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This invention relates to a novel nethod for making acyl substituted g
resorcinal.-s. More particularly, the instant invention is 5 directed to a

met hod for making acyl substituted resorcinols by contacting resorcinols

and acid halides in the presence of catalytic anounts of transition netal
Lew s acids. Background of the Invention 10° Ther nopl astic resins are

general Iy characterized by their nany advantageous properties which include
optical clarity, high ductilityM ETUIQQeEQﬁieﬂ (g %&lper ature as well

as dinmensional stability. As a gg@BSTITUTEBCRESORCINOLS! hey are often
enployed in 15 many commercial applications. Wile thernoplastic resins

possess the above- descri bed advant ageous properties, they often display

| ow abrasion and CEF&\FE& %%ﬁﬁé’é@ﬁ i stances, and |ike many other organic

polymeric materi al I bl e to phot odegradati on by 20
ultraviolet light. The phot odegradat lon typically results in unfavorable

characteristics including yek n&ﬁgﬂ&#r&?&%t@% ﬁévélhﬁef ?l'fBrE‘lH @sﬂrlld o

D acyl resorcinols, gart i cul ar enzo resorci nol aye
be effective |ightSH aButadzasgrmnolgoMqapa@gulﬁgly. the instant invention is

5 directed to a method for making acyl substituted resorcinols by
contacting resorcinols and acid halides in the presence of catalytic
amounts of transition metal Lewis acids.

Background of the Invention
10

Thermoplastic resins are generally characterized by
their many advantageous prbperties which include optical clarity, high
ductility, high heat deflection temperature as well as dimensional
stability. As a result of such properties, they are often employed in

15 many commercial applications.

While thermoplastic resins possess the above-
described advantageous properties, they often display low abrasion
and chemical solvent resistances, and like many other organic
polymeric materials, they are susceptible to photodegradation by

20 ultraviolet light. The photodegradation typically results in unfavorable
charactenstlcs including yellowing and erosion of the resin surface.

- Diacyl resorcinols, particularly dibenzoyl resorcinols,
have been found to be effective light stabilizers in polymer resins.
Typically, dibenzoy! resorcinols are prepared by treating

25 dimethoxybenzene with benzoyl chloride in the presence of at least
stoichiometric amounts of anhydrous aluminum chloride in an organic
solvent. However, such a method is not very favorable, since among
other reasons, it results in the release of environmentally unfriendly
organic volatiles and requires disposal of large amounts of excess

30 aluminum chloride as well as by-products thereof.



Typi cal | ¥, dibenzoyl resorcinols are prepared by treating 25

di met hoxybenzene with benzoyl chloride in the presence of at | east
stoi chionetri ¢ anobunts of anhydrous al um num chloride in an organic
sol vent. However, such a nethod is not very favorabl e, since anong ot her
reasons, it results in the rel ease of environmentafly unfriendly organic
vol atiles and requires disposal of |large ano@tts of excess 30 al um num
chloride as well as by-products thereof. 2 - It is of increasing
interest to prepare acyl subdt lsmfuadraasmgrmtefeststoweaareeaoybaubsﬁtuteddoes
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or ganl c volatiles. e | nst a I nvent ore I rected
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ethers to acyl chl enviresmenially uhtriendlyssideflests:t ri ¢ anounts of al umi num
chl oride and the use of resorcinols as a starting material is discouraged.

15 Still other efforts _have been disclosed for producing
Description of the Prior Art

novel

10 Efforts for preparing dibenzoyl resorcinols have been
disclosed. In U.S. Patent 2,794,052, dibenzoyl resorcinols are
prepared by subjecting dialkyl ethers to acy! chlorides and at least
stoichiometric amounts of aluminum chloride and the use of
resorcinols as a starting material is discouraged.

15 Still other efforts have been disclosed for producing
dibenzoy! resorcinols. In Sharma et al., Monatsh Chem. 116, pp.
353-356 (1985), dibenzoy! resorcinol is prepared via the |
photochemical Fries rearrangement of resorcinol dibenzoate to a
benzoate ester of 2,4-dihydroxy benzophenone and subsequently

20 dibenzoyl resorcinol.

