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Ưƾ��ŝ�Ŷƴĩƶ���ƭŚƳƬĩ�ŵƺƯō�ƹźƿĩŚǀ����ŹǇŚƯ�ŶƋ�šŹŶƣ�ƶĩ�Ʋ�ºƿŚƾƿ��ǇŚºŝ�ƾƿ�

�ŚƤƯ�Źŵƿ��ƹŹřŵ�Śŝ�ƶƀƷŚƽ���ĩƹźƬĩ�ƶŝ�ƭƹŚƤƯ�ǀ�Ťů�Ʋƾ���ŵŚºƤƯ�Źŵ�ƿ���ƺƳŚºƳ�ź

��Ư�řŹřŵ�ŹǇƺƯƾ���ŶƃŚŝ�æë�æèƹææ������Śºū�ŚºŝƿżĮƿƴƾ�ŬƳŻ��ºǀƵź��ŚºƷƽ�
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Ŷūƿ�ƫƺţ�Ŷǀ�Ư�Ŷƾ�����ºƇŚų�ŶƣŚƟ�ƶĩ�ŵŵźĭǀ��ưºſ�Ţƾ�ƫƺŝŚŤƯ��ºǀŢ��ŚºƷƽ�

��źƏ�Żř�ƹŹřŵƿ��ƢP450�Ư�ƾ��ŵƺƃ�æí�ƹæì����ƶºƘƫŚƐƯ�Źŵ�ƽ��źºƋŚů�
īƺƫŚººƳō�ŚººƷƽř�ƿźƯƹżººƿŵƺƯō�ĨººƿĩŚǀ�Źŵ�Ʋººƿ�ƁƹŹ�ĨŹŚººƸģ�

ƯƶƬůź�řƽ�ƫƺţ�ǀ���ƬƗ�ƹ�ƵŶƃ�Ŷǀ��ƶƺſƿƶ�ŚƷƽ�ŵƺưſǈě�ƿ�ƀºƫŚƟ�ƭƺǀ�ƭƹŹŚĜ
TM6��K1��TM4�� V1S�ƹ J164���źºƬĩ�ƶºŝ�ƭƹŚƤƯƹĩǀƲ��ƹ�
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��
�ƁƹŹƾſŹźŝ��
�����řƿ����ŝźŬţ�ƕƺƳ�Żř�ƶƘƫŚƐƯ�Ʋƾ�ŵƺŝ��Ƭĩǀƶ��ƽ�ŹƺƯř��ºƃ�ǀưƾ���Źŵ�ƹŹřŵ�

�ƃ�ƂŴŝǀưƾ�ě�Īƃżƾ�ƵŶĪƄƳřŵ���ƽ�ƃ�ǀưƾ���ƹ�ŹƺƯř�ƪĮƳř��ſŚƴƃƾ��Źŵ�
�ƪĮƳř�ƂŴŝ�ſŚƴƃƾ�ƵŶĪƄƳřŵ���ƽ�ŝ�ǀŹŚưƽ�ŚƷƽ�ƀƯźĭ�ǀźƽ���ƵŚĮƄºƳřŵ�

ƫǀŢƟźĭ�šŹƺƇ�ƩƺěŹƺ���
ƞƫř��ƃǀưƾ ƹŹřŵ����źºĭř�ºģ�ŵ�šŚºƘƫŚƐƯ�ƶƿ�źºĮƽ�řźºŝ�ƽ��ŢųŚºſ�

īƺƫŚƳō�ŚƷƽ�Ŷū�ƿ��ŵƺƯō�Żř�ŶƿĩŚǀ�����Śū�ŚƯř�Ţſř�ƵŶƃ�ƭŚŬƳř�ƲƿżĮƿƴƾ�
ŹƺƬƟƿ��Ƶƹźĭ�Śŝ�Ʋ�é��ƷǀƀĩƹŹŶǀƪ�ŵƺƯō��ºƿĩŚǀƲ�ĩźţ��ºǀ�Ŷū�Ŝ�ºƿŶƽ�

��Ə�ƶĩ�Ţſřƾř�ƿƶƘƫŚƐƯ�Ʋřźŝ�ƽƫƹř�ǀŹŚŝ�ƲůřźƏ�ƾ�ƹ��ƵŶºƃ�ƶŤųŚſ�
Ţſř����ºƫƹř�Źŵǀ����ƶºƬůźƯ�Ʋç����ƹŹƺºƬƟ�ê�Ƴ�ǀ�ƲŗƺºƫƺţƹźŤ��ŚưƳƿ�ĭŶºƴƾ�

MerckƱŚŤƀººƬĮƳř�Źŵ����Ưƹźººŝ�Żř�ƵŵŚƠŤººſř�ŚººŝǀƲ��ŚưƳƿĭŶººƴƾ�
Merck��ƱŚŤƀƬĮƳř�Źŵ�����ƹUV�Ưƹźŝ�ǀ�����ŢųŚſ�ƪƈůŚƯ�ƹ�ƵŶƃ�ƶƴ

ƿ�źĩ�Ĩƿ�ŝ�ŶƯŚū�ƩŚŤƀƶ�ŚƳƭżƴŝ�ƶŝ�ƿŚƯƹźŝ�ƪƿƺŝ�Ŷŵ��ƵŵŚƯ�ƽųř��ºǀ��Śºŝ�ź
ŵƽ�ţř�ǀ�Ưō�ƪǀ��Ƶŵřŵ�Ƃƴĩřƹ�Ŷ��ƵŵŚƯ���ƽ�ë��ƫƺţ�řŹ�ǀ��ŵƺºưƳ�Ŷ�ř��ºƿ��ƵŵŚºƯ�Ʋ
Ƴǀ��ƵŵŚƠŤſř�Śŝ�ż���ŻřHCL�ŵŹ���Ťƃřŵ�ƲƄĩřƶ����ƵŵŚƯ�ì���Ŷºƃ�ƶŤųŚſ����Źŵ

