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sturbing possibility that water is
‘ To svold this aiffioulty, 1%
ous $o use guch s solvent s acetic anhydride

Sometimes 1t 18 even necessary to use a buffer
setete in such neutvalizetions. when halegen

mﬁa m&:&r,

a0t furas %ﬂmﬁﬁiﬁi‘%ﬁa Jesau
iivissble that in vacuun ﬁi@ﬁm&im the
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ﬁﬁﬁv& of sulfonsting sgents on Turfure

1. 1 sooled solution of sulfuric aeid im ebsolute
aloohol csuses somplete decomposition with furfurel.
discetete is more gteble in the eold resgenty k@& sulfonation
- does not take plso ®s '
%& Bo ramaﬁma wﬁm be obiteined z@m m X

fonatin W‘k in m;@ paries a:t TUDS Wes ﬁ»
4lfonic acid. This compound in reality ia the




red from chlorosulfonic asid. It is not

fde and ?iﬁﬁ&ﬁ in s one liter balleon Flask equipped with &
ping fumnel, thermometer, and breather. To this were’ slwly

sdded 136 g, {1 mole)] of ehloresulfenio acid, 1 shaik
stirring was necessalry because of $he heavy preoipitate formed.
¥hen sddition wes completed, the flesk was let ntand for a few
‘bours and was thes £11tered

by suetion,

rously iato 1 1/2 litere

immed offy the large lumps
roken up and the white product wes collected

by sm&ﬁ«m filtystion and washed %h&mgkly vith ice water.

I% wes dried in the weouum éreﬁt&efatsw over phosphorous pentoxidi

enine m fimi&&t&s grans {0.5 mole) of miém

were ﬁimi#@& in 100 vo, of carbon tetraehloride in a 200 s,
peoked flapk squipped with stirver, dropping fumnel, and

mmsrsed in an ice-salt freezing mixture,




. vhen 19.8 g. {s:%’:i mole) of farfursl dissetst
15.9 g« {0s 1 mole] of :
tegether for seven hours at 95°-100° ¢

with a chlorofomm solution of
'f_}zs aﬁiﬁ, no resction occcurred and the




i xture M§W B B0 g« of oracked ice, The sol
tracted twice with sther. ‘fveporation of the sther

m & iim m; sa:z 1 discetel i¥} wexe
ise over & two hour period to 102 g of funing

een 25° end 30°C.

fa ~of the liguer. This ex~
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. Both of these compounds were 00 inert and weze
5 red unshanged. ﬁmmmﬁmgmu@awg
be thrown on the qaés‘hitm by studying the exmﬁsaﬁim son~
sequently bromofuren was nitreted, and nitrofursn was w
inated. Both of these reactlons were unsuccessful, the
£1irst besause of unstability and the second beoceu

. unusaal diffiﬁi&%&' of substitution.

Fhen 1% wos found that the nitrofuren could not be pre~
pared by mthm whish definitely :wag%é m mtksa* na
tried to prepare 3-nityofuren. Simce halogen subs
are yemoved . With little 4iffieult

26)

o
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. and %mmm&im&alwi&%ﬂ?&wa After twe
kﬁm*s thig was filtered off and the filtrate evapo
under reduced pressure. 5 mmnim 50114 rematned

»Mg& melted at 85°C. amd desouy wed : 87%¢ y

The %Xié wag €3 sed Te

ight (27). It #%ill mel

noiled for a few mimutes
mé which could not

edueti This has Deen
essed air stream on the 3m



- 29 -

under reduced pressure. One thoussnd cubie centimeters of beme
zene were then added and distilletion under reduced pressure sgain
resumed wntil 1000 co. of distillate had come over. The residue
was $hen heated until liguefsetion was complete and transferred
flask, This was sooled very slowly, finally

. $o erystallize in the mtxigsra&wf

%o an Erlenmeyer
Afser m}&aﬁw off the first erop of orystals, the liguor was
concentrated to ﬁw of its volume and when cool wes again
seeded, The sombined yield of the ethyl aminofurcate was 57.5 g.
| or 48.56 of the theoreticel smount, The filtrete from the lest
erystal m was diluted with 100 ¢, of scetic enhyds de and
10% ¢, Tor five to ten minutes. On eooling,

13.% g. of &?hyi acetaminefurcate crystallized,

| rl MQMMNMW is desired; the mmﬁ re-
pressure aﬂtiﬁia&l& the

~aetion mixture is distilled under reduced
aleohel is gone. Twe hundred and seven
anhydride are then added directly to the residue in the
_ he flask 1s heated on the water bath for tem
¥Boiling water is them coutiously added until
furcate orystallized out melting et 188°c. This is

y cuble cantimeters of




4= meinteined snd 0.2 g. of platinie oxide

38 used pex tenth
””**““’"* &mﬁ%mmémmm The run

“&M for presense of dissonium se
- The ymiyﬂaﬁ vy oxyst 11120

have deen mede. It will be observed !
2 fhe sapirisal formula of ethyl




(1) Three and one-%Yenth grams iﬁwgg
rarcate were dissolved im 40 ec, of absolut

Puroste were disseived 1u 6 g« {3,3, m&i} of s;’iaiuz
scetle seld in o 20 go. three-pesked flask

oured into liee waber. A |



- ourie chleride~sthyl aminefurcete somplex, which was
L by pouring & solution of 5.5 g. iﬁ%&% w&#}
irie chloyide iute s solution of 5.1 g. of
iino fursete in 20 ¢o. of alsohol, Afber - L

nute a hegvy white precipitate separated, whioh,

% five &m was Tiiteyed off, It melled ut 1B0%C.




