
CHAPTER IV

RESULTS AND DISCUSSION

1. Chemical modification of geldanamycin

Derivatization of geldanamycin (1) was done mainly in the quinone moiety as 
follows:

1.1 Modification of I7 -OCH3 into other alkoxy derivatives: 17-O-ethyl-17-0- 
demetylgeldanamycin (6), 17,19-di-O-ethyl-17-0-demethylgeldanamycin (7), 17-0-n- 
propyl-17-0-demethylgeldanamycin (8 ), and 17-0-benzyl- 17-0-demethylgeldanamycin
(9).

1.2 Modification of I 7 -OCH3 into alkylamino derivatives: 17-amino-17- 
demethoxygeldanamycin (10), 17,19-di-methylamino-17-demethoxygeldanamycin (11), 17- 
ethylamino-17-demethoxygeldanamycin (12), 17-n-proylamino-17-demethoxygeldanamycin 
(13), 17,19-di-n-propylamino-17-demethoxygeldanamycin (14), 17-allylamino-17-demethoxy- 
geldanamycin (15), 17,19-di-hydroxypropylamino-17-demethoxygeldanamycin (16), and 17- 
benzylamino-17-demethoxygeldanamycin (17).

1.3 Modification at C-19: 19-0-methylgeldanamycin (18), 19-aminogeldanamycin 
(19), and 19-glutathionylgeldanamycin (20).

1.4 Modification of 11-OH into other alkoxy derivatives: 11-0-methyl- 
geldanamycin (2 1 ) and 1 1 -0 -acetylgeldanamycin (2 2 ).

1.5 Reduction of double bond at C-2 to C-5: 2,3,4,5-tetrahydrogeldanamycin

n h 2
Geldanamycin (1)

(23).



53

According to geldanamycin (1) (Tadtong, 2000), the 'H-NMR spectrum 
showed characteristic peaks of the olefinic protons at H-3 (Ô 6.90 ppm, d), H-4 (Ô 6.53 
ppm, t), H-5 ( 8  5.83 ppm, t), and H-9 (5 5.77 ppm, d); the oxygenated protons at H-l 1 
(5 3.48 ppm, m), I7 -OCH3 (Ô 4.08 ppm, ร), and H-19 ( 8  7.22 ppm, ร). The 13C-NMR 
spectrum presented characteristic peaks in quinone moiety of C-16 ( 8  127.42 ppm), 
C-17 ( 8  156.75 ppm), 17-OCH3 ( 8  61.71 ppm), C-18 ( 8  183.88 ppm), C-19 ( 8  111.63 
ppm), C-20 ( 8  137.86 ppm), and C-21 ( 8  184.70 ppm). Modification of 1 was 
intensively observed the alteration of chemical shift at these positions which was 
further discussed in details below.

Comparison with the u v  spectrum of geldanamycin (1), the u v  spectra of the 
modified compounds showed the different characteristic spectra in each type of 
substituted group at quinone chromophore.

1. The 17-alkoxy substituted geldanamycins exhibited the similar u v  
absorption pattern to that of 1 which showed maxima absorption at A.max 247 and 322 
nm, however, longer alkoxyl side chain possessed hyperchromie shift at A.max 247 run.

2. Replacement of oxygen atom with nitrogen atom at C-17 position 
possessed bathochromic shift at A-max 322 nm to 332 nm and longer alkylamino side 
chain also exhibited greater u v  absorption at this wavelength.

3. The disubstituted alkoxygeldanamycins at positions C-17 and C-19 
expressed bathochromic shift (red shift) at Aomax 247 and 322 nm to 266 and 331 nm, 
respectively.

4. The disubstituted alkylaminogeldanamycins at positions C-17 and C-19 
showed bathochromic shift at A.max 247 and 322 nm to Atmax 254 and 343 nm, 
respectively.

5. The hydroquinone type geldanamycin revealed the maximum absorption 
only at A-max 327 nm.

6 . Reduction of double bond at C-2 to C-5 positions in ansa ring caused 
hypsochromic shift at A-max 322 nm to 304 nm and underwent hypochromic shift at this 
wavelength and A-max 247 nm.

The exact mass of the modified compounds from ESI-Q-TOF MS showed that
the 17-substituted geldanamycins, 2,3,4,5-tetrahydrogeldanamycin (23), possessed
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psuedomolecular ion peak at m /z [M+Na]+ while the 19-substituted geldanamycins 
and 17,19-disubstituted geldanamycins presented the psuedomolecular ion peak at m /z 
[M+Na+2H]+, which the quinone moiety might undergo reduction in ion source of 
mass spectrometer (Morisaki et a l ,  1996; Sasaki et al., 1970). However, only 19- 
glutathionylgeldanamycin (20) exhibited psuedomolecular ion peak at m /z [M+H]+ in 
mass spectrum.

1.1 Modification of I7-OCH3 into other alkoxy derivatives

1.1.1 17-0-ethyl-17-0-demethyIgeldanamycin (6)

Geldanamycin (1) was converted to 17-O-ethyl-17-0-demethyl- 
geldanamycin (6 ) in 72.20% yield by dissolving 1 in EtOH:DMSO and reacted with 
EtONa solution in DMSO. The 13C-NMR of 6  revealed two quinone carbonyl carbon 
signals at 8 c 184.00 (C-18) and 184.73 (C-21) which can deduce as quinone type 
geldanamycin derivative. The major difference form 1 was observed according to the 
absence of I 7 -OCH3 (8 c 61.71 and 8h 4.08) and the presence of the -OCH2CH3 signal 
at 8 c 70.24 and 8 h 4.44 of -OÇH2CH3, and 8 c 16.17 and 8h 1.34 of -OCH2ÇH3 group 
(Figures D3, D4).

The absence of I 7 -OCH3 signal in both of 13C- and 'H-NMR 
spectra showed that the methoxyl group was displaced by the ethoxyl group in 
quinone moiety of 1. This compound showed pseudomolecular ion peak [M+Na]+ at 
m /z 597.2791 (Figure Dl) which was calculated for C3oH42N2 0 9 Na at m /z 597.2783. 
This ESI-Q-TOFMS data represented 14 amu larger than 1. The chemical structure of 
6  was determined as the 17-0-ethyl-17-0-demethylgeldanamycin.

The u v  spectrum of the compound (Figure D2) showed similar 
pattern to that of 1 (Figure A2) presenting the maximum absorption at A.max (log e) 247 
nm (4.055), and 322 nm (4.033).
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0

17-0-ethyl-17-0-demethylgeldanamycin (6 )

1.1.2 17,19-di-0-ethyl-17-0-demethylgeldanamycin (7)

Compound 7 was obtained in 14.93% yield by the reaction of 1 
with 2 equivalences of EtONa. According to the 'H-NMR data of the compound, the 
absence of the singlet proton signal at ÔH 4.08 and the singlet proton signal at ÔH 7.22 
was the major difference from that of 1 , suggesting that the reaction was occurred at 
both positions of C-17 and C-19 in the quinone moiety of 1. The presence of two 
oxygenated methylene proton signals at 8 h 4.40 and 4.21 and two methyl proton 
signals at 8 h 1.33 and 1.29 of two -OCH2CH3 groups appeared in the 'H-NMR 
spectrum instead (Figure E3). Due to limited amount of this compound, the 13C-NMR 
data was not measured.

The pseudomolecular ion peak from ESI-Q-TOFMS presented 
[M+Na+2H]+ at m/z 643.3115 (Figure El) which was calculated for C32H4gN20ioNa at 
m /z 643.3201. Since it has been known that some quinones could yield apparent M+ + 2 
peaks in the ion source of the mass spectrometer (Monsaki et a l 5 1996; Sasaki et al., 
1970), the chemical structure of this compound was determined as the 17,19-O-diethyl- 
17-O-demethylgeldanamycin (7) from the data described above and comparison to that 
of 1 .

The uv spectrum of the compound (Figure E 2 )  presented the 
maximum absorption at Àrnax 2 6 6  nm ( 3 . 8 2 9 ) ,  3 3 1  nm ( 2 . 9 2 9 ) ,  and 5 2 3  nm ( 2 . 1 7 6 ) ,  

the bathochromic shift from ^ m a x  2 4 7  to À.max 2 6 6  was observed. However, the uv 
absorption pattern of this compound was similar to that of the quinone type,



g e ld a n a m y c in  (1 )  (F ig u re  A 2 ) , a n d  17 - 0 - d e m e th y lg e ld a n a m y c in  (2 )  ( F ig u r e  B 2 )  a n d
w a s  d i f f e r e n t  f ro m  th a t  o f  17 - O - d e m e th y lg e ld a n a m y c in  h y d r o q u in o n e  (5 )  ( F ig u re
C 2 ) .

0

17,19-O-diethyl- 17-O-demethylgeldanamycin (7)

1.1.3 17-0-n-propyl-17-0-demethylgeIdanamycin (8)

Compound 8  in 73.33 % yield was converted from 1 reacted 
with n-PrONa solution in DMSO. The 13C-NMR of 8  exhibited two quinone carbonyl 
carbon signals at 5c 184.02 (C-18) and 184.70 (C-21) represented quinone type 
geldanamycin derivative. The absence of 17-OCH3 signal at 8 c 61.71 and 5h 4.08 and 
the presence of the -OCH2CH2CH3 signal at 8 c 72.69 ppm, 8 h 4.36 ppm of - 
OCFFCPbCFF; two additional signals at 8 c 23.95, 8h 1.21 of -OCH2ÇH2CH3 ; and 8 c 
10.45, 8 h 1.00 of -OCH2CH2ÇH3 (Figures F3, F4).

The reaction was occurred at position C-17 according to the 
absence of I 7 -OCH3 signal in both of l3C- and ‘H-NMR spectra. The methoxyl group 
was displaced by the propoxyl group in quinone moiety of 1. The pseudomolecular 
ion peak of this compound was shown as [M+Na]+ at m /z 611.2955 (Figure FI) which 
calculated for CsiFUd^OçNa at m /z 611.2939. The ESI-Q-TOFMS data revealed the 
28 amu greater than 1 , then, chemical structure of this compound was deduced as the 
17-0-n-propyl-17-(9-demethylgeldanamycin (8 ) from the data described above and 
comparison to that of 1 .
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T h e  u v  s p e c t ru m  o f  th e  c o m p o u n d  ( F ig u r e  F 2 )  p r e s e n te d  th e

m a x im u m  a b s o r p t io n  a t  À.max 2 4 6  n m  (4 .1 7 6 )  a n d  3 1 6  n m  (4 .0 9 9 )  w h ic h  w a s  s im i l a r  to

th a t  o f  1 ( F ig u r e  A 2 ) . T h e  c h e m ic a l  s t r u c tu r e  o f  8  w a s  s h o w n  b e lo w .

17-0-n-propyl-17-0-demethylgeldanamycin (8 )

1.1.4 17-O-benzyl- 17-(9-demethylgeIdanamycin (9)

Geldanamycin (1) was converted to 9 in 73.95% yield by 
dissolving 1 in BnOH:DMSO and reacted with BnONa solution in DMSO. 
Compound 9 showed two quinone carbonyl carbon signals at ôc 184.05 (C-21) and
184.51 (C-18) in 13C-NMR spectrum, represented quinone type geldanamycin 
derivative. The absence of I 7 -OCH3 group at 5c 61.71, ÔH 4.08 was replaced by the 
-OCH2C6H5 group at 8 c 72.69 ppm, 8 แ 5.35 of -O O hC Jfr: ôc 140.63, 129.13,
129.13, 128.34, 127.65 and 127.65,8แ 7.20, 5H of-OCH2Ç6H5 (Figures G3, G4).

The reaction was occurred at position C-17 because of the 
absence of I 7 -OCH3 signal in both of l3C-NMR and 'H-NMR spectra. The 
replacement of the methoxyl group with the - 0 บแ2บ6แ 5 group at position C-17 in 
quinone moiety of 1 was concluded. The ESI-Q-TOF MS showed the exact mass of 
this compound [M+Na]+ at m /z 659.2971 (Figure Gl) which was calculated for 
C3sH44N20 9 Na at m /z 659.2939. The chemical structure of this compound was 
determined as the 17-O-benzyl-17-Odemethylgeldanamycin (9).

