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Abstract: Geminal acylation of derivatives of cyclohexanone with Br, Cl, F, and OCH3 in the a position, and of their cor-
responding dimethyl ketals, could not be accomplished to a significant extent following published procedures. The trans-
formation was accomplished in two steps. The initial BF3�Et2O-mediated reaction with 1,2-
bis(trimethylsilyloxy)cyclobutene gave a cyclobutanone product as a mixture of diastereomers. Only with 2-chlorocyclo-
hexanone did this occur with good diastereoselectivity. Then, pinacol rearrangement of the diastereomeric mixture medi-
ated by Amberlyst-15 in benzene provided the heterosubstituted spirocyclic diketone.

Key words: diastereoselectivity, Mukaiyama aldol, geminal acylation, spirocyclic diketone.

Résumé : L’acylation géminale de dérivés de la cyclohexanone portant des substituants Br, Cl, F et OCH3 en position a

ainsi que celle des diméthylcétals correspondants ne peut pas être réalisée avec des rendements significatifs par les métho-
des rapportées jusqu’à maintenant. On a réussi à effectuer cette transformation en deux étapes. La réaction initiale cataly-
sée par le BF3�Et2O avec le 1,2-bis(triméthylsilyloxy)cyclobutène conduit à un produit à base de cyclobutanone, sous la
forme de mélange de diastéréoisomères. Cette transformation ne s’est effectuée avec une bonne diastéréosélectivité qu’a-
vec la 2-chlorocyclohexanone. La transposition pinacolique du mélange diastéréoisomère catalysée par l’Amberlyst-15
dans le benzène conduit alors à une dicétone spirocyclique hétérosubstituée.

Mots-clés : diastéréosélectivité, aldol de Mukaiyama, acylation géminale, dicétone spirocyclique.

Introduction

The geminal acylation of ketones and their ketals with
1,2-bis(trimethylsilyloxy)cyclobutene (1) is a powerful
method for generating 2,2-disubstituted 1,3-cyclopentane-
dione systems in high yield. Kuwajima and co-workers1 in-
troduced this transformation as a two-step procedure
(Scheme 1). First, a BF3�Et2O-mediated Mukaiyama aldol
between a ketal and 12,3 affords a cyclobutanone, e.g., 2.
Then, pinacol rearrangement of 2 is effected by treatment
with trifluoroacetic acid (TFA), generating a 1,3-diketone
such as 3.

The process can be carried out, generally in excellent
yield, in one pot by the use of a large excess of BF3�Et2O.4–7

Geminal acylation of ketones is facilitated by the addition of
a small amount of water to the reaction medium after forma-
tion of the cyclobutanone intermediate.8 Methyl-substituted
versions of 1 can also be used for this reaction.9,10 Geminal
acylation has appeared as a key process in many synthetic
and methodological endeavors.11–13 Substitution by alkyl
groups a to the ketone, or ketal, reduces the yield of the
geminal acylation. For instance, the ethylene ketal of cyclo-

hexanone was geminally acylated in 96% yield using the
one-pot procedure,13 but the ketal of 2-methylcyclohexanone
gave only a 30% yield of the geminal acylation product.7 In
a similar way, yields with ketones were lower when the a

position was more substituted. The geminal acylation of cy-
clohexanone gave the diketone product in 94% yield, but

Scheme 1. Geminal acylation in two steps with the diethyl ketal of
cyclohexanone.1
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under very similar conditions 2-methylcyclohexanone pro-
vided the diketone in only 62% yield.8 Differing degrees of
a substitution has allowed selective geminal acylation to
take place.8,13 The reason for the attenuation of the yields
has been presumed to be steric hindrance.

It was thought that a substitution by a heteroatom might
be better tolerated than a substitution by an alkyl group be-
cause the former might have a smaller steric effect. The
products of geminal acylations with a-substituted ketones or
ketals would possess functionality that might be useful for
further synthetic manipulation. The results of our experi-
ments with a-substituted cyclohexanones and their corre-
sponding dimethyl ketals are presented here.

