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1016. Thiohydantoins. Purt I I I .  * Reactions with Amino-  
compounds. 

By J. T. EDWARD and S. NIELSEN. 

AS model studies for a modification of Schlack and Kumpf's procedure,lS2 we have in- 
vestigated the deacylation of 1-acyl-2-thiohydantoins by aqueous hydrazine. l-Benzoyl-2- 
thiohydantoin and 1-acetyl-5-methyl-2-thiohydantoin readily afforded benzhydrazide and 
acethydrazide respectively; however, instead of the expected 2-thiohydantoins (I ; R = H 
and Me) the products proved to be the a-thioureido-hydrazides (11; R = H and Me).3 
The action of acid on the hydrazide (11; R = Me) afforded the thiohydantoin (I; R = Me) 
again, and a third compound which was probably 2-imino-4-methyl-5-thiazolinone (I11 ; 
R = Me).4 

CHR CHR CH R 
HN' 'CO-NH~NH~ H+ HN' 'co 

I ___) I I  
HNrS'CO H,N*NH, 

SC-NH H+ SC - NHI HN=C-S 
1 3 1  \z 

(1) (11) (111) 

The high yields of these hydrazides (11; R = H and Me) were probabIy a consequence 
of low solubility in water. The reaction of aqueous hydrazine with 2-thiohydantoin and 
with li-methyl-, 3-phenyl-, Cj-phenyl-, 5-benzyl-, and 5-isopropyl-2-thiohydantoin was 
shown by paper chromatography to be still incomplete after one week, and crystalline 
hydrazides could not be isolated from the last four reactions. On the other hand, reaction 
of 5-methyl-2-thiohydantoin with excess of benzylamine or phenylhydrazine was complete 
in 24 hours, but the products could not be obtained crystalline. 

ExfierimentaZ.-Thioureidoacethydrazide (I1 ; R = H) . A solution of l-benzoyl-2-thio- 
hydantoin (0.5 g.) in 50% aqueous hydrazine (5 ml.) began to deposit colourless prisms of 
thioureidoacethydrazide after 2 min. ; after 30 min. the hydrazide (0.32 g.), m. p. 190" (decomp.) 
(Found: C, 24.0; H, 5-2. C,H,ON,S requires C, 24.3; H, 5.4%), was collected. It was 
soluble in concentrated mineral acids and alkalis, but had negligible solubility in common 
organic solvents except hot glacial acetic acid. 

The filtrate from the hydrazide, overnight a t  0", deposited benzhydrazide, obtained after 
recrystallisation from methanol as plates, m. p. and mixed m. p. 112". By ascending chromato- 
graphy on Whatman No. 1 paper, with butanol saturated with water as the solvent system 
(solvent A), it  had R F  0.68; with propanol-water 7 : 3 (v/v) (solvent B), Rip = 0.86. Identical 
RF values were shown by an authentic specimen. The zones of benzhydrazide were located by 
sprays of the Folin-Denis reagent 2* 5 (blue spot) or of an acidic solution of p-dimethylamino- 
benzaldehyde (yellow spot). 

a-Thioureidopropionhydruzide (I1 ; R = Me). The hydrazide began to be deposited 
within 20 min. of mixing from a solution of l-acetyl-5-methyl-2-thiohydantoin (2.0 g.) in 50% 
aqueous hydrazine (10 ml.). After 12 hr. the hydruzide (1.9 g.) was collected: it had m. p. 
182" (Found: C, 29.2; H, 6.2; S, 19.7. C,H,,ON,S requires C, 29.6; HI 6.2; S, 19-7y0). The 
filtrate on evaporation afforded acethydrazide, identified by m. p., mixed m. p., and chromato- 
graphic comparison with an authentic specimen (RF 0.29 in solvent A, 0-53 in solvent B). 

a-Thioureidopropionhydrazide was also formed by the action of hydrazine on 5-methyl-2- 
thiohydantoin. Its solubility behaviour was similar t o  that of thioureidoacethydrazide. 
With benzaldehyde in aqueous acid it gave pale yellow plates of benzaldehyde a-thioureido- 
firofiionylhydrazone, m. p. 201 (Found: C, 51-8; H, 5.5. C,,H,,ON,S requires C, 51.8; H, 5.6%). 

* Part 11, preceding paper. 
Schlack and Kumpf, 2. physiol. Chem., 1926, 154, 125; Waley and Watson, J., 1951, 2394. 
Edward and Nielsen, Chem. and Ind., 1953, 197. 
C f .  Fosse, Hagene, and Du Bois. Compt. rend., 1924, 178, 578. 
Edman, Acta Chem. Scand., 1956, 10, 761. 
Folin and Denis, J. Bid. Chem., 1912, 12, 239; 1913, 14, 95. 
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The hydrazide ( L O  mg.) was dissolved in 5~-hydrochloric acid (2 ml.). After 2 hr., paper 
chromatography of the solution with solvent A and the Folin-Denis spray showed the presence 
of 5-methyl-2-thiohydantoin (RF 0-69), and of traces of the hydrazide (RF 0.21) and of a third 
compound (III?) (RF 0.50). 

Solutions 
of 2-thiohydantoin and of 3-phenyl-, 5 -phenyl-, &methyl-, 5-isopropyl-, and 5-benzyl-2-thio- 
hydantoin (0.2 g.) in 50% aqueous hydrazine (2 ml.), after storage for one week, were evaporated 
to dryness. The residues were taken up in water and examined by ascending chromatography 
with solvent A. In all cases the Folin-Denis spray showed two zones, the first due to the 
original 2-thiohydantoin; the second zone also reacted with fi-dimethylaminobenzaldehyde, 
and so was a thioureidohydrazide (11). 

Chromatographic examination of the reaction between hydrazine and 2-thiohydantoins. 

RF values were as follows : 

Substituent - 3-Ph 5-Ph 5-Me 5-Pri 5-CH2Ph 
2-Thiohydantoin ........................... 0.45 0-75 0.75 0.69 0.90 0.90 
Thioureidohydrazide ..................... 0.10 0.19 0.19 0.22 0.40 0.45 

Reaction of 5-unethyl-2-thiohydantoin with benzylamine and phenylhydrazine. The thio- 
hydantoin (0.5 g.) was dissolved in benzylamine (3 ml.) and in phenylhydrazine (3 ml.). After 
24 hr. the excess of base was removed a t  reduced pressure. The residual syrups could not be 
crystallised ; paper chromatographic examination with solvent A showed a compound, RF 
0.82, from benzylamine and another compound, .RE" 0-75, from phenylhydrazine, and the 
absence of 5-methyl-2-thiohydantoin in both cases. 

