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Under the act ion of N-ch lo rosucc in imide  in an aqueous medium,  t e t r acyc l ine  (I) undergoes  deamina t ion  with the 
fo rma t ion  of a 4-oxo de r iva t ive ,  to which the s t ruc tu r e  of the 4, 6 - s e m i k e t a l  (II), cal led " t e t r acyc lox ide  n has been a s -  
c r ibed  [2]. 

We have found that this compound ex i s t s  in two t au tomer ic  fo rms ,  4, 6-oxide (II) and the 6, 12-oxide (III). The 
t a u t o m e r  III has  UV absorp t ion  at  a longer  wavelength,  and in i ts  NMR spec t rum the s ignal  of the H(lla ) proton is in a 
s t r o n g e r  field than in the 4, 6-oxide  (II) [in deu te r ioace tone  6 is ,  r e spe c t i ve ly ,  2.93 ppm (J = 7 Hz), and4.21 ppm (J = 5 Hz)]. 
On r eac t ion  with hydroxylamine ,  the two oxides  give one and the same oxime (V), and methyla t ion  of the l a t t e r  with 
d imethy l  sulfate f o r m s  the methyl  n i t rone (IV). 

The r e v e r s e  t r ans fo rma t ion ,  the in t roduct ion of an amino group into posi t ion 4, can be effected by reducing  the 
oxime V o r  the ni t rone IV with z inc  dus t  [2, 3]. This  g ives  a mix tu re  of 4 - e p i m e r i c  N - d e s m e t h y l t e t r a c y c l i n e s  (VIII) 
with the 4fl-amino compound p redomina t ing  in them. On fur ther  reduct ion  with zinc in ace t i c  acid solution,  these  
amines  a r e  conver ted  into the 12a-desoxy  compound VI, the reby  di f fer ing  f rom de r iva t ives  of t e t r acyc l ine  (I) for  which 
the d imethy lamino  group is sp l i t  off p r e f e r e n t i a l l y  under  these  condit ions [4] and se lec t ive  hydrogenolys i s  of the 12a-OH 
hydroxyl  under  the act ion of Zn takes  place  only in an ammoniaca l  medium [5]. 
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The dehydra t ion  of N - d e s m e t h y l -  and N-de sme thy lde soxy t e t r a c yc l i ne s  (VIII and VI) takes  p lace  with the f o r m a -  
tion of the 5a, 6 -anhydro  compounds VII and IX. In these  compounds,  the amino group and the angular  hydroxyl  p o s s e s s  
a cons ide rab ly  lower  r e a c t i v i t y  than in the co r r e spond ing  compounds with a nonaromat ie  r ing  C. Thus, N - d e s m e t h y l -  
anhydro te t r acyc l ine  (VII) undergoes  p r a c t i c a l l y  no h y d r o g e n o l y s i s  by the act ion of Zn under var ious  condit ions,  and the 
N - d e s m e t h y l - 1 2 a - d e s o x y a n h y d r o t e t r a c y e l i n e s  (IXa and b) r e a c t  with methyl  iodide with diff icul ty even in such a polar  
solvent  as  d ime thy l fo rmamide .  The l a t t e r  r e a c t i o n  gives  a low yie ld  of desoxyanhydro te t r acyc l ine  (IXc}, the fu r the r  
t r ans fo rma t ion  of which into the methiodide  takes  place very  slowly.  

* F o r  pa r t  LII, see  [1]. 
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E X P E R I M E N T A L  

All the IR spectra were measured in mulls with paraffin oil. The UV spectra were taken in 0.01 N solutions of 
HCI or NaOH in methanol and are denoted, respectively, by ~aeid and ~alkali (i, inflection). Chromatography was • ~max "-max 
carried out in a 0.5-mm nonfixed layer of silica gel of the ~vodnaya kremnevaya kislota" [aqueous silicic acid type]. 
(activity grade III) or on ~slow ~ paper impregnated with Trilon B in the butan-l-ol-4% aqueous NH~ (upper phase) 

system. 

1. 4, 6 - T e t r a c y c l o x i d e  (II) and 6, 12 - t e t r acyc lox lde  (III). A solut ion of 3.2 g of the hydroch lo r ide  of t e t r acyc l ine  
(I) in 150 ml of wa te r  and 0.6 ml of concen t ra ted  HC1 was t r ea t ed  with 2.1 g of N-ch lo rosucc in imide ,  and the mix ture  
was s t i r r e d  at  20 ° C for  40 rain and was ex t r ac t ed  with ethyl ace ta te .  This gave 2.1 g of a mix ture  of the oxide H and 
III (1 : 3) which was s epa ra t ed  by ch romatography  on s i l i c a  gel  in the ethyl  a c e t a t e - b e n z e n e  (1 : 2) sys t em.  

