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(tip 60-110'); B, 5 : s  C6H,-HOAc. All analytical samples gave 
combustion values within 0.4Yc of theory. 
y.( 3,4-Dichlorophenyl)butyric Acid (11 b).-Huang-hlirilon re- 

diiction'2 of 10b (prepared by ref 11 at  100') gave 83% of crude 
product, bp 140-144' (0.1 mm), mp 48-64', that  was suitable 
fur  the next step. Three recrystallizations from EtOH-H,O gave 
white crystals, mp 62-65". Anal. (CloHloC1,On) C, H.  
6,7-Dichloro-l-tetralone (12b).-To 184 g of polyphosphoric 

acid was added lS.4 g of Pz05 followed by 18.4 (78 mmoles) of 
l l b .  The mixtiire was stirred a t  100" for 30 min, then cooled to 
50' mid diliited with 500 nil of ice water. The product was 
collected 0 1 1  a filter, washed with water, and recrystallized from 
EtOH-H20; yield 11.9 g (69%) of white crystals, mp 104-10S0, 
tic in solvent A. d n a l .  (CloH&l?O) C, H, C1. 

Synthesized in the .*ame way were 12d [bp 77" (0.1 nim), mp 
3.7' (lit.9 nip 35O)] ,  12a (nip 93-93", lit.18 nip 94")) and 12c 
[hp 84-00' (O.05 mm), nip 44-46'], Anal. ( C ~ P H ~ ~ O )  C, €1. 
6,7-Dichloronaphthyl-l-acethydrazide (15b) (Method A).-To 

a stirred siiq~eiisioii of 3.7 g (92 mmoles) of 60% siispension of 
Na l l  io niiileral oil in '200 ml of dimethoxyethane (previously 
di,ied with nicdecdar -ieves) protected from moisture was added 
lS .4  g (44 mmoles) iif triethyl phosphonoacetate. After being 
stirred at  ambient temperatiire for 43 min, H? evoliitioii was 
complete. .I solutioii of 12 g (56 mmoles) of 12b in 12 nil of 
diiiiethoxyethaiie x a s  added, then the mixture was refluxed for 
24 hr. The cooled reactioii mixtiire was diluted with 400 ml 
of HuO and extracted twice with CHC1,. The combiiied extracts 
were washed with H L O ,  dried with l IgP04,  and evaporated 
Zn t~acito. L)i.tillntioii gave 13.1 g (8x7;) of 13b, bp 727-130" 
(0.07 nim), a colorless oil; tlc in solvent A showed one major, 
one minor, and two trace spot.?. The ir and nmr spertra were in 
agreement with this striictiire. 

A >.oliitioii ( J f  14.9 g (61 ninioles) of o-chloranil and 15.7 g (56 
nimolec) of 13b in 700 nil of PhLle was refluxed for 4 hr;  duriiig 
thi.. time the wlutioii tiirned red, then orange. The solution was 
evapoi,ated in ruri(o and the residue dissolved in 700 ml of CHCL. 

(IS) J. v. Braun, A .  Rohmer. H. Junpman,  F. Zobel, L. Rrauns, 0. 
Stuckensclimidt, and J.  Reut ter ,  A n n . ,  461, 1 (1926). 

The solution was washed successively with three 400-ml portions 
of 0.1 1V KOH and two 150-ml portions of H?O, then evaporated 
i n  z)acuo leaving crude 14b with the proper iiv, ir, and nmr 
specti a. 
-4 mixture of 1 he crude 14b, 350 ml of 8.55 NnH4.H20, and 110 

ml of EtOH w8.s refluxed for 4 hr, then evaporated to  a small 
voliime in uacuo. The solid was collected 011 a filter and washed 
extensively wit11 HiO. The criide product was stirred with 1.5 1. 
of 0.3 LY HC1 rind 1 1. of LIeOH iintil soliition was essentially 
complete. The filtered soliition was carefiilly made slightly 
bacic with 5% XaHC03. The solid wah collected on a filter, 
wached with HnO, then recrystallized from hIeOII-H,O with the 
aid of charcoal; yield 3..76 g (24'3), mp 198' on a Kofler- 
Heizbank since a melting point taken in  the usual fashion showed 
no definite nielting point diie t o  detompoyition. Pee Table I1 
for additional data and other compoiinds prepared in this way. 

