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ABSTRACT 

Reactions lending to the replacement of thc 4-di~~iethylamino group of tetracpclinc by kcto, 
hydroxy, hydroxyilnino, hydrozono, and amino groups are reported. 

Only a limited number of transformations of tetracycline a t  C-4 have been previously 
reported: 4-dedimethylaminotetracycli~~es (3, 4), 4-epitetracyclines (d), and tetracycline 
methiodides (4, 6). An extension of earlier halogenation studies (7) has provided an 
entrCe to further modification a t  this position. 'The chemistry investigated shoulcl be 
adaptable to the preparation of a broad variety of related derivatives. 

DISCUSSION 

The  reaction of awzplzoteric tetracycline (I)  wit11 N-chlorosuccinimide in aqueous solvents 
to  yield 1la-chlorotetracyclii~e-G,12-hei~1iketal (11) has been described (7). A less-than- 
drastic change in reaction conditions-treatment of tetracycline hydrochloride with 
N-chlorosucciniinide in water-leads to  rapid precipitation of a very different product, 
which we have characterized as 4-oxo-4-dedimethyla1i~inotetracycline-4,G-heiiletl (111). 
Carbonyl absorption a t  5.7 p and ultraviolet absorption in acid (8-hydroxytetralone and 
unmodified A-ring chromophores) a t  first suggested possible close structural analogy t o  
lla-substituted tetracycliiles (e.g. XV, cf. ref. 7). However, in excess metlianolic sodium 
hydroxide, the ultraviolet absorption indicated that I11 is enolic, suggesting alternative 
analogy to 12a-epi-4-dedimethylnmino-5-hydroxytetracycine (XVI, cf. refs. (i and S),  
which is isolated in the completely lietonic form, but is also enolized ~111der basic con- 
ditions. Analyses on 111 confirmed suspected loss of the dimethylamine, and, further, 
sho~ved that  i t  contains additional oxygen, bzit lzo chlorine. 'The chemical properties of 
111, detailed below, demonstrate the presence, or potential presence, of a lietone group 
a t  C-4 and rctention of the cis A- to  B-ring junct~ire. No additional infrared absorption 
beyond that  seen with coinpounds such as XV and S V I  is noted in the carboiiyl rcgion. 
This and the unmodified A-ring ultraviolet chromophore in acid lead to  the conc-lusion 
that  the C-4 lietone is not free. 1337 employment of the now firinly establisliecl stereo- 
cheiiiistry of tetracycline (I ,  cf. ref. 9),  illode1 studies clearly indicate that  the only 
reasonable structure ~vhich \\.ill account for all of the facts is that  depicted in structure 
111, which results from formation of an internal henlilietal bet\veen the 6-hyclroxyl and 
the newly forined 4-0x0 group. 

'The same reaction has been applied successfully to  lla-cIilorotetracycline-6,12-1~ci11i- 
lcetal (11) to  provide the lla-chloro-40x0 analogue (V). Structural assigllinent is based 

' M z ~ c h  of the work described herei?t Itas beeft the srlbjert of a /preli)~littary cor~i~rrz~nicatio?~ (1 ) .  Sinrllnr indepen- 
dent stt~dies enlployi?zg 6-del~1etltyltetracycli7~es lznze been repoited by a g r o ~ ~ p  nt Lederle Laborntoiies (2) .  
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BLACKIYOOD AND STEPIIESS: TETK.IC'iCLISE TK.ISSI;OKMATIONS 

011 ultraviolet absorption in methanol - hydrochloric acid (virtually identical \\-it11 that  
of the precursor, 11), infrared absorption in the carbonyl region (closely analogous to  
tllose of 111, XV, and XVI),  and catalytic reduction to the alcohol (111) with uptalce of 
2 equivalents of llydrogen. 

?'he reaction ~vhich leads to formation of the -1-0xotetrac)-clines (I11 and V) appears to 
be of a novel type insofar as 1;etonc formation is concerned, although aldehydes have 
bee11 reported as products in prior studies on the i~lteractio~l of tertiary a~nincs with 
N-broinosuccinimide (10) and with l~ypocl~lorous acid (11). In the case of the N-bromo- 
succilli~llide reaction, initial bronlination on carbon adjacent to nitrogen has been in- 
dicated (13). \Ve nrould, therefore, suggest that,  in the case of tetracycline, for~n~lt ion 
of the 4-0x0 derivative occurs as sho~v1-n in Reaction Scheme 1. Esse et al. (2), on the 
basis of additional evidence, have also proposed an imine intermediate in connection 
with their analogous studies on G-demethyltetra~~clines. 
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Y(CHd2 

4-Dedii~~ethylan~ino-4-oxotetracycline-4,6-hemiketal (111) is readily reduced to  the 
alcohol (IV, e.g. by sodium hydrosulfite, zinc combination, or catalytic hydrogenation). 
The latter shows the typical ultraviolet chromophores of tetracycline and no infrared 
carbonyl bands below 6 p. The alcohol in turn is converted by acid degradation to its 
5a,G-anhydro derivative (VI). Preliminary evidence indicates that  the same anhydro 
alcohol is obtained by degradation of the 4,6-hemiketal in anhydrous hydrogen fluoride 
followed by reduction. 

Reaction of hydrazine and of hydroxylamine with the 4-0x0 derivative (111) produces 
hydrazone (IX) and oxinle (VII) respectively. The C,D-,B-diltetone system in these com- 
pounds is enolic, with the now nlore highly conjugated A-ring ultraviolet chronlophores 
shifted to  longer wavelengths. Both conlpounds are readily reduced to  4-epi-N"N4- 
didemethyltetracycline (X). Under the conditions which we have employed (sodium 
hydrosulfite, zinc - acetic acid, or catalytic hydrogenation), i t  appears tha t  the primary 
sight of reduction is the N-N or the N-0 bond, rather than the C-N double bond. 
Thus, we have seen no evidence of intermediate hydrazines or hydroxylainines in these 
reactions. Furthermore, a major by-product in the case of sodium hydrosulfite reduction 
of VII or I X  in aqueous solvents is the 4-hydroxy derivative (IV). Since there is no 
apparent hydrolysis in the absence of the reducing agent, i t  is proposed that  there is 
initial reduction to an imine, part of which is reduced to amine and part of which is 
hydrolyzed to ketone (111) and then reduced to alcohol (IV). The amine (X) may also 
be obtained directly from the 4-lietone by reductive a m i n a t i ~ n . ~  

ZEsse et al. (2)  have reported estensively on reductive a?nination of the 6-deniethyl analogue of I I I .  They  
elizployed a valfiety of primary amines, although they did not describe use of ammonia. They have also assigned 
the 4-epi conJiguration to their alkylatnino products and have slzozun tlzenz to contain the nor?izal more active 
epilizer as a ~ilinor conzponent. 
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BLACKWOOD AND STEPHENS: TETRACYCLINE TRANSFORMATIONS 138 5 

Assignment of stereochemistry a t  C-4a in the 4-amino derivative (X) and its precursors 
is based on sillooth conversion of X to tetracycline methyl betaine (XII) by reaction 
with methyl iodide, in the presence of excess propylene oxide as an acid ~cavenger .~  
Tentative assignment of stereocheinistry at  C-4 was earlier (I) deduced froin the short 
wavelength ultraviolet absorption (almost identical with that of 4-epitetracycline) and 
froin the presence of a ininor more antibacterial substance in all preparations of the 
a ~ n i n e . ~  Unequivocal assignment of stereochemistry at  C-4 in coinpound X derives from 
degradation studies in hot aqueous bicarbonate, which followed earlier studies by 
Korst and Butler (12) using an N4-demethyltetracycline prepared by an unrelated 
reaction sequence. Under these conditions, the normal epiiner persists, and can be readily 
separated from the degradation product, which has been characterized as the lactam, 
XIII .  This non-basic coinpound is isoineric with its precursor and possesses 8-hydroxy- 
tetralone--A-ring ultraviolet chrornophores and infrared absorption a t  5.7 p. I t  is de- 
graded in acid to compound S I V ,  ~vhich displays ultraviolet absorption typical of 
1,8-dihydroxynaphthalene and A-ring chromophores as well as retention of lactam 
carbonyl absorption. Formation of the lactam (XIII) from X undoubtedly occurs by 
transannular attack of the 4-amino group on the 1Zcarbonyl. Such an interaction requires 
that the anline be trans to C-4a-hydrogen (4-epi configuration). The undegraded minor 
component, which was not isolated in analytical pure form, shows the ultraviolet ab- 
sorption characteristics of tetracycline, and, like the latter, is epimerized at  C-4 in 
pyridine - acetic acid. 

EXPERIMENTAL 

~-Oso-4-dedbzetltylanzinotetracycli~ze-~,F-hentiketaI (111) 
Tetracycline hydrochloride (10 g) was dissolved in 500 1n1 of water containing 2 ml of concentrated 

hydrochloric acid. (Initial experiments without added hydrochloric acid gave somewhat lower yields of 
crude product contaminated by greater amounts of tetracycline.) T o  the solution, with stirring a t  room 
temperature, was added 7 g of powdered K-chlorosuccinin~ide. The crude product began to  precipitate 
within a few minutes. I t  was recovered by filtration, with water wash, after 30 lnin reaction time. Partial 
purification of the crude air-dried product (6.7 g) was achieved by distributing it between 150 ml of water 
and 400 ml of ether. The aqueous phase and five 40-1111 water washes of the  ether phase were discarded. 
The ether phase was stripped to  dryness, the residue treated with water, and the product recovered by 
filtration. The yield of partially purified product, suitable for further transformations, was 5.6 g (65% 
overall). 

For allalysis, partially purified product (1 g) was dissolved in 4 rnl of methanol, treated with Darco G-60, 
and filtered. The product crystallized a s  the n~o~~opotassiurn salt upon the addition of 0.40 ml of 5 N potas- 
sium hydroxide. The  yield of material, dried i n  vacuo a t  50° for 48 h, was 0.60 g (46%). I t  showed A:::: 5.7 h; 
AMeO1x-o.olNIIC1 L ~ S ~ L  266 and 346 mp (log e 4.40 and 3.72); in MeOH -0.01 NNaOH the compound is very 
u n s t a b l e a  rapidly determined spectrum includes A,,,, - 370 mp (log e - 4.4). 

Anal. Calcd. for C ~ O I - I ~ ~ O ~ N I < ~ O . ~ H ~ O :  C, 52.0; H, 3.7; N, 3.0; C1, 0.0; I<, 8.4; HzO, 1.9. Found: C, 52.0; 
H ,  3.8; N, 3.2; C1, 0.0; I<, 8.2; HzO, 1.7. 

Cornpcund 111 shows the typical acid instability of tetracyclines having a hydroxyl group a t  C-6 and 
unblocked a t  C- l la .  For example, when the potassium salt of 111 was dissolved in liquid hydrogen fluoride, 
allowed to  stand for 1.6 h, and then evaporated to  dryness, it gave a crude product, presumed to  be 
6a,6-anhydro-4-oxotetracycline, possessing the expected ultraviolet spectral properties. The latter, on 
reduction with sodium hydrosulfite, is indicated by spectral and paper chrolnatographic evidence to  yield 
the  same anhydro-hydroxy derivative (VI) obtained by the  alternative reduction-dehydration sequence. 

4-Hydroxy-4-dediiizethylaminotetracycline ( I V )  
Crude4-oxo-4-dedimethylan~i1~otetracycline-4,6-hemiketal (111, 25 g) was dissolved in 300 ml of methanol. 

A solution of sodium hydrosulfite (10 g) in 200 ml of water was added. The temperature rose from 25 "C 
to  35 "C during this process. The mixture was stirred for 40 lnin a t  room temperature. Water (250 ml) 
was added and the solution extracted twice with 1.25-1 portions of ether. The  combined ether layers were 

3U?~der these co?td?:tions tetracycline and 4-epitetracycline yield the sanle betaine. Witlzozrt tlte acid scavenger, 
the reaction of X with ~ttetlzyl iodide ceases with uptake of 1 eqz~ivalent of the reagent to produce a mistz~re which 
i s  indicated by paper ckront.atography to include appreciable a~iloz~nls  of start.ing ntaterial, preszlnzed 4-epi-N4- 
de~~zetlcyltetracycIine, and 4-epitetracycline, a s  well as  a ntinor quantity of tetracycline. 
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back Ivashed with five 50-1111 portions of \later, dried over ar~hydrous sodium sulfitte, filtered, 3rd evaporated 
to  dryness in a rotating evaporator. The residue was treated with cn. 250 1111 of \vater aud the amorphous 
product (19.1 g) recovered by filtration. The product was crystallized fro111 hot ethylene dichloride (re- 
covery in three crops, 10.7 g, 33% overall from tetracycline), I t  shons A::;, no carbonyl bands below (i p ;  
Akf;$II -O .OINHCl  257 rnp and 3G2 mp (log E 4.42 and 3.GS) ; A:(2;$11 - rl'U1[ 24G, 2G4, and 378 rnp (log e 
4.26, 4.23, and 4.28). 

Anal. Calcd. for CnoHLgSOg: C, 57.6; H,  4.6; N, 3.3. F o u ~ ~ d :  C, 57.2; 13, 4.6; 3, 3.2. 
The same 4-hydroxy compound (IV) is also obtaii~cd by sodil1111 hyclrosullite r educ t io~~  of partially 

purified, or the potassium salt of, 4-0~0-4-dedirnethyIat1~i11otetracycline. Alternatively, it may be obtained 
by zinc dust reduction (e.g. i r ~  50% aqueous acetic acid with excess zinc, with stirring for 30 min a t  room 
temperature) or catalytic hydrogenation (e.g. 1-12, Pd/C ill methanol a t  atmospheric pressure and room 
temperature) of either 1V or the correspcndi~~g lla-chloro derivative (V). 

Ila-Chloro-/t-oxo-~-dedi??iethy~a?t~i~~~te~r~~~y~~i~ze-/t,ti-~zet~~iketu~ (V) 
lla-Chlorotetracycline-6,12-hernilieta (II ,  ref. 2, 2.3 g) \vas slurried in 110 ml water con ta i~~ ing  0.7 ml 

of cor~ce~ltrated hydrochloric acid. Po\vdered N-chlorosuccinimide (l.G g) \vas added and the n~is ture  
stirred for 1 h a t  root11 te~ilperature. The  crude product was isolated by filtration with water wash. It crystal- 
lized on trituration with methanol. The yield was 11 g. For analysis, 1 g was dissolved in escess ether and 
filtered. 'The filtrate was washed with dilute Iiydrochloric acid and water, dried over anhydrous sodiurn 
sulfate, filtered, and finally stripped to dryness, and the residue triturated wit11 methanol. The r~~nterial ,  
dried i i i  vacz~o, showed A?:; 5.77 p ;  Ah'cO'l 111:16 - O.O1""c' 255: and 3343 rnp (log E 4.42 and 3.68). 

rlnal. Calcd. for C~OI-IIGO~SCI:  C, 53.4; H, 3.6; N, 3.1; CI, 7.9. Found: C, 53.0; 1-1, 3.7; N, 2.5:; C1, 8.0. 

6a,6-At~l~ydro-/t-hydrory-4-dedb?~~et11ylnn1inotetracycli~ze (VI) 
rl solution of 4-hydroxy-4-dedi1net11~~Ia11~inotetracycline (\-, 0.5 g) was boiled ~ I I  5 ml cf acetone cont;iil~ing 

1.0 g of p-tol~tene sulfor~ic acid ~111til the volume was reduced to ca. 1.5 ml. The product crystallized 
when the solution nrns cooled. I t  was recovered by filtr~ition and dried in  ~11~110 for a~~a lys i s .  I t  showed 
A:!>;$'" - O.OINHC1 232, 2@L, 310, k~nd 423 mp (log E 4.46, 4.70, 3.GS, and 4.01). 

Anal. Calcd. for CzOH170.1N: C, 60.1; H,  4.3; K ,  3.5. 1:o~uld: C, 5'3.8; H, 4.5; N, 3.3. 

/t-FIydro.vyi~~~i~to-/t-dedir~~ell~yla~t~inotetracycne ( 1'11) 
Partially purified 4-oxo-4-dedi1nethyla1ni1~otetracycline-46-henieta1, (111, 7.5 g) was dissolved in 30 ml 

of methanol. Potassiurrl bicarbonate (15 g) and hydroxylamine hydrochloride (3.13 g) \\,ere added and 
the slurry stirred for 15 mill. The  mixture was filtered. \Vater (120 ml) was added to the mother liquor and 
the pI-I was adjusted to 2.0 The partially precipitated product was extracted into excess ether and recovered 
by evaporation dryness. The residue was slurried with 100 ml of b e n z e ~ ~ e  and the insoluble product (4.7 g, 
60y0) recovered by fi l tratio~~. The  crude product (2.1 g) \\-as recrystallized by dissolving it in 6.3 ml of toluene 
and 4.2 1111 of isopropyl alcohol, filtering it, adding 5.0 ml toluene to the mother liquor, and a l lowi~~g the 
mixture to stand a t  room temperature overnight. 'The yield of product recovered by filtration and dried 
in vacuo a t  50 "C was 1.0 g (48%). I t  showed Az:F,OF' - O ~ O 1 x E 1 " l  222, 276, 308, and 350 mp (log E 4.25, 4.07, 
4.23, and 4.19) ; AEEO" - O.O1""cl 237 and 268 rnp (log e 4.17 and 4.06) ; A:l;P1l - o.or  2vh':to1 235, 245, and 373 
mp (log e 4.25, 4.24, and 4.28) ; A?:'" - O.ol"h';'O" 250 and 325 rnp (log e 4.21 and 4.1G). 

Anal. Calcd. for CloI-I~80Bi\;?: C,  55.8; H,  4.2; IT, 6.5. Found: C, 55.7; 1-1, 4.4; N, 6.2. 

5a,6-iZ~zhydro-~-hydroryi~nino-./t-dedi~t1e~l1yla1~li~~otelmc)~cline (VIII) 
4-1-Iydroxyimino-4-dedi1~~ethy1a11~i1~otetrcyclie (VII, 500 rng) was dissolved in 3 1111 of 4% methanolic 

hydrogen chloride. 'The solution was boiled about 3 rnin and left to crystallize overnight a t  room tempera- 
ture. The product (240 mg, 51%) was recovered by filtration with methanol wash and dried in vacuo a t  
room temperature. I t  sho\ved A:&'" - O.O1"ll"l 225, 2G3, 302, and 4'2'2 Inp (log e 4.48, 4.64, 4.2G, and 4.07). 

Anal. Calcd. for C~aI-IleOsNz.0.5CI13OH: C, 57.6; I-I, 4.2; N, G.6. Found: C, 67.7; H,  4.1; N, 0.8. 

~-FIydrazo?~o-/t-dediinell~yla?iai?~otelracycll?~e ( I X )  
1':irtially purified 4-oxotetracycli~le (111, 11.5 g), dissolved in SO ml of 05% ethanol, was added to a 

solution of 1.7 ml of hydrazine hydrate in SO 1111 of the same solvent. 'The mixture, which began to precipitate 
imnlediately, was stirred for 1 h and then left to  stand overnight. The product was recovered by filtration 
and the crude air-dried product reslurried in an  additional 100 1111 of 95% ethanol for 1 h a t  room tetn- 
perature. 'The yicld of crystalline product, air-dried a t  roolll temperature, \\.as 6.0 g (3770). For analysis, 
a sample was recrystallized from tetrahydrofuran-\later. I t  shoived A:!t;i)ll - O.O'"llc' 264 and 335 mp (log 
e 4.16 and 4.63); A:f,;$"I - O.O1"":'O" 261, 323, and 373 mp (log E 4.33, 4.25, and 4.29). 

Anal. Calcd. for C20FIlsOsN3.H~O: C, 53.G; H, 4.7; N, 9.4. 1:cund: C, 53.8; H, 4.6; N, 0.0. 

/,-Epi-N1,N1-didet,2ell~~~l~lr(~cycli~e (X) 
4-Hydm~ono-4-dedin1ethylan1i11otetr~clie (5.7 g) was dissolved ill 350 1111 of acetone. \\-ater (260 ml) 

and then 17.4 g of sodium hydrosulfite were added to the stirred solution. 'The temperature rose fro111 25 OC 
to 32 "C. After it was stirred for an additional 30 mi11 a t  roorn t e~npen~ tu re ,  the now heterogeneous mixture 
was treated \\-ith charcoal and filtered through a Supercel pad with 1:1 acetone-water wash. The  mother 
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liquor alas stripped of acetone. 'I'he pH was adjusted to 4.5 and ~~onamphoteric by-products, including 
very considerable presumed 4-h~~droxy-4-dedir11ethyI~~1iii11otetmcycli11e, were removed from thc aqueous 
phase by thorough extraction with ethyl acetate. 'The desired product was then extracted into butanol 
(four times with 100-ml portio~is). 'l'he butariol was dried over ar~hydrous sodi~rrii sulfate, filtered, and 
evaporated to dryness in vaczio in a rotating evaporator. The residue was slurried with arld filtered from 
33 rnl of ethyl acetate. 'l'he yield ol crude air-dried product \\)as 2.6 g. This crude product \\!as dissolved 
in 100 rnl of di~~lethylformon~idc. 'I'he solution was clarified and 35 rnl of \voter added to the mother liquor. 
\Vhen the solution was stirred slo\\rly for 2 h, the product crystallized. 'I'he yield of vacuum-dried 4-epi-X4,N 1 -  

dideritetliyltetracycline, solvated with dirnethylforman~ide, nrzrs 2.1 g (2070). I t  slio\vs A"I.-~" lnilx - O.O'""C1 260 
and :360 rnp (log e 4.25 and 4.17); A::$)" - O.OL S'aO" 246, 266, and 375 Inp (log e 4.23, 4.22, and 4.25). Paper 
chromatography - bioautography indicate the product to contail1 a minor, slightly less polrlr material 
which is I I I L I C ~  more active against Klebsiella pile~r?~~onia.  

Anal. Calcd. for CroI~IroOsS~~1.5(Clla)sSC~IO: C, 55.9; I-I, 5.8; AT, 9.3. 1:ound: C, 55.8; H, 5.9; N, 9.2. 
Thc same coriipou~td (1) may also bc obtained by a~lalogous sodiu~ii hydrosulfite reduction of the osilne 

(VII). r\lternatively, the hydrozane and the oxi~ne (3 g) in 5OS/o aqueous acetic acid (100 ml) were reduced 
by stirring for 30 min a t  room temperature with 3 g of zinc dust. Excess zinc \\'as removed by filtration mld 
the mother liquor evaporated to low volume. Water (100 ml) was added and the pI~I adjusted to 7.0 with 
sodiunl hydroxide. Crude zinc co~nplex of S (3.9 g) was isolated by filtration and air dried. l'he product 
was characterized by ultraviolet absorptio~t, paper chroniatography, and convers io~~ to the analytically 
pure 5a,6-anhydro derivative. 

Compound S was cbtained directly from 4-oxotetracycline-4,6-hemil;etal by reductive amination. 'The 
partially purilied hemilietal (11 1, 2.5 g) and 1.2 g of magnesium chloride hexahydrate \\ere added to a 
slurry of platinun~ oxide (300 mg) prerecluced in a rnisture of 24 1111 of di~nethyl formamide and 3 ml of 
2876 aainionium hydroxide. .\pprcxi~nntely 5 riut~oles of hydrogen \\as taker1 u p  in 2.5 h a t  room temperature 
and atmospheric pressure. The catalyst was rernoved by filtration arld crude product precipitated by 
addition of the molher liquor to 700 ml of ether that was being stirred. 'The crude ~ ~ ~ a g n e s i u m  co~nples  
(3.1 a )  was characterized by ultraviolet ;tbsorption, paper chromatograph:., and co~~version to the 5a,6- 
anhydro derivative. 

5a,6-A?zAydro-~-epi-N',N1-dide?i~etl~yllelrc~cpcline ( X I )  
The 5a,6-anhydro derivative (XI)  was readily obtained from crude zinc co~nplex of conipound S (2.5 g) 

by dissolving in 15 rnl of tetrahydrofuran a r ~ d  1.5 rnl of conc. hydrochloric acid. 'I'he filtered solution was 
allo\ved to stand a t  rcom temperature for S days. The tetrahydrofuran solv;~ted product, which crystallized 
slo\yly, was recovered by liltrotion and dried i l l  wtzczlo a t  50 OC for 48 11. ?'he yields were 0.7 g (3076 overall 
from osirne) and 1.2 g (5576 overall from hydrazone). I t  showed A ~ , f , O H - o . O 1 ~ ~ ' ~ c l  223, "2, and 423 rnK 
(log E 4.45, 4.79, and 3.03); X-"@"" msx - O . O L N X x 0 "  220, 271, 338, and 425 mp (log E 4.39, 4.57, S.73, arid 4.09). 

Anal. Calcd. for C~oHlfi07N:!.(CHr).+O.FICI: C, 56.8; I-I, 5.4; N, 5.5; CI-, 7.0; NHy, 3.4. 1;ound: C, 56.7, 
56.6; 11, 5.4, 5.0; H, 5.6, 5.5; C1-, 7.1, 7.1; XI-12, 3.2. 

The volatile portio11 was only 3.7';: when the compound \\.as dried overnight i n  vc~clio a t  1.00 OC. \\'hen 
the compound was dried for 48 h a t  100 O C ,  the analysis \\,as consistent with loss of only part of the tetra- 
liydrofur~un. 

i 
Anal. Calcd. for C ~ ~ H ~ S O ~ ~ \ ' ~ . ~ . ~ ~ ( C I - I ~ ) . I O . H C I :  C, 55.8; H, 4.7; Cl-, 8.0. ITound: C, 55.6; 1.1, 5.0; 

CI-, 7.5. 
Ideritical product was obtained by ~~nalogous  acid degr;ldatiou of either the purified 4-amino cornpou~~d 

. . . I  (X, dimethylforrna~~~ide solvate) or the crude rnagnesiun~ coi~iplex. . . . . .  . . .  
. . .  . . . . .  . . .  . . . . .  . , . . . . . .  . . .  

~. . . . . ! Tct~~cyc/ iue  Jiethll Bdaiize (YII)  
Tile 4-a1iri110 derivative (S, dimetli\~lforma~uide solvate, 100 mg) \\,as r e l l~~sed  overnight in a n~is ture  of 

. , 2 1x1 acetone, (1.5 ml propyler~e oxide, and 0.5 mi methyl iodide. \\rherl the mixture was cooled, pure cr).stal- I 
. :  . : ! line N.1-niethyltetrac>~cIi~~e betninc (70 mg, 'is'%) was recovered by filtration. l 'he same product is obtained 

by use of this process with either te t racycl i~~e or 4-epitetracycline (87:'; and 84% yield respectively). They 
show idel~tical behavior on paper chromatography and identical infmrcd absorption (ICBr) ; h:!:::"L - O.OI"I"1 
271 and 358 mp (log t 4.24 and 4.17). 

I .-\l~al. Calcd. lor C?313260sN?.H?O: C, 58.0: H ,  5.9; N, 5.9. I7ound: C, 58.0; H, 6.0; V, 5.6. 
i 7 .  I etracycline inethyl betaine has been previously reported as a methanol solvate (4). 
i 1 Oegrcrdnlion of 4-Epi-iV1, N1-d ide , r i e th~ le l r~~cyc l~ ine  

. . . . . . .  ,:.,::,I !\ sol~ltior~ of thc amino compound (S, d in~e th~~ l fo r~~ in rn ide  solvate, 2.0 g) in 50 1n1 of 40':; aqueous . . . . . . . : . . . . . . . . :  . . : . .  
. . . . . . . . . .  . . . .  
. . .  . . .  . : . . . . . . . . . . . .  

sodium bicarbo~~ate  was heated on n steam bath under nitrogen for 30 win. Tlie solutio~l was cooled to  
. . . . . . . . . . . .  . I room te~nperature,  trzinsferred to a bealcer, layered with 50 ~ n l  of ethyl acetate, and caref~rlly acidilied to 

pi3 2.0 with 5% 11)-drochloric acid. The aqueous phase was furtller extracted xvith sir  10-oil portions uf 
ethyl acetate. ;\fter drying over a~~hyclrous sodium sulfate, the contbined cthyl acetate extracts were 
evaporated to dryness in zracz~o to yield 1.34 g of crude lactam degradation product (XI I I). 'I'o free the product 
of traccs of the 4-a~iiino deriirative (pri~icipnlly the normal epimer), the crude product \\,as taken up in 
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1.9 1 of ether and reevaporated to dryness. The recovery was 1.14 g. For analysis, the lactam was recrystal- 
lized from hot acetone-water. The recovery in two crops, dried in v a c u o ,  was 0.87 g (51%). I t  shows 
X::~;?" - 0.01 NI IC1  258 and 335 rnp (log t 4.38 and 3.73) ; A:;:" - 0.0' N N40Ji 249, 262, and 335 mp (log e 4.22, 
4.17, and 3.71); X$;pno 5.72 and 6.07 p. 

Anal. Calcd. for C?0112008N?.3H20: C, 5.31; 11, 5.3; N, 6.2. Found: C, 53.2; H, 5.4; N, 6.5. 
In a separate experiment 200 mg of compound X was sinlilarly degraded in bicarbonate. The pH was 

adjusted to 2.0 and the mixture filtered (insol~~ble, 10 mg). The mother liquor was extracted with eight 
15-1111 portions of butanol. The co~nbined butanol extracts were evaporated to dryness. The residue (150 mg) 
was talcen up in 20 ml water and 20 ml of ethyl acetate. The aqueous phase, after three further extractions 
with ethyl acetate, was freeze dried to yield 21 mg of crude N4,,N4-didemethyltetracycline which paper 
chromatography indicated to be virtually free of the 4-epi compound. I t  showed X g:pl- O.O1 NHC'  368 and 
362 n ~ p ,  and was readily epin~erized (e.g. in acetic acid - pyridine) to compound X (paper chro~natographic 
evidence). 

The lacta~n (XIII) was degraded to the 1,s-dihydroxynaphthalene derivative (SIV) by refluxing the 
former (300 mg) in 10 n ~ l  of 1:6 conc. hydrochloric acid - methanol. The solution was cooled, clarified, and 
evaporated to dryness. The residue was taken up in excess ether and the ether washed with several small 
portions of water, dried over anhydrous sodium sulfate, and evaporated to dryness, and the amor- 
phous product dried in vaczlo for analysis. The yield of compo~~nd  XIV was 250 mg (92%). I t  showed 
X%f:ZH-0.0lNJiCL 232, 257, 310, 325, and 339 inp (log E 4.43, 3.94, 3.48, 3.56, and 3.59); X:ld:ync 5.73 and 
6.05 1. 

Anal. Calcd. for C ~ ~ I - I I 8 O 7 N ~ ~ 0 . 5 I 1 ~ O :  C, 59.0; I-I, 4.7; N,  6.9. Found: C, 59.1; H, 5 1; N,  6.4. 
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