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in butadiene and that step 2 is not rate determining. 
Sased on the results shown in Table 111, from mole 
ratios of 1 :1 to 3 : l  the reaction is dependent on the con- 
centration of bromotrichloromethane. However, it is 
difficult to draw any conclusion about the dependence 
on bromotrichloromethane at higher mole ratios. 
For a great change in mole ratio from 3 : l  to 46:l only 
results in a 30y0 change in the absolute concentration 
of bromotrichloromethane. 
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For comparison with the previously rcp,urted' addition of bromritrichloromethanr to butadiene induced hy 
ionizing radiation, similar reactions involving isoprene and 2,3-dimeth~-lbutadienc have been investigated. 
In  the isoprene reaction using three moles of bromotricliloromethanc to isoprene, the 1 : 1 adduct was shown 
to  contain products resulting from i27;, 1,4-addition, 267, .I,l-addition, and a small amount of 1,2- and 4,3- 
additions. In  the 2,3-dimethylbutadiene reaction, in all niolc ratios studied, thp product obtained was ex- 
clusivcly tlie 1 : 1 adduct resulting from 1.4-addition. The kinetics of the reaction were investigated over the 
temperature range 25 to 40"; the dose ratch ranged from (1.4 to 6.3) X 1 0 3  rads niin.-'; and the mole ratio of 
bromotriclilorometliane: dime was varied froin 1 : 2  t,o 19: 1. It was observed that 2,3-dimethylbutadiene was 
the most reactive among tlie tlirec dienes. The actiT-ation encv-givs were 3.96 Itcal. mole-' for isoprene and 
3.09 kcal. mole-' for 2,3-dimethylhutadiene. The G values (molrculrs of diene consunied/100 e.v. absorbed) 
ranged from 450-1000 for isoprene and 1000-:3650 for 2,3-dinicthylbutadiene. The dose rate dcpendences 
were: for isoprene, rat,? 0: dose rate"j3; C: a dose rate-O,'*; for 2,3-dimethyIhutadiene, rate a dose rttel.j*; 
G 0: dose rat~-0.~2.  In the cases of both isoprene and 2,~-diinetliylbutadiene, the reactions are zero order in 
the diene over the entire range of niole ratios investigatrd. 

The addition reaction of bromotrichloromethane to 
butadiene induced by ionizing radiation has been found 
to yield primarily the 1,4-trans adduct.' This in\-esti- 
gation deals with the same type of reaction iiivolviiig 
some substituted butadienes--2-niethylhutadierie (iso- 
prene) and 2,3-dimethylbutadieiie. One of our pur- 
poses was to study the modes of addition of bromotri- 
chlorometliarie to these dienes induced by ionizing 
radiation in the vicinity of room temperature. In the 
case of 2,3-diniethylbutadiene 1,2- and 1,4-additions 
similar to those dsscribed for the butadiene reaction' 
are possible, while in the case of isoprene all 1,2-, 1,4-, 
4,l- ,  and 4,3-additions leading to various products are 
possible. Another purpose was that of comparing the 
reactions involving the unsubstituted and suhtituted 
butadienes from a kinetic point of view. It was hoped 
that these findings mould help us to understand more 
clearly the mechanisms of the described reactions. 

Experimental 
Materials.-Research grade isoprene of Phillips l'et,roleum 

Co. was employed. Both 2,3-dimethylhutadiene and broniotri- 
chloromethane we:'e supplied hy Eastman Kodak Co. and puri:ied 
by fractionation shortly hefore use. 

The radiation source, dosimetry, and other esperiniental 
procedures were similar t o  tliose described for the butadiene 
reaction.' 

Gas-liiluid chromatograpliic analyses were carried out using 
a Podbielniak (21). instrument, Model 9530. A 12-ft. column 
packed with 15(x, w. /w. Hy-Vac silicone grease 0 1 1  60/80-liiesli 
Chromosorh-\l' solid support was used. The coluiiin temperature 
was 10Ho, and the helium gas pressure was 15 p.s.i.g. 

N.ni.r. spectra were obtained with a Varian \'430073 hiyh- 

(1) C. S. Hsia Clien and R. F. Gtamm, J .  Oro. Chem., 28, 1580 (1963). 

resolution spectrometer a t  40 \IC. in carbon tetrachloride solu- 
tion mit,h tetrarnethylsiltne as an internal standard. 