Additionally, in Pearson et al., Synthesis, pp. 533-542
(1972), methods of employing Lewis acids including ferric chloride,
iron powder, iodine and zinc chloride are disclosed. However, said
methods are directed to Friedel-Craft acylations describing the

25 reaction of resorcinol and acetic anhydride to produce 2,4-

~ dihydroxyacetophenone.
The instant invention is patentably distinguishable from
the above-described, since among other reasons, it is directed to a
novel method for making acyl substituted resorcinols by contacting

30 resorcinols and acid halides in the presence of catalytic amounts of

transition metal Lewis acids.



di benzoyF resorcinols. In Sharma et al., Mnatsh Chem 116, pp. 353-356
(1985), dibenzoyl resorcinol is prepared via the photochem cal Fries
rearrangenent 'of resorcinol dibenzoate to a benzoate ester of 2,4-dihydroxy
benzophenone and subsequently 20 di benzoyl resorcinol. Addltlonally, in
Pearson et al., Synthesis, pp. 533-542 (1972), methods of enpl oyi ng Lew s
acids including ferric chloride, iron powdser3-iodine and zinc chloride are
di scl osed. However, said nethods are directed to Friedel-Craft acylations

describing the 25 snmarpmpihéqaqemnm and acetic anhydride to pr oduce
2, 4- di hydroxyacet ophenone. The instant invention is patentably

d| stingui shable fromthe above-described, since anong other reasons, it is
directed to a novel nethod fﬁherirwtamgnuenyﬂomistﬁite'dtedmjamer miethdd oby
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amounts of transit nve tion
The instant inwent®fgpentacting:ected to a novel nethod of makl ng acyl
substituted resorcinols, saigh)rsbRshal®Prises the step 5 of contacting:

(b) acid halides; and
(c) catalytic amounts of transition metal Lewis acids.

10 Detailed Description of the Preferred Embodiments

In the instant invention, the resorcinols typically
employed are represented by the formula

OH
R! R

15 R/ H

wherein each R is independently hydrogen or a C4.1¢ hydrocarbon
and R1 is hydrogen or an acyl group and preferably a benzoyl group
: and the preferred resorcinols employed in the instant invention are
20 1,3-dihydroxybenzene and 2,4-dihydroxybenzophenone.
The acid halides employed typically have the formula

o)

AL
A X

25 wherein A is a substituted or unsubstituted aromatic radical and
preferably a phenyl group and X is a halogen and preferably chlorine.
The catalyst employed is a transition metal Lewis acid
and the resulting product obtained in the instant invention is an acyl
substituted resorcinol and preferably 4,6-dibenzoylresorcinol.



(a) resorcinols; (b) acid halides; and (c) catalytic amunts of transition
netal .Lew s acids. 10 Detailed Description of the Preferred Enbodi nents In
the instant invention, the resorcinols typically enployed are represented
by the forrmula [err] 15 [err] wherein each Ris

i ndependently hydrogen or a [err] hydrocarbon and [err] is hydrogen or an
acyl group and preferably a benzoyl group and-the preferred resorcinols
enployed in the instant invention are 20 1, 3-di hydroxybenzene and
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and preferably 4,6 enzo reso tive exa
transition neta® L@mmras;p the-apov-dascrikad transition metal Lewis acids to

catalyze the reaction.

The instant novel method reveals many new and
unexpected results which include the discovery that catalytic amounts
of transition metal Lewis acids may be employed when resorcinols

10 are subjected to and reacted with acid halides to afford acyl
substituted resorcinols and particularly 4,6-diacyl substituted
resorcinols. The reaction occurs in a single step and does not require
the use of organic solvents for acyl substituted resorcinol formation
since such a reaction takes place in the melt. Moreover, when R1is

15 not an acyl group, diacy! substitutions are unexpectedly observed.

As previously stated, this invention comprises the step of
contacting resorcinols and acid halides in the presence of catalytic
amounts of transition metal Lewis acids to produce a reaction mixture.
There is no limitation with respect to the order in which the reactants

20 and catalyst are added; however, the order of addition may alter the
color but not the yield of the acy! substituted resorcinols obtained.
The reaction mixture is typically heated to a temperature in the range
of about 120°C to about 250°C and preferably in the range of about
150°C to about 220°C and most preferably in the range of about

25 170°C to about 220°C. Additionally, it is noted herein that heating
may begin prior to, during or after the reactants and catalyst are
combined.

