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ABSTRACT

Se/eral aspects of the aminomercuration reaction (1) 
are examined.

\ / II ,(1) R0N-H + C=C + HgX0 --> R0N-C-C-HgX + R.NH.^Xz / \ z Z | | J Z Z

It was found that reaction (1) is assisted by olefins which
possess functional groups which serve as ligands in the
mercuric ion coordination sphere.

A mechanism for aminomercuration is proposed and the
stereochemistry of the addition is discussed.

A variety of new amino-organomercurials was prepared
and characterized by nmr and ir spectrometry and by elemental
analysis.
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INTRODUCTION

The reaction of olefins with electrophilic reagents 
is a convenient method for the introduction of substituents 
into organic molecules. For example, a substituent X may be 
introduced into an organic compound by adding HX to an 
olefinic portion of the molecule, Equation (1).

X  /  I IHX + C=C ----> -C-C- (1)/  x IIH X

The nature of these additions (whether they proceed cis- 
trans-. Markovnikov, etc.) may be controlled by selecting 
the proper conditions.

However, in the presence of basic ligands, electro- 
philic additions are hampered since the ligands prefer

entially coordinate with the electrophilic reagent and 
prevent reaction. An example of this situation is the con
version of a secondary amine to a tertiary amine, Equation 
(2 ).

H+
R2NH + CH2=CH2 ---- > R2NCH2CH (2)

This reaction does not proceed as indicated in Equation (2). 
The more basic amine becomes protonated and its nuclcophilic 
properties are destroyed. Therefore, no addition can occur.

A possible solution to this problem may lie in the 
reaction of olefins with mercuric salts in the presence of



amines. This type of reaction is called aminomercuration, 
Equation (3).

X /  I IHgX + C=C + HNR9  > XHgC-CNR + HX (3)Z. x z. | | z

Several examples of this type of addition reaction 
have been reported in the literature. In 1945, Kochetkova 
and Freidlina (1) reported the first aminomercuration 
reaction in which they added piperidine and mercuric 
chloride to ethylene in good yield, Equation (4).

HgCl2 + H2C=CH2 + H 0  ---> C l H g C ^ C ^ N ^ )
+

+ H0N )
(4)

The same authors later reported (2) a similar amino
mercuration reaction in which diethylamine was used in place 

of piperidine.
Lattes and Perie (3) have reported the addition of 

several amines to ethylene and styrene. They found that 
piperidine and pyrrolidine formed addition products with 
styrene, Equation (5).

h- 0
-CH=CH„ (5)HgCl2 + XgS|_CH=CH2

H-N

Both Markovnikov and anti-Markovnikov addition products were 
observed when the chloromercuri-group was removed with



lithium aluminum hydride. Ethylene was found to give 
addition products with N-methylaniline and N-methylcyclo- 
hexylamine. Equation (6).

H3CNH-^0^>  > ClHgCH2CH2N(CH3

HgCl0 + H0C=CH0 + (6)

H3CNH-/ \ ----> ClHgCH2CH2N(CH3)^^2)3 \__/
The primary amine, aniline, also reacted with ethylene and 
gave a mixture of mono- and di-adducts, Equation (7).

2 + H2C=CH2 +  > ClHgCH2CH2NH-j^j

(ClHgCH2CH2 ) 2N-|^j

Ethylene has been found (4) to react with mesidine 
and mercuric acetate, Equation (8). This reaction is also 
complicated by the formation of di-adducts.

n h 9 CH
h 3c i / , c h 3_________ __/ (8

Hg (OAc) 2 + H2C=CH2 + H3C~\ O /~NHCH2CH2Hg0Ac
3 3Besides ethylene and styrene, various substituted

allylureas (5) have been found to undergo aminomercuration,
Equation (9).

/R\RCNHCH0CH=CH0 + HgCl0 + H-N --> RCNHCH0CHCH0HgCl (9)II 2 2 ^ 2  \R/ || 2, 2
0 O N

R R

In these examples, the amines studied were pyrrolidine, 
piperidine, morpholine, and 1-methylpiperazine. Alicyclic



secondary amines such as dimethylamine, diethylamine, and 
di-n-propylamine were also successfully used. The R-groups 
investigated were C^H^-, C^H^CONHCH^-, and HOOC-o-
C^H^-. The yields from these reactions ranged from 41 to 
84%.

Besides the derivatives of the allylureas, ethylene 
and styrene are the only olefins which have been reported in 
the literature to undergo aminomercuration. The lack of 
generality of aminomercuration (as compared to oxymercura- 
tion) may be due to the formation of very stable complexes 
between mercuric salts and a m i n e s T h i s  complexation may 
prevent the reaction with olefins from occurring. However, 
the successful synthesis of organomercurials from allylurea 
derivatives seemed to warrant further investigation of the 
aminomercuration reaction. We propose to study the amino

mercuration of olefins possessing related structures to that 
of allylurea. Since the chloromercuri-group can easily be 
replaced by hydrogen (borohydride, sodium amalgam, lithium 
aluminum hydride), aminomercuration of such olefins would 
represent a useful synthetic tool in the conversion of an
olefin to an amine.

X . i i (R) , IHgCl- + C=C + HNR0 --- > ClHgC-CNR0 --> H~C-C-NR02 2 || 2 | | 2

It is hoped from this investigation that information 
as to the mechanism of aminomercuration will be obtained as



well as to the type of olefin which will undergo amino- 
mercuration.



RESULTS

Aminomercuration does not occur in simple olefins 
like 1-hexene or in very reactive olefins like norbornene. 
The reactions involving styrene as an olefin have been found 
to be irreproducible (6), so as far as simple olefins are 
concerned, ethylene is the only olefin which undergoes 
aminomercuration. Yet, a structurally more complicated 

olefin like allylurea undergoes aminomercuration quite 
readily. From this example, it is possible that amino- 
mercuration is being assisted by a chelate effect in which 
mercuric ion is coordinated by both the carbonyl oxygen and 
the double bond (I). With this idea in mind, we have

c / 7 H \ c h2
II x ll2 (I)

h 2n-c yin
N— CH.
H Z

investigated the aminomercuration of other carbonyl- 

containing olefins which might react through an intermediate 
similar to (I).

It is well known (7) that the least substituted 
olefin undergoes oxymercuration the most readily, so in 
order to insure observation of a reaction, our investigation



was mainly carried out on mono-substituted olefins contain
ing the allyl group.

It was found first that allyl benzoate (II) reacts 
with a mercuric chloride-piperidine complex in piperidine to 
give an addition product (III) in 65% yield. The addition

is achieved by stirring the olefin and complex in the amine 
solvent for three days. An indication that a reaction is

The nmr and ir spectra of product (III) are given in Figure 
1. These spectra are typical of other organomercurials 
which were formed from ally1-type olefins.

addition product (III), an asymmetric center is formed.
This center is flanked on both sides by methylenes which 

should have non-equivalent hydrogens due to
(IV) and (V). The methylene bonded to oxygen appears in the 
nmr (Figure 1) as an octet (non-equivalent hydrogens) while

(II)

(III)

occurring is the precipitation of the amine hydrochloride.

It is interesting to note that with the formation of
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Figure 1. NMR and IR Spectra of 3-chloromercuri-2- 
piperidinopropyl Benzoate



the methylene bonded to mercury appears as a doublet (two 
coincidences; same chemical shift, same coupling constant). 
The derivatives from all the allyl esters studied gave the 
same results.

Some phenyl-substituted allyl benzoates were also 
found to undergo the aminomercuration reaction. Allyl 
p-hydroxybenzoate (VI) reacted with the mercuric chloride- 
piperidine complex to produce a derivative (VII), and

0 h- Q
HO_ 0 _ C_OCH2CH=CH2 + Hg(H-N ))C12---> (VI)

0
HO-(g)-C-QCH2CHCH2HgCl + (VII )

6
allyl p-methoxybenzoate (VIII) reacted under the same con
ditions to yield an addition product (IX). However, allyl
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o

CH30~\^/>-C-0CH2CHCH2HgC1 + H2NC!) (IX)

0
allyl p-nitrobenzoate (8) (X) did not undergo aminomercura-
tion, but rather an ester aminolysis reaction to produce an 
amide (XI).