6,7-Dichloro-l-naphthylmethylamine Hydrobromide (17b) 
(Method B).--A solution of 1.49 g (2.2 mmoles) of CsHjCH2OH 
in 270 ml of CsH6 was dried with moleciilai, sieves, then 2.93 g 
(11 mmoles) of 15b was added. The stirred siispension was 
satiirated with K0C1. After beiiig stirred 30 min at  ambient 
temperatiire (N? evolved), the soliition was refluxed 4.5 hr, then 
evaporated in vacuo. To the residiial criide 16b dissolved in 20 
ml of HOA4ct was added a soliitioii of 4.S g of I1Br gas in 40 ml of 
HOAc; CO, evoliitioii was complete in 15 min and the product 
begaii t o  separate. The niixtu1,e was diliited Tvith several volumes 
of Et,O, then the prodiict was collected O I I  a filter and washed 
with Et,O; yield, 2.1x g (6.5%) of als, mp 2M-284 dec, 
suitable for the next htep. For anal) >ample was recrystal- 
lized from EtOH-Et,O; see Table I1 for additional data and 
other conipoiiiids prepared by this method. 

6-(6,7-Dicldoro-l -naphthylmethylamino)uracil (3 )  (Method C). 
--.4 mixtiire of 2.10 g (6,s  nimoles) of 17b, 0.564 g (6.8 mmoles) 
of KaAc, 0. i5  g ( 5 . 2  mmoles) o 6-chl0roiiraci1,~ and 78 ml of 
HI0  was refliixed with stirring for 48 hr. The hot solution was 
filtered and the prodiict washed with H?O; yield 0.82 g (45Yc). 
Recrystallization from UlIF gave 0.22 g (12%) of product, 
mp >360"; tlc in solvent €3 showed one vpot. See Table I1 for 
additional data and other compoiiiids pi'epai,ed by this method. 
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The reaction of lla-hslotetracycliiies with liquid HF results in the replacement of 6-OH with F. When 
A 

When either 7,l  la-dichloro-6-demethyltetracycline or 7, l  la- 
In  the latter caye 

1 la-chloro-6-demethyltetracycline is treated with HF, the two possible 6-F stereoisomers were isolated. 
tentative assignment of stereochemistry is given. 
dichlorotetracycline is treated with HF, only the more stable 6a-F isomers were isolated. 
some previou-ly reported 6-methylene derivative wab also isolated. 

The lability of the 6-OH in the tetracycline molecule 
to both acid? and base degradation3 has thwarted past 
efforts at  successful replacement of this group with other 
than H.4 Recently we have found that reaction of 

(1) A preliminary report of this work was given a t  the First Sortheast  
Regional Meeting of tlie .\merican Chwnical Society, Boston, AIass., Oct 
1968. 

(2) C. R.  Stephens, L. 11. Conorer, R. Pasternack, F. A .  Hochstein, W. T. 
hIoreland, P. P. Regna. F. J. Pilgrim. K.  J .  Hrunings, and R.  €3. Woodward, 
J .  Am.  Ckem. Soc., 76, 3568 (1954); C. \T-aller. B. L. Hutchings, C. F. 
Wolf, A .  A .  Goldman, R. Broschard. and J. H. Williams, ibid., 74, 4981 
(1952). Acid treatment of tetracycline results in a ready trans elimination 
of the 6-hydroxy group t o  yield anhydrotetracycline. 

OH 6 6, OH 

1 la-chloro-6-demethyltetracycliiie (1) in liquid HF 
yielded a mixture of two 6-fluor0 stereoisomers, 2a,b 
(Chart I). Dehydrochlorination of either of these 
stereoisomers afforded the same 5a(6)-anhydro-G- 
fluoro-G-demethyltetracycline (3). An nmr of this 

(3) I3ase treatment of tetracycline yields isotetracycline. 

(4) (a) J .  R. D. RIcCormick. E. R .  Jensen, P. 4. RIiller, and A.  P. 
Doerschuk, J .  Am. Chem. Soc.,  82, 3381 (1960); (b) C. R.  Stephens e t .  al.. 
ibad., BO, 6324 (1958). 



l . R = H  
7. R = C1 

2a, R = H  2 b . R = H  
8, R = Cl 

t1 Pd-(' 1 

4 . R = H  5 . R = H  
9. R = C1 

6 , R = H  

imterial 3 hhowed orilj. the three aromatic protoii- ill 
the TI ring therehj- locating the 1; at the 6 position.; 

*\Iild catalytic reduction of the mixture of lln- 
chloro-ti-fluoro derivative* 2a,b gave the two dehchloro 
compounds 4 arid 5 which could he ,eparated by parti- 
t ion column chromtttogrnphy. Although the exact 
.tercwchemihtry of the 1: atom in 4 arid 5 has not beeii 
determined, some indirect evidence i i  available for 
their tentative assignment,. Oiie of these isomers (4) 
l o w q  HI' raqily at  room tempcrature to  give the I.rno\~-ii 

