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2. Designof alcoholprobes
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U
N

C
O

R
R

EC
TE

D
PR

O
O

F

"NKHI>:G�'HNKG:E�H?�*>=B<BG:E� A>FBLMKRQQQ��
�� � QQQ
QQQ �

Fig. 2. +, K>E>:L>?KHFGBMK:M>L14��16 BGMA><HEHKBF>MKB<$KB>LL:LL:R�1A>E>O>ELH?
+, �

d BHG��{F� F)� IKH=N<>=;R <HFIHNG=L14��16 ���
 �{*� P>K>F>: LNK>=:M=B??>K

>GMBG<N;: MBHGMBF>��
	 �
	 �
	 ��
	 ��
 FBG�PBMAIAHLIA:M>;N??>K��
 F*	 I% � ���
�
<HGM:BGBG@<RLM>BG>�� F*�	 ;>?HK>MA>:==BMBHGH?MA>$KB>LLK>:@>GM� :E B;K:MBHG<NKO>
P:L =>KBO>=?KHFLH=BNFGBMKBM>LM:G=:K=LHENMBHGL�3:EN>L:K>MA>F>:Ga0"*�

1HIK>I:K> ;>GSREGBMK:M>14�0<A>F>� �	 BGM>KF>=B:M>8aP:L :EDR

E:M>=PBMA�p	�p�2
=B<AEHKH
m
QRE>G>BG:<>MHG>;>?HK>MK:GL?HKF: MBHG
BGMH14BGMA>IK>L>G<>H?LBEO>KGBMK:M>BG:<>MHGBMKBE>NG=>KK>?ENQ<HG

=BMBHGL� HGO>KL>ER	GBMK:M>>LM>KL15 :G=16 P>K>IK>I:K>=MAKHN@A:
GN<E>HIABEB<LN;LMBMNMBHG>FIEHRBG@8a HK10 :G= � 
;KHFHIKHIREGB

MK:M>8�� 9	K>LI><MBO>ER�
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4. Resultsand discussion
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4.3.RP-HPLC studyof nitrate-alcoholconversionprofiles
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<E>:O:@>IKHFHM>=;R :<MBO>MABHELP:L LMN=B>=;R :==BG@:G >Q<>LL
H?<RLM>BG>HK$0% MH=>@:LL>=IAHLIA:M>;N??>K:G= ;R :I IERBG@:
�� A<H
BG<N;: MBHGPBG=HPBGHK=>KMHEBFBM;:<D@KHNG==BLNE?B=>?HK

F: MBHG��R FHGBMHKBG@MA>GBMK:M>=BL:I I>:K:G<>:G=MA>?HKF: MBHGH?
MA>:E<HAHEIKH=N<M	: /- 
%-) IKHMH<HEP:L :I IEB>=MH>LMBF:M>MA>
LM:;BEBMRH?I:K>GMGBMK:M>LBGMA>IK>L>G<>H??K>>MABHEL:G=MHIK>=B<M
MA>IHLLB;E>MK:GL?HKF: MBHG?KHFGBMK:M>MHIKBF:KR :E<HAHEF>M:;H

EBM>L:EHG@PBMABGA>K>GM+, K>E>:L>BGOBOH��L ?HKN
;>GSRE=>KBO: 

MBO>14	 $0% ;HHLM>=MA><HGO>KLBHG?KHFI:K>GMGBMK:M>:G=LAHP>=
: AB@A>K<HGO>KLBHGK:M><HFI:K>= MH<RLM>BG>�#B@�� �� �G HIIHLBM>
L<:E>:G= :G :MM>GN:M>=K>:<MBOBMRP>K>H;L>KO>=BGMA><:L>H?MA>
N
IKHIRE<A>FHMRI>15 MA:M;>A:O>=:L : JNBM>IHHK=HGHKPBMAEHP
:E<HAHE?HKF: MBHG:L BEENLMK:M>=;R K>=IEHMLBG#B@�� �

�L : MK>G=	IEHMLBG#B@�� BG=B<:M>IHM>GMB:MBG@>??><MLH?MABHEL>G

:;EBG@AB@A>K:E<HAHERB>E=L:G=K:M>L?KHF14:G=15<HFI:K>=MHAR

=KHERLBLBGIAHLIA:M>;N??>K:MI% ���
 �;EN>EBG>L��

&GMA><:L>H?MA>IA>GHQRIKHIRE<A>FHMRI>16	 GH:I IK><B:;E>
E>O>EH?:E<HAHE11 P:L =>M><M>=NI MH�� A PBMA:G= PBMAHNMMABHEL�
%HP>O>K	MABLEHPK>E>:L><HNE=GHM;> :L<KB;>=MHMA>GBMK:M>LM:;BEBMR
BGMA>>QI>KBF>GM:E<HG=BMBHGL��L <:G;> BG?>KK>=?KHFMA>@K:IABG
#B@�� 	 MA>=BL:I I>:K:G<>H?I:K>GMGBMK:M>16 IKH<>>=>=K:IB=ER	<HG

LNFBG@FHK>MA:G�
� :?M>K�� A BG:EE>QI>KBF>GML�1A>K>?HK>	NG

P:GM>==>@K:=:MBHG;R
IKH=N<MLP>K>?HKF>=	PAB<AKNE>=HNMMA>=>

LBK>=;BHMK:GL?HKF: MBHGBGMH:E<HAHE11 :G=MABLL:F IE>P:L >Q<EN=>=
?KHFLN;L>JN>GM:LL:RL�

4> ?NKMA>KIKH;>= MA>;>A:OBHNKBG: <>EENE:K>GOBKHGF>GMH?
MA>MPH<A>FHMRI>L�14 :G= 15� >G:;EBG@MABHE
F>=B:M>=:E<HAHEK>

E>:L>�#B@�� �� 1A>LM:;BEBMR:G=<HGO>KLBHGIKH?BE>LP>K>:LL>LL>=BG
MA>?K>LAERIK>I:K>= <RMHLHEB<?K:<MBHGLH?ANF:G G>NKH;E:LMHF:<>EE
EBG>L��HMAGBMK:M>L=BL<EHL>=: K>M:K=
K>E>:L>IKH?BE>:G=15 >QAB;BM>=
AB@A>K:E<HAHERB>E=MA:G14 ���� :G=��� ?HK15	 ��� :G=��� ?HK
14 :?M>K�� A :G= �� A	 K>LI><MBO>ER��1A>LEHP<HGO>KLBHGK:M>F:R
IK>?B@NK>EHP+, ?ENQ>LBGOBOH	PAB<A<HNE=LAB?MMA>;BH:<MBOBMR;:E

:G<>MHP:K=LG>NKHIKHM><MBHG�

4.4.Cell-basedstudies

1A>:;BEBMRH?<HFIHNG=LMHIKHM><MG>NKHGL?KHFHQB=:MBO>=:F 

:@>BL: <KBMB<:E?>:MNK>?HK:GMB
�! <:G=B=:M>L�&GMA>ANF:G G>NKH;

E:LMHF:0%
06�6 <>EE
;:L>= IKHMH<HE8�� 9	HGERMA>GBMK:M>L>G:;EBG@
:E<HAHEK>E>:L>�14 :G=15� P>K><H
BG<N;:M>=:M=B??>K>GM<HG<>GMK:

MBHGL����	 
�� :G= 
�� �{*� PBMAMPHIKH
HQB=:GMMHQBGL�KHM>GHG>:M
�
 �{* :G=AR=KH@>GI>KHQB=>:M�

 �{*��  >EEOB: ;BEBMRP:L F>: LNK>=
MAKHN@A*11 
:LL:R 8�� 9� 2GMK>:M>=<>EELP>K>NL>=:L <HGMKHE:G=
=HG>I>SBEP:L M:D>G:L MA>K>?>K>G<><HFIHNG=�#HK<HFI:K: MBO>INK