0 H-N
c u n-/ n  >-c-ocmcH=cH_ + h o (h-n )2n-( O  VC-OCH2CH=CH2 + Hg (H-N />)C12---> (X)

(XI)

By lengthening the aliphatic chain by a methylene 

group, as in allylcarbinyl benzoate (XII), it was found that 

no addition occurred.

|l /— \^N-C-OCH2CH2CH=CH2 + Hg(H - N Y

O H-N )|l /— \ \ / no
Cl2 > reaction (XII)

Other substituted allyl derivatives were investi
gated. We were able to reproduce the work of Wendt and 
coworkers (5) with the reaction of allylurea (XIII). Our

O H-N )II /— \ \__/NH2CNHCH2CH=CH2 + Hg(H-N ))C12 ---> (XIII)

I
oII

NH2 CNHCH2 CHCH2 HgCl (XIV)
,N
O



procedure for the formation of (XIV) is less tedious than 
that of Wendt and the yields are comparable (74% vs. 82%).

The substitution of oxygen for the imino group in 
the above example also led to a reaction. Allyl carbamate 
(XV) reacted with the mercuric chloride-piperidine complex 
to give an addition product (XVI) in 42% yield.

0 H-N )II /— \ x— /NH2C-OCH2CH=CH2 + Hg(H-N ))C12 ---> (XV)

0
IINH2 C-OCH2 CHCH2 HgC1 (XVI)6

The reaction of allyl acetate led to interesting 
results. First, allyl acetate (XVII) underwent the normal 
addition reaction to produce product (XVIII),

O H-NII / \ \— /CH3C-OCH2CH=CH2 + Hg(H-N ))C12 --> (XVII)

0
IICH3C-OCH2CHCH2HgCl (XVIII)6

which was then followed by aminolysis of the addition 
product to give (XIX).

0II _ /— \
->CH3C-OCH2CHCH2HgCl + H-N^)
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O

CH3C“N0  + HOCH2CHCH2Hg(H“N0  )C1 (XIX)

The addition of the chloromercuri- and piperidine- groups to 
allyl acetate is believed to occur before aminolysis since 
the presence of product (XVIII) can be detected in the nmr 
spectrum of product (XIX) (CH^COO-). Product (XIX) could 
only be obtained crystalline from a piperidine solution, and 

hence, a molecule of piperidine was found in the mercuric 
ion coordination sphere.

red oil which was not identified. It had been observed in 
other cases that if acetone was tried as a crystallizing 
solvent, base-catalyzed condensations followed by Michael 
addition of the base were occurring. This type of

condensation reaction could occur in the case of allyl- 
acetone which would complicate the aminomercuration reaction.

A compound structurally related to allylacetone, 
methyl allylacetate (XX)# was found to produce an addition

Allylacetone underwent a reaction to produce a dark

0
II

O
H

CH3
2CH3CCH3 -> CH0CCH0-C-CH_ j z I j

0 H-N
II , /— X x 'CH OCCH CH CH=CH + Hg(H-N ))C1 (XX)
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O
CH OCCH CH CHCH HgCl + H ’N

O
(XXI )0

product (XXI). The addition product (XXI) was obtained as 
an oil; a molecule of piperidine remained in the mercuric 
ion coordination sphere. Repeated evaporation from solvents 
other than piperidine failed to remove the coordinated 
molecule of piperidine from the oil.

with methyl vinylacetate (9) (XXII), we were unable to 
obtain an addition product.

It was possible to obtain a small amount of addition 
product (XXIV) from 2-cyclohexen-l-yl benzoate (XXIII),

0

By decreasing the length of the aliphatic chain, as

0
CH3OCCH2CH=CH2 + Hg(H-No)ci2 ■> no reaction (XXII)

(XXIII)

o

(XXIV)

which does not contain a simple ally 1 group. From this 
derivative (XXIV), the stereochemistry of the addition 
product could be investigated; see below.
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Other cyclic olefins (10) (XXV) and (XXVI) were 

investigated, but no addition products could be obtained.

O
C-CCH3

(XXV) (XXVI)

Bicyclic carbonyl-containing olefins (11) (XXVII),
(XXVIII), and (XXIX) were also studied, but they too failed 
to form addition products.

olefins which might assist aminomercuration by participating 
as ligands in the mercuric ion coordination sphere.

From the case of diallyl ether (XXX)# it was 
possible that mercuric ion might be coordinated to two

/

(XXVII) (XXVIII) (XXIX)

We next looked at some non-carbonyl-containing

CH— cm
/

CH„
O (XXXI)
\CH2—  ch
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olefin double bonds (XXXI), and attack by the solvent could 
possibly occur at two sites. However, it was found that 
only one double bond underwent reaction to produce derivative 
(XXXII) which was obtained as an oil.

H - O
CH2=CHCH2OCH2CH=CH2 + Hg(H-N \)C12 ----> (XXX)

CH2=CHCH2OCHCHCH2HgCl + H+nQ  (XXXII)0
The formation of product (XXXII) led us to believe 

that oxygen may assist aminomercuration and subsequently, we 
investigated other oxygen-containing olefins

To remove the possibility that both double bonds 
participated in the aminomercuration, we studied the reaction 
of allyl phenyl ether (XXXIII) and found that this compound 
reacted smoothly to produce an addition product (XXXIV).

H - O
<g^|-OCH2CH=CH2 + Hg(H-lT^))Cl2 ----- > (XXXIII )

^ O C H 2CHCH2HgCl + H + l Q  (XXXIV)

0
Cl

Unsaturated alcohols were also found to give 
addition products. Allyl alcohol (XXXV) formed an addition 

product rapidly (compared to carbonyl-containing olefins)
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which was identical to the product (XIX) obtained from the 
allyl acetate (XVII) reaction.

H-N ^
CH2=CHCH2OH + Hg(H-N^))Cl2 ----> (XIX)

(XXXV) + H^N2 \ /
Cl'

Increasing the length of the aliphatic chain had 
little effect in hindering the aminomercuration reaction.
3-Buten-l-ol (XXXVI) underwent reaction to produce a 
derivative (XXXVII)

n - O
CH2=CHCH2CH2OH + Hg(H-N~~^))Cl2 ----- > (XXXVI)

CHoCHCHoCHo0H I z | Z. /L
N>

H g c i Q

(XXXVII

as did 4-penten-l-ol (XXXVIII

H-N
CH2=CHCH2 CH2 CH2 OH + Hg(H-N~^))Cl2 — - (XXXVIII)

CHoCHCHoCHoCHo0HI 2 | 2 2 2
IHgCl

(XXXIX)



Attempts were made to achieve additions to olefins 
which contained an amine functional group. Allylamine, 
N-methyl allylamine, and diallylamine form thick, white 
precipitates with the mercuric chloride-piperidine complex 
which persisted after weeks of stirring. Analysis of 
these derivatives showed them to be complex mixtures of 
mercuric chloride, the amine, and piperidine.

In the examples discussed so far, aminomercuration 
was achieved by stirring a 1:1 complex of mercuric chloride 
and piperidine with the olefin in piperidine solvent. The 
1:1 complex (already formed) is not crucial to the success 
of aminomercuration, since in many cases, stirring mercuric 
chloride with the olefin in the amine solvent has worked 
equally well. Employing the 1:1 complex has the advantage, 
however, of effecting solution more rapidly and the stirring 
of the solution is much easier than in the case of mercuric 
chloride where voluminous white precipitates are formed and 
stirring is difficult.

Aminomercuration is not limited to piperidine as 
other secondary amines were found to undergo the reaction. 
Morpholine reacted with allyl benzoate and mercuric chloride 

to form an addition product (XL) in 45% yield.



^ C - O C H 2CHCH2HgCl + H + N ^ O  (XL)

0
Cl

An addition product (XLI) was also formed when a 
mercuric chloride-hexamethyleneimine complex was reacted 
with allyl benzoate.

0 H-N )
_  II , V_/

| ^ Y C-0CH2CH=CH2 + % ( H-N /)C12 ---- >

0

u 0
However, we were unable to isolate a derivative 

from the reaction of heptamethyleneimine with mercuric 
chloride and allyl benzoate. We were also unable to form 
the 1:1 complex of mercuric chloride and heptamethylene
imine.

The reactions of the methylpiperidines (pipecolines) 
with allyl benzoate had varying results. The 4-methyl- 
piperidine-mercuric chloride complex, which forms a thick 
white precipitate in 4-methylpiperidine, eventually gives 
an addition product (XLII) after a week of stirring.
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O
C-OCH CHCH HgCl + KIN

0CH

(XLII)

The 2-methylpiperidine-mercuric chloride complex, which 
dissolves immediately in 2-methyIpiperidine, yields only a 
small amount of derivative (XLIII) after an extended period 
of time.

The 3-methylpiperidine-mercuric chloride complex 
behaved very similarly to the 2-methyIpiperidine case, but 
we were unable to isolate an addition product.

Pyrrolidine failed to react with the olefin. We 
could not form the 1:1 complex with mercuric chloride and 
stirring the olefin and mercuric chloride in pyrrolidine 
led to the precipitation of free mercury.