We are grateful to Professor M. Stacey, F.R.S., for interest and encouragement, to the 
University of Birmingham for an I.C.I. Research Fellowship (to J. T. E.) and to the Depart- 
ment of Scientific and Industrial Research for a grant (to S. N.). 

DEPARTMENT OF CHEMISTRY, THE UNIVERSITY, 
EDGBASTON, BIRMINGHAM, 15. [Received, June 5th, 1957.1 



Notes. 
9-Chlovo-2-methoxy-1 : 10-diazanthracene. The foregoing acid (1 2 g.) was refluxed with 

phosphoryl chloride (72 c.c.) for 6 hr., the excess of reagent distilled off, and the residual oil 
poured on crushed ice (900 g.) and aqueous ammonia (300 c.c.; d 0.88). After being kept 
overnight a t  0" the greenish-yellow precipitate was collected (12 g.; m. p. 130°), washed with 
water, and dried at  15"/10 mm. (KOH). The chloro-compound crystallised from ligroin (b. p. 
80-100") in pale yellow needles, m. p. 140" (Found: N, 11.3; C1, 15-7. C,,H,ON,Cl requires 
N, 11.5; C1, 14.6%). 

The foregoing compound (5.5 g.) 
was heated with dry phenol (30 g.) for 1 hr. a t  110" and then ammonium carbonate (10 g.) added 
as rapidly (cn. 6 hr.) as frothing would permit. After a further hour a t  l l O o ,  the cooled mixture 
was poured into anhydrous ether (250 c.c.). The yellow precipitate (4-5 g.; m. p. 270"), on 
crystallisation from 0-1N-hydrochloric acid (9 c.c./l g.) and then dilute aqueous ammonium 
chloride, gave the pure hydrochloride in pale yellow needles, m. p. 288" (Found: equiv., 261; 
N, 16-3; C1, 15.4%. C,,H,,ON,Cl requires equiv., 261-5; N, 16.1; C1, 13.6%). 

2- (2-Methoxy-5-$~yridyZanzino) -4-nitrobenzoic acid. 2-Chloro-4-nitrobenzoic acid (54 g.) , 
potassium carbonate (38 g.), copper bronze (0-5 g.), cupric oxide (0.5 g.), and 5-amino-2- 
methoxypyridine (27 8.) were stirred with pentyl alcohol (300 c.c.) a t  the b. p. for 6 hr. Treat- 
ment as described above then gave the acid (49 g., 78%) as an orange powder which crystallised 
from acetic acid (50 c.c./g.), as orange needles, m. p. 250' [Found: M (by titration), 284; N, 
14.7%. C,,Hl1O5N3 requires M ,  289; N, 14-5%]. 

The foregoing acid (10 g.) was cyclised by 
refluxing with phosphoryl chloride (80 c.c.) for 6 hr. and the mixture treated as above. The 
product (9.5 g.) had m. p. 210-214"; the pure compound separated from carbon tetrachloride 
in pale yellow needles, m. p. 218-220" (Found: N, 14-5; C1, 12-4. Cl,H,0,N3C1 requires 

9-Amino-2-methoxy-6-nitro-1 : 10-diaza-anthracene. The foregoing compound (21 g.) was 
heated with dried phenol (150 g.) a t  110" for 1 hr. and then powdered ammonium carbonate 
(50 g.) was added with occasional stirring during 1 hr. After a further hour a t  110" the mixture 
was poured into excess of anhydrous ether, and the crude product (13.6 g.; m. p. 285") collected. 
The pure hydrochloride monohydrate separated from dioxan-water-acetone in orange needles, 
m. p. 300" (Found: N, 17.3; C1, 10.8. C,,Hl103N,Cl,H,0 requires N, 17.2; C1, 10.9%). 

A solution of stannous chloride 
dihydrate (30 g.) in l0N-hydrochloric acid (30 c.c.) was added portionwise to a suspension of the 
foregoing nitro-compound (5 g.) in acptic acid (60 c.c.) stirred at  50". The nitro-compound 
dissolved with evolution of heat and a crystalline precipitate was rapidly formed. After 
+ hour's stirring the mixture was chilled, then filtered on sintered glass, and the solid stirred 
with ice and 5~-sodium hydroxide. The diamine was collected and dissolved in methanol (100 c.c.) 
containing a slight excess of hydrochloric acid, and hydrogen sulphide passed in. The filtered 
(charcoal) solution was diluted with boiling water to incipient precipitation and chilled : the 
hydrochloride separated as an orange powder, m. p. 296" (Found: N, 19.8; C1, 13.0. 
C13H,,0N4C1 requires N, 20.2; C1, 12.8%). 

Antibacterial activitites. The bacteriostatic activities against a series of Gram-negative 
and Gram-positive organisms are shown in the Table as the dilution potential (pD) which 
completely inhibits growth of the organism (inoculum 2 X lo6 organisms/lO C.C. of medium) in 
Lab-Lemco broth incubated at  37" for 48 hr. (pD x means a dilution of 1 part compound 
in 1W parts broth. 

9-A mino-2-methoxy-1 : 10-diaza-anthracene hydrochloride. 

9-ChZoro-2-methoxy-6-nitro- 1 : 10-diaza-anthracene. 

N, 14.5; C1, 12.2%). 

6 : 9-Diamino-2-methoxy- 1 : 10-diaza-anthracene hydrochloride. 

Compound * 
Organism I I1 I11 IV 

Streptococcus haemolyticus (Aronson) ..................... 5.1 5-2 5.5 5.7 

Bacillus proteus ................................................ 4.8 4.0 4.0 3.0 
Pseudomonas pyocyaneous ................................. 3.3 3.3 4.6 3.0 

........................... Staphytococcus pyogenes auyeus 5.1 4.6 4.9 4.8 

Bacillus coli ................................................... 4.8 4.9 4.6 5.5 

Bacillus subtilis ................................................ 5-1 4.9 5.2 4.8 
* I, 5-Aminoacridine hydrochloride (aminacrine) ; 11, 9-amino-2-methoxy-1 : 10-diaza-anthracene 

hydrochloride; 111, 5 : 8-diamino-3-ethoxyacridine hydrochloride (rivanol) ; IV, 6 : 9-diamino-2- 
methoxy-1 : 10-diaza-anthracene hydrochloride. 