; evidence of heat evolution,

e pelid wae edded; the resciion mizture
Biichnes funnel and into two
seipitate was well m&ﬁ with
Likewise filtered. This :m@aw
lowly to 1'@% of seld aﬁ‘iﬁm, |
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allized from aloohel melted at 138°C.
- Apels Cald ra. for %ﬁ;ﬁ*z s@%&%t ﬁs‘h ‘

d wme%; Hy4.28, | ' |

_ This compound was found %o be solvble in éii’aﬁa sodium
carbonate, from which solution it could be repreoipitated
with dilute ecid. When it was heated in a sesled tube with

sete® was obtained together

v {6,5 mia} of &ﬁﬂ«

of 3.@3 s 0Ff #wmmw sulfurie acid ia one liter of

and one<half hours, za way ﬁm hot and all
slowly, finally being chilled to =15°C. Tiltratien yzezm
76+5 g» of the emine, The finmﬁa was concentrated under

- The yleld

hen a waber wla%i& of the amine wae trested with e
um hyds d po gi%ata was formed,

‘Dilute sodium hydroxide destroys the eompe

solution, & T

s Tt ether




solution when trested with dry hydrochlorie seid gas will not .
form the hydrochlorie, but it may be recovered from the ireat-
ment uncheanged. %When 2 g, of the anine were hested tﬂfi’?ﬁgﬁw

with 15 ge. of watey for one and one-half hours,

| Most of these trisls failed to give any indication
diazotization. In m the eriterion was a coler test with
alkaline beta-naphthol. o
{1) Two grame (0.0l mole} of the ester were dissolved
in 2.8 g« [0.01 mole) of conecentrated sulfurie ssid. This
immersed in sn ice-water bath and 25 ¢o. of alechol -
. were slowly sdded, csusing precipitetion of the ester. The
saspension was then chilled with en ice-salt freezing miz~
bure while & solution of 1.08 g. {0.01 mole} of butyl -
nispite in 3 o¢. of sleohel was slowly sdded, One~helfl
hour after the addition wes termineted, the reaction showed
presence of nitrous aelid, w& & teat portion gsve no pre-.
sipitate with elksline betg-n
welve hours et Toox temperature, the resction mizture wss
filtered yielding 1.62 g. of unchanged ester melting at .
{28) six grems {0.04 mole) of the ester wers dissolved
in 20 g+ (0.2 mole) of concentrated sulfur
was sdded until the volume was 100 ¢o. Then 0.04 mole of

e acid. Joe
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a 10f solution of sodfum nitrite was added. Much feaming took
placs, but the solution gave no beta-naphthol test. Nome of
the amine was recoversd. ‘ |
{3) Two grams {0.01 mole) of the amine were intimately

ground with 1.2 g. (0.01 mole) of potessium bisulfite in a

rbar. This was glﬁwz.y added to stirred m;&:ag nitric acid
{5 ec.) at the ° ¢-palt freezing mixture.
There was no cherring or nce of viclent resotion, When
addition wes eomplete, s test portion geve no red solozation
with elkaline bete-naphthol, When poured
no precipitate appeered. ‘

" {4} & nitrosyl sulfete solution i&u prepersed by adding
0.8 g. [0.012 mole) of sodium mitrite to 160 g, of sulfuile
seid momohydrate, This solution was chilled to ~5°C. while
2 g« (0.01 m&a} of aml B-~amine .m*mﬁwanmrmta* din-
solved in m@ g+ of mcetic acid, were added over & two hour
period. When additiom was complete, & solution of 1.44 g.
(0,01 mole) of sete~naphthol in 20 ¢o. of acetic acid was added,
The solution imme: aﬁasi?%&gm gresn in solor snd the gremm
of a volatile acid was detected by fuming with ammonium hydroxe
ide. Following the addition the reaction wes stirred for
fifteen minutes and then ;mw into eracked ice, The green-
ish precipitate which appeared wes filtered off. It scemed
to be mﬁw m&amg Ite coloy when 4ry was a éistimt
gmmf, but ﬁm ﬁimiwﬁ in hot a&w&wl en intense red color
Ehen the aloohol solution was precipitated with

into ice and water

water, the red cclor entirely disappeered. The compound melts



out ¥0°C. ant is gm tely soluble 1
| §§§ 4 nitrosyl sulfet sonsisting ©
. gi af m&tm n&t%ﬁ i,ﬁ ﬁz@ gﬁ ﬁf mié wﬁ&
arate was sdded 4 2ae | ° & s

1275 oo, of asetta a

N m%.i‘a@ ¥ 1

a&ﬁy&. m m m
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 umsble to imcrease Eiw&;

sdapt the g
‘ izz ded to x&iﬁg m& Field shw ixa%amsting feakums of the

noe, reastions intended to v ove the strusture of this
BOmP vw nd W gmﬁmﬁ m’&: in erﬁ#: that tlz& m of sub~

5 :titﬁtim in the :mxaa mi&s aiwuzﬁ, ’ke a}.ue idated,

The n&tm&ian of syim ia 1 éﬁfﬁ zult reaﬁtian; We were
© Yow yield of 20f aﬁzh@u@ by use of
g the &é&a& ‘solution, we were able teo

a device for pre-cooli

method to large size mg song eﬁi;kar variations

‘ nimﬁm&‘ The ﬁ&&iﬁm of ures %a remw ai%rma ,

 aeid had no effect on the yield; nor did the use of an inert

 denitridetion of a hydrsz

stmosphere cause any changes lost sigmfi@anﬁ ar aiii was

the a’;mam;iw that m&gﬁm z@@mmwa as low g -

434 not raise the yleld.

itempts to oxidize niiresylvan to the knows
Led txs; ﬁm*&:{s;‘aam reﬁn}d&a, -
iy ;ained in Wry Jow yislﬁ; it was fam not te
; f;mﬁwe}}.a aeiﬁ* An attempt to brominete nxzﬁa’x‘ the

influence of a;.m«ﬂelat light lﬁi‘aﬁis& led to failure

at this ;;;aiaﬁg ;L% wag f@ﬁmw}g ﬁiswma& that the
'm& gmiff reaction} gmzm be aoonine

hed without the use of a}.kal%i eat&lyatas In this way
sitrofarfural wes w&yﬂwﬁ ’t@ nitrosylven and the i’aﬁ'& wag
m&&s&@ Shat, regardless o ure of i:hzs orignsl
'm&sﬁtwﬁg aimﬁa& a:i}.i only substitute the slphe pos
ition be open.




