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We have recent ly  described the synthesis of the t r icyc l ic  compound (Ia) and its conversion into the hydronaph- 

thacene hydroxy triketone (IIa), which has some of the character is t ic  functional groups of te t racycl ine  antibiotics 
[1, 2]. To obtain the closer analog of te t racycl ines  (IIb), which, l ike aureomycin ,have  a chlorine atom and ahydroxy 

group in ring D, we have now synthesized the chloro methoxy diketone (Ib). 
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(Ib) :R 1=OMe, R 2=CI (lib) :R I=OH, R ~=CI 

(Ib) was synthesized by a method similar  to that used [2] for the preparation of the simplest  analog (Ia). By 
thecondensa t ion  of c i s - 4 - c y c l o h e x e n e - i , 2 - d i c a r b o x y l i c  anhydride with 2-ch loro-4-methoxyphenylmagnes ium iodide 
or bromide we obtained the cis keto acid (III), which by the act ion of 0.5 N NaOH was isomerized into the trans 

keto acid (IVb). Unlike the keto acid (IVa), which is readi ly reduced to (Via) by a modif ied Clemmensen method 

[2], the chloro methoxy keto acid (IVb) is reduced with considerable diff icul ty because of the presence of a chlorine 

atom in the ortho position re la t ive  to the keto group. When the keto acid (IVb) was heated with amalgamated  zinc 
in an acid medium for a long t ime,  a complex mixture of compounds was formed, from which we could isolate the 

desired acid (VIb) in a yield of only about 5@o. From the neutral fraction, containing the bulk of the product, we 
isoIated the d i lac tone  (V). Judging from the chromatographic and spectral  characterist ics o f themix tu re  of substances 

obtained,  other reduction products were probably the 6 - l a c t o n e  (VIII) Iv (CO) about 1740 cm -t] and the y - lac tone  

(VIIb) [u(CO) 1780 c m ' l ] .  (See the structure at the top of the next page.)  

In view of the low yield of the acid (VIb) in the direct  Ctemmensen reduction of the keto acid (IVb) we 
a t tempted to conduct this process in stages : (IVb) --> (VIIb) ~ (VIb). By the act ion of excess of NaBH 4 on the keto 
acid (IVb) in aqueous a lka l i  at 65 ~ we obtained a high yield of (VIIb),t" but the subsequent r-eduction of this with Zn 
+ HC1 went unsatisfactorily,  and when sodium in liquid ammonia  was used as reducing agent the lactone (VIIa) and 
the acid (XI) were formed, from which it follows that under these conditions the hydrogenolysis of the lac tonized 

hydroxyl precedes the dechlor inat ion of the aromatic  ring. 

* For preceding communica t ion  see [1]. 
1" It must be mentioned that this lactone is very readi ly hydrolyzed,  for example  in crys ta l l iza t ion from aqueous 

alcohol.  
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The further synthesis of the tricyclic diketone (Ib) was readily effected in accordance with the scheme devel-  

oped earlier [2]. By the bromination of the unsaturated acid (VIb) we obtai ned the dibromo acid (IX),* which by 

treatment  with hot alkali  was converted in the high yield into the ~/-keto acid (XIII); the position of the ketonic 

carbonyl in the last compound was determined from the size of the lactone ring in the intermediate y - lactone (XII) 

[v(CO) 1787 cm-1], which we succeeded in isolating when the dehydrobromination of the dibromo acid (IX) was 

effected not with caustic alkali,  but with sodium carbonate solution at 50 ~ Finally, the cycl izat ion of the keto acid 
(XIII) with anhydrous HF at 20 ~ led in good yield to the hydroanthracene diketone (Ib). 

