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Abstract-Reduction of brazilein (1) with zinc dust/acetic acid, followed by acetylation, gives a 
substance which has hitherto been regarded as C,nHp(OAc),.’ This has now been recognized to be the 
hexacetyl derivative of a bibrazilanyl formed from 2 molecules of brazilein by reductive coupling. 
Conclusive evidence that the compound is bi-0-triacetyl-cis-brazilan4yl (7) has been obtained. In 
addition, 0-triacetyl-cis-brazilane (3) was found to be a major, and anhydro-0-triacetylbrazilin (5) a 
minor reaction product. 

A plausible mechanism for the formation of these compounds is discussed. Full analyses of the ‘H 
NMR spectra of the major reaction products (3) and 7) are also presented. 

At the beginning of this century Herzig and Pollak 
reported’ that the reduction of brazilein (1) with 
zinc dust and acetic acid, followed by treatment 
with sodium acetate and acetic anhydride, pro- 
duced a substance which, after crystallization from 
acetic acid, had m.p. 210-211”, and a composition 
consistent with the formula C16HdOAc),. 

When this experiment was repeated2 half a cen- 
tury later, a purer product (m.p. 227-228”) was ob- 
tained, which also gave analytical data compatible 
with the formula GH,,(OAc)+ A remarkable ‘fea- 
ture of this compound was that simultaneous hyd- 
rolysis and methylation converted it into a sub- 
stance which was regarded as a derivative of tram - 
brazilane (2, R = Me). Although this implied that 
the parent compound was probably O-triacetyl- 
trans-brazilane (2, R = AC), this lead from chemical 
evidence was not further pursued at that time. 

We have re-investigated the problem with the aid 
of techniques not available at the time of the previ- 
ous studies,‘.’ and are now in a position to propose 
a structure for the alleged “tetra-acetate” on the 
basis of additional evidence. 

The Herzig and Pollak experiment was repeated 
with the modifications described in the Experimen- 
tal, and the crystalline compound separated as 
usual from the amorphous by-products, which we 
have also identified. Without further purification 

‘The nomenclature adopted by Cbatterjea, Robinson 
and Tomlinson” is used in this communication. 

the crystalline compound melted with decomposi- 
tion at 230” and, according to TLC, was entirely 
homogeneous; its NMR spectrum clearly showed 
only three acetyl groups and indicated that the re- 
maining aliphatic protons were part of a saturated 
system, but there was some doubt about the accu- 
racy of their integration. When the measurements 
were repeated with a sample which had been pre- 
pared for microanalysis by crystallization from ace- 
tic acid and drying in a vacuum at 110”. the spec- 
trum exhibited an additional absorption at 7.9 T, 
corresponding to the methyl protons of acetic acid, 
and estimated by integration to amount to approxi- 
mately 0.25 mole; in all other respects the spectrum 
was the same as before. Monitoring by NMR while 
the compound was dried in a vacuum at 140” re- 
vealed that the elimination of acetic acid proceeded 
very slowly and was only complete after about 
24 h; microanalysis then indicated a molecular for- 
mula of CZZHZ007, which could agree with a 
triacetylbrazilane. 

The change in the acetic acid content had virtu- 
ally no effect on the m.p.; the presence of 0.25 mole 
of this acid suffices, however, to lower the carbon 
content of triacetylbrazilane to the values previ- 
ously reported.‘.’ This simple explanation for the 
misleading analytical results is undoubtedly cor- 
rect, for a sample of the Herzig and Pollak com- 
pound. kindly provided by Dr. J. N. Chatterjea, and 
presumably identical with the material he had used 
in his previous investigation,* did in fact contain 
about 0.25 mole of acetic acid. 

At this stage we decided to compare the spectral 
characteristics of the compound, m.p. 230” with 
those of 0-triacetyl-cis-brazilane (3, R’ = H),2.3 
which was prepared in an unequivocal manner from 
triacetylbrazilin (4, R = OH),’ as described later. 
The UV and IR spectra of these two compounds 
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OR 

3: R=Ac. R’=H. 
7: R = AC, R’ = 0-triacetyl-cis-brazikn4yl 
8: R = Me, R’ = 0-trimetboxy-cis-brazilan4yl 