The 4 ,6ox ide ( I I ) :  Rf 0.47; mp 193-197 ° C; "max~acid, mp: 258, 337 ( l o g e  4.34, 3.64); ~max, cm-~: 3490, 3380, 
3300-3200, 1723, 1655-1640, 1586, 1545; 2~ 3900, [~]2~0 +15'70°, [c458~-104°, [(~]3~0-2400°, [~]3~0-4200°, [c~]312 ~ ° 
[c{]26z +22 400 °, [(~]2~ - 18 700 ° (c 0.1; MeOH). 

Found, %: C 57.2; H 4.8; N 3.0. Calculated for C2oHl~NOs, %: C 57.8; H 4.1; N 3.4. 

The 6, 12-oxide (III): Rf 0.24; mp 188-192 ° C; "'max,~acid m#: 267, 347 (log e 4.27, 3.64); ~maz~, cm-i: 3450-3200, 
1765, 1675, 1660, 1635, 1585, 1545; [(~]~6 _84 o, [ce]3~ ° _1530 o, [ ~ ] ~  _6870 o, [c~]3~ ~ +2440 o, [~]~0 +2280°, [~]2~2 + 
+14 500 °, [~]~3 -6870 °, [(~]~3~ 0° (c 0.1; MeOH). 

Found, %: C 58.2; H 4.9; N 3.4. Calculated for  Cz0Hl£NOs, %: C 57.8; H 4.1; N 3.4. 

On t r e a t m e n t  with hydroxy lamine  at  pH 8.5, both oxides foormed the oxime V (see [2]), Rf 0.41 [on s i l i c a  gel in 
the ethyl  a c e t a t e - b e n z e n e  (1 : 1) sys tem] ;  decomp,  p. 217-220 C; kamCia~d , m#: 277, 308, 360 (log e 4.09, 4.25. 4.18); 
~max, cm-1, 3450--3200, 1638, 1620, 1585, 1570; [ ( ~ ] ~ - 5 4 0  °, [~]s4z-12 700 °, [c~]310 +23 500 °, [c~]za2-380 °, [c~]2~5 + 
+380°, [(~]25~ +255°,. [o~]~5 +700 °, [o~]~z 0 -12  700 ° (c 0.2; MeOH). 

2. N-Oxide of 4 - d e s d i m e t h y l a m i n o - 4 - m e t h y l t m l n o t e t r a c y e l i n e  (IV), With s t i r r i ng ,  1.15 g of d imethyl  sulfate was 
added to a suspens ion  of 1.9 g of the oxime V in 36 ml of water ,  and the mix ture  was brought to pH 10 with 1 N KOH. 
Af ter  2 hr ,  the solut ion was ac id i f ied  with 2 N HC1 to pH 2, the p rec ip i t a t e  that  had deposi ted  was f i l t e r ed  elL, and the 
mothe r  solut ion was ex t r ac t ed  with ethyl  aceta te .  The total  y ie ld  of the ni t rone IV was 1.78 g (90%); mp 198-203 ° C; 
Rf 0.50 [on s i l i c a  gel  in the ethyl  a c e t a t e - b e n z e n e  (1 : 1) sys tem] ,  k~ia~ d , m#: 267, 330 i, 335 ( loge  4.15,o 4.29, 4.29); 
~amlka~ali , rap: 260, 372 (log e 4.16, 4.2•); Vmax, e ra - l :  3400, 1651, 1618, 1582; [c~s~ -660  , [~]37~ -8070 , [a~]3z~ + 
+22 000 °, [~]za~ -5000°, [a]zs3 +5000, [oI]243 +8000 °, [a]~2~ -1000 ° (c 0.i; MeOH). 