T h e  U V  s p e c t r u m  o f  th e  c o m p o u n d  ( F ig u r e  G 2 )  p r e s e n te d  th e

m a x im u m  a b s o r p t io n  a t  X.max 2 4 7  (3 .8 6 0 )  n m  a n d  3 2 9  n m  (3 .0 6 7 )  w h ic h  p o s s e s s e d
s im i l a r  p a t te r n  to  th a t  o f  1 ( F ig u r e  A 2 )  b u t  r e d u c e d  in  u v  a b s o r p t io n  a t  b o th



w a v e le n g th s  a n d  th e  b a th o c h r o m ic  s h i f t  w a s  o b s e r v e d  a t  w a v e le n g th  o f  A,max 3 2 2  n m

to  3 2 9  n m .

17-0-benzyl-l 7-0-demethylgeldanamycin (9)

1.2 Modification of 17-OCH3 into alkylamino derivatives

1.2.1 17-amino-17-demethoxygeldanamycin (10)

Modification of geldanamycin (1) into 10 in 68.48 % yield was 
performed by dissolving 1 in DMF and reacted with 10 equivalences of 70% NH3 

solution. The 13C-NMR of 10 expressed two quinone carbonyl carbon signals at ôc
183.06 (C-18) and 180.40 (C-21) which was the quinone type gelsdanamycin 
derivative. The absence of I 7 -OCH3 signal at 5c 61.71, ÔH 4.08 was a major 
difference from that of 1. Moreover, the upfield shift of the carbon signals of C-17 
from 5c 156.75 to Sc 145.93 and C-16 from Sc 127.42 to Sc 110.25 was also observed 
in the 13C-NMR spectrum (Figure H4). The presence of the I 7 -NH2 proton signal at 
8 h 4.89 was also observed in 'H-NMR spectrum (Figure H3).

According to the data mentioned above revealed that the 
reaction was occurred at position C-17, the methoxyl group was replaced by the 
amino group in quinone moiety of 1. This compound showed pseudomolecular ion 
peak [M+Na]+ at m /z 568.3027 (Figure HI) which was calculated for C28H39N3 0 gNa 
at m /z 568.2635, represented the replacement of methoxy group with amino group. 
The chemical structure of this compound was determined as the 17-amino-17- 
demethoxygeldanamycin (1 0 ).
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The chemical shift of two quinone carbonyl carbons was 
confirmed by HMBC correlation (Figure H5) exhibited the correlation between 1-NH 
(8h 9.11) to C- 1 (6 c 167.86), C-19 (Sc 108.51), and C-21 (Sc 180.40); H-15 (SH 2.73, 
1.99) to 14-CH3 (Sc 23.72), C-16 (Sc 110.25), and C-17 (Sc 145.93); and H-19 (8 แ 
7.28) to C-17 (Sc 145.93), C-20 (Sc 140.37), and C-21 (Sc 180.40).

17-amino-17-demethoxygeldanamycin (1 0 )

The u v  spectrum of the compound (Figure H2) showed similar 
pattern to that of 1 (Figure A2) which presented the maximum absorption at Xmax (log 
e) 246 nm (4.035) and 329 nm (4.300). The bathochromic shift was observed at the 
wavelength of 322 nm to 329 nm.

1.2.2 17,19-di-methylamino-17-demethoxygeldanamycin (11)

Geldanamycin (1) was dissolved in DMF and reacted with 1 
equivalence of methylamine to give 11 (81.90% yield). The 13C-NMR of 11 
exhibited two quinone carbonyl carbon signals at 6 c 183.76 (C-18) and 180.91 (C-21), 
which was quinone type geldanamycin derivative. The absence of signal at 6 c 61.71, 
6 h 4.08 (I 7 -OCH3), and the signal at 8 h 7.22 (H-19) was observed in 13C-NMR and 
’H-NMR spectra of 11 showed that the reaction was occurred at positions C-17 and 
C-19 (Figures 13,14). The presence of the equivalent nitrogenated carbon signal at 6 c 
47.72, two nitrogenated methyl proton signals 6 h 3.15 and 6 h 2.84; and two NH 
proton signals at SH 6.84 and 8 แ 6 .6 8 , were the signals of two -NHCH3 groups. 
Moreover, the upfield shift of the carbon signals of C-17 from 6 c 156.75 to 6 c 141.17
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and C-16 from Sc 127.42 to 8c 108.74, the downfield shift of C-19 from 8c 111.63 to 
8c 144.62 was also observed in the l3C-NMR spectrum.

The pseudomolecular ion peak of this compound was shown as 
[M+Na+2H]+ m /z 613.3977 (Figure II) which calculated for C3oH4ôN4 0 gNa at m /z 
613.3208. However, the data from l3C-NMR spectrum suggested that this compound 
was presented in quinone form and some quinones could yield apparent M+ + 2 peaks 
in the ion source of the mass spectrometer (Morisaki e t a i ,  1996; Sasaki et a l ,  1970), 
then the chemical structure of this compound was determined as the 17,19-di- 
methylamino-17-demethoxygeldanamycin (1 1 ).

The uv spectrum of the compound (Figure 12) possessed the 
maximum absorption at A.max 254 nm (4.270) and 343 nm (4.316) which showed the 
bathochromic shift at both wavelengths from that of 1 (Figure A2). The chemical 
structure of 1 1  was shown below.

0

17,19-di-methylamino-17-demethoxygeldanamycin (1 1 )

1.2.3 17-ethylamino-17-demethoxygeldanamycin (12)

Compound 12 in 43.01 % yield was converted from 1 reacted 
with 1 equivalence of 70% ethylamine. The 13C-NMR of 12 presented two quinone 
carbonyl carbon signals at 8 c 183.87 (C-18) and 181.67 (C-21) which was the quinone 
type geldanamycin derivative. The 'H-NMR and 13C-NMR spectra of 12 showed the 
absence of I 7 -OCH3 signal at 8 c 61.71, 8h 4.08 and the presences of the -NHCH2CH3 

group at 8 c 40.66, two nonequivalent nitrogenated protons at 8 h 3.62 and 3.45 ppm of 
-NHCH7CH3 ; and 8 c 15.12, 8 แ 1.31 of -NHCH7CH3 (Figures J3, J4). The upfield
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sh if t  o f  th e  c a rb o n  s ig n a l o f  C -1 7  fro m  §c  156.75 to  ôc  14 4 .8 1 , th e  u p h e ld  sh ift o f  C - 
16 ôc 12 7 .4 2  to  ôc 108.35 w a s  a lso  ob serv ed . T h e  c h e m ic a l s tru c tu re  o f  12 w as 
d e d u c e d  as 17 -e thy lam ino -1 7 -dem eth ox yge ldan am ycin .

0

17 -e th y la m in o -17 -d e m e th o x y g e ld an am y c in  (12 )

T h e  c o m p o u n d  sh o w ed  p se u d o m o le c u la r  io n  p e a k  [M + N a]+ at 
m/z 5 9 6 .3 0 0 8  (F ig u re  J l )  w h ic h  w as  ca lcu la ted  fo r C 3oH43N 3 0 gN a a t m/z 5 9 6 .2 9 4 8 , 
re p re se n te d  th e  re p la c e m e n t o f  m e th o x y  g rou p  w ith  e th y lam in o  g rou p .

T h e  uv sp e c tru m  o f  th e  co m p o u n d  (F ig u re  J2 )  sh o w ed  s im ila r  
p a tte rn  to  th a t o f  1 (F ig u re  A 2 ) w h ic h  p resen ted  th e  m ax im u m  a b so rp tio n  a t ?imax 245 
n m  (4 .1 6 3 ) , 33 2  n m  (4 .3 4 0 ) an d  527  nm  (2 .6 0 2 ). T h e  b a th o c h ro m ic  sh ift w as 
o b se rv e d  a t th e  w a v e le n g th  o f  3 2 2  n m  to  332 nm .

T h e  H M B C  co rre la tio n  (F ig u re  J5 )  re v e a le d  th e  co rre la tio n  
b e tw e e n  1 -N H  (0 H 9 .17) to  C - l  (ô c  168.38), C -1 9  (ôc 108.64), an d  C -21  (ô c  181.67); 
FI-15 (ÔH 2 .68 , 2 .40) to  1 4 -C F b  (ôc 22.83), C -16  (ôc  108.35), an d  C -1 7  (ô c  144.81); 17- 
N H C H 2C H 3 (ÔH 6 2 0 ) to  C -1 6  (ÔC 108.35), C - l 8 (ôc  183.87), and  I 7-N H C H 2Ç H 3 (ôc 
15.12); I 7-N H C H 2C H 3 (ÔH 3.62,3.45) to C -17  (ôc 144.81), and 17-N HCFFCFF (ôc 15.12); 
I 7-N H C H 2C H 3 (ÔH 1.31) to  I 7- N H Œ 2C H 3 (ôc 40.66); an d  H -1 9  (0 H 7.25) to  C -17  (ôc 
144.81), C -2 0  (ÔC 141.43), a n d  C -21 (ô c  181.67).
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1 .2 .4  1 7 -n -p ro p y la m in o -1 7 -d e m e th o x y g e Id a n a m y c in  (13 )

C o m p o u n d  13 w as o b ta in e d  in  7 2 .5 2 %  y ie ld  by  d is so lv in g  1 in 
C H 2C I2 a n d  re a c te d  w ith  1 eq u iv a len ce  o f  C H 3C H 2C H 2N H 2 fo r 10 m in . T h e  l3C- 
N M R  o f  13 e x h ib ite d  tw o  qu in one  ca rb o n y l c a rb o n  s ig n a ls  a t 8 c 183 .89  (C -1 8 ) and  
18 0 .5 9  (C -2 1 )  w h ic h  w as  th e  q u in o n e  ty p e  g e ld a n a m y c in  d e r iv a tiv e  (F ig u re  K 4). T he  
a b se n c e  o f  I 7 -O C H 3 sig na l a t 8c 61 .7 1 , 8 h 4 .0 8  an d  th e  p re se n c e  o f -N H C F h C F h C F b  
g ro u p  a t 8c  4 7 .5 6 , 8 h 3 .50  o f  - N H C H 7C H 7C H 3; an d  tw o  ad d itio n a l s ig n a ls  a t 8c 
2 2 .8 5 , 8 h 1 .68 o f  - N H C H 2Ç H 2C H 3; and  8C 11 .25 , 8แ 0 .93  o f  - N H C H 2C H 2Ç H 3 
(F ig u re s  K 3 , K 4 ). In  ad d itio n , th e  u p h e ld  sh ift o f  th e  c a rb o n  s ig n a l o f  C -1 7  fro m  8c 
156 .75  to  8c  14 4 .9 4  an d  C-16 8c 127.42 to 8c 108.33 an d  w e re  a lso  o b se rv e d  in  th e  13C- 
N M R  sp e c tru m .

A cc o rd in g  to  th e  d a ta  f ro m  E S I-Q -T O F M S , th e  co m p o u n d  
sh o w e d  p se u d o m o le c u la r  io n  p eak  [M + N a]+ a t m/z 6 1 0 .3 1 7 7  (F ig u re  K l )  w h ich  
c a lc u la te d  fo r  C 3iH 45N 3 0 sN a at m/z 6 1 0 .3 1 0 4 , an d  p o sse s se d  14 am u  h ig h e r  th an  17- 
e th y la m in o -1 7 -d e m e th o x y g e ld a n a m y c in . T he  c o m p o u n d  w a s  d e s ig n a te d  as  17-n- 
p ro p y la m in o -17-dem ethoxygeldanam ycin  (13).

T h e  u v  sp ec tru m  o f  th e  c o m p o u n d  (F ig u re  K 2 ) e x h ib ite d  the 
m a x im u m  a b so rp tio n  a t 2 4 7  nm  (4 .1 6 9 ), 332 n m  (4 .3 5 9 ) an d  528 nm  (2 .6 0 2 ). T he 
b a th o c h ro m ic  sh ift w as observed  at w av elen g th  o f  322 nm  to  332  nm . T h e  ch em ica l 
s tru c tu re  o f  1 7 -n -p ro p y lam in o -1 7 -d em e th o x y g e ld an am y c in  (1 3 ) w as sh o w n  be low .

