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Cyclic amines are ubiquitous core structures of bioactive natural products and pharmaceutical drugs. Although the
site-selective abstraction of C–H bonds is an attractive strategy for preparing valuable functionalized amines from their
readily available parent heterocycles, this approach has largely been limited to substrates that require protection of the
amine nitrogen atom. In addition, most methods rely on transition metals and are incompatible with the presence of amine
N–H bonds. Here we introduce a protecting-group-free approach for the α-functionalization of cyclic secondary amines. An
operationally simple one-pot procedure generates products via a process that involves intermolecular hydride transfer to
generate an imine intermediate that is subsequently captured by a nucleophile, such as an alkyl or aryl lithium compound.
Reactions are regioselective and stereospecific and enable the rapid preparation of bioactive amines, as exemplified by the
facile synthesis of anabasine and (–)-solenopsin A.

Fully or partially saturated nitrogen heterocycles are key constitu-
ents of numerous pharmaceutical drugs1. However, of the many
diverse methods that enable the synthesis of functionalized

derivatives of such heterocycles, the vast majority require multistep
sequences2. A particularly attractive entry to substituted saturated
nitrogen heterocycles is the modification of readily available
amines via the transformation of poorly reactive but ubiquitous
C–H bonds3,4. Significant challenges notwithstanding, major efforts
by the synthetic community continue to focus on the development
of methods for the direct functionalization of C–H bonds, which
include C–H bonds in the α-position of the amine nitrogen
atom3,4. Although highly desirable for further processing, current
protocols are largely incompatible with the presence of a free
amine N–H bond, which interferes with C–H bond functionaliza-
tion. Thus, progress in amine C–H functionalization has largely
been limited to methods that rely on protected or tertiary amines.
Furthermore, the use of directing groups is a strict requirement of
many approaches. These directing groups typically double as
amine-protecting groups and not infrequently are hard to remove,
which significantly limits the applicability of the underlying
methods. Here we report a conceptually new strategy that addresses
several important limitations.

Outlined in Fig. 1 are the most common approaches for amine
α-C–H bond functionalization. A widely applied method utilizes
N-Boc (Boc, t-butyloxycarbonyl)-protected pyrrolidine and related
heterocycles as starting materials5–11. As an example, α-deprotonation
of N-Boc-protected pyrrolidine with a strong base in the presence of
a chiral ligand, followed by transmetallation and, finally, by palla-
dium/phosphine ligand-catalysed coupling with an aryl halide,
results in the formation of α-arylated N-Boc pyrrolidine in
highly enantioenriched form (Fig. 1a)12. Other approaches based
on a directing group utilize a transition-metal catalyst in the
absence of an exogenous base (Fig. 1b)13–15. The undoubtedly
most-widely explored method involves the oxidative C–H functio-
nalization and capture of intermediate iminium ions with various
nucleophiles, such as alkynes (Fig. 1c)16–18. Although highly useful
for certain substrates, the scope of most reactions in this category
is often limited to moderately activated N-aryl amines. Somewhat

related, although mechanistically distinct, are photoredox-based
approaches (Fig. 1d)19–21. Other strategies for the α-C–H bond func-
tionalization of tertiary amines that are not depicted in Fig. 1
include hydrogen-atom22 or hydride transfer23 and metal–carbenoid
insertion24. Isolated examples of other amine C–H bond functiona-
lizations have been reported, including the functionalization of
more remote sites8,25,26. None of the methods described above are
applicable to the C–H bond functionalization of secondary amines.

Methods for the direct α-C–H bond functionalization of second-
ary amines are rare and essentially limited to hydroaminoalkyla-
tion27 (Fig. 1e). Although impressive results have been achieved
with this approach, mechanistic constraints mean the method
cannot be used to introduce aryl, alkenyl or alkynyl groups or
non-α-branched alkyl groups. Our group has developed a mechan-
istically unique method for the α-C–H bond functionalization of
secondary amines that features azomethine ylides as intermediates
(Fig. 1f)28,29. However, reactions invariably involve N-alkylation;
thus, the products of these reaction are themselves tertiary amines.

