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PROCESS FOR THE PREPARATICN CF . 3.4-Dl k : - EPOXYBUTANES FROM
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brom ne w th 3, 4-epoxy-1-butene. Mre speci ficall¥ Claim(sy .t 'i';tj\?é%?ﬂgﬁﬂ"";-----
pertains to the chlorination or ' bron1natlerﬁﬁwﬁgé)egag%'I“bﬂ1@W§ oo,
t he presence of an i nert sol vent ang ac Ephw&h&tann ofal? Réfthe ...
or 10 am ne hydrohal i d&. Titg LIlej”%FCﬁ 7884 o nigraseed of.....
references to -~ - - the preparation of 3,4-dichrors *,°f5ﬁ%?35utane ......................

British Patent 864,880 descrlmg
3,4-dichloro-1, 2- gpngmgi DY . x5
1,3,4-trichlorobutan-Z-o € prepa
3,4-dichl oro-1, 2- epoxybut.ane by the OX|dat|on of

3, 4- di chl or o- 1- but ed&3§ FveRtiea: PErsAips, to whe Ryeparation jof gescri bed

n Britigh Pat gnm-‘d&haﬁw 16}&%90&;;1:8%&%% by the %ehe®ibet cEnErbrHaeKI NS,

[
%'4CE?2L|§?8 105 19595ﬁé%b #hThexgrep%&%Lhe. hbre specifically,

this invention pertains to the chlorimation or
bromination of 3,4-epoxy-1l-butene in the presence of an
inert solvent and a catalytic amount of an amine or

10 amine hydrohalide.

The literature contains a number of references to
the preparation of 3,4-dichloro-1,2-epoxybutane.
British Patent 864,880 describes the synthesis of
3,4-dichloro-1,2-epoxybutane by the dehydrochlorination N

15 of 1,3,4-trichlorobutan-2-oi. The preparation of
3,4-dichloro-1,2-epoxybutane by the oxidation of
3,4-dichloro-1-butene with peracetic or performic acid
is described in British Patent 784,620 and U.S. Patent
3,150,154 and by Hawkins, J. Chem. Soc., 248, (1959).

20 The preparation of 3,4-dichloro-1,2-epoxybutane by the
addition of liquid chlorine to undiluted 3,4-epoxy-1-
butene at -30°C is disclosed by Movsumzade et al., Dokl.
Akad. Nauk. Az. SSR, 30, 14 (1974); Chem. Abstr.
82:86251k (1975).

25 A study of the ionic and free radical halogenation
of 3,4-epoxy-l-butene is reported by Shellhamer et al.,
J. Heterocyclic Chem., 20, 229 (1983) although the
procedures used in this mechanistic study are not
practical for the preparation of 3,4-dichloro-1,2-epoxy-

30 butane on a commercial scale. For example, Shellhamer
et al. performed their reactioms at very low
concentrations and allowed the reactions to proceed to
only 20 to 50% of completion. Furthermore, the products-
were purified by gas chromatography and were described -



addition of liquid chlorine to undil uted 3, 4- epoxy- 1- but ene at
-30[err]C is disclosed by Mvsunzade et al., ‘Dokl. _ Akad. Nauk. Az.
SSR, .30, 14 (1974); Chem Abstr. 82: 86251k (1975). 25 A
study of the ionic and free radical hal ogenation of : '
3, 4-epoxy-|-butene is reported by Shell haner et al., J. Heterocyclic
- Chem-, 20, 229 (1983) .although the _procedures used in this
nmechani stic study are not practi cal for the preparation of .
3, 4-di chl oro-1, 2- epoxy- 30 but ane on a commercial scale. For exanple,
Shel | haner t ' | Ne |0 1 ter
concentrations a%% %F#%ﬁggﬁ%ﬁ%aggéé o%%éfgﬁ%éggé% t%gg t-§)cw$§'§% ?o 50%
of . conpl etion. Feeveza#ipddysthe products were purified by gas
chromat ography -and wesg) d8$£4¢ P88 of 3,4-epoxy-1-butene according to a
-2- _ as being unstable J1quids which turn_light yellow after.
several days. conventional halogenation procedure by "adding a slight
5 stoichiometric excess of chlorine to a 12% solution of
'3,4-epoxy-1¥butene in dichloromethane at -5 to 5°C
produced 3,4-dichloro-1,2-epoxybutane. However, about
50% of the 3,4-epoxy-l-butene was converted to
'high-boiling, oligomeric compounds. When the crude
10 product was distilled, 3,4-dichloro-1,2-epoxybutane was
obtained in a yield of only 6.5%.
It has been discovered that stable 3,4-dichloro-
and 3,4-dibromo-1,2-epoxybutanes may be conveniently
- prepared in good yields and high purity by the reaction
15 of 3,4-epoxy-1-butene and chlorine or bromine in the
presence of a catalytic amount of a tertiary amine or a
hydrohalide of a primary, secondary or tertiary amine.
The present invention therefore provides a process for
the preparation of a compound haviﬁg the formula

20

0
\
céz-ca-gn-crzz-x |

which comprises reacting 3,4-epoxy-1-butene with X, in

30 the presence of a catalytic amount of a tertiary amine
or a hydrohalide of a primary, secondary or tertiary
amine wherein X is Cl or Br; and said hydrochalide is HCl
‘or HBr. The process may be carried out in the presence
of a conventional halogenation solvent.

35 The tertiary amine catalysts include trihydro-
carbylamines containing a total of 3 to 60 carbon atoms,
preferably 6 to 18 carbon atoms, and heteroaromatic
amines containing a total of 5 to 12 carbon atoms such
as unsubstituted and substituted pyridines, quinolines

25
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US-A-5 103 028,di$¢loses the bromnation or 5 chlorination of

 epoxybutene to the correspondi ng di hal ogeno- epoxybut anes wi th brom ne
or chlorine in presence of a quaternary ammoni um or phosphoni um
hal i de as catal yst. : Chl orination of 3, 4-epoxy-1-butene

according to a 10 conventional hal ogenation procedure by adding a slight
st oi cthi onetric excess of chlorine to a 12% ol ution of
3, 4- epoxy-| -butene i'n dichloronethane at 5to 5[err]C pr oduced
3, 4-di chl oro- 1, 2- epoxybut ane. However, about - 50% of the
3, 4- epoxy- 1- but Sagokas rgoaiﬁ%&gda%owaﬂhasléngBga}:pegloeka@%f' c
conpounds When t e cr

4-di chl oro- 1, Qyéyehysmﬂdﬁesa&§509£aphedabove dﬁacalpedlue@tlemyy 6. 5%

't has been di sgayaead thﬁhmﬁlé?' £3sfel pB 8 secondary amin
3, 4-di br onp- 1, 2- epoxybut anes™ na Ee gonve |ent gg prepare |nlgggd

yi el'ds and h|ghaEBrFPvpﬁyngﬁehﬁgaéglBhe genergi Qoﬂmﬁﬁéﬁyilvbuﬁéﬁe(ﬂhd

chlorine gr bromne in the presence of a catalytic anount of a
tertiary amne or a hydr ohal i e of a pri mar /Rsecondary or tertiary
am ne. 10 The present |nveH£N9nR her ef ore praNZdes a process for
\ 5 _
(IV) (V)
wherein each of R3, R* and R® individually is selected
15 from hydrocarbyl groups, preferably aliphatic or

alicyclic hjdrocarbyl groups, e.g., alkyl of up to 20
carbon atoms or cycloalkyl such as cyclohexyl. R* and
R’ collectively may represent an alkylene group, e.g.,
pentamethylene, which with the nitrogen atom to which

20 each is bonded forms a saturated, heterocyclic group,
e.g., piperidine. R?® preferably is alkyl of 4 to 12
carbon atoms and R* and R® preferably are selected from
alkyl of 2 to 12 carbon atoms. Hexylamine, dibutylamine
‘and piperidine are specific examples of the amine

25 components of the amine hydrohalide catalysts which may
be used in our novel process.

