Inversion of Configuration in the Bromination of Vinylic Mercurials!
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The bromination of cis- and trans-1-propenyl- and 2-butenylmercury (IT) bromide in carbon disulfide oceurs
with predominant inversion of configuration at the double bond. The rate of bromination of ¢trans-2-butenyl-
mercury(1I) bromide in carbon disulfide is 75 times as fast as that of n-propylmercury(Il) bromide. The ob-
served inversion of configuration is consistent with a trans addition of bromine to the carbon-carbon double hond
of the vinylic mercurials followed by a trans elimination of mercurv(IT) bromide. In contrasttothe resultsin car-
bon disulfide, the bromination of the vinvlic mercurials takes place with retention of configuration in pyridine.

A study of the bromination of c¢is- and #rans-2-
butenyl- and l-propenylmercury (1) bromides (com-
pounds 1, 2. 3. and 4) in carbon dizulfide was initiated
moan attempt to generate free propenyl radicals of
known stereochemistry and to investigate their stereo-
chemical fate.? A free-radieal pathwayv for the bro-
mination of these compounds in carbon disulfide was
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anticipated at the outset, since Jensen had shown that
the bromination of cither eis- or trans-4-methvleyvelo-
hexyvlmercury (1) bromide in degassed carbon disulfide
produced the same ratio of ¢is- and trans-1-bromo-4-
methylevelohexane and had interpreted the loss of
ol stereochemistry in terms of a free-radical reaction.?
The possibility of an alternative pathway involving
retention of stercochemistry in the bromination of the

‘1) Supported in part hy the National Science Foundation, Grants GP-
28556 X and GP-2018.

2r L. A Singer in “Selective Organic Transformations,” Vol. II, B. S.
Fhvagarajan, Ed., Wiley, New York, N. Y., 1972, p 239.

+4) 1. . Jensen and L. H. Gale, J. Amer. Chem. Soc., 82, 148 (1960).
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vinylic mercurials was also considered, since Jensen®
had shown that the bromination of the isomeric methvl-
cyclohexyl mereurials in methanol proceeds with 85¢;
retention of stereochemistry. Here, we report the
surprising finding that bromination of 1-propenyl and
2-butenyl mercurials leads to propenyl and butenyl
bromides of inverted stereochemistry.4

Results

Synthesis and Stereochemistry of Vinylic Mercurials.
—cis- and trans-1-propenyl- and 2-butenylmercury (1)

(4) Although the chemistry of cis- and trans-l-propenylmercury (111 bro-
mides has been studied in details the halogenation of these compounds hus
not been reported.

(5) A. N. Nesmeyanov, A. E. Borisov. and N. V. Novikova, Jzr. Akad.
Nauk SSSR, Otd. Khim. Nauk, 1216 (1959): Bull. Acad. Sci. I'SSR. D
Chem. Sci., 1174 (1959).
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BromINaTION OF VINYLIC MERCURIALS IN PYRIDINE AND CARBON DISULFIDE

Vinyl bromides-———-—- -...

Compd Conditions RHgBr, mmol Bri, mmot ————Cis: trang————-—, Yield,
Cis, 3 Pyridine, air, 0.035 M 0.25 0.25 99 .6 0.4 a2
Trans, 4 Pyridine, air, 0.035 M 0.25 0.25 %.9 91.9 95
Cis, 1 CSy, air, 0.05 M 0.11 0.11 21.8 78.2

Trans, 2 CS,, air, 0.05 M 0.10 0.10 73.5 26.5

Cis, 3 CS,, air, 0.03 M 0.27 0.27 11.6 88.4 100
Trans, 4 C8,, air, 0.06 M 0.20 0.20 92.9 7.1 102
Trans, 4 CS,, degassed, 0.06 M 0.12 0.12 91 8 8.2

