Cyprome ether boils 9,8% hisher (han does ebiuyl ethar,

Te The blood pressare remsing hirh and the pulse pood umioy
doep surpical anegthesia In the dop »ith oyprome olher,

8s “he uathieors wish to emphasipe that rany ol the studles

reporbed ln thds coramaniention sro atill Lu thely i
eiplenwy. dore sxttensive Luvestimstlons ere In prosress,
this firet approximatlon of the pharmecoluy of oyprece
staer, ia cur opinion, warrsaube lts careiul s judloeisl

wrind in man by skilled anesthetists,

Thls cerpound hes boon wed suocessfully in ihree suriical rosethosies
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SUMMARY

An ettempt to make bisoyolopropyl ether wes unsuccessful,

The /_& s /5 'mdichloreisopropyl methyl ether and /3, ﬂ 'adibromoiso=
propyl . methyl,ethyl, nepropyl and nebutyl ethers were prepared by
alkylation of the corresponding dihaloisopropsnol with the proper die
alkyl sulfate,

Cyolisation of these /3, /A ! dihaloisopropyl ethers in acetamide with
zine in the presence of sodium lodide and sodium carbonate resulted in
the formation of methyl, ethyl, n«propyl and nebutyl cyclopropyl ethers,
¥any of the physical properties of these cyclopropyl ethers have been
determined,

All of these cyolopropyl ethers can be brominated to the corresponding
O( ’ Y »dibromopropyl alkyl ether any one of which can be oxidized to
ﬁ ~bromopropionic acid,

The structure attributed to the oyclopropyl ethers has been proved by
physical and chemiocal evidenoe,

Propylene iz a by~produet is all of the eyclization reactions described
in Conolusion 3,

ﬂ . ﬁ !«dibromoisopropyl bremg;\thyl ether has been synthesized from
[ /3 '~dibranoisopropgmol, trioxymethylene and dry hydrogen bromide.
The anesthetioc action of methyl cyclepropyl ether has been studied by

J.C, Krantz, Jr, ot a1,**°,
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UNIVERSITY OF MARYLAND

SCHOOL OF MEDICINE

DEPARTMENT OF PHARMACOLOGY

ESSLER RESEARCH LABORATORY
29 S. GREENE STREET

BALTIMORE, MARYLAND

October 14, 1940

Dr, Nathan L, Drake,
Department of Chemistry,
University of Maryland,
College Park, Nd,

Dear Dr, Drake,
I am mailing you "Alkyl Cyclopropyl Ethers" for your revision.
There ere a few differences between this paper and my thesis,
The constants for n-butyl cyclopropyl ether were determined on a sample made
since my thesis was completed. Also, lMumford and Philips parachor values, as

reproduced in Gilman's Organic Chemistry, pg. 1733, were used to calculate
the parachors since these values are more recent than S&gden‘s values.,

Yours truly,

€, e

Sylvan E, Forman
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Alkyl Cyclopropyl Ethera:

2
Nathar L, Drake end Sylven E, Forman

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

Cyclopropyl 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 valusble anesthetic, Consequently,the methyl, ethyl, ne=
propyl and ne~butyl ethers of cyclopropanol were prepared and the pharmacology3
of methyl cyclopropyl ether has been studied,

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

are represented by the following series of reactionss

CHxX CHoX
! |

CHOH Ry S0, CHOR CH5CONH,, Zn

| > Nal, NemyCOg

] CHOR Bry, CHzBrCHggHOR HNOg
cig’ 7 r —

[CHzBrCHgCHg ———) CH,BrCH,COOH

Although all of the /6,/43'-dihaloisopropyl alkyl ethers which were used

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

__better methods of preparation. /6 7/3 l—dichloroisopmpyl methyl ether had

been prepared from/ﬂg,//g ‘—dichloroisopropanol by treatment with methyl iodide



and
and silver oxidé;?y heating the former with methyl p=toluenesulfonate® at 150°C,

The material used in the experiments described in this paper was prepared from

3 ”/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,//3ldibromoisopropanol form allyl bromide, mercuric acetate and an alcohol
and subsequent treatment of the resulting product with bromine and equeous po=-
tassium bromide had alreedy been describedi However, we chose to prepare the
methyl, ethyl, n-propyl and n-butyl ethers.from /5,/5 ldibromoisopropanol and the
corresponding dialkyl sulfates, The methyl ether was prepared in the same way
that//3,/K3'-dichloroisopropyl methyl ether was made, except that a lower tem-
perature and a longer heatirg 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 cyclopropyl ethers caused the yields of the cyclization
-experiments experiments to appear lower than they really were,

Pure/KS,/Qa'-dibromoisopropyl n-butyl ether was prepared according to

the following equations:

CH,Br ?HzBr CHyBr

I |

CHOH + (HCHO), + HBr —— CHOCH.Br n=CzH,MegBr CHOC jHg =n
| | — |

CHyBr CH,Br CHgBr



An excess of trioxymethylene was suspended inﬁ ,/5 ld:'Lbrcl:ao:i.sopr'opemol and dry
hydrogen bromide was led in until the solid disappeared. The/5 ,ﬂ Ydibromoiso-
propyl bromomethyl ether was purified by fractional distillation amd reacted with
n-propyl magnesium bromide in ether solution to obtain ﬂ, /3 1dibromoisopropyl Ti=
butyl ether, This procedure is an adaptation of the method used to prepare .,
ethyl

ﬂ,/"-dichloroisopropyl /\etherz wherein a suspension of trioxymethylene in /"3; /3 -
dichloroisopropanol was treated with dry hydrogen chloride, and the chloromethyl
ether which results was treated with a methyl magnesium halide,

Cyclization of ﬁ, ﬂ '-dihaloisopropyl alkyl ethers to alkyl cyclopropyl ethers
was accomplished by en adaptation of a method described for the preparation of
cyclopropane from trimethylene dichloride®, Sodium iodide, sodium carbonate and
an excess of zinc dust were stirred in molten acetamide meintained 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 monoperphthelic acid,
Table I gives the vields of cyclopropyl ethers obtained and the results of micro

combustion analysés for carbon and hydrogen,



Table 1

Yields and Combustion Analyses of Cyclopropyl Alkyl Ethers

Alkyl Per cent, Empirical

Group Tield
CHy 22
b

CHg 80

CzHg 64

n-C3H7 22
c

n=C4Hg 1
d

n=C4Hg 70

Formula

C4HgO
C.HgO
CgHj 00
CgHy20
CoHy 40

CrHy40

Calc,
¢ H
66 463 11,18
66.63A 11,18
69,72 11,70
71,94 12.08
73,63 12,36
73.63 12,36

Found

66,39, 66,52

69 .42, 69.29

72 .08, 72,19
*

75.87, 73.98

From '5,/3'dichloroisopropy1 methyl ether
From 5, /A '-dibromoisopropyl methyl ether
Impure starting material prepared by dibutyl sulfate method

Pure starting material prepared from propyl magnesium bromide

11,07, 11,08
11,70, 11,64
11,98, 12,04

12,32, 12,37

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

index and surface tension in dynes/bm.-uunuuiuhan&ﬁne& of each of the cyclopropyl
were determined. s
ethers, The surface tension was determined by the well known bubble method” . The

physical consbants are listed in Table II,

Ether

Methyl

Ethyl

n-Propyl

n=Butyl

Table II

Physical Constants of Cyclopropyl Ethers

26
nop )/;t 25°C,

Distilling
, Range

43,5~ 44
67 = 69
94 = 96

122 =124

5
) o

0,786

0,780

0,790

0,807

1.,3749
1,3830
1.,3933

1.4026

19,92
20,34
21,17

22.76

The molecular refractivity and the pareschor of each compound were celculated

from physical constants and from atomic and structural values.

The experimental

in
values were alwaysAbetter agreement with the values calcudated for cyclopropyl

b



ethers than for the isameric allyl ethers, Teble III contains the atomic and
structural values used in the calculations and Table IV contains the parachors

and molecular refractivities,

Table II1

Atomic and Structural Refractivities and Parachors

Refractivities *%s»™% Pe.rachors12
c 2,418 9.2
H 1.100 16,4
0 1,643 20,0
3 membered ring .71 12 .5
Double bond 1,60 19,0

Table IV

Molecular Refractivities and Parachors of Cyclopropyl and Allyl Ethers

Molecular Refractivities Parachors
Alkyl Cyclopropyl Allyl Cyclopropyl Allyl
Group Cale, Expt. Cale, Expt. Calec, Expt, Cale, Expte
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-Butyl 34,68 34,49 35,57 - 312,56 309,0 319.,0 -

The experimental molecular refrsctivity of ethyl allyl ether was calculated
13
from physical constants obtained from the literature . Allyl methyl ether pre-

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

b. 43-45°C, D3°0,757 sms./cc. in vacuo, Y(at 25°C.) 19.468 dynes/cm., n;51.5799.
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 cyclopropyl ether,

-5-



The cyclopropyl ethers were reacted with bromine in chloroform solution
to obtain the dﬁ,)z-dibromopropyl alkyl ethers, Table V gives the constants

obtained for these compounds.