0

17 -n -p rop y lam ino -17 -d em etho xy geld anam ycin  (13)
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1.2.5 1 7 ,1 9 -d i-n -p ro p y la m in o -1 7 -d e m e th o x y g e ld a n a m y c in  (14)

G e ld an am y c in  (1) w as  d is so lv e d  in  C H 2C I2 an d  reac ted  w ith  1 
e q u iv a le n c e  o f  C H 3C H 2C H 2N H 2 fo r  2  h  to  g iv e  1 7 ,1 9 -d i-fl-p ro p y lam in o -1 7 - 
d e m e th o x y g e ld a n a m y c in  (14) in  8 1 .8 4 %  y ie ld . T h e  l3C -N M R  sp ec tru m  o f  14 
e x h ib ite d  tw o  q u in o n e  ca rb o n y l c a rb o n  s ig n a ls  a t 6c  179 .29  (C -1 8 )  an d  179.01 (C -2 1 ) 
w h ic h  w a s  q u in o n e  ty p e  g e ld a n a m y c in  d e r iv a tiv e  (F ig u re  L 4). T h e  ab sen ce  o f  17- 
O C H 3 s ig n a l a t 6c  61 .7 1 , 6 h 4 .0 8  an d  H -1 9  a t 6 h 7 .2 2  p p m  w a s  o b se rv e d  in  the  l3C- 
N M R  a n d  'H -N M R  sp ec tra  (F ig u re s  L 3 , L 4). T h e  p re se n c e  o f  th e  tw o  -  
N H C H 2C H 2C H 3 g ro u p s a t 6 h 6 .7 7  an d  6 h 6 .6 0  o f -N H C F ^ C F b C H s ;  tw o  n itro g en a ted  
c a rb o n  a n d  p ro to n  s ig n a ls  a t 6c  4 6 .3 2  an d  5 c  4 4 .2 3 , 6 h 3 .45  an d  6 h 3 .07  o f  -  
N H C F b C FbC FU ; in c lu d in g  fou r ad d itio n a l s ig n a ls  o f  - N H C H 7C H 7C H 3 a t 6c 23 .62  
an d  6 c  2 1 .6 0 , fo u r p ro to n s  o f  tw o  m e th y le n e  g ro u p s  a t 6 h 1.65; a n d  - N H C H 7C H 7C H 7 
a t 6c  11 .46 , an d  6c 11.19, and  six  p ro to n s  o f  tw o  m e th y l g ro u p s  a t 6 h 0 .95  w as a lso  
o b se rv e d  in  th e  l3C -N M R  and  'H -N M R  sp e c tra  (F ig u re s  L 3 , L 4 ). M o reo v er, the 
u p fie ld  s h if t  o f  th e  ca rb o n  s ig n a ls  o f  C -1 7  f ro m  6 c  156.75 to  6 c  1 4 7 .5 0 , C -16  from  6c 
12 7 .4 2  to  6 c  91.91, an d  C -2 0  fro m  6c  137 .86  to  6 c  105.93, th e  d o w n fie ld  sh ift o f  C -19  
f ro m  6 c  111.63 to  6 c  150.74 w e re  a lso  o b se rv e d  in  th e  I3C -N M R  sp ec tru m . T he  
re a c tio n  w a s  o ccu rred  a t b o th  p o s itio n s  o f  C -1 7  a n d  C -19 .

T h e  p se u d o m o le c u la r  io n  p eak  o f  th is  c o m p o u n d  w as  sh o w n  as 
[M + N a + 2 H ]+ m/z 6 6 9 .3 9 3 6  (F ig u re  L I )  w h ic h  ca lc u la te d  fo r  C 34H 54N 4 0 gNa at m/z 
6 6 9 .3 8 3 4 . H o w ev er, th e  d a ta  fro m  l3C -N M R  sp e c tru m  su g g es ted  th a t th is  co m p o u n d  
w a s  p re se n te d  in  q u in o n e  fo rm  an d  so m e  q u in o n e s  co u ld  y ie ld  a p p a re n t M + +  2 peak s 
in  th e  io n  so u rce  o f  the  m ass  sp e c tro m e te r  (M o risa k i et ai, 1996; S asak i et al., 1970), 
th e n  th e  ch em ica l s tru c tu re  o f  th is  c o m p o u n d  w a s  d e te rm in e d  as  th e  17 ,19 -d i-n- 
p ro p y la m in o -1 7 -d e m e th o x y g e ld a n a m y c in  (14 ).

T h e  uv sp ec tru m  o f  th e  c o m p o u n d  (F ig u re  L 2) p o sse ssed  the  
m a x im u m  ab so rp tio n  a t Xmax 254  n m  (4 .415) an d  346  nm  (4 .4 62 ) w h ic h  sho w ed  the 
b a th o c h ro m ic  sh ift a t b o th  w av e len g th s  fro m  th a t o f  1 (F ig u re  A 2 ). T h e  chem ica l 
s tru c tu re  o f  14 w as sh o w n  below .
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T h e  H M B C  c o rre la tio n  (F ig u re  L 5 ) e x h ib ite d  th e  co rre la tio n  
b e tw e e n  H -15  (8แ 2 .41) to  1 4 -C H 3 (5 c  18.71), C -1 6  (Sc 105.93), a n d  C -1 7  (8c  147.50); 
17 -N H C H 2C H 2C H 3 (8 h 6.77) to  C -1 6  (8 c  105.93), C -18  (5c  179.29), 17 -N H Œ 2 C H 2CH 3 
(ÔC 46.32), and 17 -N H C H 7C H 7C H 3 (5c 2 3 .6 2 ); I 7-N H C H 2C H 2C H 3 (8H 3.45) to C -17  (8c 
147.50), I 7 - N H Œ 7C H 7C H 3 (8c 2 3 .6 2 ), and I 7-N H C H 7C H 7C H 3 (8c 11 .19); 17- 
N H C H 2C H 2C H 3 (8 h 1.65) to 17 -N H C H 7C H 7C H 7 (8c 46.32) a n d  17-NI4 C H 7C H 7C H 7 (8c 
11 .19 ); 17-N HCH2C H 2C H 3 (8 h 0 .9 5 )  to  17 -N H C H 7C H 7CTT (8c 46.32) and  17- 
N H C H 2Œ 2C H 3 (8c 2 3 .6 2 ); 19 -N H C H 2C H 2C H 3 (8 h 6.60) to  C -1 8  (8c  179.29), C -20  (Sc 
91.91), 19-N H C H 7C H 7C H 7 (Sc 4 4 .2 3 ), and 19 -N H C H 7C T 7C H 3 (Sc 21 .60 ); 19- 
N H C H 2C H 2C H 3 (8 h 3.07) to C -1 9  (Sc 150.74), I 9 -N H C H 7C H 7C H 3 (Sc 21 .60 ), and 19- 
N H C H 2C H 2Œ 3 (Sc 11 .46 ); I 9-N H C H 2C H 2C H 3 (8 h 1.65) to  19 -N H Ç H 2C H 2CH 3 (Sc 44 .23) 
a n d  I 9-N H C H 2CH 2Œ 3 (Sc 11 .46 ); and  19-N H C H 2C H 2C H 3 (SH 0 .9 5 ) to  19- 
N H Œ 2C H 2C H 3 (Sc 44 .23 ) an d  19 -N H C H 7C H 7C T 3 (Sc 21 .60 ).

o

17,19 -d i-n -p ro p y la m in o -17 -d e m e th o x y g e ld a n a m y c in  (14)

1 .2.6 1 7 -a l ly la m in o -1 7 -d e m e th o x y g e ld a n a m y c in  (15 )

C o m p o u n d  15 in  th e  y ie ld  o f  9 8 .5 7 %  w as  p e rfo rm ed  by 
d is so lv in g  1 in  C H 2C I2 and  rea c te d  w ith  40  e q u iv a len ce s  o f  a lly la m in e . A cc o rd in g  to  
i3C -N M R  d a ta  (F ig u re  M 4 ), 15 p o sse s se d  tw o  s ig n a ls  o f  q u in o n e  ca rb o n y l ca rb o n  at 
Sc 18 3 .7 6  (C -1 8 ) an d  180 .91  (C -2 1 ). T h e  a b se n c e  o f  17 -O C H 3 sig na l a t 5C 6 1 .7 1 , SH
4 .0 8  a n d  th e  p re sen ce  o f  th e  - N H C H 2C H = C H 2 a t SH 6 .3 7  o f  -N H C H C H 2= C H 2; 5C 
4 7 .7 2 , SH 3.81 o f - N H C H b C F K T T ;  Sc 13 2 .4 7 , SH 5 .92  o f - N H C H 2C H = C H 2; and  5C 
1 1 8 .4 6 , SH 5 .29  o f  - N H C H 2C H = Œ 2 (F ig u re s  M 3 , M 4). M o re o v e r , th e  u p fie ld  sh ift 
o f  th e  c a rb o n  s ig n a ls  o f  C -1 7  fro m  Sc 156 .75  to  Sc 144 .61 , a n d  C -1 6  fro m  Sc 127.42
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to  8 c  108.74 w as exam ined . T h e  ch em ica l s tru c tu re  o f  15 w a s  d e te rm in e d  as 17- 
a lly la m in o -1 7 -d e m e th o x y g e ld a n a m y c in .

T he  d a ta  fro m  E S I-Q -T O F M S  sh o w e d  th a t th is  co m p o u n d  
e x h ib ite d  p se u d o m o lecu la r  ion  p eak  [M + N a]+ a t m/z 6 0 8 .3 5 5 5  (F ig u re  M l )  w h ich  
c a lc u la te d  fo r  C 3iH 43N 3 0 sN a a t m/z 6 0 8 .2 9 4 8 , an d  p o sse sse d  12 a m u  h ig h e r  th an  17- 
e th y la m in o -1 7 -d e m e th o x y g e ld a n a m y c in  (12 ). T h e  I 7 -O C H 3 g ro u p  o f  1 w as rep laced  
b y  a lly la m in o  g ro u p  in  15.

T he u v  sp e c tru m  o f  th e  c o m p o u n d  (F ig u re  M 2 ) p o sse ssed  the  
m a x im u m  ab so rp tio n  a t 24 4  nm  (4 .2 4 1 ), 332  n m  (4 .3 9 4 ) an d  52 2  n m  (2 .4 7 7 ). T he 
b a th o c h ro m ic  sh ift w as observed  at w av e len g th  o f  322 n m  to 332  nm . T h e  chem ica l 
s tru c tu re  o f  15 w as  sh o w n  below .

0

17-a lly lam ino -l 7 -d e m e th o x y g e ld a n a m y c in  (1 5 )

1.2.7 1 7 ,1 9 -d i-h y d ro x y p ro p y Ia m in o -1 7 -d em e th o x y g e ld an am y cm  (16)

T he so lu tio n  o f  1 in  A C N  w as re a c te d  w ith  1 e q u iv a len ce  o f  
H O C H 2C H 2C H 2N H 2 to  g iv e  16 in  58 .00 % . C o m p o u n d  16 sh o w e d  th e  ab sen ce  o f  17- 
O C H 3 s ig n a l a t 8c  61 .71 , 8 h 4 .08  an d  H -19  s ig n a l a t 8 h 7 .2 2  in  th e  13C -N M R  an d  'H -  
N M R  sp e c tra  ex h ib ited  th a t th e  reac tio n  w as  o ccu rred  a t p o s itio n s  C -1 7  an d  C -19  
(F ig u re s  N 3 , N 4 ). T he  p re sen ce  o f  tw o  - N H C H 2C H 2C H 2O H  g ro u p s  a t 8 h 7 .67  and  
S H 7 .1 9  o f - N H C H 2C H 2C H 2O H ; 8 h 7 .47  an d  8 H 6 .6 9  o f - N H C H 2C H 2C H 2O H ; 8C 
41.41 a n d  8C 4 0 .0 3 , 8 แ 4 .3 6  an d  8 H 3.15 o f - N H Ç H 2C H 2C H 2O H ; 8C 58 .58  an d  8C 
5 8 .5 8 , S H 4 .6 0  and  8 แ 3 .45 o f  - N H C H 7C H 7C H 7O H ; an d  8C 32 .70 an d  8 C 30 .53 , 8 H 
1.67 a n d  8 แ 1.65 o f  - N H C H 2C H 2C H 2O H . T he  u p fie ld  sh if t o f  th e  c a rb o n  s ig n a ls  o f
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C -1 7  fro m  ôc 156.75 to  8c 146.98, C -1 6  fro m  8c  127 .42  to  8c  105.32, and  C -20  from  
8c  13 7 .8 6  to  8c 91.06, th e  d o w n fie ld  sh ift o f  C -1 9  fro m  8 c  111.63 to  8c  150.47 w ere  
a lso  o b se rv e d  in  th e  13C -N M R  sp ec tru m .