Results and discussion
The dimethyl ketals of 2-bromo-, 2-chloro-, 2-fluoro-, and

2-methoxycyclohexanone were subjected to the conditions
previously used by Kuwajima and co-workers1 for the two-
step geminal acylation of the ketal of cyclohexanone. Gemi-
nally acylated product was not detected from any of these
ketals. The same ketals were treated with an excess of 1
and a large excess of BF3�Et2O. These conditions would
have geminally acylated the ketal of cyclohexanone in high
yield,4,7 but, once again, no geminally acylated product was
obtained.

The procedure developed by Kuwajima and co-workers
was used with the four a-substituted ketones, but only two
gave geminally acylated products: 4 in 7% yield from the
2-bromocyclohexanone and 5 in 10% yield from the 2-
methoxycyclohexanone. Conditions had been developed spe-
cifically for the geminal acylation of ketones in one pot.8
When these conditions were applied to the four a-substituted
ketones, only two yielded a detectable amount of a
geminally acylated product: 4 in 24% yield from the 2-
bromocyclohexanone and 6 in 4% yield from the 2-chloro-
cyclohexanone.

TLC analysis of the reactions of the ketals and of the ke-
tones indicated that the starting compounds were consumed
fairly rapidly. 13C NMR spectra of the resulting material in-
cluded clusters of resonances between d 90 and 100 ppm.
Chemical shifts in this region have been seen for the carbi-
nolic carbon of a cyclobutane intermediate,1,8,9 and it was
surmised that as a result of these attempted geminal acyla-
tions, the Mukaiyama aldol reactions had taken place to
give cyclobutanone derivatives (7–14), but the pinacol rear-
rangements had failed. The products from the ketals 7–10
were mixtures with silylated alcohol functions, but product
ratios could not be determined owing to partial desilylation.
The products from the ketones 11–14 were obtained with al-
cohol functions only. NMR signals were discerned for at
least three of the four possible diastereomers of 11–14, and
the proportions of these diastereomers (Table 1) were esti-
mated by integration of the NMR spectra of the crude mix-
tures of diastereomers.

Only 2-chlorocyclohexanone showed good stereoselectiv-
ity (80% of one diastereomer by NMR), and a tiny amount
of the major diastereomer 12a was isolated by repeated flash
chromatography. 2-Bromocyclohexanone had reacted with
modest stereoselectivity (the ratio of diastereomers was
only 3:1:1:1), and a very small amount of the major diaste-

reomer 11a separated from the others during chromatogra-
phy. (The diastereomeric mixtures 9, 10, 13, and 14 could
not be separated by flash chromatography.) It was fortuitous
that both 11a and 12a provided crystals that allowed analy-
sis by X-ray crystallography. This analysis revealed that
these major diastereomers had the same basic structure
(Figs. 1 and 2).

Diastereoselective additions of nucleophiles, such as hy-
dride, organomagnesium reagents, and organolithium re-
agents, to a-heterosubstituted cyclohexanones have been
noted a number of times.14–16 The selectivity has been ra-
tionalized in terms of Felkin–Anh control15 and electrostatic
interactions.14,17 Previous studies involved products that
were predominantly the result of addition to the face of the
carbonyl anti to the heteroatom. However, in both 11a and
12a, the position of the cyclobutanone moiety relative to
the halogen was cis with respect to the cyclohexane ring,
which implied that the Mukaiyama aldol reaction preferen-
tially occurred on the face of the ketone syn to the halogen.
Previous work with conformationally locked cyclohexanones
indicated that addition of hydride was predominantly axial,
and the rate of anti addition to the carbonyl was faster
when the a-heteroatom was axial.14 In other words, the dia-
stereoselectivity of additions of smaller nucleophiles to a-
substituted cyclohexanones arises from axial addition to the
carbonyl when the a-substituent is axial and anti to the in-
coming nucleophile. NMR studies have shown that the cy-
clohexanone conformer with the a-halogen in an axial
position is either the major conformer or at least similar in
energy to the conformer with an equatorial halogen.15,18

In contrast with the reactions of hydride and many orga-
nometallics, the initial step of the geminal acylation of cy-
clohexanone or its ketal gives mainly the product of
equatorial addition.1,8 If that mode of addition is still the
case with the a-heterosubstituted cyclohexanones, what is
intriguing is that the relative stereochemistry observed with
11a and 12a must have arisen by addition of 1 syn to the a-
heteroatom, but with the conformation of the cyclohexanone
having the heteroatom in an axial position. It has been ac-
cepted for a long time that equatorial additions to cyclohex-
anones by larger nucleophiles are due to larger steric
interactions in the transition state for axial addition.19 On
the other hand, the axial disposition of the heteroatom is
likely due to stabilization of the intermediate carbocation
(e.g., 16). Thus, a plausible reason for the generally low
stereoselectivity of the addition reactions summarized in Ta-
ble 1, relative to additions of smaller nucleophiles,13–15

would be that the axial heteroatom would retard attack by
1, since this larger nucleophile would be adding equatori-
ally, which would be syn to the heteroatom, making other
modes of reaction competitive in rate.

Pottie et al. 1119
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Table 1. Results of the two-step geminal acylation of a-heterosubstituted cyclohexanones and their ketals.
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When some cyclobutanone compounds were maintained
in warm TFA, very little, if any, rearrangement took place,
but the starting compound was steadily consumed, and
some material that was insoluble in common organic
solvents was produced. The formation of a spirocyclic 1,3-
diketone from the cyclobutanone might take place in a step-
wise fashion, by initial generation of an intermediate tertiary
carbocation followed by rearrangement, or by a concerted
mechanism in which carbon–carbon bond reorganization ac-
companies the loss of the oxygen. TFA, being a polar me-
dium, should stabilize a discreet carbocation. However,
calculations by Nakamura and Osamura20 suggested that as
a carbocation is stabilized, the energy required for carbon–
carbon bond reorganization increases. This would likely
make other reaction pathways (leading to decomposition)
more competitive. It was hypothesized that performing the
rearrangement in a nonpolar medium would create a more
favorable situation for a concerted process to occur instead
of other more destructive reaction pathways.

To this end, benzene was chosen as the solvent and

Amberlyst-15, which is a resin with sulfonic acid sites, was
chosen as the acid. Amberlyst-15 had proven to be an excel-
lent catalyst for the rearrangement of cyclobutanone inter-
mediates generated from aldehydes.21 It was gratifying that
the desired spirocyclic 1,3-diketone (6) was obtained in
95% yield. The use of p-TsOH in the place of Amberlyst-
15 gave no rearranged product, just intractable material.
This dramatic difference in the result was evidence that the
macroreticular structure of the resin, and not just its acidity,
plays an important role in promoting the rearrangement of
the cyclobutanone. This may be related to pinacol rearrange-
ments mediated by acidic agents in other porous structures,
e.g., iron(III)-substituted molecular sieves.22

The procedure using Amberlyst-15 was carried out with
all of the cyclobutanone derivatives in Table 1. The cyclo-
butanones derived from ketones (11–14) rearranged within
an hour in benzene under reflux. The halogenated com-
pounds 11–13 provided the 1,3-diketones 4, 6, and 15 in ex-
cellent yield. The methoxy derivative 5 was obtained in
modest yield from 14. Diketone 5 was accompanied by a
significant amount of by-product, which was difficult to sep-
arate. It appeared by 1H NMR spectroscopic analysis to be
17. (Its diagnostic NMR signals were a multiplet at
d 6.98 ppm, a singlet at d 3.71 ppm, and triplets at d 3.00
and 2.64 ppm.) It was likely that 17 was produced from 5
(Scheme 2). Acid-catalyzed elimination of methanol might
be accompanied by ring-opening and generation of the acy-
lium ion 18, which would then capture the evolved methanol
to provide 17.