Identificction af Products. Bromatrichloromethane-Isoprene 
Reaction.-Similarly to  t,lie I)roniot,ricliloromethane-butadiene 
reactions,' tlie broinotricliloroii~ethtne-isoprene reactions pro- 
duced both t,he 1 : 1 adduct [C6H8ClsBr, h.p. 49.0-54.3' (0.025 
n i n ~ . ) ]  and the 1 :2  adduct iC1,HIsClaBr, b.p. DO" (0.075 mm. ) ] .  

A n d .  ( 1  : 1 adduct Calcd. for C6H8!Y3Rr: C, 27.05; H ,  
5.03; C1, 31.51; Br, 39 .  Found: C, 27.59; H ,  3.51. 11:2 
adduct). Calcd. for CIIHIGC1sBr: C, 30.49; H ,  4.82; C1, 31.81; 
Br, 23.89. Found: C, 39.33; H ,  4.70. 

However, tlie 1 : 2 adduct v a s  ohtained only in cases where the 
initial concentration of isoprene was high (1  : 1 mole ratio) or 
when the mixture was exposed to radiation for a long time; 
i t  was also fornied in smaller amounts in comparison with the 
corresponding hutitdiene reactions.' 

The 1:  1 adduct ( I )  formed in the addition reaction of bromo- 
trichlorometliane to  isoprene (3: 1 mole ratio) induced by X- 
rays (dose rate: 6 X 103 rads min.-') was shown by infrared and 
Raman spectroscopy to contain less than 555 terminal double 
hond resulting from either 1,2-addition or 4,3-addition. The 
vibrational spectra showed conclusively the presence of -CH?Br 
and --CCl, groups as major components. I n  addition, the 
cleanness of the Raman spectrum indicated that  the 1 : 1 adduct 
contained either a single compound or else a mixture of compounds 
whose structures were such as to  yield identical spectra for the 
several components. However, these methods were unable to 
distinguish between cis and trans structures with regard to  the 
locations of tlie H atom and --CHI group on the residual douhle 
bond. -41~0, the aiiiount,~ ( i f  1,4- and 4,l-addition products could 
not he nscert,ained. ;? gas-liljriid chromatograph of I showed two 
minor peaks, 0 . 5  and 1.5$;, hefiire two rna,ior peaks, 26.1 and 
71.05<. The n.m.r. spectrum of I showed a mixture of the I , +  
and 4,l-adduct wit,li t,lie component possessing a douhlet a t  lower 
Eeld heing present in grcxter concentration. The compound Br- 
CH2---C€T=C( C€l:4)---CH2-CCl:3 would lie the niore ahundant 
conipoiie:it if the H resonances on tlie methylene adjacent to tlie 
Br atom appear at a lower field tlian tliose on the methylene 
adjacent to  the -CClr group. A preliminary look at the models 
Br-CH:3 and C:I,C-CH, showed that the difrerence was very 
slight and possibly in the reverse order. Another approach was 
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Fig. 1.-Standardization of isoprene solutions in bromotri- 
chloromethane. 0: 10-mm. cell; geometrical dit = 0.12 mm.; 
.41.63 = 0.2175 ( c / c  CZHB) + 0.04100. a: 10-mm. cell; copper 
screen, T = 0.1; slit = 1.2 mm.; i 1 1 . 6 3  = 0.1886 ( %  C6H6) + 
0.066. 0 :  2-mm. cell; slit = 0.12 mm.; d1. t i s  = 0.02927(52 
CbH,) + 0.1322. 
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product (11) was obtained. The results in gas-liquid chronia- 
tography showed that I1 was a mixture of three fractions in the 
relative amounts of A, 1.0 B, 22.453, and C, 76.6L/,. Frac- 
tion C, had a slightly unsj metrical peak which could not be 
resolved. Approxiniately 20 pl. each of fractions B and C were 
trapped from the gas chromatograph by employing 20 or more 
passes. K.m.r. spectra of fractions B and C were examined. 
Fraction C gave a spectrum corresponding roughly to three 
parts CH3 -CH=C(CH,)-CH*-CCl,, derived from BrCH2- 
CH=C(CHI)-CH~-CC~~, and one part CH3-C(CH,)=CH- 
CHI-CCl,. The spectruni of fraction B corresponded to 
CH,-CH=C( CH3)-CH?-CHClz derived from CH,-CH= 
C(CH,)-CH?-CCl, also, where, aside from the Br atom, one 
C1 atom was also replaced by H .  The gross identity of fraction 
B was verified by mass spectrometry. Therefore, over-all, I1 
was composed of (T6.6 X 3 / ( )  + 22.4 = 79.9% of the products 
derived from the l,&addition product and 20.1% from the 4, l -  
addition product. Since the yield from the lithium aluminum 
hydride reduction was 86%l,, and since I1 contained 80y0 of 
producLs which were derived from the 1,4-addition compound, 
therefore, in I the largest fraction, 71.9c/,, must be the 1,4- 
addition compound, and the lesser fraction, 26.1(h, the 4, l -  
addition product. The remaining minor fractions totaling 2% 
could be the 1,2- and 4,3-addition compounds or other impurities. 
Bromotrichloromethane-2,3-Dimethylbutadiene Reaction.- 