T he  p seu d o m o le c u la r  io n  p e a k  o f  th is  co m p o u n d  w as sh o w n  as 
[M + N a + 2 H ]+ m/z 701 .3751  (F ig u re  N l )  w h ic h  ca lc u la te d  fo r  C 34H s4N 4 0 ioNa at m/z 
7 0 1 .3 7 3 2 . H o w ev e r, th e  d a ta  fro m  13C -N M R  sp e c tru m  su g g e s te d  th a t th is  co m p o u n d  
w a s  p re se n te d  in  q u in o n e  fo rm  a t 8c  178 .36  (C -1 8 )  an d  8 c  178.28 (C -2 1 ), and  som e 
q u in o n e s  co u ld  y ie ld  a p p a ren t M + +  2 p e a k s  in  th e  io n  so u rce  o f  th e  m ass 
sp e c tro m e te r  (M o risak i et a l. , 1996; S asak i et a l., 1970), th en  th e  ch em ica l s truc tu re  
o f  th is  c o m p o u n d  w as d e s ig n a ted  a s  th e  1 7 ,1 9 -d i-h y d ro x y p ro p y lam in o -1 7 - 
d e m e th o x y g e ld a n a m y c in  (16).

T he u v  sp ec tru m  o f  th e  c o m p o u n d  (F ig u re  N 2 ) p o ssessed  the  
m a x im u m  ab so rp tio n  a t 7-max 251 nm  (4 .502) an d  343 nm  (4 .389) w h ich  sho w ed  the 
b a th o c h ro m ic  sh ift a t b o th  w av e len g th s  fro m  th a t o f  1 (F ig u re  A 2). T h e  ch em ica l 
s tru c tu re  o f  16 w as  sh o w n  below .

T he  H M B C  co rre la tio n  (F ig u re  N 5 ) ex h ib ited  th e  co rre la tio n  
b e tw e e n  17 -N H C H 2C H 2C H 2O H  (8 แ 7 .1 9 ) to  C -1 6  (8C 105.32), C -18  (8C 178 .36), and  
1 7 - N H Œ 2C H 2C H 2O H  (8c 41.41); 17-NHCH2CH2C H 2O H  (8 H 3 .4 7 ) to C -1 7  (Sc 147.50), 
17 -N H C H 2Œ 2C H 2O H  (8c 32.70), and 17-N H C H 2C H 2Ç H 2O H  (8c 58.36); 17- 
N H C H 2C H 2C H 2O H  (8 h 1.65) to 17 -N H C H 7C H 7C H 7O H  (8c 41.41) and  17-
N H C H 2C H 2Ç H 2O H  (8c 58.36); 17-N H C H 2C H 2C H 20 H  (8 แ 4 .6 0 ) to  17-
N H Q ^ C H 2C H 2O H  (Sc 41.41); 19 -N H C H 2C H 2C H 2O H  (8 H 7 .6 7 ) to  C -1 8  (8C 178.36), 
C -2 0  (8 c  91.06), and  19 -N H Œ 2 C H 2C H 2O H  (8c 4 0 .0 3 ); 19 -N H C Ü C H 2C H 2O H  (8แ 3 .15) 
to  C -1 9  (8c  150.47), 19 -N H C H 2Œ 2C H 2O H  (8c 3 0 .5 3 ), and 19-N H C H 2C H 2Œ 2O H  (8c 
5 8 .5 8 ); 19-N H C H 2CH 2C H 2O H  (SH 1.67) to 19 -N H C H 7C H 7C H 7O H  (8c 4 0 .0 3 ) and  19- 
N H C H 2C H 2Œ 2O H  (8c 5 8 .5 8 ); and 19-N H CH 2C H 2C H 2 0 H  (8H 3 .4 5 ) to  19- 
N  H C H 7C H 7C H 7O H  (8c 40 .0 3 ).
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HOH2CH2CH; วแ

n h 2

17,19 -d i-h y d ro x y p ro p y la m in o -17 -d e m e th o x y g e ld a n a m y c in  (16)

1.2.8 1 7 -b e n z y la m in o -1 7 -d e m e th o x y g e ld a n a m y c in  (17 )

G e ld an am y c in  (1 ) in  C H 2C I2 w as re a c te d  w ith  10 eq u iv a len ce s
o f  b e n z y la m in e  to  y ie ld  17 in 68 .06 % . C o m p o u n d  17 sh o w e d  tw o  q u in o n e  ca rb o n y l 
c a rb o n  s ig n a ls  at ôc 183.72 (C -1 8 ) an d  18 0 .9 9  (C -2 1 ), e x p re s se d  q u in o n e  type  
g e ld a n a m y c in  d e riv a tiv e  in  th e  l3C -N M R  sp e c tru m  (F ig u re  0 4 ) .  T h e  ab se n c e  o f  17- 
O C H 3 s ig n a l a t ôc 6 1 .7 1 , ÔH 4 .08  w as rep la c e d  b y  an d  th e  - N H C H 2C 6H 5 g ro u p  a t 6c
5 0 .0 4 , an d  ÔH 4.75 and  4.61 o f  n o n e q u iv a len t p ro to n s  o f  - N H C H ?G,H<;; ôc  129 .13 , ôc 
12 7 .6 5 , Ôc 128.34, and  five  p ro to n s  a t 5แ 7 .29  o f - N H C H 2Ç 6H 5 (F ig u re s  0 3 ,  0 4 ) .

[M + N a ]+ a t m/z 6 5 8 .3 8 2 9  (F ig u re  0 1 )  w h ic h  w a s  c a lc u la te d  fo r  CasFLtfNaO sNa a t m/z 
6 5 8 .3 1 0 4 . T h e  ch em ica l s tru c tu re  o f  th is  c o m p o u n d  w as  d e te rm in e d  as th e  17- 
b e n z y la m in o -17 -d em e th o x y g e ld an am y c in  (17 ).

T he  E S I-Q -T O F  M S  sh o w e d  th e  e x a c t m a ss  o f  th is  co m p o u n d

17 -b e n z y la m in o -17 -d e m e th o x y g e ld a n a m y c in  (1 7 )
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T he u v  sp e c tru m  o f  th e  c o m p o u n d  (F ig u re  0 2 )  p re sen ted  th e  
m a x im u m  ab so rp tio n  at 7,max 2 5 4  n m  (4 .3 8 0 ), 333 n m  (4 .4 2 2 )  an d  5 3 0  nm  (2 .6 99 ) 
w h ic h  th e  b a th o ch ro m ic  sh ift w a s  o b se rv e d  a t a ll w av e le n g th s .

1 .3  M o d if ic a t io n  a t  C -1 9  p o s it io n

1.3.1 1 9 -O -m e th y Ig e ld a n a m y c in  (18 )

G e ld an am y c in  (1 ) w as c o n v e r te d  to  18 in  7 3 .1 4 %  y ie ld  by 
d is so lv in g  1 in M eO H  and  reac ted  w ith  2 e q u iv a le n c e s  o f  M eO N a. In ten siv e ly  
a n a ly s is  o f  l3C -N M R  data , c o m p o u n d  18 p o sse sse d  tw o  s ig n a ls  o f  q u in o n e  carbon y l 
c a rb o n  a t § c  181 .99  ( C -18) and  183.75 (C -2 1 ) (F ig u re  P 4). T h e  ab sen ce  o f  H - 19 at 8แ 
7 .22  an d  th e  ad d itio n a l m e th o x y  ca rb o n  s ig n a l w a s  o b se rv e d  a t 5 c  5 2 .1 0 , §H 3 .75  w as 
th e  m a jo r  d iffe ren ce  to  th a t o f  1 (F ig u re s  P 3 , P 4 ). M o re o v e r , th e  d o w n fie ld  sh ift o f  
th e  c a rb o n  s ig n a l o f  C -19  fro m  ôc  111.63 to  5c  158 .03  w as e x a m in e d  in  th e  l3C -N M R  
sp ec tru m  su g g es ted  th a t the  re a c tio n  w as o c c u rre d  a t p o s itio n  C -19 . T h e  H M B C  
sp ec tru m  (F ig u re  P 5) ex h ib ited  th e  lo n g  range  c o rre la tio n  b e tw e e n  H -1 5  (8 h 2 .26) to 
C -1 7  (8c  158.03); 17-O C H 3 (8แ 4 .04) to  C -1 7  (8 c  158.03); an d  1 9 -O C H 3 (8 H 3.75) to 
C -1 9  (8c  168.44).

T he E S I-Q -T O F M S  sh o w e d  th e  p se u d o m o le c u la r  ion  peak  
[M + N a + 2 H ]+ at m/z 6 1 5 .2 8 0 4  (F ig u re  P I )  w h ic h  c a lc u la te d  fo r C 3oFL}4N 2 0 ioNa at m/z 
6 1 5 .2 8 8 8 . S in ce  som e q u in o n es  co u ld  y ie ld  a p p a re n t M + +  2 p e a k s  in  th e  io n  sou rce  
o f  th e  m ass  sp ec tro m ete r (M o risak i et al, 1996; S asak i et al, 1970 ), an d  in  th e  l3C - 
N M R  sp e c tru m  exh ib ited  q u in o n e  ty p e  g e ld a n a m y c in  d e r iv a tiv e , th e  ch em ica l 
s tru c tu re  o f  co m p o u n d  18 w as d e s ig n a te d  as  1 9 -0 -m e th y lg e ld a n a m y c in .

T he  U V  sp e c tru m  o f  th e  c o m p o u n d  (F ig u re  P2) p o sse ssed  the  
m a x im u m  ab so rp tio n  a t 266 n m  (4.004), 307 n m  (3.255) a n d  530 nm  (2.602). T he 
b a th o ch ro m ic  sh ift w as o b serv ed  a t w av e len g th  o f  247 n m  to  266 n m  an d  p o ssessed  
h y p so c h ro m ic  sh ift a t A.max 322 n m  to  307 n m  a n d  red u ced  in  u v  a b so rp tio n  a t th is  
w a v e len g th . T he  ch em ica l s tru c tu re  o f  18 w as sh o w n  be low .
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1 9 -(3 -m eth y lg e ld an am y c in  (1 8 )

1.3.2 1 9 -a m in o g e ld a n a m y c in  (19 )

M o d ific a tio n  o f  1 in to  19 in  7 3 .0 3 %  y ie ld  w as  p erfo rm ed  by 
d is so lv in g  1 in  M eO H  an d  reac ted  w ith  2 e q u iv a le n c e s  o f  7 0 %  N H 3 so lu tio n . T he  
l3C -N M R  o f  19 ex p ressed  tw o  q u in o n e  c a rb o n y l c a rb o n  s ig n a ls  a t 8 c  178.25 (C -1 8 ) 
an d  178 .87  (C -2 1 ) w as th e  q u in o n e  ty pe  g e ld a n a m y c in  d e r iv a tiv e . T h e  d o w n fie ld  
sh if t o f  th e  ca rb o n  s ig n a ls  a t C -1 9  fro m  8c  111.63 to  8c  14 9 .3 4  an d  th e  u p fie ld  sh ift o f  
th e  c a rb o n  s ig n a ls  at C -1 6  an d  C -2 0  fro m  8c  127 .42  an d  8c  13 7 .8 6 , re sp ec tiv e ly , to  8c
105 .99  w e re  a lso  o b se rv ed  in  th e  13C -N M R  sp e c tru m  (F ig u re  Q 4 ). T h e  ab sen ce  o f  
s in g le t H -1 9  p ro to n  sig na l a t 8แ 7 .22  an d  th e  p re se n c e  o f  th e  I 9 -N H 2 p ro to n  s ig n a l at 
8 h  5.25 w e re  e x am in ed  in 'H -N M R  sp ec tru m  su g g es ted  th a t th e  re a c tio n  w as o ccu rred  
at p o s itio n  C -1 9  (F ig u re  Q 3).

T h e  c o m p o u n d  sh o w e d  p se u d o m o le c u la r  ion  peak  
[M + N a + 2 H ]"  at m/z 6 0 0 .3 4 2 7  (F ig u re  Q l )  w h ic h  w as  c a lc u la te d  fo r  CaçFLoN jO çN a at 
m/z 6 0 0 .2 8 9 2 . T he ch em ica l s tru c tu re  o f  th is  c o m p o u n d  w as  d e te rm in e d  as th e  19- 
a m in o g e ld a n a m y c in  (19).