5 

were virtually identical; their NMR spectra, on the 
other hand, revealed such marked differences that 
doubts arose about the unknown compound posses- 
sing the indenochroman ring system of brazilin. 
These were, however, dispelled when oxidation 
with chromic acid gave O-triacetylbrazilone (S), 
which can only be obtained from a brazilin-type 
structure. In view of this conflicting evidence it 
became essential to obtain a spectrum of the com- 
pound, m.p. 230” which could be fully analyzed; 
this was impossible at 6OMHz, because the spin 
system of the relevant aliphatic protons was too 
tightly coupled. At 220 MHz it became evident that, 
relative to three acetoxyl groups, there were only 5 
other aliphatic protons present, which were 

coupled in a -CH,-C H-CHZ_ sequence. Furth- 
ermore, “C NMR showed the presence of a quater- 
nary carbon. These results led to the conclusion 
that the substance is a dimeric O-triacetyl- 
brazilanyl, originating from reductive coupling of 
two molecules of brazilein (1). Although the mass 
spectrum did not show the expected molecular ion 
peak at 790, it did show significant ions at m/e 3% 
and 394, resulting presumably from disproportiona- 
tion of the molecule CUH38011 during volatilization. 
We have confirmed by NMR that this interpretation 
is correct: the spectrum of the compound, m.p. 
230”. after decomposition by heat, showed that dis- 
proportionation into 0-triacetyl-cis-brazilane (3) 
and anhydro-0-triacetylbrazilin (6) had occurred. 
We therefore propose that the Herzig and Pollak 
compound is bi-O-triacetyl-cis-brazilan4yl (7). 

OAc 

4 

rm 

OAc 
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Using milder conditions than described before, 
simultaneous hydrolysis and methylation of the 
compound (7) readily gave bi-O-trimethyl-cis- 
brazilan4yl (8). m.p. 182-V, reported’ m.p. 
188-90”. 

The amorphous, alcohol-soluble residue which 
remained after isolation of the bibrazilanyl (7) 
could only be induced to crystallize after column 
chromatography over silica gel. The following com- 
ponents were then isolated in a pure state by frac- 
tional crystallization: 0-triacetyl-cis-brazilane (3), 
the corresponding bibrazilanyl (7). and anhydro-O- 
triacetylbrazilin (6). The NMR spectrum of the ma- 
terial recovered from the mother liquors showed it 
to be a mixture of these three compounds. Since the 
unsaturated compound (6) and the bibrazilanyl de- 
rivative (7) both exhibit characteristic NMR ab- 
sorptions, a reasonably accurate quantitative evalu- 
ation of the spectrum was possible. The estimated 
values were taken into account in assessing that at 
88% conversion of brazilein 55% O-triacetyl-cis- 
brazilane (3). 40% hexa-acetylbibrazilanyl (7), and 
5% anhydro-0-triacetylbrazilin (6) had been 
formed in the reaction. 

The reaction probably takes the course outlined 
below (part structures A-G). The first step is an 
acid-catalyzed allylic rearrangement which trans- 
forms brazilein (A) to the quinol (B). It is well known 
that compounds of this type are very readily reduced 
to phenols,6 and it can therefore be assumed that 
under the experimental conditions the intermediate 
(B) is immediately reduced to anhydrobrazilin (C). 
In acid solution this is in equilibrium with deoxy- 



Reduction of brazilein 1297 

btazilein (D), from which the radical (E) is pro- 
duced by a one electron reduction and subsequent 
attachment of a proton to the oxygen atom. (This 
stage has occasionally been attributed to the forma- 
tion of a radical ion, but the term has little meaning 
when the ion is phenoxide or alkoxide, and the 
medium is strongly acidic. Indeed, the exact sequ- 
ence of the processes is unknown.) Further reduc- 
tion then leads to cis-brazilane (F), while coupling 
of the radicals (E) produces the bibrazilanyl (G). 
The final step is the acetylation of the hydroxyl 
groups. 

pear to be critical, for after a successful first experi- 
ment some difficulty was experienced before the 
procedure could be repeated. 

DISCUS!JION OF NMR SPRCI-RA 

The 220 MHz spectrum of bi-O-triacetyl-cis- 
brazilan+yl (7) shows that both halves of the 
molecule give identical signals and therefore only 
one brazilanyl radical need be considered. 

