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The tetracycline antibiotics are unstable at high and low pH values, undergoing various transformations under 

these conditions which involve the polycarbonyl system of the ~lower periphery n of their molecule and the hydroxyl 
group in position 6. One of such transformations is the isomerization of the tetracyclines (1)under the action of aqueous 
alkalies into the isotetracyclines (V). This reaction consists formally of an intrarnoleeular alcoholysis, and to explain 

it Woodward etal. [2] postulated the intermediate formation of 6, ll-semiketals of type If. However, in a study of the 

similar transformation in a model hydroxydiketone (VIII), we found that this compound undergoes no change under the 
action of strong bases in aprotic solvents and the presence in the reaction medium of proton-donating molecules of the 
type of Z--H is necessary for its isomerization into the phthalide derivative IXa [3]. In view of this, we have studied 
the behavior of the tetracyclines themselves in the presence of bases in aprotic solvents. It was found that under the 
influence of a solution of Nail in dimethyl sulfoxide the tetracyclines I undergo isomerization of a different type, being 

converted into the 7-1actones VI. The same reaction was discovered independently and apparently somewhat earlier by 
Sehwarz and Applegate, who heated tetracycline (I; R = NMez, R ~ = H) with triethylamine in dioxane and obtained the 
lactone Via (R = NMe2, R w = H), which they called allotetracyeline [4]. It is quite obvious that the reaction takes place 
through the 6, 12-semiketal Ilia, the direction of the retroaldol cleavage of the 12-hydroxy-l,ll-diketone grouping 

being determined by the greater electron-accepting properties of the l-oxo group than of the ll-oxo group. In our in- 
vestigation of this transformation, we have found that in addition to the 7-1actones Via, the isomeric e-lactones X are 
also formed; we have called the latter pseudotetraeyclines. They represent by-products formed by the intramolecular 
opening of the laetone ring in compounds Via by the 12a-hydroxyl, and are sometimes isolated in the form of two 

stereoisomers (X~ and Xfl). 

The rate of conversion of the tetraeyclines I into the allo- and pseudo-compounds Via and X depends markedly on 
the polarity of the solvent. Thus, in dioxane solution 15-20 hr is necessary for the isomerization of the tetracycline 
I (R = NMe2, R = H) under the action of Et~N at i00 ° C, while in dimethyl sulfoxide this reaction is complete in 5-10 
rain. The 4-desdimethylaminotetracyeline I (R = R' = H) isomerizes similarly but considerably more slowly, while 

4-desdimethylamino-12a-desoxytetracycline is so stable to the action of bases in atropic solvents that it does not 
isomerize even on being heated with Nail in MezSO for i0 hr. The cause of the increase in stability when the angular 

hydroxyl is removed is apparently the change in the direction of enolization of the 12-oxo group and, as a consequence, 
the loss of the capacity for the formation of a 6, 12-semiketalo In view of this, the isomerization of lla-halogenotetra- 

eyclines, which, in contrast to the lla-unsubstituted tetracyclines (1), exist completely in the 6, 12-semiketal form 
(IIIb) [5], appeared of interest. We have investigated the transformation of the semiketals for the case of the 7, 11a- 
dichloro-4-des-dimethylamino derivative (IIIb; R = H, R ~' = Cl) since in this compound the absence of a NMe 2 group 

in ring A eliminates the possibility of 4-epimerization and the indeterminacy of the C(4 ) configuration associated with 
it, while the presence of chlorine in position 7 must facilitate the transformation into an isotetracycline (see 16]). It 
was found that the isomerization of compound IIIb (R = H, R ' = C1) under the action of bases and subsequent reductive 
dechlorination with zinc in acetic acid gave the allotetracycline Via (R = H, R r = Cl) and did not form the corresponding 
isotetraeyeline (Va), regardless of whether isomerization was carried out in an aprotic medium (brief heating with 
Et~N in Me2SO) or in aqueous solution (with the aid of 0.5 N KOH). It followed from this that the fixing of the 6, 12- 
semiketal structure III in the tetracyelines as the result of the introduction of halogen in position lla practically de- 

prives the molecule of the capacity for reacting in the tautomerie 6, ll-semiketal form II and, thus, makes isomerlza- 
tion into the isotetracycline V impossible. 

This conclusion was, however, contradicted by a paper reporting that lla-chlorotetracycline is converted into 

*For  pa r t  LIII, see  [1]. 
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11a-ch lo ro i so t e t r acyc l ineunde r the  action of dilute HCI* [7]. Consequently, we subjected compound IIIb (R = H, R' = C1) 
to acid i somer iza t ion  and then to reduet ive dechlorinat ion.  A substance was obtained which proved not to be identical  
with the product of the alkaline i somer iza t ion  of the l l a - u n s u b s t i t u t e d  compound I (R = H, R'  = C1). The opt ica l ro ta tory  
d i spers ion  of this compound shows that it differs  f rom iso te t raeycl ine  (Va; R = H, R' = C1) in the configuration of the 
C(~) a symmet r i c  center ,  i . e . ,  it is 6 -ep i i so te t racyc l ine  (VIIa; R = H, R' = C1). In actual  fact, a compar ison  of the ORD 
curves  of the two i somer iza t ion  products and a model S-(+)- compound (IXb) [9] (figure) pe rmi t s  the conclusion that the 
main  contr ibut ion to the optical activity at 260-320 rn# is made by the s t ruc ture  of r ings  A and B. The rotat ion due to 
the phthalide chromophore appears  most  strongly below 250 mp and in this region the i so te t raeycl ine  Va (R = H, R ~ = 
= C1) and the acid IXb have negative Cotton effects and the 6-epi i so te t racyc l ine  VIta (R = H, R' = C1) a positive one. 

. , .  ti 

V 
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Optical ro ta tory  d i spers ion  in methanoh 1) 7 -eh lo ro -  
4 -desd imethylaminoiso te t racye l ine  (Va); R = H, R' = C1; 
2) 7 -ch lo ro -4 -desd ime thy lamino-6 -ep i i so t e t r acye l ine  
(VIIa), R = H, R'  = C1; 3) S-(+)- f l - (4-chloro-7-hydroxy-  

3-methylphtha l id-3-y l )g lu ta r ic  acid (LXb). 

Thus, the isomerization of the ll-halogenotetracyclines under the action of acids is accompanied by the inversion 
of the C(6 ) asymmetric center and leads to previously unknown compounds, derivatives of 6-epiisotetracycline. It is 
likely that this transformation begins with the hydration of the ll-oxo group and with lntramoleeular nucleophilic sub- 

stitution at C(@ in the O(6)-protonated form (IV); the resulting 6, ll-semiketal (6-epi-llb) then undergoes a retroaldol 

cleavage at the C(ll)--C(ila ) bond. 

E X P E R I M E N T A L  

All the UV spec t ra  were taken in 96% ethanol, the IR spec t ra  in mul ls  with paraff in oil. Chromatography was 
• ca r r i ed  out in a nolffixed layer  of s i l i ca  gel of the "vodnaya kremnevaya  kislota" ["aqueous s i l ic ic  acid ~] type (activity 

grade II) in ethyl ace ta te -hep tane  sys tems  and on paper of tile "fast" type impregnated with T r i l en  ]3 in the b u t a n - l - o l -  
4% aqueous NHa, upper phase, sys tem.  The molecular  weights were de te rmined  by mass  spec t rometry .  The IR spect ra  
were taken by L. B. Sinyavina and the op t i c a l ro t a t o r yd i spe r s i ons  were measured  by G. A. Kogan and M. t. Struchkova. 

i. Allotetracyollne (Vla: R = NMe2, R' = H) and the stereoisomerle pseudotetracycllnes X(R = NMez, R' = H). 
A) A solution of 3.9 g of tetracycline (I; R = NMe2, R' = H) and 0.93 g of triethylamine in 20 ml of dioxane was heated 

at the boil in an atmosphere of argon for 18 hr, and then the solvent was distilled off in vacuum, the residue was dis- 
solved in 20 ml of acetone with boiling, 15 ml of benzene was added, and the solution was evaporated to a volume of 
20 ml. This gave 2.4 g (62%) of a mixture of allotetracyeline (Via) and pseudotetracyelines (X), from which the 

* Under the action of concentrated acids, lla-halogenotetraeyclines are dehydrated to 6, 13-anhydrotetracyclines 

[7,81. 
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al lo te t racyel ine  was isolated by r ec rys t a l l i za t ion  f rom benzene, mp 131 ° C; Rf 0.55 (on s i l ica  gel, 1 : 1); Rf 0.13 and 
0.30 (on paper);  kmax, rap: 265, 340 (log e 4.09, 3.39); Pmax, cm-~: 3400, 1770, 1645, 1572; [ a ] ~ 9 - 1 4 0  °, [a]~9~ 0 °, 
[a]a~ +!60 °, [a]~30 -1000 °, [a]2s0 +2300 ° (c 0.1; MeOH). 

Judging f rom the r e su l t s  of chromatography on s i l ica  gel, the mother solution contained a mixture  of a l lo te t ra -  
cycline (Via) and pseudote t racycl ines  (X) (see Exper iment  1C). 

B) A solution of 0.58 g of te t racycl ine  in 2 ml of dimethyl sulfoxide was treated with 39 mg of 80% sodium hydride.  
The mixture  was heated at 100 ° C for 10 rain and was then diluted with 5 ml of water and extracted with ethyl acetate. 
This  gave 400 mg (69%) of a mixture  of a l lo te t racycl ine  (Via) and pseudotetracycl ine (X). 

C) To a solution of 0.60 g of a l lo te t racyel ine  Via; (R = NMe2, R t = H) in 5 ml of dimethyl sulfoxide was added 40 
mg of 80% sodium hydride.  The mixture  was heated at 100 ° C for 5 hr  and was t reated in a s imi la r  manner  to exper i -  
ment  B. This gave 150 mg of a mixture  of pseudote t racycl ines  (X; R = NMe2, R v = H), which were separated by chro-  
matography on s i l ica  gel (1 : 1). One of the i somers  (Xc~) had Rf 0.70; Xmax, mp: 265, 365 (log e 4.47, 3.95); Urea x, 
cm-I :  3400, 1740, ]621, 1570; [ a ~  9 -160 °, [~]~5 -1600 °, [~]325 0°, [~]~05 +2400°, [c~]275 -2100° (c Cq2; MeOH). The 
second i somer  (Xfl) and Rf 0.55; ~max, mp 263, 310, 362 (log e 4.28, 3.91, 4.08); Uma x, c m- l :  3400, 1740, 1621, 
1570; 2~ [~]ss~ -120°, [o~]~¢~ -6400 °, [o~]~0 0 °, [~]2~ +4000°, [°~]2s0 0° (c 0.2; MeOH). 

2. 7-Chloroallotetracycllne (Via; R = NMe2, R t = C1). 7-Chlorote t racycl ine  (I; 1~ = NMe2, R = C1) (0.69 g) was 
i somer ized  under  the conditions of Exper iment  lB.  This gave 0.45 g (65%) of 7-chloroa l lo te t racycl ine  (Via), which was 
purified by chromatography on s i l ica  gel (1 : 1). mp 162 ° C; Rf 0.60 (on s i l ica  gel, 1 : l ) ;  Rf~ 0.13 and 0.30 (on paper); 
~max, mp: 265, 320, 365 (log e 4.33, 3.84, 3.89); Uma x, cm- l :  3360, 1770, 1640, 1575; [ ~ ] ~ s - 1 5 0  °, [o~]410-620 °, 
[°~]~45 0°, [~]~0~ +1760° (c 0.1; MeOH). 

8, 4-Desdl rne thylaminoal lo te t racycl ine  (Via; R = R t = I-l) and 4-de$-dimothylaminopseudotetracycllne (X; R = 
= R t = H), A) A solution of 300 mg of 4-desdimethylaminote t raeyc l ine  (I; R = R 7 = H) in 2 ml of dimethyl  sulfoxide 
was treated with 30 rag of 80% sodium hydride,  and the mixture  was heated at 100 ° C for 5 hr  and was then t r ea t ed  as in 
Exper iment  lB. This gave 300 mg of a mixture  of compounds I, Via, and X, which were separated by repeated 
chromatography on s i l ica  gel (1 : 1). The zone with Rf 0.60 yielded 20 mg of 4-desdimethylaminoal lo te t racycl ine  (Via; 
R = R t = H); ~max, rap: 265, 335 (log e 4.54, 3.95); Uma x, c m- l :  3400, 1770, 1610, 1595; [oz]~o 0 °, [ol]360 +100 °, 
[~]~25 -400°, [~]28~ +420°, [~]260 0° (c 0.1; MeOH). 

The zone with Rf 0.50 yielded 30 mg of 4-desdimethylaminopseudote t racycl ine  (X; R =R '  = H); kmax, mp: 258, 
310 (log 6 3.98, 3.73); Umax, cm- l :  3350, 1720, 1650, 1600; [G]~0 -200°, [°z]34Q -400°, [G]300 +500°, [G]272 +175°, 
[~h6o +240~, [G]243 0° (c 0.1; MeOH). 

B) A solution of 300 mg of a l lo te t racyet ine  (Via; R = NMe2; R' = H) in 3 mI of te t rahydrofuran  was t reated with 
0.8 ml  of methyl iodide. The mixture  was kept at room tempera ture  for 8 days and was then evaporated and the r e s -  
idue was t r i tura ted  with ethyl acetate and f i l tered off. This gave 240 mg of a l lo te t racycl ine  methiodide, which was 
dissolved in 10 ml of 50% acetic acid, and the solution was treated with 130 mg of zinc dust and s t i r r ed  for 15 min. 
Then it was f i l tered,  acidified with 0.4 ml  of cone HC1, and extracted with ethyl acetate.  This  yielded 4 -des -d ime thy l -  
aminoal lo te t racycl ine  (Via; R = R' = H), which has been descr ibed in Exper iment  3A, and this was purified by chro-  
matography on s i l i ca  gel. Yield 47 mg (20%). 

4. 7, l l a -D ich lo ro -4 -desd lme thy l amlno t e t r acyc l i ne  (IIIb; R = H, R'  = C1). A solution of 440 ml  of 7 -ch lo ro -4 -  
desdimethylaminote t raeycl ine  (I; R = H, R' = C1) [2] in 5 ml of te t rahydrofuran  was t reated with 133 mg of N-ehloro-  
succinimide in 3.5 ml of the same solvent. The mixture  was left at room tempera ture  for 1 hr ,  and was then evapora-  
ted and the res idue was chromatographed on s i l ica  gel (1 : 1). The zone with R] 0.6-0.75 yielded 405 mg (85q~) of the 
l l a - c h l o r o  der iva t ive  IHb (R = H, R' = C1). mp 121-123 ° C; R/0~67 (1 : l) ;  Area x, m~t: 267, 357 (log ~ 4.36, 3.64); 
Uma x, em- l :  3400, 1740, 1715, 1650, 1630, 1580; [0~]%% 9 0 °, [c~]¢36 -200 °, [o~]3s0 -720 ° (c 0.1; MeOH). 

Found, reel wt 469. Calculated for 65 . C20H17ClzNO 8. mol wt 469. 

5. 7-Chlorodesdlmethylaminoal lo te t raeye l ine  (Via; R = H, R t = C1). A) A solution of 500 mg of 7, l l a - d i c h l o r o -  
4 -desd imethylaminote t racye l ine  (IIIb; R = H, R t = C1) in 7 ml of ethanol was t reated with 7 ml of 1 N KOH, and the 
mixture  was kept at room tempera tu re  for 4 hr  and was then acidified with 1 N HzSO 4 to pH 5 and extracted with ethyl 
acetate,  and the ext rac t  was dr ied with NaISO 4 and evaporated. The res idue (250 rag) was dissolved in 10 ml of acetic 
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acid and the solut ion was t r ea ted  with 0.5 g of zinc dust ,  s t i r r e d  for 1 hr ,  f i l t e red ,  and evapora ted .  The r e s idue  was 
ch romatographed  on s i l i c a  gel  (1 : 2), the zone with Rf 0 .1 -0 .2  being i so la ted .  This gave 28 mg (6%) of c h lo rodesd i -  
me thy l a l l o t e t r acyc l i ne  (Via; R = H, R'  = C1). mp 110-115 ° C (from benzene);  Rf 0.13 (1 : 2); kma  x, rag: 260, 320 (log 
e 4.37, 3.92); Uma x, c m - l :  3170, 3080, 1778, 1700, 1620, 1565; [c~]~9 -30  °, [c~]342 -523 °, [c~]~00 +508 °, [c~]2~0 +1120 °, 
[c~]24a -328°,  [~]235 +149°, [ce]21~ -746° (c 0.1; MeOH). 

B) A solution of 500 mg of compound IIb (R = H, R' = CI) and 360 mg of triethylamine in 5 ml of dimethyl sulfox- 

ide was heated at i00 ° C for 1 hr and after cooling it was acidified with 1 N H2SO 4 to pH 5 and extracted with ethyl 

acetate. The further treatment was carried out as in Experiment 5A. This yielded 24 mg (5%) of the allo derivative 

Via (R = H, R' = CI) described in experiment 5A. 

6. 7 - C h l o r o - 4 - d e s d t m e t h y l a m l n o - 6 - e p f i s o t e t r a c y c l i n e  (VIIa; R = H, R '  = C1). A solut ion of 300 mg of the l l a -  
ch loro  de r iva t ive  IIib (R = H, R'  = C1) in 7.5 mt of ethanol was t r ea ted  with 1.5 ml of conc HC1, the mix ture  was heated 
to boi l ing for  4 hr  and the alcohol  was d i s t i l l ed  off in vacuum. The r e s idue  was ex t r ac t ed  with ethyl  ace ta te ,  and the 
e x t r ac t  was washed with water ,  d r i ed  with Na2SO4, and evapora ted .  The subs tance  obtained was d i s so lved  in 5 ml of 
ace t i c  acid and the solut ion was t rea ted  with 0.5 g of zinc dust,  s t i r r e d  v igorous ly  at 20 ° C for 15 rain, f i l t e red ,  and 
evapora ted ,  and the r e s idue  was ch romatographed  on s i l i c a  gel  (1 : 2). The zone with Rf 0 .25-0 .35  y ie lded  19 mg (7%) 
of 6 - e p i i s o t e t r a c y c I i n e  (VIIa; R = H, R'  =C1). mp 175-178° C (from benzene);  Rf 0.31 (1 : 2); kma x, rap: 220, 267, 

26 320, 362 ( l o g s  4.38, 4.37, 3.51, 3.64); Urea x, c m - l :  3400, 3300, 1745, 1647, 1630, 1580; [~]589-52°,  [c~]~5-1000°, 
[c~]341 +800°, [~]330 +760°, [ce]27~ +10 800 °, [c~]250 +3000 °, [c~]220 0 ° (c 0.1; MeOH). 

Found, tool wt 435. Calculated for C2~H~C1NOa: mol wt 435. 

7. 7 - C h l o r o - 4 - d e s d i m e t h y l a m i n o l s o t e t r a c y c l l n e  (Va; R = H, R'  = C1) was obtained by the a lka l i  i s o m e r i z a t i o n  of 
7 - c h l o r o - 4 - d e s d i m e t h y l a m i n o t e t r a c y c l i n e  (I; R = H, R'  = CI) by the method of Stephens et  al .  [2]. mp 260 ° C (decomp.,  
f rom benzene); Rf 0.24 (on s i l i c a  gel ,  1 : 2); )~max, rap: 240, 267, 315, 355 (log e 4.22, 4.23, 3.72, 3.37); Urea x, e r a - l :  
3460, 3415, 3310, 1760, 1725, 1640, 1630, 1575; [ ~ ] ~ 9 - 1 1 0 ° ,  [~]370-570°, [c~]~08-2200°, [~]2z5 +6200°, [~]252-2200°, 
[~]250 -2100°, [~]2~ -4600°, [c~]2z8 -3200° (c 0.1; MeOH). 

Found: mol wt 435. Calcula ted for  C20H~2C1NO 8 : tool wt 435. 

8. 3-(4'-Chloro-7'-hydroxy-3'-rnethylphthalid-3'-yl)glutaric acid (IXb) was obtained from the corresponding 7'- 
methoxy- acid [9] by heating it with a 20-fold amount of 48% HBr (3 hr at the boil), and was isolated by chromatography 
on s i l i c a  gel  (1 : 1). Yield 60%; Rf 0.42; mp 74-76  ° C; ~max, rap: 228, 243, 316, 352 (log ~ 4.11, 3.77, 3.52, 3.53, 
3.33). Urea x, c m - l :  3300-2600,  1748, 1728, 1712, 1620; [c~]~9 +40 °, I~]320 +300 °, [c~]~10 0 °, [c~]295 -100 °, [~]280 0°, 
[c~]245 +700 °, [c~]240 0 ° (c 0.1; MeOH) 

Found: moI wt 328, Calculated for  CI4H~C1OT: tool wt 328. 

C O N C L U S I O N S  

The d i rec t ion  and mechan i sm of the i s o m e r i z a t i o n  of the t e t r a c yc l i ne s  (I) into the a l l o t e t r a c y c l i n e s  (VI) and 
pseudo te t r acyc l ine s  iX), i so t e t r acyc l i ne  (V), and 6 - e p i i s o t e t r a c y c l i n e  (VII) a r e  de t e rmined  by i n t r a m o l e c u l a r  6, 11- or  
6, 12-ke ta l i za t ion  which, in i ts  turn,  depends on the s t r u c t u r e  of the in i t ia l  t e t r a c yc l i ne s  and the composi t ion  of the 
medium.  
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