L nitrating mixture was prepared by adding 325 g. (8
‘moles) of fuming nitric scid (sps gr.=1.52) to 510 co. of
iaﬁ&"&.‘iﬁ aahydxﬁdﬁ at r—nﬁﬁﬁ,'l To t*fh;i;gv mixture was added dropwise
a solution of B2 g. {1 'm;’k@} féf sylvan in 175 ec. of eetis
nhydride using the device 1llustrated end holding the
temperature betwesn =5 Ce and w:w%*

5 ““ ;

TV TILL 10T E——
o

&
$
i e B §5 —
i . i Pt - .
-
; ‘ s )“ 5
i 7 g N
H .
o LR LT '
¥ oo
[ ;

ped 8ddition tube should slide in its stepper
1y so that the height may be adjusied ss the wvolume of $he
xhure inereases. In this manner the added solufl on

wes miﬁtﬁ&m &t the same Yempersture as the zzitmtin@ mixture. .
ihen aﬁéikﬁ% ‘8&5 wmza}.ﬁm, the resction mixture was paum on
four uma of cracked ice. The resulting liquor was extrected
\‘ three %$iuss wilh ether, This atker solution was neulralized




when %ﬂ Be iﬁa@% mole] of nitrosylven were heated with
40 au, of Bof suifuric eold end 10 g. ﬁf manganese 4loxide to
















. qous Jo ﬁ@«%ﬂ oy AV *sprapique 973808 Jo {oyou ¢ 3,
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o in % oty e& em tetrachloride m
this stirred solution was m& ﬁwmm 1& ge {ﬁ.i m} ot
‘benzeyl ohloride dissolved im 50 ce. of carbom tetrachloride.
In ‘mia wey bemzoyl nitrete (35) was prepared. To this selu-

- tion a¥ «10%C. was slowly added 32 g. (0.1 mole) of difofew
fursn éﬁm&% iﬁ 50 ﬁ#* af ﬁaﬂﬁﬁ tetrashloride. The re~
aetion mizture wes allowed to werm up to 10°C. after Mﬁm; |
1% w&%ﬁnﬁ&g%gwmm tmmwm&mﬂmat
evolution. The aﬁﬁw& was then ﬂ%ﬁ to remove silver
chloride. The filtrsts was: ol w ”ff‘i L wedlum Shiowaife

solution ; 3* i%i *ifﬁtfifi_ :}V &f o eet; 4",;5: ﬁﬁi (58}
in ﬁﬁ 98, of #aﬁéa tetreshloride was added mgtiam There
ppevent best mﬁzﬁm bat o gredusl derkening of the
; owing eddition the Tesotion was
» several ho , : fered yielding & &
i’&;& ﬁi_.l pate um m@&é ’xﬁ% 1of sodium thiesulfabe




Hill and Sangey (35)e m were mmm kg adding dropwise
s solution of 33#&3»&@;@3 mole) of the ester i 20 g. of







and some of 1ts dsrivatives
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srepayation of 2-lcdofuran wes effected by treeting
" an exvess of boiling sodiunm furcete with solid fodine (50).
4 solution of iocdlne in potassium iodide when slowly sided

to the boiling solution of sodium furoate gave no produckt
ever. The gmﬁmk was quite am%abiﬁ when ﬁmt obiained

" and hsd te be used at once, When the emm& vas :mtaé with
| rylmegnesium iodide was cbtained in 90-955 yield.
Waer , rignard r&mt was trested with a
ahlwiﬁsa, My a mmell ﬁ&l:ﬁ of difuryl was cbtained. The
ered from the reaction was found to be
3 by treating tetralodofursn
with aluminium amelgem, the compound was found to be unusually
stable es eompared to the 2-iodofuran. It wes also decidedly
inert, emd would not resct with magnesium under sny olrcum-
g8, This was not surprising since S~bromefursn womnld not
regnesium alloys

Ogens ‘tion maaﬁim of furylecryliec acid were of
‘begause of the ﬁmlﬁgiﬁﬁ which might be drswn with
the pesulier reestion of the bromo cimmamic scids. Many of
'ﬁ#% resctions hﬁ%& alres e

shydrons cupric

iren which was rec
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slightly alkaline with mmzm nydroxide and was refluzed
' i"m oae hour. ifter mlmg m fia.aak, the vreeipitete m
 filtered off. It msf.ma,agm 36.190% ., and welghed 8.5 ga
| #a: w o the theoretisal amoust. When erystallized frem

ohol, it melted at 1728 &&Wﬁ* |
L. Calo%d, rw ﬁ;f 40,0, B s Br, 46.28%: Found;

_?; by ms;;.mg with 20f pot-

184 §$‘ the ehlerofurfursl is ava: ‘.ifi.k&* and
ﬁm 18 @ suitable produst, it
: than the very usstable bromofuryl




\ee-neske itted with stirrer, dropping fumnel, and Pe«
flux sondenser. Eightesn snd elght-tenths grams {0 '
eazeme in 150 0o. of ether were slowly added in order to

iiphenyl. When this helide had been
m&, the solution wos refluxed for twenty mimutes. A solu~
tion of 17.6 g. {0.1 mols) of bromofurfurel in 250 co. of ethey
was then added over a period of ome and ox if hours. After
a twe hour period of reflux, the Tesction mixture was poured
inte seetic aeld. This hydrolysate was let stand for twe hours.
The sther layer was iben ssperated and washed twice with sodium
bisalfite solution. The ether wes distilled off snd the residue
. zapidly steam distilled until derkening sterted to ocour. The
~xtm &;nﬁimﬁe@ flesk was then quickly chilled and when sold
jed with ether. This ether extract was dried with
serbonat voporeted under reduced pressure. The
mm was uys'hallim Iroum petroleun am:e* The yield wes
1al melting at 110%C., or 29.8% of ieoretical

hods of splitting out of hydzebromic acid are used,




jif’ mﬁﬁm qmﬁit&tiw yialﬁas
luxe m @ mﬁax&w mmata until selution s
fl“,,tima 18 *mry glow after filtwmg the
44 ; MS&@& aonsists in taﬁtzxikg for onm
curing the solution inte water. This

13.} @ﬁﬁﬁﬁi&s A
"' m and one-~tenth grams iﬁxﬁﬁ mole) of cal

1.98 g, if;,gx mole) of the segomposi
ture was kept in an ics bsth iki},s 3.1.3. B {0007 m;

athey - selvent z*maﬁ’mé under reduced gf“‘ sessure. The ress
idue was émm in J.@ sodiwn hydraxide a&k@ﬁm heated