Apart from the signals of the aromatic and acetyl 
protons, the really informative part of the spectrum 
was a five spin system absorbing between 5.9 and 

It is part of this hypothesis that the acetyl deriva- 
tive of anhydrobrazilin (6) will not be reductively 
coupled to a dimeric molecule. This is fully borne 
out by the observation that simultaneous reduction 
and acetylation of brazilein gives exclusively 
anhydro-0-triacetylbrazilin (S)? which is also the 
main product when the reductive acetylation is car- 
ried out in the absence of acetic acid.’ 

An authentic specimen of 0-triacetyl-cis - 
brazilane (3) was prepared from triacetylbrazilin 
(4, R = OH) by way of the tosylate (4, R = tosyl) 
which, on boiling with pyridine, was converted into 
anhydro-0-triacetylbrazilin (6); catalytic hydroge- 
nation gave the cis-derivative (3). The conditions 
for the formation of the tosyl ester (4, R = tosyl) ap- 
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8.5 7, the analysis of which was decisive in assign- 
ing a structure to the molecule. 

The initial parameters calculated from this region 
of the spectrum provided values for its computer 
simulation by the programme MARIP. Slight vari- 
ations of these figures gave a good correlation be- 
tween the computed and the experimental spec- 
trum. The J-values thus obtained gave clear evi- 

dence for a -CHICH-CH~- sequence; this 
proved that there was no proton attached to 
carbon -4; the presence of a quatemary carbon 
atom was confirmed by “C NMR. These facts to- 
gether with the elemental analysis and chemical 
evidence, can only be accounted for by a molecule 
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in which 2 brazilanyl radicals are joined to each 
other by a bond between the carbon atoms at 
position - 4. 

In interpreting the chemical shifts of the five re- 
levant protons, it was reasonable to assign the ab- 
sorptions at lowest field to the two protons adjacent 
to oxygen. The signals at 8.0 and 8.5 T, from two 
geminally coupled protons, had therefore to be as- 
signed to the benzylic group, although these are at 
unusually high field. This apparent anomaly can be 
accounted for by the dimeric nature of the com- 
pound if there is a preferred conformation of the 
molecule in which the benzylic protons lie over the 
plane of one of the aromatic rings of the other 
brazilanyl moiety. The assignment of the two pairs 
of geminal protons is entirely consistent with their 
J-values: the geminal coupling constant of the CR 
next to oxygen is less negative ( - 11.0 Hz) than 
that of the benzylic CH, (- 17.0 Hz), as expected 
from the relative effects of an adjacent electronega- 
tive atom and a a-system respectively. 

The Dreiding model of the compound shows that 
the oxygen containing ring can exist in two half- 
boat conformations. The preferred form was de- 
duced from the vicinal coupling constants of the 
\ ,CH-CHrO- group by calculation of the dihedral 

angles from the Karplus equation.” The large differ- 
ence between the coupling constants of H -2a and 
H - 28 to H- 3, and the absolute magnitude of 
these values, favour the conformer where H - 2a is 
axial and H - 28 equatorial (relative to H - 3 being 
p-oriented, see structure below). In the second pos- 
sible conformation H - 3 almost bisects the angle 
between H - 2a and H - 20 and therefore the ap- 
propriate coupling constants would have a similar 
value. 

Analysis of the 220 MHz spectrum of O-triacetyl- 
cis-brazilane (3) showed very little difference in the 
analogous coupling constants, indicating that the 
conformation of ring B is the same as in compound 
(7). If, in the Dreiding model, the T-membered ring 
is slightly twisted out of plane by rotation around 
the C-C bond common to rings A and B, the coupl- 
ingconstantsofH-3toH-l’a,H-1’/3andH-4 
are also satisfactorily accounted for. 

From a comparison of the computed and experi- 
mental spectra it was evident that long-range coupl- 
ings are present in both molecules, possibly of a 
benzylic nature as well as within the saturated sys- 
tem itself. Since they do not affect the general con- 
clusions they have been omitted from the calcula- 
tions. 

In the Table the values and coupling constants of 
the relevant protons in compounds (3) and (7) are 
reproduced for direct comparison. The data pro- 
vide strong evidence for the proposal that the bond 

*PhysicoChemical Measurements Unit, Harwell, Eng- 
land. 

in the bibrazilanyl(7) links the two Cpositions. The 
remarkable shielding of the benzylic protons (Hr. 
and H,.B) can also be clearly seen. 