The amount of transition metal Lewis acid (catalyst)
required in the instant invention is not stoichiometric and it is typically

30 about 0.1 to about 50.0 mole percent and preferably about 1.0 to
about 30.0 mole percent and most preferably about 5.0 to 15.0 mole
percent based on total moles of resorcinol employed. Additionally,
about 2 moles of acid halide are employed for every mole of
resorcinol employed when R1 is not an acyl group and about 1 mole



cadm um chl oride and iron chloride. However, the nost preferred transition
netal .Lews acid enployed in this invention is zinc chloride. Furthernore,
itiis wthin the scope of the instant invention to enploy 5 m xtures of

t he above-described transition netal Lewis acids to catal yze the reaction.
The instant novel nmethod reveals many new and unexpected results which

I ncl ude the discovery that catal ytic anmount.sggof transition netal Lew s
acids may be enpl oyed when resorcinols 10 are subjected to and reacted

with acid halides §0a@8Halide 3§ BmplsiRed for Rl of 1 ri
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and does not reqw?‘éy HOURse of organic solvents for acyl substituted
resorcinol formation since sQabeahe eeadtiommbaisisiibiainednan lesterification
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m xture. There is ho res to t
reactants 20 and Edﬂh@'y$’¢t'séﬁl@lfaﬂt%ﬁlmpﬁ)%\h@rmﬂ@ﬁ&'wpﬂﬁ?“8?r%%ﬁt? i38% nay
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Cange of about [ or FORENLA) %t?reewi $8httel RBlo e FRE pRHleE .0, 'S
50C to about [1@ r] obtaihedbattepweficupis at ieast about9tfe pireabout 25 [err] to
about [err] Additionally, ityhg ifhiiflg Eafhples AithdlSMidtPdle and facilitate
the understanding of the above-described novel method. The acyl
substituted resorcinols obtained may be confirmed via conventional
techniques including proton and carbon-13 nuclear magnetic
15 resonance spectroscopy, infrared spectroscopy and GLC analysis.

Example 1

A 100 mL round-bottomed flask equipped with a

20 magnetic stirring bar, gas scrubber and oil bath heater at 120°C was
charged with 0.54g (4 mmol} of anhydrous zinc(ll) chloride (5 mole
percent based on total resorcinol) and 19.0 mL (164 mmol) of benzoy!
chloride to produce a catalyst mixture. 8.80g (80 mmol) of 1,3-
dihydroxybenzene was added to the catalyst mixture in portions over

25 several minutes to produce a reaction mixture. The temperature was
then raised to about 205°C over the course of 20 minutes and held at
that temperature for 1 hour. A sample of the reaction mixture was
removed for NMR spectroscopy. Results showed approximately 60%
conversion to 4,6-dibenzoyl resorcinol. The reaction mixture was

30 cooled to 120°C and 40 mL of glacial acetic acid were added. The
reaction mixture was further cooled to 80°C and 20 mL of absolute
ethanol were added. The resuiting mixture was transferred to a
beaker and allowed to cool to 5°C in a refrigerator. A solid was
recovered via filtration, washed with about 50 mL of cold ethanol and

35 dried to give orange plates of 4,6-dibenzoyl resorcinol (11.80g 46%



may begin prior to, during or after the reactants and catal yst are

conbi ned. The anount of transition netal Lewis acid (catalyst) required in
the instant invention is not stoichiometric and it is typically 30 about
0.1 to about 50.0 nole percent and preferably about 1.0 to about 30.0 nole
percent and nost preferably about 5.0 to 15.0 nol e percent based on total
nol es of resorcinol enployed. Additionally, -@out 2 noles of acid halide
are enpl oyed for every nole of resorcinol enployed when [err] is not an

ac?/l g][ oup and abloWielﬂ)ﬁﬂe%nast_aﬂiiatiorpfro?pa hikidire 6feso$rtﬂﬁ6pbmémé_| bAd 18vALY
nol e of resorcino tr] is a oW ce,the re i gn mxture
I s obtained, an est%&%bgﬁﬁ ﬁ98883@55;{69{/%&%@5%3rRﬁ'%é!P@‘%?@é'@@?mYLd to
ester internediat esresdraindl. ester internediates then subsequently and

spont aneously rearrange to formthe desired acyl substituted resorcinols in
the reaction product. Further, it is wthin the scope of the instant