IHL>L	MA>K>LI><MBO>:E<HAHEF>M:;HEBM>L9d :G=12aP>K>>G@:@>=BG
MA>:LL:RL�

�L LAHPGBG#B@�� 	 :EEM>LM>=<HFIHNG=L�I:K>GMGBMK:M>L14	 15
:G= :E<HAHEL9d	 12a� LAHP>=: =HL>
=>I>G=>GMBGO>KL><HKK>E:MBHG
PBMAG>NKHIKHM><MBHG:@:BGLM<RMHMHQB<BGLNEML	:G=MA>I>K<>GM:@>H?
OB:;E><>EELBG<K>:L>=MH: @K>:M>K>QM>GMPBMAMA>EHP>LM<HG<>GMK:MBHG
�
�� �{*�� &GM>K>LMBG@ER	<HFI: K:;E>?B@NK>LH?G>NKHIKHM><MBHGP>K>
H;M:BG>=?HKGBMK:M>14 :G==HG>I>SBEPBMAMA>>Q<>IMBHGH?MA>AB@A

>LM<HG<>GMK:MBHG���� �{*� :@:BGLMKHM>GHG>PA>GOB: ;BEBMRBG<K>:L>
PBMA=HG>I>SBEP:L ;R ?:KLNI>KBHK�&G:EE>QI>KBF>GMLPBMAGBMK:M>>L

M>K14	 MA>I>K<>GM:@>H?OB:;E> <>EELK>E: MBO>MH<HGMKHEP:L AB@A>KHK
JNBM><EHL>MHBMLINM:MBO>F>M:;HEBM>9d� &GI:KMB<NE:K	: @K>:M>KOB

: ;BEBMR@:BGMA:G9d P:L H;L>KO>=PA>G14 P:L <H
BG<N;:M>=:M
��
:G= 
�� �{* <HG<>GMK:MBHGLPBMAKHM>GHG>:G= :M��� �{* <HG<>GMK:

MBHGBGMA>IK>L>G<>H?AR=KH@>GI>KHQB=>��G HIIHLBM>MK>G=P:L K>

MNKG>=;R N
IKHIRE<A>FHMRI>L�15 :G= 12a�	 MANL:E<HAHE12a IKH

M><M>=0%
06�6 G>NKHGL?KHF;HMAMHQBGLFHK>>??B<B>GMERHK<EHL>ER
MH+, 
=HGHK15:M:EE=HL>L�
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Scheme1. 0RGMA>LBLH?<HFIHNG=L3a
b :G=6a
ca a />:@>GML:G=<HG=BMBHGL�:� ?HK2b	 3a	 6a��b� ��
 + LHENMBHGH?N	N
=BF>MARE:FBG>BG1%#	KHHFM>FI>K:MNK>	=KR1%#	 � A� ;�
LNBM:;E>;>GSRE<AEHKB=>HK;KHFB=>	( �  , � 	 =KR:<>MHGBMKBE>	K>?ENQ	� ��� A�<� ?HK6c� � 
IBI>KB=BG>F>MA:GHE	!&"�	 =KR:<>MHG>	KHHFM>FI>K:MNK>	HO>KGB@AM�

Scheme2. 0RGMA>LBLH?<HFIHNG=L9a
i	 11	 :G=12a
fa a />:@>GML:G=<HG=BMBHGL�:� 1#�	 =KR % �  E� 	 KHHFM>FI>K:MNK>	HO>KGB@AM�;� 8�
 HK8�
�<AEHKHF>MARE�
IA>GRE9F>MA:GHE	
( �  , � 	 (& �<:M��	=KR:<>MHGBMKBE>	K>?ENQ	� A�?HK9a
h� HK� 
8�
 �;KHFHF>MARE�IA>GRE9>MA:GHE	!&"�	 =KR:<>MHG>	KHHFM>FI>K:MNK>	�� A�?HK9i�� <� � 
 �<AEHKHF>MARE�IA>GHE	!&"�	
=KR:<>MHG>	KHHFM>FI>K:MNK>	� A� =� � 
;KHFHIKHI:G
� 
HE�?HK11	 12a
b	 12d
f� HK� 
<AEHKH;NM:G
� 
HE�?HK12c�	 ( �  , � 	 (&	 =KR:<>MHGBMKBE>�?HK12a
f� HK=KR:<>MHG>�?HK11�	
K>?ENQ	� ��� A�

&G:==BMBHG	MA>L:F> <>EEEBG>P:L NL>=MH:LL>LLMA><RMHMHQB<

BMRH?<HFIHNG=L9d	 12a	 14 :G=15:M<HG<>GMK:MBHGLK:G@BG@?KHF
�

 MH
�
� �{*� �L BG=B<:M>=;R =:M:BG1:;E> � 	 9d :G=MA>K>LI><

MBO>I:K>GMGBMK:M>14 IKH=N<>=: EHP<>EENE:K=:F :@>�& �
 � ���� :G=
���� �{*	 K>LI><MBO>ER�PA>K>:L;HMA12a:G=15 P>K>FN<AE>LL<RMH

MHQB<�& �
 � �

 �{*��

1H >G=HKL>MA>IHM>GMB:E:L  +0 =KN@L	:G BGOBMKH;EHH=
;K:BG
;:KKB>KI>G>MK:MBHGFH=>EP:L >FIEHR>=MHLMN=RMA>;B=BK><MBHG:E

MK:GLIHKM:<KHLL*!  (&&
*!/� <>EEL:G= IK>=B<M +0 I>KF>:MBHG
8�� 9� *HK>HO>K	MABLIKHMH<HEIKHOB=>L: K>EB:;E> >O:EN: MBHGH?MA>
<A:G<>MA:MQ>GH;BHMB<L:K> INFI>= HNM;R - 
@ER<HIKHM>BG�- 
@I�	
PAB<AIK>O>GML<>GMK:E;BH:<MBOBMR��HMA:E<HAHEL�9d	 12a� :G= GB

MK:M>14 FB@AMI>G>MK:M>BGMH +0 MAKHN@AI:L LBO>=B??NLBHGPBMAI>K

F>:;BEBMR<HFI: K:;E>MH=B:S>I:F :G= PBMAHNMBGM>K:<MBHGLPBMA>?

?ENQLRLM>F�"/ � ��� 2G?HKMNG:M>ER	N
IKHIRE<HFIHNG=15 L>>FLMH
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Scheme3. 0RGMA>LBLH?GBMK:M>L14��16aa />:@>GML:G=<HG=BMBHGL�:� �p	�p�2
=B<AEHKH
m
QRE>G>	!&"�	 =KR:<>MHG>	KHHFM>FI>K: MNK>	�� A� ;� �@+, � 	 =KR:<>MHGBMKBE>	K>?ENQ	� A� <�
� 
;KHFHIKHIREGBMK:M>	( �  , � 	 =KR:<>MHGBMKBE>	KHHFM>FI>K: MNK>��� A	?HK15� HKK>?ENQ�� A	?HK16��

Table 1

*�,L :G= A"L BGAB;BMBHG=:M:?HK:E<HAHEL3a
b	 6a
c�

<HFI= / � / � / � & �
 � �{*��HK���BGAB;BMBHG�:M��
�{* :

*�,�� ; *�,�� ; � A" < � A" =

3a %  % � +� % � � � p
 % � ,% �� a ��
� 
��� a 
��� ��� a 
�
�
 �� a ���
3b %  % � +� % � � � m
 % � ,% �� a ���� ��� a 
��� ��� a ��
 �� a ����
6a %  % � ,% p
 % � +� % � � � �
 a ���� 
�
�� a 
�
�� ��� a 
��� �� a ����
6b %  % � ,% m
 % � +� % � � � �� a ���� 
�
�� a 
�

�
 ��� a 
��� �� a ����
6c  % �  % � m
8�
� % � ,%�

IBI>KB=BG
�
RE9
�� a ���� 
��� a 
��� ��� a 
��� ��
 a 
�
�


L:?BG:FB=> �
 a ��
� 
�
�� a 
�

�

<EHK@REBG> 
�

�� a


�


�

��� a 
���

=HG>I>SBE 
�
�� a 
�

�
 ��� a 
���

a 3:EN>L:K>MA>F>:GLH?MAK>>BG=>I>G=>GM>QI>KBF>GML�
b %NF:GK><HF;BG:GM*�,L�
c � A" ?KHF>E><MKB<>>E�
d � A" ?KHF>JNBG>L>KNF�

LN??>K?KHF- 
@IEB: ;BEBMR	PAB<A<HNE=A:F I>K BML?NKMA>K=>O>EHI

F>GM�

5. Conclusions

&GMABLLMN=R	P> :BF>=:M?BG=BG@FNEMBM:K@>MBG@HK@:GB<GBMK:M>L
MA:M<:GL>KO>:L IK><NKLHKLH?:E<HAHE;>:KBG@=N:E� A" 
*�, �
BGAB;BMHKL:?M>K;BHMK:GL?HKF: MBHGMA:M<:G;> GHG
>GSRF:MB<:EERIKH