Nt CH,), 

s l i o ~ v ~  a n  aromatic splitting pattern in tlie nmr as follows: the i-proton is 
a doiil,lrt a t  433  H A ,  J;,s = 8 Hz; tile %proton is a double doublet a t  450 
IIz, .I,.s = J s , ~  = 8 H z :  tlie 9-proton is a doublet a t  410 Hz. . l a , *  = 8 Hz: 
and  tlie 6-proton is a singlet at 426 Hz .  Tlie 6-fluor0 compound 3 has tile 
following aromatic bplitting: the  i-proton is a doublet a t  440 Hz, J 7 . i  = 8 
137,: the  8-proton ir a douhle doublet a t  455 Hn, J; , s  = Js.9 Hz: the  9-pso- 
to t i  is a (ioiihlet at  411  l I z ,  J S , ~  = 8 I f z .  Tlie 6-proton is missing. 

%(Ci)-:mh! dro-(i-demetlij ltetracj clinefi (6).  'l'hi- i i i i -  

*table isomer 4 heeii tentatively iiwgiied the ($-I 
configuration (a, f i a / t s  relationihip relatl\-e to  tlic 5:i-13) 
The other more ht,ible epimer 5,  r\-hich e1iiiiin;itc- HI 
only 011 treatment with haye. I- theii :i-igiied tlic ( 2 . '  

configuratioii (01 Oa-1.) I're\-iou- nod \  I I I  tliew 
laboratorley hiis s h o \ \ i i  that thr  ii:itur:il teti:tcj c l i i i c ~ ~  

(6P-OH-3a-H) en.ilj dehydrate t o  5:i(Ci)-aiihj~lro- 
tetrael chiles but the 6-epitetracj cliiie- ((ia-OH-3a-H) 
dehydrate n-ith e.itrcmo difficult) 

A11 analogous i p a c t i o i i  I\ ith i . 1  l:i-clicliloio-Cj-cl(.- 
methyltetrncycliiie ( 7 ) ,  tollorved b! cntalj tic veductioii 
yielded only the m o r ~  -table fia-1.' derivttir e 9. Siiiii- 

larly. treatment of 7311:r-dichlorotetrnc~cliiic (10) n - i t l i  

HE' afforded primnrilj the a-1" derivative l l a  along 
with some of the (i-CH? derivative' l l b  (Chart 11) 
Catalytic reduction of  c>itl i~r of these compound, : i f -  

(6) J. S. \ \ ebb ,  H. \V, Hroscllarii, I ) .  I?. Cosul ic l~.  \\-, .J. Stein. ani1 (', I:. 

17) M. J. Martell, .I, 6 .  Ross, am1 .I. 1 1 .  I3uotlie. iLi*/., 89, 6i80 \1!467). 
(8) K. K.  Blackwood, J .  . J .  lieereboom. H. H,  Rennliarrl. 31. Sciiacli von 

\Vittenau. and  C .  R. Stephen&. i b i d . ,  85 ,  3913 (1963). Tliere aiitliors st*- 

ported a series 11f similar reartions \\it11 1 la-halotetraryclinei I j i i t  ol)taineil 
only the 6-metlislenr derivative-. 

Wolf, .I.!.4n. Chen. Sac., 79, 4563 ' 1 U l i T ) .  



January 1970 6-FLUOROTETRACYCLINES 91 

CHART I1 

10 

Ila Ilb 

H1 Pd-C -1 H, Pd-C 1 

12a 12b 

13 14 

forded the corre>ponding deschloro derivatives 12a and 
12b. 1:urther reduction of 12a yielded 13. Several 
attempt\ ,  under a variety of conditions, to catalytically 
reduce the 6-1: group were unsuccessful. 

When the lla-chlorotetracyclines 1 or 7 were treated 
with HBr in AcOH, only the corresponding 6-acetoxy 
derivative. 15 and 16 were obtained (Chart 111). In 
either case catalytic reduction removed the l l a  blocking 
group to j ield 6-acetoxy-6-demethyltetracycline (17) 
and 6-acet ox! -7-chloro-6-demethyl-tetracycline (18), 
respectively. The itereochemistry of the acetoxy 
group in 15 arid 17 way confirmed by hydrolysis of 15 
to  the htarting lla-chlorotetracycline 1. 