RESEARCH DEPT., WARD, BLENKINSOP & C o . ,  LTD., 
ANGLO ESTATE, SHEPTON MALLET, SOMERSET. [Received, July 22nd, 1957.1 



[ 19571 Notes. 5087 

1018. Preparation of Carbonyl Compounds by Use of Dinitrogen 
Tetroxide. Part 11.1 Alkyl Aryl Ketones. 

By J. GRUNDY. 

FIELD and GRUNDY oxidised benzyl alcohols with dinitrogen tetroxide to prepare 
aromatic aldehydes; application of this reagent to the preparation of aryl alkyl ketones is 
now reported. I n  combination with the aldehyde preparation,l the method is useful for 
introducing an acyl in place of a carboxyl group: R*CO,H --w R*CH,*OH---t RCHO 
---+ R*CHR’*OH -+ ROCOR‘. The acyl group introduced is unambiguously oriented, 
and the method can be applied to, e.g., o-halogenoaryl alkyl ketones. 

Interaction of organocadmium compounds and acid chlorides provides a valuable 
conversion of a carboxylic acid into a ketone; the use of dinitrogen tetroxide is, however, a 
still simpler technique and even in the four-stage process from the acid will give comparable 
yields. 

The intermediate carbinols were usually obtained from the appropriate aromatic 
aldehyde and Grignard reagent, an excess of the latter preventing contamination of the 
carbinol with starting aldehyde. With methoxy-aldehydes some dealkylation occurred. 

Reaction of the carbinols and dinitrogen tetroxide in chloroform followed the 
course previously described. Steric retardation of the reaction rate was observed with 
o-substituted l-phenylethanols. Production of tars on distillation of reaction mixtures 
even at reduced pressures and liberation of dinitrogen tetroxide suggested formation of 
intermediates. However, residual intermediate was decomposed smoothly when the 
reaction mixture was heated on the water-bath or steam-distilled; the latter was the 
best method of isolating the ketones. The yields of ketones obtained are given in Table 1. 

TABLE 1. 
Ketone Yield (%) Ketone Yield (%) Ketone Yield (%) 

Acetophenone . . . . . . . . . 98 o-Chloroacetophenone 95 o-Methoxyacetophenone 90 
Propiophenone . . . . . . 98 m-Chloroacetophenone 90 p-Methoxyacetophenone 90 
Butyrophenone . . . . . . 98 p-Chloroacetophenone 92 m-Methylacetophenone 94 
Valerophenone . . . . . . . . . 96 o-Bromoacetophenone 93 p-Methylacetophenone 95 
Octyl phenyl ketone 92 m-Bromoacetophenone 91 p-Nitroacetophenone . . . 88 

p-Bromoacetophenone 92 Benzoplienone ............ 89 

Experimenfa1.-Dinitrogen tetroxide. This was prepared as indicated previously and the 
same concentration used. 

Preparation of carbinols. The Grignard reagent was prepared in ether in the usual way from 
the alkyl iodide ; the expected yields were based on the results of Gilman et u Z . ~  The aldehyde 
(0.6 mol.) in ether was added, and the cooled mixture decomposed by aqueous ammonium 
chloride. The carbinols were isolated in the usual way, yields being given in Table 2. 

TABLE 2. Yie lds  of carbinols R*C,H,*CHR’*OH. 
B. p./ Yield B. p./ Yield B. p./ Yield 

R R’ mm. (%) R R’ mm. (%) R R’ mm. (%) 
o-C1 Me 80”/2 74 m-Br Me 98”/2.5 78 m-Me Me l00/4 76 
m-C1 Me 9814.5 92 p-Br Me 94/2 56 p-Me Me 102/8 68 
p-Cl Me 90/2.5 70 o-Me0 Me 99/3-45 56 H n-C,H,, 130- 60 
o-Br Me 100/3.5 85 p-Me0 Me 104/3 62 134/2.5 

l-p-Nitrophenylethanol. 
Preparation of ketones. 

This was prepared as described by Ford-Moore and R y d ~ n . ~  
A solution of the carbinol (0-05-0.1 mole) in dry chloroform 

(3  vol.) was cooled in an ice-bath and a slight excess of the dinitrogen tetroxide solution added. 

I . ,  1955, 1110, is considered to be Part I. 
* Shirley, “ Organic Reactions,” Vol. 8, p. 28. 

Gilman, Zoellner, and Dickey, J .  Amer. Chem. Soc., 1929, 51, 1579; Gilman and McCracken, ibid., 

Ford-Moore and Rydon, J., 1946, 679. 
1923, 45, 2462. 



Notes. 
The mixture was kept in the bath for 1 hr., then at  room temperature for about 6 hr. or over- 
night in the refrigerator. Finally it was washed with the calculated amount of sodium carbonate 
solution (10%) and then with water. Solvent was removed (water-bath), heating being 
continued until oxides of nitrogen were no longer evolved. Steam-distillation or distillation at  
reduced pressure then gave the ketone. 

The ketones were characterised as the following 2 : 4-dinitro- 
phenylhydrazones, prepared according to Brady's method ti and recrystallised from xylene : 
acetophenone, m. p. and mixed m. p. 247-248"; propiophenone, m. p. 192-193" (Voge16 
gives m. p. 191") ; butyrophenone, m. p. 194-195" (Vogel gives m. p. 190") ; valerophenone, 
m. p. 165-166" (Vogel gives m. p. 166'); n-octyl phenyl ketone, m. p. 238-239" (Found: 
N, 14.1. C21H2604N4 requires N, 14.0%) ; benzophenone, m. p. 242-243 (lit.,63 m. p. 238", 240- 
241") ; o-chloroacetophenone, m. p. 204-205" (lit.,8 m. p. 206") ; m-chloroacetophenone, m. p. 
207-208" (Found : N, 16-6. Cl4HI1O4N4C1 requires N, 16.7%) ; p-chloroacetophenone, m. p. 240- 
241" (Vogel gives m. p. 239"); o-bromoacetophenone, m. p. 186-187 (lit.,9 m. p. 187"); m- 
bromoacetophenone, m. p. 225-226" (Found: N, 14.7. C,,H,,O,N,Br requires N, 14.7%) ; 
p-bromoacetophenone, m. p. 232-233" (Vogel gives m. p. 230") ; o-methoxyacetophenone, 
m. p. 191-192" (1it.,loY l 1  m. p. 185", 196-198') ; p-methoxyacetophenone, m. p. 225-226" 

gives m. p. 207") ; 
p-methylacetophenone, m. p. 256-257" (Vogel gives m. p. 258") ; and p-nitroacetophenone, 
m. p. 268-269" (Found: N, 20-1. Cl,H1,O,N, requires N, 20.3%). 

