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{54) Title: PROCESS FOR THE PRODUCTION OF CYCLOPROPANECARBOXALDEHYDE

Disclosed is a process for the preparation of cyclopmpanewboxaldehyde by the thermal isomerization of 2,3-dihydrofuran under
superatmaspheric pressure, ¢.g., at 8 temperature of 300 to 600 Candapressureof3to345bmabsom




i someri zati on reported by WIson consisted of passing 2, 3-DHF t hrough
a paeked—ee#u#n~hea%ed—a%—3¥%#%#Kﬁ4¥444§======—=E*eess+¥e resldenee—%+ﬁes——————

were used, resulting in | ow selectivities of CPCA e.g., 10 to 40%
ver sus other 35 products. The mmj or byproducts were crotonal dehyde,
V\0296/ 26174 wong 74 _ PCT/ US96/ 0 Perfusesnisss

- - carbon nonoxi de and propyl ene. The space-tine yield was

| ess than 25 g CPCA per liter-hour wherein the space- time yield is
the granms of CPCA produced per liter of heat ed reactor space per
hour. 5 U S. Patent 4,275,238 descripes a simlar process

usi ng an open reactor instead of a packed columm. The | soneri zation
of 2,3-DHF takes place at 460-480[err] C and at at nospheri c pressure.

The. conversi on of 2,3-DHF on eacaROCESS Ewssﬂﬂb§m&ﬂu¢TﬂﬁNthe range of 2-9%
The selectivity of 10 - 2 R AtHoYAS.DREODENAl dehyde was
about 93% Again, since the process I's carried out under

at fospheric pressure, the space-tine yields are very low, i.e., only
in the range of 30 to 8This CoMEntimupertains ook oprrcesmdfiamdhecsul ts in

e or| vati on Sy CBRRAHELIGY of NoRRUPARRLASHYI FeEY Srol B, bukiher
W have di scoverethHE?%‘PF@P’r at\PTs 4’@&3& Eﬂ?' tn1s {Z“ ’Eilf’nt PEESBANES
substantially hi ghte thesppeparation oft cysibpropanecashmasldehywdenbyred to
reacti on rates at gating! SPAAANdroRRAR iRaer Thilfer todtiRA | NVent i on

provi des a process for the preparatlon of conpri ses
heating 2, 3- DHF at PR®PEWPRBrature of 300 to 600[err]C and a pressure
of 3 to 345 RBérs absoluCgclauropanacarhoxaldehyde and derivatives are

important synthetic building blocks for introducing the
cyclopropane group into chemical compounds useful as
human and veterinary drugs and pesticides. See, for
example, European Patent Publications EP 237,955 A2,

15 EP 273,862 A2, EP 408,034 and EP 430,847 Al, Published
PCT Application WO 9109849, and U.S. Patent 4,275,238.

The derivation of 2,3-dihydrofuran (2,3-DHF) from
butadiene is described in U.S. Patent 5,254,701. The
overall scheme comprises the monoepoxidation of buta-—

20 diene to produce 3,4-—epoxy-l-butene which is rearranged
to 2,5-dihydrofuran which then is rearranged to 2,3-DHF.
2,5-Dihydrofuran undergoes isomerization to 2,3-DHF in
96.1% yield via RuClH(CO) (Ph,P), catalysis at 65°C in
2.5 hours. The initial steps, epoxidation and isomer—

25 ization to 2,5-dihydrofuran, are described in U.S.
Patents 4,897,498 and 3,932,468.

The thermal isomerization or rearrangement of
2,3-DHF to cyclopropanecarboxaldehyde (CPCA) at
atmospheric pressure has been described by C. L. Wilson,

30 J. Amer. Chem. Soc., €9, pp. 3002-3004 (1947)). The
isomerization'reported by Wilson consisted of passing
2,3-DHF through a packed column heated at 375-540°C.
Excessive residence times were used, resulting in low
selectivities of CPCA, e.g., 10 to 40%, versus other

35 products. The major byproducts were crotonaldehyde,




found that higher pressures result in increased reaction 25 rates, while

selectivity is not affected——TFhe—present process therefore provides
asnmeans for the synthesis of CPCA at higher production rates per unit
reactor vol une (referred to herein as space-tine yield defined as the
granms of CPCA §9§@ﬁ? per liter of heated reactor space 30 ks
Anot her advantgg te process of this I nvention is that tﬁe use of
hi gher reaction pressures permts one to achieve a desired space-tine
yield and selectivity at | ower reaction tenperatures. Such | ower
reaction tenperatures reduce the fouling in the reactor 35 and require

| ess heat input per unit of reactor feed. -2 - MD 96/ 26174
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operate the process qi Qfera res_in range of 350 to 550[err]C.
i