źººųōƿƶººƬůźƯ�Ʋ�ƽŚººū�ƿżĮƿƴƾƶŤƀººƷ��ƽō�ƹŹţŚƯººǀ�Ĩé�źººƬĩƿ�Ʋ� �



�ƱřŹŚƨưƷ�ƹ�ƾƸƫřŶſř�ƶƫŚŞƣř� 
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��Źŵé��ì�ŵ�ƽ�ĩƹźƬĩ�ǀƫƺƴǀƲ��ŚưƳƿ�ĭŶºƴƾ�Merck���ƱŚŤƀºƬĮƳř�Źŵ���
�������ĩźţ�ŢųŚºſ�ƶºŝ�źŬƴƯ�ƶĩ�ŵƺŝ�ºǀ��Ŝa�ê��Ŷºƃ������ĩźţ�ƹŵ�ƶºŤŞƫř�ºǀ�Ŝ

ƟŚƋřƾŵ�ƿ���ƭŚºƴŝ�źºĮN-Tert-Butyl(6M), Pyrollidine(5b)�
Ƴǀ��Ŷƃ�ƶŤųŚſ�ż��ƪĪƃ�ŚƷƽ�æŚţè�����šŹŚģ�ƿ���ŢųŚſ�šŚƗǈƏř�Ĩ
řƿ���ŝ�řŹ�īƺƫŚƳō�Ʋƶ��ſźţ�šŹƺƇǀưƾ��Ư�ƱŚƄƳ�ƾ�ŶƷŵ�����ŢųŚſ�Żř�ŶƘŝ

ƄŴŝ�źŧř��ƹŹřŵƾŝ�Ʊō�ƶ��šŹƺƇInvitroƫŚƳō�ŵŹƺƯ�ǀŢƟźĭ�Źřźƣ�ż 

��ƹ�žĜſ�ƹƿĭĦƾ�ŚƷƽ�ƬŤŴƯ�����īƺƫŚƳō�Żř�ƭřŶĩ�źƷ�ƞ��ƶƘƫŚƐƯ�ŵŹƺƯ�ŚƷ
�ŢƟźĭ�Źřźƣ��īƺƫŚƳō�ŚƷƽ�6h���ƹ�6bƳ�ǀ�ŢºƣŹ�Źŵ�ż��ŚºƷƽ��ƞºƬŤŴƯ�

ƬƗǀ��ƶæå�ƺſ�ƿƶ��ƽ������ſŹźŝ�ŵŹƺƯ�ơƺƟ�ƁƹŹ�ƶŝ�ƪĮƳř�ƾ����ŢºƟźĭ�Źřźƣ�
���Ƙţ�Żř�žě�ƹǀǀ���řźŝ�ŜſŚƴƯ�ŢƣŹ�Ʋƽ��ºſźŤſŵ�ƾ��ƶºŝ��IC50�ř���ºƿ�Ʋ
ſř�ŵŹƺƯ�ŢƣŹŤŢƟźĭ�Źřźƣ�ƵŵŚƠ���

�ƪĪƃ�ŹŵƿƵƺŰƳ�Ĩ�ƽĪƄţ�ǀſźţ�ƹŹřŵ�ƪǀŢſř�ƵŶƃ�Ʈ����
��
��
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R = NEt2

R = N-pyrollidinyl

R= N-piperdinyl

R = NPr2
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R= N--methyl piperazinyl
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5j

5k

5l

��
ƪĪƃ�æ��ţŚưƃ�ƱŚưŤųŚſǀīƺƫŚƳō�Ĩ�ŚƷƽ�é���ƹźƬĩ�é��ŵƺƯōƹŹƺŗƺƬƟƿĩŚǀƲ��

��
ś��ŵƺưſǈě�ƪĮƳř�ŢƄĩƿƀƫŚƟ�ƭƺǀƭƹŹŚĜ��ŹǇŚƯ�ƪĮƳřƿŚ��ƪĮƳř��ŚƷ

Ťººſř�ŹƺƀººƟƹźě�Żřǀƺ��Żř�ŵŹřƹƪººĮƳř�ƂººŴŝ�ººſŚƴƃƾƵŶĪƄººƳřŵ��ƽ�
ŝǀŹŚưƽ�ŚƷƽ�ƀƯźĭ�ǀźƽ�ƫ�ǀ�Źŵ�ƩƺěŹƺƿ�Ŷƃ�ŢƟŚ�������ƁƹŹ�ŽŚºſř�źºŝ�

�ƵŶººƃ�ŭǈººƇř Trager �ƹJensen�řźººŝ�ƽ��ƪººĮƳř�ŢƄººĩ�
ŵƺưſǈěƿ�ƀƫŚƟ�ƭƺǀ��ŚƸƫƺŞƬĭ�Źŵ�ƭƹŹŚĜƽ��������Ƶŵřŵ�ŢƄºĩ�ƱŚƀºƳř�żºƯźƣ�

Ŷƃ��é�����ř�ŽŚſř�źŝƿ��ŵƺưſǈě�ƁƹŹ�Ʋƿ�ƀƫŚƟ�ƭƺǀ��ŰƯ�Źŵ�ƭƹŹŚĜǀ�Ǝ
���ƹŚů�ƶĩ�ƭƹřŶƯ�ŢƄĩƽ�ƩƺŞƬĭ��ŚƷƽ���Ƴƺų�Ƶƹźĭ�żƯźƣ�ƾ�O���ƱŚƀºƳř�

ŰƯ�Źŵǀ�ŢƄĩ�Ǝæëéå� RPMI�ºŝƶ��ƶƟŚºƋř�ƽ�æå��ƭźºſ�ŶºƇŹŵ��

�Ƴƺų�Ƶƹźĭƾ�AB�ƳŚƀƳřƾ��ĩźţ�ŻŚĭ�Żř�ƵŵŚƠŤſř�Śŝ�ƹ�ǀ�ºŞƾ�è��ŶºƇŹŵ�
ŵƽ�ƀĩř�ǀ��Ʋŝźĩ�Ŷë��ƀĩř�ŶƇŹŵ�ǀ���ƹ�ƱĦîæ��Ƴ�ŶƇŹŵ�ǀ���ŵƺºŝ�ƱĥƹźºŤ��

�ŹŵèìƶººūŹŵ��ƽŤƳŚººſ�ƾ��ŹřŶººƸĮƳ�ŵřźººĭƽŶººƃ���ƪººĮƳř�ŚººƷƽ�
ŵƺưſǈěƿ�ƀƫŚƟ�ƭƺǀ���ƫƺţ�ƶŝ�ƕƹźƃ�ƭƹŹŚĜ�ºǀ���ƛ�ƪºŨƯ�Ŷǀ�ƀºƴūźƾ��ºƏ�ƾ� �

éí������ŶƳŵźĩ�Ʊŵřŵ�ŢƄĩ�Żř�žě�ŢƗŚſ�����ƷŚţƺĩ�šŶƯ�ŚƯř�ƾ���Żř�žě�
řƿ�ƫƺţ�Ʋǀ��ƫƹř�ƪŨƯ�Ŷǀ���ƫƺţ�ƶŝ�ƕƹźƃ�ƶǀ��ƶºƬůźƯ�Ŷ��ŚºƷƽ�ƿ����ƪºŨƯ�ƱŚƀºĪ
ƃǀ��ŢƳƹżŶƳŵƺưƳ��æê���řźŝƽř�ƿ�ƭźºƟ�ŵŚŬ��ŚºƷƽ�ƶºƬůźƯ��ƽŹ�ƿ��Ĭºƴ
�Synchronization����Żřê��ŝŹƺſ�ŶƇŹŵ�ǀ��ŵźĭ�ƵŵŚƠŤſř�ƩƺŤƿŶ��



īƺƫŚƳō�ŢųŚſ�ŶƿŶū�ƽŚƷþ��
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Ƭĩǀƶ�ƽ�ŻŹŵ�ŹŚºĩ�ƭŚŬƳř�ƪůřźƯ��ºƿ�ŚºƷŵƺƷ�źƽ�Laminar Flow�
�ƵŶƃ�ƭŚŬƳř����Śºſƹ�ƶưƷ�ƿ��ƸŬţ�ƹ�ƪ�ºǀ������źŤºſř�ƵŵŚƠŤºſř�ŵŹƺºƯ�šřżƿ�ƪ

�ƵŶºƃ��ºŰƯ�ƹ�ǀƎ��ŚºƷƽ���Ɵ�Żř��ƵŵŚƠŤºſř�Śºŝ�ŢƄºĩ�ǀ�ŚºƷźŤƬƽ�çç/å 
Ưǀ����źŤſř�ƵŵŚƠŤſř�Żř�ƪŞƣ�źŤƯƹźĪƿ�ŶƳŶƃ�ƪ��ľǇƺưƘƯ�ê�å�Ư�ǀ�ºƬƾ�ƫǀ��źºŤ

RBC�řźŝ�ƽ�ƿ����ŢƄĩ�ĨſǈƟ�Ĩçê�ƾŤƳŚſ������ƖºŝźƯ�źŤƯ��ƹ�ºƿ��Śê�æ�
ƯǀƬƾ�ƫǀ�řźŝ�źŤƽ�ĨſǈƟ��ŚƷƽ�íåƾŤƳŚſ���ƖŝźƯ�źŤƯ�ŵźĭ�ƵŵŚƠŤºſř�ºƿŶ��

ĨſǈƟ����Źŵ�ŚƷƿ��ř�ŢƫŚů�Ĩƿ�ƶŝ�ŚŤƀ�ƶƳƺĭ�řƽ�ŹřŶƸĮƳ�ƽ��ºƯ�ƾ�ŵźĭ�ºƿ�Ŷ
Śţ�ƿ�Ǉ�Ĩƿ����ƳŚŤŰţ�ŮƐſ�Źŵ�ƩƺƬſ�ƶƾ��ĪƄţ�Ʊō�ǀ������ŻƹŹ�źºƷ�ƹ�ŵƺƃ�ƪ
ŰƯǀ����Ư�ƉƺƗ�ƱŚƳō�ŢƄĩ�Ǝƾ�Ŷƃ��ŰƯǀƎ�����šŶºƯ�ƶºŝ�ŚºƷëåƳŚŧ��ºǀ�ƶ

ƷŵřƺƷƾ�ƵŶƃ�����źƷ�è�ƫř�ƾ�é���ŻƹŹ��ºƿĨ���������Żř�ƵŵŚƠŤºſř�Śºŝ�ŹŚºŝRBC�
ƵŻŚţ��ƣŹ�ǀ�Ư�Ƣƾ�ŵźĭƿŶ���řźºŝƽ������ŻřŹŚºě�Ʊŵźºĩ�Ĩºģ�ƿưŤƾ����ŻƹŹ�źºƷ�

Ƴƺų�ƁźŤƀĭƾƸţ�ǀŻřŹŚě�ƹ�ƶƿưŤƾƯ�ŢŞŧ�ƾ�ŵźĭƿŶ����
ũ��ŚƯŻōƿ�Ɵ�ƂƫŚƘǀ�īƺƫŚƳō�Ţ��ŚºƷƽ�Ŷū��ºƿ��Ŷé���ŵƺƯō�ƹźºƬĩ�ºƿĩŚǀ�Ʋ� �
ƬƗººǀƪººĮƳř�ƶ��ƫƹř�ŢººƔƬƛººǀ�šŹƺººƇ�ƶººŝ�ƹŹřŵ�ƶæååŶººƇŹŵ�� �
Śººŝ�DMSO (Dimethylsulphoxide)ŵźĭ�ƵŵŚººƯō�ººƿ�ƹ�Ŷ

ŢƔƬƛ�ŚƷƽ���řźºŝ�ŜſŚƴƯ�ƽ�������ºŰƯ�Żř�ƵŵŚƠŤºſř�Śºŝ�Ţƀºţ�ǀ�ŢƄºĩ�Ǝ�� �
��ŵźĭ�ƮƷřźƟ�ƪƯŚĩƿŶ��ŚƯŻōƿ�����Żř�ƵŵŚƠŤſř�Śŝ�Ƃæå����źºŤǀƫ�ƹźºƨǀƯ�ƹŹřŵ

řźŝƽ��Ƭě�Źŵ��ƶƳŚų�źƷ�ǀŢ�ƷŚƽźŤſř�ƿ�ƪîëƶƳŚų��řƽ����ƶºƳŚų�źºƷ�ƶºĩ�
ƹŚůƽ�çåå��źŤǀƫ�ƹźƨǀƯ���ºŰƯ�Żřǀ��ƹŚºů�Ǝƽ����Śºŝ�ƪºĮƳř���ŻřŹŚºěƿưŤƾ� �
ç���źĩƺţŚưƷ�ƹ�ŶƇŹŵ�ƿŢ�ê�å��ŵƺŝ�ŶƇŹŵ���ŚƤƯ�Źŵ��ºƿ�����Ƶƹźºĭ�Śºŝ�ƶƀ