T h e  u v  sp ec tru m  o f  th e  c o m p o u n d  (F ig u re  Q 2 ) p re sen ted  the  
m a x im u m  ab so rp tio n  at Xmax 260  nm  (4 .4 45 ) and  332  n m  (4 .497) w h ich  the  
b a th o c h ro m ic  sh ift w as o b se rv ed  a t all w av e len g th s .
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1 9 -am in o g e ld an am y c in  (19 )

1 .3 .3  1 9 -g lu ta th io n y Ig e Id a n a m y c in  (20 )

T h e  reac tio n  w as  d o n e  by  d isso lv e d  1 in  D M S O  an d  reac ted  
w ith  1 eq u iv a le n c e  o f  g lu ta th io n e  to  g ive  20  in  6 9 .9 0 % . T h e  'H -N M R  d a ta  o f  20  
sh o w ed  th e  ab sen ce  o f  s in g le t H -1 9  p ro to n  sig na l a t §H 7 .22  pp m  w as a m a jo r 
d iffe re n c e  from  th a t o f  1, w h ich  w as  re v e a le d  th a t th e  re a c tio n  o ccu rred  a t p o s itio n  C- 
19 o f  1. T he  p re sen ce  o f  g lu ta th io n e  (G ly -C y s-G lu )  p ro to n  s ig n a ls , th re e  a -p ro to n  
s ig n a ls  o f  th ree  am in o  ac id s , C y s at 0 H 4 .2 5 , G ly  a t 8 h 3 .9 5 , an d  G lu  a t 8 h 3 .45 ; - 
S C H 2- p ro to n  sig na l o f  C y s a t ÔH 3.6 ; tw o  m e th y le n e  p ro to n  s ig n a ls  o f  G lu  a t 8 h 2 .08  
an d  5 h 1 .75; an d  -N H 2 p ro to n  s ig n a l o f  G lu  a t §H 8 .64  p p m  rep re sen ted  th a t p o s itio n  
C - 19 o f  1 reac ted  w ith  su lfu r  m o lecu le  o f  g lu ta th io n e  (F ig u re  R 3).

T he  p se u d o m o le c u la r  io n  p eak  fro m  E S I-Q -T O F M S  p re se n te d  
[M + H ]+ a t m/z 8 6 6 .3 9 8 6  (F ig u re  R l )  w h ich  w a s  ca lc u la te d  fo r C 39H 56N 5O 15S a t m/z 
8 6 6 .3 4 9 4 . T h is  co m p o u n d  w as d e te rm in ed  as 19 -g lu ta th io n y lg e ld a n a m y c in  (20).

T he  u v  sp ec tru m  o f  th e  c o m p o u n d  (F ig u re  R 2) p re se n te d  th e  
m a x im u m  ab so rp tio n  a t >.max 256 nm  (4 .172) an d  329 nm  (2 .301) th e  b a th o c h ro m ic  
sh if t o f  b o th  w av e len g th s  w ere  o b se rv ed .
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A c c o rd in g  to  th e  d a ta  m e n tio n e d  ab o v e , th e  re a c tio n  o c c u rre d  a t p o s itio n  C -17  
w a s  u n d e rw e n t M ich ae l a d d itio n  a t th is  p o s itio n  (S c h n u r  et al. 5 1995) as  sh o w n  in 
S c h e m e  1. H o w ev er, su b s titu ted  a t p o s itio n  C -1 9  m ig h t o c c u rre d  by  o x id a tio n - 
e lim in a tio n  m ech an ism  as p ro p o sed  in  S ch e m e  2. T h e  d isu b s titu te d  g e ld a n a m y c in  at 
p o s itio n s  C -1 7  and  C -1 9  w as firs t u n d e rw e n t M ic h a e l a d d it io n  a t p o s itio n  C -1 7  th en  
th e  a ir  o x id a tio n  an d  e lim in a tio n  w as o c c u rre d  a t p o s itio n  C -19 .

n h 2

S c h e m e  1. R eac tio n  m e c h a n ism  o f  1 7 -su b s titu te d  g e ld a n m a y c in s .
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S c h e m e  2 . R eac tio n  m e c h a n ism  o f  1 9 -su b s titu ted  g e ld an am y c in s .

1.4 M o d if ic a t io n  o f  1 1 -O H  in to  o t h e r  a lk o x y  d e r iv a t iv e s :

1.4.1 1 1 -0 -m e th y lg e ld a n a m y c in  (21)

G e ld an am y c in  (1 ) w a s  d isso lv ed  in  D M F  an d  rea c te d  w ith  4 
e q u iv a le n c e s  o f  an h y d ro u s  p o ta ss iu m  c a rb o n a te  an d  m e th y l io d id e  to  y ie ld  21 in  
4 5 .5 1 % . C o m p o u n d  21 sh o w ed  tw o  q u in o n e  ca rb o n y l c a rb o n  s ig n a ls  a t 8c  182.65 
p p m  (C -1 8 )  an d  182.46 (C -2 1 ) w h ic h  w as  th e  q u in in e  ty p e  g e ld a n a m y c in  d e riv a tiv e  
(F ig u re  S 3). T he  ex tra  -O C H 3 s ig n a l a t ôc  5 6 .5 8 , Ôh 3 .34  p p m  w a s  o b se rv e d  (F ig u res  
S 2 , S 3). In  ad d itio n , th e  d o w n fie ld  sh if t o f  H - l  1 fro m  8 h 3 .48  p p m  to  Ôh 3 .6 0  pp m  
(F ig u re  S 2 ), w h ic h  in d ic ted  th a t th e  re a c tio n  w a s  o c c u rre d  a t p o s itio n  C - l l  to  y ie ld  
11 -O -m e th y lg e ld a n a m y c in  (2 1 ).

T h e  H R F A B M S  p re se n te d  th a t th e  c o m p o u n d  p o sse ssed  
p se u d o m o le c u la r  ion  p eak  [M + N a+ 2 H ]+ a t m/z 5 9 9 .2 9 2 5  w h ic h  w as  ca lc u la te d  fo r 
C 3oH44N 20 9N a  a t m/z 5 9 9 .2 9 3 9 . H o w e v e r, th e  q u in o n e  c a rb o n y l c a rb o n s  w ere



73

o b se rv e d  in  th e  13C -N M R  sp ec tru m , th u s , th is  c o m p o u n d  w a s  d e te rm in e d  as 1 1 - 0  
m e th y lg e ld a n a m y c in  (21). T h e  u v  sp e c tru m  o f  21 (F ig u re  S I )  y ie ld e d  th e  m ax im u m  
a b so rp tio n  a t Amax 320 nm  (3 .063), and 522 n m  (1 .544).

56

1 1-0 -m e th y lg e ld a n a m y c in  (2 1 )

1 .4.2 S y n th e s is  a n d  p u r i f i c a t io n  o f  1 1 -0 -a c e ty Ig e ld a n a m y c in  (22)

C o m p o u n d  22  in  4 5 .5 1 %  y ie ld  w as o b ta in e d  fro m  th e  reac tio n  
o f  1 in  a n h y d ro u s  p y rid in e  reac ted  w ith  a c e tic  a n h y d rid e . T h e  13C -N M R  sp ec tru m  o f  
22  e x h ib ite d  tw o  q u in o n e  ca rb o n y l c a rb o n  s ig n a ls  a t 8 c  18 4 .1 0  p p m  (C -1 8 ) an d
18 3 .8 2  (C -2 1 )  in d ica ted  th e  q u in o n e  ty p e  g e ld a n a m y c in  d e r iv a tiv e  (F ig u re  T 3). T he  
p re se n c e  o f  tw o  ex tra  s ig n a ls  o f  a ce ta te  s id e  c h a in  a t 8c  17 0 .6 9  o f  -O Ç O C H 3; 8c 
2 0 .4 5 , 8 h 1 .50  o f  -O C O Ç H 3 w as a lso  o b se rv e d  (F ig u re s  T 2 , T 3 ). M o reo v e r, th e  'H -  
N M R  sp e c tru m  sh o w ed  d o w n fie ld  sh if t o f  H - l  1 f ro m  8 h 3 .48  to  8 h 4 .9 2  (F ig u re  T 2), 
in d ic te d  th a t th e  reac tio n  w as  o c c u rre d  a t p o s itio n  C - l l  to  y ie ld ed  1 1 -0 -  
a c e ty lg e ld a n a m y c in  (2 2 ).

T he  H R F A B M S  p re se n te d  th a t th e  c o m p o u n d  p o ssessed  
p se u d o m o le c u la r  ion  p eak  [M + N a]+ a t m/z 6 2 5 .2 7 3 7  w h ich  w as  ca lcu la ted  fo r 
C 3 iH 42N 20ioN a at m/z 6 2 5 .2 7 3 2 . T h e  u v  sp e c tru m  o f  1 1 -0 -a c e ty lg e ld a n a m y c in  (22) 
(F ig u re  T l )  sh o w ed  th e  m a x im u m  a b so rp tio n  a t Amax 251 n m  (3 .0 4 1 ) , 32 8  nm  (3 .2 04 ), 
a n d  5 3 0  n m  (1 .6 99 ). T he  b a th o c h ro m ic  sh if t a t  w a v e le n g th  Amax 2 4 7  n m  to  Amax 251 
n m  an d  Amax 322  nm  to  Amax 328 n m  w ere  o b se rv e d  in  th e  sp ec tru m .
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11 -0 -a c e ty lg e ld a n a m y c in  (2 2 )

1.5 R e d u c t io n  o f  d o u b le  b o n d  a t  C -2  to  C -5  p o s it io n s :

1 .5 .1  2 ,3 ,4 ,5 - te t r a h y d r o g e ld a n a m y c in  (23 )

G e ld a n a m y c in  w a s  c o n v e rte d  to  23  in  4 3 .6 9 %  y ie ld  by  
d is so lv in g  in  M eO H  an d  rea c te d  w ith  H 2 g as  in  n o rm a l a tm o sp h e re  an d  10%  P dC  w as 
u sed  as ca ta ly s t. T he  'H -N M R  sp e c tru m  o f  2 3  sh o w ed  th a t o le fm ic  p ro to n  s ig n a ls  at 
p o s itio n s  H -3 (SH 6.90, 1H ), H -4  (8 H 6 .53 , 1H ), an d  H -5 (8 H 5.83, 1H) w ere  
d isap p ea red . H o w ev er, fo u r m o re  sp 5 p ro to n  s ig n a ls  o f  H -2  (8 h 2 .42 , 1 H ), H -3 (8 h 
1.65, 2 H ), H -4  (8 h 1.40, 2 H ), an d  H -5  (8 H 1.50, 2H ) w e re  d e tec ted  in  th e  ‘H -N M R  
sp e c tru m , in d ica ted  th a t th e  o le fm ic  c a rb o n s  a t p o s itio n  C -2 , C -3 , C -4 , and  C -5 
u n d e rw e n t re d u c tio n  to  y ie ld e d  2 ,3 ,4 ,5 - te tra h y d ro g e ld a n a m y c in  (23).

M o reo v e r, th e  2 -C H 3 p ro to n  s ig n a l e x h ib ite d  u p fie ld  sh ift fro m  
8 h 1.98 p p m  to  th e  tw o  d iffe re n t 2 -C H 3 p ro to n  s ig n a ls  a t §H 1.22 and  8 แ 1.18 w h ic h  
su p p o rte d  th a t th e  red u c tio n  re a c tio n  w as  o c cu rred  a t C -2  to  C -5 p o s itio n  o f  
g e ld a n a m y c in  m o lecu le  to  g iv e  th e  d iffe re n t c o n fo rm a tio n  o f  2 -C H 3. In  ad d itio n , tw o  
se ts  o f  p ro to n  s ig n a ls  o f  1-N H  a t 8 h 8 .76  p p m  an d  §H 8.41 ppm , an d  2 -C H 3 a t 8 h 1.22 
p p m  an d  §H 1.18 p p m  w ere  a lso  o b se rv e d  in  th e  sp ec tru m  (F ig u re  U 3 ), w h ich  
su g g e s te d  th a t th e  reac tio n  p ro d u c ts  c o n ta in e d  tw o  d ia s te ro m e rs  o f  2 ,3 ,4 ,5 -  
te tra h y d ro g e ld a n a m y c in  (23). A c c o rd in g  to  in te n s ity  o f  1-N H  p eak s , m ix tu re  w as 
p re se n te d  in  1:1 ra tio  an d  c a n n o t iso la te  in to  s in g le  iso m er.
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T h e  E S I-Q -T O F M S  e x h ib ite d  th e  p se u d o m o le c u la r  io n  p eak  
[M + N a]+ a t m/z 5 8 7 .2 9 2 8  (F ig u re  U l )  c a lc u la te d  fo r  C29H44N20ioNa a t m/z 5 8 7 .2 9 3 9  
w h ic h  sh o w ed  4 am u  g rea te r  th a n  1 d e s ig n a te d  as 2 ,3 ,4 ,5 - te tra h y d ro g e ld a n a m y c in
(23).