The process of this rbgpegfrPﬁﬁ Be¥E1 n a batch,
sem - conti nuous ®r conti nibifs Makensf 41875, 2a§ede§¢waes'Husﬁmiéaasprocess

prefterabl y Its oper at kam%ﬂb an open s-aabtayoyﬁsﬂm éﬁwt Ppat)dR colamd. The

| somer | 2t} on' pr oduct SRAAEHPRCRE2y 3BBF, Frkeh A fRce At AraravBocT A, a5

heated reactor unit. ﬂ&npaphgnﬁq pxessures The ocorversiany of 2, OrDHEY obceach

continuously to a passlivild |dralyi QR YRkt rihge cbf 3-L09% CF Wi ReAdtivity of

distilled 10 the formation of CPCA versus crotonaldehyde was about
93%. Again, since the process is carried out under
atmeospheric pressure, the space-time yields are very
low, i.e., only in the range of 30 to 80 g CCPA-I~hour.
Prolonged heating results in the formation of byproduct

15 crotonaldehyde which occurs via further isomerization of

the product cyclopropanecarboxaldehyde.

We have discovered that the rate of reaction of
2,3-DHF to CPCA is substantially higher at super-—
atmospheric pressures as compared to reaction rates at

20 atmospheric pressure. Thus, the present invention
provides a process for the preparation of CPCA which
comprises heating 2,3-DHF at a temperature of 300 to
600°C and a pressure of 3 to 345 bars absolute. We have
found that higher pressures result in increased reaction

25 rates, while selectivity is not affected. The present
process therefore provides a means for the synthesis of
CPCA at higher production rates per unit reactor volume
(referred to herein as space-time yield defined as the
grams of CPCA produced per liter of heated reactor space

30 per hour). Another advantage of the process of this
invention is that the use of higher reaction pressures
permits one to achieve a desired space-time yield and
selectivity at lower reaction temperatures. Such lower
reaction temperatures reduce the fouling in the reactor

35 and reguire less heat input per unit of reactor feed.



to recover the unreacted 2,3-DHF as the overhead product and CPCA is
t aker—urderfHowed)—f+om-t-he bott-om-er~base—————of—the-di stillation

colum. The recovered 2, 3-DHF may 20 be returned to the reactor feed
tank or used to manuf acture ot her chem cal s. The purity of
the 2,3-DHF Yanflak{yst he present i nvention i s not an i rganisa&érssect or
I n the conversion of 2,3-DEF to CPCA. For exanple, 2,3-DHF containing
25 ot her conponents such as furan, tetrahydrofuran,

2,5-di hydrofuran or a mxture thereof in total anmounts of up to 40
wei ght percent of the total weight of the _ 3 _2,3-DHF feed material gives
satisfactory results in ternms of conversions and selectivities. The
process 30 al so may be carried out using a gaseous 2, 3-DHF feed

whi.ch contains up to 95althonghpthecndvel isomerdzatjen processuié as
N trogen, NYOro0en neidlevil e8! 8Nofér fBIO Wher precbulbisier AhbiloyHy 4 use

of an inert gas is _not essen ct| consi derations such
the need to bargnabsoipgte, pressures 1n the range of 4.5 to 35.5
PCT/ US96/ 01556 bars absolute are preferred with a réange of 4.5 twm§ ol

reactor pressuye n?*%g Bﬁ&ﬂ‘ﬁ&?%ﬁgﬁ‘?y‘“%@ pieerred. © t29s BEEd 9aS.

The rate of feed o uous ase operatipn can be
varied w dely depeHﬁf@rEGSnt°5°m%??le?h?)rRﬁ9é’§§sp&Fa PPTAtYESS AP (Hhe
tenperatures and rangepo€s3Boetoussoc@nd the degree of conversion desired.

Gas hourly space velocigg 5955§§s ofr%hiﬁ"fnGHﬂﬁi@ﬁbﬁé be t%3r§e&}gi£‘%¥

per unit volune of heat e_range of 100

acfor space pe
to 4600 may be used® QPFﬁBugﬁ°E6'°°“€§E§P¢%uQR&?QW*iPHQuPaHBEeoP £300 to 2500

are nore i0 operation. The process preferably is operated in a
continuous mode using a gas phase reaction system
wherein 2,3-DHF vapor is fed continuously to, and
isomerization product comprising CPCA is continuously
removed from, a heated reactor unit. The isomerization

15 product removed from may be fed continuously to a
distillation unit wherein the crude product is distilled
to recover the unreacted 2,3-DHF as the overhead product
and CPCA is taken (underflowed) from the bottom or base
of the distillation column. The recovered 2,3—-DHF may

20 be returned to the reactor feed tank or used to
manufacture other chenmicals.