Identification of ketones. 

l1 220", 233-234") ; m-methylacetophenone, m. p. 207-208" (Vogel 

BRUNEL COLLEGE OF TECHNOLOGY, ACTON, LONDON, W.3. [Received, April Sth, 1957.1 

Brady, J., 1931, 757. 
6 Vogel, " Practical Organic Chemistry," Longmans Green, London, 1948. 
7 Roberts and Green, J .  Amer. Chem. SOC., 1946, 88, 214. 
8 Borsche and Scriba, Annalen, 1939, 541, 283. 

Borsche and Herbert, zbid., 1941, 546, 297. 
lo Pinder and Smith, J., 1954, 113. 
11 Borsche and Barthenheier, Annalen, 1942, 553, 250. 



[ 19571 Notes. 5089 

reaction is heterogeneous. They concluded that it must be so from analogy with electro- 
philic liquid-phase bromination and the assumption that a heterolytic reaction in the 
vapour phase must involve either a three-body collision or, more plausibly, a surface 
reaction. 

We have determined the product ratio under conditions different from those of ref. 1, 
using (a) a static system, (b) an unpacked vessel, and (c) no diluent gas. 

(a) Thermal Browination.-Approximately equimolar quantities of bromine and 
naphthalene (the latter in slight excess) were mixed in an evacuated vessel, preheated to 
the required temperature. After reaction the products were condensed, and the mono- 
bromonaphthalene fraction was distilled off in vacuo, the p/a ratio being determined in it 
spectrophotometrically (Figure, 0). 

Up to 480" our results duplicate Wibaut, Sixma, and Suyver'sl quite well. Above 
480" our results (not shown) became erratic, the percentage of p-bromonaphthalene being 
abnormally low, usually 20-30%. 

(b)  Surface E'ect.-Although our method was unsuitable much above 480", it appeared 
that surface effects could still be responsible for the erratic results there. Brominations 
were carried out in presence of Pyrex wool. Even at  relatively low temperatures, increase 
of surface-to-volume ratio raised the yield of p-bromonaphthalene well above the value 
obtained in unpacked vessels, as follows: a t  360", 20.3%; at  370", 22.4%. Therefore 
some surface reaction must occur, but the results are incompatible with the assumption 
of a surface reaction's favouring a-bromination. 

We tried to eliminate surface effects by ' I  curing " the reaction vessels by coating them 
with carbon according to Maccoll and Thomas's m e t h ~ d . ~  In  "cured" vessels, our 
results agreed with those of ref. 1 at higher temperatures, within our large experimental 
error, so that by avoiding surface effects, and thus presumably obtaining homogeneous 
reactions, we could duplicate the findings of the previous workers over our entire working 
range. 

Experiments were also done to determine whether a- and p-bromonaphthalene isomerise 
on glass in our conditions, as they do under the influence of ferric salts lb or silica gelJ4 by 
treating p-bromonaphthalene under various conditions. Isomerisation was much too 
slow to account for our erratic results in " uncured " vessels a t  high temperatures, at  which 
bromination is virtually instantaneous. Moreover, synthetic mixtures of the approximate 
product composition did not equilibrate appreciably. 

(c) Photochemical Byomination.-We confirmed that there are two competing mechan- 
isms of bromination of naphthalene, but our duplication of the results of ref. 1 under such 
very different conditions showed that neither is heterogeneous. Wibaut, Sixma, and 

* Maccoll and Thomas, J., 1955, 980. 
Mayer and Schiffner, Bey.,  1934, 67, 67. 



Notes. 

Suyver's high-temperature mechanism, while still unproved, appears plausible. Their 
low-temperature mechanism, however, is untenable. Instead, direct attack of atomic 
bromine on carbon, with synchronous or subsequent elimination of a hydrogen atom, can 
be postulated. would lead to preferential 
substitution there. A crude calculation confirms that the equilibrium concentration of 
bromine atoms is probably high enough, even at  lower temperatures, to account for the 
rate of bromination. 

To determine whether the low-temperature brominations required atomic bromine, we 
did brominations under illumination. If both mechanisms were due to atomic bromine, 
the isomer ratio would not be altered. The experiments were qualitative, the unmodified 
reaction vessel being illuminated by two 500 w projection lamps. The results (yo of 
p-isomer) are shown in the Table. 

The higher free valence of the a-position 

300" 320" 350" 380" 400" 420" 
Thermal (from Figure, curve) 2-5 3.4 5.5 8.5 11.2 15-0 
Light .............................. 1.3 7-6 8.3, 7.9 13-9 26.1 27.2, 22.7 

Above 350" the proportion of p-bromonaphthalene clearly increases. Thus increase of 
the standing concentration of bromine atoms photochemically accelerates the non- 
selective reaction preferentially, and does so a t  temperatures a t  which this mechanism is 
significant even under thermal conditions. 

We conclude that two homogeneous mechanisms are involved, only the one favouring a 
high p/a ratio requiring bromine atoms. The high-temperature mechanism of ref. 1, the 
rate-determining step of which is 

Br*+C,,H,---tHBr+C,,H,* . . . . . 
appears reasonable. that the activation energy of this step 
is 0-5 kcal./mole does not seem justified. As the dissociation energy of the C-H bond in 
naphthalene should be close to that in benzene (106 kcal./mole 6), the dissociation energy 
of H-Br is approximately 86 kcal./mole, and as the reverse reaction of (1) should require 7 

0-2 kcal./mole, the activation energy of reaction (1) should be about 20 kcal./mole. The 
lack of selectivity of reaction by this mechanism would arise even if the rate-determining 
step were activated, provided the strengths of the C-H bonds in the a- and the (3-position 
are the same. 

A reasonable interpretation of the low-tem perature mechanism involves the reaction 
of a bromine molecule with naphthalene. Bergmann lo has suggested an addition-elimin- 
ation sequence. One a Pviori objection is that these reactions are generally presumed to 
be heterolytic and therefore not characteristic homogeneous gas-phase reactions. How- 
ever, Maccoll and Thomas's , pyrolyses of alkyl bromides, showing that homogeneous 
elimination of HBr can take place and partakes of considerable heterolytic character, 
disfavour this argument against the molecular elimination mechanism. 

