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into amine-HOAc gives clean acylation and not alkylation 
of the amine.15 
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Stereochemistry of the Oxythallation 
of 1,2-Cyclononadiene 

Sir: 

Although a great many studies on the mechanism of the 
oxymercuration reaction have been disclosed,1 there have 
been comparatively few studies on the analogous oxythalla­
tion reaction. The oxythallation reaction with alkenes has 
been shown to have many similarities to the oxymercuration 
reaction.2 It has been suggested that rearrangement of a it 
complex to a cr-bonded oxythallation adduct is rate limit­
ing.23 With Tl(III) acetate in aqueous acetic acid, the reac­
tion was shown to be first order in alkene and thallic ion.2a 

A correlation of the rate of oxidation of alkenes by Tl3+ 

with Brown's <r+ values (p+ = 2.2)2b and Taft's a* values 
(p* = —3s2)2c suggests that there is a high degree of posi­
tive charge derealization in the transition state. In the lat­
ter study no kinetic evidence for a thallinium ion intermedi­
ate was found. 

The most notable difference between the two oxymetala-
tion reactions is the lack of solvolytic stability of the car­
bon-thallium bond resulting in dethallation of the orga-
nothallium intermediates. In fact, only a few oxythallation 
adducts of olefins have been isolated. The oxythallation 
products of styrene3 and isobutylene4 suggested that the 
reaction proceeds in the Markownikov sense. Because of the 
ease of heterolysis of the C-Tl bond, conclusive evidence for 
the stereochemistry of this electrophilic addition reaction is 
still lacking. Norbornene and norbornadiene have been 
shown to afford exo cis adducts on acetoxythallation.5 An 
anti mode of addition to 4-tert- butylcyclohexene has been 
inferred on the basis of indirect evidence.6 

We chose 1,2-cyclononadiene (I)7 as a model compound 
to elucidate the stereochemistry of oxythallation since the 
vinyl thallium adducts8 are readily isolated and character­
ized. Solvolysis of the C-Tl bond in 4 would afford a rela­
tively unstable vinyl cation. This study also affords a direct 
comparison with the oxymercuration of 1 which has been 
thoroughly investigated.9'10 The mechanism of the oxythal­
lation of 1 is of particular interest since the oxymercuration 
of this cyclic allene proceeds by an anti mechanism10 while 
the acetoxyplumbation occurs in a syn fashion.10 We now 
report that oxythallation of optically active (I)7 affords op­
tically active products by an anti addition. 

Treatment of 1 with an equivalent of thallic acetate in 
glacial acetic acid afforded the oxythallation adduct 4a 
(840Zo).1' Reduction of 4a with basic NaBH4 afforded cis-
3-acetoxycyclononene (5a) (61%) that was identical in 
every respect to an authentic sample prepared by the ace-
toxymercuration-demercuration10 of 1. Acetoxythallation 
of optically active 1, [a]25D —15.6° afforded 4a that had 
[a] 25D ca. —0.5° which on reduction with NaBH4 afforded 
5a, [a]25D +0.6°. The reaction of 1 with Tl(OAc)3 in meth­
anol also afforded a stable methoxythallation adduct 4b12 

(76%). Demetalation with NaBH4 gave cis- 3-methoxycy-
clononene (5b)10 (72%). The position of the diacetatothal-
lium moiety was further established by treatment of 4b with 
Br2 in CCl4 affording cis- 2-bromo-3-methoxycyclononene 
(6)10 (82%). Methoxy- and ethoxythallation-dethallation 
of optically active 1 also afforded optically active allylic 
ethers (S,)-(+)-5 (Table I). 

The isolation of an optically active product from these 
reactions establishes that the planar allylic cation 3 cannot 
be the sole precursor to 4. Thus, bridging due to 7r-complex 
formation is sufficient to prevent complete carbon-carbon 
bond rotation affording 3. The oxythallation of (S)-(—)-
1,2-cyclononadiene1013 to afford (S)-(+)-3-acetoxy- and 
alkoxycyclononene'4 must proceed by an anti mode of addi­
tion. Our data also show that the relative stereospecificity 
of the oxythallation reaction is comparable to that of the 
anti oxymercuration reaction but is considerably less than 
that observed for the syn- acetoxyplumbation of I.15 The 
optical purity of 5b and 5c was further reduced when 
Tl(NOj)3 was used (Table I).16 