Experimental Section 
All iimr spectra were determined on a Varian A-60 spectrometer 

using I)lISO-& as solvent. Liquid-liquid partit.ion chromatog- 
raphy'O was carried out on neiitral (acid-washed) diatomaceous 
earth. 
1la-Chloro-6-demethyl-6-deoxy-6-fluorotetracyeline (2).-In a 

polyethyleiie flask coiitaining the lla-chloro-6-demethyltetra- 
cycliiie12 (6.5 g, 14 mmoles) there was added anhydrous H F  (80 
ml) and AIeS03H (5  ml). The soliition was st,irred in an ice bath 
for 1 hr and the H F  v a s  then evaporated under N2. The solution 
wab diluted ni th  NeOH (15 ml) and the mixture was poured 
into a flask containing anhydrous (Et)pO (600 ml) with good 
stirring. The precipitated solid was stirred for an additional 0.5 

(9) TVhere analyses are indicated only by symbols of elements, analytical 
results obtained for those elements were within 0.47, of the  theoretical value. 

(10) M. J. Weiss, R. E. Schaub, G. R. Allen, Jr., J. F. Polletto, C. Pidacks, 
R .  B. Conrom, and C .  J. Coscia. Tetrahedron,  20,  357 (1964). 

I . R = H  
7 , R  =C1 

R OCOCHj N(CHJ2 
I I  I 

15, R = H 
16,R=C1 

R OCOCH? N(CH,), 
I I  I 

17, R = H 
18. R =C1 

TanLE 1 
In Vitro ACTIVITIES COMPARED TO TETRICYCLISE~ 

Derir .  of tetracycline % act. 

Tetracycline 100 
6-Demethy1-6-deoxy-6-a-fluoro- 200 
6-Demethyl-6-deoxy-6-p-fluoro- 12 
7-Chlolo-6-deoxy-6-a-fluoro- 400 
6-Deoxy-6--oc-fluoro- 30 
7-C hloro-6-deme t hyl-6-deoxy-6-a-fluoro- 13 

66-Acetoxy-6-demethyl- 63 
a Activities were measured turbidimetrically against Staphvlo- 

coccus a w e u s  by the method of E.  Pelcak and -4. Dornbush, 
Ann. A\-. Y .  -4cad., 51, 218 (1948). 

6p-hcetoxy-7-chloro-6-demethyl- 200 

hr and isolated by filtration; yield 7 g. The crude product, was 
purified by partition column chromatography using t,he system 
C;Hls-EtOAc-?*leOH-H20 (60:40: 1.5: 6). The a isomer 2b, 
A::," 269,348 mM (log e 4.23, 3.68), was collected between the 
second and fifth hold-back volumes and the p isomer 2a, hki:," 
268, 3,50 mp (log E 4.29, 3.67), was collected between t,he sixth and 
thirteenth hold-back volumes. Both compounds eliminated HCl 
diiring mass spectrometry to give ?\I + 430. 
5a,6-Anhydro-6-demethyl-6-fluorotetracycline (3).-A solution 

of 100 mg (0.214 mmole) of 2 ( a  or p )  and 28 mg (0.134 mmole) of 
(Et)&Br in 30 ml of MeCY was prepared at room temperatiire. 
The solution was refluxed for 1 hr and then evaporated to dryness. 
The product was piirified by partition chromatography using the 
system CiH16-EtOAc-h\leOH-Hp0 (70: 30: 17:4). I t  was col- 
lected between hold-back volumes 0.43 and 1.6; A:::," HC'  268, 
420mp (log ~4.81,4.14);  l I+430.  -4nai. (CS1HlBFSlOi.3Hp0) F. 
See ref 5 for nmr. 
6-Demethyl-6-deoxy-6-fluorotetracycline (4 and 5).-A mixture 

of the a- and p-fluoro compounds (200 mg) obtained above before 
column chromatography was dissolved in 20 ml of monoglyme 
arid the solution was mixed with 100 mg of 10% Pd-C catalyst. 
The mixture was reduced for 5 min at  atmospheric pressure and 
room temperature and the catalyst x-as filtered. The filtrate 
was concentrated to about 3 ml and diluted with MeOH and the 
pH was adjusted to  4.8 with Amberlite IR-45 anion-exchange 
resin." The resin was filtered off and the filtrate was evaporated 
to dryness. The crude product was purified by partition column 

(11) .1 weakly basic, polyamine (polystyrene) anion exchange resin of 
medium porosity, purchased from JIallinckrodt Chemical Works. 