A new concept for the α-C–H bond functionalization of second-
ary amines is depicted in Fig. 1g, using pyrrolidine as a prototypical
example. Lithiated pyrrolidine (1), readily obtained by in situ depro-
tonation of pyrrolidine, engages a sacrificial hydride acceptor
(a simple carbonyl compound) to provide cyclic imine 4 (via the
proposed transition state 2) in addition to lithium alkoxide 3.
Capture of imine 4 by an organolithium reagent furnishes the func-
tionalized amine 5. The ability of lithium amides such as 1 to serve
as hydride donors is well documented30. Similarly, there is precedent
for the nucleophilic addition of organolithium species to imines31.
However, these steps apparently have not been applied in sequence.
In addition, there seem to have been no concerted efforts to utilize
this unique reactivity for amine α-functionalization. This is perhaps
not surprising, as there are significant challenges associated with this
proposal. Early work by Wittig and Hesse, who reported on the
ability of lithiated amines to serve as hydride donors in reactions
with carbonyl compounds such as benzophenone, established that
imines such as 4 are deprotonated rapidly by the corresponding
lithium amide starting material (for example, 1) to form a 1-azaallyl
anion (for example, 6) and free amine, in this case pyrrolidine32. The
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results by Wittig and Hesse appear to suggest that deprotonation is
a more-rapid process than hydride transfer and the outcome of
their experiments was dominated by 1-azaallyl anion reactivity32.
Another well-appreciated challenge is the known propensity of
imines, such as 4, to undergo trimerization33. Several conditions
must be met to execute the proposed amine α-functionalization
successfully. First, reaction conditions must be identified under
which the rate of hydride transfer significantly exceeds the rates of
both imine deprotonation (by lithium amide 1) or trimerization.
In addition, the rate of nucleophilic addition must be greater than
both the rates of imine deprotonation (by the nucleophile)
or trimerization.

After significant experimentation (Supplementary Table 1), we
developed a simple procedure for the α-C–H bond functionalization
of a broad range of cyclic N–H amines (Table 1). Deprotonation of
the amine, followed by the addition of a hydride acceptor and,
finally, an organolithium nucleophile facilitated the formation of a
range of products. This method is applicable to amines of various
ring sizes. Aryl lithiums that bear different functional groups and
heteroaryl lithium reagents were found to be competent nucleo-
philes. Although simple n-alkyl lithium reagents, such as n-BuLi
(commercial solution in hexanes), were viable nucleophiles,
s-BuLi (commercial solution in cyclohexane) and MeLi (commer-
cial solution in ether) did not participate in the title reaction.
Organolithium compounds outperformed other organometallic
nucleophiles in all cases. For instance, the replacement of PhLi for
PhMgBr or Ph2CuLi resulted in the formation of 8 in 21 and 41%
yields, respectively. Benzophenone was identified as the hydride
acceptor of choice in the case of pyrrolidine. Remarkably, hydride
transfer was found to occur rapidly at –78 °C. In some cases,
t-butyl phenyl ketone outperformed benzophenone as the hydride
acceptor. For substrates with attenuated reactivities, trifluoroaceto-
phenone was identified as an efficient hydride acceptor. A high
level of trans-diastereoselectivity was observed for products 23, 24
and 29. The relative stereochemistry of 29 is complementary to
that observed in the α-functionalization of N-Boc-4-substituted
piperidine through deprotonative α-lithiation, in which the corre-
sponding cis diastereomers are formed with excellent selectivity8.

A highly attractive feature of the new α-C–H bond functionaliza-
tion strategy is its applicability to the regioselective functionalization
of amines with an existing α-substituent (Table 2). Reactions are
highly regioselective and lead to the replacement of the electroni-
cally less activated and sterically more accessible C–H bond,
which allows for the synthesis of α,αʹ-disubstituted amines. The
majority of the reactions are highly diastereoselective and lead to
the preferential formation of the trans-configured products, consist-
ent with the nucleophile attacking the less-hindered face of the
intermediate imine. An exception is product 36, which is formed
with a slight preference for the cis isomer, possibly because of the
silyl ether acting as a weak directing group. Importantly, reactions
are highly stereospecific. For instance, amine (R)-8 was converted
into product (R,R)-39 without a loss of enantiomeric excess. This
finding was exploited in a one-step synthesis of the natural
product (–)-solenopsin A (ref. 34) from the readily available amine
(R)-48. The natural product anabasine (26)35, itself obtained in
one step (Table 1), was readily converted into derivative 49.
Further demonstrating the utility of this method for drug discovery,
late-stage intermediates to the commercial drugs, varenicline36 and
risperidone37 readily underwent α-C–H bond functionalization with
high levels of diastereoselectivity.