��ƹŚů�ƶĩ�ƩźŤƴĩƽ�������ŵƺŝ�ƹŹřŵ�Źƺƌů�ƱƹŶŝ�ƪĮƳř�ƪƯŚĩ�ŶƃŹ����ƭŚŬƳř�
ŵźĭƿŶ����������ŹřźĪţ�ƶƳŚų�ƶſ�Źŵ�ƹŹřŵ�ŢƣŹ�źƷ�ºƃŶ�(Triplicate)��

���Żř�ŶƘŝçé���ŢƗŚſ�����Źŵ�Ʊŵźºĩ�ƶºŝƺĪƳř�èì��ƶºūŹŵ�����ƾŤƳŚºſ�ƽ���ŵřźºĭ� �
ê�å źŤǀƫ�ƹźƨǀƯŻř��Ci HypoxanthineŰƯ�ƶŝ�ǀƎ���źºƷ�ŢƄĩ

���Żř�ƭřŶĩĨƷŚģ�����ºƯ�ƶƟŚºƋř�ŚƷƾ�ŵźĭ�ºƿŶ���ºŰƯǀƎ��ŚºƷƽ��ŢƄºĩ����ƶºŝ�
������Żř�žě�ƹ�ƪƤŤƴƯ�ŹƺţŚŝƺĪƳřçé��ŹřŶƸĮƳ�ŢƗŚſ�ƽŹŵ��èì�ƶºūŹŵ��ƽ�

ƾŤƳŚſ��ŵřźĭ��ƹŹ�ƶŝ��ƽ�Ɵ�ǀŚƷźŤƬƽ�������šŶƯ�ƶŝ�ƹ�ƪƤŤƴƯ�ƅƺƈŴƯ�ƿ�Ĩ
ŢƗŚººſ�ŚººƯŵ�Źŵƽ�êêŹŵ�ƶººū�ƽ�ƾŤƳŚººſ��ŵřźººĭŶƳŶººƃ�ĨƄººų��

�ƪĮƳř�ƁŹŚưƃ�ŚƷƽ�řŹřŵƽ�Ʒ�ǀ�ŤƳřżĭƺºĜǀ�������ƵŚĮŤºſŵ�Żř�ƵŵŚƠŤºſř�Śºŝ�Ʋ� �
Wallac 1450 Microbeta Trilux Liquid Scintillation and Luminescence Counter���

�ŢƟźĭ�šŹƺƇ��řƿ��ƩƺŞƬĭ�ƵŚĮŤſŵ�Ʋ�ŚƷƽ���żƯźƣ�ƬěǀŢ�ŚƷƽ�ƪĮƳř��Źřŵ

ƹŚůƽ�Ʒ�ǀŤƳřżĭƺĜǀ��ŝ�řŹ�Ʋƶ���Ưƺƫ�šŹƺºƇǀ���ƁŹŚưºƃ�žƳŚƀºƴ�Ƶŵźºĩ��
��ƹŹřŵ�ŢƔƬƛ�ƪƣřŶůƾƿ�����ƂƷŚĩ�ŜūƺƯ�ƶĩ�êå����ƪĮƳř�ŶƃŹ�ŶƇŹŵ�

�ƩƺŞƬĭ�Źŵ�ŚƷƽ���������řźºƃ�Śºŝ�ŶƷŚƃ�Ƶƹźĭ�ƶŝ�ŢŞƀƳ��żƯźƣ�ƿ��ƹŚƀºƯ�Ǝƽ�
ƫƹƾ�ƱřƺƴƗ�ƶŝ�ŶƃŚŝ�ƵŶƃ��ƹŹřŵ�ƱƹŶŝ�IC50Ư�źƔƳ�Źŵ�ƾ��źǀĭŵ���
��

ƶŤƟŚƿ�ŚƷ��
�����ŹŵººƿźƟ�Ĩōƿ�ƶººƬůźƯ�ŹŚººƸģ�Ŷººƴ�řƽ��æå�ƞººƬŤŴƯ�īƺƫŚººƳō�

ŵƺƯōƹŹƺƬƟƿĩŚǀ��ƤƟƺƯ�Śŝ�Ʋǀ���ƤƯ�Źŵ�ƹ�ŢǀŽŚ��ºƷŚƽ��ŞºſŚƴƯ�ƾ���ƶŤųŚºſ�
šŹƺƇ�ƶŝ�ƶĩ�Ŷƃ�In vitroƬƗ�ǀ�ƶƺſƿƶ�ŚƷƽ���ŽŚƀºů�ƹ�ƭƹŚºƤƯ�

�ĩƹźƬĩ�ƶŝǀ�ŵƺưſǈě�Ʋƿ��ƀºƫŚƟ�ƭƺǀ���Ưř�šřźºŧř�ƭƹŹŚĜ�ºǀŹřƹŶ��ƵŶºƴƴĩ�řƽ�
ŶƳŵřŵ�ƱŚƄƳ���

��

N

NH

F

Cl

R

��
�ƪĪƃç�ŵƺƯō�ƿĩŚǀƲ��

��
���īƺƫŚƳō�ƾƿŚƿŹǇŚƯ�ŶƋ�ŢǀƫŚƘƟ�����ƶºƫƹżƿř�ƶǀƬƗ�ƲǀĩŚƿŵƺƯō�ƽŚƷ���ƽŚºƷ

3D7���ƹ�TM6���ƶĩ�ƭƹŹŚĜƀƿŚƟ�ƭƺƿŵƺưſǈě���Ŝºǀţźţ�ƶŝ��ºůŽŚƀ�
ƭƹŚººƤƯ�ƹƲǀĩƹźººƬĩ�ƶººŝ�ƾººƯ��ŶƴººƃŚŝ�ŚººƿŹǇŚƯ�ŢƄººĩ�ƎǀººŰƯ�Źŵ�� �

�����ŢƟźĭ�Źřźƣ�żǀƫŚƳō�ŵŹƺƯ���ƩƹŶūæ���ƱŚưƷ�����Ƶŵřŵ�Żř�ƶĩ�ƶƳƺĭ����źºŝ�ŚƷ
ƾƯ���īƺƫŚƳō�řŶŤŝř�Ŷƿō�������ƶƿƺºſ�ƽƹŹ�źºŝ�ŚºƷ������ŽŚƀºů�ƽŚºƷ(3D7)�

������źƟ�ŽŚſř�źŝ�ŶƘŝ�ƹ�Ŷƃ�ƂƿŚƯŻōō��ƹ�ƶǀƸţ�Ŷƴƿ�����ƾĪǀƫƺŝŚºŤƯ�ƽŚºƿřżƯ
��Ƶƹźĭ�ƶŝ�ƍƺŝźƯ�����Ʊř�ƹ�ƲƿŶǀƫƹźǀě�źŧƺƯ�ƽŚƷ�ţ����šŚºŞǀĩźţ�ƪǀţƺŝ�ƪǀţź

�����īƺƫŚƳō�ƹŵ�ŚƸƴţ��ơƺƟ6h���ƹ�6b���ŶºƋ�šřźŧř�źŤƄǀŝ�ƾſŹźŝ�ƽřźŝ�
���ƶƿƺſ�ƽƹŹ�źŝ�ƾƬĮƳř�������Ʊō�šřźŧř�ƶĩ�Ŷƿŵźĭ�śŚŴŤƳř�ƭƹŚƤƯ�ƽŚƷ���ŚºƷ

���ƩƹřŶū�Źŵ�řŹæƹ�çƾƯ��ŢƟŚƿ�Ʊřƺţ��īƺƫŚƳō�ŚƷƽŵŶƘŤƯ�ƽ��ƶŤųŚºſ�
���ŝ�Żř�ƹ�Ŷƃǀ�Ʊō�Ʋ��ƌƘŝ�ŚƷƾ���ŹǇŚƯ�ŶƋ�šŹŶƣ�ƿŚƾƿ�ŝ��ºǀźŤƄƽ�ƬƗ��ºǀ�ƶ



�ƱřŹŚƨưƷ�ƹ�ƾƸƫřŶſř�ƶƫŚŞƣř� 

 

ƶƬŬƯ�ƵŹƹŵ��ƱŚŬƳŻ�ƾƳŚƯŹŵ��ƾŤƃřŶƸŝ�šŚƯŶų�ƹ�ƾƨƃżě�ƭƺƬƗ�ƵŚĮƄƳřŵ�ƾƄƷƹĦě��ƾưƬƗ�ƽ��ƽæíƵŹŚưƃ����ƽìå�ŹŚƸŝ��íî 

5 

ř�ƹŵ�źººƷƿƶººƫƹżƹ�ŽŚƀººů�ƭƹŚººƤƯ��ţŹƺººƇ�Źŵ�ŶƴŤººƃřŵƾ�ƶººĩ�� �
ƌƘŝƾ����ŹǇŚƯ�ŶƋ�šŹŶƣ�ƎƤƟ�ƿŚƾƿ�ƐſƺŤƯ�ƾ�ƬƗ��ºǀ��ŵƺưºſǈě�ƶƿ�ƭƺ
ƫŚƟººǀŶººƳŵřŵ�ƱŚƄººƳ�ƭƹŹŚƀ��īƺƫŚººƳō�ŚººƷƽ�ŚººƷƽƹŹřŵ�ƞººƬŤŴƯ�ƽ� �
é��ŵƺƯō�ƹŹƺƬƟƿĩŚǀ�ƬƗ�Ʋ�ºǀ��ƺºſ�ƶƿƶ��ƽ���ŽŚƀºů�3D7���Ƶŵƺºŝ�źŧƺºƯ�

Ţſř��Ʒ�ƶģ�źĭř�ǀĢ�ŵƺƯō�ŵƺų�Żř�źţźŧƺƯ�ƭřŶĩƿĩŚǀ���Ţºſř�ƵŵƺºŞƳ�Ʋ
ƫƹƾ�ƫŵ�ƶŝ�ǀưſ�ƪǀƹŹřŵ�Ţƽųř�ǀīƺƫŚƳō�ź��ŚºƷƽŶū��ºƿ��ŵŹƺºƯ�Ʊō�Ŷ

ŚƯŻōƿ��ƶŤƟźĭ�Źřźƣ�Ƃ�ŶƳř��������ƩƹŶū�Źŵ�ƶĩ�ƶƳƺĭ�ƱŚưƷç��Ţſř�ƵŶƯō���
źŤƸŝƿ�īƺƫŚƳō�Ʋ���ƬƗ�ŚºƷ�ºǀ��ƶæå��ƺºſ�ƿƶ�ƽ�ŵƺưºſǈě�ƿ�ƀºƫŚƟ�ƭƺǀ�ƭƹŹŚĜ

��ŚƯŻō�ƹ�śŚŴŤƳřƿ��ƬĮƳř�ŶƋ�Ƃƾ�Ʊō����ſŹźŝ�ŵŹƺƯ�ŚƷƾ���ŢºƟźĭ�Źřźƣ���
��ƶƬưū�ŻřTM6źŤƸŝ�ƶĩ�ƿ�īƺƫŚƳō�ŜƳŚū�Żř�ŲſŚě�Ʋ6h�ř�ƶºŝ��ºƿ�Ʋ

ƺſƿŶƃ�Ƶŵřŵ�ƶ����

��
�ƩƹŶūæ�īƺƫŚƳō�šřźŧř��ŚƷƽƹŹřŵ�ƞƬŤŴƯ�ƽŶū�ƿ�Ŷé�ŵƺƯōƹŹƺƬƟƿĩŚǀƹŹ�źŝ�Ʋƽ�ƺſƿƶ�ƽĩƹźƬĩ�ƶŝ�ŽŚƀů�ǀř�Ʋƿƶƫƹż� �

� 3D7ŵƺưſǈěƿƀƫŚƟ�ƭƺǀƭƹŹŚĜ��

ƵŹŚưƃ�ƽĩźţ�ǀŜ ŬƳŻǀŞƳŚū�źƾ IC50 (nM) 3D7a IC50 (nM) TM6b 

aë R = NEt2 ç�ëtç�çê ��
bë R = N-pyrrollidinyl ç�ì�tî�çæ�� íí�ëå��
cë R= N-piperidinyl ç�ææ±�ç�çå�� ���
d ë�� R = NPr2 é�æè ± é�êè�� ���
eë R = NBu2 í�î�±ë�êí�� � 

fë R = N-morpholino î�çê�t�ê�éåå�� ���
gë R= N-methyl 

piperazinyl 
î�í�t�î�çè ���

hë N-tert butyl è�êt�î�æê îì�çî��
ĩƹźƬĩǀƲ  æ�æç�t�ç�æç åæ�çæç��
ŵƺƯōƿĩŚǀƲ  è�è�tí�ê îæ�ë��

 3D7 a ƿƺſ�Ĩƿƶ�ƽŵƺưſǈě�ƿƀƫŚƟ�ƭƺǀĩƹźƬĩ�ƶŝ�ŽŚƀů�ƭƹŹŚĜǀƯ�Ʋƾ�ŶƃŚŝ���
ƿƺſ�Ĩ�ƿƶ�ƽŵƺưſǈě�ƿƀƫŚƟ�ƭƺǀĩƹźƬĩ�ƶŝ�ƭƹŚƤƯ�ƭƹŹŚĜǀŢſř�Ʋ�  TM6 b 
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R = N-pyrollidinyl

R = N-tert - butyl

��
�ƪĪƃè��ŵƺƯōƿĩŚǀŬƳŻ�ƹ�ƲǀŚƷźƽŞƳŚū�ƾřźŝ�ƽīƺƫŚƳō��ŚƷƽF �ëƹ�B�ë�



īƺƫŚƳō�ŢųŚſ�ŶƿŶū�ƽŚƷþ��
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�ƩƹŶūç�Ɵ�ƘƫŚǀŹǇŚƯ�ŶƋ�ŢƿŚƾƿŚƷƹŹřŵ�ƽŶū�ƿŶh ë�ƹ�bë�ĩźţ�Żřǀ�šŚŞé��ŵƺƯō�ƹŹƺƬƟƿĩŚǀƯ�Źŵ�ƲŚƤƿĩƹźƬĩ�Śŝ�ƶƀǀ�Ʋ� �
�ƹŵƺƯōƿĩŚǀƲƬƗ�ǀř�ƶƿƶƫƹż�ŚƷƽĩƹźƬĩ�ƶŝ�ƭƹŚƤƯ�ƹ�ŽŚƀů�ƞƬŤŴƯ�ǀŵƺưſǈě�ƲƿƀƫŚƟ�ƭƺǀƭƹŹŚĜ��

 

 
TM6 � �

�ŹǇƺƯ�ƺƳŚƳ� 
K1 

�ŹǇƺƯ�ƺƳŚƳ� 
HB3 

�ŹǇƺƯ�ƺƳŚƳ� 
3D7 

�ŹǇƺƯ�ƺƳŚƳ� 
PH3 

�ŹǇƺƯ�ƺƳŚƳ� 
TM4 

�ŹǇƺƯ�ƺƳŚƳ� 
DD2 

�ŹǇƺƯ�ƺƳŚƳ� 
V1S 

�ŹǇƺƯ�ƺƳŚƳ� 
7G8 

�ŹǇƺƯ�ƺƳŚƳ� 
J164 

�ŹǇƺƯ�ƺƳŚƳ� 

AQ îæ�ë î�çå éí�í èî�é çæ�æê æé�æê êê�î îæ�í êî�í êå�æí 

CQ åæ�çæç ëî�æìå åë�æë ìë�æå íë�èå íè�ææç èî�êî åì�æêé åè�êì êë�æèè 

6h îì�çî æê�èç ëí�æì çë�æç íê�çê èí�çì ìæ�çî åæ�èë èìì�èç çé�èî 

6b íí�ëå îè�éê ìê�ëè ìì�èî åé�çê îë�éë îí�èë êè�êç éì�êì êè�éé 

 
aTM6, K1, TM4, V1S, J164 řƿŚƷ�ƶƫƹżƽ�AQ�  ŵƺƯōƿĩŚǀƲ�  , CQĩƹźƬĩǀ�ƲŶƴƃŚŝ�ƾƯ�ƲǀĩƹźƬĩ�ƶŝ�ŽŚƀů�ƾƤŝŚƯ�ƹ�ƲǀĩƹźƬĩ�ƶŝ�ƭƹŚƤƯ� 

ƤƯ�Źŵ�ƹŹřŵ�ŢƔƬƛ�ƩƹŶū�ƪųřŵ�ŵřŶƗřǀƯ�ŹǇƺƯ�ƺƳŚƳ�ŽŚƾ�ŶƃŚŝ���
 

�ŦŰŝ 

��������ŢƯƹŚƤƯ�ƶŝ�ƶūƺţ�Śŝ�ŚƷƽ�ųř�ǀ�ƬƗ�źǀĩƹźƬĩ�ƶǀƳ�ƹ�Ʋ�ºǀ�ưºſ�żǀ�Ţ
řƿ��ŵŚŬ���ŵƺƯō�ƝźƈƯ�Śŝ�ƵŶƃƿĩŚǀ�ƶƘƫŚƐƯ��Ʋ��ƽ�������ƵŶºƃ�Ʊō�źºŝ�źƋŚů�

�Śū�Śŝ�Śţ�ŢſřƿżĮƿƴƾ�Ƶƹźĭ�é�ƷǀƀĩƹŹŶǀ�ŹƺºƬƟ�Śŝ�ƪƿĩźţ�Ʋǀ�ţŚºŞƾ�
�ř�źŧƺƯƿ�ŚưƳ�ŵŚŬƿ��ƬƗ�Śţ�Ŷǀ��ƶƺſƿƶ�ŚƷƽ����ŚºƯŻō�ŵŹƺƯ�ƭƹŚƤƯ�ƿ���Źřźºƣ�Ƃ

ĭǀ���ř�Źŵ�ƹ�ŵźƿ��ĩźţ�ŚŤſřŹ�Ʋǀ��Ŝ6h�ŝ�ƶ��ĩźţ�ƱřƺƴƗǀŞƾ�ƺƣ�ƽ���źºţ���źºĭř�
���ƩŵŚƘƯ�ƶģƿ��ºưĩ�Śƾ��ĩƹźºƬĩ�Żř�źºŤưĩ�ǀŵƺƯō�ƹ�Ʋ�ºƿŚĩǀƲ�ŵ�Żř�ƿ��źºĮ

ŶƳŚĩƿ��Ŷƃ�ƶŤųŚƴƃ�ŚƷřŶ�������ŵ�Ǝſƺţ�ƵŶƃ�ƭŚŬƳř�šŚƘƫŚƐƯ�Źŵƿ��ƱřźºĮ
�ƫƺƟƺƯ�īƺƫŚƳōǀ��ƺƴ(6f)�źŤƸŝ�ƿ�ƫŚƘƟ�ƲǀŹǇŚƯ�ŶƋ�ŢƿŚƾƿ�ºŝ�Źŵ�řŹ�ǀ�Ʋ