Table V

Physical Constants of a, }/Dibromopropyl Alkyl Ethers

25 25
Ether Boiling range D ng
4
Methyl 68 = 70°/9 1,790 1.5060
Ethyl 7545=77.5°/9 .5 1.666 144939
n-Propyl 96 - 98°/18,5 1,594 1.4898

These compounds were oxidized with nitric acid to ﬁ3-bromopropionic 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,

A
n=Butyl cyclopropyl ether reacted with bromine to yield a product which
reacted with nitric acid., Although the odor of/3-bromopropionio acid was much
in evidence, it was not possible to isolate the crystalline material, This is
not surprising, because, in the case of the ather 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,

5
1 for

The following melting points were obtained from the literaturs
/3 ~bromopropionic acids 60=-61°C,., 62°C,, 62,5°C, and 62~63°C, The isomeric
dlfﬁ-&uvmopropionic acid®® melts at 25°C. The melting points and the mixed

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



Table VI

Mel ting Points of/ﬂ}-Bromopropionic Acid from Cyclopropyl Ethers

Ether MJP, Mixed M,P,
Methyl ( from Br) 60¢5 = 61,5 (analyzed sample)
Methyl ( from Cl) 59,0 = 60,0 60,0 = 61,5
Ethyl 58,0 = 59,0 59,0 - 61,0
n=Propyl 56,0 = 57,0 575 = 59,56

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 /34bromopropionio acid which cannot result from the bromination and sub=-

sequent oxidation of an allyl ether,

Experimental

/3,/3 '-Dibromoisqprqpyl Bromomethyl Ether. 9 mols of formaldehyde in the form of
4 4

trioxymethylene was suspended in 3 mols of(/3,/(5'-dibromoisopropahol and cooled in
an ice water bath, 755 gms, of dry hydrogen bromide was led in, whereupon, all the
50lid -wme 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./12 mm, weighed 775 gms. (83 per cent.). The product fumes in air and
is very hygroscopic. Detemmination of halogen by means of a Parr bomb indicated
that this sample was not pure., Anal, Caled, for C H;BrzO0s Br, 77,12, Found ; Br,

75,39, 75,40,

-7-



3 ,gﬁ ' -Dichloroisopropyl liethyl Ether. 5 mols of /3, /3 '-dichloroisopropanol
and 18 mols of dimethyl sulfate were heated at 125° for 3,5 hours., The mixture
was cooled, poured into water, and neutralized 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 conc, 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 etmospheric pressure. The fraction which distilled between

159-161,5°C, weighed 660 gms, { 31%).

3,//%'-Dibromoisqprqpyl Methyl Ether., 2,5 mols of/Lﬁv/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,/1,5 mm, The

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

~3,/6 '-Dibromoisqpropyl BEthyl Ether, 3 mols offi3,/(3'-dibromoisopropanol,
3.6 mols of diethyl sulfate, 6 mols of calcium carbonate 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./8mm. and weighed 329 gms,
(44 per cent,),

437%3 '-Dibromoisqprqpyl n=-Propyl Ether. This campound was prepared in the

seme manner as the ethyl ether, The impure product from a 3 mol batch distilled

between 84-88°C,/9mm, and weighed 258 mms, (33 per cent,).

G-



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 testl”,

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,

A , )/-Dibromqprqpyl Alkyl Ethers, 5 gms, of each alkyl cyclopropyl ether was dis=-
4

solved in 50 cc, of chloroform and immersed in anice 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: Caled, for C HgBr;0: Br, 68,91, Found: Br, 68,51, 68,47,
Anal, of ethyl ether: Caled, for CgH;Brg0O: Br, 64,96, Found: Br, 63.67, 63.98,

<[3-Bromqpropionic Acid, 2 ems, of (&, )/-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 20 hours. The aqueous portion
was extracted 5 times with diethyl ether end the ether was extrected with dilute
sodium hydroxide, taking care against a rise in temperature, The sclution 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.
ThejK3-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

i



/3”3'-dibromoisopropyl methyl ether was analyzed. Anal, Calcd, for CzHgBrOgz: C,
23,063 H, 3,29, lFound:; C, 23.58, 23,673 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. XHefractive index measurements were
made with an Abbé’refraotometer. Surface tension measurments were determined by the
well known bubble method® .

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

L3

An excess of this ether was introduced into a gas burette containing a measured
volume of eir, The vapor pressure was calculated fromthe increase in volume,

Allyl lethyl Ether, This compound was prepared from allyl icdide and sodium meth-

oxidelﬁ. Anal, Calcd, for C HgO: C, 66,633 H, 11,18, Found: C, 67,40,67.30;

H, 11,22, 11,31,

Summary

1, 5,[3 '-dichloroisopropyl methyl ether,fs ”/3 l-dibromoisopropyl methyl,ethyl,
n-propyl and n=-butyl ethers were prepared by alkylation of the corresponding die
haloisopropanol with the proper dialkyl sulfate,

2, 3,/[5'-dibromoisopropyl bromomethyl ether was prepared from//3v/3 '~dibromo-
isopropanol, trioxymethylene and hydrogen bromide,

3e /gﬂ/3 '-dibromoisopropyl n=butyl ether was prepered frm%/3 7/3 '-dibromoisopropyl
bromomethyl ether and propyl magnesium bromide,

4, Cyclopropyl methyl, ethyl, n-propyl and n-butyl ethers were prepared by cycliza-
tion of '3,/3 '-dihaloisopropyl alkyl ethers in acetamide with zine in the presence
of sodium iodide and sodium carbormate at 14C°C, The distilling range, density,

refgactive index and surface tension of each cyclopropyl ether was determined,

wlle
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