Control experiments were performed to test for the potential
involvement of the above-mentioned 1-pyrroline trimer 7 (Fig. 2).
Apparently, this compound is not an intermediate in this process,
as judged by the fact that 7 does not undergo the formation of
2-phenyl pyrrolidine (8) when exposed to the standard reaction
conditions (Fig. 2a). The same is true when the reaction is per-
formed in the presence of lithium alkoxide generated in situ
(which corresponds to compound 3 in Fig. 1). To shed light on
the relative rates of the different reaction steps and potentially to
simplify the set-up conditions, a number of experiments were per-
formed (Fig. 2b). The addition of n-BuLi to a preformed mixture
of pyrrolidine and benzophenone, followed by the addition of
phenyl lithium, resulted in the formation of 8 with a similar effi-
ciency to that with the conditions in Table 1, in which the addition
of n-BuLi preceded the addition of benzophenone. This indicates
that the deprotonation of pyrrolidine by n-BuLi is significantly
faster than any reaction of n-BuLi with benzophenone. The
procedure for the formation of 8 could be simplified further by
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Figure 1 | Methods for amine α-C–H bond functionalization and the new
concept for secondary amines. A summary of some of the most widely
used methods for amine α-C–H bond functionalization a, Deprotonative/
cross-coupling approach. b, Directing-group-based approach that involves
oxidative C–H insertion by a metal catalyst. c, Oxidative approach
(cross-dehydrogenative coupling). d, Photoredox-based method.
e, Hydroaminoalkylation. f, Redox-neutral condensation. g, This work, an
intermolecular hydride-transfer-based approach. TBME, t-butyl methyl ether;
r.t., room temperature.
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Table 1 | α-C–H bond functionalization of cyclic amines.
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*Benzophenone was used as the hydride acceptor (10 min reaction time). †t-Butyl phenyl ketone was used as the hydride acceptor (30–90 min reaction time). ‡Trifluoroacetophenone was used as the hydride
acceptor (60 min reaction time).

Table 2 | Regioselective and stereospecific α-C–H bond functionalization of cyclic amines.

(i)   n-BuLi (1 equiv.), –78 °C, 10 min
(ii)  Hydride acceptor (1.2–1.7 equiv.), –78 °C, 10–60 min
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*Benzophenone was used as the hydride acceptor (10 min reaction time). †t-Butyl phenyl ketone was used as the hydride acceptor (60 min reaction time). ‡Trifluoroacetophenone was used as the hydride
acceptor (60 min reaction time).
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employing phenyl lithium as the base in the first step. Simply adding
an excess of phenyl lithium to a mixture of pyrrolidine and benzo-
phenone led to the formation of 8 in a nearly identical yield to that
observed before. This experiment establishes, rather unexpectedly,
that the rates of both pyrrolidine deprotonation and hydride trans-
fer vastly exceed the rate of the potentially competing addition of
phenyl lithium to benzophenone, a known process38. We also eval-
uated this simplified reaction set-up in the α-n-butylation of azacy-
clotridecane. Although the yield of 35 was substantially lower than
that in the stepwise process (32 versus 64%), this result is quite
remarkable as it indicates that the reduction of benzophenone by
the intermediate lithium amide can compete with the known
reduction of benzophenone by n-BuLi (ref. 39).

In conclusion, we have developed an operationally convenient
method for the α-C–H bond functionalization of cyclic N–H
amines. This approach complements existing methodology, is pro-
tecting-group free and is uniquely effective in the stereospecific
functionalization of cyclic amines with pre-existing substituents.
In contrast to the vast majority of current approaches for amine
C–H functionalization, no transition metals are required in
this process.

Data availability. Crystallographic data for the structure reported in
this Article have been deposited at the Cambridge Crystallographic
Data Centre, under deposition number CCDC 1535260 ((±)-45).
Copies of the data can be obtained free of charge via www.ccdc.
cam.ac.uk/data_request/cif. All other data supporting the findings
of this study, including experimental procedures and compound
characterization, are available within the Article and its
Supplementary Information, or from the corresponding author
upon reasonable request.