Trans, 4 MeOH, air, 0.02 M 0.02 0.02 77.8 22.2

bromide were synthesized stercospecifically by reaction
of mercury(I1) bromide with the corresponding vinylic
lithium reagents® prepared from stereochemically
pure vinylic bromides. The isomerie 1-propenyl- and
2-butenyllithium reagents had been prepared previously
and demonstrated to be configurationally stable, once
formed.”™® The sterecochemistry of ¢is- and frans-1-
propenyimercury (IT) bromide, 1 and 2, was originally
assigned by Nesmeyanov? on the basis of the method
of svnthesis from the corresponding lithium reagents.
Jensen™ has recently demonstrated that exo- and endo-
2-norbornylmagnesium bromide react with mercury (IT)
bromide to give the corresponding alkylmercury (11)
bromides with complete retention of configuration.
The stercochemistry of di-cfs- and di-frans-propenyl-
mereury(Il), 5 and 6, respectively, has been assigned
unambiguously by nmr.!!

The assignment of stereochemistry of cis- and frans-
2-butenylmercury(IT) bromide is based on the method
of synthesis and on the nmr spectra of the compounds.
Owing to deshiclding by the cis mereury atom,!! the
chemieal <hift of the vinyl proton cis to mercury in 3
1% 6 5.56 while the ehemical shift of the vinyl proton
trans to mereury in 4 1s 8 .25,

The reaction of alkyl mercurials with bromine in
pyridine is stercospecific.* . We have found that the
reaction of the vinylic mercurials 3 and 4 with bromine
i pyridine produces the corresponding vinylie bro-
mides with retention of configuration (Table I). The
chemical evidence for the assignment of configuration
of ews-2-butenylmereury (I1) bromide, 3, is shown in
Scheme T,
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6) G. M. Whitesides, C. P. Casey, and J. K. Krieger, J. Amer. Chem. Soc..
93, 1379 (1971).

‘Y D, Seyferth and L. G. Vaughan, J. Amer. Chem. Soc.. 86, 883 (1964).

‘81 A8, Dreiding and R. J. Pratt, J. Amer. Chem, Soc., T6, 1902 (1954).

‘9) The stereochemistry of 1-propenyllithium reagents has been deter-
mined directly by nmr spectroscopy: D. Seyferth and L. G. Vaughan, J.
Organometal, Chem., 1, 201 (1963).

{10y F. R, Jensen and K. L. Nakamave, J. Amer. Chem. Soc., 88, 3437
(1966).

(11) D. Moy, M. Emerson, and J. P. Oliver, Inorg. Chem., 2, 1261 (1963).

Bromination of Vinylic Mercurials in Carbon Disui-
fide.-—The bromination of the vinylie morcurin= 1. 2.
3. and 4 in carbon disulfide was highly stereoscloos o o
but gave vinyl bromides having opposite <tereee
chemistry from the mercury compounds frons < hih
they were derived (1ble 1), Simidar reerie oo
obtained in degassed =olutions or m the proserice of e
which normally retards freeeradieal Bromims: oo
mercurials.?  Bromination of 4 in micthono) oo
predominantly the vinvlie bromide of opose
figuration.
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Relative Rates of Bromination of Alkyl and Vinvlic
Mercurials.—To aid in the determination of the yech,
anism of the bromination of the vinylic mercuriais.
was of interest to determine the relative rates o
mination of 1-hexene, trans-2-butenylmercury (Il tro-
mide, 4, and »-propylmercury(II) bromide. =mee
both vinylic and alkyvlmereury(IT) compouns v
colorize carbon disulfide or pyridine solutions of hro-
mine immediately, competition techniques were used
to measure relative rates. Dilute carbon distifide or
pyridine solutions of pairs of the substrates woer treated
with a deficiency of a dilute solution of bromine.  The
relative yields of the two products were determined by
gas chromatography and used to establish the relutive
rates of bromination shown in Table II.