:s} !mt lon rﬁf oxine 7
greatnent of the dssomposition mms with hydreyxl.
emine hydrochloride in alkalime selution d1d not form ea

Most of the sompound socvered unche |
(3) Formation ax‘ :
Treatment of a mzez-mm solution of the decompositit

i&} ,_:kim ﬂﬁh asetyl ohls
%& ma? 1on xﬁz& mi}.nkﬁ
ul '; m imm’

enoup: A t in § 0. ether was treats
with m‘kai}.&a sodiun fw thore : ss of =zcetyl
hloride was then added snd wes sllowed to resot for twenty-
6. The solution was them dfluted with water and m
i with sodium bicerbonate mﬁﬁim Evape
zai&tim lefs a gomny m wiezz ys.am
&m awmnimti% from wa%ex-—aiami

ee weeks.

ation of this ethe
the original compound

solution, ,
%1; se: :\;;@ of matim diseounts the mi‘kiiits thet

phenyle2-furfural. Evem in the svemt

3 » might not reast to form er ~.ims

i‘k ;’m inwmnim&ia thet it @a’iﬁ wi%hstm

m wi%ii metallie sodium. ;s possible ecourse

sition reaction might be the following:



ii 4m ’;:Mﬁ mmw %o the
5 ks o] ,;527} gﬁi}* o

p m aawa mx 28 i ainanill
boilin ;;g a;.‘ the amine was BO% ‘ N




sloris acids It was not invests

%m :s.a, of sourse, the msihmw that the gompound

(56) Geldschuids




ne. Supposing an
ment we might expest the following:
, ¥,

| ¥ Ka - Hg L
ﬁf& *ﬁ&ﬁ oM oy O 4@‘@;‘

EW work {55} ahms that when Se-methylfur
is mmsaﬁ with solium %Miéﬁ, the nitrite is found in the

¥yl ehleride

reasch %o expect it heve.

deseribed seversl times iﬁa&}* i‘g is eonsidered edvisable to
éemiw m large size runs am through this work.
ix grams gz moles) of fam

L1l noed pressure) were dise
' dry etheér, together with 190 g. {%ﬁé moles)
this was :@m in & two liter gm»mam ﬁaﬁﬁ:
irrer, dropping funnel, and thermometer. To this
mﬁm ;aem at a“ C» to 10°%. were added 261.8 g. (2.2 moles)
- of thionyl m in 250 ce. of ary &ﬁ&'a The rate of
TY twe seconds. When addition was

sddition m one drep o¥
pleted, the solution was decented frem the solld residue,

iﬁﬁi Reichetein end Zschokie,
249({1932) |
Soott and %mﬁ* J. A ﬁ&mt g@*

{56} gﬁmx* J* m {m&m Wu 50, 1955(1928




The residue was washed twice with ether. The mm amm
solutions were ¢chilled and sdded in small mﬁmﬁ % iw cfa&é
drexide solution in & twe litexr sepsratoyxy fumnel,
sheking after esch addition., vwhen the nsﬁmli%ﬁea wag oom~
- pleted, the sther gaix;tim was seperated, éxie& wiﬁa anhydrous
sodium &ammtg, anfd !&a solvent removed under reduced gﬂ,‘mmg
The mﬁm 1iquid was distilled a% 49%, mﬁ‘ 86 mm, pres-
ﬁﬁﬁ wee 110 g. or 475 of the theoretiesl emunt, .

< m this produst wes diluted W th ether, a white cloudi-

s appeered. Redistilletion of the halide socentuated this
turbidity, It is possible thet this turbidity was caused by
distilletion (sublimatien or mechenieal inclusion} of & erys-
talline residue remeining with the furfuryl ehleride after

m mgmmm used wee wt&waaﬁ aemm to ﬁe method
Kizhy (57) for the

g~3§W}3§§2 elloy.

{67) Gilman and EKirby, Unpublished results,
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Aeidification of these alkeline exiracts ylelded no trace of
either furylacetie or methyl furcle acld. .

X The ether solution having been alkall extracted was dried
with anhydrous sodium sulfete snd the ether distilled off., The
residue distilled at 820-85°C. under 8 mm. pressure. The yleld
of difuryl ethene wes 3.1 g. or 387 of the theoreticel amount,

| This Tun was also garried cut using reactivated 12 3/4%
copper-magnesimm alloy. The yisld of difuryl ethane wes 56.2%
of the theoretical eamount. The mr oduct boiled at 1o0"-205%.
at 17 mm, pressure. In another trisl s carbon dlexide atmos~
phere wes maintained throughout the resctiohs No methyl furcic
nor furyl acetic melids were cbiained theredy.

Since the conditions used in ithe preceding rmns were
nevessarily condusive %o coupling of em active halide (58},
the nearsst approach to the ideal gonditions were employed.
Ordinery magnesium 414 not resot; an equivelent snount of
magnesium 1odlde was then added. This initlated rection.
Seventy-two end nine-temths grams (3 moles) of megnesium
(89 to oo mi? were suspended in 200 ¢e., of snhydrous ether
fn a two 1iter three-necked flask fitted with stirrer, dropping
funnel, and xe!ltizz cordenser, To this were sdded 25.6 g« (0s1
uryl shloride disselved in 600 ve. of ether over
een hour period. From iime to time s color test was
Finslly the run was cerbon-

taken which wes slweys negative.

{53} Gilman snd Zoellner, J. Am. Chen. %*g %W(lﬁ}



Shen wmﬁ up in ‘\Eht mpnner pressril

w‘i&ix wm obtsined. Distillatton
elded B.61 g, of #ifuryl sl

mdey 15 ¥m, pressurs. This iz i&svﬁ of

3 g, (0.2 mols) of magnesium and
ide in 75 0. of amg &

iion {8y , amnd up %o iﬁﬁ 'Cs The residus
1364 at %‘ﬁ* under 16 mm. preseure. The yield was
10 ;,}; sthane or ﬁﬁ;% of the %&wmtzm amount.




