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An improved synthesis of 4-amino-2-sulfamylbenzoates (I) is described along with a number of substituted derivatives 
These compounds show marked anticonvulsant activity. 

The preceding paper in this series' described the 
preparation of a series of sulfamylbenzoates, some 
of which possessed marked anticonvulsant activity. 
This activity? was initially discovered in a series 
of 4-amino-2-sulfamylbenzoates, and this paper 
describes improved methods of synthesis for these 
compounds (I) and their derivatives 

Hamor and Janfasa3 synthesized I (R = CH,, 
CVH6, and i-CaH,) by a sequence that involved the 
reaction of 6-nitrosaccharin with the appropriate 
alcohol followed by reduction of the resulting 
4-nitro-2-sulfamylbenzoate. The G-nitrosaccharin 
was prepared by the permanganate oxidation of 
4-nitro-2-sulfamyltoluene. In  our hand, the yields 
of 6-nitrosaccharin obtained from this oxidation 
step were quite low. In  addition to this drawback, 
such a route restricted the variations in chemical 
structure that could be carried out. Attempts to 
improve the oxidation step by the use of manganese 
dioxide4 or ammonium persulfates as oxidizing 
agents were unsuccessful. In  both cases the start- 
ing material was recovered unchanged. In  at- 
tempts to prepare a more readily oxidized compound 
(ethyl 4-nitro-2-sulfocinnamate), ethyl p-nitro- 
cinnamate was treated with fuming sulfuric or 
chlorosulfonic acids. At low temperature no 
sulfonation occurred; a t  higher temperatures 
decomposition resulted. 

The nitration of saccharin was next considered 
as a means of eliminating the oxidation step. 
(Direct substitution reactions on saccharin have 
not been reported.) However, reaction of sac- 
charin with nitric acid gave either no reaction or 
tars depending on the severity of conditions. 

(1) B Loe? and Af Kormendy, Par t  I, J. O r g .  C h e m ,  27, 1703 
(1962). 

(2) We are indebted to  Dr 4 Kandel and co-workers for carrying 
out the pharmacological examination of these compoundq. 4 de- 
tailed presentation of their results w i l l  be published elseu here 

(3) G H Hamor and  11 Janfaza. Thesis of M. Janfaia,  1957 
School of Pharmacy U n i ~ e r s i t y  of Southern California. These and 
certain related compoi~nds u ere made a \  ailable to  us for pharmacologi- 
cal testing by Dr Hainor 

(4) I K Fel'dman el al , J Gen. Chem,  USSR, 15, 962 (1945); 
Chem Abatr 40, 6443 (1946). 

(5) C. Beck, German Patent 80 165 (1894). 

Syntheses based on the reaction sequence 
employed by Hamor were then abandoned, and an 
improved reaction sequence was developed related 
to the one previously described for the synthesis 
of unsubstituted sulfamylbenzoates. This se- 
quence is rapid, facile, and gives high over-all 
yields. It also provides a large variety of structural 
modifications from a single intermediate (11). 

The reaction sequence is outlined in Fig. 1. 
The yield in the oxidation and in the conversion 
of the resulting diacid to the dichloride (11) is 60 
to 80% in each step. The reaction of the di- 
chloride with aliphatic alcohols gives only the 
carboxylic ester, 111. (Attempts to synthesize 
aromatic esters led to anomalous results which 
will be described in Part I11 of this series.) There 
was no evidence of sulfonic ester formation, even 
when an excess of alcohol was used. Compound 
IV (R = isopropyl) was found to exist in poly- 
morphic forms, m.p. 128-130' and 153-154'. 
The three steps from the phosphorus pentachloride 
reaction through to  the isolation of IV, can be 
carried out without isolation or purification of the 
intermediates, and over-all yields in this sequence 
often approach 80%. 

Catalytic reduction of IV proceeded in high 
yield. However, in connection with other work, 
a study of the action of various chemical reducing 
agents on IV was made. Of the following reduction 
systems-stannous chloride in acetic acid, stannous 
chloride and hydrochloric acid in isopropyl alcohol, 
ferrous hydroxide in aqueous or isopropyl alcoholic 
solution, zinc and calcium chloride in ethanol, 
titanium trichloride or sodium hydrosulfite in 
ethanol, and sodium hydrosulfite in aqueous pyri- 
dine-only the hydrosulfite-pyridine procedure 
was successful (60% yield). 

The sulfamyl 2V-alkyl or aryl substituted deriva- 
tives were prepared by substituting the appropriate 
amine for ammonia in the reaction with 111. 
When 111 (R = isopropyl) was treated with 
hydrazine, the sulfamyl N-amino derivative (a 
sulfonhydrazide, Table I, compound 10) was ob- 
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TABLE I 
4-AMINO-2-STJLFAMYLBENZOlC ACID ESTERS 

No. RI Ra R: R4 
1 i-Pr H H H 
2 Cyclopentyl H H H 
3 i-Pr CH, H H 
4 i-Pr CHa CH1 H 
5 i-Pr H H CHa 
6 i-Pr Ac H H (V) 
7 i-Pr H H Ac (VI) 
8 i-Pr C6Hs H H 
9 i-Pr CeHbCHz CeHsCHZ H 

10 i-Pr N Hz H H 
a Hydrochloride, m.p. 189-192'. Lit.,' m.p. 120-121'. 

tained. This synthesis was complicated by the 
ease with which the product decomposes when 
warmed in hydroxylic solvents.6 

The N,N-dibenzylsulfamyl derivative (com- 
pound 9) was prepared in the hope that the dibenzyl 
group would serve as a removable blocking agent; 
however, neither chemical nor catalytic reduction 
techniques led to any debenzylation. 

The sulfamyl N-acyl derivative (V) was pre- 
pared by acylation of the sulfamyl group prior 
to reduction of the nitro group. When V was 
treated under Clarke-Eschweiler alkylating con- 
ditions,' the 4-(N-methyl) derivative of I mas ob- 
tained.s If acylation is carried out after reduction, 
the aromatic amino group is selectively acylated 
(VI). When VI is dissolved in base and the solu- 
tion acidified, the product is the acetamidosac- 
charin. 

The various 4-amino-2-sulfamylbenzoates which 
were prepared are listed in Table I. 

Modification of the literature procedureg pro- 
vided 5-nitro-2-sulfobenzoic anhydride (IX). At- 
tempted conversion of this intermediate to the 
5-aminosulfamylbenzoates, using the procedure 
employed for the 4-isomer (Fig. 1)) was not suc- 
cessful. All attempts to convert IX or its hydroly- 
sis product (VII) to the dichloride reported by 
StubbsJ9 resulted in quantitative recovery of the 
anhydride (Fig. 2). An alternate route was then 
investigated, in which the anhydride was treated 
with isopropyl alcohol giving a quantitative yield 
of isopropyl 5-nitro-2-sulfobenzoate (VIII) . When 
this ester was treated with phosphorus penta- 
chloride, lo thionyl chloride, or phosphorus oxy- 
chloride, the original anhydride was recovered 

(6) Recrystallization from alcohol, for example, partially converts 
it t o  a new substance that appears t o  correspond to a cyclic com- 
pound such as described in Part I of this series' (compound IIIb). 

(7) M. L. Moore, Ore. Reactions, 6, 301 (1949). 
(8) The only previous instance where Clarke-Eschweiler reaction 

conditions gave only monomethylation was with t-butylamine, A. F. 
Meimere et al., J .  Oro. Chem., 23 ,  1122 (1958). 

(9) M. B. Stubbs, A m .  Chem. J . ,  60, 193 (1913). 
(10) This procedure worked well in the des nitro series, see ref. 1. 

M.P.,  OC. 
121-122"1b 
127-128 
122-123.5 
147 
135-145 dec. 

256-257 dec. 
197-198 

162-163 
108-110 
80 dec. 

7 C a l c d . -  -Found- 
C H C H 

46.60 5 . 4 6  46.68 5.40 
50.69 5 .67  50.52 5.74 
48.51 5 . 9 2  48.22 6.02 
50.33 6 .34  50.55 6.61 
48.51 5 . 9 2  48.54 5.70 
47.99 5.37 48.26 5.67 
47.99 5 .37  48.19 5.51 
57.47 5.43 57.86 5 . 8 8  
65.73 5 . 9 8  65.64 6.12 
43.94 5.53 43.62 5 .76  
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Figure 1 

quantitatively. The 5-amino isomer has since 
been synthesized by another route." 

Structure-Activity Relationship.*-The most po- 
tent anticonvulsant compound in this series, as 
indicated by potency in preventing the effect of 
strychnine or maximal electric shock in mice, was 
compound I (R = isopropyl). The methyl and 
ethyl esters were much less potent in that  order. 

(11) G. H. Hamor, University of Southern California unpublished 
results. 
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SOsH (K) 

N 02 asO"" COO-Pr-i NOn C02H (K) 
VI1 VI11 

Figure 2 

The mono- and dimethylsulfamyl derivatives 
showed markedly increased side effects. 

Experimental1* 
Potassium ~-Carboxy-5-nitrobenzenesulfonate.-Potas- 

sium permanganate (748 g.) was added over 2 hr. to a solution 
of 327 g. (1.36 moles) sodium 2-methyl-5-nitrobenzenesulfo- 
iiate (E. I. du Pont de Nemours and Co.) in 7.4 1. of water con- 
taining 101 g. of potassium hydroxide maintained a t  90-100°. 
The manganese dioxide was filtered hot, then the filtrate 
and hot water rinses were neutralized with concd. hydro- 
chloric acid and concentrated to 3 1. The solution was then 
made strongly acidic with hydrochloric acid and chilled. The 
precipitated potassium 2-carboxy-5-nitrobenzenesulfonate 
(172.8 g. )  was filtered and used in the next step without 
further purification. 

4-Nitro-2-(chlorosulfonyl)benzoyl Chloride (II).-Potas- 
sium 2-carboxy-5-nitrobenzenesulfonate (95.1 g.) and 190 g. 
(0.91 ) mole of phosphorus pentachloride were thoroughly 
mixed and heated a t  120-130' for 2.5 hr. The phosphorus 
oxychloride was distilled under reduced pressure, and the 
yellow residue was rinsed with ice water, dissolved in ether, 
rinsed again with ice water, dried over anhydrous magnesium 
sulfate, filtered, and concentrated under reduced pressure. 
The residual oil solidified on cooling, m.p. 44', yield 80 g. 
(80%). 

This material was suitable for use in the subsequent 
reactions. It could be recrystallized only with considerable 
difficulty. A sample was recrystallized from isopropyl ether, 
m.p. 49-55" (lit.,13 m.p. 59'). 

Esters of 4-Nitro-2-sulfamylbenzoic Acid (IV).-A solu- 
tion of 34 g. (0.12 mole) of 4-nitro-2-chlorosulfonylbenzoyl 
chloride in 100 ml. of isopropyl alcohol was heated a t  50-60' 
for 45 min. The solution was concentrated under reduced 
pressure, then the residual oil (crude isopropyl 4-nitro-2- 
chlorosulfonylbenzoate) was dissolved in ether and poured 
into an ethereal solution containing excess ammonia. The 
excess ammonia and ether were blown off in a nitrogen 
stream, and the residue was stirred with water to dissolve 
the ammonium chloride, leaving the organic product in 
fairly pure form. The product was recrystallized from iso- 
propyl alcohol to give 26 g. of isopropyl 4-nitro-2-sulfamyl- 
benzoate. The first time this reaction was carried out, the 
product had a melting point of 127-128' (lit.,s m.p. 128'). 
Every time thereafter, however, the m.p. was 153'. 

Anal. Calcd. for CloHl2NdhS: C, 41.66; H, 4.20; N, 
9.72. Found: C, 41.69; H, 4.50: N, 9.87. 

Reduction of either compound gave the same amino de- 
rivative. It was concluded, therefore, that they were poly- 
morphic substances. 

By a similar procedure, the methyl ester (61% yield,14 

(12) All melting points are corrected. The analyses were performed 
by Mrs. D. Rolston and her staff of these laboratories. 

(13) J. H. Kastle, Am. Chsm. J . ,  11, 177 (1889). 
(14) Based on dichloride 11. 

m.p. 186-191', lit.,3 m.p. 193') and the cyclopentyl ester 
(84% yield,I4 m.p. 170-172') were prepared. 

Anal. Calcd. for C12H,N20.8: C, 45.85; H, 4.49. 
Found: C, 45.79; H, 4.55. 

The intermediate cyclopentyl 5-nitro-2-chlorosulfonyl- 
benzoate (111. R = cyclopentyl) was a solid, m.p. 92-94". 

When isopropyl 4nitro-2-chlorosulfonylbenzoate was 
treated with ethereal solutions of amines instead of ammonia, 
sulfamyl N-substituted derivatives resulted. The following 
were prepared (amine used, melting point of product, per 
cent yield"): CH3NH2, 142-145', 65%; (CH3)2NH, 82-84', 
61%; CBHbNH2, 104-106', 77%; (CBH,CHz),NH, 100-101', 
34%. 

4-Amino-2-sulfamylbenzoic Acid Esters (I). a. Vza 
Catalytic Reduction.-The nitro compound was dissolved in 
ethyl acetate and reduced a t  50 p.s.i.g. using 10% palladium- 
on-carbon catalyst. When the reduction was complete, the 
catalyst was filtered off, and the solvent distilled. The re- 
sidual solid was recrystallized from alcohol-hexane. The 
yield of pure product was SO-SO%. The compounds so pre- 
pared are described in Table I. 

Via Chemical Reduct ion .4ne  gram of the nitro 
compound (IV. R = isopropyl) dissolved in 4.5 ml. of pyri- 
dine was mixed with a solution of 2.7 g. of sodium hydro- 
sulfite in 8 ml. of water. The temperature spontaneously 
rose to 40" as the color of the solution changed from dark 
red to light red and then dark again. Another 2.5 ml. of 
pyridine was added and the two phase mixture was heated 
a t  reflux for 2 hr. The solution was cooled, diluted with 
water, and extracted with ether. After drying, the organic 
layer was concentrated giving 0.6 g. of an oil that solidified 
to a glass. It was recrystallized from a mixture of ethanol- 
petroleum ether, giving 0.4 g. of isopropyl 4-amino-2-sulf- 
amylbenzoate, m.p. 118-120", identical with that prepared 
by catalytic reduction. 

Isopropyl 4-Amino-2 [N-acetylsulfamyl]benzoate (V. R = 
isopropyl).-A suspension of isopropyl 4-nitro-2-sulfamyl- 
benzoate (5.9 g., 0.02 mole) in 10 ml. of acetic anhydride 
was refluxed for 30 min. On cooling the solution a solid pre- 
cipitated and was filtered, 1.5 g.; the filtrate was concen- 
trated under reduced pressure and the residue suspended in 
water to give an additional 4 g., total yield 81 %. The com- 
bined solids were recrystallized from ethyl acetate-petroleum 
ether, giving 5.1 g. (73%) of isopropyl 4-nitro-2-(N-acetyl- 
sulfamy1)benzoate (IV. R = isopropyl), m.p. 137-138'. 

A solution of 6.7 g. of isopropyl 4nitro-2- [N-acetylsulf- 
amyllbenzoate in 60 ml. of ethyl acetate %-as hydrogenated 
using 10% palladium-charcoal catalyst. The catalyst was 
filtered, and the filtrate was concentrated under reduced 
pressure t o  give an oil which crystallized on standing, m.p. 
186188' ; this was recrystallized from isopropyl alcohol- 
petroleum ether to give 2.6 g. (43%) of product, m.p. 197- 
198'. 

Anal. Calcd. for C I ~ H ~ ~ N ~ O ~ S :  C, 47.99; H, 5.37. 
Found: C, 48.26; H, 5.67. 

Isopropyl 4-Nitro-2-sulfhydrazylbenzoate.-An ethereal 
solution of hydrazine was added to an ethereal solution 
containing 0.04 mole of I11 (R  = isopropyl) until the mixture 
reached p H  8; a dark yellow oil formed which solidified on 
standing. The solid was separated by filtration, suspended in 
water and the excess of hydrazine neutralized with a few 
drops of hydrochloric acid. The resulting suspension was 
filtered giving 7.3 g.  (62%) of 4nitro-2-sulfhydrazylbenzoic 
acid, isopropyl ester, which was recrystallized from ethyl 
acetate-hexane without heating, m.p. 123-124.5' dec., 5.5 
g. (47y0 yield). 

Anal. Calcd. for C I O H ~ ~ N ~ O ~ S :  C, 39.60; H, 4.32; N, 
13.86. Found: C, 39.83; H, 4.63; N, 14.05. 

Isopropyl 4-Amin0-2-~ulfhydrazylbenzoate.-Reduction of 
4-nitro-2-sulfhydrazylbenzoic acid, isopropyl ester, 3.5 g. 
(0.0115 mole) was carried out in presence of 10% palladium- 
charcoal (0.5 g.) in tetrahydrofuran solution; the reduction 
proceeded smoothly. The suspension was filtered and the 
filtrate concentrated under reduced pressure to give an oil 

b. 
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which solidified when triturated with isopropyl ether in a 
mortar and was separated by filtration, m.p.  80" dec., 1.8 g. 
( 6075 ). 

Isopropyl 4-[S-Methylamino]-2-sulfamylbenzoate.-A 
solution of 3.6 g. (0.012 mole) of isopropyl 4-amino-2-[S- 
acetyl-sulfaniyl]-benzoate (V, R = isopropyl) in 25 ml. of 
methanol was added to 6.0 g. of (389;, formic acid, while keep- 
ing the mistnre in an ice bath: after 10-15 niin., 10 nil. of a 
372!;, solution of formaldehyde in methanol-n-ater \vas added 
and the solution was refluxed for 21 hr. The solution was 
cooled and acidified with 5 ml. of concd. hydrochloric acid 
and concentrated under reduced pressure. A solid separated 
which dissolved on ne1itr:ilization with lOC;, sodium hydroside 
to give a yellow solution. Cpon addition of concd. hydro- 
chloric acid the product separated and was filtered: i t  was 
recrystallized from isopropyl ether, 1.8 g. 

Isopropyl 4-Acetamido-2-sulfamylbenzoate (VI. R = 
isopropyl).-A niisture of 1.9 g. (0.015 mole) of 4-amino-2- 
sulfamylbenzoic acid, isopropyl ester and 0.75 g. (0.073 
mole) acetic anhydride in 10 nil. of tetrahydrofuran w a ~  left 
at room temperature for several hours. The white solid 
which separated was recrystallized from acetonitrile, m.p. 
256-257" dec. 

6-Acetamidosaccharin.-When a solution of isopropyl 4- 
acetamido-2-sulfaniylbenzoate in 107; sodium hydroxide was 
neutralized with 4 S hydrochloric acid, 6-acetamidosaccha- 
rin separated as a pink solid which was recrystallized from a 
rnisture of methanol, ethyl acetate, and hexane, m.p. 295- 
298" dec. 

Anal .  Calcd. for CsH8S?08:  C, 45.00; H, 3.36. Found: 
C, 45.08; H, 3.88, 3.67. 

4-Nitro-2-( dimethylsulfamy1)-S,S-dimethy1benzamide.- 
cxthere:tl solrition rontaining 10 g. (0.035 mole) of the di- 

acid cshloridc (11) was added t80 a solution of 7.9 g. of di- 
methylamine (0.173 mole) in 100 cc. of ether. .izn immedi- 
ate yellow precipitate and gum formed. The ethereal solu- 
tion xas  decanted, arid proved to contain only 1 g. of an oil, 
which was discarded. The insoluble solid and gum vere 
washed with water leaving a pale yellow solid, 9 g., 1n.p. 165- 
16Y0> very solitble in benzene and hot ethanol, insoluble in 
ether. It was recrystallized from ethanol to give F g. of 
yellow solid, m.p. 168-170.5". 

Anal. Calcd. for C11HI&06S: C, 43.84; H, 5.02. 
Found: C, 43.55; H, 5.05. 

5-Nitrosulfobenzoic Anhydride (IX).--a mixture of 50 g. 
(30 cc.) of fuming nitric acid and 40 g. ( 2 5  cc.) of concd. sul- 
furic acid was added to 25 g. of sulfobenzoic anhydride (East- 
man Organic Chemicals). -4fter about 60 sec. the solution 
turned red and became very hot and mas then cooled in ice 
water (30-45 sec.) and left a t  rooni temperature. After 15 
min., the solution was poured on ice, and the white solid 
product x a s  filtered, 6 g., m.p. 210-212" (lit.,g m.p. 212'). 
The anhydride was used without further purification. 

There \vas undoubtedly more product and 5-nitrosulfo- 
benzoic acid in the filtrate, but no attempt was made to iso- 
late it. A small sample of the anhydride was purified and 
analyzed. 

Anal. Calcd. for C7HSNO8: C, 36.08; H, 132. Found: 
C, 36.47; H, 1.69. 