I nvention to re§rysﬁ&3mpje fhe reaction product with organic solvents in

order to obtain substantially pure acyl substituted resorcinols. Oten, the

product 10 obtained after work- UB ié at | east c'albout 95% pur,?. Thﬁ
fol l owi ng exanpl es further i|FXAMPIS 2 wasPrepared ina ganner similar to the one

described in Example 1 except that 2,4-dihydroxybenzophenone was
employed in lieu of 1,3-dihydroxybenzene and 82 mmol of benzoyl

10 chloride were used and 10 mole percent of anhydrous zinc(ll)
chloride was used based on total resorcinol. 10.6g (42%) of
substantially pure 4,6-dibenzoy! resorcinol was recovered after
recrystallization.

15 The data in the table below is provided to further confirm
the unexpected results obtained in the instant invention. All entries
have been prepared in a manner similar to the one described in the
examples above.

20 Table
Entry Lewis Acid (%)8  Reaction Time at 200°C Yieldb

1 5.0 60 min . 60.0%

2 10.0 40 min 67.0%

3 25.0 40 min 67.0%

4 10.0 60 min ' 1.0%

5 0.1 90 min 8.0%

6 1.0 60 min 48.0%

7 10.0 60 min - 61.0%.
25 aEntries 1-3 employed ZnCl2; entry 4 employed CdClI2; entries

5-7 employed FeCl3 and entry 8 employed AICI3.
bDetermined by NMR analysis of reaction mixture
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OH
R! R

R H

wherein each R is independently hydrogen or a C4.19 hydrocarbon
and R1 is hydrogen or an acyl group.
3. A method for making acyl substituted resorcmols in
accordance with claim 2 wherein said acyl group is a benzoyl group.
4. A method for making acyl substituted resorcinols in
accordance with claim 3 wherein said resorcinol is 1,3-benzenediol
or 2,4-dihydroxybenzophenone.
5. A method for making acyl substituted resorcinols in
accordance with claim 1 wherein said acid halides have the formula
O
/N
A X

‘wherein A is a substituted or unsubstituted aromatic radical and X is a
halogen.

6. A method for making acyl substituted resorcinols in
accordance with claim 5 wherein said acid halide is benzoyl chloride.



-6: yield). Recrystallization froma mXxture of 50 nL of € anoI and 15 nL

chl or obenzene gave 10.8g (42% yi el 4, 6- d| b Eé})étHasBeenRe laced
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enpl oyed in lieu of 1, 3-di hydroxybenzene and 82 mmol of

chl ori de were used and 10 nol e percent of a@wdrous zi nc(II) chl ori de was

used based on total resorcinol. 10.6g (42% of substantially pure
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60 min Zn@l0% 5 0.1 90 min 8. 0%

9. A method for making acyl substituted resorcinols in
accordance with claim 1 wherein said contacting is a melt reaction at
a temperature of about 120°C to about 250°C.

10. A method for making acyl! substituted resorcinols in
accordance with claim 1 wherein about 0.1 to about 50.0 mole
percent of said transition metal Lewis acids are added based on total
amount of resorcinol.

11. A method for making acyl substituted resorcinols in
accordance with claim 1 wherein said acyl substituted resorcinols are
4,6-acyl substituted resorcinols.

12. A method for making acyl substituted resorcinols in
accordance with claim 11 wherein said 4,6-acyl substituted
resorcinols are 4,6-dibenzoyl resorcinols.

13. A method for making acyl substituted resorcinols in
accordance with claim 11 wherein said method further comprises a
recrystallization step.



&

6 +1.0 60 mn 48. 0% 7 10.0

60 m n 61. 0% 25 aEntries 1-3 enployed [err] entry 4
enpl oyed .Gd€I*2; entries 5-7 enployed [err] and éentry 8 enployed [err]
bDet er mi ned by NWVR anal ysis of reaction m xture . - 7 -

3 MAR 1997 What is clained is: 1. A net hod for “raki ng acyl substituted
resorcinols, said nethod conprises the step@f contacting: (a) resorcinols;
(b) acid halides having the formula O [err] wherein Ais an aromatic
radical and X is a hal ogen; andMETHQDc H#QRy MAKINGUACYL transition netal

Lewi s acids, wherein said cat aw'g-rﬁrgq-rgni q;!)égqﬁcmélttg about 50.0 nol e
0 al

percent of said transition netal Lew s acids base nto nol es of
resorci nol enployed. 2. A nmet hod for maki ng acyl substituted resorcinols
in accordance with claim1 wherein said igétraefol s in (a) have the formula

A method for making acyl substituted resorcinols is
disclosed and the method comprises the step of contacting
resorcinols and acid halides in the presence of catalytic amounts of
transition metal Lewis acids.