But when 11.6 g. (0.1 mole) of furt
) BCe ﬁ 4 ;‘.:;t;;g e v
silver nitrite under nitroge

of fuming nitrie seid in 51 ce, of acetle anhydride wes
m 8 ﬁ@l@i& Qf B471 g (‘&4 DOE

es with water. The filtrate

fe asold ﬁgm moye of the sompound
rom the reaetion mixture,
?%+ or 87.8% of the theoretisal
m iﬁﬁ oGy OF Bol




yirommcie soid from masic scld {the maﬁfz econonical soure

PRy %'r tolle .
The sonsistent gﬁ% fiﬁm conld

58) Mﬁﬁmg Eﬁjﬂ% 3% %ﬁtﬁﬁa' : ?V‘ivf:j 2 3
ﬁi&m ‘;iﬁ %ix&gﬁt, im sﬁaﬁg Le Je S0L
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140%145% ., It is ‘ﬁ‘&iﬁ quiek reastion
are rise ihet mekes the large

Anutes on the weter bath. sfter
' ,, 1% was :-jf;;#m and washed wi




Runs up te¢ one wole size mey be made, bdut are unreliasdle.
A mamber of wveristione were tried for this resction;
they all resulted in feilure, The most disappointing was e Tun
rein the dry muele scid was slowly added to & stirred
‘ bteined. The amount of
ed to have little effevt on the yield
horie acid used under the seme condi-
tions geve no yield at all. —
{2} Preparation of mea |
Ninety-three end six-tenths grems (0,6 mole) of dehydro-
10 acid were suspended im 1200 ¢s, of water, Eighty-two
nths grams {0.6 mole} of potassium carbonate were
added and the soluttien was heated until the evelution of sar-
bon dioxide was ocamplete. One hundred and twenty grems (0.72
mole) of potassium jodide were sdded at once, followed by
101,5 grams (0.6 mole) of jodine., This was stirm untils
01 :}_-'»m; was eampleted. The resulting mixture was heated te
younds pressure {steam) in an eutoslave for

L sutoclave was not noticeebly demsged b
this Breal fter the autoeclave was d owly amw., the
‘mﬁ& m;zw xm trected with 106 sodium thiosulfate to
disperse the exeess of icdine and was then twice steam dis~
51X ﬁ* The yield of dilodofuren was 112 g, or ?‘s% of the
theor ’kiﬁal amount, melting at 47°C.

In order to obiain this compound dry emough for reaction
with magnesium, it was elther distilled (B.P. 98°-99°C/13 mm.},
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sulfate, end the solvent evaporated under reduced

pressure, The latter procedure is %o be recom
$he reagent i&x to be used af ones.

{8) Prreperation of Iodofurylmagnesium Iodide.

It was first determined definitely that the campound
wonld not resct with ordinary megnesium even when the re-
aotion was %ﬁ&!‘ﬂ%& by the sddition of a small amount of the
raaeﬁimgsa BlloY. _’ The sompound would, Mﬁe@, readt with a
large exvess of resctivated megnesium~copper elloy, or with
resctivated megnesium, %mﬁywﬁ@% -and eight-tentha grams
{0.8 mole) of 12 B3/4% copper-megne alloy were eaﬁvatné by
m mtm of Gilmen snd Kirby. This metal waes théh reactive-

| 200 eo. three-necked flask fitted with:
ing funnel and reflux &m&m;

Rbio e %m of ether were added; a solution 6!‘ 32

wole} azammran in 106 cc. of ether was then sdded
e 1817 of the solution wes in the
8k, resotion sterted, but éié not become violent, 2iddition
was mﬁﬁaﬁaﬁ et #m a rate as to maintain & refluxing temper-
ature. ?ﬁr&z. wing the sddition the resction was refluzxed by
external hesting for three hours, It wae then Tiltered into a
dry nitroegen filled conteiner. The yield, determined by
titration was 29% (64). It gave & strong color test.

The reagent wes carbonated by bubbling dry, cold carbon
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diexids through the chilled solution for onme end one~half

ORTS « m reaction mixture was hydrolyzed with cold, dilute

yiroohiorie acid and sllowed to stand overnight. If it is %o
s worked up et ombe, & strongeyr hydrolyzing egent must be
ussd. The sther solution was them separeted and the aqueous
hydrolysate wae extrscted twice with 50 co. portiens of ether,
The combined ether solutions were washed with water followed
by normal ;wmmwa hydroxide, The washed eiher solution was
Shem &ried smd sveporsted unler refused [resmire, Thers wers

2 ed dijodofursn, or 33% of the

%akﬁm This recovery is consistent and varies

Bal. Caletd. for 0B,0.0: I, 53.36%: Founds ;*wm
ﬁ* were mhh to lsclate any &i@wimi from ﬁa:is

X m Heyers, J. Lfm. Chem. S0C«, $ &%{1&%);

2 should not be Saken too seriously, how-

8 & resciion mixture showing no gasitgiw
,z.ﬁ:taat &}.w g@% this titration value.

i Zoel £xapy ﬁ&ﬁ _;’&5} h&w m

{5&) ;i?ig ,ms ﬁmﬁa”' by the method of mm, %%,Mam,

%%a are at & loss to &a@iﬁm 'ma ﬂ&m&ma&



resetion, but since, as will be shown, this compound is in~
soluble in ether, it would be left behind with the mamm.
magnesium, This residual negpesium was transfl

Soxhlet extrsctor, but the extrect

soriod of hesting.

{4) Preparetion of diiododifuryl.

i identiesl run which gave a titration value of 294 RugX
was slowly added to & suspension of 15.4 g. (0.1 mole) of anhy-
drous supric chloride im 50 oc. of ether. The temperature was
held below 0°C. When sddition was complete, the resction mix-
$ure wes refluxed for seversl hours. It was then decanted
from the residue whish wese washed with ether. The ether solu~
tien upon eveporation yielded 407 of the original diiedofuran.