When using one of the preferred halogenation
solvents such as a chlorinated hydrocarbon, the
catalysts which are particularly preferred are tri-

30 ethylamine hydrohalide and pyridine hydrohalide. These
specific catalysts are sufficiently soluble in the
preferred halogenation solvents to enable their use in
catalytically-effective amounts and are sufficiently
water soluble to permit their removal by water washing

35 - the 3,4-dihalo-1,2-epoxybutane product. However, it ma&
be possible to utilize the 3,4-dihalo-1,2- epoxybutane
product without the removal of the catalyst. The halide
anion of the amine hydrohalide or pyridine hydrohalide
normally is the same as the halogen X used in the
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25  the preparation of a'conpound havi ng the fornul a

2a whi ch conprises reacting 3, 4-epoxy-l-butene with X2 in - the
presence of a catalytic anmount of a tertiary amne ~or a hydrohalide
of a primary, secondary or tertiary anm ne wherein X.is O or Br; and
said hydrohalide is HC1 5 or HBr. The process may be carried out -in the
presénce of a conventional hal ogenatign sol vent. . The
tertiary am ne catal ysts include trihydro- car byl am nes cont ai ni ng a

total of 3 to 60 carbon atons,
process. The catalytically-effective amount of the

catalyst compound typically is in the range of 0.001 to
0.1 mole of catalyst per mole of 3,4-epoxy-1-butene,

_ _ The organic, halogenation solvent normally used in

5 - the process of the present invention may be selected
from various aliphatic, cycloaliphatic, aromatic
hydrocarbons and halogenated derivatives thereof.
Halogenated hydrocarbons[ such as chlorinated alkanes
and halobenzenes, e.g., dichloromethane, chloroform,

10 carbon tetrachloride, 1,2-dichloroethane, tetrachloro-
ethylene, 1,1,1-trichloroethane, chlorobenzene and the
isomers of di- and trichlorobenzene, are preferred since
the use of non-halogenated hydrocarbons may result in
product of lower quality and/or halogenation of the

15 solvent. The use of catalyst/solvent combinations
'comprising (1) triethylamine hydrochloride or bromide
with dichloromethané and (2) pyridine hydrochloride or
bromide with dichloromethane is particularly preferred.

The halogenation process in general may be carried

20 out at a temperatufe of . -10 to 70°C. When
3,4-epoxy-1l-butene is chlorinated according to our
invention, a reaction temperature of -10 to 20°C is
preferred whereas a range of 20 to 50°C is preferred for

. bromination. ' _ ' .

25 A preferred embodiment of the present invention

| concerns the addition of 3,4-epoxy-l-butene to a
solution of chlorine or bromine and a catalyst in an
organic, halogenation solvent. At the commencement of
the operation of the process, the halogenation solvent

30 contains dissolved chlorine or'bromine. Then chlorine
or bromine and 3,4-epoxy-l-butene are added at rates or
in increments which maintain dissolved chlorine or |
bromine in the reaction mixture. At the end of a
production run or cycle, the addition of chlorine or



preferably 6 to 18 car bon at ons, and heteroaronatiC' 10 . anines cohtaining
a total of 5 to 12 carbon atonms such ©as unsubstituted and substituted
pyr.i di nes, qui nolines 15 _ 20 25 ' : : -

-6 -

bromine is stopped and 3,4-epoxy-l-butene may be added
to consume all of the unreacted halogen. Alternatively
unreacted halogen may be removed by distillation or by
washing with an aqueous inorganic reducing agent (e.g.,
5 sodium thiosulfate or sodium bisulfite).
' The preferred embodiment described hereinabove

compriseé a process for the preparation of a compound'
having the formula

10
0, . _
choNea- & cu -x

which comprises adding 3,4-epoxy-l-butene and X, to a

solution of X, and a tertiary amine hydrohalide or

pyridine hydrohalide in a chlorinated alkane solvent.

The 3,4-epoxy-l-butene and halogen X, may be added

20 simultaneously or alternmately, continuously or
intermittently to always maintain dissolved halogen in
the reaction during the process time. The presence of
dissolved halogen is evident from the color of the
reaction mixture: a light green for chlorine and a

25 light’ orange for bromine. At the conclusion of the

process, the mixture is given an aqueous work-up to

remove catalyst and excess halogen.

15

_ The halogenation process of the present invention
30 is further illustrated by the following examples. Gas
' chromatographic (GC) analyses (reported in area-percent)
were performed on a Hewlett-Packard 5890A gas
chromatograph with a 30 meter, DBS, 0.32 mm
inside-diameter, capillary column with a 0.25 micron
35 . film thickness. The temperature program was 35°C (4.5
minutes), 20°C per minute to 280°C, hold 5 minutes. The



and isoquiholihes As is apparent to those skilled in- o the art, the

particular tertiary am ne or am ne hydr ohal i de enpl oyed shoul d be
stable to chlorine and - bromine and exhibit sufficient solubility in
"t he 5 ‘particul ar hal ogenation solvent used to effectively

catal yze the hal ogenation reaction. Exanples of the tertiary am ne
catal ysts include conpounds havi ng the 7 . general fornulas: [err]
wherein each Rlerr] and R err] |nd|V|duaIIy is a hydrocarbyl group,

preferably aliphatic or alicyclic hydrocar byl
structures of the products obtained were confirmed by

‘nuclear magnetic and mass spectrometry.

ngMELE 1
5 A 500-mL, four-neck, round-bottom flask was
equipped with a gas addltlon tube, condenser, thermo-
couple, mechanical stirrer, addition funnel, and a
~ cooling bath. To the flask was added 3.47 g (0.0300
.mole) of pyridine hydrochloride and 200 mL of dichloro-
10 methane. The solution was cooled to -5 to 5°C then the
' chlorine gas addition was begun. After the solution had
turned light green, 3,4-epoxy-l-butene and chlorine were
added simultaneously over about one hour at -5 to 5°C.
Forty milliliters of 3,4-epoxy-l-butene were added
15 dropwise and the chlorine addition was controlled so as
to keep the reaction solution green in color. After the
3,4-epoxy-1l-butene had beeﬁ_added, the chlorine addition
was stopped and more 3,4-epoxy-l-butene was added as
needed to decolorize the solution. A total of 48.6 g
- 20 . (0.685 mole) of chlorine and 41.6 g (0.524 mole) of
3,4-epoxy-l1-butene was added. The mixture was washed
three times with 100 mL of water. The mixture was dried
with anhydrous magnesium sulfate, filtered, and the
solvent was removed from the filtrate by vacuum rotary'
25 evaporation (ﬁp to about 35°C and about 30 torr). The
crude, colorless product (97.2 g) was vacuum distilled
at 7 torr to give 3,4-dichloro-1,2-epoxybutane at 58-
61°C. The colorless liquid weighed €7.97 g (theory
83.69 g, 81. 2%) and had a GC assay of 99.7% (51 6/48.4
‘30 mixture of diastereomers).

EXAMPLE 2
A 500-mL, four-neck, round-bottom flask was
equipped with a gas addition tube, condenser, thermo-
___________~____‘_~‘_
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20 group,

 e.g., aIkyI of up to 20 carbon atoms or ~ cycl oal kyl

such as cyclohexyl, nis 0, 1 or 2, and X and Y are selected fromN
and CH provi ded that X and Y are . different. Two R err] substituents
col'l ectively may represent an al kyl ene group, e.g., pentanethylene,
whi ch 25 with the nitrogen atomto which each is bonded forns a
sat-urated, heterocyclic group, e.g., an N- al kyl pi peri - di ne. Each
R err] preferably is selected fron1a|ky|<% 2 to 6 carbon atons or 2
Rl err] substituents collectively. r epr esent pentanethylene. Each R2

preferably is
car bon

and N—nethylpipadiaunaegrélspécgfeeneXAWﬁFepOUY 1- buteneran9dcb&arbyeanine
catal ysts. EX@QPEeédBEdtF?mult?neoﬂgi228989”§?b?taaggehﬁﬁka£¥st ggcl ude

pyridi-ne, isoner

i soqui nol i ne,

P, crIBESERodaby I RYBR b8 beqind - aBtEK oL Ui hBitn

i ne i ne ui nol'i ne,
8Re- aIE?FEYrPEl%éthQFGrgg dudhepaxynd- bUtenchﬁﬁéréﬂﬁP

m xture known asgo %Qbuéhagtﬁértﬂ.}l]??me addltlon was aahagomyéaosal s4e

catal ysts may be he

o
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25

30

eep the rethlon so utlon greén in color.
3,4-epoxy- 1-butene had been added, the chlorine addition
was stopped and more 3,4-epoxy-l-butene was added as .
needed to decolorize the solution. A total of 41.4 g
(0.584 mole) of chlorine and 36.1 g (0.515 mole) of
3,4-epoxy-l-butene was added. The mixture was washed
with 100 mL of 0.5% agqueous hydrochloric acid, 100 mL of
water, and 100 mL of aqueous sodium bicarbonate (50 mL
of saturated aqueous sodium bicarbonate plus 50 mL of
water). The mixture was dried with anhydrous magnesium
sulfate, filtered, and the solvent was removed from the
filtrate by vacuum rotary evaporation (up to about 35°C
and about 30 torr). The crude, light-yellow product
(97.6 g) was vacuum distilled at 7 torr to give
3,4-dichloro-1,2-epoxybutane at 57-61°C. The colorless
liquid weighed 49.35 g (theory 72.62 g, 68.0%) and had a

GC assay of 98.1%.