The purity of the 2,3-DHF used in the present
invention is not an important factor in the conversion
of 2,3-DHF to CPCA. For example, 2,3-DHF containing

25 other components such as furan, tetrahydrofuran,
2,5-dihydrofuran or a mixture thereof in total amounts
of up to 40 weight percent of the total weight of the
2,3-DHF feed material gives satisfactory results in
terms of conversions and selectivities. The process

30 also may be carried out using a gaseous 2,3-DHF feed
which contains up to 95 volume percent of an inert gas
such as nitrogen, hydrogen, helium, argon or carbon
dioxide. Although the use of an inert gas is not
essential, practical considerations such as the need to



typi cal . A preferred enbodi nent of the present invention is
the preparation of CPCA whieh conprses the steps of- (1) feeding a

gaseous m xture conprising 2,3-DHF and an 15 inert diluent in a
2,3-DHF:inert diluent volume ratio of 1:0.01 to 1:10 to a
reaction zone mai ntai ned at a tenperature of 300 to

and a ‘wogﬁg%sure of 4.5 to 35.5 bars absolute; and PQQR%gQﬁhﬁ
renovi ng a gaseous isonerization product conprising 20 CPCA from
t he reaction zone. The novel process provided by the present

i nvention is further illustrated by the_fq Low ng exanples. The
exanples utilized a gas phase reaction unit consisting 25 of a feed
tank, a preheating |ine, a reactor constructed of stainless steel

tubing 30 cmin | engtéontrohreactor pressurdcmaychet facilithted hyathepaskeed
Wth quartz chips, of af SREIEC/RNS. and a receiver. The reactor had a
vol une of 0.15 Titer_and wds heated with an electric furnace. The 30

preessure within the react &It 59@8 B fedmRHB:in continuous, GASssure
regul ator. Nitrogen vplsasetoperaticno cahcbe var;pdehidﬂlyuﬁépanﬂtﬂg aponat e Of

ooag Prom e tﬁe ?yed procesé lrd&‘élaﬁ.k térs, %h re| n tesggéawas

punped from t ank reheatln I|ne
m xture of 2, 3-DHF arﬂﬁﬁ%ﬁ’% "H‘éaFEG 9?%&9[%?r‘f@‘éﬂﬁ?1°n desirefls
96/ 26174 Gas hourly space velocitiesP(BHSEI6/fhibamit volume of

-5 .- fed to %"59 | ﬁ';e %ﬁ&abﬁiﬁﬁe%ﬁ WMéatdf f&RAGY space per

space were nonitored a therno cont al ni g
~ hour) in the range of 100 to 4600 may be used although

10 GHSV values in the range of 300 to 2500 are more
typical.
A preferred embodiment of the present invention is |
the preparation of CPCA which comprises the steps of:
(1) feeding a gaseous mixture comprising 2,3-DHF and an
15 inert diluent in a 2,3-DHF:inert diluent volume
ratio of 1:0.01 to 1:10 to a reaction zone
maintained at a temperature of 300 to 600°C and a
pressure of'4.5 to 35.5 bars absolute; and
(2) removing a gaseous isomerization product comprising
20 CPCA from the reaction zone.

The novel process provided by the present invention
is further illustrated by the following examples. The
examples utilized a gas phase reaction unit consisting

25 of a feed tank, a preheating line, a reactor constructed
of stainless steel tubing 30 cm in length having an
inside diameter of 2.5 cm and packed with quartz chips,
a condenser and a receiver. The reactor had a volume of
0.15 liter and was heated with an electric furnace. The

o pressure within the reactor was regulated by means of a
back pressure regulator. Nitrogen was metered into the
preheating line at a rate of 100 mlL per minute. An even
flow of 2,3-DHF having a purity of 99% was pumped from
the feed tank into the preheating line wherein the

3s mixture of 2,3-DHF and nitrogen was heated at 310°C and



t her nocoupl es which were placed 7.6 cmand 27 cm from the entrance to

t he -heated—seection-of—the-tube. The—o———tenperatures—eported in the

exanpl es are averages of the two tenperatures. The

i somerization product renoved fromthe reactor was cool ed by passing
it through the condenser- and collected in the receiveg ' Xt ure
was fed 10 Woc?&ﬁﬂ"ﬁuously to the mddle of a distillation ggrﬁ%%@l?ﬂsx
The base of the colum was heated at 100 to 102[err] C. CPCA was
recovered fromthe base of the colum and unreacted 2, 3- DHF was
collected in a distillate receiver and _ gantinuously recycled to the
feed tank. 15 The conversions and selectivities reported in the
exanpl e were determ ned by gas chromat ographi c (GO anal yses

perfornmed on a Hewedit tbatier fedddt e Tempelrhtures witkisin htloateagtarhy with
a 30 neter DB-Wax : ol | Y, aiWsh
identities of the %? gggcﬁgrggigﬁl%(ﬁeg %83 avvengggg{rﬁ ﬁ rr%ﬁwb % Ezg)r%