' The residue in the flesk wes rapldly washed with boiling
alechol A lsoho) precipiteted orude dilodedifuryl when

dded. 4 smell smount of this was found to sublime,

- glving whise erystals melting at 3&%"@@ The tnlk of the pre-

%&3&%&%& was orysta

from which i% melted at 136°C. Repeated crystalliszation from -

ed to raise the melting pointy consequently
sfactory lysis conld not be obteined.
gl. Cale'd. for CgH,0.1,: I, 65.75%; Found

Jized from an aqueous acetic aeid solution,

ittempts to prepere this compound by other methods
resulted in failmre. An ether solution of diledofuren rescted




easily with sodium, but only sn amorphous red powder, in~

soiuble in acetic acid, was obtained. When diledofuran was

heasted with copper bronze in a sealed tube to 140°%., it ex-
ploded, ;

{8) setion of dimethyl sulfate on iodofurylm
iodide.

A solution containing 294 of Grignard reagent was prepared
from G.1 mole of difodofuren amd 0.1 mole of reactivated mag-
nesium, This ohilled solvilon wes trected dropwise with 2,3,#
g. (0.1 mole) of freshly distilled dimethyl sulfete im 30 oo,
of sther. The action wes vigorous, When it was finished, the
resction mixture was hydrolyzed with lof emmonium chloride
and distilled therefrom, The fraction boiled st 54°C. under
26 mm, pressure and weilghed 4.04 g. Thus the yield of iodo-
furan was 725 of thet which eould theoretically be obtaimed
9% yield of iedofurylmegnesium lodide.

) was identified by tresfing ite solution im
sium. When xgmﬁim k&é

5 ee, of et ﬂﬁk an excess of megne
subsided, the Mi?& = ,-.;m;g gmtgé with 1.19 g. (0.0l mole]

plen ane ropwise as & solution in 5 ce.
of ether. This mixture was hydrolyzed by adding cold lof
um chleyide solution. The ether layer was separated
wﬁ the solvent svayamwa off, The residue was steam distilled
and the ﬁqm remaining in the steam distillation flesk pre-
cipitated & solid which when erystallized from alochel melted
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:moe to the originel srticle, and 1t was found thet the
boiling point wes reported as 65°«679C. et 7 mm. pressure

. instead of 24
By this time the problem had hecome so interesting that 1%
The soupling of Grignard reagents to the @W&
arying yields, but most of the yielde are

romide, Tor example, yields 964 of

hydrous sopper ehloride. Vhen

ted in iike menney, the yield

%C. at ¥ mm. pressure as given in the abstreet,

furylmagnesivm iodide was tre:
wes about 8 to 150,

{1} Reduotion of furylwegnesium lodide to difuryl.

A solution of 19.4 g. (0.1 mole) of freshly distilled
odofus 0 @0, of dry ether was slowly added to 4.8 g
(0.2 mole nings siepended in 20 oc. of ether,
T8 resction sterted in a few seconds and was refluxed for
a)f hour, After sddition wes completed, the resulting

 5+= wee ohilled with en fce-salt freezing mixture
hile 16.2 g. {0x12 mole} of enhydrous euprie chloride were
edded w & *km ‘hour period. The resotion wes allowed %o
glowly rise %o room temperature and was then rel am for one=
helf hour. 4 grignexd color Sest (66] was n&gaﬁu* The re-
getion mixture was filtered and well weshed with ether. The
filtrate wee wasbed with water, whereupon g 18 D ‘

'} of megnesium tu)

(66) Gilmen end Sehulze, J. Am. Chem. S00., 47,2002(1935)



gaction % /‘ MQ AfSer an enother washing with weter, the
ether solution wae dried with anhjdrous sodium sulfate and the
solvent was distilled off., The residue whenm distilled at 17 L.
pressure, yielded a first fraction of 1 g. of lodofuren boilw
ing at 42°-43°C. and e higher frsction of 0.42 g. of difuryl
bolling st 73¢C. This 1s 6.1% of the theoreticel smount,
In & similar run, where the cupric chleride was added &8
& suspension igaf,amwm the yield was 0.968 g. or 14,684 of the
tﬁmmﬂm amount. In every case it was noted that the
recovered iodofuran wgs mich more stable then the original
halide, Whereas the ordinary distilled compeund had & life of
about fifteen minutes in the air, this recovered ifodofuran was
let stand several hours with only a slight dissoloration.
. Other coypling agents were tried with no resalt, Ferrie
hloride saused the fomation of a reddish brown amorphous
£ z powder whish could be dissolved in acetis acid and
24 ;&f&am wiﬁ& nater. wm:;%ag with azobenzene or ethylens

i%} Eﬁaxﬁﬁa&ﬁe& of difuryl
Since the kaiz,m point obtained for difuryl 4id not yet

sgree with thet obtained by Kondo end suzukl, we sought to
identify the compound by nitretion to the known dinitrodi-
furyl (67). A nitreting mixture was prepared by adding 4.41 g.
{0.07 mole) of fuming nitric acid {Sp. Gr. 1.52) %o 7 ce. of

{67) Rimkes, Rec. trav. chim., {50,981(1931).



scetio enhydride at -5°C. To this solution was added drop-
- wise at-20° to -30°C. aixw%y*ai@% bundredths of e gram
 {0,0075 mole) of difuryl im 2 se. of acetic anhydride..
 Addition of thism nd osused en iaﬁam green color in the
~ resction mixture. Finally it kan 13# stend for three hours
~an@ was then poured m ic8. ‘fhe semi~selid tarry material
; ollected with a stirring rod and dissolved in ;zyriéim;
~ Hext dsy t:kia solubtlon wes diluted with water and seidified
- with hyds ,:i az*iﬁ scld, Filizetion ylelded about 0.02 g. of
p2tdifuryl melting at 208°C. This is 1.2f of the

2eiodoTuran vaa gmm end its properties noled
“"';:,ixagstiw of 3~iodofura

the slpha-ghlo
ifuren, with subsequent ioldine-

n was desivable, After

sreuri.

iodofuran was gonsidevaebly more m%iﬁ then its
@@@&s the 2-lodefuran would totally decompose in
eir in fifteen minutes, the S-iodofursn was siable over sn

@M&t ¥allory and wWright, J. im. Chem. Sog.,
%?35{33@3} '



egqual musber of days., 1%s inertls toward resciion with mag-
en am:i i«

nesiun 18 most unusuel. Whem it wes subjected o the
%iﬁag' {68) used far ‘the produetion used for ;:}smﬁmagnesmm
| echloride, the compound was pot affecied. ,

| | (1) Attempted preperation of 3,4~dilodofuran. |
 The directions of Ciamieian and Cisua (70) were followed

for preparation of the mercuriel. Seventeen grams (0.25 mole)
of furan were added dropwise to a stirred solution of 330 g.
{1.0¢4 moles) of mercuriec acetats in 1300 ﬁaﬁ. of water., Aifter
twelve hours, the precipitate was filtered off and suspended

in 1500 ec. of weter in which were dissolved 58 g. (1 mols)

aﬁ‘ #ﬁ&i% ehleride. ifter two hours stirring, the tetras-

ﬁﬁ}.ﬁ omereurifuran was tiltsm of I’ and thoroughly washed.