PEE

Discussion

Two mechanisms for the halogenation of oreane-
mercurials have been demonstrated.’? In polar =oi-
vents in the presence of air (a free-radieal inhibicor:,
haolgenation of alkyvlmercury(1I) halides proceeds by
a stereospecific four-center mechanism leading to ro-
tention of configuration. In nonpolar degassed sol-
vents, the halogenation proceeds by a completelv non-
stereospecific free-radical mechanism.  The inversion

(12) F. R. Jensen and B. Rickborn, “Electrophilic Substitaution of Oreano-
mercurials,” McGraw-Hill, New York, N. Y., 1968, Chapter 4, and refar-
ences cited therein.
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Rrvamive Rates oF BROMINATION IN
Carson DISULFIDE aND Pyriping

Relative
Relative rate in
Regstry ne. Compil rate in C8, CsHsN
25204-093-1 NN 1.0 1.0
/
/N (4 2.2 34
HgBr
18257-68-6 o Hihr 0.029 0.9

of eonfiguration observed in the bromination of the
vinylic mereurials is not compatible with cither of the
two above mechanisms and must he occurring by a
different mechanistic pathway.

The predominant inversion of configuration observed
i carbon disulfide ean best be explained by a trans ad-
dition of bromine to the carbon—carbon double bond
of the vinvlie mereurial tollowed by a trans elimina-
tion of mereury(IT) bromide from the resulting adduet.
Thi= addition—climination mechanism implies that the
carbon-carbon double bond is more reactive toward

HC CH, HC Br HC Br
/ B e / -HaBr _/
, won - JTNTCH
H HgBr Br HeBr H CH

bromine than is a carbon-mercury bond.  If the addi-
ton=climination mechanism is correct, then. by exten-
sior one would expect a vinvlie mereurial to be more
recetive than an alkyl mercarial in carbon disulfide,
The velative rate studies reported in Table IT are in
agrectuent  with the proposed  addition—climination
nwechanism. Thus. trans-2-butenvimercury(Il)y  bro-
mide. 4, about 75 times more reactive toward bromine
1 carbon disnlfide than is r-propylmercury(II) bro-
mide. The vinvhe mercurial is about 2.2 times more
reactive than 1-hexene,

The retention of configuration observed in the bro-
munation of vinyiie mereurials in pyridine must be due
todireet eleetrophilic attack of bromine on the carbon-
mereury bond. Pyridine interacts strongly both with
oreanomercurials and with bromine; either interaction
cotd lead to the change in mechanism upon changing
solvent from carbon disulfide to pyridine.  Bromine
reacts with pyridine to produce a bromine—pyridine
complex'® which is a more electrophilie brominating
agent than bromine.  However, the pyridine-bromine
complex should be more reactive toward both the

/ W A\ /7
O N +p O Npeo= ¢ N—pe b
=/ =/

carbon -carbon double bond and the carbon-mereury
bond of 4 vinyl mereurial. Consequently, a change in
mechanism would not neeessarily be expected upon
changing the nature of the cleetrophile. Pyridine
forms complexes with  alkylmereury compounds,?
The electron donation from pyridine to mereury would
be expeeted to activate selectively the carbon-mercury
bond of a vinylic mereurial toward reaction with clec-
trophiles.  Thus, although in carbon disulfide the car-

bon—carbon doubic bond of 1T-hexere s 2 +0 o
reactive toward hromine than the earbon o e

of w-propylmereury(ID bromide the tave evnce
bave the same relative reactivity fownrds Sror
pyridine suggesting an inereased relatye one
the carbon-mercury bond in pyridine, <o :
relative reactivity of frars-2-hutens T o Tl
mide comparad with I-hexens inerops < o :
on going from carbon disudfide to pyrehn e

The inversion of configuration renortod s 5o
bromination in carbon disulfide of the e
curials 1, 2, 3. and 4 ix surprising, sinee foe
rescarch on the halogenation of vinvioe o -
ried out in the rescarch groups of Newppoon oo o

Reutov had previeushy indicated thes oo
occurred either b o dourcenter e o

complete retention o stersachemist oy ;
nonstercospeeifie froceradient meelan i
genation of vinvhie nooreneials
rific in polar selvents and sopstoreospoes .