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

4-Chloro-2-nitroanisole.  A diazo solution, prepared from 101 g of 2-ni t ro-p-anis id ine  in 400 ml of 20%HCI 

and 42 g of NaNO z in 120 ml of water, was added to a stirred solution of CuC1 (freshly prepared from 188 g of 

CuSO4.SH20) in 270 ml of 28~ HC1 at 0 ~ The mixture was stirred for 2 h at 2-5 ~ and was then heated gradually 
and steam-dist i l led.  We obtained 91 g (81%) of 4-chloro-3-ni troanisole,  m. p. 42 ~ (from 60~ alcohot) (eL [3]). 

8-Bromo- and 3-Iodo-4-chloroanisoles. a) 98 g of 4-chloro-3-ni troanisole was added to a solution of 340 g 

of SnC1 z.2HzO in 450 ml of concentrated HBr. The suspension was heated until an exothermic reaction set in (about 
50~ and during the reaction the temperature was kept in the range 90-95~ the mixture was then cooled to 8 ~ The 
precipitate of 8-chloro-m-anis id ine  hydrobromide was filtered off, washed with alcohol, dissolved in 6013 ml of 
concentrated HBr, and diazotized in the usual way with 32 g of NaNO z in 100 ml of water. The resulting diazo 
soiution was poured with stirring into a solution of CuBr (freshly prepared from 143 g of CuSO 4. 8HzO and 68 g of 

NaBr) in 300 ml of concentrated HBr at 78 ~ The mixture was stirred for 1 h at 75 ~ and then steam-dist i l led;  the 

The acid chloride of this acid is cyclized smoothly under the action of SnC14 at 0 ~ into the ketone (X). 
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dis t i l la te  was extracted with ether, and the extract  was washed with 10%o sulfuric acid and then water, dried with 

MgSO 4, and dist i l led.  The yield of 3 -bromo-4-ch loroaniso le  was 65 g (87%); b. p. 91-98 ~ (2 ram); n~ 1.5853(cf. [8]). 

b) A diazo solution prepared as in the preceding exper iment  was poured into a solution of 88 g of KI in 100 ml 
of water at 0 ~ The mixture was left  for 12 h at 20 ~ heated to 60 ~ cooled,  and then extracted with chloroform. The 
extract  was wasbed with 40% NaHSO 3 solution and then water, made  a lkal ine  with 20% NaOH, and s team-dis t i l led .  
We obtained 6S g (46%) of 4 -ch loro-3- iodoaniso le ;  b. p. 87-89 ~ (1.5 ram); n~ 1.6261; d[ ~ 1.8961. Found: C 31.66; 
H 2.30; Hal 60.26%. CTH6CIIO. Calcu la ted :  C 31.a l ;  H 2.29; Hal 60.46%. 

c i s - 6 - ( 2 - C h l o r o - 8 - m e t h o x y b e n z o y l ) - 3 - c y c l o h e x e n e - l - c a r b o x y t i c  Acid (III). a) A solution of 125 g of 4-  
ch loro-3- iodoaniso le  in 800 ml of dry ether was added in the course of 3.5 h to 11.25 g of magnesium in 30 ml of 
dry ether. The mixture was then heated for 30 min, after which it was added gradual ly  to a stirred solution of 64 g 

of c i s - 4 - c y c l o h e x e n e - l , 2 - d i c a r b o x y l i c  anhydride in one l i ter  of dry benzene. After 1 h the react ion mixture was 

decomposed at 0 ~ with 250 ml of 20% HC1 and extracted with saturated NaHCO 3 solution; the bicarbonate  extract  
was clar i f ied by prolonged shaking with charcoal  and then acidif ied to Congo Red with 20% HC1. The substance 
which separated was crys ta l l ized from 50% methanol .  The yield of the keto acid (III) was 56 g (45%); m. p. t 16 -  

117~ Xmax* 214, 291 mg (log 6 4.23, 3.26); Vmax 1893, 1682, 1698, 3040 cm -I, Found: C 60.?9; H 5.09; C1 
12.33%, C15HlsC104, Calcu la ted :  C 61.11; H 5.14; C1 12.03%. 

b) A solution of 7.3 g dibromoethane in 40 ml of dry ether was added in the course of 4 h to a suspension of 

1.g8 g of magnesium in a boil ing solution of 4.1 g of 3 -bromo-4-ch loroan iso le  in 20 ml of dry ether. The mixture 
was heated untiI solution occurred and then added gradual ly  to a stirred solution of 2. 6 g of c i s - 4 - c y c l o h e x e n e - l , 2 -  
d icarboxyl ic  anhydride in 40 ml of benzene at 20 ~ After 1 h the react ion mixture was decomposed with 35 ml  of 
20% HC1 at 0 ~ and then treated as in Expt. (a). The yield of the keto acid (III) was 1.7 g (34%). 

t r an s -6 - (2 -C t l l o ro -8 -me thoxybenzoy t ) -3 - c yc lohe xe ne - l - c a rboxy l i c  Acid (IVb). 8 g of the cis keto acid (III) 
was dissolved in 70 ml of 0.5 N NaOH, and the solution was heated for 2 h at 100 ~ cooled,  and acidif ied with 20% 
HCh The yield of the trans keto acid (IVb) was 4 g (80%); m. p. 137-139 ~ (from 50% methanol) ;  Xma x 216, 300 
mg (log ~ 4.21, 8.21); Uma x 1608, 1691, 1704, 3040 cm -1. Found: C 60.98; H 8.28; C1 12.88%. C15H15C104. 
Calculated : C 61.11; H 8.14; C1 12.08%. 

Reaction of the Keto Acid (IVb). a) A mixture  of 20.68 g of the keto acid (IVb), t80 g of amalgamated  zinc,  
10 ml  of ace t ic  acid,  80 ml  of toluene,  and 80 ml  of 20%HCL-was boiled for 8 h with the addit ion of 18 ml  of con-  
centrated HCl after every 8 h. The mixture was cooled,  the toluene layer  was separated,  and the aqueous solution 
was extracted with ether. The combined extract  was evaporated,  the residue was dissolved in 80 ml  of 10% NaOH, 
and 15 ml  of d imethyl  sulfate was added. The mixture  was shaken for 18 rain at 80 ~ boi led for 1 h, cooled,  f i l tered,  

and acidif ied to Congo Red with 20% HC1. The oil  that separated was extracted with ether,  the extract  was washed 
with 8% NaHCO 3 solution, and by ac id i f ica t ion  of the bicarbonate  solution we isolated 1.7 g of t rans -6- (2-ch loro-  
8 - m e t h o x y b e n z y l ) - B - c y c l o h e x e n e - l - c a r b o x y l i c  acid (VIb); m. p. 119-121 ~ (from 80% methanol) ;  k m a  x 204, 278, 

280 mg (log a 4.89, 8.89, 8.06); Vma x 1711, 8030 cm -1. Found: C 68.99; H 6.17%. ClsH17C10 s. Calcula ted:  C 
64.16; H 6.11%. By the evaporat ion of the ether extract  and by rubbing out the neutral fraction (16.8 g) with ether 

we isolated 1.7 g of 8,8'-bi[8-(2-chloro-8-methoxyphenyl)-trans-aa,4,7,Ta-tetrahydrophthalide] (V); m. p. 182- 

188 ~ (from ethyl  ace ta te) ;  Xmax 205, 280, 284 mg (log ~ 4.78, 4.34, 3.64); Vma x 1780 cm -~. Found : C 64.68; H 
5.47; C1 12.82%; moh wt. 584.]" C80H~CI~O 6. Calcu la ted :  C 64.87; H 8.08; C1 12.77%; moi.  wt. 888. Chromato-  
graphy of the residue on 280 g of ac idic  a lumina (ac t iv i ty  III; elut ion with a 2:1 mixture of chloroform and heptane) 
gave 14.2 g of an oily substance having v(CO) = about 1740 (s), 1780 (w) cm -~, evident ly  the 6-1actone (VIII) con-  
tamina ted  with the y - lac tone  (VIIb). 

b) 8 g of the keto  acid (IVb) was reduced as a solution in 40 ml of 0.5 N NaOH with g g of NaBH 4 over a 
period of 1 h at 60-65 ~ The mixture was decomposed with ace t ic  acid. After extract ion with ethyl  ace ta te ,d i s -  
t i l la t ion  gave 8 g (63~ of t r ans -6 - (2 -ch io ro -c~ -hydroxy-8 -me thoxybenzy l ) -3 -cyc lohexene - l - ca rboxy l i c  acid ], - 
lac tone (VIIb); b. p. 180-184 (0.5 ram); m. p. 126-123 ~ (from a 1:9 mixture of heptane and toluene);  )<max 207, 
280, 288 m~ (log ~ 4.a7, 8.99, 8.26); Urea x 1780 cm -I. Found: C 64.48; H 8.44; C1 12.64%. CIsH15C103. Calcu-  
l a t ed :  C 64.68; H 8.42; C1 12.72% 

* All u l t raviole t  spectra were de termined in 98% alcohol;  infrared spectra were determined in minera l  off. 
t The molecu la r  weight was determined in acetone by the isothermal d is t i l la t ion  method. 
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Reduction of the Lactone (VlIb). a) A mixture of 1.53 g of the lactone (VIIb), t0 g of zinc turnings ( a m a l -  

gamated  with 0.36 g of HgBr z in 2.5 ml  of concentrated HC1 and 5 ml of water), 5 ml  of toluene,  1 ml of acet ic  

acid,  and 5 ml  of 20% HC1 was boiled for 8 h and then treated as described in Expt, (a) on the reduction of the keto 

acid (IVb). We obtained 40 mg (2.65) of the acid (VIb) and isolated simultaneously 1.44 g (93.5%) of unchanged 

lac tone (VIIb). 

b) 3.9 g of sodium was added in the course of 40 rain to a solution of 15.3 g of the lac tone (VIIb) in 1800 ml 

of liquid ammonia  at its boiling point, and after 2 h the mixture was decomposed with !0 g of NH4Ch After s imilar  

t rea tment  we obtained 14 g of the lactone (VIIa), m. p. 78-80 ~ (from 59% alcohol);  )`max 206, 275, 281 m~ (tog s 
4.08, 3.35, 3.32); max 1770 e ra - ' .  Found: H 6.72%. CIsHI603. Calcu la ted :  C 73.75; H 6.60%. By ac id i f ica t ion  of 

the bicarbonate  extract  we obtained 0.5 g of the acid (XI), m. p. 117-118 ~ (from 50% methanol) ;  ) 'max  208, 280, 
286 m/~ (log s 4.32, 3.50, 3.45); Urea x 1699, 3040 cm -I. Found:equiv .  240~ CIsHlsO 3. Ca lcu l a t ed : equ iv .  246. 

4c~ ,5~-Dibromo-2~- (2 -ch lo ro -5 -methoxybenzy l )cyc lohexane- lc~-ca rboxy l i c  Acid (IX). A solution of 2.72 g 

of bromine in 25 ml  of methylene  chloride was added gradual ly  to 4.8 g of the acid (VIb) in 125 ml of methylene  

chloride at -60 ~ and the react ion mixture was treated in the usuaI way. The yield of the dibromo acid (IX) was 

quanti tat ive;  m. p. 144-146 ~ (from a mixture of chloroform and heptane);  k m a  x 282, 289 m~ (log s 3.32; 3.28); 

umax  1709, 3020 crn -t.  Found: C 40.80; H 4.03%. CIsHITBrzC10 z. Calcu la ted :  C 40.88; H 3.89% 