EXAMPLE 4 )

A 500-mL, four-neck, round-bottom flask was
equipped with a gas addition tube, condenser, thermo-
couple, mechanical stirrer, addition funnel, and a

cooling bath. To the flask was added 3.1 g (0.031 mole)

of triethylamine and 200 mL of dichloromethane. The
solution was cooled to -5 to 5°C then the chlorine gas
addition was begun. After the solution had turned light
green, 3,4-epoxy-l-butene and chlorine were added '
simultaneously over about one hour at -5 to 5°C. Forty
milliliters of 3,4-epoxy-l-butene were added dropwise

P
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-4- - secondary'anines as - well as the hydrochloride and R
hydrobrcm de salts of the above-described tertiary am nes. Exanpl es

- of such primary and secondary am nes are conpounds having the general
formulas (1V) and (V): 5 10 wherein each of Rerr], R4 and
Rlerr] individually is selected 15 from hydrocar byl groups, preferably
al i phatic or : alicyclic hydrocarbyl_gieups, e.g., alkyl of up to 20
carbon atons or cycloal kyl such as cycl ohexyl. R4 and - Rl err]
collectively may represent an al kyl ene group, e.g., . . pent anet ayl ene,
which with the dndresencRiomid dMULicd was Céshrisi Ryl d9reE ep
saturated, heterocyclic g., piperidine. R err] preferably

group,. . e.
is alkyl of 4 t%hqzreactlogﬁq}&p:&grb@rm R eFP10Bnd AET TR eferabl y are
sel ected from 3,4-epdky!l Buted® Hall WdONaddEdF  tHI XU Ie &ddik yéaNi ne

C |

and Biper! 4 ne S 205ShL KBS O LIS AT T 25 RO PRSI 5, O L1
When usi r§ one méedéxt o ederckarimd agenadodution. Hdotml &:_ﬁu?h. Gisg.a
SPL? (ralr ngegr gy? Wcéég%lée)[] ﬁ%ﬁ acrﬁlnoe%%l}%%%ﬁ%\g'ﬁd%’%’%%éef%yzééﬁal | de.
These . 3,4-epoxy-1-butene was added. The mixture was washed
twice with 100 mL of 5% aqueous hydrochlorid-acid, then
once with 100 mL of aqueous sodium bicarbonate (50 mL of
10 saturated aqueous sodium bicarbonate plus 50 mL of
water). The mixture was dried with anhydrous magnesium
sulfate, filtered, and the solvent was removed from the
filtrate by vacuum rotary evaporation (up to about 35°C
and about 30 torr). The crude, yellow product (97.7 g)
15 was vacuum distilled at 7-8 torr to give 3,4-dichloro-
1,2-epoxybutane at 57-62°C. The colorless liquid
weighed 52.97 g (theory 81.47 g, 65.0 %) and had a GC

assay of 97.9%.

20 EXAMPLE 5
A 500-mL, four-neck, round-bottom flask was
equipped with a gas addition tube, condenser, thermo-
couple, mechanical stirrer, addition funnel, and a
_ cooling bath. To the flask was added 2.8 g (0.030 mole)
25 of denaturing pyridine and 200 mL of dichloromethane.
The solution was cooled to -5 to 5°C then the chlorine
gas addition was begun. After the solution had turned
"light green, 3,4-epoxy-1l-butene and chlorine were added
simultaneously over about one hour at -5 to 5°C. Forty
30 ‘milliliters of 3,4-epoxy-l-butene were added dropwise
| and the chlorine addition was controlled so as to-keep
‘the reaction solution green in color. After the
3,4-epoxy-1l-butene had been added, the chloripe'addition
was stopped and more 3,4-epoxy-1lbu£ene was added as
[



specific catalysts'are sufficiently soluble in the -~ preferred

‘hal ogenation solvents to enable their use in catal ytically-effective
anounts and are sufficiently wat er soluble to permt their- renoval by
wat er washi ng 35 t he 3, 4-di hal o-1, 2- epoxybut ane product. However, it
may be possible to utilize the 3, 4-dihal o-1, 2- epoxybut ane

product w thout the renoval of the catalysHJ_The halrde ' ani on of the
ami ne hydrohal i de or pyridine hydrohalide nornally is the sane as the
hal ogen X used in the - -6-

bromne is stop ad

all of the unre%ﬁ ?% 1ezrega‘£thl%n%dﬁ(:1% gx‘rar(rtgatca’tlec?%aé\boge may be

renoved by distil{@ eﬁﬁ%ﬁﬂ@}ebwf chlormramb 34 -t4h Sl CadPdo e lieNorafani c
reduci ng agent (£, 4Leposy-1-RAtEddMY %&é@t e e $RUtHPDIwed fidshea

The preferred enbodrnent descrrbed hererna ove conpri ses, a process
for the preparatfOHoWwiR My oL 5% aguequsy ke qq:?rlr?{ﬂ acid, ‘twice
5 with 100 mL of aqueous sodium bicarbonate (50 mL of

saturated aqueous sodium bicarbonate plus 50 mL of
water), and 100 mL of water. The mixture was dried with
Iahhydrous magnesium sulfate, filtered, and the solvent
was removed from the filtrate by vacuum rotary

10 evaporation (up to about 35°C and about 30 torr). The _
crude, yellow product (92.93 g) was vacuum distilled at
7 torr to give 3,4-dichlofo-1,2—epoxybutane at 59-61°C.
The colorless liquid weighed 53.51 g (theory 75.24 g,
71.1%) and had a GC assay of 98.9%.

15 '
COMPARATIVE EXAMPLE 1

To a 500-mL, four-neck, round-hottom flask equipped

with a gas addition tube, condenser, thermometer,
mechanical stirrer; and cooling bath was added 200 mL of

20 - dichioromethane and 34.8 g (0.497 mole) of 3,4-epoxy-1-
‘butene. The solution was cooled to -5 to 5°C and then
the addition of chlorine gas was begun. Chlorine
(41.6 g, 0.587 mole) was added at -5 to 5°C until the
solution turned green. The mixture was washed with 100

25 mL of 10% aqueous sodium thiosulfate and 100 mL of
aqueous sodium bicarbonate (50 mlL of saturated agueous
sodium bicarbonate plus 50 mL of water). The mixture
was dried with anhYdrous magnesium sulfate, filtered,
and the solvent was removed from the filtrate by vacuum

30 rotary evaporation (up to about 35°C and about 30 torr).

' The crude product was distilled at 7 torr to give a

3,4-dichloro-1,2-epoxybutane product fraction at
50-64°C. The product weighed 4.57 g (theory 70.0 g,
6.53%) and had a GC assay of 89.1%. '
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[err] 15 whi ch conpri ses -adding 3, 4-epoxy-1l-butene and X2 to a
solution of X2 and a tertiary am ne hydrohalide or pyri di ne
hydrohal i de in a chlorinated al kane sol vent. The 3, 4-epoxy-| -butene
and hal ogen X2 may be added 20 ‘simul.taneously or alternately,
conti nuously or intermttently to always maintain dissol ved hal ogen
in- the reaction during the process %iqe. The presence of
di ssol ved hal ogen is evident fromthe col 8F of the : reaction m xture:
a light green for chlorine and a 25 | i ght orange for brom ne. At the
concl usi on of TTVR the m xture is given an agueous work-up to
~ renove cat al ysI. - The hal ogenati on process
of the present inveA®i 8n580-mL,| §ongrna§k.|rpu§dr§p§§omyfga§kfsquémpﬁg

exanples. (Gasyjith a gaéoaaaeaaaahtﬁbeGChoaaahgaes Ehéﬁﬂbh@@ek”
ar ea- per cent) er e rformed on.a, Hew ett- packard 589QA gas

chr omat ogr aph WFFﬁa§1§GlnﬁFéFreBBSadélﬁéoﬁnfunne '|ﬁ§ﬁd§98F&H€t§Fth
capi |l arg col ugaswatbed Qoa5mm BE0AighlorometAahbi. ckragssoltbechewasr at ure

progr am vas 35(ertlg (455 ¢ 5of 04h°Ehen0he’ theoREheLAY! SabQ: 289071 C

was begun. After the solution had turned light green,
40 g (0.56 mole) of chlorine and 34.8 g (0.497 mole) of
3,4-epoxy-1l-butene were added simultaneously over about
10 60 minutes at -5 to 5°C so as to keep the solution green
in color. The mixture was washed with 100 mL of 10%
| aqueous sodium thiosulfate and 100 ml: of agqueous sodium
“bicarbonate (50 mL of saturated aqueous sodium
- bicarbonate plus 50 mL of water). The mixture was dried
15 with anhydrous magnesium sulfate, filtered, and the
solvent was removed from the filtrate by vacuum rotary
evaporation (up to about 35°C and about 30 torr). The
crude, colorless product was distilled at 7 torr to give
a 3,4-dichloro-1,2-epoxybutane product fraction at
20 58-61°C. The colorless liquid weighed 22.3 g (31.9%)
:and had a GC assay of 98.0%.