3. 4 - N - D e s d l m e t h y l - 1 2 a - d e o x y t e t r a h y d r o c y c l i n e s  (Via). A solut ion of 0.8 g of the oxime V in 30 ml of 50% ace t i c  
ac id  was t r ea t ed  with 0.8 g of Zn dust ,  and the mix ture  was s t i r r e d  at 20 ° C for  30 rain, f i l t e red ,  and evapora ted .  The 
r e s i due  was d i s so lved  in water  and neu t ra l i zed  with NaOH to pH 7. This  gave 1.05 g of a mix ture  of the zinc complexes  
of the amines  VIIIa (see [2]), which was d i s so lved  in 40 ml of ace t ic  acid;  this  solut ion was t rea ted  with 2 g of Zn dust ,  
s t i r r e d  for  20 hr ,  f i l t e red ,  and evapora ted .  Af ter  the usual  working up, a mix ture  of amines  (Via) was obtained.  The 
mix ture  was ch romateg raphed  on s i l i c a  gel  in the ethyl  a c e t a t e - p e t r o l e u m  e the r  (4 : 1) sys t em,  the zones with Rf 0 . 3 5 -  
0.45 and 0 .50-0 .75 being i so la ted .  The lower  zone gave 0.41 g of the 4fl-amine (Via). Yield 65%; Rf 0.38 (on paper) ;  
mp 207-213 ° C; "'max~acid (af ter  2 hr) ,  rap: 223, 264, 362, 435 (log e 4.45, 4.45, 4.20, 3.48); kamlkx all ,  m~: 248, 266, 376, 
463, 488 ( loga  4.22, 4.23, 4.14, 3.83, 3.78); ~max, c m - l :  3400-3250,  1660, 1650, 1618, 1599, 1589, 1580, 1560, 1545, 
1538; [ G ~ - 3 4 0  °, [G]aao-3400°, [(~]340-6750°, [G]2a2 +4230°, [c~]2~a +1630°, [(~]25.5 +2440°, [c~]248 +1630°, [c~]2~2 +6750 °, 
[(~]220 -9750° (c 0.1; MeOH). 

. ac id  (af ter  2 hr) ,  The upper  zone y ie lded  0.13 g (17%) of the 4c~-amine Via; Rf 0.36 (on paper) ;  mp 204-209°C; Ama x 
rap: 265, 310i, 320, 435 (log e 4.34, 4.12, 4.12, 3.28); ~alkal i  rap: 240, 266, 374, 460, 485 ( log~ 4.24, 4.24, 3.95, ~max , 
3.68, 3.60). ~max, c m - l :  3370--3200, 1659, 1650-1638,  1620, 1615, 1607, 1600, 1588, 1575, 1565, 1550, 1540; 

2~ 
[~]58~ +112°, [0~]465 +296 °, [(~]4ao +41°, [ce]3~u + 600°, [c~]~4o-2660°, [o~]3oo +118°, [ ~ ] ~  0 °, [o~]2~5 +1180 °, [~]245--2360°, 
[a]2~o +1180° (c 0.2; MeOH). 

4. 4 - N - D e s m e t h y l - 1 2 a - d e o x y t e t r a e y c l l n e  (Vrb). A solut ion of 500 mg of the ni t rone IV in 15 ml  of acet te  acid was 
t r ea ted  with 1 g of Zn dust.  The mix ture  was s t i r r e d  at  20 ° C for  18 h r  and was f i l t e red  and evapora ted ,  and the 
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residue was washed with water  and chromatographed on sil ica gel in ethyl acetate.  This gave 115 mg (24%) of the 
methylamino compound VIb; Rf 0.65 (on si l ica gel in ethyl acetate), 0.40 (on paper); kamCia~d, rap: 262, 345 i, 360 (log 
e 4.13, 3.92, 3.98); ~alkali mp: 250 i, 265, 375, 460, 490 (log e 4.14, 4.17, 4.07, 3.86, 3.78); ~max, cm- t :  3400-3200, • ~max , 
1673, 1648, 1620, 1590, 1580, 1550; 26 [~]589-344°, [a]~0-3880°,  [a]~8~ +4030°, [°~]~0 +2090°, [a]26~ +2980°, [a]2~t +2980~, 
[a]233 +4780°, [°~]zt8 -5970° (c 0.1; MeOH). 