FHM>=;R :<MBO>MABHEL�>�@�	@ENM:MABHG>��4> BGBMB:EER?H<NL>=HNK:M

M>GMBHGMHMA>=>O>EHIF>GMH?MA>:<MBO>F>M:;HEBM>L	G:F>ER:E<H

AHE
;>:KBG@=N:E� A" 
*�, � BGAB;BMHKL�1A>G	;R :I IERBG@: LMKN<

MNK:E=BO>KLBMR?BEM>K	P> ?BLA>=MAK>>L:F IE>LHNMMA>FHLMIHM>GM:E<H

AHEL�9d	 12a	 11� MHLMN=RMA><HKK>LIHG=BG@GBMK:M>L�&GMA>/- 
%-) 
LMN=R	MA>MAK>>GBMK:M>L=BLIE:R>=HNMLM:G=BG@LM:;BEBMR:MIARLBHEH@B

<:EI% :G= BGANF:G L>KNF	PBMAHNMK>E>:LBG@MA>:E<HAHEIKH=N<M�
�EEH?MA>FIKHO>=MH;> IHM>GMBGOBMKH*�, � BGAB;BMHKL	LMKHG@>K
MA:GMA>INM:MBO>:E<HAHEF>M:;HEBM>L�&GMA>IK>L>G<>H?;BH:<MBO>
MABHEL	MPH=B??>K>GM+, =HGHKL�14��15� FB@AMPHKD:L <H
=KN@LH?
:E<HAHE
;:L>= ;BFH=:E� A" 
*�, � BGAB;BMHKL�&GI:KMB<NE:K	P>
B=>GMB?B>=: ;K:BGI>KF>:GM:G= L>KNFLM:;E>GBMK:M>�B�>�	MA>N
;>G

SRE<A>FHMRI>14� :;E> MHI>K?HKF: LEHP+, K>E>:L>:G= MHRB>E=
@HH=:FHNGMH?MA>LNBM:;E> IKBF:KR:E<HAHE�9d� BGMA>IK>L>G<>H?
$0% :L P>EE:L BG<RMHLHEB<IK>I:K:MBHGLH?0%
06�6 ANF:G G>N

KH;E:LMHF:<>EEL�1A>K>?HK>	<HFIHNG=14 LAHNE==>L>KO>?NKMA>K:M

M>GMBHGLBG<>BM;>A:O>=:L : FNEMBIHM>GMFHE><NE>;R BML>E?�*�,
� & �
 � 
�
�� �{*	 � A" & �
 � ��� �{*� :G= :L : FNEMBM:K@>MBG@IK>

<NKLHK?HK: LMBEE:<MBO>=N:EBGAB;BMHK�G:F>ERMA>:E<HAHEF>M:;HEBM>
9d	 & �
 � 
�
�� :G=��
 �{* MHP:K=L*�, � :G=� A"	 K>LI><MBO>ER�
NIHG+, K>E>:L>��HMAI:K>GM+, 
=HGHK:G= MA>K>E:M>=:E<HAHE>Q
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Table 2

*�,L :G= A"L BGAB;BMBHG=:M:?HK:E<HAHEL9a
i	 11�

<HFI= / � / � 5 / � & �
 � �{*��HK���BGAB;BMBHG�:M��
�{* :

*�,�� ; *�,�� ; � A" < � A" =

9a  % �  % � p
 % � ,% ��� a 
��
 
�
�� a 
�
�
 ��� a 
�
�
 ��� a 
�
�


9b  % �  % � m
 % � ,% ��� a 
��
 
��� a 
�
�� 
��
 a 
�
�
 ��� a 
���
9c  % �  % � p
 % � ,% ��� a 
��
 
�
�� a 
�

�
 ��
 a 
�
�
 ��� a ���

9d  % �  % � m
 % � ,% ��� a 
�
�
 
�
�� a 
�

�
 ��
 a 
�
�
 ��� a 
���
9e %  % � p
 % � ,% �� a ��� 
��
 a 
�
�� ��� a 
��� �� a ����
9f %  % � m
 % � ,% ��� a 
�
�
 
��� a 
�
�� ��� a 
��� ��� a 
���
9g  % � % p
 % � ,% �� a ���� ��� a 
�
�� ��
 a 
��
 ��� a 
���
9h  % � % m
 % � ,% ��� a 
��� ��� a 
�
�� ��� a 
��� 
��� a 
���
9i  % �  % � p
 % �  % � ,% ��� a 
��� 
��� a 
�
�
 ��� a 
��� �� a ����
11  % �  % � m
,� % � � � ,% 
��� a 
�
�� 
��� a 
�
�
 ��� a 
��� 
��� a 
�
�


a 3:EN>L:K>MA>F>:GLH?MAK>>BG=>I>G=>GM>QI>KBF>GML�
b %NF:GK><HF;BG:GM*�,L�
c � A" ?KHF>E><MKB<>>E�
d � A" ?KHF>JNBG>L>KNF�

Table 3

*�,L :G= A"L BGAB;BMBHG=:M:?HK:E<HAHEL12a
f�

<HFI= / 5 G F & �
 � �{*��HK���BGAB;BMBHG�:M��
�{* :

*�,�� ; *�,�� ; � A" < � A" =

12a  % � � � �� a ���� 
��� a 
�
�
 ��� a 
�
�
 �
 a ����

12b % � � �� a ���� �� a ���� �� a ���� �� a ����
12c  % � � � �
 a ���� ��� a 
��� 
��
 a 
�
�
 ��� a ���
12d  % � � � �� a ���� �� a ���� 
��� a 
�
�� �� a ����
12e  % � � � �� a ��
� ��� a 
��� ��� a 
�
�
 �� a ����

12f % � � �� a ���� �� a ��
� ��� a 
��� ��� a 
���

a 3:EN>L:K>MA>F>:GLH?MAK>>BG=>I>G=>GM>QI>KBF>GML�
b %NF:GK><HF;BG:GM*�,L�
c � A" ?KHF>E><MKB<>>E�
d � A" ?KHF>JNBG>L>KNF�

AB;BM>=LB@GB?B<:GMG>NKHIKHM><MBO>:<MBOBMB>L:@:BGLMMA>IKH
HQB=:MBO>
BGLNEMLKHM>GHG>:G= %� , � PBMAHNMIKH=N<BG@<RMHMHQB<>??><MBGAN

F:G G>NKH;E:LMHF:<>EEEBG>L�

6. Experimental section

6.1.Chemistry

0M:KMBG@F: M>KB:EL	K>:@>GML	:G= :G: ERMB<:E@K:=>LHEO>GMLP>K>
INK<A:L>=?KHF0B@F:
�E=KB<A�"NKHI>��1A>INKBMRH?:EEMA>BGM>K

F>=B:M>L	<A><D>=;R %-) 	 P:L :EP:RL ;>MM>KMA:G���� �EEMA>
G>PERIK>I:K>=:G=M>LM>=<HFIHNG=LLAHP>=INKBMRAB@A>KMA:G���
�>E>F>GM:E:G:ERLBL��"E>F>GM:E:G:ERL>LP>K>I>K?HKF>=HGMA>"N

KH"� �


 :G: ERS>KHGERHGMA>?BG:E<HFIHNG=LM>LM>=:L *�,L
:G=  A"L BGAB;BMHKL�1A> F>: LNK>=O:EN>L?HK 	 %	 :G= + :@K>>=
MHPBMABGa
��
� H?MA>MA>HK>MB<:EO:EN>L� HENFG<AKHF:MH@K:IAR
P:L I>K?HKF>=NLBG@*>K<DLBEB<:@>E�
 �
�
�� ��
��

 FF	 �
 ����

F>LA�� �EEK>:<MBHGLP>K>KHNMBG>ER<A><D>=;R 1) NLBG@*>K<D

(B>L>E@>E�
 #��� :ENFBGNFIE:M>L:G=OBLN:EBS>=;R 23 EB@AMHKBH

=BG>�/> @:K=BG@MA>K>:<MBHGK>JNBKBG@MA>NL>H?=KRLHEO>GML	MA>
@E:LLP:K>P:L ?E:F>
=KB>=:G=MA>G<HHE>=NG=>K: LMK>:FH?=KR:K

@HG;>?HK>MA>NL>�+N<E>:KF:@G>MB<K>LHG:G<>LI><MK:P>K>K><HK=>=
HG: 3:KB:G*>K<NKR�

 BGLMKNF>GM�:M �

 *%S� HKHG:G �@B

E>GM1><AGHEH@B>L�

 :I I: K:MNL�:M�

 *%S� :M:F ;B>GMM>FI>K: 
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H?
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Table 4