Cnlike the butadiene and isoprene reactions, the addition of 
bromotrichloromethane to 2,3-dimethylbutadiene yielded only 
the 1 : 1 adduct even a t  100% conversion. Infrared and Ranian 
spectroscopy established that the 1:  1 adduct has the 1,4-con- 
figuration, Cl,C-CH,-C( CH3)=C(CH3)-CH2Br, a clear liquid, 
b.p. 74" (0.2 nini.). 

Anal.  Calcd. for CiHlcC13Br: C, 29.98; H ,  3.5'3. Found: 
C, 30.28; H ,  3.60 

Results 
I I I 

1 1  Kinetics.-The results on the standardization of 
iboprene of diff ereut coiicentratioii ranges with regard 
to absorbance [log ( I o / I ) ]  a t  1.63 p are represented in 
Fig. 1. Similarly, the results on the standardization 
of 2,3-dimethylbutadiene are represented in Fig. 2. 
In all these cases Beer's lam is followed. In  Fig. 3, 
the results on very concentrated solutions of 2,3-di- 
met hylbutadiene in bromo trichlorome t hane are shown 
(3&50%). Tt is seen that Beer's lam is no longer fol- 
lowed and that a curve is obtained. This curve was 
used graphically for determining the CeH,, concentra- 
tion in the reaction where the mole ratio was 1:2. 
(Mole ratio, unless specified otherwise, refers to bromo- 
trichloromet hanediene.) 

Typical kinetic plots for X-ray induced bromotri- 
chloromethane-isoprene and bromotrichloromethane- 
2J-dimethylbutadiene reactioiis are shown in Fig. 4 
and 5, respectively. In  both figures all the plots arc 
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Fig. 2.-Standardization of 2,3-dimethylbutadiene solution in 
bromotrichloromethane. 0: 10-mm. cell; geometrical slit = 
0.12 mm.; i i 1 . 6 2 7  = 0.2162 ( %  CsH,) + 0.0542. A :  10-mm. cell; 
copper screen, 5'' = 0.1; slit = 1.2 nim.; -41.627 = 0.1776 ( c / (  
CsH,,,) + 0.3013. 0: 2-mm. cell; slit = 0.12 mm.; -41.ti27 = 
0.03785 (%; C6Hio) + 0.1400. 

then taken. Ib-ork by Hatch, et al.,z has shown that by using 
lithium aluminum hydride, the bromide in a compound such as 
BrCH?-CH=CH-CH, can be replaced by hydrogen in greater 
than 95c,<l yield with the double bond remaining intact. Thus, 
the I : 1 adduct ( I )  was treated with litliiuni aluminum hydride 
under iiiild conditions favoring replacement of Br in preferencc 
to the less reactive C1. An 86(/; (or higher) yield of the reduced 

(2) L. F. Hatch, 1'. I). Gardner,  and R. E. Gilbert, J .  Am.  Chern. Soc . .  81. 
XI43 (1959). 