NUC
nmagneti ¢ r esonancethermocaunles Jrpigh ware Q’&§°€ﬁr3n§t‘6‘br%ﬁ5¥ﬁ7nﬂ’b from
spectronetry thengatrancé o YIRs Heatied sRottonf ofiutie ke .S arMhlecs

purchased fro A'dikﬁPﬁg§?§}§%2’?R%ﬁﬁ} inEéﬁupbﬁggé%éfdgﬁe %yeragéé:%fDHF

was i sonerized acco ure above “usi ng

di fferent tenperat &hestwa pempexatures. of 5 8 bar absolute and a 2, 3-DHF
feed rate of 13 g - The 3isdieidatiiion prodlibt fepcvedeftam cins reactiorg 30
Exanmples 1-8 were ri t,.fo fil Cl n ' to
attain steady-stat g'g%ojﬁglg%lggnks’} é%%@ys'&ltt sk,.'ﬁg E’“gﬁ g{;‘)%]a‘lgé]%%ﬂl'sneﬁ thdé{s%
exanpl es are set f&Gplherkedabmcthe receivgmar cFhisTRENEUYR WaRk £8Fbr age

tenperature de@scri BefltinucusBPors the hiddie of whdistilratigrerdolmin.vas
carried out, 35 3TN sk Sof Ene RAIRiny Was” hEh¥ed®ht "f60 A LR ¥.2MepRh
was recovered from the base of the column and unreacted
2,3-DHF was collected in a distillate receiver and
continuously recycled to the feed tank.
15 The conversions and selectivities reported in the
example were determined by gas chromatographic (GC)
analyses performed on a Hewlett-Packard 5890 series II
gas chromatography with a 30 meter DB-Wax and a 30 meter
DB—17 capillary columns. The identities of the products
20 obtained were confirmed by nuclear magnetic resonance
spectrometry and gas chromatography-mass spectrometry
comparing the spectra to those of authentic samples
purchased from Aldrich Chemical.

25 EXAMPLES 1-8
2,3~-DHF was isomerized according to the procedure

described above using different temperatures, a pressure
of 5.8 bar absolute and a 2,3-DHF feed rate of 13 g
2,3-DHF per minute. The experiments constituting

30 Examples 1-8 were carried out for a sufficient length of
time to attain steady—-state conditions. The results
obtained in these examples are set forth in Table I
wherein "Temp" is the average temperature described
above in °C at which the experiment was carried out,

35 nSTY" is the space-time yield defined as the grams of
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- 6 - CPCA produced—per-liter of heatedteactor space per

hour, "2,3-DHF Conv" is the nole percent conversion of 2, 3- DHF
defined as: 5 Mol es 2, 3-DHF converted to products X 100

Mol es 2, 3- DHF fed and "CPCA Select"” is the nole percent MYYBRY
to cA MPPFRIs: 10 Mol es 2, 3-DHF convertng"F%;%
X 100 Ml es 2,3-DHF converted to CPCA + HCr wherein HCr is
cr ot onal dehyde. TABLE | 15

2, 3- DHF CPCA Exanpl e Tenmp 6 Conv Sel ect

STY 1 376 2 - 205 121 2
392 3 95 163 3 399 3
224 121 20 (ZPCI'}1 1 roduced pe Qiter of héat;.led reactor %g:lace per
419 11 hour o§'2,3-DHF Cony? is the moYe percent cppyersion ofg
93 759 2,3~DHF defined 432 22 92

1025 25 EXAMPLES 9- 1§ idned above for

Exanples 1-8 is 5 repea TETTIRTY o “DHF t & @POA at

different tenperatures usi r.e q,r 0 e .and £3
2 5 DF feed rate of T3 %ﬁ%ﬁ?& ="tne m‘rﬁs peens RS
Exarrpl es 9-16 are setCP@htdefined as: Table | | wherein "Tenp", "STY",
"2, 3- DHF Cony" and " CPCA Prelcm, {8 i ven alg‘ove

Moles 2,3-DHF converted to CPCA + HCr 100
wherein HCr is crotonaldehyde.