The advantages afforded by the process of the present

invention are shown in the Table wherein the results

25  obtained in Examples 1 and 2 and Comparative Examples 1
and 2 are summarized. In the Table, the "ADDITION MODE"
column entries refer to (i) the addition of chlorine to
a mixture of 3,4-epoxy-l-butene, catalyst and solvent
("Normal®) or (ii) the simultaneous addition of chlorine

30 and 3,4-epoxy-l-butene to a mixture of chlorine,
catalyst and solvent ("Inverse"); the "CATALYST" column
gives the chloripmation catalyst, if any (Et;N=triethyl-
amine); the "CRUDE ASSAY" column gives the GC area
percent, disregarding solvent, of the crude prpduct

\
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- 7- ‘EXAVPLE 1 A 500-nL,.four¥neck, round-bottom fl ask was

~_equi pped ‘With a gas addition tube, condenser, thernocouple,’
nmechani cal stirrer, addition funnel, and a cooling bath. 5 To the fl ask
was added 3.47 g (0.0300 nole) of pyridine hydr ochl ori de and 200 ni of
di chl oronet hane. The sol ution mas'cooled-to 5 to 5[err]C then the
chl'ori.ne gas addi ti on was begun. ir the solution had turned |ight
.green, 3,4-eépoxy-I|-butene and chlorine wet® added 10 si mul t aneously over -
about one hour at 5 to 5[err]C  Forty mlliliters of
3, 4-epoxy-1-b fiﬁi éﬁf% e .tion was
controll ed souéi ovﬁee Mﬁ%?& |%1rlles 'il'%%ﬁcj#een I'n g%?iﬁMAfter

the 3, 4- EHRE - ¢h¢m%memwigkdm ofidbt - Hehlerar] R SRRFYPUERRRIS
' : after distillation based on the theoretical amount

obtainable from the 3,4-epoxy-1-butene used.

5 .
TABLE
ADDITION - CRUDE DISTILLED
. E LE MODE _CATALYST ASSAY YIELD
10 1 - Inverse Pyridine-HCl 98.7 81.2
2 Inverse - Et,;N-HC1 92.0 . 86.6
c-1 Normal None 50.3 6.5
Cc-2 Inverse None ~ 68.3 31.9
15 ‘The invention has been described in detail with
particular reference to preferred embodiments thereof,
but it will be understood that variations and
modifications can be effected within the spirit and
scope of the invention.
20 '
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15 stopped and nore 3, 4-epoxy-1-butene was added as needed to
dec0L9L¢szin%£;¥;ﬁ#;;l_ A total of 48.6.g (0.685 nol e) -of chlorine
and. 41.6 g (O of 3, 4- epoxy- 1-but ene was added. The m xture

ﬂ”ﬂﬁ ‘wWith 100 nL of water. The ni xture was dried _
mnth Eaibgnesiun1sulfate filtered, and the sol vent was
S| a

renoved ffonﬁthe te by vacuumrotary, . evaporation (up to about
35[err] C and about 3990 Pa (30 .torr)). The crude, colorless product
(97.2 g) was vacuumdistilled at 931 Pa (7 torr) to give 3,4- 25
'dichloro-1,2-epoxybutane at 58- 6lferr] e e col orl ess l'iquid
wei ghed 67. 97 8%# eoré 83.69 g, 81.2% an ad a GC assay of 99. 7%
(51.6/48.4 m x | astereomners). :
- 8- 1. Process for the preparation of a compound having
the formula
5 _
- ,0
\
10 Céz-CH-zH-CHz—x
which comprises reacting 3,4-epoxy-l-butene and X, in
the presence of a catalytic amount of a tertiary amine
15 “or a hydrohalide of a primary, secondary or tertiary
amine wherein X is Cl1 or Br and said hydrohalide is HCl
or HBr.
2. Process according to Claim 1 for the preparatlon of
20 a compound hav1ng the formula
' o 1l
25 ' CAZSCH-gH-CHZ-Cl

which comprises reacting 3,4-epoxy-l-butene and Cl, at a
30 . temperature of -10 to 70°C in the presence of a )
catalytic amount of a tertiary amine or a hydrohalide of
a primary, secondary or tertiary amine wherein the
primary, secondary or tertiary amine has the general

_ formula:
35 Rl °
1 2 « \g
40 R™-- 1 (R )n"§ o - "!"‘ ;
>N/

45 | 4

| 3 e

_ , H.N--R or HN:
50 2 _ \\ 5
R

wherein each of R!, R?, R3®, R* and R® is selected from
hydrocarbyl groups, 2 R! substituents and R* and RS

55 collectively represent an alkylene group which with the
nitrogen atom to which each is bonded forms a saturated,

Sheet Has Been Re laced : e
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EXAMPLE 2 | A 500-nl, four-neck, round-bottomflask was equi pped

with a gas additien—tube;—condenser, thernocouple, . - mechani cal
stirrer, addition and a cooling bath. 5. To the flask was added
4.13 ¢ (Mﬂuwgﬂgm“\ triethylam ne hydrochl oride and 200 ni of

di chloro «{tion was cooled to 5 to 5[err]C - t hen the
chl orine dhscadaition was. begun. ‘After the solution had turned |ight
green, 3, 4-epoxy-1-butene and 10 chl orinetswer e added si mul taneously over
about one hour at 5to 5[err]C Forty milliliters of

3, 4- epoxy- | - but ene wer e added dropw se_and the chlorine addition was

controlled so adetPIRHFLife MR ARG Ad Y AR Pelected fxom ¥ ang ¢ er
‘the 3, 4-epoxy- l-dutrarsrihsl geit atidasi  Rere biff@idmtj ne addition was
stopped and nore 3, 4-epoxy-1- but ene was added as needed to
decolorize the sol ution.

3. Process according to Claim 2 wherein the process is

S carried out at a temperature of -10 to 20°C in the
presence of a sbivent selected from chlorinated
hydrocarbons and a catalytic amount of a hydrochloride
of a tertiary amine having the general formula:

10 1 &\
_Rl-- or (Rz)n---§ !
15 1 »N/
wherein each R? is selected from alkyl of 2 to 6 carbon
atoms, R? is methyl and n is 0, 1 or 2.

20 4. Process according to Claim 3 wherein the tertiary
amine is triethylamine or pyridine and the solvent is
dichloromethane.

5. Process for the preparation of a compound having
25 the formula
_ | 0
30 CéZXCH-gﬂ-CHZ-X
' which comprises adding 3,4-epoxy-l-butene and X, to a

- 35 solution of X, and a catalytic amount of a tertiary
amine or a hydrohalide of a primary, secondary or
tertiary amine wherein X is Cl1 or Br and said
hydrochalide is HCl or HBr. '

40.' 6. Process for the preparation of a compound having
the formula . '
' . 40 1 - '
45 cé23cn-gn-cnz-c1

This Sheet Has Been Reﬂlaced
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A total of 38.5 g (0.543 nole) of chlorine and 34.8 g (0. 497 nDIe) of
3 4-e utene was added. The m xture was washed with 100 nL of

. 5% aq m‘mllllchl oric acid, 100 nmL of water, and 100 ni of
aqueous mu “U rbonate (50 nL of saturated aqueous sodi um
bi car bon plus 30 AL Of water). The nixture was dried W th

anhydr ous magnesi um sul f at e, flltered, a t-he sol vent was renoved

fromthe filtrate by vacuum rotary 25 . é&Vaporation (up to about 35[err]C
and about 3990 Pa (30 torr)). The crude, colorless product (85.93 g)

\é\?ihl or o- 1vgcgg’gﬂx%ut ané at 8%%1%% %Cé%# ol oﬁ“\{:%n% a3 Clz to a
: solution of Cl, and a catalytic amount of a tertiary
amine or a hydrohalide of a primary, ‘secondary or
tertiary amine in.an organic, halogenation solvent at a
5 .temperature of -10 to 70°C wherein X is Cl or Br; and
said hydrohalide is HC1l or HBr.