That illumination increases the percentage of p-isomer appreciably only at the higher 
temperatures suggests that the small but increasing percentage of @-isomer produced 
thermally at  low temperatures arises from the " molecular " mechanism, as postulated by 
the previous workers,lY2 who suggest a difference of 3 4  kcal./mole between reaction a t  
the a- and the (3-position. 

cx-Bromonaphthalene was prepared from a-naphthylamine by 
the Sandmeyer reaction and repeatedly fractionally distilled under reduced pressure. The 
p-isomer was simiIarly prepared by van der Kam's m e t h ~ d , ~  twice steam-distilled from an 

However their assumption 

Experimental.-Materials. 

Coulson, '' Valence," Oxford Univ. Press, 1952, p. 255. 

Szwarc, Chem. Rev., 1950, 47, 81. 

van der Kam, Rec.  Trav. chim., 1926, 45, 569. 

13 Landolt-Bornstein, " Tabellen," Atom und Molekular Physik, Band I, 2 Teil, Molekeln I, 1951. 

I? Maccoll and Thomas, Nature, 1955, 176, 392. 

lo Bergmann, personal communication. 
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alkaline medium, and recrystallised (alcohol). Naphthalene was from B.D.H. (" for Molecular- 
weight Determination "). n-Hexane (Philips Petroleum Co., U.S.A.), stated to contain more 
than 99% of rt-hexane, was redistilled several times. 

The reaction vessel was a Pyrex glass tube, 28 mm. in diameter and 30-35 cm. 
long (vol. ca. 200 c.c.). A side arm, connected to a vacuum system, contained a bromine 
ampoule with a magnetic breaker. Where a " cured " vessel was required, its interior surface 
was carbonised by pyrolysis of alkyl bromide in the evacuated vessel a t  about 400". 

An ampoule containing naphthalene was sealed to the bottom of the vessel ; 1.5-2 mmoles 
of naphthalene and bromine were used, the former being in slight excess. The whole vessel was 
evacuated to 10-3-10-4 mm., sealed off, and put into the preheated oven, the naphthalene in 
the sealed-on ampoule being kept in liquid nitrogen. The bromine ampoule was broken and 
the naphthalene allowed to warm, so that the bromine and naphthalene distilled into the 
reaction vessel. The reaction was practically instantaneous a t  the higher temperatures and 
took 30-60 min. a t  the lowest temperatures. As the reaction reached completion, the 
products were condensed in the original naphthalene ampoule. 

Unfiltered 
illumination from two 500 w projection lamps was employed so that only wavelengths above 
3000 A were effective. 

The products were transferred with diethyl ether to a small distillation flask and 
the ether was removed under reduced pressure. Excess of naphthalene was sublimed off a t  
80°/7 mm. on a cold finger containing solid carbon dioxide-ethanol. The monobromides were 
then distilled a t  about 130"/<7 mm. the b. p.s of the dibromides being considerably higher a t  
this pressure. Ultraviolet absorption spectra of the two monobromides in rt-hexane were 
measured with a Beckman Model D.U. spectrophotometer. 

Because of the similarity of the absorption curves of the monobromonaphthalenes, we 
measured the optical densities of mixtures a t  10 wavelengths between 2600 and 2950 A, and 
reduced the results to two simultaneous equations by the method of least squares. 

Spectrophotometric analysis were generally reliable to about f 2% of p-bromonaphthalene. 

HEBREW UNIVERSITY, JERUSALEM. 

Method. 

The photochemical experiments were performed in the same Pyrex apparatus. 

Anzlysis.  

[Received, May 162h, 1957 .] 
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perchloric acid solutions at concentrations greater than 0 . 1 ~  with respect to perchloric 
acid. 

Exfierimental.-Tetra-aquopalZadium(Ir) perchlorate. Palladium sponge was dissolved in 
concentrated nitric acid, perchloric acid (72%) added, and the solution heated till it fumed 
strongly; on cooling, i t  deposited brown needles of the perchlorate. These were washed with 
perchloric acid, pressed between filter payers, and dried in vacuo (over NaOH then P,O,) 
(Found: C1, 18-9; Pd, 27.9. H80,,C1,Pd requires C1, 18.8; Pd, 28.2%). 

The absorption spectra were obtained on a Unicam S.P. 500 spectrophotometer, 
I cm. quartz cells being used. 

Spectra. 

WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
UNIVERSITY COLLEGE, LONDON. [Received, June 3vd, 1967.1 
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Parent sulpha- Cryst. N (%) Yield 

N4N4-Succinoyl derivatives. 
compound from M. p. Formula Found Calc. (yo) 

Sulphanilamide . . . AcOH 285" a C I O H l  0°4N2S 11.3 11.0 55 
52 Sulphathiazole . . . . . . EtOH 274-275 C13Hl104N,S,,C2H,~OH 11.2 11.0 

Sulphanilamide . . . C,H,N 33.C335 ; C,,H,oO,N,S,C,H,N 10.8 11-0 40 
Sulphathiazole . . . . . . AcOH 274-276 Cl,H,,04N,S, 11.3 10-9 52 
Sulphapyridine . . . AcOH 281 Cl,Hl,04N3S,C2H402 9.65 9.6 48 

N4N4-PhthaloyE derivatives. 

a Lit., 282-283", 288-289". 290-290.5". b Lit., 266-267", 269-270". Lit., 334", 320- 
322". Lit., 269-269-5". Lit., 277", 270--281", 278-278.5". 

sulphamethazine (1-5 g.), m. p. 256" (from alcohol) (Found: C, 53.1; H, 4.8; N, 15-5; S, 9-45. 
Cl,Hl,04N4S requires C, 53.3; H, 4.4; N, 15.6; S, 8.9%). 

The following new N4N4-phthnZirnido-derivatives were similarly prepared from : sulphadiazine 
(2 g.), m. p. 318-320" (from pyridine and water) (Found: C, 56.6; H, 3.3; N, 15.1; S, 8.5. 
C18H1204N4S requires C, 56.8; H, 3.2; N, 14-7; S, 8.4%); sulphamerazine (2.2 g.), m. p. 
294-296" (from pyridine and water) (Found: C, 58-2; H, 3-7; N, 14.0; S, 8-05. C,,H1404N4S 
requires C, 57.9; H, 3.55; N, 14-2; S, 8.1%); sulphamethazine (1-8 g.), m. p. 220-222" (from 
acetic acid) (Found: C, 56-3; H, 4.3; N, 11-8; S, 6.9. C2,H1604N4S,C2H402 requires C, 56.4; 
H, 4.3; N, 12-0; S, 6.8%). 