We have also established that the oxythallation adducts 
4b and 4c (X = OAc or NO3) are not formed reversibly 
from either 2 or 3. Thus, treatment of 4b in EtOH solvent 
or 4c in CH3OH solvent in the presence of an equivalent of 
HNO3 did not result in alkoxy exchange. Similarly, at­
tempts to exchange alkenes by treatment of 4a (X = NO3) 
with 1-octene did not effect an alkene exchange. In con­
trast, reaction of the methoxymercurial of 1-octene (X = 
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Table I. Oxymetalation of 1,2-Cyclononadiene 

X 

OAc 
OAc 
OAc 
OAc 
OAc 
OAc 
NO8 

NO3 

NO3 

NO3 

OAc 
OAc 

OAc 

Solvent 

HOAc 
HOAc 
CH3OH 
CH3OH 
CH3CH2OH 
CH3CH2OH 
CH3OH 
CH3OH 
CH3CH2OH 
CH3CH2OH 

HOAc 
CH3CH2OH 

HOAc 

Catalyst 

TlX3 

BF3 Et2O 
BF3 • Et2O 
BF3 Et2O 
BF3 Et2O 
BF3 Et2O 
BF3 Et2O 

HgX2 

BF3 Et2O 

PbX4 

Time, 
hra 

20 
72 
20 
72 
20 

3 
12 
3 

20 

1 
5 

M25D" 

0.9 
0.5 
2.8 
3.3 
4.0 

2.2 
1.2 
2.7 
1.1 

1.7= 
3.5= 

14.4* 

° All reactions were carried out at 25°.b Rotation on 5a-c. The 
values have been adjusted to correspond to a rotation of —22.7° for 
the starting allene 1. c Values taken from ref 10 and adjusted to a 
rotation for 1 of —22.7°. d The initial product was 3-acetoxycyclo-
nonyne which was reduced to ra-3-acetoxycyclononene.10 
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NO3) with 1 in CH 3OH resulted in complete liberation of 
1-octene and the quantitative formation of 5b.17 

Our results provide additional evidence that the mecha­
nism of the oxythallation reaction closely resembles that of 
the oxymercuration reaction where we have provided sub­
stantial evidence"5'9-10 for a x-complex intermediate. Al­
though our data do not provide direct evidence for the inter-
mediacy of a thallinium ion, we wish to propose the mecha­
nism outlined in Scheme I involving formation of the thalli­
nium ion 2 which may be in equilibrium with the planar res­
onance stabilized cation 3. The observation that the rate of 
reaction of 1 with Tl(OAc)3 is markedly increased by inclu­
sion of the Lewis acid catalyst BF3. Et20 is also consistent 
with kinetic evidence211 which has established that 

Tl(OAc)2+ is the major electrophilic species in reactions 
with alkenes. Finally, these data provide the first direct evi­
dence for the stereochemistry of addition in an oxythalla­
tion reaction with an allene. 

Acknowledgment is made to the National Institutes of 
Health (ES00761-03) for support of this work. 

References and Notes 

(1) (a) W. Kitching, Organometal. Chem. Rev., 3, 61 (1968); (b) R. D. Bach 
and R. F. Richter, J. Org. Chem., 38, 3442 (1973), and references 
therein. 

(2) (a) P. M. Henry, J. Amer. Chem. Soc, 88, 1597 (1966); (b) R. J. Ouel-
lette, G. Kordosky, C. Levin, and S. Williams, J. Org. Chem., 34, 4104 
(1969); (c) J. E. Byrd and J. Halpern, J. Amer. Chem. Soc, 95, 2586 
(1973); (d) P. Abley, J. E. Byrd, and J. Halpern, ibid., 95, 2591 (1973). 

(3) H. J. Kabbe, Justus Liebigs Ann. Chem., 656, 204 (1962). 
(4) W. Kruse and T. M. Bednarski, J. Org. Chem., 36, 1154 (1971). 
(5) K. C. Pande and S. Winstein, Tetrahedron Lett., 3393 (1964). 
(6) C. Freppel, R. Favier, J. C. Richer, and M. Zador, Can. J. Chem., 49, 

2586(1971). 
(7) A. C. Cope, W. R. Moore, R. D. Bach, and H. J. S. Winkler, J. Amer. 