This on ou spended in e solution of 32,5 g. (0.5 mole)
of potsssium ﬁ;’m&& in one liter of water. The precipilate
soon became black; after two hours, it was filtered and washed. |

Thise g:migi 8 was suspended in ome liter saf water and sﬁm&&
while %ﬁﬁﬁ sg iﬁtﬁﬁ mole) of iodine were aﬁéﬁé in e solution
of 182.6 g, of potassium fcdide in B0O ec. of water. Finally,
very slight excess of lodine was dispersed with a 107 solu-
%tion of sodium thiosulfaete. 4 few grams of diiodofuran were
k illed, but no other product was obtained, elther ia
the distillate or residue, The crude dilodofursn melted at 46°C.

{69) OGilmen snd Brown, J. im. Chem. Soe s %miiﬁ%i
{70} ¢iwm fi,im end Ciusa, Cezz, Chim. ital.,B5, : ‘




ot alpha

;y-eight grams {1 mole} of furen were aided dropwise
red solutlion of 1320 g. (4.32 moles) of mercuric
in 5000 o6, of water, After five hours thim mixture
e aﬁé Kﬁmﬁ thoroughly with water, %mﬂ prew
hen etirred into e m:tn% of 29% g« { & moles)
5 iﬁ& in six liters of water. ifter two hours
8 £ Ltered off, weshed with water, end suse
4u Pour i,if;f‘z% of water, 4 solution of 1024 g. (4 moles)
f‘ff_} of pﬁ%&s&im iodide $n &i@%
B 8200 ee. of this sclution

" wes added to &mmﬁ gm&i@ﬁa%m of the mercurie iaéﬁéa*
The latter eompound wes filtered off and the filtrate evapoms
ated. This ylelded 160 g. of crude tetraiodefuran meltimg

T
At



re partially dissolved in a solution of 750 ce, of
sther and 100 oe. of methyl aloohol. This was contained in a
11 lenmeyer flask., Tweniy-two and ninety~five hun- |
ple} of aluminium siripe messuring 20 mm.
malgemated by & saturated solutien of
iorough weshing with aloohol end
ed to the soluilon of tetra-
£ Lhxe y8 the re ckure was Filtered
a4 e resipitate was well washed with ether. Tie
:d. The heavy oil wes separated from
is laye: r stean distillete and was plaged in a
é&ﬁi g flask. snhydrous celolum chloride
‘ani the substance was distilled from this under 14
The B<iodofuren boiled at 42°-43°C, and weighed
re ;ical amount, m residue in the
sther; the caleium chloride was filtered
. offs The residue distilled at
It weighed 28,2 g. and is
4~diiodofur rther investigated, but
od in 260 ¢o. of ether and 2.37 g. (0.088 mols) of
ain wﬁ@&m‘ﬁa reaction was let stend four days and

B ' &

fuaran. It was not far



 then worked up as before. The yleld wes 9.4 g. of 3~
iling with saperheating at 154°-140°C. Sinee
ofuran wes 0.088 mole, the yield is

L used is 46,05% of the theorstisel emount.
point of the pure produst is 134°C. st af
] sonstants are ag“n 1.,5610; n@ = 1.0502; Di% 2,045.
Anel. Celo*d. for C H,0I; I, 65.48%: Pound; I, 65.89%;

pound would not react with sither ordinery
) imilar results were obtain-

shnique (69) phenylmegnes-
1de wes obtained ab 140°C, The sealed tube wes
bree hours et 785°C., then the tempersture wes
to 180°C. and maintained for sixteen hours. No appar-
nge cocurred, the belide being only slightly colored.
s magnesium wes bright snd cleen. T
heated st 176°. for one hour; at the end of this time 1%

e reaction waas then

i%s action with sluminis

. ;;Q s ma%iwm od, $he S~lodofuren was recoveyed
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ooled with lee. The conversion is only z,sm% of the theoret-

toal amoun$, the remainder of the original ester being resovered

yield whem 24.5 g+ (01 mol r
were dissolved 1n:20 oe. of ¢ on disulfide e

4o,  The reasii ped eonstantly and the

| temperature held at +8°C. Xsch drop of dromine wes shsorbed

y. When addition was eampleted, the resction solution

. with on foe-salt bath end filtered, ylelding 35 g.
iting at 108%.

n by the fsot that & dilute carbon disulfide solu-
19 is not desclorized by the ester, , )
Eystall ohol yields sn isemer,
4.2 g. of ester were dissolved in 125 ce. of hot 985%
sooled, there was a alight precipitatien
1ite needles. The solution was concentrated under reduced
ressure until 1.72 g.» of the isomer bad precipitated, This
mm aﬁ 169G,  when orystallized from benzene and carbon
isulfide, the substance melted at 174°~175%.
psl. Gals’d. for CglgOsBryt BF, 59.2%f; Found: Br,59.01%.
© An eloohol solution of this at-%ah;& isomer 414 no% resct
ne powder. In gemeral, than tlo
lower melting isomex.

. it was much more stable






pressure, Thres fractions were sut between 140° end 180°C.

The first and lsst frections psrtially solidified upen chilling.

