
ABSTRACT 

The conversion of several stereoisomeric osymercurials to allcenes (deosymercuration) has 
been studied with hydrogen chloride in anhydrous and near-anhydrous methanol. In each 
instance the addition of water decreases the second-order rate. In benzene the addition of 
water to the anhydrous system first accelerates and then decreases the reaction rate. These 
results have been interpreted in support of molecular rather than ionic participation by hydro- 
gen chloride. Since molecular participation requires the TT arrangement of alkoxy and chloro- 
mercuri groups for easy reaction it follows that oxymercuration also follows a molecular and 
not a "rnercurinium ion" mechanism in the normal reaction. 

The decomposition of 2-oxyorganomercuric salts to mercuric salts and alltenes has been 
called deoxymercuration (11). I t  is a much milder reaction than is the scission of simple 
alkylmercuric salts, some of which resist prolo~lged heating with strong acids. This differ- 
ence must be due to the vici~lal oxygen linltage. Several opinions have been expressed 
about the mallller in which this oxygen assists the scission of the carbon-mercury link. 
I t  will be seen that these opi~lions are closely related to the ideas of oxymercurial forma- 
tion. For this reason a decision about the manner in which deoxymercuration occurs 
ought to specify the mechanism of oxymercur a t ' lon. 

According to Whitmore (20) deoxymercuration is induced by formation of an oxonium 
salt, I ,  which then decomposes into an alcohol, an alkene, and a mercuric rnonocation 
(where X is an acid substituent bound covalently). 

According to this mechanism the rate of deoxymercuration ought to be dependent on the 
strength of the acid used in the reaction. This dependence on acid strength has been con- 
firmed by experiment (1 1). 

According to another, more recent, opi~lion the reaction is of the "E2 elimination" type 
(22) in which an anion is presumed to coordinate with the mercurial (11) to force the 
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indicated electronic displacement. Presunlably the experimental basis for this scheme lies 
in the early work of Sand and Breest (1.5) and a recent reconsideration of it (14). However 
these experiments were inconclusive. 910reover it has been shonrn (11) that deoxymercura- 
tion by hydrogen chloride in methanol is illsensitive to addition of sodium chloride or 
mercuric chloride. Actually no factual proof of the E 2  scheme exists. 
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BERG ET AL.: DEOXYMERCURATION 359 

The scheme may have been revived for several reasons. First it is essentially the reversal 
of a popular mechanism for oxymercuration (9). These authors propose that a mercuric 
monocation coordinates with an alkene to  give an "alkanemercurinium" ion, 111, which 
reacts with an alltoxide ion to  yield the oxymercurial, IV. 

HgX?, HgX@ and X@ 

Secondly, it may be noted that the final reaction of this series involves an inversioil 
(postulated also for the deoxymercuration) from which a t r a m  (TJ) oxymercurial would be 
formed. The mechailism received strong support from an X-ray diffraction study (4) in 
which a-2-methoxycyclol~exylmercuric chloride was assigned the t J  configuration. How- 
ever, it is now realized that this X-ray diffraction study is non-definitive because the ring 
constellation cannot be discerned adequately in the presence of several heavy atoms. If, 
instead of the orthodox "crown" ring, the "flexible" cyclohexane ring (8,7) is assumecl, the 
location of the ring substituents may be a consequence of the ring deformation rather 
than of substituent configuration. Attempts to refine the s t r~~c tu re s  so as to locate the 
ring carbon atoms more concisely than in the original study have proved to be fruitless. 

However, the inversion mechanisn~ does account satisfactorily for the experimental 
observation that in certain circumstances the deoxymercuration is stereospecific. When 
the single diastereomeric oxymercurial procluced from a single geoisomer is treated with 
concentrated hydrochloric acid the single geoisomer is regenerated without contamina- 
tion (24). Inspection of the postulated mercuririium ion shows that  it will be involved 
stereospecifically in oxymercuration, as also will the E 2  reaction specified for deoxymer- 
curation. A'Ioreover, the conformation required for the inversion reactions should be more 
favorable in one diastereoiner than in another, ancl in many instances this difference in 
reactivity is observed. Thus it remains only to demonstrate that the ionic species signifi- 
cant to these mechanisms actually are available in the reacting systems. 