[err].is hydrogén or an acyl group. - 3 MAR 1997

3. A nmet hod for maki ng acyl subst) \X&“ nce Wth
claim2 wherein said acyl group is zoyl T
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OH R- Hwherel n each R is independently- hydrogenma [err] hydrOc g@mr@qo—
®

S, i n a
Yroup. 4. A

maki ng acyl substituted resorcinols in accordance with cl ai

resorcinol is 1 ,3-benzenediol or 2,4-diRydroxybenzophenong. A net hod:!
for maki ng acyl substituted resorcinols i'n accordance withjc alnﬁfumhﬁbcln
said acid halides are benzoyl chloride. 6. A et hod for Lng acyl

substituted resorci Q&hs i n ccord.ance with claiml1l wherein}said transitron
metal Lewis acids ar FEI“?FWﬁde'lsr] 7. A nethod for maktrg—aed
substituted resorcinols in accordance with claiml1l wherein said transi t i on-

metal Lew s aC|d S 1[err] A nethod for making acyl substituted
resorci nol s A method for making acyl substituted resorcinols, said

method comprises the step of contacting:
(a) resorcinols;
. (b) acid halides having the formula

]
C

AN

A X

wherein A is an aromatic radical and X is a halogen; and

{c) a catalytic amount of transition metal Lewis acids,
wherein said catalytic amount is about 0.1 to about 50.0 mole
percent of said transition metal Lewis acids based on total moles
of resorcinol employed.

2. A method for making acyl substituted resorcinols in
accordance with claim 1 wherein said resorcinols in (a) have the
formula |

wherein each R is independently hydrogen or a C,,, hydrocarbon
and R' is hydrogen or an acyl group.



accordance with claim1 wherein ﬂ!m,# lﬂﬂﬂlmm s a nelt
tenperature of about [err] to a met hod
substituted resorcinols in accordance W t h' clai J wher eifn
substituted resorcinols are 4, 6-acyl subsélltut ed resorcir

for maki ng acyl substituted resorcinol s i accordance wi
said 4,6-acyl substituted resorcinols are 4,6-di benzoyl

NP e

said acyl

olfs. AR M9ret ho
hlcl ai m 9 wheref nf
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esorci nolr's.

met hod for making acyl substituted resorcinols in accordamee—with claimil 1q

= A

mhereln said nethod further conprises a recrystallization step.

3. A method for making acyl substituted resorcinols in
accordance with claim 2 wherein said acyl group is a benzoyl
group.

4. A method for making acyl substituted resorcinols in
accordahce with claim 3 wherein said resorcinol is 1,3-benzenedicl
or 2,4-dihydroxybenzophenone.
| 5. A method for making acyl substituted resorcinols in

~ accordance with claim 1 wherein said acid halides are benzoyl
chloride.

- 6. A method for making acyl substituted resorcinols in
accordance with claim 1 wherein said transition metal Lewis acids
are CdCl, or FeCl,. _

7. A method for making acyl substituted resorcinols in
accordance with claim 1 whefein said transition metal Lewis acid
is ZnCl,.

-8. A method for making acyl substituted resorcinols in
accordance with claim 1 wherein said contacting is a melt reaction
at a temperature of about 120°C to about 250°C.

9, A method for making acyl substituted resorcinols in
accordance with claim 1 wherein said acyl substituted resorcinols
are 4,6-acyl substituted resorcinols.

10. A method for making acyl substituted resorcinols in
accordance with claim 9 wherein said 4,6-acyl substituted
resorcihols are 4,6-dibenzoyl resorcinols. |

11. A method for making acyl substituted resorcinols in
accordance with claim 10 wherein said method further comprises

a recrystallization step.