T he  u v  sp ec tru m  re v e a le d  th a t th e  u v  a b so rp tio n  o c cu rred  at 
/Vmax 245  n m  (2 .6 5 3 ), 30 4  n m  (3 .7 2 0 ), 527  n m  (2 .6 99 ). T h e  h y p so c h ro m ic  sh ift w as 
o b se rv e d  a t w a v e le n g th  322  n m  to  307  n m  (F igu re  U 2 ). A t a ll w av e le n g th s  the  
h y p o c h ro m ic  sh ift w as o b se rv ed  due  to  co n ju g a ted  d o u b le  b o n d s  w ere  red u ced .

n h 2

2 ,3 ,4 ,5 - te tra h y d ro g e ld a n a m y c in  (23)

2. C u l tu r e  o f  P I  9 cells

F ig u r e  9. T h e  ex p o n e n tia lly  g ro w n  m o n o la y e r  P I 9 ce lls  a t 100x .

T h e  ex p o n e n tia lly  g ro w n  P I 9 ce lls  w ith  f ib ro b la s t- lik e  m o rp h o lo g y  (F ig u re  9) 
w ere  c u ltu re d  in  a -M E M  su p p lem en ted  w ith  7 .5%  N C S  an d  2 .5 %  F B S  in  a  5%  C O 2 
h u m id ifie d  a tm o sp h e re , a t 37 ° c .  P I 9 ce lls  w ere  m a in ta in e d  as  m o n o la y e r  and  
su b c u ltu re d  ev e ry  2 days.
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3. P 1 9  N e u ro n - l ik e  ce lls  d i f f e r e n t ia t io n

F o r d iffe re n tia tio n , ex p o n e n tia lly  g ro w n  ce ll cu ltu re s  w ere  try p s in iz e d  and  
d is so c ia te d  in to  s in g le  ce lls . P I 9 ce lls  (2 X  106 c e lls /m L ) w e re  th en  su sp e n d e d  in  10 
m L  a -M E M  su p p lem en ted  w ith  5%  F B S  an d  0.5 p M  R A  an d  seed ed  o n to  a  100-m m  
b a c te rio lo g ic a l cu ltu re  d ish . T h e  ce lls  fo rm e d  la rg e  ag g re g a te s  o r  e m b ry o id  b o d ie s  in  
su sp e n s io n  a fte r  3 d ay s  (F ig u re  10). A fte r  4 d ay s  o f  th e  R A  tre a tm e n t, th e  ag g reg a te s  
w ere  d isso c ia ted  by  a  5 -m L  g lass  m easu rin g  p ip e tte  an d  re -p la te d  o n  p o ly -L -ly s in e - 
p re -c o a te d  9 6 -w e ll p la te s  at 7 X 104 ce lls /m L , in  a -M E M  su p p le m e n te d  w ith  10%  
F B S  w ith o u t R A  an d  fu rth e r in cu b a ted  fo r 24  h. A t day  1 a f te r  p la tin g , c e lls  ch an g ed  
in  m o rp h o lo g y  a p p ea red  to  h av e  b ra n c h in g  p ro cesse s  (F ig u re  11). A ra -C  (10  pM ) 
w as ad d ed  a t d ay  one  a fte r  p la tin g  an d  th e  m ed iu m  w as ch an g ed  e v e ry  2-3 days. T he 
P I 9 N L C s  rea c h e d  m a tu rin g  a f te r  d ay  8 o f  p la tin g  and  co n ta in ed  lo ng  b ran ch in g  
p ro cesses  w ith  ro u n d ed  shape cells  (F ig u re  12). T h e  d iffe re n tia te d  n e u ro n a l ce lls , P I 9 
N L C s, w e re  u se d  a f te r  day  14 o f  th e  d iffe re n tia tio n  p ro cess.

F ig u r e  10. T he 3 days o ld  P 19 em b ry o id  b o d ies at 1 0 0 x.

F ig u r e  11. P 19  N L C s  at d ay  1 a f te r  p la tin g , b e fo re  ad d in g  10 p M  A ra -C  at 1 0 0 x.
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F ig u r e  12. P 1 9  N L C s  at d ay  8 a fte r  p la tin g  a t lOQx.

A ll o f  the sem isynthetic  geldanam ycin  analogues m entioned  in the previous 
section, as w ell as th ree natural occurring  ansam ycins, geldanam ycin  (1) 11-0- 
dem ethylgeldanam ycin  (2), and 17-O -dem ethylgeldanam ycin  hydroquinone (5), as show n 
in F igure 13, w ere investigated for biological activities on  P 19 cells and  P I 9 N L C s as 
described in  C hapter III.

4. C y to to x ic  e f fe c t o f  g e ld a n a m y c in s  o n  P 1 9  cells

D u e  to  lim ited  am o u n t o f  o th e r  g e ld a n a m y c in  d e riv a tiv e s , o n ly  g e ld a n a m y c in  
(1) w as  su b jec te d  to  ev a lu a te  th e  IC 50 fo r cy to to x ic  ac tiv ity  o n  P I 9 ce lls . T he  re su lts  
sh o w ed  th a t g e ld a n a m y c in  (1) d isp lay ed  cy to to x ic ity  on  P 19  ce lls  a t IC 50 o f  0.1 p M  
(F ig u re  14). T h en , o th e r  d e r iv a tiv e s  w ere  co m p ared  th e ir  c y to to x ic  ac tiv itie s  to  
g e ld a n a m y c in  (1) at th e  co n c e n tra tio n  o f  0.1 pM .

O th e r  g e ld a n a m y c in  d e r iv a tiv e s  w ere  ev a lu a ted  fo r th e ir  c y to to x ic itie s  o n  P I 9 
ce lls  a t th e  sam e  co n c e n tra tio n  o f  0.1 pM . T h e  %  ce ll v iab ility  fro m  T a b le  4 sh o w ed  
th a t all o f  th e  co m p o u n d s  p o sse sse d  le ss  cy to to x ic ity  on  P I 9 ce lls  th a n  g e ld an am y c in  
(1). T h ese  less  c y to to x ic  c o m p o u n d s  are  su itab le  to  be  ev a lu a te d  th e ir  n eu rito g en ic  
an d  n e u ro to x ic ity  on  P 1 9  N L C s.
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(5) (23)

C o m p o u n d Ri r2 R 3
1 o c h 3 H O H
2 O H H O H
6 O C H 2C H 3 H O H
7 O C H 2C H 3 O C H 2C H 3 O H
8 O C H 2C H 2C H 3 H O H
9 O C H 2C 6H 5 H O H

10 n h 2 H O H
11 N H C H 3 N H C H 3 O H
12 N H C H 2C H 3 H O H
13 N H C H 2C H 2C H 3 H O H
14 N H C H 2C H 2C H 3 N H C H 2C H 2C H 3 O H
15 n h c h 2c h = c h 2 H O H
16 n h c h 2c h 2c h 2o h N H C H 2C H 2C H 2O H O H
17 n h c h 2c 6h 5 H O H
18 o c h 3 O C H 3 O H
19 O C H 3 n h 2 O H
20 O C H 3 G S* O H
21 0 C H 3 H O C H 3
22 O C H 3 H O C O C H 3

* G S  =  g lu ta th io n e  (C ioH iôhbO éS)

F ig u r e  13. C h em ica l s tru c tu res  o f  g e ld a n a m y c in  an d  its  d e r iv a tiv e s  fo r  b io lo g ica l
ac tiv itie s  eva lua tion .
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Cyto tox ic ity on P19 cells o f ge ldanamycin
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F ig u r e  14. C y to to x ic ity  o f  g e ld a n a m y c in  (1) o n  P 19  ce lls  (IC 50 =  0.1 pM ).

T h e  re su lts  fro m  T ab le  4 sh o w ed  th a t
1. T h e  co m p o u n d s  w ith  la rg e r a lk o x y  su b s titu tio n  a t C -1 7  (co m p o u n d s  6 , 8 , and

9 ) e x h ib ite d  th e  less c y to to x ic ity  o n  P I 9 cells.
2 . T h e  rep la c e m e n t o f  o x y g e n  b y  n itro g e n  at C -17  (c o m p o u n d s  10, 12, 13, 15, 

a n d  17) sh o w ed  re m a rk a b ly  le ss  c y to to x ic ity  o n  P I 9 ce lls .
3. T h e  C -1 7 , C - 19 d isu b s titu te d  g e ld a n a m y c in s  w ith  sm a lle r  g ro u p s  (co m p o u n d s  

1 1 ,1 8 ,1 9 )  sh o w ed  no  cy to to x ic ity .
4. M o d ific a tio n  a t C - l l  p o s itio n  cau sed  d ram a tica lly  lo s t in  c y to to x ic ty  o f  

g e ld an am y c in  ( 1).
5. R ed u c tio n  o f  d o u b le  b o n d s  a t C -2  to  C -5 p o s itio n s  in  th e  an sa  ring  red u ced  

th e  cy to to x ic  ac tiv ity  o f  g e ld a n a m y c in  ( 1).

T h e  d a ta  s u g g e s te d  th a t  th e  c o n ju g a te d  d o u b le  b o n d s  a t  C -2  to  C -5  a n d  th e  11-
O H  a r e  n e c e s s a r y  fo r  c y to to x ic  a c t iv i ty  o f  g e ld a n a m y c in .
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T a b le  4 . P e rcen tag e  o f  ce ll v iab ility  o f  P I  9 ce lls  w h en  tre a te d  w ith  g e ld an am y c in  and  
its  d e riv a tiv es  a t c o n c e n tra tio n  o f  0.1 pM .

C o m p o u n d %  C e ll v ia b i l i ty  ±
S E M

G e ld a n a m y c in  (1) 51 ± 0 .0 2 5
17 -O -D e m e th y lg e ld a n a m y c in  (2) 83 ±  0 .009
17 -(9 -D em eth y lg e ld an am y c in  h y d ro q u in o n e  (5) 72 ±  0 .009
1 7 - 0 - E th y l-17 -O -d em e th y lg e ld an am y c in  (6 ) 72  ±  0 .008
17 -O -n -P ro p y l-17 -O -d e m e th y lg e ld a n a m y c in  (8 ) 77  ±  0 .005
17 -O -B e n z y l- l 7 -O -d e m e th y lg e ld a n a m y c in  (9) 101 ± 0 .0 0 8
17 -A m in o -17-dem ethoxy  geldanam ycin  ( 1 0 ) 113 ± 0 .0 4 7
17 -E th y lam in o -l 7 -dem ethoxygeldanam ycin  (1 2 ) 97  ±  0 .0 8 2
17-n -P ro p y lam in o -17 -dem ethoxy  geld an am y cin  (13 ) 95 ± 0 .0 2 8
1 7 -A lly la m in o -l 7 -d e m e th o x y g e ld an am y c in  (15 ) 97  ± 0 .0 5 5
17 -B e n z y la m in o - l 7 -d em e th o x y g e ld a n a m y c in  (17) 8 5 ±  0 .129
19 -O -M e th y lg e ld a n a m y c in  (18) 122 ± 0 .0 3 0
1 7 ,1 9 -D i-O -e th y l-17 -O -d e m e th y lg e ld a n a m y c in  (7) 87  ±  0 .0 0 4
17 ,19 -D i-m e th y lam in o -l 7 -d e m e th o x y g e ld an am y c in  (11) 111 ± 0 .0 6 7
1 7 ,1 9 -D i-n -p ro p y la m in o -17 -d e m e th o x y g e ld a n a m y c in  (14 ) 83 ± 0 .1 3 5
17.19-Di-hydroxypropylam ino-17-dem ethoxygeldanam ycin (16) 90  ± 0 .1 5 4
19 -A m in o g e ld a n a m y c in  (19) 118 ±  0 .0 1 9
19 -G lu ta th io n y lg e ld a n a m y c in  (20 ) 99  ± 0 .3 0 1
11-O -M e th y lg e ld a n a m y c in  (21) 85 ±  0 .0 0 7
11 -O -A c e ty lg e ld a n a m y c in  (22) 84  ± 0 .0 2 1
2 ,3 ,4 ,5 -T e tra h y d ro g e ld a n a m y c in  (23 ) 72  ±  0 .0 2 4

5 . N e u ro to x ic  a c tiv ity  o f  g e id a n a m y c in s  o n  P 1 9  N L C s

A ll o f  th e  co m p o u n d s  w ere  fu rth e r  in v es tig a ted  fo r  th e ir  n e u ro to x ic  ac tiv ity  on  
P I 9 N L C s. H o w ev er, d u e  to  lim ited  a m o u n t o f  th em , o n ly  g e ld a n a m y c in  (1) w as 
su b je c te d  to  d e te rm in e  fo r its n e u ro to x ic  ac tiv ity  o n  P 1 9  N L C s  b y  v a ry in g  its
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co n c e n tra tio n s . G e ld a n a m y c in  (1) d isp la y e d  n e u ro to x ic ity  o n  P I 9 N L C s  at IC 50 o f
2 .0  |iM . In te re s tin g ly , a t th e  v ery  lo w  c o n cen tra tio n  o f  1 nM , g e ld a n a m y c in  (1) 
p ro m o te d  v ia b ility  o f  P I  9 N L C  at 169%  (F ig u re  15).