There is evidence against the direct participation of ionic species in the oxyrnercuration 
of alkenes. According to these studies (12) the reacting species is a basic mercuric salt 
which undergoes a lour-center addition to the alltene. 

HgX, and ROI-1, 'ROHgX and HX 

I< 0 \c/ 
I and I 

XHg C 
/\ 

\/ 
RO-C 

I t  may be seen that this mechanism also satisfies the experin~ental requirement of a 
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second-order stereospecific reaction but it differs from the ionic inversion mechanism 
because it involves direct (TT) addition rather than 'rL addition. 

This mechanism, essentially molecular* rather than ionic, has its counterpart in 
deoxymercuration, where a molecule of hydrochloric acid (X = Cl) is thougl~t to co- 
ordinate with the alkene to form a six-atom "quasi-cyclic" intermediate, V. In V the 

and 

electronic redistribution causes scission to the prodi~cts. I t  may be seen that  these explana- 
tions that are based on direct rather than inverse addition also imply stereospecificity, 
either of product or of reaction rate. Actually the direct (TT) explanation fits better the 
oxymercuration of stilbene and isostilbene and the deoxymercuration of the corresponding 
two diastereomeric ~nethoxymercurials than does the inverse mechanism (23). However, 
one essential difference in the two mecha~lisms involves ion participation in one but not 
in thc other. This criterion has been evaluated in the present report. 

The deoxymercurations described above have involved hydrochloric acid. T o  some, 
this might seem to involve high ion concentration although it is evident to  the experi- 
menter, by the presence of hydrogen chloride in the gas phase above these deoxymercura- 
tion systems, that  molecular Ilydrogen chloride must be present. Moreover, the deoxy- 
mercurating agents do  not need to be strong acids. For example, a-2-methoxycyclo- 
hexylmcrcuric chloride reacts rapidly in methanol with isopropylmercaptan. Although the 

of this mercaptan in water is probably s~naller than that  of acetic acid (toward which 
the mercurial is reaso~lably stable a t  25O) the precipitation of chloromercuric isopropyl- 
mercaptide is immediate. Steric convenience ought to be involved, and this effect is 
typified by a quasi-cyclic intermediate like IV in ivhich H X  would be isopropylmercaptan. 

I t  is convenient to  deoxymercurate in a solution consisting of methanol and con- 
centrated hydrochloric acid but this stereospecific system may contain ionic as well as 
molecular species. As the water content of the system is decreased, the extent of ionization 
ought to become minimal. Therelore it is of interest to  measure the rate of deoxyinercura- 
tion in anhydrous and near-anhydrous metha1101 and this has been done by use of the 
colorimetric analysis for reacting syste~ns of oxy~nercurials (:3, 12). 

The deoxymercurations of a-2-methoxycyclohexylmercuric halides by the appropriate 
halogen acids arc recorded in Table I. 111 anhydrous methanol the reaction is second-order 
and very rapid but the rate is decreased markedly bj- the addition of a few per cent of 
water. Comparison of the rate constants s11on.s that the cleosymercuration is relatively 
insensitive to the halide involved in the reaction although the order of reactivity is roughly 
paralleled by thc dipole moments of the three halides in diosane so lu t io~~  (2). The P-2- 
methoxycyclohexyln~ercuric chloride, which should be sterically unf'avorable toward 
deoxymercuration, does indeed react with llyclrogen chloride in anhydrous methanol a t  

*Tlt is  t ewt  is applied to a sr~bsta?~ce zul~ich acts as  a stereocherrzicnl li?tit a?zd tlzerefore will i?tclz~dc t l ~ e  category 
o f  "io??-)air". 
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BERG ET AL.: DEOSYMERCURATION 361 

least 100 times slower than the a-diastereomer even when the concentration is increased 
15-fold. However, this slow rate is decreased a t  least 10-fold by addition of 1% of water. 