The 4-Methylpiperazine reacted in the same manner 
as pyrrolidine. The amine appeared to be undergoing

CH3
CH1

H + /C-OCH CHCH HgCl + H^N (XLIII)
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oxidation (solution turned dark) and mercury precipitated 
from the reaction.

In the case of an acyclic secondary amine, diethyl- 
amine, we were unable to achieve an addition reaction, A 
thick white precipitate formed which would not dissolve 
after weeks of stirring,

Ethylamine behaved like diethylamine, but in this 
case, the formation of complexes such as (XLIV) could 
complicate the reaction and no additions were observed,

CH3CH2NH2 + 2HgCl ----- =>

CH3CH2NH(HgCl) + C^C^NH^Cl*' (XLIV)



DISCUSSION

Unlike other transition metals, mercury does not 
form the stable rr-complexes which are evident in platinum 
^apd ̂ p̂ l,lAd,ium. ,cp.mpounds'.(12 ). Mercury rather forms addition 
compounds in which true sigma bonds are formed to carbon.
For this reason, mercuric salts form the greatest variety 
and the most stable addition compounds with unsaturated 
substances. Aminomercuration occupies a small place in the 
growing number of addition reactions which are known for 
mercuric salts.

Part of the success of aminomercuration of olefins 
may depend on mercuric chloridexamine equilibria. First of 
all, some amines react much faster than others under the 
same conditions. For example, a mercuric chloride- 
piperidine complex in piperidine reacts at least twice as 

fast as does a mercuric chloride—4-methyIpiperidine complex 
in 4-methyIpiperidine. An explanation of this difference 
in reactivity of secondary amines may lie in the position 
of equilibrium of mercuric chloride-amine complexes.

In the absence of an olefin, stirring a 1:1 complex 
of mercuric chloride and piperidine in piperidine solvent 
leads to the precipitation of a 1:1 complex of mercuric 

chloride and piperidine, Equation (10). Stirring the 1:1 
complex of mercuric chloride and 4-methyIpiperidine in

21
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4-methylpiperidine leads to the precipitation of a 1:2 
complex of mercuric chloride and 4-methylpiperidine, 
Equation (11).

Exchanging the solvents with the complexes leads to 
complex mixtures of mono- and di-amine complexes.

If one considers the equilibrium reaction, Equation 
(12), between mercuric chloride and amines,

one finds that in the case of piperidine, the equilibrium 
is shifted to the left while in 4-methylpiperidine, the 

equilibrium is shifted to the right. One can then postulate 
that amines which favor 1:1 complexes with mercuric chloride 
will be able to coordinate with olefins more readily than 
those that form 1:2 complexes. Since mercuric ion is known 
to employ tetrahedral coordination (13), the structure of 
the 1:1 complex may be a dimer formed through chloride 
bridges (XLV). Upon reaction with an olefin, the dimer 
breaks apart to form intermediate (XLVI).

(1 1 )

(12 )



H /R̂  Z (XLVI)
Cl ,N— R

\  /  \ /
Hg + / C = c ----------

HV  Xci

(XLVII )

In the 1:2 complex (XLVI I) # coordination of the 
olefin would appear to proceed more slowly because of the 
decrease in electrophilicity of mercuric ion caused by the 
presence of two amine ligands.

The 1:1 complex of mercuric chloride and amine may 
possess a planar structure like the dicarbonylcyclopenta- 
dienylcobalt-mercuric chloride complex (XLVI11) (14).

a
o 9  ,
X ' ,-Cl R /H ; ,..C1

0 - 9 - H <  ;
Cl 'R I Cl

§ Cl (XLIX)
(XLVII)
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It was found that the primary coordination number of the 
mercury atom was three with the CoHgC^ group planar. Two 
chlorides from neighboring molecules increase the coordina
tion to five. In complex (XLVIII), the dicarbonylcyclo- 
pentadienylcobalt group acts as a Lewis base. If this 
group were replaced by an amine as in the 1:1 complex 
(XLIX), the weaker coordination sites occupied by chloride 
atoms in complex (XLVIII) could serve as sites for olefin 
coordination.

However, no mater what the structure may be, amines 
which form the 1:1 complex with mercuric chloride would 
appear to enhance aminomercuration.

Therefore, the first step in an aminomercuration 
reaction may be to position an olefin in the mercuric ion 
coordination sphere. The nature of the mercuric ion-olefin 
coordination was advanced by Lucas, Hepner, and Winstein 
(15), and it is now generally accepted (16) that a 
"mercurinium ion" (L) similar to a "bromonium ion" (LI) is 
an intermediate species in addition reactions.

iiI

(L) (LI)

Olah and Clifford (17) have recently shown the existence of 
mercurinium ions by nmr techniques.
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However, the electrophilic properties of 

coordinated mercuric ions, XHg+ , are very poor (18). This 
is demonstrated in the fact that no skeletal rearrangements 
are observed in the oxymercuration of norbornene. In amine 
solvents, the electrophilic properties of mercuric ion 
.towards olefins should be further reduced due to the strong 
electron donating ability of amines. In the nmr spectra of 
mercuric chloridexamine complexes, the alpha hydrogens of 
the coordinated amine are shifted 0.5 to 0.7 r units down- 
. field from the parent amine, indicating that significant 
positive charge is being distributed to the nitrogen atom. 
This decrease in electrophilicity of mercuric ion may be 
one reason for the failure of many aminomercuration 

reactions.
At this point, the mercuric ion-olefin coordination 

is weak and the olefin carbons are not electrophilic enough 
to be attacked by the solvent.

Further coordination about mercuric ion is achieved 
through another equilibrium reaction in which the chloride 
or amine ligand (probably the amine so as to maintain 
solution neutrality) leaves the coordination sphere and the 
carbonyl group of the olefin fills the vacant coordination 
site (’Figure 2). With the weaker coordinating group 
present in the complex, the drain on olefin electron 
density towards mercuric ion is much greater. The olefin 
carbons are now electrophilic enough to be attacked by the
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K-N \Hg (K-N />)C12 + CH2=CH-
O
II'C

Cl
 > I ^-Cl
<---  ^Hg

0 CH0 lC 2 \

Cl
I

r Hg — _ _ 1

O \ c »
w > 2

0

V
Cl

H A
x,N
U
Cl

H

<-
/

\ CHo 
C/v^^HC

O
Hg
\ CH,

^  /
C^^CH 

/  \  / H  Cl

0

o

CHCH2HgCl0
H2NO
Cl'

Figure 2. Mechanism of Aminomercuration of Carbonyl- 
Containing Olefins



solvent and the complex collapses to a sigma bonded organo- 
mercurial. The excess amine solvent picks up the liberated 
hydrochloric acid and precipitates from the reaction 
mixture.

The driving force for forming the complex in which 
the carbonyl and olefin groups are coordinated to the 
mercuric ion may be explained on the basis of the chelate 
effect. In cases where metal ions form stable ring systems 
with ligands containing two coordination groups, the 
equilibrium is shifted in the direction of the by

coordinated species.

m - itz < : m - ii
CH fV CHv

This is principally the result of an entropy factor which 
shifts the equilibrium to the right and allows the weaker 
carbonyl group to replace the coordinated amine.

In the olefins we have investigated, attack by the 

solvent has always occurred at the most substituted carbon 
(Markovnikov addition). This would tend to indicate that 
the mercurinium ion is an unsymmetrical rr-complex inter
mediate (LII).
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Whether the amine attacks the mercuric ion-olefin

complex from inside or outside the coordination sphere was 
an unproven point. We know that amine on the mercuric ion 
is exchanging with free amine. Stirring a complex of 
mercuric chloride and piperidine in 4-methylpiperidine 
leads to a 4-methyIpiperidine-mercurie chloride complex. 
Also, in the reaction of allyl benzoate with a 1:1 complex 
of mercuric chloride and 4-methylpiperidine in piperidine 
solvent, piperidine is found in the addition product. 
Equation (13).

The formation of trans-addition products (discussed later), 
however, indicates that attack is occurring from outside 
the mercuric ion coordination sphere.

mercuration and conform to the mechanism suggested in 
Figure 2. The effect of phenyl substituents in allyl 
benzoate shows that electron donating groups (-0H, -OCH^) 
favor attack at the olefin carbons whereas an electron 
attracting group (-NC^) favors attack at the more

0
(13)

We have found many olefins which undergo amino-



29
electrophilic carbonyl group. These results are consistent 
with the above proposal.