With adipic acid, under identical conditions, diumides (I) were obtained from : sulphanil- 
amide, m. p. 302" (lit.,8 287") (Found: C, 47.2; H, 4.95; N, 11.8; S, 14.0. Calc. for 
C18H2,0,N4S2: C, 47.6; H, 4.85; N, 12.3; S, 14.1%); sulphadiazine (0.4 g.), orange (from 

requires C, 50-15; H, 4.5; N, 16.7; S, 9.55%); sulphathiazole (0.5 g.), m. p. 268-270" (from 
alcohol) (Found: C, 46.35; H, 4-35; N, 12-6; S, 18.9. C2,H,,O6N,S4,C2H,*OH requires 

acetic acid), m. p. 234" (Found: c ,  50.6; H, 4-6; N, 16.4; s, 9.4. C2,H2,O6N8S2,C2H402 

C, 46.85; H,  4.5; N, 12.6; S, 19.2%). 

BIOCHEMISTRY DEPARTMENT, FACULTY OF VETERINARY MEDICINE, 
CAIRO UNIVERSITY, GIZA, CAIRO. [Received, June  4th, 1957.1 

* Irani, Current Sci., 1945, 14, 46. 
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product which separated overnight. This was washed well with ether and warmed on the 
steam-bath with water (30 ml.) for 20 min., and the resulting solid crystallised from ethanol, 
giving ethyl 2-hydroxy-4 : 5-dzmethoxy~henylglyoxylate (6.5 g.) in pale yellow needles, m. p. 101", 
sparingly soluble in light petroleum and having a green ferric reaction (Found: C, 56.9; H, 5.7. 
C,,H140, requires C, 56-6; H, 5.5%). The 2 : 4-dinitrophenylhydrazone separated from ethyl 
acetate-light petroleum (b. p. 60-80°) in maroon needles, m. p. 172" (Found: N, 12-6. 
C18H180,N, requires N, 12.9%). 

Ethyl 2-ethoxycarbonylmethoxy-4 : 5-dimethoxyphenylglyoxylate (11). A mixture of ethyl 
2-hydroxy-4 : 5-dimethoxyphenylglyoxylate (3 g.), acetone (30 ml.) , potassium carbonate 
(10 g.), and ethyl bromoacetate (2-5 g.) was refluxed until a sample did not give a ferric reaction 
(18 hr.). On isolation and crystallisation from alcohol the product gave ethyl 2-ethoxycarbonyl- 
nzethoxy-4 : 5-di:nethoxyphenyZglyoxyZate in needles ( 2  g.), m. p. 104", soluble in ethyl acetate but 
insoluble in light petroleum (Found: C, 56.3; H, 6.0. C1,H2008 requires C, 56-5; H, 5.9%). 
The 2 : 4-dinitrophenylhydrazone formed orange needles, m. p. 201", from ethyl acetate (Found: 
N, 10-9. 

The preceding ester (1.5 g.) in dry alcohol (50 ml.) 
containing sodium methoxide (from 0-15 g. of sodium) was heated under reflux for 2 hr., filtered, 
poured into water (200 ml.), and acidified giving a flocculent precipitate of ethyl hydrogen abutate 
(1.1 g.) which crystallised from ethyl acetate in needles, m. p. 209", soluble in acetone and 
sparingly soluble in alcohol or ethyl acetate (Found: C, 56.9; H, 5.0. C14H1407 requires C, 
57.1 ; H, 4.8%). 

This monoethyl ester (0.5 g.) was hydrolysed with hot 8% aqueous sodium hydroxide (5 ml.) 
for 4 hr. The resulting abutic acid separated from ethyl acetate in yellow needles (0.3 g.), 
m. p. 264", undepressed on admixture with a natural specimen (Found: C, 54-3; H, 4.0. Calc. 
for C,,HlO0,: C, 54.1; H, 3.8%). With ethereal diazomethane (10 mols.) for 2 hr. synthetical 
abutic acid gave the dimethyl ester (0-2 g.) which separated from methanol in needles, m. p. and 
mixed m. p. 156" (Found: C, 57.2; H, 5.0., Calc. for C&&7: C, 57.1; H, 4.8y0). 

C,,H,,0,,N4 requires N, 10.8y0). 
Abutic acid (111; R = H, R' = H). 

UNIVERSITY OF LIVERPOOL. [Received, July lst ,  1957.1 
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17a-(3-Hydroxypro~-l-y~yZ)androst-5-ene-3~ : 17p-diol (11). (a) Propargyl alcohol (13 g.) 
was added to a stirred solution of potassium (22.7 g.) in tert.-amyl alcohol (360 ml.) a t  70". 
When cool, the acetate (I) (23.5 g.) was added, and the mixture stirred for 2 hr. a t  room tem- 
perature and for 24 hr. a t  70". The triol was isolated with ether and, purified from methanol- 
benzene, formed rods, m. p. 265' (decomp.), [a]: -120" (c 0.32) (Found: C, 76.0; H, 9.1. 
C22H3203 requires C, 76.7; H, 9.4%). Treatment with acetic anhydride-pyridine at  room 
temperature gave 3p-acetoxy- 17~~-(3-~cetoxypvop- l-ynyl)androst-5-en- 17p-02, prisms (from 

acetone-hexane), m. p. 131°, [a]: -103" (c 0.4) (Found: C, 72.4; H, 8-5. C26H,60, requires 
C, 72.9; H, 8.5%), but a t  100" in 22 hr. gave the triacetate, prisms (from acetone-hexane), m. p. 
138-139", [a]! -92" (c 0.95) (Found: C, 71.4; H, 8-6. C$8H3806 requires C, 71.5; H, 8.1%). 

(b)  A solution of propargyl tetrahydropyranyl ether (7.7 g.) in tetrahydrofuran (100 ml.) was 
added during 30 min. to a Grignard reagent prepared from magnesium (5 g.) and methyl iodide 
(20 ml.) in ether (120 ml.). After 30 min., 3p-(tetrahydro-2-pyranyl)androst-5-en-17-one 
(5 g.) in tetrahydrofuran (100 ml.) was added dropwise during $ hr., after which the mixture 
was refluxed for 39 hr. The complex was decomposed with aqueous ammonium chloride, and 
the product, isolated with ether, was heated under reflux for 25 min. with toluene-p-sulphonic 
acid (0.25 g.) in ethanol (50 mi.). The solid obtained on the addition of water was crystallised 
from aqueous pyridine, to give the triol (1.6 g . ) ,  identical with a sample prepared by method 
(a) above in m. p. (mixed m. p.) and optical rotation. 