'TABLE 1 
DEOSYMEKCU~~ATIOX 01: a-2-METHOXYCYCLOH&SYI~M&L~CCT~<IC HA1.IDES 
(KHgX, l.OX10-3 XIOLE/LITEK) B Y  HYDI1OGEN HALIDES, HX,  I N  

96:4 METHANOL-lVATE11 011 METHANOL AT 25O 
-- 

HX, Medi~un K ,  
mole liters 

x ~ i t e r ~ l O - ~  CHJOH H,O mole. sec. 

*Rate consta?zts for bromides and iodides are calculated front enrly 
stages of the reaction; the rate decays slightly i n  later slages. 

A similar effect is observed during the deoxymercuration of either of the diastereomeric 
2-methoxy-1,2-diphenylethylmercuric chlorides. The p-diastereomer (derived from trans- 
stilbene) in anhydrous methanol follows rapid second-order kinetics (k = 2.1 liters mole-' 
set.-l) and is 80% complete within an hour. Fig. 1 shows that  this rate, determined by 
analysis after 45 minutes of reaction time, is decreased according to  the amount of water 
present in the methanol. The a-diastereomer (derived from cis-stilbene) is deoxymer- 
curated more slowly, and it is necessary to use methanol solutions four times as strong as 
those 0.001 molar in mercurial and in hydrogen chloride which mere used for the reaction 
with the p-diastereomer. Fig. 2 shows that  the deoxymercuration rate of the a-diastere- 
omer also decreases with increasing ainouilts of water in the methanol. I t  may be of 
interest that the rate is essentially constant when more than 6% of water is present. This 

METHANOL (%)  
98 96 94 92 90 

fl ETHANOL ( % )  

FIG. 1. Effect of water on the amount of deoxy~llercuratioll of p-l-chloromerc~1ri-2-methosy-1,2-diphenyl- 
ethane during 45 minutes a t  25". [HCI] = [mercurial] = 0.001 n~oIe/liter. 

FIG. 2. Effect of water on the amount of deoxyrnercuration of a-l-chloromerc~1ri-2-methosy-l,2-di- 
phenylethane during 60 minutes a t  25'. [HCI] = [lnerc~rrial] = 0.004 mole/liter. 
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level is about the same as tha t  reported for the minimum in limiting equivalent conduct- 
ance for hydrogen chloride in aqueous methanol (16). 

The  following set of equations describe the chemistry which thus far has been reported 
here: 

i\'IeOH + MX i~ leoH?@ + X@ [ I 1  
H 

I I T I 1  
M ~ O H ? @  + iLleO-C-C-HgX @ ~I~o-c-c-H~x@ + MeOH [2] 

I I  I ~ 

Hz0 + HX = H,O@ + X@ 

M ~ O H ~ @  + 1120 = H,O@ + MeOH 

p H-S 

i I i I I L  
FIX + R/IeO-C-C-I-IgX MeO-C-C-HgX 

I I I I 

Among these, equations [I], [2], [3], [7],  and [B] represent reactions in anhydrous media, 
while [4], [5], and [6] represent reactions in which water is present. Since the addition of 
water decreases the rates of deoxymercuration by hydrogen chloride that  are described 
in the report, i t  is doubtful tha t  equation [6] is significant to these reactions. 011 the other 
hand the diminution of molecular hydrogen chloride by increasing amounts of water 
according to  equation [4] would account for the decreasing rate of deoxymercuration in 
this circumstance if  equations [7] and [S] are valid. The  expectation conforms with the 
observatioil of Shcdlovsky and Kay (16) that  the ionization of hydrogen chloride seeins 
to decrease as  the alcohol content of methanol-water systems increases. 