We have found some restraints as to the geometry of 
carbonyl-containing olefins which \\ill undergo the amino- 
mercuration reaction. The most favorable geometry involves 
mercuric ion and six other atoms (seven-membered ring) in 
the intermediate complex as is the case with allyl 
benzoate (LIII).

■ ,
/ v '9 X H2 ph — C Hg

//

^ / C\ 70  CH.

/CH„ - CH

0C CH I

\ CH
/

CH2 - CH2

(LIII) (LIV)

„ A c „2

v " '  \  A J L
2 2 CH 0 CH2

(LV) (LVI

No additions were observed in the allylcarbinyl benzoate 
system (LIV) (eight-membered ring), the 4-pentenyl acetate 
system (LV) (nine-membered ring), or in the methyl
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vinyl-acetate system (LVI) (six-membered ring). Also, 
compounds with very rigid structures, as in the bicyclo- 
[2.2.1]-5-heptenes, failed to yield addition products even 
though they would conform to a seven-membercd ring inter
mediate , Equation (14).

Hg
OCH3

h- < 3
------ > no reaction (14)

Vinyl benzoate (LVII) (and vinyl acetate) undergoes 
an aminolysis reaction under the aminomercuration conditions 
to produce an amide (LVIII) and chloromercuriacetaldehyde 
(LIX).

(LVII)C-OCH=CH + Hg(H-N Cl

IIC-N +

(LVII)

This is in agreement with the work of Nesmeyanov, Lutsenko, 
and Tumanova (19), who found that vinyl acetate (LX) 

yielded chloromercuriacetaldehyde under oxymercuration 
conditions.

H Hg++ 0
CH3C-OCH=CH2 ---- —  > ClHgCH2C ^

NaCl
(LX)
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It is not necessary, however, for carbonyl coordination to 
occur in these examples since vinyl ethers are also found 
to produce chloromercuriacetaldehyde (19).

As a rule, the addition of -OR and -HgX groups to a 
double bond (oxymercuration) proceeds in a trans manner 
(20):with.respect to each other. There are a few known 
cases were cis-addition occurs (21). We were able to show 

that the addition of -NR2 and -HgCl groups to an olefin 
also proceeds in a trans manner.(Figure 3).

The large coupling constant for axial protons in 
the nmr indicates that the -NRg and -HgCl groups are trans 
to each other. In derivative (XXIV), the proton HCHgCl is 
a distinct double (J = 10Hz) with smaller splittings due to 
coupling with the adjacent -CE^ group.

Attack by the amine is preferred at the 2-carbon 
over the 3-carbon because the electron density is lowest at 
that site due to the inductive effect of the neighboring 
oxygen.

The result of trans-addition in aminomercuration 
and in oxymercuration reactions strengthens the hypothesis 
of a mercurinium ion intermediate and indicate that the 
two reactions follow a similar pathway.

Besides carbonyl groups, we have found that oxygen 
in unsaturated alcohols and ethers can act as a ligand in 
the mercuric ion coordination sphere, and, therefore, 
allow aminomercuration to proceed. These compounds can add
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O
C-0

- 0 :
+ Hg (H-N ))C1

-O

RING
— FTTTP

HgClx-C-0

Figure 3. Mechanism for trans-Addition in Aminomercuration
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the amino- and chloromercuri-groups in a manner similar to 
carbonyl-containing olefins (Figure 4).

This proposal is consistent with the work of 
Henbest an! Nicholls (22), who found a directing effect of 
substituents in 4-substituted cyclohexenes. In the oxy- 
mercuration of 3-cyclohexenyImethanol (LXI), the methoxyl 
and the carbinol groups result in a trans configuration to 
one another. It is believed that mercuric ion is co
ordinated to the olefin by the hydroxyl group (LXII) and 
attack by the solvent produces a tri-axial derivative 
(LXIII) which reverts to the tri-equatorial form, the more
stable form of trans conformers.

• cr
(AcO)?Hg CH

+ Hg(OA

(LXI ) (LXII)

(A 0)Hg CH^O-
(AcO)Hg

OCH
(LXIII)

In this example, oxygen is participating as a ligand in the 
mercuric ion coordination sphere. It is very possible that 
oxygen is playing the same role in aminomercuration 
reactions.
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Cl
OH ( R )-- >

H0 ^ — -Cl

CH_ OH(R )

Cl
IHg-rf Cl

(R)HO ^VCH2
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" - O

Cl

/ X(R ) HO > 2
^ - C H  H
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H - Q

U

X

A 

Cl
I
Hg^. •Cl

(R )HO \ CH0
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(R ) HO -ch-c h2h 5ci
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Figure 4. Mechanism for the Aminomercuration of Unsaturated 
Alcohols and Ethers
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There are unsaturated alcohols in which the hydroxy 

hydroxyl group in the substrate is able to participate in 
the reaction, forming tetrahydrofurans and tetrahydro- 
pyrans (23). Such is the case in the oxymercuration of
4-penten-l-ol (LXIV).

CH2=CHCH2 CH2 CH2 OH + Hg(OAc)2
h 2o

(LXIV)
HO— CH2

\ 
CH2/

:H

Hg(OAc)2 Hg(OAc)

CH0=CHCH0 
\  A  / • 2

/

CH2

This internal oxymercuration does not compete (or competes 
only to a small extent) under aminomercuration conditions. 
We have found that the reaction proceeds analogously to 
other unsaturated alcohols with the addition of the amino- 
and chloromercuri-groups across the double bond (XXXIX).

H - O
CH2=CHCH2CH2CH2OH + Hg(H-N ^)C12 ------ >

CH2- :— CHCH2CH2CH2OH
(XXXIX)

(H-Ny)HgCl

In the case of bicyclo[2.2.1]-5-hepten-2-methanol 
(LXV), it was found that internal oxymercuration proceeds 
even in the presence of an amine solvent to produce the
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tricyclic ether (LXVI).

+ Hg(H-N ^)C1
h- 0

->

(LXV)

.CH
\H

ClHg

(LXVI)

In this example, oxygen cannot coordinate as a ligand 
around mercuric ion and also blocks any possible backside 
attack by the solvent. The mercuric ion is prohibited from 
occupying a site between oxygen and the double bond due to 
steric reasons. Thus, aminomercuration does not compete in 
this reaction.

The unsaturated alcohol systems appear to be much 
more flexible than the carbonyl-containing olefins in that 
the geometry requirements for coordination with mercuric 
ion are less stringent. Unsaturated alcohols like allyl 
alcohol, 3-buten-l-ol, and 4-penten-l-ol which could form 
intermediates consisting of five- (LXVII), six- (LXVIII)# 

and seven- (LXIX) membered rings were all found to give 

addition products. Any role that the hydroxyl proton might 
play through mercuric ion coordination or through hydrogen 
bonding with the solvent can be eliminated by the fact that 

unsaturated ethers (allyl phenyl ether) also give addition



(LXVII) (LXVIII) (LXIX)

products. Mercury-oxygen interactions can also be seen in 
the infrared method for configurational assignment in (3- 

hydroxymercurials (24). In this technique, the hydroxyl 
stretching frequency of the cis-configuration (where oxygen 
and mercury can interact) is shifted 18 cm*™"1" above the 
parent alcohol whereas in the trans-configuration. the 

hydroxyl stretching frequency is shifted not more than 
10 cm  ̂ above the parent alcohol. This interaction shows 
the possibility of compounds which form four-membered ring 
intermediates (vinyl alcohols, aldehyde tautomers) to 
undergo aminomercuration.

The reactions of other metal-olefin complexes with 
amine nucleophiles is limited. The reactions of olefin
platinum (II) and -palladium(II) complexes have received 
wide attention (25) with the addition of oxygen nucleo
philes and recently, the reactions of dichloro(endo- 
dicyclopentadiene)platinum(II) and -palladium(II) complexes 
have been investigated with amine nucleophiles (26). The 
platinum derivative (LXX) underwent an addition reaction



(LXX) M = Pt ClCl
(LXXI) M = Pd

with benzylamine at the more reactive norbornene double 
bond while the 2,3- double bond remained untouched. A 
trans-addition of the addends was observed. The palladium 
derivative (LXXI) decomposed in the presence of the primary 

amine. The authors mention the necessity that the olefin 
have the proper geometry to maintain coordination for 

reaction to occur. These aminomercurations also appear to 
be geometry dependent (in the case of carbonyl-containing 
olefins).

Dichloro(1,5-hexadiene)platinum(II) has been found 
(27) to react with methylbenzylamine. Again, only one 
double bond suffers addition.

+ H2N(?H I O
CH.