7. Process according to Claim 6 wherein the process is
carried out at a temperature of -10 to 20°C and in the
100 @ presence of a solvent selected from chlorinated
hydrocarbons and a catalytic amount of a hydrochloride
- of a tertiary amine having the general formula:

1
12 rl-. L or (Rz)n--fiz >!
20
wherein each R! is selected from alkyl of 2 to 6 carbon
atoms, R? is methyl and n is 0, 1 or 2.
8. Process according to Claim 7 wherein the tertiary
25 amine is triethylamine or pyridine and the solvent is
dichloromethane. |
i .
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. 9- l.iquid meighed'60.6 (theory 70. 0 g, ~86.6% and had a cC

assay of 99.6% EXAVPLE 3 B:. '“ A"500-m:; - f our-neck, round-bottom
flask was equi pped with a gas addltlon t ube, condenser, thernocoupl e,
mechani cal stirrer, addition funnel, and a cooling bath. To the flask
was added 5.0 g (0.030 nol e) of di butyl am ne hydrochl oride and 200 nL
of -di chl oro- -met hane. The sol ution was cool ed to [err]5 to 5[err]C

5 rThe Were
si mul t ane out err]5 to 5[err]C. Forty
mlliliters of 3,4-epoxy-1-butene mere£5§@£69115 dropwi se and the:
chl orine addition waisemagéelhgdaspreeess fortehhepﬁepafateeﬁtbﬁn sol uti on
green in color Afé &
chloro- and 3,4-dibromo-1,2-epoxybutane by the
reaction of 3,4-epoxy-l-butene with chlorine or bromine
5 in the presence of a catalytic amount of a tertiary
amine or a hydrohalide of a primary, secondary or

and t hen the chlgrl 9 Lt Y| CONPR: § tfﬂ bRy SOTAE
had turne :§§§§§9§§3e E3} % gﬁgg@ g bﬁ?nﬁ inﬁ gﬁ? E %dpﬁou

tertiary amine. The reaction preferably is carried out
'by the addition of 3,4-epoxy-l-butene and chlorine or
bromine to an organic, halogenation solvent containing

10 chlorine or bromine and tertiary amine or amine
hydrohalide catalyst.



IBY AT 30 SHERT -3, Ifos
3.4- epox Rﬁmﬁﬁféné"w L added, the chlorine addition ‘uv\ggz gtopped
and nore 3,4-epoxg-1-buta was added as needed to decolorize the
sol ution] A t3:nPEBM998: . 20 (0.584 nole) of chlorine and 36.1 ¢
(0.515 | ¢) of 3, 4- epoxy-1-but ene was added. The m xture was washed
W th [00 nlL of 0.5% aueous hydrochl oriz- acid, 100 niL of wat er,
and 100 : Liim bi carbonate (50 nL of saturated aqueous

sodi um bi car bonat e plus 50 nL of 25 water). The mxture was dried with ..

anhydrous nagnesisilbeing wisstdlole, 1{dhids ephiddetie BRYNENe 1BSw! £FPNLd

fromthe
- 10_

10

15

20

25

30

filtrate by vacuumrotary evaporation (up to about 35[err]C
andBRKAL Pa (30 torr)). The crude, |ight-yellow

US-A-5 103 028 discloses the bromination or
chlorination of epoxybutene to the corresponding
dihalogeno-epoxybutanes with bromine or chlorine in

presence of a quaternary ammonium or phosphonium halide
as catalyst. ,

Chlorination of 5,4—epoxy—1-butene according to a
conventional halogenation procedure by adding a slight
stoichiometric excess of chlorine to a 12% solution of
3,4-epoky-1—butene in dichloromethane at "5 to 5°C
produced 3,4-dichloro-1,2-epoxybutane. However, about
50% of ﬁhe 3,4-epoxy-1l-butene was converted to high-
boiling,'oligomeric compounds. When the crude product
was distilled, 3,4-dichloro-1,2-epoxybutane was obtained
in a yield of only 6'5%'. _

It.has been discovefed that stable 3,4-dichloro- and
3,4-dibromo-1,2;epoxybutanes may be conveniently
prepared in good yields and high purity by the readtion
of 3,4-epoxy-l-butene and chlorine or bromine in the
presence of a catalytic amount of a tertiary amine or a
hydrohalide of a primary, secondary or tertiary amine.
The present invention therefore provides a process for

the preparation of a compound having the formula

1(IO\ i ' REPLACEMENT SHEI‘*E"%‘;S;,_,_B' 3.

CH,-CH-CH-CH,-X | H Description : paged 2.'i0 paged .....
: B Claim(s) :paged .!X to paged.Y.
1 Drawing(s) : paged ..... to .paged .....
{3 Abstract  :paged....to paged.....




2 f""ﬁ‘vacmtj,lr'\ distilled at 931 Pa (7 torr) to give

product (9 7 _
3, 4- di chljorfo- 1 xybu aje at 57-61[err]C. The colorless liquid
wei ghed 49. 352 E 4998 12162 g, 68.0% 5. and had a GC assay of 98. 1%
EXAMPLE A 500-m{, jf our - neck, round-bottom flask was equi pped

wWth a gfs additio 7 fondenser, tdernocoupl e, 10  mechani cal
stirrer, wadeition funnel, Bnd a cooling bath.: To the flask was
added 3.1 g (0.031 nole)y © triethylam ne and 200 nL of

di chl ororrethane The solution was cooled to [err]5 to 5[err]C then
the chlori ne gawhich compadisesorresas ing) . 4ﬁp<z;cy-thebtsmmimhtha1§2 tim ned
i and chl orine.were ad

| i ght 15 ar en 3 4- (3%:])? 1- buten]‘y ed
si mul t aneousl y héurcahalytis ﬁfﬁmfc oﬁ;d?tg,ertlavy amine
mililiters of %%ae@ﬂ?@fdhaﬁ%cfé‘ &Y &Adeled, d é@:‘!&é&ar% or t@pfik

chlorine addition was “controlled so as to keep e reaction Solution
green in col or. afAfiner wheeredml-X il epEay; lamditsaicd Hayidbekal addefls HOR
chl orine addition was st opped and nore 3, 4-epoxy- 1- butene was added

as needed ° % &RFecolTIs RFIIRSS IR i M. C%Flf’o?%lo’tﬁ ?413: hg pyegence
mol e) of chloring %”%o%émt%.ér@als@ai@é&a@{o&’éof@é’&’. |

The tertiary amine catalysts include trihydro-
éarbylamines containing a total of 3 to 60 carbon atoms,
preferably 6 to 18 carbon atoms, and heterocaromatic

10 amines containing a total of 5 to 12 carbon atoms such

as unsubstituted and substituted pyridines, quinolines

15

20

25



"=-but e
agueous f
_bi car
mL of :
sul f at.

_n1xture was washed twice with 25 100 nL of 5%
=3cijd, then once with 100 nmL of aqueous sodi um
urat ed aqueous sodi um bi carbonate plus 50

m xture was-dried wth anhydrous nagnesi um
filtered, and the solvent was renoved from

the filtrate -

s e e 0

about IesErERRE

was vacuumdistilled at 931-1064 Pa (7 8 torr) to give

acuumrotary evapgration (up to about 35[err]C and

torr)). The crude; yellow product (97.7 @)
5

3, 4-di chl oro- kuﬁ&epgxy@y&ggg at 57 rd The col orl ess l'iquid
G theory 81 47" E, y '% ‘J"%oah%'b‘ to thosg gjciiiedyinf

wei ghed 52. 97

97. 9%

20

30

35

pa.Z':lCLla.u -ert"a.*'y amine or amine

hyurona’*an employed should be stable to chlorine and

broemine and exnibic sufficient SOlLblllty in the

particular halogenation solven: used to effactively

catalyze the halogenation *eactlon Examples of the
- L.

te

rtiary amine catalysts include compounds having the
general formulas:

3
1] -
oy, @~ ). @ —E
R~ SN 4
(1) (x1) (1z1)

wnerein sach R* and Rr? individually is a hydrocarsyl

UD, preferably aliphatic or al icyclic hydrocarbyl.

group, 2.g., alkyl of UD T0 20 carbon atoms or
1 2 a

S cyclohexyl, n is 0, 1 or 2, and X and

are sgeliectad fro om N and CE provided thar X and Y are

differenc. Two R: tit
nc. Two RE substituentcs collectively may

represenc A o ]
=0T e an alkylene group, e.g., pentamethylene, which
with the nitrogen atom to which each is bonded forms a
sacurated, hetgrocyclic group, e.g., an N- -alkylpiperi
ina 7 L o I o
dine. Each R prererably is selected from alkyl of 2 to

6 carbon 3

1
omS or 2 R substituencs collectively

c
represenc pentamethylene. Zach R2 preferably is
= L34 - he
selected £
4 from lower a1ky €.9., alkyl of up to 4 carbon

- whm. -am 1
’ [ n

me:hv’clnerldznﬂ &re specific examples of

trzhya: carbylamirne catalysts. Examples of the
= n -— : - 4 ) )
heceroaromatic amine catalysts include pyridine, isomers
byridine, i r

h

o]

Picoline, isomers of lutidine, quinoline
- -t - ?

isoquinoline, and alkylpyridine mixtures such as tn°l
commercial mixcure known as dena:ur*ng pyridine