The  numerical data  of this latter paper (16) indicate tha t  molar s o l u t i o ~ ~  should 
contain slightly more than 1 mole per cent of molecular or ion-pair hydrogen chloride. 
Reaction according to  the equations [7] and [B] is thus plausible. However, the experi- 
mental results may also be esplained in terms of equations [I],  [2], and [3], assuming that  
the concentratio~l of methoxonium ion is reduced by addition of water according to  
equation [5]. .Actually the paucity of information respecting the true composition of the 
methanol - hydrogen chloride system makes a choice between the two nlechanisms rela- 
tively meaningless except insofar as  the results may be compared with those in a solvent 
of lower dielectric constant. 

We have chosen to  use benzene for this comparison. For our studies in this solvent we 
a ions: have considered the following additional equ t '  

C,H, + FIX c61-17~ + X@ [lo  1 
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BERG ET AL.: DEOXYMERCURATION 363 

I t  is evident from equations [I]-[Ill inclusive that  the use of benzene includes the compli- 
cation that  methanol is released as one of the products. Partly for this reason the kinetic 
data are not very reproducible and only the first stages of the reaction give useful data. 
The rate constants calculated from these data may be expected to be in error on the low 
rather than on the high side because of inadverteilt admission of water vapor, even though 
atmospheric contamination was avoided vigorously. 

According to  electrical polarization studies (17) with hydrogen halides in benzeile there 
seems to be no evidence for the phenyl cation. If it exists a t  all the concentration must be 
extremely low. Deoxymercuration in beilzene via the phenyl cation ought therefore to be 
inordinately slow. Moreover, an initially slow rate ought t o  be enhanced if the reaction 
proceeds by an  ionic mechanism because of methanol which appears as a product. Actually 
the rate constant for deoxymercuration of a-2-methoxycyclohexylmercuric chloride in 
anhydrous beilzene (described below) is greater than that  in anhydrous methanol; also 
there is no indication of autocatalysis. 

The reaction of a-2-methoxycyclohexylmercuric chloride in anhydrous benzene is too 
fast for convenience, and solutions not stronger than 2.0X10-4 molar in mercurial and 
hydrogen chloride must be used in order to  follow the reaction kinetically. Because of 
analytical difficulties prior to the actual colorimetric reading and because of hygro- 
scopicity the numerical value of the second-order rate constant (5.6 liters mole-' set.-I 
a t  this low concentration is uncertain. However a comparison of this slope ( A ,  Fig. 3) 
with B (2.2 liters mole-' set.-I) and C (1.6 liters moles-' set.-l) in which approximately 
3 X  mole liter-' of water is included with the benzene shows that  this deoxymercura- 
tion is strongly inhibited by water. 

FIG. 3. Second-order rate constnnts (2j0) ,  deosymercuration in  benzene, anhydrous (0)  or containing 
about  3X10-3 mole/litcr water (a, a). 

According to this behavior deoxymercuration i11 benzene does liot iilvolve freely-mobile 
ions which can enter into second-order rate processes. On the other hand, the alternative 
t o  a free ionic agent is not simple. Perhaps i t  should not be expected to be simple. The 
enhanced electric moment of hydrogen chloride in benzene over the moment in the gaseous 
state indicates association of the halide with the solvent (17), and self-association together 
with the solvent is not rigorously excluded. Indeed Becltmann and Lockemann in their 
classical study (I)  show that hydrogen chloride seems to associate in anhydrous benzene 
and that  the extent of association (1.75-2.79) decreases (to 1.16) as very small amounts 
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of water are added progressively. Therefore evidence for equation [9] exists a ~ ~ d  seems to 
be involved in deoxymercuration studies with the two 2-methoxy-1,2-diphen).Iethyl- 
mercuric chloride cliastereomers. 

The P-diastereomer of 2-methoxy-l,2-diphenylethylmerc~~ric chloride reacts inore 
slowly with hydrogen chloride in benzene than does a-methoxycyclohexylmercuric 
chloride, so solutio~ls l . 5 2 . O X  molar in the stilbene mercurial and in hydrogen 
chloride may be used. Although this deoxymercuration is thus easier to study in respect 
of water content it is, unfortunately, subject to strong catalytic acceleratioll by mercurous 
chloride. Since .this p-mercurial tends spontaneously (especially in light) to decompose 
into mercurous chloride, and also because of the catalytic effect of liberated methanol, 
the reactions may be studied only rlualitatively. Fig. 4 shows that the rate is decreased by 

FIG. 4. Dcosymcrcuratio~i of 8-2-methory-1,2-diphenylcthylmercuri chloride 2X10-3 molar a t  25" by 
hydrogen chloride 2X molar. 