5. 4-N-Desdlmethyl -12a-deoxy-Sa ,  6-anhydrote t racycl lnes  (IXa). A) A solution of 167 mg of the 4fl-amine (Via) 
in 5 ml of 2 N methanolic HC1 was heated to boiling for 1 hr  and was then evaporated, and the residue was ch roma-  
tographed on si l ica gel in the ethyl ace t a t e -pe t ro l eum ether  (3 : 1) system.  This gave 117 mg (73%) of the 4fi-amino-5a 
6-anhydro compound IXa; Rf 0.54 (on sil ica gel), 0.40 (on paper),  mp 201-205 ° C; "'max;~acid, rap: 224, 275, 298i, 311i, 
325, 385i, 435 (log e 4.45, 4.60, 3.82, 3.71, 3.57, 3.82, 4.04); ~alkali rap: 228, 269, 338, 435 (log e 4.37, 4.45, 3.60, --max , 
3.99); Vmax, cm- t :  3400-3300, 1658, 1634, 1629, 1600, 1586, 1570, 1560, 1550, 1532; [ c ~  9 +1330 °, [ol]500 +9800 °, 
[~]4~ -5330°, [°z]36z -20  800 °, [~]350 0°, [o~]~.~ -8330 °, [o~]z~0 +8300 ° (c 0.1; HCONMe2). 

Found, %: tool wt 382 (mass spect rometry) .  Calculated for  C2aH18N~O~: mol wt 382. 

B) Under the conditions of the preceding experiment,  52 mg of the 4~-amine  (Via) yielded 21 mg (43%) of the 
4~-amino-5a ,  6-anhydro compound IXa; Rf 0.53 [on si l ica gel in the ethyl ace ta t e -pe t ro leum ether  (3 : 1) system],  0.40 

~. ~acid (on paper); mp 199-203 ° - ,  "-max, mp: 222, 273, 298i, 310 i, 324, 390i, 435 (log e 4.39, 4.53, 3.81, 3.70, 3.57, 3.79, 
4.00), kalkali rap: 228, 270, 338, 434 (log e 4.32, 4.43, 3.70, 4.06); ~max, cm- l :  3400-3300, 1670, 1650, 1640, 1632, max ' 26 1610, 1598, 1580, 1570, 1565, 1550, 1535; [c~]sa s +123 °, [o~]~u ~ +825 °, [o~]410 0 °, [oz]3~2-2270 °, [o~]a00 +2270 °, [G~]272  - -  

-2640°, [~]260 0° (c 0.05; HCONMe2). 

6. 4 -N-Desmethy l -12a-deoxy-5a ,  6-anhydrote t racycl lne  (IXb), The aminoalcohol VIb (50 mg) was dehydrated 
under the conditions of exper iment  5. This gave 26 mg (58%) of the anhydro compound (IXb); R~ 0.78 (on si l ica gel in 
ethyl acetate),  0.34 (on paper); mp 209-214 ° C; kamCia~ d , rap: 272, 380 i, 435 (log e 4.39, 3.59, 3.88); kaml~ kali, rap: 230, 
272, 335, 430 (log e 4.50, 4.66, 3.88, 4.27); Vma x, cm- l :  3380-3300, 1660, 1650, 1630, 1582, 1560, 1550; [0~]~9-298 °, 
[~]50u-224°, [°~]430-2540°, [~]410-2690°, [°l]387-4030°, [c~]3~0-600°, [°l]352 +300°, [~]283-6000°, [~]268 +36 000 °, 
[~]25i +7500°, [~]226 +20 900 °, [~]~15 +15 000 ° (c 0.1; MeOH). 

Found: tool wt 396 (mass spec t rometry) .  Calculated for  C~iI-/toN~06: mol  wt 396. 

7. Methylatlon of the amine IXa. A solution of 20 mg of the 4o~-amine IXa and 10 mg of cyelohexene oxide in 2 ml 
of dimethylformamide was treated with 0.2 ml of methyl iodide, and the mixture was kept at 20 ° C for  24 hr  and evap-  
orated. The residue was chromatographed on si l ica gel in ethyl acetate,  the zone with Rf 0.45-0.65 being isolated. It 
yielded 2 mg of crude 12a-deoxy-5a,  6-anhydrote t racycl ine  (IXc), which was purified by paper chromatography;  Rf 0.59 
(on paper); ~acid m#: 223, 273, 327, 381, 438 (log 8 4.52, 4.51, 3.95, 4.13, 4.36). 

' ~ m a x ,  

The IR spec t ra  were taken by L. B. Senyavina. The optical ro ta to ry  dispers ion was measured  by G. A. Kogan 
and M. I. Struchkova. 

C O N C L U S I O N S  

Some proper t ies  and t ransformat ions  of the tetracyeloxides and N-desmethyl te t racycl ines  have been studied. 
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