Llole ratio 
BrCCh: CsIIs 

2 . 9 0 : l  
2 . 9 9 : l  
2 .98:1 
3 . 0 4 : l  
3 . 1 8 : l  

Temperature, Dose ratea 
O C .  i 0.2 rads niin.-' 

25 1454 
25 3807 
25 5896 

32.5 5708 
40 5650 

moles kg. -1  

min. -1 

1.46 
2.30 
3.10 
3.60 
4.88 

G valucu' 

969 
883 
507 
556 
833 

1 . 0 3 : l  25 5235 2.82 ,520 
2 . 0 5 : l  25 5699 2 .70  456 
6 . 1 9 : l  25 COO7 3 .65 577 
8 . 3 6 : l  B i  (i 1,54 3 . 7 5  504 

17.95: l  *)i - a  0257 3.40 3% 
'I 1)osc rate calculatcd froni tlic coniposition ( i f  tlic systclll b:~scd 

Filtration, 
XIoloculrs of istipr(w 

011 Fc+Z-Fe +3 dosimetry under the same ccinditions. 
1 mni. of aluminum + 1 mni. of coppc'r. 
reacted per 100 C.V.  absorbed. 
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TABLE I1 
DATA FOR ADDITION OF BROMOTRICHLOROMETHAHE TO 2,3- 

DIMETHYLBUTADIENE 
Rate  X 103, 

hlole ratio Temperature, Dose ratea moles k g . 3  
BrCCla:CsHla O C .  i. 0.2 rads min.-1 min.-’ G valueb 

2.03:l 25 1423 5.39 3653 
3.20:l 25 3611 7.33 1957 
2.99: l  25 5749 12.88 2160 
2.91:l 32 .5  5896 14.32 2381 
2.93:l 40 5778 18.63 2737 
1:2.06 25 4347 4.80 1065 
0.99: l  25 5020 11.17 2146 
4 . 2 5 : l  25 5904 1 ’.67 2074 
6.08:l 25 6043 13.54 2161 
10.63:l 25 6160 35.23 2384 
11.06:l 25 6106 16.23 2550 
11.22:l 25 6158 16.10 2537 
18.72:l 25 6223 15.41 2388 

a Dose rate calculated from the composition of the system based 
Filtration, 

Molecules of 2,3-di- 
on FA ‘2-Fe + 3  dosimetry under the same conditions. 
1 mm. of aluminum + 1 mni. of copper. 
mcthylbutadiene reacted per 100 e.v. absorbed. 

essentially linear. The kinetic data concerning various 
experimental conditions are recorded in Table I for iso- 
prene arid in Table I1 for 2,3-dimethylbutadiene. 
When employing a mole ratio of 3:l  for isoprene a t  
25’) it was found that the rate was proportional to the 
0.53 power of the dose rate ( k  a I o  53), and the G value 
was inversely proportional to the 0.48 power of the dose 
rate (G a I-O 48).  For 2,3-dimethylbutadiene, the rate 
was proportional to the 0.58 power of the dose rate (IC 

I o  59, while the G value was inversely proportional 
to t>he 0.42 power of the dose rate (G a 1-0.42). Figure 
6 represents the dependence of rates on the mole frac- 
tions of bromotrichloromethane at  25’ for both isoprene 
and 2,3-dimethylbutadiene. It shows that maximum 
rates are in the neighborhood of 0.8-0.9 mole fraction 
of bromotrichloromethane. Figure 7 shows the Ar- 
rhenius plots involving temperatures of 25, 32.5, and 
40”. An activation energy of 3.96 kcal. mole-’ was 
calculated for the addition to  isoprene, and 3.09 kcal. 
mole-’ for that  to 2,3-dimethylbutadiene. 

Discussion 

From the results obtained for the bromotrichloro- 
methane-isoprene system, it.is seen that addition of the 
trichloromethyl radical (CCl,) is more favorable 
(3:l)  a t  the end nearest to the methyl group (position 

Presuming that the initiation is BrCCl, + Br + 
CCl,, this is expected since eel, is an “ac~eptor-type”~ 
radical which preferentially attacks double bonds with 
electron-donating groups in the propagation step. In  
t’he displacement step the polar factor is also more 
favorable. This is also shown by the relative reaction 
rates obtained for the addition of bromotrichloro- 
methane to butadiene, isoprene, and 2,3-dimethyl- 
butadiene. For example, a t  3:l mole ratio, 25O, and a 
dose rate of 6 X lo3 rads min.-I, the ratios in rates are 

In the rabe us. mole fraction of bromotrichlorometh- 
ane plots (l(ig. 8), in the cases of both isoprene and 2,s- 
dimet’hylbutadiene, as well as in that of butadiene,‘ 

. I ) .  