TABLE I
15 2, 3—-DHF CPCA
Example Temp conv Select STY
1 376 2 95 121
2 392 3 95 163
3 399 3 -1 161
20 4 406 6 95 264
5 413 8 94 381
6 419 11 93 522
7 426 16 93 759
8 432 22 92 1025
25 '
EXAMPLES 9-—16

The procedure described above for Examples 1-8 is
repeated for the isomerization of 2,3-DHF to CPCA at
different temperatures using a pressure of 4.5 bar

30 absolute and a 2,3-DHF feed rate of 10.2 g per minute.
The results obtained in Examples 9-16 are set forth in
Table II wherein "“Temp", "STY", v2,3-~-DHF Conv" and "CPCA
Select” have the meanings given above.
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TI\DLI: 1 l

(AN 4 =3 —ma |

2 3 DHF CPCA Exanpl e Tenp Conv Sel ect

STY 380 2 100 68 5 10
391 97 94 11 3
96 ‘Y%é"""‘ 12 406 6 Pﬂ'gga&mss‘ 215
13 413 8 95 322 14

419 12 94 450 10 15 426 17
93 636 16 433 23 92 817

EXAMPLES 17-23

15 repeated for the isonerization of 2,3-DHF to CPCA at
tenperatures using a pressure of 3.1 bar
rate of 6.5 g per

set forth in

"CPCA Sel ect"
TABLE 111
Tenp Gonv
3 96
96 121
20 419
426 16
92 510
10
15
20
25
30
35

The procedure desZrlbed above for Exanples 1-8 is

EXAMPLES 17—-23 _
The procedure described above for Examples 1-8 is

repeated for the isomerization of 2,3-DHF to CPCA at
different temperatures using a pressure of 3.1 bar
absolute and a 2,3-DHF feed rate of 6.5 g per minute.
The results obtained in Examples 17-23 are set forth in
Table III wherein "Temp", "STY", "2,3-DHF Conv" and
"CPCA Select" have the meanings given above.

TABLE III
2,3-DHF CPCA
Example Temp conv Select STY
17 383 3 96 66
18 393 5 96 121
19 404 9 95 216
20 419 12 94 276
21 426 16 93 378
22 433 22 92 510
23 441 3o 90 668
co - C—

The procedure described above for Examples 1-8 is
repeated for the isomerization of 2,3-DHF to CPCA at

di fferent
bsolute and a 2, 3-DHF feed

m nut e. The re talned Exanpl es 17-23 are
E !ﬁ@le [11 e|n STY" ' F Cbnvémgnd 20
anln iven a
2, % DHF 188ca E&npl e
10 Select 391 STY'25 17 97 383 94
66 18 393 5
135
11 9 400 404 3 9 96 95 216
12 12 406 94 © 276 96 21 215
13 93 413 378 3® 22 95 433 322 22
14 419 12 94 450
15 426 17 ' 93 636
16 433 23 92 817



23 441
EXAMPLES CG-1 - C8

30 90 668 COMPARATI VE
—— The procedure descri bed above for Exanpl es

1-8 is 35 repeated for the isonerization of 2,3-DHF to CPCA at

WD 96/ 26174

- 8 - different tenperatures and atnospheric pressure iﬁg,s@lm
2, 3-DHF feed r&%’%‘%f. 9 g per mnute. The results obt aiir’gt I'n
Conpar ative Exanples 1-8 are set forth in _ Table 1V wherein "Temp",
"STY", "2,3-DHF Conv" and "CPCA 5 Sel ect” have the meani ngs given
above. TABLLE |V Conparative
2, 3- DHF CPCA Exanpl e Temp — & —conv Sel ect
STY 10 CG1 397 2 100 13 '
G2 406 %? ‘_21%? - .
414 4 dai rent tempegggures and a _slfheric preggére usxngsa
95 38 2,3—-DHE. feed rate 9£11.9 g pexr minute. Thesresults
53- 15 C 6 obtaiheéd in Compirative Examples 1-8 are sét forth in
C 7 446 Tajtgf IV wherei B“Temp" "s%p'ﬁ 5 Y N FE§§'R§“ "CPCA
453 22 ' 46 ’ OVPARATT VE LERNE. %%
C 16 20 She FHedestlr hayesthebreanboge ghvercahfees 1-8 is
IABLE IV
Comparative 2,3-DHF CPCA
Example Temp - conv Select STY
10 C-1 397 2 100 13
c-2 406 3 97 21
C-3 414 4 95 . 26
C—4 422 5 95 38
c-5 431 7 95 53
15 C—6 438 11 94 75
c-7 446 16 83 106
Cc-8 453 22 92 146
Co! \' -9 — C-16 |
20 The procedure described above for Examples 1-8 is
repeated for the isomerization of 2,3-DHF to CPCA at
different temperatures and atmospheric pressure using a
2,3—DHF feed rate of 6.5 g per minute. The results
obtained in Comparative Examples 9-16 are set forth in
25 Table V wherein "Temp", “STY", %2,3-DHF Conv" and "“CPCA

PCT/ US96/ 01556

Select” have the meanings given above.