Chem. Soc, 92, 1243 (1970); L. R. Byrd and M. C. Caserio, ibid., 93, 
5758(1971). 

(8) Only one prior report on the oxythallation of an allene has appeared. R. 
K. Sharma and E. D. Martinez, J. Chem. Soc, Chem. Commun., 1130 
(1972). 

(9) (a) R. D. Bach, Tetrahedron Lett., 5841 (1968); (b) J. Amer. Chem. 
Soc, 91, 1771 (1969). 

(10) R. D. Bach, U. Mazur, R. N. Brummel, and L. H. Lin, J. Amer. Chem. 
Soc. 93. 7120(1971). 

(11) Recrystallization of 4a from CH2CI2:pentane (1:9) afforded a white solid 
that had mp 170-171.5 dec and a satisfactory carbon and hydrogen 
analysis. Mass spectral analysis supported the structural assignment 
with M - OAc (445) and M - 2 (OAc) (m/e 386 and 121). The correct 
isotopic pattern for thallium was observed with m/e 205 and 203 in a 
100:41 ratio; nmr (CDCI3) 6 2.07 (S, 6 H) 2.17 (S, 3 H). 

(12) Recrystallization of 4b from CH2CI2:Pentane 1:9 afforded a white solid 
mp 150-154 dec that gave satisfactory carbon and hydrogen analysis. 
Mass spectral analysis supported the structural assignment with M — 
(OAc) m/e 417 and 415. The correct isotopic pattern was observed 
with m/e 205 and 203 in a 100:42 ratio; nmr (CDCI3) S 2.07 (S, 6 H), 
2.8 (m, 2.8), 4.95 (m, 1 H). The 3-ethoxy thallinium adduct 4c, mp 
128-130 dec, was too unstable to further characterize. However, 
NaBH4 reduction of the crude reaction mixture afforded the known com­
pound 5c. The initial adducts 4a-c must have the cis configuration 
about the double bond since attack from the inside of the ring is sterical-
Iy precluded.9" 

(13) W. R. Moore, H. W. Anderson, S. D. Clark, and T. M. Ozretich, J. Amer. 
Chem. Soc, 93, 4832 (1971). 

(14) We have previously established that dextrorotatory 5a-c all have the S 
configuration.10 

(15) It is also of interest to note that the major product of the oxyplumbation 
of 1 was 3-acetoxycyclononyne. This difference in product composition 
reflects the stability of the carbon-metal bond which decreases in the 
order C-Hg > C-Tl > C-Pb. 

(16) The relative stereospecificity of the ethoxymercuration of 1 was also 
shown to be reduced when highly ionic mercuric salts were utilized in 
the reaction. The reduction in optical purity of 5 is due in part to the fact 
that 1 is completely racemized within 3 hr in CH3OH in the presence of 
4 (X = NO3). Control experiments have established that 1 is optically 
stable in the presence of the thallic acetate adduct 4 (X = OAc) and in 
the presence of an equivalent of HNO3 in CH3OH. These data suggest 
that the dinitratothallium adduct is electrophilic enough to racemize the 
allene. 

(17) Both alkoxy and alkene exchange reactions with oxymercurials have 
been reported.18 

(18) J. E. Byrd and J. Halpern, J. Amer. Chem. Soc, 92, 6967 (1970); R. D. 
Bach, R. N. Brummel, and R. F. Richter, Tetrahedron Lett., 2870 (1971); 
V. G. Collin, B. Muller-Hagen, and W. Pritzkow, J. Prakt. Chem., 314, 
229 (1972); V. H. J. Bergmann, G. Collin, G. Just, G. Muller-Hagen, and 
W. Pritzkow, ibid., 314, 285 (1972). 

Robert D. Bach,* Joseph W. Holubka 

Department of Chemistry, Wayne State University 
Detroit, Michigan 48202 

Received September 4, 1974 

Structure and Absolute Configuration of Delphisine. A 
New Diterpene Alkaloid from Delphinium staphisagria 

Sir: 

Delphisine, C2 8H4 3NO8 , mp 121-122°, [a ] 2 6 D +7.1° (c 
4.00, ethanol), has been isolated from the mother liquors 
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