FIG. 5. Deosymercuration a t  25' of ~-2-i1icthosy-l,2-diplle1lylethyli~1ercurir chloride 2.0X10-3 molar 
i11 benzene. 

addition to the anhydrous system (2 X molar in mercurial and acid) of a molar excess 
of water. On the other hand the addition of less than a molar equivalent of water to  the 
anhydrous system causes an increase in rate. The latter behavior is show11 in Fig. 5. This 
diagram includes also an example of the accelerati~lg effect of mercurous chloride, which 
we shall not now attempt to explain. However, with respect to water it seems reasonable 
to suggest that the enhancement of rate by addition of 0.75 equivalent i~lvolves the 
reversal according to equation [9] of the association observed by Beckmann and Locke- 
mann, while the decreased rate with one or more equivalents of water is caused by loss 
of molecular hydrogen chloride because of ionization according to equation [4]. 

The effect of water in benzene has also been studied in the deoxymercuration of a-2- 
methoxy-1,2-diphenylethylmercuric chloride by hydrogen chloride. In this instance the 
analytical method is a manometric one depending on diminution of the vapor pressure 
of hydrogen chloride as  it is consumed in the reaction. The record (Fig. 6) of an experiment 
in anhydrous benzene versus a benzene solution containing less than one molar equivalent 
of water shows its accelerating effect to be similar to that observed for the 0-diastereomer. 
Not shown is a curve demonstrating that mercurous chloride also accelerates the deoxy- 
mercuratio~l of the a-diastereomer. 

In summary it would seem that if deoxymercuration is faster in benzene than in 
methanol, if common ion effects are not found in the latter medium, and i f  the retarding 
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BERG ET AL.: DEOXYMERCURATIOK 

FIG. 6. Manometric analysis, deoxyrnercuratioll at 25' of cu-2-n~ethoxy-1,2-diphenylethyl~~~erci~ric 
chloride 0.01 lnolar by hydrogen chloride 0.01 molar. 

effect of water is comparable in both media, then the improbability of an ionic mechanism 
in benzene renders improbable an ionic mechanism for all of these stereospecific deoxy- 
mercurations. However, it remains to prove that the reaction in benzene is as stereo- 
specific as it is in methanol. This similarity has now been established by isolatio~l of czs- 
stilbene uncontaminated by the trans isomer when a-2-methoxy-l,2-diphenylethyl- 
mercuric chloride is treated with one equivalent of hydrogen chloride in benzene. 

It should be noted that the non-ionic deoxymercuratioil is specified only for the 
stereospecific reactions. Actually we have succeeded in producing a few per cent of trans- 
stilbene from the a-diastereomer by treatment with a 1 :I mixture of concentrated hydro- 
chloric acid in methanol. Of course we cannot attribute the slight non-stereospecificity to 
all ionic deoxymercuration because czs-stilbene inight have been the initial product which 
the11 was isomerized by the acidic medium. But also the non-stereospecificity may be due 
to the ionic reaction specified by Whitmore. 

Such an ionic reaction may also applj. to the ver). slon deoxymercurations of some 
/3-oxymercurials in which the configuration is unfavorable to a quasi-cyclic transition 
state. Likewise it may apply to deoxymercurations by acids other than the hydrogen 
halides. But it does not apply to the deoxy~nercuratio~i which has the same stereospecific 
behavior as does the corresponding 0x1-mercuration. Both of these processes seem to 
involve molecular reactants. Therefore both should require cis (TT)  configuration in the 
mercurial I t  follou~s that the "inversion" mechanism is not adequate to describe either 
oxymercuration or deoxymercuration, in respect of alkenes such as are considered in this 
report. 