repeated for the isonerization of 2,3-DHF to CPCA at di fferent

t enperat-tr-es—and at nospheric pre ' - ed rate of
6..5 g per mnute. The results obtai ned in Conparative Exanples 9-16

are set forth in 25 Tabl e V wherein "Tenmp", "STY', "2,3-DHF Conv" and
" CPCA Se| " have the neani ngs gi ven above. You&ntésh 74
PCT/ Uso/ 015580 sis1rs 9. T s
TABLE V Conparative 2, 3-DHF - CPCA Exanpl e
Tenp -Conv Sel ect STY C9 389
0.8 100 16 5 C—lO9 402 1.2
100 : 27 C 11 412— 7 7 1.8 94
43 G 12 418 2.7 94 66
G-13 427 4.1 95 100 C 14
434 6.0 94, - 147 1 C 15 440
8.8 g3 Comparabiye C—g IDHF 44 SPR. 116
03. 274 ARATRIEREX AVPLERDE. 17 . cEBject e
procedure described afov® for ExaRBPes 1-8 Ps815 red®ted for th&sé
i sonerizati onsof 2, 3-RHRAdo CPCA ab2 different tenperatures angz
at nospheri c pressure %él a , 3- DHF qu rate of %0.2 g per pinute.
The results obt ai in Cowﬂ& ative anpl es 17-22 are set forth in
Table VI wherein "Ten®~12 STY", "218-DHF Codv? and " CPCAR420 Sel e€6" have
t he meani ngs given abayes 427 4.1 95 100

Cc-14 434 6.0 94 147

10 c—15 440 8.8 93 210
C~16 446 11.6 93 274
0 TIV, 8 C-17 — C—

The procedure described above for Examples 1-8 is
15 repeated for the isomerization of 2,3~-DHF to CPCA at
different temperatures and atmospheric pressure using a
2,3-DHF feed rate of 10.2 g per minute. The results
obtained in Comparative Examples 17-24 are set forth in
Table VI wherein "Temp', "STY", "2,3-DHF Conv" and "CPCA

20 Select" have the meanings given above.
IABLE VI
Comparative 2,3-DHF CPCA

Exanmple - Iemp Conv Select STY
25 c-17 734 0.5 100 12
C-18 395 0.7 100 20
Cc--19 405 1.0 100 33
c~-20 412 1.5 94 51
Cc~-21 420 2.1 94 76
30 c-22 427 3.2 94 117
C-23 435 4.8 94 182

C-24 442 6.8 94 260



TABLE VI Conpar ati ve 2, 3- DHF CPCA Exanpl e

Tenp Conv Select STY 25 —C17 234

0.5 100 12 C 18 395 0.7

100 20 C 19 405 1.0 100

33 C 20 412 1.5 94

C-21 409616174 3 ) 94 76 30 Eegpsssnisse

427 3.2 94 117 C 23 435 4.8

94 182 C 24 442 6.8 94

260 WD 96/ 26174 - 10 —
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EXAMPLES C-25 - C-29 The procedure descri bed above for Exanpl es

1-8 is r epeat ecdMPARATIVES EXAMPLEEI 0028f—2c-dHF to CPCA at

di fferent tenperatures ang,at nps u Fof ggd

rate of 13 g per mnute. d’”ﬁf pf@%lfﬁ?% aesag%%?%l%%% ?Qﬁ nél%sui' i

Exanpl es 25-29 are sotepested ifior the isgpprizetionfidy3 to 'CBCY at

}iBEED\IjFI Conv" and dxffemtwpﬁhtubaseaﬁh?mpmaIpﬁtﬂh@vasmglle
np anp e

Terp go ai,gf-rnéﬁt feed rate of 2,5 ngexé :Ejsx-u.u%D 'rhegféasul@é

100 9 obtained; in Comparggdve Examples 25-29 argp@et forth 1n

23 15 C 27 Tableé XAT wherein®"Temp®, "sTP¥, »2,3-DHF @onv" and

"CPCA Select" have the meanings given above.

10 IABLE VII
Comparative 2,3-DHF CPCA
Example Temp conv Select STY
C-25 376 0.3 100 9
C-26 396 0.7 100 23
15 C-27 414 1.5 94 65
C-28 421 2.3 94 105
C—-29 429 3.2 94 149
EXAMPLE 24
20 The procedure described above for Examples 1-8 is

repeated for the isomerization of 2,3-DHF to CPCA using
a temperature of 425°C, a pressure of 11.6 bar absolute
and a 2,3-DHF feed rate of 89 g per minute (GHSV=2500).
CPCA is obtained in a space-time yield of 962 g~ L-hour

25 with a selectivity of 98 mole percent. Distillation
provides CPCA virtually free of crotonaldehyde in a 90
mole percent yield based on the 2,3-DHF converted.