(a) A solution of the triol 
(11) (7-2 g.) in toluene (900 ml.) and cyclohexanone (240 ml.) was distilled until 200 ml. of dis- 
tillate had collected. Aluminium isopropoxide (4 g.) in toluene (16 ml.) was then added, and 
the mixture refluxed for l a  hr. The pvoduct was isolated in the usual way, and purified from 
acetone-hexane. It formed needles, m. p. 204-206", [ajg +3" ( e  0-56) (Found: C, 77-4; 
H, 8.6. 

(b)  Propargyl tetrahydropyranyl ether (28 g.) in tetrahydrofuran (100 ml.) was slowly added 
to a Grignard reagent prepared from magnesium (6 g.) and ethyl iodide (20 ml.) in tetrahydro- 
furan (200 ml.). 30 Min. later, 3-ethoxyandrosta-3 : 5-dien-17-one (2.5 8.) in tetrahydrofuran 
(100 ml.) was added, and the mixture refluxed for 3 hr. When cool, it was treated with aqueous 
ammonium chloride and the product isolated with ether. The gummy material in ethanol 
(100 ml.) was refluxed for 14 hr. with 2% aqueous oxalic acid (26 ml.), and the product isolated 
with ether. Chromatography on alumina (30 g.), with ether-benzene (3 : 2) as eluant, gave the 
ketone (1 g.), needles (from acetone-hexane), b. p. 204", alone or mixed with a specimen prepared 
by method (a). 

Treatment with acetic anhydride-pyridine for 18 hr. a t  room temperature gave a gum which 
failed to crystallise. Hydrolysis, however, converted this product into the diol (IV), identified 
by m. p. and mixed m. p. 

The authors thank the directors of The British Drug Houses Ltd. for permission to publish 
this work. 

CHEMICAL RESEARCH LABORATORIES, THE BRITISH DRUG HOUSES LTD., 

17p-Hydroxy- 17a- (3-hydroxy~vop-l-ynyZ)androst-4-en-3-o~ze (IV). 

C2,H3,03 requires C, 77.1; H, 8.8%), A,,,. 241 mp (log E 4.2). 
* 

LONDON, N.l .  [Received, July 5th, 1957.1 
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1024. Studies in Relation to Biosynthesis. Part XU.* The 
Synthesis of Ethyl 4 - Formyl-3 - methylbut -3 -enoate. 

By A. J. BIRCH, E. PRIDE, and HERCHEL SMITH. 

WE recently suggested that mevalonic lactone (I), which is incorporated in vitro in high 
yield into cholesterol and squalene by systems prepared from rat livers, may function 
as the precursor of the isopentane unit in natural products by initial conversion into the 
formyl acid (11; R = H). With the latter as basis a mechanistically plausible scheme 
for polyisoprenoid or carotenoid synthesis can be deve1oped.l The suppression of the 
incorporation of labelled acetate into cholesterol by the acid (11; R = H) or an ester, 
readily hydrolysed to it by biological systems, would furnish support for the hypothesis. 
We have accordingly synthesised the ester (11; R = Et). 

Ye Ye 
,C.CiC.OEt 05\ 

Ye Ye Ye 
HIC OH Y H 2  I CH, H2C0'0 OH 

0= HC4C'  
HIC I $y, I I I I 

CHO C02R CH(OMe)2 CH(OMe), CHO C02Et 

4 : 4-Dimethoxybutan-2-one (111) and ethoxyethynylmagnesium bromide gave the 
carbinol (IV), which with dilute mineral acid gave, by hydrolysis of the acetal group and 
hydration of the triple bond, a product consisting largely of the hydroxy-ester (V). 
Distillation of this over a mixture of tartaric acid and aluminium phosphate afforded the 
ester (11; R = C,H,), whose structure follows from the light absorption [A,,. 228 mp, 
E 10,600 (as required for a pp-disubstituted a@-unsaturated aldehyde *) ; bands at 1735 
and 1684 cm.-l (associated respectively with the saturated ester and ap-unsaturated 
aldehyde groupings)]. 

Experi~nental.-l-Ethoxy-5 : 5-dimethoxy - 3 - methylpent - 1 - y n  - 3 - 01 (IV) . 4 : 4 - Dimethoxy- 
butan-Zone (10 g.) in tetrahydrofuran (50 c.c.) was added with stirring during 30 min. to 
ethoxyethynylmagnesium bromide [from ethoxyacetylene (9.25 g.) and ethylmagnesium 
bromide (16-4 g.)] in tetrahydrofuran (100 c.c.) a t  0" under nitrogen. The mixture was stirred 
a t  room temperature for 4 hr. and then added to ice-cold brine The organic layer was removed 
and the aqueous layer extracted with ether ( 3  x 100 c.c.). The combined organic solutions 
were washed with brine and dried (MgSO,). Distillation and fractionation in a stream of 
nitrogen gave 1-ethoxy-5 : 5-dimethoxy-3-methylpent- l-yn-3-oZ, b. p. 8S0/0.6 mm. (Found : C, 59.6; 
H, 8-8. C,,H,,O, requires C, 59.4; H, 9.0%). The infrared spectrum had bands a t  3480 
(hydroxyl stretching) and 2275 cm.-l ( C E C  stretching). 

The ethoxypentynol (8 g.) was heated 
and shaken with 0-2~-sulphuric acid for 5 min. a t  100". The cooled solution was neutralised 
with sodium hydrogen carbonate and saturated with salt. The product was extracted with 
ether and heated at  160" (bath temp.) for 10 min. with anhydrous tartaric acid (0.4 g.) and 
aluminium phosphate (0.4 g.) under slightly reduced pressure. Three distillations (two 
over a trace of aluminium phosphate) gave ethyl 4-formyl-3-methylbut-3-enoate (11; R = Et), 

Ethyl 4-formyZ-3-methylbut-3-enoate (11; R = Et). 

* Part XI, Birch and Massy-Westropp, J., 1957, 2215. 