EXPEIIIhIESTAL* 

cu-2- Isopropoxycy clo~~exylmercuric Chloride 
To  a solution of 3.18 g. (0.01 mole) of mercuric acetate in 30 ml. of propanol-2 was 

added 0.90 g. (0.011 mole) of cyclohexene. After 3 hours, filtration into 25 ml. of 5% 
aqueous sodium chloride a t  0' C. precipitated 3.05 g. (80%) of the isopropoxymercurial, 
m.p. 90.5-91.5' C. Crystallization from absolute ethanol (20 ml.;g.) raised the melting 
point to 94.8-95.5' C.  Calc. for C9HI7C1HgO: C, 28.7; H, 4.52: Hg, 53.2. Found: C ,  
28.4; H, 4.68; Hg, 52.2. 

*il.lcltitzg points haoe beelz correctrd ngnilz.st reliablr. slntzdards. X-Ray  diffrcrclion dnla hare been oblnincd with 
C u  K,  ( N i  filtered) radialiot~ ut d spacings in .q at z~iszcal relatirre it~tensilies 1/11. 
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a-2-Alkoxycyclohexylmercuric Halides Used i n  Kinetic Studies 
These oxymercurials, prepared by standard procedures, were purified to melt as sho\vn 

in Table 11. 

TABLE I1 
MELTISG P O l N l S  OF  2-ALROXYCYCLOHESYL&IE~<CURIC AAI.IDES, ROCcMtoHgX 

-- - 

Diastereomer R X M p., O C. Reference 

Deoxymercuration Using Benzoyl Chloride 
A.  TlVith a-2-Methoxy-l,2-diphenylethylmercuric Chloride 
T o  1.12 g. (0.0025 mole) of this mercurial in 15 ml. of ethanol-free anhydrous chloro- 

form was added 0.29 ~ n l .  (0.0025 mole) of freshly distilled benzoyl chloride, b.p. 197' C. 
After 96 hours, 0.66 g. (97%) of mercuric chloride was filtered off. Vacuum evaporation 
of the filtrate left 0.80 g. of oil with the odor of methyl benzoate. I t  was refluxeel with 
20 ml. of l0yo aqueous sodium hydroxide for 270 minutes, then steam-distilled. Etherous 
extraction (45 ml.) of the distillate removed 0.42 g. of cis-stilbene (89%), 1n.p. 3.5-6.0' C. 
This geoisomer (0.0022 mole) was characterized by treatment with 0.70 g. (0.0022 molc) 
of mercuric acetate in 15 ml. of anhydrous methanol for 5 hours, followecl by filtration 
into 25 ml. of 1Oy0 aqueous sodium chloride. A mixture melting point of the precipitate 
(0.85 g., 70yc, m.p. 142.5-143.5' C.) with a-methoxydiphenylethylmercuric chloride \\-as 
not lowered. 

B .  Wi th  P-2-iWethoxy-1 ,W-diphenylethylmercuric Chloride 
To 2.24 g. (0.005 mole) of this mercurial in 25 ml. of ethanol-free chlorofor~n was aclclecl 

0.58 ml. (0.005 ml.) of freshly-distilled benzoyl chloride, b.p. 1'37' C. After 1 day 1.34 g. 
(98y0) of nlercuric chloride was filterecl off. Vacuum evaporation of the filtrate lcft a 
semisolid oil (1.55 g.). This was crystallized from 8 ml. of ethanol, 0.71 g. (7970) of trans- 
stilbene, m.p. 122.5-124' C., authenticated by m i x t ~ ~ r e  melting point. 

C. W i t h  o~-2-~1fethoxycyclohexylnzerc2~ric Chloride 
T o  3.49 g. (0.01 mole) of this mercurial in 25 ml. of ethanol-free chloroform was aclcled 

1.40 g. (0.01 mole) of freshly-distilled benzoyl chloride. After 18 hours, 2.58 g. (93%) of 
mercuric chloride was filtered off. Vacuum evaporation of the solvciit left a n  oil which was 
extracted with water. The oil, 1.35 g. (%)yo), was then distilled a t  196-lSl8' C. This methyl 
benzoate (1.10 g., 81%) was characterized by saponification; acidificatioil precipitated 
0.78 g. (87%) of benzoic acid, authenticated by mixture melting point. 