EXAMPLE 25
30 The procedure described above for Examples 1-8 is

repeated for the isomerization of 2,3-DHF to CPCA using
a temperature of 431°C, a pressure of 4.6 bar absolute
and a feed rate of 10 g per minute of a mixture
consisting of 73 weight percent 2,3-DHF, 13 weight

35 percent furan, 12 weight percent tetrahydrofuran and 2



C-28 421 2.3 94 105 C 29

429 ) 94 . 148 ee. The --.
pr.ocedure descri bed above for Exanples 1-8 is repeated for the

i sonmeri zation of 2,3-DHF to CPCA using a tenperature of 425[err]C, a
pressure of 11.6 bar absol ute and a 2, 3-DHF feed rate g P%g

m nut e (G%S\H?E?GG?'."“ CPCA is obtained in a space-tine yie 6’@’%22

g/ L- hour 25 with a selectivity of 98 nole percent. Distillation

provi des CPCA virtually free of crotonal dehyde in a 90 nol e percent
yi el d based on the 2, 3-DHF converted. EXANPLE 25 30 The
procedure descri bed above for Exanples 1-8 |§ repeated for the

i someri zation of 2,3-DHF to CPCA u5|ng a tenperature of 431[err]C, a
pressure of 4.6 bawed bhe! pefcent 2, JMﬁate ohid OcOrPespondniito @f a

;)ne)r(fzg:r? furan, COI‘]S\?EI(; ﬁﬁF g?ﬁé’f#\@? g?tg a’ﬁ? Sfaﬁﬁneg{g a&é wgﬁt‘%ggﬁymm

PCT/ US96/ 01556 of 530. CPCA is obtained in a spage-time yield @f 433
percent 2, 5-di hydr QmﬁaurTthaCﬁIWd@ oz 83 mole Percédt. feedrate of

7.4 g per mnyte and a 2, 3- DHF GHSV of 530. CPCA is obtained in a
space-tine yi éld of 433 g/ L-hour in a selectivity of 93 nole percent.
5 EXAVMPLE 26 EXBMPLE 26

) This experiment was carried out using an integrated
pilot plant consisting of a feed tank, preheating line,
a heated reactor, condenser, product tank, distillation

10 column, and distillate receiver. The reactor consisted
of a pipe 76 cm in length having an inside diameter of 2
cm constructed of Hastelloy alloy and packed with guartz
chips. A &s-point thermowell provided temperature
measurements at 15 com intervals along the reactor’s

15 central axis of symmetry. The reactor had a heated
volume of 0.24 liter and was electrically heated with a
3-zone, Lindbergh furnace. Pressure was controlled at
4.5 bar absolute with a Research control valve.

Nitrogen was fed to the pre-heater to provide a non—

20 condensable component in the reactor effluent stream to
aid in maintaining constant pressure. 2,3-DHF having a
purity of 98% was fed continuously toc the reactor at a
rate of 1000 g per hour (GHSV=2000) with a nitrogen flow
rate of 500 mL per minute. The reactor was maintained

25 at an average temperature of 477°C.

The crude isomerization product removed from the
reactor was passed through a condenser and the condensed
product was collected in the product tank. The crude
product was fed continuously to the middle of a

30 distillation column, having a diameter of 10.2 cm and
constructed of Hastelloy alloy, packed with Goodloe
packing material. The base of the column was maintained
at 100 to 102°C with pressurized steam. CPCA product
was recovered from the base of the column and unreacted

35 2,3—-DHF was collected in a distillate receiver and



This experinment was carried out using an integrated pil ot pl ant
consi sting of a feed tank, preheating |ine, ---a—heated reactor,
condenser, product tank, distillation 10 col urm, and distillate receiver.
The reactor consisted of a pipe 76 cmin |length having an inside

di aneter of 2 cm constructed of Hastelloy all oy and pack '
quartz ctWP26207%- poi nt t her nowel | provi éed te?lrperatgre %msmlm
measurenents at 15 cmintervals along the reactor's 15 central axis of
symmetry. The reactor had a heated volune of 0.24 liter and was
electrically heated with a 3-zone, Lindbergh furnace. Pressure was
controll ed at 4.5 bar absolute with a Resdérth control val ve.
Nitrogen was fed to the pre-heater to provide a non- condensabl e