C&:C&:C6H,o = 1: 1.27: 5.28 

(3) C. \Vallina, “Free Radicals in  Solution,” J o h n  n’iley and Sons, Inc., 
N e w  York, N. Y., 1957, Chap. 6. 
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Fig. 3.--Standardization of concentrated 2,3-dimethylbutadiene 
in bromotrichloromethane; 2-mm. cell; slit = 0.12 mm. 
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Fig. 4.--Some typical plots in reaction kinetics between iso- 
prene and bromotrichloromethane as expressed in disappearance 
of isoprene. 

the maxima lie in the region of 0.7-0.9 mole fraction of 
bromotrichloromethane (especially in the case of 2,3- 
dimethylbutadiene) ; this is in agreement with the idea 
of radical reactivities., Since the radicals derived from 
the dienes are relatively stable due to resonance, these 
remain as the major radical species in the systems up to 
a high mole fraction of bromotrichloromethane. 
Almong these three dienes, the steepest rise and highest 
maximum yield is observed with 2,3-dimethylbuta- 
diene. This may result from the greatest reactivity 
of this diene in the present “donor-acceptor” type 
reaction. 

I n  all kinetic runs reported, the conditions were 
chosen so that the 1:1 adduct was the only product. 
Therefore, the rates pertain to reactions on p. 1588. 
The stepwise, free radical reaction schemes for the addi- 
tion reactions of these dienes are similar to that repre- 
sented for butadiene.’ The results from the kinetic 
studies show that the rates and G values are in the 
order of butadiene < isoprene < 2,3-dimethylhutadiene 
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Fig. 5.--Some typical plots in reaction kinetics between 2,s- 
dimethylbutadiene and bromotrichloromethane as expressed in 
disappearance of 2,3-dirnethylbutadiene L I S .  time. The scales on 
top and right of thc graph belong to  the uppermost plot. 

MOLE FRACTION OF BrCCI3 

Fig. 6.--Dependence of rate on the mole fraction of bromotri- 
chloromethane a t  25". 0, Isoprene; 0,  2,3-dimethylbutadiene. 

I o t  

, 
1 1 I 

32 3 3  3 4  
I 0 3 1 ~  

0 01 

Fig. 7.-Arrhenius plot of addition of bromotrichloromethane 
to diene. Mole ratio, 3:1, dose rate, 6 x 103 rads niin,-l. 
e, 2,3-L)imethj Ibutadiene; 0, isoprene. 

Isoprene: BrCC13 + CH2=C-CH==CH2 -+ 
I 

CH3 
ClK-CH2-C=CH-CH?Br 

I 
CH3 

-7570 + 
C13C-CH2-C=C-CHJ3r 

-25% 
I!I AH3 

2,3-Dimethylbutadiene : BrSC13 + CH2=C---C=CH2 - + 

C13C-CH2-C( CHa)=C( CH3)-CH2Br 

I 
CH3 AH3 

and that the activation energies are iri the order of 
butadiene > isoprene > 2,3-dimethylbutadierie. Also, 
based on the dose rate dependence, the extent of allylic 
degradative chain transfer is in the order of 2,3-di- 
methylbutadiene > isoprene > butadiene. All these 
observations are in accordance with the structural fea- 
tures of these three dienes. The 2,3-dimethylbutadiene 
having two electron-donating groups which aIso carry 
six allylic hydrogens, is expected to be the most reac- 
tive, and the one capable of the highest allylic chain 
transfer among the three. However, the allylic chain 
transfer is not extensiye in any case as is shown hy the 
nearly square root dependence on the dose rate in all 
three cases. I t  is conceivable that considerable attack 
on allylic hydrogens could have taken place, but the 
resulting radicals were able to attack the reactive 
bromotrichlorometliarie and still propagate the chain. 

The linear plots obtained for concentrations of diel e 
us. time (Fig. 4 and 5 )  indicate that the reactions are 
zero order in the diene. Table I11 represents the de- 
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TABLE I11 
DEPENDENCE OF RATE O N  THE CONCENTRATION OF 

BROMOTRICHLOROMETHANE‘ 
Rate X 103, 

Mole ratio [BrCCh],  moles kz.? 
Diene BrCC1a:diene moles kn. -1  min. -1  

Isoprene 1 0 3 : l  2 .98 2.84 
2 . 0 5 : l  4 .30 2.74 
2 . 9 8 : l  4 .54 3.09 
6 . 1 9 : l  4 .78  3 .58  
8 . 3 6 : l  4 .84 3.66 