The use of benzoyl chloride rather than gaseous hydrogen chloride is a convenient 
variation for stereospecific deoxymercuration. However, there is evidence (by R/Ir. Paul 
Chu) tha t  the reaction is not a simple one; indeed it  is catalyzed by mercuric chloride, 
which may be present in trace amounts in the chloromercurials. In relation to the catalytic 
action it is of interest that the solubility of mercuric chloride in chloroform is enhanced 
by the presence of an organochloromercurial which is dissolved in the chloroform. 
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Deoxyyrizcrcuration Using Hydrogen Chloride with cu-2-Meth0.x~-1,2-diQhenylethylmercuric 
Chloride 

A .  I n  A4nl~ydroz~s Benzene 
T o  4.47 g. (0.01 mole) of mercurial in a 250-ml. distilling flask nras added GO ml. of a 

0.195 117 (0.012 mole) solution of hydrogen chloride in benzene during 3 minutes. Mercuric 
chloride was deposited during this addition; evidently reaction is rapid. After 7 minutes 
more the solve~lt was vacuum-evaporated with swirling a t  25' C. In a short time the 
solvent was gone and the residue was quickly treated with excess of 10% aqueous alkali. 
The cis-stilbene was talren up by five washings with ether. The extract, dried by potas- 
sium carbonate, was evaporated, 1.62 g., and distilled, b.p. 140-142" C. (14 mm.), n: 
1.621 7, 1.51 g. (84y0), leaving no trans-stilbene. 

B.  I n  gueous iVIethanol 
The same amount of mercurial was stirred 12 hours a t  25' C. in 90 ml. of methanol 

plus '30 ml. of concentrated hydrochloric acid. The system, containing oil droplets, was 
diluted to  700 ml. with water and thrice extracted with 90-ml. lots of ether. The extract, 
dried by calcium chloride, was vacuum-evaporated, and the residue chromatographed 
from commercial hexme on a 12 cm. by 0.8 cm. alumina column (activated a t  450' C.). 
After 90 ml. of eluate the column was extruded, the trans-stilbene located by perman- 
gallate streak, and removed from the zone by ether. Evaporation left 10 mg. of trans- 
stilbene, n1.nl.p. 120-122' C., authenticated by mixture melting point. The column 
eluate yielded 1.37 g. of cis-stilbene, which was reconverted to the a-mercurial, crude 
m.p. 143-144' C. 

Chloromercuric Isopropylmercaptide 
T o  a solution of 2.85 g. (0.008 mole) of a-2-methoxycyclohexylmercuric chloride in 60 

ml. of methanol was added 0.99 g. (0.013 mole) of isopropylmercaptan. A voluminous 
white precipitate formed immediately. I t  was. filtered off, washed with methanol (30 ml.), 
and then with ether (60 ml.), 3.11 g. (lOOyo) of infusible chloromercuric isopropylmer- 
captide. Calc. for C3H7ClHgS: C, 11.6; H,  2.25. Found : C, 12.1 ; H ,  2.41. 

Identical results were obtained with ethylmercaptan. This compou~ld was regenerated 
by acidification of the infusible precipitate with hydrochloric acid. 

Kinetic Measurements 
These were carried out a t  25.O0f0.1'C. 
A. lieagents 
The methanol was purified under nitrogen by Lund and Bjerrum's method (10) to be 

peroxide-free (TiC13) and aldehyde-free (Schiff reagent). The  benzene, purified by re- 
fluxing and distillation from sodium under nitrogen, was anhydrous and peroxide-free 
according to test with sodium benzophenone ketyl. The hydrogen chloride and hydrogen 
bromide were dried by passage through concentrated sulphuric acid and then through 
anh\.drous a lumi~lu~n chloride. The diphenylthiocarbazone (dithizone) was purified by 
the nlethod of Winkler (21, 18). 