Conbtant pressure. o SORFEMGHY Hoield S0 the ?‘L@s g M ¥, Yone
continuously to the r%ﬁ@!@#e%twﬂf essenﬁiatléYofrgeoef gcﬁﬁ# hcﬁﬁca( ®a%/=2000)
with a nitrogen flow producéditft &f spateitiper yielatef 6¢ g.dadicur Was a

mai nt ai ned 25 at ap 9K at ur. err]C The
crude isonerization p?%gg% rer}{)\e/b(ra%gfsr g‘%l?hggrﬂzg reactor was passed
t hrough a condenBer and t he condensed product was collected in the

product tank. The crude The mﬁhﬁbnvmsf bdeﬁoﬂébéﬂﬂbﬁdﬁﬁ @dthd Imivddhe of
a 30 distillation d|a

constructed of Hastel Zii;%fmf ﬁl{%& g%:g'gd eﬁ?&é’ﬂﬁ% o th eof
The base of the col unhu Héahenét!!derStOOQt that Y%riﬂﬂ?{@ﬁ ]43} th
pressurized steam CHadapfiskions can bas eftecradcditiim the dpixdtofandhe

col umm and unr ted lected in a distillate receiver
and 6 /2 6%%%"9 gf ‘?i:lPH n%%t&%ln.
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conti nuously recycled t ank The 2, 3- DHF recycl ed was
essept+aty—++ee of CP b"ﬂ §#4xkﬁ¥y;-aL-a_spaee-tine yieldof —
f

660 g/ L-hour in a 3 nol e percent. 5 The
I nvention has been descri bed |n deta|I W th particular reference to
preferred enbodi nents thereof, but it will be understo t _
vari ati ons ¥@P626174  pdifications can be effected within tﬂé‘%&?’i’?‘ and 10
scope of the invention. WO 96/ 26174
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CLAI M5 W claim 1. Process _fgr the preparation of

cycl opropyl car box- al dehyde whi ch conpri ses heating 2, 3-di hydrof uran
at a 5 t enperature of 300 to 600[err]C and a pressure of 3 to 345

bars absol ute. : Process accor ¢gipagMso Cl aim1 wherein the
tenperature IS 1INy thlgggge of 350 to 550[err]C and the 10 pressure is
in the range of 4.5 to 5 bars absol ute. Process accordi ng

to Claim1 which &OHprrgggeﬁﬁef°r thesﬁﬁﬁ@$q9F1°n of °¥§}°?¥£RH#ﬁf§?ﬁfaseous
m xture conpri si ngldeBydehyshibech I¢omprises hieatingap¢3-adihydrafultdnuat a n a

2,3-DHF:inertg temperature of 300 to 600°C and a pressure of 3 to 345
bars absolute.

2. Process according to Claim 1 wherein the
temperature is in the range of 350 to 550°C and the

10 pressure is in the range of 4.5 to 35.5 bars absolute.

3. Process according to Claim 1 which comprises the

steps of:
(1) feeding a gaseous mixture comprising 2,3—dihydro-
15 furan and an inert diluent in a 2,3-DHF:inert

diluent volume ratio of 1:0.01 to 1:10 to a
reaction zone maintained at a temperature of 300 to
600°C and a pressure of 4.5 to 35.5 bars absolute;
and

20 (2) removing a gaseous isomerization product comprising
CPCA from the reaction zone.

4. Process according to Claim 3 wherein the gas hourly
space velocity of the 2,3—-dihydrofuran feed is in the

25 range of 300 to 2500.

5. Process according to Claim 1 which comprises the

steps of:
(1) feeding a gaseous mixture comprising 2,3-dihydro—
30 furan and an inert diluent in a 2,3-DHF:inert

diluent volume ratio of 1:0.01 to 1:10 to a

reaction zone maintained at a temperature of 300 to

600°C and a pressure of 4.5 to 35.5 bars absolute

at a 2,3-dihydrofuran gas hourly space velocity of
35 300 to 2500; and



di luent volune ratio of 1 a reaction zone

mai ntai ned at a terrper;atlmlﬁﬂllﬁmﬂﬂﬂ(n mf —600[err]C and a pressure
of 4.5 to 35.5 bars absolute;, . » s =+ and 20 (2) renoving a gaseous
i sonerization product conprising CPCA fromthe reaction zone.

4. Process according to Claim3 wherein the gas hourly space

vel ocity of t hWOP6B64hydrofuran feed is in the 25 range ofPCIOH6RISISO0.
5. Process according to Claim21 which conprises the steps of:

(1) feeding a gaseous m xture conprising 2,3-di hydro- 30 furan and
an inert diluent in a 2,3-DHF:inert di l uent volune ratio of
1:0.01 to 1:10 to a reacti on zone h#¥nfai ned at a tenperature of
300 to 600[err]C and a pressure of 4.5 to 35.5 bars absol ute

g%da 213'dihydbéfgg? 2 ?ZrQﬂHGngSQﬁ&fhéﬁﬂé“?éﬁﬁe?&zgéion produggocéﬁbé¥¥¥%g

PCT/ US96/ 01556 CPCA from the reaction zone.14 - (2)

renovi ng a gaseous isonerization product conprising CPCA from
t he reaction zone.