īƺƫŚƳō�ŚƷƽ���������ŵƺºŝ�Ƶŵřŵ�ƱŚƄºƳ�ƵŶƃ�ƶŤųŚſ��è����ƫŚºů�Źŵ��ƾ����Źŵ�ƶºĩ
ƶƘƫŚƐƯ��ƽ�źƋŚů���ƱŚưƷ��������ƩƹŶºū�Źŵ�ƶºĩ�ŹƺƏç�ŵ��ºƿ��ºƯ�ƵŶƾ���ŵƺºƃ�
ĭƺƫŚƳōƾ�����Ʊō�Źŵ�ƶĩ�N-Tert-Butyl�ŝ�ƶ��ŬƳŻ�ƱřƺƴƗǀƵź��ƽ��ŞƳŚºū�ƾ�
��ŵƺŝ(6h)�źŤƸŝ�ƿ��źţźŧƺƯ�ƹ�Ʋƿ��ƬƗ�īƺƫŚƳō�Ʋǀ�ƶưƷ�ƶ��ƽ�ř�ƿ�ƶºƫƹż��ŚºƷƽ�

ŵƺưſǈěƿ���ŵřŵ�ƱŚƄƳ�Ƃƴĩřƹ�ƭƺ����īƺƫŚƳō6b�Ƴ�ǀ�ƬƗ�żǀ��ƶƺſƿƶ��ŚºƷƽ�
�ĩƹźƬĩ�ƭƹŚƤƯǀ���ƵŵŚƘƫř�ơƺƟ�šŹŶƣ�Ʋ�řƽ��������ř�ƶºģ�źºĭř�ŵřŵ�ƱŚƄºƳ��ºƿ�Ʋ

ƫŚƘƟǀ��ƵŻřŶƳř�ƶŝ�Ţ��ƽ�ƫŚƘƟ�ǀ��ŹǇŚƯ�ŶƋ�ŢƿŚƾƿ�ŵƺƯō�ƿĩŚǀ�ƬƗ�Ʋ�ºǀ���źºƷ�ƶ
��Ư�Ɓƺſ�ƹŵ�������ŵƺưºſǈě�ƪºĮƳř�ŽŚƀºů�ƹ�ƭƹŚƤƿ����Ţºſř�ƵŵƺºŞƳ�ƭƺ��

ƪǀƳƹř�ƹ����ƶºƘƫŚƐƯ�Źŵ�ƱřŹŚĪưƷ��ƽ��ƸŝŚƄºƯ�ƾ�ĩźţ�ǀ�Ŷū�šŚºŞ�ºƿŶƽ�Żř�
ŵƺƯōƿĩŚǀ�ƫƺţ�Ʋǀ����ř�Źŵ�ƶĩ�ŶƳŵźĩ�Ŷƿ�ĩźţ�Ʋǀ���Ƶƹźĭ�šŚŞ4OH���Śŝ�ƿ�Ĩ

�źƬĩ�Ʈţřƿ�Śū�ƲƿżĮƿ�ŵźĭ�Ʋƿ���ř�šřźŧř�ƹ�Ŷƿ��ƬƗ�ƹŹřŵ�Ʋǀ��ƶ�ƺºſƿƶ��ŚºƷƽ�

��ĩƹźººƬĩ�ƶººŝ�ƭƹŚººƤƯǀŵƺƯō�Ŷººů�Źŵ�ƲººƿĩŚǀŵƺººŝ�Ʋ��æîƹæå���
īƺƫŚƳō�ŚƷƽ�ř�ƿźƯƹżƿ�ŵƺƯō�Ĩ�ºƿĩŚǀ������ƄºƳŚū�Śºŝ�ƶºĩ�Ʋǀƴƾ�3-OH�ƹ��
ŬƳŻǀƵź�ƽŞƳŚū�ƾMannich ŵƺƯō�ƿĩŚǀ�Ǝſƺţ�Ʋ�ƪǀƳƹř�ƱřŹŚĪưƷ�ƹ

�����Ƹūƺţ�ƪŝŚƣ�ŹƺƏ�ƶŝ�Ŷƃ�ƶŤųŚſƾ���ŹǇŚƯ�ŶƋ�šřźŧř�ƿŚƾƿ���ƹŹ�źºŝ�ƽ�
���ƹŵ�źƷƺſƿƶ��ƽ�ŵƺưſǈěƿ�����ĩƹźƬĩ�ƶŝ�ƭƹŚƤƯ�ƹ�ŽŚƀů�ƭƺǀ��ƱŚƄƳ�Ʋ
ŶƳŵřŵ��è����ƶƘƫŚƐƯ�Źŵ���ƽ�ŵ�ƿźĮƽ��������ŚºŤƳ�ŽŚºſř�źºŝ�ƶºĩ�ƿ���ƶºƘƫŚƐƯ�Ū
ů�ůřźƏ�źƋŚƾ���ŵźĭ�řźūř�ƹ�ƿ�Śū�ƶſ�ŶƿżĮƿƴƾƷ�Źŵ�ǀ�ƀºĩƹŹŶǀ�ƪé�

�ŚƸưţř�Śŝƽ��źºƬĩ�ƿ��ŹƺºƬƟ��Ʋƿ��Ʒ�ƹ�Ʋ�ºǀ�������ƶºĩ�ŢºƟźĭ�šŹƺºƇ�ƱĥƹŹŶ
ŚƳōīƺƫ�ŚƷƾƿ���ŶƳŚĩ�ƱřƺƴƗ�ƶŝ�ƿřŶƽ��ŝ�šŚƘƫŚƐƯ�ǀ��ƫŵ�ƶŝ�źŤƄǀ���šřźºŧř�ƪ

��ŹǇŚƯ�ŶƋ�śƺųƿŚƾƿ�Ʊō�����Żř�ŚƷŝǀ�źſ�Ʋƽ�������śŚºŴŤƳř�ƵŶºƃ�ƶŤųŚºſ�
�ƹ�ŶƃƿĪƾƱō�Żř��ƄƳŚū�ŚƷǀŹƺƬƟ�Ʈţř�Śŝ�Ʋƿŵƺŝ�Ʋ��çå�����

��
ƶŬǀŤƳ�ƽźǀĭ��
�����ƶƘƫŚƐƯ��ƽ��������Śºſ�Ɲǈºų�źºŝ�źºƋŚů�ƿ����Ƶƹźºĭ�šŚºƘƫŚƐƯ�ź��ŚºƷƽ�
ŹƺººƬƟƿŚººū�řŹ�ƲƿżĮƿƷ�ƲǀƀººĩƹŹŶǀƀººĩř�šřźººŧř�ƶººĩ�Ƶŵźººĩ�ƪǀ�Ŷ
ĭŶƴƴĩƾ��ưſ�ƹ�ǀŢ�řŻƾƿ�ŵƺƯō��ºƿĩŚǀ����Ƶŵřŵ�ƂƷŚºĩ�řŹ�Ʋ�����ºƗ�Źŵ�ŶºƳřǀ�Ʋ
ƫŚůƾ����ŹǇŚƯ�ŶƋ�šŹŶƣ�ƶĩ��ºƿŚƾƿ��īƺƫŚºƳō���ºƷŚƽ�������Śºŝ�ŦºŰŝ�ŵŹƺºƯ�
ŵƺƯōƿĩŚǀ�źŝřźŝ�Ʋƽ�Ư�ƾ�Ŷƴĩ��ƿĪƾ����šǈĪƄƯ�Żř�é�ƯōǀƴĩƺǀƫƺƴǀƲ���ŚºƷ

��ŤƯƹŚƤƯ�Ƃƴĩřƹ�ƲŤƃřŵƾ����ĩƹźºƬĩ�Śºŝ�ƖƏŚƤŤƯ�ǀƬƗ�Ʋ�ºǀ�ƶ�ƺºſƿƶ��ŚºƷƽ�
��ĩƹźƬĩ�ƶŝ�ƭƹŚƤƯǀ�ŵƺưſǈě�Ʋƿ�ſŚƟ�ƭƺǀ����ƶƳŚŤŴŞƃƺų�ƶĩ�Ţſř�ƭƹŹŚĜ
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ŝǀ�ř�źŤƄƿ�īƺƫŚƳō�Ʋ��ƴģ�ŚƷǀ��ŤƯƹŚºƤƯ�Ʋƾ���ƤƯ�Źŵ�řŹ��ºǀŽŚ��ŚºƷƽ��ƀºŝ�ǀ�ŹŚ
ģŚƳǀżƽ��ŶƳŵřŵ�ƱŚƄƳ�����ƴģ�ƶģ�źĭřǀ�ŚŤƳ�ƲƿŬƾ�ƯřǀŹřƹŶ����Ţºſř�ƵŶƴƴĩ�
ƫƹƾ��ŝ�šŚƘƫŚƐƯ�ǀźŤƄƽ��ſř�ƭŻǇ�����ŹǇŚƯ�ŶƋ�šřźŧř�Śţ�Ţ�ºƿŚƾƿ�ř��ºƿ�Ʋ

īƺƫŚƳō�ƬƗ�ŚƷǀř�ƶƿƶƫƹż�ŚƷƽŝ�ǀźŤƄƽŚƯŻō�ƪĮƳř�Żř�ƿŵŵźĭ�Ƃ���
��

ŶƤţƿ�źĪƄţ�ƹ�ź��
������Ƴƹř�ŹƺƀƟƹźě�Żřǀƪ�Ź�ǀƿ����ºƃ�ƂºŴŝ�žǀưƾ��Īºƃżě�ƾ���ƵŚĮƄºƳřŵ�� �
� �

� �

ƫǀƩƺěŹƺ����ƹŹřŵ�ŢųŚºſ�Źŵ�Ĩưĩ�źƏŚų�ƶŝ���ħŚŤºſř�ƪºě����ƩƺŘƀºƯ�
ŚƯŻōƿ��ƃ�ƂŴŝ�ƵŚĮƄǀưƾ�Īƃżě�ƾ���ƫ�ƵŚĮƄºƳřŵ�ǀ�ƩƺºěŹƺ�����źƏŚºų�ƶºŝ�

��Śĩ�Źŵ�ĨưĩŚƷŹƽ���ŚƯŻō�ƶŝ�ƍƺŝźƯ�ƿƵŚĮƄ����Ťºſř�ŹƺƀƟƹźě�ƹ�ǀƺ��ŵŹřƹ�
��Źŵ�ƤŰţ�ƂŴŝǀ��ŹǇŚƯ�šŚºƤ�ºƿ��ƫ�ƵŚĮƄºƳřŵ�Żř�Śǀ�ƩƺºěŹƺ��ƱřŹŚºĪưƷ�ƹ�
řƿ��ƱŚƄ������ŹǇŚƯ�ƪĮƳř�ŢƄĩ�Źŵ�Ĩưĩ�źƏŚų�ƶŝƿ��Ś��ŹŶƣ�ƹ�źĪƄţ��ºƳřŵƾ�
Ưƾ�ŵƺƃ� 
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Background and Objective: Resistance to chloroquine (CQ) in Plasmodium falciparum malaria has become 

a major health concern in the developing countries. This problem has prompted investigators for finding 

alternative antimalarials that may be effective against resistant strains. Amodiaquine (AQ) is an antimalarial 

which is effective against many chloroquine-resistant strains of P. falciparum. However, clinical use of AQ 

has severely been restricted because of its hepatotoxicity and agranulocytosis side effects. The aim of this 

study was to design and examine the effects of new analogues of amodiaquine.  

Materials and Methods: A successful four-step synthesis of a new series of 4-fluoro analogues was designed 

and applied to the synthesis of an array of 10 analogues. Antimalarial activity of these agents was assessed 

against chloroquine-resistant (TM6) and sensitive strains (3D7) of P. falciparum.  

Results: Several analogues have shown potent antimalarial activity against sensitive 3D7 strain of the 

parasite. The 6h analogue was superior to the pyrollidino analogue 6b against all of the strains examined. 

The N-tert butyl analogue 6b was potent against chloroquine resistant strains, though it was not quite as 

active as amodiaquine (AQ) against both chloroquine sensitive and resistant parasites.� 
Conclusion: From the different analogues made, it was shown that the analogue 6h was more potent than the 

others. However, this analogue has equal or slightly less potent than amodiaquine and chloroquine against P. 

falciparum. Further studies on the metabolism and pharmacokinetics of 6h are recommended. 
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