Received 11 June 2017; accepted 6 September 2017;
published online 6 November 2017

References
1. Vitaku, E., Smith, D. T. & Njardarson, J. T. Analysis of the structural diversity,

substitution patterns, and frequency of nitrogen heterocycles among U.S. FDA
approved pharmaceuticals. J. Med. Chem. 57, 10257–10274 (2014).

2. Vo, C.-V. T. & Bode, J. W. Synthesis of saturated N-heterocycles. J. Org. Chem.
79, 2809–2815 (2014).

3. Campos, K. R. Direct sp3 C–H bond activation adjacent to nitrogen in
heterocycles. Chem. Soc. Rev. 36, 1069–1084 (2007).

4. Mitchell, E. A., Peschiulli, A., Lefevre, N., Meerpoel, L. & Maes, B. U. W.
Direct α-functionalization of saturated cyclic amines. Chem. Eur. J. 18,
10092–10142 (2012).

5. Beak, P. & Lee, W.-K. α-lithioamine synthetic equivalents from dipole-stabilized
carbanions: the t-Boc group as an activator for α′-lithiation of carbamates.
Tetrahedron Lett. 30, 1197–1200 (1989).

6. Beak, P., Kerrick, S. T., Wu, S. & Chu, J. Complex induced proximity effects:
enantioselective syntheses based on asymmetric deprotonations of Noc-
pyrrolidines. J. Am. Chem. Soc. 116, 3231–3239 (1994).

7. McGrath, M. J. & O’Brien, P. Catalytic asymmetric deprotonation using a ligand
exchange approach. J. Am. Chem. Soc. 127, 16378–16379 (2005).

8. Seel, S. et al. Highly diastereoselective arylations of substituted piperidines.
J. Am. Chem. Soc. 133, 4774–4777 (2011).

9. Beng, T. K., Woo, J. S. & Gawley, R. E. Synthetic applications and inversion
dynamics of configurationally stable 2-lithio-2-arylpyrrolidines and
-piperidines. J. Am. Chem. Soc. 134, 14764–14771 (2012).

10. Cordier, C. J., Lundgren, R. J. & Fu, G. C. Enantioconvergent cross-couplings of
racemic alkylmetal reagents with unactivated secondary alkyl electrophiles:
catalytic asymmetric Negishi α-alkylations of Noc-pyrrolidine. J. Am. Chem. Soc.
135, 10946–10949 (2013).

11. Li, X. & Coldham, I. Synthesis of 1,1-disubstituted tetrahydroisoquinolines by
lithiation and substitution, with in situ IR spectroscopy and configurational
stability studies. J. Am. Chem. Soc. 136, 5551–5554 (2014).

12. Campos, K. R., Klapars, A., Waldman, J. H., Dormer, P. G. & Chen, C.-Y.
Enantioselective, palladium-catalyzed α-arylation of Noc-pyrrolidine. J. Am.
Chem. Soc. 128, 3538–3539 (2006).

13. Pastine, S. J., Gribkov, D. V. & Sames, D. sp3 C–H bond arylation directed by
amidine protecting group: α-arylation of pyrrolidines and piperidines. J. Am.
Chem. Soc. 128, 14220–14221 (2006).

14. Spangler, J. E., Kobayashi, Y., Verma, P., Wang, D.-H. & Yu, J.-Q. α-arylation of
saturated azacycles and N-methylamines via palladium(II)-catalyzed C(sp3)–H
coupling. J. Am. Chem. Soc. 137, 11876–11879 (2015).

15. Jain, P., Verma, P., Xia, G. & Yu, J.-Q. Enantioselective amine
α-functionalization via palladium-catalysed C–H arylation of thioamides. Nat.
Chem. 9, 140–144 (2017).

16. Shono, T., Matsumura, Y. & Tsubata, K. Electroorganic chemistry. 46. A new
carbon–carbon bond forming reaction at the α-position of amines utilizing
anodic oxidation as a key step. J. Am. Chem. Soc. 103, 1172–1176 (1981).

17. Li, Z. P. & Li, C. J. CuBr-catalyzed efficient alkynylation of sp3 C–H bonds
adjacent to a nitrogen atom. J. Am. Chem. Soc. 126, 11810–11811 (2004).