Tavormina, Gibbs, and Huff, J. Amer. Chem. SOL, 1956, 78, 4498. 
Cornforth, Cornforth, and Youhotsky-Gore, Biochem. J., 1957,66, lop; Dituri, Gurin, and Rabin- 

Gillam and Stem, " An Introduction to  Electronic Absorption Spectroscopy in Organic 

Royals and Brannock, J .  Amer. Chem. SOC., 1953, 75, 2050. 
Eglington, Jones, Shaw, and Whiting, J., 1954, 1860; Cope and Pike, Ovg. Synth., 1964, 34, 46. 
Cf. Fisher, Ber., 1943, 76, 734. 

l Birch, English, Massy-Westropp, and Smith, Proc., 1957, 233. 

owitz, J .  Amer. Chem. SOC., 1957, 79, 79; Amdur, Rilling, and Bloch, ibid., p. 2646. 

Chemistry," Edward Arnold & Co., London, 1954, p. 97. 
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b. p. 67.5"/5 x mm. (Found: C, 61.3; H, 7-9. C,H,,O, requires C, 61-5; H., 7.8%), 
2 : 4-DinitrofihenyZhydrazone, m. p. 147" (from ethanol) (Found: C, 49-6; H, 4.9. CI4Hl6o6N4 
requires C, 50.0; H, 44%).  

We thank the Department of Scientific and Industrial Research for a Maintenance Grant 
(to E. P.). 

UNIVERSITY O F  MANCHESTER, MANCHESTER, 13. [Received, July 19th, 1957.1 
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(Found: .C, 75.7; H, 4.9. A residue, which did not 
dissolve, was recrystallised from glacial acetic acid and yielded prisms, m. p. 275-278", and 
was presumably a~-di-(2-chZoro-5-methoxya~niZino)stiZbe~ze (Found : C, 68.9 ; H, 4.8. 
C,,H,,O,N,Cl, requires C, 68.4; H, 4.9%). 

A stream of hydrogen was passed through a mixture of 
7-chloro-4-methoxy-2 : 3-diphenylindole (0.3 g.) and 10% palladium-charcoal (0.5 g.) in boiling 
mesitylene (75 c.c.) for 9 hr. The catalyst was then removed by filtration, the solvents were 
steam-distilled, and the remaining 4-methoxy-2 : 3-diphenylindole crystallised from ethanol as 
prisms, m.  p. 147-148" (Found: C, 84.0; H, 5.6. C,,H,,ON requires C, 84-3; H, 5.7%). 

[Received, July 22nd, 1957.1 

C,,H1,ONCl requires C, 75.6; H,  4.8%). 

4-Methoxy-2 : 3-diphenylindole. 

THE DYSON PERRINS LABORATORY, OXFORD. 
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at 19", in good agreement with the partition value obtained by Moore, Shepherd, and 
Goodall. 

ExpevirnentuZ.-MateriuZs. '' AnalaR " chloroform was washed ten times with distilled 
water, dried over successive amounts of calcium chloride, and fractionated immediately before 
use (n? 1.4456). B.D.H. 
naphthalene, " pure for molecular-weight determinations," was used without further purific- 
ation (m. p. 80.2"). 

If x = molar concentration of the complex (assumed to be 1 : 1, there being no 
evidence for other species) and A = molar concentration of the picric acid and of the 
naphthalene originally added then : 

Picric acid, recrystallised four times from alcohol, had m. p. 122". 

Method. 

K = % / ( A  - x ) ~  fi x / (A2  - 2Ax)  if  x is small 

If D is the optical density and E the extinction coefficient, a t  a particular wavelength, of the 
molecular complex then 

(1) 
A 2 . . . . . D/& K =  

A2 - (2AD/&)  D A KE 

For a 1 : 1 complex, a plot of A / D  against 1/A as abscissa should be linear with intercept 2 / ~  
and gradient 1/K&. 

For K ," 2 l./mole, x / A  ," 0.1 a t  A = 0 . 0 5 ~  and x / A  ," 0.01 a t  A * 0.005~: also we have 
Epicric acid/%apthalene picrab ," 0.01 or less at A 2 420 mp. SO the measured values of optical 
density ( D )  can be converted into the corrected values (D), corresponding to the absorption 
due to the complex alone, by subtracting an optical density value (6D) equivalent to the 
picric acid originally added. These values are obtained from the experimentally confirmed 
Beer's-law relationships for picric acid alone in chloroform at the various wavelengths used 
(420-460 mp). 

This is a simplified version of the method used by Ross and Labes.6 

The derived extinction coefficients are given in Table 2. 

TABLE 1. Determination of K from measurements at 420 mv. - - 
1 0 3 4 ~ )  D SD D I/A A I D  1 0 3 4 ~ )  D SD D I/A A I D  
54.44 2.123 0.263 1.860 18-4 0.0293 23.82 0.563 0.115 0.448 42.0 0.0532 
40.83 1.425 0.198 1.227 24.5 0.0333 20.41 0.429 0.099 0.330 49.0 0.0618 
34.02 1.001 0.165 0.836 29.4 0,0407 17-01 0.323 0.082 0.241 58-8 0.0706 
30.62 0.882 0.148 0.734 32-7 0.0417 13.61 0.215 0.066 0.149 73.5 0.0913 
27.33 0.714 0-132 0.582 36-7 0.0467 10.20 0.134 0.049 0.085 98.0 0.1200 

By least-mean-squares from cols. 5 and 6, eqn. (1) becomes AID = 0.00531 + 0*00157(1/A) 
whence E = 377 and K = 2-29 ]./mole. 

TABLE 2. Summarised results. 
Temp. Wavelength (mp) Epicric acid Ecornpler K (l./mole) 

19" 420 4.84 377 2.2, 
19 430 0.152 279 2'56 
19 440 0.052 22 1 2.3, 
19 450 0.024 152 2-4, 
19 460 0.014 108 2.2, 

Mean value for the association constant of naphthalene-picric acid in chloroform at 19" = 2.4 
l./mole. 

Individual naphthalene and picric acid solutions were made up separately and appropriate 
volumes taken to make an  equimolar solution. This was diluted to make the individual 
solutions. Optical measurements were made on solutions in 1 cm. stoppered fused silica cells 
by using a Unicam S.P. 500 spectrophotometer. Full details of one determination are given 
in Table 1. All the plots of A / D  against 1/A give good straight lines. The results are 
summarised in Table 2. 

This work was carried out during the tenure of an Edward A. Deeds Fellowship of the 

QUEEN'S COLLEGE (UNIVERSITY OF ST. ANDREWS), DUNDEE. 

University of St. Andrews. 

[Received, July 31st, 1957.1 
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