Cl Cl

CH2NHCH
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Very recently, various compounds of rhodium and

iridium have been shown to catalyze the addition of 
secondary amines to ethylene (28), Equation (15). Simple 
olefins other than ethylene failed to react and amines of 
similar bacisity gave varying results (piperidine: 65% 
yield; morpholine: 2% yield).

has just been touched, a certain amount of selectivity has 
been shown necessary for reactions to occur. This limits 
the generality of the reaction as compared to oxymercura- 
tion. Future investigators may look to the possibility of 
other functional groups participating as ligands in amino- 
mercuration. Once it is known what type of functional 
groups will participate and the necessary geometry require
ments, one will be able to predict if a particular amino- 
organomercurial can be formed. These amino-organo- 
mercurials may prove to be useful intermediates in the 
synthesis of tertiary amines.

have medicinal value as diuretics, and now the possibility 
of forming more structurally complicated and possibly more 
active derivatives exists.

RhCl 3
(15)

Although the scope of aminomercuration reactions

Also, amino-organomercurials have been shown to
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It should be mentioned that thallic acetate under

goes oxythallation reactions in an analogous manner to 
oxymercuration. This has been shown by Pande and Winstein 
(29) in the reaction of norbornadiene, Equation (16).

HO Ac

No aminothallations have yet been reported. However, the 
reaction may possibly succeed in olefins containing 
internal coordinating groups, since thallic ion has the 
same electronic configuration as mercuric ion.

Only through a better understanding of reactions 
like aminomercuration will the practical applications and 
the advancement of organometallic chemistry continue to 

grow.



EXPERIMENTAL.

All melting points are uncorrected. Nuclear 
magnetic resonance spectra were taken on Varian HA-100 and 
T-60 spectrometers. Infrared spectra were taken on Perkin 
Elmer 337 and Infracord spectrometers. Elemental analysis 
was performed by Galbraith Laboratories, Knoxville, 
Tennessee.

Mercuric Chloride-Piperidine Complex
To a solution of 8.Ig (0.03mole) of mercuric

chloride in 120ml of hot water was added a solution of 2.5g
(0.03mole) of piperidine (Aldrich) in 10ml of water while

. stirring vigorously with a magnetic stir-bar. A yellow
precipitate separated from solution immediately.

The precipitate was filtered, washed with water.
and air dried overnight. The light yellow solid (10.2g,
100%) melted at 142-143°; ir spectrum (KBr), 3130, 1440,

_11190, 1115, 1030, 875, 850, cm .
Anal. Calcd for C^H^NHgCd^; N, 3.93; Hg 56.52;

Cl, 20.00 Found: N, 3.77; Hg, 55,92; Cl, 19.74.

Other 1:1 mercuric chloride-amine complexes were 
formed in an analogous manner and are summarized in Table 1.

41



Table 1. Mercuric Chloride-Amine Complexes

Analysis

1:1 Complex Calculated Found

HgC^-Amine MP C H N Hg Cl C H N Hg Cl

Piperidine 142 16.85 3.09 3.93 56. 52 20.00 3.77 55.92 19.74
4-Pipecoline 159 19.64 3.51 3.78 54.05 19.19 19.42 3.53 3.74 54.24 18.87

3-Pipecoline 149 19.64 3.51 3.78 54.05 19.19 19.75 3.56 3.88 54.27 18.95

2-Pipecoline 106 19. 64 3.51 3.78 54.05 19.19 19.07 3.94 3. 76 54.41 18.92

Hexamethyl-
eneimine 141

Ethylamine 179 7. 94 2.21 4.43 63.29 22.46 7.70 2.12 4. 62 64.30 20. 56

Morpholine . 151 13.40 2.51 3.91 55.86 19.83 13.26 .2.44 3.93. 55.93 19.57
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3~Chloromercuri-2-piperidinopropyl 

Benzoate (III)
To a solution of 5„0g (0.0 30mole) of allyl benzoate 

(K & K Laboratories) in 35ml of piperidine (Aldrich) was 
added 6„Og (O.OlSmole) of mercuric chlo rid e-piperid ine 
complex. The suspension was stirred with a magnetic stir- 
bar. After one hour, the solution .was homogeneous, and 
after thirty-six hours, piperidine hydro chloride began to 
precipitate. Stirring was continued for another thirty-six 
hours.

The solution was filtered and the excess piperidine 
was removed with the aid of a vacuum pump. The resulting 
yellow oil was dissolved in absolute ethanol and allowed to 
crystallize. The product was filtered, yielding 5.Og (65%0, 
mp 115-116°; nmr spectrum (CDCl^), 8, 8.0-8.2 (doublet, 2H,
J = 8Hz, phenyl) and 7.4-7.6 (multiple!, 3H( phenyl), 4.2-
4.6 (octet, 2H, J = 4Hz, CH^-O), 3.1-3.4 (multiple!, 1H, 
CH-N), 2.5-3.0 (multiple!,4H, CH^-N), 2.2-2.3 (doublet,
2H, J = 8Hz, CH2~Hg), 1.4-1.8 (multiple!, 6H, CH2 ); ir 
spectrum (KBr), 2900 (CH), 1680 (C=0), 1260 (C-0), 1120, 
1030, 970, 710 cm-1.

Anal. Calcd for C ^ H  N02HgCl-:. C, . 37.42; H, 4.16;
N, 2.90; Cl, 7.40. Found: C, 37.37; H, 4.25; N, 2.80;
Cl, 7.60.
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3-Chloromercuri-2-pjperidinopropyl 

p-hydroxybenzoate (VIII)
To a solution of 5.Og (0.027mole) of allyl p- 

hydroxybenzoate (30) in 30ml of piperidine was added 6.Og 
(0.OlGmole) of mercuric chloride-piperidine complex. The 
suspension was stirred with a magnetic stir-bar for two 
days.

Piperidine hydrochloride was filtered from the 
solution and the excess piperidine was removed with the aid 
of a vacuum pump. The resulting oil was dissolved in 
methanol and allowed to crystallize. The product was
filtered, yielding 2.Og (14.2%), mp 122-123°; nmr spectrum
(DMSO-d 6) , 6, 7.8-7.9 (doublet, 2H, J = 8Hz,s phenyl) and
6.8-6.9 (doublet, 2H, J = 8Hz, phenyl), 4.1-4.5 (octet, 2H, 

J = 4Hz, CH2-0), 3.1-3.3 (multiplet, 1H, CH-N), 2.4-2.8
r _ ,

(multiple!, 4H, CH2-N), 1.9-2.1 (doublet, 2H, J = 8Hz, 
CH2-Hg), 1.4-1.7 (multiplet, 6H, Gib,); ir spectrum (KBr), 
3350 (OH), 2930 (C-H), 1680 (C=0), 1260 (C-O), 1165, 850, 
770.

Anal. Calcd for C15H20NO3HgCl: C, 36.21; H, 4.02;

n, 2189; Hg, 40.24; Cl, 7.05. Found: C, 35.99; H, 4.08;
N, 3.06; Hg, 40.01; Cl, 7.12.

3-Chloromercuri-2-piperidinopropyl 
p-methoxybenzoate (IX)

To a solution of 5.Ig (O.OlOmole) of allyl p- 
methoxybenzoate in 35ml of piperidine was added 6.Og
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(0„016mole) of mercuric chloride-piperidine complex. The 
suspension was stirred with a magnetic stir-har for three 
days.

Piperidine hydrochloride was filtered from the 
reaction mixture, and the excess piperidine was removed with 
the aid of a vacuum pump. The.resulting oil was dissolved 
in absolute ethanol. Crystals appeared overnight. The 
product was filtered, yielding 2.1g (40%), mp 97-98°; nmr 
spectrum (CDCl^), 6, 7.9-8.1 (doublet, 2H, J = 8Hz, phenyl) 
and 6.8-7.0 (doublet, 2H, J = 8Hz, phenyl), 4.1-4.6 (octet, 
2H, J = 4Hz, CH2-0), 3.8 (singlet,. 3H, OCH^), 3.1-3.4 
(multiplet, 1H, CH-H), 2.5-2.9 (multiplet, 4H, CH^-N), 2.3- 
2.4 (doublet, 2H, J = 8Hz, CH^-Hg), 1.4-1.7 (multiplet, 6H, 
CH2 ); ir spectrum (KBr), 2900 (C-H), 1695 (C=0), 1250 (C-0), 
1100, 1025, 840, 770. -

Anal. Calcd for C16H22NC>3HgCl: C, 37. 57; H, 4.30;
N, 2.74; Hg, 39.13; Cl, 6.85. Found: C, 37.32; H, 4.26;.
N, 2.71; Hg 38.93; Cl., 6.59.

3-Chloromercuri~2-piperidinopropyiurea (XIV)
To a solution of 5.0g (O.OSOmole) of allylurea in 

50ml of piperidine was added 9«Og . (0.025mole) of mercuric 
chloride-piperidine complex. The suspension was stirred 
with a magnetic stir-bar for twelve hours.

The clear solution was evaporated to an oil with 
the aid of a vacuum pump. The oil was dissolved in 30ml
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of ethyl acetate and 60ml of isopropyl alcohol. On 
standing, the product crystallized, yielding 5.Og (50%), 
mp 115-116°; nmr (DMSO-dg), 6, 6.1-6.4 (multiple!, 1H,
N-H), 5.8-6.0 (multiplet, 2H, NH2), 3.7-3.9 (multiplet, 2H, 
CH2-NH), 3.2-3.6 (multiplet, IE, CH-N), 2.8-3.0 (multiplet, 
AH, .,-CH2~N) , , 2. 2-»2 ..4 - (doublet, 2H,. J . = 8Hz, CH^-Hg) , 1.7- 
2.0 (multiplet, 6H, CH2); ir spectrum (KBr), 3350 (N-H),
3100 (N-H), 1600 (C=0), 1270, 1190, 1070, 880, 855, cm-1.

Anal. Calcd for CgH^sN OHgCl: .' C, 23.96; H, 4.40;
N, 10.26; Hg, 48.90; Cl, 8.90. Found: C, 24.22; H, 4.19;
N, 9.97; Hg, 48.75; Cl, 9.05.

3-Chipromercuri-2-pjperidinopropyl 
carbamate (XVI)

To a solution of 2.5g (0.024mole) of allyl . 
carbamate (31) in 35ml of piperidine was added 6.Og 
(0.016mole) of mercuric chloride-piperidine complex. The 
suspension was stirred with a magnetic stir-bar and a thick 
white precipitate soon developed. Piperidine (20ml) was 
added to facilitate stirring. Stirring was continued for. 
thirty hours.

The clear solution was evaporated to an oil with 
the aid of a vacuum pump. The residue was dissolved in 
isopropyl alcohol and stored in the refrigerator overnight. 
The crystallized product was filtered, yielding 3.Og (42%) 
mp 92-9 3°; nmr spectrum (DMSO-d^), 6, 6.3-6.5 (singlet, 2H, 
NH2), 2.9-3.2 (multiplet, 1H, CH-N), 2.5-2.8 (multiplet, 4H,
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CH2-N) , ,1.9-2.0 (doublet, 2H, J =  8Hz, CH^-Hg), 1.3-1.6 
(multiplet, 6H, CH2); ir spectrum (KBr), 3300 (NH^), 2900 
(C-H), 1650 (C=0), 1440, 1100, 1050, 860, 750, cm"1,

. Anal, Calcd for C g H ^ N ^ H g C l : C, 23. 90; H, 4.14;
N, 6.83; Hg, 48.78; Cl, 8.53. Found: C, 23.73; H, 4.01,
JS, .6..45; Hg, , 48 , 89 ; Cl, 8.02.

3-Chloromercurl-2-piperidinopropanol- 
piperidine Complex (XIX)

To a solution of 4.Og ((0«068mole) of allyl alcohol
(Aldrich) in 40 ml of piperidine was added 6= Og (0.016mole)
of mercuric chloride-piperidine complex. The suspension
was stirred with a magnetic stir-bar and the complex
dissolved within ten minutes.

After stirring for one day, piperidine hydrochloride
was filtered from the reaction mixture and the piperidine
solvent was allowed to evaporate slowly from the filtrate.
When most of the piperidine had evaporated (overnight),
crystals appeared, which were filtered.and washed with
ether. The product was air dried, yielding 5.5g (74%) of
product, mp 67-68°; nmr spectrum (CDClg), 6, 4.5 (singlet,
2H, N-H, O-H), 3.4-3.6 (doublet, 2H, J = 6Hz, CHg-O), 2.9-
3.3 (multiplet, 4H, CH^-N-Hg), 2.5-2.7 (multiplet, 4H,
CH2-N), 1.9-2.1 (doublet, 2H, J = 8Hz, CHg-Hg), 1.4-1.9

(multiplet, 12H, CH2 ); ir spectrum (KBr), 3300 (N-H, 0-H),

2920 (C-H), 1410, 1110, 1095, 1025 (C-O), 860, 760, 735
' -1 cm
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Anal* Calcd for C 'H2^N2OHgCl: C, 33, 76; H, 5.84;

N, 6.06; Hg, 43.29; Cl, 7.57. Found: C, 33.76; H, 5.92;
N, 6.07; Hg, 42.90; Cl, 7.44.

Allylacetyl Chloride 
To a 200ml three-necked, R. B. flask equipped with

an addition funnel, condenser, and a magnetic stir-bar
was added 22ml (0„30mole) of thionyl chloride. To the 
addition funnel was added. 20.Og (0.20mole) of allylacetic 
acid (K & K Laboratories) which was added dropwise while 
stirring to the thionyl chloride solution. When the 
addition was complete, the solution was refluxed for 
thirty minutes. The solution was then distilled at atmos
pheric pressure with thionyl chloride distilling first 

followed by allylacetyl chloride, 20.5g (86.5%), bp 114- 
118°.

Methyl 4-pentenoate (XX)
To a 200ml three-necked, R. B. flask equipped with 

an addition funnel, condenser, and a magnetic stir-bar was 
added 20ml of anhydrous methanol. The flask was cooled in 
an ice bath and 20.5g (0.173mole) of allylacetyl chloride 
was added dropwise from the addition funnel. The addition 
took thirty minutes.

The reaction mixture was poured into 50ml of water 
and washed successively with 50ml of 10% NaHCO^ and 50ml 
of water. The product was dried over anhydrous MgSO^,
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filtered, and distilled at atmospheric pressure, yielding 
8.Og (42%), bp 120-122°„

Methyl 5-chloromercuri-4-piperidinopentendate- 
piperidine Complex

To a solution of 3„ Og (0„ 026mo.le) o f methyl 4- 
peri.te.no ate .in 40ml of .piperidine was added 6. Og (0. 016mole) 
of mercuric chloride-piperidine complex. The solution was 
stirred with the aid of a magnetic stir-bar for three days.

Piperidine hydrochloride was filtered from the 
reaction mixture and'the excess solvent was removed with 
the aid of a vacuum pump. The resulting oil (6.Og, 73%) 
could not be crystallized. Nmr spectrum (CDCl^), 8, 5.0 
(singlet, 1H, N-H) , 3.6 (singlet,. 3H, OCH^), 2.8-3.2 
(multiplet, 5H, CH^NHHg), 2.4-2.6 (multiplet, 4H, CH^K),
2.3-2.4 (multiplet, 2H, CH2C=0), 2.1-2.3 (doublet, 2H,
J = 8Hz, CH2Hg), 1.3-1.9 (multiplet, 12H, CH2).

2-Cyclohexen-l-yl Benzoate (XXIII)
To a 250ml three-necked R. B. flask equipped with 

an addition funnel, condenser, and magnetic stir-bar was 
added 20.Og (0. 204rnole) of 2-cyclohexen-l-yl (Aldrich) and 
80ml of anhydrous pyridine. The flask was cooled in an ice 
bath and the solution was stirred while 26.Og (0.185mole) 
of benzoyl chloride was added slowly and dropwise from the 
addition funnel. When the addition was complete, the 
solution was allowed to stir overnight.
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The solution was poured into 200ml of water and 

extracted with 100ml of diethyl ether. The etheral solution 
was washed successively with 100ml of IN HC1, 100ml of 10%
NaHCO„, and 100ml of water. The etheral solution was dried

- i
over anhydrous MgSO^, filtered, and the ether was removed 
x̂ ath.vthe aid ,of a . ro tary. eyaporator. The residue was 
vacuum distilled, yielding 29.4g (80.5%) of product, bp 97° 
(0.2mm); nmr spectrum (neat), 6, 8.0-8.2 (doublet, 2H,
J = 8Hz, phenyl) and 7.3-7.5 (multiple!, 3H, phenyl), 5.9 
(singlet, 2H, CH=), 5.4-5.6 (multiplet, 1H, CH-O), 1.5-2.1 
multiple!, 6H, CH^) ; ir spectrum (neat), 3030 (CH=:) , 2940 
(C-H), 1720 (C=0), 1450, 1270 (C-0), 1110, 1070, 1025, 915, 
710 cm-"*".

3-Chloromercuri-2-piper idinocy clohexyl 
Benzoate (XXIV)

To a solution of 3.4g (0.017mole) of 2-cyclohexen-
1-yl benzoate in 40ml of piperidine was added 6.Og (0.016 
mole) of mercuric chloride-piperidine complex. The solution 
was stirred with a magnetic stir-bar for four days.