Compound 7 

7 5.91 
r 6.67 
7 6.88 
r 8.05 
r 8.55 

- 
- ll.OHz 

12.5 Hz 
6.0 Hz 

- 17-O Hz 
1.25 Hz 
8.0 Hz 
- 

Compound 3 

7 5.88 
r 6.38 
7 7.06 
7 7.34 
r 6.80 
7 5.71 

- Il.25 Hz 
10.0 Hz 
5.0 Hz 

- 16.5 Hz 
2.0 Hz 
7.0 Hz 
7.0 Hz 

EXPERIMENTAL 

‘HNMR spectra were recorded with a Perkin-Elmer 
R 10 (60 MHz) and a Varian HR-220’ instrument for solns 
in CDCI, containing TMS as internal reference. UV and 
IR spectra were determined for chloroform solns and 
Nujol mulls respectively. TLC was carried out on sheets 
of Eastman Silica Gel 6060 with benzene-ether (4: 1) as 
solvent. Light petroleum without further specification re- 
fers to the fraction b.p. 60-W. Organic extracts were dried 
with MgSO,. 

Reduction and acetyfation of brazilein 
Formation of 0-triacetylcis-brari[ane (3). bi-O- 

triaceryl-cis-brariJan4yI (7). and anhydro-O-Pi- 
acetylbratilin (6). The reported procedure’ was modified 
as follows. A mixture of brazilein (2g), zinc dust (8g) 
and glacial AcOH (40 ml) was refluxed (oil bath) with vig- 
orous stirring under N, for 3 h. Ac,O (24 ml) and fused 
NaOAc (2g) were added and refluxing and stirring con- 
tinued for 4 h, when the soln had become colourless. The 
hot mixture was filtered and the Zn dust thereby removed 
was washed with AcOH. Addition of ice-cold water 
(250 ml) to the filtrate precipitated amamorphous yellow- 
ish solid (264 g) which was~collected after standing over- 
night, and thououghly washed with water and cold EtOH. 

(a) Bi-O-trfacetyl-cis-brazilan4yI (7). A suspension of 
the above crude product (246g) in EtOH (50 ml) was 
heated on the water bath until no more crystalline material 
was deposited; this was rapidly collected by filtration 
while hot, washed with hot alcohol, and finally with ether. 
The filtrate and washings were worked up as described 
under (b). 

The colourless crystalline product (787mg),m.p. 230” 
(dec.) was a pure compound (TLC). Samples for elemen- 
tal and spectroscopic analysis were recrystallized from 
benzenelight petroleum and heated over phosphoric 
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anhydride in a vacuum at 140” for 24 h. The compound, 
which was identified by NMR as bi-O-triacetyl-cis- 
brazilon4yl (7). was thus obtained as small colourless 
prisms, m.p. 231-2” (dec.); A, 285.5 nm (Q 10,560); NMR 
(220MHz). 7 2.61 (lH.H-4 or H-7’), 3.16 (lH, H-4’ or 
H-7’), 3.38 (IH, H-8). 364 (2H, H-5 and H-6). 5.91 
(lH, dd, J2.2, - 11.0, h,, 6*OHz, H-2/3), 6.67 (IH, dd, 
J*.+3 - 11.0, J2., 12.5 Hz, H-2a). 6.88 (lH, m, J>,, 6.0. J,, 
12.5, X,.. 1.25, J,,., 8.0 Hz, H-3). 7*65,7.72 and 7.76 (9H, 
3s. 3CH1 .CO), 8.05 (lH, bd, J,,,. l-25, J,..,,s - 17.0 Hz, 
H-l’& 8.55 iiH, dd, J,,., 8.0, J,..l.b - 17-O-Hz, H-1’/3) 
Found: C. 67.0: H. 5.0: m/e. 394 and 3%. C..H,.O,, re- 
quires: C,~66.8;‘~,.4.8% M, i90). 