18. Girard, S. A., Knauber, T. & Li, C.-J. The cross-dehydrogenative coupling of
C(sp3)–H bonds: a versatile strategy for C–C bond formations. Angew. Chem.
Int. Ed. 53, 74–100 (2014).

19. McNally, A., Prier, C. K. & MacMillan, D. W. C. Discovery of an α-amino C–H
arylation reaction using the strategy of accelerated serendipity. Science 334,
1114–1117 (2011).

20. Shaw, M. H., Shurtleff, V. W., Terrett, J. A., Cuthbertson, J. D. &
MacMillan, D. W. C. Native functionality in triple catalytic cross-coupling: sp3

C–H bonds as latent nucleophiles. Science 352, 1304–1308 (2016).
21. Beatty, J. W. & Stephenson, C. R. J. Amine functionalization via oxidative

photoredox catalysis: methodology development and complex molecule
synthesis. Acc. Chem. Res. 48, 1474–1484 (2015).

22. Yoshikai, N., Mieczkowski, A., Matsumoto, A., Ilies, L. & Nakamura, E. Iron-
catalyzed C–C bond formation at α-position of aliphatic amines via C–H
bond activation through 1,5-hydrogen transfer. J. Am. Chem. Soc. 132,
5568–5569 (2010).

23. Haibach, M. C. & Seidel, D. C–H bond functionalization through intramolecular
hydride transfer. Angew. Chem. Int. Ed. 53, 5010–5036 (2014).

24. Davies, H. M. L. & Manning, J. R. Catalytic C–H functionalization by metal
carbenoid and nitrenoid insertion. Nature 451, 417–424 (2008).

25. Millet, A., Larini, P., Clot, E. & Baudoin, O. Ligand-controlled β-selective
C(sp3)–H arylation of Noc-piperidines. Chem. Sci. 4, 2241–2247 (2013).

26. Topczewski, J. J., Cabrera, P. J., Saper, N. I. & Sanford, M. S. Palladium-catalysed
transannular C–H functionalization of alicyclic amines. Nature 531,
220–224 (2016).

27. Payne, P. R., Garcia, P., Eisenberger, P., Yim, J. C. H. & Schafer, L. L. Tantalum
catalyzed hydroaminoalkylation for the synthesis of α- and β-substituted
N-heterocycles. Org. Lett. 15, 2182–2185 (2013).

a

b (i)  n-BuLi (1 equiv.), –78 °C, 10 min
(ii) PhLi (1.5 equiv.), –78 °C to r.t., 2 h

                 Ether (solvent)N
H

Ph

O

Ph
+

1.2 equiv.

N
H

(±)-8, 54%

H

(±)-35, 32%

N
H

n-Bu
Ph

O

Ph
+

1.2 equiv.

n-BuLi (2.5 equiv.)

Ether, –78 °C to r.t., 2 h
N
H

H

N N

N
H

H

H

N
H

(±)-8, trace

PhLi (4.5 equiv.)

Ether, –78 °C to r.t., 2 h

7

N N

N
H

H

H

N
H

(±)-8, trace

PhLi (7.5 equiv.)

Ether, –78 °C to r.t., 2 h

7

Ph

OH

Ph
+

3 equiv.

N
H

Ph

O

Ph
+

1.2 equiv.

N
H

(±)-8, 58%

PhLi (2.5 equiv.)

Ether, –78 °C to r.t., 2 h
H

Figure 2 | Control studies and simplification of the set-up conditions.
a, The 1-pyrroline trimer 7 is not involved as an intermediate in the
functionalization of the pyrrolidine α-C–H bond. b, Experiments that involve
pre-mixing of the amine and hydride acceptor.

ARTICLES NATURE CHEMISTRY DOI: 10.1038/NCHEM.2871

NATURE CHEMISTRY | ADVANCE ONLINE PUBLICATION | www.nature.com/naturechemistry4

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

http://www.nature.com/compfinder/10.1038/nchem.2871_comp8
http://www.nature.com/compfinder/10.1038/nchem.2871_comp35
http://www.nature.com/compfinder/10.1038/nchem.2871_comp45
http://www.ccdc.cam.ac.uk/data_request/cif
http://www.ccdc.cam.ac.uk/data_request/cif
http://dx.doi.org/10.1038/nchem.2871
http://www.nature.com/naturechemistry


28. Zhang, C., De, C. K., Mal, R. & Seidel, D. α-amination of nitrogen heterocycles:
ring-fused aminals. J. Am. Chem. Soc. 130, 416–417 (2008).