The reactions of the cyclobutanones derived from the ke-
tals (7–10) were sluggish, requiring 48 h to consume the
starting materials in benzene under reflux. The 1,3-diketones
4, 6, and 15 were isolated in poorer yield than from 11–13,
and the methoxycyclobutanone 10 gave none of the 1,3-
diketone 5. The reason for the slower reaction was the pres-
ence of the TMS group, because desilylation of 8 with
TBAF followed immediately by treatment with Amberlyst-
15 in benzene gave 6 in 88% yield.

The success of the two-step process from ketones
prompted us to re-examine the reactions of two a-substituted
substrates that had given only modest yields of 1,3-diketones
previously. 2-Methylcyclohexanone and 3-methylbutanone
had given 19 and 20 in yields of 62% and 52%, respec-
tively, using the one-pot, two-step method using excess
BF3�Et2O to effect the rearrangement.8 In contrast, using the

Scheme 2.Fig. 1. X-ray crystal structure of 11a.

Fig. 2. X-ray crystal structure of 12a.
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same two-step procedure involving Amberlyst-15 that was
used to produce the spirocyclic 1,3-diketones in Table 1, 19
and 20 were prepared in 84% and 80% yield, respectively,
from the ketones.

In summary, a two-step procedure has been developed for
the geminal acylation of an a-heterosubstituted cyclohexa-
none. The first step is the BF3�Et2O-mediated addition of 1
to the ketone to give a cyclobutanone intermediate, and the
second is the rearrangement of the cyclobutanone in benzene
with Amberlyst-15. The process works less well with the
corresponding ketal. Following the same procedure, yields
of geminally acylated products from ketones substituted in
the a position with alkyl groups are improved over the older
one-pot, two-step procedure. It is expected that the proce-
dure will be widely applicable for the geminal acylation of
other cyclic and acyclic ketones with a substitution.

Experimental

General
All reactions were performed under N2. BF3�Et2O was dis-

tilled before use. CH2Cl2 and benzene were distilled from
calcium hydride before use. Flash chromatography used
230–400 mesh silica gel, starting with 20% ethyl
acetate – hexane mixtures with an increasing portion of ethyl
acetate as the eluting solvent. 1H NMR spectra were re-
corded in CDCl3. Chemical shifts are relative to internal
TMS. 13C NMR chemical shifts are relative to the CDCl3
solvent (d 77.0 ppm). Each 13C NMR chemical shift is fol-
lowed by a number in parentheses that represents the num-
ber of attached protons as determined by DEPT
experiments. Compound 1 was prepared by the method of
Bloomfield and Nelke.3 2-Chloro-, 2-methoxy-, and 2-
methyl-cyclohexanone and 3-methylbutanone were pur-
chased (Sigma-Aldrich). 2-Bromo- and 2-fluorocyclohexa-
none were prepared by oxidation of the corresponding
alcohols23 with pyridinium chlorochromate. Ketals24 were
formed by treatment of the ketones with methanol–trimethyl-
orthoformate (1:1) with some p-TsOH.

General procedure for geminal acylation
To a solution of the ketone or ketal (1.0 mmol) in CH2Cl2

(8 mL) at –78 8C was added BF3�Et2O (1.5 mmol) and then
1 (3.0 mmol) dropwise. The mixture was warmed slowly to
room temperature (rt) and then stirred until TLC indicated
that the starting ketone or ketal was consumed. The mixture
was concentrated under reduced pressure. Flash chromatog-
raphy was used to remove unreacted and decomposed 1
from the mixture of cyclobutanone products. The cyclobuta-
none mixture was dissolved in benzene (25 mL). Amberlyst-
15 (0.25 g) was added to this solution, and the resulting
mixture was heated under reflux. When TLC indicated that
the cyclobutanones had been consumed, the mixture was

cooled to rt, and the Amberlyst-15 was removed by gravity
filtration. The filtrate was concentrated under reduced pres-
sure, and flash chromatography afforded the 1,3-diketone.
Characterization data for the 1,3-diketones 4, 5, 6, and 15
and the cyclobutanone intermediates 11a and 12a are given
in the following. Data for 19 and 20 were consistent with
published data.7