The solution was filtered from a small amount of 
precipitate and the filtrate was evaporated to an oil with 
the aid of a vacuum pump. The oil was dissolved in absolute 
ethanol and allowed to stand at room temperature overnight. 
The crystallized product was filtered-, yielding 0.5g (6%), 
mp 133°; nmr spectrum (CDC1^), 6, 8.0-8.2 (doublet, 2H,
J = 8Hz, phenyl)- and 7.4-7.6 (multiplet, 3H, phenyl),
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5.6-5.7 (multiple!, 1H, CH-0), 2.9-3.1 (multiple!, 1H,

CH-N),'2.6-2.8- (multiple!, 2H, CH^-N), 2.3-2.6 (multiple!, 
2H, CH2-N), 2.0-2.2 (doublet, 2H, u = 12Hz, CH^-Hg), 1.4-
1.8 (multiple!, 12H, CH2 ); ir spectrum (KBr), 2929 (C-H),
1690 (C=0), 1440, 1275 (C-0) , 1110', 880 , 715 cm-1.

Anal. Calcd for C^gH^^O^HgCl: C, 41.45; H, 4.60;
N, 2.68; Hg, 38.38; Cl, 6.71. Found: C, 41.25; H, 4.66;
N, 2.66; Hg, 38.36; Cl, 6.50.

Bicyclo[2.2.1]-5-hepten-2-yl 
Benzoate (XXVllT

To a solution of 24. Og (0. 36rnole) of freshly 
distilled cyclopentadiene was added 50g (0.33mole) of vinyl 
benzoate (K & K Laboratories). The solution was heated for 
twenty hours at 200° in an autoclave at autogenous pressure.

The autoclave was rinsed clean with chloroform.
The chloroform was removed with the aid of a rotary 
evaporator and the residue (brown sticky mass) was vacuum 
distilled, yielding 22g (31%) of product, bp 98° (0.2mm), 
nmr spectrum (CDCl^), 6, 7.8-8.1 (doublet, 2H, J = 8Hz, 
phenyl) and 7.2-7.5 (multiple!, 3H, phenyl), 6.3-6.4 
(quartet, 1H, J = 2Hz, CH=), 6.0-6.1 (quartet, 1H, J = 2Hz, 

CH=), 5.4-5.6 (pentet, 1H, J = 3Hz, CH-O), 3.1-3.3 (multi
ple!, lH, bridgehead), 2.7-2.9 (multiple!, 1H, bridgehead),
2.0-2.3 (septet, 1H, J =. 3Hz, endo^CH^), 1.2-1.5 (multiple!, 
2H, exo-CH^ and syn CH2 ), 0.9-1.1 (doublet, 1H, J = 12Hz,
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anti-CEL,) ; ir spectrum (neat), 3060 (CH=), 2970 (C-H) , 1720 
(C=0), 1275 (C-O), 1120, 1070, 1030, 715 cm-1.

Anal. Calcd for C14H1402 : c , 78.50; H, 6.54; 0,
14.95. Found: c, 78.62; H, 6.69; O, 15.66.

3~Chloromercuri-2-piperidinopropyl 
' .... A1 ly 1. „E t h e r - p i p e r i d i n e

Complex (XXXII)
To a solution of 3.0g (0.30mole) of diallyl ether 

(K & K Laboratories) in 40ml of piperidine was added 6.0g 
(0.016mole) of mercuric chloride-piperidine complex. The 
suspension was stirred with a magnetic-stir-bar, and after 
one hour, the solution was homogeneous. The solution was 
stirred for three days.

Piperidine hydrochloride was filtered from the 
reaction mixture and the filtrate was evaporated to an oil 
with the aid of a vacuum pump. All attempts to crystallize 
the product failed. The product was kept under vacuum 
overnight, yielding 7.2g of oil (90%); mnr spectrum (CDCl^), 
6, 5.6-5.9 (multiplet, 1H, CH=), 5.4 (singlet, 1H, NH),
5.0-5.3 (doublet, 2H, J = 12Hz, CH^), 3.8-4.0 (doublet,
2H, J = 6Hz, CH2-0), 3.3-3.7 (octet, 2H, J = 4Hz, CE^-O),
2.7-3.1 (multiplet, 4H, CH^-MH), 2.3-2.7 (multiplet, 4H, 
CH2-N), 1,9-2.1 (doublet, 2H J = 8Hz, CHg-Hg), 1.3-1.8 
(multiplet, 12H,'CH9); ir-spectrum (neat), 3030 (CH=), 2910 
(C-H), 1645 (C= G_)-z-/T450, 1110, 1000, 930, 870, 760 cm J".
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3-Chloromercari-2-piperidinopropyl 

Phenyl Ether (XXXIV)
To a solution of 3» Og (0,022mo1e) of ally1 phenyl 

ether (K & K Laboratories) in 40ml of piperidine was added 
4.Ig (0.017mole) of mercuric.chloride. The solution was 
stirred with a magnetic stir-bar for three days.

Piperidine hydro chloride was filtered from the 
reaction mixture and the excess piperidine was removed from 
the filtrate with the aid of a vacuum pump. The resulting
oil was dissolved in absolute ethanol and cooled in an ice
bath. The product crystallized and was filtered, yielding 
3.5g (46%), mp 75°; nmr spectrum (CDCl^), 8, 6.8-7,4 (multi- 
plet, 5H, phenyl), 3.7-4.3 (octet, 2H, J = 4Hz, CH^-0), 2.9-
3.3 (multiplet, 1H, CH-N), 2.5-2.7 (multiplet, 4H, CH^-N),
2.1-2.2 (doublet, 2H, J = 8Hz, CHg-Hg), 1.4-1.7 (multiplet, 
6H,- CH2 ) ; ir spectrum (KBr) , 3050, 2910 (C-H) , 1580 , 1490, 
1460, 1240 (C-O), 1170, 1100, 1040, 885, 755, 690 cm-1.

Anal. Calcd for C^H^NO H g C l : C, 37. 08; H, 4.41;
N, 3.09; Eg, 44.15; Cl, 7.72. Found: C, 36.89; H, 4.48;
N, 2.90; Hg, 43.85, Cl, 7.36.

4-Chloromercuri-3-piperidinobutan-l-ol~
Piperidine Complex (XXXVII)

To a solution of 2.3g (O.OSlmole) of 3-buten-l-ol 
(K & K Laboratories) in 40ml of piperidine was added 6.Og 
(0.016mole) of mercuric chloride-piperidine complex. The 
suspension was stirred with a magnetic stir-bar and the
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solution became homogeneous in several hours„ Stirring was 
continued for thirty-six hours,

Piperidine hydrochloride was filtered from the 
reaction mixture and the excess piperidine was allowed to 
evaporate slowly from the filtrate. Crystals appeared 
.which were .filtered and. washed with ether, yielding 3.9g 
(53.. 4%) , mp 68°; nmr spectrum (CDCl^) , 6, 5.3 (singlet, 2H, 
NH and OH), 3.6-3.9 (multiplet, 2H, CH^-0), 2.9-3.2 (multi
ple t, 5H, CH2NH andvCH-N), 2.5-2.8 (multiplet, 4H, CH^-N),
1.9-2.1 (doublet, 2H, J = 8HZ, CHg-Hg), 1.4-1.8 (multiplet, 
14H, CH2 ); ir spectrum (KBr), 3160 (O-H), 2900 (C-H), 1445, 
1110, 1090, 1040,' 950, 880, 870 cm-1.

5-Chloromercuri-4-piperidinopentan-l-ol- 
Piperidine Complex (XXXIX)

To a solution of 2.Og (0.023mole) of 4-penten-l-o1 
(Aldrich) in 40ml of piperidine was added 6.Og (0.016mole) 
of mercuric chloride-piperidine complex. The solution was 
stirred with the aid of a magnetic stir-bar for three days.

Piperidine hydrochloride was filtered from the 
reaction mixture and the excess solvent was removed from 
the filtrate with the aid of a vacuum pump. The resulting 
oil (6.9g, 88%) could not be crystallized. Nmr spectrum 
(CDC13), 6, 5.1 (singlet, 2H, N-H and 0-H), 3.6-3.7 (multi
plet, 2H, CH2-0), 3.0-3.3 (multiplet, 5H, CHg-N-Hg and 
CH-N), 2.6-2.8 (multiplet, 4H,CH2-N), 2.1-2.3 (doublet,
2H, J = 8Hz, CH2-Hg), 1.5-1.9 (multiplet, 16H, CH2 ), ir
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spectrum (neat), 3400-3200 (OH,NH)„ 2950 (C-H), 1650 (C-N), 
1480, 1100, 1050 (C-O), 870, 810,, 750 cm"1.

3-Chloromercurl-2-morpholinopropyl 
Benzoate (XL)

To a solution of 4.8g (0„029mole) of allyl benzoate 
in ,40ml of morpholine (Aldrich) was added 8.1g (0.029mole) 
of mercuric chloride. The suspension was stirred with a 
magnetic stir-bar for four days.

The clear homogeneous solution was evaporated to an 
oil with the aid of a vacuum pump. The oil was crystallized 
from absolute ethanol. The product was filtered, yielding 
6.3g (45%), mp 104°; nmr spectrum (CDCl^), 6, 8.0-8.2 
(doublet, 2H, J = 8Hz, phenyl) and 7.4-7.6 (multiple!, 3H, 
phenyl), 4.2-4.6 (octet, 2H, J = 4Hz, CH^-O), 3.6-3.9 
(triplet, 4H, J = 4Hz, CH^-O), 3.1-3.4 (multiple!, IE,
CH-N), 2.6-2.9 (quartet, 4H, J = 4Hz, CH^-N), 2.2-2.3 ' 
(doublet, 2H, J = 8Hz, CHg-Hg); ir spectrum (KBr), 2940 
(C-H), 2840 (C-H), 1700 (C=0), 1440, 1250 (C-O), 1110, 850, 
710 cm"1.

Anal. Calcd for C14H18N03HgCl: C, 34.78; H, 3.72;
N, 2.90; Hg, 41.40; Cl, 7.24. Found: C, 34.56; H, 3.75;
N, 2.84; Hg, 41.21; Cl, 7.28.

3-Chloromercuri-2-hexamethyleneiminopropyl ’
Benzoate (XLI)

To a solution of 4.Og (0.024mole) of allyl benzoate 
in 35ml of hexamethyleneimine (Aldrich) was added 6.Og
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(0.OlGmole) of. mercuric chloride-hexamethyleneimine 
complex. The suspension was allowed to stir for two days.

• •• Hexamethyleneimine hydrochloride was filtered from 
the reaction mixture and the excess solvent was removed 
with the aid of a vacuum pump. The resulting oil was 
dissolved,in absolute ethaml and .allowed to stand at room 
temperature for one day. White crystals formed on the 
bottom of the flask. The product was filtered, yielding 
2.0g (26%), mp 108°; nmr spectrum (CDCl^), 8, 7.9-8.1 
(doublet, 2H, J = 8Hz, phenyl), 7.4-7.6 (multiple!, 3H, 
phenyl), 4.1-4.6 (octet, 2H, J = 8Hz, CH^-O), 3.1-3.4 
(multiple!, 1H, CH-N), 2.7-3.0 (multiplet, 4H, C^-N), 2.2-
2.4 (doublet, 2H, J = 8Hz, CH^-Hg), 1.5-1.8 (multiplet, 8H, 
CH2); ir spectrum (KBr), 2920 (C-H), 1700 (C=0), 1450,

1280 (C-O), 1130, 1070, 1030, 710 cm-1.
Anal. Calcd for C16H22N02HgCl: C, 38.78; H, 4.44;

N, 2.82; Hg, 40.40; Cl, 7.07. Found: C, 38.69; H, 4.30;
N, 2.70; Hg, 40.10; Cl, 7.00.

4-Chloromercuri-2-(4-methylpiperidino)propyl 
Benzoate (XLII)

To a solution of 4.0g (0.024mole) of .ally1 benzoate 
in 40ml of 4-methylpiperidine (Aldrich) was added 6.0g 
(0.016mole) of mercuric chloride-4-methylpiperidine complex. 
The suspension was allowed to stir (magnetic stir-bar) for 
one week.



The solution was filtered from a small amount of 
precipitate and.excess 4—methylpiperidine. was removed with 
the aid of a vacuum pump. The resulting oil was dissolved 
in absolute ethanol and a small amount of water was added.
The solution was stored in the refrigerator. Small white
crystals..separated overnight. The product was filtered , 
yielding 2.2g (27%), mp 104°; nmr spectrum (CDCl^), 6, 8.0-
8.2 (doublet, 2H, J = 8Hz, phenyl), 7.3-7.6 (multiplet, 3H, 
phenyl), 4.2-4.6 (octet, 2H, J = 4Hz, CHg-O), 3.2-3.4 
(multiplet, 1H, CH-N), 2.8-3.1 (multiplet, 4Hz, CH^-N),
2.2-2.4 (doublet, 2H, J = 8Hz, CHg-Hg), 1.1-1.8 (multiplet, 
5H, CH2,CH). , 0.8-1.0 (doublet, 3H, J = 6Hz, CH^); ir 
spectrum (KBr), 2900 (C-H), 1700 (C=0), 1430,1250 (C-O), 
1080, 710 .cm”1.

Anal. Calcd for C^H^NC^HgCl: C, 38.78; H, 4.44;
N,.2.82; Hg, 40.40; Cl, 7.07. Found: C, 39.38; H, 4.60;
N, 2.87; Hg, 41.25; Cl, 7.08.

3-Chloro-2-(2-methylpiperidino)propyl 
Benzoate (XLIIlh

To a solution of 3.8g (0.O23mole) of allyl benzoate 
in 40ml of freshly distilled 2-methylpiperidine (Aldrich) 
was added 6.Og (0.016mo1e) of mercuric chloride-2-methyl- 
piperidine complex. The complex dissolved immediately and . 
the solution was allowed to stir (magnetic stir-bar) for 
one week.
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The solution was filtered from a small amount of 

precipitate and the filtrate was evaporated to an oil with 
the aid of a vacuum pump. Crystallization from absolute 
ethanol yielded 0.5g of product (6^), mp 127°; nmr spectrum 
(CDC13), 6, 8.0-8.1 (doublet, 2H, J = 8Hz, phenyl) and 7.3-
7.6 (multiplet, 3H, phenyl), 4.1-4.6 (octet, 2H, J = 4Hz, 
CH2-0)., 2.8-3.1 (multiplet, 1H, CH-M), 2.3-2.5 (doublet, ' 
2H, J = 8Hz, CH2-Hg), 1.4-1.9 (multiplet, 6H, CH2 ),"1.2-
1.3 (doublet, 3H, J = 5Hz, CH^); ir spectrum (KBr), 2950 
and 2920 (C-H), 1710 (C=0), 1450, 1270 (C-0), 1170, 1120, 
710 cm~^.

Anal. Calcd for C16H22N02HgCl: C, 38.78; H, 4.44;
N, 2.82; Hg, 40.40; Cl, 7.07. Found: C, 38.55; H, 4.47;
N, 2.76; Hg, 40.10; Cl, 6.82.

4-Chlofomercuri-6-oxatricyclo- 
r3.2.1.13:8]nonane (LXVI)

To a solution of 3.0g of bicyclo[2.2.1]-5-hepten-
2-methanol (0.024mole) in 40ml of piperidine was added 6.0g
(0.016mole) of mercuric chloride-piperidine complex. The
solution was stirred with the aid of a magnetic stir-bar
for four days. -

Piperidine hydrochloride was filtered from the
reaction mixture and the filtrate was evaporated to an oil
with the aid of a vacuum pump. The resulting oil was
dissolved in absolute alcohol and ether was added until
cloudy. After standing overnight, the crystals were
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filtered, yielding 4„2g (60%) of product, mp 205° (lit."*"8
from benzene-pet ether, 227°); nmr spectrum (DSMO-d^), 6,
4.6-4.7 (doublet, 1H, J = 4Hz, CH-9), 3.4-3.6 (multiplet,
2H, CELj-O) , 3.2-3.3 (multiplet, IE, CH bridgehead), 3.0-3.1 
(multiplet, IE, CE bridgehead), 2.2-2.4 (multiplet, 2E,
9-CE and. 1-CE)_, _2.0-2.1. Xmultiplet , IE, CE-Eg) , 1.4-1.7 
(quartet, 2E, J = 12EZ, 2-CE2 ), 0.9-1.1 (doublet, IE, J = 
12Ez, 9-CE); ir spectrum (KBr) , 2950, .2900, 2850 (C-E),
1295, 1250, .1140, 1050, 10 30, 1015, 950, 900' cm-1.

Anal. Calcd for CgE^OEgCl: C, 26.88; E, 3.07;
Eg, 55.86; Cl, 9.93. Found: C, 26.80; E, 3.45; Eg, 55.05;
Cl, 10.10.
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