The amine hydrohalide ca Calysts may be the

hydrochlozides and hyarobromides of primary and



GBS AfTRA T At , - :
JEXAM f‘____‘%_gvﬁ}}iﬂgi MAEETIA 500-nL, four-neck, round-bottom flask was equi pped -
"-withf af gas addi {167}t yoe, condenser, thernocouple, nmechani cal o
stirfel, 2288RA wygf Unrjel , and a cool i ng bat h. . To the flask was added
2.8 (0.030 nol e f jdenaturing pyridi ne and 200 nL of
di chl or Ooffettrerre: ol ution 15 was cooled to [err]5 to 5[err]C then
t he rine gas addi i on was begun. After the solution had turned
| i ght green, 3, 4- epoxy- 1- but ene ahd chl ori ne were added
- simul taneously over about one hour at [err]5 to 5[err]C Forty
mlliliters of 3.4:epoxy-1-butene e_added dr aopw + 20 and t he
chl orine addisﬁ""tﬁ‘fl% i c%fﬂ%%ﬁ 23 ‘g%f%saﬁog%&eﬂyarcél or.tcﬁ% F¥hction

sol uti on gredrydrohrtmide ASdbtstbg 8hd- above-desepuibedl -teteierthad been

added, the chlarjne addjt] was - e . .
S opoxy 1 AT ool such prikdR R L dittary anined ui on.
A total of 3%r® cdriopdiXis h&6ingnbhe) gefhechloficomandag TV @rd. 884: nol e)

of 3,43epoxy- 1- but ene was added. The hixgyre was washed twice with
100 mL"of 5% aqueous hydrochloric acid, tw ce w,®i 100 mL of
aqueous sodiun1bicarbonateH(§Q_§i of saturatgg// :
10 2 .5
R
(IV) o’ (V)

‘wherein sach of R?, R* and R® individually is selected
15 from hydrocarbyl groups, preferably aliphatic or
alicyclic hydrocarbyl groups, e.g., alkyl of up to 20
carbon atoms or cycloalkyl such as cyclohexyl. R* and
RS cdllec:ively may represent an alkylene group, e.g.,
pentamethylene, which with the nitrogen atom to which
20 each is bonded forms a saturated, heterocyclic group,
e.g., piperidine. R3? preferably is alkyl of 4 to 12

g
a

carbon atoms and R* and RS preferably are selected from
alkyl of 2 to 12 carbon atoms. Hexylamine, dibutylamine
and piperidine are specific examples of the amine

25 .compcnents of the amine hydrohalide catalysts which may
be used in our novel process. : -

When using one of the preferred halogenation
solvents such as a chlorinated hydrocarbon, the
catalysts which are particularly preferred are tri-

30 ethylamine hydrohalide and pyridine hydrohalide. These
specific catalysts are sufficiently soluble in the
preferred halogenation solvents to enable their use in
catalytically-effective amounts and are sufficiently
water soluble to permit their removal by water washing

35 the 3,4-dihalo-1,2-epoxybutane product. However, it may
be possible to utilize the 3,4-dihalo-1,2-epoxybutane
product without the removal of the catalyst. The halide
anion of the amine hydrohalide or pyridine hydrchalide
normally is the same as the halogen X used in the



I um bi carbonate plus 50 nL of water), and 100

hL of was dried wi th anhydrous magnesi um sul f at e,
fllter- was.;r enoved fromthe filtrate by vacuum
rotaryt eya 5~ about 35[err]C and about 3990 Pa (30 torr)).
The crhde pbr oduct (92.93 g) was vacuumdistilled at 931 Pa
(7 torg) to give 3,4-dichl oro-1, 2-epoxybutane at 59- 6l[err] C. The

col or | dse=garT v el g 53.51 g (theory 75.24 g, 71.19% and had a GC |

assay of 98.9% EﬂﬂE_l

A 500-mL, four-neck, round-bottom flask was equipped
with a gas addition tube, condenser, thérmocouple,
mechanical stirrer, addition funnel, and a cooling bath.

5 To the flask was added 3.47 g (0.0300 mole) of pyridine
hydrochloride and 200 mL of dichloromethane. The
solution was cooled to 5 to 5°C then the chlorine gas
addition was begun. After the solution had turned light
green; 3,4—epoxy-1-bﬁtene and chlorine were added

10 simultaneously over about one hour at "5 to 5°C. Forty
milliliters of 3,4-epoxy-l-butene were added dropwise
and the chlorine addition was controlled so as to keep
the réaction solution green in color. After the 3,4-
epoxy-1l-butene had been added, the chlorine addition was

15 stopped and more 3,4-epoxy-l-butene was added as needed

' to decolorize the solution. A total of 48.6 g (0.685
mole) of chlorine and 41.6 g (0.594 mole) of 3,4-epoxy-
1-butene was added. The mixture was washed three times
with 100 mL of water. The mixture was dried with

20 anhydrous magnesium sulfate, filtered,'and the solvent
was removed from the filtrate by vacuum rotary
evaporation (up to about 35°C and about 3990 Pa (30
torr)). The crude, colorless product (97.2 g) was
vacuum distilled at 931 Pa (7 torr) to give 3,4-

25 dichloro-1,2-epoxybutane at 58- 61°C. The colorless
liquid weighed 67.97 g (theory 83.69 g, 81.2%) and had a
GC assay of 99.7% (51.6/48.4 mixture of diastereomers).



< |ALELAUEIRENT 84k | | :
- COVRAHRTT VE EXAVPLE] 1| To a 500-nL, four-neck, round-bottom flask
" equijpded2 5 SEP @08 hjajgas addition tube, condenser, thernoneter,

mecHarli cal stirrer, jagd cooling bath was added 200 nmL of 15

di chl Gremetirarme~—and~34.8 g (0.497 nole) of 3, 4-epoxy-I- but ene. The
sol dtion was cooled tg [err]5to 5[err][C a®d then the addi ti on of
chl orrne gas was begun. Chlorine (41.6 g, 0.587 nol e) was added at
[err]5 to 5[err]Cuntil the solution - turned-green. The m xture was
washed with 10EXEMBEEfE P0% 20 aqueous sodium thiosul fate and 100 nL of
aqueous sodi um bi carbonate (50 nlL of saturated agueous sodi um

bi car bonate plus 50Rn20@tMhat EPYr-neeknyi XevnRd-hastar; E4ask wag eFUARREEr ous

magnesi um sul f aj.e, fjl . 4 %ron1the
filtrate by va%ﬁ%ﬁ%ﬁb §§§%Q§Eﬁﬁggtgggfgtf%ﬁ&%%% (o} g%%ﬁ%§%%%§$% C and about
3990 Pa (30  mecH@iIGe)l stirrandeddiatiet fMamdli Stddd el GdoPBdg ReafH.

torr) to give a 3,4-dichloro-1, 2-epoxybut ane product
5 To the flask was added 4.13 g (0.0300 mole) of

triethylamine hydrochloride and 200 mL of
dichloromethane. The solution was cooled to "5 to 5°C
then the chlorine gas addition was begun. After the
solution had turned iight green, 3,4-epoxy-l-butene and

10 chlorine were added simultaneously over about one hour
at 'S to 5°C. Forty milliliters of 3,4-epoxy-1l-butene
were added dropwise and the chlorine addition was
controlled so as to keep the reaction solution green in
color. After the 3,4-epoxy-l-butene had been added, the

15 chlorine addition was stopped and more 3,4-epoxy-1l- |
butene was added as needed to decolorize the solution.

A total of 38.5 g (0.543 mole) of chlorine and 34.8 g
(0.497 mole) of-3,4-epoxy-1-butené was added. The
mixture was washéd with 100 mL of 0.5% aqueous hydro-

20 chloric acid, 100 mL of watef, and 10b mL of aqueous
sodium bicarbonate.(SQ mL of saturated aqueous sodium
bicarbonate plus 50 mL of water). The mixturé was dried
with anhydrous magnesium sulfate, filtered, and the
solvent was removed from the filtrate b? vacuum rotary

25 evaporation (up to about 35°C and about 3990 Pa (30
torr)). The crude,'colorless product (85.93 g) was
vacuum distilled at 931 Pa (7 torr) to give 3,4-

dichloro-1,2-epoxybutane at 58-61°C. The colorless



1. |REFLACEMENT, SHEET

AT

; } | 50-64[err]C. The product wei ghed 4.57 g (theory
70.0}g %hgﬁ&Q 3& hapd] a GC assay of 89. 1% COVPARATI VE EXAMPLE 2 5
To a}500-4r, % etk} round-bottom flask equi pped : with a gas
addi ti én tube, condenser, thernoneter, mechani cal stirrer, addition
funnégl , and cooling bajh ~was added 20Qgnl of di phl oronet hane. The
sol uti.on. was ceeted to [err]5 to 5[err] C and then the chlorine gas
addition 10 was begun. After the solution had turned |ight green,
40 g (0.56 nol e) 18fqnel erdithe B B% & ISy T0)e)g,0f86.6%) and had a
3, 4- epoxy- 1- but ene were added sinul taneously over about

GC assay of 99.6%.