6-Bromospiro[4.5]decane-1,4-dione (4)
Solid, mp 56–58 8C. IR (Nujol, cm–1): 1728, 1460, 1377,

1311, 1178, 986, 696. 1H NMR (500 MHz) d: 4.12 (dd, J =
12.7, 4.7 Hz, 1H), 2.81–2.73 (m, 4H), 2.54 (dq, J = 13.1,
4.1 Hz, 1H), 2.13 (m, 1H), 1.86 (m, 1H), 1.80–1.73 (m,
2H), 1.59 (m, 1H), 1.51 (m, 1H), 1.40 (m, 1H). 13C NMR
(125 MHz) d: 214.2 (0), 213.1 (0), 59.3 (0), 49.4 (1), 35.5
(2), 34.8 (2), 32.9 (2), 31.7 (2), 26.7 (2), 18.9 (2). GC–MS:
246 (M+2, 2), 244 (M+, 2), 166 (11), 165 (100), 164 (8), 147
(4), 123 (15), 109 (14), 95 (7). HRMS (EI) calcd. for
C10H13BrO2: 244.0099; found: 244.0098.

6-Methoxyspiro[4.5]decane-1,4-dione (5)
Yellow oil. 1H NMR (500 MHz) d: 3.44 (dd, J = 11.7,

4.5 Hz, 1H), 3.20 (s, 3H), 2.73–2.63 (m, 4H), 1.97 (m, 1H),
1.88 (m, 1H), 1.83–1.75 (m, 2H), 1.59 (m, 1H), 1.50–1.44
(m, 2H), 1.30–1.24 (m, 2H). 13C NMR (125 MHz) d: 217.8
(0), 215.9 (0), 83.8 (1), 59.4 (0), 56.9 (3), 36.5 (2), 35.9 (2),
30.1 (2), 24.9 (2), 23.8 (2), 19.9 (2). GC–MS: 196 (M+, 64),
182 (25), 181 (100), 165 (53), 164 (80), 163 (54), 141 (51),
138 (58), 136 (58), 125 (68), 112 (96). HRMS (EI) calcd.
for C11H16O3: 196.1099; found: 196.1092.

6-Chlorospiro[4.5]decane-1,4-dione (6)
Solid, mp 42–46 8C. 1H NMR (500 MHz) d: 4.08 (dd, J =

12.5, 4.7 Hz, 1H), 2.82–2.72 (m, 4H), 2.38 (m, 1H), 2.01
(m, 1H), 1.91 (m, 1H), 1.78–1.71 (m, 2H), 1.56–1.46 (m,
2H), 1.38 (m, 1H). 13C NMR (125 MHz) d: 214.4 (0), 213.1
(0), 59.4 (0), 59.1 (1), 35.9 (2), 35.2 (2), 32.2 (2), 31.0 (2),
25.6 (2), 18.9 (2). GC–MS: 202 (M+2, 2), 200 (M+, 5), 166
(11), 165 (100), 164 (28), 147 (9), 137 (6), 123 (24), 109
(34). HRMS (EI) calcd. for C10H13ClO2: 200.0604; found:
200.0598.

6-Fluorospiro[4.5]decane-1,4-dione (15)
Solid, mp 62–63 8C. IR (Nujol, cm–1): 1721, 1456, 1377,

1307, 1182, 1020, 963. 1H NMR (500 MHz) d: 4.70 (ddd,
J = 4.8, 11.8, 47.4 Hz, 1H), 2.80–2.70 (m, 4H), 2.15 (m,
1H), 1.97–1.89 (m, 2H), 1.78–1.65 (m, 2H), 1.51–1.45 (m,
2H), 1.32 (m, 1H). 13C NMR (125 MHz) d: 215.0 (0), 213.4
(0), 94.2 (1, d, J = 175.4 Hz), 58.9 (0, d, J = 20.0 Hz), 35.8
(2, d, J = 70.7 Hz), 30.2 (2, d, J = 5.7 Hz), 26.8 (2, d, J =
18.0 Hz), 23.1 (2, d, J = 11.5 Hz), 19.2 (2). GC–MS: 184
(M+, 80), 164 (49), 155 (18), 129 (18), 109 (96), 103 (23),
81 (100). HRMS (EI) calcd. for C10H13FO2: 184.0900;
found: 184.0904.