29. Seidel, D. The azomethine ylide route to amine C–H functionalization: redox
versions of classic reactions and a pathway to new transformations. Acc. Chem.
Res. 48, 317–328 (2015).

30. Majewski, M. & Gleave, D. M. Reduction with lithium dialkylamides.
J. Organomet. Chem. 470, 1–16 (1994).

31. Scully, F. E. Regioselective 2-alkylation and 2-arylation of piperidine and
pyrrolidine via organolithiation of cyclic imines. J. Org. Chem. 45,
1515–1517 (1980).

32. Wittig, G. & Hesse, A. Zur Reaktionsweise N-metallierter acyclischer und
cyclischer sekundärer amine. Liebigs Ann. Chem. 746, 149–173 (1971).

33. Yujiro, N., Keiichiro, O., Yoshito, T. & Shuji, T. One-step synthesis and structural
confirmation of 1-pyrroline trimer. Chem. Lett. 6, 693–696 (1977).

34. MacConnell, J. G., Blum, M. S. & Fales, H. M. Alkaloid from fire ant venom:
identification and synthesis. Science 168, 840–841 (1970).

35. Crooks, P. A. in Analytical Determination of Nicotine and Related Compounds
and their Metabolites (eds Gorrod, J. W. & Jacob, P. III) 69–147 (Elsevier, 1999).

36. Coe, J. W. et al. Varenicline: an α4β2 nicotinic receptor partial agonist for
smoking cessation. J. Med. Chem. 48, 3474–3477 (2005).

37. Colpaert, F. C. Discovering risperidone: the LSD model of psychopathology. Nat.
Rev. Drug Discov. 2, 315–320 (2003).

38. Yamataka, H., Kawafuji, Y., Nagareda, K., Miyano, N. & Hanafusa, T. Electron
transfer in the additions of organolithium reagents to benzophenone and
benzaldehyde. J. Org. Chem. 54, 4706–4708 (1989).

39. Yamataka, H., Miyano, N. & Hanafusa, T. Comparative mechanistic study of the
reactions of benzophenone with N-butylmagnesium bromide and
N-butyllithium. J. Org. Chem. 56, 2573–2575 (1991).

Acknowledgements
Financial support from the NIH–NIGMS (R01GM101389) is gratefully acknowledged. We
thank T. Emge (Rutgers University) for the crystallographic analysis.

Author contributions
W.C. and L.M. developed the amine α-functionalization and contributed equally to this
work. A.P. further developed the reaction and expanded the scope. D.S. conceived and
supervised the project and wrote the manuscript. All the authors discussed the results and
commented on the manuscript.

Additional information
Supplementary information and chemical compound information are available in the
online version of the paper. Reprints and permissions information is available online at
www.nature.com/reprints. Publisher’s note: Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations. Correspondence and
requests for materials should be addressed to D.S.

Competing financial interests
The authors declare no competing financial interests.

NATURE CHEMISTRY DOI: 10.1038/NCHEM.2871 ARTICLES

NATURE CHEMISTRY | ADVANCE ONLINE PUBLICATION | www.nature.com/naturechemistry 5

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

http://dx.doi.org/10.1038/nchem.2871
http://www.nature.com/reprints
http://dx.doi.org/10.1038/nchem.2871
http://www.nature.com/naturechemistry

	Direct α-C–H bond functionalization of unprotected cyclic amines
	Data availability
	Figure 1  Methods for amine α-C–H bond functionalization and the new concept for secondary amines.
	Table 2  Regioselective and stereospecific α-C–H bond functionalization of cyclic amines.
	Figure 2  Control studies and simplification of the set-up conditions.
	Table 1  α-C–H bond functionalization of cyclic amines.
	References
	Acknowledgements
	Author contributions
	Additional information
	Competing financial interests


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 450
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    35.29000
    35.29000
    36.28000
    36.28000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    8.50000
    8.50000
    8.50000
    8.50000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (NPG PRINT PDF Job Options. 4th September 2006. PDF 1.3 Compatibility. Adds Trim and Bleed boxes top Nature pages where none exist.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice


