
Reductive Dehalogenation of Some Halophenols J. Org. Chern., Vol. 42, No. 5, 1977 835 

reagent grade quality. Aqueous solutions containing the metal salts 
were deoxygenated by bubbling argon through 1 1. of the solution for 
1 h. The saturation was enhanced by frequent shaking. The aromatic 
compound was added and the solution was shaken to enhance the 
saturation. Then NazSzOs was added at  once and the solution was 
shaken and left to react for different times. All solutions were ho- 
mogeneous and the reactions were carried out at  room temperature. 
The solutions were extracted once with 200 ml of ether and four times 
with 100 ml of ether. The ether extracts were dried over NazS04, 
concentrated to 10 mi, and analyzed by vapor phase chromatography. 
The analytical procedure has been described in detail in previous 
 publication^.^-^ 

R e g i s t r y  No.--Toluene, 108-88-3; peroxydisulfate, 15092-81-6; 
fluorobenzene, 462-06-6; anisole, 100-66-3; nitrobenzene, 98-95-3; 
benzonitrile, 100-47-0; K4Fe(CN)G, 13943-58-3; KsFe(CN)6, 13746- 
66-2; Fe(NH4)z(SO4)2, 10045-89-3; Fe(NH4)(S04)2, 10138-04-2; 
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The reductive dehalogenation of 2,4,6-trihalophenols (la-c), n-alkylhalophenols (7a-c and 8c), and o-alkyl- 
halophenols (15a-e) were carried out with zinc powder in basic and acidic media under various conditions. 2- 
Bromo-6-chloro- (3a), 2,4-dichloro- (3b), 2-chloro- (4a), 2,6-dichlor0-3-methyl- (lob),  2-bromo-6-chloro-3-tert- 
butyl- ( ~ O C ) ,  6-bromo-3-tert-butyl- ( l lc) ,  2-chloro-3-tert-butyl- (12c), 6-bromo-2-tert-butyl- (17a), and 6-chloro- 
2-tert-butylphenol(17b) were selectively prepared by reduction with zinc powder in basic medium such as 10% so- 
dium hydroxide solution. The reductive dehalogenation of halophenols with zinc powder in acidic media such as 
10% HC1 aqueous-Et0H and Zn-AcOH was also discussed in this paper. 

It has been previously reported t h a t  tert-butyl,2-5 chlo- 
r0,6-~ and bromo groups6s could serve as positional protective 
groups for the preparation of some phenolic compounds. In  
t h e  previous paper, '  2-bromo- a n d  2,4-dibromophenol were 
prepared in good yields by  t h e  selective reductive debromi- 
nation of 2,4,6-tribromophenol with zinc powder in 10% so- 
dium hydroxide and 1.0% hydrochloric acid-ethanol solution, 
respectively. 

This  paper presents additional applications of the  selective 

reductive dehalogenation of halophenols with zinc powder in 
basic or acidic media. 

Results and Discussion 
T h e  reductive dehalogenations of 2,4-dibromo-6-chloro- 

(la),  4-bromo-2,6-dichloro- ( lb) ,  a n d  2,4,6-trichlorophenol 
( IC)  were carried out  under various conditions as summarized 
in Table  I. Possible reductions products a re  2,3,4,5, and 6. 

Unlike 2,4,6-tribromophenol,9 the treatment of la  with zinc 

Scheme I 
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Table I. Reductive Dehalogenation of Halophenols with Zinc Powder in Basic and Acidic Media 

Product (%) - Run Substrate Methoda Temp, "C Time, h 

1 l a  A Reflux 2 la (100) 
2 la B Reflux 2 la (100) 
3 l a  C 20 2 3a (85) 
4 la C 100 0.5 4b (86) 
5 l b  C 100 1 3b (76) 
6 IC C 100 2 IC (100) 
7 IC D 20 2 6 (100) 
8 6  7a C 100 2 8a (0.5), 9a (0.51, 10a (51, l la (411, 12a (37),14a (16) 
9 b  7a C 20 2 7a (9),8a (9),9a (101, 10a (63), l l a  (4), 12a ( 5 )  

10 7b C 100 1 10b (84) 
11 7c C 100 5 12c (96) 
12 7c C 20 0.5 1Oc (84) 
13 7c A Reflux 1 1oc (91) 
14 8c C 20 1 l l c  (83) 
15 15a C 20 0.5 17a (87) 
16 15b C 20 0.5 17b (83) 
17 15c C 100 0.5 17a (67), 18 (33) 
18 15d C 100 1 17b (82) 
19 15e C 100 2 15e (100) 

a A, Zn-lO% HC1 aqneous-EtOH; B, Zn-AcOH; C, Zn-10% NaOH aqueous; D, Ni-AI-10% NaOH aqueous. The distribution of 
products was shown. 

powder in acidic media afforded no reduction product; la was 
quantitatively recovered. In contrast 10% NaOH solution 
selectively gave only 2-bromo-6-chlorophenol (3a) a t  20 "C, 
and 2-chlorophenol (4b) a t  80 "C. 

Similarly 2,6-dichlorophenol (3b) was obtained in good 
yield from the reduction of l b  in zinc-10% NaOH solution. 
However, the same treatment of IC gave no reduction although 
treatment with Raney Ni-A1 alloy in 10% NaOH solution even 
a t  20 "C gave phenol (6) in quantitative yield. 

Thus the p-bromo group of la was more easily debromi- 
nated than o-bromo while a chloro group was not removed 
with zinc powder in 10% NaOH solution. 

This synthetic route to 3a, 3b, and 4b is useful as 3a and 3b 
cannot be prepared by the directive halogenation of 6, and the 
separation of pure 4b from the mixture of chlorination of 6 is 
not easy. The indirect method for the preparation of 3a, 3b, 
and 4b was previously reported.2 

The compounds 4a and 4b were prepared by the AlC13- 
CH3N02 catalyzed transalkylation of 4-tert-butyl-2-halo- 
phenol, and 3a and 3b were also obtained by AlC13-CH3N02 
catalyzed transalkylation of the corresponding 4-tert -butyl- 
2,6-dihalophenols. 

However, the present method seem to be more handy than 
the previous work, since the starting compound in one-step 
preparation of 3a and 4b is same, that is, la. 

The reductive dehalogenations of the following m-alkyl- 
phenols, 2,4,6-tribromo-3-methyl- (7a), 4-bromo-2,6-di- 
chloro-3-methyl- (7b), 4,6-dibromo-2-chloro-3-tert-butyl- 
(7c), and 4,6-dibromo-3-tert-butylphenol(8c), were carried 
out with zinc powder in basic and acidic media, and the results 
are summarized in Table I. Seven possible products are 8,9, 
10, 11, 12, 13, and 14 (Scheme 11). 

Although the reaction of 7a a t  80 and 20 "C reaction tem- 
perature afforded many products as shown in runs 8 and 9, the 
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main products a t  80 "C are l la  and 12a; that  at 20 "C is loa. 
Thus some selectivity in the reduction of 7a was observed. 

In contrast to the mixture from 7a, 7b afforded a high yield 
of 2,6-dichloro-m-cresol (lob) by the selective reduction of 
the p-bromo group. Highly selective reductive debromination 
was observed for 7c and 8c also as shown in runs 11,12, and 
14. That is, the desired product, 6-bromo-2-chloro-3-tert- 
butylphenol ( ~ O C ) ,  was obtained in good yield from the re- 
duction of 7c a t  20 "C in basic media, and 2-chloro-3-tert- 
butylphenol(12c) was obtained in good yield at  80 "C reaction 
temperature. Also 6-bromo-3-tert-butylphenol (1 IC) was 
selectively formed in the reduction of 8c. 

Reductive debromination of 7c in acidic medium resulted 
in loss of the p-bromo group to form 1Oc rather than loss of 
o-bromo group to form 9c which would be analogous to loss 
of o-bromo group by 2,4,6-tribromophenol in acidic 

The structures of lob, lOc, llc, and 12c were confirmed by 
their spectral data as well as elemental analyses. This selective 
reduction was applicable to lob, lOc, llc, and 12c as well as 
3a, 3b, and 4b, but not applicable to the reductive dehaloge- 
nation of 7a owing to formation of a mixture. 

Next examined was the possibility that the desired 2-tert - 
butylhalophenols could be prepared by the reductive dehal- 
ogenation of the corresponding 2-tert -butyldihalophenols 
(15). Reductions of 6-bromo-4-iodo- (15a), 6-chloro-4-iodo- 

Scheme 111 
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(15b), 4,6-dibromo- (15c), 4-bromo-6-chloro- (15d), and 
4,6-dichloro-2-tert-butylphenol (15e) were carried out with 
zinc powder in 10% NaOH solution as summarized in Table 
I. 

The expected products, 6-bromo- (17a) and 6-chloro-2- 
tert-butylphenol(17b), were obtained in good yields from 15a 
and 15b a t  20 "C. However, the reduction of 15c at  20 "C af- 
forded 4-bromo-2-tert-butylphenol (16b) and 17a with large 
amount of the recovered 15c, while a t  100 "C 17a and 2-tert- 
butylphenol (18) were obtained. Also 17b was selectively 
prepared in good yield by the reduction of 15a at  100 "C. In 
the case of 15e, no reduction product was obtained and 
starting compound 15e was recovered in quantitative yield. 

The structures of 17a and 17b were confirmed by their 
spectral data as well as elemental analyses. The bromination 
of 17a and 17b with molecular bromine in MeOH afforded 15c 
and 15d, which were also prepared by the bromination of 18 
and 17b, respectively. These results support the structure 
assigned to 17a and 17b. 

Results indicate that the iodo group is more easily removed 
than the bromo group and that the chloro group is never re- 
moved under these conditions. Thus bromine and iodine can 
serve as positional protective groups for the preparations of 
chlorophenols, as they can be removed with zinc powder in 
10% NaOH solution. I t  is also interesting that zinc powder in 
basic medium removes the p-bromo group more easily than 
the o-bromo group to afford o-bromophenols. 

An unidentified dark-violet compoundlo was precipitated 
in good yield when a solution of 15a, 15b, and 15c in 10% 
NaOH was kept a t  room temperature for a few minutes. 
Therefore, it should be noted that 15a, 15b, 15c, and 15d must 
be added to the suspension of zinc powder in 10% NaOH so- 
lution. 

Experimental Section 
All melting and boiling points are uncorrected. IR spectra were 

measured as KBr pellets on a Nippon Bunko IR-A spectrophotometer 
and NMR spectra were determined a t  60 MHz with a Hitachi R-20 
NMR spectrometer with MedSi as an internal reference. 

Analytical Procedure. The analyses were carried out by gas 
chromatography using a Yanagimoto gas chromatograph, Yanaco 
YR-101: column, 30% high vacuum silicon grease, 75 cm; increase rate 
of column temperature, 12 "C/min, carrier gas hydrogen, 30 ml/ 
min. 

From the areas of individual peaks, mol % figures were calculated 
for each product after the relative response data had been determined 
by the internal standard method. Nitrobenzene was used as an in- 
ternal standard substance. 

Reduction of 2,4-Dibromo-6-chlorophenol (la). A. Using 
Zn-10% HCI-EtOH. To a mixture of 0.5 g (1.85 mmol) of la," 0.5 
g of zinc powder, and 15 ml of ethanol was added 2.5 ml of 10% hy- 
drochloric acid. After the reaction mixture was refluxed for 1 h, un- 
changed zinc powder was removed by filtration. The filtrate was 
evaporated in vacuo leaving 0.5 g (100%) of la. 

B. Using Zn-AcOH. To a solution of 0.5 g of la in 15 ml of acetic 
acid was added 0.5 g of zinc powder. After the reaction mixture was 
refluxed for 1 h, the unchanged zinc powder was removed by filtration. 
The filtrate was poured into a large amount of water and extracted 
with benzene. The benzene extract was washed with water, dried over 
sodium sulfate, and evaporated in vacuo to afford 0.5 g (100%) of 
la. 

C. In Zn-10% NaOH at 20 "C. To a solution of 2.0 g (7.4 mmol) 
of la in 20 ml of 10% sodium hydroxide was added 4 g of zinc powder 
a t  20 "C. After the reaction mixture was stirred a t  20 "C for 2 h, the 
unchanged zinc powder was filtered off. The filtrate was acidified with 
10% hydrochloric acid and extracted with benzene. The benzene ex- 
tracted was dried over sodium sulfate and evaporated in vacuo, leaving 
1.2 g (85%) of 3a which has been prepared as previously reported.' 

D. In Zn-10% NaOH at 100 "C. To a solution of 2 g of la in 20 ml 
of 10% sodium hydroxide was added 4 g of zinc powder. The reaction 
mixture was heated at 100 "C under stirring for 30 min, then treated 
and worked up as described above to afford 0.71 g (86%) of 4b. 

Reduction of 4-Bromo-2,6-dichlorophenol (1 b). To a solution 
of 2.0 g (8.27 mmol) of lb" in 20 ml of 10% sodium hydroxide was 
added 4 g of zinc powder. The reaction mixture was stirred at 100 "C 
for 1 h, then treated and worked up as described above, affording 1.03 
g (76%) of 3b which was prepared as previously reported.2,x,1,' 

Reduction of 2,4,6-Trichlorophenol (IC). A. I n  Zn-10% NaOH. 
After a mixture of 2 g (10.13 mmol) of IC, 4 g of zinc powder, and 20 
ml of 10% sodium hydroxide was heated at 100 "C for 2 h, the reaction 
mixture was treated and worked up as described above, affording 2 
g of IC. 

B. In  Raney Alloy-10% NaOH. To a solution of 0.1 g (0.51 mmol) 
of IC in 3 ml of 10% sodium hydroxide was added 0.2 g of Raney Ni-A1 
alloy at 20 "C under stirring and the stirring was continued for 2 h. 
The reaction mixture was treated and worked up as described above, 
affording 6 in quantitative yield. 

Reduction of 2,4,6-Tribromo-m-cresol (7a). To a solution of 2 
g (5.8 mmol) of 7aI4 in 20 ml of 10% sodium hydroxide was added 4 
g of zinc powder. The reaction mixture was stirred a t  20 and 100 "C 
for 2 h, respectively, and then both reaction mixture were treated and 
worked up, affording 1.37 and 0.75 g of oily products which were an- 
alyzed by gas chromatography. The results are shown in Table I. The 
structure of these products were determined by comparison with 
authentic samples. The authentic samples of 8a,'" 9a,? lla,I6 and 
12ali were prepared according to the reported method. 

Reduction of 4-Bromo-2,6-dichloro-m-cresol(7b). To a solu- 
tion of 2 g (7.24 mmol) of 7b12 in 20 ml of 10% sodium hydroxide was 
added 4 g of zinc powder. The reaction mixture was stirred at 100 "C 
for 1 h, and then worked up as described above, affording 1.2 g (84%) 
of 10b which was identified with an authentic sample,H mp 26-28 
"C. 

Reduction of 4,6-Dibromo-2-chloro-3- tert-butylphenol (7c).18 
A. At  100 "C. To a solution of 2 g (5.84 mmol) of 7c in 20 ml of 10% 
sodium hydroxide was added 4 g of zinc powder. The reaction mixture 
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was stirred at  100 "C for 5 h, and then treated and worked up as de- 
scribed above, affording 0.75 g (70%) of 12c as a colorless oil: bp 233 
"C (760 mm); IR (NaCI plate) 3540 cm-I ( V O H ) ;  NMR (CC4) 6 1.45 
[9 H, s, (CH3)3], 5.75 (1 H, broad s, OH), 6.7-7.00 (3 H, m, aromatic 
protons). Anal. Calcd for CioH130CI: C, 65.04; H, 7.09. Found: C, 
64.66; H, 6.35. 

B. At 20 "C. 7'0 a solution of 1 g (2.92 mmol) of 7c in 15 ml of 10% 
sodium hydroxide was added 2 g of zinc powder. The reaction mixture 
was stirred at  20 "C for 30 min and then treated and worked up as 
described above, affording 0.65 g (84%) of 10c as colorless prisms 
(n-hexane): IR (KBr) 3420 cm-' (YOH); NMR (CC14) 6 1.45 [9 H, s, 
CH:&], 5.95 (1 H, broad s, OH), 6.78 and 7.26 (each 1 H, s, J = 8.25 
Hz, aromatic protons). Anal. Calcd for CloH120CIBr: C, 45.57; H, 4.59. 
Found: C, 45.32; H,  4.76. 
C In Acidic Medium. A mixture of 2 g of 7c,60 ml of ethanol, 10 

ml of 10% hydrochloric acid, and 2 g of zinc powder was refluxed and 
then treated and worked up as described above, affording 1.4 g (91%) 
of 1oc. 

Reduction of 4,6-Dibromo-3- tert-butylphenol (8c). To a sus- 
pension of 3 g (9 74 mmol) of 8c" in 30 ml of 10% sodium hydroxide 
was added 6 g of zinc powder. After the reaction mixture was stirred 
at  20 "C for 2 h, it was treated and worked up as described, affording 
1.85 g (83%) of 1 lc." 

2- tert-Butyl-I-iodophenol(16a). To a solution of 45 g (300 mmol) 
of 15a was added 50 g (308 mmol) of IC1 in 40 ml of acetic acid at  25 
"C under stirring, and the reaction mixture was stirred for 3 h, longer, 
then it was poured into a large amount of water and extracted with 
benzene. The benzene extract was washed with aqueous Na&O:r 
solution, dried ol'er NaZSOj, and evaporated in vacuo to leave 60 g of 
crude 1 which was purified by distillation under reduced pressure to 
afford 50 g (60.4%)) of 16a: bp 1 6 1 0 8  "C (3 mm); IR (KBr) 3560 cm-' 

= 8.25 Hz), 7.24 'dd, J,, = 8.25, J,h = 3.0 Hz), and 7.24 (s, = 3.0 
Hz, each 1, aromatic protons). Anal. Calcd for C1OH13OI: C, 43.50; H, 
4.75. Found: C, 43.17; H, 4.64. 

2-Chloro-4-iodo-6- tert-butylphenol(15b). To a solution of 5.53 
g (20 mmol) of 16a in 15 ml of CH3NOz was gradually added 5 g (37 
mmol) of SOZC1: at  20 "C. After the reaction mixture was kept a t  20 
"C for 10 min, ii was poured into a large amount of water and ex- 
tracted with benzene. The benzene extract was dried over NazS04 and 
evaporated in vacuo to leave pale yellow, resinous material which was 
treated with a sniall amount of MeOH-Hz0 to afford 3.80 g (61.2%) 
of 15b, mp 45.5-47.0 "C, colorless prisms recrystallized from a mixed 
solvent, MeOH-H20 (1: 11: IR (KBr) 3540,3500 cm-' ( U O H ) ;  'H NMR 
(CDCla) 6 1.37 [s, 9, (CH:&], 5.85 (s, 1, OH), 7.42 and 7.51 (d, J a b  = 
2.25 Hz, each 1, aromatic: protons). Anal. Calcd for CloH120ClI: C, 
38.67; H, 3.90. Found: C. 38.98; H, 3.80. 

2-Bromo-4-iodo-6- tert-butylphenol (15a). To a solution of 14 
g (51 mmol) of 16a in .io ml of MeOH was added gradually 9 g (56 
mmol) of Br? at  5-10 "C'. After the reaction mixture was kept a t  25 
"C for 30 min, it was poured into a large amount of water to give 17 
g (94.4%) of 15a, mp 67-57.5 "C, as colorless needles recrystallized 
from MeOH-H20: IR (KBr) 3520,3500 cm-' (VOH) ;  'H NMR (CC14) 
6 1.38 [s, 9, C(CH:j)3], 5.73 (s, 1, OH), 7.39 and 7.59 (d, J , h  = 2.25 Hz, 
each 1, aromatic protons:!. Anal. Calcd for CloH120BrI: C, 33.83; H, 
3.41. Found: C. 34.06; H, 3.36. 
2-Chloro-6-tert-butylphenol (17b). To a suspension of 5 g of zinc 

powder in 30 ml of 10% NaOH was added 3.1 g (10 mmol) of 15b at  28 
"C in the period of 15 min under stirring, and the stirring was con- 
tinued for 15 miri longer. After the reaction mixture was warmed at  
90 "C for 1 min, ;he unchanged Zn was filtered off. The filtrate was 
extracted with benzene. The benzene extract was dried over NazS04 
and evaporated i n  vacuo, leaving 1.52 g (82.5%) of 17b, bp 72-73 "C 
(3 mm), as a pale yellow liquid: IR (KBr) 3560 cm-' (VOH) ;  'H NMR 
(CC14) 6 1.38 (s, $1; t-CHJ, 5.76 (s, 1, OH), 6.55-7.20 (m, 3, aromatic 
protons). Anal. Calcd for CloHI2OCl: C, 65.04; H, 7.10. Found: C, 
64.83; H, 7.06. 
2-Bromo-6-tert-butylphenol (17a). To a suspension of 15 g of 