A*�,L :G=A A"L BGAB;BMBHG=:M:?HK:E<HAHEL9d	 12a	 11	 :G=<HKK>LIHG=BG@GBMK:M>L14��16�

<HFI= / & �
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�
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b %NF:GK><HF;BG:GM*�,L�
c %NF:GK><HF;BG:GM� A"�
d � A" ?KHFANF:GL>KNF�
e G�M�� GHMM>LM>=�

Table 5
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b - :II �- BLMA>:II:K>GMI>KF>:;BEBMRH?:IB<:E
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 !:� *>EMBG@IHBGML?HKLHEB=?B

G:E<HFIHNG=LP>K>=>M>KFBG>=;R MA><:I BEE:KRF>MAH=HG: 0MN

:KM0<B>GMB?B<0*-� >E><MKHMA>KF:E :I I: K:MNL:G=:K>NG<HKK><M>=�1A>

?HEEHPBG@BGM>KF>=B:M>LA:O>;>>G:EK>:=R=>L<KB;>=BGMA>EBM>K: 

MNK>� tert
;NMRE � 
T8��	� 
=B

F>MARE
� 
HQH
� H
<AKHF>G
� 
RE�HQR9F>MAREUIBI>KB=BG>
� 
<:K;HQR

E:M> �7a� 8�� 9	 �	� 
=BF>MARE
� 
�IBI>KB=BG
� 
RE

F>MAHQR�
� H
<AKHF>G
� 
HG> �8a� 8�� 9	 tert
;NMRE� 
T8��	� 
=B

F>MARE
� 
HQH
� H
<AKHF>G
� 
RE�HQR9F>MAREUIBI>KB=BG>
� 
<:K;HQR

E:M> �7f� 8�� 9	 �	� 
=BF>MARE
� 
�IBI>KB=BG
� 
RE

F>MAHQR�
� H
<AKHF>G
� 
HG> �8f� 8�� 9	 � 
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=KHQR
� 
F>MARE
<HNF:KBG8�
 9	 � 
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� 
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� 
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�	� 
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<HNF:KBG�4b� 8�� 9	 tert
;NMRE� 
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� 
T8�F>MARELNE?HGRE�HQR9F>MAREUIBI>KB=BG>
� 
<:K;HQRE:M>8�� 9�

6.1.1.4-(Chloromethyl)-7-{[4 -(hydroxymethyl)benzyl]oxy}-2H-
chromen-2-one(2a)
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 FFHE� P:L
LNLI>G=>= BG =KR :<>MHGBMKBE>�� F)� ;>?HK> :==BG@
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��� @	�
�� � %+*/ ��

 *%S	 �<> MHG>
d6�
��� ���� �L	 �%�	 ���� �L	 �%�	 ���� �L	 �%�	 ���� �L	 �%�	 ��
� �=	
J� ��� %S	 �%�	

Fig. 8. +>NKHIKHM><MBO>:<MBHGHGANF:G G>NKH;E:LMHF:0%
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� �==	 J� ���	 ��� %S	 �%�	 ���� �=	 J� ��� %S	 �%�	 ���� �=	
J� ��� %S	�%�	 ���� �=	 J� ��� %S	�%�	 ,% GHM=>M><M>=�

6.1.2.4-[(Dimethylamino)methyl]-7-{[4 -
(hydroxymethyl)benzyl]oxy}-2H-chromen-2-one(3a)

&GM>KF>=B:M>2a �
��
 @	
��
 FFHE� P:L =BLLHEO>=BG=KR1%#
�� F)� :G= <HFF>K<B:EER:O:BE:;E> ��
 + LHENMBHGH?N	N
=BF>MAR

E:FBG>BG1%# �
��
 F)	 ��� FFHE�P:L :==>=��? M>KLMBKKBG@:MKHHF
M>FI>K: MNK>?HK� A	MA>LHEO>GM:G=>Q<>LL:FBG>P>K>>O:IHK:M>=NG

=>KK>=N<>=IK>LLNK>:G=MA><KN=>K>LB=N>P:L INKB?B>=MAKHN@A<HE

NFG<AKHF:MH@K:IAR �@K:=B>GM>EN>GM�F>MA:GHEBG=B<AEHKHF>MA:G>

� �° ���� -:E> R>EEHPLHEB=�RB>E=�
��� @	���� FI� �� 
 �  ̂� � %
+*/ ��

 *%S	 �<> MHG>
d6� ��� ���� �L	 �%	 +� % � � � �	 ���� �L	 �%	
 % � +�	 ���� �L	 �%	  H� ,%�	 ���� �L	 �%	  % � ,�K�	 ���� �L	 �%	
� 
%<HNF�	 ���� �=	 J� ��� %S	�%	 � 
%<HNF�	 ���� �==	 J� ���	 ��� %S	
�%	 � 
%<HNF�	 ���
 �=	 J� ��� %S	�%	 %�K �	 ���� �=	 J� ��� %S	�%	
%�K �	 ���
 �=	 J� ��� %S	 �%	 � 
%<HNF�	 ,% GHM=>M><M>=��G:E�
� �
 %�� +, � � <:E<=��  	 �
���� %	 ����� +	 ����� #HNG=�  	 �
����
%	 ����� +	 ��
�� %/*0 �. 
1,#� <:E<=�?HK �
 %�� +, � 8M�%9� m/z
��
�����	 ?HNG=��
������ 8M�+:9 � m/z ��������	 ?HNG=�������
�

6.1.3.4-[(Dimethylamino)methyl]-7-{[3 -
(hydroxymethyl)benzyl]oxy}-2H-chromen-2-one(3b)

8�
� AEHKHF>MARE�
IA>GRE9F>MA:GHE8�� 9 �
��� @	��� FFHE� :G=
IHM:LLBNF<:K;HG:M>�
��� @	
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� H
<AKHF>G
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�2b� 8�� 9�
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 FFHE�BG=KR:<>MHGBMKBE>�� F)�� �? M>KK>?ENQ

BG@?HK� A	MA>K>LB=N>P:L ?BEM>K>=:G=P:LA>=PBMA=B<AEHKHF>MA:G>�
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 *%S	
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� 
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� �=	 J� ��� %S	 �%	 � 
%<HNF�	 ���� ������ �F	 �%	
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%�K � � 
%�K � � 
%�K �	 ���� �L	 �%	 � 
%�K �	 ���� �=	 J� ��� %S	�%	
� 
%<HNF�� �G:E� � �
 %�� +, � � <:E<=��  	 �
���� %	 ����� +	 �����
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� 8M�+:9 � m/z
��������	 ?HNG=���������

6.1.4.7-{[3 -(Chloromethyl)benzyl]oxy}-4-(hydroxymethyl)-2H-
chromen-2-one(5b)

� 
%R=KHQR
� 
�AR=KHQRF>MARE�
� H
<AKHF>G
� 
HG> 8�� 9 �4a	

��� @	��
 FFHE�P:L K>?ENQ>=BG=KR:<>MHGBMKBE>��� F)� BGMA>IK>L

>G<> H? IHM:LLBNF <:K;HG:M> �
��� @	 ��
 FFHE� :G=
�p	�p�2
=B<AEHKH
m
QRE>G>���� @	�
 FFHE�?HK� A��? M>K<HHEBG@MHKHHF
M>FI>K: MNK>	MA>FBQMNK>P:L ?BEM>K>=:G= MA>LHEB=P:L MAHKHN@AER
P:LA>=PBMA<AEHKH?HKF�1A> LHENMBHGP:L <HG<>GMK:M>=MH=KRG>LL
:G= MA><KN=>K>LB=N>P:L P:LA>=L>O>K:EMBF>LPBMAn
A>Q:G>�=B