17 .95: l  4.96 3.34 
2,a-Dimethyl- 1:2.06 2.79 5.74 

butadiene 0.99: l  3 .56 12.29 
2 . 9 9 : l  4 .43 13.10 
4 . 2 5 : l  4 .60 12.70 
6 . 0 8 : l  4.72 13.38 

10 .63: l  4 .85  14.88 
1 1 . 0 6 : l  4 .86  15.95 
11 .22: l  4.86 15.83 
18. 72: 1 4 . 9 3  14.97 

Wtae  rate: isoiwene, 5S60 rads min.-l; 2,3-dimet,hylbuta- 
diene, 5920 rads rnin.-’. 

pendence of rate on the concentration of bromotri- 
chloromethane when the rate in each case has been cor- 
rected to a common dose rate. It is seen that in the 
cases of both isoprene and 2,3-dimethylbutadiene, in 
the mole-ratio range of 1:l to 18:1, the rates of disap- 
pearance of the dienes are essentially constant with 
variation in the mole ratio (within 25% variation), the 
maximum rates occurring a t  a mole ratio of 8 : l  for iso- 
prene and 11 :1 for 2,3-dimethylbutadiene. However, 
the rate is much lower when a mole ratio of 1 :2 is em- 
ployed as indicated in the case of 2,3-dimethylbuta- 
diene. 
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The isomeric internal Bunte salts, S-3-aminc-2-hydroxypropylthiosulfuric acid (I), S-2-amino-l-( hydroxy- 
methy1)ethylthiosulfuric acid (II), and S-2-amino-3-hydroxyprop> lthiosulfuric acid (111), have been prepared 
as the racemic forms. 3-Amino-2-bromo- 
1-propanol hydrobromide has been synthesized by the addition of hypobromous acid to the allylammonium ion; 
the isomeric l-amino-3-bromo-2-propanol hydrobromide was a minor product of the addition. The acid hy- 
drolysis of N,O,S-triacetyl-I.-cyeteinol probably proceeds via a thiazoline intermediate. 

The last named has also been prepared in a levorotatory form. 

In  recent years, Bunte salts, S-alkyl thiosulfates, 
have been the subject of investigation in many labora- 
tories. A Bunte salt related to glutathione, “S-sulfo- 
glutathione”, has been isolated from calf lens  extract^.^ 
Sulfite has been used to obtain soluble protein or peptide 
fractions from wool, flour,s ribonuclease and insulin,‘j 
and from trypsinogen and 0-chym~trypsinogen,~ the 
cystine disulfide bonds are cleaved under mild condi- 
tions to form “S-sulfocysteinyl residues”. The proper- 
ties and potential uses of the “S-sulfocysteinyl residues” 
have been discussed by Swan.s 

Several examples of Bunte salts containing amino or 
alkylamino groups were prepared by Bretschneider. 
These, like the amino acids, are internal salts and the 
simplest compound of this type, S-2-aminoethylthiosul- 
furic acid, was found to have significant radiation-pro- 
tective activity in mice. It was also 2.4 times less 
toxic than 2-aminoethanethiol (cysteamine) hydro- 
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chloride.IO Other aminoalkyl thiosulfates have been 
prepared by Rosenthal and Citarel” who found that 
they were stable compounds which possessed significant 
anti-radiation activity. The low activity of 3-amino-l- 
propanethiol compared to the activity of S-3-aminopro- 
pylthiosulfuric acid’2 suggests that the protective ac- 
t’ivity of the Bunte salt is not, a t  least in this case, due to 
the formation of the thiol. 

Aminoalkylthiosulfuric acids are, in general, stable, 
odorless, crystalline, mater-soluble substances and are 
thus attractive potential anti-radiation drugs. This 
paper describes the synthesis of the three isomeric inter- 
nal Bunte salts I, 11, and 111. 

CH2NHa5 CHzOH CHzOH 
I 
I 

CHzSS0se 

I I 
CHSSOae CHNH3@ 
I I 

CHzSHa@ CHzSSOae 

CHOH 

I .I1 I11 

Bunte salts are prepared conveniently by the rea(*- 
tion of alkyl halides with thallous thiosulfate,’3 the 
insoluble t,hallous halide formed being removed easily 
from the reaction mixture. An aqueous solution of 1- 
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