zinc powder in 100 ml of 10% NaOH was added 10 g (28 mmol) of 15a 
and the reaction mixture was treated and worked up as described 
above, affording 5.58 g (86.5%) of 17a, bp 80-81 "C (3 mm), as a pale 
yellow liquid: IR (KBr) 3530 cm-1 ( U O H ) ;  'H NMR (CC13) 6 1.38 (s, 
9, t-CH:j), 5.72 (s, 1, OH), and 6.64-7.26 (m, 3, aromatic protons). Anal. 
Calcd for CloH1:iOBr: C, 52.42; H, 5.72. Found: C, 51.90; H, 5.62. 
2,4-Dibromo-6-tert-butylphenol(15c). A. Bromination of 18. 

To a solution of 25 g (16E8.4 mmol) of 18 in 50 ml of MeOH was added 

( U O H ) ;  'H NMR (CC14) 6 1.36 (s, 9, t-CH3), 4.60 (s, 1, OH), 6.30 (d, J,, 

55 g (343.8 mmol) of Brz at  room temperature. The reaction mixture 
was stirred for 10 min and evaporated in vacuo, affording 51.2 g 
(99.9%) of 15c, mp 57-58 "C, as colorless prisms (MeOH-H20). 

B. Bromination of 17a. To a solution of 100 mg (0.44 mmol) of 17a 
in 2 ml of MeOH was added 0.2 g (1.35 mmol) of Brz, and the reaction 
mixture was treated and worked up as described above, affording 130 
mg (96.7%) of 15c, mp 57-58 "C. 

Reduction of 4,6-Dibromo-2- tert-butylphenol (15c). To a 
suspension of 10 g of zinc powder in 50 ml of 10% sodium hydroxide 
was added 0.16 g (20 ml) of 15c.19 After the reaction mixture was 
stirred at  100 "C for 30 min, it was treated and worked up as described 
above, affording 3.0 g of oily material which was analyzed by gas 
chromatography, and the result is shown in Table I. 
4-Bromo-6-chloro-2-tert-butylphenol (15d). To a solution of 

11.5 g (50 mmol) of 2-tert-butylpheno1z0 in 50 ml of nitromethane was 
.added 10 g (75 mmol) of sulfuryl chloride at  25 "C. After the reaction 
mixture was stirred for 30 min, it was poured into a large amount of 
ice-water and extracted with benzene. The benzene extract was dried 
over sodium sulfate and evaporated in vacuo, leaving 10 g of crude 
material which was chromatographed over silica gel using benzene 
as an eluent, affording 8.5 g (64.5%) of 15d as pale yellow product mp 
39.5-41.0 "C; IR (KBr) 3520 cm-I (VOH) ;  NMR (CC13) 6 1.39 [9 H, s, 
(CH&j], 5.75 (1 H, s, OH), 7.22 and 7.32 (each 1 H, d , J  = 2.25 Hz, 
aromatic protons). Anal. Calcd for C1OH1zOBrCl: C, 45.57; H, 4.59. 
Found: C, 45.48; H, 4.48. 

Bromination of 17b. To a solution of 0.19 g (1 mmol) of 17b was 
added gradually a solution of 0.2 g (1.25 mmol) of bromine in 2 ml of 
CClj at 20 "C. The reaction mixture was stirred for 2 h and evaporated 
in vacuo to leave 0.25 g of oily product which was chromatographed 
over silica gel using benzene as an eluent, affording 0.19 g (70%) of 
15d. 

Reduction of 4-Bromo-6-chloro-2-tert-butylphenol (15d). To 
a suspension of 2 g of zinc powder in 15 ml of 10% sodium hydroxide 
was added 1 g (3.8 mmol) of 15d. After the reaction mixture was stirred 
at  100 "C for 1 h, it was treated and worked up as described above, 
affording 0.56 g (80%) of 17b. 

Registry No.-la, 4526-56-1; lb,  3219-15-0; IC, 88-06-2; 7a, 

13481-70-4; lOc, 60935-48-0; 12c, 60935-49-1; 15a, 60803-27-2; 15b, 
60803-28-3; 15c, 15460-12-5; 15d, 60935-50-4; 15e, 13395-86-3; 16a, 
60803-25-0; 17a, 23159-87-7; 17b, 4237-37-0; 18, 88-18-6; zinc, 
7440-66-6. 
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