>MARE>MA>K�� � O�OFBQMNK>NGMBEK>FHO:EH?>Q<>LLLM:KMBG@A:EB=>	MANL
RB>E=BG@MA>=>LBK>=5b� ,??
PABM>LHEB=�RB>E=�
��� @	���� � %+*/
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 *%S	 !*0, ��d� � ��� ���� �L	 �%�	 ���� �L	 �%�	 ���� �L	 �%�	 ���

�L	 �%	 =BL�PBMA! � ,�	 ���� �L	 �%�	 ���� �==	 J� ���	 ��� %S	�%�	 ��
�
�=	 J� ��� %S	�%�	 ���� ������ �F	 �%�	 ���� �L	 �%�	 ���� �=	 J� ��� %S	
�%��

6.1.5.7-{[3 -(Chloromethyl)benzyl]oxy}-3,4-dimethyl-2H-chromen-2-
one(5c)

� 
%R=KHQR
�	� 
=BF>MARE
� H
<AKHF>G
� 
HG> 8�� 9 �4b	 
��� @	
��
 FFHE� P:L K>?ENQ>=BG=KR:<>MHGBMKBE>��� F)� BGMA>IK>L>G<>
H?IHM:LLBNF<:K;HG:M>�
��� @	��
 FFHE�:G=�p	�p�2
=B<AEHKH
m
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 FFHE� ?HK� A� �? M>K<HHEBG@MHKHHFM>FI>K: MNK>	MA>LHE

O>GMP:L K>FHO>=NG=>KKHM:KR>O:IHK:MBHG:G= MA>K>LB=N>P:L IN

KB?B>=MAKHN@A<HENFG<AKHF:MH@K:IAR�@K:=B>GM>EN>GM�>MARE:<>M:M>
BGn
A>Q:G>�
� �° �
��� 4ABM>LHEB=�RB>E=�
��� @	���� � % +*/
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 *%S	 !*0, ��d� � ��� ��
� �L	 �%�	 ���� �L	 �%�	 ���� �L	 �%�	
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� �=	 J� ��� %S	�%�	
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6.1.6.Generalprocedurefor thesynthesisof 7-({4-
[(dimethylamino)methyl]benzyl}oxy)-4-(hydroxymethyl)-2H-
chromen-2-one(6a)and7-({3-[(dimethylamino)methyl]benzyl}oxy)-
4-(hydroxymethyl)-2H-chromen-2-one(6b)

1A> :I IKHIKB:M> BGM>KF>=B:M> � 
�AR=KHQRF>MARE�
� 
 �� 
 �;KH

FHF>MARE�;>GSREHQR�<HNF:KBG�5a� 8�� 9HK5b �
��
 FFHE�P:L =BL

LHEO>=BG=KR1%#�� F)� :G=��
 + LHENMBHGH?N	N
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1%# �
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NNF:G= INKB?B>=MAKHN@A<HENFG<AKHF:MH@K:IAR �@K:=B>GM>EN>GM�
F>MA:GHEBG=B<AEHKHF>MA:G>
� �° �
���

6.1.6.1.7-({4-[(Dimethylamino)methyl]benzyl}oxy)-4-
(hydroxymethyl)-2H-chromen-2-one(6a)
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��
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������ 8M�+:9 � m/z ��������	 ?HNG=���������

6.1.6.2.7-({3-[(Dimethylamino)methyl]benzyl}oxy)-4-
(hydroxymethyl)-2H-chromen-2-one(6b)
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��
�����	 ?HNG=��
������ 8M�+:9 � m/z ��������	 ?HNG=�������
�

6.1.7.7-[(3-{[4 -(Hydroxymethyl)piperidin-1-yl]methyl}benzyl)oxy]-
3,4-dimethyl-2H-chromen-2-one(6c)

 HF IHNG=5c �
��� @	
��
 FFHE� P:L =BLLHEO>=BG=KR:<>MHG>
�� F)� :G= LMBKK>=PBMA� 
IBI>KB=BG>F>MA:GHE�
�
�� @	
��
 FFHE�
BGMA>IK>L>G<>H?!&"� �
��� F)	 
��� FFHE� :MKHHFM>FI>K: MNK>
HO>KGB@AM�1A> LHEO>GMP:L K>FHO>=NG=>KKHM:KR>O:IHK:MBHG:G=
MA><KN=>HBEP:L INKB?B>=MAKHN@A<HENFG<AKHF:MH@K:IAR �@K:=B

>GM>EN>GM�F>MA:GHEBG=B<AEHKHF>MA:G>
� �° �
��� !:KD R>EEHP
HBE�RB>E=�
��� @	���� � % +*/ ��

 *%S	  ! E � � ��� ���� ������
�F	 �%	 � 
%:�IBI>K� � � 
%�IBI>K��	 ���� ������ �F	 �%	 � 
%;�IBI>K��	 ����
�L	 �%	 � 
 % � �	 ���� �L	 �%	 � 
 % � �	 ���� ������ �F	 �%	 � 
%:�IBI>K��	
���� ������ �F	 �%	 � 
%;�IBI>K��	 ���� �=	 J� ��� %S	�%	  H� ,%�	 ����
�L	 �%	 �K % � +�	 ���� �L	 �%	 �K % � , HNF�	 ���� �=	 J� ��� %S	
�%	 � 
%<HNF�	 ���� �==	 J� ���	 ��� %S	�%	 � 
%<HNF�	 ���� ������ �F	
�%	 � 
%�K � � 
%�K � � 
%�K �	 ���� ������ �F	 �%	 � 
%�K � � 
%<HNF�	 ,%
GHM=>M><M>=��G:E� � �� %�� +, � � <:E<=��  	 ������ %	 ����� +	 �����
#HNG=�  	 ������ %	 ����� +	 ����� %/*0 �. 
1,#� <:E<=�?HK
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 �� %�� +, � 8M�%9� m/z �
������	 ?HNG=�
������� 8M�+:9 � m/z
��
�����	 ?HNG=��
������

6.1.8.Generalprocedurefor thesynthesisof substitutedtert-butyl 4-
{[(2 -oxo-2H-chromen-7-yl)oxy]alkyl}piperidine-1-carboxylate(7b-e)
andtert-outyl 3-{[(2 -oxo-2H-chromen-7-yl)oxy]methyl}piperidine-1-
carboxylate(7g)

�R ?HEEHPBG@: IK>OBHNLERK>IHKM>=F>MAH=8�� 9	: FBQMNK>H?MA>
:I IKHIKB:M>� 
AR=KHQR<HNF:KBG���
 FFHE�	MA>LNBM:;E> F>LRE:M>>L

M>K���� FFHE�	MKB>MARE:FBG>���� F)	 �
 FFHE�:G=<>LBNF<:K;HG:M>
���� @	��
 FFHE�P>K>A>:M>=BG=KR!*# ��� F)� :M�
  ̂ ?HK�� A�
1A>GMA>FBQMNK>P:L IHNK>=HGMH<KNLA>=B<>�1A>?BEMK:M>P:L <HE

E><M>=:G=P:LA>=PBMA:;NG=:GMP: M>KRB>E=BG@MA>=>LBK>=�H<
IKH

M><M>=BGM>KF>=B:M>L7b
e	 7gMA:MP>K>=>IKHM><M>=PBMAHNM?NKMA>KIN

KB?B<:MBHG�

6.1.8.1.tert-Butyl 4-{[(4 -methyl-2-oxo-2H-chromen-7-
yl)oxy]methyl}piperidine-1-carboxylate(7b)

-K>I:K>= ?KHF� 
AR=KHQR
� 
F>MARE
<HNF:KBG���� @	��
 FFHE�
:G=tert
;NMRE� 
T8�F>MARELNE?HGRE�HQR9F>MAREUIBI>KB=BG>
� 
<:K;HQR

E:M>���
 @	��� FFHE�� 4ABM>LHEB=�RB>E=���� @	���� � % +*/
��

 *%S	  ! E � � ��� ���� ������ �F	 �%�	 ���� �L	 �%�	 ���� ������ �F	
�%�	 ���� �L	 �%�	 ���� ������ �F	 �%�	 ���� ������ �F	 �%�	 ���
 ������
�F	 �%�	 ���� �L	 �%�	 ���� �=	 J� ��� %S	�%�	 ���� �==	 J� ���	 ��� %S	
�%�	 ���� �=	 J� ��� %S	�%��

6.1.8.2.tert-Butyl 4-{[(3 -methyl-2-oxo-2H-chromen-7-
yl)oxy]methyl}piperidine-1-carboxylate(7c)