Their iiq&id Wi‘ﬁm, &m&hﬁ% with the middle fracticns, were

el ﬁ%imtm* In this way 14.2 g. of ethyl 5

serylete end 20 g. of ethyl Sebremofurylb:

were obtained. The first melted at 39°. and the latter at

58°%C. and were purified by erystellization to melt at 42°c, and

56°¢., respeciively. The yield of the monobromo ¢

m of the equivaisnt amount

emoacrylate

tmwm was formed in tkti‘fi,“‘* : .

Two and three~tenths grams (0.1 mza} of sodium were dis-
solved in en excess of methyl alcohol. To this slecholate
wag slowly added a solution of 83.5 g. (0.1 mole) of bromo-
furylecryleyk chloride in 50 co, ether, After one hour, the
sodium chloride was filtered off and the filtyate soncentrated
by evaporation, This yielded 15.5 g, of cxrude ester melting

,,f_f?;-}g; or 70b of the theoretisal am

lized from het mm, it melted at 64°C.

i wm%&m of 39.5 g. §$;&sﬁ mﬁm} of hxm&m&hm»
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ing i% to room temperature. (me hundred ocuble centimeters
afm%xmt&mﬁéﬁmﬁ%m«ﬁmwﬁw stirred
viﬁienﬁy for a few minutes. It was m separated, extracted
again with water, separated and the benzene, after drylng with
sodium mlf&ti was concentrated and then mwﬁ The eompound
from alocvhol, The results are

' which peparsted was erysiasllized
s&mmfﬁ‘aﬁlaliy“”

‘alechol in 3@@ gc, of benzens, The ts&aﬁw was k@t et Toom
tempereture. ifter a two hour addition peried, the resstion
:,mn hested to &%’*&5’&; on the water &azh for Wé ‘hours,
?i&tgaﬁ& of tﬁ:i.ﬁ nd xtare yinléaﬁ 84 g. of vacuum drie
fter orystallization, first from ﬁﬁ% alechol
| - from sbsolute elechol, it melted at 180°C. TYield
was %% of the theoretical amount.
4mel, Cele*d, for a;,ﬁﬁmgzs . a&aﬁ‘ Pound : ﬁﬁ%ﬁa&%‘

The B ._zri.&axy}@e aaié for this run must be yery pure,
oryste V’{‘*:zﬁﬁién frem slochol to a sharp meltimg point of 178°C.
being neeessery. TFifty-four end Swo mm grams {0.25 mole)
~ef this aoid is dlesolved in 250 ¢o. of absolute alochol. To

this is added 0,25 g. of platinum oxide prepared by the method
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was then reduced very

of idamg end {72}» 'the m'.e ure
slowly. Four m&@imﬁm of: *&ix& sgta}.ym were n%ﬁﬁaw;
mmm D.d 8« ﬁi‘ fm& u@af, ssm added, In this manner
59,2 pounds of hyé rogen were absorbed {0.75 mole of hydrogen
&a equivalent to 56.7 pounds in %i& aypaxmh m catalyst
‘was filtered off snd the alcoholic filtrate was poured inte
weter. The oll whioh separeled was combined with an ether
\ W? of the aqueous 1 dried ﬁﬁk hydrous sodinm |
m&f&n and distilled at 8 mm, mam&. The fraction boll-
ing at 84°-110°%. was collected, The dis¥ llation is rather
| inse hydrobromic seid is split off in the prOcess.,
niy-one grane of graﬂn&% were collected *shi&h mlygia shows
to be sthyl 2,S-dihyarofurylpropionate. This is éﬁ% of the
theoreticel amount. it the end of the distillation about one
grem of furylacrylie soid distilled. It was idemtifted by
mixed melting point with the known acid. |

The product was redistilled and the fraection boiling at
$8°-108°C, at & mm, pressure was collscted.

" jmsl. Gele'd. Tor OgHy,Og8 C, 65,50 H, a*m
Gy %&»&ﬁﬁ, 63.99%; H, 8.12%, 7.89%. {see note 73}.

The meponificetion equivelents were net msﬁmﬂm, but
were found to be 164 and 158, The caloulsted velue is 170.

{?33 idems m hriner, J. Am. Chen, saaﬂ%si?}.{m%’;
{73) These spelyses were taken on two different fxw&im;
the first boiled at 15500./82 mn, while ‘BM second
was & preliminary fr&mﬁwﬁ.




- -

The latter sam rup on & Traction belling at iﬁ?%}sﬁﬁ'ﬁaa&

In another Tun the ethyl Swbromofurylecrylate was used -
instead of the aaié* This wag very unsatisfactory, twelve react-
ivations and i‘w additions of catalyst over a yﬁi‘i@é of three
‘days being ;amgmstg; Evidently the hydrobromie seid whieh is
freed in the resstion must be taken up by $he ester formation.

In ordexr %o é%%mi% the astual e ﬁ@&éﬁiﬁ}.mpmﬁugt

. 4 % /ﬁﬁ
- g
B OMEE
B e B OB
‘whieh wes present et the end of the resction, #ﬁg amma A
solution sfter removel of the aatalyst was treated slowly with
alecholic potessiun hydroxi te 40t 4

l‘& ﬂﬂ

mﬁ&tm of this salt in a minimum of water ylelded no precip-
itate upon seidificetion, although extraction of the scidified
solution with ether end subsequent evsporstion showed a slight
smount of compound to be present. - The theoretical amount of
potassium bromide to be obteinmed is 29.7 g

The product from this resction had a most plessant and
oniute. It was more
L furylacrylate as shown by the fast that s
sample exposed to lsborstery light and temperature turned only
e slight red after two years exposure in a corked test tude.




& W&txf reactions inwolving sulfonation, nitration,
ogenation have been esyried out, first for the

of i?ﬁﬁﬁiﬁﬁ some . ﬁﬁﬁ%‘giﬁﬁ ﬁf furf 1 whieh will
serve . as the basis of fature research in this fleld; second,
to slucidate a technique for such remetione., It has been
shown, espeslally, that avoidence of ring splitting is a
necessary Hreoeuti cbeerved if work im furen substi-
tution is. %o be succeesful, The investigations of furen
substitutions in She past heve largely dealt with the more
steble furen compounds {furcie acids and the like). This
work has extended substitution resctions to less stable
but more signifieant types. ‘
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