IS deomg

solvents. Fxamples of Lilooenation
retention of stercawdoon oo i,

of cis- and frarsstiherchpnorenry 1
oxane ™ the iodinatia of o0 gl fer

mereury (1) 1o nerhayg
formamide.
styrvimercurv/17: hromide s meth:
sulfoxide ™ In ennfrast. she same no
trans vinyhe hualidos s obvained in b
iodination of e and forngegect ol

and the hronnation of

mide in earbon teteaehloride or o g

study of the oxymereiration peadiets £ o
reported that the dndingron of
merenri-t-raethoxy-Conentene

and the bromination of eiv- and g

retention of configuration.™ ' Thy:
in carbon disulfide of compounds 1.
stitutes the first example so far reported
ot configuration in the halogenation of vie 1
curials.

The only other examples of inversion o 0+
in the hulogenation of wvinyl nweiql e
found in the ehemistre of boron Mui
ported that the bromination of cise or o Cag
2-boronate gives the vinyl bromide of e 1ot
figuration. The reaction procceds by i,

!
>

113) For arecent review of Lalogenation of viny i
the work of Russian chemists, wee I G Nakarovs i1
tions,” Vol. 1. L. I. Becker and M. Tsuwui, Ed.. Wiev, Npw g,
1970, pp 325-345.

(14) A.N. Nesmeyavov and A E. Dorisov, Tefrabdin, 1. .

(15) 1. P. Beletskava, V 1. Karpov, and O A, Regeeor
SSSR, Otd. Khim. Nawk, 1707 (1964): Bull. Arad. ooi %
Set., 1615 (1964,

16) W. L. Waters, W. S Linn, and M. (C Cese=io,, 7 4=,
90, 6741 (1068,

(17) The assignment of stereschemstry ¢f the mersur

made on the assumption that the trans 3 g H ocon
than the cis ¥9Hg-H couphng constant. this ass .

studies of model compounds*  Nuonetheless, (he
hy ropen

error, since the chemical shift of the viny

ioromerety domethox

signed the structire cre-¢i
ppm downfield from the vins! by dropen tn the comy
structure, althongh an opposite effect would i exnectes
Oliver.1t
(1&) W. L. Watersan i E. }. Kiafer, J.
(19} D. 3. Matteson and J. D. Leidike.
(19865).
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TasLe III
CoMPETITION REACTIONS FOR BROMINE IN CARBON DISULFIDL AND PyRipinE
~—~————TInitial concentrations of reactants, 102 M——— s Molar ratio of products————-
Pr
) ]
< “N NN Br, + Bromo- N PNy
Zhutene- 7 i
Solvent HgBr HgBr Br Hr [ERTERTE
CS, 0.56 0.56 0.062 1 32 Cod
CS, 4.1 5.5 2.2 1.42 10 2o
CsH;N 7.6 8.5 7.1 29 4 io BE
CsH:N 8.3 9.5 10.4 10 b
¢ Determined by disappearance of 1-hexene.
tion of bromine to the carbon-carbon double bond to trans-1-Propenylmercury(Il} Bromide. -2 110

give an isolated intermediate dibromide, which then (I bromide 7175 oondsimoly with i ether 3

. i . sropenvilithioms ¢ isond, 125 N 00047 pucd, ~7
undergoes a base-catalyvzed trans climination. The propenyiitthnmit ¢ - e L
N temperature for 1 hr ¢ ve o gray preeipitfe o

tion. The reaction naxture was poured et

B . H Br Br the solid was dis<olved i 100 ml of methoion. o
/T_< Br | HCa L CH. frams resulting vellow ,\.,lutm‘n was dried N
trans S centrated to 40 il Coaiing the solution o o
BrOBu». Br BiOBu, crystals of franc-l-propensimerenrvilly Lo
_ ' yield), mp 120 12:° (i 2np 1200121 .5°
carbon -boron bond is relatively inert to bromine? and cis-1-Propenylmercury Il Bromide .- ~1leieion
1t 1= not surprising that the earbon—-carbon double hond (1T bromide 1125 ¢, 0.033 mols with anocthee o5
s ; ; . snvichoons 200 AN s [IREN
15 attacked preferentially in vinyl boron compounds, — Propenyliihiin 25wl i A e
- y temperature give w dark o solation. e

Brown?®' has reeently shown that the dibromide pre- poured inta we o ~emiraod washed with -

pared from a vinyviborane decomposes in the presence  filiered, ind cooled 1o - 787 10 give oo |
of base by a trans elimination to give a vinvl bromide bromide (3.0 @, 290 vield o 60 4
of inverted configuration; however, thermal decom- }f:‘”“}” ml ol ‘”,"”i s Dot
gt Bromd : : y e,mpos G677l e 62
wsition of the dibromide in earbon tetrae ) - rome :
! 1 by c . < Lt Fld(‘hlorld(_‘ pro n-Propylmercurv:II . bronude wis pronyired b
ceeded by a cis <‘11m111:1t1<)11 to give u vinyl bromide of Slotta and Jucob @ Do 0 o e
the same configuration as the vinylborane. (030 moly with siereir T1 o ge o b
propylmercurytIT hromide io8 fa ot o], Sf
X . (lit. B mp 1407
Experimental Section Reaction of Vinylic Mercury 11 Bromides with #ioooine
, . When a 0.1 N solution oo vhe vinvhe mereurye o b Lo
frans-2-Butenylmercury(II) Bromide.--Mercurv(Il) bromide 0.1V =olution of brovine e etther carbon dialfie oo

(17.0 g, 0.047 mol) was added to an ether solntion of frans-2-
butenyilithium® prepared from trans-2-bromo-2-butene (6.4 g,
0.047 mol).  The reaction mixture was poured into witer and
the ether layer was separated, washed with water, dried ( MgS30,)
and concentrated to 100 ml. Cooling to —78° gave white,
lustrous erystals of trans-2-hutenylmercurviI1i bromide (3.5 g,
2200 vield): mp 110-113°0 §0E™ 6.25 (quartet of mul-
tiplets. J = 6.5 Hz, 1 H, H (= ('), 2.01 ‘quintet, J = 1.5, Hz,
S ¢ CCHsHgd. and 1.84 (doublet of guartets, J = 6.5,
A7 = 15 Hy, 3 H, CHC=CHg). Coupling due to " Hg was

or pyridine weve mixed i the presence of wir, the hrer o
disappeared immedintely. The ciscirans ratio of - he
bromides formed was determined by glpe ona 1244
column at 307 Tn =everal cases, vields were detern s
decane as an mternal vpe standiard. The vinvhe
identified by compurizon of glpe retention times oy
samples.  In addinion, frans-2-hramo-2haten from
mination of cis-2-hutenvimercury: Ve bronde
and  ers-2-bromo-2-butene froms the  bromin
butenvlmercury(ll: bromide were colfected from the

o

Vta

ik (‘V“i(’““: Az Hy = 18% Haz; '/‘lla-ﬂ?-“')ll!): : '“‘ Ho. N matograph and were identified by compurison of the S
Anal. Caled for CJHBrHg: €, 14.32: H, 2.10; Br, 23.81. with the ir spectra of muthentic samples

s . . 99. 90 D . N o o [

}‘"f?"‘i'B C, 142311, 2.02; Br, 23.48. N . In one case, a <olution of frans-2-butenvimercure 0 o

‘ l/v\“z“' q(t:eil)ylme'r)c(ljxl;iull) lBron‘u}(]ie,~I\ei'1(-tmn lof‘mer(‘ury(ll)) and a solution of bromine in earbon disulfide wes pie o

bromide (4. .02 ; : B /§-2- : ; T

| (’ :“i ‘}- f’(q- 1 X(r;(z,f ‘\&‘n ;(;511 et u;r \f);m(f? of “eis opposite arms of an inverted U tnbe. The sohiti o were Soe

butenvilithim L ml, 0618, 0.021 mol, 85¢% cis) at room gassed by freezing the solutions with liguid nitroge: evnennme

temperature for 2 days gave a =olution containing a gray, floe- the ‘lpp‘{[“ifll.\‘ with o vacuum punip, closing the <o ren ot i

culent precipitate. The precipitate was collected and dissolved
i 200 ml of methylene chloride. "The methylene chloride solu-
tion was filtered, dried (MgS0,), and cooled to —78° to give
white erystals of cis-2-butenylmercury(II) bromide (2.4 g),
mp 170-172°.  Additional ers-2-butenylmercury(IT) bromide
(1.7 g, 4.1 g total, 5770 vield) was isoluted from the ether solu-

tion: nmr §TE"” 3.56 (quartet of multiplets, J = 6.5 Hz,

the vacuwm line, and melting the solutions. The praeesar
repeated five times before the wohitions were woirned -
temperature and mixed.

The reactions of bromine with the vinyvlic mercur
are summarized in Table T.

Competition Experiments.—The relative rates of b oo o

. ST \ S PR . PN
L, HC=C), 2,00 (m, 3 H, C=CCHHg), and 1.79 doubler 01 I-hexene, nepropylmercunvi Il browide, sl 1no ,
of quartets, J = 6.3, J/ = 1 Hz, CHCH ~CHg). Coupling oY) bromide, &, were detenmned b comned i
due 1o 90 was evident: Ju ’(‘u ~ o J; s — 40 substrates for a dpfl(fmm:_x of hmxfun(& infute cartwon o
i s evident:  Juga-cn, <Us, %, 8-CH, or %\l'ndme solutions of pairs f?i Ihé-l ]w:l»tr:d;w‘ W :
. . s . ) o . ; rapidly at room temperatare while a dilute carber e
ler;alH )( ?};d{;r %,1 .3)432 M, 2.10; Br, 23.81. Found: C, pyri(?ine solution of brnmi'm‘ was added s!:)‘wly b sy
P e relative amounts of 1,2-dibromohexane, n-bromopronooe
T T bromo-2-butene were determined by gas chromuatorranh 5
(20) Tri-n-butylborane is not attacked by hromine or iodine in carbon n-octane or n-nonane as an internal standard (Vable 11 SR
tetrachloride; however, neat bromine attacks both the carbon-boron and yields of all three products were found to be nearlby oo oo
the carbon-hydrogen bonds. J. R. Johnson, H. R. Snyder. and M. G. Van- in separate bromination ‘)Xp(\]‘i[l.(xr”'\"
Campen. Jr., J. Amer. Chem. Soc., 60, 115 (1938). JR
(21 H. C. Brown, D. H. Bowman, 8. Misumi. and M. K. Unni, J. Amer. (22) D. Seyferth and L. G. Vaughan. /. Organometal. Ciom B, “hai o juesl

ooty

Chem. Soc., 89, 4531 (1967). (23) K. H. Slotta and K. R. Jacob, J. P'rakt. Crem., 120, 2
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ex were cadenbvred wing the following tormula
Cditferences in imitial and Gnst eoncentrations

i\ I A - In 4,
A in k4 — in B

Registry No.- I, ¢ 413
4, JOTRZ-38-5 0 geveuny ST bromids 778047
Dthium, 28944-%6-7 s 2butenviitbion o ORig

propenvihthium, 63867

3

bhromiue, 7726-¢
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