(b) Work-up of the alcohol soluble port of the reaction 
mixture. After removal of the dimer the combined al- 
coholic filtrate and washings were evaporated, the residue 
(I .67 g) was dissolved in benzene and chromatographed 
over freshly activated silica gel (“Davison” grade 923, 
100-200 mesh, 6Og), packed in light petroleum. TLC ex- 
amination of the fractions eluted with benzene-ether 
(4: I-1 : 1) indicated that most of them were mixtures of O- 
triacetyl-cis-brazilane (3) and the bi-brazilanyl derivative 
(7); only one fraction crystallized spontaneously and was, 
after crystallization from EtOH, identified as anhydr*O- 
triacetylbrazilin (6,65 mg), m.p. and mixed m. p. with an 
authentic specimen 204-6” (sintering and discolouring 
from 185’). Since this compound had virtually the same R, 
value as the dimer it was not immediately detected in the 
other fractions. These were induced to crystallize by 
triturating with ether and methylene dichloride, and allow- 
ing the solvent to evaporate at room temp; after oily ma- 
terial had been removed, fractional crystallization of the 
residues from benzenelight petroleum or methylene 
chloride-light petroleum (b.p. 40-60”) gave the bi- 
brazilanyl derivative (7, 64mg). m.p. 230” (dec.) and O- 
triacetyl-cis-brazilane (3, 262 mg). m.p. and mixed m.p. 
with an authentic specimen 173-5”. The structure of all 
three compounds was confirmed by NMR (for details see 
under the appropriate compounds). The composition of 
the remaining material (1.27 g). comprising the residues 
from the mother liquors and the oily products, was esti- 
mated by NMR. and the calculated and weighed amounts 
combined. The distribution of the reaction products at 
88% conversion of brazilein thereby arrived at was: 55% 
0-triacetyl-cis-brazilane (J), 40% bi-O-triacetyl-cis- 
brazilan4yl (7) and 5% anhydro-0-triacetylbrazilin (6). 

0-Triacetylbrazilone (5) from bi-O-ttiacetyl-cis-brazilan- 
4-Yl (7) 

A soln of 0-0, (0.5 g) in water (0.5 ml) and glacial 
AcOH (5 ml) was added dropwise over a period of 20 min 
to a magnetically stirred suspension of 7(556 mg)in AcOH 
(20 ml) at 50”. and the soln stirred at this temp for a further 
30 min. After dilution with water (20 ml) and standing for 
I h at 0” unchanged starting material (220 mg) was re- 
moved by filtration, washed with water, and the filtrate 
and washings were evaporated to dryness under reduced 
pressure at 50”. The resulting pale gum. after leaching with 
warm light petroleum, crystallized immediately on addi- 
tion of MeOH to give 0-triacetylbrazilone (46mg. 13%) 
as colourless needles, m.p. 187” (dec.), as reported.’ 
undepressed on admixture with a specimen prepared 
from 0-triacetylbrazilin; v,. 1768 (CH,.e), 1722 
(-CH2. C_O. CH,), and 1645 cm-’ (Ar. C_O. Ar); NMR 
(60 MHz), 7 5.43 (2H, s, -CO. C&. 0-) and 6.32 (2H, s, 
Ar . CI& . CO-). 

Anhydro-O-tn’acetylbrazilin (6) 
(a) From 0-triacetylbrazilin (4,R=OH). O- 

Triacatylbmzilin was most conveniently prepared by 
treating a soln of brazilin in NaOH aq, internally cooled 
with crushed ice, with a slight excess of AGO. The yellow 
amorphous solid was washed with water, dissolved in 
benzene, and the soln filtered, dried, and evaporated. The 
triacetate crystallized (with 1 Et0I-I) from EtOH as pale 
yellow prisms (70%), m.p. 112” (dec.). reported’ m.p. 108” 
(dec.); when the alcohol of crystallization was removed 
the compound became a hard, clear resin. 

Tosyl chloride (2.79 g, 14.58 mmol) was added in small 
portions to a magnetically stirred soln of alcohol-free 
triacetylbrazilin (3 g. 7.29 mmol) in dry pyridine (20 ml) at 
0”. After 5 days at 5” (refrigerator) and 3 days at room 
temp the mixture was poured into ice-cold HCI, the pro- 
duct collected in methylene chloride, and the washed and 
dried extract evaporated under reduced pressure at 20”. 
The tosylate (4, R = tosyl; 0.87 g, 21%) separated from 
EtOH as colourless nrisms, m.u. 144-6” (Found: C, 61.0; 
H, 4.6; S, 5.7. C,&O,G3 requires: C. 61.4; H, 4.6; S, 
5.7%). 