2a,3B - D i b r o m o - 8 - c h l o r o - 5 - m e t h o x y - 1 0 - o x o - l , 2 , 3 , 4 , 4  aB , g a a  ,10-octahydroanthracene <X). By the act ion of 

3.5 ml of thionyl chloride at 20 ~ 7.3 g of the dibromo acid (IX) in 15 ml of dry ether was converted into its acid 
chloride and then cyc l ized  with the help of 3.75 ml of SnC14 in 4 mt of benzene (0-5 ~ 20 rain). We obtained 6 g 

(86%) of the dibromo ketone (X), m. p. 158-159 ~ (from ether); ) ,max 254, 326 m/l (log s 3.90, 3.65); Vrnax 1694 

c m - ' .  Found: C 42.66; H 3.69%. CtsHIsBr2C102. Calcula ted:  C 42.63; H 3.58% 

4c~-Bromo-2B - (2 -ch lo ro -5 -me thoxybenzy l ) -5  c~-hydroxycyclohexanecarboxylic Acid 7 -Lactone (XII). A 
solution of 1.12 g of dibromo acid (IX) in 17.5 ml of 5% sodium carbonate solution was heated for 2 h at 50 ~ and 
lef t  for 12 h at 20 ~ The precip i ta ted  crystals were washed with water; after recrys ta l l iza t ion  from a 2:1 mixture 

of chloroform and hexane we obtained 270 mg (29%) of the lac tone (XII), m. p. 156-158~ ) 'max  207, 230, 282,290 

m/l (log e 4,34, 4.00, 3.22, 3.19); Umax 1787 cm "t. Found: C 49.92; H 4.37; Hal 32.16%. CIsH~6BrC103. Calcu-  

l a t ed :  C 50.09; H 4.48; Hal 32.08%. 

2~5-(2-Chl0ro-5-methoxybenzyl ) -5-oxocyc lohexane-1  a - ca rboxy l i c  Acid (XIII). a) A solution of 120 mg of 
the bromo lac tone  (XII) in 5 ml  of 2% NaOH was boiled for 2 h and then acidif ied with 20% H2SO 4. The precipi ta ted 
oil  was extracted with chloroform. Crystal l izat ion from a 2 : 1  mixture of hexane and acetone gave 60 mg (61%) of 

the keto acid (XIII), m. p. 107-109~ k m a x  229, 282, 289 m/~ ( l o g s  4.02, 3,31, 3,26); Umax 1710 cm -I'. Found: 

C1 12.01% C15H17C104. Calcu la ted :  C1 11.95% 

b) A solution of 1.5 g of the dibromo acid (IX) in 20 ml  of 1 N KOH was boiled for 90 rain; after ac id i f ica t ion  
to Congo Red with 10% HC1 we obtained 0.91 g (90%) of the keto acid (XIII) described in the preceding experiment .  

8-Chloro-5-methoxy-3,!O-dioxo-l,2,3,4,4ag,9,9aa, lO-octahydroanthracene (Ib_)was prepared by treating 

400 mg of the keto acid (XIII) with 150 ml of anhydrous HF for 4 h at 20 ~ After chromatography on 4 g of acidic  

a lumina (act ivi ty  III, elut ion with chloroform) and crys ta l l iza t ion from toluene the yield of the diketone (Ib) was 
225 mg (60%), m, p. 160~ ) 'max  223, 255, 323 mg ( l o g s  4.34, 3.86, 3.58); Urea x 1573, 1682, 1724 cm -I. Found: 

C1 12.77%. CIsHlsC10 a. Calcu la ted :  C1 12.72%. 

The authors thank L B. Senyavina for infrared spectrum measurements.  

S U M M A R Y  

8-Chloro-5-methoxy-3,10-dioxo-l,2,8,4,4a/3,9,9ac~,lO-octahydroanthracene (Ib) was synthesized; this can 
-zrve as an in termediary  in the preparat ion of the te t racyc l ic  analog (IIb) of aureomycin.  
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