EXAMPLE 3

5 A 500-mL, four-neck, round-bottom flask was equipped
with a gas addition tube, condenser, thermocouple,
mechanical stirrer, addition funnel, and a cooling bath.
To the flask was added, 5.0 g (0.030 mole} of

" ‘dibutylamine hydrochiéride and 200 mL of dichloro-

10 | methane. The solution was cooled to "S5 to 5°C and then
the chlorine gas addition was begun. After the solution
had turned light green, 3,4—epoxy-1-butene.and chlorine
were added gimultaneously over about one hour at 5 to
5°C. Forty milliliters of 3,4-epoxy-1l-butene were added

15 dropwise and the chlorine addition was controlled so as
to keep the reaction solution green in color. After the
3,4-epoxy-1l-butene had been added, the chlorine addition
was stopped and more 3,4-epoxy-l-butene was added as
needed to decolorize the so;ution. A total of 41.4 g

20 (0.584 mole) of chlorine and 36.1 g (0.515 mole) of 3,4-
epoxy-1l-butene was added. The mixture was washed with
ioo mL of 0.5% aqueous hydrochloric acid, 100 mL of
water, and 100 mlL of agueous sodium bicarbonate (50 mL
of saturated aquecus sodium bicarbonate plus 50 mL of

25 water). The mixture was dried with anhydrous magnesium
sulfate, filtered, and the solvent was removed from the

filtrate by wvacuum rotary evaporation (up to about 35°C



]C so as to keep the solution green I n color.
Mth 100 nL of 10% 15 aqueous sodium thiosul fate

5¥§€ﬁﬂ s{spdi um bi carbonate (50 nL of saturated agueous
bi carbonatefjplus 50 nL of water). The m xture was dried
nhydrous magnesi un sul fate, filtered,qoand the sol vent was

e by vacuumrotary 20 evaporation (up to about
35[err]C and about 3990 Pa (30 torr)). The crude, colorless product

was distilled athnd abo®8l13B30( Pat Q) texgi)Ve &he crude, light-yellow
3, 4-di chl oro-1, 2- epoxybut ane product fraction at 58-61[err]C. The

colorless-IiquiErOdUthéﬁ§h6d922WBSgVPEPug%ﬁiéﬁdlﬂgd atGe3ds oy OF wEm%
25 ' advant gges affaorded by the process of € ..~ DLgsent
i nvention are sﬁ8wﬁ ol ?hg'?gﬁ%gcﬁﬁhﬁé% 55% € nFé?ﬁl%?’éBt&i &ﬁ}

Exanples 1 and 2o38¢168@8Pahadiuie weighed 49.35 g (theory 72.62 g, 68.0%32
5 and had a GC assay of 98.1%.

EXAMPLE 4
A 500-mL, four-neck, :pund—bottom flask was equipped
with a gas addition Eﬁbe, condenser, thermocouple,

10 mechanical stirrer, addition funnel, and a cooling bath.
To the flask was added 3.1 g (0.031 mole) of
triethylamine and 200 mL of dichloromethane. The
solution was cooled to ‘5 to 5°C then the chlorine gas
addition was begun. After the solution had turned light

15 green, 3,4-epoxy-l-butene and chlorine were added
simultaneously over about one hour at 5 to 5°C. Forty
milliliters of 3,4-epoxy-l-butene were added dropwise
and the chlorine addition was controlled so as to keep
the reaction solution green in color. After the 3,4-

20 epoxy-1l-butene had been added, the chlorine addition was
stopped and more 3,4-epoxy-l-butene was added as needed
to decolorize the solution. A total of 44.0 g (0.621
mole) of chlorine and 40.5 g (0.578 mole) of 3,4-epoxy-
l-butene was added. The mixture was ﬁashed twice with

25 100 mL of 5% aqueous hydrochloric acid, then once with
100 mL- of aqueous sodium bicarbonate (50 mL of saturated
aqueous sodium bicarbonate plus 50 mL of water). The

mixture was dried with anhydrous magnesium sulfate,



-Exanﬁﬁ@SL&fﬁHEWETSHEEE mmari zed. In the Table, the " ADDI TI ON MODE"
“colurntentri'és rerer |t (i) the addition of chlorine to a mixture of
3, 4- ep%xyzlsggpqgga - ¢atjal yst and solvent- ("Normal") or (ii) the

si nmulit dneous addition} |5 of chlorine and 3, 4-epoxy-|l-butene to a m xture
of —ohtort+re—tdt 4l yst and sol vent ("-Hfiverse"); the " CATALYST"
colunph gives the chlorijnation catal yst, if any (Et3N=triethylam ne);
t he "EROBPE-ASSAY™ col unm gives the GC area percent, disregarding’

sol vent, of the€iduegded,l@Gnd HiosusdlpEntdrwd® hwdved af o ; tladf i herate .
"Dl STI LLED YI ELD" colum gi ves the percent yield of 3,4-dichloro-I, 2-

epoxybut ane af t&F VRSIUY |EQGAKY RIRRPAFI¢R (Heoretakeyt 35°C apgduppout

Tmce OB P ACEPRHES P offe fhe, JEl3oy proaygi (1 9

was vacuum distilled at 931-1064 Pa (7-8 torr) to give

5 3,4-dichloro-1,2-epoxybutane at 57-62°C. The colorless
liquid weighed 52.97 g (theory 81.47 g, 65.0 %) and had
a GC assay of 97.9%.
EXAMPLE 5

10 A 500-mL, four-neck, round-bottom flask was equipped
with a gas addition tube, condenser, thermocouple,
mechanical stirrer, addition funnel, and a cooling bath.
To the flask was added 2.8 g (0.030 mole) of denaturing
pyridine and 200 mL qf dichloromethane. The solution

15 . was cooled to 'S to 5°C then the chlorine gas addition
was begun. After the solution had turned light green,
3,4-epoxy-1l-butene and chlorine were added
simultaneously over about one hour at 5 to 5°C. Forty
milliliters of 3,4-epoxy-l-butene were added dropwise

20 and the chlorine addition was controlled so as to keep
the reaction solution gréen in color. After the 3,4-
epoxy—l-Butene had been added, the chlorine addition was
stopped and more 3,4-epoxy-l-butene was added as needed
to decolorize the solution. A total of 39.9 g (0.562

25 mole) of chlorine and 37.4 g (0.534 mole) of 3,4-epoxy-
1-butene-was added. The mixture was washed twice with
100 mL of 5% aqueous hydrochloric acid, twice with 100

mL of aqueous sodium bicarbonate (50 mL of saturated
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TALYST  ASSAY Yl ELD 1
%?W??QQHC 98. 7 81.2 20 2 | nver se

I nvers

Et 3Nx Q2.0 6.6 C1 Nor mal None

50.3 6.5 - 2 I nver se None 68. 3 31.9
-14- e ) ' CLAKYSB 1. Process for the
preparation of a conpound having the formula 5

[err] 10 .
: ‘aqueous sodium bicarbonate plus 50 tL of water), and 100

mL of water. The mixture was dried with anhydrous
magnesium sulfate, filtered, and the solvent was removed
from the filtrate by vacuum rotary evaporation (up to

5 about 35°C and about 3990 Pa (30 torr)). The crude,
yvellow product (92.93 g) was vacuum distilled at 931 Pa
(7 torr) to give 3,4-dichloro-1,2-epoxybutane at 59-
61°C. The colorless ljiquid weighed 53.51 g (theory
75.24 g, 71.1%) and had a GC assay of 98.9%.

10 '
COMPARATIVE EXAMPLE 1

To a 500-mL, four-neck, round-bottom flask equipped

with a gas addition tube, condenser, thermometer,
mechanical stirrer, and cooling bath was added 200 mL of

15 dichloromethane and 34.8 g (0.497 mole) of 3,4-epoxy-1-
butene. The solution was cooled to '5to.5°C and then the
addition of chlorine gas was begun. Chldrine'(41.6 g,
0.587 mole) was added at "5 to 5°C until the solution
turnéd green. The mixture was washed with 100 mL of 10%

20 aqueous sodium thiosulfate and 100 mL of aqueocus sodium
bicarbonate (50 mL of saturated agqueous sodium
bicarbonate plus 50 mL of water). The mixture was dried
with anhydrous magnesium sulfate, filtered, and the
solvent was removed from the filtrate by wvacuum rotary

25 e&aporation (up to about 35°C and about 3990 Pa (30
torr)). The crude product was distilled at 931 Pa (7

torr) to give a 3,4-dichloro-1,2-epoxybutane product



whi ch BBl

V e ygﬁﬁﬁa373,4-epoxy-l-butene and Xferr] in t he
" presen

Of a catalytid dnount of a tertiary anmine 15 or a hydrohalide
of . a prj nj r tertiary am ne wherein X is d or Br and
- said hyp : "or HBr. 2. Process according to
C ai m 1§ f or=ttie ion of 20 a comgpound having the fornul a 25
[err] ' jses reacting 3,4-epoxy-1-butene and Cferr] at a
30 tenperature of -10 to 70[err]Cin the presence of a - catal ytic
amount of a tefirhetiocamake so-6a oty dr ahel piodiict weighed W .iSTRIY , (fdgmdary
or tertiary am ne wherein the primary, secondary or tertiary am ne
has the general0.0 g, 6183 and3had a GC assay) of 89.1%.

[err] wherein each of Rlerr], Rerr], Rerr], Rerr] and Rerr]
is selected from hydr ocar byl groups, 2 R err]subsituents and R err]

and Rlerr]  COMPARATIVE EXAMPLE 2
5 ' To a 500-mL, four-neck, round-bottom flask equipped

-

with a gas addition tube, condenser, thermometer,

mechanical stirrer, addition funnel, and cooling bath
was added 200 mL of dighloromethane. The solution was
cooled to 5 to 5°C AQd then the chlorine gas addition

10 was begun. After the solution had turned light green,
40 g (0.56 mole) of chlorine and 34.8 g (0.497 mole) of
3,4-epoxy-1l-butene were added simultaneously over about
60 minutes at 5 to 5°C so as to keep the solution greeﬁ
in color. The mixture was washed with 100 mL of 10%

15 ~agueous sodiqm thiosulfate and 100 mL of aquecus sodium
bicarbonate (50 mL of saturated aqueous sodium
bicarbonate plus 50 mL of water). The mixture was dried
with anhydrous magnesium sulfate, filtered, and the
solvent was removed from the filtrate by vacuum rotary

20  evaporation (up to about 35°C and about 3990 Pa (30
torr)). The crude, colorless product was distilled at
931 Pa (7 torr) to give a 3,4—dichloro-1,2—epobeutane
.product fraction at 58-61°C. The colorless liquid
weighed 22.3 g (31.9%) and had a GC assay of 98.0%.

25 . |

The advantages afforded by the process of the
present invention are shown in the Table wherein the

results obtained in Examples 1 and 2 and Comparative



55 collectively represent an al kyl ene group

“nitrogen atomto which each is bonded forns a sht urated;™
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CH provided that X and Y are different. 3
Claim2 wherein the process is 5 i3garried ou

het erocyclic group, and X and Y arg
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mIN and
riding to
el of -10 to
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CccC

20[err]Cin the presence of a sol vent selpcted fron1ch|or|n ted
hydr ocarbons and a catal ytic anount of a hydr ochk-ert+age== ol a tertlary

am ne having tEEa@Efgéai fO&”E'%re sgmmarlzed In the TL%&J

10

15

20

"ADDITION MODE" column entries refer to (i) the
of chlorine to a mixture of 3,4-epoxy-1l-butene,

and solvent ("Normal") or (ii) the simultaneocus

-0of chlorine and 3,4-epoxy-l-butene to a mixture

chlorine, catalyst and solvent ("Inverse"); the

the
addition
catalyst
addition
of

"CATALYST" column gives the chlorination catalyst, if

any (Et3N=triethylamigé);‘the "CRUDE ASSAY" column gives

;he GC area percent, disregarding solvent, of ¢
product prior to distillation; and the "DISTILL
column gives the percent yield of 3,4-dichloro-
epoiybuténe after distillation based on the the

amount obtainable from the 3,4-epoxy-l-butene u

IABLE

ADDITION CRUDE D

EXAMPLE ~MODE_ CATALYST ASSAY

1 Inverse PyridinexHCl 98.7
Inverse Et;NxHC1 92.0
c-1 Normal - None 50.3

c-2 Inverse None 68.3

he crude
ED YIELD"
1,2-

oretical

sed.

ISTILLED
YIELD

81.2
86.6

6.5
31.9



mhereln each Rerr] is selected fromalkyl of 2 tg ons,
is methyl and nis 0, 1 or 2. 20 4. Process {&&t I 80 3
wherein the terti amine is triethylamne: or} dlt Re

sol vent. ~di chl net hane. - 5.. Progegs eparjati on
of a comm“ﬁ(“ ‘m‘g E the fornul a [err] whi ch isds
addi ng 3 and X[err] to a 35 soj utton of X2 and .

catal ytic anﬁunt of a tertlary am g or a hyfrohalide-et—gr—pr-rnary,

secondary or

tertiary amne wherein Xis Cl or Br and said

" hydrohalide is HJ or HBr. - 40 - 6. Process for the preparation of a
conmpound havi ng the formul a [ et.ATMs

10

1s

20
25

3Q

35
40
45

50

1. Process for the preparation of a compound naving

'the formula

chdcn-bu-cuyx
..z-—CI-I- ..-CHZ-X

which comprises reacting 3,4-epoxy-1l-butene and X, in
‘the presence of a catalytic amount of a tertiary amine
or a hydrohalide of a primary, secondary or tertiary
amine wherein X is Cl or Br and said hydrchalide is ECL
or HBr. ’

2. Process according to Claim 1 for ths preparation of
a compound having the formulia

which comprises reacting 3,4-epoxy-l-butene and Clz at a
temperature of -10 to 70°C in the presence of a
catalytic amount of a tertiary amine or a hydrohalide of
a primary, secondary or tertiary amine wherein the -
primary, secondary or tertiary amine has che'general

formula:

~ - AN
Rl—; e n—@ . (®

4
R
3 ,///

HZN——R or BN
NS
wherein each of R*, R2?, R3, R* and RS is selected from
hydrocarbyl groups, 2 R! substituents and R* and R®
collactively represent an alkylene group which with the

pnitrogen atom to which each is bonded forms a saturated,



: ‘16 - . whi ch conpri ses add| ng 3, 4- epoxy- ;!%Jéut%;raﬁ':and SHEHF] to a

3 o e e
. 'sol ution err] and a catalytic anobunt of at
hydr oh W f a pri secondary or ter
an

rfrary ™ rijne ‘or a
[ yg% ' in organlc
C wherel is C

hal oge tenperature of -

or Br; @@l&ydrohallde Is HO or HBr.j *& I dcess
accordlng to rein the process is carried out at

t enperature of -10 to 20[err]C and in thegl0 ent

sel ected from chl ori nat ed hydr ocarbons and a catal ytic anount of a
hydr ochl ori de of a tertiary am ne having the general formula:

[err] 20 neterd¥iRiigid) Padlp Riakd]xi &ngeyegradsbladcalk izdd ¥ atzﬂi 6

car bon
CE provided that X and Y are different.

3. Process accoxding to Claim 2 wherein t“e process is

S carried out at a temperatura of -10 to 20°C in the
presence of a solvent selected from chlorinated
hydrocarbons and a catalytic amount of a hydrochloride
of a tertiary amine hag;ﬁg the general formula:

1
10
| . ¥ , Z
RE—F  or  (R%) — [
wherein each R! is selected froem alkyl of 2 to 6 carbon
atoms, R? is mechyl and n is 0, 1 or 2.

20 4. Brocess according to Claim 3 wherein the tertiary
amine is triethylamine or pyridine and the solvent is
dichlorcmethane. '

s. Process for the preparation of a compound having

25 the formula

o X
30 ch cz-bu-cE,-x
2 2
which comprises adding 3,4-epoxy-l-butene and X, to a

38 solution of X, and a catalytic amount of a tertiary
amine or a hydrohalide of a primary, secondary or
terctiary amine wherein X is Cl or Br and said
hydrohalide is HCl or HBr. '

40 6. Process for the preparation of a compound having
the formula

45 c{i = CH,-Cl

"2
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which ¢cmprises addiang 3,4-epoxy-l-bucene and Cl, to a
solucion of Ci, and a cactalytic amount of a terciary
amine or a hydrchalide of a primary, secondary Qr
tertiary amine in an organic, halogeration solvent at a
5 temperature of -10 to 70°C whersin X is Cl or Br; and
said hydtohalide is HCl or HBr. '

7. Process according to Claim 6 wherein the process is
‘carried out at a temperature of -10 to 20°C and in the
10 presence of a solvent selected from chlorinated
hydrocarbons and a catalytic amcunt of a hydrochloride
of a tertiary amine having the general formula:

(=3
n
'.A
'_,u

)

. n ]
20 gL X

whersin each R' is selectad from alkyl of 2 to 6 carbon

2 o r

atoms, R? is metizyl and n is 0, 1 or 2.

8.  Process according to Claim 7 wherein the tertiary
25 amine is triethylamine or pyridine and the solvent is
dichlorcmechane.