5-Nitrosulfobenzoic Acid (VII).-il wqmision of 16 g. 
(0.07 mole) of nitrosrilfobcnzoic anhydride in 250 1n1. of 

water Tvas boiled until all the solid dissolved. The clrar 
solution was concentrated under reduced pressure to give :t 

solid corresponding to the 5-nitrosulfobenzoic acid, 111.p. 156' 
(lit., 153 a ). 15 

Attempted Synthesis of 2-Chlorosulfonyl-5-nitrobenzoic 
Acid, Isopropyl Ester.--A suspension of 7.7 g. (0.0336 mole) 
of 5-nitro-sulfobenzoic anhydride in 30 nil. of isopropyl alco- 
hol w.as heated 011 the steam bath. Heating nas  continued 
for 20 inin. after the anhydride had dissolved. The solution 
w:ts cooled :md concentrated under reduced pressure to give 
:I sirup which failed to cryst:illize. \Vhen heated Lvith 
phosphorus pentachloride (18 g., 0.0865 mole), a solid 
separated, m.p. 215-21i" (identical to starting material, 
216-219'): the filtrate was concentrated and the residue was 
diluted with ether and filtered, giving an additional quantity 
of anhydride. d total of 885% of the nitrosulfohenzoic an- 
hJ-dride was recovered. The filtrate was concentrated but a 
dark tar was the only isolable product. 

Attempted Synthesis of 2-Chlorosulfonyl-5-nitrobenzoyl 
Chloride.-a. A inistiire of 17.3 g. (0.07 mole) of 5-nitro- 
sulfohcrizoic acid and 75 g. (0.36 mole) of phosphorus penta- 
chloride was heated a t  120" for five hours. (Thero was :iii 

rsothermic reaction when the solids Lvere misetl.) The  
phosphorus oxychloride was removed in i'acuo and the resi- 
due was suspended in ether. A solid separated :tnd was 
filtered, 13.3 g. (835;,) of 5-nitrosulfobenzoic anhydride were 
recovered, m.p. 215-218'. iittempts to isolate another 
product were successful. 

A suspension of 13.3 g. (0.0582 mole) of 5-nitrosulfo- 
benzoic anhydride in 100 ml. of water was heated to boiling 
until all the anhydride had dissolved. To this solution was 
added 9.0 g. (0.0654 mole) of potassium carbonate and the 
solution was concentrated in uacuo. The resulting potas- 
sium salt was dried and treated with 25 g. (0.12 mole) of 
phosphorus pentachloride and the mixture heated a t  120' 
for 14 hr. The phosphorus Oxychloride was distilled in 
zlact(o and the semisolid residue suspended in ether and 
filtered, 7 . i  g. (58%,) of 5-nitrosulfobenzoic anhydride, m.p. 
215-218', were recovered. The filtrate gave an unworkable 
tar. 

Similar results were obtained on reaction of isopropyl 5- 
nitro-2-sulfobenzoate with phosphorus oxychloride, thionyl 
chloride, or thionyl chloride in dimethylformamide. 

b. 

(15) After this nork  was completed, G. H. Harnor, .I. Bm. I'harni. 
A s s o c . ,  49, 280 (1960), reported results ditfering from ours. On nitra- 
tion of sulfohenzoic anhydride, we isoiated a compound u-hose trieltinp 
point (n1.p. 215") and analysis corresponds to tha t  of ooinponnd I S  
( I I I . ~ .  212') first isolated by Stubbsg from the nitration of snlfobenaoic 
acid. On hydrolysis, our compound was con\-ertrd to  anotlier sub- 
stance wliose melting IJoint (ni.p. l56O) agrees with tha t  (tn.11. 1.53') 
descrihed by H.  J .  Taverne. Rec. trac. chim., 26, 64 (1906). for 1'11. 
The struetiire of VI1 was clearly established by Taverne, n l io  converted 
it t o  the known 2-chloro-9-nitrobensoic acid. In  contrast, Hamor 
(v .8 . )  reiJOrted tha t  nitration of sulfohenzoic acid pave a mixture of 4- 
and 6-nitrosulfobenaoic acids, m.p .  90-125° (the structures were rstah- 
lished b y  conversion. via the dichlorides, to  the  cotresponding nitro- 
saccharins). A possible exrdanation for the discrepancies in the two 
results is tha t  as a result of the difference in tlie work-iiii of t l ~ c  reitc- 
tion niixtiirr we eacli isolated ilifferent constitnents of a mriltico~ii- 
poncnt systrin (our  yield is only 25%; Hamor docs not rcliort cxucri- 
mental procedure or yield in his papor). 