Concentration

F ig u r e  15. N e u ro to x ic  ac tiv ity  o f  g e ld a n a m y c in  (1) on  P 19  N L C s  (n e u ro to x ic ity  at 
IC 50 o f  2.0  p M , p ro m o ted  v iab ility  o f  P19  N L C s at co n cen tra tio n  o f  1 nM ).

O ther ge ldan am y cin  derivatives w ere  th en  com p ara tive ly  evalua ted  for th e ir 
b ioac tiv ity  on  P I 9 N L C s at a  con cen tra tion  o f  1 nM . T he resu lts  (T ab le  5) sho w ed  that 
m ost o f  th e  com p oun ds d isp layed  neu ro tox ic ity  on  P I 9 N L C s at th is  concentra tion .

T h e  re su lts  fro m  T ab le  5 su g g es ted  th a t
1. T h e  1 7 -0 -a lk y l-1 7 -0 -d e m e th y lg e ld a n a m y c in s  (c o m p o u n d s  6 , 8 , an d  9) 

p o sse sse d  n eu rito g en ic  a c tiv ity  on  P I 9 N L C s, h o w e v e r, th e y  w ere  less 
e ffec tiv e  th an  g e ld a n a m y c in  ( 1).

2. T he  re p la c e m e n t o f  o x y g en  by  n itro g e n  a t C -17  (c o m p o u n d s  10, 12, 13, 15, 
an d  17) sh o w ed  h ig h e r  n e u ro to x ic ity  on  P I 9 N L C s.

3. T h e  d isu b s titu te d  g e ld a n a m y c in  w ith  sm a lle r  g ro u p  a t C -1 7  and  C -19  
(co m p o u n d  18) sh o w ed  less  n e u ro to x ic ity  th a n  th e  la rg e r one.

4. M o d ific a tio n  at C - l 1 p o s itio n  p ro m o te d  n eu ro to x ic ity  o f  g e ld a n a m y c in  (1).
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T a b le  5. P e rcen tag e  o f  ce ll v ia b ility  o f  P 1 9  N L C s  w h e n  tre a te d  w ith  g e ld an am y c in  
and  its  d e riv a tiv e s  a t c o n c e n tra tio n  o f  1 nM .

5. R e d u c t io n  o f  d o u b le  b o n d s  a t  C -2  to  C -5  p o s i t i o n s  in  th e  a n s a  r in g  c a u s e d
n e u ro to x ic i ty  o n  P 1 9  N L C s .

C o m p o u n d %  C e ll  v ia b i l i ty  ±  
S E M

G e ld a n a m y c in  (1) 169 ± 0 .0 6 0
1 7 -O -D em e th y lg e ld an am y c in  (2) 50  ± 0 .0 1 5
1 7 -O -D em e th y lg e ld an am y c in  h y d ro q u in o n e  (5) 43  ±  0 .007
17 -O -E th y l-17 -O -d e m e th y lg e ld a n a m y c in  (6) 113 ± 0 .0 0 3
17 -O -n -P ro p y l- l 7 -O -d e m e th y lg e ld a n a m y c in  (8) 121 ± 0 .0 3 9
17 -O -B e n z y l-17 -O -d e m e th y lg e ld a n a m y c in  (9) 111 ± 0 .0 0 4
17 -A m in o -l 7 -dem ethox yg eldan am ycin  (10 ) 85 ± 0 .0 0 5
17 -E th y lam in o -l 7 -dem ethox yg eldan am ycin  (1 2 ) 4 9  ±  0 .005
17 -n -P ro p y lam in o -l 7 -dem ethox yg e ldan am ycin  (1 3 ) 0 ±  0 .0 0 2
17 -A lly la m in o -l 7 -d e m e th o x y g e ld a n a m y c in  (1 5 ) 66  ±  0 .008
17 -B e n z y la m in o - l 7 -d e m e th o x y g e ld a n a m y c in  (1 7 ) 4 4  ±  0 .0 6 0
19 -O -M e th y lg e ld a n a m y c in  (18) 108 ± 0 .0 0 3
1 7 .1 9 -D i-O -e th y l- l 7 -O -d e m e th y lg e ld a n a m y c in  (7) 0  ±  0 .002
1 7 ,1 9 -D i-m e th y lam in o -l 7 -d e m e th o x y g e ld a n a m y c in  (11) 4 6  ±  0 .0 0 4
17 ,19 -D i-n -p ro p y la m in o -17 -d e m e th o x y g e ld a n a m y c in  (1 4 ) 0 ±  0 .0 3 0
17,19-Di-hydroxypropylam ino-l 7-dem ethoxygeldanam ycin (16) 0 ±  0 .0 3 0
19 -A m in o g e ld a n a m y c in  (19 ) 91 ± 0 .0 0 5
19 -G lu ta th io n y lg e ld a n a m y c in  (20 ) 32  ±  0 .005
11-O -M e th y lg e ld a n a m y c in  (21 ) 68 ± 0 .0 1 8
11 -O -A c e ty lg e ld a n a m y c in  (2 2 ) 55 ± 0 .0 1 6
2 ,3 ,4 ,5 -T e tra h y d ro g e ld a n a m y c in  (23 ) 72  ±  0 .004

In c o n tra s t, g e ld a n a m y c in  (1 ); th e  1 7 -a lk o x y  a n a lo g u e s , in c lu d in g  1 7 -O -e th y l-17-
O -d e m e th y l-g e ld a n a m y c in  (6 ), 1 7 - 0 - n - p ro p y l -1 7 - 0 - d e m e th y lg e ld a n a m y c in  (8 ), a n d  17-
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O -b en zy l-1 7 -0 -d em eth y l-g e ld an am y c in  (9); an d  th e  d isub stitu ted  geldanam ycin , 1 9 -0 -  
m eth y l-ge ldan am y cin  (18), p ro m o ted  v iab ility  o f  P 19  N L C s w h en  o b serv ed  by  X T T  
red u c tio n  assay  a t th is  concentra tion . T h en  th ese  fou r com p o u n d s w ere  fu rther evaluated  
fo r  th e ir  neu ro tox ic ity  on  P I 9  N L C s b y  v a ry in g  co n c e n tra tio n s  ra n g in g  fro m  10 |uM  to
0 .0001  pM .

T h e  re su lts  sh o w e d  th a t 17 -O -e th y l-17 -O -d e m e th y lg e ld a n a m y c in  ( 6 ), an d  17- 
O -n -p ro p y l-1 7 -O -d e m e th y lg e ld a n a m y c in  ( 8 ) e x h ib ite d  n e u ro to x ic ity  o n  P 1 9  N L C s at 
IC 50 o f  1.6, an d  6 .7  p M , re sp ec tiv e ly  an d  17 -O -b e n z y l-17 -O -d e m e th y lg e ld a n a m y c in  
(9 ), d isp la y e d  n e u ro to x ic ity  o n  P 1 9  N L C s  a t IC 50 >  10.0 p M . H o w ev e r, 1 9 -0 -  
m e th y lg e ld a n a m y c in  (1 8 ) sh o w ed  no  n e u ro to x ic ity  o n  P 1 9  N L C s  (IC 50 » 1 0 . 0  p M ) as 
sh o w n  in  F ig u re  16. M o reo ver, a t v e ry  lo w  con cen tra tio n  o f  1 nM , a ll o f  th ese  fou r 
com p o u n d s p ro m o ted  v iab ility  o f  P I  9 N L C s m ore  th an  100% , lead in g  to  th e  ob serv atio n  
o f  th e  m orph o lo gy  o f  P 19  N L C s trea ted  w ith  com p o u n d s 1, 6 , 8 , 9, an d  18 a t 
co n cen tra tio n  o f  1 n M  un der ph ase-co n trast m icroscope.

Neurotoxicity on P19 NLCs of geidanmaycins

o
รร

—♦ —geldanamycin (1)

—©— 17-O-ethyl-17-0-
demsthylgeldanarTycin (6)
17-0-n-propyl-17- 
derTBthylgeidananycin (8)

-♦ — 17-O-benzyl-17-0-
derrethylgeldananmycin (9)

— 19-0-methylgeldanarTycin (18)

concentration

F ig u r e  16. N e u ro to x ic  ac tiv ity  o f  g e ld a n a m y c in s  o n  P 1 9  N L C s.



84

T h e  p h a se -c o n tra s t m ic ro g ra p h s  sh o w ed  th a t all o f  P I 9 N L C s trea ted  w ith  
th e se  c o m p o u n d s  ex h ib ited  lo n g  an d /o r  b ra n c h in g  n eu rite s  a b o u t 2 fo ld s w h en  
c o m p a re d  w ith  th e  co n tro l (F ig u re  17).

F ig u re  17. N eu rito gen ic  effects o f  ge ldan am y cin s at 1 nM  on  P 19  N L C s. P hase-con trast 
m icrographs o f  P I 9 N L C s cultu red  for 18 h: (a) control, (b) w ith  geldanam ycin  
(1), (c) w ith  1 7 -(9 -e th y l-1 7 -(9 -d em eth y lg e ld an am y c in  (6 ), (d) w ith  \l-0-n- 
p rop y l-17-0-dem ethylgeldanam ycin  (8), (e) w ith  17-O -benzyl-17-O -dem ethyl- 

ge ldan am y cin  (9), and  (f) w ith  19 -O -m ethy lg e ldan am ycin  (18). B ar =  5 pm  
at 100x.

6 . N e u r o p r o te c t iv e  a c t iv i ty  o f  g e ld a n a m y c in s  o n  P 1 9  N L C s

A ll o f  th e  an a lo g u es  p o sse sse d  n eu rito g e n ic  a c tiv ity  in c lu d e d  g e ld a n a m y c in  
w ere  fu rth e r  ev a lu a ted  fo r th e ir  n eu ro p ro te c tiv e  ab ility  w h en  c o -tre a te d  w ith  tax o l. 
F irs t o f  a ll, th e  n eu ro to x ic ity  d o se  o f  tax o l o n  P 19  N L C s w as in v es tig a ted . T axo l 
sh o w ed  n e u ro to x ic ity  on  P I 9 N L C s a t IC 50 o f  0.65 pM . T h e  n e u ro p ro te c tiv e  ab ility  
o f  n e u rito g e n ic  g e ld a n a m y c in s  w ere  o b se rv ed . T he  N L C s  w ere  tre a te d  w ith  th e  
co m p o u n d s  at co n c e n tra tio n  o f  1 nM  to g e th e r  w ith  tax o l a t c o n c e n tra tio n  o f  0 .65 p M  
(F ig u re  18).
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Neurotoxic ity on P19 NLCs o f taxol

110.00105:00

I —♦—  % Cell viability

C o n ce n tra tio n

F ig u r e  18. N e u ro to x ic ity  o f  tax o l o n  P 19  N L C s  ( IC 50 -  0 .65  p M ).

T he resu lts observed  by  X T T  reduction  assay exh ib ited  th a t all o f  the  com pounds, 
geldanam ycin  (1), 17 -O -e th y l-17 -O d em eth y lg e ld an am y c in  (6), 1 7 -0 -n -p ro p y l-1 7 -0 - 
dem ethy lgeldanam ycin  (8), 17-O -ben zy l-17-O -dem ethylgeldanam ycin  (9), and  1 9 -0 - 
m ethylgeldanam ycin  (18) possessed neuroprotective ability  (F igure 19). T he percen tage o f  
viable P I 9 N L C s w as m ore than 100%  w hen  treated w ith  each  com pound to gether w ith 
taxol. T he neuropro tective ability  o f  these  active com pounds w as further investigated  under 
a  phase-contrast m icroscope by  observ ing  the m orphology  o f  P I 9 N L C s treated  w ith  these 
com pounds to gether w ith taxol at concentra tion  o f  1 nM  and  0.65 pM , respectively . A ll o f  
P I 9 N L C s treated  w ith  the com p oun ds together w ith taxol exh ib ited  long and  branch ing 
neurites as con tro l w hile  P19 N L C s trea ted  w ith  taxol show ed  short neurites (F igure  20).
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Neuroprotective activity o f geldanamycins (ท =3)

140

C om pound

F ig u re  19. N europro tective activity against taxol o f  g eldanam ycin  and its derivatives on 
P 19 N L C s.

A ll o f  th e  ac tiv e  g e ld a n a m y c in  a n a lo q u e s  in c lu d in g  g e ld a n a m y c in  i t s e lf  w ere  
ev a lu a te d  fo r th e ir  th e rap eu tic  in d ex  (T I). T h e  re su lts  w ere  sh o w n  in  T ab le  6. T h e ir  
c y to to x ic itie s  o n  P 1 9  ce lls  w ere  a lso  in v e s tig a te d  (T a b le  6 , F ig u re  21).

Table 6. Biological activities on P19 cells and P19 N L C s o f  geldanam ycin (1), 17-O -ethyl-17- 
O-dem ethylgeldanam ycin (6 ), 1 7 -0 -n -p ro p y l-1 7 -0 -d e m e th y lg e ld a n a m y c in  (8), 
17-O -benzyl-17-O -dem ethylgeldanam ycin (9), and 19-O -m ethylgeldanam ycin (18).

C o m p o u n d C y to tox ic ity  on 
P 19 cells (ICso)

N eu rito g en ic ity  (a) 
on  P 19 N L C s

N eu ro to x ic ity  (b) 
on  P19 N L C s 

(ICso)

T I  (b /a)

1 0.1 pM 1 nM 2.0 pM 2,000
6 0.1 pM 1 nM 1.6 pM 1,600
8 0.2 pM 1 nM 6.7 pM 6,700
9 0.5 pM 1 nM > 10.0 pM > 10,000
18 > 10.0 pM 1 nM »  10.0 pM »  10,000
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F ig u re  20. N eu ro p ro tec tiv e  effects o f  ge ldan am y cin s on  P I 9 N L C s at 1 n M  w ith  taxol.
P h a se -c o n tra s t m ic ro g ra p h s  o f  P I 9 N L C s  c u ltu red  fo r 18 h: (a) co n tro l, 
(b ) w ith  0 .65 p M  tax o l, (c) w ith  g e ld a n a m y c in  (1) an d  0 .65  p M  tax o l, (d) 
w ith  1 7 -O -e th y l-1 7 -0 -d e m e th y lg e ld a n a m y c in  (6) an d  0 .65  p M  tax o l, (e) 
w ith  1 7 -0 -n -p ro p y l-1 7 -O -d e m e th y lg e ld a n a m y c in  (8) an d  0 .65  p M  tax o l, 

(f) w ith  17 -(9 -ben zy l-17 -(9 -dem eth y lge ld anam y cin  (9) and  0.65 p M  tax o l, 
and  (g) w ith  19 -O -m ethy lg eldan am ycin  (18) and  0.65 p M  taxol. B ar =  5 pm  
a t lOOx.
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Cytotoxicity on P19 ceiis of geldanamycins

» getctanarrycin (1)

- 0 — 17-O-ethyl-17-0-
demetiylgekianafrycin (6>
17-0-n-propyi-17-0- 
demethylgeldanarrycin (8)
17-0-benzyH7-0- 
dernethyjgeldananycin (9)

—• — 19-0-methytgeldanarrycin (18)

F ig u r e  21 . C y to to x ic ity  o f  g e ld an am y c in s  o n  P 1 9  cells .

A c c o rd in g  to  T a b le  6, 17 -0 -b e n z y l - l  7 -6> -d em eth y lg e ld an am y cin  (9 ), a n d  19- 
( A m eth v  1 g e ld an am y c i ท (1 8 ) sh o w e d  th e  h ig h es t th e ra p e u tic  in d ex  in  n e u rito g em c  
a c tiv ity  a n d  n e u ro p ro te c tiv e  ac tiv ity . T h is  su g g e s te d  th a t lo n g e r s id e  c h a in  su b s titu ted  
a t C -1 7  p o s itio n  a n d  su b s titu tio n  a t  C -1 9  p o s itio n  w h ic h  sh o u ld  n o t lo n g e r  th a n  
m e th o x y  g ro u p , re d u c e d  th e  to x ic ity  o n  P 1 9  N L C s a n d  P 1 9  c e lls , h o w e v e r, th e  
m in im a l e ffec tiv e  d o se  o f  e a c h  c o m p o u n d  in  n e u rito g en ic itv  a n d  n e u ro p ro te c tiv e  
ac tiv ity  sh o u ld  b e  fu rth e r  in v e s tig a te d  b e c a u s e  e a c h  c o m p o u n d  m ig h t c a u se  to x ic ity  
o n  o th e r  cells.

T h e  re su lts  m e n tio n e d  ab o v e  re p re se n te d  th a t 1 9 -0 -m e th y lg e ld a n a m y c in  (1 8 )  
a n d  1 7 -O b e n z y l-1 7 -0 -d e m e th y lg e ld a n a m y c in  (9 ) a re  n o tab ly  g e ld a n a m y c in  
a n a lo g u e s  th a t p o ssess  th e  re m a rk a b ly  n e u rito g e m c  a n d  n eu ro p ro te c tiv e  a c tiv it ie s  a n d  
sh o u ld  b e  fu r th e r  d e v e lo p e d  as n e u ro p ro te c tiv e  agen ts . H o w e v e r, m u c h  m o re  17-0- 
alky l - 17 -O -d em e th y l g e ld am y c in  a n a lo g u e s  sh o u ld  b e  fu rth e r  sy n th esized  a n d  stu d ied  
o n  th e ir  b io lo g ic a l a c tiv itie s  fo r  fu rth e r  d e v e lo p m e n t th is  ty p e  o f  c o m p o u n d  as a  novel 
n e u ro p ro te c tiv e  drug.
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S o m e  n a tu ra l p ro d u c ts  p o sse ssed  n eu rito g en ic  a c tiv ity  su ch  as  rad ic ico l (4 ), an 
a n titu m o r  a n tib io tic  from  the  fu n g u s Monosporium bonorden. R a d ic ico l (4) b ind s 
sp e c if ic a lly  to  H sp 9 0  an d  ac ts  as  an  an titu m o r a g e n t in  th e  s im ila r  m a n n e r  to  
g e ld a n a m y c in  (1 ). T rea tm en t o f  rad ic ico l (4) a t 20  n M  e n h a n c e d  th e  su rv iv a l and  
n e u rite  o u tg ro w th  o f  th e  e m b ry o n ic  senso ry  n e u ro n s  fro m  c h ick  em b ry o s. T he 
n e u rito g e n ic  ac tiv ity  o f  rad ic ico l (4 ) w as d ec reased  a t h ig h e r  d o ses. C o a d m in is tra tio n  
o f  80  p g /m L  (90  pM ) o f  tax o l w ith  20  nM  rad ic ico l (4 ) p re v e n te d  n e u ro to x ic  e ffec t o f  
ta x o l o n  th e  cu ltu res . H o w ev er, th e  ce llu la r  e ffe c t o f  rad ic ico l (4 )  is n o t eas ily  
e x p la in e d . It is p re su m ed  th a t th e  ac tiv ity  m ig h t b e  m e d ia te d  v ia  su p p re ss io n  o f  
H sp 9 0  fu n c tio n  (S an o , 2001).

OH 0  ะ!

F a rin o so n e s  A -C  (2 4 -2 6 ) are  th e  m etab o lite s  iso la te d  fro m  m y ce lia l ex tra c t o f  
th e  e n to m o g e n o u s  fungal s tra in  Paecilomyces farinosus R C E F  01 01 . C o m p o u n d s  24 
an d  26  in d u c e d  n eu rite  o u tg ro w th  in  the  PC  12 ce ll lin e  a t c o n c e n tra tio n  o f  50 |iM . 
A ll o f  th e  c o m p o u n d s  sh o w ed  no  cy to to x ic ity  on  P C  12 c e ll a t 50  p M  c o n c e n tra tio n  in 
th e  M T T  a ssa y  (C h en g  et al. , 2004 ).

F a rin o so n e  B (25 )
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T h e  n e u ro p ro tec tiv e  su b s ta n c e s  su c h  as  th e  p la n t-d e riv e d  an d  sy n th e tic  
c a n n a b in o id s  a ffe c t o n  c a n n a b in o id  re c e p to rs , C B i re c e p to rs , an d  red u c e  th e  re lea se  o f  
g lu ta m a te  a n d  th e  in flu x  o f  c a lc iu m  fo llo w in g  th e  iV -m eth y l-D -asparta te  (N M D A ) 
re c e p to r  a c tiv a tio n  (F o w le r, 2 0 0 3 ). T h e  o v e ra c tiv a tio n  o f  g lu tam a te  rec e p to rs  is a  
m a jo r  cau se  o f  C a 2+ o v e rlo ad  in  ce lls , p o te n tia lly  le ad in g  to  cell d am ag e  an d  death . 
T h e  n e u ro n a l d am ag e  w h ic h  o c cu rs  as  a  re su lt o f  a  s tro k e  is  la rg e ly  a ttrib u tab le , n o t to  
th e  im m e d ia te  h y p o x ia  o r  isc h a e m ia  itse lf, b u t to  th e  m a ss iv e  re lea se  o f  g lu tam a te  
fro m  n e u ro n s  an d  glia. G lu ta m a te  th e n  a c tiv a te s  a t le a s t th ree  ty p e s  o f  io n o tro p ic  
rec e p to rs , sen s itiv e , re sp e c tiv e ly , to  iV -m eth y l-D -asp arta te  (N M D A ), k a in ite , and  a -  
a m in o -3 -h y d ro x y -5 -m e th y l-4 - iso x a z o le  p ro p io n ic  a c id  (A M P A ). T h ese  can  all 
in c re a se  th e  in trace llu la r  lev e ls  o f  C a 2+ an d  le ad s  u ltim a te ly  to  th e  g e n e ra tio n  o f  n itric  
o x id e , re a c tiv e  o x y g en  sp ec ie s  a n d  th u s  to  c e ll d e a th  (S to n e  an d  A d d ae , 20 0 2 ).

T h e  a n tio x id an ts  h av e  b e e n  re c o m m e n d e d  fo r  p re v e n tio n  o f  d em e n tia s  d u e  to  
th e  g e n e ra tio n  o f  o x y g en  free  ra d ic a ls  is  in v o lv e d  in  th e  p a th o g e n e s is  o f  A lz h e im e r’s 
d isease . A lz h e im e r’s d isea se , a  p ro g re ss iv e , d e g e n e ra tiv e  d iso rd e r  o f  th e  b ra in , is the  
m o s t c o m m o n  cau se  o f  co g n itiv e  im p a irm e n t in  p a tie n ts  a g ed  > 65 y ea rs  (S tan d rid g e , 
20 0 4 ).

T h e  P I 9 n eu ro n -lik e  c e lls  c o n ta in e d  th e  G A B A erg ic  an d  c h o lin e rg ic  
p ro p e rtie s  (Jo n e s -V ille n e u v e  et al, 1982 ; M a c P h e rso n  a n d  M c B u m e y , 1995 ; S ta in es  
et al, 1994). T he  c e llu la r  re sp o n se  o f  P I 9 n e u ro n -lik e  ce lls  c au sed  by  
n e u ro p ro te c tiv e  ag en t(s) m ig h t re su lte d  fro m  th e  d ru g  tr ig g e rs  th e  ce lls  in  th e  
p a th w a y (s )  m e n tio n e d  ab o v e . H o w e v e r, th e  a c tio n  m e c h a n ism  fo r n eu rito g e n ic  an d  
n e u ro p ro te c tiv e  ac tiv itie s  o f  g e ld a n a m y c in s  an d  th e  c e llu la r  re sp o n se  n eed  to  be  
s tu d ied . T h e  a c tiv itie s  m ig h t d u e  to  in h ib it io n  o f  a c tiv ity  o f  H sp 9 0  becau se  
m o d ific a tio n  a t th e  e ssen tia l p o s itio n s  fo r a n titu m o r  ac tiv ity  o f  g e ld a n a m y c in  such  as 
re d u c tio n  o f  d o u b le  b o n d s  a t C -2  to  C -5  an d  m o d ific a tio n  o f  1 1-O H  re su lt in g  in  the  
lo ss  o f  n eu rito g e n ic  ac tiv ity  o f  g e ld a n a m y c in . T h e  u n re la te d  ce llu la r  e ffe c ts  o n  P I 9 
ce lls  an d  P I 9 n e u ro n -lik e  ce lls  a re  d iff ic u lt to  e x p la in  b u t m ig h t cau se  fro m  the  
d iffe re n t p h e n o ty p e s  and  c e llu la r  re sp o n se  o f  th e  d iffe re n t ce ll ty p es.
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