The tosylate (0.5g) was boiled with pyridine (5 ml) 
under N, for I h, the soln poured into 6N HCI, and the ppt. 
crystallized form CH,Cl,EtOH to give anhydro-O- 
triacetylbrazilin (192 mg, 55%) as pale cream leaflets, m.p. 
206” (sintering and discolouring from 188”); NMR 
(60 MHz). 7.490 (2H. s. -CH&-) and 6.68 
(2H. s. Ar.CHr) (Found: C. 66.9: H. 4.6. Calc. for 
&$I,;O,: C,6;.0;‘ H. 4.6%). 

(b) From brazilein. The following modification gave a 
much cleaner product than the original procedure.’ A mix- 
ture of brazilein (4 g). Zn dust (30 g). fused NaOAc (4 g). 
and AGO (80 ml) was refluxed with stirring under NI for 
1.5 h. Zn dust was filtered from the hot mixture and 
washed with AcOH. and the filtrate poured into water 
(800 ml). After standing overnight the ppt was collected, 
and thoroughly washed with water and EtOH; crystalliza- 
tion from EtOAc-EtOH gave anhydro-0-triacetylbrazilin 
(3.35 g, #%) as pale yellow hexagonal prisms, m.p. 206-8” 
(sintering and discolouring from 1907, reported’ m.p. 
I-” (discolouring from 170”); the compound was identi- 
cal with the specimen described above (mixed m.p., IR 
and NMR spectra). 

0-Triacetylcis-brazilane (3) 
Hydrogenation of a soln of the foregoing compound 

(2 g) in EtOAc (150 ml) in the presence of 2% palladium 
chloride on strontium carbonate (0.3 g) gave O-triacetyl- 
cis-brazilane (I .82 g, 90%). m.p. 173-5” (colourless prisms 
from MeOH). reported*.’ m.p. 166-7”; A,.. 278.5 nm 
(a 4600); NMR (220 MHz), 7 2.63 (IH, d, H-5). 2.86 
(IH.s.H-4’ or H-7’). 2.95 (lH, s, H-4’ or H-7’), 3.28 
(IH,dd,H-6),.3.39(lH.d,H-8),5*71 (lH,d.J,.7.0Hz.H- 
4). 5.88 (lH, dd, Jz.2, - 11.25, J>,, 5.0 Hz, H-Zp), 6-38 
(lH, t, Jz.ls - 11.25, I,., 10.0 Hz, H-2a), 6.80 (lH, dd, 
J,..,., - 16.5, J,,., 7.0 Hz, H-l’p), 7.06 (lH, m. J, 7.0, J,., 
10.0, JU, 5.0, J,,.. 2.0. J,,., 7.OHz. H-3). 7.34 (IH, dd, 
J,..,., - 16.5, J,,., 2.0Hz, H-l’o),7*74 (9H. s, 3CH,. CO). 

Bi-0-trimethyl-cis-brcuilan4yI (8) 
The following conditions were found preferable to 

those previously described.’ Methanolic NaOH aq and 
MeSO. were added gradually and alternately to a magnet- 
ically stirred soln of 7(21 I mg) in THF under NI at 70” 
(bath temp) until no further colour change occurred. The 
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yellow soln was diluted with water (150 ml), and after ‘F. Morsingh and R. Robinson, Tetrahedron 26, 281 
IS mm the product collected in benzene. After thorough (1970) 
washing the extract was evaporated to dryness, the partly ‘K. Buchka and A. Erck, Ber. Dtsch. Chem. Ges. 18.1138 
crystalline reddish-brown residue dissolved in benzene (1885) 
and absorbed on neutral alumina (“Woeim” activity grade ‘W. H. Perkin. Jr., J. N. Ray and R. Robinson, 1. Chem. 
1, 10 g). The product was eluted with benzene, and after Sot. 1513 (1928) 
twice crystallizing from MeOH the compound 8 was ‘E. Bamberger, Annalen 390,131 (1912); K. von Auwers, 
obtained as colourless prisms (I 10 mg). m.p. 192-t”, re- Ber. Dtsch. Chem. Ges. 32, 3440 (1899) 
ported’ m.p. 188-90” (Found: C, 73.3; H, 6.1. CwH,lOs re- ‘3. Herzig and J. Pollak, Monatsh. 23, 165 (1902) 
quires: C, 73.4; H, 6.1%). ‘J. Herzig, J. Pollak and E. G. Galitzenstein, Ibid. 2!& 884 

(1%) 
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