(1’R*,2R*,2’S*)-2-(2-Bromo-1-hydroxycyclohexyl)-2-
hydroxycyclobutanone (11a)

Solid. IR (Nujol, cm–1): 3389 (sharp), 1776, 1737, 1462,
1377. 1H NMR (300 MHz) d: 4.40 (narrow m, 1H), 3.25
(ddd, J = 8.6, 12.4, 17.4 Hz, 1H), 3.23 (s, OH), 2.93 (ddd,
J = 6.9, 10.8, 17.4 Hz, 1H), 2.70 (m, 1H), 2.45 (s, OH),

1122 Can. J. Chem. Vol. 88, 2010
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2.37–2.14 (m, 4H), 1.91 (d of narrow m, J = 15.0 Hz, 1H),
1.81–1.55 (m, 4H), 1.41 (br d, J = 13.8 Hz, 1H). 13C NMR
(75 MHz) d: 212.7 (0), 95.5 (0), 74.6 (0), 51.4 (1), 44.4 (2),
30.5 (2), 27.6 (2), 26.0 (2), 20.1 (2), 20.0 (2). GC–MS: no
M+, 182 (2), 164 (46), 139 (53), 125 (43), 112 (59), 111
(60), 81 (68), 79 (57), 55 (100).

(1’R*,2R*,2’S*)-2-(2-Chloro-1-hydroxycyclohexyl)-2-
hydroxycyclobutanone (12a)

Solid, mp 126–128 8C. 1H NMR (300 MHz) d: 4.29 (br s,
1H), 3.42 (s, OH), 3.24 (m, 1H), 2.90 (m, 1H), 2.67 (m,
1H), 2.44 (s, OH), 2.35–1.94 (m, 4H), 1.82 (d of narrow m,
J = 17 Hz, 1H), 1.81–1.55 (m, 4H), 1.41 (br d, J = 12 Hz,
1H). 13C NMR (75 MHz) d: 211.8 (0), 94.2 (0), 74.6 (0),
60.2 (1), 46.1 (2), 31.7 (2), 29.1 (2), 27.2 (2), 21.9 (2), 21.0
(2). GC–MS: no M+, 183 (3), 165 (56), 133 (45), 109 (77),
81 (100), 79 (64), 55 (80), 43 (99).

X-ray crystallography
Table 2 summarizes the crystallographic data for 11a and

12a. Diffraction data were acquired using a Rigaku AFC6S
diffractometer with graphite-monochromated Cu Ka radia-
tion (l = 1.541 78 Å). An empirical absorption correction
was applied. The data were corrected for Lorentz and polar-
ization effects. The structures were solved by direct methods
and expanded using Fourier techniques. The non-hydrogen
atoms were refined anisotropically. Hydrogen atoms were
refined using the riding model. Final cycles of full-matrix
least-squares refinement were applied. All calculations were
performed using the CrystalStructure25 crystallographic soft-

ware package except for refinement, which was performed
using SHELXL-97.26

Supplementary data

Supplementary data for this article are available on the
journal Web site (canjchem.nrc.ca). CCDC 760849 and
760850 contain the X-ray data in CIF format for this manu-
script. These data can be obtained, free of charge, via www.
ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge
CB2 1EZ, UK; fax +44 1223 336033; or deposit@ccdc.
cam.ac.uk).
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gen, Germany, 1997.

1124 Can. J. Chem. Vol. 88, 2010

Published by NRC Research Press

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

D
A

L
H

O
U

SI
E

 U
N

IV
E

R
 o

n 
11

/1
2/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /RelativeColorimetric
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 225
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 225
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