-K>I:K>= ?KHF� 
AR=KHQR
� 
F>MARE
<HNF:KBG���� @	��
 FFHE�
:G=tert
;NMRE� 
T8�F>MARELNE?HGRE�HQR9F>MAREUIBI>KB=BG>
� 
<:K;HQR

E:M>���
 @	��� FFHE�� 4ABM>LHEB=�RB>E=���� @	���� � % +*/
��

 *%S	 !*0, ��d� � ��� ���� ������ �F	 �%�	 ���
 �L	 �%�	 ���
 ������
�F	 �%�	 ��
� �L	 �%�	 ���� ������ �F	 �%�	 ���
 ������ �F	 �%�	
���� ������ �F	 �%�	 ���
 �=	 J� ��� %S	�%�	 ���� �L	 �%��

6.1.8.3.tert-Butyl 4-{[(2 -oxo-2H-chromen-7-
yl)oxy]methyl}piperidine-1-carboxylate(7d)

-K>I:K>=?KHF<HFF>K<B:EER:O:BE:;E> � 
AR=KHQR
<HNF:KBG���� @	
��
 FFHE� :G= tert
;NMRE� 
T8�F>MARELNE?HGRE�HQR9F>MAREUIBI>KB

=BG>
� 
<:K;HQRE:M>���
 @	��� FFHE�� -:E> R>EEHPLHEB=�RB>E=���� @	
���� � % +*/ ��

 *%S	 �<> MHG>
d6� ��� ���� ������ �F	 �%�	 ����
�L	 �%�	 ���� ������ �F	 �%�	 ���� ������ �F	 �%�	 ��
� �=	 J� ��� %S	
�%�	 ���� ������ �F	 �%�	 ���� �=	 J� ��� %S	�%�	 ���� �=	 J� ��� %S	
�%�	 ���� �==	 J� ���	 ��� %S	�%�	 ���� �=	 J� ��� %S	�%�	 ���
 �=	
J� ��� %S	�%��

6.1.8.4.tert-Butyl 4-{2-[(methylsulfonyl)oxy]ethyl}piperidine-1-
carboxylate

 HF F>K<B:EER:O:BE:;E> N-�H<
� 
IBI>KB=BG>>MA:GHE���� @	
�
 FFHE�P:L =BLLHEO>=BG % �  E� ��
 F)� ;>?HK>MA>:==BMBHGH?MKB

>MARE:FBG>���� F)	 �
 FFHE�� 1A>FBQMNK>P:L <HHE>=MH
  ̂ PBMA
:G >QM>KG:EB<>;:MA	:G=F>MA:G>LNE?HGRE<AEHKB=>�
�� F)	 �� FFHE�
P:L :==>= =KHIPBL>��? M>KP:KFBG@:MKHHFM>FI>K: MNK>	MA>K>:<

MBHGP:L D>IMNG=>KF:@G>MB<LMBKKBG@?HK� A�1A>FBQMNK>P:L =BENM>=
PBMA % �  E� ��
 F)� :G=P:LA>=PBMAL:M=�:J� +: �  , � �� e �
 F)��
1A>HK@:GB<IA:L> P:L =KB>=HO>K+: � 0, � :G=MA>>O:IHK:MBHGH?MA>
LHEO>GMNG=>KK>=N<>=IK>LLNK>RB>E=>=MA>=>LBK>=IKH=N<MMA:MP:L
NL>=PBMAHNM?NKMA>KINKB?B<:MBHG�-:E>R>EEHPLHEB=�RB>E=���� @	����
� % +*/ ��

 *%S	 !*0, ��d� � ��� 
��� ����
� �F	 �%�	 ���� �L	 �%�	
���� ������ �F	 �%�	 ���
 ������ �F	 �%�	 ���� �L	 �%�	 ���� �����
 �F	
�%�	 ���� �M	J� ��� %S	�%��

6.1.8.5.tert-Butyl 4-{2-[(3,4-dimethyl-2-oxo-2H-chromen-7-
yl)oxy]ethyl}piperidine-1-carboxylate(7e)

-K>I:K>=?KHF� 
AR=KHQR
�	� 
=BF>MARE
<HNF:KBG���� @	��
 FFHE�
:G=tert
;NMRE� 
T� 
8�F>MARELNE?HGRE�HQR9>MAREUIBI>KB=BG>
� 
<:K;HQR

E:M>���
 @	��� FFHE�� ,??
PABM>LHEB=�RB>E=���� @	���� � % +*/
��

 *%S	 !*0, ��d� � ��� ��
� ������ �F	 �%�	 ���� �L	 �%�	 ���� ������
�F	 �%�	 ��
� �L	 �%�	 ���� �L	 �%�	 ���� ������ �F	 �%�	 ���� ������ �F	
�%�	 ��
� �M	J� ��� %S	�%�	 ���� ������ �F	 �%�	 ���� �=	 J� ��� %S	
�%��

6.1.8.6.tert-Butyl 3-{[(2 -oxo-2H-chromen-7-
yl)oxy]methyl}piperidine-1-carboxylate(7g)

-K>I:K>= ?KHF � 
AR=KHQR
<HNF:KBG���� @	 ��
 FFHE� :G=
tert
;NMRE� 
T8�F>MARELNE?HGRE�HQR9F>MAREUIBI>KB=BG>
� 
<:K;HQRE:M>
���
 @	��� FFHE��4ABM>LHEB=�RB>E=���
 @	���� � %+*/ ��

 *%S	
�<> MHG>
d6� ��� ���� ������ �F	 ��%�	 ���� ������ �F	 �%�	 ���� ������
�F	 �%�	 ��

 ����
� �F	 �%�	 ���� ������ �F	 �%�	 ���� ������ �F	 �%�	
���
 ������ �F	 �%�	 ��
� ����
� �F	 �%�	 ���� �=	 J� ��� %S	�%�	 ����
�=	 J� ��� %S	�%�	 ���� �==	 J� ���	 ��� %S	�%�	 ���� �=	 J� ��� %S	
�%�	 ���
 �=	 J� ��� %S	�%��

6.1.9.Generalprocedurefor thesynthesisof substituted7-(piperidin-
4-ylalkoxy)-2H-chromen-2-ones(8b-e)and7-(piperidin-3-
ylmethoxy)-2H-chromen-2-one(8g)

1A>LNBM:;E> <HNF:KBG7b
e	 7g ���
 FFHE� P:L =BLLHEO>=BG=KR
 % �  E� ��
 F)� ?HEEHP>=;R MA>=KHIPBL>:==BMBHGH?MKB?ENHKH:<>MB<
:<B=���
 F)� :M
  ̂ MAKHN@A:G >QM>KG:EB<>;:MA�1A>K>:<MBHGFBQ

MNK>P:L LMBKK>=:MKHHFM>FI>K: MNK>HO>KGB@AM:G=MA>LHEO>GMLP>K>
K>FHO>=NG=>KKHM:KR>O:IHK:MBHG�1A><KN=>HBEK>LB=N>P:L =BENM>=
PBMA=B<AEHKHF>MA:G>��
 F)� :G=P:LA>=PBMA+: �  , � �� e �
 F)��
1A>HK@:GB<IA:L> P:L =KB>=HO>K+: � 0, � :G= <HG<>GMK:M>=MH=KR

G>LL	MANLH;M:BGBG@: LHEB=K>LB=N>MA:MP:L INKB?B>=MAKHN@A<HENFG
<AKHF:MH@K:IAR��� F>MA:GHEBG=B<AEHKHF>MA:G>�@BOBG@MA>=>LBK>=
<HNF:KBG8b
e	 8g :L LHEB=L�

6.1.9.1.4-Methyl-7-(piperidin-4-ylmethoxy)-2H-chromen-2-one(8b)
-K>I:K>= ?KHF7b ���� @	��
 FFHE�� ,??
PABM>LHEB=�RB>E=���� @	

���� � %+*/ ��

 *%S	 ! E � � ��� ���
 ������ �F	 �%�	 ���� ������ �F	
�%�	 ��
� ������ �F	 �%�	 ���
 �L	 �%�	 ���
 ������ �F	 �%�	 ���� ������
�F	 �%�	 ���� �L	 �%�	 ���� ������ �F	 �%�	 ���
 �=	 J� ��� %S	�%�	 +%
GHM=>M><M>=�

6.1.9.2.3-Methyl-7-(piperidin-4-ylmethoxy)-2H-chromen-2-one(8c)
-K>I:K>= ?KHF7c ���� @	��
 FFHE�� 4ABM>LHEB=�RB>E=�
��� @	

�
�� � %+*/ ��

 *%S	 !*0, ��d� � ��� ���� ������ �F	 �%�	 ���� ������
�F	 �%�	 ���� ������ �F	 �%�	 ��
� �L	 �%�	 ���� ������ �F	 �%�	
��
� ����
� �F	 �%�	 ���
 �=	 J� ��� %S	�%�	 ���
 �==	 J� ���	 ��� %S	
�%�	 ���� �=	 J� ��� %S	�%�	 ���� �=	 J� ��� %S	�%�	 ���� �L	 �%�	 +%
GHM=>M><M>=�

6.1.9.3.7-(Piperidin-4-ylmethoxy)-2H-chromen-2-one(8d)
-K>I:K>=?KHF7d ���� @	��
 FFHE���KHPGLHEB=�RB>E=���� @	����

� %+*/ ��

 *%S	 !*0, ��d� � ��� ���
 ������ �F	 �%�	 ���� ������ �F	
�%�	 ���� ������ �F	 �%�	 ���� ������ �F	 �%�	 ���
 ������ �F	 �%�	 ����
�=	 J� ��� %S	�%�	 ���� �=	 J� ��� %S	�%�	 ���� �==	 J� ���	 ��� %S	
�%�	 ���� �=	 J� ��� %S	 �%�	 ���� �=	 J� ��� %S	 �%�	 ���� �=	
J� ��� %S	�%�	 +% GHM=>M><M>=�

6.1.9.4.3,4-Dimethyl-7-(2-piperidin-4-ylethoxy)-2H-chromen-2-one
(8e)

-K>I:K>=?KHF7e���
 @	��
 FFHE��4ABM>LHEB=�RB>E=���� @	����
� %+*/ ��

 *%S	 !*0, ��d� � ��� ��
� �����
 �F	 �%�	 ���� ������ �F	
�%�	 ���� ������ �F	 �%�	 ��
� �L	 �%�	 ���� �L	 �%�	 ���� ������ �F	
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�%�	 ���� ������ �F	 �%�	 ��
� �M	J� ��� %S	�%�	 ���� ������ �F	 �%�	
���� �=	 J� ��� %S	�%�� +% GHM=>M><M>=�

6.1.9.5.7-(Piperidin-3-ylmethoxy)-2H-chromen-2-one(8g)
-K>I:K>=?KHF7g ���� @	��
 FFHE��-:E>R>EEHPLHEB=�RB>E=���� @	

���� � %+*/ ��

 *%S	 !*0, ��d� � ��� ���� ������ �F	 �%�	 ���� ������
�F	 �%�	 ���� ������ �F	 �%�	 ���� ������ �F	 �%�	 ���� ������ �F	 �%�	
���� ������ �F	 �%�	 ���� �����
 �F	 �%�	 ���� ������ �F	 �%�	 ��
� ����
�
�F	 �%�	 ���
 �=	 J� ��� %S	�%�	 ���� �==	 J� ���	 ��� %S	�%�	 ��
� �=	
J� ��� %S	�%�	 ���� �=	 J� ��� %S	�%�	 ���� �=	 J� ��� %S	�%�	 +%
GHM=>M><M>=�

6.1.10.Generalprocedurefor thesynthesisof substituted7-({1-
[benzyl]piperidin-3-yl}methoxy)-2H-chromen-2-ones(9a-b) and7-
({1-[benzyl]piperidin-4-yl}methoxy)-2H-chromen-2-ones(9c-h)

1A>:I IKHIKB:M><HFIHNG=8a
c HK8f �
��
 FFHE�P:L LNLI>G=>=
BG=KR:<>MHGBMKBE>�� F)� ?HEEHP>=;R MA>:==BMBHGH?IHM:LLBNF<:K

;HG:M>�
��� @	��
 FFHE�	 � 
 HK8�
�<AEHKHF>MARE�
IA>GRE9F>MA:GHE
8�� 9�
�
�� @	
��
 FFHE�:G=: <:M:ERMB<:FHNGMH?IHM:LLBNFBH=B=>�
�? M>KK>?ENQBG@?HK� A	 MA>LHEO>GMP:L K>FHO>=NG=>KKHM:KR>O:IH

K:MBHG�1A>K>LNEMBG@<KN=>P:L LNLI>G=>=BG=B<AEHKHF>MA:G>:G=MA>
BGHK@:GB<K>LB=N>P:L ?BEM>K>=
H??�1A>LHENMBHGP:L <HG<>GMK:M>=MH
=KRG>LL:G=INKB?B>=:L BG=B<:M>=;>EHPMHH;M:BG?BG:E<HNF:KBGL9a
h
:L PABM>LHEB=L�

6.1.10.1.7-({1-[4-(Hydroxymethyl)benzyl]piperidin-3-yl}methoxy)-
3,4-dimethyl-2H-chromen-2-one(9a)

8�� 9 -K>I:K>= ?KHF 8f �
��� @	 
��
 FFHE� :G=
8�
�<AEHKHF>MARE�
IA>GRE9F>MA:GHE�
�
�� @	 
��
 FFHE�� -NKB?B>=
MAKHN@A<HENFG <AKHF:MH@K:IAR �@K:=B>GM>EN>GM�F>MA:GHEBG
=B<AEHKHF>MA:G>?KHF
� MH���� 4ABM>LHEB=�RB>E=�
��� @	����
FI� �� 
 �  ̂� � % +*/ ��

 *%S	 �<> MHG>
d6� ��� ���� ������ �F	 �%	
� 
%:�IBI>K��	 ���
 ������ �F	 �%	 � 
%:�IBI>K��	 ���� ������ �F	 �%	
� 
%;�IBI>K��	 ���
 ������ �F	 �%	 � 
%;�IBI>K��	 ���� ������ �F	 �%	
� 
%:�IBI>K� � � 
%:�IBI>K� � � 
%�IBI>K��	 ���� �L	 �%	 � 
 % � �	 ���� �L	 �%	
� 
 % � �	 ���� ������ �F	 �%	 � 
%;�IBI>K��	 ���� ������ �F	 �%	 � 
%;�IBI>K��	
���� �=	 J� ���� %S	�%	 �K % :+�	 ���� �=	 J� ���� %S	�%	 �K % ; +�	
��

 �=	 J� ��� %S	�%	  % � ,�K�	 ���� �L	 �%	  H� ,%�	 ���� �=	
J� ��� %S	 �%	 � 
%<HNF�	 ���� �==	 J� ���	 ��� %S	 �%	 � 
%<HNF�	
���� �����
 �L	 �%	 %�K �	 ���� �=	 J� ��� %S	�%	 � 
%<HNF�	 ,% GHM=>

M><M>=��G:E� � �� %�� +, � � <:E<=��  	 ������ %	����� +	 ����� #HNG=
�  	 ������ %	 ����� +	 ����� %/*0 �. 
1,#� <:E<=�?HK �� %�� +, �
8M�%9� m/z�
������	 ?HNG=�
������� 8M�+:9 � m/z��
�����	 ?HNG=
��
������

6.1.10.2.7-({1-[3-(Hydroxymethyl)benzyl]piperidin-3-yl}methoxy)-
3,4-dimethyl-2H-chromen-2-one(9b)

8�� 9 -K>I:K>= ?KHF 8f �
��� @	 
��
 FFHE� :G=
8�
�<AEHKHF>MARE�
IA>GRE9F>MA:GHE�
�
�� @	 
��
 FFHE�� -NKB?B>=
MAKHN@A<KRLM:EEBS:MBHG?KHFAHM>MA:GHE���� 4ABM>LHEB=�RB>E=�

��� @	���� FI� ��� ����
  ̂� � % +*/ ��

 *%S	 !*0, ��d� � ���
��
� ������ �F	 �%	 � 
%:�IBI>K��	 ���� �����
 �F	 �%	 � 
%:�IBI>K��	
���
 ������ �F	 �%	 � 
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6.1.10.4.7-({1-[3-(Hydroxymethyl)benzyl]piperidin-4-yl}methoxy)-
3,4-dimethyl-2H-chromen-2-one(9d)
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6.1.10.7.7-({1-[4-(Hydroxymethyl)benzyl]piperidin-4-yl}methoxy)-3-
methyl-2H-chromen-2-onehydrochloride(9g)
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6.1.11.7-({1-[4-(2-Hydroxyethyl)benzyl]piperidin-4-yl}methoxy)-3,4-
dimethyl-2H-chromen-2-one(9i)
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6.1.12.7-{[1 -(3-Hydroxybenzyl)piperidin-4-yl]methoxy}-3,4-
dimethyl-2H-chromen-2-one(10)
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3,4-dimethyl-2H-chromen-2-one(11)
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6.1.14.Generalprocedurefor thesynthesisof substituted7-{[1 -(�� -
hydroxyalkyl)piperidin-4-yl]methoxy}-2H-chromen-2-ones(12a-d)
and7-{[1 -(3-hydroxypropyl)piperidin-3-yl]methoxy}-2H-chromen-2-
ones(12e-f)
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6.1.14.1.7-{[1 -(3-Hydroxypropyl)piperidin-4-yl]methoxy}-3,4-
dimethyl-2H-chromen-2-one(12a)

-K>I:K>= ?KHF8a �
��� @	
��
 FFHE� :G= � 
;KHFH
� 
IKHI:GHE
�
�
�
 F)	 ��
 FFHE�� -NKB?B>=MAKHN@A<KRLM:EEBS:MBHG?KHFAHM
>MA:GHE�4ABM>LHEB=�RB>E=�
��� @	���� FI� ��� 
 �  ̂� � % +*/
��

 *%S	 !*0, ��d� � ��� ���� ������ �F	 �%	 � 
%:�IBI>K��	 ���� �JG	
J� ��� %S	 �%	 + % �  H�  % � ,%�	 ���� ������ �F	 �%	
� 
%;�IBI>K� � � 
%�IBI>K��	 ���
 ������ �F	 �%	 � 
%:�IBI>K��	 ��
� �L	 �%	
� 
 % � �	 ���
 �M	J� ��� %S	 �%	 + H�  % �  % � ,%�	 ���� �L	 �%	
� 
 % � �	 ���� ������ �F	 �%	 � 
%;�IBI>K��	 ���� �M	 J� ��� %S	 �%	
 H� ,%�	 ���
 �=	 J� ��� %S	 �%	  % � ,�K�	 ���
 ������ �F	 �%	
� 
%<HNF� � 
%<HNF�	 ���� �=	 J� ��� %S	�%	 � 
%<HNF�	 ,% GHM=>M><M>=�
�G:E� � �
 %�� +, � �



U
N

C
O

R
R

EC
TE

D
PR

O
O

F

�� "NKHI>:G�'HNKG:E�H?�*>=B<BG:E� A>FBLMKRQQQ��
�� � QQQ
QQQ

<:E<=��  	 ������ %	 ����� +	 ��
�� #HNG=�  	 ������ %	 ����� +	
����� %/*0 �. 
1,#� <:E<=�?HK �
 %�� +, � 8M�%9� m/z �����
��	
?HNG=�����
��� 8M�+:9 � m/z ��������	 ?HNG=�������
�

6.1.14.2.7-{[1 -(3-Hydroxypropyl)piperidin-4-yl]methoxy}-2H-
chromen-2-one(12b)
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6.1.14.3.7-((1-(4-Hydroxybutyl)piperidin-4-yl)methoxy)-3,4-
dimethyl-2H-chromen-2-one(12c)
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6.1.14.4.7-{2-[1-(3-Hydroxypropyl)piperidin-4-yl]ethoxy}-3,4-
dimethyl-2H-chromen-2-one(12d)
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6.1.14.5.7-{[1 -(3-Hydroxypropyl)piperidin-3-yl]methoxy}-3,4-
dimethyl-2H-chromen-2-one(12e)
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6.1.14.6.7-{[1 -(3-Hydroxypropyl)piperidin-3-yl]methoxy}-2H-
chromen-2-one(12f)
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6.1.15.7-({1-[3-(Chloromethyl)benzyl]piperidin-4-yl}methoxy)-3,4-
dimethyl-2H-chromen-2-one(13)
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6.1.16.3-[(4-{[(3,4-Dimethyl-2-oxo-2H-chromen-7-
yl)oxy]methyl}piperidin-1-yl)methyl]benzylnitrate (14)
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6.1.17.Generalprocedurefor thesynthesisof 3-(4-{[(3,4-dimethyl-2-
oxo-2H-chromen-7-yl)oxy]methyl}piperidin-1-yl)propylnitrate (15)
and3-{3-[(4-{[(3,4-dimethyl-2-oxo-2H-chromen-7-
yl)oxy]methyl}piperidin-1-yl)methyl]phenoxy}propylnitrate (16)
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6.1.17.1.3-(4-{[(3,4-Dimethyl-2-oxo-2H-chromen-7-
yl)oxy]methyl}piperidin-1-yl)propylnitrate (15)

-K>I:K>= ?KHF8a �
��� @	
��
 FFHE� :G= � 
;KHFHIKHIREGBMK:M>
�
��� @	 
��
 FFHE�� �KHPG LHEB=�RB>E=�
��� @	 ���� � % +*/
��

 *%S	  ! E � � ��� ���
 ������ �F	 �%	 � 
%:�IBI>K��	 ���� ������ �F	 �%	
� 
%�IBI>K�� � 
%;�IBI>K��	 ���� �JG	J� ��� %S	�%	 + % �  H�  % � ,+, � �	
��

 ����
� �F	 �%	 � 
%:�IBI>K��	 ���� �L	 �%	 � 
 % � �	 ���� �L	 �%	
� 
 % � �	 ���� �M	J� ��� %S	�%	 + H�  % �  % � ,+, � �	 ���� ������ �F	
�%	 � 
%;�IBI>K��	 ���� �=	 J� ��� %S	�%	  % � ,�K�	 ���� �M	J� ��� %S	
�%	  % � ,+, � �	 ���� �=	 J� ��� %S	�%	 � 
%<HNF�	 ���� �==	 J� ���	
��� %S	 �%	 � 
%<HNF�	 ���
 �=� J� ��� %S	 �%	 � 
%<HNF�� �G:E�
� �
 %�� + � , � � <:E<=��  	 ������ %	����� +	 ����� #HNG=�  	 ������
%	���
� +	 ��
�� %/*0 �. 
1,#� <:E<=�?HK �
 %�� + � , � 8M�%9� m/z
��������	 ?HNG=��������� 8M�+:9 � m/z ��������	 ?HNG=���������

6.1.17.2.3-{3-[(4-{[(3,4-Dimethyl-2-oxo-2H-chromen-7-
yl)oxy]methyl}piperidin-1-yl)methyl]phenoxy}propylnitrate (16)

-K>I:K>= ?KHF10 �
��� @	
��
 FFHE� :G= � 
;KHFHIKHIREGBMK:M>
�
��� @	 
��
 FFHE�� �KHPG LHEB=�RB>E=�
��� @	 ���� � % +*/
��

 *%S	  ! E � � ��� ���� ������ �F	 �%	 � 
%:�IBI>K��	 ���� ������ �F	
�%	 � 
%;�IBI>K� � � 
%�IBI>K��	 ���� ����
� �F	 �%	 � 
%:�IBI>K��	 ���� �L	 �%	
� 
 % � �	 ���
 ������ �F	 �%	 , % �  H�  % � ,+, � �	 ���� �L	 �%	
� 
 % � �	 ���� ������ �F	 �%	 � 
%;�IBI>K��	 ���� �L	 �%	 �K % � +�	
���� ������ �F	 �%	  % � , HNF�	 ��
� ����
� �F	 �%	  % � ,�K�	 ����
�M	 J� ��� %S	 �%	  % � ,+, � �	 ���� ������ �F	 �%	
� 
%<HNF� � 
%<HNF� %�K �	 ���� ������ �F	 �%	 %�K �	 ���
 ������ �F	 �%	
%�K �	 ���� �=	 J� ��� %S	�%	 � 
%<HNF�� �G:E� � �� %�� + � , � � <:E<=��
 	 ������ %	 ���
� +	 ����� #HNG=�  	 ����
� %	 ����� +	 �����
%/*0 �. 
1,#� <:E<=�?HK �� %�� + � , � 8M�%9� m/z ��������	 ?HNG=
���������

6.2.In vitro inhibition assays
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