B. The AQparatus Used for Anhydrozls Reactions 
The essential pieces of apparatus are shown as the storage burette in Fig. 7 and the 

reaction flask in Fig. 8. The storage burette, after thorough drying in a nitrogen stream, 
is filled with 160 ml. of benzene in the tubular absorber (195x20 mm. with fritted glass 
disperser) and the spherical chamber (68 mm. diameter) above it to a level just below the 
inlet from the top stopcock. Then hydrogen chloride is passed in through the horizontally- 
projecting corlical joint by distillation (using a dry-ice bath as a source of heat) from a 
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FIG. 7. The storage burette for hydrogen chloride in benzene or methanol. 

FIG. 8. The deoxpmercuration vessel for kinetic studies. 

trap in which the acid has been condensed by use of liquid air. When the top stopcock is 
closed and the three-way stopcock a t  the bottom of the burette is open hydrogen chloride 
will pass through the benzene. Finally after 30 minutes sufficient acid has been absorbed. 
The  inlet spiral is immersed in a liquid air bath while the source of hydrogen chloride is 
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removed, the three-way stopcock having been closed. The latter is now reopened while 
a stream of dry nitrogen is passed through the horizontal inlet tube (the top stopcock 
being open) in order to sweep excess hydrogen chloride away from the area above the 
benzene solution. Then, all stopcocks being closed, the apparatus is tilted to transfer 
100 ml. of the benzene solutioil into the storage reservoir (155x38 mm.) whence it may 
be staildardized in the 10 ml. microburette by sample withdrawal from the plain outlet 
a t  the three-way stopcock. During all these operations the vents from the apparatus are 
protected from moisture by meails of connections with U-tubes immersed in liquid air. 
,411 interchangeable joints are graphite-lubricated. 

The reaction flaslc (Fig. 8) is constructed with an attachment joint to  the burette, a 
second joint through which the solid mercurial sample is introduced by tipping from a 
hollow interchangeable stopper a t  the appropriate time, a dry-gas inlet tube and a capil- 
lary stopcock-closed outlet tube from the bottom. With these attachments the vessel does 
not need to be removed from the thermostat during reaction, the samples being withdrawn 
by rubber bulb inlet pressure which forces them out via the capillary stopcock into a cup. 
A definite aliquot is then withdrawn by pipette from the cup. The subsequent colorimetric 
procedure has been described previously (3, 12). Further detail is available in Mr. Berg's 
M. A. thesis. 

C. The  ilfanometric A-l pparatus 
A differential manometer of the Warburg (19) type was modified by addition of an 

interconnecting stopcock between the reaction side and the compensator side in order t o  
equilibrate the gas phase before the sample tube containing solid mercurial was inverted 
into the benzene - hydrogen chloride solution. Transferral of this solution to reaction and 
compensator flask from its preparative source (essentially the burette and reaction flask 
described above) was accomplished through serum caps via a hypodermic syringe. 

D. E$ect of Water  in Methanol o n  Deoxymercuration 
Into each of six 10 1111. volumetric flasks containing either 0, 0.2, 0.4, 0.6, 0.8, or 1.0 ml. 

of water was added 0.52 ml. of anhydrous methanol which was 0.0194 N in hydrogen 
chloride. Then 2 ml. of 0.005 M of mercurial in anhydrous methail01 was added and the 
flask was filled quickly to volume with methanol. After brief shaking the flask was held 
a t  20" for 5 minutes, then 1 ml. was rapidly diluted to 100 ml. with water. Ten milliliters 
of the diluate was thrice extracted a t  once by 5 ml. portions of chloroform, then 5 ml. of 
the aqueous layer was analyzed calorimetrically. The percentages of deoxymercuration 
of fi-1-chloromercuri-2-methoxy-l,2-diphenylethane with increasing additions of water 
were 83.6, 59.5, 46.3, 36.7, 30.1, and 27.2. The  corresponding percentages for the cr 

diastereomer were 36.7, 10.7, 7.7, 5.2, 5.2, 5.2. 
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